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p_yrgP}vt � p{��t~p � g[s � tvm��$prq ©gg:moy{}v� � m�t|g � sXy{}.p{y � w4q�p{h�g � gqosutvm � g$h�g$ynt � g$}vt � gmoynt�BÊ .�y � w4m��m±�Fprgqo�Fprg$}
g�rg$h:zrq�g$}f²

� q�sH��wnh�z{qxg�Fm�t ©gZgtBq�s � g$y{}vm�t ©g � g±qos���wny{yrg^��t|mo�Fprg±}~p � q ¨ s � h�wXm � g � gb��wnh�h:s4y � g±wnyntBy ©g^��g^}v}vmxt ©g�q�s
} ©g$z{s � sXt|m�w4y � g$}Z¹Ùw4y{�t|m�w4y{}G@=��» Á ªF»�� Á ªF�Fp{s � � sXtvp � gXªXz_prm�}~}~sXy{�g�x�1B�g$t±q�gH� d w4mº� � gH�w4y{y{g$� �
t|g^p � }�s � ©g^�Fp{sut~}��

� qxg^}��4®s4�rqxg^}��sXz{t|g$p � } ��s4��t|m�w4y_yrg$p � }¶z_sX}~}vs4y4tO}vp � q�g$}�s � tvm��$prqosut|m�w4y_}Byrg � w4m � g$yntBz_sX}�®gt � g���w4m�y_� ©g^}
yrm �_®g$yrg � q ¨ s � t|mo�prqosutvmxwnyPwnpPq�g$}�}vg�nh�g$yntv} �

� qxg � � p{mxt�� ©g$y ©g � ©g�z_s � qos�z � w6�rm�h�m�t ©g � g^}.}vmx�ny{sXpF� � gPz{prmo}~}vs4y{��g[g$t � g^}�}|m��4y_sXpF� �sXz{t|g$p � }�s
m�h:z7w4} ©g!p{y ¸_q�t � su�Xg-}~p � ��g^} � g � yrm�g � }	�

� q�s:q�moh�m�tvsXt|m�w4y � p�z_w4m � }�g$h��{s � �Fp ©gHs�moy �7prg^y{� ©gCq�g�� d w4mº� � pIh:sXt ©g � m�gq �
� qxg�h:sumoynt|m�g$y � p � w4�7wXt�z_g^y � sXynt�qxg^}:z d sX}vg$} � gIt|g^}|t � w4mxtP®gt � g g�Ã[�s4��g�h�sXm�}�yrg � wXm�t:z{sX}
g$ynt � s � g � q�g$} � g� � ©g^} � g.q�mo�_g � t ©gXª7mxq�s[g�Fm�� ©g!q�s � ©g^suq�m�}~sutvmxwny � ¨ p{y��|�Xwnp{z{sXq�s���g$t�q ¨ moy{}vtvsXqxqosutvmxwny
� ¨ p{y�z{suqosXyf
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}~p � q�g!�rm�z eg � g±²
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� qxg^}¶h�w � prq�g$} � ¨ g^ynt � ©gg^} �u}|w � tvmxg^}@s4y{suq�wX�4m��Fprg4ª � m��Xm�tvsuq�gZg$t¶�Fp{s � � sut~p � gZz_g � h�gtvtvs4y4t � ¨ moynt|g � ¹Âs4��g �
qxg��$suqo�prqosutvg$p � g$t�qxg^} � s � m�sXt|g$p � }	�

� qxg^}�h�w � prqxg^} � ¨ g$ynt � ©gg^} �u}|w � tvmxg^}[sXy_suq�wX�Xmo�Fprg$} gt � m��Xm�tvsXqxg^}�z_wnp � q�sÌz � m�}vg�g$yS��w4h:zrtvg � g$}
�s4zrt|g^p � }Iz � w4z � m�wF�g$zrtvmº¹Â}�@=z7wXtvg$ynt|m�w4h eg$t � g$}IsX}~}|wr�m ©g^}[sXpr��s��rg$}$ªb�$sXzrtvg$p � } � g§¹Ùw � �gXªbm�y_��q�mº�
yrw4h eg$t � g$}2BZs � g$�Cqos��w4y{y{g$��tvm��Fprg!s4}v}vwr��m ©gg �

� q ¨|©g$qxg^��t � w4y{m��Fprg � g!�Xg^}|tvmxwny � gCq ¨ s �~� ®g$t � ¨ p � �Xg^y{��g-g$t � g$}�} ©g$�$p � mxt ©g$}H

¦ s��{sum�gHs4}v}~p � g�g$y[s4p{}~}|m{q ¨ m�ynt|g � ¹Âs4��gCs � g$��q ¨ g��rt ©g � m�g$p ��� m�s�p_y[��w � � wny�w4h.�{mxq�m��$suq@��w4h:z � g$y_sXynt�q�s
q�mosumo}|wny�gt d g � yrgt-s � g^�!q�sP}|t~sut|m�w4y d ®wXtvgXª]q ¨ suq�moh�g^yntvsutvmxwny�}|g^��tvg$p � �X�X� , h�wnyrw4z d sX} ©gg!g$t�q ¨ sXqxmoh�g$yF�
t~sutvmxwny§�^�4« ,1t � moz d s4} ©g$gX
�Jq�s§¹Âsuq�q�pMt|g^yrm � �w4h:zrtvg � g��w4ynt � sumoynt|g$} � ¨ g$y{�w4h.� � g^h�g^ynt�g$t � gIz7wXm � }:z_wnp � q�s � ©g$sXqxmo}vsXt|m�w4y � g
�gtvt|gP�{sXmxg�²O}|wny � wXqop{h�g[yrg � g � sum�t�z{sX}�®gt � g � mo}vz � w4z7w � t|m�w4y_y ©g:z{s ��� sXz_z_w � t!sXpr�P�|sXh��_g^}�g$t�}|wny
z7wXm � } � g � sum�t:®gt � g:moyF¹ ©g � m�g$p �[es�in� Î m�q�wX� � sXh:h�g$}-s � g$�:p{y ��g^ynt � g � g[� � s � mxt ©g.q�gPzrqop{}��g$ynt � ©g:z_wn}��
}vmo�rqxg4 Á d sX�$p{y � g^}���w4y_}|tvmxt~p{sXyntv} � g-��g$t|tvg-�_sum�g � g � sum�tH®g$t � gH}vtvs4y � s � � @ � m�}~z7w4yrmo�rq�g-}~p � qxg!h:s � � d ©g�B
g$t�¹Âs4��m�qxg^h�g$yntCs4��g$}~}|mo�rq�g�s�¸@y � g:z_g � h�g$t|t � g�qxg^}Hmoynt|g �|� g$ynt|m�w4y{}�qxm ©g$g$} esPqosPh�mo}|g:sXp+z_w4m�yntCw4p esPq�s
h:sXm�ynt|g^y{sXy_��gX

