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 �£(�I x�� ème �;K¨¸ �"�¨
�( 't
 ���¨
 �²#;�«( '�(�I	Ù��&
 ý Ú�¤<Ú
¢ (���
"â ¶�¢ (�� � � · �;I&�<�¶(z�&� � ��® H ���;KL#;K¨��! �	IX®z��I&'t
"®z
"!$#£
"!�I&!�
%��� � I�
"!�� 
%�&
 H ���;#;I&��
 �>)O't��KL�
 ZKLï�I&��
%�	Ú �v+´Ú

°qäOñÉø��	Ú � Ê � #;I��&
 �ç�&
�¢ (���
"â\�;I&�²�¨
%�«(�I&#1þ��¶( H 
"����·�
�
"#1��I&�²�¶(�� ��I&����
%¶�¢ (�� � � · Ú
©�(�!��Q�¨
�� (��z�&
��8��(�!&KL®n(�#;K¨��! H ·�â	�;K � I�
���� I&!�
�(��;#;K¨�"I&�¶(�#;K¨��!��e��! H 
"I&#Q��� H 
"�;#����;K¨
"�n�&
"I	Ù

#¦â H 
 �ÿ�&
�®z�$�&¸"�¨
 �¬�a�¨
�®z�S�&¸"�¨
X�"KL!��"®n(�#;K � I�
¬
"#\�¨
�®z�S�&¸"�¨
¬�	â$!@(�®QK � I�
�Ú/©�(�!��ÿ�¨
�®z�S�&¸"�¨

�"KL!��"®n(�#;K � I�
��c��
"I&�¨
 ���¨
 � H ���;KL#;K¨��!����?�¨
 ��'$KL#�
 �«��
 ��
"#��¨
 �%(�� � �"�¨�"�«(�#;K¨��!��+�&
��8��(��;#;K¨�"I&�¶(�#;K¨��!Ó����!$#
� ��!��;K¨�&�"��� 
 �����«(�!�� H ���;#�
"�ßKL!$#��"�=$"#eþ<�¶(1®n(�����
^��Iz(�I�
���!��"#;K¨��!&!�
"®z
"!�#eKL!�#�
"�;!�
²�&
/�8��(��;#;K¨�"I&�¶(�#;K¨��!
��I��&
%��
 �1� ��® H ���«(�!�#�� Ú��Æ�c�&� �"�;KL#ç�&��!��%�¨
 �<®z��I&'t
"®z
"!$#���
"#<�¨
 � H �����;KLJ&KL�LKL#�� �ç�&
�®z��I&'t
"®z
"!$# Ú
�Æ��
´ÙSK¨�;#�
<I&!z®z�$�&¸"�¨
ç( H&H 
"�¨�<��#«(�#;K � I�
 � I&K@
 �;#e(���( H #��£þ��&
 �F®z��I&'t
"®z
"!$#��/�¨
"!$#��/���Q�8����!\� ��!��;K ¥
�&¸"��
<�¶( H ���;KL#;K¨��!\����� � I&KL�LKLJ&��
ç�&
 �#
������ 
 �aKL!$#�
"�;!�
 �/
"#^
´ÙS#�
"�;!�
 �^(�ï�K¨���«(�!�#^�;I&�a�8��(��;#;K¨�"I&�¶(�#;K¨��!rÚ�yç!
I&#;KL�LK¨��
��&
 �<®z�S�&¸"�¨
 � � I@(��;K ¥¦�;#«(�#;K � I�
 ��������
 �;#A¥Æþ6¥¦�	KL��
+�&
 �<®z�S�&¸"�¨
 �1�&
���� �«���LI&#;K¨��!¬�;I�� � 
 �«�;KL't
��&

®z��I&'t
"®z
"!�#��²��#«(�#;K � I�
 ��� H ��I&�^�;KL®%I&�¨
"�^�¨
 �^
,3?
"#��^�	In®z��I&'t
"®z
"!$# Ú � 
1®z�S�&¸"�¨
1�	âS!@(�®QK � I�
çKL!	¥
� ��� H ����
1þ£�¶(4
���K¨�-�¨
²®z�$�&¸"�¨
1�"KL!��"®n(�#;K � I�
<
"#e�¨
q®z�$�&¸"�¨
<��#«(�#;K � I�
<���Q�¨
 �/(�� � �"�¨�"�«(�#;K¨��!��e!�
²����!$#
H (��^!��"ï��LKLït� 
 ��� H ��I&� H 
"�;®z
"#;#;��
ª�&
 H ��
"!��	��
�
"!�� ��® H #�
£�¨
 �9
������ 
 ��
�(�K¨�¿(�!�#<(�ï�KL�q�8��(��;#;K¨�"I&�¶(�#;K¨��!

"#²�¶( H ���S�	I��"#;K¨��!X�	I�®z��I&'t
"®z
"!$# Ú
ûGâ��#âãá üþý(í�î§õ#ð§ìuë�ð§ìÓÿ(÷ãæ9ýuóÇç�í�÷8�Gò§ì�ð�÷:z�ìwÿ�í"ì�ì(í[÷äæ2ö�ìyz^ë�ì

� (Q®z�"#;·��$�&
��&
��"KL!��"®n(�#;K � I�
��	KL��
 �"#�
%� ��!��;K¨��#�
%þQ�&� �"�;KL��
��8���"'t���LI&#;K¨��! �	I�®z��I&'t
"®z
"!�#ª�&

�¶(\ït� ��®z�"#;�;K¨
Q��� I&!Ì�;â	�;#�¸"®z
�Ú�©�(�!��ª!���#;��
Q� (����V�¨
�®z��I&'t
"®z
"!�#%� ��( H&H �LK � I�
zþ\I&! H 
"������!&!@(�ït


����;®z�/�&
q� ��� H �F(��;#;K¨�"I&�¨� � H (��F�&
 �ß�LK¶(�K¨�«��!��Z� ��!���#;KL#;I@(�!�#FI&!�
"!���
"®%J&�¨
q·&K¨�"�«(����«·&K � I�
�Ú��S��!+®z��I	¥
't
"®z
"!�#�
 �;# H �;KL!��"K H (��¨
"®z
"!�#��&�,��!&K H (��£�&
 �ç����#«(�#;K¨��!����V� (��1�¶(Q�¨��!&ï�I�
"I&���&
���·@( � I�
���
"ï�®z
"!$#

 �;#ª�&�,��!&K¨
�
"#6�&Ù&
�Ú � 
 ��(�!&ï��¨
 �ª�&
�����#«(�#;K¨��!�� H 
"�;®z
"#;#�
"!�#��&
�#;����I&'t
"�£�¶( H ���;KL#;K¨��!¬�¨�$� (��¨
+�&
 �
�"�¨�"®z
"!�#����;I�� � 
 ���;Kz
����V
"! H (���� ��I&�«(�!�#%�8��(��;J&��
�·&K¨�"�«(����«·&K � I�
n
"#�
"! (�� �"I&®�I&�¶(�!�#��¨
 �ª����#«(�#;K¨��!�� Ú� ��I&�n(�!&KL®z
"�QI&!�®z�S�&¸"�¨
��ZKL�²�;I�®z#Q�&��!����&
\�&� �"�;KL��
\�¶(�®n(�!&K¨¸"��
��&��!�#z�&��KL't
"!$#z�"'t���LI�
"�Q�¨
 �
�	Kz3��"��
"!�#��²(�!&ï��¨
 � ÚS�¦�V
´ÙSK¨�;#�
ç�&
1!���®�J&��
"I���
 �q®n(�!&K¨¸"��
 �q
,®n� (�� 
 �q
"#/!$I&®z�"�;K � I�
"®z
"!$#<� ���;��
 �"#�
 �
H ��I&�<�&�,��!&KL�ç� 
 �1(�!&ï��¨
 � ÚV�S��I��.
u���;®z
%����� � I@(�#;K¨��!���� 
"�¶(Q��
"'$K¨
"!$#£þ+��� ����I��	��
z�

X = f(Θ) )��	Ú x +
( 't
 � X �¶( H ���;KL#;K¨��!�#�
"�;®QKL!@(��¨
���� I&!¬�"�¨�"®z
"!�#ª�	IX� � I�
"�¨
"#;#�
%
"# Θ = (Θ1,Θ2,Θ3,Θ4, ...,Θn)�¨
�'t
 �"#�
"I&�\��
 H ��� ��
"!�#«(�!$#ÿ�¨
 �\(�!&ï��¨
 �\(��;#;K¨�"I&�¶(�KL��
 � Ú � (5
u�S�"!�#;K¨��! f 
 ��#ÿ( H&H 
"�¨� 
:
u��!��"#;K¨��!y�&




� ���������������(�!��~��
� | �(�����(��	,���
	�¼"� ���

�"KL!��"®n(�#;K � I�
ª�	KL��
 �"#�
�Ú ­ 
"#;#�
!
���!��"#;K¨��!ÿ
 ��#e�¶(���� ��I&�L#«(�!�#�
ª�	Iÿ�"I&®�I&�V�&
1#���I&#�
 �/�¨
 �/#;�«(�!��È
����;®n(6¥
#;K¨��!���ït� ��®z�"#;�;K � I�
 �%( â�(�!$# H 
"�;®QK¨���&
 H (����«
"���	I¬��
 H ¸"��
�ï��¨��J@(��a�	I ®z��!��&
z(�I ��
 H ¸"��
+�¨�S� (��
�&
���·@( � I�
���
"ï�®z
"!$# Ú­ 
"#;#�
�®z�"#;·��S�&
%
 ��#1�;KL® H �¨
�þQ®z
"#;#;��
%
"![<ªI&'S��
�
"# H 
"�;®z
"#1�&
%®n(�!&K H I&�¨
"�ç�&
%!���®%J&��
"I	Ù
H 
"���«��!&!@(�ït
 �1
"!�#�
"® H �²��� 
"������3?�«(�!�#£(�KL!��;K�I&!�
ª'$K¨��I@(��LK¨�«(�#;K¨��!X�	I�®z��I&'t
"®z
"!�#ç#;��¸ �²KL!�#;I&KL#;KL't
�Ú
¢¬(��L·�
"I&��
"I��«
"®z
"!�# �«(�®n(�!&K H I&�¶(�#;K¨��!E�&
"'SK¨
"!�#�#;��¸ ��� ��® H �¨
´Ù	
Ì�¨����� � I�
Ì�¨
 ����·@(��¨!�
 �X·&K¨�"�«(��A¥
��·&K � I�
 �<�	I�� � I�
"�¨
"#;#�
��&
"'$K¨
"!&!�
"!$#<#;��� H �¨��!&ï�I�
 � Ú&¤F!�
,3�
"#��	�¶(+®z�S�	Kz�@� (�#;K¨��!��&
ª�8��(�!&ï��¨
���� I&!�

�&
 �<�LK¶(�K¨����!��<®z�$�	Kz�@
��¶( H ���;KL#;K¨��!X�&
ª#���I��1�¨
 �<�"�¨�"®z
"!�#��£�;I&KL'�(�!�#��<��(�!��1�¶(+·&K¨�"�«(�����·&K¨
�Ú

¤F!|(�!&KL®n(�#;K¨��!����¨
 H �;KL!��"K H 
�KL!�'t
"���«
Q
 �;#�JV
 (�I�� ��I H H �LI����«��I&'t
"!�#�I&#;KL�LK¨���;¶ õqµ � � · Ú�¤F!Ì
,
O¥

u
"#��c� ��!�#;�=���¨
"���¶( H ���;KL#;K¨��!Ì#�
"�;®QKL!@(��¨
\��� I&!�
n��·@(��¨!�
��Z�«(�!��+( 't��KL�+þ�� H � �"Kz�@
"��#���I����¨
 �+(�!&ï��¨
 �
KL!�#�
"�;®z� �	K¶(�KL��
 ���&
 ��#/#;��¸ �/I&#;KL�¨
 H ��I&�^KL® H ����
"�^I&!�
1� ��!$#;�«(�KL!�#�
��"KL!��"®n(�#;K � I�
�Ú � (%®z�"#;·��$�&
çI&#;K ¥
�LK¨��� 
�(��¨�����ç
 �;#ç�¶(z�"KL!��"®n(�#;K � I�
+KL!�'t
"����
�Ú ­ 
"#;#�
%®z�"#;·��S�&
���K¨���;I�
%�&
%�¶(Q����J?��#;K � I�
��V� ��!��;K¨�;#�
��Vþ
H (��;#;KL�²��� I&!�
£� ��!$#;�«(�KL!�#�
��"KL!��"®n(�#;K � I�
ªKL® H ����� 
��Sþ�� (��¨�"I&�¨
"�²�¨
ç®z
"KL�L�¨
"I&�^®z��I&'t
"®z
"!$# H �����;KLJ&�¨

�&
 �1(�!&ï��¨
 � H ��I&�²â H (��;'t
"!&KL� Ú ­ 
"#;#�
ª®z�"#;·��S�&
�
 �;#²����I&'t
"!$#<I&#;KL�LK¨��� 
 H ��I&�<� ��!�#;�=���¨
"�1� 
"�;#«(�KL!�
 �
H (��;#;K¨
 ���	IÌ� � I�
"�¨
"#;#�
���� ��®Q®z
 H (���
´Ù&
"® H �¨
��¨
 �ª®n(�KL!�����I �¨
 � H K¨
 �&� Ú� çKL!��;K H ��I&�ªJ?��I&ït
"���¨

J&�«(�����IÌ�¶(¡��(�®%J?
��?KL�a�;I�®z#%�&
Q�&� �;KLï�!�
"�%�¶( H ���;KL#;K¨��!Ì��(�!����¶( � I�
"�L�¨
Q�¶(\®n(�KL!Ó��I �¨
 H K¨
 �Ì�&
´¥
'$�«(���
Q#;����I&'t
"� Úc©�� I&! H ��KL!�#+�&
Q'SI�
Q®n(�#;·��"®n(�#;K � I�
\� 
"�¶(���
"'SK¨
"!�#�þ�KL!�'t
"����
"���8��� � I@(�#;K¨��!��&

�"KL!��"®n(�#;K � I�
��	KL��
 �"#�
��@����
 �;#A¥Æþ6¥¦�	KL��
�#;����I&'t
"�1�¶(¡
���!��"#;K¨��! f−1 't�"�;Kz��(�!�#1�8��� � I@(�#;K¨��!|�

Θ = f−1(X) )��	Ú���+
� 
 H ����J&�¨¸"®z
ª
 �;# � I�
1� 
"#;#�
º
���!��"#;K¨��!ÿ!r��
 �;# H (��^J&K �A
 �"#;KL't
£
"# � Ir� KL�?
´ÙSK¨�;#�
1J&K¨
"!\�«��I&'t
"!�#qI&!

ï��«(�!��z!���®�J&��
1�&
²�����LI&#;K¨��!��e��� H ��!���(�!$#^(�I H ����J&�¨¸"®z
�Ú � ��I&�e�8� KL�L�LI���#;��
"��� H ��
"!���!��a�¨
²� (��/��� I&!�

�;(�®�JV
q� ��® H ����� 
q�&
/�&
"I	Ù+��
"ï�®z
"!�#��a�&��!$#F��!�KL® H ����
^�¶( H ���;KL#;K¨��!Q�&
 �-
´ÙS#;���"®QKL#�� �²�6�¶(ç��·�
"'SKL�L�¨


"#��¶(�·@(�!��«·�
�Úc�Æ�e
´Ù	K¨�;#�
n(��¨������I&!�
zKL!���!&KL#��n�&
n�«���LI&#;K¨��!�� � I&Ke� ��!��	I&K¨��
"!�#Qþ H �¶(�� 
"���¨
nït
"!���I
�;I&�1I&!�� 
"���"�¨
%
"# � I&Kr��
 � H 
 �"#�
"!�#£�¶(Q�"KL!��"®n(�#;K � I�
��&
 �1�LK¶(�K¨����!�� Ú�yç!��	KL#ç(��¨����� � I�
��¨
%�;â	�;#�¸"®z


 �;#���
 �&��!���(�!�# Ú ­ 
Q� (����&
>��ï�I&��
z(��;�;KL't
Q��J&�LKLï�(�#���KL��
"®z
"!�#+�¨����� � I�
+�¨
�!���®�J&��
z�&
��&
"ï���� ���&

�LKLJV
"�;#���
 ��#^�;I H �"�;K¨
"I&�1(�I�!���®%J&��
��&
ª� ��!$#;�«(�KL!�#�
 � Ú� çKL!��;K��	��(�!��q�8��
´Ù&
"® H �¨
��&
ç�¶(º��(�®%J?
��S!���I��
( 't��!��+
��&
"ï���� �%�&
��LKLJ?
"�;#��nþ\�¶(�·@(�!��«·�
[)O�LK¶(�K¨����!Ì����#;I&�¨
�+�
"# x )O�LK¶(�K¨����! H KL't��#£+�(�I ®z��KL!��+(�I
!&KL't
 (�IÓ�	I ït
"!���IrÚ-�$Ka��!|� ��!�#;�«(�KL!$#��¶(��«·�
"'$KL�L�¨
n
"! H ����KL#;K¨��!��r��!Ì�&�,��!&KL#+
�� ��!$#;�«(�KL!�#�
 �ª)OI&!�

H (����	KL®z
"!��;K¨��!w+´Úr�Æ�F��
 �;#�
Q�&��!�� 4 − 3 = 1 �&�	�F!���!Ì� ��!$#;�«(�KL!�# � I&Ka� ��!��	I&KL#%þ\I&!Ì
 � H (�� 
Q�&

�����LI&#;K¨��!�þ�I&!�
��	KL®z
"!��;K¨��! � I&K?KL® H �LK � I�
%
,3?
 �"#;KL't
"®z
"!$# � I�
ç�¨
ªït
"!���I��«
£��KL#;I�
��;I&�²I&!�� 
"���"�¨

�&� �"�;KL# H (����¶(\����#«(�#;K¨��!Ó(�I&#���I&�+�&
��8��(6Ù	
���
"�LK¶(�!$#%�¶(\·@(�!��«·�
ÿ(�I H ��KL!�# � I&Ka�&�,��!&Ka�¶( H ���;KL#;K¨��!
�&
��¶(n��·�
"'SKL�L�¨
 )O't��KL�4 ßKLï�I&��
��	Ú��()�(�+0+¿¶¾¸ õ { � · Ú � ��I&�ª�&
 �1�«·@(��¨!�
 �ª�"KL!��"®n(�#;K � I�
 � H �LI��ç�¨��!&ï�I�
 ���
H (��z
´Ù	
"® H �¨
���Kq��!w�&� �"K¨�&
��&
�� ��!$#;�«(�KL!��	��
��¶( H ����KL#;K¨��!w�	IÐJV��I&#Q�	I H K¨
 �Ð
"#�!���! H �LI��Q�&

�¶(���·�
"'SKL�L�¨
[) � I&K H ���«��¸ �&
Q(�I ®z��KL!�� x �&�	�p+,�?�8��
 � H (�� 
z�&
 �%�����LI&#;K¨��!���
 �;#%(��¨�������&
Q�	KL®z
"!���K¨��!
5 − 3 = 2 )O't��KL�º ZKLï�I&��
%�	Ú��()OJw+0+´Ú ­ ·���K¨�;KL�<I&!�
������LI&#;K¨��!X
 ��#1(��¨�����<J?
 (�I�� ��I H�H �LI��1� ��® H �¨
´Ù&
�Ú� 
1J&I&#e�&
q�¶(��"KL!��"®n(�#;K � I�
<KL!�'t
"���«
1
 �;#a�&��!��ç�&
²��·���K¨�;KL�/�8��
"!���
"®%J&�¨
ç�&
 �/(�!&ï��¨
 � Θ

� I&K H 
"�A¥
®z
"#<�&
ª��
 � H 
 �"#�
"�^�¨
 �²� ��!$#;�«(�KL!�#�
 � H �¶(�� � 
 �<�;I&�q�¨
 �²
,3�
 �"#�
"I&��� Ú � �LI��;K¨
"I&���²#�
 �«·&!&K � I�
 � H 
"I&'t
"!$#
(��¨�����º$"#;��
%( H&H �LK � I�� 
 � H ��I&�²��� ����I��	��
�� 
"#;#�
%�	Kz®n�"I&�L#��¥¶ õqõ × x,· Ú
� t^b��2n7Z\X�U l U�Wp~7b�cY��i2X

� ����� � I�
Q�¶(��;#;�;I��"#;I&��
z(��;#;K¨�"I&�¨� 
n
 �;#��;KL® H �¨
��?�¨
 ��®z�"#;·��S�&
 �%(�!@(��LâS#;K � I�
 ����
 H ��� �«
"!�#�
"!�#��¶(
�����LI&#;K¨��!QK¨�&� (��¨
�Út¤F!z
,3�
"#���
"�L�¨
 �a��3?��
"!�#FKL!��;#«(�!$#«(�!��"®z
"!�#^�¶(ç�«���LI&#;K¨��!n(�I H ����J&�¨¸"®z
<�&
q�"KL!��"®n(6¥
#;K � I�
eKL!�'t
"����
�Ú ­ 
 �r®z�"#;·��S�&
 �c����!$#cït�"!��"�«(��¨
"®z
"!$#-( H&H �LK � I�� 
 �ß��I&�c�&
 �c�«·@(��¨!�
 �Z(��;#;K¨�"I&�¨� 
 �Z� ��®�¥



��Ø ö+í?÷Zø�l-á Ý6mß÷ßù�÷on&æt÷Sæ�äOìßí Ý&æ áLlZíræ0pQq�á ÝÓùcÝ|ëçìßôsrßÝ�ëçÝ�í�æ�á\ùutvprôßë<÷ßírì6w8ùcÝ�á

� EL� ��� �
°qälñ.øß�	Ú�� Ê ­ KL!��"®n(�#;K � I�
zKL!�'t
"���«
n�;I&���&
 ���«·@(��¨!�
 ��þ��&
"I	Ù )�(�+ª
"#�#;����K¨�`)OJw+ª��
"ï�®z
"!�#�����(�!��
I&! 
 � H (�� 
Qþz#;����K¨���	KL®z
"!���K¨��!�� Ú?©ª(�!��ª�¨
�� (���)�(�+1�8��(��;#;K¨�"I&�¶(�#;K¨��!Ì�	I ït
"!���I|(zI&!�
+KL!���!&KL#��Q�&

�����LI&#;K¨��!�� H �¶(�� � 
 �n�;I&��I&!w� 
"���"�¨
�Úa©�(�!����¨
�� (��:)OJw+,�-�8��
 � H (�� 
��&
������LI&#;K¨��!��Q!r��
 �;#Q�&� ��þ H �LI��
KL!�#;I&KL#;Kz
;Ú
H ����� 
 �/�&
ç�&
"I	Ùÿ��
"ï�®z
"!$#��/#�
"�¨� � I�
<�¨
çJ&�«(��/��I\�¶(.��(�®%J?
>¶ µ²õ � Ø�� Ì (�! ��� � µ ò õ ×�×��	� � � ò × x�· Ú
¤F�L�¨
 � H 
"I&'t
"!$#\(�I�����K1��
"�;'SKL�ÿþÌ� ��!$#;�«(�KL!��	��
XI&! H 
"������!&!@(�ït
¬þ #���I���·�
"�\�¨
������¡¶�¢��"!@×�
 · Ú � 

� ��!�#«(��"#��&
 � H K¨
 �&���?��(�!���� 
+� (�����
 �;#ª(��«�;I&��� H (����¶(ÿ�&�,��!&KL#;K¨��!Ó�&
 ��
"® H ��
"KL!�#�
 �%þÿ��
 � H 
 �"#�
"� Ú� (������LI&#;K¨��!¬(�!@(��Lâ$#;K � I�
�� ��!��;K¨�;#�
%(��¨�����çþ%#;����I&'t
"�1�¶(+·@(�I&#�
"I&�1� ���;��
 �"#�
%�	I�� 
"!$#;��
��&
ªï��«( 'SKL#��
) ­ � ò +<�	I H 
"������!&!@(�ït
�
"!�#�
"!@(�!�#ª� ��® H #�
%�&
"I	ÙX�"�;KL#�¸"��
 ���&�¨
 � H K¨
 �&�ç�&��KL't
"!$#ç#���I��«·�
"�ç�¨
������

"#q�¶( H ���;KL#;K¨��!��	I ­ � ò �&��KL#�$"#;��
ç�¶( H �LI�� H ���S��·�
 H ���«�;KLJ&�¨
ç�&
ª� 
"�L�¨
ª�&
£�¶( H ���;#;I&��
ªþ�(���( H #�
"� Ú
¤F!���!��¨
 �#�;(�®�JV
 �ç����!�#çþ+�¨
"I&�1#���I&�ç(���( H #�� 
 �1�&
ª®n(�!&K¨¸"��
+(�!@(��Lâ$#;K � I�
�Ú­ 
 H 
"!���(�!�#���� 
 �r®z�"#;·��S�&
 �ß(�!@(��LâS#;K � I�
 �ß����!�#ß�	Kz®n�"KL�¨
 �Zþq®z
"#;#;��
/
"! H �¶(�� 
 H ��I&�r�8��
"!���
"®�J&�¨

�	I�� ��� H �q·�I&®n(�KL! H I&K¨� � I�
ª�«(+�;#;�;I��"#;I&��
�(��;#;K¨�"I&�¨� 
�
 �;#q#;��¸ �²� ��® H �¨
´Ù&
��&
"!�#;��
�
�×+
"#q��×��&
"ï���� �
�&
��LKLJV
"�;#��¬
"! ït�"!��"�«(��8Ú^�Æ�º
8(�I&#ÿ�&��!���
�(�KL��
 ( H&H 
"�ªþ|�&
 �ÿ®z�"#;·��S�&
 �\!�I&®z�"�;K � I�
 ����I þ|�&
 �
®z�"#;·��S�&
 �1� ��®%J&KL!@(�!$#ª(�!@(��LâS#;K � I�
�
"#²!�I&®z�"�;K � I�
¥¶ µ ò õ ×�× · Ú
� t�b���n7Z�X�Z�X[WYc l t^U(e"cY]�U�b�cYn l Wpn7o^U�WpX

 º��!\�&
ç��� ����I��	��
ç�8��� � I@(�#;K¨��!��	Ú����&
1�¶(%�"KL!��"®n(�#;K � I�
£KL!$'t
"����
��SKL�u
8(�I&#/KL!$'t
"����
"�^�¶(¿
���!��"#;K¨��!
f Ú ­ 
"#;#�
#
���!��"#;K¨��! f 
 �;#c� ��® H �¨
´Ù&
/
"#Z�"�¶(�KL��
"®z
"!�#Z!���!��LKL!�� (�KL��
�Ú & !�
a�����LI&#;K¨��!�� ��!��;K¨�;#�
/þ²�LKL!�� (6¥
�;K¨��
"�F�¨�S� (��¨
"®z
"!�#a�¨
 H ����J&�¨¸"®z
ç(�I&#���I&�e�&
q�¶(ª� ��!���ï�I&�«(�#;K¨��!n� ��I&�«(�!�#�
¡¶ Ì ·&K¶Ø �"· Ú � ��I�� H ��I&'t��!��
�"'�(��LI�
"�1�¶( H 
"#;KL#�
�'�(��;K¶(�#;K¨��!��&
 �ç(�!&ï��¨
 � ∆Θ 
"!ª
���!��"#;K¨��!��&
��¶(Q'�(��;K¶(�#;K¨��!¬�&
 � H ���;KL#;K¨��!�� ∆X�&
 �<
,3�
 �"#�
"I&���<#�
"�;®QKL!@(�I	ÙXþ��8��(�K¨�&
��&
ª�8��� � I@(�#;K¨��!���I&KL'�(�!$#�
z�

∆X = J∆Θ )��	Ú�
�+
( 't
 � J �¶(X®n(�#;�;K¨� 
¡�;(�� ��J&K¨
"!&!�
�� (��;��� 
\���"ï�I&�LK¨¸"��
��	IÓ�;â	�;#�¸"®z
�Ú � ��I&��#;����I&'t
"� ∆Θ �c��! H 
"I&#

´Ù H �;KL®z
"�<�8��� � I@(�#;K¨��!¬�&
�� 
"#;#�
�®n(�!&K¨¸"��
n�

∆Θ = J−1∆X )��	Ú �v+



� ���������������(�!��~��
� | �(�����(��	,���
	�¼"� �tÖ
� 
 H ����J&�¨¸"®z
�
 �;# � I�
 J 
 �;#+�«��I&'t
"!�#�!���!ÓKL!$'t
"���;KLJ&�¨
��aþ�� (�I���
ÿ�&
 ���	KL®z
"!��;K¨��!����	Kz3��"��
"!�#�
 �
�&
 X 
"#<�&
 Θ )O't��KL�²�8��
´Ù&
"® H �¨
��"KL#�� H ��� � � �&
"®Q®z
"!$#£+´Ú�¤a!X
,3?
"#�� H ��I&�²I&!�
�� ��!���ï�I&�«(�#;K¨��!��&
 �

,3?
 �"#�
"I&������!@(�I	Ù7��!���I���'t
"!���!����&
Q't��KL� � Ir� KL� H 
"I&#�
´ÙSK¨�;#�
"�%I&!�
QKL!���!&KL#��n�&
z� ��!���ï�I&�«(�#;K¨��!��
(�!&ï�I&�¶(�KL��
 �1�¶(+'t�"�;Kz��(�!$# Ú­ ��
 �;#ç(��¨�����<�¶( H ��
"I��&�QKL!$'t
"����
��&
�¢¬�$����
´¥ � 
"!&������
`¶ � 
"!@��� · J+

� I&Kr
 �;#²I&#;KL�LK¨��� 
z�

∆Θ = J+∆X ( 't
 � J+ =

{

(J tJ)−1J t ��K M > N
J t(JJ t)−1 ��K M < N

)��	Ú���+
��� N 
 ��#²�¨
�!���®%J&��
��&
%�&�	� Θ 
"# M 
 ��#²�¨
�!���®%J&��
��&
 H (��«(�®z¸"#;��
 � X �&
��8��
,3?
 �"#�
"I&� Ú­ 
"#;#�
 H ��
"I��&��¥8KL!$'t
"����
²
 �;#-� H #;KL®n(��¨
�������
 ��#A¥Æþ6¥¦�	KL��
 � I�
/�¨
 �-�����LI&#;K¨��!�� H ���«��¸ �&
"!�#-I&!�
/!����;®z


"I��"�LK¨�	K¨
"!&!�
Ì®QKL!&KL®n(��¨
�� H ��I&���¨
 ���;â	�;#�¸"®z
 ������I��;¥¦� ��!�#;�«(�KL!�#�� Ú � ��I&�X� 
 ���&
"�;!&K¨
"����� � K¨
"ït
 ��K¨�
¶ � K¨
 Ö�Ö · ( H ��� H �����£I&!�
4
u���;®z
 H �LI��²ït�"!��"�;K � I�
 � I&K H 
"�;®z
"#<�&
£�¨
"'t
"�²�¶(%��
 �&��!���(�!�� 
%�&
 �²�����LI	¥
#;K¨��!��%�

∆Θ = J+∆X + α(I − J+J)∇z )��	Ú�Ø�+
( 't
 � I �¶(+®n(�#;�;K¨� 
�K¨�&
"!�#;KL#���� α I&!�
�� ��!��;#«(�!$#�
%�&
 H �"!@(��LKL#���
"# ∇z �¨
ªï��«(��	K¨
"!�#£�&
ª�¶(¡
u��!��"#;K¨��!
��J��A
 �"#;Kz
eþ+®QKL!&KL®QK¨��
"� Ú­ 
"#;#�
4
���!��"#;K¨��! z H 
"�;®z
"#²����( H&H �LK � I�
"�<�&
 �q�¨��K¨�²�&
£��
 �«·�
"����·�
���(�!��q�8��
 � H (�� 
��&
ª�����LI&#;K¨��!��

u��I&�;!&K H (��%�8��� � I@(�#;K¨��!��	Ú��	Ú ­ 
 �%�¨��K¨������!�#�( H&H 
"�¨� 
 �;�´#�����·�
 �+��
 � ��!���(�KL��
 ����ÚZ©ª
Q!���®%J&��
"I���
 �
®z�"#;·��$�&
 �Q�&
�� (��¨�"I&�¨�Q����!$#z(�KL!��;KqI&#;KL�LK¨��� 
 � H ��I&����� ����I��	��
\�¨
 H ����J&�¨¸"®z
��&
\��
 �&��!���(�!�� 
��	I
�;â	�;#�¸"®z
ª� ��®Q®z
ç�¶(�®QKL!&KL®QK¨�«(�#;K¨��!������"!�
"�;ï�K¨
�¶ � ¢ õ ×�� · ���¶(�®QKL!&KL®QK¨�«(�#;K¨��!X����� � (��;#²�&
 H ���;#;I&��

¶ ­ � ¸ ��� � ­ � �	×�× · ���8���"'SKL#�
"®z
"!�#��&
n� ���L�LK¨�;K¨��!«¶ � 
"J@×�× · �r�¶( H �;K¨��
n
"!Ó� ��® H #�
n����(�!&ï��¨
 ���LKL®QKL#�
 �
(�I	Ù+(��;#;K¨�"I&�¶(�#;K¨��!���¶ ò ¢ { � · �6�¨
e� ��!�#;�=���¨
²�	I�� 
"!�#;��
q�&
/®n(�����
4¶ �rõ ×�� · ����I+
"!�� ����
^�¨
^� ��!�#;�=���¨
q�	I
� ��!�
u���;#/�&
É
�(�#;KLï�I�
¿¶�§ õ ¢ ×�� · Ú � ��I�� H ��I&'t��!��a�"'�(��LI�
"�a�¨
 �F�	Kz3��"��
"!�#��^(�!&ï��¨
 �a��
 � H 
 �"#«(�!�#F�¶( H ��¥
�;KL#;K¨��!ÿþ�(�#;#�
"KL!��	��
ç�&
²�8��
,3�
 �"#�
"I&�e#�
"�;®QKL!@(����t#���I&#^
"!Q®QKL!&KL®QK¨�«(�!�#^�¶(ª'SK¨���¶(�#;K¨��!n�&
 �e� ��!$#;�«(�KL!�#�
 �
(�KL!��;KrKL!$#;���$�	I&KL#�
 � Ú
ûGâ��GâYû üþý(í�î§õ#ð§ìuë[ð§ìñÿ(÷ãæ9ý(í�÷��Gò§ì�ì(í[ð9ì ÿ�õ2æ�í�z��2èãì�ð�òôÿ�ìuæ�í�z^ì ð9ìÓóÇç7ë"ë�ì

¤F!E(�!&KL®n(�#;K¨��!�� � ·&KL�L�LK H �1¶ �eõ ��xm· (�®z��!�#;���|�¨
 H ��
"®QK¨
"�X�8� KL® H ���;#«(�!�� 
|�&
 � ��!�#;�=���¨
"���¨

� 
"!�#;��
Ó�&
 ®n(�����
 ) ­ �&¢5+\ï��¨��J@(�� H ��I&��ït�"��
"���¨
 ��!���#;K¨��!�������� � I&KL�LKLJ&��
|
"! H ���;KL#;K¨��! � I@(��;K ¥
�;#«(�#;K � I�
Q����
 �;#A¥Æþ6¥¦�	KL��
 H ��I&���&
 �ª®z��I&'t
"®z
"!$#����¨
"!�#��%��� �¨
 �ª(�� � �"�¨�"�«(�#;K¨��!�������!�#�!��"ï��LKLït
 (�J&�¨
 � Ú­ 
�� ��!�#;�=���¨
 H 
"�;®z
"#1�&
�ït�"��
"�1�&
 � H ���;#;I&��
 �ç� ��® H �¨
´Ù	
 �1#���I&#1
"!�'t�"�;Kz��(�!$# � I�
ª�¶( H �����;
 �"#;K¨��!
�	I � 
"!�#;��
Q�&
+®n(�����
+�;I&�ª�¨
��«���-�«
%#;����I&'t
�J&K¨
"! ��(�!��£I&!�
>� ��!�
Q�&�"�LKL®QKL#�� 
 H (��£�¨
 � H K¨
 �&�Q���¨

H ���LâSï���!�
��&
��;I��;#�
"!$#«(�#;K¨��!rÚ ­ 
��&
"�;!&K¨
"�z�&�,��!&KL#��F��(�!��Q�¨
 H �¶(�!�·����;K�� ��!$#«(����a�¨
��&� H �¶(�� 
"®z
"!�#
®n(6ÙSKL®n(��<�	I ­ �&¢ � I&Kqï�(��«(�!�#;KL#n�8��� � I&KL�LKLJ&��
�
"! � I@(��;K ¥¦�;#«(�#;K � I�
�ÚF©£
 H I&K¨� x���� ���-� 
�� ��!$#;�=���¨

�	I ­ �&¢ 
 �;#�(�I��«�;K/( H&H 
"�¨�n�"KL!��"#;K � I�
zKL!�'t
"���«
�¶ õ ¢ µ � �w�r¢¬(�� � Ø · Ú � (: ZKLï�I&��
\�	Ú�Ø�®z��!�#;��
ÿ�¶(
� ��!���
"�;'�(�#;K¨��!Ì�	I ­ �&¢ �	I H 
"������!&!@(�ït
��¨
+�¨��!&ï���� I&!|(6Ù&
%'t
"�;#;K¨� (��e(�I	¥¦�&
 ����I����&
 � H K¨
 �&� Ú � (
�"KL!��"#;K � I�
�KL!�'t
"����
�
 ��#²ït�"!��"�«(��¨
"®z
"!�#£��� �����LI�
%( 't
 ��I&!�
À
u���;®�I&�¶(�#;K¨��!X�&
��"KL!��"®n(�#;K � I�
�KL!�'t
"���«

( 't
 �%ït
 �;#;K¨��!X�&
 � H �;K¨���;KL#�� �¡¶ õ � µ � Ö(� õ^õ ×�× · Ú

©�(�!��rI&!�
^(�I&#;��
/( H&H ���S��·�
��6(�I%�LK¨
"I������ H #;KL®QK¨��
"�ßI&!%
"!���
"®%J&�¨
^�&
 H (��«(�®z¸"#;��
 ��� I&! H �;KL!��"K H 

�&
a� ��!�#;�=���¨
 H ·�â	�;K � I�
a� ��!��;K¨�;#�
/þ����L#;��
"�c�¨
F®z��I&'t
"®z
"!$# H ��I&� H ��
"!��	��
e
"!%� ��® H #�
eI&!%
"!���
"®�J&�¨

�&
�� ��!$#;�«(�KL!�#�
 ���	âS!@(�®QK � I�
 � Ú � 
 H �LI��ª� ��I&�«(�!�#ª� ��!�� 
"�;!�
+�¨
%��
 � H 
 �"#ç�&
��8��� � I&KL�LKLJ&��
 � I&K H 
"I&#
$"#;��
!
����;®n(��LK¨���ç� ��®Q®z
1�¨
ç®n(�KL!�#;K¨
"!���� I&! H ��KL!�#^'SKL�;#;I�
"�6���T�����������L�. 6¡*��¢��. !):�V¢ � +a��(�!��/�¨

H ���LâSï���!�
��&
���I��;#�
"!�#«(�#;K¨��!�)O't��KL�6 ßKLï�I&��
��	Ú Ö�+´Ú



� { ö+í?÷Zø�l-á Ý6mß÷ßù�÷on&æt÷Sæ�äOìßí Ý&æ áLlZíræ0pQq�á ÝÓùcÝ|ëçìßôsrßÝ�ëçÝ�í�æ�á\ùutvprôßë<÷ßírì6w8ùcÝ�á

°qälñ.ø	�	Ú�Ø Ê & #;KL�LK¨�«(�#;K¨��!��&
<�¶(��"KL!��"#;K � I�
çKL!�'t
"���«
 H ��I&�/� ��!$#;�=���¨
"�²�¶( H ���;KL#;K¨��!��	I ­ �&¢ �;I&�^I&!�

®%$"®z
��LKLï�!�
%'t
"�;#;K¨� (��¨
Q(�I	¥¦�&
 ���;I��£�&
 � H K¨
 �&�>¶ õ � µ � Ö · Ú�¤F�L�¨
 H 
"�;®z
"#ª�&
�� ��!��«
"�;'t
"�ç�8��� � I&KL�LKLJ&��


"! H ���;KL#;K¨��! � I@(��;K ¥¦�;#«(�#;K � I�
�Ú

°qälñ.ø��	Ú Ö Ê ¢ (�KL!�#;K¨
"!Q�&
e�8��� � I&KL�LKLJ&��
q
"!�� ��!���
"�;'�(�!$#ß�¨
*�V¢ � ��(�!��ß�¨
 H ���LâSï���!�
/�&
^�;I��;#�
"!$#«(�#;K¨��!
¶ µ ��¸�×�× · Ú

� 
£�V¢ � 
 �;# �&�,��!&KQ� ��®Q®z
 �¨
 H ��KL!�#Ì��� �¶( ��� �;I&�L#«(�!�#�
Ð�&
 � ®z��®z
"!$#�� �LKL!�� (�KL��
 � �&
 �
®z
"®%J&��
 �£
 �;#²!$I&�L�¨
%¶ -FI&è � × · �

∑

s

ms(~rs − ~Z) ∧ ~̈rs =
∑

s

ms(~rs − ~Z) ∧ ~g )��	Ú Ö�+

��� ~g 
 �;#ç�8��(�� � �"�¨�"�«(�#;K¨��! �	I�
+þn�¶(Qï��«( '$KL#���� ~Z 
 �;#ç�¨
��V¢ � � ms

"# ~rs

����!�#£��
 � H 
 �"#;KL't
"®z
"!�#ª�¶(
®n(�����
1
"#F�¶( H ����KL#;K¨��!n�	I ­ �&¢û�	In��
"ï�®z
"!$# s Ú��Æ��
 �;#/(�KL!���K H ������KLJ&�¨
<�&
<�&�,��!&KL�aI&!�
<� ��!$#;�«(�KL!�#�

�����"ï�(��LKL#���þ�'t�"�;Kz�@
"�Qþ���·@( � I�
ÿKL®n(�ït
�Ú � 
"!���(�!�#Q�¨
 � H ·@(���
 �+(��"�;K¨
"!&!�
 ���c�¨
 ­ �&¢ �&��KL#��;I&KL'S��

I&!�
�#;�«(��A
 �"#���KL��
 H (��«(�J?���LK � I�
�����(�� � �"�¨�"�«(�#;K¨��!Ì�"ï�(��¨
Qþ g 
"#£�¨
%®z��®z
"!$#��"KL!��"#;K � I�
+�&��KL#ª��
 �;#�
"�
� ��!��;#«(�!$# Ú ­ 
 �£�&
"I	Ù�� ��!$#;�«(�KL!�#�
 ������!$#ª(��;��I&#�� 
 ��þQI&! H ���$� 
 ����I��1KL#��"�«(�#;Kz
/
´Ù&� �"I&#«(�!�#���� � I�
"!	¥
#;K¨
"�L�¨
"®z
"!�#�I&!�
���� �����LI&#;K¨��!Ì(�I	ÙXKL!��;#«(�!$#����&
 �ª� ��!�#;�«(�KL!�#�
 �%� H (�#;K¨��¥8#�
"® H ����
"�L�¨
 �%
"#çI&![���L#;�«(�ït

H ��I&�ç(����;I&��
"�<�¶(�� ��!$#;KL!�I&KL#���Ú ­ 
 �²®z�"#;·��S�&
 �ç��!$#<�¶(��;ït
"®z
"!�#ª�"#���I&#;KL�LK¨��� 
 �ç
"!�����J?��#;K � I�
 H ��I&�
�;KL®�I&�¨
"�<�¶(��¨�S� ��®z��#;K¨��!X�&
�����J?��#���¶ � õ ×�� · Ú� (�®z�"#;·��S�&
�(+�"#��£�"#�
"!��	I�
 H ��I&�q!�
 H �LI��<( 't��KL�<� 
£#¦â H 
£�&
 H ���$� 
 ����I��/KL#��"�«(�#;Kz
-®n(�K¨� H �LI	¥
#=��#�þ���·�
"���«·�
"�%�&
 �������LI&#;K¨��!���� H #;KL®n(��¨
 �%þ��«·@( � I�
 H (����&
+#�
"® H � Ú2yç! H (��;�¨
z(��¨�������&
¡���L#;��

�	âS!@(�®QK � I�
%¶ µ ��¸�×����SÛ � ×�
 · Ú ­ 
ªït
"!&��
��&
�®z�"#;·��S�&
 H 
"I&#<�"ï�(��¨
"®z
"!�#À$"#;��
ªI&#;KL�LK¨��� 
�� ��!"�;��KL!	¥
#�
"®z
"!�#zþX�&
 �%J@(���
 �+�&
n�&��!&!�� 
 ���&
n®z��I&'t
"®z
"!�# H ��I&�+��
 ��·�
"���«·�
"�Q�&
 � H ���;#;I&��
 �+�"��� �	KLJ&�¨
 �



� ���������������(�!��~��
� | �(�����(��	,���
	�¼"� � �

¶ ò ¢ 
ç� ×�� · Ú@©���(�I&#;��
 ��( H&H ���$�«·�
 � H ��� H ����
"!$#£����
"!&�;K¨�«·&KL��� 
 �1®z�S�&¸"�¨
 �ª
"!XI&#;KL�LK¨�«(�!$#��&
 �1#�
 �«·	¥
!&K � I�
 ������( H&H ��
"!$#;K¨���«(�ït
 H ��I&�ç��
 H ��� �«
"!�#�
"���¶( H ·�â	�;K � I�
`¶ ò µ � ��� ��
£� ×�� · ��I H ��I&�£K¨�&
"!�#;Kz�@
"�
�&
 �ç(��"#;K¨��!���¶� 4 �yª×�� · Ú
ûGâ��Gâ�� üþý(í�î§õ#ð§ìuë[ð§ìñð#é§æ9ç�ó ÷8�\ò9ì ð�÷:z�ìwÿ�í"ì�ì(í[÷äæ2ö�ìyz^ë�ì

� 
 �e®z�$�&¸"�¨
 �a�	âS!@(�®QK � I�
 � H 
"�;®z
"#;#�
"!�#/����( H&H ���;#�
"�aI&!z��� (��LK¨��®z
<��(�!��F�¨
 �e(�!&KL®n(�#;K¨��!�� H (��
�8� I&#;KL�LK¨�«(�#;K¨��!n�&
^�¨��K¨� H ·�â	�;K � I�
 � H ��I&�-�¶(çït�"!��"�«(�#;K¨��!n�&
^®z��I&'t
"®z
"!�#4¶ -£©�y ����· Ú��Æ�¨� H 
"�;®z
"#;#�
"!$#
�&
 H ���S�	I&KL��
e�&
 �r#;�«(��;
 �"#���KL��
 � H ��I&�rI&!�!���®%J&��
 � I�
"�¨� ��! � I�
 �c����(��"#�
"I&���Z��I%�&
a�;KL#;I@(�#;K¨��!��ßï������ 

þq�¶(²ït�"!��"�;K¨�"KL#��/�&
 �c� � I@(�#;K¨��!��ß�	I%®z��I&'t
"®z
"!�# Ú�¤F!�
,3�
"#�� þ H (��;#;KL�Z�	I�
����;®n(��LK¨�;®z
a�&
 � (�ï��«(�!&ït

��IX�&
�� 
"�LI&Kr�&
 � 
�/²#���!��	KL�r
 �;# H �����;KLJ&�¨
��&
��&�"�;KL't
"�<I&!�®z�S�&¸"�¨
�®z� � (�!&K � I�
��&
ª#���I&#1�;â	�;#�¸"®z

H ���Lâ$¥Æ(��;#;K¨�"I&�¨� ¶� 1�;! {�� �ß©£I&® � × · Ú ­ 
 �+®z�$�&¸"�¨
 �Q����!$#+� ( H (�J&�¨
 �Q�&
 H ��
"!��	��
��¨
 ��
u����� 
 ��
"#��¨
 �
� ��I H �¨
 �ç(�ï�K¨���¿(�!�#£þ+#���I��<�¨
 �<!&KL't
 (�I	Ù��	I��;â	�;#�¸"®z
 H ��I&�<� (��¨�"I&�¨
"�1�¶(�� ��!���ï�I&�«(�#;K¨��! (�!&ï�I&�¶(�KL��

(�I H (��<�&
ª#�
"® H �<�;I&KL'�(�!�#²'SK¶(��&
 �qKL!�#��"ï��«(�#�
"I&���ç!�I&®z�"�;K � I�
 �1� H #;KL®QK¨�«� � Ú ­ 
 �²#�
 ��·&!&K � I�
 �<��!$#
�¶(��;ït
"®z
"!�#1�"#��ª
"® H �¨� ât� 
 � H ��I&�²�;KL®�I&�¨
"�<�&
 �²�;â	�;#�¸"®z
 �^KL!�
"�;#�
 � Ú � ��I&�<�&
 �²�;â	�;#�¸"®z
 �^I&#;KL�LK¨�«(�!$#
�&
 �<� ��®Q®n(�!��&
 ���&KL��
 �;#1(��¨�����q!�� � 
 �«�«(�KL��
��&
��&�,��!&KL�1�&
 �²� ��!�#;�=���¨
"I&��� � I&Kr� (��¨�"I&�¨
"!$#<�¨
 �.
������ 
 �

"#��¨
 ��� ��I H �¨
 �ª!�� � 
 ���«(�KL��
 � H ��I&�ª��� ����I��	��
�I&!�
+#�����·�
z�&��!&!�� 
�Ú � 
Q� ��!�#;�=���¨
z�	I ®z��I&'t
"®z
"!�#
!r��
 �;#1(�KL!��;K H �LI��²�	KL��
 �"#�
"®z
"!$#1ït�"��� H (��²�8��(�!&KL®n(�#�
"I&�1®n(�K¨� H (��²�¨
 �q�¨��K¨� H ·�â	�;K � I�
 ���&�«(�ït
 �;#;K¨��!

 �;#<�&��!���J?
 (�I�� ��I H ®z��KL!��²KL!$#;I&KL#;KL't
 � I�
 H (��<�&
 �<®z�"#;·��S�&
 �²J@(���� 
 �ç�;I&�²�¶(��"KL!��"®n(�#;K � I�
�Ú

¤F!Qït�"!��"�«(�����I&!�®z��#�
"I&�a����(�!&KL®n(�#;K¨��!z
"!Q�	â$!@(�®QK � I�
q�	KL��
 �"#�
<( H ��I&�F�;I H&H ���;#-I&!Q�;â	�;#�¸"®z

����� � I@(�#;K¨��!��ç�	Kz3?�"��
"!$#;K¨
"�L�¨
 �ç�	I���
 � ��!��������	��
��&
ª�¶(>
����;®z
Q�

[A](~q)~̈q + ~B(~q, ~̇q) = ~E )��	Ú { +
��� ~q � ~̇q 
"# ~̈q ��
 H ��� ��
"!$#�
"!�#��¨
 � H (��«(�®z¸"#;��
 ���&
X�8��(�!&KL®n(�#;K¨��! 
"#ÿ�¨
"I&�ÿ�&�"�;KL't� 
 � H ��
"®QK¨¸"��
¬
"#
��
 � ��!��&
�� [A] �¶( ®n(�#;�;K¨� 
¬�&
 �z®n(��«��
 �zït�"!��"�«(��LK¨��� 
 ��� ~E �¨
�'t
 �"#�
"I&�\�&
 �ÿ
,3����;#��zKL® H ����� �\(�I
�;â	�;#�¸"®z
�
"# ~B(~q, ~̇q) �¨
 �1(�I&#;��
 �1#�
"�;®z
 �1�	âS!@(�®QK � I�
 �>)p
u����� 
 �<��� KL!�
"�;#;K¨
����&
 ­ ���;K¨���LK¨�£+´Ú& !Ó#�
"�^�;âS��#�¸"®z
n
 �;#+�&� �"�;KL# H (����¨
 ����J��;
"#����&
z�¶(���� ¸"!�
ÿ(�3�
 �"#�� ���&
z�¨
"I&�����&��!&!�� 
 �+®z�´¥
� (�!&K � I�
 �¢)O®n(�����
���� 
"!�#;��
��&
�ï��«( '$KL#�����®n(�#;�;K¨� 
+��� KL!�
"�;#;K¨
�+,���&
 �º
u����� 
 �£( H&H �LK � I�� 
 ��(�I	Ù���J��;
"#��

"#£�"'t
"!$#;I�
"�L�¨
"®z
"!�#%�&
 �ª� ��!$#;�«(�KL!�#�
 � H 
"�;®z
"#;#«(�!�#��&
��LK¨
"�ç�¨
 �ª��J��;
"#��ç
"!$#;��
+
"I	Ù¬��I��&
��LKL®QKL#�
"�
�8���"'t���LI&#;K¨��!��&
 � H (��«(�®z¸"#;��
 � Ú@�¦��
 �;#<�&
 H �LI��q!�� � 
 ���¿(�KL��
��&
��&��!&!�
"�<�8���"#«(�#²KL!&KL#;K¶(��c�	I��;â	�;#�¸"®z
�Ú

©ª
"I	Ù|®z�"#;·��S�&
 � H �;KL!��"K H (��¨
 �Q( H&H (��«(�K¨���«
"!�#Q��(�!��%�¶(X®n(��;���;KL#��ÿ�&
 ��#;�«( '�(�I	Ù��Z� 
\����!�#+�¨
 �
�&
"I	ÙÓ( H&H ���$�«·�
 ���"�¶(��«�;K � I�
 ���&
z�¶(��	âS!@(�®QK � I�
�Úc�Æ�e� ��(�ï�KL#��&
n�8��( H&H ���$�«·�
nJ@(��«� 
z�;I&�%�¨
 �%��
"�¶(6¥
#;K¨��!��À
���!���(�®z
"!�#«(��¨
 �+�&
��¶(��	â$!@(�®QK � I�
���� ��®Q®%I&!��"®z
"!$#�( H&H 
"�¨� 
 ��� � I@(�#;K¨��!����&
:� � �;KL!��"K H 

 ���!���(�®z
"!�#«(��V�&
^�¶(ª©çâS!@(�®QK � I�
��4) �  Z©�+Z
"#F�&
q�8��( H&H ���S��·�
qJ@(���� 
²�;I&�-I&!�
q�"#;I��&
²�"!�
"�;ït�"#;K � I�


"#<�¨
 �<� � I@(�#;K¨��!��1�&
 � (�ï��«(�!&ït
�Ú
© e"c l o^cY�§X�¤�n l Z�U�_1X l b�U�W.Z\X�WYU ¬ ~ l U�_�cp��i�X

� 
z��âS�;#�¸"®z
Q����� � I@(�#;K¨��!|
 �;#�� ��!���#;KL#;I��n�&
Q�&
"I	Ù 
"!�#;KL#�� � Ú � ( H ��
"®QK¨¸"��
n
´Ù H �;KL®z
Q�¨
 �  -©
H ��I&�n�¶( H (��;#;K¨
X� ���;��
 � H ��!���(�!�#�þ¬�¶( #;�«(�!��;�¶(�#;K¨��! �&
��8����J��;
"#n
"#z�¶( �«
 � ��!��&
 H ��I&�n�¶( H (��;#;K¨

� ���;��
 � H ��!���(�!�#£þQ�¶(+����#«(�#;K¨��!rÚ � 
 �<� � I@(�#;K¨��!��1� ��� �"�;KL't
"!�#ç� ��®Q®z
%�;I&KL#%�

{

∑

s

−−−−→
Forcess = ms.~aCGs

∑

s

−−−−−−−→
Momentss = [I]CGs .~̇ωs

)��	Ú � +




�× ö+í?÷Zø�l-á Ý6mß÷ßù�÷on&æt÷Sæ�äOìßí Ý&æ áLlZíræ0pQq�á ÝÓùcÝ|ëçìßôsrßÝ�ëçÝ�í�æ�á\ùutvprôßë<÷ßírì6w8ùcÝ�á
��� ms


 �;#^�¶(�®n(�����
ª�	I���
"ï�®z
"!�# s �&
ª� 
"!$#;��
��&
çï��«( '$KL#�� CGs

"#²��� KL!�
"�;#;K¨
 [I]CGs

� ~aCGs

 �;#

�8��(�� � �"�¨�"�«(�#;K¨��!X�LKL!�� (�KL��
�(�I�� 
"!$#;��
��&
ªï��«( 'SKL#����	I���
"ï�®z
"!$#1
"# ~̇ωs
�«��!�(�� � �"�¨�"�«(�#;K¨��!¬(�!&ï�I&�¶(�KL��
�Ú

©�(�!��Q�¨
�� (��z�&
��«·@(��¨!�
 �n�"KL!��"®n(�#;K � I�
 �n��I&'t
"�;#�
 ���e� 
"#;#�
X( H&H ���$�«·�
 H 
"�;®z
"#n�&
��"��� 
"�n
"#
��� ����I��	��
n�¨
 ��� � I@(�#;K¨��!���
,®n� (�� 
"®z
"!�# Ú ­ 
"#;#�
Q��� �����LI&#;K¨��!�
 �;#%����I&'t
"!$#�
,3�
 �"#;I�� 
z
"!Ì®z
"#;#«(�!$#

"!�<ªI&'S��
ªI&!�(��Lït���;KL#;·&®z
%�&
 � 
�/²#���!	¥¦¤FI&�¨
"�£��� �"I&���;Kz
;Ú
T�e�U^��U�iQ¥ñ�2cYe�b�i�XvWY]%X^b�¦ãnwe�_1U�WYcY]�_1X�§§U(hwe�U l hwcYX l

­ 
É
����;®n(��LK¨�;®z
<
 �;#FJ@(��«�²�;I&�F�¶(ª� ��!���
"�;'�(�#;K¨��!n�"!�
"�;ït�"#;K � I�
1�	Iz�;âS��#�¸"®z
<(�Iz� ��I&���a�	IQ®z��I	¥
't
"®z
"!�#/
"#-�«
^� (��¨�"I&�¨
²��(�!��a�8��
 � H (�� 
²�&
 � H (��«(�®z¸"#;��
 � Ú � 
 �a� � I@(�#;K¨��!��a�&
 � (�ï��«(�!&ït
<�"��� 
"!$#aI&!�

��
"�¶(�#;K¨��!n
"!$#;��
²�¨
 �e( H&H ���;#��a�"!�
"�;ït�"#;K � I�
 �/�&
 �a
,3����;#��a
´ÙS#��"�;K¨
"I&��� Ei

(�In� ��I&���a�	IQ®z��I&'t
"®z
"!�#��

"#²�8���"!�
"�;ï�K¨
%�"KL!��"#;K � I�
 K �	IX�;â	�;#�¸"®z
Q�

d

dt

∂K

∂q̇i
− ∂K

∂qi
= Ei

( 't
 � i = 1 þ n )��	Ú x ×�+
( 't
 � qi

��
 H ��� �«
"!�#«(�!�#£�¨
 ième H (��«(�®z¸"#;��
%�&
 H ���;KL#;K¨��!&!�
"®z
"!�#ª�	I��;â	�;#�¸"®z
�Ú� � KL!$#��"�=$"# H �;KL!��"K H (��£�&
�� 
;
����;®n(��LK¨�;®z
X
 ��#z�&
 H ��I&'t��KL�ÿKL!�#��"ï���
"�ÿ!@(�#;I&��
"�L�¨
"®z
"!�#�#���I&#�
 �
�¨
 �+KL!�#�
"�«(��"#;K¨��!��z
"!$#;��
���J��A
"#�� Úß¤F!Ð
,3�
"#��c�¨
 ��� ��!$#;�«(�KL!�#�
 �n�«��!�#+ït�"��� 
 �z( 't
 �\�¶(�®z�"#;·��$�&
��&

®%I&�L#;K H �LK¨� (�#�
"I&���1�&
 � (�ï��«(�!&ït
ª
"#^�¨
 �eJ?��I��"�¨
 �q�"KL!��"®n(�#;K � I�
 �^!�
£����!�# H (��e#;�«(�KL#�� 
 �q� ��®Q®z
£�&
 �
� (�� H (��;#;K¨�"I&�LK¨
"��� Ú� (��e
´Ù&
"® H �¨
��t§1�"®QK¨��!�¶�§ç�"®n×�× · (ª��·���K¨�;K��&
²�&�"'t
"�¨� H&H 
"�aI&!n®z��#�
"I&�aJ@(����²�;I&�F�¨
 �-#;�«( '�(�I	Ù
'SKL�;#;I�
"�¨��( 't
 ���¨
 �ª� � I@(�#;K¨��!��%�&
 � (�ï��«(�!&ït
 H 
"�;®z
"#;#«(�!$#�����(�!&KL®z
"�%�	KL��
 �"#�
"®z
"!�#��¨
 �ª� �S�����&��!	¥
!�� 
 �+ït�"!��"�«(��LK¨��� 
 ���F
´Ù H ��
 ���;K¨��!�!@(�#;I&��
"�L�¨
��&
 � H (��«(�®z¸"#;��
 �Q�&
ÿ�¶(X®z�S�&�"�LK¨�«(�#;K¨��!rÚ � 
 �Q(��;#;K¨�"I	¥
�¶(�#;K¨��!�� H 
"I&'t
"!�#ÿ(��¨�����z( 't��KL�QI&!�!���®�J&��
��&
��&
"ï���� �Q�&
��LKLJV
"�;#��5)u�&�	�p+ � I�
"�¨� ��! � I�
��-� 
"I	ÙS¥¦�"K
H ��I&'�(�!$#�$"#;��
Q�;KL® H �¨
 �%)O����#«(�#;K¨��!���#;�«(�!��;�¶(�#;K¨��!w+,����IÌ� ��® H �¨
´Ù&
 ��� ��®Q®z
z�&
 �%�´'SK¨���«(�ït
 ����Ú ­ 
"#
(�� H 
 �"#1ït�"!��"�«(��LK¨�;#�
��	I�®z��#�
"I&�ª� ��!$#;��
"J@(��¶(�!�� 
��¨
 �1#�
"® H �£�&
+� (��¨�"I&�¨� H �LI��£KL® H ���;#«(�!�#��ª��J&#�
´¥
!�I�� H (��²�«( H&H ���;#£þ�I&!�
ª®z�"#;·��$�&
%J@(���� 
��;I&�²�¨
À
����;®n(��LK¨�;®z
��&
 � 
�/²#���!	¥¦¤FI&�¨
"� Ú
¤7nwe�_ i\WpU�b�cYn l Z\X^]%tv��i2U�b�cYn l ]%ZGi*_1nwi2�wXv_1X l b

� ( ®n(��A���;KL#����&
 �Q#;�«( '�(�I	Ùi
´Ù H �;KL®z
��¨
 �z� � I@(�#;K¨��!��\�	Iw®z��I&'t
"®z
"!$#ÿ����I��%
u���;®z
�!$I&®z�´¥
�;K � I�
��&!@(�#;I&��
"�L�¨
�
"!XKL!�
u���;®n(�#;K � I�
�Ú ­ 
"#;#�
�
u���;®z
�KL® H �LK � I�
%�&
 �£( H&H ��� Ù	KL®n(�#;K¨��!��£!�I&®z�"�;K � I�
 �
�¨�����%�	IÓ� (��¨�"I&�e�&
 ��®z
"®�J&��
 ���&
 ��� � I@(�#;K¨��!��%�	I|®z��I&'t
"®z
"!�# � I&K#
���!�#%KL!�#�
"�;'t
"!&KL���&
 ���&�"�;K ¥
't� 
 � Úr�Æ�e
 �;#+(��¨����� H �����;KLJ&�¨
z�&
Q�¨
 ��
´Ù H �;KL®z
"�+����I��À
����;®z
n�;âS®%J?���LK � I�
:¶� 1�;! {�� �r©£I&® � × · Ú ­ 

®z�S�&
%�&
���
 H ��� �«
"!�#«(�#;K¨��!Ì
 �;#ç�¶(Q#;�«(��	I��"#;K¨��! 
´Ù&(��"#�
+�&
��¶(z��
 H ��� ��
"!�#«(�#;K¨��! ®n(�#;·��"®n(�#;K � I�
�Ú��Æ�
!�� � 
 ���;KL#�
��&
 �ç��I&#;KL�¨�£�&
�ït
 ��#;K¨��!¬�&
%ï��«( H ·�
%�¨�����£�&
��¶(n�"��� (�#;K¨��!¬�&
 �£� � I@(�#;K¨��!�� Ú@©ª
 H �LI����@�¨
 �
� � I@(�#;K¨��!���!r����!�# � I�
+#;��¸ ���«(���
"®z
"!�#%I&!�
Q�����LI&#;K¨��!|(�!@(��Lâ$#;K � I�
:)p
����;®z
"�L�¨
�+,�r
"�L�¨
 ��!�� � 
 ���;KL#�
"!$#
I&! H (����«(�ït
ÿ(�IÓ!�I&®z�"�;K � I�
 H ��I&�+�¶(���� �����LI&#;K¨��!Ð�	I��;âS��#�¸"®z
�Ú � � KL!$#��"�=$"#Q®n(��A
"I&�+
 �;#�����( 't��KL�
I&!�
�
´Ù H ��
 ���;K¨��!ª
����;®z
"�L�¨
"®z
"!�#£
´Ù&(��"#�
%�&
 �1� � I@(�#;K¨��!��1�	I�®z��I&'t
"®z
"!$# � I&Kc(�I&ï�®z
"!�#�
��¶( H ���´¥
�"K¨�;K¨��!rÚ ­ 
 H 
"!���(�!$#��¨
 ����I&#;KL�¨��!�� � 
 ���«(�KL��
 ��þ��¶(�®n(�!&K H I&�¶(�#;K¨��!Ð�;â$®�JV���LK � I�
\
"!&ït
"!��	��
"!�#Q�&
 �
�&�"'t
"�¨� H&H 
"®z
"!�#��^� ��!���� � I�
"!$#��e
"#e�&
 �a#«(�I	Ù��&
²�;#��S��è�(�ït
²KL® H ���;#«(�!�#�� Ú � ��I&�^�&
 �a�;â	�;#�¸"®z
 �FI&#;K ¥
�LK¨�«(�!$#ª�&
 ��� ��®Q®n(�!��&
 ���?KL�-
 ��#ç!�� � 
 ���¿(�KL��
+�&
��&�,��!&KL���&
 �ª� ��!�#;�=���¨
"I&���`¶ � 
 � � � · � I&KZ� (��¨�"I&�¨
"!$#
�¨
 �.
������ 
 �<
"#1� ��I H �¨
 �1!�� � 
 ���«(�KL��
 � H ��I&�<��� ����I��	��
�I&!�
ª#����«·�
%�&��!&!�� 
�Ú

 º��! ����(�®z
"!�
"���¨
 �;âS��#�¸"®z
 þ�I&!�
 � ��!���ï�I&�«(�#;K¨��! �&��!&!�� 
 )OI&!�
 H ���;#;I&��
¬KL® H ����� 
 H (��

´Ù&
"® H �¨
�+,�&I&!�
������LI&#;K¨��!X� ��!���K¨�;#�
%þ+I&#;KL�LK¨��
"�<I&!�� ��!$#;�=���¨
"I&�£�&
ª#Æâ H 
 H ��� H ���;#;K¨��!&!�
"� ¥¦�&�"�;KL't�ÿ�

τ = Kp(Θ − Θd) + Kd(Θ̇ − Θ̇d) )��	Ú x�x +



� ���������������(�!��~��
� | �(�����(��	,���
	�¼"� 
 x

��� Θ 
 ��#£�8���"#«(�#�� ��I&�«(�!$#%�	I �;âS��#�¸"®z
 )O�¶( H ���;#;I&��
�� ��I&�«(�!�#�
�+,� Θd

 ��#£�¶( H ���;#;I&��
��&� �;KL��� 
�� τ
 �;#^�¨
ç't
 �"#�
"I&�²�&
ª� ��I H �¨
 �<þ+( H&H �LK � I�
"�<(�I��;â	�;#�¸"®z
1®z� � (�!&K � I�
�� Kp

"# Kd

����!�#^�¨
 �qï�(�KL!��q�	I
� ��!�#;�=���¨
"I&� Ú ­ 
%#¦â H 
�����( H&H ���$�«·�
+
 ��#ç� ��I&�«(�®Q®z
"!�#�
"® H �¨� ât� H ��I&�ç� ��!$#;�=���¨
"�ª�¨
�®z��I&'t
"®z
"!�#
·�I&®n(�KL!ô¶ 
 �$� � Ø�� 
 �S� ��{ �9 � ×�
(� 
ç� � Ö · 
"#\
"!�#;��
 (�I&#;��
 ���/(Ó�"#���I&#;KL�LK¨�«� 
 H ��I&� H KL�¨��#�
"�\I&!
J&�«(��1·$I&®n(�KL!ñ¶�¢ �   + ����· Ú ­ 
 H 
"!���(�!$#��@KL�Z
 �;#1#;��¸ �£�	Kz®n�"KL�¨
��&
%#;����I&'t
"�£�&
 �ç'�(��¨
"I&���ç�&
%ï�(�KL!��
ït�"!��"�;K � I�
 � � I&Ke�«(�#;K¨�È
8(�����
"!$#�#���I&#�
 ���¨
 ���;KL#;I@(�#;K¨��!�� H �����;KLJ&�¨
 � Úc�$K/��!|�«·�
"����·�
�þ�� ��!�#;�=���¨
"�+�¨

J&�«(��ÿ
"!iKL® H ���«(�!$#nI&!�
 H ���;KL#;K¨��! þ �8� I&! �&
 � H ��KL!$#��ÿ�	I � � I�
"�¨
"#;#�
��/��! H 
"I&#\(�I����;K1I&#;KL�LK¨��
"�
�&
 �ª®%I&�L#;K H �LK¨� (�#�
"I&�����&
 � (�ï��«(�!&ït
��LK¨� ��þÿ� 
"#;#�
�� ��!$#;�«(�KL!�#�
 � I&KZ��
 H ��� ��
"!�#�
"!$#��¶(¥
u����� 
ª)u��I �¨

� ��I H �¨
�+nþÓ( H&H �LK � I�
"� H ��I&�ÿ��
 � H 
 �"#�
"�n�¶( � ��!$#;�«(�KL!�#�
�Ú � 
 H ����J&�¨¸"®z
�� ��!��;K¨��#�
Xþ #;����I&'t
"�\�¨
 �
JV��!�� H (��«(�®z¸"#;��
 � H ��I&� H ���S�	I&KL��
XI&!y®z��I&'t
"®z
"!�#�!@(�#;I&��
"�8Ú & !�
:
���K¨� � Ir� I&! � ��!�#;�=���¨
"I&��(
�"#������"ï��¨���&�&
 �1(�!&KL®n(�#;K¨��!��1��� (��LK¨�;#�
 � H 
"I&'t
"!�#º$"#;��
 H ���S�	I&KL#�
 ����� ��®Q®z
��&
 �²�¿(�I&#���¶ 
ºÌ õ y � � ·
��IÓ�&
 �%®z��I&'t
"®z
"!�#����&
 H 
"������!&!@(�ït
 ��!���!Ì·�I&®n(�KL!��;¶ � -À F×�× · Úr¢ (��L·�
"I&��
"I���
"®z
"!�#��-� 
Q#Æâ H 

�&
 � ��!�#;�=���¨
"I&����!r����3?��
"!�#�ït�"!��"�«(��¨
"®z
"!$# H (��\I&! � ��!�#;�=���¨
Ì��I�®n�«(�!�# H ��I&���&
 ��(�!&KL®n(�#;K¨��!��
#;��¸ �ç
´Ù H ��
 ���;KL't
 � Ú ­ ��
 �;# H ��I&� � I���KZ����(�I&#;��
 �£( H&H ���S��·�
 �>¶ µ  ª×�Ø · ��!�# H ��� H ����� 
 �ç����
"!&�;K¨��·&KL�ª�¨
 �
®z�$�&¸"�¨
 � H (����&
 ���&��!&!�� 
 ��#�
"�L�¨
 � � I�
z�8��(��"#;KL'�(�#;K¨��! ®%I����"I&�¶(�KL��
�
"#+�¨
 H KL�¨��#«(�ït
 H (����&��!&!�� 
 �

´Ù H �"�;KL®z
"!�#«(��¨
 � Ú& !�
�(��L#�
"�;!@(�#;KL't
 þ � 
 �ÿ( H&H ���S��·�
 �\� (��¨�"I&�¶(�#���KL��
 ��
 �;#n����
,3�
 �"#;I�
"�ÿI&! ( H&H ��
"!$#;K¨���«(�ït
¬�	I
� ��!�#;�=���¨
"I&�+����KL#�þ H (��;#;KL����� I&!�
�J@(��«
Q�&
+�&��!&!�� 
 �%�&
�®z��I&'t
"®z
"!�#����r�«��KL# H (�����
"!�
������ 
"®z
"!�# Úò �"!��"�«(��¨
"®z
"!�#��-�¶(�®z�"#;·��$�&
n��
"'$K¨
"!$#�þ�I&#;KL�LK¨��
"�+I&!|��� ��
 (�I��&
z!�
"I&����!�
 �;¶�¢ ò ý × x�· Ú ­ 
"#�( H ¥
H ��
"!�#;K¨���¿(�ït
 H 
"I&#1��
"�;'SKL�çþQ� (��¨�"I&�¨
"�ª(�I&#���®n(�#;K � I�
"®z
"!$#£�¨
 � H ��� � ��!��	KL#;K¨��!��ç
"# H ����#�� ��!��	KL#;K¨��!��
!�� � 
 ���«(�KL��
 ��þ��8��( H&H �LK¨� (�#;K¨��!Ð�&
z� ��!$#;�=���¨
"I&���Q�&� �	K¨� �+þX�&
 ��#�����·�
 �+�LKL®QKL#�� ���ß� ��®Q®z
ÿ� ��(�����
 ��KL�
��IX��
ª�¨
"'t
"��¶¾ \- µ × x,· Ú
ûGâ��Gâ&% ¨5í�÷äèã÷äë�ç�í�÷�õ�æ ð§ìñóÇõ2ò#ö�ìuóÇìuæ�í�ëªÿ�ç0"9í�òuz�ýuë

� 
+�&�"'t
"�¨� H&H 
"®z
"!$#��&
 �ç��âS�;#�¸"®z
 �ç�&
�� ( H #;I&��
+�&
�®z��I&'t
"®z
"!�#�(z�"!����;®z�"®z
"!$#�KL!�8�I�
"!�� �
�¨
 �£��
 ��·�
"����·�
 �ª��� � 
"!$#�
 ��
"! (�!&KL®n(�#;K¨��! ��� ·$I&®n(�!��"�8�&
 � Ú�¤F! 
,3?
"#���I&!�ï��«(�!���!���®%J&��
��&
�#;�«(6¥
'�(�I	Ù H (��;#�
"!$#+�&
Q�8� ·$â H ��#;·�¸ ��
 � I�
Q�¨
 �%#;�«(��A
 �"#���KL��
 �+� ( H #;I&��� 
 �+� ��!�#;K¨
"!&!�
"!�#Q�&
Q®n(�!&K¨¸"��
nKL!	¥
#;�;KL!���¸ � I�
1#���I&#�
 �/�¨
 �aKL!�
����;®n(�#;K¨��!��^!�� � 
 ���«(�KL��
 � Ú$©+��(�KL�L�¨
"I&����� ý ��·@(�!��«����!�¶ ý ��·�Ö�
 · ®z��!$#;��
 � Ir� KL�

 �;#n#;��¸ �%
�(��"KL�¨
��&
���
 � ��!&!@(��¨#;��
��¶(Ì�&�"®n(����«·�
���� I&!�
 H 
"���«��!&!�
�I&!&K � I�
"®z
"!�#�( 't
 � � I�
"� � I�
 �
H ��KL!$#��^(�!&KL®z� � Ú ­ 
 �"KV®z��!�#;��
çJ&K¨
"! � I�
��t�«(�!��^� ��® H ��
"!��	��
 H ��� �"K¨��
"®z
"!$#/�¨
 � H ���S� 
 ���;I��a®QK¨�/
"!
�A
"I��	KL��
 �;# H �����;KLJ&�¨
���� I&#;KL�LK¨��
"�²�¶(+� ( H #;I&��
��&
ª®z��I&'t
"®z
"!$# H ��I&�²��
"!��	��
ª�¨
 �qït
 �;#�
 �<��� ·�I&®n(�KL!��
'$KL�;#;I�
"�¨�ç�"��� �	KLJ&�¨
 � Ú� (�� ( H #;I&��
z�&
�®z��I&'t
"®z
"!$#�� H ��� ��
"!$#�
�I&! KL!�#��"�=$"#�KL!��&�"!&K¶(�J&�¨
X���¨
���� (��LK¨��®z
Q�&
 ��(�!&KL®n(6¥
#;K¨��!��ß��J&#�
"!$I�
 �-
 �;#rJ&K¨
"!���I H �"�;K¨
"I&�Fþ²� 
"�LI&K$��J&#�
"!$I�( 't
 �e�¨
 �c®z�"#;·��$�&
 �Z����(�!&KL®n(�#;K¨��!Q�"�¶(����;K � I�
 �
� ��®Q®z
��¨
 �1®z�"#;·��$�&
 �ç�"KL!��"®n(�#;K � I�
 �£
"#1�	âS!@(�®QK � I�
 � Ú ­ 
 H 
"!���(�!$#ç� 
"#;#�
%#�
 ��·&!&K � I�
 H ��� ��
"!$#�

I&!n�&�,
8(�I&# � I&K�
 ��#F�¶(ª� ��!�#;��
 H (��;#;K¨
£�	KL��
 �"#�
1�&
²�«(6
������ 
����¨
q®z��I&'t
"®z
"!�#q� ( H #;I&���<
 �;#G��ït�1��(�!��
�«(�� H � �"Kz�@�"KL#����c
"#��;Ka��!|#�
"!�#�
z�&
Q�8��(���( H #�
"��þ\I&!�
Q®z��� H ·����¨��ï�K¨
n�	Kz3��"��
"!�#�
��ß��IÌ�¨
z�&�,
����;®z
"�
H ��I&�Q��� H ��!��	��
Xþ�I&!w��J��;
 �"#;Kz
ª�&��!&!����F�¨
���� (��LK¨��®z
��	IÐ®z��I&'t
"®z
"!�#ÿ
 ��#n(��L#��"�����&
�®n(�!&K¨¸"��

�;KLï�!&Kz�@� (�#;KL't
�Ú�©£Kz3��"��
"!�#�
 �²®z�"#;·��S�&
 �²��� H ��!��&
"!�# H (��;#;K¨
"�L�¨
"®z
"!$#£þ+� 
"#;#�
ª�¶(��"I&!�
�
"#²#�
"!�#�
"!$#1�&

��
£��
"�;'$KL�²�	I�®z��I&'t
"®z
"!�#<� ( H #;I&����� ��®Q®z
ª��� I&!�
ªJ@(���
ç®z�S�	Kz��(�J&�¨
 H ��I&�^ït�"!��"��
"�<�&
 �²(�!&KL®n(6¥
#;K¨��!�� H (��;#;K¨�"I&�LK¨¸"��
 � Úß¢¬(�K¨���rþ H (��;#;KL�%��� I&!Ì®z��I&'t
"®z
"!$#+�&��!&!����c�¨
Q� H 
 �"#;��
n�&
 ��®z��I&'t
"®z
"!�#��� I�
1�8����! H 
"I&#/��J&#�
"!&KL�^'SK¶(�� 
 �/®z�"#;·��$�&
 �^
 �;#e��
"�¶(�#;KL't
"®z
"!$#q�LKL®QKL#���Ú � (��²
´Ù	
"® H �¨
���®z�$�	Kz�@
"�^�¨

�;#¦âS�¨
Q��� I&! ®z��I&'t
"®z
"!�#�!�� � 
 ���;KL#�
��&
 ��� ��!&!@(�K¨���«(�!�� 
 ����I&�£�¶(ÿ!@(�#;I&��
�®%$"®z
Q�	I ®z��I&'t
"®z
"!�#




�� ö+í?÷Zø�l-á Ý6mß÷ßù�÷on&æt÷Sæ�äOìßí Ý&æ áLlZíræ0pQq�á ÝÓùcÝ|ëçìßôsrßÝ�ëçÝ�í�æ�á\ùutvprôßë<÷ßírì6w8ùcÝ�á
�&��!�#<��!\!�
ª�	K¨� H ����
 H (�� ÚS�Æ�?
 �;#^�&��!��ª!�� � 
 �«�«(�KL��
ª���¾$"#;��
 H �;I��&
"!$#²�¨����� � I�
£�&
£#�
"�L�¨
 �q®z�"#;·��S�&
 �
����!$#çI&#;KL�LK¨��� 
 ��� H (��£
´Ù	
"® H �¨
+
"!�I&#;KL�LK¨�¿(�!�#��&
 �£(���( H #«(�#;K¨��!��£��
"�¶(�#;KL't
"®z
"!$# H 
"#;KL#�
 �¢¶ ò � ��{"· ��I

"!Ó
,3�
 �"#;I@(�!�#Q�&
 ��®z�$�	Kz�@� (�#;K¨��!��Q��(�!���I&!�
\�"�¶(�����
n�&
n®z��I&'t
"®z
"!�#QJ&K¨
"!��&�,��!&K¨
\� ��®Q®z
ÿ�¨

�«(�I&#�¶¾¸ ò ×�� · ��I��¶(�®n(����«·�
¥¶�§ ­ õ ��{�· Ú � ����� � I�
�� 
"�¶(�!r��
 ��# H (�� H ���«�;KLJ&�¨
��	I&!X� 
"�;#«(�KL!�!���®�J&��

�&
�®z�"#;·��S�&
 �<����(���( H #«(�#;K¨��! ����!�#ç( H&H �LK¨� (�J&�¨
 � Ú
|0© �6© � ©�r } Z�U(��b�U�b�cYn l«ª Z�X l n�i���X^U�iQ¥ñ�§X^e�]�n l\l U(huX^]

­ 
"#;#�
1#�
 ��·&!&K � I�
��$( H&H 
"�¨� 
����� :¬��
­®�L 
¢��¯­:¶ ò �¨
 ��{�· ��� ��!��;K¨�;#�
1þ�(���( H #�
"�/�¨
²®z��I&'t
"®z
"!�#q��� I&!�

H 
"������!&!�
Xþ¬I&!�
X(�I&#;��
 H 
"������!&!�
�(�I	Ù H ��� H ���;#;K¨��!��ÿ�	Kz3?�"��
"!$#�
 � Úe¤a!i
,3?
"#��-�¨����� � I�
��8����!w
,
O¥

�
 �"#;I�
nI&!�
ÿ� ( H #;I&��
��Z��! H 
"I&#���J&#�
"!&KL���¨
 ��� ��I&�;J?
 �+�����"'t���LI&#;K¨��!��Q�&
 ���	Kz3��"��
"!�#��Q(�!&ï��¨
 ���&
 �
(��;#;K¨�"I&�¶(�#;K¨��!��²�	Iÿ� � I�
"�¨
"#;#�
�Ú(yç! H 
"I&#eI&#;KL�LK¨��
"�q� 
 �^�&��!&!�� 
 � H ��I&�^(�!&KL®z
"�^I&!�(�I&#;��
ç� � I�
"�¨
"#;#�
�Ú
¢ (�K¨�/��!�� ��( H 
"�=� ��KL# � I�
1� ��®Q®z
£�¨
 �^���/�	I�� � I�
"�¨
"#;#�
ç����!$#^�&
1#«(�KL�L�¨
 �q�	Kz3?�"��
"!$#����S�¨
 �^(�!&ï��¨
 �^!�

H ��� 't� � I�
"!�# H �LI��<�¨
�®%$"®z
��&� H �¶(�� 
"®z
"!�#ª�&
 �<�"�¨�"®z
"!$#��ç��(�!��²�8��
 � H (�� 
¥)O't��KL�º ZKLï�I&��
%�	Ú { +´Ú

°qälñ.ø��	Ú { Ê � ����J&�¨¸"®z
<����(���( H #«(�#;K¨��!\þ£�&
 �-®z��� H ·����¨��ï�K¨
 �e�	Kz3��"��
"!�#�
 � Ú � 
 �-®%$"®z
 �e(�!&ï��¨
 �F����!$#
( H&H �LK � I�� �ç�;I&�²�¨
 �ç�&
"I	Ù H 
"������!&!@(�ït
 �£�&
 � H (��;#;K¨
 �>)�(�+²
"#¡)OJw+´Ú?�$Kc��!X� ��!��;K¨�&¸"��
 � I�
��¶(��«(��"KL!�

·&K¨�"�«(�����·&K � I�
��	I�� � I�
"�¨
"#;#�
ª
 �;#qJ&K¨
"!�(�I�� 
"!$#;��
��	I\J@(��«�;KL!��S�¨
 �²�&
"I	Ù H K¨
 �&� H �"!�¸"#;��
"!�#<��(�!��q�¨

�����8Ú��Æ�F
´ÙSK¨�;#�
Q(��¨�������&
"I	Ù ®n(�!&K¨¸"��
 ���&
���� ����I��	��
��¨
 H ����J&�¨¸"®z
X����
"®z��!$#�
"�%#���I&#��¨
Q� � I�
"�¨
"#;#�

�AI�� � Ir��þz��
 � H 
 �"#�
"�1�¨
 �ª� ��!�#;�«(�KL!$#�
 ��(�I�������)u��+,�@��I¬J&K¨
"!�®z�S�	Kz�@
"�£�¨
 �£(�!&ï��¨
 �ªþz�¶(z·@(�!���·�
���(�I
ït
"!���IX
"#çþ+�¶(��«·�
"'$KL�L�¨
 H ��I&�<��( '�(�!$#«(�ït
 H �LK¨
"�1�¨
 �G�;(�®�JV
 �¡)u�u+´Ú

­ 
 H ·��"!���®z¸"!�
ÿ
 �;#�����(�I&#«(�!�# H �LI��%ït�"!@(�!$# � Ir� KL� H 
"I&#��;I&J$'t
"!&KL���&¸ ���¶( H ��
"®QK¨¸"��
ÿ�"#«( H 

��� I&#;KL�LK¨�«(�#;K¨��!Ì�&
��¶(\� ( H #;I&��
+�	I ®z��I&'t
"®z
"!$#����¨����� � I�
%�¶( H 
"���«��!&!�
���� 
"�L�¨
 � I&KZ
,3�
 �"#;I�
�� 
"#;#�

� ( H #;I&��
�(�I&!�ï�(�J@(��;KL#Q�	Kz3?�"��
"!$#��&
ÿ�8� ·�I&®n(�KL! 'SKL�;#;I�
"�8ÚGyç! H 
"I&#��8����J���
"�;'t
"�¡
8(��"KL�¨
"®z
"!�# H (��
�&
 � H K¨
 �&�%ï��LK¨���¿(�!�#��;I&�%�¨
ÿ�����e��I �&
 ��KL!�#�
"�A¥ H �"!��"#;�«(�#;K¨��!����F
"#+�&
�
8("� ��!��"'SK¨�&
"!�#�
ÿ�¨����� � I�
z�¨

H 
"������!&!@(�ït
�KL!$#�
"�«(�ï�KL#£( 't
 �%I&!¬(�I&#;��
 H 
"������!&!@(�ït
���I�I&!X�"�¨�"®z
"!�# � I�
"�¨� ��! � I�
��&
%�8��
"!�'SKL����!	¥
!�
"®z
"!�# Ú� 
 H ����J&�¨¸"®z
 ����(���( H #«(�#;K¨��!E�&
�®z��I&'t
"®z
"!$#���þÓI&! !���I&'t
 (�Ig� � I�
"�¨
"#;#�
 H 
"I&#��&��!�� ��

�«(�®z
"!�
"��þ��¶( 't�"�;Kz�@� (�#;K¨��!E�&
Ì� ��!�#;�«(�KL!$#�
 ��� H (�#;K¨��¥8#�
"® H ����
"�L�¨
 � Ú ò �¨
"K¨��·�
"�X
"#�� ���L�8Ú¿¶ ò �¨
 ��{�·



� ���������������(�!��~��
� | �(�����(��	,���
	�¼"� 
�


��� �����L't
"!�#²� 
 �/� ��!�#;�«(�KL!�#�
 �²�&
1®n(�!&K¨¸"��
1KL#��"�«(�#;KL't
£
"!nI&#;KL�LK¨�¿(�!�#²�&
 �e� (��;#�
 �^�&
1�&� H �¶(�� 
"®z
"!$# Ú � (
 ZKLï�I&��
/�	Ú � ®z��!$#;��
e�¨
F��� ��I&�L#«(�#ß�&
F�8��(���( H #«(�#;K¨��!+®z��� H ·����¨��ï�K � I�
^��J&#�
"!�I�
q( 't
 �/� 
"#;#�
F®z�"#;·��S�&
�Ú

°^äOñ.øV�	Ú � Ê  ²��( H #«(�#;K¨��!���� I&!�®z��I&'t
"®z
"!$#ç�&
�®n(����«·�
�þ��	Kz3��"��
"!�#��ç� � I�
"�¨
"#;#�
 �¡¶ ò �¨
 ��{�· Ú
¸1��®�I&�«(g
"# � ���L�8Ú�¶¾¸%��¸�×�×(�¿¸%�	× x,· (���( H #�
"!$#|�"ï�(��¨
"®z
"!�#Ì�¨
�®z��I&'t
"®z
"!$#�þ H (��;#;KL�Ì�&


� ��!�#;�«(�KL!$#�
 �Ì� H (�#;K¨��¥8#�
"® H ����
"�L�¨
 � Ú � 
�� � I�
"�¨
"#;#�
�
 �;#�#���I&#�
,
u��K¨�¬K¨�"K�
"!&�;K¨��·&K H (����¶( H �;K¨��
�
"!
� ��® H #�
q�&
 ��
������ 
 �c�LK¨� 
 �-(�I	Ù�®%I��«�"�¨
 � Ú ­ 
"#;#�
/®z�S�&�"�LK¨�«(�#;K¨��! H �LI�� H ��� �"K¨��
 H 
"�;®z
"#ß�&
 � I@(�!$#;Kz�@
"�

"#ç(���( H #�
"�1� 
"�;#«(�KL!��ç�"�;KL#�¸"��
 � H ·�â	�;K¨���¨��ï�K � I�
 � Ú

¢¬��!(� (�!&KS
"#Z� ���L�8Ú^¶�¢ õ^õqµ ×�× · I&#;KL�LK¨��
"!�#ZI&!�� � I�
"�¨
"#;#�
aKL!$#�
"�;®z� �	K¶(�KL��
 H ��I&�Z
,3?
 �"#;I�
"�ß�8��(���( H ¥
#«(�#;K¨��!w�&
 �+#;�«(��A
 �"#���KL��
 �z��I&��I&!�
\!���I&'t
"�L�¨
�®z��� H ·����¨��ï�K¨
�Úa©�(�!���I&! H ��
"®QK¨
"�Q#�
"® H ���Z�8� I&#;KL�LK ¥
�«(�#�
"I&�z� H � �"Kz�@
\�¨
 �Q� ���;��
 � H ��!���(�!�� 
 �ÿ
"!�#;��
��¨
 �z(��;#;K¨�"I&�¶(�#;K¨��!��ÿ�	Iw�;I"�A
"#Q(�� � I&K¨��):¡!�T��°L���>�±�T�²y³ �T´µ�L :����+^
"#²� 
"�L�¨
 �²�	I�� � I�
"�¨
"#;#�
6��!@(��§):¶·��¸}¹6º��T� ²y³ �T´µ�L :����+´Ú � (> ZKLï�I&��
ª�	Ú x ×()�(�+/®z��!$#;��
ªI&!

´Ù	
"® H �¨
��&
\� ���;��
 � H ��!���(�!�� 
\
"!$#;��
 H �LI��;K¨
"I&���Q(��;#;K¨�"I&�¶(�#;K¨��!��Q�	IÓJ&�«(���
"#��&
ÿ�8��� H (�I&�¨
�Ú-©�(�!��
I&!Ó�&
"I	Ù	K¨¸"®z
Q#�
"® H ���c�¨
 � H ���;KL#;K¨��!�������!$#%®QK¨��
 ��
"!|� ���;��
 � H ��!���(�!�� 
ÿ(���!Ó�&
z#;�«(�!�� H ���«
"��(�I
®QK¨
"I	Ù��¨
 �1���;K¨
"!$#«(�#;K¨��!��£�	IX®z��I&'t
"®z
"!�#ªKL!&KL#;K¶(��ß�;I&�1�¨
�!���I&'t
 (�I�� � I�
"�¨
"#;#�
`)� ZKLï�I&��
+�	Ú x ×()OJw+0+´Ú
 1I���!@(�����I&!�
����"�;K¨
��&
%� ��!$#;�«(�KL!�#�
 ���"KL!��"®n(�#;K � I�
 �ç
 ��#ç� H � �"Kz�@� 
%(���!��&
�� ��!���
"�;'t
"�ç� 
"�;#«(�KL!�
 �
� (��«(��"#��"�;K¨�;#;K � I�
 �1�	I�®z��I&'t
"®z
"!�# Ú � (���� �����LI&#;K¨��!X�&
ª� 
 �²� ��!�#;�«(�KL!$#�
 �1��
6
8(�KL# H (��²�8� I&#;KL�LK¨�¿(�#;K¨��!
�&
À
���!��"#;K¨��!��1�&
��&� H �¶(�� 
"®z
"!�#ª� ��!�#;�=���¨� 
 � H (��<�"KL!��"®n(�#;K � I�
�KL!�'t
"���«
�Ú

� EL� ��� �
°qälñ.øF�	Ú x × Ê & #;KL�LK¨�«(�#;K¨��! ��� I&!Ð� � I�
"�¨
"#;#�
nKL!$#�
"�;®z� �	K¶(�KL��
 H ��I&�+�8��(���( H #«(�#;K¨��! ®z��� H ·����¨��ï�K � I�

¶�¢ õqõqµ ×�× · Ú

� 
 
Q
"#��$·&KL! ¶ � � ���"· H ��� H ����
"!$#��&
Q�&� � ��® H ����
"���¨
 �ª#;�«(��;
 �"#���KL��
 �%(��;#;K¨�"I&�¶(�KL��
 ��
"! � H �LKL!�
 �
·&K¨�"�«(�����·&K � I�
 �%)O't��KL�4 ZKLï�I&��
+�	Ú x�x )�(�+0+´ÚV¤a�L�¨
 � H 
"�;®z
"#;#�
"!�#��&
�®z�S�	Kz�@
"�£�¨�$� (��¨
"®z
"!$#ç�¨
%®z��I&'t
´¥
®z
"!�#+
"#��&
 H ��� H (�ït
"�%�¶(��&�,
����;®n(�#;K¨��!Ó�;I&���¨
 � H ���;#;I&��
 ��'t��K¨��KL!�
 ���&
Q®n(�!&K¨¸"��
z� ��!$#;KL!�I�
�Ú � (




�� ö+í?÷Zø�l-á Ý6mß÷ßù�÷on&æt÷Sæ�äOìßí Ý&æ áLlZíræ0pQq�á ÝÓùcÝ|ëçìßôsrßÝ�ëçÝ�í�æ�á\ùutvprôßë<÷ßírì6w8ùcÝ�á
�&� � ��® H ���;KL#;K¨��!i·&K¨�"�«(����«·&K � I�
 H 
"�;®z
"#n
"! ��I&#;��
��&
X#;�«( '�(�KL�L�¨
"�n�¨�S� (��¨
"®z
"!�#���Iiï��¨��J@(��¨
"®z
"!$#
�;I&KL'�(�!�#ª�¨
�!&KL't
 (�IÌ��·���K¨�;K!)O®z�S�	Kz�@� (�#;K¨��!����&
 �£J@(�����
 �ª��I�·@(�I&#�
 �4
u��� � I�
"!�� 
 �£+´Ú � (ÿ��� �����LI&#;K¨��!
�&
 �-� ��!�#;�«(�KL!$#�
 �e
 �;#-
,3?
 �"#;I�� 
<þ1�8��(�K¨�&
²��� I&!�
q�"KL!��"®n(�#;K � I�
qKL!$'t
"����
^!�I&®z�"�;K � I�
<� ��®%J&KL!�� 
<( 't
 �
�&
 �a��� �«���LI&#;K¨��!��^(�!@(��LâS#;K � I�
 � H ��I&�/�¨
 �a®z
"®�J&��
 � Ú � (� ZKLï�I&��
ç�	Ú x�x )OJw+-®z��!$#;��
1I&!�
ç(���( H #«(�#;K¨��!
#�
"® H �-��� 
"�	��� I&!+®z��I&'t
"®z
"!$#a�&
^®n(�����·�
q�;I&�ZI&!�
/®z��� H ·����¨��ï�K¨
 � I&K	��·@(�!&ït
²�	âS!@(�®QK � I�
"®z
"!$# Ú

� EL� ��� �
°qälñ.øV�	Ú x�x Ê & #;KL�LK¨�«(�#;K¨��!¬�&
�� H �LKL!�
 �<·&K¨�"�«(����«·&K � I�
 �¢)�(�+ H ��I&�1
,3�
 �"#;I�
"�<I&!�
�(���( H #«(�#;K¨��!�®z���A¥
H ·����¨��ï�K � I�
`)OJw+^
"!�#�
"® H �²��� 
"��¶ � � ����· Ú

|0© �6© � © | � n7ZGcpg\o�U�b�cYn l Z\X[_1nwi2�wXv_1X l b
� �LI���K¨
"I&���n(�I&#�
"I&���n��!$#z��·�
"����·�� �\þ ( H&H �LK � I�
"�n�¨
 ��#�
 ��·&!&K � I�
 �n����� H #;KL®QK¨�«(�#;K¨��! H ��I&�Q���´¥

����I��	��
��¨
 �1� ��!�#;�«(�KL!�#�
 �ª� H (�#;K¨��¥8#�
"® H ����
"�L�¨
 �ç�LK¨� 
 �ç(�I	Ù�(���( H #«(�#;K¨��!��ç�&
�®z��I&'t
"®z
"!$#¡¶ Ì ¸ {�{�· Ú
©�(�!���� 
Q� (����?�¨
 H ����J&�¨¸"®z
Q��
"'SK¨
"!�#+þÿ�«·�
"����·�
"�+I&!�
Q�;I�� � 
 ���;K¨��!Ì�&
 H ���;#;I&��
 � x(t)

� I&KZ®QKL!&K ¥
®QK¨��
+I&!�
>
���!��"#;K¨��!Ì�&
+� �"½&# Ú � ��� H #;KL®QK¨�«(�#;K¨��!|�&
 ��� ��!�#;�«(�KL!$#�
 ��� H (�#;K¨��¥8#�
"® H ����
"�L�¨
 ����3?��
�I&!�

®z�"#;·��S�&
nït�"!��"�«(��¨
 H ��I&���&�,
����;®z
"��I&!�®z��I&'t
"®z
"!�#Q�������;KLï�KL!�
�Ú � �LI��;K¨
"I&���¡
8(��"#�
"I&���%�LKL®QKL#�
"!$#
!�� (�!&®z��KL!��ç�¨
��&��®n(�KL!�
���� I&#;KL�LK¨�¿(�#;K¨��!��&
�� 
"#;#�
%®z�"#;·��$�&
%#�
"�¨� � I�
��¨
�ï��«(�!���!���®�J&��
%����� � I@(6¥
#;K¨��!��ª�&
�� ��!$#;�«(�KL!�#�
 ���?�¶(z�LKL®QKL#«(�#;K¨��!Ì�;I&�1�8��� �«·@(�!�#;KL�L�¨��!&!@(�ït
ÿ
"#ç�;I&�£�¶(n� ��® H �¨
´Ù	KL#���(��;#;K¨�"I&�¶(�KL��

��I��8� KL® H �����;KLJ&KL�LKL#����	I�#;�«(�KL#�
"®z
"!$#ç#�
"® H �<��� 
"�8Ú� ��I&�e�"'SKL#�
"�F�¨
 �F� �"½&#��a
"#F�¨
 �-KL!�� ��!�'t�"!&K¨
"!$#��/�&
q�8��� H #;KL®QK¨�«(�#;K¨��!�� õ �;I��&
"�;�LKL!ÿ
"#a� ���L�8Ú(¶ õ�Ì � � ·
��!�# H ��� H ���«�<I&!�
²#�
 �«·&!&K � I�
 � I&K H 
"�;®z
"#^�&
²®z�$�	Kz�@
"�/I&!n®z��I&'t
"®z
"!$#q�&
<���,
u�"��
"!�� 
 m ���&� �"�;K ¥'�(�!�#7
u��� � I�
"!$#;K¨
"�L�¨
"®z
"!�#-�¨
 ��#;�«(��;
 �"#���KL��
 �Z(��;#;K¨�"I&�¶(�KL��
 ���6(���!%������J&#�
"!&KL�ßI&!�!���I&'t
 (�I%®z��I&'t
"®z
"!$#
(���( H #�� m′ Ú ­ 
"#;#�
À
���!��"#;K¨��!X�&
��&�,
����;®n(�#;K¨��!���( H&H 
"�¨� 
�� (��;#�
��&
��&� H �¶(�� 
"®z
"!�#�)�¸�¢�º:»�´�¬�¼��L���L�. ��¬>»�+ H 
"�;®z
"#ª������J&#�
"!&KL�ª�¶(Q#;�«(��;
 �"#���KL��
 m′(t) �&�,
����;®z� 
�
"! � ��!���
"�;'�(�!�#ª�¨
 �ç� (��«(��"#��"�;K¨��#;K � I�
 �
)O·@(�I&#�
 ��
u��� � I�
"!�� 
 �£+q�	I�®z��I&'t
"®z
"!�#ª�������;KLï�KL!�
 m(t) �

m′(t) = m(t) + ∆(t) )��	Ú x ��+
� (!
u��!��"#;K¨��! ∆ ��
 H ��� �«
"!�#�
^�¶(<'�(��;K¶(�#;K¨��!Qþç(��;��I&#�
"�-(�I	Ù�#;�«(��A
 �"#���KL��
 �F(��;#;K¨�"I&�¶(�KL��
 �F�������;KLï�KL!�
²(���!
������J&#�
"!&KL�<�¨
£®z��I&'t
"®z
"!�# m′ ����I&·@(�KL#���Ú&¤a�L�¨
���
ç� (��¨�"I&�¨
%
"!`���L#;�«(�!$#<�¶(+���"�;K¨
ª�&
 H ����KL#;K¨��!��A¥¦�"�¨� �
(m′(ti) − m(ti), ti) Ú/©ª¸ �z�¨�������a�8��(���( H #«(�#;K¨��! �	Ii®z��I&'t
"®z
"!�# H 
"I&#`$"#;��
X��� (��LK¨��� 
X
"! I&#;KL�LK ¥
�«(�!$#��&
 ��� ��!$#;�«(�KL!�#�
 �z� H (�#;K¨��¥8#�
"® H ����
"�L�¨
 �QI&!&K � I�
"®z
"!�#z(�I	ÙÓKL!���#«(�!�#������Ð
"�L�¨
 �+�«��!�#z(��"#;KL't
 �



� ���������������(�!��~��
� | �(�����(��	,���
	�¼"� 
��

¶ ò �¨
 � Ö�� ò � ��{ � ò �¨
 × x (�� ò �¨
 × x J · Ú�©ª
 �ª#�
 ��·&!&K � I�
 ���&
+#¦â H 
��"KL!��"®n(�#;K � I�
�KL!�'t
"����
�����!$#�(��¨�����
I&#;KL�LK¨��� 
 � H ��I&�/�¨
 �e��� ����I��	��
�Ú$¢[$"®z
£� � KL�(
8(�I&# H (��È
���K¨�/I&!nï��«(�!��z!���®�J&��
ª��� KL#��"�«(�#;K¨��!������¶(%� ��®�¥
H �¨
´ÙSKL#��/�&
e� 
"#;#�
e®z�"#;·��$�&
^��
FJ@(���
/�;I&�r�¨
e!���®%J&��
^�&
e� ��!�#;�«(�KL!$#�
 �-I&!&K � I�
"®z
"!$#��6� ��!$#;�«(�KL��
"®z
"!�#
(�I	Ù�®z�"#;·��S�&
 ������� H #;KL®QK¨�«(�#;K¨��!|�&��!$#��¶(ÿ� ��® H �¨
´Ù	KL#��Q
 �;#ª�LK¨� 
Q(�I H (��«(�®z�"#;�«(�ït
z�&
+#���I&#�
 ���¨
 �
#;�«(��A
 �"#���KL��
 � Ú µ ��I&#�
,
u��K¨�����¨
�#�
"® H �£�&
�� (��¨�"I&�-�&
 �ç� (��;#�
 �£�&
��&� H �¶(�� 
"®z
"!$#��&� H 
"!��:
u���;#�
"®z
"!$#
�&
%�¶(z®z�"#;·��$�&
+�&
%�"KL!��"®n(�#;K � I�
+KL!�'t
"����
+
"® H �¨� ât� 
�� (��ª
"�L�¨
%
 �;#£
´Ù	� �"I&#�� 
�I&!¬ï��«(�!��X!���®�J&��

�&
!
���K¨� Ú � 
 ­ (��L�¨
"!�
 �ª
"# õ ��I&�LK¨�¡¶ �rõ ×�� · ��!�#qI&#;KL�LK¨���£� 
"#;#�
1#�
 �«·&!&K � I�
 H ��I&�/�8��(���( H #«(�#;K¨��!�KL!$#�
"�A¥
(��"#;KL't
%�	I�®z��I&'t
"®z
"!$#£��� I&! H 
"������!&!@(�ït
�Ú

¤F! H �LI��ª��� I&! (��;��I&#ª�&
%#;�«(��;
 �"#���KL��
�� Ì KL#;èSKL!¬
"# � � H � '$Kµ½;¶ Ì � � � · ��!�# H ��� H ���«�%I&!�
�®z�´¥
#;·��$�&
ÿ( H&H 
"�¨� 
3���� 
¢O���¿¾u¬���»�¢��¯­ � I&K H 
"�;®z
"#%�&
Q®z�S�	Kz�@
"��I&!Ì®z��I&'t
"®z
"!�#��&
����,
��"��
"!�� 
 m(���!n������J&#�
"!&KL�eI&!n!���I&'t
 (�In®z��I&'t
"®z
"!�#²(���( H #�� m′ Ú ­ 
"#;#�
ç(���( H #«(�#;K¨��!\
 �;#e
,3�
 �"#;I�� 
<
"!n� H �´¥
�"Kz��(�!�#�I&!�
Q���"�;K¨
Q�&
Q� ��!�#;�«(�KL!$#�
 �+�"KL!��"®n(�#;K � I�
 �%��I&�£�¨
 ��#;�«(��A
 �"#���KL��
 ���&
 � H (��«(�®z¸"#;��
 ��( H&H 
´¥
�¨� 
 �-� ��I&�;JV
 �F�&
/®z��I&'t
"®z
"!�#6)����� 
¢O���À¼�Á®�TÂ4�>º�+´Ú�©�(�!��-I&! H ��
"®QK¨
"�-#�
"® H ����#���I&#�
 �-�¨
 � H ���;#;I&��
 �
m′(ti) ����!�#e�&�"#�
"�;®QKL!�� 
 �^�&
q®n(�!&K¨¸"��
1þª't�"�;Kz�@
"�e�¨
 �a� ��!�#;�«(�KL!$#�
 �/
"#/þª�«
q�«( H&H ���$�«·�
"�^(�IQ®QK¨
"I	Ù
�&
ª�¶( H ���;#;I&��
ª�������;KLï�KL!�
 m(ti) Ú � 
ª®z��I&'t
"®z
"!$# m′ 
 �;#<(��¨�����²� ��!��;#;KL#;I����&
ª� 
 � H ����#;I&��
 �²�"�¨� �
(m′(ti) − m(ti), ti) Ú � (���
"�¶(�#;K¨��!X
"!$#;��
��¨
 �²®z��I&'t
"®z
"!$#�� m 
"# m′ 
 �;#1(��¨�����ç�&�,��!&K¨
 H (��%�

m′(t) = a(t)m(t) + b(t) )��	Ú x 
�+
��� a(t) 
"# b(t) ����!$#Q�¨
 ��'�(��¨
"I&���zþX�8� KL!��;#«(�!�# t �&
\�&
"I	Ù 
���!��"#;K¨��!��Q� (��«(��"#��"�;K¨�«(�!�#z�¶(¬�&�,
����A¥
®n(�#;K¨��!«)OI&!�
Q®QK¨��
zþÿ�8��� �«·�
"�L�¨
n
"#�I&!�
�#;�«(�!��;�¶(�#;K¨��!w+´Úß¤F! ��� �����L'�(�!�#��¶(\��
"�¶(�#;K¨��!Ó(�I	Ù KL!��;#«(�!$#��
ti ����!���J&#;K¨
"!$#ç�&
"I	Ù�
"!���
"®%J&�¨
 �ç�&
 H ���;KL#;K¨��!��<�"�¨� � (a(ti), ti) 
"# (b(ti), ti) Ú � (��<KL!$#�
"� H ���¶(�#;K¨��!
)O�LKL!�� (�KL��
��$�"I&J&K � I�
�� õ ¥¡� H �LKL!�
 �q�"I&J&K � I�
 ����/^( 't
"�¨
"# õ ¥¡� H �LKL!�
 �,+,�tKL��
 ��# H ���«�;KLJ&�¨
<�&
<��
 � ��!���#;�;I&KL��

