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@BAaL{/�476)(+896:4<;o*+AaX{4<Fw;n@BA ] 4\2BFT?E(+Ai*+89,.-DAE2R;JFGAELILGA7s%®n2gN<4<LTN�-3LGALm4bN9'72V*J;^4\2R;+Aa@O/�8Ev74\=%'7(^4<;JFT'72"4<=B(+?9*oNrPj47,.-DAnfD*r*JFG')2�N9Aa,.-BF%2D'7-V* ] ?�2VA���(+89*+')-D@S(+An-B2"*|Q3*|[;+? ] AM@O/�89,.-j4\;JFT')2D*i@SFI�O8E(+AE2R;JFGAELILGA9*b@B8E=OAE2D@D4<2R;i@S-�;+A ] =D*Ws0&`4�*+'7LI-B;JFT'72�'7hB;+AE2R-DAy=%'7-B(c-32;+A ] =V*�f3_38�2V'7-D*�XZ'7-3(J2BFw;bLGA9*b(^4\=3=O')(J;+*�@BAYhB(^4\2VN+PDA ] AE2:;MAE2R;J(+A�LGA9*y@SFI�O8E(+AE2R;+AW*bvU')FTAW*b@BAXd(^476 ] AE2:;^4<;JFT'72�AE2�XZ')2DNE;JFG')2�@O/�-B2DAM8E2DAE(+6)FGAyFI2:;+AE(J2DA�@3AY@38�=	4\(J;WsÐ�c4<2D*a2D');J(+AYN�4)*WK%,.-j4<;J(+A4\=3=B(+'W_:F ] 4<;JFG')2D*l*+'72R;oX{4<FI;+AW*?o
�.s�L{/©8E2DAE(+6)FGA�@B8E=O'.*+89An2DAi@B8E=%A�2V@�=j4)*p@:-"=j4<(^4 ] ?E;J(+Ac@O/�F ] =	47NE;�p
Ô s�Ld4�@3A�2V*JFw;+8a@O/�8E2DAE(+67FTAa@BA9*k2BFIvUA�4<-3_�vRFwhB(^4<;JFT'72DAELT*oA9*J;oN�4\LTNE-BLT8WAa@D4<2D*kL{/�4\=B=3(+'W_:F ] 4<;JFG')2Pj4<( ] '723FG,.-DAqp
É3sl')2>-3;JFwLIFG*rAk-B2 ] 'S@3?�LTAo*J;^4<;JFT*J;JFG,.-DA�=O')-B(~L{/�8�;J-V@BAo@O/�-B2M*JQS*J;+? ] A�20/¹4�Q:4<2:;u=j4)*`;+')-DkJ')-B(+*-B2¯6)(^4\2D@�2D' ] hB(+Ai@%/©8E;^4<;+*�p
ÊVs�LTA9*eAE�%A�;+*�(+'7;^4<;JFT'72DAELT*p@BAaL{/�8�2VA�(+6)FTAiNEFw2D8E;JFT,.-DAi*+')2R;p2D896)LwFT6U89*Ws

&�A9*�N�4<LGNE-BLT*�,.-BFiv.'72R;g*J-BFIv:(+A�'72R;g8�;+8�47@D4<=B;+89*C=	4\(�¬DslÏ~AE2D@BAE(+' AE; t`s���spÑnAE(JvRFGAE-3_!}¹�
=j4<(^4\FI;J(+AE�e@BAE=B-BFT*yLGA ] 'S@B?ELGAH-B;JFILwFT*+8H=O')-B(yLGA9*C4)67(+896R4\;+*y@BAg*+'S@SFI- ] }�Ë>m��eAE;M=%A�( ] AE;J;+AE2R;@O/�'7hB;+AE2BFI(kLTAe;^4<-3_�@O/�8Ev74\=%'7(^4<;JFT'72�@3AeXd(^4)6 ] AE2R;+*o@BAa@SFI�%8�(+AE2R;+A9*k;^4<FwLILGA9*o@3A�=3-BFG*�-B2"4)67(+896R4\;N9'72D*|;JFw;J-D8�@BAsr 4\;+' ] AW*��n-B2M;+A ] =D*uf3_38e4<=B(+?9*~L{/¹4<=B=%'7(J;�@O/�8E2DAE(+67FTA7s.&�/1FI2DN9')2:v.8E2BFGAE2R;k@BApN9A
] 'S@B?ELGAlAW*|;�,.-DAnLd4a2j4<;J-B(+Ae@3AW*uFT*+' ] ?E(+A9*k4\=3=j4\(^4<FT*+*^4<2:;u@D4<2D*uLGAnN+PDA ] FI2C@BApXd(^4)6 ] AE2R;^4<;JFG')2@B')Fw; ´ ;J(+A�=3(+8<4<Ld4\hBLTA ] A�2R;y@B8EfB2BFTA.sÐ�n-¶X{4\FI;�@S-¶2D' ] hB(+A�@O/1FT*+' ] ?�(+A9*�4<=B=j4<(^4<FG*+*�4\2R;i@B?9*iLTAthu KULTAW*kN�4<LGNE-BLT*k20/�')2:;k=	47*oAE2DN9')(+Ae8E;+8cAE�%AWNE;J-D89*�=%'7-3(o@BA9*p476)(+896:4<;+*�@BAa;^4<FwLILGAa*J-3=O8E(JFTA�-3(+A��r�¿ ÇRs

v -VA�LILTA£,.-DAc*r'7FI;kLm4�;^4<FwLILGAa@S-�Xd(^476 ] A�2R;o8 ] FG*9KB')2C-B;JFILIFG*+AnLd4i(+?96)LGAa@BA^wx,.;1y�-�,.-BF�@B')2B2DALm4bvRFI;+AW*r*+Ac@BAa;J(^4<2D*JFI;JFG')2�=j4<(p-32BFw;+8�@BAa;+A ] =V*e@BAE=B-3FG*�-B2"8E;^4<;pFI2BFw;JFd4<L�zuv.A�(+*l-B2g8�;^4<;pf32j4\L{ =j4<(oLd4�(+AELd4\;JFT')2
AE2�XZ')2DNE;JFT'72g@BAcL{/©8E2DAE(+6)FGAcFI2R;+AE(J2DA�Ã\|} @BAaL{/¹4)6)(+6:4<;p@BAc;^4<FILGA^r~o
r��E�
Ä)� ¿