¦ s � g$}~� � m�zrtvmxwny � g���g��rq�wr�Cs ©g$t ©g � m � m�} ©ggCg$y�zrqop{}vmxg^p � }�}|wnp{}��J� d s4zrmxt � g^}]²

� q�s��_sum�gA@Zh ©g^�s4yrm��FprgH¹Ùw � h:sXynt�qxg��{qxwr�'B	�
� qxg^}'suq�moh�g^yntvsutvmxwny{} �
� q�s�z_s � t|m�g ,H³/. @Âq�g��sXq��$prq�sXt|g^p � g$h��{s � �Fp ©g;B �
� q�s��$s � t|g-} ©g$�p � m�t ©g �
� qxg��n®sX�rqosu�4gHg$t�q�s:�w4y{yrg^��tvm��Fprg4

�'� * �&���������

»Cg �~� m eg � g�q ¨ sXz{z7gq�q�sXt|m�w4y � g��{sum�g�}vg:�sX� d g.t|wnprt|g:qos h ©g^�s4yrm��Fprg�}vp_z{z_w � t~sXynt�q ¨�©gq�g$�t � w4yrmo�Fprg � g
z_prm�}~}~sXy{�g�gt � gH��w4h:h:sXy � g � p � w4�7wXt�·�m�z eg � g4ªXsumoy{}vm_�Fprg�qos���wny{yrg$�t|mo�Fprg � g$}��s � tvg$}�g$h��{s � �Fp ©g$g$}$

»-p&z7wXmoy4t � g � prgPh ©g$�$sXyrmo�FprgXªfqos��{sXmxg[�w4y{}vmo}|tvg�g$y p{y � sX� Î � g d sXp{t|g$p � �^« ´ @=}~� d ©g$h:s��{ �"B
�w4y{}vt � prm�tPg^y }~p{z7g � z_wn}vs4y4t t � wXmo} � sX� Î } @>� � g 2 ´ gt�� � g � ´ B � g+tJ�rz7g �!³02u�>�v� � g h:s � �np{g
,�.±� � gt � g � g$pF��zrqosutvg$sXpr� � g � g^ynt|m�q�sXt|m�w4yf � w4p �H� g$qxm�g � h ©g$�s4yrmo�np{g$h�g$ynt'q�g$}Ht � wXmo} � sX� Î }�g^y4t � g
g^pF�fª{w4y�prtvmxq�mo}|g�q�g$} ©g$�Fprg �v� g$}�}vtvsXy � s � � } �!³02u�>�v� � g.qxwnyr�4prg^p � 2 ´ h:sXm�}'h�wny4t ©gg^} � ©g^�suq ©g$g$} � g�� ´
z_s �-� s4z{z7w � tCs4pF� �7s4}v�Fprg^} es q ¨ s � sXynt-gt es q ¨ s �~� m eg � g � g$} � sX� Î }$ ¦ s �_sum�g � prg � g d s4prt-g$y��{sX}-g^}|t
�w4y{}vt|m�tvp ©gg-z{s � ²

� p{y.z{q�sXt|g$s4p � g � g$ynt|m�qosut|m�w4y-g�rt � sX��tvg$p � � ¨ sum � @Âq�g�z{q�sXt|g$s4p � g � g$yntvmxqosutvmxwny � �'� ,�. � z_wnp �¶� sX� Î
2 ´ }~p � qxg^�FprgqFw4y�s � g$t|wnp � y ©gZq�g$}�i � g^y4tvmxqosutvg$p � } @ � ©g � m � g$tvsX�XgXª � gt|wnp � yrg$h�g$yntOgt � g�� � m � g$tvsu�4g;B 
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� p{y � s4� Î�� �'� ,E. � }vtvs4y � s � � ��w4h:zrq�gt�z7w4p � ¬Isu�rg$}!s � g^��}vg$}!�$s � t|g^}�¹Ùwny � � g[z{s4yrmxg � z_g � �
h�gt|t~sXynt � g � g$�g � wXm � ��h�w � prq�g��'·�kPgtH¬�h�w � prq�g$}-kn·�kPgt � p{�Fprg$q w4y�s � gtvm � ©gCqxg�zrqosutvg$s4p
� g � g^ynt|m�q�sXt|m�w4yIz_wnp � qxg�h�wny4tvg � s4p � g^}v}~p{}$

� p{y � s4� Î 2 ´ ,E.±� � �!³!2��V�|�±z7w4p � h�wny4t~su�4g � g!�s � tvg$}�h eg � g$}bs � g^�H} ©g^z{s � sutvmxwny�z_g � h�gtvtvs4y4t
� g��|pF�rt~sXz7w4}vg � � g$} ©g$q ©g$h�g$yntv}�� ´ }~p � p{yrg.q�s � �4g$p � � g�«X�u¼Mz7w4p �'� g$�g � wXm � ��¹ÙwXmo}'�[h�w � prq�g$}
�'·�k&gt � g$} ©gq ©g^h�g^yntv};2 ´ }~p � p{yrgIqos � �Xg$p � � g��4�u¼1z7w4p ��� g$�g � wXm � q ¨ suq�moh�g^yntvsutvmxwny&g$t�q�g$}
�s � tvg$} ,�³/.H ¦ g$}:�$s � t|g$} � �'� ,E. � ¹Ùwny �µ� g�z{s4yrm�g � z_wnp � �+h�w � prq�g$}[kn·�k y{g�}vw4ynt�z{sX}
� ©g�¹ ©g � g^y{� ©g$g$} es�q�g$p � �$sutvsXqxw4�4prg4ª¶g$qxq�g$}�w4ynt ©g$t ©g � ©g^suq�m�} ©g$g$}!}~z ©g$�m�sXqxg^h�g$ynt.z7w4p � qxg��rmoz eg � gX ¦ g$}
sX�$��g$}~}vwXm � g^} � g�} ©g^z{s � sutvmxwny[z7g � h�g$t|t~sXynt�qxg�h�wny4t~su�4g-h�mx�rt|g � g�h�w � prq�g$}'� ´ gt'2 ´ � sXy{}'p_y
� s4� Î 2 ´ � sXy_}Zq�g � sXz{z7w � t±«X� ���4�Cy ¨ g��rmo}|tvgHz{s4}Zg^y�}|t~sXy � s � � ªXm�q{¹ÂsXp{t±qos � ©g$suq�mo}|g � }vp � h�g$}~p � g es
z{s � t|m � � ¨ p{y Î m�t � g�} ©g^z{s � sutvmxwny «42 �u�X�{ª{}~��m�g � q�g.z � wu¸7q ©g�h ©g � mosXy�z_wnp ��� sXh�g^yrg � }~s:q�w4yr�nprg$p �
es�«X��¼�ªrt~s � sXp � g � q ¨ g��rt � ©g^h�mxt ©gH�w4p{z ©gg-z_wnp � ¸{�rg � q�g �7sXy_� � g � t|mo�sXq=7kFp � qxg^}'z � wu¸_q ©g$}bs �~� m eg � g^}
� g[��g � sX� Î }vw4ynt!h�w4ynt ©g^}Cg$y z{s � t|m�g:�4s4p{� d g�p{yrg��s � tvg�h eg � g ,H³/. � � � � �P«I}vqxw4tv}$ªfgt!g^y
z{s � t|m�g � � wXm�t|g����s � � g^} � g�h�w4yntvsX�Xg^}Zz_wnp � �w4y{yrg^��tvg$p � }�»C�J��i_��2{�6�-}vp � qxg^}v�Fprg$q�}Z}vw4ynt � mo}v} ©g^}
��¹Ùw4y � } � g.z{sXy{mxg �'� �'� ,E. � z_wnp � �Ph�w � p{qxg^}Ckn·�kIg$t'qxg^}H�w4y{y{g$��tvg$p � } � g.q ¨ suq�m�h�g^y4t~sutvmxwny
,�³/.H ¦ es!g$y_��w � g'��g^}��$s � � g$}±yrgH}vw4ynt±z{s4}±}vtvs4y � s � � }�g$t � g^h:sXy � g^ynt�p{y[p_}|moy{su�4g'}|wnh:h�sXm � gX

