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M_9R]tY.K}FU^�Ma;Ls?M_g�M_9*;�d�OcMa;jYmM�]_^`Ma;jEaC�EL;[MfOcMo]qFU^3Y���]oM_9=M_9*;.<?>A@B@An����_��d�]q�[EIOcEiV�FI\�kApG>%K}OcEiEm]q;}QSFUX3M�]_^
M_9*;����u�����zOU^�Qu ���¡=kApG>A�l��>¢k�£��eY|~a¤}�.Oc^�Q']_^�M_9*;�\jOUYmM¥EL;LO?K�MfFUE¦kA§e>A¨epI©ªv_kw�¦«A@ypG¬
OU^�Q�kA�¦«A@BpG¬Bn�¤(;}smC3;[Ei]_Nu;j^`M_Y�x�~a�L�yC�EIFcT�]qQR;eM_9*;eFiC?C*FcEmMoX*^�]oMoV.MfF�C�EGFiC*FhYJ;­;jTUOUd�X3O?Mo]oFU^�O?K�Mo]tTW]_Mo]f;mY
�B9R]qKj9�OU]_N®FG\P]tN�C�EGFUTW]t^�b�^�X�K[d¯;LOUE0Q?OcMfO�Oc^�Q�;j^3YmX*Ei]_^�b°OuC`9RVhYm]oK[Y�K}FU^�Yi]tYmMa;j^�K[V��};[Mo�w;i;j^�M_9*;
EG;jYjFUd�TU;}Q�EG;jYjFU^�OU^�Ki;�EIOc^�b�;(OU^�Q0M_9*;±9R]�bU9=;j^�;[Eob?VuEGOU^�bZ;J�

8:9*;�\jFJKJXZYPFG\(M_93;eC�EL;mYJ;j^`M�YmMoX�QUV�]tY�MfF=K[9*;LK[²0M_9*;�;jTUOUd�X3O?Mo]oFU^�YPFG\(YfC3;}K[] �wKPEL;LORKJMo]qFU^3YPn�vf^3g Q x
OU^�Q�vf^3go¤?^cx0n�\[FUE�M_9*;PNPOU]t^	O?KJMo]_^�]qQR;mY�FI\(]t^�Ma;jEL;mYmM�\jFUE�M_9*;P^�X�K[d¯;LOcE.]_^�QUXZYjMoEiV?�(@�FUEeC�EGO?K�Mo]oKiOUd
C�X*EfC3FhY[;jg�M_93;­QU]tYjKJX�YiYi]qFU^']tYlEG;jYmMoEm]oK�Ma;LQuMfF.]³Y[FcMfFiC3;jY�FI\�]t^�Ma;jEL;mYmMZ\[FUE|M_9*;�kA�¦«A@BpG¬�;}smC3;[Ei]_Nu;j^`M_Y
v³´GµGµm¶ ´GµI·j¶ ´GµG¸¹��gº´GµG¸m¶ ´GµG»m¶ ´I·L¼m¶ ´I·j½G¶ ´I·L´hk�X�gº´GµG´`8:9?gA´I·j½m�|N¦gA´GµL¾J¨¥C�Oc^�Qu´I·G·`�yN¿xU�upi^zM_9R]³Y��AFUEi²�g�]t^�n
Ma;fb?EIOUdBMoEL;j^�QhY�C�EIFcT�]qQR;LQS�[V(�ek�«A¬�¬�«¥n�¤��tÀ�OU^�QP>w���e¨P«¥��n�¤��o���}OhY[;}Q0<?>A@B@An��R�o��K}OUd�K[X*d�OcMo]qFU^3Y
OUEL;¦KiFUN�C*OUEL;LQ'MfFuM_9*;±N(]oKJEIFhY[K}FiC�]oK(MoEL;j^�QUYwC�EIFUTW]oQ�;LQ��jV�M_9*;.QU] Áe;[EG;[^`Mo]oOcd:Q?OcMfO�EG;�C*FUEjMa;LQ�]_^=M_9*;
>º©|@�«A�%Q?O?MfOR�LOhYJ;(OU^�Q��jV�M_9*;±;[ThOUd�X�OcMo]qFU^3Y±OUThOc]td�OR�jd¯;­]t^SM_93;|d�OcMa;mYjM�TU;[E}Ym]oFU^�FI\�M_9*;l>�X*EIFiC�;LOU^
dÂ]f�jEGOUEmV�<?>A@B@AnI�R�t�R�

Ã Ä 	�����Å�Æ3Ç¹Ç ��ÈPÉ��B��É�	��ËÊ�Ì.ÍV�ºÇ�ÉiÎ �������

� n�gmr[ÏX_�fXj gm_Or�n(�(av`bn gO�,r|o�fX]\n _�r�fX^?gm`X_�_Or�j r[Ð7fXn6g�fX^?gO]\n(]\�(r�aYf7_Or�c(_Or�aOr�n�gmr�� ]sn *>fUÑ�j\r�a [ fXn(��0�]\n gmr!_�o `cÒ
Ó|ÔhÕ Ð7fXj\l,r�a = *��,r�aOr�_Or�aOl�j gOaºÖBr!_Or�`cÑ(gOfX]\n,r���Ò _�`bo�gO�,r�]\n6gmr!_Oc(_Or!gOf7gO]\`bn `cÒF]sn(�,r!c�r�n(�,r�n6g5i `bamgI× ��_�_�fX�(]\f7gO] `bn
�ºØDc�r!_�]\o�r�n�gOa�Ö�] gO� gO�(r¦Ù4�wÚyÚ�× pD= �zj\]�Ñ(_�f7_}Û =
*��(rzgm_Or�n��(a�]\n{gO�,r r!c�]�× gO�,r!_�o fXjkr�n(r!_LÏcÛ:_�fXn�ÏXr f7_�r'Ñ�fXamr�� `bn �(]�Ïb�*×fÑ.l,_�nDl,cN] _�_�fX�(]\f7gO] `bnNrjØ;c�r!_�]\o�r�n6gOa
^!f7_O_�] r�� `bl,g|]sn gO�,rVu¥Ü � -& fXn(� d�-&��i��(�wÜlÜ)� c�`�ÖBr!_|_�r�fX^?gm`X_0Ý 0hÞ = *��,rPÒ9l,r�j}]\n�ÐXr�n6gm`X_LÛ c(_Or��(]\^?gO]\`bn
ÖvfXa�^!fXj\^!l(jsf7gmr���Ö�] gO� gO�(r��,r!gmr!_�o�]\n�]\amgO]\^�-�i $&./. $�× 0 = 8�^?`;�,r =
Ú,`X_ gO�,r0Ò+fXamg�r�n(r!_LÏcÛN_�fXn3ÏXrcß Ó|ÔhÕ _�r�aOl(j gOa.ÖBr!_Or `cÑ(gOfX]\n,r��zÒ+_O`bo gO�,r ]\n6gmr!_Oc(_�r!gOf7gO] `bn `cÒ�gO�,r iwÜ�$|Ú �(.
à iwÜ,$�Ú �+.yfXn(� iwÜ,$�Ú �+.¹× 0?á5aOfXo�c�j\r�] _O_�fX��]\f7gO] `bn�rjØ;c�r!_�]\o�r�n6gOa}c�r!_LÒ `X_�o�r���]\n�gO�(r�iAâ���%)��ã �(r�o�`bn(amgm_�fh×
gO] `bn�Ò9fXamgv_Or�fX^?gm`X_ à _Or�amc�r�^?gO]�ÐXr�j¯Ûz]\n [ 6 Z 9�fXn(� [ 6 Z 6?á = *��,r�iwÜ�$|Ú �(. rjØ;c�r!_�]\o�r�n6gOav�(fJÐXr|Ñ�r!r�nVr�amc�r�^!]\fXj\j�Û
�,r�a�]�Ïbn,r�� gm` ^?`bj\j\r�^?g�fX^!^!l,_�f7gmr�]\n�gmr[ÏX_�fXj>�(f7gOf = *��,r�amr|rjØ;c�r!_�]\o�r�n6gOa�^?`bn�gOfX]\n(r��J_�`D�(a�Ö�] gO�yfVj\f7_LÏXr�n6l(o�×
Ñ�r!_v`cÒ}aOfXo�c�j r�a àfä [�p �RáY^?`bn6gOfX]\n(]\n3Ï�fXj\o�`bamgYc�l,_OrefX^?gO]\n�]\�,r�aYfXn(�0å�a�aO] `bn c(_O`;�(l(^?gOav]\aO`Xgm`Xc�r�aJß(amr!c�f7_�f7gmr��
]\n6gm` aOo�fXjsj�æ6l�fXn�gO] gO]\r�a�`cÒeamr[ÐXr!_�fXj�o ]\j\j\]�ÏX_�fXo�a = *��,r fXn�fXj�ÛDa�]\a�`cÒ�gO�,rJ�(f7gOf�ÖBfXa c�r!_}Ò `X_�o�r���Ö�] gO� gO�,r
�wÜ -�%&$  Z× 0 = ��^?`D�(r�aGÛDaOgmr�oçÝ p ß�9cÞ =
-�Ò gmr!_�] _O_�fX�(]sf7gO] `bn¹ß�gO�(r�^?`bo�c�`baO] gO] `bn `cÒ>gO�,r�amc�r�n�g�Ò9l,r�j à u¥Ü � -& fXn�� d�-��Ji �+�AÜ�Ü �0rjØDc�r!_�]so�r�n�gOamá5`X_
aOfXo�c�j r�a à iAÜ�$|Ú �+.IrjØ;c�r!_�]\o�r�n6gOaiá�]\ae�,r!gmr!_�o ]\n,r���ÑZÛ�� am`Xgm`Xc�r d�]\j\l,gO] `bn � n(�(l(^?gO]¯ÐXr�j�ÛyuB`bl,c.j r�� i�j\fXaOo f
�JfXaOa� Dc�r�^?gm_O`baO^?`XcZÛ à � d�× �muviº× �  `á = *��,r�c.�RÛ;aO]\^!fXj`Ð&f7_�]sfUÑ�j r�ak`cÒ>]\n6gmr!_Or�amg�Ò `X_vgO�,r�]\n6gmr!_Oc(_Or!gOf7gO]\`bnVf7_�r�gO�,r
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� %��*�+4��{ Ú(l,r�jB]\nRÐXr�n6gm`X_LÛ c(_�r��(]\^?gO] `bn ]sn �(]�Ïb�*×fÑ.l,_�n,r�� � $�Ø fXn(� � $�Ø:amc�r�n6g­Ò9l,r�jlÝ 0hÞ = *��(rVu�35��× [
à�� áwÐ7fXj\l,r�a�Ökr!_OrU^!fXj\^!l(j\f7gmr��'Ö�] gO� gO�,r -�i $&. . $�× 0 = 8�^?`D�,r�ÑZÛ l(aO]\n�ÏUgO�,r.Ù4�AÚBÚ�× pD= � n(r�l,gm_O`bn j\]¯Ñ(_�f7_LÛ =

u¥Ü � -  d�-&��i��(�wÜlÜ �
� aO`Xgm`Xc�]\^ à � $�Ø amc�r�n�g�Ò9l,r�jtá à � $�Ø amc�r�n�g¥Ò9l,r�jtá
Ü�f7gO] ` k�� X�� ½	��
	� k�� X
� ½ k�� X
� ½���
	� k�� X�� ½��� U ¸	����� � b ��� � » U ´������ � b ��� � ´ U � ����� � b ��� � ¸ U »	����� � b ���
ê�ë�í"Ço��ê-ë�î"Ç × 0 =q��� 0 = � × 9 =qp�� 0 = 9 × [7=\[�� 0 = � × � = Z�� 0 = 0
ê�ë � Ço� ê-ë�î Ç × 0 = 8 � �D= Z 0 =qp���Z6= � × � = 0 � 0 =qp × � = 1 � 0 = 8
ê�ë !+Ço��ê-ë�î"Ç × [7= 9 �t[7=\[ × 0 =\[�� [7= 0 × pD=\[��t[7=qp × 0 = Z�� [7=qp
ê�ë-ò+¢�¬f��ê-ë-î"Ç [7= Z�� 0 = 1 × � = 8 � 0 =q� × 0 = 0 � 0 =q� × [7= Z�� 0 = 8
ê�ë-î Ë�¦f� ê-ë-î Ç � = 8 � 9 = 0 × � = 1 � pD=q� × 0 = Z��t[7= 9 × [7= 9 � [7= 6
ê�ë-ï+Ë�¦f��ê-ë-î+Ç Z6= 9 � 0 = 1 6 = 6 � pD= 9 [7= Z�� 0 = 0 9 = 1 � 0 = 0
êµí-ð"Ë�¦f��ê-ë-î+Ç 0 =q���t[7= 9 pD= 8 � � = 6 [7=\[�� � = 6 pD=qp�� [7= �
êµí!ñSË�¦f��ê-ë-î+Ç 9 =\[�� 0 = 9 �D= 9 � 0 = Z � = � � � = 6 [7=q��� [7=qp
êµí)ê+Ë�¦f��ê-ë-î+Ç 0 =qp�� 9 =\[ × � = 1 � 0 = 6 0 =\[��t[7=qp pD= � � [7=qp
êµí!ñSÈ�±Q��ê-ë�î1Ç 026 =qp"�t[X[7=q� [<Z6= 9 � �D=\[ [ 8 = 0 � pD= 6 [��D= 8 � pD= Z
êµí)ê #HÈ�± ��ê�ë-î+Ç × 6 =\[�� Z6=\[ × [ 0 = 8 � �D= 1 × [ 1 = 6 � 0 =q� × 07� = 0 � pD= 8
êµí)ë È�±Q� ê-ë�î Ç Z6= 1 � 8 = 8 9 = 9 � 9 = � pD= 1 � 0 = � 8 = Z�� [7= Z
êµí)ë1Å/±Q��ê�ë-î+Ç × [��D=\[�� �D= 8 [ 8 = 0 �t[7= 1 × [ 8 = 1 � 0 =qp
êµí-íôÅ/±Q��ê�ë-î+Ç �D=qp�� 6 = 6 [7= 8 � �D=q� × 0 = 1 � pD= 1 × [7= � � pD= 9
êµí$�1Å/±Q��ê�ë-î+Ç [<Z6= 1 � 6 =qp 9 = 1 � 9 = 0 [ � = � � pD= Z
êµí$!1Å/±Q��ê�ë-î+Ç × 1 =qp���[ � = � × [ 0 = 8 � Z6= 8 × 1 = Z�� �D= 6
êµí)ò1Å/±Q��ê�ë-î+Ç 9 =q����[ 0 = 0 × 9 = 0 � 6 = 0 0 = Z�� 1 = 8

^?`bn(^?r�n6gm_�f7gO] `bn à&%(' ¶ ) á}fXn(� à&% ' ¶ * á `cÒ gO�,r�]\aO`Xgm`Xc�r,+yf7g�gO�,r�Ñ�r[Ïb]sn(n(]\n3ÏefXn(� f7gkgO�,r�r�n(��`cÒ�gO�,r�] _O_�fX�(]sf7gO] `bn
c�r!_�] `;� = � n�`X_��(r!_>gm`�_Or�fX^���fXnU`Xc(gO]\o�fXj�rjØDc�j\`b] gOf7gO] `bn�`cÒ,gO�(r�_Or�aOl�j gOa�Ö�]\gO��f�_�r�j\]\fUÑ�j r5l�n(^?r!_OgOfX]\n6gaÛ�fXn(fXj¯ÛDaO]sa[ß
gO�,rVamr�n(aO]\gO]�ÐD]\gaÛ ^?`6r.-z^!] r�n�gOa�/ ' ¶ 021 `cÒ�gO�(ruå�n(fXjB^?`bn(^?r�n6gm_�f7gO] `bn{`cÒ�nDl(^!j\]\�(r�+ gm`ygO�,rV^?_�`baOa�amr�^?gO] `bn(aU`cÒ
nDl(^!j\]\�(r43yoUl(aOg�Ñ�r65;n,`WÖ�n = � n�f|å�_�amg5f7c(c(_�`JØ,]\o�f7gO] `bn¹ß�gO�,rYr[Ð&fXjsl(f7gO] `bn�`cÒ�gO�,r�amr�n�aO] gO]�Ð;] gO] r�a*o�f�Û.Ñ�rYamr!r�n
fXa�gO�,r±å�_�amg��,r!_�]�Ð&f7gO]¯ÐXr�`cÒ5fPÏb]�ÐXr�ny^?`bn(^?r�n6gm_�f7gO] `bn f7g�f�Ïb]�ÐXr�n�gO]\o�r±Ö�] gO� _Or�amc�r�^?g�gm`zgO�,r�^?_O`baOa�amr�^?gO] `bn(a
`cÒ ]\n6gmr!_Or�amg = *��,rlÐ&f7_�]sf7gO] `bn�`cÒ gO�,r�^?`bn�^?r�n�gm_�f7gO]\`bn87 %(':9;%(' ¶ )=< % ' ¶ * Ö�]\gO��_Or�amc�r�^?g5gm`UgO�,r�^?_O`baOakamr�^?gO] `bn>@? o�f�Û�Ñ�rerjØ;c(_Or�aOaOr�� fXa�Ò+`bj\j `�Ö�a.A

B à 7 %(' á7 %(' 9 / ' ¶ 0 1 7 à >�? á Ö�] gO� 7 à >�? á 9 B >�?>�? à [ á

�ºØ;fXo�c.j r�`cÒ�amr�n�aO] gO]�Ð;] gaÛ ^?`Dr.- ^!] r�n6gOa à / ' ¶ 0 1 áY^!fXjs^!l(j\f7gmr���Ñ�ÛSÙ = *>`bo�o�fXaO]¥Ý 8hÞBÒ `X_�gO�,r�]\n6gmr!_Oc(_Or!gOf7gO] `bn�`cÒgO�,r�iwÜ�$|Ú �(.�× 0�rjØDc�r!_�]\o�r�n�g�f7_Orec�_Or�amr�n6gmr�� ]\n'Ú*]�Ïbl,_Or [ ]snVf pXp ÏX_O`bl,c r�n,r!_}ÏcÛVo�r�a�� = � n c(_�fX^?gO]\^?rcß,gO�,r
^?`bo�c�`baO]\gO] `bn�`cÒ.gO�(r�aOfXo�c�j\r�a}]\a*rjØDc�_Or�aOamr���]sn�gmr!_�o `cÒ�]\am`Xgm`Xc�]s^v_�f7gO] `ba Õ 9C% ' ¶ * Ô % ? ¶ * fXn(��gO�,r�Ð7f7_�]\f7gO] `bn`cÒ gO�,r|^?`bn(^?r�n6gm_�f7gO] `bnJo�fJÛ0Ñ�r�^!fXj\^!l(jsf7gmr�� fXa�Ò+`bj\j `WÖ�a.A

BED 7GF HJIH 1@KML7 F H IH 1 K N [ < [
Ó|ÔhÕ à 0?á

]\n0Ö��(]\^���u 35�~amgOfXn(��a�Ò `X_�gO�,r�_�f7gO] `�Ñ�r!g�Ökr!r�n�gO�,r|^!fXj\^!l(jsf7gmr�� fXn(� gO�,rerjØ;c�r!_�]\o�r�n6gOfXj ]\am`Xgm`Xc.]\^�_�f7gO] `ba =
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� %��*�+4�@  Ü�r�a�l(j gOaB`cÒ3gO�,re]\n6gmr!_Oc(_Or!gOf7gO]\`bn `cÒ>gO�,r�iwÜ�$|Ú �(. fXn(� iwÜ,$�Ú �+.¹× 0�aOfXo�c�j r�]\_O_�fX�(]\f7gO]\`bn�rjØ;c�r!_L×
]\o�r�n�gOaBc�r!_LÒ+`X_�o�r���Ö�] gO�zgO�,r �AÜ -�% $  �× 0 = ��^?`;�,rPÝ 9cÞ = *��,r�u�35��× [ à�� áwÐ7fXj\l,r�a�ÖBr!_Or�`cÑ(gOfX]\n,r���Ö�]\gO� gO�,r
Ù �AÚBÚ�× pD= � n,r�l,gm_�`bn j\]�Ñ(_�f7_}Û =