¤)�
����� �E� � ³1� ���{Ã |}�� x Ô sT���

Ô Ê
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�, @ 9<- , =
')µ � ���{Ã\|} � AW*|;cLm4H@BAE2D*JFI;+8M@BAy2BFwv74<-3_¶@3A>L{/�8�;^4<;cfB2j4<L 6 AE; � �E�YL�/�8ELG8 ] AE2:;b@BAyLm4 ] 4\;J(JFTN9A@BA
;J(^4\2D*|Fw;JFT'72ÆN9'7(J(+A9*J=%'72V@D4\2R;Wsn®n2 *W/�4\;J;^4)N+PDAE(^4¶A9*+*+AE2R;JFGAELILGA ] AE2R;
�¶A^_S=3(JF ] AE("N9A9*�@BAE-3_;+AE( ] A9*c*+AELG')2�LGAyN�47*aN9')2D*JFT@B8E(+8.sO&`4�@BAE2D*|Fw;+8y@O/�8�;^4<;+*avRFwh3(^4\;JFT'72VA�LT*c*W/�A^_S=3(JF ] AyA�2 XZ'72DNE;JFT'72@BA£L�/�8E2DAE(+67FTAaFw2R;+AE(J2DAb@BAcL{/¹4)67(+896R4\;o@V4\2D*�L�/�4<=B=B(+'W_:F ] 4<;JFT'72HPj4\( ] ')2BFT,U-VAc=j4<(pLd4�(+AELd4\;JFT')2 o

�������� �{Ã � ¿ Ã�� �D �h��¢ ��� ����  ���� � x Ô s Ô �

')µÍ¢yA9*J;aLGAb2D' ] hB(+AM@BAy@BA967(+89*c@BAbLIFwh%AE(J;+8.K��h��¢ � Ld4�XZ')2DNE;JFG')2! >CDy�y C"AE; � �uLd4�Xd(+89,.-DAE2DN9A@BA�vRFwhB(^4<;JFT'72�@S- ] 'S@BA^zk@D4<2D*nL{/¹4<=B=B(+'W_:F ] 4\;JFT'72gPj4<( ] '72BFT,.-DA7s	�nfB2�@BAi;+AE2BFI(aNW' ] =B;+A�@3ALd4 ] -BLI;JFI=BLwFTNEFw;+8H@BA�*|=BFw2 AE;>@S- ] ' ] AE2R;Y')(JhBFI;^4\Lo@:-ÍXd(^4)6 ] AE2R;WKÐ'72¶FI2:;J(+'S@:-BFw;yLd4¯@BAE2D*JFI;+8@O/�8E2DAE(+67FTAi8ELTAWNE;J(+')2BFT,U-VAi@BAaL{/©A9*J=%?9NWA?zPo
�#"� ¿ �{¤�$��&% � � �{¤�' ��%Æ� � x Ô s�ÉU�

iÐ2BfB2�K	'72g;JFTA�2R;aN9' ] =B;+Ac@BA�L�/�8E2DAE(+67FTAcNEFw2V8�;JFT,.-DA�@:-"Xd(^4)6 ] AE2R;e8 ] FG*nAE;pLd4M@BAE2D*JFI;+8i@O/�8E;^4\;+*,.-BF�Q�A9*J;a47*r*+'SNEFG89An*W/©A^_:=B(JF ] A�o
� �� �{À �)(+* Ä ±-, Ä ±/.�{¤)� � � ±#021 Àp² .D³

¤43��65 ¿87 Å>�93�� .�{¤)� � � ± ÄRÀ x Ô s�Ê:�
')µ:3&�	A9*J;~Ld4 ] 47*r*+A�(+89@S-BFI;+Ae@S-MXd(^4)6 ] AE2R;WK . *+')2yF ] =B-BLT*JFT'72MAE; 7 LTAov.'7LI- ] Ap@3Ao2D')( ] 4\LIFG*�4\[;JFT'72�s�iÐ2g-B;JFILwFT*^4<2:;�LGA9*p@3A�2V*JFw;+89*o@%/©8E;^4<;+*pA^_:=B(JF ] 89A9*o=j4<(ix Ô s Ô �^KOx Ô s�É.�kAE;ix Ô s�ÊR�^KB')2�A^_:=B(JF ] ALd4y@BAE2D*JFI;+8c;+'7;^4<LTAc@O/©8E2DAE(+6)FGA�@S-"Xd(^4)6 ] AE2R;PzPo

� �#�{À � ¿ �#"� � �� �#;� �{À � x Ô s��U�<l2DAg4\=B=3(+'W_:F ] 4<;JFG')2ÍF ] =O')(J;^4<2:;+AHA9*J;>X{4<FI;+A�oÐ@D4<2D*yL�/�A^_:=B(+A9*+*JFT'72Æx Ô s�ÊR�^Ku'72¶2DA�;JFGAE2R;M=j47*N9' ] =3;+AY@3A�Ld4C@BAE2D*|Fw;+8M@O/�8E;^4\;+*c@BAbL{/©8E2DAE(+6)FGAMNEFw2V8�;JFT,.-DAM@S-DAM��Ld4�(+');^4\;JFT')2�@BA9*aXd(^476 ] A�2R;+*,.-DAML{/©')2ÍN9')2D*JFT@B?E(+AMNW' ]M] A>2V8W6)LIFG6.A�4\hBLTAM@BAEv74\2R;�N9AELILGA�@BAML{/�8�2VA�(+6)FTAYNEFI2D8E;JFG,.-DAY=B-B(+A ] A�2R;;J(^4<2D*JLd4\;JFT')2B2DAELwLTA7s=n'7-D*c4<LwLT')2D* ] 4<Fw2R;+AE2j4<2R;�A^_:=B(JF ] A�(cLTA9*cN9'72D*|;^4\2R;+A9*a@O/©8Ev74<=O')(^4<;JFG')2��ML�/�4<FG@BAy@BA9*a@BAE2B[*JFI;+89*C@O/�8E;^4\;+*�=B(+89*+AE2:;+89A9*�NEFI[�@BA9*+*|-D*Ws)=n')-D*�=B(+89*+AE2R;+AE(+'72V*CLTAW*�N<4<LTN�-3LG*�-32BFG,.-DA ] AE2R;�=%'7-B(L{/©8Ev74<=O')(^4<;JFG')2"@S- ] '72V' ] ?E(+AcAE;e@S-¯@SF ] ?E(+A7s

