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FHKZI TW�sI QxLf�xNRL�� e � FHNPY�NRK VRLhY e FH�xQJNPI�NPFH�xY TWG.? VPN g NPI�LhYh� [ FWGxYV�¡}L2=
L�I QJL VXT e � TWK�OHL ��FH� e I�GxLhVPVRL���Y�LhGxV�VRL Qx�h�xVRT e L g L��sI �HL�K�I�N e TWV QxL VRT YZI�K�G e I�GJK�L TWGc�
FHNP�sIQ�¡ T��x�xVRN e T�I�NRFH�fQJL�VRT e � T�K�OHL�LhYZI�TWGJI�FHK�NPY��ut �xFWGxY¢T_�WFH�xY¢QJFH� e�e � FHNRY�N QxL �xVPF�� GxL�K VRL�Qx�h�JVXT e L g Lh�sI� FHK�Nsr�FH�sI TWV�QxLhY ��FHK�QJY VXT�I��hK�TWG.? QxLfVXT�YZI�K�G e I�GxK�L��&v¢FH� e L�K��¤T�� IMVRT�� T e L�NR�J����K�NRL�GxK�L�QxG Y�FHVl� �xFWGxYT_�HFH�JY{�xVPF�� Gx��VPLhY Qx�h�JVXT e L g Lh�sI�Y � FHK�Nsr�FH�sI TWV¤LwI��WLhKZI�N e TWV ��w��xL e � TWK�OHL��
FH� e I�GJLhVRVPL�Y�¡ T��x�xVRNP� GxL�TWG�xN��HL_T�G QxL V�¡�T8?�LfQxL Y�� g �wI�K�NRL QxL VXT Y�I�K�G e I�GxK�LW� LhVPVRL T ��FHGxK ��TWVRL�GxK o ` ] dHd,x�y K#L ` pWd K#L
9 e F g �JI�L�I�L���G�QxL VRT YZ� g ��I�K�NPL(;w�#L�FHGxYUT_�WFH�xY¢L��	FHGJI�K�L��xVRF�� Gx��VRL�K�TWNPV¤Lh�	K�FWI T�I�NRFH� TWG �xNP�WL_TWG�QxLV�¡�T8?�L QxLMY�� g �wI�K�NRLW�
<�L�K�TWNPVx��¡��wI TW�sI{Lh� e FH�sI T e I¢Tj�WL e VXT �HFHNPL�� G�¡�q I�K�T_�HLhK�Y¢VPLhY �xVRF e � LwI�Yh� NPV¤L'?�NRYZI�L�Gx��L�Y��¤T e L g Lh�sI��NRQxL Lh�sI�K�L e � TW� GxL���FHGJI�K�L QxL K�TWNPV£Y�N�I�Gx� Lh�sI�K�L QJLhG.? �xVPF e � LwI�Y L�I�VRL �¤TWVPVXTWYZI_��v¢L a ��NPQxL'b T ��I��

g F�Qx��VRNPY�� �¤T�K�Gx� g T�I��hK�NRTWG QxL I�K�zhY�� TWNP�xVRL�YUK�TWNPQxLhGJK�Y�L�I���FHNRQJYU�HFHVPG g NP� GxLW�
w���TWG�I�K�L���FHNR�sI�N g �
FHKZI TW�sI T���I��¢Y�FWGxVRLw�H�W��� GxN e FH� e LhK��xL¢VRT e FH�xQxN�I�NRFW��TWG#? VRN g NPI�LhY�q�TW�x�xVPNR� GxL�K

q V�¡�Lc?�I�K�� g N�I��UQJK�FHN�I�L�QxG K�TWNPVxT � � QJL�I�Lh�xNPK e F g �JI�L�QxL�V�¡�Lc?�I�Lh�xY�NRFH� NP� � �xNPL�QxL�VXT �HFWNRLW��w��xL�I�L�VRVRLe FW�xQxNPI�NRFH� T�G.? VRN g N�I�L�YaLhYZI�N g �
FHY��hL��¤T�K V�¡�NP� I�LhK g ��QxNXTWNPK�L{Q�¡�Gx� Y���YZI{z g L e FH�xYZI�N�I�Gx��Q�¡�GJ�xL��¤TWK�K�LK�NPOHNRQJL�QJL¢VRFW�xOHGxL�GxK�| �xK�FHVRFW�xOHL_T�� I�VRL�K�T�NRVsL�IaK�L��
FHY�TW�sI£Y�GxKaQxL�G.?�K�LhY�Y�FHKZI�Y�QxL¢K�TWNRQxL�GxKi}�~ e F g g LY e � � g T�I�NPY��	Y�GxK�VXT � OHGxK�L�9 �J����; ��<�¡�NPQx�hL LhYZIfQ�¡ T���GJY�I�L�K�VRL�Y��¤T�K�T g z�I�K�LhY�| LwI�} ~ e FH�xY�I�NPI�GJI�N���YQxL e L g F�Q�zhVRL QxL � TW�hFW��q e L � GxL Y�FW� e F g �
FHKZI�L g L�� I�Y�FHGxY�V�¡�T e I�NRFH�	Q�¡�Gx��L2=
FHK�I��WLhK�I�N e TWV�� LwIQ�¡�GJ� e FHGx�xVPL�� Y�FHNPI NPQxLh�sI�NR� GxL�q e LhVRGJN£Q�¡�Gx�JLf�
FHG�I�K�LfY�L g N��nNR� � �JNRL QxLfK�TWNPQxLhGJK Lh���¤Lc?JNPFH�@G��Lh� TW�x�JGxN��hVRTWY�I�NR� GxL e FW� I�NR� G*9 g F�QxGJVRL�}���; �
���hY�NPOH�¤TW�sI TWVRFHK�Y K�LhY��
L e I�N��HL g L�� I �¤TWKm� LwI�� VRL Qx�h�xVRT e L g L��sI L�I VXT K�FWI�T�I�NPFH�qTWY�Y�F e NR�hY�qV�¡�TW�x�xVPN e T�I�NRFW��QxL�Y�L'= FWK�I�Y�9p������; �xFH��FH�JI�NRLh�sIM�
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��FHGxK e L{� GxN e FH� e LhK��xLUVRL YZ��YZI{z g L{�¤TWK�K�L�+ K�L�Y�Y�FHK�I�Yh�,v � FHNRY�NRY�Y�TW�sIaQJL¢�xK�Lh�xQxK�L | ` � ��NPV TW�x�¤TWK�T),RI� GxLUVPL{YZ��YZI{z g L{�¤TWK�K�L�+ K�L�Y�Y�FHK�I�Y£QxFH�x�JL¢Gx�xL¢K��h��FH�xY�L¢NPQxLh�sI�NP� GxL q e LhVPVRL�QxL¢VRT���FHGJI�K�L{Y�L g N��nNR� � �xNRLVRFWK�Y�� GxLMV ¡�FH� �xK�Lh�xQ

} ~ ` y G��� P 9 �J�>A(Y�;
v¢LwI�I�L �h� G¤T�I�NRFH� Y�Gx�x��FHY�LMQ�¡ T_�WFHNRKUQJ��I�L�K g NR�x� TWG �xK��hTWVXT��xVRL�VXT�K�NPOHNRQJNPI���L�� �xL'?�NRFH� QxG K�TWNRV�G��Q�¡�GJ�xLM�¤TWK�Ih�¤VRL g F�QJGxVRL QJLM�WFHNRL }���qfI�K�Tj�WLhK�Y � Q�¡ TWGJI�K�LM�¤TWKZI_���� � QxL Qx��I�LhK g NR�JLhKfVXT K�NROHNPQxNPI��HG � QxG K�TWNPV ���xFHGxY T_�HFH�JY e FH�xY�NRQx��K�� VXT e FWGxK���L I�K�T e �hL �¤T�K[ TWG��WT�OHLUQxFH�J�¤TW�sI V�¡�L��J��FH� e L g Lh�sI g T8?�N g TWVsQxG K�T�NRV�Lh����FH� e I�NPFH�fQxG g F�QxGJVRL¢QJL¢�HFHNPL }���� � NR�JY�N ���FHGxK }�� ` ] dHdHdHd K�EaT��¤TWK L'?�L g �xVPL�LwI¢��FHGxK�Gx��L��J��FH� e L g Lh�sI g T8?�N g TWV\q V ¡�FHK�NPOHNR�JLUQxL Z g g ��xFHGJY¢GJI�NRVRNPY�FH�JY V�¡�����GxT�I�NPFH�69��x�WV�;£�
FHGJK.- ` d � e L���GJN
QxFW�x�xL G � `0/Wd21Hd K.L O � � e FHK�K�LhY��
FH�JQ¤TW�sIq Gx�JL K�TWNPQxLhGJK��hOHTWVRLmq43 yHp�d K#L O � x O e F g ��I�L I�Lh� G QxL VRT VRTWK�OHL�GxK QxG �xVRF e � LwI�9 d �650Z g ;w�

<�L g F�QxGxVRL QxL �HFWNRL LhY�I�� G¤TW�sI�q�VRGxN Qx�wI�L�K g NR�x� �¤TWK Gx� e TWV e GxV�E VXT8?�NRYML'= L e I�GJ�	Y�GxK VXT g87hg LY�I�K�G e I�GxK�L g TWNPYULh��V�¡ T��xY�L�� e LMQxLMK�T�NRV � e F g g L NR�xQJNR� Gx� Y�GJK�VRT � OHGxK�L 9 �x�UY,;w�
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<�L�Y e TWK�T e I���K�NPY�I�NP� GxLhY QxL VRT	Y�I�K�G e I�GxK�L TWQxQJNPI�NPFH�x�xL�VRVPLH9��¤TWK�K�L�� K�L�Y�Y�FHK�I�; Y�FH�sI QxFH� e � � ` | `d � 38Z g L�I }�~ `cbHd F�L M g �
� TW�xY VRL�Y�Y�N g GxVRT�I�NPFH�xY � GxL �xFHGJY T_�HFH�xY	� T�NPI�L�Yh���xFHGxY	Tj�WFH�xY GJI�NRVPNRY���Gx� g TWNRVPVXTWOWL T_�HL e QxL�Y�hVP� g Lh�sI�YUI�K�NRTW�xOHGxVRTWNRK�LhYgqH] p �xF�LhGxQJY�9 ] �xF�LhGxQ �¤TWK�Y�F g g LwI_� b �JF�L�GxQxY��¤TWK�T�K 7 I�L L�I b �xF�LhGJQxYTWG e Lh�sI�K�L�QxG I�K�NRTW�xOHVPL(;w� <�L g TWNPVRVRTWOHL L�Y�I T�GJI�F g T�I�NR� GxLW� g TWNRY��xFWGxY T_�HFW�xY VXT �
FWY�Y�NP�xNRVPNPI�� QxL�VPLK�L��xQxK�L �JVRGxY � ��FHG �xVRGJY�OWK�FHY�Y�NRL�K�OHVRFW�¤TWVRL g L��sIUFHG�VRF e TWVPL g Lh�sI_�
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� �xTWK�I�NRK QxL�Y Y�N g GxVXT�I�NRFH�JY�� TWN�I�L�Y�T_�HL e VRL e F�QxL QxL e T�V e GJVsE VXT8?�NRY Q¤TW�xY VRL�Y�� GxL�VRVRL�Y �xFHGJY�T_�WFH�xY�� TWNPI��TWK�NPLhK VRL e F�LHG e NRL�� I¢QxL�E�FHNPY�Y�FW�	QxG�Y�FHVi9!I `cd/I d � y I d � Z�;KJ�� �xFHGxY{T_�HFH�xY{Qx��I�LhK g NP�x��VRT QJ����FHK g ��LQxG	K�TWNRV�TWNP�xY�N � GxL VPLhY{K��_T e I�NPFH�xY�QxLhYUTW�x�xGxNPY¢� GxL��xFHGxY�T_�WFH�xY e F g �xTWK���LhYUT�G.? K��hY�GxVPI�T�I�Y{FH�JI�Lh� GxY�¤TWK [ TWGJ��TWOHL 9 AMLNL�R,;�O YNLQPl�
L�FHGxY�K�L g TWK�� GxFW�xY�q �¤T�K�I�NPK�QJL	VXT � OHGxK�L �x�R���a� GxL	VPL e F�LHG e NRL�� I�QxL E�FWNRY�Y�FH� QxG Y�FHVUT GJ�xLNR�.�¤GxLh� e L�Y�GxK VRT Qx�'�¤L'?�NRFW� QxL�VRT �WFHNRL�� g TWNRY�� GxL e LhY ��TWVPLhGxK�Y QxL�Qx�2�xL'?�NRFH� K�LhYZI�Lh�sI NP�J���hK�NRL�GxK�L�Y

9 L�� �WT�VRLhGJKUTW�xY�FHVRGJL(;-q e L�VRVPLhYUFH��I�Lh� GxL�Y��¤TWKUVRT g F�Qx��VRNRY�T�I�NPFH� QxL [ TWGJ��TWOWLW�\< T � OWGxK�L �x�UT�QxFH�J�xLVRL�Y K��_T e I�NPFH�xY Q�¡ T��x�xGxNPYN9��xVRF e � LwI�Y�; �#L�FHGxY e FW�xY�I�T�I�FH�JY{� G�¡ T_�WL e VPL e TWV e GxV E VRT8?�NRY �xFHGxY�FH�JI�Lh�xFW�xYQxL�Y£K��hT e I�NRFH�xY��xVRGJY£N g �
FWK�I T�� I�LhY � GxL e L�VRVPLhYaFW�JI�L���GJLhY TW�¤T�VP� I�NP��GJL g Lh�sI£FHG�Tj�WL e VRT g F�Qx��VRNPY�T�I�NRFH�QxL [ TWG��WT�OHLW�
S�TVU�WYX[Z]\_^a`�Z.bRZdc&e]fHbRe]`�bgc&h�Z=i�fY`kjlfHmHZnUporqRUaX
sdmH\[Z]UaX&tkfHc6Z]uMtkbvqge�qvX
ZdwxZdUaXpe�Z�e�WMZ�y�e]qvZdUzX
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� ^�+
� - ^�,

J � � +� - � + � }��G�� ! +�`cd 9 �J�>A(T�;
F�- J Qx�hY�NROH�xLMVRT�K�TWNPQxLhGxK�L�� K�FWI T�I�NRFW� QxLhY�TW�x�xGJNRY�Qx� � �xN��¤TWK

O �#+ ! `
,
J � +� - 9 �J�>A�L�;
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G � � P +� - P ` o
y 9 �J�`X0S�;

VRT�Y�FHVPGJI�NPFH� QxLMV�¡}�h� G¤T�I�NRFH�@9��x�>A�T,;¢LhYZI�VRTfY�GxN��WT�� I�L �
+�` � o

y G � �4yWt P + t�� � + �ct � !�� ] -�� � , t - !	��

�	� ��� - ! , ����� ��� - !�� 9 �J�`X.A(;
F�-�V ¡�FH��Tf�
FWY�� �
t `�� � ].+��"! #&% � � � `�� � ]

,
� ! #&% � � � ` � }�� x � Z�G�� ! !��� LwI � ` J

y � }��2G�� ! #&% � 9 �J�`X�X0;
w��xL��w��TWVRG¤T�I�NRFW� QxL VXT ��TWVRL�GxKMQxL J T �wI�� FH�JI�L�� GxL	OHK�� e L q Gx�JL�Y�N g GxVRT�I�NPFH� �¤TWK VRL VRFHOHN e NPLhVE VXT8?�NPYh�#L ¡ T_�HTW�sIU�¤TWY�VXTM��FHY�Y�NR�xNPVRNPI���QxL g F�Qx�hVPNRY�L�K Gx�xL�K�FWI�T�I�NPFH� QJG��xVPF e � LwI_� �xFHGJYUT_�HFH�JY�TW�x�xVPN��� Gx��Gx�JL���FHK e L�Gx�JNPI T�NRK�LMY�GxK V�¡}Gx� QxL�Y e FWNR�xY�Y�Gx���hK�NRLhGJK�Y Q�¡}Gx� �xVPF e � LwI LwI VXT g 7�g L ��FHK e L g TWNRY
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y{z}|�~��x�vLJ�x�w��TWVRG¤T�I�NRFW�	QxL�J
QxL���TWVPLhGxK FH�J�
FHY��hLfY�GxKMV�¡ TWG�I�K�L e FHNP� � e Lf��GJN LhY�I ����GJNP��TWVRL��sI q V�¡ TW�J�xVRN e T�I�NRFH��Q�¡�Gx� e FHGx�xVPLfQxL��FHK e LhY��lL�FWGxY FH�JI�Lh�xFW�xYMTWNR�JY�N VXT�K�FWI T�I�NRFH� QxG �xVPF e � LwI�� QxGxL�q V�¡ TW�J�xVRN e T�I�NRFH��QxL e L e FHGJ�xVRL�LwIV�¡}����TWVRGxT�I�NPFH� e FWK�K�L�Y���FH�xQ¤T�� I�LMQxG �xTWK�T g z�I�K�L J �

J � K#L M g ! `qd �65_Z � �� ] ` 5 b�y 5��{Z y K#LNM g 9 �J�`X0R�;

E FHGxK�Gx� g87hg L g F�QxGxVPL QxL �WFHNRL�9 ]�5�� d21 F EaT,;U�¤T�K�L'?�L g �xVRL��x�xFHGJY�K�L g TWK���GJFH�xY q��¤TWKZI�NRK¢QxLVXT � OWGxK�L �x�BA(S�� GxL VXT �xK�NRY�L L�� e F g �JI�L QJL VRT K�NROHNPQxNPI���Lh� K�FWI�T�I�NPFH� QxLhY�TW�x�JGxNRY�T I�Lh�xQxTW� e L qK�T�NRQxNPK�VXT�YZI�K�G e I�GxK�L���v¢L e NJVRTWNRY�Y�L ��Lh�xY�LhK£� GxL{Y�N�Q¤TW�xY�VRL g F�Q\zhVPL QxL [ T�GJ��TWOHLW��� GxN I�NRL��sI e F g ��I�L�QxLV�¡}NR�sI�L�K�T e I�NRFW� L��sI�K�L¢VRLhY��xVRF e � LwI�Yh���xFHGJYaNR�sI�K�F�QxGxNRY�FH�xY VRL�YaK�NPOHNRQJNPI���Y�Lh��K�FWI T�I�NRFW��QxL�Y TW�x�JGxNRY�� e L�I�I�L�xFHG��HLhVPVRL a �WLhK�Y�NRFW�.bfQxG g F�Q\z�VRL�QxL [ TWG��WT�OHL QxFH�x�xL�K�TWN�IM�
L�GJI 7 I�K�L QxLhYMK���Y�GxV�I T�I�YM�xVRGxYM�xK�F e � LhYQxL e L�G.?�� GxLM�xFHGxY�FH�JI�Lh�xFW�xY�Tj�WL e VXT g F�QJ�hVRNPY�T�I�NRFH� �¤TWK�E < �
	 � [ �
<�¡ � ����FWI � z�Y�L e N��nQxLhY�Y�GxY���¡�L�Y�I��¤TWY VRTfY�LhGJVRL�q ��FHGJ�HFWNRK�L'?��xVPNR� GxLhK�VPLhY�QxN>=
�hK�Lh� e LhY e FH�xYZI T�I��hLhY��

� � L2=
L�Ih��VRT g F�Qx�hVPNRY�T�I�NRFW� K��_T�VRNRY��hL �¤TWK [ TWGJ��TWOWL L�Y�I�I�K�NPQxN g Lh�xY�NRFH�JLhVRVPLW��I TW�xQJNRY ��GJL�VRL�Y�Y�N g G��VXT�I�NRFW�xY�K��_TWVPNRY��hLhY �¤TWK E < �
	�� [ Y�FH�sIM�xNPQxN g Lh�xY�NRFH�J�xLhVPVRLhY���v¢L�I�I�LfQxNB= ��K�Lh� e L���FHGxK�K�TWN�I Lc?J�JVRNR� GxL�KV�¡}� e T�K�I L��sI�K�LfVPLhY K��hY�GxVPI�T�I�Y��5� ¡ T�GJI�K�LhY �¤TWK�T g z�I�K�LhY�I�LhVPY � GxLfVXT �xK�NPY�L�L�� e F g �JI�L�QxG e FHGJ�xVXTWOWLLh�sI�K�L	VPLhY��JVRF e � L�I�Yh� V�� NR���¤GJLh� e L�QxL	VRT �xK�NRY�L�Lh� e F g �JI�L QxL�VRT �xK��hY�Lh� e L QxL	QxL�G.? � VRLhY�QxL	K�TWNRV
9 QJLhG.? �JVRF e � L�I�Y�QxTW�xY VXT QxNPK�L e I�NPFH��I�K�TW�xYZ�HLhK�Y�TWVPL qMVRT �HFHNPL(;aY�FW� Igq e FW�xY�NPQx�hK�LhKh��� TW�xY e L�� GxN¤Y�GJNPI_��xFHGJY��wI�GxQJNRFH�xY�VRT��
FHY�Y�NP�xNRVPNPI���Q�¡ T g �hVPNRFHK�LhK{VRL g F�Q\z�VRL Y�L g N���TW�¤TWV���I�NR� GxL QJL [ TWGJ��TWOHL��
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0 0.6 1.2 1.8 2.4 3 3.6 4.2
x (m)

−0.003

−0.0025

−0.002

−0.0015

−0.001

−0.0005

0

0.0005

0.001

z 
(m

)

Winkler (Kv=18,09 MPa)
Winkler modifie (Kv=18,09 MPa)

y{z}|�~ �x�>A�SJ� NR�.�¤GxLh� e L QxL VXT	�xK�NRY�L L�� e F g ��I�L QxL VXT	K�NROHNPQxNPI���Lh� K�FWI�T�I�NPFH� Y�GJK VPLhY K��hY�GJVPI T�I�YMQxG
g F�Q\z�VRL QJL ' NP�\K VRL�K
����� ��� 	�

