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�Aftklo¡ qdg¢5£v qhj`* ��Phj`�¤�k�oqk�`*b¥ qh=dV¦�b=dg¦q¦¡klo¡ §`* §dg]�a¥`-a=b¨ §hj`/ �dVa¨s©£
]�ª=dga=dV]�a�d« ¬dV¦­¢¯®°_V_g£±`-b=kt²�®j`* §k*³9dVa�¦qft]�ªWk´`*a=bedga�²�®j`-_Vd« µ£�³j`*¦^`
b=dV¦¡¦qkto¡ i`/ §dV]-a�¢¯]-o­ §h=k¶b=kt·�oqktk´]-¢ArG];ft §]-o­]-¢A¸�h°dV_V]-¦q]�ª=h¹£-º

»¼_H`-¦�m­`-u°oqkloq`½ ¸�oqdga=fldgªj`-_>¾+b°¤;dV¦¡kloi¿

�Aftklo¡ qdg¢5£v qhj`* ��Phj`�¤�k�oqk�`*b¥ qh=dV¦�b=dg¦q¦¡klo¡ §`* §dg]�a¥`-a=b¨ §hj`/ �dVa¨s©£
]�ª=dga=dV]�a�d« ¬dV¦­¢¯®°_V_g£±`-b=kt²�®j`* §k*³9dVa�¦qft]�ªWk´`*a=bedga�²�®j`-_Vd« µ£�³j`*¦^`
b=dV¦¡¦qkto¡ i`/ §dV]-a�¢¯]-o­ §h=k¶b=kt·�oqktk´]-¢ArG];ft §]-o­]-¢A¸�h°dV_V]-¦q]�ª=h¹£-º

rG]�®°·±ÀG¦¡h=klo¡]-Á

�Aftklo¡ qdg¢5£v qhj`* ��Phj`�¤�k�oqk�`*b¥ qh=dV¦�b=dg¦q¦¡klo¡ §`* §dg]�a¥`-a=b¨ §hj`/ �dVa¨s©£
]�ª=dga=dV]�a�d« ¬dV¦­¢¯®°_V_g£±`-b=kt²�®j`* §k*³9dVa�¦qft]�ªWk´`*a=bedga�²�®j`-_Vd« µ£�³j`*¦^`
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Ó¬h=ktoqknkÕÔ<dV¦¡ q¦S`-a©]6¤-klo×Ö^h=kl_gs~dga=·+uW];b°£¶]-¢j]�u°¦qklo×¤*`* §dg]�aj`-_�kt¤;dgb=kla=ftk¼ qhj`* Ps~]�¦× A]*¢= §h=k(s~`* q qklo
dVa[ §h=k~®=a=d«¤�klo¡¦qk�dg¦©bj`*oqp9ºeÓ¬h°k�fl]�a°¦¡ §oq`-dVa¹ q¦©]-¢¬u°dV·�u=`-a=·!a�®=ft_Vkl]-¦¡£;a¹ §h=kt¦qdV¦Øft]�®=ª=_gklb"Ö^d« §h
_V]TÖ¼klo~_VdVs¥dg q¦¨]�a� §h°k�s~`* q qklo±b°kla=¦¡dg µ£)¢¯oq]�s b°£;aj`-s¥dVfl`-_^kl¦× §dVs~`* qkl¦±¦¡®=·�·�kt¦¡ q¦� §hj`* ~ §h=ktoqk
kÙÔ<dg¦¡ §¦n_H`-o¡·�k&²�®j`-a¹ qdg §dgkl¦¼]-¢Da=]�a<Ú�uj`-o×£�]�a=dgfGbj`-o¡p¨s±`* ¡ §ktondVa~ §h=kG®°a=dg¤-kloq¦¡k-º��µa�]�o¡b=klon q]vhj`�¤�k
`�¤�]�dgb=klb©b=kt qklft qdV]�a´ §h�®=¦P¢Û`*ol³* qh=dV¦3a=kÙÖ,ª=`-o¡ qdVfl_gk�sv®=¦¡ AdVa¹ §kto§`-fÙ A]-a=_g£È qh=oq]�®°·�h© §h°k(Ö¼k�`-p´`-a=b
·�oq`T¤;d« i`* qdV]�aj`*_A¢¯]�oqftkl¦tºeÓ¬h=k~ª=oqkt¦qkta=flk�]-¢¼¤�kto¡£�]�_Vb�·¹`-_H`6Ô°dgkl¦�`-a=b�fl_g®=¦¡ qkloq¦´ªZ]-dVa¹ ©¦× §o¡]�a=·�_«£
 §]v`vªj`-o¡ qdVft_Vk^ §hj`* nÖ­`-¦na=]�a<Ú�oqkl_V`* §d«¤;dV¦¡ qdVf�`* ­ qh=k&Ö¼k�`-p�Ú�¦qf�`*_VkÈb=ktfl]�®=ª°_VdVa°·´ §dgs~k+dVa± qh=kGkl`-oq_«£
®=a=d«¤�ktoq¦qk*º¨¾ÜÖ¼kl_g_�s~]* §dg¤*`* qklb!fl`-a=b=dgbj`* qk¨¢¯]-o& §h=dg¦ÈÂ"kl`-p�_g£!�µa¹ qklo§`*ft §dga=·�c�`-¦q¦¡dg¤-k~¸P`-o¡ qdVft_Vk
½ Â��×ce¸¼¿¬dV¦^`Øo¡kl_VdgfGªj`-o× §a=kto^ª=oqktb=dVfÙ §klb�¢¯oq]-sÒ¦q®=ªWklo¡¦¡£;s¥s~kÙ §oqdgf ½ É Ä É�Ý ¿n qh=kl]�o¡dVkt¦lº
��¢&]-®=o¥cedV_gp¹£"Â"`T£"hj`-_g]!Önktoqk�fl]�s¥ªW]�¦qktb)]*¢+Â��×c�¸�¦t³¼Ö¼k�kÕÔ<ªZktft ¨ §h=ktsÞ §]
uWk�dVa�`

b=dg¦q¦qdgªj`* qdV]�a=_gkl¦¡¦l³¹¦qª°h=klo¡dVf�`*_Wb°dV¦¡ qoqdgu=®° §dg]�aØÖ^dg qh±o§`*a=b=]�sÇ»¼]�_g qßls~`-a=a¨¤�kl_g]<ftdg qdVkl¦tºA¾àb=kt qklfÙ §]�o
]�a± qh=k&kl`-o¡ qh>³°fl`-oqo¡dVktb~ §h°oq]�®=·-h± §h=k&·¹`-_H`6Ô<£¥`/ ¼ qh=kG]�o¡u=dg §`-_9¦qªWklklb�]*¢> §h=k+¦q®=a ½�á y�x-xSp;s±â*¦
]�o´ãTx;ä;å§f�¿Ù³>ft]�®=_Vb�b=kt qklft È qh=kvo¡klfl]-dV_3kla=ktoq·-£�dVs¥ªj`-o¡ qklb!u¹£�`±Â��×c�¸�¦qf�`/ q §ktoqdga=·�Ö^dg qh!]�a=k
]-¢Zdg q¦�a;®°fl_Vktd�ºSmnhj`-o§`*ft §ktoqdg¦¡ §dgf^kla=ktoq·�dgkl¦�dVav qh=dV¦�dga� qkloq`-ft qdV]�aØÖ¼]�®=_Vb¨uWk á ãTxSp*ktæà¢¯]�oSÂ��×c�¸
s~`-¦q¦¡kl¦A]*¢ á ãTx�ÆÈktæÈâ*flç6º3¾�¦¡®=dg §`-u=_Vk�bj`*oqp¶s±`/ q §ktoPb°kt §ktft q]�oPÖ¼]�®=_gbvhj`�¤�kn q]&hj`�¤-k¬`� qh=oqkt¦qh<Ú
]�_gbQ]-¢ á ãIp*ktæè q]!uZk~¤<dV`-u=_gk-º!é�¦× §dVs~`* qkl¦v]-¢¬ qh=k�b=kta=¦qd« µ£"]*¢¬ §h=k�b=`-oqp[·¹`-_V`-ft qdVf¥hj`-_V]edVa
 §h°kG¦q]�_V`-o(a=kldg·�h�uZ]�o¡h=];]<b±`-oqk+]�a± §h°kG]�oqb°klon]*¢3x°ºêy©Æ¶kÙæ¶â*f ç fls¥å�º(mn]�svu°dVa=dga=·� qh=dV¦n`-svu=dgkla¹ 
ë ®<Ô�Ö^d« §he`-a�®°ª=ªZkto+_gdVs¥dg ¼]-¢A qh=k¶ §h=kt]�oqkÙ §dVfl`-_>Â��×c�¸AÚµa�®=ft_Vkt]�a!flo¡]�¦q¦�¦qktft qdV]�a�¢¯oq]�s É Ä É�Ý
 §h°kl]�o×£�]-¢ á ãTx�ä�ì§í×fls ç ·-dg¤�kt¦¬®=¦¬ §h=kÈkÕÔ; §oqkts~kt_g£±_V]TÖ�kÙ¤�kta� �oq`* §kt¦�]*¢ á ã¶ªZkto¬p�dV_V]-·�o§`-sÜªWklo
bj`�£�º�¾�¦¡®=dg §`-u=_gkGbj`-o¡p±s~`* q qklo­b=kÙ §ktft §]-o¬sv®=¦¡ ¬ qh=klo¡kt¢¯]�o^`*_V¦q]©hj`�¤�k�`vh=dV·-h�b=kl·�o¡klk¶]-¢3uj`-fip�Ú
·�o¡]�®=a=b¥oqkµî¡klft qdV]�a¨fl`-ªj`-u=dg_Vd« µ£�º3Ó¬h=dV¦� §h°kl¦qdg¦�b=kl¦¡floqdguZkt¦( qh=k^b=kt¤-kl_g]�ª=s¥kla¹ n]*¢F¦¡®=fih�`¶b=kt qklfÙ §]�o
f�`*ªj`-u=_gkÈ]-¢Ab°kt §ktft qdVa=·¨ §h=kt¦qk�oqkt_VdVf&bj`-oqp±s±`* ¡ §kto¬ªj`-o¡ qdVft_Vkl¦tº
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�µa.]�oqb°klo´ q]!`-fih°dVkt¤-k±¤�kto¡£�_V]TÖÇ §h°oqkl¦¡h=]�_gb=¦l³Sft]�®=ª=_gklb"Ö^d« §hQªW]TÖnkto¡¢¯®=_¼uj`-fip�·�o¡]�®=a=b.o¡kÙÚ
î¡klfÙ §dg]�a�fl`-ªj`-u=dg_Vd« §dVkt¦l³�Önk�hj`�¤�kQb=kÙ¤�kt_V]�ªWklb�`)flo×£�]�·�kta=dVf"`* §h°kloqs~`-_¶ª=h=]-a=]�a<Ú�uj`-¦qktb�bj`-o¡p
s~`* q qklo&b°kt §ktft q]�olºÈ»(£�ft]<]�_gdVa=·±`±¦qkts~dgfl]�a°b=®=ft q]�oG`*u=¦q]�o¡uZkto& §]±s~dg_V_Vdgp-kt_g¤;dVa� qkls¥ªZkto§`* q®=oqkt¦l³
ª=h=]-a=]�a=¦+·�kla=kto§`* qklbeu�£�ªj`*o¡ §dgfl_gk�kÙ¤�kta� q¦Gf�`*a�hj`�¤�k´_Vd«¢¯kt §dgs~kt¦­]-¢ á ãTx�xSï>¦+`-a=bef�`-aeª=oq]-ªj`/Ú
·¹`* qk¶s±`-a¹£�ftkla¹ §dgs~kÙ §klo¡¦lº(Â"k´`-u=¦¡]�oqu� §h=kt¦qk�ª=h=]�a=]-a=¦+]-a�_H`*oq·�k¶`-o¡k�`¥`-_V®°s~dga;®°sðfl]-_V_Vktft q]�o
ñ a=¦�Ö^h=dgfih±b=d«ÁF®=¦¡dg¤-kl_g£© §o§`*a=¦qs¥dg �kta=klo¡·-£Ø §]´`-a¥kl_Vktft qoq]- qh=klo¡s±`-_òÚ�¢¯ktklb=uj`*fip¹Ú� §oq`-a=¦qd« §dg]�a<Úµktb=·�kÕÚ
¦qkta=¦q]-o ½ é�Ó^ó3ÚµÓ^é É ¿& §h°oq]�®=·-h
²;®=`-¦qdgªj`-o¡ qdVft_Vkvs¥klb=dV`* §dg]�a>ºÈÓ¬h=k¨o¡kl¦q®°_g §dga=·�fl®°oqoqkta¹ ´ª°®=_V¦¡kØdV¦
 §h°kla�oqkl`-b�]�®° n®=¦qdga=·Ø`©h°dV·�h<Ú�uj`-a=b<Ö^dVb° qh�r¶m É=ô Ä+�õr�`-o¡o§`�£�º�»(£±ft]�svu=dga=dVa=·¶ §h°dV¦nª°h=]�a=]�a
oqkl`-b=]�®< ±Ö^dg qh�`Q_V]TÖè¤-]�_g §`-·�k�dV]�a=dgß�`* qdV]�a)b=kÙ §klfÙ §]�o~Önk
fl`-a�oqkµî¡klfÙ �u=®=_gp,kt_VklfÙ §o¡]�a�oqktfl]�dg_
uj`-fip�·�o¡]�®=a=bekt¤-kla¹ §¦� §]¨uZkÙ q qklo¬ §hj`*a[ã�dVa
ã�x å º

Â"keª=oqkt¦qkta� �kt¤;dVb=kta=flk� §hj`/ ~ qh=k�ª=h°]�a=]�a,oqk�`*b=]�®° ~dVa) §h=dg¦¥b=`-oqp�s~`* q qklo¨b=kt qklfÙ §]�o~dV¦
¦q®<ö~ftdVkta� q_g£�¢Û`*¦¡ � §]�b=dg¦¡ §dga=·�®=dg¦qh�uWkt µÖ¼klkta�uj`-_g_VdV¦× §dgf!`-a=b�²�®j`-¦¡d«Ú�b=dgÁZ®=¦qd«¤�kt_g£�ª°oq]�ªj`*·¹`* §dga=·
ª=h=]-a=]�a=¦¬dga�¦qdg_VdVft]�a>ºPÓA`-p�dga=·¨`-b°¤*`-a¹ i`*·�kG]-¢I qh=kGb=]TÖ^a<Ú�fl]�a¹¤�ktoq¦¡dV]�a�]-¢3ª=h=]�a°]�a=¦­dga�s~kÙ i`-_g_Vdgf
_H`�£-kloq¦¼`* ( §h=k�b=kÙ §klfÙ §]�o(¦q®°o¡¢Û`-ftk+Ö¼k&®=¦¡k+o¡dV¦qk^ §dgs~k­ q]©o¡kõî¡klfÙ ­`�¦q]-¢5 (kt_VklfÙ §o¡]�a±uj`*fip;·-oq]�®=a°b�`* 
uWkt q qkloA qhj`-a�ã¬dgaØy�x°º3Â"k­ª°oqkl¦¡kla¹ (bj`* §`+¢¯oq]�s÷ §h°dV¦Sb=kÙ §ktft §]-oSdVav qh=k É  §`-a°¢¯]�o¡b¨Ä+a=b=ktoq·�o¡]�®=a=b
ó9`-fldg_Vd« µ£ ½ É Ä+ó�¿P`*a=bØb=dV¦¡fl®=¦¡¦A §h°kldVoPdVs¥ª=_Vdgf�`* qdV]�aÈ¢¯]�oPªZ]-¦q¦qdgu=_Vk�Â��×c�¸AÚµa�®=ft_Vkt]�a¨floq]-¦q¦S¦¡klft qdV]�a
®=ª=ªWklon_VdVs¥dg q¦lºD�µa�`´¦¡klo¡dVkl¦n]-¢Df�`-_gdVu=oq`* §dg]�a¨kÙÔ<ªWkloqdgs~kta¹ §¦nÖ¼kG¦qh°]6Ö� qhj`* ­ª°h=]�a=]�a°¦­·�kla°klo§`/ §klb
u¹£�kt_Vktft §o¡]�a<Ú�h=]�_Vkt¦+h=`T¤-kØ`±ft_Vk�`*oq_g£�b=dgÁZklo¡kla¹ G¦¡ªZktft §o¡®=s� qhj`-a� qh=]�¦¡k©·�kta=kloq`* §ktb
dVa�ª=`-o¡ qdVfl_gk
kt¤-kla¹ §¦tºG¾ ñ oq¦¡ G`* q qkls¥ª° � §]�kÕÔ°ª°_V]�d« � qh=dV¦+ktÁZklfÙ GdVa� §h=k´b=kt¤-kl_g]�ª=s¥kla¹ È]-¢�`~ª=h=]�a=]-a<Úµuj`*¦qklb
b=dg¦qflo¡dVs¥dVaj`/ §dV]-a� §ktfih=a=dV²�®=k~dV¦¶b=dg¦qfl®°¦q¦qktb>º�óAdgaj`-_g_g£�³ZÖnk~b=dV¦¡fl®=¦¡¦� qh=kl]�o¡kt qdVf�`*_�_VdVs¥dg q¦& §]� §h°dV¦
b=kÙ §klfÙ §]�o¬ qklfih=a=]-_V]�·-£�`-a=b�¦qªWklfl®°_H`* qk�]-a�_gdVp*kl_g£±ª=oq]-·�oqkt¦q¦^dVa� §h°k�a°k�`-o¬¢¯®° q®=oqk*º
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�� Sh=`-¦SuWklkla¨`+ª=oqd«¤<dg_Vkt·�kn`*a=bØ`�î¡]T£� §]Gb=]&s©£¶ §h=kt¦qdV¦A®=a=b=kto�»n_H`*¦�m­`-u=o¡kloq`°º���k­dV¦A`-¦Aft_V]�¦¡kn §]
 §h°k­dVb=kl`-_;]-¢W`&ªWklo¡¢¯ktft �`*b°¤;dV¦q]-oS`-¦S�Ift]�®=_gbvkt¤-klo�dVs~`-·�dga=k-º���dV¦ ñ oq¦¡ Sª=oqdg]�oqd« µ£ÈÖ­`-¦S`-_gÖn`�£<¦P §h=k
Ö¼kl_g¢Û`*oqkn]*¢jh=dV¦P¦¡ q®=b=kla¹ q¦l³�fl]�a°¦¡ i`*a� q_g£´`* ¡ §kla¹ qdg¤�k­`-a=b©Ö^dg_V_Vdga=·­ §]&kla=ft]�®=o§`*·�k-ºS�Ifl`-ava=]* Soqktf�`-_g_
`±¦¡dVa=·�_gk´];flfl`-¦qdg]�aeÖ^h°klaM®=ªW]�a� i`*_Vp�dVa=·¨ §]±h=dVsè�^b=dgb�a=]- +¢¯klkt_As©£�¢Û`-d« §h!`*a=b!kla¹ qh;®°¦qdH`*¦qs
¢¯]�o�ª=h¹£;¦qdVft¦voqkta=ktÖ¼klbFº É `-k¥Â"];]��+`-s dV¦´`-aQdga=flo¡klb=dgu=_g£� i`-_gkla¹ §ktbQdVa=b°dg¤;dVb=®=`-_�º¥Â"]�o¡p�dVa=·
Ö^dg qh�h=dgsú¢¯]�o¥ qh=k�s~`6î¡]�o¡dg µ£.]*¢¶s©£)¸�hjrvº(Ön`-¦�`[·�oqkl`* �ª°oqdg¤;dg_Vkl·-k-º	�+dg¦~²�®=dgfip�a=kl¦¡¦�Ön`-¦
`-¦× §]�®=a°b=dVa=·°³<h=dg¦n`*u=dV_gdg µ£v q]©¦qktk& §h°oq]�®=·-h�`©¦¡dg §®=`* §dg]�a±`*a=b�·¹`-®°·�k�Ö^h=`* nÖn`-¦­a=ktflkt¦q¦§`*o¡£±Ön`-¦
 §o¡®=_g£¥®=a�uWkl_gdVkt¤*`-u°_Vk-º��+k& qoq®=_«£~dg¦n]�a°kG]-¢I §h°kGs~]-¦¡ ­·-dg¢5 §ktb�dVa°b=dg¤;dVb°®j`-_V¦���hj`�¤�kÈkÙ¤�kto­Ön]�o¡p-ktb
Ö^dg qh>º3�WÖ¼]�®=_gb�_gdVp*kA §]¬ §h=`-a=pG¾+a=b=oqkl`+rÈ`�¤;dVkt¦>¢¯]�o>uWkldga=·�`^·-]<];bG¢¯oqdgkla=bÈb=®°oqdVa°·^ qo¡£;dVa°·­ §dVs¥kl¦t³
`-a=b~`-a¥®=a=b=ktoq¦× i`-a=b°dVa=·�Ön]�o¡pØs±`/ §k-ºP�Asv®°¦¡ ¼`-_V¦¡]� qhj`-a=pv¸A`-®=_W»no¡dVa=p´¢¯]�o�uZktdVa=·´`¶fl]�a=¦× i`-a¹ 
`-a=b¨`/ q §kta¹ §dg¤-kn §®< §]�ot³�kt¤-kla¨dg¢9�D¦qkt_Vb=]-sÅ`*ª=ª=oqktfldV`* §ktbØdg �º
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M=º«ã ¾÷¸�dVft q®=oqk¶]-¢A`Øs~]-®=a¹ §klbeó��I�õ¸ º´º�º´º�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º P�K
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M=ºêw mn]�ª=ªWklo^s¥]�®=a¹ §dga=·Øhj`-o¡b°Ö­`*oqk º�º´º�º´º�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º P\RM=º y Ó¬h=kÈ §]TÖ¼klo�flo¡£-]�·�kta=dVf¶¦¡£;¦× §kls º�º´º�º´º�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º P�SM=ºiM ¾�b=dH`*·�o§`-s ]-¢3 §h=k�»nÓ^ó�b=dV_g®° §dg]�a�o¡kt¢¯oqdg·�kloq`* §]-o±º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º K°ãM=ºjP Ó¬h=k É  i`*a°¢¯]�oqbeÄ+a°b=klo¡·�oq]�®°a=b�ó9`-ftdV_gdg µ£ º�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º K¹wM=ºNK ¾�b=dH`*·�o§`-s ]-¢3 §h=k¶¦qh°dVkl_gb=dVa°·Ø®=¦qktb�dVa É Ä&ó�º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º K�MM=ºjR �Èkl_g¤;dga=]�Ô�M¹x�x¨`-a°b��µftkluW]�Ô�º´º�º�º´º�º´º�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º K\KM=ºNL ¾�ª=h¹£;¦qdVfl`-_Db=dH`*·�o§`-s ]-¢3 §h=k¶h¹£;u=oqdgb É°ô Ä��õr¶â-óSé�Ó�fl`-oqbàº�º´º�º¶º´º�º´º�º�º K\SM=ºNS Â�dVo¡dVa=·Øb=dV`-·�oq`-s ¢¯]-o­ §h=k¶h¹£;u=oqdgb É=ô Ä��õr¶â-óSé�Ó fl`-oqb º�º�º´º�º¶º´º�º´º�º�º R-x
P<º«ã rGdH`-·-o§`-sÜ]-¢P¦q]�®°oqflk�·�kt]�s~kÙ §o×£±¢¯]�o^kl_gklfÙ §oq]-a�fl`-_Vdgu=o§`/ §dV]-a>º>º�º´º�º¶º´º�º´º�º�º R-yP<ºêw ½ `¹¿ ��Ú Ý b=kt_H`�£�`* 9K�x*p-ktæ Ö^d« §h�í¯ìtm kt_VklfÙ §o¡]�a,¦¡]�®=o¡flk-º ½ uj¿¨¸�h=]-a=]�a)oqdV¦¡k

 §dgs~k&¤;¦tº(kta=klo¡·-£�º©º´º¶º�º´º�º´º�º�º´º�º´º�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º RmMP<º y ¸�h=]�a=]�a�oqdg¦qkG qdVs¥k&¤;¦lº�� ½ `¹¿¬`-a=b Ý ½ uj¿nb=kl_V`T£-º÷º´º�º´º�º�º´º�º¶º´º�º´º�º�º R\PP<ºiM mnhj`-o¡·�kÈ¤<¦tº�ª=h=]�a=]-aekta=klo¡·-£�¢¯]�o­Ö^d« §h�kl_gklft qoq]�a�¦¡]�®=oqftk-³W`-a=b�o¡dV¦qkG qdVs¥k&¤;¦lº�£�º R�KP<ºjP mnhj`-o¡·�k�`-a=b�¸�h=]�a=]�a�ªWk�`-p±¤;¦tº(æ�]�_« i`-·-kGu=dH`*¦ º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º R�LP<ºNK ¸�h=]�a=]�a�oqdg¦qkG qdVs¥k&¤;¦lºO�j�I®=p*k��j¢¯o§`-fÙ §dg]�a�º�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º R�SP<ºjR `°Ê�¸�h=]�a=]-a�`-a°beu>Ê�b°kt §ktft q]�o ñ _g §ktoqktb�ª°®=_V¦¡kl¦"º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º L�xP<ºNL É ]�®=o¡flk¶ªW]�¦qd« §dV]-a=¦n¢¯]�o­ qh=k����Ùmn]~fl`-_Vdgu=o§`* qdV]�a°¦�º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º L¹wP<ºNS �µ]�a=dgß�`* qdV]�a�¤;¦lº�ª=h°]�a=]�a�kla=ktoq·-£±¢¯]�o¬ §h=kÈ µÖ¼] ��� mn]¥oq®°a=¦ º�º´º�º¶º´º�º´º�º�º L�yP<º«ãTx�¸�h=]�a=]�a�oqdg¦qkG qdVs¥k&¤;¦lºnmnhj`-oq·-k¶£;dgkl_Vb�¢¯]-o­ §h=kÈ µÖ¼]����Õmn]¥oq®=a°¦ º¶º´º�º´º�º�º L�MP<º«ã�ã��+kt®° §o¡]�aefl`-_Vdgu=o§`/ §dV]-a±bj`* §`Ãº´º�º�º´º�º´º�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º LYPP<º«ã6w��+kt®° §o¡]�ae¦¡ªZktft qo§`¨b=®=oqdga=·¨f�`-_gdVu=oq`* §dg]�a º�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º L\KP<º«ãTy�ce®=_« §dVª°_g£~¦qf�`/ q §ktoqktb�a=kt®° §o¡]�aeª°_V]- q¦´º�º´º�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º L\LP<º«ãJM�rGdV¦¡floqdgs~dgaj`* qdV]�a¥f�`-o× §];]�a�`-a=b�_Vdgs~d« §¦�¤<¦tº( qdVs¥k�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º L\SP<º«ã,P�\�dg¦qkG¤;¦lº ô â-¸,¢¯]-o^`-_V_W¢¯]�®=o^f�`-_gdVu=oq`* §dg]�a±¦¡kt q¦ º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º S¹wP<º«ã*K�ó��I�õ¸�rGdg¦qflo¡dVs¥dVaj`/ §dV]-a�`* �y�x6Ú�M¹xSp*ktæ º´º�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º S�yP<º«ã,R�ó��I�õ¸�rGdg¦qflo¡dVs¥dVaj`/ §dV]-a�`* +w-x6Úõy�xSp*ktæ º´º�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º S�M
K°º«ã ¾�b=dH`*·�o§`-s ]-¢3 §h=k�\^®=aMã*L¥·-kl]�s¥kt qo¡£ º�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º SYRK°ºêw `°Ê�Ó¬h=k¶ª=h=]* §]�a�o§`* qkÈ¢¯]�o­ §h=k¶¾+_VkÙÔ�b=kl¦¡dV·�ae`*  É Ä+ónºju>ÊS qh=k¶kl_Vktft qoq]�a�o§`* qk º�ãTx�xK°º y `°Êêmn]�dVa=ftdVb=kta¹ ^a=kl®° qoq]�a�o§`/ §k�`*  É Ä+ónº=u>Ê¼ce®=_« §dgª=_Vkt¦n¢¯o§`-fÙ §dg]�a�º�º¶º´º�º´º�º�º�ãTx°ãK°ºiM M¨¦qkt q¦+]*¢Aª=h°]�a=]�a�oqdg¦qkG §dgs~k+¤<¦tº ô â-¸�L�x/Ú§ãTx�xSp-kÙæ º�º´º�º�º´º�º¶º´º�º´º�º�º�ãTxYP

Ô<dg¤



K°ºjP M¨¦qkt q¦+]*¢Aª=h°]�a=]�a�oqdg¦qkG §dgs~k+¤<¦tº ô â-¸GP-x/Ú�L�xSp-kÙæ º´º�º´º�º�º´º�º¶º´º�º´º�º�º�ãTx\KK°ºNK M¨¦qkt q¦+]*¢Aª=h°]�a=]�a�oqdg¦qkG §dgs~k+¤<¦tº ô â-¸�M¹x/Ú�P-xSp-kÙæ º´º�º´º�º�º´º�º¶º´º�º´º�º�º�ãTxYRK°ºjR M¨¦qkt q¦+]*¢Aª=h°]�a=]�a�oqdg¦qkG §dgs~k+¤<¦tº ô â-¸,y�x/Ú�M¹xSp-kÙæ º´º�º´º�º�º´º�º¶º´º�º´º�º�º�ãTx\LK°ºNL M¨¦qkt q¦+]*¢Aª=h°]�a=]�a�oqdg¦qkG §dgs~k+¤<¦tº ô â-¸�w-x/Úµy�xSp-kÙæ º´º�º´º�º�º´º�º¶º´º�º´º�º�º�ãTx\SK°ºNS M¨¦qkt q¦+]*¢Aª=h°]�a=]�a�oqdg¦qkG §dgs~k+¤<¦tº ô â-¸àã,P6Úõw-xSp-kÙæ º´º�º´º�º�º´º�º¶º´º�º´º�º�º�ã�ãTxK°º«ãTx�¸�_V]- ¬]*¢�S�x\� fl]�a ñ b=kla°flk�®=ª=ªWklo^_Vdgs~d« §¦nu¹£� qh=k¶¾&_gkÙÔ�b=kÙ §ktft §]-olº�º¶º´º�º´º�º�º�ã�ã�ã
R<º«ã rGdV¦¡floqdgs~dgaj`* qdV]�a¥fl]�s¥ªj`-o¡dV¦¡]�aÅº�º�º´º�º´º�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º�ã�ãJMR<ºêw É d5À ç  §oq`-a=¦¡s~dg¦q¦qdg]�a�fl];ktö¥ftdVkla¹ )º�º´º�º´º�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º�ã�ã*KR<º y ¾�b=dH`*·�o§`-s ]-¢3 §h=k¶]�Ô<dVb=k ñ _« §klo¬b°kt¤;dVftk-ºAº�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º�ã�ã*LR<ºiM ¾�b=dH`*·�o§`-s ]-¢3 §h=k¶]�Ô<dVb=k ñ _« §klo¬b°kt¤;dVftk-ºAº�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º�ã�ã*SR<ºjP cekt §`-_V_gdVf+_H`�£�ktoq¦�]-¢P qh=k¶]�Ô°dgb=k ñ _« §klo¬b°kt¤;dVftk-º º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º�ã6w-xR<ºNK À+Ô°dgb=kÈb=kÙ¤<dgflk�bj`* §`°³=ª=®=_g¦qk�`-a=b�¾�¤;¦&» º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º�ã6w<ãR<ºjR ¸�_V]- ¬]*¢Akta=klo¡·-£�o§`* qdV]v¤;¦lº É kta=¦q]�o�» º´º�º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º�ã6w�wR<ºNL ¸P]TÖ¼klo�b=dV¦¡¦qdVª=`* §ktb�u¹£�Ó^é É `* ^¤-`*oqdV]-®=¦n §kts~ªWkloq`* §®°oqkl¦èº�º�º´º�º¶º´º�º´º�º�º�ã6w-y
L°º«ã ¾�ª=_V]* ^]-¢A¦¡kla=¦¡]�o�a=]�dV¦¡kG¤;¦lº(u=dH`-¦¬ft®=oqo¡kla¹ ¶º¶º´º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º�ã6w\RL°ºêw ¾�b=dH`*·�o§`-s ]-¢3 §h=k�K�x�x*s�� É=ô Ä+�õr÷¦¡£;¦¡ qkls º�º�º´º�º´º�º�º´º�º¶º´º�º´º�º�º�ã6w�LL°º y ¾�¦qfih=kts±`/ §dVf¶]-¢3 §h°k K-x�x-s9� ª=h°]�a=]�a�¦qkta=¦q]�o�fldgoqft®=dg ´º´º�º�º´º�º¶º´º�º´º�º�º�ã6w�SL°ºiM ÓP]-ªe`*a=b É dVb=kÈ¤;dVkÙÖ�]-¢P §h=k¶a=kÙÖ�b=kÙ §ktft §]-o�h°]�®=¦qdga=·�º�º´º�º�º´º�º¶º´º�º´º�º�º�ãTy�xL°ºjP ¾�b=]�®=u°_Vk¶¦qdgb=klb�b=kÙ §klfÙ §]�o�kls¥ª=_g]6£;dga=·Øª=h=]�a°]�a<Úµu=`-¦qktbeb=dg¦qftoqdVs¥dVa=`* §dg]�a º�º�º�ãTy°ãL°ºNK ¾�fldgoqfl®°dg ^b=dV`-·�o§`*s ]-¢A`~wØ¦× i`-·-k É°ô Ä��õr ¦×£;¦¡ §ktseºMº�º´º�º�º´º�º¶º´º�º´º�º�º�ãTy�y
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É dga=flk© qh=kvªW]TÖnktoÈ]�®° §ª°®° ¶]-¢� §h°kv¦q®=aMdg¦Èy°ºNS¥Ô.ãTx ç �=Â dga� §h°kØ]�ª° §dgf�`-_�³WÖ¼kØs~`T£e¦¡ §`* §k´ §h=k
c�`-¦¡¦×Ú� §]*Ú�_VdV·-h� ¼o§`/ §dV]´]-¢I §h°kÈ¦q]�_V`-o¼¦×£;¦¡ §ktsè`-¦^chÊIâ��>Ê · P�Ô!ãTx*å�¦ p�·�â/Â¶§�º=¾+_V_Wkl¦¡ qdVs~`* §kt¦n]-¢
 §h°k&s~`-¦q¦õÚ� §]/Úµ_Vdg·�h¹ �o§`* qdV]�dVa¥ §h=k+®=a=dg¤-klo¡¦qkÈ`-o¡k+o¡kt¢¯ktoqoqktb�uj`-fip¨ §]� §h=dg¦(¢¯®=a°bj`-s¥kla¹ i`-_9¤*`-_V®°k+]-¢PvÓP]-a=a=kl¦�ªWklo¬ÂQ`/ q �º

�µa! §h=k´£�k�`*oq¦vã*L-yYP6Ú�M�x°³9®=¦qdga=·�ªj`-oq`-_V_V`/Ô�s¥]- §dg]�aefl`-®=¦¡klb
u¹£� qh=k©o¡]- i`* qdV]�ae]-¢� §h°k©k�`*o¡ §h
`-o¡]�®=a=b� qh=k©¦¡®=a>³F»nkl¦¡¦qkl_A`-a=b���kla=b°kloq¦¡]�aMdVa=b°klªWkla=b=kta¹ §_g£�]�u< i`-dga=klb�`±b=dV¦× i`-a°flk©s¥k�`*¦q®=o¡kÙÚ
s¥kla¹ v¢¯]�o�K°ã�ft£;·�a=d�¦ y_§�º
�µaQ qh=dV¦©Ön`�£" qh=k�`-u=¦¡]�_V®° qk±s~`-·�a=d« §®=b°k ½ Ó¬h°k�s±`-·-a=dg q®=b=k±]*¢¬ §h=k
]�u;î¡ktft ¶d«¢�dg �Ö­`-¦¶`/ ¶`�b=dV¦× i`-a°flkv]-¢^ã�x�ªj`-oq¦¡klft¦i¿&]-¢(¦¡ §`-oq¦&]-¢¼`-_V_D¦qªWklfÙ §oq`-_A µ£;ªZkt¦Èhj`�¤�k¨uWklkla
s¥k�`-¦¡®=oqktb>º�cekl`-¦q®°oqdVa°·� qh=k¼s~`-¦¡¦3]*¢=¦¡ §`-oq¦3uWkl¦qdgb=kl¦D §h°k¼¦¡®=a´Ön`-¦P`-flft]�s~ª°_VdV¦¡h=klb�u¹£¶¦¡ q®=b°£;dVa=·
 §h°k�ªWklo¡dV];b�`-a=b�o§`*b=dVdZ]-¢Ao¡kl¦¡]�_g¤-klb�u=dVaj`*o¡£~¦¡£;¦¡ qkls¥¦lº É dVa=ftk¶`-uW]�®° ^hj`-_«¢3]-¢D §h=k¶¦¡ §`-oq¦^dga� §h=k
·¹`-_V`/Ô;£¥`-oqk+u=dVa=`-oqdgkl¦l³;bj`* §`©]�a�¦× §kt_V_H`*o¼s~`-¦q¦¡kl¦¼uZktf�`-s¥k&ª=_gkla¹ §d«¢¯®=_�ºP¾&o¡]�®=a=b� qh=k+ q®=oqa�]*¢I §h=k
flkta¹ §®=o×£~¾+o¡ qh;®°o­é�b=b=dga=·- §]-a~¦¡h=]TÖnktb� §hj`* ( §h°k+_g®=s~dga=]�¦¡dg µ£´]-¢D`¶¦¡ i`*o¼dg¦¼`*_Vs¥]�¦¡ (fl]-s~ª=_gkt qkl_g£
b=kÙ §klo¡s~dga=klb�u¹£�d« §¦­s~`-¦¡¦^`-a=b�dV¦n_H`-o¡·�kl_«£~dga=b=ktªZkta=b=kla¹ �]-¢3¦qdgßlk*º(Ó¬h°kÈfl_H`*¦q¦qd ñ f�`/ §dV]-a�¦¡£;¦¡ qkls
b=kÙ¤�kl_g]�ªWklb!u¹£h�+kto¡ §ßt¦qª=o¡®=a=·�`*a=b ½ _H`* qkloi¿¬\^®=¦q¦¡kl_g_3ktaj`-u=_gklb�`¥¦× i`-o¡¦&s~`-¦q¦^ §]¥uZk�kl¦× §dgs±`* qklb
u¹£�dg q¦^¦qªWklft qo§`-_Ifih=`-o§`-fÙ §ktoqdV¦× §dgfl¦�`-_V]-a=k-º

»¼£�¦¡ q®=b°£;dVa°·[¤*`-o¡dH`-u=_gk�¦¡ §`-oq¦¥dVa. qh=k É s±`*_V_^c�`*·�kl_g_H`-a=dgf�mn_V]-®=b)`-a=b,`-¦q¦¡®=s~dga=·M §hj`* l³
¦qdga=flk� qh=k�¦¡ §`-oq¦ØÖ¼kloqk�`-_g_­`* ¨¦¡dVs¥dV_V`-o´b°dV¦¡ §`-a=ftkl¦l³¼`
fihj`-a=·-k�dga�`-ª=ªj`*oqkla¹ ¥s~`-·�a=d« §®=b=k±dVsØÚ
ª=_gdVklb�`¨fihj`-a=·-k´dga�`-u°¦q]�_g®° §k¶s~`-·�a=d« §®=b=k*³.�+kta=oqdgkt ¡ i`��Dkl`�¤<d« q �ªW]�¦¡ q®=_H`* qklb� §hj`/ � qh=k�ªZktoqdV];b
]-¢­mnklª=h°kldVbM¤*`-oqdV`-u=_gkl¦&ft]�oqo¡kl_V`* §ktbMÖ^d« §h
 §h°kldVoG`-u=¦q]-_V®° qkØs±`-·-a=dg q®=b=kl¦J¦ y_§�ºv�µa�ã*S�wmM��+®=u°u=_Vk
®=¦¡klb�mnktª=h=kldgb=¦ndga~¾+a=b=o¡]�s~ktbj`©`*a=b±]- qh=kloO� a=klu=®°_H`-km�; q]´ª=o¡]T¤�k+ qh=kl¦¡kG]�u;î¡ktft q¦¼Ö¼kloqk+dVa=b°klklb
]�®° q¦qdgb=k¶]-¢A qh=k´cedV_gp�£±ÂQ`�£�`-a=b�fl]-a=¦¡ qdg §®< §klbe]- §h°klo^·¹`-_V`/Ô<dVkl¦tº¼mn]�®=ª=_gdVa=·Ø §h°kl¦qk�bj`* §`¨Ö^d« §h
 §h°k¥o¡klb=¦¡h=dg¢5 ¶¦¡®=o¡¤-kt£;¦©]*¢ É _gdVª=h°klo¶`-a=bË��®=s±`*¦q]�a>³���®=u=u=_gk¥¦¡h=]TÖnktb� qhj`* ¶b=dg¦¡ i`*a� �·¹`*_H`/Ô<dVkt¦
Ö¼kloqk�s¥]6¤;dga=·¥`TÖn`�£�¢¯oq]�sð®=¦�`* �`¥oq`* §k¶ª=o¡]�ªW]�o¡ qdV]�aj`*_Z §]Ø qh=kldgo�b°dV¦¡ §`-a=ftk-º�Ó¬h=dV¦¬Ön`-¦�kl¦q¦¡kla<Ú
 §dV`-_V_«£Ø §h=k ñ o¡¦¡ �kt¤;dgb=kla=ftkÈ¢¯]�on §h°k�u°dV·Øuj`-a°·=³j`-a=b� qh=k¶]�oqdg·�dVa�]*¢3 qh=k��+®=u°u=_VkÈft]�a=¦¡ §`-a¹ �³[�OÌlº
Ó¬h=k¨ª=o¡kl¦qkta¹ ´¤*`-_g®=kØ]-¢( §h=dg¦Èfl]�a=¦× i`-a¹ ´dV¦È¦× §dV_g_ ½ ¦q®=o¡ª=oqdg¦qdVa°·�_g£°¿+²�®=d« §kØ®=a=ftklo× i`-dga�b=®°k¨ q]� §h=k
ª=o¡]�u=_Vkts~¦�o¡kl¦q]-_g¤;dVa=·¶ªWklft®=_VdV`-o�¤�kl_g]<ftdg qdVkl¦�`*a=b ñ a°b=dVa=·´`-ª=ª°oq]�ª=o¡dH`* qk¬b=dV¦× i`-a°flk�kl¦¡ qdVs~`* §]-oq¦(`* 
k�`*fih±_Vkta=·- qh±¦qfl`-_Vk*º�ój]�o�`-a~kÙÔ<flkt_V_Vkta¹ no¡kt¤;dVkÙÖ�]-¢>ft]�¦qs¥]�_g]�·�dVfl`-_°b°dV¦¡ §`-a=ftk+dga=b=dVfl`* §]-oq¦�¦qktk+o¡kt¢õº
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óAdg·�®=oqk´ã�º«ã�Ê�¾�ª=_g]- ¬]-¢3oq]* i`* qdV]�a±¤-kl_g]<ftdg µ£¥¤<¦tº�·¹`-_H`*ft §dgf+oq`-b=dg®=¦­¢¯]�o­`v µ£;ª=dgf�`-_Z¦qª=dgo§`-_Z·¹`-_H`6Ô<£-º
rG]�ª=ª°_Vklo3¦qh°dg¢5 Sb=`* i`&dg¦A¦¡h=]TÖ^a¨Ö^d« §h© qh=k­kt¦¡ §dgs±`/ §klb©b=dV¦¡p�s~`-¦¡¦Sb=dV¦× §o¡dVu=®° qdV]�a ½ ¦¡]�_Vdgb9¿Ù³/ §h=k¼·¹`-¦
fl]-s~ªW]�a=kta�  ½ bj`-¦¡h9¿Ù³D`*a=b
 §h=kvh=`-_V] ½ b=]- ×Úµbj`-¦¡h9¿Ùº�Ó¬h=kØuW]- q q]�s
ª=_V]- &®=¦qkt¦�`�s±`/Ô<dgs±`-_Db=dg¦qf
h¹£;ªZ]- qh=kl¦¡dV¦­Ö^h=dgfih�b=klftoqk�`*¦qkl¦¬ qh=kÈhj`-_g]©¢¯o§`-fÙ §dg]�a�`* n_V]TÖào§`-b=dg®=¦lº�ójo¡]�s `-¦¡ qoq]*Ú�ª=h9â�SYR*x\K¹w-y�x<º

