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Nom de la
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"# ē����!Ì
"�;��
"I&��®z� ât
"!&!�
�Ú  
n�"�;KL#�¸"��
z®z��!�#;��
n�¶(��;#«(�J&KL�LKL#��n�&
 ��(��Lït���;KL#;·&®z
 ���&
Q��
 � ��!&!@(�K¨�«�«(�!�� 
�Ú� ��I��a!���#���!��aI&!�
!
u��K¨�/
"!�� ����
<�¶(ªJ?��!&!�
 H ��� �"K¨��K¨��!ÿ�&
²�¶(ª®z�"#;·��S�&
<J@(��«� 
1�;I&�a�¶(�'$KL#�
 ���«
��t� 
"�L�¨
 �
J@(���� 
 �<��I&�²�8��(�® H �LKL#;I��&
�
"#<�;I&�²�¶(z� ��!���ï�I&�«(�#;K¨��!�����!$#<#;��¸ �1(�� � 
 H #«(�J&�¨
 � Ú

a ` Ï�¼�¬��T � È>»R�`�����>��¬�´×¢&º�Ï¿¸Õ�>º}ÂB¬�´µ�TÁ¯��º ¸Õ�>º�»d¬��D¬��±ÔL ���>ºg� sdn =

Pp
i=1

sd(param)

p.param
�£���

sd(param) 
 �;#q�8��� � (��;#²#¦â H 
£�&
 �q'�(��¨
"I&���<�&
 � H (��«(�®z¸"#;��
 ��� param 
 �;#q�¨
"I&�<
"�;��
"I&�²®z� ât
"!&!�
��

"# p 
 �;#��¨
�!���®%J&��
 �&
 H (��«(�®z¸"#;��
 �a) 2 H ��I&�\�¨
 ���&
"I	Ùi®z�"#;·��S�&
 ��� ��!�� 
"�;!�� 
 � vitesse 
"#
amplitude +´Ú  
+�"�;KL#�¸"��
%®z��!$#;��
%�¶(n�;#«(�J&KL�LKL#����&
 � H (��«(�®z¸"#;��
 ���V����
 �;#A¥Æþ6¥¦�	KL��
+�&
 �ç��
"I&KL�¨�£�&
�'SK ¥
#�
 ����
^
"#-����(�® H �LKL#;I��&
�Ú � ��I��Z't� ât��!��-K¨�"KS�8� KL!�#��"�=$"# H �;KL!��"K H (��&�&
/�¶(<®z�"#;·��S�&
 config H I&K¨� � Ir��
"�L�¨

!�
q!�� � 
 ���;KL#�
 H (��e�&
 H (��«(�®z¸"#;��
�Út 1I��"I&!�
1�&
 �F�&
"I	Ù+®z�"#;·��S�&
 �F!�
²��
"®�J&�¨
<��
q�	K¨�;#;KL!&ï�I�
"� Út¢ (�K¨�
!���I�� H ��I&'t��!��q!���#�
"� � I�
£�¨
 � H (��«(�®z¸"#;��
 �1����!$#<(�����
����;#«(�J&�¨
 ���	� 
 � I&K?!���I�� H 
"�;®z
"#²��� I&#;KL�LK¨��
"�
�&
 �²'�(��¨
"I&���<®z� ât
"!&!�
 � H ��I&�<#���I&#�
��¨�S� ��®z��#;K¨��!�)O't��KL� µ (�J&�¨
%��Ú��+´Ú

H �������&
�#«(��¨��! �¨
"'t���������;#�
"KL�
amplitude ) % + x 	Ú�× x 	Ú�tÖ
vitesse ) m/s + ×	Ú Ö� ×	Ú� �

� ÷ßå�ø$��Ú� Ê -e(��¨
"I&���a®z� ât
"!&!�
 �^�&
 �e��
"I&KL�¨� Ú � 
 �^(�® H �LKL#;I��&
 �/�«��!�#/
"! H ��I&��� 
"!$#«(�ït
ç�����"�¨�"'�(�#;K¨��!
®n(6Ù	KL®n(��¨
��	I H K¨
 ���	I&�«(�!$#1I&!��"â	�"�¨
�Ú

� ��I���
,3?
 �"#;I���!��+�¨
 ��®%$"®z
 �Q� (��¨�"I&�¨�+��#«(�#;K¨�;#;K � I�
 � H ��I&��#;����K¨�Q(�I&#;��
 ��� ��!���ï�I&�«(�#;K¨��!��z�&

H ��KL!�#����&
z� ��!$#«(��"#��n�Ò¼TÄR�TÂ�¢�´�´µ���L  ���L ��T¢�´ �Ò¼LÄd�TÂ�¢�´�´µ��º��TÁ¯´µ�n
"#� :¬�´v���`º��LÁ®´ Ú  
 ����� �;I&�L#«(�#��%�;#«(�#;K¨�A¥
#;K � I�
 �z����!�# H ��� ��
"!�#�� �ÿ
"!w 1!&!�
´Ù&
  Úa©£Kz3?�"��
"!$#�� H ����#��S� ���¨
 �n�&
 H ���;KL#;K¨��!&!�
"®z
"!�#\�&
�®n(��A¥� I�
"I&���%����!$#+(�KL!��;Kq(�!@(��LâS��� � Ú � 
 ����� �;I&�L#«(�#���®z��!$#;��
"!�#��8� KL® H ���;#«(�!�� 
\�	IÌ#«(��¨��! ) H ��I&�%�¶(��&�´¥
#�
 �"#;K¨��! �&
 �ç
´Ù	#�
"!��;K¨��!��£+1
"#ª�&
%�8�����;#�
"KL��) H ��I&�£�¶(ÿ�&�"#�
 �"#;K¨��! �&
 �º8@
´Ù	K¨��!��£+´Ú � ��#;��
�(��Lït���;KL#;·&®z

�&
���
 � ��!&!@(�K¨���«(�!�� 
zI&#;KL�LK¨��
+�¶(\®z�"#;·��$�&
��¶(\®QK¨
"I	ÙÌ(���( H #�� 
Q
"! 
u��!��"#;K¨��!Ì�&
Q�¿( � I@(��LKL#��Q
"#��&

�¶(�� ��!���ï�I&�«(�#;K¨��!Ð�	I|� � I�
"�¨
"#;#�
�Úc©�(�!��%!���#;��
n� ��!���ï�I&�«(�#;K¨��!��· :¬�´v���£�� ����L ��T¢�´ �c�¶(�®z�"#;·��S�&
z�¶(
®QK¨
"I	ÙX(���( H #�� 
�
 �;#<� 
"�L�¨
�J@(��«� 
��;I&�²�¶(+'SKL#�
 ����
�Ú



ú �0� � 	=�<û§� �0|�� �����;� � �ã���9�(�!�p� ídcR� �����ð�¼�� { Ö
Ü�Ý:Ü V =V:«0�üZ:�ùÿ* �¡ß<0+)�.1úû*F0ç2�.13\)+*D3�. ñfe�0+.1úû:�ô?W�*

©�(�!��q� 
"#;#�
ç��
 �"#;K¨��!��$!���I��²(��L�¨��!��²( H&H �LK � I�
"�q�¨
 � �;KL!��"K H 
À ���!���(�®z
"!$#«(��r�&
1�¶(�©£â$!@(�®QK � I�

) �  -©�+��;I&���¨
Q®z��I&'t
"®z
"!$# Ú ò ����� 
nþ��¶(�� ��!&!@(�K¨���¿(�!�� 
z�&
 � H ·@(���
 ������( H&H I&K/(�I|�������ß(�IÌ®z��¥
�&¸"�¨
+J&K¨��®z� � (�!&K � I�
��	I � � I�
"�¨
"#;#�
�
"#�(�I	Ù��&��!&!�� 
 ��(�!&ï�I&�¶(�KL��
 ���V!���I��ª� (��¨�"I&�¨��!��ª�¨
 �!
������ 
 �ª
"#
®z��®z
"!�#��n(�ï�K¨�«�«(�!�#n(�I	Ù�(��;#;K¨�"I&�¶(�#;K¨��!��n�;I&KL'�(�!$#�
 ���Z��·�
"'SKL�L�¨
 ���-ït
"!���I	Ù��Z·@(�!��«·�
 ���F� H (�I&�¨
 �Q
"#
� ��I��&
 � Ú � ��I&�<
,3�
 �"#;I�
"�²� 
 �q� (��¨�"I&�¨���S!���I��É
u��I&�;!&K¨���«��!��/I&! H ���S� 
 ���;I��²(�I&#���®n(�#;K � I�
 � I�
ç!���I��
�&� �"�;KL't��!��ç
"! � I�
"� � I�
 � H ��KL!$#�� Ú

%§âµ%§âäá � ç�èäÿ(ò9è4ð§ìuë[ÿ�ìuæ�í�z�ìuë:ð9ìÓóÇç7ë"ë�ì
� 
 ��� 
"!$#;��
 �%�&
�®n(����«
;)  �&¢5+£�&
 ��®z
"®�J&��
 �%�&
��8� ·�I&®n(�!��"�8�&
ÿ����!�#��&�"#�
"�;®QKL!�� � H (����¨
 �

#«(�J&�¨
 �%(�!�#;·&��� H ��®z�"#;�;K � I�
 ��
"! ®%$"®z
Q#�
"® H � � I�
��¨
 ��� (��¨�"I&�¨����� KL!�
"�;#;K¨
 ��
"!Ì� 
 � H ��KL!�#��¥)O'SI��

"!���
 �"#;K¨��!���Ú x Ú���+´Ú�©�(�!��ç!���#;��
�#;�«( '�(�KL����!���I��1!r��(�I&����!�� H (��ªþz� (��¨�"I&�¨
"�1�¨
 �£� 
"!�#;��
 �ª�&
%®n(�����

�&
 �q��·@(��¨!�
 �q�"KL!��"®n(�#;K � I�
 �qI&#;KL�LK¨�«� 
 � Ú$©�(�!��q� 
"�;#«(�KL!��^#;�«( '�(�I	Ù[¶¾¸ªI&�¶×�� · �S� 
 �/� 
"!$#;��
 �²�&
1®n(��«��
 �
KL!�#�
"�;®z� �	K¶(�KL��
 �Q����!$#%I&#;KL�LK¨��� � H ��I&��( H&H ���;#�
"�+�&
 ��(���( H #«(�#;K¨��!����"KL!��"#;K � I�
 ��
"! H �;K¨���;K¨�«(�!�#+�¨
 �
��·@(��¨!�
 � ÚZ�¡�"K��c
"! H �LI��+�&
 �  �&¢ �&
 �%®z
"®%J&��
 ���Z��
"I&�e�¨
  �&¢ ï��¨��J@(��^�&
Q�8� ·$I&®n(�!��"�8�&
\!���I��
��
"�«(¬I&#;KL�¨
�Ú  
 H ��KL!�# CG 
 �;#z�&�,��!&K1�"�¶(��«�;K � I�
"®z
"!$#ÿþ¬�8��(�K¨�&
���� I&!�
��«��®Q®z
 H ��!��&�"��� 
��&
 � �&¢ �&
 �²®z
"®%J&��
 �+�

CG =

∑

m(mm × CdMm)
∑

m mm

)O��Ú �v+
��� mm


 ��#a�¶(£®n(�����
<�	In®z
"®%J&��
 m 
"# CdMm
�¶( H ���;KL#;K¨��!ÿ�&
<����!n� 
"!$#;��
1�&
²®n(����«
�Ú  ��®Q®z


H ���"'$I��V!���I��ª��J&#�
"!���!�� H ��I&�£#���I&#�
 �£�¨
 �£�¨�S� ��®z��#;K¨��!���(�!@(��LâS��� 
 �£I&!  �&¢ ï��¨��J@(�� H ���S��·�
��&

�¶( H ���;KL#;K¨��!��&
��¶(+�«(��"KL!�
%�&
ª�8� ·$I&®n(�!��"�8�&
 )O't��KL�6 ßKLï�I&��
���Ú Ö�+´Ú

°qälñ.ø���Ú Ö Ê  (��¨�"I&�Z�	I¬� 
"!�#;��
+�&
�®n(�����
%ï��¨��J@(��É)O't
"�;#£+1�&
��8� ·�I&®n(�!��"�8�&
Qþ H (��;#;KL�£�&
 �1®n(��«��
 �

"#1�&
 �<� 
"!$#;��
 �1�&
�®n(����«
��&
�#���I��²�¨
 �²®z
"®�J&��
 � Ú



{�{ S rt÷ßø$ô?÷Sæ�äOìßí ùcÝ øt÷ ù.lZí?÷-ëçä�äßôrÝ
%§âµ%9âpû EÀz^÷ãæ�ÿ(÷:"�ì ð!� ÷äë�õ�è�ìuóÇìuæ�íªì(í[ë�ìuÿ�õ2æ�ð§ì èãõ2÷ºð9ìhg�ì�i:í�õ2æ

& !�
²�"#«( H 
 H ���"�LKL®QKL!@(�KL��
£þ1�8��( H&H �LK¨� (�#;K¨��!ÿ�&
q�¶(ª��
 � ��!��&
q�¨��K&�&
 � 
�/²#���!z�;I&�-�¨
q®z��I&'t
"®z
"!$#
��
 H ����
ª�;I&�/�¨
 H �;KL!��"K H 
���� K¨�����¨
"®z
"!�#<�&
 �²�«
"ï�®z
"!�#�� Ú  
 H �;KL!��"K H 
 H ���;#�
£�¨
£!���®D�&
'js�����lk ��¸�ÈÇî¢¬���D¬�� )� õ ©¿+´Ú & ![ õ ©9
 �;#1I&!¬�	K¶(�ï��«(�®Q®z
��;I&�1�¨
 � I�
"�ß�¨
���
"ï�®z
"!�#ª��I � ��� H �ç�"#;I��	K¨�+
 �;#
K¨�����¨���&
%����!X
"!$'$KL����!&!�
"®z
"!$#�
"#ç�����¨
 ��
������ 
 �ç
"#ç®z��®z
"!�#��ª
´ÙS#��"�;K¨
"I&���ª(�ï�K¨���«(�!$#£��I&�<�LI&Kß����!$#
( H&H �LK � I�� �¡)O't��KL�º ZKLï�I&��
���Ú { +´Ú

°qälñ.øß��Ú { Ê � �;KL!��"K H 
���� K¨�����¨
"®z
"!�#z( H&H �LK � I��\(�I H K¨
 ���	����KL#+
"! ( H&H I&KÀ¶ -ª©�y ����· Ú � 
 ��
������ 
 �

´Ù	#��"�;K¨
"I&��
 �ª(�ï�K¨�«�«(�!�#£�;I&�1�¨
 H K¨
 ������!$#ç����! H ��K¨�&� WFoot

���¶(¢
������ 
%�&
%��� (��"#;K¨��! (�I¬����� FR

"#

�¶(>
������ 
��	I���
 �;#�
��	I�� ��� H �ç�;I&�²�¶(Q�«·�
"'$KL�L�¨
 FR.Ankle
Ú � 
 �²®z��®z
"!�#��£
´Ù	#��"�;K¨
"I&���1
´Ù H �;KL®z� �ç(�I �&¢ ����!�#1�¨
ª®z��®z
"!�#�(�I������ Tz 
"#<�¨
�®z��®z
"!�#ç��½¬(�I�®z��I&'t
"®z
"!�#ª�	I���
 �;#�
��	IX� ��� H �çþ��¶(

��·�
"'SKL�L�¨
 MR.Ankle
Ú

� ���"#«( H 
 �;I&KL'�(�!�#�
 
 �;#�����( H&H �LK � I�
"���¨
 �  -©¢�^��Ig�«
 � ��!��&
��¨��K��&
 � 
�/²#���!��²�;I&����·@( � I�

��
"ï�®z
"!$#£( 't
 ���8��(�K¨�&
��&
��¶(+!���#«(�#;K¨��![ õ ©�Ú¬ t^g l cpb�cpn l ì#� 
 � �;KL!��"K H 
% @��!���(�®z
"!�#«(��q�&
��¶(�©çâS!@(�®QK � I�
Q!���I����	KL# � I�
��?�¨
�#�������
"I&�
�	âS!@(�®QK � I�
���� I&!���
"ï�®z
"!�# s 
 �;#<�"ï�(��ß(�I�#������«
"I&�1�&
 �1(��"#;K¨��!��1
´Ù	#��"�;K¨
"I&��
 �ç(�ï�K¨�«�«(�!�#1��I&� s Ú 
 H �;KL!��"K H 
 H ������¸ �&
��&
"I	Ù�
´Ù H ��
 �«�;K¨��!����&I&!�
�
"!�#;�«(�!����¶(�#;K¨��!X
"#<I&!�
�
"!�����#«(�#;K¨��!rÚ

¶nmT»����Tº�º>¢O���«�L�£ �D¬��yº>´�¬� ¢��� � � (X����®Q®z
ÿ�&
 ��
������ 
 �+
´Ù	#�
"�;!�
 ��(�ï�K¨���«(�!�#��;I&���¨
ÿ��
"ï�®z
"!$#
s 
 ��#%�"ï�(��¨
ÿ(�I H ���S�	I&KL#��&
n�«(�®n(�����
 ms

)u�;I H&H ����� 
ÿ� ��!��;#«(�!�#�
�+ H (��%�8��(�� � �"�¨�"�«(�#;K¨��! �&
z����!
� 
"!�#;��
��&
ªï��«( 'SKL#�� CGs

�
∑−−−−→

Forcess = ms.~aCGs
)O��Ú���+

¶nmT»����Tº�º>¢O���¿�L�}�D�� :¬� ¢���i� � (ÿ����®Q®z
+�&
 �£®z��®z
"!�#���
´Ù	#�
"�;!�
 �ª(�ï�K¨�«�«(�!�#ª�;I&�£I&!¬��
"ï�®z
"!$#
s 
 ��#<�"ï�(��¨
%þ+�¶(Q�&�"�;KL't� 
��&
��«��!�®z��®z
"!�#ç�	âS!@(�®QK � I�
 −→

δ s
Ú

∑−−−−−−−→
Momentss =

−→
δ s

)O��Ú�Ø�+
−→
δ s


 �;#/I&!�
�
���!��"#;K¨��!\�&
1�8� KL!�
"�;#;K¨
 [I]CGs

"#/�&
1�8��(�� � �"�¨�"�«(�#;K¨��!X(�!&ï�I&�¶(�KL��
 ~̇ωCGs

Ú�¤FÙ H �;KL®z� 
ª
"!



ú �0� � 	=�<û§� �0|�� �����;� � �ã���9�(�!�p� ídcR� �����ð�¼�� {��

CGs

"#1��(�!��²I&!���
 H ¸"��
ª�LK¨�%(�IX�«
"ï�®z
"!�# s � −→δ s

'�(�I&#��
−→
δ s = [I]CGs .~̇ωCGs

)O��Ú Ö�+
� ��I��ç( 't��!��1�&��!����¶(>
u���;®�I&�¶(�#;K¨��!��;I&KL'�(�!�#�
n�

∑

j

~Ms =
∑

j

(
−−−−→
CGsOj ∧ ~Fj/s) +

∑

j

~Cj/s = [I]CGs .~̇ωCGs
)O��Ú { +

��� Oj

 ��#ç�¨
 H ��KL!�#�����( H&H �LK¨� (�#;K¨��!|þÿ�8��(��;#;K¨�"I&�¶(�#;K¨��! j �&
%�¶(¥
������ 
�
´Ù	#�
"�;!�
 ~Fj/s

(�ï�K¨���«(�!$#��;I&�
s �&
"# ~Cj/s


 ��#²�¨
�®z��®z
"!�#£
"! Oj
Ú

%§âµ%§â�� x ýuë�õ2èäò#í�÷�õ�æ9ëªð§ìwëªý.�Gò§ç�í�÷�õ2æ�ë�ð9ìuëªí�õ6z^ë�ìuòuz^ë
� (��;#;�;I��"#;I&��
��&
 �q� � I@(�#;K¨��!�� H ��� � � �&
"!�#�
 �1�&� H 
"!����&
 ��
������ 
 �²
´ÙS#�
"�;!�
 �<( H&H �LK � I�� 
 �<�;I&�^�¨


� ��� H � Ú � (zï��«( 'SKL#����"#«(�!�#çKL!�'�(��;K¶(�!�#�
���!���I��<�¨
 �1��� �����L't��!��1
"!ª
���!��"#;K¨��!X�&
 �!
u����� 
 �<�&
���� (��"#;K¨��!
(�I������8Ú@©ª(�!��ç�¨
�� (��ç��� I&!X®z��I&'t
"®z
"!�#��&
��¨�S� ��®z��#;K¨��!���KL�câ�(Q#;����K¨�1�"#«(�#�� H �����;KLJ&�¨
 �%�@�;KL® H �¨

( H&H I&K��ß�&��I&J&�¨
\( H&H I&K��ß
"# H (�������( H&H I&K��ß� 
 � I&Ke��·@(�!&ït
ÿ�8�������	��
ÿ�����"'�(��LI@(�#;K¨��! �&
 �%� � I@(�#;K¨��!��
)O't��KL�º ZKLï�I&��
���Ú � +´Ú

°qälñ.ø���Ú � Ê yç���	��
������"'�(��LI@(�#;K¨��!��&
 �²� � I@(�#;K¨��!�� Ú ò (�I���·�
%
"#q�	����KL#��	�;KL® H �¨
�( H&H I&K��	��� �«���LI&#;K¨��!
KL#��"�«(�#;KL't
��&
 H I&K¨�ç�¨
 �£��
"ï�®z
"!�#��ç�LKLJ&��
 �§�AI�� � Ir��(�I H K¨
 ������( H&H I&K8Ú  
"!$#;��
ÿ���&��I&J&�¨
+( H&H I&K��@��� ����¥
�LI&#;K¨��!�ï��¨��J@(��¨
�
"!�I&#;KL�LK¨�«(�!$#1�¨
ª®z��I&'t
"®z
"!$#ç�	I�� 
"!�#;��
%�&
�ï��«( 'SKL#��¥) CG +^
"#²�¨
 � H ���;KL#;K¨��!��²�&
 �
( H&H I&K¨�¡) O1, O2

+´Ú
oqp�r7sut�v-v-wyx{z|t�z~}�su�4z7v-�O�{}�wyx{z|�
� ]�c�_a�GWYX:U(���Gi\c� 
"!���(�!�#zI&!�
 H ·@(���
\�&
ÿ�;KL® H �¨
�( H&H I&K��Z!���I��+��� �����L't��!��+��� �"I&���;KL't
"®z
"!�#Q�8��
´Ù H ��
 ���;K¨��! 
"!