�����������
��� ��� ����
�����
����  !�"�$#%�'&'�

� TW�xY e L�I�I�L��xTWK�I�NRLW� �xFWGxY �xFWGxY NP�xY��xNPK�FH�JY�QJL�V�¡}��I�GJQxL � T�NPI�LM�¤T�K [ T�GJ��TWOHL�LwI �JFHGxY �JK�FH��FHY�FW�xYGx�xLMLc?�I�Lh�xY�NRFH����LhK g L�I�I TW�sI�L�� �¤T�K�I�N e GxVPNRL�KUQxL I�L��xNRK e F g �JI�L QxL�Y�K�TWNRQJLhGxK�Y�Lh��K�FWI�T�I�NPFH� QxLhY�TW����xGxNPYh�iL�FHGJY e FH�JY�NRQJ�hK�FW�xY�Gx�xL�Y�I�K�G e I�GxK�L��xN e FHG e � L e F g �
FHKZI TW�sI�QxLhY��xVRF e � L�I�Y 9lT��x�xGxNPY�;w�iL�FWGxYg F�Qx��VRNPY�FH�xY e L�I�I�L Y�I�K�G e I�GxK�L e FH�xY�NRQx��K���L e F g g L�Gx�JL ��FHGJI�K�LfY�GxK TW�x�xGxNPYM�hVXT�Y�I�NP� GxLhY L�� NP� I�K�F��QxGxNPY�TW�sI Y�LhY e TWK�T e I��hK�NPY�I�NR� GxLhY OH�hF g ��I�K�NP��GJLhY LwI g � e TW�xNR� GxL�Y TWNP�xY�N � GxL�V ¡�L2=
FHK�I�� GxNaY ¡}� L'?�LhK e L
9 Q)( TWG �¤TWY�Y�TWOWL�QJG ��FHOHOHNPL(;�LwI VPLhY Qx���xVXT e L g Lh�sI�Y TWG#? TW�x�xGxNPYh� L�FHGxY �xFHGxY K�T g L��xFH�xY QxFW� e
q Gx� �JK�FH�xV>z g L Q�¡}�h� GxNRVPNR�xK�L ��VXTWYZI�NP��GJL � G�¡�NRV�� TWGxQJK�T K��hY�FWGxQxK�L L�� L g �xVRFj�HTW�sI VRL�Y g ��I � F�QxL�Y��TWK�NRT�I�NPFH�x�xL�VRVPLhYh�
	�
�	�
+* C ���*�-,/����!B"�) �����-,�+]3_�1$ $?,@������!%A?� � $ "%$ A �=+�A )�+

< T � OHGxK�LQ9 �x�BA�A�; e N��nQxLhY�Y�FHGJY OH�h�J�hK�T�VRNRY�L�VPL�Y e � � g T	QxL e TWV e GxVaQxL [ TWGJ��TWOHL�QxL�VRT � OHGJK�L 9��x�`X0;Lh���xK�Lh�¤TW�sI�Lh� e F g �JI�LMVRLhY�K�NROHNPQxNPI��hYUL�� K�FWI T�I�NRFW�	QxLhY��xVPF e � LwI�Y��
� ��Qx�hY�NROH�JL �¤TWKM�
. +0/ LwI � / VPL Qx���xVXT e L g Lh�sI�L�I�VXT�K�FWI T�I�NRFW� QxG �JVRF e � L�I��21 � 9 � ` ]���[B[>[B� �5;w�
. �"3/ L�I��'3/ 9 K�LhY�� �p� d/ L�I�� d/ ; VRT K��hY�GxVPI�TW�sI�L L�I�VRL g F g Lh�sI QxLhY L2=
FHK�I�Y�T��x�xVRNP� Gx�hYM�¤TWKMVPL�xVRF e � LwI��21 � Y�GxK�VPL K�TWNPV 9 K�LhY�� �¤VXTf�xVXT�I�Lw� ��FHK g L(;�t
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y{z}|�~ �x�BA�AH�¤T g �hVPNRFHK�T�I�NPFH� QxG g F�Q\zhVPL QxL [ TWGJ��TWOWL
. �	�/ L�I �	�/ VRT�K���Y�GxV�I TW�sI�L L�I¢VRL g F g L�� I�QxL�YUL2=
FHKZI�Y¢Lc?�I��hK�NRL�GxK�Y 9 e � TWK�OHL K�FHGxVXT�� I�L(; TW�x�xVPNR� Gx��YY�GxK�VPL K�TWNPV TWG QxK�FHNPI�QxG��xVPF e � LwI��21 ���
� ���
FWY�L TWVRFWK�YU��FHGxK � ` ]���[B[>[B� y �

��
 `
��� / Y�Nl� ` y �
,
]

� / Y�Nl� ` y � 9 �J�`X��,;
T�NR�xY�N � GxL �

���
 `
� � �/ Y�Nl� ` y �
,
]

� �/ Y�Nl� ` y � 9 �x�WX�VWT,;
LwI

o 
 ` � ���/ Y�Nl� ` y �
,
]

���/ Y�Nl� ` y � 9 �x�WX�V���;
QJL Y�FHKZI�LM� GxL ��
(�{� ` ]���[B[B[>� y �a��� �
 �{� ` ]���[B[>[B� y � LwI o 
(� � ` ]�� [>[B[>� y � e FW�xY�I�NPI�GJLh�sI�K�LhY��
L e I�NP�HL �g Lh�sI�VRLhY��WL e I�LhGxK�Y QxL Qx���xVXT e L g Lh�sI�Y�OH���x�hK�TWVRNPY��hY��¤L2=
FHK�I�Y�NR�sI���K�NRL�GxK�Y�LwI Lc?�I��hK�NRLhGJK�Y�OH�h�x��K�TWVPNRY��hYh�

< TfK��h��FH�xY�L ����!���������� �MQxLMVXTf�xVRT�I�L �n��FHK g L�Y�L I�K�TWQxGxN�I��¤TWK�VXTfK�LhVXT�I�NRFW� �� d
 ` } d
�� ��� 9 �J�`X0Y�;
F -:} d
�� Qx��Y�NROW�xL VXT ��TWVRL�GxK�QxL V�¡}L2=
FHK�IfOW�h�x��K�TWVPNRY��@9}��FHK e L FHG g F g Lh�sIfY�LhVPFH� VRT ��TWVRL�GxKfQxL �.;VRFWK�Y�� GxL V ¡�FH� N g ��FHY�L6��� ` ] VRL�Y TWGJI�K�LhY ��� �wI TW�sI � ?��hY q VXT ��TWVPLhGxK���GJVRVRL���v¢F g �JI�L I�Lh� G
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QxG �xK�NP� e NP�
L�QxL�K�� e NR�xK�F e NPI��*94F T8?��{LhVRV � S¢LwI�I�Np;�VXT g T�I�K�N e L QxL K�NROWNRQxN�I��	QxL VXT �xVXT�I�Lw� ��FHK g L LhYZIY�� g ��I�K�NR� GxL��
} d
�� ` } d��
 9 �J�`XN�0;

� L g87hg LW�xVRT K��h��FH�xY�L ����!���������� �MQxG�K�TWNPV Y�L I�K�TWQxGxN�I��¤TWK
o 
 + � 
 ` } 3
�� ��� 9 �J�`X0T�;

T_�HL e
} 3��
 ` } 3
�� 9 �J�`X L�;

<�¡��h� GxNPVRNP�xK�L QJLhY��xVRF e � LwI�Y�Lh��K���Y�GxV�I TW�sI�LMLwI g F g Lh�sI�Y�¡}� e K�NP��TW�sI
� � ��3
 + � d
 `qd 9 �J�WR�S�;

NRV
��NPLh�sI�Lh� � TWNRY�TW�sI�VXTfY�F g g L QxL 9��x�`X_Y,;¢L�I�9 �J�`X0T�;¢L�I�Lh� TWQxFW�JI TW�sI�VXT�K�LhVRT�I�NPFH� g T�I�K�N e NPLhVRVPL��
� o�� ` � � } � 3 + � } � d ! � � � 9 �J�WR�A(;

� V�K�LhYZI�L q e TWV e GxVRL�KUVRL�Y g T�I�K�N e LhY¢QxLMK�TWNPQxLhGxK�QJG K�TWNRV � } � 3 LwI�QxLMVXTf�xVXT�I�Lw� ��FHK g L � } � d �
� � ���	� �4� ��� $#���i�p
(��
(���&�#��
����4
,�&�	�
L�FHGxY�T_�HFH�xY��hVRTW�
FWK�� Gx� �JK�FHOHK�T g g L	�¤FHKZI�K�T�� ��LhK g LwI�I T�� I�Q�¡�FW�JI�L��xNRKMVRL�Y�QJ�h�xVRT e L g L�� I�Y�LwIVRL�Y�L2=
FHK�I�Y�TWG.?	�xF�L�GxQxY�QxL VRT�Y�I�K�G e I�GxK�LW� e ¡}LhY�IZ� q��nQxNRK�L TWG �xN��HLhTWG QxLhY��xVPF e � LwI�Y��xLh� ��FH� e I�NPFH� QxG

e � TWK�OHL g Lh�sI�TW�J�xVRNP��GJ�W�\<�L�Y�K��hY�GxVPI�T�I�Y��JFHGxY���LhK g L�I�I�L�� I�QJL I�K�T��hLhK�L��xY�GJNPI�L VRT�Qx�w��FHK g �hL QxG K�TWNRVL�I VXT�K��h�¤TWKZI�N�I�NRFW� QxL�Y L2=
FHK�I�Y Y�GxK VPLhY �JVRF e � L�I�Yh�5L�FHGxYMT_�HFW�xY �¤TWK�T g �wI�K����xFWI�K�L��xK�FHOHK�T g g L QxL� TW��FH� q ��FHGJ�WFHNRKU� TWNPK�L VPL e � FHNC? Lh�sI�K�LM�xVRGxY�NRL�GxK�Y e T�Y�QJL � OHGxK�L �
. vUTWV e GxV �xNRQJN g Lh�xY�NRFH�x�JLhV FHG I�K�NRQxN g L��xY�NPFH�x�xL�V QxL�Y K�TWNRQxL�GxK�Y�Q�¡ T��x�xGxN LwI QxL�Y e F�LHG e NRL��sI�YQ�¡�NP� I�LhK�T e I�NRFH� �
. E K�NRY�L Lh� e F g �JI�LMFHG �xFW� QxLMVRT�K�TWNPQxLhGxK�L�� K�FWI T�I�NRFW� �
. E K�NRY�L Lh� e F g �JI�LMFHG �xFW� QxG e FWGx�xVXT�OHL Lh�sI�K�LMVRLhY�TW�J�xGxNRY��
. E K�NRY�L Lh� e F g �JI�LMFHG �xFW� QxLMV ¡�NR���xGxLh� e L QxLhY�QxL�G.? �xVPF e � LwI�Y�Y�� g ��I�K�NR� GxL�Yh�
. F F�QJL�QxL e TWV e GxV QxL�Y K�TWNPQxLhGJK�Y�QxL�Qx���xVXT e L g Lh�sI �WLhKZI�N e TWV L�I QxL�K�F�I T�I�NRFH� � e ¡�LhYZI�� q���QxNPK�L � GxLVRL�Y���TWVPLhGxK�Y�QxL e L�Y K�TWNPQxLhGJK�Y Y�FH�sI e TWV e GxVR��LhY��¤TWK VPL��JK�FHOHK�T g g L q��xTWK�I�NRK�QxL�VRT QxFW�x�x�hL�QxGg F�QxGxVPL£Q�¡ED�FWGx�xO QJG�Y�FHV#q��¤T�K�I�NPK�QxLhY�K�L�VXT�I�NRFH�xY�QJFH�x�x��LhYaQxTW�xY�
 T0r�L�I�TWYg9 A�LNL.A�;.OWX_YQP�FHG�Y�FH�sILh�sI�K��hL�Y�QxNPK�L e I�L g L��sI�L�� Y�LM�¤TWY�T�� I�Y�GxK�VRLhY�K��hY�GJVPI T�I�Y�QxG e TWV e GxV E VRT8?�NRY 9��xNRQxN g L��xY�NPFH�x�xL�Vp; �
L�FHGxY T_�WFH�xY ��I�TW�xVRN�Gx� e F�QxL�� GxN��xFHGxY ��LhK g LwI£Q�¡}NRQxL�� I�N � L�K£��FHGxK e � T���GJL e TWV e GxVl��VPLhY£QxNB= ��K�L�� I�Y�¤TWK�T g z�I�K�LhY QxFW� I�FH�fI�NRLh�sI e F g ��I�LW�,v¢L e F�QJL�L�Y�I e FW�xY�I�NPI�GJ��QxL e NR�J� e � NB= K�LhY � e K�NPI Y�FHGxY VXT ��FWK g L

�
,
�
,


,
�
,
] �
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� � NR�xQxNP� GxL VRT�QxN g L��xY�NPFH� QJG �xK�FH�JVsz g L�QxFH� e�� �xK�Lh�xQ VRT ��TWVPLhGxK y Y�N�VRL e TWV e GxV�LhYZI��xNRQJN g Lh���Y�NPFH�x�xL�V L�I b Y�¡�NPV LhYZI�I�K�NPQxN g Lh�JY�NRFW�x�xLhVl�
�
�fNR�xQxNP� GxL�VPL � TWN�I�QxL I�Lh�JNRK e F g �JI�L	FWG �xFH� QxL�VXT K�TWNRQJLhGxK�Lh� K�F�I T�I�NRFH� QxFH� e � �xK�Lh�xQ VRT��TWVRL�GxK ] Y�¡�NPV � Tf�xK�NPY�L L�� e F g ��I�LMQxL e LwI�I�LMK�TWNRQxL�GxK�L�I d Q¤TW�JY�VPL e TWY e FH�sI�K�T�NRK�L��

�

�NP�xQxNP��GJL VRL�� TWNPI¢QxL I�L��xNRK e F g �JI�L�FHG �xFH� QJG e FHGx�xVRTWOHL�Lh�sI�K�L VRLhYUTW�x�xGxNPYUQxFH� e 
��xK�Lh�xQ VRT��TWVRL�GxK ] Y�¡�NPV � Tf�xK�NPY�L L�� e F g ��I�LMQxL e L e FWGx�xVXT�OHL L�I d Q¤TW�xY�VPL e TWY e FW� I�K�TWNPK�L��

�
� NR�xQJNR� GxL�VRL�� T�NPI�QxL�I�Lh�xNPK e F g ��I�L�FHG	�xFH��QxL V ¡�NR���xGxLh� e L QxL�Y¢QxL�G.?��xVRF e � L�I�YUY�� g ��I�K�NR� GxL�YQxFH� e � �xK�L��xQ VXT �WT�VRLhGJK�]�Y ¡�NRV�� T��xK�NPY�L�Lh� e F g �JI�L�QxL e L�I�I�L�NP���¤GxL�� e L�L�I d Q¤TW�xY VPL e TWYe FH�sI�K�TWNPK�LW�

� ] NR�JQxNR� GxL�VRL g F�QJL�QJL e TWV e GxV QxLhY�K�TWNPQxLhGJK�Y �HLhKZI�N e TWVPL�LwI¢QJL K�F�I T�I�NRFH� ��� TW�xY�I�FHGxY�VRL�Y e TWV e GxVPY� GxL �xFWGxY	T_�HFW�xY�K��_TWVPNRY���Y VRT ��TWVPLhGxK QxL ] T �wI�� �xK�NPY�L��hOsTWVPL�q d � e L ��GJN�Y�NROH�xN � L � GxL VPL�¤TWK�T g zwI�K�L�� LhYZI e TWV e GxVR�+q��¤TWKZI�NPK QxLhY �¤TWK�T g z�I�K�LhY�Q�¡}�hVXT�Y�I�N e N�I��£QxG Y�FWV�9�� ` G ilk msx0y � ])+�I ! ;w�
L�FHGxY �xK���Y�L�� I�FH�xY e N���TW�xK�zhYMVRL�Y QJN>=
�hK�L��sI�Y K��hY�GxVPI�T�I�Y QxFH�J�x�hY �¤TWKMVRL �xK�FHOHK�T g g L���FHGxKMVRL e TWYQ�¡�GJ�xLU�HFHNPL{��L�K�K���L�Y�FHG g NPY�L q GJ�xL�Y�L�GxVRL e � TWK�OHLU�WLhKZI�N e TWVRL{�
FW� e I�GxLhVPVRLUT��x�xVRNP� Gx�hLUY�GxK£Gx� �xVPF e � L�I_�e ¡}LhY�IZ� q��nQxNRK�L VRFHK�Y�� GxL VPL �HL e I�L�GxK QxL�Y�L2=
FHK�I�Y�Lc?�I��hK�NRL�GxK�Y�Y�LMK���QxGxN�I q

o 
 `
� o Y�Nl� ` y �
,
]

d Y�NR�xFW� 9 �J�WR,X0;
F�- � Qx��Y�NPOH�xLMVRL � G g �hK�F QxG �xVPF e � L�I�Y�GxK�VPLh� GxLhV�L�Y�I�TW�x�JVRNR� Gx��L VXT e � TWK�OHL �HL�K�I�N e TWVPL o �
< T � OHGJK�Lm9 �x�BA�X�; K�Lh�xK��hY�Lh�sI�L ��GxT�I�K�L e FHGxK��
L�Y�QxFW�x�¤TW�sI VXT	Qx�'�¤L'?�NPFH� QJG K�TWNRV£QxTW�xYMVRL e TWYMQxLe T�V e GJVRY�X0� LwI�R�� 9 � ` y � b ;�LwI Lh� I�L��¤TW�sI e F g �JI�L	FHG �xFH� QxL VRT K�TWNPQxLhGJK�Lh� K�FWI�T�I�NPFH� QxL�Y�xVPF e � LwI�Y 9 � ` d FHG ](;w� � V{TW�x�xTWK�T),PI�� GxL ��FHGxK�VRL���LhG QxL���TWVPLhGxK�Y�K�L�I�L�� GxLhY Q¤TW�JY�VRL�Y e T�V e GJVRYh�V�¡}L2=
L�I�QxL�VRT �JK�NRY�L�L�� e F g ��I�L FHG �xFW� QxL VXT K�TWNPQxLhGJK�L�� K�F�I T�I�NRFH� LhYZI �x��OHVRNPOHL_T��xVRL��JI TW�JQxNRY�� GxLVXTf�xK�NRY�L Lh� e F g �JI�LMQxG e T�K�T e I{zhK�L I�K�NPQxN g Lh�JY�NRFW�x�xLhV
QxG��xK�FH�JVsz g LMTfGx�xL NR���xGxLh� e LM�xFWI T��xVRLf�¤VRTe FWGxK���L�QxL Qx�2�xL'?�NRFH� QxG K�T�NRV LhYZI�L�� L2=
L�I��
LhT e FHGJ� �xVRGJY���I�TWVR��L QxTW�xY�VPL e TWY1R0� � GxL�Q¤T��xY�VPL

e T�V e GJV�X_���\v¢L K��hY�GxVPI�T�I{LhY�I e FH� � K g � �¤T�K{VRT � OWGxK�L19 �x�BA(R,; � GxN
K�Lh�xK��hY�Lh�sI�L VPLhY e FHGxK��
L�Y¢QxFH�J�¤TW�sIVXT�K��h�xTWK�I�NPI�NPFH� QxLhY�K��_T e I�NRFW�xYUQ�¡ T��x�xGxNl��<�L e TWV e GxV�R0� QxFH�x�xL QJLhY¢��TWVPLhGxK�YUQxL e LhY�K��hT e I�NRFH�JYU�xVRGJYN g ��FHK�I�TW�sI�LhY�TWG �xN��HLhTWG QxG �xVPF e � LwI�Y�NPI�GJ� TWG ��FHNR�sI�Q�¡ TW�x�JVRN e T�I�NPFH� QxL	VXT e � TWK�OHL TWNP�xY�N�� G�¡	q
e L�VRGxN
QxLhY�QxL�G.? �JVRF e � L�I�Y�TWQ8��T e Lh�sI�Y�� < T � OHGxK�L�9��x�BA_��;�QJFH�x�xL VPL g 7�g L�I�����L QxL e FHGxK���LhY�� GxLMVRT� OHGJK�LQ9��x�BA�X�;w� VRT e FW�xQxNPI�NRFH� QxL e FHGx�xVRTWOHL Lh�sI�K�L��xVPF e � LwI�Y���I T�� I FHG �xFH� �xK�NPY�L Lh� e F g �JI�LW� � VRVRLg FH�sI�K�L�� GxL�V�¡�NP���¤GxL�� e L�QxL e LwI�I�L�QxL�K��xN>zhK�L e FW�xQxNPI�NRFH� Y�GxK{VPL�K��hY�GxVPI�T�I�QxG e TWV e GxV¤LhYZI¢N g ��FHKZI TW�sI�L�xFWI�T g g L�� I�Q¤TW�xY�VRL e TWV e GxV X_���¢Q¤T��xY Gx�xL g FHNP�xQxK�L g L�Y�GxK�L Lh� e L � GxN e FW� e L�K��xL VPL e TWV e GxV
R�����< T �xK�NPY�L Lh� e F g �JI�L Q�¡�Gx� I�L�V e FHGx�xVRTWOHL e FH�sI�K�NP�xGxL�q�T ehe Lh�sI�GxL�K�VRT Qx�2�¤Lc?�NRFH� QxG K�TWNRV£TWG
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�HFWNRY�NP�¤TWOHL QJG ��FHNR�sI Q�¡ T��x�xVRN e T�I�NRFH� QJL VRT e � TWK�OHL�� < T � OHGJK�L 9 �x�BA�V�;�L�� K�Lw��TW� e � L���K�LhVRT�I�N��HL qVXT K����¤TWKZI�NPI�NRFH� QJLhY�L'= FWK�I�Y Y�GJK�VPLhY �xVRF e � L�I�Yh� Y�L g �xVPL g FH�sI�K�LhK � GxL V ¡�NR�.�¤GxLh� e L QxL VRT �xK�NPY�L Lh�
e F g �JI�L FHG �xFW� QJL e L e FHGx�xVRTWOHL L�Y�I ��L_TWG e FHGx� �xVPGxY	VRN g N�I���LW� <�LhY � OWGxK�L�Y@9 �x�BA(Y,; LwI@9 �J�>A��0;��LhK g L�I�I�L�� I�Q�¡}����TWVRGJLhKh�JQ¤TW�xY�VRL e TWY�QxG e TWV e GxV�R����xV�¡�NP���¤GxL�� e LMQxLMVRT��xK�NPY�LMLh� e F g �JI�L FHG �xFH�QxL	V ¡�NR�sI�LhK�T e I�NPFH� Lh�sI�K�L VRLhY�QxLhG#? �xVPF e � LwI�Y�Q�¡�Gx�xL g87hg L I�K�T_�HL�K�Y�LW� v¢LwI�I�L NP���¤GxL�� e L	TW�x�¤TWK�TWNPI�x��OHVRNPOHL_TW�JVRL�L�� e L ��GJN e FH� e LhK��xL VRT K����¤TWK�I�NPI�NRFH� QJLhY L2=
FHK�I�YfY�GxK VRL�Yf�xVRF e � LwI�Yh� �JVRGxY g TWK�� Gx��L��FHGxK e LM� GxN LhYZI�QxLhY�Qx���xVXT e L g Lh�sI�Y��

0 0.6 1.2 1.8 2.4 3 3.6 4.2 4.8 5.4 6 6.6 7.2 7.8 8.4 9 9.6 10.2 10.8 11.4 12
x (m)

−0.005

−0.003

−0.001

0.001

0.003

0.005

0.007

0.009

0.011

0.013

0.015

z 
(m

)