¦ÍM�§�ºAÓ¬h=k+¢Û`�¤�]-oqklb±o§`-a=·-k^¢¯]-o( qh=kc��®=u=u=_gk+ft]�a=¦× i`-a¹ n`* nª°oqkl¦¡kla¹ ­dg¦�P\P¶ q]rR\P�¦ p;s,¦ÙäjíqceªWf/äjí�§�º
�� vdg¦´ft]�s¥s~]�aM §]!`-flft]�®=a¹ ©¢¯]�o¶ §h°dV¦©®°a=flkto¡ i`*dVa¹ µ£�Ö^d« §h"`eb=dgs~kta=¦qdg]�a=_Vkt¦q¦�fl]�a°¦¡ i`*a� l³
Î>³A¦q]
 §h=`* Ï�¿Ì · ãTx�x�ÎË¦ p�s,¦ÙäjíqceªWf/äjí�§�º¼c�`-a¹£�ft]�¦qs¥]�_V]-·�dVfl`-_Zª=`-o§`-s¥kt qklo¡¦­f�`-a� qh=kla�uZkÈ²�®=]* §klb
dVa� qkloqs¥¦¬]-¢3 §h=ktdVo¬b=ktªZkta=b=kta=flk´]�a�Î>º
Ð�+E8;+.-�'*/e-�Ñ%5.'*+I'*/;5?3	k�g>)*0B:7&
Æ¶`-_H`/Ô<dgkl¦¨f�`-a�uZkefl_H`*¦q¦qd ñ klb�dVa¹ §][ µÖn].s~`6î¡]�oØ µ£;ªZkt¦l³�¦qª=dgo§`-_�`-a°b�kl_g_VdVª< §dVfl`-_�º,Ó¬h=k!¦¡ª=dVoq`-_
·¹`-_V`/Ô<dVkt¦©hj`�¤�k�`!b°kla=¦¡k-³(u=oqdg·�h¹ Øfl]�o¡k�¦q®°oqoq]-®=a=b=ktb,u¹£.`� §h=dga.oq]- §`* §dga=·�b=dg¦qp"`-a=b.f�`*a.uZk
b=d«¤<dgb=klbMdga� q]�a=]�o¡s±`-_A¦qª=dgo§`-_g¦l³Iuj`-o¡oqktb[¦¡ª=dVoq`-_V¦t³D`-a=bM_Vkta¹ §dVft®=_H`*o ½ s~`-oq·-dVaj`-_3b=dg¦qp<¿G·¹`-_H`6Ô°dgkl¦tº
�µae`-_Vs¥]�¦¡ ¬`-_V_Z¦qª=dgo§`-_>·�`-_H`/Ô<dgkl¦­ §h°k�_g®=s¥dVa=]�¦¡dg µ£¥ª=o¡] ñ _VkÈdg¦¬kÙÔ<ªW]�a=kla¹ qdH`-_
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Ò ½1Ó ¿ · Ò�ÌjkÕÔ°ª ½ÕÔOÓ�ÖmÓ Ìi¿ ½ ã�ºêw�¿
Ö^h=ktoqk Ó Ì^dV¦­ §h°k�¦¡f�`-_gkÈ_Vkta=·- §h�]-¢3 §h°k�·�`-_H`/Ô;£ ½ ¢¯]�o­ qh=k¶s~dg_Vp¹£~Ön`�£�dV¦O×[ySp;ªWfY¦iP�§5¿Õº

Ó¬h=k~¤-kl_g]<ftdg µ£Mb=dg¦¡ §o¡dVu=®< §dV]-a[]*¢¬¦qª=dgo§`-_�·�`-_H`/Ô<dgkl¦¶f�`-a�uZk~s~kl`-¦q®°oqklb�®=¦qdga=·e qh=k~rG]�ª=ª=_gklo
¦qh°dg¢5 G]*¢��Å]�oGm­`±kls¥dV¦¡¦qdg]�a�_gdVa=kt¦G`-¦+_V]�a=·±`-¦+ qh=kvb=dg¦qp�dV¦&`* &`±¦q®°ö¥ftdVkla¹ q_g£e]�u=_Vdg²�®=k©`*a=·�_Vk*º
Ó¬h=k¶¤�kt_V];fldg µ£±b=dV¦× §o¡dVu=®° qdV]�a�fl`-a�uZk¶®=¦¡klb�`-¦�`Ø qo§`-ftklo^]-¢3 §h=k¶s~`-¦q¦¬®°¦qdVa°·

Ø�Ù ½1Ó ¿Ó ·ÛÚ ½1Ó ¿ ç ½ ã�º y¹¿
kl¦¡¦qkta� qdH`-_g_g£[é�²9º"ã�º«ã�º�Â�h=ktaQ]�a=k~fl]�s¥ªj`-o¡kl¦´ qh=k±ª°oqklb°dVft qklbQs~`-¦¡¦´b=dg¦¡ qoqdVu°®° §dg]�a�dga"¦¡ª=dVoq`-_
·¹`-_V`/Ô<dVkt¦±¢¯oq]�s  §h=kM_V®°s~dga=]�¦qd« µ£)ª=oq] ñ _Vk ½ é�²9º ã�º w-¿~ §]. §hj`/ eª°oqklb°dVft qklbàu¹£� §h=k
¤�kt_V];fld« µ£
b=dg¦¡ §o¡dVu=®< §dV]-aQ]�a=k ñ a=b°¦¨ qh=klsúft]�s¥ª=_VkÙ §kl_«£Q`/ ¨]<b=b°¦ ½ ¦qktk�óPdV·=º,ã�ºgãT¿Ùº.Ó¬h=k�¤�kt_V];fld« µ£QdVa)`
¦qª°dVo§`*_S·¹`-_V`/Ô;£� §kta=b=¦¶ §]�oqdg¦qkØ²�®=dVfip�_«£MdVa
 §h=k¨ftkla¹ §oq`-_�fl]�o¡k~o¡kl·�dg]�aM`-a=bM §h°kla"o¡kls~`-dVa°¦ ë `* 
]�®° ¬ q]~_V`-oq·-kGb=dV¦× i`-a°flkl¦tº�Ó¬h=dV¦¬¤�kt_V];fld« µ£�fl®=o×¤�k�ª=oqktb=dVfÙ §¦�`Øs±`*¦q¦^b=dV¦× §o¡dVu=®° qdV]�a~Ö^dg §h�`Ø¢¯]�oqs

Ü · Ü ÌYÝ çzÞ Ó çÌÝ ç Þ Ó ç ½ ã�ºiM�¿
Ö^h=ktoqk� §h=k�_V®=s¥dVa°]�®=¦Øs~`-¦q¦¨uWklfl]-s~kt¦~a=kt·�_Vdg·�dVu°_Vk�`*¦¥]-a=k� qo§`�¤�kt_V¦¥]�®° ¨ §]TÖn`-oqb) §h=k�ktb=·�kl¦
]-¢( §h=k¥·¹`-_V`/Ô<dVkt¦lº¨é�¦¡ qdVs~`* §kt¦�]*¢¼ qh=k~s~`-¦¡¦G §]�_VdV·-h� Go§`* qdV]�¦È]-¢n¦qª=dgo§`-_A·¹`-_H`6Ô°dgkl¦Èoq`-a=·�kØ¢¯oq]-s
ãTxØ §]eãTx�x~cßÊDâ��>Ê[b°klªWkla=b=dga=·�]�aeh=]TÖ�¢Û`-o�]�®° ^ §h°k©oq]* i`* qdV]�a�fl®°o¡¤�k©hj`-¦�uZktkla!s¥k�`-¦¡®=oqktb>º�+®°s~ktoqdVfl`-_¬¦qdgsv®=_V`* §dg]�a=¦ØdVa¹¤-]�_g¤;dVa°·[kµî¡klfÙ §dV]-a�]-¢&¦¡ i`*oq¦~¢¯o¡]�sú`[b°Ö­`*o¡¢È¦¡ª=h=klo¡]�dVb=`-_^·¹`-_H`6Ô<£-³
h=]TÖ¼kt¤�ktol³=¦¡h=]TÖ `vc!â��!fl`-ª=ªWklb�`/  á w<ºQPI¦iKm§�ºSÓ¬h=k+·�kla°klo§`*_W qoqkla°b�]-¢>_V`-oq·-klo�b=dV¦× i`-a°flk&¦¡f�`-_gkl¦
oqkt²�®=dVo¡dVa=·È_V`-oq·�kto�`-a=b¨_H`*oq·�kto�`-s¥]�®=a¹ §¦�]-¢Zbj`-o¡p©s~`* q qklo�fl]-a� qdVa�®=kt¦�Ö^h°kla±]-a=k^kÙÔ°`-s¥dVa=kt¦S §h=k
¤�kt_V];fld« µ£�b=dg¦¡ §o¡dVu=®< §dV]-a�]-¢A·�`-_H`-fÙ §dgf¶mn_V®=¦× §ktoq¦lº
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ÀGa=k�]-¢n §h=k ñ oq¦¡ vª=dVktflkl¦©]-¢^]�u=¦¡klo¡¤*`* qdV]�a=`-_�kt¤;dVb=kta=flk�¢¯]-o´ §h°k±bj`-o¡p�s~`* ¡ §klo�ª=o¡]�u=_Vkts Ön`-¦àZÖ^dVfip¹£?� ¦Gs~kl`-¦q®°oqkls¥kla¹ q¦È]-¢S §h°kvªZktfl®=_gdH`-o^¤�kt_V];fld« §dVkt¦+]*¢� §h=kvmn]�s±`~fl_V®°¦¡ §kto*¦iR_§�ºGÄ+¦¡dVa=·~ §h=k
¤;dVo¡dH`-_W §h=kt]�oqkts ½Uá Ó á · íç á Ä á ¿­d« ^dV¦¬k�`*¦¡£� §]¨¦¡h=]TÖ� §hj`/ 

Ù â w�ã Ú ç¿ä ã Ó äØ ½ ã�ºjP�¿
Ó¬h=dg¦¥o¡kl_V`* §dg]�aQkla=`-u=_Vkt¦¥`-a,]-u=¦qkto¡¤�kto¥ q]Mkl¦¡ qdVs~`* §k� qh=k ½ s¥k�`-aj¿©s±`-¦¡¦Ø¢¯oq]�s  §h=k�b=dg¦¡ i`*a=flk
`-a=b.¤-kl_V];fld« µ£Qb=dg¦¡ qoqdVu°®° §dg]�a=¦©]*¢&`
ft_V®=¦× §klotº�àZÖ^dVfip¹£?� ¦¥]-u=¦qkto¡¤*`* §dg]�a=¦Ø]-¢^ qh=k�s±`*¦q¦×Ú� §]*Ú�_Vdg·�h¹ 
o§`/ §dV]~dVa� qh=k¨mn]�s~`±ft_V®=¦× §klo&·¹`�¤�k¨`-uW]�®° åP-x�x�cßÊDâm��ÊPºå�D`* §ktoGkl¦× §dVs~`* qkl¦&Ö¼klo¡kØoqk ñ a=klbMu¹£
cektoqoqd« q *¦iL,§Z q]©`¶¤-`*_V®=k�]-¢ á yYP-xØchÊIâ��>ÊAºS�� ( §®=o¡a=¦n]-®° ¼ qhj`* ( §h=kGmn]�s~`�ft_V®=¦× §klo(dV¦¼`-a~dVb=kl`-_
¦¡£;¦× §kls� §]e¦¡ q®=b°£�b=®=k~ q]�d« §¦¶fl]�s¥ªj`-fÙ §a=kt¦q¦Ø`*a=b"¦¡s~];]- §h�b=kla°¦qdg µ£[b=dg¦¡ qoqdVu°®° §dg]�a>º�rGkt¦qª=d« §k
 §h°k�a�®=svuWklo¥]-¢Èp�a=]TÖ^a�o¡dVfih�ft_V®=¦× §ktoq¦ ½ s±`*a�£. qh=]�®=¦q`-a=b=¦±dVa� §h=kea=]�o¡ qh=klo¡a�¦qp¹£°¿¥]-a=_g£)`
¦qs~`-_g_ZªWklo¡flkla¹ §`-·�kÈhj`�¤�k¶uWklkta�¦× §®=b°dVklb�kÕÔ; §kla°¦qdg¤-kl_«£�º(Ó¬h=k�m��GÀ¶m ½ m­`-aj`*b=dH`-a%�+kt µÖ¼]�o¡p±¢¯]�o
ÀGu=¦qkto¡¤*`* qdV]�aj`*_�mn]�¦¡s~]�_g]�·-£°¿�o¡klb=¦¡h=dg¢5 ¶¦¡®=o¡¤-kt£Mft]�a=b=®=fÙ §ktb"`* & §h=k¥m­`-a=`-bj`/Úµó9oq`-a=ftkÙÚ��+`�Ö­`-dgd
 §kt_Vkt¦qfl]-ªZk\¦iS°³DãTx,§3hj`-¦�fl]�s¥ª=dV_gklb�`-aedVs¥ª=oqkt¦q¦¡dg¤�k¶fl`* i`-_g]�·�®=kÈ]*¢S]T¤�ktoæK�x�x-x¨ft_V®=¦× §kto+o¡klb=¦¡h=dg¢5 q¦lº
Ó¬h=k�uZkt¦¡ �kl¦× §dgs±`* qk&¢¯]�o­ qh=k¶s±`-¦¡¦×Ú� §]*Ú�_VdV·-h� no§`* qdV]�¦¬dga� §h=kt¦qk�fl_g®=¦¡ qkloq¦�dV¦�wmL\L�çËMYS¥cßÊDâm��Ê3º
Ð�),+Y0>/è'*+I',/15?3�+E8 o :V3�&J/;3�=
ÀGa=k^]-¢F qh=k�¦qdVs¥ª=_gk­oqkt¦q®=_« §¦(]-¢Z qh=k^ §h=kt]�o¡£¨]-¢Z·�kta=kloq`-_9oqkl_V`* §d«¤;dg µ£´dV¦� §hj`/ ¼_gdV·�h¹ �ª=`-¦q¦¡dVa=·�fl_g]�¦qk
 §]¥`¨s±`*¦q¦qd«¤�kÈ]�u�î¡klft +dV¦¬uWkla¹ �u¹£� µÖ^dVftkÈ §h=k¶a=kÙÖ¬ §]�a=dV`-a�¤-`*_V®=k

éê · M Ø�Ùë çíì · w ºcîì ½ ã�ºNK¹¿
Ö^h=ktoqkØ\ î dg¦� qh=k É fih¹Ön`-oqßtfih=dV_gb
o§`-b°dV®=¦tº+�� &dV¦&kl`-¦¡£� §]±¦qh=]TÖ ¦ ã�ãJ§P qhj`* l³Zdga�·�kta=kloq`-_�³Z`±_Vdg·�h¹ 
o§`�£�dg¦¬uZkta¹ &`/ &`*ae`*a=·�_Vk
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éê · wë ç�ïñðò�ó4ô ½ ã�ºjR�¿
Ö^h=ktoqk ô dg¦� qh=kv·�oq`T¤;d« i`* qdV]�aj`*_>ªZ]* §kla¹ qdH`-_3`-a=be §h=k´dVa¹ §kt·�o§`-_3dV¦^ i`*p-klaM`*_V]�a=·¨ §h°k©o§`�£�ªj`* qh>ºàZÖ^dVfip¹£-³+dga�ã*S�yYR;³ ñ oq¦¡ �`-oq·�®°klb� §hj`/ �_H`-o¡·�k�a=klu=®°_H`-k
s~`�£,uWk
s~`-¦q¦¡dg¤�k�kla=]�®°·�h� §].ª=o¡]*Ú
b=®=ftkÈ`©s¥k�`-¦¡®=o§`*u=_Vk+_Vkla°¦qdVa°·©ktÁZklfÙ ,¦ ã6wm§>ÀÈu°¦qklo×¤*`* §dg]�a�]-¢I qh=dV¦¼·�o§`�¤;dg §`* §dg]�aj`-_jkÙÁFktft ­Ön`-¦ ñ o¡¦¡ 
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f�`*oqo¡£vªj`-o¡ qdVft®=_H`-o�¦×£;¦¡ §kts±`/ §dVf^ª=o¡]�u=_gkls¥¦lº���kl_gdV®=sØÚ�MGdg¦�ª=oq];b=®=ftklb¥b=®=oqdga=·�¦¡ §kt_V_V`-oSkt¤-]�_V®< §dV]-a>³
¦q]~ §h=kvs¥]�¦× È`-ftfl®=oq`* §k´kl¦¡ qdVs~`* §kt¦&]-¢ ÝJI fl]�s¥kl¦�¢¯oq]�s _g]6Ö÷s¥kt §`-_Vdgfld« µ£�¦¡ §`-oq¦�Ö^h=klo¡kØ¦¡ §kt_V_V`-o
ªW]�ª=®=_V`* §dg]�a=¦�`-o¡k
 §h=k
£�]-®=a=·�kt¦¡ �ºÒÀG_Vdg¤-kM`-a=b É  §ktdV·�s~`-aú¦ w\R,§ ñ a°b�`Q¤*`-_V®=kM]-¢©x°ºêw-y¹w�ç
x°º x�xYP<º ��kl_gdV®=sØÚõy[hj`-¦�uWklkta�¢¯]-®=a=b�dVa�s~kÙ §kl]-oqdg qkl¦±Ö^d« §h�`-a�`*u=®=a=bj`*a=flk
]-¢�¦ å �+k�â��O§ ·
ã�ºiM ç x°ºiMMÔ ãTx�ä;K,¦NP,§+u°®° ~¤*`-o¡dVkt¦¥uWkt µÖ¼klkta�ã�ºêw�`-a=b ã,P�Ô�ã�x;ä;K¥¢¯o¡]�sús¥k�`-¦¡®=oqkts~kta� q¦±]-¢
 §h°k å ��k¨h�£;ªWklo ñ a=k¥_VdVa°kvdVaMdVa¹ qkloq¦× §kt_V_H`*oGfl_g]�®=b=¦tº É dVa=ftk å �+k¨f�`-a[uW]- §h[uZkØb°kl¦¡ qoq]T£�ktb.`-a=b
flo¡k�`* qklb
b=®°oqdVa°·±¦¡ qkl_g_H`-o�kt¤-]�_V®° qdV]�aedg +dV¦+b=dgö¥fl®°_g � §]±ª°oq]T¤;dVb=kØ`¥fl]�a°¦qdV¦× §kta� GdVa¹ §ktoqª=o¡kt i`/ §dV]-a>º
rGkl®< §klo¡dV®=s÷dg¦P §h°k­kl_gkls¥kla¹ A qhj`* S¦¡h=]TÖ^¦S §h=kn¦¡ §o¡]�a=·�kt¦¡ �b°klªWkla=b=kta=flk^]�a´ §h=k­ª°oqkl¦¡kla¹ �uj`-o×£�]�a
b=kta=¦qd« µ£È¦q]^¦qh°]�®=_Vb¶uWkS §h=k�uWkl¦× DdVa=b=dgf�`* q]�o*¦ w�L*§�ºPrGkl®< §klo¡dV®=s dV¦I]�a°_g£+b=kl¦× §oq]T£-klb©b°®=oqdga=·^¦¡ §kt_V_V`-o
kt¤-]�_V®< §dV]-a>³- §h°kloqkÙ¢¯]�o(`-a¹£vs¥k�`-¦¡®=oqkts~kta¹ ¼]*¢Zd« §¦�`-u°®=a=bj`-a°flk^oqktª=oqkt¦qkla¹ q¦­`G_V]TÖ¼klo�_Vdgs~d« 3]�aØ §h=k
ª=o¡dVs¥]�oqb=dV`-_F¤*`-_g®=k-ºGcek�`-¦¡®=oqkts~kta¹ §¦È]-¢� qh=kv`-u°¦q]�o¡ª° §dg]�a!¦qªWklfÙ §oq`�]-¢�_H`*oq·�k�oqktb=¦qh=d«¢5 G²�®j`-¦q`-oq¦
¦qktkls¥¦+ q]~hj`�¤-kv`~ftkldg_VdVa°·¥]*¢Ï¦ r¶â��O§ · wvÔ[ãTx;ä�ì_¦ w�S_§�º¬¾&b°]�ª° §dga=·~`¨¤*`-_g®=k´]*¢Sh · x°ºNKYPØ·�dg¤-kl¦
®=¦

' B�· ã��NKL�QãTx ä ç ¦NP_§ ½ ã�º«ã,R�¿
Ö^h=dgfih�dV¦�s~`-oq·�dgaj`-_g_g£´fl]�a=¦¡dV¦× §kla¹ ¼Ö^dg §h¥ §h=k+`-s¥]�®=a¹ ¼]-¢>¤;dV¦¡dVu=_gk�s~`* ¡ §klo�u=®< nsv®°fih�_Vkt¦q¦� §hj`-a
 §h°k´ftoqdg qdVfl`-_Fb=kta=¦qd« µ£�³W]�o¬kt¤-kla� qh=k�_V]TÖnkto^_VdVs¥dg n]-¢Pb=kla=¦¡dg µ£�¦qkÙ &u¹£� qh=k�¸¼ÀGÓ^é��+Ó�s¥kt qh=];b>º
�� �dV¦Èft_Vk�`*oG §hj`* È qh=k¥s±`6î¡]-oqdg µ£e]-¢¼s±`/ q §ktoÈdVa
 §h°k¥®°a=dg¤-kloq¦¡k~s©®=¦¡ �uWk¥a°]�a<Úµu=`-o¡£-]�a=dVf*ºØ�� �dV¦
fl]-a�¤-kla¹ §dg]�aj`-_�³- §h°kla>³- q]Gb=k ñ a=k^`&uj`*o¡£�]-a=dVf­s~`-¦¡¦Ab=kta=¦qd« µ£©dga=b=klªWkla°b=kla¹ �]-¢j qh=k¼ q]- i`-_;s~`* q qklo
b=kta=¦qd« µ£

½ ' B Þ.'NMPOQ/R' $ ¿4Þ.'+* · ã ½ ã�º«ã*L¹¿
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óAdg·�®=oqkÈã-ºêy°Ê3¾�b=dH`*·�o§`-sÅ]-¢F`¶s¥dVftoq]�_gkla=¦¡dVa=·ÈkÙ¤�kta� lº�Ó¬h=k�dVs¥ªj`-ft Sªj`-o§`*s~kÙ §klot³¹®>³�dV¦�dVaØ qkloqs¥¦
]-¢3 §h=k�é�dVa°¦¡ §ktdVa�o§`*b=dV®=¦ ½ ¢¯]�o^`-a�kÙÔ<ª=_V`-aj`* qdV]�a�¦¡klk¶ §kÙÔ; i¿Ùº

o +E),=?:0S4-\+.81:�^¤815V69&
Ó¬h=kes±`-¦¡¦¨b=dV¦× §oqdgu=®° qdV]�a>³¼`-a=b,s±`*¦q¦¥b=kla=¦¡dg µ£,`* ¨¤�kto¡£)_H`*oq·�k�b=dg¦¡ i`*a=flk�¦qfl`-_Vkt¦~fl`-a�uWkekt¦×Ú
 §dgs±`/ §klb,®=¦qdga=·� qh=k�¤-kl_V];fld« µ£ ë ]TÖ^¦�]-¢¶_H`*oq·�k�a�®=svuWkloq¦±]-¢X�  §o§`*flklo(�n·¹`*_H`/Ô<dVkt¦~]-o±fl_g®=¦¡ qklo¡¦lº
é�a=]�o¡s~]�®°¦�f�`* §`-_V]-·�®=kl¦J¦ y-x_§Gh=`T¤-k
uZktkla�ft]�s~ª°dV_Vktb�]-¢È qh=k!ªWklft®=_VdV`-o~¤-kl_V];fld« §dgkl¦¥]-¢�b=dV¦× i`-a¹ 
·¹`-_V`/Ô<dVkt¦AÖ^dg qh¥ qh=k�`-dVsÅ]-¢F®°¦qdVa°·¶ qh=kl¦¡k+b=`* i`G §]¶ª=o¡klb=dgft � §h°k�s~`-¦¡¦(b°dV¦¡ qoqdgu=®° §dg]�a© qhj`* (s~dg·�h¹ 
hj`�¤�k¶·�d«¤�ktaeo¡dV¦qk+ §]Ø §h=kt¦qkÈ¤�kt_V];fld« §dVkt¦lº�Ó¬h=k¶dga� q®=dg qdg¤-kGdVb=kl`vdV¦n qhj`* ^ªWklft®=_VdV`-o­s¥]- §dg]�a=¦­o¡kl¦q®°_g 
¢¯oq]-sÇ·�o§`�¤;dg §`* §dg]�aj`-_<ªZ]- qkla¹ §dV`-_V¦�ª=®°_V_Vdga=·¶`-a=b~ª=®=¦¡h=dVa=· ½ dga¥ qh=k+fl`-¦qk+]-¢F¤-]�dVb°¦i¿�]�a~ qh=k� qo§`-ftklo
·¹`-_V`/Ô<dVkt¦+ §h°oq]�®=·-hM qh=kØfl]-®=oq¦¡kØ]-¢� §dVs¥k-º¶��¢¼]�a=kØ`*¦q¦q®°s~kt¦´`�¦¡ªZktfld ñ fØª=oq]-uj`-u=dg_Vdg µ£�b=dg¦¡ qoqdVu°®<Ú
 §dg]�a�¢¯]�o� §h=kØdga=dg qdH`-_ ë ®=ft q®j`* §dg]�a=¦G]-a=kvf�`*a
b=kt qkloqs¥dVa°k�'Gº¶¾ý¤�kto¡£!ft_VkÙ¤�kloÈ¦¡®=u=¦¡kt �]-¢� §h°kl¦qk� dVa¹¤�ktoq¦qkm�¼s¥kt qh=];b=¦~o¡kl_gdVkl¦¨]�a,a=]�`-¦q¦¡®=s~ª< §dV]-a=¦±`*uZ]�®< ¥ qh=k�dga=dg qdH`-_¼b=kla°¦qdg µ£�ªWklo× §®=o¡uj`* qdV]�a
]�o�¤�kl_g]<ftdg µ£Mb=dg¦¡ qoqdVu°®° §dg]�a=¦¶ §]�ª°_H`-ftk�`e_g]TÖnkto©_Vdgs~d« ¶]�a" qh=k~ q]- i`-_�b=kta=¦qd« µ£�ºe�µa.]�oqb=kto´ qhj`* 
 §h°k�ª°oqklb°dVft qklb�s±`*¦q¦^b=kla°¦qdg µ£�dVa� §h=k¶_V`-oq·�kG¤-]�dVb°¦�b°]¥a°]- ^¢Û`-_V_ZoqdVb°dVfl®°_V]�®=¦¡_g£~a=kl·�`* §d«¤�k¶rGklp*kl_
`-a=bM\^klkt¦*¦ y°ãJ§Phj`-¦Èª=_V`-flktbM`�w<ºiMUTQ_V]TÖ¼kloG_gdVs¥dg �]�aV' $ ]-¢¼x°ºêy<º�Æ¶d«¤�klae §h=kØft]�a=¦¡ qo§`-dga¹ §¦G]-¢
u=dg·´uj`*a=·©a�®=ft_Vkl]-¦¡£;a¹ §h=kt¦qdV¦¼Önk&`-oqk^¢¯]�oqftklb± q]©hj`�¤-k&¦qdg·�a=d ñ f�`-a¹ (²�®j`-a¹ §d« §dgkl¦(]-¢Ia=]�a;Úµuj`-o×£�]�a°dVf
bj`-o¡p�s~`* q qklo¬kt¤-klaedVa� §h=k¶ª=o¡kl¦¡kla=ftk´]-¢S`Øfl]�¦¡s~]�_g]�·�dgf�`-_Wfl]�a°¦¡ i`*a� lº
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pr+E)*y?5?3
/;- D +E),2�FH+I'J'*:U)
�µs¥ª=oqkt¦q¦qd«¤�k¨fl]-a=¦¡ qo§`-dga� q¦¶]�a
 §h=k¨b=kta=¦qd« µ£
]-¢(s±`*¦q¦qd«¤�k¨fl]-s~ªj`*ft ¶hj`-_g]�]�u;î¡ktft q¦ ½ ce¾�m��GÀG¦i¿
f�`*a�uWkÈ]�u° §`-dVa°klb�®=¦¡dVa=·¥`© §ktfih=a=dg²;®°k�fl`-_V_gklb�s¥dVftoq]�_gkla=¦¡dVa=·=º É dVs¥dV_V`-o� §]Øs~`-flo¡]�_Vkta=¦qdga=· ½ ¦qklk
ª=o¡klflktb=dVa°·±¦qktft qdV]�a9¿^dg ^ i`*p-kl¦&`-b°¤*`-a¹ i`*·�k´]*¢S §h=k�]�ª° qdVfl`-_DktÁZklft q¦&dga=b=®=ftklb!u¹£�·�o§`�¤;dg §`* §dg]�aj`-_
s~`* q qklol³/u=®° 3Ö^dg qh=]�®° Poqkt¦q]�_«¤;dVa=·�¦qktªj`-o§`/ §k(dVs~`-·�kl¦tºP�� Pf�`*a©uWk¼¦¡h=]TÖ^a ½ ¦¡klk­óPdV·=º�ã�ºiM�¿> §hj`* A`-a
dVa¹ qklo¡¤-kla=dga=·Ès~`-¦q¦¡dg¤�kn]�u;î¡klfÙ �s~]T¤;dVa°·È`-flo¡]�¦q¦�`+¦¡ i`*oAÖ^dV_g_<s~`-·�a=d«¢5£¶ §h=k¬`*ª=ªj`-o¡kla¹ �u=oqdg·�h¹ §a=kt¦q¦
]-¢A`Ø¦¡ i`*o�u¹£� qh=kÈ¢Û`-ft q]�o

W ½YX ¿ · Z ç Þ,wZ\[ Z ç Þ�M ½ ã�º«ã*S¹¿
Ö^h=ktoqk�®edg¦­ §h=k¶dVs¥ªj`-fÙ ¬ªj`-oq`-s¥kt §kto

Z ½]X ¿ · � Z ç$
^ � Þ � w ½]XzÔ_X $a`@b ¿éX � � ídc ç ½ ã�ºêw-x¹¿

éX dV¦� §h°k! §dVs¥k�¢¯]�o~ §h=k
_gkla=¦¡dVa=·.]�u�î¡klft � q])s¥]T¤�k! qh=oq]�®°·�h� §h=kMé�dVa°¦¡ §ktdVa�o§`*b=dV®=¦t³&\fe ·g M Ø �ih Ö ë ç º©r dg¦È`-a[`-b/î¡®°¦¡ §ktbMb=dV¦× i`-a=ftk-³3r · r8j-k � î ½ r î Ìdlnm��>k�Úµr8jok � î ¿qâ*r î Ì�lpm��Yki³D`-a=bMs�dV¦
 §h°k(_gkla=¦Ds~`-¦q¦tºPÓ¬h°k¼ª=o¡]�u=_gkls�dg¦> §hj`* I qh=k¼é�dga=¦¡ qkldga�oq`-b=dg®=¦DdV¦>¤�kto¡£¶¦¡s±`-_g_¹`-a=b¶d«¢< qh=k�·¹`-_H`*ft §dgf
hj`-_g]+dg¦Ds±`-b°k(®°ª©]-¢Wc�¾�m��GÀG¦l³- qh=k(ª=oq]�u=`-u=dV_gdg µ£&]-¢j`�_Vkla°¦qdVa°·�kÙ¤�kta� SdV¦I¤�kto¡£´_V]TÖ¶ºAé�¦× §dVs~`* qkl¦
]-¢3 §h=dg¦­ª=o¡]�uj`-u=dg_Vd« µ£~u=`-¦qktbe]�a�o¡k�`-_gdV¦¡ qdVfGh=`-_V]Øs¥]<b°kl_V¦J¦ y�w�³jy-ym§D`-o¡kÈ]�a� §h=k¶]�o¡b=klo¬]-¢Py\�^ãTx;ä7�
½ Ó¬h°dV¦vdg¦Ø`-ft q®j`-_g_g£[`-a.kt¦¡ §dgs±`/ §k±]*¢� qh=k�]�ª< §dVfl`-_(b=klª° qh>³¼`�s~kl`-¦q®°oqk�]-¢¬ qh=k�s±`*¦q¦©b°kla=¦¡dg µ£
`-_g]�a=·� §h°k¥_gdVa=k©]-¢(¦qdV·-h� i¿ÙºØÓ¬h=k ñ o¡¦¡ �]�u=¦¡klo×¤-`/ §dV]-a[]*¢¼s¥dVftoq]�_gkla=¦¡dVa=·~ §]TÖ­`*oqbM §h=k��3c!må¦ y�M�§
`-ftfl]�s¥ªj`-a=dgklb�u¹£�s±`*a�£"]�u=¦¡klo¡¤*`* qdV]�a°¦¨ q]TÖ­`-o¡b) qh=k�·¹`-_V`-ft qdVf�u=®°_V·�k\¦ yYP�³�y\Km§¬h=`-dV_gklb�·�oqkl`* 
ª=o¡]�s~dg¦qk� §hj`* �`Q_H`-o¡·�k�ªWklo¡flkta� §`-·�k
]-¢È qh=k!hj`*_V]Qft]�®=_Vb�dVa=b=ktklb�uWk!s~`-b=k�]*¢vc�¾�m��GÀG¦lº
Ó¬h=k�s¥k�`-¦¡®=oqkts~kta� ¥]-¢&`
¦qdgs~ª=_gk�_Vkta=¦¨kt¤-kla¹ ±h=`-¦¥`-a�dVa¹ §o¡dVa=¦¡dVf�b=kt·�kla°klo§`*ft£�uWkt µÖ¼klkla, §h=k
_Vkta=¦�b=dV¦× i`-a=ftk�`-a°b"_Vkta=¦�s±`-¦¡¦l³Ph=]TÖnkÙ¤�klot³�_Vkl`-b=dVa°·� q]!`-a�®=aj`�¤�]�dgbj`-u=_gk¨®=a=flkto¡ §`-dVa¹ µ£�º�Ó¬h=k
s¥k�`-¦¡®=oqkts~kta� &]-¢�u=dgaj`-o¡£�kÙ¤�kla¹ q¦Èoqkl¦¡]�_g¤-k© §h°dV¦�®=a=flkto¡ §`-dVa¹ µ£�³>`-a=b
`±a�®=s©uZkto&]-¢S qh=kls
hj`�¤�k
uWklkla�ft]�a ñ o¡s~ktb� q]ØuZkÈdga� §h=kæ�Pc�m `-a=b É c!m&³ju=®° ^a=]* ­ §h=kÈ·�`-_H`-fÙ §dgf+hj`*_V][¦ yYR,§�º�Ó¬h=kÈ_V`-fip
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permitted
by MACHO
at 95% CL

Mass of the deflectors (Mo)
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10-7 10-6 10-5 10-4 10-3 10-2 10-1 110-8
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100
excluded

by EROS 1 LMC+SMC ( )

at 95% CL

and EROS 2 SMC ( )

óAdg·�®=oqk&ã�ºNM°ÊP¾�ft]�svu=dga=klbØkÕÔ°ft_V®=¦¡dV]�a¨ª=_g]- �]-¢9 qh=k¬s~dg_Vp¹£¶Ö­`�£Øh=`-_V]G¢¯oq`-ft qdV]�aØ`*¦�`È¢¯®°a=ft qdV]�aØ]-¢
_Vkta=¦Ss~`-¦q¦tºSé�\¬À É ã�³�é�\¬À É wG`*a=b¥ce¾�m��GÀ�bj`* §`G`-oqknfl]�svu°dVa=ktb>º�c�`*¦q¦qkt¦�uZkt_V]TÖ�ãTx ä"E cßÊ
`-a=be`-uW]T¤�k�x°º x\L¥cßÊ[fl`-a�uZk¶kÙÔ<ft_V®=b=ktbeu¹£�]- qh=klo�`-o¡·�®=s¥kla¹ §¦tº�ójoq]�sð`-¦¡ qoq]*Ú�ª=h9â�S\L<ã6w<ã,R-y<º
]-¢�¦¡h=]�o× &b=®°o§`* qdV]�a�kt¤-kla¹ §¦Gfl`-a!uWk´®°¦qklbe §]±ftoqkl`* §k´`�S�x\�ðfl]�a ñ b=kla=ftkv®=ª=ªWklo+_Vdgs~d« ­]�a� §h=k
hj`-_g]¶c�`-fih°]�¢¯oq`-ft qdV]�av]*¢ á w-xY�Å]T¤-klo�`È_H`-o¡·�knoq`-a=·�k¬]*¢Zs~`-¦¡¦qkl¦ ½ ¦qklk^óPdV·=º(ã�ºiM�¿ÙºAó9]-oS]�u;î¡ktft §¦
·�o¡k�`* qklo+ qhj`-a
x<ºêx\L~¦q]�_V`-o+s~`-¦¡¦qkl¦&]�a=kvkÕÔ°ªWklfÙ §¦Èh¹£;b=oq]-·�kla
u=®°oqa=dga=· ½ u°oq]TÖ^a!b°Ön`-o¡¢¯¦§¿� §]±uZk
dVa°dg §dV`* §ktbM`-a=bM §h=ktoqkÙ¢¯]�o´uWk¨¤<dg¦qdgu=_VkvÖ^d« §hM §h=k��+®°u=u=_Vk¥¦qª=`-flk¨ §kt_Vkl¦¡fl]�ªWk-º�ÀÈu�î¡klft q¦´¦¡s±`*_V_Vkto
 §h=`-a�ã�x;ä"E¬¦q]�_V`-o¬s±`*¦q¦qkt¦�`-oqk¶®=a=_gdVp*kl_g£¥ §]¥¦q®°o¡¤;dg¤-k�kÙ¤*`-ªZ]-o§`* qdV]�a�ª=o¡]<ftkl¦q¦¡kl¦J¦iK\§�º

rGkl¦¡ª=dg qke §h°k!¦q®=ftflkt¦q¦�]-¢È qh=k�s¥dVftoq]�_gkla=¦¡dVa=·[¦qkl`-oqfih=kt¦�dg ~a=]TÖ�`-ª=ªWk�`-o¡¦±®=a=_gdVp*kl_g£� qhj`* 
`�¦qdV·-a=d ñ fl`-a¹ �fl]�s¥ªZ]-a=kla¹ e]-¢© qh=k�h=`-_V])dV¦�fl]-s~ªW]�¦qktb�]-¢Øce¾�m��GÀG¦tº�éAÔ<fld« §kts~kta� e¦¡ qdV_g_
fl]-a� qdVa�®=kt¦�dVa, qh=k ñ kt_Vb>³¬Ö^d« §h� qh=k!ªW]�¦q¦¡dVu=dg_Vdg µ£Q]-¢¶oqkt¦q]�_«¤<dga=·" qh=k!f�`*®=¦¡ qdVfl¦±·�kla=kto§`* qklb�u¹£
¦qs~`-_g_¬ª=_H`-a°kt i`*o¡£)]�u;î¡ktft §¦J¦ y�Lm§�ºàÓ¬h=dg¦±s~`T£�ª°oq]T¤;dVb=k�`�fl]-s~ª=_gdVs¥kla¹ i`*o¡£�`-ª°ª=oq]¹`*fih� §][ §h=k
fl]-a�¤-kla¹ §dg]�aj`-_&rG]�ª=ª=_gklo¥¦qh=d«¢5 ±s¥kt qh=];b�]-¢È¦¡k�`-o¡fih=dVa=·Q¢¯]-o~kÕÔ< qo§`/Ú�¦q]�_V`-o¥ª=_H`-a°kt §¦tº æ(`-_g®j`-u=_gk
dVa<¢¯]�oqs~`* §dg]�a±h=`-¦�`-_V¦¡]ØuZktkla�·¹`-dVa°klb�`-uW]�®° ¬ qh=k¶b=kla=¦¡dg µ£�ª°oq] ñ _gkG]-¢3 §h=k¶·¹`*_H`/Ô;£¥ §]TÖ­`*oqb� §h=k
u=®=_g·�kY¦ y\S,§�º
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óAdg·�®=oqkMã�ºjP<Ê
¸�_g]- ±]*¢Ès±`*·�a=dg q®=b=k�¤;¦lº oqklb°¦qh=d«¢5 ~¢¯]�o¥Ó�£<ªWkQãT`[¦q®=ªWklo¡a=]T¤*`-k-º Ó¬h=k�¦¡®=ªZkto×Ú
a=]T¤*`-ke`* ¥h=dV·�h)oqktb=¦qh°dg¢5 ~¦qh=]�®°_Vb)uZk�u=oqdg·�h¹ §kto ½ _V]TÖ¼kloi¿Ødg¢� §h°kldVo¨o¡klflkt¦q¦¡dV]�aj`*_�¤-kl_V];fld« µ£.hj`-b
oqkts±`*dVa=ktb�fl]-a=¦¡ §`-a¹ & §h°oq]�®=·-h!`-_g_> §dVs¥k¶dVs¥ª=_g£;dga=·Ø §hj`* � §h°k©®=a=d«¤�ktoq¦qk´dV¦�dVa=ftoqkl`-¦qdga=·±dgaeoq`* §k
]-¢PkÙÔ<ªj`-a°¦qdV]-a>º(ó9o¡]�sÒ`*¦¡ §o¡]*Úµª°h9â�S\L°ãTwmMUR-y°º
¨
©ª¨
©>q r¿ùts�÷>µ�øH¯au�¬�÷vrO÷>¬�µ�7?´æ÷>­
é�s~ª°dVoqdgf�`-_g_g£¨Ó�£;ªZk¨ãT`v¦¡®=ªZktoqa=]T¤*`-k¶hj`�¤�k¶uWklkta�¢¯]�®°a=b� §]Øhj`�¤�k´`©¤�kto¡£�¦¡s±`*_V_Fb°dV¦qªWklo¡¦qdg]�a�dVa
`-u=¦¡]�_V®< §k�_V®=s¥dVa=]-¦qdg µ£-ºPÓ¬h°k&ª=o¡kt¢¯klo¡oqktb�s~];b=kt_W]*¢F §h°kl¦qk&f�`* §`-fl_«£<¦¡s~dgf^kt¤�kta¹ §¦­dg¦( qhj`* n`¶Ö^h=d« §k
b°Ön`-o¡¢ndV¦¶b=o¡dg¤�kta�]T¤-klo´ qh=k~mnhj`-a=b°o§`-¦¡klp/`-o�s±`-¦¡¦¶]-¢Gã�ºiMecßÊ,u¹£[`-ftflo¡kt §dg]�a
¢¯oq]�s `�u=dgaj`-o×£
fl]-s~ªj`*a=dV]�aFºAÓ¬h=kÈ_g®=s~dga=]�¦¡dg µ£Ødg¦n_H`*oq·�kt_g£Øb=®°k& §]© qh=kGoq`-b=dV]�`-ft qdg¤;dg µ£Ø]*¢(K��í�+d9 §hj`* ndV¦¼kõî¡klfÙ §ktb
¢¯oq]-s  §h°kÈfl]�o¡k�b°®=oqdga=·v §h=k¶kÕÔ°ª°_V]�¦¡dV]�a>¦ÍM¹x,§�º É dga=flkG qh=k¶fl]�s¥ªW]�¦qd« §dV]-a�]-¢D §h=kt¦qk¶Ö^h=dg qkÈb°Ön`-o¡¢¯¦
dV¦¶²�®=d« §k¥®=a=dg¢¯]-oqs `* � §h°k~kta=b"]-¢n §h=ktdVo¶_Vd«¢¯kØft£;fl_gk-³P qh=k¥ª=oq];b=®=fÙ §dV]-a�]-¢n¢¯oqkl¦¡hwK��í��d(dg¦�`-_V¦¡]=º
Ó¬h=k�ªZkl`-p�_V®°s~dga=]�¦qd« µ£±]*¢P qh=kl¦¡k©]�u;î¡ktft q¦� q®=oqa=¦�]�®° ^¢¯]�o× §®=d« §]�®°¦q_g£¥ §]¥uWk´`*aedgb=k�`-_I¦× i`-a°bj`-oqb
f�`*a=b=_Vk*º

Ä+¦¡dVa=·Q qklfih=a=dg²�®=kl¦�¦qdgs~dg_H`-ov q]Q §h=]-¦qk!kts~ª=_g]T£�klb�dga� §h=k�s~dgfloq]-_Vkla°¦qdVa°·�¦¡k�`-o¡fih=kl¦t³& µÖn]
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·�o¡]�®=ª=¦J¦ M=ã-³�M�w_§^hj`�¤�k�`-s~`-¦q¦¡klb,`-a,dgs~ª°oqkl¦¡¦qd«¤�k�a�®=svuWklo¥]-¢G_gdV·�h¹ Øft®=o¡¤-kl¦±¢¯]�oØb°dV¦¡ §`-a¹ ¥¦q®<Ú
ªWkloqa°]6¤*`-k*ºGÂ�h=kla!¤-klo×£!b=dg¦¡ i`*a�  ½ h=dg·�h�o¡klb=¦¡h=dg¢5 i¿+¦q®°ªZktoqa=]T¤*`-kØ`-o¡kv]�u=¦¡klo×¤�klbF³IuZ]- qh!·�o¡]�®=ª=¦
`-o¡oqdg¤-kn`/ P qh=kn¦q`-s~k(¦¡ §`-o¡ q_Vdga=·+o¡kl¦¡®=_g 3 §hj`/ P qh=k���®=u=u=_gk¼ft]�a=¦¡ §`-a¹ �¦qktkls¥¦P q]&hj`�¤�knuZktklav_V`-oq·�kto
`* &k�`-o¡_VdVkto� qdVs¥kl¦ ½ ¦¡klk¨óAdg·=º´ã-ºQP�¿ÕºGÓ¬h=dg¦Gs~kl`-a=¦� §hj`* + §h=k©®=a=dg¤-klo¡¦qkvÖn`-¦GkÙÔ<ªj`*a=b=dVa°·�¦q_V]TÖ¼klo
dVa� qh=k¶ªj`-¦¡ ^ qhj`-a�dg ^dg¦¬a=]TÖ¶º(�µa� §ktoqs¥¦^]-¢A]-®=o¬k�`-o¡_Vdgklo­kt²;®=`* §dg]�a=¦

, Ì · ' $w Ô '+*�ã�x ½ ã�ºêw<ã6¿
Ó¬h=k�s±`6Ô°dgsv®=s _Vdgp-kl_gdVh=];];b±oqkt·�dV]-a=¦¬]-¢PuZ]- qhe·-oq]�®=ª°¦+`*oqk¶`-o¡k�ft]�a=¦¡dV¦¡ qkla¹ ^Ö^dg qh