� am`Xgm`Xc�]s^  ,fXo�c�j r iwÜ,$�Ú �+. iwÜ,$�Ú �+.¹× 0 � r�]�Ïb�6gmr��
Ü�f7gO] ` u�35�º× [ à�� á u�35��× [ à�� á -�ÐXr!_�fUÏXr
´GµI· � 3 ´Gµ � � ´Gµ � � × 0 =\[��t[7=q� � = � � � = 9 × [7= � �t[7= 8
´Gµ � � 3h´GµG¸ � ´Gµ � � [7=\[�� 9 = 1 � = � � � = 9 � =q��� 0 = 9
´Gµ � � 3 ´Gµ � � ´GµI· �

´Gµ � � ��� 9 � ��� 0
��� 8 � ��� 9
��� 9 � ��� [ � = 9 � � =\[

´GµG»!ikl 3h´GµG¸ � ´Gµ � �
´GµG¸ �

��� 1 � ��� 1
[ � [4� ��� p 0�� p � ��� 0 [7= 9 � � = 1

´GµL¾ %�c�3h´GµG¸ � ´GµG¸ � × �D= Z�� 0 = 6 × �D= Z�� 0 = 6
´I·L¼ ikl 3 ´GµG» i�l ´GµG¸ �

´GµG» i�l
��� [4� ��� [

< 0�� [4� ��� 0
< 0�� 0 � ��� �
< 0�� p � ��� [ × [7=q�"�t[7= 0

´GµG¸ ikl 3 ´GµG» i�l ´GµG» i�l × [ 6 =\[�� 9 =\[ × 0 �D= Z��t[ 0 =q� × 020 = 6 � �D=q�
´GµG» ikl 3 ´GµG¸ i�l ´GµG¸ � [7= 6 � � = 1 pD= 8 � � =\[ 0 = Z �t[7=\[
´I·j½ ikl 3 ´I·L¼ i�l ´GµG» i�l

´I·L¼!i�l
9�� 9 � [ � [
8�� 0 � ��� 8

p � � � ��� 9
p � 6 � ��� � 9 =qp�� � = Z

´I·L´!ikl 3h´I·j½Oi�l ´I·L¼ i�l
´I·j½ i�l

[�� � � � 0�� Z
6�� p � ��� Z

[X[ � 8 � 0�� 6 [ 0 = 9 � pD= Z
´I·Lµ -�o 3 ´I·L´ ikl ´I·L´ i�l 07� = 6 �t[7= 1 [ 9 = Z�� 0 = 1 [<Z6= 1 � 9 = 9
´GµG¸!ikl 3h´GµL¾ %�c ´GµL¾ %�c × �D= � �t[7=qp × �D= � �t[7=qp
´I·L´���-�o 3h´I·j½ -�o ´I·j½ -�o 1 = Z �t[7= 6 Z6=q��� � = 0 1 = 0 �t[7= �
´GµG¸!ikl 3h´I·j½ -�o 8 = 8 �t[7=q� [ � = Z��t[7= 6
´I·L´ ikl 3 ´I·j½ -�o ´I·j½ -�o �D=qp��t[7= 8 6 = Z�� 0 =q� Z6=qp�� 0 = Z
´I·L´<uYo 3h´I·j½ -�o 9 = 8 �t[7= 0
´I·G·$uYo 3h´I·Lµ -�o ´I·L´!i�l � = � � �D= Z � = � � �D= Z
´I· � uYo 3h´I·G·$uvo ´I·G·$uvo × 0 =q��� � =qp × 0 =q�"� � =qp
´GµGµ � 3h´GµG´ *�� ´GµG´ *�� × [��D= 9 � Z6=q� × [��D= 9 � Z6=q�
´GµI· � 3 ´GµGµ � ´GµGµ � × 1 = 8 � � =\[ × 1 = 8 � � =\[
´Gµ � � 3h´GµI· � ´GµGµ �

´GµI· �
0�� 1 � [ � 6
p � [ � ��� 0 0 = 6 � � = 6
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� )+G��F#&4 �{ �ºØ;fXo�c�j r�a�`cÒ�amr�n(aO] gO]¯ÐD] g�Û c(_O`cå�j r�a à iAÜ�$|Ú �+.¹× 0�rjØDc�r!_�]\o�r�n�giáe`cÒYgO�,r u 35� _�r�aOl(j gOa|gm`JgO�,r
^!f7c(gOl(_Or�^?_O`baOa�amr�^?gO] `bn ^!fXj\^!l�j\f7gmr��'Ö�] gO� gO�(r �AÜ)-)% $  �× 0 = ��aLÛDamgmr�o Ý 8WÞ =

� � 	�� �����ºÇ��	� Ç ���
��� 	�� �����
�&��������� �5��� ��É�	����

$�nJgO�,r.Ñ�fXaO]\a�`cÒ�gO�,r�^?`bn(^!j\l�aO] `bn(a�`cÒ5gO�,r�Ù4�AÚ�× 0 = 0�Ð7fXj\]\�(f7gO] `bnyamgOl(��] r�a¦Ý � Þfß�rjØ;gmr�n(aO]�ÐXr.ÖB`X_ 5Da��(f�ÐXr(Ñ�r!r�n
�,`bn(r�gm`�]\o�c(_�`�ÐXr�gO�,r o�`D�,r�js]\n3ÏV`cÒBgO�(r�j `�Ö n,r�l,gm_O`bn r�n,r!_}ÏcÛ ^?_�`baOa|amr�^?gO]\`bn `cÒYam`bo�r�_Or�fX^?gm`X_U_Or�j r[Ð7fXn�g
]\aO`Xgm`Xc�r�a = � n gO�(]\aeÖk`X_ 5�ß�ÖBr�_Or!c�`X_Ogeo�]\^?_�`baO^?`Xc�]\^Ugm_Or�n(�(a�`bn gO�(r�^!f7c(gOl,_Or�^?_O`ba�aeamr�^?gO] `bn `cÒB]\am`Xgm`Xc�r�a�`cÒ
]\n6gmr!_Or�amg�Ò `X_�gO�,r�l,_�fXn(]\l�o
fXn(�JgO�,`X_�]\l(o¿Ò+l,r�j>^jÛD^!j\r à ´GµGµ!� ß ´GµI·�� ß ´GµG¸ ikl¹ß ´I·L¼ i�l¹ß ´I·j½ i�l¹ß ´I·L´ i�l¹ß ´I·j½ -�o'ß
´GµL¾ %�c�ß ´I·G· uvo fXn(� ´GµG´ *�� à n¹ß Q áv_Or�fX^?gO] `bn(aiá = Ú,`X_�^?`bo�c.f7_�]\am`bn¹ß(]sn�gmr[ÏX_�fXj3gm_Or�n(�(avc(_�`�Ð;]\�,r��0ÑZÛzgO�,rU]\n�gmr!_L×
c(_�r!gOf7gO] `bn0Ö�] gO��Ù �AÚBÚ�× pD= ��`cÒ>gO�(rUu¥Ü � -  VfXn(� d�-&�Ji �+�AÜlÜ)�IrjØ;c�r!_�]\o�r�n6gOa­Ý 0WÞFf7_Or�Ïb]�ÐXr�n ]sn *>fUÑ�j\r [7=

����� ���� "!$#&%' "#)(*�+ �-,/.0,
*��(r�n6l�o±Ñ�r!_�`cÒ _�r�j r[Ð&fXn6gBrjØDc�r!_�]\o�r�n�gOfXj.^!f7c(gOl,_Or��(f7gOf|_�r!c�`X_�gmr�� ]\n �ºã|Ú $|Ü f7_Or�_�f7gO�,r!_vj\]\o�] gmr�� = *��,_�r!r
ÏX_O`bl(c�av`cÒ}]\am`Xgm`Xc�r�a�^!fXn'Ñ�r��(]\aOgO]\n3Ïbl(]\a��,r�� =
1 *��,r!_�r�]saBn(`�rjØ;c�r!_�]\o�r�n6gOfXj�^!f7c(gOl,_Ore�(f7gOf(Ò+`X_vgO�,r�j `WÖ n,r�l,gm_O`bnVr�n,r!_LÏcÛz_�fXn3ÏXr < å(_�aOgB_�r�am`bn(fXn(^?r à aiá <`cÒ>gO�,r­´GµI· � ß3´GµG¸!ikl¹ß3´I·L¼!i�l¹ß�´I·L´!ikl¹ß3´I·j½ -�o fXn(�'´GµG´ *�� à n�ß Q ák_Or�fX^?gO] `bn�a = Ú,`X_�gO�(r�amre]\am`Xgm`Xc�r�a[ß"��l(_O`Xc�r�fXn
r[Ð7fXj\l(f7gO] `bn�a à Ù �AÚBÚ�× pD= �yfXn��	Ù �AÚBÚ�× pD=\[ áUf7_OrV^?`bo�c�f7_Or��zÖ�] gO�NgO�,rVrjØDc�r!_�]\o�r�n�gOfXj�gm`XgOfXjY^?_O`baOa�amr�^?gO] `bn(a
f�Ð&fX]\jsfUÑ�j re]\n �ºã|Ú $|Ü à Ú*]�Ïbl,_Or 0?á =
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Zimmerman, BNL (1956)
Simpson, MTR (1957)
Egelstaff, Harwell (1958)
Pattenden, Harwell (1959)
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Belanova, NIR (1976)
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Havens, COL (1951)
Egelstaff, HAR (1954)
Bollinger, ANL (1955)
Little, RPI (1981)
Olsen, ORL (1982)
Kobayashi, KTO (1982)
Kobayashi, KTO (1984)

� )+G��F#&4 @  .F`�Ö n(r�l,gm_O`bn r�n,r!_}ÏcÛV`cÒ*gO�,r ´GµI· � ß ´GµG¸m¶ ´I·L¼m¶ ´I·L´ i�l¹ß ´I·j½ -�o fXn�� ´GµG´ *�� gm`XgOfXj>^?_O`baOa�amr�^?gO] `bn(a =
*��(r¥Ù �AÚBÚ�× pD= � à am`bj\]\��j\]sn,rWá3fXn��PÙ4�AÚBÚ�× pD=\[ à �(fXa��,r���j\]\n,rWá3j\]�Ñ(_�f7_LÛ�f7_Or�^?`bo�c�f7_�r��(Ö�] gO��gO�,rYrjØ;c�r!_�]\o�r�n6gOfXj
�(f7gOf fJÐ7fX]\j\fUÑ�j rU]\n gO�,r �AãeÚ $|Ü ��f7gOfUÑ�fXamr à Ò `X_ ´GµG¸m¶ ´I·L¼m¶ ´I·L´ i�l¹ß�gO�,r¦Ù4�wÚBÚ:× pD=\[ fXn(�SÙ �AÚBÚ�× pD= �z^!l(_LÐXr�a�f7_Or
aO]so�]\j\f7_má =
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Weston, ORNL (1981)
Jurova, MIF (1984)
Mughabghab, BNL (1985)
Kobayashi, KTO (1993)

� )+G��F#&4~w� .3`WÖ
n,r�l,gm_O`bnNr�n,r!_LÏcÛ `cÒ�gO�,r ´GµGµ � ß ´GµG»m¶ ´I·j½ i�l fXn(� ´GµL¾ %�c�^!f7c(gOl(_OrV^?_�`baOa�amr�^?gO] `bn(a = *��(r
Ù �AÚBÚ�× pD= � à am`bj\]\� j\]sn,rWá�fXn��	Ù �AÚBÚ�× pD=\[ à �(fXaO�(r���j\]\n,rWá|j\]�Ñ(_�f7_LÛ f7_Or ^?`bo�c�f7_�r��	Ö�] gO�{gO�,r rjØ;c�r!_�]\o�r�n6gOfXj
�(f7gOf f�Ð&fX]\jsfUÑ�j r�]\nygO�,r��ºã|Ú $|Ü �(f7gOfUÑ�fXamr à Ò+`X_ ´GµGµ � ß ´GµG» ikl fXn(� ´I·j½ i�lygO�,ruÙ �AÚBÚ�× pD=\[ fXn(��Ù4�wÚyÚ�× pD= �
^!l,_}ÐXr�a�f7_Or|aO]so�]\j\f7_má =

1 Ú,r[Ö~^!f7c�gOl,_OrY^?_O`baOa}amr�^?gO]\`bn(a}�(fJÐXr�Ñ�r!r�n�_Or!c�`X_Ogmr���]\n�gO�,r,�ºã|Ú $|Ü0�(f7gOfUÑ�fXamr�^?`WÐXr!_�]\n3Ï�gO�,r�j\`�Ö�n,r�l,gm_O`bn
r�n,r!_}ÏcÛ _�fXn3ÏXr�`cÒ5gO�,r�´GµGµ � ß�´GµG»!ikl¹ß�´I·j½�ikl fXn(�=´GµL¾ %�c à n¹ß Q á�_Or�fX^?gO] `bn�a à Ú*]�Ïbl(_Or p á = â�`�ÖBr[ÐXr!_Jß�Ò+`X_�r�fX^��
]\aO`Xgm`Xc�rcß�fVaO]\n3Ïbj rU`bn,r�^!f7c(gOl,_Or��(f7gOf amr!g��,r�aO^?_�]�Ñ�r�gO�(r¦å(_�amg�_Or�aO`bn(fXn(^?r à aiá = *��(r�amrUo�r�fXa�l,_Or�o�r�n6gOa��(fJÐXr
Ñ�r!r�n c�r!_LÒ+`X_�o�r�� `X_�^?`U× aOl(c�r!_}ÐD]\aOr��0Ñ�Û � r�amgm`bn =
1 Ú,`X_­´I·G·$uvo�ß�n(r�] gO�,r!_�rjØDc�r!_�]so�r�n�gOfXj ^!f7c(gOl,_�r�n(`X_�gm`XgOfXj}^?_�`baOaeamr�^?gO] `bn(ae^?`WÐXr!_�]\n3Ï gO�,r(å(_�amg�_�r�am`bn(fXn(^?r�a
�(f�ÐXr�Ñ�r!r�nz_�r!c�`X_�gmr��V]sn gO�,re�(f7gOfUÑ.fXamr =�� r!_LÛVj\] gmgOj r�rjØDc�r!_�]so�r�n�gOfXj�ÖB`X_ 5z�(f�ÐXr�Ñ�r!r�nzc�r!_LÒ+`X_�o�r��z`bn gO�,r�amr
]\aO`Xgm`Xc�r�aAÑ�r�^!fXl(amr�`cÒ3aOfXo�c�j r�c(_�`D^!l,_�r�o�r�n�gkfXn(� �(fXn��(j\]\n3Ï�c(_�`cÑ�j r�o�a = *��,r�j\`�Ö n,r�l,gm_O`bn r�n,r!_LÏcÛ�^!f7c(gOl,_Or
^?_O`ba�a�amr�^?gO] `bn(aJß�fJÐ7fX]\j\fUÑ�j\r�]sn gO�,r¦Ù4�wÚBÚ:× pD= �zfXn(�SÙ �AÚBÚ�× pD=\[ j\]�Ñ�_�f7_�] r�a[ß;f7_Or�aO�(`�Ö�n ]sn'Ú ]¯Ïbl,_Or 9 =

��� � ����� . #�� ���
	
- ^!j `baOr!_�]\n�amc�r�^?gO] `bn `cÒ}gO�,r�fJÐXr!_�fUÏXr�_�r�aOl(j gOa�_Or!c�`X_Ogmr���]\n *>fUÑ.j r [ ]\n(�(]\^!f7gmrUfzaOjs]�Ïb��g�`�ÐXr!_Or�amgO]so�f7gO] `bny`cÒ
gO�,r�´GµG»!ikl�Ñ�l(]sj\�*× l,c = $|Ö�]\n3Ï�gm`�gO�,r�oUl(j\gO] c�j rvam`bl,_�^?r�`cÒ�l(n�^?r!_OgOfX]\n6gO] r�a[ßbgO�(]sa*gm_Or�n(���(fXa5gm`±Ñ�rvgOf=5Xr�nuÖ�]\gO�
^!f7_Or = � n°Ù4�wÚyÚ�× pD=\[ ß3gO�(r��,r�^?_�r�fXamr�`cÒ�gO�,r ´GµG¸ � à n�ß Q á�_Or�am`bn(fXn�^?r�]sn�gmr[ÏX_�fXjyÑZÛ ��� Z � Ý Z Þ�Ö�]\jsj3_Or��(l�^?rUgO�(]sa
_Or�o fX]\n(]\n3Ï�`�ÐXr!_�r�amgO]\o�f7gO] `bn�`cÒ*gO�,r ´GµG» i�l c�_Or��(]\^?gO] `bn =
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Stevens, ANL (1954)
Ice, SRL (1966)
Moore, LAS (1971)
Ihle, JUL (1972)
Gavrilov, NIR (1978)
Darouzet, GRE (1982)
Mughabghab, BNL (1985)

� )+G��F#&4��0 ´I·G· uvo ^!f7c(gOl,_OrV^?_O`baOa|aOr�^?gO] `bn(aU_Or�^?`bo�o�r�n(�(r��:]\nzÙ4�AÚBÚ�× pD= � à am`bj\]\� js]\n,rWá�fXn(�zÙ4�wÚyÚ�× pD=\[
à �(fXa��,r�� j\]\n,rWá = à n¹ß Q áB`X_ à n¹ß gm`XgiáY�(f7gOf�^?`�ÐXr!_�]\n3Ï�gO�,r­å�_�amgv_Or�am`bn(fXn�^?r�a��(fJÐXrUn,r[ÐXr!_�Ñ�r!r�n _Or!c�`X_Ogmr�� ]\nVgO�,r
�AãeÚ $�Ü �(f7gOfUÑ�fXaOr =