�¨
 �/�&
"I	Ù�
���!��"#;K¨��!��^
"# H (��/� ��!��«� � I�
"!$#e�¨
<®z��I&'t
"®z
"!$#É��!@(��V�&�,
����;®z� m′ Ú ­ 
"#;#�
1®z�"#;·��$�&
£
 �;#
#���I&#�
,
u��K¨� H �LI��£�	Kz®n�"KL�¨
+þn� ��!�#;�=���¨
"��� (��1KL�2
�(�I&#ç#;����I&'t
"�ç�¨
 H (��«(�®z¸"#;��
 a(t) þz�«·@( � I�
 H (��ç�&

#�
"® H � Ú� ��I&�1��� �	I&KL��
��¨
ª#�
"® H �ç�&
�� (��¨�"I&���&KL�c
 ��#²!�� � 
 ���«(�KL��
�����( 't��KL�1��
 � ��I&���çþ��&
 �1®z�$�&¸"�¨
 �1�;KL®�¥
H �LKz�@� �1�&
�� � I�
"�¨
"#;#�
 H ��I&�1
,3�
 �"#;I�
"�<�8��� H #;KL®QK¨�«(�#;K¨��!��	I���âS�;#�¸"®z
ª®z� � (�!&K � I�
¥¶ �§Ì ��� � �c� ×�� · Ú
|0© �s© � ©�� ¦ n�_�V\c l U�cp]�n l Z\X[_1nwi2�wX�_aX l b�]

ú H (��;#;KL�q�&
1�&��!&!�� 
 �^ït�"!��"�;K � I�
 ����� (��¨�"I&�¨
"�q�&
1!���I&'t
 (�I	Ùz®z��I&'t
"®z
"!$#��q��
"'$K¨
"!$#qþ�#;����I&'t
"�
�¨
 ��� H �"�«(�#�
"I&����� ( H (�J&�¨
 ������(���( H #�
"��� 
 ���&��!&!�� 
 ��þ\�&
+!���I&'t
"�L�¨
 ��� ��!��	KL#;K¨��!�� Ú µ ��I&#�
,
u��K¨���?'SI
�¶(�#;��¸ �²ï��«(�!��&
�'�(��;K¨�"#����&
�®z��I&'t
"®z
"!$#��1!@(�#;I&��
"�¨� H ���«�;KLJ&�¨
 ���	KL�r
 �;#<#;��¸ �1�	Kz®n�"KL�¨
��&
 H ��� H ����
"�
�&
 �^®z�"#;·��$�&
 �q� ( H (�J&�¨
 �²�&
ç��
 H ���$�	I&KL��
£#���I��^�¨
 �/��#¦âS�¨
 �^
"#^#���I&#�
 �^�¨
 �/��KL#;I@(�#;K¨��!�� Ú	©£
 H �LI����$�¨
 �
� ��!&!@(�K¨���«(�!�� 
 �%ït�"!��"�;K � I�
 ����
��LKL®QKL#�
"!�#�þ\I&!Ì
"!���
"®%J&�¨
n#;��¸ ����
 �;#;��
"KL!�#��&
Q®z��I&'t
"®z
"!�#��;)Oït�´¥
!��"�«(��¨
"®z
"!�#ç�¶(%�¨�S� ��®z��#;K¨��!w+q
"#qKL�r
 �;#q#;��¸ �²�	Kz®n�"KL�¨
�����
´Ù	#;�«( H ���¨
"�<� 
 �q®z�"#;·��S�&
 � H ��I&�qït�"!��"��
"�
����(�I&#;��
 �<®z��I&'t
"®z
"!$#��£� ��® H �¨
´Ù&
 � Ú& !�
+(��L#�
"�;!@(�#;KL't
�� ��!��;K¨�;#�
�þÿ�;I H&H ���«
"� � Ir� I&!�®z��I&'t
"®z
"!$# H 
"I&#4$"#;��
%��
 H ��� ��
"!$#���� ��®Q®z

I&!�
n� ��®�J&KL!@(�K¨����!��&
 H �LI��;K¨
"I&����(�I&#;��
 � Úc©ª
"I	Ù ï��«(�!��&
 �+( H&H ���S��·�
 �+����!$# H ��� H ����� 
 ����(�!��%�¶(
�LKL#;#��"�«(�#;I&��
����¨
 �1ï��«( H ·�
 �<�&
�®z��I&'t
"®z
"!�#��£
"#<�¨
ª®z�"�¶(�!&ït
��&
ª®z��I&'t
"®z
"!�#�� Ú

¯ e�U(�G�2Xv]%Z�X[_anwi2�wX�_aX l b�]




�Ø ö+í?÷Zø�l-á Ý6mß÷ßù�÷on&æt÷Sæ�äOìßí Ý&æ áLlZíræ0pQq�á ÝÓùcÝ|ëçìßôsrßÝ�ëçÝ�í�æ�á\ùutvprôßë<÷ßírì6w8ùcÝ�á
 ß't
 �ª�¶(�®%I&�L#;K H �LK¨� (�#;K¨��!��&
 �²��âS�;#�¸"®z
 �²�&
�� ( H #;I&��
��	I�®z��I&'t
"®z
"!$#���KL��
´Ù	K¨�;#�
£®n(�KL!�#�
"!@(�!�#

I&!�ï��«(�!���!���®�J&��
/�&
-J@(��«
 �c�&
a�&��!&!�� 
 �ß�&
Fït
 �;#�
 ��·$I&®n(�KL!�� Ú �Æ��
8(�I&#c(��¨�����c���;ï�(�!&K¨��
"�Z� 
"#;#�
FJ@(���

�&
£�&��!&!�� 
 � H ��I&�e�8� I&#;KL�LK¨�«
"�q(�I\®QK¨
"I	Ù?Ú � 
 �^� ��!�#;�«(�KL!$#�
 �<����!�#^�&
 H ��I&'t��KL�^ït�"��
"�/I&!\®n(6ÙSKL®�I&®
�&
��;KL#;I@(�#;K¨��!��z�	Kz3��"��
"!�#�
 � H ������KLJ&�¨
 �Q�«(�!�� H ��I&�n(�I&#«(�!$#n�&
"'t��KL�¢
8(�KL��
�I&!�
�(�� � I&K¨�;KL#;K¨��! H ��I&�
��·@(��"I&!�
�����
"!�#;��
�
"�L�¨
 � Ú� (������LI&#;K¨��! �¶( H �LI���� ��I&�«(�®Q®z
"!�#�I&#;KL�LK¨��� 
 � ��!��;K¨�;#�
 þ H ��� H ���«
"�\I&! ï��«( H ·�
 �&
¬®z��I	¥
't
"®z
"!�#���)����� 
¢
���Ã­��D¬>»�Ä�+\��(�!����¨
 � I�
"�ª�¨
 ��!�<ªI��&������!�#��&
 ��� ��!���ï�I&�«(�#;K¨��!��X�	I � � I�
"�¨
"#;#�

)OKL!�#��"ï��«(�!$# H ���;#;I&��
�
"# H (��È
���K¨�n'SKL#�
 ����
�+�
"#ÿ�¨
 �ÿ(���� �\�&
 �z#;�«(�!��;KL#;K¨��!�� H �����;KLJ&�¨
 �n
"!$#;��
��&
"I	Ù
� ��!���ï�I&�«(�#;K¨��!���¶¾¸ ò � ×����w¸ ò ×�
 · Ú@ çKL!��;K�� H ��I&�1I&!¬I&!&K � I�
%®z��I&'t
"®z
"!$#��?#���I&#�
 �ç�¨
 � H ���;#;I&��
 �
����!$# H ��#�
"!�#;K¨
"�L�¨
"®z
"!$#n�&
 �+!�<ªI��&�+
"#+�¨
 �+#;�«(�!��;KL#;K¨��!�������!�#��LK¨� 
 �QþX�¶(X��� � I�
"!�#;K¶(��LKL#�����(�!��+�¨

®z��I&'t
"®z
"!�# Ú µ ��I&#�
,
u��K¨���?� 
 �1#;�«(�!��;KL#;K¨��!��£!�
%����!$# H (��ç�LKL®QKL#�� 
 ��þz� 
"#;#�
%�«� � I�
"!$#;K¶(��LKL#���®n(�K¨�ªþ
I&!�
z!���#;K¨��! �&
\�	K¨�;#«(�!�� 
ÿ
"!$#;��
ÿ�&
"I	Ù|� ��!���ï�I&�«(�#;K¨��!�� Ú � (���
´Ù	
"® H �¨
�� H �LI��;K¨
"I&����(�I&#�
"I&���+��!$#
H ��� H ����� �ª��� I&#;KL�LK¨��
"�ª�¶(n�;KL®QKL�¶(��;KL#���
"!$#;��
��¨
 ��(�!&ï��¨
 ��
"#£�¨
 �£'$KL#�
 ���«
 �£(��;#;K¨�"I&�¶(�KL��
 ���&
 � H ���;#;I&��
 �
¶ � ­ § + ×���� Ì õ ×�
 · �?��I J&K¨
"!¬I&!�
�®z�"#;�;K � I�
�J@(���� 
��;I&�ª�¨
+®z��I&'t
"®z
"!�#+�&
 ����
"ï�®z
"!�#���� ��� H ��¥
��
"�¨� H ��I&�ª�«�"�¨
 �"#;K¨��!&!�
"���¨
�®z
"KL�L�¨
"I&��KL!���#«(�!�#��&
+#;�«(�!��;KL#;K¨��! ¶ �#Ì ��� �?¢��"!@×�
 · Ú? ç�;KLè�(�! 
"#�� ���L�8Ú
¶� 4 -×�� · ��!$#�(��;��I&#�� ���8� KL!�
����;®n(�#;K¨��!Ó�&
�'SKL#�
 ����
Q
"#�����(�� � �"�¨�"�«(�#;K¨��!Ó�	I|#�������
Q��(�!��%����! ��
 H ¸"��

�¨�S� (��8Ú�¤F!���!�� õ �«(�!��Ì
"# 
 
"�;#0� ®n(�!&!*¶ õ.
 ×�× · ��!�#��cþ H (��;#;KL�%�&
�®z�S�&¸"�¨
 �%�&
Q¢ (��;èt� ' � (��«·�� ���

 �;#;KL®z� �Q�¨
 � H ����J@(�J&KL�LKL#�� �n�LK¨� 
 �n(�I	ÙÐ�"#«(�#��n�&
�#;�«(�!���KL#;K¨��!��n�;I&�z�&
 �Q®z��I&'t
"®z
"!$#�� H ������� ��(�!$#
��·@(��"I&!��¨
"I&�1�;#Æâ$�¨
%)u�	Kz3��"��
"!�#��çït
 �;#�
 �<�&
���(�!���
�+´Ú

)�(�+

)OJw+

)u��+

)u�u+

°qälñ.ø��	Ú x � Ê ò �«( H ·�
��&
�®z��I&'t
"®z
"!�#��%¶ �2� ×�� · ÚG)�(�+ � 
 �£#;����K¨�ç®z��I&'t
"®z
"!�#���� ��® H ����� �£��� I&!�

�;I�� � 
 ����K¨��! �&
 H ���;#;I&��
 � Ú�)OJw+ � 
 ��#;�«(�!��;KL#;K¨��!��Q#;����I&'t� 
 �n
"!�#;��
��¨
 ���	Kz3?�"��
"!$#�
 � H ���;#;I&��
 �Q�&
 �
®z��I&'t
"®z
"!�#�� Ú\)u��+ � 
 �<!�<ªI��&� � I&Kr!r����!$# � Ir� I&!�
���
"I&�¨
%#;�«(�!��;KL#;K¨��!��&
%�����;#;K¨
%����!$#<��
"ï�����I H � � Ú
)u�u+ & !�
ªï��;KL�L�¨
�
 �;#1(��;��I&#�� 
�(�I�!�<ªI��X(���!��&
�®z�S�	Kz�@
"�<�¨
��«·���K Ù��&
 �<#;�«(�!��;KL#;K¨��!��1
"!;
���!��"#;K¨��!
�&
��¶( H ���;KL#;K¨��!X�&
ª�8����J��;
 �"#;Kz
º)OI&!�
�J@(��L�¨
%þQ(�#;#�
"KL!��	��
�+´Ú

ò ����� 
�(�IX� (��¨�"I&�ß�&
��	K¨�;#«(�!�� 
�
"!�#;��
��&
"I	Ù�� ��!���ï�I&�«(�#;K¨��!�����KL�c
 �;# H �����;KLJ&�¨
��&
%�&�"#�
"�;®QKL!�
"�
#���I&#�
 �²�¨
 �q#;�«(�!��;KL#;K¨��!�� H ���«�;KLJ&�¨
 �²��(�!��q�¨
ªï��«( H ·�
��&
£®z��I&'t
"®z
"!�#��>¶¾¸ ò � ×�� · )8�S��·yÅS�	�c
"#²� ���L�8Ú
¶ �&�&�S¤e×�× · ( H&H �LK � I�
"!$#1�¶(�®%$"®z
�#�
 �«·&!&K � I�
 H ��I&�²�¨
 �1KL®n(�ït
 �²'SK¨�&� �^+´Ú ­ 
 H ���´¥¦� (��¨�"I&�ß
 ��#1(�����
��



� ���������������(�!��~��
� | �(�����(��	,���
	�¼"� 
tÖ

�¨��!&ïn
"#1� ��
,3�
 �"#;I�
ª·������A¥8�LKLï�!�
�Ú�¤F!��;I&KL#�
�� H ���S�	I&KL��
�I&!�®z��I&'t
"®z
"!�#ª��(�!��<� 
�ï��«( H ·�
���
"'$K¨
"!$#çþ
#;����I&'t
"�ªI&!¬�«·�
"®QKL!¬®z
"!@(�!$#���� I&!�
�� ��!���ï�I&�«(�#;K¨��!Ì� ��I&�«(�!$#�
�þnI&!�
+� ��!���ï�I&�«(�#;K¨��! �«��I&·@(�KL#�� 

)O't��KL�` ZKLï�I&��
X�	Ú x ��Jw+´Ú � 
 
�
"#n� ���L�8Ú!¶ �2� ×�� · H ��� H ����
"!�#\����(��L�¨
"� H �LI��z�¨��KL! 
"!w��
"ï�����I H (�!�#\�¨
 �
!�<ªI��&� � I&K�
���!�# H (��;#;K¨
��&
\�¶(¬®%$"®z
���� � I�
"!�� 
��&
�®z��I&'t
"®z
"!�#����e����
 �;#A¥Æþ6¥¦�	KL��
�� 
"I	Ù � I&K²��

�;I&KL't
"!�#z��J&�LKLï�(�#���KL��
"®z
"!$#�)OI&!�
���
"I&�¨
\#;�«(�!��;KL#;K¨��!w
"!Ð�����;#;K¨
�+´Ú � 
�ï��«( H ·�
�
 �;#�(��¨�����n�;KL® H �LKz�@�

"#��¨
 ��!�<ªI��&����
 ��#«(�!�#��Q����!$#��&
 � H ���;#;I&��
 ���"�¨� �Q�	IÓ®z��I&'t
"®z
"!$#[)O't��KL�� ZKLï�I&��
��	Ú x ����+´Ú- º��!
����( 't��KL��I&!g� ��!$#;�=���¨
Ì�&
 H �LI���·@(�I&#�!&KL't
 (�I��²��·@( � I�
 !�<ªI�� �	I ï��«( H ·�
 
 �;#�(������S�"K¨� þ��&
 �
KL!�
u���;®n(�#;K¨��!�� � I&K H 
"�;®z
"#;#�
"!�#���� KL!�8�I�
"!�� 
"�ª�¨
%�«·���K Ù��&
 �£#;�«(�!��;KL#;K¨��!�� Ú � (��ª
´Ù&
"® H �¨
��V(���! �&

H ��I&'t��KL�z� ��!$#;�=���¨
"�QI&! JV� Ù	
"I&� � I&K/#�
"!$#�
�����(�#;#�
"KL!��	��
�I&!�
\J@(��L�¨
\�&� H �¶(�� � 
�KL!$#�
"�«(��"#;KL't
"®z
"!�#
H (����8� I&#;KL�LK¨�«(�#�
"I&���Z��·@( � I�
Q!�<ªI��|�	I|ï��«( H ·�
z� ��!�#;K¨
"!$#�I&!�
Qï��;KL�L�¨
 H ��I&� H ���;KL#;K¨��!&!�
"���¶(�J@(��L�¨

H (��F�«( H&H ���;#e(�I H 
"������!&!@(�ït
�)O't��KL�§ ZKLï�I&��
<�	Ú x ���u+´Ú ­ 
"#;#�
q#�
 ��·&!&K � I�
<(ª�"ï�(��¨
"®z
"!�#/�"#��qKL�L�LI��;#;��� 

�;I&�%�¶(��¨�$� ��®z��#;K¨��!�·�I&®n(�KL!�
\�;I&��#�
"�;�«(�KL!�#;��¸ �%� ��® H �¨
´Ù&
nKL® H �LK � I@(�!�#��&
 ��#;�«(�!���KL#;K¨��!���
"!$#;��

®n(�����·�
 ����� ��I&����
 �����«(�I&#��F
"# H (��a��·@(��«��� �aþ H (��;#;KL�a����
"® H ��
"KL!�#�
 �/(�Iz�«����¶ �S¢ × x,· Ú"¸!/^��!n
"#/�$·&KL!
¶¾¸%�	×�� · I&#;KL�LK¨��
"!�# � I@(�!�#�þÿ
"I	ÙXI&!�
%�¶(�J?
"�L�LK¨�«(�#;K¨��! �&
 �£!�<ªI��&��
"!¬
´Ù H �¨��KL#«(�!�#��¨
+�&� H �¶(�� 
"®z
"!�#
�	IX� 
"!�#;��
��&
ª®n(�����
��&
��8� ·$I&®n(�!��"�8�&
�Ú­ 
 ��®z�"#;·��S�&
 ������!$#�#;��¸ �ªKL!�#��"��
 ���«(�!$#�
 � H ��I&���8��(�!&KL®n(�#;K¨��!ÌKL!�#�
"�«(��"#;KL't
n®n(�K¨�ª!�� � 
 ���;KL#�
"!$#
I&!�
�J@(���
��&
��&��!&!�� 
 �ç#;��¸ �<KL® H ���;#«(�!�#�
�Ú?¤F!X
,3�
"#���( 't
 �%� 
 �ç®z�"#;·��$�&
 ���@KL�r!r��
 �;# H (�� H �����;KLJ&�¨

�&
£��
 � (��¨�"I&�¨
"�<�&
1!���I&'t
"�L�¨
 �<� ��!���ï�I&�«(�#;K¨��!�� Ú ­ ��
 �;# H ��I&� � I���K�� H ��I&�²� ��I&'$�;KL�qI&!\®n(6ÙSKL®�I&®��&

� ��!���ï�I&�«(�#;K¨��!��e�	Kz3��"��
"!�#�
 ����KL�&
 �;#Z!�� � 
 ���«(�KL��
q����( 't��KL�aI&!�
^J@(���
q�&
^�&��!&!�� 
 �-#;��¸ �-'t���LI&®QKL!�
"I��«
�Úú �8� KL!�'t
"����
��V��! H 
"I&#1
"!�'SK¨�«(�ït
"�ª�&
��	K¨� H ����
"�1��� I&!�
%J@(���
%�&
��&��!&!�� 
 �1��
 �;#;��
"KL!$#�
�
"#ç��·�
"����·�
"�
I&!�
�� ��®%J&KL!@(�K¨�«��!��&
 H ���;#;I&��
 ����þ��«·@( � I�
 H (��<�&
�#�
"® H ��� � I&K���� ����I����¨
 H ����J&�¨¸"®z
 H ������Ú

� tvWYU l hwX[Z\X[_1nwi2�wX�_aX l b�]
�$Kq��!�(�I&!Ó®z��I&'t
"®z
"!�#z�&
n®n(�����·�
�
"#%I&!Ó®z��I&'t
"®z
"!�#z�&
n�¿(�I&# � I&K/��!�#��"#��\� ( H #;I&��� �

��� H (����"®z
"!�#��-��! H 
"I&#�'t��I&�¨��KL���¨
 ��
"!���·@(��¨!�
"� Ú � ��I&��� 
"�¶(��ßKL�§
8(�I&#�®z
"#;#;��
ÿ
"!Ó��
"�¶(�#;K¨��!Ó�¶(ª��!
�	I ®z��I&'t
"®z
"!�#��&
+®n(�����·�
�
"#ª�¨
��&�"J&I&#��&
+� 
"�LI&KF�&
��«(�I&# Ú�yç!¬I&#;KL�LK¨��
Q(��¨�����ª�&
 �ç#�
 �«·&!&K � I�
 �
�&
X®z�"�¶(�!&ït
¬�&
�®z��I&'t
"®z
"!�#��a)����� 
¢O����ÆL´��T�#¸�¢��¯­�+´Ú � (�#;I&��
"�L�¨
"®z
"!�#��²�;K£��! 
8(�KL#nI&!�
¬�;KL® H �¨

H ��!��&�"�«(�#;K¨��! H ����ï���
 ���;KL't
ç
"!�#;��
<�¨
 �e�&
"I	Ù�®z��I&'t
"®z
"!$#����t!���I��/��J&#�
"!���!���� H ��
 � � I�
<þ�� ��I H �;I&���� I�
"� � I�
 ���&�,
8(�I&#�����(�!��ª�8��(�!&KL®n(�#;K¨��!��r� ��®Q®z
��¨
+!���! ��
 � H 
 �"#��&
+�¶(\� ��!�#;�«(�KL!$#�
n�	I H K¨
 � �;I&�
�¨
X�����8Ú^�Æ��
�(�I&#\�&��!���� H ��I&�ÿ
,3�
 �"#;I�
"��� 
�®z�"�¶(�!&ït
�� � I�
X�¨
 �z®z��I&'t
"®z
"!$#������ H ��!��&
"!$#�þÌI&!
� 
"�;#«(�KL!X!���®�J&��
%�&
�� ��!$#;�«(�KL!�#�
 � Ú � � I&!�
%�&
 � H �LI��<KL® H ���;#«(�!�#�
 �£� ��!�� 
"�;!�
��¶(Q�;âS!���·&����!&K¨�¿(�#;K¨��!
�&
 �²®z��I&'t
"®z
"!�#��£þ�®z�"�¶(�!&ït
"�ç(���!�����(����;I&��
"�²I&!�
�� ��·��"��
"!�� 
�#�
"® H ����
"�L�¨
�Ú& çKL!��;K��SKL��!r��
 �;# H (��
H ���«�;KLJ&�¨
��&
�®z�"�¶(�!&ït
"�1I&!��¿(�I&#çþ��"�¨�$�«·�
´¥ H K¨
 �X�	����KL#1
"#²I&!��«(�I&#1þQ�"�¨�S��·�
´¥ H K¨
 ��ï�(�I��«·�
�Ú­ 
"#;#�
��;âS!���·&����!&K¨�«(�#;K¨��!w
"!$#;��
��&
"I	Ù|®z��I&'t
"®z
"!�#��z
 ��# H �;KL!��"K H (��¨
"®z
"!$#\(����;I&��� 
 H (����&
 �
�"'t�"!�
"®z
"!�#��ªK¨�&
"!$#;Kz�@� �£��(�!��£��·@(��"I&! �&
 �£�&
"I	Ù�®z��I&'t
"®z
"!�#�� Ú � (��£
´Ù&
"® H �¨
��@��(�!��çI&!�
��¨�S� ��¥
®z��#;K¨��!��@�¨
 �£�"'t�"!�
"®z
"!�#����&
�� ��!�#«(��"#ª�	I H K¨
 � (�I������Z
"#ç�&
��&� � ���L�¶(�ït
��	I H K¨
 � H 
"I&'t
"!�#À$"#;��

I&#;KL�LK¨��� � Ú&�Æ!�#;I&KL#;KL't
"®z
"!$#���( H ��¸ �qI&!�� ��!�#«(��"#ç�	I H K¨
 ����I&�²�¨
£�«�����S��! H 
"I&#²
"!���·@(��¨!�
"�<�«(�K¨�«��!&!@(6¥
J&�¨
"®z
"!�#çI&!�®z��I&'t
"®z
"!�# � I&Kc�«
ªJ@(���
��;I&�²I&!�( H&H I&Kc�&
�� 
�®%$"®z
 H K¨
 ��Ú� ��I&�Q®z�"�¶(�!&ït
"���&
"I	ÙÓ®z��I&'t
"®z
"!�#��Q� ��® H (�#;KLJ&�¨
 ��)u�&
"I	Ù|�¨�S� ��®z��#;K¨��!�� H (��+
´Ù&
"® H �¨
�+,�ZKL�

�(�I&#��&��!��Q��â$!��«·&����!&K¨��
"�%� 
 ���"'t�"!�
"®z
"!�#�� Ú � 
 H �LI����"'SK¨�&
"!�#%
 ��#ª�&
>
8(�KL��
�� ���;��
 � H ��!��	��
Q#���I&#
����(�JV����� �¨
 ���	I&��� 
 ���&
 ���&
"I	Ù¬®z��I&'t
"®z
"!�#�� Úc©ª(�!��ª� 
"#;#�
Q�	I&��� 
�!����;®n(��LK¨��� 
��?KL�\
8(�I&#�
"!��;I&KL#�

®z
"#;#;��
�
"!�� ���;��
 � H ��!���(�!�� 
��¨
 �<KL!���#«(�!�#��£������!�#ç�LK¨
"IX�¨
 �1®%$"®z
 �ç�"'t�"!�
"®z
"!$#��£��(�!��1�¨
 �1�&
"I	Ù
®z��I&'t
"®z
"!�#�� Ú ­ 
"#;#�
+� H �"�«(�#;K¨��! 
 �;#ç( H&H 
"�¨� 
+�&�,
u���;®n(�#;K¨��! �	â$!@(�®QK � I�
+�	IX#�
"® H �¢):Ç�È���¬���¢O¼




 { ö+í?÷Zø�l-á Ý6mß÷ßù�÷on&æt÷Sæ�äOìßí Ý&æ áLlZíræ0pQq�á ÝÓùcÝ|ëçìßôsrßÝ�ëçÝ�í�æ�á\ùutvprôßë<÷ßírì6w8ùcÝ�á
É ¢����`Ê�¬���»�¢��¯­�+´Ú ­ 
"#;#�
z#�
 �«·&!&K � I�
 H ��� ��
"!$#�� 
 H (�� õ �;I��&
"�;�LKL!Ð
"#�� ���L�8ÚÉ¶ õ�Ì � � · H ��I&�%�¨
\�&��¥
®n(�KL!�
+�&
%�8��(�!&KL®n(�#;K¨��!Ì�&
 H 
"������!&!@(�ït
 � H 
"�;®z
"#��&
%� ��® H ��
 ����
"����I¬�&
��	KL�¶(�#�
"���&
 � H �"�;K¨�S�&
 �
�	I ®z��I&'t
"®z
"!�#[)O't��KL�% ZKLï�I&��
��	Ú x 
()�(�+0+´Ú ­ 
 H 
"!���(�!�#��FI&!�
�(�#;#�
"!$#;K¨��! H (��;#;K¨�"I&�LK¨¸"��
��&��KL#%$"#;��


� EL� ��� �
°qälñ.ø-�	Ú x 
 Ê ©ª�,
u���;®n(�#;K¨��!Ð�	âS!@(�®QK � I�
ÿ�	I|#�
"® H �;¶ ò § � Ø · Ú�)�(�+ � 
 ���	Kz3��"��
"!�#�
 � H ·@(���
 �+�&
 �
®z��I&'t
"®z
"!�#��^����!$#e� ��® H ��
 ����� 
 �/��In�	KL�¶(�#�� 
 �a#�
"® H ����
"�L�¨
"®z
"!�#²(���!n�&
q�¨
 �G
8(�KL��
<� ���;��
 � H ��!��	��
�Ú
)OJw+ � (²®z��!���#���!&K¨�"KL#��^
"#c�¶(<� ��!$#;KL!�I&KL#��q�	I���
 � (��¶(�ït
/#�
"® H ����
"�S����!�#ßKL!��	K¨� H 
"!��«(�J&�¨
 � H ��I&�ß�"'SKL#�
"�
�¨
 �<�	K¨��� ��!$#;KL!�I&KL#�� �¢¶�¢�¸�¢� ª×�� · Ú
( H&H ���;#�� 
%�;I&�1� 
 �ç��·@(�!&ït
"®z
"!$#��ç#�
"® H ����
"�¨� Ú�¤F!�
,3�
"#��&�¶(>
���!��"#;K¨��! � I&Kß(������S�"K¨
��¨
�#�
"® H �ç��� 
"�

"#a�¨
²#�
"® H �^(���( H #��<�&��KL#�$"#;��
<®z��!���#���!�
ç(���!n�����"'SKL#�
"�e#���I&#a��
"#���I&�/
"!ÿ(��;�;K¨¸"��
1��(�!��e�¨
²#�
"® H � Ú
©ª
 H �LI����e�¨
 �n� ��® H ��
 ���;K¨��!��ÿ
"#ÿ�	KL�¶(�#«(�#;K¨��!��ÿ#�
"® H ����
"�L�¨
 �\
"!�#;�«(��¨!�
"!$#��&
 �n�	K¨��� ��!$#;KL!�I&KL#�� ��(�I
!&KL't
 (�IÌ�&
 �ª'SKL#�
 ����
 ���	I ®z��I&'t
"®z
"!�# Úc�¦�\
8(�I&#��&��!��Q
"! H �LI���(��«�;I&��
"� � I�
�� 
"#;#�
>
���!��"#;K¨��!Ì
 �;#
�&
�� ��!$#;KL!�I&KL#�� C2 )O't��KL�º ZKLï�I&��
%�	Ú x 
()OJw+0+´Ú� (��&�,
u���;®n(�#;K¨��!n�	âS!@(�®QK � I�
<�	Iz#�
"® H � H 
"I&#e(�KL!��;Ku$"#;��
qI&#;KL�LK¨��� 
 H ��I&�a�;âS!���·&����!&K¨�«
"�/(�I&#���¥
®n(�#;K � I�
"®z
"!�#ß�&
"I	Ù�®z��I&'t
"®z
"!$#��ß
"!À
���!��"#;K¨��!%�&
 �c� ��!$#;�«(�KL!�#�
 �Z����( H&H I&K$�;I&���¨
F�«����¶�¢�¢�¸� £×�� · Ú& !n
"!���
"®%J&�¨
£����( H&H I&K¨� H ������KLJ&�¨
 �a
 �;#e�&�,��!&K?(�KL!��;K � Ir� I&!n� H �"�«(�#�
"I&� � I&K�'t�"�;Kz�@
<�¶(�� ��® H (�#;KLJ&K ¥
�LKL#����&
�� 
 �£( H&H I&K¨� Ú � (��ç
´Ù&
"® H �¨
���I&!X��I H&H ���;#çþQï�(�I���·�
�I&!&K � I�
"®z
"!�#£!r��
 �;# H (��1� ��® H (�#;KLJ&�¨

( 't
 ��I&!i�;I H&H ���;#nþ �	����KL#�
�I&!&K � I�
"®z
"!�# Ú � ����� � Ir� I&!�
�KL!�� ��® H (�#;KLJ&KL�LKL#���
 �;#z�&�"#�
 �"#�� 
��eKL�<
 �;#
(��¨����� H ������KLJ&�¨
z�&
n�&�,
����;®z
"�%�¨�S� (��¨
"®z
"!�#+�8��� ��·�
"�L�¨
��&
Q#�
"® H �+��� I&!Ó��I��&
 H �LI��;K¨
"I&����®z��I&'t
´¥
®z
"!�#�� Ú ­ 
"#;#�
+� H �"�«(�#;K¨��! 
 �;#£
,3?
 �"#;I�� 
!�¡I�� � Ir��þz� 
 � I�
%�8� KL!�� ��® H (�#;KLJ&KL�LKL#��Q�	K¨� H (��«(�K¨����
�Ú ­ 
"#;#�

( H&H ���S��·�
+��
��LKL®QKL#�
�� 
 H 
"!���(�!$#�(�I	ÙX( H&H I&K¨�ª�&
 � H K¨
 �&�£�;I&�ç�¨
%�����c
"#£�&��KL#4$"#;��
��"#�
"!��	I�
 H ��I&�
ït�"��
"�1����(�I&#;��
 �1#¦â H 
 �<�����"'t�"!�
"®z
"!$#�� H ��I&'�(�!�#1
"I	ÙS¥Æ(�I����;Kr� ��!��	I&KL��
�þQ�&
 �²KL!�� ��® H (�#;KLJ&KL�LKL#�� � Ú

©���(�I&#;��
 �<�"�;KL#�¸"��
 �²�&
ª�;âS!���·&����!&K¨�«(�#;K¨��!��&
 �q®z��I&'t
"®z
"!$#��1��!$#<�"#�� H ��� H ����� �q��(�!��q�¶(��LKL#;#��´¥
�«(�#;I&��
%��
"!�
�(�K¨�¿(�!�#e� ���;��
 � H ��!��	��
<�¨
 � H ��� H �;K¨�"#�
 �/�"KL!��"®n(�#;K � I�
 �^�	Iz®z��I&'t
"®z
"!�#¿) H ����KL#;K¨��!��e
"#
'SKL#�
 ����
 �£+!¶�  Ì ×�×(�S  Ì × x �$  Ì ×�
 · �$
"!��&�"#�
 �"#«(�!�#<�¨
 �^KL!��;#«(�!$#��q���\�8��(�� � �"�¨�"�«(�#;K¨��!��&
 �q
´Ù	#;���"®QK ¥
#�� ��)O®n(�KL!�����I H K¨
 �&�£+ç�&
"'$K¨
"!$#�!�I&�L�¨
���I � � KL!�'t
"����
��?��I 
"!�� ����
Q
"!¬#;����I&'�(�!$#��&
 ��� ���;���"�¶(�#;K¨��!��

"!�#;��
%�¨
 � H ���;KL#;K¨��!����	'SKL#�
 ����
 �²
"#ç(�� � �"�¨�"�«(�#;K¨��!�� H ��I&�²�¨
 �<®z��I&'t
"®z
"!�#��ª�"âS�"�LK � I�
 ��¶�§ ò õ ­ � Ø · Ú& !�
§
���K¨� � I�
/�¨
 �-� ��·�
"�L�¨
 �-#�
"® H ����
"�L�¨
 �Z�&
 �-�	Kz3��"��
"!�#��-®z��I&'t
"®z
"!$#��aþ1� ��®�J&KL!�
"�a����!�#-� ��®�¥
H (�#;KLJ&�¨
 �¿)u����
 �;#A¥Æþ6¥¦�	KL��
 � I�
1�¨
 � H �;KL!��"K H (�I	Ùÿ�"'t�"!�
"®z
"!$#��²� ���;��
 � H ��!��&
"!�#£+,�SKL�@��
 �;#�
ªþ��&�,��!&KL�^I&!
(��Lït���;KL#;·&®z
 H 
"�;®z
"#;#«(�!$#��&
X®z�"�¶(�!&ït
"���¨
 � H ���;#;I&��
 ��þÓ��·@( � I�
 H (����&
�#�
"® H ���&
�®n(�!&K¨¸"��

��� (��LK¨�;#�
�Ú � 
ÿ®z�"�¶(�!&ït
ÿ�&
 �+#;�«(��;
 �"#���KL��
 �+��â$!��«·&����!&K¨��� 
 ��� ��
,3?
 �"#;I�
 H �;KL!��"K H (��¨
"®z
"!�# H (��+� ��®�¥



� ���������������(�!��~��
� | �(�����(��	,���
	�¼"� 
 �

J&KL!@(�K¨����!i�LKL!�� (�KL��
X��Ii����®Q®z
 H ��!��&�"��� 
1¶ ò § � Ø�� ÌÇ
 � Ö��a  Ì ×�×�� � �&�	×���� � ��¸%�	×�� · Ú ­ 
"#;#�

®z�"#;·��$�&
ÿ(��"#��n( H&H �LK � I�� 
ÿþ\�¶(\�¨�$� ��®z��#;K¨��!Ì·$I&®n(�KL!�
n
"!Ì� ��!��;K¨�&�"�«(�!$# � I@(�#;��
Q#¦â H 
 ���&
Q�&�´¥
®n(�����·�
 �6¶ ò § � Ø · ��®n(�����·�
1( 't
 �²�&
 � H (��F� ��I&�;#�����( 't
 �<�&
 � H (��-�¨��!&ït����� ��I&���«
<þ H 
"#;KL#�� H (��F
"#aþ
�¨��!&ït� H (�� Ú � (> ZKLï�I&��
��	Ú x ��®z��!�#;��
�I&!�
´Ù&
"® H �¨
���� KL!�#�
"� H ���¶(�#;K¨��!�( H&H �LK � I�� 
�þ��¶(��¨�S� ��®z��#;K¨��!
·�I&®n(�KL!�
�Ú

°qälñ.ø��	Ú x � Ê & !�
´Ù	
"® H �¨
��&
£#;�«(��;
 �"#���KL��
�(��;#;K¨�"I&�¶(�KL��
��&� �"�;KL#�
�þ H (��;#;KL�<�&
 � I@(�#;��
ª#;�«(��;
 �"#���KL��
 �
�&
����,
��"��
"!�� 
%¶ ò § � Ø · Ú

©ª
�®n(�!&K¨¸"��
 H �LI��zït�"!��"�«(��¨
��^��! H 
"I&#n� ��!��;K¨�&�"��
"�\�¨
�®z��I&'t
"®z
"!$#ÿ·$I&®n(�KL!y� ��®Q®z
�I&!�

H ·&�«(���
n� ��® H ���;#«(�!�#��&
 ��'t
"�;J?
 �`)O�¨
 �+(��"#;K¨��!��£+�
"#%�&
 �+(��	't
"�;JV
 � )O�¨
 �%� (��«(��"#��"�;K¨�;#;K � I�
 ��#�
"�L�¨
 �� I�
¬�¶(1
8(�#;KLï�I�
¬
"#\�¨
 �;#;��
 ���£+´Ú^ çI«��!@(����^�¨
 �\®z��I&'t
"®z
"!�#����&
¬���,
u�"��
"!�� 
 �&
¬®%$"®z
¬!@(�#;I&��

)O®%$"®z
�(��"#;K¨��!w+n����!�#n®z�"�¶(�!&ït� �ÿ
"! KL!�#�
"� H ���¶(�!�#£'�
´Ù	#;�«( H ���¶(�!$#��¨
 �z#;�«(��;
 �"#���KL��
 �ÿ�;I&�n�8��
 � H (�� 

�&
 �ç(�#;#;KL#;I��&
 �ç� (��«(��"#��"�;K¨�;#;K � I�
 �¡¶�§ ­ õ ��{"· Úµ ��I&#�
 ���¨
 �ª#�
 ��·&!&K � I�
 � H ��� ��
"!�#�� 
 �%�"K ¥¦�&
 ���;I�����J&�LKLït
"!�#�ït�"!��"�«(��¨
"®z
"!$#+þ\� ��!&!@(��¨#;��
��¶(ÿ#���¥
#«(��LKL#����	IX®z��I&'t
"®z
"!�#�þ��8��( '�(�!�� 
�(���!��&
��¨
 �1��
 � (��¨
"�1#�
"® H ����
"�L�¨
"®z
"!�# Ú?©���(�I&#;��
 �£( H&H ���S��·�
 �
��!�#%�&��!��n�"#�� H ��� H ����� 
 � H ��I&��� ��® H ����
"� H �LI��;K¨
"I&����®z��I&'t
"®z
"!$#���
"! #�
"® H ����� 
"�8Úr©�(�!���� 
 �
( H&H ���$�«·�
 ���?��!¬(����«�$�"K¨
%I&!�
 H �;K¨���;KL#���þn�«·@( � I�
�®z��I&'t
"®z
"!�#�
"#ª�;I&�ç�«·@( � I�
+�&
"ï����+�&
%�LKLJ?
"�;#��
¶ õqõ ¤ µ � Ö(�	¢[¸�¢¬ ª×�� · Ú&�¦�r
 �;#<(�KL!��;K H �����;KLJ&�¨
��&
�� ��®�J&KL!�
"�<�¶(��"KL!��"®n(�#;K � I�
��&
 �G��(�®%J?
 �<��� I&!
®z��I&'t
"®z
"!�#z�&
ÿ®n(�����·�
�þ�� 
"�L�¨
ÿ�&
 �+J&�«(����¨��������� I&!�
 H ���"·�
"!���K¨��!rÚ � (X� ��!$#;KL!�I&KL#����	I�®z��I	¥
't
"®z
"!�#z
 �;#�(����;I&��� 
 H (���I&!�
\�&�,
����;®n(�#;K¨��! � ��!$#;KL!�I�
�
"#��&�"�;KL'�(�J&�¨
\�&
 � H �;K¨���;KL#�� � ÚZ 1I���!@(����
�¨
 ®z��I&'t
"®z
"!�#¬� ��®%J&KL!��Ó
 �;#�I&!�
 ����®Q®z
 H ��!��&�"��� 
Ì�&
 ��� ��!���ï�I&�«(�#;K¨��!���KL!��;#«(�!�#«(�!�� 
 ���&

��·@( � I�
�®z��I&'t
"®z
"!�#%�������;KLï�KL!�
�Ú ­ 
 H 
"!���(�!$#��r� 
"#;#�
+#�
 ��·&!&K � I�
z�&��KL# H ��� (��¶(�J&�¨
"®z
"!�#�
8(�KL��
Q( H ¥
H 
"�eþ\I&!�
Q��â$!��«·&����!&K¨�«(�#;K¨��! H (����	KL�¶(�#«(�#;K¨��!Ì!���!	¥8I&!&Kz
����;®z
n�	I #�
"® H ����� ��®Q®z
Q!���I����8��( 't��!��
'$I H ��� � � �&
"®Q®z
"!$# Ú ­ 
"#;#�
��&�,
����;®n(�#;K¨��!X�&��KL#!$"#;��
�� ( H (�J&�¨
��&
 H ��� H ����
"�qI&!�
������LI&#;K¨��! � I@(��;K ¥
KL!��;#«(�!�#«(�!�� 
��/( 't
 �\I&!�
�� ��!&!@(�K¨���«(�!�� 
�#;��¸ �+�LKL®QKL#�� 
��&
 ���"'t�"!�
"®z
"!�#���
uI&#;I&��� ÚZ©�(�!��Q� 
"�;#«(�KL!��
� (������¨
 �1��� �;I&�L#«(�#�� H 
"I&'t
"!�# H ���S�	I&KL��
%�&
 �1�«� � I�
"!�� 
 �1®z��KL!��1��� (��LK¨�;#�
 � � I�
%�¨
 �ç( H&H ���S��·�
 �ç�«(�K ¥
����!&!@(�!�#£�;I&�²�¶(+#���#«(��LKL#��%�&
ª�¶(z��� � I�
"!�� 
�Ú
|0© �s© � © � Ë;b�c�W�cY]�U�b�cYn l X�b%�(U�W�cYZ�U�b�cYn l Z\X:V\U(]�X[Z\X:Z\n l\l tvX^]

©���( H ��¸ ��� 
 � I�
��8����! 'SK¨
"!�#��&
+'t��KL���?KL�e( H&H (��«(��¨#��"�¶(�KL��
"®z
"!$# � I�
��8� I&#;KL�LK¨�¿(�#;K¨��!|�&
�� ���L�¨
 �´¥
#;K¨��!��-��I+�&
eJ@(���
/�&
/�&��!&!�� 
 �-�&
e®z��I&'t
"®z
"!$#�� H 
"�;®z
"#Z�¶(<��
 H ��� �«
"!�#«(�#;K¨��!Q��� I&!�
^�¶(��;ït
 H ���;#;K¨��!
�&
 � H �����;KLJ&KL�LKL#�� �²�&
ª®z��I&'t
"®z
"!�#��1��� (��LK¨�«(�J&�¨
 � H (��²I&!�®%$"®z
ª·$I&®n(�!��"�8�&
��@��I��&
ª!���®%J&��
"I���
 �
'�(��;K¶(�#;K¨��!��e�;I&�-�¨
q®%$"®z
q®z��I&'t
"®z
"!�# Ú � ����� � I�
q�8����!z�	K¨� H ����
q��� I&!�
qJ@(���
q�&
²�&��!&!�� 
 �a� ��® H ���A¥
#«(�!�#F�&
^!���®%J&��
"I���
 �-'�(��;K¶(�#;K¨��!��F�&
/®z��I&'t
"®z
"!�#���� H �LI��;K¨
"I&���-®z�"#;·��S�&
 � H 
"I&'t
"!$#§$"#;��
eI&#;KL�LK¨�«� 
 �



��× ö+í?÷Zø�l-á Ý6mß÷ßù�÷on&æt÷Sæ�äOìßí Ý&æ áLlZíræ0pQq�á ÝÓùcÝ|ëçìßôsrßÝ�ëçÝ�í�æ�á\ùutvprôßë<÷ßírì6w8ùcÝ�á
H ��I&�<
"!�ït�"!��"��
"�1�&
�!���I&'t
 (�I	ÙÌ�

Ê�Ì �� ��T�:»R��´v¬� 
¢
���ÍÆ�¬4º>¢OÎLÁy�"Ú � � KL!$#�
"� H ���¶(�#;K¨��! �;KL® H �¨
�
"!�#;��
��¨
 ��®z��I&'t
"®z
"!�#��ÿ(X®z��!$#;�����«(

������ 
<��(�!��e�¨
<� (��e�&
²®z��I&'t
"®z
"!$#��q�;KL® H �¨
 �e� ��®Q®z
1�¨
 H ��KL!�#«(�ït
1��I\(�#;#�
"KL!��	��
1I&!n��J��;
"#
�	K¨��#«(�!�#�¶ Ì 
 � Ö · Ú

Ê ÇhÏ�¼����Ð»R�4º>¢
 
¢
���`¸�¬��Rº�´��!»�´�¬��Ñ¼����Ð»R���T ��L���L�. :¬�´Ò��ÁÓ°T��Ï�ÎLÁy�T�. 
¢:�T´ Ú � � K¨�&� 
�
 �;#çK¨�"Kß����
´Ù H �;K ¥
®z
"���8��
"!���
"®%J&�¨
��&
 �%®z��I&'t
"®z
"!�#��Q��(�!���I&!Ó
 � H (�� 
ÿ� ��® H ���;#�
"®z
"!$#«(����F�;#¦âS�LK¨�;#;K � I�
n��I
�"®z��#;K¨��!&!�
"�8Ú � �LI��;K¨
"I&���^®z�"#;·��$�&
 �q
´Ù	K¨�;#�
"!�#��S�&� � ��® H ���;KL#;K¨��!���(�!��^�8��
 � H (�� 
ª�&
4 ���I&�;K¨
"�
¶ &   µ � � · �S��(�!��qI&!�
 � H (�� 
��&
6
u��!��"#;K¨��!�þ�J@(���
 �q�«(��	K¶(��¨
 �¿¶�§ ò õ ­ � Ø · ��I�
"!��«·@(��¨!�
 �<�&

¢ (��;èt� '�� (��«·�� 
 ��¶ õ.
 ×�× · Ú

Ê �'��¸ÕÔT´µ�>ºN».Ä®ÈBºT¢
Î�ÁR�>º"Ú � � I&#;KL�LK¨�«(�#;K¨��!\��� I&!�
<J@(���
²�&
1�&��!&!�� 
 �e�&
²®z��I&'t
"®z
"!$#��§
���!��"#;K¨��!&!�

(�I��«�;KV��(�!��q�¨
ª� (��²�&
£�¶(+�;KL®%I&�¶(�#;K¨��!��	â$!@(�®QK � I�
Q� � (�®z��I&��
"#<
"#.-e(�!��&
 � (�!&!�
�¶ � - � Ø ·
I&#;KL�LK¨�«
"!�#eI&!ÿ
"!���
"®%J&�¨
£�&
²®z��I&'t
"®z
"!�#��q�;KL®�I&�¨� � H (��e®z�$�&¸"�¨
 � H ·�â	�;K � I�
 � H ��I&�aït�"!��"��
"�
�¨
\®z��I&'t
"®z
"!$#ÿ��� I&!�
��¶(�® H 
�JV��!��	K¨���¿(�!�#�
�
"! 
u��!��"#;K¨��!w�&
�� ��!$#;�«(�KL!�#�
 �\�&� �"�;KL#�
 � H (��
�8� I&#;KL�LK¨�¿(�#�
"I&��
"#�
"![
���!��"#;K¨��!Ì�&
��8��
"!�'SKL����!&!�
"®z
"!�#+�&
 �ª#;�«(�!��;KL#;K¨��!�����(�!���� 
"#�
"!���
"®�J&�¨

�&
ª®z��I&'t
"®z
"!$#�� Ú

Ê �'��¸ÕÔT´µ�>ºuºL :¬� 
¢OÎLÁR�Tº´Ú ­ 
 �c®z�"#;·��$�&
 � H 
"�;®z
"#;#�
"!$#ß�&
F��� (��LK¨��
"�ßI&!�
Fït�"!��"�«(��LK¨�«(�#;K¨��!+�	I�®z��I	¥
't
"®z
"!$#��r
"#��&
+���"I&#;KL�LK¨��
"���¨
+��� �;I&�L#«(�#���(�!��ªI&! ®z�$�&¸"�¨
Q�&
��;âS!�#;·�¸ ��
�Ú�©�(�!���� 
�� (����?��!
!�
����"I&#;KL�LK¨��
 H (��ª�	KL��
 �"#�
"®z
"!�#��¨
�®z��I&'t
"®z
"!�#�
"!&��
"ï�K¨�;#;����Ú ­ KL#���!���
"!$#;��
�(�I&#;��
+�¨
 �£®z�´¥
#;·��S�&
 ��þzJ@(��«
+����(�!@(��Lâ	��
+
"! � ��® H ���«(�!$#�
 � H �;KL!��"K H (��¨
 �%¶ õ ��/1×�× · ��I �&
%®QKL!&KL®QK¨�¿(�#;K¨��!
����
"!$#;��� H K¨
��"����K¨��� 
`¶ õ.
 ×�× · Ú � (z�	Kz®n�"I&�L#��+��
"'$K¨
"!$#£��(�!��ª� 
�� (��£þn!�
 H (��ª�&�"�¶(�K¨����
"�£�&
 �
�&�"#«(�KL�¨�ç�	I�®z��I&'t
"®z
"!�# � I&K H ��I&�;#«(�!�#£� ��!�#;�;KLJ&I�
"!$#çï��«(�!��&
"®z
"!$#£þ��¨
"I&�<��� (��LK¨��®z
�Ú

Ê�Ö ÏTÁ¯ 
¢�´×¢&º�¬� 
¢
����¸�ÁØ���L¢�´�´��LÁ®������Á®Â��T�±�T�. �Ù&©�(�!��^� 
ç� (����$��!��;I H&H ����
ç( 't��KL�²þ��	K¨� H ���;KL#;K¨��!
�&
ÿ#;��¸ �+ï��«(�!��&
 �+J@(���
 ���&
ÿ�&��!&!�� 
 � � I&K^� ��® H ���;#�
"!�#z�&
ÿ!���®%J&��
"I���
 ��'�(��;K¶(�#;K¨��!����&
 �
®z��I&'t
"®z
"!$#�� Ú � ( H ����J&�¨�"®n(�#;K � I�
Q��
"'SK¨
"!�#+(��¨�����%þ\�"�¶(�����
"��� 
"#;#�
�J@(���
Q
"!Ì����I��;¥¦�"�¶(�����
 �
)�¼�´ÚÁ®ºT ��T�T¢��®­(+ª¶ � ­ § + ×�� · �F
"#ÿþ �&� � ��® H ����
"�n� 
 �z®z��I&'t
"®z
"!$#��ÿ
"!iï��«( H ·�
1¶¾¸ ò ×�� · ��I

"!Ð�;#;�;I��"#;I&��
 � H ����J@(�J&KL�LK¨�;#�
 �z� ��®Q®z
��&
 �Q��·@(��¨!�
 �ÿ�&
�¢¬(��;èt� 'Ç¶ � ­ § + ×�� · Ú ­ 
"�;#«(�KL!�
 �
H ����J&�¨�"®n(�#;K � I�
 �>
���!�#����,
u�"��
"!�� 
�(�I H ����J&�¨¸"®z
�ït�"!��"�;K � I�
���� KL!��&
´Ù�(�#;K¨��! ��(�!��+�¶(X®QK¨��


"!:<ªI&'S��
��&
�� 
 �<��
 ��·�
"����·�
 � Ú� � I&#;KL�LK¨�«(�#;K¨��!���� I&!�
�J@(���
Q�&
z�&��!&!�� 
 ���&
�®z��I&'t
"®z
"!$#����«
"®%J&�¨
%$"#;��
QI&!�
�'t��K¨
 H ����®z
"#;#�
"I���


H 
"�;®z
"#;#«(�!�#z�&
 H (��L�LK¨
"�+�¨
ÿ®n(�! � I�
\�&
¥8@
´Ù	KLJ&KL�LKL#��\�&
 �+®z�"#;·��S�&
 ��J@(���� 
 ���;I&�%�¶(¬� ( H #;I&��
��&

®z��I&'t
"®z
"!�#�� Úò ����/²·���/ 
"#ç� ���L�8Ú\¶ ò ¢ 
ç� ×�� · H ��� H ����
"!�#ª�&
���� ����I��	��
+�&
 � H ����J&�¨¸"®z
 �£�&
%#¦â H 
��"KL!��"®n(6¥
#;K � I�
<KL!�'t
"���«
1
"!ÿ�«
²J@(��«(�!�#^�;I&�aI&!\
"!���
"®%J&�¨
£�&
²®z��I&'t
"®z
"!�#��²� ( H #;I&��� � Ú � 
ç�;âS��#�¸"®z
²��
"'$K¨
"!$#
þ���
 ��·�
"���«·�
"�z�¶( H ���;#;I&��
\�¶( H �LI����"��� �	KLJ&�¨
 H ������KLJ&�¨
ÿ��(�!��Q� 
"#�
"!���
"®%J&�¨
 H ��I&����� ����I��	��
\�¨
 �
� ��!�#;�«(�KL!$#�
 � Ú ­ 
"#;#�
ÿ®z�"#;·��$�&
 H 
"�;®z
"#��&
n� ��!��«
"�;'t
"���¨
\�;#¦âS�¨
n�	I�®z��I&'t
"®z
"!�#��Z#���I&#�� ��®Q®z

�8��( H&H ���S��·�
ª�&
 ò �¶(����&��!�
"#q� ���L�8Úw¶ ò õqµ ×���( · 
"#/�&
Ày£�;·&KL#«(%
"#q� ���L�8Úu¶ y£¢ × x�· � I&KV� ���;��¸"�¨
1�8� KL!$#�
"�A¥
H ���¶(�#;K¨��!�( 't
 ���¨
 �1'$KL#�
 �«��
 �²�&
 �²®z��I&'t
"®z
"!�#��£� ( H #;I&��� � Ú& !�(�I&#;��
ÿ#¦â H 
ÿ����( H&H �LK¨� (�#;K¨��! H ������KLJ&�¨
n�&
n� 
 ��J@(���
 �+�&
n�&��!&!�� 
 ��� ��
 �;#��&�"'t
"�¨� H&H � 
\���´¥
� 
"®Q®z
"!�#��<KL�ª� ��(�ï�KL#��	I � ��I H �¶(�ït
 
"!$#;��
 ��� (��"#;K¨��!g�	â$!@(�®QK � I�
 
"#�(���( H #«(�#;K¨��!w'6®z�"�¶(�!&ït
|�&

®z��I&'t
"®z
"!�#�� Ú ­ 
"�¶(���
+#;�«(��	I&KL#�ït�"!��"�«(��¨
"®z
"!�# H (����¶(n��
 �«·�
"����·�
ÿ�&
��¶(\��� H ��!���
+�¶( H �LI�� H ����¥
J@(�J&�¨
zþnI&!�
>
u����� 
���� KL® H (��"# H ��!��"#;I�
"�L�¨
�ÚcîçI�
"�L�¨
+�«��KL#£��� �«���LI�
 H (��£®z�"�¶(�!&ït
Q�&
+®z��I&'t
"®z
"!$#
¶<�V¢ ­  -×�� · � H (��/ï��«( H ·�
ç�&
<®z��I&'t
"®z
"!$#À¶� 4 �yª×�� · ��I H (��/�"KL!��"®n(�#;K � I�
çKL!�'t
"����
çJ@(���� 
1��I&�a�¨
 �
®z��®z
"!�#��À¶¾¸ 
4� ×�� · ���¶(�J@(���
<�&
1�&��!&!�� 
 �^
 �;#aI&#;KL�LK¨�«� 
1� ��®Q®z
1�«��I&��� 
<�&
<��� (��"#;K¨��! H ��#�
"!$#;K¨
"�L�¨
�Ú
©�(�!��e� 
 �e( H&H ���S��·�
 �/�¨
 �e(�I&#�
"I&���/��!�#/��½ÿ� ( H #;I&��
"�e�&
 �a®z��I&'t
"®z
"!$#��/�&
²��� (��"#;K¨��!�þ��&
 � H ��I��A¥



Û ���¿�(�!�p�>� | 	 | � | ��� |�� ��¼"�`��� � � � x

��� 
 ���&'t��KL��
%�&
���·$I&#�
 � Ú@ º��!X����(�I&ï�®z
"!�#�
"�£�8��
,®n� (��"KL#��%�&
��¶(���
 ��·�
"���«·�
��&
��¶(Q��� H ��!���
��¶( H �LI��
H ����J@(�J&�¨
�� µ (�!&ïn
"#<� ���L�8Ú7¶ µ²� �s�?×�Ø · I&#;KL�LK¨��
"!$#ç�&
"I	Ù H ���$� 
 ����I�� H (��«(��L�¨¸"�¨
 � Ú � 
 H ��
"®QK¨
"�ç
 �;#;KL®z

�«( H K¨�&
"®z
"!�#��?ï������ 
QþQI&! � (��¨�"I&�-J@(�����
�
O��� � I�
"!�� 
��@�¨
 �£®z
"KL�L�¨
"I&���£��� H ��!���
 � H ������KLJ&�¨
 �1��(�!��£�¶(
J@(���
��&
��&��!&!�� 
 �£(��¨����� � I�
ª�¨
���
 � ��!���� (��¨�"I&�¨
 H ��� �"K¨�«
"®z
"!�#1�¶(+��� (��"#;K¨��!¬�	â$!@(�®QK � I�
�Ú

­ 
"#;#�
^� ��®%J&KL!@(�K¨����!Q�&
a®z��I&'t
"®z
"!$#�� H (��;#Z�	I H �;KL!��"K H 
 � I�
a�8��(������S�"K¶(�#;K¨��!��&
e®z��I&'t
"®z
"!�#��
!@(�#;I&��
"�¨� H ���S�	I&KL#�I&!Ó®z��I&'t
"®z
"!�#��"ï�(��¨
"®z
"!�#+!@(�#;I&��
"���ß(���!|�����"'SKL#�
"���&
z� �S�	Kz�@
"��#���I&#�
 ���¨
 �
�¨��K¨� � I&K^ït��I&'t
"�;!�
"!�#n�¨
\� ��!$#;�=���¨
�®z��#�
"I&� Ú ­ 
 H 
"!���(�!$#��e( H ��¸ �Q( 't��KL�z�;I&J&KqI&!�
��&�,
����;®n(�#;K¨��!
�	â$!@(�®QK � I�
1�	Iÿ#�
"® H � H I&K¨�eI&!�
1� ��®%J&KL!@(�K¨�«��!ÿ�LKL!�� (�KL��
£( 't
 �£����(�I&#;��
 �aït
 �;#�
 ����I&!z®z��I&'t
"®z
"!�#
H 
"I&#�#;��¸ ��J&K¨
"!Ó!�
 H �LI�����
 � H 
 �"#�
"���¨
 ���¨��K¨�+�&
Q�¶( H ·$âS�;K � I�
�Úc çKL!��;K���KL�^
 �;# H �����;KLJ&�¨
z�&
ÿ�	K¶(�ï�¥
!����;#;K � I�
"� � I�
"�L�¨
 �%� ��!�#;�«(�KL!$#�
 �+®z� � (�!&K � I�
 �+�&��KL't
"!�#¢$"#;��
 H �;K¨��
 ��
"!|� ��® H #�
 H ��I&��
,3�
 �"#;I�
"�
� 
 �<®z�"�¶(�!&ït
 �>¶ � 
 ×�� · Ú � 
 �ç(�I&#�
"I&�����@K¨�"K��@(�!@(��Lâ	��
"!�#£�&
 �<®z��I&'t
"®z
"!�#��£KL!$#�
"� H ���¨� �ç'$K¶(QI&!X� 
"�A¥
#«(�KL! !���®%J&��
z�&
 H ��� H �;K¨�"#�� � H ·�â	�;K � I�
 �Q�#) x +ç�¨
+®z��®z
"!�#%�LKL!�� (�KL��
Q
"#�(�!&ï�I&�¶(�KL��
 H 
"!���(�!$#��¨
 �
H ·@(���
 �n�&
�'t����Ë6)���++�¨
�� ��!�#«(��"#�(�Iw�������F�8��� � I&KL�LKLJ&��
��;#«(�#;K � I�
�
"#z�¨
 �¢
u����#;#�
"®z
"!�#���(�Iw�����<
"!
H ·@(���
\�&
ÿ�;I H&H ���;#�Ë.)�
�+��¶(�� ��!�#;KL!$I&KL#����&
 � H ���;KL#;K¨��!��+
"#+�&
 �+'SKL#�
 ����
 �+
"!�#;��
\�¨
 � H ·@(���
 � ÚZ¤F!
H (��;#«(�!�#\�&
��8� ·�â H ��#;·�¸ ��
 � I�
��¨
 �Q®z��I&'t
"®z
"!$#��ÿ���;KLï�KL!@(�I	Ù7�a��
"�;'�(�!�#\þ¬�8� KL!�#�
"� H ���¶(�#;K¨��!��/����!$#
H ·�â	�;K � I�
"®z
"!�#�� ���;��
 �"#�����#¦â H K � I�
"®z
"!$#��¨
�� (��ª( 't
 ���&
 �£®z��I&'t
"®z
"!�#���� ( H #;I&��� ����KL�¨�£'t�"�;Kz�@
"!$#
�¶(�� ��!���
"�;'�(�#;K¨��!Ó�&
��¶(>�AI��;#�
 ���«
Q�&
 � H (��«(�®z¸"#;��
 ���"K ¥¦�&
 �«�;I��%��(�!���I&!|®z��I&'t
"®z
"!�#+KL!�#�
"� H ���¨��Ú­ 
"#;#�
z(�!@(��LâS�«
��&��!&!�
Q�"ï�(��¨
"®z
"!$#��&
 � H K¨�;#�
 � � I@(�!�� (�I	Ù�®z�S�	Kz�@� (�#;K¨��!�� H �����;KLJ&�¨
 �ª�&
 ��(��Lït��¥
�;KL#;·&®z
 �e��� KL!$#�
"� H ���¶(�#;K¨��! � I&K H ��I&�;�«(�K¨
"!�# H ���S�	I&KL��
1(�KL!��;K&�&
 �F®z��I&'t
"®z
"!$#�� H �LI��F!@(�#;I&��
"�¨� Ú � 
 �
(��Lït���;KL#;·&®z
 �ç�&�"'t
"�¨� H&H � �1��(�!��ç� 
"#;#�
%( H&H ���S��·�
%�«��!�#1� 
 H 
"!���(�!�#çI&#;KL�LK¨�«(�J&�¨
 �<I&!&K � I�
"®z
"!�#£�;I&�
�&
 �q®z��I&'t
"®z
"!�#��ç�LKL!�� (�KL��
"®z
"!�#��1KL!�#�
"� H ���¨� � Ú & !�
�( H&H ���S��·�
ªJ@(��«� 
��;I&�q�¶(%��� �«���LI&#;K¨��!��&
 �q�¨��K¨�
�&
z�¶(X�	â$!@(�®QK � I�
ÿ
"#�!���! H �LI��+�;I&�%�¶(X� ��!���
"�;'�(�#;K¨��!��&
ÿ��
 � H ��� H �;K¨�"#�� ��
 �;#�(��¨�����%I&!�
ÿ�����LI	¥
#;K¨��! 
"!�'SK¨�«(�ït
 (�J&�¨
�Ú?©ª(�!��£� 
 �ª�&
"I	Ù�� H #;K � I�
 �£�	Kz3��"��
"!�#�
 ����I&! H ����J&�¨¸"®z
+��
 �;#�
�K¨�&
"!$#;K � I�
��@�¶(
®z�$�	Kz�@� (�#;K¨��!¬�	I�®z��I&'t
"®z
"!�#£
"!ª
���!��"#;K¨��!X�	I���� �;I&�L#«(�#1�&
��8��(�!@(��Lâ	��
�Ú& ! (�I&#;��
\®z� ât
"!Ð�&
\'�(��LK¨�&
"�+�&
 �+®z��I&'t
"®z
"!�#��zKL!�#�
"� H ���¨� ���-
 �;#+�&
\� ��® H (���
"�Q�¨
 � H (��«(6¥
®z¸"#;��
 �e�	âS!@(�®QK � I�
 � H ���$�	I&KL#������ ��®Q®z
<�¨
 �F#�������
"I&���e(�I	Ùz(��;#;K¨�"I&�¶(�#;K¨��!�����
"#a�&
²� ��® H (���
"�e�¨
"I&���
�"'t���LI&#;K¨��!��Fþ²�&
 �ß�&��!&!�� 
 �ß��� 
"�L�¨
 ���6
"!�I&#;KL�LK¨�«(�!�#-�&
 �r®z� ât
"!��-� ��®Q®z
e�&
 � H �¶(�#�
,
u���;®z
 �Z�&
#
������ 
 �
��I��&
 �<�&��!&!�� 
 �<�&
ª�¶(+�LKL#;#��"�«(�#;I&��
�
"!X(�!@(��Lâ	��
 H (��<�	âS!@(�®QK � I�
ªKL!$'t
"����
%¶ -ª©�y ��� �( Z© ­ ¢ � Ö · Ú

¢ (��Lï����£� 
 �^�LKL®QKL#«(�#;K¨��!����	�¶(�� ��®%J&KL!@(�K¨�«��!��&
ç®z��I&'t
"®z
"!$#��<
 �;#^#;��¸ �^�¶(��;ït
"®z
"!�#<
"® H �¨� ât� 
��
®%$"®z
<��(�!��-�¨
 �a�;â	�;#�¸"®z
 � H ����
�
 ���;K¨��!�
"�¨�F����(�!&KL®n(�#;K¨��! H I&K¨� � Ir��
"�L�¨
 H 
"�;®z
"#a�&
²� (��¨�"I&�¨
"�aKL!$#;I&KL#;K ¥
't
"®z
"!�#£�&
ª!���I&'t
 (�I	Ù�®z��I&'t
"®z
"!�#��£�«(�!��q!�� � 
 ���;KL#�
"�1�&
ª!���I&'t
"�L�¨
 �£� ( H #;I&��
 � Ú�¢ (�K¨�²� ��!�#;�=���¨
"�
�¨
ª®z��I&'t
"®z
"!�#º��!�
"®z
"!�# H ��I&�²��
 � H 
 �"#�
"�<�&
 �²� ��!�#;�«(�KL!�#�
 �£�&
 H ���;KL#;K¨��!&!�
"®z
"!�#1��(�!��<�8��
 � H (�� 

!r��
 �;# H (��1(��«�;I&��� H (��<!@(�#;I&��
�Ú

�ÀÝ:Ü Þi.<> )+*Â3«. 3=ß�ü�ßçúµßq2�:=ß<0Ý�?W+úû.<:«0�*

� (1�¨�$� ��®z��#;K¨��!�·$I&®n(�KL!�
^
 ��# H �;KL®z�����	K¶(��¨
 H ��I&�ß�¶(<�"��� (�#;K¨��!Q��� ·�I&®n(�!��"�8�&
 �F�"'t���LI@(�!$#F��(�!��
�&
 �ªI&!&KL't
"���£#;�;K¨�	KL®z
"!��;K¨��!&!�
"�¨� Úr¤F! 
,3�
"#����8� I&! �&
 � H ��
"®QK¨
"���ª®z��I&'t
"®z
"!�#�� � I�
��8����! ��·�
"����·�

þ¬��
 H ��� ��
"!�#�
"�\
 �;#��¨
��&� H �¶(�� 
"®z
"!�# ÚqîçI�
"� � I�
��«��KL#+�¶(¬#�
 �«·&!&K � I�
X����(�!&KL®n(�#;K¨��! ��·���K¨��K¨
��F�8� I&!
�&
 � H �;KL!��"K H (�I	Ù H ����J&�¨¸"®z
 ���&
��¶(\�¨�S� ��®z��#;K¨��! ��� �;K¨�&
Q��(�!����¨
 �ªKL!�#�
"�«(��"#;K¨��!��+�	I H 
"������!&!@(�ït

( 't
 �z�«��!Ì
"!�'SKL����!&!�
"®z
"!�# )u����
 ��#A¥Æþ6¥¦�	KL��
 H �;KL!��"K H (��¨
"®z
"!�#+�¨
�� ��!�#«(��"# H K¨
 �S¥¦�����p+´Ú ­ 
 H ����J&�¨¸"®z


 �;#q����(�I&#«(�!�# H �LI��eKL® H ���;#«(�!�# � I�
�� H �"�;K¨�S�	K � I�
"®z
"!$#��$�¨
 �^�&
"I	Ù H K¨
 �&�q����!�#q
"!�� ��!�#«(��"#<( 't
 �ç�¨




��� ö+í?÷Zø�l-á Ý6mß÷ßù�÷on&æt÷Sæ�äOìßí Ý&æ áLlZíræ0pQq�á ÝÓùcÝ|ëçìßôsrßÝ�ëçÝ�í�æ�á\ùutvprôßë<÷ßírì6w8ùcÝ�á
�����r
"!�®%$"®z
�#�
"® H � Ú� (%�¨�S� ��®z��#;K¨��!\·$I&®n(�KL!�
ª
 �;#eI&!\®z��I&'t
"®z
"!�# � I@(��;K ¥ H �"�;K¨�S�	K � I�
 � I�
1�&
 �^���"K¨
"!�#;Kz� � I�
 �²�&

#���I��+·����;K�� ��!����"#;I��	K¨
"!�# ÚF©�(�!���� 
ÿ�&��®n(�KL!�
��-¢ (��;��
"â*¶�¢¬(�� � � · ( H ��� H �����ÿI&!�
\�"#;I��&
\�&
ÿ�¶(
�"KL!��"®n(�#;K � I�
n�	IÌ®z��I&'t
"®z
"!$#�·$I&®n(�KL! � I&K H 
"�;®z
"#+�&
�®QK¨
"I	Ù|� ��® H ��
"!��	��
z�¶(���#;�;I��"#;I&��
n�&

�¶(+�¨�S� ��®z��#;K¨��!�·�I&®n(�KL!�
�Ú�©£
£!���®�J&��
"I���
 �<��
 �«·�
"����·�
 �£��!�#1�;I&KL'SK�� 
 �²#;�«( '�(�I	Ù5¶ � - { 
��&¤F!�� � � ·

"# H 
"�;®z
"#;#�
"!$#q�&
ç�&�,��!&KL�/I&!�
"!���
"®�J&�¨
£��� KL!$'�(��;K¶(�!$#��q#�
"�¨� � I�
ç�¶(��&� � ��® H ���;KL#;K¨��!��;#;�;I��"#;I&��
"�L�¨


"! H ·@(���
 �¡)O't��KL�º ZKLï�I&��
%�	Ú x ��+´Ú

lFS rTO rFS lTO lFS

lFS
rTO lTO

rFS

état
double
appui

simple appui
gauche

double
appui

simple appui
droit

phase
gauche

balancement

droitappui

appui gauche

balancement
droit

0% 50%1 pas

= contact gauche

= décollage droit

= contact droit

= décollage gauche

100%

°^äOñ.ø@�	Ú x � Ê � ·@(���
 �1� (��«(��"#��"�;K¨��#;K � I�
 �ç�&
��¶(+®n(�����·�
%·�I&®n(�KL!�
�Ú
& !|�"â	�"�¨
Q� ��® H �¨
"#��&
Q®n(����«·�
n
 �;#%�&�,��!&K/�	I|�&� � ���L�¶(�ït
n�	I H K¨
 �Ìï�(�I���·�
ÿþ�I&!Ì!���I&'t
 (�I

�&� � ���L�¶(�ït
��&
%� 
�®%$"®z
 H K¨
 ��Ú & ! H (��£
 �;#ç�&�,��!&K-� ��®Q®z
+I&!��&
"®QK ¥¦�"â	�"�¨
��?�	I¬�&� � ���L�¶(�ït
+��� I&!
H K¨
 ��(�I¬�&� � ���L�¶(�ït
��&
%�8��(�I&#;��
 H K¨
 ��Ú�©�(�!��1I&!¬�"âS�"�¨
�����! H 
"I&#1K¨�&
"!�#;Kz�@
"�£I&!�� ��!$#«(��"#��	I H K¨
 �
�	����KL#��rI&!��&� � ���L�¶(�ït
��	I H K¨
 �Ó�	����KL#��cI&!Ó� ��!$#«(��"#+�	I H K¨
 �|ï�(�I��«·�
ÿ
"#�I&!|�&� � ���L�¶(�ït
��	I H K¨
 �
ï�(�I���·�
�Ú � �LI��/ï��¨��J@(��¨
"®z
"!�#q�¨
ç�"âS�"�¨
ç�&
1®n(����«·�
ç
 �;#^����I&'t
"!�#^��
 H ��� ��
"!$#��ç� ��®Q®z
çI&!�
ç��I&KL#�
1�&

�;KL® H �¨
 �ª
"#��&��I&J&�¨
 ��� ��!�#«(��"#���( 't
 ���¨
������8Ú � (��ª� ��!$#;��
��?�¶(n� ��I&���«
 H 
"I&#À$"#;��
+�&�,��!&K¨
 H (��ªI&!�

�;I&KL#�
+�&
��;KL® H �¨
 �ª� ��!�#«(��"#���
"#ª�&
 H ·@(��«
 ���&
%'t����¶ �£µ�
 { � · Ú ­ 
 �ª�	Kz3?�"��
"!$#�
 � H ·@(���
 � H 
"I&'t
"!$#
$"#;��
�®z�S�&�"�LK¨��� 
 � H (��1�&
 �ç(�I&#���®n(�#�
 �ç�"â	�"�LK � I�
 �<·&K¨�"�«(�����·&K¨��� �>¶�¢XI&� ��{�· )O't��KL�6 ßKLï�I&��
��	Ú x Ø�+´Ú

°qälñ.øV�	Ú x Ø Ê �$âS!�� H �;K¨�<�	I��;â	�;#�¸"®z
��&
��¨�S� ��®z��#;K¨��!��&
�¢�I&�L#���!1¶�¢�I&� ��{�· Ú



Þ ~���¼"��~ ��


©ª
 �n�"#«(�#��ÿ�&
��8��(��;#n��(�!��n� 
X�&��®n(�KL!�
 H 
"I&'t
"!�#\( H&H ���;#�
"�n�&
 � H ��� �"K¨�;K¨��!��n�;I&�ÿ�&
�!���®�¥
J&��
"I	Ù H ��KL!�#��£#�
"�¨� � I�
��8��(�!@(��Lâ	��
��&
��¶(n®n(�����·�
Q
"#£�8� K¨�&
"!�#;Kz�@� (�#;K¨��!|�&
+� ��!�#;�«(�KL!$#�
 �%(������S�"K¨� 
 �
¶ - �e� ¤ { � · �V�8��( H&H �LK¨� (�#;K¨��!|(�I �&��®n(�KL!�
Q�&
+�8��(�!&KL®n(�#;K¨��! ¶�¢[ ­²ò © ����· 
"#ª�&
+�¶(n®z�$�&�"�LK¨�¿(�#;K¨��!
¶� ª� 
 ×�� · Ú& !�
ç®z�"#;·��S�&
 H ��I&�qït�"!��"��
"�²�&
 �q®z��I&'t
"®z
"!�#��1
 �;#²��� I&#;KL�LK¨��
"�q�¨
 �^� ��!&!@(�K¨�«�«(�!�� 
 �1(�� � I&K¨��
 �
H (��<�&
 �²(�!@(��LâS��
 �q®z
"!�� 
 �²
"!�J&K¨��®z� � (�!&K � I�
��;I&�q�¶(�
u���;®z
ª�&
£#;�«(��;
 �"#���KL��
 �1(��;#;K¨�"I&�¶(�KL��
 � Ú õ K¨
"!
�"'$K¨�&
"®Q®z
"!$#����&
F#�
"�L�¨
 �ß� ��!&!@(�K¨�«�«(�!�� 
 �c!r��
´Ù	K¨�;#�
"!$# � I�
 H ��I&�r�¨
 �c®z��I&'t
"®z
"!$#��Z�¨
 � H �LI��Z�"#;I��	K¨� ���
� ��®Q®z
q�¶(<�¨�S� ��®z��#;K¨��!rÚ^yç!��	K¨� H ���«
/�&��!���� H ��I&�-� 
/#¦â H 
^�&
/®z��I&'t
"®z
"!�#������ I&!+ï��«(�!��+!���®�J&��

�&
ª� ��!&!@(�K¨���«(�!�� 
 � Ú&¤F!�
,3�
"#��S�¨
 �/#;�«(��;
 �"#���KL��
 �<(��;#;K¨�"I&�¶(�KL��
 �<�&
 �q®z
"®�J&��
 �²KL!�
u�"�;K¨
"I&���²�«��!�#qJ&K¨
"!
� ��!&!�I�
 ��¶� ç�¨
 { ��� � (�# ��xm· 
"# H �LI��;K¨
"I&���£�"#;I��&
 �ª��!�#£®z��!�#;��� 
 ���V
"!�#;��
Q(�I&#;��
 ���@�8� KL!�8�I�
"!�� 
+�&
%�¶(
'$KL#�
 �«��
`¶ �£µ�
 { � · �;I&�£� 
 �£�¨�$� ��®z��#;K¨��!�� Ú ­ ��
 �;#�(�I����;KZ�8� I&!¬�&
 � H ��
"®QK¨
"���£®z��I&'t
"®z
"!�#���I&#;KL�LK¨���
H ��I&�£�8��(�!&KL®n(�#;K¨��! H I&K¨� � Ir� KL� H 
"�;®z
"#ªþz�8� ·�I&®n(�!��"�8�&
Q�&
+��
%�&� H �¶(�� 
"����(�!��ç�8��
"!�'SKL����!&!�
"®z
"!�# Ú
©ª
1!���®�J&��
"I	Ùÿ®z�S�&¸"�¨
 �/�&
 ���"�;K H #;Kz
��q�&
1�¨�S� ��®z��#;K¨��!�����!�#q�&��!��£( H&H (��;I��²�&¸ �/�¨
1�&�"J&I&#²�&
 �q(�!	¥
!�� 
 � x���{ ×>¶<�V
"� { �(���V
"� { 
 · �AI�� � Ir��þ<!����w�;��I&����¶ �S¢¬× x,· Ú ­ 
 �F( H&H ���S��·�
 � H ���S� � �	I&�«(��¨
 �F� ��!��;K¨�;#�
"!$#
þ��&� � ��® H ����
"�e�¨
<®z��I&'t
"®z
"!�#²
"!ÿ����I��;¥ H ·@(���
 �6) H ��� ��
"!$#�� 
 �/�"K ¥¦�&
 �«�;I��£+,���«·@(��"I&!�
£(��«���$�"K¨�çþªI&!
�"#«(�#a����(�I&#���®n(�#�
çþ£�"#«(�#��G��!&K¨� Ú � 
 � H ���;KL#;K¨��!��aKL!�#�
"�;®z� �	K¶(�KL��
 �^����!�#FKL!$#�
"� H ���¨� 
 � Ú ­ ��®Q®z
²��(�!��
#���I&#�
 �F�¨
 �-®z�"#;·��S�&
 �aþ1J@(��«
^�&
q�"KL!��"®n(�#;K � I�
<�	KL��
 �"#�
����¨
q� ��!�#;�=���¨
<�&
 �F
´Ù	#;���"®QKL#�� �F�&
 �F��·@(��¨!�
 �
(��;#;K¨�"I&�¨� 
 �1
 �;#qI&! H ����J&�¨¸"®z
��&�"�LK¨� (�#���� ��®Q®z
 H (��<
´Ù&
"® H �¨
ª�¨
�� ��!�#«(��"#<
"!$#;��
��¨
 H K¨
 ��
"#q�¨
������
��(�!��£�¨
�� (��	��
+�&
%�¶(n�¨�S� ��®z��#;K¨��!rÚ õ �;I��&
"�;�LKL! 
"#£� ���L�8Ú\¶ õ ­ {�� � õ ­ � 
�� õ ­ � Ø · ��!$# H ��� H �����+�&

��·@(�!&ït
"�<�	âS!@(�®QK � I�
"®z
"!$#q�¶(��«(��"KL!�
£�&
1�¶(%·&K¨�"�«(�����·&K¨
ª
"!\�¶( H �¶("� (�!$#q#���I"�A��I&���q�;I&�/I&! H K¨
 ��(�I
�������@(���!��&
���
 � H 
 �"#�
"� H �LI���
�(��"KL�¨
"®z
"!$#ç�«( H ���;KL#;K¨��!rÚ­ 
 H 
"!���(�!�#��²�¨
 ��(�!&ï��¨
 ��K¨����I��\�&
¬�¶(Ó�LKL#;#��"�«(�#;I&��
 
"! J&K¨��®z� � (�!&K � I�
 �«��!�#�ït�"!��"�«(��¨
"®z
"!�#
�&
 �<®z� ât
"!&!�
 � � I&Kr!�
�� ���;��
 � H ��!��&
"!$# H (��ç� H � �"Kz� � I�
"®z
"!�#�(�IX� � I�
"�¨
"#;#�
�þn(�!&KL®z
"� Ú � 
 �£(�!&K ¥
®n(�#;K¨��!��Q� (��¨�"I&�¨� 
 ���&
n�¶(������;#�
 H 
"I&'t
"!$#��&��!��\� ��® H ���;#�
"�+I&! � 
"�;#«(�KL!�!���®%J&��
�����(��;#�
,
8(��"#�� Ú� �LI��;K¨
"I&���%(�®z�"�LK¨���«(�#;K¨��!��%��!�#��"#��Q( H&H ���;#�� 
 � H ��I&��(����;I&��
"�ªI&!¬� ��!$#«(��"#%�«(�!��£ï��LK¨����
"®z
"!$#��&
 �
H K¨
 �&�-�;I&�ß�¨
^����� H 
"!���(�!$#Z�¨
 � H ·@(���
 �-����( H&H I&K7¶ ò KL� { Ö�� õqµ � �(��¸ ò �	×�� · Ú�©ª
 �c®z�"#;·��S�&
 �-����(���( H ¥
#«(�#;K¨��!��&
n®z��I&'t
"®z
"!�#�������!$#+(��¨������I&#;KL�LK¨��� 
 ��� ��®Q®z
n�¶(��"KL!��"®n(�#;K � I�
nKL!$'t
"����
�Ú � � KL!�#��"�=$"#��&

� 
 �Q®z�"#;·��S�&
 �z
 �;# � I�
��8����!w�	K¨� H ����
���� I&!Ð®z�S�&¸"�¨
 H (��«(�®z�"#;�«(�J&�¨
X�&
��¨�S� ��®z��#;K¨��! H ��I&'�(�!$#
� ��(���( H #�
"�£þz�	Kz3?�"��
"!$#�� H 
"������!&!@(�ït
 �1
"# H ��I&'�(�!�#1ï�I&K¨�&
"�1�¨
�®z��I&'t
"®z
"!$# H (��£�&
 �1
"® H ��
"KL!�#�
 �
�;I&�<�¨
������§¶ -e(�! � Ö · Ú

�ÀÝ�ß CEBF>�W+úûB

� ��(�!&KL®n(�#;K¨��! �&
 H 
"������!&!@(�ït
 �z��� H ��!��iþ �&
 �z� ��!$#;�«(�KL!�#�
 �\#;��¸ �n�	Kz3��"��
"!�#�
 �\
"!ñ
���!��"#;K¨��!
�	IÐ#¦â H 
�����( H&H �LK¨� (�#;K¨��!rÚe©ª(�!��n�&
 �z( H&H �LK¨� (�#;K¨��!��zKL!�#�
"�«(��"#;KL't
 ���F�¶( � ( H #;I&��
��&
\®z��I&'t
"®z
"!�#��
H 
"I&#¿$"#;��
+I&#;KL�LK¨��� 
��	KL��
 �"#�
"®z
"!�# H ��I&��(�!&KL®z
"���&
 �£·�I&®n(�!��"�8�&
 �%
"! #�
"® H �A¥8��� 
"�8Ú ­ ��
 �;# H ��I&�A¥� I���Kr�&
ª��� � 
"!$#�
 �ç( H&H ���S��·�
 �ç��
6
u�S� (��LK¨��
"!�#ç�;I&�q�¨
 �<� (��¨�"I&�¨���&
"!�#�
"® H �²KL!$#�
"�«(��"#;Kz
È� H 
"�;®z
"#;#«(�!$#
�&
Q#;�«(�KL#�
"�%�¨
 ��#;�«(��A
 �"#���KL��
 � H ��I&��(���( H #�
"���¨
Q®z��I&'t
"®z
"!�#�þ��&
Q!���I&'t
"�L�¨
 ��� ��!�#;�«(�KL!�#�
 � H ��I&�
�&
Q®%I&�L#;K H �¨
 � H 
"������!&!@(�ït
 �¥¶¾¸ªI&�¶×�� · Ú ú �8��� H&H �������c��(�!����¨
z�&��®n(�KL!�
ÿ�&
Q�8��(�I��	K¨� 'SK¨�;I�
"���Z
"#%
"!
H (��;#;K¨�"I&�LK¨
"�ª�¶( H ���S�	I��"#;K¨��!¬�&
����L®z�ç�&
��;â$!$#;·�¸ ��
���KL�Z
 �;#1ït�"!��"�«(��¨
"®z
"!$#ª!�� � 
 ���«(�KL��
+����(���( H #�
"�
�¨
 ���&��!&!�� 
 ��®z
 ��I&��� 
 ��þ�I&!�� � I�
"�¨
"#;#�
\�;âS!�#;·��"#;K � I�
ÿ
"#Qþ�I&! 
"!�'SKL����!&!�
"®z
"!�#z�	Kz3��"��
"!�# Ú-©ª

H �LI����&��(�!��²� 
ª�&��®n(�KL!�
��&�¨
£®z��I&'t
"®z
"!�#ç®z
 �;I&����
 �;#q®z�$�	Kz�@�ª®n(�!$I�
"�L�¨
"®z
"!�# H ��I&�<(�� � 
"!�#;I�
"�
I&!¬��#¦âS�¨
�KL® H ����� H (��£�¨
 H 
"������!&!@(�ït
�ÚV©ª(�!��£� 
�#¦â H 
�����( H&H �LK¨� (�#;K¨��!����¨
%��� (��LK¨�;®z
+
 �;#1�¨
 H ��KL!$#



��� ö+í?÷Zø�l-á Ý6mß÷ßù�÷on&æt÷Sæ�äOìßí Ý&æ áLlZíræ0pQq�á ÝÓùcÝ|ëçìßôsrßÝ�ëçÝ�í�æ�á\ùutvprôßë<÷ßírì6w8ùcÝ�á
�"�¨�+
"#1�¨
�#�
"® H �£�&
+� (��¨�"I&�-�&
"'$K¨
"!$#ç®z��KL!�� H �;KL®z�����	K¶(��8Ú��Æ�ß
 �;#ª(��¨�����ç#���I&#�þ¢
8(�KL#ª
"!�'SK¨�«(�ït
 (�J&�¨

��� I&#;KL�LK¨��
"�a�&
 �F®z�"#;·��S�&
 �a����� �	KL#;K¨��!z�&
q®z��I&'t
"®z
"!$#�� H ��I&'�(�!$#a#�
"!&KL�a� ��® H #�
²�&
q�¶(£�	â$!@(�®QK � I�

H ��I&�a�;KL® H �LKz�@
"�a�¨
q#;�«( '�(�KL�@�&
 �e(�!&KL®n(�#�
"I&��� Út¤F!z
,3�
"#���� 
 �a�&
"�;!&K¨
"��� H 
"I&'t
"!�#e�«
9
��S� (��LK¨��
"�a�;I&�F�¨

�;#Æâ$�¨
ª
"#²�¨
 �q#�����·�
 � � I�
£�¨
 H 
"������!&!@(�ït
��&��KL#²��� (��LK¨��
"�<�«(�!��²��
£����I��"K¨
"�<�&
 �q�¨��K¨�<�&
£�¶( H ·$âS�;K � I�
� I&K?�&��KL't
"!$#º$"#;��
ª��
 � H 
 �"#�� 
 � Ú	©�(�!��<� 
ª� (����S�¨
 �q®z�"#;·��$�&
 �²J@(��«� 
 �²�;I&�²I&!�®z�$�&¸"�¨
ª®z� � (�!&K � I�

�&
�� � I�
"�¨
"#;#�
�
"#²KL!��"�LI@(�!�#çI&! H ���S� 
 ���;I��²����� H #;KL®QK¨�«(�#;K¨��! H 
"I&'t
"!$#!
���I&�;!&KL�<�&
 �²��� �;I&�L#«(�#��<KL!$#��´¥
��
 ���«(�!$#�� Ú

­ 
 H 
"!���(�!�#���®%$"®z
q�;KS�¨
e#�
"® H �-�&
q� (��¨�"I&�S!r��
 �;# H (�� H �;KL®z�����	K¶(������ � KL��â�(1I&!�ï��«(�!��%!���®�J&��

�&
 H 
"������!&!@(�ït
 ��þ�(�!&KL®z
"���ß�&
 �%#�
 ��·&!&K � I�
 �%®z��KL!���� �"½&#�
"I���
 �+�&��KL't
"!�#¢$"#;��
n
"!�'SK¨�«(�ït� 
 � Úc¤F!

,3�
"#��$�;K��¶(�J@(��«
1�&
£�&��!&!�� 
 �^�&
ç®z��I&'t
"®z
"!�#��qI&#;KL�LK¨�«� 
£
 ��#^(�����
��ç't���LI&®QKL!�
"I���
��SKL�V
 ��# H �����;KLJ&�¨

�&
+��·�
"����·�
"�ªI&!¬ït
 �;#�
 � I&KZ� ���;��
 � H ��!�� (�I�®QK¨
"I	Ù¬þz�¶(n�;KL#;I@(�#;K¨��! 
"#ç����
,3�
 �"#;I�
"�ªI&!�
��;KL®�I&�¶(6¥
#;K¨��! ®z� � (�!&K � I�
+I&!&K � I�
"®z
"!�#��¨�������&
 � H ·@(���
 �ª�&
+#;�«(�!��;KL#;K¨��!ñ¶<�V¢ ­  F×�� · ��I �;I&�£I&!�®z�S�&¸"�¨

�;KL® H �LKz�@�ª¶� 4 �yª×�� · Ú � (\�&
"I	Ù	K¨¸"®z
Q�����LI&#;K¨��!Ì��
"®%J&�¨
��¶( H �LI��ªKL!$#��"��
 ���«(�!�#�
n� (��ª����
 ��#�� 
"�L�¨
 � I&K
!�� � 
 ���;KL#�
��¨
ª®z��KL!��1�&
�� ( H #;I&��
 �1�&
�®z��I&'t
"®z
"!�#���������
 �;#1�&��!����¶(+®z��KL!��ç��!��"��
"I���
�Ú

¢�$"®z
ª�;K��¨
 �^#�
"® H �²�&
£� (��¨�"I&�¨�²����!�#qJ&K¨
"!�KL!�
��"�;K¨
"I&���<þ%� 
"I	Ùn!�� � 
 �«�«(�KL��
 �<þ��8��� H #;KL®QK¨�¿(�#;K¨��!
��� I&!z�;â	�;#�¸"®z
q®z� � (�!&K � I�
��t� 
 �F#�
 ��·&!&K � I�
 �F!�
²����!$# H (��FI&#;KL�LK¨�«(�J&�¨
 �e��(�!��a�&
 �a
"!�'SKL����!&!�
"®z
"!�#��
#�
"® H �A¥8��� 
"�V���z�8� I&#;KL�LK¨�«(�#�
"I&� H 
"I&#aKL!$#�
"�;'t
"!&KL�qþª�«·@( � I�
1KL!��;#«(�!�# H ��I&�a®z�S�	Kz�@
"�a�¨
 �/� ��!�#;�«(�KL!�#�
 �
�&
��8��
"!$'$KL����!&!�
"®z
"!$# Úq©ª(�!��ÿ�¨
��&��®n(�KL!�
¬�&
 ���;
"I	ÙÐKL!�#�
"�«(��"#;Kz
����a�¨
 H 
"���«��!&!@(�ït
X�;âS!�#;·��"#;K � I�

�&��KL#�� H (��e
´Ù&
"® H �¨
���$"#;��
<� ( H (�J&�¨
ç��� KL!�#�
"�«(�ï�KL�q( 't
 �<I&!ÿ��J��A
"# � I&K�
 �;#a�LI&K ¥8®%$"®z
 H KL�¨��#��²KL!��	KL��
 �´¥
#�
"®z
"!�# H (��£I&! I&#;KL�LK¨�«(�#�
"I&� Ú � 
 �£ï��«( H ·�
 ���&
+®z��I&'t
"®z
"!�#�� H 
"I&'t
"!�#ª��� H ��!��	��
�þÿ� 
+#¦â H 
+�&

H ����J&�¨�"®n(�#;K � I�
ç
"! H ��� �«
"�;'�(�!$#/� ��® H �¨¸"#�
"®z
"!�#^�¨
<�;#Æâ$�¨
<KL!&KL#;K¶(���� ��!�#�
"!$I\��(�!��e�¨
 �F®z��I&'t
"®z
"!�#��
� ( H #;I&��� � Ú ­ 
 H 
"!���(�!$#��S� 
"#;#�
1®z�"#;·��$�&
1!�� � 
 ���;KL#�
1I&!�
<ï��«(�!��&
<J@(��«
1�&
<�&��!&!�� 
 � � I&KV
"!&ït
"!��	��

I&!Ó� �"½&#+�&
 H ���S�	I��"#;K¨��!Ó
"#�I&!|'t���LI&®z
n�&
ÿ�;#��S��è�(�ït
zKL® H ���;#«(�!�#�� Ú ú �8��� H&H �������c�¨
 ��®z�S�&¸"�¨
 �
�&
 ���"�;K H #;Kz
��z��
�� ��!$#�
"!�#�
"!�#��&
�#;��¸ � H 
"Iw�&
��&��!&!�� 
 �z�¨�����z�&
��8��(�!&KL®n(�#;K¨��!w#�
"® H �n��� 
"�²®n(�K¨�
��
 � I&K¨¸"��
"!�#Q�&
 �+(�!@(��Lâ	��
 �+� H � �"Kz� � I�
 � H ��I&�+��·@( � I�
\®z��I&'t
"®z
"!�# Úa�$K^��!�����I&·@(�KL#�
 H ��� ��
"�;'t
"�
I&!n�;#Æâ$�¨
 H (��;#;K¨�"I&�LK¨
"�^��(�!��e�¨
²ït
 �;#�
���KL�@
 ��#a!�� � 
 ���«(�KL��
ç��� I&#;KL�LK¨��
"�e�&
 �a#�
 �«·&!&K � I�
 �^�&
<#Æâ H 
<  ­ � Ú­ 
 H 
"!���(�!�#��ß�¨
 �%'�(��;K¶(�J&�¨
 � � I&K/����!$#%K¨����I�
 �%�&
n� 
 �+(�!@(��LâS�«
 ��!�
n�«��!�# H (��%KL!�#;I&KL#;KL't
 ���Z� 
 � I&K
��
"!����¨
�� ��!$#;�=���¨
%�	I�®z��I&'t
"®z
"!$#ç#;��¸ �<�	Kz®n�"KL�¨
�Ú

� � I&#;KL�LK¨�¿(�#;K¨��!��&
z� ��!$#;�«(�KL!�#�
 ��� H (�#;K¨��¥8#�
"® H ����
"�L�¨
 � H 
"�;®z
"#�(�I|� ��!�#;�«(�KL��
ÿI&!|� ��!�#;�=���¨
ÿKL!	¥
#;I&KL#;Kz
£�	I ®z��I&'t
"®z
"!$# Ú � ��I��Q( 't��!���'$I � I�
n�¨
 H �;KL!��"K H (�� H ����J&�¨¸"®z
�
 �;#z(��¨�������&
\��� ����I��	��


,®n� (�� 
"®z
"!�#+� 
 ��� ��!�#;�«(�KL!$#�
 �Q(�I	Ù¬#�
"® H ��KL® H ����� ��
"#�
"!���I&KL#�
z����(����;I&��
"���¶(�� ��!$#;KL!�I&KL#���Ú � 
 �
� (��;#�
 �£�&
%�&� H �¶(�� 
"®z
"!�#��«��!�#1®n(�KL!$#�
"!@(�!�#ª�¶(��;ït
"®z
"!�#ªI&#;KL�LK¨��� 
 � H ��I&�1��� H ��!��	��
+þn� 
�#¦â H 
%�&

H ����J&�¨¸"®z
n� (���
"�L�¨
 �%��3V��
"!$#%�&
 ��#�
"® H �%�&
Q� (��¨�"I&�eJ&K¨
"!ÌKL!�
u�"�;K¨
"I&����þ�� 
"I	Ù ��J&#�
"!$I���( 't
 �z�&
 �
#�
 ��·&!&K � I�
 �q����� H #;KL®QK¨�«(�#;K¨��!rÚ µ ��I&#�
,
���K¨���$� 
 �e#�
"® H �/�&
ç� (��¨�"I&������!$#/
"!�� ����
1ït�"!��"�«(��¨
"®z
"!�#q#;��� H
�"�¨
"'t� � H ��I&�ªI&#;KL�LK¨��
"��� 
 �ª#�
 ��·&!&K � I�
 ��
"!Ì
"!�'SKL����!&!�
"®z
"!�#�#�
"® H �A¥8��� 
"�8Ú ­ 
 �"Ka
 �;#���½Ì
"! H (��;#;K¨

(�I�
�(�KL# � I�
\� 
 �+#�
 ��·&!&K � I�
 ���«(�K¨����!&!�
"!�#Q�;I&�+I&!�ït
 �;#�
nï��¨��J@(��<(��¨����� � I�
ÿ�&
 �+®z�S�	Kz�@� (�#;K¨��!��
H 
"I&'t
"!�#º$"#;��
���
 � I&K¨��
 �1þ+!r� KL® H ���;#�
 � I�
"��KL!��;#«(�!�#����&
ª®n(�!&K¨¸"��
�KL® H ���"'SK¨�;KLJ&�¨
�Ú & !�
�(�I&#;��
��«(�K ¥
����!�� ��!�� 
"�;!�
%�¨
ª!���®%J&��
%��� KL#��"�«(�#;K¨��!��ç!�� � 
 ���«(�KL��
%
"#²�¨
�#�
"® H � H (�������þz��·@( � I�
�KL#��"�«(�#;K¨��!rÚ­ ��!�� 
"�;!@(�!$#£�¨
%!���®%J&��
+��� KL#��"�«(�#;K¨��!���� H ��I&�£�&
 �£( H&H �LK¨� (�#;K¨��!��ª�"�;KL#;K � I�
 �ç�	I H ��KL!$#ç�&
�'SI�

�	I+#�
"® H �Z�&
^� (��¨�"I&���6I&!�
^(��L#�
"�;!@(�#;KL't
²
 �;#Z�&
e��� �«��I��	��
e�¨
 H ����J&�¨¸"®z
²þ1�«·@( � I�
 H (��-�&
e#�
"® H �-
"!