' $ · x�� yÏç�x��«ã)x�y Ó ' $ Þ.'+* · ã ½ ã�ºêw�w�¿

¨
©ª¨
©{z |v¯
­	} ²@7H« ²@74µ.¯a~v¬Pu�÷�3�¬�7[þÏ³�µ.¯�ùt58�
�µa[ã*S\KYPv¸3kla=ßtdH`-¦�`-a=b�Â�dV_g¦q]�aF³< §h°oq]�®=·-he`Øfl`-oqkÙ¢¯®=_If�`-_gdVu=oq`* §dg]�a±]*¢P qh=k¶a=]�dV¦¡kÈdVa� §h°kldVonh=]�oqa
`-a¹ §kta=aj`.¦ÍM¹ym§�³9b=dV¦¡fl]T¤�ktoqktb
`¥®°a=dg¢¯]�o¡sÒo§`*b=dH`* qdV]�a�`/  á y��Øº9Ó¬h=dV¦^ft]�¦qs¥dVf¶s¥dVflo¡]TÖ­`�¤�k�uj`-fip�Ú
·�o¡]�®=a=b�o§`-b=dV`* §dg]�a ½ m¬c�»­¿Ù³P`-_V]�a°·�Ö^d« §hA�+®=u=u°_Vk�� ¦©ft]�a=¦× i`-a¹ Ø`*a=b"ª=o¡dVs¥]�oqb°dH`-_Sa�®=ft_Vkt]�¦¡£;a<Ú
 §h°kl¦qdg¦l³=dg¦­`©ftoqd« §dVfl`-_9ª=dVktflkG]*¢Dkt¤;dVb=kta=flkG¢¯]-o¼ §h°kGu=dV·©uj`-a=·© qh=kl]-o¡£�º(ój]�o¼`-a�kÙÔ<ftkl_V_gkla¹ ¬o¡kt¤;dVkÙÖ
]-¢3 §h=k¶¦¡®=u;î¡klfÙ �³9�n¦¡®=·�·�kt¦¡ &`Øoqklftkla¹ &`-o¡ qdVfl_gkGu¹£��¶`-s¥dV]�a=p*]TÖ^¦qp�dD`-a=bh�È]�¦q]TÖ^¦qp�d�¦ M\Mm§�º

rG®=oqdga=·v §h°k�kl`-oq_«£�ª=h=`-¦qkt¦+]-¢3 §h°k�kÕÔ<ªj`-a=¦¡dV]�a�]-¢3 §h=kÈ®=a°dg¤�ktoq¦¡k ½ dVa=ft_V®=b=dga=·v §h°k�ª°hj`-¦qk¶]-¢
a�®=fl_gkl]�¦×£;a� qh=kl¦¡dV¦§¿3ª=h=]* §]�a=¦3`-a°b´s~`* q qkloFÖ¼klo¡k¼dgaÈ §h=ktoqs~`-_�kl²�®=dg_Vdgu=oqdg®=seº>Â�h°kla¶ §h=k�®=a=d«¤�ktoq¦qk
Ön`-¦&`*uZ]�®< �y�x�x°³ x�x�x©£-k�`-o¡¦+]�_gb� §h=kÈ §kts~ªWkloq`* §®°oqk¶hj`-b�b=oq]-ª=ªZktb� q]�ãTx°³ x�x�x�� ½�á ãIkÙæ¶¿Ùº9¾­ 
 §h°dV¦¶ªZ]-dVa¹ ¶ §h=k¥ª=h=]- q]�a=¦¶fl]-®=_Vb[a=]�_g]�a=·�ktoÈdV]�a°dVßlkØ qh=kØ¢¯oqklk¥h¹£;b=oq]�·-klaQ¦¡]� qh=kt£[ktÁZklfÙ §d«¤�kl_«£
b=ktfl]�®=ª°_Vklbe¢¯oq]�sÒ qh=k©s~`* q qklotº É dVa=ftk� qh=dV¦^ §dgs~kÈ §h°kl¦qk©ª=oqdgs~]�o¡b=dH`*_>ª=h=]- q]�a=¦+hj`�¤�k© qo§`�¤�kt_Vklb
uj`-_g_Vdg¦¡ §dgf�`-_g_g£¶ §h°oq]�®=·-h=]�®° ( §h=k+b=dV_g®° §k^®=a°dg¤�ktoq¦¡k-º�Ó¬h=dV¦O� ¦q®=o×¢Û`-flk+]-¢I_H`*¦¡ ¼¦qf�`/ q §kto��;]<ftfl®=o¡oqktb�`* 
oqktb=¦qh°dg¢5 §¦¼]-¢D`-uW]�®° �ãTx-x�x°ºSÓ¬h=k+¦qdgßlk&]*¢D`´fl`-®=¦§`*_V_g£vfl]�a=a°klft qklb�o¡kl·�dg]�a±]-¢F¦qªj`*flk-³< §h=ktoqkt¢¯]-ol³;dV¦
`-uW]�®° n`-¦(_H`-o¡·�k�`-¦¼ qh=k&®=a°dg¤�ktoq¦¡k+Ön`-¦¼Ö^h=kta� §h=k�ª=h=]* §]�a=¦¼b=klft]�®=ª=_gklb>º�¾ oqkt·�dV]�a¥]-¢Dy-x�x°³ x�x�x
_Vdg·�h¹ n£-k�`-o¡¦+`/ ¬oqktb=¦qh=d«¢5 §¦¬]-¢(ãTx-x�xv¦q®=u;Ú� §kta=be`-a�`-a=·�_gkG]-¢3]�a=_«£±]-a=kÈb=kl·-oqklk¶]-¢D qh=kÈ¦qp¹£�º�Ó¬h=k
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óAdg·�®=oqk´ã�ºNK°ÊS¾�¦¡®=s¥s±`-o×£¥]-¢D¦§`* qkl_g_Vdg qk&`*a=b�·�oq]-®=a=b�uj`*¦qklb�]�u°¦qklo×¤*`* §dg]�a=¦n]*¢I §h=kGªW]TÖnkto^`-¦¬`
¢¯®=a=fÙ §dg]�a�]-¢�`-a=·�®=_V`-o^¦qfl`-_Vk´dVa� §h=k´fl]�¦¡s~dgf´s¥dVftoq]TÖ­`�¤-k©uj`-fip�·�o¡]�®=a=bFº&Ó¬h=k´fl®=o×¤�kv¦¡h=]TÖ^a
dV¦
¢¯]�o^`L'NO · x°ºêwL'+* · x°ºjLØ®=a°dg¤�ktoq¦¡k-º¼ó9o¡]�sÒ`*¦¡ §o¡]*Úµª°h9â�S\S�x-y¹w�K�x
ë ®=fÙ §®j`/ §dV]-a=¦´dga[ qh=k�m¬ce»Ã`* ´`-a=·�®°_H`-o¶¦qfl`-_Vkt¦ ñ a=klo� §hj`-a"`eb=kt·�oqktk-³A qh=klaF³P §kt_V_�®=¦©`-uW]�®° 
 §h°k©²�®j`-a¹ §®°s ë ®°ft §®=`* §dg]�a=¦&dga�b=kta=¦qd« µ£�b=®=oqdga=·~ qh=kvªWklo¡dV];be]-¢SdVa ë `/ §dV]-a� qhj`* G·�`T¤-k©o¡dV¦qk� §]
_H`*oq·�k+¦qf�`*_Vk&¦× §o¡®=ft q®=oqk¶`-a°b�·¹`-_H`6Ô<£¨¢¯]�o¡s±`/ §dV]-a>ºSc�k�`-¦¡®=oqkts~kta� q¦^]-¢I §h=k&ªZ]TÖ¼klo¬¦qªWklfÙ §o¡®=sð]-¢
 §h°k�m¬c�»�`*  ñ a=k¶`*a=·�®=_V`-on¦¡f�`-_gkl¦¬hj`�¤�kG qh=kÈª=o¡]�s~dg¦qk+]-¢3ª=oq]T¤;dVb=dga=·v¦¡kloqdg]�®=¦¬ft]�a=¦¡ qo§`-dga¹ §¦¬]�a
 §h°k¶¤*`-_g®=kl¦¬]*¢��¿Ìt³H' $ `-a=b�'+*>º

¾&aà`-a=dg¦q]- qoq]�ª¹£,]-¢ á ã�xSs���dVa� qh=k[m¬c�»ÒÖn`-¦�b=dV¦¡fl]T¤�ktoqktb dga�ã*SYR�K�®=¦qdga=·.uj`-_g_V];]�a
ë dg·�h¹ §¦*¦ÍMUP_§>`-a=b�fl]-a ñ oqs¥klb�®=¦¡dVa=·¨Ä¬Ú×wv`-dgoqfto§`*¢5 *¦ MYK,§�º�Ó¬h°dV¦¬fl]-®=_Vb�uWkÈkÙÔ<ª=_V`-dVa=ktb�u¹£� §h=kG¢Û`*ft 
 §h=`* GÖ¼k¨`-oqkØs¥]T¤<dga=·±Ö^d« §hM`�ªWklfl®°_VdH`*o+¤�kt_V];fld« µ£�]-¢¼`-uW]�®° åK�x�xSp�s�â/¦&Ö^dg qh!oqkt¦qªWklft ¶ q]� §h=k
oqkt¦¡ ^¢¯o§`*s~kÈ]-¢3 §h°k�u°dV·¨uj`-a=·°º

�µa¨ã*S\L\Sn qh=k(mn]�¦qs¥dVf�cedVftoq]TÖ­`�¤-kn»­`*fip;·-oq]�®=a°b©éAÔ<ª=_V]-oqklo ½ m¬ÀÈ»­é(¿>¦§`* qkl_V_gdg qkPÖn`-¦I_H`-®°a=fih=klb
`-a=bM¦¡®=flftklklb°klb"dga
s~kl`-¦q®°oqdVa°·± §h=kØ®°a=dg¢¯]�o¡s~d« µ£�]-¢� §h=k¥m¬c�»� q]�]�a=kØªj`-o× ÈdVa.ã�x K ¦ÍMUR_§�º´¾­ 
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 §h°k©_Vdgs~d« ¬]-¢P §h=k©`-a=·�®=_V`-o^oqkt¦q]�_g®° §dg]�ae]*¢(m¬ÀÈ»­é¬³!R¨b=kl·�o¡klkt¦ ½ `-uW]�®° ´ãJM¥ §dVs¥kl¦^_V`-oq·�kto¬ §hj`-a
 §h°k�s¥];]�a9¿Ù³; §h=ktoqk´`-oqk ë ®=ft q®j`* §dg]�a=¦^dVa� qh=k´m¬c�»� qkls¥ªZkto§`* q®=oqk¶]-¢A`-uW]�®° �x°ºêwAs9�¨º

Ó¬h=k�o§`*ª=dVbQdgs~ª°oq]T¤�kts~kta� q¦vdVa� §klfih°a=]�_V]-·-£Q`�¤*`-dg_H`-u=_gk¥ q]!·�o¡]�®=a=b.uj`*¦qklbF³¼`*a=b.uj`-_g_V];]�a
uj`-¦¡klb�kÙÔ<ªWkloqdgs~kta¹ §¦*¦ÍMYLm§>hj`�¤�k¶_V]TÖ¼kloqktb� qh=k¶`-a=·-®=_H`-o¼¦qfl`-_VkÈ]-¢Am¬c�»�s¥k�`-¦¡®=oqkts~kta� q¦¬ §]Ø_Vkt¦q¦
 §h=`-a±hj`*_g¢F`´b=kt·�oqktk ½ ¢¯]�o� §h=k&À^æG\¬À  §kt_Vkl¦¡fl]�ªWkl¦§¿Ùº É kÙ¤�kto§`-_Z`-svu=d« §dg]�®=¦�a=kÙÖ�uj`-_V_g]<]-aØkÙÔ<ªZkto×Ú
dVs¥kla¹ q¦¼ª=_V`-a¨ §]©s~`-ª¥]�®° ¼_H`-o¡·�klo�ªW]�o¡ qdV]�a°¦(]*¢> §h=k�¦qp¹£±`-a=b±`*  ñ a=klon`-a=·�®=_V`-o�¦qfl`-_Vkt¦lº(ce¾O�+Ú
�×ce¾´³� qh=k^¦q®=ftflkt¦q¦q]-on §]È §h°kGce¾O�àª=oq]�·-o§`-sÃh=`-¦¼ft]�s¥ª=_VkÙ §klb ½ dVa�ã*S\S\S�¿Adg §¦ ñ o¡¦¡  ë dg·�h¹ (Ö^d« §h
kldg·�h¹ G¦¡dVsv®=_« i`-a°kl]�®=¦�ã6w±`*oqfls¥dVaeª=d«Ô<kt_V¦lº&\�ktflkta� ¶b=`* i`¨ i`-p*klaMu¹£e qh=kØ»¬À¶À¶c�é�\�¾c�GÆ�¦ M\S_§
ª=o¡]/î¡klfÙ ©dg¦¶¤-klo×£Mª=oq]�s¥dV¦¡dVa=·°º±ÆÈoq]-®=a=b[uj`-¦qktb.Æ��+ß¨dVa¹ qklo¡¢¯ktoq]�s¥kt qklo�`-o¡o§`�£;¦�¦¡®=fih.`-¦´mn¾�ÓÈ³
m­»n�+`-a=b[r^¾ É �^Ö^dV_g_AuWkØfl]�s¥dVa=·±]�aM_VdVa°k©dVa! qh=kØa=kÕÔ< ¶£-k�`-otºvÓ¬h=kl¦¡k~kÕÔ<ªZktoqdVs¥kla¹ q¦¶`-dVs  §]
fl]-a=¦¡ qo§`-dga± §h=k� §]- §`-_Wb=kla=¦¡dg µ£�'�`-a=b��OÌn §]v`~ãTxY�Ãktoqoq]-o­`-a=b±·�dg¤-k&¦qdg·�a=d ñ f�`-a¹ ndVa°¢¯]�o¡s±`/ §dV]-a
]�a� §h=k�¦¡klfl]-a=b�rG]�ª°ª=_VktoØªZkl`-pB¦ MYL_§�º�Ó¬h=kt¦qk�kÙÔ<ªZktoqdgs~kta� q¦±`*oqk�`-_g_­o§`-ftdVa=·
 q][kÕÔ°`-s~dga=k�`-¦
sv®=fih
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 §h°k� qklfih=a°]�_V]�·*£QdVa¹¤-]�_g¤-kl¦¨s~kl`-¦q®°oqkls¥kla¹ ¨]-¢+¦qftdVa¹ §dg_V_V`* §dg]�a�_gdV·�h¹ Ødga._H`-o¡·�k�fto¡£;¦¡ §`-_V¦¨]-¢¿�&`*�
`* ^_gdV²�®=dVb�a°dg §o¡]�·�kta� §kls¥ªWklo§`/ §®=o¡k-º(Ä+a=_gdVp*kG §h=k�r^¾Èce¾÷kÙÔ<ªWklo¡dVs¥kla¹ �³jÄ¿�¶r¶c ª°_H`-ftkl¦^s~]-oqk
kls¥ª=hj`*¦qdV¦�]�a¨ §h°k�b°dV¦qftoqdgs~dgaj`* §dg]�a©fl`-ªj`-u°dV_Vd« µ£v]-¢ �&`*�iº�»¼£Øfl]-s~ªj`*oqdVa°·¶ qh=k�`-oqo¡dg¤*`-_° qdVs¥k­b=dg¦×Ú
 §o¡dVu=®< §dV]-a!]-¢¼_VdV·-h� &ª=®=_g¦qkl¦�Ä¿��r¶cÞh=`T¤-k~_g]TÖnktoqklb
 qh=kldgoÈktÁZklft qdg¤-k¥u=`-fip�·�oq]�®°a=b�u¹£e¢Û`-ft q]�oq¦
]-¢¼ãTx/Ú�M¹xvdVa� §h°k�M/Ú×w\PAp*ktæ o§`-a°·�kY¦ K°ã�§�º

¾&a
`*a=a�®j`-_V_«£�s¥]<b=®°_H`* qklb�¦qdV·-aj`-_DdVa� §h=k´a�®=fl_gk�`-o�oqktfl]�dg_3¦¡ªZktft qoq®=s
hj`-¦�uZktkla!]-u=¦qkto¡¤�ktb
u¹£�Äc�¶r¶cv¦ K¹w,§�³jh=]TÖ¼kt¤�kto& §h°kt£�b=]¨a=]- �ft_H`-dgsðªW]�¦qd« §dg¤-kGÂ��×c�¸�dVb°kla¹ §d ñ f�`* qdV]�aFº�Ó¬h=k´_gdVp*kl_g£
f�`*®=¦qkv]*¢� §h=kv¦¡dV·�a=`-_DdV¦+ qh=]�®=·-h� & §]�uWk©¦¡®=o¡¢Û`-ftkØ`-_gª=hj`±ft]�a¹ i`-s¥dVaj`/ §dV]-a�s¥];b=®=_H`/ §klbeu¹£�h�®<Ú
s¥dVb=d« µ£±]�o­ qkls¥ªZkto§`* q®=oqkÈÖ^d« §h=dga� §h=k¶s¥dVa=k*º
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óAdg·�®=oqk�ã�ºjR<ÊS¾ b=dH`-·-o§`-sÜ]-¢> qh=kGa=kÙÖàh�£;u=o¡dVb�¦¡fldVa¹ qdV_V_V`* §dg]�a<Ú�ª=h=]�a=]-aØb=kt qklft q]�o­b=kÙ¤�kt_V]�ªWklb�u¹£
 §h°kvm­\�é É=É Ó�ft]�_V_V`-uZ]-o§`* qdV]�a>º(ÀGa� §h=k�oqdg·�h¹ ^dV¦�`¨ª=_V]- �]-¢P_Vdg·�h¹ ¬¤;¦lº­h=kl`* ^¢¯]�o^kl_gklft qoq]�ae`-a=b
a�®=fl_gk�`-o^o¡klfl]-dV_V¦tº�ójoq]�sð`-¦¡ qoq]*Ú�ª=h9â�S�S�x�M¹x�x\P
k Ñ%a S
SP�
�IdVp*k! §h=kMr^¾Èce¾ kÕÔ<ªZktoqdVs¥kla¹ l³Èm­\�é É°É Ó dg¦�_V];f�`* qklb�`* ± §h=k
®=a°b=klo¡·�oq]�®°a=b _V`-uW]�o§`* q]�o¡£
dVa.Æ¶oq`-a É `-¦¡¦q]=º��Idgp-k± qh=k�m­r¶c É kÙÔ<ªWklo¡dVs¥kla¹ vd« vdV¦©`* q qkls¥ª° §dga=·e q]! i`-p*k�`-b°¤*`-a¹ §`-·�k�]-¢
 §h°k�_V]TÖÜ §h=o¡kl¦¡h=]�_Vb�`*a=b.uj`-fip�·�o¡]�®=a=b�oqkµî¡klfÙ §dV]-a.]-¢�flo¡£-]�·�kta=dVf�b°kt §ktft q]�oq¦Ø §]�dVs¥ª=oq]T¤�k~ §h=k
_Vdgs~d« §¦~]-¢©Â��×c�¸Ò¦¡kla=¦¡dg qdg¤;dg µ£-º Ó¬h=dg¦�·�oq]�®°ª hj`*¦�ft]�a=ftkla¹ §oq`* §ktb�]�a `� µ£;ªWk�]-¢©b=kt qklfÙ §]�o
p�a=]TÖ^aQ`-¦G qh=k É ¸�Ó ½ É ®=ªZktoqft]�a=b=®=fÙ §dga=·�¸�hj`*¦qk¨ÓPoq`-a=¦¡dg §dg]�a9¿+ qh=klo¡s~]�s¥kt qklotºv�� �dV¦È¦qdgs~dg_H`-o
 §]. qh=k ô é�Ó�ª=h=]�a=]-a b=kÙ §ktft §]-oq¦�dVa� §h=`* �dg �� ¦�`-fÙ §d«¤�kMfl]�s¥ªW]�a=kla¹ �dg¦�`�¦¡s±`*_V_+ q®=a=·�¦× §kta
¦q®°ªZktoqfl]-a=b=®=fÙ §]�ot³Zu=®< &d« +dg¦^]�ªZkto§`* qklb�dVae`¨¤-klo×£eb°dgÁZkloqkta¹ &s¥]<b°k-º(�µa=¦¡ qk�`-b!]*¢A §h°k´kÕÔ< qoqkts~k
¤�]-_g i`*·�k�u=dV`-¦voqkt·�dVs¥k-³S qh=kt£Q]�ªZkto§`* qk� §h=k� qo§`-a°¦qdg qdV]�a"klb=·�k� qh=klo¡s~]-s~kÙ §klo©dVa�`!oqkt·�dVs¥k�]-¢
`-_gs~]�¦× na°kl®° qo§`-_Zu=dH`-¦tºSÓ¬h=kÈb=kÙ¤;dVflk*³° §] ñ oq¦× ¬]�oqb°klol³°a=kld« §h=kto­`-b=b°¦­a=]�o­¦¡®=u° qo§`-fÙ §¦¬h=kl`* ­¢¯oq]-s
 §h°kÈ¦q®=u=¦× §oq`* §k*³9`-a=b�`-ft²;®°dVoqkt¦^`© §dgs~k+fl]�a=¦× i`-a¹ ^¤�kto¡£±fl_V]-¦qkG §]v qh=kÈdVa¹ qoqdVa°¦qdVf� §dgs~k+fl]�a=¦× i`-a¹ 
]-¢D §h°kÈ`-u=¦¡]�oquWklotº�Ó¬h=dV¦­h=`-¦­ §h=kG`-b°¤*`-a¹ i`-·-kG]-¢3·¹`-dga=dVa=·�¤�kto¡£�·-]<];b�kla°kloq·*£�oqkt¦q]�_g®° §dg]�a>³;u=®° 
·�d«¤�kl¦¶®=ª
 qh=k¨ªZ]�¦¡dg qdV]�a
¦¡kla=¦¡dg §d«¤;dg µ£!]*¢¼ qh=k ô é�Óå� ¦lº¨Ó¬h=k¨ª=o¡klfldg¦qkØ §oq`-a=¦¡dg §dg]�a! §kts~ªWkloq`* §®°oqk
`-_g¦q].uWklfl]-s~kt¦�`-a�dV¦q¦¡®=k!Ö^h=kta ]�ªWkloq`* §dga=·._H`*oq·�k!a�®=s©uZktoq¦�]-¢¶ §h=kt¦qkMb=kÙ §klfÙ §]�o¡¦�`* �]�a=ftk-º
Ó3]!]T¤�klo¡fl]�s¥k± qh=dV¦�ª=oq]-u=_Vktse³3 §h=k�ce®=a=dgfih)Æ¶o¡]�®=ª"h=`-¦©b=kÙ¤�kt_V]�ªWklb�`-aQ`-_g qkloqa=`* §k¨¢¯]�oqs�]-¢
 §kts~ªWkloq`* §®°oqk~¢¯ktklb=u=`-fip"®=¦¡dVa=·!`� §h°dVaQ·�]-_Vb ñ _Vs h=kl`* §ktovª=_H`*flklb�¤�klo×£Qa=kl`-o´ qh=k~ q®=a=·�¦× §kta
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É ¸�ÓÈºAÓ¬h°dV¦v_gk�`-b=¦� §]
`e¦qdV·-a=d ñ fl`-a¹ vdga=flo¡k�`-¦¡k�dVa�¦qªWklklbF³(_gkl¦¡¦v¦q®=¦¡flktª° §dgu=dV_gdg µ£
 §]e¤-`*oqdH`/ §dV]-a=¦
dVa� §oq`-a=¦¡dg §dg]�a� §kts~ªWkloq`* §®°oqk-³W`-a°b�¦qdg·�a=d ñ f�`-a¹ ¿�-]�h°a=¦¡ q]�a�a=]-dV¦qk¶¦¡®=ª=ª=o¡kl¦q¦¡dV]�a!`-¦+dg¦¬¢¯]�®=a=b�dVa
 §h°k�kl_Vktft qoq]- qh=klo¡s±`-_�¢¯klktb=uj`-fip"¦¡£;¦¡ qkls¥¦lº"�µa�`*b=b=dg qdV]�a� §]! §h°dV¦v`*b°¤*`-a=flkts~kta¹ �³¼`�oqktflkla¹ q_g£
b=kÙ¤�kl_g]�ªWklb�b=dg¦qflo¡dVs¥dVaj`/ §dV]-a)¦¡fih=kls¥k!¦¡h=]TÖ^¦�kla=]�o¡s~]-®=¦±ª=o¡]�s¥dV¦qk*º�»(£�®=¦¡dVa=·� µÖn] É ¸�Óå� ¦l³
]�a=k+ª=_H`*flklb~]�a�`�flo¡£;¦× i`-_Z]-¢3m­`*Â�À ì ¦qftdVa¹ §dg_V_H`/ §]�ot³¹`-a=b�]-a=k&ª=_V`-flktb±]�a�`-a�`-b6îq`-flkta� n¦qdg_VdVft]�a
Ön`*¢¯klot³� §h=kÙ£v`-o¡k¬`-u=_gk¼ q]Gs~kl`-¦q®°oqkn qh=k­¦qdgsv®=_« i`-a=kt]�®=¦Pª=oq];b=®=fÙ §dV]-av]-¢9ª=h=]* §]�a=¦S`-a=bØª=h=]-a=]�a=¦
dVa~ §h=ktdVo­`*u=¦q]�o¡uZktolº�Ó¬h=kÈª°oq];b=®=ft qdV]�a±]-¢Dª=h=]- q]�a=¦¬dg¦n¦qkÙ¤�ktoqkl_«£�b=ktª=oqkt¦q¦¡klb�dga�a�®=fl_gk�`-o¼oqktfl]�dg_V¦
Ö^h=kta[ft]�s¥ªj`-oqktb!Ö^dg qh!kl_gklft qoq]�a
o¡klft]�dV_g¦ ½ ¦¡dVs¥dV_V`-o­ §]± qh=kØfihj`-o¡·�kÙÚ�uj`-¦¡klbMb=dV¦¡flo¡dVs¥dVaj`* qdV]�a�]-¢
m­r¶c É `-a=b�é�dgb=kl_«ÖnktdV¦qk�¿Ù³;`-a=b±`-ª=ªWk�`-o¡¦( q]©`*_V_V]TÖ�`´¦¡klªj`-oq`* §dg]�a¥]-¢F qh=k� µÖ¼]´ µ£;ªWkl¦¼]-¢>kÙ¤�kla¹ q¦
`* ¬ qh=k�S\SY�Ç_VkÙ¤�kl_�º�Ó¬h=k¶s~]-¦¡ ¬ª=o¡]�s¥dV¦qdga=·vª=dgklftkÈ]-¢Adga°¢¯]�o¡s±`* qdV]�a¥dV¦­ qhj`* ¬kt_Vktft §o¡]�a=¦^¦¡ qoqdgp;dga=·
 §h°k�¦q®=o×¢Û`-flk�]-¢^ qh=k�m­`*Â�À ì b°][a°]- Øª=o¡]<b=®°flk�b=ktfloqkl`-¦qktb,¦¡fldga� qdV_g_H`* qdV]�aM_Vdg·�h¹ �º
¾+_g §h°]�®=·�h
 §h°kl¦qkÈdga=dg qdH`-_j qkl¦¡ q¦­Önktoqk¶b=]�a°kG]�a�`Øw<ºNKS·Øflo×£<¦× i`-_FkÙÔ; §oq`-ªZ]-_H`* qdVa=·© q]v §h=k&ªZkto¡¢¯]�o¡s±`-a°flkG]-¢P`
¦qkÙ¤�kto§`-_Dp�dV_g]�·�o§`*s fto¡£;¦¡ §`-_DdV¦¬ªW]�¦q¦¡dVu=_gk-º

a D a o � aæx�SaS
Ó¬h=k&é(rÈé��-Âàé�� É=É kÕÔ°ªWklo¡dVs¥kla¹ ­dg¦¼¦¡kt ndVa~ qh=kæ�D`-uW]�oq`* §]�dgoqk É ]�®< §klo¡o§`-dga~b°kÈce];bj`-a=k+dVa¥ §h=k
ójo\�� î¡®=¦� §®°a=a=kl_WuWkt µÖ¼klkla�ójoq`-a=flk+`-a=b~�� i`-_«£�ºSÓ¬h°k+ §ktfih=a=]�_g]�·-£¨®° qdV_gdVßlktb¨dV¦(¦qdVs¥dV_V`-oP q]Øm­r¶c É
dVa, §hj`* ± §h=kÙ£�kls¥ª=_g]6£)¦¡dVsv®=_« i`-a°kl]�®=¦~b=kt qklfÙ §dV]-a�]-¢�h=k�`* �`-a=b�dV]-a=dVßl`* §dg]�a�`/ �s~dg_V_gdVp-kt_g¤;dVa
 §kts~ªWkloq`* §®°oqkl¦~ §]Qb=dg¦qftoqdVs¥dVa=`* §k�uZkÙ µÖnktkla�·¹`-s¥s~`-¦±`*a=b�a�®=fl_gk�`-o�o¡klft]�dV_g¦lº�Ó¬h°k! §h=ktoqs~`-_
s¥k�`-¦¡®=oqkts~kta� ´dV¦¶s~`-b=kØÖ^dg qhv��Ó^r ½ ��kl®° qoq]�a"ÓPoq`-a=¦qs©®° i`* qdV]�aMb=]-ªZktb9¿È qh=klo¡s~dg¦¡ q]�oq¦�`-a=b
 §h°k~dg]�a=dVßl`* §dg]�a
fl]-a� §`-ft q¦©`*oqk¥dV]�a[dVs¥ª=_H`*a� qklbMª<Ú�d«ÚµaMb=dg]<b°kl¦lº~Ó¬h=k±ª;Úµd«Ú�aMb=dV];b=kl¦�`-_g_V]TÖ  §h=k
`-ª=ª°_VdVfl`* §dg]�a.]-¢È_V`-oq·-k�¤�]�_« i`-·�kt¦±`*floq]-¦q¦¨ §h=keflo¡£;¦× i`-_g¦¥Ö^h=dgfih�¦¡klªj`-oq`* §k� §h=k�a�®=fl_gk�`-o¥oqktfl]�dg_
`-a=b¥uWkt i`È¦¡dV·�aj`*_V¦*¦ K�y,§�ºSÓ3]�bj`* §k¬ qh=kt£Øh=`T¤-k+dga=¦¡ qoq®=s¥kla¹ qklb¥]�a=k¿R-xS·�flo¡£;¦× i`-_=Ö^d« §h~`¶ª°h=]�a=]�a
oqkt¦q]�_g®° §dg]�a¨]-¢�ã�ºêwAp-kÙævº¹Â�dg qh±`¶ §]- §`-_jkÙÔ<ªW]�¦q®°oqk&]*¢Sã�º«ã,RAp�·*Úµb=`T£;¦� §h=kÙ£¥hj`�¤�kG`*fih=dVkÙ¤�klb�`�a�®<Ú
fl_gk�`-onoqklft]�dV_Z®=ª=ªWklo­_gdVs¥dg (]-¢Px°ºNKSp�·�â*p-kÙæ¶â*b=`T£�`* ÏS�xY�Çfl]-a ñ b=kta=flk\¦iK�M\§�º�Ó¬h=dV¦nfl]�_g_H`-uW]�o§`/ §dV]-a
ª=_V`-a=¦^ §]±dga=¦¡ qoq®=s¥kla¹ &`¥¦¡klo¡dVkl¦+]-¢(w-x¥b=kt qklfÙ §]�o¡¦&dVae`~a°ktÖ^_g£�ft]�a=¦¡ qoq®=fÙ §ktb
_V]TÖ�uj`*fip;·-oq]�®=a°b
flo×£�]�¦× i`* �u¹£� §h°k�uWkl·-dVa=a=dga=·Ø]-¢Sw-x�x�x<º
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©�õ�©21 �ß­U®.²�} ¬z®E²�5æ³���u�÷
5�®��¶¬z®E÷>­
Ó¬h=k[·�]¹`-_&]-¢´ qh=kl¦¡k�b°dVoqktft �b=kÙ §klfÙ §dg]�a kÕÔ<ªZktoqdVs¥kla¹ q¦�dg¦� §]�·�].¢¯oq]�s `)uj`*fip;·-oq]�®=a°b oq`* §k
s¥k�`-¦¡®=oqkts~kta� I q]�`-a¶®=ª=ªWkloI_Vdgs~d« F]-a¶ qh=kSÂ��×c�¸AÚµa�®=ft_Vkt]�a´ftoq]�¦¡¦D¦qklfÙ §dg]�aÈÖ^dg §h�`­·�d«¤�kta�s~`-¦¡¦lº
�ÈÖ^dV_g_¼u=o¡dVk ë £"o¡kt¤;dVkÙÖ  qh=k�¢¯]�o¡s±`-_gdV¦¡s dVa¹¤�]-_g¤�ktb�dVa" qh=dV¦vª°oq];flkl¦¡¦v¢¯]�_V_g]TÖ^dVa=·� §h=k�¦× i`-a°bj`-oqb
 §o¡k�`* qs~kta¹ §¦¨]-¢å�IkÙÖ^dVa,`-a=b É s~d« §h>³(`-a°b��-®=a°·�s±`*a¡ n¢�£¥¤ª¦iK\P;³
P�Km§�º�Ó¬h=kl¦¡ke¢¯]�o¡sv®=_gd�³�`-_g]�a=·
Ö^dg qh)`!¦¡ i`/ §dV¦× §dgf�`-_¼s~kÙ §h=];b.b=kt¤-kl_g]�ªZktb,u¹£.]-®=oØ·�oq]-®=ª.Ö^dV_V_(uWk�`-ª=ª=_gdVklb.dga.fihj`-ª° qklo�K! §]
`-fÙ §®j`-_Ib=`* i`°º

Â"kØÖ^dg_V_A¦× i`-o× ¶u¹£M`-¦q¦¡®=s¥dVa=·�`-a�`�¤�kto§`-·�k¨b=kta=¦qd« µ£
]-¢(Â��×c�¸�¦¶dVa
 §h=kØ¦¡]�_H`*oGa=kldg·�h�uZ]-o×Ú
h=];]<b�]-¢ Ü�¦ · x°º y�ÆÈktæGf ä ç§fls ä;å º¼Ó¬h=dV¦^dV¦^` ñ b=®°fldH`*_Ib=kla=¦¡dg µ£�·�kta=kloq`-_V_«£�`-ftflktª° §ktb!u¹£� §h=k
fl]-s~sv®°a=dg µ£±`-a=b�dV¦¬]-a� qh=kÈ_V]TÖ¼klo^kla°b�]*¢Aft®=oqo¡kla¹ �kl¦¡ qdVs~`* §kt¦*¦ K\Km§�º�Ó¬h=dV¦^`*_V_V]TÖ^¦­®°¦^ q]¨fl]�sØÚ
ª=®° qk�`�a�®=svuWklo©b=kla=¦¡dg µ£ ? Ì · §@¨$ª© ]-¢^ªj`-o× §dVft_Vkt¦´ §h=`* ©Ö^dg_V_�dVs¥ª=dVa°·�k~®°ªZ]�a"]�®=ovb=kÙ §ktft §]-olº
Ó¬h=kt¦qk�ª=`-o¡ qdVfl_gkl¦ØÖ^dV_g_¬hj`�¤�keo§`-a=b°]�s c�`/Ô;Ö¼kl_g_VdH`*a)¤-kl_V];fld« §dgkl¦Ø®=ª) §]� qh=k�kl¦qfl`-ªWke¤�kt_V];fld« µ£
½�á K�x�xSp�s¥¦Ùäjíq¿nÖ^dg qh�`Øs¥k�`-a�kl²�®j`-_I q]¥ qh=k¶]�oqu=d« i`-_F¦qªWklklbe]-¢A qh=k�¦q®=ae`-oq]-®=a=be qh=k¶·¹`-_V`/Ô;£
]-¢ Ú Ì · w�w-xSp�s~¦ÕäjíÕº É dga=flk& qh=k&¤-kl_V];fld« §dgkl¦­`*oqkG¦¡]¥·-kla¹ §_gk-³< qh=kGo¡klfl]-dV_Fkta=klo¡·-£±¢¯o¡]�s `´Â��×c�¸
kl_V`-¦¡ qdVfl`-_V_«£e¦¡f�`* ¡ §ktoqdVa°·e]-Á.`-a�kl`-o¡ qh�uW]�®=a°b�a�®=ft_Vkl®°¦´dg¦Èb=kl¦¡floqdguj`-u=_gk¨u�£M¦¡dVs¥ª=_Vk ñ oq¦× ´£-k�`-o
p�dVa=kts±`/ §dVft¦ « m · ï ç Ú ç�i¬ ½ ã Ô ft]�¦H­�¿ ½ ã�ºêw-y¹¿
Ö^h=ktoqk Ú dg¦v §h=k�¤-kl_V];fld« µ£Q]-¢� §h°k�Â��×ce¸ÅÖ^dg qh.oqkl¦¡ªZktft ¥ §]
 §h°k�k�`-o× §h>³(ï�dV¦© qh=k�oqklb°®=flktb
s~`-¦q¦¬]-¢3 §h°kGÂ��×c�¸AÚµa�®=fl_gkl]�a�¦¡£;¦× §kls ½ ï · $ © $�®$a©°¯�$ ® ¿Ù³=`-a=b �i¬ dV¦n qh=k¶s±`*¦q¦¬]-¢D §h°k¶ §`-oq·-kt 
a�®=fl_gkl]�aFºAÂ"k�f�`*a¥¢¯®=o× §h=kto(`-¦q¦¡®=s~k�dV¦¡]- §o¡]�ª=dgf­¦qfl`* q qkloqdga=·�¦q]¶ §hj`* � qh=k^b=dgÁZklo¡kla¹ §dV`-_=o§`/ §k ½ ªWklo
®=a=d« ^oqktfl]�dg_>kla=ktoq·-£°¿¬dV¦ ± º± « m · �i¬w*ï ç ï #{²�³{´# ²�µo¶ ãÚ ç ± º ½ Ú ¿ ½ ã�ºêwmM�¿
Ö^h=ktoqk Ú $a^ � · g $ ® e"·ç2¸º¹ º[Ó¬h°k�\+`/ §k�]-¢^dga¹ §kloq`-ft qdV]�a"dV¦©s¥klo¡kl_«£[ qh=k ë ®<Ô� §dgs~kt¦´ qh=k�flo¡]�¦q¦
¦qktft qdV]�a º¹· ã Ú ä ? Ì»T.Ì · ã Ú ä Ü Ì�½¼ T.Ì ½ ã�ºêw\P�¿
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Â
ÃÅÄ\Æ�ÇO¾cÃ¿È�Éh¾cÁ¤Á
Â�Ã wmM
h=ktoqkÈÖnk´`-¦¡¦q®=s¥k�`~ce`/Ô;Önkt_V_VdV`-a�¢¯]�oqs ¢¯]�oåã Ú ä ¦q]

ã Ú ä · ã
w,» å@c ç Ú åÌ ï Ú � ä # ¹ c # ¹¨ ± Ú å ½ ã�ºêw�K¹¿

É ®=u=¦× §d« §®° qdVa=·Ø¢¯oq]-sÒé�²9º+ã�ºêw�KØdVa¹ q]¨é�²9º�ã�ºêwmMØÖnk¶]�u° §`-dVa
± º± « m · T.Ì Ü Ì

w �½¼ ï ç ï #{²�³{´# ²�µo¶ ãÚ � ä # ¹ c # ¹¨ ± Ú å · T.Ì Ü Ì[ » Ú Ì �½¼ ï ç kÕÔ<ª � Ô
« m �i¬
w*ï ç Ú çÌ � ½ ã�ºêw\R�¿

Ö^h=kta Ú $a`�b dg¦ndVa ñ a=dg qk-ºSÓ¬h°dV¦ndg¦¼ qh=k(î¡®=¦× §d ñ f�`* qdV]�a±¢¯]-o­`-a�kÕÔ<ªZ]�a°kla¹ §dV`-_Fkta=klo¡·-£±b°dV¦¡ qoqdgu=®° §dg]�a
kÙÔ<ªWklfÙ §klbedVa�`*a�£±Â��×c�¸�¦qkl`-oqfih�kÙÔ<ªWklo¡dVs¥kla¹ �³j`*a=b� §h=k¶`*oq·�®=s¥kla¹ ¬¢¯]�o­`-¦¬_V]TÖ `© §h=o¡kl¦¡h=]�_Vb
`-¦^ªW]�¦q¦¡dVu=_gk-ºSÂ�k�fl`-a�Ö^oqd« §kÈ §h=k¶b=d«ÁFktoqkta� qdH`-_Zo§`* qk¶dVa�`Øs~]�o¡kÈ·�kla°klo§`*_>Ö­`�£ ¦NPmK�§± º± « m · T.Ì Ü Ì[ » Ú Ì �½¼ ï ç � ½

« mi¿¿¾ ç ½ « mÕ¿ =>½ « mi¿ ½ ã�ºêw�L¹¿
Ö^h=klo¡k^ÓÈ³�ón³�`-a°b = `-oqk¬b°dVs¥kla=¦¡dV]�a=_gkl¦¡¦A¢¯®=a=fÙ §dV]-a=¦A §h=`* (`-u=¦¡]�oquØ §h°k¬b=kt §`-dV_g¦S]-¢Wp�dVa=kts±`* ×Ú

dVft¦l³¹kÕÔ=`*ft �¢¯]�o¡sÅ]-¢9 qh=k¬flo¡]�¦q¦�¦qktft qdV]�a¨`-¦�`&¢¯®°a=ft qdV]�aØ]-¢Zkla°kloq·*£©¢¯]�o�`G·-dg¤�ktaØ i`-o¡·�kt �s~`* qkloqdV`-_�³
`-a=b[b=kÙ §klfÙ §]�o¶fihj`*o§`-fÙ §klo¡dV¦× §dVft¦lº¨ój]�oÈ¦¡f�`-_V`-oÈdVa¹ §kto§`-fÙ §dg]�a>³>Ö¼k¥®°¦qk¨ §h=kØÂ�]<];b=¦×Ú É `/Ô<]�a
¢¯]�o¡s
¢Û`-fÙ §]�o

¾ ½ « mÕ¿ · y	À í ½ « m Ö�ÁÎ ë ¿« m Ó � Ö;ÁÎ ë kÕÔ°ª � Ô©½
« mpÂ Ö;ÁÎ ë ¿ ç
w � ½ ã�ºêw�S¹¿

Ö^h=ktoqk Ó � á¥½ x°ºNL\S-¾¶ídc�ååÞÅx<ºêy¹¿�¢¯sè`-a=b�¦ á ã>¢¯se³=`-a=b

� ½ « mi¿ · kÙÔ<ª � Ô©½ Ú $
^ �Ú Ì ¿ ç � ½ ã�º y�x¹¿

u=®° ^fl`-a�kla=ft]�s¥ªj`-¦q¦^`*_V_Z qh=kÈb=kÙ i`-dg_V¦­]-¢D¤-kl_V];fld« µ£±ªWk�`*p;¦t³9`-a=b�·¹`-_V`-ft qdVf+kl¦qfl`-ªWk¶¤-kl_g]<ftdg µ£~fl®° 
]-ÁZ¦¨`-a=b�s¥]<b=®°_H`* qdV]�a�ktÁZklft q¦lºQ�� ¨dg¦© §h°kla.Ö^dg qh)kt²�®j`* §dg]�a�ã�ºêw�L! §hj`/ vÖnk� qo§`-a=¦×¢¯]�oqsÞ`-a¹£
s¥k�`-¦¡®=oqktbeb=d«ÁFktoqkta� qdH`-_Fo§`* qkÈdVa� §h=k¶_V`-u� §]¥`Ø_VdVs¥dg ¼]�a� §h=k¶ftoq]�¦¡¦�¦¡klfÙ §dV]-a>³�T.Ì�º
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���*� Æ�Ç� ��� �� � �8�ÉÈ�¢����tÊ �å�%�
Ó¬h=kØdgb=k�`�]-¢(®° qdV_gdVßldga=·¨ §h=kØ`/ §h=ktoqs~`-_Aª=h°]�a=]�a=¦È·-kla=kto§`* qklbMdVa
`�_g]TÖ  qkls¥ªZkto§`* q®=oqk©flo¡£;¦× i`-_
`-¦Ø`eªj`-o¡ qdVft_Vk¥b=kt qklft q]�ovdg¦©a=]- Ø`�a=ktÖ ]�a°k-º ¦iKYR°³
K\L°³
K\S°³zR-xm§¼Ó¬h=k�kt¦q¦qkta¹ §dH`*_­`-b°¤*`-a¹ §`-·�k�]-¢
 §h°kl¦qkØb°kt §ktft q]�oq¦¶dV¦� §hj`/ G §h=kØ²�®j`*a� §`�]-¢(kla=ktoq·-£�uZktdVa=·�·-kla=kto§`* qklb ½  qh=kØª=h=]-a=]�a9¿+dg¦Gsv®=fih
¦qs~`-_g_Vklo^ §h=`-a
 §hj`* G]-¢(¦qfldga¹ §dV_g_H`* qdV]�a�]�o&dV]�a=dgß�`* qdV]�aes~ktb=dH`/ §klb
b°kt §ktft q]�oq¦tº©Ó¬h=kv µ£;ª=dgf�`-_Pkla<Ú
klo¡·-£M §]efloqkl`* §k±`e¦¡fldVa¹ qdV_V_V`* §dg]�a
ª=h=]* §]�a�dV¦ á ãTx�x*ktæv³D §]eflo¡k�`* qk�`-aQkt_Vktft §o¡]�a<Ú�h=]�_Vk¨ªj`*dVo¶dVa
`e¦¡kls¥dVft]�a=b=®=fÙ §]�o�dV¦ á ySkÙæv³3Ö^h=klo¡k�`-¦vª°h=]�a=]�a°¦v`-o¡k±sv®=fih�_V]TÖ¼klo©kta=klo¡·-£ á ãIs¥ktæ©ºPÓ¬h=k
oqkt¦q]�_g®° §dg]�a[_VdVs¥dg + §hj`/ v`-o¡dV¦¡kl¦�dVa[dV]�a=dgß�`* qdV]�a
b°kt §ktft q]�oq¦´]-¢JT ä [ ¾ÌË dg¦� qh=klo¡kt¢¯]�o�a=]- ©`-a
dV¦¡¦q®=k*º��µa±fihj`*ª° §kto¤R¶Ö¼k+Ö^dg_V_jb=dg¦qft®=¦q¦n` ñ o¡¦¡ ­`* q qkls¥ª° � §]©ftoqkl`* §k&`�b=dg¦qftoqdVs¥dVa=`* §dga=·Èb=kt qklfÙ §]�o
 §h=`* ^b=];kl¦^a=]- �oqkt_g£±]�a� qh=k¶s~kl`-¦q®°oqkls¥kla¹ �]-¢Pkl_gklft qoq]�a;Úµh=]�_gkGªj`-dgoq¦tº