� p{y � sX� Î �w4y{}vt|m�tvp ©g � g.� �7sX}~�Fprg$}�� ´ gt � g�i�z � wu¸7q ©g^}�s � sXyntR@>�:}~p{z ©g � m�g$p � }bgt���moyF¹ ©g � m�g$p � }2B
z_g � h�g$t|tvs4ynt � g:h�w4ynt|g � q�g$}Ch�w � prq�g$} � ©g � m ©g$} esPq�s ��wny{yrg$�t|mo�Fprg�g$tCs4pF��suq�m�h�g^y4t~sutvmxwny{}H�$sXzF�
t|g^p � }¶}vp � q ¨ s � sXyntfgtfq ¨ sXqxmoh�g$yntvsXt|m�w4y-}vg$��tvg$p � ª�q ¨ moynt|g �v� p{zrtvg$p � � ©g$y ©g � suq^gt q�g$}f¹Âp{}|mo�rq�g$} es�q ¨ s �~� m eg � gX
¦ g^}�g$}~z{sX�g$}bq�m�� � g$}�}vw4ynt � g$h:zrq�m�}�z{s � � g$}�¹ÂsX��g^}�s � sXyntb� ´ }|moh:zrq�g$}$

� p{y zrqosutvg$s4p � g � g$ynt|m�q�sXt|m�w4y � ��� ,E. � ��JqHg^}|tIy ©g$�g$}~}vsXm � g$} � ¨ p{}vm�y{g � qxg^}Pz � wu¸_q ©g^}[}|m�tvp ©g$} es
q ¨ s �~� m eg � g � p � s4� Î � ´ z7w4p � q�g!h�w4yntvsX�Xg � p�zrqosut|g^sXp � g � g^ynt|m�q�sXt|m�w4yf

»-sXy{}�q�g � sX� Î � g.�6« ´ ªrp{y[h�w � prq�g-�'·�k:suq�moh�g^ynt|g�q�g$}H�^« � s � mosutvg$p � } es�t � s � g � }�q�gH�{p_}±¹Ùwny �[� g
z_sXyrm�g �H� ©g^z{s � t|mB}vp � i �$s � t|g^} � �'� ,E. �  ¦ g�� d s^® ¯oy{su�4g � g$}-�[�$s � t|g^} � �'� ,E. � � p � sX� Î }vtvsXy � s � �
z7w4p � ¬�h�w � prq�g$}�kn·�k+g$}vt.z � wXq�w4yr� ©g � g � }!q�g$}����s � tvg$}���h�w � prq�g$}:kn·�k @>��� � wn}��4®s4�rq�g$}�z7w4p � q�s
h:s4}v}vg-gt�qxg ���^¬X� , Á�Á ªrgt'2:�4®s4�rq�g$}�zrqop{}'z7gtvmxt~}'z_wnp � q�g$}�}vmx�ny{sXpr� � g!��wny4t � ®w4qxg�BÊ
¦ g$} t � wXmo} � sX� Î }P}vw4yntI}|w4qxm � s � mo} ©g^}[z{s � q�g$} ©g$�Fprg �v� g$} �!³!2��V�|� � m�}~} ©gg^} esµ� d g � suq-}vp � � g^pF� � s4� Î }
@ � ©g^�suqosu�4g � g�� ´ B 
¦ s�¹Âs4��g s �v� m eg � g:g$}vt���wny{}vt|m�tvp ©g$g � g � g$pr� t6®wXq�g$}�s �~� m eg � g[z7w4p ��� sX� Î 2 ´ � g � �'� ,E. � � wny4t�w4y&s
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CAPTEUR
liaison filaire

miniconnec

carte connectique HE10-34

DIN416121/2 nappe 64 fils HE10-50

HE10-50

nappe 50 fils

carte sécurité

carte support IPs

wrapping
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¦ gC�{p{t � g-��g^}��$sXzrtvg$p � }Zg^}|t � gH�w4p{z7g � q�gHh�wXtvg$p � s � sXynt��FprgHq ¨ s � t|mo�prqosutvmxwny�y ¨ s �~� m � g'g^yP�{p{t ©g$g

h ©g^�s4yrm��Fprg4F�Jq¶} ¨ su�4mxt�mo��m � g�z_s � g �!es:p{y���w4h:z7w � t|g^h�g^ynt�y{w4y���wny4t � ®w4q ©g � p � w4�7wXt��rmoz eg � gX

� ��� � «r�� � � ,)�  �, &��2P9���.,Q�� "� 0 (� �� &���,Q��-�

.by�sX}~}|wr�m�s4y4t �gqos es'p{y{g��{prt ©gg�h ©g$�s4yrmo�np{gZ�sXz_sX�rq�g � ¨ sX�{}vw � �7g � p{y.z_g^p � ¨�©g$yrg � �4mxg4ª�w4y.z � ©g$}vg �v� g
qos:}|t � p_��tvp � g!h ©g$�$sXyrmo�Fprg � g$} � ©g�¹Ùw � h:sutvmxwny{}byrw4y � ©g � g � }|mo�rq�g$}$