#;�«(�!��;�¶(�#;K¨��!Ð�&
z�¶(��¨��K/�&
 H I&K¨�+�¨
 ���«
"ï�®z
"!�#����LKLJ&��
 �;) H K¨
 �|�LKLJ&��
ÿ
"#�®n(�KL!��£+��¡I�� � Ir��(�I H K¨
 �Ó
"!
( H&H I&K8Ú � #«(�!�#a�&��!&!�� � Ir� KL�	!r� â+( H (��-�&
�
u����� 
²(��&�	KL#;K¨��!&!�
"�L�¨
1(�ï�K¨���¿(�!�#a�;I&�-�¨
 �-��
"ï�®z
"!�#��a�LKLJ&��
 ���



� × S rt÷ßø$ô?÷Sæ�äOìßí ùcÝ øt÷ ù.lZí?÷-ëçä�äßôrÝ
!���I�� H ��I&'t��!��²â\��� ����I��	��
��8��� � I@(�#;K¨��!X
"#<� (��¨�"I&�¨
"�<�¶(¡
������ 
�(�ï�K¨���«(�!�#ç�;I&�²�¨
���
"ï�®z
"!�#ç�;I&KL'�(�!$#��

"#F(�KL!��;K&�&
/�;I&KL#�
�Ú � 
 � H (��;#;K¨
 �Zï�(�I��«·�
²
"#-�	����KL#�
q�&
/�¶(4 ßKLï�I&��
^��Ú � ®z��!�#;��
q�8�������	��
²�����"'�(��LI@(�#;K¨��!
I&#;KL�LK¨���\�@J&�«(��£ï�(�I��«·�
���J&�«(��ª�	����KL#��v��(�®%J?
%�LKLJ&��
ª)O�¨
 �£#;����K¨�ç� (��¨�"I&�¨���«��!�#£KL!��&� H 
"!���(�!$#��£+,� H I&K¨�
�¶(`��(�®%J?
�
"!i( H&H I&K1�&
 H I&K¨�Q�¶( ·@(�!��«·�
¢�AI�� � Ir��(�Iw�«���8Ú � ��I�� H ��I&'t��!��QI&#;KL�LK¨��
"�n�8��(��Lït���;KL#;·&®z

�;I&KL'�(�!�# H ��I&�²��� ����I��	��
��8��� � I@(�#;K¨��!¬þ��«·@( � I�
�(��;#;K¨�"I&�¶(�#;K¨��! * (������S�"K¨� 
�(�I���
"ï�®z
"!�# ! Ú

���-�.� < �-� < �~* /��4��3���	�*+�{�+� � a ���9� ���
poidss ��� O.O 1 O.O 1 −g � ms � &
forcea � ms � accs � poidss &
forcea � forcea � forcea−1 &�����=<
� Z\nwi�V\WYX:U(�\�\i\c� ����� � I�
%�8� ·�I&®n(�!��"�8�&
Q
 �;#1
"! H ·@(���
+�&
%�&��I&J&�¨
�( H&H I&K����8��(��Lït���;KL#;·&®z
 H ��� � � �&
"!�#ª!�
 H 
"I&#

H (��¢$"#;��
ÿ�	KL��
 �"#�
"®z
"!$#n( H&H �LK � I��\� (����¨
 ���&
"I	Ù1
u����� 
 �+�&
n��� (��"#;K¨��!w(�I ����� −−→FR1

"# −−→

FR2
����!$#

KL!�� ��!&!�I�
 �¡)u� 
"!�#;��
��&
ç�¶(¡ ZKLï�I&��
ç��Ú � +´Ú � (��<� ��!$#;��
��	�¨
1®z��I&'t
"®z
"!$#1�	I\��âS�;#�¸"®z
çï��¨��J@(����&��!&!�

�8��� � I@(�#;K¨��!|�

−−→
FR1

+
−−→
FR2

+ (−~g).
∑

ms = (
∑

ms).~aCG
)O��Ú � +

��� (−~g).
∑

ms
� � I&KL'�(�I&#ª(�I H ��K¨�&�ç#���#«(��Z�	I H 
"������!&!@(�ït
�Ú � ��I&�£��� �«��I��	��
�� 
"#;#�
+� � I@(�#;K¨��! þ

�&
"I	Ù�KL!�� ��!&!�I�
 ���@!���I��<I&#;KL�LK¨����!��²�8��
´Ù H ��
 ���;K¨��!�
"!�����#«(�#;K¨��!X
"! CG �
−−−−→
CG O1 ∧

−−→
FR1

+
−−−−→
CG O2 ∧

−−→
FR2

= [I]CG.~̇ωCG
)O��Ú x ×�+

��� O1

"# O2

�«��!�#��¨
 � H ���;KL#;K¨��!���� ��!&!$I�
 �z����( H&H I&K�� [I]CG
�¶(�®n(�#;�;K¨� 
\��� KL!�
"�;#;K¨
�
"# ~̇ωCG

�¨

't
 �"#�
"I&�1����(�� � �"�¨�"�«(�#;K¨��! (�!&ï�I&�¶(�KL��
�Ú � 
ª#�
"�;®z
�
"!�®z��®z
"!�#£(�!&ï�I&�¶(�KL��
�
 �;#²!�I&�r� (��²KL��!r� â�( H (��
�&
ÿ®z��®z
"!�#Q�¨�S� (��LK¨���ÿ
"! � 
 � H ��KL!$#�������( H&H I&K8Ú � ��I��+I&#;KL�LK¨����!���� 
"#;#�
 H ��� H �;K¨�"#��\��(�!��+�¨
\®z��¥
�&¸"�¨
 � I�
\!���I���I&#;KL�LK¨����!��Q� (��Q
´Ù�(��"#Q��(�!���I&!�
 H ��
"®QK¨¸"��
�( H&H ��� Ù	KL®n(�#;K¨��!rÚa¤F!Ð
,3?
"#��F�	I&�«(�!$#
�¨
n�&�"����I&�¨�\�&
ÿ#«(��¨��!Ó
"#+�¶( H ·@(���
ÿ����( H&H I&K/#���#«(��q�	I H K¨
 �7�Z� 
z®z��®z
"!$#�
 ��# � I@(��;Ke!$I&�8Ú � ��I&�
(�®z�"�LK¨����
"�£�¨
�®z�$�&¸"�¨
%!���I�� H ��I&�;�;K¨��!��ç
"!��&�"#�
"�;®QKL!�
"�ç�¶(n� ��!�#;�;KLJ&I&#;K¨��!¬�¨�����ç�	I��¨
"'t� 
��������;#�
"KL�
�����¨
£®z��®z
"!�#<!r��
 �;# H (��É
������ �"®z
"!�#<!��"ï��LKLït
 (�J&�¨
`)u��(�!��²�&
 �²� (��²�&
 H ��� H I&�¨��K¨��!�KL® H ���;#«(�!$#�
�+´Ú
 ß't
 �ç� 
 �q�&
"I	Ù\� � I@(�#;K¨��!����$!���I��²����®Q®z
 �q� ( H (�J&�¨
 �²�&
ª� (��¨�"I&�¨
"�^�¨
 ��
������ 
 �q�&
1��� (��"#;K¨��!X(�I������

"#ª�&��!������ �«��I��	��
�KL#��"�«(�#;KL't
"®z
"!$#��8��� � I@(�#;K¨��! 
"!¬#;�«(�!��;�¶(�#;K¨��!Ì�&
 H I&K¨�£�¨
 �ª�;I H&H ���;#����AI�� � Ir��(�I	Ù
·@(�!���·�
 � Ú

� ]�U l ]%U(�\�\i\c� 
"!���(�!�#-I&!�
 H ·@(��«
a�&
a't����� �¨
/� (��¨�"I&�$
 �;#ß�;KL® H �¨
�� KL�t!r� â�( H (��c�&
G
������ 
/(��&�	KL#;K¨��!&!�
"�L�¨
����&��!��
!���I��ç��� �����L't��!��£�¨
 � � I@(�#;��
��«·@(��¨!�
 �çKL!��&� H 
"!���(�®Q®z
"!�#��&
 H I&K¨�ç�¨
 �£��
"ï�®z
"!�#��£�LKLJ&��
 �9�¡I�� � Ir��(�I
#;����!���Ú  
ÿ� (��%
 �;#%I&#;KL�LK¨���n��(�!����&
 �%®z��I&'t
"®z
"!$#��+�&
n� ��I&����
 ��
"#��&
n�«(�I&#�� Ú � ��I�����J&#�
"!���!��
(�KL!��;K��¨
 �!
u����� 
 �²��� ��I&�L#«(�!�#�
 � H ��I&�<#���I&#<#Æâ H 
��&
��¨�S� ��®z��#;K¨��!rÚ

oqp�r7sut�v-v-wyx{z|t�z�sux4}b�{}�wyx{z|�
� 
/#�
"�;®z
^�&
e�	����KL#�
^�&
a�8��� � I@(�#;K¨��!���Ú Ö1
 �;#c� (��¨�"I&�¨�²þ H (��;#;KL�-�	I%®z��I&'t
"®z
"!$#F
"#ß�&
 �Z�&��!&!�� 
 �

KL!�
"�;#;K¨
"�L�¨
 ���?®n(�K¨� [I]CGs

 �;#ª#���I"�;��I&����
´Ù H �;KL®z�Q��(�!��ª�¨
���
 H ¸"��
+�¨�$� (��8Ú � ��� � I@(�#;K¨��!Ì
´Ù H �;KL®z� 




� ������������� |�� ��x

��(�!��<�¨
ª��
 H ¸"��
�ï��¨��J@(��c
 �;#��
−→
δ s = RT

s .[I]CGs .Rs.~̇ωCGs
)O��Ú x�x +

��� Rs

 �;#r�¶(<®n(�#;�;K¨� 
/�&
e����#«(�#;K¨��!+�	I%�«
"ï�®z
"!�# s Ú � ��I�� H ��I&'t��!��-(��¨�����Z( H&H �LK � I�
"�c�8��(��Lït���;KL#;·&®z


�;I&KL'�(�!�# H ��I&�1� (��¨�"I&�¨
"�<�¨
 �²®z��®z
"!$#��£þ��«·@( � I�
+(��;#;K¨�"I&�¶(�#;K¨��! * (������S�"K¨� 
�(�I���
"ï�®z
"!�# ! Ú
���-�.� < ��� < �~*+/��4��3���	�*+�{�+�+�G* ����� ���

poidss ��� O.O 1 O.O 1 −g � ms � &
Moment � du � au � poidsa � |−−−→aCGs| ∧ poidss &
Moment � du � a � la � forcea−1 � |−−−−−→a(a − 1)| ∧ forcea−1 &
Momenta � δs � Moment � du � a � la � forcea−1� Moment � du � au � poidsa � Momenta−1 &�����=<

Ü�Ý�ß ��.13�:�)+.q2�:=ß<0

� ��I��X( 't��!��;��!@(��¨
"®z
"!$#¬(�#;#�
"KL!$#�!���#;��
 ��J��A
 �"#;Kz
Q����(�!@(��Lâ	��
 
"!g�	â$!@(�®QK � I�
 KL!�'t
"���«
Ì
"!
� (��¨�"I&�¶(�!�#-�¨
 �ß#�������
"I&���Z(�I	Ù�(��;#;K¨�"I&�¶(�#;K¨��!�� Ú � ��I��Z(��L�¨��!�� H ��I&'t��KL�ß��� H ��!��	��
^(�I	Ù�#;����K¨� � I�
 ��#;K¨��!��� I&Kß��
 H ����
"!$#1�;I&�²�¶(�®z�"#;·��S�&
�����(���( H #«(�#;K¨��! H ��� ��
"!�#�� 
ÿ�

Ê � 
 �1®z��I&'t
"®z
"!�#��ª(���( H #�� �1����!$#<KL�¨� H ·$âS�;K � I�
"®z
"!�#ç'�(��LK¨�&
 �#÷
Ê îçI�
"�L�¨
 �ç����!�#<�¨
 �<�LKL®QKL#�
 �1�&
ª�¶(�®z�"#;·��S�&
�����(���( H #«(�#;K¨��! ÷
Ê ¤F#£� 
 �<�LKL®QKL#�
 �£����!�#ç
"�L�¨
 �ç�	I�
 �£þ��8��(���( H #«(�#;K¨��!�®z��� H ·����¨��ï�K � I�
+��IXJ&K¨
"!�þz�8� KL!�#�
"� H ���¶(6¥

#;K¨��! ÷
©�(�!��ÿ� 
"#;#�
¬��
 �"#;K¨��!��a!���I��ÿ��� H ��!��&��!���þ|� 
 � � I�
 �;#;K¨��!��\
"! �"#;I��	K¶(�!$# H (��;#;K¨�"I&�LK¨¸"��
"®z
"!$#��¨
 �
 ������ 
 �1�&
%§1� (��"#;K¨��!�(�I��S����)� -§ª�(+´Ú
%§âONGâäá P`ç�èä÷ãð9çwí�÷ãõ2æ ð9ì èãç£z�ýuë�õ2èäò#í�÷�õ2æRìuæôð§é#æ9ç7óÇ÷8�Gò§ìÓ÷ãæ�ö2ìyz^ë�ì

� ( H ��
"®QK¨¸"��
 � I�
 �;#;K¨��! 
 �;#Q�@�¨
 �ª®z��I&'t
"®z
"!$#��%(���( H #�� ������!$#£KL�¨� H ·$âS�;K � I�
"®z
"!�#%'�(��LK¨�&
 ��÷� ��I&�%��� H ��!��	��
Qþ\� 
"#;#�
 � I�
 �;#;K¨��!��?!���I���( H&H �LK � I���!��ªI&!�
Q(���( H #«(�#;K¨��!£Â�¢O¸Õ���?����
 �;#A¥Æþ6¥¦�	KL��
 � I�

!���I��£(���( H #���!��ç®z��� H ·����¨��ï�K � I�
"®z
"!�#ª�¨
�®z��I&'t
"®z
"!�#�þQ�&
 �ç�&��!&!�� 
 �1��� 
"�L�¨
 �£� ��!&!�I�
 �£
"# � I�

!���I��eI&#;KL�LK¨�«��!��/� 
 �e®%$"®z
 �/�&��!&!�� 
 � H ��I&�/KL!�#�
"� H ���¨
"�/�¨
1®z��I&'t
"®z
"!�# Ú � (� ßKLï�I&��
1��Ú x ×�®z��!$#;��

�¶(\� ��® H (��«(�K¨����! �&
 �4 -§ª���&
�®z��I&'t
"®z
"!�#���K¨�«�;I��ç�&
�#�
"�L�¨
 ��(���( H #«(�#;K¨��!���Â�¢O¸Õ�>ºz( 't
 �+�¨
 �£®z
´¥
�;I&��
 �<
´Ù H �"�;KL®z
"!$#«(��¨
 � H (�� H �¶(�#�
,
u���;®z
 �ç�&
4
u����� 
��&
 �<®%$"®z
 � H 
"������!&!�
 � Ú� 
 �%®z
 �;I&��
 ��
´Ù H �"�;KL®z
"!$#«(��¨
 �%®z��!$#;��
 � I�
��¶( H ��
"®QK¨¸"��
 H 
"���«��!&!�
n( H ���$�	I&KL#%#;����K¨�� -§£�
H ��
 � � I�
n��
"®�J&�¶(�J&�¨
 ���c� 
 � I&Ke
 ��#��LK¨�ÿþ�I&!��;#¦âS�¨
z�&
n�¨�$� ��®z��#;K¨��!�� ��!��;#«(�!�# Ú � ��#;��
 H ���$� 
 �«�;I��
����(���( H #«(�#;K¨��!g!r��( H (����&
 �	Kz®n�"I&�L#��Ìþ|��
 H ���S�	I&KL��
 I&! #�
"�ª®z��I&'t
"®z
"!�#X
"#��&��!�� �&
 �ª -§£�
K¨�&
"!�#;K � I�
 � Ú�©�(�!��ß�¶(ç��
 � ��!��&
q
´Ù H �"�;KL®z
"!$#«(�#;K¨��!����¨
/�;#Æâ$�¨
^�&
/�¨�$� ��®z��#;K¨��!Q
 �;#Z'�(��;K¶(�J&�¨
��6�¨
 �G -§£�
(���( H #�� 
 �1
"#<(�!@(��Lâ	��� 
 �²��!�#ç(�KL!���K?�&
 �<®n(6ÙSKL®n(+�¨�S� (�I	ÙÿK¨�&
"!$#;K � I�
 �²®n(�K¨�1�&
 �²� (��«(��"#��"�;K¨�;#;K � I�
 �
�	In®z��I&'t
"®z
"!$#^�	Kz3��"��
"!�#�
 �¿)O't��KL�/�«
 �"#;K¨��!z��Ú��	Ú��+´Ú � (ª#;����K¨�;K¨¸"®z
1
´Ù H �"�;KL®z
"!�#«(�#;K¨��!�®z��!�#;��
ç�&
 �
 -§£��®z
 �;I&��� 
 �ZKL�;���"ï�I&�LK¨¸"��
 �����¨
 ��
������ 
 �F(���( H #�� 
 �-��� �;I&�L#«(�!�#�
 �F�«��!�#F�	Kz3?�"��
"!$#�
 �-#���I&#Z
"!+��
 �;#«(�!$#
'�(��LK¨�&
 � H (��ç�«( H&H ���;#�(�I	Ù�(�® H �LKL#;I��&
 �ª®n(6ÙSKL®n(��¨
 � Ú  
 �ç��� �;I&�L#«(�#��£����!�# H ����J@(�J&�¨
"®z
"!�#��	I��ªþ
I&!X�&� � (��¶(�ït
%�&
ª�¶(Q'$KL#�
 ���«
£�&
%�&� H �¶(�� 
"®z
"!�#�)O't��KL�1��
 �"#;K¨��!���Ú��	Ú�	Ú��+´Ú



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

���
� � � �
� � ��

0 50 100 150
0

100

200

300

400

500

600

700

0 50 100 150
0

100

200

300

400

500

600

700

800

900

0 20 40 60 80 100 120 140
0

100

200

300

400

500

600

700

800

0 10050
% de phase d’appui

0 10050
% de phase d’appui

0 10050
% de phase d’appui

°qälñ.ø$��Ú x × Ê ú ï�(�I���·�
+�tI&!ÿ·���®Q®z
1�&
ç���	Ú ��èSï��	(�In®QKL�LK¨
"I���I&!n·���®Q®z
£�&
£Ö � Ú�Ø�èSï��$þ%�	����KL#�
%�
I&!�
`
u
"®Q®z
\�&
�� { Ú���è$ï�Ú � 
 ��� ��I&�;J?
 �+!���KL��
 ����
 H ��� ��
"!�#�
"!$#z�¨
 �Qª
������ 
 ���&
n��� (��"#;K¨��!i(�I �����
)u
"! � 
�/²#���!w+1®z
 �;I&��� 
 � H (��ª�&
 � H �¶(�#�
,
����;®z
 � Ú � 
 �ª� ��I&�;J?
 �çJ&�¨
"I�
 ���«��!�#£�¨
 �4 -§ª��(�!@(��Lâ	��� 
 �
H ��� 't
"!@(�!$#²�&
²�¨�$� ��®z��#;K¨��!��^!����;®n(��¨
 �q(���( H #�� 
 �^(�I	Ù H (��«(�®z¸"#;��
 �^J&K¨��®z� � (�!&K � I�
 �/�&
 �/®%$"®z
 �
H 
"������!&!�
 � Ú

 ç!@(��LâS�«��!���®n(�KL!�#�
"!@(�!$#+�	Kz3��"��
"!�#����;#¦âS�¨
 ���&
��¨�S� ��®z��#;K¨��!������ 
"�L�¨
 �%
"! H �=$"#«(�!$#+(�#;#�
"!$#;K¨��!
(�I	Ù� -§ª�1)O't��KL�¿ ZKLï�I&��
���Ú x �\
"#À ZKLï�I&��
+��Ú x�x +´Ú � ��I��ª( 't��!���� ��® H (������¨
 �ª��� �;I&�L#«(�#����&
 ��(�!@(6¥
�Lâ	��
 �Z( 't
 �^�¨
 �ß�&��!&!�� 
 �F�&� �"�;KL#�
 �-��(�!��Z�¶(<�LKL#;#��"�«(�#;I&��
À¶�  �  {�� �� -©  ¢ � Ö���-ª©¿y ��� ��  ¸À-�×�Ø · Ú� ��#;��
z(�!@(��LâS��
Q
"! �	âS!@(�®QK � I�
zKL!�'t
"����
Q�&��!&!�
z�&
 �ª��� ��I&�L#«(�#���'�(��LK¨�&
 �%
"!Ì� ��® H (��«(�K¨����!Óþ\� 
 �
'�(��¨
"I&���%
"#%þ�� 
"�L�¨
 ���&
�!�����®z
 �;I&��
 ��
´Ù H �"�;KL®z
"!�#«(��¨
 � Ú � ��I�� H ��I&'t��!�������(�KL�L�¨
"I&����â ��J���
"�;'t
"�
�&
 � H ��� H �;K¨�"#�� �ÿJ&K¨
"!w� ��!&!�I�
 � Ú � ��(�® H �LKL#;I��&
�)u
"! � 
�/²#���!w+��&
��¶([
u����� 
�'t
"�;#;K¨� (��¨
X
 �;#z
"!�'SK ¥
����!¬#;����K¨�º
���K¨� H �LI��çKL® H ���;#«(�!�#�
 � I�
��¶(�
������ 
%·����;K�� ��!$#«(��¨
�Ú  
"#;#�
�
������ 
�'t
"�;#;K¨� (��¨
 H ������¸ �&
��¶(
�&��I&J&�¨
qJ?������
aït�"!��"�«(��¨
"®z
"!$#e��J���
"�;'t� 
²
"!�J&K¨��®z� � (�!&K � I�
���
"#-
´Ù&� ¸ �&
^�¨
 H ��K¨�&�F�	IQ� ��� H �Fþç�&
"I	Ù
KL!��;#«(�!$#��1�	Kz3��"��
"!�#��<�	I&�«(�!$#1�¶( H ·@(���
�����( H&H I&K8Ú � (¡
u����� 
ª�¶(�#��"�«(��¨
%(+I&!�
�(�® H �LKL#;I��&
+(�I�®z��KL!��
�	K Ù�
���K¨�£®z��KL!��	��
 � I�
��¶(¥
u����� 
+'t
"�;#;K¨� (��¨
�Ú�©£I&�«(�!�#�I&!�
�ï��«(�!��&
 H (��;#;K¨
Q�&
+�¶( H ·@(���
�����( H&H I&K��
� 
"#;#�
�
u����� 
+
 �;#1!��"ï�(�#;KL't
�� 
 � I&K-�;KLï�!&Kz�@
 � I�
%�8� ·�I&®n(�!��"�8�&
 H ��I�����
�'t
"���ç�8� KL!�#��"�;K¨
"I&���	I H K¨
 ��Ú� (�
u����� 
ç·����;K�� ��!�#«(��¨
�(�ï�KL#q't
"���^�8��(��;�;K¨¸"��
 H 
"!���(�!$#q�¶( H ��
"®QK¨¸"��
£®z��KL#;K¨�ª�&
1�8��( H&H I&K��	
"#q�&
"'$K¨
"!$#
�8��� H&H �������¨����� � I�
��¶( H 
"������!&!�
Q��
 H ��� H I&�¨�«
�Ú � ��I��ª't�"�;Kz�@��!����"ï�(��¨
"®z
"!�#�����(�I&#;��
 � H ��� H �;K¨�"#�� �
J&K¨��®z� � (�!&K � I�
 �1#�
"�L�¨
 � � I�
ª�¶(Q�	I&��� 
�����( H&H I&Kß
"#<�¨
 �²'�(��¨
"I&���<�&
 �<®z��®z
"!$#�� Ú

 çKL!��;K��r!���I�� H ��I&'t��!��Q( H �;K¨���;K²(����;I&��
"� � I�
n!���#;��
 H ���S� 
 ���;I��+����(�!@(��LâS�«
ÿ
"!��	â$!@(�®QK � I�

KL!�'t
"���«
1�&��!&!�
<�&
 �e��� �;I&�L#«(�#��a'�(��LK¨�&
 ���t� 
 � I&K&��� H ��!��nþª!���#;��
 H ��
"®QK¨¸"��
1KL!�#�
"�;����ï�(�#;K¨��!�� ��!�� 
"�A¥
!@(�!�#+�¶(X'�(��LK¨��(�#;K¨��!rÚ-©ª
"I	Ù � I�
 ��#;K¨��!����;I&J���K¨�;#�
"!�#�� � I�
"�L�¨
 �+����!�#+�¨
 �%�LKL®QKL#�
 ���&
ÿ�¶(�®z�"#;·��S�&

����(���( H #«(�#;K¨��!���
"#²� 
 �q�LKL®QKL#�
 �²����!$#<
"�L�¨
 �²�	I�
 �<þ%�8��(���( H #«(�#;K¨��!X®z��� H ·����¨��ï�K � I�
���I�J&K¨
"!�þ��8� KL!	¥
#�
"� H ���¶(�#;K¨��! ÷ � ��I&�<âz��� H ��!��	��
ª!���I��²�"#;I��	K¨��!��<��� H (����"®z
"!$#<�¨
"I&���qKL!�8�I�
"!�� 
 �<�;I&�q�¨
 �� -§£�ÿ
"#

