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	 Q<MIYTZªDVU[§�k7YTZyMIYliLYTSLU[Y�iLSFU[YNEXS�DVP[Y�JcY�Q<d¬U6¦4ZVH;{>P[Y�wªDLWXk¢H;{6P[Y_YTZVDªJ�O]K�DVP[MIY_MIYTZ~g6E��`M�OnE�DLWXk7YTZ
�%iLWXH;MIZ�Y�D¬M4HBJBP[KTZ�M[E�Q[Z�J;YªiLK�g"HBk7YyMIYyMIK�g�K�Q[K�iLYTZLSTY�Q[STYe{>P?E�Q6DVH;{>P[Y"A�b�O]WXGIDLY�Q6DVH;WXQhMIYªJzE�STWXQ[MIY�Q[ZFE�DVH;WXQ
MIY�
ªW"ZLY���«�HBQ[ZVDLY�HBQ�M�O PIQ g6E��¢MIY�iVPIGIH;M4HBPIk º�� Y�Q @��"�"v�B@��¬iLY�xIiLKTZLY�Q6DLY�JzE xIiLY�k¢H;§�iLY7WXG[ZFY�iV�XE�DVH;WXQ
M�O PIQ�DLY�JcZV¦4ZVDL§�k7Y"AIbcYTZeE�xIxIJBH;S�E�DVH;WXQ[ZlMIYTZySTWXQ[MIY�Q[ZFE�DLZ�MIY�
ªW"ZLY_ZLWXQ>DyxIiLWXk7Y�DVDLY�P[ZLYTZ��nm��[q��4t���AId�E�i
Y�j4Y�k¢xIJ;Y��~HBJ;Z x�Y�PI��Y�Q>D ZFY�iV�>HBi MIYsZFWXPIiLSTYsM�O]WXQ[MIYTZ MIYsk¼E�DVH;§�iLYsx�WXPIihJ;YsMIK���Y�J;WXxIx�Y�k7Y�Q6D�M�O PIQ[Y
¾^xIDVH;{6P[YhwªDLWXk¢H;{6P[Y STWXU[K�iLY�Q6DLY"A�«¬Q©DFE�Q6D�{6P[Y��[PIH;MIY {6P?E�Q>DVH;{6P[YhM4HBJBP[K��cHBJ;Z/ZLWXQ>D�K�g6E�J;Y�k7Y�Q6D¢MIYTZ
WXG4 �Y�DLZ M�O]K�DVP[MIY Y�Q Y�P4j>��k���k7Y��e¨�JzE �+iLWXQ6DVH;§�iLY Y�Q>DViLY3JzE©½�E�DVH;§�iLY�}~WXQ[MIY�Q[ZLKTY�Y�D JzE£d¬U>¦0ZLH;{6P[Y
wªDLWXk¢H;{6P[Y"A
� P[ZL{>PcOn¨�xIiLKTZLY�Q6DyZLY�PIJ;Z~J�O U6¦4M4iLWXg�§�Q[Y�Y�Dy{6P[Y�J;{>P[YTZ~E�J;S�E�JBHBQ[ZyWXQ>DyMIWXQIQ[K^JBH;Y�P<¨NJ�O]WXG[ZLY�iV�XE�DVH;WXQ<MIY

STY¼xIU[K�Q[WXk7§�Q[Y��B@���v��f��¬����AfbcWXiLZ�MIY JzERiLYTSLU[Y�iLSFU[Y<M�O PIQ©Q[WXPI��Y�JyK�J;K�k7Y�Q>D7S�E�Q[M4H;M[E�D��-HBJ9��E�PID/ZLY
MIY�k¼E�Q[MIY�ilSTY`{>PcO HBJ!x�Y�PID^E�xIx�WXiVDLY�i^M�O]WXiVHBg"HBQ?E�J�¨¢J�O]K�DVP[MIYNMIYNSTY`Q[WXPI��Y�E�PsMIWXk¼E�HBQ[Y�MIYNd¬U>¦0ZLH;{6P[Y"A
bcYTZeg6E��_iFE�iLYTZ�k7K�DFEXZVDFE�GIJ;YTZex�W"ZLZL§TMIY�Q>D�MIYTZyxIiLWXxIiVH;K�DLKTZl{6PIHcY�Q �»WXQ6D�MIYTZ�S�E�Q[M4H;M[E�DLZlE�DVDViFEXS�DVH��»Z�A

bcY�PIi9K�Q[Y�iVg"H;Y�HBQ6DLY�iVQ[Y^K�J;Y���KTYeJ;YTZ�iLY�Q[M¼S�E�x?E�GIJ;YTZ9M�O]Y�j4DViFE�HBiLYePIQ¼K�J;YTS�DViLWXQhM�O PIQ[Y�ZVPIi���EXSTY"A>}~Y�DVDLY
xIiLWXxIiVH;K�DLK YTZVDNPIDVHBJBH;ZLKTY7x�WXPIiNJzE<MIK�DLYTS�DVH;WXQ K�J;YTS�DViLWXQIH;{>P[Y MIYTZ/E�DLWXk7YTZ��!S�E�i/WXQ�x�Y�PID�iLYTS�P[Y�HBJBJBHBi�Y�D
kNPIJBDVHBxIJBH;Y�i<J�O]K�J;YTS�DViLWXQ xIiLW>M4PIHBD Y�D k7YTZLPIiLY�i PIQ STWXPIiFE�Q6DhxIiLWXx�WXiVDVH;WXQIQ[Y�JNE�P��[P4j M�OnE�DLWXk7YTZ<{6PIH
�%iFE�xIx�Y�Q6D`J;Y�MIK�DLYTS�DLY�PIi�A-w J�OnE�H;MIY¢MIY�DLYTSLUIQIH;{>P[YTZNMIY�STWXk¢xIDFE�g�Y���J;YTZ�E�DLWXk7YTZ_x�Y�PI��Y�Q>D�E�P[ZLZVH���DViLY
MIK�DLYTS�DLKTZePIQ�x?E�iePIQcA

¥lPRx�WXHBQ6D^MIYN�>P[YNMIY`J�O ¾^xIDVH;{>P[YNwªDLWXk¢H;{>P[Y��?PIQRSTWXQ[MIY�Q[Z E�DlMIY 
~W"ZFY���«¬HBQ[ZVDLY�HBQsM�O PIQsg6E��Nk7K��
DFEXZVDFE�GIJ;Y_STWXQ[ZVDVHBDVP[YlPIQ[Y�ZLWXPIiLSTY_M�OnE�DLWXk7YTZ~�%iLWXH;MIZyMIY^g"iFE�Q[MIY_K�Q[Y�iVg"H;Y�HBQ6DLY�iVQ[Y�!+MIYlJ�O]WXiLM4iLY_M4P Q �#" A
¾^Q<x�Y�PIDyY�Q6�0H;ZFE�g�Y�ieZLWXQ PIDVHBJBH;ZFE�DVH;WXQ<x�WXPIiªJ�O HBk¢xIiLYTZLZVH;WXQ�MIY�ZVPIi���EXSTYTZyZLY�Q[ZVHBGIJ;YTZ��4WXP<STWXk¢k7Y_ZLWXQ[MIY
MIY_ZVPIi��»EXSTY$�nº%��A?C4E�STWXU[K�iLY�Q[STYNZVx?E�DVHzE�J;Y_K�J;Y���KTY_JzE/iLY�Q[M HBQ6DLK�iLYTZFZFE�Q6DLY`M[E�Q[Z�MIYTZeY�j0x�K�iVH;Y�Q[STYTZeM�O U[W��
J;WXg"iFE�xIUIH;Y�DLY�JBJ;YTZ~{6P[Y�M[E�Q[Z&�n���*@�¤%��A0C4E�Q[Z�k���k7YlSTWXQ[ZVH;MIK�iLY�i9J;YTZ�xIiLWXxIiVH;K�DLKTZ~MIY�STWXU[K�iLY�Q[STYlMIY�STY�DVDLY
ZLWXPIiLSTY��cZFEhDLY�k¢x�K�iFE�DVPIiLY7DViL§TZ_G?EXZFZLY�JzE<MIYTZVDVHBQ[Y7¨<MIYTZNY�j0x�K�iVH;Y�Q[STYTZ`Q[KTSTYTZLZLHBDFE�Q6D`PIQ[Y¢DViL§TZ_�»E�HBGIJ;Y
M4H;ZVx�Y�iLZLH;WXQRY�Q<�>HBDLYTZFZLY�!%iLK��?Y�j0H;WXQs{6P?E�Q>DVH;{6P[YNxIiLW>SFU[Y`M�O PIQ[Y`ZVPIi���EXSTY�x?E�i�Y�jIY�k¢xIJ;Y��B@"@'� " A

d-WXPIiySTYl{6PIH�YTZVD9MIY^J�O]K�DVP[MIYlM4P STWXQ[MIY�Q[ZFE�Dªx�WXPIi�JBPIH���k���k7Y��0JzE`xIJBPIx?E�iVDªMIYTZ~Y�j0x�K�iVH;Y�Q[STYTZªZLWXQ6D
HBQ6DLY�iVxIiLK�DFE�GIJ;YTZN¨¼J�OnE�H;MIY�MIYTZlxIiLWXxIiVH;K�DLKTZ�MIY/SLU?E�k¢x�k7W�¦�Y�Q(��g�WXPI��Y�iVQ[KTYTZlx?E�ilPIQ3ZLY�PIJfx?E�iFE�k7§�DViLY
k¢H;S�iLW"ZLSTWXxIH;{6P[Y�MIYsJ�OnE�DLWXk7Y��eJzE�J;WXQIg"P[Y�PIisMIY M4H ��P[ZVH;WXQcAªb�O]K�J;K�k7Y�Q>DRPIDVHBJBH;ZLK�QcOnE*)+-,/.10�,�. x?EXZ
M�O HBk¢x�WXiVDFE�Q[STY��¬ZFE�P4�^x�WXPIi�{6P[Y�J;{>P[YTZ/x?E�iVDVH;S�PIJzE�iVHBDLKTZ¢MIY ZVDViVP[S�DVPIiLY {6PIH~iLY�Q[MIY�Q6D�J;YTZ�Y�j0x�K�iVH;Y�Q[STYTZ
xIJBP[Z^WXP3k7WXHBQ[Z^M4H32¼S�HBJ;YTZ$A*¥�YNSTYNx�WXHBQ>DlMIY��0P[Y��[JzE¢xIiVHBQ[S�HBx?E�J;Y/M4H ��K�iLY�Q[STY/Y�Q>DViLYNJ;YTZ�E�J;S�E�JBHBQ[ZlMIK  V¨
STWXQ[MIY�Q[ZLKTZeY�DyJ;YTZªg6E��_iFE�iLYTZyiLKTZVH;MIY�M[E�Q[ZyJzE/g"iFE�Q[MIY_ZFWXPIxIJ;YTZLZLY�MIY�JzE�MIK�DLYTS�DVH;WXQRK�J;YTS�DViLWXQIH;{>P[Y��[{6PIH
MIWXHBD¢g"PIH;MIY�i/J;Y SFU[WXH�j MIYTZ�Y�j4x�K�iVH;Y�Q[STYTZ�A�d�E�i7Y�j4Y�k¢xIJ;Y��¬Y�Q MIK�DLYTS�DFE�Q>D7J;YTZ¢E�DLWXk7YTZ�k7K�DFEXZVDFE�GIJ;YTZ��
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PIQ ZFSLU[K�k¼E©Y�j0x�K�iVHBk7Y�Q6DFE�J`E�Q?E�J;WXg"P[Y ¨�STY�JBPIH�MIY�JzE�iLK��»K�iLY�Q[STY �B@�m �_E�PIDLWXiVH;ZLY3MIYTZ k7YTZLPIiLYTZ MIYTZ
xIiLWXxIiVH;K�DLKTZ7MIY STWXU[K�iLY�Q[STY�M4P STWXQ[MIY�Q[ZFE�D7Y�Q k7YTZVPIiFE�Q6D MIYTZN�»WXQ[S�DVH;WXQ[Z7MIY STWXiViLK�JzE�DVH;WXQcA�b!EsDViL§TZ
g"iFE�Q[MIY¼ZLY�Q[ZLHBGIHBJBHBDLK¼MIY7JzERMIK�DLYTS�DVH;WXQ©MIYTZ�k7K�DFEXZVDFE�GIJ;YTZ�x�Y�iVk7Y�D/MIYTZNY�j4x�K�iVH;Y�Q[STYTZ�HBk¢xIJBH;{6P?E�Q>D�PIQ
DViL§TZ�x�Y�DVHBD�Q[WXkNGIiLYlM�OnE�DLWXk7YTZ�A4¾^Q¼x�Y�PID9E�HBQ[ZVH?Y�Q>�>H;ZFE�g�Y�i~M�O]K�DVP[M4H;Y�i~MIYTZ9Y���Y�DLZ9M4P[Z9E�P7Q[WXk�GIiLY��[QIH
M�OnE�DLWXk7YTZ-STWXQ[MIY�Q[ZFKTZ��$WXP/ZLY¬xIJzEXSTY�i�M[E�Q[Z!MIYTZciLK�g"HBk7YTZ�M[E�Q[Z!J;YTZL{6P[Y�J;Z!J�O HBQ��[P[Y�Q[STY9M4P/SLU?E�k¢x/k7W�¦�Y�Q
YTZVD`xIJBP[Z`WXP�k7WXHBQ[Z`HBk¢x�WXiVDFE�Q6DLY"AfbcYTZ`STWXJBJBH;ZVH;WXQ[ZNHBQ[K�JzEXZVDVH;{6P[YTZ�Y�Q6DViLY MIY�P4j�E�DLWXk7YTZNk7K�DFEXZVDFE�GIJ;YTZ��
MIKTS�iVHBDLYTZ M[E�Q[Z J;Y�xIiLY�k¢H;Y�i SLU?E�xIHBDViLY3M[E�Q[Z J;Y�S�EXZ MIYRJ�O]\^Y = ��ZVH�Y�JBJ;YTZhZLWXQ6D PIQ U?E�Q[M4H;S�E�x x�WXPIi
J�O]WXGIDLY�Q6DVH;WXQ£M4P�STWXQ[MIY�Q[ZFE�D���x�Y�PI��Y�Q>DNMIWXQIQ[Y�i`JBH;Y�P�¨ MIYTZ_Y�j4x�K�iVH;Y�Q[STYTZNWXiVHBg"HBQ?E�J;YTZ�Acd�E�i`Y�j4Y�k¢xIJ;Y��
Y�Q¢k7YTZVPIiFE�Q6D�J;YªDFE�P4j�M�O H;WXQ[Z¬xIiLW0M4PIHBDLZ�E�P7STWXPIiLZ¬MIYªDLY�JBJ;YTZ�STWXJBJBH;ZLH;WXQ[Z��"xIiLWXx�WXiVDVH;WXQIQ[Y�J*¨lJzE��+WXQ[S�DVH;WXQ
MIY_STWXiViLK�JzE�DVH;WXQRMIY_MIY�Q[ZVHBDLK`MIYTZeE�DLWXk7YTZ��B@�q � �IWXQ x�Y�PIDeZVPIHB�0iLY�JzE�M4¦0Q?E�k¢H;{6P[Y_MIY�JzE�STWXU[K�iLY�Q[STY`M4P
g6E���E�P�STWXPIiLZ�M4P<iLY��+iLWXH;M4H;ZLZLY�k7Y�Q>D^M4P�Q>P?E�g�Y`Y�D^¨/JzE�DViFE���Y�iLZLKTY`M4PRZFY�PIHBJcMIY`STWXQ[MIY�Q[ZFE�DVH;WXQcA

d�E�iVk¢HyDLWXP[Z�J;YTZ/g6E��hiFE�iLYTZ��-J�O U[K�JBHBPIk k7K�DFEXZLDFE�GIJ;Y���\lY = M[E�Q[Z/J�O]K�DFE�D����
	�� !+ZV¦>k�G�WXJBH;ZFK M[E�Q[Z
STY�DVDLY<DVU[§TZLY<x?E�i \^Y = " x?E�iFE�;D¼J;Y<xIJBP[Z¢iLK�E�JBH;ZVDLY"A9r!WXPID M�OnE�G�WXiLM �¬x?E�i7iFE�xIx�WXiVD E�P4j E�PIDViLYTZ7g6E��
iFE�iLYTZ��0JzENM4PIiLKTY�MIYl�0H;Y^MIYlJ�O]K�DFE�Dªk7K�DFEXZVDFE�GIJ;Y�YTZVDªJ;WXQIg"P[Y$!»�"¤"¤"¤�Z �B@�t�� " Y�D~Q[YlSTWXQ[ZLDVHBDVP[YlMIWXQ[Slx?EXZ
PIQ[Y7JBHBk¢HBDFE�DVH;WXQ ZVPIiNJzE�M4PIiLKTY MIY¢k¼E�QIHBxIPIJzE�DVH;WXQ MIY¼J�OnE�DLWXk7Y¼M[E�Q[Z�JzE<xIJBPIx?E�iVD�MIYTZ/Y�j4x�K�iVH;Y�Q[STYTZ�A
dfE�i`E�HBJBJ;Y�PIiLZ���STWXk¢k7Y/HBJf�XE ��DViLY�k7WXQ>DViLK�M[E�Q[Z^J;Y�xIiLY�k¢H;Y�i_SLU?E�xIHBDViLY���WXQ�M4H;ZVx�W"ZLY�MIY�xIiLKTM4H;S�DVH;WXQ[Z
DVU[KTWXiVH;{6P[YTZlZVPIiyJ;YTZ�xIiLWXxIiVH;K�DLKTZ^MIY`STWXJBJBH;ZLH;WXQ[ZeQ[KTSTYTZLZFE�HBiLYTZ�¨/J�O]WXG[ZLY�iV�"E�DVH;WXQsMIYNJzE¢STWXQ[MIY�Q[ZFE�DVH;WXQ(�*¨
J�O HBQ6��Y�iLZLY¢MIYTZ`E�PIDViLYTZ`g6E��¢iFE�iLYTZ�A�«¬JBJ;YTZ`ZLWXQ>DlDVU[KTWXiVH;{>P[Y�k7Y�Q6DN�»E���WXiFE�GIJ;YTZ7��J;YTZ_STWXJBJBH;ZVH;WXQ[Z�HBQ[K�JzEXZVDVH��
{6P[YTZ��¬WXG[ZVDFEXS�J;YTZh¨3J�O]WXGIDLY�Q>DVH;WXQ MIYTZ¼U?E�PIDLYTZ¼MIY�Q[ZVHBDLKTZ���ZLWXQ6D YTZVDVHBk7KTYTZ¼ZVP�2¼Z E�k¢k7Y�Q6D7��E�HBGIJ;YTZ¼Y�D��
M�OnE�PIDViLY x?E�iVD���JzEsJ;WXQIg"P[Y�PIi¼MIY M4H ��P[ZVH;WXQ x�WXPIi¢\^Y = YTZVD/xIiLKTM4HBDLY<x�W"ZVHBDVHB��Y���STYh{>PIHªHBk¢xIJBH;{6P[Y PIQ
STWXQ[MIY�Q[ZFE�D�ZLDFE�GIJ;Y"Acd-WXPIi��[QIHBi���J�O]Y�j4H;ZVDLY�Q[STY7M�O PIQ�H;ZFWXDLWXx�Y/�»Y�iVk¢H;WXQIH;{6P[Y¼k7K�DFEXZVDFE�GIJ;Y ! � \lY = " x�Y�i��
k7Y�D�J�O]K�DVP[MIYhMIYTZ�g6E��<MIY7�»Y�iVk¢H;WXQ[Z�MIK�g�K�Q[K�iLKTZ���Y�Q PIDVHBJBH;ZFE�Q6D�DLWXPIDLYhJzE�iVH;SFU[YTZLZLYhMIYhJzERMIK�DLYTS�DVH;WXQ
K�J;YTS�DViLWXQIH;{6P[Y"A�}~Y`ZLWXQ>DyDLWXPIDLYTZ�STYTZyiFE�H;ZLWXQ[Z^{6PIH�Q[WXP[Z�WXQ6DeHBQ[S�HBDLK/¨�SLU[WXH;ZVHBieJ�O]\lY = A

� "-��.>���$#%��� �98;�-�  ��*�-�-.0�!,$24�7�-. � �*,�."¶ � #+�!,T��.0#+�
b!E�STWXQ[MIY�Q[ZFE�DVH;WXQ°MIY 
ªW"ZLY���«¬HBQ[ZVDLY�HBQ M�O PIQ g6E���¨ JzE�DLY�k¢x�K�iFE�DVPIiLY����¼ZVPIiV�>H;Y�Q>D¼J;WXiLZL{>P[Y�JzE

J;WXQIg"P[Y�PIi/M�O]WXQ[MIY DVU[Y�iVk¢H;{>P[Y���������� ���� "!�#$� M�O PIQ E�DLWXk7Y¼YTZVD/MIY¢J�O]WXiLM4iLY MIY¼g"iFE�Q[MIY�PIi/MIY
JzE<M4H;ZVDFE�Q[STY¢k7W$¦�Y�QIQ[Y Y�Q>DViLY¼MIY�P4j�E�DLWXk7YTZ�AcdfWXPIiNPIQ[Y¼MIY�Q[ZVHBDLK¼ZVx?E�DVHzE�J;Y�%&���!STY�DVDLY7STWXQ[M4HBDVH;WXQ£ZFY
DViFEXM4PIHBDex?E�iePIQRS�iVHBDL§�iLYNZVPIiyJzE¢MIY�Q[ZVHBDLK`M[E�Q[ZeJ�O]YTZVx?EXSTY`MIYTZyxIU?EXZLYTZ�'(�)%&�*� ���+ �-,/.4A

«¬Q d¬U>¦0ZVH;{>P[Y wªDLWXk¢H;{6P[Y��fJ;Y iLY��%iLWXH;M4H;ZFZLY�k7Y�Q6D7M�OnE�DLWXk7YTZ�x?E�i�JzEXZLY�i/x�Y�iVk7Y�D¢MIYhSLU?E�iVg�Y�i7MIYTZ
xIH;§�g�YTZ�JBPIk¢HBQ[Y�P4j7M[E�Q[Z�J;YTZF{6P[Y�J;Z¬JzE_JBPIk¢H;§�iLY�EXZLZVPIiLYyJ;YªiLY��+iLWXH;M4H;ZLZLY�k7Y�Q>D�A4¾^Q7WXGIDVH;Y�Q>D~E�H;ZLK�k7Y�Q>D9MIYTZ
Q6P?E�g�YTZ�MIY�g6E��/M4HBJBP[KTZ�¨¼MIYTZlMIY�Q[ZVHBDLKTZlMIYNJ�O]WXiLM4iLY/MIY1032 �54 E�D76�S�k � Y�DlMIYTZ^DLY�k¢x�K�iFE�DVPIiLYTZ_E�PIDLWXPIi
M4Psk�8 x�WXPIi^J;YTZF{6P[Y�J;Z9';:;032-<>="A�dfWXPIiVDFE�Q6D���STY�DVDLY/DLYTSLUIQIH;{>P[Y/xIiLKTZLY�Q6DLY�PIQ[Y�JBHBk¢HBDLY�ZVPIx�K�iVH;Y�PIiLY
ZVPIi�J;YTZ9MIY�Q[ZVHBDLKTZ9ZLx?E�DVHzE�J;YTZ9Y�D�HBQ4�»K�iVH;Y�PIiLYlZVPIi�J;YTZ�DLY�k¢x�K�iFE�DVPIiLYTZª{6PcO]Y�JBJ;Yex�Y�iVk7Y�D~M�OnE�DVDLY�HBQ[M4iLY��>JBHBk¢H��
DFE�Q6DyJzE�MIY�Q[ZVHBDLK_M[E�Q[ZªJ�O]YTZLx?EXSTY`MIYTZªxIU?EXZLYTZe¨/D�¦0xIH;{>P[Y�k7Y�Q6D�{>P[Y�J;{6P[YTZ?032-<>@��nm ��A4dfWXPIiex�WXPIiLZVPIHB�>iLY
J�OnE�PIg"k7Y�Q6DFE�DVH;WXQ�MIY�' ��PIQ[Y¼DLYTSLUIQIH;{>P[Y {>PIH~E<�»E�HBD/ZLYTZ`xIiLY�PI��YTZ/STWXQ[ZVH;ZVDLYh¨<DViFE�Q[Z��»K�iLY�iNJ;Y¼Q6P?E�g�Y
xIiLK���iLY��%iLWXH;M4HI��Y�iLZ�PIQ�xIH;§�g�Yªk¼E�g"Q[K�DVH;{>P[YyM[E�Q[Z�J;YT{6P[Y�J4J;YTZ�E�DLWXk7YTZ¬ZLWXQ>D�ZLWXPIk¢H;Z�E�P�iLY��%iLWXH;M4H;ZFZLY�k7Y�Q6D
K��XE�x�WXiFE�DVH��&�nm%��A�bcY�xIiVHBQ[S�HBx�Y/MIYNJzE¼k7K�DVU[W0MIY�YTZVDliFE�xIx�Y�J;K�ZVPIilJzE��[g"PIiLY @"A�¾^Q3Y�j4xIPIJ;ZLY/M4PRxIH;§�g�Y
J;YTZNE�DLWXk7YTZ`{>PIH�WXQ6D`PIQ[Y¼K�Q[Y�iVg"H;Y7ZVPIx�K�iVH;Y�PIiLY7¨hJ�O]K�Q[Y�iVg"H;Y7k7W�¦�Y�QIQ[Y M�O PIQ�E�DLWXk7Y7M[E�Q[Z_J;Y�xIH;§�g�Y"A
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o�Q>DViLW>M4P[S�DVH;WXQ ¹

piège magnétique

N, T
D

N- ∆N, T- ∆T
D' > D

évaporation
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bcYTZ^STWXJBJBH;ZLH;WXQ[Z^K�JzEXZVDVH;{>P[YTZlY�Q6DViLY�J;YTZ^E�DLWXk7YTZliLYTZVDFE�Q6DLZ�EXZLZVPIiLY�Q>D^PIQ[YNiLYTM4H;ZVDViVHBGIPIDVH;WXQ�MIY`J�O]K�Q[Y�iVg"H;Y��
STWXQ[M4PIH;ZFE�Q6D ¨3PIQ�Q[WXPI��Y�J�K�DFE�D7M�O]KT{>PIHBJBHBGIiLYs¨3PIQ[Y DLY�k¢x�K�iFE�DVPIiLY�HBQ4�»K�iVH;Y�PIiLYR¨�STY�JBJ;Y�MIY<MIK�x?E�iVD�A
	 Q�iLY��+iLWXH;M4H;ZLZLY�k7Y�Q6D`Y�2¼S�EXSTY¢YTZLDlWXGIDLY�Q>P�Y�QR�»WXi�q�E�Q6D_J�O]K��"E�x�WXiFE�DVH;WXQ(��S"O]YTZVD`¨ M4HBiLY�Y�Q M4HBk¢HBQ6P?E�Q>D
xIiLWXg"iLYTZLZVHB��Y�k7Y�Q6D<J;YsZLY�PIHBJ�Y�Q K�Q[Y�iVg"H;Y E�P[{6P[Y�J^J;YTZhE�DLWXk7YTZ ZLWXQ>DhY�j4xIPIJ;ZLKTZ�A~½�E�JBg"iLK�JzE©M4HBk¢HBQ6P4�
DVH;WXQ©M4P�Q[WXk�GIiLY¼M�OnE�DLWXk7YTZ/{6PIH~Y�Q�iLKTZVPIJBDLY��-WXQ�k7WXQ6DViLYh{6P[Y¼STY�DVDLY7DLYTSLUIQIH;{>P[Y x�Y�PID�E�PIg"k7Y�Q>DLY�i
STWXQ[ZVH;MIK�iFE�GIJ;Y�k7Y�Q6D JzE�MIY�Q[ZLHBDLK�M[E�Q[Z¼J�O]YTZLx?EXSTYRMIYTZ7xIU?EXZFYTZ �B@�v%� �9E�k7Y�Q?E�Q>D E�HBQ[ZLHeJ;Y�ZV¦4ZVDL§�k7YRE�P
ZLY�PIHBJfMIY/STWXQ[MIY�Q[ZFE�DVH;WXQcA�w^P3STWXPIiLZ�MIY/STYNiLY��+iLWXH;M4H;ZLZLY�k7Y�Q>D���J;YTZ�E�DLWXk7YTZlHBQ>DLY�iFE�g"H;ZLZLY�Q6D`K�g6E�J;Y�k7Y�Q>D
x?E�ilMIYTZ^STWXJBJBH;ZVH;WXQ[ZlHBQ[K�JzEXZVDVH;{6P[YTZ��?Y�Q6DViLY/Y�P4jRWXP3E���YTS�MIYTZ�E�DLWXk7YTZlM4PRg6E��/iLKTZVH;M4P[Y�J �[HBQ>DViLW>M4PIH;ZFE�Q>D
MIYTZ�x�Y�iVDLYTZ^M�OnE�DLWXk7YTZlQ[WXQ�MIKTZVHBiLKTYTZ�A�d-WXPIi�{>P[Y`J;Y�iLY��%iLWXH;M4H;ZLZFY�k7Y�Q6D�K��XE�x�WXiFE�DVH���iLYTZVDLY/Y�2¼S�EXSTY��*WXQ
k7WXQ6DViLY !%��WXHBi^SLU?E�xIHBDViLY¼@ " {6PcO HBJ���E�PIDyx�WXPI��WXHBilE�DVDLY�HBQ[M4iLYNM[E�Q[ZyJ;Y_xIH;§�g�Y`k¼E�g"Q[K�DVH;{6P[Y_PIQRiFE�xIx�WXiVD
M4P£DFE�P4j£MIYhSTWXJBJBH;ZLH;WXQ[Z¢K�JzEXZVDVH;{6P[YTZ¢E�P DFE�P4j©MIYTZ/xIiLW0STYTZLZVP[Z/HBQ[K�JzEXZVDVH;{>P[YTZ¢ZVPIx�K�iVH;Y�PIi7¨RxIJBP[ZVH;Y�PIiLZ
STY�Q6DFE�HBQ[YTZ�A[b!WXiLZL{6P[Y�J;YTZex�Y�iVDLYTZªHBQ[K�JzEXZVDVH;{>P[YTZeZLWXQ>DeM4P[YTZ�E�P4jhSTWXJBJBH;ZLH;WXQ[ZeZVPIiyJ;Ylg6E��_iLKTZVH;M4P[Y�J �[STY�DVDLY
STWXQ[M4HBDVH;WXQ©HBk¢x�W"ZLY¢MIY7MIK�k¼E�iViLY�i�J�O]K��XE�x�WXiFE�DVH;WXQ£E���YTS7PIQ�DFE�P4j�MIY7STWXJBJBH;ZVH;WXQ[Z�K�JzEXZVDVH;{>P[YTZNMIY¢xIJBP4�
ZVH;Y�PIiLZ�x?E�i^ZLYTSTWXQ[MIY"A*opJ!YTZVD^Y�QsY���Y�DeDLYTSLUIQ[WXJ;WXg"H;{>P[Y�k7Y�Q6D`M4H32¼S�HBJ;Y/M�OnE�DVDLY�HBQ[M4iLY�MIYTZ^M4PIiLKTYTZ^MIYN�>H;Y
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� #��© 6�f)����6,¢�f2I�$�$#% 6�f)+#�´>�1.>, &�)p8;:<.>=
dfWXPIi �IjIY�i/J;YTZ�H;MIKTYTZ��!x�WXPIi�J�O]\lY = �!PIQ[Y DLY�k¢x�K�iFE�DVPIiLY S�iVHBDVH;{>P[Y MIY STWXQ[MIY�Q[ZFE�DVH;WXQ MIY3@��&8

iLYT{6PIH;Y�iVDyPIQ[Y_MIY�Q[ZLHBDLKlS�iVHBDVH;{>P[Y %&� ������032 �	� E�D76�S�k � A?}lO]YTZLD~J�O]WXiLM4iLY_MIYlg"iFE�Q[MIY�PIi�MIYlJzE�MIY�Q[ZVHBDLK
{6PcO HBJe�»E�PID7�0H;ZLY�i�A�b!Y�S�E�iFEXS�DL§�iLY�k7K�DFEXZVDFE�GIJ;YsMIY<J�O]\lY = iLY�Q[M STY�x�Y�Q[M[E�Q6D ) +-,�. 0�,/.yM4H32¼S�HBJ;Y�J�O]WXG4�
DLY�Q6DVH;WXQ�MIY_U?E�PIDLYTZlMIY�Q[ZVHBDLKTZ��[M4PR�»E�HBD�MIYTZ^STWXJBJBH;ZVH;WXQ[Z^HBQ[K�JzEXZVDVH;{6P[YTZ^Y�Q6DViLY�E�DLWXk7YTZ�{>PIHcxIiLW���W0{>P[Y�Q6D
JzE�MIYTZVDViVP[S�DVH;WXQ MIY�J�O]KTSFU?E�Q6DVHBJBJ;WXQcAy¥�YTZ7xIiLKTM4H;S�DVH;WXQ[ZhDVU[KTWXiVH;{>P[YTZ��~Y�j0x�W"ZLKTYTZ¼M[E�Q[Z J;YRSFU?E�xIHBDViLY©@��
k7WXQ6DViLY�Q>D9DLWXPIDLY��»WXH;Z�{>P[YyJ;WXiLZL{>P[YyJ;YTZ9E�DLWXk7YTZ9ZLWXQ6D�x�WXJzE�iVH;ZLKTZ��"J;YTZ�STWXJBJBH;ZVH;WXQ[Z�HBQ[K�JzEXZVDVH;{>P[YTZ�ZLWXQ>D¬�+WXi��
DLY�k7Y�Q6DliLKTM4PIHBDLYTZ�A�}~Y�DVDLYNx�WXJzE�iVH;Z E�DVH;WXQsYTZVD^E�PIDLWXk¼E�DVH;{>P[Y/M[E�Q[Z�PIQ�xIH;§�g�YNk¼E�g"Q[K�DVH;{6P[Y���STWXk¢k7Y`J;Y
MIK�DFE�HBJBJ;Y�iFE/J;Y�SLU?E�xIHBDViLY�t[AI}~YTZªxIiLKTM4H;S�DVH;WXQ[ZyS�E�J;S�PIJ;Y�Q6D�K�g6E�J;Y�k7Y�Q>DyJzE�ZFYTS�DVH;WXQ Y�2¼S�EXSTY�MIY�STWXJBJBH;ZVH;WXQ[Z
K�JzEXZVDVH;{>P[YTZ�Y�Q6DViLY�E�DLWXk7YTZ^x�WXJzE�iVH;ZLKTZ$A[«¬JBJ;YTZ�STWXQ[S�JBP[Y�Q>D_{6P[Y_J;Y`DFE�P4jRMIY`STWXJBJBH;ZVH;WXQ[ZlK�JzEXZVDVH;{6P[YTZ�x�WXPIi
MIYTZ_MIY�Q[ZVHBDLKTZ_E�DLWXk¢H;{6P[YTZ�EXSTSTYTZLZVHBGIJ;YTZ�Y�j0x�K�iVHBk7Y�Q6DFE�J;Y�k7Y�Q>D�YTZVD�ZVP�2¼ZFE�k¢k7Y�Q>DNK�J;Y���K/x�WXPIi_{>P[YNJzE
JBHBk¢HBDFE�DVH;WXQ<M4P[Y�¨NJzE�{6P?E�JBHBDLKlM4P �0H;MIY^Q[Y^ZLWXHBD~x?EXZ~iLKTM4UIHBGIHBDLWXHBiLY_Y�D~Y�JBJ;YTZ~xIiLK���WXH;Y�Q>D~PIQhiFE�xIx�WXiVDªM4P
DFE�P4j¼MIYeSTWXJBJBH;ZVH;WXQ[Z~K�JzEXZVDVH;{>P[YTZ�ZVPIi9J;YyDFE�P4j¼MIYeSTWXJBJBH;ZVH;WXQ[Z9HBQ[K�JzEXZVDVH;{>P[YTZ9Y�Q>DViLY^E�DLWXk7YTZ9x�WXJzE�iVH;ZLKTZ9{6PIH
x�Y�iVk7Y�D^PIQsiLY��+iLWXH;M4H;ZLZLY�k7Y�Q>DlK��"E�x�WXiFE�DVH���Y�2¼S�EXSTY"A*¥�O PIQRx�WXHBQ6D�MIY`�0P[YNY�j4x�K�iVHBk7Y�Q6DFE�J ��E�P[ZLZVH!GIH;Y�Q
J;YTZ�STWXJBJBH;ZVH;WXQ[Z^K�JzEXZVDVH;{>P[YTZ�{>PcO HBQ[K�JzEXZVDVH;{6P[YTZ�QcO]WXQ6D^x?EXZeK�DLK_G�Y�E�P[STWXPIxsK�DVP[M4H;KTYTZlM[E�Q[ZyJzE�g6E�k¢k7YNMIY
DLY�k¢x�K�iFE�DVPIiLYTZ9HBQ4�»K�iVH;Y�PIiLYTZ~E�P7k�8$�>M[E�Q[Z�JzEX{>P[Y�JBJ;Y�WXQ7Q[Y�M4H;ZVx�W"ZFYe{6P[Y�MIYyxIiLKTM4H;S�DVH;WXQ[Z�DVU[KTWXiVH;{>P[YTZ�A
}~YTZeMIY�iVQIH;§�iLYTZlZLWXQ6DeMIK�JBH;S�E�DLYTZlY�DyHBk¢x�W"ZFY�Q6D�MIWXQ[S_PIQ[YNSTWXQ �[iVk¼E�DVH;WXQRx?E�ieJ�O]Y�j4x�K�iVH;Y�Q[STY"A