>@?BAC?-A DFEHGJILKNM�GJO�PQK)RTSVUXWYR[Z\K)R]K@Z\^_M�`
&`4�@BAE2D*|Fw;+8g@BAgL�/�8E;^4\;MfB2	4\Ll=O')-B(ML�/�8Ev74\=%')(^4\;JFT'72Î@%/1-B2 ] ')2D' ] ?E(+Ag*W/�8WNE(JFI;�NW' ]M] A�Ld4N9')2:v.'7LI-B;JFT'72¯@BAcN9AELwLTAi@BA£L�/�476)(+896:4<;o@BAc;^4<FILwLTA^r ² �iAE;p@BAiN9AELwLTAi@BAaL{/�4\;+' ] Ac8�v74<=%'7(+8do

� ���{Ã |} � ¿ *ba�cd �fe d#g hi �   �{À � � } �D  �{Ã |} ²bj }lk   ²ªÀ � ÄRÀ x Ô s�ËU�
')µmj }lk   A9*J;CL{/©8E2DAE(+6)FGA�@BA�@:FG*+*r'SN�Fd4<;JFG')2Î@BA¯L{/¹4)67(+896R4\; r 2D89N9A9*+*^4<Fw(+A�� L�/�8 ] FG*+*|FG')2 @O/�-B2] ')2D' ] ?E(+A7K �   AE; � } �D  *+')2R;kLGA9*o@BAE2D*|Fw;+89*o@O/�8E;^4\;+*�AE_:=B(JF ] 89AW*�@D4\2V*cx Ô s��.�^sB�c4<2D*�LTA£N�4)*o@S-] ')2D' ] ?E(+Abx{4\;+' ] A<�^K7FwLV20/�8E_:FT*J;+Al=j47*�@BAn@BAE2D*JFI;+8n@O/©8E;^4<;+*�vRFwhB(^4<;JFT'72B2VA�LT* � ;   s(iÐLwLTAe*rA�(^4£@B'72VN=B(JFT*+Ai896R4\LTAi�yL{/1-B23Fw;+87s	t`')-B(nLm4y(+8�4)NE;JFG')2�FI2RvUAE(+*+A>�bLd4yXd(^476 ] AE2:;^4<;JFT'720K3')2
')hB;JFTAE2:;nLTAc;^4\-S_@BA£Xd-D*JFT'72H=j4\(�-B2DAc(+AELd4\;JFT'72�4<2j4\LT'.67-DAc�yN9AELwLTAc@S-g;^4\-3_�@BAcXd(^4)6 ] AE2R;^4\;JFT'72�x Ô sw���so

r �1�
ÄD� ¿

¤)�
��� � � � � ³1� �#�{Ã |}W� ¿on:�qp �{À � x Ô s �7�

Ô �
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'7µ n:�i¿ . � � 7 3   � AE; p¯*r'72R;k(+A9*J=%AWNE;JFIvUA ] AE2:;lLGA��3-3_HAE;oLm4b*+A9NE;JFG')2"AE­�N�47N9Aa@BAaLd4i(+8�4)NE;JFG')2@BA�Xd-D*|FG')25xZN9')LwLIFG*|FG')2j�^s iÐ2·N9')2D*JFT@B8E(^4\2R;>,.-DAYL�/�8E2DAE(+67FTAMFw2R;+AE(J2DAHAW*|;�(+8E=j4<(J;JFGAC*|-B(i;+')-D*�LTA9*
@BA967(+89*l@BAiLIFwh%AE(J;+89*£49v74<2R;eLd4y(+8�47NE;JFT'72�xZ89,U-3FwLIFwh3(+A<�^Kj'72g=%A�-3;e-B;JFILIFG*+AE(lLGAc=3(JFw2DNEFI=OAb@S-¯hBFILm4<2
@B8E;^4\FILILG89A�x ��� �E� � ³ ¿ ��� �1� � ³ AE;ML�/�89,U-	4\;JFT'72�x Ô s �7��=%'7-B(�')hB;+AE2BFI(�L�/�A^_S=3(+AW*r*JFG')2Î@BA ��� �E� � ³ s�nFw2D*|F�KOAE2�Fw2)kJAWNE;^4<2R;cLGA9*i89,.-j4<;JFG')2D*Mx Ô s¹�.�aAE;�x Ô s�ËU�a@V4\2D*£L�/�89,U-	4\;JFT'72°x Ô sw�<�aAE;iAE2�-B;JFILIFG*^4<2R;
LGA9*lAE_:=B(+A9*+*|FG')2D*p@3A ��� �E� � ³ A�;l@BA � �   KV')2"')hB;JFGAE2R; o

Ä(r��E�
ÄD�JÄRÀ ¿

�
¤)� ³ � ±

� "   �{À � � "} �D  � � } �D  �{Ã\|} ²bj }lk   ²ªÀ �� "} � } �{Ã |} � . ³ p �{À � ÄRÀ x Ô s¹¼.�

iÐ25=%'U*^4<2R;CL{/©8E2DAE(+6)FGA�NEFI2D8E;JFG,.-DA�ÀÎ¿ ���³�� h AE;gA�2 Fw2R;+896)(^4\2R;"*|-B(CL{/©8E2DAE(+6)FGA�NEFI2D8E;JFG,.-DA�@:-] '72D' ] ?E(+Ac8 ] FT*WK3'72¯')hB;JFGAE2R;£4<LT'7(+*?o
Ä�r?�E�
Ä)� (
	 }Hk   �{Ã |} � ¿ 3  � ³ � ± * a�cd ��e d#g hi � "   �{À � � "} �D  � � } �D  �{Ã |} ²oj }lk   ² À �� "} � } �{Ã |} � p �{À � À�ÄRÀ x Ô s¹Ì.�

� A9NEFe(+AE=B(+89*+AE2R;+AgLm4�N9'72V*J;^4\2R;+A¯@O/�8Ev74\=%'7(^4<;JFT'725@%/1-B2 ] ')2D' ] ?�(+A¯@BAE=B-3FG*�-32#4)67(+896R4\;M@BA;^4\FILILGA:=!'7µ p¶A9*J;cLd4C*+A9NE;JFT'72�AE­�N�47N9Ay6U89' ] 8�;J(JFT,.-DAM@BAyL�/�4)67(+896R4\;a,.-BFk*W/©A^_:=B(JF ] AY@V4\2D*aLTA
] 'S@B?ELGAMNELm4)*+*JFT,.-DAM@BA gÍAEFT*+*Jq.'7=BX pÎ¿ ���c³
 su®n2¶A^_S=3(JF ] A�L{/©8E2DAE(+6)FGAMNEFI2D8E;JFG,.-DA ] '�Q.AE2B2DA@S- ] ')2D' ] ?�(+Ac8 ] FT*o=j4<( o

�À }lk   ¿ �	 }Hk   � 3  � ³ � ± *ba�cd �fe d#g hi � "   �{À � � "} �V  � � } �V  �{Ã\|} ²oj }Hk   ²ÍÀ �� "} � } �{Ã |} � p �{À � À ³ ÄRÀ�� x Ô sw��m.�
iÐ;cL�/�8E2DAE(+67FTA ] '�Q.AE2B2DAM@O/�AE_3NEFI;^4\;JFT'72 (+AW*|;^4\2R;i@D4<2D*aL{/¹4)67(+896R4\;aA9*J;aLm4�@SFI�O8E(+AE2DN9AMA�2R;J(+AM*+')28E2DAE(+67FTAaFw23Fw;JFd4\LTAiAE;eN9AELILGAa;J(^4<2D* ] FT*+Ai4\- ] '72V' ] ?E(+A7KBN9Ac,.-BF~*9/©89NE(JFw;?o�Ã |}lk   ¿ Ã |} ² �À }lk  >@?-AC?/> D E GCI�K M�GCO�PQK@R SVU WYR S P Z\^_M�`
�c4<2D*lLGAiN�4)*p@BA�L�/�8Ev74\=%')(^4\;JFT'72¯@O/�-B2�@SF ] ?E(+A7KVFIL�X{4\-3;pFI2DNELw-B(+A�LGA£2D' ] hB(+A�@3A�@BA96)(+8W*l@BALwFIh%A�(J;+8c@:-"@SF ] ?�(+Ac8Ev74<=O')(+87sV&`4�@3A�2V*JFw;+8c@%/©8E;^4<;+*kvRFwhB(^4<;JFT'72B2VA�LT*o2�/©A9*J;o=3Lw-D*l896:4<LGAc��L�/�-B2BFI;+8N9' ]M] Ac@D4<2D*oLTAiN�47*�@S- ] ')2D' ] ?E(+A7sV�nFw2V*JF�K:L{/©89,.-j4<;JFG')2¶x Ô s�ËU��@BAEv:FTAE2R;�o

� ���{Ã |} � ¿ * a�cd ��e d#g �i � ³ �{À�� � � � } �S³ �{Ã |} ²bj }lk ³ ²ªÀ�� � ÄRÀ�� x Ô sw�U���
®n2¯@B8EfB2BFI;��"¿#À � ²ªÀ���������j ³ k  �� N9' ]Y] AcL{/�8�2VA�(+6)FTA�@BAcvRFIhB(^4<;JFG')2�@S-
@:F ] ?E(+A�8Ev74<=O')(+8iAE;j ³ k   L�/�8E2DAE(+67FTA�@BA�@SFG*r*+'SNEFm4<;JFG')2"@:- @:F ] ?E(+A�@BAE=B-3FG*nL{/¹4)67(+896R4\;�=j4\(+AE2R;Ws%&�Ab@SF ] ?E(+Ab8�v74<=%'7(+8=O'.*+*+?9@BAg-B2 2D' ] hB(+A�@3A�@BA967(+89*�@3A¯LwFIhOAE(J;+8�FI2R;+AE(J2DA�4)*+*+'SNEFG8¯��Lm4�Xd(+89,.-DAE2DN9A�4\2V67-BLd4<Fw(+ANELm4)*+*JFT,.-DAc@BAaL{/©'.*+NEFwLILd4\;+AE-B(oP	4\( ] ')2BFG,.-DA����)sV&`4y@BAE2D*JFI;+8i@O/�8E;^4\;nN9'7(J(+A9*J=%'72V@D4\2R;+AcA9*J; o

� � ³ ��� � ¿ �
� ���! � j ³ k   ²"� � x Ô sw� Ô �

'7µ  A9*J;�Ld4cXZ')2DNE;JFG')2�@O/�ÑeA�49vRFT*JFT@BA7sS&`4�@BAE2D*JFI;+8e@BA9*�2BFIvUA�4<-3_Y;J(^4\2V*JLm4<;JFT'72B2VA�LT*�A9*J;�Lm4 ] ´ ] A,.-DAC@D4<2D*bL�/�89,U-	4\;JFT'72Æx Ô s©ÊR�c')µÍLd4 ] 47*+*rAM(+8W@:-BFw;+A 3   @S- ] '72V' ] ?E(+ACA9*J;�(+A ] =BLd47N989A�=j4<(N9A�LILTAc@S-
@:F ] ?E(+A�3 ³ o � � ³ �{À �)( 7 Ån� 3 ³ .�{¤)� � � ± ÄRÀ x Ô sw�<É.�

Ô Ë
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6)FGAcNEFI2D8E;JFG,.-DAb@BAa(+');^4\;JFT'72¯@BAcN9Ai@BAE(J2BFTAE(Ws
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´ ;J(+AoLTAo(+89*J-3Lw;^4<;�@3AkL�/�8E2DAE(+67FTAp@3Ao(+');^4\;JFT'72y=B(JFT*+AoAE2�N9' ] =B;+Al@D4\2V*~LTAoN�4\LTNE-BLj¸¯AE;J(+')=O')LwFT*Ws.®n24C4<LT'7(+*l-B2DAb@BAE2D*JFI;+8�@O/�8E;^4\;nLwFT89A>4<- ] ' ] AE2:;aNEFw2V8�;JFT,.-DAyA�;c�MLd4M,.-j4\2R;JFI;+8>@3A ] '7-3vUA ] A�2R;,.-BF�A9*J;o=BLI-D*l67(^4<2D@BA7s3t~4<(pA^_BA ] =BLTA7KS=%')-B(oL{/©A9*J=%?9NWA tqu % t ± KSLTAc@B' ] 4\FI2DAa@O/�8�2VA�(+6)FTAav74>@3AÇMÀ�Á �g���3¥��MÀ�Á =%')-B(pLTAiN�47* gÍAEFT*+*JqU')=BX�4<LT'7(+*l,U-VA�@D4<2D*oL{/�4\-B;J(+A ] 'S@B?ELGA7K:L�/�8E;^4\LTA ] A�2R;nv74@BAb¦YÀ�Á �H���YÀ�Á 49v.A9Nc-B2DAiA^_:;JFI2DNE;JFG')2 ] ')Fw2V*e4<hB(J-B=B;+A7s
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y W W ¼$Ø�y�²-² �L7 Ò þ � � ² ¼ ±9Ø¨²:� Ü<�B7 Ò þ/.
y à W ²2Ø�y�²�w �L7 Ò þHI � ² ± à-ØU¼VÜ=� �B7 Ò þèþ
y à à ¼$Ø³² ë-¼ �L7 Ò þHI � ² ² ÜVØUë�²Zà��B7 Ò þ/.
y ¼ W ²2Ø³²5W Ü��L7 Ò þèþ � y W ¼9ØU±VÜ=w �B7 Ò þ/.
y ¼ à w$Ø�y-ë-± �L7 Ò þèþ � y à ±9Ø �`W!w �B7 Ò þ/.
y ¼ ¼ ²2Ø]ë9W!y �L7 Ò þèþ � y ¼ y9Ø	Ü§Ü=� �B7 Ò þ/.
y ± W à�Ø�y Ü�± �L7 Ò þèþ � y ± ¼9Ø W�²�y �B7 Ò þ/.
y ± à à�Ø³²�y Ü��L7 Ò þèþ � y ² ë9Ø �2à#y �B7 Ò þ/.
y ± ¼ ±$Ø]¼-¼-ë �L7 Ò þèþ � y y y9ØU¼VÜ=y �B7 Ò þ/.
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Probabilité de capture en fonction du paramètre d'impact
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F,H\M�M�HgT�KIN�FIy/H�]�HgM���DCN�HZ]�H L N0KI]�N0O�O/csH L D%JONrc=< ��O(H�RbH�O�G L D%G_G_K ^
	 J(c L V-MkDG<CN ^ HQR Q d R O�O(NSGIH\KaDY J(H�MXH L <0D%M�H�J�K L R N 3 H\O�O(H L ]�H L  � L J�KWMXH L @2D 	 D
K ^ G L O/H L N0O�GWT�D L O�J�M�M�H L d�e�H,F ^ T�KINj< ^ H�O�G
]�J 	 K_J ^ G�]�J L_^ @0O�D%MEd%�!O#H=<VH�G c�L<^ M���NSO�F�D
MXF�J�M�H�MXH/ � ]6� J�OiH�O�KIH�@ ^�L G_KIH�R H\O�G L D%O LgL<^ @SO�D
M�T�D
K
KaD%T�T@NSK_G-V J�O TtN0O/] T�MkD
G c N0O ]�N ^ G L �oD%G_GIH�O(]2KIH V N 	 GIH�O ^ K�MQDiR/K�R H�] ^�L TVH\K L<^ NSO H�O7 � cV F,N0O(] ^ G ^ N0O Y J(HjM�HQ@2D 	 D
K ^ GZ]2J L_^ @SO�D%M L N ^ GfFsNSK_KIH,F�GsdVegH,F ^ H L G ^ M�M9J L G_KIc L J�K MQD#�B@SJ�KIH�P�d P���dR O�KIH�RPD
K Y J(H�KaD L J�KgF,H�G_GIHL�B@SJ�KIH c�Y J(H M�� ^ ]�H�O2G ^ GIcx]�H�MkDj] ^�L G_K ^
	 J�G ^ N0O�]�H L  � TVN0J�K�M�H L<^ @SO�D
M

R5: b
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H�GgT@NSJ�K�M�H L H�O�KIH�@ ^�L G_KIH�R H\O�G L�L D%O L L_^ @SO�D
M L_^ @SO(H�MXH 	 N0O#DSF,F,N0KI]�H�O�G_KIHxM�Ho@�D 	 D%K ^ GgJ�G ^ M ^�L cxH�G
MQDUKIc�D%M ^ GIc0d)egH�T@H�O(]/D%O�GWNSO'N 	(L H\KE<�HrJ�O�MXc�@�H\KW]�csF�D
MQD#@�HWH�O2G_KIH�M�H L ]�H�JONz] ^XL G_K ^ 	 J�G ^ NSO LWY J ^
T�KINC< ^ H\O�G�FsH�K_GaD ^ O/H\R H�O�Gh]6� J�O 	 K_J ^ G L J�KZMkD-TtN0K_R HW]�H LfL_^ @SO�D
JONVd
S�J�KZMkD8�D@0J�KIH�P�d PCl c NSJ�G_KIH L M�H L <�N ^ H L R Q H�G�R�l�D%JONbTVH�G ^ GIH L <0D%M�H�J�K L ]�H� � c NSO#N 	(L H�KE<CH