õ�©ª¨
©ª¨ ÍA´æ¯Î5æ¯Î5æ­G²�5Ï74µ	:O­7®I¬69Õ­
¸�h=]�a=]-a=¦�`-oqkv q]�¤;dgu=o§`* qdV]�a°¦GdVa[`�_H`* ¡ §dgflk´Ö^h=`* �ª=h=]- q]�a=¦¶`-o¡k¨ q]�kl_gklft qoq]�s~`-·�a°kt §dgfvb=dg¦¡ §®°o×Ú
uj`-a°flkl¦�dga¨`&¤-`*fl®=®=s�ºAÓ¬h°kt£¥`-o¡k­s~ktoqkt_g£� §h=k¬ªj`*o¡ §dgfl_gk­s±`*a=dg¢¯kt¦¡ i`/ §dV]-a©]-¢Wfl]-a� qdVa�®=®=sý`-fl]-®=¦×Ú
 §dgfvª=h=kta=]�s¥kla=]-a>³I]�oÈb=ktªZkta=b=dVa°·�]�a
£�]�®=oÈª°h=dV_g]�¦q]�ª°h�£-³> §h=kÙ£
`-o¡kv §h=kØkÕÔ<fihj`-a=·�k¨ªj`*o¡ §dgfl_gkl¦

w\P
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]-¢Dh=kl`* n qhj`* ns±`-a°dg¢¯kl¦× � §h=kts~¦¡kl_g¤-kl¦^`-¦¼u=®=_gp¨Ön`�¤�kt¦lº(¾�ª=h=]-a=]�a�fl`-a�uWkGoqktª=oqkt¦qkla¹ qklb�u¹£±d« §¦
Ön`T¤-k©¤�ktft q]�o&p9³Z`¥¢¯oqkt²�®=kla=fÙ£�Ö�³W`-a=b�`~ªW]�_H`*oqdVßl`* §dg]�ai×lº¬Ó¬h=k´ªZ]-_H`-o¡dVß�`/ §dV]-a�¤�klfÙ §]�o&b=dg¤;dVb°kl¦
ª=h=]-a=]�a=¦�dVa¹ q]G §h=o¡klk¬ µ£;ªZkt¦lÊS_g]�a=·�d« §®=b=dgaj`-_ ½ �3¿nØ*¢Û`-¦¡ � qo§`-a=¦×¤�ktoq¦qk ½ óAÓ�¿pØ¹`-a=b¨¦¡_V]TÖ, qo§`-a°¦¡¤�ktoq¦¡k
½ É Ó�¿ÙºAÓ¬h°k± §h=ktoqs~`-_¼`T¤-kloq`-·�k�a�®=svuWklov]*¢^ª=h=]�a=]-a=¦vdVa"`�·�d«¤�kla.s¥];b=k±]-¢¬¢¯o¡kl²�®=kta=ft£0Ö dV¦
·�d«¤�kla�u¹£� §h°k´»¼]�¦qkÕÚõé�dVa=¦× §ktdVa�b=dV¦× §oqdgu=®° qdV]�a>Ê

Á? · ã�ºÙ � ½NÚÛÝÜÞ¿ß�à ¿ Ô ã ½ w<º«ã6¿

Ö^h=ktoqk© qkls¥ªZkto§`* q®=oqk´dV¦^ §h=kvftoqd« §dVfl`-_Iªj`-oq`-s¥kt §kto+ q]±b=kÙ §klo¡s~dga=k©uW]- qh� §h=k´ªZkl`-p�]-¢� §h°k©b=dg¦×Ú
 §o¡dVu=®< §dV]-a ½ `*  ÁÎ"Ö · w"�NL ¸CB �G¿¬`-a°b� qh=kÈ §]- §`-_>kla°kloq·*£�º(¾­ Gy�xSs9�÷ª=h=]�a=]-a=¦&`/ ¬ §h=k�ªZkl`-p�]-¢
 §h°k´¸�_V`-a=fip�b=dg¦¡ qoqdVu°®° §dg]�a�hj`�¤�k�`-a�kla=ktoq·-£�]-¢�R;ºQP*ïFktævºjÓ¬h�®=¦t³W`* ¬ §h=kt¦qk¶ §kts~ªWkloq`* §®=o¡kl¦t³= §h=k
]�a=_«£�b=kÙ §ktft i`*u=_Vk¶ª=h=]-a=]�a=¦�`-o¡k¶ qh=]�¦¡k¶ qhj`* +`-o¡kÈkÙÔ; §o¡kls¥kl_g£�]�®° ^]-¢Akl²�®=dV_gdVu=o¡dV®=s�º

Â�h=kla�`[ª=`-o¡ qdVfl_gk�dVa¹ §kto§`-fÙ §dg]�a�]<ftfl®=o¡¦~dga�`M_V]TÖ  §kls¥ªWklo§`/ §®=o¡kefto¡£;¦¡ §`-_�³(ª=h=]�a°]�a=¦~`-oqk
·�kta=kloq`* §ktb�`* (]�o�a=kl`-o� §h=k�rGklu¹£-k&kla°kloq·*£ ½ ãTy°ºiM�ÓÏ�+ß�dVa É dH¿ÙºPÓ¬h=kl¦¡k&ª=h=]-a=]�a=¦� §h=kta±²�®=dgfip;_«£
b=ktf�`�£¨u¹£Ø¦qª=_gdg ¡ §dVa°·GdVa¹ §]G µÖ¼]�ª=h=]�a=]-a=¦�]-¢F_gkl¦¡¦qklo�kta=klo¡·-£ ½ ¢¯]-oS_V]�a°·�dg q®=b=dVa=`-_<ª°h=]�a=]�a°¦i¿ÙºAÓ¬h=dV¦
ª=o¡]<ftkl¦q¦�hj`-¦�`Øo§`/ §kÈ §hj`/ ^b=klªWkla=b°¦+h=dg·�h=_«£±]�a�¢¯oqkt²�®=kla=fÙ£ ¦NR<ã*§D`*a=befl`-a�uZkÈÖ^oqd« q qkla�`-¦lÊ

á M · á M äjí à	â�ã ã��ä
�åæ K ½ w<ºêw�¿
Ö^h=ktoqk á M äjí à�â ã dV¦¨b=klªWkla°bj`-a¹ ±]-a) qh=keª°h=]�a=]�a)s¥]<b=k�`-a°b) qh=k�¢¯o¡kl²�®=kta=ft£-º�ój]�oØ¦qdg_VdVft]�a
ª=h=]-a=]�a=¦~b=klfl`T£�Ö^d« §h,`-a�`�¤�kto§`-·-k á M äjí à	â ã á L<ºjK-ïPÂ¹º�Ó¬h=k�ª=o¡]�uj`-u°dV_Vd« µ£Qb=dg¦¡ qoqdVu°®° §dg]�a�dV¦
·�]T¤�ktoqa=ktb!`-ª°ª=oq]�Ô<dVs~`* §kt_g£~u¹£

ç % « çè ½ « ^ Ô « è ¿ ç ½ w<º y¹¿
Ö^h=ktoqk

« ^ dg¦n §h=k¶kta=klo¡·-£�]-¢3 §h=kÈdga=dg qdH`-_Wª=h=]-a=]�a�`-a=b « è dV¦¼ §h=k¶kla°kloq·*£�]-¢P]�a=kÈ]-¢3 §h=k ñ aj`-_
ª=h=]-a=]�a=¦tº

Ó¬h=kÈb=]�s¥dVa=`-a¹ n¦¡f�`* ¡ §klo¡dVa=·©s~ktfihj`-a=dg¦qsÜ]-¢3`-a¹£~s~kl`-¦q®=oq`-u=_gk&ª=h=]-a=]�a�dga�`©flo×£;¦¡ i`*_F¦q®°fih
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óAdg·�®=oqk±w<º«ã�Ê¨¾ðª=_g]- ´]-¢^ª=h=]�a°]�a.s~kl`-a"¢¯o¡klk±ª=`* §hQ¤-kloq¦¡®=¦Øª=h=]-a=]�aQ¢¯oqkt²�®=kla=fÙ£"¢¯]�o É dV_gdVft]�a
`-a=bQÆ¶ktoqs~`-a=dg®=seº¨æ�klo× §dgf�`-_�_Vdga=k¨dV¦È §h°k�w A�é j�kta=klo¡·-£M §h=o¡kl¦qh°]�_Vb>º%�+]�o¡dVßl]-a� §`-_�_Vdga=kØdV¦´`* 
ãIs¥seºSÓP`-p*klae¢¯o¡]�s Â�]�_«¢¯k�¦NR�w,§
`-¦�¦qdg_Vdgfl]�aØdg¦�kl_H`*¦¡ §dgf­dV¦¡]- §]-ªZk¬¦¡f�`* ¡ §klo¡dVa=·°ºSÓ¬h=k�dV¦q]* §]�ª=dgf¬`-u=®°a=bj`-a=ftk+]*¢Faj`/ §®=oq`-_V_«£©];flft®=oqo¡dVa=·
¦qdg_Vdgfl]�a�dg¦ÏS¹w<ºêw\� ç G É d�³EM=ºjR\� ç{D É d�³j`-a=bey°º«ã,� å�� É d�º¼Ä�¦qdga=·¨ªZkto¡ §®°oquj`* qdV]�a� qh=kl]�o×£�³9dg ^fl`-a�uZk
¦qh°]6Ö^a4¦NR-y�§I qhj`* 

áºê % x ^ ½ ã Ô �½^Á� ¿ ç Ö ä�ì ½ w<ºiM�¿
Ö^h=ktoqk<x ^ dV¦S §h°k�¢¯oq`-ft qdV]�a¨]-¢W §h=k�b=]�s¥dVa=`-a¹ �dV¦q]* §]�ªWk^`-a=b �½^ dg¦�dg q¦(s~`-¦¡¦lºSÓ¬h=dg¦�_Vk�`*b=¦� §]¶ §h=k
¤*`-_V®°kÈ]-¢ á�ê äjí à�â ã · x°ºNM°ã�ï(ÂU¦NR;ã(§>¢¯]�o É d�º�Ó¬h=k�ª=oq]�u=`-u=dV_gdg µ£¥b=dg¦¡ §o¡dVu=®< §dV]-a�¢¯]�o¬ §h=dg¦¬ª=oq];flkt¦q¦�dV¦
Ö¼kldV·-h� qklb�u¹£~ qh=kGªW]�_H`*oqdVßl`* §dg]�a¨¤�klfÙ §]�o¡¦l³H× í `*a=bi× ç ³=]-¢I qh=kGdga=dg qdH`-_9`-a°b ñ aj`-_Zª=h=]�a=]-a=¦¬`-a=b
 §h°k�ª°hj`-¦qk¶¤�kt_V];fld« µ£�� I ]-¢3 §h°k ñ aj`-_Iª=h=]-a=]�a>³
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ç % ½ × íªë × ç ¿ ç� åI ½ w<ºjP�¿
�+]* §kn qhj`* A qh=k­ª=h=`-¦qkn¤-kl_g]<ftdg §dgkl¦A`-oqk¼b=dgÁZklo¡kla¹ S¢¯]�o3 §h=k­b°dgÁZkloqkta¹ �s~];b=kt¦ ½ � á S $a$¸ î ³¹óAÓ�`-a=b
É Ó á P<ºjS $a$¸ î `-a=b´b=klªWkla=b°¦S]�a´ qh=knfto¡£;¦¡ §`-_<`/Ô<dV¦i¿ÕºPÓ¬h°knfl]-svu=dVa=`* §dg]�a¶]-¢jdV¦¡]- §]-ª=dVf�¦qfl`* q qklo¡dVa=·
`-a=b´`-a=h=`-oqs¥]�a=dgf�b=klfl`T£�_gk�`-b=¦I q]�Ö^hj`/ Adg¦3p�a=]TÖ^aØ`*¦D qh=k(²;®=`-¦qdgb=dgÁZ®=¦qdg]�a¶]-¢=ª°h=]�a=]�a°¦l³*Ö^h°kloqk
ª=h=]-a=]�a=¦¶Ö^dV_g_S®=a=b=ktoq·�]eb=dgÁZ®=¦¡dV]�a
 §h°oq]�®=·-h"dV¦¡]- §]-ª=dVfØ¦¡f�`* ¡ §klo¡dVa=·� §h°kla"b°klf�`�£-º�¾�ã-ºQP�ÓÏ�+ß
ª=h=]-a=]�a>³W¢¯]�o&kÕÔ=`*s~ª=_gk-³9Ö^dV_g_3h=`T¤-k¨`±_Vd«¢¯kt qdVs¥kÈ]-¢ á ã�º«ãIï>¦È`*a=b�Ö^dV_g_D¦qf�`/ q §ktoG]�a
`�¤-klo§`*·�k�ãJM
 §dgs~kt¦¬b=dgÁZ®=¦¡dVa=·¨`Øb=dg¦¡ i`*a=flk¶]-¢¼ãIs~s�º

�� nfl`-a¥uZk�¦qh=]TÖ^a¥ §hj`* � qh=k+ª°h=]�a=]�a°¦( qhj`* (oqkl`-fih~ qh=k+¦¡®=o¡¢Û`*flk�]-¢I`¶s±`*floq]-¦qfl]-ª=dVf¬¦q`-s~ª°_Vk
½ `-¦¨]�®=o�ã�ftsÞ §h=dgfip.b=kt qklfÙ §]�o±¿© §kla°b) q][ q]6Ön`-o¡b�`�� uW]- ¡ §_Vkta=klfip[��¢¯oqkt²�®=kla=fÙ£ ¦NRmMY§ æ B ¬ ]-¢
`-uW]�®° ´ã�ºNKSÓÏ�+ß-º+�µa
`-b=b°dg §dg]�a>³j §h°k©s¥k�`-a� §dVs¥k�]-¢�`-o¡oqdg¤*`-_I]*¢� §h=kt¦qkvª=h°]�a=]�a=¦+dV¦+oq]�®=·-h=_g£�y
 §dgs~kt¦­ §h=k¶uj`*_V_Vdg¦¡ qdVf^ §dVs¥k ½   �õ¿Ùº

Ó¬h=kMª=h=]�a°]�a=¦�·�kta=kloq`* §ktb�¢¯o¡]�s dVa=d« §dH`*_�ª=`-o¡ qdVfl_gk�dga� qkloq`-ft qdV]�a=¦�`-oqk� qh�®=¦�o§`* qh=klo�h°dV·�h
¢¯oqkt²�®=kla=fÙ£ ½�á ÓÏ�+ß�¿�`*a=b�o§`* qh=klo�b°dgÁZ®=¦qd«¤�k-º ¾&¦�b°dV¦qft®=¦q¦¡klbà_H`* qklo~dVa�¦qktft qdV]�aàw<º«ã�ºêw"]�a=_«£
ª=h=]-a=]�a=¦�`*uZ]T¤�kn`-avkta=klo¡·-£©]*¢Ww A�é j�]�o�×)ã6w-x�Æ��+ß¼f�`-a©uZk¼¦qklktaØdVa´]�®=oAb°kt §ktft q]�olºS�� A¦qh=]-®=_Vb
uWk�a=]- §ktb) qhj`* Ø qh=dV¦Øo¡klª=o¡kl¦qkta¹ §¦�`*ª=ª=oq]�Ô<dVs~`* qkl_g£ASYP\��]-¢� §h=k�b=dg¦¡ qoqdVu°®° §dg]�a>º"Ó¬h°dV¦Ø_Vkl`�¤�kl¦
s~`-a¹£~ª°h=]�a=]�a°¦¼ §h=`* ¬`-o¡kG`-uW]T¤�k� §h=kGdga¹ §oqdga=¦qdgf¬ §h=o¡kl¦qh°]�_Vb�]*¢> §h=k&b=kt qklft q]�ol³<u=®° ¼£�kt l³°b=®°k& §]
 §h°k´kÕÔ< qoqkts~k�¢¯oqkl²�®=kta=ft£�b=ktªZkta=b=kta=flkØ]-¢P §h=k�¦qfl`* q qklo¡dVa=·~_Vkla°·- §h>³= qo§`�¤�kt_Pu=`-_V_gdV¦¡ qdVfl`-_V_«£�ºSÓ¬h=k
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¦q]-s~kvÖn`�£M]-¢nfih=`-a=a=kt_VdVa°·� qh=dV¦¶kta=klo¡·-£
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u¹£~ §`-p�dVa=·v`-b°¤*`-a¹ i`-·-k&]-¢3`´ qklfih=a°dV²�®=kGfl`-_V_gklb±²�®j`*¦qdVª=`-o¡ qdVfl_gk� qo§`-ª°ª=dVa=·´]�oqdg·�dVa=`-_V_«£vª=o¡]�ªZ]-¦qklb
u¹£�»¼]<]- qh>¦iR�L_§+dVa ã*S\LYR<ºà¸�h=]�a°]�a=¦�kta� qklo± qh=k�_V`-oq·-k ½�á ã�s¥s±¿¨`*_V®=s¥dVa�®=s ft]�_V_gklfÙ §]�o ñ a=¦
`-a=b
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ª=h=]-a=]�a=¦tº�Ó¬h°kØ²;®=`-¦qdgªj`-o¡ qdVft_Vkl¦� §h=kta
b=dgÁZ®=¦¡kv®=a¹ §dg_P §h°kt£eoqk�`*fih�`�o¡kl·�dg]�a�]*¢( qh=k ñ a!Ö^h°kloqk
`�oqktb=®=ftklb[·¹`-ªMhj`-¦GuWklkta�ftoqkl`* §ktb>º´Â�h=kta
 §h=kØ²�®j`-¦¡dVªj`*o¡ §dgfl_gkvoqkl`-fih=kl¦È qh=dV¦Go¡kl·�dg]�a
dg &f�`-a
dVa°kl_H`*¦¡ §dgf�`-_g_g£±¦qf�`/ q §ktol³ ½ kld« §h=kto&]-Á"`-a=]- qh=klo+²�®j`-¦qdgªj`-o× §dVft_Vk�]�o&u¹£ekls¥dg ¡ §dVa°·±`±ª°h=]�a=]�aj¿+`-a=b
_V]-¦qkÈkla°kloq·*£� §]¥uZkÈ §oq`-ª=ªWklb ½ ¦¡klk´óAdV·=ºêw<ºêw�¿ÙºA�� � qh=kla�sv®=¦× �b=dgÁZ®=¦qkÈ q]¨ qh=k�klb=·�k¶]-¢3 §h°k� qo§`-ª
oqkt·�dV]-a"`-a°b�¦¡f�`* ¡ §klo©`-·¹`-dga
 §]�uZk¨ §oq`-ª=ªWklb[dVaM §h=k¥ª=®=o¡k¥ q®=a=·�¦× §kla"oqkl·-dV]�a>º¨Â�k¥ qh=klaQo¡kl_«£
]�a�b=d«ÁF®=¦¡dV]�aQ q]
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ªW]�o¡ qdV]�a~]-¢D §h=kGÓ^é É  q]Øf�`-®=¦¡k¶`©oqkt¦qdg¦¡ i`*a=flkÈfihj`*a=·�k-º��� ndV¦­ftoqdg qdVfl`-_j §]© qh=kÈ¦q®=ftflkt¦q¦^]-¢I §h°kl¦qk
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]-¢� §h=k¨`*uZ]T¤�kØª°oq];flkl¦¡¦lºX�IkÙ ¶®=¦ÈkÙÔ°`-s¥dVa=k´ §h=k
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óAdVo¡¦¡ l³ZÖ¼kvsv®=¦× Èfl]�a¹¤-klo¡ ¶ª°h=]�a=]�a°¦G §]�²�®j`-¦¡dVªj`*o¡ §dgfl_gkl¦&dga� §h°kv¾&_g®=s~dga�®=s ñ _Vs�³WdVk-º+ §h=k
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`-_g®=s~dga�®=s ñ _Vs
flo¡k�`* qdVa=·�²�®j`-¦¡dVªj`*o¡ §dgfl_gkl¦lº´w<º ô ®j`-¦¡dVªj`-o× §dgfl_Vkt¦&b=d«ÁF®°¦qkv §]� qh=kv §oq`-ª>³>_g]�¦qdga=·
kla°kloq·*£[`-a=b[b°£;dVa=·�]�a
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 §h°k¶Â â/¾&_IdVa¹ qklo¡¢Û`*flkÈoqkt·�dV]-a>º�M=º ô ®j`-¦¡dVªj`-o× §dgfl_Vkt¦­b=ktªZ]�¦¡dg ^ §h°kldVo¬kta=klo¡·-£�dga� qh=k¶Ó^é É º
ª=h=]-a=]�a=¦Èsv®°¦¡ ¶kla¹ qkloG §h°k¨`-_V®=s¥dVa�®=s ñ _gse³ZuZk¨`*uZ]T¤�k¥w A�é jS`-a=b
¦¡f�`* ¡ §ktoGÖ^dg §hM`�mn];]�ªWklo
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b=kÙ §klfÙ §]�o^¦¡dVa=ftk¶ qh=kt£�fl`-a�a=kt¤-klo�uZk¶oqkl`-u=¦¡]�oquWklb�dVa� §h°k�¾+_V®=s¥dVa�®=s _H`�£�ktolº�»nkt¦¡ +kl¦× §dVs~`* qkl¦
¢¯]�o­ qh=k¶ktö¥fldgkla=fÙ£�]-¢P qh=dV¦¬ª°oq];flkl¦¡¦+dg¦ á P-x\��¦ L�ym§�º

É klft]�a=b>³; §h=k�²�®j`-¦¡dVªj`-o× §dgfl_Vkt¦�sv®=¦× nuWk^_V]�a=·�_Vd«¤�ktb~`*a=b±b=ktªZ]-¦qdg � qh=k+kta=klo¡·-£¥`* ( §h=k^Ó^é É º
Ó¬h=dg¦�b=klªWkla°b=¦�®=ªW]�a� §h=k�s~kl`-a�¢¯oqktk!ªj`* qh>³äïD³�`-a°b� §h=k!kÙÁFktft qdg¤�k
_gdg¢¯kÙ §dVs¥k-³ áºð I ³�]*¢È §h=k
²�®j`-¦¡dVªj`-o× §dgfl_Vk*º�Ó¬h=k
ktÁZklfÙ §d«¤�k
_Vd«¢¯kt qdVs¥kedga�]�®=o�o¡kl·�dgs~kedV¦�b°]�s~dgaj`* qklb�u¹£� qh=k� qo§`-ª=ª°dVa=·
 §dgs~k*³A`*¦´Ö¼k�b=dV¦¡fl®=¦¡¦©_V`* §kto´dga� §h°k±fihj`-ª< §klotºeÓ3]!kt¦¡ §dgs±`/ §k¨ §h=k~s~kl`-a�¢¯o¡klk±ª=`* §h"Ö¼k±a°]- §k
 §h=`* ¬ §h=k¶o¡kl¦qdgb=®j`-_Io¡kl¦¡dV¦¡ §`-a=ftk�oq`* §dg]=³�ñ¶³=]-¢P]�®=o¶ã,P-xSa°s Ön`-¦+s¥k�`*¦q®=o¡klb� §]¨uZk á ãTx°º É dVa°flk

ï · ñ �iò Ú!ó? � ç Ü å����@ô ×Rñ ½ ã*P ? � ¿ ½ w<ºNK¹¿
Ö¼k"hj`�¤�k"`õï�ft]�a=¦qdg¦¡ qkla¹ �Ö^d« §hàuZktdVa=·� §h=dgfip�a=kl¦¡¦�_Vdgs~d« §ktb>º ó9o¡]�s ñ s¥k�`-¦¡®=oqkts~kta� q¦�]-¢
_H`*oq·�ktoG §h=dgfip;a°kl¦q¦©`-_V®°s~dga;®°s ®=a=b°klo¶ §h=k¥¦§`-s¥k¨fl]�a°b=dg qdV]�a=¦¶`*a=b"dgaM qh=k¥¦§`-s¥k¨s±`-fih°dVa=k¥`-¦
Ön`-¦v®=¦¡klbQ¢¯]�o�]�®=o�b=kt qklfÙ §]�oJ¦iL�M\§(Ö¼k�f�`-a"fl_H`*dVs  qhj`* ©`Vï�]*¢¤M¹x�xSa=s�dg¦©`-fih°dVkt¤*`-u°_Vk-º�Ó¬h=k
b=d«ÁF®=¦¡dV]�a¨_gkla=·- qh>³;ö¬³<fl`-a±uWk+kt¦¡ qdVs~`* §ktb¥u¹£¥fl]-s~ªj`*oqdVa°·¶ qh=k�¦qdV·-aj`-_jo§`/ §dV]Èdga±`È µÖ¼]vb=kt qklfÙ §]�o
kÙÔ<ªWklo¡dVs¥kla¹ ,¦ LYP_§�º&Â�kvªZkto¡¢¯]�o¡s~ktb
`-a!kÕÔ<ªZktoqdVs¥kla¹ È]*¢S §h=dg¦Gp�dVa=b�®=¦qdga=·± µÖ¼]� §®=a=·-¦¡ §kta
Ó^é É
b=kÙ §klfÙ §]�o¡¦A`*a=b�`�y\P-xSï>s�¾+_�`-u=¦¡]�oquWkloIs~`-b=k�dga¶ qh=k�¦§`-s¥kS¢Û`-u=o¡dVfl`* §dg]�aGft£;ft_Vk(`-¦D]�®=oIª=o¡dVs~`-o¡£
bj`-o¡p�s~`* q qklo¬b=kÙ §klfÙ §]�otº

Â�h=klaF³°`-a°b¥d«¢õ³� §h=k¬²�®j`*¦qdVª=`-o¡ qdVfl_gk­oqkl`-fih=kt¦( qh=k¬ §o§`*ª¥o¡kl·�dg]�a>³¹d« �sv®=¦× ¼kta¹ §klo� qh=k^oqklb°®=flktb
·¹`-ªQ`-oqkl`�]-¢^ª=o¡]TÔ<dgs~d« §dVßtklbM §®=a°·�¦¡ qkla>³�`-a°b.¦qf�`/ q §ktovdVa°kl_H`*¦¡ §dgf�`-_g_g£e §]
`-a"kla=ktoq·-£�_Vkt¦q¦© qhj`* A�é j=]-oqb=kto( q]�uWk^ §o§`*ª=ªZktb>ºSÓ¬h=k^ §oq`-a=¦¡s~dg¦q¦qdg]�a¨fl];ktö¥fldgkla¹ n`-flo¡]�¦q¦� §h°k�Â â*¾+_jdVa¹ §kto¡¢Û`-ftk�Ön`-¦
]-¢P·�oqkl`* �fl]�a°flklo¡ae q]~®=¦^dga� qklo¡s~¦^]-¢3¢Û`-u=o¡dVf�`/ §dV]-a>³=`-a°bes~`-a¹£�¦¡ qklª=¦^Ö¼kloqk� i`-p*kla� §]¥kla=¦¡®=oqk
`�ft_Vk�`*a"uW]�®=a=bj`*o¡£ ½ É ktk�fihj`-ª< §klovy¹¿Ùº�Â�h=klaQ qh=k±²�®j`*¦qdVª=`-o¡ qdVfl_gk~_g]�¦qkt¦©kta=klo¡·-£�³�d« ´fl`-a.b=]
¦q]�u¹£
¦¡f�`* ¡ §klo¡dVa=·�Ö^d« §h[`�fl];]�ªWkloÈªj`-dgo ½ ��¢( §h°kØª=oq]�Ô<dVs¥dg qdVßlktb
·¹`-ª
dg¦È_Vkl¦¡¦G §hj`*a A�é jVâ*y¹¿&]�o
dg ¶fl`-a[kls¥dg �`�ª=h=]�a°]�a>º¥��¢n §h°k¥_V`* §ktoÈª=oq];flkt¦q¦�hj`-ª=ªWkla°¦´d« ¶oqklª°oqkl¦¡kla¹ §¦©`�o¡k�`-_�kta=klo¡·-£M_V]-¦q¦
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 Al film length: 350 µm

óAdg·�®=oqk´w<º y°Ê¬é�a=ktoq·-£edVa�Ó^é É Úiã´¤�klo¡¦q®=¦¶é�a=ktoq·-£�dga�Ó^é É Ú×w¨¢¯]�o¶ã�º w¨p-kÙæýÔ<o§`�£;¦lº&¾ a�®=svuWklo
]-¢¬¢¯kl`* §®=o¡kl¦Ødga" §h=k±ª=_V]- v`-_V_g]TÖÜ®=¦© §]
kt¦¡ qdVs~`* §k¥ §h=k± qo§`-a°¦qs¥dV¦q¦¡dV]�a�ª=oq]-uj`-u=dg_Vdg µ£-³P qo§`-ª=ª°dVa=·
ª=o¡]�uj`-u=dg_Vd« µ£�³=`*a=b�b=dgÁZ®=¦qdg]�a�_Vkta=·- §h�dga�]-®=o^`-_V®°s~dga;®°s ñ _gs~¦ ½ ¦qktk¶ qkÙÔ; Õ¿Õº

 §]� qh=kØ¦¡£;¦× §kls�`*a=bMdV¦& qh=klo¡kt¢¯]�oÈo¡kt¢¯klo¡oqktbM q]�`-¦X� u=`-b!�F qo§`-ª=ª°dVa=·=º�Ó¬h=kØkta=klo¡·-£
fl]-a=¦qkto¡¤;dVa=·
s¥klfihj`-a°dV¦qsðdV¦¬oqkÙ¢¯klo¡oqklb� §]~`-¦å� ·�];]<b!�< §o§`*ª=ª=dVa°·=º

ÓP]±kl¦¡ qdVs~`* §k¶ §h°k©ktö¥ftdVkla°ft£e]-¢� §h=k´s±`Tî¡]�oqd« µ£�]-¢� §h°k©ª=o¡]<ftkl¦q¦¡kl¦Èdga�¤-]�_g¤-klb!dga�²�®j`-¦¡dVªj`*o×Ú
 §dgfl_gkGs~ktb=dH`/ §dV]-a>³;Ö¼k�fl]�a=¦× §o¡®=ft qklb!`Ø¦¡ªZktfldH`*_VdVßtklb�b=kÙ¤;dVflk¶ft]�a=¦qdg¦¡ qdVa=·¨]-¢3 µÖn]¨ §®°a=·�¦¡ qkla�Ó^é É
b=kÙ §klfÙ §]�o¡¦^ª=_H`-ftklb�]�a�ktdg qh=klo­kta=b�]-¢P`ØyYP-xSï>s _V]-a=·Ø`-_g®=s~dga�®=sÜ`-u=¦¡]�oquWklotº��I]TÖ kla=ktoq·-£9�+Ú
o§`�£;¦¼¢¯o¡]�sÇ` ë ®=]�o¡kl¦qftkla=ftkG¦q]-®=oqftk+h=d« � §h=k+`-_V®°s~dga;®°sÇ`-u=¦¡]�oquWklo¼`-a=b¥²�®j`-¦qdgªj`-o× §dVft_Vkt¦(b°dgÁZ®=¦qk
dVa¹ q]� qh=k�Ó^é É ¦S`* 3kld« §h=ktoDkla=b>ºAóAdV·-®=oqk¼w<º y�¦¡h=]TÖ^¦Pb=`* i`^fl]�_g_Vktft §ktb�¢¯o¡]�s�¦¡®=fihØ`^b=kt¤;dVftk-ºP�FÖ^dV_g_
b=kt¦qflo¡dVuWk^¦qkt¤-kloq`-_W¢¯kl`* §®°oqkl¦� §h=`* (`-oqk^]-¢ZdVa¹ qkloqkt¦¡ lº�óAdVo¡¦¡ �³� qh=k^]�®° qkloqs¥]�¦× ¼ft®=o¡¤-k+dg¦S¢¯]�oqs¥klb¥u¹£
 §h°k&kt¤-kla¹ §¦­`-u=¦q]-oquWklb�dga¥ qh=kG`-_g®=s¥dVa�®=sýb°dVoqktft q_g£�ºAÓ¬h=k&s¥]�oqk^¦¡]�_Vdgb~ft®=o¡¤-kGuZkt_V]TÖ�d« n`*oqk^ §h=k
¦q®°u=¦¡ qo§`* qk´kÙ¤�kla¹ q¦lº¬Ó¬h=k¶¢Û`-ft ¬ qhj`* ^ §h°dV¦^dV¦¬_gkl¦q¦^ §h=`-a�`Ø¢Û`-fÙ §]�o¬]-¢P µÖn]~uZkt_V]TÖà §h=k�¾&_IkÙ¤�kla¹ q¦
¦qh°]6Ö^¦´`�h=dV·-h[kÙö¥fldVkta=ft£�¢¯]�oÈª=h=]�a°]�a<Úµ²�®j`*¦qdVª=`-o¡ qdVfl_gkvfl]-a�¤-klo¡¦qdV]-a>º É klft]�a=b>³D §h=k¨ft®=o¡¤*`* q®=oqk
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]-¢3 §h=kÈu=`-a=b�¦q®=·�·-kl¦¡ q¦&`Øoq`* §h=kto¬_H`-o¡·�kG_g]�¦q¦¬]-¢P²�®j`-¦¡dVªj`-o× §dgfl_Vkt¦¬`-ftoq]�¦¡¦^ qh=k¶s~];b=kt¦¡ ^b=dg¦¡ i`*a=flk
]-¢´ã,R\PAï>s�º É dVa=ftk� qh=k�¦qdgßlk�]-¢� §h=k�`-_g®=s¥dVa�®=s ñ a=¦¨dVa. qh=k�bj`-oqp�s±`/ q §ktoØb=kt qklfÙ §]�oØÖ¼kloqk
á ãIs¥sð qh=dV¦¬_gklb�®=¦¬ §]Ø §h°k�ft]�a=ft_V®=¦¡dV]�a� §h=`* ^s~]-¦¡ ^]-¢3 §h=kÈ q]- i`-_F¦qdV·-aj`-_>_g]�¦q¦­Ön`-¦^¢¯oq]�s  §h=k
¦qs~`-_g_I²;®=`-¦qdgªj`-o¡ qdVft_Vk¶b=dgÁZ®=¦¡dV]�a�_Vkta=·- §h ½ s¥k�`-¦¡®=oqktb� §]¥uWk á ãJL�xSï>s±¿Ùº¬¾­ +kldg qh=klo�kÙÔ; qoqkls¥kl¦
]-¢� qh=kvb=dg¦¡ §o¡dVu=®< §dV]-aeÖ¼kvf�`-a
ft]�s¥ªj`-oqk� §h=k©b=dVo¡klft Gh=dg q¦&dVa� §h=k©Ó^é É Ö^d« §h!kÙ¤�kla¹ q¦�ft_V]�¦¡kvu¹£
dVa� qh=k©`*_V®=s¥dVa�®=s�ºSÓ¬h=k¶¢Û`-ft ^ qhj`* ^ §h=kt¦qk´`-oqk¶o¡]�®=·�h=_«£�]-¢Pkl²�®j`-_Dkta=klo¡·-£�¦q®=·-·�kl¦× §¦G`¨h=dg·�h=_g£
ktö¥ftdVkla¹ ¬ qo§`-ª=ª°dVa=·vª°oq];flkl¦¡¦lº(éAÔ°`-s~dga=dVa°·© §h=k&b=dV¦× i`-a=ftkÈdVa±£¹Ú�kla=ktoq·-£ ½ Ó^é É Ú×w-¿nuZkÙ µÖnktkla� §h=k
Ó^é É kt¤�kta¹ §¦�`* È_V`-oq·�k¶Ô�Úµkla°kloq·*£ ½ s¥]�¦× §_g£�Ó^é É Ú§ã6¿�Ö¼kØf�`-aM¦§`�£e §hj`* G`-a
kt¤-kla¹ �dVa� qh=k¨`-_g®<Ú
s¥dVa�®=s÷fl_g]�¦qkn q]G §h=knÓ^é É b=];kl¦�a°]- A qo§`-a=¦¡s~d« Ssv®°fihØ]-¢Wdg §¦Pkla=ktoq·-£©uj`-fip� §]G §h°k­]- §h°kloSÓ^é É º
Ó¬h=dg¦+dg¦�kt²�®=dg¤*`-_gkla¹ + q]�`¨·�];]<b� §oq`-a=¦qs¥dV¦¡¦qdg]�aeª°oq]�uj`*u=dV_gdg µ£¥¢¯]�o� qh=k¶Â â*¾&_DdVa¹ qklo¡¢Û`*flk-º^ój]�o�`
s¥]�oqk´b=kt §`-dV_gklb�b°dV¦qft®=¦q¦¡dV]�a
]-a
]�u° i`*dVa=dga=·¥ qh=k©¤*`-_g®=kl¦+]-¢� §h=kt¦qkvªj`*o§`-s¥kt qkloq¦ ½  §oq`-a=¦¡s~dg¦q¦qdg]�a
ª=o¡]�uj`-u=dg_Vd« µ£�³jb=d«ÁF®=¦¡dV]�ae_Vkta=·- §hF³F`-a°b� §oq`-ª=ª=dga=·±kÙö~ftdVkta=ft£°¿&¦qktkX�Èo§`-®°¦*¦ LYP_§�³F`-a°b�¢¯]�oG`¥s~]-oqk
b=kÙ i`-dg_Vklb�b=dg¦qft®=¦q¦¡dV]�a�]-¢3 §h=kt¦qk�bj`* §`¥¦¡klk¶oqkÙ¢õºc¦ L\K,§�º
õ�©ª¨
©21 ��öw÷ùø�öF�0r
Ó¬h=k^¢¯®=a=bj`*s~kta� §`-_jfl]-a=flktª° n]*¢Fkt_VklfÙ §o¡]*Ú� qh=klo¡s±`-_<¢¯klklb°uj`-fip¨dV¦S qhj`* � §h=k¬ q®=a=·�¦× §kla~kl_gkls¥kla¹ (dV¦
¤�]-_g i`*·�k©u=dV`-¦qktbM`-a=b
¦¡kl_g¢�h°k�`* q¦¶`-uZ]T¤-k© §h=k¨`*svu=dVkta¹ G¦q®°u=¦¡ qo§`* qkv §kls¥ªWklo§`/ §®=o¡k-ºÈÓ¬h=dg¦G_Vkl`-b=¦
 §]Ø qh=k¶fl_H`*¦q¦qdgfÈuj`-_V`-a=fldga=·Økl²�®j`/ §dV]-a

ë # ± �± X · ��ç� ^ú` îº ½ �&¿ ÔüûD½ � � Ô � �î ¿ ½ w<ºjR�¿
Ö^h=klo¡k ë #¼dg¦3 qh=kno¡kl_gkt¤*`-a¹ Ah°k�`* Af�`-ªj`*fldg µ£�]-¢° §h=k¼¦q®=ªWklo¡fl]�a=b°®=ft q]�ol³¹Ó.dg¦3 qh=kn §kts~ªWkloq`* §®°oqk

]-¢¬ qh=k�¦qkta=¦q]-ol³��[� ^ú` î  §h=k~¤�]�_« i`-·�k~u=dH`*¦v`-ftoq]�¦¡¦© §h=k±Ó^é É ³ º ½ �&¿�dg¦´ qh=k�oqkt¦qdg¦¡ i`*a=flk�]*¢¬ §h=k
¦qkta=¦q]-ol³!� î dV¦� §h=kv qkls¥ªZkto§`* q®=oqk©]-¢� §h=k©¦q®=u=¦× §oq`* §k*³P`*a=b
a
dV¦� §h=kØft]�a=b=®=fÙ §d«¤<d« µ£�kÕÔ<ªZ]�a°kla¹ �º
ój]�o� §®=a°·�¦¡ qkla±Ó^é É ¦qkla°¦q]�o¡¦¼Ö^dg qh¥ qo§`-a°¦qdg qdV]�aØ qkls¥ªZkto§`* q®=oqkt¦¼]-¢ á ãTx�x-s9��kl_gklfÙ §oq]-a<Úµª=h°]�a=]�a
b=ktfl]�®=ª°_VdVa°·¥dg¦­ §h=k�b=]�s¥dVa=`-a¹ ­ §h=ktoqs~`-_IdVs¥ªWklbj`-a°flk-º�Ó¬h�®=¦ ë #Goqkt¢¯ktoq¦¬ §]¨ §h°k�h°k�`* �f�`*ªj`-fld« µ£
]-¢I qh=kÈkl_gklft qoq]�a�¦×£;¦¡ §ktse³=`-a=b�a · P<º É klkÈfihj`-ª< §kloOR´¢¯]-o­`-a�`* ¡ §kts~ª° ¼ §]Øs¥k�`-¦¡®=oqk+ §h=k&¤*`-_g®=k



¼�½¿¾cÀcÁ
Â
ÃÑÐIÆ�ÇåÂcÁ
Â¿¼OÁ+Ò¤Ã4ÒÌÓzÂ�ÃfÓaÔ�ÂtÕ y�M
]-¢Aa�¢¯]�o�`Ø¦qkta=¦q]-o&]-¢3 §h=dg¦¬ µ£<ªWk-ºnój]�o^`¥¦¡s±`*_V_>ªWklo× §®=o¡uj`* §dg]�aþý/Ó�`-uZ]-®° ^ §h=k¶u=dV`-¦^ªZ]�dga¹ ¬ §h=k
kl²�®j`/ §dV]-a�uWklft]�s¥kl¦*¦ LYR_§

ë # ± ý*�± X · Ô ç
Ì ê� ý*� Ô � ý*� ½ w<ºNL¹¿
Ö^h=ktoqkùç
ÌÈdV¦È qh=k¨kl²�®=dV_gdVu=o¡dV®=s ªW]TÖnkto ë ]TÖ^dga=·�dVa¹ §]� §h°k¥¦¡®=u=¦× §o§`/ §k-³ ê · à"ÿ���;ÿ{à  §h=k¨b=dgs~kta<Ú
¦qdg]�a=_gkl¦q¦¼²�®j`-a¹ §d« µ£~ qhj`* ¼b=kl¦¡floqdguZkt¦­ §h=k+¦qhj`*oqª=a=kt¦q¦¬]-¢I qh=k+ qo§`-a°¦qdg qdV]�aF³<`*a=b�· · ? û � � äjí  §h=k
 §h°kloqs~`-_;fl]�a°b=®=ft §`-a=ftk­ §]G §h°k­¦q®=u°¦¡ §oq`* §k*ºSÓ¬h=o¡]�®=·�hv qh=dV¦Pa=]�a<Ú�kl²�®=dV_gdVu=o¡dV®=s÷`*ª=ª=oq]�Ô<dVs~`* qdV]�a>³
`-a=b
®°¦qdVa°·iç
Ì · û � � ¢¯]-o&kÙÔ; qoqkls¥kØ¦qkt_g¢(h=kl`* §dga=·=³FÖ¼kØf�`-aM¦¡klkv §h=`* ¶é�²9ºØw<ºNL�_Vkl`-b=¦& q]� §h=k
fl_V`-¦q¦¡dVfÈ¦¡ªZktklb�®°ªekt²;®=`* §dg]�a

á e à óh· á Ì
ã�Þ�� � ½ w<ºNS¹¿

Ö^h=klo¡k á Ì±dV¦¨ §h°k�¦¡ §`-a=bj`*oqb � ��  §dgs~k�fl]-a=¦¡ §`-a¹ ±¢¯]�o~`-a�]�u�î¡klft ±oqkÙ §®=o¡a=dVa=·[ §][ §h=ktoqs~`-_
kl²�®=dg_Vdgu=oqdg®=seº

É dVa°flk
 §h=k
 q]- i`-_&ªZ]TÖ¼kloe`-b=s¥dg q qklb�dga� q]. §h=kMÓ^é É fl`-a uWk
fl]-s~ª=®< §klb�Ö^dg qh a°]�¢¯o¡klk
ªj`-oq`-s¥kt §ktoq¦¬¢¯oq]-s  §h°k�dga¹ §kl·-o§`-_>]*¢P qh=k¶ª=®=_V¦¡k-º«ºgº« à e�� · �[� ï ý,Ò ± X ½ w<º«ãTx¹¿