¥lP�x�WXHBQ>D�MIY~�0P[YªMIY9J�O]WXGIDLY�Q>DVH;WXQ¼M4P/Q6P?E�g�YªxIiLK���iLY��+iLWXH;M4HIx?E�ifJzEXZFY�i���MIY~Q[WXk�GIiLY�P[ZLYTZ�M4H32¼S�PIJBDLKTZ
ZLWXQ6Dh¨�ZVPIiVk7WXQ6DLY�i�Aª}~Y�DVDLY�K�DFE�x�Y �0H;ZLY�¨�WXGIDLY�QIHBi7J�O]KTSFU?E�Q6DVHBJBJ;WXQ J;Y<xIJBP[Z��+iLWXH;M Y�D¢J;Y<xIJBP[Z7MIY�Q[ZLY
x�W"ZFZVHBGIJ;Y`E��[QRM�OnET��WXHBilPIQ[Y`MIY�Q[ZVHBDLKNM[E�Q[ZyJ�O]YTZVx?EXSTYNMIYTZexIU?EXZLYTZexIiLW0SLU[Y`MIY`JzE�DViFE�Q[ZVHBDVH;WXQRMIY 
ªW"ZLY��
«¬HBQ[ZVDLY�HBQcA"dfWXPIi�STY�JzE���J;Y9xIH;§�g�Yªk¼E�g"Q[K�DLW���WXxIDVH;{>P[Y��"xIiLY�k¢H;§�iLYªxIU?EXZLYªM4P�iLY��+iLWXH;M4H;ZLZLY�k7Y�Q6D¬JzEXZFY�i���MIWXHBD
EXSTS�PIkNPIJ;Y�i¬PIQ�g"iFE�Q[M/Q[WXkNGIiLYªM�OnE�DLWXk7YTZ��"STY~{6PIH0x?EXZLZLY9x?E�ifJzE�iLK�E�JBH;Z E�DVH;WXQ�M�O PIQl VY�D-iFE�J;Y�Q>DVH4HBQ6DLY�Q[ZLY
M�O]\^Y = ��D�
XSLU[Y�M4H32¼S�HBJ;Y�Y�Q7iFE�H;ZLWXQ¼M4P¢��E�HBGIJ;YyiLY�Q[MIY�k7Y�Q>D~MIYTZ�ZFWXPIiLSTYTZ�xIiLW0M4PIH;ZFE�Q6D9J;YTZ¬k7K�DFEXZVDFE�GIJ;YTZ�A
¥�OnE�PIDViLYyx?E�iVD��XHBJ[YTZVD�STWXQIQ6P MIY�xIPIH;Z�@��"�"m�{>P[YªJ;YªDFE�P4j�MIYªx�Y�iVDLYTZ�M[E�Q[Z¬PIQ¢xIH;§�g�Yyk¼E�g"Q[K�DLW���WXxIDVH;{>P[Y
M�O]\^Y = YTZLDex?E�iVDVH;S�PIJBH;§�iLY�k7Y�Q6D�K�J;Y���KNM4P<��E�HBDeMIY_JzE�xIiLKTZFY�Q[STY`MIY_JBPIk¢H;§�iLY`xIiLW0SLU[YNMIY_iLKTZLWXQ?E�Q[STY��?STY
{6PIHªHBk¢x�W"ZLYhPIQ[YhJBHBk¢HBDLY<ZVPIx�K�iVH;Y�PIiLY<ZLPIi/JzE3MIY�Q[ZVHBDLK ZVx?E�DVHzE�J;Y<M[E�Q[Z�PIQ DLY�JªxIH;§�g�Y���D�¦0xIH;{>P[Y�k7Y�Q6D
PIQ£¨RMIY�P4j�WXiLM4iLYTZ�MIY¼g"iFE�Q[MIY�PIi�xIJBP[ZN�»E�HBGIJ;Y {6P[Y¼x�WXPIi�J;YTZ�E�J;S�E�JBHBQ[Z�Af«¬Q �[Q(�-JzE ��E�HBGIJ;Y¼Y�2¼S�EXS�HBDLK
MIYTZªk7KTS�E�QIH;ZVk7YTZeMIYliLY��+iLWXH;M4H;ZLZLY�k7Y�Q6D�JzEXZLY�iyZVPIG4��¥�WXxIxIJ;Y�ieY�DyJzEN�"E�J;Y�PIiyK�J;Y���KTY_MIY�JzE�DLY�k¢x�K�iFE�DVPIiLY
¥�WXxIxIJ;Y�i�!�� 2�&8 " Q[YRx�Y�iVk7Y�D x?EXZhM�O]Y�Q6�0H;ZFE�g�Y�i PIQ iLY��%iLWXH;M4H;ZLZFY�k7Y�Q6D JzEXZLY�ihDViL§TZ x�WXP[ZLZLK3ET�"E�Q6D
J;Y�DViFE�Q[Z��»Y�iVD�M4P°Q6P?E�g�Y�Y�Q°xIH;§�g�Y�k¼E�g"Q[K�DVH;{>P[Y"A�w^HBQ[ZVH�J;Y�DFE�P4j MIY STWXJBJBH;ZLH;WXQ[Z�K�JzEXZVDVH;{>P[YTZ�  P[ZLDLY
E�xIiL§TZ�DViFE�Q[Z��»Y�iVD�YTZVD�JBHBk¢HBDLK���iLY�Q[M[E�Q6D9xIiLWXGIJ;K�k¼E�DVH;{6P[Y^J�OnE�k7WXi�q�E�g�YlM4P7iLY��%iLWXH;M4H;ZFZLY�k7Y�Q6D~K��XE�x�WXiFE�DVH���A
r!WXPIDLYTZ<STYTZhM4H32¼S�PIJBDLKTZ<ZLWXQ6D<STY�x�Y�Q[M[E�Q6D<ZVPIiVk7WXQ>DFE�GIJ;YTZ<STWXk¢k7Ys�"E�YTZFZFET¦�Y�i<MIYsJ;YRk7WXQ>DViLY�i STY
k¼E�Q6P[ZLS�iVHBD�A

w^xIiL§TZ�ET��WXHBi~MIWXQIQ[KyJ;YTZ�E�iVg"PIk7Y�Q6DLZ9DVU[KTWXiVH;{>P[YTZ�{>PIH4�+WXQ>D�MIYªJ�O]\^Y = PIQ7S�E�Q[M4H;M[E�D9x�W"ZFZVHBGIJ;Yªx�WXPIi
JzE`STWXQ[MIY�Q[ZFE�DVH;WXQ<MIY&
~W"ZFY���«¬HBQ[ZVDLY�HBQ(�0STY�DVDLY�DVU[§TZLY^MIKTS�iVHBD9J�O]Y�j4x�K�iVH;Y�Q[STY^{>P[YeQ[WXP[ZªET��WXQ[ZªSTWXQ[ZVDViVPIHBDLY
x�WXPIi�YTZFZFET¦�Y�i�M�OnE�DVDLY�HBQ[M4iLY�J;YyZLY�PIHBJ?MIYySTWXQ[MIY�Q[ZFE�DVH;WXQhY�Q7STWXkNGIHBQ?E�Q>D9J;YyiLY��+iLWXH;M4H;ZLZLY�k7Y�Q>D�JzEXZLY�i�Y�D¬J;Y
iLY��%iLWXH;M4H;ZFZLY�k7Y�Q6DªK��XE�x�WXiFE�DVH��!M�O PIQhQ6P?E�g�YlM�O]\^Y = x�WXJzE�iVH;ZLK^M[E�Q[Z�PIQ xIH;§�g�Y�k¼E�g"Q[K�DVH;{>P[Y"A>b-E`M4H;ZLS�P[Z��
ZVH;WXQ3xIiLKTSTKTMIY�Q6DLY¢E7k7WXQ>DViLK/J�O HBk¢x�WXiVDFE�Q[STY�MIYTZ�STWXJBJBH;ZVH;WXQ[Z�K�JzEXZVDVH;{>P[YTZ^Y�DlHBQ[K�JzEXZVDVH;{>P[YTZlY�Q>DViLY�\^Y = �
JzE�iVg�Y�k7Y�Q6D�HBQ[Y�j4xIJ;WXiLKTYTZ/Y�j4x�K�iVHBk7Y�Q6DFE�J;Y�k7Y�Q6D�A��^WXP[Z�ET��WXQ[Z/Y�Q6DViLY�xIiVH;Z�J�O]K�DVP[MIYhMIY STYTZ/STWXJBJBH;ZVH;WXQ[Z��
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o�Q>DViLW>M4P[S�DVH;WXQ �

Q[WXQRSTWXk¢k7Y_GIPID�Y�QRZFWXH �4k¼E�H;ZeSTWXk¢k7YNK�DFE�x�Y_ZVPIiyJzE���WXH;Y`MIY�JzE7STWXQ[MIY�Q[ZFE�DVH;WXQcA

³ )%2[� �f.s)%2����-´6,�.
bcY_k7K�k7WXHBiLY�YTZVDeWXiVg6E�QIH;ZLK`Y�QRS�HBQ[{hSLU?E�xIHBDViLYTZ$A
bcY9xIiLY�k¢H;Y�i�SFU?E�xIHBDViLYªMIKTS�iVHBD-J;YTZ-xIiLKTM4H;S�DVH;WXQ[ZfDVU[KTWXiVH;{6P[YTZ�ZVPIifJ;YTZ!xIiLWXxIiVH;K�DLKTZ�MIY~STWXJBJBH;ZVH;WXQ[ZfY�Q6DViLY

E�DLWXk7YTZ<M�O]\^Y = xIH;K�g�KTZ k¼E�g"Q[K�DVH;{>P[Y�k7Y�Q6D�A�o�J^k7WXQ6DViLY Y�Q x?E�iVDVH;S�PIJBH;Y�i {>P[Ysk¼E�JBg"iLKsJ;Y3S�E�iFEXS�DL§�iLY
k7K�DFEXZVDFE�GIJ;Y�MIY�J�O]\lY = �~J;Y�iFE�xIx�WXiVD�M4P DFE�P4j MIY STWXJBJBH;ZVH;WXQ[ZRK�JzEXZVDVH;{6P[YTZ�E�P°DFE�P4j MIY STWXJBJBH;ZVH;WXQ[Z
HBQ[K�JzEXZVDVH;{6P[YTZ-x�WXPIicPIQ`Q6P?E�g�Y9M�OnE�DLWXk7YTZ!xIH;K�g�KTZ!k¼E�g"Q[K�DVH;{6P[Y�k7Y�Q>DfYTZLD-EXZLZLY���g"iFE�Q[M`x�WXPIicx�Y�iVk7Y�DVDViLY
M�OnE�xIxIJBH;{6P[Y�i`Y�2¼S�EXSTY�k7Y�Q>D_J;Y�iLY��+iLWXH;M4H;ZLZLY�k7Y�Q>D_K��XE�x�WXiFE�DVH��9Y�D`E�DVDLY�HBQ[M4iLY/JzE¼MIY�Q[ZVHBDLK/iLYT{>PIH;ZLY�x�WXPIi
WXG[ZLY�iV��Y�i9JzE�STWXQ[MIY�Q[ZFE�DVH;WXQ<MIY 
ªW"ZLY���«�HBQ[ZVDLY�HBQcA4b!E`�"E�J;Y�PIi�DVU[KTWXiVH;{>P[YlK�J;Y���KTYlMIY�JzENZFYTS�DVH;WXQ Y�2¼S�EXSTY
MIYNSTWXJBJBH;ZVH;WXQ[ZlK�JzEXZVDVH;{>P[YTZ^Y�Q>DViLY�MIY�P4jsE�DLWXk7YTZlM�O]\^Y = x�WXJzE�iVH;ZLKTZ�HBQ[M4H;{6P[Y/{>P[Y_J;Y`DLY�k¢x[Z^Q[KTSTYTZLZFE�HBiLY
¨_J�OnE�xIxIJBH;S�E�DVH;WXQ�M4P¼iLY��+iLWXH;M4H;ZLZLY�k7Y�Q>DyK��XE�x�WXiFE�DVH��!YTZVD�iFE�H;ZFWXQIQ?E�GIJ;Y^STWXk¢xIDLY^DLY�Q6P<MIYTZ~M4PIiLKTYTZ9MIY^�>H;Y
MIY_xIH;§�g�Y_k¼E�g"Q[K�DVH;{>P[Y`iLK�E�JBH;ZFE�GIJ;YTZeY�j4x�K�iVHBk7Y�Q6DFE�J;Y�k7Y�Q6D

bcY�MIY�P4j0H;§�k7Y_SFU?E�xIHBDViLY_YTZVDªSTWXQ[ZFEXS�iLK`¨`JzE/MIYTZLS�iVHBxIDVH;WXQ<M4P<M4H;ZVx�W"ZVHBDVH��-Y�j4x�K�iVHBk7Y�Q>DFE�Jc{6P[Y^Q[WXP[Z
ET��WXQ[Z�STWXQ[ZLDViVPIHBD¬x�WXPIi¬WXGIDLY�QIHBi�PIQ� VY�D¬M�OnE�DLWXk7YTZ�M�O]\^Y = iFE�J;Y�Q>DVH;Z�HBQ6DLY�Q[ZFYeE��[Q7MIYySLU?E�iVg�Y�i�PIQ¢xIH;§�g�Y
k¼E�g"Q[K�DLW���WXxIDVH;{6P[Y"A>o�J4MIK�DFE�HBJBJ;YyK�g6E�J;Y�k7Y�Q6D�J;YªZV¦4ZVDL§�k7Yy¨^�>H;MIYª{>PIHIMIWXHBD¬x�Y�iVk7Y�DVDViLYyMIYªSTWXQ[ZLY�iV��Y�i¬J;YTZ
E�DLWXk7YTZ9xIH;K�g�KTZ~x�Y�Q[M[E�Q6DªPIQhDLY�k¢x[ZªEXZFZLY���J;WXQIg/x�WXPIiªK��"E�x�WXiLY�i~J;YeQ>P?E�g�YlM�OnE�DLWXk7YTZ$A0opJ*ZFYeDLY�iVk¢HBQ[Y
x?E�i_JzEhxIiLKTZLY�Q6DFE�DVH;WXQ�MIY�JzEhMIK�DLYTS�DVH;WXQ�K�J;YTS�DViLWXQIH;{>P[Y7MIYTZ`E�DLWXk7YTZ_k7K�DFEXZLDFE�GIJ;YTZ���PIDVHBJBH;ZLKTY¢M[E�Q[Z_J;YTZ
SLU?E�xIHBDViLYTZlZVPIHB�XE�Q>DLZex�WXPIieM4HzE�g"Q[W"ZVDVH;{>P[Y�i�J;Y�Q6P?E�g�Y�M�OnE�DLWXk7YTZexIH;K�g�KTZ�A

bcYlDViLWXH;ZVH;§�k7Y�SLU?E�xIHBDViLY�x�WXiVDLY�ZVPIi9J�O]K�DVP[MIY�M4P xIH;§�g�Ylk¼E�g"Q[K�DLW���WXxIDVH;{6P[Y_SFU?E�iVg�K_M4HBiLYTS�DLY�k7Y�Q6D�¨
x?E�iVDVHBi�M4P¼ �Y�D_E�DLWXk¢H;{>P[YNiFE�J;Y�Q>DVH ��Y�D�STWXQ[ZVH;MIK�iLK/STWXk¢k7Y/PIQ[Y�K�DFE�x�YNMIY�xIiLK���iLY��%iLWXH;M4H;ZFZLY�k7Y�Q6D`M�O PIQ
g6E��RM�O]\^Y = A¬¥_E�Q[Z¢PIQ DLY�JyxIH;§�g�Y��¬JzE�xIiLKTZLY�Q[STY�MIYTZ¢�»E�H;ZLSTY�E�P4j JzEXZLY�iLZ7MIY�xIH;K�g�Y�E�g�Y��¬xIiLW>SFU[YTZ¼MIY
JzE�iLKTZLWXQ?E�Q[STYRE�DLWXk¢H;{>P[Y��9E�k¢xIJBH �?Y<J;YTZ7x�Y�iVDLYTZ M4P[YTZ¼E�P4j STWXJBJBH;ZLH;WXQ[Z ¨ MIY�P4j STWXiVx[Z�A�bcY�Q[WXkNGIiLY
M�OnE�DLWXk7YTZ7{6P[Y J�O]WXQ x�Y�PID¢YTZVx�K�iLY�i¢E�DVDLY�HBQ[M4iLY QcO]YTZVD7E�J;WXiLZ�x?EXZ�E�P[ZFZVH~K�J;Y���K {>P[Y M[E�Q[Z�J;Y S�EXZ¢MIYTZ
E�J;S�E�JBHBQ[Z��0JBHBk¢HBDFE�Q6DyJzE�MIY�Q[ZVHBDLK^{>P[Y^J�O]WXQ x�Y�PID~WXGIDLY�QIHBiyM[E�Q[Z~J;Y^xIH;§�g�Y^k¼E�g"Q[K�DVH;{>P[Y�Y�D~MIWXQ[S^J;Y^DFE�P4j
MIYRSTWXJBJBH;ZVH;WXQ[Z K�JzEXZVDVH;{6P[YTZ$A�w�xIiL§TZhET��WXHBihS�E�iFEXS�DLK�iVH;ZLKRJ;Y�xIH;§�g�Y���J;Y�SFU?E�xIHBDViLYsZLY DLY�iVk¢HBQ[Ysx?E�i7PIQ[Y
K�DVP[MIY {>P?E�Q6DVHBDFE�DVHB��Y M4P£DFE�P4j�MIY¼x�Y�iVDLYTZ/¨RMIY�P4j�STWXiVx[Z�Af«¬JBJ;Y STWXQ[M4PIHBD¢¨<DViLWXPI��Y�i�JzE�g6E�k¢k7Y MIY
x?E�iFE�k7§�DViLYTZl¨/PIDVHBJBH;ZLY�i�x�WXPIiyiLKTM4PIHBiLY_J�O HBQ��[P[Y�Q[STY�MIYTZeSTWXJBJBH;ZVH;WXQ[Z�HBQ[K�JzEXZVDVH;{6P[YTZ^Y�DyxIH;K�g�Y�iePIQ�g"iFE�Q[M
Q[WXkNGIiLYNM�OnE�DLWXk7YTZ$A

¥_E�Q[ZRJ;Y�{>P?E�DViVH;§�k7Y£SLU?E�xIHBDViLY��lWXQ Y�Q6�0H;ZFE�g�Y©ZVPIi�J;Y�xIJzE�Q DVU[KTWXiVH;{6P[Y©MIY�P4j STWXQ �[g"PIiFE�DVH;WXQ[Z
MIY<SLU?E�k¢x�k¼E�g"Q[K�DVH;{>P[Y<ZVP[ZLSTY�xIDVHBGIJ;YTZ7MIYhx�Y�iVk7Y�DVDViLY<J;YhiLY��%iLWXH;M4H;ZFZLY�k7Y�Q6D¼K��"E�x�WXiFE�DVH��� �P[ZL{6PcOn¨sJzE
STWXQ[MIY�Q[ZFE�DVH;WXQ�MIY$
ªW"ZLY���«¬HBQ[ZVDLY�HBQ���J;Y/xIH;§�g�Y¢{>P?EXM4iVPIx�WXJzE�HBiLY7Y�D�J;Y�xIH;§�g�Y�MIY¢o W���Y"A�bcY�S�E�UIH;Y�iNMIYTZ
SLU?E�iVg�YTZl{6PcO HBJ;ZeMIWXHB��Y�Q>D^ZFE�DVH;ZV�»E�HBiLY_YTZVDeY�j4xIJBH;S�HBDLK`Y�DeJ;Y�PIiLZex?E�iFE�k7§�DViLYTZ^ZLWXQ>D�S�E�J;S�PIJ;KTZ�A

«¬Q �[Q(�"J;YyMIY�iVQIH;Y�i�SFU?E�xIHBDViLYyxIiLKTZLY�Q>DLYeMIY�P4j/iLK�E�JBH;Z E�DVH;WXQ[Z�Y�j0x�K�iVHBk7Y�Q6DFE�J;YTZ~M4P�xIH;K�g�Y�E�g�Yyk¼E�g"Q[K��
DVH;{6P[YhMIY¼J�O]\lY = �!PIDVHBJBH;ZFE�Q6D�J;YTZ/MIY�P4j�xIH;§�g�YTZ/MIKTS�iVHBDLZ/M[E�Q[Z/J;Y SLU?E�xIHBDViLY xIiLKTSTKTMIY�Q6D�A�bcY xIH;§�g�Y�E�g�Y
{6P?EXM4iVPIx�WXJzE�HBiLY YTZVDNDLWXPID�M�OnE�G�WXiLM£MIK�DFE�HBJBJ;K"Afo�J9Q[WXP[Z/ERx�Y�iVk¢H;Z/MIY DLYTZVDLY�iNQ[WXDViLYhZV¦4ZVDL§�k7Y ¨��>H;MIY
Y�D¼MIY<Q[WXP[Z¢��E�k¢HBJBHzE�iVH;ZLY�i ET��YTS<J;Y<xIH;K�g�Y�E�g�YRk¼E�g"Q[K�DVH;{6P[YsM�OnE�DLWXk7YTZ M�O]\lY = A �lWXP[Z¼ET��WXQ[Z E�P[ZLZVH
xIJzEXSTK^PIQ[Y^G�WXiVQ[Y^ZVPIx�K�iVH;Y�PIiLYlZVPIi9JzENiLKTM4P[S�DVH;WXQ<M4P DFE�P4jhMIY^STWXJBJBH;ZVH;WXQ[Z~HBQ[K�JzEXZVDVH;{>P[YTZªY�Q6DViLY_E�DLWXk7YTZ
M�O]\^Y = x�WXJzE�iVH;ZLKTZ�A[b!YTZeJBHBk¢HBDFE�DVH;WXQ[Z�MIYNSTY_xIH;§�g�Y��[K�g6E�J;Y�k7Y�Q6D�MIKTS�iVHBDLYTZ��IQ[WXP[Z^WXQ6D�STWXQ[M4PIHBDLZ�¨�STWXQ[Z��
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DViVPIHBiLY¼PIQ©xIH;§�g�Y¼MIY opW���Y7M[E�Q[Z�J;YT{6P[Y�J9Q[WXP[Z�YTZVx�K�iLWXQ[Z�E�DVDLY�HBQ[M4iLY¼J;Y ZLY�PIHBJ9MIY7STWXQ[MIY�Q[Z E�DVH;WXQcA¬C4E
STWXQ[ZVDViVP[S�DVH;WXQsYTZLDeMIKTS�iVHBDLY`Y�QRMIK�DFE�HBJ-E�HBQ[ZVHc{>P[Y_J;YTZyxIiLY�k¢H;Y�iLZ�iLKTZVPIJBDFE�DLZ�{>P[Y�Q[WXP[Z�E���WXQ[Z�WXGIDLY�Q6P[Z$A

C>H�jRE�QIQ[Y�j4YTZeDLY�iVk¢HBQ[Y�Q6D�STY�DVDLY_DVU[§TZLY"A[b!E¢xIiLY�k¢H;§�iLY`iLY�g"iLWXPIx�Y_J;YTZyx?E�iFE�k7§�DViLYTZlMIY_J�O]\^Y = PIDVHBJBH��
ZLKTZ�x�WXPIi�STYTZ�Y�j0x�K�iVH;Y�Q[STYTZ�Afb!E3S�HBQ[{6PIH;§�k7Y YTZVD�PIQ[Y E�QIQ[Y�jIY DLYTSLUIQIH;{>P[YhMIWXQIQ?E�Q>D¢J;YTZ/iLK��+K�iLY�Q[STYTZ
MIY�{6P[Y�J;{>P[YTZ���PIQ[Z<MIYTZ�E�xIx?E�iLY�HBJ;Z PIDVHBJBH;ZLKTZ J;WXiLZ<MIY3JzE£STWXQ[ZVDViVP[S�DVH;WXQ MIY3J�O]Y�j0x�K�iVH;Y�Q[STY"AybcYTZ DViLWXH;Z
E�PIDViLYTZ�MIK�DFE�HBJBJ;Y�Q6D`MIYTZ�S�E�J;S�PIJ;Z_Y�QsiLY�JzE�DVH;WXQ�E���YTS�J;Y�{>P?E�DViVH;§�k7Y�SLU?E�xIHBDViLY"A�b!EhMIY�iVQIH;§�iLY/iLY�xIiLW>M4PIHBD
J;YTZ�E�iVDVH;S�J;YTZ^E�P4jI{>P[Y�J;ZeSTY_DViFET�"E�HBJ-E�MIWXQIQ[KNJBH;Y�PcA
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b�O]K�DVP[MIYlMIYTZ�STWXJBJBH;ZVH;WXQ[Z~Y�Q6DViLYlE�DLWXk7YTZ9M�O]\lY = YTZVD�Q[KTSTYTZLZ E�HBiLYeJ;WXiLZL{>P[YyJ�O]WXQ SFU[Y�iLSLU[Y�¨`E�DVDLY�HBQ[M4iLY
J;YTZeMIY�Q[ZVHBDLKTZex�Y�iVk7Y�DVDFE�Q6D^M�O]WXG[ZLY�iV��Y�i�JzE�STWXQ[MIY�Q[ZFE�DVH;WXQsMIY 
ªW"ZLY���«¬HBQ[ZVDLY�HBQcA[opJ���E�PIDeZ�OnEXZLZVPIiLY�iyDLWXPID
M�OnE�G�WXiLM�{>P[YNJ;YTZ�STWXJBJBH;ZVH;WXQ[ZlHBQ[K�JzEXZVDVH;{>P[YTZ_Y�Q6DViLY¢E�DLWXk7YTZ�xIH;K�g�KTZlQ[Y�MIK�DViVPIH;ZLY�Q6D�x?EXZlJ�O]KTSLU?E�Q>DVHBJBJ;WXQcA
dfE�iNE�HBJBJ;Y�PIiLZ���J;Y�ZVP[STST§TZ_M4P�iLY��+iLWXH;M4H;ZLZLY�k7Y�Q>DNK��XE�x�WXiFE�DVH��9iLY�x�W"ZLY/ZVPIi�JzE iLYTM4H;ZVDViVHBGIPIDVH;WXQ�M�O]K�Q[Y�iVg"H;Y
Y�Q6DViLY�E�DLWXk7YTZ^x?E�ieJ�O HBQ>DLY�iVk7KTM4HzE�HBiLY�MIYTZ^STWXJBJBH;ZVH;WXQ[Z�K�JzEXZVDVH;{>P[YTZ�A[d�JBP[ZeJ;Y_DFE�P4j�MIY`STYTZeSTWXJBJBH;ZLH;WXQ[Z^YTZVD
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}~Y�DVDLYNK�DVP[MIY_k7WXQ>DViLY`J�O HBk¢x�WXiVDFE�Q[STYNM4P�DFE�P4j�MIY`STWXJBJBH;ZVH;WXQ[Z^K�JzEXZVDVH;{>P[YTZeY�Q6DViLY�\^Y = AIbcYTZ�iLKTZVPIJBDFE�DLZ
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te
l-0

00
01

29
1,

 v
er

si
on

 1
 - 

30
 M

ar
 2

00
2



'4� ( �!2I� ' ¶ ( �*)+)+#%,$#%�*�-,�.>������.s24����5�.6,¼��8;:<.0=
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MIYTZeK�Q[Y�iVg"H;YTZ�MIYNSTWXJBJBH;ZVH;WXQRMIY¢@�¤"¤�Q[Y�/ !�@�k�8 " A�������ED F������G�H%I
J�������K��������� ,.� =

¥_E�Q[Z�JzE_ZLPIHBDLYeMIYeSTYeSFU?E�xIHBDViLY��>WXQ7Q[YeiLY�g6E�iLMIY�{>P[YyJ;YTZ�STWXJBJBH;ZVH;WXQ[Z9d-Y�QIQIHBQIg�Y�Q6DViLYlE�DLWXk7YTZ�M[E�Q[Z
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ET��YTS V @ + A ��Y�2�!%PcAnE4A " Y�D V = + � 032 2 2 2 !%PcAnE4A " A�«¬Q�DLY�Q?E�Q6DNSTWXk¢xIDLY¢MIY/JzE G?E�iViVH;§�iLY7STY�Q>DViVH��%PIg�Y
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!+M�O]W)D�J;Y���EXS�DLY�PIi^m�M[E�Q[ZyJzE¢MIK �[QIHBDVH;WXQ3MIYC� �4PIQ[Y`STWXJBJBH;ZVH;WXQsMIK�DViVPIHBD�MIY�P4jRE�DLWXk7YTZ " A

¥�O PIQ©x�WXHBQ6D�MIY7�0P[Y7DVU[KTWXiVH;{>P[Y��fJzE�STWXQ[ZVDFE�Q>DLYhMIY STWXJBJBH;ZVH;WXQ d-Y�QIQIHBQIg�x�Y�PID ��DViLYhS�E�J;S�PIJ;KTY Y�Q
ZVPIxIx�W"Z E�Q6D¼{>P[Y MI§TZ7{6P[YhJ;YTZ¼E�DLWXk7YTZ¼Z�OnE�xIxIiLW>SFU[Y�Q6D ¨3PIQ[Y<M4H;ZVDFE�Q[STY HBQ4�+K�iVH;Y�PIiLYs¨��siFET¦�WXQ[Z7MIY

~WXUIi���HBJ;Z¼ZLWXQ6D¢x�Y�iLM4P[Z7ET��YTS<PIQ[Y xIiLWXG?E�GIHBJBHBDLKRMIY 032 2HC �nm"¤���m4@���A¬w�P MIK�GIPID7MIY<STY DViFE��XE�HBJ ��JzE
STWXQ[ZVDFE�Q6DLY¢MIY/STWXJBJBH;ZVH;WXQE�/.10�.�2$0 , x�WXPIi^PIQ�KTSLU?E�Q>DVHBJBJ;WXQ�M�OnE�DLWXk7YTZlQ[WXQ3x�WXJzE�iVH;ZLK/M[E�Q[ZlJ�O]K�DFE�D?� � 	��
K�DFE�HBD�YTZLDVHBk7KTY¼DVU[KTWXiVH;{>P[Y�k7Y�Q6D �nm"m%�yM[E�Q[Z/JzE�JBHBk¢HBDLY MIY DLY�k¢x�K�iFE�DVPIiLYhQ>PIJBJ;Y"A¬w�P£STWXPIiLZ¢MIY STY�DVDLY
DVU[§TZLY���HBJ�E K�DLK�k7YTZVPIiLK¢x?E�i_DViLWXH;Z_g"iLWXPIx�YTZ��B@$� �cm"q ��m�t �cm"v%��x�WXPIi`MIYTZ�DLY�k¢x�K�iFE�DVPIiLYTZNMIY�J�O]WXiLM4iLY
MIY¼@`k�8�A[b!E7�XE�J;Y�PIi^k7W�¦�Y�QIQ[Y/MIYTZ�iLKTZVPIJBDFE�DLZ^�"E�PIDF�/.10�.G230 , +IH � 032-< �54 S�k � 6�Z�A�}~Y�DVDLYN�XE�J;Y�PIi
K�J;Y���KTY�iLY�Q[Msx?E�iVDVH;S�PIJBH;§�iLY�k7Y�Q6D�M4H32¼S�HBJ;Y�J�O]WXGIDLY�Q>DVH;WXQ�MIYNMIY�Q[ZVHBDLK�MIYNJ�O]WXiLM4iLY/MIY1032 �	� E�D76�S�k����*S�E�i
J�O]KTSLU?E�Q6DVHBJBJ;WXQ YTZVDeMIK�DViVPIHBD^Y�QR{6P[Y�J;{>P[YTZyk7ZKJ
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bcY xIiLW>STYTZFZVP[ZNMIYhSTWXJBJBH;ZVH;WXQ d-Y�QIQIHBQIg YTZVD�g�WXPI��Y�iVQ[Kh¨RJ�O]WXiLM4iLY¼J;Y¼xIJBP[ZNG?EXZ�x?E�i/J�O HBQ6DLY�iFEXS�DVH;WXQ