8(�K¨�«(�!�#/'�(��;K¨
"�^�&
<®n(�!&K¨¸"��
1� ��!$#;KL!�I�
£�8� KL!�8�I�
"!�� 
ª�&
<��·@( � I�
£� ��!�#;�«(�KL!�#�
�Ú � (��^� ��!$#;��
����¨
1#�
"® H �



Þ ~���¼"��~ ���

H (������1þ���·@( � I�
<KL#��"�«(�#;K¨��!ÿ
 ��##
u���;#�
"®z
"!$#e�LK¨�1þ��¶(ª®z�"#;·��$�&
ç�&
<�"KL!��"®n(�#;K � I�
1KL!$'t
"����
<
"® H �¨� ât� 

H ��I&�1��� ����I��	��
��¨
 �<� ��!$#;�«(�KL!�#�
 � Ú � 
 H ����J&�¨¸"®z
 � I�
�� 
"#;#�
��"KL!��"®n(�#;K � I�
�KL!$'t
"����
%�&��KL#1��� ����I��	��

H ��� 'SK¨
"!�#^�	I¡
8(�KL# � I�
/�¨
 �e� ��!�#;�«(�KL!�#�
 �/����!�#Fït�"!��"�«(��¨
"®z
"!$#^
´Ù H �;KL®z� 
 �a��(�!��-�8��
 � H (�� 
 ­ (��;#�� ��K¨
"!
(��¨����� � I�
F�¨
F®z��I&'t
"®z
"!$#F
 �;#c
"!�� �S�&� H (��c�&
 �ß#;�«(��A
 �"#���KL��
 �-(��;#;K¨�"I&�¶(�KL��
 � Ú6�¦���«
"�«(�KL#ß� 
"�;#«(�KL!�
"®z
"!�#
H 
"�;#;KL!�
"!$#��&
Q#;����I&'t
"�%I&!�
Q��� H ��
 ��
"!�#«(�#;K¨��! � I&K H 
"�;®z
"#;#�
ÿ�&
Q�;KL® H �LKz�@
"��� 
"#;#�
Q��� �«���LI&#;K¨��!|�&

� ��!�#;�«(�KL!$#�
 � Ú$©ª
 H �LI�������K�� 
"#;#�
²��� �����LI&#;K¨��!n�"#«(�KL#e� ( H (�J&�¨
1�&
q��
 � H 
 �"#�
"�/�	KL��
 �"#�
"®z
"!�#e�¨
 �a�¨��K¨�a�&

�¶(z®z� � (�!&K � I�
��VI&! H �LI��£·@(�I&#ª!&KL't
 (�I �&
%��� (��LK¨��®z
 H ��I&�;�«(�KL#¿$"#;��
+(�#;#�
"KL!$#ª�¿(�!��ª( 't��KL�ª��
 � ��I&���
(�I	Ùÿ#�
 �«·&!&K � I�
 �²����� H #;KL®QK¨�«(�#;K¨��!��&
ª�;â	�;#�¸"®z
 �q�	âS!@(�®QK � I�
 � Ú(yç���	
"!��«(�K¨����!��&
 �/��
 �&��!���(�!�� 
 ���
KL�e
´Ù	K¨�;#�
�I&!�
QKL!���!&KL#��z�&
 H ���;#;I&��
 � � I&K H 
"�;®z
"#;#�
"!�#+�&
���� ����I��	��
n�&
 ��� ��!$#;�«(�KL!�#�
 ��KL® H ���«� 
 �
��(�!��\�8��
 � H (�� 
 ­ (��;#�� �;K¨
"!rÚq�¦�ª
 �;#��&��!��XKL® H �����;KLJ&�¨
¬�&
¬��� ����I��	��
�� 
 H ����J&�¨¸"®z
 �&
�®n(�!&K¨¸"��

(�!@(��Lâ$#;K � I�
��;Kr��!���·�
"����·�
+þ�ït�"��
"�<�¨
�� ��� H �1·�I&®n(�KL!X��(�!��ç����!�
"!���
"®%J&�¨
�Ú
yçI&#;KL�¨� ­ �"½&#  ß'�(�!$#«(�ït
 � � KL®QKL#«(�#;K¨��!��
  H&H ���S��·�
 � H ���$� � �	I	¥
�«(��¨
 � O(n) � �"½&#1�&
�� (��¨�"I&�7
8(�KLJ&�¨
 H (�� ����
,3?
"# �	âS!@(6¥

®QK � I�
�(�I&#���®n(�#;K � I�
­ ���;��
 �"#;K¨��!����"KL!��"®n(6¥
#;K � I�
 � O(n3) (����;I&��
+�&
 � H ���«
 �1��� (6¥

�LK¨�;#�
 �
H (�� ����
,3�
"# �	â$!@(6¥
®QK � I�
 (�I&#���®n(�#;K � I�
��
� ��·��"��
"!�� 
 
"!�#;��

®z�S�	I&�¨
 �­ ��!$#;�«(�KL!�#�
 � �	âS!@(6¥

®QK � I�
 � O(n) 
"® H $ �«·�
 �&
 � 
,
l¥

�
"#�� �	âS!@(�®QK � I�
 �
!���!	¥8��� (��LK¨�;#�
 �


,3�
"#�� �	âS!@(�®QK � I�
 �
�&� �;KL��� ��� KL® H �LK � I�

�&
 �Ð� ��!$#;�«(�KL!�#�
 � � H �´¥
�"Kz� � I�
 ��� � ��·��"��
"!�� 


"!$#;��
�®z�$�	I&�¨
 �­ ��!$#;�«(�KL!�#�
 � � H (�#;K¨��¥

#�
"® H ����
"�L�¨
 � O((n)2) KL!�#�
"� H ���¶(�#;K¨��! �	â$!@(6¥
®QK � I�


ï��«(�!���� �"½&#ç�&
�� (��¨�"I&�
�$KL®�I&�¶(�#;K¨��! O(n3) � ���;��
 �"# H ��I&�Ì�&
 �Ì
,
l¥


�
"#��Q�	â$!@(�®QK � I�
 ���Fït�´¥
!��"�«(�#;K¨��!��&
Q� �$�&
n(�I	¥
#���®n(�#;K � I�


� �"½&#Â�&
�� (��¨�"I&���Ó� (6¥
�LKLJ&�«(�#;K¨��! �&
 � H (��«(6¥
®z¸"#;��
 �

� �	KL#;K¨��! �&
 ®z��I&'t
´¥
®z
"!$#�� O(n) � �"½&#Ä
�(�KLJ&�¨
��Í#;�«(��;
 �´¥

#���KL��
���� (��LK¨��#�

� ��!$#;�=���¨
 KL!$#�
"�«(��"#;Kz

�	Kz®n�"KL�¨
��ÿ't���LI&®z
4�&
 �
�&��!&!�� 
 �

� ÷ßå\ø��	Ú�� Ê ­ ��® H (��«(�K¨����!��&
 �<�	Kz3��"��
"!�#��ç®z�"#;·��S�&
 �<����(�!@(��LâS�«
�
"#1�&
��;âS!�#;·�¸ ��
�Ú
¤F!�� ��® H (��«(�K¨����!�(�I	Ù�#�
 �«·&!&K � I�
 � H ���S� � �	I&�«(��¨
 �/
"#^�"KL!��"®n(�#;K � I�
 �����¨
 �e#�
 ��·&!&K � I�
 �^�&
1®z��¥

�	Kz�@� (�#;K¨��!|�&
+®z��I&'t
"®z
"!�#%��3?��
"!�#��8��( '�(�!$#«(�ït
z��� I&#;KL�LK¨��
"�ªKL!�#;�;KL!��«¸ � I�
"®z
"!$#��&
 �£®z��I&'t
"®z
"!�#��
��� (��LK¨�;#�
 ���Sï������ 
�þ%�¶(�� ( H #;I&��
��&
£®z��I&'t
"®z
"!$#�� H ��I&�<(�!&KL®z
"�²�&
 �q·�I&®n(�KL!��<'$KL�;#;I�
"�¨� Ú	©ª
 H �LI����
� 
 �^#�
 ��·&!&K � I�
 �É
u��I&�;!&K¨���«
"!�#²(�I	Ù\(�!&KL®n(�#�
"I&���²�&
 �q��I&#;KL�¨� � I&K?����!�#q� ��® H (�#;KLJ&�¨
 �<( 't
 �£�¨
 �^I&#;KL�LK ¥
�«(�#;K¨��!��<·@(�J&KL#;I�
"�L�¨
 �£�&
 �<#;�«(��;
 �"#���KL��
 � H (�� H ����KL#;K¨��!��1�"�¨� � Ú�¢ (�K¨�1��� I&!¬(�I&#;��
%�m��#������¨
���� (��LK¨�;®z

KL!�#;�;KL!���¸ � I�
Q�&
 �ª#;�«(��;
 �"#���KL��
 ��� ( H #;I&��� 
 � H 
"I&#¿$"#;��
 H 
"���	I H (����&
 �ª®z�S�	Kz�@� (�#;K¨��!���
´Ù	#;�=$"®z
 � Ú
¤F!�
,3�
"#��	�¨
 �²®z�$�	Kz�@� (�#;K¨��!��ç( H&H �LK � I�� 
 �£(�I	Ùÿ#;�«(��;
 �"#���KL��
 �<!r��(����;I&��
"!$# H (��²�¶( H ��� ��
"�;'�(�#;K¨��!��&

�¶(n�	âS!@(�®QK � I�
��&
 �ç®z��I&'t
"®z
"!�#��ª·$I&®n(�KL!�� Ú � � I&#;KL�LK¨�«(�#;K¨��! � ��I H �¨� 
+�&
%�8��(���( H #«(�#;K¨��!Ì( 't
 �+�&
 �



��Ø ö+í?÷Zø�l-á Ý6mß÷ßù�÷on&æt÷Sæ�äOìßí Ý&æ áLlZíræ0pQq�á ÝÓùcÝ|ëçìßôsrßÝ�ëçÝ�í�æ�á\ùutvprôßë<÷ßírì6w8ùcÝ�á
� ��!&!@(�K¨���«(�!�� 
 �ç�;I&�q�¨
 �²®z��I&'t
"®z
"!�#��ç·�I&®n(�KL!��ç
"#1( 't
 ���&
 �²� ��!$#;�«(�KL!�#�
 �£�	â$!@(�®QK � I�
 � H 
"�;®z
"#
�&
���� �«��I��	��
%�¨
 � H ����J&�¨¸"®z
 �ª�	IX#¦â H 
�KL!�#�
"� H �"!��"#;�«(�#;K¨��! �	I H K¨
 ����(�!��1�¨
������ß��I�ï��LK¨����
"®z
"!$#�� Ú
 çKL!��;K��Vï������ 
zþÿ�&
 �ª®z�"#;·��S�&
 ������(�!@(��Lâ	��
Q�	I ®z��I&'t
"®z
"!�#�þ H (��;#;KL���&
�J@(���
��&
��&��!&!�� 
 �����&

!���®%J&��
"I��«
 �zI&#;KL�LK¨�«(�#;K¨��!��ÿ�&��!&!�
"!�#n�LK¨
"Iiþ �	Kz3��"��
"!�#�
 �\( H&H �LK¨� (�#;K¨��!��n�	KL��
 �"#�
 �ÿ��IÐKL!��	KL��
 �"#�
 � Ú� (��ª
´Ù&
"® H �¨
�� H �LI��;K¨
"I&����(�I&#�
"I&����¶ � �aõ + ��{ � õ � µ ×�× · ��!$# H ��� H �����+�&
+��
"#;����I&'t
"�£�¶( H ���;KL#;K¨��!
�	IÓ� 
"!$#;��
��&
n����#«(�#;K¨��! ��� I&!�
\(��;#;K¨�"I&�¶(�#;K¨��!wþ H (��;#;KL�+��� I&!�®n(�� � I�
"I&���-��(�!����¨
z��
 H ¸"��
n�¨�S� (��
�	I �«
"ï�®z
"!�#\(�I � I�
"�1KL�£
 �;#z�«(�#;#«(��«·���Ú ­ 
X#¦â H 
��&
X®z�"#;·��$�&
�
 �;#ÿ( H&H �LK¨� (�J&�¨
 ( 't
 �¬�&
 �n�;â	�A¥
#�¸"®z
 ��J@(���� �%�;I&���&
 �%�&��!&!�� 
 �+�&
Q®n(�� � I�
"I&����®n(�ï�!��"#;K � I�
 � ¶ y õqõ.
 ×�×���¸�y4 F×�� · �c� H #;K � I�
 �
¶ � �aõ + ��{ ���w-�×�
 · ��I H I&��
"®z
"!�#ç'$K¨�&� ��¶ õ ¢ � ×�� · Úõ K¨
"! � I�
q�¶( � I@(��LKL#��²�&
 �/(�!&KL®n(�#;K¨��!�� H ���S�	I&KL#�
 � H (��e�¨
 �F#�
 ��·&!&K � I�
 � H ���S� � �	I&�«(��¨
 �e�&� H 
"!��
�&
 �<®z�S�&¸"�¨
 ���@�¶( � I@(��LKL#��%�&
 �1�«� � I�
"!�� 
 �1��� �;I&�L#«(�!�#�
 �ª�&� H 
"!��X�&
��8��( H #;KL#;I��&
+�&
 �<I&#;KL�LK¨�¿(�#�
"I&��� Ú� ��I&�n�¨
 �Q#�
 �«·&!&K � I�
 �ÿ�&
à���� 
¢
���Ã¾u¬���»�¢��®­��-KL�<!r��
´Ù	K¨�;#�
 H (��z�&
�� ��!$#;�=���¨
 � I&K1(����;I&��
 � I�
��¶(
��� � I�
"!�� 
ª��� �;I&�L#«(�!�#�
�
 �;#²� 
"�L�¨
��&� �;KL��� 
�Ú � (��1� ��!���� � I�
"!�#��&�8� I&#;KL�LK¨�¿(�#�
"I&�1��� I&!�#�
"�r�;â	�;#�¸"®z
��&��KL#
®z�S�	Kz�@
"�1�¨
 � H (��«(�®z¸"#;��
 �£�&
 �<#;�«(��;
 �"#���KL��
 ����� ��®Q®z
%�¨
 � H ��!��&�"�«(�#;K¨��!��£�&
 ��
���!��"#;K¨��!��1��� KL!$#�
"�A¥
H ���¶(�#;K¨��!��@(���!X������J&#�
"!&KL�1�¨
ª®z��I&'t
"®z
"!$#£�&� ��KL����Ú� 
 µ (�J&�¨
 (�I �	Ú�� ��� �;I&®z
X�¨
 � H �;KL!��"K H (�I	Ùy( '�(�!$#«(�ït
 ��
"#n�¨
 �z�LKL®QKL#«(�#;K¨��!����&
 �ÿ�	Kz3?�"��
"!$#�
 �
®z�"#;·��S�&
 � Ú � 
 �£� �"½&#��£�&
%� (��¨�"I&�-����!�#£
,3?
 �"#;I�� �ª
"!:
���!��"#;K¨��!��&
 n ���¨
%!���®%J&��
��&
%�&
"ï���� �£�&

�LKLJ?
"�;#���Úß�$Ka�8����! H ��
"!��Ó
"!|� ��® H #�
z�¨
 ��� ��!$#;�«(�KL!�#�
 �+#�
"�L�¨
 � � I�
Q�¨
z� ��!$#«(��"# H K¨
 �S¥¦�������rI&!|� �"½&#
(��&�	KL#;K¨��!&!�
"�r
"! O(n3) 
 ��#^ït�"!��"��� H (��q�8��(��Lït���;KL#;·&®z
��&
ª�"KL!��"®n(�#;K � I�
£KL!$'t
"����
ª��
 � I&K¨� Ú � ��I&�²�¶(
�¨�S� ��®z��#;K¨��!\·$I&®n(�KL!�
��S�¶(�®n(�!&K¨¸"��
ª�&��!�#²�"'t���LI�
"!�#q�¨
 �/#;�«(��A
 �"#���KL��
 �²(�!&ï�I&�¶(�KL��
 ���	�&� H 
"!���(�!�#²�&

H (��«(�®z¸"#;��
 �<·@(�I&#²!&KL't
 (�I1)u� ��®Q®z
��¶(+'$KL#�
 ���«
��$�¶(+�¨��!&ï�I�
"I&�ç�&
 � H (��²��I��¨
"I&�.
O��� � I�
"!�� 
�+,���&��KL#
$"#;��
n�&� �"�;KL#�
�( H �;K¨���;K8Ú ­ ��
 �;# H ��I&� � I���K��c�8��(�!&KL®n(�#�
"I&�Q�&��KL#%ït�"!��"�«(��¨
"®z
"!�#Q�"��� 
"�+
"!�#;K¨¸"��
"®z
"!�#
I&!n!���I&'t
 (�Iÿ®z�$�&¸"�¨
 H ��I&�eI&!n!���I&'t
 (�In®z��I&'t
"®z
"!$# Ú � ��I&�/�8��� �	KL#;K¨��!\�&
²®z��I&'t
"®z
"!$#��S�¨
<� �"½&#
�&
�� (��¨�"I&�c
 ��#<
"! O(n) � (��<��·@( � I�
�(��;#;K¨�"I&�¶(�#;K¨��!¬
 �;#<� (��¨�"I&�¨� 
���� H (����"®z
"!$# Ú

� ��(�!@(��Lâ	��
�
"#��¶(¬�;â$!$#;·�¸ ��
��&
n®z��I&'t
"®z
"!$#��n��� ·$I&®n(�KL!��Q'$KL�;#;I�
"�¨�+��� H ��!��&
"!�#ÿþ��&
 ��� ��!	¥
#;�«(�KL!&#�
 �+#;��¸ ���	Kz3��"��
"!�#�
 ��
"!�
u��!��"#;K¨��! �	I|#Æâ H 
n����( H&H �LK¨� (�#;K¨��!Ð'SK¨��� 
�Úß¢¬(�K¨�%KL�9
8(�I&#%#���I"�;��I&���

8(�KL��
<I&!ÿ� ��® H ����®QK¨�q
"!$#;��
ç�8� KL!$#�
"�«(��"#;KL'$KL#���)�$"#;��
ç
"!n#�
"® H �A¥8��� 
"����In!���! H (��/
´Ù&
"® H �¨
�+,���¨
ç��� (6¥
�LK¨�;®z
�)u� ��(�#;#«(���·�
"�²þ£I&!z®z��I&'t
"®z
"!�# H ·�â	�;K � I�
"®z
"!�#/��� (��LK¨�;#�
<��IzJ&K¨
"!\��J&#�
"!&KL�eI&!z®z��I&'t
"®z
"!$#
'SK¨�;I�
"�L�¨
"®z
"!�#a'�(��LK¨�&
 H (��F
´Ù	
"® H �¨
�+Z
"#F�¶(çït�"!��"�;K¨�"KL#���)O#;�«( '�(�KL�L�¨
"�e�;I&�-I&!�
²�"�¶(����«
/�&
q®z��I&'t
"®z
"!$#
� H � �"Kz� � I�
q��I�J&K¨
"!Q�;I&�ZI&!+®z��I&'t
"®z
"!$# � I�
"�¨� ��! � I�
²��� ·$I&®n(�!��"�8�&
 H (��F
´Ù	
"® H �¨
�+´Ú�©�(�!��-� 
"#;#�

#;·�¸ ��
��@!���I�� H ��� �«
"!�#���!��£I&!�
�( H&H ���S��·�
��&
%��â$!$#;·�¸ ��
%
"#ª����(�!@(��LâS�«
%�&
�®z��I&'t
"®z
"!�#����&
��¨�S� ��¥
®z��#;K¨��! � I&KF����!�# H ���S�	I&KL#����"KL!��"®n(�#;K � I�
"®z
"!�#��ß'�(��LK¨�&� � H ·$âS��K � I�
"®z
"!$#�� H I&K¨�����"I&#;KL�LK¨��� � H ��I&�
�¶( H ���S�	I��"#;K¨��!��&
�!���I&'t
 (�I	Ù�®z��I&'t
"®z
"!$#�� Ú � ��I��²!���I��ç����®Q®z
 ���@þ��8��(�!@(��Lâ	��
��&
%� 
"#1�"#«(�#1�&

�8��(��;#ª
"#ª(�I¬��
"ï�(���� �&
%!����£��J��A
 �"#;Kz
����V� ��!�� 
"!�#;���Q
"! H ��
"®QK¨
"�ç�LK¨
"I �;I&�çI&!�
%®z�"#;·��S�&
�����(���( H ¥
#«(�#;K¨��!iJ@(��«� 
��;I&�n�&
 �nKL!�#�
"� H ���¶(�#;K¨��!��ÿ��(�!��nI&!�
�J@(���
��&��!&!�� 
 �ÿ�&
�®z��I&'t
"®z
"!�#��5)u�«·@( H KL#;��


�+´Ú ­ 
"#;#�
ª®z�"#;·��$�&
£!�
£#�
"!@(�!�# H (��^� ��® H #�
��&
 � H ��� H �;K¨�"#�� � H ·�â	�;K � I�
 �²�	I�®z��I&'t
"®z
"!$#��&!���I��
!���I��²����®Q®z
 �²
"!��;I&KL#�
ªKL!$#��"��
 ����� �<þ��8��(�!@(��Lâ	��
��	I���
 � H 
 �"#²�&
 �q�¨��K¨�²�&
£�¶(+�	â$!@(�®QK � I�
���(�!��²�&

#�
"�¨�²®z��I&'t
"®z
"!$#�����(�KL!��;K � Ir��þ+�8���"#;I��&
��&
��8� KL!�8�I�
"!�� 
%�&
��8��(���( H #«(�#;K¨��!��;I&�q�¨
"I&���ç�	â$!@(�®QK � I�
 �
)u��·@( H KL#;��
��v+´Ú � I&K¨�+!���I�����
 H ���$�	I&K¨����!���I&!�®z��I&'t
"®z
"!�# H ·$âS�;K � I�
"®z
"!�#Q��� (��LK¨��#�
ÿ�&� �"�;KL# H (��
�8���"'t���LI&#;K¨��!ÿ�&
 �e#�������
"I&���e(�In� ��I&���/�	Iz#�
"® H �6)u�«·@( H KL#;��
ç��+´Ú ­ 
 �a#;����K¨� H (��;#;K¨
 ����KL!��&� H 
"!���(�!�#�
 �
®n(�K¨�+� ��® H �¨�"®z
"!�#«(�KL��
 ���-����!$# H ��� ��
"!$#�� 
 � H (����¶(��&
 ���"�;K H #;K¨��! �&
 ��#;����K¨��(�� H 
 �"#��¿
���!���(�®z
"!	¥
#«(�I	Ù � I&KF��
 �«�����;#�
"!�#+�&
Q� 
"#%�"#«(�#%�&
Q�8��(��;#n�r�¶(\®z�$�&�"�LK¨�«(�#;K¨��!��&
Q�8� ·�I&®n(�KL!��c�¶(�®z�S�&�"�LK¨�«(�#;K¨��!
�	I�®z��I&'t
"®z
"!$#ç
"#<�¨
 �²®z�"#;·��S�&
 �1�&
�� (��¨�"I&�¨�£( H&H �LK � I�� 
 �ç�;I&�<� 
 �²®z�S�&�"�LK¨�«(�#;K¨��!�� Ú



Î ÏÑÐÓÒÕÔ�Ö�×¢Ø á

Y HÅAâ] M�A M�OGÃ Â Æ O Â ÛSL ANM�ONãÄ´IF
HÅO#L F Â J5OGÃ ÂÅÂ FKD#DGF

 çI	Ù�'SI��£�&
+!�������J��;
 �"#;Kz
u��
"#��&
+�8��(�!@(��Lâ	��
��&
+� 
"#��"#«(�#��&
+�8��(��;#��?!���I���� ��!�� 
"!�#;����!���!����
H ��
"®QK¨
"����#;�«( '�(�I	Ù��;I&�+I&!�
ÿ®z�"#;·��$�&
�����(���( H #«(�#;K¨��!ÐJ@(���� 
��;I&�+�&
 ��KL!$#�
"� H ���¶(�#;K¨��!��n�"KL!��"®n(6¥
#;K � I�
 �ç��(�!��<I&!�
%J@(���
��&
��&��!&!�� 
 �£�&
�®z��I&'t
"®z
"!�#���)O't��KL�4 ßKLï�I&��
 x Ú�
�+´Ú�¤F!¬
,3?
"#��&!���#;��
 H ��
´¥
®QK¨
"����J��;
 �"#;Kz
<
 �;#%�&
z�"��� 
"��I&!Ì®z��I&'t
"®z
"!�#�����I��%� ��!$#;�«(�KL!�#�
 ���Z
"#%��(�!��%�¶(�®z
 �;I&��
z���|!���I��
!���I���
u�S� (��LK¨����!��^�;I&�eI&!��;#¦âS�¨
£�&
1®z��I&'t
"®z
"!$#��t�¶(%�¨�$� ��®z��#;K¨��!��S�8� I&#;KL�LK¨�«(�#;K¨��!���� I&!�
£� ���L�¨
 �"#;K¨��!
�&
z�&��!&!�� 
 ����� 
"�L�¨
 �%��
"®%J&�¨
`$"#;��
��¶(�®z�"#;·��$�&
ÿ( H&H ��� H �;K¨� 
�Úc¤F�L�¨
Q!���I�� H 
"�;®z
"#%
,3�
 �"#;KL't
"®z
"!�#
�&
+#;�«( '�(�KL�L�¨
"�ª��I&�ª�&
�!���®%J&��
"I��«
 �ª'�(��;K¶(�#;K¨��!������ I&! ®z��I&'t
"®z
"!�#��&
%�¨�S� ��®z��#;K¨��!rÚ�©ª��!�� H ��I&�
(���( H #�
"�ªI&!�
��¨�S� ��®z��#;K¨��! �&
%���,
��"��
"!�� 
��V#���I&#�
%�¶(\�	Kz®n�"I&�L#��+��� �;K¨�&
+��(�!��£�¶( H �;K¨��
+
"! � ��® H #�

�&
 �1� ��!$#;�«(�KL!�#�
 �ª
"#1�&
��¨
"I&���çKL!�8�I�
"!�� 
 �ç��I&�²�¨
�®z��I&'t
"®z
"!�#�þ+�¶(¢
���K¨�1(�I�!&KL't
 (�I¬�&
��8��(�!@(��Lâ	��


"#1�&
ª�¶(Q�;âS!�#;·�¸ �«
�Ú� � K¨�&� 
Q®n(��¨#;��
 �«��
Q(ÿ�"#��+K¨�"Ka�&
���� H (���
"���¨
 �£KL!�#�
"� H ���¶(�#;K¨��!��%��I&KL'�(�!$#��¨
 � H (��«(�®z¸"#;��
 ���"KL!��´¥
®n(�#;K � I�
 ��KL!�8�I�
"!�#����&
 �+�	Kz3?�"��
"!$#��+(6Ù&
 ��(�!@(�#���®QK � I�
 � Ú ­ 
 ��(6Ù&
 ���«��!�#%�¨
 �+(6Ù	
 ���&�,��!&K¨���«(�!$#
�¨
 ��#;����K¨� H �¶(�!������;#;·���ït��!@(�I	ÙÌ�"�¶(����;K � I�
 ��
"! J&K¨��®z� � (�!&K � I�
���
O����!$#«(������«(�ï�KL#«(��a
"#�·����;K�� ��!�#«(��8Ú� (% ZKLï�I&��
%
	Ú x ®z��!�#;��
�I&!�
�'$K¨��K¨��!�ï��¨��J@(��¨
%�	I�®z�S�	I&�¨
�����(���( H #«(�#;K¨��!rÚ � 
 H �;KL!��"K H 
�
"!¬
 �;#²�¨

�;I&KL'�(�!�# Ú � ��I���( 't��!��£
"! H ��
"®QK¨
"�ª�LK¨
"I 
,3?
 �"#;I����&
 �£� ( H #;I&��
 ���&
%®z��I&'t
"®z
"!$#����;I&KL'�(�!�# H �LI	¥
�;K¨
"I&���£�"�;KL#�¸"��
 �1�¨�S� ��®z��#�
"I&����)O#�
"�¨� � I�
��¶(z�¨��!&ï�I�
"I&�£�&
 H (��£+,��!���I��£��J&#�
"!���!���(�KL!��;KcI&!�
%J@(���

�&
ç�&��!&!�� 
 �^���;ï�(�!&K¨��� 
£�&��!�#^!���I��q
´ÙS#;�«( ât��!��/�¨
 �eKL!�
u���;®n(�#;K¨��!�� H 
"�;#;KL!�
"!�#�
 �²�&
1�¶(��¨�S� ��®z��#;K¨��!

"#��¨
 �+�&��!&!�� 
 �Q�&
 H �������¨�+�&
n'$KL#�
 �«��
�Ú ­ 
 � H �������¨���&
n'SKL#�
 ����
ÿ��
"����!�#+I&#;KL�LK¨��� � H ��I&��#�
"® H ��¥
�«(��LK¨��
"�ª�¨
%®z��I&'t
"®z
"!$#�KL!�#�
"� H ���¨��Ú � � I&#;KL�LK¨�«(�#;K¨��! �&
+�&��!&!�� 
 ��(�!@(�#���®QK � I�
 ���?����
"® H ��
"KL!$#�
 �%(�I
�����<
"#z��� I&!�
 H ���;#;I&��
��&
\���,
u�"��
"!�� 
1) H ���;#;I&��
 H �;K¨��
 H (��Q�8� ·$I&®n(�!��"�8�&
�(�I ��
 H ���£++��
"�«( þ��¶(
J@(���
£�&
ç�¶(%®z�"#;·��S�&
£����(���( H #«(�#;K¨��!rÚ & !\®z�$�	I&�¨
ª�&
£�"KL!��"®n(�#;K � I�
£KL!�'t
"���«
£
"#²�&
 �^#;�«(�KL#�
"®z
"!�#��
�&
���
 � ��!��;#;�;I��"#;K¨��! ����!�#ç
"!��;I&KL#�
�( H&H �LK � I�� �1�;I&�²�¨
�®z��I&'t
"®z
"!�#�(���!��&
�� (��¨�"I&�¨
"�ç�8��(�!&KL®n(�#;K¨��!
��!@(��¨
�Ú

� ��I�� H ��� ��
"!�#���!����@��(�!��²� 
���·@( H KL#;��
���� 
"#;#�
£®z�"#;·��S�&
�����(���( H #«(�#;K¨��!��"KL!��"®n(�#;K � I�
��	KL®z
"!	¥
�;K¨��!&!�
"�L�¨
�Ú � ��I&�z� 
"�¶(��ß!���I�� H ��� �«
"!�#���!��z����(�J?������!���#;��
ÿ®z�S�&�"�LK¨�«(�#;K¨��!w�&
 ��®z��I&'t
"®z
"!$#��z�&

�¨�$� ��®z��#;K¨��! )u��
 �"#;K¨��!g
	Ú x + � I&Kª(Ìï�I&K¨�&� 
 � 
"�L�¨
¬�&
 �\·�I&®n(�!��"�8�&
 �a)u��
 �"#;K¨��!g
	Ú���+´Ú � I&K¨�\!���I��

´Ù H ������!����¨
n�m<ªI&���&
Q�¶(\®z�"#;·��S�&
n��� KL!$#�
"� H ���¶(�#;K¨��! 
"!|��
 �"#;K¨��!Ó
	Ú�
�
"#��¨
 � H ���;#A¥8#;�«(�KL#�
"®z
"!�#��
!�� � 
 ���«(�KL��
 � H ��I&�£� (��¨�"I&�¨
"�ª�¨
�®z��I&'t
"®z
"!$#��&�,��!&KL#;Kz
^
"! ��
 �"#;K¨��! 
	Ú ��Ú�¤F!���!��V�¨
 �ç��� �;I&�L#«(�#��ª��J	¥

�$Ö



� { ö�ù�÷on&æ�÷	æ�älìZí«Í?äOírê�ë<÷	æ?ä�äZôrÝ|ùßäuëçÝ�írá6älìZírírÝ@ø�ø�Ý

Profils de vitesse

Captures de locomotions

Mise à l’échelleDonnées anatomiques

Interpolations

− transversale

− frontale

− sagitale

Empreintes

Posture de référence

Temporalisation / Synchronisation

Post−traitementsButées articulaires

Mouvement adapté

Interpolation
cinématique

dimensionnelle

Base de données
de mouvements

°qälñ.øq
	Ú x Ê � (Ì®z�"#;·��S�&
�����(���( H #«(�#;K¨��! H ��� H ����� 
XI&#;KL�LK¨��
X�¨
 ���&��!&!�� 
 �\��� 
"�L�¨
 ���&
��¨�S� ��®z��¥
#;K¨��!���� ( H #;I&��� 
 ��
"#�� (��¨�"I&�¨
�I&!�
+�¨�S� ��®z��#;K¨��! H ����J@(�J&�¨
z(������S�"K¨� 
Qþÿ�	Kz3��"��
"!�#�� H (��«(�®z¸"#;��
 �%
"#
·�â H ��#;·�¸ ��
 �<�¨�S� ��®z��#�
"I&���¡)u�&�"#«(�KL�c�&
��¶(¢ ßKLï�I&��
 x Ú�
�+´Ú

#�
"!�I��ç����!�# H ��� ��
"!�#�� �ç
"#1�	K¨���"I&#�� �<
"!X�«
 �"#;K¨��!�
	Ú��	Ú

U�Ý¿G i ß�)�BF3«:�>@.q2V:=ß<0 )+*D3�. 3=ß�ü\ß1úµßq2�:�ß<0
� 
 �ÿ®n(�!&K H I&�¶(�#;K¨��!��\®n(�#;·��"®n(�#;K � I�
 �\!�� � 
 ���¿(�KL��
 �ÿ(�I	ÙÐ®z�"#;·��$�&
 �\��� KL!�#�
"� H ���¶(�#;K¨��! !���I��

KL® H ����
"!�#^�&
²®z�$�&�"�LK¨�«
"�a�¨
 �a®z��I&'t
"®z
"!$#�� Ú$¢ (�K¨�e( '�(�!$#^�����"#;I��	K¨
"�/�¶(ª��
 H ��� ��
"!�#«(�#;K¨��! � I�
²!���I��
( 't��!��ç��·���K¨�;K¨
��@!���I��²KL!��	K � I���!�� � I�
"� � I�
 � H ���"#;�«(�KL#�
"®z
"!$#��£KL!��	K¨� H 
"!��¿(�J&�¨
 � Ú
x Ú Ë l Xªe�X^o�n l ]mb�e"i�o�b�cYn l �&
 �q®n(�� � I�
"I&���²®n(�! � I@(�!�#�� Ú&¤a! H �LI��²�	I\#;�«(�KL#�
"®z
"!$# H �����;KLJ&�¨


®n(�K¨��� H #;K¨��!&!�
"�%( H&H �LK¨� (�J&�¨
 ït�"!��"�«(��¨
"®z
"!$# H (��\�¨
�
���I&�;!&K¨����
"I&���	Iy®n(�#��"�;K¨
"���&
¬� ( H ¥
#;I&��
Q�&
+®z��I&'t
"®z
"!$#��r!���I���
,3�
 �"#;I���!���I&!�
+��
 � ��!��;#;�;I��"#;K¨��!Ó(�I&#���®n(�#;K � I�
 H (���� H �LKL!�
 �
�&
 �^KL!$#�
"�;'�(��L�¨
 �<�&
ç®n(�� � I�
"I&���q®n(�! � I@(�!$#�� Ú � ��I��q�;I H&H �;KL®z��!��²�"ï�(��¨
"®z
"!$#²�¨
 �q�&��!&!�� 
 �
�����"'t
"!$#;I�
"�¨�<®n(�� � I�
"I&���É
�(�!$#=��®z
 � Ú ­ 
 �q®z�"#;·��S�&
 �²����!�#qKL!�� H KL��� 
 �²�&
 �q#;�«( '�(�I	Ù��&
£¢¬�´¥
!@(�����(�K¨�¡¶�¢��"!@×�
 · Ú

�	Ú Ë l X¢e�tvnue"cYX l b�U�b�cYn l �&
/�¶(ç�¨�S� ��®z��#;K¨��!rÚ� !��!Q�&
 H (��«(�®z�"#;��
"�e� ���;��
 �"#�
"®z
"!$#a�¨
 �F� (��¨�"I&�¨�
KL!$#�
"�;'t
"!@(�!�#£��(�!��q�¨
 �qKL!�#�
"� H ���¶(�#;K¨��!��<!���I��q��� ���;K¨
"!�#���!��1�¶(+�¨�$� ��®z��#;K¨��!���I&KL'�(�!$#²I&!�(6Ù&

H ��� �&�,��!&K��	I+��
 H ¸"��
^ï��¨��J@(����&
^�¶(ç�«� ¸"!�
£���¨
q��
"!��-�&
^�¶(ç�¨�$� ��®z��#;K¨��!��t�&�,��!&K&�;I&KL'�(�!�#F�8��(6Ù&

~x H ���;KL#;Kz
AÚ � ��I&�²� 
�
8(�KL��
��t!���I��q( 't��!��^#�
 �;#��1#;����K¨�e®z�"#;·��S�&
 �£�tI&!�
ç®z�"#;·��$�&
1�¨�$� (��¨
��$I&!�




{}| �R~=��� �£����� |�� �(�6�p�¡� | 	 | � | ��� |�� � �

®z�"#;·��S�&
\�¨�$� (��¨
\®z� ât
"!&!�
�
"#�I&!�
\®z�"#;·��S�&
�ï��¨��J@(��¨
�ÚZ©�(�!����¶(X®z�"#;·��$�&
\�¨�S� (��¨
\!���I��
� (��¨�"I&�¨��!���þÿ��·@( � I�
 H (��ª�&
�#�
"® H �����8��(�!&ï��¨
Q(�I �����-
"!�#;��
��8��(6Ù&
 ~x 
"#ª�¨
 H �����;
"#��Q(�I �����
�&
%�¶(n�	����KL#�
 H (����«(�!$# H (��ª�&
 �ç®n(�� � I�
"I&���ª� H&H ����� �1#�
"�¨� � I�
�� 
"I	ÙX�&
 �ç·@(�!���·�
 ����I¬�¨
 �
� H (�I&�¨
 � Ú ­ 
"#;#�
ª®z�"#;·��S�&
�(��8� KL!�#��"�=$"#1���¾$"#;��
�( H&H �LK¨� (�J&�¨
%�«(�!�� H ��� � (��¨�"I&����
"!�#�
"® H �²��� 
"���
®n(�K¨��
"�L�¨
 H 
"I&#�KL!��	I&KL��
\�&
 �%
"�;��
"I&���+�&
z#;�«(��;
 �"#���KL��
 � H ��I&���&
 �%®z��I&'t
"®z
"!�#��Qþ;
����;#�
 �
����#«(�#;K¨��!��+KL!$#�
"�;!�
�'�
´ÙS#�
"�;!�
��	I�#;����!���Ú-©������Ó�8� K¨�&� 
\�&
 H (��«��
"�+� 
 ��� (��¨�"I&�¨��
"! H ���"#;�«(�K ¥
#�
"®z
"!$#\
"#\����( H&H �LK � I�
"�\I&!&K � I�
"®z
"!�#��;I&�n�¨
X®z��I&'t
"®z
"!�#�I&!�
�®z� ât
"!&!�
 �&
 �z'�(��¨
"I&���
��J&#�
"!$I�
 � Ú � 
��«
"I&�ßKL!�� ��!$'t�"!&K¨
"!�#���
 �;#«(�!$#ª( H&H (��«(��¨#ª�¨�����£�&
%®z��I&'t
"®z
"!$#���� ��I&�;#��£�����¶(
®z� ât
"!&!�
�!r��
 �;# H (��1(��«��
����;KLï�!&Kz�@� (�#;KL't
�Ú � ��I��<( 't��!��ç�&��!��ªI&#;KL�LK¨����I&!�
�(�I&#;��
�®z�"#;·��S�&

���X!���I��<� (��¨�"I&�¨��!��1�8��(6Ù&
��&
��&�"'SK¶(�#;K¨��!�ï��¨��J@(��Z�&
��¶(��¨�S� ��®z��#;K¨��!�þ H (��;#;KL�ç�&
 � I�
"� � I�
 �
H ���;KL#;K¨��!��²�	I�®n(�� � I�
"I&�²�«(��"KL!�
��&
ª�8� ·�I&®n(�!��"�8�&
 )O't��KL�<��
 �"#;K¨��!�
	Ú x Ú x H ��I&�q�¶(+®z�"#;·��S�&

�&
 H ���;KL#;K¨��!&!�
"®z
"!�#£+%(�IÌ�&�"J&I&#�
"#%þ\�¶(`��! �	I ®z��I&'t
"®z
"!�# Ú � 
 ����� �;I&�L#«(�#��%( 't
 �z� 
"#;#�

®z�"#;·��S�&
Q®z��!$#;��
"!�#Qþ��¶(`
u��K¨��I&!�
Q®z
"KL�L�¨
"I&��
n�;#«(�J&KL�LKL#��ÿ�	I ®z��I&'t
"®z
"!�#�
"#�I&!�
QJ?��!&!�

H ��� �"K¨��K¨��!z�&
²�8��
 �;#;KL®n(�#;K¨��!n�&
q�8��(6Ù&
²�&
²�&�"'$K¶(�#;K¨��!n®%$"®z
 H ��I&�a�&
 �a®z��I&'t
"®z
"!�#��^� ��I&�;#�� Ú


	Ú Ë l X cpZ\X l b�cpgGo�U�b�cYn l Z\X^] o�~�o^WYX^] Ú ­ ��®Q®z
�!���I��1�8��( 't��!��£'$I¬��(�!��1�8���"#«(�#ª�&
��8��(��;#����¶(
�¨�S� ��®z��#;K¨��! 
 ��#QI&!w®z��I&'t
"®z
"!�#��"âS�"�LK � I�
�Ú � ��I��n(��L�¨��!��ÿ�&��!���#;�«( '�(�KL�L�¨
"�ÿ��(�!��n#���I&#�

�¶(|�;I&KL#�
X�&
�!���#;��
�#;�«( '�(�KL���;I&�ÿI&! ��
"I&�£�"âS�"�¨
��^
"!iï�(�����(�!$#�þ �8��
 � H �;KL# � I�
X�8����! H 
"I&#

"!��«·@(��¨!�
"� 
�(��"KL�¨
"®z
"!$#��¨
 �\�"â	�"�¨
 � H ��I&� H ���$�	I&KL��
¬I&!y®z��I&'t
"®z
"!�#�� ��!$#;KL!�Ig
"#\KL!���!&K8Ú­ 
"#;#�
 �"�"âS�"�LKz�@� (�#;K¨��!2�¬��
�J@(���
X�;I&�ÿ�¶( ��� H �"#;KL#;K¨��!y�	I H (����«(�ït
��&
 �n®n(�� � I�
"I&���ÿ�&
X�¶(
�«·�
"'$KL�L�¨
�þ+�¶(�'t
"�;#;K¨� (��¨
��&
��¶(+�«(��"KL!�
��&
ª�8� ·�I&®n(�!��"�8�&
�Ú

� ��I�� H ��I&'t��!���� H (��Q� 
 �+#;�«(�KL#�
"®z
"!�#����a� ��!���#;KL#;I�
"�+!���#;��
�J@(��«
ÿ�&
��&��!&!�� 
 �z�&
ÿ�¨�$� ��®z��#;K¨��!��
��
 � ��!��;#;�;I&KL#�
 �������;K¨
"!�#�� 
 �£�;I&�²I&!�®%$"®z
%(6Ù&
��&
��&� H �¶(�� 
"®z
"!�#ª
"#²K¨�����¨� 
 � H (��<�"â	�"�¨
�Ú

�Gâãá7âäá åaýRæÉæ�÷êí�÷�õ2æSð§ìwë�ÿ�ìuæ�í�z�ìuëªç0z�í�÷äÿ(ò9è�ç7÷�z�ìuë
­ ��®Q®z
�!���I��1't
"!���!��ª�&� ��þz�&
��8��( H 
"��� 
"'t��KL�����¨
 � H ���;KL#;K¨��!��£�&
 �ç� 
"!$#;��
 �ª(��;#;K¨�"I&�¶(�KL��
 �ª����!$#

�&
 �<�&��!&!�� 
 � H �;KL®z�����	K¶(��¨
 �ç��(�!��²�¶(+®z�$�&�"�LK¨�¿(�#;K¨��!X�	I�®z��I&'t
"®z
"!�#£
"#<�&
ª�8� ·�I&®n(�KL!rÚ & !�
ª®z�´¥
#;·��$�&
 H �����;KLJ&�¨
��&
¬�&�,��!&KL#;K¨��!y�&
 �\� 
"!�#;��
 ��(��;#;K¨�"I&�¶(�KL��
 � ��!��;K¨�;#�
¬þÌ
 �;#;KL®z
"�\�¨
 �\� 
"!�#;��
 ��(��A¥
#;K¨�"I&�¶(�KL��
 �zþ H (��;#;KL�Q�&
ÿ�8���"'t���LI&#;K¨��!Ð�&
 ��®z
"®�J&��
 ���LK¨� � H (����¨
 �Q(��;#;K¨�"I&�¶(�#;K¨��!�� Ú-©�(�!���� 
n#Æâ H 

����( H&H ���$�«·�
1�¶( H ���;KL#;K¨��!ÿ�	Iÿ� 
"!�#;��
£(��;#;K¨�"I&�¶(�KL��
1
 �;#eI&!�
<®z� ât
"!&!�
ç�	I H ��KL!�#e��� KL!$#�
"����
 �"#;K¨��!��&
 �
��
"ï�®z
"!�#��£�&�,��!&K¨���«(�!$#<�¨
 �²®z
"®�J&��
 � Ú

©�(�!��%!���#;��
\( H&H ���$�«·�
��c!���I��+� (��¨�"I&�¨��!��+� 
 � H ���;KL#;K¨��!��+þ���·@( � I�
 H (����&
z#�
"® H �+�;I&KL'�(�!$#
I&! H ����#��$� ���¨
�(����«�$�"K¶(�!$#+®n(�� � I�
"I&������� 
"�¨�Q
"#+'$KL�;#;I�
"�¨� Ú-©ª�,��!&K¨������!����¨
\®z��I&'t
"®z
"!$#z� ��®Q®z

I&!�
ª��� � I�
"!�� 
£�&
 H ���;#;I&��
 � M(ti) = {Pi(L1), Pi(L2), ..., Pi(Lk)} ��� Pi(Lk) 
 ��#/�¶( H ����KL#;K¨��!
#;�;K¨�	KL®z
"!��;K¨��!&!�
"�L�¨
¬�	IÐ®n(�� � I�
"I&�z��� 
"� Lk

(�I H (��n�&
�#�
"® H � i ∈ [1, ..., NT ] ��� NT

 �;#Q�¨


!���®%J&��
²�&
 H (��-�&
^#�
"® H � Ú � 
eJ&I&#F
 �;#-�&
q� (��¨�"I&�¨
"�F�¨
 � H ���;KL#;K¨��!�� Pi(a) �&
/�«·@( � I�
²(��;#;K¨�"I&�¶(�#;K¨��!
a Ú � ��I��ÿ( 't��!��ÿ�&��!���þ �&�,��!&KL�n�¨
 �ÿ(������S�"K¶(�#;K¨��!��n����(�Ii®z��KL!��zI&!�
 H ���;KL#;K¨��! P (Lk) þ I&!�

H ����KL#;K¨��! P (a) Ú � 
 H �;KL!��"K H (��<KL!�#��"�=$"#n
 ��# � I�
�� 
"�¶(¬!���I�� H 
"�;®z
"#n�&
��&�,��!&KL�n�&
 � H ���;KL#;K¨��!��
H ��� �"K¨��
 �1�&
�� 
"!$#;��
 �ç(��;#;K¨�"I&�¶(�KL��
 �¢)O't��KL�! ZKLï�I&��
%
	Ú���+^®n(�K¨�1(�I�����Kr�&
ª®n(�� � I�
"I&�<'SKL�;#;I�
"�r#�
"� � I�

�¶(+�«(��"KL!�
��&
£�8� ·�I&®n(�!��"�8�&
`)u
"!�I&#;KL�LK¨�¿(�!�#<�&
 �q®n(�� � I�
"I&��� H �¶(�� � �<�;I&�q�¨
ªJ@(����;KL! H (��²
´Ù&
"® H �¨
�+´Ú­ 
�®z�S�	I&�¨
Q
 �;#ªKL!��&� H 
"!���(�!$#%�	I H ����#��$� ���¨
Q����(�� � I&K¨�;KL#;K¨��!|
"#��&
+�¶(�JV
"�L�LK¨�¿(�#;K¨��!|�&
 �ª®n(��A¥� I�
"I&�����^(�KL!��;K��/ï������ 
 þ|� 
"#;#�
�®z�"#;·��S�&
¬����(��«���$�"K¶(�#;K¨��! (�I&#���®n(�#;K � I�
��q!���I�� H ��I&'t��!��\ït�"��
"�



��× ö�ù�÷on&æ�÷	æ�älìZí«Í?äOírê�ë<÷	æ?ä�äZôrÝ|ùßäuëçÝ�írá6älìZírírÝ@ø�ø�Ý

°qälñ.øc
	Ú�� Ê ¤FÙ	
"® H �¨
Q�	I ït
"!���IrÚ � ��I�� H �¶("� ��!�����®n(�� � I�
"I&������I&�£�¨
 ��� H K¨� ��!��	âS�¨
 ���¶(�#��"�«(�I	Ù
) xèç 
��"®%I&���	
 ç #;KLJ&K¶(�+F
"#a®z� �	K¶(�I	Ù[)�� ç 
��"®%I&����� ç #;KLJ&K¶(�+´Ú � 
 � H ��KL!$#��/����Ø�
"#^Öª����!$#e�¨
 �F®QKL�LK¨
"I	Ù
�&
�¶ x ��� · ��¶�
�� � · 
"#6¶�����Ø · Ú � ��I��^� ��!��;K¨�&�"����!��^�¨
 H ��KL!�#²Ö�� ��®Q®z
ç�¨
1� 
"!$#;��
�(��;#;K¨�"I&�¶(�KL��
£�	Iÿït
"!���IrÚ� ��(��;#;K¨�"I&�¶(�#;K¨��! �	I�ït
"!���I�
 ��#1�&�,��!&K¨
 H (��ç� 
 H ��KL!$#£Ö��&��!�#ç�¨
 �1(6Ù&
 �1�&
�����#«(�#;K¨��!��ç�&� H 
"!��&
"!$#
�&
 � H ���;KL#;K¨��!��<�&
 �ç�;âS��#�¸"®z
 �<(��;#;K¨�"I&�¶(�KL��
 �1't��K¨�;KL!��%�	�¶(�·@(�!���·�
�
"#²�¶(Q��·�
"'SKL�L�¨
�Ú

!r� KL® H ���;#�
 � I�
"��®z��I&'t
"®z
"!�#£K¨���;IX�&
ª!r� KL® H ���;#�
 � I�
"�L�¨
�� ( H #;I&��
�( 't
 ��I&!&K � I�
"®z
"!�#ç�¶(Q� ��!��	K ¥
#;K¨��! � I�
£�8����! H I&K¨���«
ª(��«���$�"K¨
"�²(�I�®z��KL!��²I&!�®n(�� � I�
"I&�²��� 
"�rþ+��·@( � I�
�(��;#;K¨�"I&�¶(�#;K¨��!�'SKL�;#;I�
"�L�¨
�Ú­ 
"#;#�
 H ��
"®QK¨¸"��
ª( H&H ��� ÙSKL®n(�#;K¨��!��&
 � H ���;KL#;K¨��!��^�&
 �^� 
"!$#;��
 �²(��;#;K¨�"I&�¶(�KL��
 �²
 �;#^��I�®n�«(�®z
"!�# H ���´¥
�"K¨��
 H ��I&�ª!�������J��A
 �"#;Kz
���( H&H �LK¨� (�#;Kz
���
"! KL!�
u���;®n(�#;K � I�
Qï��«( H ·&K � I�
���®n(�K¨�ª��
 �;#�
�J&K¨
"!Ì
"!$#�
"!��	I
þ¬(�®z�"�LK¨����
"� H ��I&�Q�&
 �Q( H&H �LK¨� (�#;K¨��!��QJ&K¨��®z� �	K¨� (��¨
 �z��� �¨
 �+®z�$�&¸"�¨
 �Q�&
\� 
"!�#;��
 �ÿ(��;#;K¨�"I&�¶(�KL��
 �
�&��KL't
"!�# H (��ç
´Ù&
"® H �¨
�KL!�� ��� H ����
"�ç��( '�(�!$#«(�ït
��&
%�&
"ï���� �1�&
%�LKLJV
"�;#�� )u�&� H �¶(�� 
"®z
"!�#��	I�� 
"!$#;��

(��;#;K¨�"I&�¶(�KL��
%
"!;
���!��"#;K¨��!��&
ª�¶(z� ��!���ï�I&�«(�#;K¨��!��&
 �<��
"ï�®z
"!$#��<�LK¨� � H (��<
´Ù	
"® H �¨
�+´Ú
�Gâãá�âpû x ìy"(z�ýuë�ìuæ�í�ç�í�÷ãõ2æé"9ç0z�ç7óÇý(í�z^÷��Gò9ìëê.è�ç£"�õ�ò9è�ç7÷äæ§ì

� ��#;��
£K¨�&� 
�����(���( H #«(�#;K¨��!X��
çJ@(���
��;I&�^�8� KL!�8�I�
"!�� 
���� H (���� 
ª�&
 H (��«(�®z¸"#;��
 �<�"KL!��"®n(�#;K � I�
 � Ú� ��I��Q�&
"'t��!��n�&��!���®z
"#;#;��
�
"!Ð��
"�¶(�#;K¨��!wI&!�
���
 H ��� �«
"!�#«(�#;K¨��! H (��«(�®z�"#;�;K � I�
���� I&!i�"â	�"�¨
��&

�¨�S� ��®z��#;K¨��!¬( 't
 �%� 
 � H (��«(�®z¸"#;��
 � Ú� ��I��1( 't��!��ç��·���K¨�;Kß�&
���
 H ��� ��
"!�#�
"�çI&!X�"â	�"�¨
��&
��¨�$� ��®z��#;K¨��! H (��1�«( H ��I&�¶(�KL!�
�Ú

¬ t^g l cpb�cpn lÍìa� ( H ��I&�¶(�KL!�
�
 �;#q�¨
ª�&� H �¶(�� 
"®z
"!�# ­ (��;#�� �;K¨
"!��&
ª�¶(+�«·�
"'$KL�L�¨
�
´Ù H �;KL®z����(�!��
�¨
ª��
 H ¸"��
��«(��"KL!�
��&
��8� ·$I&®n(�!��"�8�&
�Ú

� ��I��²#;�«( '�(�KL�L�¨��!��ª( 't
 ��� 
"#;#�
���
 H ��� �«
"!�#«(�#;K¨��! H ��I&� H �LI��;K¨
"I&���1�«(�K¨����!����
Ê ¤a�L�¨
 H ���«��¸ �&
-KL!�#;�;KL!���¸ � I�
"®z
"!�#Z�¨
 �r� (��«(��"#��"�;K¨�;#;K � I�
 � H �;KL!��"K H (��¨
 �Z�	I�®z��I&'t
"®z
"!�#.¶ Ì ·&K ��x,· Ú
Ê ¤a�L�¨
 
 �;#�®n(�!&K¶(�J&�¨
��<����
 �;#A¥Æþ6¥¦�	KL��
 � Ir� KL��
 �;# 
8(��"KL�¨
"®z
"!�# H �����;KLJ&�¨
 �&
 �¶(�®z�S�	Kz�@
"��(���!

����(���( H #�
"�ç�¶(+�¨�$� ��®z��#;K¨��!�#���I&#<
"!X� ��!���
"�;'�(�!�#1�«
 �<� (��«(��"#��"�;K¨�;#;K � I�
 �¡¶�¢�I&� ��{�· Ú
Ê ¤a�L�¨
X
 �;# H (��;#;K¨�"I&�LK¨¸"��
"®z
"!$#�J&K¨
"!y(���( H #�� 
��e
"!i#«(�!�# � I�
�#;�«(��;
 �"#���KL��
�����
,3�
 �"#�
"I&���/(�I	Ù

� (��¨�"I&�¨�ç�&
��"KL!��"®n(�#;K � I�
%KL!�'t
"����
�Ú
Ê ¤a�L�¨
+
 ��#£� ��® H (��"#�
�Ú � ��I���(��L�¨��!��£'t��KL� � I�
�� 
"#;#�
+#;�«(��A
 �"#���KL��
Q� (��;#�� �;K¨
"!&!�
Q�«
%®z�S�&�"�LK¨��


�&
�
�("� ��! � ��® H (��"#�
��?
"�L�¨
%
 �;#£�¨�"ït¸"��
+
"!��S� �"I H (�#;K¨��!¬®z�"®z��KL��
+
"#ª
"!X®n(�!&K H I&�¶(�#;K¨��!|(�� ¥
ït���;KL#;·&®QK � I�
�Ú

­ ��®Q®z
^�¨
/®z��!�#;��
 Ì ·&KL#;#;�¨
6¶ Ì ·&K ��x�· ���&
 �ß�"#;I��&
 �F
"!+J&K¨��®z� � (�!&K � I�
^KL!��	K � I�
"!�# � I�
e�¶(1#;�«(6¥



{}| �R~=��� �£����� |�� �(�6�p�¡� | 	 | � | ��� |�� � x

�A
 �"#���KL��
ç�	I H K¨
 �z�&� H 
"!��n�&
 H �LI��;K¨
"I&��� H (��«(�®z¸"#;��
 �^#�
"�¨� � I�
²�8��(�!@(�#���®QK¨
��$�¶(ª'SKL#�
 ����
<�&
1�&� H �¶(6¥
� 
"®z
"!�#^
"#a�¶(£�¨��!&ï�I�
"I&�e�&
 H (�� Ú�¤a!n� ��!���� � I�
"!�� 
����¶(ª®z�S�	Kz�@� (�#;K¨��!n�&
²�8� I&!n�&
²� 
 � H (��«(�®z¸"#;��
 �
�&��KL#²!�� � 
 ���«(�KL��
"®z
"!$#<KL® H �LK � I�
"�²I&!�
�(���( H #«(�#;K¨��!��&
ç�¶(+#;�«(��;
 �"#���KL��
��	I H K¨
 ��Ú � � (�!&®z��KL!����	�¨
 �
��¸"ï��¨
 �%
´Ù�(��"#�
 �����"ï�K¨���«(�!$#�#���I��%� 
 � H (��«(�®z¸"#;��
 ��!�
z����!$# H (��%þ\�8� ·�
"I&��
\(��"#;I�
"�L�¨
z�	K¨� H ��!&KLJ&�¨
 �

"!�J&K¨��®z� � (�!&K � I�
�Ú � (��<� ��!�#;��
��&�&
 �^KL!�#�
"� H ���¶(�#;K¨��!��<��(�!��²�&
ª�;I�®n�«(�®Q®z
"!$#²ï��«(�!��&
 �qJ@(���
 �q�&

�&��!&!�� 
 � H 
"I&'t
"!�#º
u��I&�;!&KL�çI&!�
��LKL!�� (��;K¨�«(�#;K¨��!¬�&
%� 
 �²��¸"ï��¨
 �ª(���!X����
,3�
 �"#;I�
"�ç�&
 �ç(���( H #«(�#;K¨��!��
®z��� H ·����¨��ï�K � I�
 �%
"#ç�¨�S� ��®z��#;�;K¨� 
 � Ú � ��#;��
+®z�S�&�"�LK¨�«(�#;K¨��! �&
%®z��I&'t
"®z
"!$# H (��ª�«( H ��I&�¶(�KL!�
���

H ����KL#;K¨��!&!�
�
´Ù&(��"#�
"®z
"!$#ç��(�!��ç� 
"#;#�
�� H #;K � I�
�Úõ K¨
"! � I�
��¶([
u���;®z
��&
 � H ��I&�¶(�KL!�
 �n�&
��¨�S� ��®z��#;K¨��!��ÿ(��«��
���
´ÙS#;�=$"®z
 ��)O#;��¸ �¢8@� ��·&K¨
 � H (��

´Ù	
"® H �¨
�+c����K¨
"!$#ß����I&'t
"!$#-(����«
��/�	Kz3��"��
"!�#�
 �-
"!�#;��
^
"�L�¨
 ��� �¨
"I&���Z� (��«(��"#��"�;K¨�;#;K � I�
 � H ��
"®QK¨¸"��
 �-����!$#
� ��!���
"�;'t� 
 � Ú � ��I��ß�&�,��!&K¨���«��!��cI&!+®z�$�&¸"�¨
/ït�"!��"�;K � I�
/J@(��«�e�;I&� � I@(�#;��
 H ��KL!$#��-� (��«(��"#��"�;K¨�;#;K � I�
 �
H ��� ��
"!�#�� �£
"!: ZKLï�I&��
%
	Ú�
	Ú

°qälñ.øt
	Ú�
 Ê � 
 � H ���;KL#;K¨��!��F�&
 � � I@(�#;��
 H ��KL!$#��a� (��«(��"#��"�;K¨�;#;K � I�
 �a��� I&!�
 H ��I&�¶(�KL!�
q�¨�����F��� I&!Q�"â	�"�¨

�&
��¨�S� ��®z��#;K¨��!rÚ

©ª
"I	Ù H ��� H �;K¨�"#�� �²!���I��²��!$#²KL!��"KL#�� �<þ�I&#;KL�LK¨��
"�²� 
 � H ��KL!$#��²� (��«(��"#��"�;K¨�;#;K � I�
 �%�$KL�¨�^'t��!$#²!���I��
H 
"�;®z
"#;#;��
+�&
�®z�S�&�"�LK¨��
"�º
�(��"KL�¨
"®z
"!$#ç�¶(z#;�«(��A
 �"#���KL��
%ï��¨��J@(��¨
 H (�� � I@(�#;��
�����I��1� ��I&�;J?
 ���@
"#çKL�¨�
� ���;��
 � H ��!��&
"!�#1#���I��£þ+I&!�®z��®z
"!�# H (��;#;K¨�"I&�LK¨
"�ç�	I��"â	�"�¨
�Ú

Ê � 
 H ��KL!�# 1 ��
 H ��� �«
"!�#�
ª�¨
ç®z��®z
"!�#<���\�¶(%�«·�
"'$KL�L�¨
�(�#;#�
"KL!$#q�«��!�(��L#;KL#;I��&
ª®n(6Ù	KL®n(��¨
�Ú��$I&�
�¶(�#;�«(��;
 �"#���KL��
���� 
 H ��KL!�# H �����«¸ �&
ª�¶(�� ��® H ���«(�!$#�
�'t
"�;#;K¨� (��¨
��¶( H �LI��²ï��«(�!��&
�Ú

Ê � 
 H ��KL!�# 2 ��
 H ��� ��
"!$#�
q�8��
´ÙS#�
"!���K¨��!�®n(6Ù	KL®n(��¨
q�&
e�¶(9��(�®%J?
�Ú��$I&�Z�¶(<#;�«(��;
 �"#���KL��
���� 
 H ��KL!$#
H ������¸ �&
ª�¶(Q� ��® H ���«(�!$#�
�·����;K�� ��!�#«(��¨
��¶( H �LI��1�"�¨
"'t� 
�Ú

Ê � 
 H ��KL!�# 3 ��
 H ��� ��
"!�#�
\�¨
n®z��®z
"!�#Q���|�¶(X��·�
"'SKL�L�¨
 H (����«
ÿþ��¶(X't
"�;#;K¨� (��¨
\�&
z�¶(��«(��"KL!�

H 
"!���(�!�#Q�¶( H ·@(���
��&
ÿ��I H&H ���;#��-�&�,��!&K¨���«(�!$#n(�KL!��;K^I&!�
 H ���;#;I&��
\�&
\���,
u�"��
"!�� 
�Úa�$I&���¶(
#;�«(��;
 �"#���KL��
��@� 
 H ��KL!�#1
 ��#²�¨
 H ��KL!$#<�¨
 H �LI�� H ���S��·�
�·����;K�� ��!�#«(��¨
"®z
"!�#��&
ª�8�����;KLï�KL!�
�Ú

Ê � 
 H ��KL!�# 4 ��
 H ��� ��
"!$#�
£�¶(¿8@
´Ù	K¨��!�®n(6ÙSKL®n(��¨
£�&
1�¶(!��(�®%J?
�Ú	�$I&�q�¶(%#;�«(��A
 �"#���KL��
��	� 
 H ��KL!$#
(+�¶(Q� ��® H ���«(�!$#�
�·����;K�� ��!�#«(��¨
%�¶( H �LI�� H 
"#;KL#�
�Ú� (y��
 H ��� ��
"!$#«(�#;K¨��!9®n(�#;·��"®n(�#;K � I�
w�&
��¶( H ��I&�¶(�KL!�
 �&��KL#a$"#;��
 H (��«(�®z�"#;�«(�J&�¨
 H (��Ì� 
 �

H ��KL!$#�� Úq¤F�L�¨
 �&��KL#��"ï�(��¨
"®z
"!�#:$"#;��
 (�I ®z��KL!����"I&J&K � I�
 (���!y����(��«�;I&��
"���¶(|� ��!$#;KL!�I&KL#��Ì
"!$#;��

�¨
 � � I@(�#;��
�����I��A¥¦� ��I&�;J?
 �<�&�,��!&K¨
 � H (��<�¨
 � H ��KL!�#��ç� (��«(��"#��"�;K¨�;#;K � I�
 � Ú@�Æ�r
´ÙSK¨�;#�
 H �LI��;K¨
"I&���<#Æâ H 
 �
�&
ª®z�$�&�"�LK¨�¿(�#;K¨��!��²��
 � H 
 �"#«(�!�#<� 
 �²� ��!�#;�«(�KL!$#�
 ���&!���I��1( 't��!��<��·���K¨��Kr�&
ç��
 H ��� �«
"!�#�
"�<�¨
 � � I@(�#;��

®z����� 
 (�I	Ùw�&
ÿ�¶(¬#;�«(��;
 �"#���KL��
 H (�� � I@(�#;��
�� ��I&�;JV
 � H (��«(�®z�"#;��� 
 �n�&
 ­ �$��!��ª¶ ­ �S�tØtÖ · �-� (��Q�¨




��� ö�ù�÷on&æ�÷	æ�älìZí«Í?äOírê�ë<÷	æ?ä�äZôrÝ|ùßäuëçÝ�írá6älìZírírÝ@ø�ø�Ý

!���®%J&��
��&
 H (��«(�®z¸"#;��
 �1I&#;KL�LK¨�«� �<��(�!��1� 
"#;#�
�®z�S�&�"�LK¨�«(�#;K¨��!X
 ��#²®QKL!&KL®n(��8Ú
­ ·@(��"I&!�
+�&
 � � I@(�#;��
�� ��I&�;J?
 � Ci={1...4} 
 �;#1�&�,��!&K¨
 H (��1�&
"I	ÙX�&
 � � I@(�#;��
 H ��KL!�#��ç� (��«(��´¥

#��"�;K¨�;#;K � I�
 � P 
"! H ���;KL#;K¨��!�� c 
"#e#«(�!&ït
"!�#�
 � t � Pj={1...4} = {cxj
, cyj

, czj
, txj

, tyj
, tzj

} �&
<#�
"�L�¨


8("� ��! � I�
 Ci = {Pa, Pb} ( 't
 � a, b ∈ {1...4} Ú � 
 �<!���#«(�#;K¨��!��£
"# H ��� H �;K¨�"#�� �£®n(�#;·��"®n(�#;K � I�
 �
�LK¨� 
 ��(�I	ÙÓ� ��I&�;JV
 �+�&
 ­ �$��!��+����!�# H ��� �"K¨��� 
 ��
"!Ó ç!&!�
´Ù&
ÿ +Ú � 
 ��#«(�!&ït
"!�#�
 �Q�«��!�#�� (��¨�"I&�¨� 
 �
(�I&#���®n(�#;K � I�
"®z
"!�# H (���I&!w(��Lït���;KL#;·&®z
�KL#��"�«(�#;Kz
 � I&Kq��
 ��·�
"���«·�
��¨
 �+'�(��¨
"I&��� � I&Kq®QKL!&KL®QK¨��
"!$#
�¶( �	K¨�;#«(�!�� 
X
"!�#;��
��¶( #;�«(��;
 �"#���KL��
���� 
"�L�¨
X
"#z�¶(¬#;�«(��A
 �"#���KL��
�� (��¨�"I&�¨� 
�Úe  H ��¸ �n( 't��KL�\�&�,��!&K<I&!
KL!�#�
"�;'�(��L�¨
Q�&
���
 ��·�
"����·�
n�&
+�«·@( � I�
+#«(�!&ït
"!$#�
 tj 
"#ªI&! ��
"I&KL� ε �«��I��ç�¨
 � I�
"�-!���I��ª�;I H&H ���«��!��� I�
��¶(��	K¨�;#«(�!�� 
z
"!�#;��
n�&
"I	Ù H ��KL!�#���
 �;#�(�� � 
 H #«(�J&�¨
��r!���I���KL#��"����!����;I&���¨
 ��'�(��¨
"I&�����&
 �ª#«(�!	¥
ït
"!�#�
 �����"��� ��!��ç�¶(z� ��I&�;J?
 Ni

� ���;��
 � H ��!���(�!�#�
�
"#1't�"�;Kz�@��!��ç�¶(z�	K¨�;#«(�!�� 
��V� 
 �"K��AI�� � Ir��þQ� 
 � I�

|Ci − Ni| < ε Ú � ��I��ª( 't��!��ª��·���K¨�;K-I&!�
�'�(��¨
"I&�ª�&
+��
"I&KL� ε � ���;��
 � H ��!���(�!$#%þQ�¶( H ��� �"K¨�;K¨��! �	I
�;â	�;#�¸"®z
ª�&
ª� ( H #;I&��
��&
£®z��I&'t
"®z
"!�#���'�(��¨
"I&�<�;KLï�!&Kz�@� (�#;KL't
ª®QKL!&KL®n(��¨
�Ú � (¢ ßKLï�I&��
�
	Ú ��®z��!$#;��

Ø�
´Ù	
"® H �¨
 ���&
 H ��I&�¶(�KL!�
 �Q
�© � ��!���#;�;I&KL#�
 �Q
"!ÓI&#;KL�LK¨�«(�!$#Q� 
"#�(��Lït���;KL#;·&®z
�ÚF¤F! ��
 �"#;K¨��!Ð
	Ú��	Ú x �
!���I��<
´Ù H ���«��!��²�¨
 �²��� �;I&�L#«(�#��ç�&
ª�8���"'�(��LI@(�#;K¨��!¬�&
��¶( � I@(��LKL#��%�&
ª�¶(�®z�$�&�"�LK¨�¿(�#;K¨��!rÚ

−40

−20

0

20

40

2

4

6

8

10

12
−86

−84

−82

−80

−78

−76

−74

−72

−70

−40

−20

0

20

40

2
4

6
8

10
12

14
−85

−80

−75

−70

−65

−40

−20

0

20

40

4

6

8

10

12

14
−85

−80

−75

−70

−65

−40

−20

0

20

40

0
2

4
6

8
10

12
−95

−90

−85

−80

−75

−70

−40

−20

0

20

40

0

5

10

15

20
−90

−85

−80

−75

−70

−40

−20

0

20

8

10

12

14

16

18
−100

−95

−90

−85

−80

−75

°qälñ.øß
	Ú � Ê � 
 � H ��I&�¶(�KL!�
 ����� 
"�L�¨
 �`)u
"! !���KL�£+�����!�#��«·@(��"I&!�
z®z�S�&�"�LK¨��� 
 � H (����&
 ��� ��I&�;J?
 ���&
­ �S��!���)u
"!�J&�¨
"Iw+q�&��!$#1�¨
 � H ���;KL#;K¨��!��<
"#<#«(�!&ït
"!$#�
 �ç�«��!�#1� (��¨�"I&�¨� 
 �£(�I&#���®n(�#;K � I�
"®z
"!$# Ú & !&KL#��

"!X� 
"!$#;KL®z¸"#;��
�Ú

� ��I������"I����;K¨�«����!��%(�KL!��;Keþ�®z�S�&�"�LK¨��
"��I&!�
��¨�S� ��®z��#;K¨��! H (�� 2 ) H ���;KL#;K¨��!��,'6#«(�!&ït
"!�#�
 �£+ ×4) H ��KL!�#��1� (��«(��"#��"�;K¨��#;K � I�
 �£+²'�(��¨
"I&������� 
 � I&Kr®z��!�#;��
%�¶(��¨�"ït¸"��
"#��%�&
 �ç�&��!&!�� 
 �<I&#;KL�LK¨��� 
 �£
"#²�8� KL!	¥
#��"�=$"#ª��� I&!¬#�
"�L�¨
���
 H ��� ��
"!$#«(�#;K¨��!Ì�����8����! H 
"I&#ª�;#��S��èt
"�£I&!�
%J@(��«
��&
+�&��!&!�� 
 �ª�&
 x ×�×�×n®z��I	¥
't
"®z
"!�#��£�;I&� 1000 × 8 × 4 = 32000 �S�"#�
"#���������
 �;#A¥Æþ6¥¦�	KL��
%
"!�'SKL����! 31 èt�&Ú



í ~=¹ � ����� |�� ��� ¼ � �î	��w�Bï � �Ó	=� � ~=�`�����
ð(¼�� ��

�Gâãá7â�� � õ2æ9ë�í�z^ò9ÿ�í�÷ãõ2æRð9ìñè�ç£��ç�ë�ìñð§ìñð9õ2æ9æ9ý�ìuë�ð9ìñó«õ�ò#ö2ìuóÇìuæ�í�ë:ÿ�ç0"§í�òuz�ýuë

  H ��¸ ��( 't��KL��®z�S�&�"�LK¨���¬�¨
 �ÿ�¨�S� ��®z��#;K¨��!�� H (����¨
"I&��� H ��I&�¶(�KL!�
 ���/�¶(��"��� (�#;K¨��!g�&
¬�¶(|J@(���

�&
��&��!&!�� 
Q
 �;#��	KL��
 �"#�
�ÚV¤a! H �LI��£��� I&! K¨�&
"!$#;Kz�@� (�#�
"I&����I&! �"�¨�"®z
"!�#��&
+�¶(ÿJ@(���
�� ��!�#;K¨
"!$#�I&!�

�&
 ���"�;K H #;K¨��!n�&
^�¶(ç�¨�$� ��®z��#;K¨��!z�«��I��\
u���;®z
q�&
^®z��#��F�"�¨� �F
"#F�"ï�(��¨
"®z
"!�#a�¨
 �-�¨��!&ï�I�
"I&���a
 ��#;KL®z� 
 �
�&
 ��®z
"®�J&��
 �%KL!�
��"�;K¨
"I&��� � I&Ka��
"����!�#�!�� � 
 ���«(�KL��
 ���¨�������&
Q�8��(���( H #«(�#;K¨��!Ó
"# H �LI�� H ��� �"K¨���"®z
"!�#
�¨�����1�&
ª�¶(�®QK¨�«
�þ+�8��� ��·�
"�L�¨
%�&
��¶(+J@(���
��&
��&��!&!�� 
 � Ú­ 
 ���¨��!&ï�I�
"I&���+����!$#%� (��¨�"I&�¨� 
 �%� ��®Q®z
nI&!�
Q®z� ât
"!&!�
ÿ�;I&��#���I&#��¨
Q®z��I&'t
"®z
"!$#+�&
 �%�	K¨�A¥
#«(�!�� 
 �a
"!�#;��
q�¨
 �F� 
"!$#;��
 �/(��;#;K¨�"I&�¶(�KL��
 � Ú � ��#���!��F�&
 H �LI�� � Ir� I&!Q®z��I&'t
"®z
"!�#aJ&�;I&#a� ( H #;I&��� H 
"I&#
� ��® H ���;#�
"� H �LI��;K¨
"I&���%�"â	�"�¨
 ���&
��¨�S� ��®z��#;K¨��!rÚ � ����� � I�
Q� 
"�¶(�
 �;#ª�¨
z� (����?�¨
 ���	Kz3?�"��
"!$#����"â	�"�¨
 �
����!�#ª�;#��S��èt� �ª��� H (����"®z
"!$#£®n(�K¨�£� ��!���
"�;'t
"!$#£J&K¨
"! 
"!�#�
"!��	I �¨
 �£®%$"®z
 �ç'�(��¨
"I&���ª�&
��¨��!&ï�I�
"I&���
�&
�®z
"®%J&��
 � Ú ­ 
�#;�«(�KL#�
"®z
"!�#�
 ��#�(�I&#���®n(�#;K � I�
n
"# H 
"�;®z
"#%������J&#�
"!&KL��I&! ï��«(�!�� !���®�J&��
z�&

�"âS�"�¨
 �ç( 't
 � H 
"I��&
�� ( H #;I&��
 � Ú

U�Ý�� ñ9BIò�0�:A2V:=ß<0 )�5:W+0+*Îü0�+.·ó´0+*�üß:�0+Baúû.q2�:�ô�W+*
� ��I��ß't
"!���!��F�&
 H ��� ��
"!$#�
"�Z!���#;��
^®z�S�&�"�LK¨�«(�#;K¨��!Q�	I�®z��I&'t
"®z
"!$#���!���I��F(��L�¨��!��-®n(�KL!�#�
"!@(�!�#

!���I���KL!�#��"��
 �«��
"�Xþ�� 
"�L�¨
 �&
��8� ·$I&®n(�!��"�8�&
�Ú � ��I���I&#;KL�LK¨����!���I&!�
 ��·@(��¨!�
|�"KL!��"®n(�#;K � I�
 H ��I&�
��
 H ��� ��
"!�#�
"���¨
 �+®z
"®%J&��
 �+KL!�
��"�;K¨
"I&�����&
n�8� ·$I&®n(�!��"�8�&
�Ú � ��I���!���I��%KL!$#��"��
 ������!����Z��(�!���� 
"#;#�

H (��;#;K¨
���I&!&K � I�
"®z
"!$#eþ<��
 H ��� �«
"!�#�
"�a�¶( H (��;#;K¨
^KL!�
u�"�;K¨
"I&��
²�	IQ� � I�
"�¨
"#;#�
4)O't��KL�# ZKLï�I&��
<
	Ú��()�(�+0+ß� (��
�8� KL!�#�
"� H ���¶(�#;K¨��!|!�
�� ��
,3�
 �"#;I�
 � I�
��;I&�ª�¨
 ��� (��«(��"#��"�;K¨�;#;K � I�
 ��®z��� H ·����¨��ï�K � I�
 ���¶(\� ��!�� 
"�;!@(�!�# Ú­ 
"#;#�
e�«·@(��¨!�
e
 �;#r� ��® H ����� 
e�&
e�"KL! � � ��� H �c�;KLï�K¨�&
 � � I&Kt®z�$�&�"�LK¨�«
"!�#c�¨
 �r®z
"®%J&��
 �Z�	I%� � I�
"�¨
"#;#�
<�
I&! J@(����;KL!����&
"I	Ù�
u�"®�I&���%
"#��&
"I	Ù #;KLJ&K¶(�� Ú � ��I��ª!���I�������®Q®z
 ���LKL®QKL#�� �+þÿ� 
"#;#�
n��·@(��¨!�
 H ��I&�
�&
 �²�«(�K¨����!��<�&
�� (��	��
�( H&H �LK¨� (�#;Kz
F
´Ù H �LK � I�� 
 �<
"!���
 �"#;K¨��!X
	Ú��	Ú��	Ú�¢ (�K¨�q�¶(���·@(��¨!�
���!@(��¨
�(�!&KL®z� 


 �;#1� ��® H �¨¸"#�
�
"#1� ��!�#;K¨
"!$#1!���#«(�®Q®z
"!�#£�¨
 H K¨
 ��
"#1�¨
�·@(�I&#1�	IX� ��� H �>)O't��KL�1��
 �"#;K¨��!�
	Ú ��Ú�
�+´Ú � (
�«(��"KL!�
ç�&
£� 
"#;#�
1�«·@(��¨!�
ª
 �;#e�¨
ç� 
"!�#;��
ª�	I H 
"�L'$K¨�����&�,��!&K¨
£� ��®Q®z
1�8��� � I&KLJ@(��;âS� 
"!$#;��
ª�&
 � � I@(�#;��

®n(�� � I�
"I&��� H �¶(�� � �1(�I	Ù\� H KL!�
 �<KL�LK¶( � I�
 �1(�!$#��"����¥¦�;I H �"�;K¨
"I&��
 �ç
"# H ���;#��"����¥¦�;I H �"�;K¨
"I&��
 �²ï�(�I���·�
 �

"#��	����KL#�
 � Ú � 
 � ��� H ���;KLï�K¨�&
 �	I J@(����;KL! H ������¸ �&
�I&!�
Ì(��;#;K¨�"I&�¶(�#;K¨��!4þ�
��&
"ï���� ���&
¬�LKLJ?
"�;#��
®z�$�&�"�LK¨�«� 
 H (��aI&!�
1�LK¶(�K¨����!z����#;I&�¨
�Ú ­ ·@( � I�
<·@(�!��«·�
1
 �;#e�LK¨� 
1(�IzJ@(����;KL! H (��eI&!�
²�LK¶(�K¨����!n����#;I&�¨


"#²��·@( � I�
ªït
"!���I�
 �;#/��
 H ��� �«
"!�#�� H (��qI&!�
£�LK¶(�K¨����! H KL't��# Ú � ��I��q��J&#�
"!���!��1(�KL!���KVI&!��;â	�;#�¸"®z
ªþx�x �&
"ï���� �1�&
ª�LKLJ?
"�;#�� H ��I&�²�¶(Q��·@(��¨!�
��"KL!��"®n(�#;K � I�
 H ��� ��
"!�#�� 
�
"!� ZKLï�I&��
%
	Ú��()OJw+´Ú
�GâpûGâäá åaìyõ6z�ýuë�ð§ìñèã÷���ìyz�í�ý1ð!�pò9æ ë��Gò§ìuèãì(í"í�ì�îGò9óÇç7÷ãæ

µ ��I&#�� ��®Q®z
¬�¶(|®z�$�&�"�LK¨�«(�#;K¨��! �&
X�8��
"!���
"®%J&�¨
 �&
 �\����
"! � I�
"� � I�
 �\�����LK¨�&
 �\�;KLï�K¨�&
 ���/�¶(
®z�$�&�"�LK¨�¿(�#;K¨��!ÿ�&
 �/(��;#;K¨�"I&�¶(�#;K¨��!��q
"!z�LK¶(�K¨�«��!��e����#;I&�¨
ç
"# H KL't��#/
 �;#eI&!�
²'$K¨��K¨��!z#;��¸ �e�;KL® H �LKz�@� 
ç�&

�¶(£��� (��LKL#��qJ&K¨��®z� � (�!&K � I�
1�	Iz� ��� H �-·�I&®n(�KL![)O't��KL�§ ZKLï�I&��
<
	Ú�Ø�+´Ú�¢ (�K¨�-�¶( � I�
 �;#;K¨��!z
 �;#F�&
²�«( 't��KL�
�;K�����(�!��ª!���#;��
Q� (��	��
z����(�!&KL®n(�#;K¨��!|�"KL!��"®n(�#;K � I�
��r� 
"#;#�
Q�;KL® H �LKz�@� (�#;K¨��!|!r��
 �;# H (����;I�®n�«(�!$#�
�Ú& ! �"�¨�"®z
"!$#%�&
���� H ��!��«
+�«
"�«(�( H&H ���;#��Q
"! ��
 �"#;K¨��! ��Ú�������� !���I����"#;I��	K¨
"����!��%�8� KL!�8�I�
"!�� 
Q�&
 �
��·���K Ù��;I&�<�¶(��"KL!��"®n(�#;K � I�
%�	I�®z��I&'t
"®z
"!$# Ú� ��I�� H ��I&'t��!��z!���#�
"�n#���I&#�
,
���K¨�ÿ�8��
´ÙSK¨�;#�
"!�� 
X�&
�®z�"#;·��S�&
 �n����
 �;#;KL®n(�#;K¨��! �&
�� ��® H �¨
´Ù&
 �
(��;#;K¨�"I&�¶(�KL��
 �%þ\�&
 �4��!����&
��;KL®%I&�¶(�#;K¨��!Ì
"#�����(�!&KL®n(�#;K¨��!|��� ·$I&®n(�KL!���'$KL�;#;I�
"�¨� Ú ò KL�L�¶(����ñ¶ ò KL� � Ö ·
I&#;KL�LK¨��
 H (��z
´Ù&
"® H �¨
��&
 �z�&��!&!�� 
 �nJ&K¨��®z� �	K¨� (��¨
 �\
�©û
"#ÿ�	( 't
"!&èt�«¶ �	( '&×�� · ��
�J@(���
���I&�z�&
 �

´Ù H �"�;KL®z
"!�#«(�#;K¨��!��çJ&K¨��®z� � (�!&K � I�
 � Ú



��� ö�ù�÷on&æ�÷	æ�älìZí«Í?äOírê�ë<÷	æ?ä�äZôrÝ|ùßäuëçÝ�írá6älìZírírÝ@ø�ø�Ý

� EL�

Monde (milieu du Bassin)

Repère du Bassin

Repère du fémur gauche Repère du fémur droit

Repère du tibia gauche Repère du tibia droit

3 rotations

1 rotation 1 rotation

3 rotations 3 rotations

��� �
°qälñ.ø^
	Ú�� Ê � 
 �z®n(�� � I�
"I&��� H ��� ��
"!$#��n
"!* ZKLï�I&��
�)�(�+Q����!�#zI&#;KL�LK¨�«� � H ��I&�n�&�,��!&KL�n�¶( �«·@(��¨!�

�"KL!��"®n(�#;K � I�
`)OJw+/��
 H ��� ��
"!$#«(�!�#£�8� ·�I&®n(�!��"�8�&
�Ú
�Gâpû#âpû åaýuÿ(èã÷äæ§ç7÷ãë�õ2æSð§ç7æ9ë�ò9æKÿ�ç7ðÒz^ì ç0"("�èã÷äÿ�ç�í�÷�ö

­ ��®Q®z
�!���I��q�¨
 H ��� �«
"!�#;K¨��!��<
"!���
 �"#;K¨��! x Ú��	Ú ���	�8� I&!��&
£!����<� (��	��
 �ç( H&H �LK¨� (�#;Kz
u�<
 ��#^�8���"'�(6¥
�LI@(�#;K¨��!��&
 �^( H #;KL#;I��&
 �/�¨�$� ��®z��#;�;K¨� 
 �q��� ·���®QKL!&K¨�&� ��
������;KL�¨
 � Úvyç�/KL�V( H&H (��«(��¨#q�"�¶(�KL��
"®z
"!�# � I�
<�¶(
®z�S�&�"�LK¨�«(�#;K¨��!\�	I�� � I�
"�¨
"#;#�
1'SKL�;#;I�
"�@I&#;KL�LK¨�«�£(�I&!�
1KL® H ���;#«(�!�� 
ª��(�!��e�¨
 H ���$� 
 �«�;I��e�&
£�"��� (�#;K¨��!
�	I�®z��I&'t
"®z
"!$#�������
 �;# H ��I&� � I���KrKL�c
 �;#²!����;®n(�� � I�
��¨
 �²®z
"®%J&��
 �£�	I H �����;
"#ç  µ � � ��
�����K¨
"!$#
���;K¨
"!�#�� �<'t
"���²�8���"#;I��&
��&
£�8� ·���®QKL!&K¨�&�À
u���«�;KL�¨
£�¨
 H �LI��²� ��® H �¨
"#��$�8�� çI��;#;�«(��¨� H KL#;·�
 �"I��ç !
8(���
"!��;K¨�� I��"âa)u  � � {�{ ¥ x +¿)O't��KL�º ZKLï�I&��
%
	Ú Ö�+´Ú

¤F!���J���
"�;'�(�!$#1� 
�� � I�
"�¨
"#;#�
����&
"I	Ù � I�
 ��#;K¨��!��<��
 H ����
"!�#<KL®Q®z� �	K¶(�#�
"®z
"!$#+�
Ê îçI�
"�L�¨
�
 �;#ç�8� KL!�8�I�
"!�� 
Q�&
 �1·$â H ��#;·�¸ ��
 �£!�� � 
 ���«(�KL��
 ��þn�¶(z��
 � ��!���#;�;I��"#;K¨��!Ì�	I¬� � I�
"�¨
"#;#�


� ��® H �¨
"#ç�;I&�²�¶(��¨�S� ��®z��#;K¨��!X�&
��8� ·���®QKL!&K¨�&�Q÷
Ê ¤a#z�¨
 �Q®z�S�&�"�LK¨�«(�#;K¨��!��n
"#z®z�"#;·��S�&
 �n�&
X� (��¨�"I&�<I&#;KL�LK¨�«(�J&�¨
 � H ��I&�z�8� ·$I&®n(�KL! ����!$#n
"�L�¨
 �

(�� � 
 H #«(�J&�¨
 � H ��I&�1I&!X(�I��;#;�«(��¨� H KL#;·�¸ � I�
Q÷� ��#;��
�(���( H #«(�#;K¨��!i�"KL!��"®n(�#;K � I�
��	KL®z
"!��;K¨��!&!�
"�L�¨
 H 
"�;®z
"#z�&
���� H ��!��	��
 H (��È
�(�KL#�
"®z
"!$#\þ
�¶( H ��
"®QK¨¸"��
 � I�
 �;#;K¨��!rÚZ¤F!�
,3�
"#��Z
"�L�¨
 H 
"�;®z
"#+�&
ÿ� (��¨�"I&�¨
"��I&!�
n�¨�S� ��®z��#;K¨��! H �¶(�I��;KLJ&�¨
 H ��I&�
I&!ÿ
"!��«
"®%J&�¨
£��� ·�â H ��#;·�¸ ��
 ����âQ� ��® H �;K¨�^®z��� H ·����¨��ï�K � I�
 � Ú$ çKL!��;K@!���I�� H ��I&'t��!��/� ��® H (���
"�^�¨
 �
�	Kz3��"��
"!�#���®z��I&'t
"®z
"!$#�����J&#�
"!�I����¨�������&
z��·@( � I�
Q®z�S�	Kz�@� (�#;K¨��!Ó�&
 �%·�â H ��#;·�¸ ��
 ��®z��� H ·����¨��¥
ï�K � I�
 � Ú$¤a!\� 
 � I&K?� ��!�� 
"�;!�
£�¶(%�&
"I	Ù	K¨¸"®z
 � I�
 ��#;K¨��!���!���I��^!�
 H ��I&'t��!�� � I�
ç�;I H&H ����
"� � I�
ç�¨
 �
®z�S�&�"�LK¨�«(�#;K¨��!���
"#ª®z�"#;·��$�&
 ��'�(��¶(�J&�¨
 ���;I&�ªI&! ·$I&®n(�KL!Ì�¨
�����!�#��"ï�(��¨
"®z
"!$#%�;I&�ªI&! ·���®QKL!&K¨�&�

������;KL�¨
�J&K¨
"! � I�
��¨
"I&���z� � I�
"�¨
"#;#�
 �n� ��® H ���;#�
"!�#��&
�ï��«(�!��&
 �\�	Kz3?�"��
"!�� 
 ��)O't��KL�¥ ZKLï�I&��
X
	Ú { +´Ú
©���(�KL�L�¨
"I&�����&
+!���®%J&��
"I���
 �%��
 ��·�
"���«·�
 �%��(�!����¨
��&��®n(�KL!�
Q�&
��¶( H (��¨� �t(�!�#;·&��� H ���¨��ï�K¨
z®z��!$#;��

�&
 �n�	Kz3��"��
"!�� 
 �ÿ#«(�!�#\(�Ii!&KL't
 (�I �&
��¶(Ì®z��� H ·����¨��ï�K¨
�¶ Ì (��«×�� · � I�
��&
 �n®n(�����
 �z
"#nKL!�
"�;#;K¨
 �



í ~=¹ � ����� |�� ��� ¼ � �î	��w�Bï � �Ó	=� � ~=�`�����
ð(¼�� ���

°qälñ.øt
	Ú�Ø Ê � (ç� ��® H �¨
´ÙSKL#��²�&
 �F(��;#;K¨�"I&�¶(�#;K¨��!��F#�
"�L�¨
 � � I�
^� 
"�L�¨
q�	I+ït
"!���IQ��I��&
/�¶(£��·�
"'SKL�L�¨
^!���I��
��J&�LKLït
çþ�(��&� H #�
"�/I&!�
²��
 H ��� ��
"!�#«(�#;K¨��!��;KL® H �LKz�@� 
<�&
 �^(��;#;K¨�"I&�¶(�#;K¨��!��/�	Iÿ� ��� H �F·�I&®n(�KL!rÚ�¶ �	( '	×�� ·

°qälñ.øª
	Ú Ö Ê � ·���#���ï��«( H ·&K¨
Ó�	I � � I�
"�¨
"#;#�
|�&
 � I��"âÕ)u  � � {�{ ¥ x +���(�#��|����
"!$'$KL����! 
����Ð¢�KL� ¥
�LK¨��!��%����(�!&!�� 
 � Ú õ K¨
"! � I�
z#;��¸ � H (��;#;K¨
"���r�8��
"!���
"®�J&�¨
n�&
 ��������
"#;����I&'t�n� ��!��;#;KL#;I�
n�¨
z� � I�
"�¨
"#;#�

����(�I��;#;�«(��¨� H KL#;·�¸ � I�
ÿ�¨
 H �LI��+� ��® H �¨
"#+�&� � ��I&'t
"�;#Qþ�� 
��A��I&� ÚÉ) ­ ��I&�;#���K¨�;K¨
\�&
 ò KL�L�¨
 � õ 
"�;KL�L�¨��!­ � §ª�(' &ç� §E� x �$Ö�+

¶¾¸�¤ ���"· �&�&
 �1�&� H �¶(�� 
"®z
"!�#��ª�	IX� 
"!�#;��
%�&
�®n(�����
�¶ µ   µ � 
 · ��IX
"!�� ����
��&
��¶(Q�&� H 
"!��«
��"!�
"�;ït�´¥
#;K � I�
¥¶¾¸ª�«( ����· Ú� ��I�� H ��I&'t��!���!���I���
8(�KL��
ÿI&!�
zK¨�&� 
\�&
ÿ� 
 �+�	Kz3?�"��
"!�� 
 ��®z��� H ·����¨��ï�K � I�
 �Q
"!Ó��J��«
"�;'�(�!$#
�¨
 � H (��«(�®z¸"#;��
 �£��
"ï�®z
"!�#«(�KL��
 �ç��� I&!�
.�A
"I&!�
¿
u
"®Q®z
ª®z�S�&
"�;!�
��&®z�S�&¸"�¨
%(�!@(�#���®QK � I�
�(��"#;I�
"�r�¨

H �LI�� H ���$�«·�
���
"#²� 
"I	Ù\�&
 � I��"â\
"!�I&#;KL�LK¨�«(�!�#<����KL#q�¨
 �q#«(�J&�¨
 �<(�!$#;·&��� H ��®z�"#;�;K � I�
 �1�&
ª�8� ·$I&®n(�KL!
����KL#1� 
"�L�¨
 �<�	I���·&KL® H (�!(� �`) µ (�J&�¨
�
	Ú x +´Úú H (��;#;KL�/�&
 �a�&��!&!�� 
 �/�	In� � I�
"�¨
"#;#�
<�&
 � I��"â��t�¨
q�¶(�J?���«(�#���KL��
 ­ � §£�+�&
<�¶(ª©çâS!@(�®QK � I�
<�&

�8� � 't���LI&#;K¨��! 
 I&®n(�KL!�
��$�¶(�J?���«(�#���KL��
£®z��#�
"I&�²�	I H �����;
"#��	(���� (��LK¨���çI&!�®z�$�&¸"�¨
ª
�©4�&
ç�¶( H (��;#;K¨

KL!�
u�"�;K¨
"I&��
X�	Iw� � I�
"�¨
"#;#�
��&
 � I��"âtÚ ­ 
"#;#�
�®z�$�&�"�LK¨�«(�#;K¨��! 
 �;#�K¨���;I�
���� I&!�
�!�I&®z�"�;K¨�«(�#;K¨��! H (��
��� (�!&!��"�;K¨�«(�#;K¨��!X
�© �	I�� � I�
"�¨
"#;#�
ª���;KLï�KL!@(��r� ��!���
"�;'t�ª
"! � #;·&K¨� H K¨
%)O't��KL�! ZKLï�I&��
�
	Ú � +´Ú	¢¬(����«·@(��

"# õ 
"�;KL�L�¨��! ¶�¢ õ × x�· ��!�#%(��¨�������&�,��!&KFI&! H ����#��S� ���¨
Q�&
���
 � ��!���#;�;I��"#;K¨��!|
"#��&
���� (��;#;K¨�"I&�¶(�#;K¨��!
'$KL�;#;I�
"�L�¨
<þ H (��;#;KL�a�&
²� 
 �F�&��!&!�� 
 � Ú � 
"I&���a·�â H ��#;·�¸ ��
 �F�&
q��
 � ��!���#;�;I��"#;K¨��!n
"#F�&
/��� (��;#;K¨�"I&�¶(�#;K¨��!



��Ø ö�ù�÷on&æ�÷	æ�älìZí«Í?äOírê�ë<÷	æ?ä�äZôrÝ|ùßäuëçÝ�írá6älìZírírÝ@ø�ø�Ý

°qälñ.ø@
	Ú { Ê � 
 �²�	Kz3��"��
"!�� 
 �²®z��� H ·����¨��ï�K � I�
 �1
"!$#;��
ª�8� ·�I&®n(�KL!��&�¨
ª�;KL!&ït
ª
"#q�8��(�I��;#;�«(��¨� H KL#;·�¸ � I�

®z��!�#;��
%�¶(��	Kz®n�"I&�L#��%��� I&#;KL�LK¨��
"�ç�&
 �²®z�$�&�"�LK¨�¿(�#;K¨��!��<ït�"!��"�;K � I�
 �<KL!�#�
"�A¥¦
 � H ¸ � 
 � Ú


�
"®Q®z
�®z�S�&
"�;!�
 � I��"âa) 
 ��®Q®z
�+ � I��"â ) ­ ·&KL® H Ú +� ¢ ¢�� � ¢ ¢X� � ¢ ¢��
� K¨
 � ×	Ú x�x × ×	Ú { � x Ú � ×	Ú�× { × ×	Ú ��Ø x Ú � ×	Ú�× { × ×	Ú���Ø x Ú Öµ KLJ&K¶( ×	Ú�
 � × 
	Ú�×�× �	Ú�× ×	Ú���Ø�� x Ú�Ø�� �	Ú�× ×	Ú���Ø�� ×	Ú {�� �	Ú Ö­ I&K¨����
 ×	Ú�
tÖ�
 Ø	Ú�×�× x ×	Ú�× ×	Ú������ 
	Ú�
�× x ×	Ú�× ×	Ú������ �	Ú���� Ø	Ú {

� ÷ßå�ø�
	Ú x Ê � (��«(�®z¸"#;��
 �-��
"ï�®z
"!$#«(�KL��
 �ß� ��® H (���� �ß
"!�#;��
aI&!�
#
u
"®Q®z
F®z�S�&
"�;!�
e
"# � I��"â�¶¾¸�¤ ����· Ú� �"#«(�!$#²�¶(+�¨��!&ï�I�
"I&�<�	I���
"ï�®z
"!�#1
"!�®z¸"#;��
��&¢ �«(+®n(�����
ª
"!�è$ïQ
"#<¢��²�«(�®n(�����
£��
"�¶(�#;KL't
�
"!ø �&
��¶(+®n(����«
�#���#«(��¨
�Ú

(�KL!��;K � I�
��&
 �q·�â H ��#;·�¸ �«
 �²�¨�$� ��®z��#;�;K¨� 
 �1ï��¨��J@(��¨
 �.
���!�# H (��;#;K¨
��&
ª!���� H (��«(�®z¸"#;��
 �ç����(���( H #«(6¥
#;K¨��!rÚ� 
 � H ��KL!�#��F� (��«(��"#��"�;K¨��#;K � I�
 �a�&� �"�;KL'�(�!�#F�¨
^®z�S�&¸"�¨
²
�© ��!@(��&��!�#a�"#��q�&�,��!&K¨�a( 't
 �qI&!���J��;
 �´¥
#;Kz
a�&
�ït�"!��"�;K¨�"KL#���KL!�#�
"�A¥¦
 � H ¸ � 
%����
 ��#A¥Æþ6¥¦�	KL��
 � Ir� KL�¨�1����K¨
"!$#£þz�¶(>
u��K¨� H (�� H (�J&�¨
 �ª�;I&�<I&!�·$I&®n(�KL!
'SKL'�(�!$#%
"#���
 H �"�«(�J&�¨
 ���;I&��I&!|���4
������;KL�¨
�Ú � ��#;��
 H ����#��S� ���¨
z����(�� � I&K¨��KL#;K¨��!|�&
Q�¨�S� ��®z��#;K¨��!|
 �;#
�&�,��!&K H (��1� 
 � H ��KL!$#��1� (��«(��"#��"�;K¨�;#;K � I�
 � Ú
U�Ý8U V =V:«0�üZ:�ùÿ*�)�58:«012V*-=�ù ß<3�.q2�:�ß<0
�Gâ��#âãá � ç#z^ç�ÿ�í�ýyzv÷ãë�í�÷��Gò§ìuëªóÇõ6zÕ"�î§õ�è�õ6õ2÷8�Gò§ìuë;ì(í�è�õ#ÿ�õ2óÇõ7í�z^÷ãÿ�ìwë

­ ·@( � I�
 H 
"������!&!�
�� ( H #;I&��� 
�(z
,3?
 �"#;I�� 
%
Q#¦â H 
 �<�&
��¨�$� ��®z��#;K¨��!�J@(��¶( â�(�!�#�(�I�®QK¨
"I	Ù��¨
 �
H �����;KLJ&KL�LKL#�� �<�����"'t���LI&#;K¨��!¬�&
 � H (��«(�®z¸"#;��
 �ç�&
ª�8��(���( H #«(�#;K¨��! �;I&KL'�(�!�#�� Ú

Ê §9Ua_anwe��G�2n�WYnuhwcYX ©
� 
 ���;I"�;
"#��%��!$#+�"#��ÿ��·���K¨�;K¨���&
%
�("� ��! þ���J&#�
"!&KL�+I&!�
nï��«(�!��&
\�	KL't
"���;KL#��n�&
ÿ�¶(�J@(��«
n�&




ú �0� � 	=�<û§����� � � � �=��û | �p����� |�� �tÖ

� EL� ��� � � 5��
°qälñ.øç
	Ú � Ê � 
 ®z�S�&¸"�¨
 
u��I&�;!&K H (����¨
 � H (��¨� �t(�!�#;·&��� H ���¨��ï�I�
 �¬
 ��#�#;�«(�KL#��Ì�;I&�È
8(��"K � I�
"®z
"!$#��
�&� � ��I H ��
"!Ð�����LK¨�&
 ���;KLï�K¨�&
 �n
"#���â$®z�"#;�;K¨����(�I ®n(6Ù	KL®%I&® � ��® H #�
�#�
"!$Iw�&
 �Q�&��!&!�� 
 �z���;KLï�K ¥
!�
"�L�¨
 �6)�(�+´Ú$©£
 �a·�â H ��#;·�¸ ��
 �/����!�#/
"!��;I&KL#�
²KL!�#;���S�	I&KL#�
 �^�;I&�a�¶(ª��� (��;#;K¨�"I&�¶(�#;K¨��!��&
 �a� 
 �e� ��� H �4)OJw+
¶�¢ õ × x�· Ú � 
/®z�$�&¸"�¨
²
�© � ��® H �¨
"#a��J&#�
"!�IQ
 �;#ZI&#;KL�LK¨���q� ��®Q®z
^�«��I&��� 
/�&
q�&��!&!�� 
 �F(�!@(�#���®QK � I�
 �
H ��I&�1�¨
ª®z�$�	I&�¨
�����(���( H #«(�#;K¨��!Ó)u��+´Ú

�&��!&!�� 
Ó)O't��KL� µ (�J&�¨
¬
	Ú���+z#«(�!�#�(�Ii!&KL't
 (�I �&
 �n�¨��!&ï�I�
"I&��� � I�
��&
 � H ��� H ���;#;K¨��!��\�&
 �
®z
"®�J&��
 � Ú � (QJ@(���
��&
��&��!&!�� 
 �1� ��!$#;K¨
"!�#ª(�KL!��;Kr�¨
 �²�¨�S� ��®z��#;K¨��!��1�&
ª� x H 
"������!&!�
 � Ú

�$I"�;
"# 
u
"®Q®z
 
�
"®Q®z
 
"!�
8(�!�# ·���®Q®z
 ·���®Q®z
x � x �
 -�"®%I&�¢)u�"®`+ ���	Ú�� ��Ø	Ú � ��×	Ú�
 � x Ú � ��×	Ú�Øµ KLJ&K¶(:)u�"®`+ ��×	Ú � 
 � Ú Ö x�{ Ú�
 ��
	Ú Ö ��Ø	Ú�Ø

§£(�#;K¨�>
u�"®�I&�£'6#;KLJ&K¶( x Ú x � x Ú x�{ x Ú x�x ×	Ú � Ø x Ú�× �ý (�®�JV
 )u�"®`+ { �	Ú�� � { Ø	Ú�Ø 
 { Ú�Ø { �	Ú�Ø � ÖSÚ��
� ÷Zå�øe
	Ú�� Ê � ��!&ï�I�
"I&���z�&
ÿ®z
"®%J&��
 �Q�&
����;I"�A
"#�����
 H ��� ��
"!$#«(�#;Kz
u�Q�&
ÿ�¶(�J@(��«
\�&
\�&��!&!�� 
 ���
�&
"I	Ù¥
�
"®Q®z
 �¿) x Ø����"®�
"# x Ö�×+�"®`+,�SI&!\
"!�
8(�!�#<�&
ª��(�!��À)8Ö { �"®`+/
"#q�&
"I	Ùÿ·���®Q®z
 ��) x Ø��+�"®

"# x�� ×Q�"®`+´Ú

Ê §9Ua�§nu]�b�i2e�X��#WYUaWpn l h�i2X�i2e¥Z�X[��U(]%X^b¥Wä�ztvo�U(e�b�Xv_aX l b¥Z\X^]%�GcYX^Z\] ©
� ��I���( 't��!����&
"®n(�!��&�z(�I	Ù��;I"�;
"#��£�&
�®n(����«·�
"���&
+
¥
8("� ��!��ª�	Kz3?�"��
"!$#�
 � Ú � ( H ��
"®QK¨¸"��


 �;#ªI&!�
¡
8("� ��! !����;®n(��¨
Q����
 �;#A¥Æþ6¥¦�	KL��
�I&!�
+�¨�$� ��®z��#;K¨��! � I���#;K¨�	K¨
"!&!�
�Ú � ��I&���¶(���
 � ��!��&
��
!���I��%�¨
"I&��( 't��!��+�&
"®n(�!��&�n�&
Q®n(����«·�
"� ��¼����h�±�±Á¯�`ºT¢��¯­Õ�^�"�?�¶(��&�"®n(�����·�
ÿït�"!��"�«(��¨
´¥



� { ö�ù�÷on&æ�÷	æ�älìZí«Í?äOírê�ë<÷	æ?ä�äZôrÝ|ùßäuëçÝ�írá6älìZírírÝ@ø�ø�Ý

®z
"!$#%� ��!��;#«(�#�� 
�®z��!$#;��
zI&! ï��«(�!���8@� ��·&K¨�«��
"®z
"!�#+�&
 �.�;(�®�JV
 ���?I&!�
��¨��!&ï�I�
"I&�%�&
 H (��
H �LI���ï��«(�!��&
��e�&
 ������#«(�#;K¨��!��zKL!�#�
"�;!�
 �,'�
´ÙS#�
"�;!�
 � H �LI��QKL® H ���;#«(�!$#�
 �ÿ(�KL!��;K � Ir� I&!Ð�¶(��;ït

� � (��;#�
"®z
"!$#X�&
 � H K¨
 �&������( H&H I&K8Ú � (|#;����K¨��K¨¸"®z
 �&��KL#:$"#;��
 I&!�
 �¨�$� ��®z��#;K¨��! KL!$#�
"�;®z�´¥
�	K¶(�KL��
\
"!�#;��
\®n(����«·�
\�"�;KLït� 
\
"#¡8@� ��·&K¨
��-� 
"�L�¨
 � I&K H ��I&�;�«(�KL#�� ���;��
 � H ��!��	��
n�¨
ÿ®QK¨
"I	Ù�þ
I&!\(�I��;#;�«(��¨� H KL#;·�¸ � I�
£�&��!�#/�¶(�J&K H � �	K¨
<
 �;#a��� � 
"!$#�
�Ú$©ª
 �/�"#;I��&
 �/
"! H (��¨� �t(�!$#;·&��� H ���¨��ï�K¨

¶ ò � � ×�×(� Ì (��«×�� · ��!$#<®z��!�#;��� 
 � � I�
%� 
 H (�!�
"�c�&
��&�"®n(�����·�
 �¢)O't��KL�º ZKLï�I&��
%
	Ú x ×�+ H 
"I&#
$"#;��
qI&#;KL�LK¨�«� H ��I&�a� ��I&'S�;KL�a�8��
"!���
"®�J&�¨
<�&
 �F·�â H ��#;·�¸ ��
 �a� ��!�� 
"�;!@(�!�#/�¨
 � H ����#;I&��
 �a�&
 �F·���¥
®QKL!&K¨�&� �9
������;KL�¨
 � Ú � � I&#;KL�LK¨�«(�#;K¨��!��&
1� 
 H (�!�
"�V�&
1�&�"®n(����«·�
£��I&�e�&
 �e®z��I&'t
"®z
"!$#��<(�I&#;��
 �� I�
��&
 �ª·���®QKL!&K¨�&� �À
������;KL�¨
 � H 
"I&# H ���;#�
"�%þ\�	K¨���"I����;K¨��!��V®n(�K¨��� 
 �ª®z��I&'t
"®z
"!�#��+( â�(�!$#
�"#��\� ( H #;I&��� �Q�;I&�+�&
 ��·���®Q®z
 ��®z�S�&
"�;!�
 ���ß�¨
 �+®z��I&'t
"®z
"!�#��Q�&
ÿ�¶(�J@(���
\�&
\�&��!&!�� 
 �
�«��!�#<'�(��LK¨�&
 � H ��I&�<� 
"I	Ù��"K8Ú

°qälñ.ø^
	Ú x × Ê ­ 
 �z#;����K¨� H ���;#;I&��
 ���a
"#z�¨
"I&���z'SK¨�;I@(��LK¨�«(�#;K¨��!���
�©¢� H 
"�;®z
"#;#�
"!�#��&
�� ��I&'$�;KL�ÿ�¨
 �
·�â H ��#;·�¸ ��
 �1�&
 � H (��¨� �t(�!$#;·&��� H ���¨��ï�I�
 �ª�;I&�²�¶(z�&�"®n(�����·�
%�&
 � I��"âtÚ

�Gâ��#âpû å5è�õ�õ6z^÷�í�î9óÇì1ð!�p÷ãæ�í�ìyz�"�õ2èãçwí�÷ãõ2æ
� � K¨�&� 
�
���!���(�®z
"!�#«(��¨
��&
��8��(��Lït���;KL#;·&®z
�
 �;#£�&
%��� H (���
"�£�8� KL!�#�
"� H ���¶(�#;K¨��! �;I&�1�¨
 �1#;����K¨�£(6Ù&
 �

(�!@(�#���®QK � I�
 �1
"#1�&
ª�8��( H&H �LK � I�
"�ç�;I&�<�«·@( � I�
 H (��«(�®z¸"#;��
�KL!�8�I�
"!�# Ú � ��#���!��ç� 
 �1(6Ù&
 �1(�KL!��;Ka�
Ê � ��(6Ù	
 ~x ��
 H ��� ��
"!�#�
ÿ�¶(��	KL��
 �"#;K¨��!��&
z�&� H �¶(�� 
"®z
"!�#�� H ���;KL#;KL't
"®z
"!�#+'t
"�����8��( '�(�!$#��cKL�/
 �;#

���;#;·���ït��!@(��r(�I H �¶(�!¥
u����!�#«(��8Ú � 
 H (��«(�®z¸"#;��
£KL!�8�I�
"!�#²�&
<�¶(%®z�"#;·��$�&
£����(���( H #«(�#;K¨��!��;I&�
� 
"#�(6Ù	
�
 �;#n�¶(Ì�¨��!&ï�I�
"I&���&
 H (�� )O't��KL�  ZKLï�I&��
�
	Ú x�x )�(�+0+´Ú ­ 
"�¶(Ó��
�#;�«(��	I&KL#�� H ��I&�nI&!
�"�¨�"®z
"!$#��&
��¶(QJ@(��«
��&
��&��!&!�� 
�� H (��£�¶(z�	K¨�;#«(�!�� 
+
"!�#;��
��¨
 H ��KL!$#ª�n
"#1�¨
 H ��KL!�#£�ÿ�&
��¶(
H ��I&�¶(�KL!�
����	K¨��#«(�!�� 
ç(�Iÿ�«���@
"!�#;��
ç�¨
²�¨
"'t�1�&
1#«(��¨��!ÿ
"#a�¨
 H ���«�<�������;#�
"KL�\)O't��KL�É ßKLï�I&��
£
	Ú�
�+´Ú

Ê � ��(6Ù	
 ~y ��
 H ��� ��
"!$#�
n�¨
n�&� H �¶(�� 
"®z
"!�#��¶(�#��"�«(����rKL�^
 �;#%���;#;·���ït��!@(��²(�I H �¶(�!|#;�«(�!��;'t
"���¿(��8Ú� 
 H (��«(�®z¸"#;��
�I&#;KL�LK¨������(�!����8� KL!�#�
"� H ���¶(�#;K¨��! �;I&��� 
"#n(6Ù	
�
 �;#+�8��� � (��;#�
"®z
"!�#\�&
 � H K¨
 �&�
)O't��KL�! ZKLï�I&��
%
	Ú x�x )OJw+0+´Ú � ��I&�ç®z�$�&�"�LK¨��
"�<� 
 H (��«(�®z¸"#;��
��@!���I��²I&#;KL�LK¨����!��1�¶(�� ��® H ���«(�!$#�

�¶(�#��"�«(��¨
%�	I H ��KL!$#ç
	Ú

Ê � ��(6Ù	
 ~z ��
 H ��� ��
"!$#�
��¨
\®z��I&'t
"®z
"!�#n't
"�;#;K¨� (����-KL�²
 �;#Q���;#;·���ït��!@(��ç(�I H �¶(�!w�¿(�ï�KL#«(��8Ú � 

H (��«(�®z¸"#;��
�(���( H #�� H (��1�8� KL!�#�
"� H ���¶(�#;K¨��! �;I&�ç� 
"#ª(6Ù	
�
 �;#<�¶( H ���;#;I&��
�Ú � ��I&�ª�&
 �ç�«(�K¨����!��
����� � I&KL�LKLJ&��
 ¶ Ì ·&K ��x�· � 
 H (��«(�®z¸"#;��
 H 
"I&#n��
 H ��� ��
"!$#�
"���8� KL!�8�I�
"!�� 
¬'t
"�;#;K¨� (��¨
��/
"�L�¨
¬
 �;#
®z�S�&�"�LK¨��� 
 H (��/�¶(%� ��® H ���«(�!$#�
1't
"�;#;K¨� (��¨
£�&
<�¶( H ��I&�¶(�KL!�
ªþ��¶( H ����KL#;K¨��!ÿ�&
<��
 H ���À) � ��KL!$#

�+À)O't��KL�6 ßKLï�I&��
�
	Ú x�x )u��+0+´Ú� ��I��a
,3�
 �"#;I���!��e
"! H ��
"®QK¨
"�a�LK¨
"InI&!�
²®QK¨��
1þ£�8��� �«·�
"�L�¨
1�&
²�¶(£J@(���
1�&
<�&��!&!�� 
<
"!zI&#;KL�LK¨�«(�!$#

�¶(��¨��!&ï�I�
"I&���&
À��(�®%J?
n�	I�� � I�
"�¨
"#;#�
ÿ�"KLJ&�¨
�Ú ­ 
"#;#�
ÿ®QK¨��
nþ��8��� ��·�
"�L�¨
��Z����
 �;#A¥Æþ6¥¦�	KL��
ÿ� 
"#;#�
n!����A¥
®n(��LK¨�«(�#;K¨��!��	I\®z��I&'t
"®z
"!�# H (��^�¨
ç� � I�
"�¨
"#;#�
��Sï�(��«(�!�#;K?�8��(���( H #«(�#;K¨��!��&
 �/®z��I&'t
"®z
"!�#��1(�� � I&K¨�



ú �0� � 	=�<û§����� � � � �=��û | �p����� |�� � �

� EL� ��� � � 5��
°qälñ.ø�
	Ú x�x Ê � 
 � H (��«(�®z¸"#;��
 � � I�
ç!���I��<I&#;KL�LK¨����!�� H ��I&�q
,3�
 �"#;I�
"�²�8� KL!�#�
"� H ���¶(�#;K¨��!��	KL®z
"!���K¨��!	¥
!�
"�L�¨
�����!$#<�¶(��¨��!&ï�I�
"I&�1�&
 H (��¡)�(�+,�&�8��� � (��;#�
"®z
"!�#ª�&
 � H K¨
 �&��)OJw+q
"#²�¶( H ���;#;I&��
%)u��+´Ú