�� �dg¦~ft_Vk�`*o¥ qhj`* ¥ §]"s~`/Ô<dVs¥dVßtk�¦qdV·-aj`-_­ §]"a=]�dV¦¡ke]-a=k�sv®°¦¡ ~u=dH`-¦¨ §h°k�¦qkta=¦q]-o±Ö^dg qh�`-¦
_V]TÖ `
¤�]-_g i`*·�k�`*¦~ªW]�¦q¦¡dVu=_gk�¦qdVa°flk�ý,Ò % �
	�
� º�Ó¬h=dg¦±`-ª°ª=oq]�Ô<dVs~`* §dg]�a�dV¦Ø §o¡®=k�d«¢+ qh=ke qdVs¥k
fl]-a=¦¡ §`-a¹ §¦Èkl_g¦qkÙÖ^h=klo¡k¥dga� §h°kv¦¡£;¦¡ qkls ½ dVk*Ê�²�®j`*¦qdVª=`-o¡ qdVfl_gkl¦G]-o&ª=h=]-a=]�a=¦�¿�`-oqkvs©®=fihM¦q_V]TÖ¼klo
 §h=`-a� §h°kvÓ^é É  §dVs¥k¶fl]�a°¦¡ i`*a� q¦lºGÂ�k©ft]�a¹ §dVa�®=k´ §h=dg¦&¦qdgs~ª°_Vk�`-aj`-_«£;¦qdV¦+dVa� §h=k´a=kÙÔ; È¦¡klft qdV]�a
 §]�kÕÔ°`-s~dga=k© qh=kØdVs¥ªj`-fÙ G]-¢(b=d«ÁFktoqkla¹ å�B��� ¦È]-a! §h=kØ¦¡dV·�aj`*_P §]�a°]�dV¦¡kv]-¢¼`�Ó^é É Úµuj`*¦qklb[bj`-o¡p
s~`* q qkloAb°kt §ktft q]�olº�Ó¬h=k¬s~`6î¡]�oPoqkt¦q®=_« �dV¦A qhj`* S qh=k¬a=]�dg¦qk­_gdVs¥dg 3b=kÙ¤<dV`* §kt¦A¢¯oq]-s  qh=k¬ª=®=o¡k^é�Ó^ó
¢¯]�o¡sv®=_H`v]*¢
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� M ¸CB � ç
� ½ g ? Ö w Ö ê ¿ ½ w<º«ã�ã6¿
b=®=k¼ §]& qh=kn¢Û`-fÙ A §h=`* A qh=kn §dgs~k(¦qfl`-_Vk¼]-¢W`&ª=®°_V¦qk ½ kla°kloq·*£©s¥k�`-¦¡®=oqkts~kta¹ Õ¿Pdg¦Pa=]* �b=kt qklo¡s~dga=klb
u¹£� §h=k�é�Ó^ó. §dVs¥kÈ¦qfl`-_Vk*³ju=®° �u¹£� §h=k¶¦¡_V]TÖnkto+ª°h=]�a=]�ae`-a=b�²�®j`-¦¡dVªj`-o× §dgfl_Vk+ §dVs¥kÈ¦qfl`-_Vkt¦^]-¢�`
oqkl`-_Ibj`-o¡p�s~`* q qklo­b=kÙ §ktft §]-olº

õ�©ª¨
©>q « ¯f�å÷
9ª²�5æ³ üÑ| 7B´æ¬�µ.¬�7 ®I÷>µ[²Õ­U®.²@74­
Ä+¦¡dVa=·±`¥¤-klo¡£e¦qdgs~ª°_Vk¶s~];b=kt_I]�a=k©fl`-a�b°®=ª=_Vdgf�`* qk©`*_Vs¥]�¦¡ �kÙÔ°`-fÙ §_«£� §h=k´��Ú�æÅfihj`-o§`*ft §ktoqdg¦¡ §dgfl¦
]-¢W`GÓ^é É º�Ó¬h°k­¢¯]�oqs�¢¯]�o ºæî `-¦S`&¢¯®=a=ft qdV]�a©]-¢9Ó)Ön`-¦Sfih°]�¦qkta¥ q]GuZk­`Èó9ktoqs¥d«Ú�_VdVp*k�¢¯®=a=ft qdV]�aFºgº«º

ºæî�· º �w ½  §`-a=h ½ � Ô �B�� ¿>Þàã6¿ ½ w<º«ã6w�¿
Ó¬h=dg¦´dg¦¶`�·�];];b"`-ª°ª=oq]�Ô<dVs~`* §dg]�a! §]e`-fÙ §®j`-_�s¥k�`*¦q®=o¡klb"ft®=o¡¤-kl¦J¦iL\L\§(`-a°b"dV¦¶_gdVp-kt_g£e §]�u=oqkl`-p
b=]TÖ^a�]�a=_g£�`* ^¤�kto¡£�_V]TÖ oqkt¦qdV¦× i`-a°flkl¦tº(Â�k¶f�`-a� §h°kla�dg §kto§`* qdg¤-kl_g£~¦q]-_g¤�kÈ qh=k¶kl²�®j`* qdV]�a

Ò ç� º ç� ºæî ½ �&¿
½ ºæî ½ �&¿!Þ º � Þ º I ¿ ç · ûD½ � K Ô � Kî ¿ ½ w<º«ãTy¹¿

 §] ñ a=b ºæî ½ Ó�¿n¢¯]�o^`Ø·�dg¤-kla�u=dH`*¦¬fl®=o¡oqkla¹ lº
É h=]TÖ^a!dga�óAdg·=ºêw<ºNM¥`-o¡kÈ §h=k�ª=oqktb=dVfÙ §ktb�æ�]�_g §`-·�kG¤;¦lº¬mn®=oqo¡kla¹ �³Wæ�]�_g §`-·�kG¤;¦lº^\^kl¦¡dV¦¡ §`-a=ftk-³

`-a=b�æ�]�_g §`-·�k�¤;¦lºA¸P]TÖnktoA¢¯]�oDÓ^é É ¦qkta=¦q]-oq¦PÖ^d« §h�¢¯]�®=oDb=dgÁZklo¡kla¹ z�B� � ¦lºSÓ¬h°k¼]- qh=klo3ªj`-oq`-s¥kt §ktoq¦
Ö¼kloqk
fih°]�¦qkta� q].uZk�fl_V]-¦qke q]Q §h=]-¦qk!]-¢¶ qh=kQãTx�xS·"¦qdV_gdVft]�a�b=kÙ §ktft §]-ol³ º � · w�'G³�� · ã-ºNM
½ ySs9� ã�x/Ú�S�x©Ö^dgb° §hj¿Ù³E� î¤· y�xSs9�Ø³ º � · w-xSsù'G³ º I · ã,PAsù'G³9`-a=b û ·�� � · ã-ºjL�ãTx;ä;G
½ s¥k�`*¦q®=o¡klb�¢¯]�o¬]�®=o¬b°kt §ktft q]�ol³j·�d«¤;dVa=· ��· ã-ºjS�ãTx;äjí ç ¦ Â �©ä;Kiï>s�ä;åÕ§>Ö^dg qh�`v¤�]�_g®=s~k&]-¢�R;ºjL
ãTx-åjïFs~å�º
Ó¬h=kX�-]-h=a=¦q]-a!a=]�dg¦qk�]-¢A qh=k©¦¡kla=¦¡]�o&ftdVoqft®=dg �fl`-a�uWk©kÕÔ°ª°oqkl¦¡¦qktb[¦¡dVs¥ª=_g£±dVa� §ktoqs¥¦+]-¢A §h=k

oqkt_VkÙ¤-`*a� �o¡kl¦qdg¦¡ §`-a=flkt¦*¦ L\L�§�º
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M¥b°dgÁZkloqkta¹ ¬Â Ó^é É ¦qkla°¦q]�o¡¦�Ö^d« §h�b=d«ÁFktoqkla¹ Ï�B� � ¦tº�Ó¬h=dV¦
dV¦(®=¦¡klb�dga±óAdg·=ºêw<ºQP& q]©b=dg¦qª=_V`T£© §h=k+ktÁZklft n]-¢ �B�S]�a~¦qdg·�aj`-_= q]©a=]�dg¦qk*ºSÓ¬h=k&b°klflo¡k�`-¦¡dVa=·´¦qkta=¦q]�o
ªW]6Ö¼klo©`* �_V]TÖý¤-]�_g §`-·�kt¦´dg¦´`�oqkl`-_�ª=h¹£<¦¡dVfl`-_(`-o¡ qdg¢Û`-fÙ ´ftoqkl`* §ktb"u¹£M §h=k¥a=]�a�dVb=kl`-_Vd« µ£!]-¢¼ §h=k
¤�]-_g i`*·�k+u°dH`-¦tºS¾&¦( §h=k+¦qkla°¦q]�o¼oqkl¦¡dV¦× i`-a=ftkÈ`-ª=ª°oq]¹`-fih°kl¦n qh=k+¤*`-_g®=kl¦(]-¢IuW]- §h¥ §h=k�¤�]�_« i`-·-k+u=dV`-¦
oqkt¦qdg¦¡ §]-o±`-a°b) qh=k�ªj`*o§`-¦¡dg §dgf�oqkt¦qdV¦× i`-a°flk-³¼ §h=k�fl®=o¡oqkta� ~ §h=o¡]�®=·�h) §h=k�¦qkta=¦q]-o±f�`*a�b=ktfloqkl`-¦qk
o§`*ª=dVb=_«£~¢¯]-o^`¥¦¡s±`-_g_Ffihj`*a=·�k¶dVa� §h°k�ft]�a¹ §o¡]�_Iu=dH`*¦¬fl®=o¡oqkla¹ lº
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óAdg·�®=oqk±w<ºjP<Êv¾ ª=_V]- ´]-¢¬¦¡dV·�a=`-_� §]!a=]-dV¦qk¨¤�ktoq¦¡®=¦��[�+¢¯]�o´Ó^é É ¦¡kla=¦¡]�oq¦vÖ^d« §h"b°dgÁZkloqkta¹ ��B�µ¦lº
Ó¬h=k´s±`/Ô<dgs±`Ø]-¢S qh=kl¦¡kvfl®°o¡¤�kt¦È`-·�o¡klk�fl_g]�¦qkt_g£�Ö^dg qhe qh=k � å� _V`�Ö�ª=oqktb=dVfÙ §ktb�¢¯oq]�sè¦× i`-a°bj`-oqb
 §h°kloqs¥];b°£;aj`-s¥dVfÈ`-a=`-_g£;¦qdg¦lº

� ç� · M ¸ � îºcî�� ºæîºæî Þ º I Þ º ��� ç Þ M ¸ � îº � � º �ºæî Þ º I Þ º ��� ç Þ M ¸ � îº I � º Iºæî Þ º I Þ º ��� ç½ w<º«ãJM�¿
Ä+¦¡dVa=·¬ §h°dV¦Ia=]�dg¦qk�kt¦¡ §dgs±`/ §k ½ Ö^h=dVfih¶dV·-a=]�oqkt¦> §h=k
�-]-h=a=¦q]-a´a=]-dV¦qk�¦¡®=ª=ª=o¡kl¦¡¦qdV]-a�¢¯o¡]�s�é�Ó^ó�¿

Ö¼k+ª=_g]- (dVa¥óAdg·�®=oqk+w<ºjPG §h=k�¦qdg·�aj`-_° q]´a°]�dV¦¡k&`-¦(`È¢¯®=a=fÙ §dV]-a~]-¢Z¤�]�_« i`-·-k�u°dH`-¦�¢¯]�o�¦qkta=¦q]-oq¦¼Ö^d« §h
b=d«ÁFktoqkla¹ ¿� ��� ¦ ½ óAdV·=ºêw<ºiM�¿Ùº��+]- qk� qhj`* ÈóPdV·�®=o¡k´w<ºQP¥`-¦q¦¡®=s¥kl¦& qh=k©¦q`-s~k�uj`-a°b°Ö^dVb° qh�¢¯]�o�k�`-fih
¦qkta=¦q]-ol³�`-a=b� §hj`* ´ §h=k±¦qdV·-aj`-_�fl®=o¡oqkta� ©Ö^dV_V_�¦¡f�`-_gk�`-¦ �
	� � `-¦´¦q®=·�·-kl¦¡ qklb�dVa�kl²�®j`* qdV]�a.w<ºgã�x°º
ój]�o¶ §h=k¥¦§`-p*k�]-¢^`*oq·�®=s¥kla¹ �Önk±f�`-a�fl]�a=¦× §o¡®=ft ¨`*a"dVb°k�`-_�¦qkta=¦q]-o©b=]�s¥dVa=`* §ktb"u¹£[dg J� ¦�]6Ö^a�-]�h=a°¦q]�a�a=]�dg¦qk-º�Ó¬h=dg¦¬_Vkl`-b=¦¬ §]Ø §h°k�dgb=k�`*_>oqkt¦q]�_g®° §dg]�a�]-¢
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T · � å� g � ��M ¸ � á I Û ½ w<º«ã,P�¿
Ö^h=dgfih�dV¦Ø¤*`-_Vdgb)`-¦±_g]�a=·�`-¦¥ qh=k�ª=h=]�a=]-a� §dgs~k�¦qfl`-_Vk�b=]�s¥dVa=`* §kt¦~`*a=b�b=];kl¦~a=]- ¥fihj`-a°·�k-º�+]* §kØ §hj`/ � qh=dV¦¶`*¦q¦q®°s~kt¦~ãTx-xY��fl]-_V_Vktft qdV]�a
kÙö~ftdVkta=ft£-º~�� �¦qh°]�®=_Vb[uWk~`*_V¦q]�uWk¨a=]- §ktb� qhj`* 
 §h°dV¦vdg¦©¤�kto¡£.b=d«ÁFktoqkta� © §hj`-aQ qh=k�oqkt·�dVs¥k±b°kl¦qftoqdguZk�dga ¦iL\S,§nÖ^h=ktoqk�`!Ó^é É oqkl¦¡ªZ]-a=b=¦Ø §]M`
b=kt_g i`Q¢¯®=a°ft §dg]�a�kla=ktoq·-£�ª°®=_V¦¡k-ºÜÓ¬h=k[`-uW]6¤-k[`-aj`-_«£<¦¡dV¦�¦¡®=·�·�kt¦¡ §¦� §h=`* �oq®=a=a°dVa=·)`.¦qkta=¦q]�o
Ö^dg qh�`¥h=dV·-h��B�¬`* +`-aekl_VkÙ¤*`* §ktbe §kts~ªWkloq`* §®°oqk¶fl]�®°_Vb�·�`-dVa�uj`-fip�¦¡dV·�aj`*_5â*a=]-dV¦qk ½ b=®=k� §]¨ §h=k
dVa°floqkl`-¦qktb�o¡kl_VkÙ¤*`-a=flk¶]-¢S¸�Ìi¿Ùº(Ó¬h=dg¦+dg¦­ §oq®°k©`-¦^_g]�a=·¥`-¦¬ §h=k¶dga� qoqdga=¦qdgfÈh=k�`* �_g]�¦q¦¬ §dgs~kÈ¦¡f�`-_gkl¦á Ì¼b=]�a=]- (uWklft]�s~k^ft]�s~ª=`-o§`-u°_Vk­ §] á e à ó ºA�µa¥ qh=dV¦�kÙÔ; qoqkls¥k�f�`-¦¡k+¦¡dV·�aj`*_=Ö^dV_V_°uZk^_V]-¦¡ (b=®=k^ §]
 §h°k©¦qkta=¦q]-o�� ¦GdVaj`*u=dV_gdg µ£± q]±s¥k�`-¦¡®=oqk´dg lº�ÀÈa°k´fl`-a�Ö^oqd« §k¶ §h=k á e à ó Ö^d« §h�` ñ a=d« §k�¦q®=u°¦¡ §oq`* §k
 §kts~ªWkloq`* §®°oqk¶`-¦

á e à óh· á Ì
ã�Þ��� ½ ã Ôà½ à��à�� ¿ ì ¿ ½ w<º«ã*K¹¿

Ö^oqd« §dga=·� §h=kØ¢¯oq`-ft qdV]�a
]-¢¼¦qdg·�aj`-_P §hj`* È qh=k¨b=kt qklfÙ §]�o�f�`-aMs¥k�`-¦¡®=oqk ½ dVk-ºv qhj`* ¶b=];kl¦¶a=]* ¶·�kt 
_V]-¦¡ ¬ §]Ø qh=k¶¦q®=u=¦× §oq`* §k�¿�`-¦

x î�· á Ìá ÌzÞ á e à ó ½ w<º«ã,R�¿
`-b=b°dVa=·G qh=dV¦S_g]�¦q¦P §klo¡se³�`*a=b¨oqklfl`-_Vft®=_H`/ §dVa°·&kl²�®j`/ §dV]-a¥w<ºgã*P+ §]¶dVa=ft_V®=b°k¬` ñ a=d« §k­ §kts~ªWkloq`* §®°oqk
¦q®°u=¦¡ qo§`* qk-³jÖnk ñ a=b� §h°k¶¢¯®°a=bj`-s¥kla¹ i`*_>oqkt¦q]�_g®° §dg]�a�]-¢

T · g � � ½ � K� Ô � Kî ¿�M ¸ �e�B� á I Û�� wÏÞ�� � ½ ã Ôà½ à �à � ¿µìt¿ã�Þ�� � ½ ã Ôà½ à �à � ¿ ì ¿! ½ w<º«ã*L¹¿
���p� �4 ���¥!" � ��¥� �� � �<� È�¢����tÊ �å�%�
¾&_« §h=]-®=·�h"¢¯®=a°bj`-s¥kla¹ i`-_g_g£[`�a°]�dV¦¡dVklo´`-a=b"s~]�o¡k±_gdVs¥dg §ktb
 §klfih°a=]�_V]-·-£�³�s¥k�`-¦¡®=oqdga=·e qh=k�dga<Ú
b=®=ftklb�fih=`-oq·�k&`-_V]-a=·ÈÖ^dg §h¥ª=h=]-a=]�a=¦¼dV¦�a=klftkl¦¡¦§`-o×£�`* � §h°dV¦(ªZ]�dga¹ ( q]´]-u° i`-dga~b°dV¦qftoqdgs~dgaj`* §dg]�a>º
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Ó¬h=kGs~`6î¡]�o¼b=dgö¥ft®=_g µ£¥]-¢I qh=dV¦� µ£;ªZkÈ]-¢Db°®=kl_Zª=h=]�a=]-a<Úµfihj`*oq·�k+b=kt qklft q]�o­dg¦¼ §h=`* ­fihj`*oq·�kGs©®=¦¡ 
uWkÈfl]�_g_VklfÙ §ktb�®°a=b=klo^kÕÔ< qoqkts~kt_g£�_g]TÖ ¤-]�_g §`-·�kl¦¬dga�]�oqb°klo­ §h=`* ¬ §h=k¶dga=b=®=ftklb��j�I®=p*k��9ª=h=]-a=]�a=¦
a=]- ´ªW]�_V_g®° §kØ §h°k~dga=dg qdH`-_S¦¡dV·�a=`-_�º~�GÖ^dV_V_�u°oqdVk ë £Mb=kt¦qflo¡dVuWk~ qh=k~¦× i`* qk±]-¢n §h=k¥p�a=]TÖ^_Vklb°·�k�]�a
_V]TÖà §kts~ªWkloq`* §®=o¡k-³j_g]6Öà¤�]-_g i`*·�kÈfihj`-o¡·�k¶fl]�_g_VklfÙ §dg]�a>º

õ�©�õ�©ª¨ | ´æ¬�µ.³
÷ |v¯Î9¿9�÷(7 ®.²�¯Î5
mno¡£;¦× i`-_g¦+]-¢Ah=dV·-heª=®°oqdg µ£�¦¡kls¥dVft]�a=b=®=fÙ §]�o^s~`* §ktoqdV`-_I`* ^ §h°kl¦qk� §kts~ªWkloq`* §®=o¡kl¦�uZktfl]�s¥k�fl]�sØÚ
ª=_gkt §kt_g£[dVa°¦q®=_V`* §dga=·=º�Ó¬h=dV¦vdg¦©uWklfl`-®=¦qk�]*¢¬ §h=k�_V`-fip[]-¢¬ §h=ktoqs~`-_(kÙÔ<fld« i`* qdV]�a=¦´a=klftkl¦¡¦§`-o×£Q §]
ªW]�ª=®=_V`* §k^ §h=k+fl]�a°b=®=ft qdV]�a�`-a=b±¤*`-_gkla=ftk&uj`-a°b=¦lº�Ó¬h=k�� ¢¯o¡klklßtkG]�®° ��¹ §kls¥ªWklo§`/ §®=o¡k+¢¯]�o(¦qdg_VdVft]�a
 §kta=b=¦� §]±uWk�uZkÙ µÖnktkla�M��Ç`-a=b�ãTx��ýb=ktªZkta=b=dga=·±]�a� §h=k�b=]�s¥dVa=`-a¹ +b°]�ªj`-a¹ &`-a=b�uWkt µÖ¼klkta
ã>�ý`*a=bhM�� ¢¯]�o¬·�klo¡s±`*a=dV®=s�ºAÓ¬h°k´fto¡£;¦¡ §`-_V¦�`-o¡k´`*¦¬h=dV·�h�ª=®°oqdg µ£�`-¦^ªZ]�¦¡¦qdgu=_VkG q]¥ftoqkl`* §k�`-¦
®=a=d«¢¯]�oqsð`¨ó9ktoqs¥d>¦q®°o¡¢Û`-ftk´`*¦�ªW]�¦¡¦qdVu°_Vk-º

Â�h=kla´ §h=k(¦§`-s¥ª=_gk(dg¦Pdga=dg qdH`-_g_g£^ft]<]�_gklb�b=]TÖ^a© §h°k¼fto¡£;¦¡ §`-_<dg¦DdVa´`+¦¡ §`* §k� µ£;ª=dVfl`-_V_«£ÈoqkÙ¢¯klo¡oqklb
 §]�`-¦�� ce];b=k~���gºPmnhj`-o¡·�k±ft]�_V_gklfÙ §dV]-a[dg¦´ªW];]�ol³3oqkt²;®°dVoqdga=·�_H`-o¡·�kØ¤�]�_« i`-·�kt¦l³A`-a=b"b°oqdg¢5 ¶ qdVs¥kl¦
`-o¡kv_H`-o¡·�k-º¶rGo¡dg¢5 � §dgs~kt¦&]�a! qh=kv]�o¡b=kloG]*¢¼¦¡kt¤-klo§`*_Ss~dgflo¡]�¦qktfl]�a=b°¦ ½ ¢¯oq]-s
¦¡dV·�a=`-_Ao¡dV¦qk� §dgs~kt¦i¿
hj`�¤�k¨uWklkta[]-u=¦qkto¡¤�ktb>º©�µa�ce];b=kv�+`-a=b
dga!¤�kto¡£!dgs~ª°®=oqkvfto¡£;¦¡ §`-_V¦ ½ Ü ã+wAp"'¼Ú�fls±¿G`�¦qdgs~ª=_gk
 §oq`-ª=ª=dga=·�s~];b=kl_=Ö¼]�o¡p;¦n²;®°dg §k^Ö¼kl_V_�¦iS-x_§9Ö^h=klo¡k+ qh=k+fih=`-oq·�kt¦nb=d«ÁF®°¦qkG`*a=b�`-o¡k� qo§`-ª°ªZktb�`-_g]�a=·
 §h°k�b°oqdg¢5 ­ªj`* §h�u¹£�dVs¥ª=®=o¡dg µ£~¦qdg qkl¦tº�Ó¬h=dV¦^_Vkl`-b=¦¬ §]¥`ØªW]�¦qd« §dV]-a�b=klªWkla=b=`-a¹ &¦¡dV·�aj`*_

# ½%$ Ì§¿& Ì · ï�k± ½ ã Ô � ä å ¨ c('*) ¿4Þ ï Û± ½ ã Ô � ä å ¨ c(',+ ¿ ½ w<º«ã*S¹¿
Ö^h=ktoqk É ½%$ ÌÕ¿Fdg¦I §h=k�fihj`-o¡·�k�¦qdg·�aj`-_�³Tfl]�s¥ªj`-o¡klb¶ §]¬ §h=k� §]* i`-_ ô Ìt³-`-a°bÉï�kÙ³�ï Û `*oqk� §h=k� qo§`-ª=ª°dVa=·
_Vkta=·- qh=¦^]-¢P qh=k¶kl_gklft qoq]�a°¦+`*a=b�h=]�_Vkt¦l³9`-a°beb�dV¦­ qh=kÈ §h=dgfip�a=kl¦¡¦&]-¢3 §h=k¶¦q`-s~ª°_Vk-º

Â�h=kla� §h°k�¦q`-s¥ª=_Vk&Ön`-¦�dVo¡o§`-b=dV`* §ktb�]�o¬dg_V_V®°s~dgaj`* §ktb¥Ö^d« §h� §h°k�o¡dV·�h¹ ­¢¯o¡kl²�®=kta=ft£�]-¢P_Vdg·�h¹ 
¢¯oq]-s `-a��Dé�r�¦iL�Lm§D §h=k´fihj`-oq·-k©fl]-_V_Vktft qdV]�a�dVs¥ª=o¡]6¤-kl¦+b=o§`-s~`* qdVf�`*_V_g£-º¼Ó¬h°dV¦&dg¦&`/ q §o¡dVu=®< §klb� §]
 §h°k ñ _g_VdVa°·´]-¢>ªZ]- qkla¹ §dV`-_9fihj`-o¡·�k& §oq`-ª=ª=dga=·©¦¡dg qkl¦nu¹£¥ §h=k+dVa=b°®=flktb�kl_Vktft qoq]�a=¦n`-a=b�h°]�_Vkt¦lºSÓ¬h=k
dVo¡o§`-b°dH`* qdV]�aQb°]�¦qk ½ `-a°b�ª=o¡kl¦q®°s±`-u°_g£Q qh=kß�Dé�r
 qdVs¥k-³¼`-_g qh=]�®=·-h) qh=dV¦ØÖn`-¦~a°kt¤�kto~ qkl¦¡ qklb9¿
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Au

n-type Si

Ev

EF

Vacuum

AlEc

óAdg·�®=oqk�w<ºjK<Ê�¾èuj̀-a=b�b=dV̀-·�oq̀-s ]*¢+ qh=k�¦qdg_VdVft]�aQdg]�a=dVßl̀* §dg]�a"¦×£;¦¡ §ktseº.Ó¬h°k�u=̀-oqo¡dVklo©]�a. §h=k
-̀_g®=s~dga�®=s ¦¡dVb=k¶dg¦¬¦qdV·-a=d ñ fl̀-a¹ §_«£±¦¡s±̀-_g_Vkton §hj̀*a�]-a� qh=k¶·�]�_Vb�¦¡dVb=k*º

¦qfl̀-_VktbMoq]�®=·-h=_g£�_Vdga=k�̀*oq_g£�Ö̂ d« §h� qh=kØª=®=o¡dg µ£!]*¢� §h=kØfto¡£;¦¡ §̀-_�º©ÀGa=kØ]-¢� §h°kØ¦q®=o¡ª=oqdg¦qdVa°·� §h=dga=·�¦
-̀uW]�®° G qh=kvª=o¡]�·�o¡kl¦q¦¡dV]�a!¢̄ o¡]�s ce]<b°kv�¬ §]�ce];b=kv�¡��dg¦& §h=̀* G §h°kvª=h=]�a°]�a
¦qdg·�aj̀-_PdVa=ftoqk�̀*¦qklb
oq]-®=·�h=_«£~w-xY��ºS�µa�¢Û̀-fÙ ¼ qh=k&kÙÁFktft ­Öǹ-¦n]-oqdV·-dVaj̀-_g_g£́ b=dV¦¡fl]T¤�ktoqktb�dga�̀�ª=h=]�a=]-a�¦qkta=¦q]�onu�£~¾©º ÓÈº�Iklk¶b=®=o¡dVa=·̈ uW]�svuj̀*oqb=s¥kla¹ ̂ u¹£�̀væ(̀-ajrGkTÆÈo§̀/Á
̀-ftflkl_gkloq̀* §]�otº

Ó¬h=k&s¥]�¦× n¦¡®=oqª=o¡dV¦¡dVa=·́ oqkl¦¡®=_g ¼]-¢3c[º<̧3kla=a � ¦ ñ a=b=dVa°·�¦l³�Ö̂ h=dVfih±sv®=¦¡ nuZk�oqkt¦¡ §̀* §ktb�h=klo¡k-³<dV¦
 §h=̀* A¢̄ ]�oD¤�kto¡£́ ª=®=o¡k­¦§̀-s¥ª=_gkl¦ ½ Ü ä w-xSp;'¼Úµfls±¿D qh=k­¦¡dV·�aj̀*_;_g]�¦q¦3Ö­̀*¦P¤;dVo× §®j̀-_g_g£Èdga=b=ktªZkta=bj̀-a¹ �]-¢
 §h°k+ §h°dVfip�a=kl¦¡¦¬]-¢I §h°k&¦§̀*s~ª=_gk-ºSÓ¬h°kG]�u¹¤;dV]�®=¦¼dVa¹ §ktoqª=o¡kt §̀* §dg]�a~Öǹ-¦n qhj̀* ­s¥]�¦× ­]-¢> qh=kGfihj̀*oq·�k
Öǹ-¦±uWkldga=·�_g]�¦¡ ̈ dga) qh=k�dVa=d« §dH̀*_nkÙÚ�h�ft_V]�®=b�Ö̂ h=kta� §h=k�kl_gklfÙ §oqdgf ñ kl_gb�fl]-®=_Vb)uZk�ktÁZklfÙ §d«¤�kl_«£
¦qh°dVkl_gb=klb�]-®° �º�»¼£±fl]�s¥ªj̀-o¡dVa=·� §h=kÈoq̀* §k&]-¢Dfl]�dga=fldgb=kla°flkÈdVa�̀v¦qª=_gdg ­b°kt §ktft q]�ol³9c[ºj̧Pkta=a�Öǹ-¦
-̀u=_gk¼ q]Gkl¦× §dVs~̀* qk¼ §h°k­¦qdgßlk­]-¢j qh=k­fihj̀*oq·�k¬ft_V]�®=b©dVa É d°̀-a=bvd« §¦Pb=klªWkla=b=̀-a=flk̂ ]�a©kl_Vktft qoqdVf ñ kl_gb>º
�µaØh=dg·�hØª=®=o¡dg µ£ É d°fihj̀*oq·�k¬ft_V]�®=b°¦S]-¢DãIs¥sý̀-o¡kn §h°k­s~dga=dVs©®=s�b=dH̀*s~kÙ §klotºPÓ¬h°dV¦Sft]�a=¦¡ qo§̀-dga=klb
¦q]-s~kÈ]-¢P §h=k¶kt_VklfÙ §o¡]<b=kÈ·-kl]�s¥kt qo¡£�³°b=dV¦¡fl®=¦¡¦qklb�dVa�fihj̀-ª° qklo�y°º

Ó¬h=k¶ª=h=]�a°]�a�¦qkla°¦q]�ô dg q¦qkt_g¢DdV¦¬s¥]�¦× §_g£~̀-_g®=s¥dVa�®=s -̀a=b� §h°k�u=̀-fip�¦qdVb°kGÖ­̀-¦̂ ft]6¤-klo¡klbeÖ̂ d« §h
·�]�_gb ½ dg·�a=]�o¡dVa=·v̀©¤�klo×£� §h°dVa� §d« ì-a°dV®=sÜ¦¡ qdVfip�dVa°·Ø_H̀�£�ktoi¿Ùº�Ó¬h=kt¦qkÈ µÖ¼]¥s¥kt §̀-_V¦nfl]�s¥ª=oqdg¦qktb� §h=k
É fih=]* q §p¹£�uj̀*oqoqdgklo¡¦v]-¢� §h=k�dV]-a=dVßl̀* §dg]�a"¦×£<¦× §ktsúb=klª=dgft qklb)dVa�óAdg·�®=oqk�w<ºjK<º"Â"]-oqp�¢̄ ®°a=ft qdV]�a
kl¦× §dgs±̀* qkl¦+]-¢�·�]�_gb�o§̀*a=·�ḱ ¢̄ o¡]�s P<º«ãtÚÕP<ºiM±kÙæ�¦ w_§�³>̀-_g®=s~dga�®=sÒ¢̄ oq]�s M=º«ãtÚ�M=ºNM±̀-a=b!¦¡dV_gdVfl]-ae¢̄ oq]-s
y°ºNS/Ú�M°º w<º+Ó¬h=kv¦¡fih=]- q qp¹£!uj̀-o¡oqdgklo&]-a� §h=k©·�]�_Vbe¦qdgb=ḱ  qh=kla
dg¦ á ãØkÙæÇ]�o&̀-ª=ª=o¡]TÔ<dgs±̀* qkl_«£� §h=k
¦qdgßlk�]-¢̂  qh=k�uj̀-a=b�·¹̀-ªFº"Ó¬h=k�¦¡fih=]- q qp¹£�uj̀-oqo¡dVktov]�a. §h=k�̀*_V®=s¥dVa�®=s�¦qdgb=k�dV¦©ßlklo¡]M]�ov¤�kto¡£
¦qs~̀-_g_�º
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Ó¬h=dg¦¼¦¡klft qdV]�a¥Ö^dV_g_j]�®° §_gdVa=k¬dga~b°kt i`*dV_j §h=k�ª=h¹£;¦qdgf�`-_W·�kl]-s~kÙ §o¡£¥`*a=b~¢Û`-u°oqdVfl`* §dg]�a¨dV¦¡¦q®=kt¦n]-¢Z §h=k
ó��I�õ¸"b=kt¦qdg·�a¨p;a°]6Ö^a±`-¦� §h=k�� ¾&_gkÙÔB��b=kt¦qdV·-a>ºS¾�ª=oqkÙ¤;dV]�®=¦�b=kt¦qdg·�aØÖ­`-¦¼`* ¡ §kls¥ª° qklb¨dVa¥`ØãTx�xS·
¢¯]�o¡s±`* l³Su=®° Ø qh=klo¡k�Önktoqk�s~`-a¹£"ª°oq]�u=_gkls¥¦Ø`-¦¡¦q];fldH`/ §klbQÖ^d« §h.d« §¦vb=kt¦qdg·�a>º�rGkt i`*dV_V¦�]-¢^ §h°dV¦
]�_gb=kloGb°kl¦qdg·�a[f�`-aMuWkv¢¯]�®=a=b[dVa! qh=k¥¸�h=rÜ qh=kl¦¡dV¦¶]-¢ É `-kØÂ�]<]��+`-s�¦ L\L,§�`-a=b[dVa! qh=kØÖn]�o¡p
]-¢P»&º=mnh;®°·�·[¦ S°ã�§�º(��Ö¼]�®=_gb�_VdVp*k& §]v qhj`-a=p~¸A`*®=_I»no¡dVa=p¨¢¯]�o­h=dg¦­dVa¹¤*`-_g®j`-u=_gk+h=kt_Vª�b=®°oqdVa°·v §h=k
b=kt¦qdV·-aM`-a=bMfl]�a°¦¡ §o¡®=ft qdV]�a
]*¢( qh=dV¦&b=kt¤;dVftk-º©c�`-a¹£
¦¡®=u° §_gkvdV¦¡¦q®=kt¦GÖn]-®=_VbMhj`�¤�kØkt¦qfl`-ªZktb�s¥k
dg¢^a°]- Ø¢¯]�ovh=dg¦vªj`* qdVkta=flk*º"�¶Ön]�®°_Vb�`-_g¦q]
_Vdgp-k± q]! §hj`*a=pQ»­`*oqoq]-a�mnh�®=·-·M¢¯]-ovs±`*a�£�®=¦¡kt¢¯®=_
b=dg¦qfl®°¦q¦qdg]�a=¦G]-a� §h=k´¦qªWklftd ñ ft¦G]-¢�ª=o¡]<ftkl¦q¦¡dVa=·~ §h=dgfip�Ön`*¢¯klo¡¦lº+�� G¦qh°]�®=_Vb�uZkva°]- §ktb� §hj`/ & §h°dV¦
b=kt¦qdV·-a�Ön`-¦ ñ aj`-_gdVßlktb¶uZkÙ¢¯]�oqk�flo¡®=fldV`-_¹²�®j`-¦¡dVªj`-o× §dgfl_VkP §o§`*ª=ª=dVa°·�kÕÔ<ªZktoqdVs¥kla¹ q¦3Ö¼klo¡k¼ft]�a=b=®=fÙ §ktb
`-a=b� §h�®=¦^o¡klª=o¡kl¦qkta¹ §¦G`¨_Vkt¦q¦¬ §h=`-a�]�ª° §dgs±`*_F·�kt]�s~kÙ §o×£�º

.��*� ���ÉÈ�¥J£ ���tÈz¥!/�� 0  9�VÈ������r¥J�%��È
�µa�]�oqb°klov §]Mftoqk�`/ §k� §h°k�s~]�¦× Øktö¥ftdVkla¹ ¥ª=h=]-a=]�a�b=kt qklfÙ §]�ot³(Ö¼k�uZkt_VdVkÙ¤�ktb)d« Øa=ktflkl¦¡¦§`-o×£. §]
fl]T¤-kloÈ §h=kØs~`/Ô<dVs~`-_D¦q®°o¡¢Û`-ftk¨`-oqkl`±Ö^dg §hM`*_V®=s¥dVa�®=s fl]-_V_Vktft q]�o&kt_Vkls¥kla¹ q¦lº É dVa=ftkv §h=kØb°dgÁZ®<Ú
¦qdg]�a�_gkla=·* §h�]*¢S²�®j`-¦¡dVªj`-o× §dgfl_Vkt¦+dga�`*_V®=s¥dVa�®=sðÖn`-¦ ñ a=dg qk ½ `-a=b�`* + qh=k´ qdVs¥k¶]-¢S §h°k´b=kt¦qdg·�a>³
®=a=p�a=]TÖ^a9¿­Ö¼k�kta=b=kl`T¤-]�oqktbe q]Øs~dga=dVs¥dVßtk� qh=k�`-oqkl`v]-¢Akl`-fih�dVa=b=d«¤;dVb=®j`*_Zft]�_V_gklft q]�o ñ aFº�Ó¬h=dV¦

M=ã
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oqkt²�®=dVo¡klb�s~`/Ô<dVs¥dVßtdVa=·G qh=k&a�®=svuWklo¼]-¢IÓ^é É kl_gkls¥kla¹ §¦( §hj`/ ¼Ö¼]�®=_gb�uZk�¢¯klb�u¹£¨ §h°kl¦qk&fl]�_g_VklfÕÚ
 §]-o ñ a=¦tº�Ó¬h=k^a;®°svuZkto�]-¢WÓ^é É kt_Vkls¥kla¹ q¦S §hj`* �fl`-a¨uZk¬ft]�a=a=ktft qklb±dgaØªj`-oq`-_V_gkl_;dVa¨`Èb=kt qklfÙ §]�o
dV¦¼_Vdgs~d« §klbF³¹h=]TÖnkÙ¤�klot³ju¹£�`©ft]�svu=dgaj`* qdV]�a¥]-¢I §h°kG¦¡ §`-u=dV_gdg µ£Øftoqd« §klo¡dV]�a4¦iL\L,§>`*a=b± §h°kå�3â-\� qdVs¥k
fl]-a=¦¡ §`-a¹ &]-¢P §h=k É=ô Ä+�õr oqkl`-b=]�®° �ftdVoqft®=dg lº¼mn]�a=¦qkto¡¤*`* qdV¦qsÒ¢¯]-oqflktb�®=¦^ §]~`-ftflklª< §klb�`¥s~`/Ô�Ú
dVs©®=s _gkla=·* §h�]-¢Gw\P-xSï>s�¢¯]�o¨`
¦¡ §`-u=_Vk�Ó^é É º�Ó¬h°ke`*ft §®=`-_¬s±`6Ô°dgsv®=s�_Vkta=·- qh)¦¡h=]�®=_gb�uZk
s¥k�`-¦¡®=oqktb�u=®° ¬ §h°dV¦nh=`-¦­a=]- n£�kt ^uWklkta�b=]�a=k ½ ¦qktkÈfihj`-ª° qkloÏL¹¿Õº�ó9]-o­`-a��3â-\� §dgs~k+fl]�a=¦× i`-a¹ 
]-¢ á ãIï>¦l³� qh=k­]�ªWkloq`* §dga=·&ªW]�dVa¹ Asv®=¦¡ SuZk á x°ºêw�'�¢¯]-oP §h°k­dVa=ª°®° Sdga=b=®=fÙ i`-a=ftk­]-¢9]�®°oSª=oqkt¦qkta� 
É=ô Ä+�õrÃdga=ª=®° &fl]�dg_V¦ ½ � · x°ºêw\PAï4�G¿Õº9ÓP]�s~`-dga� §`-dVae`±h=dg·�h ê ½ ¦¡klkØfihj`-ª< §kloÈw�¿^Ö¼k©Ö^dV¦¡h=klb
 §]eu=dH`*¦¶ qh=k¥Ó^é É `*  á íK ]-¢¬dg q¦¶a=]�oqs~`-_�o¡kl¦qdg¦¡ §`-a=flk*º�Ó¬h=dV¦�fl]-a=¦¡ qo§`-dga=klbQ®°¦� q]!`-a�\ � ]-¢
`-uW]�®° �`-a�ÀGh=s�º

Æ¶d«¤�kta~ §h°k&oqkt¦qdg¦¡ §d«¤;dg µ£Ø]-¢>]�®=o� §®=a=·-¦¡ §kta ½�á P�' Ö>= `* ¼yYPAa°sÜ qh=dVfip�a=kt¦q¦§¿� §h°k&s~`/Ô<dVsv®=s
_Vkta=·- qh[]*¢¬w\P*xSï>s _gdVs¥dg §ktbe qh=kØ §]- §`-_Sªj`-oq`-_V_gkl_DÖ^dVb° qhM]-¢nÓ^é É  §]�`-oq]-®=a=b�ã�ºêwAs~s�ºØmn]�sØÚ
u=dga=dVa=·� §h°dV¦ÈÖ^dg qh� §h°k~ª=oq`-ft qdVfl`-_�¤-`*_V®=k¨]-¢ á wAï>s ¢¯]�o�`eft]�s¥¢¯]-o¡ i`*u=_VkØª=h°]- §]�_gdg qh=]�·�oq`-ª=h=dgf
_Vdga=ktÖ^dgb° §h�Ö¼k�Ö¼klo¡k©_gdVs¥dg §ktb± §]~`-uW]�®° cP-x�xØ §]* i`-_>Ó^é É kt_Vkts~kta� q¦lº¼ÓP]¥fl]T¤�kto+ qh=k~ã�xSfls ç ]-¢
¦q®°o¡¢Û`-ftk�`-oqkl`�]�aQ]-a=k�²�®j`-b=oq`-a¹ Ø]-¢^`�y�dVa=fih�Ö­`*¢¯kto© §h°kla.oqkt²�®=dVo¡klb.k�`*fih.Ó^é É  q]!uWk~¢¯klb
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|| Array of 444
TES Elements

5 mm

D

C B

A

2 µm wide
250 µm long

TES

3 inches

10% coverage
W Grid
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TRPad3

BRPad4
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@t\PC>QKA!Vj¹�m¬R\PT
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Unexposed

Unexposed
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1.1 mm  Al Fins

60 µm Fin Width
2 µm W TES
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2µm X 250µm TES

4µm X 40µ Traps

5µm W diffusion spur

Integrated Bias Rail
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Deposition

Al/W

Patterning

QP fins, Connectivity

Deposition

Active W

Patterning

TES

150 nm

35 nm

35 nm

Si

Al

W

Si

Al

W

Si

Al

W

Si

Al
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@BJMF>d�\PFBLpVKA�HKJXH�QlH�QUV�JMCBC>JMFBd�Q
\PÃ_A!HlCBuv\PT�A�JMF�QU@BAH�QU\PFBLt\_VKL½Áq́�²£T
@BA��rJXT�\Pua�B\_QU@BH�m