K�J;YTS�DViLW"ZVDFE�DVH;{>P[Y��>STY^{6PIH[HBk¢x�W"ZLY�JzE_STWXQ[ZLY�iV�"E�DVH;WXQhM4P¼ZLxIHBQ¼DLWXDFE�J�E�PhSTWXPIiLZ�MIY�JzE`STWXJBJBH;ZVH;WXQcA>bcY�ZVxIHBQ
DLWXDFE�J*M[E�Q[Z�J;YeS�E�Q?E�J?HBQ[S�H;MIY�Q>D~YTZVD~¤��[@�WXP m4A6¥�E�Q[Z�JzE_��WXH;YeMIY^ZLWXiVDVH;Y��6E�P[ZLZLH[GIH;Y�Q¼x�WXPIi�J�O H;WXQIH;ZFE�DVH;WXQ
d-Y�QIQIHBQIg¢{>P[Y�x�WXPIi�J�O H;WXQIH;Z E�DVH;WXQ<EXZFZLW>S�HzE�DVHB��Y��6J;Y^ZLxIHBQ¼DLWXDFE�J�YTZVD~¤NWXP3@"A>w�HBQ[ZVH �0ZVH*J;Y�ZVxIHBQ DLWXDFE�J�MIYTZ
x?E�iVDVH;S�PIJ;YTZNHBQ[S�H;MIY�Q>DLYTZ�YTZVD�m��cJzE�STWXJBJBH;ZVH;WXQ�Q[Y¼x�Y�PID�E���WXHBi�JBH;Y�PcA-b�O HBQ6DLY�iFEXS�DVH;WXQ MIYTZ/E�DLWXk7YTZ�ZLY�J;WXQ
J;Y`x�WXDLY�Q6DVH;Y�J Q M =O HBQ6DLY�iLM4HBD�MIWXQ[S`J;YTZ^STWXJBJBH;ZVH;WXQ[Z^dfY�QIQIHBQIg<Y�DeJzE7STWXQ[ZLDFE�Q6DLY�k7W�¦�Y�QIQ[Y/MIYNSTWXJBJBH;ZVH;WXQ[Zd-Y�QIQIHBQIg7� Q 5 YTZVDyQ>PIJBJ;Y"A}~Y�DVDLY�ZVPIxIxIiLYTZFZVH;WXQ MIYTZ7STWXJBJBH;ZVH;WXQ[Z¼d-Y�QIQIHBQIg£Y�Q6DViLYsE�DLWXk7YTZ7x�WXJzE�iVH;ZLKTZ7QcO]YTZVD¼STY�x�Y�Q[M[E�Q6D7x?EXZ
DLWXDFE�J;Y"AIbcYTZªMIY�P4j E�DLWXk7YTZªHBQ>DLY�iFE�g"H;ZLZLY�Q6D�x?E�i~J�O HBQ>DLY�iVk7KTM4HzE�HBiLY`M4P k7WXk7Y�Q6Dyk¼E�g"Q[K�DVH;{>P[Y`EXZLZLW0S�H;Kl¨
J;Y�PIiNZVxIHBQcA�b�O U?E�k¢HBJBDLWXQIH;Y�Q MIY7STY�DVDLY¢HBQ>DLY�iFEXS�DVH;WXQ©ZVxIHBQ4��ZLxIHBQ�x�WXPIi`MIY�P4j�E�DLWXk7YTZ`MIWXQ>DNJ;Y���YTS�DLY�PIi
x�W"ZLHBDVH;WXQ�iLY�JzE�DVHB��Y�YTZVD�� ��YTZVD7MIWXQIQ[K�x?E�i�� � � � #
	�� ��� � ��� � T A 1 � ��� � 6 1 � ��� � 6�� A�opJyx�Y�PID
HBQ[M4PIHBiLY MIYTZ�DViFE�Q[ZVHBDVH;WXQ[Z/Y�Q6DViLY J�O]K�DFE�D/MIY¼JzE<��WXH;YhM�O]Y�Q6DViLKTY�� 	'L � �J2�� L?��� ? Y�DNJ;YTZ/K�DFE�DLZ�MIY
ZLWXiVDVH;Y�� 	'L � �J2��.L�� 0 ? ��� 	'L � �J2��.L�� 2 ? WXP�� 	'L � 22�� L�� 2 ? ��¨�J�O]Y�jIS�JBP[ZVH;WXQ MIY
DLWXPID�E�PIDViLY"A�bcYTZ�MIY�P4jRxIiLY�k¢H;Y�iLZ�S�EXZlQ[Y/ZLWXQ6Dlx?EXZ�ZVPIHB�>H;ZlM�O PIQ[Y�H;WXQIH;ZFE�DVH;WXQ S�E�i^J;Y/ZVxIHBQ3DLWXDFE�JfYTZVD
DLWXPX �WXPIiLZ¢m4A-bcY MIY�iVQIH;Y�i¢S�EXZ�x�Y�iVk7Y�D/PIQ[YhSTWXJBJBH;ZVH;WXQ£S�E�i/J;YhZV¦0ZLDL§�k7Y7x?EXZLZLY M4P©x�WXDLY�Q6DVH;Y�JfQ M =O ¨� M =O {6PIH �IJBPIH �4x�Y�PID�STWXQ[M4PIHBiLYN¨¢PIQ[Y_H;WXQIH;ZFE�DVH;WXQRdfY�QIQIHBQIg[A	 Q[Y_��EXqTWXQsMIY`xIiLK�x?E�iLY�ilJ;Y`ZV¦4ZVDL§�k7Y�M[E�Q[Z�PIQRK�DFE�D�MIYNZLxIHBQ�DLWXDFE�J�m7YTZVD^MIYNx�WXJzE�iVH;ZLY�ilSLU?EXS�PIQ
MIYTZ/E�DLWXk7YTZ�M[E�Q[Z�PIQ£K�DFE�D � � 0"AfbcYhSLU?E�xIHBDViLYhtRk7WXQ>DViLY�iFE3{6P[YhSTYTS�H9YTZVD�E�PIDLWXk¼E�DVH;{6P[Y�k7Y�Q>D
iLK�E�JBH;ZLKhx�WXPIi/J�O]\lY = M[E�Q[Z/PIQ©xIH;§�g�Yhk¼E�g"Q[K�DVH;{>P[Y S�E�i/J;YTZ�K�DFE�DLZ � � 23Y�D � � T�0hZLWXQ>D/Q[WXQ
xIH;K�g�KTZ�A4b!E�xIiLKTZLY�Q[STY�M4P<SLU?E�k¢x<k¼E�g"Q[K�DVH;{>P[Y�HBQ6DViLW0M4PIHBDyE�J;WXiLZªPIQ[YlQ[WXPI��Y�JBJ;Y_S�E�P[ZLYlMIYlx�Y�iVDLYTZªMIYTZ
E�DLWXk7YTZ/xIH;K�g�KTZ��-E�xIx�Y�J;KTY¼iLY�JzE1j[E�DVH;WXQ MIY¼ZVxIHBQ(�-ZFE�Q[Z`H;WXQIH;ZFE�DVH;WXQ MIYhSTY�P4j>��S�H�A-b�O HBQ6DLY�iFEXS�DVH;WXQ�ZVxIHBQ4�
ZVxIHBQRx�Y�iVk7Y�D^Y�Q3Y���Y�D�¨¢PIQ3WXPsMIY�P4jRMIYTZ^E�DLWXk7YTZ�MIYNx?EXZLZLY�i�M[E�Q[Z^PIQsK�DFE�DC� � 2¼WXP=� � T�0
Q[WXQ�xIH;K�g�K_k¼E�g"Q[K�DVH;{>P[Y�k7Y�Q6D�Y�DeMIY`Z�O]KTSFU?E�xIx�Y�i�M4PRxIH;§�g�Y"A

bcY�DFE�P4jNMIY�x�Y�iVDLYTZf¨�MIY�P4jNSTWXiVx[Z!x�WXPIi!PIQ�Q6P?E�g�Y~M�OnE�DLWXk7YTZ-x�WXJzE�iVH;ZLKTZ-M[E�Q[Z!PIQ�xIH;§�g�Y�k¼E�g"Q[K�DVH��
{6P[Y������eE�K�DLK~S�E�J;S�PIJ;KªDVU[KTWXiVH;{>P[Y�k7Y�Q6D �nm"¤��Xm4@ ��m"%��A"¾^Q¢K��XE�JBP[Y9x�WXPIifSTY�JzE^JzE�xIiLWXG?E�GIHBJBHBDLKªx�WXPIi�{6P[Y
MIY�P4j E�DLWXk7YTZªY�Q6DViFE�Q6DeY�QhSTWXJBJBH;ZVH;WXQh�>HzE`J;Y�x�WXDLY�Q6DVH;Y�JIQ M =O M[E�Q[Z~J�O]K�DFE�D9k7WXJ;KTS�PIJzE�HBiLY�� 	'L�� �J2�� L �
� ? ZVPIGIH;ZLZFY�Q6D��"ZLWXP[Z�J�OnEXS�DVH;WXQ¼MIY~J�O HBQ>DLY�iFEXS�DVH;WXQ ZVxIHBQ4��ZVxIHBQ(�XPIQ[YªDViFE�Q[ZLHBDVH;WXQ7��Y�iLZ�� 	'L�� �J2��.L � 0 ?
WXP�� 	'L � �J2�� L � 2 ? !%HBJ;ZyHBQ>DLY�iFE�g"H;ZLZLY�Q6D_E�J;WXiLZeDLWXPX VWXPIiLZlZLY�J;WXQ Q M =O " �[WXP�GIH;Y�Qs��Y�iLZeJ;Y_x�WXDLY�Q6DVH;Y�J� M =O M[E�Q[Z�J�O]K�DFE�D � 	IL � 22�� L � 2 ? A-dfWXPIi¼MIYTZ��"E�J;Y�PIiLZ¢M4P SFU?E�k¢x k¼E�g"Q[K�DVH;{6P[Y�HBQ4�+K�iVH;Y�PIiLYTZ
¨ @�¤"¤"!¯Y�D7PIQ[Y�DLY�k¢x�K�iFE�DVPIiLYsM4P Q6P?E�g�YRM�OnE�DLWXk7YTZ¼xIJBP[Z7x�Y�DVHBDLY<{6P[Y�@ k�8$�¬J�O H;WXQIH;ZFE�DVH;WXQ x?E�i
HBQ6DLY�iFEXS�DVH;WXQ�ZFY�J;WXQ3J;Y�x�WXDLY�Q6DVH;Y�J � M =O MIWXk¢HBQ[Y/MIY��"E�Q6D_JzE¼iLY�JzE1j[E�DVH;WXQ�MIY/ZLxIHBQcA�b!Y/S�E�J;S�PIJ�xIiLK���WXHBD��x?E�i^iFE�xIx�WXiVD`E�P3S�EXZlQ[WXQ3x�WXJzE�iVH;ZFK��?PIQ[Y/iLKTM4P[S�DVH;WXQ M4PsDFE�P4j3MIY/STWXJBJBH;ZLH;WXQ[ZldfY�QIQIHBQIg�MIY�v¼WXiLM4iLYTZ
MIYhg"iFE�Q[MIY�PIi¼Y�Q6�0HBiLWXQ(�¬ZLWXHBD ����� : 032-< � � S�k � 6�Z�x�WXPIi/PIQ[Y DLY�k¢x�K�iFE�DVPIiLY HBQ4�»K�iVH;Y�PIiLY�¨ @ k�8¢A
o�JfYTZVD�MIWXQ[SNDVU[KTWXiVH;{>P[Y�k7Y�Q6D_x�W"ZLZVHBGIJ;Y�MIY�STWXQ[ZLY�iV��Y�i�PIQ3KTSLU?E�Q6DVHBJBJ;WXQ©M�OnE�DLWXk7YTZ�¨¼PIQ[Y/MIY�Q[ZVHBDLK�MIY
J�O]WXiLM4iLY�MIY 032 �	� E�D76�S�k � x�Y�Q[M[E�Q>D^PIQ[Y�STY�Q6DFE�HBQ[Y�MIYNZLYTSTWXQ[MIYTZ$A 	 Q[Y`JBHBk¢HBDLYNZLPIx�K�iVH;Y�PIiLY/ZVPIi^STY�DVDLY
iLKTM4P[S�DVH;WXQ�E¼K�DLK�k7YTZVPIiLKTY/Y�Q£@����Xm �nm����¬Y�Qsx�WXJzE�iVH;ZFE�Q6Dlx?E�i�x�WXk¢x?E�g�Y/WXxIDVH;{>P[YNJ;YTZ_E�DLWXk7YTZ��*Y�JBJ;Y
YTZVD9M�OnE�P k7WXHBQ[Z~PIQ WXiLM4iLY�MIY^g"iFE�Q[MIY�PIi�A0bcY�SFU?E�xIHBDViLY�v`xIiLKTZLY�Q6DLY�iFE�Q[WXDViLY�k7YTZVPIiLY^MIY^STY�DVDLYeJBHBk¢HBDLY
ZVPIx�K�iVH;Y�PIiLY_x?E�iex�WXJzE�iVH;ZFE�DVH;WXQRMIYTZ�E�DLWXk7YTZ^M[E�Q[ZyPIQ�xIH;§�g�Y_k¼E�g"Q[K�DVH;{>P[Y"A
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@"Anm¼}~WXJBJBH;ZVH;WXQ[Z�K�JzEXZLDVH;{6P[YTZeY�Q>DViLY�E�DLWXk7YTZ^M�O]\^Y = x�WXJzE�iVH;ZLKTZ�Y�DyiLY��+iLWXH;M4H;ZLZLY�k7Y�Q>D^K��"E�x�WXiFE�DVH�� ' &

��������� � "!�9�H�	�����H� 
�����9"��������	�0%�� ����� "!���
b!E iLK��+K�iLY�Q[STY��nm4@'��E�Q?E�JB¦4ZLY�M�OnE�PIDViLYTZ�xIiLW0STYTZLZVP[ZlMIY/STWXJBJBH;ZVH;WXQ[Z_Y�Q6DViLY¢E�DLWXk7YTZ_ZVP[ZLSTY�xIDVHBGIJ;YTZ�MIY

MIKTZVDFE�GIHBJBH;ZLY�ifPIQ/KTSFU?E�Q6DVHBJBJ;WXQ7MIY�Q[ZLY9M�O]\^Y = x�WXJzE�iVH;ZLKTZ���¦`STWXk¢xIiVH;ZfJ;YTZciLYTSTWXk�GIHBQ?E�H;ZLWXQ[Z�¨yDViLWXH;ZfSTWXiVx[Z�A
bcYTZeDFE�P4j<YTZVDVHBk7KTZeMIY_STYTZeM4H ��K�iLY�Q6DLZ^k7KTS�E�QIH;ZVk7YTZ^ZLWXQ6DyDLWXP[Z�HBQ4�+K�iVH;Y�PIiLZ�¨�STY�JBPIH-Y�Q6�0H;ZFE�g�K`M[E�Q[ZyJ;Y
x?E�iFE�g"iFE�xIU[Y`xIiLKTSTKTMIY�Q6D^DFE�Q6D�{>P[Y�J;YTZeMIY�Q[ZVHBDLKTZ^ZVx?E�DVHzE�J;YTZeY�Q� VY�P<Q[Y_MIK�x?EXZLZLY�Q>D�x?EXZ?032 � � E�D76�S�k � A
bcYNDFE�P4jRMIYNiLYTSTWXkNGIHBQ?E�H;ZLWXQ�¨7DViLWXH;Z^STWXiVx[ZlMIK�x�Y�Q[MsSTY�x�Y�Q[M[E�Q6D�S�iVHBDVH;{6P[Y�k7Y�Q>D_MIYNJzE7J;WXQIg"P[Y�PIilMIY
M4H ��P[ZVH;WXQ ! ��� � " !
	/@"Anm4Anm " Y�DeZLWXQ�YTZVDVHBk¼E�DVH;WXQ3YTZVDeMIWXQ[S_x�Y�P��*E�GIJ;Y��nm"º ��A

b!E�iLK��+K�iLY�Q[STY �nm"� �0Y�Q>�>H;Z E�g�Y�x?E�i¬E�HBJBJ;Y�PIiLZfJ�O HBQ��[P[Y�Q[STY~MIYTZfSTWXJBJBH;ZVH;WXQ[Z�Y�Q6DViLY9PIQ¢E�DLWXk7Y9M�O]\lY = xIH;K��
g�K_Y�D~PIQ<H;WXQ�\lY = iLKTZVPIJBDFE�Q6DeM�O PIQ[Y_STWXJBJBH;ZVH;WXQsd-Y�QIQIHBQIg¼Y�Q>DViLY_MIY�P4j<E�PIDViLYTZ^E�DLWXk7YTZ�A[}~Y�DyH;WXQ<x�W"Z��
ZL§TMIY�PIQ[Y`K�Q[Y�iVg"H;Y`S�HBQ[K�DVH;{>P[Y`K�J;Y���KTY !%xIJBP[ZVH;Y�PIiLZ�STY�Q6DFE�HBQ[YTZlMIY?8 " Y�DePIQ<DLY�J�xIiLW>STYTZFZVP[ZeSTWXQ[M4PIHBiFE�HBD
xIiVHBQ[S�HBx?E�J;Y�k7Y�Q6D�¨_PIQhSLU?E�P �cE�g�Y^MIY�J�O]KTSLU?E�Q>DVHBJBJ;WXQ<xIH;K�g�K"A6bcYTZ~YTZVDVHBk¼E�DVH;WXQ[ZªMIYTZ~E�PIDLY�PIiLZ9k7WXQ6DViLY�Q>D
STY�x�Y�Q[M[E�Q>D^{>P[Y_STY�DVDLY_JBHBk¢HBDFE�DVH;WXQRQcO]Y�k¢x �TSLU[YNx?EXZeM�OnE�DVDLY�HBQ[M4iLYNJ;Y_ZFY�PIHBJcMIY`STWXQ[MIY�Q[ZFE�DVH;WXQcA

�����  3� ! !�!6��!3�*�6 #- !��6 �2��� (05-6 5-*����/5 � ��3�� 5-6 $ & 7�5 9�� 3� !���2�!6�#-6 5 ���/5��� �23���$0�!6�6 5�� 5-*�� #�� � � 3��/� ��� �
b!E¼xIiLY�k¢H;§�iLY/ZFYTS�DVH;WXQ3K��"E�JBP[YNJzE STWXQ[M4HBDVH;WXQ ZVPIi�J;YNiFE�xIx�WXiVD_M4PsDFE�P4jsMIY�STWXJBJBH;ZLH;WXQ[Z^K�JzEXZVDVH;{>P[YTZ

E�P DFE�P4j MIY<STWXJBJBH;ZVH;WXQ[Z7HBQ[K�JzEXZVDVH;{6P[YTZ7x�WXPIi7{>P[YhJ;Y iLY��%iLWXH;M4H;ZLZFY�k7Y�Q6D¼K��"E�x�WXiFE�DVH��_STWXQ[M4PIH;ZLY�¨3PIQ[Y
E�PIg"k7Y�Q6DFE�DVH;WXQ�MIY_JzE�MIY�Q[ZVHBDLK`M[E�Q[Z�J�O]YTZVx?EXSTY`MIYTZyxIU?EXZLYTZ$A

bcY�MIY�P4j0H;§�k7Y�x?E�iFE�g"iFE�xIU[Y�iLKTZVPIk7Y�J;YTZ�xIiLKTM4H;S�DVH;WXQ[Z�DVU[KTWXiVH;{>P[YTZ�ZVPIilJ;YTZ^STWXJBJBH;ZVH;WXQ[Z�K�JzEXZVDVH;{>P[YTZ
Y�Q6DViLY�E�DLWXk7YTZ^M�O]\^Y = x�WXJzE�iVH;ZLKTZyx�WXPIieMIYTZyDLY�k¢x�K�iFE�DVPIiLYTZ^M4P<Q>P?E�g�Y`HBQ4�»K�iVH;Y�PIiLYTZ^E�P<k�8¢A
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J;Y`ZLY�PIHBJcMIY_STWXQ[MIY�Q[ZFE�DVH;WXQcA

}~Y�DVDLY�K�DVP[MIY3k7Y�DhY�Q°K��0H;MIY�Q[STYsJ�O HBk¢x�WXiVDFE�Q[STY�MIY3JzE�STWXQIQ?E�H;ZLZ E�Q[STY3M4P DFE�P4j MIY�STWXJBJBH;ZVH;WXQ[Z
K�JzEXZVDVH;{>P[YTZeY�Q6DViLY/E�DLWXk7YTZ�M�O]\lY = A?b�O]Y�2¼S�EXS�HBDLKNM4P<iLY��+iLWXH;M4H;ZLZLY�k7Y�Q>D^K��"E�x�WXiFE�DVH���Y�j4HBg�Y�PIQ�iFE�xIx�WXiVD
M4P DFE�P4j MIY�STWXJBJBH;ZVH;WXQ[ZªK�JzEXZVDVH;{6P[YTZyZLPIi9J;Y^DFE�P4jhMIYlSTWXJBJBH;ZVH;WXQ[ZªHBQ[K�JzEXZVDVH;{>P[YTZyMIY�{6P[Y�J;{>P[YTZªSTY�Q6DFE�HBQ[YTZ�A
bcWXiLZL{>P[Y STYTZ/MIY�iVQIH;§�iLYTZ¢ZFWXQ6D¢M4P[YTZ¢E�P4j©STWXJBJBH;ZVH;WXQ[Z¢ZVPIi/J;Yhg6E�� iLKTZVH;M4P[Y�J �fJzE3{>P?E�JBHBDLKhM4P£�0H;MIY YTZVD
MIK�DLY�iVk¢HBQ?E�Q6DLY"A�o�J�YTZLD!M4H32¼S�HBJ;Y�Y�Q`xIiFE�DVH;{>P[Y�MIY�MIK�x?EXZLZFY�i�PIQ[Y�STY�Q6DFE�HBQ[Y9MIY�ZLYTSTWXQ[MIYTZ!MIY�M4PIiLKTY�MIY��>H;Y
M�O PIQ`xIH;§�g�Y�M�OnE�DLWXk7YTZ���STY�{>PIH"HBk¢x�W"ZLY�PIQ`DFE�P4j`MIY¬STWXJBJBH;ZVH;WXQ[Z!K�JzEXZVDVH;{>P[YTZ-E�P�MIK�GIPID!MIY¬J�O]K��"E�x�WXiFE�DVH;WXQ
MIYhxIJBP[ZVH;Y�PIiLZ¢x?E�i7ZLYTSTWXQ[MIY"A¬b!E3ZLYTS�DVH;WXQ�ZLPIHB�XE�Q>DLY xIiLKTZLY�Q6DLY J;YTZ�xIiLKTM4H;S�DVH;WXQ[Z¼DVU[KTWXiVH;{6P[YTZ¢ZVPIi�J;YTZ
STWXJBJBH;ZVH;WXQ[Z�K�JzEXZLDVH;{6P[YTZ�A
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G?E�iViVH;§�iLY¼STY�Q6DViVH��+PIg�Y Z � 0���JzE STWXJBJBH;ZVH;WXQ�YTZVD`MIKTS�iVHBDLY¼x?E�i_PIQ�ZLY�PIJ�x?E�iFE�k7§�DViLY � ��JzE J;WXQIg"P[Y�PIiNMIY
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STWXk¢k7Y�S"O]YTZVD�J;YyS�EXZ�x�WXPIi�MIYTZ~E�DLWXk7YTZ�M�O]\lY = x�WXJzE�iVH;ZFKTZ��"JzE�ZLYTS�DVH;WXQhY�2¼S�EXSTYeMIYeSTWXJBJBH;ZVH;WXQ ¨_DLY�k¢x�K��
iFE�DVPIiLY�Q>PIJBJ;Y~Z$O]Y�j0xIiVHBk7Y9Y�QN�»WXQ[S�DVH;WXQ/MIY ��x?E�i�% 4�� Y�� � � �B@�º �1q"q%��A1w�P4j`DLY�k¢x�K�iFE�DVPIiLYTZ¬E�P4j4{>P[Y�JBJ;YTZ
Q[WXP[Z9ET��WXQ[ZªEXSTST§TZ9x�WXPIi�Q[W"Z9Y�j0x�K�iVH;Y�Q[STYTZ��"HBJ[�»E�PID�DLY�QIHBi~STWXk¢xIDLY�M�O PIQ[Y�iLKTZLWXQ?E�Q[STY�M�O]K�Q[Y�iVg"H;Y�Q6PIJBJ;Y
Y�DeJzE�ZLYTS�DVH;WXQRY�2¼S�EXSTY�Y�Q �+WXQ[S�DVH;WXQRM4PR��YTS�DLY�PIi�M�O]WXQ[MIY_iLY�JzE�DVH�� !��) *)+

[
, ��� ^�sMIY��0H;Y�Q6D �nq"q%�

% 1 ! 6 � Y�� � �
0 8 ! � � � , !�@"AB@"@ "

b!E�STWXQ[ZVDFE�Q6DLY�MIYySTWXJBJBH;ZVH;WXQ[Z¬K�JzEXZVDVH;{>P[YTZ¬k7W�¦�Y�QIQ[YeY�Q>DViLYeE�DLWXk7YTZ�M[E�Q[Z¬PIQ�Q6P?E�g�Y^¨lJzE�DLY�k¢x�K�iFE�DVPIiLY
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}~Y�DVDLY STWXQ[ZVDFE�Q6DLY�MIY�STWXJBJBH;ZVH;WXQ[ZRK�JzEXZVDVH;{6P[YTZ � 1 � 6 E£K�DLK S�E�J;S�PIJ;KTY�DVU[KTWXiVH;{>P[Y�k7Y�Q6D �nm"¤��em4@��ym" �
x�WXPIieMIYTZeE�DLWXk7YTZeM�O]\lY = x�WXJzE�iVH;ZFKTZyM[E�Q[ZyPIQ<xIH;§�g�Y�k¼E�g"Q[K�DVH;{6P[Y�HBQ>DLY�iFE�g"H;ZLZFE�Q>D^ZLY�J;WXQ<J;Ylx�WXDLY�Q6DVH;Y�JQ M =O A�b-EhiLK��+K�iLY�Q[STY �nm"%��iFE�xIx�WXiVDLY � � 0�, Y � 032 < �54 S�k �36�Z�¨s@��&8$��HBQ[MIK�x�Y�Q[M[E�Q6DLY M4P�SLU?E�k¢x
k¼E�g"Q[K�DVH;{6P[Y"Acw STY�DVDLY�DLY�k¢x�K�iFE�DVPIiLY���JzE ZLYTS�DVH;WXQ Y�2¼S�EXSTY¢MIY�STWXJBJBH;ZVH;WXQ�YTZVD�DViL§TZ���WXH;ZVHBQ[Y�MIY % 4 ��ZVH
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{6PIH!STWXQ[M4PIHBDl¨ % 4 + 0�, Y � 032-< �*� S�k � A 	 Q[Y_J;WXQIg"P[Y�PIi^MIY_M4H ��P[ZVH;WXQ'� + Y-, �7QIk�Z�O]Y�QRMIKTM4PIHBD !%JzE
iLK��+K�iLY�Q[STY �nm"¤%�>JzEªDViLWXPI��Y�x�W"ZLHBDVHB��Y " A�}~Y�DVDLY9�XE�J;Y�PIi!YTZLD-K�J;Y���KTY���x?E�ifSTWXk¢x?E�iFE�H;ZLWXQ¢ET��YTS�J;YTZ!J;WXQIg"P[Y�PIiLZ
MIY¼M4H ��P[ZVH;WXQ£MIYTZ/E�J;S�E�JBHBQ[Z ! : H QIkax�WXPIi =���ueG£Y�D : A-, H QIkax�WXPIi � � ��E��cx?E�i/Y�j4Y�k¢xIJ;Y " AfbcYTZ
E�PIDLY�PIiLZ�MIY��nm"%�-K�DVP[M4H;Y�Q>D^K�g6E�J;Y�k7Y�Q>D�JzE�ZLY�Q[ZVHBGIHBJBHBDLKNMIY`STY�DVDLY_�"E�J;Y�PIi^¨�M4H ��K�iLY�Q>DLYTZe�"E�iVHzE�DVH;WXQ[Z�M4P
x�WXDLY�Q>DVH;Y�JyPIDVHBJBH;ZLK x�WXPIi/J;Y S�E�J;S�PIJ�A¬o�J;Z/DViLWXPI��Y�Q>D H , H�� � 1 QIk 6 � ��A-, A4A¬b!E��[g"PIiLY�@"AB@ xIiLKTZFY�Q6DLY
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d-WXPIilMIYTZyDLY�k¢x�K�iFE�DVPIiLYTZ�M4P�g6E��_HBQ4�»K�iVH;Y�PIiLYTZ^¨�{>P[Y�J;{6P[YTZek�8$�IJ�OnE�xIxIiLWTj4HBk¼E�DVH;WXQ3MIY_M4H ��P[ZVH;WXQ
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� 1 � 6 + % 1 < ! � ? 6 < *-+ [ , ? , !�@"AB@�q "
bcYTZªS�iLW>SFU[Y�DLZyMIKTZVHBg"Q[Y�Q6DyJzENk7W�¦�Y�QIQ[Y�ZVPIi~JzENM4H;ZLDViVHBGIPIDVH;WXQ�MIYTZ9�0HBDLYTZLZLYTZ9iLY�JzE�DVHB��YTZ�A4¥�OnE�xIiL§TZ~J�O]KT{6PIH��
x?E�iVDVHBDVH;WXQ�MIY�J�O]K�Q[Y�iVg"H;Y�� < ! � ? YTZVD`E�J;WXiLZ`MIWXQIQ[KTY�x?E�i A !�#$�  ���� ^� � A�b!E �[g"PIiLY<@"AnmhiLY�xIiLKTZFY�Q6DLYJzE STWXQ[ZVDFE�Q6DLY MIY¢STWXJBJBH;ZVH;WXQ[Z`K�JzEXZVDVH;{>P[YTZ � S�E�J;S�PIJ;KTY¢x�WXPIi_PIQ[Y¢ZLYTS�DVH;WXQ�Y�2¼S�EXSTY7STWXQ[ZVDFE�Q>DLY %>4���Y�Q
PIDVHBJBH;ZFE�Q6DE< % 1 ! 6 *)+ [ , ? Y�D ZLWXQ Y�j0xIiLYTZLZLH;WXQ E�xIxIiLW0SLU[KTYE% 1 < ! � ? 6 < *)+

[
, ? A�b-E J;WXQIg"P[Y�PIi

MIY�M4H ��P[ZLH;WXQ YTZVD7xIiVH;ZLYRK�g6E�J;YR¨�º�QIk|x�WXPIi¼STYTZ��[g"PIiLYTZ�A�b�OnE�xIxIiLW�j0HBk¼E�DVH;WXQ°YTZVD¢k7Y�HBJBJ;Y�PIiLY3{6P[Y
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0

6x10-9

8x10-9

4x10-9

2x10-9

10x10-9

10-5 10-4 10-3 10-2

température (K)

�����������5� 	 ��#$�M'3,F21�-,F�j�X�N�)#1A�A6�6'��>#$��'S.)A(2&'3,%�5C��O��'����5d����)21A%�U�8A>.3��?b�\21D,5�6a�X� ���&P ��� �m��#��8a�8�H�bA"#1��;M�X�$�8
�X�S�&� T�:'��>#$�	��
�����/�K* �5�)#��8$EX�m�H#1���� �Uo��/�K* �5�)#��8$EX�k;O��('!� �m�$,����/�K* �5��#X�8$E��4��#1���-,5�6A6A".U� �DP&QT2]�)#��8$EX�
�!� ,5)21�`,%'�,%����$,=.)'/��#$�)��'`�4#$�V�i?]A(2]A6��*N�`,F�j��7 �8�K�`,`28��`,F.8P

032HCaM[E�Q[ZNJzE�g6E�k¢k7YhMIY¼DLY�k¢x�K�iFE�DVPIiLYTZ�STWXQ[ZVH;MIK�iLKTY"A�dfWXPIi���� 07k�8�JzE�ZLYTS�DVH;WXQ Y�2¼S�EXSTY MIY
STWXJBJBH;ZVH;WXQ�YTZVD^STWXQ[ZVDFE�Q>DLY"A�d-WXPIi¢@`k�8 � � � v7k�8$�*Y�JBJ;Y/YTZVD^xIiLWXx�WXiVDVH;WXQIQ[Y�JBJ;Y7¨R@
6
��A?w^P3MIY�Jz¨��
JzE7STWXQ>DViVHBGIPIDVH;WXQ�MIY`J�O]WXQ[MIY H ! Z�� � " QcO]YTZVDexIJBP[Z^Q[K�g"JBHBg�Y�E�GIJ;Y �nm" ��A*¾^QRx�Y�PID�MIK �[QIHBilPIQ[YNZLYTS�DVH;WXQ
Y�2¼S�EXSTY`MIY`STWXJBJBH;ZVH;WXQ[Z^K�JzEXZVDVH;{>P[YTZyk7W�¦�Y�QIQ[Y

% 1 � 6 + Y�� � �
0 8 DD�� 2 !�@"AB@�t "

ET��YTS ���yJzE¢DLY�k¢x�K�iFE�DVPIiLY�{6PIHcS�E�iFEXS�DLK�iVH;ZLY`JzE�JzE�iVg�Y�PIi�MIY_JzE/iLKTZLWXQ?E�Q[STY/¨�K�Q[Y�iVg"H;Y_Q6PIJBJ;Y
� � � � ^� �A !�#  � � , !�@"AB@�v "

bcWXiLZL{>P[Y � � H , H QIk ��ºRQIk Y�D¢m"qRQIk � � � � �-, A��ª@"AB@¼k�8$��Y�D @�q"¤ �&8�iLYTZVx�YTS�DVHB��Y�k7Y�Q6D�A¬b!E
STWXQ[ZVDFE�Q6DLY�MIY_STWXJBJBH;ZVH;WXQ[Z�K�JzEXZLDVH;{6P[YTZeY�QsMIYTZLZLWXP[ZeMIY`v�k�8 YTZVDeMIWXQ[S_GIH;Y�QRE�xIxIiLWTj4HBk7KTY�x?E�i

� 1 � 6 + % 1 � 6	� Y !�#$��� � ��2 !�@"AB@� "
bcY�DFE�P4j¼MIYeSTWXJBJBH;ZVH;WXQ[Z~K�JzEXZVDVH;{6P[YTZ : E�P¼STY�Q6DViLYlM�O PIQ¼Q>P?E�g�Y�xIH;K�g�KlET��YTSePIQ[Y^MIY�Q[ZVHBDLK^E�PhSTY�Q6DViLY%&4_ZLY_MIKTM4PIHBD^MIY`JzE¢STWXQ[ZVDFE�Q6DLY�MIY`STWXJBJBH;ZVH;WXQ[Z^K�JzEXZVDVH;{6P[YTZ^ZLY�J;WXQ : 1 � 6 � %&4 � 1 � 6 A*bcY_DFE�P4j<k7W�¦�Y�QMIY`STWXJBJBH;ZVH;WXQ[ZeK�JzEXZLDVH;{6P[YTZ�x?E�i�E�DLWXk7Y`xIH;K�g�K`YTZVD: � % � 1 � 6 , !�@"AB@$� "
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@"Anq¼}~WXQ[S�JBP[ZVH;WXQ©�4JzE�STWXQ[MIY�Q[Z E�DVH;WXQsMIY_J�O]\lY = YTZVD���Y�JBJ;Y`Y�QI�0H;ZFE�g�Y�E�GIJ;Y!� ' �

0

1x10-9

3x10-9

2x10-9

4x10-9

5x10-9

10-4 10-310-5

température (K)

��������� ��� 	 ��#1��'3,F21�-,F�a�X�a��#$A6A��('��>#$�M'S.!A"28'U,5�%CX�X�)' � �)21A%�U�8A>.3���!���H�],=�!�M28�-, �)#$*a�4,=�aCX�X�j�X��A!7 #$���X���:P�QT2
�)#X�&DE�� �!�S�4#$�6�-,5�6A�A>.)'T��'3,M#KE�,F�)�-�O�42O0$�$�4�&�H�4')�D�U,%�"#1�j���̂ �!2��)�k�)#1��'U,̀ 21�-,=�1P)QT2���#X�8$E�� �!�/;:��6'��)'U,�A!7 ��Z&�-��)'�'��>#$�
23�K�-�#K�cGH.3��� �	��
��� ��������������oW���!A6A"�̂ �!� ,5)21�̀ ,R�-A"�)��� �)'U,/A!7 ��Z&�-��)'�'��>#$� ��Z�2X�D,F����� ��������� �����������aP4QT2
A"#1��;M�O�1�8��X�a�&� T�:'��>#$���)'U,\�-��6')��.�;�21A>�S? �]�K*BP

b!E¢MIY�Q[ZVHBDLK_k7W$¦�Y�QIQ[Y %�YTZVDyiLY�JBH;KTY�¨/JzE¢MIY�Q[ZVHBDLK?% 1�! 6 x?E�i
%�� ; H �#" % � 1�! 6

; H � " % 1�! 6 , !�@"AB@�º "

«¬JBJ;Y7�"E�PID%$�&= M[E�Q[Z`PIQ�xIH;§�g�Y7{>P?EXM4iVPIx�WXJzE�HBiLY¼Y�D'$�&�)( � x�WXPIi`PIQ�xIH;§�g�Y7MIY¼opW���Y¢U?E�iVk7WXQIH;{>P[Y"A!bcY
S�iVHBDL§�iLY¢M�O]Y�kNG?E�JBJ;Y�k7Y�Q6D/DViLWXPI��K7E�P�x?E�iFE�g"iFE�xIU[Y�@"Anm4AB@�x�WXPIilPIQ�xIH;§�g�Y�U?E�iVk7WXQIH;{>P[Y7Z�O]KTS�iVHBD`E�J;WXiLZ: 1 2 6� � H 2�����.IA
���+*  3�*0,  !(�6 �!31* ,  !� , 31*0$�5-*06�� ���!31* $05  &)785 9 5-6 � � 5- � !5 5-* � ��6 ��-�5-� �

�� !5/.
w�P�MIK�GIPID MIYhSTY�DVDLY�DVU[§TZLY��¬Y�Q6�0HBiLWXQ 032 �<E�DLWXk7YTZ7M�O]\lY = ET�"E�H;Y�Q6D¼MIK  L¨�K�DLK xIH;K�g�KTZ7M[E�Q[Z¢PIQ

xIH;§�g�Y¼k¼E�g"Q[K�DLW���WXxIDVH;{>P[Yh¨�PIQ[Y7DLY�k¢x�K�iFE�DVPIiLY MIYs@¢k�8±Y�Q>�>HBiLWXQ Y�DNPIQ[Y MIY�Q[ZVHBDLK¼MIY¼J�O]WXiLM4iLY¼MIY
0320NE�D76�S�k � �nq�t �[q"v � �IZLWXHBDeY�Q>DViLY_PIQ�Y�D�MIY�P4j<WXiLM4iLYTZeMIY_g"iFE�Q[MIY�PIi�MIY�k7WXHBQ[Z^{6P[Y_M[E�Q[ZyPIQ�d�½�¾
M�OnE�J;S�E�JBHBQ[Z�A�o�JªK�DFE�HBD/STWXQIQ>P {6P[YhSTY�DVDLY MIY�Q[ZVHBDLK ZLx?E�DVHzE�J;YhYTZLDNJBHBk¢HBDLKTYhx?E�i�J;YTZ�STWXJBJBH;ZVH;WXQ[Z�dfY�QIQIHBQIg
EXZLZVH;ZVDLKTYTZªx?E�ieJzE�JBPIk¢H;§�iLY"A[«�JBJ;YTZ�ZLY�iLWXQ>DeMIK�DFE�HBJBJ;KTYTZ^E�P�SLU?E�xIHBDViLY/q4A4«¬JBJ;YTZ�STWXQ[ZVDVHBDVP[Y�Q>DeJ;Y�xIiVHBQ[S�HBx?E�J
WXG[ZVDFEXS�J;Y�¨/J�O]WXGIDLY�Q>DVH;WXQ3MIY`MIY�Q[ZLHBDLKTZ�ZVx?E�DVHzE�J;YTZ^K�J;Y���KTYTZ�Y�D�MIWXQ[S�MIY_DFE�P4j MIYNSTWXJBJBH;ZVH;WXQ[Z�K�JzEXZVDVH;{>P[YTZ
K�J;Y���KTZ`M[E�Q[Z_PIQ xIH;§�g�Y¢k¼E�g"Q[K�DVH;{>P[Y��4 �P[ZVDLY¢E�xIiL§TZ_J;Y�DViFE�Q[Z��»Y�iVD`M4P Q6P?E�g�Y¢xIiLK���iLY��+iLWXH;M4H�x?E�i_JzEXZLY�i�A
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� � ( �!2I� ' ¶ ( �*)+)+#%,$#%�*�-,�.>������.s24����5�.6,¼��8;:<.0=

o�JlYTZVDhiLK�E�JBH;ZVDLYsMIYsxIiLY�Q[M4iLY3J;YTZ SFUIH ��iLYTZ S�HBDLKTZ STWXk¢k7Y3x�WXHBQ>DhMIY3MIK�x?E�iVDhx�WXPIihJ;YTZ K��"E�JBP?E�DVH;WXQ[Z
MIYNDFE�P4j3MIY�STWXJBJBH;ZVH;WXQ[Z_K�JzEXZLDVH;{6P[YTZ�M[E�Q[ZlPIQsxIH;§�g�Y�k¼E�g"Q[K�DVH;{>P[Y�E��XE�Q>D`K��XE�x�WXiFE�DVH;WXQcA�dfE�i`E�HBJBJ;Y�PIiLZ
J;YTZ�DLYTSLUIQIH;{>P[YTZ¼M4P �0H;MIYhx�Y�iVk7Y�DVDLY�Q>D M�OnE�DVDLY�HBQ[M4iLYRE���YTS PIQ QIHB��Y�E�P MIY STWXk¢xIJ;Y�j0HBDLK�Y�D¢PIQ�STWG2ID
iFE�H;ZLWXQIQ?E�GIJ;YTZNMIYTZNM4PIiLKTYTZ`MIY¢�0H;Y/MIY7J�O]WXiLM4iLY¢MIY¢JzEhk¢HBQ6PIDLY7M[E�Q[Z`PIQ�DLY�J¬xIH;§�g�Y"Ac«�ZVD���STY¢ZLP�2¼ZFE�Q6D
x�WXPIilE�k7WXiLSTY�ieJ;Y�iLY��%iLWXH;M4H;ZFZLY�k7Y�Q6DlK��XE�x�WXiFE�DVH���Y�DeYTZVx�K�iLY�i^STWXQ[MIY�Q[ZLY�ieJ�O]\lY = �

}~WXQ[ZVH;MIK�iLWXQ[ZNDLWXPID`M�OnE�G�WXiLM�J;YTZ`STWXJBJBH;ZLH;WXQ[Z_HBQ[K�JzEXZVDVH;{>P[YTZ`Y�Q6DViLY7E�DLWXk7YTZ�M�O]\^Y = xIH;K�g�KTZ�A�b!EhiLK��
�+K�iLY�Q[STY �nm4@��_S�E�J;S�PIJ;YRJ;YRiFE�xIx�WXiVD M4P DFE�P4j MIYsSTWXJBJBH;ZVH;WXQ[Z K�JzEXZVDVH;{>P[YTZ ZVPIihJ;Y�DFE�P4j MIY3STWXJBJBH;ZVH;WXQ[Z
HBQ[K�JzEXZVDVH;{>P[YTZ��I{6PIHcYTZLD�E�P[ZLZVH�� 8 D :E���� �IM[E�Q[ZyPIQ[Y_g6E�k¢k7Y_MIY`DLY�k¢x�K�iFE�DVPIiLYTZeSTWXk¢xIiVH;ZFY`Y�Q6DViLY7@?8®Y�D`@
�&8¢A>}~YeiFE�xIx�WXiVD9YTZLD�DLWXPX �WXPIiLZ9ZVPIx�K�iVH;Y�PIi~¨ 032 � A 
~H;Y�Qh{6P[YyJ;Y�S�iVHBDL§�iLY�M�O]Y�kNG?E�JBJ;Y�k7Y�Q>DeMIK�iVHB��K�M[E�Q[Z
J;Ylx?E�iFE�g"iFE�xIU[Y7@"Anm4AB@lQ[YlZFWXHBDªY�Q DLWXPIDLYliVHBg"P[Y�PIiyx?EXZª�"E�JzE�GIJ;YlM[E�Q[ZªJ;Y�S�EXZyW)D J;YlDFE�P4jhMIY�STWXJBJBH;ZVH;WXQ[Z
HBQ[K�JzEXZVDVH;{>P[YTZ�MIK�x�Y�Q[MRM4P�Q[WXk�GIiLY�M�OnE�DLWXk7YTZ��?HBJ!MIWXQIQ[YNSTY�x�Y�Q[M[E�Q6D^J;Y_G�WXQRWXiLM4iLYNMIY_g"iFE�Q[MIY�PIi�A�opJ
YTZVD-MIWXQ[S9iLYTZVx�YTS�DLK�M[E�Q[ZfSTY�DVDLY�xIJzE�g�Y~MIY�DLY�k¢x�K�iFE�DVPIiLYTZfx�WXPIifSTY9{>PIH>YTZLD!MIYTZ-STWXJBJBH;ZLH;WXQ[Z-HBQ[K�JzEXZLDVH;{6P[YTZ
Y�Q6DViLYNE�DLWXk7YTZyM�O]\lY = AI¥lPhx�WXHBQ6DeMIY��0P[Y�MIYTZySTWXJBJBH;ZVH;WXQ[ZeY�Q>DViLY`E�DLWXk7YTZeM�O]\^Y = MIWXQ[S��4JzE/iLKTM4P[S�DVH;WXQ
MIYTZªSTWXJBJBH;ZVH;WXQ[Zyd-Y�QIQIHBQIg7M4P[Y�¨�JzE`x�WXJzE�iVH;ZFE�DVH;WXQ<YTZVDªZVP�2¼ZFE�Q>DLY^x�WXPIiyE�xIxIJBH;{6P[Y�iªJ;YliLY��%iLWXH;M4H;ZFZLY�k7Y�Q6D
K��XE�x�WXiFE�DVH��VA

b!E¼JBHBk¢HBDFE�DVH;WXQ�JzE¢xIJBP[ZlSTWXQ6DViFE�HBg"Q?E�Q6DLY¼YTZVD�DLYTSFUIQIH;{6P[Y�S�E�i^Y�JBJ;Y�xIiLW��0H;Y�Q6D_MIYTZlSTWXJBJBH;ZVH;WXQ[Z�ZVPIi�J;Y
g6E�� iLKTZLH;M4P[Y�J �-MIWXQ[ShMIY¼JzER{6P?E�JBHBDLKhM4P£�>H;MIY {6P[Y¼J�O]WXQ£ZFE�HBD/xIiLW0M4PIHBiLY"A-dfWXPIi�PIQ[Y MIY�Q[ZVHBDLK MIY�0320
E�D76�S�k � Y�DNPIQ[Y7DLY�k¢x�K�iFE�DVPIiLY MIYR@¢k�8$��JzE<iLK��+K�iLY�Q[STY �nm" �9MIWXQIQ[Y7PIQ[Y¼STWXQ[ZVDFE�Q6DLYhMIY7STWXJBJBH;ZVH;WXQ[Z
K�JzEXZVDVH;{>P[YTZ � + A � 032-< 09S�k � 6�Z���STY9{6PIH6STWXQ[M4PIHBD¬¨yPIQ�DFE�P4j`MIY�STWXJBJBH;ZVH;WXQ[ZfK�JzEXZVDVH;{>P[YTZ : 1 2 6 + AeZ3< � AbcY�S�iVHBDL§�iLY_M�O]Y�kNG?E�JBJ;Y�k7Y�Q>D�HBk¢x�W"ZLYlE�J;WXiLZ ����. < 2 , 2 0_Z < � �>ZLWXHBDªPIQ[Y�M4PIiLKTY�MIYl�>H;Y�MIY^xIJBP[ZyMIY/@�¤"¤
Z�A!}~Y�DVDLY¢JBHBk¢HBDFE�DVH;WXQ�YTZLD`Y�Q[STWXiLY¢xIJBP[Z`ZLK���§�iLY7ZLHfJzE<J;WXQIg�Y�PIiNMIY¢M4H ��P[ZLH;WXQ �XE�PID�v4AnvhQIk�A!bcY�DFE�P4j
MIY_STWXJBJBH;ZVH;WXQ[Z�¨ @�k�8��"E�PIDeY�Q�Y���Y�D`@"Anv�Z3< � �ISTWXQ[M4PIH;Z E�Q6Dl¨/PIQ[Y_M4PIiLKTYNMIY��>H;Y�MIY�xIJBP[ZeMIY`m"v"¤¢Z$A
d-WXPIi��[QIHBi��[¨�{6P?E�JBHBDLK_MIYl�0H;MIY_MIWXQIQ[KTY��IxIJBP[ZªJ�O]K��XE�x�WXiFE�DVH;WXQRMIK�k¼E�iViLY`¨/G?EXZLZFY^DLY�k¢x�K�iFE�DVPIiLY��IxIJBP[Z
JzE<MIY�Q[ZVHBDLK7ZLx?E�DVHzE�J;Y7M4P�Q6P?E�g�Y MIWXHBD���DViLY7K�J;Y���KTY¼xIPIH;ZL{6P[Y�JzE�STWXQ[ZVDFE�Q6DLY MIY7STWXJBJBH;ZVH;WXQ[ZNK�JzEXZLDVH;{6P[YTZ
M4HBk¢HBQ6P[Y¼E���YTS/JzE¼DLY�k¢x�K�iFE�DVPIiLY"Acd�E�i`Y�j4Y�k¢xIJ;Y���Y�JBJ;Y/Q[Y/�XE�PID�xIJBP[Z_{>P[Y�0�, H � 032 < 0 S�k��
6�Z_¨s@�¤"¤
�&8¢A

«¬Q3STWXQ[S�JBP[ZVH;WXQ(�?ZVPIi^J;Y_xIJzE�QRDVU[KTWXiVH;{>P[Y��[J;Y`xIiLK���iLY��%iLWXH;M4H;ZLZFY�k7Y�Q6D�JzEXZLY�i�STWXQ[ZVDVHBDVP[YNJ;Y`xIiVHBQ[S�HBx?E�J
WXG[ZVDFEXS�J;YNZLPIieJzE¢��WXH;Y�MIY_JzE7STWXQ[MIY�Q[ZFE�DVH;WXQ�MIY 
ªW"ZLY7�?HBJcJBHBk¢HBDLY`JzE¼MIY�Q[ZVHBDLK�EXSTSTYTZFZVHBGIJ;Y`Y�j4x�K�iVHBk7Y�Q4�
DFE�J;Y�k7Y�Q6D^x?E�iyJ;Y�iLY��%iLWXH;M4H;ZLZFY�k7Y�Q6D�JzEXZFY�ieY�DeMIWXQ[S_M[E�Q[ZyJ;Y�xIH;§�g�Y_k¼E�g"Q[K�DVH;{>P[Y"A*}lO]YTZVD�Y�Q�MIK �[QIHBDVHB��Y
JzE3�XE�J;Y�PIi¢DVU[KTWXiVH;{>P[Y�K�J;Y���KTY�MIY JzE3J;WXQIg"P[Y�PIi MIY<M4H ��P[ZVH;WXQ {6PIHªx�Y�iVk7Y�D¼M�O]YTZVx�K�iLY�i7MIYTZ¢DFE�P4j MIY
STWXJBJBH;ZVH;WXQ[Z�K�JzEXZLDVH;{6P[YTZ^ZVP�2¼ZFE�Q6DLZ�x�WXPIilE�xIxIJBH;{6P[Y�i^J;Y_iLY��%iLWXH;M4H;ZFZLY�k7Y�Q6DlK��XE�x�WXiFE�DVH���A?b�O]K�DVP[MIY`k7Y�Q[KTY
M[E�Q[Z¢STY SLU?E�xIHBDViLY<k7WXQ>DViLY<x?E�i7E�HBJBJ;Y�PIiLZ7{6PcO PIQ[Y �»WXH;Z¢M[E�Q[Z�J;YhxIH;§�g�Y k¼E�g"Q[K�DVH;{6P[Y��¬JzEsiLKTM4P[S�DVH;WXQ
MIYTZªSTWXJBJBH;ZVH;WXQ[ZªHBQ[K�JzEXZVDVH;{>P[YTZyY�Q6DViLY�\^Y = YTZVD~JzE�iVg�Y�k7Y�Q6DeZVP�2¼Z E�Q6DLYlx�WXPIiªHBQIHBDVH;Y�iªJ�O]Y�kNG?E�JBJ;Y�k7Y�Q>D�A?bcY
M4H;ZVx�W"ZVHBDVH��eY�j0x�K�iVHBk7Y�Q6DFE�Jª¨<STWXQ[ZVDViVPIHBiLYhMIWXHBDNMIWXQ[S7xIiLW0M4PIHBiLY7PIQ�KTSFU?E�Q6DVHBJBJ;WXQ k¼E�g"Q[K�DVH;{>P[Yh¨ PIQ[Y
MIY�Q[ZVHBDLK�ZVPIx�K�iVH;Y�PIiLY/¨�032 0 E�D76�S�k �NY�DlPIQ[Y�DLY�k¢x�K�iFE�DVPIiLY/HBQ4�+K�iVH;Y�PIiLY¢¨s@Nk�8¢Ac}~Y�JzE¼x?EXZLZLY�x?E�i^JzE
iLK�E�JBH;ZFE�DVH;WXQ©M�O PIQ� �Y�DNE�DLWXk¢H;{>P[Y7HBQ>DLY�Q[ZLY7x�WXPIi`SLU?E�iVg�Y�i�PIQ�d�½ ¾ STWXQ6DLY�Q?E�Q>D�PIQ�g"iFE�Q[M�Q[WXkNGIiLY
M�OnE�DLWXk7YTZ�Y�DeJzE�STWXQ[STY�xIDVH;WXQ3M�O PIQRZV¦4ZVDL§�k7Y`¨/�0H;MIY_x�Y�i��»WXiVk¼E�Q6D�A
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bcY/ZLSLU[K�k¼E¼g�K�Q[K�iFE�JfMIYNJ�O]Y�j0x�K�iVH;Y�Q[STY/YTZVD�MIWXQIQ[K/ZVPIi�JzE �[g"PIiLY�m4AB@"A�o�J!ZFYNSTWXk¢x�W"ZLYNMIY�{6P?E�DViLY
x?E�iVDVH;YTZ��4JzE¢ZFWXPIiLSTY�¨�MIKTSLU?E�iVg�Y�xIiLW0M4PIH;ZFE�Q6D^J;YTZ^E�DLWXk7YTZ�M[E�Q[Z�J�O]K�DFE�D�k7K�DFEXZVDFE�GIJ;Y��?JzE¢STWXJBJBHBk¼E�DVH;WXQ
DViFE�Q[ZV��Y�iLZLY�EXZFZVPIiLKTY`x?E�i^PIQ[Y_k7K�JzEXZLZLY/¨¢MIY�P4jRM4HBk7Y�Q[ZVH;WXQ[Z��?J;Y_iFE�J;Y�Q6DVH;ZLZFY�k7Y�Q6D�
��YTY�k¼E�Q�
NM4P¼ �Y�D
E�DLWXk¢H;{6P[Y�Y�DyJ;Y�xIH;K�g�Y�E�g�YNM4P¢ VY�DyiFE�J;Y�Q6DVHfM[E�Q[ZyPIQ[Y`Y�Q[STY�HBQ6DLYNPIJBDViFE1���>H;MIY"A

}~Y¢SLU?E�xIHBDViLY MIKTS�iVHBD_DLWXPIDNM�OnE�G�WXiLM�J;Y¢M4H;ZLx�W"ZVHBDVH��ªY�j0x�K�iVHBk7Y�Q6DFE�J9STWXQ[M4PIH;ZFE�Q6D�¨¼JzEhxIiLW0M4P[S�DVH;WXQ
M�O PIQ< �Y�D_HBQ>DLY�Q[ZLY¢iFE�J;Y�Q>DVH�M�O]\^Y = Y�Q�MIK�DFE�HBJBJzE�Q>DNJ;YTZ�DViLWXH;ZNxIiLY�k¢H;§�iLYTZNZLYTS�DVH;WXQ[Z`MIY�J�O]Y�j4x�K�iVH;Y�Q[STY"Aco�J
xIiLKTZLY�Q6DLY Y�Q[ZVPIHBDLY7J;Y7ZL¦0ZVDL§�k7Y7¨<�>H;MIY"A-}~Y�JBPIH���S�H~MIWXHBD��cM�O PIQ[Y7x?E�iVD��!K�JBHBk¢HBQ[Y�iNJzE<SFU?E�iVg�Y¼M�O U[K�JBHBPIk
M[E�Q[ZªJ�O]K�DFE�Dª�+WXQ[M[E�k7Y�Q>DFE�J�xIiLW���Y�Q?E�Q6D^M4P ��E�HBGIJ;YliLY�Q[MIY�k7Y�Q6D�MIYlJzE/ZLWXPIiLSTY_¨/MIKTSLU?E�iVg�Y_Y�D��4M�OnE�PIDViLY
x?E�iVD��>iLKTM4PIHBiLYlJzEN{6P?E�Q>DVHBDLKlMIY^g6E��liLKTZVH;M4P[Y�J�M[E�Q[Z9J�O]Y�Q[STY�HBQ>DLYlPIJBDViFE1���>H;MIY�M4PhxIH;§�g�Y�E��[Q MIY^x�WXPI��WXHBi
STWXQ[ZLY�iV��Y�i9J;YTZ~E�DLWXk7YTZ�M[E�Q[Z9J;YyxIH;§�g�Yek¼E�g"Q[K�DVH;{>P[Y^x�Y�Q[M[E�Q>D9{>P[Y�J;{6P[YTZ~M4HB�$E�HBQ[YTZ9MIY�ZLYTSTWXQ[MIYTZ�A6opJ?ZLY
DLY�iVk¢HBQ[Y^x?E�iªPIQ[YlMIYTZLS�iVHBxIDVH;WXQ<MIY�JzE�MIK�DLYTS�DVH;WXQ<K�J;YTS�DViLWXQIH;{6P[Y_MIYTZªE�DLWXk7YTZyM�O]\lY = {>PIH�ZLY�iFENPIDVHBJBH;ZLKTY
M[E�Q[ZeJ;YTZeSFU?E�xIHBDViLYTZ^ZVPIHB�"E�Q6DLZ$A

� ��� � �23 $�(0, ���!31*+$�(�� 5 � $'&)� ��3�� 5-6 �/�� !5-*�����6
b�OnEXSTS�PIkNPIJzE�DVH;WXQ�M�O PIQ�g"iFE�Q[M Q[WXk�GIiLYNM�OnE�DLWXk7YTZ�M[E�Q[ZªPIQRxIH;§�g�Y�Q[KTSTYTZLZVHBDLY�PIQ<DFE�P4j<MIY_SLU?E�i��

g�Y�k7Y�Q6DyK�J;K���K"A>b-E_xIJzE�g�YlMIY�S�E�xIDVPIiLYlY�Q �0HBDLYTZLZLYeMIYTZ9xIH;§�g�YTZ9JBPIk¢HBQ[Y�P4j YTZVD�x?E�iyE�HBJBJ;Y�PIiLZ~MIYeJ�O]WXiLM4iLY
MIY`{6P[Y�J;{>P[YTZeM4HB�$E�HBQ[YTZeMIY`k 6�Z�AIbcY`M4H;ZVx�W"ZVHBDVH���Y�j0x�K�iVHBk7Y�Q6DFE�JfMIWXHBD�MIWXQ[S��>H;ZFY�iyJzE�iLK�E�JBH;ZFE�DVH;WXQRM�O PIQ
 �Y�DyHBQ>DLY�Q[ZLYNM�OnE�DLWXk7YTZ�iFE�J;Y�Q6DVH;Z�A

D ������� ��%�����"!� 
� ��+-, � =
b!ElxIiLW0M4P[S�DVH;WXQ7M�O PIQ^ VY�D¬M�OnE�DLWXk7YTZ�k7K�DFEXZVDFE�GIJ;YyYTZVD�iLK�E�JBH;ZLKTYe¨�J�OnE�H;MIYyM�O PIQ[YyZLWXPIiLSTYy¨lMIKTSLU?E�iVg�Y

�nq" ��q�����A �lWXDViLY�ZFWXPIiLSTY/YTZLD^H;MIY�Q>DVH;{6P[Y7¨ STY�JBJ;Y�MIY�JzE¼iLK��»K�iLY�Q[STY �nq"º���A�C0WXQ ZLSFU[K�k¼E YTZLDlMIWXQIQ[K¢ZVPIi
JzE �[g"PIiLYNm4Anm4A

te
l-0

00
01

29
1,

 v
er

si
on

 1
 - 

30
 M

ar
 2

00
2



�?� ( �!2I� � ¶ � .6,$ ���#%�-�$#%�*��������#%,����*,$#��$#��y.6�c���6�X#+5�.0����2[)

������� � �%� 	��H�cGH.)*i2j;K.!�H.)!28AT�M�<�:�6'F��#8'��`,5�6 ���Z&��.)��6*+�!�-,`28A`P

te
l-0

00
01

29
1,

 v
er

si
on

 1
 - 

30
 M

ar
 2

00
2



m4AB@`d¬iLW0M4P[S�DVH;WXQsM4P� VY�DeM�OnE�DLWXk7YTZ�iFE�J;Y�Q>DVH;Z �[²

He

E
Cu

NB

LN2

G

He*

- 3 kV

R

P
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³ ��#+�- 6#%��.
¥�Y^J�O U[K�JBHBPIk M[E�Q[ZªJ�O]K�DFE�D~�»WXQ[M[E�k7Y�Q6DFE�J!¨�PIQ[YlxIiLYTZLZVH;WXQ<MIYlxIJBP[ZVH;Y�PIiLZ~G?E�iLZyZVPIGIHBDªPIQ[Y�MIK�DLY�Q6DLY

Y�Q6DViLY�PIQRg"H;S�J;Y�PIi�! ! " MIY`x�Y�DVHBD�M4HzE�k7§�DViLY�!»¤4Anm"v7k¢k " Y�D�MIY`J;WXQIg"P[Y�PIi�@NS�k�Y�D�PIQsKTSTWXiLSTY�PIi$!+« "
ZVHBDVP[K¢Y�Q6�0HBiLWXQ©m4Anv S�k¯xIJBP[Z_J;WXHBQ x�Y�iLSTK¢M�O PIQ DViLWXP�MIY¢M4HzE�k7§�DViLY�@/k¢k ! �[g[Acm4Anm " Acw STY/QIHB��Y�E�P(�
J;YTZySTWXJBJBH;ZVH;WXQ[ZyY�Q6DViLY`E�DLWXk7YTZeZFWXQ6DyMIY���Y�Q6P[YTZ�Q[K�g"JBHBg�Y�E�GIJ;YTZeY�DªJzE�M4H;ZLDViVHBGIPIDVH;WXQ�MIY��>HBDLYTZLZFY^YTZVDªg�Y�J;KTY
!  �Y�D�ZVPIx�Y�iLZLWXQIH;{6P[Y �nq"� � " A�b!EhMIKTSLU?E�iVg�Y¢YTZVD�K�DFE�GIJBH;Y�Y�Q6DViLY/PIQ[Y/x�WXHBQ>DLY !+d " Y�Q�E�k7WXQ>D�M4P3g"H;S�J;Y�PIi
x�WXiVDLKTY<¨.T�0��3/±Y�D�J�O]KTSTWXiLSTY�PIi¼¨sJzERk¼EXZFZLY"A 	 Q[YhiLKTZVH;ZVDFE�Q[STY�! � � ��2 2	��
 " Y�Q ZLK�iVH;Y<ET��YTShJzE
MIKTSLU?E�iVg�Y�JzE7ZLDFE�GIHBJBH;ZLY"A*b!Y�STWXPIiFE�Q>D�MIYN�»WXQ[S�DVH;WXQIQ[Y�k7Y�Q6D_MIYNJzE MIKTSLU?E�iVg�Y�YTZVDlSTWXk¢xIiVH;Z�Y�Q6DViLY¢m7Y�D
@�q�k7w �4Dp¦>xIH;{>P[Y�k7Y�Q6D�E�PIDLWXPIi^MIY¢@�¤�k7w/A

d-WXPIi�E���WXHBi PIQ[YsH;MIKTYRMIYsJ�O]Y�2¼S�EXS�HBDLKsMIYsJzE xIiLW0M4P[S�DVH;WXQ MIYRk7K�DFEXZVDFE�GIJ;YTZ � � 	 � �9WXQ YTZVDVHBk7Y
ZLK�x?E�iLK�k7Y�Q6DhJ;Y �[P4j DLWXDFE�J^M�O U[K�JBHBPIk	Y�D¼J;Y �[P4j MIY<k7K�DFEXZVDFE�GIJ;YTZ�A~w¡J�OnE�H;MIYRM�O PIQ SFU[Y�iLSLU[Y��»�+PIHBDLY
S�E�JBHBGIiLK_ZVPIi9J�O U[K�JBHBPIk �IWXQ k7YTZVPIiLY�J;Y �[P4j DLWXDFE�J�M�O U[K�JBHBPIk±q4An��k7§�DViLYTZeE�xIiL§TZªJzE/ZLWXPIiLSTY�Y�Q xIJzEXq�E�Q6D
J;YsSFU[Y�iLSLU[Y3�+PIHBDLYsM[E�Q[ZhJ;YsiLY��+WXPIJ;Y�k7Y�Q>D�MIYRJzE�x�WXk¢x�YRDVPIiVG�WXk7WXJ;KTS�PIJzE�HBiLY ZVHBDVP[KTY�¨�J�O]Y�j4DViLK�k¢HBDLK
MIY J�O]Y�j0x�K�iVH;Y�Q[STY"A�¾^Q k7YTZVPIiLY PIQ MIK�GIHBD� : 032-<>@<E�DVk�A]S�k � 6�Z�Afb�OnE�QIg"J;Y�MIY M4HB��Y�iVg�Y�Q[STY�MIYhJzE
ZLWXPIiLSTYRYTZVD MIY<t6¤�k¢iFEXM Y�Q>�>HBiLWXQ Y�D7J�OnE�QIg"J;YRZFWXJBH;MIY�MIK�JBHBk¢HBDLKRx?E�i¼J�O]Y�j0DViLK�k¢HBDLKsMIY�J�O]Y�j4x�K�iVH;Y�Q[STY
MIY�xIPIH;ZyJzE/ZLWXPIiLSTY��XE�PID . � 032 <	Q ZVi�A4bcY �[P4j DLWXDFE�JcM�O U[K�JBHBPIk® �P[ZVDLY_E�xIiL§TZªJ�O]KTSTWXiLSTY�PIi�YTZVDyMIWXQ[S_MIY
J�O]WXiLM4iLY�MIY H � 032 � Q E�D76�Z�A?d�E�ilE�HBJBJ;Y�PIiLZ��?J;Y��[P4jRM�O]\lY = xIiLW0M4PIHBD�x?E�i�JzE¼ZLWXPIiLSTY`M[E�Q[Z^J�O]K�DFE�D ���
	����
k7YTZVPIiLK¢Y�Q�[P[WXiLYTZLSTY�Q[STY !%��WXHBi_x?E�iFE�g"iFE�xIU[Y7ZLPIHB�XE�Q>D " ���XE�PID 032 �	� E�D76�Z_Y�Q6�0HBiLWXQcA-}~YTS�H�STWXQ[M4PIHBDN¨
PIQ[Y^Y�2¼S�EXS�HBDLKlMIY�JzENMIKTSLU?E�iVg�Y�MIYeJ�O]WXiLM4iLYlMIY 032 < � ��xIJBP[Z~K�J;Y���KTY^{>P[Y�M[E�Q[Z9JzE`iLK��»K�iLY�Q[STY�� t6¤%� ��k¼E�H;Z
Q[WXDViLY`K��XE�JBP?E�DVH;WXQsQcO]YTZVDyx?EXZyDViL§TZ�xIiLKTS�H;ZLY"A

b!E©ZLYTS�DVH;WXQ ZLPIi¼J;Y�iFE�J;Y�Q>DVH;ZLZLY�k7Y�Q>D�M4P� VY�D¼k7WXQ6DViLY�iFE£{>PcO PIQ Y�Q[STWXk�GIiLY�k7Y�Q6DRM4P M4H;ZVx�W"ZVHBDVH��
iFE�H;ZLWXQIQ?E�GIJ;YeiLYT{>PIH;Y�iVD�PIQ[Yy�0HBDLYTZLZLY9��E�HBGIJ;YeMIYTZ�E�DLWXk7YTZ�A>}~YTS�H*YTZVD¬iLK�E�JBH;ZLKeY�Q¢iLY��+iLWXH;M4H;ZLZFE�Q>D�JzE�ZLWXPIiLSTY
¨�J�OnE���WXDLY_JBH;{>PIH;MIY !��"� 8 " A[bcY_g"H;S�J;Y�PIi^YTZVDª�»E�GIiVH;{>P[K`Y�Q<QIHBDViVPIiLY�MIY�G�WXiLY !%H;ZFWXJzE�Q6D�K�J;YTS�DViVH;{>P[Y_k¼E�H;Z
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G�WXQ�STWXQ[M4P[S�DLY�PIi-DVU[Y�iVk¢H;{>P[Y " Y�D!YTZLD!Y�Q[SLU?EXZLZFK�M[E�Q[ZcPIQ�GIJ;W>S�MIY�S�PIHB�>iLY"A�}~Y�JBPIH���S�H0YTZVD!x?E�iVDVH;Y�JBJ;Y�k7Y�Q6D
S�iLY�P4jNx�WXPIi�EXZLZLPIiLY�i-JzE^S�HBiLS�PIJzE�DVH;WXQ¢MIY�J�OnE���WXDLY"AXw �[Q/{>PcO HBJ>Q[Y~ZLY��XE�x�WXiVH;ZLY9x?EXZ�E��XE�Q>D¬M�OnE�DVDLY�HBQ[M4iLY9J;Y
GIJ;W>SªMIYªS�PIHB�0iLY��XJ;YTZ�DVPIG�YTZ¬{>PIH>J;YySTWXQIQ[YTS�DLY�Q>D�WXQ6D�MIYTZ¬M4HzE�k7§�DViLYTZ�M4H ��K�iLY�Q>DLZ�A"b!E �[g"PIiLYem4Anqlk7WXQ6DViLY
J�OnE�iViFE�QIg�Y�k7Y�Q6D¢MIY7STYTZ`M4HzE�k7§�DViLYTZh�cM�OnE�xIiL§TZ�J;Y¢DVU[KTWXiL§�k7Y¼MIY 
~Y�iVQ[WXPIHBJBJBH~Y�D`JzE<STWXQ[ZLY�iV�"E�DVH;WXQ©M4P
MIK�GIHBD�� 4 � < 4 �F< 4 �yY�D9ZVH[J�OnE���WXDLY^E�iViVHB��YeJBH;{6PIH;MIY^Y�Q"0yHBJ[Q[Yyx�Y�PID�ZLYe�XE�x�WXiVH;ZLY�i�{>PcOnE�xIiL§TZ�J;Yyx�WXHBQ6Dq4AIbcY_M4HzE�k7§�DViLYNMIY`m�YTZLD~J;Y�xIJBP[Z�K�J;Y���KNE��[Q�M�OnE�PIg"k7Y�Q6DLY�i^JzE�ZVPIi��»EXSTY_MIY_STWXQ>DFEXS�D^Y�Q>DViLY_J;Y_S�PIHB�>iLY
Y�D�J�OnE���WXDLYyJBH;{>PIH;MIY"A�b�OnE���WXDLY^YTZVD�EXZVxIHBiLKyx?E�i�PIQ[Yex�WXk¢x�Ye¨�k7Y�kNGIiFE�Q[Y"AI¾^Q¢��K�iVH �?Y�{>PcO HBJ[STWXPIJ;YeGIH;Y�Q
Y�QRZLWXiVDVH;Y"A

( 2I�12I ����6�X#�,$24�$#���� �-.3)�2 ,$�*�-�1 �.
¾^Q ZFWXPIU?E�HBDLY�STWXQIQ?E�;DViLY^J;YTZ�xIiLWXxIiVH;K�DLKTZªMIYyJzENM4H;ZVDViVHBGIPIDVH;WXQhY�Q �>HBDLYTZFZLYeMIYeJzE`ZLWXPIiLSTY��0E�HBQ[ZLH?{6P[Y

J;Y �[P4j<M�OnE�DLWXk7YTZek7K�DFEXZVDFE�GIJ;YTZ ���
	��e{6PcO]Y�JBJ;Y_xIiLW0M4PIHBD�A
r!WXP[Z~J;YTZ~iLKTZVPIJBDFE�DLZªMIKTS�iVHBDLZªM[E�Q[Z9STY�DVDLY�ZLYTS�DVH;WXQ WXQ6DªK�DLKlWXGIDLY�Q6P[Zªx?E�i~k7YTZVPIiLY^MIY �[P[WXiLYTZLSTY�Q[STY

ZVPIi¬J;Y- �Y�D � t[@���A"dfWXPIi�WXGIDLY�QIHBi�JzE�M4H;ZLDViVHBGIPIDVH;WXQ¼MIYª�>HBDLYTZFZLY~J;WXQIg"HBDVP[M4HBQ?E�J;Y�MIYªJzE�ZLWXPIiLSTY��XPIQ¢JzEXZLY�i��"MIY
g"iFE�Q[M�M4HzE�k7§�DViLY~MIY��"E�Q6D�STY�JBPIHIM4P� VY�D��$YTZLDfY�Q>��W�¦�KªZVPIi�STY�JBPIH���S�H4ZFY�J;WXQNJzE�g�KTWXk7K�DViVH;Y~MIY9JzE��[g"PIiLYªm4A t[A
bcY¢��E�H;ZLSTY�E�P�x�Y�iVx�Y�Q[M4H;S�PIJzE�HBiLY E�P< VY�DNMIWXQIQ[Y7J;Y7��K�iLWRY�Q��0HBDLYTZLZLY7E�J;WXiLZ�{6P[Y7STY�JBPIH9HBQ[S�JBHBQ[K¼MIY � H	�
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S�E�xIDVPIiLKTZex?E�ieJzE/k7K�JzEXZFZLY"A[opJcYTZVDeMIWXQIQ[K_x?E�i

� = 1 476 � � =4 � � *�� b 2 A� *#- � � � � =4 � * �� *#- � � 2 !»m4A � "
M�OnE�xIiL§TZ !»m4An " A-w x?E�iVDVHBi/MIYTZ`k7YTZVPIiLYTZ�ZVPIi_JzE<ZLWXPIiLSTY¼iLY�x�WXiVDLKTYTZ�ZVPIi_J;YTZ?�[g"PIiLYTZ/m4Anº��-m4A � Y�D�m4Anv��
WXQ©WXGIDVH;Y�Q>D � = 1 476 AfopJ�YTZVD`iLY�xIiLKTZLY�Q>DLK ZLPIiNJzE��[g"PIiLYhm4AB@�¤�Y�Q��+WXQ[S�DVH;WXQ£MIY7JzE<xIiLYTZFZVH;WXQ�x?E�iVDVH;Y�JBJ;YM�O]\^YlM[E�Q[Z9J�O]Y�Q[STY�HBQ6DLY_MIY^JzE`ZLWXPIiLSTY"A0o�J�x?EXZLZLY�x?E�i9PIQhk¼E1j4HBkNPIk E�PIDLWXPIi~MIY �-, H � 032-< � kNG?E�iª{6PIH
MIWXQIQ[Y�JzEexIiLYTZLZVH;WXQ¢¨yPIDVHBJBH;ZLY�ifx�WXPIifET��WXHBi�J;Y �[P4jNM4P� VY�D!J;Y�xIJBP[Z!HBk¢x�WXiVDFE�Q6D�E�P/QIHB��Y�E�P/MIY�J�O]Y�Q[STY�HBQ6DLY
M4P xIH;§�g�Y"AIb!E�k7YTZVPIiLY_M4HBiLYTS�DLY_M4P �[P4jhM�O]\lY = Y�Q �[P[WXiLYTZLSTY�Q[STY`E�P<QIHB��Y�E�P<MIYlJ�O]Y�Q[STY�HBQ6DLY`M4P xIH;§�g�Y
STWXQ �[iVk7YySTY�DVDLYeE�Q?E�JB¦0ZFY"A"bcY �[P4j�k¼E1j4HBkNPIk E�HBQ[ZVH4k7YTZVPIiLK��"Y�Q�J�OnE�G[ZLY�Q[STYyMIYªiFE�J;Y�Q>DVH;ZLZLY�k7Y�Q>D��"�XE�PID
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� "��
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	���T ��� 4 ����ZLYNxIiLWXx?E�g�Y¢Y�Q ZLY�Q[Z
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E�DLWXk7Y¢M�O ��DViLY7¨7iLKTZFWXQ?E�Q[STY7ET��YTS�J;Y/JzEXZLY�i�iFE�J;Y�Q6DVH;ZLZFY�PIi�¨ DLWXPIDlHBQ[ZLDFE�Q6D���g"i�
XSTY7¨ J�O]Y���Y�D ��YTY�k¼E�QcA
bcY_xIiLW �[J!ZLx?E�DVHzE�JcH;MIK�E�J!MIY_STY`SFU?E�k¢xsYTZVDeMIWXQIQ[K_x?E�i�JzE/J;WXH � t[@��

� 1 " 6 � � + b ,
� # 8 * 4. � # � 0 T "	 W)D � # � 0�, �¼½3\���6 !$� !»m4Anº "

ET��YTS * 4<JzE �0HBDLYTZLZLY<J;WXQIg"HBDVP[M4HBQ?E�J;Y�M�O PIQ E�DLWXk7Y3¨�J�O]Y�Q>DViLKTY�MIY<JzE ��WXQ[Y3MIY<iFE�J;Y�Q6DVH;ZFZLY�k7Y�Q6D�Ayb!E
J;WXQIg"P[Y�PIi 	 YTZVD�MIK�DLY�iVk¢HBQ[KTY/x?E�i * 4��IJzE7�>HBDLYTZFZLY �[Q?E�J;Y *�� M4P7 VY�D^E�HBQ[ZVH-{>P[Y_J�OnEXSTSTK�J;K�iFE�DVH;WXQ+� {6P[Y
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	 � * �4 T * ���G� , !»m4An� "

d-WXPIi * 4 + 032 2 2 k 6�Z_Y�D *�� � 032 2 k 6�Z���	 + 8 �&��� A�bcWXiLZL{>P[Y.��YTZVDlxIiVH;ZLY�K�g6E�J;Y¢¨¼J�OnEXSTSTK�J;K�iFE�DVH;WXQ
k¼E1j0HBk¼E�J;Yl{6P[Y�x�Y�PI��Y�Q>DyZVPIGIHBi�J;YTZªE�DLWXk7YTZ~x?E�i�xIiLYTZLZVH;WXQ MIYeiFEXM4HzE�DVH;WXQ(�4ZLWXHBD)�H`!bdc ���� @� % � �6JzE_J;WXQ4�
g"P[Y�PIi9MIYyiFE�J;Y�Q>DVH;ZLZLY�k7Y�Q6DªYTZVD�MIWXQIQ[KTY�x?E�i 	 � � * �4 � ^� ! �9A �^WXP[Z~ET��WXQ[Z�SFU[WXH;ZVH*MIYeiFE�J;Y�Q6DVHBi~PIQ_ �Y�DE�DLWXk¢H;{6P[Y�MIY^�>HBDLYTZLZFY�@�m"¤"¤Nk 6�Z��0Y�QhJBPIH�HBk¢x�W"ZFE�Q6DªPIQ[Y�EXSTSTK�J;K�iFE�DVH;WXQ<k7W�¦�Y�QIQ[Y_MIY �H`!bdc �-0�, H � t[@���A
}~YTS�H!STWXQ[M4PIHBDl¨ 	 + �-, �7k�A

bcYyJzEXZLY�i¬iFE�J;Y�Q>DVH;ZLZLY�PIi~YTZVD�MIKTZFEXSTSTWXiLMIKeMIY � + b , x�WXPIi�QcO ��DViLYex?EXZ�¨liLKTZLWXQ?E�Q[STY�E���YTSeMIYTZ�E�DLWXk7YTZ
xIH;K�g�KTZ/¨�J�O]Y�j0DVi ��k¢HBDLKhMIY7JzE���WXQ[Y¼MIY7iFE�J;Y�Q>DVH;ZLZLY�k7Y�Q>D�AfdfWXPIi�K��>HBDLY�i�JzE<xIiLW0M4P[S�DVH;WXQ£M�O PIQ£SLU?E�k¢x
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� � 1 	 T Z 6 + T H 2 27½s\^��A
� �>2[)%#%,�24�$#%��� .6�c���6�X#+5�.0����2[)�.
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ZVPIieSLU?EXS�PIQ3MIYTZ�MIWXPIGIJ;Y���DVPIG�YTZ�A
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MIY/@�¤�S�k �0STY^{>PIH�ZLHBg"QIH �?Yl{>PcO HBJ�YTZVD~Y�Q[STWXiLYlHBQ>DLY�Q[ZLY_¨`J�O]Y�Q[M4iLWXHBDyW)D ZLY^ZLHBDVP[Y�J;Yld�½ ¾��0STWXQ[M4PIH;Z E�Q6D
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Y�D~STY�JBJ;YlM[E�Q[Z~J�O]Y�Q[STY�HBQ6DLY�k7K�JzEXZLZLY H � 032 <>= kNG?E�i�A4bcWXiLZL{>P[Y^JzE`ZLWXPIiLSTY�YTZVD~Y�Q¼�»WXQ[S�DVH;WXQIQ[Y�k7Y�Q6D��4JzE
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	 Q[Ye�XE�QIQ[Yyk¼E�Q>P[Y�JBJ;Yl¨_J�O]Y�Q6DViLKTY�M4P¼DVPIG�Y�E�PIDLWXPIi9M4P[{6P[Y�J�YTZVD¬G�WXGIHBQ[KeJ;YyiFE�J;Y�Q6DVH;ZLZFY�PIi ��YTY�k¼E�Q

H;ZLWXJ;Y<JzE3x?E�iVDVH;Y<PIJBDViFE1���0H;MIY"A � P[ZLDLYRET�"E�Q6D¼STY�JBJ;Y���S�HlYTZVD¢xIJzEXSTK<PIQ�DVPIG�Y<MIY<x�WXk¢x?E�g�Y�M4H ��K�iLY�Q6DVH;Y�J
MIYRq"3k¢k MIY J;WXQIg"P[Y�PIi¼Y�D7t[Anv3k¢k MIY<M4HzE�k7§�DViLY"A�«¬Q>DViLY<J;YTZ7MIY�P4j iFE�J;Y�Q6DVH;ZLZLY�PIiLZ ��YTY�k¼E�Q ZLY
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{6PIHcx�Y�iVk7Y�DeMIY_G�K�Q[K �?S�H;Y�i�M4P�U?E�PIDeDFE�P4j<MIY`STWXk¢xIiLYTZLZLH;WXQRMIY_STYTZex�WXk¢x�YTZ$A

d-WXPIilE�DVDLY�HBQ[M4iLY`MIYTZyxIiLYTZLZVH;WXQ[Z�M[E�Q[ZªJzE/g6E�k¢k7Y`MIYTZ?032-< �*� kNG?E�i��[Y�Q<J�OnE�G[ZFY�Q[STY_MIY�JzE�SLU?E�iVg�Y
M�O U[K�JBHBPIk �?WXQ<PIDVHBJBH;ZLY`MIYTZªk¼E�DLK�iVHzE�P4j*��g�Y�DVDLY�i �_STWXkNGIHBQ[KTZ�¨/PIQ�ZVPIGIJBHBk¼E�DLY�PIi�MIY`DVHBDFE�Q[Y"A[bcYTZ���g�Y�D��
DLY�iLZ �ªZFY9xIiLKTZFY�Q6DLY�Q6D~ZLWXP[Z�JzE��+WXiVk7YyMIYeq_E�QIQ[Y�E�P4j¢MIYem�S�k®MIYyM4HzE�k7§�DViLYeY�j4DLY�iVQ[Y��6¤4AnvlHBQ6DLY�iVQ[YeY�Dy@
S�k MIYyU?E�PIDLY�PIi�A6opJ;Z�ZLWXQ>D¬��E�GIiVH;{6P[KTZ9Y�Q7x�WXP[M4iLY�MIY �*HBiLSTWXQIHBPIk Y�D�ZFWXQ6D9EXS�DVHB�"E�GIJ;YTZ�x?E�i�PIQ STWXPIiFE�Q6D
MIY_{6P[Y�J;{>P[YTZyw�k¢x�§�iLYTZy{>PIH�J;YTZySFU?E�P ��Y`¨ H 2 2 � } Y�Q6�0HBiLWXQ<x�Y�Q[M[E�Q6DePIQ[Y�M4HB�$E�HBQ[Y_MIY�k¢HBQ6PIDLYTZ$AIo�J;Z
x�WXk¢x�Y�Q6D�Y�QRx?E�iVDVH;S�PIJBH;Y�i�J�O U6¦4M4iLWXg�§�Q[Y�E���YTS_PIQ[Y_�0HBDLYTZLZLY_MIY_x�WXk¢x?E�g�Y`MIY` �
6�ZySLU?EXS�PIQcA

bcY3ZVPIGIJBHBk¼E�DLY�PIi<MIYRDVHBDFE�Q[Y3YTZVD¼xIJzEXSTK�ZLWXP[Z J;YTZ GIiVH;MIYTZ iLY�Q>DViFE�Q6DLYTZ<MIYsDLY�JBJ;YsZFWXiVDLYs{>PcO HBJ�Q[Y
ZLWXHBD`x?EXZNY�Q��>H;ZVH;WXQ�M4HBiLYTS�DLY MIY¢JzE x�WXk¢x�Y7DVPIiVG�WXk7WXJ;KTS�PIJzE�HBiLY QIH�MIY¢JzE g6E�J;Y�DVDLY¼MIY¢k¢H;S�iLW>S�E�Q?E�P4j
! �[g m4AB@�m " A�¥�YNSTY�DVDLYN�»EXqTWXQsJ;YNDVHBDFE�Q[Y�x�Y�PIDlZLYNMIK�x�W"ZLY�ilZVPIi�PIQ[Y/ZVPIi���EXSTYNMIY�J�O]WXiLM4iLY�MIY � 2 2hS�k � �
Y�Q3x?E�iVDVH;S�PIJBH;Y�i`ZLPIi^J�O PIQ[Y�MIYTZ�GIiVH;MIYTZ�iLY�Q6DViFE�Q>DLYTZ`STY�{6PIH¬EXZLZVPIiLY�PIQ�G�WXQ3x�WXk¢x?E�g�Y¢M[E�Q[Z^JzE ��WXQ[Y
xIiLW>SFU[Y¼M4P xIH;§�g�Y"A!b-E �>HBDLYTZFZLY¢MIY�x�WXk¢x?E�g�Y M�O PIQ[Y7ZVPIi���EXSTY�� MIY�DVHBDFE�Q[Y YTZVD
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bcWXiLZL{>P[Y�JzE�xIiLYTZFZVH;WXQ E�DVDLY�HBQ6DhPIQ[Y��"E�J;Y�PIi7HBQ4�»K�iVH;Y�PIiLYsE�P��0H;MIY�JBHBk¢HBDLYRMIY�JzE�x�WXk¢x�Y�DVPIiVG�W��
k7WXJ;KTS�PIJzE�HBiLY�! : 032 < �54 kNG?E�i " ��STY�JBJ;Y���S�Hyx�Y�PID$��DViLY k7W>MIK�JBH;ZFKTYhY�Q STWXQ[ZVH;MIK�iFE�Q>D¼{>PcO PIQ�KT{6PIHBJBHBGIiLY
M4¦>Q?E�k¢H;{>P[Y`Z�O]K�DFE�GIJBHBD�Y�D^{6PcO]Y�JBJ;Y_iLY  VY�DVDLY_SLU?EX{>P[YNZFYTSTWXQ[MIY_PIQ<��WXJBPIk7YNK�g6E�J-¨�Z E/�>HBDLYTZLZFY_MIY�x�WXk��
x?E�g�Y��XiVH;ZL{6P?E�Q>D¬MIY9ZFE�DVPIiLY�i�JzElSTWXP[SLU[YyMIY~DVHBDFE�Q[Y"A�}~YTS�HIYTZVD�iLK�E�JBH;ZLK9J;WXiLZL{6P[YªY�Q>�>HBiLWXQ 032 � Q9k7WXJ;KTS�PIJ;YTZ
x?E�ilS�k � ZLWXQ6D�STWXJBJ;KTYTZ�ZVPIilJzE¼STWXP[SFU[Y � t6���A 	 QR��WXJBPIk7Y�MIY�v"¤"¤¼b MIY�g6E���x?E�i���E�HBD�¨�032-< �54 kNG?E�i
STWXQ6DLY�Q?E�Q6D�032 �	� k7WXJ;KTS�PIJ;YTZ��-HBJ9��E�PID/Y�Q>�>HBiLWXQ H � 032�Q ZLYTSTWXQ[MIYTZ��-ZLWXHBD¢7 �WXPIiLZ��-x�WXPIi�Z E�DVPIiLY�i�JzE
STWXP[SLU[Y"A
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	 Q[Yl�»WXH;ZªJ;Y�g6E��`iLKTZVH;M4P[Y�JcK�JBHBk¢HBQ[K��[HBJ�iLYTZVDLY`¨/JBHBk¢HBDLY�ieJzE�{>P?E�Q6DVHBDLK`M�O U[K�JBHBPIk��»WXQ[M[E�k7Y�Q6DFE�Jf{6PIH

E�DVDLY�HBQ6D�J�O]Y�Q[STY�HBQ6DLY�PIJBDViFE1���0H;MIY"A*«�Q3Y���Y�D��?J�O U[K�JBHBPIk¡QcO]YTZVDlx�WXk¢x�KN{>P[Y�x?E�i�J;YTZlx�WXk¢x�YTZ^DVPIiVG�WXk7W��
J;KTS�PIJzE�HBiLYTZ�A?bcYTZ ��g�Y�DVDLY�iLZ ��Y�DyJ;Y`DVHBDFE�Q[Y`ZLWXQ6DeZ E�Q[ZeY���Y�DeZLPIiyJ;YTZyg6E��`Q[WXGIJ;YTZ��ISTY_{>PIH�HBk¢xIJBH;{6P[YN{6PcO HBJ
YTZVD�M4H32¼S�HBJ;YhM�OnE�DVDLY�HBQ[M4iLY MIYTZNxIiLYTZLZVH;WXQ[Z�x?E�iVDVH;Y�JBJ;YTZ�M�O]\^Y¢HBQ4�»K�iVH;Y�PIiLYTZ¢¨ 032-< �54 k�G?E�i�A-b-E<JBHBk¢HBDFE1�
DVH;WXQ3YTZVDlWXGIDLY�Q6P[Y�Y�QRxIJzEXq�E�Q>D_ZVPIi�J;Y�DViFE1 �Y�DlM4P¼ VY�D^MIYTZ^DViLWXP[Zl{6PIHfM4HBk¢HBQ6P[Y�Q6D_J�OnE�QIg"J;Y/ZLWXJBH;MIY/{6P[Y
J�O]Y�Q[STY�HBQ6DLY_MIK�JBHBk¢HBDLY�MIY�xIPIH;ZªJzENZFWXPIiLSTY"A>b!E/STWXJBJBHBk¼E�DVH;WXQ DViFE�Q[ZV��Y�iLZLYlx�Y�iVk7Y�D~Y�Q Y���Y�D~MIYlZLK�J;YTS�DVH;WXQ4�
Q[Y�i�PIQR �Y�D�M�OnE�DLWXk7YTZ/k7K�DFEXZVDFE�GIJ;Y MIY x�Y�DVHBDLY7DFE�HBJBJ;Y!�@¼k¢k MIY M4HzE�k7§�DViLYhY�Q6�0HBiLWXQ " {6PIH9Q[Y¼ZLY�iFE
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D = 3 mm

D = 4.5 mm
obturateur

pot à LN2

D = 13 mm

mélasse transverse
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A!7 .$,F2�,  %#1�V�O21*+�)�H,F21A

x?EXZNE ��YTS�DLK¢x?E�ì J;YTZ̀ DViLWXP[Z$AcbcY7ZLSFU[K�k¼E<MIY¢J;Y�PIì x�W"ZVHBDVH;WXQIQ[Y�k7Y�Q>D�YTZVDNMIWXQIQ[K¼ZVPIì JzE �[g"PIiLY m4AB@�q4A
bcY/DVPIG�Y¢̈ J�O]Y�Q6DViLKTY¼M4P3iFE�J;Y�Q>DVH;ZLZLY�PIiNEXZLZLPIiLY�JzEhZLK�J;YTS�DVH;WXQ JzE xIJBP[Z �[Q[Y ��HBJ¬MIK�JBHBk¢HBDLY�PIQ E�QIg"J;Y¢MIY
v k¢iFEXM �!STY¼{6PIH�HBk¢xIJBH;{>P[Y��!STWXk¢xIDLY¼DLY�Q6P£MIY¢J�OnE�QIg"J;Y¼MIY7M4HB��Y�iVg�Y�Q[STY MIY7t6¤ k¢iFEXM�MIY7JzE<ZLWXPIiLSTY��
PIQ[Y iLKTM4P[S�DVH;WXQ M4P �[P4j MIYh�+WXQ[M[E�k7Y�Q>DFE�P4j M�O PIQ �»EXS�DLY�PIiR@�¤"¤4A¬«�Q �[Q�t6¤�S�k|Y�Q E�k7WXQ6D¼MIY<STY
DVPIG�Y¼PIQ�WXGIDVPIiFE�DLY�PIi�k7KTS�E�QIH;{6P[Y¼HBQ6DLY�iLSTY�xIDLYhJ;Y� VY�D̀ J;WXiLZL{>P[Y¼STY�JBPIH���S�H~QcO]YTZVD̀ xIJBP[Z�PIDVHBJ;Y !%x�Y�Q[M[E�Q6D
J;YTZex�K�iVH;W>MIYTZlMIỲ xIH;K�g�Y�E�g�Y�k¼E�g"Q[K�DVH;{>P[YNx?E�ilY�j4Y�k¢xIJ;Y " A�¾̂ QR��K�iVH �?Y/ZVPIieJ�OnE�Q?E�JB¦4ZLY�PIilMIỲ k¼EXZLZLY�E�P
QIHB��Y�E�P3MIY�J�O]Y�Q[STY�HBQ6DLY�M4P3xIH;§�g�Y�{>PcOn̈¼JzE��»Y�iVk7Y�DVPIiLY/MIYNJ�O]WXGIDVPIiFE�DLY�PIi�JzE7xIiLYTZLZLH;WXQsx?E�iVDVH;Y�JBJ;Y/M4P[Y/¨
JzE¼SFU?E�iVg�Y¢M�O]\̂ Y = iLYTMIYTZLSTY�Q[M�ZLWXP[Z�ZFE ZLY�Q[ZVHBGIHBJBHBDLK/Y�Q3k7WXHBQ[Z�M�O PIQ[Y�ZLYTSTWXQ[MIY"A�b!EhM4PIiLKTY�MIYN�0H;Y�M4P
xIH;K�g�YNk¼E�g"Q[K�DVH;{>P[Y�MIK�x�Y�Q[M3MIY�JzE7xIiLYTZLZLH;WXQsMIY�JzE¼ZLWXPIiLSTY"A �lK�E�QIk7WXHBQ[Z��?JzE¼iLKTM4P[S�DVH;WXQ M4P �[P4jsMIY
�+WXQ[M[E�k7Y�Q>DFE�P4j YTZLD�ZVP�2¼ZFE�Q>DLYhx�WXPIi�STWXQ[ZLY�iV��Y�i�J;YTZ/E�DLWXk7YTZ�M[E�Q[Z/J;Y xIH;§�g�Y k¼E�g"Q[K�DVH;{>P[Y M4PIiFE�Q6D
PIQ[Y_k¢HBQ6PIDLY�Y�Q6�0HBiLWXQ !%��WXHBi�SFU?E�xIHBDViLY�v " A

� �+* " # ��5-, ���!3�* #- !5-, ���231*0��� (�5%$05  & 7�5-9
}~Y7MIY�iVQIH;Y�i�x?E�iFE�g"iFE�xIU[Y MIKTS�iVHBD̀ JzE�MIK�DLYTS�DVH;WXQ©MIYTZ�E�DLWXk7YTZNk7K�DFEXZVDFE�GIJ;YTZ�x?E�ì PIQ[Y¢g6E�J;Y�DVDLY¼MIY

k¢H;S�iLW>S�E�Q?E�P4j�A0«¬JBJ;Ŷ ZFY�iFE_PIDVHBJBH;ZLKTYlM[E�Q[Z�J;YTZ~SLU?E�xIHBDViLYTZyZLPIHB�XE�Q>DLZ�x�WXPIi~E�Q?E�JB¦4ZLY�i~J;YeQ6P?E�g�YlM�OnE�DLWXk7YTZ
xIH;§�g�KTZ�A�«¬Qsx?E�iVDVH;S�PIJBH;Y�i���J;Y/ZVHBg"Q?E�J!k7YTZLPIiLK�YTZVD�S�E�J;S�PIJ;K���{6PIH-x�Y�iVk7Y�D�MIYNiLY�k7WXQ>DLY�ì ¼̈MIY�P4jRS�E�iFEXS��
DLK�iVH;ZVDVH;{>P[YTZ�M4P<Q6P?E�g�Y �IZFE/DLY�k¢x�K�iFE�DVPIiLYNY�DyJ;Y_Q[WXk�GIiLYNM�OnE�DLWXk7YTZ�A
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bcYTZ7E�DLWXk7YTZ7MIYhg6E�� iFE�iLYTZ¢k7K�DFEXZVDFE�GIJ;Y<WXQ>D¢JzER�»EXS�PIJBDLK M�OnE�iViFEXSLU[Y�i¼PIQ�K�J;YTS�DViLWXQ R̈PIQ[Y ZVPIi��

�»EXSTYNJ;WXiLZL{>PcO HBJ;Z�Z�O]Y�Q�E�xIxIiLW>SFU[Y�Q6D$� t>�%��A�}~Y�DVDLYNxIiLWXxIiVH;K�DLK�YTZLD�k¢H;ZLY/̈�xIiLW �[D̂ x�WXPIi�J;Y�PIilMIK�DLYTS�DVH;WXQ£�
J�O]K�J;YTS�DViLWXQ£K  VYTS�DLKhYTZVD̀ iLKTS�PIx�K�iLK Y�D�kNPIJBDVHBxIJBH;K���Y�DNxIiLW0M4PIHBDNPIQ[Y HBk¢xIPIJ;ZVH;WXQ MIY¼SLU?E�iVg�Y"A¬C>H�J;Y��[P4j
M�OnE�DLWXk7YTZ̀ �+iFE�xIx?E�Q6D/JzE<ZVPIi���EXSTY7YTZVD�ZVP�2¼ZFE�k¢k7Y�Q6D�K�J;Y���K��!WXQ©k7YTZVPIiLY¢PIQ£STWXPIiFE�Q6D�A¬C�O HBJ9YTZVD̀ DViLWXx
�»E�HBGIJ;Y��6PIQ[YeK�J;YTS�DViLWXQIH;{>P[Ŷ MIYeSTWXk¢xIDFE�g�Ŷ x�Y�iVk7Y�D�MIY�MIK�DLYTS�DLY�i9J;YTZ9E�DLWXk7YTZ9PIQ7x?E�i�PIQ¼Y�Q STWXk¢xIDFE�Q6D
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J;YTZyHBk¢xIPIJ;ZVH;WXQ[Z�K�J;YTS�DViVH;{>P[YTZ�{>PIH!ZLWXiVDLY�Q>D�M4PRMIK�DLYTS�DLY�PIi�A
�̂ WXP[Z_E���WXQ[Z_SLU[WXH;ZVH¬M�O PIDVHBJBH;ZLY�i_STWXk¢k7Y/kNPIJBDVHBxIJBH;S�E�DLY�PIiNM�O]K�J;YTS�DViLWXQ[Z�PIQ[Y�g6E�J;Y�DVDLY�MIY/k¢H;S�iLW>S�E1�

Q?E�P4j !+½ }~d " A�«�JBJ;Yex�W"ZLZL§TMIYªJ�OnET�"E�Q6DFE�g�Ŷ x?E�i�iFE�xIx�WXiVD9E�P4j7E�PIDViLYTZ�D�¦0x�YTZ�MIYykNPIJBDVHBxIJBH;S�E�DLY�PIiyM�O ��DViLY
x�Y�P ZLY�Q[ZVHBGIJ;Y�E�P4j SLU?E�k¢x[Zek¼E�g"Q[K�DVH;{6P[YTZ_�0Y�Q6DViLY�MIY�P4jhE�k¢xIJBH �?S�E�DVH;WXQ[ZeZLP[STSTYTZLZVHB��YTZ��>x�WXPIiªMIYTZ~�XE1�
J;Y�PIiLZ~MIŶ SLU?E�k¢x[ZªMIŶ J�O]WXiLM4iLŶ MIY�@�¤"¤ !��6J;YeiFE�¦�WXQ MIŶ STWXPIiVGIPIiLY�MIYeJzENDViFE1 �YTS�DLWXHBiLYlMIYTZ9K�J;YTS�DViLWXQ[Z�!�@
S�k�x�WXPIiªPIQ[Y_K�Q[Y�iVg"H;Y_MIY¢@ ��Y0/ " YTZVDyZVPIx�K�iVH;Y�PIi�̈NJzE/DFE�HBJBJ;Y�DViFE�Q[ZL��Y�iLZLY_MIYTZyS�E�Q?E�P4jhMIY�JzE�g6E�J;Y�DVDLY
! : 032 ��k " A�}~YTS�H�x�Y�iVk7Y�D/MIY7JzE<xIJzEXSTY�i�Y�Q6DViLY J;YTZ̀ G�WXGIHBQ[YTZ�{>PIH�S�iLKTY�Q6D/J;Y¼SFU?E�k¢x©k¼E�g"Q[K�DVH;{>P[Y��
xIiLW>SFU[YNMIY�JzE���WXQ[Ỳ MIY�xIH;K�g�Y�E�g�Y�MIYTZ�E�DLWXk7YTZ�A

b!ENg6E�J;Y�DVDLY�PIDVHBJBH;ZLKTY�x�W"ZFZL§TMIYyPIQ[YlZVPIi��»EXSTY�ZLY�Q[ZVHBGIJ;Y�MIY�@�t[Anv̀ k¢k MIY�M4HzE�k7§�DViLY"A0«¬JBJ;YlYTZVD�xIJzEXSTKTY
v4@9k¢k®ZLWXP[ZfJ;Y~STY�Q6DViLYyMIY~J�O]Y�Q[STY�HBQ6DLYë��0H;MIY��XE�P[ZFZVH>xIiLW0SLU[Yª{>P[Y~x�W"ZLZLHBGIJ;Y9MIY~STY�JBPIH���S�H[STWXk¢xIDLY~DLY�Q6P[Y
MIYNJzE7xIiLKTZLY�Q[STY�MIYTZ���E�H;ZLSTY�E�P4j�JzEXZLY�î M4P3d�½ ¾/A*bcYNx�W"ZLHBDVH;WXQIQ[Y�k7Y�Q6D_MIYNJzE7g6E�J;Y�DVDLY�ZFWXP[Z��0H;MIYNYTZVD
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100 µΚ

1 µΚ

10 µK

temps d'arrivée ( seconde )

0 0.05 0.1 0.15 0.2

1 mK
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x�WXQ[S�DVP[Y�J�AD ��� ��� � %���� � �H%��������K��� ��%?� %��0�G�����

bcWXiLZL{>P[YNJ�O]WXQ�STWXQIQ?E�;D�J;Y`g6E�HBQ MIY`J�OnE�k¢xIJBH �?S�E�DLY�PIi`{>P[Y`J�O]WXQ3xIJzEXSTY¢¨¢JzE ZLWXiVDVH;YNMIY�J�OnE�Q[W0MIY�MIY
JzE g6E�J;Y�DVDLY�HBJ�iLYTZVDLY��¬x�WXPIi WXGIDLY�QIHBi¼J;Y�Q[WXkNGIiLY3M�OnE�DLWXk7YTZ {>PIHeJ�O]WXQ6D¼�%iFE�xIx�KTY���¨�E���WXHBi J;YRSTW>Y�2¢�
S�H;Y�Q6D�M�OnE�k¢xIJBH �?S�E�DVH;WXQ !%Q[WXk�GIiLY�M�O]K�J;YTS�DViLWXQ[ZlZLPIieJ�OnE�Q[W>MIYNx�WXPIi^PIQsK�J;YTS�DViLWXQ3xIiLW>M4PIHBDlZVPIi�JzE��»EXSTY
M�O]Y�Q6DViLKTY " Y�D�J;Y_iLY�Q[MIY�k7Y�Q>Dl{>P?E�Q6DVH;{>P[Y�MIY`J�O]Y�j0DViFEXS�DVH;WXQ�M�O PIQRK�J;YTS�DViLWXQ�MIY_JzE���EXSTY`M�O]Y�Q6DViLKTY/MIY_JzE
g6E�J;Y�DVDLY`J;WXiLZL{>PcO PIQRE�DLWXk7YNM�O U[K�JBHBPIk k7K�DFEXZLDFE�GIJ;Y`JzE��+iFE�xIx�Y"A

bcY`STWXPIiFE�Q>D^ZLWXiVDFE�Q>D^MIY�J�OnE�Q[W0MIY`YTZVDeMIWXQIQ[K_x?E�i
� 1	� 6 � ��� + ,�� >�� 1	� 6 2 !»m4AB@$� "

ET��YTS � 1	� 6 J;Y �[P4j�M�OnE�DLWXk7YTZ¬{>PIH6�+iFE�xIx�Y�Q6D¬JzE�g6E�J;Y�DVDLY�� > JzE^SFU?E�iVg�YyM�O PIQ¢K�J;YTS�DViLWXQ(� ��� + � 1 2 , Y � 6 � �
2 , � JzE DViFE�Q[ZVk¢H;ZFZVH;WXQ�MIYTZNMIY�P4j g"iVHBJBJ;YTZ��	� J;Y¢g6E�HBQ£MIY¢JzE g6E�J;Y�DVDLY¼Y�D ,3J;Y�iLY�Q[MIY�k7Y�Q>D/{>P?E�Q6DVH;{>P[Y
{6P[Y_J�O]WXQ�ZFWXPIU?E�HBDLY`MIK�DLY�iVk¢HBQ[Y�i�A

te
l-0

00
01

29
1,

 v
er

si
on

 1
 - 

30
 M

ar
 2

00
2



¸ � ( �!2I� � ¶ � .6,$ ���#%�-�$#%�*��������#%,����*,$#��$#��y.6�c���6�X#+5�.0����2[)

temps d'arrivée ( seconde )

0 0.02 0.10.080.060.04

������� �/�5� � 	 �H�)*b��'a�X�J0$#1Ak�47 �8�_�-�:2$;K�@,5GH�)�*N�%C��O�j?&�a*�� �)�)�-,5�.j�!���I�5��#X�8$EX�]�!� ,5)21�`,��-A>�!�6� �j�$,
�X.c�VA(2��).R�X� �S*N* '!�)A"#1���j�$,�� �5��#X�8$EX�m�!�b��#1���-,%��A6A".�' �$P$QT2a�)#X�&DE��k�)�a;:��('�o��-)2�,5�%C��O�!*+�)�H,T�)#1�K %#$�����O�m2O0$�D�
A"��'��p;O�M21A��X�a,F�)*a�V'/�X�j0$#1AT�M���-�>[�;K����.c�-A"2X��.DoH�)'U,�A!7 2 �D�&'U,F�)*+�!�-,���21 A"2aA>#$� � �KP �����Y2O0$�$���8�-�a,=�!*a�4.!)2�,��&)�
�X� �&P 		� *��iP

¥_E�Q[ZePIQ�xIiLY�k¢H;Y�i^DLY�k¢x[Z^WXQR��K�iVH �?YN{>P[Y_J;Y_xIiLW0M4PIHBD , �®ZLY`STWXk¢x�WXiVDLYNSTWXk¢k7Y�MIWXQIQ[K`x?E�ieJ;Y
STWXQ[ZVDViVP[S�DLY�PIi/E���YTS7JzE DLY�Q[ZLH;WXQ�MIY¢x�WXJzE�iVH;ZFE�DVH;WXQ

S
4"A�d-WXPIi/STY���E�HBiLY���PIQ�xIH;§�g�Y7k¼E�g"Q[K�DLW���WXxIDVH;{>P[Y

STWXQ6DLY�Q?E�Q>D_PIQRQ[WXkNGIiLY/MIWXQIQ[K/M�OnE�DLWXk7YTZlYTZLD�J 
XSLU[K/Y�D^WXQ3k7YTZVPIiLYNJ�OnE�HBiLY�M4P3ZVHBg"Q?E�J-MIY�DLY�k¢x[Z^MIY
��WXJ[x�WXPIi�M4H ��K�iLY�Q>DLYTZ�DLY�Q[ZVH;WXQ[Z~E�xIxIJBH;{6P[KTYTZ~¨�JzElg6E�J;Y�DVDLY"A6b-E �[g"PIiLY�m4AB@���k7WXQ>DViLYeJ;YTZ9E�HBiLYTZ�{6P[YyJ�O]WXQ
k7YTZVPIiLY���Q[WXiVk¼E�JBH;ZLKTYTZ`ZLPIilSTY�JBJ;Y¢WXGIDLY�Q>P[Y¼¨3@"Anv"v �3/�A�bcY¢STW0Y�2¼S�H;Y�Q6D`M�OnE�k¢xIJBH �?S�E�DVH;WXQ©MIWXQIQ[K�x?E�i
JzE��?SLU[Y/DLYTSLUIQIH;{>P[Y¢M4P3MIK�DLYTS�DLY�PIi���JBPIH�E�P[ZLZLH-Q[WXiVk¼E�JBH;ZLK�ZVPIi�ZFE¼�XE�J;Y�PIi`¨s@"Anv"v�3/ YTZVD�K�g6E�J;Y�k7Y�Q6D
iLY�xIiLKTZLY�Q6DLK"A*b�OnEXSTSTWXiLMRYTZLDyG�WXQcA

dfWXPIisS�E�JBHBGIiLY�iRJzE g6E�J;Y�DVDLY��eWXQ STWXQ4�»WXQ[M � 1	� 6 ET��YTS J;Y�ZLHBg"Q?E�JNMIY�DLY�k¢x[ZRMIY ��WXJ�
�


L 1	� 6 �( V 1	� 2 � 6 S�E�J;S�PIJ;KRM[E�Q[Z¼JzE ZLYTS�DVH;WXQ�xIiLKTSTKTMIY�Q>DLY"A9b!E DLY�k¢x�K�iFE�DVPIiLY3M4P�Q6P?E�g�YsYTZVD �¡Y�D ( YTZVD

J;Y_Q[WXkNGIiLYNM�OnE�DLWXk7YTZ�xIH;K�g�KTZ�AI«�Q�HBQ6DLK�g"iFE�Q>D^J;Y_ZVHBg"Q?E�J-MIY_DLY�k¢x[ZeMIY_��WXJ �[WXQ<DVHBiLY

; � 1	� 6 H � �)��� + ,�� > ( ; V 1	� 2 � 6 H � , !»m4AB@�º "
b�O HBQ6DLK�g"iFE�J;Y^M4P¢ZLYTSTWXQ[M/k7Y�kNGIiLYyiLY�xIiLKTZLY�Q>DLYyJ�OnE�QIg"J;YyZLWXJBH;MIYªY���YTS�DVH�� ��DLY�Q?E�Q6D9STWXk¢xIDLYyMIY9JzE^g"iFE��>HBDLK��
{6P[Y9JzE�g6E�J;Y�DVDLY9MIK�JBHBk¢HBDLYªMIY�xIPIH;ZfJ;Y9STY�Q>DViLYªM4P�xIH;§�g�Y"AXb�OnE1 �P[ZVDLY�k7Y�Q6D�M4P�ZVHBg"Q?E�J4MIY�DLY�k¢x[Z�MIY9��WXJ>x?E�i
JzE��»WXiVkNPIJ;Y�!»m4AB@�q " MIWXQIQ[Y�JzE_DLY�k¢x�K�iFE�DVPIiLY�� ��HBQ[MIK�x�Y�Q[MIY�k¢k7Y�Q>DªMIY�JzE`S�E�JBHBGIiFE�DVH;WXQ M4P MIK�DLYTS�DLY�PIi��
STY`{>PIH!x�Y�iVk7Y�D�MIYNS�E�J;S�PIJ;Y�ilSTY�DVDLYNMIY�iVQIH;§�iLY�HBQ6DLK�g"iFE�J;Y"A�«¬QR�"E�iVHzE�Q6D^J;Y_Q[WXkNGIiLY/M�OnE�DLWXk7YTZ�( M[E�Q[Z
J;Y`d�½ ¾�Y�D�Y�Q�S�E�J;S�PIJzE�Q6D�¨¢SLU?EX{>P[Y��»WXH;ZyJ�O HBQ6DLK�g"iFE�J;Y�M4PRZVHBg"Q?E�J �[WXQ<DVHBiLY`JzE�{6P?E�Q>DVHBDLK

=�� ; � 1	� 6 H �> ��� + ; V 1	� 2 � 6 H � , !»m4AB@�� "
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1.5 2.42.221.81.6

tension V0 (kV)