]/�oD%J�G_KIH L GaD0F}y(H L F,N0K_KIH L TVNSO(](D
O2G V ]/��D
J�G_KIH L <�N ^ H L d 0�D[MQD
KA@�H\J�KZ]�HjF,H L GaDSFIy(H L ]�H=< ^ H�O2G�]�H
T�M�J L H\O�T�M9J L @SKaD%O/]�HSV R H L J�KIH Y J(HrM�H� � D%JB@SR H�O2GIH0d+e�H,F ^!L HrF,NSRUT�KIH\O/] TED0F ^ MXH�R H�O2G L_^
M��`NSO#]�c,F,N0R�TVN L H>J�O L_^ @SO�D%M+F,NSRUR HxMkD L N0R�R HW]�H L N0O�@2D 	 D
K ^ G�- � D�<CH,FjM�H 	 K_J ^ G�� a

X L G ]^N * - � L G ]^N���� L G ]ON m P�d � � >
R O#HdN2T�K ^ R HrD%M�NSK L M�H  � ]�HxMQD[R�D
O ^ ��KIH L J ^ <0D
O�GIH mED
J�F,N�H�� F ^ H�O�G g] &�� ] # T�K)� Ld> a

 �� * G ] L - � L G ]BN���� L G ]ON N.- � L G ]BN$N �
 �� * G ] L - � L G ]BN N - � L G ]ON$N � � G ] � � L G ]BN�� I G ] � L G ]ON L - � L G ]BN N.- � L G ]^N$Nm P�d � b >

� ^ O L<^ c ](D
O L M�HWF�D L N	�iM�H L_^ @SO�D
M+FsNSK_KIH L TVN0O(]iD%J�@2D 	 D
K ^ Gfc\G_J/] ^ cUm ^ 
 � >dc NSO#N 	 G ^ H�O2G?a
 � * G ] � � L ��N m P�d �G� >

S ^ D
J#F,N0O�G_KaD ^ KIH c M�H L_^ @0O�D
MVO(HWF,NSK_KIH L T@NSO(] T�D L D
J @2D 	 D
K ^ GZc�G_J(] ^ c c NSO#N 	 G ^ H�O�G a
 � *  ���� � � G ] � � L ��N�� I G ] � L G ]ON L - � L G ]^N N - � L G ]BN$N m P�d Q : >

N	�  ��
� � H L GWM�H  � H�O�G_KIH M�H L @�D 	 D
K ^ G LW^ H�Gn�bm �B@/dIP�d PCli]�KIN ^ GIH > d R O <CN ^ GwG_K)� L 	�^ H�O ](D
O LM��`c Y J�D%G ^ NSO m P�d Q : >rY J(HPM�H�G_KIN ^XL_^ ��R H�GIH�K_R H#H L G�KIH L TVN0O L D 	 M�H�]�HPMkD�] ^�L T@H�K L_^ NSO TVN0J�KUM�H L
@0KaD
O(]�H L <0D
MXH�J�K L ]�H  � Y J/HwM��`N0O'N 	(L H�KE<CH L J�KhMkD��D@0J�KIH/P�d P�lYV @�D
J(FIy(H0d/��O FsNSR�T�D
KaD%O�G
MXH L �B@0J�KIH L P�d P�lrH�GoP�d P � H�O2G_KIH��$H\M�M�H L�c NSO1N 	(L H\KE<�H Y J(HjMkDrKIc L NSM�J�G ^ NSO#]�HxMQD�R c�G_y(N�]�HjH�O4 �
H L G�R H ^ M�MXH�J�KIH Y J/HWF,H\M�M�HrD�<CH,FjM�H L R NSRbH�O�G L ]6��NSKI]�KIHr��d

0+H L KIc L J�M9GaD
G L H�N2TVc�K ^ R H�O�GaD%JON#]�H L KaD
T�TVN0K_G L ]�H 	 KaD
O(F}y(H�RbH�O�GxFsNSO L c,F�J�G ^ T L V MQD�F�D%T��
G_J�KIHjc�MXH,F�G_KINSO ^XY J(HjNSO�G�c�GIcjN 	 GIH�O�J L H�OPJ�G ^ M ^�L D%O�GZF,H�G_GIH�R c\G_y/N�]�H0d�e�N0O/F\K)��GIH�R H�O2G c F,NSRUR H
O(NSJ L M��oD�<CNSO L ]�c�� V H�N2T�M ^�Y J/c c O(NSJ L D�<CNSO L F,N0R�R H�O(F,cWT�D
KhHdN2G_KaD ^ KIH[MXH L�L_^ @0O�D
JON#]�H 	 D L H
D�<CH,FfMQDhKIH�T�KIc L H�O2GaD
G ^ N0O�c�O(H�KA@ ^ HxD
RUT�M ^ G_J(]�H0d <>NSJ L D�<�N0O L H�O L J ^ GIH @�c�O(c�KIcZM�H L @2D 	 D
K ^ G L T�D
K
F,N0R�TVN L_^ G ^ N0O�]�H[MQD 	 D L H�mtH Y dqm P�dSR�l >E> d W!J ^�L O(N0J L D=<CNSO L F�KIcsc[J�O(H 	 D L H�]�Hw]�N0O�O/csH L NSJ L
MXHUMXN @ ^ F ^ H�M���W P1FsNSO�GIH�O�D%O�G[MXH L <�H,F\GIH�J�K L ]�H2 � D LIL N�F ^ c L V FIy�D Y J(H�c�<���O(H�R H�O�Gsd �!O*��O c
O(NSJ L D�<CNSO L HdN2G_KaD ^ G�M�H L c=<�c�O(H�RbH�O�G L H�O�]�c=��O ^XLIL D%O�G�]�H L F,N0O�GINSJ�K L ](D
O L M�H L T�MQD
O L M�H L T�M�J L
T@H�K_G ^ O(H�O�G L d W�D
KETtN ^�Ljc@^ M L �`H L GrD�<�c\KIc Y J/H�MQDPF,N0R�TVN L_^ G ^ N0O ]�H L @2D 	 D
K ^ G L O ��c�GaD ^ G[T�D L D LIL Hs�
T�KIc,F ^XL H�TVN0J�K ^ ]�H�O�G ^ �(H�KrGINSJ L M�H L c=< ��O(H�RbH�O�G L d <�N0J L D�<CNSO L D
MXNSK L D
��O(c�MXH L @�D 	 D%K ^ G L ]�H
TED	�,NSO ^ GIc\KaD
G ^ <CHrH�O TED ^�L D
O2G MQD�R N 3 H\O�O(HW]�H L c�< �\O/H\R H�O�G LZ^ ]�H�O�G ^ �/c L d
p MwH L G ^ R�TVN0K_GaD
O�G�]�H'O(NSGIH�K Y J/H'MkD R c\G_y/N�]�H H L G1]�c�T@H�O(]/D%O�GIH�]�J KaD%T�TVNSK_G L<^ @SO�D
MV 	 K_J ^ Gsd'<�N0J L D�<�N0O L J�G ^ M ^�L c�J�O TED ^XL F,H�D
Jb]6��D#@0KIc�@�D%G L V ��� H�<���e mED
J�M ^ H�J�]�HQP � H�<���e >