¼�½¿¾cÀcÁ
Â
Ã217Æ�ÇåÂ43"Ô,576¹¾86cÇ:9V¾�;�Ã Ô ¼z¾cÁ
ÔnÒ<6 ¹Pf
�<@BA�OyEGV��e\_QKJMEGF¥EPOWQK@BA»\PuXkB�rJXF�kB�ÉstFêdGA�EG�rA,QUV�w�JXHeLBEPFBA»\_OÆQKA!VeV�A!uXJv\P�BuXA©\PuMJXdGFB�pA!F[Q�r\PVKÃ�H£@t\�YGA¢�ªA�A!F¤uv\PJXLêLBEgo�F¦JXF°QK@BAI�rA,Q
\Pu%m2n�A�FBEgoÎkBHKAIQU@BA¨�gÄ³H�A!Ct\PVK\_QUA�L¦�r\PHKÃ�HQUE¢LBA,stFBA£QU@BA£HKFB\PÃPA©Ct\_Q�QUA!V�F�JXF¨QK@BA]OyEGkBV���kt\PLBVK\PF[QUHpEPO7QU@BA]oq\_OyA!V�m��<@BJXH�VKA!�pEgYGA�H�\PuXu�pA�Q
\_uWJMFêQU@BA¢��¬4²¤V�A!dGJXEGFêQUE¥A!FBH�kBVKA�\¨OyV�A!HK@§HKkBV�O�\PT!AIOyEGV�QK@BA�\_T�QUJ`YGAIQUkBF>dGH�QKA!FNm�n�A\PV�A}uXA�OÆQ�o�JXQK@��juÆÚ�n A�YPA!V�wZo�@>A!VKA�o�@>A!VKA�olAio�JMuXuNA�YPA!F[QUkB\PuMu`w]@t\�YGAi�ZkB\PHKJXCt\PV�QKJMT�uMA�stFBHj\PFBLJMF[QKA!VKT�EGFBFBA�T�QKJMEGF©Ct\PLBH�m�<@BA½oq\_OyA!VrJMH�QU@BA�FÑCBuM\PT!A�L��t\PT
Ã¥JMF¥QU@BA½¿�\PuX�!A!V�HpOyEPVpQK@BA½LBA�CªEPHKJXQKJMEGF¥EPO�QK@BA�\_T�QUJ`YGAQUk>FBdGH�QKA!FNm���Q4QU@>JMH4H�Q
\_dGA7QK@BA7T!uMA!\PFBuXJMFBA�HKHREPONQK@BA7oq\_OyA�Vq\PF>LrQU@>AjT
@t\_���ªA�Vq\_VKA7Ct\PVU\_�rEGk>F�Q!m�<@BA�H�kBC�A!VKT�EGFBLBk>T�QUJXFBd�QUA��rC�A!VK\_QUk>VKAeE_O�QU@BArQUkBFBdPH�QUA�F³JMHi�Zk>JXQUAruMEgoéx%Ë¥�gfGf��rÝ}{}H�E»\PF[wT!EPF�QU\P�pJMFt\_QKJMEGF�T!EGkBuXL¨T�\PkBH�A©\IH�@BJXOÆQ�JXF¨�<ë
m �8FBE_QU@BA�VpdPVKEGkBC¨CBuM\PT!A�L¥oq\_OyA�VKHSo�JXQK@¥C>@BE_«QUEPVKA!H�JMH�Q�JMF©QU@BAiHKCBk�QKQUA�VKJXFBd�T
@t\P�¯�ªA�V�\PFBL½T�\PkBH�A!L»kBHjQUEeuXEGHKAi�<ë�OyEGV7�e\PF[w©�pEGF[QU@BH�mj�<@BAQUk>FBdGH�QKA!F]JXHlH�CBk>QKQKA!V�A!L�o�@BJXuMA7\PCBCBu`wZJMFBdi\}«�~_fGf�Ì§Â�Á��BJv\PHRQUE}QU@BA7o�\�OyA!VKH�m��<@BJMH4QUA�T
@BFBJM��kBAoq\PHrL>A�YGA�uMEGC�A!L¥�[w¥ÝWA!F[Qp´�V�o�JMF³QKE�\_T
@BJMA,YGA£QU@BA©\PCBC>VKEGCBV�Jv\_QKA]VU\PF>dGA]EPO7QUVU\_FBHKJ`QUJMEPF QUA!�S«C�A!VU\�QUkBV�APme�ÏÂ�Á��>Jv\PH�JMHWQKVU\PLBJ`QUJXEGFt\PuXuXw£kBH�A!L�QKE�V�A!�pE­YPArT�EGF[Q
\P�pJMFB\_QUJXEGFNba\PF>L�@t\PH}��A!A!FH�QKVKEGF>dGuXw£T�EGVKV�A!uv\�QUA!L£QUEpQU@BA}QUkBF>dGH�QKA!F��<ë�xyHKA�AiOyk>QKkBVKA}oqEGV�Ã£��w�¿8mBì4EGk>FBd�\PF>L½�Wmc²>\G\P�¼{*m�tEGV}\�dGA�FBA!VK\PuRLBJMH�T!kBH�HKJXEGF�EGF¢QU@BApHKk>CªA�VKT!EPFBLBkBT,QUJXYZJ`Q�w�E_O�QUkBF>dGH�QKA!F CBuXA�\PH�Ar��ApVKA�OyA�VKA�L�QUEQU@>A�olEGV�Ã�EPOl¶|m�ÁqEGuXuMJXFBd¼í×ÖGz�îR\PFBL¢EPQU@>A!VKHrí×ÖP¾>bNÖ[¹�baÖGÄ�baÖ[È�baÖPà�b¸ÖGÖ­î
m�¬�HKH�A!F[QUJM\PuMu`w�QK@BA!V�Ap\PVKAQU@>VKA!ASC>@t\PHKA�HWEPO�QUk>FBdGH�QKA!FNb ê «�CB@B\PHKA_bNïN«�CB@t\_HKAPbN\PFBL � «�CB@B\PHKA�A!\PT
@»o�JXQK@�LBJXÒªA!V�A!F[QWH�kBCªA�V�«T!EPFBLBkBT,QUJMF>d�QUVU\_FBHKJ`QUJMEPF�QUA��rC�A!VK\_QUk>VKA!H�m»�<@BJMF�stuM�pH¯EPO ê «�CB@B\PHKAeQKkBFBdGH�QUA�F³T�\PF³��A��r\PLBAQU@>VKEGkBdP@�A�Y_\PC�EGVK\_QUJXEGF¢o�J`QU@�\©�<ëWEPO8�­¹��rÝ�b¸T�uMEGH�ApQKE�QU@>Ar�Bk>uMÃ�Y_\PuMk>APm©²�CBk�QKQUA�VKA�L�stuM�pH@t\�YGAS��A!A�FICBVKEZLBkBT�A!L»o�JXQK@»ïa«(CB@t\PH�A¯QUk>FBdGH�QKA!F¢\PFBL»�<ë�EPOR¾�«�¹�ÝSma²�C>k>QKQKA!VKJXFBdeo�J`QU@»FBEG�>uMAd[\PH�A!H©xyHKJM�pJMuM\PV�QUE»EGkBV¯CBVKEZT!A�A!LBkBV�Ag{�@t\�YGA£CBV�E�L>kBT!A�L � «(CB@t\PH�A�QUkBFBdPH�QUA�F¥o�J`QU@³A*¡>CB\PFBLBA�Luv\�QKQUJXT!A<H�JM�!A�H4\PFBLe@>JMdG@��<ë
ÇDHlEPOcz�«·¹�Ý�m¹ÀWk>VRQKkBFBdGH�QUA�FeJMH4\PuX�rEPH�Q�T�A!V�QU\PJMF>uXw�\PFr\PLB�pJ`¡ZQKkBVKA<EPOQ�olEpE_O�QK@BA�CB@B\PHKA�H�QKEST!V�A�\_QKA�\PF]JMF[QUA�VK�pA!LBJM\_QUAj�<ëREPO4�gfGf��rÝ�m�Ü�A!T!A�F[Q<oqEGV�ÃeEPO|¿8mZì4EGkBFBd\PFBL½�Wma²>\G\_�½@t\PH�\PuMH�EeHK@>E­o�FI\rH�QUV�EGFBdIxyuMJXFBA�\PVU{�T!EGV�VKA!uM\_QUJXEGF©EPO�QU@BA}QUkBF>dGH�QKA!F�QUVK\PFBH�JXQUJXEGFQUA��rC�A!VK\_QUk>VKAio�J`QU@©QU@BA¯YPEGuMk>�rA}LBA!F>HKJXQ�w�EPORJXEGF½JX�rCBuM\PF[QUA�L�JXVKEGFNm7�<@BJXHjolEGVKÃ£T!EPkBuML»\_uMuMEgoQU@>AW\P�BJXuMJXQ�wSQKE�T!EPF�QKJMF�kBEGk>HKuXwpQUk>FBA��<ë�QUES\}OyA�o¤�rJXuMuXJMLBA�dGVKA�A!H!m|ÅjE_QUJMF>d¯QU@BA8�<ð<LBA!C�A!FBL>A!FBT�A
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Ti/Au Lift off
to form

20%coverage Grid

Patterned
boundary

��JXdGkBVKA¯z>m^È��8�±LBJM\PdGVK\P�úEPORQU@BASJXEGFBJM�!\_QUJXEGF©HKJML>ASEPORQU@BA�L>A�QUA�T�QKEGV!mi��~Pf[áú\PVKA!\�T!EgYGA�VU\PdGAdGV�JML�JXHeCt\�QKQUA�VKFBA�LÑo�JXQK@Ñ\��t\_VKVKJXA!Vp�ªA,Q�oqA�A!F°QU@BA�JMFBF>A!V�\_FBLÑEGk>QKA!VrA!uMA�T�QKVKEZLBA!H�mä�çQK@BJMF�<JÆÚ��8k£uv\�wGA�V�JMH<A�Y_\PC�EGVK\_QUA�LNbBQU@BA�F�uXJXOÆQKA!L]EPÒ�QKE�LBA�stF>A}QK@BA��t\PT
Ã]A!uXA!T,QUVKEZLBA�H!m
EPO�QK@BA�A�FBA!V�dPw�V�A!H�EGuMk>QKJMEGF¥EPO}\¢��¬l²�blQU@>JMHeT�EGkBuXL�A!FB\P�BuMA�kBHeQKE�T!V�A�\_QKA�@BJXdG@BuXw EGC>QUJX�e\_uLBA,QUA!T,QUEGV�HjJXF]QU@BA�FBA!\PV�Oyk>QUk>VKAPm�<@BA�QUkBFBdPH�QUA�FedGV�JML�EGF�QU@BA�EGk�QUA!VRC�A!V�JM�pA�QUA�V�EPO�QU@BA�LBA,QUA!T,QUEGVRO�\PT�A7JXH�Ct\_Q�QUA!V�FBA!LrLBkBV�JMFBdQU@>A<HU\P�pA�H�QKA!Cp\PH�QK@BA<��¬4²�A!uMA��rA�F[QUH!m��<@BJMH�JXH�\��BuXJMFBL�H�QUA�CNb[HKJXFBT!A�QK@BA!V�A�\PVKA�F>E�\PuMJXdGFB�pA!F[Q�r\PVKÃ�H8F>A�\PV8QK@BA�A�LBdGA�EPORQK@BA¯oq\_OyA!V�m�n�AS\_uMHKEruMA!\gYPA���A!@BJXFBL»HKEG�pAiQKkBFBdGH�QUA�F¢EPF�HKA�uMA!T,QUA�LJMF[QKA!VKT�EGFBFBA�T�QKJMEGF�CB\PLBH�QKE8JMF>T!VKA!\PHKAlQU@BAlVKA!uXJv\P�>JMuMJ`Q�w�EPO>QU@BAqo�JXVKAl�ªEGF>LBH!m|�|kBF>dGH�QKA!F�JMH|\8��kBT
@QUEPkBdG@BA�VW�e\_QKA!V�Jv\Pu¸QU@t\_FI\PuMkB�pJMF�kB�ç\PFBL»T�VKA!\_QUA�Hi\]T�EGF[YGA!F>JMA!F[Q}@t\PV�LIT!VKk>H�QWQUE]o�@BJXT
@»QU@BA�8ua��EGFBL]o�JXVKA�T�\PF©CBV�EGCªA�VKu`weolA!uMLcm�<@BA�stFt\PutCBV�E�T�A!H�HKJMF>diH�QUA!CrJMF[YGEPuXYGA�H�QU@BA�Ct\_Q�QUA�VKFBJXFBdiE_OªQK@BA��t\PT
Ã�HKJXLBAjA�uMA�T�QUV�E�L>A�OyEPV�QU@BAJMEPFBJM�!\_QUJXEGF]A!uXA!T�QKVKEZLBAPm��¼EPV�QK@BA}�8uMA*¡©LBA!H�JMdGF©oqA}kBH�A!L»\puMJXOÆQ�EPÒ¢CBVKEZT!A�A!LBkBV�AiQKErLBA,stFBA}QU@BAdGV�JML£\PFBL£JXFBFBA!V�\_FBL£EGk>QUA�V<A!uXA!T�QKVKEZLBA!H�mR�jOÆQUA�V�QU@BA�CB@>EGFBEGF£HKJXLBAWCBV�E�T�A!HKH�JMFBd�JXH<T!EG�pCBuMA,QUA�LNbolAWT!EgYGA�V�QK@BAW�pA�Q
\_uªo�JXQK@£\�LBEGkB�>uMA�uM\gwPA!V<EPO�CB@>EPQUEGV�A!H�JMH�QqOyEGV�CBV�EPQUA�T�QUJXEGFNm�n�A�QU@BA�F©\PCBCBu`w
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VKA�HKJXH�Q<QUEiQU@BAW�t\_T
ÃZH�JMLBA_btCBuv\_T!JMF>d¯QU@BA8CB@BEGFBEPF©H�JMLBA8JMF]T!EPF�QU\PT�Q<o�J`QU@�QK@BA�HKC>JMFBFBA�V<T
@�kBT
Ã¼ml�uMJ`OÆQaEPÒS�r\PH�Ã�JMH¸T!V�A�\_QKA!LiJMFWQU@BARV�A!HKJXH�Q��[w�A,¡�C�EGHKJXFBdBb�HKE[\PÃ�JXFBdjJXF�T
@BuMEGV�EG��A!FB��A!FBAROyEGV��4�rJXFZk�QUA\PFBL©QU@BA�F�LBA,YGA!uXEGCBJXFBdBm<�<@BA�T
@>uMEGV�EG�ªA�FB�!A�FBA¯@B\PVKLBA�FBHjQK@BAiQKEGC½H�kBV�O�\_T!A¯E_O�QU@BA}CB@BE_QUEGV�A!HKJXH�Q\PFBL£JXFB@BJM�>JXQUH4LBA,YGA!uXEGCB�pA!F[Q�mR�<@BAWC>@BEPQUEPVKA!H�JMH�Q<QU@BA�F©dG\PJMFBHlQU@BA�T�uv\PH�HKJXT�kBFBLBA�VKT�k>Q7CBVKEPsBuMA�EPO\�uMJXOÆQKEPÒ»�r\PHKÃ¼mqn�A�QU@BA�F�LBA!C�EGH�JXQj\e¹�F>�úQKJXQU\PFBJMk>�ØH�QKJMT
Ã�JMF>druM\gwPA!V�OyEGuMuXEgoqA�L��[w½~G¹�FB�ÕEPOdGEGuXLNm��<@BA�LBA!C�EGHKJ`QUJXEGFBH�\_VKA�LBEPFBA<JMF�QK@BA7û�JXFB��QKEGF�T�uMA�\_FSVKEZEG�:�[w¯�Wm�Á�\PV�YPA!V�JXF�\PFSA,«(�ªA!\P�A�Y_\PC�EGVK\_QUEGV�m<�<@BAiQKJXQU\PFBJMk>�ÔJMH7JMF[QUA�FBLBA�L�EGFBu`w©\PH�\pH�QUJXT
Ã�JMFBdruv\�wGA�VjOyEGV<QU@>A¯dGEGuXLNb�\PFBL½oq\PH�r\PLBA}\PH<QU@BJXF½\_H7C�EGH�HKJM�>uMAPm4�<@BA}dGEGuXL£oq\PH8\PuMH�Ep�r\PLBA}\PH<QK@BJMF�\PH�CªEPHKHKJX�BuMA}\PF>L�H�QUJMuXuN@t\�YGA\ST!EGF[QKJMF�kBEGkBH7�pA�Q
\_uMJMTjuv\�wGA�V!m�<@BA<o�\�OyA!V�oq\PH�QU@BA�F�T�\PV�A�OykBuXuXwiCBuv\PT�A!LSJXF�\��t\_QU@�EPOª¶RÜj²ª�gfGfGf8QKEWVKA��rEgYGA�QK@BA<CB@BE_QUEGV�A,«HKJXH�Q7\PF>L�uXJXOÆQUE_Ò�QK@BA�kBF[o�\PF[QKA!L½�pA�QU\Pu
m�û�V�A�\_Q�T!\PVKA�FBA�A!LBA�L©QKEr��A�Q
\PÃ_A!F£QUEr\�YGEGJXL Ó E[\_QUJXFBdCBJXA!T!A�H�EPO�dPEGuML]OyVKEP�ØLBV�JXOÆQUJXFBdSEGF]QUESQK@BA�CB@BEGFBEPF�H�A!FBH�EGV!m
ü<ý(ü<ý�þ �½ÿ����������
	��
�8H7HKJX�rC>uMA�\PH7EGkBVj®W¬��äCBVKEZT!A�HKHjJMHixÐÍ�kBH�QjQ�olEeL>A!C�EGHKJ`QUJMEPF�H�QUA!C>H
{7J`Q�JMH�k>Q�QUA!V�uXw£LBA�CªA�FBLBA�F�QEGFe\}OyA�o°T�VKJ`QUJMT!\PutCBJXA!T!A�HqEPONA!��kBJMC>�rA�F�Q!m�´(Q�JXHREPOak>QK�rEGH�QqJX�rC�EGV�Q
\PFBT�A<QUEiQK@BA�Oyk>QUkBV�A8EPONEGkBVCBV�E�Í�A!T,Q8QU@B\_QjQK@BA!H�A¯�r\PT
@BJXFBA!Hj\PVKA}�r\PJMF[Q
\_JMFBA�L��[w½Áq´�²�LBA�HKCBJ`QUA�QU@BA}O�\PT�Q7QU@t\�QjQK@BA�z�JMFBT
@oq\_OyA!V<OyEGV��e\_Q�JMH<HKA,YGA�VKuXw£EPk>QULt\�QUA!Lcm
��
������������������! 
�<@BJXHqJMH4C�A!VK@B\PCBHlQK@BA8�r\PT
@BJXFBA�QU@t\_QlVKA���kBJMV�A!LeQK@BA8�pEGH�Ql�pJMFBEGVR�pE�L>JXstT!\_QUJXEGFNb[\PF>L�JMH4�rEPH�QA�\_HKJMu`w8V�A!CBuM\PT!A�LNm��³FBA�o�o�\_OyA�VaT
@�kBT
ÃWo�\PHa�r\PT
@BJXFBA!LWQK@t\_QaA��rCBuXEgwGA!Li\PF�Àj«�V�JMFBdlQUE�JMFBT�VKA!\PHKAQU@>A½dGV�JMCBCBJXFBdIOyEGVKT�A½LBkBV�JMFBd�HKCBJXFBFBJXFBdBm°Ü�A!T!A�F[QUuXwPb<QU@BA!À8«(VKJXFBd�@B\PHe��A!A�Fê\P�t\PF>LBEGFBA�LÑJMFO�\�YGEGk>V�E_OBdGV�JMCBCBJXFBd<HKJXLBA�o�\_uMuMH�m¸�<@BJMH¸VKA��rEgYPA!H¸QU@BA4CªEPHKHKJX�BJMuXJXQ�w7EPO>�rJXHU\PuXJMdGFB�pA!F[Q!b!�Bk>Q�\PuXuMEgo�HCB@BE_QUEGV�A!HKJXH�QRQUE}\PT�T!kB�¯kBuv\_QKA�\PuMEPFBd�QU@BA�H�JMLBA�HlEPO�QU@>A�oq\_OyA�V!m��<@BJXHRJMH���A!uMJXA�YPA!L�QUE�T!EGF[QKVKJM�>k>QUAQUE½VKA!H�JMLBkB\Pul�pA�QU\Pu4FBEPQ���A!JXFBd½V�A!�pEgYGA!L³L>kBVKJXFBd½A,QUT
@BJXFBdI\PFBL�QK@BA�H�@BEGV�QKJMFBd�EPO<QU@>AeEGk>QKA!V
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A!uXA!T,QUVKEZLBApQUE�QK@BA�CB@>EGFBEGF H�A!FBH�EGV�JXF�VKA�T!A�F�Q�LBA�QKA!T�QKEGVKH�m�¬�YGA�F³QU@BEGk>dG@ HKC>JMFBFBJXFBd�\£QU@BJXT
Ãoq\_OyA!V7HKA�A!�pHjuXJMÃPA�\SQUV�JXYZJv\_ucA,¡�A�VKT!JXHKA_bªJ`Q�JMH�CªA�V�OyEGV��rA�L�H�J`¡]QKJM�pA!H<JXF£QK@BA}�8uMA*¡£CBV�E�T�A!HKHj\PFBL��kBH�Q���A¯V�A!C�A�\_QKA!L Ó \�o�uXA!HKH�uXw£QUErA!FBH�kBVKA¯dGE�EZL½uXJXQK@BEGdGVK\PCB@[wGm<�<@BAS²ZÌjûhT!E[\_QKA!V8\PuMuXE­o�Hj\PuXu\Pk>QKEG�r\_QUJXTluXE[\PLBJXFBdBb��t\PÃ�JMFBd�\_FBL�\PuMJXdGFB�pA!F[Q�OyA�\_QKkBVKA�H�QUEW��AqQUkBV�FBA!L�EPÒ|bPwPA�Q4\Pk>QKEG�r\_QUJXT�\PuXuXw\PCBC>uMJMA�HaQU@BAlVKA!H�JMH�Q�LBk>VKJMF>d�\�HKuMEgo¨H�CBJMFiT�wZT!uXAPm��tEGVaQK@BA!H�A�VKA!\PHKEGF>H�JXQ�J`Q|JXLBA�\_u�OyEPV�EPkBV|C>VKEZT!A!H�H!m
"$# �% &�(')���!*�+!,�,�,
�<@BA}Êju`QUVK\PH�QKA!CN�gfPfGf�JMHqQK@BA��t\PFBAWE_O�\_F�w�HU\PFBA�C�A!V�HKEGFNÇDH�A,¡�JMH�QUA�FBT!A_ml´(Q<OyA!\_QUkBV�A!H�\Pk�QUEG�r\_QUJXT\PuXJMdGFB�pA!F[Q|EPO¼JMF>T!VKA�LBJM�>uXw�@BJXdG@S\PT�T!kBVK\PT�w]x
Ë�f�mX�a�N�e{��>k>Q�JMH�YGA�V�w¯sBFBJMT
Ã[w¯\P�ªEPk>Q�QU@>A�LBA�QU\PJMuXHEPOªQU@BA8\PuMJXdGFB�pA!F[Q��r\PVKÃ�HRQUE�o�@BJMT
@�J`QRJMH4CBVKA�HKA�F�QKA!LNmR�<@BA�VKAjJMHRFBE¯T!\P�pA!VU\��pEGkBF[QUA�LeEGFpQU@BA�r\PT
@BJMF>A8HKEiQU@BA�EPCªA�VU\_QKEGVlJXHqkBFB\P�BuMA7QUE��r\PF�kt\PuXuXw�\_uMJMdPFe\PF>L�JMHlT!EG�pCBuMA,QUA�uXw�HKk>�ZÍ�A!T,Q<QUE�J`QUHA�YPA!V�w©o�@>JM�©m���Q�\PF[w]�pEG�pA!F[Q�JXQ��r\�w]LBA�T!JML>A�QK@t\_Q7EGFBA�EPO|QU@BA���¾Gà�L>JMA�CªEPHKJXQKJMEGF>H�EGF£QU@BAoq\_OyA!V4JMH4kBFt\PuXJMdGFB\P�BuMAqLBkBA8C>VKEZT!A!H�HKJXFBd¯JXVKVKA�dGkBuM\PVKJ`QUJMA�H!bPQKVKEGk>dG@eLBA�C>QU@cb�EGVl\PF[w�QU@BJXFBdBm��<@>JMH4JMHVKA!\PHKEPFt\P�Bu`w�\PT�T!A�C>Q
\P�>uMA8QKE�QU@BAW\�YPA!VU\_dGAWCBVKEZT!A�HKH�EGV�o�@BE�JMHlCBVKEZLBkBT�JMFBd��!¾[à�HKA�Ct\PVU\�QUA�J`QUA!�pHQU@B\_QSo�JMuXuq��A]T!k>Qr\PCt\_V�Qp\PF[w�o�\�wPbq�Bk>QpJXH�T!EG�pCBuXA�QUA�uXw�kBFt\PT�T!A�C>Q
\P�>uMA]QUEIEGkBVSA*¡�CªA�VKJM�pA!F[Qo�@BJXT
@»VKA!��kBJXVKA�L�QU@BA¯Oyk>uMu¸JMF[QUA�dGVKJ`Q�w©EPORA�YPA!V�w�stA!uXL½QUEeCBVKEZLBkBT�AS\rolEGVKÃ�JMF>d]LBA�QKA!T�QKEGV!m8�<@BJMHJMH�QK@BA�stV�H�Q}VKA!\PHKEGF»o�@[w�olApolEGkBuXLI�ªAS��A�Q�QUA!VWE_Ò³T!EGF[YPA!V�QKJMFBd]QK@BA�CBVKEZT!A�HKHWQUE£EGFBASk�QUJMuXJM�*«JMF>d»\�T!EGF[QU\PT�Qp\PuXJMdGF>A!V!m»�<@>A©H�A!T�EGFBL¨JMH¯QK@t\_QSJ`Q�olEGkBuML³T�k>QSQU@>A]FZk>���ªA�V�EPO7CB@BE_QUEGV�A!HKJXH�Q\PCBC>uMJMT!\_QUJXEGFBHWLBVK\P�r\_QUJXT�\PuXuXwGmS��T!EPF�QU\PT�Q¯\PuXJMdGFBA�V�QU@t\�QiT�EGkBuXL�A,¡�C�EGHKApQU@BApA!F[QKJMVKA�oq\_OyA!Vi\_QEGFBT�AeolEGkBuML³F>EPQ�V�A!��kBJMV�AeQU@>A]\PCBCBuXJMT!\_QUJXEGF�E_O�CBVKA*«·\PuXJMdGFB�pA!F[Q}�r\PVKÃ�H¯QK@Zk>H�A!uXJM�pJMFt\_QKJMFBd©\H�QKA!CNm��<@>AjQU@>JMVKLrVKA!\PHKEGFrJMHl\iLBVK\P�r\_QUJXT<JMFBT�VKA�\_HKA8JXFpQK@BAjOyV�A!A�LBEG�ßEPONL>A!HKJXdGFNm�n�A7olEGkBuXL�FBEuMEPFBdGA!Vq�ªA�T�EGFBH�QUVU\_JMFBA�L©�[w]¹��r�ÏHK��kt\PV�A!H��Bk>Q<T�EGkBuXL©L>A!HKJXdGF�QU@>AWHKA!F>HKEGV<QUES��A�\PH�T�uMEGH�A�QUEQU@>A8T!JXVKT�kBuv\PV4A!L>dGA8EPOaQK@BAjoq\_OyA�V<\PHqC�EGH�HKJM�>uMAPm��<@BA�JMF[QKA!VKT�EGFBFBA�T�QKJMEGF�CB\_QKQKA!VKFeT!EGkBuXL�\PuXHKEi�ªA�r\PLBA}�rEGV�AiV�EG�BkBH�Q�QU@>VKEGkBdP@½VKA�LBkBFBLB\PFBT�wPm��<@BA�V�A�\PH�EGF½olA�@t\�YGA¯FBEPQ��pEgYGA�L½QUEe\PFBEPQK@BA!V\PuXJMdGFBA�V�JMH8�pA!V�A!u`w���A!T!\PkBH�ASEPO�QU@>A¯QUJX�rAi\PFBL��pEGFBA,w�\_uMVKA!\PL>w£JXF�YPA!H�QUA!LIJXF½QU@BA�ÊjuXQKVU\PH�QUA�CNm��VU\PLBJ`QUJXEGFt\PuXuXwGbcT!uMA!\PF¢VKEZEG�ÞkBH�A!VKH�\PVKASYGA�V�w¢T!EPFBHKA�V�Y_\_QUJ`YGAe\P�ªEPk>Qi\PuMuXE­o�JXFBd£�rEZLBJ`stT�\_QKJMEGF>HQUEr\rC>VKA!T�JMH�JMEGF©�e\_T
@BJMFBA}HKk>T
@»\PHj\PF�\PuXJMdGF>A!V!m4�<@BJXH7OyEGV�T!A�HjkBH7QUEpEG�>QU\PJMF©�rEZLBJ`stA!L©T
@�kBT
Ã�H
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LBJXVKA!T,QUu`weOyVKEP�ÏQU@>AW�e\PF�k>O�\_T�QUk>VKA!V�JXFBH�QKA�\PL£EPO|�e\_T
@BJMFBJXFBd¯QK@BA!�ÔEPkBVKH�A!uXYPA!H�mqÅ7EPQ�EGFBu`w�LBEZA!HQU@>JMH�\_LBL»A,¡�C�A!FBH�Ap�>k>QWJXQ�\PLBLBHjQUJM�pAPm�¶RV�A!H�A!F[Q}A!H�QKJM�r\_QUA�HjOyEGV7QU@BA¯T!EGH�Q�EPOR�rEZLBJ`OÆw�JXFBd�QU@BAT
@�kBT
Ã£EPO�\�Ý�\PV�u�²�kBHKH7T!EPF�QU\PT�Q8\PuXJMdGFBA�VqQUESQU\PÃPAp�aT!�Ôoq\_OyA!V�H8\_VKA�JMF]QU@>A}�B\PuMuXCt\PVKÃrEPO.-G¹PÝSm��Q�QU@BJXH<CªEPJMF[Q�b>QK@BJMH<L>EGuMuM\PVqY_\PuMk>AWJMH<T!EPFBHKJXLBA!V�A!L©CBVKEG@>JM�BJ`QUJXYPA!u`weT�EGH�QKuXwGm
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Ë�µ_u³ª(£Å¤�°lËz��%ÎxÚ{Û�í ���¼µ�®7u�¸±Ú¼Ü·î|u³£´µPÃ�®­µ2¬¯£}o�µ�¸Vµ�¶�¢(£´©ÂË�£)§»��£±°1¤�®¯£Å¸o¬­µ�®o¬¯©³¦(²[¬­¢(£Å¶´©«®¯¶´ª>uÉµ2¬¯©³¤�¦$¸�wx¸�¬­£!�Ý¬­¤
¶´¤x¤GuÌ¬¯¢(£�§(£)¬¯£´¶±¬­¤�®Ç¬­¢(£�®o£´¸o¬�¤�°
¬­¢�£�o�µ�w�¬­¤��¼µ�¸o£�¬­£!�[Á~£´®­µ&¬­ª(®o£�Ã
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NPO�N Þ`Ujß¨^P��Y[Zf� àá^_�PS�ZBâ�ZBY[]_^_� â$ß�W¥ã%�´ã)UÍ�
ä;å µ�®o²�£�¬­ª(¦�¦(£ åÖæ µ�¸¥°1¤�®oç�£)§$¤�ª�¬¥¤�°Bµ�¦�¤ å §lµ�¶)¶´£ å £´®¯µ2¬­¤�®�è~£%µ2ç�§(ª(ç[ÁPµ2¬Ç¬¯¢(£ æ £´¸�¬�£)¦(§l¤�°
¬­¢�£�éB¦(§Èê!¬�µ2¬¯©³¤�¦�ë¯ëoë�åVéR¶fìJè(ª(© å §(©«¦(²¡©³¦ÄígÖGÖ�î�¬­¤�µ�¶)¬Vµ�¸Ç¬­¢(£�¸¯¢¼µ å³å ¤ æ ¸¯©«¬¯£�¤�°.¬­¢�£�Á�Â�ïPê
£±ð{Á~£´®o©³ç[£´¦¿¬%Ã¨ñX¢�£[è(µ�¶
Ã!²�®¯¤�ª�¦(§�®¯µ�§(©³µ2¬­©«¤�¦P¤�°f¬­¢�£[¸oª(®¯®o¤�ª(¦(§�©³¦(²$®¯¤x¶
Ã æ µ�¸�ç[£%µ�¸oª(®¯£)§¸íòí%Î�î_î
µ�¦(§�¬­¢(©«¸Ç©³¦�°1¤�®oç�µ&¬­©³¤�¦ æ µ2¸�°1£)§lè¼µ�¶
Ã�©«¦¿¬­¤¡¬­¢(£Å§(£´¸o©³²�¦�¤�°�¬­¢(£Å¸¯¢(©«£ å §�ó1¸¯£´£�¸¯£)¶�Ã�¾(ÃD¾(ÃÂíÑô±ÃÀõ¼¤�®
µ`§(£±¬�µ�© å £´§l§(©³¸o¶´ª(¸o¸¯©³¤�¦_¤�°f¬­¢(£�è¼µ2¶
Ãx²�¤�ª(¦(§(¸�©«¦P¬­¢(£�¸¯¢¼µ å«å ¤ æ ¸¯©Â¬­£�µ�¦�§P¬­¢(£)©³®�©«ç�Á¼µ2¶)¬¥¤�°f¬­¢(£
¸¯¢�©³£ å §¡§(£´¸o©³²�¦¡Á å £%µ�¸o£�è~£Ç®¯£±°1£´®¯®o£´§¡¬­¤�¬­¢�£Ç¬¯¢(£´¸o©³¸f¤�° ä Ã�Â�µ¿êx© å Ë2µtíöí�ÎP¾gî÷Ã.ñX¢(£X¬­ª�¦(¦(£ å ©«¸Xí�Î�ÃÀÄ.ç
ª(¦(§�£´®�¶jµ2¦¼µ�ç�µ�êx¬%ÃB¤�¦`¬­¢(£�ê!¬�µ�¦�°1¤�®¯§`¶´µ�ç�Á�ª(¸´ÃfñX¢(£�§�£´Á�¬¯¢�¶´µ�¦�è~£V¬­®¯µ�¦(¸ å µ2¬­£)§`¬­¤`ígÈjç�¤�°
æ µ2¬­£)®Å£)ø!ª(©«Ë2µ å £´¦¿¬�óùï�úûé�ô�©³¦_¬­£)®¯ç[¸�¤�°�©Â¬­¸�µ2¬o¬­£)¦xª(µ2¬­©«¤�¦È¤�°Æ¶)¤�¸¯ç[©³¶�®¯µ�üx¸)Ã[ñX¢�£�¢¼µ2§(®¯¤�¦�©³¶
¶´¤�ç�Á~¤�¦(£)¦!¬�ó1¦(£´ª�¬¯®¯¤�¦�¸´º¼Á(®o¤�¬­¤�¦�¸´º¼Á(©«¤�¦(¸�ôÆµ2®¯£�®¯£)§(ª(¶´£)§Ð°1®o¤�ç�¬¯¢(£´©«®X¸¯£%µ å £±Ë�£ å ®­µ2¬¯£´¸Çè¿ü�¤�Ë�£´®
°1¤�ª(®f¤�®o§(£´®o¸f¤�°Ìç�µ�²�¦�©«¬­ª�§(£[íöí�Î�î­îùÃ.ñX¢�£�ç�ª(¤�¦[®­µ2¬¯£�º!¢(¤ æ £±Ë�£)®´º�©«¸f®¯£´§�ª(¶´£)§�è¿ü¡¤�¦ å ü¨¤�¦(£Xý(°þ¬¯¢ÍÃÅ¥£)ª�¬­®o¤�¦(¸)º¼©³¦(§(ª�¶´£´§$è¿ü`ç�ª(¤�¦(¸X©«¦!¬¯£´®¯µ�¶)¬¯©³¦(²¨©«¦�¬­¢�£ å £%µ2§�¸¯¢(©«£ å § æ © å³å Á(®¯¤�Ëx©³§�£�µ¨¶´¤�¦¿¬­©«¦!ª(¤�ª(¸
¶%µ å ©³è�®­µ2¬¯©³¤�¦�µ2¦(§ æ © å³å è�£�£´µ�¸¯© å ü�Ë�£)¬¯¤{£)§Jó·¸o£´£Å¶�¢¼µ�Á�¬¯£´®7Ä¿ô�Ã

ä ¶´¤�¦!¬¯®¯¤ å ®¯¤x¤�ç ©³¸ å ¤{¶´µ2¬­£)§ÿ¤�¦ ¬¯¢(£Pª(Á�Á�£)® Ó ¤{¤�®¯¸�¤2°�£)¦(§½¸o¬­µ2¬­©«¤�¦ÿëoë¯ë�º æ ©Â¬­¢½µF°·µ2¸o¬
£)¬¯¢(£´®o¦(£)¬Æ¶´¤�¦(¦�£´¶)¬¯©³¤�¦[¬­¤�¬¯¢(£�§¼µ2¬�µ�µ�¶´ø!ª(©«¸¯©«¬¯©³¤�¦[¶´¤�ç�Á(ª{¬­£´®�©³¦[¬­¢(£�¬­ª(¦�¦(£ å ÃRÁ�®oü�¤�²�£´¦�¸�¬­®¯µ�Ë�£ å
§(¤ æ ¦Jµ$°1®¯£´©«²�¢¿¬Å£ å £±Ë2µ2¬­¤�®�¬­¤�¬­¢(£[ç[¤�ª�¬­¢�¤�°�¬¯¢(£�¬¯ª(¦(¦(£ å�æ ¢�£´®¯£�µÐ¸oç�µ å«å ¢(¤�©«¸o¬�©³¸�ª(¸¯£)§�¬­¤
¶´¤�ç�Á å £)¬¯£�¬­¢(£�Ío¤�ª(®¯¦�£)ü�Ã�é å £)¶)¬­®o¤�¸o¬­µ2¬­©«¶�ý å ¬­£´®o¸�µ�®o£�£´ç[Á å ¤�ü�£)§P°1¤�®V¬¯¢(£¨Ë�£)¦!¬¯© å µ2¬­©«¤�¦l¸�ü{¸�¬­£)çÐº
æ ¢(£)®¯£Å¶ å £´µ�¦�µ�©³®�©³¸ÇÁ(ª(¸o¢(£´§�°1®¯¤�ç�¬­¢(£�è¼µ�¶
Ã`¬¯¤�¬­¢(£�ç[¤�ª�¬­¢$¤�°
¬­¢�£�¬¯ª(¦(¦(£ å Ã
m ý m ýon ��� ��� � �u��s��
ñX¢(£Ç¸¯¢�©³£ å §(©³¦�²�£´ç[Á å ¤�ü�£´§[µ�®¯¤�ª(¦(§�¬­¢(£X©«¶´£)è�¤%ð�¶)¤�¦(¸o©³¸o¬¯£´§¡¤�°ª¾�ç�µgÍo¤�®.¶´¤�ç�Á~¤�¦(£)¦!¬¯¸�ó·¸o£´£�õj©³²�Ã¾(ÃÀÄ¿ô	�ÂíÑô ä ¦_µ�¶±¬­©ÂË�£¨ç¨ª�¤�¦lË�£±¬­¤�¸o¢(©³£ å §�
���ôÅí­¹j¶)çÒ¤�° å £´µ�§�
Íî�ô
��Î.¶)ç ¤�°fÁ~¤ å ü�£)¬¯¢¿ü å £´¦(£�
Öµ�¦(§¾!ô¥ý¼¦(µ å³å üP©³¦�¸¯©³§�£¨¬­¢(£¡¶´¤�Á(Á�£)®�¶´µ�¦(¸¡íÖ¶´çE¤�°Æ§(£)Á å £±¬­£)§ å £%µ�§ÍÃ¡ñX¢(£¡ç¨ª�¤�¦ÄË�£)¬¯¤Ð¶)¤�¦(¸¯©«¸o¬¯¸�¤�°
ç�µ�¦¿ü�¸o¶´©«¦!¬¯© å«å µ2¬¯¤�®BÁ¼µ�§(§ å £´¸�¶´¤�ç[Á å £±¬­£ å ü¡¸¯ª�®¯®¯¤�ª(¦(§(©«¦(²�¬­¢�£V¸¯¢�©³£ å §ÍÃ.ñX¢(£¥¬­¢(®o£´¸¯¢�¤ å §(¸�¤�°�£%µ�¶�¢
Á¼µ�§�§ å £¥©³¸Àµ�§�Íoª(¸�¬­£´§`¬¯¤¨²�©ÂË�£¥¬¯¢(£Vç�µ&ð{©³ç�ª(çK£�è[¶´©«£´¦(¶±ü�Á~¤�¸o¸¯©³è å £¥°1¤�®Àç¨ª�¤�¦(¸ æ ¢�© å £¥¦(¤�¬À¤�Ë�£´®
¬­®o©³²�²�£´®¯©«¦(²�¤�¦¡µ�ç¨è(©«£´¦¿¬�²¿µ�ç[ç�µ�¸)Ã ä ¬ÏüxÁ(©³¶´µ å ®¯µ2¬­£�°1¤�®
¬¯¢(£Æç¨ª(¤�¦¨¸¯¢(©«£ å §¨§(ª(®o©³¦(²WÜÇª(¦�ígà æ µ�¸
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õj©«²�ª(®¯££¾(ÃÀÄ�� ä §(©³µ�²�®­µ2ç ¤�°�¬¯¢(£l¸o¢(©³£ å §(©«¦(²Ä¬¯¢¼µ2¬�¸¯ª(®o®¯¤�ª�¦(§(¸�¬¯¢(£l©«¶´£)è�¤%ð µ2¬`ê>ÊVõ�Ã�õ¼®¯¤�ç
¤�ª�¬¯¸¯©«§(£�©³¦��Bµ¿ôl¾��Äµ2¶)¬­©ÂË�£�ç�ª(¤�¦`Ë�£±¬­¤¡¸¯¢�©³£ å §Íº�è¼ô¥í­¹j¶´ç�¤�° å £´µ�§Íº{¶�ô���Î.¶)ç7¤�°
Á~¤ å ü�£)¬¯¢!ü å £´¦(£
µ�®o¤�ª(¦(§$¬­¢(£�§�ôÆ¶)¤�Á(Á~£´® å µ%ü�£)®¯¸Ç¤�°
¬­¢(£Å©³¶)£´è~¤%ðÌÃ ä¥å ¸¯¤¡¸o¢(¤ æ ¦l©³¸X£%ô�¬­¢(£¡íÖ¶´çH¤2° å ¤ æ µ�¶±¬­©«Ëx©Â¬Ïü
å £´µ�§$¸¯ª(®o®¯¤�ª�¦(§(©³¦�²¡¬¯¢(£�§�ôÆ§(£)¬¯£´¶±¬­¤�®�µ�®o®­µ%ü�Ã

µ�è~¤�ª�¬qÈ�ÃZå��2ÃBëÏ¦(¸¯©«§(£�¬¯¢(£¥µ�¶)¬¯©«Ë�£�¸¯¢�©³£ å § æ µ�¸Àµ�¬¯¤�ç¨è[¤�° å £%µ�§[è(®o©³¶
Ã!¸¥íg¹j¶´ç¹¬­¢�©³¶
Ã�ºx¬¯¤�¸o¢(©³£ å §
¬­¢�£�²¿µ�ç[ç�µ�¸X°1®¯¤�ç�¬¯¢(£�¸oª(®¯®o¤�ª(¦(§(©«¦(²`®o¤{¶
Ã�Ã�ñX¢(£ å £´µ�§ æ µ�¸�ý�ð{£´§_©³¦ÐÁ å µ2¶´£Åè!ülµ�¸�¬­£)£ å è~¤%ð
¸o¬¯®¯ª(¶±¬­ª(®o£�Ã�ñX¢(£ å ©«§l¤�°f¬­¢�£ å £%µ2§P¸¯¢(©«£ å § æ µ�¸�¶ å £±Ë�£´® å ül¶´¤�¦(¸�¬­®oª(¶)¬¯£´§È¬­¤�®¯¤ å³å ©³¦_µ�¦�§_¤�ª�¬�¤�¦
å µ2®¯²�£�®­µ2© å ¸Ç²�©ÂËx©³¦(²¡¶´¤�¦!Ë�£´¦(©«£´¦¿¬�µ�¶)¶´£)¸¯¸V¬¯¤�¬­¢�£�©³¶)£´è~¤%ðÌÃXëÏ¦�¸¯©³§�£�¬­¢�£ å £´µ�§ æ µ�¸Vµ�¶)¤�Á(Á~£´®Vè~¤%ð
æ ¢(©«¶�¢F¢(£ å §_¬­¢(£[¦(£)ª�¬­®o¤�¦�ç[¤x§(£´®¯µ2¬­¤�®)º���Î.¶´çÔ¤2°Æè å ¤{¶
ÃÐÁ�¤ å ü�£±¬­¢¿ü å £´¦�£�Ã�ñX¢�£�®¯µ2¬­©«¤�¤2° å £%µ�§
¬­¤�Á�¤ å ü�£±¬­¢¿ü å £)¦(£�§�£´Á~£´¦(§(¸V¤�¦Ð¬¯¢(£�®o£·Ío£´¶±¬­©«¤�¦Ð®¯µ2¬­©«¤ æ £�£�ð{Á�£)¶)¬V°1®o¤�çH£ å £´¶±¬­®¯¤�¦(©³¶�¬­¤[¦!ª(¶ å £%µ�®
®¯£)¶´¤�© å ¸�©«¦È¬¯¢(£¡§(£)¬¯£´¶±¬­¤�®)Ã[ëÓ¬Å¸o¢(¤�ª å §�µ å ¸¯¤$è~£¡¦(¤�¬­£)§Ä¬¯¢¼µ2¬�¬¯¢(£¡¦(£´ª�¬¯®¯¤�¦�®­µ2¬¯£�©³¦(¶)®¯£´µ�¸¯£)§Fè¿ü
µ�¦Jµ2Á(Á(®¯¤%ð{©³ç�µ2¬¯£ å üÄµ2¦J¤�®¯§(£)®�¤�°Çç�µ�²�¦�©«¬­ª�§(£�©«¦F¬­¢�£�¬­ª(¦�¦(£ å £´¦¿Ëx©³®¯¤�¦(ç�£)¦¿¬ æ ¢(£´¦�¬¯¢(£�°1ª å«å
å £´µ�§_¸¯¢�©³£ å § æ µ�¸�©³¦¿¬­®o¤{§�ª(¶´£)§Ä§�ª(£¨¬­¤�¬¯¢(£�©³¦¿¬¯£´®­µ2¶)¬­©«¤�¦P¤�°�¶)¤�¸¯ç[©³¶�®­µ%üPç¨ª�¤�¦(¸gíöí�Î�î�îùÃ�ëÏ¦(¸o©³§(£
¬­¢�£�Á�¤ å ü�£±¬­¢¿ü å £)¦(£�µ�®o¤�ª(¦(§�¬¯¢(£�©«¶´£´è~¤%ð`¤�ª�¬­£)®�¶%µ2¦ æ µ�¸Æµ����Ïç[£)¬­µ å ¸¯¢(©«£ å §`§(£´¸o©³²�¦�£´§`¬­¤ å ©³ç[©«¬
¬­¢�£¨©³ç[Á¼µ�¶±¬V¤�°f¬¯¢(£¨£%µ2®o¬­¢�¸�µ�ç¨è(©«£´¦¿¬�ç�µ�²�¦�£)¬­©«¶�ý¼£ å §P¤�¦P¬­¢(£¨Á~£´®�°1¤�®¯ç�µ�¦(¶)£�¤�°B¬¯¢(£[ê��WÊ¥ë·Â
¸oüx¸�¬­£´ç[¸´Ã�ñX¢(£�©«¶´£´è~¤%ðÈ¶%µ2¦(¸Å¬¯¢(£´ç[¸¯£ å Ë�£´¸�°1¤�®¯ç[£´§�µ©¾B¶)çÕ¸¯¢(©«£ å § å µ�ü�£´®Å¤�°Æ¶)¤�Á(Á~£´®)Ã�ëÏ¦(¸o©³§(£
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¬­¢�£�©«¦(¦(£´®oç�¤�¸o¬Å¶%µ�¦Ìºj©³ç[ç[£´§(©³µ2¬­£ å üÐ¤�ª�¬­¸o©³§(£¡¬­¢�£�§(£±¬­£)¶)¬­¤�®¯¸ æ µ�¸�µ�¦(¤�¬¯¢(£´®[íÖ¶´çÕ¤�°Æµ�¦(¶)©³£´¦¿¬
å £´µ�§ÍÃBñX¢(©«¸ å £´µ�§ æ µ�¸Ç¸¯ª>è[¶´©«£´¦¿¬ å ü`¤ å §Èó
Ë���Î�Î¨ü�£´µ�®¯¸­ôÆ¸¯¤¨¬­¢(µ2¬X¬­¢(£ æ Ü��! Bè$¢¼µ�§$µ2²�£´§$¸¯£±Ë�£)®­µ å
¢¼µ å °"� å ©«Ë�£)¸´ÃPñX¢�©³¸ æ µ�¸¨¬­¢(£�¸­µ�ç[£`ç�µ2¬­£)®¯©Éµ å ¬¯¢¼µ2¬ æ µ�¸�ª(¸o£´§J¬­¤_Á(®o¤{§�ª(¶´£`¬¯¢(£ å ¤ æ µ�¶±¬­©«Ëx©Â¬Ïü
¸¯¤ å §(£)®gíöí�Î$#­î�ª(¸¯£)§J©³¦Ä¬­¢(£`£ å £)¶)¬­©«¶%µ å ¸oüx¸�¬­£´ç[¸´Ã_ëÓ¬�¸¯¢(¤�ª å §�è~£`¦(¤2¬­£´§ÌºBµ�¦(§J©«¸�¸o¬­µ2¬­£)§J©³¦Ä¬­¢(£
Á(®o£)Ëx©³¤�ª�¸¥®o£)°1£´®o£´¦(¶)£�º�¬­¢¼µ&¬Vµ2¦l£±ð{Á~£´®o©³ç[£´¦¿¬�µ å Ë2µ å ª(£�¤�¦$¬­¢(£�µ�¶)¬¯©«Ëx©«¬Ïü`¤�°�¬¯¢(©³¸�¸¯¤ å §(£)®�¢(µ�¸Xü�£)¬
¬­¤¡è~£�ç�£´µ�¸¯ª(®o£´§ÍÃ

m ý m ý�þ ��� �&%$'Ö�)(�*)+
ñX¢(£P©«¦¿¬­®¯©«¦(¸¯©«¶Ð®¯µ�§(©«¤¿µ�¶)¬¯©«Ëx©«¬Ïü�¤�°�ç�µ2¦!ü@ç�µ2¬­£)®¯©³µ å ¸�¶)¤�ç�ç[¤�¦ å üÊª�¬­© å ©,�´£´§@©³¦@¬­¢(£l¶´¤�¦(¸�¬­®oª(¶	�
¬­©«¤�¦�¤�°Bµ¡§(© å ª�¬­©«¤�¦$®¯£±°1®¯©³²�£´®­µ&¬­¤�®Åó1¸¯ª(¶�¢_µ2¸�û�í�Î�º�µ å ª(ç[©³¦!ª(ç�º�¶´£)®­µ�ç[©³¶)¸Vµ2¦(§l¸o¤�ç�£�Á å µ�¸o¬¯©³¶)¸�ô
®¯£)ø!ª(©³®o£´§È¬­¢(£pÁ�Â�ïPê_¶´¤ å³å µ2è�¤�®¯µ2¬­©«¤�¦$¬­¤$ç�µ2¦xª{°·µ�¶)¬¯ª(®¯£¡µ�¸¯Á~£´¶)©Éµ å ©-�)£´§_¶´®�ü�¤�²�£´¦(©«¶[¶)¤�ç[Á¼µ�®o¬.�
ç[£´¦¿¬Ç°1¤�®Xª(¸¯£Å©³¦�¬¯¢(£�¸¯¢¼µ å«å ¤ æ ¸¯©«¬¯£[íöí�ÎGÄ�ºÖí%Î[È­î÷Ã ä;å ¤�¦(²¡®¯©«²�¢¿¬�µ�¦(² å £lÍo¤�©³¦¿¬ æ µ�¸�¶´¤�¦(¸�¬­®oª(¶)¬¯£´§Íº
¶´®o£%µ2¬¯©³¦(²Äµ_¦(£)¸o¬­£)§ ¸o£´®o©³£´¸$í�Ã0/Bç å ¤�¦(²_¶´¤�Á(Á�£)®¨¬­ª(è~£´¸[è~£)¬ æ £´£´¦@¬­¢(£$¸¯µ�ç�Á å £`¸oÁ¼µ�¶´£�µ�¦�§ µ
¶´¤�¦!Ë�£´¦¿¬­©«¤�¦¼µ å ¾¥ðx°1¤�®¯§@©³¦�¸o¬­®oª(ç[£´¦¿¬­¸1/¿Î�Î_§(© å ª�¬¯©³¤�¦J®o£)°1®¯©«²�£´®¯µ2¬­¤�®$ó·¸o£´£Ðõj©³²2/(Ã^È�ô±ÃÊñX¢(£)®¯ç�µ å
¶´¤�¦!¬¯®­µ�¶±¬­©«¤�¦(¸V¤�Ë�£´®V¬¯¢(£´¸o£¨§(©³¸�¬�µ�¦�¶´£´¸Vµ�®¯£�¤�¦Ð¬¯¢(£¨¤�®o§(£´®�¤�°3#jç[çÐº�ç�µPÃ!©³¦(²¡¬­¢�£�§(£)¸¯©³²�¦l¬�µ�¸�Ã
Ë�£)®oü�§(©Xè[¶´ª å ¬%Ã.õ�¤�®�µ�§�£)¬�µ2© å £)§`§(©«¸¯¶´ª�¸¯¸¯©«¤�¦�¤�°Í¬¯¢(£V¬¯¢(£´®oç�µ å ©³¸o¸¯ª(£)¸´º(¶)¤�¦¿¬­®¯µ�¶)¬¯©³¤�¦Íº{®­µ�§�©Éµ2¬¯©³¤�¦Íº
µ�¦(§�¶´¤�¦(§(ª(¶±¬­©³¤�¦Íº(Á å £%µ�¸o£Å¸o£´£Å®¯£±°uÃ7íòí�Î{í!îÖ¤�®Ç®¯£±°uÃ7íòí%Î[È�î÷Ã