������� � �%� � 	��k)#K���8�̀ ,���� �X�@A"2̂ ;X28A"�1,�,=�i�!�  %#$���U,5�>#$�f�X�NA(2�,=�!��'��"#1� �X�b�4#$A"21��6'!2�,%�"#1�\PVQ���'N�)�)3��A"��'b���I
�-).�'!�)�-,F�!�-, A)7 28����J���B'���;:�M28A *+�)'U�8).$oT21A>#$!']CX�X�aA>�)'N,%��"21�K;:A>�)'���c�-�.)')�!�-,F�)�-,mA>�j;X28���9�X#$�K�-.���21bA"2 �V�cGH�
,F�D�cG��K�5C��O�� %#��8��K�"�W��28RA"�a��#$��'U,5D���U,=�$�8$P

b!E¢STWXPIiVG�Y�= 1 ( 6 MIWXHBD ��DViLY_PIQ[YNM4iLWXHBDLỲ MIY�x�Y�Q>DLY , �¢A
o�JªiLYTZVDLY<̈3ET��WXHBi¢PIQ[Yhk7YTZVPIiLY HBQ[MIK�x�Y�Q[M[E�Q6DLY�M4P Q[WXk�GIiLY<M�OnE�DLWXk7YTZ�A¬«¬JBJ;Y YTZVD¢WXGIDLY�Q6P[Y x?E�i

k7YTZVPIiLYhE�G[ZFWXJBP[Y¼MIY7JzE�xIPIH;ZLZFE�Q[STY E�G[ZLWXiVG�KTY7x?E�iNPIQ©xIH;§�g�Y¼k¼E�g"Q[K�DLW���WXxIDVH;{>P[Y"A�«¬Q6�0HBiLWXQ H 2 2 �cZ
E�xIiL§TZ¼JzE�STWXPIxIPIiLYsM4P JzEXZLY�i MIYsxIH;K�g�Y�E�g�YsY�DhM4P g"iFEXM4H;Y�Q>DhMIYsSLU?E�k¢x k¼E�g"Q[K�DVH;{6P[Y3{>PIHlEXZLZVPIiLY
J;Y�xIH;K�g�Y�E�g�Y�k¼E�g"Q[K�DLW���WXxIDVH;{6P[Y��-WXQ�Y�Q6��WXH;Y7ZVPIi�J;Y/xIH;§�g�Y�PIQ[Y¢ZLWXQ[MIY�g"iFE�Q[MIY¢MIY��"E�Q6D̀ JzE DFE�HBJBJ;Y¢M4P
xIH;§�g�Y �̈iLKTZLWXQ?E�Q[STY ZVPIi/JzE<DViFE�Q[ZVHBDVH;WXQ � � 	 � T � � 4 � Af}~Y�JBJ;Y���S�HyYTZVD¢E�G[ZLWXiVG�KTY¼x?E�i/J;YTZ/E�DLWXk7YTZ�Y�Q
STWXPIiLZyM�O]Y�j0x?E�Q[ZVH;WXQ G?E�JBH;ZVDVH;{>P[Y"A4b!E�JzE�iVg�Y�PIieY�Q¼�+iLKT{>P[Y�Q[STYlMIYlJzE/M4H;W0MIY�JzEXZLY�iªPIDVHBJBH;ZLKTY$! + A/½3\�� " �
J�O]K�JzE�iVg"H;ZLZLY�k7Y�Q6Dyx?E�iªY���Y�D~¥�WXxIxIJ;Y�ië7@̂ k�8 Y�D~PIQ K���Y�Q6DVP[Y�JcK�JzE�iVg"H;ZLZLY�k7Y�Q>Dªx?E�i~Y���Y�D ��YTY�k¼E�Q<M32
E�P�SLU?E�k¢x�k¼E�g"Q[K�DVH;{>P[Y7M4P�d�½ ¾ HBk¢x?E�i��»E�HBDLY�k7Y�Q>D�STWXPIx�K7E�P k7WXk7Y�Q6D/MIY�J�O]Y�Q>��WXH�MIY�JzE ZLWXQ[MIY
iVH;ZL{6P[Y�Q>DNM�O]Y�Q6DFEXSFU[Y�i�JzEhk7YTZLPIiLY"Acw��[Q�MIY¢Z$O]Y�Q�MIK�G?E�iFEXZLZLY�i��cWXQ PIDVHBJBH;ZLY�PIQ[Y¼ZLWXQ[MIY�HBQ6DLY�Q[ZLY¼MIWXQ6D
J�O]K�JzE�iVg"H;ZLZLY�k7Y�Q6D/x?E�ì ZFE�DVPIiFE�DVH;WXQ£YTZVD_g"iFE�Q[M�MIY��"E�Q6DNJ;YTZNS�E�P[ZLYTZ̀ M�O]K�JzE�iVg"H;ZLZLY�k7Y�Q>D�xIiLKTSTKTMIY�k¢k7Y�Q>D
S�HBDLKTYTZ�Acb!E1�[g"PIiLYhm4Anm"¤ k7WXQ6DViLY¼JzE xIPIH;ZLZFE�Q[STYC��E�G[ZLWXiVG�KTY¢x?E�ì J;Y¢Q>P?E�g�Y7M�OnE�DLWXk7YTZ�Y�Q��+WXQ[S�DVH;WXQ
MIY J�O HBQ>DLY�Q[ZVHBDLK Q[WXiVk¼E�JBH;ZLKTY !�* � *@?EbBA " MIY JzE3ZLWXQ[MIY"A�«¬JBJ;Yhk7WXQ6DViLY JzE3ZFE�DVPIiFE�DVH;WXQ MIYhJ�OnE�G[ZLWXiVxIDVH;WXQcA
b!E xIPIH;ZLZ E�Q[STY � E�G[ZFWXiVG�KTYRx?E�i¼J;Y�xIH;§�g�YRx�Y�iVk7Y�DhMIY�iLY�k7WXQ>DLY�i E�P Q[WXkNGIiLY3M�OnE�DLWXk7YTZ ( x?E�i� � �!� % � (©A

d-WXPIi�PIQ<Q[WXkNGIiLYNM�OnE�DLWXk7YTZ�MIWXQIQ[K`M[E�Q[ZªJ;Y_d�½ ¾��IWXQ�Y�QIiLY�g"H;ZVDViLY_J;Y�ZVHBg"Q?E�JcMIY�DLY�k¢x[ZeMIY���WXJ
Y�D��?M[E�Q[Z^PIQ[YNMIY�P4j4H;§�k7YNiLK�E�JBH;ZFE�DVH;WXQ�M4PRk���k7YNxIH;§�g�Y��?JzE¢xIPIH;ZLZFE�Q[STY�E�G[ZLWXiVG�KTY�ZVPIieJzE¼ZLWXQ[MIY"A�¾^Q
DViFEXSTYlE�HBQ[ZVH = 1 ( 6 �>iLY�xIiLKTZLY�Q6DLKTY�ZVPIi9JzE �[g"PIiLY_m4Anm4@"A0b!E`x�Y�Q6DLYlMIY�STY�DVDLYlSTWXPIiVG�Y^YTZVD), �¢A6b-E?�[g"PIiLY
k7WXQ6DViLY�J;YTZliLKTZVPIJBDFE�DLZ�MIY�STY�DVDLYNk7YTZVPIiLY �*PIQ�E1  P[ZVDLY�k7Y�Q>D�x?E�i^PIQ[Y�M4iLWXHBDLY/x?EXZLZFE�Q>Dlx?E�ilJ�O]WXiVHBg"HBQ[Y
MIWXQIQ[Y , � + 0 � 2 2 2 2IA�bcY`g6E�HBQ3MIYNJzE7g6E�J;Y�DVDLY�MIWXQIQ[KNx?E�i^J;Y�STWXQ[ZVDViVP[S�DLY�PIi�¨7JzE¢DLY�Q[ZVH;WXQ3PIDVHBJBH;ZLKTY
!�@�º"¤"¤ /�WXJBDLZ " YTZLD � � H � 032 Q A�bcY/iLY�Q[MIY�k7Y�Q6DN{>P?E�Q6DVH;{>P[Y/�XE�PID_E�J;WXiLZ A ��C A�b�O HBQ[STY�iVDVHBDVP[MIY7ZVPIi
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0 10 20 30 40
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0.1
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intensité normalisée

������� �/� � � 	b�Y�8�('�'�28�V�)�W2KE&'!#1DE�.3�\��214A>���-�:21;��R��7 2�,F#1*+�)'m��7 �8�]� � � A>#$!'m�X�kA!7 �!�-0$#1���47 �8�-�k')#$���X�W23�-�[)'
A(2��)#X�D�4�8��j�X�)'SA(2&'!�)�'/�X�Y�-�".!;��32$;����1,Y�����cGM28*a��*J21;:�H.1,5�%CX�X�DoV�)�B %#$�V�D,5�>#$� �X��A(2N'!2�,��8!2K,5�>#$��� � ��� � 
 �X�
A(2j'!#1�V�X�8P:Q�2i0�21A>�$�8S�X�b�)�!A6A>��Ic�����)'U,��X#1�K�H.3�S?i�8�< 52X�D,F�$�&��:P �W�V)[�'�oX�5���!�-,5�%C��O�k�4#X�&�,=#X�&'mA"��'��4#$�6�-,%'DP��T�H�
�4�8�('�'!21���)�/2KE8')#$$E�.3�b�X� � 	 	���� �)#1���)'F��#1�V�N? � �	�b2�,=#$*+�)'DP

STY�DVDLY/k7YTZVPIiLY�YTZLDlMIWXk¢HBQ[KTY/x?E�i�STY�JBJ;Y�ZVPIilJzE MIK�DLY�iVk¢HBQ?E�DVH;WXQ�M4PsQ[WXk�GIiLY¢M�OnE�DLWXk7YTZ^x?E�i`E�G[ZLWXiVx4�
DVH;WXQcA[«¬JBJ;Y_YTZVDeM4H32¼S�HBJ;Y�¨�YTZVDVHBk7Y�i�A 	 Q[Y��XE�J;Y�PIiyxIiVP[MIY�Q>DLY��?MIKTM4PIHBDLYNM�O]YTZLDVHBk¼E�DVH;WXQ[Z�ZVPIiyJ�O HBQ��[P[Y�Q[STY
MIYTZ^K�JzE�iVg"H;ZFZLY�k7Y�Q6DLZlY�Q��+iLKT{6P[Y�Q[STY�ZVPIi�J;YNZVHBg"Q?E�J-M�OnE�G[ZLWXiVxIDVH;WXQ(��YTZVDlMIY_xIiLY�Q[M4iLYNPIQR�»EXS�DLY�PIi^kNPIJ��
DVHBxIJBH;S�E�DVH���@"Anv��fxIiLY�Q?E�Q>D¼Y�Q STWXk¢xIDLYRE�P[ZLZVH~JzE3S�E�JBHBGIiFE�DVH;WXQ MIYhJzE3xIU[WXDLW>M4H;W0MIYhPIDVHBJBH;ZLKTY"A¬w�HBQ[ZLH �-J;Y
Q[WXkNGIiLY�M�OnE�DLWXk7YTZek7YTZVPIiLK_x?E�i�JzE/g6E�J;Y�DVDLYNZLY�iFE�MIWXQIQ[KN¨/PIQ��»EXS�DLY�PIiN@"Anv/xIiL§TZ$A
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N / 107 mesuré en absorption

0 2 4 6 8 10
0

2

4

6

8

10

12

14

������� � ���V� 	 � !28�V�X�$�&�� �� %#$�*+�&A"�F� ��P � � �6�W�!�N %#$�V�D,5�>#$�^�����H#1*<E1��Y��7 2K,F#1*J��' *+�)'U�8�.T�\21k2KE&'!#1F�4,%�"#1�\P
Q��)'�E&28���)'S��7 �!�)�1�8!'m'U�8�� ��#$�)��'`�4#$�V���!�-,T2��8Z �����U,��:2�,%�"#1��' '3,F2�,%�6'U,5�%C��O�)'�C��O�YA!7 #$� #�E8')�!D0$�8P ���)A�A>�)' 'U�8
� ')#$�-,��-��6')�)'S.!;X28A"��' ? � ��� �X�/'!2<0)28A"�1�8$P ��A�A>�)'Y)���-).�'!�)�-,F�!�-,�A!7 �!���$�8R'U�8RA"�j���!�-,5)2$;K���M���-�>[�;K�1Pte
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bcY/S�E�iFEXS�DL§�iLY�Q[WXQ4��M4H;ZFZVHBx?E�DVH��9M4PRxIH;§�g�Y�k¼E�g"Q[K�DVH;{>P[Y�Q[YNx�Y�iVk7Y�Dlx?EXZlZLWXQ3SFU?E�iVg�Y�k7Y�Q6D`M4HBiLYTS�D
MIY�xIPIH;ZNPIQ< VY�D�E�DLWXk¢H;{>P[Y��!k���k7Y¼iFE�J;Y�Q6DVH�A-bcY7xIH;§�g�Y¼k¼E�g"Q[K�DLW���WXxIDVH;{6P[Y!+d�½ ¾ " ZLY�iVDNM�O HBQ>DLY�iVk7K��
M4HzE�HBiLY/Y�Q>DViLY/J;Ye VY�DlY�DlJ;Y/xIH;§�g�YNk¼E�g"Q[K�DVH;{>P[Y"A�opJ!x�Y�iVk7Y�D�Y�Q�WXPIDViLY�MIYNxIiLK���iLY��+iLWXH;M4HBi�J�O]KTSLU?E�Q>DVHBJBJ;WXQ
M�O]\^Y = A9b!YsQ>P?E�g�Y YTZVD<E�J;WXiLZhMIK�DLY�iVk¢HBQ[K�x?E�i DViLWXH;Zhg"iFE�Q[MIY�PIiLZ ) +-,�.10�,/.¯HBQ[MIK�x�Y�Q[M[E�Q6DLYTZ©�9ZFE
MIY�Q[ZVHBDLK���J;Y�Q[WXkNGIiLY�M�OnE�DLWXk7YTZ S�E�xIDVPIiLKTZ Y�DhZFE�DLY�k¢x�K�iFE�DVPIiLY"A9w �[Q MIYsZFET��WXHBi JzEX{6P[Y�JBJ;Y3MIYRSTYTZ
{6P?E�Q>DVHBDLKTZyWXxIDVHBk¢H;ZLY�i��0iFE�xIx�Y�J;WXQ[Z~JzE`ZFKT{6P[Y�Q[STYlMIY�k¼E�QIHBxIPIJzE�DVH;WXQ�M4PhQ6P?E�g�Y_E��XE�Q>DyE�xIxIJBH;S�E�DVH;WXQ<M4P
iLY��%iLWXH;M4H;ZLZFY�k7Y�Q6D^K��"E�x�WXiFE�DVH���A

¾^QsSFU[Y�iLSLU[Y�¨�HBQIHBDVH;Y�i�J;Y_iLY��+iLWXH;M4H;ZLZLY�k7Y�Q>D^K��"E�x�WXiFE�DVH���M[E�Q[Z^J;Y_xIH;§�g�Y_k¼E�g"Q[K�DVH;{>P[Y�Y�QRx?E�iVDFE�Q6D
M4P Q6P?E�g�Y E���YTSRJzE�MIY�Q[ZVHBDLKRM[E�Q[Z J�O]YTZVx?EXSTY3MIYTZ¼xIU?EXZLYTZ�' JzE xIJBP[Z U?E�PIDLYRx�W"ZLZVHBGIJ;YsE��[Q M�O ��DViLY
xIiLW>SFU[Y¼MIY¢JzE�DViFE�Q[ZVHBDVH;WXQ©MIY�
ªW"ZLY���«�HBQ[ZVDLY�HBQcA!d�E�i/E�HBJBJ;Y�PIiLZ��!x�WXPIi�{6PcO HBJ�ZFWXHBDNY�2¼S�EXSTY��cJ;Y¢DFE�P4j�MIY
STWXJBJBH;ZVH;WXQ[Z�K�JzEXZVDVH;{>P[YTZ : MIWXHBD ��DViLY_K�J;Y���K"A�¾^i��4JzE7MIY�Q[ZVHBDLK`M[E�Q[ZyJ�O]YTZVx?EXSTYNMIYTZyxIU?EXZLYTZ�Y�DyJ;Y`DFE�P4j MIYSTWXJBJBH;ZVH;WXQ[ZeK�JzEXZVDVH;{>P[YTZeE�P�STY�Q6DViLY_M4P<Q>P?E�g�Y�xIH;K�g�K�k¼E�g"Q[K�DVH;{6P[Y�k7Y�Q>D^ZLWXQ>DyiLY�JBH;KTZe¨/JzE�MIY�Q[ZLHBDLK %3Y�D
¨lJzElDLY�k¢x�K�iFE�DVPIiLY���x?E�i ' �)%��
� � � Y�D : �)% � 1 � 6 ! � YTZVD�JzE_STWXQ[ZVDFE�Q>DLYeMIYySTWXJBJBH;ZVH;WXQ[Z�K�JzEXZVDVH;{>P[YTZMIK �[QIH;Y`x?E�i�!�@"AB@�m " " A*½3E1j4HBk¢H;ZLY�i�STYTZ^MIY�P4j�{6P?E�Q>DVHBDLKTZ�x?EXZLZFY_x?E�i�J�O]WXGIDLY�Q>DVH;WXQ3M�O PIQ[Y�MIY�Q[ZVHBDLK`ZVx?E1�
DVHzE�J;Y¼K�J;Y���KTYhM[E�Q[Z`J;Y7xIH;§�g�Y¼k¼E�g"Q[K�DVH;{6P[Y��fMIWXQ[S¼M[E�Q[ZNJ;Y7Q>P?E�g�Y7xIiLK���iLY��+iLWXH;M4H9x?E�i�JzEXZLY�i�AcdfWXPIi/STY
{6PIH�YTZVD9MIY^JzE_DLY�k¢x�K�iFE�DVPIiLY��IE�P STWXQ6DViFE�HBiLY��0J;YTZ~MIY�P4j7g"iFE�Q[MIY�PIiLZª�XE�iVH;Y�Q>D~Y�QhZLY�Q[Z9HBQ6��Y�iLZLY/��J;Y�DFE�P4j
MIY`STWXJBJBH;ZVH;WXQ[Z�K�JzEXZLDVH;{6P[YTZeM4HBk¢HBQ>P[Y`J;WXiLZL{>P[Y�JzE�DLY�k¢x�K�iFE�DVPIiLYNM4HBk¢HBQ>P[Y��*E�J;WXiLZe{>P[Y ' E�PIg"k7Y�Q>DLY"A

bcY�xIiLK���iLY��%iLWXH;M4H;ZLZFY�k7Y�Q6D�JzEXZLY�i�Z�O]Y���YTS�DVP[Y�Y�Qsg�K�Q[K�iFE�J�Y�Q3DViLWXH;Z^K�DFE�x�YTZ�A?b-E7xIiLY�k¢H;§�iLY/STWXQ[ZVH;ZVDLY
¨ EXSTS�PIk�PIJ;Y�i`M[E�Q[Z^J;Y�xIH;§�g�Y�k¼E�g"Q[K�DLW���WXxIDVH;{6P[Y�J;Y�xIJBP[Zlg"iFE�Q[MRQ[WXk�GIiLY¢M�OnE�DLWXk7YTZ^x�W"ZLZVHBGIJ;Y���ZFE�Q[Z
ZLY¼ZLWXP[S�H;Y�i/MIY7JzERDLY�k¢x�K�iFE�DVPIiLYhY�D�MIY¼JzE�MIY�Q[ZVHBDLKhM4P�Q>P?E�g�Y"A-d�PIH;ZNJ;Y d�½�¾±YTZVD/STWXk¢xIiVHBk7KhE��[Q
M�OnE�PIg"k7Y�Q6DLY�ifJzEyMIY�Q[ZVHBDLK���Jz¨ªY�Q[STWXiLY9ZFE�Q[ZcZLY�xIiLKTW>STS�PIx�Y�i!MIY¬JzEªDLY�k¢x�K�iFE�DVPIiLY�iLKTZLPIJBDFE�Q6DLY���J;Y�Q[WXkNGIiLY
M�OnE�DLWXk7YTZ9iLYTZLDFE�Q6DªSTWXQ[ZVDFE�Q6D�A0«¬Q �[Q(�>x?E�i�PIQ¼iLY��+iLWXH;M4H;ZLZLY�k7Y�Q>D9xIJBP[Z9x�WXP[ZLZLK�¨`J�OnE�H;MIY���x?E�iªY�j4Y�k¢xIJ;Y��
M�O PIQ[Y�xIU?EXZFY�MIY/k7K�JzEXZLZLY��*JzE¼DLY�k¢x�K�iFE�DVPIiLY¢YTZVD�M4HBk¢HBQ6P[KTYl �P[ZL{>PcOn¨¢PIQ[Y/�"E�J;Y�PIi^HBQ[MIK�x�Y�Q[M[E�Q6DLY¢MIY
STY�JBJ;Y~M4P�d�½ ¾/A1b!WXiLZfMIY~STY�DVDLYªMIY�iVQIH;§�iLYªK�DFE�x�Y��1JzE�MIY�Q[ZLHBDLK9ZVx?E�DVHzE�J;YªYTZVDfSTWXQ[ZLY�iV��KTYªY�D�' E�PIg"k7Y�Q>DLY"A
bcYNQ>P?E�g�Y�YTZVD^Y�Q[ZVPIHBDLY�DViFE�Q[Z��»K�iLKNM[E�Q[ZlJ;Y`xIH;§�g�Y�k¼E�g"Q[K�DVH;{>P[Y��*xIPIH;ZlSTWXk¢xIiVHBk7K¢EXM4HzE�G?E�DVH;{6P[Y�k7Y�Q>D
!%��WXHBieSLU?E�xIHBDViLY�t " E��[Q<M�OnE�PIg"k7Y�Q6DLY�ieJ;YlDFE�P4jhMIY�STWXJBJBH;ZVH;WXQ[ZyK�JzEXZLDVH;{6P[YTZy¨�PIQ[Yl�XE�J;Y�PIiy{>PIH�Z E�DVH;Z��»E�HBD
J;Y�S�iVHBDL§�iLY/M�O]Y�kNG?E�JBJ;Y�k7Y�Q>D�!
	 @"Anm4AB@ " A*w^HBQ[ZVH �?J;YNxIH;§�g�Y�k¼E�g"Q[K�DLW���WXxIDVH;{6P[Y���STWXk¢k7Y/xIiLY�k¢H;§�iLY/K�DFE�x�Y
MIY_xIiLK���iLY��%iLWXH;M4H;ZFZLY�k7Y�Q6DlJzEXZLY�i��I�0H;ZLY�J�OnEXSTS�PIkNPIJzE�DVH;WXQ M4P�xIJBP[Zeg"iFE�Q[M�Q[WXkNGIiLY�M�OnE�DLWXk7YTZ�x�W"ZLZVHBGIJ;Y"A
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�^WXDLWXQ[Zy{>P[YlJzE�MIY�P4j0H;§�k7Y_K�DFE�x�Y�MIY_STWXk¢xIiLYTZLZVH;WXQ�M4P<d�½ ¾ QcO]YTZVDªx?EXZªDLWXPX �WXPIiLZªQ[KTSTYTZFZFE�HBiLY�x�WXPIi
E�DVDLY�HBQ[M4iLY¢J;Y¢ZLY�PIHBJ¬M�O]Y�kNG?E�JBJ;Y�k7Y�Q>Dh��JzEhMIY�Q[ZVHBDLK¢ZLx?E�DVHzE�J;Y¢M[E�Q[Z_J;Y¢d�½ ¾ x�Y�PID���DViLY7EXZLZLY��¢K�J;Y���KTY
x�WXPIiª{>P[Y�J;Y^DFE�P4j MIYlSTWXJBJBH;ZVH;WXQ[ZªK�JzEXZVDVH;{6P[YTZ- �P[ZVDLY^E��XE�Q>DyK��XE�x�WXiFE�DVH;WXQ<ZLWXHBD~ZLP�2¼ZFE�Q6D�A4dfWXPIi~J�O]\lY = �
DVU[KTWXiVH;{6P[Y�k7Y�Q>DlM4P<k7WXHBQ[Z��[Y�JBJ;Y_Q[Y_ZLY�k�GIJ;Y`x?EXZyHBQ[M4H;ZVx�Y�Q[ZFE�GIJ;Y !%��WXHBi^SLU?E�xIHBDViLY`t "

}~Y`SFU?E�xIHBDViLY_xIiLKTZLY�Q6DLYNJ;Y_d�½ ¾�{6P[Y�Q[WXP[Z�E���WXQ[Z�STWXQ[ZVDViVPIHBD^M[E�Q[ZyJ;Y�GIPID�MIY�xIH;K�g�Y�iePIQ<g"iFE�Q[M
Q[WXkNGIiLY�M�OnE�DLWXk7YTZ$A¬b!E3xIU?EXZLY<MIYhiLY��%iLWXH;M4H;ZFZLY�k7Y�Q6D7xIJBP[Z�x�WXP[ZLZLKTYhx?E�i¢PIQ[Y k7K�JzEXZLZFY ¨sDViLWXH;Z7M4H��
k7Y�Q[ZVH;WXQ[Z7ZLY�iFE�MIKTS�iVHBDLY�M[E�Q[Z¢J;Y<MIY�iVQIH;Y�i¼SFU?E�xIHBDViLY���Y�Q iLY�JzE�DVH;WXQ E���YTS<J;Y<SLU?E�iVg�Y�k7Y�Q>DhM4P xIH;§�g�Y
k¼E�g"Q[K�DVH;{6P[Y"A

bcY9SLU?E�xIHBDViLY~MIK�GIPIDLY�x?E�icJ;Y�MIK�DFE�HBJ0M4P�M4H;ZVx�W"ZVHBDVH��IY�j0x�K�iVHBk7Y�Q6DFE�J4Y�D!MIYTZ!k7K�DVU[W>MIYTZfMIY�M4HzE�g"Q[W"ZVDVH;S
M4P�Q6P?E�g�YNM�OnE�DLWXk7YTZ�A?b!E/�"E�iVHzE�DVH;WXQsMIYTZex?E�iFE�k7§�DViLYTZ�M4PRd�½ ¾�STWXQ[M4PIHBD^¨7ZFE�S�E�iFEXS�DLK�iVH;ZFE�DVH;WXQ(�?Y�Q
iLYTSLU[Y�iLSFU?E�Q6D`DLWXPX VWXPIiLZlJ;YNxIJBP[Z^g"iFE�Q[M3Q[WXkNGIiLY�M�OnE�DLWXk7YTZ�xIH;K�g�KTZ�A�}~YNQ[WXk�GIiLY/YTZLD^M�O PIQ WXiLM4iLY�MIY
g"iFE�Q[MIY�PIi^xIJBP[Ze�»E�HBGIJ;Y�{6P[YNM[E�Q[Z�J;YTZ^d�½�¾ M�OnE�J;S�E�JBHBQ[Z^M[E�Q[Z�J;YTZL{>P[Y�J;Z�Dp¦>xIH;{>P[Y�k7Y�Q6D�{6P[Y�J;{>P[YTZ�0320
E�DLWXk7YTZ¢ZLWXQ6D¼EXSTS�PIk�PIJ;KTZ�A�}~Y�DVDLY JBHBk¢HBDFE�DVH;WXQ xIiLW��0H;Y�Q6D MIYTZ�x�Y�iVDLYTZ�x?E�i¢STWXJBJBH;ZVH;WXQ[Z7¨3MIY�P4j£STWXiVx[Z
K�J;Y���KTYTZ7��Y�JBJ;YTZ`ZLWXQ>DNE�DVDViVHBGIP[KTYTZ�E�P4j�STWXJBJBH;ZVH;WXQ[Z`dfY�QIQIHBQIgsY�Q6DViLY E�DLWXk7YTZ`M�O]\^Y = MIWXQ>D`J;Y�DFE�P4j3YTZVD
E�PIg"k7Y�Q6DLK<Y�Q£xIiLKTZLY�Q[STYhMIY¼JBPIk¢H;§�iLYhxIiLW0SLU[Y MIY¼iLKTZFWXQ?E�Q[STY"Afb-E�DViLWXH;ZVH;§�k7Y ZLYTS�DVH;WXQ M4P SLU?E�xIHBDViLY
xIiLKTZLY�Q6DLY^PIQ[Y�M4H;ZFS�P[ZLZVH;WXQ7DVU[KTWXiVH;{>P[Y^MIY^STY�DVDLYeJBHBk¢HBDFE�DVH;WXQcA0bcY�SFU?E�xIHBDViLY�ZLYyDLY�iVk¢HBQ[Yex?E�i9PIQ[Y�K�DVP[MIY
Y�j0x�K�iVHBk7Y�Q6DFE�J;Y�M4P�DFE�P4j<MIY_x�Y�iVDLYTZex?E�i�STWXJBJBH;ZVH;WXQ[Z�¨¢MIY�P4j<STWXiVx[Z�Y�Q<xIiLKTZFY�Q[STY`MIY_JBPIk¢H;§�iLY"A

* ��� " �!6 � 3�6��"��� � 5�� � #��/� � 5-*����� 5 � $��!��-�*�3�6 ���!, 6

bcY9xIH;K�g�Y�E�g�YªYTZVD-iLK�E�JBH;ZFK9ZVPIi-JzEeDViFE�Q[ZLHBDVH;WXQ � � 	���T � � 4 �"A1b-E�M4H;W0MIY�JzEXZLY�ifPIDVHBJBH;ZLKTY9x�WXPIifJ;Y~d�½�¾��
EXZLZLY�iV�0H;Y�Y�Q �%iLKT{>P[Y�Q[STY^x?E�i�PIQ[Y^DLYTSLUIQIH;{>P[YlM�OnE�G[ZFWXiVxIDVH;WXQ Z E�DVPIiLKTY��>MIK�JBHB�0iLY�t6¤`k�D MIY^xIPIH;ZLZFE�Q[STY"A
C0WXQ MIKTZFEXSTSTWXiLM¼x?E�i�iFE�xIx�WXiVD~¨�JzE�DViFE�Q[ZLHBDVH;WXQhE�DLWXk¢H;{>P[Y�YTZVD9E1 �P[ZVDFE�GIJ;YeZLPIi�PIQ[YeSTY�Q6DFE�HBQ[YlMIY�½3\^��A
w��[QhMIYex�WXPI��WXHBi~STWXQ>DVi
	XJ;Y�iªJ;Y�MIKTZFEXSTSTWXiLMhY�D�JzENSTWXPIxIPIiLY�iFE�xIH;MIYlMIYTZ���E�H;ZLSTY�E�P4j7JzEXZLY�i~MIYexIH;K�g�Y�E�g�Y��
PIQ�k7W>M4PIJzE�DLY�PIiNEXSTWXP[ZVDLW���WXxIDVH;{>P[Y¢Y�Q MIWXPIGIJ;Y�x?EXZLZFE�g�Y�MIK�JBHB�0iLY/M[E�Q[Z�J�O]WXiLM4iLY��/@/PIQ3�»E�H;ZFSTY�E�P�MIY
@�� k�D MIY7xIPIH;ZLZFE�Q[STY¢PIDVHBJ;Y¼x�WXPIi`J;Y7xIH;K�g�Y�E�g�Y !%PIQ©MIY�P4j4H;§�k7Y7k7W0M4PIJzE�DLY�PIi�Y�Q©MIWXPIGIJ;Y7x?EXZLZFE�g�Y
M[E�Q[Z`JzE G�WXP[S�J;Y7M�OnEXZLZFY�iV�>H;ZLZFY�k7Y�Q6D`x�Y�iVk7Y�DNMIY7STWXiViVHBg�Y�i�J;Y7MIKTZFEXSTSTWXiLM�HBQ>DViLW>M4PIHBD�x?E�iNSTY�JBPIH�M[E�Q[Z
J;Y���E�H;ZLSTY�E�P�M4HBiLYTS�D " A�}~Y�JBPIH���S�H!YTZLD�E�J;WXiLZ�ZLK�x?E�iLK`Y�Q<DViLWXH;Ze�»E�H;ZFSTY�E�P4j MIY�xIPIH;ZLZ E�Q[STY`K�g6E�J;Y`Y�Dek¢H;ZeY�Q
�+WXiVk7Yªx?E�i¬DViLWXH;Z�DLK�J;YTZFSTWXx�YTZ�E��[Q7M�OnE�DVDLY�HBQ[M4iLYePIQ[YªJzE�iVg�Y�PIi¬DLWXDFE�J;Y�¨ 0
� > � MIY : ��S�k�A"bcY�PIi¬DFE�HBJBJ;YeE
K�DLK~k¼E1j0HBk¢H;ZLKTY��"STWXk¢xIDLY~DLY�Q>P7M4P�M4HzE�k7§�DViLYyMIYTZ�U>PIGIJ;WXDLZ¬x�WXPIi�E���WXHBi¬JzE�xIJzE�g�YyMIYªS�E�xIDVPIiLYyZVx?E�DVHzE�J;Y
JzE`xIJBP[Zªg"iFE�Q[MIYlx�W"ZLZVHBGIJ;Y"A0o�J;Z~ZLWXQ>DªY�Q>��W�¦�KTZe¨�DViFET��Y�iLZªJ�O]Y�Q[STY�HBQ>DLY_Y�D9iLK�DViLWXiLK��?KTSFUIH;Z�AIb!E/ZFE�DVPIiFE�DVH;WXQ
E�P STY�Q6DViLY¢YTZVD�*-� *@? bBA + 0 .�2IAcb!E DViFE�Q[ZVk¢H;ZFZVH;WXQ MIYTZl�+Y�Q ��DViLYTZ_MIY/J�O]WXiLM4iLY¢MIY���2�C�STWXQ[M4PIHBDN¨¼PIQ
J;K�g�Y�i�MIKTZLKT{>PIHBJBHBGIiLY`MIYTZyHBQ>DLY�Q[ZVHBDLKTZlE�JBJ;Y�i^Y�DyiLY�DLWXPIi�A?¥�YTZyJzE�k7YTZ .�� �¼STWXQ6DVi
	XJ;Y�Q>D^JzE¢x�WXJzE�iVH;ZFE�DVH;WXQcA

bcY�g"iFEXM4H;Y�Q6D`MIY/SLU?E�k¢x�k¼E�g"Q[K�DVH;{>P[Y/YTZLD�xIiLW0M4PIHBD^x?E�i�MIYTZlG�WXGIHBQ[YTZ^xIJzEXSTKTYTZ_M[E�Q[Z�J;YTZlGIiVH;MIYTZ
iLY�Q6DViFE�Q>DLYTZ�A"o�J>x�Y�PID ��DViLY9STWXPIx�K�Y�Q @�k7ZfY�Q6�0HBiLWXQ !%��WXHBifSFU?E�xIHBDViLYyv " A1bcY9STY�Q6DViLYªM4P/xIH;§�g�Y�k¼E�g"Q[K�DLW��
WXxIDVH;{6P[Y�E�P¼k¢HBJBH;Y�P MIYeJ�O]Y�Q[STY�HBQ>DLY�YTZVD9ZVHBDVP[Kl¨7@�mNS�k MIY�JzE`ZLWXiVDVH;Y^M4P iFE�J;Y�Q>DVH;ZLZLY�PIi ��YTY�k¼E�QcA4}~Y�DVDLY
M4H;ZVDFE�Q[STY�E�K�DLK�iLKTM4PIHBDLY E�P k¼E1j0HBk�PIk¿Y�Q DLY�Q?E�Q6D STWXk¢xIDLYsMIYTZhSTWXQ6DViFE�HBQ>DLYTZ<g�KTWXk7K�DViVH;{>P[YTZhMIY
J�O]Y�Q[STY�HBQ6DLY���E��[QRMIY_JBHBk¢HBDLY�ieJ�O]Y���Y�D�MIY�J�O]Y�j4x?E�Q[ZVH;WXQ�G?E�JBH;ZVDVH;{>P[Y`M4P¢ VY�DeY�Q��[QRMIY_iFE�J;Y�Q>DVH;ZLZLY�k7Y�Q6D�A
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MIY7��WXJ�M�O PIQ�d�½�¾�J 
XSLU[K¼ZLPIì JzE g6E�J;Y�DVDLY¼MIY7k¢H;S�iLW>S�E�Q?E�P4j�A!b!E �[g"PIiLY q4AB@¢k7WXQ>DViLY7PIQ£Y�j4Y�k¢xIJ;Y
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M�OnE�DLWXk7YTZyxIH;K�g�KTZyM[E�Q[ZªMIYTZ~�»E�H;ZLSTY�E�P4j JzEXZLY�iyM4P d�½�¾ YTZVD~PIQ[Ylk¼E�QIH;§�iLY_MIŶ iLY�k7WXQ>DLY�i�E�P Q[WXkNGIiLY
M�OnE�DLWXk7YTZ�A-}~Y�DVDLY�DLYTSLUIQIH;{>P[Y�QcO]YTZVD̀ STY�x�Y�Q[M[E�Q6D̀ x?EXZ �*E�GIJ;Y¢ZLHfJ;Y�d�½ ¾ �»WXQ[S�DVH;WXQIQ[Y7ET��YTS¢PIQ�JzEXZLY�i
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KTSLU?E�QIg�KTẐ x?E�iePIQRE�DLWXk7Y_HBQ6DLY�iFE�g"H;ZFZFE�Q6D_ET��YTSN7WXQ[MIYTZyJzEXZLY�iLZ�A
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te
l-0