2−0−1−0−0
2−1−1−0−0
3−0−1−0−0
3−1−1−0−0

2D

3D

sans prise en compte de la raideur
em rotation

avec prise en compte de la raideur

y{z}|�~a�x�BA�X�� L2=
L�I�QxL	VRT �xK�NRY�L Lh� e F g ��I�L�QJL�VXT�K�TWNPQxLhGJK�Lh� K�FWI�T�I�NPFH� Y�GxK�VRL Qx���xVXT e L g Lh�sIfQxL�Y�xVPF e � LwI�Y

	�
�	�
�� ���=!%A?+�)��*����!��

<�¡�Lc?��xVRFHN�I T�I�NRFH��QxLhY�K���Y�GxV�I T�I�Y�FW�JI�L���GJY �¤TWK�V ¡�FHGJI�NRV
QxL e TWV e GxV K��hY�GJVPI T�� I�QxLMVXTfOH���x�hK�TWVRNPY�T�I�NRFH�QxG g F�Q\z�VRL	QJL [ TWGJ��TWOHL T ��LhK g NPY�QxL g L�I�I�K�L L�� �w��NRQxL�� e L�QxLhG#? TWY���L e I�Y � G�¡�NPV e FW� ��NPLh�sI QxL�xK�Lh�xQxK�LMLh� e F g �JI�L Q¤TW�xY e L I�����LMQxL e T�V e GJV£�JV ¡�NR�sI�L�K�T e I�NPFH�	Lh�sI�K�LMVRL�YU�xVRF e � LwI�Y�Q�¡�GJ�xL �¤TWKZI_�xVPLe T�K�T e I{zhK�L¢I�K�NRQxN g L��xY�NPFH�x�xL�V QxGf�xK�FW�xVsz g L�Q�¡ TWG�I�K�L¢�¤TWK�Ih�0<�¡��w��TWVRG¤T�I�NRFW��QxL�Y e � e VPLhY£QJL e FH�sI�K�TWNP� I�LLh�JOHLh�xQJK��hY�VRF e TWVPL g Lh�sIMLh� I�FHGJI���FHNR�sI QxL VXT �xVXT�I�Lw� ��FHK g L�QxLw��K�T 7 I�K�L � TWNPI�L�q �¤TWKZI�NPK QxL e F�QxL�Y� G g �hK�NP� GxLhY�9 ��VR� g L�� I�Y � �xNPY�FHG �h� G¤T�I�NRFH�xY�NP�sI��hOWK�TWVPLhY�;�NR�sI���OHK�TW�sI e LhY�QxN>=
�hK�Lh�sI�Y�TWY��
L e I�Yh� L�FWGxY�xFHGJY VPN g NPI�FH�xY e N���TW�xK z�YMTWG e TWV e GxV£QJL e LhY e � e VPLhY Q¤TW�xYMGx� e T�QxK�L �xNRQJN g Lh�xY�NRFH�x�JLhVuq V ¡ TWNRQJL�QxGVRFWOHN e NRLhV
E < �
	 � [ �
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0 0.6 1.2 1.8 2.4 3 3.6 4.2 4.8 5.4 6 6.6 7.2 7.8 8.4 9 9.6 10.2 10.8 11.4 12
x (m)

−5

0

5

10

15

20

25

30

R
(k

N
)

2−0−1−0−0
2−1−1−0−0
3−0−1−0−0
3−1−1−0−0

3D

2D

y{z}|�~¤�x�BA(RJ�JL'= LwI�QxLMVXT��JK�NRY�L Lh� e F g �JI�L QxL VXT�K�TWNRQJLhGxKUL�� K�FWI�T�I�NPFH�	Y�GJK�VPLhYUK��_T e I�NPFH�xY�Q�¡ T��x�xGxNPY

0 0.6 1.2 1.8 2.4 3 3.6 4.2 4.8 5.4 6 6.6 7.2 7.8 8.4 9 9.6 10.210.811.4 12
x (m)

−0.005

−0.003

−0.001

0.001

0.003

0.005

0.007

0.009

0.011

0.013

0.015

z 
(m

)

3−1−0−0−0
2−1−1−0−0
3−1−1−0−0
2−1−0−0−0

2D (sans couplage)

3D (sans couplage)

3D (avec couplage)

2D (avec couplage)

y{z}|�~ �x�BA_�x�xL'= LwI�QJL VRT��xK�NPY�LMLh� e F g �JI�L QxG e FHGx�JVXTWOHL Y�GxK�VRL Qx���xVXT e L g Lh�sI�QxL�Y��JVRF e � L�I�Y
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0 0.6 1.2 1.8 2.4 3 3.6 4.2 4.8 5.4 6 6.6 7.2 7.8 8.4 9 9.6 10.210.811.4 12
x (m)

−10

−5

0

5

10

15

20

25

30

R
 (

kN
)

2−1−0−0−0
2−1−1−0−0
3−1−1−0−0
3−1−0−0−0

3D

2D

y{z}|�~��x�BA�V��JL2=
L�I�QxLMVXT��xK�NRY�L L�� e F g �JI�L QxG e FWGx�xVXT�OHL Y�GxK�VPLhY�K��hT e I�NRFH�JY�Q�¡ TW�x�xGJNRY

0 0.6 1.2 1.8 2.4 3 3.6 4.2 4.8 5.4 6 6.6 7.2 7.8 8.4 9 9.6 10.210.811.4 12
x (m)

0

0.001

0.002

0.003

0.004

0.005

0.006

0.007

0.008

z 
(m

)

3−0−1−0−0
3−0−1−1−0

interaction avec un 2eme blochet

sans interaction avec un 2eme blochet

y�z}|�~��x�BA(YJ�xL'= LwI�QxLMVXT��xK�NRY�L L�� e F g ��I�L QxL�Y�QJLhG.?��xVPF e � L�I�Y�Y�GxK�VRL Qx���xVXT e L g Lh�sI�QxLhY��xVPF e � L�I�Y
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x (m)
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kN
)

3−0−1−0−0
3−0−1−1−0

y{z}|�~��J�>A����xL2=
L�I�QxLMVXT��JK�NRY�L Lh� e F g �JI�L QJLhY�QxLhG#?��xVRF e � L�I�Y�Y�GxK�VRL�Y�K��hT e I�NRFH�xY�Q�¡�TW�x�xGxNPY
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L�FHGxY��xFWGxYUNR�sI��hK�L�Y�Y�FH�xY�Q¤TW�xY e L�I�I�L �¤T�K�I�NPL q�V ¡�����TWVPG¤T�I�NPFH� QxLhY e � e VRL�Y�QxL e FH�sI�K�TWNP� I�L e K��h��Y�Lh�I�FWGJI��
FWNR�sI�QxLMVXT e FHG e � L QxLM�¤TWVPVXTWYZIU�¤T�K�GJ�xL e � TWK�OWL K�FHGxVRTW�sI�L QxGJL�T�G��xTWY�Y�TWOHLMQ�¡�Gx����FHOHOHNPL�qQxL�G.?�LhY�Y�NRL�G.?
��< L�Y e � e VPLhY�QxL e FH�sI�K�TWNR�sI�LhY�9 �����0;¢Y�FH�sI e TWV e GxVP�hY�qfV�¡�TWNRQxL QxG VPFHOHN e NRL�V E < �
	�� [ �

	�

	V
+* � $&�*A �/� �%, ���=! "�) �1�2"�3&+�$ "%$ +��1:�����$
�K$6�/��(&$
��� ��QJL g F�Qx��VRNPY�LhK GJ� I�K�FH�x��FH��QxL��HFWNRL���LhK�K��hL�I����JNR� GxLW���xFHGJY¢T_�HFW�xY e FH�xY�NPQx�hK�� Gx�JL�YZI�K�G e I�GJK�Lg GxV�I�N e FHG e � L e FH�xYZI�NPI�Gx�hL Q�¡�Gx�JL e FWG e � L�NP�J���hK�NRL�GxK�L QxL Y�FHVl��Q�¡�Gx�xL e FHG e � L�QxL OHK�T_�WL�L�I�Q�¡�GJ�xLe FWG e � L QxL �¤TWVPVXTWYZI_� [ GxK VXT e FHG e � L QxLf�xTWVRVRTWY�Ih�
K�Lh��FHY�L�� I QxL�YM�xVRF e � L�I�Y Lh� ����I�FW� �l<�LhYMLhY��¤T e LhYLh�sI�K�LfVRL�Y �xVPF e � L�I�Y Y�FH�sI K�L g �xVRNPY�Q�¡}Gx� �¤TWVPVXTWYZI19��¤TWVPVXTWYZI�]�;�QxFH�sI VPL g F�QxGJVRL Q�¡ED�FHGx�JO LhY�I �xK�NPYNR�����hK�NPLhGxK�q e L�VRGxN�QxG �¤T�VRVXT�Y�I�Y�NPI�Gx�	Y�FHGxY�VPLhY��xVPF e � L�I�Y��u<�LhY e TWK�T e I��hK�NPY�I�NR� GxLhY�OH�hF g ��I�K�NP��GJLhY�LwIg � e T��xNR� GxL�Y�QxL�Y�QxN>=
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ZaGJFH`rbnZ1u$kHY�Z	dwvH^J_aKSY�`rY�Ii[qZ�d�xyd�mnblg-FHY�Z1Y�I�Z:z{bnI-[aj�_�Y�ZaZa^JIi[	\HmlFHZ|\/^J_�[abld�FHmlbn}�_aY�`rY�Ii[1u~m�z{j�tSGSmnF"[qbnGSI�kHY�Z
�y�{�������c�J�������"�$�J���C�f�������/�w� ^JF�d�GSFH_aZ�kHF
dwv/^X_aKSY�`rY�I-[�y-E1GS_aZ�gyFsz{blmHY�Z�[�Z�GSFH`cblZ�uokHY�Zo�w� �J���y���A���/���
�q���/���O�w�r���i�J���J�X� u � ^Xbl HmnYcI"GS`¡ H_�YAkHYrd�xyd�mnY�Z¢L�£ ¤¦¥Au6§J¨iU�©ªGJ«¬m­^h\pY�I-[aY®kHF¬d�xyd�mlYA¯¬¤±°J²�³
Y�Z�[hblI"´{j�_ablY�FH_aYMuµF"IHY6tJ^XmlY�F"_®¯J¶ckHj�·HIHblY6d�GS`r`cYMm+z{j�[q^X[�d�^X_q^Jd�[qj�_�blZ�[qblg-FHYX©$mlY6Z�GSm�\H_�j�Z�Y�Ii[qY¸FHI
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mlF"`rbngyF"Y�Z�©Çk/^JIHZ
mlY�d�^JZck]z{FHIÈY�Z�Zq^Jb~[q_�b­^�efbl^Jm)d�GSIitSY�Ii[ablGSIHI"Y�m�©�uÉm­^ÊtX^J_�b­^X[ablGSIÄk"Yhml^Md�GSIi[a_q^JbnI-[aY
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�ª^J_$^XblmlmnY�FH_�Z�©ik/^XIHZ$mlYsd�^XZ$k]z{FHIAZq^J HmnY]·/IAZq^X[aFH_aj]Y�I�d�GJIHkHbn[ablGSI"Z�IHGJI®kH_q^XblIHj�Y�Z�©yFHI�^XF"[q_�Y'\HvHj�Æ

IHGS`c}�I"YJ©/g-F/^Jmnbn·/jokHY �C�����/�{��� � ������� ©"ZaY�`A^JI"bn´{Y�Z�[qYo\/^X_sF"IHY�^JFHKS`cY�Ii[w^�[qblGJI� H_aFHZ�g-FHYÀkHY�ml^
k"j�´{GS_OÆ
`r^X[qbnGSI�^�efb­^XmlY��
	$^Xd�d�GJ`r\/^XKSIHj�Yoksz{FHIHYoZ�FH_a\H_�Y�Z�ZablGJI bnI-[aY�_�Z�[qbÁ[qbnY�mlmnY�j�Ki^Jml^JIi[~\H_�Y�Zag-FHY�m­^�\H_aY�ZaZabnGSI
kHY�d�GSI"·HIHY�`cY�Ii[�mnGS_aZ�g-FHY�mnY�k"j�tyb­^X[aY�FH_�[qY�IHk6u
Z:z�^XIHI-FHmlY�_�y�� [abn[q_�Y�k]z{Y�efY�`r\HmnYJ© \:GSFH_sFHIHYÀ\"_aY�ZOÆ
ZabnGSIÉkHY
d�GSIf·/IHY�`cY�Ii[�j�Ki^XmlY
u6¥+§J¨�
��Ç^"©1F"I kHj�tyb­^X[aY�FH_�d�xyd�mlblg-FHY�tX^J_�b­^JIi[�kHY¢¥Q¨¢uh§J¨S¨�
��Ç^"©�ml^
mlbng-FHj�´�^Jd�[qbnGSI�kHF¢Zq^J "mlY�Y�Z�[]GJ "[qY�IyF"YÀ^J\"_a}�Z����
d�xfd�mlY�Z]kHY�dwv/^X_aKSY�`rY�I-[�y
�	GSFH_�kHY�Z]j�[w^X[aZsk"Y�d�GSIi[q_q^XblIi[qYoZ�bn[qF"j�ZsmlGSbnIHZ$kHY�Z]j�[w^X[aZsd�^J_q^Xd�[qj�_abnZ�[qbng-FHY�Z�©/m�z�^JIH^JmnxyZaYo\"vHj�IHGJ`rj�Æ

IHGSmnGSKSbngyF"Yr_�j�^JmnblZaj�YA\/^X_¡E1FHGSIHKMuÊm�z{bnZaZ�FHYAkHY�Z¡Y�Z�Zq^JbnZÀ[q_�b­^�efbl^JFfe¸d�xyd�mlblg-FHY�Z¡`cY�IHj�Z¡ZaFH_ÀmlYAZa^J HmnY
`cGSIi[q_aY�k"Y�Z�_aY�ZaZaY�`¡ Hml^JIHd�Y�ZÀ^�tJY�d
d�Y
g-FHb�Y�Z�[�GS HZaY�_�tJjrk/^XIHZ�mlY¡d�^JZ�kHF  H^Jmlml^JZ�[�L��'mÁtX^�Æ��sFH_�[q^JkHGH©
NQPSRJTiU$GSFÊ HbnY�I k/^JIHZ]mlY�d�^JZ]kHY�Z]`A^�[qj�_�b­^JFye�kHY�dwv/^JFHZ�Zaj�Y�ZcL��sGS_aIixydwvMY�[�^Jm y�%XTSTSTiUky:Â)Y�\:Y�IHk/^XI-[�©
^JFHZ�Zab� HbnY�I¸\pGSF"_omlY� /^Jmnm­^JZ�[�g-FHYr\:GSFH_omnY�Z������o©1mlY�I"GS`¡ H_�Yck"Yrd�xfd�mlY�Z�k"Yrdwv/^X_aKSY�`rY�I-[�Y�Z�[�kHY
g-FHY�mng-FHY�Zs`rbnmlmnblGSIHZ�kHYod�xyd�mlY�Z�© ^JmnGS_aZ)gyF"Y�\:GSFH_~mnY�Z~Za^J HmlY�Z~blmpI]z{Y�Z�[sgyF"Y�k"Y�g-FHY�mlg-FHY�Zsk"b���^XblIHY�Z~GSF
d�Y�Ii[w^JbnIHY�Z�kHY�d�xyd�mlY�ZLy
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Zabn`¡FHmnY�_Çk"Y�Z�ZaGJmlmlbnd�bÁ[w^X[ablGSIHZ�Z�blZa`cblg-FHY�Z�yJE�Y�FH_�GS �%�Y�d�[abn´ Y�Z�[7kHGSIHd$k"Y~kHj�[aY�_a`cblI"Y�_¹mnY�Z¹\H_�GS\H_�blj�[aj�Z�kHY�Z
Zq^X HmlY�ZsmnGS_aZ~k"Y�ml^¡mlbngyF"j�´�^Jd�[qblGJI¢^J\H\/^J_a^JblZ�Zq^JIi[su�m­^¡Z�FHbn[aY�k]z{FHIhZaj�blZa`cYCy
&]Y�FfeÊ[�xf\:Y�Zoksz{Y�Z�Zq^JbnZ'GSIi[oj�[qj¡_�j�^JmnblZaj�Z !:kHY�ZoY�ZaZa^JblZ�ksz{Y�ey[qY�IHZabnGSI6d�xyd�mlblg-FHY�k/^JIHZ'FHI6d�xymlbnIHkH_�Y

d�_�Y�Ffe u�\/^X_aGSbnZ~j�\/^JbnZaZ�Y�Z�L{·/KJFH_aY  �y('iU)Y�[skHY�Z]Y�ZaZa^JblZ�k/^JI"ZsF"IHY�dwv/^J`¡ H_�Y�k]z{j�[q^JmlGJIHI/^JKSY�y
)�I�d�Y'g-FHb|d�GSIHd�Y�_aI"Y�mlY]\H_aY�`rbnY�_7kHblZ�\pGSZ�bn[abn´O©im�z�Y�ZaZa^Jbp^�d�GJIHZabnZ�[qj�u�´�^Jbl_�Y~tJ^X_ablY�_)\:j�_�blGykHblg-FHY�`rY�I-[

m­^Ä\H_�Y�Z�ZablGJI ^J\H\"mlblg-FHj�YÉZaFH_¢m­^Ä\/^X_aGSbobnI-[aY�_�IHY k"F d�xfd�mlbnIHkH_aY ^JF"[aGSFH_¢k�* FHIHYÉtX^JmlY�FH_�`rGQxJY�IHIHYX©
j�KS^JmlYhuÉm­^É\H_aY�ZaZabnGSI ^J\H\Hmnblg-FHj�YhZaF"_rml^É\H^J_aGSb~Y�ey[qY�_�IHYM`r^JblIi[aY�I-FHY¢d�GSI"Z�[w^XI-[aYCy)Â)Y�[rY�Z�Zq^Jbs HblY�I
g-F]z{bnIHvHGS`cGSKS}�IHYJ©�\:Y�_�`rY�[�k]z{j�tJ^XmlFHY�_1gyFH^JmlbÁ[w^X[abntSY�`rY�Ii[?m�z�blI,+/F"Y�IHd�Y�kHY�Z�\/^J_a^J`c}�[q_�Y�Z�kHF�`r^X[qj�_ab­^XF
ZaF"_smnY�Z�kHj�´{GS_a`r^X[qbnGSIHZ7tSGSmnFH`rbng-FHY�Z�blI"kHFHbn[aY�Z~\/^X_~mlYodwv/^J_�KSY�`cY�Ii[sd�xyd�mlblg-FHY�y
E1Y�Z�d�GSFH_a :Y�Z7kHYsm­^�·/KSF"_aY�L  �y�x-U¹_aY�\H_aj�ZaY�I-[aY�Ii[~m+z{j�tJGSmlF"[ablGSI|©JY�Ic´{GSIHd�[qblGJIck"FAIHGS`À H_aY�kHY�d�xyd�mlY�Z�©

kHY�ml^$kHj�´{GS_�`A^�[qblGJI]tSGJmlFH`cblg-FHY¹k"Y�m­^$d�^�tybn[ajsL�^JF"KS`rY�Ii[w^X[ablGSI�k"Y¹tSGSmnFH`rY�UpY�[�k"Y�d�Y�mnmlY¹k"Y�m�z{j�dwv/^JIi[qbnmlmlGJI
mlF"b¹`.-�`rYX©?Y�I¸d�GJIHkHbn[ablGSI"ZokH_q^JbnIHj�Y�Z�y ��I¸GS HZaY�_�tJYAFHIHY
kHbn`rbnI-F"[qbnGSIM\H_�GSKS_aY�ZaZ�bntSYckHFÉtSGSmnFH`cY�kHY
d�Y�kHY�_aIHbnY�_ÀL�d�GJI-[a_q^Jd�[w^JI"d�YQU�© bl`c\pGS_�[w^JIi[aY�^JF k"j�\/^J_�['Y�['g-FHb1[aY�IHkÊuckHj�d�_�GJ¾l[a_aY�\H_aGJKS_aY�ZaZabÁtSY�`rY�I-[�y
Â)Y�d�bHY�Z�[�d�GSIf·/_a`cj$\/^J_ªm�z�^XI/^JmnxyZ�Y)kHY�Z�d�GSFH_� pY�Z�kHGSIHIH^JIi[�m­^'k"j�´{GS_�`A^X[ablGSI�tSGSmnFH`cblg-FHY)bn_a_�j�tSY�_aZ�bl HmnY
d�F"`¡FHmlj�Y$Y�I�´{GSI"d�[qbnGSI¡kHF�I"GS`¡ H_�Y$kHY~d�xyd�mlY�ZLyiE1Y�Z�kHbÁ¿|j�_aY�I-[aY�Z�d�GSFH_a :Y�Z�_�Y�\H_�j�Z�Y�Ii[qj�Y�Z)Z�FH_¹ml^]·/KSFH_�Y
L  Iy  SU�`cY�[a[aY�Ii[$Y�I®j�tybnkHY�IHd�Y�m�z�blI,+/F"Y�IHd�Y]Z�FH_$FHIHYs[qY�mlmlY�j�tSGSmnF"[qbnGSIAkHY�Z$kHj�´{GS_a`r^X[qbnGSIHZ�tSGJmlFH`cblg-FHY�Z
bl_�_aj�tSY�_�Zabn HmlY�Z�©ykHFA\/^X_q^J`c}�[a_aY�/'¶w©fk"j�·/IHb:d�GJ`r`cY]mnY]_a^J\H\:GS_�[�Y�Ii[a_aY'ml^�kHY�`rb:^J`c\Hmnbn[qF"kHY~kHY]tX^J_�b­^�Æ
[qbnGSIAk"Y�m­^�\H_aY�ZaZabnGSI®Y�[~m­^�\H_aY�ZaZabnGSI®`cGQxSY�I"IHYJ©fkHY�m­^�\H_aY�ZaZ�blGSI�kHY]d�GSI"ZaGSmnblk/^X[ablGSIcblI"bn[qbl^JmlY~GJF® HblY�I
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eau sous pression

cavité

plateau de drainage
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membrane

mesure du déplacement vertical
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de la cavité
mesure de la pression 
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�������  Iy '�!"d�xymlbnIHkH_aYod�_aY�Ffe L�&'F"\Hm­^�Y�['Â$^JI"GSF?©�%JTST�'iU