¦ s:t|g$� d yrwXq�wX�4mxg�� d w4m�}vm�g-�w4y{}vmo}|tvg es:¸{�rg � }~p � q�g�� d s � m�wXt � g!qos � mo} es � wnprq�g$sXpr�I}~sut|g$qxq�m�t|g$}$ª � g^pF�
h�moyrm � p{z{t|g$p � }C�Fprm¶¹ÙwnyntHwXÃ��g � ¨ moy4tvg �~� p_zrt|g^p � �Fp{s4y � qosPz{s � tvmxg�h�wn�rm�qxg � p§� d s � m�wXtHz{sX}~}|g � g$}~}vp_}
Á g^}.h�moyrm � p{zrtvg$p � }.}vw4ynt � m�}~z_wn} ©g$} � g h�s4yrm eg � g es�g$ynt � g � g$y s4��t|m�w4y s � s4y4t.q ¨ s �~� m � ©gg:g^y �{prt ©gg � g
q ¨ s � t|mo�prqosutvmxwny[sX}~}|wr�m ©g$gXn�Jq�}�}vw4ynt�yrw � h:suq�g$h�g$yntZ¹Ùg � h ©g^}±q�w � }~�np{g�q ¨ s � tvm��$prq�sXt|m�w4y y ¨ g^}|t�z{s4}bg$y�¸@y � g
�w4p � }vgXr�'moy{}vm=ª{tvw4prtvg � p_zrtvp � g�sX�$��m � g$yntvgq�qxg � p��4®s4�rqosu�XgC� ©g$y eg � gCp{y�}|m��4y_suq � g�} ©g$�$p � mxt ©g�@=¼O» Á B��Fprm
z � w � wF�FprgHq ¨ s �~� ®gt � p � wn�_w4t

���8=��! 



in�

¦ g$}'h�moyrm � p{zrtvg$p � } � g�� d sX�Fprg!g$y_}|g^h.�rq�g @ �|s4h.�7g!�4sXp_� d gXª6�|s4h.�7g � � wXm�t|gXª{z7gq � m�}2BÊª@}|wnynt'h�mo}�g^y
} ©g � m�gCz7w4p � ¹Ùw4p � yrm � ��}vm��4y{s4pF�f

12,8 mm

6 mm

connexions

����� � «r � � / � �2,)&� ,Q�X� �.�K&���(9(N�"!��+��( -  �, �A��()���2,;PN� �,Q�

´ y.z � w4�rq eg^h�g�}vp{�_}|mo}|tvg�z7w4p � tvs4ynt � qop{}|m�g$p � }Bs � t|mo�prqosutvmxwny{}¶}vw4ynt¶zrm�q�wXt ©gg$}Bz{s � � g^pF��sX��tvmxwny{yrg^p � }
g^y z{s � suq�q egq�gX�»Hg��g�¹Âsum�tª±�g � tvsXm�yrg^}:qxmoh�mxtvg$} h ©g$�s4yrmo�np{g$}:z_g^p � g^ynt�®gt � g�sutvt|g$m�ynt|g^}[}~sXy{}��Fprg�q�g$}
h�moyrm � p{z{t|g$p � }�}|w4mxg^y4t � ©g$�qxg^y{� d ©g^} � wnp � z{sXqxm�g �Ces���g$q�s_ª4��g � t~sumoy{}�¸7y_} � gH��w4p � }vg$}Z}vw4ynt±�w4ynt � ®wXq ©g^}O}~p �
qos:�s � tvg-} ©g^�p � mxt ©g � mos�qxg^}�z_w4t|g$yntvmxwnh egt � g$} � ©g$� � m�t��mº�JsXz �eg^}

� � * 	 	� O���� ���	�� %�� ����+�
¦ sP¹Ùwny{��tvmxwny es � g$h:zrq�m � g$}vt-q ¨ w4�rtvg$ynt|m�w4y � g�qos�z_wn}|m�t|m�w4y s4�{}|w4q�p{g � g^}�s � t|mo�p{q�sXt|m�w4y{} es�qosIh�mo}|g

}vw4p_}�t|g^y{}|m�w4y � g.h:sXyrm eg � g es�moyrm�t|mosuq�m�}vg � q�sPz_wn}|m�t|m�w4y � p � wn�_w4t'�rmoz eg � gX � wnp � � g^} � sumo}vw4y{} � g���w ®prtª
g$t!sXp{}~}|m � ¨ g^y{��wnh.� � g$h�g$ynt$ª]p_yrg�t|g^� d yrwXq�wX�4mxg � g�z7wXt|g^ynt|m�w4h egt � g:s ©gt ©g�� d wXmo}|m�g�z7w4p � ��gtvt|g�z d s4}|g
� ¨ moyrm�t|mosuq�m�}~sutvmxwnyf ¦ sI��w4h:h:sXy � g � p � w4�7wXt-prt|m�qxmo}vg�g^y{}~prmxtvg�q�g$} � suq�g$p � } � ©g$qxm �r� ©gg$}�z{s � q�g$}-��w � g^p � }
moy{� � ©g^h�g$yntvs4pF�P�Fprm }|wnynt��7g$s4p{��wnp{z�zrqop{}�z � ©g$�m�}$

»Cg$pF� tJ�rz7g$} � gPz_w4t|g^y4tvmxwnh egt � g�}vw4ynt.prtvmxq�m�} ©g^}�}vp{m � sXynt�qos�zrqosX�g � mo}vz7w4yrmo�rq�g � p&z7wXmoynt � g � prg
h ©g^�s4yrm��Fprg4

�JqF} ¨ su�4mxt � g�z7wXtvg$ynt|m�w4h eg$t � g$} h�wnyrwXtvw4p � }¶}~sXy{}B�{prt ©gg�gt � ©g � m ©g^} es��g±tJ�rz_g � ¨ sXz{zrq�mo�sutvmxwnyf^�Jq�}B}|wny4t
¸_� ©g$}'}~p � q�g$}Hs � t|mo�prqosutvmxwny{}'g$tHsXqxmoh�g$ynt ©g^}�g$y �^� � w4qxt~} ¦ s�q�g$�tvp � g � g�q�s[t|g$y_}|m�w4y � p�z_w4m�ynt�h�m�qxm�g$p
z7g � h�gt � ¨ s � w4m � q ¨ s4yr�Xq�g � wnprqopf ¦ sItvg$y{}vmxwny � ¨ sXqxmoh�g$yntvsXt|m�w4y�g$}vt!moh�z7w4} ©g$g:z_s � q�g$}��w4y � g � tvm�}~}vg$p � }
s4y{suq�wX�4m��Fprg ��yFp{h ©g � mo�Fprg � w4ynt�q ¨ g^ynt � ©ggIg$}vt[��wnh�z � mo}|gIg$ynt � g �!�$�!, gt ���^�0,�Z��wnp{}�wn�rt|g^yrw4y{}
�gtvt|g.tvg$y{}vm�w4y�z{s � p{y � m � mo}vg$p � z_w4t|g$yntvmxwnh ©gt � mo�np{g3@ Á ¹�¸_�np � g�«r i B esPz{s � tvm � � p ���^« , @Âtvg$y{}vm�w4y{}
� m�}~z_wnyrmo�rqxg^} ² �-« , gt ���6« , BÊ