00
01

29
1,

 v
er

si
on

 1
 - 

30
 M

ar
 2

00
2



& � ( �-2I� ² ¶ ³ #�´>µ?.�5�2Iµ��!�6���I¶F�?�-�$#%·c�!.R��8;:<.0=
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x?E�i �[P[WXiLYTZLSTY�Q[STY��6¨lS�E�P[ZLYªMIY~JzE�J;WXQIg"P[Yªx?E�P[ZFY��"MIWXHBD�ZFY���E�HBiLY .����/.����^Y�Q�xIiLKTZLY�Q[STYyMIWXQ[SyM4P¢SLU?E�k¢x
{6PIH�x�Y�iVDVPIiVG�Y_J�O HBk¼E�g�Y_x?E�ieJ�O]Y���Y�D ��YTY�k¼E�Q�HBQIU[WXk7WXg�§�Q[Y"A

�lWXP[Z~E���WXQ[Z9MIWXQ[S^HBQ[ZVDFE�JBJ;K^PIQ ZV¦4ZVDL§�k7YeM�O HBk¼E�g�Y�iVH;Y�Y�QhE�G[ZFWXiVxIDVH;WXQhM4P xIH;§�g�Y^ZVPIi9PIQ[Y�S�E�k7K�iFE
}y}~¥��$PIDVHBJBH;ZFE�Q>D�JzEeDViFE�Q[ZVHBDVH;WXQ����
	���T ��� 4 �XA1b-E�ZLWXQ[MIYªYTZVDfY�Q6��W$¦�KTYeE�xIiL§TZ-JzE^STWXPIxIPIiLYªMIYTZ!JzEXZFY�iLZfMIY
xIH;K�g�Y�E�g�YeY�D�M4P¢SLU?E�k¢x7k¼E�g"Q[K�DVH;{>P[Y"A 	 Q[YªJ;Y�Q6DVHBJBJ;Y���MIY~�»W0S�E�J;Yªv�S�k®Y�D�MIYyM4HzE�k7§�DViLY�m4AnvlS�k®xIJzEXSTKTY
¨�q"¤�S�k Y�Q>�>HBiLWXQ�M4P<STY�Q>DViLY_MIY�J�O]Y�Q[STY�HBQ6DLY��[STWXQX �PIg"P[Y�xIH;§�g�Y�Y�De}y}~¥®E���YTS�PIQhg"iFE�Q[M4H;ZFZLY�k7Y�Q6D�MIY
@
6Xº¼Y�Q>�>HBiLWXQcA�b�OnE1jIY�MIYNxIiLWXx?E�g6E�DVH;WXQ MIY�JzE¼ZFWXQ[MIY�YTZVDlx?E�iFE�JBJ;§�J;Y¢¨7J�OnE1jIY 1�� 	 6 !%��WXHBi �[g"PIiLY�m4AB@ " A
b�O HBk¼E�g�Y�iVH;Y<Y�Q£E�G[ZFWXiVxIDVH;WXQ M�O PIQ£Q6P?E�g�Y M�O]\lY = HBk¢x�W"ZLYhMIYTZ�STWXQ>DViFE�HBQ6DLYTZ��»WXiVDLYTZ�ZLPIi�JzERZLWXQ[MIYh¨
PIDVHBJBH;ZLY�i�A�bcWXiLZL{>P[Y�J�O]WXQ�Y�Q6��WXH;Y7PIQ[Y¢ZLWXQ[MIY�JzEXZLY�i`M�O HBQ6DLY�Q[ZLHBDLKC*34¢¨hiLKTZLWXQ?E�Q[STY7ET��YTS¢PIQ�E�DLWXk7Y7E�P
iLY�x�W"Z��?STY�JBPIH���S�H�YTZVD�k¢H;ZlY�QRk7WXPI��Y�k7Y�Q>D�A�bcY`Q[WXk�GIiLY/MIYNxIU[WXDLWXQ[Z�{6PcO HBJfMIWXHBDlKTSFU?E�QIg�Y�i_E��XE�Q>DlMIY
ZLWXiVDVHBi7MIYhiLKTZLWXQ?E�Q[STY x?E�i7Y���Y�D�¥�WXxIxIJ;Y�i¼YTZLD�MIWXQIQ[K x?E�i/. %� /0 0 8 � &� ����� � *)+

[
� !�.)� 0�, 2�Y�A ��k

YTZVD7JzE�J;WXQIg"P[Y�PIihM�O]WXQ[MIYRMIY<JzE�DViFE�Q[ZVHBDVH;WXQ E�DLWXk¢H;{>P[Y " A~C>H � &������� � 0���HBJ�ZVP�27D MIYRm"¤�xIU[WXDLWXQ[Z�A
}~Y�DVDLY�STWXQ[M4HBDVH;WXQ�HBk¢x�W"ZLY`PIQ[Y�JBHBk¢HBDLY/ZVPIi^J�O HBQ>DLY�Q[ZVHBDLK * 4 MIY�JzE7ZLWXQ[MIY"A�C>HfSTY�JBJ;Y���S�H�M4PIiLY � � Y�D^YTZVD
¨/iLKTZLWXQ?E�Q[STY�E���YTS_JzE�DViFE�Q[ZVHBDVH;WXQ3E�DLWXk¢H;{6P[Y��IHBJc�»E�PID� &� �����	 0 8 � &��������
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¥�Y�P4j/S�EXZ¬ZLWXQ>D�E�J;WXiLZ�¨^STWXQ[ZLH;MIK�iLY�i�A"bcYªxIiLY�k¢H;Y�i�STWXiViLYTZVx�WXQ[M7¨�PIQ[YªZLWXQ[MIY~x�Y�P�HBQ6DLY�Q[ZLY�!�*34 � *@? bBA �
0 " A>b�O HBQ6DLY�Q[ZVHBDLK�* 1 " 2 � 6 Y�QhPIQ¼x�WXHBQ6DyMIYeJzE�}y}~¥ YTZLD~E�J;WXiLZ~iLY�JBH;KTYlE�PhxIiLW �[J�MIY^MIY�Q[ZVHBDLK^DViFE�Q[ZV��Y�iLZLY
% 1 " 2 � 6 M4P Q6P?E�g�Y7E�DLWXk¢H;{>P[Y¢x?E�i 1 * 1 " 2 � 6 T *34 6 � *34 ��% 1 " 2 � 6 ��HBQ[MIK�x�Y�Q[M[E�Q6DNMIY�JzEhS�E�JBHBGIiFE�DVH;WXQ
E�G[ZLWXJBP[YhMIY¼JzERS�E�k7K�iFE4A¬}~Y�x�Y�Q[M[E�Q6D��fJ�O]K�JzE�iVg"H;ZLZFY�k7Y�Q6D7Y�Q��+iLKT{>P[Y�Q[STY MIY JzERM4H;W0MIY¼ZFWXQ[MIY��!J�O]K�JzE�i��
g"H;ZLZLY�k7Y�Q>D/¥�WXxIxIJ;Y�i/¨�@¢k�8 !%DLY�k¢x�K�iFE�DVPIiLY D�¦0xIH;{6P[Y M4P�xIH;§�g�Y " E�HBQ[ZLH9{>P[Y¢J�O]K�JzE�iVg"H;ZLZLY�k7Y�Q>D/x?E�i
Y���Y�D ��YTY�k¼E�Q�M32R¨�PIQ[Y�STWXPIxIPIiLY_HBk¢x?E�i���E�HBDLY_M4P SFU?E�k¢x�k¼E�g"Q[K�DVH;{>P[Y`E�Phk7WXk7Y�Q>D�MIYlJ�O]Y�Q6��WXH!MIY
JzE<ZLWXQ[MIY7STWXQ[M4PIH;ZFY�Q6D¢¨hPIQ[Y¼M4HBk¢HBQ6PIDVH;WXQ MIY¢J�OnE�G[ZLWXiVxIDVH;WXQ£{6PcO HBJ9YTZVDNM4H32¼S�HBJ;Y¼MIY7k7W>MIK�JBH;ZLY�i�A!dfE�i
Y�j4Y�k¢xIJ;Y���x�WXPIi^xIiLY�Q[M4iLY�Y�Q�STWXk¢xIDLYNJ�O]K�JzE�iVg"H;ZFZLY�k7Y�Q6D`MIY�JzE¼ZFWXQ[MIY ! : A ½3\�� " �*MIYTZ^U>¦>x�WXDVU[§TZLYTZ
ZVPIiyJzE/�»WXiVk7Y_MIY_JzE/iFE�H;Y`K�k¢H;ZLYNZLWXQ6DeQ[KTSTYTZFZFE�HBiLYTZ�A

b�OnE�PIDViLY7S�EXZ_STWXQ[ZLH;ZVDLY7¨hxIiLY�Q[M4iLY *34
� *@?EbBA � 0"A�r!WXP[Z_J;YTZ_K�JzE�iVg"H;ZFZLY�k7Y�Q6DLZ�Y�Q��%iLKT{>P[Y�Q[STY¢ZLWXQ6D
E�J;WXiLZNQ[K�g"JBHBg�Y�E�GIJ;YTZ�Y�D`JzE�iLK�x?E�iVDVHBDVH;WXQ£M�O HBQ>DLY�Q[ZVHBDLK ZVPIi`JzE3}y}~¥ YTZVD * 1 " 2 � 6 T *34��;% 1 " 2 � 6 �!MIK��
x�Y�Q[M[E�Q>DySTY�DVDLY��»WXH;ZªMIY�JzE�S�E�JBHBGIiFE�DVH;WXQ�MIYlJzE/}y}~¥�AI}~Y�DVDLYlk7K�DVU[W>MIYlHBk¢x�W"ZLY�PIQ[Y�ZLWXP[ZLDViFEXS�DVH;WXQ MIY
�+WXQ[M<MIK�JBH;S�E�DLY�Y�Q6DViLY`MIY�P4j<HBQ>DLY�Q[ZVHBDLKTZ�K�J;Y���KTYTZ�A

d�E�i3E�HBJBJ;Y�PIiLZ���E�PIDLWXPIisMIY�@"AB@ ��k�J;Y iLY�Q[MIY�k7Y�Q>Ds{>P?E�Q6DVH;{>P[Y�MIY Q[WXDViLY�S�E�k7K�iFE YTZVD �»E�HBGIJ;Y
! :�� � 032 < � � t[@�� " A�dfWXPIi~{>P[YªJ;YeZVHBg"Q?E�J�ZLWXiVDLYeM4P7GIiVPIHBD���J�O]Y�j0x�K�iVH;Y�Q[STYeHBQ[M4H;{>P[Y�{>P[YªJ�O]K�Q[Y�iVg"H;YeiLY1q�P[Y
x?E�i^PIQsxIH�j4Y�J�MIWXHBD^MIK�x?EXZFZLY�i�¤4An¤"¼x � ��STYN{>PIH-ZLYNDViFEXM4PIHBD��*Y�Q3DLY�Q?E�Q6D_STWXk¢xIDLY/M4PRg"iFE�Q[M4H;ZLZFY�k7Y�Q6D
MIY_JzE/J;Y�Q6DVHBJBJ;Y��?x?E�ieJzE�STWXQ[M4HBDVH;WXQ *34
� *@? bBA  �� ��1 �cZ 6 , !»q4Anm "
bcYTZ�STWXQ[M4HBDVH;WXQ[Z�!»q4AB@ " Y�D�!»q4Anm " Q[Y`ZFWXQ6D�STWXk¢x?E�DVHBGIJ;YTZ^{6P[Y`ZLH � &� �����  2 , H Y�D � �  0 H �cZ�A

b�O]K�DVP[MIY^{6P?E�Q>DVHBDFE�DVHB��Y^MIYyJ�O HBk¼E�g�Y�iVH;Y^Y�Q E�G[ZLWXiVxIDVH;WXQ QcO]YTZVD�x?EXZ9EXSFU[Y���KTY"A6«¬Q x?E�iVDVH;S�PIJBH;Y�i���Q[WXP[Z
QcOnET��WXQ[Zªx?EXZ~iLK�P[ZLZVH�¨�iLY�Q[M4iLY�STWXU[K�iLY�Q6DLYTZyY�Q6DViLY_Y�JBJ;YTZ~J;YTZ~k7YTZVPIiLYTZªMIYlQ[WXkNGIiLY�M�OnE�DLWXk7YTZeMIWXQIQ[KTYTZ
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x?E�ihJ�O HBk¼E�g�Y�iVH;Y�Y�Dhx?E�i J;Y3ZVHBg"Q?E�J_MIYsDLY�k¢x[ZhMIYs��WXJ�Ae}~WXk¢k7Y�STYsMIY�iVQIH;Y�i<YTZVDhS�E�JBHBGIiLK3ZLPIi PIQ[Y
k7YTZVPIiLY�M�OnE�G[ZLWXiVxIDVH;WXQ ZVPIihPIQ[Y3ZFWXQ[MIYRk7YTZVPIiLKTY3x?E�i PIQ[Y3xIU[WXDLW>M4H;W0MIY !
	<m4Anq4Anq " �ySTY�JzE�iLY��0H;Y�Q6D
¨�PIQ[Y<HBQ[STWXU[K�iLY�Q[STY3Y�Q6DViLY�MIY�P4j D�¦0x�YTZ¼MIY k7YTZVPIiLYTZ M�OnE�G[ZLWXiVxIDVH;WXQcA9«�Q MIK �[QIHBDVHB��Y���Q[WXP[ZhET��WXQ[Z
M[ET�"E�Q6DFE�g�Y¢STWXQ �*E�Q[STY�Y�QRJzE¼k7YTZVPIiLY/M�OnE�G[ZLWXiVxIDVH;WXQsx?E�ilPIQ[Y�xIU[WXDLW>M4H;W0MIY��?x�WXPIilJzEX{6P[Y�JBJ;Y�HBJ!QcO ¦RE
x?EXZ-M�O U>¦>x�WXDVU[§TZLYTZ�¨eZVPIxIx�W"ZLY�i�A�¥_E�Q[ZfSTY�{>PIH6ZVPIHBD���J�O HBk¼E�g�Y�iVH;Y9QcO]YTZVD-PIDVHBJBH;ZLKTY�{>P[Y�x�WXPIi!iLY�k7WXQ>DLY�i�E�P
��WXJBPIk7Y_M4PhxIH;§�g�Y"A4«¬Q �[Q(�4J�OnE1jIY�MIYlxIiLWXx?E�g6E�DVH;WXQ�MIY^JzE/ZLWXQ[MIYlQ[Y�MIWXQIQ[Ylx?EXZeEXSTST§TZy¨NJ�O]K���Y�Q>DVP[Y�JBJ;Y
E�QIH;ZLWXDViLWXxIH;YNM4PRd�½�¾ xIiLW$��Y�Q?E�Q6D_¨�JzE��+WXH;Z�MIY�JzE��XE�J;Y�PIi^M4P<g"iFEXM4H;Y�Q6D^MIYNSLU?E�k¢xRk¼E�g"Q[K�DVH;{>P[Y`Y�D
MIYNJzE¼ZFE�DVPIiFE�DVH;WXQsiLY�JzE�DVHB��Y�MIYTZ��»E�H;ZFSTY�E�P4jRMIY`xIH;K�g�Y�E�g�Y�ZLY�J;WXQRJ;YTZ^DViLWXH;Z�E1j4YTZ�A*d-WXPIi_STY�{6PIHfZVPIHBD�J;Y
xIH;§�g�Y`ZLY�iFE�DLWXPX VWXPIiLZeZVPIxIx�W"ZLK�H;ZLWXDViLWXx�Y"A

d-WXPIiRJ;YTZ<k7YTZVPIiLYTZ<xIiLKTZLY�Q>DLKTYTZ�M[E�Q[Z<JzE ZLYTS�DVH;WXQ ZLPIHB�XE�Q>DLY��ªJzE ZLWXQ[MIY YTZVD�¨£iLKTZLWXQ?E�Q[STY�ZVPIi
JzE DViFE�Q[ZVHBDVH;WXQ°E�DLWXk¢H;{6P[Y3Y�D7x�WXJzE�iVH;ZLKTYsJBHBQ[K�E�HBiLY�k7Y�Q6D�AeC4E�ZFE�DVPIiFE�DVH;WXQ YTZVD/* � *@?EbBA + 2 , 0��9STYs{6PIH
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l�m i }"! � @pq�k B$#� � x� � � twi m	v tsf y iCgkf Ejq*T�o i6A� l i o f m i � A�$�$ m i Ejm c{z4i r e4i|t l z v tsfje qwvxr gjiXt$adc P f l e qwvxr  � A>= % P f q g vxrjr iXt$adc m	v tsfje qwvxr gkf rhvxyCBjm ig�a l e vxy i{z�g lnr zuf r8Ejq*T�o i9g vxr e�twi-e l f Y gji }4p�lnm�o i y i r e-i{z�e  � 	 �Kw � � l e o z��ht l gkf m c{iCgji m�q i� � w z��ktwi m	v tsf y i��)A�$ }�y @ i�e3� � 	 �Fw � � ?-}�y @�o zJA��Xi{z E�lnm7lny�T e m i{z�z vxr e3e �kEjq*P fhi{z�gji rhv e m i�>=j?&%htwi�f m3y i{z�f m i-i{z�e Ejm c{z7i r e4c{iCg lnr z3t l gji m�rjq*T�m i-z4i } e qwvxr gkf }4p�l Ejq e m i6A� vxm z P fhi3twi{z }{v tst q z qwvxr z��Cgji�f Y�}{vxm�E z�z vxr e r c o t qso i l B twi{z�gji m�lnr e } i�tstwi{zX��f r~}{vxm�E z��	twi rhvxyCBjm ig�a l e vxy i{z�g lnr zGtwi Ejq*T�o i-i r�m c o�qsy i�z�e l e qwvxrjr�lnqsm iCi{z�e 	"' �  �9A[� l gji r z q e4c l f } i r e m i-gkf Ejq*T�o ii{z�e(� ' � 	"' W ! A&��a vxm g m iugji o�m7lnr gji�f m gjiGt l gkf m c{i3gji }7p�lnm�o i y i r eGi{z�ebt l gkf m c{iugji m�q i3gkf Ejq*T�o i�9A
h f }{vxr e m7lnqsm i���t vxm z P fhi|twi{z E i m e4i{zb��gji�f Y�}{vxm�E zbg vxy�qsr i r e  �)� ' �+* w % �xtwi rhvxy3Bjm i3g�a l e vxy i{zg lnr z3twi Ejq*T�o i-i r�m c o�qsy i E i m�y~lnr i r eui{z�e
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� fhiGgji�f! l e vxy i{z�g�aInui@�|z vxr e�z4c�� lnm c{zbgji y�vxqsr zbgjiA@ � h 	 rjy: z vxq eB@C> ��m7l��	vxr z�gjiED vxpjm % 50/ $ 8 (
D i�f! l e vxy i{z�g�aInui@�|g lnr z�t$adc�e l e @GF�H qsr e4i m7lno�q z4z4i r eB� lnm twiI� v e4i r e q i�tIg�a qsr e4i m7lx} e qwvxr i � i } e q -  $ (0/ % (� vxy�y i?g q z } fje4c l t vxm z�� } i8� v e4i r e q i�tJ� m c{z4i r e4iCf r i *�lnm�m�q$#�m iK� v f mALJM >9gji p�l fje4i�f m4� > �~y  �z q e�fhc{iu�:@ � rjy gkf } i r e m i[gjiI- vxm4} i (�D i{z l e vxy i{z|g lnr z�f r � N = vxr e�f r iue4i y ��c m7l e�f m iO� m4v�}4p igjii$ y  i�e-z4i�fjtAt$a vxr gjiQP  RLSMe� % ��i m�y i�e l f! l e vxy i{z-g�a l e�e4i qsr g m i�t lUT�vxr i�g lnr z�t l � fhi�tstwiJt l}{v tst q z qwvxr �Ui rjrjqsrjo�l t q i�f (95 lJ}{vxr z�e lnr e4i�gji }{v tst q z qwvxr �6V�WXVSYGW / � v f m gji{z l e vxy i{z rhvxr � v t lnm�q z4c{z lc�e4c m c } i y�y i r e y i{z�f m c{i-i�e�i{z4e3g lnr zGt lJoYlny�y i-gjiQ> � � H , }�y @[Z z 50/97 �'$ $�� / p 8 (� r � m c{z7i rh} iGgji|tsf y�q$#�m iGt l z4i m � m4v�}4p i3gji|t l�m c{z vxr�lnrh} i�gji|t l e m7lnr z q e qwvxr]\ @ F�H ĝ \ @[_�̀ fje q t q z4c{i
� v f m twiB� q c o i lno iGi�ebgjc{z lx}{}{vxm gjc{i,%	i m z�twi m4v f o i��xf r gji{z l e vxy i{zAgjiXt lu}{v tst q z qwvxr �Ii�fjeJ� l z4z4i m g lnr zt$adc�e l eGi.! }�q e4c @�_�̀ � lnm3l'* z vxm �je qwvxr g�a f r � phv e vxr�( �.t qsr e4i m7lno�q e l t vxm z l %	i } twi�gji�f! q$#�y i l e vxy iA� lnmf r i qsr e4i m7lx} e qwvxr g q � � twi & g q � � twi�i rba @�ced @  fa @ M >Gg M \ 	 f ( l( % � v f m t l � fhi�tstwiJi r % qsm4vxrbL ����� � > �vxr gji{z<� lnm e q i�tstwi{z }{vxr e m�q+* fhi r e~��t l }{v tst q z qwvxr�(�5 l z4i } e qwvxr i.h }�lx} i�gji }{v tst q z qwvxr % lnm�q�lnr e }{vxy�y i
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; ( 7 �Ae�fhgji-i.!�Ic m�qsy i r e l twiCgji{z }{v tst q z qwvxr z���gji�f! }{vxm �hz ���

S + P

S + S

7 a0

Veff (R)

l = 1, 2, ...

R

���������j� ���  ��%7 E H�6 E ( ,>/1,�*3V 4W&8CnSZ,5H+IX4'I E�$YH /1,U2Q6U$Y* *]E 2�E�$YH
2 �%,3HWHWE H'Ce,3HZ(+730U25,3H�63, /',�*�&@S>E �57U, (+7U$W6/.�, /1,
730U25$8H
48H�6U,8_�� /10U2�E]CnH+,M*G,MSZ$YSZ,3H�I�4@H'C
&F* 4@E]7U,^/1,32�(�73,3SRE �57U,32 $8H�/1,U2�(j487 I E�,5* *�,32�(+7U$W/b&@E 2 4@H+I &FH�,eTF4@7 7 E��373,
63,5H+I�7 E�, &8C',@_

���
	 %��, \7L = > @ @RL ������= > B ` ��twiAe l f!-gji }{v tst q z qwvxr zU�Ei rjrjqsrjo i r � m c{z4i rh} i�gjiAtsf y�q$#�m i�i{z�e l f o�y i r e4cgji /?vxm g m i{z|gji o�m7lnr gji�f m i r % qsm4vxr�( f r iE- l#"{vxr gji m c{gkf qsm i�t$a qsr[( fhi rh} i[gji } i{z }{v tst q z qwvxr z l z4z q z�e4c{i{z
� lnm t l tsf y�q$#�m i�i{z�e�gji�gjc{z lx}{}{vxm gji m twi�t l z7i m � lnm~m7l �9� vxm e~��t l e m7lnr z q e qwvxr1l e vxy�q � fhi�� le3hr gjim c{gkf qsm i�twi rhvxy<*jm i�g�a l e vxy i{z�g lnr z�t$adc�e l e�i.! }�q e4c (J5 l gji m�rjq$#�m i�z7i } e qwvxr gkf }7p�l � q e m i }{vxr3hm�y ii.!2��c m�qsy i r e l twi y i r e } i�e�e4i qsr e�f q e qwvxr�(
+-,� ��TV@9<?> >UB�H�S�F�57PR>A8uTVL324> <9>A6 DU032424546V5403896 :*<9>A@-BQDU0GFVHJ6

=ur z v f p�lnq e4iJgjc�e4i m�y�qsr i m twi }{vxy � vxm e4i y i r e-i r - vxrh} e qwvxr gkf gjc{z lx}{}{vxm g�gkf�e l f! gji:�Ii m e4i{z� gji�f! }{vxm �hz]g lnr z~twi���N =:( �Atstwi{z]z vxr e l e�e m�q+* fhc{i{z l f! }{v tst q z qwvxr z��Ui rjrjqsrjo lny �jt q43 c{i{zU� lnmt l tsf y�q$#�m i�t l z7i m � m4v�}4p i gji m c{z vxr�lnrh} i�� }{vxy�y i i.!� v z4c�� t l�3hr gji�t l z7i } e qwvxr � m c } c{gji r e4i (�Xi }�q ��i m�y i�e�gjiCe m4v f9%	i m f r�m c o�qsy iJgji8- vxrh} e qwvxrjr i y i r eCgkf�� N = � v f m twi � fhi�tUtwi{z	�Ii m e4i{z	� lnm}{v tst q z qwvxr zu�Jgji�f! }{vxm �hz3z vxr e y�qsrjqsy�q z4c{i{z (
D�lnr zJf r i o c r c m7l e qwvxr � m c } c{gji r e4i�gji]t$adi.!�Ic m�q i rh} i�� rhv fhz l % vxr z�gjc 1 � y i{z�f m c } i]e l f!�gji

�Ii m e4i{zI� v f m gji{z3gjc{z lx}{}{vxm gjz i kli c j�� > �9( �Xi�e�e4i-c�e�fhgji l - lnq eGt$a v7* 1 i�e�g�a f r i��jf * t qw}�l e qwvxr � f q z4ie m4v f9%	i?g lnr zut$a lnrjr i.!ki�� gji } i�e�e4iCe p6# z4i ( �Atstwi9c�e lnq e *�l z7c{iCz�f m t$a lnr�l t � z4i?gji-t l gjc }�m4vxq z7z lnrh} iCgkfrhvxy<*jm i9g�a l e vxy i{z�� y i{z�f m cCi ri( f vxm i{z } i rh} i��Ii r - vxrh} e qwvxr gkf e4i y �hz l � m�# z�t l�}{v f9�jf m iCgkf e l f!gji }4p�lnm�o i y i r e�gkf ��N =:(
5!vxm z � fhi rhv fhz l % vxr z|g q zX� v z7cugjiut l gjc�e4i } e qwvxr c�twi } e m4vxrjq � fhi�� rhv fhz l % vxr z m7l � q gji y i r e m i�� m4v'&gkf q e } i�e�e4i�c�e�fhgji��Ai r � lnm e qw} fjt q i m � v f m i.!�jt vxm i m gji{z�gjc{z lx}{}{vxm gjz �jtsfhz�c�twi�%	c{z ( 5 l y i{z�f m i�i{z�e

*�l z4c{i�z�f m t l gjc�e4i } e qwvxr gji{z qwvxr z"� m4v gkf q e4zQ� lnm twi)� q$#�o i���fje q t q z7c{z"� v f mJm i y�vxr e4i m]l f rhvxy<*jm i
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�j� ��� Z R ��� bOT��
	��AV Z�	 ]� S�\ � \2R?SUT�� `�� ^��������
g�a l e vxy i{z�� q c o c{z ( � vxy�y i�g lnr z�twi }�l z�gjiGt l�y i{z�f m i3gji ( f vxm i{z } i rh} i�� q t�z�a lno�q e�g�a f r i y i{z�f m i3gkfe l f! gjiK�Ii m e4i{z�e v e l t$� � fhi?t$a vxr z�f9�9� v z7iCg vxy�qsr c:� lnm twi{z }{v tst q z qwvxr z[�Ui rjrjqsrjo6( ��adi{z�e } i?gji m�rjq i me m7l % lnq t � f q i{z�e m i�� vxm e4c qw}�qf(
b^w�TE] v TER �P^u� �EZ V � YU` wn�

� r � vxm e lnr e-twi{zCgji�f! o�m�q tstwi{z l f & gji{z7z�fhz-gkfbN �X� �]f r � v e4i r e q i�t r c oYl e q -  qw}�q g � ��� % � vxr}{v tstwi } e4i�e v fhz�twi{z qwvxr z^� m4v gkf q e4zQ� lnm twi � q$#�o i ( �Xi�f! &.}�q � m4v % q i rjr i r e������	��
��� l fhz4z qI*jq i r gji{z}{v tst q z qwvxr z[i r e m i9f r nui � i�euf r l e vxy i v f f r i y�v twc } fjtwi��_gkf oYl'TJm c{z q gkfhi�t$� � f q�}{vxr gkf q e-��f rqwvxr ���X� � f!adi r e m i�gji�f! l e vxy i{z-g�aInuin����g vxrjr�lnr e?gji{z qwvxr z4n�i � i�e4nui �` i�e }�lnm7lx} e4c m�q z4c{i{z8� lnmf r i }{vxr z�e lnr e4iCgji }{v tst q z qwvxr z��6Y (95 i�e l f!�gji�� m4v gkf } e qwvxr gji } i{z qwvxr z3i{z�e3g vxrjr c<� lnm
� @ � B M >

\
>

\�� \
� Y! 	 @ � B ` =�� 	 @ � B� M  ; ( $�$ %

� r z4f9�9� v z lnr e � fhi�twi{z<�Ii m e4i{zJ��gji�f! }{vxm �hz9z vxr e9gkfhi{z-f rjq � fhi y i r e l f! }{v tst q z qwvxr z?�Ui rjrjqsrjo �t l�}{vxr z�e lnr e4i?gji }{v tst q z qwvxr z��Ei rjrjqsrjo �6Y�z4i }{vxr - vxr g l %	i } t l�}{vxr z�e lnr e4i?gji<�Ii m e4i{z���gji�f! }{vxm �hz� (�5 i:- lx} e4i�f m H` gkf � m i y�q i m e4i m�y i � m4v % q i r e9gji } i � fhi�t l g q zX� lnm�q e qwvxr gji�gji�f! n�i � � m4v gkf q ef r z4i�fjt qwvxr nui � v f n�i �` ( 5 i9gji�f! q$#�y i�e4i m�y i m i�� m c{z4i r e4i�twi{z }{v tst q z qwvxr z-�]f r }{vxm �hz�i�e-��i{z�et l gkf m c{i-gji�% q i�gji{z l e vxy i{zE� q c o c{z (95 l�}{vxr z�e lnr e4i � � m i r g i r�}{vxy �je4i-g�adc�%	i r e�fhi�tstwi{z }{v tst q z qwvxr zc�t l z�e q � fhi{z l %	i } twi oYl'T�m c{z q gkfhi�t � f q�r iK� m4v gkf q z4i r e8� l z�g�a qwvxr z (���q t$adi l f i{z�e[twi oYl'T g vxy�qsr�lnr e��
��� > (�5 i }{v f m7lnr e�g�a qwvxr z m i " fhzbz4f m t$a lnrhv gjiGgkf�gjc�e4i } e4i�f m i{z�e�� @ � B M � ��� - q � @ � B ��i r z�f9�9� v z lnr ef r iui.h }�lx}�q e4c[gji:> ����? � v f m t l gjc�e4i } e qwvxr gji{z qwvxr zX�Ct l z4f m - lx} i�gji3t lCoYl twi�e�e4iugji y�qw}�m4v�}�lnr�l f! (} adi{z�eE�jt l fhz q+* twiCgkf)- lnq e�gji[t$adc r i m�o�q i }�qsr c�e q � fhiCgjiK@ \ � i � gji{z qwvxr z }{v tstwi } e4c{z 5 p / 8E% (� v f m c�% l tsfhi m t$a qsr[( fhi rh} i�gji{z }{v tst q z qwvxr z��Gf rJ}{vxm �hz�� vxr e m7lx} i�twibe l f!?g�a qwvxr z }{v tstwi } e4c{zUt vxm z � fhitwi�� N = i{z�e�i r m c o�qsy i�z�e l e qwvxrjr�lnqsm i�i r - vxrh} e qwvxr gkf rhvxy<*jm i�g�a l e vxy i{z � q c o c{z ( �Xi�tsf q4&.}�q i{z�e}{vxr e m�� twc9i r y�v g q43Vlnr e�t$a qsr e4i r z q e4c9gkf t l z7i m�m7l twi r e q z7z4i�f m � % lnm�q�lnr e lnqsr z q twiCe l f! gji }4p�lnm�o i y i r egkf � q$#�o i ( 5 i m c{z4fjtse l e�i{z�eA� m c{z4i r e4c9z�f m t l"3ho f m iK; ( $G;^� v f m f r gjc{z lx}{}{vxm g gkf � q$#�o i y~lno�r c�e v'&v �je q � fhi k c j M g3��� �2� v f m twi � fhi�t�g�a l � m�# z|t$a lnm�o f y i r e3gjiut l83hr gkf)� lnm7lno�m7l � p i8; ( ;-twi�e l f!�gji}{v tst q z qwvxr zG�Ui rjrjqsrjo g vxq e"!�e m i�twi	�jtsfhzB- lnq+* twi ( �btstwi qsr g q � fhi � fhiutwi oYl'T[m c{z q gkfhi�t r i }{vxr e m�q+* fhi � fhi
�Ii�f l f�z qso�r�l t$� } i � f q i{z�e }{vxy � l e q+* twi l %	i } t l � m i{z4z qwvxr�y i{z�f m c{i } i 1 v f m+ � 	 � > � � H , y<*�lnm �}{vxm�m i{zX� vxr g lnr eC�]gji{z[gkf m c{i{z�gjiK% q i9gjiK�jtsfhz q i�f m z�z4i }{vxr gji{z % ( � v f m gji{z[gjc{z lx}{}{vxm gjz qsr -(c m�q i�f m z��t$a qsr[( fhi rh} iGgkf oYl'TGm c{z q gkfhi�tjz4i m7l g vxrh} �$#%
��	&��'
(�	� r c o t qso i l'* twi3gji�% lnr e�twi{z }{v tst q z qwvxr zb��gji�f! }{vxm �hz (
D�lnr zGe v fje4i�t l z�f q e4i��ktwi-e l f!�g�a qwvxr zuz4i m7l � m�q zE� m4v � vxm e qwvxrjr i�tU� 	 ` (� r t$a l'* z4i rh} i~gji }{v tst q z qwvxr zJ��f r }{vxm �hz �!t$a lnr�l t � z4i�gji } i~z qso�r�l tXg�a qwvxr z l f }{v f m z?gkf }4p�lnm &o i y i r e�gkf ��N = i�e9gji�z l gjc }�m4vxq z4z lnrh} i�g vxrjr i~twi~e l f! gji }{v tst q z qwvxr z9� gji�f! }{vxm �hz?� l � m�# z}{v f9�jf m i�gkf }4p�lnm�o i y i r e?gkf � q$#�o i ( � r i � i�e��It l z v tsfje qwvxr gji9t$adc � f l e qwvxrc ; ( = % i r t$a l'* z7i rh} i9gji}4p�lnm�o i y i r e   M*) % i{z�e���i r � v z lnr e+�), M 2 45 t l gji r z q e4c l f } i r e m i�gkf r f lno i i r1m c o�qsy iz�e l e qwvxrjr�lnqsm i��

	 @ � B M 	 ,
> = 9` : ` �), � M  ; ( $ / %
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; ( 7 �Ae�fhgji-i.!�Ic m�qsy i r e l twiCgji{z }{v tst q z qwvxr z���gji�f! }{vxm �hz ���

nombre d'atomes /10 7

0 2 4 6
0

0.5

1

1.5

2

2.5

3

���������j� ���  ��1E CDH
48*�/ V EG$8Hb2 6U$Y* *G,Y6)IX0U2%2)&@7�*G4 C14@*G,8I�I ,�/1,[S>E�6 7U$W6548H�4'&8\>,3H+,�$YHj6)I E�$YHe/
& H�$YS;T87U,�/ V 4WIX$8S^,U2
(+EG05C'0U2UA)(K$1&@7 &FH5,�$8H�6)I�EG$8HWH�,3S^,3H+Ij29IX4'I E�$YHbH
48E 73, /b& �
����_�� 4[(j48734WT'$Y*�, ,U29IB&FH>4 � &F29I ,5SZ,5H+IK/1,U2KSZ,32)&@73,U2��
,5* *G, 63$8H�/b&@E�I Q��� � 2)_��x4�/F7U$YE�IX,>7U, (�730U25,3H�I ,R*�,eI�4W&8\ / V EG$8Hb2�P1&1,>*3V $8H $'T'I�EG,3H�/F7348E�I�,3Hl*3V 4bT@25,3H�63,e/1,
63$Y* * E 2 EG$8Hb2 Z/1,Y&@\ 63$87X(�2 _�� , �
� � ,�$8H�6)I�EG$8HWH�, �&@H /10325416)63$879/.<>=@?-� :	���b_