�������  �y�x !¹_aj�ZaFHmÁ[w^X[aZ�k]z{Y�ZaZq^XblZ
d�xyd�mnblg-FHY�Zck"_q^JbnIHj�Z
u6\H_�Y�ZaZ�blGSIÈd�GJI-[a_aGSmnj�Y¸L���Â~Â [aY�Z�[�U¢L�k]z{^J\H_a}�Z
&'FH\"m­^�Y�[]^Jm yn© %XTST 'iU
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�������� �y& '!�d�GJFH_a :Y�Z®ksz{j�tJGSmlF"[ablGSI kHY�ZrkHj�´{GJ_a`r^X[qbnGSIHZ
tSGSmnFH`rbng-FHY�ZcY�I3´{GJIHd�[ablGSI kHF IHGS`À H_aY kHY
d�xyd�mlY�ZÀL�ksz�^J\H_�}�Z�&'FH\Hml^�Y�[]^Jm yÁ© %XTST 'iU
Y�I"d�GS_�Y�kHY�m+z{blIHk"bld�Yok"Y�k"Y�IHZ�bn[qj�blI"bn[qbl^Jm:kHF Za^J HmnYCy &'Y�Z'_aj�ZaFHmÁ[w^X[aZ�Zabl`cblml^Jbl_�Y�Z7ZaGSIi[]GS HZ�Y�_�tJj�Z]Y�IÊd�Y
g-FHb1d�GJIHd�Y�_aIHY�mlY�ZsY�ZaZa^JblZs^JF¢`cblIHbp\H_aY�ZaZabnGS`cj�[q_�Y�Y�Ihdwv/^J`¡ H_�Y�k]z{j�[q^JmlGJIHI/^JKSY�y
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Â)GJ`r`cY®IHGSF"Zcm+z�^�tSGSI"ZcZ�blKSIH^Jmlj�^XFÈdwvH^J\Hbn[a_aY %f©�mnY�Z�mnGSblZ¡j�m­^JZ�[qGS\"m­^JZ�[qblg-FHY�Z¡\/^JZOÆOu�Æ \/^JZ�IHY¢\/^+Æ
_q^XblZaZ�Y�Ii[�\/^JZ�^JkH^J\"[qj�Y�Z�^JF6d�^Jmld�FHm¹kHY�Z�k"j�´{GS_�`A^X[ablGSI"Z�bl_�_aj�tJY�_�Zabl "mlY�Z'\pGSF"_oFHIÉKS_q^JI"k¸I"GS`¡ H_�Y�kHY
d�xyd�mlY�ZLy �sGSFHZ]\H_aj�ZaY�Ii[aGSIHZoFHIHbng-FHY�`cY�Ii[]mlY�`rGykH}�mnY�kHY &'GJ_a`cblY�Fye L�NQPSRJPiU$gyF"bªF"[ablmnblZaY�FHI"YÀmlGJb1kHY
d�GJ`r\:GS_�[aY�`cY�Ii[�kHGSIHIH^JIi[�ml^hk"j�´{GS_�`A^X[ablGSI6bn_a_�j�tSY�_aZ�bl HmnYcbnIHkHFHbÁ[qY�\/^X_�mnY�Z�d�xyd�mnY�Z�kHYcdwv/^J_aKJY�`cY�Ii[
Y�I¢´{GSIHd�[qbnGSI¢kHF¢IHGS`¡ H_�Y�kHY�d�xyd�mnY�ZsY�[�kHY�Z]\H_�GS\H_�blY�[aj�Z�kHY�d�Y�Z�d�xyd�mnY�Z�y
&]GS_a`cblY�Ffe¸LONQPSRSPiU]V&%fN�W1\H_�GS\pGJZaY�FHIHY�mlGJb|kHYod�GS`r\:GS_�[qY�`cY�Ii[~d�xyd�mlbng-FHY�\pGSF"_~mlY�Z~Za^J HmnY�Z~m­ÃXdwvHY�ZLy
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ZaFH_�mlY�[w^XFfe¸k]z{j�tSGSmnF"[qbnGSI k"Yrml^hZ�Y�FHmnYrd�GS`r\:GSZa^JIi[qY
tSGSmnFH`rbng-FHY
kHYrml^hk"j�´{GS_�`A^X[ablGSI
\:Y�_a`r^JIHY�Ii[qYCy
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8�m]Y�Z�[hu¬_aY�`r^J_�gyF"Y�_®g-FHY6ml^ mlGSbÀL  Iy %SU
IHYM´�^JbÁ[AbnI-[aY�_�tSY�I"bl_®g-FHY6mnY�Z®bnI-tX^J_�b­^JIi[aZ�³<Y�[®° kHY6ml^
d�GJI-[a_q^JbnIi[qY�ZaFH "blYs\/^J_�mlY~`r^X[qj�_abl^JF
Y�IAF"Ir\:GSblIi[7kHGSI"IHjCyyE�^�·HKSFH_aY�L� �y:9SU�`cGSIi[q_�Y�d�GS`c`rY�Ii[�blm/Y�Z�[
\:GSZaZ�bl HmnYÀkHY�kHj�[qY�_a`cblIHY�_ � °AY�[ #3³ ( Y�[okHGSIHd�mnYÀ_a^J\H\:GS_�[ � °J²$# ³�( uA\/^J_�[qbn_'kHFM[a_q^Jd�j¡kHF
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j�ml^JZ�[ablg-FHYoZ�FH Hb�\/^J_~mnYo`A^X[aj�_�b­^JF�mnGS_aZ�gyF"Y�£ ^JF"KS`rY�Ii[qYCy
ºyFH\H\:GSZq^JIi[ # ³ ( d�GSIHZ�[w^JIi[�©Qm+z{blIi[aj�KS_a^X[qbnGSI�kHY�m­^$_�Y�ml^X[qbnGSI
L  Iy %SU|Y�Io[qY�IH^JIi[ªd�GS`c\"[qY�kHF�´�^JbÁ[1g-FHY
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Â)Y�[�xy\pY�kHY7mlGSbSY�Z�[ÇZaFHZ�d�Y�\f[qbl "mlY7k]z -�[a_aY7blIi[qj�KS_aj�k/^XIHZÇmnY7`cGykH}�mnY�kHY�d�^Jmld�FHmi\H_�j�ZaY�Ii[qj~^JF�dwv/^J\"bn[q_�Y
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j�ml^JZ�[ablg-FHYok/^XIHZ�mlYo\Hml^JI L ³1© °SU

� E	^�\H_�blZ�YoY�I¢d�GS`c\"[aYokHY�m�z{Y�IHZaY�`¡ HmlYok"Y�Z�d�GS`c\:GSZq^JIi[aY�Z�kHYom­^¡k"j�´{GS_�`A^X[ablGSI�\:Y�_�`A^XIHY�Ii[qYoY�[
\/^JZ�ZaY�FHmlY�`rY�Ii[�k"YrZa^h\/^X_�[qbnY¡tSGSmnFH`cblg-FHYJ©|ZaY�F"mlYcIHj�d�Y�ZaZa^Jbl_�YAu¢m­^®`cGykHj�mnblZq^�[qblGJIMkHF¸\HvHj�I"GXÆ
`r}�IHYokHY�mlbng-FHj�´�^Jd�[qbnGSI y

� E¡z�Y�ey[qY�IHZabnGSI�kHY~m­^smlGSbfu�FHI�IHGJ`¡ H_aY)kHY~d�xyd�mnY�Z�bn`r\:GS_�[q^JIi[Ç\:GSF"tX^JIi[�^XmlmlY�_�%�F"Zag-F]z�uo\HmnFHZabnY�FH_�Z
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�sGSFHZ¢IHGSF"ZhbnIi[qj�_�Y�Z�ZaGSIHZ¢bnd�b�\HmnFHZ�\/^J_�[qbnd�FHmnbl}�_�Y�`cY�Ii[¢^JFye [q_a^�tJ^XFfe<_aY�m­^X[abn´{ZAuµm+z�^JI/^XmnxyZaY6kHY�Z
kHj�´{GS_a`r^X[qbnGSIHZs\pY�_a`r^JIHY�I-[aY�Z�g-FHbÇZaY¡`r^JIHbÁ´{Y�Z�[aY�Ii[�kH^JIHZ�kHY�Zo`A^�[qj�_�b­^JFyehkHY¡dwv/^JF"ZaZaj�Y�Z�_aGSFf[qbl}�_aY�Z
L�KJ_q^�tSY�Z�I"GSI¸[a_q^JbÁ[qj�Y�ZwU'GJF¸k"Y
tJGSblY�Z�´{Y�_�_aGQtyb­^Jbn_aY�ZcL{ /^Jmnm­^JZ�[�UsZ�GSFHZ�m�z{^Jd�[ablGSIMksz{FHI¸KS_q^JI"k¸I"GS`¡ H_�Y
kHY�d�xyd�mlY�ZskHY�dwv/^J_�KSY�`cY�Ii[�y
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JFH^JI��Ê^J_�[ablIHY �cV& JT+W	^�`rY�IHjokHY�Z�Y�ZaZq^XblZ~[q_�b­^�efb­^XFfe®d�xyd�mlbng-FHY�Z�LÇ\HmnFHZ~k]z{FHIh`cblmlmnblGSIckHY�d�xyd�mlY�ZqU
ZaF"_AkHY�ZAKS_a^QtJY�Z�©)Y�IÈ´�^JblZa^JIi[rtX^J_�blY�_ck"Y ´�^
��GSI3d�xfd�mlbngyF"Y mnY kHj�tyb­^X[aY�FH_ckHY�ZAd�GSIi[q_a^JblIi[aY�Zc°¸Y�[®ml^
\H_�Y�ZaZ�blGSIÉkHY�d�GSI"·/I"Y�`cY�Ii[~³ y1E�^®d�Y�mlmnFHmlY�[q_�b­^�efb­^XmlY�ZaFH_oml^Jg-FHY�mnmlYÀbnm¹^A[a_q^�tX^Jblmnmlj�^�\pGSF"_�kHb­^X`r}�[q_aY
¥��S¨�`c` Y�[]\:GSFH_~vH^JF"[qY�FH_��i§J¨�`c`¥y,&'Y�Ffe¢[�xy\:Y�Zsk]z{Y�ZaZq^XblZ�GSIi[sj�[qj�_�j�^JmnblZaj�Z !
� kHY�ZrY�Z�Zq^JbnZA\:GSFH_
m­^ÉkHj�[aY�_�`rbnI/^X[qbnGSIÈkHY�ZrkHj�´{GS_�`A^�[qblGJIHZ
\pY�_a`r^JIHY�Ii[aY�Z�©7GS« dwv/^Jg-FHYMj�\H_aGSFyÆ
tSY�[a[qYAY�Z�[¡ZaGSFH`cblZ�Y®uÊF"IÄIHGS`¡ H_�YAkHYAd�xyd�mnY�Z¡kHYAdwv/^J_aKJY�`cY�Ii[�ZaF"\pj�_ablY�FH_¡u ¥Q¨S¨S¨S¨J¨ d�xyd�mlY�Z�©
k]z�^J`c\Hmnbn[qF"kHY$d�GJIHZ�[q^JIi[qYJ©y^X·HIAk]z�^XI/^JmnxyZ�Y�_�m�z{j�tSGSmnF"[qbnGSI�kHFrd�GS`c\pGJ_�[qY�`rY�Ii[�k"Fr`r^X[qj�_abl^JF
Y�I
[qY�_a`cY'k]z{j�tSGSmnF"[qbnGSI®kHY'm­^ÀkHj�´{GS_a`r^X[ablGSIr\pY�_a`r^JIHY�Ii[aY�Y�I®´{GSI"d�[qbnGSI®kHF�I"GS`¡ H_�Y�kHY�d�xfd�mlY�Z~kHY
dwv/^J_�KSY�`cY�Ii[qZ��

� kHY�ZoY�ZaZa^JblZ�tyblZa^JIi[�m­^Ak"j�[qY�_a`cblI/^�[qblGJIMkHY�Z�d�^J_q^Jd�[qj�_ablZ�[qbngyF"Y�Zoj�ml^JZ�[ablg-FHY�Z�kHFÉ`A^�[qj�_�b­^JF|©pGS«Éml^
`.-�`rYAj�\H_�GSF"tSY�[a[aYÊY�Z�[cZaGSFH`cblZ�YhuÉ\"mlFHZ�blY�F"_aZ�[q_a^ %�Y�[aZck"Yhd�GSIi[q_a^JblIi[qYX©�`A^XblZ¡mnY�IHGS`¡ H_�Y¢kHY
d�xyd�mnY�Z�kHY�dwv/^J_�KSY�`cY�Ii[sY�Z�['\"mlFHZ$´�^Jbn HmlYX©"kHY�m+z{GS_ak"_aY�kHY�§J¨J¨:y

�������  �y��'!�j�tJGSmlFf[qblGJI kHF k"b­^JKS_a^J`c`rYÄY�¿|GS_�[�Æ kHj�´{GS_�`A^�[qblGJI kH^JIHZ F"I Y�ZaZa^Jb
[q_abl^�efb­^Jm�d�xyd�mlbng-FHY
L�ksz�^J\H_�}�Z��Ê^J_�[qblI"Y �J©1N�PSRSTiU
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EÀz�^XF"[qY�FH_s^
`cY�Z�FH_aj�mlY�Z~kHj�´{GJ_a`r^X[qbnGSIHZ~\:Y�_a`r^JIHY�Ii[qY�Zs^�efbl^JmlY�Z~Y�[sm­^X[aj�_a^JmlY�Z�y/E1Y�Z�kHj�´{GS_a`r^X[ablGSIHZ
^�efb­^XmlY�Z	ZaGJI-[¹`rY�ZaFH_�j�Y�Z¹u'm�z�^XblkHY7kHY)d�^J\"[aY�FH_�Z�\Hm­^Jd�j�ZªZaFH_¹k"Y�Ffe¡^JIHIHY�^JFfe�·"efj�Z¹Z�FH_¹mnY�[qbnY�_�ZÇd�Y�Ii[q_q^Xm
kHYhm­^Éd�Y�mlmlF"mlYJ©ª[w^JIHk"blZcgyF"YÊmlY�Z
kHj�´{GS_�`A^�[qblGJIHZ
m­^X[aj�_q^XmlY�Z�©¹ZaGJI-[A`rY�ZaFH_�j�Y�ZA\/^J_
[q_�GSblZ
d�^J\"[qY�FH_aZAu
blI"kHFHd�[ablGSI�\"m­^Jd�j�Z�ZaFH_�mnYo\Hm­^JI¢kHbl^J`cj�[q_a^Jm|`cGQxSY�I kHY�ml^¡d�Y�mnmlFHmnYJ©fY�Za\H^Jd�j�Z'k]z{F"IÊ^JI"KSmlY�k"Yc¥Q§J¨���y
8�m:GS HZ�Y�_�tSY�FHI"Y'Z�[q^J HbnmlblZa^X[qbnGSI
kHY�Z�kHj�´{GJ_a`r^X[qbnGSIHZ�mlGS_�Zag-FHY]m�z{bnIHd�mnblI/^JbnZaGSIÀkHY�Z$d�GSIi[q_a^JblIi[qY�Z)\/^X_�mnY

_q^X\H\pGJ_�[$°J²�³AY�Z�[)´�^Jbl HmnYJ©-d�GJ_a_aY�Za\:GSIHk/^XI-[~uÀFHI®\Hv"j�IHGS`c}�I"Y ��� � �w� ���A���i�J������� L{mlYsd�GS`c\pGJ_�[qY�`rY�Ii[
kHF `A^X[aj�_�b­^JFh^J\H_�}�Z]FHIÊd�Y�_�[q^JblI IHGS`¡ "_aY�kHYÀd�xyd�mlY�Z'Y�Z�[]ZaFH\H\:GSZ�jÀj�ml^JZ�[ablg-FHY�Uay��]IHY�d�GJI-[a_q^Jd�[w^JI"d�Y
kHF `A^X[aj�_�b­^JF¢Y�Z�['GJ HZaY�_�tSj�YÀk/^XIHZ]d�YÀd�^JZ�y��Ç^X_sd�GSIi[q_�YJ©:mlGS_�Zag-FHY�d�Y�_q^J\H\:GS_�[�Y�Z�['j�mnY�tSjX© blm1GS HZ�Y�_�tSY
FHIHYhj�tJGSmlFf[qblGJIÈg-F/^XZabÁÆ mlbnIHj�^Jbn_aYrkHY�ZckHj�´{GJ_a`r^X[qbnGSIHZ�\:Y�_a`r^JIHY�Ii[qY�Zcg-F]z{bnm~d�^J_a^Jd�[aj�_abnZaY¢d�GJ`r`cY�FHI
\HvHj�IHGS`c}�IHYAkHY �q� �w� ��� yÇÂ)GSIi[q_a^Jbl_�Y�`cY�Ii[�^XFÄd�^JZ¡\"_aj�d�j�kHY�Ii[�©¹FHI"Y®kHblml^X[w^XIHd�YckHFÄ`r^X[qj�_ab­^XF Y�Z�[
GS HZ�Y�_�tSj�Y�y
&]Y�Ffe
[�xy\:Y�Z�kHY~mlGJb"_aY�mlbl^JIi[�mlY�Z�kHj�´{GS_�`A^�[qblGJIHZÇ\:Y�_�`A^JI"Y�Ii[qY�Z�^+e"bl^JmlY�Z�^JF
IHGS`À H_aY~kHY�d�xfd�mlY�Z7Z�GSIi[

\H_�GS\pGJZaj�Y�Z !"FHIHY�mlGSb|\HFHblZ�Zq^JI"d�Y�kHY�m­^À´{GS_�`rY !

� � 	 � £���¤	�-£�
 L� �y  JU
GJ«�mlY$d�GfY
�rd�blY�I-[��o[q_a^JkHFHbÁ[¹m+z{Y�¿pY�[�k"Y~m�z�^J`c\Hmnbn[qF"kHY�kHY�Z�d�GSIi[q_q^XblIi[qY�Z�^J\H\Hmnblg-FHj�Y�Z�©�[w^JIHk"blZ¹g-FHY~mnY

d�GyY��cd�blY�Ii[���[a_q^JkHF"bn[�m�z{j�tSGSmnF"[qbnGSIcuÀmlGSI"K�[aY�_a`cY'k"Y�Z$kHj�´{GS_a`r^X[ablGSIHZ�\:Y�_�`A^JI"Y�Ii[qY�Z�©H^XblIHZ�b:g-F]z�FHIHY
mlGJb|mlGJKi^J_abÁ[qvH`cblg-FHYs[qY�mlmlY'gyF"Y !

� � 	 � £	��¤�� D�� � ��� £ L� �y:9SU
g-FHb1mnFHb?\/^X_q^X¾n[~\HmlF"Zs\"_aGS\H_�Y�u
k"Y�Zs^ %�FHZ�[qY�`cY�Ii[aZ]Z�FH_�mlY�Z�kHGJIHIHj�Y�Z]Y�ef\pj�_abl`cY�Ii[q^JmlY�Z�y
�]FHd�F"IHY6mlGSbsI]z{Y�Z�[�Y�IÅ_aY�tJ^XIHdwvHY6\H_�GS\pGJZaj�Y6\:GSFH_r`rGykHj�mlblZ�Y�_cm�z{j�tSGSmnF"[qbnGSIÈkHY�Z�kHj�´{GS_a`r^X[ablGSIHZ

\:Y�_a`r^JIHY�Ii[qY�Zrm­^X[aj�_a^JmlY�Z�y 8�m�ZaY�`¡ HmlYhIHj�^JIH`cGSblIHZr^JFÈtfF3kHY g-FHY�mlg-FHY�Z®d�GSF"_a :Y�ZAY�ef\pj�_abl`cY�Ii[q^JmlY�Z
kHGSI"IHj�Y�Zs\H^J_~m�z�^XF"[qY�FH_$g-FHY�d�Y�Zsk"j�´{GS_�`A^X[ablGSI"Z�L�g-FHb?Z�GSIi[sKSj�IHj�_q^JmnY�`cY�Ii[~\:GSZabÁ[qbÁtSY�ZqU)`A^XIHbn´{Y�Z�[qY�Ii[
mlYo` -�`cY�[�xy\pY�k]z�j�tSGJmlF"[ablGSI¢g-FHY�mlY�Zsk"j�´{GS_�`A^X[ablGSI"Z~^�efb­^JmnY�ZLy
� \/^J_�[qbl_�kHY�ZÀd�GSFH_� pY�Z¡kHGSI"I/^JIi[�mlY�ZÀj�tSGSmnF"[qbnGSIHZÀk"Y�Z�kHj�´{GS_a`r^X[qbnGSIHZ�\pY�_a`r^JIHY�I-[aY�Z�^+e"bl^JmlY�Z�Y�[

m­^�[qj�_a^JmlY�Z~\H_aj�ZaY�I-[aj�Y�Z�\/^J_��Ê^J_�[qbnIHY �rL�N�PSRSTiU�©HIHGSFHZ]^�tSGSI"Z]Y�Z�[qbn`rj�ml^�tX^JmnY�FH_~k"F \/^X_q^J`c}�[a_aY�� � ¤