"!X�&�"#�
"�;®QKL!���!��1�¨
 �²�LKL®QKL#�
 � Ú

%§âON#âpû ��æn�.ò§ìuæ�ÿ�ì ð§ìÓè�� ç7ð§ç0"9í"ç�í�÷�õ�æSóÇõ6zÕ"�î§õ�è�õ6õ2÷8�Gò§ì
 º��!Q�����"#;I��	K¨
"�a�8� KL!�8�I�
"!�� 
<�&
q�8��(���( H #«(�#;K¨��!z®z��� H ·����¨��ï�K � I�
<�;I&�-�¨
^��� (��LK¨�;®z
 H ·$âS�;K � I�
q�&
 �

®z��I&'t
"®z
"!�#��Q(���( H #�� ���r!���I��%��J���
"�;'t��!��%�¨
 �� -§£�¬�¨����� � I�
�!���I��%�«·@(�!&ït
 ��!��%�¶(�®z��� H ·����¨��ï�K¨

�	I H 
"������!&!@(�ït
�Ú



� ������������� |�� � 

���
� � � �
� � ��

0 20 40 60 80 100
−80

−60

−40

−20

0

20

40
Fore−aft force at left toe

0 20 40 60 80 100
−200

−150

−100

−50

0

50

100 Lateral force at left toe

0 20 40 60 80 100
0

100

200

300

400

500

600

700 Vertical force at left toe

� � �� �
� �� �.�
�
�

0 20 40 60 80 100
−1000

−800

−600

−400

−200

0

200 Fore−aft torque at left knee

0 20 40 60 80 100
0

100

200

300

400

500

600

700

800
Lateral torque at left knee

0 20 40 60 80 100
−250

−200

−150

−100

−50

0

50
Vertical torque at left knee

��� �[ b¡  b¢£�
°qälñ.øc��Ú x�x Ê ¤F! ·@(�I&#n�?�¨
 �¿
u����� 
 ����� ��I&�L#«(�!�#�
 �;)u
"! � 
�/²#���!w+�(�I H K¨
 � ï�(�I���·�
 H ��I&�%Ø\�¨�S� ��¥
®z��#;K¨��!��Q��� 
"�L�¨
 �n(�!@(��Lâ	��� 
 � ÚF¤F!ÐJ@(����-�¨
 ��®z��®z
"!$#��[)u
"! � Ú ®`+�(�IÐït
"!���IÐï�(�I���·�
 H ��I&�Q�¨
 �
®%$"®z
 �z�¨�S� ��®z��#;K¨��!�� Ú & !w�"âS�"�¨
��&
�®n(����«·�
�� ��® H �¨
"#n
 �;#n(�®n�«·����&
 H I&K¨�Q�¨
 H �������	IÐ#«(��¨��!
�	����KL##�AI�� � Ir��(�I���I&KL'�(�!$# Ú

� © j © |s©Yr � cY]�X ª Wã��tvo���XvW�WYX�h�WpnwV�U�WYX
©�(�!��z� 
"#;#�
���
 �"#;K¨��!��-!���I��n(���( H #���!��zI&!Ð®z��I&'t
"®z
"!�#n!���!ÐKL!$#�
"� H ���¨��þ H �LI���K¨
"I&���Q®z���A¥

H ·����¨��ï�K¨
 � Ú � ��I���( 't��!����&�,��!&KZI&! � ��·@(�!$#;KL�L�¨��!Ì��
 H ��� ��
"!$#«(�#;Kz
^�&
 { ®z��� H ·����¨��ï�K¨
 ���	Kz3��"��
"!�#�
 �
�&��!�#\�¨
 �z#«(�KL�L�¨
 �ÿ�&
 �z®z
"®%J&��
 �\'�(��;K¨
"!�#\�	Ii�;KL® H �¨
�(�I �&��I&J&�¨
�Ú � ��I��z
´Ù�(�®QKL!���!��\(��¨�����ÿ�¨
 �
 -§£����� �;I&�L#«(�!�#�
 � � I&KZ�«��!�#ª� (��¨�"I&�¨� 
 � H (��ç�8��(��Lït���;KL#;·&®z
Q�&
+�	â$!@(�®QK � I�
+KL!�'t
"����
ª)O't��KL�¿ ZKLï�I&��

��Ú x ()�(�+0+´Ú� 
 ����� �;I&�L#«(�#��+®z��!$#;��
"!�# � I�
n�¶(X#«(�KL�L�¨
\ï��¨��J@(��¨
��&
ÿ�8� ·$I&®n(�!��"�8�&
�(�I&!�
\#;��¸ �+ï��«(�!��&
\KL!	¥
8�I�
"!�� 
 �;I&�\�¶(Ó�	âS!@(�®QK � I�
¬�	Iy®z��I&'t
"®z
"!�# Ú1¤F#�
"! 
,3�
"#��^�¨
 �\®n(�����
 ���&
 �\®z
"®%J&��
 ������!$#
�¨
 � H (��«(�®z¸"#;��
 �ÿ�¨
 � H �LI��ÿKL!�8�I�
"!�#��\��(�!��ÿ�¨
 �n� � I@(�#;K¨��!��ÿ�&
X�¶( �	â$!@(�®QK � I�
�)O't��KL� �a� I@(�#;K¨��!
��Ú���+´Ú� çKL!��;K���
 H ��� ��
"!�#�� 
 ����KL�c
 �;#<�	Kz®n�"KL�¨
%�&
�� ��® H (���
"�<��� 
"�L�¨
"®z
"!�#£�¨
 �! -§£�\
"#<����
"!��&�"#�
"�;®QK ¥
!�
"���¨
 ��KL!�8�I�
"!�� 
 ���;I&�ª�¶(��	âS!@(�®QK � I�
�Ú  ��
 ��# H ��I&� � I���KF!���I���'t��I&�¨��!����¨
 �%� (��	KL®z
"!��;K¨��!&!�
"���
H (��ç�¨
 �ç�	Kz3?�"��
"!�� 
 �£®z��� H ·����¨��ï�K � I�
 �ª
"#1�¨
 �£� ��® H (���
"�ªþzI&!�
�®z��� H ·����¨��ï�K¨
��&
����,
��"��
"!�� 
 � I�

!���I�����·���K¨���;K¨�«��!���� ��®Q®z
\�¶(�®z��� H ·����¨��ï�K¨
\®z� �	K¶(�!�
��&
ÿ!���#;��
ÿ� �«·@(�!�#;KL�L�¨��!rÚ  
"#;#�
ÿ®z��� H ·���¥
�¨��ï�K¨
z®z� �	K¶(�!�
�� � I&Ka� ���;��
 � H ��!��|þ��¶(�®z��� H ·����¨��ï�K¨
 H ��I&���¶( � I�
"�L�¨
n�¨
�!���®%J&��
ÿ�&
 H 
"���«��!&!�
 �
�&
+#«(�KL�L�¨
Q�;I H �"�;K¨
"I&��
�
 �;#��"ï�(��a(�I !���®%J&��
Q�&
 H 
"������!&!�
 ���&
+#«(�KL�L�¨
�KL!�
��"�;K¨
"I&��
�� H ������¸ �&
�(��¨�����
H (��z�&�,��!&KL#;K¨��!ÐI&! 
�(��"#�
"I&�z�&
\®QK¨��
�þ��8��� ��·�
"�L�¨
 s �&
 1.0 Ú � 
�� �S
,®n�"K¨
"!�#z!���I�� H 
"�;®z
"#;#«(�!�#
����(��	KL®z
"!��;K¨��!&!�
"�²�¨
 �. -§£�n
 �;#/�&�,��!&K�� ��®Q®z
ª�"#«(�!�#q�¨
£� �$
,®n�"K¨
"!$#<�&
1!����;®n(��LK¨�«(�#;K¨��! CN ( H ¥
H �LK � I��ª(�I	Ù¥ -§£� � I&K�®QKL!&KL®QK¨��
1�8��
"�;��
"I&�q§1¢ ���"I&®�I&�¨� 
£���������	��
 x ( 't
 �£�¨
 �9 -§£�z�&
<���,
��"��
"!�� 

FRSref

�
CN = λ #�
"� � I�
 λ, µ ∈ [0, 2 × s] 
"#
∑ |FRS − λ × FRSref | ≤

∑ |FRS − µ × FRSref |
)O��Ú x ��+

� ��I�� H ��� ��
"!$#���!��Q� 
"#;#�
n��
"�¶(�#;K¨��!Ð
"!  ßKLï�I&��
ÿ��Ú x ()OJw+,�-���|!���I��Q(�®n��·���!��Q
"! (�J����"K¨����
n�¨




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

°qälñ.ø���Ú x � Ê  @����� 
 ���&
���� (��"#;K¨��!|(�I �«���F(�I H K¨
 � �	����KL# H 
"!���(�!�#��&
 � H ·@(���
 ���&
Q��I H&H ���;#��&

�	Kz3��"��
"!�#��-#¦â H 
 �Z�&
/�¨�S� ��®z��#;K¨��!��-��� 
"�L�¨
 ����K¨���;I�
 �Z�&
e�¶(1J@(���
q�&
/�&��!&!�� 
 � Ú � ��
"®QK¨
"�q�6I&!�
q� ��I&����

��� I&!+·���®Q®z
�Ú��S
 � ��!��\�6I&!+�«(�I&#-þ<I&! H K¨
 �;)O#;KL�-(�I+·@(�!��	J@(��L�p+´Ú µ ����K¨�;K¨¸"®z
ª� I&!�
/®n(�����·�
É8@� �«·&K¨

��� I&!Ì·���®Q®z
�ÚßîçI@(�#;�;K¨¸"®z
��?I&!�
�®n(�����·�
ÿ��� I&!|
"!�
�(�!$#%�&
z��(�!�� Ú  KL! � I&K¨¸"®z
��?I&!�
�®n(����«·�

!����;®n(��¨
%��� I&!�
¿
u
"®Q®z
�Ú



� ������������� |�� � �

�(��"#�
"I&�£�&
ª�¶(�®QK¨��
%þQ�8��� ��·�
"�L�¨
 s 
"#1
"!X�����&��!&!�� 
%�¨
 �1� �S
,®n�"K¨
"!�#��£�&
ª!����;®n(��LK¨�«(�#;K¨��! CN Ú � (
��
"�¶(�#;K¨��!n��J&#�
"!�I�
 H 
"I&#§$"#;��
1� ��!��;K¨�&�"��� 
<� ��®Q®z
²I&!�
É
���!��"#;K¨��!z�LKL!�� (�KL��
��t� 
 � I&K��;KLï�!&Kz�@
 � I�
q�¨
 �
#�������
"I&���-�"'t���LI�
"!�#-�&
a®n(�!&K¨¸"��
^�LKL!�� (�KL��
^
"!�
���!��"#;K¨��!+�&
e�¶(²#«(�KL�L�¨
^�&
a�¶( H 
"������!&!�
�Ú � (<���"ï���
 �«�;K¨��!
�LKL!�� (�KL��
<��J&#�
"!�I�
 H ������¸ �&
^I&!Q� �S
,®n�"K¨
"!�#e�&
q� ���;���"�¶(�#;K¨��!z�LKL!�� (�KL��
²�&
 0.87 � 
 � I&K&
 �;#-� ��!��;K¨�&�"���
� ��®Q®z
²I&!�
^'�(��¨
"I&�a����(��AI��;#�
"®z
"!$#a'�(��LK¨�&
�)u��I H �"�;K¨
"I&�eþ √

3
2
+´Ú � ��I��a( 't��!��a�"ï�(��¨
"®z
"!�#/� ��® H (����

�¨
 �# -§£��( 't
 �q�&
 �-�&��!&!�� 
 �a
´Ù H �"�;KL®z
"!�#«(��¨
 �-K¨�«�;I�
 �-�&
q�1®z
 �;I&��
 �F�&
 H �¶(�#�
,
����;®z
 �F�&
9
������ 
 ����
"#
!���I��²( 't��!��^� ��!��;#«(�#��1�¨
ç��
 � H 
 �"#/�&
ç� 
"#;#�
 H ��� H �;K¨�"#��£�;I&�eI&!�� ��·@(�!$#;KL�L�¨��!��&
 H 
"������!&!�
 �/��� 
"�L�¨
 �
(��L�¶(�!�#£��� I&!ª
�(��"#�
"I&� 0.7 þ 1.2 H (��<�«( H&H ���;#çþ+�¶( H 
"������!&!�
�®z� �	K¶(�!�
%�&
�� 
"#ç� ��·@(�!�#;KL�L�¨��! �&
��
H 
"���«��!&!�
 � Ú�¤F!|�&
 ���«��I����	I 
�(��"#�
"I&� 0.7 
"#%(�IÌ�&
 ����I����&
 1.2 !���I����;I H&H ������!���I&!&K � I�
"®z
"!�#� I�
��¶(+��
"�¶(�#;K¨��!�
 �;#²#���I"�;��I&���²'�(��LK¨�&
�Ú

0 20 40 60 80 100
0

200

400

600

800

1000

1200

1400

1600

1800

2000

% de cycle

FR
S

 (N
ew

to
n)

� ET�
0.5 1 1.5 2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

2.2

2.4

facteur s

co
ef

fic
ie

nt
 C

N

��� �
°qälñ.ø@��Ú x  Ê �Æ!�8�I�
"!�� 
���� I&!�
�®QK¨��
%þ+�8��� �«·�
"�L�¨
�ï��¨��J@(��¨
�Ú2)�(�+ � ��I��1(���( H #���!��1I&!�
��¨�S� ��®z��#;K¨��!
�;I&� { ®z��� H ·����¨��ï�K¨
 �ç(�I	Ù`
�(��"#�
"I&���1����� ��·�
"�L�¨
n�&×	Ú����@×	Ú Ö���×	Ú { � x Ú�×�� x Ú���� x Ú��� x Ú���
"#1�	Ú�×	Ú�)OJw+ � 
 �
� �$
,®n�"K¨
"!$#��1�&
ª!����;®n(��LK¨�«(�#;K¨��!¬����!�#1(�®n�«·�� �1
"!;
���!��"#;K¨��!X�&
 �É
8(��"#�
"I&���<����� ��·�
"�L�¨
 s �&(�KL!��;K � I�
�¶(Q�	����KL#�
��&
����"ï���
 �«�;K¨��!1)OJ&�¨
"I�
�+´Ú

� © j © |s© | ¤ U�b�cYnÑ¦ätv_ i2e�¥vb�cYVGcYU
©�(�!��ª� 
"#;#�
���
 �"#;K¨��!��V!���I��£�"#;I��	K¨��!��ª�8� KL!�8�I�
"!�� 
��&
%�¶(n®z�$�	Kz�@� (�#;K¨��! �&
 �ç�¨��!&ï�I�
"I&���ª��
"�¶(6¥

#;KL't
 ���&
 �%®z
"®�J&��
 � Ú  
"#;#�
\�"#;I��&
\
 �;#�I&#;KL�¨
 H ��I&�+�"'�(��LI�
"�+�¨
 ��
"�;��
"I&���+KL!&KL#;K¶(��¨
 ����(�!��+�8��
 �;#;K ¥
®n(�#;K¨��!X�&
ª� 
"!�#;��
 �£(��;#;K¨�"I&�¶(�KL��
 �çþ H (��;#;KL�<�&
ª®n(�� � I�
"I&���ç�© 
"#²�&��!�����(�!��²�¨
 �q�¨��!&ï�I�
"I&���1�&
 �
®z
"®%J&��
 � Ú��Æ�"K���!���I��F��·@(�!&ït
 ��!��e�¨
q�«(�#;K¨�ª
"!�#;��
²�¨
 �-�¨��!&ï�I�
"I&���a�	I¢
��"®%I&�a
"#F�	I�#;KLJ&K¶(����«(�!�� H ��I&�
(�I&#«(�!�#z�«·@(�!&ït
"�+�¶(X�¨��!&ï�I�
"I&��#���#«(��¨
��&
z�¶(%�;(�®�JV
�Ú � 
 �¢ -§£� ��� �;I&�L#«(�!�#�
 �Q����!$#�(�®n�«·�� 
 �Q
"!
 ZKLï�I&��
���Ú x �u)�(�+´Ú � ��I�� H ��� ��
"!�#���!��ª
"!� ZKLï�I&��
���Ú x �u)OJw+q�¨
 �1
"�;��
"I&���£§1¢ �����������	��
 x �"I&®%I&�¨� 
 �
�;I&�^I&!ÿ�"â	�"�¨
ç
"!$#;��
ç�¨
 �É -§£�n(���( H #�� 
 �²
"#e�8�����;KLï�KL!@(��¨
�Ú � ��I��^( 't��!�� H I�� ��® H (���
"�q�¨
 �e��� ��I&�L#«(�#��
( 't
 �+I&! � ��·@(�!�#;KL�L�¨��!Ì�&
+�&��!&!�� 
 �ª
´Ù H �"�;KL®z
"!�#«(��¨
 ���&
��«(�#;K¨���6
u�"®�I&�£'6#;KLJ&K¶(\� ��® H �;K¨��
"!�#;��
 0.8
"# 1.2 Ú � 
 �²
"�;��
"I&���²§ç¢ �n��J���
"�;'t� 
 �²��(�!��²� 
"#qKL!�#�
"�;'�(��L�¨
�����!$#²(��«��
��º
8(�KLJ&�¨
 ��)�( H&H ��� Ù	KL®n(�#;KL't
´¥
®z
"!�#eØ � 
�/²#���!��£+´Ú�¢¬(�K¨�-�¨����� � I�
^!���I��F��J���
"�;'t��!��-�8��
"�;��
"I&�e(������S�"K¨� 
qþ1I&!��«(�#;K¨�£KL!�
��"�;K¨
"I&�º) 0.6 +� I&Ka
 ��#%����
"!�'SKL����! 13

� 
�/²#���!�����!���I�� H ��I&'t��!��%�;I H&H ����
"� � Ir��(���( H #�
"��®z��� H ·����¨��ï�K � I�
"®z
"!�#
I&!�
��¨�S� ��®z��#;K¨��!�·������1�&
�� 
"#<KL!$#�
"�;'�(��L�¨
 H ���$�	I&KL#<J?
 (�I�� ��I H�H �LI��!
�(��"KL�¨
"®z
"!$#1I&!�®z��I&'t
"®z
"!�#
!���!�'�(��LK¨�&
�Ú � ��I��£� ��!��;#«(�#���!�� � I�
 H �LI��1�¨
%�«(�#;K¨�ÿ
 ��#1�¨��KL! �&
 1 � H �LI��ç�8� KL!�8�I�
"!�� 
�
 �;#1ï��«(�!��&
�Ú 
 �"KZ��KLï�!&Kz�@
 � I�
��¶( H ��� H �;K¨�"#����&
��«��®Q®z
�� ��!��;#«(�!$#�
��&
 �1�¨��!&ï�I�
"I&�����&
 �ç®z
"®%J&��
 �ª!�
+� ��®�¥



� Ø S rt÷ßø$ô?÷Sæ�äOìßí ùcÝ øt÷ ù.lZí?÷-ëçä�äßôrÝ
H 
"!���
"!�# H (��^�¨
 �/�	Kz3��"��
"!�� 
 �q
"!�#;��
£�¨
 �e�¨��!&ï�I�
"I&���q��
"�¶(�#;KL't
 � Ú  
 �"KV'$K¨
"!$#^
"! H (��;#;K¨�"I&�LK¨
"�²�	I¥
8(�KL#� I�
z�¨
 �+®z
"®%J&��
 ��!r����!$# H (��+�¨
 ��®%$"®z
 � H ��� H �;K¨�"#�� � H ·$âS��K � I�
 �;)O�«( H&H ���;#��+�¨��!&ï�I�
"I&�£'6®n(����«

�	Kz3��"��
"!�#��£+´Ú

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

100

200

300

400

500

600

700

% de cycle

FR
S

 (N
ew

to
n)

� EL�
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

0

200

400

600

800

1000

1200

1400

ratio femur/tibia

cu
m

ul
 d

es
 e

rr
eu

rs
 R

M
S

��� �
°qälñ.ø6��Ú x � Ê �Æ!�8�I�
"!�� 
^�	I��«(�#;K¨�º
u�"®�I&�£'6#;KLJ&K¶(	Ú()�(�+ � ��I��Z(���( H #���!��-I&!�
e�¨�$� ��®z��#;K¨��!zþ { '�(��¨
"I&���
�&
<�«(�#;K¨���ª�S×	Ú�Ø��S×	Ú Ö��S×	Ú { �S×	Ú � �S×	Ú � ��� x Ú x � x Ú���
"# x Ú���t!���#;��
ç�«(�#;K¨�%KL!&KL#;K¶(��?�"#«(�!�#q�&
ª×	Ú � �	Úw)OJw+ � 
 �
�"I&®%I&�¨�ç�&
 �1
"�;��
"I&���<§ç¢ �\���������	��
 x �&
 �! -§£�\����!$#ç(�®n��·�� �ç
"!ª
���!��"#;K¨��!X�&
 �²�«(�#;K¨��� Ú

� ��I��-!���#���!��-I&!z(�I&#;��
 H ·��"!���®z¸"!�
q�¨��ï�K � I�
q®n(�K¨�-KL® H ���;#«(�!�#e(�I � I�
"�&KL�^
8(�I&##$"#;��
<(�#;#�
"!�#;Kz
;Ú
îçI@(�!��zI&!n®z��I&'t
"®z
"!�#q
 �;#e(���( H #����t�¨
 �a�&� H �¶(�� 
"®z
"!$#��q�&
 �a®z
"®%J&��
 �/�¨
 � H �LI��e�¨��I&���&�e����!$#a�¨
 �
H �LI��£KL!�8�I�
"!�#�� Ú�yç! H 
"I&#ª��J���
"�;'t
"�ª� 
 H ·��"!���®z¸"!�
�
"!�� ����
 H �LI��6
�(��"KL�¨
"®z
"!$#�
"!¬�«·@(�!&ït
 (�!�#��¨

�«(�#;K¨��·@(�I&#£'6J@(��^�	Iÿ� ��� H ����!���! H ��� ��
"!$#��<K¨�"K��$� (��e�¨
²#;����!�� H �����«¸ �&
²I&!�
<®n(����«
²JV
 (�I�� ��I HÿH �LI��
KL® H ���;#«(�!�#�
 � I�
��¨
 �%(�I&#;��
 ��®z
"®�J&��
 � Ú � ��I�� H ��I&'t��!����&��!��Q� ��!��«
"KL�L�¨
"���r��(�!����¨
 ��®z�"#;·��S�&
 �
����(���( H #«(�#;K¨��!Ì�&
+®z��I&'t
"®z
"!�#����&
 H ��!��&�"��
"�£�¨
 �£®z�S�	Kz�@� (�#;K¨��!����&
 �£�¨��!&ï�I�
"I&���ª��
"�¶(�#;KL't
 ���&
 �
®z
"®%J&��
 � H (��²�¨
"I&���<®n(��«��
 � Ú
� © j © |s© � ¤�b�e"i2o�b�i2e�X:ZGi ]���i�XvWYX�bmb�X

©�(�!��c� 
"#;#�
/��
 �"#;K¨��!�� !���I��c®z�$�	Kz�@��!��c�¶(<�;#;�;I��"#;I&��
/�	I%� � I�
"�¨
"#;#�
eþ²#;�«( 't
"���c�¶(²®n(�!&K H I&�¶(�#;K¨��!
�&
 �z�&
"ï���� �z�&
��LKLJ?
"�;#����	IÐ®z�S�&¸"�¨
�Ú � ��I��z(���( H #���!��n®z��� H ·����¨��ï�K � I�
"®z
"!$#ÿI&!�
��¨�S� ��®z��#;K¨��!
þ��&
"I	Ù � � I�
"�¨
"#;#�
 ��( â�(�!�#%��
 � H 
 �"#;KL't
"®z
"!$# 33 
"# 21 �&�	�8Ú��Æ�¨���	Kz3?¸"��
"!$# H (����¨
 ��(��;#;K¨�"I&�¶(�#;K¨��!��
�;I&KL'�(�!�#�
 �/�"�¨
 �r� ��I��&
 ��� ït
"!���I	Ù�
"#r��·�
"'SKL�L�¨
 �c���%�¨
 ���LK¶(�K¨����!�������#;I&�¨
 �É)�²�&�	�p+V�	I H ��
"®QK¨
"�r®z�S�&¸"�¨