*��(r�j\`�Ö r�n,r!_}ÏcÛy_�fXn3ÏXr�`cÒBgO�,ru´I·L¼m¶ ´I·j½�i�l:n,r�l,gm_O`bn ^?_O`ba�a|amr�^?gO] `bn�a��(fJÐXr�Ñ�r!r�n ]\o�c(_O`WÐXr��°Ò+`X_¦Ù4�wÚyÚ�× pD= �
ÑZÛJfX^!^?`bl(n6gO]\n3Ï'Ò+`X_�]\n6gmr[ÏX_�fXj*gm_Or�n(��a�Ïb]¯ÐXr�n�Ñ�Û i �+� c�r!_LÒ `X_�o�r�� ]\n�Ú,_Or�n(^�� c(_Or�aOa�l,_�]��!r��=ÖBf7gmr!_|_Or�fX^?gm`X_�a =
�AÐ&fXj\l�f7gO] `bn(a>`cÒ�gO�,rYgO�,r!_�o�fXj;fXn(��r!c�]�× gO�,r!_�o fXj6r�n(r!_LÏcÛ|_�fXn�ÏXrv��fJÐXr�Ñ�r!r�n��,`bn,rv]\n�^?`bj\j\fUÑ�`X_�f7gO] `bn.Ö�]\gO�|gO�,r
$�f=5PÜ�]\�3ÏXr&%�f7gO]\`bn(fXj�.FfUÑ�`X_�f7gm`X_LÛ à $�Ü %�.yá�Ý 1Zß#6hÞ = -�avf|_�r�aOl(j g[ßD_Or�j\f7gmr��V]\am`Xgm`Xc�]s^�_�f7gO]\`baBf7_�r�fX^!^!l,_�f7gmr�j�Û
c(_�r��(]\^?gmr��¹ß,fXn(�Ju 35�~�(]\a�^?_Or!c�fXn(^!] r�avf7_OrUj `�ÖBr!_�gO�(fXn p � = *��(fXn�5Davgm`�gO�(r�]\n(^?_Or�fXamre`cÒ*gO�,r�^!f7c�gOl,_Or|f7_Or�f
`cÒ�gO�,r�amgm_�`bn3Ï aI×fÖvfJÐXr f7g � = 0 � r � `cÒ�´I·j½�i�l¹ßkgO�,r�j `bn�ÏbamgOfXn(�(]\n�Ï�´I·L´!iklIl(n(�(r!_Or�amgO]\o�f7gO]\`bn{]sn�Ù4�AÚ�× 0 = 0
Ñ�fXaOr�� ^!fXj\^!l(j\f7gO]\`bn(aY]\aYaO]�Ïbn�]�å�^!fXn6gOj�Û _Or���l(^?r��'Ö�] gO��Ù �AÚBÚ�× pD= � =
Ú,`X_=´I·L´!i�l fXn(�¢´GµG¸!ikl¹ß�gO�,r r[Ð7fXj\l(f7gO] `bn(a `cÒ�gO�,r r!c.]�× gO�,r!_�o�fXj�r�n(r!_LÏcÛ0_�fXn3ÏXr:fJÐ7fX]\j\fUÑ.j r ]\n{Ù4�wÚyÚ�× pD= �
à�9 Ù �AÚBÚ�× pD=\[ á��(f7gmr.Ñ�fX^ 5J_Or�amc�r�^?gO]�ÐXr�j�Û gm` [ 621 Z fXn(� [ 62126 =�� r�j `�Ö [ �Vr � ß�gO�(r�o�`;�,r�j\]sn3Ï�`cÒ5gO�,r ´GµG¸ i�l
^?_O`ba�aYamr�^?gO] `bn(a�]sa¥Ñ�fXamr�� `bn gO�,regm`XgOfXj>^?_O`baOa�aOr�^?gO] `bn o�r�fXaOl(_Or��0Ñ�Û��5`bl(n3Ï�]sn [ 6 �bZ Ý [ �cÞ = Ú,`X_ ´I·L´ i�l¹ß;gO�,r
r[Ð7fXj\l(f7gO] `bn|`cÒ;gO�,rwÜ�r�am`bj�ÐXr��.Ü�r�am`bn(fXn�^?r�Ü�fXn3ÏXr�gOf=5Xr�a*]\n6gm`�fX^!^?`bl(n6g*n,r�l,gm_O`bnUfXn(��_�fX��]\f7gO] `bn�Ö�]s�,gO�(a3^?`bo(×
c�]sj r�� ]\n=Ü�r[Ò+r!_Or�n(^?r'Ý [X[ Þ = *��,r|c�`D`X_�fUÏX_Or!r�o�r�n6g|Ñ�r!gaÖBr!r�n gO�,r �kl,_O`Xc�r�fXn�r[Ð7fXj\l(f7gO]\`bnJfXn(��gO�,r��ºã|Ú $|Ü
�(f7gOf ]\aYaO�,`WÖ�n ]\n'Ú*]�Ïbl,_�r 8 =

����� 	 	�
 ! �� ���
	
Ú,`X_­´I·j½ -�o'ß�gO�,r�i �+��_Or�aOl(j\gOa�Ñ.fXamr��y`bn�Ù �AÚBÚ�× pD= � ^!fXj\^!l(j\f7gO]\`bn(a�c�_Or��(]\^?g�fzaOgm_O`bn3Ï l(n(�,r!_�r�amgO]\o�f7gO] `bn�`cÒ
fUÑ�`bl,g [�� � `cÒ>] gOa�r
��r�^?gO]�ÐXr�^!f7c(gOl(_Or�^?_�`baOavamr�^?gO] `bn = � n `X_��,r!_kgm`�_Or���l(^?r�gO�,r�u�35���(]saO^?_Or!c�fXn(^jÛ�_Or!c�`X_Ogmr��
]\n *>fUÑ.j r [ ß�gO�,r�gO�,r!_�o�fXj>fXn���r!c�]�× gO�,r!_�o�fXj>r�n,r!_LÏcÛ _�fXn3ÏXr�ae�(fJÐXr(Ñ�r!r�nJ_Or[ÐD]saO] gmr��yf7g�gO�(r�u ��-&3&d&��% `cÒ
uvfX��f7_�fX^��,r�Ý [ 0hÞ = *��,rV_Or�am`bn(fXn(^?r c�f7_�fXo�r!gmr!_�a��(f�ÐXr'Ñ�r!r�n ]\o�c(_O`�ÐXr��zÑZÛ:^?`bn(aO]s�,r!_�]\n3ÏJgO�,r gm`XgOfXjY^?_O`baOa
amr�^?gO]\`bn o�r�fXaOl,_�r���Ñ�Û  ;j\fXl�Ïb��gmr!_uÝ [�p Þ à Ú ]¯Ïbl,_Or 0?á = i*f7_�fXj\j\r�j}]\n(^?_Or�fXamr�`cÒBgO�,r ´I·j½ -�oE]\aO`bo�r!_�]\^�_�f7gO] ` gm`
´I·L´���-�o �(fXa�Ñ�r!r�nVc�r!_LÒ+`X_�o�r��Vgm`�]\o�c�_O`�ÐXregO�,r|Ñ�l�]\j\�*× l,czc(_Or��(]s^?gO] `bnV`cÒ�´I·L´��&-�o = *��,r�amreo�`;�(]�å�^!f7gO] `bn�a
�(f�ÐXr­Ñ�r!r�n ]\n(^!jsl(�,r��V]\n gO�,r|j\f7gmr�aOg�ÐXr!_�aO] `bn `cÒ>gO�,r ��l,_O`Xc�r�fXn j\]¯Ñ(_�f7_LÛ à Ù �AÚBÚ�× pD=\[ á =
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Cote, ANL (1959)
Auchampaugh, LRL (1966)
Young, MTR (1970)

� )+G��F#&4J�J uB`bo�c.f7_�]\am`bn�Ñ�r!gaÖBr!r�n gO�,r �ºã|Ú $|Ü �(f7gOf�fXn(�VgO�,r ´I·L´ iklzgm`XgOfXjF^?_O`baOa�amr�^?gO]\`bn(a à am`bj\]\� j\]sn,rWá
`cÒ�Ù4�wÚyÚ pD= � à�9 Ù4�wÚyÚ�× pD=\[ á =

����� � 
 ( . �
�����
	
� n�gmr[ÏX_�fXj3_Or�aOl�j gOa��,`zn,`Xg�amgm_�r�aOa�fXn�Û aO]�Ïbn(]¯å�^!fXn�g�c(_O`cÑ�j r�o ]\n gO�,r�o�`D�(r�j\]\n3Ï�`cÒ*gO�,r�j `�Ö�r�n,r!_LÏcÛ _�fXn3ÏXrU`cÒ
gO�,r ´GµL¾ %�c à n¹ß Q á�^?_O`baOa�aOr�^?gO] `bn = *��,r�^?`bn�^?r�n�gm_�f7gO]\`bn:]\n � $�Ø amc�r�n�g�Ò9l,r�j}]\a�c�r!_LÒ+r�^?gOj�ÛJ^!fXjs^!l(j\f7gmr��°Ö�]\gO�
gO�,r -�i $ ./. $e× 0 = 8�^?`D�(r|fXn(��Ù4�wÚBÚ:× pD= �z�(f7gOf =
� nzÙ �AÚBÚ�× pD=\[ ßk^?_O`ba�a�aOr�^?gO] `bn(a�]\nNgO�,r gO�,r!_�o�fXjBfXn(� aOl3Ñ3× gO�(r!_�o�fXj5r�n(r!_LÏcÛ:_�fXn�ÏXr�a���fJÐXr0Ñ�r!r�n{o�`D�(]¯å(r��
à Ú*]�Ïbl,_�r p á = *��,r�Ù �AÚBÚ�× pD= � �(fXa±Ñ�r!r�n:_Or!c�j\fX^?r���Ñ�Û:gO�,r�Ù�f7c�fXn,r�amrVr[Ð&fXjsl(f7gO] `bn = *��,rzj\f7gmgmr!_�fX^!^?`bl(n6gOa
Ò+`X_YfUgO�(r!_�o�fXj�^!f7c(gOl,_Or�^?_O`baOaYaOr�^?gO] `bn `cÒFfUÑ�`bl,g [��;[7= Z Ñ�ß*Ö��(]\^��z]saB^?`bn�aO]\amgmr�n6gwÖ�] gO�VgO�,r�Ð7fXj\l,r�aB_Or!c�`X_Ogmr��
ÑZÛ�Ù�l,_O`�Ð7f à [ 821 � 9=Ñ�á(Ý [ 9cÞ�fXn(���e`cÑ.fJÛbfXaO�(] à [ 821 �0p Ñ�á(Ý [ 8hÞ = � Ûy^?`bn6gm_�fXamg[ß gO�,r�amr�gO�,r!_�o�fXj}^!f7c(gOl,_Or
^?_O`ba�a amr�^?gO] `bn�a f7_Or ä [ 0 � j `�ÖBr!_VgO�(fXnIgO�,r�Ù4�AÚBÚ�× pD= ��Ð&fXj\l(r àfä [ 1 [ Ñ�áiß¥Ö��(]s^���ÖvfXa ^?`bn3å�_�o�r���ÑZÛ
gO�,r �J]\n(]�× � n(^!f rjØ;c�r!_�]\o�r�n6g à [ 17� � 8�Ñ�áPÝ [�� Þ =  ;c�r�^!]¯å�^�amgOl(��] r�aUf7_�rVn,r!r��(r��Ngm` rjØ;c�j\fX]\n:gO�,rV_Or�^!l,_O_�]sn3Ï
�(]saO^?_Or!c�fXn(^!]\r�awÑ�r!g�Ökr!r�n ��l,_O`Xc�r�fXn fXn(�=Ùbf7c�fXn,r�aOr�rjØDc�r!_�]so�r�n�gOfXj�gO�(r!_�o�fXj3^!f7c(gOl(_Or�^?_O`baOa�amr�^?gO] `bn(a =

����� ����! ���
	
Ú,`X_�gO�(rV^!l,_�]\l(o ]\am`Xgm`Xc�r�a[ß}gO�,r r[Ð7fXj\l(f7gO] `bn(a�]\n	Ù4�wÚBÚ:× pD= � fXn��NgO�(`bamr c(_O`Xc�`bamr��{]\nzÙ �AÚBÚ�× pD=\[ _Or�o�fX]sn
fVc�f7gO^��RÖB`X_ 5y`cÒBf j\f7_LÏXr(Ð7f7_�] r!g�ÛJ`cÒkrjØDc�r!_�]\o�r�n�gOfXj `X_er[Ð7fXj\l(f7gmr��°ÖB`X_ 5;a =�� r�^!fXl(amr�`cÒB] gOa�_�fX�(]\`Xgm`JØ,]\^!] gaÛcß
�(]\_Or�^?g�o�r�fXaOl,_Or�o�r�n6gOa�`cÒ�gO�,r�´I·G·$uvo à [ 1 =\[ ÛXr�f7_�amá�^?_O`baOa�amr�^?gO] `bn�a�f7_Or rjØDgm_�r�o�r�j�Û �(] - ^!l(j\g = Ü�r�j\]\fUÑ.j r
]\n6gmr[ÏX_�fXj gm_�r�n(�(aYf7_Or|a�l(] gOfUÑ�j r�gm`�c�r!_LÒ+`X_�o ] gOa�r[Ð&fXj\l�f7gO] `bn =
Ú,`X_�Ù4�wÚBÚ:× pD=\[ ß�gO�,r ��%�deÚ 3 � × � ��r[Ð7fXj\l(f7gO] `bnJ�(fXa�Ñ�r!r�n�aOr�j r�^?gmr���gm`z_Or!c�j\fX^?r|gO�,r.Ù �AÚBÚ�× pD= � r[Ð7fXj\l(f7gO] `bn
à Ú*]�Ïbl,_�r 9�á = � nJgO�(r -�o�r!_�]\^!fXn=ÖB`X_ 5�ß gO�(rUc�f7_�fXo�r!gmr!_�a�`cÒ�gO�,r.Ñ�`bl(n(�Jj r[ÐXr�j*fXn(��`cÒ�gO�,r(å(_�amg�_Or�am`bn(fXn(^?r
ÖBr!_Or�o�`;�(]�å�r��	Ö�] gO�(]\n{_Or�fXaO`bn(fUÑ�j r rjØ;c�r!_�]\o�r�n6gOfXj�j\]so�] gOa�gm`:c(_�`�Ð;]\�,r f aOf7gO]saGÒ+fX^?gm`X_}ÛIfUÏX_Or!r�o�r�n6g�Ö�]\gO�
]\n6gmr[ÏX_�fXj3��f7gOf�fXn(� c(_O`;�(l(^?gO]\`bn amgOl(�(] r�a =
� n0f�ÏXr�n,r!_�fXjeÖvfJÛcß�gO�,rynDl(^!j r�f7_ c(_�`Xc�r!_�gO] r�a f7g j `�Ö r�n,r!_}Ïb] r�a `cÒ|gO�,ryo fX]\n0fX^?gO]sn(]\�,r�az`cÒ|]\n6gmr!_Or�amg�Ò `X_
gO�,rYgO�(r!_�o�fXj,_Or�fX^?gm`X_�ak�(f�ÐXrlÑ�r!r�n�aO]�Ïbn�]�å�^!fXn6gOj�ÛU]\o�c(_O`�ÐXr�� = â�`�ÖBr[ÐXr!_JßZÒ `X_Bamc�r�^!]�å�^v]\am`Xgm`Xc�r�a à ^!l(_�]\l(o fXn(�
fXo�r!_�]\^!]\l(o�áißbfX^!^!l(_�f7gmr�rjØ;c�r!_�]\o�r�n6gOfXj,�(f7gOf�f7_Or�aOgO]\j\jD_OrJæDl(] _Or���gm`|]\o�c(_O`�ÐXrYgO�(r�Ü�r�]\^��*× � `D`X_Or��,r�aO^?_�] c�gO] `bn
`cÒ gO�,r­å(_�amgv_Or�am`bn(fXn(^?r�a =
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� n:gO��]\a|amr�^?gO]\`bn¹ß�Ökr �(]saO^!l(aOa|gO�,rV]sn�gmr[ÏX_�fXjkgm_Or�n(��a|c(_�`�Ð;]\�,r��{]\n gO�,r �(]�Ïb�:r�n,r!_LÏcÛN_�fXn3ÏXr�Ñ�Û gO�,r iAÜ�$�×
Ú �+. rjØ;c�r!_�]\o�r�n6gOa = - n,r[Ö ]sn�gmr!_Oc�_Or!gOf7gO] `bn `cÒ*gO�,r�rjØ;c�r!_�]\o�r�n6gOfXj _Or�a�l(j gOa��(fXa�Ñ�r!r�n c�r!_}Ò `X_�o�r��'Ö�] gO� gO�,r
�wÜ -�%&$  Z× 0 = �V^?`;�,r�aGÛ;amgmr�o fXn(�ygO�,rPÙ4�wÚBÚ:× pD= � n(r�l,gm_O`bn j\]�Ñ(_�f7_LÛ = �ºØDc�r!_�]so�r�n�gOfXj amr!gI× l,c fXn��y]sn�gmr[ÏX_�fXj
gm_Or�n��(a}f7_Or�c(_�r�amr�n�gmr�� ]\n�Ü�r[Ò+r!_Or�n(^?r(Ý p Þ = ��Ø;gmr�n(aO]�ÐXr�^?`bo�c.f7_�]\am`bn�Ñ�r!g�Ökr!r�n gO�,r�]\n6gmr[ÏX_�fXj(fXn(��o ]\^?_O`baO^?`Xc�]s^
gm_Or�n��(alÒ+`X_�gO�,r(å�aOaO] `bn�c(_O`;�(l(^?gOa�f7_Or.Ïb]�ÐXr�nyr�j\amr[Ö��,r!_�r�Ý [ 6UÞ = *��,r.Ò+`D^!l(a�`cÒ5gO�(]salÖB`X_ 5�]\a�gm` �(]\aO^!l�aOa�gO�,r
�wÜ -�%&$  SÑ�fXaOr���Ù4�AÚBÚ�× pD= � _Or�a�l(j gOa�`cÑ(gOfX]\n(r��=Ò+`X_�gO�,r�o�fX]snyfX^?gO]sn(]\�,r�a à l,_�fXn(]\l(o'ß�c�j\l(gm`bn(]\l(o'ß�n,r!c(gOl3×
n(]sl(o'ßbfXo�r!_�]s^!]\l(o fXn(��^!l(_�]\l(o�á = � n�gmr[ÏX_�fXj�gm_Or�n(�(a�]\n�gmr!_�o�a�`cÒ�Ð&f7_�]sf7gO] `bn�`bn�gO�(r�^?_O`baOakamr�^?gO] `bnVf7_Or�j\]\aOgmr��
]\n * fUÑ�j r pD=

� %��*�+4 wJ -lÐXr!_�fUÏXr�]\n�gmr[ÏX_�fXj�gm_Or�n��(a�c�_O`�Ð;]\�,r���Ñ�Û gO�,r�]sn�gmr!_Oc�_Or!gOf7gO] `bnz`cÒ3gO�,r�iAÜ�$|Ú �(. fXn��ziwÜ,$�Ú �+.¹× 0
rjØ;c�r!_�]\o�r�n6gOa�Ö�] gO�=Ù4�AÚBÚ�× pD= � = *��,r�7 à > á�Ð&fXj\l(r�a�amgOfXn(�SÒ `X_�gO�,r�]\n�gmr[ÏX_�fXj3gm_Or�n(��a�]\n gmr!_�o�a�`cÒBÐ7f7_�]\f7gO] `bn
`bn�gO�(r�^?_O`baOa5aOr�^?gO] `bn à ]\n � á = *��,rYc�`baO] gO]�ÐXr à n,r[Ïbf7gO]¯ÐXrWá5aO]¯Ïbn(a}]\n(�(]s^!f7gmrYgO�(f7g5gO�,r�Ù �AÚBÚ�× pD= �|^?_O`ba�a5amr�^?gO] `bn
]\av`WÐXr!_Or�amgO]\o f7gmr�� à l(n��,r!_Or�amgO]\o f7gmr���á =

� am`Xgm`Xc�r�a Ü�r�fX^?gO] `bn 7 à > á
� 0 pXp à n¹ß Q á × 6�� 9 � ��� [

0 p 9 à n¹ß Q á � 0�� � � ��� 1
0 p 1 à n¹ß 07n�á × Z � 0 � p � p

i�l 0 p 1 à n¹ß Q á � 0�� p � ��� 6
0 p 6 à n¹ß Q á × [ � Z � [ � p
0 p 6 à n¹ß 07n�á × p 0�� 9 ��[ 0�� [
0594� à n¹ß Q á � 9�� � � ��� �
059 [ à n¹ß Q á � [X[ � Z � p � [
059 0 à n¹ß Q á � [ 9�� � � p � [

*�� 0 p 0 à n¹ß Q á × [ 6�� � ��[ ��� 8
-�o 059 [ à n¹ß Q á � � � 0 � 0�� p
%�c 0 pbZ à n¹ß Q á × 8�� � � [ � p
uvo 05929 à n¹ß Q á × 0�� 8 � ��� p