¦ gHz � g$h�m�g � h�w � eg$qxg�@Â³ ©.13C� c � �H�RB�}vg'¸_�FgCz{s � ��w4qxqosu�4g � gHq ¨ s��rg � p[z7wXtvg$ynt|m�w4h eg$t � g � s4y{}�p_y
t � wnpP}vmxt~p ©gC}vp � q ¨ su�rg � g!� d s4�FprgHs � tvm��$prq�sXt|m�w4yf ¦ g$} � suq�g$p � }Z¹Ùwnp � yrmxg^}�z{s � q�g-�w4y{}vt � p{�t|g$p � � wny{yrg^y4t
p_yrg � ©g^}|mo}vtvsXy_��gCt|wXt~suq�g � g�« ���Cª7p{y s4yr�Xq�g ©gq�g$�t � m��Fprg � g��Xi4����ª{p{y{g � ©g^}|w4q�p{t|m�w4y � g-�_ª �_���-gt'p{yrg
q�moy ©g$s � m�t ©g�}vtvs4y � s � � moy � ©g^z_g^y � s4y4tvg � g��C���Ê�X«��P ¦ gHz7wXtvg$ynt|m�w4h eg$t � g � wXm�t�®gt � g'moy{}vtvsuq�q ©g � gCh�s4yrm eg � g
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vers le

Gnd

+ 15 V

convertisseur A/N

~10 V
R = 2,7 K

P = 5 KC = 100 nF

baie robot
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es���g-�FprgHqos.�w4p � }vg � gCq ¨ s � t|mo�p{q�sXt|m�w4y�wnz eg � g � s4y{}bq ¨ sXy{�Xq�g ©g$qxg^��t � mo�np{g � �4� �Vr»Hg^}bh�g^}vp � g$}�g�Ï]g$�tvp ©gg$}
d w � } � w4�7wXt � � �¶h�w4ynt � g$ynt��Fprg-qxg-¹Âs4��t|g^p � � ¨�©g$� d g$qxq�g-} ¨�©gt~sX�rq�m�t es�g$y � m � wny �X«�h ,Æz{s � � g$� � ©g�q�w � }~�np{g
qos�t|g^y{}vmxwny�s4pF���7w � yrg^} � p z_w4t|g^y4tvmxwnh egt � g:g$}vt � g��^� ,. ¦ s�h ©gt d w � g�� d wXmo}|m�g[z7w4p � }~s ¸{�{sutvmxwny
g^}|tPqxg��wXq�q�sX�Xg � g�q ¨ s��rg � sXy_}[p{y t � wnp � g�q ¨ s��rg � g§q ¨ s � t|mo�prqosutvmxwnyÌgt[q ¨ moh:h�w4�rm�qxmo}~sut|m�w4y � g�}|wny
�w � z{}�}~p � qos�}vt � p{��t~p � g � p � w4�7wXt�z{s � p{y{g � m�}$ ¦ gP��w4qxqosu�4g[s�z � ©g$}vg$ynt ©g��np{gqo�np{g$} � mºÃ[�p{qxt ©g$}$ª¶g^y
z_s � t|mo�prq�mxg �!es��$sXp{}vg � p.��g$pIg$ynt � g-qxg^} � g$pr� s��rg$}$ � qop{}vmxg^p � }�g^}v}~sumo}bw4ynt�z_g � h�mo} � g!� d wXmo}vm � qos��wXq�qxg
s4z{z � w4z � m ©gg esI�{sX}vg � g � ©g$}vmoyrg.g^z_w6�r� � �4� �V ¦ g$}Ht|g^}|t~} � ©g^suq�m�} ©g^}�m�y+}|m�tvp+g$y � prg � g�q ¨ p{t|m�qxmo}vsXt|m�w4y � g$}
z7wXtvg$ynt|m�w4h eg$t � g$} z7w4p � q ¨ moyrm�t|mosuq�m�}~sutvmxwny�y ¨ w4ynt�z{sX} ©gt ©g±}~sut|mo}|¹Âsumo}vs4y4t$ .by!g�Ï]gt$ª^qos'q�g$�tvp � g � g±qos't|g^y{}vmxwny
� pI�$p � }|g^p � ¹Ùw4p � yrm�t�q�s:z7w4}vmxtvmxwny � gCq ¨ s � t|mo�prqosutvmxwny s � g$�Cp{yrg!g �~� g$p � h�w��Xg^y{yrg � g!q ¨ w � � � g � g��{ª � ��
Á g$t|tvgIg �v� g$p � z � w � mxg^y4t � gIq ¨ d �r}|t ©g � ©g$}vmo}�h ©g$�$sXyrmo�Fprg @º��g$pMg$ynt � g q�g$}:su�Fg^}ªOg�Ã[�$sX��m�t ©g � pÌ��w4qxqosu�4g;BÊª
� g�q ¨ d �r}|t ©g � ©g$}vmo} ©g$qxg^��t � mo�Fprg @=� d s4yr�Xg^h�g$ynt � g.}vg$y_} � g � wXt~sutvmxwny � p��p � }|g^p � B�gt � g$}�z7g � tvp � �{sXt|m�w4y{}
©g$qxg^��t � wnh�sX�4y ©gt|mo�Fprg$} @=�w4y{yrg^��tvm��Fprg4ª{�4®sX�{qxg^}ªr�'» Á Bbz � w � prmo}vs4y4t � pI� � prm�t�}~p � qos�h�g^}vp � gX ¦�¨ g �v� g$p �
� ®prgIs4pµ� � prm�t�g^}|t:g^}|tvm�h ©g$gXª�sXz �eg$}�¸_q�t � su�XgIz{sX}~}vg��J�{sX}$ª es§g$y � m � w4yM�u� � � g q ¨ g �~� g^p � tvwXt~suq�gXª�}|w4mxt
�_ªx�6«��� ¦ s.�p{h�prq�sXt|m�w4y � gHq ¨ g �~� g$p � h�w��4g$y{yrg � sXy{}±qxgCh�w � egq�g � p � w4�7wXt>@v�^« �_� q�B±yrg�z7g � h�gt � w4y{�
z_sX}�q ¨ g�rz{qxw4mxt~sut|m�w4y � g^}�z_w4t|g$yntvmxwnh egt � g$}��w4h:h�g��sXz{t|g$p � } � g�z7w4}vmxtvmxwny�sX�{}vwXqoprgX