�����
� � �
L{j�g-F/^X[ablGSI  �y('STiUay,�]GSF"Z]d�GSIHZ�[q^X[qGJIHZ�gyF"Y�d�Y�\H^J_q^J`c}�[a_aY�tX^J_�blY�Y�I-[a_aY�¨�� ��Y�[�¥Cy
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�]mntX^�Æ(']FH_�[w^JkHGÀL�N�PSRSTiU�V 9�WH^s_aj�^XmlblZ�j�F"IHY$`cGfkHj�mlbnZq^X[ablGSIokHY�m­^�tSGSbnY�´{Y�_�_aj�Y$u'm+z�^Jblk"Y7ksz{FHI¡`cGfk"}�mlY
^JI/^Xmnx-[qbngyF"Y*),+.-0/21�35476 L{`rGykH}�mnY�ksz�^JI/^JmÁxyZaY�Z�[w^�[qblg-FHY�U�©p^X·/IMksz{Y�Z�[qbl`cY�_sm­^
kHbnZ�[q_�bl HFf[qblGJI kHY�Z
d�GJI-[a_q^JbnIi[qY�Zck/^JI"ZrmnY�Z
d�GSF"dwvHY�ZrkHY `r^X[aj�_abl^JFfe¬d�GSIHZ�[qbÁ[qF/^JIi[rm­^6\Hml^X[qY�Æ ´{GS_�`rY®Y�[Ak"Y kHj�[qY�_a`cblIHY�_
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Y�I"ZaFHbÁ[qYÀmnY�Zs[q_q^ %�Y�[qZ]kHYÀd�GSIi[q_a^JblIi[qY�Z�y�� \/^X_�[qbn_�kHYÀd�Y�Z'[a_q^ %�Y�[qZ'k"YÀd�GJI-[a_q^JbnIi[qYÀk"j�[qY�_a`cblIHj�Z'\/^X_]mnY
`cGfkH}�mlY�k"Y�d�^Jmld�FHm�©fm�z�^JFf[qY�F"_~d�^Jmnd�FHmnYomlY�Z�bnI-tX^J_�b­^JIi[aZ~kHY�d�GSIi[q_a^JblIi[aY�Z�L�ml^
\"_aY�Z�ZabnGSI `cGQxSY�IHIHY�³ Y�[
mlYok"j�tyb­^X[aY�FH_�kHY�Z�d�GSIi[q_a^JblIi[aY�Z�°SUky
ºyFH_Çml^] /^JZ�Y$kHY�d�Y�Z¹[a_q^ %�Y�[qZªkHY$d�GJI-[a_q^JbnIi[qYJ©�kHY�Z¹Y�Z�Zq^JbnZÇ[q_�b­^�efb­^XFfe�d�xyd�mlblg-FHY�Z¹GSIi[¹j�[qj$_�j�^JmnblZ�j�Zª^X·/I

kHY�`rY�ZaFH_�Y�_¹mnY�`cGfk"FHmlY�j�ml^JZ�[ablg-FHY7Y�[ÇmlY�ZªkHj�´{GJ_a`r^X[qbnGSIHZ�\pY�_a`r^JIHY�I-[aY�Z¹k"Y�Z¹`r^X[qj�_abl^JFfe�d�GSIHZ�[abn[aF"[qbÁ´{Z
kHYcm�z{bnI"´{_q^XZ�[q_�FHd�[aFH_aY�y1EÀz�^J\H\H^J_aY�blm¹[q_�b­^�efbl^JmÇF"[ablmnblZaj�\:Y�_�`rY�[�m­^®tX^J_abl^X[qbnGSI6kHYcm­^¢ZaY�F"mlY
d�GSIi[a_q^JbnI-[aY
kHj�tfbl^X[qGJ_ablg-FHYsY�I�`r^JbnI-[aY�I/^XI-[�d�GJIHZ�[q^JIi[qY�ml^�\H_�Y�ZaZ�blGSIAkHY'd�GSI"·/IHY�`rY�Ii[~k/^JIHZ)m­^�d�Y�mnmlFHmnY�[a_abl^�efb­^JmnYCy
E1Y�Z�Y�ZaZa^JblZ¡[a_abl^�efb­^JFfe d�xfd�mlbngyF"Y�Z
ZaGSIi[
_�j�^JmnblZaj�Z�uMkHY�Z�\H_aY�ZaZabnGSIHZ�kHY�d�GSI"·/I"Y�`cY�Ii[cd�GSIHZ�[w^JIi[aY�Z

d�GJ`r\H_�blZ�Y�Z)Y�Ii[q_aY ����Y�[�¥ �i¨ 
��Ç^:yfE1Y'IHGS`À H_aY]kHY'd�xfd�mlY�Z$kHY'dwvH^J_aKSY�`rY�Ii[~Y�Z�[$kHY¡¥�¨S¨S¨S¨S¨�y-E�Y�Z)kHj�Æ
´{GS_�`A^X[ablGSI"Z�\pY�_a`r^JIHY�Ii[aY�Z�tJGSmlF"`rbngyF"YsY�[)tJY�_�[abld�^JmlY�GSIi[�j�[qj]`rY�ZaFH_�j�Y�Z�©"`r^JbnZ�\/^JZ)ml^�k"j�´{GS_�`A^X[ablGSI
\:Y�_a`r^JIHY�Ii[qY'ml^X[qj�_q^JmnYJ©ig-FHb|^�j�[aj�d�^Xmld�F"mlj�Y]uÀ\/^X_�[qbn_�kHY�Z$`cY�Z�FH_aY�Z$kHY�Z$kHY�Fye�^JFf[q_aY�Z)kHj�´{GS_a`r^X[ablGSIHZ
\:Y�_a`r^JIHY�Ii[qY�ZLy

�������� �y R'!/blI,+/F"Y�IHd�Y�kHY�Z]\"_aGS\H_�blj�[qj�ZskHY�Z]d�xfd�mlY�Z]kHY�d�GJI-[a_q^JbnIi[qY�ZsZaF"_sml^�kHj�´{GS_�`A^�[qblGJI ^+e"bl^JmlY'`rY�Æ
ZaF"_aj�Y�^JF�[q_�b­^�efbl^Jm�L{k]z�^J\H_�}�Z �'mÁtX^�Æ 'sFH_�[q^JkHGH©pNQPSRSTiU
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� [q_a^QtJY�_�Z�FHIHY�\H_aGyd�j�kHFH_aYÀkHYÀ_�j�KS_�Y�ZaZ�blGSIÊmlblI"j�^Jbn_aY�^J\H\Hmnblg-FHj�YÀuAd�Y�Z�Y�ZaZa^JblZ�©pm+z�^JF"[aY�FH_s\H_aGJ\pGSZ�Y
FHIHY'mlGSb _aY�mlbl^JIi[)ml^�kHj�´{GS_a`r^X[qbnGSI®^+e"bl^JmlYsd�F"`¡FHmlj�Y�^JFAIHGS`¡ H_�Y�£ k"Y�d�xyd�mnY�Z�^J\"\HmlbngyF"j�Z)Y�[~uÀml^�kHj�Æ
´{GS_�`A^X[ablGSI�\:Y�_�`A^JI"Y�Ii[qY�_aY�ml^X[qbÁtSY�u'm�z{^J\H\Hmnbld�^�[qblGJIokHF¡\H_�Y�`cblY�_�d�xfd�mlYX©JIHGJ[aj�Y � � 	 � ¥!�ky �'mntX^�Æ(']FH_�[w^Jk"GZadwv"j�`r^X[qbnZaY~m�z�blI,+/F"Y�IHd�Y~kHF
dwvHY�`cblI
kHY~d�GSIi[q_q^XblIi[qY�Z7Z�FH_�d�Y�[a[aYsk"j�´{GS_�`A^X[ablGSIÀblIHbÁ[qb­^XmlY'L{·/KSF"_aY  �y RiUay
E�^�mlGSb?\"_aGS\:GSZaj�Y�^
ml^À´{GS_a`cYoZaF"bntX^JIi[qY !

� � 	 � £���¤ � � 	 � ¥!� � ¥BDÈ¨���¥�� � ��� � £�� � L� �y �JU
Y�[sgyF"b1ZaY�_aj�tS}�mnY�[a_a}�Zs\"_aGydwvHY�kHY�d�Y�mnmlYo\H_�GS\:GSZaj�Y�\H^J_�L�����) � ºfvHY�I-[aGSI?©�NQP ���-U !

��� 	 � £	�7¤ ��� 	 � ¥����C¥�DÈ¨���§ � ��� � £�� � L� �y RSU
�sIHY$_�Y�\H_�j�ZaY�Ii[w^X[ablGSI�\HmnFHZÇ\"_aj�d�blZ�Y)k]z{F"IHY)[qY�mlmnY�mnGSb-k]z{j�tJGSmlFf[qblGJIÀY�Z�[�kHGSI"IHj�Y$\H^J_ÇFHI"Y$_aj�KS_aY�ZaZabnGSI

IHGSIyÆ�mlbnIHj�^Xbl_aYX©fg-FHb1d�GSIHkHF"bn[sm�z�^XF"[qY�FH_~u�\H_aGJ\pGSZ�Y�_�m­^¡´{GS_�`¡FHmnY�ZaFHbÁtX^JIi[qY !

� � 	 � £���¤ � ¨��	��� DÈ¨�� �
� � ��� � £�� � � � 	 � ¥!� D � ¨��w¨ ��
Ä¨��w¨
� ����� � £	�
� � � 	 � ¥!��� L� �y PSU
8�d�b�Y�IHd�GS_aYX©�^XFHd�FHI"YÊmlGJb$I]z{Y�Z�[rY�ef\Hmlbnd�bÁ[qY�`cY�Ii[
\H_�GS\:GSZaj�Y \:GSFH_cd�Yhg-FHb�d�GSIHd�Y�_�IHYÊm+z{j�tJGSmlF"[ablGSI

d�F"`¡FHmlj�Y�kHY�Zs^JF"[a_aY�Zsd�GS`c\pGSZa^JIi[qY�Zsk"Y�ml^�kHj�´{GS_�`A^�[qblGJI®\pY�_a`r^JIHY�I-[aYCy
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��_�GJ·/mlmnblkHbnZ�L�N�PSR 'iU�V 9" +WªIHY�Z z{Y�Z�[�\/^XZ'blIi[aj�_aY�ZaZ�j¡FHIHbngyF"Y�`cY�Ii[�ucm�z{bnIi[qY�_a^Jd�[ablGSI¢Y�I-[a_aY¡mnY� /^Jmlml^JZ�[
Y�[sml^
Z�[q_�FHd�[aFH_aYX©p\HF"blZag-F]z�blm1^
j�Ki^XmlY�`cY�Ii[�j�[qFHkHbnj�mlY�d�GS`c\:GS_�[aY�`cY�Ii[sucml^¡´�^X[qbnKSFHYokHY�Z]`r^X[qj�_abl^JFfe
d�GJIHZ�[abn[qFf[qbn´{Z�kHY�ZÇd�GSFHdwvHY�Z¹k]z�^JZ�ZabnZaY)Y�[Çk"Y)m­^�\Hml^X[qY�Æ ´{GS_�`rY¹´{Y�_a_aGQtyb­^Xbl_aY�y�8�mfk"j�·/IHbÁ[Çml^�´�^�[qblKJFHY�d�GS`c`rY
FHI \HvHj�I"GS`r}�IHYAk"Y �/�������A�y�A�q�w���l�����J� � � k]z{FHI `A^�[qj�_�b­^JFÉZ�GSFH`cblZ�uhF"I dwv/^J_�KSY�`cY�Ii[À_aj�\:j�[ajrY�[
g-FHb1blI"kHFHbn[~^JmlGS_�Z�u�FHIHY �y���J���i�i�J������� ������� � ���y�w�����l�
���1�:�q�a�J�w�w�w�����J���J� �c�J���������J� y
Â)GJIHd�Y�_aI/^JIi[�mlY� H^Jmlml^JZ�[�©pkHY�Z�Y�ZaZa^JblZo[a_ab­^+e"bl^JFfeÊu6¥Q¨���d�xyd�mlY�Z�`cGSIi[q_�Y�Ii[�g-FHY
m�z�^J\"\Hmlbnd�^X[ablGSIhkHF

\H_�Y�`cblY�_)d�xyd�mnY�Y�IHKSY�IHkH_aY�FHI"Y�k"j�´{GS_�`A^X[ablGSI�\:Y�_�`A^XIHY�Ii[qY�[a_a}�Zsbn`r\:GS_�[w^JIi[qY'kHF¢ /^Jmlml^JZ�[�y/Â)GS`c\"[aY
[qY�I-F6kHYÀml^rKS_a^JI-FHmlGS`cj�[a_abnYokHYÀd�Y¡`A^�[qj�_�b­^JF|©/d�Y�[�[qY¡k"j�´{GS_�`A^X[ablGSI¢\:Y�_�`A^JI"Y�Ii[qY¡Y�Z�[�^X[a[a_abl "FHj�YÀ^JF
_aj�^J_a_a^JIHKSY�`rY�Ii[�kHY�ZoKS_q^JbnIHZskHY¡ /^Jmnm­^JZ�['g-FHbÇ^J :GSF"[qbÁ[�urm­^c·HI?©?uAF"I6j�[w^�[�g-F/^JZ�bÁÆ�Z�[w^J "blmlbnZaj�y��'\H_�}�Z
m�z{^J\H\Hmnbld�^�[qblGJIAkHYod�Y�\"_aY�`cblY�_~d�xyd�mnYJ©/mnY'[w^JFye¢kHY�kHj�´{GJ_a`r^X[qbnGSI®\:Y�_a`r^JIHY�Ii[qY�kHF¢ /^Jmnm­^JZ�[~kHbl`cblI-FHY
ZaY�IHZabn HmlY�`rY�Ii[]mnGS_aZ�g-FHYomlYoIHGJ`¡ H_aY�kHY�d�xfd�mlY�Zsk"Y�dwv/^X_aKSY�`rY�I-[]^JF"KS`rY�Ii[qYCy
EÀz{Y�ef\H_aY�ZaZabnGSIÄkHYrm­^¢kHj�´{GS_�`A^�[qblGJI \:Y�_�`A^JI"Y�Ii[qYrkHj�kHF"bn[qYrkHY�Z�_aj�ZaFHmÁ[w^X[aZÀk]z{Y�ZaZa^JblZ�Y�Z�[¡kHGSIHIHj�Y

\/^J_~m+z{j�g-F/^�[qblGJI�ZaFHbÁtJ^XI-[aY !
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&]Y�Z�Y�Z�Zq^JbnZ�Y�¿|Y�d�[aFHj�Z�\/^J_omnY�Z�Â)vHY�`rbnIHZokHY��/Y�_��)_�bn[w^XIHIHblg-FHY�ZcL�k/^XIHZ���_aGJ·/mnmlbnkHblZ¡L�NQPSR�'iUÀV 9� �W­U
k/^JI"Z�kHY�Z'd�GSIHk"bn[qbnGSIHZ]kHY¡d�GJI-[a_q^JbnIi[qY�Z'd�GSIi[q_��Smlj�Y�Z�©pGSIi[o\:Y�_�`rbnZ]k"Y¡\H_aGJ\pGSZ�Y�_�F"IHY¡_aY�m­^X[ablGSI Y�Ii[q_�Y
m­^¡k"j�´{GS_�`A^X[ablGSI�\:Y�_�`A^XIHY�Ii[qY�kHFh /^Jmnm­^JZ�[~Y�[�mnYokHj�tybl^X[qY�FH_s^J\H\Hmnblg-FHjokHY�m­^À´{GJ_a`cY !
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GJ« !

�¬Y�Z�[�FHIhd�GyY��cd�blY�Ii[�g-FHb1kHj�\pY�IHkhkHF¢IHbntJY�^JFhkHYod�GJI-[a_q^JbnIi[qY�^J\H\"mlblg-FHj�YJ©Hd�GS`c\H_abnZ$Y�Ii[q_�Y
¥�Y�[]§
\:GSFH_7mlY�Z�d�GSIi[a_q^JbnI-[aY�Z7´�^Jbl HmnY�Z7`A^XblZ�\pY�F"[~^�[a[qY�blIHk"_aYskHY�Z)tX^JmnY�FH_�Z�%�F"Zag-F]z�u ��\pGSF"_�mnY�Z)d�GSIi[q_a^JblIi[qY�Z
j�mnY�tJj�Y�ZsY�[ � Y�Z�[sm­^¡\:GS_aGSZ�bn[ajokHF  H^Jmlml^JZ�[�y
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E1b�Y�[¸ºfY�mlbnK V ��9�W�Z�Y¬ZaGSIi[ÉbnIHZa\Hbn_aj�ZMkHY¬ml^3mlGSb�k]z�^Xd�d�F"`¡FHm­^�[qblGJI kHY�Z6kHj�´{GS_�`A^�[qblGJIHZÊ\:Y�_�`A^�Æ
IHY�I-[aY�Zr\H_aGS\:GSZ�j�Y¢\/^J_ � GSI"GSZa`cbn[avÄY�[A^Jm y$L�NQP �
 SU®V& yN�Ws^JblI"Zab$g-FHY��oIyFf[qZaGJI Y�[A^Xm y�LONQP � �SU®V �HN�W
kHGSIi[om+z{Y�ef\H_�Y�Z�ZablGJI¸Y�Z�[�kHGJIHIHj�Y�\H^J_�m * j�g-F/^�[qblGJIµL  �y& SUkyC8�mlZ'ZaFHKSKJj�_aY�Ii[�gyF * FHIÉ`cGfk"}�mlY�g-FHb¹\H_�j�kHbÁ[
m�z{^Jd�d�FH`¡FHml^X[qbnGSIrk"Y�Z~kHj�´{GS_a`r^X[qbnGSIHZ�\pY�_a`r^JIHY�Ii[aY�Z~kHGSbÁ[)[aY�IHbn_$d�GS`c\"[aY�kHY�Z$´�^Xd�[qY�FH_aZ~g-FHb|blI,+/F"Y�Ii[
mlY�\HmnFHZsZaFH_smlY�d�GS`c\:GS_�[aY�`cY�Ii[sd�xyd�mnblg-FHY�kHFÊ`r^X[qj�_abl^JF?©"[aY�mlZsg-FHY ! m+z{j�[q^X[�kHYÀd�GSIi[q_a^JblIi[qY�k/^JI"Z]mnY
`r^X[qj�_ab­^XF?©"mnYoIHGS`¡ H_�YokHY�d�xyd�mnY�ZskHY�dwv/^J_�KSY�`cY�Ii[�©/mnY�[�xy\pY�kHY�`A^�[qj�_�b­^JFAY�[sZaGSIhj�[q^X[s\HvixyZablg-FHY�y
EÀz�^X`rj�mlblGJ_q^X[ablGSI�^X\H\pGJ_�[qj�Y]\H^J_)E1b Y�[$ºfY�mlblK�u�d�Y�[�[qY'mnGSbH\:GS_�[aY]Z�FH_)mnY�Z7Y�ef\H_�Y�ZaZ�blGSI"Z$kHY�Z7´�^Jd�[aY�FH_�Z

� Y�[ �|y 8�mlZ�GJI-[�^JI/^JmÁxfZ�j�kHY�Z�_�j�Z�FHmn[q^X[qZ�k]z�Y�ZaZa^JblZ�Y�efblZ�[q^JIi[qZ�k/^XIHZ�m­^Mmnbn[a[aj�_a^X[qFH_�Yc[aY�mnZ�gyF"Y�d�Y�Fye
kHY �hGSIHGSZ�`rbÁ[qv3Y�[�^Jm y]L�NQP �
 SU
Y�[��oI-F"[qZ�GSIÅY�[®^Jm y]LONQP � �SU�©�Y�[®Y�IÅGSIi[®kHj�kHFHbÁ[®g-FHYMm+z{Y�¿pY�[rkHF
kHj�tfbl^X[qY�FH_ckHY�Zrd�GSIi[q_a^JblIi[aY�ZAZ�FH_cmlYhd�GyY��cd�bnY�Ii[ �ÄY�Z�[c[q_a}�ZAbn`r\:GS_�[q^JIi[�©¹Y�[®g-F]z{Y�I GSF"[a_aYhm�z{j�[w^X[
\HvixyZabngyF"Y)kHF�ZaGSm-kHF�\:GSblIi[�kHY�tyFHY�k"Y�IHZ�bn[qj�Z�}�dwvHY�Y�[ªvyF"`rbnkHbn[aj¹kHFÀ`r^X[aj�_abl^JF�^�FHI�Y�¿|Y�[ÇZ�blKSI"bn·/d�^X[qbÁ´
ZaF"_rd�Y d�GfY
�rd�blY�I-[�y 8�mlZ
\H_aGJ\pGSZ�Y�Ii[�^XmlGS_�Z�FHIHYh_aY�ml^X[qbnGSIµY�Ii[q_�Y mnY¢d�GyY��cd�bnY�Ii[ �¬Y�[cmlY¢kHj�tybl^X[qY�FH_
kHY�Z¡d�GSIi[a_q^JbnI-[aY�ZLy¹EÀz{Y�¿pY�[¡kHY®m�z�j�[w^�[À\HvixyZabng-FHY�kHFÄ`r^X[qj�_ab­^XF Y�Z�[�\H_�blZ�Y�IÄd�GJ`r\"[aY®u [a_q^�tSY�_aZ�mnY
\/^J_a^J`c}�[q_�YMkHYM_�j�Z�blZ�[q^JIHd�Y6Z�[w^�[qblg-FHY6k"FÅZaGSm 3��ckHj�[aY�_�`rbnIHj6u¬\/^J_�[qbn_Ak]z{Y�ZaZa^JblZ�u¬dwvH^J_aKSY�`rY�Ii[qZ
`cGSIHGJ[aGSIHY�Z~Y�[sZ�[w^�[qblg-FHY�Z�y E�^�_aY�m­^X[ablGSI�\H_�GS\:GSZaj�Y�Y�Z�[skHY�m­^¡´{GS_�`rY !