����� ���� "!$#&%' "#)(*�+ �-,/.0,
*��(ruæ6l�fXj\] gaÛ `cÒYgO�,rV^!f7c(gOl,_OrV�(f7gOf�f�Ð&fX]sj\fUÑ�j rV]\n gO�,r �ºã|Ú $|Üt�(f7gOfUÑ�fXamr �,r!c�r�n(�(a�`bn:gO�,rV]\am`Xgm`Xc�r l(n3×
�,r!_U]\nRÐXr�aOgO]�Ïbf7gO] `bn:fXn�� `bn gO�,r�]\_|f7c(c�j\]s^!f7gO] `bn(a�]\n gO�(rz^?`bn�ÐXr�n�gO] `bn�fXjknDl(^!j r�f7_|]sn(�(l(amgm_}Û = Ú,_O`bo f�^!j `bamr!_
]\n�amc�r�^?gO] `bnV`cÒ>gO�,r �ºã|Ú $|Ü��(f7gOf*ß(gO�,_Or!r±ÏX_O`bl,c�av`cÒ}]\am`Xgm`Xc�r�a�^!fXnSÑ�r���]\amgO]\n3Ïbl�]\aO�,r�� A
1  Dr[ÐXr!_�fXj.rjØDc�r!_�]\o�r�n�gOfXj(^!f7c�gOl,_Or���f7gOf±Ò+`X_�gO�,r ´GµG»m¶ ´I·L¼m¶ ´I·L´ i�l�ß ´GµG´ *��¹ß ´I·j½ -�o fXn(� ´GµL¾ %�c à n¹ß Q á}_Or�fX^?gO] `bn(a
f7_Or�fJÐ7fX]\j\fUÑ.j rU]\n�gO�,r��ºã|Ú $|Ü �(f7gOfUÑ�fXaOr = *��,rU^?`bo�c.f7_�]\am`bn=Ö�] gO�JgO�,r���l,_O`Xc�r�fXnJj\]�Ñ(_�f7_�] r�a�]\a�aO�,`WÖ�nJ]sn
Ú*]�Ïbl,_�r �D=
1 � am`Xgm`Xc�r�a|Ò `X_�Ö���]\^�� f aO]\n�Ïbj r|`bn,r�^!f7c�gOl,_Or��(f7gOf amr!g�]\a�f�Ð&fX]\jsfUÑ�j r�f7_Or�aO�,`WÖ�n ]\n�Ú ]¯Ïbl,_Or Z6= â�`�ÖBr[ÐXr!_Jß
gO�,rU�(f7gOf amr!gOa�Ò+`X_�gO�,r±´I·j½�ikl�fXn(�=´I·G·$uvo à n¹ß Q áv_Or�fX^?gO]\`bn(a�^!fXn�n,`Xg�Ñ�r|l(amr���gm`zfX^!^!l,_�f7gmr�j�Û �,r�aO^?_�]¯Ñ�r�gO�,r
� n,_Or�am`bj¯ÐXr���Ü�r�am`bn�fXn(^?rSÜ�fXn�ÏXrJfUÑ�`�ÐXr [ � 5Xr �U= *��,r ´GµG¸ ikl à n¹ß Q á���f7gOf:amr!g�_�r!c�`X_�gmr���Ñ�Û  ;]\j¯Ñ�r!_�g0Ý 07�UÞ
�(fXa�gm`°Ñ�r ^?`X_O_�r�^?gmr���Ö�] gO��fXn�f7c(c�_O`Xc(_�]\f7gmr n,`X_�o�fXj\]\aOf7gO]\`bn�Ò9fX^?gm`X_ `cÒ�fUÑ�`bl,g�� =q� gm`°Ñ�r�^?`bo�r ]\n	ÏX`D`D�
fUÏX_Or!r�o�r�n�g¦Ö�] gO� gO�,r iwÜ�$|Ú �(.�^!fXj\^!l(j\f7gO]\`bn(a = Ú,`X_(´GµGµ � ßFgO�,r��(f7gOf�Ò+_O`bo â�`Xc�5;]\n(aPÝ 0 [ ÞBf7_Or ^?`bn(aO]samgmr�n�g



����� ����� ¢H° Ö;É�Ë�Æ�Å7��¹(ª�Ë/Ü���ö�����Ø�ö
	 ö �"õ ��Ø�õ
�
���
�����Q������	�� �
���������  S�����

10
3

10
4

10
5

10
6

Energy (eV)

10
−2

10
−1

10
0

10
1

P
u
−

2
3
9
 C

a
p
tu

re
 C

ro
s
s
 S

e
c
ti
o
n
 (

b
a
rn

s
) 

Spivak, KUR (1956)
Andreev, CCP (1958)
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Beljaev, ITE (1970)
Kononov, FEI (1971)
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Wisshak, KFK (2000)
Grigoriev, FEI (2001) 
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Stupegia, ANL (1967)
Lindner, LRL (1976)
Hoffman, LAS (1976)
Weston, ORNL (1981)
Cricchio, CAD (1982)
Trofimov, RI (1983)
Buleeva, FEI (1988)
Trofimov, RI (1987)

� )+G��F#&4 �z â�]�Ïb��r�n,r!_LÏcÛU_�fXn3ÏXrY`cÒ�gO�,r ´GµG»m¶ ´I·L¼m¶ ´I·L´ i�l�ß ´GµG´ *��¹ß ´I·j½ -�o fXn(� ´GµL¾ %�c�^!f7c(gOl,_Or�^?_O`ba�a}amr�^?gO] `bn(a =
*��(r'Ù �AÚBÚ�× pD= � à am`bjs]\� j\]\n,rWáUfXn(��Ù �AÚBÚ�× pD=\[ à �(fXaO�(r��Ij\]\n,rWá|n,r�l,gm_�`bnIj\]�Ñ(_�f7_LÛ f7_Or�^?`bo�c.f7_Or���Ö�] gO�{gO�,r
^!f7c(gOl(_Or��(f7gOf�_Or!c�`X_Ogmr��V]\n gO�,r��AãeÚ $|Ü �(f7gOfUÑ�fXamr à Ò+`X_ ´GµG»m¶ ´I·L´ i�l¹ßDgO�,r�Ù4�AÚBÚ�× pD= ��fXn(�0Ù4�AÚBÚ�× pD=\[ ^!l,_LÐXr�a
f7_Or�a�]\o�]\j\f7_já =
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Moore, LAS (1971)

� )+G��F#&4��� â�]�Ïb� r�n(r!_LÏcÛ _�fXn3ÏXr `cÒ�gO�,rS´GµGµ � ßA´GµG¸m¶ ´I·j½�iklIfXn(��´I·G·$uvo ^!f7c(gOl,_Or�^?_�`baOa amr�^?gO]\`bn(a = *��(r
Ù �AÚBÚ�× pD= � à am`bj\]\� j\]\n(rWá5fXn(�'Ù �AÚBÚ�× pD=\[ à �(fXaO�,r�� js]\n,rWá�n,r�l,gm_O`bn j\]�Ñ�_�f7_LÛ�f7_Ore^?`bo�c�f7_�r��0Ö�] gO�VgO�,re^!f7c(gOl,_Or
�(f7gOf _�r!c�`X_�gmr�� ]\nygO�,r �ºã|Ú $|Ü �(f7gOfUÑ�fXamr à Ò+`X_±´GµGµ � ß�´GµG¸!i�l fXn(�°´I·j½�ikl gO�,rPÙ4�wÚyÚ�× pD= �JfXn(��Ù4�wÚyÚ�× pD=\[
^!l,_}ÐXr�a�f7_Or|aO]so�]\j\f7_má =

Ö�]\gO��gO�,rviAÜ�$|Ú �+. c(_Or��(]\^?gO]\`bn(a = â�`�ÖBr[ÐXr!_JßbgO�,rvfX^!^!l,_�fX^jÛU`cÒ(gO�,r�amrv�(f7gOf�]\a>c�`6`X_ à Ò _O`bo ��[ 8 � gm` � 0 Z � á =
1 Ú,`X_ ´GµI· � ß;^!f7c(gOl,_�r��(f7gOf��(f�ÐXren,r[ÐXr!_¥Ñ�r!r�nz_Or!c�`X_Ogmr��V]\nzgO�,r��AãeÚ $|Ü j\]�Ñ(_�f7_LÛ = Ú*]�Ïbl(_Or�1U^?`bo�c�f7_Or�aBgO�,r
�kl,_O`Xc�r�fXn r[Ð&fXjsl(f7gO] `bn(a�Ù �AÚBÚ�× pD= � fXn(�SÙ �AÚBÚ�× pD=\[7=

��� � ����� . #�� ���
	
Ú,`X_�´GµG»!ikl¹ß>gO�(rViwÜ,$�Ú �+.�rjØDc�r!_�]so�r�n�gOaU�,`Dr�aUn,`Xg�amgm_Or�a�aUfXn�Û:aO]�Ïbn�]�å�^!fXn6g|o�]\amgOf=5Xr�a�`bnNgO�,r amgOf7gO]\amgO]\^!fXj
o�`;�,r�j\]sn3Ï�`cÒ�gO�,r à n¹ß Q áU_�r�fX^?gO] `bn = *��,r aOj\]�Ïb�6g��(]\aO^?_Or!c.fXn(^jÛ:`bn gO�,r�u�35� Ð&fXjsl,rz_�r!c�`X_�gmr���]\n *>fUÑ�j\r p
_Or�o fX]\n(a¥Ö�] gO��]\nVgO�,rerjØDc�r!_�]so�r�n�gOfXj fX^!^!l(_�fX^jÛ =
�ºØDgmr�n(a�]�ÐXr±ÖB`X_ 5��(f�ÐXr(Ñ�r!r�ny�,`bn,r�gm` ]\o�c(_O`WÐXrUgO�(r��,r�a�^?_�] c(gO] `bn�`cÒ5gO�,r ´I·L¼ i�ly^?_O`baOa�amr�^?gO] `bn�a�]sn=Ù4�wÚBÚ:×
pD= � = *��(r � n,_�r�am`bj�ÐXr���Ü�r�am`bn(fXn(^?ruÜ�fXn3ÏXr��(fXa�Ñ�r!r�n _Or[Ð;]\aO]\gmr�� f7g�gO�,rzu ��-&3&d&��% `cÒ�uvfX�(f7_�fX^��,r=Ý 020hÞfß
fXn(� gO�,r ^?`bn6gO]\n6l�l(o _Or[Ïb] `bnN�(fXa�Ñ�r!r�n amgOl��(] r�� f7g�gO�(r u ��-&3&d�-&� `cÒ � _�l3Û��r!_�rzj rzuv��f7gmr�j = â�`�ÖBr[ÐXr!_Jß
f7_O`bl�n(� 94� 5Xr � ß5gO�,r�^?`bn6gO]\nDl(] gaÛzÑ�r!gaÖBr!r�nIgO�,r aOgOf7gO]\amgO]\^!fXjYgm_�r�f7gOo�r�n�gz`cÒ�gO�(r � n(_Or�am`bj�ÐXr���Ü�r�am`bn(fXn(^?r
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� )+G��F#&4��  ´GµI· � ^!f7c(gOl,_Or�^?_O`ba�a�amr�^?gO] `bn�aY_Or�^?`bo�o�r�n��,r�� ]\n gO�,r.Ù4�AÚBÚ�× pD= � à aO`bj\]\� j\]\n(rWá�fXn��SÙ4�wÚyÚ�× pD=\[
à �(fXa��,r�� j\]sn,rWá n,r�l,gm_O`bnVj\]�Ñ�_�f7_LÛ = ^!f7c�gOl,_Or���f7gOfU^?`WÐXr!_�]\n3Ï�gO�,r � n,_Or�aO`bj�ÐXr��uÜ�r�am`bn(fXn(^?r|Ü�fXn3ÏXr��(fJÐXr�n,r[ÐXr!_
Ñ�r!r�n _Or!c�`X_Ogmr�� ]sn gO�,r �ºã|Ú $|Ü��(f7gOfUÑ�fXamr =

Ü�fXn3ÏXr à â�fXl(aOr!_G×aÚ,r�aO��Ñ�fX^��:o�`D�(r�jtáYfXn(�ygO�,r�`Xc(gO]s^!fXj o�`D�,r�j ^!fXj\^!l(jsf7gO] `bn(aeÖBfXa�n,`Xge^?`X_O_�r�^?gOj�ÛJ�,r�a�^?_�]�Ñ�r��
à Ú*]�Ïbl,_�r � á = *��,r�iwÜ,$�Ú �+.zrjØDc�r!_�]\o�r�n�gOaFc�`b]sn�g3`bl(gFgO�(]\aFo�]\amgOf=5Xr = -�aFaO�,`WÖ�n�]\n­Ú*]�Ïbl,_Or [ ß&gO�(rkamr�n(a�] gO]�Ð;] gaÛ
`cÒ3gO�(r�u 35� _Or�aOl(j gkgm`�gO�,r��(]�Ïb�zr�n,r!_LÏcÛ à n�ß Q ák^?_O`baOavamr�^?gO] `bn _�r�fX^��,r�aYf�o�fhØ,]\o�l(otf7_O`bl(n(� ä 94��5Xr � à��
o�r�fXn�Ð&fXj\l(re`cÒ>gO�,r ´I·L¼ i�l amr�n�aO] gO]�Ð;] gaÛ c(_O`cå�j rWá = *��(]\aYo�]\aOgOf=5Xr|�(fXa�Ñ�r!r�n ^?`X_O_Or�^?gmr��=Ò+`X_�Ù4�wÚyÚ�× pD=\[7=
*��(r*iwÜ�$|Ú �(. rjØDc�r!_�]\o�r�n�gOa3a�l3ÏcÏXr�amg3gO�(f7gFgO�,r ´I·L´ i�ler
��r�^?gO]�ÐXrB^!f7c(gOl,_Or5]\n6gmr[ÏX_�fXjcÒ+_O`boDÙ �AÚBÚ�× pD= � à�9 Ù �AÚBÚ�×
pD=\[ áz]\a `�ÐXr!_Or�amgO]so�f7gmr���Ñ�Û [ 8 � = *��(r�gO�,_Or!r �ºã|Ú $|Ü ��f7gOfNamr!gOaJß�aO�,`WÖ�n0]sn Ú*]�Ïbl,_�r � ß�^?`bn3å�_�o gO�,r
iwÜ,$�Ú �+.Igm_�r�n(��Ö��(]\j\r�gO�(r�o�`D�(r�j\]\n3Ï `cÒBgO�,r fJÐXr!_�fUÏXrV^!f7c(gOl(_Or�^?_O`baOaUamr�^?gO] `bn°Ò+_O`bo � 5Xr � gm` 0 [ � 5Xr �
ÖvfXa|c�_Or[ÐD]\`bl(aOj�ÛJc�r!_}Ò `X_�o�r�� `bn:gO�(rzaOfXo�rV�(f7gOfyamr!gOaUfXn��:f�^?`bo�c�j r!gmrz^��,r�^ 5N`cÒ�fXj\j}_Or�fX^?gO]\`bnN^��(fXn(n,r�j\a
fUÑ�`�ÐXr,94� 5Xr � ��fXaBÑ�r!r�n�o fX�,r�Ö�] gO��]\o�c�_O`�ÐXr���`Xc(gO]s^!fXj,o�`D�(r�j,^!fXj\^!l(j\f7gO] `bn�a�Ý 0 p Þ = *��(]\a*aOl,_�c(_�]\aO]sn3Ï�_Or�aOl�j g
^?`bn3å�_�o�avgO�,r�n,r!r���Ò `X_�fPÑ�r!gmgmr!_�c��RÛ;aO]\^!a�^?`bn(aO]\amgmr�n�^jÛ�Ñ�r!gaÖBr!r�n gO�(re_Or�am`bj�ÐXr�� _�r�am`bn(fXn(^?r�_�fXn3ÏXr|fXn(� gO�,r
^?`bn6gO]\nDl(l(ot_Or[Ïb] `bn =

����� 	 	�
 ! �� ���
	
*��(r iwÜ�$|Ú �(. rjØDc�r!_�]so�r�n�gOa�a�l3ÏcÏXr�amg�gm`:�(r�^?_Or�fXamr�ÑZÛ � � gO�,r ´I·j½ -�o ^!f7c(gOl,_OrJ^?_O`baOa�amr�^?gO]\`bnI_Or�^?`bo(×
o�r�n��,r���]\n2Ù �AÚBÚ�× pD= � = -�_O`bl(n(� [ �2� 5Xr � à o�fhØ,]\oUl�o `cÒ�gO�,r��(]�Ïb� r�n(r!_LÏcÛ�amr�n(aO] gO]¯ÐD] g�Û:c(_�`cå�j rcßwÚ*]�ÏU×
l,_�r [ áiß�gO�,r�Ù4�AÚBÚ�× pD= � ^!l,_LÐXr�]\a�aGÛDaOgmr�o�f7gO]\^!fXj\j�Û fUÑ�`WÐXr�gO�(r|rjØ;c�r!_�]\o�r�n6gOfXj>�(f7gOf = Ú,`X_±Ù �AÚBÚ�× pD=\[ ß3] g��(fXa
Ñ�r!r�n��,r�^!]\�(r��Ugm` 5Xr!r!c gO�,r�f�ÐXr!_�fUÏXr�_Or�aO`bn(fXn(^?rYc�f7_�fXo�r!gmr!_�`cÒ¹Ù4�AÚBÚ�× pD= � à�9 Ù �AÚ�× 0 = 0?á}fXn���gm`�_Or!c�j\fX^?rvgO�,r
�,r�a�^?_�] c(gO] `bn `cÒFgO�,re�(]¯Ïb� r�n,r!_}ÏcÛ _�fXn3ÏXr à fUÑ�`�ÐXr 94��5Xr � áwÑZÛ�gO�,r�r[Ð&fXjsl(f7gO] `bnVc�r!_LÒ `X_�o�r��uÑZÛ �JfXaOj `WÐ�Ý 059cÞ =
� ] gO�0gO�(]\a o�`D�(]¯å�^!f7gO] `bn¹ßvgO�,r à n¹ß Q á ^?_O`baOa amr�^?gO]\`bn Ñ�r�^?`bo�r�a ^?`bn(a�]\amgmr�n6g�Ö�]\gO�IgO�,r �(f7gOfN_Or!c�`X_Ogmr��0]sn
�AãeÚ $�Ü à Ú*]�Ïbl,_Or � ávfXn(� fUÏX_Or!r�a�Ö�] gO� gO�,rUiAÜ�$|Ú �(.:gm_Or�n(� =

����� � 
 ( . �
�����
	
-�^!^?`X_��(]\n�Ï:gm`{gO�,ryiwÜ�$|Ú �(. ]\n6gmr!_Oc(_�r!gOf7gO] `bn¹ß�gO�,r�´GµL¾ %�c à n¹ß Q á ^?_O`baOa amr�^?gO] `bn ]\n�Ù4�wÚBÚ:× pD= � ]\aVl(n(�(r!_G×
r�amgO]so�f7gmr���ÑZÛ 8�� ��� [ � p � = � ] gO�(]\n{gO�,r [ � 5Xr � gm` [ �2� 5Xr � n,r�l,gm_�`bn r�n,r!_LÏcÛ{_�fXn3ÏXr à o�fhØ,]\o�l(o `cÒ
gO�,rzamr�n(aO] gO]¯ÐD] g�Û�c(_�`cå�j rcß�Ú*]�Ïbl(_Or [ áiß*gO�,r fJÐXr!_�fUÏXrV_�r�am`bn(fXn(^?r�c.f7_�fXo�r!gmr!_�a��(fJÐXr�Ñ�r!r�n:�,r!gmr!_�o ]\n,r�� `bn:f
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Background Cross Section MF=3 MT=102

� )+G��F#&4��y ´GµG´ *�� ^!f7c(gOl,_�r�^?_�`baOaYamr�^?gO] `bn à �(fXa��,r�� j\]\n,rWá5gm`cÏXr!gO�,r!_�Ö�] gO�VgO�,r|Ñ�fX^ 5ZÏX_O`bl(n(� ^?_�`baOaYamr�^?gO] `bn
à am`bjs]\� j\]\n,rWák]\n6gm_O`;�(l(^?r�� ]\n gO�,r.Ù4�AÚBÚ�× pD=\[ r[Ð7fXj\l(f7gO]\`bn =

aO]sn3Ïbj r�`bn,r �(f7gOf�amr!g|_Or!c�`X_Ogmr���Ñ�Û � r�amgm`bn�Ý 028hÞ = *��(r�n,r[Ö�r[Ð7fXj\l(f7gO] `bn `cÒBgO�(r � n,_�r�am`bj�ÐXr���Ü�r�am`bn(fXn(^?r
Ü�fXn3ÏXrUf�Ð&fX]\jsfUÑ�j rU]sn=Ù4�wÚBÚ:× pD=\[ ]\alÑ�fXamr��J`bn�gO�(rUaOfXo�r��(f7gOfzamr!g à Ú*]�Ïbl(_Or � á = *��,r!_Or[Ò+`X_Orcß�n,`zaO]¯Ïbn(]�å�^!fXn6g
o�`;�(]�å.^!f7gO] `bn(aB`cÒ*gO�,rUu�35� Ð&fXj\l(r�a[ß;_Or!c�`X_Ogmr�� ]\n * fUÑ�j r p ß�f7_�r�rjØDc�r�^?gmr��SÖ�] gO��Ù4�wÚBÚ:× pD=\[7=