�&
"'SK¨
"!&!�
"!�#��&
 �z�LK¶(�K¨����!�� H KL't��#�� ) x �&�	�p+n��(�!��n�¨
���
 � ��!���Úe¤F! 
,3�
"#��e��(�!��\�&
�!���®%J&��
"I��«
 �
®z�"#;·��S�&
 �+����(�!&KL®n(�#;K¨��!��F� 
 �Q(��;#;K¨�"I&�¶(�#;K¨��!��z�«��!�#�
"!Óït�"!��"�«(��<( H&H ��� Ù	KL®z� 
 � H (����&
 �+�LK¶(�K¨����!��
H KL't��#����-KL�<
 �;#z�&��!���KL!�#��"��
 ���«(�!$#n�����"#;I��&
"�n�8� KL!�8�I�
"!�� 
X�&
�� 
�#¦â H 
��&
��;KL® H �LKz�@� (�#;K¨��!y�;I&�Q�¶(
�"KL!��"®n(�#;K � I�
z®n(�K¨�%(�I�����Ka�;I&���¶(��	â$!@(�®QK � I�
z�&
 ��®z��I&'t
"®z
"!$#�� Úc¤a!Ì#�
"�;®z
z�&
Q�"KL!��"®n(�#;K � I�
��
�¶(> ZKLï�I&��
ª��Ú x �%®z��!$#;��
��¶(+����®Q®z
ª�&
 �²�	K¨�;#«(�!�� 
 �<¤FI��"�LK¨�	K¨
"!&!�
 �1�&
 � H ���;KL#;K¨��!��²�&
 �²� 
"!$#;��
 �<�&

ï��«( 'SKL#����&
 � x�x ®z
"®%J&��
 �£�;I&�²I&!��"âS�"�¨
%�&
��¨�$� ��®z��#;K¨��!rÚ� (�®z� ât
"!&!�
z�&
 ���	K¨��#«(�!�� 
 �%
"!�#;��
z�¨
 � x�x ®z
"®%J&��
 ��
 �;#��&
 0.15 ®z¸"#;��
��r����
 �;#A¥Æþ6¥¦�	KL��
 1.4�"® H (���®z
"®%J&��
�Ú  
"#;#�
Q'�(��¨
"I&��!r��
 ��#%( H �;K¨���;K H (�� H 
"#;KL#�
��?®n(�K¨��
 ��#A¥¦
"�L�¨
Q�;KLï�!&Kz�@� (�#;KL't
Q÷ � 
 �
 -§£�n��� �;I&�L#«(�!$#�
 �<�&
 �²�&
"I	Ùÿ®z��I&'t
"®z
"!$#��ç(���( H #�� �<����!$#<(�®n��·�� 
 �1
"!ª ZKLï�I&��
ª��Ú x Ø()�(�+^
"#q�¨
"I&���

"�;��
"I&���1§ç¢ �\���������	��
 x 
"!� ZKLï�I&��
���Ú x Ø()OJw+´Ú� ��
"�;��
"I&�X�¶(�#��"�«(��¨
 
 �;#�#;��¸ � 
�(�KLJ&�¨
 
"#�� 
 �"K�
 �;#\�¨��ï�K � I�
 H I&K¨� � I�
 �	I&�«(�!�#��¶(Ó�¨�S� ��®z��#;K¨��!
�8��(�� � �"�¨�"�«(�#;K¨��!y�LKL!�� (�KL��
X�&
 �Q®z
"®�J&��
 �ÿ
 �;#%
�(�KLJ&�¨
��;I&�ÿ� 
"#ÿ(6Ù	
�Ú � ����� � Ir� I&!�
��¨�$� ��®z��#;K¨��!y
 �;#



� ������������� |�� � Ö

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

0.05

0.1

0.15

0.2

0.25

% de cycle

di
st

an
ce

s 
E

uc
lid

ie
nn

es
 c

um
ul

ee
s 

(m
)

°qälñ.ø	��Ú x � Ê �S��®Q®z
��&�;I&�qI&!��"âS�"�¨
��	�&
 �²�	K¨�;#«(�!�� 
 �²¤aI��"�LK¨�	K¨
"!&!�
 ��)u
"!�®z¸"#;��
 �£+/
"!�#;��
ª�¨
 � H ���;K ¥
#;K¨��!��1�&
 �<� 
"!$#;��
 �1�&
�ï��«( '$KL#��%�&
 � x�x ®z
"®%J&��
 �£�&
 �<�&
"I	Ù�� � I�
"�¨
"#;#�
 �çþ 33 
"# 21 �&�	�8Ú

0 10 20 30 40 50 60 70 80 90 100
−100

0

100

200

300

400

500

600

700

% de cycle

FR
S

 (N
ew

to
n)

� ET�
0 10 20 30 40 50 60 70 80 90 100

0

5

10

15

20

25

30

% de cycle

er
re

ur
 R

M
S

 (N
)

 

 
lateral
horizontal
vertical

��� �
°qälñ.ø���Ú x Ø Ê �¦!�8�I�
"!�� 
+�&
��¶(n�;#;�;I��"#;I&��
+�	I�� � I�
"�¨
"#;#�
�Ú�)�(�+ � 
 �£n� ��® H ���¿(�!�#�
 �ª�&
 �6 -§ª�5)u
"!
J&�¨
"Iÿ� x �&�	���t
"!Q!���KL�e�ª�&�	�p+-��I&�FI&!z�"âS�"�¨
²�&
q�¨�S� ��®z��#;K¨��!���
"#º)OJw+ß�¨
"I&���a
"�;��
"I&���/§1¢ �����������	��
x Ú

(���( H #�� 
z�;I&��I&!Ì� � I�
"�¨
"#;#�
 H �LI��ª��
 �;#;�;K¨�"#;Kz
�)O®z��KL!����&
Q�&�	�p+,���8� KL!�8�I�
"!�� 
z��I&�£�8��(6Ù&
�·����;K�� ��!�#«(��

 �;# H �LI��nKL® H ���;#«(�!�#�
 � I�
��;I&�ÿ�8��(6Ù	
�'t
"�;#;K¨� (��8Ú^ 1KL!��;K��/�8��(���( H #«(�#;K¨��! ��� I&! ®z��I&'t
"®z
"!$#��&��KL#
�;I&�;#���I&#G
8(�KL��
^(�#;#�
"!$#;K¨��!ÿþ<�¶(ç®z�S�	Kz�@� (�#;K¨��!z�&
^�8��(�� � �"�¨�"�«(�#;K¨��!z·����;K�� ��!�#«(��¨
<�&
 �Z®z
"®�J&��
 � Ú�©�(�!��
!���#;��
ç
´Ù&
"® H �¨
��$�¶(��	Kz3��"��
"!�� 
1®n(6Ù	KL®n(��¨
ç��J&#�
"!$I�
ç�«
"�«(�KL#/� � I&KL'�(��¨
"!$#�
ªþ��¶(�®z�S�	Kz�@� (�#;K¨��!\�&
1�¶(
®n(�����
��&
��8� ·$I&®n(�!��"�8�&
%�&
 2.5 èSï�)u
"!�®z��KL!�� H ��I&�²�¨
ª®z�$�&¸"�¨
�þQ� x �&�	�p+,��� 
 � I&Kr� ���;��
 � H ��!��
þ 4.5

ø �&
z�«(\®n(����«
�#���#«(��¨
�Ú � � KL!�8�I�
"!�� 
n�&
��¶( H �����A
 �"#;K¨��!|�	I|®z��I&'t
"®z
"!�#���I&��I&!Ì®z�$�&¸"�¨

�"KL!��"®n(�#;K � I�
�
 �;#<�&��!�����
"�¶(�#;KL't
"®z
"!$#çKL® H ���;#«(�!�#�
�Ú

%§âONGâ�� ��æn�.ò§ìuæ�ÿ�ìÓð9ìñè�� ÷äæ2í�ìyzÕ"�õ2è�ç�í�÷�õ2æ
 º��!¬�����"#;I��	K¨
"�ª�8� KL!�8�I�
"!�� 
��&
%�8� KL!$#�
"� H ���¶(�#;K¨��!Ì��I&�1�¨
 �£��·@(�!&ït
"®z
"!�#�� H ·�â	�;K � I�
 �ª�&
�®z��I	¥

't
"®z
"!�#��%(���( H #�� ����!���I��ª
"! ��J���
"�;'t��!��ª�¨
 �À -§£���¨�����ª�&
��«·@(�!&ït
"®z
"!�#��%�&
 H (��«(�®z¸"#;��
 �ª�¨�S� ��¥
®z��#�
"I&��� Ú � ��I��<�"#;I��	K¨��!��ç#;����K¨�<�&
�� 
 � H (��«(�®z¸"#;��
 � � I�
ª!���I��1®z�$�	Kz�@��!��1KL!��&� H 
"!���(�®Q®z
"!$# Ú



��{ S rt÷ßø$ô?÷Sæ�äOìßí ùcÝ øt÷ ù.lZí?÷-ëçä�äßôrÝ
� © j ©��6©�r §§n l hwi�Xvi�e¥Z\X��\U(]

©�(�!��Z� 
"#;#�
/��
 �"#;K¨��!��6!���I��-�"#;I��	K¨��!��Z�8� KL!�8�I�
"!�� 
/�&
/�¶(²®z�S�	Kz�@� (�#;K¨��!Q�&
e�¶(<�¨��!&ï�I�
"I&�-�&
 H (�� Ú 
"#;#�
q�"#;I��&
q
 �;#ßI&#;KL�¨
���
"! H (��;#;K¨�"I&�LK¨
"��� H ��I&�-�"'�(��LI�
"�Z�¨
 �-� ���;��
 �"#;K¨��!��F�&
9
O����#;#�
"®z
"!$#��a�&
 � H K¨
 �&�
����( H&H I&K��&®z�"#;·��S�&
 �1����I&'t
"!$#<I&#;KL�LK¨��� 
 �<��(�!��<�¨
 �1(���( H #«(�#;K¨��!��ç�"KL!��"®n(�#;K � I�
 � Ú  
 �1� ���;��
 �"#;K¨��!��
®z�S�	Kz�@
"!�# H �;KL!��"K H (��¨
"®z
"!$#n�¨
 �+#;�«(��A
 �"#���KL��
 �ÿ(�!&ï�I&�¶(�KL��
 � H (��QI&!�
\®z�"#;·��$�&
�
"!w�"KL!��"®n(�#;K � I�

KL!�'t
"���«
�®n(�K¨� H 
"I&'t
"!$#��"ï�(��¨
"®z
"!�#�®z�$�	Kz�@
"���¶( H ���;KL#;K¨��! �&
 � H K¨
 �&����
"#��&��!����¶(ÿ�¨��!&ï�I�
"I&�%�&

H (�� Ú � ��I��+�«·@(�!&ït
 ��!��Q�¶(��¨��!&ï�I�
"I&�QKL!&KL#;K¶(��¨
 ls 
"! { !���I&'t
"�L�¨
 �Q�¨��!&ï�I�
"I&��� l = α × ls ( 't
 �
α ∈ [0.6, 1.3] Ú � 
 �� -§£�z��� �;I&�L#«(�!$#�
 �<����!�# H ��� ��
"!$#�� 
 �<
"!ª ZKLï�I&��
ç��Ú x Ö�)�(�+/
"#q�¨
 �²
"�;��
"I&���²§1¢ �
�"I&®%I&�¨� 
 �£
"!: ZKLï�I&��
���Ú x Ö�)OJw+´Ú

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

100

200

300

400

500

600

700

% de cycle

FR
S

 (N
ew

to
n)

� EL�
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0

1000

2000

3000

4000

5000

6000

coefficient alpha

cu
m

ul
 d

es
 e

rr
eu

rs
 R

M
S

��� �
°qälñ.ø���Ú x Ö Ê �Æ!�8�I�
"!�� 
%�&
��¶(z�¨��!&ï�I�
"I&�£�&
 H (�� Ú�)�(�+ � ��I��çKL!�#�
"� H ���¨��!��£I&!�
��¨�S� ��®z��#;K¨��! ( 't
 �{ '�(��¨
"I&���%��� α �c×	Ú����Z×	Ú Ö��c×	Ú { � x Ú�×�� x Ú���� x Ú��� x Ú���
"#+�	Ú�×	Ú�)OJw+ � 
 �%�"I&®%I&�¨�+�&
 �%
"�;��
"I&���+§1¢ �
���������	��
 x �&
 �º Z§ª�\����!�#£(�®n��·�� �1
"!:
u��!��"#;K¨��!X�&
 �1� �$
,®n�"K¨
"!$#�� α Ú

 
 �q��� �;I&�L#«(�#��q®z��!$#;��
"!�# � Ir��(�I&#���I&�²�&
ª�¶(��¨�$� ��®z��#;K¨��!��&
£���,
��"��
"!�� 
��	�¨
 �q
"�;��
"I&��� H 
"I&'t
"!$#
$"#;��
<� ��!��;K¨�&�"��� 
 �e� ��®Q®z
<� � I&KL'�(��¨
"!�#�
 � Út¤F!n
,3�
"#���
"!�#;��
²�¨
 �e� �$
,®n�"K¨
"!$#�� 0.7 
"# 1.5 ���¨
 �F
"�;��
"I&���
§1¢ �£��
a��KL#;I�
"!�#ß
"!$#;��
 1.48e+03 
"# 2.32e+03 ��(��¨����� � I�
F·������c�&
/� 
"#rKL!�#�
"�;'�(��L�¨
^
"�L�¨
 �r®z��!�#�
"!$#
(�I �&
 ���;I��ª�&
 � 4.0e + 03 Ú � 
¡
8(�KL# � I�
��8����!¬��J���
"�;'t
+I&! H (��LK¨
"��(�I&#���I&�ª�&
��¶(ÿ�¨�$� ��®z��#;K¨��! �&

���,
��"��
"!�� 
q®z��!�#;��
 � I�
e�¶(ç®z�"#;·��S�&
²��� KL!�#�
"� H ���¶(�#;K¨��!n� ���;�;KLït
^�¶(1�¨�S� ��®z��#;K¨��! H ��I&�ZI&!Q
"!���
"®�J&�¨

�&
ÿ�¨��!&ï�I�
"I&���Q�&
 H (�� H ���S��·�
 �Q�&
\� 
"�L�¨
\�&
ÿ���,
��"��
"!�� 
�Ú � (�®z�"#;·��S�&
���� KL!�#�
"� H ���¶(�#;K¨��!wI&#;KL�LK¨��


,3�
 �"#;KL't
"®z
"!�# H ��I&��� 
"�¶(\I&!�
�J@(���
Q�&
Q�&��!&!�� 
 ���&
��¨�S� ��®z��#;K¨��!����r��K-� 
"#;#�
zJ@(���
��&
Q�&��!&!�� 
 �

 �;#z(�����
��\·��"#��"����ït¸"!�
��F�¨
\®z��I&'t
"®z
"!�# H 
"I&#�$"#;��
�(���( H #���þ�!r� KL® H ���;#�
 � I�
"�L�¨
\�¨��!&ï�I�
"I&�n�&

H (�� Ú/�Æ�"K��e!���I��ÿ� ��!��;#«(�#���!���� � I�
X�&
 �ÿ�¨��!&ï�I�
"I&���ÿ�&
 H (��n#;��� H KL® H ���;#«(�!$#�
 �5)u�;I H �"�;K¨
"I&��
 ��þ
1.5 
���K¨�%� 
"�L�¨
ÿ�&
z���,
��"��
"!�� 
�+���IÓ#;��� H 
8(�KLJ&�¨
 �`)OKL!�
��"�;K¨
"I&��
 �Qþ 0.7 
���K¨��� 
"�L�¨
ÿ�&
z���,
��"��
"!�� 
�+�!�

��
"����!$# H (��Z� ���;��
 �"#�
"®z
"!�# H �;K¨�«
 �Z
"!�� ��® H #�
�Ú � ��I&�-��� ����I��	��
^� 
 H ����J&�¨¸"®z
��6KL�v
8(�I��	�«(�KL#Z
"!&�;K¨�«·&KL�
����( '�(�!�#«(�ït
%�¶(�J@(���
��&
��&��!&!�� 
 �£( 't
 ��I&!X�¶(��;ït
�� ��·@(�!$#;KL�L�¨��!@(�ït
��&
��¨��!&ï�I�
"I&���ç�&
 H (�� Ú
� © j ©��6© | ¤�b£~2WpX[Z�X�_an�i���Xv_aX l b

©�(�!��1� 
"#;#�
%��
 �"#;K¨��!���!���I��1't��I&�¨��!��ç�«·@(�!&ït
"�1�¨
��;#Æâ$�¨
%�&
�®z��I&'t
"®z
"!�# ÚV�¦�ß
´ÙSK¨�;#�
 H �LI��;K¨
"I&���
�&�,��!&KL#;K¨��!����	IÌ�;#Æâ$�¨
Q��� I&! ®z��I&'t
"®z
"!$#��r®n(�K¨��K¨�"K��V!���I����¨
��&�,��!&K¨������!�� H (��£�¨
>8@� �«·&K¨����
"®z
"!$#
�&
 �^®z
"®%J&��
 �²KL!�
��"�;K¨
"I&�����	
"#^!���I��q�¨
1®z�S�&�"�LK¨����!�� H (��q�¨
1�«( H&H ���;#²
"!�#;��
ª�¶(��	K¨�;#«(�!�� 
��&
 � H K¨
 �&�
þ��¶(¬#=$"#�
�
"#Q�¶(¬�	K¨�;#«(�!�� 
��&
 � H K¨
 �&�n(�I J@(����;KL!rÚ  
 H (��«(�®z¸"#;��
X
 �;#�I&!w�&
 � H (��«(�®z¸"#;��
 �n�&




¦7§ �=�Óû�������� �LûRû����	,����� |��©¨ ���£� � �8û | ���.�(�Ó	8�w���È»(��� ���

�8� KL!�#�
"� H ���¶(�#;K¨��!��/����
 ��# H ��I&� � I���K<!���I�� H ��I&'t��!��z�"#;I��	K¨
"�n�	KL��
 �"#�
"®z
"!$#\����!ÐKL!�8�I�
"!�� 
X�;I&�Q�¶(
�	â$!@(�®QK � I�
�Ú � (<�¨�S� ��®z��#;K¨��!+!����;®n(��¨
/�&
e���,
u�"��
"!�� 
^
 �;#ß�&�,��!&K¨
^� ��®Q®z
q( â�(�!�#ZI&! H ��I&��� 
"!�#«(�ït

�&
¿8@� �«·&K¨����
"®z
"!�# Pf �&
 1.0 Ú � ��I��<KL!$#�
"� H ���¨��!���(��¨�����£�¨
�®z��I&'t
"®z
"!$# H ��I&� { H ��I&��� 
"!$#«(�ït
 �
P = θ × Pr �	Kz3?�"��
"!$#���( 't
 � θ � ��® H �;K¨�X
"!�#;��
 0.8 
"# 1.15 Ú � 
 �: -§ª� ��� �;I&�L#«(�!�#�
 ������!�#
H ��� ��
"!�#�� 
 �£
"!: ZKLï�I&��
���Ú x�{ )�(�+²
"#²�¨
 �1
"�;��
"I&���1§1¢ �\�"I&®%I&�¨� 
 �ç
"!� ZKLï�I&��
���Ú x�{ )OJw+´Ú

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

100

200

300

400

500

600

700

% de cycle

FR
S

 (N
ew

to
n)

� ET�
0.75 0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2
0

100

200

300

400

500

600

700

800

900

1000

coefficient theta

cu
m

ul
 d

es
 e

rr
eu

rs
 R

M
S

��� �
°qälñ.ø$��Ú x�{ Ê �¦!�8�I�
"!�� 
ç�	In�;#¦âS�¨
1�&
<®z��I&'t
"®z
"!�# Ú7)�(�+ � ��I��aKL!$#�
"� H ���¨��!��/I&!�
<�¨�S� ��®z��#;K¨��!\( 't
 �{ '�(��¨
"I&��� θ �@×	Ú { �V×	Ú { ����×	Ú � �@×	Ú � ��� x Ú�×�� x Ú�×���� x Ú x 
"# x Ú x �	Ú�)OJw+ � 
 �£�"I&®%I&�¨�£�&
 �<
"�;��
"I&���£§1¢ �
���������	��
 x �&
 �! -§ª�\����!�#ç(�®n�«·�� �1
"!ª
���!��"#;K¨��!X�&
 �<� �S
,®n�"K¨
"!�#�� θ Ú

�$K?�¨
1®z��I&'t
"®z
"!$#<
 �;#^KL!�#�
"� H ���¨���;I&�/I&!��;#Æâ$�¨
 H �LI���8@� ��·&K��S�¨
 �q
"�;��
"I&���q!�
ç�«��!�# H (��q�;KLï�!&Kz�&¥
� (�#;KL't
 � Ú � (��/� ��!$#;��
��t�8� KL!$#�
"� H ���¶(�#;K¨��!��;I&�aI&!n��#¦âS�¨
<�&
²�¨�S� ��®z��#;K¨��!n#;��¸ �F��
 �	��
 ���«�.
�(�KL#^(�� �"�����¨#;��

�8��
"�;��
"I&���«( H K¨�&
"®z
"!�# Ú  
 H ·��"!���®z¸"!�
�� ��
´Ù H �LK � I�
 H (��£�8� KL® H ������KLJ&KL�LKL#��+����
,3�
 �"#;I�
"���&
�ï��«(�!��&�
H (��ß( 't
 �eI&!�
 H ���;#;I&��
F#;��¸ �Z�	����KL#�
�Ú��$K��8� KL!�#�
"� H ���¶(�#;K¨��!+�¨
#
u����� 
�� KL�S
 �;#�!����;®n(�� � Ir��
"�L�¨
FKL!$#;���$�	I&K¨�«

�&
 �<
"�;��
"I&���1��(�!��<�¶(��	â$!@(�®QK � I�
��	I�®z��I&'t
"®z
"!�# Ú � (Q� ��!��"�LI��;K¨��!�
"!�
 �;# � I�
ª�8� KL!$#�
"� H ���¶(�#;K¨��!