þÿ�¶(n®z��� H ·����¨��ï�K¨
Q�	I � � I�
"�¨
"#;#�
��"KLJ&�¨
�� ��®Q®z
�KL�Z
 �;# H ��� H �����+��(�!����&
 �ç#;�«( '�(�I	Ù H ��� � � �&
"!�#��
¶ ò �¨
 ��{ �@� ­ ×�� · Ú� ��I&�ª�«·@(��"I&!¬�&
 �ç#;����K¨� H (��«(�®z¸"#;��
 �£�&
%�8� KL!�#�
"� H ���¶(�#;K¨��!��?�8��(��Lït���;KL#;·&®z
+��
 ��·�
"����·�
���(�!��ç�¶(
J@(���
��&
ª�&��!&!�� 
 �²�8���"�¨�"®z
"!�#1�¨
 H �LI�� H ���$�«·�
��&
£� 
"�LI&K�'t��I&�LIrÚ � ��I��²��J&#�
"!���!��<�&��!��ª#;����K¨� H ��I	¥
�¶(�KL!�
 ��)�(�IX®n(6Ù	KL®%I&®`+,�VI&!�
 H ��I&�ç�«·@( � I�
 H (��«(�®z¸"#;��
�Ú & !�
%KL!�#�
"� H ���¶(�#;K¨��!¬�LKL!�� (�KL��
+
 �;#ª(��¨�����
( H&H �LK � I�� 
���I&���¨
 �Q� ��® H ���«(�!�#�
 �Q� ��!�� 
"�;!�� 
 �n�&
 � H ��KL!�#��Q� (��«(��"#��"�;K¨��#;K � I�
 ��)u
"! H ���;KL#;K¨��!���
"#
#«(�!&ït
"!�#�
 �£+ H ��I&��
�(�KL��
ª� ���;��
 � H ��!��	��
ª�¨
 �q� ��!�#;�«(�KL!$#�
 � Ú � ( H ��I&�¶(�KL!�
ç��� ��I&�L#«(�!�#�
�
 �;#q� ��® H ����� 

�&
 ��� ��® H ���¿(�!�#�
 �%�&
 � H ��KL!�#���� (��«(��"#��"�;K¨��#;K � I�
 �%K¨���;I�
 �ª�&
 �ª#;����K¨���	KL®z
"!��;K¨��!���� ���;��
 � H ��!���(�!$#
(�I	Ùÿ#;����K¨� H (��«(�®z¸"#;��
 � H ��� � � �&
"®z
"!$#ç�&� �"�;KL#�� Ú � ��#���!�� � I�
£�¨
£��
 � H 
 �"#²�&
 �²� ��!�#;�«(�KL!�#�
 �ç�;I&�q�¨
 �
(6Ù	
 � ~x 
"# ~y � � I&KL'�(�I&#1þ+I&!�
�� ��!$#;�«(�KL!�#�
%� H (�#;K¨��¥8#�
"® H ����
"�L�¨
��&
ª��
 � H 
 �"#<����
"® H ��
"KL!$#�
 �ç(�I������8Ú
�Gâ��Gâ�� ¨5í�÷äèã÷äë�ç�í�÷�õ�æ ð!� ò�æü"uz�õ6æÉèÀð§ì ö§÷êí�ìuë"ë�ì

� ��#;��
 KL!�#�
"� H ���¶(�#;K¨��!E
 �;#;
8(�KL#�
Ì�;I&���¨
 �X� �$�����&��!&!�� 
 ��
"#�#«(�!&ït
"!�#�
 �¬�&
 � � I@(�#;��
 H ��KL!$#��
� (��«(��"#��"�;K¨�;#;K � I�
 � Ú ­ 
"�L�¨
 �²�"K��"#«(�!�#²���"�¨
 �"#;K¨��!&!�� 
 �<
"! 
���!��"#;K¨��!��&
 �q� ��!$#;�«(�KL!�#�
 ���&!���I��qI&#;KL�LK¨�«��!��
H ��#�
"!$#;K¨
"�L�¨
"®z
"!�# H �LI��;K¨
"I&��� H ��I&�¶(�KL!�
 �1(���!��&
�� (��¨�"I&�¨
"�²�¶( H ��I&�¶(�KL!�
�(���( H #�� 
�Ú � 
 �²�	Kz3��"��
"!�#�
 �
H ��I&�¶(�KL!�
 ���«��I&��� 
 ��( â�(�!�#��&
 �\'SKL#�
 ����
 �\�	Kz3?�"��
"!$#�
 ���²� 
X#;�«(�KL#�
"®z
"!$#�!���I��\KL® H ����
¬�&
¬ït�"��
"�
��� H (���
"®z
"!�#ç�¶(Q�	KL®z
"!��;K¨��!�#�
"® H ����
"�L�¨
�Ú ­ ��
 �;# H ��I&� � I���K��	!���I��<I&#;KL�LK¨����!��<I&! H �������r�&
�'SKL#�
 ����

®z� ât
"! H ��I&�e� ��!�#;�=���¨
"�²� 
"#;#�
£�	KL®z
"!��;K¨��!n#�
"® H ����
"�L�¨
��	
"#/�&��!��<�¶(�'$KL#�
 �«��
<�&
1�&� H �¶(�� 
"®z
"!$#²�;I&�
�¶( H ��I&�¶(�KL!�
�Ú� ��I��1� (��¨�"I&�¨��!��<�¨
 � H �������¨�1�&
�'SKL#�
 ����
 PVi=1,...,N

�&
�#���I&#�
 �1�¨
 �<�¨�S� ��®z��#;K¨��!��1�&
��¶(QJ@(���

�&
<�&��!&!�� 
 �^
"!zI&#;KL�LK¨�«(�!�#/�¶(4
u��� � I�
"!�� 
<����� �«·@(�!�#;KL�L�¨��!&!@(�ït
��	In��âS�;#�¸"®z
²�&
1� ( H #;I&��
�Ú � I&K¨�e!���I��
!����;®n(��LK¨����!��£� 
 � H �������¨�<�;I&KL'�(�!�#1�&
"I	Ù��"�;KL#�¸"��
 ���

Ê ­ ��®Q®z
��&
"I	Ù H 
"������!&!�
 �n!r��
,3?
 �"#;I�
 H (��zI&!i�"â	�"�¨
���(�!��ÿ�¨
�®%$"®z
�#�
"® H � tcycle
�F�¨
 �

H �������¨�ç����!�#<!����;®n(��LK¨�«� � H (��<� 
"#;#�
�'�(��¨
"I&� Ú
Ê � #«(�!$#ç�&��!&!�� � Ir��
"�L�¨
 �1!r����!�#ç�"ï�(��¨
"®z
"!$# H (��1�¶(�®%$"®z
��¨��!&ï�I�
"I&�ç�&
��;(�®�JV
��&�¨
 H K¨
 ��!�


H (���� ��I&�;# H (��²�¶(+®%$"®z
%�	K¨�;#«(�!�� 
 dpas
Ú� 
 H �������F®z� ât
"! ��J&#�
"!$IÌ
 �;#ª®z�$�&�"�LK¨��� H (��ªI&!�
¡
u��!��"#;K¨��! H ���Lâ$!���®QK¶(��¨
�Ú � (  ZKLï�I&��
Q
	Ú x �

®z��!�#;��
�� 
 H ��������®z� ât
"!�
"#q�8� KL!$#�
"� H ���¶(�#;K¨��! H ���LâS!���®QK¶(��¨
����������	��
ª��� � I&K?�¨
£� (��«(��"#��"�;K¨�«
�Ú&¤F�L�¨




Ø�× ö�ù�÷on&æ�÷	æ�älìZí«Í?äOírê�ë<÷	æ?ä�äZôrÝ|ùßäuëçÝ�írá6älìZírírÝ@ø�ø�Ý

!���I�� H 
"�;®z
"#��&
���
 H ��� �«
"!�#�
"���¶( � ��I&�;J?
 ( 't
 � I&!�
 
"�;��
"I&��®z� ât
"!&!�
 KL!�
��"�;K¨
"I&��
Ìþ 1, 29
ø Ú� �������	��
��	I H ���Lâ$!���®z
�
 ��#1� 
"�LI&K � I&Kc�&��!&!�
��8��
"�;��
"I&�ç®z� ât
"!&!�
�®QKL!&KL®n(��¨
%��(�!��<I&!�KL!�#�
"�;'�(��L�¨


�&
²��
 �«·�
"����·�
1� ��® H �;K¨�/��(�!��a�8� KL!$#�
"�;'�(��L�¨
 [1, 30] Ú � ��
"�;��
"I&�e®z� ât
"!&!�
ç
"!�#;��
ç� 
 H �������@
"#a#���I��F�¨
 �
H �������¨�F��� 
"�¨�a�&
q�¶(£J@(��«
²�&
<�&��!&!�� 
 �a
 �;#a����
"!$'$KL����! 20

ø Ú ­ 
"#;#�
1
"�;��
"I&�e�"#«(�!�#a!���!Q!��"ï��LKLït
 (�J&�¨
��
!���I�� H �¶(�!&Kz�@��!��^�&
²� (��¨�"I&�¨
"�e�&
 � H �������¨�a®z� ât
"!��^� H � �"Kz� � I�
 �e(�I	Ù � I@(�#;��
²�«��I��A¥¦� ��I&�;JV
 ���t����
 �;#A¥
þ6¥¦�	KL��
1þ � I@(�#;��
 H ·@(���
 �e�	In�"âS�"�¨
���
"#/(�I	Ù��	Kz3��"��
"!�#��^�;#Æâ$�¨
 �a�&
<�¨�$� ��®z��#;K¨��!�� Ú ú �«·@( � I�
 H (��e�&

#�
"® H �����¨
 H �������ß!���I��ª�&��!&!�
+�¶(z'�(��¨
"I&���&
%�8��(�J��«�"K¨����
+�"I&�;'$KL�LKLï�!�
��&
��¶( H ��I&�¶(�KL!�
ª) H ��I&� H �LI��
�&
��&�"#«(�KL�r't��KL�²�8�� ç!&!�
´Ù&
 õ +´Ú

0 20 40 60 80 100
−5

0

5

10

15

20
x 10

−3

°qälñ.ø&
	Ú x � Ê � 
 H ���������&
£'$KL#�
 ���«
1®z� ât
"!1)u
"!\!���KL�£+/
 �;#^®z�S�&�"�LK¨��� H (��^I&! H ���Lâ$!���®z
ª�&
£�&
"ï����
���:)u
"!�J&�¨
"Iw+²( 't
 ��I&!�
�
"�;��
"I&�¢)u
"!�����I&ït
�+q®z� ât
"!&!�
%KL!�
u�"�;K¨
"I&��
�þ 1, 29

ø Ú
� ��I��ç�&�"#�
"�;®QKL!���!���(��¨�����ç�¶(z'�(��¨
"I&�ç�	I H (��«(�®z¸"#;��
��&
 �ç� ��I&�;J?
 �ç�"I&J&K � I�
 �ç!���I�� H 
"�;®z
"#A¥

#«(�!�#ç�&
�� (��¨�"I&�¨
"�çþQ�«·@( � I�
 H (��1�&
�#�
"® H �²�¶( H ���;KL#;K¨��!��&
��¶(��«·�
"'$KL�L�¨
��;I&�²�¶(�#;�«(��;
 �"#���KL��
�Ú
U�Ý�Ü Vaß<>�2Rý�2@=V.1:A2�*aúû*F0ç2�>

� (z®z�"#;·��$�&
���� KL!�#�
"� H ���¶(�#;K¨��! H ��� ��
"!�#�� 
 H ���$�	I&KL#ª(�KL!��;KrI&!�
%#;�«(��A
 �"#���KL��
+����
,3?
 �"#�
"I&�ç#�
"®�¥
H ���«(��LK¨��� 
�Ú ­ 
"#;#�
�®z�S�&�"�LK¨�«(�#;K¨��!¬�	I�®z��I&'t
"®z
"!�#ª!�
 H 
"I&# H (����&#�
"� � I�
"����$"#;��
+(�®n��·�� 
 H (��1I&!
®z�S�	I&�¨
%�&
�'SK¨�;I@(��LK¨�«(�#;K¨��!rÚ � ��( H&H �LK¨� (�#;K¨��! �&
 H ���;#A¥8#;�«(�KL#�
"®z
"!$#����&��KL#!
8(�KL��
��¨
��LK¨
"!¬
"!�#;��
+� 
"#;#�

®z�S�&�"�LK¨�«(�#;K¨��! 
"#£�8��(�!&KL®n(�#;K¨��! ��!@(��¨
��	I¬®z��I&'t
"®z
"!�# Ú � ��I&���8��(�!&KL®n(�#;K¨��!��?!���I���( 't��!����«·���K¨�;K
I&!�
ª��
 H ��� ��
"!$#«(�#;K¨��!�(�!&ï�I&�¶(�KL��
��&
 �<(��;#;K¨�"I&�¶(�#;K¨��!��<�	I��;â	�;#�¸"®z
¢)u��
 �"#;K¨��!X
	Ú ��Ú���+/#���I&#<
"!�� (��¨�"I	¥
�¶(�!�#��¨
z�&� H �¶(�� 
"®z
"!�#+ï��¨��J@(��/�&
z�8� ·�I&®n(�!��"�8�&
 )u��
 �"#;K¨��!�
	Ú ��Ú�
�+´Úß¢¬(�K¨���¶( H ��
"®QK¨¸"��
n�"#«( H 
z
 �;#
�&
��;âS!���·&����!&K¨�«
"�<�¨
 �<
,3�
 �"#�
"I&���<ï�(�I���·�
�
"#<�	����KL# Ú

�Gâµ%9âãá þ\é§æ9ÿ^îuz�õ2æ�÷ãë�ç�í�÷ãõ2æKè�ç�í�ýyz�ç7è�ì
 º��!\����(��L�¨�"ït
"�²�¨
 �q� (��¨�"I&�¨�q��� KL!�#�
"� H ���¶(�#;K¨��!��&�¶(%J@(���
ª�&
ç�&��!&!�� 
 �²� ��!$#;K¨
"!�#²�¨
 �^#;�«(��;
 �"#���KL��
 �

��� I&! ��
"I&�Z�m��#��;)�(��;J&KL#;�«(�KL��
"®z
"!�#��¨
+�m��#��+�	����KL#£+´Ú � ��(�I&#;��
��m��#��+�&��KL#4$"#;��
�®n(�KL!�#�
"!@(�!$#�� (��¨�"I&�¨�
)O't��KL�º ZKLï�I&��
%
	Ú x 
�+´Ú� #«(�!$#��&��!&!�� � I�
+�¨
 H �������F�&
+'$KL#�
 ���«
�!r��
 ��# H (��ª� ��!��;#«(�!$#���!���I��ª!�
 H ��I&'t��!�� H (����AI��;#�

�&� � (��¨
"�e�¨
 �/�&
"I	Ù H �������¨�/�&
 0.5× tcycle

�t��� tcycle
��
"�«(�KL#/�¶(��	I&��� 
1��� I&!\�"âS�"�¨
�Ú � ��I&�²(�®z�"�LK¨����
"�



úÒ| ���:ÿÈ���£����� �=�;� � �ê� Ø x

� ET� ��� �
°qälñ.ø-
	Ú x 
 Ê � 
 � H ��I&�¶(�KL!�
 �%ï�(�I��«·�
 �Q
"#��	����KL#�
\����!�#��;âS®z�"#;�;K¨��� 
 � )�(�+´Ú � 
\� (��¨�"I&�^�&
n�8��� � (��;#
#�
"® H ����
"���^(�I&#;��
"®z
"!�#��	KL#z�¶( ®QK¨��
�
"! � ���;��
 � H ��!���(�!�� 
��&
 � H ���;KL#;K¨��!��z��
 � H 
 �"#;KL't
 �z��(�!��n�¨

#�
"® H �1�;I&�²�¨
 �1�&
"I	Ù H ��I&�¶(�KL!�
 �¡)OJw+^�&��!&!�
�(��¨�����1�&
"I	Ù H ��I&�¶(�KL!�
 �ç�;â$!��«·&����!&K¨��� 
 � Ú

�8��(�!&KL®n(�#;K¨��!a��!@(��¨
��?!���I����&
"'t��!���#;����I&'t
"���¨
Q�&� � (��¶(�ït
z
"!�#;��
z�¨
 ���&
"I	Ù¬#;�«(��;
 �"#���KL��
 � � I&K-��
 �A¥
H 
 �"#�
�(�I�®QK¨
"I	Ù��¶(Q� ��!�#;�«(�KL!$#�
+����( H&H I&KZ(�IX������)O!���! H �"!��"#;�«(�#;K¨��!�
"#1!���!Xï��LK¨����
"®z
"!$#£+´Ú � ��I��
H ��� ��
"!�#���!��<K¨�"K?�&
"I	Ùÿ®z�"#;·��$�&
 �²�&
ª� (��¨�"I&�r� ��® H �¨�"®z
"!�#«(�KL��
 �ç�&
£�8��� � (��;#^#�
"® H ����
"��
"!�#;��
��&
"I	Ù
H ��I&�¶(�KL!�
 �1ï�(�I���·�
�
"#<�	����KL#�
�Ú

Ê © U(e _�c l c�_1cY]�U�b�cYn l Z�Xv]%ZGc���t^e�X l o�X^]¢��X^e�b�cpo^U�WpXv] Ú­ 
"#;#�
%®z�"#;·��$�&
��&
���
 ��·�
"����·�
�
���!��"#;K¨��!&!�
%�;I&�1�&
 �<�¨�$� ��®z��#;K¨��!�� H ���«��� ��(�!�#<I&!�
 H ·@(���

�&
ç�&��I&J&�¨
ç�;I H&H ���;# Ú�¤a�L�¨
ç
 �;#eJ@(���� 
1�;I&�/I&!�
 H ��� H �;K¨�"#��ª�;KL® H �¨
��t�¨����� � I�
<�¨
 �/�&
"I	Ù H K¨
 �&�
#���I��«·�
"!�#z�¨
��������Z�¨
 �z(��L#;KL#;I��&
 �Q��
 � H 
 �"#;KL't
 �Q����!$#��"ï�(��¨
 �:)u��Kq��!Ð�;I H&H ����
\�¨
������ H �¶(�#£+´Ú� ��I��+(��L�¨��!����&��!��ÿ��
 ��·�
"���«·�
"�Q�¨
ÿ�&� � (��¶(�ït
ÿ#�
"® H ����
"� ∆t

� I&K/®QKL!&KL®QK¨��
\�¶(��	Kz3��"��
"!�� 


"!$#;��
 zdt


"# zgt+∆t

��� zd

"# zg

����!�#<��
 � H 
 �"#;KL't
"®z
"!$#ç�¨
 �<� ��® H ���«(�!$#�
 �1't
"�;#;K¨� (��¨
 �ç�&
 �

,3�
 �"#�
"I&���q�	����KL#/
"#eï�(�I��«·�
�(�I	Ù�KL!���#«(�!�#�� t 
"# t+∆t

Ú � ��I��^
,3?
 �"#;I���!��^� 
"#;#�
ç��
 ��·�
"����·�

��(�!��1�¶( H (��;#;K¨
�
"!&ï��¨��J@(�!�#£�8� ·�â H ��#;·�¸ �«
��&
��&��I&J&�¨
��;I H&H ���;#¡)O't��KL�º ZKLï�I&��
%
	Ú x �u)�(�+0+´Ú� ��(��Lït���;KL#;·&®z
¬� (��¨�"I&�¶(�!�#ÿ�¨
��&� � (��¶(�ït
�#�
"® H ����
"� ∆tmin

H ���S�	I&K¨�«(�!�#ÿ�8��� � (��;#z®QKL!&KL®%I&®
∆zmin


"!�#;��
 zgt+∆t


"# zdt

 �;#²�¨
���I&KL'�(�!$#¡)O't��KL�º ZKLï�I&��
%
	Ú x �u)OJw+0+ª��������
	���
�������� pdt � � t = temps(Point2) � t = temps(Point3) ����� ���

pgt �
� ����������� 
�
���! "$# pdt %'&
∆t �)( ��	 ��*��+���-,.
��+/���	0# pdt 1 pgt %2&
pgt+∆t �)( "+
�	�*�3+��,4�+�����+����,�
��+/���	$# pgt 1 ∆t %'&
∆z � |zgt+∆t

− zdt
| &5 � ����67# ∆z 1 ∆zmin % ��8 � � 5

∆zmin � ∆z &
∆tmin � ∆t &�9�;: 5 ������=<



Ø�� ö�ù�÷on&æ�÷	æ�älìZí«Í?äOírê�ë<÷	æ?ä�äZôrÝ|ùßäuëçÝ�írá6älìZírírÝ@ø�ø�Ý

� ET� ��� �
°qälñ.øß
	Ú x � Ê � ��I����LKL®QKL#;K¨��!����8� KL!$#�
"�;'�(��L�¨
\�&
�#;�«( '�(�KL�^þ\�¶( H ·@(���
z����( H&H I&K/(�I|�«���º)�(�+,���8��(��Lït��¥
�;KL#;·&®z
 H (��/®QKL!&KL®QK¨�«(�#;K¨��!ÿ�&
 �^�	Kz3��"��
"!�� 
 �a't
"�;#;K¨� (��¨
 �q��
qJ@(���
ç�;I&�a�¨
 �e� ��® H ���«(�!$#�
 �/
"! ~z ��� I&!
H ��KL!�#eKL!&KL#;K¶(�� zdt

���&
1����! H ��KL!�#/�¶(�#��"�«(��¨
"®z
"!�#²� H&H ���«� zgt

"#/�&
<�8��� H&H �����<�&
ç� 
<�&
"�;!&K¨
"� zgt+∆t)OJw+´Ú

y � � �����������+
�
���! " � (��¨�"I&�¨
e�¨
 H ��KL!$#ß����(��L#;KL#;I��&
F�¨
 H �LI�� H ���$�«·�
e�;I&���¶( H ��I&�¶(�KL!�
a� H&H ����� 
�Ú
Ê © U(e`_�c l c�_1cY]�U�b�cYn l Z\X^]�¦äe�nubmb�Xv_aX l b�]%U�i«]�nwW Ú& !�
�(�I&#;��
�®z�"#;·��S�&
 H ��I&�<� (��¨�"I&�¨
"�1�¨
 ∆t


"!�#;��
��¨
 �ç�&
"I	Ù H ��I&�¶(�KL!�
 �1
 �;#ç�&
ª#;����I&'t
"�1�¨

�&� � (��¶(�ït
 � I&K	®QKL!&KL®QK¨��
q�¨
 �\
u����#;#�
"®z
"!�#��/(�IQ�����8Ú ­ 
 �\
u����#;#�
"®z
"!�#�� H 
"I&'t
"!$#§$"#;��
²
 �;#;KL®z� �

"!X��
"ï�(�����(�!�#1�8���"'t���LI&#;K¨��!¬� ��® H (���� 
%�&
 �ç� ��® H ���«(�!$#�
 �1
"! ~x �&
 � H ��I&�¶(�KL!�
 �<ï�(�I���·�
�
"#
�	����KL#�
�ÚZ¤F! 
,3?
"#��c�¨��������� I&!�
n�¨�S� ��®z��#;K¨��!ÓJ&K H ¸ �&
ÿ!����;®n(��¨
��ß�¨
 �+�&
"I	Ù|
,3�
 �"#�
"I&����KL!�
��´¥
�;K¨
"I&���£!�
 H 
"I&'t
"!$#�( '�(�!�� 
"�ª��(�!��ç�¶(n®%$"®z
+�	KL��
 �"#;K¨��! 
"!¬®%$"®z
+#�
"® H � Ú � ��(��Lït���;KL#;·&®z

� (��¨�"I&�¶(�!$#²�¨
ª�&� � (��¶(�ït
ª#�
"® H ����
"� ∆tmin

� I&KV®QKL!&KL®QK¨��
�� 
 ��
u����#;#�
"®z
"!�#��<
 �;#q�¨
ª�;I&KL'�(�!�#��
�����.� ∆t � � 0 � duree(cycle) ���9� ���������� pt � � t = temps(Point2) � t = temps(Point4) ���9� ���

Nb � Nb >)? ��,�@�/���� 6�/�� �����-,A� ���A!B# pt 1 pt−1 %C&���9�D<5 � ����67# Nb 1 Nbmin % ��8 �+� 5
Nbmin � Nb &
∆tmin � ∆t &�9�;: 5 ����9�=<

y � ? �-,.@�/�����6�/�� ������,A� ���4! 
 �;#/�¶(À
���!��"#;K¨��! � I&K�� ��® H #�
ç�¨
<!���®�J&��
ç�&
!
u��K¨�^���n�¨
 �/� ��®�¥
H ���«(�!$#�
 � ~x �&
 � H ���;KL#;K¨��!��²ï�(�I��«·�
%
"#<�	����KL#�
��"'t���LI�
"!$#ç��(�!��1�¨
ª®%$"®z
���
"!�� Ú
­ 
 �+�&
"I	ÙÓ( H&H ���S��·�
 ������!�#+� ��® H �¨�"®z
"!�#«(�KL��
 � ÚF¤a!Ó
,3�
"#��c
"!Ó� (��+�&
z!���®�J&��
"I���
 ���"ï�(6¥



úÒ| ���:ÿÈ���£����� �=�;� � �ê� Ø�


�LKL#�� �ª��(�!��ª�¨
+��
 � ��!��¬(��Lït���;KL#;·&®z
��?�¨
 H ��
"®QK¨
"� H 
"I&#4$"#;��
Q( H&H �LK � I��+��I&�ç�8��
"!���
"®�J&�¨
��&
 �
�����LI&#;K¨��!�����J&#�
"!$I�
 � Ú-©£
n®%$"®z
n!���I�� H ��I&'t��!��+
´Ù&� �"I&#�
"��� 
 ���&
"I	Ù�(��Lït���;KL#;·&®z
 �Q( 't
 �
I&!�
À
���!��"#;K¨��! ����6 �&� H 
"!���(�!�#�
��&
 �²��� �;I&�L#«(�#��ç�&
ª�8��(�I&#;��
�®z�"#;·��S�&
�Ú

�Gâµ%§âYû � ç�èäÿ(ò9è4ð§ìuë�"�õ2ë�í�òÒz�ìuë�"9ç0z ÿ(÷ãæ§ýwó«ç�í�÷��Gò9ì�÷ãæ�ö2ì.z^ë�ì
� ��I&�Z� (��¨�"I&�¨
"�Z�8��(�!&KL®n(�#;K¨��!���!@(��¨
��6KL��
8(�I&#��6þ H (��;#;KL�-�&
 � H ��I&�¶(�KL!�
 � � I&K��«��!�#c�¨
 �ß#;�«(��;
 �"#���KL��
 �

�&
 �q
,3?
 �"#�
"I&���q�	I��;â	�;#�¸"®z
<·&K¨�"�«(����«·&K � I�
��	I�� � I�
"�¨
"#;#�
��S� (��¨�"I&�¨
"�q�¨
 �/#;�«(��A
 �"#���KL��
 �<(��;#;K¨�"I&�¶(�KL��
 �
�&
�� 
��;â	�;#�¸"®z
�Ú ­ ��
 ��#n
´Ù&(��"#�
"®z
"!$#ÿ�¶( 
u���;®�I&�¶(�#;K¨��!y�	I H ����J&�¨¸"®z
��&
��"KL!��"®n(�#;K � I�
�KL!�'t
"���«

H ��� ��
"!�#�� 
Q
"! ��
 �"#;K¨��!Ì�	Ú�
	Ú x Ú � ( H ���;KL#;K¨��! X �&
+�«·@( � I�
��«·�
"'$KL�L�¨
Q
 �;#ª�&��!&!�� 
 H (�� X = f(θ)��� θ 
 ��#e�8��
"!���
"®�J&�¨
ç�&
 �q(�!&ï��¨
 �^(�I	Ùÿ(��;#;K¨�"I&�¶(�#;K¨��!�� H (���
"!$#�
 � Ú ­ 
 � I&K�!���I��eKL!$#��"��
 ����
çK¨�"K�
 �;#e�¨

H ����J&�¨¸"®z
QKL!�'t
"���«
�������
 �;#A¥Æþ6¥¦�	KL��
z��J&#�
"!&KL���¨
 � θ � ���;��
 � H ��!���(�!$#�þÿI&!�
 H ���;KL#;K¨��! X �&
+�«·@( � I�

��·�
"'SKL�L�¨
�� θ = f−1(X) Ú � (\®z�"#;·��$�&
 � I�
�!���I���I&#;KL�LK¨����!�����
´Ù H ����� 
Q��(�!����8���"#«(�#��&
Q�8��(��;#�
"!
��
 �"#;K¨��!��	Ú�
	Ú x �S
 ��#e�¶(�®z�"#;·��S�&
ª�&
<�LKL!�� (��;K¨�«(�#;K¨��!��¨�S� (��¨
�Ú$¤a!\� (��¨�"I&�¶(�!$#<����(�JV�����ÿ�¶( ý (�� ��J&K¨
"!&!�

�	IX�;â	�;#�¸"®z
ª!���I��<��J&#�
"!���!��ç�¶(+��
"�¶(�#;K¨��!|�

∆X = J(θ)∆θ )�
	Ú x +
� (��;#«(�!$#��&
 � H ��I&�¶(�KL!�
 �\
"#ÿ��� I&!�
 H ���;#;I&��
XKL!&KL#;K¶(��¨
��e�¨
 H ����J&�¨¸"®z
 
 �;#ÿ�&
�� (��¨�"I&�¨
"�\�&
 �ÿ#;�«(6¥
�A
 �"#���KL��
 ��(�!&ï�I&�¶(�KL��
 ����� (��LK¨�;#�
 � Ú � (Ó#�����·�
 H �;KL!��"K H (��¨
 
 �;#�(����;I&��� 
 
"! KL!�'t
"���¿(�!�#��8��� � I@(�#;K¨��!
H ��� � � �&
"!�#�
�Ú<îçI@(�!��w�¶( #�����·�
 H �;KL!��"K H (��¨
X
 �;#z��� �«���LI�
�!���I��n��J&#�
"!���!��ÿ�¨
 �z'�(��¨
"I&���ÿKL!&KL#;K¶(��¨
 �
∆θm

�
∆θm = J+(θ)∆X )�
	Ú���+

��� J+ 
 �;#£�¶( H ��
"I��&��¥8KL!�'t
"����
n�&
 J Ú � (������LI&#;K¨��!Ìþ\� 
"#;#�
+� � I@(�#;K¨��!|(nI&!�
�!����;®z
�®QKL!&KL®n(��¨

®n(�K¨�<!r��(�����I&��
%
"!��;K¨
"!��¨
���
 � H 
 �"#ç�&
 �<J&I&#�� 
 �ç(��;#;K¨�"I&�¶(�KL��
 �ª
"#1�&��!�� H ���$�	I&KL#£�&
 �<#;�«(��;
 �"#���KL��
 �
!���!Ì��� (��LK¨�;#�
 � Ú ú � 
"#;#�
¢��!��?!���I���I&#;KL�LK¨�«��!���I&!�
Q#�����·�
n��
 � ��!���(�KL��
 H ��� H ����� 
 H (�� � K¨� ���¶(���
"#
� ���L�8Ú�¶ � ¢ õ ×�� · H ��I&� H ��
"!��	��
�
"!X� ��® H #�
�� 
 �ç� ��!�#;�«(�KL!$#�
 ���

∆θ = J+(θ)∆X + (I − J+J)δ )�
	Ú�
�+
��� δ 
 ��#^�¨
 H (��«(�®z¸"#;��
+þ+� H #;KL®QK¨��
"�1
"# I 
 ��#^�¶(+®n(�#;�;K¨� 
%�	K¶(�ït��!@(��¨
�I&!&KL#«(�KL��
�Ú δ � ���;��
 � H ��!���þ
�¶(ª'�(��;K¶(�#;K¨��!ÿ����(�!&ï��¨
 � I&K@
 �;# H (��;#;K¨
"�L�¨
"®z
"!$#/��� (��LK¨�«� H (��a�¶( H �����;
 �"#;K¨��!ÿ��(�!��F�8��
 � H (�� 
<!�I&���&
²�¶(
#;�«(�!��È
����;®n(�#;K¨��!��LKL!�� (�KL��
 J Ú � (z�«
 � ��!��&
 H (��;#;K¨
��&
��8��� � I@(�#;K¨��!�!�
%®z�$�	Kz�@
 H (��1�¨
���
 � H 
 �"#£�&

�¶(+#�����·�
 H �;KL!��"K H (��¨
���
"#<� 
 �"K H ��I&�²!r� KL® H ���;#�
 � I�
"�L�¨
�'�(��¨
"I&�<�&
 δ Ú� º��!��&
�� ��!�#;�=���¨
"�ç�¨
ª®z��I	¥
't
"®z
"!�#£
"#1�&
�� (��¨�"I&�¨
"�ç�&
 �²#;�«(��;
 �"#���KL��
 �ç(��;#;K¨�"I&�¶(�KL��
 �ç��� (��LK¨�;#�
 ��� δ 't�"�;Kz�@
�#;����K¨�1� ��!�#;�«(�KL!�#�
 ���

Ê ) ­ x +^©ª�,��!&KL#;K¨��!���� I&!�
4
���!��"#;K¨��!��&
£� �"½&#²� ��!$#;KL!�I�
%
"#²�&�"�;KL'�(�J&�¨
 � I&K?�"�����¨#²�«( H K¨�&
"®z
"!�#
(�I	ÙnJ&I&#�� 
 �²(��;#;K¨�"I&�¶(�KL��
 ���Sï������ 
ªþ%�&
"I	Ù¥
u��!��"#;K¨��!��q
´Ù H ��!�
"!$#;K¨
"�L�¨
 ��)O't��KL�É ZKLï�I&��
�
	Ú x ��+<�

f1(θt,∆θm, δ) =
∑11

i=1(e
ξ(αi−bSupi) + eξ(bInfi−αi))

avec α = θt + ∆θm + (I − J+J)δ

)�
	Ú �v+
��� θt


 �;#e�8���"#«(�#q� ��I&�«(�!�#�� bSupi

"# bInfi

����!�#^��
 � H 
 �"#;KL't
"®z
"!�#²�¨
 �/J&I&#�� 
 �q(��;#;K¨�"I&�¶(�KL��
 �
�;I H �"�;K¨
"I&��
 �<
"#qKL!�
��"�;K¨
"I&��
 �<�	I ieme �&
"ï������&
ª�LKLJ?
"�;#�� θi

Ú ξ 
 �;#qI&!�� �$
,®n�"K¨
"!$#1� ��!��;#«(�!�#� I&K@(����;I&��
²I&!�
<(�I&ï�®z
"!$#«(�#;K¨��!��«( H K¨�&
<�&
q�¶(4
���!��"#;K¨��!z�¨����� � I�
²�8��(�!&ï��¨
.
u�«(�!���·&K��¨
 �/��
"I&KL�¨�
�&
 �²J&I&#�� 
 � Ú



Ø�� ö�ù�÷on&æ�÷	æ�älìZí«Í?äOírê�ë<÷	æ?ä�äZôrÝ|ùßäuëçÝ�írá6älìZírírÝ@ø�ø�Ý

−4 −3 −2 −1 0 1 2 3 4
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2
x 1027

°qälñ.øV
	Ú x � Ê  @��!��"#;K¨��!��&
�� �"½&#1�&
 �1J&I&#�� 
 �ç(��;#;K¨�"I&�¶(�KL��
 �£����I��.
����;®z
���� I&!�
%�&��I&J&�¨
�
´Ù H ��!�
"!	¥
#;K¨
"�L�¨
 H ��I&�<�&
 �<J&I&#�� 
 �<�&
 −π 
"# +π Ú

Ê ) ­ ��+\¢�KL!&KL®QK¨�«(�#;K¨��!4�&
 �8���"!�
"�;ï�K¨
|�"KL!��"#;K � I�
Ì�&
 ����#«(�#;K¨��!E�&
 ��·@( � I�
Ì��
"ï�®z
"!�# s �	I
� ��� H �%�

f2(θt,∆θm, δ) =

5
∑

s=1

1

2
RsIsR

T
s (ws((I − J+J)δ,∆θm))2 )�
	Ú���+

��� Is

 �;#Q�¶( ®n(�#;�;K¨� 
���� KL!�
"�;#;K¨
��	Ii��
"ï�®z
"!$# s � ws


 �;#QI&!�
;
���!��"#;K¨��! � I&K1� (��¨�"I&�¨
��¨

't
 �"#�
"I&�ª����(�� � �"�¨�"�«(�#;K¨��!Ì(�!&ï�I&�¶(�KL��
��	I���
"ï�®z
"!$#£�&� H 
"!���(�!�#��&
 ∆θm


"#ç�	I H (��«(�®z¸"#;��

δ Ú Rs


 ��#F�¶(£®n(�#;�;K¨� 
<�&
²#;�«(�!��È
����;®n(�#;K¨��!n
"!�#;��
1�¨
q��
 H ¸"��
<�¨�$� (��@(�In�«
"ï�®z
"!�#e
"#F�¨
²��
 H ¸"��

�	I�®z��!��&
�Ú

Ê ) ­ 
�+²§1
 ��·�
"���«·�
%��� I&!�
��«���LI&#;K¨��! H ���$�«·�
��&
��¶( H ���;#;I&��
��&
ª��
 H �����
f3(θt,∆θm, δ) = ‖θt + ∆θm + (I − J+J)δ − θr‖2 )�
	Ú�Ø�+

��� θr
��
 H ��� ��
"!�#�
%�¶( H ���;#;I&��
%�&
ª��
 H ��� Ú� (z®z�"#;·��$�&
+�&
%¢�I&�L#;K¨�	KL��
 �"#;K¨��!@(��e�S
 (�����·ñ)u¢�©��(+�¶ µ ��� {���· (z�"#���I&#;KL�LK¨�«� 
 H ��I&�1��� ����I��	��
�� 
 �

#�����·�
 ����
 � ��!���(�KL��
 � Úc¤F�L�¨
 H 
"�;®z
"#+�¶(�®QKL!&KL®QK¨�«(�#;K¨��!Ð�&
¢
���!��"#;K¨��!����&�"�;KL'�(�J&�¨
 ����IÌ!���!Ó
"#+
 �;#
H 
"I\��
"!���KLJ&�¨
ª(�I	Ù\®QKL!&KL®n(��¨�$� (�I	Ù�Ú � (�
u��!��"#;K¨��!�ï��¨��J@(��¨
 z þ�� H #;KL®QK¨�«
"�<
 �;# z = f1 + f2 + f3

Ú
 º��!������"'�(��LI�
"�ç�"ï�(��¨
"®z
"!�#ç� 
 �<#;����K¨�²#�����·�
 �<�«
 � ��!���(�KL��
 ��� � K¨� ���¶(��<
"#<� ���L�8Ú�¶ � ¢ õ ×�� · H ����¥

H ����
"!�#1��� I&#;KL�LK¨�«
"�1� ��!"�A��KL!$#�
"®z
"!�#£#;����K¨�1�"�;KL#�¸"��
 �²J&K¨��®z� � (�!&K � I�
 �+�
Ê � 
 ý 
"�;èÐ#���#«(����e�&�"�;KL't� 
X#;����K¨�;K¨¸"®z
 H (��ÿ�«( H&H ���;#�(�Iw#�
"® H �\�&
 �z't
 �"#�
"I&����(�!&ï�I&�¶(�KL��
 ���

H ��I&�²#���I&#�
��¨
 �<�«� � I�
"!�� 
 �²��� ��I&�L#«(�!�#�
 � Ú � �LI��;K¨
"I&���1�"#;I��&
 �<
"!XJ&K¨��®z� � (�!&K � I�
%¶ �cýtµ + ×�× ·
��!$#1�&�"®z��!�#;��� 
 �£����!�KL® H ���;#«(�!�� 
%��(�!��²�¨
 �<®z��I&'t
"®z
"!�#��£·�I&®n(�KL!��1!@(�#;I&��
"�¨�%�

C1 =
1

11

11
∑

i=1

d3

dt3
θ2(i) )�
	Ú Ö�+

Ê � (Q'�(��;K¶(�#;K¨��!¬
"!$#;��
%�¨
 �1't
 �"#�
"I&���£�����"#«(�#�(�I H ��
"®QK¨
"�ª
"#£(�I¬�&
"�;!&K¨
"� H (��ç�&
�#�
"® H ��(���!
�����"'�(��LI�
"�1�;K��¨
ª®z��I&'t
"®z
"!$#£
 ��#<�"âS�"�LK � I�
z�

C2 = ‖θ(debut) − θ(fin)‖ )�
	Ú { +



úÒ| ���:ÿÈ���£����� �=�;� � �ê� Ø��

Ê � 
/#;�«( '�(�KL�	KL!�#�
"�;!�
q� (��¨�"I&�¨� H (��ßI&!�
^®z�"#;·��S�&
eKL!��	KL��
 �"#�
^��
 � H 
 �"#«(�!�#-�¨
/#;·�� ����¸"®z
q�����"!�
"�A¥
ï�K¨
��"KL!��"#;K � I�
z�

Wint = |∆[Ec] − mg∆h| )�
	Ú � +
­ 
"#;#�
�®z�"#;·��S�&
�
 �;#�� ��I&�«(�®Q®z
"!�#�I&#;KL�LK¨��� 
Q
"! J&K¨��®z� � (�!&K � I�
ª¶ õ �&� { 
 · Ú Ec


 �;#ª�&�,��!&K¨

� ��®Q®z
��¶(n�«��®Q®z
��&
 �£�"!�
"�;ï�K¨
 �ª�"KL!��"#;K � I�
 �ª�&
�#;�«(�!��;�¶(�#;K¨��!¬
"#ª�&
�����#«(�#;K¨��! �&
���·@( � I�

��
"ï�®z
"!$# Ú � ( H I&K¨���«(�!�� 
ªKL!�#�
"�;!�
 H (��<I&!&KL#����&
�®n(��«��
�
 �;#1(��¨�����<�&�,��!&K¨
 H (����

C3 =
1

mT

T
∑

t=1

Wint(t) )�
	Ú x ×�+
� ���"'�(��LI@(�#;K¨��!��&
ª� 
 �<�"�;KL#�¸"��
 �<
"#²����!�KL® H (��"#<��I&�²�¨
 �q®z��I&'t
"®z
"!�#��1��!$#1�"#�� H ��� ��
"!$#�� � H (��� K¨� ���¶(��ç
"#<� ���L�8Ú�¶ � ¢ õ ×�� · Ú

�Gâµ%§â�� EÀz�ýy"�ç#z^çwí�÷ãõ2æGFÇè�� ç7æ�÷ãóÇç�í�÷ãõ2æ
� ��( H&H �LK¨� (�#;K¨��!��&
<� 
<�«���L't
"I&�e�&
<�"KL!��"®n(�#;K � I�
<KL!�'t
"���«
1�;I&�F�¨
 � H ��I&�¶(�KL!�
 �^(���( H #�� 
 �§
���I&�;!&KL#

�¨
 �+#;�«(��A
 �"#���KL��
 �z(��;#;K¨�"I&�¶(�KL��
 �z�	I�J@(����;KL!��-�&
 �+·@(�!���·�
 �Q
"#Q�&
 �+ït
"!���I	Ù�Ú � 
n®z��I&'t
"®z
"!$#n��J	¥
#�
"!�I�
 �;#�I&! ®z��I&'t
"®z
"!�#���
"�¶(�#;Kz
<þ\�¶( H ���;KL#;K¨��!|�&
��¶(\�«(��"KL!�
n�	I|� � I�
"�¨
"#;#�
�Ú � ��I&�+(�!&KL®z
"���¨

®z��I&'t
"®z
"!�#£� ��® H �¨
"#���!@(����	!���I��<�&
"'t��!��<
"!�� ����
�� (��¨�"I&�¨
"�²�¨
ª't
 �"#�
"I&�ç����(�!&ï��¨
��&
£�¶(���·�
"'SKL�L�¨
��
( H&H �LK � I�
"�ç�¨
ª®z��I&'t
"®z
"!�#ª�&
ª#;�«(�!��;�¶(�#;K¨��!��&
ª�¶(Q�«(��"KL!�
�
"#<� 
"�LI&Kc�	I�·@(�I&#1�	I�� ��� H � Ú

¦ n l ]mb�e"i2o�b�cpn l ZGi �GcYX^ZÇX�b%Z\X[Wä��U l h�WpX[Z�X�WYU5o���X��2c�W�WYX
� 
 �ç�	KL®z
"!��;K¨��!��ç�	I H K¨
 �X����!$#1� (��¨�"I&�¨� 
 �£þ H (��;#;KL�£�&
�'�(��¨
"I&���<®z� ât
"!&!�
 �£� ��!�#�
"!$I�
 �ª��(�!��

�&
 ��#«(�J&�¨
 �n(�!�#;·&��� H ��®z�"#;�;K � I�
 ��¶�©ª
 � � Ø · Ú � 
�� (��¨�"I&�<�&
\�8��(�!&ï��¨
��&
\�¶(¬��·�
"'SKL�L�¨
���
ÿJ@(���
��;I&�
�&
 � H ��� H �;K¨�"#�� ��J@(���K � I�
 �+��� I&!|®z��I&'t
"®z
"!$#z�&
z�¨�S� ��®z��#;K¨��!rÚ � ��(��Lït���;KL#;·&®z
\��I&KL'�(�!$# H 
"�;®z
"#
�&
�� (��¨�"I&�¨
"�1�&
 �1#;�«(��A
 �"#���KL��
 �£(�!&ï�I&�¶(�KL��
 � H �¶(�I��;KLJ&�¨
 �£(�I	Ù��«·�
"'$KL�L�¨
 ���

���-�.� t � � 0 � duree(cycle) ���9� ���
Zsol � ,H���7# ZchevilleGauche 1 ZchevilleDroite %C&���-�.� cote � � gauche � droite ���9� ���
� �.!.���4� �+������,4�+���7#D3 �+��� 1 90 I %'&5 � ����67# Zcote 1 Zsol % ��8 �+� 5KJ �+/�/���3��4� �+�7# %'&�����=<�����=<

y � � ��!����4�+� ������,A� ��� 
,3�
 �"#;I�
�I&!�
\����#«(�#;K¨��!w�;I&KL'�(�!$#Q�8��(6Ù	
 H KL't��# H (��«(��L�¨¸"�¨
Xþ¬� 
"�LI&K²�	I
ït
"!���I H (����«(�!�# H (��^�¶(���·�
"'SKL�L�¨
��	
"# J �+/�/���3��4� �+� 
,3?
 �"#;I�
çI&!�
ç����#«(�#;K¨��!\�;I&KL'�(�!�#²� 
1®%$"®z
£(6Ù&

(���!X�&
¥�4���T�����. ��T�(�ª�¨
 H K¨
 ����I&�²�¨
������9)O't��KL�º ZKLï�I&��
%
	Ú x Ø�+´Ú� 
 �F#;�«(��;
 �"#���KL��
 �e(�!&ï�I&�¶(�KL��
 �a��J&#�
"!$I�
 ���t( H ��¸ �F�LK¨���¿(�ït
 H (��F� H �LKL!�
 �!)O't��KL�§ ZKLï�I&��
<
	Ú x Ö�+,������!$#
� ��® H (��«(�J&�¨
 �£þ��&
 �ç�&��!&!�� 
 �1�&
ª�¶(��LKL#;#��"�«(�#;I&��
�
"!�J&K¨��®z� � (�!&K � I�
`¶ Ì ·&K ��xm· Ú

© U(]�]�U(huX�X l _an�i���Xv_1X l b%U(V\]�nwW�i



Ø�Ø ö�ù�÷on&æ�÷	æ�älìZí«Í?äOírê�ë<÷	æ?ä�äZôrÝ|ùßäuëçÝ�írá6älìZírírÝ@ø�ø�Ý

� EL� ��� � � 5�� �ML �
°qälñ.ø$
	Ú x Ø Ê � 
 �a�	Kz3��"��
"!�#��/� (��a�&
q��
 � ��!��;#;�;I��"#;K¨��!\�&
²�8��(�!&ï��¨
<�&
q�¶(ª��·�
"'SKL�L�¨
�Ú�¤a!�#;��
²�¨
²� ��!$#«(��"#
�	I #«(��¨��!|
"#��¨
 H ��
"®QK¨
"��( H&H I&K H �¶(�#%�	I H K¨
 �7���8��(�!&ï��¨
Q!r��
 �;# H (���®z�$�	Kz�@�:)�(�+´Úr©£I&�«(�!$#�#���I&#�

�¶( H ·@(���
%����( H&H I&Kß�&
��8�����;#�
"KL���@�8��(�!&ï��¨
%
 �;#1� ���;�;KLït� H (��1I&!�
�����#«(�#;K¨��!¬�&
��¶(Q��·�
"'SKL�L�¨
%
"!�� (��1�&

H �"!��"#;�«(�#;K¨��!���(�!��²�¨
��«���9)OJ��������u+´Ú

°qäOñ.ø@
	Ú x Ö Ê  ç!&ï��¨
��;KL®�I&�¨���&
ª�¶(Q�«·�
"'$KL�L�¨
��	����KL#�
�Ú

� ��I&����
"#;����I&'t
"���¨
 �&� H �¶(�� 
"®z
"!�#Xï��¨��J@(��%�&
¬�8� ·�I&®n(�!��"�8�&
��<!���I���!���I���J@(��«��!����;I&����
 �
( H&H I&K¨�Q(�IÓ�����8ÚZ¤F! 
,3?
"#��c!���I��Q( 't��!��+�¨
 �%#;�«(��;
 �"#���KL��
 ���&
 ���«
 � H ��KL!�#�������( H&H I&K²(�I��������ß����!
�&� H �¶(�� 
"®z
"!�#^�;I&KL'�(�!�#-�¨
 �F�&
"I	Ù�(6Ù&
 � (~x, ~y) 
 �;#F�&��!��^�¨
q®z��I&'t
"®z
"!�# H 
"�;®z
"#;#«(�!�#e�¨
/®QKL!&KL®�I&®
�&
£ï��LK¨����
"®z
"!$#��²�&
ç� 
 � H ��KL!�#��²����( H&H I&K��	�8��(��L#;KL#;I��&
ª�"#«(�!�#²ït�"��� 
 H (��^�¨
"I&���²� ��® H ���«(�!$#�
 �q't
"�;#;K ¥
� (��¨
 � ~z Ú ­ 
"#;#�
�®z�"#;·��$�&
 H 
"I&#À$"#;��
�(�®z!�� 
 H (����&
 �£#;�«(�KL#�
"®z
"!�#�� H �LI���� ��® H �¨
´Ù&
 � H ��� H ���«� ���
H (��1
´Ù&
"® H �¨
�� H (��º¸ç� '�(��1
"#1� ���L�8Ú�¶¾¸ ò �	×�� · 
"#1�Æèt
"®z��#��z
"#<� ���L�8Ú�¶��¡ 6 F×�Ø · Ú

� nwi2�wX�_aX l b%ZGiÇ�2U�i2b�Z\i*o�nue���]
� 
+®z��I&'t
"®z
"!$#��	I¬·@(�I&#��	I � ��� H � H 
"I&#¿$"#;��
+� (��¨�"I&�¨�Q�&
��	Kz3��"��
"!�#�
 �ª®n(�!&K¨¸"��
 � Ú?¢�I&�L#���!

¶�¢�I&� ��{�· � H (��<
´Ù	
"® H �¨
���I&#;KL�LK¨��
ªI&!�
�®z�S�&�"�LK¨�«(�#;K¨��!X�&
 �<��
"ï�®z
"!$#��1�;I H �"�;K¨
"I&��� H (��²I&! H 
"!��	I&�¨

KL!�'t
"���«
Q�&��!�#��¨
 ��
,3�
"#�����½���(�I	Ù�
������ 
 ��
´ÙS#�
"�;!�
 �`) H ��K¨�&���?�&� H �¶(�� 
"®z
"!$#��%�	I J@(����;KL!��LÚLÚLÚ +ç����!$#
KL!�'t
"���«� � Úc©�(�!���!���#;��
ÿ( H&H ���S��·�
��Z!���I���( H&H �LK � I���!��+I&!Ì®z��I&'t
"®z
"!�#�®z� ât
"! �;âS!���·&����!&K¨���\
"#
®QK¨�-þq�8��� ��·�
"�L�¨
 H (��c�¨
 �ß�¨��!&ï�I�
"I&���ß�&
 �ß®z
"®%J&��
 � Ú6¢ (�K¨�r!���I��ßKL!��	K � I���!��ßK¨�"K�I&!�
^(�I&#;��
a®z�"#;·��S�&

KL!�#��"��
 �«�«(�!�#�
��&
 H (��;#1�«(��;KL®QKL�¶(��;KL#���þ+!���#;��
�®z�"#;·��$�&
%�&
�®z�$�&�"�LK¨�¿(�#;K¨��!X
"#1����(���( H #«(�#;K¨��!rÚ

¤F!+
´Ù H �;KL®n(�!$#-�¨
a't
 �"#�
"I&� H ���;KL#;K¨��!+��� I&!�
e®n(�KL!+��(�!��c�¨
e��
 H ¸"��
/�&
a�8��� H (�I&�¨
��6!���I�� H ��I&'t��!��
� ��!��;#;�;I&KL��
ÿ�8��� � I&KL'�(��¨
"!�#Q��� I&!�
 ��»d��Á¯´v¬�¢��#� ¸Õ�>º±��¬�¢��Rº^�:)O't��KL�¢ ßKLï�I&��
�
	Ú x�{ +´Ú ­ 
"#;#�
 H ��I&�¶(�KL!�

H ������¸ �&
 �"ï�(��¨
"®z
"!�#X�&
 � H ��KL!�#��X� (��«(��"#��"�;K¨�;#;K � I�
 �X
"# H ��I&�;�«(�KL#:$"#;��
 ®z�S�&�"�LK¨��� 
 
"#X(���( H #�� 

�;I&KL'�(�!�#��&
 � H (��«(�®z¸"#;��
 �%#�
"�¨� � I�
+�8��(�® H �LKL#;I��&
z�&
�J@(��¶(�!�� 
"®z
"!$#��&
 �ªJ&�«(������&
+®%$"®z
 � Ir� I&!



Þ ~���¼"���ã���ê� ØtÖ

(��Lït���;KL#;·&®z
q�&
/�"KL!��"®n(�#;K � I�
^KL!�'t
"����
 H 
"I&#Z(�K¨���"®z
"!$#-� (��¨�"I&�¨
"�-�¨
 �-(�!&ï��¨
 �ZKL!�#�
"�;®z� �	K¶(�KL��
 � Ú � ��I��
H ��I&�;�;K¨��!��ç�&��!��%( H �;K¨���;KZ( H&H �LK � I�
"�<!���#;��
 H �;KL!��"K H 
�����(���( H #«(�#;K¨��!¬�;I&�<� 
�#¦â H 
��&
���
"ï�®z
"!�#�� Ú

−0.1 −0.05 0
−0.16

−0.14

−0.12

−0.1

−0.08

−0.06

−0.04

−0.02

0

0.02

−0.1 −0.05 0
−0.41

−0.4

−0.39

−0.38

−0.37

−0.36

−0.35

−0.2 0 0.2
−0.41

−0.4

−0.39

−0.38

−0.37

−0.36

−0.35

°qälñ.ø�
	Ú x�{ Ê � 
ª®z��I&'t
"®z
"!�#£�	I\·@(�I&#ç�	I�� ��� H � H 
"I&#!$"#;��
ªKL!$#�
"� H ���¨��ï������ 
�þ��&
 ����»R��Á®´�¬�¢��#�>º¸Õ����¬�¢��Rº^��Ú�-FI�
 �q�&
1�&
 �«�;I������&
!
�(�� 
ç
"#^�&
ç� ��#��ç�&
1�¶(�#;�«(��;
 �"#���KL��
ª�&
<�¶(�®n(�KL!���(�!��^�¨
<��
 H ¸"��

�&
��8��� H (�I&�¨
�Ú

U�Ý�ß CEBF>�W�3;2�.q2�>

©�(�!��ª� 
"#;#�
���
 �"#;K¨��!��@!���I�� H ��� ��
"!�#���!��£�¶(n®z�"#;·��$�&
 � I&Kß!���I��£( H 
"�;®QK¨�£�&
�'�(��LK¨�&
"�£!���#;��

( H&H ���$�«·�
�� H I&K¨�ç�&
 �<��� �;I&�L#«(�#��ç�&
%�;KL®�I&�¶(�#;K¨��!��ç
,3�
 �"#;I�� 
 �ªþ H (��;#;KL�ç�&
��&��!&!�� 
 � H (��¨� �t(�!�#;·&����¥
H ���¨��ï�K � I�
 � Ú

�GâONGâäá P`ç�èä÷ãð9çwí�÷ãõ2æ ð9ì è�� ÷ãæ�í�ìyz�"�õ2èãç�í�÷ãõ2æ
� ( H ��
"®QK¨¸"��
²�"#«( H 
/��(�!��-�¨
 H ���$� 
 �«�;I��-�&
/'�(��LK¨��(�#;K¨��!Q
 �;#ZI&!�
/'�(��LK¨��(�#;K¨��!Q����(�I&#��$� ��·��"��
"!�� 


�&
��8� KL!�#�
"� H ���¶(�#;K¨��!rÚ � ��I���� (��¨�"I&�¨��!���I&!�
+�¨�$� ��®z��#;K¨��!�( 't
 �Q�&
 � H (��«(�®z¸"#;��
 �%��� KL!$#�
"� H ���¶(�#;K¨��!
KL!��"�LI��n��(�!��Q�¶(¬J@(��«
��&
��&��!&!�� 
 � Ú � ( H ��
"®QK¨¸"��
��"#«( H 
�� ��!��;K¨��#�
�þ¬�¶(�K¨����
"�Q�¶( H ��I&�¶(�KL!�
����;K ¥
ï�KL!@(��¨
n��(�!��%�¶(�J@(���
z�&
n�&��!&!�� 
n
"#+þ�� ��!��;#«(�#�
"���;Ka��!Ó��
"#;����I&'t
zI&!�
n#;�«(��A
 �"#���KL��
nK¨�&
"!�#;K � I�
�Ú� ��I���� ��® H (�����!��z�&��!��ÿ�¶( H ��I&�¶(�KL!�
���J&#�
"!$I�
�( 't
 �\�¶( H ��I&�¶(�KL!�
����;KLï�KL!@(��¨
�� ( H #;I&��� 
�Ú ­ 
"#;#�

� ��® H (��«(�K¨����!�
 �;#q
,3?
 �"#;I�� 
 H ��I&�^#���I��q�¨
 � H (��«(�®z¸"#;��
 � � I�
£��
£����KL#^
"!�#�
"�;®z
ª�&
6
u���;®z
£��I��&

'$KL#�
 �«��
�Ú � (� ZKLï�I&��
�
	Ú x�� ®z��!$#;��
�I&!�
��&
�� 
 �<� ��® H (��«(�K¨����!�� Ú � 
 �<�¨�"ït¸"��
 �1�	Kz3?�"��
"!�� 
 �ç� ��!��;#«(6¥
#�� 
 �ÿ�«��!�#ÿ�	I�
 ��þ �8��
"�;��
"I&�\KL!��	I&KL#�
 H (��ÿ�¶( ®z�S�&�"�LK¨�«(�#;K¨��! ït�"!��"�;K � I�
X
"!y� ��I&�;JV
 �\�"I&J&K � I�
 � Ú­ 
"#;#�
+'�(��LK¨��(�#;K¨��! (n�"#��+
,3�
 �"#;I�� 
 H ��I&�ç#���I&#�
 �£�¨
 �£�¨�S� ��®z��#;K¨��!��£� ( H #;I&��� 
 ��
"#ç®z��!�#;��
"!$#��&
 �
��� �;I&�L#«(�#��Q�;KL®QKL�¶(�KL��
 � ÚZ º��!��&
 � I@(�!$#;Kz�@
"�z� 
"#;#�
�
"�;��
"I&���ß!���I��+®z
 �;I&����!��+�¶(��	Kz3?�"��
"!�� 
�
"!$#;��

� 
 � H ��I&�¶(�KL!�
 � H (��1I&!�
�
"�;��
"I&�ç§ç¢ � )u§ç�$��#1¢¬
 (�!¬� � I@(���
�+²���������	��
+���&®z
 �;I&��
%(���( H #�� 
+þ��¶(
� ��® H (��«(�K¨����!��&
�#;�«(��A
 �"#���KL��
 � H ���$�«·�
 � Ú

eRMS =

√

√

√

√

1

N

N
∑

i=1

(Capture(ti) − Adaptation(ti))2 )�
	Ú x�x +



Ø { ö�ù�÷on&æ�÷	æ�älìZí«Í?äOírê�ë<÷	æ?ä�äZôrÝ|ùßäuëçÝ�írá6älìZírírÝ@ø�ø�Ý

−40 −20 0 20 40
−95

−90

−85

−80

−75

−70

−65
Vue laterale

−40 −20 0 20 40
8

10

12

14

16

18

20
Vue transversale

5 10 15 20
−95

−90

−85

−80

−75

−70

−65
Vue frontale

°qälñ.øS
	Ú x�� Ê � ( H ��I&�¶(�KL!�
1� ( H #;I&��� 
¡)O!���KL��
�+F
"#e(���( H #�� 
>)OJ&�¨
"I�
�+F
"!z'SI�
q�¶(�#��"�«(��¨
��t#;�«(�!���'t
"���«(��¨


"#.
u����!�#«(��¨
�Ú & !&KL#���
"!�� 
"!$#;KL®z¸"#;��
�Ú

��� ti ��
 H ��� ��
"!$#�
��¨
£#�
"® H �<�	K¨���"��
"#<
"# N �¨
£!���®%J&��
%�&
 H (��²�&
ª#�
"® H � Ú � ��I��²� (��¨�"I&�¨��!��1� 
"#;#�


"�;��
"I&� H ��I&�ç�«·@( � I�
+(6Ù	
 (x, y, z) ��� H (����"®z
"!�# H I&K¨�<�¨
"I&�ç®z� ât
"!&!�
�Ú � ��I&�£!���#;��
%
´Ù&
"® H �¨
%�&

�¶(¢ ZKLï�I&��
%
	Ú x�� �¨
 �<
"�;��
"I&���ç§1¢ �\����!�#��

(6Ù	
£Ù (6Ù	
ªâ (6Ù&
À� ®z� ât
"!&!�

eRMS

)u�"®`+ 
	Ú�Ø�� ×	Ú Ö�× x Ú � { x Ú � �
­ 
"#;#�
%�"'�(��LI@(�#;K¨��!�
 ��#1
,3?
 �"#;I�� 
 H ��I&�ç#���I��<�¨
 �1®z��I&'t
"®z
"!�#������¨
 �<'�(��¨
"I&���1®z� ât
"!&!�
 �ç
"#ç�¨
"I&���
� � (��;#��<#Æâ H 
 ��)8�VÚ�©�Ú + H ��I&�²#���I&#�
��¶(�J@(���
��«��!�#%�

(6Ù	
£Ù (6Ù	
ªâ (6Ù&
À� ®z� ât
"!&!�

eRMS

)u�"®`+ �	Ú Ö6� x Ú���� x Ú���� x Ú Ö�

�VÚ�©�Ú2)u�"®`+ x Ú x�{ x Ú x � ×	Ú Ö�Ø ×	Ú { �

� ��I�� H ��I&'t��!��1!���#�
"� � I�
��¶( H �LI��²ï��«(�!��&
�
"�;��
"I&�<®z� ât
"!&!�
�!�
��&� H (�����
 H (��1�¨
 �1
��"® 
"# � I�

�¶(��	K¨� H 
"���;K¨��!X
 �;#<�"ï�(��¨
"®z
"!$#!
8(�KLJ&�¨
�Ú­ 
"#������	��
��&
nï��«(�!��&
"I&�Q
 �;#�K¨�&
"!�#;K � I�
�þ�� 
"�LI&K²��J&#�
"!�I �¨����� � I�
n�8����!���
"#;KL��
ÿ�¶( H ��I&�¶(�KL!�

���;KLï�KL!@(��¨
ª�&
1�¶(%J@(���
£�&
ç�&��!&!�� 
�Ú ­ 
 �"K?� ��!����;®z
£�¶(�'�(��LK¨��(�#;K¨��!��&
1!���#;��
ª( H&H ���$�«·�
ª��� KL!�#�
"� H ��¥
�¶(�#;K¨��!X�"KL!��"®n(�#;K � I�
�Ú
�GâON#âpû P`ç�èä÷ãð9çwí�÷ãõ2æ ð9ìÓè�� ç7ð§ç0"§í�ç�í�÷�õ2æ

©�(�!��%� 
"#;#�
ÿ��
 �"#;K¨��!���!���I����	K¨���"I&#���!����&
 �%#;�«(��A
 �"#���KL��
 �+(�!&ï�I&�¶(�KL��
 ����J&#�
"!$I�
 ��
"!|� ��® H (6¥
�«(�K¨����!�þ�� 
"�L�¨
 �^�"�¶(����;K � I�
"®z
"!�#q�&� �"�;KL#�
 �^��(�!��/�¶(��LKL#;#��"�«(�#;I&��
�Ú � ��I��e'�(��LK¨�&��!��e!���#;��
1®z�$�&¸"�¨
£
"!
� ��® H (��«(�!�#ç�¨
 �ç(�!&ï��¨
 �<��KL®%I&�¨� �1
"#1�¨
 �1(�!&ï��¨
 �²��� 
"�¨�1�&
 7 ��I"�A
"#�� Ú

yçJ���
"�;'t��!����e
"!« ZKLï�I&��
¬
	Ú���×��a�¨
 ��(�!&ï��¨
 �ÿ��J&#�
"!$I�� H ��I&�n�¨
X#;����K¨�;K¨¸"®z
X�;I"�;
"#n�;I&KL'�(�!�#ÿ�¨
 �
��
 H ¸"��
 �%(�!@(�#���®QK � I�
 �+�"�¶(����;K � I�
 �ª��
 H ��� ��
"!$#�� ��
"!a ZKLï�I&��
n
	Ú�� x Ú � � KL!��"�LKL!@(�K¨����!Ó�	IÌJ@(��«�;KL!Ì
 �;#� I@(��;Ka� ��!��;#«(�!�#�
ÿ(�I&#���I&�%�&
 0, 05 �«(���Úß�S��!Ì��J&�LK � I&KL#��n
 �;# H �«(�#;K � I�
"®z
"!$#��;âS®z�"#;�;K � I�
Q
"#�
 ��#



Þ ~���¼"���ã���ê� Ø �

� ��® H �;K¨��
�
"!�#;��
 −0, 09 
"# 0, 03 �«(��7�c#���I&#Q� ��®Q®z
\�¨
 �+����#«(�#;K¨��!���KL!�#�
"�;!�
 �£'�
´Ù	#�
"�;!�
 ��)u
"!$#;��

−0, 1 
"# 0 �«(��u+´Ú µ ��I&#�
 �%� 
 �ª'�(��¨
"I&�����;KLï�!&Kz�@
"!$# � I�
+�¨
+J@(����;KL! !�
+#���I&�;!�
 H ��
 � � I�
 H (�� H 
"!	¥
��(�!�#��¨
X�"â	�"�¨
¬�&
��¨�S� ��®z��#;K¨��!rÚ � ��I��\� ��!��;#«(�#���!�� � Ir��
"!yït�"!��"�«(����e�¨
 �\����#«(�#;K¨��!����	IiJ@(��«�;KL!
ï��«(�!��	K¨����
"!$#£( 't
 ���¶(��¨��!&ï�I�
"I&�1�&
 H (�� Ú

0 10 20 30 40 50 60 70 80 90 100
−0.15

−0.1

−0.05

0

0.05

0.1

% time cycle

ra
d

Pelvis

0 10 20 30 40 50 60 70 80 90 100
−0.6

−0.4

−0.2

0

0.2

0.4

Left hip

% time cycle

ra
d

0 10 20 30 40 50 60 70 80 90 100
0.2

0.4

0.6

0.8

1

1.2

Left knee

% time cycle

ra
d

flexion/extension

abduction/adduction

internal/external rotation

flexion/extension

obliquity

internal/external rotation

inclination

°qäOñÉø�
	Ú���× Ê  ç!&ï��¨
 �<�;KL®�I&�¨� � H ��I&�<�¨
��;I"�;
"#1
	Ú
¤F!¬�"#;I��	K¶(�!�#£�¨
 �1(�!&ï��¨
 �ç(�I	Ù�·@(�!���·�
 ����!���I�� H ��I&'t��!��£��J���
"�;'t
"�<I&!�
 H ·@(��«
��&
À8@
´Ù	K¨��!�)�þ

−0, 58 �«(��u+c
"#-I&!�
 H ·@(��«
^����
´Ù	#�
"!��;K¨��!:)�þ 0, 32 �«(��u+´Ú � 
 �Z����#«(�#;K¨��!��F
"!Q(�JV�	I��"#;K¨��!w'�(��&�	I��"#;K¨��!

"#aKL!�#�
"�;!�
�'�
´Ù	#�
"�;!�
£����!�#^� ��!��;#«(�®Q®z
"!�# H ���$�«·�
 �/�&
 0 �«(��7��� 
 � I&K���KLï�!&Kz�@
 � I�
q�¨
²®z��I&'t
"®z
"!�#

 �;# H �;KL!��"K H (��¨
"®z
"!$#�
,3?
 �"#;I��+��(�!��ç�¨
 H �¶(�! �«(�ï�KL#«(��8Ú � ��I��£��J���
"�;'t��!��ç�"ï�(��¨
"®z
"!$#ªI&!�
�� ��I&�;J?

J&KL®z�$��(��¨
 H ��I&�q�¶(�#;�«(��A
 �"#���KL��
�(�!&ï�I&�¶(�KL��
��	I�ït
"!���IrÚ � 
 H ��
"®QK¨
"� H K¨�ª� ���;��
 � H ��!���(�I H �����£�	I
#«(��¨��!+(�I+������� 
"#r�¶(1��
 � ��!��&
 H (��;#;K¨
/�&
a�¶(²� ��I&�;J?
e� ���;��
 � H ��!��+þ²�¶( H ·@(��«
a�&
a't���8Ú ­ 
"�¶(<� ��
,3�
 �"#;I�

��(�!��n�8� KL!$#�
"�;'�(��L�¨
¬
"!�#;��
 0, 35 
"# 1, 15 �«(��i� 
 � I&K1
 �;#n
"!i� ���;���"�¶(�#;K¨��! ( 't
 ���&
 H ��� � � �&
"!$#��
#;�«( '�(�I	Ùn
"!QJ&K¨��®z� � (�!&K � I�
�Ú � ��I&�§��!&KL����#���I��e�¨
 �e(�!&ï��¨
 �e� (��¨�"I&�¨� � H (��a�8��(���( H #«(�#;K¨��!n��
 � H 
 �"#�
"!$#
�¨
 �<��·���K Ù��&
 �1J&I&#�� 
 �1(��;#;K¨�"I&�¶(�KL��
 � Ú

©ª
 H �LI����S!���I�� H ��I&'t��!�� H ������#�
"�<�	I 
�(�KL# � I�
ç!���I��²( 't��!��²�¨
 �^®z��I&'t
"®z
"!�#��1���;KLï�KL!@(�I	Ù��&

� 
 �zÖ��;I"�;
"#�� H ��I&���	KL��
 �"#�
"®z
"!�#ÿ� ��® H (���
"�+�¨
 �+'�(��¨
"I&�����&
 ��#;�«(��;
 �"#���KL��
 �z(��;#;K¨�"I&�¶(�KL��
 � Ú � ��I��
H ��� H ���«��!����&
ÿ� (��¨�"I&�¨
"���8��
"�;��
"I&��§1¢ � ���������	��
ÿ� H ��I&�+�"'�(��LI�
"���¶(��	Kz3��"��
"!�� 
ÿ
"!$#;��
z�¨
 ��#;�«(6¥
�A
 �"#���KL��
 �n� ( H #;I&��� 
 �z
"#z�;KL®%I&�¨� 
 � Ú � 
 ����� �;I&�L#«(�#��z��J&#�
"!$I��n����!$# H ��� �«
"!�#�� �n
"! µ (�J&�¨
X
	Ú�
��-KL�¨�
®z��!�#;��
"!$#q�&
 �^
"�;��
"I&��� H �LI&#=��#§
8(�KLJ&�¨
 � Ú�¤F!\
,3?
"#��$� 
 �e
"�;��
"I&���^����!�#/#���I"�A��I&���/KL!�
��"�;K¨
"I&��
 �^þ 0, 05�«(���Ú � ���"'�(��LI@(�#;K¨��! �&
 �n#;����K¨�z�"�;KL#�¸"��
 � (C1, C2, C3) �&��!&!�
"!�#\�"ï�(��¨
"®z
"!�#\�&
 �Q��� �;I&�L#«(�#��n�¿(�#;K¨�A¥

�(�K¨�¿(�!�#��`)O't��KL� µ (�J&�¨
ÿ
	Ú �v+´Ú � (�'�(��¨
"I&��®z� ât
"!&!�
ÿ�	I ý 
"�;è ) C̄1 = 7, 2.107rad.s−3 +£
 ��#%� ��®�¥
H (�#;KLJ&�¨
X( 't
 ���&
 ��#;�«( '�(�I	Ù H ��� � � �&
"!�#��ÿ�;I&�Q�&
 �Q�;I"�;
"#���®n(����«·@(�!�#�þ��&
 ��'SKL#�
 ����
 �Q��KL®QKL�¶(�KL��
 �
¶ 
 ¢ � 
 · Ú ­ 
 � I&K@
 �;#/�"ï�(��¨
"®z
"!�#e�¨
1� (��e�&
²�¶( H I&K¨�«�«(�!�� 
²KL!�#�
"�;!�
1®z� ât
"!&!�
 H (��aI&!&KL#��1�&
<®n(�����

) C̄3 = 6, 1W.kg−1 +´Ú ­ 
"#;#�
 H I&K¨���«(�!�� 
²KL!$#�
"�;!�
1
 �;#a� ���;���"�¨�£( 't
 �²�8���"!�
"�;ï�K¨
 H ·�â	�;K¨���¨��ï�K � I�
ç�&
q�¶(
�¨�$� ��®z��#;K¨��!�¶ õ ¢¬©�×�
 · �&
"# H 
"I&#1þ%�8��( 't
"!&KL�ç� ��!��;#;KL#;I�
"�1I&!��"�;KL#�¸"��
%þ�®QKL!&KL®QK¨��
"�1��(�!��²�¶(+#����«·�

��
 � ��!���(�KL��
%�&
��"KL!��"®n(�#;K � I�
�KL!$'t
"����
�Ú� (¿ ZKLï�I&��
1
	Ú������ ��® H (���
<�¨
 �e(�!&ï��¨
 �e��� 
"�¨�a
"#e�;KL®�I&�¨� � H ��I&�F�¨
<�;I"�;
"# 5 ��(�!��/��·@( � I�
²��
 H ¸"��

(�!@(�#���®QK � I�
�Ú � #«(�!�#��&��!&!�� � I�
X�¨
 ��
"�;��
"I&����§ç¢ �i�&
 �\����#«(�#;K¨��!����	IyJ@(��«�;KL! !�
�����!$# H (��



Ö�× ö�ù�÷on&æ�÷	æ�älìZí«Í?äOírê�ë<÷	æ?ä�äZôrÝ|ùßäuëçÝ�írá6älìZírírÝ@ø�ø�Ý

°^äOñ.ø@
	Ú�� x Ê §1
 H ¸"��
 �<(�!@(�#���®QK � I�
 �£�&
ª����#«(�#;K¨��!��&
ª�8� ·$I&®n(�!��"�8�&
�Ú
H 
"�L'?Ú	KL!��"�8Ú H 
"�L'?Ú&��J&�LK � Ú H 
"�L'VÚ	����# Ú&KL!$#£'�
´ÙS# ·@(�!rÚ�8@
´Ùu'�
´Ù	#

¢�� ât
"!&!�
 ×	Ú�×�
 ×	Ú�× x ×	Ú�× x ×	Ú�×��
± �VÚ�©N)O�«(��u+ ×	Ú�×�
 ×	Ú�× x ×	Ú�× x ×	Ú�×�


·@(�!rÚ@(�J?�u'�(��&� ·@(�!rÚ&����# Ú&KL!$#£'�
´ÙS# ït
"!rÚ�8@
´Ùu'�
´ÙS#
¢�� ât
"!&!�
 ×	Ú�×�� ×	Ú�×�
 ×	Ú�×��

± �VÚ�©N)O�«(��u+ ×	Ú�×�� ×	Ú�× x ×	Ú�× x

� ÷ßå�øq
	Ú�
 Ê ¤F�;��
"I&���\§1¢ � 
"!$#;��
X�¨
 �ÿ#;�«(��A
 �"#���KL��
 ��(�!&ï�I&�¶(�KL��
 ���;KL®%I&�¨� 
 �\
"#n��� 
"�L�¨
 � H ��I&�n�¨

J@(����;KL!��	�¶(Q·@(�!���·�
�ï�(�I��«·�
�
"#<�¨
ªït
"!���I�ï�(�I���·�
 H ��I&�<�¨
 � 7 �;I"�;
"#�� Ú

�$I"�;
"# x � 
 � � Ø Ö ®z� ât
"!&!�

C1 × 107(rad.s−3) �	Ú�� { Ú Ö 
	Ú�Ø � Ú�� x ×	Ú�
 �	Ú�� ÖSÚ � ÖSÚ��

C2(rad) ×	Ú�×�� ×	Ú�×�� ×	Ú�× x ×	Ú�×�
 ×	Ú�× x ×	Ú�×�� ×	Ú�× x ×	Ú�×��
C3(W.kg−1) �	Ú x ÖSÚ�� �	Ú Ö ÖSÚ x �	Ú�Ø �	Ú � Ø	Ú x Ø	Ú x

� ÷ßå�øV
	Ú � Ê � '�(��LI@(�#;K¨��!¬�&
 �<�"�;KL#�¸"��
 �<J&K¨��®z� � (�!&K � I�
 � C1, C2, C3
H ��I&�²�¨
 �£Ö+�;I"�;
"#��<�"'�(��LI�� � Ú



Þ ~���¼"���ã���ê� Ö x

�;KLï�!&Kz�@� (�#;KL't
 ���$!���I�� H ��� �«
"!�#���!��/I&!&K � I�
"®z
"!$#^�¨
 �e#;�«(��A
 �"#���KL��
 �q(�!&ï�I&�¶(�KL��
 �q�&
<�¶(ª·@(�!��«·�
ç
"#^�	I
ït
"!���I�ï�(�I���·�
�Ú � ��I��1��J&#�
"!���!��ç�&
 �²��� ��I&�L#«(�#��<�;KL®QKL�¶(�KL��
 � H ��I&�<�¶(+·@(�!��«·�
%
"#²�¨
�ït
"!���IX�	����KL# Ú

°qälñ.ø�
	Ú���� Ê  ç!&ï��¨
 �²��� 
"�¨�1
"#<�;KL®�I&�¨� � H ��I&�<�¨
��;I"�;
"#1�	Ú

�GâONGâ�� þ#÷ãó ò�è�ç�í�÷�õ2æ�ë ç#"("�èä÷ãÿ�ç�í�÷êö2ìuë
� (�®z�"#;·��S�&
z����(���( H #«(�#;K¨��! H ��� ��
"!�#�� 
Q#;����I&'t
zI&!|�&��®n(�KL!�
z����( H&H �LK¨� (�#;K¨��! H (��È
8(�KL#�
"®z
"!�#

(���( H #������¶( H (��¨� �t(�!$#;·&��� H ���¨��ï�K¨
�Ú � � I&!�
²�&
 �-ï��«(�!��&
 � � I�
 �;#;K¨��!�� � I�
^�¨
 � H (��¨� �t(�!�#;·&��� H ���¨��ï�I�
 �
��
 H ����
"!$#ç
 �;#£�&
�� ��!&!@(��¨#;��
��¶(Q�¨�S� ��®z��#;K¨��!¬��� I&!¬J&K H ¸ �&
��&��!$#çKL�¨�1!r����!�# � I�
%�¨
 �1���£��
 � � Ú�¤F!
I&#;KL�LK¨�«(�!�#ç!���#;��
�®z�"#;·��S�&
�����(���( H #«(�#;K¨��!����¨
 � H (��¨� �t(�!�#;·&��� H ���¨��ï�I�
 � H 
"I&'t
"!$#1#�
 �;#�
"�<� 
"�;#«(�KL!�
 �
·�â H ��#;·�¸ �«
 �+��I&�%�¶(X®z��� H ·����¨��ï�K¨
\
"#��;I&���¶(X�&�"®n(����«·�
\�&
\� 
 ��J&K H ¸ �&
 � Ú � 
 � H (��«(�®z¸"#;��
 �Q�	I���� :¬��
­®�L 
¢��¯­��?�&
��8� KL!�#�
"� H ���¶(�#;K¨��! 
"#ç�&
��¶(n�"KL!��"®n(�#;K � I�
�KL!�'t
"����
 � I�
��¨
 � H (��¨� �t(�!�#;·&��� H ���¨��ï�I�
 �
H 
"I&'t
"!$#1#�
 �;#�� �1����!�#%�

Ê � (Q®z��� H ·����¨��ï�K¨
�� H (��<�¨
 �<�	K¨��#«(�!�� 
 �1
"!�#;��
�(��;#;K¨�"I&�¶(�#;K¨��!��>)O't��KL�º ZKLï�I&��
%
	Ú���
()�(�+0+´Ú
Ê � ( H ���;#;I&��
1�&
²��
 H ����� H (��a�¨
 �a®n(�#;�;K¨� 
 �/�&
 H (����«(�ït
<
"!$#;��
ç(��;#;K¨�"I&�¶(�#;K¨��!��^� (��¨�"I&�¨� 
 � H ��I&�

I&!�
 H ���;#;I&��
��&��!&!�� 
 )O't��KL�º ZKLï�I&��
%
	Ú���
()OJw+0+´Ú
Ê � ( �¨��!&ï�I�
"I&�n�&
 H (���)O't��KL�¥ ZKLï�I&��
�
	Ú���
()u��+0+Q
"#Q�8��
 � H (�� 
"®z
"!�#ÿ�&
 � H K¨
 �&���F�&�,��!&K¨���«(�!$#

(�KL!��;Kß�&
 �<
"® H ��
"KL!�#�
 �ª(�I������cþQ�;I&KL'S��
�Ú
Ê � 
 �1J&I&#�� 
 �1(��;#;K¨�"I&�¶(�KL��
 � Ú� ��I&�ª�&�,��!&KL�£�¶(Q®z��� H ·����¨��ï�K¨
��?�¨
 � H (��¨� �t(�!�#;·&��� H ���¨��ï�I�
 ���	I H �����A
"#ª  µ � � ��!�#£'SKL�;#;I�
"�L�¨
´¥

®z
"!�#���
 � ��!��;#;�;I&KL#%�¨
z� � I�
"�¨
"#;#�
ÿ�&
 � I��"âtÚ � ( H ����#;I&��
z�&
Q��
 H ���%(��"#��n��J&#�
"!$I�
 H (��%�&
 �%·�â$¥
H ��#;·�¸ �«
 �ç�&
%��� (��;#;K¨�"I&�¶(�#;K¨��!����&
 �1��
"ï�®z
"!$#��>¶�¢ õ × x,· Ú@¤F!¬� 
 � I&Kß� ��!�� 
"�;!�
"!$#£�¨
 �£
"® H ��
"KL!�#�
 ���
� 
"�;#«(�KL!�
 ���"#;I��&
 ���&
+J&K¨���¨��ï�K¨�;#�
 ��¶ �rõqõ ��x�· 
"#�����(�!�#;·&��� H ���¨��ï�I�
 �¥¶�©ª
"� � � · ��
+����!$# H (��;#;K¨�"I&�LK¨¸´¥



Ö�� ö�ù�÷on&æ�÷	æ�älìZí«Í?äOírê�ë<÷	æ?ä�äZôrÝ|ùßäuëçÝ�írá6älìZírírÝ@ø�ø�Ý

� ET� ��� � � 5��
°qälñ.ø@
	Ú���
 Ê ¤-Ù	#;�«(�KL#��²�&
ª�;KL®%I&�¶(�#;K¨��!��<�&
£�¨�S� ��®z��#;K¨��!��<(���( H #�� 
 �<þ\��)�(�+e�¶(�®z��� H ·����¨��ï�K¨
��2)OJw+
�¶( H ���;#;I&��
�
"#�)u��+^�¶(+�¨��!&ï�I�
"I&�£�&
 � H (�� Ú

��
"®z
"!�#1KL!�#��"��
 ����� 
 �£þ��8��(�!@(�#���®QK¨
%�	I H K¨
 ���&
 � H ��
"®QK¨
"���²·���®QKL!&K¨�&� � Ú � 
 � H ��
"®QK¨
"���1��� �;I&�L#«(�#��
�&
ª� 
 �²�"#;I��&
 �q®z��!�#;��
"!$# � I�
£�¨
 �<(��;#;K¨�"I&�¶(�#;K¨��!��<�	I�#«(��¨��!��&
 ��
������;KL�¨
 �^��
 ����
"®�J&�¨
"!�#<J?
 (�I�� ��I H
H �LI���þ�� 
"�L�¨
 ���&
n�8� 
 ��®Q®z
 � I�
z� 
"�L�¨
 ���	I���·&KL® H (�!(� �\J&K¨
"! � I�
 H ��� �«
"!�#«(�!�#��&
 �+� (��«(��"#�¸"��
 �
!���!|·$I&®n(�KL! )�( H&H I&Kq
"!|'�(��;I��%
"#�(�JV�	I��"#;K¨��! �&
z�8� ·@(��L�LI	Ùu+´Ú � (���
 � ��!��;#;KL#;I&#;K¨��! �	I H K¨
 �Ó�&
 �
·���®QKL!&K¨�&� ��(�!��"K¨
"!���� ��!�
����;#�
��¨
 �£�&��!&!�� 
 ���;I&�£�¨
"I&����(���( H #«(�#;K¨��!��%þz�¶(nJ&K H � �	K¨
�Ú � 
�� ��® H ���A¥
#�
"®z
"!�#1J&K H ¸ �&
£#�
"�;��
 �;#;��
��&
 �q·���®QKL!&K¨�&� � H �LK¨��¥ H �¨�"K¨��#��$� ¸"!�
 �<
 ��#q�"#«(�J&�LK H (��q�¨
 �²
"® H ��
"KL!$#�
 �1�&

H (��<�&
 � (�
"#����LK�����(�#�� 
 �1�&
%
	Ú�Ø�¢�KL�L�LK¨��!��1����(�!&!�� 
 �>)O't��KL�º ZKLï�I&��
%
	Ú����v+´Ú

°qälñ.ø?
	Ú���� Ê µ �«(�� 
+�&
 H (��£�&
 � (�
"#����LK���(�I��;#;�«(��¨� H KL#;·�¸ � I�
 H ��I&'�(�!�#À$"#;��
 H (��¨� �t(�!$#;·&��� H ���¨��ï�K ¥� I�
"®z
"!�#ç� ��!���K¨�&�"����� ��®Q®z
�� ��!�#�
"® H ���«(�KL! þ � I��"âtÚ
� 
 �1J&I&#�� 
 �ç(��;#;K¨�"I&�¶(�KL��
 �£�	IX� � I�
"�¨
"#;#�
��&
 � I��"â H 
"I&'t
"!�#6$"#;��
�®z
 �;I&��� 
 �1�;I&�<�«
 �<��� Ú õ K¨
"!


"!�#�
"!��	I��S�¨
 �/®%I����"�¨
 �q
"#/#�
"!��&��!�� � I&K��"#«(�K¨
"!$# H ��� �«
"!�#��q�;I&�/�«��!ÿ� ��� H �^®z�$�	Kz�@
"!$#^�«
 �e'�(��¨
"I&��� Ú­ 
�����!$#<� 
 �<·$â H ��#;·�¸ ��
 � � I�
ª#�
 �;#�
"!�#ç�¨
 � H (��¨� �t(�!�#;·&��� H ���¨��ï�I�
 ��)O't��KL�º ZKLï�I&��
%
	Ú�����+´Ú
yçJ���
"�;'t��!��a�¨
 �-��� �;I&�L#«(�#��F�&
^�¶(£®z�"#;·��$�&
q����(���( H #«(�#;K¨��! H ��I&�-I&!Q
"!���
"®%J&�¨
²�&��!&!��²��� ·$â H ��¥

#;·�¸ ��
 � H (��¨� �t(�!�#;·&��� H ���¨��ï�K � I�
 � Ú � 
 �ß�"�¨�"®z
"!�#��Z�&
a�¶(qJ@(��«
a�&
a�&��!&!�� 
 � � I&K���!$#ß�"#��a�«�"�¨
 �"#;K¨��!&!�� �

"#²KL!�#�
"� H ���¨� �£����!�#%�

Ê ¤a! ~x )O�¨��!&ï�I�
"I&�q�&
 H (��£+²��I&!n·���®Q®z
 H �LI�� H 
"#;KL# � I�
<�¶(�®z� ât
"!&!�
£®n(�����·@(�!$#1( 't
 �çI&!�

H ���;#;I&��
ª!����;®n(��¨
�Ú



Þ ~���¼"���ã���ê� Ö�


°qälñ.ø�
	Ú���� Ê  ç® H �LKL#;I��&
 �<®n(6Ù	KL®n(��¨
 �1�&
 �1(��;#;K¨�"I&�¶(�#;K¨��!��çKL!�
u�"�;K¨
"I&��
 � Ú

Ê ¤F! ~y )u� � (��;#�
"®z
"!�#z�&
 � H K¨
 �&�£+Q�cI&!|·���®Q®z
\�&
n#«(�KL�L�¨
ÿ®z� ât
"!&!�
ÿ®n(�����·@(�!$#n( 't
 �ÿI&!�

H ���;#;I&��
�KL!$#�
"�;®z� �	K¶(�KL��
�Ú

Ê ¤F! ~z ) H ���;#;I&��
�+£�SI&!�
º
�
"®Q®z
ª�&
£#«(�KL�L�¨
ª®z� ât
"!&!�
ª®n(�����·@(�!$#£( 't
 �ªI&!�
 H ���;#;I&��
68@� ��·&K¨
�Ú
©£Kz3?�"��
"!$#��%�;I"�;
"#���
"#��	Kz3?�"��
"!$#�
 � H ���;#;I&��
 ����!�#%�"#��Q�«�"�¨
 �"#;K¨��!&!�� � H ��I&��� ��!���#;�;I&KL��
Q�¨
+®z��I&'t
´¥
®z
"!�#>��!@(��8Ú ­ 
"#;#�
\�	KL't
"����KL#����AI��;#;Kz�@
ÿ!���#;��
 H ����#��S� ���¨
�����(�� � I&K¨�;KL#;K¨��!����&
ÿ�¨�$� ��®z��#;K¨��!��+®�I&� ¥
#;K H �¨
 �%�&
 H �LI��;K¨
"I&��� H 
"���«��!&!�
 � Ú � ( H ���;#;I&��
Q�&
 � I��"â¬
 �;#�#;��¸ ���	K¨���"I&#�� 
z��(�!����¶(��LKL#;#��"�«(�#;I&��

H (��¨� �t(�!�#;·&��� H ���¨��ï�K � I�
¥¶ Ì (��«×�� · Ú � 
 �^#;����K¨�/·$â H ��#;·�¸ ��
 �²�&
 H ����#;I&��
1J&K H � �	K � I�
ª����!$#/I&!�
 H ���A¥
#;I&��
��"�;KLït� 
��&I&!�
 H ���;#;I&��
�·@(�!��«·�
À8@� ��·&K¨
�'6ït
"!���I[8@� ��·&K���
"#<I&!�
 H ���;#;I&��
�KL!�#�
"�;®z� �	K¶(�KL��
�Ú� 
 ����·���K Ù 
,3?
 �"#;I�� �+��(�!��+�¶(�J@(��«
ÿ�&
ÿ�&��!&!�� 
 � H 
"I&'t
"!$#�(��¨�����¢$"#;��
ÿKL!�#�
"� H ���"#�� � H (��+�¨
 �
� H � �"K¶(��LK¨�;#�
 � Ú � ��I�� H ��I&'t��!�� H 
"I&#§$"#;��
²!���#�
"�eK¨�"K � I�
²�¶(£�¨��!&ï�I�
"I&�/�&
 H (��a��
"®%J&�¨
£(�����
�� H 
"#;KL#�

H (����«( H&H ���;#nþX�¶(�®z��� H ·����¨��ï�K¨
�
"# � I�
ÿ�8��� � (��;#�
"®z
"!�#\�&
 � H K¨
 �&�Q� ���;��
 � H ��!��wþ�� 
"�LI&K<��� I&!�

®n(�����·�
�KL!$#�
"�;®z� �	K¶(�KL��
�Ú � 
+®z��I&'t
"®z
"!�#�� (��¨�"I&�¨�Q� ��®�J&KL!�
��¨
 �ç#;����K¨�ª�	Kz3��"��
"!�#�
 � H ��I&�¶(�KL!�
 ��
"#
� ���;��
 � H ��!���ït� ��®z�"#;�;K � I�
"®z
"!�#�þ�I&!�
 H ���;#;I&��
�KL!$#�
"�;®z� �	K¶(�KL��
��V
"!$#;��
�I&!�·$I&®n(�KL!��"�;KLït��
"#<I&!
·�I&®n(�KL! 8@� ��·&K8Ú � (¡ ZKLï�I&��
�
	Ú���Ø�®z��!$#;��
ç�¨
 �/#;�«(��;
 �"#���KL��
 �<(�!&ï�I&�¶(�KL��
 �^��J&#�
"!$I�
 � H ��I&�^�¨
<J@(��«�;KL!
)�
X�&�	�p+,�ß�¨
 ��·@(�!���·�
 �:)�
��&�	�p+�
"#��¨
 �%ït
"!���I	ÙÇ) x �&�	�p+´Ú � ��#���!�� � I�
z�8� KL!��"�LKL!@(�K¨����!Ð�	I|J@(��«�;KL!

 �;#<� ��!��;#«(�!$#�
 H (��²�«( H&H ���;#1þ+�¶( H ���;#;I&��
��&
ª��
 H ��� Ú ­ ��®Q®z
 H ��I&�²I&!�
ª�¨�S� ��®z��#;K¨��!�·$I&®n(�KL!�

!����;®n(��¨
��-�¨
 ���&
"ï���� �Q�&
n�LKLJ?
"�;#�������I&#�
"!@(�!�#Q�¨
 �+®z��I&'t
"®z
"!�#��z�¨
 � H �LI��+KL® H ���;#«(�!�#��z�«��!�#��¨
 �
8@
´ÙSK¨��!��,'�
´ÙS#�
"!��;K¨��!��ç�&
 �²·@(�!���·�
 �£
"#<�&
 �<ït
"!���I	Ù�Ú� (; ZKLï�I&��
Q
	Ú��tÖn®z��!�#;��
��¨
 � H ��I&�¶(�KL!�
 �ªï�(�I���·�
Q
"#��	����KL#�
z(���( H #�� 
 ����(�!��ª�¨
 �£#;����K¨� H �¶(�!��
(�!@(�#���®QK � I�
 ���a
"#Q�¶(  ZKLï�I&��
X
	Ú�� { ®z��!�#;��
X�¨
 �Q�	K¶(�ï��«(�®Q®z
 �ÿ�&
 H ·@(���
 � Ú ­ 
 �Q��� �;I&�L#«(�#��z����!$#



Ö6� ö�ù�÷on&æ�÷	æ�älìZí«Í?äOírê�ë<÷	æ?ä�äZôrÝ|ùßäuëçÝ�írá6älìZírírÝ@ø�ø�Ý

0 20 40 60 80 100
−0.1

−0.05

0

0.05

0.1
bassin

 

 inclinaison
obliquite
rot int/ext

0 20 40 60 80 100
−1.5

−1

−0.5

0

0.5
hanche gauche

 

 

flex/ext
abd/add
rot int/ext

0 20 40 60 80 100
1.1

1.2

1.3

1.4

1.5

1.6
genou gauche

 

 

0 20 40 60 80 100
−1.5

−1

−0.5

0

0.5 hanche droite

 

 

0 20 40 60 80 100
1.1

1.2

1.3

1.4

1.5

1.6
genou droit

 

 flex/ext

°qälñ.ø/
	Ú���Ø Ê µ �«(��A
 �"#���KL��
 �\(��;#;K¨�"I&�¶(�KL��
 ��)O�«(��u+���� I&!�
��¨�$� ��®z��#;K¨��! H �¶(�I��;KLJ&�¨
��&
 � I��"â )u +Ú � Ú
� {�{ ¥ x +q�;I&�²I&!��"âS�"�¨
��&
��¨�S� ��®z��#;K¨��!rÚ

� ��® H (�#;KLJ&�¨
 ��( 't
 �z�&
 H ��� � � �&
"!$#�
 ���"#;I��&
 � H (��¨� �t(�!�#;·&��� H ���¨��ï�K � I�
 �Q��I&���¨
 ���¨�$� ��®z��#;K¨��!���J&K ¥
H ¸ �&
 �!¶ ò � � ×�×(� µ   µ � 
 · Ú�¤F! H (��;#;K¨�"I&�LK¨
"�^( 't
 �1�¨
 �F��� �;I&�L#«(�#��a�&
 ­ ����® H #���!ÿ
"#a� ���L�8Ú�¶ ­ ��Ì + ��{ �­ Ì � ò ×�
 · � I&K�( H&H �LK � I�
"!�#q�¨
 �^�&��!&!�� 
 �/�«
"ï�®z
"!�#«(�KL��
 �q�&
 � I��"ânþ��&
 �a®z�S�&¸"�¨
 �^�"KL!��"#;K � I�
 �q�&

®n(�����·�
 �£�&
��	Kz3��"��
"!�#�
 �£
 � H ¸ � 
 ��)O·$I&®n(�KL!����«·&KL® H (�!(� ����ït���;KL�L�¨
�
"#ç���«(�!&ï�¥¦��I&#«(�!w+´Ú

−20 −10 0 10 20
−50

−45

−40

−35 Poulaine gauche (x,z)

−20 −10 0 10 20
−50

−45

−40

−35 Poulaine droite (x,z)

6 8 10 12 14 16 18
−50

−45

−40

−35
Poulaine gauche (y,z)

−18 −16 −14 −12 −10 −8 −6
−50

−45

−40

−35 Poulaine droite (y,z)

−20 −10 0 10 20
5

10

15

20 Poulaine gauche (x,y)

−20 −10 0 10 20
−20

−15

−10

−5 Poulaine droite (x,y)

°qälñ.øF
	Ú��tÖ Ê � ( H ��I&�¶(�KL!�
�(���( H #�� 
�(�I	ÙÓ·$â H ��#;·�¸ ��
 � H (��¨� �t(�!�#;·&��� H ���¨��ï�K � I�
 � Ú#-FI�
\�¶(�#��"�«(��¨

(x, z) ��'SI�
4
u����!�#«(��¨
 (y, z) 
"#²'SI�
ª#;�«(�!��;'t
"���«(��¨
 (x, y) Ú & !&KL#���
"!X� 
"!�#;KL®z¸"#;��
�Ú



Þ ~���¼"���ã���ê� Ö��

−1.2 −1 −0.8 −0.6 −0.4 −0.2
1.1

1.15

1.2

1.25

1.3

1.35

1.4

1.45

1.5

1.55

1.6
Diagramme de phase gauche

−1.2 −1 −0.8 −0.6 −0.4 −0.2
1.1

1.15

1.2

1.25

1.3

1.35

1.4

1.45

1.5

1.55

1.6 Diagramme de phase droit

°qälñ.øß
	Ú�� { Ê ©çK¶(�ï��«(�®Q®z
 ���&
 H ·@(���
 ���&
��¶(\�¨�S� ��®z��#;K¨��!Ó(���( H #�� 
�Úr¤F!|(�J����"K¨�«��
��8��(�!&ï��¨
zþ\�¶(
·@(�!���·�
�
"#1
"!������&��!&!�� 
��8��(�!&ï��¨
%(�IXït
"!���IrÚ

� 
 �1(��Lït���;KL#;·&®z
 �ç��� KL!�#�
"� H ���¶(�#;K¨��!1¶ �a� ©ª¢¬×��(� � © õq� ×�Ø · 
"#²�¶(%®z�"#;·��S�&
��&
��"KL!��"®n(�#;K � I�

KL!�'t
"����
5¶ � ¢ õ ×�� · H ��� ��
"!$#�� �Q��(�!��Q� 
\�«·@( H KL#;��
�����!�#�KL!��&� H 
"!���(�!�#��z�&
ÿ�8��( H&H �LK¨� (�#;K¨��!w'SK¨��� 
�Ú­ ��
 �;# H ��I&� � I���K&!���I�� H ��I&'t��!��F�¨
 �FI&#;KL�LK¨�«
"�a� ��®Q®z
<� �	KL#�
"I&���a�&
q!���I&'t
 (�I	ÙQ®z��I&'t
"®z
"!�#��/��(�!��
�¶(��;I&KL#�
Q�&
Q!���#;��
�#;�«( '�(�KL�6) ­ ·@( H KL#;��
z�v+´Ú ­ 
 �ª®z�"#;·��$�&
 ������!�#����������%
"#��&� �;þ\I&#;KL�LK¨��� � H (����¨
 �
H (��¨� �t(�!�#;·&��� H ���¨��ï�I�
 ���	I H �����A
"#ç  µ � � ¶ õ^� ¢ + ×�� · Ú
�GâONGâ&% å1÷ãë"ÿ(ò9ë"ë"÷�õ2æ�ë;ì(í[ÿ�õ2æ�ÿ(èãò�ë�÷ãõ2æ

� ( ®z�"#;·��S�&
�����(���( H #«(�#;K¨��! H ��� �«
"!�#�� 
���(�!��Q� 
��«·@( H KL#;��
X
 �;#�I&!�
�(��L#�
"�;!@(�#;KL't
X(�I	Ù ®z�´¥
#;·��$�&
 ���&
`���L :¬��O­Õ�L 
¢��®­ 
"#\����(���( H #«(�#;K¨��!4KL!��	K � I�� 
 ����(�!��\�8���"#«(�#��&
¬�8��(��;# Ú^¤a�L�¨
 H 
"�;®z
"#��&

H ���$�	I&KL��
��&
 �^�¨�S� ��®z��#;K¨��!�� H �¶(�I��;KLJ&�¨
 �²
"! 
���!��"#;K¨��!��&
 H (��«(�®z¸"#;��
 �<®z��� H ·����¨��ï�K � I�
 �²#�
"�¨� � I�

�¨
 �n�¨��!&ï�I�
"I&�����&
 �\��
"ï�®z
"!�#����e�¨
 �n®n(�����
 �\
"#nKL!�
"�;#;K¨
 ���e�¶( 
����;®z
��&
 �ÿ����) � I&K1®z�S�	Kz�@
"!�#\�¶(
H ����KL#;K¨��!¬��
"�¶(�#;KL't
Q�&
 �ª� 
"!$#;��
 �%(��;#;K¨�"I&�¶(�KL��
 �£+,�r(�KL!��;K � I�
��&
+#¦â H 
 ������(��;#;K¨�"I&�¶(�#;K¨��!������&
+J&I&#�� 
 �
(��;#;K¨�"I&�¶(�KL��
 ��
"#��&
��¶( H ����#;I&��
Q�&
Q��
 H ��� Ú � 
 ��®z�"#;·��S�&
 �%�&
3���L :¬��O­Õ�L 
¢��®­ H ��� H ����� 
 ����(�!����&

H ��� � � �&
"!�#���#;�«( '�(�I	Ù ��
ª
��S� (��LK¨��
"!�#�ït�"!��"�«(��¨
"®z
"!�#���I&�ÿ�¨
 ����·@(�!&ït
"®z
"!$#����&
¬�¨��!&ï�I�
"I&�����&
 �
®z
"®%J&��
 �Q
"! H ��
"!@(�!�#Q
"!Ó� ��® H #�
��&
 �+� ��!�#;�«(�KL!�#�
 ��ït� ��®z�"#;�;K � I�
 �+#�
"�L�¨
 � � I�
n�¨
z!���!|ï��LK¨�«��
´¥
®z
"!�#%�&
 � H K¨
 �&������( H&H I&K8Ú � � (�!&®z��KL!����?�¨
 �ªJ&I&#�� 
 ��(��;#;K¨�"I&�¶(�KL��
 ��
"#ª�¨
 �ª#¦â H 
 ������(��;#;K¨�"I&�¶(�#;K¨��!��
(�ï�K¨����
"!$#<�"ï�(��¨
"®z
"!�#1�;I&�q�¨
£®z��I&'t
"®z
"!�# Ú � 
 �q#�
 ��·&!&K � I�
 �.
8(�K¨�«(�!�#²KL!$#�
"�;'t
"!&KL�<�&
 �I°>��¬��±�?º�»d¬�¼��¢��� ��T�:»R��´v¬� 
¢
���yº,���	I±���� 
¢O���ØÆT´µ�T��¸�¢��®­%��I�J&K¨
"!��&
 �Z(�!@(��Lâ	��
 �Z�;#«(�#;K¨�;#;K � I�
 ��)u� ��®Q®z
e�¨
 �-  ­ � +r!�

H 
"I&'t
"!$#ç
"!�#�
"!&KL�1� ��® H #�
%� (��1
"�L�¨
 �<�;I H&H ����
"!�#1ït�"!��"�«(��¨
"®z
"!�# � I�
ª�¨
 �<� � I�
"�¨
"#;#�
 �²®n(�!&K H I&�¨� �
��!�#£�&
 �<�;#;�;I��"#;I&��
 �<#;��¸ �1�;KL®QKL�¶(�KL��
 � Ú� ��I��1!���I��ç����®Q®z
 �!
��S� (��LK¨��� ������(�!��£� 
%�«·@( H KL#;��
����;I&�£�&
 �<®z��I&'t
"®z
"!$#����&
��¨�$� ��®z��#;K¨��!��

"! �LKLï�!�
��	����KL#�
�Ú � ��I���!r��( 't��!�� H (���KL!�#;���S�	I&KL#�� H (���ÆT´��L��¸�¢��®­���I H (���I&!�
�®z�"#;·��S�&
������ �	K ¥
#;K¨��!Ì�&
+®z��I&'t
"®z
"!�#��r�8��(���( H #«(�#;K¨��!�þn�8��
"!$'$KL����!&!�
"®z
"!$#+
"#ª�¶(ÿït�"!��"�«(�#;K¨��!|�&
��¨�S� ��®z��#;K¨��!Ì
"!
'$KL�«(�ït
�Ú � 
²J&I&#e�&
1� 
²#;�«( '�(�KL��
 �;#a�&
1� (��¨�"I&�¨
"�eI&!�
²�¨�S� ��®z��#;K¨��! H �¶(�I��;KLJ&�¨
1ï������ 
1þ��&
 �/� ��!&!@(�K¨�A¥
�«(�!�� 
 ��®z��� H ·����¨��ï�K � I�
 �%
"#��&
 ����¸"ï��¨
 ��J&K¨��®z� � (�!&K � I�
 � Úß 1KL!���K��?(���!Ó�����"'�(��LI�
"��!�������� ��I&�L#«(�#��
����(���( H #«(�#;K¨��!��	!���I��q�&
"'t��!��q�¨
 �/� ��® H (���
"�1( 't
 �ç�¨
 �/#;�«(��;
 �"#���KL��
 �q��� 
"�L�¨
 �^�¿(�!��q(�I��"I&!�
£®z�S�	Kz�&¥



Ö�Ø ö�ù�÷on&æ�÷	æ�älìZí«Í?äOírê�ë<÷	æ?ä�äZôrÝ|ùßäuëçÝ�írá6älìZírírÝ@ø�ø�Ý

� (�#;K¨��!�(��&�	KL#;K¨��!&!�
"�L�¨
����«(�!��qJ&K¶(�K¨� H ��� 't
"!@(�!$#ç�&
ª#�
"�L�¨
 �²®z�"#;·��S�&
 �<����� �	KL#;K¨��!rÚ ­ 
 H 
"!���(�!$#����&
 �
(���( H #«(�#;K¨��!��ªþ+�8��
"!�'SKL����!&!�
"®z
"!�# H 
"I&'t
"!$#6$"#;��
%( H&H �LK � I�� 
 �1
"!�#«(�!$# � I�
 H ���;#A¥ H ���S� 
 ���;I�� Ú& !X®z�S�	I&�¨
��&
+�"KL!��"®n(�#;K � I�
�KL!$'t
"����
�( 't
 �+� ��!�#;�«(�KL!�#�
 ��� H �;K¨���;K¨��� 
 �ª��I�!���!��V�&
"'$�«(�KL#À$"#;��

� ( H (�J&�¨
 �&
¬ït�"��
"���&
 ����·@(��¨!�
 ���"KL!��"®n(�#;K � I�
 ���«(��	K¨� (��¨
"®z
"!�#��	Kz3?�"��
"!$#�
 ��
"! KL® H ���«(�!$#��&
 �
#;�«(��;
 �"#���KL��
 �nþ¬� 
"�;#«(�KL!�� H ��KL!$#��Q�	IÐ� � I�
"�¨
"#;#�
�ÚF©ª��!����F(�I �LK¨
"Iw��� KL® H ���«
"�+I&!�
�#;�«(��;
 �"#���KL��
�þ
��·@( � I�
+�&
"ï����+�&
%�LKLJV
"�;#����V� 
"#;#�
+#�
 ��·&!&K � I�
 H 
"�;®z
"#£�¶(n� H � �"Kz�@� (�#;K¨��! �&
%��
"I&�¨
"®z
"!$# � I�
"� � I�
 �
#;�«(��;
 �"#���KL��
 ���&
 H ��KL!$#��1)O®z��KL!�� � I�
¬�¨
 !���®%J&��
Ì�&
 �&
"ï���� �X�&
 �LKLJV
"�;#���+´Ú � �LI����8��
 � H (�� 
Ì�&

��
 ��·�
"���«·�
ª
 �;# H 
"#;KL#�� H �LI��/�¨
<®z��I&'t
"®z
"!$#qKL® H ����� H (��^� 
 � � I�
"� � I�
 � H ��KL!$#��/
 ��#/� ��!�#;�«(�KL!$# Ú	¤F!