��¤���� � °3�� �% L  IynN %JU
)�Ih_aY�\pGS_�[w^JIi[sm�z�j�g-F/^X[ablGSI¸L� �ynN�%SU�k/^JI"ZÀL� �y& SU�©/IHGJFHZ�GS "[qY�IHGSIHZ�ml^¡_aY�ml^X[qbnGSI�ZaF"bntX^JIi[qY !
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 L  IynN 'SU
�s·/I¢k]z -�[q_aYoY�I¢`rY�ZaFH_�YokHY�\H_aj�kHbl_�Y�m�z{j�tSGSmnF"[qbnGSI®kHY�Z~kHj�´{GJ_a`r^X[qbnGSIHZ)\:Y�_�`A^XIHY�Ii[qY�Zs^�efb­^JmnY�Z�©fmlY�Z

\/^J_a^J`c}�[q_�Y�Z�� � © �
Y�[�� I"j�d�Y�ZaZ�bn[qY�Ii[�k]z -�[q_aYrkHj�[aY�_�`rbnIHj�Z�\pGSF"_�kHbÁtSY�_aZ�[�xy\:Y�Z�kHYA`r^X[qj�_abl^JFfe y��
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`cGSblIHZ)kHYokHblZ�\pGJZaY�_~ksz{Y�Z�Zq^JbnZ]u�dwv/^X_aKSY�`rY�I-[aZ�_aj�\:j�[aj�Z�©/d�Y�Z�d�GSIHZ�[q^JIi[qY�Z]Z�GSIi[�kHb �cd�bnmlY�Z~u�j�tX^JmlF"Y�_�y
E1bªY�[�ºfY�mlblKrGSIi[�kHj�[qY�_a`cblIHj�d�Y�Zo\H^J_q^J`c}�[a_aY�Z'Y�I6mnY�Z]d�^Jml^JIi[ouA\/^X_�[qbn_'k]z�FHIHY¡d�GS`r\H^J_q^JbnZaGSI Y�Ii[q_�Y
FHIHY�Z�bl`¡FHml^X[qbnGSI®kHYo[q^JZaZ�Y�`cY�Ii['k"Y�tJGSblY�_�j�^JmnblZaj�Y�u�\/^J_�[abl_~kHY�m+z{j�g-F/^X[ablGSI¸L� �yÁN 'iU)Y�[skHY�Z]`cY�Z�FH_aY�Z
kHY7[w^JZ�ZaY�`cY�Ii[�y�8�mlZ	d�GSI"Zablk"j�_aY�Ii[�g-FHY$\/^J_�`rb-d�Y�Z¹[q_�GSblZ	\/^J_a^J`c}�[q_�Y�Z�©Xd�z{Y�Z�[ � � g-FHb"Y�Z�[ÇZaF %�Y�[�u'm­^s\HmlF"Z
KS_a^JIHkHYsblIHd�Y�_�[qbn[aFHkHYX©yj�[w^JIi[)kHGSIHIHjsg-FHY�\:Y�Frk]z{GS HZ�Y�_�tJ^�[qblGJIHZ�_�Y�ml^X[qbÁtSY�Z�u�d�Y'\/^X_q^J`c}�[a_aY�Y�efblZ�[qY�I-[�y
8�mlZ'd�GSIHZ�blkH}�_aY�I-[�d�Y�\/^J_q^X`r}�[q_aYÀd�GS`c`rY�j�Ki^Xm�u®m­^A\"_aGykHFHd�[ablGSI6k"Y�Z�kHj�´{GJ_a`r^X[qbnGSIHZ'\:Y�_�`A^XIHY�Ii[qY�Z
mlGJ_aZag-FHY�mnY~ZaGSm/Y�Z�[7dwv/^J_�KSj�kHY~´�^
��GSIc`cGSIHGJ[aGSIHY %�FHZ�gyFsz�u�ml^�_aFH\f[qFH_�Y]d�z{Y�Z�[�ÆOu+Æ�kHbn_aY$mnGS_aZ�gyF"Ys°J² 3���¤
£ ¤ ¥Cy ��I GS "[qbnY�Ii[rkHGSIHd � � 	 � ¥��®¤ � � y7E1Y d�GfY
�cd�blY�Ii[ ��\:Y�F"[�©7g-F/^XI-[®u¸mnFHb�© -�[q_�YÊd�GSIHZabnkHj�_�j
d�GJ`r`cY¢d�GSIHZ�[w^JIi[�y 8�m�_�Y +/}�[qYÊmnY�[w^JFfeÈksz�^Jd�d�FH`¡FHml^X[qbnGSIÄkHY�ZAkHj�´{GS_a`r^X[qbnGSIHZ�\:Y�_�`A^JI"Y�Ii[qY�ZAZaGJFHZ
dwv/^J_�KSY�`cY�Ii[s_aj�\pj�[qj�y
&'^JIHZ�d�Y�[a[qY
^X\H\H_aGydwvHYX©|[qGSFf[�d�GS`c`rY�k/^JIHZ�m+z{Y�IHZ�Y�`¡ "mlY¡kHY�Z�[q_a^QtX^JFyeÉ^JIi[qj�_abnY�FH_�Z�^JFfefg-FHY�mnZ�Z�Y

_aj�´{}�_�Y�Ii[)mnY�Z7^JF"[aY�FH_�Z�©-Y�Ic\H_�GS\pGJZq^JIi[7kHY�Z�^J`cj�mnblGS_a^X[qbnGSIHZ�©X^JFHd�FHIHYs`rY�Ii[qblGJIcIsz{Y�Z�[�´�^JbÁ[qY~kHFcd�^X_q^Jd�Æ
[qj�_aY�`¡FHmn[ab­^�efbl^JmSkHY�Z¹kHj�´{GJ_a`r^X[qbnGSIHZ�\pY�_a`r^JIHY�I-[aY�ZLy��	GSF"[¹Z�Y$\/^JZ�ZaY$d�GS`c`rY�Zabfm­^�kHj�[aY�_�`rbnI/^X[qbnGSI�kHY
m�z�j�[w^�[¹_aj�ZabnkHFHY�m"kHY~m­^'Z�[q_�FHd�[aFH_aY~Y�[�IHGJ[w^X`r`cY�Ii[¹k"F¡[w^JZ�ZaY�`cY�Ii[�Z�Y$´�^JblZa^Jbn[Ç\/^J_¹Z�bl`c\HmlY7blIi[qj�KS_q^�[qblGJI
kHY�Z�ZaY�F"mlY�Z�kHj�´{GS_a`r^X[ablGSIHZª\pY�_a`r^JIHY�I-[aY�Z¹tJY�_�[abld�^JmlY�Z�Zq^JIHZ¹[aY�IHbn_¹d�GJ`r\"[aY$kHY�Z�^XF"[q_�Y�Z�d�GJ`r\:GSZq^XI-[aY�ZLy
 �� ���  � �/(�� (8$ 1 
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E1Y 
X^X_a\ Y�[ &'^	��Z�GSI<LONQPSPSRiU¡V � 'XW7GSIi[�_aj�^JmlbnZaj
kHY�ZÀY�Z�Zq^JbnZ�[a_abl^�efb­^JFfeMd�xyd�mnblg-FHY�Z¡^JF¸m­^J :GS_a^X[qGSbn_aY
^X·/IÈk]z{j�[qFHk"blY�_
mnY�Z
kHj�´{GJ_a`r^X[qbnGSIHZ¡\:Y�_�`A^JI"Y�Ii[qY�ZrkHYhKS_a^QtJY�ZcIHGSIµ[q_a^Jbn[aj�Y�ZLy7Â)Y�ZcY�Z�Zq^JbnZrGSIi[cj�[aj
`cY�IHj�Z¸Z�FH_Éd�bnIHg KS_a^�tSY�ZÉkHbÁ¿|j�_aY�I-[aY�Z¸F"[qbnmlbnZaj�Y�ZMKSj�IHj�_a^JmlY�`rY�I-[Éd�GS`c`rY¬`r^X[aj�_abl^JFfe kHYµdwv/^JFHZOÆ
Zaj�Y�ZLy?E1Y�I"GS`¡ H_�Y�kHY�d�xyd�mnY�Z]`A^�efbn`¡FH` ^X[�[qY�blIi['mnGS_aZ�kHY�Z'Y�ZaZq^XblZ'd�xyd�mlbng-FHY�Z]Y�Z�['kHY �S¨S¨S¨S¨
d�xyd�mlY�ZLy
EÀz�^J\H\H^J_aY�blmlml^JKSYsF"[qbnmlbnZaj'Y�Z�[�d�GSI ��F¢kHYo´�^
��GSI¢u¡IHY�\:GSF"tSGJbl_)´�^Jbn_aYstJ^X_ablY�_$g-FHY�m­^�tX^JmnY�FH_)kHF¢kHj�tyb­^+Æ
[qY�FH_�©/ml^¡\H_aY�ZaZ�blGSIhkHY�d�GSIf·/IHY�`cY�Ii[]j�[q^JIi[]`r^JbnI-[aY�I-FHYod�GSIHZ�[q^JIi[qY�y
E1Y�Z$_aj�ZaFHmÁ[w^X[aZ)kHY�Z$Y�Z�Zq^JbnZ$Y�IA[aY�_�`rY]k]z�^Jd�d�FH`¡F"m­^X[ablGSIckHY�Z)kHj�´{GS_�`A^�[qblGJIHZ�\:Y�_�`A^XIHY�Ii[qY�Z~^�efb­^XmlY�Z

Y�Ih´{GSIHd�[qblGJIhk"FÊIHGS`À H_aY�kHY�d�xyd�mnY�GJI-[]j�[aj�d�GS`c\/^J_aj�Zsurd�Y�FfehGS "[aY�I-FHZ]\/^J_��Ç^JFf[qYÀY�[]^Jm y	LONQPSRSRiU
V  JPXW1Y�[]I"GJ[w^J`c`cY�Ii[�u
m­^¡mlGJb1^JkHGS\f[qj�Y�\/^X_~d�Y�ZskHY�_aIHbnY�_aZ�©/kHF¢[�xf\:Y !
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GJ«�ml^$d�GSI"Z�[w^XI-[aY�
 ^X\H\/^J_a^X¾l[|d�GS`c`rY�ml^)tX^JmlY�FH_1^JZ�xf`c\"[aGJ[qbngyF"Y�kHY�m­^$kHj�´{GS_a`r^X[qbnGSI�\:Y�_�`A^JI"Y�Ii[qYX©

[a[aY�bnI-[aY�\pGSF"_~FHI I"GS`¡ H_�YokHY�d�xyd�mnY�ZsblI"·/I"b�L �ÇbnKSFH_�Y  �y PiUay
8�mnZ1\H_aGJ\pGSZ�Y�Ii[ª^JmlGJ_aZ1FHIHY7^J`cj�mnblGS_a^X[qbnGSIskHY�d�Y�[�[qY�mlGJbJg-FHbi`cY�[�Y�I�Y�efY�_aKSFHY7m�z�Y�¿pY�[�kHY�Z	d�GSIi[q_a^JblIi[qY�Z

ZaF"_ÇmlY�Zªk"j�´{GS_�`A^X[ablGSI"Z	\:Y�_�`A^XIHY�Ii[qY�Z�yXE1Y�ZÇ_�j�Z�FHmn[q^X[qZªkHY�mnY�FH_�Z¹^JIH^JmnxyZaY�ZÇ\:Y�_�`rY�[a[qY�Ii[Çk]z�j�[w^X Hmlbn_	F"IHY
_aY�m­^X[ablGSI�Y�Ii[q_aYsmlY�Z�kHj�´{GS_�`A^�[qblGJIHZ�\pY�_a`r^JIHY�I-[aY�Z�^�efb­^JmnY�Z�©SmlY~_a^J\H\:GS_�[7Y�Ii[a_aYsmlY�Z�d�GSIi[q_q^XblIi[qY�Z7`r^�efbÁÆ
`r^JmlY�Z$Y�[sm­^�mnGSIHKSFHY�FH_~kHF�[q_a^ %�Y�[skHY�d�GSIi[q_q^XblIi[qY�y )�mnmlY�Y�Z�[skHGSI"IHj�Y�\/^J_~m+z{Y�ef\H_�Y�ZaZ�blGSIhZaF"bntX^JIi[qY !
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�������	 �y P�!Sj�tJGSmlFf[qblGJI�kHY�Z�kHj�´{GS_a`r^X[qbnGSIHZª\pY�_a`r^JIHY�Ii[aY�Z7^�efb­^JmnY�Z¹Y�Ic´{GJIHd�[ablGSI�kHF
IHGJ`¡ H_aY~k"Y~d�xyd�mnY�Z
kHY�dwv/^J_�KSY�`cY�Ii[ÀL�ksz�^J\H_�}�ZsE1Y 
�^J_a\hY�[]^Jm yn©pNQPSPSRSU
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Â)Y�[a[aYÀ_aY�m­^X[ablGSI¢Y�Z�['tX^Jml^J HmnYo\pGSF"_]FHI IHGS`¡ "_aY�kHYÀd�xfd�mlY�Z'ZaF"\pj�_ablY�FH_]u ¥Q¨S¨�y A Y�Z�[]m­^
mlGSI"KSFHY�F"_

kHFÅd�xfd�mlYX© � °J²�³;�  #"%$ Y�Z�[�mlYM_a^J\H\:GS_�[A`A^+e"bn`¡FH` kHYÊd�GSIi[q_a^JblIi[aYJ©�[q^JIHkHbnZ®g-FHY �µY�[ �¢ZaGSIi[¢kHY�Z
\/^J_a^J`c}�[q_�Y�Z�k"Y�_aj�KJ_aY�Z�ZabnGSI6Y�[~³��oY�Z�[�FHI"Y�\H_aY�ZaZabnGSIÉkHY¡_�j�´{j�_�Y�IHd�Y
j�Ki^JmnY¡uM¥ 
��Ç^�y	Â)Y�[a[aY�mlGSb	Y�Z�[
k/^JI"ZsZ�GSI¢Y�Z�\H_abÁ[~[q_a}�Z�\H_aGydwvHYokHY�d�Y�mlmnY�\H_aGJ\pGSZ�j�Y�\/^J_��oblk"Y�m|Y�[s^Jm y?L %JTJT"N+U�g-FHY�IHGSF"ZsY�ef\pGSZ�Y�_�GSIHZ
\HmnFHZ~Y�IhkHj�[q^Jblm|k/^JIHZ�m­^�kHY�_aIHbn}�_�Y�\H^J_�[ablY�kHY�d�Y�dwv/^X\Hbn[a_aYCy
 �� ��� � � �/(�� (8$ 1 

	�� �8����&)��$ ��� (8� � ,
	 585 �:9

8�GJIHY�Z�d�FAY�[7^Jm yHL�NQPJP�9iU)V 'SPXW/GJI-[�dwv"Y�_adwv"j'uod�^X_q^Jd�[qj�_�blZ�Y�_�mlY~ H^Jmlml^JZ�[ÇkHFr\:GSbnI-[¹kHY$tyFHY]`cj�d�^JIHbngyF"Y
Y�Iµ_�j�^JmnblZq^XI-[ÀkHY�Z
Y�ZaZq^XblZ�kHY�dwv/^X_aKSY�`rY�I-[aZ�Z�[q^X[qbngyF"Y�Z�Y�[
d�xyd�mlbng-FHY�Z�Z�FH_�kHY�Z�j�dwv/^JIi[qbnmlmnGSIHZ¡kHY�d�Y
`r^X[qj�_ab­^XF yJE1Y�Z¹Y�Z�Zq^JbnZ�kHY~d�GS`c\H_�Y�ZaZ�blGSI�Z�[w^X[ablg-FHY$d�GSIHZ�blZ�[aY�Ii[7uo^J\H\"mlblg-FHY�_¹kHY�Z�d�GSIi[q_a^JblIi[aY�Z�^�efb­^XmlY�Z
tX^J_abl^JIi[�Y�Ii[a_aY�¨�Y�[ � �J¨�
��Ç^"©SmnY�Z¹´�^Jd�Y�Z�ml^X[qj�_q^JmnY�ZÇk"Y~m�z{j�dwv/^JIi[qbnmlmlGJI?©+\Hm­^Jd�j~k/^JIHZ�F"IHY~d�Y�mlmlF"mlYJ©�j�[q^JIi[
 HmnGfg-FHj�Y�Z�
ky-EÀz�^J\H\"mlbld�^X[qbnGSIÀk"Ysd�Y�Z�d�GJI-[a_q^JbnIi[qY�Z�Y�Z�[7Y�¿pY�d�[qFHj�Ys\H^J_�blIHd�_aj�`cY�Ii[aZ�kHY �J¨oY�[�¥Q¨S¨ 
��Ç^�y
�'\"_a}�Z]^�tSGSbn_�^J\H\Hmnblg-FHj�ml^�dwv/^J_aKJY�[aGJ[w^XmlYJ©fFHIHY�kHj�dwvH^J_aKSY�\/^X_s\H^JmlbnY�_aZ)kHY
¥Q¨S¨ 
��Ç^
Y�Z�[]Y�¿pY�d�[qFHj�YCy
)�IµZaGJFH`rY�[a[q^JIi[�mlYr /^Jmlml^JZ�[ÀuMFHIÄY�ZaZq^Xb~d�xyd�mnblg-FHYJ©ªF"[qbnmlbnZq^JIi[�FHI¬[qY�m$kHblZ�\pGJZabn[abn´)Y�ef\pj�_abn`rY�I-[q^Jm�©

8�GSIHY�Zad�FÊY�[s^Xm y1LONQPSP�9SU�_aY�`A^J_�g-FHY�Ii[sg-FHY�mlYod�GJ`r\:GS_�[aY�`cY�Ii[~kHY�d�YokHY�_�IHblY�_sY�Z�[�IHGJI mnblIHj�^Jbl_�YCyfE�Y�Z
�������������������! "��#!���$#�%�&'��(��*),+$�



��� � ��8�� ��8:(��Q4	� 4y9�� 

��
������?.�4Ê2	. �	* ���{* � �c4��r2	4	��� (�*i,:4	�
9	8:9 �Q(+* �����-4	� =��!�

d�GJFH_a :Y�Z�L 3¹©(�wU7Z�GSIi[~^JZ�ZaY �ok"bn¿pj�_aY�Ii[qY�Z�kHY�d�Y�mlmnY�Z7GS HZ�Y�_�tJj�Y�Zs\:GSFH_7m­^�\H_aY�`rbn}�_�Y]dwv/^X_aKSY]d�GS_�_aY�Z�\pGJIfÆ
k/^JIi[�u�m�z�Y�ZaZa^Jb¹Z�[w^X[ablg-FHYCy )�IÉY�¿pY�[�©1kHFH_a^JIi[�mnY¡\H_�Y�`cblY�_'d�xyd�mnYck"YcdwvH^J_aKSY�`rY�Ii[�©1m­^®k"j�´{GS_�`A^X[ablGSI
^�efb­^XmlY®j�tSGSmnFHY�_q^J\"blkHY�`rY�I-[
Y�[
Y�mnmlY®I]z�Y�Z�[c_�j�d�F"\pj�_aj�Yhg-FHY¢\/^J_�[qblY�mlmnY�`cY�Ii[¡mnGS_aZ�kHY�ml^MkHj�dwvH^J_aKSY�y
�'\"_a}�Z
dwv/^XgyF"Y d�xfd�mlY�kHY¢dwv/^X_aKSY�`rY�I-[�©�FHIµIHGSF"tJY�m�blI"d�_aj�`rY�Ii[�kHY¢kHj�´{GJ_a`r^X[qbnGSI¬\Hml^JZ�[ablg-FHYJ©ÇgyF"b
kHj�d�_aGX¾l[7\H_aGJKS_aY�ZaZabÁtSY�`rY�I-[�©fY�Z�[$^Jd�d�FH`¡FHmnjCyyÂ)Y�[�[qY]kHj�´{GS_�`A^�[qblGJIcbn_a_�j�tSY�_aZ�bl HmnYs\H^J_�d�xyd�mnYJ©y\/^JZaZ�Y'\/^X_
Y�efY�`r\HmnY®kHY¢§���§�� mlGS_�ZÀkHFÄ\H_�Y�`cblY�_Àd�xyd�mlY�u6¨��q¨S¨"¥�� ^J\H_�}�Z �J¨ d�xyd�mnY�Z�kHY®dwvH^J_aKSY�`rY�Ii[�y 8�m�Y�I
_aj�ZaFHmÁ[qY�FHI [q^JZaZ�Y�`cY�Ii[]kHGSIi['ml^
tX^J_�b­^X[ablGSI�Y�Z�[s[q_�}�Zs_q^J\HbnkHY�ZaFH_smlY�Z]g-FHbnI���Y�\H_�Y�`cblY�_�Z�d�xyd�mnY�Z�y��'FyÆ
kHY�m­urk"YÀd�Y�Z'g-FHbnI���Y�\H_aY�`rbnY�_aZsd�xyd�mlY�Z�©|mnY�ZsblIHd�_aj�`cY�Ii[aZ'kHY�[w^JZ�ZaY�`cY�Ii['ZaGSIi[�_�Y�ml^X[qbÁtSY�`cY�Ii[s´�^Jbl "mlY�Z
Y�[�mlY�FH_�j�tJGSmlF"[ablGSI¸Y�Z�[¡mnblIHj�^Jbl_�Y¡Y�I ´{GJIHd�[ablGSIÉkHF¬I"GS`¡ H_�Yck"YAd�xyd�mlY�Z�\:GSFH_�mlY�Z�j�dwvH^JIi[qblmnmlGSI"ZoIHGSI
d�GJ`r\/^Xd�[qj�Z�y �	GSFH_�mlY�Z�j�dwv/^XI-[ablmnmlGSIHZÇd�GS`c\/^Jd�[qj�Z�©imlY)[q^JZaZ�Y�`cY�Ii[�j�tSGJmlFHY~kH}�Z�mlY~\H_�Y�`cblY�_Çd�xyd�mnYsZ�Y�mnGSI
FHIHY¢mnGSb)mnGSKi^J_�bn[qv"`rbngyF"YCyªºfFH_
m­^M H^JZaY¢kHY�[qY�mlZ�_�j�ZaF"mn[w^�[qZ�©ÇmlY�Z
^XF"[qY�FH_aZc\H_aGJ\pGSZ�Y�Ii[
FHIHY¢_�Y�m­^�[qblGJI
Y�Ii[a_aY�mlY'[q^JZaZ�Y�`cY�Ii['_�j�Z�blkHFHY�m1Y�[smlYoI"GS`¡ H_�YokHY�d�xyd�mnY�ZskHY�dwv/^J_aKJY�`cY�Ii[skHFh[�xy\:Y !

��� ¤ � � � � £ED�� 1 £ #�� L  �yÁN�9S^iU
� � ¤ � £,D � 1 £ (�� L  �yÁN�9J /U

E1Y�Z�Y�ZaZa^JblZ�\:Y�_�`rY�[a[qY�Ii[�k]z{blk"Y�Ii[qbÁ·/Y�_¹mnY�Z¹\H^J_q^J`c}�[a_aY�Z�kHY~m­^�mnGSbf\"_aGS\:GSZaj�YCy-E1Y~IHGS`À H_aY$k"Y~d�xyd�mnY�Z
<Od�_abÁ[qblg-FHY?>hY�Z�[�j�Ki^Xm'u	� ¤ ¥ �f©7mlY�Z®^JF"[q_�Y�Z®\H^J_q^J`c}�[a_aY�ZAj�[q^JIi[ !,� ¤ ¥Q§ ��§�
��f©,�¸¤ §f¥��q¨ � �"©
� ¤ ¨ �w¨S¨ ��
�Y�[ � ¤ � � � ��
 ���Ey �'blI"Zab�© mnYÀd�GJ`r\:GS_�[aY�`cY�Ii[]kHF6 /^Jmnm­^JZ�[�uAd�GSFH_�[�Y�[�mlGSIHKc[qY�_a`cYÀY�Z�[
`cGfkHj�mlbnZaj�_�Y�Za\:Y�d�[qbÁtSY�`cY�Ii[]\/^J_~mnY�Z�j�g-F/^X[ablGSI"Z�L  �yÁN�9S^iU)Y�[ÀL  �yÁN�9J  Uky
 �� ��� � ��� 	���
������ 
 � � �
��
 "0� ��"0�8� 
 ��& 
���� ��� 	�( ��"0�8� & � � � 	�(8����� � ��&

� � � 
��
&�$ � � !�����( & ��� �+��(8& ��"���" ���

']^J Hbn /^Jmlml^JvAY�[s^Jm ylL %XTST 'iUsV('"N�W1GSIi[�_aj�d�Y�`r`cY�Ii[~[qY�Ii[qj�kHYo`cGfkHj�mlbnZaY�_�mlY�Z~kHj�´{GS_�`A^�[qblGJIHZ)\:Y�_�`A^�Æ
IHY�I-[aY�Z¡k"Y�ZÀ`r^X[aj�_abl^JFfe¸KS_a^JI-FHm­^Xbl_aY�Z�kHYr[�xy\:Y ����� Z�GSFH`cblZ�u kHY�ZÀdwv/^J_�KSY�`cY�Ii[aZ¡d�xyd�mnblg-FHY�Z�©	Y�I
ZaYÀ /^JZq^XI-['ZaFH_]m­^
[qvHj�GS_abnY�kHY�m�z�^Xk/^J\"[q^X[qbnGSI Y�IMj�ml^JZ�[aGS\Hml^JZ�[abld�bÁ[qj�y�8�mlZ]\/^J_�[aY�Ii[�k"FMd�GSI"Z�[w^�[�g-FHY¡Z�b
m�z�F"[qbnmlblZa^X[qbnGSIAk"bl_aY�d�[aY�k]z�FHIHY�mlGSb1j�m­^JZ�[qGS\Hml^JZ�[ablg-FHYokHY�[�xy\pY�blIHd�_aj�`rY�I-[q^Jm�I]z{Y�Z�[]\/^JZ]^Jk/^J\"[aj�Y�urml^
Zabn`¡FHml^X[qbnGSIAkHFhd�GJ`r\:GS_�[aY�`cY�Ii[�k]z{F"IHY�Z�[q_�FHd�[aFH_aY�Z�GSFH`cblZaY�u�FHIhdwv/^J_�KSY�`cY�Ii[sd�xyd�mlblg-FHYX© ^JF¢kHY�mlu
kHY
g-FHY�mng-FHY�Z�kHb���^JblI"Y�ZokHY
d�xyd�mlY�ZAL{tJGSbl_omnY�kHj� "F"[�kHY
d�Y
dwv/^J\HbÁ[q_�YQU�©1k"Y�Z�`rj�[qvHGykHY�Z�Y�efblZ�[aY�Ii[�gyF"b
\:Y�_a`cY�[�[qY�I-[ÀkHYc\H_aj�kHbl_�YAGSF¸[qGSF"[À^JF `rGSbnIHZ�k]z{j�tJ^XmlFHY�_�m+z{j�[q^X[�^JZ�xy`c\"[qGJ[ablg-FHYX©	d�z{Y�Z�[�Æ�u�Æ�kHbn_aYcmlY�Z
kHj�´{GS_a`r^X[qbnGSIHZ$\:Y�_�`A^XIHY�Ii[qY�Z�GS "[qY�I-FHY�Z'^J\H_a}�Z�FHI KJ_q^JIHk¢IHGJ`¡ H_aY�kHY�d�xfd�mlY�Z�y
��Y�\"_aY�IH^JIi[
FHIHY�`cj�[qv"GfkHYrkHj�tJY�mnGS\H\:j�Y¢\/^J_��?^X_"
�^ÄL�N�P �JRiU�\pGSF"_ÀkHY�Z�`A^X[aj�_�b­^JFfe j�m­^JZ�[qGS\Hml^JZ�Æ

[qbng-FHY�Z�k"Y���GSI � bnZaY�Z�uAj�d�_aGSFHbnZaZa^JKSY¡d�blIHj�`A^X[ablg-FHYX©pmnY�Z�^XF"[qY�FH_aZo\H_�GS\:GSZaY�I-[�kHY¡kHj�d�_abn_aY¡mnYÀd�GS`
Æ
\:GS_�[aY�`cY�Ii[�kHYÀ`A^X[aj�_�b­^JFfehk"YÀ[�xy\pY ����� \/^X_'mlY� Hb­^XblZsk]z{FHIMd�_abÁ[q}�_�Y¡kHY &]_��Hd 
XY�_�Æ ��_q^JKSY�_okHY¡ml^
´{GS_�`rY !