 �;# H �LI��/�0½&��
²�¨����� � Ir��
"�L�¨
1
 �;#§
�(�KL#�
<��I&�e�&
 �e�;#Æâ$�¨
 � H �LI��#8@� �«·&K¨�/� (��aKL�@âQ(%(��¨�����e�&
 �e� ��!$#;�«(�KL!�#�
 �
�"KL!��"®n(�#;K � I�
 �ç®z��KL!��.
����;#�
 � Ú
� © j © �6©�� s cpb�X^]�]�X�Z\X:Z\t^�GWYU(o�Xv_1X l b

©�(�!��ÿ� 
"#;#�
���
 �"#;K¨��!��a!���I��n®z�$�	Kz�@��!��ÿ�¶( 'SKL#�
 ����
 vi
�&
��&� H �¶(�� 
"®z
"!$#��&
��8� ·�I&®n(�!��"�8�&
��


"!|KL!$#�
"� H ���¶(�!$#�I&!Ì®z��I&'t
"®z
"!$#zþ { 'SKL#�
 ����
 � v = γ × vi
( 't
 � γ = 0.67 þ 1.33 Ú � 
 �¡ -§£�

��� �;I&�L#«(�!�#�
 �ÿ����!�# H ��� ��
"!$#�� 
 �z
"!  ZKLï�I&��
���Ú x�� )�(�++
"#��¨
 �Q
"�;��
"I&���Q§1¢ �|�"I&®�I&�¨� 
 �z
"!  ZKLï�I&��

��Ú x�� )OJw+´Ú� ����� � I�
 �¶(�'SKL#�
 ����
 �&� �"�����¨#��q�8��
"�;��
"I&�X�"�����¨#�®n(�K¨���¨
 ��� (��«(��"#��"�;K¨�;#;K � I�
 � H ·$âS�;K � I�
 ������!$#
H ��� ��
"�;'t� 
 � Ú � ����� � I�
<�¶(�'$KL#�
 ���«
<�"�����¨#����8��(�® H �LKL#;I��&
£�&
<�¶(%�&��I&J&�¨
1J?������
1����( H&H I&K��"�����¨#��¡I�� � Ir��þ
�&
 �£'�(��¨
"I&���ªKL!$'�(��LK¨�&
 � Ú  
 � I&K-�;KLï�!&Kz�@
 � Ir��þn� 
�®z��®z
"!�#��?�¨
 H ���S� 
 ���;I��£��� KL!�#�
"� H ���¶(�#;K¨��!|�&��KL#
��·@(�!&ït
"�^�¨
²®z�S�&
<�&
²�¨�S� ��®z��#;K¨��!�� H (��e
´Ù&
"® H �¨
 H ��I&�aI&!�
<� ��I&����
���� 
 � I&K@!r��
 �;# H (��aït�"���1��(�!��
!���#;��
%( H&H ���S��·�
�Ú
Ü�Ý«ª ¬ à�*aú ù+3«*Â)�58.!ù�ù�3�:�üZ.q2�:=ß10®�2@=?.<0+>yù ß²=@24)+*Dü0��.²=9¯<*F>

& !�
��&
 �n( H&H �LK¨� (�#;K¨��!��n�	KL��
 �"#�
 � H ������KLJ&�¨
 �zþ¬!���#;��
X(�!@(��LâS�«
�
"!w�	â$!@(�®QK � I�
�KL!�'t
"���«
�
 �;#
�8���"#;I��&
%�&
%�8� KL!�8�I�
"!�� 
%�&
¿
������ 
 �1
´Ù	#�
"�;!�
 �1��I H&H �¨�"®z
"!�#«(�KL��
 � ÚV¤F!�
,3�
"#��&!���I�� H ��I&'t��!��ª( H&H �LK ¥



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

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

100

200

300

400

500

600

700

800

% de cycle

FR
S

 (N
ew

to
n)

� EL�
0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

0

200

400

600

800

1000

1200

1400

1600

1800

coefficient gamma

cu
m

ul
 d

es
 e

rr
eu

rs
 R

M
S

��� �
°qälñ.ø���Ú x�� Ê �Æ!�8�I�
"!�� 
1�&
<�¶(ª'$KL#�
 �«��
²�&
<�&� H �¶(�� 
"®z
"!�#²�&
²�8� ·$I&®n(�!��"�8�&
�Ú�)�(�+ � ��I��eKL!�#�
"� H ���¨��!��
I&!�
²®n(����«·�
£( 't
 � { '�(��¨
"I&��� γ �$×	Ú�ØtÖ��$×	Ú Ö�����×	Ú { ��S×	Ú � ��� x Ú�×�� x Ú x � x Ú�����
"# x Ú��	Úw)OJw+ � 
 �e�"I&®%I&�¨�
�&
 �<
"�;��
"I&���ç§1¢ �\���������	��
 x �&
 �º -§£�\�«��!�#1(�®n��·�� �£
"!;
���!��"#;K¨��!X�&
 �1� �S
,®n�"K¨
"!�#�� γ Ú
� I�
"�ç�&
 �ç(��"#;K¨��!��ª
´Ù	#�
"�;!�
 �ç��I&�<!r� KL® H ���;#�
 � I�
"�c®z
"®%J&��
+
"#ç� (��¨�"I&�¨
"�£�¨
 �<!���I&'t
 (�I	Ù�#�������
"I&���
!�� � 
 ���«(�KL��
 � H ��I&�ß��
 � H 
 �"#�
"�r�;KLït��I&��
"I���
"®z
"!�#-�¨
F®%$"®z
e®z��I&'t
"®z
"!�# Ú  
 �"K$
 �;#cI&!�
e(�I&#;��
a'SK¨�;K¨��!
�&
ª�8� I&#;KL�LK¨�«(�#;K¨��!X�&
ª�8��(�!@(��Lâ	��
�
"!��	âS!@(�®QK � I�
�KL!�'t
"����
���
"�L�¨
 H 
"I&#!$"#;��
ªI&#;KL�¨
 H ��I&�<�&
 �1( H&H �LK¨� (6¥
#;K¨��!������ �¨
Q��
 � H 
 �"#��	I ®z��I&'t
"®z
"!$#�
 �;# H �;KL®z�����	K¶(��^��I J&K¨
"! H ��I&���"#;I��	K¨
"�%�¶( H ��� H (�ï�(�#;K¨��!
�&
��8� KL!�8�I�
"!�� 
���� I&!�
�
u����� 
�
´Ù	#�
"�;!�
�Ú� ��I��ªKL�L�LI��;#;����!���K¨�"KF� 
�#¦â H 
+����( H&H �LK¨� (�#;K¨��!Ó��(�!��ª�¨
Q� (������¬�8� ·$I&®n(�!��"�8�&
z#;�«(�!�� H ���;#�
�I&!
H ��K¨�&�<�&
%�×�èSïnþ+�¶(�®n(�KL!�ï�(�I���·�
�Ú�¤F!�#�
"�;®z
��&
ª#������«
"I&�1� 
 �"Kc� � I&KL'�(�I&#çþQ(��;��I&#�
"�%�
x Ú<¤a!z#;�«(�!��;�¶(�#;K¨��!���I&! H ��K¨�&�a� ���;��
 � H ��!���(�!$#^þ��×�èSï%�;I&�F�¨
²�&
"�;!&K¨
"�e®z
"®�J&��
1�&
q�¶(��«·@(��¨!�


�"KL!��"®n(�#;K � I�
���
 H ��� �«
"!�#«(�!�#£�¨
ªJ&�«(��<ï�(�I��«·�
��@����
 �;#A¥Æþ6¥¦�	KL��
��¶(�®n(�KL!rÚ
−−−−−−−−−−−→
Poidsmaingauche

=
−−−−−−−−−−−→
Poidsmaingauche

+ (30.0 ×−~g) )O��Ú x �+
�	Ú<¤a!�����#«(�#;K¨��!ÿ�"I&!�®z��®z
"!$#Zþ^�8��
´Ù	#;���"®QKL#��e�&
-�¶(q®n(�KL!��&�,��!&K H (��r�¨
 H ��K¨�&�c�;I H&H �¨�"®z
"!$#«(�KL��



"#n�¶( �	K¨�;#«(�!�� 
�
"!�#;��
��¨
 H ��KL!$#n�	K¨�;#«(���) H ��KL!�#n����( H&H �LK¨� (�#;K¨��!y�&
��¶([
������ 
�+�
"#Q�¨
 H ��KL!$#
����
´Ù H ��
 ���;K¨��!\�&
 �a®z��®z
"!$#�� � I&K@
 �;#e��(�!��/!���#;��
²®z�S�&¸"�¨
<�¨
 H ��KL!�# H ��� Ù	KL®n(��V�&
<�¶(ª®n(�KL!rÚ
−−−−−−−→
Cmaingauche

=
−−−−−−−→
Cmaingauche

+(30.0×−~g)∧−−−−−−−−−−−−−−−−−−−−−−−→
(Proxmaingauche

, Distmaingauche
) )O��Ú x �v+

& !X
´Ù&
"® H �¨
��&
�!���I&'t
"�L�¨
 �º
u����� 
 �²!�� � 
 �«�«(�KL��
 � H ��I&�1� ��!���
"�;'t
"�çI&!�®z��I&'t
"®z
"!�#ª�������;KLï�KL!�


 �;#<�&��!&!���
"![ ßKLï�I&��
���Ú���×Q
"#<�«(+'SK¨�;I@(��LK¨�«(�#;K¨��!X
"!� ZKLï�I&��
���Ú�� x Ú 
�#Æâ H 
������"#;I��&
�®z��!$#;��
 � I@(�!�#;KL#«(�#;KL't
"®z
"!�#ª�8� KL!�8�I�
"!�� 
 � I�
 H 
"I&#1( 't��KL�çI&!�
4
u����� 
�
´Ù	#��´¥
�;K¨
"I&��
²�;I&�-I&!Q�;â	�;#�¸"®z
^®z� � (�!&K � I�
�Út¤a�L�¨
 H 
"I&#-#;����I&'t
"�FI&!Q� (��	��
<( H&H �LK¨� (�#;Kz
r��(�!��F�&
 �-®z
 �;I&��
 �
�&
Q��·@(��;ït
 �%®n(6ÙSKL®n(��¨
 ��( H&H �LK � I�� 
 �%þ��&
 �%�;âS��#�¸"®z
 ��(�I	Ù¬� ��I H �¨
 ��®z��#�
"I&����JV���;!�� � Ú� º��!Ì�&

'�(��LK¨�&
"�<�8���"#;I��&
 � I&Kr� ��!�� 
"�;!�
�K¨�"K��¨
�#;�«(�!�� H ���;#<�&
��«·@(��;ït
�
"!�J?��I&#<�&
�J&�«(����	KL��
8(�I��	�«(�KL#1� ��®�¥
H (���
"�Q�¨
 ��#�������
"I&���z��J&#�
"!$I��nþ¬�&
 �Q�&��!&!�� 
 �z
´Ù H �"�;KL®z
"!$#«(��¨
 �z��� 
"�L�¨
 � Ú9yç�Q��(�!��QI&!Ð�;â	�;#�¸"®z

J&K¨��®z� � (�!&K � I�
ç� ��®Q®z
ç� 
"�LI&K@�&
²�8� ·�I&®n(�KL!��$!���I��/( 't��!��e!@(�#;I&��
"�L�¨
"®z
"!$#q#�
"!���(�!�� 
çþ�� � I&KL�LKLJ&��
"�

"#n��� H (��;#;KL�ÿ�¨
 �%
������ 
 �zKL!$#�
"�;!�
 � H ��I&�n�&
 �n�«(�K¨����!�� H ·�â	�;K¨���¨��ï�K � I�
 �ÿ�LK¨� 
 ��(�I	Ù ®�I����"�¨
 �\
"#\þ
�¨
"I&���²�LKL®QKL#�
 � Ú & !�
ª�¨�S� ��®z��#;K¨��!X!����;®n(��¨
�
"#²I&!�
��¨�$� ��®z��#;K¨��!�( 't
 ����·@(��;ït
���
"����!�#ç�	Kz3?�"��
"!$#�
 �



Û |�� 	=��¼��0� |�� x × x

0 10 20 30 40 50 60 70 80
−350

−300

−250

−200

−150

−100

−50

0

50

 

 

x
y
z

0 10 20 30 40 50 60 70 80
−350

−300

−250

−200

−150

−100

−50

0

50

 

 

x
y
z

0 10 20 30 40 50 60 70 80
−800

−700

−600

−500

−400

−300

−200

−100

0

100

 

 

x
y
z

°qälñ.ø���Ú���× Ê  ������ 
 �F!�� � 
 �«�«(�KL��
 ����(�IQ� ��I��&
qï�(�I���·�
��tþç�8��� H (�I&�¨
qï�(�I���·�
<
"#aþ1�¶(ç·@(�!���·�
²ï�(�I��«·�
��
þ�I&!�#;�«(�!�� H ���;#q�&
£�«·@(��;ït
ª�&
ª�×�èSï�� ��!���
"�;'�(�!$#q�¨
ç®z��I&'t
"®z
"!$#<�������;KLï�KL!�
�Ú@�S
"I&�¨
£�8��(�® H �LKL#;I��&

�&
��¶(¡
������ 
�'t
"�;#;K¨� (��¨
 z 
 �;#²��� 
"�L�¨
"®z
"!$#£(�I&ï�®z
"!$#�� 
�Ú

°qälñ.ør��Ú�� x Ê  ��® H (��«(�K¨�«��!|�&
 �4
u����� 
 ��KL!&KL#;K¶(��¨
 ��
"#ª®z�$�	Kz�@� 
 ���¨�����%�	I¬#;�«(�!�� H ���;#��&
Q�«·@(��;ït
�Ú� 
 H ��K¨�&�<�;I H&H �¨�"®z
"!$#«(�KL��
%KL!�8�I�
"!�� 
�
 ����
"!�#;K¨
"�L�¨
"®z
"!$#1�¶(Q�	âS!@(�®QK � I�
��	I��m��#����&
��¶(��«·@(��;ït
�Ú

� (��<�¶( H 
"������!&!�
%(���( H #�
"�«(�!@(�#;I&��
"�L�¨
"®z
"!$#�����!�®z��I&'t
"®z
"!�#�þ+�¶(�!���I&'t
"�L�¨
�� ��!$#;�«(�KL!�#�
�Ú  
"#;#�

��J���
"�;'�(�#;K¨��!¬
 �;#1I&!�
�®z��#;KL'�(�#;K¨��!��;I H&H �¨�"®z
"!$#«(�KL��
�þz�8���"#;I��&
%�&
%�¶(z�;âS!�#;·�¸ ��
%�	IX®z��I&'t
"®z
"!�#
·�I&®n(�KL!¬
"!X�	â$!@(�®QK � I�
��	KL��
 �"#�
������ 
"#;#�
%(���( H #«(�#;K¨��! H 
"I&#!$"#;��
�ït�"��� 
�Ú
Ü�ÝW° Þ*ß<0+üß3�W+>@:�ß<0

©�(�!��q� 
1��·@( H KL#;��
��	!���I��q( 't��!�� H ��� ��
"!$#��£I&!�
1®z�"#;·��S�&
ç����(�!@(��Lâ	��
£
"!ÿ�	âS!@(�®QK � I�
çKL!�'t
"���«

�&
F�¨�S� ��®z��#;K¨��!��Z(���( H #�� 
 �ß®z��� H ·����¨��ï�K � I�
"®z
"!$#F
"#rKL!�#�
"� H ���¨� 
 �Z( 't
 �e� ��®Q®z
eJ&I&#r�¶(q'�(��LK¨��(�#;K¨��!
�&
+�8��(��Lït���;KL#;·&®z
Q����(���( H #«(�#;K¨��!rÚr©�(�!��£� 
"#;#�
�®z�"#;·��S�&
��V!���I��ª�&�,��!&K¨������!�������(�J?�������¨
+®z�S�&¸"�¨

�&
��8� ·�I&®n(�!��"�8�&
 H (��QI&!�
���
 H ��� ��
"!�#«(�#;K¨��!yJ&K¨��®z� � (�!&K � I�
��	Iw� � I�
"�¨
"#;#�
�Ú  
"#;#�
���
 H ��� ��
"!$#«(6¥
#;K¨��!�
 �;#²�"��� � 
 H (��²�8��
"!&�;K¨��·&K¨���«
"®z
"!�#ç��� I&!�®z�S�&¸"�¨
ª®z� � (�!&K � I�
��	I�� � I�
"�¨
"#;#�
�
"!�I&#;KL�LK¨�«(�!$#<�&
 �
#«(�J&�¨
 ��(�!�#;·&��� H ��®z�"#;�;K � I�
 �%
"#£�&
 �ª�¨��K¨�ª�&
����"ï���
 ���;K¨��!rÚ � (\��
 � ��!��&
+�"#«( H 
�� ��!��;K¨�;#�
�þÿ�&�,��!&KL�
I&! H ���$� 
 ����I��£�&
�#;�«(�!��È
����;®n(�#;K¨��! !���I�� H 
"�;®z
"#;#«(�!$#��&
�#;�«( '�(�KL�L�¨
"�%( 't
 �+I&!�®z��I&'t
"®z
"!$#�(�!	¥



x ×�� S rt÷ßø$ô?÷Sæ�äOìßí ùcÝ øt÷ ù.lZí?÷-ëçä�äßôrÝ
ï�I&�¶(�KL��
�Ú� ßKL!@(��¨
"®z
"!$#��?
"!�I&#;KL�LK¨�«(�!$#çI&!�
%��
 � ��!&!@(�K¨���«(�!�� 
��&
 � H ·@(���
 �ç����( H&H I&K���!���I��ç't�"�;Kz�@��!��
�8��
´Ù�(��"#;KL#;I��&
%�&
 �.
������ 
 �1
"#<®z��®z
"!$#��ç( 't
 ��I&!�
%(�#;#�
"!$#;K¨��! H (��;#;K¨�"I&�LK¨¸"��
 H ���;#�� 
%(�I	Ù 
������ 
 �1�&

��� (��"#;K¨��!¬(�I��«��� � I&Kr����!$#çþ��¶(+J@(���
��&
��¶(+'�(��LK¨��(�#;K¨��!rÚ 
"#;#�
+'�(��LK¨��(�#;K¨��! (ÿ�"#���
,3?
 �"#;I�� 
�
"![
u��!��"#;K¨��! �&
 H (��«(�®z¸"#;��
 �ª®z��� H ·����¨��ï�K � I�
 ��
"#ç�¨�S� ��¥
®z��#�
"I&��� Ú � 
<��� �;I&�L#«(�# H �;KL!��"K H (��V�&
ç� 
"#;#�
<'�(��LK¨��(�#;K¨��!ÿ
 �;# � I�
1!���#;��
ç(��Lït���;KL#;·&®z
£����(���( H #«(�#;K¨��!
��
"®�J&�¨
\� ���;��
 �"#Q�;I&�+�¨
 ��KL!�#�
"�;'�(��L�¨
 �Q�"#;I��	K¨� � Ú-¢¬(�K¨� H ��I&�¢$"#;��
 H �LI��+KL!��	K¨� (�#;Kz
È�Z�&
 �+!���I&'t
"�L�¨
 �
�&��!&!�� 
 �1
´Ù H �"�;KL®z
"!�#«(��¨
 �£
"#<�&
�!���I&'t
"�L�¨
 �1� ( H #;I&��
 �ç�&
"'$�«(�K¨
"!$#6$"#;��
�
,3�
 �"#;I�� 
 � Ú� 
 H ���S� 
 ���;I�� � I�
q!���I��e( 't��!�� H ��� ��
"!�#��1��(�!��a� 
q��·@( H KL#;��
1
 ��#F(�I&#���®n(�#;K � I�
���ït�"!��"�;K � I�
<
"#
KL!��&� H 
"!���(�!�#q�&
²�¶(ª®z�"#;·��S�&
1����(���( H #«(�#;K¨��!rÚS�Æ�"K���KL��
 �;#/( H&H �LK � I��çþ��&
 �F�¨�S� ��®z��#;K¨��!��q(���( H #�� 
 �

"#�KL!$#�
"� H ���¨� 
 ���ß®n(�K¨��KL� H 
"I&#�$"#;��
zI&#;KL�LK¨���n�	KL��
 �"#�
"®z
"!$#+�;I&���&
 ��®z��I&'t
"®z
"!�#��+��� 
"�¨����IÌJ&K¨
"!
®z�"�¶(�!&ït� � H (�� ÆT´µ�T��¸�¢��®+��IQ®%$"®z
²� �	KL#�� � Ú � ��I�� H ��� ��
"!$#���!��e� 
"#;#�
<( H&H ���S��·�
<� ��®Q®z
²I&! H ���;#A¥
H ���S� 
 ���;I��q����(�!@(��LâS�«
��	®n(�K¨�q�¶(%®z�"#;·��S�&
ªI&#;KL�LK¨��� 
 H 
"I&#�$"#;��
£
´Ù&� �"I&#�� 
�
"!�#�
"® H �q��� 
"� H 
"!���(�!$#
�8��(��Lït���;KL#;·&®z
Ì����(���( H #«(�#;K¨��!rÚç 1KL!��;K��q!���I�� H ��I&'t��!�� H ���"'t��KL����� KL® H �¨�"®z
"!$#�
"��!���#;��
Ì(�!@(��Lâ	��

�	KL��
 �"#�
"®z
"!�#ª��(�!��²�¶(�®z�"#;·��S�&
�����(���( H #«(�#;K¨��!rÚ& !�
 H K¨��#�
��;I H&H �¨�"®z
"!$#«(�KL��
zþn
´Ù H �¨����
"��� ��!��;K¨�;#�
"�«(�KL#�þz
 �«�«( ât
"���&
+�;I&�;®z��!�#�
"�ª�¨
 �£�LKL®QKL#«(6¥
#;K¨��!��a·@(�J&KL#;I�
"�L�¨
 �^�&
<�¶(��	â$!@(�®QK � I�
²KL!�'t
"���«
<#�
"�L�¨
 � � I�
²�¶(��	K¨�;#;�;KLJ&I&#;K¨��!nI&!&Kz
����;®z
1�&
²�¶(�®n(�����

�&
 �-��
"ï�®z
"!�#��F��I+�¨
 ��
O�;K¨�"#;K¨��!��F�&
/�8��(�KL�F
"#Z�&
 �F(��;#;K¨�"I&�¶(�#;K¨��!�� Ú � ��� H 
"��� H 
 �"#;KL't
 � H ��I&�F� 
/#;�«( '�(�KL�
����!$#��������;K¨
"!�#�
"�+�8��(�!@(��Lâ	��
z
"#%�¶(��;â$!$#;·�¸ ��
n�&
z®z��I&'t
"®z
"!�#�� H (��%�¨
 ��
u����� 
 ��
"#�®z��®z
"!�#�� H (��

´Ù&
"® H �¨
 H ��I&���&
��8��
 ��#;KL®n(�#;K¨��!|�&
z� �"½&#��"!�
"�;ït�"#;K � I�
�� H ��I&���&
��8� KL!�#�
"� H ���¶(�#;K¨��!|J@(���� 
z
,3����;#
��I H ��I&�²�¶(+��
 � ��!&!@(�K¨���«(�!�� 
�
"#<�¶(��"�¶(����;Kz�@� (�#;K¨��!X�&
�®z��I&'t
"®z
"!�#�� Ú