����� ��� #)! ��� 	
Ú,`X_ ´GµG´ *��¹ß6gO�(r�iwÜ,$�Ú �+. ]\n6gmr!_Oc(_�r!gOf7gO] `bnuÑ.fXamr�� `bn'Ù4�AÚBÚ�× pD= ��aO�,`WÖ�avf�amgm_O`bn3Ï�l(n(�,r!_�r�amgO]\o�f7gO] `bnz`cÒ3gO�,r
à n¹ß Q áU^?_O`baOa�amr�^?gO] `bn = - Ö�]\�(rVnDl(o¦Ñ�r!_�`cÒ���f7gOf amr!gOa�f7_Or fJÐ7fX]\j\fUÑ�j\rV]\nNgO�,r �ºã|Ú $|Ü �(f7gOfUÑ�fXamr = $�n(j�Û
�(f7gOf _Or!c�`X_Ogmr���]\n�gO�,r js]�Ñ(_�f7_LÛNfUÒ gmr!_ 07�2�2�:f7_Or�a��,`�Ö�n~]\n�Ú*]�Ïbl,_Or �D= $en,r ^!fXnI`cÑ�aOr!_LÐXr gO�(f7g[ß¥Ö�] gO��]\n
gO�,ruÝ [ ��5Xr � × [ �2��5Xr � Þ>r�n,r!_LÏcÛV_�fXn3ÏXr à o�fhØ;]soUl(o
`cÒ gO�(r�amr�n(aO] gO]¯ÐD] g�Û c(_�`cå�j re]\n gO�,r|��]�Ïb� r�n,r!_LÏcÛ _�fXn3ÏXrcß
Ú*]�Ïbl,_�r [ áiß6gO�,r�Ù4�wÚyÚ�× pD= �U^!l,_LÐXr�]\a*aGÛ;amgmr�o�f7gO]\^!fXjsj�Û¦Ñ�r�j `WÖ�gO�,rvrjØDc�r!_�]so�r�n�gOfXj,��f7gOf = � ] gO�uÙ �AÚBÚ�× pD=\[ ß�gO�,r
u�35�{�(]\a�^?_Or!c�fXn(^jÛ�^?`bl(j\�uÑ�r�aOj\]�Ïb�6gOj�Û�_Or��(l(^?r�� = � n�gO�(r � n,_Or�am`bj�ÐXr���Ü�r�aO`bn(fXn(^?r|Ü�fXn3ÏXr(Ý 9�5Xr � × [ 87��5Xr � Þfß
gO�,rer[Ð7fXj\l(f7gO]\`bn c�r!_LÒ `X_�o�r��0Ñ�Û �JfXaOj `�Ð�Ý 0 � Þ fUÏX_Or!r�a�Ö�]\gO� gO�,r|�(f7gOf�o�r�fXaOl,_Or��'ÑZÛ ��]\a�aO�(f=5°Ý 0 Z Þ =
� n�Ú*]�Ïbl(_Or 6Zß5`bn,r ^!fXn `cÑ�amr!_LÐXr gO�(f7g�gO�(rzr�n(�{`cÒ�gO�,r _Or�am`bj�ÐXr�� _Or�aO`bn(fXn(^?r _�fXn3ÏXr ]\n	Ù4�wÚyÚ�× pD=\[ ]saUn,`Xg
^?`X_O_�r�^?gOj�ÛJ�,r�a�^?_�]�Ñ�r�� = *���]\aeÑ�r���fJÐ;] `bl,_e]\a��(l,r�gm` gO�,r�fX�(��] gO] `bny`cÒkf �(]¯Ïb�(j�Û�æDl,r�amgO] `bn(fUÑ.j r(Ñ�fX^ 5ZÏX_O`bl(n(�
^?_O`ba�a�aOr�^?gO] `bn =  ;]�Ïbn(]¯å�^!fXn�g�]\o�c(_O`WÐXr�o�r�n6gOa�`cÒ5gO�,r ´GµG´ *���r[Ð7fXj\l(f7gO]\`bny^?`bl�j\�SÑ�rU_Or�fX^��,r���ÑZÛ�fX^!^?`bl(n6gO]\n3Ï
Ò+`X_zgO�(ryj\f7gmr�aOgV�(f7gOf o�r�fXa�l,_Or���f7gzgO�,r �IÜ)� � Ý 021hÞfß�n @ *)$�Ú:× u,�AÜ % Ý 026UÞ�fXn(� � ���7Ò+fX^!]\js] gaÛ�`cÒegO�,r
%�l(^!j r�f7_YuBr�n�gm_�r�`cÒ � `X_��,r�fXl*ØZ×���_�fX�(]¯Ïbn(fXn à u,��% � �±á�Ý p �UÞ = -�Ñ�`�ÐXr [ ��5Xr � ß6gO�,r�^!f7c(gOl,_Or��(f7gOf�_Or!c�`X_Ogmr��
ÑZÛ .F`cÑ�`�r!g�fXjAÝ 021hÞ>f7_�re_O`bl3Ïb�(j�ÛVl,c gm` [ 8 � �(]�Ïb�,r!_YgO��fXn gO�,r à n¹ß Q áB^?_O`baOa�amr�^?gO] `bn `cÒ�Ù4�wÚBÚ:× pD= � =

���	� ����! ���
	
*��(r5iAÜ�$|Ú �(.�× 0YrjØ;c�r!_�]\o�r�n6gF�(fXa>�,r�j\]�ÐXr!_Or��|fXn|]\n6gmr[ÏX_�fXj�]sn3Ò `X_�o�f7gO] `bn�`bn|f�aO]\n3Ïbj\r5^!l,_�]\l(o = *��,r�Ð7f7_�]\f7gO] `bn7 à > á�_Or!c�`X_Ogmr���]\n * fUÑ�j r p ÖvfXaV�(r��(l(^?r���Ò+_O`bo gO�,rJ]sam`Xgm`Xc�]\^�_�f7gO] ` ´I· � uYo 3 ´I·G· uvo o�r�fXaOl,_Or���]\n~fXn
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� )+G��F#&4~���{ ´GµG¸ � fXn(� ´GµG» i�l à n¹ß 07n�á�rjØDc�r!_�]\o�r�n�gOfXj ^?_O`baOaeamr�^?gO]\`bn(aefJÐ7fX]\j\fUÑ�j\r�]sn �AãeÚ $�Ü = *��,r�am`bj\]s�
à �(fXa��,r���á j\]\n(rk_Or!c�_Or�amr�n6gOa}gO�,rlÙ4�wÚBÚ:× pD= � à Ù4�wÚyÚ�× pD=\[ á5r[Ð&fXjsl(f7gO] `bn à Ò+`X_ ´GµG» i�l�ßXgO�,r�Ù4�wÚBÚ:× pD= �UfXn(�PÙ4�wÚBÚ:×
pD=\[ ^!l(_LÐXr�a�f7_Or�a�]\o�]\j\f7_já =

r�n,_�]\^��,r��¦´I·G·$uvo aOfXo�c�j\r = *��,rYu�35��Ð7fXj\l,rB`cÑ(gOfX]\n,r��¦Ö�] gO�.Ù4�AÚBÚ�× pD= �e]\a ^!j `bamrBgm`el(n(] g�Û = *��,rv�(]\a�^?_Or!c�fXn(^jÛ
]\a�j `�ÖBr!_�gO�(fXn p �7à * fUÑ�j r�0?á = â�`�ÖBr[ÐXr!_Jß gO�(]\alÏX`6`;�y_Or�aOl(j\g�aO�,`bl(js�'Ñ�r|gOf=5Xr�n�Ö�] gO�J^!f7_Or(Ñ�r�^!fXl�amr|`cÒ}gO�,r
Ö�_�`bn3Ï��,r�aO^?_�]\c(gO] `bn `cÒ*gO�,r � n,_Or�aO`bj�ÐXr���Ü�r�aO`bn(fXn(^?r¦Ü�fXn3ÏXrU]snSÙ4�wÚyÚ�× pD= � à Ú ]¯Ïbl,_Or 1?á = *��,r�o�`D�,r�js]\n3Ï�`cÒ
gO�,r�^?_O`ba�a�amr�^?gO] `bn fUÑ�`WÐXr�gO�,r�_Or�am`bn(fXn�^?r�_�fXn3ÏXr��(fXa|Ñ�r!r�n ]\o�c(_O`�ÐXr�� ]sn�Ù �AÚBÚ�× pD=\[ à�9 ��%�d|Ú 3 � × � � = 1?á =
%�r[Ö'�AÜ)-)% $  �× 0 = � ^!fXj\^!l(j\f7gO] `bn�a�f7_Or�n,r!r��,r�� gm`uÐ7fXj\]\�(f7gmregO�(]saYaO]�Ïbn(]�å.^!fXn�gYo�`;�(]�å�^!f7gO]\`bn =

� �7��� � � ��� �5��� �¹ÉO	����

Ú,`X_�gO�,r�iAÜ�$|Ú �(.{rjØ;c�r!_�]\o�r�n6gOa[ß�o�r�fXa�l,_Or�o�r�n6gOa�`cÒ}gO�(rU]\am`Xgm`Xc.]\^e_�f7gO] `ba ´GµL¾ %�c�3 ´GµG¸ � fXn(� ´GµG¸ ikl 3 ´GµG» i�l
c(_�`�Ð;]\�,rzfXn{r�amgO]so�f7gmr `cÒ�gO�,rVgm_Or�n(�(aU`bn{gO�,r à n¹ß 07n�á|^?_O`baOa�amr�^?gO] `bn(a�`cÒ ´GµG¸ � fXn(� ´GµG» i�l = *��,rV_Or�aOl(j\gOa
f7_Or c(_�r�amr�n�gmr���]sn * fUÑ�j r pD= *��,r'æ6l,`Xgmr���fX^!^!l(_�fX^!] r�a��,`Dr�a�n,`Xg�gOf=5Xr ]\n6gm` fX^!^?`bl(n�g gO�,r aOj\]�Ïb�6gOj�Û c�`D`X_
c(_�r��(]\^?gO] `bn `cÒ3gO�,ren,r�l,gm_O`bn���l*Ø f7gY�(]¯Ïb� r�n,r!_}ÏcÛ = -lÑ�`WÐXr�f.Ò+r[Ö � r � ß;gO�,r�fX^!^!l(_�fX^jÛz`cÒFgO�,r�^!fXjs^!l(j\f7gO] `bn(a
]\a��,r!gmr!_�] `X_�f7gmr��°ÑZÛ�gO�,r�l(n�^?r!_OgOfX]\n6gaÛy_Or�j\f7gmr�� gm` `XgO�,r!_�nDl(^!j r�f7_���f7gOf fXn(� gO�,_Or�aO�(`bj\�y_Or�fX^?gO] `bn(a = *��,r�aOr
gm_Or�n��(a f7_Or o�r�fXn(]\n3ÏcÒ9l(j�]\n f{_Or�amgm_�]\^?gmr�� r�n(r!_LÏcÛ~_�fXn�ÏXr gO�(f7g ^?`X_O_Or�amc�`bn(�(aVgm`�gO�,r o�fhØ,]\o�l(o `cÒ|gO�,r
amr�n�aO] gO]�Ð;] gaÛ�c(_�`cå�j r = *��,r�j\f7gmgmr!_Y_Or�fX^��,r�a ä 128 � `cÒFgO�(r�gm`XgOfXj aOr�n(aO] gO]�Ð;] g�Û�Ö�] gO�(]\n gO�,r � ��r � gm` [ � ��r �
r�n,r!_}ÏcÛz_�fXn�ÏXr =

� ��� �-! , � ���
	
Ú,`X_�l,_�fXn(]sl(o'ß�gO�,r�gm_Or�n(� `bn gO�,r à n¹ß 07n�á�_Or�fX^?gO] `bn:��fXa�Ñ�r!r�n �,r��(l(^?r���Ò+_O`bo f�aO]\n3Ïbj r�o�r�fXa�l,_Or�o�r�n6ge`cÒ
gO�,r­´GµL¾ %�c�3h´GµG¸ � _�f7gO] ` ]snVfu´GµG¸ � aOfXo�c�j r = *��,r�iwÜ�$|Ú �(.:_Or�aOl(j gYaOl�ÏcÏXr�amgOa�gm` ]sn(^?_Or�fXamregO�,r à n�ß 07n�áB^?_O`baOa
amr�^?gO]\`bn±ÑZÛ ä [ � � Z 0 = *��(r�j `�Ö�fX^!^!l,_�fX^jÛ�`cÒ(gO�,rkc(_Or�amr�n6g>c�_Or��(]\^?gO] `bn à � ��� � pXp á fX^!^?`bl(n6gOaBÒ `X_*l(n(^?r!_OgOfX]sn�gO] r�a
c(_�`�Ð;]\�,r���ÑZÛygO�(r�^��,r�o�]samgm_LÛ fXn(fXj�Û;aO]\a = -�_O`bl(n�� [ ����r � ß>gO�,r ]\n6gmr[ÏX_�fXj}gm_Or�n��(a�fUÏX_Or!r�Ö�] gO� gO�,rzl,c(c�r!_
rjØ;c�r!_�]\o�r�n6gOfXj�Ð7fXj\l,r�a�fXn(�y^?`bn3å(_�o gO�,r�]sn(^?_Or�fXamrU`cÒ�fUÑ�`bl,g ä p < 9 � _Or�^?`bo�o�r�n��,r��J]sn gO�,r�Ù4�wÚyÚ�× pD=\[
r[Ð7fXj\l(f7gO] `bn à Ú*]�Ïbl(_Or [ �Rá = *��,r à n¹ß 07n�á�^?_O`ba�a�amr�^?gO] `bn ]sn(^!j\l(�,r��y]\nygO�,r�j\f7gmr�aOg�ÐXr!_�aO] `bn `cÒBgO�,r ��l(_O`Xc�r�fXn
j\]¯Ñ(_�f7_LÛ ]\aeÑ�fXaOr�� `bn �&%�-& *â ^!fXj\^!l(jsf7gO] `bn(aPÝ p;[ Þ�Ö��(]s^�� �(f�ÐXrPÑ�r!r�n=Ð7fXj\]\��f7gmr���Ö�] gO�ygO�,r��(f7gOf _Or!c�`X_Ogmr��
ÑZÛ�Ú(_Or��(fXl,g¦Ý p 0UÞfß(_Orj× n,`X_�o fXj\]��!r��0ÑZÛVf�Ò9fX^?gm`X_ [7=\[ � =
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� � � ����� . #�� ���
	
� Û ^?`bn�gm_�fXaOg[ßBgO�(r�iAÜ�$|Ú �+. rjØ;c�r!_�]\o�r�n6gOa�c�`b]sn�g�`bl,g f aOgm_O`bn3Ï:l(n��,r!_Or�amgO]\o f7gO] `bn{`cÒ�gO�,r ´GµG» i�l à n¹ß 07n�á
^?_O`ba�a�amr�^?gO] `bn = *��,r�iwÜ,$�Ú �+.N_Or�aOl(j gOaYa�l3ÏcÏXr�amg�gm`z]\n(^?_Or�fXamr|gO�,r±Ù4�wÚyÚ�× pD= � à�9 Ù4�wÚBÚ:× pD=\[ á�r[Ð7fXj\l(f7gO] `bn'ÑZÛ
fuÒ+fX^?gm`X_ [ � p 0 � ��� [ 0 à Ú*]�Ïbl,_Or [ �Rá = $eÖ�]\n3Ï gm`zgO�,r�c�`6`X_�fX^!^!l,_�fX^jÛJ`cÒ5gO�,rUiwÜ�$|Ú �(. _Or�a�l(j gOa�fXn���`cÒ}gO�,r
�(f7gOf�fJÐ7fX]\j\fUÑ�j r�]sn��ºã|Ú $|Ü `X_U]\n gO�,rzj\] gmr!_�f7gOl,_�rSÝ pXp Þfß n(` _Or�j r[Ð7fXn�g�gm_�r�n(� ^!fXn�Ñ�r��(]samgO]\n3Ïbl(]saO�,r��=Ò _O`bo
gO�,rec�_Or�amr�n6g�o�]\^?_O`ba�^?`Xc�]\^�fXn(� ]\n6gmr[ÏX_�fXj3��f7gOf =
-�_O`bl(n(� � � r � ß�gO�,r­Ñ�r��(fJÐ;] `bl,_�`cÒ}gO�,r à n¹ß 07n�á�^?_O`baOa�amr�^?gO] `bnJ]\a�n,`Xg�Ökr�j\jF�,r[å�n,r�� = � ] gO�(]\n gO�,r�1 ��r �
gm` [ � ��r � r�n,r!_}ÏcÛ _�fXn3ÏXrcß,gO�(r�l�n(^?r!_OgOfX]\n6gaÛz`bn gO�,re�(f7gOf�o�r�fXaOl,_�r���ÑZÛ�Ú(_Or��(fXl,g­Ý p 9cÞ _�fXn3ÏXr�a�Ò _O`bo [ � �
gm` 94� � = *��,rU�(f7gOfz_Or!c�`X_Ogmr��SÑ�Û �Jf7gO�,r!_e�,r[Ð;]\f7gmrUa�]�Ïbn(]�å�^!fXn6gOj�Û0Ò+_O`bo gO�(r|rjØ;c�r�^?gmr�� aGÛ;amgmr�o�f7gO]s^!a = *��(r
�(f7gOfzrjØ;gm_�fX^?gmr��°Ò+_O`bo�Ü�r[Ò r!_�r�n(^?r�Ý pXp Þ*f7_�r�o�`;�,r�j�× �(r!c�r�n��,r�n�g = *��,r[Û���fJÐXr(Ñ�r!r�nJ�,r���l(^?r��SÒ+_O`bo c�f7_OgO]sfXj
Q × _�fJÛ�^?_O`ba�akamr�^?gO]\`bn(ako�r�fXaOl,_Or��uÖ�] gO��gO�,r �&��-�%)�(� �,r!gmr�^?gm`X_­Ý p 8hÞ = -vgv�(]�Ïb��n(r�l,gm_O`bn�r�n(r!_LÏcÛcß6gO�(r�j\f7gmgmr!_
Ñ�r�^?`bo�r�^?`bn(a�]\amgmr�n6g�Ö�] gO�VgO�,r��(f7gOf�_Or!c�`X_Ogmr��0ÑZÛ .3`bl3Ïb�,r!r���Ý pX� Þ = *��,r ��l(_O`Xc�r�fXn r[Ð&fXj\l�f7gO] `bn¹ß*Ñ�fXamr�� `bn
� Ü�u ^!fXj\^!l(jsf7gO] `bn(a±Ý pbZ Þfß.f7_Or�]\n'ÏX`D`D��fUÏX_Or!r�o�r�n6glÖ�] gO� gO�(r �&��-�%)�(�0�(f7gOf =