,3�
"#�� H ��I&�²�¶(Q�¨�$� ��®z��#;K¨��!��@�¨
ª��� (��LK¨�;®z
��	I�®z��I&'t
"®z
"!$#ç��� �;I&�L#«(�!$#ç�&� H 
"!�� H (��;#;K¨
"�L�¨
"®z
"!�#ª�&

�¶( � I@(��LKL#����&
��¶(ÿ#;�«(��A
 �"#���KL��
�KL® H ����� 
�(�I	Ù¬
,3�
 �"#�
"I&��� � I&K-
"�L�¨
��&� H 
"!�� �&
+!���#;��
Q(��Lït���;KL#;·&®z

��� KL!�#�
"� H ���¶(�#;K¨��!rÚ� (�J@(���
ÿ�&
��&��!&!�� 
 � H 
"I&#¢$"#;��
n'SI�
ÿ� ��®Q®z
\I&!�
\�	K¨���"���"#;K¨�«(�#;K¨��!Ð�&
\�8��
 � H (�� 
ÿ��
 H ��� ��
"!	¥
#«(�!�#ÿ�¨
 � H �����;KLJ&KL�LKL#�� �ÿ�&
�®z��I&'t
"®z
"!�#����&
 �n�«·�
"'$KL�L�¨
 � H 
"!���(�!�#\�¶( �¨�$� ��®z��#;K¨��!rÚ � ��#;��
�J@(���

�&
��&��!&!�� 
 �z
 �;#Q� ��® H ����� 
��&
 123 �¨�$� ��®z��#;K¨��!�� H ��� 't
"!@(�!�#\�&
 41 �;I"�A
"#��z( 't
 ���	Kz3��"��
"!�#�
 �
�&�"®n(�����·�
�Ú � �LI����¶(�J@(���
z�&
n�&��!&!�� 
 ��
 �;#%ï��«(�!��&
n
"#%�	KL't
"���;Kz�@� 
�� H �LI����¨
 �%®z��I&'t
"®z
"!�#����&
 �

,3�
 �"#�
"I&���/��� ��I&�L#«(�!�#��²����!$#/��� (��LK¨�;#�
 � Ú	�V� KL�V!r� â H (��/�&
ç®z��I&'t
"®z
"!�#��1� ( H #;I&��� 
 �^� ���;��
 � H ��!���(�!$#
(�Iz#Æâ H 
1�&
<� � I�
"�¨
"#;#�
1I&#;KL�LK¨��� H ��I&�a�8��(�!&KL®n(�#;K¨��! ) H (��^
´Ù	
"® H �¨
 H ��I&�^(�!&KL®z
"�eI&!ÿ�	KL!����¿(�I&��
1��I� I��"â��	����(�I��"I&!�
£� ( H #;I&��
£��� 
"�L�¨
£!�
 H 
"I&#.$"#;��
6
�(�KL#�
�+,�$�¨
ç��âS�;#�¸"®z
£����(���( H #«(�#;K¨��!�KL!�#�
"� H ���¨
£�¨
 �
®z��I&'t
"®z
"!�#��/
"!QI&#;KL�LK¨�«(�!�#F�¨
 �F� � I�
"�¨
"#;#�
 � � I&K�� ���;��
 � H ��!��&
"!�#a�¨
 H �LI��a(�I	Ù H ��� H �;K¨�"#�� �e®z��� H ·���¥
�¨��ï�K � I�
 � Úr¢ (�K¨���"'$K¨�&
"®Q®z
"!$#��ß�;KFI&!&K � I�
"®z
"!�#+�&
 ��®z��I&'t
"®z
"!�#���·�I&®n(�KL!��+��!�#��"#��Q� ( H #;I&��� �
(��¨����� � I�
��8����! �«·�
"����·�
¬þ¬(�!&KL®z
"�QI&!w�	KL!����¿(�I&��
���I�®%$"®z
�I&!w��KL!&ït
��ß�¨
���� ��I&�L#«(�# H 
"I&#Q!�

H (��¿$"#;��
���� (��LK¨�;#�
�Úr©�(�!��ª!���� H 
"��� H 
 �"#;KL't
 �����&
 ��
´ÙS#;�«( H ���¶(�#;K¨��!���ï�I&K¨�&� 
 � H (����&
 � H ��� H �;K¨�"#�� �
®z��� H ·����¨��ï�K � I�
 � H ��I&�;�«(�K¨
"!�#4$"#;��
%(��A��I&#�� 
 �ç(���!X�&
�� ���;�;KLït
"�1� 
"#;#�
��LKL®QKL#«(�#;K¨��!rÚ

©�(�!��ª�¶(ÿ®z�"#;·��$�&
��&
��"KL!��"®n(�#;K � I�
�KL!�'t
"����
��?�¶(ÿ®QKL!&KL®QK¨�«(�#;K¨��!Ì
 �;#�
,3�
 �"#;I�� 
+�¨�$� (��¨
"®z
"!$#��
� 
 � I&Ka�"��� 
 H (��È
u��K¨���&
��¨�"ït¸"��
 �%�	K¨��� ��!�#;KL!$I&KL#�� ����(�!����¨
 ��(�!&ï��¨
 ���	I J@(����;KL!rÚ� ß't
 ��I&!Ì�"�;KL#�¸"��

�&
�®QKL!&KL®QK¨�«(�#;K¨��!¬�&
��8���"!�
"�;ï�K¨
����¨
ªJ@(��«�;KL!�!�
ª#���I&�;!�
 H (��<#«(�!�# � I�
ª�¨
 �ç(�I&#;��
 �£(�!&ï��¨
 �<!�
�����!$#
H (�� H ���$�«·�
 �ÿ�&
 �ÿJ&I&#�� 
 � Ú ­ 
"�¶(|þ H ��I&�ÿ� ��!��«� � I�
"!�� 
��8����J���
"�;'�(�#;K¨��!�� � I@(�!�� (�I��"I&!�
 (�I&#;��

�����LI&#;K¨��! !r��
 �;# H �����;KLJ&�¨
��?��� I&! ®z��I&'t
"®z
"!�#�J&��
,
q�	I¬J@(��«�;KL!rÚ � ��I&����� ����I��	��
Q� 
 H ����J&�¨¸"®z
��?KL�
��
"�«(�KL#�!�� � 
 ���¿(�KL��
Q��� I&#;KL�LK¨��
"��I&!�
z(�I&#;��
Q®z�"#;·��S�&
�J@(���� 
Q�;I&��I&!�
�®QKL!&KL®QK¨�«(�#;K¨��!Óï��¨��J@(��¨
n(���!
����(�!�#;K¨�"K H 
"�ç
"#ç�&
 H ���"'t
"!&KL�1I&!�#�
"�c� ��® H ���;#�
"®z
"!�# Ú� ��I&�1� ��!��"�LI&��
��;I&�<� 
"#;#�
ª®z�"#;·��S�&
�����(���( H #«(�#;K¨��!��&�¶(�� ��® H (��«(�K¨�«��!��&
£!����²��� �;I&�L#«(�#��1(�I	Ù
�&��!&!�� 
 �^��� 
"�L�¨
 �q
 �;#/
"!�� ��I&�«(�ït
 (�!$#�
�
"#^�&�"®z��!$#;��
 � I�
<�¨
 �^·$â H ��#;·�¸ ��
 �/I&#;KL�LK¨��� 
 �q����!�# H ����®z
"#A¥
#�
"I���
 � Ú@¤F!��"#�
"!���(�!$#£� 
"#;#�
%®z�"#;·��$�&
+þz����(�I&#;��
 �£�"��� (�#;I&��
 �1!���!�·�I&®n(�KL!�
���'t��KL�1!���!�J&K H ¸ �&
��
!���I��ª�&
"'$�;K¨��!��À$"#;��
+� ( H (�J&�¨
�����(����;I&��
"� � I�
 H ��I&�£#���I&#£#¦â H 
+�&
��"��� (�#;I&��
��VKL�-
 �;# H �����;KLJ&�¨
+�&

� (��¨�"I&�¨
"��I&!�
Q�¨�S� ��®z��#;K¨��! H �¶(�I��;KLJ&�¨
�Ú ­ 
�#;�«( '�(�KL�/( H �LI��;K¨
"I&���%�&��®n(�KL!�
 ������( H&H �LK¨� (�#;K¨��!�� H ���A¥
�;KLJ&�¨
 �^!���!��LKL®QKL#���þ��8��(�!&KL®n(�#;K¨��!�
"#<þ%�¶(%�;KL®�I&�¶(�#;K¨��!rÚ � (��q
´Ù&
"® H �¨
�� H ��� H ���«
"�^�¨
£� (��¨�"I&����� I&!�

�¨�S� ��®z��#;K¨��!���� I&!�� � I�
"�¨
"#;#�
 � I�
"�¨� ��! � I�
n�&
nJ&K H ¸ �&
\(�I&!���·@(�® H ����( H&H �LK¨� (�#;K¨��!�#;��¸ �%�¶(��;ït
��
#«(�!�#�
"!|(�!�#;·&��� H ���¨��ï�K¨
 � Ir��
"!5� �$���¨��ï�K¨
�Ú�¤F!|���"·@(�J&KL�LKL#«(�#;K¨��!Ó���;#;·�� H � �	K � I�
QKL� H 
"I&#�$"#;��
Q�"ï�(6¥
�¨
"®z
"!�#çKL!�#��"��
 ���¿(�!�#1�&
 H ��� �	KL��
��¨
 �1(���( H #«(�#;K¨��!��<�¨�S� ��®z��#;�;K¨� 
 �1�	I�
%þ+I&!�
 H ����#;·�¸ �«
 � I&K H 
"I&#
$"#;��
²� ��!��;K¨�&�"��� 
<� ��®Q®z
<I&!�
<(���( H #«(�#;K¨��!z®z��� H ·����¨��ï�K � I�
1��IQJ&K¨
"!ÿ( H ��¸ �-��� � �	I�� (�#;K¨��!n�¨����� � I�

�¨
 �²J&I&#�� 
 �£(��;#;K¨�"I&�¶(�KL��
 �1
"#<�¨
 �²'SKL#�
 ����
 �ç(�!&ï�I&�¶(�KL��
 �<®n(6Ù	KL®n(��¨
 �1����!$#ç(�3?
 �"#�� 
 � Ú



Î ÏÑÐÓÒÕÔ�Ö�×¢Ø Q

R aþACD#´ÅANM�OGÃ Â HIF D#A HbZ Â ACL ONã ´IF

¢ (��Lï������¨
¬�"�;KL#�¸"��
 �"!�
"�;ït�"#;K � I�
 C2
�&
��¶(|#�����·�
 ��
 � ��!���(�KL��
¬I&#;KL�LK¨��� 
��^�¨
 �ÿ®z��I&'t
"®z
"!�#��� I�
ÿ!���I�� H ���$�	I&K¨�«��!�� H (��Q(���( H #«(�#;K¨��! !�
ÿ�«��!�# H (���
������ �"®z
"!�#Q'�(��LK¨�&
 � H ·�â	�;K � I�
"®z
"!$# Ú9yç�

KL�/( H&H (��«(��¨# � Ir����J?�"KL�%(�I	Ù �¨��K¨�%�&
Q�¶( H ·�â	�;K � I�
z
 �;#�I&!|�"�;KL#�¸"��
zKL® H ���;#«(�!$#���(�!����¶( H �¶(�I��;KLJ&K ¥
�LKL#����&
 �q®z��I&'t
"®z
"!�#�� Ú ­ ��
 �;#²����(�KL�L�¨
"I&��� H ��I&� � I���K?�¶(+�	â$!@(�®QK � I�
��&
£�¶(%�¨�S� ��®z��#;K¨��!�·$I&®n(�KL!�

(¬�"#��\�"#;I��	K¨� 
��&
 H I&K¨���¨��!&ï�#�
"® H �ÿþ��&
 �>��!��Q����(�!&KL®n(�#;K¨��! ¶ -ª©�y ��� �G -© ­ ¢ � Ö · �Z�¨
 �z(���( H ¥
#«(�#;K¨��!����"KL!��"®n(�#;K � I�
 ��
"#��"KL!��"#;K � I�
 ��) H (��£KL!$#�
"� H ���¶(�#;K¨��!��c� �	KL#;K¨��!��o���L :¬��O­Õ�L 
¢��®­¬��IÃÆT´µ�T��¸�¢��®­(+
H ��I&'�(�!�# H ��#�
"!$#;K¨
"�L�¨
"®z
"!�#���
"!��	��
��¨
 �z®z��I&'t
"®z
"!$#�� H ·$âS��K � I�
"®z
"!$#nKL!�'�(��LK¨�&
 � Ú � ����� � I�
�� 
 �
(���( H #«(�#;K¨��!��QKL!�#;���S�	I&K¨��
"!$#z�&
 �+
"�;��
"I&����'SK¨�;I�
"�L�¨
"®z
"!$#n( H&H (���
"!�#�
 �z��(�!��+�¶(��	â$!@(�®QK � I�
��-�&
 �
(�®z�"�LK¨���«(�#;K¨��!�� H 
"I&'t
"!�#�$"#;��
Q( H&H ���;#�� 
 ��
"! #«(�!�# � I�
 H ���;#A¥ H ���S� 
 ���;I��ª��I J&K¨
"! H 
"I&'t
"!$#�� ���A¥
�;KLït
"�Q�8��(��Lït���;KL#;·&®z
�����(���( H #«(�#;K¨��!rÚ ú � 
"#;#�
 ��!��a�	(�
u��!�� '�( 
"#z� ���8Ú�¶ � 
 ×�� · ��!�# H ��� H ������I&!�

®z�"#;·��$�&
\����(�!@(��Lâ	��
ÿ�&
n�8��
´Ù&(��"#;KL#;I��&
 H ·�â	�;K � I�
ÿ��(�!��+�&
 ��®z��I&'t
"®z
"!�#����LKL!�� (�KL��
"®z
"!�#�KL!$#�
"�A¥
H ���¨� � Ú � 
 �£(�I&#�
"I&��� H ��� H ����
"!�#£��(�!��ç� 
"#;#�
+( H&H ���$�«·�
%I&!�
�(�!@(��LâS��
��&
��¶(z� ��!��«
"�;'�(�#;K¨��!�����(�!��
�&
 �^®z��I&'t
"®z
"!�#��qKL!�#�
"� H ���¨� ���	�&
 H ��� H �;K¨�"#�� � H ·$âS��K � I�
 �^#�
"�L�¨
 � � I�
ç�¨
<®z��®z
"!$#²�LKL!�� (�KL��
ç
"#²(�!	¥
ï�I&�¶(�KL��
��	�8��� � I&KL�LKLJ&��
ª�;#«(�#;K � I�
ª��Iÿ�¨
 �É
u����#;#�
"®z
"!�#��<(�I������8ÚS�Æ�¨�^��I&ï�ït¸"��
"!�#²�"ï�(��¨
"®z
"!�#1�&
 H 
"#;KL#�
 �
®z�$�	Kz�@� (�#;K¨��!��²(�I	ÙQ#�
 ��·&!&K � I�
 �q�;#«(�!���(����&�^��� KL!�#�
"� H ���¶(�#;K¨��! � I&K���(�!��/� 
"�;#«(�KL!�
 �/�"KL��� ��!��;#«(�!�� 
 �
(��A��I&#�
"!$#1I&!�!@(�#;I&��
"�ß�;KLï�!&Kz�@� (�#;Kz
e(�I	Ù\®z��I&'t
"®z
"!$#�� Ú

©�(�!���� 
Q��·@( H KL#;��
���!���I�� H ��� H ������!��ªI&!�
�®z�"#;·��S�&
+ït�"!��"�;K � I�
z�&
+'�(��LK¨��(�#;K¨��!Ì�&
+®z��I&'t
´¥
®z
"!�#��<�&
ç�¨�S� ��®z��#;K¨��!�J@(���� 
ª�;I&�q�8��(�!@(��LâS��
£�&
 �q�¨��K¨��
u��!���(�®z
"!$#«(��¨
 �1�&
ç�¶( H ·�â	�;K � I�
�)O't��KL�� ZK ¥
ï�I&��
²��Ú x +´Út¢ (�K¨�e(�!@(��Lâ	��
"�a�¶(ª�	âS!@(�®QK � I�
1��
 � I&K¨
"�;#aI&!Qï��«(�!��z!���®%J&��
1�&
 H (��«(�®z¸"#;��
 �/� ��!$#;�«(�K ¥
ï�!@(�!�#��¨
z®z��I&'t
"®z
"!$#�)O�¨
 � H ·@(��«
 �+����( H&H I&K H (���
´Ù	
"® H �¨
�+%
"#+� ��!�� 
"�;!@(�!$#��¨
ÿ�;I"�;
"# )O®n(��«��
 �

"#²KL!�
"�;#;K¨
 �£+´Ú � ��#;��
çJ&I&#<
 ��#^�&��!����&��I&J&�¨
Q�7) x +/�¶(+�&
 ���"�;K H #;K¨��!���� I&! H ���S� 
 ���;I��<(�I&#���®n(�#;K � I�
��
ït�"!��"�;K � I�
�
"#qKL!��&� H 
"!���(�!�#<�&
£�8��(���( H #«(�#;K¨��!���� (��¨�"I&�¶(�!$#²�¶(��	âS!@(�®QK � I�
£��� I&!�
£�¨�S� ��®z��#;K¨��!�KL!	¥
�"�LI@(�!�#F�8���"'�(��LI@(�#;K¨��!Q�&
/� 
 � H (��«(�®z¸"#;��
 ���()���+c�8��( H&H �LK¨� (�#;K¨��!��&
^� 
 H ���$� 
 ����I�� H ��I&�ß�¶(1'�(��LK¨��(�#;K¨��!
�&
��8��(��Lït���;KL#;·&®z
%����(���( H #«(�#;K¨��!¬�&
�®z��I&'t
"®z
"!�# Ú

­ 
"#;#�
Q(�!@(��LâS�«
%
"! �	â$!@(�®QK � I�
%KL!$'t
"����
+
 �;#1KL!��&� H 
"!���(�!�#�
Q�&
%�¶(z®z�"#;·��S�&
�����(���( H #«(�#;K¨��!rÚ� ��I��%� (��¨�"I&�¨��!����¨
 �4
������ 
 ��
"#�®z��®z
"!�#��+(�I	Ù (��;#;K¨�"I&�¶(�#;K¨��!���
"#��¨
 ��� ��® H (�����!���( 't
 �Q�¶(\�LKL#;#��´¥
�«(�#;I&��
X
"!ÐJ&K¨��®z� � (�!&K � I�
�Ú/©�(�!��Q�¨
 H ���$� 
 ����I��z�&
�'�(��LK¨��(�#;K¨��!��e!���I��z!���I��QKL!$#��"��
 ������!�� H �LI��
H (��;#;K¨�"I&�LK¨¸"��
"®z
"!�#ª(�I	Ù¥
������ 
 �/��� ��I&�L#«(�!�#�
 �<�&
£��� (��"#;K¨��!�(�I��������	� (��/!���I�� H ��I&'t��!��q�¨
 �q� ��® H (6¥
��
"�1þ+�&
 �^�&��!&!�� 
 �1
´Ù H �"�;KL®z
"!�#«(��¨
 �²K¨�«�;I�
 �²�&
 H �¶(�#�
,
u���;®z
 �<�&
6
������ 
�Ú � ��#;��
�( H&H ���S��·�
ª��
 H ����

�;I&�eI&!�
1®z�$�&�"�LK¨�¿(�#;K¨��!ÿ�	I H 
"������!&!@(�ït
¢)u��
 �"#;K¨��!n��Ú x +FKL!��"�LI@(�!�#^�¨
 �eKL!�
����;®n(�#;K¨��!��^�&
<®n(�����
 �/
"#

Ö�Ö



Ö { S rt÷ßø$ô?÷Sæ�äOìßí ùcÝ øt÷ ù.lZí?÷-ëçä�äßôrÝ

Algorithme de projection

dimensionnel   basé angle

mise à l’échelle

Analyse de la dynamique

Forces et moments résultants

Modèle       Mouvement

Table anthropométrique

Modèle biomécanique
Reconnaissance

des appuis

Modèle mécanique Mouvement adapté

°qälñ.øV��Ú x Ê -FI�
�ït�"!��"�«(��¨
��	I �;â	�;#�¸"®z
�����(�!@(��Lâ	��
�Ú � 
 �ª
"!�#;��� 
 ���«��!�#£�¨
�®z��I&'t
"®z
"!$#�� ( H #;I&���

"#e�¶(���·@(��¨!�
ç®z� � (�!&K � I�
£�&� �"�;KL'�(�!$#/�¨
ç� � I�
"�¨
"#;#�
�Ú � 
 �/�����;#;K¨
 �/�«��!�#e�¨
 �§
u����� 
 �^
"#a®z��®z
"!$#��q(�I	Ù
(��;#;K¨�"I&�¶(�#;K¨��!��¢)u�&�"#«(�KL�c�&
��¶(¢ ZKLï�I&��
 x Ú �v+´Ú

��� KL!�
"�;#;K¨
 � Ú� º��!¬�&
¡�&Ù&
"�ª�¨
 � H (��«(�®z¸"#;��
 �%�	KL®z
"!��;K¨��!&!�
"�¨���	I ®z�$�&¸"�¨
�
"#£�¨
 � H (��«(�®z¸"#;��
 �%(�!	¥
ï�I&�¶(�KL��
 �£�&
%����!�®z��I&'t
"®z
"!�#��V!���I��1I&#;KL�LK¨�«��!��1I&! (��Lït���;KL#;·&®z
��&
 H �����A
 �"#;K¨��! �	IX®z��I&'t
"®z
"!$#
)u��
 �"#;K¨��!Ì��Ú���+´Ú � I&K¨���r
"!ÌI&#;KL�LK¨�¿(�!�#�I&!�
Q��
 � ��!&!@(�K¨�«�«(�!�� 
n�&
 � H ·@(��«
 �%����( H&H I&K/(�I|�«���º)u��
 �"#;K¨��!
��Ú�
�+,�&!���I��£(�!@(��LâS����!��<�¶(��	â$!@(�®QK � I�
%
"#<� (��¨�"I&�¨��!��1�¨
 ��
������ 
 �<
"#²®z��®z
"!�#��ª(�I	Ù�(��;#;K¨�"I&�¶(�#;K¨��!��
)u��
 �"#;K¨��!z��Ú �v+.)O't��KL�� ßKLï�I&��
<��Ú���+´Ú � ��I�� H ��I&'t��!��e(�KL!���K��"'�(��LI�
"�a�¨
 �a®z�"#;·��$�&
 �/�&
²����(���( H #«(�#;K¨��!
®z��� H ·����¨��ï�K � I�
�
"#z��� KL!�#�
"� H ���¶(�#;K¨��! 
"! I&#;KL�LK¨�«(�!$#z�¨
 ����� �;I&�L#«(�#��z����(�!@(��Lâ	��
 �Q�&
�®z��I&'t
"®z
"!�#��
��� 
"�¨��
"#+(��;#;Kz�@�"K¨
"�¨�;�-(�KL!��;K � I�
ÿ�&
 �+�&��!&!�� 
 ���&
n�¶(��LKL#;#��"�«(�#;I&��
�
"#+�&
 �+�&��!&!�� 
 ��
´Ù H �"�;KL®z
"!	¥
#«(��¨
 ��K¨���;I�
 �+�&
 H �¶(�#�
,
����;®z
 �+�&
¥
������ 
[)u��
 �"#;K¨��!���Ú���+´Ú � (X��
 �"#;K¨��!���Ú�Ø H ��� �«
"!�#�
\I&!Ó
´Ù&
"® H �¨

( H&H �LK¨� (�#;Kz
ç�	KL��
 �"#Qþ�� 
"#;#�
ÿ®z�"#;·��$�&
\�����"'�(��LI@(�#;K¨��!��&
n�¶(X�	âS!@(�®QK � I�
�ÚZ¤F!���! 
"!Ó��
 �"#;K¨��!���Ú Ö��
!���I���� ��!��"�LI���!��+� 
Q��·@( H KL#;��
ÿ
"#��	K¨���"I&#���!��%�&
 ��®z�"#;·��S�&
 � H ��� �«
"!�#�� 
 �%�&��!$#��¶(�� ��!$#;�;KLJ&I&#;K¨��!
(�In�&��®n(�KL!�
 H 
"I&#9$"#;��
1��� �;I&®z� 
<
"!n�&
"I	Ù H ��KL!�#��£�u) x +Z�¶(��"��� (�#;K¨��!�(�I&#���®n(�#;K � I�
ç�	Iÿ� � I�
"�¨
"#;#�

J&K¨��®z� � (�!&K � I�
ÿ��� I&!Ó·�I&®n(�!��"�8�&
ÿJ@(����n�;I&�%I&!�
Q!���#«(�#;K¨��!ÓK¨�«�;I�
z�&
Q�¶(�����JV��#;K � I�
n
"#%��I&�%�&
 �
#«(�J&�¨
 �/(�!$#;·&��� H ��®z�"#;�;K � I�
 ���7)���+Z�8���"'�(��LI@(�#;K¨��!ÿ�&
 �§
u����� 
 �/
"#a®z��®z
"!�#��q(�I	Ùn(��;#;K¨�"I&�¶(�#;K¨��!�� H ��I&�
�¶(+'�(��LK¨��(�#;K¨��!��&
ª®z�"#;·��S�&
 �1����(���( H #«(�#;K¨��!rÚ

Ü�Ý¿G Þw=VBF.²2�:=ß<0 )\5�W�0 úµß�)��F3�* ��:=ß1úûBFüZ.<0�:�ô�W+*

©�(�!��+� 
"#;#�
n��
 �"#;K¨��!��c!���I�� H ��� ��
"!$#���!����¨
 H ���$� 
 ����I�� � I�
z!���I���( 't��!����&�,��!&K H ��I&�%�"��� 
"�
�¨
�®z�S�&¸"�¨
�J&K¨��®z� � (�!&K � I�
+�&
��8� ·$I&®n(�!��"�8�&
�Ú � ��I��ç�&�,��!&K¨������!��£��(�!��ç� 
"#;#�
�( H&H ���$�«·�
%I&!¬®z��¥
�&¸"�¨
çJ&K¨��®z� � (�!&K � I�
ª� ��®Q®z
£I&!ÿ®z�S�&¸"�¨
£�&��!�#q�¨
 �/�«
"ï�®z
"!�#��q� ��!�#;K¨
"!&!�
"!$#<�¨
 �eKL!�
����;®n(�#;K¨��!��²�&

®n(�����
 �^
"#q��� KL!�
"�;#;K¨
 � Ú ­ 
 H ���S� 
 ���;I��^��
1�&�"����I&�¨
ª
"!��&
"I	Ù H ·@(���
 � Ú � ( H ��
"®QK¨¸"��
ª�&�,��!&KL#^�¨
ç®z��¥
�&¸"�¨
�®z� � (�!&K � I�
%�&� �"�;KL'�(�!�#<�¶(Q·&K¨�"�«(�����·&K¨
%
"#1�¨
 �<�&
"ï���� �1�&
��LKLJ?
"�;#����	I�� � I�
"�¨
"#;#�
�Ú � (z��
 � ��!��&




Û �L~,����� |�� ��� ¼ � � | �(�=���>��� | ��~�	,� � �
ð(¼�� Ö �

°qälñ.øa��Ú�� Ê îçI�
"� � I�
 �ÿ�"#«( H 
 �n�"�¨� �z�&
��¶( ®z�"#;·��S�&
�����(�!@(��LâS��
X�&
��¶( �	â$!@(�®QK � I�
�Ú ú H (��;#;KL�
��� I&!Ì®z��I&'t
"®z
"!�#Q(���( H #���) x +,��!���#;��
ÿ�;â	�;#�¸"®z
 H �����A
"#;#�
z�¨
�®z��I&'t
"®z
"!�#ª)���+ª�;I&��I&!Ì®z�S�&¸"�¨

®z� � (�!&K � I�
��	I � � I�
"�¨
"#;#�
nKL!��"�LI@(�!$#+�¨
 �+KL!�
����;®n(�#;K¨��!����&
n®n(����«
 ��
"#���� KL!�
"�;#;K¨
 �ª)�
�+´Úß¤F!���I&KL#�

!���I���
 ��#;KL®z��!����¨
 � H ·@(��«
 ������( H&H I&KÀ)O�v+,�c
"#���� �����L't��!����¨
 ���¨��K¨���&
z�¶(��	âS!@(�®QK � I�
��c� (��¨�"I&�¶(�!�#
(�KL!��;K	�¨
 �\
u����� 
 �-��� ��I&�L#«(�!�#�
 � Ú� ZKL!@(��¨
"®z
"!$#a!���I��-'�(��LK¨�&��!��!)���+ß��IQKL!$'�(��LK¨�&��!��º)�Ø�+c�¨
^®z��I&'t
"®z
"!�#
H (��1� ��® H (��«(�K¨����! ( 't
 ���¶(��LKL#;#��"�«(�#;I&��
�
"#1( 't
 ���&
 �ç�&��!&!�� 
 �1
´Ù H �"�;KL®z
"!$#«(��¨
 � Ú

�&�"#�
"�;®QKL!�
��¨
 �²KL!�
����;®n(�#;K¨��!��£��
"ï�®z
"!�#«(�KL��
 �ç
"!ª
u��!��"#;K¨��!��&
�'�(��¨
"I&���<®z� ât
"!&!�
 �£
"#<�&
��¨��K¨� Ú
%§âãá7âäá Tºìñó«õ#ð9ïuè�ì ó«ýwÿ�ç�æ�÷��Gò§ì

� (Ì��
 H ��� ��
"!�#«(�#;K¨��! �&
X©ª
"!@( '$KL#A¥ 
 (��;#�
"!�J?
"�;ï ¶ 
 ©���� · 
"#ÿ�«( !���#«(�#;K¨��!y®z�$�	Kz�@� 
�¶¾¸¿¸ { Ø ·
)� ZKLï�I&��
ç��Ú�
�+/����!$#²�&
"'t
"!�I�
 �qI&!\®z� ât
"!��;#«(�!���(������&
ç��
 H ��� ��
"!�#«(�#;K¨��!X�&
£��·@(��¨!�
 �<(��;#;K¨�"I&�¶(�KL��
 �

"#ç�&
��¶(Q®z�S�&�"�LK¨�«(�#;K¨��! �&
��¨
"I&���ç®z��I&'t
"®z
"!�#�� Ú ­ 
"#;#�
���
 H ��� �«
"!�#«(�#;K¨��!Ì
 �;#<I&!�
�®z�"#;·��S�&
%�;â	�A¥
#��"®n(�#;K � I�
ª����(�#;#;�;KLJ&I&#;K¨��!��&
£���,
��"��
"!�#;K¨
"�¨�<(�I	Ùÿ� ��� H �q��� I&!�
ª��·@(��¨!�
ª�"KL!��"®n(�#;K � I�
�� H 
"�;®z
"#;#«(�!$#
�����"#«(�J&�LKL�ç�¨
 �1#;�«(�!��È
����;®n(�#;K¨��!��ç�&
 H (����«(�ït
�
"!$#;��
�(��;#;K¨�"I&�¶(�#;K¨��!���(����;(�� 
"!$#�
 � ÚV�¦�r
 �;#£(��¨����� H ���A¥
�;KLJ&�¨
£�&
<��
"�LK¨
"�^I&!ÿ�&
"ï����£�&
<�LKLJ?
"�;#��£(�I H ���$�«·@(�KL!\
"#9��!@(��¨
"®z
"!�#<����(�����
"®�J&�¨
"�/I&!�
ç��
 H ��� ��
"!$#«(6¥
#;K¨��!�� ��® H �¨¸"#�
��&
ª�¶(+ït� ��®z�"#;�;K¨
��	I�����J?��# Ú@îçI@(�#;��
 H (��«(�®z¸"#;��
 �1����!$#²I&#;KL�LK¨��� � H ��I&�<�&�,��!&KL�²�¶(
®n(�#;�;K¨� 
z�&
�#;�«(�!��È
����;®n(�#;K¨��!Ì�LKL!�� (�KL��
Q
"!�#;��
n�&
"I	Ù[
u�«(�®z
 ���;I�� � 
 ���;Kz
���(������S�"K¨� 
Qþ\��·@( � I�
z�&�	�8Ú­ 
 � H (��«(�®z¸"#;��
 ������!�#��¶(\�¨��!&ï�I�
"I&�+�	I �LK¨
"! dj


"#��8��
´Ù	� 
"!$#;�«(�ït
 aj
�?�¶(\#������;K¨��! αj


"#��8��(�!&ï��¨

θj


"!$#;��
ª�¨
 �q�LK¨
"!�� ÚS� H (��«(�®z¸"#;��
 �<����!�#²�;I�®n�¿(�!�#���)�(�I��LK¨
"I��&
�Ø�( H �;K¨���;Kr��(�!��q�¨
£� (��qït�"!��"�«(��p+
� (��²!���I��q!���I��²KL!�#��"��
 �«����!��²J&K¨
"!�þ+I&!�
ª��·@(��¨!�
��"KL!��"®n(�#;K � I�
 H ���Lâ�¥Æ(��;#;K¨�"I&�¨� 
%)u�����¨
 �<(6Ù&
 �q�&
 �
�LK¶(�K¨����!��1�«��!�#<�LK¨� �1(�I	Ù�#;�«(�!��;�¶(�#;K¨��!��£+´Ú� (���
 H ��� �«
"!�#«(�#;K¨��!|®z�S�	Kz�@� 
Q
 �;# H (��;#;K¨�"I&�LK¨¸"��
"®z
"!$#�(���( H #�� 
z��(�!����¨
Q� (��	��
z�&
��¶(ÿ��
 H ���´¥
��
"!�#«(�#;K¨��! ��� I&!i� � I�
"�¨
"#;#�
���� ·$I&®n(�KL! 'SKL�;#;I�
"�8Úa çKL!��;K��F�¶( ·&K¨�"�«(����«·&K¨
��&
�!���#;��
X� � I�
"�¨
"#;#�
�
 �;#



{ × S rt÷ßø$ô?÷Sæ�äOìßí ùcÝ øt÷ ù.lZí?÷-ëçä�äßôrÝ

x

a
d

θ

z

α
j

j−1

j−1

j

j

j

zj

j−1

j−1

z= trans     (x     , x  )j j j−1 j

α xj = rot       (z    , z   )j−1 j

xj j−1= trans       (z    , z   )j
j

θ zj j−1= rot     (x     , x  )j

d

a

liaison

liaison − 1

jx

°qälñ.ø���Ú�
 Ê � (n��
 H ��� ��
"!�#«(�#;K¨��! ®z�S�	Kz�@� 
��&
�©ª
"!@( 'SKL#A¥ 
 (��;#�
"!$JV
"�;ï5¶¾¸¿¸ { Ø · �&� �"�;KL'�(�!$#£�¨
 H (��A¥
�«(�ït
²
"!$#;��
<�&
"I	Ù�(��;#;K¨�"I&�¶(�#;K¨��!��/� ��!���� �"I&#;KL't
 �1�d´×¢
¬�¢&º����AUWVz
"#*´Ú¢O¬�¢�ºL����Ú rota(u, v) 
 �;#-�¶(£����#«(�#;K¨��!
(�I&#���I&���&
��8��(6Ù&
 a (�®z
"!@(�!�# u H (��«(��L�¨¸"�¨
nþ v 
"# transa(u, v) 
 �;#ª�¶(\#;�«(�!��;�¶(�#;K¨��! �¨
��¨��!&ï��&

�8��(6Ù&
 a ��
"!���(�!�# u 
"# v � ���LKL!�� (�KL��
 � Ú ú �	����KL#�
�
 �;#z��
 H ��� ��
"!$#�� 
X�¶(|����·��"®n(�#;K¨�¿(�#;K¨��!y�&
�� 
 �
��
"�¶(�#;K¨��!��ç( 't
 � αj = 0 � aj > 0 � θj = π/2 
"# dj = 0 Ú

�	KL��
 �"#�
"®z
"!�#çKL!�� ��� H ����� 
���(�!��<� 
"#;#�
���
 H ��� ��
"!$#«(�#;K¨��!��@�&
ª®%$"®z
 � I�
ª�8��
´Ù H ��
 ���;K¨��!X�&
ª�¶( H ���;K ¥
#;K¨��!X
"#<�&
��8�����;K¨
"!$#«(�#;K¨��!¬��� I&!��&�	�r��(�!��<�¨
ª��
 H ¸"��
��&
�����! H (���
"!$# Ú� ��#;��
n�;â	�;#�¸"®z
z� (��¨�"I&�¨
��Z�;I&��#���I&#��¨
z®z��I&'t
"®z
"!$#��Z�&
 �%'�(��¨
"I&����®z� ât
"!&!�
 ���&
ÿ�	K¨�;#«(�!�� 
 �

"!�#;��
�(��;#;K¨�"I&�¶(�#;K¨��!�� Ú ­ 
 �²'�(��¨
"I&���<�&�,��!&K¨���«
"!�#1�¨
 � H (��«(�®z¸"#;��
 �1�&
ª#;�«(�!��;�¶(�#;K¨��! dj


"# aj
Ú � ��I��


���I&�;!&K¨������!��z(�IÐ�;â	�;#�¸"®z
n�¨
 � H (��«(�®z¸"#;��
 �z����#«(�#;K¨��!�
"�¨� αj

"# θj

Ú � (  ZKLï�I&��
\��Ú �¬®z��!$#;��
�I&!

´Ù&
"® H �¨
1�&
 H (��«(�®z¸"#;��
 �^����#«(�#;K¨��!�
"�¨�^®z�S�&�"�LK¨�«(�!�#^I&!ÿ� � I�
"�¨
"#;#�
<·$I&®n(�KL!ÿï������ 
ªþ��"KL! � �«·@(��¨!�
 �
®z� � (�!&K � I�
 � Ú � 
 �ç�LK¶(�K¨����!��1����#;I&�¨
 ����þÿ
Q�&
"ï���� �ç�&
��LKLJV
"�;#�� �£� ��¥8�¨�$� (��LK¨�«� ���@����!$#1KL!&KL#;K¶(��LK¨��� 
 ���@
"!

���!��"#;K¨��!X�&
 �²J&I&#�� 
 �ç(��;#;K¨�"I&�¶(�KL��
 ����(���!X����
´Ù&�"�LI&��
��¨
 �<�"'t
"!$#;I�
"�¨�1J&�¨�S� (�ït
 � Ú­ 
 �ç!���#«(�#;K¨��!���(�KL!��;K � I�
��&
 �ª(��Lït���;KL#;·&®z
 �ª(��«���$�"K¨� �ç��!�#ª�&� �;þ�
�(�KL#ç�8����J��A
"#£�&
%�&�"'t
"�¨� H&H 
´¥
®z
"!�#��^KL!�
����;®n(�#;K � I�
 � ÚS�Æ��
´Ù	K¨�;#�
1!���#«(�®Q®z
"!�#<�&
 �/�LKLJ&�«(�KL�;K¨
 �£ë²÷	æ�ø�÷ßåYX I&#;KL�LK¨�«(�!$#²� 
 �/®z�S�&�´¥
�LK¨�«(�#;K¨��!���¶ ­ ��� � Ø · ��(�KL!��;K � I�
ª�¨
"I&���q't
"���;K¨��!�� ­[Z2Z ¶ ò ��I � Ö · �;I&�²�¨
 � � I�
"�L�¨
 �q!���I��²��
 H ������!��q�¨
 �
®n(�!&K H I&�¶(�#;K¨��!��£�&
 �<�;#;�;I��"#;I&��
 �1�&
%�&��!&!�� 
 �<��
 H ��� ��
"!$#«(�!�#£�¨
�� � I�
"�¨
"#;#�
�Ú

%§âãá�âpû Tºìuë "�ç0z�ç7ó«ï�í�z^ìuë�ë�ìyõ2óÇìuæ�í�ç7÷:z�ìwë�"�î�é§ë�÷8�Gò§ìuë
� 
 �\KL!�
����;®n(�#;K¨��!�� H ·�â	�;K � I�
 � � I&Kª����!�#\!�� � 
 ���«(�KL��
 ��
"#��;I�®n�«(�!�#�
 � H ��I&� H 
"�;®z
"#;#;��
 �&


��� ����I��	��
��¨
 H ����J&�¨¸"®z
��&
��	â$!@(�®QK � I�
�KL!$'t
"����
�����!$#z�¨
 �Q®n(�����
 �Q
"#nKL!�
"�;#;K¨
 �n�&
 �Q®z
"®�J&��
 � Ú
©���(�I&#;��
 �<KL!�
����;®n(�#;K¨��!��1J&K¨��®z� � (�!&K � I�
 � H 
"I&'t
"!�#çJ&K¨
"!X
"!�#�
"!��	I�$"#;��
%(��;��I&#�� 
 � H ��I&� H ��
"!��	��


"!z� ��® H #�
<�&
 �F� ��!$#;�«(�KL!�#�
 �q(��&�	KL#;K¨��!&!�
"�L�¨
 �6¶ ��
£� ×�� · #�
"�L�¨
 � � I�
q�¨
 � H ���,
��"��
"!�� 
 �a����(��"#;KL'�(�#;K¨��!��
®%I��«�"I&�¶(�KL��
 ���@�&
 �²®z� � (�!&K¨��®z
 �1�����"�¶(��;#;K¨�"KL#�� �ç
"#1�&
ª�;KLï�K¨�	KL#�� �<'�(��;K¶(�J&�¨
 �ç(�I	Ù�(��;#;K¨�"I&�¶(�#;K¨��!�� Ú

©�(�!����¶( H �LI H (��;#��&
 ���"#;I��&
 �X(�!�#;·&��� H ��®z�"#;�;K � I�
 ���<
"#�
"! H (��;#;K¨�"I&�LK¨
"����(�!���� 
"�L�¨
 � � I�

!���I��çI&#;KL�LK¨����!������¨
 � H (��«(�®z¸"#;��
 � H ·�â	�;K � I�
 �ç�&
%®n(�����
 �1
"#£��� KL!�
"�;#;K¨
 �ª����!�# H (��«(�®z�"#;��� � H (��1�¨

ït
"!&��
ª�&
£�¶( H 
"������!&!�
�(�KL!��;K � I�
 H (��q�¨
 �^®z
"®%J&��
 � Ú ­ 
 �qKL!�
����;®n(�#;K¨��!��²����!$#<�&��!��ç!�� � 
 �«�«(�KL��
 �
(�I ��âS�;#�¸"®z
X�&
��"��� (�#;K¨��!y��� I&! ®z�$�&¸"�¨
XJ&K¨��®z� � (�!&K � I�
¬�&
��¶( H 
"������!&!�
�Ú � ��I��%
u��I&�;!&K¨�«����!��
�	KL��
 �"#�
"®z
"!�#+þÿ� 
��;â	�;#�¸"®z
��¨
+ït
"!&��
+�&
+�¶( H 
"������!&!�
�Ú?¤F#ª!���I����&��!&!���!��ªI&!�
;�"�«�"®n(�!�#;K � I�
��
(�I	Ùw��
"ï�®z
"!�#����a����
 �;#A¥Æþ6¥¦�	KL��
 � I�
�!���I��n(��«���$�"K¨��!��zI&!i��
"ï�®z
"!�#\
"!�#;��
��&
"I	Ùw(��;#;K¨�"I&�¶(�#;K¨��!���þ
I&!w®z
"®�J&��
�·�I&®n(�KL!rÚ ­ 
"#;#�
����"®n(�!$#;K � I�
 H 
"I&#`$"#;��
�
,3?
 �"#;I�� 
X®n(�!�I�
"�L�¨
"®z
"!$#���Iy(����;KLï�!�� 

(�I&#���®n(�#;K � I�
"®z
"!�#/��K$�¨
 �F�;â	�;#�¸"®z
 �a(��;#;K¨�"I&�¶(�KL��
 �a� ���;��
 � H ��!��&
"!$#/þ£�&
 �ß�¶(�J?
"�¨� H ��� �&�,��!&K¨� Ú � ��I��
I&#;KL�LK¨����!��-�&
 �ß#«(�J&�¨
 �-(�!$#;·&��� H ��®z�"#;�;K � I�
 �a
"#Z�¨��K¨�ß�&
/���"ï���
 ���;K¨��!;¶<��� ­ � ×(��©ª
 � � Ø · � I&K	��
aJ@(���
"!$#



Û �L~,����� |�� ��� ¼ � � | �(�=���>��� | ��~�	,� � �
ð(¼�� {�x

π/2 π/2
π/2

π/2 π/2
π/2

π/2 π/2
π/2

π/2 π/2
π/2

π/2 π/2
π/2

θ α
1
2
3
4
5
6
7
8
9
10
11
12
13

0

0
0

0

0

14
15
16

18
19
20
21

bras   
gauche   

Membre    # ddl    Nom

épaule gauche

coude gauche
0 0

0
0 0

épaule droite

coude droit

bras

droit

0

0

0
bassintronc   

0

0
0
0

0

0
0

0

0

0

0

hanche gauche

genou gauche

jambe 

gauche

17
jambe 

droite

hanche droite

genou droit
0
0 0

cheville gauche

cheville droite

°qälñ.ø^��Ú � Ê & ! ®z�S�&¸"�¨
�®z� � (�!&K � I�
 �&
X� � I�
"�¨
"#;#�
�·�I&®n(�KL!4( 't
 �X�¶(|!���#«(�#;K¨��! ®z�$�	Kz�@� 
¬�&

©ª
"!@( 'SKL#A¥ 
 (��;#�
"!$JV
"�;ï�Ú ú ï�(�I��«·�
 �c�¨
 � H (��«(�®z¸"#;��
 ������#«(�#;K¨��!�
"�¨� θ 
"# α H ��I&���¨
 � 21 �&�	�8Ú ú
�	����KL#�
n�	�¶(��&
 ���"�;K H #;K¨��!�����JV��#;K¨�"K¨
"!&!�
+(������S�"K¨� 
�( 't
 ���&
 �<�LK¶(�K¨����!�� H KL't��#1
"#²����#;I&�¨
�Ú

�;I&�<�¨
 �<�	K¨��#«(�!�� 
 �<
"!�#;��
�� 
 �²�¶(�JV
"�¨� H ��� �&�,��!&K¨� Úò ����� 
Qþn�8���"'�(��LI@(�#;K¨��!Ì�&
 �£�¨��!&ï�I�
"I&�����&
 �£®z
"®%J&��
 �%) H (��«(�®z¸"#;��
 � aj
+,�V!���I��ª
 �;#;KL®z��!��£�¶(

#«(�KL�L�¨
X#���#«(��¨
 H H I&K¨�n�¶(|®n(�����
 M �	I H 
"������!&!@(�ït
¬
"!iI&#;KL�LK¨�«(�!$#\�¨
 �ÿ#«(�J&�¨
 �\�&� �"�;KL#�
 �\��(�!��
¶�©ª
 � � Ø · Ú � ��I&��
 �;#;KL®z
"�%�¨
 �%®n(�����
 �%
"#�KL!�
"�;#;K¨
 ���&
n��·@( � I�
n®z
"®�J&��
 m ��!���I���I&#;KL�LK¨����!��%�&
 �
�¨��K¨�F�&
e���"ï���
 �«�;K¨��!��LKL!�� (�KL��
 �a�&� �"�;KL#�
 �F��(�!��.¶ -£©�y ����· Ú ­ 
 �Z�¨��K¨�ZI&#;KL�LK¨��
"!�#FI&!�
^®z�S�&�"�LK¨�«(�#;K¨��!Q�&
 �
®z
"®%J&��
 � H (��ª�&
 ���"âS�LKL!��	��
 �£�&
��&
"!��;KL#���·���®z��ït¸"!�
Q
"#£®z
"#;#�
"!�#�
"! ��
"�¶(�#;K¨��! �¨
 � H (��«(�®z¸"#;��
 �
H ·�â	�;K � I�
 �1
"#²�¨
 � H (��«(�®z¸"#;��
 �ç®z��� H ·����¨��ï�K � I�
 � Ú

Ê ¢ (�����

mm = a.M + b.lm.c2

m + c )O��Ú x +
��� mm


 �;#q�¶(%®n(�����
ª�	I�®z
"®%J&��
 m � lm �«(%�¨��!&ï�I�
"I&��� cm
�«(��"KL��� ��!�
u�"��
"!�� 
%
"# (a, b, c)#;����K¨�ç� �$
,®n�"K¨
"!$#��1�&� H 
"!���(�!�#ç�	IXït
"!&��
�
"#<�	I�®z
"®%J&��
�Ú

Ê �Æ!�
"�;#;K¨

Im = d.M.(e.l2m + f.c2

m) + g )O��Ú���+
��� Im


 �;#��¨
\®z��®z
"!�# H �;KL!��"K H (��1��� KL!�
"�;#;K¨
��	IÐ®z
"®%J&��
 m 
"# (d, e, f, g)
� I@(�#;��
�� ��¥


,®n�"K¨
"!$#��z�&� H 
"!���(�!$#Q�	I�ït
"!&��
\
"#Q�	IÓ®z
"®�J&��
�Ú � ��I��Q( 't��!���I&!�
ÿ� � I@(�#;K¨��! H (���(6Ù&

H �;KL!��"K H (��Z��� KL!�
"�;#;K¨
�Úõ K¨
"! � Ir��( H&H ��� Ù	KL®n(�#;KL't
��Z�¶(�®z�S�&�"�LK¨�«(�#;K¨��!Ó
"!��"â$�LKL!��	��
ÿ
 �;#%� ���;��
 �"#�
 H ��I&���¨
 ��®z
"®%J&��
 �

KL!�
u�"�;K¨
"I&�����&�¶( µ (�J&�¨
���Ú x ��� �;I&®z
��¨
 �²'�(��¨
"I&���<�&
�� 
 �1� �$
,®n�"K¨
"!$#�� H ��I&�²�¶(��"I&K¨����
�
"#²�¶(À�;(�®�JV
�Ú



{ � S rt÷ßø$ô?÷Sæ�äOìßí ùcÝ øt÷ ù.lZí?÷-ëçä�äßôrÝ
( J �

�"I&K¨�«��
 ×	Ú x ×�
�� x �	Ú Ö�Ø ¥ x Ú�×���

��(�®%J?
 ×	Ú�×�����Ø 
 x Ú�
�
 ×	Ú�× x Ø

� 

�"I&K¨���«
 )�×	Ú�×�×tÖ�Ø�����×	Ú�×�×tÖ���Ø���×	Ú�×�× x � x + ) x Ú�×�� x Ú�×���×	Ú�×�+
��(�®%J?
 )�×	Ú�×�×�
��$Ö���×	Ú�×�×�
 { Ö���×	Ú�×�×�×�� x + ) x Ú�×�� x Ú�×���×	Ú�×�+


 ï
�"I&K¨���«
 )�×	Ú�×tÖ�Ø���×	Ú�×tÖ�Ø�� x Ú�×�+ )�×	Ú�× x�x ��
���×	Ú�× x�x�{ Ø���×	Ú�×�×�
�×���+
��(�®%J?
 )�×	Ú�×tÖ�Ø���×	Ú�×tÖ�Ø�� x Ú�×�+ )�×	Ú�×�×�� x�x ��×	Ú�×�× x 
 { ��×	Ú�×�×�× x ��+

� ÷ßå�ø$��Ú x Ê -e(��¨
"I&���/�&
 �/� �$
,®n�"K¨
"!$#��/�&
 �/� � I@(�#;K¨��!��/�&
²���"ï���
 ���;K¨��!ÿ�LKL!�� (�KL��
 � H ��I&�a�¶(��"I&K¨�«��
<
"#
�¶(É��(�®%J?
�Ú � 
 �e#;����K¨�e� ��® H ���«(�!�#�
 �^�&
 �e� �S
,®n�"K¨
"!�#�� (d, e, f, g) �«��!�#a��
 � H 
 �"#;KL't
"®z
"!�#²(������S�"K¨� 
 �
(�I	Ù 8@
´ÙSK¨��!w'�
´Ù	#�
"!��;K¨��!���(�J?�	I��"#;K¨��!w'�(��&�	I��"#;K¨��! 
"#<����#«(�#;K¨��!��<KL!$#�
"�;!�
�'�
´ÙS#�
"�;!�
�Ú

� ��I&�q�¨
<·@(�I&#q�	Iÿ� ��� H �����¨
 �e®n(����«
 �/����!$#^�	KL��
 �"#�
"®z
"!$#²� (��¨�"I&�¨� 
 � H (��^'�(��¨
"I&��� H ��� H ���;#;K¨��!	¥
!�
"�L�¨
 �e(�I	Ù+�¨��!&ï�I�
"I&���a�&
 H I&K¨�F�¨
 �-#«(�J&�¨
 �F®QK¨��
 �aþç�8��� �«·�
"�L�¨
���
"#-�¨
 �-KL!�
"�;#;K¨
 �a����!$#a� (��¨�"I&�¨� 
 �Fï������ 

(�I��«( ât��!X�&
�ï�KL�«(�#;K¨��!|�

Im = mm.(lm.rm)2 )O��Ú�
�+
��� rm


 ��#Q�¨
��«( ât��!i�&
�ï�KL�«(�#;K¨��!i
´Ù H �;KL®z��
"! H ��I&��� 
"!�#«(�ït
��&
 lm Ú & !�
�'�(��¨
"I&�z�&
 rm

 �;#

�	K¨� H ��!&KLJ&�¨
 H (��ç(6Ù&
 H �;KL!��"K H (��ß��� KL!�
"�;#;K¨
�Ú­ 
 �ç#«(�J&�¨
 ��(�!�#;·&��� H ��®z�"#;�;K � I�
 ��
"#£� 
 �£�¨��K¨�ç�&
����"ï���
 ���;K¨��! �&��!&!�
"!�#��"ï�(��¨
"®z
"!�#��&
 �£�&��!	¥
!�� 
 �n��I&�Q�¨
 H �¶(�� 
"®z
"!�#��&
 �z� 
"!�#;��
 �\�&
�®n(�����
 ���-�¨
 �z� 
"!�#;��
 �\(��;#;K¨�"I&�¶(�KL��
 �ÿ
"#z�¨
 �z�¨��!&ï�I�
"I&���
��
"�¶(�#;KL't
 �<KL!$#;�«(z
"#²KL!$#�
"�ç��
"ï�®z
"!$#�� Ú

Ü�ÝD� CE*Fü\ß<0+>&2@=0W+ür2�:�ß<0 )hW úµßÐW%,<*aúû*F0ç24.²=�2�:�ü�W�3«.<:;=?*

©�(�!��q� 
"#;#�
ç�«
 �"#;K¨��!���!���I��q�"#;I��	K¨��!��q�¨
 H ����J&�¨¸"®z
ª�&
ç�¶(���
 � ��!���#;�;I��"#;K¨��!���� I&!ÿ®z��I&'t
"®z
"!$#
(��;#;K¨�"I&�¶(�KL��
Xþ H (��;#;KL�z�&
��&��!&!�� 
 �z� (��;#�� ��K¨
"!&!�
 �z�&
�®n(�� � I�
"I&��� ÚF¤F!w
,3?
"#��-I&!�
�®z�"#;·��S�&
��&

�	âS!@(�®QK � I�
²KL!$'t
"����
<#;�«( '�(�KL�L�¨
1��J&�LKLï�(�#���KL��
"®z
"!�#<( 't
 �²�¨
 �e'$KL#�
 �«��
 �F
"#/(�� � �"�¨�"�«(�#;K¨��!��q(�!&ï�I&�¶(�KL��
 � Ú� ( H ��
"®QK¨¸"��
%�"#«( H 
�� ��!���K¨�;#�
��&��!���þQ�"'�(��LI�
"�<�¨
 � H ���;#;I&��
 �1(�!&ï�I&�¶(�KL��
 �ç�&
��8� ·�I&®n(�!��"�8�&
�Ú
%§âpû#âãá EÀz^÷ãæ�ÿ(÷:"�ì ð§ì "uz�õ#��ìuÿ�í�÷�õ2æ

� (�®z�"#;·��$�&
n��� H ��!���(�!$#�(�I H ����J&�¨¸"®z
 H �����Q��
QJ@(��«
n�;I&���¨
 H �;KL!��"K H 
ÿ�&
 H �����A
 �"#;K¨��! �	I
®z��I&'t
"®z
"!�#�)���¬>»�»#¢��®­(+´Ú$¤F!nït�"!��"�«(���� H �����A
"#�
"�^I&!n®z��I&'t
"®z
"!$#²�;I&�eI&!ÿ®z�$�&¸"�¨
 H ·�â	�;K � I�
ç
 �;#
I&! H ����J&�¨¸"®z
<�«��I��a� ��!�#;�«(�KL!$#^�&��!$#a�¨
 �a� H #;KL®QK¨�«(�#;K¨��!��/��
 � I&K¨¸"��
"!$#eI&!�
q®z�"#;�;K � I�
 H ��I&�F#;����I&'t
"�
I&!�
¬I&!&K � I�
 H ���;#;I&��
�Ú � (���
´Ù&
"® H �¨
 
"!yI&#;KL�LK¨�¿(�!�#��&
 ��( H&H ���$�«·�
 ��
"! �"KL!��"®n(�#;K � I�
 KL!$'t
"����

� H #;KL®QK¨��� 
¿¶<� õ � � · ��I H (��F�&
 �F� ��!�#;�«(�KL!�#�
 �/� H (�#;K¶(��¨
 ��¶ õqõ ��{�· H ��I&� H ��� ��
"�;'t
"�F�¨
 � H ���;KL#;K¨��!��F�&
 �

,3�
 �"#�
"I&��� Ú ­ 
 H �;KL!��"K H 
%�&
 H �����;
 �"#;K¨��! H 
"I&#1�"ï�(��¨
"®z
"!$#ç��
"�;'SKL�çþQ�&
 �1( H&H �LK¨� (�#;K¨��!��ª���;K¨
"!$#�� 
 �
't
"�����8� KL!�#�
"�«(��"#;KL'SKL#��ÓþÓ#;�«( 't
"�����¶(�®n(�!&K H I&�¶(�#;K¨��!4��� ·�I&®n(�KL!��X'$KL�;#;I�
"�¨�1¶ y µ�
 ×�� · ��I J&K¨
"!4þ
��
"#;����I&'t
"�FI&!�®z��I&'t
"®z
"!�#/
�©y��(�!��-I&!�
^J@(���
q�&
q�&��!&!�� 
 �eþ H (��;#;KL�a�&
q�&
 ����KL!��-��©S¶ � ò Û + ×�Ø · Ú



í ~�� �=�0��� � ����� |�� �(���uû#�w���m���À��� �LûRûG¼"�G��¼�� | � { 

%§âpûGâYû x ìuÿ�õ�æ9ë�í�z^ò9ÿ�í�÷�õ�æ ë�ý.�Gò§ìuæ�í�÷�ìwèãè�ì

©�(�!��1!���#;��
+( H&H ���$�«·�
��@!���I��ç��� �����L't��!��ç�¨
 H ����J&�¨¸"®z
+�&
 H �����;
 �"#;K¨��!¬�&
%®n(�!&K¨¸"��
%��� � I�
"!	¥
#;K¨
"�L�¨
��e�;â	�;#�¸"®z
�(��;#;K¨�"I&�¶(�KL��
 H (��n�;â	�;#�¸"®z
�(��;#;K¨�"I&�¶(�KL��
�Ú ú �«·@( � I�
 H (��ÿ�&
�#�
"® H ���F!���I��nI&#;K ¥
�LK¨����!��zI&!�
���
 � ��!��;#;�;I��"#;K¨��!iït� ��®z�"#;�;K � I�
X�	KL��
 �"#�
�Ú � ��I��z� (��¨�"I&�¨��!��ÿ�¶( ®n(�#;�;K¨� 
��&
�����#«(�#;K¨��!
M j+1

j

"!�#;��
Ó�¨
Ì�;â	�;#�¸"®z
|(��;#;K¨�"I&�¶(�KL��
�� ��I&�«(�!�# SysArtj 
"#��¨
|��I&KL'�(�!$# SysArtj+1

Ú ­ 
"#;#�

®n(�#;�;K¨� 
Ì�&
¬����#«(�#;K¨��! H 
"�;®z
"#�������J&#�
"!&KL���¶( H ���;KL#;K¨��! PositionProjeteeSysArtj+1

�	I �;â	�A¥
#�¸"®z
n(��;#;K¨�"I&�¶(�KL��
\�;I&KL'�(�!$#��¶( H �LI�� H ���S��·�
n�&
Q�¶( H ����KL#;K¨��!|�&� �;KL��� 
 PositionBruteSysArtj+1

Ú� 
 ����
"ï�®z
"!$#�����
 H ��� ��
"!�#«(�!$#��¨
 �\®z
"®%J&��
 ������!�#��&��!�� �&�,��!&K¨� H (����¨
 ��'t
 �"#�
"I&�����;I�� � 
 ���;Kz
��
−−−→memj,j+1 =

−−−−−−−−−−−−−−−→
SysArtj SysArtj+1

Ú � ��I��1#;�«(�KL#���!��ª�&
"I	ÙX� (��ªþz�«·@( � I�
 H (��ª�&
�#�
"® H �£�;I&K ¥
'�(�!$#<�¨
�#Æâ H 
��&
��¶(+�LK¶(�K¨����!X�"#;I��	K¨� 
n�

Ê �$K	�8��(��;#;K¨�"I&�¶(�#;K¨��! SysArtj 
 �;#-I&!�
/�LK¶(�K¨����! H KL't��#��6�¨
 H ���S�	I&KL#-�«� (��¶(�KL��
^
"!$#;��
q�¨
 �Z't
 �"#�
"I&���
!����;®n(��LK¨��� �/��
 H ��� ��
"!$#«(�!�#^�¨
 �a®z
"®%J&��
 �/�LK¨� � H (��e�¶(��LK¶(�K¨����!n�&��!&!�
1�¨
 cosinus �&
²�8��(�!&ï��¨

��
 �«·�
"����·�� θ′j

� −−−→memj−1,j · −−−→memj,j+1 = |−−−→memj−1,j|.|−−−→memj,j+1|. cos(θ′j) Ú � ��I��1(��;��I	¥
#���!�� θ′j

���&��!�#/�¨
1�;KLï�!�
ç
 �;#e�&�"#�
"�;®QKL!�� H (��e�¨
 H ���$�	I&KL#/'t
 �"#����;K¨
"� −−−→memj−1,j ∧−−−→memj,j+1
�

þ+�¶(�'�(��¨
"I&�<KL!&KL#;K¶(��¨
��&
 θj
�&�,��!&K¨
 H (��<�¨
ª®z�$�&¸"�¨
�®z� � (�!&K � I�
�Ú

Ê �$KZ�8��(��;#;K¨�"I&�¶(�#;K¨��! SysArtj 
 �;#1I&!�
��LK¶(�K¨����!¬����#;I&�¨
ª)u� ��!��;#;KL#;I�� 
��&
�#;����K¨�£�LK¶(�K¨����!�� H KL't��#
�;I�� � 
 �«�;KL't
 �£+,�$!���I��^�&
"'t��!��q�«·���K¨�;KL�q�¶(�®n(�#;�;K¨� 
 M j+1

j
H (��;®QK�I&!�
£KL!���!&KL#��ª�&
ç�«���LI&#;K¨��!�� Ú

¢ (�K¨�F!���I��e( 't��!��a����I&'t
"!�#/�&
 �a� ��!�#;�«(�KL!$#�
 �^(��&�	KL#;K¨��!&!�
"�L�¨
 � � I&K	��� �	I&K¨��
"!$#e�¨
q!���®�J&��
<�&

�����LI&#;K¨��!�� Ú � (��+
´Ù&
"® H �¨
z�¨����� � I�
z�8��(��;#;K¨�"I&�¶(�#;K¨��!Ð�;I&KL'�(�!�#�
 SysArtj+1


 �;#%I&!�
n�LK¶(�K¨����!
H KL't��#��&�8��(6Ù&
 −→x j


 �;#<�&� �;þz�&�,��!&Kc�;I&KL'�(�!�#<�¶(��	KL��
 �"#;K¨��! (SysArtj, SysArtj+1) Ú©ª��!�����(���!X�&
ª®QKL!&KL®QK¨��
"�1�¶(¡
OI&#;I&��
�
"�;��
"I&�<
"!$#;��
��¶( PositionProjeteeSysArtj+2

"#²�¶(

PositionBruteSysArtj+2
� −→z j

�&��KL#¥$"#;��
X� ���LKL!�� (�KL��
¬þ −→z j+1
�a
"#n�&��!��X� ���LKL!�� (�KL��
¬(�I

H ���S�	I&KL#<'t
 �"#����;K¨
"�/� −−−→memj,j+1 ∧ −−−→memj+1,j+2
Ú& !�
%'�(��¨
"I&�£®z� ât
"!&!�
Q�&
 −→z j

H 
"I&#�(�KL!��;KG$"#;��
�� (��¨�"I&�¨� 
+#«(�!$# � I�
��¨
 � SysArtj+k
����!$#

�&
 �^�LK¶(�K¨����!�� H KL't��#��<(���!��&
£®QKL!&KL®QK¨��
"�q�¨
 � k 
"�;��
"I&���²�;I�� � 
 ����KL't
 � Ú	�$K?!���I��^!r��( 't��!�� H (��
�&
�� ��!$#;�«(�KL!�#�
 �ç(��&�	KL#;K¨��!&!�
"�L�¨
 ���&!���I��<� (��¨�"I&�¨��!��²�¶(�����#«(�#;K¨��!�®QKL!&KL®n(��¨
 H (��q�«( H&H ���;#1(�I
��
 H ¸"��
 H ��� � � �&
"!�# Ú

� (` ZKLï�I&��
���Ú��Q®z��!$#;��
+I&!X��� �;I&�L#«(�#£�&
�!���#;��
�(��Lït���;KL#;·&®z
��&
 H �����A
 �"#;K¨��! ( 't
 ���¨
�®z�S�&¸"�¨

®z� � (�!&K � I�
 H ��� �«
"!�#���
"!ª ZKLï�I&��
ç��Ú ��Ú � (+�	K¨���"I��«�;K¨��!\�&
ª� 
£��� �;I&�L#«(�#<(�KL!��;K � I�
1�8���"'�(��LI@(�#;K¨��!��&

����!QKL!�8�I�
"!�� 
1��I&�F�¶(ª�	â$!@(�®QK � I�
<��
"����!$# H ��� ��
"!�#�� 
 �/
"!n��
 �"#;K¨��!Q��Ú��	Út¢ (�K¨�F!���I�� H ��I&'t��!��a�&� ��þ
��
"®n(�� � I�
"� � I�
^�8��( H&H ��� Ù	KL®n(�#;K¨��!ÿ�&
 �F��âS�;#�¸"®z
 �a(��;#;K¨�"I&�¶(�KL��
 �/�&
 �-ït
"!���I	Ù����&
 �e��·�
"'SKL�L�¨
 �a
"#F�&
 �
� ��I��&
 � H (��1�&
 �<�LK¶(�K¨����!�� H KL't��#��1
"!$#;�«(��¨!�
%�&
 �<�	Kz3��"��
"!�� 
 �1��(�!��1�¨
 � H ���;#;I&��
 �²��
 � ��!��;#;�;I&KL#�
 � Ú
Ü�Ý�U ñ9BZ2�*-=�úû:�0+.q2�:=ß<0 )�*F>Íù��+.<>@*F> )�58.*ùhù�W�:�.!W >uß<3

� ��I&�%��� ����I��	��
��¨
 H ����J&�¨¸"®z
z�&
Q�	âS!@(�®QK � I�
�KL!�'t
"����
���!���I��%�&
"'t��!���� ��!&!@(��¨#;��
Q�¨
 �À
������ 
 �

´ÙS#��"�;K¨
"I&��
 �q( H&H �LK � I�� 
 �^(�In��âS�;#�¸"®z
�Ú � ��I&�^�¶(ª�¨�S� ��®z��#;K¨��!��$� 
 �§
u����� 
 � H 
"I&'t
"!$#�$"#;��
<��� ��I&®z� 
 �
þ��

Ê �¶(�ï��«( '$KL#��#Ë
Ê �¨
 �.
������ 
 �<�&
���� (��"#;K¨��!¬(�IX������Ë



{ � S rt÷ßø$ô?÷Sæ�äOìßí ùcÝ øt÷ ù.lZí?÷-ëçä�äßôrÝ

°qälñ.øt��Ú�� Ê -FI�
 �a�¿(�ï�KL#«(��¨
���#;�«(�!��;'t
"���«(��¨
ç
"#G
O����!$#«(��¨
1��� I&!z®z��I&'t
"®z
"!$#^�&
q®n(����«·�
 H �����;
"#��<�;I&�
�¨
q®z�S�&¸"�¨
q(�I	ÙQ�	KL®z
"!��;K¨��!��a
"#F#Æâ H 
 �F�&
^�LK¶(�K¨����!¢�&Ù&
 � Ú � 
 �a� H ·�¸"��
 �-J&�¨
"I�
 �a�«��!�#F�¨
 �-®n(�� � I�
"I&���
KL!&KL#;K¶(�I	Ù���� 
"�¨�<
"#<�¨
 �<� H ·�¸"��
 �G�;(�I&!�
 �ç����!�#1�¨
 �<� 
"!�#;��
 �£(��;#;K¨�"I&�¶(�KL��
 �ç�	I�®z�S�&¸"�¨
�'SKL�;#;I�
"�8Ú

Ê 
"#²�¨
 ��
u����� 
 �£(��"���$�	âS!@(�®QK � I�
 � Ú� ��( H&H �LK¨� (�#;K¨��!i�&
ÿ�¶(:
u����� 
��&
ÿï��«( 'SKL#��\
 ��#+� ��!��;#«(�!$#�
�
"#�!���I��+��I H&H ����
"����!�� � I�
n�¨
 ��
,3����;#��
(��"���S�	â$!@(�®QK � I�
 ������!$#�!��"ï��LKLït
 (�J&�¨
 � Ú � ��I���!���I���KL!$#��"��
 ������!��%�&��!��zþ\�¶(��&�"#�
"�;®QKL!@(�#;K¨��!��&
 �

������ 
 ���&
 ��� (��"#;K¨��!E(�Ig�����8Ú ­ 
"#;#�
 �&�"#�
"�;®QKL!@(�#;K¨��!E
 ��#���� (��LK¨��� 
 
"!g�&
"I	Ù �"#«( H 
 � Úq©�(�!����¶(
H ��
"®QK¨¸"��
Q�"#«( H 
���!���I����"'�(��LI���!��ª�¨
 � H ��KL!�#����&
�� ��!�#«(��"#���������
 ��#A¥Æþ6¥¦�	KL��
Q�¨
 � H ����� �ª�&
+#«(��¨��!Ì
"#
�¨
"'t� ���������;#�
"KL�¨� Ú � (\��
 � ��!��&
��"#«( H 
�� H ��� �«
"!�#�� 
Q��(�!��ª�¶(\��
 �"#;K¨��! ��Ú ���?� ��!��;K¨�;#�
Qþÿ( H&H �LK � I�
"���¶(
��
 � ��!��&
1�¨��K��&
 � 
�/²#���!�
"!z'$I�
ç�&
1�&�"#�
"�;®QKL!�
"�^�¨
 �§
������ 
 �e
"#/�¨
 �e®z��®z
"!$#��²(�I	Ùz(��;#;K¨�"I&�¶(�#;K¨��!�� Ú
%§â��#âãá \>ö�ç7èãò§ç�í�÷�õ�æ9ë:ð9ì ð�÷^]!ýyz�ìwæ2í�ìuë[óÇý(í�î§õ#ð§ìuë

ú �8� KL!��;#«(��+�&
z®z�"#;·��S�&
 ���&
n� ���;��
 �"#;K¨��! ����( H&H I&K¨��(�I������6¶¾¸ ò �	×�� · �ß�&
z��� � 
"!�#��+#;�«( '�(�I	Ù
¶��¡ 6 F×�Ø · ��!$#�®z��!$#;��� ���¨
 �%�LKL®QKL#�
 ���&
n�8� I&#;KL�LK¨�«(�#;K¨��! �&
z®z�"#;·��S�&
 ���&
n��
 � ��!&!@(�K¨���«(�!�� 
ÿJ@(���� 
 �
�;I&�+�¶(�'SKL#�
 ����
ÿ
"#��8��(�® H �LKL#;I��&
\�&
 � H K¨
 �&�ª)�( H&H 
"�¨� 
 � speed 
"# height H (����¨
 �Q(�I&#�
"I&���£+´Ú-�Æ�¨�
I&#;KL�LK¨��
"!$#/��(�!��/�¨
"I&�/( H&H ���$�«·�
1I&!�
1®z�"#;·��$�&
ç����( H&H ��
"!�#;K¨���¿(�ït
�Ú$�Æ�¨�º�"
"!�#;�«(��¨!�
"!$#��£�¨
"I&�e�;â	�;#�¸"®z

þ���
 � ��!&!@(��¨#;��
��¨
 �z( H&H I&K¨�z(�Iw�����q�;I&�Q�&
 ��®z��I&'t
"®z
"!�#��n�¶(�JV
"�L�LK¨��� �zþ��¶(�®n(�KL!iþ H (��;#;KL�z�&
 �
H ���;KL#;K¨��!��²��
"�¶(�#;KL't
 �1�&
 �q®z
"®�J&��
 �1KL!�
��"�;K¨
"I&��� Ú&©�(�!��²!���#;��
�#;�«( '�(�KL����#;����K¨�²®z�"#;·��$�&
 �1����!�#1�"'�(6¥
�LI�� 
 � H (��a� ��® H (��«(�K¨����!nþçI&!�
q
 �;#;KL®n(�#;K¨��!z'SK¨�;I�
"�L�¨
q�&��!�#F�¶( H ��� �"K¨�;K¨��!z
 �;#F�"ï�(��¨
²þç�¶(6
O��� � I�
"!�� 

����� ��·@(�!$#;KL�L�¨��!&!@(�ït
1�	I��;â	�;#�¸"®z
e�&
^� ( H #;I&��
q�&
e®z��I&'t
"®z
"!$#�� Ú ­ 
 �Z®z�"#;·��$�&
 �-��
/J@(���
"!�#F�;I&�ß�¨
 �
®z��I&'t
"®z
"!�#��ç�&
 �^®n(�� � I�
"I&����) H (��²
´Ù&
"® H �¨
ª�¨
£#«(��¨��!���I��8�����;#�
"KL�p+^
"#²�&
 �²� 
"!�#;��
 �ç(��;#;K¨�"I&�¶(�KL��
 �
� (��¨�"I&�¨� �çþ H (��;#;KL�ç�&
 �<®n(�� � I�
"I&���¡) H (��1
´Ù&
"® H �¨
��¶(���·�
"'SKL�L�¨
�+´Ú� 
 �-�&
"I	Ù H ��
"®QK¨¸"��
 �-®z�"#;·��$�&
 �-����!$#-�&
 �Z®z�"#;·��S�&
 � H ���$�«·�
 �F�&
 vitesse 
"# amplitude ������¨
 �-��
"I&KL�¨�-�&
/� ��!$#«(��"#��F����!�#-K¨�"K	�"'�(��LI�� �F��#«(�#;K¨�;#;K � I�
"®z
"!$#F�;I&�ßI&!�
^J@(���
^�&
^�&��!&!�� 
 �F�&
e�¨�S� ��®z��¥
#;K¨��!�� Ú ­ 
 �/�&
"I	Ùÿ®z�"#;·��$�&
 � H 
"I&'t
"!$#�$"#;��
ç� ��!��;K¨�&�"��� 
 �q� ��®Q®z
ª�&
 �/®z�"#;·��$�&
 �^KL!�#�
"�;®z� �	K¶(�KL��
 �

"!�#;��
�I&!Ì( H&H ��
"!$#;K¨���«(�ït
z( 't
 �Q���«(��"�¨
Q
"#��&
 �£®z�"#;·��S�&
 �%(��¬·��$��(�I	Ù¬� � I�
"�¨
"#;#�
�'6®z��I&'t
"®z
"!�# Ú� 
 � H ����� �-�&
e#«(��¨��!��F����!$#F�"#«(�J&�LK¨�-�¨����� � I�
^� 
"I	Ù��"K&�&
 ��� 
"!��&
"!$#a����I��c�¨
q��
"I&KL���6�¨
 �Z�¨
"'t
"�F�������;#�
"KL�¨�
�¨����� � I�
ª� 
 �²�&
"�;!&K¨
"��� H (�����
"!$#²(�I��&
 ����I����S�¨
 �²�&
"I	Ù\��
"I&KL�¨� H ��I&'�(�!$#!$"#;��
��	Kz3?�"��
"!$#�� Ú � � K¨�&� 
��&




í ~�� �=�0��� � ����� |�� �(���uû#�w���m���À��� �LûRûG¼"�G��¼�� | � { �
�¶(�#;����K¨�;K¨¸"®z
£®z�"#;·��$�&
��	!���#�� 
 config �S��
 H ����
£�;I&�q�8����J���
"�;'�(�#;K¨��!��&
£�¶(�#;�«(��A
 �"#���KL��
��&
ç�8�����;#�
"KL�
��(�!��ª�¨
%��
 H ¸"��
��	I #«(��¨��!ñ)O't��KL�¿ ZKLï�I&��
+��Ú�Ø�+´Ú � �������&
+�8��
´ÙS#�
"!��;K¨��! ®n(6Ù	KL®n(��¨
�������
 �;#A¥Æþ6¥¦�	KL��
+�¨

H ���«�ÿ�&
ÿ#«(��¨��!��Z!���I��+��J��«
"�;'t��!���I&! ®n(6Ù	KL®%I&® �¨�S� (�� � I�
n!���I�� H ��I&'t��!��+��
 H �"��
"�Q��(�!��+I&!
�"âS�"�¨
Q�&
+�¨�S� ��®z��#;K¨��!rÚ � �������&
+�¶(`8@
´Ù	K¨��! ®n(6ÙSKL®n(��¨
�������
 ��#A¥Æþ6¥¦�	KL��
Q�¨
+�¨
"'t�Q�������;#�
"KL����!���I��ª��
´¥
®n(�� � I���!��eI&! H ��KL!$#e�&
²�"����K¨����
"®z
"!$#e
"!�#;��
1� 
 �a�&
"I	Ù H ���;KL#;K¨��!�� � I�
q!���I�� H ��I&'t��!��a�"ï�(��¨
"®z
"!�#

�(��"KL�¨
"®z
"!$#1��
 H �"��
"�1��(�!��<I&!��"â	�"�¨
��&
ª�¨�S� ��®z��#;K¨��!rÚ

−0.2

−0.15

−0.1

−0.05

0

0.05

 

 

flexion maximale extension maximale

°qälñ.ø?��Ú�Ø Ê µ �«(��;
 �"#���KL��
�'t
"�;#;K¨� (��¨
�)OJ&�¨
"I�
�+ç
"#��«(�ï�KL#«(��¨
:)O!���KL��
�+ç�&
+�8�����;#�
"KL�a��(�!��ª�¨
���
 H ¸"��
��	I
#«(��¨��!rÚ � ��
´Ù	#�
"!��;K¨��!Q®n(6Ù	KL®n(��¨
�)OKL!��;#«(�!�#a����I&ït
�+Z� ���;��
 � H ��!��zþ£I&!�®n(6Ù	KL®%I&®9't
"�;#;K¨� (����¨�S� (�����
"#
�¶(68@
´ÙSK¨��!Q®n(6Ù	KL®n(��¨
�)OKL!��;#«(�!$#a't
"�;#£+Z� ���;��
 � H ��!��z(�Iz�"����K¨����
"®z
"!$#e�&
 �a� ��® H ���«(�!�#�
 �F't
"�;#;K¨� (��¨
 �

"#1�«(�ï�KL#«(��¨
 �<�&
��¶(+#;�«(��A
 �"#���KL��
�Ú

%§â��GâYû x ýuë"ò�èêí�ç�í�ëªð9ìñè�ç£z�ìwÿ�õ2æ9æ9ç�÷äë"ë�ç7æ�ÿ�ìÓðÐ� ç0"u"Éò9÷Àç7òôë�õ2è
� ��I&� H �LI��z�&
�ït�"!��"�;K¨�"KL#����F!���I��ÿ( 't��!��n�"#;I��	K¨� �n� 
 �Q®z�"#;·��$�&
 �n�&
���
 � ��!&!@(�K¨���«(�!�� 
X( 't
 �� I@(�#;��
ÿ
"!���
"®%J&�¨
 ���&
 H ��KL!$#�� H �����;KLJ&�¨
 ���&
n�;I H&H ���;# Ú � ��I�� H ��� ��
"!$#���!�����(�!��%� 
"#;#�
\��
 �"#;K¨��!��

�¨
 �ª��� �;I&�L#«(�#�����J&#�
"!�I���( 't
 ��!���#;��
Q
´Ù&
"® H �¨
Q�&
 H ��KL!�#�� H ��� � � �&
"!$#n�V�¨
 �ª#«(��¨��!���
"#����;#�
"KL�¨���?�¨
 �
��� �;I&�L#«(�#���� ��!�� 
"�;!@(�!�#%�¨
 ��(�I&#;��
 ��� ��!���ï�I&�«(�#;K¨��!��%����!$#ª�&��!&!�� ��
"!  ç!&!�
´Ù	
 ­ Ú � ��I�� H ��� ��
"!	¥
#���!��1
"! µ (�J&�¨
���Ú����&�¨
 �<�"'�(��LI@(�#;K¨��!��1�&
 �<®z�"#;·��$�&
 �1ï������ 
%(�I	Ù � I@(�#;��
��"�;KL#�¸"��
 �ç�;I&KL'�(�!$#�� Ú

_ ����ÆL���h¸0` Ï�¼TÄd��¼Tº´Ú � (+®z�"#;·��$�&
��&
£���,
��"��
"!�� 
 visuelle !r��� �«·���I�
��"'$K¨�&
"®z
"!$##��(�®n(�K¨� Ú � 
 �
®z�"#;·��$�&
 � vitesse 
"# config ��!�#ç#���I"�A��I&���£�&��!&!�� 
 �ç�&
 �1��� �;I&�L#«(�#��ç'�(��LK¨�&
 � H ��I&�ç�8��
"!���
"®%J&�¨

�&��!&!����&
 � 12 �¨�S� ��®z��#;K¨��!����&
"#^�¶(%®z�"#;·��S�&
 amplitude (%I&!�#«(�I	Ùÿ�&
£���"I����;KL#�
£�&
 66% Ú ú �¶(
'$I�
+�&
�� 
 �1��� ��I&�L#«(�#����V!���I�� H ��I&'t��!���(����;I&��
"� � Ir��(�I ®z��KL!��£I&!�
+�&
 �ç®z�"#;·��S�&
 ���&��!&!�
"�«(ÿI&!
��� �;I&�L#«(�#<'�(��LK¨�&
�Ú

a ` �T�T���LÁ®������ÈÕ�T�y�#�Ì� ē =
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(D¸�Åb¼ÊÅb¼DÏÃ¿M¶;¼ðÔíÏ�´Ü¾Aº+¸�¿Mº+¾h»�¼·Åb¼;ÆbÆb¼Dµòà�Ï�´-¾AÉ;¼ Ð?�n¸òÏM¼;ÆòÅb¶;Æ�Â�ÏÃ¸Ú´-¸bÆçº+à�¸b¼D¾�ÂAÆáÇ9º+Â�ÅCÏM¼;ÆòÏMº�É;º+µ·º+¸�¿Mº+¾AÆ
F1

¼D¸
F2

µ·º+¾�¸�Åb¼D¾�¸q»�¼ÈÇ�ÏÃÂAÆuÓ�»A´-¾AÆ[¾Aº+¸�Åb¼2¼=Ý�¼DµÀÇ�ÏM¼ Ó�Á�ÂA¼ÈÆ�¿�»�¼DÂ�ÝÞµ·º+Â�Ä�¼Dµ·¼D¾�¸bÆdÆbº+¾�¸Ù»�¼2Æ�¸«½.ÏM¼;Æ»�¿êâ9¶DÅb¼D¾�¸bÆuÓ�ÏM¼DÂ�ÅbÆs�7åSQá¾Aº+Å�µÊ´-ÏÃ¿MÆÚ¶;¼;ÆæÆbº+¾�¸æ»�¿êâ�¶DÅb¼D¾�¸b¼;ÆuÐ.Ñlº+ÂAÆÒÇ9º+Â�Ä�º+¾AÆæÆ�Â�Ç�Ç9º Æb¼DÅÌÁ�ÂA¼ÙÉ;¼DÏ�´'Åb¼;Æ�¸b¼É;º+Å�Åb¼;ÉD¸[»�¼dµÊ´-¾�¿MóDÅb¼lÇ�ÏÃÂAÆö×�¶D¾A¶DÅÚ´-ÏM¼ Ó�Ç�Â�¿MÆbÁ�ÂA¼dÏM¼;ÆË´-µÀÇ�ÏÃ¿Ã¸�ÂA»�¼;Æ[»�¼;Æ�� åYQ·ÆÚº+¾�¸Ë»�¶DÇH¼D¾A»A´-¾�¸b¼;Æ[»�¼;Æ´-µÀÇ�ÏÃ¿Ã¸�ÂA»�¼;Æq»�Âíµ·º+Â�Ä�¼Dµ·¼D¾�¸lÁ�Â�¿BÆbº+¾�¸d¼DÏÃÏM¼;Æ[µ)(Dµ·¼;Æd»�¶DÇ9¼D¾A»A´-¾�¸b¼;Æl»�ÂÜÆ�¸y½�ÏM¼2»�¼'µ·º+Â�Ä�¼Dµ·¼D¾�¸uÐ
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³B¼qÇ�Å�¿Ã¾AÉD¿ÃÇ9¼l»�¼lÆ�½.¾�¸�¹Aó;Æb¼l»�Âßµ·º+Â�Ä�¼Dµ·¼D¾�¸[Ç4´-ÅöÏM¼dÇ�¿ÃÏMº+¸Ú´-×�¼È»�¼;Æö¸bº+ÅbÆb¼DÂ�ÅbÆöÇH¼DÂ�¸ËÆb¼dÅb¶;Æbº+ÂA»�Åb¼Ç4´-Å·»�¼;ÆÀµ·¶D¸�¹Aº.»�¼;Æ·»�Âÿ¸«½.Ç9¼ß»�½.¾4´-µÀ¿MÁ�ÂA¼Û»�¿ÃÅb¼;ÉD¸b¼ Ðn³0´äµ·¶;Éu´-¾�¿MÁ�ÂA¼í»�¼;Æ·Æbº+ÏÃ¿M»�¼;ÆuÓnÁ�ÂA¼ðÉ;¼íÆbº+¿Ã¸»�¼;Æ'É;º+Å�ÇAÆ2Å�¿Ã× ¿M»�¼;Æòº+Âø»�¼;Æ'É;º+Å�ÇAÆ'»�¶=é^º+Å�µÊ´-à�ÏM¼;ÆuÓ0´-Ç�Ç9º+Å�¸b¼·¼D¾ø¼=â�¼D¸'Â�¾A¼çÅb¶DÇHº+¾AÆÚ¼·´-ÂøÇ�Åbº+à�ÏMóDµ·¼»�¼'Ï�´·Åb¶u´-ÏÃ¿MÆÚ´-¸�¿Mº+¾Y»�¼Cµ·º+Â�Ä�¼Dµ·¼D¾�¸bÆÈ¾4´-¸�Â�Åb¼DÏMÆl»�º+¾�¸lÏM¼;ÆdÉu´-ÂAÆb¼;ÆlÆbº+¾�¸q»�¿MÉD¸b¶;¼;ÆqÇ4´-Åq»�¼;Æq¸bº+ÅbÆb¼DÂ�ÅbÆuÐõö¼;ÉD¿4¾Aº+ÂAÆö´'É;º+¾A»�Â�¿Ã¸ËÔ2Â�¸�¿ÃÏÃ¿MÆb¼DÅÌ»�¼;Ææµ·º.»�óDÏM¼;ÆÌÆbÉD¿M¼D¾�¸�¿êì4Á�ÂA¼;Æö»�¼ÙÅb¶;Æbº+ÏÃÂ�¸�¿Mº+¾AÆæµ·¶;Éu´-¾�¿MÁ�ÂA¼;ÆuÐ�Ñlº+ÂAÆÂ�¸�¿ÃÏÃ¿MÆbº+¾AÆqÏ�´ÀÏÃ¿Ãà�ÅÚ´-¿ÃÅ�¿M¼çÑSP¾�æõ N P x N Å�¾�¬-zAÓ M Â�µ�z-*�Ó M Â�µ�z«��|7Á�Â�¿ ¼;Æ�¸ÙÂ�¾A¼òÏÃ¿Ãà�ÅÚ´-¿ÃÅ�¿M¼ò»�¼òÉu´-ÏMÉDÂ�ÏÆ�½.µCà9º+ÏÃ¿MÁ�ÂA¼òº+Ç�¸�¿ÃµÀ¿MÆb¶;¼'Ç9º+Â�ÅdÏ�´Àµ·¶;Éu´-¾�¿MÁ�ÂA¼á»�¼;ÆqÆÚº+ÏÃ¿M»�¼;ÆÙÅ�¿Ã× ¿M»�¼;ÆuÐ{ÑAP¯�æõ N P Æb¿ÃµCÂ�ÏM¼òÏM¼'É;º+µçØÇ9º+Å�¸b¼Dµ·¼D¾�¸Þ»�½.¾4´-µÀ¿MÁ�ÂA¼Ü»�¼ÛÆ�½�Æ�¸bóDµ·¼Û»�¼ÜÉ;º+Å�ÇAÆ·Å�¿Ã× ¿M»�¼;Æ·Ç9º+ÏÃ½�´-Å�¸�¿MÉDÂ�ÏM¶;ÆuÐËõö¼D¸�¸b¼ÛÏÃ¿Ãà�ÅÚ´-¿ÃÅ�¿M¼ÛÇ9¼DÂ�¸¼D¾�×�¼D¾A»�Åb¼DÅöÏM¼dÉ;º.»�¼Ù¾�Â�µ·¶DÅ�¿MÁ�ÂA¼l»�Í Â�¾ÞÆ�¿ÃµòÂ�Ï�´-¸b¼DÂ�Åö»�¶;»�¿M¶È´-Â·µ·¶;Éu´-¾�¿MÆ�µ·¼l¶D¸�ÂA»�¿M¶ Ð�³0¼;Ææ¶;Á�Â4´-¸�¿Mº+¾AÆ»�Â µ·º+Â�Ä�¼Dµ·¼D¾�¸·Æbº+¾�¸À´-Â�¸bº+µÊ´-¸�¿MÁ�ÂA¼Dµ·¼D¾�¸·Éu´-ÏMÉDÂ�ÏM¶;¼;ÆçÆbº+ÂAÆ2é^º+Å�µ·¼ßÆ�½�µòàHº+ÏÃ¿MÁ�ÂA¼ÞÔÛÇ4´-Å�¸�¿ÃÅá»�¼ÞÏ�´»�¼;ÆbÉDÅ�¿ÃÇ�¸�¿Mº+¾Û¹4´-Â�¸[¾�¿ÃÄ�¼u´-ÂY»�Âßµ·¶;Éu´-¾�¿MÆbµ·¼ÊùúÄ�º+¿ÃÅ�� ¿Ã× Â�Åb¼)� Ð���û=Ð�Q.¼DÂ�ÏM¼;ÆÙÁ�ÂA¼DÏMÁ�ÂA¼;Æ[É;º+¾�¾4´-¿MÆbÆü´-¾AÉ;¼;ÆÆbº+¾�¸Ù¾A¶;É;¼;ÆbÆÚ´-¿ÃÅb¼;ÆdÔÀÏ�´ç»�¶=ìA¾�¿Ã¸�¿Mº+¾Y»�ÂÜÆ�½�Æ�¸bóDµ·¼·ùúÄ�º+¿ÃÅT� ¿Ã× Â�Åb¼%��Ð .�ûS$
� ÐÙ³ÌÍÎ¶D¸Ú´-¸l¿Ã¾�¿Ã¸�¿�´-Ï7»�ÂYÆb½.Æ�¸bóDµ·¼ Ð{ñ0º+ÂAÆlÏM¼;ÆqÇ4´-ÅÚ´-µ·óD¸�Åb¼;Æl»�ÂîÆ�½�Æ�¸bóDµ·¼ Ó4É ÍÎ¼;Æ�¸WØyÔ�Ø«»�¿ÃÅb¼áÏM¼;Æl»�¼D× Åb¶;Æ»�¼òÏÃ¿Ãà9¼DÅ�¸b¶;Æq¼D¾îÅbº+¸Ú´-¸�¿Mº+¾ã»�¼;Æl´-Å�¸�¿MÉDÂ�Ï�´-¸�¿Mº+¾AÆÈÇ�ÏÃÂAÆqÏM¼;Æq»�¼D× Åb¶;ÆÈ»�¼òÏÃ¿ÃàH¼DÅ�¸b¶;Æl¼D¾î¸�ÅÚ´-¾AÆ�Ï�´-¸�¿Mº+¾× ÏMº+à4´-ÏM¼á»�ÂÜÇ9¼DÅbÆbº+¾�¾4´-×�¼ ÓH»�º+¿ÃÄ�¼D¾�¸Y(D¸�Åb¼'¿Ã¾�¿Ã¸�¿�´-ÏÃ¿MÆb¶;ÆÈ´�ìA¾äÁ�ÂA¼2ÏÕÍÖ´-ÏÃ×�º+Å�¿Ã¸�¹�µ·¼ç»�¼CÅb¶;Æbº+ÏÃÂ�¸�¿Mº+¾Ç�Åb¼D¾�¾A¼îÉ;º+µÀÇ�¸b¼î»�¼;ÆÊÏM¼DÂ�ÅbÆß´+É;É;¶DÏM¶DÅÚ´-¸�¿Mº+¾AÆuÐÙõö¼D¸Þ¶D¸Ú´-¸ð¼;Æ�¸Ê»�¶=ìA¾�¿l× ÅÚ÷+É;¼Y´-Â�ÝôÇ9º Æ�¿Ã¸�¿Mº+¾AÆuÓÄ.¿Ã¸b¼;ÆbÆb¼;Æd¼D¸d´+É;É;¶DÏM¶DÅÚ´-¸�¿Mº+¾AÆqÉu´-ÏMÉDÂ�ÏM¶;¼;ÆdÏMº+ÅbÆd»�¼ÈÏÕÍÖ´-¾4´-ÏÃ½�Æb¼'¼D¾Û»�½.¾4´-µÀ¿MÁ�ÂA¼2¿Ã¾�Ä�¼DÅbÆb¼ Ð
��ÐÙ³0¼;ÆËéëº+ÅbÉ;¼;Æd¼=Ý.¸b¶DÅ�¿M¼DÂ�Åb¼;ÆuÐ M ´-¾AÆÙÂ�¾íµ·º+Â�Ä�¼Dµ·¼D¾�¸q»�¼ÈÏMº.É;º+µ·º+¸�¿Mº+¾BÓAÉ;¼;ÆËé^º+ÅbÉ;¼;ÆÙÆbº+¾�¸[Ï�´ç× ÅÚ´�ØÄ.¿Ã¸b¶·¼D¸òÏM¼;Æ%�7åSQhùúÏM¼;Æ'éëº+ÅbÉ;¼;Æá´+¶DÅbº�»�½.¾4´-µÀ¿MÁ�ÂA¼;Æá¶D¸Ú´-¾�¸ò¾A¶D× ÏÃ¿Ã×�¼u´-à�ÏM¼;Æüû=Ð ³0´í×�¼;Æ�¸�¿Mº+¾©»�¼ÀÏ�´× ÅÚ´uÄ�¿Ã¸b¶À¼;Æb¸È¼=â�¼;ÉD¸�ÂA¶;¼çÇ4´-ÅÈÏ�´ÞÏÃ¿Ãà�ÅÚ´-¿ÃÅ�¿M¼À»�¼á»�½.¾4´-µÀ¿MÁ�ÂA¼À»�¿ÃÅb¼;ÉD¸b¼ Ð�³B¼;Æ^�7åSQÜÆbº+¾�¸'¶DÄ ´-ÏÃÂA¶;ÆÇ4´-ÅqÏÕÍÖ´-ÏÃ×�º+Å�¿Ã¸�¹�µ·¼ò»�¼C»�½�¾4´-µÀ¿MÁ�ÂA¼'¿Ã¾�Ä�¼DÅbÆb¼'Ç�Åb¶;Æb¼D¾�¸b¶ò´-ÂîÉb¹4´-Ç�¿Ã¸�Åb¼òÇ�Åb¶;É;¶;»�¼D¾�¸uÐ��nÏÃÏM¼;ÆdÆbº+¾�¸´-Ç�Ç�ÏÃ¿MÁ�ÂA¶;¼;ÆuÓÒÔäÉÚ¹4´+Á�ÂA¼ðÇ4´+Æ·»�¼ß¸b¼DµÀÇAÆ·»�¼ðÏ�´YÅb¶;Æbº+ÏÃÂ�¸�¿Mº+¾BÓæ´-Â�Ý©É;¼D¾�¸�Åb¼;ÆÞ»�¼ð× ÅÚ´;Ä.¿Ã¸b¶í»�¼;ÆÇ�¿M¼;»�Æ�Ð�õö¼;ÉD¿nÇ9¼DÂ�¸È¼D¾�¸�ÅÚ´7�M¾A¼DÅC»�¼;ÆÈÇ�Åbº+à�ÏMóDµ·¼;Æ2»�¼áµ·º+µ·¼D¾�¸bÆ'Åb¶;Æ�Â�ÏÃ¸Ú´-¾�¸bÆCÔÞÏ�´ßÉb¹A¼DÄ.¿ÃÏÃÏM¼ÛùúÏ�´»�¿MÆb¸Ú´-¾AÉ;¼Þ»�Â©à�ÅÚ´+Æò»�¼ÞÏM¼DÄ.¿M¼DÅò¶D¸Ú´-¾�¸áì�Ý�¼�û=ÓB¿ÃÏæé^´-ÂA»�ÅÚ´-¿Ã¸À´-ÏMº+ÅbÆá¼D¾�Ä.¿MÆÚ´-×�¼DÅÀ»�ÍÖ´-Ç�Ç�ÏÃ¿MÁ�ÂA¼DÅáÏM¼;Æé^º+ÅbÉ;¼;ÆÙÆ�Â�¿ÃÄ ´-¾�¸dÂ�¾Û¸�ÅÚ´+É;¶'»�¼ÈÇ�Åb¼;ÆbÆ�¿Mº+¾î´-ÂÛÆbº+ÏÕÓ�»�º+¾�¾A¶;¼;Æd»�¿MÆ�Ç9º+¾�¿Ãà�ÏM¼;Æd»A´-¾AÆÙÏ�´áÏÃ¿Ã¸�¸b¶DÅÚ´-¸�Â�Åb¼ùúÄ�º+¿ÃÅA�$¿Ã× Â�Åb¼#��Ð�,�û=Ð

§ @E¨�� ��Ð�, & ñBÅÚ´+É;¶;Æl»�¼ÈÇ�Åb¼;ÆbÆ�¿Mº+¾ÜÆ�Â�Å[ÏM¼ÈÇ�¿M¼;»Ü»�Åbº+¿Ã¸d»�Â�ÅÚ´-¾�¸qÂ�¾A¼2Ç�¹4´+Æb¼2»�ÍÖ´-Ç�Ç�Â�¿ x ' åT�s*-¡/|
,�ÐÙ³0¼;ÆdÉ;º+Â�Ç�ÏM¼;Æqµ·º+¸b¼DÂ�ÅbÆq´-Â�ÝÜ´-Å�¸�¿MÉDÂ�Ï�´-¸�¿Mº+¾AÆuÐ�¿ ÆbÆ�ÂAÆd»�¼2Ï�´ç»�½�¾4´-µÀ¿MÁ�ÂA¼'¿Ã¾�Ä�¼DÅbÆb¼ ÓAÏM¼;ÆdÉ;º+Â�Ç�ÏM¼;Æµ·º+¸b¼DÂ�ÅbÆqÆ�¿ÃµCÂ�ÏM¼D¾�¸dÏÕÍÖ´+ÉD¸�¿ÃÄ.¿Ã¸b¶C»�¼;Æ[µòÂAÆbÉDÏM¼;ÆuÐ
.AÐÙ³0¼áÆb½.Æ�¸bóDµ·¼òµ·¶;Éu´-¾�¿MÁ�ÂA¼ Ð�³B¼çÆ�½.Æb¸bóDµ·¼Cµ·¶;Éu´-¾�¿MÁ�ÂA¼À¼;Æ�¸ÈÉ;º+µÀÇHº Æb¶ç»�¼áÏ�´Þ»�¼;ÆbÉDÅ�¿ÃÇ�¸�¿Mº+¾ø»�¼;ÆÉ;º+Å�ÇAÆßùúµÊ´+ÆbÆb¼;ÆuÓB¿Ã¾A¼DÅ�¸�¿M¼;Æò¼D¸'µÊ´-¸�Å�¿MÉ;¼;Æá»�¼ÀÇ4´+ÆbÆü´-×�¼;ÆüûÈ¼D¸C»�¼ÀÏ�´Û»�¼;ÆbÉDÅ�¿ÃÇ�¸�¿Mº+¾ï»�¼;ÆCÏÃ¿�´-¿MÆbº+¾AÆ
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¼D¾�¸�Åb¼lÏM¼;Æ[É;º+Å�ÇAÆ'ùú¸«½.ÇH¼ Ó.ÅÚ´-¿M»�¼DÂ�ÅuÓ�´-µ·º+Å�¸�¿MÆbÆb¼Dµ·¼D¾�¸uÓBÐÃÐÃÐ û=ÐAõö¼;ÆæÇ4´-ÅÚ´-µ·óD¸�Åb¼;ÆdÆbº+¾�¸[¶D×�´-ÏM¼Dµ·¼D¾�¸»�¿ÃÅb¼;ÉD¸b¼Dµ·¼D¾�¸q¼=Ý�ÇHº+Å�¸Ú´-à�ÏM¼;Æq»�¼DÇ�Â�¿MÆÙ¾Aº+¸�Åb¼2µ·º.»�Â�ÏM¼'»�ÍÖ´-¾4´-ÏÃ½�Æb¼2¼D¾Ü»�½.¾4´-µÀ¿MÁ�ÂA¼'¿Ã¾�Ä�¼DÅbÆb¼ Ð
Etat initial

Vitesses et
accélérations

des ddl

Forces extérieures

Forces de

réaction au sol

Couples moteurs Système mécanique

Corps : masse, inertie, matrices

Liaisons: type, paramètres mécaniques

Equations symboliques

du mouvement

Résolution des équations

Valeurs des ddl

Variations des ddl

Mouvement synthétisé

Synthèse par dynamique directe

(NMECAM)

§ @c¨�� ��Ð . &Ç' Å�¿Ã¾AÉD¿ÃÇH¼ç»�¼òé^º+¾AÉD¸�¿Mº+¾�¾A¼Dµ·¼D¾�¸'»�¼áÏ�´ÊÆb½�¾�¸�¹Aó;Æb¼ç¼D¾î»�½.¾4´-µÀ¿MÁ�ÂA¼ç»�¿ÃÅb¼;ÉD¸b¼íùë»�¶D¸Ú´-¿ÃÏn»�¼Ï�´�� ¿Ã× Â�Åb¼)� Ð���û=Ð
È?_cb?_É` Ê�ËoÌIigËKdjnhm-n�l�f«t�Ëot3f�m-n5ËKdÉl7m-dÉÍ?pOk�l

Î ÂA¼DÏMÁ�ÂA¼;ÆòÇ�Åbº+Ç�Å�¿M¶D¸b¶;ÆÀÆbÂ�Ç�Ç�ÏM¶Dµ·¼D¾�¸Ú´-¿ÃÅb¼;Æ·»�º+¿ÃÄ�¼D¾�¸òéÕ´-¿ÃÅb¼·ÏÕÍÎº+à�è�¼D¸ç»�Í Â�¾A¼ð´-¸�¸b¼D¾�¸�¿Mº+¾hÇ4´-Å�¸�¿MÉDÂ�ØÏÃ¿MóDÅb¼ Ð«�nÏÃÏM¼;Æ[Æbº+¾�¸[¼D¾ß×�¶D¾A¶DÅÚ´-ÏM¼2»�¶DÇH¼D¾A»A´-¾�¸b¼2»�¼dÏ�´òµ·¶D¸�¹Aº.»�¼È»�¼dÅb¶;Æbº+ÏÃÂ�¸�¿Mº+¾íÂ�¸�¿ÃÏÃ¿MÆÚ¶;¼l¼D¸Ë»�¼lÇ4´-ÅÚ´�Øµ·óD¸�Åb¼;ÆÒ»�¼ËÉ;¼D¸�¸b¼[»�¼DÅ�¾�¿MóDÅb¼Ë¸b¼DÏMÆnÁ�ÂA¼öÏM¼öÇ4´+Æn»�¼ö¸b¼DµÀÇAÆÒº+ÂçÏ�´q¸bº+ÏM¶DÅÚ´-¾AÉ;¼[Åb¼DÏ�´-¸�¿ÃÄ�¼[»�¼öÏ�´dÅb¶;ÆÚº+ÏÃÂ�¸�¿Mº+¾BÐ
Ïd¾YÇ�¹A¶D¾Aº+µ·óD¾A¼ò¼;Æb¸q¼D¾ÜÇ4´-Å�¸�¿MÉDÂ�ÏÃ¿M¼DÅÈº+àAÆb¼DÅ�Ä�¶á»A´-¾AÆdÏM¼;Ædµ·¶D¸�¹Aº�»�¼;ÆÈ»�¼ò»�½�¾4´-µÀ¿MÁ�ÂA¼C»�¿ÃÅb¼;ÉD¸b¼òÂ�¸�¿êØÏÃ¿MÆÚ´-¾�¸q»�¼;ÆÙÅb¶;Æbº+ÏÃÂ�¸�¿Mº+¾AÆq»�ÍÎ¶;Á�Â4´-¸�¿Mº+¾AÆd¾Aº+¾ÛÏÃ¿Ã¾A¶u´-¿ÃÅb¼;ÆÙÇ4´-Å[Ï�´çµ·¶D¸�¹Aº.»�¼'»�¼2Ñl¼�Ð[¸bº+¾�Ø«åq´-Ç�¹AÆbº+¾BÐ³B¼YÇ�Å�¿Ã¾AÉD¿ÃÇH¼Y»�¼YÉ;¼D¸�¸b¼Üµ·¶D¸�¹Aº�»�¼Y¿Ã¸b¶DÅÚ´-¸�¿ÃÄ�¼î¼;Æ�¸ÊÏM¼YÆ�Â�¿ÃÄ+´-¾�¸uÐsÑ ÉÚ¹4´+Á�ÂA¼YÇ4´+ÆÊ»�¼Ü¸b¼DµÀÇAÆ

t
ÓÏM¼íà�Â�¸Ê¼;Æ�¸·»�¼ð¸�Åbº+Â�Ä�¼DÅÞÏM¼;ÆÀÄ ´-Å�¿�´-¸�¿Mº+¾AÆ

∆X
»�¼;Æ·Ç4´-ÅÚ´-µ·óD¸�Åb¼;Æ

X
ù
N

»�¼D× Åb¶;ÆÞ»�¼ðÏÃ¿ÃàH¼DÅ�¸b¶�ûç»�ÂÆ�½�Æ�¸bóDµ·¼2¼D¾ðéëº+¾AÉD¸�¿Mº+¾Y»�¼2Ï�´çÉ;º+¾�ìA× Â�ÅÚ´-¸�¿Mº+¾î´+ÉD¸�ÂA¼DÏÃÏM¼ÊùúÄ.¿�´ÀÆÚ´�Ò�´+É;º+à�¿M¼D¾�¾A¼
J
û[¼D¸Ù»�¼;ÆÙ¶;Á�Â4´-¸�¿Mº+¾AÆ»�ÂÞµ·º+Â�Ä�¼Dµ·¼D¾�¸

f
´+ÆbÆbº.ÉD¿M¶;¼;ÆlùúÇ�Åb¼D¾4´-¾�¸[¼D¾ÞÉ;º+µÀÇ�¸b¼déëº+ÅbÉ;¼;ÆË¼=Ý�¸b¶DÅ�¿M¼DÂ�Åb¼;ÆuÓ�¸bº+ÅbÆÚ¼DÂ�ÅbÆÌ¿Ã¾�¸b¼DÅ�¾A¼;ÆuÓ9ÐÃÐÃÐ û=Ð

N ¿Ã¾AÆb¿�ÏÕÍÎº+à�èW¼;ÉD¸�¿êéÒ»�¼2Ï�´áµ·¶D¸�¹Aº.»�¼'¼;Æ�¸Ù»�¼2Åb¶;ÆÚº+ÂA»�Åb¼CÔçÉb¹4´+Á�ÂA¼'Ç4´+ÆÙ»�¼È¸b¼DµÀÇAÆdÏM¼;Æ
N