Î ÏÑÐÓÒÕÔ�Ö�×¢Ø ±

² Z Â M`_IPKJ F ]EACQ HbZ Â AÜL ONãÄ´IF HÅOGQ1FKÆ«M1F
Â ÃCQ L AÜD#O#J ÛRF

³0´'µ·¶D¸�¹Aº�»�¼q»�¼d»�½.¾4´-µÀ¿MÁ�ÂA¼d¿Ã¾�Ä�¼DÅbÆb¼dÇ�Åb¶;Æb¼D¾�¸b¶;¼È´-ÂÊÉb¹4´-Ç�¿Ã¸�Åb¼qÇ�Åb¶;É;¶;»�¼D¾�¸ËÇ9¼DÅ�µ·¼D¸Ì»�ÍÎ¶DÄ ´-ÏÃÂA¼DÅÏM¼ËÅb¶u´-ÏÃ¿MÆ�µ·¼[Ç�¹�½.Æ�¿MÁ�ÂA¼[»�Í Â�¾A¼[ÏMº.É;º+µ·º+¸�¿Mº+¾BÐ�Ñlº+ÂAÆÒ»�¿MÆ�Ç9º Æbº+¾AÆuÓ ÔlÏÕÍ ¿MÆbÆ�ÂA¼[»�¼ËÏÕÍÖ´-ÏÃ×�º+Å�¿Ã¸�¹�µ·¼q»�¼ËÅb¶;Æbº-ØÏÃÂ�¸�¿Mº+¾BÓ4»�¼;Æd¸bº+ÅbÆb¼DÂ�ÅbÆÙÅb¶;Æ�Â�ÏÃ¸Ú´-¾�¸bÆÈ»�ÂÛµ·º+Â�Ä�¼Dµ·¼D¾�¸È¼D¸d¼D¾ÜÇ4´-Å�¸�¿MÉDÂ�ÏÃ¿M¼DÅqÏM¼;ÆdÉ;º+Â�Ç�ÏM¼;Æqµ·º+¸b¼DÂ�ÅbÆq´-Â�Ý´-Å�¸�¿MÉDÂ�Ï�´-¸�¿Mº+¾AÆuÐ0Ñlº+ÂAÆC´-ÏÃÏMº+¾AÆ'»A´-¾AÆCÉ;¼·Éb¹4´-Ç�¿Ã¸�Åb¼Þ¶D¸�ÂA»�¿M¼DÅ'Ï�´ßÇHº ÆÚÆ�¿Ãà�¿ÃÏÃ¿Ã¸b¶À»�Í Â�¸�¿ÃÏÃ¿MÆb¼DÅCÉ;¼;Æ2¸bº+ÅbÆÚ¼DÂ�ÅbÆ´-¿Ã¾AÆ�¿nÁ�ÂA¼áÏM¼;Æ2¼=â�º+Å�¸bÆ2¼=Ý.¸b¶DÅ�¿M¼DÂ�ÅbÆÈÇ9º+Â�Å2Æ�½.¾�¸�¹A¶D¸�¿MÆb¼DÅuÓ�¼D¾ã»�½.¾4´-µÀ¿MÁ�ÂA¼À»�¿ÃÅb¼;ÉD¸b¼ Ó9Â�¾äµ·º+Â�Ä�¼Dµ·¼D¾�¸»�¼2ÏMº.É;º+µ·º+¸�¿Mº+¾BÐåq´-Ç�Ç9¼DÏMº+¾AÆ7Á�ÂA¼æÏÕÍ Â�¾ç»�¼;Æ$º+à�è�¼;ÉD¸�¿êéëÆ7»�¼æ¸�ÅÚ´;Ä ´-¿ÃÏ.Á�ÂA¼æ¾Aº+ÂAÆ0¾Aº+ÂAÆ7Æbº+µÀµ·¼;Æ$ì�Ý�¶;Æ$¼;Æ�¸7»�ÍÖ´-¾4´-ÏÃ½�Æb¼DÅ¼D¸í»�¼îÆb½�¾�¸�¹A¶D¸�¿MÆb¼DÅí»�¼;ÆÞµ·º+Â�Ä�¼Dµ·¼D¾�¸bÆÜÔïÇ4´-Å�¸�¿ÃÅí»�¼Yµ·º.»�¶DÏÃ¿MÆÚ´-¸�¿Mº+¾AÆð¾Aº+Å�µÊ´-ÏÃ¿MÆb¶;¼;ÆíÉ ÍÎ¼;Æb¸WØyÔ�Ø«»�¿ÃÅb¼¿Ã¾A»�¶DÇH¼D¾A»A´-¾�¸b¼ç»�¼;ÆÙµ·º+Å�Ç�¹Aº+ÏMº+× ¿M¼;ÆuÐHñ0º+Â�¸ÈÉ;º+µÀµ·¼'¾Aº+ÂAÆÈ´;Ä�º+¾AÆq¾Aº+Å�µÊ´-ÏÃ¿MÆb¶'Ï�´·à4´+Æb¼'»�¼ò»�º+¾�¾A¶;¼;Æ¼D¸dÏM¼òÆbÁ�ÂA¼DÏM¼D¸�¸b¼òÏMº+ÅbÆl»�¼'Ï�´·Æb½�¾�¸�¹Aó;Æb¼'Ç4´-ÅÈ´+»A´-Ç�¸Ú´-¸�¿Mº+¾äÉD¿Ã¾A¶DµÊ´-¸�¿MÁ�ÂA¼ ÓH¾Aº+ÂAÆq»�¶=ìA¾�¿MÆÚÆbº+¾AÆd¿MÉD¿$Â�¾A¼¾Aº+Å�µÊ´-ÏÃ¿MÆÚ´-¸�¿Mº+¾ô»�¼;Æá¸bº+ÅbÆb¼DÂ�ÅbÆáÅb¶;Æ�Â�ÏÃ¸Ú´-¾�¸bÆçÇ9º+Â�ÅáÂ�¾A¼ÞÆ�½.¾�¸�¹Aó;ÆÚ¼ß¼D¾h»�½.¾4´-µÀ¿MÁ�ÂA¼ß»�¿ÃÅb¼;ÉD¸b¼ ÐÌõö¼D¸�¸b¼¾Aº+Å�µÊ´-ÏÃ¿MÆÚ´-¸�¿Mº+¾�¼;Æ�¸ð¼=â9¼;ÉD¸�ÂA¶;¼Y× ÅÚ÷+É;¼ã´-Â�ÝKÉu´-ÅÚ´+ÉD¸b¶DÅ�¿MÆ�¸�¿MÁ�ÂA¼;ÆðÇ�¹�½�Æ�¿MÁ�ÂA¼;Æß»�Â
ÆbÁ�ÂA¼DÏM¼D¸�¸b¼ Ðæ³ÌÍ ¿M»�¶;¼Ç�Åbº+ÇHº ÆÚ¶;¼À¼;Æ�¸'»�ÍÖ´+ÆbÆbº.ÉD¿M¼DÅ2ÏM¼;Æ2¸�ÅÚ´�è�¼;ÉD¸bº+¿ÃÅb¼;Æ2¾Aº+Å�µÊ´-ÏÃ¿MÆb¶;¼;ÆC»�¼ç¸bº+ÅbÆÚ¼DÂ�ÅbÆCÔßÂ�¾øÉ;º+Â�Ç�ÏM¼ÜùúÇ9¼DÅbÆbº+¾�¾A¼ Óµ·º+Â�Ä�¼Dµ·¼D¾�¸üûl¼D¸l»�ÍÎ¶DÄ+´-ÏÃÂA¼DÅlÏ�´ÀÇ9¼DÅ�¸�¿Ã¾A¼D¾AÉ;¼ò»�¼;Æq¾Aº+Å�µÊ´-ÏÃ¿MÆÚ´-¸�¿Mº+¾AÆ2¼D¾î»�¶D¸b¼DÅ�µÀ¿Ã¾4´-¾�¸2ÏM¼;ÆqÅb¼DÏ�´-¸�¿Mº+¾AÆ¼D¸ÙÏM¼;Æ[¿Ã¾�ýAÂA¼D¾AÉ;¼;Æq»�¼'É;¼;Æ[¸�Åbº+¿MÆÙ¼D¾�¸�¿Ã¸b¶;ÆuÐÑlº+ÂAÆ2É;º+µÀµ·¼D¾Aþ;º+¾AÆ'»�º+¾AÉ Ó9»A´-¾AÆ2É;¼áÉÚ¹4´-Ç�¿Ã¸�Åb¼ Ó�Ç4´-ÅÈÇ�Åb¶;Æb¼D¾�¸b¼DÅ2Ï�´Þµ·¶D¸�¹Aº.»�¼ç»�¼ò¾Aº+Å�µÊ´-ÏÃ¿MÆü´�Ø¸�¿Mº+¾ÿ»�¼;ÆC¸bº+ÅbÆb¼DÂ�ÅbÆíùëÆb¼;ÉD¸�¿Mº+¾���Ð���û=Ð��n¾AÆ�Â�¿Ã¸b¼ß¾Aº+ÂAÆç¼=Ý.Ç9º Æbº+¾AÆuÓ$¼D¾©ÆÚ¼;ÉD¸�¿Mº+¾���Ð���Ó Ï�´Üµ·¶D¸�¹Aº�»�¼ß»�¼»�½�¾4´-µÀ¿MÁ�ÂA¼'»�¿ÃÅb¼;ÉD¸b¼òÁ�ÂA¼È¾Aº+ÂAÆ[Ä�º+Â�ÏMº+¾AÆq¼DµÀÇ�ÏMºu½�¼DÅqÇHº+Â�ÅdÆb½�¾�¸�¹A¶D¸�¿MÆb¼DÅÙÏM¼Èµ·º+Â�Ä�¼Dµ·¼D¾�¸uÐ
	 Ý�
 �Ñß�����������������=ß������ �!�wß"����NW#��
NGâãá7âäá � ç�ðuz�ìñð!� ý�í�ò�ð§ìÓì(í��Gò9ìuë�í�÷ãõ2æ9ë

Ñlº+¸�Åb¼çà�Â�¸C¼;Æ�¸2»�ÍÎ¶D¸�ÂA»�¿M¼DÅ'ÏM¼;Æ2Åb¼DÏ�´-¸�¿Mº+¾AÆò¼D¾�¸�Åb¼çÏM¼;Æ2¸bº+ÅbÆb¼DÂ�ÅbÆC¼D¸2ÏM¼;Æ2»�¼DÂ�ÝäÉ;º+µÀÇ9º ÆÚ´-¾�¸b¼;Æò»�ÂÉ;º+Â�Ç�ÏM¼ÞùúÇ9¼DÅbÆbº+¾�¾A¼ Ó�µ·º+Â�Ä�¼Dµ·¼D¾�¸üû=Ð��n¸d¼D¾ÜÇ4´-Å�¸�¿MÉDÂ�ÏÃ¿M¼DÅdÅb¶DÇ9º+¾A»�Åb¼C´-Â�ÝðÁ�ÂA¼;Æ�¸�¿Mº+¾AÆÙÆbÂ�¿ÃÄ+´-¾�¸b¼;Æ%$
&!' ÏÃÂAÆb¿M¼DÂ�ÅbÆ[µ·º+Â�Ä�¼Dµ·¼D¾�¸bÆq»�Í Â�¾íµ)(Dµ·¼2¸«½.ÇH¼È¼D¸Ù»�Í Â�¾A¼Èµ)(Dµ·¼ÈÇ9¼DÅbÆbº+¾�¾A¼2»�º+¾�¾A¼D¾�¸WØÕ¿ÃÏMÆdà�¿M¼D¾»�¼;Æ[¸bº+ÅbÆÚ¼DÂ�ÅbÆÙ¾Aº+Å�µÊ´-ÏÃ¿MÆb¶;Æd¿M»�¼D¾�¸�¿MÁ�ÂA¼;Æ ÷
&!' º+Â�ÅÊÇ�ÏÃÂAÆ�¿M¼DÂ�ÅbÆ·µ·º+Â�Ä�¼Dµ·¼D¾�¸bÆß»�¿êâ9¶DÅb¼D¾�¸bÆÊ»�Í Â�¾A¼íµ)(Dµ·¼íÇ9¼DÅbÆbº+¾�¾A¼ ÓnÉ;º+µÀµ·¼D¾�¸ÞÆbº+¾�¸·ÏM¼;Æ

�+*-,



�+*/. 0 l�132sp6q5476Ñn98;:=<.l�1�8?>A@�ä;BC6D<C@E:365F�236G1IH�:C>�8;JK@E49L56
¸bº+ÅbÆÚ¼DÂ�ÅbÆ[¾Aº+Å�µÊ´-ÏÃ¿MÆb¶;Æ ÷

&!' º+Â�ÅÌÂ�¾Êµ·º+Â�Ä�¼Dµ·¼D¾�¸[»�Í Â�¾·¸«½.Ç9¼[Â�¾�¿MÁ�ÂA¼dµÊ´-¿MÆÌ»�¼[Ç�ÏÃÂAÆb¿M¼DÂ�ÅbÆÒÇ9¼DÅbÆbº+¾�¾A¼;ÆuÓ�É;º+µÀµ·¼D¾�¸æÆbº+¾�¸ÏM¼;ÆÙ¸bº+ÅbÆb¼DÂ�ÅbÆ[¾Aº+Å�µÊ´-ÏÃ¿MÆb¶;Æ ÷
&!M ¼;ÆÌµ·º+Â�Ä�¼Dµ·¼D¾�¸bÆ[»�¿êâ�¶DÅb¼D¾�¸bÆË»�¼ÙÇ�ÏÃÂAÆ�¿M¼DÂ�ÅbÆöÇ9¼DÅbÆbº+¾�¾A¼;ÆÒÇ�Åbº.»�Â�¿MÆb¼D¾�¸WØÕ¿ÃÏMÆ[»�¼;ÆÒ¸bº+ÅbÆb¼DÂ�ÅbÆæ¾Aº+ÅWØµÊ´-ÏÃ¿MÆÚ¶;Æ[¸�Åbó;ÆÙ»�¿êâ�¶DÅb¼D¾�¸bÆ ÷N ìA¾ï»�¼ÀÅb¶DÇ9º+¾A»�Åb¼ßÔÛÉ;¼;ÆòÁ�ÂA¼;Æ�¸�¿Mº+¾AÆ'¿ÃÏÌé^´-Â�¸CÇHº+Â�Ä�º+¿ÃÅç»�¶D¸b¼DÅ�µÀ¿Ã¾A¼DÅòÏMº+ÅbÆÚÁ�ÂA¼Þ»�¼;Æ'µ·º+Â�Ä�¼Dµ·¼D¾�¸bÆ�Ó»�¼;Æ2Ç9¼DÅbÆbº+¾�¾A¼;Æ'¼D¸'»�¼;Æ2¸bº+ÅbÆÚ¼DÂ�ÅbÆ'Ç9¼DÂ�Ä�¼D¾�¸%(D¸�Åb¼·É;º+¾AÆb¿M»�¶DÅb¶;Æ'É;º+µÀµ·¼À¿M»�¼D¾�¸�¿MÁ�ÂA¼;Æáº+Âø»�¿êâ9¶DÅb¼D¾�¸bÆuÐ

' ÏÃÂAÆ�¿M¼DÂ�ÅbÆáµ·¶D¸�¹Aº.»�¼;Æç»�ÍÎ¶DÄ+´-ÏÃÂ4´-¸�¿Mº+¾ÿÆ�¸Ú´-¸�¿MÆ�¸�¿MÁ�ÂA¼;ÆçÁ�Â�¿æÇH¼DÂ�Ä�¼D¾�¸ç¾Aº+ÂAÆç´-¿M»�¼DÅç»A´-¾AÆçÉ;¼D¸�¸b¼Ê¸Ú÷+ÉÚ¹A¼Æbº+¾�¸ÙÇ�Åb¶;Æb¼D¾�¸b¶;¼;Æq¼D¾ N ¾�¾A¼=Ý�¼ M Ð ' ´-ÅdÏ�´çÆ�Â�¿Ã¸b¼2¾Aº+ÂAÆÙÏM¼;Æ[¾Aº+¸b¼DÅbº+¾AÆl´-¿Ã¾AÆb¿O$
& åAPRQ9ùúÇ{ûS$�Ï�´Àµ·ºu½�¼D¾�¾A¼C»�¼;Æd¼DÅ�Åb¼DÂ�ÅbÆdåTPUQß»�ÍÎº+Åb»�Åb¼2ÇBÐ
& P©ÐV�W$�Ï�´áµ·º�½�¼D¾�¾A¼C»�¼;ÆÙ»�¿MÆb¸Ú´-¾AÉ;¼;ÆT�nÂAÉDÏÃ¿M»�¿M¼D¾�¾A¼;Æ
& P©ÐXQ.ñ MY' $�Ï�´çµ·º�½�¼D¾�¾A¼C»�¼;ÆÙ¼DÅ�Åb¼DÂ�ÅbÆd¸«½.ÇH¼;Æd»�¼ÈÇ�Åb¶DÄ�¿MÆ�¿Mº+¾AÆ
& õlÐ õZ$�Ï�´áµ·ºu½�¼D¾�¾A¼C»�¼;ÆqÉ;º�¼\[ÊÉD¿M¼D¾�¸bÆd»�¼'É;º+Å�Åb¶DÏ�´-¸�¿Mº+¾AÆ
& õlÐ N õ ' $�Ï�´áµ·ºu½�¼D¾�¾A¼ò»�¼;ÆÙÉ;º.¼\[ÊÉD¿M¼D¾�¸bÆl»�¼ÈÅb¼;ÆbÆb¼DµCà�Ï�´-¾AÉ;¼ò»�¼;ÆÙµÊ´-¸�Å�¿MÉ;¼;Æq»�Í N õ '
&!M ¼DÅ�¿ÃÄR$�Ï�´çµ·ºu½�¼D¾�¾A¼ò»�¼;ÆÙ»�¶DÅ�¿ÃÄ�¶;¼;ÆÙÇ�Åb¼DµÀ¿MóDÅb¼;ÆdÇ4´-ÅÙÅÚ´-Ç�Ç9º+Å�¸q´-ÂÛ¸b¼DµÀÇAÆ

M ´-¾AÆö¾Aº+¸�Åb¼qÇ�Åbº+à�ÏMóDµ·¼È»�¼q¾Aº+Å�µÊ´-ÏÃ¿MÆÚ´-¸�¿Mº+¾Û»�¼;Æö¸bº+ÅbÆb¼DÂ�ÅbÆuÓ�ÏM¼;ÆËÁ�ÂA¼;Æ�¸�¿Mº+¾AÆËÁ�ÂA¼d¾Aº+ÂAÆö¾Aº+ÂAÆËÇ9º Æbº+¾AÆÆbº+¾�¸'»�Âã¸«½.ÇH¼]$9Á�Â4´-¾A»ãÉ;º+¾AÆb¿M»�óDÅb¼=ØÕ¸WØ«º+¾ Á�ÂBÍ Â�¾ãµ·º+Â�Ä�¼Dµ·¼D¾�¸òº+ÂãÁ�ÂBÍ Â�¾ãÄ�¼;ÉD¸b¼DÂ�Å'¼;Æ�¸2¿M»�¼D¾�¸�¿MÁ�ÂA¼ÔYÂ�¾ô´-Â�¸�Åb¼ ÷ õöº+µÀµ·¼í¼=Ý�Ç�ÏÃ¿MÁ�ÂA¶ð»A´-¾AÆçÏÕÍ N ¾�¾A¼=Ý�¼ M Ó ÏM¼;Æçµ·¶D¸�¹Aº�»�¼;ÆÀ»�ÍÎ¶DÄ ´-ÏÃÂ4´-¸�¿Mº+¾ôµ·¶D¸�Å�¿MÁ�ÂA¼;ÆùëåTPUQHÓ�PïÐV�~¼D¸^P©ÐXQ.ñ MS' ûl»�º+¾�¾A¼D¾�¸'»�¼;ÆÈ¶DÄ+´-ÏÃÂ4´-¸�¿Mº+¾AÆC»�¼á»�¿MÆb¸Ú´-¾AÉ;¼;Æ2¼D¾�¸�Åb¼À¼D¾AÆb¼Dµòà�ÏM¼;Æ2»�¼òÄ ´�ØÏM¼DÂ�ÅbÆuÐ9³B¼;Æ2µ·¶D¸�¹Aº.»�¼;Æ2»�ÍÎ¶DÄ ´-ÏÃÂ4´-¸�¿Mº+¾ »�¼áÅb¼;ÆbÆb¼DµCà�Ï�´-¾AÉ;¼ÛùÕõlÐ õlÓ0õlÐ N õ ' ¼D¸ M ¼DÅ�¿ÃÄAûq¶DÄ+´-ÏÃÂA¼D¾�¸2ÏM¼;Æ¶DÄ�º+ÏÃÂ�¸�¿Mº+¾AÆË»�¼;Ææ¶DÏM¶Dµ·¼D¾�¸bÆ[»�¼;Ææ¼D¾AÆÚ¼DµCà�ÏM¼;ÆË»�¼dÄ ´-ÏM¼DÂ�ÅbÆuÐ�³ÒÍ Â�¸�¿ÃÏÃ¿MÆÚ´-¸�¿Mº+¾íÉ;º+¾+èWº+¿Ã¾�¸b¼È»�¼;Ææ»�¼DÂ�Ý·¸y½�Ç9¼;Æ»�¼Àµ·¶D¸�¹Aº.»�¼;Æ2¾Aº+ÂAÆ'Ç9¼DÅ�µ·¼D¸C»�¼çÅb¶DÇ9º+¾A»�Åb¼Ê´-Â�ÝøÁ�ÂA¼;Æb¸�¿Mº+¾AÆ'Á�ÂA¼ç¾Aº+ÂAÆC¾Aº+ÂAÆ2Ç9º Æbº+¾AÆuÐ3�n¾ ¼=â�¼D¸uÓ¼DÏÃÏM¼2Ç9¼DÅ�µ·¼D¸q´-ÏMº+ÅbÆdÔçÏ�´òé^º+¿MÆÙ»�¼2µ·¼;ÆbÂ�Åb¼DÅÙÏ�´À»�¿MÆ�¸Ú´-¾AÉ;¼'¼D¾Ü¸b¼DÅ�µ·¼'»�¼ÈÄ+´-ÏM¼DÂ�Åq¼D¸ÙÏ�´áÅb¼;ÆbÆb¼Dµòà�Ï�´-¾AÉ;¼¼D¾~¸b¼DÅ�µ·¼ã»�ÍÎ¶DÄ�º+ÏÃÂ�¸�¿Mº+¾BÐ M ´-¾AÆíÏ�´©Æ�Â�¿Ã¸b¼ã»�¼äÉ;¼ãÉb¹4´-Ç�¿Ã¸�Åb¼ ÓÙ¾Aº+ÂAÆÛ»�¿ÃÅbº+¾AÆÛ»�º+¾AÉãÁ�ÂA¼î»�¼DÂ�Ý~¼D¾�ØÆb¼Dµòà�ÏM¼;Æl»�¼CÄ+´-ÏM¼DÂ�ÅbÆÀùúÅb¼DÇ�Åb¶;Æb¼D¾�¸Ú´-¾�¸2»�¼;Ælµ·º+Â�Ä�¼Dµ·¼D¾�¸bÆuÓ9»�¼;ÆqÇH¼DÅbÆÚº+¾�¾A¼;Æqº+Âä»�¼;Æd¸bº+ÅbÆÚ¼DÂ�ÅbÆüû[Æbº+¾�¸Ç�Åbº.Éb¹A¼;ÆÀÏMº+ÅbÆbÁ�ÂA¼ðÏM¼;Æçµ·¶D¸�¹Aº.»�¼;Æ·»�ÍÎ¶DÄ+´-ÏÃÂ4´-¸�¿Mº+¾AÆÊµ·¶D¸�Å�¿MÁ�ÂA¼;ÆÊ»�º+¾�¾A¼D¾�¸Ê»�¼;ÆÀÄ ´-ÏM¼DÂ�ÅbÆçéÕ´-¿Ãà�ÏM¼;ÆuÓ ¿ÃÏMÆÆb¼DÅbº+¾�¸æ»�¿MÆ�¸Ú´-¾�¸bÆÌÆ�¿Ã¾Aº+¾BÐ M ¼[µ)(Dµ·¼d»�¼DÂ�ÝÀ¼D¾AÆÚ¼DµCà�ÏM¼;ÆöÆb¼DÅbº+¾�¸Ì»�¿Ã¸bÆÌÅb¼;ÆbÆb¼Dµòà�Ï�´-¾�¸bÆöÆ�¿�ÏM¼;ÆÒµ·¶D¸�¹Aº.»�¼;Æ»�ÍÎ¶DÄ ´-ÏÃÂ4´-¸�¿Mº+¾Y»�¼ÈÅb¼;ÆbÆb¼Dµòà�Ï�´-¾AÉ;¼'ÏM¼'»�¶Dµ·º+¾�¸�Åb¼D¾�¸uÐ
N?_a`I_cb EÀzKdaegfhdji"k�l]k5m�zon�lqpsrjm-tumol