� s � �w4ynt � gXª^qxg^}���w � g$p � }Bm�y_� � ©g$h�g$ynt~sXpF�Hj g�{zrqxw4mxt~sutvmxwny � g^} � sXqxg^p � } � ©g$qxm �r� ©gg$}¶z{s � q�g$} � g^}|w4q � g � }
� g$}�h�wXt|g^p � }Jj
wny4t�p{yrg!z � ©g^��mo}|m�w4y � gCin�X¬<2.z{s4}bz_s � t|wnp �  ´ y tvw4p � h�wXtvg$p ��� g$z � ©g^}|g^y4tvgXªF}|g$qxwny[q�g$}
s � tvm��$prqosut|m�w4y_}ª]p{y � ©g$z{q�s4��g$h�g^y4t-sXy{�4prqosum � g � g[� esIi �� ¦�¨ p{t|m�qxmo}vsXt|m�w4y���wny6��wXmoynt|g � g:q�s qxg^��t~p � g � g
qos&z7w4}vmxtvmxwny � p �$p � }|g^p � � p�z_w4t|g$yntvmxwnh egt � g�gt � g§qos � gt|g^��tvmxwny � p tvw4zF�Vt|wnp � � p���w � g$p � z7g$prt
¹Ùwnp � yrm � q ¨ moyF¹Ùw � h:sutvmxwny � g$q�sXt|m � g.s4p§yFp{h ©g � w[tvw4p � � s4y{}�q�g$�Fprg$q�}|g�}|m�tvprg�q ¨ s � tvm��$prq�sXt|m�w4yf ¦ sPqxg^��t~p � g
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O : projection de la cheville
T D G : capteurs

M : centre de masse de la semelle

������� «{ 2 � � ,)�  "�A "�2-�-2, -  �, P9�+�� �-� �, ���"�X����� � P
	�' ��
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@ Á ¹B¸7�4p � g 2{ �"BÊ Á g^}�t|g^y{}|m�w4y_} � g �r� w4ynt � m�h�moyFprg � s4z � ©g$} � w � sX�Xg � p � wn�_w4t

� � ¡F¢ �  � �rÇ��ÂÅ � Ä � � ¡ � ��� Y8�+� � ¢ Ä � �M¡ � ��� Y � � � ¢
� ¤ Å7Ç ¡F£ � � �Q�6Ç�� ÉX£OË �{Ç �ÂÅ � � � ¤ Å7Ç ¡F£ � � �Q�6Ç�� ÉX£OË �{Ç �ÂÅ � �

� � � t Á d g$» ¼ � ���_ ¬Xi ���J�{��$�X� ���{ 2ui � ���{��^�42
� � � t Á d g$» k � � 2_ 2<2 ���J�{ ��¬X� 24«r 24« ���{ ���4¬
� � � t 3Hg^yr» k � ��� ��24«{ «ui �P�X «<�u�X�
� � � t|¾CsXyr» k «�i7x�^¬ ���_ �Xi �~�4�i7x�^�+� ���Ê�X �X�4�
i � � t Á d g 3 ¼ � �4�r i � ���J�{��$�X¬ 2 �F �F� �
« � � t Á d g�3 k � �u¬{ � ���J�{ ��¬ 24�r��$� ���{ ���4¬
2 � � t 3Hg^y93 k � ��� ��2ui7 ¬4� �P�X «<�u�X�
� � � t|¾Hs4y93 k �u�_ �4� ���{ ��i4i �Ê�i<2_ �X�{� �.�Ê�X �{�
� � � t|¾CsXyr» ¼ 2{ 2+�6i ���{ �4�ui<2 �~�^�+�F ¬X�<2 ���J�{ «u�X�<2
¬ � � tv¾HsXy{» , � ��� �~�4�$�_ �4�X� ���J�{ «u�4�
�^� � � t|¾CsXy93 ¼ �{ �X�n«u� �[� �Ê�$� �F��$�4� �^�J�{ «u�n«<�
�4� � � t|¾CsXy93 , � ��� �X���r �n� ���{ «<�X«
�6� � � t ¦ w4h.� , � ��� �^�X¬_ «{�^� ���_ «+���
�^� � � t ¦ wnh.� ¼ c �Æ» � c � » �
�$i � � t ¦ wnh.� k c �Æ» � c � » �
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� � �¡F¢ �  � �{Ç �ÂÅ � � � ¢ ÇC� � É4¡�¡ � ��� Y8�+� � ¢ 
 £ ÇB�¡F¡n¢�¤ �¡nÉ � � �)( £O¡n¢�¡ Ç �¡nË=¡FÉ Ç� � ( £B¡F¢ � ¤ � � � ¤ � � �
� � � t Á d g» ¼ c �Æ» �
� � � t Á d g» k c �Æ» �
� � � t 3Hg$y{» k c �Æ» �
� � � tv¾Hs4yr» k c �Æ» �
i � � t Á d g�3 ¼ c �Æ» �
« � � t Á d g�3 k c �Æ» �
2 � � t 3Hg$y93 k c �Æ» �
� � � tv¾Hs4y93 k c �Æ» �
� � � t|¾Hs4yr» ¼ i7 2Xi �.i_ �42
¬ � � t|¾CsXyr» , «{ i ��«r i
�^� � � t|¾Hs4y93 ¼ i7 i+2 �.i7 «
�4� � � t|¾Hs4y93 , «{ ¬ ��«r ¬
�6� � � t ¦ wnh.� , �_ �X¬ �.i_ «<�
�^� � � t ¦ wnh.� ¼ c �Æ» �
�$i � � t ¦ w4h�� k c �Æ» �

����� � 2_ � � � ���0 ����,� "�2-��,Q�)$�'�2-�$�0 ��&.�?�2�+*.,)�.-

� �¡F¢ �  � �rÇ��ÂÅ � � £ ÇB�¡F¡n¢:Ë Å  � É � ¡FËÂË=¡n¢�¡ � ��� Y8�+� � ¢
³§m�y Á d g» ¼ � ³�m�y Á d g�3 ¼ �J�{����
³§su� Á d g» ¼ � ³§s�� Á d g 3 ¼ �{����
³�moy Á d g$» k � ³�m�y Á d g�3 k �J�{ 2{�
³§s�� Á d g$» k � ³§s�� Á d g 3 k �{ 2{�
³�moy93Hg$y{» k � ³�m�y 3Hg$y93 k �{��X�
³§s��93Hg^yr» k � ³§s��93Hg$y 3 k �X �{�
³�m�y{¾HsXy{» k � ³�m�y{¾HsXy 3 k �Ê�X �{�
³+s��r¾Hs4yr» k � ³§s��r¾Hs4y93 k �{��$�
³�moyr¾Hs4yr» ¼ � ³�m�y{¾HsXy 3 ¼ �J�{����
³§s��r¾CsXyr» ¼ � ³§s��r¾Hs4y93 ¼ �{����
³�m�y{¾HsXy{» , � ³�moyr¾Hs4y93 , �J�{��i
³§su�r¾HsXy{» , � ³§s��r¾Hs4y93 , �{��i