¶;Á�Â4´-¸�¿Mº+¾AÆ%$
J × ∆X + f = 0

ùÓ��Ð���û
³0´ðÅb¶;ÆÚº+ÏÃÂ�¸�¿Mº+¾ Æb¼òé^´-¿Ã¸'»�¼çµÊ´-¾�¿MóDÅb¼·¿Ã¸b¶DÅÚ´-¸�¿ÃÄ�¼ ÓB»�º+¾�¸'Ï�´ðÉ;º+¾A»�¿Ã¸�¿Mº+¾©»�ÍÖ´-Å�Å�(D¸'¼;Æ�¸2ÏÕÍÎº+à�¸b¼D¾�¸�¿Mº+¾»�¼2Ä ´-ÏM¼DÂ�ÅbÆ

∆X
¾A¶D× ÏÃ¿Ã×�¼u´-à�ÏM¼;Æáùú¿Ã¾�éë¶DÅ�¿M¼DÂ�Åb¼;ÆlÔçÂ�¾ÛÆb¼DÂ�¿ÃÏ

εresol
ûY$

ÔoÕ3Ö�×KØÙqÚhÛKÜqÝhÛqÞußqàqá{â«ã�ä
f(X) åÙqÚhÛKÜqÝhÛqÞußqàqá{â«ã!ÜæÛWç-Û«è-àqéußqãqáæá«ã

J å
∆X ê!ë Ù�äoàKÜ-ÝKÞ�ß-àqáhì-í-îOï J ð f(X) ñ�å
X ê X + ∆X åòæÕ�ó-òõô7ö�Ø ï

∆X > εresol ñ
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³0´Þµ·¶D¸�¹Aº.»�¼ÀÉDÏ�´+ÆbÆ�¿MÁ�ÂA¼ç»�¼òÅb¶;ÆÚº+ÏÃÂ�¸�¿Mº+¾îÂ�¸�¿ÃÏÃ¿MÆÚ¼òÂ�¾A¼À»�¶;É;º+µÀÇ9º Æ�¿Ã¸�¿Mº+¾

LU
»�¼áÏ�´ÞµÊ´-¸�Å�¿MÉ;¼

J
Ðõö¼D¸�¸b¼d»�¶;É;º+µÀÇ9º Æ�¿Ã¸�¿Mº+¾ðÉ;º+¾AÆ�¿MÆ�¸b¼dÔ2¸�Åbº+Â�Ä�¼DÅæÂ�¾A¼dµÊ´-¸�Å�¿MÉ;¼

L
¸�Å�¿�´-¾�× Â�Ï�´-¿ÃÅb¼q¿Ã¾�é^¶DÅ�¿M¼DÂ�Åb¼d¼D¸ÌÂ�¾A¼dµÊ´�Ø¸�Å�¿MÉ;¼

U
¸�Å�¿�´-¾�× Â�Ï�´-¿ÃÅb¼lÆ�Â�Ç9¶DÅ�¿M¼DÂ�Åb¼q»�º+¾�¸æÏM¼dÇ�Åbº�»�Â�¿Ã¸ËÆbº+¿Ã¸æ¶D×�´-Ï�Ô

J
Ð ' Â�¿MÆÌÏ�´'µ·¶D¸�¹Aº�»�¼lÉu´-ÏMÉDÂ�ÏM¼qÏM¼;Æ

∆X
»�ÂÀÆ�½�Æ�¸bóDµ·¼æÏÃ¿Ã¾A¶u´-¿ÃÅb¼ÙÔdÇ4´-Å�¸�¿ÃÅn»�¼;Æn»�¼DÂ�ÝáµÊ´-¸�Å�¿MÉ;¼;Æ

L
¼D¸

U
¼D¾À¼=â�¼;ÉD¸�Â4´-¾�¸nÂ�¾A¼ËÆ�Â�àAÆ�¸�¿Ã¸�Â�¸�¿Mº+¾´;Ä ´-¾�¸lÆ�Â�Å

L
Ç�Â�¿MÆ[Â�¾A¼CÆ�Â�àAÆ�¸�¿Ã¸�Â�¸�¿Mº+¾Y´-Å�Å�¿MóDÅb¼'ÆbÂ�Å

U
Ð

M ´-¾AÆ[ÏM¼2Éu´+»�Åb¼2»�¼2É;¼ÈÇ�Å�¿Ã¾AÉD¿ÃÇ9¼'»�¼ÈÅb¶;Æbº+ÏÃÂ�¸�¿Mº+¾BÓ�Ï�´áÏÃ¿Ãà�ÅÚ´-¿ÃÅ�¿M¼'µ·¶;Éu´-¾�¿MÁ�ÂA¼'º-â9Åb¼ÈÏ�´áÇ9º ÆbÆ�¿Ãà�¿ÃÏÃ¿Ã¸b¶»�ÍÖ´�è�º+Â�¸b¼DÅÙ»�¼;ÆæÅb¼;ÆÚÆbº+Å�¸bÆ[¼D¸[»�¼;ÆË´-µ·º+Å�¸�¿MÆÚÆb¼DÂ�ÅbÆd´-Â�ÝÊÏÃ¿�´-¿MÆbº+¾AÆ�Ð�õö¼;ÆËÇ4´-ÅÚ´-µ·óD¸�Åb¼;ÆdÆbº+¾�¸ÙÔòÂ�¸�¿ÃÏÃ¿MÆb¼DÅ[Æ�¿Ï�´Cµ·¶D¸�¹Aº�»�¼2»�¼l»�½�¾4´-µÀ¿MÁ�ÂA¼l¿Ã¾�Ä�¼DÅbÆb¼2Á�Â�¿�´'Ç9¼DÅ�µÀ¿MÆË»�¼l»�¶D¸b¼DÅ�µÀ¿Ã¾A¼DÅ[ÏM¼;Æö¸bº+ÅbÆb¼DÂ�ÅbÆ�Ó�ÏM¼;Æö¿Ã¾AÉ;º+Å�Ç9º+Åb¼»A´-¾AÆÛÆbº+¾~µ·º.»�óDÏM¼ Ð��n¾|¼=â9¼D¸uÓÙ»A´-¾AÆÛÏM¼ãÉu´+ÆÜÉ;º+¾�¸�ÅÚ´-¿ÃÅb¼ ÓqÉ;¼;ÉD¿'¿Ã¾�¸�Åbº.»�Â�¿ÃÅÚ´-¿Ã¸ÜÂ�¾~à�¿�´-¿MÆY»A´-¾AÆíÏM¼µ·º+Â�Ä�¼Dµ·¼D¾�¸òÉu´-ÏMÉDÂ�ÏM¶ Ð�Ñqº+ÂAÆ2¶D¾Aº+¾AÉ;º+¾AÆ'»�º+¾AÉ Ó�»A´-¾AÆÈÏ�´ßÆ�Â�¿Ã¸b¼ Ó9»�¼;ÆÈÇ�Åbº+Ç�Å�¿M¶D¸b¶;Æ2Ä ´-ÏÃ¿M»�¼;Æ2»A´-¾AÆ2É;¼Éu´+»�Åb¼ Ðö³0´øÆ�Ç9¶;ÉD¿êì4Éu´-¸�¿Mº+¾K»�¼;ÆÞÏÃ¿�´-¿MÆbº+¾AÆð´�èWº+Â�¸b¼ Óæ»A´-¾AÆÊÏM¼;ÆÞ¶;Á�Â4´-¸�¿Mº+¾AÆß»�Â�µ·º+Â�Ä�¼Dµ·¼D¾�¸
f
ÓÌ»�¼;ÆÉ;º+¾�¸�ÅÚ´-¿Ã¾�¸b¼;Æ[Æ�Â�ÅÌÏM¼dµ·º+Â�Ä�¼Dµ·¼D¾�¸[É;º+Å�Åb¼;Æ�Ç9º+¾A»A´-¾�¸ÙÔ'É;¼;Ææ¾Aº+Â�Ä�¼DÏÃÏM¼;ÆöÇ�Åbº+Ç�Å�¿M¶D¸b¶;ÆuÐ�Ïd¾A¼qÁ�ÂA¼;Æ�¸�¿Mº+¾ßÆb¼Ç9º Æb¼·´-ÏMº+ÅbÆ)$�É;º+µÀµ·¼D¾�¸òÅb¶D× ÏM¼DÅ'ÏM¼;Æ2Ä ´-ÏM¼DÂ�ÅbÆ'»�¼çÏMº+¾�× ÂA¼DÂ�Åò¼D¸'»�¼çÅÚ´-¿M»�¼DÂ�Åò»�ÂøÅb¼;ÆbÆbº+Å�¸C´-¿Ã¾AÆ�¿ÒÁ�ÂA¼»�ÂÜÉ;º.¼\[ÊÉD¿M¼D¾�¸d»�ÍÖ´-µ·º+Å�¸�¿MÆÚÆb¼Dµ·¼D¾�¸u÷³B¼ÌÅb¼;ÆbÆbº+Å�¸ ¼;Æ�¸$»�¶=ìA¾�¿�Ô[Ç4´-Å�¸�¿ÃÅ$»�¼ÌÏ�´[ÏÃ¿�´-¿MÆbº+¾òÇHº+¾AÉD¸�ÂA¼DÏÃÏM¼ Ó-»�º+¾AÉÌÆü´[ÏMº+¾�× ÂA¼DÂ�ÅnÔËÄ�¿M»�¼æ¼;Æ�¸0¾�Â�ÏÃÏM¼ Ðñ0º+Â�¸b¼·Ï�´ð»�¿ø[ÊÉDÂ�ÏÃ¸b¶ÀÇHº+Â�Ålì�Ý�¼DÅ'»�¼;ÆÈÄ+´-ÏM¼DÂ�ÅbÆC»�¼çÅÚ´-¿M»�¼DÂ�Å'¼D¸'»�ÍÖ´-µ·º+Å�¸�¿MÆbÆb¼Dµ·¼D¾�¸á¼;Æ�¸2»�¼ç¸�Åbº+Â�Ä�¼DÅÂ�¾øÉ;º+µÀÇ�Åbº+µÀ¿MÆC´uÄ�¼;ÉÀÏM¼çÅb¼;Æ�Ç9¼;ÉD¸È»�Âãµ·º+Â�Ä�¼Dµ·¼D¾�¸òº+Å�¿Ã× ¿Ã¾4´-ÏÕÓB»�º+¾�¾A¶çÇ4´-Å2ÏM¼;Æ2É;º+Â�Ç�ÏM¼;Æ'µ·º+¸b¼DÂ�ÅbÆuÐ

�n¾ô¼=â�¼D¸uÓ7Ç�ÏÃÂAÆçÏM¼;ÆçÅÚ´-¿M»�¼DÂ�ÅbÆ·¼D¸Ê´-µ·º+Å�¸�¿MÆbÆb¼Dµ·¼D¾�¸bÆÊÆbº+¾�¸À¿ÃµÀÇHº+Å�¸Ú´-¾�¸bÆ·Ç�ÏÃÂAÆçÏM¼ðµ·º+Â�Ä�¼Dµ·¼D¾�¸Ê¼;Æ�¸É;º+¾�¸�ÅÚ´-¿Ã¾�¸uÓ7»�º+¾AÉßÔßé^º+ÅbÉ;¼;Æòµ·º+¸�Å�¿MÉ;¼;Æò¶D×�´-ÏM¼;ÆòÏM¼·µ·º+Â�Ä�¼Dµ·¼D¾�¸À´-Â�ÅÚ´Üµ·º+¿Ã¾AÆá»�ÍÖ´-µÀÇ�ÏÃ¿Ã¸�ÂA»�¼ Ð$Ñlº+ÂAÆÅÚ´-Ç�Ç9¼DÏMº+¾AÆæ¿MÉD¿9Á�ÂA¼dÏM¼;ÆöÅb¼;ÆbÆbº+Å�¸bÆöÉ;º+¾�¸�ÅÚ´-¿Ã× ¾A¼D¾�¸ÙÏM¼qµ·º+Â�Ä�¼Dµ·¼D¾�¸Ù¼D¾ßÇHº Æ�¿Ã¸�¿Mº+¾ð¼D¸öÏM¼;ÆË´-µ·º+Å�¸�¿MÆÚÆb¼DÂ�ÅbÆÏM¼ÀÉ;º+¾�¸�ÅÚ´-¿Ã× ¾A¼D¾�¸á¼D¾ ´+É;É;¶DÏM¶DÅÚ´-¸�¿Mº+¾BÐ;¿«ÏÒ¼;Æb¸È»�º+¾AÉ·Ç�ÏÃÂAÆ2¿Ã¾�¸b¶DÅb¼;ÆbÆü´-¾�¸uÓ$´-Âã¾�¿ÃÄ�¼u´-Âï»�ÂøÉ;º+µÀÇ�Åbº+µÀ¿MÆuÓ»�Í Â�¸�¿ÃÏÃ¿MÆb¼DÅË»�¼;Æ[´-µ·º+Å�¸�¿MÆbÆb¼DÂ�ÅbÆËÁ�ÂA¼q»�¼;ÆöÅb¼;ÆbÆbº+Å�¸bÆuÐ�Ñqº+ÂAÆË´;Ä�º+¾AÆËÉ;º+¾AÆ�¸Ú´-¸b¼DÅ[»�¼ÙµÊ´-¾�¿MóDÅb¼È¼DµÀÇ�¿ÃÅ�¿MÁ�ÂA¼Á�ÂA¼ÊÏM¼;ÆòÏÃ¿�´-¿MÆbº+¾AÆÀÔÛÇ9¼DÂï»�¼ß»�¼D× Åb¶;Æç»�¼ÊÏÃ¿Ãà9¼DÅ�¸b¶äùúÏÃ¿�´-¿MÆbº+¾hÇ�¿ÃÄ�º+¸üû'¶D¸Ú´-¿M¼D¾�¸Àµ·º+¿Ã¾AÆáÆÚ¼D¾AÆ�¿Ãà�ÏM¼;Æá´-Â�ÝÇ9¼DÅ�¸�Â�Å�à4´-¸�¿Mº+¾AÆò¾�Â�µ·¶DÅ�¿MÁ�ÂA¼;ÆÛùúÏ�´Àè�´+É;º+à�¿M¼D¾�¾A¼ð¶D¸Ú´-¾�¸òÇ�ÏÃÂAÆáÆ�¿ÃµÀÇ�ÏM¼ Ó É ÍÎ¼;Æ�¸WØyÔ�Ø«»�¿ÃÅb¼ß´uÄ�¼;ÉßÇ�ÏÃÂAÆ�¿M¼DÂ�ÅbÆ¸b¼DÅ�µ·¼;Æò¾�Â�ÏMÆüû=Ð$³B¼;Æò»�¼D× Åb¶;Æá»�¼·ÏÃ¿Ãà9¼DÅ�¸b¶Ê¼D¾ï¸�ÅÚ´-¾AÆ�Ï�´-¸�¿Mº+¾~ùë»A´-¾AÆCÏM¼;ÆCÏÃ¿�´-¿MÆbº+¾AÆCÏÃ¿Ãà�Åb¼;Æ=ûÈ¾A¼·»�º+¿ÃÄ�¼D¾�¸¼DÂ�ÝÿÇ4´+Æ�(D¸�Åb¼ÛÉ;º+¾�¸�ÅÚ´-¿Ã¾�¸íÆ�¿Ùº+¾ôÄ�¼DÂ�¸ÞÅb¼;Æ�Ç9¼;ÉD¸b¼DÅ·Â�¾ôµÀ¿Ã¾�¿ÃµCÂ�µ ÏM¼íµ·º+Â�Ä�¼Dµ·¼D¾�¸uÐöÑlº+ÂAÆÊ´uÄ�º+¾AÆ»�º+¾AÉá»�¶=ìA¾�¿$Â�¾A¼CÅbóD× ÏM¼ò¼DµÀÇ�¿ÃÅ�¿MÁ�ÂA¼òÁ�Â�¿ ´-Ç�Ç�ÏÃ¿MÁ�ÂA¼òÂ�¾A¼CÅÚ´-¿M»�¼DÂ�ÅÈ¼D¸dÂ�¾îÉ;º�¼\[ÊÉD¿M¼D¾�¸È»�ÍÖ´-µ·º+Å�¸�¿MÆÚÆb¼=Øµ·¼D¾�¸áÔÞ»�¼;Æ'ÏÃ¿�´-¿MÆbº+¾AÆ2Åbº+¸�Â�ÏM¼;ÆuÐ�³B¼À»�¼D× Åb¶À»�¼çÏÃ¿Ãà9¼DÅ�¸b¶ÀÉ;º+Å�Åb¼;Æ�Ç9º+¾A»A´-¾�¸ç´-Â�ÝÜý4¼=Ý�¿Mº+¾AÆù�-¼=Ý.¸b¼D¾AÆb¿Mº+¾AÆ¼;Æ�¸ÙÅb¼;ÆbÇHº+¾AÆÚ´-à�ÏM¼C»�¼'Ï�´çµÊ´�è�º+Å�¿Ã¸b¶C»�Í Â�¾Ûµ·º+Â�Ä�¼Dµ·¼D¾�¸2»�¼2ÏMº�É;º+µ·º+¸�¿Mº+¾BÓ{¾Aº+ÂAÆd¼D¾î´;Ä�º+¾AÆl»�º+¾AÉ'Åb¶=Ø»�Â�¿Ã¸ÀÏ�´YÅÚ´-¿M»�¼DÂ�ÅÊ¼D¸çÏÕÍÖ´-µ·º+Å�¸�¿MÆbÆb¼Dµ·¼D¾�¸uÐæõöº+µÀµ·¼í¾Aº+ÂAÆçÏÕÍÖ´;Ä�º+¾AÆ·Ä�ÂhÇ�Åb¶;É;¶;»�¼Dµ·¼D¾�¸uÓÌÏ�´äÉu´-Ç4´+ÉD¿Ã¸b¶»�Í Â�¾íÆ�½�Æ�¸bóDµ·¼Ùà�¿Mº+µ·¶;Éu´-¾�¿MÁ�ÂA¼'ÔCÆÚ¼dµ·º+Â�Ä�º+¿ÃÅ[¼;Æ�¸Ë»�¶=ìA¾�¿M¼lÇ4´-ÅöÏM¼;Ææ¿Ã¾A¼DÅ�¸�¿M¼;Æ[»�¼;ÆËÉ;º+Å�ÇAÆöÏM¼qÉ;º+µÀÇ9º-ØÆÚ´-¾�¸uÐ Ñqº+ÂAÆÒ´uÄ�º+¾AÆÒ»�º+¾AÉöÇ4´-ÅÚ´-µ·¶D¸�Åb¶ÙÉ;¼D¸�¸b¼ËÅbóD× ÏM¼ËÇ4´-ÅnÉ;¼;Æn»�º+¾�¾A¶;¼;ÆnÇ�¹�½�Æ�¿MÁ�ÂA¼;ÆÙùúÄ�º+¿ÃÅÒñ$´-à�ÏM¼���Ð .�û=Ð
ý4¼=Ý��-¼=Ý.¸ ´-à9»��+´+»�» Åbº+¸Ù¿Ã¾�¸ù�-¼=Ý�¸ÅÚ´-¿M»�¼DÂ�Å
Ix × 0.1 Iy × 2.0 Iz × 2.0´-µ·º+Å�¸�¿MÆbÆb¼Dµ·¼D¾�¸
Ix × 0.2 Iy × 5.0 Iz × 5.0

� 8;�;� ��Ð . & åq´-¿M»�¼DÂ�ÅbÆd¼D¸d´-µ·º+Å�¸�¿MÆÚÆb¼Dµ·¼D¾�¸È»�Í Â�¾A¼2ÏÃ¿�´-¿MÆbº+¾ÛÅbº+¸�Â�ÏM¼Cµ·º+¸�Å�¿MÉ;¼C»�Í Â�¾ÜÉ;º+Å�ÇAÆq»�Í ¿Ã¾A¼DÅ�¸�¿M¼»�ÍÖ´�Ý�¼2Ç�Å�¿Ã¾AÉD¿ÃÇ4´-Ï
[Ix, Iy, Iz]

Ð

³B¼CÆb¼;É;º+¾A»íÇ�¹A¶D¾Aº+µ·óD¾A¼'Á�ÂA¼2¾Aº+ÂAÆ7èWÂ�×�¼;º+¾AÆ[¿ÃµÀÇ9º+Å�¸Ú´-¾�¸q»�ÍÖ´-à9º+Åb»�¼DÅÙ¿MÉD¿0É;º+¾AÉ;¼DÅ�¾A¼'Ï�´çÅb¶;Æbº+ÏÃÂ�Ø¸�¿Mº+¾Ê»�¼[ÏÕÍÖ´-Ç�Ç�ÏÃ¿MÉu´-¸�¿Mº+¾ß»�¼Ëé^º+ÅbÉ;¼;ÆÒµ·º+¸�Å�¿MÉ;¼;ÆuÐ�Ñlº+ÂAÆÌ´-ÏÃÏMº+¾AÆÌÏÕÍ ¿ÃÏÃÏÃÂAÆ�¸�Åb¼DÅæÆ�Â�ÅnÂ�¾Þ¼=Ý�¼DµÀÇ�ÏM¼ÙÆb¿ÃµÀÇ�ÏM¼�$ ÏM¼
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ÇH¼D¾A»�Â�ÏM¼ Ð4³B¼'Æ�½�Æ�¸bóDµ·¼Èµ·¶;Éu´-¾�¿MÁ�ÂA¼'¼;Æ�¸ÙÉ;º+¾AÆ�¸�¿Ã¸�ÂA¶'»�Í Â�¾YÉ;º+Å�ÇAÆd»�¼ÈµÊ´+ÆbÆb¼
m
Ó�ÏM¼ÈÏMº+¾�× ÂA¼DÂ�Å

l = 2µ·óD¸�Åb¼;ÆÌ¼D¸Ì»�Í ¿Ã¾A¼DÅ�¸�¿M¼
[Ix, Iy, Iz]

¼D¾ÊÆbº+¾ÊÉ;¼D¾�¸�Åb¼Ù»�¼[× ÅÚ´uÄ�¿Ã¸b¶
G
Ð�õö¼[É;º+Å�ÇAÆÌ¼;Æb¸nÏÃ¿M¶[Ç4´-ÅÒÏÕÍ Â�¾A¼Ù»�¼ÙÆÚ¼;Æ¼=Ý.¸�Åb¶DµÀ¿Ã¸b¶;ÆÈ´-ÂÜµ·º+¾A»�¼Cì�Ý�¼2Ç4´-ÅdÂ�¾A¼CÏÃ¿�´-¿MÆbº+¾ÜÇ�¿ÃÄ�º+¸l»�ÍÖ´�Ý�¼

~y
Ð5¿yÏ0¼;Æ�¸qÇ�Ï�´+É;¶C¼D¾ÜÇ9º Æ�¿Ã¸�¿Mº+¾Û¿Ã¾�¿Ã¸�¿�´-ÏM¼»�¼çµÊ´-¾�¿MóDÅb¼ç¹Aº+Å�¿�©uº+¾�¸Ú´-ÏM¼ Ó$º+Å�¿M¼D¾�¸b¶ÀÄ�¼DÅbÆÈÏÕÍÖ´�Ý�¼

~x
ÇHº Æ�¿Ã¸�¿êé�Ó9¼D¸C´;Ä�¼;ÉçÂ�¾A¼çÄ.¿Ã¸b¼;ÆbÆb¼ò¾�Â�ÏÃÏM¼ ÐB³0¼çµ·º+Â�ØÄ�¼Dµ·¼D¾�¸d»�¼là4´-Ï�´-¾AÉD¿M¼DÅÙ¼;Æ�¸[»�º+¾AÉÈ¼=â�¼;ÉD¸�ÂA¶2»A´-¾AÆæÏM¼lÇ�Ï�´-¾

(~x, ~z)
Ð�Ñlº+¸�Åb¼qà�Â�¸[¼;Æ�¸[»�¼ÈÉu´-ÏMÉDÂ�ÏM¼DÅuÓ�Ç4´-Å»�½�¾4´-µÀ¿MÁ�ÂA¼[¿Ã¾�Ä�¼DÅbÆb¼ Ó ÏM¼;ÆÒÉ;º+Â�Ç�ÏM¼;Ænµ·º+¸b¼DÂ�ÅbÆÌ¾A¶;É;¼;ÆbÆÚ´-¿ÃÅb¼;ÆnÇ9º+Â�ÅÒ¼=â�¼;ÉD¸�ÂA¼DÅÒÂ�¾Àµ·º+Â�Ä�¼Dµ·¼D¾�¸æÇ�Åb¶;ÉD¿MÆuÓÇ�Â�¿MÆæ»�¼qÇ�¿ÃÏMº+¸b¼DÅöÏ�´'»�½.¾4´-µÀ¿MÁ�ÂA¼l»�¿ÃÅb¼;ÉD¸b¼dÇ4´-ÅöÉ;¼;ÆæÉ;º+Â�Ç�ÏM¼;Æ[´�ìA¾ß»�¼dÅb¼D¸�Åbº+Â�Ä�¼DÅöÏM¼Ùµ·º+Â�Ä�¼Dµ·¼D¾�¸uÐ�³B¼µ·º+Â�Ä�¼Dµ·¼D¾�¸ÈÁ�ÂA¼È¾Aº+ÂAÆÙ¿ÃµÀÇHº Æbº+¾AÆl´-ÂÛÆ�½�Æ�¸bóDµ·¼2É;º+¾AÆ�¿MÆ�¸b¼CÔáÏ�÷+ÉÚ¹A¼DÅdÏM¼2É;º+Å�ÇAÆd´-ÂÜ¸b¼DµÀÇAÆ

t = 0
ÓAÔÏ�´-¿MÆbÆb¼DÅÙÏM¼Èµ·º+Â�Ä�¼Dµ·¼D¾�¸qÇ9¼D¾A»�Â�Ï�´-¿ÃÅb¼'ÆuÍÎ¼=â�¼;ÉD¸�ÂA¼DÅdÇ9¼D¾A»A´-¾�¸

5
Æb¼;É;º+¾A»�¼;ÆuÓ�Ç�Â�¿MÆdÔÀà�ÏMº�Á�ÂA¼DÅ[Ï�´çÇ9º Æ�¿êØ¸�¿Mº+¾Y»�ÂÛÇ9¼D¾A»�Â�ÏM¼ÊùëÉ;¼'Á�Â�¿0¶;Á�Â�¿ÃÄ+´-Â�¸lÔ·´-Ç�Ç�ÏÃ¿MÁ�ÂA¼DÅqÆ�Â�ÅÙÏ�´çÏÃ¿�´-¿MÆbº+¾ÜÂ�¾A¼Èéëº+ÅbÉ;¼'µ·º+¸�Å�¿MÉ;¼CÉ;º+¾AÆ�¸Ú´-¾�¸b¼É;º+µÀÇH¼D¾AÆü´-¾�¸dÏ�´á× ÅÚ´uÄ�¿Ã¸b¶�û[ÇH¼D¾A»A´-¾�¸dÏM¼;Æ
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Ïq¾A¼ÀÉ;º+Â�Å�àH¼ç»�¼Êõöº.º+¾AÆuÓ�´-ÂAÆbÆ�¿Ò´-Ç�ÇH¼DÏM¶;¼ç¿Ã¾�¸b¼DÅ�ÇHº+Ï�´-¸�¿Mº+¾ï»�Í]�q¼DÅ�µÀ¿Ã¸b¼ Ó�¼;Æ�¸ÈÂ�¾A¼ÀÉ;º+Â�Å�à9¼çÇHº+ÏÃ½�Ø¾Aº+µÀ¿�´-ÏM¼òÉDÂ�à�¿MÁ�ÂA¼ ÐHõö¼D¸�¸b¼òÉ;º+Â�Å�àH¼ò¼;Æ�¸q»�¶D¸b¼DÅ�µÀ¿Ã¾A¶;¼òÇ4´-Åq»�¼;ÆqÉ;º+¾�¸�ÅÚ´-¿Ã¾�¸b¼;Æ'´-Â�ÝðÇ9º+¿Ã¾�¸bÆl¼=Ý�¸�Å�(Dµ·¼;Æ¼D¸q´-Â�Ýð¸Ú´-¾�×�¼D¾�¸b¼;ÆqÄ�¼;ÉD¸bº+Å�¿M¼DÏÃÏM¼;Æd¼D¾ÜÉ;¼;Æ[µ)(Dµ·¼;ÆdÇHº+¿Ã¾�¸bÆuÐ
' º+Â�ÅC¸�Åbº+Â�Ä�¼DÅ'Ï�´ßµÊ´-¸�Å�¿MÉ;¼À»�¼çà4´+Æb¼ç¹A¼DÅ�µÀ¿Ã¸�¿M¼D¾�¾A¼

Mh
Ó�º+¾ø¶;ÉDÅ�¿Ã¸'Á�Â4´-¸�Åb¼À¶;Á�Â4´-¸�¿Mº+¾AÆuÓ9Â�¾A¼çÇ9º+Â�ÅÉb¹4´+ÉDÂ�¾A¼ß»�¼;ÆòÉ;º+¾�¸�ÅÚ´-¿Ã¾�¸b¼;ÆuÓn´uÄ�¼;É·ÏM¼;ÆCÉ;º.¼\[ÊÉD¿M¼D¾�¸bÆáÇ9º+ÏÃ½�¾Aº+µÀ¿�´-Â�Ýø¿Ã¾AÉ;º+¾�¾�ÂAÆuÓ ¼D¸C¼D¾AÆ�Â�¿Ã¸b¼Êº+¾ïÅb¶=ØÆbº+ÂA»ÛÆb¼DÏMº+¾íÏM¼;ÆÙ¿Ã¾AÉ;º+¾�¾�ÂA¼;ÆuÐÑqº+ÂAÆq´;Ä�º+¾AÆd»�º+¾AÉ'Ï�´ÀÉ;º+Â�Å�àH¼C»�¼Cõöº�º+¾AÆ

C(t)
»�¶=ìA¾�¿M¼'Ç4´-Å�$

§ @c¨�� N Ð�� & õöº+Â�Å�à9¼2»�¼òõöº.º+¾AÆ

C(t) = [t3 t2 t 1]M3¼D¸
C ′(t) = [3t2 2t 1 0]M3¼D¸ÙÏM¼;ÆÙÉ;º+¾A»�¿Ã¸�¿Mº+¾AÆ#$

C(0) = P1
ùª�;¼DÅÙÇ9º+¿Ã¾�¸q¼=Ý.¸�Å�(Dµ·¼�û

C(1) = P2
ùÓ�+óDµ·¼2Ç9º+¿Ã¾�¸q¼=Ý.¸�Å�(Dµ·¼�û

C ′(0) = S1
ùú¸Ú´-¾�×�¼D¾�¸b¼ò´-ÂD�;¼DÅ[Ç9º+¿Ã¾�¸üû

C ′(1) = S2
ùú¸Ú´-¾�×�¼D¾�¸b¼ò´-Â¾�+óDµ·¼'ÇHº+¿Ã¾�¸üûÇH¼DÅ�µ·¼D¸�¸b¼D¾�¸q»�ÍÎ¶DÄ ´-ÏÃÂA¼DÅ

M3
$

�-�+z
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







P1

P2

S1

S2









=









0 0 0 1
1 1 1 1
0 0 1 0
3 2 1 0









M3

»�ÍÎºq}

M3 =









2 −2 1 1
−3 3 −2 −1
0 0 1 0
1 0 0 0

















P1

P2

S1

S2









= Mh.Gh

M3
Ç9¼DÂ�¸0µÊ´-¿Ã¾�¸b¼D¾4´-¾�¸O(D¸�Åb¼ÌÂ�¸�¿ÃÏÃ¿MÆÚ¶Ì»A´-¾AÆ

C(t) = [t3 t2 t 1]M3
ÇHº+Â�Å ¸�Åbº+Â�Ä�¼DÅ$ÏM¼;Æ É;º.º+Åb»�º+¾�¾A¶;¼;Æ»�¼2¾BÍ ¿ÃµÀÇ9º+Å�¸b¼'Á�ÂA¼DÏ�ÇHº+¿Ã¾�¸dÆ�Â�Å[Ï�´ÀÉ;º+Â�Å�à9¼2Ä.¿�´áÏM¼ÈÇ4´-ÅÚ´-µ·óD¸�Åb¼

t
Ä ´-Å�¿�´-¾�¸l»�¼�*ÀÔ�� Ð
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³0´�� ¿Ã× Â�Åb¼)°ÈÐ��çÅb¼DÇ�Åb¶;Æb¼D¾�¸b¼·ÏM¼çÇ�Åbº-ìAÏÌ»�¼çÄ.¿Ã¸b¼;ÆbÆb¼çµ·º�½�¼D¾øÂ�¸�¿ÃÏÃ¿MÆb¶ ÐB³$´íÆ�Â�ÅWéÕ´+É;¼À»�¼çÏ�´ßÇ4´-Å�¸�¿M¼× Å�¿MÆb¶á¼;Æ�¸l¶D×�´-ÏM¼çÔÊÏÕÍÖ´-àAÆbÉD¿MÆbÆb¼òÉDÂ�Å�Ä�¿ÃÏÃ¿Ã× ¾A¼ç»�ÂîÇHº+¿Ã¾�¸ÈÉ;º+Å�Åb¼;ÆbÇHº+¾A»A´-¾�¸ÈÆbÂ�ÅqÏ�´·ÇHº+Â�Ï�´-¿Ã¾A¼ Ð9Ñlº+¸bº+¾AÆ
t

§ @E¨�� °ÈÐ�� &�' Åbº-ìAÏ »�¼ÈÄ�¿Ã¸b¼;ÆÚÆb¼2¼D¸d´-àAÆbÉD¿MÆbÆb¼2ÉDÂ�Å�Ä.¿ÃÏÃ¿Ã× ¾A¼ Ð
ÏM¼çÇ4´+Æ'»�¼À¸b¼DµÀÇAÆ2Ä�º+Â�ÏÃÂ Ç4´-Å2ÏÕÍ Â�¸�¿ÃÏÃ¿MÆÚ´-¸b¼DÂ�ÅuÓ

S(t)
ÏÕÍÖ´-àAÆbÉD¿MÆbÆb¼ÀÉDÂ�Å�Ä.¿ÃÏÃ¿Ã× ¾A¼·É;º+Å�Åb¼;Æ�Ç9º+¾A»A´-¾�¸b¼ Ð

S(t)ÇH¼DÂ�¸�(D¸�Åb¼Êº+à�¸b¼D¾�ÂA¼ÀÇ4´-Å'Éu´-ÏMÉDÂ�ÏÒ¿Ã¾�¸b¶D× ÅÚ´-ÏæÆ�Â�ÅÈÏ�´ðÉ;º+Â�Å�à9¼ÀµÊ´-¿MÆ2¶D×�´-ÏM¼Dµ·¼D¾�¸á¼D¾ãÇ4´+ÆbÆÚ´-¾�¸'Ç4´-Å2Â�¾Éu´-ÏMÉDÂ�Ïq´-¾4´-ÏÃ½.¸�¿MÁ�ÂA¼ Ð �n¾ô¼=â�¼D¸ÀÆ�¿ËÏÕÍÎº+¾ÿµ·º�»�¶DÏÃ¿MÆÚ¼ðÏ�´YÉ;º+Â�Å�à9¼í»�¼ðÄ.¿Ã¸b¼;ÆbÆb¼ßÇ4´-ÅÀÂ�¾hÇHº+ÏÃ½.¾5û+µ·¼í»�¼»�¼D× Åb¶'¶DÏM¼DÄ�¶ÊùÓ�-�À»A´-¾AÆd¾Aº+¸�Åb¼'Éu´+ÆüûS$
V (x) = a22.x

22 + a21.x
21 + ... + a1.x + a0

�n¾Û¿Ã¾�¸b¶D× ÅÚ´-¾�¸ÈÉ;¼ÈÇHº+ÏÃ½.¾5û+µ·¼)$
IV (x) = S(x) =

a22

23
.x23 +

a21

22
.x22 + ... +

a1

2
.x2 + a0.x + 0

�+�«�
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³B¼ð»�¼DÅ�¾�¿M¼DÅÀ¸b¼DÅ�µ·¼ðÄ ´-Â�¸
0
Éu´-ÅÀÏ�´Ü»�¿MÆb¸Ú´-¾AÉ;¼ðÇ4´-ÅbÉ;º+Â�Å�ÂA¼í¼;Æ�¸ç¾�Â�ÏÃÏM¼Û´-Âÿ»�¶DÇ4´-Å�¸uÐÌõö¼ßÇHº+ÏÃ½.¾5û+µ·¼Åb¼DÇ�Åb¶;Æb¼D¾�¸b¼C¼=â�¼;ÉD¸�¿ÃÄ�¼Dµ·¼D¾�¸dÏ�´ç»�¿MÆb¸Ú´-¾AÉ;¼2Ç4´-ÅbÉ;º+Â�Å�ÂA¼'Æ�Â�Å[Ï�´çÉ;º+Â�Å�à9¼ ÓAÉ ÍÎ¼;Æ�¸dÔç»�¿ÃÅb¼2ÏÕÍÖ´-àAÆÚÉD¿MÆbÆb¼2ÉDÂ�ÅWØÄ.¿ÃÏÃ¿Ã× ¾A¼ ÐÑlº+¸bº+¾AÆ

u
ÏM¼ÈÇ4´-ÅÚ´-µ·óD¸�Åb¼ò»�¼2É;º+Â�Å�àH¼'ÉDÂ�à�¿MÁ�ÂA¼ ÐÑlº+ÂAÆd´;Ä�º+¾AÆ#$







x(u)
y(u)
z(u)







= [u3 u2 u 1]M3

¼D¸

S(t) =

∫ u

0

√

dx2

du
+

dy2

du
+

dz2

du

M º+¾AÉ
S(t) =

∫ u

0

[

[3u2 2u 1 0]M3M3
T [3u2 2u 1 0]

T
]

1

2
du

õöº+¾�¾4´-¿MÆbÆÚ´-¾�¸
S(t)

Ç4´-ÅöÉu´-ÏMÉDÂ�Ï{Ç9º+ÏÃ½.¾Aº+µÀ¿�´-ÏÕÓ�¾Aº+ÂAÆæÇHº+Â�Ä�º+¾AÆö»�º+¾AÉd¼D¾AÆbÂ�¿Ã¸b¼qÉu´-ÏMÉDÂ�ÏM¼DÅöÏM¼
u
ÏM¼ÙÇ�ÏÃÂAÆÇ�Åbº.Éb¹A¼ÊùúÇ4´-ÅÙ¿Ã¸b¶DÅÚ´-¸�¿Mº+¾îº+ÂíÅb¼;Éb¹A¼DÅbÉÚ¹A¼ò»�¿MÉÚ¹Aº+¸bº+µÀ¿MÁ�ÂA¼�ûÙÇHº+Â�Å[¸bº+Â�¸dÇ4´+ÆÙ»�¼2¸b¼DµÀÇAÆ

t
Ð
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³B¼;Æ Á�Â4´-¸�Åb¼ÌÉ;º+¾�ìA× Â�ÅÚ´-¸�¿Mº+¾AÆ »�¼ÌÉb¹4´7�M¾A¼;Æ ÉD¿Ã¾A¶DµÊ´-¸�¿MÁ�ÂA¼;Æ$¸b¼;Æ�¸b¶;¼;ÆBÇ9º ÆbÆbó;»�¼D¾�¸0É;º+µÀµ·¼Ì»�¼DÅ�¾�¿MóDÅb¼;Æ´-Å�¸�¿MÉDÂ�Ï�´-¸�¿Mº+¾AÆg$,�¡  ¢t£¥¤h¦¨§B�N¦¥¤H�*¦©¤jªt�*¢ w Ó,�¡  ¢t£¥¤h¦¨§B�N¦¥¤H�@ª¬«¨­N¦¥®D§B���¯¦DÓ,�¯¦©¤jªt�*¢ wY° ¦¨±v��¼D¸b�@ª¬«¨­L¦¨®D§��B�¯¦ ° ¦¥±J�¯¦DÐ�³0¼;ÆÅb¶;Æ�Â�ÏÃ¸Ú´-¸bÆ2»�¼;ÆÈ¶DÄ+´-ÏÃÂ4´-¸�¿Mº+¾AÆ2»�¼;ÆÈ»�¿êâ�¶DÅb¼D¾�¸bÆ2ÉDÅ�¿Ã¸bóDÅb¼;ÆlÇ�Åb¶;Æb¼D¾�¸b¶;Æ2¼D¾äÆÚ¼;ÉD¸�¿Mº+¾¾.AÐ�,ß¼D¸lÏM¼;ÆqÅb¶;ÆbÂ�ÏÃ¸Ú´-¸bÆ»�¼;ÆÒÆb¼DÂ�¿ÃÏMÆÒº+à�¸b¼D¾�ÂAÆÌÆbº+¾�¸Ò»�º+¾�¾A¶;ÆÌ»A´-¾AÆnÏM¼;Æ7¸Ú´-à�ÏM¼;ÆæÉD¿êØ«»�¼;ÆbÆbº+ÂAÆuÐ ³0¼;Ænµ·¶D¸�¹Aº�»�¼;ÆÌÆbº+¾�¸ÒÉDÏ�´+ÆbÆÚ¶;¼;ÆnÇ4´-Åº+Åb»�Åb¼C»�¶;ÉDÅbº+¿MÆbÆü´-¾�¸q»�¼CÁ�Â4´-ÏÃ¿Ã¸b¶CÇHº+Â�ÅdÉÚ¹4´+Á�ÂA¼CÉDÅ�¿Ã¸bóDÅb¼ Ð4³0´ÊÁ�Â4´-ÏÃ¿Ã¸b¶'¼;Æb¸d¶D¸Ú´-à�ÏÃ¿M¼C¼D¾ÜÉ;º+µÀÇ4´-ÅÚ´-¿MÆÚº+¾´;Ä�¼;ÉÈÏ�´Cµ·¶D¸�¹Aº�»�¼È»�¼qÅb¶=éë¶DÅb¼D¾AÉ;¼
visuelle

Ð�Ñlº+ÂAÆË¶DÄ+´-ÏÃÂAº+¾AÆ[É;¼;Æöµ·¶D¸�¹Aº.»�¼;ÆöÆbÂ�Å
12

ÏMº�É;º+µ·º+¸�¿Mº+¾AÆuÓ»�º+¾AÉ'Æ�Â�Å
12 × 2

ùú×�´-ÂAÉÚ¹A¼=Ø«»�Åbº+¿Ã¸b¼�û ×2
ùOý4¼=Ý.¿Mº+¾�Ø«¼=Ý�¸b¼D¾AÆ�¿Mº+¾{û

= 48
É;º+¾�¸Ú´+ÉD¸bÆuÐ³B¼;ÆqÄ+´-ÏM¼DÂ�ÅbÆdµ·ºu½�¼D¾�¾A¼;ÆÈ»�¼;ÆdÆÚ¼DÂ�¿ÃÏMÆd¼D¾Y´-µÀÇ�ÏÃ¿Ã¸�ÂA»�¼áÆbº+¾�¸q¼=Ý.Ç�Å�¿Ãµ·¶;¼;Æl¼D¾ÛÇ9º+Â�ÅbÉ;¼D¾�¸Ú´-×�¼ç»�ÍÎ¶DÏM¶=ØÄ+´-¸�¿Mº+¾©µÊ´�Ý�¿ÃµÊ´-ÏM¼Þ»�ÂïÇ�¿M¼;»ï»�Â�ÅÚ´-¾�¸òÂ�¾hÉD½.ÉDÏM¼ Ð$³B¼;ÆòÄ+´-ÏM¼DÂ�ÅbÆòµ·ºu½�¼D¾�¾A¼;ÆÀ»�¼;ÆáÆb¼DÂ�¿ÃÏMÆá¼D¾ Ä.¿Ã¸b¼;ÆbÆb¼Æbº+¾�¸q¼=Ý.Ç�Å�¿Ãµ·¶;¼;Æq¼D¾Ûµ·óD¸�Åb¼2Ç4´-ÅÙÆb¼;É;º+¾A»�¼ Ð

ÉDÅ�¿Ã¸bóDÅb¼9��ÅÚ´-¾�× � � ,Ñqº+µòà�Åb¼'»�ÍÎ¶;Éb¹A¼;É;Æ ùÓ*�ûöÄ�¿Ã¸b¼;ÆÚÆb¼ ùÓ*�û[É;º+¾�ìA× ùª�+¡�û[´-µÀÇ�ÏÃ¿Ã¸�ÂA»�¼
�nÅ�Åb¼DÂ�ÅÙµ·º�½�¼D¾�¾A¼ ùÓ��Ð�,�ûöÄ�¿Ã¸b¼;ÆÚÆb¼ ùÓ��Ð�¡�û[´-µÀÇ�ÏÃ¿Ã¸�ÂA»�¼ ùÓz�ÐX­ ûËÉ;º+¾�ìA×
QHÐ M Ð ùª� Ð�¡�ûöÄ�¿Ã¸b¼;ÆÚÆb¼ ùÓ��Ð���û[É;º+¾�ìA× ùÓ��Ð .�ûÙ´-µÀÇ�ÏÃ¿Ã¸�ÂA»�¼
QHÐ M Ð�¾Aº+Å�µÛÐ ùOØ ûöÉ;º+¾�ìA× ùÓ*�Ð .5��ûd´-µÀÇ�ÏÃ¿Ã¸�ÂA»�¼ ùÓ*�Ð��-*�ûöÄ�¿Ã¸b¼;ÆÚÆb¼

� 8��;� õlÐ�� & õæÏ�´+ÆbÆÚ¼Dµ·¼D¾�¸ÙÇ9º+Â�ÅÙÏ�´çÉ;º+¾�ìA× Â�ÅÚ´-¸�¿Mº+¾äº+Å�¸b¼D¿ÃÏ0¼D¸[¸Ú´-ÏMº+¾BÐ

Ç9º Æb¶È»�¼2¸Ú´-ÏMº+¾ ÏM¼DÄ�¶'»�ÍÎº+Å�¸b¼D¿ÃÏ
amplitude

ù
%
û �+,�Ð�* �+,�Ð�,o­

vitesse
ù
m/s

û *�ÐX­q, *�Ð�,-z
� 8;��� õlÐ�� &E²X³ ÏM¼DÂ�ÅbÆµ´z¶D·,¸¥¹L¹;¸Gº¼»L¸Gºrº�¸¥½L¾*¿¯ºÁÀH¶t½LÂµ¿ ³YÃ ¶t¹�ì;Ä|½LÂ ³\Å ¾¯¶t¹ ¶tÂ Å ¸¥¾*¿$¸ ÅµÅÆ³ ¿¯¶t¹�Ç

�+�-,
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Ã Â¡¾ Å ó¥Â�¸9�^Â ³ ¹LÄ � � ,
Ê¼¶t´'ËLÂ�¸k»5Ì]Í ÃÆÎ ¸ Ã º ùÓ��û?Ïv¾ Å ¸Gº�º�¸ ùª��.�û Ã ¶t¹�ì;Ä ùE.K¬�û ³ ´dÀL¿*¾ Å ½;»L¸��Â¡Â�¸¥½LÂÁ´z¶D·,¸¥¹L¹;¸ ùÓ,NÇ�¡�û?Ïv¾ Å ¸Gº�º�¸ ùª�+,NÇ�*�û Ã ¶t¹�ì;Ä ùBÐ û ³ ´dÀL¿*¾ Å ½;»L¸QHÇ M Ç ùE.;Ç�*�û?Ïv¾ Å ¸Gº�º�¸ ùE.;ÇX­ û Ã ¶t¹�ì;Ä ùBÐ û ³ ´dÀL¿*¾ Å ½;»L¸QHÇ M ÇN¹;¶tÂ¡´yÇ ùBÐ û Ã ¶t¹�ì;Ä ùª�|Ç��-¬�û©ÏJ¾ Å ¸GºÆº�¸ ùBÐ û ³ ´dÀL¿*¾ Å ½;»L¸
� 8��;� õ¼Ç�, & õ?¿ ³ º�ºÆ¸¥´z¸¥¹ Å ÀÑ¶t½LÂµ¿ ³dÃ ¶t¹�ì;Ä|½LÂ ³\Å ¾¯¶t¹3¶tÂ Å ¸¥¾*¿$¸ ÅÁÃ�Î ¸¥Ïv¾*¿*¿¯¸|Ç

ÀÑ¶|º�ÍK»L¸ ÅÆ³ ¿¯¶t¹ ¿¯¸¥Ï,Ík»5Ì]¶tÂ Å ¸¥¾*¿
amplitude

ù
%
û Ð Ð

vitesse
ù
m/s

û *NÇ�¬-� *NÇ��-�
� 8;��� õ¼Ç . &w²X³ ¿¯¸¥½LÂ�ºr´z¶.·,¸¥¹L¹;¸Gºp»L¸GºrºÆ¸¥½L¾*¿¯ºµÀH¶t½LÂµ¿ ³zÃ ¶t¹�ì;Ä|½LÂ ³\Å ¾¯¶t¹2¶tÂ Å ¸¥¾*¿$¸ ÅÁÃÆÎ ¸¥ÏJ¾*¿*¿¯¸|Ç

Ã Â¡¾ Å ó¥Â�¸9�^Â ³ ¹LÄ � �
Ê¼¶t´'ËLÂ�¸u»5Ì]Í Ã�Î ¸ Ã º ùÓ��û©Ïv¾ Å ¸Gº�º�¸ ùÓ��û ³ ´dÀL¿*¾ Å ½;»L¸��Â¡Â�¸¥½LÂp´z¶D·,¸¥¹L¹;¸ ùÓ�NÇX­ û©Ïv¾ Å ¸Gº�º�¸ ùª�-�|Ç .�û ³ ´dÀL¿*¾ Å ½;»L¸QHÇ M Ç ùª�|ÇX­ û©Ïv¾ Å ¸Gº�º�¸ ùE.;Ç��-��û ³ ´dÀL¿*¾ Å ½;»L¸QHÇ M ÇL¹;¶tÂ¡´yÇ ùÓ*NÇ��+��û ³ ´dÀL¿*¾ Å ½;»L¸ ùÓ*NÇ�¡-¬�û©Ïv¾ Å ¸Gº�º�¸
� 8��;� õ¼Ç�� & õ?¿ ³ ºÆº�¸¥´z¸¥¹ Å ÀÑ¶t½LÂr¿ ³YÃ ¶t¹�ì;Ä|½LÂ ³\Å ¾¯¶t¹ ÅÆ³ ¿¯¶t¹lº�¸¥½L¿jÇ

ÀÑ¶|º�ÍK»L¸ ÅÆ³ ¿¯¶t¹ ¿¯¸¥Ï,Ík»5Ì]¶tÂ Å ¸¥¾*¿
amplitude

ù
%
û �NÇ .5� .KzNÇ�¬-,

vitesse
ù
m/s

û *NÇX­q, �|Ç�¡-¡
� 8;��� õ¼Ç�¡ &w²X³ ¿¯¸¥½LÂ�ºr´z¶.·,¸¥¹L¹;¸Gºp»L¸GºrºÆ¸¥½L¾*¿¯ºµÀH¶t½LÂÁ¿ ³YÃ ¶t¹�ì;Ä|½LÂ ³\Å ¾¯¶t¹ ÅÆ³ ¿¯¶t¹lºÆ¸¥½L¿jÇ

Ã Â¡¾ Å ó¥Â�¸9�^Â ³ ¹LÄ � �
Êp¶t´uËLÂ�¸k»5Ì]Í Ã�Î ¸ Ã º ùE.�û©Ïv¾ Å ¸Gº�º�¸ ùª��.�û ³ ´dÀL¿*¾ Å ½;»L¸��Â¡Â�¸¥½LÂr´z¶.·,¸¥¹L¹;¸ ùÓ�NÇ�z�û©Ïv¾ Å ¸Gº�º�¸ ùÓ¡NÇ���û ³ ´dÀL¿*¾ Å ½;»L¸QHÇ M Ç ùÓ,NÇ�*�û ³ ´dÀL¿*¾ Å ½;»L¸ ùÓ,NÇ���ûÒÏJ¾ Å ¸Gº�ºÆ¸QHÇ M ÇL¹;¶tÂ¡´yÇ ùÓ*NÇ��«��û ³ ´dÀL¿*¾ Å ½;»L¸ ùÓ*NÇX­qz�û©Ïv¾ Å ¸Gº�º�¸

� 8��;� õ¼ÇX­ & õ?¿ ³ º�ºÆ¸¥´z¸¥¹ Å ÀÑ¶t½LÂµ¿ ³dÃ ¶t¹�ì;Ä|½LÂ ³\Å ¾¯¶t¹ Ã�Î ¸¥Ïv¾*¿*¿¯¸'º�¸¥½L¿¯¸|Ç
ÀÑ¶|º�ÍK»L¸ ÅÆ³ ¿¯¶t¹ ¿¯¸¥Ï,Ík»5Ì]¶tÂ Å ¸¥¾*¿

amplitude
ù
%
û ��.;Ç��-� .K�NÇ�¡o­

vitesse
ù
m/s

û *NÇX­-­ �|Ç�,-�
� 8;��� õ¼Ç�¬ &w²X³ ¿¯¸¥½LÂ�ºr´z¶.·,¸¥¹L¹;¸Gºp»L¸GºrºÆ¸¥½L¾*¿¯ºµÀH¶t½LÂµ¿ ³zÃ ¶t¹�ì;Ä|½LÂ ³\Å ¾¯¶t¹ Ã�Î ¸¥Ïv¾*¿*¿¯¸'ºÆ¸¥½L¿¯¸|Ç
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×�¸YÀLÂ�¶tËL¿Mó¥´z¸z»L¸Y¿jÌ]Í¥Ï ³ ¿*½ ³\Å ¾¯¶t¹S»L¸s¿ ³ »N¾¯º ÅÆ³ ¹ Ã ¸d¸¥¹ Å Â�¸z»L¸¥½NØ3¸¥¹;º�¸¥´uËL¿¯¸Gº'»L¸sÏ ³ ¿¯¸¥½LÂ�ºk¸Gº Å ½L¹ÀLÂ�¶tËL¿Mó¥´z¸ Ã ¿ ³ º�º¡¾¯ÙJ½;¸E» ³ ¹;ºs¿¯¸w»L¶t´ ³ ¾*¹;¸c»L¸E¿ ³ º ÅÆ³\Å ¾¯º Å ¾¯ÙZ½;¸|Ç���¹ ³ ¹L¾*´ ³\Å ¾¯¶t¹�Ú7¹;¶t½;ºuÂ�¸ Å Â�¶t½LÏ,¶t¹;º
Ã ¸ Å¡Å ¸'ÀLÂ�¶tËL¿¯Í¥´ ³\Å ¾¯ÙJ½;¸YÀ ³ Âp¸¨ØL¸¥´dÀL¿¯¸u¿¯¶tÂ�º�ÙZ½;¸u¹;¶t½;ºpÏ,¶t½L¿¯¶t¹;º Ã ¶t´dÀ ³ Â�¸¥ÂK»L¸¥½NØl´z¶t½LÏ,¸¥´z¸¥¹ Å ºK¶t½»L¸¥½NØsº�ÙJ½;¸¥¿¯¸ Å¡Å ¸GºDÇ/��¹d¸¨ÛÑ¸ Å Ú Ã ¸Gº�¸¥¹ Å ¾ Å ÍGº�ºÆ¶t¹ Å Ä,Í¥¹;Í¥Â ³ ¿¯¸¥´z¸¥¹ Å ´z¶v»LÍ¥¿*¾¯º�ÍG¸Gº Ã ¶t´d´z¸Ò»L¸Gº�¸¥¹;º�¸¥´'ËL¿¯¸Gº»L¸rÏ ³ ¿¯¸¥½LÂ�ºDÇKÏp¹z´z¶t½LÏ,¸¥´z¸¥¹ Å ¸Gº ÅÒ³ ¾*¹;º¡¾`º�¶t½LÏ,¸¥¹ Å ´z¶v»LÍ¥¿*¾¯º�ÍÁÀ ³ Âb¿¯¸Gº Å Â ³^Ü ¸ Ã¥Å ¶t¾*Â�¸Gº ³ ¹LÄ|½L¿ ³ ¾*Â�¸Gº ³ ½NØ
³ Â Å ¾ Ã ½L¿ ³\Å ¾¯¶t¹;ºz¸ Å ¿ ³ ÀÑ¶|º¡¾ Å ¾¯¶t¹Ý»L¸w¿ ³ Â ³tÃ ¾*¹;¸c»N½Ýº�ÙZ½;¸¥¿¯¸ Å¡Å ¸|Ú�¸ Å ½L¹Þº�ÙZ½;¸¥¿¯¸ Å¡Å ¸EÀ ³ ÂY¿¯¸GºY»L¶t¹L¹;ÍG¸Gº
Ã ¾*¹;Í¥´ ³\Å ¾¯ÙZ½;¸Gº'¸ Å À Î ·Nº¡¾¯ÙZ½;¸GºK»L¸Yº�¸Gº¼´z¸¥´uËLÂ�¸GºDÇ$õ©¶t´dÀ ³ Â�¸¥Âk»L¸Gº¬´z¶t½LÏ,¸¥´z¸¥¹ Å º.Ú�»L¸GºKº�ÙJ½;¸¥¿¯¸ Å¡Å ¸Gº¶t½ßËL¾¯¸¥¹à»L¸Gº Å ¶tÂ�º�¸¥½LÂ�ºEº�¸yÂ ³ ´·ó¥¹;¸lËL¾¯¸¥¹àá9½L¹ßÀLÂ�¶tËL¿Mó¥´z¸3»L¸yº ÅÆ³\Å ¾¯º Å ¾¯ÙJ½;¸l»L¸2»N¾¯º ÅÆ³ ¹ Ã ¸l¸¥¹ Å Â�¸¸¥¹;º�¸¥´'ËL¿¯¸Gº¼»L¸¬Ï ³ ¿¯¸¥½LÂ�ºÁ»L¶t¹ Å ¿¯¸¬ÀH¶t¾*¹ ÅÁÃ Â¡½ Ã ¾ ³ ¿0¸Gº Å »L¸K»LÍ Å ¸¥Â¡´d¾*¹;¸¥Â¼½L¹;¸¬´zÍ Å Â¡¾¯ÙJ½;¸Èì ³ ËL¿¯¸|Ç

MK³ ¹;º�¿¯¸r»L¶t´ ³ ¾*¹;¸r»L¸Ò¿jÌ ³ ¹L¾*´ ³\Å ¾¯¶t¹EÀL¿*½;º¡¾¯¸¥½LÂ�ºb´zÍ Å Â¡¾¯ÙJ½;¸Gºb¶t¹ Å Í Å ÍµÀLÂ�¶tÀÑ¶|º�ÍG¸GºDÚtÄ,Í¥¹;Í¥Â ³ ¿¯¸¥´z¸¥¹ ÅÀH¶t½LÂ¼»LÍ Å ¸¥Â¡´d¾*¹;¸¥Â¬¿¯¸k¹ ³\Å ½LÂ�¸¥¿�»5Ì ½L¹;¸ ³ ¹L¾*´ ³\Å ¾¯¶t¹3´z¶J»N¾êì`ÍG¸|ÇH× ³ ´zÍ Å Â¡¾¯ÙZ½;¸uºDÌ]Í ÅÆ³ ËL¿*¾ ÅK³ ¿¯¶tÂ�ºp¸¥¹ Å Â�¸
Ã ¸ Å¡Å ¸ ³ ¹L¾*´ ³\Å ¾¯¶t¹2´z¶J»N¾êì`ÍG¸u¸ Å ½L¹;¸k¶t½yÀL¿*½;º¡¾¯¸¥½LÂ�º ³ ¹L¾*´ ³\Å ¾¯¶t¹;ºpÂ�ÍG¸¥¿*¿¯¸GºDÇ;âÁ¸¥¹2¸ ÅÁÃ ¶t¿*¿jÇ x â ' � + *-�7|¶t¹ Å À ³ Âb¸¨ØL¸¥´dÀL¿¯¸ Å ¸Gº Å ÍGº�»N¾*Ï,¸¥Â�ºÆ¸Gº�´zÍ Å Â¡¾¯ÙZ½;¸Gº?º¡½LÂ�¿¯¸Gº Å Â ³^Ü ¸ Ã¥Å ¶t¾*Â�¸Gº ³ ¹LÄ|½L¿ ³ ¾*Â�¸GºX¸ Å ¿¯¸¥½LÂ�ºX»LÍ¥Â¡¾*Ï,ÍG¸GºÀLÂ�¸¥´d¾Mó¥Â�¸GºDÇ®¿h¿¯ºzÍ Å ½;»N¾¯¸¥¹ Åy³ ¾*¹;º¡¾r¿¯¸GºzÀÑ¸¥Âäãå¶tÂ¡´ ³ ¹ Ã ¸GºE»5Ì ½L¹;¸l´d¾@Ø Å ½LÂ�¸2»L¸3æ ³ ½;º�º�¾¯¸¥¹L¹;¸GºYù�P3¶Zæ'û¨Ú
»5Ì ½L¹R´z¶v»�ó¥¿¯¸y»L¸ÇP ³ Â � ¶DÏ ÃD³tÃ�Î Í ù=�SP¯Päû¨Ú�»L¸yº�·vº Å ó¥´z¸Gºz¿*¾*¹;Í ³ ¾*Â�¸Gºw»N·v¹ ³ ´d¾¯ÙZ½;¸GºîùjQv× M Q�ûY¸ Å»5Ì ½L¹yÂ�ÍGº�¸ ³ ½ ° ³ ·,ÍGº¡¾¯¸¥¹y¹ ³ �=ãdù=ÊA°Ùû¨Ç
âÁ¸¥¾ Å º�´ ³ ¸ Å%' ¶t¿*¿ ³ Â�» x â ' *-,/|?¶t¹ Å Í¥Ï ³ ¿*½;Íz½L¹;¸d´zÍ Å Â¡¾¯ÙJ½;¸zÀÑ¸¥Â Ã ¸¥À Å ½;¸¥¿*¿¯¸>º¡½LÂkÀL¿*½;º¡¾¯¸¥½LÂ�º Ã Â¡¾@Ð

Å ó¥Â�¸GºDÇ�¿h¿¯ºE´z¶t¹ Å Â�¸¥¹ Å2³ ¾*¹;º¡¾KÙJ½�Ì ½L¹à¶tË;º�¸¥Â¡Ï ³\Å ¸¥½LÂcÂ�¸¥´ ³ Â�ÙZ½;¸3ÀL¿*½;º>ã ³tÃ ¾*¿¯¸¥´z¸¥¹ Å »L¸Gºc»N¾@Û5Í¥Â�¸¥¹ Ã ¸Gº¸¥¹ Å Â�¸�»L¸¥½NØß´z¶t½LÏ,¸¥´z¸¥¹ Å ºyº¡½LÂc¿¯¸Gº>ÏJ¾ Å ¸GºÆº�¸Gº Î ¶tÂ¡¾�©D¶t¹ ÅÆ³ ¿¯¸GºoÀL¿*½ Å û Å ÙZ½;¸ º¡½LÂ>¿¯¸Gº>Ï,¸¥Â Å ¾ ÃD³ ¿¯¸Gºo¸ ÅÙZ½;¸Á¿¯¸Gº?»N¾@Û5Í¥Â�¸¥¹ Ã ¸GºÒ¸¥¹ ³tÃGÃ Í¥¿¯Í¥Â ³\Å ¾¯¶t¹oº�¶t¹ Å ÀL¿*½;ºXã ³tÃ ¾*¿¯¸¥´z¸¥¹ Å »LÍ Ã ¸¥¿ ³ ËL¿¯¸Gº©ÙJ½�Ì]¸¥¹E»LÍ Ã Í¥¿¯Í¥Â ³\Å ¾¯¶t¹�Ç«¿�¿¯º»LÍ=ì;¹L¾¯º�º�¸¥¹ Å¼³ ¾*¹;º¡¾5½L¹;¸kºÆ¸¥¹;º¡¾*ËL¾*¿*¾ Å Í ³ ½NØo¸¥Â¡Â�¸¥½LÂ�ºÁ» ³ ¹;ºr»L¸GºÁ´z¶t½LÏ,¸¥´z¸¥¹ Å º¼»L¸Kº ³ ½ Å ºDÇ
MK³ ¹;º'¹;¶ Å Â�¸ ÃD³ »NÂ�¸w»L¸ Å Â ³ Ï ³ ¾*¿jÚ$¹;¶t½;º'¹;¸zÀH¶t½LÏ,¶t¹;ºuÀ ³ ºk½ Å ¾*¿*¾¯º�¸¥Âs»L¸d´zÍ Å¡Î ¶v»L¸Gº'¹L¾bÀ ³ Â ³ ÀNÐÀLÂ�¸¥¹ Å ¾¯º�º ³ Ä,¸o¹L¾µÀ ³ ÂYÀH¸¥Â Ã ¸¥À Å ¾¯¶t¹ ÃD³ Âd¹;¶t½;º ÃÆÎ ¸¥Â Ã�Î ¶t¹;ºcá Ã ¶t´dÀ ³ Â�¸¥Â ³ ½ Å ¶t´ ³\Å ¾¯ÙZ½;¸¥´z¸¥¹ Å »L¸¥½NØ¸¥¹;º�¸¥´'ËL¿¯¸Gº¬»L¸uÏ ³ ¿¯¸¥½LÂ�ºp¾¯º�¶t¿¯ÍGºDÇP×�¸Gºp´zÍ Å¡Î ¶J»L¸Gºp¾¯º�º¡½;¸Gºp»L¸'¿ ³ º ÅÆ³\Å ¾¯º Å ¾¯ÙJ½;¸'º�¶t¹ Å ¿¯¸Gºp´d¾¯¸¥½NØ ³ » ³ ÀNÐ

Å ÍG¸Gºpás¹;¶|ºr¶tË Ü ¸ Ã¥Å ¾@ãåºDÚN¹;¶t½;ºÁ¸¥¹oÀLÂ�ÍGº�¸¥¹ Å ¶t¹;ºpÙJ½;¸¥¿¯ÙJ½;¸Gºµ½L¹;¸GºµÀ ³ Â¡´d¾$¿¯¸GºrÀL¿*½;ºµ½ Å ¾*¿*¾¯º�ÍG¸GºDÇ
�+�-�
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è ± 
 ³µ´ �u¶�·^�#� �{�cé ´�ê ����¼����u��·�� � ´ ��
���»Y¼#� �
Ê¼¶t½;ºd»LÍ=ì;¹L¾¯º�º�¶t¹;ºY¾ Ã ¾Ò¿¯¸GºY´zÍ Å¡Î ¶v»L¸Gºd´zÍ Å Â¡¾¯ÙZ½;¸Gº Ã ¶t´d´z¸o»L¸GºY´zÍ Å¡Î ¶v»L¸Gºd´ ³ ¹L¾*ÀL½L¿ ³ ¹ Å ¿¯¸GºÏ ³ ¿¯¸¥½LÂ�ºlº ³ ¹;ºo¹;¶tÂ¡´ ³ ¿*¾¯º ³\Å ¾¯¶t¹�Ç ' Â�¸¥¹;¶t¹;º2¿jÌ]¸¨ØN¸¥´dÀL¿¯¸S»L¸9»L¸¥½NØ�¸¥¹;º�¸¥´'ËL¿¯¸Gº3»5Ì]Í¥¿¯Í¥´z¸¥¹ Å º3»L¸9»N¾@Ð´z¸¥¹;º¡¾¯¶t¹

D = 3
¸ Å »L¸ ÅÆ³ ¾*¿*¿¯¸Gº N

¹;¶ Å ÍGº E1 = {(x1, y1, z1)1, . . . , (x1, y1, z1)N} ¸ Å E2 =
{(x2, y2, z2)1, . . . , (x2, y2, z2)N} Ç.õ©¸ Ã ¾H¸Gº ÅbÅ ·JÀL¾¯ÙJ½;¸¥´z¸¥¹ Å ¿¯¸ ÃD³ ºXÀH¶t½LÂX»L¸GºXÏ,¸ Ã¥Å ¸¥½LÂ�ºXÂ�¸¥ÀLÂ�ÍGºÆ¸¥¹NÐÅÆ³ ¹ Å »L¸GºrÀÑ¶|º¡¾ Å ¾¯¶t¹;ºDÚNÂ�¶ ÅÆ³\Å ¾¯¶t¹;ºDÚNãå¶tÂ Ã ¸GºDÚL¸ Å�Ã Ç

ë _a`I_a` ì�ËoËKk�pOË3��í�îõýr��ÌIËæýOËok�i
' ¶t½LÂw´z¸Gº¡½LÂ�¸¥Âw¿ ³ »N¾¯º ÅÆ³ ¹ Ã ¸y¸¥¹ Å Â�¸2»L¸¥½NØÝ¸¥¹;ºÆ¸¥´'ËL¿¯¸GºDÚ?¶t¹RÀH¸¥½ Å º�½LÀH¸¥Â¡ÀÑ¶|º�¸¥Âd¿¯¸Gºz»L¸¥½NØR¸¥¹NÐº�¸¥´uËL¿¯¸Gºr¸ Å ¸Gº Å ¾*´z¸¥Âµ¿ ³ »N¾¯º ÅÆ³ ¹ Ã ¸k¸¥¹ Å Â�¸ Ã�Î`³tÃ ½L¹l»L¸GºrÍ¥¿¯Í¥´z¸¥¹ Å ºDÇ5¿�¿5ºDÌ ³ Ä|¾ Å »L¸¼¿jÌ ³ ÀLÀLÂ�¶ ÃÆÎ ¸K¿ ³ ÀL¿*½;º¹ ³\Å ½LÂ�¸¥¿*¿¯¸|Ú7¸¥¿*¿¯¸ Ã ¶t¹;º¡¾¯º Å ¸Eá ³ ºÆº¡¾*´d¾*¿¯¸¥Â'½L¹;¸Eº�ÍGÙZ½;¸¥¹ Ã ¸>»L¸w»L¶t¹L¹;ÍG¸GºYáo½L¹�Ï,¸ Ã¥Å ¸¥½LÂYá ³ ½ ÅÆ³ ¹ Å »L¸

Ã ¶t´dÀÑ¶|º ³ ¹ Å ¸GºµÙJ½�Ì ¾*¿Ñ· ³ »L¸¬»L¶t¹L¹;ÍG¸GºDÇ ' ½L¾¯ºµ¶t¹o»LÍ=ì;¹L¾ Å ¿ ³ »N¾¯º ÅÆ³ ¹ Ã ¸¬»L¸¼¹;¶tÂ¡´z¸ p
¸¥¹ Å Â�¸¬¿¯¸GºÒ»L¸¥½NØÍ¥¿¯Í¥´z¸¥¹ Å º e1

¸ Å e2
À ³ Âr¿ ³ ãå¶tÂ¡´'½L¿¯¸�$

RMSp =
1

N

(

N
∑

i=1

(e1 − e2)
p

)

1

p ù M Ç���û
×�¶tÂ�º�ÙJ½;¸z¿¯¸GºsÍ¥¿¯Í¥´z¸¥¹ Å º e1

¸ Å e2
º�¶t¹ Å »L¸w»N¾*´z¸¥¹;º¡¾¯¶t¹ D

º¡½LÀHÍ¥Â¡¾¯¸¥½LÂ�¸>áG� Ã ¶t´d´z¸w» ³ ¹;ºu¹;¶ Å Â�¸¸¨ØL¸¥´dÀL¿¯¸|Ú;»L¸¥½NØyº�¶t¿*½ Å ¾¯¶t¹;ºrº�¶t¹ Å ÀH¶|ºÆº¡¾*ËL¿¯¸Gº�$
& õ ³ ¿ Ã ½L¿¯¸¥Â ³ ½ ÅÆ³ ¹ Å »5Ì]¸¥Â¡Â�¸¥½LÂ�ºuÙJ½;¸z»L¸z»N¾*´z¸¥¹;º�¾¯¶t¹;ºDÇ e1

¸ Å e2
Ã ¶tÂ¡Â�¸Gº¡ÀH¶t¹;» ³ ¹ Å º�½ ÃGÃ ¸Gº�º¡¾*Ï,¸¨Ð´z¸¥¹ Å�³ ½NØ Ã ¶t´dÀÑ¶|º ³ ¹ Å ¸Gº�»L¸X¿jÌ]Í¥¿¯Í¥´z¸¥¹ Å Ú^½L¹;¸X¸¥Â¡Â�¸¥½LÂ�¸Gº Å ¶tË Å ¸¥¹Z½;¸©ÀÑ¶t½LÂ Ã�Î`³ ÙJ½;¸©»N¾*´z¸¥¹;º¡¾¯¶t¹¸ Å Í¥Ï,¸¥¹ Å ½;¸¥¿*¿¯¸¥´z¸¥¹ Å º�¶t´d´zÍG¸k¸ Å �\¶t½l´z¶D·,¸¥¹L¹;ÍG¸|Ç

& õ ³ ¿ Ã ½L¿¯¸¥ÂX½L¹;¸µº�¸¥½L¿¯¸µ¸¥Â¡Â�¸¥½LÂ�Â�¸¥ÀLÂ�ÍGº�¸¥¹ ÅÆ³ ¹ Å ¿ ³ »N¾¯º ÅÆ³ ¹ Ã ¸Á¸¥¹ Å Â�¸Ò¿¯¸Gº�Ï,¸ Ã¥Å ¸¥½LÂ�º�´z¶v»LÍ¥¿*¾¯º ³ ¹ Å ¿¯¸GºÍ¥¿¯Í¥´z¸¥¹ Å ºDÇZ× ³ »N¾@ÛÑÍ¥Â�¸¥¹ Ã ¸Á¸¥¹ Å Â�¸ e1
¸ Å e2

¸Gº Å ¿ ³ »N¾@ÛÑÍ¥Â�¸¥¹ Ã ¸p¸¥¹ Å Â�¸Á¿¯¸Gº�Ï,¸ Ã¥Å ¸¥½LÂ�º (x1, y1, z1)¸ Å (x2, y2, z2)
ÚNÀ ³ ÂÁ¸¨ØL¸¥´dÀL¿¯¸ ÃD³ ¿ Ã ½L¿¯ÍG¸KÀ ³ ÂÁºÆ¶t½;º Å Â ³tÃ¥Å ¾¯¶t¹y´z¸¥´'ËLÂ�¸sáY´z¸¥´'ËLÂ�¸|Çõ©¸ Å¡Å ¸s´zÍ Å Â¡¾¯ÙZ½;¸s¸Gº Å¼Å ÂbóGº¼½ Å ¾*¿*¾¯º�ÍG¸u» ³ ¹;º¼¿¯¸s»L¶t´ ³ ¾*¹;¸Y»L¸'¿ ³ ËL¾¯¶t´zÍ ÃD³ ¹L¾¯ÙZ½;¸Ûù=¶tÂ�»NÂ�¸]�s¸ Å ��û ÃD³ Â¸¥¿*¿¯¸k¸Gº ÅÁ³ » ³ À Å ÍG¸uád»L¸Gº Ã ¶t´dÀ ³ Â ³ ¾¯º�¶t¹;ºp»L¸ Å Â ³^Ü ¸ Ã¥Å ¶t¾*Â�¸GºÁ¿¯¶tÂ�º�ÙJ½;¸ Ã ¸¥¿*¿¯¸Gº Ã ¾�º�¶t¹ Å ÀLÂ�¶ ÃÆÎ ¸GºDÇ

ë _a`I_cb ïTt þ!ÌPðCk�esesk=ýOk�l¾ýsdal7m-t3esf«k�lyì�pgfhradÉýsdjkueseOkul
õ©¸ Å¡Å ¸Á´zÍ Å Â¡¾¯ÙZ½;¸r¸Gº Å ½ Å ¾*¿*¾¯º�ÍG¸rÀL¿*½;º�À ³ Â Å ¾ Ã ½L¿*¾Mó¥Â�¸¥´z¸¥¹ Å ¿¯¶tÂ�º�ÙZ½;¸r¿¯¸GºbÍ¥¿¯Í¥´z¸¥¹ Å º©º�¶t¹ Å »L¸r»N¾*´z¸¥¹NÐº¡¾¯¶t¹
D
º¡½LÀHÍ¥Â¡¾¯¸¥½LÂ�¸uá��|Ç

Eucl =
1

N





N
∑

i=1

√

√

√

√

D
∑

j=1

(e1 − e2)2





ù M Ç���û
õ©¸ Å¡Å ¸ ãå¶tÂ¡´'½L¿ ³\Å ¾¯¶t¹ ³ ¿jÌ ³ Ï ³ ¹ ÅÆ³ Ä,¸S»L¸ Â�¸¥ÀLÂ�ÍGº�¸¥¹ Å ¸¥Ây½L¹;¸  ¨ÏvÂ ³ ¾¯¸o  »N¾¯º ÅÆ³ ¹ Ã ¸ ¾*¹ Å ¸¥Â¡ÀLÂ�Í ÅÆ³ ËL¿¯¸ñ¸¥¹
Ã ¶t´dÀ ³ Â ³ ¾¯º�¶t¹ ³ ½NØzÏ ³ ¿¯¸¥½LÂ�º©»5Ì]¸¥¹ Å Â�ÍG¸Gº.ÇJÊ¼¶t½;ºXÀÑ¶t½LÏ,¶t¹;º?Â�¸¥´ ³ Â�ÙZ½;¸¥ÂÒÙZ½;¸Áº¡¾`¿¯¸Gº?Í¥¿¯Í¥´z¸¥¹ Å ºÒº�¶t¹ Å »L¸»N¾*´z¸¥¹;º¡¾¯¶t¹D�|Ú Ã ¸ Å¡Å ¸K´zÍ Å Â¡¾¯ÙZ½;¸ Ã ¶tÂ¡Â�¸Gº¡ÀH¶t¹;»2ás½L¹;¸k¸¥Â¡Â�¸¥½LÂÁâTPUQ>»5Ì]¶tÂ�»NÂ�¸%�NÇ
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ë _a`3_�� ì�ËoËKk�pOË mDð i"k�ýsk igËonLòOdalqdaÌCe
õ©¸ Å¡Å ¸E´zÍ Å Â¡¾¯ÙZ½;¸>Â�¸¥¹ZÏ,¶t¾¯¸E¿jÌ]¸¥Â¡Â�¸¥½LÂ Å ·vÀH¸E»L¸w¿ ³ Ï ³ ¿¯¸¥½LÂY»L¸ e2

ÀLÂ�Í¥Ïv½;¸wÀÑ¶t½LÂ ÃÆÎ`³ ÙZ½;¸ e1
»L¸

¿ ³ Â�Í¥Ä|Â�¸Gº�º�¾¯¶t¹�ÇP×bÌ]¸¥Â¡Â�¸¥½LÂ Å ·vÀÑ¸'¸Gº Å ½L¹;¸'´z¸Gº¡½LÂ�¸u»N½2»L¸¥Ä|Â�Ís»5Ì]¸¥Â¡Â�¸¥½LÂ¼» ³ ¹;ºp¿ ³ ÀLÂ�Í¥Ïv¾¯º¡¾¯¶t¹ »L¸ e2
á

À ³ Â Å ¾*ÂÁ»5Ì ½L¹;¸kÏ ³ ¿¯¸¥½LÂµ¾*¹;»N¾*Ïv¾¯»N½;¸¥¿*¿¯¸ e1
Ç

Errprev =

√

1

N(N − 2)

[

N
∑

e2
2 − (

∑

e2)2 −
[N
∑

e1e2 − (
∑

e1 ×
∑

e2)]2

N
∑

e2
1 − (

∑

e1)2

] ù M Ç�,�û
õ©¸ Å¡Å ¸uã=¶tÂ¡´u½L¿ ³\Å ¾¯¶t¹�ÀH¸¥½ Å¬Ã ¶t¹;º Å ¾ Å ½;¸¥Â¼½L¹;¸u´zÍ Å Â¡¾¯ÙJ½;¸s»L¸u»N¾¯º ÅÆ³ ¹ Ã ¸s¾*¹ Å Í¥Â�¸Gº�º ³ ¹ Å ¸Y¿¯¶tÂ�ºÆÙZ½;¸u¿jÌ]Í¥Ï,¶\Ð¿*½ Å ¾¯¶t¹2»L¸GºrÍ ÃD³ Â Å º ³ ½NØcÏ ³ ¿¯¸¥½LÂ�ºµ´z¶.·,¸¥¹L¹;¸Gºp¸Gº Å ÀÑ¸¥Â Å ¾*¹;¸¥¹ Å ¸|Ç

ë _a`3_xó ë dal7m-t�egf«k ýskÝí t�ÿst3rjt3eOÌ�ô®dal
��¹zº ÅÆ³\Å ¾¯º Å ¾¯ÙZ½;¸|Út¿ ³ »N¾¯º ÅÆ³ ¹ Ã ¸µ»L¸"P ³\Î`³ ¿ ³ ¹;¶tËL¾¯ºb¸Gº Å ½L¹;¸Ò´z¸Gº¡½LÂ�¸µ»L¸µ»N¾¯º ÅÆ³ ¹ Ã ¸Ò¾*¹ Å Â�¶v»N½L¾ Å ¸µÀ ³ Â

' Ç�õ¼Ç/P ³\Î`³ ¿ ³ ¹;¶tËL¾¯º�¸¥¹��+z-,-¡NÇq��¿*¿¯¸?ÀH¸¥Â¡´z¸ Å »L¸©»LÍ Å ¸¥Â¡´d¾*¹;¸¥Â�¿ ³ º�¾*´d¾*¿ ³ Â¡¾ Å Í©¸¥¹ Å Â�¸Ò»L¸¥½NØu¸¥¹;º�¸¥´'ËL¿¯¸Gº»L¸kÏ ³ ¿¯¸¥½LÂ�ºDÇ5��¿*¿¯¸u»N¾@Û9ó¥Â�¸u»L¸K¿ ³ »N¾¯º ÅÆ³ ¹ Ã ¸u¸¥½ Ã ¿*¾¯»N¾¯¸¥¹L¹;¸'À ³ Âp¿¯¸¬ã ³ ¾ Å ÙZ½�Ì]¸¥¿*¿¯¸'ÀLÂ�¸¥¹;»l¸¥¹ Ã ¶t´dÀ Å ¸'¿ ³
Ã ¶tÂ¡Â�Í¥¿ ³\Å ¾¯¶t¹"»L¸o¿jÌ]¸¥¹;ºÆ¸¥´'ËL¿¯¸y»L¸oÏ ³ ¿¯¸¥½LÂ�ºDÇ N ¾*¹;º¡¾jÚbá3¿ ³ »N¾@Û5Í¥Â�¸¥¹ Ã ¸y»L¸c¿ ³ »N¾¯º ÅÆ³ ¹ Ã ¸l¸¥½ Ã ¿*¾¯»N¾¯¸¥¹L¹;¸¶q} Å ¶t½ Å ¸Gºo¿¯¸Gº Ã ¶t´dÀH¶|º ³ ¹ Å ¸Gºy»L¸GºcÏ,¸ Ã¥Å ¸¥½LÂ�ºyº�¶t¹ ÅcÅ Â ³ ¾ Å ÍG¸Gºy»L¸3¿ ³ ´)(¥´z¸2ã ³ þG¶t¹�ÚÒ¿ ³ »N¾¯º ÅÆ³ ¹ Ã ¸»L¸)P ³\Î`³ ¿ ³ ¹;¶tËL¾¯º ³tÃGÃ ¶tÂ�»L¸d½L¹9ÀÑ¶t¾¯»LºK´z¶t¾*¹;ºK¾*´dÀÑ¶tÂ ÅÆ³ ¹ ÅY³ ½NØ Ã ¶t´dÀÑ¶|º ³ ¹ Å ¸Gºk¿¯¸GºKÀL¿*½;º'ËLÂ¡½L¾ Å ÍG¸Gºù=¸¥¹�º¡½LÀLÀÑ¶|º ³ ¹ Å ÙJ½;¸ ÃÆÎ`³ ÙZ½;¸ Ã ¶t´dÀÑ¶|º ³ ¹ Å ¸�¸Gº Å ½L¹;¸ Ï ³ Â¡¾ ³ ËL¿¯¸ ³ ¿¯Í ³\Å ¶t¾*Â�¸9»L¸ Å ·vÀÑ¸2Ä ³ ½;ºÆº¡¾¯¸¥¹{û¨Ç
' Â ³\Å ¾¯ÙJ½;¸¥´z¸¥¹ Å ÚN¿ ³ »N¾¯º ÅÆ³ ¹ Ã ¸¼»L¸TP ³\Î`³ ¿ ³ ¹;¶tËL¾¯ºÒ»L¸¥½NØw¸¥¹;º�¸¥´'ËL¿¯¸Gº©»L¸rÏ ³ ¿¯¸¥½LÂ�º©¸Gº Å »LÍ=ì;¹L¾¯¸ Ã ¶t´d´z¸º¡½L¾ Å $

M =
√

([e1e2] − [ē1ē2])T × Cov−1 × ([e1e2] − [ē1ē2])
ù M Ç .�û

QJ¾P¿ ³ ´ ³\Å Â¡¾ Ã ¸¼»L¸ Ã ¶.Ï ³ Â¡¾ ³ ¹ Ã ¸ Cov
¸Gº Å ¿ ³ ´ ³\Å Â¡¾ Ã ¸¼¾¯»L¸¥¹ Å ¾ Å Í|Ú Ã ¸ Å¡Å ¸¬»N¾¯º ÅÆ³ ¹ Ã ¸p¸Gº Å©³ ¿¯¶tÂ�º©¿ ³ ´)(¥´z¸ÙZ½;¸k¿ ³ »N¾¯º ÅÆ³ ¹ Ã ¸k¸¥½ Ã ¿*¾¯»N¾¯¸¥¹L¹;¸|Ç

M ¸bÂ�Í Ã ¸¥¹ Å ¸Gº ³ ÀLÀLÂ�¶ Ã�Î ¸Gº7¸¥¹ ³ ¹L¾*´ ³\Å ¾¯¶t¹ x ÏS�0æÈñ�*/.-|Nº�¸bº�¶t¹ Å ¾*¹ Å Í¥Â�¸GºÆº�ÍG¸Gº7á Ã ¸ Å¡Å ¸X»N¾¯º ÅÆ³ ¹ Ã ¸|Ú^¸¥¹À ³ Â Å ¾ Ã ½L¿*¾¯¸¥ÂbÀÑ¶t½LÂ�»LÍ Å ¸¥Â¡´d¾*¹;¸¥Âb»L¸Gº�»N¾¯º ÅÆ³ ¹ Ã ¸Gº�¸¥¹ Å Â�¸Ò´z¶t½LÏ,¸¥´z¸¥¹ Å ºbÂ�¸¥ÀLÂ�ÍGº�¸¥¹ Å ÍGºb¸¥¹ Ã ¶t´dÀÑ¶|º ³ ¹ Å ¸GºÀLÂ¡¾*¹ Ã ¾*À ³ ¿¯¸GºCù N õ ' û¨Ç4õ©¸GºÒ»N¾¯º ÅÆ³ ¹ Ã ¸Gºµº�¶t¹ Å ¸¥¹;º¡½L¾ Å ¸¼½ Å ¾*¿*¾¯º�ÍG¸GºÒÀH¶t½LÂÒÀÑ¶t¹;»LÍ¥Â�¸¥ÂÒ½L¹;¸p¾*¹ Å ¸¥Â¡ÀH¶t¿ ³\Å ¾¯¶t¹º¡½LÂr¿¯¸GºµÏ,¸ Ã¥Å ¸¥½LÂ�ºp»5Ì ³ ¹LÄ|¿¯¸GºÁ»N½o´z¶t½LÏ,¸¥´z¸¥¹ Å Ç

è ±�² ³µ´ �u¶�·^�#� � �cé ´�ê �T��¼#�"�u��·�� �#�¹����
�� ���u�O��õ������#½��
×�¸GºX´zÍ Å¡Î ¶J»L¸Gºb»N½ Å ·JÀÑ¸Ò´zÍ Å Â¡¾¯ÙJ½;¸r¶t¹ Å ½L¹d¾*¹ Ã ¶t¹JÏ,Í¥¹L¾¯¸¥¹ Å ´ ³^Ü ¸¥½LÂDÚZ¸¥¿*¿¯¸Gº�¹;¸ Ã ¶t¹;º¡¾¯»�ó¥Â�¸¥¹ Å À ³ º¿ ³rÅ ¸¥¹;» ³ ¹ Ã ¸ÒÄ|¿¯¶tË ³ ¿¯¸©»L¸Gº7Ï ³ ¿¯¸¥½LÂ�º�»L¸Gº�¸¥¹;º�¸¥´uËL¿¯¸GºDÇ M¬³ ¹;º Ã ¸¥Â ÅÆ³ ¾*¹;º ÃD³ ºDÚ^¿¯¸Gº7´zÍ Å¡Î ¶J»L¸Gº7´zÍ Å Â¡¾¯ÙJ½;¸GºÀH¸¥½LÏ,¸¥¹ Å ´)(¥´z¸ ³ ¿*¿¯¸¥Â¬áw¿jÌ]¸¥¹ Ã ¶t¹ Å Â�¸d»L¸s¿ ³ ¹;¶ Å ¾¯¶t¹ »L¸uÂ�¸Gº�º�¸¥´uËL¿ ³ ¹ Ã ¸Ûù�Ï,¶t¾*Â^�0¾*Ä|½LÂ�¸ M Ç���û¨Ç�õ¼Ì]¸Gº Å

Å ·vÀL¾¯ÙZ½;¸¥´z¸¥¹ Å ¿¯¸ ÃD³ ºu¿¯¶tÂ�º�ÙZ½;¸w¿jÌ]¶t¹ Ã ¶t´dÀ ³ Â�¸>»L¸Gº Å ¶tÂ�ºÆ¸¥½LÂ�ºu»L¸wÂ�Í ³tÃ¥Å ¾¯¶t¹ñ¸¥¹ Å Â�¸w´z¸¥´uËLÂ�¸GºDÇ0×$¸Gº
Å ¶tÂ�º�¸¥½LÂ�ºs»L¸zÂ�Í ³tÃ¥Å ¾¯¶t¹�»5Ì ½L¹;¸ Ã ½L¾¯º�º�¸Eº¡½LÂk½L¹;¸ Ü�³ ´'ËÑ¸w»5Ì ½L¹;¸wÀH¸¥Â�ºÆ¶t¹L¹;¸zÂ�¸Gº�º�¸¥´uËL¿¯¸¥¹ Å ÀL¿*½;º ³ ½NØ´)(¥´z¸Gº Å ¶tÂ�º�¸¥½LÂ�ºÒ»L¸¼Â�Í ³tÃ¥Å ¾¯¶t¹cº�½LÂ©½L¹;¸ ³ ½ Å Â�¸¼ÀH¸¥Â�ºÆ¶t¹L¹;¸¼ÙJ½;¸ Ã ¸¥½NØE»L¸¼¿ ³µÜ�³ ´'ËÑ¸¬º¡½LÂ?¿¯¸pÀL¾¯¸G»5ÚN¶tÂ¿¯¸Gº?»N¾¯º ÅÆ³ ¹ Ã ¸Gº©¶tË Å ¸¥¹J½;¸Gº ³ Ï,¸ Ã ¿¯¸GºX´zÍ Å¡Î ¶v»L¸Gº©ÀLÂ�ÍGº�¸¥¹ Å ÍG¸Gº©¹;¶t½;º?´z¶t¹ Å Â�¸¥¹ Å ºÆ¶t½LÏ,¸¥¹ Å ¿¯¸ Ã ¶t¹ Å Â ³ ¾*Â�¸|Ç¿h¿Ñã ³ ½ Åp³ ¿¯¶tÂ�ºµ¾*¹ Å Â�¶J»N½L¾*Â�¸'½L¹ ³ ½ Å Â�¸ Ã ¶t¹ Ã ¸¥À Å Ú Ã ¸¥¿*½L¾0»L¸KÂ�¸Gº�º�¸¥´uËL¿ ³ ¹ Ã ¸'¶t½y»L¸ Ã ¶tÂ¡Â�Í¥¿ ³\Å ¾¯¶t¹�Ç
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A

B

C

§ @c¨�� M Ç�� & õ ³ º¬ÀLÂ�¶tËL¿¯Í¥´ ³\Å ¾¯ÙJ½;¸z»L¸Gº¬´zÍ Å¡Î ¶v»L¸GºK´zÍ Å Â¡¾¯ÙZ½;¸Gº'»5Ì]Í¥Ï ³ ¿*½ ³\Å ¾¯¶t¹S»L¸GºK»N¾¯º ÅÆ³ ¹ Ã ¸GºDÇ5× ³»N¾¯º ÅÆ³ ¹ Ã ¸Y´zÍ Å Â¡¾¯ÙJ½;¸d¸¥¹ Å Â�¸ A
¸ Å B

¸Gº Å ÀL¿*½;º¬ÀÑ¸ Å ¾ Å ¸dÙZ½;¸ Ã ¸¥¿*¿¯¸d¸¥¹ Å Â�¸ A
¸ Å C

Ç MK³ ¹;º Ã ¸ ÃD³ ºDÚH¾*¿ã ³ ½ Å Í¥Ï ³ ¿*½;¸¥Âr¿ ³ Â�¸Gº�º�¸¥´'ËL¿ ³ ¹ Ã ¸u¸ Å ¹;¶t¹y¿ ³ »N¾¯º ÅÆ³ ¹ Ã ¸|Ç

ë _cb _a` ë n5ËKdåò;n5k igËok�þ djö�Ëok
×bÌ ¾¯»LÍG¸Á¿ ³ ÀL¿*½;º�¹ ³\Å ½LÂ�¸¥¿*¿¯¸ÁÀH¶t½LÂXÍ¥Ï ³ ¿*½;¸¥Âb¿ ³ Â�¸GºÆº�¸¥´'ËL¿ ³ ¹ Ã ¸|Ú Ã Ì]¸Gº Å Ð�á^Ðh»N¾*Â�¸r¿ ³  ÷ãå¶tÂ¡´z¸o µ»L¸r»L¸¥½NØ¸¥¹;º�¸¥´uËL¿¯¸Gºk»L¸YÏ ³ ¿¯¸¥½LÂ�º.Ú5¸Gº Å »L¸ Ã ¶t´dÀ ³ Â�¸¥Â'¿¯¸¥½LÂ�ºkÍ¥Ï,¶t¿*½ Å ¾¯¶t¹;ºDÇ�× ³ ÀLÂ�¸¥´d¾Mó¥Â�¸d´zÍ Å¡Î ¶v»L¸YÀÑ¶|º�º¡¾*ËL¿¯¸

Ã ¶t¹;º¡¾¯º Å ¸w»L¶t¹ Ã á ÃD³ ¿ Ã ½L¿¯¸¥Â'¿ ³ »N¾¯º ÅÆ³ ¹ Ã ¸d´zÍ Å Â¡¾¯ÙJ½;¸w¸¥¹ Å Â�¸w¿¯¸Gºk»LÍ¥Â¡¾*Ï,ÍG¸GºuÀLÂ�¸¥´d¾Mó¥Â�¸GºkÀ ³ ÂkÂ ³ ÀLÀÑ¶tÂ Å
³ ½NØ Å ¸¥´dÀ;º ė1

¸ Å ė2
»L¸Gºp»L¸¥½NØl¸¥¹;ºÆ¸¥´'ËL¿¯¸Gº¬»L¸'Ï ³ ¿¯¸¥½LÂ�ºDÇuÏÁ¹;¸'´zÍ Å Â¡¾¯ÙZ½;¸sº¡¾*´dÀL¿¯¸s»N½ Å ·vÀÑ¸uâAPRQ»5Ì]¶tÂ�»NÂ�¸)�k¸Gº ÅÁ³ ¿¯¶tÂ�ºrº¡½«[wº ³ ¹ Å ¸kÀÑ¶t½LÂ Ã ¶t´dÀ ³ Â�¸¥Â Ã ¸Gºµ¹;¶t½LÏ,¸¥¿*¿¯¸Gºp»L¶t¹L¹;ÍG¸GºDÇ

Deriv =
1

N

(

N
∑

i=1

|ė1 − ė2|
) ù M Ç���û

õ©¸ Å¡Å ¸p´zÍ Å¡Î ¶J»L¸ Ã ¶t´dÀ ³ Â�¸¬º Å Â¡¾ Ã¥Å ¸¥´z¸¥¹ Å ¿¯¸Gº©Í¥Ï,¶t¿*½ Å ¾¯¶t¹;ºÈù� ¨Ïv¾ Å ¸Gº�º�¸Gº7 uû�»L¸Gº©Ï ³ ¿¯¸¥½LÂ�º©º ³ ¹;º?ÀLÂ�¸¥¹;»NÂ�¸¸¥¹ Ã ¶t´dÀ Å ¸s¿¯¸s»LÍ ÃD³ ¿ ³ Ä,¸Ûù�Ï ³ ¿¯¸¥½LÂ¬¾*¹L¾ Å ¾ ³ ¿¯¸d»L¸'¿jÌ ¾*¹ Å Í¥Ä|Â ³\Å ¾¯¶t¹{ûK¸¥¹ Å Â�¸ Ã ¸¥¿*¿¯¸Gº Ã ¾jÇIQJ½L¾*Ï ³ ¹ Å ¿¯¸ ÃD³ »NÂ�¸»5Ì ³ ÀLÀL¿*¾ ÃD³\Å ¾¯¶t¹�ÚXºÆ¶t¾ ÅzÃ ¸ Å¡Å ¸c´zÍ Å¡Î ¶J»L¸y¸Gº ÅdÅ ¶t½ Å á2ã ³ ¾ Åw³ » ³ À Å ÍG¸|ÚbºÆ¶t¾ Å ¿ ³ ÀLÂ¡¾¯º�¸o¸¥¹ Ã ¶t´dÀ Å ¸y»N½»LÍ ÃD³ ¿ ³ Ä,¸k¾*¹L¾ Å ¾ ³ ¿0¸Gº Å ¹;Í Ã ¸Gº�º ³ ¾*Â�¸'ás¿ ³ ¹;¶ Å ¾¯¶t¹l»L¸¬Â�¸Gº�º�¸¥´uËL¿ ³ ¹ Ã ¸|Ç

ë _cb _cb øúÌ�k;ù fhdak�e;m¾ýOk=f«ÌIËoËKn�rjt�modjÌCe
Ïp¹;¸¬ã ³ ¾*ËL¿¯¸Gº�º�¸K»L¸K¿ ³YÃ ¶.Ï ³ Â¡¾ ³ ¹ Ã ¸'½ Å ¾*¿*¾¯º�ÍG¸'» ³ ¹;ºµ¿¯¸GºÁ´zÍ Å¡Î ¶J»L¸Gºr´zÍ Å Â¡¾¯ÙZ½;¸Gº¼¸Gº Å ÙJ½�Ì]¸¥¿*¿¯¸K¹�Ì]¸Gº ÅÀ ³ ºb¾*¹JÏ ³ Â¡¾ ³ ¹ Å ¸p» ³ ¹;ºX½L¹ Ã�Î`³ ¹LÄ,¸¥´z¸¥¹ Å »5Ì ½L¹L¾ Å ÍGºX½ Å ¾*¿*¾¯º�ÍG¸GºXÀH¶t½LÂ?¸¨ØvÀLÂ¡¾*´z¸¥Â?¿¯¸GºbÏ ³ ¿¯¸¥½LÂ�ºX»L¸GºX»L¸¥½NØÏ ³ Â¡¾ ³ ËL¿¯¸Gº e1

¸ Å e2
³ ¿¯¶tÂ�ºEÙZ½;¸y¿ ³ ã=¶tÂ Ã ¸l»N½R¿*¾¯¸¥¹"¸¥¹ Å Â�¸ Ã ¸Gºw»L¸¥½NØÞÏ ³ Â¡¾ ³ ËL¿¯¸Gºz¹;¸2»LÍ¥ÀH¸¥¹;»RÍ¥Ïv¾@Ð»L¸¥´d´z¸¥¹ Å À ³ º©»L¸Gº©½L¹L¾ Å ÍGº©½ Å ¾*¿*¾¯º�ÍG¸Gº©ÀH¶t½LÂ©¿¯¸GºÒ¸¨ØvÀLÂ¡¾*´z¸¥ÂDÇ5QJ½LÀLÀÑ¶|º�¶t¹;ºÒÙZ½;¸p¿jÌ ½L¹L¾ Å ÍÁ½ Å ¾*¿*¾¯ºÆÍG¸pÀÑ¶t½LÂ´z¸Gº¡½LÂ�¸¥Â

e1
º�¶t¾ Å »N¾*ÏJ¾¯º�ÍG¸wÀ ³ Â#� ù=¸ Å »L¶t¹ Ã ÙJ½;¸z¿¯¸GºkÏ ³ ¿¯¸¥½LÂ�º'»L¸ e1

ºÆ¶t¾¯¸¥¹ Å ´u½L¿ Å ¾*ÀL¿*¾¯ÍG¸GºsÀ ³ Â���û¨ÇN ¿¯¶tÂ�ºu¿ ³2Ã ¶DÏ ³ Â¡¾ ³ ¹ Ã ¸ Cov(e1, e2)
¸Gº Å Í¥Ä ³ ¿¯¸¥´z¸¥¹ Å ´'½L¿ Å ¾*ÀL¿*¾¯ÍG¸cÀ ³ Â��NÇ;P ³ ¾¯ºs¿jÌ]Í ÃD³ Â ÅYÅ ·vÀH¸äù�Â ³ Ð

Ã ¾*¹;¸ ÃD³ Â¡Â�ÍG¸u»L¸K¿ ³ Ï ³ Â¡¾ ³ ¹ Ã ¸ V ar
û©»L¸

e1
¸Gº Å Í¥Ä ³ ¿¯¸¥´z¸¥¹ Å ´'½L¿ Å ¾*ÀL¿*¾¯ÍuÀ ³ ÂS�NÚ;¸ Å »L¶t¹ Ã ¿¯¸KÂ ³ ÀLÀÑ¶tÂ Å

Cov(e1 ,e2)√
V ar(e1)

Â�¸Gº Å ¸z¾*¹ Ã�Î`³ ¹LÄ,Í|Ç7×�¸E´)(¥´z¸ ³ Â¡Ä|½L´z¸¥¹ Å º.Ì ³ ÀLÀL¿*¾¯ÙZ½;¸>á e2
Ú0¸ Å ÀL¿*½;º'Ä,Í¥¹;Í¥Â ³ ¿¯¸¥´z¸¥¹ Å Úbá

Å ¶t½ ÅkÃ�Î`³ ¹LÄ,¸¥´z¸¥¹ Å »5Ì ½L¹L¾ Å ÍGºKÀÑ¶t½LÂ¬¿ ³ ´z¸Gº�½LÂ�¸d»L¸ e1
¸ Å »L¸ e2

Ç M ¶t¹ Ã ÚÑ¸¥¹ Å ¶t½ Å ¸sÄ,Í¥¹;Í¥Â ³ ¿*¾ Å Í|Ú5¿¯¸¹;¶t´'ËLÂ�¸�$
cc =

Cov(e1, e2)
√

V ar(e1).V ar(e2)

ù M Ç�¡�û



ÀGÁ9��Â����h���^�7É Á.iÆ�7�j�K�������+�U�h�T�c�#�����������>�/�c�7��ÅÆ� �+�-z

¹;¸Á»LÍ¥ÀÑ¸¥¹;»dÀ ³ ºX»L¸GºX½L¹L¾ Å ÍGº?» ³ ¹;ºX¿¯¸Gº�ÙJ½;¸¥¿*¿¯¸Gº e1
¸ Å e2

ºÆ¶t¹ Å ¸¨ØNÀLÂ¡¾*´zÍG¸GºDÇ�õ©¸µ¹;¶t´'ËLÂ�¸¼ºDÌ ³ ÀLÀÑ¸¥¿*¿¯¸µ¿¯¸
Ã ¶J¸\[ Ã ¾¯¸¥¹ Å »L¸ Ã ¶tÂ¡Â�Í¥¿ ³\Å ¾¯¶t¹>»L¸Gº�Ï ³ Â¡¾ ³ ËL¿¯¸Gº (e1, e2)

Ç-¿h¿LÀÑ¸¥½ Å ( Å Â�¸µÀÑ¸¥Âbþ¥½ Ã ¶t´d´z¸µ¿ ³ Ï,¸¥Â�º¡¾¯¶t¹wº ÅÆ³ ¹NÐ» ³ Â�»N¾¯º�ÍG¸s»L¸'¿ ³wÃ ¶DÏ ³ Â¡¾ ³ ¹ Ã ¸|ÇH× ³ Ï ³ ¿¯¸¥½LÂ¼»N½ Ã ¶J¸\[ Ã ¾¯¸¥¹ Å »L¸ Ã ¶tÂ¡Â�Í¥¿ ³\Å ¾¯¶t¹�¸Gº ÅÁÅ ¶t½ Ü ¶t½LÂ�º Ã ¶t´dÀLÂ¡¾¯º�¸¸¥¹ Å Â�¸ −1
¸ Å +1

Ç
& ×�¶tÂ�ºÆÙZ½;¸ cc = +1

¶t½
cc = −1

Ú Ã ¸¥¿ ³ ¾*´dÀL¿*¾¯ÙJ½;¸Y½L¹3¿*¾¯¸¥¹ ãå¶t¹ Ã¥Å ¾¯¶t¹L¹;¸¥¿�¿*¾*¹;Í ³ ¾*Â�¸d¸¥¹ Å Â�¸ e1¸ Å e2
Ç5¿h¿�¸¨ØN¾¯º Å ¸ ³ ¿¯¶tÂ�ºT,s¹;¶t´uËLÂ�¸Gº ³ Ú;Ë�ÚL¸ ÅrÃKÅ ¸¥¿¯ºrÙJ½;¸�$ a.e1 + b.e2 + c = 0

Ç
& Î ½;¸ ÀÑ¸¥½ Å Ðh¶t¹�»N¾*Â�¸�»5Ì ½L¹ Ã ¶J¸\[ Ã ¾¯¸¥¹ Å »L¸ Ã ¶tÂ¡Â�Í¥¿ ³\Å ¾¯¶t¹ cc

ÀLÂ�¶ ÃÆÎ ¸9»L¸U*O÷�úp¹F¹;¸3ÀÑ¸¥½ Å
³ [zÂ¡´z¸¥ÂKÙJ½;¸'¿¯¸u¿*¾¯¸¥¹3¸¥¹ Å Â�¸ e1

¸ Å e2
¸Gº Å ã ³ ¾*ËL¿¯¸sÙJ½;¸uº¡¾ Ã ¸u¿*¾¯¸¥¹3¸Gº Å ¿*¾*¹;Í ³ ¾*Â�¸|Ç�P ³ ¾¯º¼¾*¿�¸Gº ÅÀÑ¶|º�º¡¾*ËL¿¯¸cÙJ½�Ì ½L¹ñ¿*¾¯¸¥¹ñãå¶tÂ Å Ú$´ ³ ¾¯ºY¹;¶t¹Ý¿*¾*¹;Í ³ ¾*Â�¸o¸¥¹ Å Â�¸ e1

¸ Å e2
Ã ¶t¹;»N½L¾¯º�¸oál½L¹;¸>Ï ³ ¿¯¸¥½LÂã ³ ¾*ËL¿¯¸K»N½ Ã ¶J¸\[ Ã ¾¯¸¥¹ Å »L¸ Ã ¶tÂ¡Â�Í¥¿ ³\Å ¾¯¶t¹�Ç M ¶t¹ Ã ¸¥¹>¿jÌ ³ Ë;ºÆ¸¥¹ Ã ¸k»L¸ Ã ¸¥Â Å ¾ Å ½;»L¸kº¡½LÂÒ¿ ³ ¿*¾*¹;Í ³ Â¡¾ Å Í»N½"¿*¾¯¸¥¹"¸¥¹ Å Â�¸ e1

¸ Å e2
ÚX¾*¿Á¹�Ì]¸Gº Å À ³ ºwÀÑ¶|º�º¡¾*ËL¿¯¸l»L¸ Å ¾*Â�¸¥Âc»L¸ Ã ¶t¹ Ã ¿*½;º¡¾¯¶t¹û»5Ì ½L¹;¸oã ³ ¾*ËL¿¯¸Ï ³ ¿¯¸¥½LÂK»N½ Ã ¶v¸\[ Ã ¾¯¸¥¹ Å »L¸ Ã ¶tÂ¡Â�Í¥¿ ³\Å ¾¯¶t¹�Ç$úp¹�»N¾ Åk³ ¿¯¶tÂ�ºKÙZ½;¸u¿¯¸ Ã ¶J¸\[ Ã ¾¯¸¥¹ Å »L¸ Ã ¶tÂ¡Â�Í¥¿ ³\Å ¾¯¶t¹¹;¸KÂ�¸¥ÀLÂ�ÍGºÆ¸¥¹ Å ¸'ÙJ½;¸¬¿ ³ À ³ Â Å ¾¯¸� ¨¿*¾*¹;Í ³ ¾*Â�¸o '»N½y¿*¾¯¸¥¹l¸¥¹ Å Â�¸ e1