=	��� ��8�����8 (��Q4	� 4y9���

��
������?.�4 2	4	��� *����-(���*H.�0

� � 3 �7¤�� ¥
§ � - 
�� � /;�.- 
�� �#
�� 
 �	�<¨ L  IynN �JU

&'^JIHZ¢m�z{Y�ef\H_aY�ZaZabnGSI<k]z{FHIÅ[aY�m�d�_abn[a}�_�YJ©
� Y�[ � ZaGSIi[hkHY�Fye<d�GSI"Z�[w^XI-[aY�Z¢d�^X_q^Jd�[qj�_�blZ�[qblg-FHY�Z�kHF
`r^X[qj�_ab­^XF?©1g-FHb)Z�Y®_aj�´{j�_aY�Ii[�_aY�Za\:Y�d�[abntJY�`cY�Ii[cu Za^Md�GSvHj�ZabnGSI¬Y�[ÀZaGSIµ^XIHKSmlYckHYc´{_aGJ[�[qY�`cY�Ii[�©:³ ¤

�¥+²�� 	�
 3 k"j�ZabnKSIHYhm­^6d�GJI-[a_q^JbnIi[qYh`rGQxSY�IHIHYX©7[q^JIHkHbnZcg-FHY�� Y�Z�[AF"I [qY�IHZaY�FH_Ag-FHb�_�Y�\H_�j�ZaY�Ii[qYMml^
[q_a^JIHZ�m­^X[ablGSI�kHFckHGS`r^JbnIHY$j�ml^JZ�[ablg-FHY~k/^XIHZ�m�z{Y�Za\/^Jd�Y�kHY�Z�d�GJI-[a_q^JbnIi[qY�Z'L�j�d�_�GSFHblZ�Zq^JKJY~d�blI"j�`r^X[qbngyF"YQUay
Â)Y�kHY�_�IHblY�_�Y�Z�[s\H_�GS\:GS_�[ablGSIHI"Y�m1u�m­^¡k"j�´{GS_�`A^X[ablGSI�\"m­^JZ�[qblg-FHYok"F `r^X[qj�_abl^JF !

� ¤ §
�
� � ³;� � ¼ L  IynNQRSU

� kHj�Z�blKSIHYÄmnY `cGfk"FHmlY k]z{j�d�_aGSF"blZaZa^JKSYX©]´{GSIHd�[qbnGSI kHYÄml^ d�GJI-[a_q^JbnIi[qY¬`cGQxSY�I"IHYM³ y�E�^ _�j�KSmnY
k]z{j�d�GSF"mlY�`cY�Ii[s\Hml^JZ�[ablg-FHYoY�Z�[skHY�m­^À´{GS_�`rY !

�� ¼ ¤ �� �.- 
�� � � �� ½ ¨ L  IynNQPSU
d�z{Y�Z�[�Æ�u�Æ�kHbn_aY7g-F]z{Y�mnmlY�_aY�Z�\pY�d�[aY$m­^sd�GSIHk"bn[qbnGSIÀk"Y$IHGS_�`A^Jmnbn[aj�u'm­^sZaFH_�´�^Jd�Y$k"Y)dwv/^J_�KSY$k/^XIHZ¹mlY7\Hml^JI

kHj�tfbl^X[qY�FH_�©:`r^JblZ~\/^XZ'k/^JI"Z'FHI \Hm­^JI \/^JZ�Zq^JIi[�\H^J_]m+z�^�efY�kHY�Z]d�GSIi[q_a^JblIi[aY�Z'bnZaGJ[a_aGS\:Y�Z�© \HFHblZ�g-FHYÀml^
�J���Á�J���J� � �$�:�Á�����������/� Y�Z�[]IyF"mlmlY�L 	�
 � �� ¼ ��¤ ¨SUay
ºyFH_'ml^c /^XZaY¡k]z�FHIHY�[aY�mnmlY�mlGSb1k"Y¡d�GS`c\:GS_�[aY�`cY�Ii[�©/mnY�Z�^XF"[qY�FH_aZ]Y�¿pY�d�[aFHY�Ii[oF"IHY¡Zabn`¡FHml^X[qbnGSI�I-FfÆ

`cj�_abng-FHY$kHY�Z�Y�ZaZa^JblZ¹[a_abl^�efb­^JFfe�d�xfd�mlbngyF"Y�Z�u'[q_a^ %�Y�[aZ�kHY~dwv/^J_�KSY�`cY�Ii[�_a^JkHb­^Xmf_�j�^JmnblZaj�Z¹ZaF"_¹FHIHY������
\/^J_
��bnkHY�m�Y�[�^Jm y)L�%JTST"NQUay �¹xi^JIi[Àd�^JmnjAmlY�Z�k"bn¿pj�_aY�Ii[qZ¡\/^X_q^J`c}�[a_aY�Z�kHYAml^ mnGSb�j�m­^XZ�[qGJ\Hm­^JZ�[qbngyF"YcY�[
IHGJ[q^J`c`rY�I-[�m+z{Y�ef\H_�Y�Z�ZablGJI kHGJIHI/^JIi[smlYo`cGfk"FHmlY�ksz{j�d�GSFHblZ�Zq^JKJY�Y�I ´{GSI"d�[qbnGSI¢kHY~³ÊZ�FH_�FHIhd�Y�_�[w^JbnI
IHGS`À H_aY¡k"Y¡[q_q^ %�Y�[qZod�xyd�mlbng-FHY�Zo_a^JkHb­^XFfep©|FHIHY�Z�bl`¡F"m­^X[ablGSIhI-FH`rj�_abngyF"Y�Y�Z�[�Y�¿|Y�d�[aFHj�Y
g-FHb¹\:Y�_�`rY�[
kHY]d�^Jmnd�FHmnY�_7\pGSF"_�I]z�bl`c\pGS_�[qY�g-FHY�m:[q_a^ %�Y�[)d�xyd�mnblg-FHY'_a^JkHbl^Jm�©Sd�^J_q^Xd�[qj�_abnZaj'\H^J_)Za^�\:Y�Ii[qY�°J²�³AY�[$Z�GSI
^J`c\HmlbÁ[qFHk"YJ©"ml^ÀtX^JmlY�FH_�^JZ�xy`c\"[ �X[qblg-FHYok"Y�ml^�kHj�´{GS_�`A^�[qblGJI®\pY�_a`r^JIHY�I-[aYotSY�_�[qbnd�^JmnYCy
�sIHYo[qY�mlmlY�^J\H\H_�GfdwvHY�^J\H\:Y�mnmlY�\"mlFHZ�blY�F"_aZ~d�GJ`r`cY�Ii[w^Xbl_aY�Z !
� )�mnmlY�ZaY~mlbn`rbÁ[qY7u�m­^]kHj�[aY�_a`cblIH^X[qbnGSIÀkHY�Z�ZaY�FHmlY�Z�kHj�´{GS_�`A^�[qblGJIHZÇ\:Y�_�`A^JI"Y�Ii[qY�Z�Z�[w^X HblmnblZaj�Y�Z�©JZq^XIHZ
kHGSIHI"Y�_�^JFHd�FHIHY�blI"kHbld�^X[qbnGSIAZ�FH_~m�z{j�tSGSmnF"[qbnGSI®kHYod�Y�Z�kHj�´{GS_a`r^X[qbnGSIHZ�Y�I¢´{GSIHd�[ablGSIAkHF I"GS`¡ H_�Y
kHY�Z�d�xyd�mlY�Zc^J\H\Hmnblg-FHjCy��o_�©Çbnm$^J\H\H^J_q^X¾n[�g-FHY�m�z�j�[w^�[¡·/I/^Jm)Y�Z�[
´{GS_�[qY�`rY�I-[¡blI,+/F"Y�IHd�jh\H^J_�mlY�Z
d�GSIi[a_q^JbnI-[aY�Z�_aj�ZabnkHFHY�mnmlY�Z�L{tSGJbl_~dwv/^J\"bn[q_�Y=9iUay

� )�mnmlY¡·"efYcbl`c\Hmlbnd�bÁ[qY�`cY�Ii[]FHIHYc_aY�m­^X[ablGSI6Y�I-[a_aYrmlY�Z�kHj�´{GS_a`r^X[ablGSIHZ'\pY�_a`r^JIHY�Ii[aY�Z�m­^X[aj�_q^XmlY�ZoY�[
^�efb­^JmnY�Z�©|\HFHbnZag-FHY
m­^®d�GSIHkHbÁ[qbnGSI6kHY�IHGSIÉkHbnm­^X[q^JIHd�Y¡\Hm­^XZ�[qbng-FHYhL 	�
 � �� ¼ �]¤�¨SU'bl`c\pGSZ�YÀg-FHYcmlY�Z
kHj�´{GJ_a`r^X[qbnGSIHZ�ml^X[qj�_q^JmnY�ZoZaGJI-[�j�Ki^JmlY�Z�u¢m+z{GS\H\:GSZ�jck"Ycml^�`rGSbÁ[qbnjÀkHY�Z�kHj�´{GS_a`r^X[ablGSIHZ�^�efb­^JmnY�Z�y



��� #��¢9 � 812��	��4Ê2	4 ��8��)2�4 
S8�����8 (��Q4	� 4y9�� 

��
������?.	4 ��8:.	( ��4	����� & =	��=

Â)GS`c`rY�blmÇZ�Y�_a^�tyF¸^JF6\/^X_q^JKS_a^J\HvHYÀZaFHbÁtJ^XI-[�©?d�Y�[a[aY�d�GSIHk"bn[qbnGSIMI]z�Y�Z�[�Y�IÉKSj�IHj�_q^JmÇ\/^JZ&<�_aj�^+Æ
mlbnZ�[qY?>Ky

� )�If·/I?©�Y�mnmlY�\:GSFH_�_q^JbÁ[�\pY�F"[.-�[q_�Y¢kHGSIHIHY�_
mlblY�FÈuÉF"I GSFf[qblm)kHY Z�bl`¡F"m­^X[ablGSI¬I-FH`cj�_�blg-FHYX©�gyF"b
\pY�_a`cY�[�[q_q^Xbn[]kHY¡KSj�IHj�_a^JmlbnZaY�_'mlY�Z]mlGSbnZ'kHYÀd�GS`c\pGJ_�[qY�`rY�Ii[od�xyd�mnblg-FHY�Z�©|´{GS_�`¡FHmnj�Y�Z]k/^JIHZomnYÀd�^JZ
\/^J_�[qbld�FHmlbnY�_�kHY®[q_a^ %�Y�[aZ
d�xyd�mnblg-FHY�Z�_a^JkHbl^JFfe Y�[�[q_�b­^�efbl^JFfe kHY�_aj�tSGSmnF"[qbnGSI?©¹uMk"Y�Z�[q_a^ %�Y�[aZ�kHY
dwv/^J_�KSY�`cY�Ii[�g-FHY�mnd�GSI"gyF"Y�Z�©1xÊd�GS`c\H_abnZ�k/^JI"ZokHY�Z�ZabÁ[qF/^�[qblGJIHZ'GS«ÉmnY�ZokHbn_aY�d�[qbnGSIHZ�\H_�blIHd�bl\/^XmlY�Z
kHY�Z�d�GSIi[q_q^XblIi[qY�ZsZ�FH HbnZaZaY�Ii['kHY�Z]_�GJ[w^�[qblGJIHZ�y

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

� ��!#"#$&%

�sGSFHZ]IHGSFHZs\H_aGJ\pGSZ�GSIHZ]bld�b1ksz{Y�e"^J`cblIHY�_]\"mlFHZsY�I kHj�[q^Jblm�FHI `rGykH}�mnY�kHYÀmnGSb1kHY�d�GS`c\pGJ_�[qY�`rY�Ii[
d�xyd�mlblg-FHYo\:GSFH_)mlY�Z � ���o©"kHj %au¡blIi[q_�GfkHF"bn[$Y�[~`cblZ)Y�I¢GfY�F"ty_aYok/^JI"Z~mlY'dwvH^J\Hbn[a_aY�':y��]I®[aY�m?`cGfk"}�mlY
IHGSF"ZsbnIi[qj�_�Y�Z�ZaY�u
k"GSFH HmnY�[abn[a_aYCy
^SU 8�m¹^®j�[qj�bnkHY�Ii[abn·/j�u®\H^J_�[abl_'k"Y�kHGSIHIHj�Y�Z�Y�ef\:j�_�bl`cY�Ii[w^JmnY�Z�_�Y�ml^X[qbÁtSY�Z�u®kHY�ZoY�ZaZq^XblZ�[q_�b­^�efbl^JFfe
d�xyd�mnblg-FHY�Z�_�j�^JmnblZaj�Z�ZaFH_�kHY�Z�KS_q^�tSY�Z)IHGJIc[a_q^JbÁ[qj�Y�Z�L�� ���sU�©-kHGSIi[�GSIA\:Y�Ff[)\:Y�IHZ�Y�_�gyF"Y]mnY]d�GS`
Æ
\pGJ_�[qY�`rY�Ii[�Y�Z�[]^JZ�ZaY ��\H_�Gfdwv"Y�k"Y�d�Y�mnFHb1kHY�`A^�[qj�_�b­^JFyeA[aY�mlZ�g-FHY�mlYo H^Jmlml^JZ�[�y

 /U 8�m$k"j�d�_�bn[
mnY®d�GS`c\:GS_�[aY�`cY�Ii[
kHY�Z
`r^X[qj�_abl^JFfe \pGJFH_�FHIÈIHGS`¡ H_�Y�kHY�d�xyd�mlY�Z
\:GSF"tX^JIi[c^JmnmlY�_
%�FHZag-F]z{u
\"mlFHZ�blY�F"_aZ$d�Y�Ii[w^JbnIHY�Z~k"Yo`rbnmlmlbnY�_�Z�©id�Yog-FHb|\pY�_a`cY�[~kHYom+z{F"[ablmlbnZaY�_7kH^JIHZ~m­^�Zabl`ÀFHm­^X[ablGSI
kHF¢d�GS`c\:GS_�[aY�`cY�Ii[su�mlGSIHK�[aY�_a`cYokHY�\Hml^X[qY�Z�Æ ´{GJ_a`cY�Z~kHYo[q_a^X·/d�y

�sGSFHZ]\H_aj�ZaY�Ii[aGSIHZ�[qGJF"['ksz�^J :GS_ak mlY�`rGykH}�mnY�blIHbÁ[qb­^Xm|[qY�mªg-FHYÀ´{GJ_a`¡FHmnj�\/^J_ ��bnkHY�m�Y�[�^Jm yªL�%JTST"N+U
V % ��W�©ª^�tX^JIi[¡ksz{Y�I¬\"_aGS\:GSZaY�_Àml^hKSj�IHj�_a^JmlbnZq^X[ablGSI¸uÊk"Y�Z�[a_q^ %�Y�[qZ�IHGSI¬_a^JkHb­^XFfe¸k]z{FHI"YA\/^J_�[�©	uÊkHY�Z
[q_a^ %�Y�[aZ�d�xyd�mnblg-FHY�Z�IHGJIh[a_ab­^+e"bl^JFfeAkHY�_aj�tSGSmnF"[qbnGSI¢k]z�^JF"[a_aYo\/^X_�[�y
 �� 
2� 	 -���&)��� " � ��"�� � 
�$ 	���
������ "�� " ��"�(8��,(' "�
�������� (8�.� � ��� 	 9

�oblk"Y�m$Y�[®^Jm y­L�%JTST"NQUrV % ��W�GSIi[c_aj�^JmlbnZaj�kHY�ZrY�ZaZq^XblZ
[q_abl^�efb­^JFyeµuÉdwv/^J_aKJY�`cY�Ii[qZc_aj�\pj�[qj�ZcZaF"_rkHY�Z
KS_a^QtJY�ZcIHGSIÄ[q_a^Jbn[aj�Y�ZhL������sUay�E1Y�Zcj�\H_aGJF"tSY�[a[qY�ZAkHY¢KS_a^�tSY�Z
Z�GSIi[rk"Y¸¥ �S¨6`r` kHY¢kHb­^J`c}�[a_aY®Y�[
�i§J¨¢`c` kHYrvH^JF"[qY�FH_�yªÂ)Y�Z¡kHbl`cY�I"ZablGJIHZ�d�GSIityblY�IHIHY�Ii[À\pGSF"_�d�Yc[�xy\:YAkHYc`A^�[qj�_�b­^JFye¸^�xi^JIi[¡F"IHY
KS_a^JI-FHmlGS`cj�[a_abnY®¨i²S§X¨M`r` L�\:GSF"tX^JIi[c^JmlmnY�_�`.-�`rY %�F"Zag-F]z�u¸¨i²��"¥ � �Ê`r`AUayªEÀz�^J\H\H^J_aY�blm�[a_abl^�efb­^Jm
Y�Z�[�`¡FHIHbÇk]z{FHIÉZ�xyZ�[q}�`cY
kHY�dwv/^J_�KSY�`cY�Ii[�\HIHY�FH`r^X[qbngyF"Y¡\pY�_a`cY�[�[w^JIi[�kHY¡´�^Jbn_aYÀtX^J_�blY�_'kHY�´�^
��GSI
d�xyd�mlblg-FHY�Y�[]kHYÀ`r^JIHbn}�_�Y�bnIHkHj�\pY�IHk/^JIi[qY¡urm­^�´{GSbnZ]ml^c\H_�Y�Z�ZablGJIMkHY�d�GSI"·HIHY�`cY�Ii[oY�['mnY�kHj�tyb­^X[aY�FH_�©
Y�[rkHGSI"dÊkHYh_aj�^JmlbnZaY�_
kHY�ZAdwv/^X_aKSY�`rY�I-[aZAd�xfd�mlbngyF"Y�ZAZ�FHbntX^JIi[r\HmlF"ZablY�FH_aZcdwvHY�`rbnIHZrk"Y d�GSIi[q_q^XblIi[qY�y



=	� � ��8�����8������	���y9���

��
����������	�
�	�������������
�����

EÀz{j�\"_aGSF"tJY�[�[qYÀY�Z�[]`¡FHIHbnYokHY�d�^J\"[aY�FH_�Z'kHY�kHj�\Hm­^Jd�Y�`cY�Ii[]ucbnIHkHFHd�[qbnGSI¬L�E � & �sU�© \pY�_a`cY�[a[q^JIi[skHY
`cY�ZaF"_aY�_�mnY�Z~kHj�´{GS_a`r^X[qbnGSIHZ~^+e"bl^JmlY�Z~Y�[s_q^XkHb­^JmnY�Z$kH^JIHZ�m­^¡\/^X_�[qbnYod�Y�I-[a_q^JmnY�kHY�d�Y�mnmlY�Æ�d�b y

»¼

°�¤43
�

 3 	

° ����� ¤��  

³�¤ 
 	7 � 3 	 D § 3
�
�

³ ����� ¤��  D����7

����� �"!

�$#

%

&

'

(*),+ (.-/+

� �����  �y10�2�!�3wv5476�8:9�;~k�4<3>=?9A@CBCDE8:9A@C4<BCDEF�8GDIHKJLF�DI95;NMO4QP�MGDE9�RC³1© °?S
�TMOH�;UP�B*V73>8:;WV>6X4>9A@�©�F�V>;W8OY?9�DI9A@ZP�DIB�3 	NM:D[37=?9A@WBCDI8O9�@W4]\I47B*@W8:37DIM:4]4>@ZP�DIB 3

�
¤ 3 7 MGD�37=?9A@WBCDI8O9�@W4

BCDEF�8GDIMO4^R
V>YADIM:4�_^Ma`b=?P5Pc=?;*VdF�4XM:D^P5BW47;*;W8O=?9�F�4X37=?9f·�9�476�479A@]efS�©�37=I6X6�4d8:9�F�8Og�H�Vd;WH�BhMGD�·�Y?H�B*4
R  IyO0�2�RiDAS*S�©
4>@d;WH5P�Pc=I;CDI9A@�g�H�4 3

�
¤ 3 7 ½ 3 	�©jMO47;k8O9�\EDIB*8GDI9A@W;lR ³1© °IS]BW4>MGDE@W8n´b;k_mH59n@W47MoVf@pDE@kF�4

37=I9�@WBCDI8O9A@C4Q@CB*8GDaJq8GDEMcF�4<B*V>\?=IM:H5@W8:=?9L\EDIM:4>9A@$BW47;*Pc4>3>@W8O\?4>6X4>9A@ !