N ìA¾á»�¼$èWÂ�×�¼DÅ$Ï�´qÇ9¼DÅ�¸�¿Ã¾A¼D¾AÉ;¼Ë»�¼æÏ�´d¾Aº+Å�µÊ´-ÏÃ¿MÆÚ´-¸�¿Mº+¾·»�¼;Æ ¸bº+ÅbÆb¼DÂ�ÅbÆuÓ-¾Aº+ÂAÆ7¶D¸�ÂA»�¿Mº+¾AÆn»A´-¾AÆ7É;¼D¸�¸b¼Æb¼;ÉD¸�¿Mº+¾©Æbº+¾ É;º+µÀÇ9º+Å�¸b¼Dµ·¼D¾�¸ÀÆ�Â�Åò»�¼;ÆCµ·º+Â�Ä�¼Dµ·¼D¾�¸bÆçÉ;º+¾�¾�ÂAÆ�Ð$³B¼;Æá»�º+¾�¾A¶;¼;Æá»�¼;Æ'µ·º+Â�Ä�¼Dµ·¼D¾�¸bÆÆbº+¾�¸á¸bº+Â�¸·»�ÍÖ´-à9º+Åb»hÆ�½.¾AÉb¹�Åbº+¾�¿MÆb¶;¼;Æ·ÆbÂ�ÅáÂ�¾h¿Ã¾AÆ�¸Ú´-¾�¸·»�ÂÿÉD½.ÉDÏM¼ð»�¼ßÏMº�É;º+µ·º+¸�¿Mº+¾W$ ÏM¼ð»�¶Dà�Â�¸·»�¼ÏÕÍÖ´-Ç�Ç�Â�¿{»�ÂÊÇ�¿M¼;»·»�Åbº+¿Ã¸uÐ ' º+Â�ÅÌÇ9º+Â�Ä�º+¿ÃÅÌÉ;º+µÀÇ4´-Åb¼DÅÌÏM¼;Ææ¼D¾AÆb¼DµCà�ÏM¼;Æö»�¼ËÄ ´-ÏM¼DÂ�ÅbÆuÓ ¾Aº+ÂAÆÌ¶D¸�¿ÃÅbº+¾AÆæÂ�¾�¿êØé^º+Å�µ·¶Dµ·¼D¾�¸lÏM¼'¸b¼DµÀÇAÆçù  ¢cv±�îºL¼�¬�´Ú¢Ew®Ux õgy{z-z/|úûËÆ�Â�ÅqÂ�¾YÉD½�ÉDÏM¼'É;º+µÀÇ�ÏM¼D¸È»�¼'ÏMº.É;º+µ·º+¸�¿Mº+¾BÓ4É;¼CÁ�Â�¿É;º+Å�Åb¼;Æ�Ç9º+¾A» ÔðÂ�¾ ¶D¸�¿ÃÅb¼Dµ·¼D¾�¸ò¸b¼DµÀÇ9º+Åb¼DÏÌ»�½.¾4´-µÀ¿MÁ�ÂA¼Yù ¸�Èqw�¬qv�¢¼À ¢Ev���¾u¬���»�¢Ew® ûÈÆ�Â�Å2ÏM¼;ÆC»�¼DÂ�ÝÇ9º+¿Ã¾�¸bÆËÉu´-ÅÚ´+ÉD¸b¶DÅ�¿MÆ�¸�¿MÁ�ÂA¼;Æö»�¼q»�¶Dà�Â�¸ö¼D¸Ë»�¼[ìA¾ß»�¼qÉD½�ÉDÏM¼ Ð.õöº+¾�¸�ÅÚ´-¿ÃÅb¼Dµ·¼D¾�¸qÔCÉ;¼DÅ�¸Ú´-¿Ã¾A¼;Æ[´-Ç�Ç�Åbº�ÉÚ¹A¼;ÆÆ�¸Ú´-¸�¿MÆ�¸�¿MÁ�ÂA¼;Æ x õgy{z-z/|«Ó�¾Aº+ÂAÆ[¾BÍÎ¼=â�¼;ÉD¸�ÂAº+¾AÆÙ¾�¿B»�¼'»�¶;Éu´-Ï�´-×�¼C¼D¾Ü´-µÀÇ�ÏÃ¿Ã¸�ÂA»�¼Þù º�Ä®¢ °L ¢cw¯ ûÌ¾�¿0»�¼2»�¿êéúØé^¶DÅb¼D¾AÉ;¼·ÔßÏ�´ßµ·ºu½�¼D¾�¾A¼Ê¼D¸'»�¼ÀÆb¸Ú´-¾A»A´-Åb»�¿MÆÚ´-¸�¿Mº+¾ïÉ;º+µÀµ·¼·»A´-¾AÆ'ÏÕÍ N õ ' ÓBÉ;¼;ÉD¿ö´�ìA¾ø»�¼ÀÉ;º+¾AÆb¼DÅ�Ä�¼DÅÏM¼;ÆÙ»�¿êâ�¶DÅb¼D¾AÉ;¼;Æq´-àAÆbº+ÏÃÂA¼;Æq»�¼;Æ[Ä ´-ÏM¼DÂ�ÅbÆÙ»A´-¾AÆÙÏM¼;ÆÙÉu´-ÏMÉDÂ�ÏMÆq»�¼;Æ[µ·¶D¸�¹Aº.»�¼;ÆÙµ·¶D¸�Å�¿MÁ�ÂA¼;ÆuÐ
' Åb¼D¾Aº+¾AÆqÂ�¾Ûµ·º+Â�Ä�¼Dµ·¼D¾�¸È»�¼'Åb¶=éë¶DÅb¼D¾AÉ;¼C¿MÆbÆ�ÂÛ»�¼'¾Aº+¸�Åb¼'à4´+Æb¼'»�¼C»�º+¾�¾A¶;¼;Æ�Ð{õö¼'µ·º+Â�Ä�¼Dµ·¼D¾�¸»�¼ÙÅb¶=é^¶DÅb¼D¾AÉ;¼d¼;Æb¸ÒÂ�¾A¼ÙÏMº.É;º+µ·º+¸�¿Mº+¾ßºq}ÊÏÕÍÎº+¾ß´2»�¼DµÊ´-¾A»�¶È´-ÂÞÆ�Â+è�¼D¸qùú¾�Â�µ·¶DÅbº+¸b¶

1
ûn»�¼dµÊ´-ÅbÉb¹A¼DÅË»�¼



~î|+�����7�����\�������+�G�h�������+�����9�q��� �+*-�

µÊ´-¾�¿MóDÅb¼[¾Aº+Å�µÊ´-ÏM¼CùëÉ;º+µÀµ·¼Ù»�¶=ìA¾�¿{¼D¾·Æb¼;ÉD¸�¿Mº+¾�,�Ð�,�û=Ó ¾Aº+¸bº+¾AÆÒÉ;¼D¸�¸b¼[ÏMº.É;º+µ·º+¸�¿Mº+¾
N1,1

ÐKQ.¶DÏM¼;ÉD¸�¿Mº+¾�Ø¾Aº+¾AÆC¶D×�´-ÏM¼Dµ·¼D¾�¸òÂ�¾A¼Ê´-Â�¸�Åb¼ÊÏMº�É;º+µ·º+¸�¿Mº+¾ ¾Aº+Å�µÊ´-ÏM¼Ê»�¼ÀÏ�´ðµ)(Dµ·¼ÊÇH¼DÅbÆÚº+¾�¾A¼ Ó�¾Aº+¸b¶;¼
N1,2

´-¿Ã¾AÆ�¿Á�ÂBÍ Â�¾A¼[»�¼[ÆÚ¼;Æ7ÏMº�É;º+µ·º+¸�¿Mº+¾AÆÒý4¶;Éb¹�¿M¼;Æn¾Aº+¸b¶;¼
F1

ÐqPî´-¿Ã¾�¸b¼D¾4´-¾�¸uÓ�Ç�Åb¼D¾Aº+¾AÆÒÏ�´qÏMº�É;º+µ·º+¸�¿Mº+¾Ê¾Aº+Å�µÊ´-ÏM¼»�Í Â�¾A¼í´-Â�¸�Åb¼ÊÇ9¼DÅbÆbº+¾�¾A¼äùú¾�Â�µ·¶DÅbº+¸b¶
2
û2¾Aº+¸b¶;¼

N2
´-¿Ã¾AÆ�¿ËÁ�ÂBÍ Â�¾A¼Þ»�¼ßÆb¼;ÆòÏMº�É;º+µ·º+¸�¿Mº+¾AÆòý4¶;Éb¹�¿M¼;Æ¾Aº+¸b¶;¼

F2
Ð�³ÒÍÎ¶D¸�ÂA»�¼ÙÁ�Â�¿AÆ�Â�¿Ã¸æ´lÇ9º+Â�Ånà�Â�¸Ì»�¼[µ·º+¾�¸�Åb¼DÅÌÏM¼[Éu´+»�Åb¼Ù»�¼[Ä ´-ÏÃ¿M»�¿Ã¸b¶Ù»�¼ËÏ�´È¾Aº+Å�µÊ´-ÏÃ¿MÆü´-¸�¿Mº+¾»�¼;ÆÙ¸bº+ÅbÆb¼DÂ�ÅbÆÙÇHº+Â�ÅÙÉ;¼;Ædµ·º+Â�Ä�¼Dµ·¼D¾�¸bÆçùúÅb¶;Æ�Â�µ·¶;Æd¼D¾Ûñ ´-à�ÏM¼#��Ð���û=Ð

Q�Â+è�¼D¸%� Q�Â+èW¼D¸T�¾Aº+Å�µÊ´-ÏM¼
N1,1

Ó
N1,2 N2ý4¶;ÉÚ¹�¿M¼

F1 F2

� 8��;� ��Ð�� & ³ÒÍÎ¶D¸�ÂA»�¼Ê»�ÂøÉu´+»�Åb¼·»�¼çÄ+´-ÏÃ¿M»�¿Ã¸b¶Ê»�¼çÏ�´ð¾Aº+Å�µÊ´-ÏÃ¿MÆÚ´-¸�¿Mº+¾ »�¼;Æ2¸bº+ÅbÆÚ¼DÂ�ÅbÆC¼;Æ�¸'¼=â�¼;ÉD¸�ÂA¶;¼Æ�Â�ÅdÉ;¼D¸Ù¼D¾AÆb¼Dµòà�ÏM¼C»�¼��çµ·º+Â�Ä�¼Dµ·¼D¾�¸bÆuÐ
' º+Â�Å)(D¸�Åb¼ßÉu´-Ç4´-à�ÏM¼ð»�Í ¿Ã¾�¸b¼DÅ�Ç�Åb¶D¸b¼DÅÀÏM¼;ÆòÅb¶;ÆbÂ�ÏÃ¸Ú´-¸bÆÀ»�¼ÊÏÕÍÎ¶D¸�ÂA»�¼ Ó ¾Aº+ÂAÆç»�¼DÄ�º+¾AÆÀÉ;º+¾�¾4´7�M¸�Åb¼ðÏM¼;Æ»�¿êâ9¶DÅb¼D¾AÉ;¼;Æ[¼D¾�¸�Åb¼dÏM¼;Æöµ·º+Å�Ç�¹Aº+ÏMº+× ¿M¼;Æ[»�¼;ÆËÆ�Â+è�¼D¸bÆuÐ ' º+Â�Å[É;¼DÏ�´'¾Aº+ÂAÆ[´uÄ�º+¾AÆöÉÚ¹Aº+¿MÆ�¿�»�Í Â�¸�¿ÃÏÃ¿MÆb¼DÅöÏM¼DÂ�ÅbÆµÊ´+ÆbÆb¼;Æn¼D¸7¸Ú´-¿ÃÏÃÏM¼;Æ7× ÏMº+à4´-ÏM¼;ÆnÇ�Â�¿MÆbÁ�ÂA¼ËÉ;¼ËÆbº+¾�¸nÏM¼;Æ7Ç4´-ÅÚ´-µ·óD¸�Åb¼;ÆnÅb¼DÇ�Åb¶;ÆÚ¼D¾�¸Ú´-¸�¿êé^ÆÒ»�¼öÏ�´dµ·º+Å�Ç�¹Aº+ÏMº+× ¿M¼»�Í Â�¾øÆbÁ�ÂA¼DÏM¼D¸�¸b¼ Ð�õö¼;Æ2»�º+¾�¾A¶;¼;Æ2¶D¸Ú´-¾�¸'»�¼ç»�¿Ãµ·¼D¾AÆ�¿Mº+¾�� ÓHÏÕÍÎ¶D¸�ÂA»�¼á»�¼;ÆÈµ·¶D¸�¹Aº.»�¼;ÆÈÇ�Åb¶;Æb¼D¾�¸b¶;¼;Æ'¼D¾

N ¾�¾A¼=Ý�¼ M ¾Aº+ÂAÆÀµ·º+¾�¸�Åb¼ÛÁ�ÂA¼ßÏ�´ä»�¿MÆ�¸Ú´-¾AÉ;¼íåTPUQï»�ÍÎº+Åb»�Åb¼U�øùë»�¿MÆ�¸Ú´-¾AÉ;¼í»�¼�Pä´-¾�¹4´-¸�¸Ú´-¾{ûç¼;Æ�¸Ï�´íµÀ¿M¼DÂ�Ý©´+»A´-Ç�¸b¶;¼ Ð ³B¼;ÆòÅb¶;Æ�Â�ÏÃ¸Ú´-¸bÆá»�¼ÞÉ;¼;Æò¶DÄ+´-ÏÃÂ4´-¸�¿Mº+¾AÆá¾Aº+ÂAÆòµ·º+¾�¸�Åb¼ðÁ�ÂA¼ÊÏ�´í¸Ú´-¿ÃÏÃÏM¼Þ»�Â©Æ�Â+è�¼D¸
1
¼;Æ�¸ß»�¼

174
ÉDµ Ô

1.2
ÉDµ Ç�Åbó;ÆÞ¼D¸ßÁ�ÂA¼ÜÏM¼ÛÆ�Â+è�¼D¸

2
¼;Æ�¸ÊÇ�ÏÃÂAÆÊÇH¼D¸�¿Ã¸ß»�¼

9.0
ÉDµ Ô

0.3
ÉDµÇ�Åbó;ÆuÐ.³B¼;ÆöÄ+´-Å�¿�´-¸�¿Mº+¾AÆËº+à�¸b¼D¾�ÂA¼;Æ[ÆbÂ�ÅæÇ�ÏÃÂAÆ�¿M¼DÂ�ÅbÆöÏMº.É;º+µ·º+¸�¿Mº+¾AÆË»�Í Â�¾A¼qµ)(Dµ·¼qÇ9¼DÅbÆbº+¾�¾A¼qÆÚº+¾�¸Ë»�ÂA¼;Æ´-Â©ÉDÂ�µòÂ�Ïö»�¼;Æç´-Ç�Ç�Åbº;Ý�¿ÃµÊ´-¸�¿Mº+¾AÆÀ»�¼·µ·¼;ÆbÂ�Åb¼;Æá»�Â©Æ�½�Æ�¸bóDµ·¼Ê»�¼ÞÉu´-Ç�¸�Â�Åb¼ Ð$Ñlº+ÂAÆò¼=â�¼;ÉD¸�ÂAº+¾AÆáÏM¼;Æµ)(Dµ·¼;Æ$¼;Æb¸�¿ÃµÊ´-¸�¿Mº+¾AÆ$Ç9º+Â�ÅBÏM¼;Æ$µÊ´+ÆbÆb¼;ÆuÓ�Éu´-Å$¼DÏÃÏM¼;Æ$¾A¼Ò»�¶DÇH¼D¾A»�¼D¾�¸7Ç4´+Æ�é^º+ÅbÉ;¶Dµ·¼D¾�¸ ÏÃ¿Ã¾A¶u´-¿ÃÅb¼Dµ·¼D¾�¸n»�¼Ï�´á¸Ú´-¿ÃÏÃÏM¼ Ðh�n¾Û¼=â�¼D¸uÓ�ÏM¼;Æ[»�¿êâ�¶DÅb¼D¾AÉ;¼;Æ[¹Aº+µÀµ·¼9��é^¼DµÀµ·¼'¼D¸ËÏM¼;Æ[»�¿êâ9¶DÅb¼D¾AÉ;¼;Æd¼D¾�¸�Åb¼2µÊ´+ÆbÆÚ¼;ÆËÅb¼DÏ�´-¸�¿ÃÄ�¼;Æ»�¼;Ædµ·¼Dµòà�Åb¼;Æléëº+¾�¸lÁ�ÂA¼'Ç9º+Â�ÅdÂ�¾A¼C¸Ú´-¿ÃÏÃÏM¼C× ÏMº+à4´-ÏM¼òì�Ý�¼ ÓAÏ�´·µÊ´+ÆbÆb¼'¸bº+¸Ú´-ÏM¼á»�¼'Ï�´ÊÇ9¼DÅbÆbº+¾�¾A¼'Ç9¼DÂ�¸

(D¸�Åb¼ç»�¿êâ9¶DÅb¼D¾�¸b¼ ÐB³B¼;ÆlÅb¶;Æ�Â�ÏÃ¸Ú´-¸bÆ2»�¼;Æ2¶DÄ ´-ÏÃÂ4´-¸�¿Mº+¾AÆÈµ·º+¾�¸�Åb¼ÀÁ�ÂA¼òÏ�´ÊµÊ´+ÆbÆb¼ç»�ÂäÆ�Â+è�¼D¸
1
¼;Æ�¸2»�¼

74� ×ÊÔ
0.7

� ×ÀÇ�Åbó;Æd¼D¸ÙÁ�ÂA¼ÈÏM¼'Æ�Â+è�¼D¸
2
¼;Æ�¸[Ç�ÏÃÂAÆÙÏM¶D×�¼DÅd»�¼

4.3
� ×ÊÔ

0.4
� ×ÀÇ�Åbó;ÆuÐ ' º+Â�ÅÙÅb¼D¾A»�Åb¼CÏM¼;Æ¸bº+ÅbÆb¼DÂ�ÅbÆÈ¿Ã¾A»�¶DÇ9¼D¾A»A´-¾�¸bÆC»�¼áÏ�´Þµ·º+Å�Ç�¹Aº+ÏMº+× ¿M¼ç¾Aº+ÂAÆÈÂ�¸�¿ÃÏÃ¿MÆbº+¾AÆ2É;¼;ÆÈÄ ´-ÏM¼DÂ�ÅbÆ2»�¼áµÊ´+ÆbÆb¼;ÆÈÉu´-Å2¼DÏÃÏM¼;ÆÆbº+¾�¸çÏM¼;ÆòÇ4´-ÅÚ´-µ·óD¸�Åb¼;ÆçÅb¼DÏÃ¿�´-¾�¸çÏM¼;Æá¸bº+ÅbÆb¼DÂ�ÅbÆÀ´-Â�Ý Éu´-ÅÚ´+ÉD¸b¶DÅ�¿MÆ�¸�¿MÁ�ÂA¼;ÆçÇ�¹�½�Æ�¿MÁ�ÂA¼;ÆíùúÄ�º+¿ÃÅ��ÒÁ�Â4´-¸�¿Mº+¾

.AÐ���û=Ð
' º+Â�Åqµ·º.»�¶DÏÃ¿MÆb¼DÅdÏ�´Ê»�¿MÆ�¸Ú´-¾AÉ;¼C¼D¾�¸�Åb¼'ÏM¼;Ædµ·º+Â�Ä�¼Dµ·¼D¾�¸bÆuÓH¾Aº+ÂAÆÙ¾Aº+ÂAÆq¿Ã¾�¸b¶DÅb¼;ÆÚÆbº+¾AÆl´-ÂÜÄ�¼;ÉD¸b¼DÂ�ÅÇHº Æb¿Ã¸�¿Mº+¾ò»�¼ÒÏ�´[ÅÚ´+ÉD¿Ã¾A¼æÆ�¿Ã¸�ÂA¶;¼ö´-Â'µÀ¿ÃÏÃ¿M¼DÂç»�Â'à4´+ÆbÆ�¿Ã¾á»�¼nÏÕÍ ¹�Â�µÊ´-¾Aºq�Õ»�¼ Ð�õö¼nÄ�¼;ÉD¸b¼DÂ�Å7¼;Æ�¸0Éu´-ÅÚ´+ÉD¸b¶DÅ�¿MÆ�Ø¸�¿MÁ�ÂA¼C»�Âíµ·º+Â�Ä�¼Dµ·¼D¾�¸q¼D¸d¿Ã¾AÉ;º+Å�ÇHº+Åb¼2Â�¾A¼ÈÄ ´-Å�¿�´-¸�¿Mº+¾Û¿ÃµÀÇ9º+Å�¸Ú´-¾�¸b¼ Ó{»�º+¾AÉÈé^´+ÉD¿ÃÏM¼Dµ·¼D¾�¸d¶DÄ ´-ÏÃÂ4´-à�ÏM¼ Ó»�¼çÆÚ´ßÉ;º+µÀÇHº ÆÚ´-¾�¸b¼çÄ�¼DÅ�¸�¿MÉu´-ÏM¼À¼D¾îéëº+¾AÉD¸�¿Mº+¾ã»�Âã¸«½.Ç9¼ò»�¼áÏMº.É;º+µ·º+¸�¿Mº+¾�ùúÄ�º+¿ÃÅ��$¿Ã× Â�Åb¼���Ð���û=Ð�Ñlº+ÂAÆº+àAÆb¼DÅ�Ä�º+¾AÆuÓ9Ç�Å�¿Ã¾AÉD¿ÃÇ4´-ÏM¼Dµ·¼D¾�¸CÆ�Â�ÅÈÉ;¼D¸2´�Ý�¼áÄ�¼DÅ�¸�¿MÉu´-Ï7Åb¼DÇ�Åb¶;Æb¼D¾�¸Ú´-¾�¸'ÏÕÍÖ´-ÏÃ¸�¿Ã¸�ÂA»�¼À»�¼áÏ�´ÊÅÚ´+ÉD¿Ã¾A¼ Ó9Á�ÂA¼ÏM¼;Æ'µ·º+Â�Ä�¼Dµ·¼D¾�¸bÆá»�¼ÊÏMº�É;º+µ·º+¸�¿Mº+¾AÆá»�¼À¸y½�Ç9¼À¾Aº+Å�µÊ´-Ï

N
Æbº+¾�¸'Ç�Åbº.Éb¹A¼;ÆuÐ;�n¾ï¼=â�¼D¸uÓ�Ï�´Û»�¿MÆb¸Ú´-¾AÉ;¼¼D¾�¸�Åb¼YÏM¼;ÆÞ´-ÏÃ¸�¿Ã¸�ÂA»�¼;Æß»�¼;Æ·ÏMº.É;º+µ·º+¸�¿Mº+¾AÆÊ¾Aº+Å�µÊ´-ÏM¼;Æß»�Â�Æ�Â+è�¼D¸

1
¼D¸Þ»�¼ÜÉ;¼DÏÃÏM¼Û»�¼

N2
Æ�ÍÎ¼=Ý.Ç�ÏÃ¿MÁ�ÂA¼Ç4´-ÅCÏ�´Ü»�¿êâ9¶DÅb¼D¾AÉ;¼Þ»�¼·¸Ú´-¿ÃÏÃÏM¼Ê¼D¾�¸�Åb¼·ÏM¼;Æá»�¼DÂ�ÝãÇH¼DÅbÆbº+¾�¾A¼;Æ�ÓBÏ�´í»�¼DÂ�Ý�¿MóDµ·¼Þ¶D¸Ú´-¾�¸CÇ�ÏÃÂAÆòÇH¼D¸�¿Ã¸b¼ Ó0ÏM¼;Æ´-ÏÃ¸�¿Ã¸�ÂA»�¼;ÆÀÆbº+¾�¸çÇ�ÏÃÂAÆáà4´+ÆbÆb¼;ÆðùúÄ.¿MÆ�¿Ãà�ÏM¼ß´-Â�¸Ú´-¾�¸ÀÆ�Â�Å

N2
Ç4´-ÅòÅÚ´-Ç�Ç9º+Å�¸ç´-Â�Ý

N1
Á�ÂA¼ÞÆ�Â�Å

F2
Ç4´-ÅÅÚ´-Ç�ÇHº+Å�¸ËÔ

F1
û=Ð M ¼[Ç�ÏÃÂAÆuÓ�¾Aº+ÂAÆÌÇHº+Â�Ä�º+¾AÆÌ¾Aº+¸b¼DÅæÁ�ÂA¼[ÏM¼;ÆÒÏMº.É;º+µ·º+¸�¿Mº+¾AÆö»�¼[¸«½.ÇH¼[ý4¶;Éb¹�¿

F
º+¾�¸Ì»�¼;Æ´-µÀÇ�ÏÃ¿Ã¸�ÂA»�¼;ÆlÇ�ÏÃÂAÆÙÇ�Åbº+¾Aº+¾AÉ;¶;¼;ÆÀùú× ÅÚ´-¾A»Ûµ·º+Â�Ä�¼Dµ·¼D¾�¸l»�ÂYà4´+ÆbÆ�¿Ã¾ÛÏMº+ÅbÆbÁ�ÂA¼'ÏÕÍÎº+¾ÜµÊ´-ÅbÉb¹A¼] DÉ;º+µÀµ·¼Â�¾ Æ�¿Ã¾�×�¼o uû=Ð$õö¼;ÆC»�¿êâ9¶DÅb¼D¾AÉ;¼;Æò»�º+¿ÃÄ�¼D¾�¸ò»�º+¾AÉÊÆb¼çÅb¼;ÆbÆb¼D¾�¸�¿ÃÅòÔðÏ�´Þé^º+¿MÆ'Æ�Â�Å2Ï�´ð»�¿MÆ�¸Ú´-¾AÉ;¼Þ¼D¸'Æ�Â�Å2Ï�´Åb¼;ÆbÆb¼Dµòà�Ï�´-¾AÉ;¼ ÓB¼D¸2¾Aº+ÂAÆ'´-ÏÃÏMº+¾AÆÈµÊ´-¿Ã¾�¸b¼D¾4´-¾�¸òÉb¹�¿êâ9Åb¼DÅCÉ;¼;Æ2º+àAÆb¼DÅ�Ä ´-¸�¿Mº+¾AÆuÐ�³B¼;Æ2»�¿MÆb¸Ú´-¾AÉ;¼;ÆuÓ�º+à�¸b¼=Ø