ñX¢(£¨©«¦(¸o¬­µ å³å µ2¬­©«¤�¦�¤�°�µ[¬¯¤ æ £)®�©³¦¿¬­¤[¬­¢(£�©³¶)£´è~¤�ðÐ©«¸Vç¨ª(¶�¢l£%µ�¸o©³£´®Vµ�¦(§ å £´¸o¸V®¯©«¸KÃ¿ü$¬­¢¼µ2¦P©³¦
¬­¢�£�¿�ñÇõ�ÃtÂ�ª(®o©³¦(²�©«¦(¸o¬­µ å³å µ2¬­©«¤�¦Íº!µ�¸¯Á~£´¶)©Éµ å ý å ¬¯£´®¯£)§$è å ¤ æ £´®X©³¸�ª(¸¯£)§�¬¯¤ å ©³ç[©«¬f¬­¢�£�§(ª(¸o¬�¶)¤�¦4�
¬�µ2ç�©«¦¼µ2¬­©«¤�¦[¤�°�¬­¢(£�©«¶´£´è~¤%ð�Ã�ëÏ¦`¬¯¢(£�°1ª�¬¯ª(®¯£2º¼µ�Á å µ�¸�¬­©«¶¥¬­£)¦¿¬Ç¶´¤�ª å §�è�£�£)ç�Á å ¤�ü�£)§`¬­¤�Á(®o£)Ë�£)¦¿¬
Á¼µ�®�¬­©«¶´ª å µ2¬­£)¸Æ°1®¯¤�ç7°·µ å³å ©«¦(²¨©«¦!¬¯¤�¬­¢(£Å©³¦¿¬­£)®¯¦¼µ å ¶%µ�¦(¸)Ã�ñX¢(£�¬­¤ æ £´®�©³¸Ç©³¦�¸¯£´®�¬­£)§�Ë�£´®o¬¯©³¶´µ å³å ü�µ�¦(§
è~¤ å ¬¯£´§�¬­¤Ç¬­¢(£fè¼µ2¸¯£f¬­£´ç[Á~£´®­µ&¬­ª(®o£ å ©³§�¤�°{¬­¢(£f©«¶´£´è~¤%ð�Ã ä ¬
Á(®¯£)¸¯£)¦!¬´º¿µÇ¸¯ç�µ å³å íÖ¶´çzµ�¦(¶)©³£)¦!¬ å £%µ�§
¸¯¢�©³£ å §P©³¸�ª(¸o£´§È©³ç[ç�£)§(©Éµ&¬­£ å ü`¤�ª{¬­¸¯©«§(£�¬¯¢(£¨§(£±¬­£)¶)¬­¤�®¯¸V¬¯¤`®¯£)§(ª(¶´£�¬­¢(£¨ç�ª(¤�¦4�Ïµ�¦¿¬­©³¶)¤�©³¦�¶´©³§�£´¦¿¬
²¿µ�ç[ç�µ[®¯µ2¬­£2Ã�ëÏ¦l¬­¢�£�°1ª�¬­ª�®¯£�ºÍµ�¶´©«®¯¶´ª å µ�® å £´µ�§l¸o¢(©³£ å § æ © å³å è�£�£´ç[Á å ¤�ü�£´§P¬­¤�¸¯ª(®o®¯¤�ª(¦�§P¬­¢(£
¬­¢�®¯£´£�¬­¤ æ £)®¯¸)Ã¯å�£%µ2¬¯¸o¬­®¯µ�Á(¸�µ2¦(§_¢(£%µ&¬­¸¯¢�©³£ å §(¸�µ�®o£�®o£´ø!ª(©³®o£´§P°1¤�®¥¬­¢(£`í%Î�Î.çeÝ�º�Ä�Î�Î.çrÝKµ�¦(§/RÝ å ©³§�¸´Ã.ñX¢(£�ë(ÌjÁ½¸¯£´µ å ©³¸Æç�µ�§(£ æ ©«¬­¢$µ�¬¯¢(©³¦Ìº(¸¯¤�°þ¬¯£´¦(£)§$¶´¤�Á(Á~£´®X²�µ�¸KÃ2£)¬¥µ�¦(§`¬ æ ¤�¶)©³®o¶´ª å µ�®
¶´¤�Á(Á�£)®�Ãx¦�©«°1£�£´§�²�£´¸�¤�¦_¬­¢�£�¶%µ�¦�µ�¦(§ å ©«§ÍÃi¿�®­µ�¸o¸�è�¤ å ¬­¸�µ�®o£�ª(¸¯£)§Ä¬¯¢(®¯¤�ª(²�¢(¤�ª{¬%Ã¨ñX¢(£[ì¸Åjæ
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Icebox

Cold stem

Oxford dilution

 refrigerator

Detector

volume

1.4 m

Electronics stem

not shown

õj©«²�ª(®¯£
/(ÃÐÈ5� ä §(©Éµ2²�®­µ�çÙ¤�°
¬­¢�£�Ý�£ å Ëx©³¦�¤�ð6/¿Î�Î¨§�© å ª{¬­©³¤�¦�®¯£±°1®¯©«²�£´®¯µ2¬­¤�®)º(µ�¦�§`¬­¢(£�®¯©«²�¢¿¬7�Ïµ�¦(² å £
©³¶)£´è~¤%ðPµ2¸¯¸¯£)ç¨è å ü�Ã�õ�©«Ë�£Å¶´¤�¦(¶´£)¦!¬¯®¯©«¶¨¶´¤�Á�Á�£)®V¶)ü å ©³¦(§(£)®¯¸¥¶%µ�®o®oü�¢(£%µ&¬¨í�Ã0/BçH°1®¯¤�çÝµ�î�Î å ¶)¤ å §
è~¤�ð�ó·§(£±¬­£´¶±¬­¤�®BË�¤ å ª(ç[£�ô�Ã�Å�¤�¶)®oü�¤�²�£´¦(¸�Á¼µ�¸o¸fè�£±ü�¤�¦(²�¬­¢�£�®o©³²�¢¿¬�µ�¦�² å £�Ío¤�©³¦¿¬%Ã
ú»©³®¯©«¦(²�£´¦¿¬¯£´®¯¸
µ å ¤�¦(²¡µ�¦$£ å £´¶±¬­®¯¤�¦(©³¶)¸X¸o¬­£)ç�¬­¢(®o¤�ª(²�¢�¬¯¢(£�¬­¤�Á$¤�°
¬­¢(£�©«¶´£´è~¤%ð�ÃBñX¢(£�§(©³¸�¬�µ�¦(¶)£´¸�è�£±¬ æ £)£´¦�¬­¢(£
¬­£)ç�Á~£´®¯µ2¬­ª�®¯£�¸o¬­µ�²�£)¸¥¤�¦�¬¯¢(£�¬­¤ æ £)®¥ç�µ2¬¯¶�¢$¬¯¢(¤�¸o£Å¤2°j¬­¢�£ å ©³§(¸�¤�°�¬¯¢(£�©³¶)£´è~¤�ð�Ã



ñ�òjó8ô8õ|ö4÷DaZø�ö.bWôRöR÷�c�d½öfeSõBóVg¨ó8ôRôªó�÷�ó8õVhji Ä[È
å ©«§`©³¸�ç�£)®¯£ å ü`µ�¬¯¢(£´®oç�µ å ¸¯¢�©³£ å §Íº�¸o¤¡®¯£´ø!ª(©«®¯£)¸X¦(¤¨Ë2µ�¶´ª(ª�ç�¸¯£´µ å ÃBñX¢(£Å¾<ÌjÁ½Ë2µ�¶)ª(ª(ç�¸o£%µ å ©³¸
ç�µ�§(£ æ ©«¬¯¢�µ[¸�¬�µ�¦(§(µ�®¯§£Ì�©Â¬­¤�¦�¾��Ï®o©³¦(²�Ã
NPO�  8 ß¨Z:9 ; �´S�WXUBZBY[^_ã%W=<
m ý?>�ýon �¥s.*)@ AB*�	���rC*�s
ä ¦È£)¦(¤�®¯ç[¤�ª(¸V¸o¬­£)Á_°1¤�® æ µ�®¯§È©«¦l¬­¢(£1D�E�ïlê_£	FÌ¤�®o¬�¬¯¤�®¯ª(¦���éBñG�Ïè¼µ�¸o£´§È§¼µ�®7Hlç�µ2¬¯¬¯£´®¥§(£	�
¬­£)¶)¬¯¤�®¯¸ æ µ2¸ æ ©Â¬­¢$¬­¢(£�§(£±Ë�£ å ¤�Á(ç[£´¦¿¬¥¤�°�ûI Bë�JK�Ó¶´¤�¦¿¬­®o¤ å³å µ�è å £�®¯¤x¤�ç�¬¯£´ç[Á�£)®­µ2¬¯ª(®¯£�£ å £´¶±¬­®o¤�¦4�
©³¶)¸´ÃBñ
£´¦Íº¼©«¦(§(£)Á�£)¦(§¼µ�¦¿¬ å ü�µ�§�§(®¯£)¸¯¸­µ2è å £ÅîML è~¤¿µ�®o§(¸X¶´¤�ç[Á(®o©³¸¯£)¸X¤�¦(£�§(£±¬­£)¶)¬­¤�®�¶)¤�ç[Á å ©«ç�£)¦!¬¯¸
æ ¤�®o¬¯¢F¤�°�£ å £)¶)¬¯®¯¤�¦(©«¶´¸)Ã`ñX¢(£�§�£)¬�µ2© å ¸�¤�°À¬­¢(£[¤�Á~£´®¯µ2¬­©«¤�¦Äµ�¦(§F¶´µ�Á¼µ�è�© å ©Â¬­©«£´¸�¤�°À¬­¢(£)¸¯£�è�¤¿µ2®¯§(¸
µ�®o£Ðè~£)ü�¤�¦(§ ¬¯¢(£Ð¸o¶´¤�Á~£�¤�°�¬­¢�©³¸�¬­¢(£)¸¯©«¸´Ã»ê{ª�è�¶)£l©Â¬[¬¯¤�¸¯µ%ü@¬¯¢¼µ2¬[¬­¢(£±üÊÁ�¤�¸¯¸¯£)¸¯¸o£´§»µ å«å ¬­¢(£
°1£%µ&¬­ª(®o£´¸V¦�£´¶´£)¸¯¸¯µ�®oüÐ¬­¤�®oª(¦Íº~¶�¢¼µ�®¯µ�¶)¬¯£´®¯©«¸¯£�µ�¦(§l§�£´è(ª(²`µN��éBñG�Ïè¼µ�¸o£´§P§�£)¬­£)¶)¬¯¤�®´Ã�ñX¢(£�£ å £)¶	�
¬­®o¤�¦(©«¶�¸�üx¸o¬­£)ç æ µ�¸�§(£)¸¯©³²�¦(£´§[¬­¤Åè�£�¶´¤�ç[Á å £)¬­£ å ü¨µ�ª�¬­¤�ç�µ2¬¯£´§Íº¿¬¯¢(®¯¤�ª�²�¢�ûO Bë�J ¶)¤�¦¿¬­®¯¤ å º!µ�¦(§
ü�£±¬�è~£ å ¤ æ ¦(¤�©³¸¯£2Ã[ú»¢�© å £�¶)¤�ç[ç¨ª(¦(©«¶%µ2¬¯©³¤�¦ æ µ�¸Å¦(¤�¬�¬�µ�H!©«¦(²ÐÁ å µ�¶)£�ºÖ¬­¢(£[§(©«²�©«¬­µ å ¬¯®­µ_è[¶[©³¸
¶´¤�ç�Á å £)¬¯£ å ü�¸¯¢�©³£ å §(£´§$°1®¯¤�ç�¬­¢�£Å®¯µ�¶PH�Ã
m ý?>�ý�þ Q qj��qSRT'aÿ����ut(�Ó�¼��*�	
E�µ2¬­µ`µ�¶´ø!ª(©«¸¯©Â¬­©³¤�¦P©³¦P¬¯¢(£¨¬­ª(¦�¦(£ åjæ µ�¸�Á~£´®�°1¤�®¯ç[£´§_ª(¸o©³¦(²$µU : KD ïÐµ�¶´©«¦!¬¯¤�¸¯¢_¬­µ å H!©³¦�²�¬­¤$µV
WVëÀ¶)®­µ2¬¯£V¬­¢(µ2¬X¢(¤�ª�¸¯£´§�¬¯¢(£�°1®¯¤�¦¿¬X£)¦(§$§(©³²�©«¬­©,�´£)®¯¸´Ã�ñX¢(£�ì�µ�è¿Ëx©³£ æ è¼µ�¸o£´§�µ�¶)øxª�©³¸¯©Â¬­©«¤�¦`¸¯¤2°þ¬7�
æ µ�®¯£ æ µ�¸Æ§(£±Ë�£ å ¤�Á~£´§$è¿üXE¨Ã4JÆµ�ª(£)® æ ©«¬¯¢`©³¦�Á(ª�¬Æ°1®o¤�ç�ê�Ã úzÃ�YVµ�ç�Ã.ñX¢(£OZ�¤x£´®o²�£´®�§(©³²�©Â¬­©,�´£´®o¸
æ £´®¯£$®oª(¦Êµ2¬�í�Îfï\[��$µ�¦(§Ê¶)¤ å³å £´¶)¬¯£´§Êµl¬¯¤�¬�µ å ¬­®¯µ�¶´£`¬¯©³ç[£�¤�°ÅíÖç[¸´ÃÈëÏ¦@µPÁ(®¯£]�ÏÁ(®o¤{¶)£´¸¯¸o©³¦(²
Á(¢¼µ2¸¯£�ºÖ£´µ�¶�¢È¤�°f¬­¢(£_^`��íÖç[¸V¬­®¯µ�¶´£)¸ æ £)®¯£¡®¯£)§(ª(¶´£)§ ó�í�Î��Âí�¬¯©³ç[£¨µ%Ë�£)®­µ�²�£)§�ô�µ�¦(§È¸�¬­¤�®o£´§Èµ�¸
µ`/aH!è¿ü!¬­£�®o£´¶´¤�®¯§ÍÃ�ñX¢(£�ý(®¯¸o¬¨í�Î�Îb�Í¸�¤�°B£´µ�¶�¢P¬­®¯µ�¶´£ æ µ2¸�µ å ¸o¤�¸�¬­¤�®o£´§_µ�¸�/aH!è!ü!¬¯£¨®¯£)¶´¤�®o§P©³¦
¤�®o§(£´®V¬¯¤�Á(®¯£)¸¯£)®oË�£[®¯©«¸¯£�¬¯©³ç[£�©«¦�°1¤�®¯ç�µ2¬¯©³¤�¦ÍÃ ä °þ¬¯£´®�Á(®o£´Á(®o¤{¶)£´¸o¸¯©³¦�²(ºÖ§¼µ2¬­µ æ µ�¸�¬¯®­µ�¦�¸¯ç[©«¬¯¬¯£´§
¤�Ë�£)®�µ å ¤{¶´µ å £)¬¯¢(£´®o¦(£)¬Å¶)¤�¦(¦(£)¶)¬­©«¤�¦È¬­¤�µ�ê{ª(¦�L å ¬¯®­µPí æ ¤�®cH!¸o¬­µ2¬­©«¤�¦_°1¤�®�Á(®o¤{¶)£´¸¯¸o©³¦(²�ª(¸o©³¦(²
µÈïlµ2¬ å µ�è5�Ïè¼µ�¸o£´§Êµ�¦(µ å üx¸¯©«¸�Á(®o¤�²�®¯µ�ç ó1¸¯£)£$µ�Á(Á~£´¦(§(©òð ä ô±Ãd �¤�¸o¬¡Á(®o¤{¶)£´¸¯¸o©³¦(²Äµ�¦�§J®¯£´§�ª(¶´£)§
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ø!ª¼µ�¦¿¬­©Â¬ÏüÐµ�¦¼µ å ü{¸o©³¸ æ µ�¸VÁ~£´®�°1¤�®¯ç[£´§Ðª(¸¯©«¦(²�ïlµ&¬ å µ2èÍÃÆñX¢(£�£´¦(¤�®oç�¤�ª(¸¥ø!ª¼µ2¦!¬¯©«¬Ïü$¤�°.©³¦�°1¤�®oç�µf�
¬­©«¤�¦�ç�£´µ�¦¿¬�¬¯¢¼µ2¬ å µ�®o²�£�§¼µ2¬­µ[¸o£)¬­¸¥¶´¤�ª å §�¦(¤�¬¥è�£ å ¤¿µ2§(£´§�§(©³®o£´¶±¬ å ü$©«¦¿¬­¤[ç�£)ç�¤�®�ü�Ã ä ¶ å £)Ë�£´®
Ëx©³®�¬­ª¼µ å ç�£)ç�¤�®oü[¸oüx¸o¬¯£´ç æ µ�¸X§(£±Ë�£ å ¤�Á~£´§$è¿ü$ê�Ã úzÃCYVµ2ç�µ�¦(§Ug�Ã¼û�µ�©«¬¯¸cH2£ å³å ¬­¤�²�£)¬Çµ�®o¤�ª(¦(§
¬­¢�©³¸ å ©«ç�©Â¬�µ2¬¯©³¤�¦ÌÃ

NPOPh i�Z.�[Y[â¡S�^_ã´W ; �´S�WXUBZBY[^_ã%W�<
m ýkj<ýon Q ��t�'Ör����¥�(�.*À	
ñX¢(£Ðõ.ìÖë� D§(£±¬­£´¶±¬­¤�®[®¯£)ø!ª(©³®o£´§l/�¢(©«²�¢4�Óè¼µ�¦(§ æ ©«§�¬­¢ ê��mL�ë�E�¸onöí�ÎMe�p�µ�¦�§q�_¢(£%µ&¬­£´§ÿê{© å ©³¶)¤�¦Z�õ.éBñKÁ(®o£%µ�ç[Á å ©Âý¼£´®o¸�¬­¤P®o£%µ�§�¤�ª�¬�¬¯¢(£�Á�¢(¤�¦(¤�¦Fµ�¦(§�©«¤�¦(©,�%µ2¬¯©³¤�¦È¸¯£)¦(¸¯¤�®¯¸´Ãrg�£)ø!ª(©³®o£´ç[£´¦¿¬­¸
¤�°f¬­¢�£ å ¤ æ ©³ç[Á�£)§(£´¦�¶´£�µ�¦�§_¢(©³²�¢l©³ç[Á�£)§¼µ�¦(¶)£¨£ å £´¶)¬¯®¯¤�¦�©³¶´¸ æ £)®¯£¨Ë�£)®oü_§�©,F�£´®¯£)¦¿¬%ºÍ¢(¤ æ £)Ë�£´®´Ã
ñX¢(£r[�üxÁ(®¯£)¸�ê��mL�ë�E�¸�®o£´ø!ª(©³®o£´§@¬­¢(£)©³®�¬­£)ç�Á~£´®¯µ2¬­ª(®o£�¬¯¤�è~£�¢(£ å § è~£ å ¤ æts ^auÔ©³¦@¤�®o§(£´®
¬­¤_¤�Á�£)®­µ2¬¯£�º æ ¢(£´®o£%µ�¸�¬¯¢(£$õ.éBñX¸�¦(£´£)§(£´§Ê¬­¤È¸o£ å °�¢(£´µ2¬[µ�è~¤�Ë�£_í�Î�Îau�Ã�ñX¢(£´¸o£$¬ æ ¤È§(£´¸o©³²�¦
¶´¤�¦(¸o¬¯®­µ�©«¦!¬¯¸�µ�®o£�¶´¤�ç�Á å £)¬¯£ å ü�µ&¬�¤x§(§(¸ æ ©Â¬­¢P¤�¦(£�µ�¦(¤2¬­¢(£)®´ºÍµ2¦(§P¢¼µ%Ë�£�¶)¤�¦¿¬­©«¦xª(µ å³å ü$Á å µ�²�ª(£´§
¬­¢�£`¶´¤�¦�¸o¬­®oª(¶)¬¯©³¤�¦F¤�°Çµl¸o©³ç[Á å £[¶´®�ü�¤�²�£)¦(©³¶�£ å £´¶)¬¯®¯¤�¦�©³¶´¸�Á¼µ�¶PH&µ�²�£�°1¤�®Å¬¯¢(£�õ.ìÖë� ×§(£±¬­£´¶±¬­¤�®o¸´Ã
ä ¸�ë�¢¼µ%Ë�£`ç[£´¦¿¬­©«¤�¦(£)§Fè~£)°1¤�®o£�ºj¬¯¢(£`£ å ©³ç[©³¦¼µ&¬­©³¤�¦_¤�°Æ¬­¢�£�¶�¢¼µ�®o²�£`¶�¢¼µ2¦(¦(£ å ¸ æ ¤�ª å §F®¯£´ç[¤�Ë�£
¬­¢�£[í%Î�ÎauDõ.éBñ ¤ÑË�£´¦(¸Ç°1®¯¤�ç7¬­¢(£�¶)®oü�¤�²�£´¦(©«¶�£´¦(¶ å ¤�¸oª(®¯£Åµ�¦(§�²�®o£%µ2¬ å ü`¸o©³ç[Á å ©Â°þü¡¬­¢(£�§(£)¸¯©³²�¦ÍÃ

ñX¢(£l¢¿üxè(®o©³§»ê��mL�ë�EOv�õ.éBñ�¶%µ2®¯§ æ µ�¸�¶´¤�¦(¸�¬­®oª(¶)¬¯£´§½¤�ª�¬[¤�°V¬ æ ¤�Á�©³£´¶)£´¸[¤�°�Î�Ã Î$#_©³¦(¶�¢
¬­¢�©³¶PHÄ¶´¤�ª(¦¿¬¯£´§J¶´¤�Á(Á�£)®Pv�u�µ�Á{¬­¤�¦wv&¶´¤�Á(Á~£´® å µ�ç[©³¦¼µ&¬­£�£´Á~¤%ð{©³£´§ûó1ª(¸¯©«¦(²P£)¶´¤�è~¤�¦(§½íf��^M^¿ô�¬­¤_µ
Î�Ã Î�î�©³¦(¶�¢�¾�õb[
D;¶´¤�Á(Á�£)®�è¼µ�¶PH!è~¤�¦(£�Ã[ñX¢(£¡è¼µ�¶PH!è~¤�¦(£[Á(®¯¤�Ëx©³§�£´§È£´¦(¤�ª(²�¢Ä¤�°Æµ2¦Ä©«¸¯¤�¬¯¢(£´®oç
©³¦@¬­¢(£Ð¶%µ�®o§ ¬­¤�Á(®¯£±Ë�£)¦!¬�¬¯¢(£Fí%Î�ÎauÕõ.éBñX¸�°1®o¤�ç æ µ�®oç�©«¦(²È¬­¢(£Pê��mL¥ë�EÔµ�®o®­µ%üx¸´Ãx[¥¤ å £´¸
æ £´®¯£�ç�µ�¶�¢�©³¦(£)§l©³¦�¬­¢(£�¶´¤�Á(Á~£´®¥è¼µ�¶PH!è~¤�¦(£�µ�®o¤�ª(¦(§�¬­¢(£�ç�© å³å ç�µ&ð�Á(©«¦(¸´º~¬­¢(£¨ê��mL¥ë�E�¸´º�µ�¦(§
¬­¢�£�õ.éBñ æ ©«¦(§(¤ æ ¬¯¤�Á(®o£)Ë�£´¦¿¬�¸o¢(¤�®o¬¯©³¦(²�º¼ª(¦(¦(£)¶´£´¸o¸­µ�®�üP£)§(§�ü$¶´ª�®¯®¯£)¦¿¬�©³¦�§(ª(¶´£)§\y¼ªxð�©³¦$¬­¢(£
ê��mL¥ë�E�¸)º�µ�¦(§J¬­¢(£)®¯ç�µ å ¸o¢(¤�®�¬­©³¦�²_¤�°¥¬¯¢(£$õ.éBñX¸¨¬­¤z/:u�Ã.ñ
®­µ2¶´£´¸¡¤�¦�¬¯¢(£$Á(¢(¤�¦�¤�¦Ê¶´©³®o¶´ª(©Â¬
æ £´®¯£�¬¯©³¦(¦�£´§`ª(¸o©³¦(²�¶´¤�ª(¦¿¬¯£´§�¸¯¤ å §(£)®onöí�Î$#{p~¬­¤ å ¤ æ £)®À¬­¢�£´©³®ÀÁ¼µ�®¯µ�¸¯©Â¬­©³¶�®¯£)¸¯©«¸o¬�µ2¦(¶´£�µ2¦(§`Á(®o£)Ë�£)¦¿¬
ª(¦(¦�£´¶´£)¸¯¸¯µ�®oü�¢(£´µ2¬­©«¦(²¡§(ª(£�¬­¤¡¬­¢(£�Á(¢�¤�¦(¤�¦$è(©³µ�¸Ç¶´ª(®o®¯£´¦¿¬¯¸´Ã
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õj©«²�ª(®¯£�/(Ã}e4� ä Á�¢!üx¸o©³¶%µ å §(©Éµ�²�®­µ�çÝ¤�°�¬­¢(£¡¢¿üxè(®¯©«§�ê��mL�ë�EOv�õ.éBñD¶´µ�®¯§ÍÃ¡õ¼¤�ª�®�¢(©³²�¢Èè¼µ2¦(§4�
æ ©³§{¬­¢�[�~O :g�éÀêFê��mL¥ë�EHµ�®o®­µ%üx¸ æ £´®o£`ç�¤�ª(¦¿¬­£´§ íÖ¶´çÕ°1®¯¤�çÔ¬ æ ¤P¸o£ å °"�Ó¢(£%µ&¬­£´§ í�Î�ÎauÒê{©��Z�õ.éBñX¸´Ã ñX¢(£d#�Î�Á�©³¦ÿ¶)¤�¦(¦(£)¶)¬­¤�®�µ2¬�¬¯¢(£Ð¬¯¤�Áÿç�µ2¬­£)§ æ ©«¬¯¢ ¬­¢�£l¸o¬¯®¯©«Á å ©«¦(£�ÃûñX¢(£�ío^�Á(©³¦
¶´¤�¦(¦(£´¶±¬­¤�®�µ2¬Ç¬¯¢(£�è�¤�¬o¬­¤�ç�ç�µ&¬­£´§ æ ©Â¬­¢�¬­¢(£�¬¯¤ æ £´®)Ã

õj©³²�ª(®¯£`/(Ã}e�¸¯¢(¤ æ ¸�è~¤�¬­¢F¸¯©³§�£´¸¨¤�°X¬¯¢(£$ê��mL�ë�EOv�õ.éBñK¶%µ�®o§ æ ©«¬¯¢ æ ©³®o©³¦(²�¬­®¯µ�¶´£)¸´ÃPñX¢(£
ê{©"Z�õ.éBñX¸ æ £´®o£Vµ&¬¯¬�µ2¶�¢(£´§¡¬­¤ÅµI#jç�© å u�µ�Á�¬¯¤�¦ æ ©³¦(§�¤ æ ª(¸¯©«¦(²iûÅéÈË2µ�®¯¦(©«¸¯¢ÍÃjñX¢(£ æ ©³®¯£�õ.éBñX¸
æ £´®¯£�¶)¤�¦(¦(£)¶)¬¯£´§ æ ©«¬­¢d�jç[© å §(©³µ�ç[£)¬­£)®�ïlµ2¦(²¿µ�¦(©«¦ æ ©«¬¯¢Èµ�®¯£)¸¯©«¬¯©«Ëx©«¬ÏüÐ¤�° s í�k�v2©³¦(¶�¢ÌÃ�ñX¢(£
æ ©³¦�§(¤ æûæ µ�¸X£)Á�¤%ð{©³£)§$¬¯¤�¬­¢�£�ç�µ�©«¦Nu�µ�Á�¬¯¤�¦�¶´©«®¯¶)ª(©«¬�è�¤¿µ2®¯§`ª(¸o©³¦(²¡éB¶)¤�è�¤�¦(§_íf��^M^{Ã ä í�HxkgÇª�¾���®¯£)¸¯©«¸o¬­¤�® æ µ�¸�ý{ð�£)§½¶ å ¤�¸¯£$¬­¤È¬­¢(£lõ.éBñX¸�¬¯¤�°·µ�¶)© å ©Â¬�µ2¬¯£`¸¯£ å °�¢�£%µ2¬¯©³¦(²�µ�¦(§@¬­¤�µ å³å ¤ æ
©³¦�©«¬­©³µ å ¶´¤�¦(§�ª(¶)¬¯©³¤�¦Ðµ2°þ¬­£)®Ç¶´¤x¤ å §(¤ æ ¦ÍÃ ä ¬¯¢(£´®oç�¤�ç[£)¬¯£´® æ µ�¸Ç¦(£)Ë�£´®Vç[¤�ª(¦¿¬¯£´§Íº�µ�¸Ç¤�®o©³²�©«¦¼µ å«å ü
©³¦¿¬¯£´¦(§(£)§Íº(¬­¤[ç[¤�¦(©«¬¯¤�®À¬¯¢(£�è(©Éµ2¸XÁ�¤�©«¦¿¬Ç¤�°�¬¯¢(£Åõ.éBñX¸´Ã

ñ æ ¤2[�~O :g�éÀêJê��OL�ë�E7¶�¢(©«Á(¸ æ £´®¯£`µ2¬¯¬­µ�¶�¢(£´§�¬¯¤Ð¬¯¢(£�¶´µ�®¯§�ª�¸¯©³¦�²IûÅéK��Î�î�í�Ë2µ�®o¦(©³¸o¢ÍÃ
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õj©«²�ª(®¯£=/(Ã�|�� ä ¶´¤�ç[Á å £±¬­£ æ ©³®¯©«¦(²Å§(©Éµ�²�®­µ�çK¤�°Ö¬¯¢(£V¢¿üxè(®o©³§�ê��mL¥ë�EOv2õ.éBñ½¶%µ�®o§`¸¯¢(¤ æ ¦�°1®¯¤�ç
¬­¢�£Å¸�¬­®o©³Á å ©³¦(£�/:u;¶´¤�¦�¦(£´¶±¬­¤�®�ó·®o©³²�¢¿¬�ôf¬­¤¡¬­¢(£¡ío^�Á(©«¦$¬¯¤ æ £)®�¶)¤�¦(¦(£)¶)¬¯¤�®¨ó å £±°þ¬�ô±Ã
éfµ�¶�¢F¶�¢�©³ÁÄ¢(¤ å §�¸�¬ æ ¤l¢�©³²�¢Èè¼µ�¦�§ æ ©³§�¬¯¢Jê��mL�ë�E7µ�®o®­µ%üx¸Å¶)¤�¦¿¬�µ�©«¦(©³¦�²r�2Î�Îlê��OL�ë�E�¸�°·µ�è(®¯©��
¶%µ&¬­£´§@©³¦Ê¸o£´®¯©«£´¸)Ã@ñX¢�£�Á�¢(¤�¦(¤�¦ÊË�¤ å ¬�µ2²�£�è(©Éµ2¸�®¯£´¸o©³¸�¬­¤�®o¸ æ £´®o£Ð¶)¤�¦(¸�¬­®¯ª�¶)¬­£)§ ¤�ª{¬¡¤�°m�2Î.ç�© å
§(©³µ�ç�£±¬­£)®�ç�µ�¦(²�µ�¦(©³¦ æ ©«®¯£Å¶´ª�¬¥¬­¤ s Î�Ã}�[©³¦�¶�¢(£´¸V°1¤�®¥µ[®¯£)¸¯©³¸�¬�µ�¦�¶´£�¤2° s ��Î.ç�k�ÃXñX¢(£¨£�ð�µ�¶)¬
Ë2µ å ª�£´¸�¤�°Æ£´µ�¶�¢Fè�©Éµ�¸�®¯£)¸¯©«¸o¬­¤�® æ µ�¸Åç�£´µ�¸¯ª�®¯£´§Fµ2¬I/:u æ ©«¬¯¢FµU/��ù¬­£´®oç�©«¦¼µ å ²�£´¤�ç[£)¬¯®oü�Ã�ñX¢(£
ê��mL¥ë�E�¸ æ £)®¯£ æ ©³®o£´§P¬­¤`¬¯¢(£¨¶´µ�®¯§_ª(¸o©³¦(²��jç[© å
äVå v�ê{©
è�¤�¦(§ æ ©³®o£$ó1¬¯¢(£�¸­µ�ç[£�ª�¸¯£´§Ä©³¦Ð¬­¢(£
§(£±¬­£´¶±¬­¤�®Çç[¤�ª(¦¿¬�ô�Ã

m ýkj<ý�þ p qj����r���qfsut
ä ¸ æ ©«¬­¢�¬­¢(£Æ§�£)¬­£)¶)¬¯¤�®.ç[¤�ª(¦¿¬j¬¯¢(£�¶�¢(¤�©³¶´£�¤�°�ç�µ&¬­£´®o©Éµ å ¸ æ µ�¸.µVç�µo�o¤�®j¶)¤�¦(¶´£)®¯¦�©«¦�¬­¢(£À§(£´¸o©³²�¦
¤�°f¬­¢�£�¶´®oü�¤�²�£)¦(©³¶�¢¼µ2®¯§ æ µ�®¯£2Ã�ïÐ¤�®¯£�¶´¤�ç�Á(®o¤�ç[©³¸¯£)§ æ £´®¯£�ç�µ�§(£�¢(£´®o£¡¬¯¢¼µ�¦_©«¦P¬­¢(£�¶´µ�¸¯£�¤�°
¬­¢�£Xç�¤�ª�¦!¬.§(ª(£Æ¬­¤�¬¯¢(£X©³¦(¶)®¯£´µ�¸¯£)§[§�©³¸o¬­µ�¦(¶)£Æ¬­¤�¬­¢�£X§(£)¬¯£´¶)¬¯¤�®¯¸�µ�¦�§¨¬­¢(£Çµ�§�§(£´§[¶´¤�ç[Á å ©³¶%µ&¬­©³¤�¦
¤�°¼¬¯¢(£�£ å £´¶±¬­®o¤�¦(©³¶À¶´¤�ç[Á~¤�¦(£´¦¿¬¯¸´ÃaJ�£ å ¤ æ ©³¸�µ å ©³¸o¬�¤�°~µ å«å ç�µ2¬¯£´®o©Éµ å ¸
ª�¸¯£´§�©«¦�¬­¢�£Xê��mL¥ë�EOv2õ.éBñ
¶%µ2®¯§Íº�¬¯¢(£´©«®Çµ�Á(Á(®o¤%ð�©«ç�µ&¬­£�ç�µ�¸¯¸Çµ2¦(§ æ ¢(£)¬¯¢(£´®X¬­¢�£)ü$µ�®o£�¶´¤�¦�¸¯©³§�£´®¯£)§2� ¶)¤�ª(¦¿¬­£)§���è!ü�¬­¢(£ å ¤ æ
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v ���xw y×�����! &|1� # ���~}��~���x� y×�¼'%' KD�J D�ªwv�u�µ�Á{¬­¤�¦wv�D�ª óþü�ô Î�Ã Î�î���WÙí�Ã}�2��W;î��[¥£´µ2¬­¸o©³¦�H D�¤�Á(Á�£)® óþü�ô Î�Ã Î�î���WÙí�Ã}�2��W;î��

ïÐ© å³å ïlµ&ð�Á(©³¦(¸  f¢�¤�¸.�?J�®¯¤�¦��´£ovPû�¤ å § óþü�ô ^M^.Á�¶
ê��OL�ë�E;¸o¢(©³£ å § Y¥è$°1¤�© å ó·¦�ô ���ÀÎ�Ã Î�Î$�2��Wd�M#jç[ç �û å ª(£ êx¬Ïüx¶%µ�¸�¬%íf��^M^ óþü�ô íÖ²
ê��mL¥ë�E�¸ ê{©"v�Y¥è ó·¦�ô ���Àî�Î�Îb�ÍçlWd�M#jç[ç �
ê{¤ å §(£´® D�E�ïlê�g�µ�§(©«¤�Á(ª(®o£ óþü�ô í%Î.²

ê��OL�ë�E ² å ª(£ û�£���Î�î�í�V�µ�®o¦(©³¸o¢ óþü�ô íÖ²J�¤�¦(§ æ ©«®¯£ ä¥å v�êx© ó·¦�ô íÖç�²
õ.éBñ æ ©³®o£ ïlµ�¦(²�µ�¦(©³¦ ó·¦�ô íÖç�²J�©³µ�¸ æ ©³®o£ ïlµ�¦(²�µ�¦(©³¦ ó·¦�ô í%Î.ç�²

ñ�µ�è å £3/(Ã}�4� ä å ©«¸o¬�¤�°�ç�µ2¬­£)®¯©Éµ å ¸Öª(¸o£´§�°1¤�®
¶´¤�¦(¸�¬­®oª(¶)¬¯©³¦(²�µ¥¢!üxè(®o©³§[ê��mL�ë�EOv�õ.éBñJ¶%µ�®o§ÍÃBï�¤�¸o¬
ç�µ2¬­£)®¯©Éµ å ¸ æ £)®¯£¡¸¯¶)®¯£´£)¦(£´§Äè¿ü äVå ê{ç[©«¬­¢lÁ(®¯©«¤�®¥¬¯¤�¶´¤�¦(¸�¬­®oª(¶)¬¯©³¤�¦ÍÃÅñX¢(£¡ç�µf�o¤�®V©Â¬­£)çEµ�¸¥ü�£)¬
ª(¦(¶)¤�ª(¦¿¬­£)§l©«¸Æ¬­¢(£IY¥è$°1¤�© å ª(¸o£´§Ð¬¯¤¡¸¯¢(©«£ å §�¬¯¢(£�ê��mL¥ë�E ¶�¢�©³Á(¸)Ã

è¼µ�¶PH!²�®o¤�ª(¦(§�°·µ�¶´© å ©Â¬­£´¸�µ2¬�ì�JÆìBÃ



3 4 576 8�9;: �

� 9 8�9��ÿ8��Ý: 3 5HGB?�� :J5¹8J?��EC

 �O�Q ; �´S�WÇU.ZfY[^ i�ß��%ã��_ZBß�U.ã´Y[^
E�ª(®o©³¦(²`D�E�ïPêUg�ª�¦�íoe�©Â¬ æ µ�¸�§(©«¸¯¶´¤�Ë�£´®¯£)§l¬­¢(µ2¬�£)Ë�£)¦¿¬­¸ æ ©Â¬­¢ å ¤ æ ¶�¢(µ�®¯²�£Å¶´¤ å³å £)¶)¬¯©³¤�¦`¬¯¢¼µ2¬
æ £´®¯£�ª(¦¿Ë�£±¬­¤x£´§ ó·©³£2ÃJ§¼µ�®7HFç�µ2¬¯¬¯£´®�¶%µ2¦(§(©³§(µ2¬­£)¸�ô¨¢¼µ�§Ê¸¯©«²�¦(©Âý¼¶%µ�¦¿¬ å ü�¸o¢(¤�®�¬­£´®¡Á(¢�¤�¦(¤�¦@®¯©«¸¯£
¬­©«ç�£)¸�¬¯¢¼µ�¦ÿè(ª å HÊ£)Ë�£´¦¿¬­¸)Ã ñX¢(£l¢!üxÁ~¤�¬­¢�£´¸¯©«¸$µ2¬�¬¯¢(£l¬¯©³ç[£ æ µ�¸�¬¯¢¼µ2¬`¬¯¢(£´¸o£P£)Ë�£´¦¿¬­¸ æ £´®¯£
¶%µ2ª(¸¯£)§ è¿üÊ£ å £´¶±¬­®¯¤�¦(¸�©³¦¿¬­£)®­µ�¶±¬­©«¦(² æ ©«¬¯¢Ê¬¯¢(£$¸¯ª(®�°·µ�¶´£$¤�°Ç¬¯¢(£$§(£)¬¯£´¶)¬¯¤�®¡©³¦Êµ�� §(£%µ�§ å µ%ü�£´®��ÂÃ B¢(¤�¦(¤�¦(¸�¶)®¯£%µ&¬­£´§�¦(£%µ2®�¬¯¢(£¥¸oª(®o°·µ2¶´£ æ ¤�ª å §�§(¤ æ ¦4�Ó¶´¤�¦¿Ë�£´®o¬Æµ�¦(§[¬­®­µ%Ë�£ å µ�¶´®o¤�¸¯¸f¬­¢(£¥§(£)¬¯£´¶±¬­¤�®
è¼µ å«å ©«¸o¬­©«¶%µ å«å ü�ºÖ²�£´¦(£)®­µ2¬¯©³¦(²Ð°·µ�¸o¬¯£´®�®o©³¸o£�¬­©«ç�£)¸´ÃÐñX¢(©³¸ æ µ�¸�µ2¦J£´¦¿¬­©«®¯£ å üÄ¦(£ æ §(©«¸¯¶´®o©³ç[©³¦¼µ&¬­©³¤�¦
¬­£)¶�¢(¦(©«øxª�£�ºÖµ�¦�§_¤�¦(£�¬¯¢¼µ2¬ æ ¤�®7H�£)§Ä¤�¦P£±ð�µ�¶±¬ å ü�¬­¢�£�Á¼µ�®�¬­©«¶ å £�µ�¦(§lè¼µ�¶PH!²�®¯¤�ª(¦(§È£)Ë�£´¦¿¬�¬ÏüxÁ�£
¬­¢(µ2¬ æ µ2¸�¬¯¢(£�ç�¤�¸�¬ÇÁ(®¯¤�è å £)ç�µ2¬¯©³¶�°1¤�®Æ¬­¢(£�§¼µ2®cH`ç�µ2¬¯¬¯£´®X¸o£%µ�®o¶�¢l£±ð{Á~£´®o©³ç[£´¦¿¬%Ã