5 a l 1 fhz4e4i y i r e�gji�t l gjc }�m4vxq z4z lnrh} i�gkf�z qso�r�l t�g�a qwvxr z"� @ � B	
 	 ` @ � B i r - vxrh} e qwvxr gkf�e4i y �hz l � m�# zl % vxqsmE}{v f9��cAtwi 1 i�e l e vxy�q � fhi�i�e�twiAt l z4i m gji m7l twi r e q z4z7i y i r e��Ii m�y i�e gji�e m4v f9%	i m �)�), ( � r-y i{z4f m7lnr et l gji r z q e4c }{vxy�y i-gjc }�m�q eug lnr z3twi � lnm7lno�m7l � p iK; (0/( $�� vxr e qsm i[� (
D i y ! y i�t vxm z3gkf }7p�lnm�o i y i r e[gkf � q$#�o i��ht l9m c{z v tsfje qwvxr gji  ; ( = % g vxrjr i

	 @ � B M 	",������� �)�),\ � \ �3M  ; ( $G; %
� rhv f9%	i l f!��t$a l 1 fhz�e4i y i r eugkf�z qso�r�l tEg�a qwvxr zE� lnm t l t vxq

� @ � B M � , ������ ` �)� ,\�� \ � M  ; ( $ 7 %
}{vxr gkf q e��9�)�), (�Ei r g lnr e|twi m c o�qsy i�z�e l e qwvxrjr�lnqsm i���i r t$a l'* z4i rh} iugjiO�Ii m e4i{zX��f r~}{vxm �hzXi�e�z q twi{z ��i m e4i{zX�-gji�f!}{vxm �hz3z vxr e3g vxy�qsr c{i{zE� lnm twi{z }{v tst q z qwvxr z3�Ei rjrjqsrjo ��twi�e l f!]g�a qwvxr zI� m4v gkf q e4zGi{z�e m i�t q c l f�e l f!]gji}4p�lnm�o i y i r e[gkf � q$#�o i�� lnm � , M 8 ` (
d ��YU`�wD� Y� v f mu}4p�lx} f r gji{z,� vxqsr e4zGgji�t l<3ho f m i8; ( ;k��i�e,� v f m f r i�z l e�f m7l e qwvxr l f } i r e m i�gji{zB- lnq z } i l f!t l z4i m y c y�� ���$� > l ) � vxr i rjm i o�q z�e m i�twi�z qso�r�l t�g�a qwvxr z t vxm z gkf }7p�lnm�o i y i r eAgkf8� q$#�o i  t vxm z � fhi�twiAt l z4i mm7l twi r e q z4z4i�f m i�e|twi 1 i�e l e vxy�q � fhi�z vxr e *jm7lnrh}7p c{z % i�e l � m�# z|t$a l % vxqsm3}{v f9��c (95 l<3ho f m i8; ( $ 7Jy�vxr e m if r i.!ki y �jtwi~gji�z qso�r�l t�g�a qwvxr z lnqsr z q � f!a f r l 1 fhz�e4i y i r e8� lnm twi{z�t vxq zCe p c vxm�q � fhi{z ( 5 a l 1 fhz4e4i y i r e
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; ( 7 �Ae�fhgji-i.!�Ic m�qsy i r e l twiCgji{z }{v tst q z qwvxr z���gji�f! }{vxm �hz � �

r i }{vxy � vxm e4i � f!a f r � lnm7lnyQ# e m i~t q+*jm i��)�), (�5 i{z8% lnm�q�l e qwvxr z?gji��)�),Ji r - vxrh} e qwvxr gkf gjc{z lx}{}{vxm gz vxr e m i�� m4v gkf q e4i{zGz�f m t l83ho f m i�; ( $@p9z�f m t l � fhi�tstwi[z vxr eB� vxm e4c{z�twi{z m c{z�fjtse l e4zGgjiut$a l 1 fhz�e4i y i r e3gji{z}{v f mX* i{zugji�gjc }�m4vxq z4z lnrh} i-i�e�gji }7p�lnm�o i y i r e[gkf z qso�r�l t!g�a qwvxr z ( � � lnm e qsm gji-t l gji r z q e4c y i{z�f m c{i �3ho6( ; ( = % � vxr e qsm iJtwi{z % lnm�q�l e qwvxr z-gji9� ( 5 adi m�m i�f m z�f m t l gjc�e4i m�y�qsr�l e qwvxr gjiJ� i{z�e�g vxy�qsr c{i � lnm} i�tstwi-z�f m t l gji r z q e4c���z vxq eGf r - lx} e4i�f m3y fjtse q �jt qw}�l e q -�gji8;"� v f mCgMk c j r > )9(
5 i{z y i{z�f m i{z m i�� vxm e4c{i{z qw}�q z vxr e }{vxy � l e q+* twi{z�g lnr zUt l �jt lno i 	 � i kli c j � > \[l %	i } twi{z % l twi�f m z

� fhi rhv fhz l % qwvxr zB�jf * t q c{i{z 5 p�; 8 � }{vxy �je4i�e4i r fhi{z3gji{z *�lnm�m i{z|g�adi m�m i�f m� i�tstwi{z|z vxr eGg�a f r - lx} e4i�f m,/
� v f m twi{z m c{z�fjtse l e4z�gji 5 p�; 8E% ( �btstwi{z�z vxr e�c oYl twi y i r e }{vxy � l e q+* twi{z l %	i } twi{z % l twi�f m z[g vxrjr c{i{z � lnmg�a l fje m i{z o�m4v f9�Ii{z 50/ pk� /97 �J; 7 8 ( � r m i�% lnrh}4p i���twi{z m c{z�fjtse l e4zJg q %	i m�o i r e � v f mli kli c j � 	 ( f r ii m�m i�f m gji y i{z�f m i�gjiugji r z q e4cug lnr z } i�e�e4i oYlny�y i�gjiugjc{z lx}{}{vxm g�i{z�eS� v z7z q+* twiE�jf q z � fhiutwiE% v tsf y igkf�� q$#�o i�i{z�e�i{z�e qsy c�z lnr zJe4i rjqsm�}{vxy �je4i�gji�t$adi.!� lnr z qwvxr�*�l t q z�e q � fhi�gkf r f lno i � f qGl f r m�� twiqsy � vxm e lnr eI� v f m gji{z�- lnq+* twi{z|gjc{z lx}{}{vxm gjzB� v f m twi{z � fhi�twz�twiA% v tsf y i[gkf]� q$#�o i[i{z�eS�Ii�e q e ( N ! y iui re4i r�lnr e }{vxy �je4iJgji } i�e�i � i�e�� q t m i{z�e4i?f r i qsrh}{vxp c m i rh} i�gji{z m c{z�fjt l e4z[g�a f r - lx} e4i�f m ; l f y�vxqsr z (
� v fhz r a l % vxr z � l z[g�adi.!�jt qw}�l e qwvxr � v f m t$a qsr z�e lnr e[gji } i�e�e4iJg q�� c m i rh} i ( 5 l~m c.-�c m i rh} i 5 p 7 8 c�e�fhg q ii r gjc�e lnq tGt$adi{z4e qsy~l e qwvxr gji{z�i m�m i�f m z�z�f m t l y i{z4f m i]� m c{z7i r e4c{i qw}�q i�eJt l }{vxy � lnm7lnq z vxr�l %	i } twi{zm c{z�fjtse l e4z�gji{z l fje m i{z o�m4v f9�Ii{z�i�e } i�f! � fhi rhv fhz l % qwvxr zO�jf * t q c{z (
d ��YU`�wD� ^a` S�Z�`%t ^u� v � Z�wD	�� Vs��] S ^a`cRaT��b	x�

� � lnm e qsm gji{z y i{z�f m i{z	� m c } c{gji r e4i{z�� vxr ��i�fje m i y�vxr e4i mCl f�e l f!�gji }4p�lnm�o i y i r e?gkf���N =z vxq e<� lnm  M H` �)�), 	 ,  i rX��m i�� vxm e lnr e?twi{z<% l twi�f m z9gji��)�),~i�e 	 , y i{z�f m c{i{z % � z vxq e?� � lnm e qsmgkf e l f! g�a qwvxr z�i r m c o�qsy i9z�e l e qwvxrjr�lnqsm i ( 5 adc�% v tsfje qwvxr gkf e l f! gji }4p�lnm�o i y i r e-i r - vxrh} e qwvxr gkfgjc{z lx}{}{vxm g�i{z�e m i�� m c{z4i r e4c{i3z�f m t lA3ho f m iE; ( $@|	� v f m twi{zAgji�f! y c�e phv gji{z ( 5 a lx}{}{vxm g�i r e m i3twi{zAgji�f!y c�e phv gji{z?i{z�e *�vxr l f gji{z4z�fhz-gji k c j M g > ) � } i � f q i{z�e�f r i qsr g qw}�l e qwvxr � fhi�twi y c }�lnrjq z y i
� m�qsrh}�q � l tugji)��i m e4i{z���gji�f! }{vxm �hz�i{z4e�g�� l f! }{v tst q z qwvxr z~�Ei rjrjqsrjo6( � lnm�lnq tstwi�f m z ��twi�e l f! gji}4p�lnm�o i y i r e?i{z�e m i�t l e q %	i y i r e qsr gjc��Ii r g lnr e-gkf�gjc{z lx}{}{vxm g�� } i � f qU}{vxr3hm�y i9twi y�v g # twi9z qsy �jtwigji }�l �je�f m i~g�a f r l e vxy i~gji��jf q z?twi 1 i�e  #" ; (0/( $ % ( � v f m gji{zCgjc{z lx}{}{vxm gjz qsr -�c m�q i�f m z��!twi�e l f! gji}4p�lnm�o i y i r e�gjc{gkf q eGgkf]e l f!]g�a qwvxr zGi r]m c o�qsy i[z�e l e qwvxrjr�lnqsm i r i }{v1z�rh}�q gji � l z l %	i }[} i�tsf q gjc{gkf q egji�t$adc�e�fhgji[gji3t l gjc }�m4vxq z4z lnrh} i	� m4v7*�l'* twi y i r e }�lnm twiO� q$#�o i�i{z4e�gjc }�l twcA� lnm�m7l �9� vxm e l f } i r e m i[gjit$adi rh} i qsr e4iJ� }�l fhz4i-gkf }4p�lny � y~lno�r c�e q � fhi?gkf�z v twc rhv1z gjiCgji m7l twi r e q z4z4i y i r e�� y~l t o�m c�t l *Iv7*jqsr igji }{vxy ��i r z l e qwvxr�( �Xi�e?i � i�e?g q zX� lnm7l�� e9t vxm z � fhi�twi o�m7l g q i r e9gji }4p�lny � y~lno�r c�e q � fhi�gkf N =��l f o�y i r e4i (� v f m t$adi.!�Ic m�q i rh} i m c l t q z7c{i�twi�e l f! gji }4p�lnm�o i y i r e9c�e lnq e9gji�t$a vxm g m i�gji > ) � l e Z z?� o�m7lnr ggjc{z lx}{}{vxm g�� }{vxm�m i{zX� vxr g lnr e~��f r�rhvxy<*jm i�g�a l e vxy i{z�g lnr z9twi]� N = gji > ) � ( � f y ! y i�gjc{z lx}.&}{vxm g���twi rhvxy<*jm iug�a l e vxy i{z � fhi rhv fhz y i{z�f m4vxr z � f v e q g q i rjr i y i r eXt vxm z � fhi|t$adi.!2��c m�q i rh} i3i{z�e *jq i rm c o twc{i~i{z�e l fje v f m"\ � > ) � � } i � f q�}{vxm�m i{zX� vxr g ��f r e l f! gji }7p�lnm�o i y i r e�g�adi r % qsm4vxr 	 � > ) �l e Z z (65 a qsr[( fhi rh} i?gji[t l9y c�t l z4z4i�e m7lnr zX%	i m z7i �Ii�fje�c oYl twi y i r e !�e m i�gjc{gkf q e4i?gji } i{z y i{z�f m i{z�� vxr}{vxr z�e l e4iCf r i l f o�y i r e l e qwvxr g�a f r - lx} e4i�f m ;��~gkf e l f! g�a qwvxr zO� m4v gkf q e	� lnm twiK� q$#�o i-t vxm z � fhi-t ly c�t l z4z4i~i{z4e *jm7lnrh}4p c{i ( � vxy �je4i�e4i r f gji } i � f!adi r t$a l'* z4i rh} i~gji y c�t l z7z4i�t l gji r z q e4c�gkf�� q$#�o ii{z�e3t qsy�q e4c{i8� lnm twi{z }{v tst q z qwvxr z[�Jf r }{vxm �hz � f q!r i8� m4v gkf q z4i r e � f!a f r z4i�fjt qwvxr � vxr gjc{gkf q e � fhi�t l
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y c�t l z4z4i l f o�y i r e4iCg�a f r - lx} e4i�f m |��9twi�e l f!�gji }4p�lnm�o i y i r e�gkf���N =:(
� } i3z�e l gji�� vxr �Ii�fje�i{z4e qsy i m t$adi.h }�lx}�q e4cugji{z�g q�� c m i r e4i{z�z7i } e qwvxr z�gjiGt$adi.!�Ic m�q i rh} i���gji��jf q zbt lz v f m4} i ( � v f m f r i8% q e4i{z4z7i-g�adi r e m c{i9g lnr z�twi m7l twi r e q z4z4i�f m gji $ / ��� y]Z z�i�e�f r i8% q e4i{z4z7i 3hr�l twiCgji

a � y]Z z�twi rhvxyK*jm iugjiO� phv e vxr zXc }7p�lnrjo c{zB� lnm f r�l e vxy iui{z�e�gjiO$ / �����Ci r % qsm4vxr]} i � f qV}{vxr gkf q e|�f r i�g q�� fhz qwvxr e m7lnr z�%	i m z4i�i r % q e4i{z7z4i��ON � gji $ y]Z zGg�a l � m�# z3twi � lnm7lno�m7l � p i /( $ ( ; (65 i % v t�t q+*jm i� )��<M � )?y]Z zXz�f m twi{z $ /?}�y � f q twi�z4c�� lnm i�gkf } i r e m i�gkf]� q$#�o i[g vxrjr i�f r�lnrjo twiugji�g q %	i m�o i rh} igkf 1 i�e-gji � ( $ $ m7l g�� � m4v gkf q z lnr eCf r o	vxr[( i y i r e?gkf 1 i�e-gji /]}�y i r % qsm4vxr�( �Af q z � fhi�t l t lnm�o i�f mgkf 1 i�e[gkfhiJ�~t l g q�� fhz qwvxr e m7lnr zX%	i m z7i9i{z4e�i r 3hr gji m7l twi r e q z4z4i y i r e?gji /�}�y i r % qsm4vxr �Vt l e lnq tstwigkf 1 i�e l e�e4i qsr e 7�}�y l f } i r e m i~gjiJt$adi rh} i qsr e4i (�5El z�f m - lx} i�gji }�l �je�f m i ��i m �Ii r g qw} fjt lnqsm i l f 1 i�egkf�� N = % l fje"; }�y ` ( � qsr z q �Ef r�lnm�o f y i r e o c vxy c�e m�q � fhi y�vxr e m i � fhi > )�? gji{z l e vxy i{z � f qz vxm e4i r e }4p�l � fhiuz7i }{vxr gji�gkf m7l twi r e q z4z4i�f m z vxr e }�l �je�f m c{zXg lnr z�twiu� N =:(25 i�e l f!~gji }4p�lnm�o i y i r egji } i�tsf q4&.}�q % l fje 	 � > )���l e Z z�� } i � f q�}{vxr gkf q eX��f r*( f!Jg�a l e vxy i{z m7l twi r e q zXgjiGt$a vxm g m i3gji 	 � > ) ?l e Z z  twi rhvxy<*jm i g�a l e vxy i{zQ% lnm�q i }{vxy�y i�twi }�lnm�m c�gkf e l f! gji }7p�lnm�o i y i r e�g�a l � m�# z  ; ( $C� % % (� r t$a l'* z4i rh} i gji m7l twi r e q z4z4i y i r e���twi ( f! g�a l e vxy i{z�� y i{z�f m c � lnmD( f vxm i{z } i rh} i l f rjq %	i l f�gjit$adi rh} i qsr e4i��% l fjeA> ) HXH l e Z z ( � qsr z q � fhi�t � fhi{z�� v f m�} i r eGgji3t l g q z�e m�q+* fje qwvxr i r % q e4i{z4z4i qsrjq e q�l twi[i{z�em7l twi r e q i�e�� }{vxy �je4i�e4i r f g�a f r ( f! g�aIn�i � z vxm e lnr e9gji�t l z v f m4} i~gji > ) H ` l e Z z�� t l�}{v tst qsy~l e qwvxre m7lnr zX%	i m z4i���i m�y i�e�gji }�l �je�f m i m > )�? gji{z l e vxy i{z (
+-,�� /1038?DU24@96�540�8

5 iQ�jtsfhz o�m7lnr g rhvxy<*jm i]g�a l e vxy i{zCi{z4e v7* e4i r f�i r e m7l % lnq tst lnr e�� o�m7lnr g gjc{z lx}{}{vxm g gkf t l z4i mgjiA� q c o i lno i ( � fje v f m gji k c j M gA\ 	 �ktwi{zB�Ii m - vxm�y~lnrh} i{z3gkf�� N = z vxr e v �je qsy~l twi{z���twi rhvxy<*jm i
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g�a l e vxy i{z }{vxy�y i rh} iJ��z l e�f m i m�l t vxm z � fhi-t l gji r z q e4c m i{z�e4i?z�e l e qwvxrjr�lnqsm i9i�e�c�twi�%	c{i ( �Xi rhvxy<*jm ig�a l e vxy i{z�i{z�e�t qsy�q e4c3g�a f r � vxqsr ebgji,%�fhiB- vxr g lny i r e l t�� lnm twi{z }{v tst q z qwvxr z��[gji�f! }{vxm �hz lny �jt q43 c{i{zi r � m c{z4i rh} i|gji{zEt l z7i m zUgjiS� q c o i lno i ( � f m twi��jt lnr � m7l e q � fhi�� q tki{z4e 3 !jc�� lnm twiS% v tkt q+*jm iXgji{z l e vxy i{z�9t l z vxm e q i-gkf m7l twi r e q z4z4i�f mG( ��adi{z4e } i�� N = - vxrh} e qwvxrjr�lnr e��9f r gjc{z lx}{}{vxm g k c j M g	\ 	 � f q i{z�efje q t q z4c }{vxy�y i�z v f m4} i�g�a l e vxy i{z]- m4vxq gjz^� v f m t l z�f q e4i�gji�t$adi.!�Ic m�q i rh} i �bf r�m i.- m4vxq g q z7z4i y i r et l z4i m �jtsfhzA� v fhz4z4c?z�f q % q gkf�e m7lnr z -�i m e�g lnr z�twiK� q$#�o i y~lno�r c�e q � fhi ( � } i9z�e l gji?gji?t$adi.!�Ic m�q i rh} i��t l gji r z q e4c�g lnr z�t$adi{zX� lx} i-gji{zI� p�l z4i{zE% l fje�� � > ) � � i r % qsm4vxr�(
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5 i � q c o i lno i y~lno�r c�e q � fhi i{z�e *�l z7c�z4f m twi - lnq e � fhi�e v fje l e vxy i � v z4z7c{g lnr e�f r y�vxy i r elnrjo fjt lnqsm i|e v e l t-,]z4i }{vxy � vxm e4i }{vxy�y i�f rJy�vxy i r e y~lno�r c�e q � fhi/. M�0/1325467 ,�� l %	i }81 twi�- lx} e4i�f mgji 5 lnr gjc ( �At lx} c[g lnr z�f r]}7p�lny � y~lno�r c�e q � fhi[gji y�v gkfjtwi g:9��<; � q t � m c } i{z4z4i l fje v f m gji } i�tsf q4&.}�q��t l �jfjtwz l e qwvxr gji 5Elnm�y�vxm 2 o67 (���qU} i�tstwi &.}�q i{z�e o�m7lnr gji?gji�% lnr eut l - m c � fhi rh} i }�lnm7lx} e4c m�q z�e q � fhi?gkfy�v f9%	i y i r ebgji�t$a l e vxy i�� twi y�vxy i r e y~lno�r c�e q � fhi|z�f q e l g q�l'*�l e q � fhi y i r e�twi }7p�lny �Ji�e q t lx} � f q i m ef r i-c r i m�o�q i>= 9��<;SM?1 m�o g:9��<;A@ � l %	i }B@ t l � m4v 1 i } e qwvxr gjiC, z�f m twi }7p�lny � y~lno�r c�e q � fhi (65 i{zc � f l e qwvxr z|gji	N l !ED�i�tst qsr e4i m g q z lnr e|f r�y~l ! qsy f y t v�}�l tIgkf y�v gkfjtwiugkf }4p�lny � g:9��<; i r gji phvxm zgji{z }{vxr gkf } e4i�f m zGFOp'pj�<H@pJI.��t l z4i�fjtwi�- l#"{vxr g�a v7* e4i rjqsm f r y�qsrjqsy f y gjiK� v e4i r e q i�t$� r c } i{z4z lnqsm i l f
� q c o i lno i��Vi{z�e3g�a l % vxqsmK1�@ L )9(�D�lnr z3twi }�l z�gji�t$aNM�iPOJ�jt$adc�e l e y c�e l z4e l'* twi @ F�H i{z�e�f r zX� qsr �jf m
QSR M F M > % g vxr e3twi - lx} e4i�f m gji 5 lnr gjc-i{z4e 1"M \(65 i-z4i�fjt!c�e l eE� q c o i lnr eui{z�e3g vxrh}B@ MUT > (�Xi }7p�l � q e m i�� m c{z7i r e4i�e v fjeUg�a l'*�vxm gCgji�f! }{vxr3ho f m7l e qwvxr zAgji }4p�lny � y~lno�r c�e q � fhiS��i m�y~lnr i r e
� f q!vxr eI�Ii m�y�q z3g�a l e�e4i qsr g m i-twi�z4i�f q t!gji }{vxr gji r z l e qwvxr z�f m twi{z l t }�l t qsr zui�e � f q z vxr e3z�fhz } i��je q+* twi{zg�a !�e m i�fje q t q z4c{i{zB� v f m twiA� q c o i lno iugjiut$aNM�iVO ( � � m�# z l % vxqsm gjc }�m�q e�twi{z l % lnr e lno i{z|i�e qsrh}{vxr %	c rjq i r e4zgji }4p�lx} f r i�g�adi�tstwi{z�� q t 3 !ki3twi }�lnpjq i m gji{z }4p�lnm�o i{z � f!adi�tstwi{z�g vxq %	i r e|z l e q z - lnqsm i ( 5 l gji m�rjq$#�m iO� lnm e q ig q z } fje4i�twiA� m�qsrh}�q ��iug�a f r i y i{z�f m i�gkf~e l f!�gji }{v tst q z qwvxr zXc�t l z�e q � fhi{z|i r e m i l e vxy i{z|g�aNM�iVOI� q c o c{zy~lno�r c�e q � fhi y i r e ( �Xi�e�e4i�i.!2��c m�q i rh} i�� *�l z7c{ibz�f m t l e p i m�y~l t q z l e qwvxr g�a f r-oYl'T �jt lx} c phvxm zEc � f q t q+*jm ie p i m�y�q � fhi��Vi{z�eGt l � m i y�q$#�m iCc�e l ��i l % lnr e�t$a l �9�jt qw}�l e qwvxr gji[t$adc�% l � vxm7l e qwvxr - vxm4} c{i (

C,XW Y(Z[H�> <9>_HJ54NAO3>A6 PRL�O38?SUTI54Z[@?>A6
�Xi � lnm7lno�m7l � p i-gjc }�m�q e3gji�f! }{vxr3ho f m7l e qwvxr zugji }4p�lny � y~lno�r c�e q � fhi � v f m twi{z � fhi�tstwi{zGtwi y�v'&gkfjtwi g:9��<; � v z4z # gji�f r z7i�fjt y�qsrjqsy f y (�5 l � m i y�q$#�m i � m c{z4i r e4i�f r i)% lnm�q�l e qwvxr t qsr c lnqsm i�gji } iy�v gkfjtwi l f % vxq z qsr�lno i~gkf y�qsrjqsy f y � f q i{z�e r fjt$� l t vxm z � fhi9t l gji�f! q$#�y i�i{z�e }�lnm7lx} e4c m�q z4c{i � lnmf r i�% lnm�q�l e qwvxr � f l g m7l e q � fhi l fje v f m g�a f r i8% l twi�f m3rhvxr�r fjtstwi (
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5 l }{vxr3ho f m7l e qwvxr gji^� q c o i lno i y~lno�r c�e q � fhi~t l �jtsfhz?z qsy �jtwi~i{z�e v7* e4i r fhi�i r �jt l#"�lnr eJgji�f!

*Iv7*jqsr i{zJt$a f r i�i r - lx} i�gji]t$a l fje m i��Az4c�� lnm c{i{z�g�a f r i } i m e lnqsr i�g q z�e lnrh} i�i�e"� lnm4}{v f m fhi{zQ� lnm gji{z}{v f m7lnr e4z9gji�z4i r z v �9� v z4c{z FOp'|JI ( 5 adi.!2� m i{z7z qwvxr gkf y�v gkfjtwi�gkf }7p�lny � l fb% vxq z qsr�lno i~gkf } i r e m ii r e m iXtwi{z�gji�f! *Iv7*jqsr i{z�i{z�e l t vxm z��ni rJl �9��i�t lnr e 9�� f ; twi�f mbl !ji }{vxy�y f r � g 9��/m f ; M gfn 6 f ` T � �o �l %	i }^gfn twi o�m7l g q i r e�gji }4p�lny � y~lno�r c�e q � fhi?z4i�t vxr t$a l !ki 9�� f ;.(
5 i � q$#�o i � f l g m f9� v t lnqsm i i{z�e � lnm e qw} fjt q$#�m i y i r e � m7l e q � fhi }�lnm�q t���i m�y i�e�t$a fje q t q z l e qwvxr gji{zy ! y i{z *Iv7*jqsr i{zA� v f m[}�m c{i m twi o�m7l g q i r e�gji }4p�lny � y~lno�r c�e q � fhiJgkf�� N = � � lnm e qsm gkf � fhi�tEi{z�e}4p�lnm�o c�twi:� q$#�o i y~lno�r c�e q � fhi ( � qsr z q �Itwi } i r e m7lno i�gji{z�gji�f! � q$#�o i{z�i{z�e l fje vxy~l e q � fhi y ! y i�i r

� m c{z4i rh} i�gji�t l[o�m7l % q e4c ( � lnmGlnq tstwi�f m z��Yz l � m4v - vxr gji�f m = ,3i{z4e � m7l e q � fhi y i r e qsr3hrjq i Q = , cBp o @ 	 )y  g lnr z rhv e m i }�l z l t vxm z � fhi[t l e4i y ��c m7l e�f m i-gkf�� N = % l fjeCH y  i r % qsm4vxr % � } i � f q c�% q e4i�gji
�Ii m g m iCgji{z l e vxy i{z3t vxm z3gkf e m7lnr z -(i m e3g�a f r � q$#�o iC�Jt$a l fje m i (� v f m e lnr e q t r adi{z�e � l z	� v z4z q+* twi?g�a l e�e4i qsr g m iJtwi{z[gji r z q e4c{z r c } i{z4z lnqsm i{z-�~t$a v7* z4i m % l e qwvxr gjiCt l}{vxr gji r z l e qwvxr gji D v z4i &+qAqsr z�e4i qsr g lnr z[f r e4i�tJ� q$#�o iJgkf - lnq e�gji{z[e m7lnr z q e qwvxr z rhvxr&�l g q�l'*�l e q � fhi{z
� f q - vxr e � l z4z4i m f r�l e vxy i3gji3t$adc�e l e @ M T >I%	i m zbtwi{z�c�e l e4z rhvxr& � q c o i lnr e4z @ M )%m 0 > FOp�$JI (rqAriLs�i�e��j�9f r iA- lnq+* twi�g q z�e lnrh} i�t�gkf } i r e m i�gkf � q$#�o i��kt l - m c � fhi rh} i�gji 5Elnm�y�vxm m g�n t cBu r adi{z�e,�jtsfhzo�m7lnr gjiJgji�% lnr e�twiCe4i y �hz }�lnm7lx} e4c m�q z�e q � fhi ) c t?gji m i�e v f m�r i y i r eCgkf }4p�lny � %�f � lnm t$a l e vxy i�z7igjc��jt l#"�lnr e��Jt l % q e4i{z4z4i ) Q 3ho f m iJv ( H % ( �Xi }�q ��i�fje }{vxr gkf qsm i?��f r i qsr %	i m z qwvxr gji�t l � v t lnm�q z l e qwvxrgji�t$a l e vxy i � f q � l z4z4i�g lnr z~f r c�e l e rhvxr � q c o i lnr e�i�e�i{z�e�i.!2�jfjtwz4c gji�t l T�vxr i gji � q c o i lno i (�Xi�eXiLs�i�e|i{z�eXg�a l fje lnr e,�jtsfhz y~lnm � fhc � fhiutwi r f lno i[i{z�e - m4vxq g�i�e|gji r z4i }�lnm twi{z l e vxy i{z|z vxr e l t vxm z}{vxr3hr c{z l f % vxq z qsr�lno iugkf } i r e m iugkf � q$#�o i ( 5 iGe l f!�gji,�Ii m e4iE� lnm e m7lnr z q e qwvxr z rhvxr&�l g q�l'*�l e q � fhi{zi{z�e3i{z�e qsy c�� lnm FOp�$PI
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v ( H ��� �Ii�gji8� q$#�o i{z y~lno�r c�e q � fhi{z � �

m7l e�f m i�gkf r f lno i � lnm d @ p o�� c m�o gfn Q - vxm�y fjtwi Q v ( $ % % ( �Xi�e�e4i�i.!2� m i{z4z qwvxr�qsr g q � fhi � f!a �?e4i y �Ic &m7l e�f m i�g vxrjr c{i�t$adiLs�i�e-i{z�e * i l f }{v f9�b�jtsfhz qsy � vxm e lnr eK� v f m t$a p c�t q f y � fhi � v f m t l �jtsf9� lnm e?gji{zl t }�l t qsr z�� }�l fhz7iCgji-z l - lnq+* twi y~l z4z4i ( � %	i } f r o�m7l g q i r e�gji HC��� �8Zn}�y i�e3f r i-e4i y ��c m7l e�f m iCgji
HC��� m! Q }4pjq s m i�e � � q � fhiugji�t$adi.!2��c m�q i rh} i��2% vxqsm z4i } e qwvxr v (0/ % �?w�V�WXVIx<y<@C>uz�� } i � f qVr i�t lnq z7z4iE� l zl z4z4i T gji�e4i y �hzO� v f m t$a l �9�jt qw}�l e qwvxr gkf m i.- m4vxq g q z7z4i y i r e�c�% l � vxm7l e q - (

5 l�}{vxr gji r z l e qwvxr gji<D v z4i &+qbqsr z�e4i qsr z�f m twi-z v g q f yMl�} i���i r g lnr eO�jf !�e m i v7* e4i r fhi9i r }{vxy"&
*jqsr�lnr e } i }4p�lny � � f l g m f9� v t lnqsm i���f r t l z4i m - v�}�l t q z4c l f } i r e m i�gkf�� q$#�o i�i�eCgjc{z lx}{}{vxm gjcQ%	i m ztwi * twi�f g�a f r i�e m7lnr z q e qwvxr l e vxy�q � fhi FOpJI ( �Xi�t l z4i m-}�m c{i�f r � v e4i r e q i�t m c��jfjtwz q - � f q i y ��! }7p i�twi{zl e vxy i{z-g�a l e�e4i qsr g m i�twi } i r e m i�gkf � q$#�o i���c�% q e lnr e lnqsr z q twi{z ��i m e4i{z rhvxr&�l g q�l'*�l e q � fhi{z (�5 i"� lnm7le&o�m7l � p i v ( ; gjc�e lnq tstwi } i�e�e4i�e4i }4pjrjq � fhi�� l �9��i�twc{i�� *Iv f }7phvxr�v �je q � fhi��7� � f q � v f m�m7lnq e !�e m i�fje q t q z4c{iz�f m t$aNMui O (
j)�.� ��� � �$��*+� $)��� 0	�.��
 � :��"!	���(�:�$� v f m c�% q e4i m twi{z3e m7lnr z q e qwvxr z rhvxr&�l g q�l'*�l e q � fhi{z�� q tUz�fh�e�gji }�m c{i m f r y�qsrjqsy f yMrhvxr�r fjtEgkfy�v gkfjtwiJgkf }4p�lny � ( ��adi{z�e } i � fhi m c l t q z7iCt l�}{vxr3ho f m7l e qwvxr gji }4p�lny � g q e4i?gji � v s�i & � m�q e }7p�lnm g (
q tstwi~z�a v7* e q i r e9i r z�f9��i m � v z lnr e-f r }7p�lny ��g q � v t lnqsm i~g�a l !ji 9�� f ; ��f r }4p�lny � � f l g m f9� v t lnqsm ig lnr z�twiA�jt lnr(9�� ` m ��� ;.(25 adi.!� m i{z4z qwvxr t l �jtsfhz o c r c m7l twi[g�a f r e4i�t }7p�lny ��i{z4e���i r z4i3t qsy�q e lnr e l f!e4i m�y i{z�g�a vxm g m i / i r ` m�� i�e f � FOp a I

� 9 ` m���m f ;SM ��
�
)
)
g ,

���
� T g n

��
�

`
0��
)

���
� T g n n

��
�

0 `xf
0�� f

f ` 0 H` 9 ` ` T�� ` ;
���
� T�� 9 � ;�� Q v (0/ %

g�n i�e gfn n gjc{z qso�r i r eAtwi o�m7l g q i r e�i�e�t l�}{v f mX* f m i3gjiXt l[}{vxr3ho f m7l e qwvxr gji }4p�lny � (Wg , i{z�e�twi }4p�lny �gji *jq�lnq z (95 i y�v gkfjtwi-gkf }7p�lny � i{z�e l t vxm z � l %	i } � ` M ` ` T�� ` �
g:9���m f ; M � g , T g n n � f ` 0 � `

\J�u� ` T g n ` � ` T�� 9 � ; � Q v ( ; %
� v f m f"! 6 o 4o$# # i�e � ! o 4o$# �Vtwi?gjc�%	i�t v �9��i y i r e�t qsy�q e4cJgkf y�v gkfjtwi y�vxr e m i � fhi-twi }4p�lny � i{z�ep�lnm�y�vxrjq � fhi lnrjq z v e m4v �Ii

g:9���m f ;�M g , T g n n f ` T � gfn `
\1g , 0 g�n n

\
� � ` T�� 9 � ; � Q v ( v %

g�n n� M o # �` o 4 0 o # #` i{z4eGt lJ}{v f mX* f m i m7l g q�l twi-gji�t lJ}{vxr3ho f m7l e qwvxr gji }4p�lny � (% r i m c l t q z l e qwvxr � m7l e q � fhi�gkf }4p�lny � � m c } c{gji y�y i r e�gjc }�m�q e�z�a v7* e q i r e�i r �jt l#"�lnr e v 3 twz
� lnm4}{v f m fhz�� lnm gji{z }{v f m7lnr e4z v �9� v z4c{z[gji�f!��]gji�f! � v f m � m4v gkf qsm i9t l � lnm e q iJt qsr c lnqsm iJi�e�gji�f!
*Iv7*jqsr i{zO� lnm4}{v f m fhi{zO� lnm gji{z }{v f m7lnr e4z�gji y ! y i-z4i r zuz4i�t vxr t$a l !ki 9�� f ;.(65El g q z�e lnrh} i-i r e m i-twi{zgji�f! *�v7*jqsr i{z-i{z�e �jtsfhz o�m7lnr gji � fhiJg lnr z�t l�}{vxr3ho f m7l e qwvxr gjiGM�i�t y�phv tse T � le3hr g�a v7* e4i rjqsm f r i
% lnm�q�l e qwvxr � f l g m7l e q � fhi�gkf }7p�lny � l f % vxq z qsr�lno i]gkf y�qsrjqsy f y z q e�fhc�i r e m i�twi{zJgji�f! *�v7*jqsr i{z
Q 3ho f m iJv (0/ % (
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PMO compression
isotrope

diminution
du biais détection

chargement
du PM

temps

mélasse

diode 2 bloquée et IGBT 5 OFF

IGBT 1 et 2 OFFIGBT 3 et 4 OFF

I 1

I 2

I 4

I 5

IMOT

IPM

IMOT

If

If

IPM

If

If

I 3 et I' 3

IGBT 2 ON

IGBT 1 et 5 ON

IGBT 3 et 4 ON
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0 2 4 6 8

temps (msec)
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� � � � � � � H � � ��� � �F� ������!���� ���

2 3P1
2 3P2

2 3P0

2 1S0

1 1S0

2 3P0,1,2

3 3P0,1,2

2 3S1

Energie d'ionisation

E (eV)

0

19.8

20.6

24.6
23

1.08 µm
389 nm
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