�+*-¡ 05¢ 1323£I¤5476D¥98;:=< ¢ 1�8?>A@E¦;BC6D<C@E:365F�236G1IH�:C>�8;JK@E49L56

0 10 20 30 40 50 60 70 80 90
−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

0 10 20 30 40 50 60 70 80 90
−3

−2.5

−2

−1.5

−1

−0.5

0

0.5

0 10 20 30 40 50 60 70 80 90
0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

1.1

§ @c¨�� ��Ð�� & õöº+µÀÇHº Æü´-¾�¸b¼;Æ2Ï�´-¸b¶DÅÚ´-ÏM¼ ÓH¹Aº+Å�¿�©uº+¾�¸Ú´-ÏM¼Ê¼D¸qÄ�¼DÅ�¸�¿MÉu´-ÏM¼À»�ÂäÉ;¼D¾�¸�Åb¼À»�Âîà4´+ÆbÆ�¿Ã¾BÐ��n¾ä¾Aº+¿ÃÅ
N1,1

Ó0¼D¾øÄ�¿Mº+ÏM¼D¸
N1,2

ÓB¼D¾ à�ÏM¼DÂ
F1

Ó0¼D¾øÅbº+Â�×�¼
N2

¼D¸C¼D¾ Ä�¼DÅ�¸
F2

ÐÌù��n¾©´-àAÆbÉD¿MÆbÆb¼ÀÏM¼·¸b¼DµÀÇAÆC¼D¾éëÅÚ´-µ·¼;ÆuÓ�¼D¸d¼D¾Ûº+Åb»�º+¾�¾A¶;¼'ÏM¼;ÆÙÇHº Æ�¿Ã¸�¿Mº+¾AÆA, M ¼D¾íµ·óD¸�Åb¼;Æüû=Ð
¾�ÂA¼;Æö´;Ä�¼;ÉdÏM¼;ÆÒµ·¶D¸�¹Aº.»�¼;ÆÌ»�ÍÎ¼;Æ�¸�¿ÃµÊ´-¸�¿Mº+¾ßÉD¿Ã¸b¶;¼;Ææ´-Â�Ç4´-ÅÚ´;Ä ´-¾�¸uÓ.¼D¾�¸�Åb¼dÏM¼[µ·º+Â�Ä�¼Dµ·¼D¾�¸Ë»�¼[Åb¶=é^¶DÅb¼D¾AÉ;¼
N1,1

¼D¸[ÏM¼;Æd´-Â�¸�Åb¼;ÆÙµ·º+Â�Ä�¼Dµ·¼D¾�¸bÆqÆbº+¾�¸ÙÇ�Åb¶;Æb¼D¾�¸b¶;¼;Æd¼D¾Üñ ´-à�ÏM¼%��Ð���Ð
N1,1 N1,2 F1 N2 F2åTPUQ9ùª��û *�Ð�* *�Ð��-,/. *�Ð�¡-�«� *�Ð��«�+� � Ð�*-*«�

PïÐV� *�Ð�* *�Ð�*-�-¡ *�Ð�*-¡-¬ *�Ð�*-�-¡ *�Ð��+*-z
PïÐXQ.ñ MY' ùOÝ

10−3 û *�Ð�* ¬�ÐX �+,�Ð�z ,�Ð�� �-,�Ð�*õlÐ õ � Ð�* *�Ð�zoq, *�Ð�¡-¬«� *�Ð�z-¬-* *�Ð�,-z-zõlÐ N õ ' � Ð�* *�Ð�z-z-� *�Ð�,-�-� *�Ð�,-,-� *�Ð�,-�-¬
M ¼DÅ�¿ÃÄãùOÝ

10−4 û *�Ð�* �+��Ð�* �-,�Ð�* ¡�Ð . .K��Ð�*
� 8;�;� ��Ð�� &�M ¿MÆ�¸Ú´-¾AÉ;¼;ÆË¼D¸ËÅb¼;ÆbÆb¼Dµòà�Ï�´-¾AÉ;¼;Æ[»�¼;ÆæÇ9º Æ�¿Ã¸�¿Mº+¾AÆË»�¼lÏ�´'ÅÚ´+ÉD¿Ã¾A¼lÇ4´-ÅËÅÚ´-Ç�Ç9º+Å�¸[ÔòÉ;¼DÏÃÏM¼;Æ[»�¼
N1,1

Ð
Ñlº ÆÀº+àAÆb¼DÅ�Ä ´-¸�¿Mº+¾AÆÀÆbº+¾�¸ÀÄ�¶DÅ�¿êì4¶;¼;ÆuÐn³0¼;Æçµ·º+Â�Ä�¼Dµ·¼D¾�¸bÆß»�¼Þ¸y½�Ç9¼ß¾Aº+Å�µÊ´-Ï

N1,2
¼D¸

N2
Æbº+¾�¸µ·º+¿Ã¾AÆÈ»�¿MÆ�¸Ú´-¾�¸bÆ2¼D¸lÇ�ÏÃÂAÆqÅb¼;ÆbÆb¼DµCà�Ï�´-¾�¸bÆ'Á�ÂA¼'ÏM¼;Ælµ·º+Â�Ä�¼Dµ·¼D¾�¸bÆÈý4¶;ÉÚ¹�¿MÆ

F1
¼D¸

F2
ÐHÑqº+ÂAÆqÅb¼DµÊ´-ÅWØÁ�ÂAº+¾AÆË´-ÂAÆÚÆ�¿HÁ�ÂA¼

N2
¼;Æ�¸öÇ�ÏÃÂAÆö»�¿MÆb¸Ú´-¾�¸ËµÊ´-¿MÆöÇ�ÏÃÂAÆËÅb¼;ÆbÆb¼DµCà�Ï�´-¾�¸ÙÁ�ÂA¼

N1,2
Ó.É;¼ÈÁ�Â�¿H¾Aº+ÂAÆöÇ�Åbº+Â�Ä�¼Ï�´ÊÇ�Åbº+Ç�Å�¿M¶D¸b¶ò»�¼;Ælµ·¶D¸�¹Aº.»�¼;Æl»�¼CÅb¼;ÆbÆb¼Dµòà�Ï�´-¾AÉ;¼;Æ2Á�Â�¿ Æb¼C»�¶;É;º+ÅbóDÏM¼D¾�¸'»�¼;Æq»�¿MÆ�¸Ú´-¾AÉ;¼;ÆlÇ�Â�Åb¼;Æçùúµ·¶=Ø¸�¹Aº.»�¼;ÆæåAPRQ·¼D¸gP©ÐV�æû=Ð�Ñlº+¸bº+¾AÆËÁ�ÂA¼dÏ�´2ÏMº.É;º+µ·º+¸�¿Mº+¾ð¾Aº+Å�µÊ´-ÏM¼

N2
»�Âð»�¼DÂ�Ý.¿MóDµ·¼lÆ�Â+è�¼D¸æ¼;Æ�¸æÇ�ÏÃÂAÆÇ�Åbº.Éb¹A¼ÀÁ�ÂA¼CÏ�´ÞÏMº.É;º+µ·º+¸�¿Mº+¾äý4¶;Éb¹�¿M¼

F1
Ó{É;¼çÁ�Â�¿nÆ�¿Ã× ¾�¿êì4¼çÁ�ÂA¼áÏM¼áµ·º+Â�Ä�¼Dµ·¼D¾�¸C»�¼áÏ�´ÞÅÚ´+ÉD¿Ã¾A¼À»�¶=ØÇ9¼D¾A» »A´;Ä ´-¾�¸Ú´-×�¼ß»�ÂïÆb¸«½.ÏM¼Ê»�¼·µ·º+Â�Ä�¼Dµ·¼D¾�¸ÀÁ�ÂA¼·»�¼ÊÏ�´íÇ9¼DÅbÆbº+¾�¾A¼ Ð0³$´íµÊ´-ÅbÉb¹A¼Êý4¶;Éb¹�¿M¼

F2
»�Â»�¼DÂ�Ý�¿MóDµ·¼'Æ�Â+è�¼D¸d¼;Æ�¸Ù¶DÄ.¿M»�¼Dµ·¼D¾�¸d¸�Åbó;Æq¶DÏMº+¿Ã× ¾A¶;¼'¼D¸ÙÇ9¼DÂÛÅb¼;ÆbÆb¼Dµòà�Ï�´-¾�¸b¼CÇ4´-ÅÙÅÚ´-Ç�ÇHº+Å�¸l´-ÂÛµ·º+Â�Ä�¼=Øµ·¼D¾�¸q»�¼2Åb¶=éë¶DÅb¼D¾AÉ;¼

N1,1
Ð

' º+Â�Å'¿ÃÏÃÏÃÂAÆ�¸�Åb¼DÅ2Ï�´Þ¾Aº+Å�µÊ´-ÏÃ¿MÆÚ´-¸�¿Mº+¾ »�¼;ÆÈÇ4´-ÅÚ´-µ·óD¸�Åb¼;Æ'Ç�¹�½�Æ�¿MÁ�ÂA¼;Æ�Ó{¾Aº+ÂAÆò´-Ç�Ç�ÏÃ¿MÁ�ÂAº+¾AÆÈµÊ´-¿Ã¾�¸b¼=Ø¾4´-¾�¸öÂ�¾A¼Ù¾Aº+Å�µÊ´-ÏÃ¿MÆü´-¸�¿Mº+¾ß»�¼;Æ®�7åSQíùOé^º+ÅbÉ;¼;Ææ»�¼dÅb¶u´+ÉD¸�¿Mº+¾ð´-ÂßÆbº+ÏOûÒ´-Ç�Ç�ÏÃ¿MÁ�ÂA¶;¼;ÆË´-ÂÊÇ�¿M¼;»Ê»�Åbº+¿Ã¸öÇ4´-ÅÏ�´[µÊ´+ÆÚÆb¼Ò¸bº+¸Ú´-ÏM¼ö»�ÂáÆbÂ+èW¼D¸uÓ�Ç4´-ÅÚ´-µ·óD¸�Åb¼Ìµ·º+Å�Ç�¹Aº+ÏMº+× ¿MÁ�ÂA¼öÏM¼ÌÇ�ÏÃÂAÆ$¿Ã¾�ýAÂA¼D¾�¸nÆ�Â�Å$Ï�´Ù»�½.¾4´-µÀ¿MÁ�ÂA¼ Ð õö¼;Æ
�7åSQÛÆbº+¾�¸qÇ�Åb¶;Æb¼D¾�¸b¶;¼;Æ2¼D¾¯�$¿Ã× Â�Åb¼���Ð���ÐHõöº+µÀµ·¼á¾Aº+ÂAÆqÏÕÍÖ´;Ä�º+¾AÆÈÉ;º+¾AÆ�¸Ú´-¸b¶áÆ�Â�ÅdÏM¼;Æqµ·º+Â�Ä�¼Dµ·¼D¾�¸bÆ�ÓÏM¼;Æ�� åYQî¾Aº+Å�µÊ´-ÏÃ¿MÆb¶;ÆáÏM¼;ÆòÇ�ÏÃÂAÆCÇ�Åbº.Éb¹A¼;Æç»�¼ÊÉ;¼DÏÃÏM¼;Æá»�¼ÞÅb¶=éë¶DÅb¼D¾AÉ;¼ßÆbº+¾�¸áÉ;¼DÏÃÏM¼;Æá¿MÆbÆ�ÂA¼;ÆC»�Âïµ)(Dµ·¼¸«½.Ç9¼ò»�¼òÏMº�É;º+µ·º+¸�¿Mº+¾�${¾Aº+Å�µÊ´-ÏÕÐ�Pî´-¿MÆqÇ4´-Å2É;º+¾�¸�Åb¼ ÓHÇ9º+Â�ÅlÉ;¼;ÆÈ»�¼DÅ�¾�¿MóDÅb¼;ÆuÓHÏM¼;ÆÈ»�¿êâ9¶DÅb¼D¾AÉ;¼;Æ2¼D¾�¸�Åb¼
N1,1

Ó
N1,2

¼D¸
N2

ÆÚº+¾�¸lé^´-¿Ãà�ÏM¼;Æ�ÐH³0¼DÂ�ÅbÆ'¶DÄ+´-ÏÃÂ4´-¸�¿Mº+¾AÆ2¼=â�¼;ÉD¸�¿ÃÄ�¼;Æ2Æ�Â�¿ÃÄ ´-¾�¸2ÏM¼;Ælµ)(Dµ·¼;Æ2µ·¶D¸�¹Aº.»�¼;Æ



~��+�����7�����\�������+�G�h�������+�����9�q��� �+*o

0 10 20 30 40 50 60 70 80 90
−0.5

0

0.5

1

1.5

2

2.5

 

 

0 10 20 30 40 50 60 70 80 90
−2

−1.5

−1

−0.5

0

0.5

1

1.5

2

2.5

0 10 20 30 40 50 60 70 80 90
−2

0

2

4

6

8

10

12

§ @c¨�� ��Ð�� & õöº+µÀÇ9º ÆÚ´-¾�¸b¼;Æ Ï�´-¸b¶DÅÚ´-ÏM¼ Ó�¹Aº+Å�¿�©uº+¾�¸Ú´-ÏM¼Ë¼D¸0Ä�¼DÅ�¸�¿MÉu´-ÏM¼Ë»�¼;ÆC�7åYQÈ¾Aº+Å�µÊ´-ÏÃ¿MÆb¶;¼;Æn´-Ç�Ç�ÏÃ¿MÁ�ÂA¶;¼;Æ´-ÂÛÇ�¿M¼;»Û»�Åbº+¿Ã¸uÐ5�Ò¾Û¾Aº+¿ÃÅ
N1,1

Ó�¼D¾ÜÄ�¿Mº+ÏM¼D¸
N1,2

Ó�¼D¾Ûà�ÏM¼DÂ
F1

ÓA¼D¾íÅbº+Â�×�¼
N2

¼D¸Ù¼D¾ÛÄ�¼DÅ�¸
F2

Ð

Ç�Åb¶;É;¶;»�¼Dµ·¼D¾�¸lÂ�¸�¿ÃÏÃ¿MÆb¶;¼;ÆdÆÚº+¾�¸d»�º+¾�¾A¶;¼;Æq¼D¾Ûñ$´-à�ÏM¼#��Ð�,�Ð

N1,1 N1,2 F1 N2 F2åAPRQ9ùª��û *�Ð�* *�Ð��+�-* *�Ð .K�-¡ *�Ð���.5� *�Ð�z/.K¡
P©ÐV� *�Ð�* *�Ð�*-�-� *�Ð�*o�� *�Ð�*-�-¡ *�Ð���.K¬
P©ÐXQ.ñ MY' ùOÝ

10−2 û *�Ð�* �-��Ð�¡ �-��Ð�¡ �-��Ð�z �+�-z�Ð�,õlÐ õ � Ð�* *�Ð�z-,-¬ *�Ð�¬-�-¡ *�Ð�z-�/. *�ÐXq*-�õlÐ N õ ' � Ð�* *�Ð�z/.K� *�Ð�¬/.K¬ *�Ð�z-¡-� *�Ð�¬-*-�
M ¼DÅ�¿ÃÄãùOÝ

10−3 û *�Ð�* ,-¡�Ð�� 7.AÐ�� ,o.Ð�, �+¡-��Ð��
� 8��;� ��Ð�, &]M ¿MÆb¸Ú´-¾AÉ;¼;ÆÙ¼D¸ÙÅb¼;ÆbÆb¼Dµòà�Ï�´-¾AÉ;¼;Æq»�¼;ÆA�7åSQð´-Ç�Ç�ÏÃ¿MÁ�ÂA¶;¼;Æq´-ÂÛÇ�¿M¼;»Y»�Åbº+¿Ã¸ÙÇ4´-ÅÙÅÚ´-Ç�Ç9º+Å�¸qÔÉ;¼DÏÃÏM¼;Æd»�¼

N1,1
Ð

³B¼lÅb¶;Æ�Â�ÏÃ¸Ú´-¸ËÏM¼qÇ�ÏÃÂAÆæ¿ÃµÀÇ9º+Å�¸Ú´-¾�¸[¼;Æ�¸Ë»�º+¾�¾A¶lÇ4´-ÅËÏM¼;ÆÌÄ ´-ÏM¼DÂ�ÅbÆËº+à�¸b¼D¾�ÂA¼;Æ[Ç9º+Â�ÅæÏM¼qµ·º+Â�Ä�¼Dµ·¼D¾�¸
N2

Ð7°ö¿M¼D¾áÁ�ÂBÍÖ´+ÆbÆb¼�©Ì»�¿MÆb¸Ú´-¾�¸n¼D¾C¸b¼DÅ�µ·¼ö»�¼Òµ·º+Â�Ä�¼Dµ·¼D¾�¸uÓ ÆÚ´[Åb¼;ÆbÆÚ¼DµCà�Ï�´-¾AÉ;¼[´-Â�Ý%�7åSQÈ¾Aº+Å�µÊ´-ÏÃ¿MÆÚ¶;¼;Æ»�¼dÅb¶=é^¶DÅb¼D¾AÉ;¼l¼;Æ�¸Ì¸bº+Â�¸[ÔÈéÕ´-¿Ã¸æÉ;º+µÀÇ4´-ÅÚ´-à�ÏM¼2ÔòÉ;¼DÏÃÏM¼;Ææ»�¼
N1,2

Ð M ¼;Æ®�7åSQÀ¾Aº+Å�µÊ´-ÏÃ¿MÆb¶;¼;ÆöÇ�ÅbºuÄ�¼D¾4´-¾�¸»�¼q»�¼DÂ�Ý·Ç9¼DÅbÆbº+¾�¾A¼;ÆöÆbº+¾�¸Ë»�º+¾AÉdÉ;º+µÀÇ4´-ÅÚ´-à�ÏM¼;ÆÙÔCÉ;¼DÏÃÏM¼;Ææ»�Í Â�¾A¼qµ)(Dµ·¼qÇH¼DÅbÆbº+¾�¾A¼dÇHº+Â�ÅË»�¼;ÆöÆ�¸«½.ÏM¼;Æ»�¼áÏMº�É;º+µ·º+¸�¿Mº+¾ã¿M»�¼D¾�¸�¿MÁ�ÂA¼;ÆuÐCQ�Â�ÅÈ¾Aº+¸�Åb¼ç¼D¾AÆb¼Dµòà�ÏM¼çÅb¼;Æ�¸�Åb¼D¿Ã¾�¸'»�¼òÏMº�É;º+µ·º+¸�¿Mº+¾AÆ�Ó�É;¼DÏ�´Êµ·º+¾�¸�Åb¼çÏ�´Ä+´-ÏÃ¿M»�¿Ã¸b¶C»�Í Â�¸�¿ÃÏÃ¿MÆb¼DÅq»�¼;Æ[¾Aº+Å�µÊ´-ÏÃ¿MÆü´-¸�¿Mº+¾AÆqÆ�Â�ÅÙÉ;¼;Ædµ·º+Â�Ä�¼Dµ·¼D¾�¸bÆuÐ ' ´-ÅlÉ;º+¾�¸�Åb¼ Ó4¾Aº+ÂAÆ[¾A¼2Ç9º+Â�Ä�º+¾AÆÇ4´+Æ ´7[·Å�µ·¼DÅ7Á�ÂA¼ÒÏ�´Ë¾Aº+Å�µÊ´-ÏÃ¿MÆÚ´-¸�¿Mº+¾À¼;Æ�¸0Ä+´-ÏÃ¿M»�¼æÆ�Â�Å0ÏÕÍÎ¼D¾AÆb¼Dµòà�ÏM¼æ»�¼;Æ$ÏMº.É;º+µ·º+¸�¿Mº+¾AÆ$Ç9º ÆbÆ�¿Ãà�ÏM¼;Æ$»�Í Â�¾µ)(Dµ·¼çÆ�¸«½.ÏM¼ Ð{³0¼;Æ2É;º+µÀÇ4´-ÅÚ´-¿MÆbº+¾AÆ'´;Ä�¼;Éç»�ÍÖ´-Â�¸�Åb¼;ÆÈÏMº.É;º+µ·º+¸�¿Mº+¾AÆuÓH¸bº+Â�¸b¼ò¾Aº+¸�Åb¼òà4´+Æb¼á»�¼ç»�º+¾�¾A¶;¼;ÆÇ4´-Ån¼=Ý�¼DµÀÇ�ÏM¼ Ó-Ç9º+Â�Å�ÅÚ´-¿Ã¸7»�¶ èbÔÈ´-Ç�ÇHº+Å�¸b¼DÅn»�¼;Æ Åb¶DÇ9º+¾AÆb¼;Æ Ç�ÏÃÂAÆ$Ç�Åb¶;ÉD¿MÆÚ¼;ÆÒÔdÉ;¼ËÆ�Â+è�¼D¸uÐ7Pä´-¿MÆ7»A´-¾AÆ ¸bº+ÂAÆÏM¼;Æ'Éu´+ÆuÓ�¾Aº+ÂAÆCÉ;º+µÀÇ�Åb¼D¾Aº+¾AÆCµÊ´-¿Ã¾�¸b¼D¾4´-¾�¸çÁ�ÂA¼çÏ�´í»�¶=ìA¾�¿Ã¸�¿Mº+¾©»�Í Â�¾ Æ�¸y½�ÏM¼À»�¼Àµ·º+Â�Ä�¼Dµ·¼D¾�¸CÇ9¼DÂ�¸
(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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	Y±ª² ³µ´ �u¶�·^�#�¸�#�¹�#º^�#�T����»S¼��¹�#���� ½C�u�

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
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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



�+�-* � H;BC:3�u654�<C6 � H;H�1I4)¥98;:�8?>ALh23:3L56









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



} ~�~��y��� �

� ������ ��� #��$�9�!��� � ��� �V����������� �
����� #������������

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

�+�«�



�+�-� � ���D�h� �h�si9�j�������Æ�S�9�®�N�q��Å��������^Å9�q�Di7�����@�o���

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



} ~�~��y��� �

²����������l����������� ���!� �S�!�F������������������F�!�
� �N�V������� ��� � ��

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

�+�-,



�+�/. È��a�������+����Äh�����^�h�������ÆÅÆ�+�h�u�7�����ù�7��ÅÆ���^�7É �¥gLg?�q� �������+�

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



} ~�~��y��� Ó
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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
�+�-�



�+�-¡ çS������Äh�������]Á9��Â����h���Y�7É Á.i��7�j�K�������+�¯�+�a�������+����Äh�����
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



ÀGÁ9��Â����h���^�7É Á.iÆ�7�j�K�������+�U�h�T�c�#�����������>�/�c�7��ÅÆ� �+�o

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
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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`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 ¸
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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
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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
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� ×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 #$'$'$'NÇ� t � �^¡ £¡  Ò;Ç � Ç t3Ã � ¶t¹ZÏv¾*¿*¿¯¸|Ú � Ç¬�ÁÇ � ¿ ³ ½;º�¸¥ÂX¸ Å Ò;Ç ¨!Ç��X¶t½L¹LÄ ( ¨9¸¥¾*Ä ÎJÅ Ú|Ï,¶t¿*½L´z¸ ³ ¹;» Ã ¸¥¹ Å ¸¥Â¶\ãH´ ³ º�ºb¶\ãHºÆ¸¥Ä|´z¸¥¹ Å ºX¶\ã Å¡Î ¸ Î ½L´ ³ ¹EËH¶v»N·,Ç;â ³ ÀLÀÑ¶tÂ Å�Å ¸ Ã�Î ¹L¾¯ÙJ½;¸|Ú4� t âp×Ç¡ £ Ð�m'NÚ¨�Â¡¾*Ä ÎJÅ Ð <7³\Å¡Å ¸¥Â�º�¶t¹O�p¾*ÂT�;¶tÂ Ã ¸�° ³ º�¸|Ú`ú Î ¾¯¶LÚ "@£ ¡ £ Ç
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� t � � æ � £$£¡  �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,¸¥·,ÇTv¢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� °
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