³§m�y ¦ w4h�� , �J�{����
³§s�� ¦ w4h.� , �{����
³�moy ¦ w4h.� ¼ �J�{ ��i
³§s�� ¦ wnh.� ¼ c �1» �
³�moy ¦ wnh.� k c �1» �
³+s�� ¦ wnh.� k c �1» �

����� � 2{ � � � ���0 ����,� "�2-��,Q�)$�'�2- 0 �����+&.�+�0�0 �.-
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ArtHan{D,G}_FArtChe{D,G}_F

ArtLomb_SArtLomb_VArtHan{D,G}_V

ArtHan{D,G}_SArtGen{D,G}_SArtChe{D,G}_S

q13
lombaires

lombaires

droite q8 et gauche q10
hancheschevilles

q14q12droite q9 et gauche q11
hanches

droite q3 et gauche q7
hanches

position initiale q=0

position initiale q=0

position intiale q=0 droit q2 et gauche q6
genouxchevilles

droite q1 et gauche q5

ArtLomb_F

lombaires

droite q0 et gauche q4

Vue de haut

Profil droit Mouvement sagittal positif Mouvement sagittal positif

Vue de face

Mouvement sagittal positif

Mouvement vertical positif Mouvement vertical positif Mouvement sagittal positif

Mouvement frontal positif Mouvement frontal positif Mouvement frontal positif
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� � �¡F¢ �  � �rÇ��ÂÅ � Ä � � ¡ � � Å Ë Ç ¢ � ¤ Å_Ç ¡n£ � � � �^Ç�� É4£BË �rÇ �=Å � �
� ³�wXt Á d g» . �{ ¬
� ³§wXt Á d g» � �{ 2
� ³�w4t 3Hg^yr» k �{��^«
� ³�w4t|¾Hs4yr» k �{ �
i ³�w4t Á d g 3 � �{ �
« ³�wXt Á d g�3 . �{ �
2 ³�w4t 3Hg$y 3 k �{��^«
� ³�wXtv¾Hs4y93 k �{ �X«
� ³�w4t|¾CsXyr» ¼ �{ i
¬ ³§wXt|¾CsXyr» , �{ 2
�^� ³�w4t|¾Hs4y93 ¼ �{ i
�4� ³�w4t|¾CsXy93 , �{ 2
�6� ³�w4t ¦ w4h.� , �{ �
�^� ³�w4t ¦ wnh.� » �r �
�$i ³�wXt ¦ wnh.� 3 �r �
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� �������	��
�� �

� � � � � � � �� �

� ��� � � ��'�+� #�	���� ��� �� �$��	������ �����	���	! 

¦ g��{prt � g��gtvt|g�}vg$�t|m�w4y�g^}|t � g�¹ÂsXm � g�p{y{g.q�m�}vt|g � g$}CsXh ©gq�m�w � sut|m�w4y_} es[sXz{z7w � t|g � g^y � prg � ¨ p{yrg
©g � g^y4t~prgq�q�gH¹Âp{tvp � g � g � }vmxwny � p � w4�7wXt��rmoz eg � gX7kFs:}vt � p{��t~p � gC� ©g$y ©g � suq�g�y ¨ g$}vt'z{sX} � g$h�mo}|g-g^yI�$sXp{}vgX

5 �	� �	� � �8 �"*��  ��������*�� ���

´ yrgCz{m eg^��g�} ¨ g$}vt � ©g � ©g$q ©g$gb}vw4p_}�� � moh�g^y{}vmxwny{y ©g$gXª�gq�q�gHs ©gt ©g'� d sXyr� ©gg's4z �eg$}Zh�w � mx¸7�sXt|m�w4y � p[zrqosXyf
¦ s�z � moy{��moz{sXqxg-sXh ©g$qxm�w � sutvmxwny[��wny{}|mo}vt|g � sum�t es�su��w4prtvg � ��g � t~sumoy{}�z{sX}~}vsX�Xg^}±g$t'� d g$h�moy{} � g��4®s4�rqxg^}ª

g^y z_s � t|mo�prq�mxg � }vp � qxg^}��|sXh��_g^}�z_wnp � ¹ÂsX�mxq�mxtvg � qos � g^h�w4ynt ©g$g � g$}�}vmx�ny{sXpF� � p�zrmxg � � g � }�qxg!�{s4}v}vmoyf

5 �	� � 7 � �8 �"*�� ������� �" ,- ��������*�� ���

� ´ y��4sXm�y � g'�u� esH�4� � g^y.tvg � h�g � g�z7wXm � }�gt � g � w4q�p{h�g�}vp � q�g$} � s � mosutvg$p � }B}vg$h��rq�gbz7w4}~}|mo�rq�gXª
p{yrg ©g$tvp � g � sXy{}��g�}|g^y{} � wXm�tC®gt � g!h�g$y ©gg4
»Hg!tvw4prtvg�h:sXyrm eg � gXªFq�g$} � s � mosut|g^p � } � ��� ,�. � prtvmxq�m�} ©g^}�yrg!}|wny4t�zrqop{}'�w4h:h�g � ��mosuq�m�} ©g^} �

� ´ yrgHsXh ©gq�m�w � sut|m�w4y�m�y � m�}~z_g^y{}~sX�rq�g�g$}vt�q ¨ w4�{t|g$yntvmxwny � g�q�s!z7w4}vmxtvmxwny:sX�{}vwXqoprg � g$}±s � t|mo�prqosutvmxwny{}ª
}vs4y{}�s � w4m �-es�m�y_}|t~suq�qxg � � g$}��$sXzrtvg$p � }�sXy{yrg�rg$}���wnh:h�g!� ¨ g^}|t�q�g��sX}�s � g$�Hqxg^}'z_w4t|g^y4tvmxwnh egt � g^}
sX�tvprg$q�}$ ´ y{g!t|gq�q�g-}vwXqoprtvmxwnyI}vg$h��rq�gCg�rm�}vt|g � }vp � �g � tvsXm�y{}��w4p{z{qxg^}�h�w4t|g^p � }|� � s � mosutvg$p � }$