]�H�R�D%O ^ ��KIH<V D
JB@SR H\O�GIH�KWM�H L_^ @0O�D%M�T�D
KWKaD
T�T@NSK_GUD
J 	 K_J ^ G Y J ^ KIH L GIH�M�H R/K\R H0d � ^ O L_^ c
R?R;:
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amplitude max (unité arbitraire)


100
 150
 200
 250


no
m

br
e 

d'
év

èn
em

en
ts




0


500


1000


1500


2000


2500


3000


3500


4000


4500


5000


5500


6000


2 Mev/C

4 MeV/C


C
3


C
2
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3C
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H�O1HQ<VH,F�G_J�D%O�GfMQD�T�KINR�_H,F\G ^ NSO#H�OzD
R�T�M ^ G_J(]�HW]�HjMkD�KIH�T�KIc L H�O2GaD
G ^ N0O1c�O(H�KA@ ^ H��<D
RUT�M ^ G_J(]�Hj]�H L
c�<���O(H�R H�O�G L�^�LIL J L ]�HxMkDQTkKaD#@SRbH�O�GaD
G ^ NSO�]�J F�
 c N0O�N 	 G ^ H�O2G MQD��B@SJ�KIHQP�d P b d��ZO L �oD%TVH�K �sN ^ GL J�K�MQD#�B@SJ�KIHQP�d P brY J(HxMkD[KIc L N0M�J�G ^ N0OPH\O1D%R�T�M ^ G_J(]�Hj]�H LZL<^ @SO�D
JONbH L GZD%R c�M ^ NSKIcsHj]6� J�O TED0F��
GIH�J�KW]�H�JONVd@pEM�]�H�< ^ H�O�G ^ O�GIc\KIH LIL D%O�GW]�H[G_KaD�<0D ^ M�MXH�KSV ]�H L c\O/H\KA@ ^ H L T�M9J Lh^ R�TVN0K_GaD
O�GIH L D	��O
]/�oD
JB@0R H�O�GIH�KUM��`H\� F�DSF ^ GIci]�H�M��oD%O�D
M 3�L H�H�O TtN0K_R Hi]�H L L_^ @0O�D
JONVdqp M L H�KaD ^ G�D
MXNSK L T@N LIL_^
	 M�H
]/�oD
O�D%M 3�L H�K�M�H L <CN ^ H L ]�HQTkKaD#@0R H�O�GaD%G ^ NSO�TVN0J�Kf]�H L D#@0KIc�@�D%G L ]�HjR�D LIL H L J�TVc\K ^ H�J�KIH0d

R R?R



�����������
	
�����
������������������������������������	�������������� �!�#"$	%�lV�&'��������������������	 �(�)�(*��+�,�
���-".�/	0&'�1�!�2�����SV��)�(3+4
�/��� ����� �� �,�(����-�

<�NSJ L D=<CNSO L R NSO�G_KIc Y J(H�MkDGTtNSK_RbH ]�J L_^ @SO�D
M�]�H�F,NSJ�KaD%O�G ^XL}L JU]6� J�O ]�c�GIH,F�GIH�J�K L<^ M ^ F ^ J�R
c�T ^ GaDCN ^ c[c�GaD ^ G>F�D
KaD0F�GIc�K ^XL G ^XY J(H[]�HWMkD�T�D
K_G ^ G ^ N0O�]�HYTkKaDU@SR H�O2GaD
G ^ N0O1]�c�GIH,F\GIc,H[]�J(HSV�M��`HQ<VH�G
T�MkD L R�D�H�G V�MkD�FsNSR�T@N L_^ G ^ NSO M ^ O(c�D ^ KIH']�H L FsNSJ�KaD
O�G L d &fO(H 	 N0O�O/H�KIH�T�KIc L H�O2GaD
G ^ N0O ]�H LL_^ @0O�D
JONwT@H�K_R H�G_GaD%O�GgJ�O/H�< ^�L J�D
M ^�L D
G ^ NSO H�O�M ^ @SO(H>H L GgMkDjKIH�T�KIc L H�O�GaD
G ^ NSO 	�^ ] ^ RbH�O L<^ NSO�O(H�M�MXH
D%R�T�M ^ G_J(]�H�R�DCN��%c�O(H�KA@ ^ H�mtFIy�D
KA@CH GIN0GaD
M�H > d�0 ��D
O�D
M 3�L H H\O R NSR H\O�G L ]�H L�L_^ @0O�D
JONwFsNSO L G ^ G_J(H
J�O�NSJ�G ^ M/T�J ^�LIL D
O�G�TVNSJ�KgH�N2T�M�N ^ GIH�KgM�H L ]�N0O�O/csH L d ��O;��O c MQDhKIH\T�KIc L H\O�GaD
G ^ NSO�H�O  � Y J(HfO(NSJ L
D�<CNSO L ]�c=<�H�MXNST�TVc�T@H�K_R H�Gw]/�`HdN�G_KaD ^ KIH ����� � 	 M�� ^ OlTtNSK_R�D%G ^ N0O�F,N0O�GIH�O�J(H ](D
O L MkD�TtNSK_R H ]�H LL_^ @0O�D
JONVd&fO']�H L TVN ^ O�G L TED ^
	 MXH L ]�H�F,HrO(NSJl<�H
D
J�T�K ^ O(F ^ TVH�]�Hw]�c\GIH,F�G ^ N0O'F,NSO(F,H\K_O/HrMkD ]�J�KIc,H�]�H
< ^ Hx]�J�]�c�GIH,F�GIH�J�Ksd'�JN2TVc�K ^ R H�O�GaD%M�H�RbH�O�G c J�O(Hx]�N L HZ]�H>M��`N0KI]�KIHx]�H +�� �����	��
���
�������� v 
 