� � �5�Y���(Ç �AÎ �k��� ���(È Ê��Y�������B�¹ÉO	��ËÆ,�.�����

- aOl(o�o�f7_}Û `cÒ�gO�,r n,r!r���a�]\n{gmr!_�o `cÒ±Nu;LOUYiX*EG;[Nu;j^`M_Y�`X_=;jTUOUd�X3O?Mo]oFU^N]\a.Ïb]�ÐXr�n�]\n *>fUÑ.j r 9 = *��,r j\]samg
gOf=5Xr�av]\n6gm`�fX^!^?`bl�n�gvgO�,r�rjØDc�r!_�]\o�r�n�gOfXj�^!fXo�c�fX]�Ïbn�akfXn(�zr[Ð7fXj\l(f7gO] `bn(aAÖ��(]\^��zf7_�r�c�jsfXn(n,r���`X_v]\nzc(_O`cÏX_Or�aOa =
Ú,`X_|rjØ;fXo�c.j rcß3r[Ð7fXj\l(f7gO] `bn `cÒ ´GµG´ *�� ]\ae]sn c(_O`cÏX_Or�aOa|]\nygO�,rPÒ+_�fXo�r�`cÒBgO�,rzu¥Ü�i `bn �ºÐ7fXj\l(f7gmr�� %�l(^!j r�f7_
d�f7gOf­Ò+`X_�*��*× � Ú�l,r�j�u�Û;^!j r±Ý p 1hÞfßDfXn(��f±Ö�]\�,rvrjØ;c�r!_�]\o�r�n6gOfXj(^!fXo�c�fX]�Ïbn�`bn�gO�,r ´I·j½ -�o�]sam`Xgm`Xc�r�]\a}c�j\fXn(r��
]\n�gO�,r�Ò _�fXo�r `cÒ�f �kl,_O`Xc�r�fXn ^?`bj\j\fUÑ�`X_�f7gO]\`bn�Ñ�r!g�Ökr!r�n gO�,r�� n(amgO] gOl,gmr°Ò+`X_SÜ�r[Ò r!_Or�n�^?r ��f7gmr!_�]\fXj\a fXn(�
��r�fXaOl,_Or�o�r�n�gOa à �IÜ)� ��áiß,gO�(r � l(�(f7c�r�amg %�r�l,gm_O`bn uBr�n6gm_Or à � %eu�ákfXn(�VgO�,r|u ��-&3&d&��% `cÒ uvfX�(f7_�fX^��,r =
� n0f n,r�f7_'Ò9l,gOl,_�rcß�gO�,r n6l�o±Ñ�r!_V`cÒ|rjØ;c�r!_�]\o�r�n6gOfXj��(f7gOfzÒ+`X_ fX^?gO]\n(]\�,r�a�Ö�]sj\j�]\n�^?_Or�fXamr aO]�Ïbn(]�å.^!fXn�gOj�ÛI]sn
�AãeÚ $�Ü = � n(�,r!r���ßBgO�(rJj\fXamguå�ÐXrSÛXr�f7_�a�ÖBr!_Or�gO�(r�`Xc(c�`X_OgOl(n�] gaÛzÒ `X_VgO�,ryn6l(^!j\r�f7_z�(f7gOfN^?`bo�oUl�n(] gaÛ�gm`
^!f7_O_}ÛU`bl,g}rjØ;gmr�n(aO]¯ÐXr�o�r�fXaOl,_Or�o�r�n�gOa�`cÒ.gO�,r�aOr�]\am`Xgm`Xc�r�a[ßbgO�,_�`bl3Ïb� -�d  �fXn(��n6l�^!j r�f7_ºÖvfXamgmr�o�fXn(fUÏXr�o�r�n�g
_Or�jsf7gmr���c(_O`��mr�^?gOa = *��,rvc(_O`;^?r!r��(]\n�Ïba*`cÒ�gO�(r�%�d 07�2�79U^?`bn�Ò r!_Or�n�^?rcß6�,r�j\��]sn  ;fXn�gOf±Ú,r�]\n 07�2�793ßZÏb]�ÐXr�f�Ö�]s�,r
`WÐXr!_LÐD]\r[Ö `cÒ gO�,r�rjØ;c�r!_�]\o�r�n6gOfXj�Ök`X_ 5;aYgO�(f7g�^?`bl(j\�'Ñ�rel(amr[Ò9l(j�Ò+`X_�Ò+l(gOl,_Or�r[Ð&fXjsl(f7gO] `bn(a =
����� �-! , � ���
	
Ú,`X_ ´GµGµm¶ ´GµI· � ß ^!f7c(gOl,_�r���f7gOf ^?`�ÐXr!_�]\n�Ï gO�,r � n,_�r�am`bj�ÐXr���Ü�r�am`bn�fXn(^?rPÜ�fXn3ÏXr�fXn(� gO�(r�^?`bn6gO]\nDl(l(o _Or[Ïb] `bn
f7_Or�n,r!r��,r�� = Ú,`X_BgO�,rYr!c�]�× gO�,r!_�o�fXj,r�n,r!_LÏcÛ�_�fXn�ÏXr à c(_O`cÑ�fUÑ.j�ÛUl,c�gm` [ �E5Xr � áiß6fXn(fXj�Û;aO]\a*`cÒ �(]¯Ïb�*× _Or�am`bj\l(gO] `bn
*�]so�rj×($eÒt×aÚ js]�Ïb��gB^!f7c(gOl,_Or�o�r�fXaOl,_Or�o�r�n6gOaY^!f7_O_�]\r�� `bl,gY]\nVgO�,r|Ò _�fXo�r�`cÒ gO�,ren @ *)$|Ú{^?`bj\j\fUÑ�`X_�f7gO]\`bnV]saB]sn
c(_�`cÏX_Or�aOa =
Ú*]\n(fXj�r[Ð&fXjsl(f7gO] `bn(ak^?`bl(j\�V^?`bn(aO]\�,r!_k`XgO�,r!_vrjØDc�r!_�]so�r�n�gOfXj.�(f7gOf = *��(r ´GµGµm¶ ´GµI· � å�a�aO] `bn�^?_O`ba�aBaOr�^?gO] `bn(aB�(fJÐXr
Ñ�r!r�n:o�r�fXaOl,_Or��{f7gUgO�(rzn @ *)$|Ú�× u �wÜ % Ò9fX^!]\j\] g�Û�Ö�] gO� gO�(rzi�i�-�u fXn(�zÚ �mu��,r!gmr�^?gm`X_�a'Ý p 6*ß 94�UÞ = *��(r
j `WÖ n,r�l,gm_O`bn r�n,r!_LÏcÛy_�fXn3ÏXr�`cÒvgO�,r ´GµI· � à n¹ß Òiá�_Or�fX^?gO] `bnN�(fXa|Ñ�r!r�n ]\n�ÐXr�amgO]�Ïbf7gmr�� f7g�gO�(rPâ�]�Ïb�3×aÚ jsl*Ø �+./.
Ü�r�fX^?gm`X_�fXn(�Jf7g�gO�,r �&��./�(%�-�Ò+fX^!]sj\] gaÛ = â�]�Ïb� c(_�r�^!]\aO] `bn o�r�fXa�l,_Or�o�r�n6gOa�`cÒ}n,r�l(gm_O`bn ]\n(��l(^?r��'å�aOa�] `bn `cÒ
´GµGµ � �(f�ÐXr�Ñ�r!r�n{^?`bn(�(l(^?gmr���Ñ�Û gO�,r %�l�^!j r�f7_�uBr�n6gm_OrV`cÒ � `X_��,r�fXl*ØZ×���_�fX�(]¯Ïbn(fXn à u ��% � �­á�Ý 9 [ Þ = *��(r
j\fXaOg�`bn(r.ÖBr�^!fXn o�r�n6gO] `bn,r�� ]sa�gO�(r��(]�Ïb�*× _Or�aO`bj\l,gO] `bnJgm_�fXn(aOo ]\aOaO] `bnyo�r�fXaOl(_Or�o�r�n6gOa�`cÒ ´GµGµ � c�r!_}Ò `X_�o�r��
f7g�gO�(r $|Ü ��./- Ò+fX^!]\js] gaÛ =
-�Ñ�`bl,g�_Or�^?r�n�g|r[Ð&fXj\l�f7gO] `bn�Ök`X_ 5Da[ß>fXn(fXj�Û;aO]\a�`cÒkgO�(r ´GµGµ � Ü�r�am`bj�ÐXr���Ü�r�am`bn(fXn(^?ruÜ�fXn3ÏXr��(f�ÐXrPÑ�r!r�n c�r!_L×
Ò+`X_�o�r�� f7g $|Ü)%).�Ý 9 0hÞ|fXn(� gO�,r �(]¯Ïb�0r�n(r!_LÏcÛ0_�fXn3ÏXr �(fXa'Ñ�r!r�n�_Or[Ð;]\aO] gmr���ÑZÛ �JfXaOj `WÐ =  ZÛ;amgmr�o�f7gO]\^
o�`;�,r�j\]sn3Ï `cÒBgO�,r��(]�Ïb�yr�n,r!_LÏcÛy_�fXn3ÏXr�`cÒkgO�,r�l,_�fXn�]\l(o ]\am`Xgm`Xc�r�a|Ò _�`bo ´GµG´ @ ´I·j½ � �(f�ÐXr�Ñ�r!r�n c�r!_}Ò `X_�o�r��
ÑZÛJgO�(r * [�� %�l(^!j r�f7_|ik�RÛ;aO]\^!a ��_O`bl,c `cÒvgO�,r .F`ba -�j\fXo�`ba %�f7gO] `bn(fXj�.FfUÑ�`X_�f7gm`X_LÛ à ./-�%).Bá = - aO]\o�]sj\f7_
ÖB`X_ 5 �(fXa�Ñ�r!r�n c�r!_LÒ+`X_�o�r�� f7g�gO�,rUu,��- 3&d�-�� `cÒ � _�l3ÛXr!_�rj× .3rj× uv�(f7gmr�j =
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� %��*�+4J�   ;l(o�o�f7_}Ûz`cÒ gO�,r|n,r!r���a�_Or�j\f7gmr�� gm`�gO�,r à n¹ß Q áYfXn(� à n¹ß 07n�áB_Or�fX^?gO]\`bn(aY`cÒ*gO�,r|o�fX]sn fX^?gO]\n(]\�(r�a
`cÒ�]\n6gmr!_Or�amg�Ò+`X_5gO�,r�l,_�fXn(]\l(o�fXn(��gO�,`X_�]\l(o%Ò9l,r�j,^jÛD^!j\r�a = *��,r�n,r!r��(a�f7_OrYrjØDc�_Or�aOamr���]sn�gmr!_�o `cÒº;jThOcdÂX�OcMo]qFU^
`X_|Nu;LOhYmX*EG;[NP;[^`M_Y = *��,r�fX^?_O`bn�ÛDo a�ÜlÜlÜ±ß � Ü�Ü fXn(��uB`bn6gvaOgOfXn(�V_Or�amc�r�^?gO]�ÐXr�j�ÛPÒ+`X_YgO�,r�Ü�r�aO`bj�ÐXr��'Ü�r�am`U×
n(fXn�^?r|Ü�fXn3ÏXrcß(gO�,r � n,_Or�aO`bj�ÐXr���Ü�r�aO`bn(fXn(^?r­Ü�fXn�ÏXr�fXn(� gO�,rUuB`bn6gO]\nDl(l(o _Or[Ïb] `bn = *��,r�rjØDc�r!_�]so�r�n�gOfXj�`X_
r[Ð7fXj\l(f7gO] `bn0ÖB`X_ 5;a�Ö���]\^�� f7_Or|c�j\fXn(n,r��V`X_�]sn c(_O`cÏX_Or�aOa�f7_Or�]\n(��]\^!f7gmr��0Ö�] gO� f�^!]\_�^!j r à�� á =

� am`Xgm`Xc�r�a Ü�r�fX^?gO] `bn uB`bo o�r�n�gOa ÜlÜ�Ü � ÜlÜ uB`bn6g =
� 0 pXp à n�ß Q á o�r�fXa�l,_Or�o�r�n6gOa � � �

0 p 9 à n�ß Q á o�r�fXa�l,_Or�o�r�n6gOa � � �
ikl 0 p 1 à n�ß Q á o�r�fXa�l,_Or�o�r�n6gOa � � �

0 p 6 à n¹ß 07n�á o�r�fXa�l,_Or�o�r�n6gOa �
059 [ à n�ß Q á

� o�r�fXaOl,_�r�o�r�n�gOa
r[Ð&fXjsl(f7gO] `bn

�� ��
059 0 à n�ß Q á

� o�r�fXaOl,_�r�o�r�n�gOa
r[Ð&fXjsl(f7gO] `bn

�� �
*�� 0 p 0 r[Ð7fXj\l(f7gO] `bn � � �
-�o 059 [ à n�ß Q á o�r�fXa�l,_Or�o�r�n6gOa � �
%�c 0 pbZ r[Ð7fXj\l(f7gO] `bn � � �
uYo 05929 à n�ß Q á o�r�fXa�l,_Or�o�r�n6gOa �

��� � ����� . #�� ���
	
uB`bn�^?r!_�n(]\n3Ï gO�(r�c�j\l(gm`bn(]\l(o ]\aO`Xgm`Xc�r�aJßYgO�,rJ^?`bn(a�]\amgmr�n(^jÛ�`cÒegO�,rJr[Ð&fXjsl(f7gO] `bn Ð&f7_LÛIfX^!^?`X_��(]\n3ÏNgm`NgO�,r�]\_
_Or�aOc�r�^?gO]¯ÐXrU]\o�c�`X_OgOfXn�^?r­Ò `X_�gO�,r�n6l�^!j r�f7_�]sn(�(l(amgm_}Û = *��,r�c(_�] `X_�] g�Û�Ò+`X_�gO�,r�^?`bn�ÐXr�n6gO] `bn(fXj*f7c(c�j\]s^!f7gO] `bn(a�]sa
´GµG» ikl¹ß ´I·L¼ i�l¹ß ´I·j½ ikl¹ß ´I·L´ i�l{fXn(� ´GµG¸ i�l = *��(rVj\fXaOgU`bn,r�Ñ�r�^?`bo�r�a�]\o�c�`X_OgOfXn6g±Ò+`X_�gO�,r n6l�^!j r�f7_¦ÖvfXamgmr
amgOl��(] r�a =
$eÖ�]\n3Ï�gm`|gO�,rvc�`D`X_5fX^!^!l,_�fX^jÛ�`cÒ�gO�,r,�ºã|Ú $|Ü~��f7gOf*ß6n,r[ÖIo�r�fXa�l,_Or�o�r�n6gOa}^?`�ÐXr!_�]sn3Ï|feÖ�]\�,rvr�n,r!_}ÏcÛ|_�fXn3ÏXr
f7_Or n,r!r��,r��Ngm`�ÏXr!g�_Or�j\]\fUÑ�j\r �(f7gOf=Ò `X_ ´GµG¸ i�l = -�^!^!l,_�f7gmr o�r�fXaOl,_�r�o�r�n�gOa�`cÒ�gO�,r ´GµG» ikl à n¹ß 07n�áe_Or�fX^?gO] `bn
]\a�_�rJæ6l,r�aOgmr�� gm`�am`bj¯ÐXr gO�,r�j\f7_}ÏXr �(]\aO^?_�r!c�fXn(^jÛyc�`b]sn�gmr�� `bl,g±Ñ�Û gO�,r iwÜ�$|Ú �(.~_Or�aOl(j gOa àfä p � � á = d�f7gOf
f7_Oryn,r!r��,r��~gm`{�,r�a�^?_�]�Ñ�r�� gO�,r ´I·j½ ikl à n¹ß Q á�_Or�fX^?gO] `bn�]\n~gO�,r � n,_Or�am`bj¯ÐXr��2Ü�r�aO`bn(fXn(^?r�Ü�fXn3ÏXryfXn(�IgO�,r
^?`bn6gO]\nDl(l(o _Or[Ïb]\`bn(a à gO�(rJj `WÖ r�n,r!_LÏcÛ~_�fXn3ÏXrJ��fXaPÑ�r!r�nI_Orj×fÐ;]\aO]\gmr���Ò+`X_�Ù4�wÚBÚ:× pD= �Rá = Ú,`X_'´I·L´!i�l¹ßY�(f7gOf
]\n~gO�,r�Ü�r�am`bj�ÐXr���Ü�r�am`bn(fXn(^?r°Ü�fXn�ÏXry]\aVaOl(]\gOfUÑ�j rJ]snI`X_��,r!_ gm`zÏXr!g _Or�j\]\fUÑ�j\r c(_�] `X_ fJÐXr!_�fUÏXr _Or�am`bn(fXn(^?r
c�f7_�fXo�r!gmr!_�a�Ò+`X_�gO�,r|aOgOf7gO]\amgO]\^!fXj3fXn�fXj�ÛDa�]\av`cÒ*gO�,r � n(_Or�am`bj�ÐXr���Ü�r�am`bn(fXn(^?r¦Ü�fXn3ÏXr =
-�Ñ�`bl,g�r[Ð&fXj\l�f7gO] `bn�fX^?gO]�Ð;] gO] r�a[ßBn,r[Ö
o�`;�,r�j\]\n3Ïy`cÒ�gO�,r ´I·j½ i�l�fXn(� ´I·L´ i�l�^!f7c(gOl,_�rcßAå�aOa�] `bn fXn(��r�j\fXamgO]s^
^?_O`ba�aBaOr�^?gO] `bn(av]\avn,r!r��,r��Vgm`�am`bj�ÐXr�gO�,re�6l�ÏXr��(]saO^?_Or!c�fXn(^!]\r�a�c�`b]\n6gmr�� `bl(g�ÑZÛ�gO�,r�iAÜ�$|Ú �+. rjØDc�r!_�]so�r�n�gOa =
Ú,`X_�´I·L´!ikl¹ßDgO�,r�r[Ð7fXj\l(f7gO]\`bnV��fXakgm`�gOf=5Xr�]\n6gm`�fX^!^?`bl(n�gYgO�(r�o�r�fXa�l,_Or�o�r�n6gOaY^!f7_O_�] r��z`bl,gYf7gvgO�,r �&��./�(%�-
Ò9fX^!]\j\] g�Û ]\nJgO�,r(Ò _�fXo�r�`cÒ�gO�,r�n @ *�$|Ú0^?`bjsj\fUÑ�`X_�f7gO] `bn = Ú,`X_ ´I·L¼ ikl¹ß�gO�,r �kl,_O`Xc�r�fXnyr[Ð&fXjsl(f7gO] `bn ^?`bl(j\�=Ñ�r
_Orj×fÐ;]\aO]\gmr��0Ö�] gO� gO�,re_Or�^?r�n6g�j\`�Ö gmr�o�c�r!_�f7gOl(_Oregm_�fXn(aOo ]\aOaO] `bn �(f7gOf o�r�fXaOl,_Or���f7g�gO�,r �IÜ)� � =

����� � 
 ( . �
�����
	
%�r[Ö r[Ð7fXj\l(f7gO] `bn�`cÒB´GµL¾ %�c�]\a�aOl(] gOfUÑ�j\r�gm`zam`bj�ÐXr�gO�,rUfXo±Ñ�]¯Ïbl(] gaÛ�Ñ�r!gaÖBr!r�n�gO�(r|o�]\^?_O`ba�^?`Xc�]\^efXn(� ]sn�gmr[ÏX_�fXj
gm_Or�n��(a à iAÜ�$|Ú �+. rjØ;c�r!_�]\o�r�n6gOaiáU]\n�gm_�`D�(l�^?r���ÑZÛ{gO�,rSÙ4�wÚyÚ�× pD=\[ j\]�Ñ(_�f7_}Û = *��,r �AÐ&fXj\l�f7gO] `bn	Ök`X_ 5�Ö�]sj\j
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fX^!^?`bl(n6g�Ò `X_kgO�,r�gm`XgOfXj�^?_O`baOakamr�^?gO] `bnVo�r�fXaOl,_�r�� f7gBgO�,r �&��. �+%)-�Ò9fX^!]\j\]\gaÛ�Ý 929cÞ�fXawÖBr�j\j(fXakgO�,rlå�a�aO] `bn�fXn(�
^!f7c(gOl(_Or�o�r�fXaOl,_�r�o�r�n�gOa�^!f7_O_�] r�� `bl(g�]\n gO�,r­Ò+_�fXo�re`cÒ gO�,r|n @ *)$�Ú{^?`bjsj\fUÑ�`X_�f7gO] `bn�Ý p 6*ß�9 8UÞ =