� ¦ g^}Oh�w4t|g$p � } � g�qos � g � }|m�w4y�s4��t~prgq�qxg � p � w4�7wXtB�{m�z eg � g�yrg�z_wn}v} eg � g$yntBz_sX} � gb¹ � g$m�y_} esCh:sXy{�Fprg
� g.�w4p � sXynt ¦ s � sumo}|wny ©g$tvsXmxt�q ¨ sXqxq eg$�Xg$h�g^y4t � g^}'h�wXtvg$p � } � w4p � tvs4y4t$ª � g�tvgqo}�¹ � gmoy{}'z7g � h�g$t��
t � sum�g$ynt � ¨ s �~� ®g$t|g � q�g � wn�_w4t � s4y{}�p{yrg�z7w4}vm�t|m�w4yI}|t~sut|mo�Fprg$h�g^y4t�}vtvs4�rqxg4ª{suq�w � }��Fp ¨ sXp���w4p � � ¨ d p{m=ª
q�s�z � ©g^}|g^y{��g � ¨ p{y�z{suqosXy g$}vt�m�y � m�}~z7g$y{}~sX�rq�g es:}|wny h:sXm�ynt|m�g$y 
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5 �	� � � � �8 �"*�� ������� �" ,-��* � ���

¦�¨�©g$qxg^��t � wnyrm��Fprg � p � w4�7wXt$ªrgt�y{wXtvs4h:h�g^ynt�qxg^}�h�w � prq�g$}�� � ª_s � sXmxt ©g$t ©g-tvg$}vt ©g^}�}vp � p{yrg ©g^�{sXp{� d g
� gH�|s4h.�7g @Âq�g � � g^y � prq�g � BÊ Á gqos�s � sum�t-z7g � h�m�} � g[h�g$t|t � g es���w4p � � g$}!z � w4�{q eg^h�g$} � ¨ m�}vwXqosutvmxwny � g
}vm��4y{s4pF�[gt�moy � prm�t � g^}�� d sXy{�Xg$h�g^y4t~} � g�h�w � prqxg^}�� �  Á gqos:}|g^h.�rq�g!h:sumoy4tvg$y{s4ynt�w Î 

5 �	� ��� � �8 �"*�� * ��� ,  ��8� * � ���
¦ g�z � wr��g^}v}vg$p � prt|m�qxmo} ©g.g^}|tC}|wnp{}�� � moh�g$y{}vmxwny{y ©g�yrwXt~sXh:h�g$ynt � s4y{}Hqxg��sX} � g�q�s ��w4h:h:sXy � g � �n�

y_sXh�m��Fprg � p � wn�_w4t��rmoz eg � gX ¦ gCz{s4}v}~su�4g es�p{y z � wr��g^}v}vg$p �±� � � .�� � Á wnp � .±� c � ´ ³ � w4mxtC®g$t � g
� ©g^suq�m�} ©gX

� � * � 	����>�$���O�	��
Á g � wr�p_h�g^ynt � g$z � ©g^}|g^ynt|g'qos:}|wnh�h�g � g!yrw4}��w4y{y{sXm�}~}~sXy{�g$}b}vp � q�g � wn�_w4tb�rmoz eg � g es.qos � sut|g � g

�nprm�qxq�gt.�X�X�4�{f�Jq�s ©g$t ©g:g^y � � sXy � g�z{s � tvmxg ©g^� � mxt!q�w � } � g[qos � ©g$sXqxmo}vsXt|m�w4y � p z � g^h�mxg ��� wn�_w4t��rmoz eg � g
@>��g$q�prmHg��{z7w4} ©g es q ¨ g�rz7w4}vm�t|m�w4y p{yrm � g � }vgq�qxg�BÊª�gtPprtvmxq�mo} ©g§qxw � } � g�q�s � ©g^suq�m�}~sutvmxwny � p }|g^��w4y � � wn�_w4t
�{m�z eg � g4r�Jq s � w4y{� � ©g�� es � g^h:zrqxm }vw4y � ®wXq�gX

¦�¨ wn�F��g$�t|mx¹�ªF�Fprm ©g$tvsum�t � g � ©g$sXqxmo}vg � q�g � w4�7wXtb�rm�z eg � g es[�6« � g� � ©g$} � g�q�m��7g � t ©g�@ �{� q�B±z_wnp � q ¨ g��{z7w4}vmº�
tvmxwny p_yrm � g � }|g$qxq�gXªng$}vt�sutvt|gmoynt ¦ s�}vg$�w4y � g � g � }|m�w4y[}vg � s � m�}~z_wnyrmo�rqxg!�gt ©gt ©g�g$t � g^}|tvg � s es�q ¨ �J��������ª
sXqxw � }��np{g�q�s � g � }vmxwnyPg�rz7w4} ©g$g es�q ¨ g��{z7w4}vmxtvmxwny�p{yrm � g � }vgq�qxg!m � s[sXp ¦ sX�7w � sut|w4m � g � g�³ ©g$�s4yrmo�np{g � g$}
kFwXq�m � g^} es � wXm�t|m�g � }

Á g�z � wu��g$tHsIz_g � h�mo} � g:h�g$t|t � g�g$y � sXqxg^p � qxg�}~s � wXm � ¹ÂsXm � g � p+}vg �v� m��g � w4�7wXt|mo�Fprg � g�q ¨ �J���'���
� d ®w4yrg�V��q�z7g$}bg$t�s���w4p ©gHp{y � ®wXq�g�¹ ©g � ©g � sXt|g$p � sXpI}|g$m�y � g-��g!h ®g$h�g-}|g �|� mo��gXªnq ¨ g^y{}|g^h.�rq�g � g$}�}~s � w4m � }
� gC� d s4�p{y ©gt~sXynt�h�mo}bg$y.��g$pf .�yr¸7y �gCz � wX��gt�s�z7g � h�mo}�p{yrg-��w4qxqosX�7w � sutvmxwny:g$y � mo� d m�}~}~sXynt|gCs � g$��qxg
¦ sX�7w � sutvwXm � g � g�³ ©g^�s4yrm��Fprg � g$}�knw4qxm � g$} es � wXm�t|m�g � }'gt-zrqop{}-z{s � t|mo�p{qxm eg � g$h�g^y4t ��d m�qxmoz{z7g�krs � � sumoy
z7w4p � q�s:z{s � tvmxg-t|g^� d yrmo�FprgXª{g$t's � g^��q�g�z � wu��gt�·�� � z_wnp � qos�h�mo}|g!g^y }vg �v� m��g � p � wn�_w4t��{m�z eg � g4
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