¸ Å e2
Ç

ë _cb?_�� í tum-ËKdÉf«k ýsk�f«ÌCËoËon�ratumodaÌCeõýÁ�xü ø�Ê
×bÌ N ¹ ³ ¿*·vºÆ¸'¸¥¹îõ©¶t´dÀÑ¶|º ³ ¹ Å ¸Gº ' Â¡¾*¹ Ã ¾*À ³ ¿¯¸Gºçù N õ ' ¶t½ ' õ N ¸¥¹ ³ ¹LÄ|¿ ³ ¾¯ºüûÒ¸Gº Å ½L¹;¸k´zÍ Å¡Î ¶v»L¸º ÅÆ³\Å ¾¯º Å ¾¯ÙJ½;¸·ù�¾*¹L¾ Å ¾ ³ ¿¯¸¥´z¸¥¹ Å »L¸¼º ÅÆ³\Å ¾¯º Å ¾¯ÙZ½;¸K»L¸Gº Ã Â¡¾*À Å ¾*Ï,¸�ûÒÙZ½L¾ ³ ÀÑ¶t½LÂÒËL½ Å »L¸ Ã ¶t´dÀLÂ�¸¥¹;»NÂ�¸ Ã ¶t´YÐ´z¸¥¹ Å ¿¯¸Gº�¸¨Û5¸ Å º�»L¸©À Î Í¥¹;¶t´·ó¥¹;¸Gº ³ ÀLÂ¡¾¯¶tÂ¡¾v¾¯ºÆ¶t¿¯ÍGº�º�¸ Ã ¶t´uËL¾*¹;¸¥¹ Å ÇJ×�¶tÂ�º�ÙJ½;¸?¿jÌ]¶t¹d¹;¸ Ã ¶t¹;º¡¾¯»�ó¥Â�¸ÒÙJ½;¸»L¸¥½NØ>¸¨Û5¸ Å ºDÚv¾*¿H¸Gº Å ½;º�½;¸¥¿Ñ»L¸ ÃD³ Â ³tÃ¥Å Í¥Â¡¾¯º�¸¥Âµ¿¯¸¥½LÂ�ºµ¸¨Û5¸ Å º Ã ¶t¹ Ü ¶t¾*¹ Å ºµÏJ¾ ³ ¿¯¸ Ã ¶J¸\[ Ã ¾¯¸¥¹ Å »L¸ Ã ¶tÂ¡Â�Í¥¿ ³ Ð

Å ¾¯¶t¹ ù=º�¶t¹oº�¸¥½L¿5»LÍ¨ã ³ ½ Å ¸Gº Å »L¸¼¹;¸¬ÀLÂ�¸¥¹;»NÂ�¸K¸¥¹ Ã ¶t´dÀ Å ¸kÙJ½;¸¬»L¸Gºµ¸¨ÛÑ¸ Å º Ã ¶t¹ Ü ¶t¾*¹ Å ºµ¿*¾*¹;Í ³ ¾*Â�¸Gº=û¨ÇL×�¸Â�ÍGº¡½L¿ ÅÆ³\Å »5Ì ½L¹;¸ N õ ' ¸Gº Å »L¸¬»LÍ Å ¸¥Â¡´d¾*¹;¸¥ÂÒ¿¯¸Gº ³ ØN¸GºÒÙJ½L¾H¸¨ØNÀL¿*¾¯ÙZ½;¸¥¹ Å ¿¯¸Á´d¾¯¸¥½NØw¿ ³ »N¾¯º¡ÀÑ¸¥Â�º¡¾¯¶t¹c»L¸Gº»L¶t¹L¹;ÍG¸GºDÇN× ³ ÙZ½;¸Gº Å ¾¯¶t¹cÙJ½L¾ ³ »L¶t¹L¹;ÍÁ¹ ³ ¾¯º�º ³ ¹ Ã ¸¬ák¿jÌ N õ ' ¸Gº Å $�  Ã ¶t´d´z¸¥¹ ÅÁ³ Ï,¶t¾*Â?½L¹;¸¼¾*¹ Å ½L¾ Å ¾¯¶t¹Â ³ ÀL¾¯»L¸o»L¸GºY¸¨ÛÑ¸ Å º Ã ¶t¹ Ü ¶t¾*¹ Å ºu÷æ tÇ?��¹R»N¾*´z¸¥¹;º¡¾¯¶t¹ÝÀL¿*½;ºYÄ|Â ³ ¹;»L¸oÙJ½;¸E»L¸¥½NØ5Ú7½L¹;¸ N õ ' Ï ³2Å ¶t½NÐ
Ü ¶t½LÂ�ºÁ»LÍ Å ¸¥Â¡´d¾*¹;¸¥Âr¿¯¸Gº ³ ØL¸Gº'ù=º¡¾�¶t¹y¸Gº Å ¸¥¹y»N¾*´z¸¥¹;º¡¾¯¶t¹¾�-�-¡NÚL¾*¿Ñ· ³ ½LÂ ³ �-�-¡ ³ ØN¸Gºpáu»LÍ Å ¸¥Â¡´d¾*¹;¸¥Âüû¨ÚÙZ½L¾Ò¸¨ØNÀL¿*¾¯ÙZ½;¸¥¹ Å ¿¯¸E´d¾¯¸¥½NØ9¿ ³ »N¾¯º�ÀH¸¥Â�º¡¾¯¶t¹ñ»N½�¹J½ ³ Ä,¸c»L¸zÏ ³ ¿¯¸¥½LÂ�ºs»N¾¯º�ÀH¶t¹L¾*ËL¿¯¸GºDÇ0× ³ ´zÍ Å¡Î ¶J»L¸ ³ÀH¶t½LÂ?¶tË Ü ¸ Ã¥Å ¾@ã5»L¸µÂ�¸¥´dÀL¿ ³tÃ ¸¥Âb¿¯¸Gº�Ï ³ Â¡¾ ³ ËL¿¯¸Gºb¾*¹L¾ Å ¾ ³ ¿¯¸Gºlù�¹Z½L´zÍ¥Â¡¾¯ÙJ½;¸Gºüû�À ³ Âb»L¸r¹;¶t½LÏ,¸¥¿*¿¯¸GºbÏ ³ Â¡¾ ³ ËL¿¯¸Gºù=Í¥Ä ³ ¿¯¸¥´z¸¥¹ Å ¹Z½L´zÍ¥Â¡¾¯ÙJ½;¸GºüûµÙJ½L¾�¶t¹ Å ¿¯¸Gºr»L¸¥½NØoÀLÂ�¶tÀLÂ¡¾¯Í Å ÍGºÁº¡½L¾*Ï ³ ¹ Å ¸Gº#$

& ��¿*¿¯¸GºsÀÑ¸¥½LÏ,¸¥¹ Å ( Å Â�¸ Ã ¿ ³ ºÆº�ÍG¸Gº'À ³ ÂY¶tÂ�»NÂ�¸>»5Ì ¾*´dÀH¶tÂ ÅÆ³ ¹ Ã ¸c»LÍ Ã Â�¶t¾¯º�º ³ ¹ Å ¸îù=¶t¹Ýº ³ ¾ Å »L¶t¹L¹;¸¥Â½L¹Ýº�¸¥¹;ºkÀLÂ�Í Ã ¾¯ºdá Ã ¸ Å ¸¥Â¡´z¸�û¨Ç N ¾*¹;º�¾jÚ�¿¯¸GºuÀLÂ�¸¥´d¾Mó¥Â�¸GºÀõ©¶t´dÀÑ¶|º ³ ¹ Å ¸Gº ' Â¡¾*¹ Ã ¾*À ³ ¿¯¸GºÛù=»L¶t¹ Ã¿¯¸GºYÀL¿*½;ºd¾*´dÀÑ¶tÂ ÅÆ³ ¹ Å ¸Gº=ûYº¡½«[wº�¸¥¹ Å ÀH¶t½LÂdÂ�¸¥¹;»NÂ�¸ Ã ¶t´dÀ Å ¸y»L¸Gºd»L¶t¹L¹;ÍG¸Gº ³ Ï,¸ Ã ½L¹;¸cÀÑ¸¥Â Å ¸´d¾*¹L¾*´ ³ ¿¯¸3»5Ì ¾*¹Nã=¶tÂ¡´ ³\Å ¾¯¶t¹�Ç���¹à»5Ì ³ ½ Å Â�¸Gº Å ¸¥Â¡´z¸GºDÚb¿¯¸Gº>»L¶t¹L¹;ÍG¸Gºw¾*¹L¾ Å ¾ ³ ¿¯¸Gº>ÀÑ¸¥½LÏ,¸¥¹ Å ( Å Â�¸Â�¸¥´dÀL¿ ³tÃ ÍG¸GºÒÀ ³ ÂÒ»L¸Á¹;¶t½LÏ,¸¥¿*¿¯¸GºÒ»L¶t¹L¹;ÍG¸GºÒ» ³ ¹;º©¿¯¸Gº�ÙJ½;¸¥¿*¿¯¸Gºbý;Ä|½LÂ�¸¥¹ Å ¿¯¸GºX´)(¥´z¸Gº©¾*¹;»N¾*Ïv¾¯»N½;ºDÚ´ ³ ¾¯ºp»LÍ Ã Â¡¾ Å ºµÀ ³ ÂÁ»L¸GºµÏ ³ Â¡¾ ³ ËL¿¯¸GºÁ¸¥¹oÀL¿*½;ºÁÀH¸ Å ¾ Å ¹;¶t´uËLÂ�¸|Ç
& õ©¸Gºµ¹;¶t½LÏ,¸¥¿*¿¯¸GºpÏ ³ Â¡¾ ³ ËL¿¯¸Gºrº�¶t¹ Å »L¸¥½NØyáY»L¸¥½NØo»LÍ Ã ¶tÂ¡Â�Í¥¿¯ÍG¸GºDÇ×bÌ N õ ' ÀÑ¸¥½ Å »L¶t¹ Ã ( Å Â�¸'ÏJ½;¸ Ã ¶t´d´z¸k½L¹;¸ Å ¸ Ã�Î ¹L¾¯ÙJ½;¸u»L¸'Â�ÍG»N½ Ã¥Å ¾¯¶t¹3»L¸u»N¾*´z¸¥¹;º¡¾¯¶t¹L¹ ³ ¿*¾ Å Í|ÚÑ¸¥¿*¿¯¸ÀLÂ�¶ Ã óG»L¸y¹;¶ ÅÆ³ ´d´z¸¥¹ Å À ³ Âw¿ ³ »N¾ ³ Ä,¶t¹ ³ ¿*¾¯º ³\Å ¾¯¶t¹"»L¸c¿ ³ ´ ³\Å Â¡¾ Ã ¸y»L¸ Ã ¶tÂ¡Â�Í¥¿ ³\Å ¾¯¶t¹à»L¸GºdÏ ³ Â¡¾ ³ ËL¿¯¸Gº¶tÂ¡¾*Ä|¾*¹ ³ ¿¯¸Gºíù�¿¯¸wÀL¿*½;ºsº�¶t½LÏ,¸¥¹ Å º ÅÆ³ ¹;» ³ Â�»N¾¯º�ÍG¸Gº=û¨Ç7õ©¸ Å¡Å ¸w´zÍ Å¡Î ¶J»L¸>»L¸w»LÍ Ã ¶t´dÀÑ¶|º¡¾ Å ¾¯¶t¹ÝÀH¸¥½ Å ( Å Â�¸½ Å ¾*¿*¾¯º�ÍG¸cÀÑ¶t½LÂd´z¶J»LÍ¥¿*¾¯º�¸¥Âd¿¯¸>´z¶t½LÏ,¸¥´z¸¥¹ Å x N P¯*-*NÚXæY°Ëñ�*/.|Ë«|hÇÌõ©¸ Å¡Å ¸c´z¶v»LÍ¥¿*¾¯º ³\Å ¾¯¶t¹RÀÑ¶t½LÏ ³ ¹ Å

³ ¿¯¶tÂ�ºrÀ ³ Âp¿ ³ º¡½L¾ Å ¸�( Å Â�¸K½ Å ¾*¿*¾¯ºÆÍG¸'¸\[ ÃD³tÃ ¸¥´z¸¥¹ Å ¿¯¶tÂ�ºÁ»L¸kÂ�¸ Ã�Î ¸¥Â Ã�Î ¸s» ³ ¹;ºÁ»L¸GºÁË ³ º�¸GºÁ»L¸'»L¶t¹L¹;ÍG¸Gº
x �?�?*-�q|hÇ

MK³ ¹;º�¹;¶ Å Â�¸ ÃD³ ºb»5Ì]Í¥¿¯Í¥´z¸¥¹ Å º?á^,¬»N¾*´z¸¥¹;º¡¾¯¶t¹;º.Ú|¹;¶t½;º�ÀÑ¶t½LÏ,¶t¹;º�Â�¸¥ÀLÂ�ÍGº�¸¥¹ Å ¸¥Â?¿ ³ Â�¸Gº�º�¸¥´uËL¿ ³ ¹ Ã ¸¸¥¹ Å Â�¸u»L¸¥½NØc¸¥¹;º�¸¥´uËL¿¯¸GºÁÀ ³ Â".w´ ³\Å Â¡¾ Ã ¸GºÁ»L¸ Ã ¶tÂ¡Â�Í¥¿ ³\Å ¾¯¶t¹ $
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�NÇ`þ�qÞÿ�698N+D[t:�Q,1ZCzQZOP&�OP<7<$1JC
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,NÇ`þS698N+D[t:BQZ1ZCw&=:�_P<01ZCd_H&BOPm08;&�1JC .;ÇPþ3qßÿ96S8N+D[\:�Q,1JCw&=:�_P<01ZC

A = [−x1 − y1 − z1−]
B = [−x2 − y2 − z2−]

A = [−x1−][−y1−][−z1−]
B = [−x2−][−y2−][−z2−]

MK³ ¹;º�¿jÌ ³ ¿*Ä,¶tÂ¡¾ Å¡Î ´z¸rº ÅÆ³ ¹;» ³ Â�»d»5Ì ½L¹;¸ N õ ' Ú,¿ ³ ´ ³\Å Â¡¾ Ã ¸Á»L¸ Ã ¶tÂ¡Â�Í¥¿ ³\Å ¾¯¶t¹w¸Gº Å�ÃD³ Â¡Â�ÍG¸'ù=»L¸ ÅÆ³ ¾*¿*¿¯¸
D
û¨Ú`º¡·J´zÍ Å Â¡¾¯ÙJ½;¸|Ú`¸ Å Â�ÍG¸¥¿*¿¯¸|Çu¿ Ã ¾�¹;¶t½;º Ã ¶t¹;º Å Â¡½L¾¯º�¶t¹;ºp»L¸GºÁ´ ³\Å Â¡¾ Ã ¸GºÁ¹;¶t¹ ÃD³ Â¡Â�ÍG¸GºpÙJ½;¸K¹;¶t½;ºÁ¹;¶tÂäÐ´ ³ ¿*¾¯º�¶t¹;ºDÇq��¹ ÃD³ ¿ Ã ½L¿ ³ ¹ ÅX³ ¿¯¶tÂ�º0¿ ³ º�¶t´d´z¸Ò»L¸Gº7ÀLÂ�¶v»N½L¾ Å º0´z¸¥´uËLÂ�¸ráp´z¸¥´'ËLÂ�¸µ»L¸Gº7´ ³\Å Â¡¾ Ã ¸Gº�¹;¶t½;º¶tË Å ¸¥¹;¶t¹;ºs¿jÌ]ÍGÙZ½L¾*Ï ³ ¿¯¸¥¹ Å »L¸E¿jÌ ¾*¹ZÏ,¸¥Â�º�¸>»N½ Ã ¶|º¡¾*¹Z½;ºY»L¸Gº ³ ¹LÄ|¿¯¸Gºs¸¥¹ Å Â�¸w¿¯¸GºsÏ,¸ Ã¥Å ¸¥½LÂ�ºsÂ�¸¥ÀLÂ�ÍGº�¸¥¹ Å ÍGºÀ ³ Â�¿¯¸Gº7´ ³\Å Â¡¾ Ã ¸Gºdù=»L¸µ»N¾*´z¸¥¹;º¡¾¯¶t¹ T

û¨ÚtÙJ½;¸?¹;¶t½;º�ÀÑ¶t½LÏ,¶t¹;º ³ ÀLÀÑ¸¥¿¯¸¥Â Ã ¶J¸\[ Ã ¾¯¸¥¹ Å »L¸©Â�¸Gº�º�¸¥´'ËL¿ ³ ¹ Ã ¸
cr

$
cr =

T
∑

i=1

(

Ai

(
∑

Ai × Ai)
1
2

× Bi

(
∑

Bi × Bi)
1
2

) ù M ÇX­ û
Ê¼¶t½;º ³ Ï,¶t¹;º Ã�Î ¶t¾¯º¡¾$»L¸k¹;¶tÂ¡´ ³ ¿*¾¯º�¸¥Âr¿¯¸Gºr´ ³\Å Â¡¾ Ã ¸Gºp¸ Å ¹;¶t¹l»L¸K¿¯¸Gºrº ÅÆ³ ¹;» ³ Â�»N¾¯º�¸¥Â ³ ý;¹l»L¸¬ÀÑ¶t½LÏ,¶t¾*Â
Ã ¶t´dÀ ³ Â�¸¥Ây¿¯¸Gº>Â�ÍGº¡½L¿ ÅÆ³\Å ºy»L¸Gº ÃD³ ¿ Ã ½L¿¯ºl»L¸2Â�¸GºÆº�¸¥´'ËL¿ ³ ¹ Ã ¸GºyÙJ½;¸¥¿¯ÙJ½;¸�º�¶t¾¯¸¥¹ Å ¿¯¸Gºo¸¥¹;º�¸¥´uËL¿¯¸Gºy»L¸Ï ³ ¿¯¸¥½LÂ�ºEÍ Å ½;»N¾¯ÍGºDÇËõ©¸ Ã ¶v¸\[ Ã ¾¯¸¥¹ Å »L¸oÂ�¸Gº�º�¸¥´uËL¿ ³ ¹ Ã ¸|Ú Å ¶t½ ÅEÃ ¶t´d´z¸ Ã ¸¥¿*½L¾¼»L¸ Ã ¶tÂ¡Â�Í¥¿ ³\Å ¾¯¶t¹�Ú©¸Gº Å
Ã ¶t´dÀLÂ¡¾¯ºk¸¥¹ Å Â�¸ −1

¸ Å +1
ÚÑÀ ³ Â Ã ¶t¹ Å Â�¸zº�¶t¹�¾*¹ Å ¸¥Â¡ÀLÂ�Í ÅÆ³\Å ¾¯¶t¹�¸Gº Å »N¾@Û5Í¥Â�¸¥¹ Å ¸|Ç;ÏÁ¹ cr

ÀLÂ�¶ Ã�Î ¸z»L¸
+1
¾*¹;»N¾¯ÙJ½;¸K½L¹;¸ Å ÂbóGºrËH¶t¹L¹;¸'Â�¸Gº�º�¸¥´'ËL¿ ³ ¹ Ã ¸ ³ ¿¯¶tÂ�ºÁÙJ½�Ì ½L¹;¸KÏ ³ ¿¯¸¥½LÂrÀLÂ�¶ ÃÆÎ ¸'»L¸ −1

¾*¹;»N¾¯ÙZ½;¸'½L¹;¸
´ ³ ½LÏ ³ ¾¯º�¸KÂ�¸Gº�º�¸¥´uËL¿ ³ ¹ Ã ¸|Ç× ³ »N¾@ÛÑÍ¥Â�¸¥¹ Ã ¸E¸¥¹ Å Â�¸z¿¯¸Gºu»N¾*´z¸¥¹;º¡¾¯¶t¹;º'»L¸Gº'Ï,¸ Ã¥Å ¸¥½LÂ�º'»L¶t¹L¹;¸w½L¹Sº�¸¥¹;ºk»N¾@Û5Í¥Â�¸¥¹ ÅY³ ½NØ Ã ¶v¸\[dÐ
Ã ¾¯¸¥¹ Å º#$
�|Ç

1 Ã ¶v¸\[ Ã ¾¯¸¥¹ Å ¾*¹;»N¾¯ÙZ½ ³ ¹ Å ¿ ³ Â�¸Gº�ºÆ¸¥´'ËL¿ ³ ¹ Ã ¸kÄ|¿¯¶tË ³ ¿¯¸'»L¸GºrÏ,¸ Ã¥Å ¸¥½LÂ�ºA, M Ç�NÇ
3 Ã ¶v¸\[ Ã ¾¯¸¥¹ Å ºÁ¾*¹;»N¾¯ÙZ½ ³ ¹ Å ¿ ³ Â�¸GºÆº�¸¥´'ËL¿ ³ ¹ Ã ¸u»L¸Gº Ã ¶t´dÀH¶|º ³ ¹ Å ¸GºÁ»L¸GºrÏ,¸ Ã¥Å ¸¥½LÂ�ºA, M Ç,NÇ
N Ã ¶J¸\[ Ã ¾¯¸¥¹ Å ºÁ¾*¹;»N¾¯ÙJ½ ³ ¹ Å ¿ ³ Â�¸Gº�º�¸¥´uËL¿ ³ ¹ Ã ¸'»L¸GºµÏ,¸ Ã¥Å ¸¥½LÂ�ºS, M á Ã�Î`³ ÙJ½;¸KÀ ³ ºÁ»L¸ Å ¸¥´dÀ;ºDÇ

.;Ç
3 × N Ã ¶v¸\[ Ã ¾¯¸¥¹ Å ºp¾*¹;»N¾¯ÙZ½ ³ ¹ Å ¿ ³ Â�¸Gº�º�¸¥´uËL¿ ³ ¹ Ã ¸'»L¸ ÃÆÎ`³ ÙZ½;¸ Ã ¶t´dÀH¶|º ³ ¹ Å ¸'á ÃÆÎ`³ ÙZ½;¸KÀ ³ º»L¸ Å ¸¥´dÀ;ºDÇ
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³ Â Å ¾ Ã ½L¿ ³\Å ¾¯¶t¹3»N¾¯º ÅÆ³ ¿¯¸ ³ Â Å ¾ Ã ½L¿ ³\Å ¾¯¶t¹cáK¿jÌ]¸¨Ø Å Â�Í¥´d¾ Å Íp»N½wº�¸¥Ä|´z¸¥¹ Å ÚZÀ ³ ÂX¸¨ØL¸¥´dÀL¿¯¸µ¿¯¸µÀÑ¶t¾@ÐÄ|¹;¸ Å ÀÑ¶t½LÂr¿jÌ ³ Ï ³ ¹ Å ÐjËLÂ ³ º
³ Â Å ¾ Ã ½L¿ ³\Å ¾¯¶t¹2ÀLÂ�¶GØN¾*´ ³ ¿¯¸ ³ Â Å ¾ Ã ½L¿ ³\Å ¾¯¶t¹uÀ ³ Â�¸¥¹ Å »N½'ºÆ¸¥Ä|´z¸¥¹ Å ÚDÀ ³ Â0¸¨ØN¸¥´dÀL¿¯¸X¿¯¸ Ã ¶t½;»L¸bÀÑ¶t½LÂ¿jÌ ³ Ï ³ ¹ Å ÐjËLÂ ³ ºN�� ¿ ' ' Â�¶ Ü ¸ Å »5Ì N Ã¥Å ¾¯¶t¹ � Î Í¥´ ³\Å ¾¯ÙJ½;¸Á¸ Å ¿h¹ Ã ¾ ÅÆ³\Å ¾*Ï,¸pº¡½LÂ ' Â�¶tÄ|Â ³ ´d´z¸� »hP Ã ¸¥¹ Å Â�¸u»L¸¬´ ³ º�º�¸|Ú;¸¥¹ ³ ¹LÄ|¿ ³ ¾¯º#$�«Æ¦ w ¤h¦¨£Y¢�� v ª °Æ°��	��

���
Ã · Ã ¿¯¸ ½L¹ Ã · Ã ¿¯¸Y»L¸u¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹9¸Gº Å »LÍ¨ý;¹L¾b»N½�»LÍ Ã ¶t¿*¿ ³ Ä,¸Y»5Ì ½L¹�ÀL¾¯¸G»áY½L¹o¹;¶t½LÏ,¸ ³ ½2»LÍ Ã ¶t¿*¿ ³ Ä,¸'»L¸ Ã ¸¬´)(¥´z¸kÀL¾¯¸G»»L»N¿ »L¸¥Ä|Â�Ík»L¸K¿*¾*ËÑ¸¥Â Å Í|Ú;¸¥¹ ³ ¹LÄ|¿ ³ ¾¯º%$��J¦��t£�¦�¦z¢����¨£�¦�¦��,¢ v�����
����¸¨Û5¸ Ã¥Å ¸¥½LÂ ¸¨Ø Å Â�Í¥´d¾ Å Íu»5Ì ½L¹;¸ Ã�Î`³ �¯¹;¸ Ã ¾*¹;Í¥´ ³\Å ¾¯ÙZ½;¸�?° M �LÂ�¸G¸ °Ò¶v»N· M ¾ ³ Ä|Â ³ ´yÚcÀLÂ¡¾*¹ Ã ¾*ÀH¸�»5Ì ¾¯ºÆ¶t¿¯¸¥´z¸¥¹ Å »5Ì ½L¹ Ã ¶tÂ¡À;º»5Ì ½L¹;¸ Ã�Î`³ �¯¹;¸ Ã ¾*¹;Í¥´ ³\Å ¾¯ÙZ½;¸��âYQ ã=¶tÂ Ã ¸'»L¸¬Â�Í ³tÃ¥Å ¾¯¶t¹ ³ ½yº�¶t¿
g Ã ¶t¹;º ÅÆ³ ¹ Å ¸u»L¸KÄ|Â ³ Ïv¾ ÅÆ³\Å ¾¯¶t¹�Ú;Ï ³ ¿ ³ ¹ Å ¸¥¹JÏJ¾*Â�¶t¹ 9.81Î ½L´ ³ ¹;¶q�j»L¸ Î ½L´ ³ ¾*¹2ÏJ¾*Â Å ½;¸¥¿¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹ Å ¶t½ Å ´z¶t½LÏ,¸¥´z¸¥¹ Å ¹;¸oã ³ ¾¯º ³ ¹ Å À ³ ºw¾*¹ Å ¸¥Â¡Ï,¸¥¹L¾*Âo»L¸cãå¶tÂ Ã ¸Gºw¸¨ØvÐ

Å ¸¥Â¡¹;¸Gº ³ ½ Å Â�¸GºKÙZ½;¸u¿ ³ Â�Í ³tÃ¥Å ¾¯¶t¹ ³ ½3º�¶t¿jÚP¿¯¸Gºpã=¶tÂ Ã ¸Gº ³ Í¥Â�¶v»N·v¹ ³ Ð´d¾¯ÙZ½;¸Gº�¸ Å ¿ ³ Ä|Â ³ Ïv¾ Å Í|ÚtÀ ³ Â�¸¨ØL¸¥´dÀL¿¯¸Y$.´ ³ Â ÃÆÎ ¸|Ú Ã ¶t½LÂ�º�¸Ò¸ Å º ³ ½ Å Ç´z¶v»��¥¿¯¸KËL¾¯¶t´zÍ ÃD³ ¹L¾¯ÙJ½;¸ ´z¶J»LÍ¥¿*¾¯º ³\Å ¾¯¶t¹ ¾*¹ Ã ¿*½ ³ ¹ Å ¿¯¸Gº ¾*¹Nãå¶tÂ¡´ ³\Å ¾¯¶t¹;º »L¸Ö´ ³ º�º�¸Gº�¸ Å»5Ì ¾*¹;¸¥Â Å ¾¯¸Gº¶|ºÁº�¸ Ã ¶|ºrº ³ ¹;º ³ ½ Ã ½L¹lÂ�ÍGº¡¾¯»N½l»L¸ Å ¾¯º�º¡½;º.ÚN´'½;º Ã ¿¯¸Gºp¶t½ Å ¸¥¹;»L¶t¹;º
' � M ' Â¡¾*¹ Ã ¾*ÀÑ¸S�`¶t¹;» ³ ´z¸¥¹ ÅÆ³ ¿�»L¸r¿ ³#M ·J¹ ³ ´d¾¯ÙJ½;¸|Ú Ã ¶tÂ¡Â�¸Gº¡ÀH¶t¹;» ³ ¹ Å á¿ ³ º�¸ Ã ¶t¹;»L¸K¿¯¶t¾�»L¸'Êp¸�Ð Å ¶t¹ÀÑ¶|º Å ½LÂ�¸k»L¸¬Â�Í¨ãåÍ¥Â�¸¥¹ Ã ¸ ÀH¶|º Å ½LÂ�¸k»L¸¬Â�¸¥ÀH¶|ºÁ»L¸K¿jÌ Î ½L´ ³ ¹;¶q�j»L¸ÀÑ¶t½L¿ ³ ¾*¹;¸ Å Â ³^Ü ¸ Ã¥Å ¶t¾*Â�¸ ÃD³ Â Å ÍGº¡¾¯¸¥¹L¹;¸¬»L¸p¿ ³kÃÆÎ ¸¥ÏJ¾*¿*¿¯¸¬» ³ ¹;º©¿¯¸rÂ�¸¥À��¥Â�¸ÁÂ ³tÃ ¾*¹;¸»L¸K¿jÌ Î ½L´ ³ ¹;¶q�j»L¸£�¦¥¤jªt£��Z¦¥¤=§ w � ´zÍ Å¡Î ¶J»L¸'»5Ì ³ » ³ À ÅÆ³\Å ¾¯¶t¹2´z¶tÂ¡À Î ¶t¿¯¶tÄ|¾¯ÙJ½;¸âAPRQ �µ¢D¢|¤ � ¦¡ª w��! ±Lªt£�¦¥Úñ´zÍ Å Â¡¾¯ÙZ½;¸�»5Ì]¸¥Â¡Â�¸¥½LÂ�À ³ Â »N¾@ÛÑÍ¥Â�¸¥¹ Ã ¸»5Ì]¶tÂ�»NÂ�¸

nºÆÍ¥´ ³ ¹ Å ¾¯ÙJ½;¸'»5Ì ½L¹y´z¸¥´uËLÂ�¸ ¹ ³\Å ½LÂ�¸¬»N½E´z¸¥´uËLÂ�¸|ÚJÀ ³ Âµ¸¨ØL¸¥´dÀL¿¯¸Á½L¹;¸p´ ³ ¾*¹�Úv½L¹EÀL¾¯¸G»>¶t½>½L¹
Å Â�¶t¹ Ãº�·vº Å �¥´z¸ ³ Â Å ¾ Ã ½L¿ ³ ¾*Â�¸ ¸¥¹;º�¸¥´'ËL¿¯¸u»5Ì ³ Â Å ¾ Ã ½L¿ ³\Å ¾¯¶t¹;ºÁÀL¾*Ï,¶ ÅpÃ ¶t¿¯¶ ÃD³ ¿*¾¯º�ÍG¸Gº

Å ¶tÂ�ºÆ¸¥½LÂ ¶tË Ü ¸ Å ´ ³\Å¡Î Í¥´ ³\Å ¾¯ÙJ½;¸ Ã ¶t¹;º Å ¾ Å ½;Íµ»L¸Ò»L¸¥½NØ Ã�Î`³ ´dÀ;ºX¸¨ØNÀLÂ¡¾*´ ³ ¹ Å¿¯¸GºÒãå¶tÂ Ã ¸GºµÂ�ÍGº¡½L¿ ÅÆ³ ¹ Å ¸Gº¼¸ Å ¿¯¸Gºr´z¶t´z¸¥¹ Å º

" , "



" ,$# % JæH;474Æ8;@E:36D652 1IH;2-8«23@cH�1I4



& ��������
���������Ô����

x N ��'$#7| úsÇ N Â¡¾ � ³ ¹E¸ ÅgM Ç N ÇK�;¶tÂ�º¡· Å¡Î)( ¿h¹ Å ¸¥Â ³tÃ¥Å ¾*Ï,¸Á´z¶ Å ¾¯¶t¹EÄ,¸¥¹;¸¥Â ³\Å ¾¯¶t¹wã=Â�¶t´ ¸¨Ø ³ ´dÀL¿¯¸GºDÇ* �+�-, £¡ª wL° ªZ«G¤=§=¢ wL° ¢ w/. £¡ª10`­J§=« ° Ú2# "43�546 ( 7 ¬ 598 7 z$'NÚ�#$'$'$#NÇ
x N �7ú:'$#7| úsÇ N Â¡¾ � ³ ¹�Ú M Çæ�;¶tÂ�º�· Å¡Î ¸ Å Ò;Ç;úsÌV°©Â¡¾¯¸¥¹ ( P3¶ Å ¾¯¶t¹oº¡·J¹ Å¡Î ¸Gº¡¾¯º©ã=Â�¶t´ ³ ¹L¹;¶ ÅÆ³\Å ¾¯¶t¹;º.Ç* �+�-, £¡ª wL° ªZ«G¤=§=¢ wL° ¢ w/. £¡ª10`­J§=« ° Ú 5$5�3�546 ( 7 '$# 8 7 '-¬NÚ�#$'$'$#NÇ
x N �7ú:'$;7| úsÇ N Â¡¾ � ³ ¹�Ú M Ç N Ç��;¶tÂ�º¡· Å¡Î ¸ Å Ò;ÇV�ÒÇHúsÌV°©Â¡¾¯¸¥¹ (=< ½;º Î ¾*¹LÄ>ÀÑ¸G¶tÀL¿¯¸ ³ Â�¶t½L¹;»5Ç � ª w;°* �+�>� §?�@�|£äª10P­BADC©±v£¡¢E�t£¡ª10`­Z§å« °F�HG/v 0N¢ ° §�± v ¢ wI� ¢ v 0P±N¤h¦¨£ * w § v ª|¤=§å¢ w Ú^À ³ Ä,¸Gº;-z 8 ¡o­vÚ2#$'$'$;NÇ
x N ¿¯¸+¬ 7 | â'ÇVPñÇ N ¿¯¸¨Ø ³ ¹;»L¸¥Â ( y ³ ¿ � ¾*¹LÄ ³ ¹;»wÂ¡½L¹L¹L¾*¹LÄ;Ç � ª w;° * v ¦¨£¨§=«�ª wJ� «¥§j¦ w ¤=§ ° ¤7®^¢t� ± v ¦KML ÚNÀ ³ Ä,¸Gº 5 7 ¬ 8N5 ; 7 Ú " z-¬ 7 Ç
x N PO'$'7| PñÇ N ¿¯¸¨Ø ³ ¸ Å y!ÇÆP)PL¿*¿¯¸¥Â ( âÁ¸¥ÀLÂ�¸GºÆ¸¥¹ Å ¾*¹LÄ ³ ¹L¾*´ ³\Å ¾¯¶t¹;º0ËZ·¼ÀLÂ¡¾*¹ Ã ¾*À ³ ¿ Ã ¶t´dÀÑ¶t¹;¸¥¹ Å º.Ç

� ª wL°RQ £¡¢D«Æ¦�¦��|§ w � ° ¢��BCÒ±J£¡¢E�t£¡ª10`­Z§å« °   S4S|Ú!#$'$'$'NÇ
x N Ê � ¬-z7| Ò;Ç N À � ³ Â¡¾ ³ ¹�Ú?QHÇ0Ê ³ ½L´ ³ ¹L¹ñ¸ Å °¬Ç � ³ ¾*´zº ( N Å¡Î Â�¸G¸¨Ðh»N¾*´z¸¥¹;º¡¾¯¶t¹ ³ ¿ � ¾*¹;¸¥´ ³\Å ¾ Ã

³ ¹;»3»N·J¹ ³ ´d¾ Ã ´z¶J»L¸¥¿�¶\ãb¿¯¶+Ð©¸¥Â¼¿*¾*´uË�ÇUTv¢t±J£ w ªt��¢��:Vr§å¢ v ¦¡«¨­vª w §=« ° ÚW#$# ( " 7 598H" ;$;NÚ" z-¬-zNÇ
x N Â¡¹�¬-z7| °¬Ç N Â¡¹ ³ ¿¯»N¾ ( � ¢ w «Æ¦X0H¤=§=¢ w �t± w ¢ G ªt±Y�$  ± wß°1G\° ¤[Z v ¦)�$  ª w § v ª,¤=§=¢ w �J¦ ° «1Z w ¦ °¤=£¨§\�t§ v ¦ wL° §=¢ w�w ¦¨���*¦ ° § w ¤[]^�t£äª w ¤µ�¯¦ ° �*¢t§ ° �Z¦d�@ª v ]�«�ª w §  ±;¦¥Ç � Î �GºÆ¸s»L¸s»L¶ Ã¥Å ¶tÂ ³\Å ÚÏp¹L¾*Ï,¸¥Â�º¡¾ Å Ík»L¸KâÁ¸¥¹L¹;¸Gº " Ú " z-¬-zNÇ
x N Qv�:'$;7| â ³ ÀLÀÑ¶tÂ ÅK³tÃ¥Å ¾¯¶t¹ º�ÀHÍ Ã ¾@ý`ÙJ½;¸`_�a�bWc (   £ ½L´ ³ ¾*¹�Ïv¾*Â Å ½;¸¥¿ ( Ï,¸¥Â�º¼½L¹ Î ½L´ ³ ¾*¹9º¡·v¹NÐ

Å¡Î Í Å ¾¯ÙJ½;¸ Å ¸¥´dÀ;ºäÐjÂ�ÍG¸¥¿ ³ ½;º�º�¾5ÏJÂ ³ ¾$ÙJ½;¸¬¹ ³\Å ½LÂ�¸o tÚH#$'$'$;NÇ
x N yd'$'7| æYÇ N º Î Â ³ ã¼¸ Å�e Ç � Ç?y9¶t¹LÄ ( æ¬¸¥¹;¸¥Â ³\Å ¾*¹LÄ Ã ¶t¹;º¡¾¯º Å ¸¥¹ Å ´z¶ Å ¾¯¶t¹ Å Â ³ ¹;º¡¾ Å ¾¯¶t¹RÏv¾ ³»L¸ Ã ¶t½LÀL¿¯¸G»ßã�Â ³ ´z¸Gº¡À ³tÃ ¸2¾*¹ Å ¸¥Â¡ÀÑ¶t¿ ³\Å ¾¯¶t¹�Ç � ¢ v 0H±v¤h¦¨£ . £äª10P­Z§=« °D� ¢t£¨± v Ú " z 3�546 Ú#$'$'$'NÇ
x N yd' " | æYÇ N º Î Â ³ ã©¸ Åfe Ç � Ç�y9¶t¹LÄ ( � ¶t¹;º Å Â ³ ¾*¹ Å ¸G»9ã�Â ³ ´z¸Gº�À ³tÃ ¸Y¾*¹ Å ¸¥Â¡ÀÑ¶t¿ ³\Å ¾¯¶t¹�Ç � ª w;°

� ¢ v 0P±N¤h¦¨£ * w § v ª|¤=§=¢ w L S4Shgji Q £¡¢D«Æ¦Æ¦��t§ w � ° ¢��k¤�­N¦RgMk;¤�­ � ¢ w �D¦¨£¡¦ w «Æ¦s¢ wY� ¢ v`l0P±N¤h¦¨£ * w § v ª|¤=§å¢ w ÚvÀ ³ Ä,¸GºT¡ "18 ­m#NÚ`Ê¼¶DÏ,¸¥´uËLÂ�¸R#$'$' " Ç
x N yd' 5 | æYÇ N º Î Â ³ ãH¸ Åne Ç � Ç-y9¶t¹LÄ ( Qv¸¥´ ³ ¹ Å ¾ Ã Â�¸¥ÀLÂ�¸Gº�¸¥¹ ÅÆ³\Å ¾¯¶t¹ ³ ¹;» Ã ¶tÂ¡Â�¸Gº¡ÀÑ¶t¹;»L¸¥¹ Ã ¸µãå¶tÂº ÅÆ³\Å ¸¨ÐjË ³ º�¸G»�´z¶ Å ¾¯¶t¹ Å Â ³ ¹;º¡¾ Å ¾¯¶t¹�ÇIo�CnCnC , £äª w;° ª,«G¤=§å¢ wL° ¢ wqp § ° ±Lªt� §srDª,¤=§=¢ w ª w �

� ¢ v 0P±N¤h¦¨£ . £¡ª10`­Z§å« ° Ú5z 3 7 6 ( 7 ¬ "18 7 z-zNÚ!#$'$' 5 Ç
x °�°�z-¬7| â'Ç�°©¾*¹;»N¾*Ä ³ ¹ ³ Ï ³ ¿¯¸z¸ Å ÊuÇV¿¨Ç�° ³ »N¿¯¸¥Â (ut ¶ Å ¾¯¶t¹ ³ Ë;º Å Â ³tÃ¥Å ¾¯¶t¹ ³ ¹;»3´ ³ ÀLÀL¾*¹LÄ�Ðµ¾ Å¡Îº¡À ³\Å ¾ ³ ¿ Ã ¶t¹;º Å Â ³ ¾*¹ Å ºDÇwv0¦¡«G¤=±v£¡¦Bxk¢|¤h¦ ° § wy� ¢ v 0H±v¤h¦¨£ � «¥§j¦ w «Æ¦GÚ " ; 5 ­ ( ­m' 8 ¬$#NÚ " z-z-¬NÇ
x °�°z'$'7| < Ç�° ³ ¸¥Â¡¿¯¶ Ã�Î ¸¥Âk¸ Å â'Çu°Ò¶t½L¿*¾ ÃJ({e ¾*¹;¸¥´ ³\Å ¾ ÃdÃ ¶t¹ Å Â�¶t¿b¶\ã Å¡Î ¸s´ ³ º�º¼ÀLÂ�¶tÀH¸¥Â Å ¾¯¸GºK¶\ãÂ�¸G»N½L¹;» ³ ¹ Å¬³ Â Å ¾ Ã ½L¿ ³\Å ¸G»yËÑ¶J»N¾¯¸Gº.Ç � ª w;° o � � * ÚvÀ ³ Ä,¸GºF#$;$;o­ 8 #$;-¡$#NÚ�#$'$'$'NÇ

"@5$5



"@5 7 | �h�/�����G�o�ù�¥g�Âh���

x °�°}' " | âuÇI°Ò¶t½L¿*¾ Ã ¸ Å`< Ç�° ³ ¸¥Â¡¿¯¶ ÃÆÎ ¸¥Â ( � ¾*¹;Í¥´ ³\Å ¾¯ÙZ½;¸>¾*¹JÏ,¸¥Â�º�¸>ÀH¶t½LÂuÀH¸¥Â�º�¶t¹L¹ ³ Ä,¸ 54~ (º�¶t¿*½ Å ¾¯¶t¹;º ³ ¹ ³ ¿*· Å ¾¯ÙJ½;¸Gºl¸ Å Ï ³ Â¡¾ ³\Å ¾¯¶t¹L¹;¸¥¿*¿¯¸GºDÇ��r¦¥®D±L¦/�Z¦ ��� * 
 Ú " ¡ 3�"96 ( ¬ 598 z-zNÚ#$'$' " Ç
x °�°z� � zo­9| âuÇ�°Ò¶t½L¿*¾ Ã Ú < Ç5°Ò¸ Ã�Î ¸¥¾*Â ³ ©,ÚP×bÇ���´z¸¥Â¡¾*¹LÄ>¸ Å=� Ç � Î`³ ¿*´ ³ ¹L¹ ( ¿�¹ Å ¸¥Ä|Â ³\Å ¾¯¶t¹2¶\ã�´z¶\Ð

Å ¾¯¶t¹ Ã ¶t¹ Å Â�¶t¿ Å ¸ Ã�Î ¹L¾¯ÙJ½;¸Gº©ãå¶tÂXÏv¾*Â Å ½ ³ ¿ Î ½L´ ³ ¹ ³ ¹;» ³ Ï ³\ÅÆ³ Â©Â�¸ ³ ¿@Ð Å ¾*´z¸ ³ ¹L¾*´ ³\Å ¾¯¶t¹�Ç
� ª wL°Yp � ��,   � K i Q £¡¢D«Æ¦�¦��|§ w � ° ¢��Y¤�­N¦ * �+���2Gqv 0N¢ ° §B± v ¢ w�p §B£¥¤=±Nª|���Á¦¡ªt� §�¤ G
� ¢��¨¤\�Xªt£�¦uª w � , ¦¡«¥­ w ¢t�*¢E� G Ú;À ³ Ä,¸Gº "$"$"18H"$" ¬NÚ " z-zo­vÇ

x ° � ¬-z7| �sÇ�°©Â¡½;»L¸¥Â¡¿*¾*¹�¸ Å � Ç y!Ç � ³ ¿*Ï,¸¥Â Å�( æ¬¶ ³ ¿@Ðh»N¾*Â�¸ Ã¥Å ¸G»5Ú¬»N·J¹ ³ ´d¾ ÃÝ³ ¹L¾*´ ³\Å ¾¯¶t¹�¶\ã
Î ½L´ ³ ¹ Ð ³ ¿ � ¾*¹LÄ;Ç Q £¡¢D«Æ¦Æ¦��t§ w � ° ¢�� � o .u. � * Qn�   �h�m� � ¢ v 0P±N¤h¦¨£ . £äª10P­Z§=« ° Ú# 5�3�546 ( # 5$598 # 7 #NÚuÒ|½L¾*¿*¿¯¸ Å " z-¬-zNÇ

x ° � z 5 | �sÇ+°©Â¡½;»L¸¥Â¡¿*¾*¹s¸ Å � Ç y�Ç � ³ ¿*Ï,¸¥Â Å�( ¿h¹ Å ¸¥Â ³\Å ¾*Ï,¸ ³ ¹L¾*´ ³\Å ¾¯¶t¹Y¶\ã;ÀÑ¸¥Â�º�¶t¹ ³ ¿*¾�©D¸G» Î ½L´ ³ ¹¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹�Ç � ª wL°). £¡ª10`­Z§å« ° o w ¤h¦¨£��¥ªZ«Æ¦¥Ú;À ³ Ä,¸Gº " ­ 8 # 5 Ú t ³ ¾ " z-z 5 Ç
x ° � z-¡7| �sÇ9°©Â¡½;»L¸¥Â¡¿*¾*¹z¸ Å � Ç y�Ç � ³ ¿*Ï,¸¥Â Å}(Ne ¹;¶9Ðµ¿¯¸G»NÄ,¸¨Ðh»NÂ¡¾*Ï,¸¥¹�Ú|¾*¹ Å ¸¥Â ³tÃ¥Å ¾*Ï,¸ ³ ¹L¾*´ ³\Å ¾¯¶t¹Y¶\ã

Î ½L´ ³ ¹oÂ¡½L¹L¹L¾*¹LÄ;Ç � ª w;°�. oL  ����i Q £¡¢D«Æ¦�¦E�t§ w � ° ¢��¬¤�­N¦ � ¢ w �D¦¨£�¦ w «Æ¦s¢ w/. £äª10P­Z§=« °o w ¤h¦¥£��Gª,«Æ¦¥Ú;À ³ Ä,¸GºB# "@598 #$# " Ú " z-z-¡NÇ
x °Ò�{'$'7| t Ç�°©Â ³ ¹;»3¸ Å �sÇ`�¼¸¥Â Å ©G´ ³ ¹L¹ ( Q Å ·v¿¯¸'´ ³tÃÆÎ ¾*¹;¸GºDÇ � ª wL°�Q £ä¢.«Æ¦�¦��t§ w � ° ¢�� * �+�

� o .u. � * Qn�   S4S�� � ¢ v 0P±v¤h¦¥£ . £¡ª10`­Z§å« °fQ £ä¢.«Æ¦�¦��t§ w � ° � * w5w ±Lªt� � ¢ w �G¦¥£¡¦ w «Æ¦ � ¦ l£¨§å¦ ° ÚNÀ ³ Ä,¸Gº " ¬ 598H" z$#NÚH#$'$'$'NÇ
x ° t�� ' 5 | �sÇ °Ò¸ ³ ½LÀL¾¯¸G»5ÚO�ÒÇ t ½L¿ Å ¶t¹R¸ Åj< Ç � ¸¥¿ ³ ´ ³ Â ÃÆÎ ¸ (Y� ¶v¸Gº Å Â ³ ¾*¹L¾*¹LÄ Î`³ Ï,¸ Ã ¶t¹;º�¸¨ÐÙJ½;¸¥¹ Ã ¸Gºsã=¶tÂ Å¡Î ¸]Ð ³ ¿ � ÐjÂ¡½L¹ Å Â ³ ¹;º�¾ Å ¾¯¶t¹Rº¡ÀH¸G¸G»T÷ � ± v ª w�� ¢t®\¦ v ¦ w ¤ � «¥§j¦ w «÷¦¥Ú#$# ( "18H" #NÚ2#$'$' 5 Ç
x ° t�< ' 7 | � Ço°©Â�¸¥Ä|¿¯¸¥ÂDÚæÒ;Ç t ³ ¿*¾ � ¸ Å
e Ç < ½L¿*¿¯¸¥¹ ( � Ðµ¾¯º Å Ë ³ º�¸G» ³tÃ ÙZ½L¾¯º¡¾ Å ¾¯¶t¹ ³ ¹;» Å Â ³tÃ � ¾*¹LÄu¶\ã

³ ¹L¾*´ ³ ¿ ³ ¹;» Î ½L´ ³ ¹ � ¾*¹;¸¥´ ³\Å ¾ Ã º.ÇHo w ¤h¦¨£ w ª|¤=§å¢ w ªt��Tv¢t±v£ w ª|�`¢�� � ¢ v 0P±N¤h¦¨£ p § ° §å¢ w Ú;-¡ 3�546 ( " ­qz 8H" z 7 Ú!#$'$' 7 Ç
x ° t � z 7 | âuÇ3°©¶t½L¿*¾ Ã Ú$â'Ç t ³ ºk¸ ÅU� Ç � Î`³ ¿*´ ³ ¹L¹ ( ¿�¹ZÏ,¸¥Â�º�¸ � ¾*¹;¸ Å ¾ Ã ºKãå¶tÂ Ã ¸¥¹ Å ¸¥Âu¶\ãÒ´ ³ º�ºÀÑ¶|º¡¾ Å ¾¯¶t¹ Ã ¶t¹ Å Â�¶t¿ ³ ¹;»ßÀH¶|º Å ½LÂ�¸l¶tÀ Å ¾*´d¾�© ³\Å ¾¯¶t¹�Ç��rª,«Æ¦��X¢t£1� ° ­N¢10�¢ w��	� ¢ v�� § l

w ¦E�s£¡¦¡ª|�Ñª w � °	Gqw ¤�­N¦¥¤=§å«p§ v ª@�Z¦n0H£ä¢D«÷¦ °Æ° § w �=�¥¢|£ � £¡¢Dª4�,«�ª ° ¤Xª w �'®.§\�Z¦�¢B0P£¡¢@�t±L«G¤=§=¢ w
�^� ¢ w ªt� § ° ª Q £ä¢��D¦¡«G¤ �+� Ú!�v¸¥À Å ¸¥´uËLÂ�¸ " z-z 7 Ç

x °ÒÊ t + '$;7| æYÇu°Ò¸¥Â¡¾*¿*¿¯¶t¹�Ú5ædÇ`Êp¾ Ã ¶t¿ ³ ºDÚu�ÒÇ t ½L¿ Å ¶t¹�Ú��ÒÇ t ³ Â Ã�Î`³ ¿jÚ5æYÇ � ½L´z¶t¹ Å ÚH�YÇ � ¸¥¿¯¶t¾¯º�¶t¹¸ Å�� Çbæ¬¶t´d´z¸¥Â¡· ( � ¸Gº Å ¾*¹LÄ9¿¯¶ Ã ¶t´z¶ Å ¶tÂ Î ·vÀÑ¶ Å¡Î ¸Gº¡¾¯ºd¾*¹R¸ ³ Â¡¿*· Î ¶t´d¾*¹L¾¯»Lº ( 5 »´z¶v»L¸¥¿*¾*¹LÄ ³ ¹;»>º¡¾*´u½L¿ ³\Å ¾¯¶t¹y¶\ã�ËL¾*ÀH¸G» ³ ¿*¾¯º¡´zº©½;º¡¾*¹LÄ ³ ¹ ³\Å ¶t´d¾ ÃD³ ¿5» ³\ÅÆ³ Ç * v ¦¨£¨§=«Æª wTv¢t±J£ w ªt�7¢�� Q ­ G\° §å«�ªt� * w ¤�­Z£¡¢10N¢t�*¢E� G Ú " '-¡ ( 7 ' 8 ­ 5 Ú!#$'$'$;NÇ
x °Ò¶+ÐF'$'7| âuÇC°Ò¶+Ðr»L¸¥¹ ( ×�¸ ³ Â¡¹L¾*¹LÄ�º ÅÆ³\Å ¾¯º Å ¾ ÃD³ ¿©´z¶J»L¸¥¿µ¶\ã Î ½L´ ³ ¹Ý´z¶ Å ¾¯¶t¹�Ç � ª wL° o�C�CnC�Y¢t£1� ° ­v¢	0S¢$� � ±��zªm� � ¢@�Z¦¥�B� §��N��� * �Pªt� G\° § ° ª$�H� �HG �P¤�­N¦ ° § ° Ú�#$'$'$'NÇ
� °=���«¬ 5¡  âuÇ æYÇ;°©½LÂ�»L¸ Å¡Å Ú?ædÇ¢�HÇ�� � Â¡¾*¹ ³ Âz¸ Å �HÇ]â'Çn�J¾*´z¶t¹ ( � ¶t´dÀ ³ Â¡¾¯ºÆ¶t¹ß¶\ãp´z¸ ÃÆÎ`³ ¹L¾ ÃD³ ¿Ð©¶tÂ � ³ ¹;» ´z¸ ÅÆ³ ËÑ¶t¿*¾ Ã ¸¥¹;¸¥Â¡Ä|· Ã ¶t¹;º¡½L´dÀ Å ¾¯¶t¹S»N½LÂ¡¾*¹LÄy¹;¶tÂ¡´ ³ ¿�Ä ³ ¾ Å Ç�TJ¢|±J£	�Pªt�X¢��


 £¥¤�­v¢10NªZ¦E�t§=«f�Á¦ ° ¦¡ª|£ä«¨­vÚ "43�"96 ( ¡ 598 ­m#NÚ "@£ ¬ 5 Ç
� °=� � £ ­   âuÇ�°Ò¶t½L¿*¾ Ã Ú t Ð � Ç2�J¾*¿ ³ Ä Î ¾$¸ ÅF� Ç � Î`³ ¿*´ ³ ¹L¹ ( � ¶t´dÀL¿¯¸¨Ø ÃÆÎ`³ Â ³tÃ¥Å ¸¥ÂÁÀÑ¶|º¡¾ Å ¾¯¶t¹L¾*¹LÄË ³ º�¸G»'¶t¹ ³rÃ ¶t´dÀ ³\Å ¾*ËL¿¯¸�¤`¶+Ð�´z¶J»L¸¥¿v¶\ãL´'½L¿ Å ¾*ÀL¿¯¸©º¡½LÀLÀH¶tÂ Å º.Ç�o�CnCnC , £¡ªm� ° ªZ«G¤=§=¢$� °¢m� p § ° ±Lªt� §¥r.ª|¤=§å¢m�3ªm�!� � ¢m�B0P±N¤h¦¨£ . £¡ª10`­J§=« ° Ú 5�3�546 ( # 7 ; 8 #-¡ " Ú "@£$£ ­vÇ



| �h�/�����G�4¦ù�¥g�Âh��� "@5 ;
� °=� � '$'   â'Ç7°Ò¶t½L¿*¾ Ã Ú t Ð � Ç��J¾*¿ ³ Ä Î ¾L¸ Å+� Ç � Î`³ ¿*´ ³ ¹L¹ (Z² ¾¯º�½ ³ ¿*¾�© ³\Å ¾¯¶t¹Y¶\ã;¿¯¶ ÃD³ ¿Z´z¶.Ï,¸¥´z¸¥¹ Å ºãå¶tÂÒ¶tÀ Å ¾ ÃD³ ¿5´ ³ Â � ¸¥ÂµÀÑ¶|º¡¾ Å ¾¯¶t¹L¾*¹LÄ;Ç � ªm� ° * ����
   ShS�i Q £¡¢D«Æ¦�¦��|§���� ° ¢��K¤�­N¦ � §�£ ° ¤o1�`¤h¦¨£	�Pª|¤=§å¢m�Pª|�§�Y¢t£1� ° ­v¢	0�¢m� * £¨¤=§å«¥±v�@ª,¤h¦�� � ¢|¤=§=¢$�"ªm�H� � ¦��G¢t£	�zª � �¯¦ 
F� �D¦¡«G¤ ° ÚÀ ³ Ä,¸Gº "@5$598H" 7$7 ÚH#$'$'$'NÇ
� ° � £ #   â'Ç7°Ò¶t½L¿*¾ Ã ¸ Å�� Ç � Î`³ ¿*´ ³ ¹L¹ ( � ¶t´'ËL¾*¹;¸G»Y»N¾*Â�¸ Ã¥Åb³ ¹;»'¾*¹JÏ,¸¥Â�º�¸ � ¾*¹;¸¥´ ³\Å ¾ ÃÒÃ ¶t¹ Å Â�¶t¿ãå¶tÂ ³ Â Å ¾ Ã ½L¿ ³\Å ¸G»9ý;Ä|½LÂ�¸E´z¶ Å ¾¯¶t¹�¸G»N¾ Å ¾*¹LÄ;Ç � ¢$�F0H±v¤h¦¨£ . £äª10P­Z§=« °`� ¢t£¨±N�YÚ "$"43 7 6 (" ¬ £98 #$'$#NÚ "@£$£ #NÇ
� °�¨{­ "	  ÊsÇ-°?½LÂ Å ¹J· � ¸ Å
t Çm¨9¸¥¾*¹ ( � ¶t´dÀL½ Å ¸¥Â©Ä,¸¥¹;¸¥Â ³\Å ¸G» � ¸¥·sã�Â ³ ´z¸ ³ ¹L¾*´ ³\Å ¾¯¶t¹�Ç©Tv¢t±v£ l�Pªt��¢��d¤�­N¦ � ¢D«¥§j¦¥¤ G ¢�� � ¢|¤=§å¢m� Q §å«G¤=±v£¡¦>ªm�!� , ¦¥�*¦¨®.§ ° §=¢m�IC����t§��H¦�¦¥£ ° ÚI¬ 3�546 ( " 7 £98" ; 5 Ú "@£ ­ " Ç
� °�¨ £ ;   �sÇæ°©Â¡½;»L¸¥Â¡¿*¾*¹o¸ Å ×XÇh¨à¾*¿*¿*¾ ³ ´zº (�t ¶ Å ¾¯¶t¹cº�¾*Ä|¹ ³ ¿PÀLÂ�¶ Ã ¸Gº�º¡¾*¹LÄ;Ç � ªm� °uQ £¡¢D«Æ¦�¦E�t§��N� °¢�� � o .u. � * Qn�   �hªm� � ¢m�B0P±v¤h¦¥£ . £äª	0`­Z§å« °DQ £¡¢D«Æ¦�¦��|§���� ° � * ���;±Lªt� � ¢m�@�D¦¨£�¦	�P«Æ¦

� ¦¨£¨§j¦ ° ÚNÀ ³ Ä,¸Gº £ ­ 8H" ' 7 Ú��µ¶m« Å "@£$£ ;NÇ
� � � < ¬ £¡  Ò;Ç¬�rÇ � Î`³ »«Ðµ¾ Ã � Ú � Ç]â'ÇN� ³ ½L´ ³ ¹L¹l¸ Å â'Ç¬�rÇ <�³ Â�¸¥¹ Å§( × ³ ·,¸¥Â�¸G» Ã ¶t¹;º Å Â¡½ Ã¥Å ¾¯¶t¹yãå¶tÂ»L¸¨ãå¶tÂ¡´ ³ ËL¿¯¸ ³ ¹L¾*´ ³\Å ¸G» Ã�Î`³ Â ³tÃ¥Å ¸¥Â�ºDÇ � ª$� °�� o .u. � * Qn�   �h�yi Q £¡¢D«Æ¦Æ¦��t§���� ° ¢��¤�­N¦§g4�t¤�­ * ���;±Lªt� � ¢m�@�D¦¨£¡¦­�P«Æ¦s¢m� � ¢$�F0H±v¤h¦¨£ . £¡ª10`­J§=« ° ªm�!�Ro1�`¤h¦¨£¡ª,«G¤=§�®\¦ , ¦¡«¨­ l�;§  ±;¦ ° ÚLÀ ³ Ä,¸GºB# 7 598 #$;$#NÚ "@£ ¬ £ Ç
� � ×+�®'$'   e ÐaÒ;Ç � Î ¶t¾jÚ3Ò`Ç5×�¸G¸z¸ Å �HÇ �dÇw� Î ¾*¹ ( úp¹L¿*¾*¹;¸z´z¶ Å ¾¯¶t¹9Â�¸ ÅÆ³ Â¡Ä,¸ Å¡Å ¾*¹LÄ;Ç¯TJ¢|±J£	�Pªt�X¢��

p § ° ±Lªt� § ° ª|¤=§å¢m�3ªm�!� � ¢$�F0H±v¤h¦¨£ * �`§��zª|¤=§å¢m�`Ú "$"43 ; 6 ( #$# 598 # 5 ;NÚ�#$'$'$'NÇ
� � ×$¨ + £ ¬   â'Ç]�sÇ � Â�¶t´dÀ Å ¶t¹�Ú©�YÇ7×5¾jÚ©¨�ÇVÒ`Çw¨ ³ ¹LÄ;Ú t Ç t Ç�æ{PL¹ Å¡Î ¸¥Âz¸ Å âuÇ©� ³ Ï ³ Ä,¸ ( � Î ¸´z¸ Ã�Î`³ ¹L¾ ÃD³ ¿Ñ¸¨Û5¸ Ã¥Å ¾*Ï,¸¥¹;¸Gº�º?¶\ã�¸¥Â�¸ Ã¥Å Ì ËH¸¥¹ Å Ð Î ¾*À�Ì*ÚPÌ ËÑ¸¥¹ Å Ð � ¹;¸G¸|ÌZËL¾*ÀÑ¸G» ³ ¿�Ð ³ ¿ � ¾*¹LÄu¾*¹° ½;º Å Â ³ ¿¯¶tÀL¾ Å¡Î ¸ Ã ½;º ° ã ³ Â�¸¥¹;º�¾¯ºDÇ
Tv¢t±v£1�Pª|�5¢�� � ±��zªm�JC©®^¢t� ±v¤=§å¢m�²±hª|ÚvÀ ³ Ä,¸Gº};$; 8 ­ 7 Ú"@£$£ ¬NÇ
� � ¶J¶o¡o­   �HÇ¬�sÇ � ¶v¶t¹;º ( �J½LÂäã ³tÃ ¸GºÒãå¶tÂ Ã ¶t´dÀL½ Å ¸¥Â ³ ¾¯»L¸G»o»L¸Gº¡¾*Ä|¹y¶\ã7º�À ³tÃ ¸Áãå¶tÂ¡´zºDÇ7â ³ ÀLÀÑ¶tÂ Å

Å ¸ Ã�Î ¹L¾¯ÙJ½;¸|Ú t ¿ � < Â�¶ Ü ¸ Ã¥Å � âµÐ 7 " Ú � ³ ´'ËLÂ¡¾¯»NÄ,¸|Ú t �uÚ "@£ ¡o­vÇ
� � ¶tÂ £ ¡   < ÇV¿÷Ç � ¶tÂ � ¸ ( �FÂ�¶tËÑ¶ Å ¾ Ã º Å ¶J¶t¿*ËÑ¶GØwã=¶tÂB³ °N´Wµ$° � Çno�CnCnC¶�µ¢ � ¢|¤=§å« ° ªm�H� * ±v¤j¢m�zª l¤=§å¢m� � ª@�,ª9rG§��H¦GÚ 5�3�"96 ( # 7 8N5 #NÚ "@£$£ ¡NÇ
� � <ne £$£¡  e ÐaÒ;Ç � Î ¶t¾jÚ
�ZÐh�uÇ <7³ Â � ¸ Å �ÁÐ·�HÇ e ¶ (�< Â�¶ Ã ¸Gº�º¡¾*¹LÄ�´z¶ Å ¾¯¶t¹ ÃD³ À Å ½LÂ�¸2» ³\ÅÆ³ Å ¶

³tÃ�Î ¾¯¸¥Ï,¸?ÀÑ¶|º¡¾ Å ¾¯¶t¹ ³ ¿ ³tÃGÃ ½LÂ ³tÃ ·,Ç . £äª	0`­Z§å« °�� ¢9�Z¦¨� ° o1�zª@�Z¦ Q £ä¢.«Æ¦ °Æ° §��N�|Ú-¡ "43 ; 6 ( #-¡$' 8#o­ 5 Ú "@£$£$£ Ç
� � ¨ £$£¡  e Ç � Î ½o¸ Å}t Ç�¨9¶t¹LÄ ( � ³ º ÅÒÅ ¾*´z¸¨Ðhº�¸¥Â¡¾¯¸GºÒº�¸ ³ Â ÃÆÎ ¾*¹LÄ�Ðµ¾ Å¡Î º ÃD³ ¿*¾*¹LÄ ³ ¹;»cº Î ¾@ã Å ¾*¹LÄ;Ç

� ªm� °BQ £¡¢D«Æ¦�¦��|§���� ° ¢�� * �+�¸Q £÷§��P«¥§¢0P�¯¦ ° ¢�� � ª|¤jª � ª ° ¦ �2G\° ¤h¦	� ° Ú^À ³ Ä,¸Gº
# 5 ­ 8 # 7 ¬NÚ"@£$£$£ Ç
� � ¨à×7æu' 5¡  â'Ç]�sÇ � Â�¶t´dÀ Å ¶t¹�Ú�¨!ÇVÒ;Ç�¨ ³ ¹LÄ;Ú��dÇ5×5¾X¸ Åft Ç t Ç�æ{PL¹ Å¡Î ¸¥Â ( ��¹;¸¥Â¡Ä|· Å Â ³ ¹;ºäãå¶tÂäÐ´ ³\Å ¾¯¶t¹9»N½LÂ¡¾*¹LÄl¸¥Â�¸ Ã¥Å'³ ¹;»ÝÌ ËÑ¸¥¹ Å Ð Î ¾*À�Ì*ÚXÌ ËÑ¸¥¹ Å Ð � ¹;¸G¸|Ì�Ð ³ ¿ � ¾*¹LÄyËJ· Î ½L´ ³ ¹;º%Ðµ¾ Å¡Î¾*´dÀL¿*¾ ÃD³\Å ¾¯¶t¹;º©ãå¶tÂ Å¡Î ¸¼¸¥Ï,¶t¿*½ Å ¾¯¶t¹y¶\ã�ËL¾*ÀH¸G» ³ ¿*¾¯º�´yÇ�TJ¢|±J£	�Pªt��¢�� � ±N�zªm�DC©®^¢|� ±N¤=§=¢$�k4k;ÚNÀ ³ Ä,¸Gº{;-¡ 598 ;o­ £ ÚH#$'$' 5 Ç
� � ¸¥¿ £ #   �dÇ � ¸¥¿¯¶t¾¯º�¶t¹ ( ��´dÀLÂ�¸¥¾*¹ Å ¸Gºd»L¸dÀ ³ ºsá µ ³ ¸ Å ¶t¿*¾ 3 ´ ³ ¹h© ³ ¹L¾ 6 Ç0¿¯¸¥½LÂ ³ ÀLÀÑ¶tÂ Å áy½L¹;¸´z¸¥¾*¿*¿¯¸¥½LÂ�¸ Ã ¶t¹L¹ ³ ¾¯º�º ³ ¹ Ã ¸Ò»L¸?¿ ³ ¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹d»L¸Gº Î ¶t´d¾*¹L¾¯»LÍGº7ãå¶|º�º¡¾*¿¯¸GºDÇ �n¹ � ¹ * «Æª4� ¹

� «¥§ ¹WQ ªt£¨§ ° �X¤ ¹ ±�g$ª�� � ]¨£¨§j¦{o�o¨ÚNÀ ³ Ä,¸Gº " ' 598H" ' £ Ú "@£$£ #NÇ



"@5 ¡ |�º ��» º �G�4¦1¼¥g�Â º �
� � ¸G× £ ¡   < Ç � ¸G×�¸¥Ï ³J( �µ» Ü ½;º Å ´z¸¥¹ Å º Å ¶D½ ³\Å º¡¾¯¶tÂ�º � ·ZÐ·cD¸¥¿*½L· ³ ¹;¶DÏÑÌ]ºpºÆ¸¥Ä|´z¸¥¹ Å ¾*¹;¸¥Â Å ¾ ³ À ³ Â ³ Ð´z¸ Å ¸¥Â�ºDÇ}Tv¢t±v£1�Pª|�0¢��BVr§=¢m�w¦¡«¥­vªm�;§å« ° Ú!# £�3�£46 ( " #$# 598H" # 5 'NÚ "@£$£ ¡NÇ
� � ¸¥´�;$;   ¨!Ç � Ç � ¸¥´dÀ;º Å ¸¥Â ( �JÀ ³tÃ ¸wÂ�¸GÙJ½L¾*Â�¸¥´z¸¥¹ Å ºsãå¶tÂ Å¡Î ¸>º�¸ ³\Å ¸G»S¶tÀÑ¸¥Â ³\Å ¶tÂDÇyâ ³ ÀLÀÑ¶tÂ Å

Å ¸ ÃÆÎ ¹L¾¯ÙZ½;¸|Ú2¨�Â¡¾*Ä ÎZÅ Ð <�³\Å¡Å ¸¥Â�º�¶t¹²�p¾*ÂT�;¶tÂ Ã ¸%° ³ ºÆ¸|Ú`ú Î ¾¯¶LÚ "@£ ;$;NÇ
� � ½L´ £ '   æYÇ � ½L´z¶t¹ Å�( * �;§��dª,¤=§=¢m�¾�Z¦ ° «¿Z­�H¦ ° ¤=£÷§��t§��z¦­� ° §å¢m���H¦¥�B�¯¦ ° i��@ª���]¡«Æªm�;§  ±L¦D�Z¦ °

° ¢t� §��Z¦ ° «�¢m�`�w¦O�z¢@�hZ¥�*¦À�Z¦ °	G �P¤�­®Z ° ¦y�Z¦O�z¢t±v®\¦	�w¦	�P¤åÇ � Î �Gº�¸�»L¸ »L¶ Ã¥Å ¶tÂ ³\Å ÚÏp¹L¾*Ï,¸¥Â�º¡¾ Å ÍK»L¸kâp¸¥¹L¹;¸Gº " Ú "@£$£ 'NÇ
� � ½L´ £®"	  æYÇ � ½L´z¶t¹ ÅB( â ³ ÀLÀÑ¶tÂ Å ý;¹ ³ ¿;»L¸ Ã ¶t¹ZÏ,¸¥¹ Å ¾¯¶t¹w¾*¹LÂ�¸ Å ºù�^¾*¹LÂ¡¾ ³ ÇHâ ³ ÀLÀÑ¶tÂ Å�Å ¸ Ã�Î ¹L¾¯ÙJ½;¸|Ú¿ ÊpâA¿X�ÁÐhâÁ¸¥¹L¹;¸Gº\�/¿�âA¿��N�sÚ "@£$£®" Ç
� ��¹;¶ £ 7   âuÇ t ÇN��¹;¶ � ³j( x'¦¨±v£¡¢m�w¦¡«¨­vªm�`§=«�ª|� � ª ° § ° ¢��B�.§��H¦ ° §å¢t�*¢E� G)� L �H��]E�t§�¤=§å¢m� � Ç0�p½L´ ³ ¹

e ¾*¹;¸ Å ¾ Ã ºDÚ "@£$£ 7 Ç
� � � e¬² '-¡   �sÇ��;¶tÂ¡¹;¸¥ÂäÐ � ¶tÂ�»L¸¥Â�¶LÚ$�uÇ e ¶v¶tÀL´ ³ ¹9¸ Å �ÒÇ ²X³ ¹�»L¸¥Â¼�¼¸¥¿*´ ( ¿�¹ZÏ,¸¥Â�º�¸Y»N·v¹ ³ ´d¾ Ã º

ÃD³ ¿ Ã ½L¿ ³\Å ¾¯¶t¹;ºp»N½LÂ¡¾*¹LÄdÄ ³ ¾ Å Ðµ¾ Å¡Î Â�¸Gº Å Â¡¾ Ã¥Å ¸G»oÄ|Â�¶t½L¹;»oÂ�¸ ³tÃ¥Å ¾¯¶t¹yã=¶tÂ Ã ¸¬¾*¹Nãå¶tÂ¡´ ³\Å ¾¯¶t¹ã=Â�¶t´ÖÀLÂ�¸Gº�º¡½LÂ�¸K¾*¹;ºÆ¶t¿¯¸GºDÇ . ªt§=¤?ªm�H� Q ¢ ° ¤=±J£�¦¥Ú!# 5 ( " ¬ £98H"@£$£ ÚH#$'$'-¡NÇ
� � � � t £ ­   �ÒÇ?� ³ ½LÂ�¸|Ú?æYÇ � ¸¥ËL½L¹L¹;¸|Ú t Ð < Ç � ³ ¹L¾r¸ Å �ÒÇ t ½L¿ Å ¶t¹ (/� ·J¹ ³ ´d¾ Ã2³ ¹ ³ ¿*·vº¡¾¯ºd¶\ã

Î ½L´ ³ ¹=Ð ³ ¿ � ¾*¹LÄ;Ç � ªm� ° C©±v£¡¢E�t£¡ª10`­Z§å« ° �s¢|£¿� ° ­v¢10�¢m� � ¢m�B0P±N¤h¦¨£ * �;§��zª|¤=§å¢m�ªm�!� � §��Y±J�*ª|¤=§å¢m� � C .f� * �h� Ú "@£$£ ­vÇ
� �?��'$;   e Ç?�;¶tÂ¡ËÑ¸Gºd¸ Å �rÇ �7¾*½L´z¸ ( �Á¹Þ¸	Á Ã ¾¯¸¥¹ Å º�¸ ³ Â Ã�Îß³ ¿*Ä,¶tÂ¡¾ Å¡Î ´�ãå¶tÂY´z¶ Å ¾¯¶t¹R» ³\ÅÆ³½;º¡¾*¹LÄúÐ?¸¥¾*Ä ÎJÅ ¸G» ¥ _ ° Ç � ªm� °j�©� *   S$ª¯i Q £ä¢.«Æ¦�¦��t§���� ° ¢��s¤�­N¦ L S4S$ª * �+��� o .zl

. � * Qn� A�C©±J£¡¢E�t£¡ª10`­J§=« °U�2G �F0L¢ ° §�±���¢m� � ¢$�F0H±v¤h¦¨£ * �;§��zª|¤=§å¢m�`Ú�#$'$'$;NÇ
� � t �®' "	  � Ç��L½LÂ¡½ � ³ Ð ³ Ú e Ç t ¶tÂ¡¾b¸ Å �dÇw�J½;¸¥¹ ³ Ä ³O( �p½L´ ³ ¹9º¡ÀL¾*¹;¸sÀH¶|º Å ½LÂ�¸d¸Gº Å ¾*´ ³\Å ¾¯¶t¹ã=Â�¶t´ Ïv¾¯»L¸G¶K¾*´ ³ Ä,¸GºXË ³ ºÆ¸G»w¶t¹ Ã ¶t¹L¹;¸ Ã¥Å ¸G»EÏ,¸¥Â Å ¸¥ËLÂ ³ º¡À Î ¸¥Â�¸Gº?´z¶v»L¸¥¿jÇ � ªm� °{Q £ä¢ l«Æ¦Æ¦��t§���� ° ¢��>¤�­L¦¯g­k;¤�­ � ¢m�9�G¦¨£�¦	�P«÷¦y¢m� � ¢m�B0P±N¤h¦¨£ * �;§��dª,¤=§=¢m�5  ShgtÚ5À ³ Ä,¸Gº " ­ 7 8" ¬ " Ú�#$'$' " Ç
� � < ' 5¡  �sÇ�� ³ ¹LÄß¸ Å ÊsÇ < ¶t¿*¿ ³ Â�» ( ��Á Ã ¾¯¸¥¹ Å º¡·J¹ Å¡Î ¸Gº¡¾¯ºy¶\ãYÀ Î ·Nº¡¾ ÃD³ ¿*¿*·àÏ ³ ¿*¾¯» Î ½L´ ³ ¹´z¶ Å ¾¯¶t¹�Ç � ªm� °FQ £¡¢D«Æ¦�¦E�t§��N� ° ¢�� * �+��� o .u. � * Qn� Ú^Ï,¶t¿*½L´z¸=#$# 3�546 ÚtÀ ³ Ä,¸Gº 7 " ­ 8

7 #-¡NÚ�#$'$' 5 Ç
� � ² � ' "	  < Çu� ³ ¿¯¶t½ Å º�¶|ºDÚ t Ç ²X³ ¹3»L¸ <�³ ¹L¹;¸s¸ Å:� Ç � ¸¥Â�©D¶tÀH¶t½L¿¯¶|º ( � ¶t´dÀH¶|º ³ ËL¿¯¸ Ã ¶t¹ Å Â�¶t¿@Ð¿¯¸¥Â�ºkã=¶tÂkÀ Î ·vº�¾ Ã ºäÐjË ³ º�¸G» ÃÆÎ`³ Â ³tÃ¥Å ¸¥Â ³ ¹L¾*´ ³\Å ¾¯¶t¹�Ç � ªm� °J� o .u. � * Q��   S4g�i Q £ä¢ l«Æ¦Æ¦��t§���� ° ¢��¬¤�­N¦ L �Z¤�­ * ���;±Lªt� � ¢m�@�D¦¨£¡¦­�P«Æ¦k¢$� � ¢m�B0P±N¤h¦¨£ . £¡ª10`­J§=« ° ªm�H�Ro1�`¤h¦¨£ lª,«D¤=§B®\¦ , ¦¡«¨­h�`§  ±;¦ ° Ú;À ³ Ä,¸GºB#$; "18 #-¡$'NÚ2�µ¶m« Å #$'$' " Ç
� æY° � ' 7Z³   < Ç�æ¬¿ ³ Â�»L¶t¹�Ú7âuÇC°Ò¶t½L¿*¾ Ã ¸ Å§� Ç � Î`³ ¿*´ ³ ¹L¹ ( � Ã ¶ Î ¸¥Â�¸¥¹ Å ¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹Þ¸¥¹LÄ|¾*¹;¸¸¨Ø Å Â ³ ÀH¶t¿ ³\Å ¾¯¶t¹3ËÑ¸¥·,¶t¹;»3¸¨ØNÀÑ¸¥Â¡¾*´z¸¥¹ ÅÆ³ ¿�» ³\ÅÆ³ Ç � ªm� °�Q £¡¢D«Æ¦�¦��|§���� ° ¢�� � * � *   S­k;ÚÀ ³ Ä,¸GºA­ 598 ¬ 7 ÚH#$'$' 7 Ç
� æY° � ' 7 Ë   < ÇNæ¬¿ ³ Â�»L¶t¹�ÚJâuÇo°Ò¶t½L¿*¾ Ã ¸ Åz� Ç � Î`³ ¿*´ ³ ¹L¹ (wÂ �{ÃkÐjË ³ º�¸G»�Ð ³ ¿ � ¾*¹LÄd¸¥¹LÄ|¾*¹;¸p½;º¡¾*¹LÄ´z¶ Å ¾¯¶t¹ ÃD³ À Å ½LÂ�¸¬» ³\ÅÆ³ Ç � ªm� °J� ¢m�B0P±N¤h¦¨£ . £äª10P­Z§=« ° o1�`¤h¦¥£1�Pª,¤=§=¢m�Hªt� ÚJÀ ³ Ä,¸Gº}# £ # 8# £ ¬NÚ�#$'$' 7 Ç
� æ¼¾*Ë2'$#   �HÇ�æ¼¾*ËÑ¸ Å�( � ¢@�hZ¥�*¦ ° �$  ªm�Pª|� G\° ¦ lj°1G �`¤�­�Z ° ¦��t±I�z¢t±J®t¦	�w¦	�`¤åÇ'� ³ ËL¾*¿*¾ ÅÆ³\Å ¾¯¶t¹�á>»N¾@ÐÂ¡¾*Ä,¸¥Âk¿¯¸Gº'Â�¸ Ã�Î ¸¥Â ÃÆÎ ¸GºDÚ;Ïp¹L¾*Ï,¸¥Â�º¡¾ Å ÍE»L¸)°©Â�¸ ÅÆ³ Ä|¹;¸D�J½;»5Ú ²X³ ¹L¹;¸Gº.ÚI�LÂ ³ ¹ Ã ¸|Ú�Ò|½L¾*¿*¿¯¸ Å#$'$'$#NÇ



|�º ��» º\Ä �4¦1¼¥g�Â º � "@5 ­
� æ¼¾*¿ £ ­   � ÇPæ¼¾*¿*¿ ³ Â�» ( p ¦¨£ ° �¡  ªm�;§��zª|¤=§å¢m�O� G �Hªm�Y§  ±;¦§�$  ±��9«�¢t£[0 ° ­J±��zªt§�� ®D§B£¥¤=±;¦¨��i0±N¤=§ l� § ° ª|¤=§=¢$�Å�Z¦O�Z¢m���!]�¦ °O� §å¢m��]��t§å«�ªt�¯¦ ° ± � Ç � Î �Gº�¸2»L¸l»L¶ Ã¥Å ¶tÂ ³\Å ÚgÏp¹L¾*Ï,¸¥Â�º¡¾ Å Í3»L¸âÁ¸¥¾*´zº � Î`³ ´dÀ ³ Ä|¹;¸¨Ð[�ÁÂ�»L¸¥¹L¹;¸|Ú "@£$£ ­vÇ
� æ¼¾*Â�¬o­   t Ç�æ¬¾*Â ³ Â�» ( ¿h¹ Å ¸¥Â ³tÃ¥Å ¾*Ï,¸o»L¸Gº¡¾*Ä|¹R¶\ã 54~ Ã ¶t´dÀL½ Å ¸¥ÂäÐ ³ ¹L¾*´ ³\Å ¸G»ß¿¯¸¥Ä|Ä,¸G» ³ ¹L¾*´ ³ ¿´z¶ Å ¾¯¶t¹�Ç � ªm� ° o�C�CnC � ¢m�B0P±N¤h¦¨£ . £¡ª10`­Z§å« ° ªm�H� * 040P� §=«�ª,¤=§=¢m�PÚ�À ³ Ä,¸Gº 5$£98 ; " ÚÒ|½L¾*¹ "@£ ¬o­vÇ
� æ¬× £ ¬   t Ç7æ¼¿¯¸¥¾ ÃÆÎ ¸¥ÂY¸ Å`< Ç7×�¾ Å Ðµ¾*¹;¶+Ðµ¾ Ã © ( � ¶t¹;º Å Â ³ ¾*¹ Å ¸G»vÐjË ³ º�¸G»Ý´z¶ Å ¾¯¶t¹ ³ » ³ À ÅÆ³\Å ¾¯¶t¹�Ç

, ­N¦:Tv¢t±v£1�Pª|�5¢�� p § ° ±Nª|� §srDª|¤=§å¢m�lªm�!� � ¢m�B0P±N¤h¦¨£ * �;§��zª|¤=§å¢m�`Ú £�3 # 6 ( ¡$; 8N£ 7 Ú "@£$£ ¬NÇ
� æ¼¿¯¸ £ ­   t Ç\æ¼¿¯¸¥¾ ÃÆÎ ¸¥Â (Nt ¶ Å ¾¯¶t¹s¸G»N¾ Å ¾*¹LÄYÐµ¾ Å¡Î º¡À ³tÃ ¸ Å ¾*´z¸ Ã ¶t¹;º Å Â ³ ¾*¹ Å ºDÇ � ªm� °F�HG �B0N¢ ° §�±��¢m�¯o1�`¤h¦¨£¡ª,«G¤=§�®\¦§± �Æ. £¡ª10`­Z§å« °   � K ÚLÀ ³ Ä,¸Gº "@5$£98H" 7 ¬NÚ��0ÏvÂ¡¾*¿ "@£$£ ­vÇ
� æ¼¿¯¸ £ ¬   t Ç5æ¬¿¯¸¥¾ Ã�Î ¸¥Â ( âÁ¸ ÅÆ³ Â¡Ä,¸ Å¡Å ¾*¹LÄo´z¶ Å ¾¯¶t¹ Å ¶>¹;¸�Ð Ã�Î`³ Â ³tÃ¥Å ¸¥Â�º.Ç � ªm� °�Q £¡¢D«Æ¦�¦E�t§��N� °¢�� � o .u. � * Qn�   �4�$� � ¢m�B0P±v¤h¦¥£ . £äª	0`­Z§å« °DQ £¡¢D«Æ¦�¦��|§���� ° � * ���;±Lªt� � ¢m�@�D¦¨£�¦	�P«Æ¦

� ¦¨£¨§j¦ ° ÚNÀ ³ Ä,¸Gº 5$598 7 #NÚ5Ò|½L¾*¿*¿¯¸ Å "@£$£ ¬NÇ
� æ¼¿¯¸@' " ³   t ÇÁæ¼¿¯¸¥¾ Ã�Î ¸¥Â ( � ¶t´dÀ ³ Â¡¾*¹LÄ Ã ¶t¹;º Å Â ³ ¾*¹ Å ¸G»vÐjË ³ º�¸G»�´z¶ Å ¾¯¶t¹�¸G»N¾ Å ¾*¹LÄR´z¸ Å¡Î ¶v»LºDÇ

. £¡ª10`­Z§å«�ªt� � ¢@�Z¦¨� ° Ú�¡ 5�3 # 6 ( " 'o­ 8H"@5 7 ÚH#$'$' " Ç
� æ¼¿¯¸@' " Ë   t Çvæ¼¿¯¸¥¾ ÃÆÎ ¸¥Â (wt ¶ Å ¾¯¶t¹cÀ ³\Å¡Î ¸G»N¾ Å ¾*¹LÄ;Ç � ªm� ° * �+�Ç�HG �B0N¢ ° §�±��Ö¢m�Do1�`¤h¦¥£äª,«D¤=§B®\¦± �Æ. £¡ª10`­Z§å« °   S4g|ÚLÀ ³ Ä,¸Gº "@£ ; 8 #$'$#NÚ t ³ Â�ºF#$'$' " Ç
� æ t ¬$;   t Ç0æ¼¾*Â ³ Â�»ñ¸ Å �uÇ¬�sÇ t ³tÃ ¾¯¸ Ü ¸�Ðrº � ¾ ( � ¶t´dÀL½ ÅÆ³\Å ¾¯¶t¹ ³ ¿µ´z¶v»L¸¥¿*¾*¹LÄyãå¶tÂ Å¡Î ¸ Ã ¶t´YÐÀL½ Å ¸¥Â ³ ¹L¾*´ ³\Å ¾¯¶t¹9¶\ãX¿¯¸¥Ä|Ä,¸G»2ý;Ä|½LÂ�¸GºDÇ � ªm� °D� o .u. � * Q��   �hªJi Q £¡¢D«Æ¦Æ¦��t§���� ° ¢��¤�­N¦§g L ¤�­ * ���;±Lªt� � ¢m�@�D¦¨£¡¦­�P«Æ¦s¢m� � ¢$�F0H±v¤h¦¨£ . £¡ª10`­J§=« ° ªm�!�Ro1�`¤h¦¨£¡ª,«G¤=§�®\¦ , ¦¡«¨­ l�;§  ±;¦ ° ÚLÀ ³ Ä,¸GºB#-¡ 598 #o­m'NÚ "@£ ¬$;NÇ
� æ t � < ' 7   e Ç^æ¼Â�¶ Ã�Î ¶9ÐkÚ��HÇ]×bÇ t3³ Â Å ¾*¹�Ú@�sÇG�¼¸¥Â Å ©G´ ³ ¹L¹'¸ Å©È Ç < ¶tÀH¶.ÏJ¾ ÃB( � Å ·v¿¯¸¨ÐjË ³ º�¸G»K¾*¹ZÏ,¸¥Â�ºÆ¸� ¾*¹;¸¥´ ³\Å ¾ Ã ºDÇ * �+�-, £¡ªm� ° ªZ«G¤=§=¢$� ° ¢m� . £¡ª10`­J§=« ° Ú2# 5�3�546 ( ;$#$# 8 ; 5®" Ú�#$'$' 7 Ç
� æ¬¶t½ £ ­   â'ÇÒæ¬¶t½LÂ�»L¸ ³ ½ ( úpË Ü ¸ Ã¥Å ¶tÂ¡¾¯¸¥¹ Å ¸G»àÀLÂ�¶tÄ|Â ³ ´d´d¾*¹LÄÝãå¶tÂwÂ�¶tËÑ¶ Å ¾ Ã ´ ³ ¹L¾*ÀL½L¿ ³\Å ¶tÂ�ºº¡¾*´u½L¿ ³\Å ¾¯¶t¹�Ç�o�CnCnCÉ�µ¢ � ¢|¤=§=« ° ªm�H� * ±v¤j¢$�dª,¤=§=¢m� � ª@�Zª9r¥§��H¦¥Ú 7 3�546 Ú "@£$£ ­vÇ
� æ¬â £ ¡   �HÇJæ¼½;¶'¸ Å Ò;ÇZâp¶tËH¸¥Â¡Ä,Í ( � Î ¾*Ä Î Ðj¿¯¸¥Ï,¸¥¿ Ã ¶t¹ Å Â�¶t¿P´z¸ ÃÆÎ`³ ¹L¾¯º¡´ ãå¶tÂ Î ½L´ ³ ¹E¿¯¶ Ã ¶t´z¶\Ð

Å ¾¯¶t¹lË ³ ºÆ¸G»l¶t¹yÀ ³ Â ³ ´z¸ Å Â¡¾ Ã ã�Â ³ ´z¸uº¡À ³tÃ ¸k¾*¹ Å ¸¥Â¡ÀH¶t¿ ³\Å ¾¯¶t¹�Ç � ªm� °�Q £ä¢.«Æ¦�¦��t§���� ° ¢��¤�­N¦jC©±J£¡¢E�t£¡ª10`­J§=« ° �Y¢t£1� ° ­N¢10�¢$� � ¢m�B0P±N¤h¦¨£ * �;§��zª|¤=§å¢m�ßªm�!� � §��Y±J�*ª|¤=§å¢m�Ñ  ���tÚÀ ³ Ä,¸Gº £ ; 8H" 'o­vÚ "@£$£ ¡NÇ
� æ¼Â ³ " ¬   �sÇ`æ¼Â ³ · ( * �Pª|¤j¢$� G ¢��k¤�­N¦k­Z±��zªm� � ¢@� G Ç?×�¸ ³z³ ¹;»Ç�`¸¥ËL¾*Ä,¸¥ÂDÚ "@£®" ¬NÇ
� æ � £ ;   â'Ç,æ¼Â�©D¸Gº�© Ã ©G½ � ¸ Ån� Ç � ¸¥Â�©D¶tÀÑ¶t½L¿¯¶|º ( �p½ Å ¶t´ ³\Å ¸G»d¿¯¸ ³ Â¡¹L¾*¹LÄ'¶\ãH´'½;º Ã ¿¯¸¨Ð ³tÃ¥Å ½ ³\Å ¸G»¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹ Å¡Î Â�¶t½LÄ ÎÞÃ ¶t¹ Å Â�¶t¿ ³ Ë;º Å Â ³tÃ¥Å ¾¯¶t¹�Ç � ªm� °�Q £¡¢D«Æ¦�¦��|§���� ° ¢�� � o .u. � * l

Qn�   �hª,ÚNÀ ³ Ä,¸GºA¡ 598 ­m'NÚ "@£$£ ;NÇ
� æ È ×w'$'   â'Ç5æ¼Â ³ º�ºÆ¶LÚ t Ç ÈÑ³ Ä,¶c¸ Å �ÒÇP× ³tÃ ÙJ½ ³ ¹L¾ Å ¾ ( ¿h¹ Å ¸¥Â ³tÃ¥Å ¾¯¶t¹;ºKËÑ¸ Å Ð?¸G¸¥¹�ÀÑ¶|º Å ½LÂ�¸ ³ ¹;»¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹ (�t ¶ Å ¶tÂµÀ ³\Å¡Å ¸¥Â¡¹;ºr¾*¹ Î ½L´ ³ ¹;º�Ð ³ ¿ � ¾*¹LÄ�Ðµ¾ Å¡Î ËH¸¥¹ Å ÀH¶|º Å ½LÂ�¸pÏ,¸¥Â�º�½;º¸¥Â�¸ Ã¥Å ÀÑ¶|º Å ½LÂ�¸|Ç}TJ¢|±J£	�Pªt�0¢��Bx'¦¨±v£ä¢	0`­ G\° §å¢t�*¢E� G Ú�¬ 5 ( #-¬-¬ 8N5 '$'NÚ!#$'$'$'NÇ
� �B�:'-¡   �ÁÐ[�Á¹L¾*´ ( ¿�¹Nãå¶tÂ¡´ ³\Å ¾¯¶t¹ Å ¸ ÃÆÎ ¹;¶t¿¯¶tÄ|·VÐ¶_P¶t´dÀL½ Å ¸¥Â ¨ Â ³ À Î ¾ Ã º ³ ¹;»ËÊ¯´ ³ Ä,¸

¥ Â�¶ Ã ¸Gº�º¡¾*¹LÄ�Ð £ ½L´ ³ ¹;¶t¾¯» ³ ¹L¾*´ ³\Å ¾¯¶t¹�Ç o �w
 A�o�C � �F��� gm� K4K k i L S4Sh�tÚ
ÎZÅ¡Å À ( �-�7Ð"Ð"ÐkÇ Î Ð ³ ¹L¾*´yÇ]¶tÂ¡Ä;Ú�#$'$'-¡NÇ



"@5 ¬ |�º ��» º\Ä �4¦1¼¥g�Â º\Ì
� � � ;$;   âuÇ¢�HÇ`� ³ Â Å ¸¥¹ZËÑ¸¥Â¡Äc¸ Å Ò;Ç � ¸¥¹ ³ Ïv¾ Å`( � � ¾*¹;¸¥´ ³\Å ¾ Ã ¹;¶ ÅÆ³\Å ¾¯¶t¹3ãå¶tÂÁ¿¯¶+Ð©¸¥ÂäÐjÀ ³ ¾*Âk´z¸¨Ð

ÃÆÎ`³ ¹L¾¯º¡´zº$Ë ³ ºÆ¸G»'¶t¹'´ ³\Å Â¡¾ Ã ¸Gº.ÇHTv¢t±J£	�Pªt�L¢�� * 040P� §j¦�� � ¦�«¨­vªm�;§å« ° Ú.À ³ Ä,¸Gº�# " ; 8 #$# " Ú"@£ ;$;NÇ
� �p¾*¹ £ '   âuÇ]ÊuÇ;�p¾*¹LÂ¡¾ Ã�Î º ( �µ» Ü ½;º Å ¸¥´z¸¥¹ Å º Å ¶ Å¡Î ¸sº�¸¥Ä|´z¸¥¹ Å¬Ã ¸¥¹ Å ¸¥ÂK¶\ãb´ ³ º�ºpÀLÂ�¶tÀÑ¶tÂ Å ¾¯¶t¹;º¶\ã�_`¿ ³ ½;º�¸¥ÂÁ¸ ÅÁ³ ¿jÇ=Tv¢t±J£	�Pªt�7¢��BVµ§å¢m�w¦¡«¨­Nªm�;§å« ° Ú2# 5�3�£46 ( £ 7 £98N£ ; " Ú "@£$£ 'NÇ� � t £$5¡  �sÇb�pÂ�¸¥¿ Ü¡³tÃ ¸ Å�< Ç¬�ÁÇ t ³ Â Å ¾*¹ ( � Î ¸lÂ�¸¥¿ ³\Å ¾¯¶t¹;º Î ¾*À"ËÑ¸ Å Ð©¸G¸¥¹àº�´z¶J¶ Å¡Î ¹;¸Gº�º ³ ¹;»¸ Ã ¶t¹;¶t´u·c»N½LÂ¡¾*¹LÄ�Ð ³ ¿ � ¾*¹LÄ;Ç�Vr§=¢t�*¢E�t§å«�ªt� �©Gh� ¦¨£	�H¦¥¤=§å« ° Ú�¡ £�3�546 ( # "@598 # " ¬NÚ "@£$£$5 Ç� �¼¶J» £ ¡   Ò;Ç e ÇÑ�¼¶J»NÄ|¾*¹;º ( � Î Â�¸G¸¨Ðh»N¾*´z¸¥¹;º¡¾¯¶t¹ ³ ¿ Î ½L´ ³ ¹�Â¡½L¹L¹L¾*¹LÄ;Ç � ªm� ° o�CnCnCÍo1�`¤h¦¥£1�Pª l¤=§å¢m�Pªt� � ¢m�9�G¦¨£�¦	�P«÷¦Y¢m�J�r¢ � ¢|¤=§å« ° ªm�!� * ±N¤j¢m�zª|¤=§å¢m�`Ú "@£$£ ¡NÇ� �¼¶J» £ ¬   Ò;Ç e Ç|�¼¶v»NÄ|¾*¹;º ( �p¹L¾*´ ³\Å ¾*¹LÄ Î ½L´ ³ ¹z´z¶ Å ¾¯¶t¹�Ç � «¥§j¦	�`¤=§ Î?« * �w¦¨£÷§å«�ªm�PÚ4#o­q¬ 3�546 ( ¡ 7 8¡ £ Ú t ³ Â�º "@£$£ ¬NÇ� � < £ ­   Ò;Ç e ÇÒ�¼¶J»NÄ|¾*¹;ºc¸ Å ÊuÇ¢�HÇ < ¶t¿*¿ ³ Â�» ( �µ» ³ À Å ¾*¹LÄRº¡¾*´'½L¿ ³\Å ¸G»ûËÑ¸ Î`³ Ïv¾¯¶tÂ�ºEã=¶tÂc¹;¸�Ð

ÃÆÎ`³ Â ³tÃ¥Å ¸¥Â�ºDÇ � ªm� °RQ £¡¢D«Æ¦�¦E�t§��N� ° ¢�� * �+�Ï� o .u. � * Qn� Ú "@£$£ ­vÇ� �B¨!°rú £ ;   Ò;Ç e Ç7�¼¶J»NÄ|¾*¹;ºDÚw¨�Ç]×XÇw¨9¶v¶ Å ¸¥¹�Ú � Ç � Ç�°©Â�¶tÄ ³ ¹ñ¸ Å Ò;ÇV�ÒÇ�úsÌV°©Â¡¾¯¸¥¹ ( �p¹L¾*´ ³\Å ¾*¹LÄ
Î ½L´ ³ ¹ ³\Å¡Î ¿¯¸ Å ¾ Ã º.Ç � ª$� °uQ £¡¢D«Æ¦Æ¦��t§���� ° ¢�� � o .u. � * Qn�   �hª|Ú|À ³ Ä,¸Gº�­ "18 ­q¬NÚ "@£$£ ;NÇ� ¿·�A��'-¡   ×bÇ�¿ � ¸¥´z¶ Å ¶LÚ�úsÇ©�ÁÂ¡¾ � ³ ¹�¸ Å`� ÇC�;¶tÂ�º�· Å¡ÎÅ()e ¹;¶9Ðµ¾*¹LÄ¯Ð Î ¸¥¹ Å ¶lÀL½ Å ·,¶t½LÂsãå¶J¶ Å»L¶9Ðµ¹�Ç � ªm� °��2G �F0L¢ ° §�±��Õ¢m�Ào1�`¤h¦¥£äª,«D¤=§B®\¦J± �Ð. £¡ª10`­J§=« ° ªm�H� . ªm�w¦ °�� o	± �}� Ú#$'$'-¡NÇ

� Ò,¶ Î ­ 5¡  æYÇ�Ò,¶ Î`³ ¹;º�ºÆ¶t¹ (�² ¾¯º¡½ ³ ¿ÑÀH¸¥Â Ã ¸¥À Å ¾¯¶t¹y¶\ã$ËL¾¯¶t¿¯¶tÄ|¾ ÃD³ ¿$´z¶ Å ¾¯¶t¹ ³ ¹;» ³ ´z¶v»L¸¥¿Hã=¶tÂ©¾ Å º
³ ¹ ³ ¿*·Nº¡¾¯ºDÇ Q ¦¥£ä«Æ¦X0H¤=§=¢$�Sªm�H� Q?°1G «¨­v¢	0`­ G\° §å« ° Ú " 7 3 # 6 ( #$' "18 # "$" Ú "@£ ­ 5 Ç� e °"¬$#   Ò;ÇVÏsÇ e ¶tÂ�¸¥¾*¹�¸ Å ÊuÇV¿¨Ç�° ³ »N¿¯¸¥Â ( � ¸ Ã�Î ¹L¾¯ÙJ½;¸Gº'ã=¶tÂKÄ,¸¥¹;¸¥Â ³\Å ¾*¹LÄ Å¡Î ¸YÄ,¶ ³ ¿@Ðh»N¾*Â�¸ Ã¥Å ¸G»
³ ¹L¾*´ ³\Å ¾¯¶t¹o¶\ã ³ Â Å ¾ Ã ½L¿ ³\Å ¸G»oº Å Â¡½ Ã¥Å ½LÂ�¸Gº.Ç©o�CnCnC � ¢m�B0P±N¤h¦¨£ . £¡ª10`­J§=« ° ªm�H� * 040P� § l«�ª,¤=§=¢m�PÚ�# 3�£46 ( ­ "18 ¬ " Ú "@£ ¬$#NÇ� e � £$£¡  < Ç¬�uÇ e Â ³ ´z¸¥Âk¸ Å æYÇ ædÇ!� Ã � ( ×�¶ Ã ¶t´z¶ Å ¾¯¶t¹S¸¥¹;¸¥Â¡Ä,¸ Å ¾ Ã º ³ ¹;» ¿¯¸¥Äc¿¯¸¥¹LÄ Å¡Î ¾*¹ Î ¶\Ð´d¾*¹L¾¯»oËL¾*ÀÑ¸G» ³ ¿*¾ Å ·,ÇBTJ¢t±v£	�Pªt�0¢�� � ±��zªm�¯C©®^¢|� ±N¤=§=¢$�`ÚLÀ ³ Ä,¸GºT¡$; "18 ¡-¡-¡NÚ "@£$£$£ Ç� e æf' 5¡  ×bÇ e ¶.Ï ³ Âz¸ Å`t Ç�æ¼¿¯¸¥¾ ÃÆÎ ¸¥Â ( �7¿¯¸¨ØN¾*ËL¿¯¸ ³ ½ Å ¶t´ ³\Å ¾ Ã ´z¶ Å ¾¯¶t¹ÞËL¿¯¸¥¹;»N¾*¹LÄRÐµ¾ Å¡Î Â�¸¨ÐÄ|¾¯º Å Â ³\Å ¾¯¶t¹ Ã ½LÂ¡Ï,¸Gº.Ç � ªm� °/�©� *   Sm±¶i Q £ä¢.«Æ¦�¦��t§���� ° ¢��3¤�­N¦ L S4Sm± * �+�Ñ� o .zl
. � * Qn� A�C©±J£¡¢E�t£¡ª10`­J§=« °)�2G �F0L¢ ° §�±�� ¢$� � ¢m�B0P±N¤h¦¨£ * �;§��zª|¤=§=¢$�`Ú7À ³ Ä,¸Gº�# " 7 8#$# 7 Ú�#$'$' 5 Ç� e æf' 7   ×bÇ e ¶DÏ ³ Â'¸ Åut Ç�æ¼¿¯¸¥¾ ÃÆÎ ¸¥Â ( �p½ Å ¶t´ ³\Å ¸G»�¸¨Ø Å Â ³tÃ¥Å ¾¯¶t¹ ³ ¹;» À ³ Â ³ ´z¸ Å Â¡¾�© ³\Å ¾¯¶t¹S¶\ã´z¶ Å ¾¯¶t¹;º7¾*¹'¿ ³ Â¡Ä,¸©» ³\ÅÆ³ º�¸ Å ºDÇ * �+�Ò, £¡ªm� ° ªZ«G¤=§=¢$� ° ¢m� . £äª10P­Z§=« ° Úm# 5�3�546 ( ;$; £98 ;-¡-¬NÚ#$'$' 7 Ç� e æ < '$#   ×bÇ e ¶DÏ ³ ÂDÚ t Ç`æ¼¿¯¸¥¾ Ã�Î ¸¥ÂÁ¸ Å �ÒÇ < ¾*Ä Î ¾*¹ (�t ¶ Å ¾¯¶t¹oÄ|Â ³ À Î ºDÇ � ªm� °RQ £¡¢D«Æ¦�¦E�t§��N� ° ¢��¤�­N¦ L �,¤�­ * ���;±Lªt� � ¢m�@�D¦¨£�¦	�P«Æ¦s¢m� � ¢m�B0P±v¤h¦¥£ . £äª10P­Z§=« ° ª$�H�Ro1�`¤h¦¥£äª,«D¤=§B®\¦ , ¦¡«¨­ l�;§  ±;¦ ° ÚNÀ ³ Ä,¸Gº 7 ­ 598 7 ¬$#NÚH#$'$'$#NÇ� e æU�®'$#   ×bÇ e ¶DÏ ³ ÂDÚ t Çræ¼¿¯¸¥¾ ÃÆÎ ¸¥Ây¸ Å Ò;Ç=� Ã�Î Â�¸¥¾*¹;¸¥Â ( �;¶v¶ Å º ÅÆ³ � ¸ Ã ¿¯¸ ³ ¹Z½LÀFãå¶tÂc´z¶ Å ¾¯¶t¹
ÃD³ À Å ½LÂ�¸|Ç � ª$� ° * �+�Ç� §¥�@�t£¡ª10`­ �2G �B0N¢ ° §B±N��¢m� � ¢m�B0P±N¤h¦¨£ * �;§��dª,¤=§=¢m�PÚh#$'$'$#NÇ� e �¼×w'$;   � Ç e ¶t´u½LÂ ³ ÚB�HÇ]×bÇµ�¼¶Ý¸ Å ¨�Ç]�sÇ?× ³ ½ ( �p¹L¾*´ ³\Å ¾*¹LÄÞÂ�¸ ³tÃ¥Å ¾*Ï,¸�´z¶ Å ¾¯¶t¹F½;º¡¾*¹LÄ´z¶t´z¸¥¹ Å ½L´YÐjË ³ º�¸G»Ý¾*¹ZÏ,¸¥Â�º�¸ � ¾*¹;¸¥´ ³\Å ¾ Ã º ³ ¹;» ÃD³ À Å ½LÂ�¸G»�´z¶ Å ¾¯¶t¹�Ç � ªm� °�� ¢m� l0P±N¤h¦¨£ * �;§��zª|¤=§å¢m�"ªm�H� p §�£¨¤=±Lªt���Y¢t£÷�¥� ° TJ¢|±J£	�Pªt� � o1�`¤=� ¹§� ¢m�9� ¹ ¢m� � ¢$�F0H±v¤h¦¨£* �;§��zª|¤=§å¢m�2ªm�H� � ¢D«G§=ªt� * �Z¦	�P¤ ° � � * � * L S4S$ª � Ú�#$'$'$;NÇ



|�º ��» º\Ä �4¦1¼¥g�Â º\Ì "@5$£
� eue ¬-¡   ¨!Ç e¬Î`³ ¿*¾*¿;¸ Å Ò;Ç e ¿¯¸¥¾*¹Ný;¹LÄ,¸¥Â ( �ß¹;¸�ÐÝÄ,¸G¶t´z¸ Å Â¡¾ Ã ¹;¶ ÅÆ³\Å ¾¯¶t¹Yã=¶tÂ�¶tÀÑ¸¥¹ ³ ¹;» Ã ¿¯¶|º�¸G»¿¯¶v¶tÀoÂ�¶tËH¶ Å ºDÇ � ªm� ° o � � *   ���tÚvÀ ³ Ä,¸GºS­m; 8 ­ £ Ú "@£ ¬-¡NÇ
� eut �:'$;   â'Ç e ½L¿*À ³ Ú«�©Ç t ½L¿ Å ¶t¹o¸ Å °¬Çh�pÂ¡¹ ³ ¿¯»N¾ (wt ¶tÂ¡À Î ¶t¿¯¶tÄ|·JÐj¾*¹;»L¸¥ÀH¸¥¹;»L¸¥¹ Å Â�¸¥ÀLÂ�¸Gº�¸¥¹ ÅÆ³ Ð

Å ¾¯¶t¹o¶\ã0´z¶ Å ¾¯¶t¹;º©ãå¶tÂÒ¾*¹ Å ¸¥Â ³tÃ¥Å ¾*Ï,¸ Î ½L´ ³ ¹NÐj¿*¾ � ¸ ³ ¹L¾*´ ³\Å ¾¯¶t¹�Ç � ¢m�B0P±v¤h¦¥£ . £¡ª10`­J§=« °
� ¢|£÷±N�ÓA²C . L S4S4ª Q £¡¢D«Æ¦Æ¦��t§���� ° ÚW# 7 3�546 ( 5 7 598N5 ;$#NÚ�#$'$'$;NÇ