 � H L GL J�� L D
O�GIH�TVN0J�K�KIH�O(]�KIH ^ O(HdN2T�MXN ^ GaD 	 M�HfMXH LgL_^ @0O�D%JON c F,H Y J ^ F,NSK_KIH L T@NSO(]3VjMkDjF�KIc�D%G ^ NSO�]/� J�O
]�c�TED%J�G�GINSJ�GqMXH L�� 
 � d�e D%O�J�G�H�G�D%MEd%�SR RCP��(NSO�G�R NSO2G_KIc Y J(H�M�H�KIc L H�D
J F\K ^�L GaD
M9M ^ Ob]2J L<^ M ^ F ^ J�R
c�GaD ^ GZ]�c�G_K_J ^ G L J�K�J�O1] ^ D%R2��G_KIHW]�HxT�M�J L_^ H�J�K L ] ^ ��D ^ O/H L ]�HQH 
 T�D%KfJ�O L H\J�M ^ R�T�DSF\Gsd'<�NSJ LL NSJl<CH�O�D
O�G Y J(HjMkD�GaD ^ M�MXHW]�HjG_KaD0F,HW]�HWFIy�D
KA@�HjH L G>H�M9M�HrD
J LIL_^ ]�HhM��`N0KI]2KIHr]�J � � c NSO#]�N ^ G�H�O
]�c,]�J ^ KIH Y J(H�MkD�T�KIc L H\O/FsHb]/� J�O L H�J�M ^ R�T�D0F�Gr]/D%O L MQDi�,NSO(H ]�H�F,NSM9M�H,F\G ^ NSO ]�H�F}y�D%KA@�H H L GL J�� L D
O�GIHrTVN0J�KW] ^ R ^ O�J(H�KjMQD Y J�D%M ^ GIcU]�H LjL<^ @SO�D
JONVd�egH,F ^ RbH�GWH�O c�< ^ ]�H\O/FsH Y J(H�M�HrTVN ^ O�G
F�K_J(F ^ D
MZTVN0J�K�N 	(L H\KE<�H�K M��`H=<@H�G T�MkD L RPDzF,N0R�R HiO(N0J L MXH�TED ^XL NSO L ](D
O L F,HiG_KaD�<0D ^ MxH L G MQDY J�D%M ^ GIcW]�JiKIc L H
D
J#F�K ^�L GaD
M9M ^ O+d� MQD L J ^ GIH[]�HjO(NSG_KIHWG_KaD�<0D ^ M L J�KfM��`HdN2T�MXN ^ GaD%G ^ N0O�]�H�MQDnTtNSK_R HW]�H LxL_^ @0O�D
JONi]�HrF,N0J�KaD%O�G^XL}L J L ]�Hw]�c\GIH,F�GIH�J�K LxL_^ M ^ F ^ J�R c J�O @0KINSJ�TVHrH�J�KINST@c,H�O�]�HWT�y 3�L_^ F ^ H�O L O�J(F�M�c
D ^ KIH L D 	�� G ^ J�O
T�KIN @0KaD
R�RbH�]�H�KIH,FIy(H�KIF}y(HxH\G�]�c=<�H�MXNST�TVH\R H�O�G�TVN0J�Kg]�c�<�H\M�NST�T@H�K�]�H�O(NSJl<�H
D
JONb]�c�GIH,F�GIH\J�K L
F�D%T�D 	 M�H L ]/� ^ ]�H�O2G ^ �(H�K MkD�FIy�D
KA@�H�H�G�MQD1R�D LIL H�]6� ^ N0O L MXNSJ�KI] L @SKaD0F,H V#MQD TtNSK_R H�]�H L�^ R��
T�J�M L_^ N0O L ]�H F,N0J�KaD%O�Gsd�egH�G_GIH�F,NSM9MkD 	 NSKaD%G ^ NSO'J�G ^ M ^�L H J�O L_^ M ^ F ^ J�R ]�H 	 N0O�O(H Y J�D%M ^ GIc R�D ^�L
] ^ <@c�KIH�O�Gb]�H�F,H�M9J ^fY J/H�O(NSJ L D�<�N0O L J�G ^ M ^�L cKa!M�H ����� dZe�H�G_KaD�<0D ^ M�H L GUH�O-F,N0J�K_GUH�GMTED ^ G
M��`N 	 �_H\Gf]�HxMQD�G_y � L Hj]�Hr�xD L}L H�O<��RUK ^ G_GaD3V M���p7W <Wd

R?RCP
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<�N0J L D%M�M�N0O L R�D ^ O�GIH\O�D%O�G�T�KIc L H\O�GIH�KqM��`H�O L H�R 	 M�H�]�H L KIc L J�M�GaD%G L HdN�TVc�K ^ R H�O�GaD%JeN�F,N0O/FsH�K_�
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