����� 	 	�
 ! �� ���
	 , ��� � � ! � � 	
Ú,`X_ gO�(ryfXo�r!_�]\^!]\l(o fXn(�0gO�,r ^!l,_�]\l(o ]\am`Xgm`Xc�r�a[ß�Ö�]\�,rJrjØDc�r!_�]\o�r�n�gOfXj�^!fXo�c�fX]�Ïbn�aVf7_�rJc�jsfXn(n,r��0`X_ ]sn
c(_�`cÏX_Or�aOa = â�]�Ïb�*× _�r�am`bj\l,gO] `bn *�]\o�rj×($eÒt×aÚ*j\]�Ïb�6g�o�r�fXaOl,_Or�o�r�n�gOaz�(fJÐXr=Ñ�r!r�nIc�r!_}Ò `X_�o�r��If7g�gO�,r�n @ *�$|Ú�×
u �wÜ %�Ò9fX^!]\j\] g�Û = *��,rUj\f7gmgmr!_eÖ�]\jsj�c(_O`�Ð;]\�,r|_Or�j r[Ð7fXn�g��(f7gOfPÒ+`X_�gO�(r ´I·j½ -�o à n¹ß Òiáiß ´I·Lµ -�o à n¹ß Òiáiß ´I· � uvo à n�ß Òiá
fXn(� ´I·Lµ -�o à n¹ß Q áV_Or�fX^?gO] `bn�a = � r�fXa�l,_Or�o�r�n6gOa `cÒ�gO�,r°Ò9fXamg�n,r�l,gm_�`bn*× ]\n(�(l�^?r��2å�a�aO] `bn fXn(� ^!f7c(gOl(_Or `cÒ
^!l,_�]\l(o à ´I·L´m¶ ´I·Lµm¶ ´I·G·7uYo�á�fXn(�{fXo�r!_�]\^!]sl(o à ´I·j½G¶ ´I·Lµ
-�o�áef7_�rz^?`bn(�(l�^?gmr���ÑZÛ gO�,r u,��% � �çÝ 9 p Þ = Ú(`X_UgO�,r
j `WÖ
fXn(���(]�Ïb� r�n(r!_LÏcÛN_�fXn3ÏXr `cÒ ´I·j½ -�o'ßBf amr!_�] r�a�`cÒ�o�r�fXaOl(_Or�o�r�n6gOa�f7_Or c�j\fXn�n,r�� ]\n{gO�,r'Ò _�fXo�r `cÒ�f
�kl,_O`Xc�r�fXn|^?`bj\jsfUÑ�`X_�f7gO] `bn­Ñ�r!gaÖBr!r�n ��Ü�� ��ß$gO�(r � l(�(f7c�r�amg %�r�l,gm_�`bn�uBr�n6gm_Or à � %�u�áFfXn(�UgO�,rvu,��- 3&d���%
`cÒ5uvfX�(f7_�fX^��,r =
*��(r|n,r[Ö ]\n�gmr!_�c(_Or!gOf7gO] `bnSÖ�] gO�=Ù �AÚBÚ�× pD=\[ `cÒ5amc�r�^!]�å�^�i��(�rÖ�]\jsj�c(_O`�Ð;]\�,r�5Xr[Û�]\n3Ò+`X_�o�f7gO]\`bn gm`z_�r[å�n,r�gO�,r
n,r!r���a�]\n gmr!_�o�a�`cÒ������	��
��
����� %�� fXn������	����
�� �����J% Ò `X_ ´I·j½G¶ ´I·Lµ -�o
fXn�� ´I·Lµ @ ´I·}¾ uvo =

� 
 	��
�5� ����É�	����

Ú,`X_�gO�(rVr!c.]�× gO�,r!_�o�fXjkr�n,r!_LÏcÛN_�fXn3ÏXrcßB]\n�gmr[ÏX_�fXjkgm_�r�n(�(a�c(_O`WÐD]\�(r���ÑZÛ gO�,r�u¥Ü � -& {fXn��{d -��Ji �+�AÜ�Ü �
rjØ;c�r!_�]\o�r�n6gOa�^?`bn3å(_�o gO�,r `WÐXr!_�fXj\j�]\o�c(_O`�ÐXr�o�r�n�gOa�`cÒ�gO�,r amc�r�n6g.Ò9l,r�jv]\n�ÐXr�n�gm`X_}ÛNc(_�r��(]\^?gO] `bnzÑ�fXamr�� `bn
Ù �AÚBÚ�× pD= � = *��,ry]sn(^?_Or�fXamrJ`cÒ�gO�,r ´Gµ � � ^!f7c(gOl,_Ory_Or�am`bn�fXn(^?ry]sn�gmr[ÏX_�fXj à ÑZÛ~fUÑ�`bl,g � � áiß�`cÒ�gO�,r ´I·j½ i�l
^!f7c(gOl(_Or�f7_Or�f à � = 0 � r � á�fXn(� `cÒ*gO�,r ´GµG¸ � à n¹ß 07n�áB_�r�fX^?gO] `bn�f7_Or|gO�,r|o�fX]\n ^?`X_�_Or�^?gO] `bn(a�gO�(f7g�]\o�c�_O`�ÐXregO�,r
´Gµ � � ×a´GµL¾ %�c�×a´GµG¸!i�l�fXn��S´I·L´!i�l3×a´I·Lµ -�o�Ñ�l(]\j\�3× l,czc�_Or��(]\^?gO] `bn�a = � ] gO�=Ù �AÚBÚ�× pD=\[ ß�`�Ö�]\n�Ï�gm` gO�,r��,r�^?_Or�fXamr
ÑZÛ ��� Z � `cÒ(gO�,r ´GµG¸ � ^!f7c�gOl,_Orv_Or�am`bn(fXn�^?rv]sn�gmr[ÏX_�fXjfß&`cÒ.gO�,rv]\n(^?_Or�fXamrv`cÒ(gO�(r ´I·j½ -�o ^!f7c(gOl,_Orvf7_Or�fef7g � =qp r �
fXn(� `cÒvgO�,r�]sn(^?_Or�fXamr�`cÒvgO�,rP´I·j½ -�oE]\aO`bo�r!_�]\^�_�f7gO] ` gm`=´I·L´���-�o'ß�ÖBr�rjØ;c�r�^?g|gm` _Or��(l(^?r�gO�(r�_Or�o�fX]\n(]sn3Ï
�(]saO^?_Or!c�fXn(^jÛz`bn gO�,r ´GµG» ikl fXn(� `bn gO�(r ´I·j½G¶ ´I·L´�� -�o Ñ�l�]\j\�*× l,cVc(_Or���]\^?gO] `bn(a =
Ú,`X_JgO�,r �(]�Ïb� r�n(r!_LÏcÛ _�fXn3ÏXrcßegO�,r:iwÜ�$|Ú �(. ^!fXj\^!l(j\f7gO] `bn�a0Ñ�fXamr�� `bn�Ù4�AÚBÚ�× pD= �~��fJÐXr:�,r�o�`bn(amgm_�f7gmr��
gO�,rzn,r!r��(a¦Ò `X_�]\o�c(_O`WÐD]sn3Ï gO�,r � n,_Or�aO`bj�ÐXr���Ü�r�am`bn(fXn(^?r0Ü�fXn3ÏXrz`cÒ ´GµGµ � ß ´I·L¼ i�l¹ß ´I·j½ i�l�ß ´I·L´ i�l�ß ´GµG´ *���ß
´I·j½ -�o fXn(� ´GµL¾ %�c fXa0Ökr�jsj�fXaVgO�,r o�`;�,r�j\]\n�Ï `cÒ�gO�,r ´GµG¸ � fXn(� ´GµG» i�l à n¹ß 07n�á ^?_�`baOa amr�^?gO] `bn(a = *��(r
o�`;�(]�å.^!f7gO] `bn(a�]sn�Ù �AÚBÚ�× pD=\[ `cÒ5gO�,r�´I·L¼!i�lyfXn(��´I·j½ -�o ^!f7c(gOl(_Or�^?_O`baOa�amr�^?gO] `bn(a�fXn(�y`cÒkgO�,r.´GµG¸ � à n¹ß 07n�á
_Or�fX^?gO]\`bn~fUÏX_Or!r�Ö�] gO��gO�(rJiAÜ�$|Ú �+. gm_�r�n(�(a = *��,`bamr=Ò `X_zgO�,r ´GµG´ *��¹ß ´GµL¾ %�c0fXn�� ´GµGµ � ^!f7c(gOl,_�r�^?_O`baOa
amr�^?gO]\`bn(a(Ö�]\j\jv�(f�ÐXr�f o�]\n(`X_�]so�c�fX^?g�`bn gO�,r iwÜ,$�Ú �+. ^!fXjs^!l(j\f7gO] `bn(a = *��(r aO]�Ïbn(]�å.^!fXn�g�o�`;�(]�å�^!f7gO] `bn�a
`cÒegO�,r ´GµI· � fXn(� ´I·G· uYo r[Ð7fXj\l(f7gO] `bn(az�(fJÐXrygm`zÑ�rSÐ&fXj\]s�(f7gmr���Ö�]\gO�In,r[Ö �AÜ -�% $  �× 0 = �:^!fXjs^!l(j\f7gO] `bn(a =
� n�gmr[ÏX_�fXjv_Or�aOl(j gOa¦Ò+`X_�gO�,r ´GµG¸ i�l¹ß ´I·j½ ikl{fXn�� ´I·L´ ikl ^!f7c(gOl,_Or ^?_O`baOa�aOr�^?gO] `bn(a�fXn(�zÒ+`X_�gO�,r ´GµG» i�l à n¹ß 07n�á
_Or�fX^?gO]\`bn�Ö�]sj\j�Ñ�r l(n(^��(fXn3ÏXr���Ö�] gO�:gO�,r�Ù �AÚBÚ�× pD=\[ r[Ð7fXj\l(f7gO]\`bn(a = *��,r u�35��Ð&fXjsl,r�a­Ò+`X_UgO�(r�´GµGµ � à n¹ß Q áiß
´I·j½ ikl à n¹ß Q áiß ´I·L´ i�l à n�ß Q áiß ´GµG» ikl à n¹ß 07n�áYfXn(� ´GµG´ *�� à n¹ß Q áB_�r�fX^?gO] `bn(a�Ö�]\j\j amgO]sj\j �,r[Ð;]\f7gmrUaO]¯Ïbn(]�å�^!fXn6gOj�Û�Ò _O`bo
l(n�] gaÛ à Ò _O`bo 6 � gm` p � � á =
*��(r�^?_�l(�(r�^?`bo�c�f7_�]\am`bn�Ñ�r!g�Ökr!r�n gO�(r�n,r!r���ak]\nzgmr!_�o�aB`cÒF]sn�gmr[ÏX_�fXj.gm_Or�n(��aBfXn�� gO�,r&�ºã|Ú $|Ü ��f7gOf�a��,`�Ö�a
gO�,r j\fX^ 5I`cÒ|fX^!^!l,_�f7gmr rjØ;c�r!_�]\o�r�n6gOfXj��(f7gOfzÖ��(]\^��~^?`bl(j\� Ñ�ry]sn(^!j\l(�,r��~]\n~gO�(rJr[Ð7fXj\l(f7gO] `bn0c(_O`;^?r��(l,_�r =
*��(r �AãeÚ $�Ü
�(f7gOf ^!fXn	Ñ�r aOr!c�f7_�f7gmr���]\n6gm` gaÖB`°ÏX_O`bl,c�a�`cÒ�]sam`Xgm`Xc�r�a = Ú,`X_ ´I·L´ ikl¹ß ´GµG´ *�� fXn(� ´GµL¾ %�c
gO�,r�rjØ;c�r!_�]\o�r�n6gOfXj>�(f7gOfVfJÐ7fX]\j\fUÑ.j r�]sn��ºã|Ú $|Ü à `X_�aOgO]\j\jFl�n(�,r!_�fXn(fXj�Û;aO]\aiávf7_�r à `X_|Ö�]sj\j�Ñ�rWáYa�l - ^!] r�n6g�gm`
c�r!_LÒ+`X_�o n,r[Ö r[Ð&fXjsl(f7gO] `bn(a[ß�Ö��(]\j r�Ò `X_�gO�,r'´GµG»!ikl à n¹ß 07n�á|_Or�fX^?gO] `bn~fXn(�zÒ `X_�gO�,r'´I·j½�ikl¹ßA´GµG¸!i�l�ßº´I·j½ -�o'ß
´GµGµ � fXn(� ´GµI· � ^!f7c(gOl,_�r�^?_�`baOaYamr�^?gO] `bn(aJß,gO�,r�rjØDc�r!_�]\o�r�n�gOfXj��(f7gOf��,`Dr�aYn,`XgvrjØ;]samgY]\n �ºã|Ú $|Ü `X_�f7_Oren,`Xg
fX^!^!l,_�f7gmr�r�n,`bl3Ïb��gm`�_Or�fX^��JfXn fX^!^!l,_�f7gmr�o�`;�,r�j\]\n3Ï�`cÒ*gO�,r�r!c�]�× gO�,r!_�o�fXj fXn(��3$`X_��(]�Ïb� r�n,r!_}ÏcÛV_�fXn3ÏXr�a =
Ú,`X_UgO�,r n,rjØ;g�_Or�j\r�fXamr�`cÒvgO�,r ��l(_O`Xc�r�fXn j\]�Ñ(_�f7_LÛcß3f amc�r�^!]\fXj}^!f7_OrV�(fXaegm`=Ñ�r�Ïb]¯ÐXr�n gm`�gO�,rzo�`D�(r�j\]\n3ÏV`cÒ
c�jsl,gm`bn(]\l(o à ´I·j½�i�l fXn(��´I·L´!ikl�áißFfXo�r!_�]s^!]\l(o à ´I·j½�-�o�áiß3^!l,_�]\l(o à ´I·Lµ @ ´I·}¾$uYo�á�fXn�� ]\am`Xgm`Xc�r�a�`cÒk]\n6gmr!_Or�amg
Ò+`X_�gO�,regO�,`X_�]\l(o Ò9l,r�j ^jÛD^!j\r à ´GµG´ *��¹ß ´GµGµ � fXn(� ´GµI· � á =
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Ý [ Þ - =  ;fXn6gOfXo�f7_�]\n�fNr!g fXj = ß���OmC?C*FUEjM'QR;��JX�OUdÂ] �wKiOcMo]oFc^¢��� QUXzC�EGFJQUX*]oM(�ek�«A¬�¬�«¥n�¤��tÀ��y��>A���c�R���	�Uß
*>r�^���n(]\^!fXj�Ü�r!c�`X_�g�u ��-l×( ;iwÜYu 35./��ik� 35�40W× �2� p à 07�2�40?á =

Ý 0WÞUd = � r!_�n(f7_��0r!g fXj = <?>A@An�¤��³¤
�`<?>A@B@An��R�o��]_NlC�EIFUTc;jNu;j^�M_Y°FU^{YfC3;[^`M¥\iX`;[d�]t^`TU;j^�MfFUEiV=C�EL;LQc]oK�Mo]oFU^ ]t^
¬A£���Y[�¯ß�Ù4�AÚ 3&d $�u [ �79 p à 07�2�79�á =

Ý p Þ.Ù = *>`bo�o�fXa�]>r!gefXj = ß��e^�OcdÂVhYi]tYPFI\.M_93;¦kw�±«A@BpG¬¢Oc^�Q�kw�±«A@BpG¬�n�¤'Y[OUN�C�d¯;�]_EiEGO?QU]qOcMo]qFU^2;LsjC3;jEm]tNu;[^`M_Y
]_^SkA§e>A¨epI© \jFUE±<c>w@y@AnI�R�o�P^`X3KJd�;}OUE¦Q?O?MfO�ThOUd�]oQROcMo]oFc^�ß�%�l(^!j =  ,^!] = ��n3Ï = ß�]sn c(_Or�aOa =

Ý 9UÞ.Ù = *F`bo o�fXaO]qß �`Vh^�M_9��;mYJ; QR;mY ]_^`Ma;[EfC�E�
;[MfO?Mo]oFU^�Y QR;jY ;LsmC�
;jEm]q;[^�Ki;jY kA�¦«A@BpG¬ ;JM kw�¦«A@ypG¬�n�¤
Q�� ]_EiEGO?QU]qOcMo]qFU^zQ�� ]tYjFcMfFmC3;mY¦Y	
;�C3OUE	
;jY.Q?OU^�Y|kA§e>A¨epI©­ß#%�*¥× d&�AÜ�32 ,iAÜ�u�35./�kiAâl× �79�370 [�� à 07�2�48?á =

Ý 8WÞ.Ù = *>`bo�o�fXa�]qß¹pi^�Ma;jEaC�E	
;JMfOcMo]qFU^	Q�;(d�� ;}smC�
;[Ei]f;j^�Km;¦kw�¦«A@ypG¬�n�¤SQ�� ]_EiEGO?QU]qOcMo]qFU^�Q�� ]³Y[FcMfFiC3;jY.Y	
;�C*OcE	
;jY�Q?Oc^3Y
kw§�>w¨�pI©±ß�%)*�× d��wÜ�32 ;iwÜ�u�35./�kiAâl× �79�370 [�� à 07�2�48?á =

Ý � Þ�8:93;¦<c>w@ºn�¤��³¤0^�X�K[d¯;LOUE¦QROcMfO�dÂ]f�jEGOUEmVUß $�uYd��lß"%)��- d�f7gOfUÑ�fXn�5�ß�Ù4�AÚBÚ�Ü�r!c�`X_�g [<Z à 07�2�2�Rá =
Ý Z Þ¦â = d�r!_O_�] r�n�r!gBfXj = ß*>�ThOUd�X�OcMo]oFc^=FI\w´GµG¸���EG;jYjFU^�Oc^�Ki;¥C*OUEGOUNu;[Ma;[E}Y�\mEIFUN��.MfF(¤*�±²c;��:ß %�d 07�2�793ß  ;fXn�gOf

Ú(rcß %�r[Ö ��rjØ;]\^?`3ß� Dr!c(g = 0 � × $e^?g =F[ à 07�2�79�á =
Ý 1WÞ¦â = d�r!_�_�] r�n�r!g*fXj = ßR��;i;jThOcdÂX�OcMo]qFU^'OU^�Q�TUOUd�]oQ?O?Mo]oFU^0FI\�M_9*;�´I·j½mk�X¦EL;mY[FU^�OU^�Ki;�C*OUEGOUNu;[Ma;[E}Y�]_^uM_9*;�;j^�;[Eob?V

EGOU^�bZ;(M_9*;[EiNPOUdyMfFu¤*�';��:ß"%�l(^!j =  ;^!] = ��n3Ï =>[ 87�*ß [ �46 à 07�2�48?á =
Ý 6WÞ�$ = � `bl(j\fXn(� fXn(�Sâ = d�r!_O_�] r�n¹ß�%�l�^!j =  ;^!] = �kn3Ï =3[ 0 Z ß�0Zß [ �48 à [ 626 Z á =
Ý [ �hÞ * = � = �5`bl(n3Ï r!g�fXj = ß�¨.;jX3MoEGFU^	MfFcMfOUdAOU^�Q�OR�jYjFUEaC�Mo]qFU^�K[EGFhY}Y(YJ;LKJMo]qFU^�FI\�´GµG¸�k¥X*ß %�l(^!j =  ;^!] = ��n3Ï =3p �*ß

p 828 à [ 6 �bZ á =
Ý [X[ Þ� = Ú = �Jl3Ïb�(fUÑ�Ïb��fUÑ�ß"� = d�]�Ð7fX�,r!r�n(fXotfXn(� % = � = â�`bj\�(r�n¹ß3¨.;jX3MoEGFU^z�yEGFhYiY|��;LKJMo]qFU^3Y
��¨¦;[X3MoEIFU^'��;mYmn