� e úS��'$;   �sÇ æYÇ e ¾*Â � Ú�Ò;ÇV�ÒÇHúsÌV°©Â¡¾¯¸¥¹ ¸ ÅB� Ç¬�sÇ��;¶tÂ�º¡· Å¡ÎÀ( � � ¸¥¿¯¸ ÅÆ³ ¿7À ³ Â ³ ´z¸ Å ¸¥Â¼¸Gº Å ¾*´ ³\Å ¾¯¶t¹ã=Â�¶t´%¶tÀ Å ¾ ÃD³ ¿b´z¶ Å ¾¯¶t¹ ÃD³ À Å ½LÂ�¸z» ³\ÅÆ³ Ç � ¢m�B0P±N¤h¦¨£ p § ° §å¢m��ªm�!� Q ª,¤å¤h¦¨£1�I�r¦¡«�¢¿� l�;§=¤=§=¢$� L S4S4ª|Ú2# ( ­q¬$# 8 ­q¬-¬NÚH#$'$'$;NÇ
� e Â ³ £$£¡  < �uÇ e Â ³ ´z¸¥Â (�t ¶J»L¸¥¿*¿*¾*¹LÄ Å¡Î ¸y¿¯¶ Ã ¶t´z¶ Å ¶tÂw¸¥¹;¸¥Â¡Ä,¸ Å ¾ Ã º>¶\ãK¸¨Ø Å ¾*¹ Ã¥ÅzÎ ¶t´d¾*¹L¾¯»Lº.Ç

, ­N¦UTJ¢t±v£	�Pªt�0¢��BCnÔ10L¦¨£¨§��w¦	�P¤jªt��Vr§=¢|�@¢E� G Ú;À ³ Ä,¸GºB#-¬$'o­ 8 #-¬ " ¬NÚ "@£$£$£ Ç
� e �®' "	  � Ç e ¶t´u½LÂ ³ ¸ Å �YÇ�� Î ¾*¹ ³ Ä ³ Ð ³¾( � Å¡ÅÆ³tÃÆÎ ¾*¹LÄyÀ Î ·Nº¡¾¯¶t¿¯¶tÄ|¾ ÃD³ ¿b¸¨Û5¸ Ã¥Å º Å ¶>´z¶ Å ¾¯¶t¹NÐ

ÃD³ À Å ½LÂ�¸G»l» ³\ÅÆ³ Ç � ªm� °UQ £ä¢D«÷¦�¦��t§���� ° ¢�� . �=o�x2  S4g|ÚJÀ ³ Ä,¸Gº{#o­ 8N5 ¡NÚ2#$'$' " Ç
� e �®'$;   � Ç e Ð?¶t¹o¸ Å �HÇ �dÇ�� Î ¾*¹ (Wt ¶ Å ¾¯¶t¹E´z¶v»L¸¥¿*¾*¹LÄ'ãå¶tÂ?¶t¹NÐj¿*¾*¹;¸p¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹>º¡·v¹ Å¡Î ¸Gº�¾¯ºDÇ

� ªm� °D�©� *   S$ª)i Q £¡¢D«Æ¦�¦��|§���� ° ¢��Y¤�­N¦ L S4S$ª * �+�Ð� o .u. � * Qn� A�CÒ±J£¡¢E�t£¡ª10`­Z§å« °
�2G �B0N¢ ° §B±N��¢m� � ¢m�B0P±N¤h¦¨£ * �;§��dª,¤=§=¢m�PÚJÀ ³ Ä,¸Gº{# £98N5$£ Ú2#$'$'$;NÇ

� e � e '$'   � Ç e ¶t´'½LÂ ³ Ú9�YÇ9� Î ¾*¹ ³ Ä ³ Ð ³ ¸ Å � Ç]×bÇ e ½L¹L¾*¾ ( � Â�¸ ³\Å ¾*¹LÄ ³ ¹;»KÂ�¸ ÅÆ³ Â¡Ä,¸ Å¡Å ¾*¹LÄp´z¶ Å ¾¯¶t¹ËZ· Å¡Î ¸¬´u½;º Ã ½L¿¯¶|º � ¸¥¿¯¸ ÅÆ³ ¿ Î ½L´ ³ ¹yËÑ¶J»N·>´z¶v»L¸¥¿jÇ , ­N¦ p § ° ±Lªt� � ¢m�B0P±N¤h¦¨£¥Ú " ¡ 3 ; 6 (#$; 7 8 #o­m'NÚH#$'$'$'NÇ
� e ½L¿Õ'$;   â'Ç e ½L¿*À ³¯( * �,ª10Ñ¤jª|¤=§=¢$�2§��`¤h¦¨£¡ª,«G¤=§�®\¦d¦¥¤W0L¦¨£��¥¢t£	�zªm�`¤h¦§�Z¦U�z¢t±v®\¦	�w¦	�`¤z�$  ­Z±��zª l�P¢mÖ��Z¦ °K°	G �`¤�­®]¥¤=§  ±;¦ ° i�ª ° 0L¦¡«D¤ ° «¥§��!]	�zª|¤=§  ±;¦1�Ò«¥§��!]¥¤=§  ±;¦z¦¥¤}� G �Pªm�Y§  ±;¦¥Ç � Î �Gº�¸»L¸K»L¶ Ã¥Å ¶tÂ ³\Å Ú�¿ Ê:�N�W»L¸kâÁ¸¥¹L¹;¸GºDÚ�#$'$'$;NÇ
� ×I°}' 7   °¬Ç;×�¸ � ³ ¿*¿¯¸¥¹L¹;¸ Ã ¸ Å âuÇ5°Ò¶t½L¿*¾ Ã�( ¿�¹ Å ¸¥Â ³tÃ¥Å ¾*Ï,¸u´z¶ Å ¾¯¶t¹2»L¸¨ãå¶tÂ¡´ ³\Å ¾¯¶t¹ Ðµ¾ Å¡Î ÀLÂ¡¾¯¶\ÐÂ¡¾ Å ¾�©D¸G» Ã ¶t¹;º Å Â ³ ¾*¹ Å ºDÇ � ªm� °jQ £¡¢D«Æ¦Æ¦��t§���� ° ¢�� * �+� A�C©±v£¡¢E�t£¡ª10`­Z§å« °��©� * ÚÑÀ ³ Ä,¸Gº" ¡ 598H" ­ " ÚH#$'$' 7 Ç
� ×I°�° £®"	  Ò,�sÇ|× ³ ¹LÄ,»L¶t¹�ÚoÒ;Ç-°©Â¡½ Ã � ¹;¸¥ÂX¸ Å �¼�uÇq° ³ � ¸¥Â (�< ¸G» ³ ¿;´z¸ Ã�Î`³ ¹L¾ Ã º ³ ¹;»YËL¾*ÀÑ¸G» ³ ¿*¾¯º¡´¾*¹y¸ ³ Â¡¿*· Î ¶t´d¾*¹L¾¯»LºDÇ � ª\­J§å¦¨£ ° �Z¦ Q ªt�s]¡¢Dªm�P¤�­Z£ä¢	0N¢t�*¢E�t§j¦¥ÚHÀ ³ Ä,¸Gº " ¡$' 8H" ¡o­vÚ "@£$£®" Ç
� × � ��'$'   Ò;Ç < Ç5×�¸�Ðµ¾¯ºDÚ t Ç � ¶tÂ�»N¹;¸¥Âk¸ Å ÊsÇ��;¶t¹LÄ (U< ¶|º�¸Yº¡À ³tÃ ¸d»L¸¨ãå¶tÂ¡´ ³\Å ¾¯¶t¹ ( � ½L¹L¾@ý`¸G»

³ ÀLÀLÂ�¶ ³tÃ�ÎÝÅ ¶3º Î`³ ÀÑ¸z¾*¹ Å ¸¥Â¡ÀÑ¶t¿ ³\Å ¾¯¶t¹ ³ ¹;»�º � ¸¥¿¯¸ Å ¶t¹NÐh»NÂ¡¾*Ï,¸¥¹Ý»L¸¨ãå¶tÂ¡´ ³\Å ¾¯¶t¹�Ç � ªm� °
� o .u. � * Qn�   S4Sfi Q £¡¢D«Æ¦Æ¦��t§���� ° ¢��µ¤�­N¦ * ���;±Lªt� � ¢m�@�D¦¨£�¦	�P«Æ¦¼¢m� � ¢m�B0P±v¤h¦¥£ . £äª l0`­Z§å« ° ªm�H��o1�`¤h¦¥£äª,«D¤=§B®\¦ , ¦¡«¨­h�`§  ±;¦ ° Ú;À ³ Ä,¸Gº " ¡$; 8H" ­m#NÚ!#$'$'$'NÇ

� × � â + '$#   Ò;ÇH×�¸G¸|Ú�Ò;Ç � Î`³ ¾jÚ < Ç¢�HÇÑâÁ¸¥¾ Å º�´ ³ Ú�Ò`Ç e ÇH�¼¶v»NÄ|¾*¹;ºp¸ Å ÊsÇ¢�HÇ < ¶t¿*¿ ³ Â�» ( ¿h¹ Å ¸¥Â ³tÃ¥Å ¾*Ï,¸
Ã ¶t¹ Å Â�¶t¿�¶\ã ³ Ï ³\ÅÆ³ Â�º ³ ¹L¾*´ ³\Å ¸G»�Ðµ¾ Å¡ÎcÎ ½L´ ³ ¹o´z¶ Å ¾¯¶t¹y» ³\ÅÆ³ Ç * �+�×, £äª$� ° ª,«D¤=§=¢m� °¢m� . £äª	0`­Z§å« ° Ú2# "43�546 ( 7 £®"18 ;$'$'NÚ!#$'$'$#NÇ

� ×�¸ Ã £ 7   � Ç,×�¸ Ã ¸¥Âäã ( � ¢m�`¤=£�Øt�¯¦:�Z¦B�z¢t±v®\¦	�w¦	�`¤n�Z¦ °	G\° ¤[Z	�w¦ ° ��]¡«�ª$�;§  ±L¦ ° ¦	�lªm�`§��zª|¤=§å¢m�`Ç� Î �Gº�¸k»L¸K»L¶ Ã¥Å ¶tÂ ³\Å Ú5Ïp¹L¾*Ï,¸¥Â�º¡¾ Å Ík»L¸kâp¸¥¹L¹;¸Gº " Ú "@£$£ 7 Ç
� ×0æB� + '-¡   Î Ç]×bÇL×5¾jÚN¨!Ç � ÇLæK¸¥¹LÄ;Ú � ÇN�b½�ÚNÙYÇVÒ;Ç�� Î ¸¥¹�ÚLÊuÇv× ³ ½y¸ Å æYÇ��b½ (+t ¶ Å ¾¯¶t¹�³ ³ º Å ¸¥Â (�p½ Å¡Î ¶tÂ¡¾*¹LÄ ³ ¹;» ÃÆÎ ¶tÂ�¸G¶tÄ|Â ³ À Î ¾*¹LÄ � ½L¹LÄtÐåã=½z´z¶ Å ¾¯¶t¹;º?ËZ·zº � ¸ Å�ÃÆÎ »NÂ ³ Ðµ¾*¹LÄ,º.Ç � ªm� °

�©� *   S4�²i Q £¡¢D«Æ¦Æ¦��t§���� ° ¢��E¤�­L¦ L S4S4� * �+�×� o .u. � * Qn� A�CÒ±J£¡¢E�t£¡ª10`­Z§å« °E°1G � l0N¢ ° §B±N��¢m� � ¢m�B0P±N¤h¦¨£ * �;§��zª|¤=§å¢m�`Ú��v¸¥À Å ¸¥´'ËLÂ�¸§#$'$'-¡NÇ



" 7 ' |�º ��» º\Ä �4¦1¼¥g�Â º\Ì
� ×�� < '$;   � Ç e Ç5×5¾*½�Úw�uÇ5�¼¸¥Â Å ©G´ ³ ¹L¹S¸ ÅRÈ Ç < ¶tÀH¶.ÏJ¾sÚ ( ×�¸ ³ Â¡¹L¾*¹LÄyÀ Î ·Nº¡¾ Ã ºäÐjË ³ ºÆ¸G»�´z¶ Å ¾¯¶t¹º Å ·J¿¯¸gÐµ¾ Å¡Î ¹;¶t¹L¿*¾*¹;¸ ³ Â�¾*¹ZÏ,¸¥Â�º�¸Ò¶tÀ Å ¾*´d¾�© ³\Å ¾¯¶t¹�Ç * �+��, £äª$� ° ª,«D¤=§=¢m� ° ¢m� . £äª10P­Z§=« ° Ú# 7 3�546 ( " 'o­ "18H" '-¬ " Ú�#$'$'$;NÇ� ×5¾¯¸9­-­   �sÇ^×�¾¯¸¥Ä,¸G¶t¾¯º ( �Á½ Å ¶t´ ³\Å ¾ Ã º¡½LÀÑ¸¥Â¡Ïv¾¯º�¶tÂ¡· Ã ¶t¹ Å Â�¶t¿`¶\ã Å¡Î ¸ Ã ¶t¹Ný;Ä|½LÂ ³\Å ¾¯¶t¹ ³ ¹;»uËÑ¸ Î`³ ÐÏv¾¯¶tÂ¼¶\ãb´u½L¿ Å ¾*ËH¶v»N·l´z¸ ÃÆÎ`³ ¹L¾¯º¡´yÇRo�CnC�C , £¡ªm� ° ª,«G¤=§å¢m� ° ¢$� �2G\° ¤h¦	� ° � � ªm�Sª$�H�

�©Gh� ¦¨£	�H¦¥¤=§å« ° ÚH� t � Ð�­ 3�" # 6 ( 5 ; 8 7 #NÚ � Í Ã ¸¥´'ËLÂ�¸ "@£ ­-­vÇ� ×IÒ � + '$'   Ò;ÇN× ³tÃ © � ¶LÚ��HÇ«Ò ³ Â¡¾ Ã ÚhÒ;Ç � ¾ Î`³ ¹J·J¾jÚ ² Ç t Ç ÈÑ³\Å º¡¾¯¶tÂ�º � ·w¸ Å}t Ç]×bÇN× ³\ÅÆ³ º ÎI( � ¶t´dÀÑ¶\Ð¹;¸¥¹ Å ºk¶\ã Å¡Î ¸d¸¥¹;»vÐh¸¨Û5¸ Ã¥Å ¶tÂ Ü ¸¥Â � »N½LÂ¡¾*¹LÄyÏ,¶t¿*½L¹ ÅÆ³ Â¡· ³ Â¡´ ´z¶.Ï,¸¥´z¸¥¹ Å ºDÇ�TJ¢|±J£	�Pªt�¢�� * 040P� §å¦E�`Vr§å¢m�w¦¡«¨­vªm�`§=« ° Ú " ¡ 3�"96 ( " 7 8 #$;NÚ�#$'$'$'NÇ� ×�×w' 7   Ò;Ço×$¸G¸ ¸ ÅÛe Ç]�sÇo×�¸G¸ ( < Â�¸ Ã ¶t´dÀL½ Å ¾*¹LÄ ³ Ï ³\ÅÆ³ Â�ËH¸ Î`³ ÏJ¾¯¶tÂ�ã�Â�¶t´ Î ½L´ ³ ¹´z¶ Å ¾¯¶t¹%» ³\ÅÆ³ Ç � ªm� °Ü�©� *   SMkÇi Q £ä¢.«Æ¦�¦��t§���� ° ¢���¤�­N¦ L ShS­k * �+� � o .zl
. � * Qn� A�C©±J£¡¢E�t£¡ª10`­J§=« °:�2G �B0N¢ ° §B±N��¢m� � ¢m�B0P±N¤h¦¨£ * �;§��dª,¤=§=¢m�PÚ,À ³ Ä,¸Gº�­ £98 ¬ 7 Ú#$'$' 7 Ç� × < '$#   � Ç e Ç;×�¾*½l¸ Å{È Ç < ¶tÀH¶.ÏJ¾sÚ ( �J·v¹ Å¡Î ¸Gº¡¾¯ºp¶\ã Ã ¶t´dÀL¿¯¸¨Øy»N·v¹ ³ ´d¾ ÃkÃ�Î`³ Â ³tÃ¥Å ¸¥Â¼´z¶ Å ¾¯¶t¹ã=Â�¶t´�º¡¾*´dÀL¿¯¸ ³ ¹L¾*´ ³\Å ¾¯¶t¹;º.Ç � ªm� °J� o .u. � * Qn�   S L i Q £¡¢D«Æ¦�¦��|§���� ° ¢��z¤�­L¦ L �,¤�­* ���`±Nªt� � ¢m�9�G¦¨£�¦	�P«÷¦Ý¢m� � ¢m�B0P±N¤h¦¨£ . £¡ª10`­J§=« ° ªm�!�/o1�`¤h¦¥£äª,«D¤=§B®\¦ , ¦¡«¨­h�`§  ±;¦ ° Ú#$'$'$#NÇ

� ×+� £$£¡  Ò;ÇZ×�¸G¸Á¸ Å �HÇ �dÇ�� Î ¾*¹ ( � Î ¾¯¸¥Â ³ Â Ã�Î ¾ ÃD³ ¿ ³ ÀLÀLÂ�¶ ³tÃ�Î>Å ¶k¾*¹ Å ¸¥Â ³tÃ¥Å ¾*Ï,¸Á´z¶ Å ¾¯¶t¹>¸G»N¾ Å ¾*¹LÄãå¶tÂ Î ½L´ ³ ¹NÐj¿*¾ � ¸Áý;Ä|½LÂ�¸GºDÇ � ªm� °:� o .u. � * Qn�   �4�`i Q £¡¢D«Æ¦�¦��|§���� ° ¢��r¤�­L¦ L �t¤�­ * � l�;±Lªt� � ¢m�@�D¦¨£¡¦­�P«Æ¦K¢m� � ¢m�B0P±N¤h¦¨£ . £äª10P­Z§=« ° ªm�H�uo1�`¤h¦¥£äª,«D¤=§B®\¦ , ¦�«¨­h�;§  ±;¦ ° ÚJÀ ³ Ä,¸Gº5$£98 7 ¬NÚ "@£$£$£ Ç� × ² £ ¡   �sÇP× ³ ´z¶t½LÂ�¸ Å ¸ Å{t Ç ²X³ ¹�»L¸ <�³ ¹L¹;¸ (ut ¶ Å ¾¯¶t¹�º¡·J¹ Å¡Î ¸Gº¡¾¯º¬ËZ·3¸¨Ø ³ ´dÀL¿¯¸|Ç � ªm� °C©±v£¡¢E�t£¡ª10`­Z§å« ° o1�P¤ ¹ �Y¢t£1� ° ­N¢10�¢m� * �`§��zª|¤=§å¢m�3ª$�H� � §��Y±v�@ª|¤=§å¢m�`Ú "@£$£ ¡NÇ� × ² ��'$'   Ò;Çp× ³ º�©G¿¯¶LÚ t Ç ²X³ ¹ � ¸ <7³ ¹L¹;¸Ý¸ Å �rÇ]×bÇS�7¾*½L´z¸ ( ¿�¹ Å ¸¥Â ³tÃ¥Å ¾*Ï,¸ Ã ¶t¹ Å Â�¶t¿uãå¶tÂÀ Î ·vº¡¾ ÃD³ ¿*¿*·JÐjË ³ º�¸G» ³ ¹L¾*´ ³\Å ¾¯¶t¹�Ç � ªm� °�Q £¡¢D«Æ¦�¦��|§���� ° ¢�� � o .u. � * Qn�   S4StÚ$À ³ Ä,¸Gº#$' "18 #$'-¬NÚ2#$'$'$'NÇ
� t ³ Â £ 7   t Ç t3³ Â�¸¥· ( � ]�«�ªm�;§  ±;¦oªm�;§��zªt�*¦	�Ò®\¢t� ±N�w¦Jg4gm�,ÇwÊp¸�ÐÒÐ��X¶tÂ � ( �pÀLÀL¿¯¸ Å ¶t¹ ³ ¹;»� ¶LÇ*Ú " ¬ £ 7 Ç� t ³ º £ ¡   âuÇ t3³ º ( VÁª|�@ªm�H«Æ¦ «�¢m�`¤=£¡¢t�K¢��J�Y±J�@¤=§¢0P�*¦ ° ±@040L¢t£¨¤h¦E�Rªt£¥¤=§=«¥±v�*ª|¤h¦�� °	G^° ¤h¦	� ° �¥¢t£«�¢$�F0H±v¤h¦¨£rªm�`§��zª|¤=§å¢m�`Ç � Î �GºÆ¸?»L¸©»L¶ Ã¥Å ¶tÂ ³\Å Ú/Ïp¹L¾*Ï,¸¥Â�º¡¾ Å Í?»L¸Gº�¿�¿¯¸Gº;° ³ ¿¯Í ³ Â�¸GºDÚ "@£$£ ¡NÇ� t ° £®"	  æYÇ t ¶t¹ Î ¸¥¾ Å ¸ Å ÊsÇV¿¨Çu° ³ »N¿¯¸¥Â ( � � ¾*¹;¸¥´ ³\Å ¾ Ã ´z¶J»L¸¥¿b¶\ã Å¡Î ¸ Î ½L´ ³ ¹Sº¡ÀL¾*¹;¸ ³ ¹;»

Å ¶tÂ�º�¶LÇ�o�C�CnC � ¢m�B0P±v¤h¦¥£ . £äª10P­Z§=« ° ªm�H� * 040P� §å«�ª|¤=§å¢m� ° Ú "$"43 # 6 ( # £98N5 ¬NÚ "@£$£®" Ç� t °z' "	  �ÒÇ t3³ Â ÃÆÎ`³ ¿Ñ¸ Å æYÇ�°Ò¸¥Â¡¾*¿*¿¯¶t¹ (wt ¶J»L¸¥¿*¿*¾*¹LÄ Å¡Î ¸ ³ Â Ã�Î ¾ Å ¸ Ã¥Å ½LÂ�¸k¶\ã Å¡Î ¸pÀÑ¸¥¿*ÏJ¾ Ã Ä|¾*Â�»N¿¯¸
³ ¹;»w¿¯¶+Ð?¸¥ÂÒ¿*¾*¹;¸rã�½L¹ Ã¥Å ¾¯¶t¹ ³ ¿ Ã ¶t´dÀL¿¯¸¨Ø (J³kÅ¡Î Â�¸G¸p»N¾*´z¸¥¹;º�¾¯¶t¹ ³ ¿PÀÑ¸¥Â�º¡ÀÑ¸ Ã¥Å ¾*Ï,¸|Ç � ªm� °g­k!Z	�w¦u«Æ¢m���t£EZ ° �Z¦'�� ¥ÝWo �®QnQ �+v�§�Z��J¦¥Ú!�v¸¥À Å ¸¥´uËH¸¥Â:#$'$' " Ç� t °®° � '$'   ÒtÐ·�HÇ t ¶t¹h© ³ ¹L¾jÚ < Ç9° ³ ¸¥Â¡¿¯¶ ÃÆÎ ¸¥ÂDÚ^âuÇ9°Ò¶t½L¿*¾ Ã ¸ Å©� Ç � Î`³ ¿*´ ³ ¹L¹ ( Ïpº�¾*¹LÄ ³ ¹'¾*¹ Å ¸¥Â¡´z¸¨Ð»N¾ ³\Å ¸Yº � ¸¥¿¯¸ Å ¶t¹ ³ ¹;»3¾*¹ZÏ,¸¥Â�º�¸ � ¾*¹;¸¥´ ³\Å ¾ Ã º¼ã=¶tÂ¬´z¶ Å ¾¯¶t¹ Â�¸ ÅÆ³ Â¡Ä,¸ Å¡Å ¾*¹LÄ;Ç � ¢$�F0H±v¤h¦¨£
. £¡ª10`­Z§å« °B� ¢|£÷±N�dÚ "@£�3�546 Ú��µ¶m« Å #$'$'$'NÇ� t � �^¡ £¡  Ò;Ç � Ç t3Ã � ¶t¹ZÏv¾*¿*¿¯¸|Ú � Ç¬�ÁÇ � ¿ ³ ½;º�¸¥ÂX¸ Å Ò;Ç ¨!Ç��X¶t½L¹LÄ ( ¨9¸¥¾*Ä ÎJÅ Ú|Ï,¶t¿*½L´z¸ ³ ¹;» Ã ¸¥¹ Å ¸¥Â¶\ãH´ ³ º�ºb¶\ãHºÆ¸¥Ä|´z¸¥¹ Å ºX¶\ã Å¡Î ¸ Î ½L´ ³ ¹EËH¶v»N·,Ç;â ³ ÀLÀÑ¶tÂ Å�Å ¸ Ã�Î ¹L¾¯ÙJ½;¸|Ú4� t âp×Ç¡ £ Ð�­m'NÚ¨�Â¡¾*Ä ÎJÅ Ð <7³\Å¡Å ¸¥Â�º�¶t¹O�p¾*ÂT�;¶tÂ Ã ¸�° ³ º�¸|Ú`ú Î ¾¯¶LÚ "@£ ¡ £ Ç



|�º ��» º\Ä �4¦1¼¥g�Â º\Ì " 7 "
� t � � æ � £$£¡  �ÒÇ t ½L¿ Å ¶t¹�Ú^×bÇ+�LÂ ³ ¹ Ã ¸|Ú t�< Ç � ³ ¹L¾@Ð æ ³ º Ã ½;¸¥¿Z¸ Å æYÇ � ¸¥ËL½L¹L¹;¸ ( � ¶t´dÀL½ Å ¸¥Â ³ ¹L¾*´ ³ Ð

Å ¾¯¶t¹o¶\ã Î ½L´ ³ ¹ÇÐ ³ ¿ � ¾*¹LÄ (L³ º�½LÂ¡Ï,¸¥·,Ç
Tv¢t±J£	�Pªt�$¢�� p § ° ±Nª|� § ° ª|¤=§å¢m�2ª$�H� � ¢m�B0P±N¤h¦¨£* �;§��zª|¤=§=¢$�`Ú "@£$£$£ Ç
� t æ^Òh' "	  < ÇV�©Ç t3³ Â Å ¸ ³ ½�Ú§�HÇuæ¼¾*ËÑ¸ Å ¸ Å �ÒÇ^Ò|½L¾*¿*¿ ³ Â�» ( Êp¶t¹�À ³ Â ³ ´z¸ Å Â¡¾ Ã ¿¯¸ ³ Â¡¹L¾*¹LÄW¶\ãº�¸¥¹;º�¶tÂ¡¾@Ðj´z¶ Å ¶tÂ2´ ³ À;ºDÇ ° ÀLÀL¿*¾ ÃD³\Å ¾¯¶t¹ Å ¶ Å¡Î ¸ Ã ¶t¹ Å Â�¶t¿s¶\ãY´'½L¿ Å ¾ Ü ¶t¾*¹ Å º¡·Nº Å ¸¥´zºDÇ

� ªm� ° � � C � A�o�CnCnC�«�¢$�@� ¹ ¢m�¶x'¦¨±v£¡ªt�¢� � ±4r¿r G ªm�H�IC©®\¢t� ±N¤=§å¢m�Pªt£ GÅ� ¢$�F0H±v¤jª l¤=§å¢m�`ÚhÒ|½L¾*¿*¿¯¸ Å #$'$' " Ç� t�eut �:' 7   �HÇ t Í¥¹ ³ Â�» ³ ¾¯º.Ú¼âuÇ e ½L¿*À ³ ÚS�ÒÇ t ½L¿ Å ¶t¹!¸ Å °¬Ç:�ÁÂ¡¹ ³ ¿¯»N¾ ( �J·v¹ Ã�Î Â�¶t¹L¾�© ³\Å ¾¯¶t¹ãå¶tÂ"»N·v¹ ³ ´d¾ Ã ËL¿¯¸¥¹;»N¾*¹LÄ�¶\ã9´z¶ Å ¾¯¶t¹;ºDÇ � ªm� °qQ £ä¢.«Æ¦�¦��t§���� ° ¢�� * �+� � o .zl
. � * Qn� A�CÒ±J£¡¢E�t£¡ª10`­Z§å« °¯�HG �B0N¢ ° §�±�� ¢m� � ¢m�B0P±N¤h¦¨£ * �;§��dª,¤=§=¢m�PÚ0À ³ Ä,¸Gº 5 #$; 85$5 ¡NÚ2#$'$' 7 Ç� t�t²e �:' 7   �HÇ t Í¥¹ ³ Â�» ³ ¾¯ºDÚI�ÒÇ t ½L¿ Å ¶t¹�Ú5âuÇ e ½L¿*À ³ ¸ Å °¬ÇW�ÁÂ¡¹ ³ ¿¯»N¾ (�t ¶ Å ¾¯¶t¹�ËL¿¯¸¥¹;»N¾*¹LÄyãå¶tÂÂ�¸ ³ ¿@Ð Å ¾*´z¸ ³ ¹L¾*´ ³\Å ¾¯¶t¹úÐ Î ¾*¿¯¸ ³tÃGÃ ¶t½L¹ Å ¾*¹LÄ'ãå¶tÂ Å¡Î ¸Á¸¥¹JÏJ¾*Â�¶t¹L´z¸¥¹ Å Ç � ªm� °j�z. oL  S­k�i
Q £¡¢D«Æ¦�¦E�t§��N� ° ¢��Á¤�­N¦ � ¢m�B0P±N¤h¦¨£ . £¡ª10`­Z§å« ° o1�`¤h¦¨£	�Pª|¤=§å¢m�Pª|� Ú\À ³ Ä,¸Gº " ;-¡ 8H" ; £ ÚN#$'$' 7 Ç� t Ê{� + £$£¡  �ÒÇ t ½L¿ Å ¶t¹�Ú;Ò`Ç]×bÇ0Ê¼¶t½LÄ ³ Â�¸ Å Ú�°¼Ç+�ÁÂ¡¹ ³ ¿¯»N¾jÚ�æYÇ0�pÍ¥Ä|Â�¶t¹Ý¸ Å ×bÇ t ¾*¿*¿¯¸ Åj( �Öº�¶\ã Å ÐÐ ³ Â�¸lº¡·vº Å ¸¥´ Å ¶ ÃD³ Â¡Â¡·ZÐh¶t½ Å ÏJ¾*Â Å ½ ³ ¿Á¸¨ØNÀÑ¸¥Â¡¾*´z¸¥¹ Å ºw¶t¹ Î ½L´ ³ ¹R´z¶ Å ¾¯¶t¹�Ç � ªm� °
Q £¡¢D«Æ¦�¦E�t§��N� ° o�C�CnC � ¢$�F0H±v¤h¦¨£ * �;§��zª|¤=§å¢m�`ÚvÀ ³ Ä,¸Gº " ¡ 8 # 5 Ú t3³ ¾ "@£$£$£ Ç� t�<�� '$#   �sÇ t ³tÃ ¾¯¸¥¿jÚP×XÇ < ¶tÂ Ã�Î ¸¥ÂkÊ¼¸G»L¸¥¿�¸ Å � Ç t Ç �¬³ ¿n� ³ º�º�¶ú�LÂ�¸¥¾ ÅÆ³ º ( �Á¹ ³\Å ¶t´u·ZÐjË ³ ºÆ¸G»
Ü ¶t¾*¹ Å ´z¶v»L¸¥¿¯º�ãå¶tÂ�ÏJ¾*Â Å ½ ³ ¿ Î ½L´ ³ ¹wº � ¸¥¿¯¸ Å ¶t¹;ºDÇ � ªm� °�� *   S L i Q £ä¢.«Æ¦�¦��t§���� ° ¢��r¤�­L¦
� ¢m�B0P±N¤h¦¨£ * �;§��zª|¤=§å¢m�`ÚJÀ ³ Ä,¸U#$#$'NÚ2#$'$'$#NÇ� t â+� + ­m;   Ò;Ç � Ç t3Ã � ¶t¹ZÏv¾*¿*¿¯¸|Ú.�sÇ t ÇDâÁ¸¥·v¹;¶t¿¯»LºDÚÆÒ;Ç ¨!Ç­�X¶t½L¹LÄ;Ú.âuÇV�ÒÇ � Î`³ ¹;»N¿¯¸¥Â0¸ Å � Ç¬�rÇ � ¿ ³ ½NÐº�¸¥Â ( ¿h¹JÏ,¸Gº Å ¾*Ä ³\Å ¾¯¶t¹F¶\ãk¾*¹;¸¥Â Å ¾ ³ ¿pÀLÂ�¶tÀÑ¸¥Â Å ¾¯¸Gºc¶\ã Å¡Î ¸ Î ½L´ ³ ¹ûËH¶v»N·,ÇFâ ³ ÀLÀÑ¶tÂ Å
Å ¸ Ã�Î ¹L¾¯ÙJ½;¸|Ú2� t âÁ× ­ 7 Ð "@5 ­vÚ�¨�Â¡¾*Ä ÎJÅ Ð <7³\Å¡Å ¸¥Â�ºÆ¶t¹O�p¾*Â��;¶tÂ Ã ¸�° ³ º�¸|ÚHú Î ¾¯¶LÚ "@£ ­m;NÇ� t �®'$;   �sÇ t ¶t¹L¾*¹>¸ Å ¨!Ç®�J½L¿¯¸¥¾*´ ³ ¹ ( �bº Å ¾*´ ³\Å ¾¯¶t¹y»L¸Á¿ ³ ´ ³ º�º�¸¼»L¸GºÒÍ¥¿¯Í¥´z¸¥¹ Å ºµ»N½ Ã ¶tÂ¡À;º
Î ½L´ ³ ¾*¹àÀ ³ Â ÃD³ À Å ½LÂ�¸2»L¸l´z¶t½LÏ,¸¥´z¸¥¹ Å Ç�â ³ ÀLÀH¶tÂ ÅEÅ ¸ Ã�Î ¹L¾¯ÙJ½;¸|Ú?×w�B�u�ZÐ � Êpâ:�HÚ#$'$'$;NÇ

� t � '$'   ¨!Ç t3³ ½LÂ�¸¥¿k¸ Å¯� Ç � Î`³ ¿*´ ³ ¹L¹ ( �p½L´ ³ ¹F½LÀLÀH¸¥Âo¿*¾*´uË�´z¶J»L¸¥¿*¾*¹LÄß¾*¹ Ã ¿*½;»N¾*¹LÄº ÃD³ ÀL½L¿¯¶\Ð Å¡Î ¶tÂ ³tÃ ¾ Ã2Ã ¶t¹;º Å Â ³ ¾*¹ Åc³ ¹;» Ü ¶t¾*¹ Å º¡¾*¹J½;º Ã ¶t¹;¸GºDÇ � ¢$�F0H±v¤h¦¨£ ° ªm�H� . £äª l0`­Z§å« ° Ú�# 7 3 # 6 ( #$' 598 # " ¬NÚ!#$'$'$'NÇ� t ½L¿ £ ¬   �ÒÇ t ½L¿ Å ¶t¹ ( � ¢m�`¤=£�Øt�*¦`�|±��z¢t±v®\¦	�w¦	�`¤=�J¦ ° ­Z±N�zªm�P¢mÖ��Z¦ ° �Z¦ °1G �`¤�­�Z ° ¦¥Ç � Î �Gº�¸»L¸K»L¶ Ã¥Å ¶tÂ ³\Å Ú�Ïp¹L¾*Ï,¸¥Â�º¡¾ Å Ík»L¸KâÁ¸¥¹L¹;¸Gº " Ú "@£$£ ¬NÇ� t Í¥¹2' 5¡  �HÇ t Í¥¹ ³ Â�» ³ ¾¯º ( � ± ° §å¢m�c¦¥¤7ª4�,ª10Ñ¤jª|¤=§=¢$�>¤h¦	�B0 ° £E]�¦¨�!�J¦}�z¢t±v®\¦	�w¦	�`¤ ° ªZ«  ±v§ ° 0N¢|±J£��  ªm�`§��zª|¤=§å¢m�I�$  ­J±��zªm�P¢$Ö\�Z¦ °K°1G �`¤�­®]¥¤=§  ±;¦ ° Ç � Î �GºÆ¸'»L¸'»L¶ Ã¥Å ¶tÂ ³\Å Ú�ÏÁ¹L¾*Ï,¸¥Â�º¡¾ Å Íu»L¸âÁ¸¥¹L¹;¸Gº " Ú�#$'$' 5 Ç
� Êp¸¥Ë2'$'   Ò;Ç � ÇLÊ¼¸¥ËH¸¥¿ ( âÁ¸ ³ ¿*¾¯º Å ¾ Ã¬Ã ¶t¿*¿*¾¯º¡¾¯¶t¹ ³ Ï,¶t¾¯» ³ ¹ Ã ¸'¶\ã$½LÀLÀÑ¸¥Âµ¿*¾*´'Ë;ºrË ³ º�¸G»c¶t¹o¹;¸¥½LÂ�¶|ºäÐ

Ã ¾¯¸¥¹ Ã ¸K´z¶v»L¸¥¿¯ºDÇ � ¢m�B0P±N¤h¦¨£ . £¡ª10`­Z§å« °{� ¢t£÷±N�dÚ "@£�3�546 ÚH#$'$'$'NÇ� Ê t °}' 7   æYÇ;Êp¾ Ã ¶t¿ ³ ºDÚ5�ÒÇ t ½L¿ Å ¶t¹2¸ Å ædÇh°©¸¥Â¡¾*¿*¿¯¶t¹ ( ¿�¹ZÏ,¸¥Â�º�¸ � ¾*¹;¸¥´ ³\Å ¾ Ã ºrã=¶tÂ Å¡Î ¸ ÃD³ ¿ Ã ½L¿ ³ Ð
Å ¾¯¶t¹E¶\ã5ÀL¿ ³ ½;º¡¾*ËL¿¯¸pËL¾*ÀÑ¸G» ³ ¿`¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹w½;º¡¾*¹LÄ ³ ¹ Å¡Î Â�¶tÀÑ¶tÄ|¾ ÃD³ ¿ � ¹;¶+Ðµ¿¯¸G»NÄ,¸|Ç � ªm� °
Q £¡¢D«Æ¦�¦E�t§��N� ° ¢�� � * � *   S­k`ÚJÀ ³ Ä,¸Gº " ' 598H"$" 'NÚ5Ò|½L¾*¿*¿¯¸ Å #$'$' 7 Ç� Ê � �Y¬$;   Ò;Ç;Êp¾*¿¯º�º�¶t¹�Ú2�uÇ � Î ¶tÂ�º Å ¸¥¹;ºÆº�¶t¹l¸ Å Ò;ÇP� ³ ¿*ËÑ¸¥Â Å º ³ ´ ( � Î`³ ¹LÄ,¸k¾*¹y¿¯¸¥Äz´z¶.Ï,¸¥´z¸¥¹ Å º
³ ¹;»o´u½;º Ã ¿¯¸ ³tÃ¥Å ¾*Ïv¾ Å ·�Ðµ¾ Å¡Î º¡ÀÑ¸G¸G»o¶\ã�¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹ ³ ¹;»o´z¶J»L¸'¶\ã7ÀLÂ�¶tÄ|Â�¸Gº�º�¾¯¶t¹y¾*¹
Î ½L´ ³ ¹;º.Ç � ª$� ° * «G¤jª Q ­ G^° §=¢ ¹w� «�ªm�H� ¹ ÚNÀ ³ Ä,¸Gº 7 ;o­ 8 7 ­m;NÚ "@£ ¬$;NÇ



" 7 # |�º ��» º\Ä �4¦1¼¥g�Â º\Ì
� úS°�°Ò�{'$'   Ò;Ç`úsÌV°©Â¡¾¯¸¥¹�Ú;âuÇh°Ò¶J»L¸¥¹ Î ¸¥¾*´z¸¥ÂDÚPædÇh°?Â�¶|º Å ¶+ÐW¸ Å Ò`ÇL�p¶v»NÄ|¾*¹;º ( �p½ Å ¶t´ ³\Å ¾ ÃÒÜ ¶t¾*¹ ÅÀ ³ Â ³ ´z¸ Å ¸¥Âs¸Gº Å ¾*´ ³\Å ¾¯¶t¹Sã=Â�¶t´%´ ³ Ä|¹;¸ Å ¾ ÃEÃD³ À Å ½LÂ�¸E» ³\ÅÆ³ Ç � ª$� °DQ £¡¢D«Æ¦�¦��|§���� ° ¢��

. £¡ª10`­Z§å« ° o1�`¤h¦¨£��Gª,«Æ¦;  S4StÚ`À ³ Ä,¸GºF; 598 ¡$'NÚ2#$'$'$'NÇ
� ú t ' "	  t Ç7ú¼º Î ¾ ÅÆ³ ¸ Å �uÇ t3³ � ¾*¹;¶t½ Ã�Î ¾ ( �Ö»N·v¹ ³ ´d¾ Ã ´z¶ Å ¾¯¶t¹ Ã ¶t¹ Å Â�¶t¿ Å ¸ Ã�Î ¹L¾¯ÙJ½;¸wãå¶tÂ

Î ½L´ ³ ¹NÐj¿*¾ � ¸ ³ Â Å ¾ Ã ½L¿ ³\Å ¸G»wý;Ä|½LÂ�¸GºDÇ � ¢$�F0H±v¤h¦¨£ . £äª10P­Z§=« °z� ¢t£¨±N�dADC . L S4Shg Q £ä¢ l«Æ¦Æ¦��t§���� ° Ú!#$' 3�546 ( "@£ # 8 #$'$#NÚ!#$'$' " Ç
� ú � �:'$#   �HÇ$ú¼¶tÂ�¸|Ú � Ç � ¸¥Â�©D¶tÀH¶t½L¿¯¶|ºs¸ Å æYÇ5�p¾*¹ Å ¶t¹ ( ×$¶ ÃD³ ¿bÀ Î ·vº�¾ ÃD³ ¿b´z¶J»L¸¥¿¯ºkã=¶tÂK¾*¹ Å ¸¥ÂäÐ

³tÃ¥Å ¾*Ï,¸ Ã�Î`³ Â ³tÃ¥Å ¸¥Â ³ ¹L¾*´ ³\Å ¾¯¶t¹�Ç � ¢m�B0P±v¤h¦¥£ . £¡ª10`­Z§å« °=� ¢t£¨±���AJC . L S4S L Q £ä¢D«÷¦�¦ l�t§���� ° Ú�# "43�546 Ú2#$'$'$#NÇ
� <�³\Å £®"	  �sÇ¬�rÇ <7³\Å ¿ ³�( * �,ª	0H¤jª � §�� §=¤ G ¢��?­J±��zªm���,ªt§=¤åÇ���¿¯º�¸¥Ïv¾¯¸¥Â
� Ã ¾¯¸¥¹ Ã ¸ < ½LËL¿*¾¯º Î ¸¥Â�ºDÚ "@£$£®" Ç� Î`³ ÀL¾ Å Â�¸ ² ¾¯º¡½ ³ ¿ � ¶t¹ Å Â�¶t¿0¶\ã��Á½L´ ³ ¹l×$¶ Ã ¶t´z¶ Å ¾¯¶t¹�Ç
� < ° £®"	  � ÇV°¬Ç <�Î ¾*¿*¿*¾*À;º¼¸ Å ÊsÇV¿÷Ç�° ³ »N¿¯¸¥Â ( ¿�¹ Å ¸¥Â ³tÃ¥Å ¾*Ï,¸uËÑ¸ Î`³ Ïv¾¯¶tÂrãå¶tÂrËL¾*ÀH¸G» ³ ¿ ³ Â Å ¾ Ã ½L¿ ³\Å ¸G»ý;Ä|½LÂ�¸GºDÇ � ªm� °}Q £ä¢D«÷¦�¦��t§���� ° ¢�� � o .u. � * Qn�   ��g¬¢$� � ¢m�B0P±N¤h¦¨£ . £äª10P­Z§=« ° Ú\À ³ Ä,¸Gº5 ; £98N5 ¡$#NÚ5Ò,½L¾*¿*¿¯¸ Å "@£$£®" Ç
� <n� '-¡   ÊsÇ < Â�¶t¹;¶|º Å ¸ Å æYÇ � ½L´z¶t¹ Å}(J²X³ ¿*¾¯» ³\Å ¾*¹LÄKÂ�¸ ÅÆ³ Â¡Ä,¸ Å ¸G» ³ ¹;»'¾*¹ Å ¸¥Â¡ÀH¶t¿ ³\Å ¸G»Y¿¯¶ Ã ¶t´z¶\Ð

Å ¾¯¶t¹;ºpËZ·y»N·v¹ ³ ´d¾ Ã ºäÐjË ³ º�¸G» ³ ¹ ³ ¿*·vº�¾¯ºDÇ � ª$� ° k;¤�­Do1�`¤h¦¥£1�Pª,¤=§=¢m�Hªt� � ¢m�@�D¦¨£�¦	�P«Æ¦z¢m�
� ¢m�B0P±N¤h¦¨£ . £¡ª10`­Z§å« ° ªm�H�`o1�`¤h¦¨£¡ª,«G¤=§�®\¦ , ¦¡«¨­h�;§  ±;¦ ° §�� * ± ° ¤=£¡ªt�*ª ° §åªEª$�H� � ¢t±v¤�­ lCµª ° ¤ * ° §åª lf. � * Qn� o , C L S4Sh�tÚ;À ³ Ä,¸GºY¡$; 8 ­ 7 Ú e ½ ³ ¿ ³ ×5½L´dÀL½LÂDÚ t3³ ¿ ³ ¾¯º�¾¯¸|ÚH# £Ê¼¶DÏ,¸¥´uËLÂ�¸KÐ
# � Í Ã ¸¥´'ËLÂ�¸§#$'$'-¡NÇ

� <n� °ÒÊ{'-¡   ÊsÇ < Â�¶t¹;¶|º Å Ú�æYÇ � ½L´z¶t¹ Å ÚbæYÇC°Ò¸¥Â¡¾*¿*¿¯¶t¹Ý¸ Å ædÇ$Êp¾ Ã ¶t¿ ³ º (�t ¶tÂ¡À Î ¶t¿¯¶tÄ|¾ ÃD³ ¿ ³ ¹;»º ÅÆ³ ¹ Ã ¸k¾*¹ Å ¸¥Â¡ÀÑ¶t¿ ³\Å ¾¯¶t¹;ºÁ¾*¹l» ³\ÅÆ³ Ë ³ ºÆ¸Kãå¶tÂrº¡¾*´'½L¿ ³\Å ¾*¹LÄ>ËL¾*ÀH¸G» ³ ¿*¾¯º�´V¶\ã�ÏJ¾*Â Å ½ ³ ¿ Î ½NÐ´ ³ ¹;ºDÇ , ­L¦ p § ° ±Nª|� � ¢m�B0P±v¤h¦¥£¨Ú2#$# 3�"96 ( 7 8H"@5 Ú!#$'$'-¡NÇ
� < ¸¥¹2;$;   �ÒÇ < ¸¥¹LÂ�¶|º�¸ ( �!Ä,¸¥¹;¸¥Â ³ ¿*¾�©D¸G»2¾*¹JÏ,¸¥Â�º�¸uã=¶tÂp´ ³\Å Â¡¾ Ã ¸GºDÇ � ª$� °`Q £¡¢D«Æ¦�¦E�t§��N� ° ¢��Y¤�­N¦

� ªm� � £¨§��@�Z¦ Q ­Z§��@¢ ° 0`­Z§å«�ªt� � ¢D«¥§j¦¥¤ G ª�gtÚNÀ ³ Ä,¸Gº 7 '-¡ 8 7 "@5 Ú "@£ ;$;NÇ
� < Ê �:t '$;   ÊsÇ < Â�¶t¹;¶|º Å ÚJæYÇtÊp¾ Ã ¶t¿ ³ ºDÚ,æYÇ � ½L´z¶t¹ Å ¸ Å �ÒÇ t ½L¿ Å ¶t¹ ( � ¶t´'ËL¾*¹L¾*¹LÄ'´z¶tÂ¡À Î ¶t¿¯¶tÄ|¾@Ð

ÃD³ ¿N¾*¹ Å ¸¥Â¡ÀÑ¶t¿ ³\Å ¾¯¶t¹ ³ ¹;»sËL¾¯¶t´z¸ Ã�Î`³ ¹L¾ ÃD³ ¿`¾*¹ZÏ,¸¥Â�º�¸ � ¾*¹;¸¥´ ³\Å ¾ Ã º Å ¶¬º¡¾*´'½L¿ ³\Å ¸ÒËL¾*ÀÑ¸G» ³ ¿¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹�Ç � ªm� ° o * ��, C �dl:p § ° ±Lªt� §srDª,¤=§=¢m����o1�zª@�t§����kªm�!�Fo1�zª@�Z¦ Q £ä¢D«÷¦ °Æ° §����L ShS$ª � ¢$�@�G¦¥£¡¦	�H«Æ¦1��V¼¦	�;§��,¢t£	� l C ° 0Nª@�m�Ñ¦¥ÚLÀ ³ Ä,¸Gº 5$£98 7 ;NÚ!�v¸¥À Å ¸¥´'ËLÂ�¸`#$'$'$;NÇ
� < âB��'-¡   < âB� t úKæ ( � Î ¸XÀLÂ¡¾*´ ³\Å ¸Ò¸¥Ï,¶t¿*½ Å ¾¯¶t¹ ³ ¹;»u´z¶tÂ¡À Î ¶t¿¯¶tÄ|·'Ä|Â�¶t½LÀ�Ç , ­N¦§Ýw�`§B®\¦¥£ ° §�¤ G¢��Bv�§B®t¦¨£^0L¢D¢t�@Ú ÎZÅ¡Å À ( �-�7Ð"Ð"ÐkÇ ¿*¾*ÏHÇ ³tÃ Ç ½ � �^ÀLÂ�¸¥´z¶tÄæ�vÚW#$'$'-¡NÇ
� < � e �®' 7   �HÇV¿¨Ç <�³ Â � Úv�sÇVÒ;Ç�� Î ¾*¹�Ú � Ç]�uÇ e ¾*´Ö¸ Å �HÇ �dÇ�� Î ¾*¹ ( úp¹NÐj¿*¾*¹;¸¼´z¶ Å ¾¯¶t¹oËL¿¯¸¥¹;»N¾*¹LÄuãå¶tÂÂ�¸ ³ ¿@Ð Å ¾*´z¸Ò¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹dÄ,¸¥¹;¸¥Â ³\Å ¾¯¶t¹�Ç � ¢m�B0P±N¤h¦¨£ * �;§��dª,¤=§=¢m�>ªm�H� p §B£¥¤=±Lªt�n�s¢|£÷�¥�|Ú" ; 3�5 Ð 7 6 ( " #$; 8H"@5 ¬NÚ�#$'$' 7 Ç
� < ���®'$#   �HÇV¿¨Ç <7³ Â � Ú,�sÇVÒ;Ç�� Î ¾*¹w¸ Å �HÇ �YÇh� Î ¾*¹ ( úp¹NÐj¿*¾*¹;¸µ¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹wÄ,¸¥¹;¸¥Â ³\Å ¾¯¶t¹EË ³ º�¸G»z¶t¹´z¶ Å ¾¯¶t¹ÞËL¿¯¸¥¹;»N¾*¹LÄ;Ç � ªm� ° * �+�-� o .u. � * Qn�   S L �HG �B0N¢ ° §�±�� ¢m� � ¢$�F0H±v¤h¦¨£* �;§��zª|¤=§å¢m�`ÚJÀ ³ Ä,¸Gº " '$; 8H"$" #NÚ5Ò|½L¾*¿*¿¯¸ Å #$'$'$#NÇ
� <�² ¬ 5¡  �ÒÇ < ¿ ³ ºp¸ Å �rÇ ² ¸¥¾*¿ ( v�ªj�zªt£ä«¥­N¦'­Z±N�dª|§��H¦	�©Þk§��!] ° §=¢|�@¢E�|§å¦`� G �Pª$�s§  ±;¦1�©Vr§=¢m��] l«�ª$�;§  ±L¦d¦¥¤W0Nª|¤�­v¢$��]�«�ªm�;§  ±;¦¥Ç t3³ º�ºÆ¶t¹�Ú "@£ ¬ 5 Ç
� < ¨ £$£¡  È Ç < ¶tÀH¶.ÏJ¾sÚu¸ Å �uÇ®¨à¾ Å � ¾*¹ (n<�Î ·Nº¡¾ ÃD³ ¿*¿*·cË ³ º�¸G»c´z¶ Å ¾¯¶t¹ Å Â ³ ¹;ºäã=¶tÂ¡´ ³\Å ¾¯¶t¹�Ç � ªm� °

� o .u. � * Qn�   �4�ZÚ "@£$£$£ Ç



|�º ��» º\Ä �4¦1¼¥g�Â º\Ì " 7 5
� âT° t '$#   ¿¨Ç^âp¶J»NÂ¡¾*Ä|½;¸�©,Ú|âuÇ7°Ò¶t½L¿*¾ Ã ¸ Å�� Ç t ¸�©G¾ ³\Å}( � Ü ¶t¾*¹ Å Ðj¿¯¸¥Ï,¸¥¿;´z¶v»L¸¥¿L¶\ã`ã ³\Å ¾*Ä|½;¸Xãå¶tÂ Å¡Î ¸ÀÑ¶|º Å ½LÂ ³ ¿ Ã ¶t¹ Å Â�¶t¿0¶\ã7Ïv¾*Â Å ½ ³ ¿ Î ½L´ ³ ¹;º.Ç Q £¡¢D«Æ¦�¦E�t§��N� ° ¢�� � ±N�dª$� ªm�!� � ¢m�B0P±N¤h¦¨£L S4S L , ¢�� G ¢ � Tvª10Nªm� � ÚLÀ ³ Ä,¸GºF#$#$' 8 #$#$;NÚ!#$'$'$#NÇ� â � ° £ ¬   � Ç.âp¶|º�¸|Ú t ÇV�ÒÇ � ¶ Î ¸¥¹s¸ Å °¬Ç9°Ò¶v»L¸¥¹ Î ¸¥¾*´z¸¥Â (Z² ¸¥Â¡Ë;º ³ ¹;» ³ »NÏ,¸¥Â¡Ë;º ( ´'½L¿ Å ¾¯»N¾*´z¸¥¹NÐº¡¾¯¶t¹ ³ ¿©´z¶ Å ¾¯¶t¹�¾*¹ Å ¸¥Â¡ÀH¶t¿ ³\Å ¾¯¶t¹�ÇIo�CnCnC � ¢$�F0H±v¤h¦¨£ . £äª	0`­Z§å« ° ªm�H� * 040P� §=«Æª|¤=§=¢$�`Ú" ¬ 3 ; 6 ( 5 # 8 7 'NÚ "@£$£ ¬NÇ� âræ £®"	  �sÇ©âÁ¾ Ü À � ¸¥´ ³ ¸ ÅJt Çµæ¬¾*Â ³ Â�» ( � ¶t´dÀL½ Å ¸¥Â ³ ¹L¾*´ ³\Å ¾¯¶t¹�¶\ã � ¹;¶+Ðµ¿¯¸G»NÄ,¸¨ÐjË ³ º�¸G»

Î ½L´ ³ ¹2Ä|Â ³ º¡ÀL¾*¹LÄ;Ç � ªm� ° * �+�Ò� o .u. � * Q��   ��gtÚvÀ ³ Ä,¸Gº 5$5$£98N5 7 ¬NÚ "@£$£®" Ç� âræY° � £ ¡   � ÇV�ÒÇJâp¶|º�¸|ÚK°¬ÇLæ¼½;¸¥¹ Å ¸¥ÂDÚ«°¬Ç�°©¶v»L¸¥¹ Î ¸¥¾*´z¸¥Âµ¸ Å
t ÇV�ÒÇ � ¶ Î ¸¥¹ ( ��Á Ã ¾¯¸¥¹ Å Ä,¸¥¹;¸¥Â ³ Ð
Å ¾¯¶t¹2¶\ã�´z¶ Å ¾¯¶t¹ Å Â ³ ¹;º¡¾ Å ¾¯¶t¹;ºp½;º¡¾*¹LÄEº¡À ³tÃ ¸ Å ¾*´z¸ Ã ¶t¹;º Å Â ³ ¾*¹ Å ºDÇ � ª$� °`Q £¡¢D«Æ¦�¦E�t§��N� °¢�� * �+�Ë� o .u. � * Qn�   ����� � ¢m�B0P±N¤h¦¨£ . £¡ª10`­Z§å« °BQ £¡¢D«Æ¦�¦��|§���� ° � * �2�;±Nª|� � ¢$�@�G¦ l£�¦	�P«Æ¦ � ¦¥£÷§j¦ ° Ú;À ³ Ä,¸Gº " 7 ­ 8H" ; 7 Ú "@£$£ ¡NÇ� â < ' 5¡  < Ç$âÁ¸¥¾ Å º�´ ³ ¸ Å ÊuÇ < ¶t¿*¿ ³ Â�» (�< ¸¥Â Ã ¸¥À Å ½ ³ ¿?´z¸ Å Â¡¾ Ã º'ã=¶tÂ ÃÆÎ`³ Â ³tÃ¥Å ¸¥Â ³ ¹L¾*´ ³\Å ¾¯¶t¹ (º�¸¥¹;º¡¾ Å ¾*Ïv¾ Å · Å ¶>¸¥Â¡Â�¶tÂ�º¬¾*¹3Ë ³ ¿*¿*¾¯º Å ¾ Ã ´z¶ Å ¾¯¶t¹�Ç * �+�ß, £äª$� ° ª,«D¤=§=¢m� ° ¢m� . £¡ª10`­J§=« ° Ú#$# 3�546 ( ; 5 ­ 8 ; 7 #NÚ�#$'$' 5 Ç� â < � + '$;   ×bÇ|âp¸¥¹�Ú��sÇ <7³\Å Â¡¾ Ã � Úh�uÇ¬�sÇm��ã�Â�¶|º.Ú-Ò;Ç e Ç|�p¶v»NÄ|¾*¹;º�¸ Å Ò;Ç t Ç|âÁ¸ Î Ä ( �"» ³\ÅÆ³ Ðh»NÂ¡¾*Ï,¸¥¹
³ ÀLÀLÂ�¶ ³tÃ�ÎßÅ ¶3ÙJ½ ³ ¹ Å ¾@ã=·v¾*¹LÄ�¹ ³\Å ½LÂ ³ ¿ Î ½L´ ³ ¹R´z¶ Å ¾¯¶t¹�Ç * �+� , £¡ªm� ° ª,«G¤=§å¢m� ° ¢m�
. £¡ª10`­Z§å« ° ÚH# 7 3�546 ( " ' £ ' 8H" ' £ ­vÚ!#$'$'$;NÇ� âÁÍ¥´�'$'   �dÇXâÁÍ¥´d¾¯¶t¹ ( �p¹L¾*´ ³\Å ¾¯¶t¹F»N·J¹ ³ ´d¾¯ÙJ½;¸ ( ´z¶ Å ¸¥½LÂc¿ ³ Ä|Â ³ ¹LÄ|¾¯¸¥¹ûÄ,Í¥¹;Í¥Â ³ ¿*¾¯º Å ¸ ¸ Å
³ ÀLÀL¿*¾ ÃD³\Å ¾¯¶t¹;ºDÚ�#$'$'$'NÇl� ³ ËL¾*¿*¾ ÅÆ³\Å ¾¯¶t¹Rá � ¾*Â¡¾*Ä,¸¥ÂY»L¸Gºuâp¸ Ã�Î ¸¥Â Ã�Î ¸Gº.Ú�Ïp¹L¾*Ï,¸¥Â�º¡¾ Å Í>»L¸âÁ¸¥¾*´zº � Î`³ ´dÀ ³ Ä|¹;¸¨Ð[�ÁÂ�»L¸¥¹L¹;¸|Ç� � ³ Ï�'$#   �sÇ�� ³ Ï,¸¥¹ � ¶ ( * �;§��dª,¤=§�����«¥­vªt£¡ª,«G¤h¦¨£o�*¢D«�¢m�z¢|¤=§å¢m�"± ° §���� � §=¢$�z¦�«¨­vªm�;§å« °	l�� ª ° ¦��Î+�t±v£�¦R�d¢9�Z¦¨� ° Ç � Î �Gº�¸K»L¸'»L¶ Ã¥Å ¶tÂ ³\Å Ú t ¶|º Ã ¶9Ð�� ÅÆ³\Å ¸�Ïp¹L¾*Ï,¸¥Â�º¡¾ Å ·,ÚuÒ|½L¾*¿*¿¯¸ Å #$'$'$#NÇ� ��°}' 7   < Ç�� ³ Â�» ³ ¾*¹Þ¸ Å æYÇC°Ò¸Gº�º�¶t¹L¹;¸ Å�( �;¶tÂ Ã ¸Gº ³tÃ¥Å ¾*¹LÄ�¶t¹ ³ ËL¾*ÀÑ¸G»SÂ�¶tËÑ¶ Å Ç�_P¸¥¹ Å ¸¥ÂY¶\ãÀLÂ�¸Gº�º¡½LÂ�¸¨Ðj©D¸¥Â�¶9´z¶t´z¸¥¹ Å ÀÑ¶t¾*¹ Å Ç�o�CnCnC , £¡ªm� ° ª,«G¤=§å¢m� ° ¢m� �2G\° ¤h¦	� ° � � ªm�àª$�H�
�©Gh� ¦¨£	�H¦¥¤=§å« ° � Q ªt£¥¤ * Ú 5 7 3 ; 6 ( ¡ 5 ' 8 ¡ 5 ­vÚ!�v¸¥À Å ¸¥´'ËLÂ�¸`#$'$' 7 Ç� � � '$#   �sÇ2� ³ Ï,¸¥¹ � ¶>¸ Å æYÇ � ¿ ³ ÀæÐ?¶tÂ Å¡Î · ( Ï¼º¡¾*¹LÄz´z¶ Å ¾¯¶t¹ ³ ¹ ³ ¿*·Nº¡¾¯º Å ¸ ÃÆÎ ¹L¾¯ÙZ½;¸GºÁãå¶tÂr´z¶\Ð
Å ¾¯¶t¹oÂ�¸ ÅÆ³ Â¡Ä,¸ Å¡Å ¾*¹LÄ;Ç�â ³ ÀLÀÑ¶tÂ ÅÒÅ ¸ Ã�Î ¹L¾¯ÙJ½;¸|Ú � ¸¥À ³ Â Å ¸¥´z¸¥¹ Å ¶\ã � ¶t´dÀL½ Å ¸¥ÂFà ¿h¹Nãå¶tÂäÐ
´ ³\Å ¾¯¶t¹²� Ã ¾¯¸¥¹ Ã ¸GºrÐ � ¸ t ¶t¹ Å ã=¶tÂ Å Ïp¹L¾*Ï,¸¥Â�º¡¾ Å ·,ÚH#$'$'$#NÇ� �v�{'$;   �sÇw� ³ ã=¶t¹;¶.Ï ³ ¸ Å Ò;Ç e Ç$�¼¶v»NÄ|¾*¹;º ( �p¹ ³ ¿*·æ©G¾*¹LÄ Å¡Î ¸dÀ Î ·Nº¡¾ ÃD³ ¿ Ã ¶tÂ¡Â�¸ Ã¥Å ¹;¸GºÆºu¶\ãÒ¾*¹NÐ
Å ¸¥Â¡ÀÑ¶t¿ ³\Å ¸G» Î ½L´ ³ ¹�´z¶ Å ¾¯¶t¹�Ç � ª$� °jQ £ä¢.«Æ¦�¦��t§���� ° ¢�� �©� *   S$ª|ÚÑÀ ³ Ä,¸Gº " ­ "18H" ¬$'NÚÒ|½L¾*¿*¿¯¸ Å #$'$'$;NÇ� ��Ò � £$£¡  �sÇ©� ³ Ï,¸¥¹ � ¶LÚn�HÇ ²X³ ¹Y�J¾*¹ Å Ò ³ ¹ñ¸ Å æYÇ � ¿ ³ ÀæÐ?¶tÂ Å¡Î · ( ��ËL¾¯¶t´z¸ Ã�Î`³ ¹L¾ Ã ºäÐjË ³ º�¸G»´z¶v»L¸¥¿Nã=¶tÂ Å¡Î ¸ ³ ¹L¾*´ ³\Å ¾¯¶t¹w¶\ã Î ½L´ ³ ¹z¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹�Ç;â ³ ÀLÀÑ¶tÂ Å�Å ¸ Ã�Î ¹L¾¯ÙJ½;¸|Ú � ¸¥À ³ ÂäÐ
Å ¸¥´z¸¥¹ Å ¶\ã � ¶t´dÀL½ Å ¸¥Â ³ ¹;»U¿h¹Nãå¶tÂ¡´ ³\Å ¾¯¶t¹y� Ã ¾¯¸¥¹ Ã ¸Gº¼Ð � ¸ t ¶t¹ Å ãå¶tÂ Å Ïp¹L¾*Ï,¸¥Â�º¡¾ Å ·,Ú"@£$£$£ Ç

� �v×+�Læu' "	  �sÇVÒ;Ç�� Î ¾*¹�Ú Ò;Ç�×�¸G¸|Ú��HÇ �dÇ�� Î ¾*¹R¸ Å�t Çbæ¼¿¯¸¥¾ ÃÆÎ ¸¥Â ( � ¶t´dÀL½ Å ¸¥ÂzÀL½LÀLÀH¸ Å Â¡· (�³ ¹¾*´dÀÑ¶tÂ ÅÆ³ ¹ Ã ¸¨ÐjË ³ º�¸G» ³ ÀLÀLÂ�¶ ³tÃ�Î Ç * �+�á, £äª$� ° ª,«D¤=§=¢m� ¢m� . £¡ª10`­Z§å« ° Ú®#$' 3 # 6 ( ¡o­ 8N£ 7 Ú#$'$' " Ç
� � t ' "	  �sÇ � ÇN�J½L¹E¸ Å�� Ç]ÊuÇ t ¸ ÅÆ³ Ø ³ º ( �p½ Å ¶t´ ³\Å ¾*¹LÄuÄ ³ ¾ Å Ä,¸¥¹;¸¥Â ³\Å ¾¯¶t¹�Ç � ª$� °u� o .u. � * l

Qn�   S4gRi Q £ä¢D«÷¦�¦��t§���� ° ¢��µ¤�­N¦ L �Z¤�­ * ���;±Lªt� � ¢m�@�D¦¨£�¦	�P«Æ¦p¢m� � ¢m�B0P±v¤h¦¥£ . £¡ª10`­J§=« °ªm�H�`o1�`¤h¦¨£¡ª,«G¤=§�®\¦ , ¦¡«¨­h�`§  ±;¦ ° Ú;À ³ Ä,¸GºB#-¡ "18 #o­m'NÚH#$'$' " Ç



" 7$7 |�º ��» º\Ä �4¦1¼¥g�Â º\Ì
� � < ° + £ ¬   t Ð � Ç��J¾*¿ ³ Ä Î ¾jÚ©â'Ç < ¿ ³ ¹ � ¸¥Â�ºDÚ©â'ÇO°Ò¶t½L¿*¾ Ã Ú < Ç®�L½ ³ ¸ Åj� Ç � Î`³ ¿*´ ³ ¹L¹ ( ×�¶ ÃD³ ¿

³ ¹;»�Ä|¿¯¶tË ³ ¿rº � ¸¥¿¯¸ Å ¶t¹ñý Å¡Å ¾*¹LÄ Å ¸ Ã�Î ¹L¾¯ÙJ½;¸Gºsã=¶tÂY¶tÀ Å ¾ ÃD³ ¿µ´z¶ Å ¾¯¶t¹ ÃD³ À Å ½LÂ�¸|Ç � ªm� °
� * Qf, C ���   �4�¯i Q £ä¢.«Æ¦�¦��t§���� ° ¢��s¤�­N¦Ro1�`¤h¦¨£	�Pª|¤=§å¢m�Pªt�{�s¢|£¿� ° ­v¢10R¢m� � ¢@�J¦¨�B� §����ªm�!� � ¢|¤=§=¢$� � ª10Ñ¤=±J£�¦ , ¦¡«¨­h�;§  ±;¦ ° �G¢t£ p §B£¥¤=±Lªt�©C��;®.§B£¡¢m���w¦	�`¤ ° Ú�À ³ Ä,¸Gº`#-¡ 8 7 'NÚ"@£$£ ¬NÇ

� �����N��'$'   �sÇ�� Ã�Î�â ¿¯»5Úvâ'Ç®�æ©D¸¥¿*¾¯º � ¾jÚ � Ç]�uÇN� ³ ¿¯¸Gº¡¾*¹>¸ Å ¿÷Çh�bº�º ³�(P² ¾¯»L¸G¶ Å ¸¨Ø Å ½LÂ�¸GºDÇ � ªm� °:Q £ä¢ l«Æ¦Æ¦��t§���� ° ¢�� * �+�ã� o .u. � * Qn�   S4S¡� � ¢$�F0H±v¤h¦¨£ . £äª	0`­Z§å« °�Q £¡¢D«Æ¦�¦E�t§��N� ° � * �2�;±Nª|�
� ¢m�9�G¦¨£�¦	�P«÷¦ � ¦¨£÷§j¦ ° ÚLÀ ³ Ä,¸Gº 7 ¬ £98 7 £ ¬NÚH#$'$'$'NÇ� � �:'-¡   � Ç æYÇ � Î ¸¥¿¯¸¥¹Ý¸ Å �ÒÇ � Ç+�p¹;»L¸¥Â�º�¶t¹ ( Ï¼º¡¾*¹LÄ Ã ¶t´dÀL½ Å ¸G»ñ´'½;º Ã ¿¯¸ Ã ¶t¹ Å Â�¶t¿ Å ¶2Ä,¸¨Ð¹;¸¥Â ³\Å ¸¼ãå¶tÂ�Ð ³ Â�»o»N·v¹ ³ ´d¾ Ã º¡¾*´'½L¿ ³\Å ¾¯¶t¹;ºÁ¶\ã Î ½L´ ³ ¹ Ð ³ ¿ � ¾*¹LÄYã�Â�¶t´Ö¸¨ØNÀH¸¥Â¡¾*´z¸¥¹ ÅÆ³ ¿» ³\ÅÆ³ Ç=Tv¢t±v£1�Pª|�0¢��BVr§=¢m�w¦¡«¥­vªm�;§å« ° Ú 5$£ ( "$" 'o­ 8H"$"$" ;NÚ!#$'$'-¡NÇ� � � � £$5¡  � Ç � ³ Â�»N¾¯¸¥½�Ú��sÇh�p½LÂ�¸¥¹LÄ,¶Y¸ Å °¬Ç � ³ Â�»N¾¯¸¥½ ( Ê¼¸�Ð"´z¸ Å¡Î ¶v»c¶\ã Å¡Î Â�¸G¸¨Ðh»N¾*´z¸¥¹ Å ¾¯¶t¹ ³ ¿
³ ¹ ³ ¿*·Nº¡¾¯º¼¶\ãbËL¾*ÀH¸G» ³ ¿7¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹3ãå¶tÂ Å¡Î ¸sº Å ½;»N·l¶\ãX»N¾¯º¡ÀL¿ ³tÃ ¸¥´z¸¥¹ Å ¶\ã Å¡Î ¸'ËÑ¶v»N·
³ ¹;»'ËH¶v»N·ZÐjÀ ³ Â Å º Ã ¸¥¹ Å ¸¥Â�º�¶\ãL´ ³ º�º�¾*¹u´ ³ ¹ ³ ¹;»'¹;¶t¹NÐ Î ½L´ ³ ¹YÀLÂ¡¾*´ ³\Å ¸Gº ( ¸¥Ï,¶t¿*½ Å ¾¯¶\Ð¹ ³ Â¡·dã=Â ³ ´z¸�Ð?¶tÂ � Ç * �w¦¨£¨§å«�ªm��Tv¢t±v£1�Pª|�Ñ¢�� Q ­ G\° §=«�ª|� * �P¤�­Z£ä¢	0N¢t�*¢E� G Ú £ ' ( 7 ;$; 8 7 ­q¡NÚ"@£$£$5 Ç

� � ° £ ¡   � Ç � ¶t¿ ³ ¹L¾�¸ Å ÊA¿¨Çæ° ³ »N¿¯¸¥Â ( âp¸ ³ ¿@Ð Å ¾*´z¸¼¾*¹ZÏ,¸¥Â�º�¸ � ¾*¹;¸¥´ ³\Å ¾ Ã ºµ¶\ã Å¡Î ¸ Î ½L´ ³ ¹ ³ Â¡´yÇ
Q £�¦ ° ¦	�P«Æ¦1� , ¦¥�*¦¡¢	0L¦¨£¡ª|¤j¢t£ ° �rªm�H� p §�£¨¤=±Lªt�HC��;®.§B£¡¢m���w¦	�`¤ ° Ú2; 3 7 6 ( 5$£$598 7 ' " Ú "@£$£ ¡NÇ� � æY°}'$'   � Ç � ¶t¿ ³ ¹L¾jÚB�uÇÁæK¶|º�Ð ³ ´d¾'¸ Å ÊsÇV¿¨Ç"° ³ »N¿¯¸¥Â ( âÁ¸ ³ ¿@Ð Å ¾*´z¸�¾*¹JÏ,¸¥Â�º�¸ � ¾*¹;¸¥´ ³\Å ¾ Ã º
Å ¸ ÃÆÎ ¹L¾¯ÙZ½;¸Gºuãå¶tÂ ³ ¹ Å¡Î Â�¶tÀÑ¶t´z¶tÂ¡À Î ¾ Ã ¿*¾*´'Ë;º.Ç . £¡ª10`­Z§å« °�� ¢9�Z¦¨� ° Ú?¡$# 3 ; 6 ( 5 ; 598N5 ¬-¬NÚ#$'$'$'NÇ

� � ¶tÂ�¬ £¡  ² Ç � ¶tÂ Ã ©D¶t¹ ( � ±v� ¤=§ l �t§�£�¦¡«G¤=§å¢m�Pªt� � ¦¡ªt£¡«¨­Íi * � §�£�¦¡«G¤ � ¦�ªt£ä«¥­ * � �Z¢t£÷§=¤�­h���¥¢t£
Q ª|£äªt���¯¦¨� � ªZ«¨­Z§��H¦ ° Ç � Î �Gº�¸w»L¸w»L¶ Ã¥Å ¶tÂ ³\Å Ú0âÁ¾ Ã ¸)ÏÁ¹L¾*Ï,¸¥Â�º�¾ Å ·,Ú7�p¶t½;º Å ¶t¹�Ú � ¸¨Ø ³ ºDÚÏu�N�uÚ "@£ ¬ £ Ç

� � <
ÈWÈ '-¡   °¬Ç � ³ ¹LÄ;Ú È Ç <�³ ¹�Ú`×XÇ ÈPÎ ¸¥¹LÄw¸ Å=t Ç ÈPÎ`³ ¹LÄ ( ¿�¹ Å ¸¥Â ³tÃ¥Å ¾*Ï,¸'Ä,¸¥¹;¸¥Â ³\Å ¾¯¶t¹l¶\ã0ã ³ ¿*¿*¾*¹LÄ´z¶ Å ¾¯¶t¹;ºDÇ � ªm� °�� ¢m�B0P±N¤h¦¨£ * �;§��dª,¤=§=¢m�Rªm�!� p §�£¨¤=±Lªt�`�s¢|£÷�¥� ° Tv¢t±v£1�Pª|� � o1�`¤=� ¹
� ¢m�9� ¹ ¢$� � ¢m�B0P±v¤h¦¥£ * �;§��zª|¤=§å¢m��ªm�H� � ¢D«G§=ªt� * �J¦	�`¤ ° � � * � * L S4S4� � Ú©À ³ Ä,¸Gº#o­ "18 #o­ £ ÚH�v¸¥À Å ¸¥´uËLÂ�¸§#$'$'-¡NÇ� � � e '$'   �HÇ � ³ � ÚpúÁÐ��dÇF�v¶t¹LÄß¸ Å �ÁÐ·�HÇ e ¶ (ät ¶ Å ¾¯¶t¹�Ë ³ ¿ ³ ¹ Ã ¸ ý;¿ Å ¸¥Â¡¾*¹LÄ;Ç � ¢$�F0H±v¤h¦¨£
. £¡ª10`­Z§å« °B� ¢|£÷±N�dÚ "@£�3�546 Ú2#$'$'$'NÇ

� � � e '$#   �HÇ � ³ � Ú$úÁÐ��dÇW�v¶t¹LÄy¸ Å �ÁÐ·�HÇ e ¶ ( �JÀ ³tÃ ¸ Å ¾*´z¸zº�Ð?¸G¸¥ÀL¾*¹LÄ (�³ ¹ ¾*¹ Å ¸¥Â ³tÃ¥Å ¾*Ï,¸z»N·JÐ¹ ³ ´d¾ ÃKÃ ¶t¹;º Å Â ³ ¾*¹ Å º�¶t¿*Ï,¸¥ÂDÇ � ªm� °)� *   S L i Q £ä¢.«Æ¦�¦��t§���� ° ¢��K¤�­N¦ � ¢m�B0P±N¤h¦¨£ * �;§ l�zª|¤=§å¢m�`ÚvÀ ³ Ä,¸GºB#-¡ "18 #o­m'NÚH#$'$'$#NÇ� Ï{� � £ ;   t Ç7Ïp¹Z½L´ ³ Ú e Çm�p¹ Ü ·,¶¼¸ Å â'Ç � ³ � ¸¥½ ÃÆÎ ¾ ( �;¶t½LÂ¡¾¯¸¥Â�ÀLÂ¡¾*¹ Ã ¾*ÀL¿¯¸Gº�ãå¶tÂ7¸¥´z¶ Å ¾¯¶t¹NÐjË ³ ºÆ¸G»
Î ½L´ ³ ¹uý;Ä|½LÂ�¸ ³ ¹L¾*´ ³\Å ¾¯¶t¹�Ç � ªm� °zQ £¡¢D«Æ¦Æ¦��t§���� ° ¢�� * �+�å� o .u. � * Qn�   �hª|Ú.À ³ Ä,¸Gº£®"18N£ ¡NÚ "@£$£ ;NÇ

� ÏS�0æ � ' 7   âuÇ-ÏÁÂ ÅÆ³ º¡½L¹�Ú < Ço�;½ ³ Ú < ÇJæ¼¿ ³ Â�»L¶t¹E¸ Å
� Ç � Î`³ ¿*´ ³ ¹L¹ (2t ³\Î`³ ¿ ³ ¹;¶tËL¾¯º?´z¶ Å ¾¯¶t¹wÄ,¸¨Ð¹;¸¥Â ³\Å ¾¯¶t¹�Ç7â ³ ÀLÀÑ¶tÂ Å?Å ¸ ÃÆÎ ¹L¾¯ÙZ½;¸|Ú � ² ×;� ² âÁ×bÚ��æÐµ¾¯º�º��;¸G»L¸¥Â ³ ¿I¿�¹;º Å ¾ Å ½ Å ¸¼¶\ã � ¸ ÃÆÎ Ð¹;¶t¿¯¶tÄ|·,Ú2#$'$' 7 Ç� ²X³ ¹ £ ­   t Ç ²X³ ¹Þ»L¸ <�³ ¹L¹;¸ ( �LÂ�¶t´�ãå¶J¶ Å ÀLÂ¡¾*¹ Å º Å ¶ ³ ¹L¾*´ ³\Å ¾¯¶t¹�Ç � ¢m�B0P±N¤h¦¨£ . £äª10P­Z§=« °
� ¢t£÷±N�dÚ " ¡ 3 7 6 ( # "$"18 #$# 7 Ú "@£$£ ­vÇ



|�º ��» º\Ä �4¦1¼¥g�Â º\Ì " 7 ;
� ²{� ú £$£¡  � Ç]×bÇ ²X³ ½LÄ Î`³ ¹�Ú3°¬Ç]×bÇ �K³ Ïv¾¯ºK¸ Å Ò`Ç � Ç5úsÌ � ¶t¹L¹;¶tÂ ( �fG �Pªm�Y§å« ° ¢�� � ±N�zªm� . ªt§=¤

� L �H�D]E�t§�¤=§å¢m� � Ç e ¾*ËH¶ Î ¶ < ½LËL¿*¾¯º Î ¸¥ÂDÚ "@£$£$£ Ç� ²{<�< �s¬$;   �rÇ ² ¾¯¸¥¿jÚ��uÇ < ¸¥Â�¸¥¿*¿¯¸|Ú�Ò`Ç < ¸¥·JÂ ³ ¹L¹;¸¬¸ Åzt Ç��bº¡¹ ³ ½L¿ Å:( �p¹ ³ ¿*·vº�¸ Å Â¡¾¯»N¾*´z¸¥¹ Å ¾¯¶t¹L¹;¸¥¿*¿¯¸»L¸¬¿ ³ ´ ³ Â Ã�Î ¸u¸ Å »L¸¬¿jÌ ³ ÀLÀL½L¾$»N½oÀL¾¯¸G» ³ ½lº�¶t¿jÇ � ¦E� ¹}� ­Z§�£ ¹�Q §j¦��|Ú�# 3 ; 6 ( " ; "18H" ¡$'NÚ"@£ ¬$;NÇ
� ² ½ � £ '   t Ç ² ½ � ¶tËLÂ ³\Å ¶DÏv¾ Ã�( Vr§æ0L¦E�Ý�@¢.«�¢m�z¢|¤=§å¢m�`Ç��JÀLÂ¡¾*¹LÄ,¸¥ÂäÐ ² ¸¥Â¡¿ ³ ÄRÊ¼¸�Ð¸�X¶tÂ � Ús¿�¹ Ã Ç*Ú�v¸ ÃD³ ½ Ã ½;ºDÚ;ÊSÒ;Ú5Ïu�N�sÚ "@£$£ 'NÇ� ¨ ³ ¹ £$£¡  ÙYÇ æYÇw¨ ³ ¹LÄ ( �ÖËÑ¸ Î`³ Ïv¾¯¶tÂäÐjË ³ º�¸G»Ý¾*¹ZÏ,¸¥Â�ºÆ¸ � ¾*¹;¸¥´ ³\Å ¾ Ã º ³ ¿*Ä,¶tÂ¡¾ Å¡Î ´ Å ¶2ÀLÂ�¸G»N¾ Ã¥Å

³ Â¡´ ÀLÂ�¸ Î ¸¥¹;º�¾¯¶t¹zãå¶tÂ Ã ¶t´dÀL½ Å ¸¥ÂäÐ ³ ¾¯»L¸G»c¸¥Â¡Ä,¶t¹;¶t´d¾ Ã ¸¥Ï ³ ¿*½ ³\Å ¾¯¶t¹�Ç�TJ¢t±v£	�Pªt�5¢���Vr§=¢ l�w¦¡«¨­vª$�;§=« ° Ú 5 # 3 ; 6 ( 7 ; 598 7 ¡$'NÚ t3³ ¾ "@£$£$£ Ç� ¨ ³ Â¿'$#   � Ç ² Ç2¨ ³ Â�» ( ¿�¹ Å ¸¥Â¡ÀLÂ�¸ Å ¾*¹LÄ Å¡Î ¸u¹ ³\Å ½LÂ�¸ ³ ¹;»l¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹�¶\ã ° ½;º Å Â ³ ¿¯¶tÀL¾ Å¡Î ¸ Ã ½;º° ã ³ Â�¸¥¹;º¡¾¯º ( Ð Î ¸¥Â�¸Ò»L¶AÐ?¸Òº ÅÆ³ ¹;»T÷Oç`¦�ªt£ � ¢D¢��u¢�� Q ­ G\° §=«�ª|� * �P¤�­Z£ä¢	0N¢t�*¢E� G Ú 7 ; ( " ¬$; 8# " ;NÚ2#$'$'$#NÇ
� ¨!°}' 5¡  Ò;Ç®¨ ³ ¹LÄw¸ Å °¬Çh°Ò¶v»L¸¥¹ Î ¸¥¾*´z¸¥Â ( �Á¹o¸¥Ï ³ ¿*½ ³\Å ¾¯¶t¹l¶\ã ³YÃ ¶|º Å ´z¸ Å Â¡¾ Ã ãå¶tÂrº�¸¥¿¯¸ Ã¥Å ¾*¹LÄ

Å Â ³ ¹;º¡¾ Å ¾¯¶t¹;º¬ËÑ¸ Å Ð©¸G¸¥¹�´z¶ Å ¾¯¶t¹ ºÆ¸¥Ä|´z¸¥¹ Å ºDÇ � ªm� °D�©� *   Sm±)i Q £¡¢D«Æ¦�¦��|§���� ° ¢��s¤�­L¦L S4S$± * �+�-� o .u. � * Qn� A�C©±J£¡¢E�t£¡ª10`­J§=« °��2G �B0N¢ ° §B±N� ¢m� � ¢m�B0P±N¤h¦¨£ * �;§��dª l¤=§å¢m�`ÚNÀ ³ Ä,¸GºF# 5 # 8 # 5 ¬NÚ!#$'$' 5 Ç� ¨à� £ ­   � ÇVÒ;Çm¨à¾*¿¯¸¥·s¸ Å Ò;Ç e ÇZ� ³\Î ¹ ( ¿�¹ Å ¸¥Â¡ÀÑ¶t¿ ³\Å ¾¯¶t¹wº¡·v¹ Å¡Î ¸Gº�¾¯ºb¶\ã ³ Â Å ¾ Ã ½L¿ ³\Å ¸G»dý;Ä|½LÂ�¸µ´z¶\Ð
Å ¾¯¶t¹�Ç
o�CnC�C � ¢$�F0H±v¤h¦¨£ . £äª10P­Z§=« ° ªm�H� * 040P� §å«�ª|¤=§å¢m� ° Ú " ­ 3 ¡ 6 ( 5$£98 7 ;NÚ`Ê¼¶DÏ,¸¥´'ËLÂ�¸"@£$£ ­vÇ

� ¨ Î ¾ ¡ £¡  � Ç¬�rÇN¨ Î ¾ Å ¹;¸¥· ( âÁ¸GºÆ¶t¿*Ï,¸G»w´z¶ Å ¾¯¶t¹cÂ ³\Å ¸ Ã ¶t¹ Å Â�¶t¿�¶\ã$´ ³ ¹L¾*ÀL½L¿ ³\Å ¶tÂ�º ³ ¹;» Î ½L´ ³ ¹ÀLÂ�¶|º Å¡Î ¸Gº�¸Gº.Ç®o�CnC�C , £äªm� ° ª,«G¤=§å¢m� ° ¢m� � ª$� l^� ªZ«¨­Z§��H¦ �2G\° ¤h¦	� ° Ú t²t �ZÐ " ' 3 # 6 ( 7 ­ 8; 5 Ú5Ò|½L¾*¹ "@£ ¡ £ Ç
� ¨ Î ¾ £®"	  t Ç ¨�ÇW¨ Î ¾ Å¡Å ¿¯¸ ( æ ³ ¾ Åu³ ¹ ³ ¿*·Nº¡¾¯º ( �p¹�¾*¹ Å Â�¶v»N½ Ã¥Å ¾¯¶t¹�Ç 
 Ô��¥¢|£��¾i�Vr±v¤å¤h¦¥£1�X¢t£¥¤�­ l

� ¦¥§��H¦­�dª$���`Ú "@£$£®" Ç� ¨"¾*¹ £ '   � Ç¬�uÇ�¨à¾*¹ Å ¸¥Â ( Vr§å¢m�w¦¡«¨­vªm�`§=« ° ª$�H�f�z¢|¤j¢|£Á«�¢m�`¤=£¡¢t�P¢��©­Z±N�zªm�D�d¢|®\¦	�w¦	�`¤åÇ5ÒZ¶ Î ¹¨à¾*¿¯¸¥· ³ ¹;»��v¶t¹;º.Úh¿h¹ Ã Ç*Ú;ºÆ¸ Ã ¶t¹;»L¸kÍG»N¾ Å ¾¯¶t¹�Ú � ¶tÂ�¶t¹ Å ¶LÚuÏu�N�sÚ "@£$£ 'NÇ� ¨ e ¬-¬   �sÇ < Ç$¨à¾ Å � ¾*¹w¸ Å�t Ç ek³ º�º ( �JÀ ³tÃ ¸ Å ¾*´z¸ Ã ¶t¹;º Å Â ³ ¾*¹ Å ºDÇ � o .u. � * Qn�   �4�Y¢m� � ¢m� l0P±N¤h¦¨£ . £¡ª10`­Z§å« ° Ú2#$# 3 7 6 ( " ; £98H" ¡-¬NÚH�µ¶m« Å "@£ ¬-¬NÇ� ¨ < £ ;   �sÇ < Ç�¨à¾ Å � ¾*¹�¸ ÅUÈ Ç < ¶tÀÑ¶DÏv¾sÚ (Ut ¶ Å ¾¯¶t¹RÐ ³ Â¡ÀL¾*¹LÄ;Ç � ª$� °�Q £ä¢D«÷¦�¦��t§���� ° ¢�� � o .zl
. � * Qn�   �hª|ÚNÀ ³ Ä,¸Gº " '$; 8H" '-¬NÚH�µ¶m« Å "@£$£ ;NÇ� �¬Ê:' 5¡  e Ç®� ³ ´ ³ ¹;¸k¸ Å �YÇLÊ ³ � ³ ´u½LÂ ³¯(n� ·v¹ ³ ´d¾ Ã ºÒý;¿ Å ¸¥ÂrÐ Ã ¶t¹ Ã ¸¥À Å¬³ ¹;»o¾*´dÀL¿¯¸¥´z¸¥¹ ÅÆ³ Ð
Å ¾¯¶t¹y¶\ã7¶t¹L¿*¾*¹;¸¬´z¶ Å ¾¯¶t¹oÄ,¸¥¹;¸¥Â ³\Å ¶tÂrã=¶tÂ Î ½L´ ³ ¹yý;Ä|½LÂ�¸GºDÇno�CnCnC , £¡ªm� ° ª,«G¤=§å¢m� ° ¢m�£¡¢ � ¢|¤=§å« ° ªm�!�Eªt±N¤j¢m�zª|¤=§å¢m�`Ú "@£�3�546 ( 7 # "18 7 5 #NÚ�Ò|½L¾*¹�#$'$' 5 Ç� È ° £ 7   Ò;Ç ÈPÎ`³ ¶p¸ Å ÊsÇV¿÷Ç7° ³ »N¿¯¸¥Â ( ¿�¹ZÏ,¸¥Â�ºÆ¸ � ¾*¹;¸¥´ ³\Å ¾ Ã º7ÀH¶|º�¾ Å ¾¯¶t¹L¾*¹LÄp½;º¡¾*¹LÄ¼¹;¶t¹L¿*¾*¹;¸ ³ Â�ÀLÂ�¶\ÐÄ|Â ³ ´d´d¾*¹LÄdãå¶tÂ Î ¾*Ä Î ¿*· ³ Â Å ¾ Ã ½L¿ ³\Å ¸G»cý;Ä|½LÂ�¸GºDÇ * �+�è, £¡ªm� ° ª,«G¤=§å¢m� ° ¢m� . £¡ª10`­J§=« ° Ú"@5�3 7 6 ( 5®"@598N5$5 ¡NÚ "@£$£ 7 Ç� È ¸¥¿ ¬$#   � Ç È ¸¥¿ Å ©D¸¥Â (mt ¶ Å ¶tÂ Ã ¶t¹ Å Â�¶t¿ Å ¸ Ã�Î ¹L¾¯ÙJ½;¸Gº$ã=¶tÂÑý;Ä|½LÂ�¸ ³ ¹L¾*´ ³\Å ¾¯¶t¹�Ç�o�CnCnC � ¢m�B0P±N¤h¦¨£
. £¡ª10`­Z§å« ° ªm�H� * 0h0P� §å«�ª|¤=§å¢m�`ÚH# 3�£46 ( ; 598 ; £ Ú`Ê¼¶DÏ,¸¥´'ËLÂ�¸ "@£ ¬$#NÇ� È ¸¥¿ ¬ 5¡  � Ç È ¸¥¿ Å ©D¸¥Â ( e ¹;¶+Ðµ¿¯¸G»NÄ,¸¨ÐjË ³ º�¸G» ³ ¹L¾*´ ³\Å ¾¯¶t¹�Ç � ªm� ° * �+� � o .zl
. � * Qn� A � o . * � , ÚvÀ ³ Ä,¸Gº " ¬o­ 8H"@£ #NÚ2�0ÏJÂ¡¾*¿ "@£ ¬ 5 Ç



" 7 ¡ |�º ��» º\Ä �4¦1¼¥g�Â º\Ì
� È!t � ��'$;   ² ÇV°¬Ç È ¶tÂ�» ³ ¹�Ú!�uÇ t3³^Ü � ¶+Ðrº � ³ Ú�°¼Ç � Î ¾*½3¸ Å{t Ç�� ³ º Å§(=� ·J¹ ³ ´d¾ Ã Â�¸Gº¡ÀÑ¶t¹;º�¸Kãå¶tÂ´z¶ Å ¾¯¶t¹ ÃD³ À Å ½LÂ�¸ ³ ¹L¾*´ ³\Å ¾¯¶t¹�Ç * �+� , £äªm� ° ª,«G¤=§å¢m� ° ¢m� . £¡ª10`­J§=« ° Ú�# 7 3�546 ( ¡ £ ­ 8­m' " Ú�#$'$'$;NÇ
� È � � £ '   ² Ç ÈÑ³\Å º¡¾¯¶tÂ�º � ·,Ú ² Ç��v¸¥¿*½L· ³ ¹;¶DÏE¸ Å ×bÇ æYÇ � Î ½LÄ|½L¹;¶DÏ ³j( � ¶t¹ Å ¸¥´dÀH¶tÂ ³ Â¡·wÀLÂ�¶tËL¿¯¸¥´zº¶\ã�ËL¾¯¶t´z¸ Ã�Î`³ ¹L¾ Ã ºDÇ � ª$� °�� ¦¥¤�­v¢9� ° ¢��U�Z¦¥¤h¦¥£1�Y§��;§��N���zª °÷°1l §��H¦¨£¥¤=§åªt�$«¨­vªt£¡ª,«G¤h¦¥£÷§ °1l¤=§å« ° ¢��¬­Z±N�zªm� � ¢@� GE° ¦��m�w¦	�P¤ ° ÚLÀ ³ Ä,¸Gº{#o­ 598 # £®" Ú "@£$£ 'NÇ
� ÈP² ' 5¡  ² ÇV°¬Ç È ¶tÂ�» ³ ¹�¸ Å � Ç ²X³ ¹ � ¸¥Ây�p¶tÂ�º Å¾(åt3³ ÀLÀL¾*¹LÄß¶tÀ Å ¾ ÃD³ ¿'´z¶ Å ¾¯¶t¹ ÃD³ À Å ½LÂ�¸» ³\ÅÆ³lÅ ¶2º � ¸¥¿¯¸ ÅÆ³ ¿?´z¶ Å ¾¯¶t¹Ý½;º¡¾*¹LÄ ³ À Î ·vº¡¾ ÃD³ ¿Ò´z¶v»L¸¥¿jÇ � ªm� ° * �+�á� §?�@�|£äª10P­JAC©±v£¡¢E�t£¡ª10`­Z§å« °U�HG �B0N¢ ° §�±��V¢m� � ¢m�B0P±N¤h¦¨£ * �;§��zª|¤=§å¢m�`ÚvÀ ³ Ä,¸GºF# 7 ; 8 #$;$'NÚH#$'$' 5 Ç





éo),n�<0:B+.:�OP<ß1,+z[\)Z8;&=:�CD8N+.:�OP<"/X(*OP-$+.:=&�Cd/01²ê9O5/7)J&=:�CD8N+.:�OP<R1Z+
/012Q,8;&�QZ-0&©/71�êSOP-$UP1�êS1J<H+�ëbOH-$[E/01JCz45-+êS8;<$O�ìÆ/01JCYU$:B[^+.-01J&�C

� ¶t´dÀLÂ�¸¥¹;»NÂ�¸µ¸ Åb³ ¹L¾*´z¸¥Âb»L¸Gº7´z¶t½LÏ,¸¥´z¸¥¹ Å º Î ½L´ ³ ¾*¹;ºbº�¶t¹ Å ¾*¹ Å ¾*´z¸¥´z¸¥¹ Å ¿*¾¯ÍGº ³ ½NØ ³ ÀLÀLÂ�¶ Ã�Î ¸Gº»5Ì ³ ¹ ³ ¿*·vºÆ¸E¸ Å »L¸Eº�·J¹ Å¡Î �Gº�¸|Ç � ¸Gº ³ ÀLÀLÂ�¶ Ã�Î ¸Gºdº�¶t½L¿s�¥Ï,¸¥¹ Å »L¸GºsÀLÂ�¶tËL¿s�¥´z¸Gºuãå¶t¹;» ³ ´z¸¥¹ ÅÆ³ ½NØÞ» ³ ¹;º»L¸s¹;¶t´'ËLÂ�¸¥½NØ�»L¶t´ ³ ¾*¹;¸GºKº Ã ¾¯¸¥¹ Å ¾@ý`ÙJ½;¸Gº Å ¸¥¿¯ºKÙJ½;¸'¿ ³ ËL¾¯¶t´zÍ ÃD³ ¹L¾¯ÙJ½;¸|ÚÑ¿jÌ ³ ¹ Å¡Î Â�¶tÀÑ¶t¿¯¶tÄ|¾¯¸z¸ Å ¿jÌ ³ ¹L¾@Ð´ ³\Å ¾¯¶t¹�Ç?úpË Å ¸¥¹L¾*ÂE»L¸GºY´z¶t½LÏ,¸¥´z¸¥¹ Å º ³ ¹L¾*´zÍGºdÂ�Í ³ ¿*¾¯º Å ¸Gºz¸Gº Å ½L¹ßÀH¶t¾*¹ ÅzÎ`³ ½ Å ¸¥´z¸¥¹ Å »LÍ¥¿*¾ ÃD³\Å ¸ Å
Ã ¶t´dÀL¿¯¸¨ØN¸rã ³tÃ ¸pá¬¿ ³ ÀÑ¸¥Â Ã ¸¥À Å ¾¯¶t¹E¸¨ØL¸¥Â Ã ÍG¸r»5Ì ½L¹E¶tË;º�¸¥Â¡Ï ³\Å ¸¥½LÂDÇZÊ¼¶t½;ºbÍ Å ½;»N¾¯¶t¹;º©¸ Å Â�Í ³ ¿*¾¯º�¶t¹;º?»L¶t¹ Ã½L¹;¸ Ã�Î`³ �¯¹;¸ Ã ¶t´dÀL¿s� Å ¸y¸ ÅwÃ ¶ Î Í¥Â�¸¥¹ Å ¸l»5Ì ³ ¹ ³ ¿*·Nº�¸y¸ Å »L¸yº¡·v¹ Å¡Î �GºÆ¸y»L¸c¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹;º Î ½L´ ³ ¾*¹;¸GºÙZ½L¾ Ã ¸¥Â Å ¾@ý`¸w¿¯¸YÂ�¸Gº¡ÀÑ¸ Ã¥Å »L¸ Ã Â¡¾ Å �¥Â�¸Gº'»L¸dÂ�Í ³ ¿*¾¯º�´z¸z»N½9´z¶t½LÏ,¸¥´z¸¥¹ Å Ç � ¸ Å¡Å ¸ Ã�Î`³ �¯¹;¸E¸Gº ÅkÃ ¶t´dÀÑ¶\Ðº�ÍG¸Á»5Ì ½L¹;¸p´zÍ Å¡Î ¶v»L¸p»5Ì ³ » ³ À ÅÆ³\Å ¾¯¶t¹ Ã ¾*¹;Í¥´ ³\Å ¾¯ÙJ½;¸|Úv»5Ì ½L¹>ÀLÂ�¶ Ã ÍG»LÍp»L¸pÏ ³ ¿*¾¯» ³\Å ¾¯¶t¹c»N·v¹ ³ ´d¾¯ÙZ½;¸¼»L¸
Ã ¸ Å¡Å ¸c´zÍ Å¡Î ¶J»L¸l¸ Å »5Ì ½L¹;¸c´zÍ Å¡Î ¶J»L¸y»L¸cº¡·v¹ Å¡Î �GºÆ¸o¸¥¹R»N·J¹ ³ ´d¾¯ÙJ½;¸y»N¾*Â�¸ Ã¥Å ¸|ÇbÊ¼¶t½;ºYÀLÂ�¶tÀH¶|ºÆ¶t¹;º» ³ ¹;º Ã�Î`³tÃ ½L¹;¸d»L¸ Ã ¸Gº Å Â�¶t¾¯º¼À ³ Â Å ¾¯¸GºDÚ5»L¸Gº¼´zÍ Å¡Î ¶J»L¸GºK»L¸s´z¶v»LÍ¥¿*¾¯º ³\Å ¾¯¶t¹�»L¸u¿jÌ Î ½L´ ³ ¾*¹�Ú5»L¸Gº¬´zÍ¨Ð
Å¡Î ¶J»L¸Gº?»L¸r´z¶v»LÍ¥¿*¾¯º ³\Å ¾¯¶t¹E»N½E´z¶t½LÏ,¸¥´z¸¥¹ Å ¸ Å »L¸GºX´zÍ Å¡Î ¶J»L¸Gº©»L¸ ÃD³ ¿ Ã ½L¿¯º©»N½w´z¶t½LÏ,¸¥´z¸¥¹ Å ÇvÊ¼¶t½;º¶tÂ¡¾¯¸¥¹ Å ¶t¹;º Ã ¸Gº Å Â ³ Ï ³ ½NØ2º¡½LÂp»L¸Gºp´zÍ Å¡Î ¶v»L¸Gºp»5Ì ³ »N¾*´z¸¥¹;º¡¾¯¶t¹L¹;¸¥´z¸¥¹ Å ¸ Å »L¸'´ ³ ¹L¾*ÀL½L¿ ³\Å ¾¯¶t¹�»5Ì ½L¹;¸Ë ³ º�¸K»L¸k»L¶t¹L¹;ÍG¸Gºp»L¸¬´z¶t½LÏ,¸¥´z¸¥¹ Å ºDÇ

í�O;+DCÝQZ&�)ZCïî=�Á¹ ³ ¿*·Nº�¸o¸ Å º¡·J¹ Å¡Î �Gº�¸y»L¸o´z¶t½LÏ,¸¥´z¸¥¹ Å Ú ³ » ³ À ÅÆ³\Å ¾¯¶t¹ Ã ¾*¹;Í¥´ ³\Å ¾¯ÙJ½;¸|Ú?»N·v¹ ³ Ð´d¾¯ÙZ½;¸k¾*¹ZÏ,¸¥Â�º�¸k¸ Å »N¾*Â�¸ Ã¥Å ¸|Ú`´z¶J»LÍ¥¿*¾¯º ³\Å ¾¯¶t¹l»L¸K¿jÌ Î ½L´ ³ ¾*¹3¸ Å »N½y´z¶t½LÏ,¸¥´z¸¥¹ Å

éo1Zn�<7:B+.:BOH<R8;<0/ß[\1Z8;&=:�CD8N+.:�OP<"O`{{ê9O5/71J&=:=<$_¾êS1,+.40O5/0Cd8;<0/
êSO;+.:�OP<ßQ,OHêyë7-$+D8N+.:�OP<"8;&�_`O`[t:B+.4+êSCd{hOP[dU$:�[.+.-08;&Ò45-+êS8;<$C

Ïp¹;»L¸¥Â�º ÅÆ³ ¹;»N¾*¹LÄ ³ ¹;» ³ ¹L¾*´ ³\Å ¾*¹LÄ Î ½L´ ³ ¹S´z¶ Å ¾¯¶t¹;º ³ Â�¸ Ã ¿¯¶|º�¸¥¿*·lÂ�¸¥¿ ³\Å ¸G» Å ¶ ³ ÀLÀLÂ�¶ ³tÃÆÎ ¸Gº'¶\ã
³ ¹ ³ ¿*·vº�¾¯º ³ ¹;»Eº¡·J¹ Å¡Î ¸Gº¡¾¯ºDÇ � Î ¸Gº�¸ ³ ÀLÀLÂ�¶ ³tÃÆÎ ¸Gº?Â ³ ¾¯ºÆ¸ Ã Â¡½ Ã ¾ ³ ¿HÀLÂ�¶tËL¿¯¸¥´zº?¾*¹E´ ³ ¹Z·wº Ã ¾¯¸¥¹ Å ¾@ý Ã ý`¸¥¿¯»Lºº¡½ Ã�Îñ³ ºKËL¾¯¶t´z¸ Ã�Î`³ ¹L¾ Ã ºDÚ ³ ¹ Å¡Î Â�¶tÀÑ¶t¿¯¶tÄ|· ³ ¹;» ³ ¹L¾*´ ³\Å ¾¯¶t¹�Ç�úpË ÅÆ³ ¾*¹L¾*¹LÄlÂ�¸ ³ ¿*¾¯º Å ¾ Ãw³ ¹L¾*´ ³\Å ¸G»S´z¶\Ð
Å ¾¯¶t¹;ºr¾¯º ³sÎ ¾*Ä Î ¿*·o»L¸¥¿*¾ ÃD³\Å ¸ ³ ¹;» Ã ¶t´dÀL¿¯¸¨Øo¾¯º�º¡½;¸YÐ Î ¸¥¹2¸¥Ï ³ ¿*½ ³\Å ¸G»oËJ· Å¡Î ¸ Å Â ³ ¾*¹;¸G» Î ½L´ ³ ¹2¸¥·,¸|Ç¨9¸kº Å ½;»N· ³ ¹;»yÂ�¸ ³ ¿*¾�©D¸'¾*¹ Å¡Î ¾¯º Å¡Î ¸Gº�¾¯º ³dÃ ¶t´dÀL¿¯¸ Å ¸ ³ ¹;» Ã ¶ Î ¸¥Â�¸¥¹ Å¬Ã�Î`³ ¾*¹3¶\ã ³ ¹ ³ ¿*·vº¡¾¯º ³ ¹;»yº¡·v¹NÐ
Å¡Î ¸Gº¡¾¯ºµ¶\ã Î ½L´ ³ ¹o¿¯¶ Ã ¶t´z¶ Å ¾¯¶t¹;º"Ð Î ¾ ÃÆÎyÃ ¸¥Â Å ¾@ý`¸Gº Å¡Î ¸¬Â�¸Gº¡ÀÑ¸ Ã¥Å ¶\ã7´z¶ Å ¾¯¶t¹oÂ�¸ ³ ¿*¾¯º¡´ Ã Â¡¾ Å ¸¥Â¡¾ ³ Ç � Î ¾¯º
Ã�Î`³ ¾*¹3¾¯ºr´ ³ »L¸'½LÀ2¶\ã ³ ´z¸ Å¡Î ¶v»l¶\ã � ¾*¹;¸¥´ ³\Å ¾ ÃD³ ¿ ³ » ³ À ÅÆ³\Å ¾¯¶t¹�ÚH¶\ã ³ »N·v¹ ³ ´d¾ Ã ÀLÂ�¶ Ã ¸Gº�ºÁ¶\ã�Ï ³ ¿*¾@Ð» ³\Å ¾¯¶t¹2¶\ã Å¡Î ¾¯ºr´z¸ Å¡Î ¶v» ³ ¹;»2¶\ã ³ ´z¸ Å¡Î ¶J»l¶\ã7ãå¶tÂ�Ð ³ Â�»3»N·v¹ ³ ´d¾ Ã ºÁº¡·v¹ Å¡Î ¸Gº¡¾¯º.Ç�¨9¸kÀLÂ�¶tÀÑ¶|º�¸¬ãå¶tÂ¸ ³tÃ�Î ¶\ã Å¡Î ¸Gº�¸ Å¡Î Â�¸G¸zÀ ³ Â Å ºDÚ5´z¸ Å¡Î ¶v»Lº'¶\ã Î ½L´ ³ ¹9´z¶v»L¸¥¿*¾*¹LÄ;Ú�´z¸ Å¡Î ¶v»Lº'¶\ãÒ´z¶ Å ¾¯¶t¹9´z¶v»L¸¥¿*¾*¹LÄ;Ú
³ ¹;»l´z¸ Å¡Î ¶v»Lº¼¶\ãb´z¶ Å ¾¯¶t¹ Ã ¶t´dÀL½ ÅÆ³\Å ¾¯¶t¹�Ç�¨9¸kã=¶ Ã ½;ºp¶t½LÂAÐ?¶tÂ � ¶t¹3´z¸ Å¡Î ¶v»Lºp¶\ãb¹;¶tÂ¡´ ³ ¿*¾¯º ³\Å ¾¯¶t¹
³ ¹;»o´ ³ ¹L¾*ÀL½L¿ ³\Å ¾¯¶t¹2¶\ã ³ » ³\ÅÆ³ Ë ³ º�¸u¶\ã7´z¶ Å ¾¯¶t¹;ºDÇ
ðo1ZAWñuO`[\/7C�î t ¶ Å ¾¯¶t¹ ³ ¹ ³ ¿*·vº¡¾¯º ³ ¹;»Rº¡·v¹ Å¡Î ¸Gº¡¾¯ºDÚ � ¾*¹;¸¥´ ³\Å ¾ ÃD³ ¿ ³ » ³ À ÅÆ³\Å ¾¯¶t¹�ÚX¾*¹ZÏ,¸¥Â�º�¸ ³ ¹;»ã=¶tÂ�Ð ³ Â�»y»N·v¹ ³ ´d¾ Ã ºDÚ Î ½L´ ³ ¹ ³ ¹;»o´z¶ Å ¾¯¶t¹y´z¶v»L¸¥¿*¾*¹LÄ