³®¤ 
 ¥� � 3 	 D3§ 3
�
� R  �y&%I2?DAS

°�¤sr 3 	 
 3
�
rIt 3

�

 3 	 R  �y&%I2Iu�S

Dv\I473�!

3
�
t 3 7 t 
 � �  R  �y&%q0�DAS� /�w]x y3 	#
 3

�
t 
 � �  R  �y&%q0vu�S

z*{'#>| ��(���� (�� %��*| �/}Z~C� + ����� � ����� % &W{ �f|$��{ � �*| ����� ����#f~*�.��% ��� �  "� ( ��#�+a{ � ���N{ #f�$&�(��*|a{'� �C���W{o~W� �.| ��� %���~ ���$+��#�{'+ % �*|,�*��~ ����{ #f|,��( � ��|,����� ������(��>{���� #>| ��#f|,��{'# %  $��& � �  "#,� � ��������%��.|,�



��� #��������������
� �
���	��
 ���
�������������������������������	
	���
����� �
���
��������� �� �!

=�"L�  4>@ �  F�V7;*8:Y?95479A@ BW4>;WP 473f@C8O\I476�479A@$M:4>;�\EDIMO47H�B*;o6[D�J58O6[DEM:47;/F�4UMGD]P5BW47;*;W8O=?9LF�4Z3>=?9$#�9�4&%
6�479A@N4>@$F�H^F�V>\K8:DE@C4>H�B�y & ` =�"	3>=?6�P5@C4Z@W479�H	F54 R('�y*)�)?S,+

- t � � �  . D �  �� R/'�y0)�)IDAS
� /�w]x y
1 t � �  R/'�y0)�)Eu�S

4f@NF�=?9�3

1
-
t .

y D .�2 �� �
R/'Iy*)�3?S

4�4>; 365�4>6X8O9�; F�4N37=I9�@WBCDI8O9A@C4UF�DI9�; MO4$P�MGDI9mR - % 1 S ;*=?9A@oF�=?95387:9�;�<	9�=�>�?�MO47H�B"Pc4>9A@C4 \EDIB*8GDI9A@�479A@CB*4
. R
3>=?6�P�BW4>;W;W8O=?9k;*8:6�P�M:4,+?�  t w S�4>@ w R
�  t w Say 8�M:; ;*=?9A@TBW4>P�BWV>;W4>9�@WV7;";WH�BjMGD,#�YIH�BW4<R('�y10�2�R
u�SWSay
4�47;$37=K=?B*F�=?9�9�V>47;NF�H^Pc=?8O9A@ F�4<365�DIB*Y?476�479A@N6[D�J58O6[DEM,;W=I9�@@+

- ����� t �= D �  . 1 1 ��� � t �= R/'Iy*) �AS
4�4>; 47;*;CDI8O;�=I9�@�V>@WVUB*VvDIMO8:;WV>;/Pc=?H5BBA w?w?w?w 3DCK37MO47;Ly$4 `FEHG�IKJL=�M(</IKN�;�O6PQ;�ESRTIK7&UV9�M(</IKN$P�WXOH7&UV9�NYOHNXMZO6P
47;.@Q3vDEBCDI3f@CV7B*8:;*V74 P�DIB H�9�4 3>BW=?8O;W;CDE9�374kBWDIP�8OF�4kF\[>;ZM:4>;ZP�BW4>6X8O47B*;U3DCK3>M:47;D?�;WH58O\K8:4kFN`bH�9�4 \EDIB*8GDE@W8:=?9
P�MOH�;[MO479A@C4^4>@[F `bH�9�4]PHM^9�_`<aJL<bP`9�M	</IKN�W�7FIdc�76O6P6PH<aG�Oaye4�4>;LDIH5@W47H�B*;[BW4>6[DEBWg�H�479A@[gKH54mM:4^9�8O\I4vDIH F�4
F�VHfb=?BW6XDE@C8O=?9 F�4dMa` V7P�B*=?H5\?4f@W@W4XF�V>Pc4>9�F F�47;h3vDIBWDI3>@WV7B*8:;*@W8:g�H�4>;hF5H�6XDE@CV>BW8GDEH 4>@hF�H 365�DIBWYI476�479A@
DIP�P5M:8:g�H�V�y�4�47H�B*;/BWV7;*H�MO@CDE@C;T4�JqPcV>BW8:6�479A@CDIHqJd6�=?9A@CB*479A@/g�H�4$M:47;TF5VDfb=?B*6[DE@W8:=?95; Pc4>BW6XDI9�4>9�@W47;"DIH�YK%
6�479A@C4>9�@oM:=?B*;Wg�H�4UM:D]3>=?9A@CBCDE8:9A@C4ZF5V>\K8GDE@W=?BW8Og�H�4 1 DIH�YI6X4>9�@W4U4f@ F�8:6�8:9�H�4>9A@ MO=?BW;*gKH54UMGDh37=?9A@WBCDI8O9�@W4
6�=gCI479�954 - DIH�Y?6�479A@W4Cy�4�47;hF�VDfb=IBW6XDE@C8O=?9�;ZP 47B*6[DI95479A@C4>;]F�V>Pc4>9�F�4>9�@ V7YADEM:476�479A@<F�4dM:Dl9�DE@CH�B*4
6�8:9�V>BCDIMO=?Y?8:g�H�4 F�H^6[DE@WV7B*8GDIHh?qF�4<;CDk@C4>9�47H5B 4>9	47DIHh?�F�4<;CD F�4>9�;W81@CV<4>@NF�4<;WD�Y?BWDI9�H�M:=I6XVf@CBW8O4Cy
�QV795V7BCDEM:476�479A@`?7MGDoP5BW=K37V7F5H�BW4T4>6XP�MO=�C?V74/P =?H�B�Vf@CH�F58:47B�MO47;�F5VDfb=?B*6[DE@W8:=?95;,P 47BW6XDI9�4>9A@C47;�3>=?9�;W8O;*@W4
_Z;W=IM:M:8O3781@C47B�365�DEgKH54NV>P�BW=IH5\?4f@W@C4$F�4 6[DE@WV7B*8GDIHlRb8:3>8qM:D �@ikjNS ;W=IH�;TH�9d;W4>H�M�9�81\?4vDEH F�4 37=?9A@WBCDI8O9�@W47;Ly
4 `b8:9537=?9A\?V>9�8:4>9A@<F�4 374f@W@C4dP�B*=q3>V7F�H5BW4 47;.@<g�H `b47MOM:4k4>9A@CBCDKlG9�4 H�9 9�=I6ku�BW4 F `b47;*;CDI8O;QBW4>MGDE@W8O\?4>6X4>9A@
8:6�P =?B*@CDI9A@T?�M:=?B*;Wg�H�4 M�`b=?9 \?47Hq@dV>@CH5F�8:4>BkMa`b8O9$m�H�4>9�374XF�47; 3>=?9A@CBWDI8:9A@C4>;k;WH5BkMa`bVf\?=?MOH5@C8O=?9�F547;kF�V&%
fb=?B*6[DE@W8:=?95;UP 47BW6XDI9�4>9A@C47;Lyon =?H�BQCmBW476�V7F58:47BD? �Q8:F�4>Mj4>@]DIM yTR()I2?250�SN=?9A@]4>6XP5M:=�C?V H�954�95=?H5\?4>M:MO4
P�B*=q3>V7F�H�B*4k37=I9�;W8O;*@pDE9�@Q_[;W=?MOM:8O378O@W47B$H�9�4 6qp>6X4]V7P�B*=?H5\?4f@W@W4 ;W=?H�;UP�M:H�;*8:4>H�BW; 9�8O\I4vDIHqJ F�4k365�DIBWY?4&%
6�479A@N;WH�3>3747;*;W8rfb; 4f@ 3>BW=?8O;W;WDI9A@C;]RS#�YIH�BW4s'�y10?0�Sky
8�MO; =I9�@U37=?6�P�DIB*V]4>9�;WH58O@C4]Ma`bVf\?=?MOH5@C8O=?9lF�47;UF�VDfb=?B*6[Da@C8:=I9�;$Pc4>BW6XDI9�479A@W47;UF54 MGDdP�B*476�8b[7B*4]4f@ZM:D
;W4>37=?95F�4UP�B*=q3>V7F�H5BW4N4>@"@CBW=IH5\?4>9�@�g�H�4UM:DQF�VDfb=?B*6[Da@C8:=I9 Pc4>BW6XDI9�479A@W4k#�9�DIM:4 @C4>9�FX\I47B*;�F�4>;�\EDIMO47H�B*;
37=I6XP�DEBCDIu�MO47; P =?H�BdM:4>;dF�47HqJ @ZCKP 47;�F�4	P5BW=K37V7F5H�BW4>;�y 8�M:;d=?9A@�BWVvDEM:8:;*VLH�9�4^3vDI6�P�DIYI9�4lF `b47;*;CDI8O;



�� �� �s���������������������V�������	
(�����	�
���V���$�����K

�����

���	��
 'IyO0?0�+�V>\?=IM:H5@W8:=?9 F�4>; F�VHfb=?BW6XDE@C8O=?9�;QP 47B*6[DI95479A@C4>;]4>9 fb=?9�3f@C8O=?9 F5H�9�=?6 u�BW4dF�4�3DCK37MO47;]F�4
365�DIB*Y?476�479A@NP =?H�B P�MOH�;W8O47H�B*;N958O\?47DIHqJlF54h365�DIBWY?4>6X4>9A@
� ) ���

@CB*8GDaJq8:DIHqJ 3HCK37M:8Og�H�47;�R�� t A w?w?w?w S[;WH�Bl@CB*=?8:;lY?BWD�\I47;^F�8��cV7B*479A@C4>; 4f@	=I9�@	V>@WH�F�8OV M�`b4��c4>@^F�4>;37=I9�@WBCDI8O9A@C47; ;WH�BjMa`bVf\?=?MOH5@C8O=?9]F547;jF5VDfb=?B*6[DE@W8:=?95; P 47B*6[DI95479A@C4>;�y�8�MO; 4>9 F�V7F5H�8:;*479A@Tg�H�4oM�`bV>\I=?M:H5@W8:=?9
F�4>; F�VDfb=?B*6[Da@C8:=I9�;�P 47B*6[DE9�479A@C4>;$DaJq8GDIMO47;�F�V7P 479�Fl;*8:Y?9�8r#�3vDa@C8O\I476�479A@�F�4QMGDhPc4>9�@W4QF�HL365�4>6X8O9LF�4
37=I9�@WBCDI8O9A@C47; 1��H- y��T9�4��c4>@T?AP =?H�BTH59�4 P5BW47;*;W8O=?9X6�=�C?4>9�9�4 #5JqV74 - ??M:4>;/F�VDfb=?B*6[Da@C8:=I9�;TDaJq8GDEM:47;T;*=?9A@
fb=?9�3f@C8O=?9l37BW=I8:;W;WDI9A@C4<F�H^BCDIP5Pc=?B.@ 1��H- y
4�D�M:=?8�F `
DE3737H56kH�MGDa@C8:=I9	F�4>;UF�VHfb=?BW6XDE@W8:=?9�;NP 47BW6XDI9�4>9A@C47;UDaJq8GDIMO47;NP�BW=IPc=?;*V74]P�DIB �Q8:F547M�4>@ZDIM y
R/)E2?250�S�� ) ����;*H�B$MGDku�DE;W4<F�4<MGD 3vDE6XP�DEY?9�4QF `b4>;W;WDI8:;$F�V>37BW81@C4<378 %�F�4>;W;*H�;$47;*@ DIMO=?BW; M:Dk;WH�81\EDI9A@C4�+

� � � � �	��t � �� � y 
 � �� � � ��� � � � - ��� � � 1 ����� � � � - ��� � � 1 ����� � R/'Iy*)�'IS
=�" � � � � �	�j47;*@/M:D�;�ESRTIK7&UV9�M(</IKN WXOH7HUV9�NYOHNXMZOk9T>�<	9�JbO��H= U =�JbE6O$F�H54$_<M�`
DIP�P5M:8:37DE@C8O=?9<F�4�� 3DCK3>M:47;D?
4>@N=�" +

� � 47;.@QH�9 P�DEBCDI6V[>@WBW4k_�\IDEM:47H5BW;UP =?;*8O@C81\?4>;Zg�H�8 @WBCDIF�H58O@ MGDX\K8O@W47;*;W4 Dv\?4>3 MGDIg�H�4>M:MO4]M:DX37=IH�BWu 4
F `bVf\?=?MOH5@C8O=?9LF�47;NF�VHfb=?BW6XDE@C8O=?9�;oP 47B*6[DE9�479A@C4>; @C4795F^\I47BW;N;W=I9 DI; CK6XP5@W=I@C4 � �� � � �

� � ��Pc4>H5@oP�B*479�F5BW4UM:D<\EDIMO47H�B y�w?w P�DIB"4fJq476�P�MO4 P =?H�B"MGD<Y?BCDv\I4UF�4"!hIK7$#&%KO 4f@ y P =?H�B"MGD<Y?BWD�\I4F�4(' IK=�JLUV9�7)�$*Iy+�T9 4��c4>@UPc=IH�BUMO4 3vDE;ZF�4 M:DXY?BWDv\?4kF�4-,q=?Bd[�.74 ?,M:4>; y�wIw P�BW4>6X8O47B*;U3DCK3>M:47;UF�4



��� !��������������
� �
���	��
 ���
�������������������������������	
	���
����� �
���
��������� �� ��

365�DIB*Y?476�479A@<Rb37=?B*BW4>;WP =?9�F�DI9A@$_]H�9�4U6�8:;*4U4>9 P�MGDE374UF5H 6[Da@CV7B*8GDIH�ST=I9�@oV>@CV V7MO8:6�8:9�V>;`?A374UgKH58
9 `b4>;*@NP�DI;$M:4Q37DI;$F�4<MGDkY?BWDv\?4<F�4sn =?H�MO6[DEBW365 y

4�4>; fb=I9�3>@W8:=?9�; � 4>@ � =?9A@NPc=?H5B 4fJqP�BW4>;W;*8:=?9�;@+
� � - ����� � 1 ����� �"t � �  "%$� " �%) Dv\?4>3 �  #"%$ t�� � - ��� � � � D � 1 ����� � � R/'Iy*)�9?S

4f@

� � - ����� � 1 ����� �Tt - �����
� - D � - ����� 
 1 ����� � � - ������� w R/'Iy*) �IS

4�DUP5BW476�8b[>BW4Bfb=I9�3>@W8:=?9]4fJqP�BW8O6X4 gKH54oMGD \EDIMO47H�BjDIu�;*=?M:H�4�F�4 MGDNF�VDfb=IBW6XDE@C8O=?9 P 47B*6[DI95479A@C4 D�J58:DIM:4
37H56kH�M:V>4 47;.@�H�9�4�fb=?9�3f@C8O=?9 37B*=?8:;*;CDI9A@W4LF�4LMa`
DE6XP�MO8O@WH�F�4 �  "6$ F�H 3DCK3>M:4LBCDEF�8GDIM y 4�D�fb=?953>@C8O=?9 �
@CBWDIF�H�81@[g�H�DE9�@^_ 47M:MO4	M�`b8:9 m�H�4795374 F54mMGD P�BW=vJq8:6�8O@WV	F�H P =?8O9�@[F�4m;*=?M:MO8:3781@pDE@W8:=?9 6XDaJq8:6XDIMO4LF�4
37=K=?B*F�=?9�9�V>47;]R - ����� ? 1 ����� SoP�DIB BWDIP�P =?B*@N_ H�9�4q;�7FIK<aMZO8;�O��a7FESRTEH76OHN+�6O
	 F `bV7g�H�Da@C8:=I9]+

1 t - D � - R/'Iy*)��?S

 4 6[DI958b[7B*4 P�MOH�;ZP�B*V73>8:;W4 MO4 MO8:47H F�47;QP =?8:9A@W; R - ����� ? 1 ����� S P =?H�BZMO47;*gKH547M:;UMGDqfb=?953>@C8O=?9 � P�BW4>9�F
H�9�4Q\EDIMO47H�B 3>=?9�;*@CDI9A@C4h47;.@ F5VD#�9�8�P�DEB Ma`bV>gKH�DE@C8O=?9
+

1 ��� � t - D - ����� � �E
 y
�
� 1 - ����� � w R/'Iy*)��?S

g�H�8�3>=?BWB*47;*Pc=?95Fm_ H�9�4<F�4>6X8 %�F�B*=?8O@W4UF�4hPc4>9A@C4�� 
 y �&� 4f@ F54h6Vp76�4Z=?B*F�=?9�95V74]_dM�`b=?B*8:Y?8O9�4 -g�H�4hMGDkF�B*=?8O@W4QF�4<BWVDfbV>BW4>9�374[RS#�YIH�BW4s'�y10g)?Sky
4�4>; DEH5@C4>H�BW;$; ` V>@pDE9�@NP�B*8:9�3>8:P�DEM:476�479A@ fb=K3vDEM:8:;*V7;o;*H�B Ma` V>@CH5F�4<F�47;$F�VHfb=?BW6XDE@C8O=?9�;oP 47B*6[DE9�479A@C4>;
DaJq8GDEM:47; � � � � �	�H?/8:MO;k9�4lP�BW=IPc=?;*479A@XP�DI;dF�4lM:=?8�F `bVf\?=?MOH5@C8O=?9n;WP V7378r#�g�H�4^Pc=?H5B M:47;dF�VHfb=?BW6XDE@W8:=?9�;
P 47BW6XDI9�4>9A@C47; M:DE@CV>BCDIMO47;UR
=?HLBWDIF�8:DIM:4>;pS � �

� � �	�H?�4>9�fb=?9�3>@W8:=?9[F�HL9�=?6ku5BW4ZF�4U3DCK37MO47;�y\4�4>; g�H�47MOgKH547;
37=IH�BWu 47; 4fJqPcV>BW8O6X4>9�@CDIM:4>;jF�8O;WP =?9�8Ou�M:4>;
;*476ku5M:479A@j9�VvDI956X=?8O9�;
6X=?9A@WBW47B
g�H�4oMO47;
37=?H�B*uc4>;jF�V>37B*8O\EDI9A@
374f@W@W4hVf\?=?MOH5@C8O=?9l=?9A@NMGDk6Vp76�4<DIM:MOH�BW4Zg�H�4<F�DE9�;$M:4Q3vDE;NF54hM:D F�VDfb=?B*6[Da@C8:=I9LDaJq8GDIMO4dRS#�Y?H�BW4s'�y10�3ASky
� C?DI9A@�M:4L6Vp76�4L;W8:YI9�4Lg�H�4	MO47; F�VHfb=?BW6XDE@W8:=?9�;kDaJq8GDIMO47;^R
3>=?6�P�BW4>;W;W8O=?9�S MO=?BW;*gKH54LMGD Pc4>9A@C4lF�H
3DCK3>M:4�47;*@h9�H�MOM:4�?,3747;]F�VDfb=IBW6XDE@C8O=?9�;Z365�DE9�Y?479A@]F�4�;W8:YI9�4dM:=?B*;Wg�H�4dMGDLP 479A@C4dF�H 3DCK37MO4XDEH�Y?6�479A@C4�y

U4 f
D
�>=?9	P5M:H�; P�B*V73>8:;W4 ?�8:9A@CB*=qF5H�8:;WDI9A@$M:4Q37=K4���3>8:479A@ DIF�8O6X4>9�;W8O=?9�9�4>M

� � t 
 � �� � ���
� � � � ��� R/'Iy03?2?S



��  �s���������������������V�������	
(�����	�
���V���$�����K

�����

�������

� �����

� 	 #


�
� ��
���� ����� � ���

�

�  "6$

�

�

F�B*=?8O@W4ZF�4hBWVDfbV>BW4>9�374

� �	��
�'�y10g) +58:9A@C4>BWP�B*V>@pDa@C8:=I9^F54hM:DkM:=?8,F�4 �<8OF�47Mc4>@ DIM y�R/)I2?2q0�S�F�DI95;NMO4QP�MGDE9�R - ? 1 S

���	��
 '�y10�3$+"V>\I=?M:H5@W8:=?9 F�47; F5VDfb=?B*6[DE@W8:=?95;[P 47BW6XDI9�4>9A@C47; DaJq8GDIMO47;[4f@LMGDa@CV7BWDIM:4>;X4>9�fb=?9�3f@C8:=I9 F�H
9�=?6 u�BW4QF�4h3DCK3>M:47;$F�4<365�DEBWY?4>6X4>9�@ � ) ���

DE9�DIM:=IY?H�4�DIH 3>=q4
�X3>8:4>9�@ F�4qn =?8O;W;W=I9 479 V>MGDI;.@C8O378O@WV�?�3>4[37=K4���3>8:479A@kDIH�Y?6�479A@C4XDv\?4>3 MGD^Pc4>9�@W4
F�HL3HCq3>M:4�y �Z9LPc4>H5@$P�DIBo4�Jq476�P�M:4 ?5F�DI95; H�9�4QP�B*476�8b[7B*4ZDIP5P�BW=K365�4�?5P�BW=?P =?;*47BoH�954QM:=?8 M:8O9�VvDI8OBW4NF�H
@ZCKPc4�+

����� 1 ��� �
- ��� ��� t! y D#"$� 1 �����- ������� ��"&% w R/'Iy0350�S

g�H�8Z@W8:4>9�@l3>=?6�P5@C4mF5H f
DI81@ g�H�4 M:4>;LF�VDfb=IBW6XDE@C8O=?9�; P 47B*6[DI95479A@C4>;	D�J58:DIM:4>; 4>@lM:DE@CV>BCDIMO47; ;*=?9A@



��� !��������������
� �
���	��
 ���
�������������������������������	
	���
����� �
���
��������� �� ��

0 0.5 1 1.5 2 2.5 3
q/p

−1

−0.5

0

0.5

1

Estimation de nu* a partir des resultats experimentaux

Resultats expérimentaux
Droite de regression

ν∗ =−1+0,66 q/p

ν∗
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Calage sur les essais de Bodin
Prise en compte de la plasticite : 

Bodin
ep*=−0,22

N

δ
r
/H ν∗=0,4; b=0,03
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calage sur les essais de Bodin
Prise en compte de la plasticite : 

Bodin
ep*=−0,205
ep*=−0,2

N

δ
r
/H ν∗=0,4 ; b=0,03
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Comparaison Bibloc−Better

Better
Bibloc

−δ/Η
r

N

ε *
0 =−0,205; b=0,03 ν∗=0,4
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