Fc^�OU^�Km;­k�OUEGOUNu;[Ma;[E}Y�OU^�Q°8:9*;[EiNPOUd¥�yEIFhYiY±��;}KJMo]qFU^3Y à -�^!fX�(r�o�]\^�i�_Or�aOa[ß"%�r[Ö �5`X_ 5�ß [ 621 [ á =
Ý [ 0WÞ�$ = � `bl(j\fXn(� fXn(��d = � r!_�n(f7_��¹ß���;[T�]tY[;}Q0;[ThOUd�X�OcMo]qFU^�FI\ ´I·j½ �eN(ß`Ù �AÚ 3&d $�uw× [ �41 � à 07�2�48?á
Ý [�p Þ � = � =  ,j\fXl3Ïb�6gmr!_�r!gkfXj = ß*§­]�bc9Rn�EL;mY[FUd�X*Mo]qFU^SMfF?MfOUd�KJEIFUY}YlYJ;LK�Mo]oFU^SNP;}OhYiX*EL;jNu;j^�M_Y�FU^P´GµL¾J¨¥C�OU^�Q­´I·j½m�eN(ß

� l(jsj = `cÒ gO�(r -�o�r!_�]\^!fXn i���Û;a =  D`;^ =�� ß Z � à [ 6 �;[ á =
Ý [ 9UÞ . = % = Ùbl,_�`�Ð7f�r!g�fXj = pi^`Ma;fb?EIOUdyEGO?QU]qOcMo]oFc^zK}OmC�MoX*EG;uK[EGFhY}Y­YJ;LK�Mo]oFU^�Y¦]_^�M_93;jEmN�OcdBOU^�Q�EG;jYjFU^�Oc^�Ki;�;j^�;[Eob?V

EL;fb?]oFc^l\[FUE ´GµG¼ 8:9?g ´Gµm½G¶ ´GµG´m¶ ´GµGµ k�OUg ´Gµ � ��g ´GµL¾ ¨�C�ß2-�j\j�× � n(] `bnUuv`bn3Ò = `bn %�r�l,gm_O`bn�i���ÛDa�]\^!a[ß ��] r[Ð à [ 621 p á =
Ý [ 8WÞ � = �e`cÑ.fJÛbfXaO�(] r!gefXj = ß�¡�;}OhYiX*EL;jNu;j^`M_YPFI\(M_9*;jEmNPOUd�^�;[X*MoEGFU^	K[EGFhY}Y.Y[;}KJMo]qFU^zOU^�Q0EG;jYjFU^�OU^�Ki;u]_^`Ma;fb?EIOcd

\[FUE.M_9*; ´GµL¾ ¨�CBvf^3g Q xPEL;LO?K�Mo]oFc^�ß�Ü�r!c�`X_�glÙ4-��AÜ���× ��× 659U× � [ 6 à [ 626 p á =
Ý [�� Þ - = .3r!gm`bl(_�n,r�fXl�r!g5fXj = ßB8:9*;�N(]t^�FcE�O?KJMo]_^�]qQR;eMoEGOU^3YiN(X3MfOcMo]qFU^�]_^�K[]_^�;[EIOcMo]qFU^.C*F?Ma;j^`Mo]qOUd�YjMoX�QU]q;jY�]t^�9R]�bU9

]_^`Ma;[^3Yi]oMoVu^�;[X3MoEIFU^���X?s�;jYiß�%�d 07�2�793ß  ;fXn6gmr±Ú,rcß�%�r[Ö � rjØ,]\^?`3ß� ;r!c(g = 0 � × $�^?g =>[ à 07�2�79�á =
Ý [<Z Þ � =  = � `D`X_OrJfXn�� � = - = �er[ÛZÖB`X_OgO�¹ßl�e^�OUd�VhYi]tY=FI\SM_9*;¦�ºY}Yi]qFU^{OU^�Q�KiOiC�MoX*EL;°K[EGFhY}YSY[;LK�Mo]oFc^¢FG\SM_9*;

KJX*Ei]_X*N�]tYjFcMfFiC�;mYiß�i���ÛDa = Ü�r[Ð = ueß [�� 8 � à [ 6 ZD[ á =
Ý [ 1WÞ.Ù = u = � _O`�Ö�n(r�r!gYfXj = ß`@A]tY}Yi]qFU^°K[EGFhY}Y|YJ;LKJMo]qFU^.\jFcE±K[X*Ei]_X*N(n�¤���À�\mEIFUNª�c�o�c�uMfFu�RÀ0;��:ß %�l(^!j =  ;^!] = ��n�Ï =

� 8Zß [��X� à [ 6 Z 1?á =
Ý [ 6WÞ � = d�l,c�`bn�g[ß�Ù = *F`bo�o fXaO]5fXn(� � = %�`cÏbl,r!_Orcß|��FU^`MoEm]q�[X3Mo]oFU^��OSd�� OU^�OcdÂVhY[;0Q�;mY��};jYjFU]_^3YuQ���
;jThOcdÂX�OcMo]qFU^

Q�;mY¥C�EGFJQUX*]oM_Y(QR;w��YiYi]qFU^�;j^=YfC�;LKJMoEL;.EGOiC�]qQR;jß�%�*¥× d&�AÜ�32 ,iAÜ�u�35./�kiAâl× �4843707� p à 07�2�48?á =
Ý 07�hÞ � = � =  ;]\j�Ñ�r!_Og�fXn(�zÙ = Ü = � r!_�_Or!gO�¹ßº¨¦;[X*MoEGFU^�K}OmC�MoX*EG;SK[EGFhY}YPYJ;LK�Mo]oFU^�FI\­C�d�X*MfFc^�]tX*N(n�¤R���cß %�l(^!j =  ;^!] =

�kn3Ï = 820Zß [ 1 Z à [ 6 Z7p á =
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Ý 0 [ Þ.Ù = u = â�`Xc�5;]\n(aUfXn(� ��= u = d�]�ÐXr�n¹ßA¨¦;[X3MoEIFU^rK}OiC�MoX*EL;'MfF(�ºY}Yi]qFU^�EGOcMo]qFhY�]_^"�yn�¤R�R�Ug��yn�¤R�RÀhg�k¥X*n�¤R� �Uß
%�l(^!j =  ,^!] = ��n3Ï =3[ 0Zß [�� 6 à [ 6 � 0?á =

Ý 020WÞ�$ = � `bl(jsfXn(�¹ße��;[nG;[ThOUd�X�OcMo]qFU^�FI\�M_9*; ´I·L¼ k¥X¢K[EGFhY}Y�Y[;}KJMo]qFU^{]_^DM_9*;°XZ^`EG;jYjFUd�TU;}Q�EL;mY[FU^�OU^�Km;°EGOU^�bZ;jß
iwâ �  "$|Ü±ß  Dr!`bl(jqß ��`X_Or�f*ß�$�^?g Z × [ � à 07�2�40?á =

Ý 0 p Þ - = *>l��,`X_�f*ßP>¥ThOcdÂX�OcMo]qFU^ FI\ ´I·L´ k¥X"Q?OcMfO°\jFUE	M_9*;�]t^�KJ]oQ�;j^`M�^�;[X*MoEGFU^ ;j^�;[Eob?V EGOU^�bZ;�ÀUn�¤Z��¡�;��:ß
Ù �AÚ 3&d $�uw× Z7� 1 à [ 62621?á � amr!r fXj\am` � = � j\fX�(l(^!fNr!g fXj = ß�Ü�r!c�`X_Og %���- 32 #��%&35%  (u�3 � i�iwÜ à 6 � á+8 =
à [ 626 � á =

Ý 059UÞ ��= �JfXaOj `WÐVr!g�fXj = ß"� n�gmr!_�n�f7gO] `bn(fXj %�l(^!j r�f7_�d�f7gOf uB`bo�o�] gmgmr!rcß��(-���-¦ß��(%�d�u à � .:Ü|áa× 8 à [ 626 � á
Ý 028WÞ . = � = � r�aOgm`bn�fXn(��Ù = â'*>`D�(��ß�¨.;jX3MoEGFU^°K}OiC�MoX*EL;(K[EGFhY}Y|YJ;LKJMo]qFU^�FI\ ´GµL¾ ¨¥C�ß�%�l�^!j =  ;^!] = ��n3Ï =�Z 6Zß [ 159

à [ 621 [ á =
Ý 0 � Þ �JfXaOj `WÐ �U= r!g�fXj = ß`Ü�r!c�`X_OglÙ -)�wÜ���×aÜ�r�amr�f7_�^���� [ × �Uãeã à 07�2� [ á =
Ý 0 Z Þ � = ��]saOaO�(f=5zr!g�fXj = ß�¨.;jX3MoEGFU^�K}OiC�MoX*EL;�K[EGFhYiY­Y[;}KJMo]qFU^�FI\ ´GµG´ 8:9Rß�%�l(^!j =  ,^!] = ��n3Ï =3[�pbZ ß [ 1 p à 07�2� [ á =
Ý 021WÞ � = .F`cÑ�`|r!gYfXj = ß�¡�;LOUYiX*EG;[Nu;j^`MAFG\|M_93;�´GµG´`8:9�^�;jX3MoEIFc^�K}OmC�MoX*EG;.K[EGFhYiY�YJ;LKJMo]qFU^=]t^SM_93;�EL;fb?]oFU^�À�n¥�?ÀR�

� ; ��ß"%�l(^!j =  ,^!] = *Fr�^�� = ß.a�l,c = 0Zß"9 026 à 07�2�40?á =
Ý 026WÞ � = -�r!_OgOa�r!g�fXj = ß�¡�;}OhYiX*EL;jNu;j^`M|FI\�M_9*;u^�;[X*MoEGFU^�K}OiC�MoXZEL;0K[EGFhYiY.YJ;LK�Mo]oFU^�FI\ ´GµG´ 8:9°OcMlM_9*;u^ @ 8�«A@An��>w��¨r\[O?K[]_d�]_MoVUß�%�d 07�2�793ß  ;fXn6gOfPÚ,rcß %�r[Ö � rjØ,]\^?`3ß� Dr!c�g = 0 � × $�^?g =F[ à 07�2�79�á =
Ý p �hÞUd = ��f7_�fXo fXn(]\aUr!g�fXj = ßw¨.;jX3MoEGFU^�EGO?QU]qOcMo]_TU;=K}OiC�MoX*EL;SKJEIFUY}YuYJ;LK�Mo]oFU^rFI\ ´GµG´ 8:9�]t^�M_9*;=;j^�;[Eob?V�EIOU^Zb�;

\mEGFUNª�?�_����MfF�¤u¡�; ��ß"%�l(^!j =  ,^!] = ��n3Ï =F[�p 6Zß�02120 à 07�2� [ á =
Ý p;[ Þ � = Ù .F`Xc�r �j×�Ù�]\o�r�n,r ��r!g fXj = ß{«¥Tc;jEmT�]f;j� FI\DEL;LKm;j^`M��lEmXZV �;[EG;[nq¬�;jn[��9ZOcMa;jd�O?KJMo]_^�]qQR; ;[ThOUd�X�OcMo]oFc^3Yiß

%�d 07�2�793ß  ,fXn�gOfPÚ(rcß %�r[Ö ��rjØ;]\^?`3ß� Dr!c(g = 0 � × $e^?g =F[ à 07�2�79�á =
Ý p 0WÞ.Ù = Ú,_Or��(fXl(g�r!g�fXj = �`MfOcMoXZYuFI\'vf^3go¤?^cxSK[EGFhYiY�Y[;LK�Mo]oFc^�Nu;LOhYmX*EG;[NP;[^`M_Y�OcM���EmX*VR;jEL;mYin�d¯;Pn[��9ZOcMa;[dÂß  ZÛDo�×

c�`baO]sl(o�`bn %�r�l,gm_O`bn�uv_O`baOa  Dr�^?gO] `bn�a¥Ò _O`bo [ �h× 87� ��r � ß � c�gm`bn¹ß�.3`bn3Ï�� aOj\fXn(�¹ß��JfJÛ [ 0W× [ 9 à [ 6217�Rá =
Ý pXp Þ¦â = uv�,r�n�r!g fXj = ß�8:9*; ´GµG» k¥X¹vf^�g_¤?^?x ´GµG¸ k�X%KJEIFhYiY�YJ;LK�Mo]oFU^ ]t^�\[;[EiEL;LQ�\iEGFUN M_9*;zpG l� K}OUd�K[X*d�OcMo]oFc^3Y

Oc^�Q��º>w��¨epG>%Nu;}OhYiX*EL;jNu;j^`M_Ymß/.Ff�Ö�_Or�n(^?r .>]�ÐXr!_�o�`X_�r %�f7gO] `bn(fXj .>fUÑ�`X_�f7gm`X_LÛ=Ü�r!c�`X_�g[ß � u¥Ü).¹× � dl×
[ 9 [��X�Xp à 07�2�2�Rá =

Ý p 9UÞ.Ù = Ú,_�r��(fXl,g�r!gBfXj = ß�va^3go¤?^cx(KJEIFUY}YlYJ;LK�Mo]oFU^�Y|FI\ ´ § OU^�Q ´GµG» k¥X*ß4� n�g = uB`bn3Ò = `bn %�l(^!j r�f7_Bd�f7gOf±Ò+`X_ � fXaO]\^
fXn�� -�c�c�j\] r��  ;^!] r�n�^?rcß� ;fXn6gOfPÚ,r à [ 62128?á =

Ý p 8WÞ.Ù = - = � r�^ 5Xr!_Jß��º>w��¨epG>2¡�;LOhYmX*EG;[NP;[^`M_Y.FI\�^�;jX3MoEIFc^�n�]_^�QUX�Km;LQ­C*OUEjMo]oOcd Q n�EGOUV�KJEIFUY}Y�Y[;}KJMo]qFU^3Yº\[FUE�^�X*n
KJd�;}OUE.QROcMfOUß %�d 07�2�793ß  ,fXn�gOfPÚ(rcß %�r[Ö � rjØ,]\^?`3ß  Dr!c(g = 0 � × $e^?g =F[ à 07�2�79�á =

Ý pX� Þ¦Ü = � = .3`bl3Ïb�(r!r�� r!g�fXj = ß`´GµG»�k�X=OU^�Q.´I·j½m�eN vf^3go¤?^cx�KJEIFUY}Yin�Y[;}KJMo]qFU^°Nu;LOhYmX*EG;[NP;[^`M_Y¦^�;LOUE�>�vf^?x�� �
�
¡�;��:ß�Ü�fX� = -�^?gOf*ß�67�*ß�1 pXp à 07�2�40?á =

Ý pbZ ÞUi = Ü�`bo�fX]\nyr!g�fXj = ß�8:9*;P^	��´GµG»�k¥X�YmVWYjMa;jN.gl^�;[� Q?OcMfO°;[ThOUd�X�OcMo]oFc^	OU^�Q�TUOUdÂ]qQ?OcMo]qFU^	Nu;[M_9ZF�QhYiß %�l(^!j =
 ,^!] = *Fr�^�� = ß� ,l,c(c 0Zß [�� 9 à 07�2�40?á =

Ý p 1WÞUi =  ;^��(]\j\j r[Ñ�r!r�^ 5 fXn(� - = *F_ 5X`�Ð�ß¥>¥TUOUd�X3O?Ma;LQ=¨­X�K[d¯;LOUEP .OcMfO(\[FUE�8:9Rnh��@�X`;[d|�yV?K[d¯;jß � n6gmr!_�n(f7gO] `bn(fXj
%�l(^!j r�f7_�d�f7gOfVuB`bo�o ] gmgmr!rcß��(-���-¦ß"�+%�d�u à %�d  �áa× 9 � 1 à 07�2�79�á =

Ý p 6WÞ . = *>fXaOa�fXn*×���`Xgvr!gYfXj = @A]tY}Ym]oFU^°FI\­O?K�Mo]t^�]qQR;jYe]_^�QUX�Ki;}Q��[V(^�;jX3MoEGFU^3Y±OcM�^ @ 8�«A@Aß#%�d 07�2�793ß� ,fXn�gOf(Ú,rcß
%�r[Ö ��rjØ,]\^?`3ß� Dr!c(g = 0 � × $�^?g =>[ à 07�2�79�á =

Ý 94�hÞ ��= � j\fX^��(`bl(�(]\a}r!gkfXj = ß*¡�;LOhYmXZEL;jNu;[^`M_YeFI\���Y}Ym]oFU^SKJEIFUY}Y�YJ;LKJMo]qFU^SFI\|O?KJMo]_^�]qQR;mY���]_M_9uM_9*;l@ypU�zQR;JMa;LKJMfFcE
O?M�M_93;¦^ @ 8�«A@�\jORK[]_dÂ]oMoVUß�%�d 07�2�793ß  ;fXn6gOfPÚ,rcß %�r[Ö ��rjØ,]\^?`3ß� Dr!c(g = 0 � × $�^?g =F[ à 07�2�79�á =
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Ý 9 [ Þ�u = ��_O`ba � r�fXn¹ß�¡�;jYiX*EL;|QR;|d�O¦Y[;}KJMo]qFU^�;��2KiO?Ki;±QR;y��YiYi]qFU^=QR;�´GµGµ��	;[M�QR;jYeO?K�Mo]t^�]qQR;jY�N(]t^�;jX*E}Y�]t^�QcXZ]oMa;
C3OUE¦^�;jX3MoEIFc^3Y­EIOmC�]oQ�;mYiß�i���d *��,r�aO]\a[ß�u ��% � �.ß � `X_��,r�fXl*Ø à 07�2�48?á =

Ý 9 0WÞ . = u = .Fr�fXj(r!gkfXj = ß*��;}Ki;j^�MºK[EGFhY}Y�YJ;LK�Mo]oFU^�Y�;jTUOUd�X3O?Mo]oFU^�Y�]_^0M_93;eEG;jYjFUd�TU;}Q�EL;mY[FU^�OU^�Km;|EL;fb?]oFU^�OcMBM_9*;(«�Oh²
�l]qQJb�;�¨¦OcMo]qFU^�OUd�d�O��LFUEGOcMfFUEmVUß�%�d 07�2�793ß  ,fXn�gOfPÚ(rcß %�r[Ö � rjØ,]\^?`3ß  Dr!c(g = 0 � × $e^?g =F[ à 07�2�79�á =

Ý 9 p Þ � = � f7_O_Or�fXlJr!g�fXj = ß�@º]tY}Ym]oFc^�K[EGFhY}Y¦Y[;LK�Mo]oFc^3Y.FI\±Y}9ZFUEjMon�dÂ]_TU;}Q0N(]t^�FcE.O?K�Mo]t^�]qQR;jY��jV�Nu;LOU^3Y(FI\¦MoEGOU^3Y_\[;[E
EL;LORKJMo]qFU^3Yiß#� n�g = � `X_ 5;aO�,`Xc `bn %�l�^!j r�f7_�d�f7gOf %�r!r��(aAÒ `X_ ��r�n,r!_�f7gO] `bn � � %�l(^!j r�f7_ ��n,r!_LÏcÛ  ZÛ;amgmr�o�aJß
-�c(_ = 8W× Z ß"-�n6gaÖBr!_Oc�r�n à 07�2�48?á =

Ý 929UÞ ��= ��_Or�a�aO] r!_JßR¨¦FUX*TU;jd_d¯;�Q 
;[Ma;[EiN(]_^�OcMo]qFU^0;}smC�
;[Ei]_Nu;j^`MfOcd�;�QR;mY:C*OUEGOUN �;[MoEL;mY�QR;�E	
;jYjFU^�OU^�Ki;jY�^�;jX3MoEIFc^�] �JX`;mY
Q�; ´GµL¾ ¨�Cz;j^°QR;jY}YjFcX�Y(QR;(ÀR�?�'; ��ß,i���� *��,r�aO]sa[ß � n(]¯ÐXr!_�aO] g��r��,r|i*f7_�]sa  ;l(� à [ 62626?á =

Ý 9 8WÞ ��= � j\fX^��(`bl(�(]\a[ß�8:9*;¢^ @ 8�«A@�\[O?KJ]td�]_MoV O?M2��>A��¨���C3;jE_\jFcEiNPOU^�Km;mY�Oc^�Q��ºEiYmM'C`9RVhYi]qKjY�EL;mYiX*d�M_Yiß
%�d 07�2�793ß  ,fXn�gOfPÚ(rcß %�r[Ö ��rjØ;]\^?`3ß� Dr!c(g = 0 � × $e^?g =F[ à 07�2�79�á =