ä °þ¬¯£´®f¬­¢(£¥¶´¤�ç[Á å £±¬­©«¤�¦�¤�°�gÇª(¦�íoe�º ä¥å £±ð æ µ�¸À®¯£´Á(µ�¶PH&µ�²�£´§`µ�¦(§�©«¦(¸o¬­µ å³å £´§¡©³¦¡¬­¢�£�¾¥ðx°1¤�®¯§
ëÏ¦(¸�¬­®¯ª�ç�£)¦!¬¯¸Æ§(© å ª�¬¯©³¤�¦¡®¯£±°1®¯©«²�£´®¯µ2¬­¤�®�µ2¬�¬­¢�£mD�£´¦¿¬¯£´®À°1¤�®G �µ�®o¬¯©³¶ å £ ä ¸o¬¯®¯¤�Á(¢¿üx¸¯©«¶´¸�¬¯¤�¶´µ å ©«è(®­µ2¬¯£
¬­¢�©³¸X¦(£ æ Á(¢(¤�¦�¤�¦Ð®o©³¸o£�¬­©³ç[£�£	FÌ£)¶)¬%Ã

�M�
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Alex

14C electron source

241Am source

Au Electrode side

Al Phonon side

õj©«²�ª(®¯£=#xÃ«íM� ä §�©Éµ�²�®¯µ�çD¤2°�¬¯¢(£¥Á~¤�¸o©«¬­©«¤�¦¡¤�°Ì¬¯¢(£�Ü��!D ó·£ å £)¶)¬­®o¤{§�£�¸o©³§(£%ôBµ�¦(§ � �­Ü ä çÒó·Á�¢(¤�¦(¤�¦
¸¯©«§(£�ô¡¸¯¤�ª�®¯¶´£)¸`°1¤�®�¬¯¢(£l£ å £)¶)¬­®o¤�¦½¶%µ å ©³è�®­µ2¬¯©³¤�¦Ê®¯ª�¦(¸`©³¦@¬­¢(£�J�£´®7H�£ å £)üqu�£ å Ëx©³¦�¤�ðq�M#xÃ ñX¢(£
Ü��!D×¸¯¤�ª(®o¶´£ æ µ2¸�Ëx©«¸¯©³è å £�¬¯¢(®¯¤�ª�²�¢�/$¶)¤ å³å ©³ç�µ2¬­©«¤�¦$¢(¤ å £)¸�Á�¤�¸o©«¬¯©³¤�¦(£)§Jí¡©³¦(¶�¢Äµ�Á¼µ2®o¬�®¯¤�ª(²�¢ å ü
¶´£)¦¿¬­£´®o£´§»¤�Ë�£)®�¬­¢(£�WÕµ�¦�§�~Tµ&ð{£)¸`¤�°�¬¯¢(£P§(£±¬­£´¶±¬­¤�®)Ã ñX¢(£ � �­Ü ä ç ¸¯¢(¤�¦(£l¬­¢�®¯¤�ª(²�¢ ¬ æ ¤
¶´¤ å³å ©«ç�µ&¬­¤�®�¢(¤ å £´¸ å ©«¦(©³¦(²Ðª(ÁJ®¯¤�ª(²�¢ å ü æ ©Â¬­¢F¬ æ ¤_¤�°Ç¬­¢�£`¸¯Á~¤�¬­¸�°1®¯¤�çT¬­¢(£ Ü�� DÙ¸o¤�ª(®o¶´£Èó1¸¯£´£
õj©«²(Ã�#xÃ���ô�Ã
>�ýon4ýon ���Í�¼���
ñX¢(£�§(£±¬­£´¶±¬­¤�® æ µ�¸Ç®¯ª(¦Ðµ2¬X¬­¢�£�JÀ£´®cH2£ å £)ü�ñ
£´¸�¬�õ�µ�¶)© å ©Â¬Ïüló J�ñÇõBô æ ©Â¬­¢(¤�ª�¬�µ�¦¿ü�®¯£)ç�¤�ª(¦¿¬­©³¦�²(º
¤�®¥¶�¢¼µ�¦(²�£�¬­¤�¬¯¢(£�¶)¤�Á(Á~£´®�¢(¤�ª(¸¯©«¦(²(ÃVñX¢�£¨²�¤¿µ å�æ µ�¸V¬­¤�¶´®¯£´µ2¬­£¨µ�¸¯£±¬­ª(ÁP¬¯¢¼µ2¬�µ2¸�µ�¸�¶ å ¤�¸o£ å ü
ç[©³®¯®o¤�®¯£)§�¬­¢¼µ2¬¥¤�°�¬­¢(£ÅÁ(®¯£±Ëx©³¤�ª(¸�®¯ª�¦Pµ2¬Vê�L¥õ µ�¸�Á�¤�¸¯¸¯©«è å £2Ã�ñX¢(£�¸­µ�ç[£�®¯¤x¤�ç�¬­£)ç�Á~£´®¯µ2¬­ª�®¯£
µ�¦(§F¶´¤ å §�£ å £´¶)¬¯®¯¤�¦�©³¶´¸ æ £)®¯£�ª(¸o£´§ÍÃ_ñX¢�£`¤�¦ å ü�©Â¬­£)çT¬¯¢¼µ2¬�¶�¢¼µ�¦(²�£)§Êª(¦¼µ%Ë�¤�©«§¼µ�è å ü æ µ�¸�¬­¢(£
Á(®o©³ç�µ�®oü�®¯£)¶´£´©ÂË�£)®¥è~¤¿µ�®o§Ð©«ç�ç[£´§(©³µ2¬­£ å ü¡Á(®o©³¤�®Æ¬¯¤�¬­¢(£�Z�¤x£´®¯²�£´®Ç§(©³²�©«¬­©,�´£)®¯¸´ÃjñX¢(©³¸Ç¶�¢¼µ�¦�²�£ å £´§
ó æ £`è~£ å ©³£)Ë�£�ô�¬­¤PµÐ¸oüx¸o¬¯£´ç�µ2¬­©«¶�¸¯¢�©«°þ¬�©³¦F®o©³¸o£�¬­©«ç�£)¸ æ ¢�©³¶�¢ æ £`¶´¤�®¯®¯£)¶)¬¨°1¤�® æ ¢(£)¦Jç�µ�Hx©«¦(²
¶´¤�ç�Á¼µ2®¯©³¸o¤�¦(¸ æ ©Â¬­¢$¬­¢(£ å ¤ æ è¼µ�¶PH!²�®o¤�ª(¦(§Íº�Á(¢�¤�¬­¤�¦Ðµ�¦(§�¦(£)ª�¬­®o¤�¦Ð¶´µ å ©«è(®­µ&¬­©³¤�¦Èóùê�L¥õ@§(µ2¬�µ¿ô�Ã
ñX¢(£�µ2¶´ø!ª(©³¸o©«¬¯©³¤�¦�¸oüx¸o¬¯£´ç æ µ�¸¨¦(£)¶´£)¸¯¸­µ2®¯© å ü�§(©¡FÌ£)®¯£)¦!¬´º.¸¯©«¦(¶´£�¬­¢(£`¤�¦(£�¬­¢(µ2¬�£±ð{©«¸o¬­£)§JÁ(®¯£±Ëx©¡�
¤�ª(¸ å üÈµ&¬�JÀñÇõ æ µ�¸�¤�Á�¬­©«ç�©,�´£´§_°1¤�®ÅµU/Ð¶�¢(µ�¦(¦(£ å JÆìÖë� §(£±¬­£)¶)¬­¤�®´Ã�ñX¢�£�ê�L¥õ µ�¶)ø!ª(©³¸o©«¬­©«¤�¦
æ µ�¸�©³ç[Á�¤�¸¯¸¯©«è å £¡¬­¤_©«ç�Á~¤�®�¬�§(ª�£`¬­¤P©Â¬­¸¨¢(©«²�¢ å ü�¶)¤�ç[Á å ©«¶%µ2¬¯£´§F¤�Á�¬­©«ç�©,�%µ2¬¯©³¤�¦È°1¤�®�¬¯¢(£�Ë2µ�®¯©��
¤�ª(¸X£�ðx¬­®­µ2¦(£´¤�ª�¸¥¢¼µ2®¯§ æ µ�®¯£�¸oª(¶�¢Pµ�¸Æ¬¯¢(£�ç¨ª(¤�¦$Ë�£)¬¯¤�µ�¦�§$¬¯£´ç[Á�£)®­µ2¬¯ª(®¯£�ç[¤�¦(©Â¬­¤�®o©³¦(²�¤�°
¬­¢(£
©³¶)£´è~¤%ðÌÃÅñX¢(£¡µ�¶±¬­ª¼µ åjæ ¤�®cH!©³¦(²�¤2°�¬¯¢(£�µ�¶)ø!ª(©³¸o©«¬­©«¤�¦ æ µ�¸�ç�µ�§(£�¬¯¤�è�£�Á(®¯µ�¶)¬¯©³¶´µ å³å ü$©³§(£)¦!¬¯©³¶´µ å
¬­¤[¬­¢(£�¤�¦(£�ª(¸¯£)§_©³¦�gÇª(¦�íoe{Ã�ñX¢�£¨Á�¤�¸o¬Vµ�¦¼µ å ü{¸o©³¸�ó E�µ�®7H� f©«Á�£ÅÁ(®o¤�²�®­µ2ç`ô æ µ�¸�¶´¤�ç�Á å £)¬¯£ å ü
¬­®¯µ�¦(¸ å µ2¬¯£´§$°1¤�®X¬­¢(£�J�£´®7H�£ å £)ü�°·µ2¶´© å ©«¬Ïü�¶´¤�ç[Á(ª�¬¯£´®¯¸¥µ�¦(§�®¯ª�¦ æ ©«¬¯¢Ð¤�¦ å ü`¬¯¢(£�ç�©«¦(¤�®X¶�¢¼µ2¦(²�£´¸
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¦(£)¶´£´¸o¸­µ�®�ü$¬­¤[µ å³å ¤ æ µ2¦¼µ å üx¸o©³¸X¤�°
¬­¢(£�§(©¡FÌ£)®¯£)¦!¬�§¼µ&¬�µ¨°1¤�®¯ç�µ2¬´Ã
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õj©«²�ª(®¯£X#{Ã��5�Äó÷µ¿ô�E�£ å µ%ü�©«¦�WØó¢D�E�� ä JXô�Ë�£)®¯¸oª(¸�§�£ å µ%üF©³¦�~ ó J�DK� ä E�ô�°1¤�®_^�Î�H�£	V¨ÃBñX¢(£
°1¤�ª(®�£ å £´¶±¬­®¯¤�¦P¸¯Á~¤�¬­¸�°1®¯¤�ç�¬¯¢(£ Ü�� Dû¸¯¤�ª(®o¶´£�µ2®¯£�¶ å £´µ�® å ü`Ëx©³¸¯©«è å £Åµ�¸ æ £ å³å µ�¸¥¬¯¢(¤�¸o£�°1®¯¤�ç�¬­¢(£� �­Ü ä çÕ¸o¤�ª(®o¶´£�Ã�ìÖ©³¦(£)¸Å¸o¢(¤ æ ¶´ª�¬¯¸�ª�¸¯£´§Ä°1¤�® å µ2¬¯£´®�µ�¦(µ å üx¸¯©«¸´Ã³ó·è�ôm B¢(¤�¦�¤�¦�®o©³¸o£¡¬¯©³ç[£¨Ë�£)®¯¸¯ª�¸ B¢(¤�¦(¤�¦�£´¦(£)®¯²�ü�ÃlñX¢(£�£ å £)¶)¬¯®¯¤�¦(¸Å°1®¯¤�çÔ¬¯¢(£ÐÜ��	D¹¸o¤�ª(®¯¶)£`µ�®o£�¶ å £%µ2® å üÈ¸o£´Á¼µ2®­µ2¬¯£´§�°1®¯¤�çÔ¬­¢(£^�Î�H2£!V;Á(¢(¤2¬­¤�¦(¸Ç¤�°
¬­¢�£ � �­Ü ä ç�¸¯¤�ª(®¯¶)£�Ã

ñ�¤[¶%µ å ©³è�®­µ2¬¯£V¬­¢(£�£ å £´¶±¬­®o¤�¦$®¯£´¸oÁ�¤�¦(¸¯£2º�µ Ü�� D»¸¯¤�ª(®o¶´£Å¤�°Àí�Ã î�î$����D�©fóþ¬­¤�¬­µ å µ�¶±¬­©«Ëx©Â¬Ïü(ô æ µ�¸
Á å µ�¶´£)§ s íÖ¶´çÔ°1®¯¤�çE¬­¢(£¡¶�¢¼µ2®¯²�£[¸¯©«§(£¡¤�°À¬¯¢(£[§(£)¬¯£´¶)¬¯¤�®´Ã[ñX¢(£[£ å £´¶)¬¯®¯¤�¦�¸ æ £´®o£�¶)¤ å³å ©³ç�µ2¬­£)§
©³¦¿¬¯¤�°1¤�ª�®�¸oÁ�¤�¬¯¸_��#jç�çTµ�Á(µ�®o¬�µ å ©³²�¦(£)§ æ ©Â¬­¢È¬­¢(£1W�� ~�µÑð�©«¸�¤2°Æ¬­¢(£[§(£±¬­£´¶±¬­¤�®�©«¬¯¸¯£ å °uÃ�ñX¢(£
£´¸�¬­©«ç�µ2¬¯£´§½¸oÁ�¤�¬�¸o©-�´£Èµ&¬�¬­¢(£_¸oª(®o°·µ�¶)£ æ µ�¸ s î.ç�ç�º æ ©Â¬­¢»µJ®­µ2¬¯£_¤�° s ��ÎM[=�ÈÁ�£)®�¢(¤ å £2Ã
ä ¦ � �­Ü ä ç ¸¯¤�ª�®¯¶´£ æ µ�¸�Á å µ�¶)£´§ÊíÖ¶´ç °1®¯¤�çÝ¬­¢(£¡Á(¢(¤�¦(¤�¦È¸¯©«§(£¡¤�°f¬­¢(£¡§(£±¬­£´¶±¬­¤�®Åµ�¦�§�¸o¢(¤�¦(£
¬­¢�®¯¤�ª(²�¢Ð¬ æ ¤`¶´¤ å«å ©«ç�µ2¬¯¤�®Æ¢(¤ å £´¸)Ã ä ¸¥¸¯£´£)¦_©³¦$¬­¢(£�§¼µ2¬­µ�º¼¬­¢(£Å¬ æ ¤`¢�¤ å £)¸ å ©³¦(£)§Ðª(Á æ ©«¬­¢�¬ æ ¤
¤�°
¬­¢(£�°1¤�ª�®VÜ��!Dû¢(¤ å £´¸Åó1¸¯£´£�õj©«²(Ã�#xÃ���ô�¤�¦�¬­¢(£�ð£�uµ&ð{©«¸´Ã
>�ýon4ý�þ ¤½��t(��sÓ�(t
ñX¢(£�£±Ë{©«§(£´¦�¶´£`°1¤�®�µPÁ�¤�Á�ª å µ2¬¯©³¤�¦Ä¤�°�£ å £´¶±¬­®¯¤�¦(¸�µ2¬ å ¤ æ Á(¢(¤�¦�¤�¦Ê®¯©³¸o£�¬¯©³ç[£�º.§(©«¸o¬¯©³¦(¶±¬�°1®¯¤�ç
¬­¢�£`Á�¤�Á(ª å µ&¬­©³¤�¦F¤�°Çè(ª å HÄÁ(¢(¤�¬¯¤�¦(¸ æ µ�¸�¶ å £%µ�®�©³ç[ç�£)§(©Éµ&¬­£ å ü�ÃÐõj©³²�ª(®¯£N#{Ã���¸¯¢(¤ æ ¸�¬­¢(£�°1¤�ª(®
¸¯Á~¤�¬¯¸[°1®o¤�ç ¬­¢�£Ð£ å £´¶±¬­®o¤�¦ ¸o¤�ª(®o¶´£�º�¸¯£´Á(µ�®­µ2¬¯£´§ è!ü s eb�Í¸´Ã ñX¢(£ � �­Ü ä ç�¸¯¤�ª�®¯¶´£�©³¸�Ëx©³¸o©³è å £
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õj©«²�ª(®¯£=#xÃ î��� B¢(¤�¦(¤�¦�®¯©«¸¯£X¬­©«ç�£�Ë�£´®o¸¯ª(¸Æ§�£ å µ%ü�©«¦1WDó·µ¿ôBµ�¦(§[§(£ å µ�ü¨©³¦�~Kó1è�ô±ÃjñX¢(£¥£ å £)¶)¬­®o¤�¦(¸
µ�Á(Á~£%µ2®Çµ2¬�¶ å £´µ�® å ü å ¤ æ £)®�Á�¢(¤�¦(¤�¦�®¯©«¸¯£�¬¯©³ç[£´¸Åó s #{�Í¸�ôÀ¬¯¢¼µ�¦$¬­¢(£I^�ÎbH2£!V;Á(¢(¤�¬¯¤�¦(¸)Ã
è¿ü$¬­¢(£Å£±ðx¬­£)¦(§(£)§_¸¯ç[£%µ�®�©³¦$¬­¢(£Å®¯©«²�¢¿¬­ç[¤�¸o¬Ç§�©³¸o¬¯®¯©«è(ª�¬­©«¤�¦ÍÃGJÀü$¶´ª�¬o¬­©«¦(²`µ å ¬­£)®¯¦¼µ2¬¯£ å ü`¤�¦�¬­¢(£
ð£�uµ&ð{©«¸Xµ�¦(§`¬¯¢(£�ü$�uµ&ð{©³¸)º æ £�¸¯¢(¤ æ ¬­¢(£�§�©³¸o¬¯®¯©«è(ª�¬­©«¤�¦`¤�°�Á�¢(¤�¦(¤�¦$®o©³¸¯£¥¬­©³ç[£´¸�°1¤�®Æè~¤�¬­¢$µ¨Á�ª(®¯£
£ å £´¶±¬­®¯¤�¦ÐÁ~¤�Á(ª å µ2¬­©«¤�¦Äó÷õ�©³²£#{Ã î�è�ôÀµ�¦(§�¤�¦(£�©³¦(¶ å ª(§�©³¦(²¨¬¯¢(£I^�ÎbH�£	VDÁ(¢�¤�¬­¤�¦�¸¨ó·õj©³²£#xÃ î�µ�ô±Ãf¾�¦(£
¶%µ2¦l¸¯£)£�©«¦lõ�©³²�ª(®o£I#{Ã î¡¬¯¢(£�£ å £)¶)¬¯®¯¤�¦Ð¸¯Á~¤�¬­¸�¸o¬¯© å³å ¶ å £´µ�® å ü`¸o£´Á¼µ�®¯µ2¬­£)§lè¿ü$Á~¤�¸¯©Â¬­©³¤�¦FóÉð£�uµ&ð{©³¸Ç¤�°
Á å ¤�¬�ô�º�µ�¦(§Ð¬¯¢(£�£ å £)¶)¬­®o¤�¦(¸�¦(¤ æ §(©³¸�¬­©«¦(¶)¬Ç°1®¯¤�ç�¬­¢(£�^�ÎbH�£	V¹Á(¢�¤�¬­¤�¦�¸Vè¿ü�Á(¢(¤�¦(¤�¦l®¯©«¸¯£�¬­©«ç�£2Ã
ñX¢(£ÇÁ å ¤�¬f¤�°~Á(¢(¤�¦�¤�¦�®o©³¸o£Æ¬­©³ç[£�Ë�£´®¯¸oª(¸�£´¦(£)®¯²�üÐó·õj©³²(Ã}#{Ã}��ô
¸o¢(¤ æ ¸À¢�¤ æ ¬­¢(£Ç®o£´¸¯¤ å ª�¬¯©³¤�¦�¤�°~¬­¢�©³¸
ç[£%µ�¸oª(®¯£)ç�£)¦!¬�§(£)²�®­µ2§(£´¸ æ ©«¬¯¢�£)¦(£´®o²�ü�Ã B¢(¤�¦(¤�¦F®¯©³¸o£[¬¯©³ç[£ æ µ2¸�ç[£%µ�¸oª(®¯£)§�è¿üÄý å ¬­£)®¯©«¦(²�¬­¢(£�Á(ª å ¸o£�µ&¬_|�ÎbH5[=��ª(¸o©³¦(²lµr^$Á�¤ å £
è(ª�¬o¬­£)® æ ¤�®o¬¯¢�ý å ¬­£´®Åµ�¦�§�¸o©³ç[Á å ül¶´¤�ª(¦¿¬¯©³¦(²$ª(ÁÄ¬­¤$¬­¢(£1e�Î$¥ÝÁ�¤�©«¦¿¬Åµ�¦(§Ä§(¤ æ ¦�¬­¤$¬­¢�£N��ÎM¥
Á~¤�©³¦¿¬%Ã ä ¸o¸¯ª(ç[©³¦(²�¬¯¢(£ÇÁ(ª å ¸¯£ æ µ�¸f£±ð{Á�¤�¦(£´¦¿¬­©³µ å ©«¦¨°1¤�®¯ç�º�¬­¢�£Æ¬­©³ç[£ æ µ�¸B¬­¢(£)¦¡¸¯¶%µ å £´§¡è¿ü�í�Ã}#�|
¬­¤¡¤�è{¬�µ�©«¦$¬¯¢(£¡í�Î{�?|�Î¨®¯©«¸¯£�¬­©«ç�£V£´¸o¬¯©³ç�µ2¬­£[ó1¸¯£)£�µ�Á�Á�£)¦(§(©Âð ä ô±Ã
¦ 

�~�����q§`|÷'´�\¨�|·wF�
ñX¢(£)®¯£V©«¸À£±Ëx©³§(£)¦(¶´£¥©³¦�õj©³²�ª�®¯£�#{Ã}�2è�¤�°ÍµÅ¬­µ�© å ¤�°�¬­¢(£
^�ÎbH�£	V Á(¢�¤�¬­¤�¦�¸À£�ð{¬¯£´¦(§�©³¦(²�¬¯¤ å ¤ æ ®¯©«¸¯£
¬­©«ç�£2ÃbJÀü�¶%µ2®¯£)°1ª å³å ü¡¶)ª�¬¯¬¯©³¦(²Å¬­¢(£)¸¯£�Á�¢(¤�¬­¤�¦(¸�ó÷õ�©³²(Ã}#{Ã0/!ôBµ�¦(§`Á å ¤�¬¯¬¯©³¦(²Å¤�¦ å ü�¬­¢(£)¸¯£�£±Ë�£)¦!¬¯¸ æ £
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c	�Xe ��^
¶%µ2¦Ð£)¸o¬­©«ç�µ&¬­£�¬­¢(£�§(©«¸o¬­µ�¦(¶´£Å¸¯¶´µ å £�¤�°
¬­¢�£�®o©³¸¯£�¬¯©³ç[£�£´¦(¢(µ�¦(¶´£)ç�£)¦¿¬�£!F�£´¶±¬%ÃÀñX¢(£Å°1®¯µ�¶)¬¯©³¤�¦$¤�°
Á(¢(¤2¬­¤�¦(¸Å°1®¯¤�çÔ¬¯¢(£[Á�£´µ�H ó·¤�è�¬­µ�©³¦�£´§F©«¦Ä¬¯¢(©³¸ æ µ�ü�ô æ µ�¸ s î�Ã�e$¥`Ã\L¥¸¯©«¦(²$¬­¢(£�µ2¬¯¬¯£´¦!ª¼µ2¬¯©³¤�¦
¶´¤x£!«[¶)©³£´¦¿¬V©³¦l¸o© å ©³¶´¤�¦lµ2¬
^�ÎbH2£!VK¤�°BÎ�Ã���#b¬	­lÚ¼Ü�º�µ�¦(§l©³²�¦(¤�®¯©³¦�²�¶)¤�ç�Á{¬­¤�¦ÐÁ(¢(¤�¬¯¤�¦(¸´º æ £¨¶%µ�¦
¬­®¯µ�¦(¸ å µ2¬¯£�¬­¢(©«¸j¬­¤�µ�§�£´Á�¬¯¢[¤2°Ìµ2è�¤�ª{¬:#�Î�Îb�ÌçÐÃ�D�¤�¦(¸o©³§(£)®¯©³¦�²�¬­¢¼µ2¬Bµ�¦�£ å £´¶)¬¯®¯¤�¦ æ ©Â¬­¢�í�Î�ÎbH2£!V
£´¦�£´®¯²2üF¢¼µ2¸¨µlÁ~£´¦(£±¬­®¯µ2¬­©«¤�¦�§(£)Á�¬­¢J©«¦F¸¯© å ©«¶´¤�¦Ä¤�°X¤�¦ å ü s í��Íç�ºj¬¯¢(©³¸Å¶´¤�¦�¸¯©³¸�¬­£)¦!¬ æ ©«¬­¢�¬­¢(£
£´¸�¬­©«ç�µ2¬¯£´§_§(£)Á�¬­¢ÌÃ¨ëÓ° æ £�¶´¤�¦(¸¯©«§(£´®�£±Ë�£´¦¿¬¯¸ æ ¢(©«¶�¢Ä¢(µ�Ë�£¡®¯©³¸o£�¬­©«ç�£)¸�µ�Á(Á�®¯¤¿µ�¶�¢�©³¦(²`¬¯¢(¤�¸¯£¡¤�°
¬­¢�£[£ å £)¶)¬­®o¤�¦FÁ~¤�Á(ª å µ2¬¯©³¤�¦Êó s #��Ì¸�ô æ £[²�£)¬�µ$ç¨ª(¶�¢�¸¯ç�µ å³å £´®�§(£)Á�¬­¢�¤�°�µ�è�¤�ª�¬�#�Îb�Íç�Ã[¾�¦
¬­¢�£�¤�Á(Á~¤�¸¯©Â¬­£�¸o©³§(£�¤�°
¬­¢�£�§(£)¬¯£´¶)¬¯¤�®X©«¬Æ©³¸Æ¶ å £%µ2®Æ¬­¢¼µ2¬�¬­¢(£�Á(¢�¤�¬­¤�¦�¸¥µ å ¸¯¤�¸¯¢(©Â°þ¬X¬­¤¨°·µ�¸�¬Ç®¯©³¸o£�µ�¸
æ £ å³å µ�¸ å ¤�¸o©³¦(²�Á(¢(¤�¦(¤�¦�£)¦(£´®o²�üÄóþ¬­¢(£�¢(¤�®¯©-�)¤�¦¿¬�µ å ¬�µ�© å ©«¦$õj©³²(Ã}#{Ã0/¿µ¿ô�ÃjñX¢(£)¸¯£�£)Ë�£´¦¿¬­¸¥µ�®¯£�¸o£´£)¦
µ�¸Ç¬­¢(£ÅÁ~¤�Á(ª å µ2¬­©«¤�¦�¬­¢¼µ2¬�¸o¢(©«°þ¬¯¸¥§(¤ æ ¦lµ�¦(§Ð¬¯¤�¬¯¢(£�®o©³²�¢¿¬�©³¦Ðõj©«²�ª(®¯£I#xÃ�/�èÌÃ�L¥¸o©³¦(²¡¬­¢(£�¸­µ�ç[£
ç[£)¬­¢�¤{§Íº{¬­¢(£�§(£)Á�¬­¢�¸¯¶´µ å £�°1¤�®Æ¬¯¢(£´¸o£�£±Ë�£´¦¿¬¯¸V©³¸X¶ å ¤�¸o£�¬­¤�íÖç�ç�Ã
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õj©«²�ª(®¯£�#{Ã0/��Æó·µ¿ôcD�¢(µ�®¯²�£�£´¦(£)®¯²�ü�Ë�£´®o¸¯ª(¸fÁ(¢�¤�¦(¤�¦�£)¦(£´®o²�ü�Ã.ñX¢�£�^�Î�H�£	V»Á�£´µ�HÅ¢¼µ�¸.£±Ë�£´¦¿¬¯¸�¬¯¢¼µ2¬
§(®o¤�Á`¬­¤ å ¤ æ ¶�¢¼µ�®¯²�£�µ�¦(§�£±Ë�£´¦¿¬¯¸Ç¬¯¢¼µ2¬�ç�¤�Ë�£¥¬­¤ å ¤ æ £´®�Á(¢(¤�¦(¤�¦�£´¦(£)®¯²�ü æ ©«¬¯¢`£´ø!ª¼µ å ¶�¢¼µ�®¯²�£�Ã
ñX¢(£`¶)ª�¬­¸�¸o¢(¤ æ ¦@µ�®¯£�ª(¸¯£)§@©«¦»ó·è¼ô±ÃÊó1è�ô� B¢(¤�¦�¤�¦J®¯©«¸¯£�¬¯©³ç[£[Ë�£´®¯¸oª(¸�¶�¢¼µ�®o²�£ov&Á(¢(¤�¦(¤�¦(¸¨°1¤�®
£)Ë�£´¦¿¬­¸¥©³¦�¬­¢�£�^�Î�H�£	V Á~£%µ�H

õ¼®¯¤�çØÁ(®¯£±Ë{©«¤�ª(¸�¸�¬­ª(§(©«£´¸¡¤�°�è¼µ å«å ©«¸o¬­©«¶�Á�¢(¤�¦(¤�¦Ê²�£)¦(£´®¯µ2¬­©«¤�¦Ê©³¦J¸o£´ç[©³¶´¤�¦(§(ª(¶±¬­¤�®o¸onöí�ÎM|�p�©«¬
©³¸V®¯£%µ2¸¯¤�¦¼µ2è å £�¬¯¤�Á�¤�©³¦¿¬V¬¯¤�§(¤ æ ¦(¶´¤�¦¿Ë�£´®¯¸o©³¤�¦Ä©³¦Ð¬­¢(£�¸oª(®o°·µ�¶)£�ç�£±¬�µ å
å µ%ü�£´®�µ�¸V¬¯¢(£�¶%µ2ª(¸¯£�¤�°
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c	�Xe �M�
¬­¢�£�£)¦(¢¼µ�¦(¶)£´§�®o©³¸o£[¬¯©³ç[£�£!F�£´¶)¬´Ã�ëÏ¦�°·µ�¶±¬%º�ü�£´µ�®¯¸�µ�²�¤(º�JVÃ�~�¤�ª(¦(²Cnòí�í%Î{pÀµ å³å ª(§(£)§È¬¯¤Ð¬¯¢(©³¸Åµ�¸
µ$Á�¤�¸o¸¯©«è å £¡¶%µ2ª(¸¯£�¤�°�¬¯¢(£ å µ�®¯²�£�è¼µ å³å ©³¸�¬­©³¶�¶´¤�ç[Á�¤�¦(£´¦¿¬Å©³¦Ä¢(£´®�µ å Á(¢¼µ$Á¼µ�®o¬¯©³¶ å £�¸o¬¯ª(§(©«£´¸´ÃNJÀü
å ¤x¤MH!©³¦�²�µ2¬.¬¯¢(£Ç¸o¬�µ2®o¬B¬­©«ç�£À¤�°~¬­¢(£XÁ(¢�¤�¦(¤�¦¡¸¯©«²�¦¼µ å{æ ©«¬­¢¨¬ æ ¤Å¸¯£´¦�¸¯¤�®o¸�¤�¦¡¬¯¢(£X°1®¯¤�¦¿¬fµ2¦(§¡è¼µ�¶PH
¤�°�µ�î�Î�Îb�Ìç7¸¯© å ©«¶´¤�¦ æ µ2°1£)®´º¼¸o¢(£ æ µ2¸¥µ2è å £V¬¯¤�£´¸�¬­©³ç�µ2¬¯£�è�¤2¬­¢`¬­¢�£�è¼µ å³å ©³¸�¬­©³¶�¸¯Á~£´£)§Ð¤2°�¸o¤�ª(¦(§
µ�¦(§`¬¯¢(£�è¼µ å³å ©«¸o¬¯©³¶XÁ(¢(¤�¦(¤�¦`°1®­µ2¶)¬­©«¤�¦ÍÃ.ñX¢�£�µ�®¯£´µ¨¶´¤�Ë�£)®­µ�²�£�µ�¦(§�¬¯¢(©³¶PH!¦(£)¸¯¸¯£)¸¥¤2°�ç�£±¬�µ å~å µ%ü�£)®¯¸
æ £´®¯£Ðø!ª(©«¬¯£Ð¸o©³ç[© å µ2®�¬­¤Ä¬­¢(¤�¸o£Ð©«¦ ¬¯¢(©³¸¡§(£±¬­£´¶±¬­¤�®�µ�¦(§ Á(®¯¤�Ëx©³§(£Ðµ�®o£%µ�¸o¤�¦¼µ�è å £�¶´¤�¦(¸o©³¸�¬­£´¦�¶)ü
µ�®o²�ª(ç[£´¦¿¬f°1¤�®�µ å µ2®¯²�£Çè¼µ å«å ©«¸o¬­©«¶�Á(¢�¤�¦(¤�¦�¶´¤�ç[Á�¤�¦(£´¦¿¬�°1®¯¤�çK¸oª(®o°·µ�¶)£¥£±Ë�£)¦!¬¯¸Æ©³¦¡¬­¢�£¥Á(®o£´¸o£´¦(¶)£
¤�°
¬­¢(©«¦$ç�£±¬�µ å ©³¶ å µ%ü�£´®o¸´ÃÀìÖ£)¬Çª(¸�£±ð{Á å ¤�®¯£�µ¡®¯ª(§�©³ç[£´¦¿¬�µ�®�ü`ç[¤{§�£ å Ã

ñX¢(£Å£´¦(£)®¯²�ü$§(£)¦(¸¯©Â¬Ïü$¦(£´£)§(£´§�¬­¤¡®­µ2©³¸¯£Åµ�¸¯ª�®o°·µ�¶)£ å µ�ü�£´®X¤�°j²�¤ å §`¬­¤�µ�¬¯£´ç[Á�£)®­µ2¬¯ª(®¯£�ñ ©³¸°`±7²�¬P³]´ÅÃjú»¢(£´®o£IEz©«¸�¬­¢�£�§(£´¦(¸o©«¬Ïü�º�¬X©³¸À¬­¢(£�¬¯¢(©³¶PH!¦(£)¸¯¸´º¼°
©³¸À¬­¢(£�°1®¯µ�¶)¬¯©³¤�¦`¤2°jµ2®¯£%µ¨¶)¤�Ë�£´®o£´§Íº
µ�¦(§2¬P³�©³¸¥¬¯¢(£�¢(£´µ2¬�¶%µ2Á¼µ�¶´©Â¬Ïül¤2°B¬­¢(£¨ý å çÐÃVëÓ°�¬¯¢(£¨£±Ë�£´¦¿¬Å¤x¶´¶´ª�®¯¸�µ`§(©«¸o¬­µ�¦(¶´£�§Èµ æ µ%üP°1®¯¤�ç
¬­¢�£Å¸oª(®o°·µ2¶´£�¬­¢(£�£)¦(£´®o²�ü$§(£´¦�¸¯©«¬Ïü æ © å³å�å ¤x¤MH å ©-H2£

µ/�� ¶ó ¶ ��·¹¸w� ô{º»
ó¢#{ÃÂíÑô

æ ¢(£)®¯£�ð[©«¸B¬­¢(£�§(©³¸�¬�µ�¦�¶´£Ç¬­¤Å£%µ�¶�¢�¸¯ª(®�°·µ�¶´£¥£ å £)ç�£)¦¿¬%Ãjú�£¥¦�¤ æ £´¸o¬¯©³ç�µ2¬­£Ç¢(¤ æ ¶ å ¤�¸o£�µ�^�Î�H2£!V
£)Ë�£´¦¿¬¡ç¨ª(¸�¬�è~£�¬­¤P®¯µ�©³¸o£�¬¯¢(£`¸¯ª�®o°·µ�¶)£�²�¤ å § å µ%ü�£)®�¬­¤PµÐ¬­£)ç�Á~£´®¯µ2¬­ª(®o£`¤�°�íou�Ã ä ¬�íou�º�¬­¢(£
¢(£´µ2¬V¶´µ�Á¼µ�¶)©«¬Ïü$¤�°.²�¤ å §�©³¸�#{Ã�^&ð�í�ÎxÚ5¼N½¾$¿ nöí�í�í	pjµ2¦(§Ð¬¯¢(£�§(£)¦(¸¯©Â¬Ïü�©³¸�ío|�Ã î ¾ÀÂÁ º ÃXñX¢(£�°1®¯µ�¶)¬¯©³¤�¦¼µ åµ�®o£%µ¡¶´¤�Ë�£)®­µ�²�£Å¤�°
¬­¢(£�²�¤ å §�ý å ç�©³¸���Î$¥`º¼µ2¦(§�¬¯¢(£�¬­¢(©«¶PHx¦�£´¸¯¸�©³¸��M#&¦(çÐÃBñX¢�£´¸¯£ÅÁ¼µ�®¯µ�ç[£)¬­£)®¯¸
²�©ÂË�£Çµ�¦¡©³¦¿¬¯£´®­µ2¶)¬­©«¤�¦�§(©«¸o¬�µ2¦(¶´£X¤�°�Ã�í�Î�Îb�Íç ø!ª(©«¬¯£Çµ�è�©«¬B¶ å ¤�¸o£´®.¬­¢(µ�¦�¬­¢(£Xç[£%µ�¸oª(®¯£)§[Ë2µ å ª(£Æ¤�°#�Î�Î��ÍçÐÃ
ñX¢(©«¸B©³¸Bµ�¸o¸¯ª(ç[©³¦�²�¬­¢¼µ2¬j¬­¢(£Xç[£)¬­µ å ý å ç æ µ�®oç�¸Bª(Á�¬¯¤�µ2¦�£´ø!ª(©«Ë2µ å £´¦¿¬B¬­£)ç�Á~£´®¯µ2¬­ª�®¯£
¤�°���Ä�Å�Æ1Ã�ñX¢(©«¸�£´¸o¬¯©³ç�µ2¬­£¡©«¸�¶´¤�¦(¸o£´®�Ë�µ&¬­©«Ë�£ æ ¢(£)¦F¤�¦�£�¶)¤�¦(¸¯©«§(£´®o¸Å¬¯¢(£ æ ¤�®7H_¤�°� 
£´®o®¯©³¦�µ�¦(§J�ª(§�§�nòí�íf�{p÷Ã�ñX¢(£)©³®Å¦xª�ç�£)®¯©³¶ æ ¤�®cH_¸oª(²�²�£)¸o¬¯¸�¬­¢(µ2¬�¬¯¢(£[§(©³¸�¬­®¯©«è(ª�¬¯©³¤�¦_¤�°�Á(¢(¤�¦�¤�¦(¸Å£´ç[©«¬¯¬¯£´§
°1®¯¤�çTµÐç[£)¬�µ å³å ©«¶¨®­µ2§(©Éµ2¬¯¤�®�¶´¤�ª å §�¢¼µ%Ë�£`µ�Á�£´µ�HÈ£´¦(£)®¯²�ü�µ�¸Åç¨ª(¶�¢�µ�¸Å¬¯¢(®¯£)£�¬¯©³ç[£´¸�¬­¢¼µ&¬�¤�°
¬­¢�£�£)øxª�©«Ë2µ å £)¦¿¬�¬¯£´ç[Á�£)®­µ2¬¯ª(®¯£�è å µ�¶PH`è~¤{§{ü�Ã�ñX¢(©³¸�©³¸Ç©³¦�µ�§�§(©«¬¯©³¤�¦`¬¯¤[¬¯¢(£Å¬¯®­µ�§�©«¬­©«¤�¦¼µ å °·µ�¶)¬¯¤�®
¤�°b�{Ã�e�¬¯¢¼µ2¬�©³¸XÁ�®¯£´¸o£´¦¿¬¥©³¦�¬­¢(£�è å µ�¶PH�è~¤x§�ü�£´ø!ª¼µ&¬­©³¤�¦(¸´Ã
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Phonon Production

õj©«²�ª(®̄ £�#{Ã}#4� ä Á å ¤�¬�¤�°�¬­¢(£ÅÁ�¤�̧ ©̄«¬̄ ©³¤�¦�̧X¤�°:̂�Î�H2£!V £)Ë�£́ ¦¿¬­̧�ç[£%µ2̧ ª̄(®o£́ §Pè¿ü�¬­¢�£�©«¤�¦(©-�́ µ2¬­©«¤�¦$µ�¦(§
Á(¢(¤�¦(¤�¦�Á~£%µ�H!̧ÅË{̧)Ãlµ2Á(Á å ©«£́ §ÈË�¤ å ¬�µ�²�£�Ã$ñX¢(£�Á å ¤�¬Å¤�¦F¬̄ ¢(£ å £)°þ¬Å̧ ¢̄�¤ æ �̧¬­¢¼µ2¬Å¬­¢�£�©³¤�¦(©-�́ µ2¬­©«¤�¦
£!«[¶)©³£́ ¦�¶)ü §(¤{£)̧�¦(¤2¬�§(£)²�®­µ2§(£Pª(¦¿¬­© å V_Ë��{Ã ¾�¦ ¬­¢(£Ð®̄ ©«²�¢¿¬%º�¬̄ ¢(£lÁ(¢�¤�¦(¤�¦ Á�£́ µ�HÊ©³¦(¶)®̄ £%µ2̧ £́̄ ¸
æ ©«¬̄ ¢�µ�Á(Á å ©³£)§�Ë�¤ å ¬�µ2²�£�µ�̧�¤�¦(£ æ ¤�ª å §�£±ð{Á�£)¶)¬Ç©Â°Ö¬­¢(£�µ2è(̧ ¤̄�®oÁ�¬­©«¤�¦̀ ¶)¤{£	«�¶)©³£)¦!¬ æ £)®̄ £�£́ ø!ª¼µ å °1¤�®
©³¦¿¬̄ ®̄ ©³¦�̧ ©̄³¶̈ µ�¦(§¹� ìÖª�H2£���Á(¢(¤�¦(¤�¦(̧)Ã�ñX¢(£́ o̧£�§¼µ2¬­µ æ £)®̄ £¡¬�µ�H2£́ ¦Ä©³¦Äµ�Á(®̄ £±Ëx©³¤�ª(̧�¶́ µ å ©«è(®­µ2¬̄ ©³¤�¦Ð®̄ ª(¦
Á~£́ ®o°1¤�®̄ ç[£́ § æ ©«¬̄ ¢(¤�ª�¬�µ�¦�£ å £́ ¶±¬­®̄ ¤�¦�̧o¤�ª(®o¶́ £�Ã

�Å� # ����Ì~�\Í��!*B�{�
���{�)Î��
JÀü�¶�¢(µ�¦(²�©«¦(²Å¬̄ ¢(£Ç©³¤�¦�©-�%µ&¬­©³¤�¦̈ è(©Éµ2̧Àµ2¶́ ®̄ ¤�̧¯̧B¬­¢(£Ç§(£±¬­£)¶)¬­¤�® æ £ æ £́ ®o£Vµ2è å £Æ¬̄ ¤�Á(®o¤�è~£Ç¬̄ ¢(£Ç¦¼µ2¬̄ ª(®̄ £
¤�°¼¬̄ ¢(£ÆÁ(¢(¤�¦(¤�¦(̧.²�£́ ¦(£)®­µ2¬̄ £́ §�è¿ü̈ §(®o©«°þ¬̄ ©³¦(²�£ å £́ ¶)¬̄ ®̄ ¤�¦�¢�¤ å £)̧ Ã́jñX¢�£�Ë�¤ å ¬�µ�²�£ æ µ�̧.Ë2µ�®̄ ©«£́ §�°1®o¤�ç Î¥¬­¤
î¥Ë�¤ å ¬̄ j̧©³¦�¬­¢(£ÆÁ~¤�̧o©«¬­©ÂË�£Vó æ ©Â¬­¢̈ ®o£́ ¸̄ Á~£́ ¶±¬B¬­¤�¬­¢(£Æ²�¤ å §�£ å £)¶)¬̄ ®̄ ¤x§(£�ô�§�©³®̄ £)¶)¬̄ ©³¤�¦ÍÃ�ñX¢(£�̂�ÎbH�£!VÿÁ�£́ µ�H
æ µ�̧�®o£%µ�§(© å ül©³§(£)¦!¬̄ ©«ý�µ2è å £[µ2¬�µ å«å Ë�¤ å ¬�µ�²�£)̧�µ2¦(§FÁ(®o¤�Ë{©«§(£́ §Fµ�¦F£�ð{¶́ £ å«å £)¦!¬�©³§�£́ ¦¿¬­©Âý¼¦(²$°1£%µ2¬̄ ª(®̄ £
æ ©«¬̄ ¢ æ ¢(©³¶�¢$¬­¤[ç�£́ µ�̧ ª̄�®̄ £�¬­¢�£Å®o©³̧o£�¬̄ ©³ç[£�¤�°�è(ª å H̀ ²¿µ�ç[ç�µ�©³¦¿¬­£)®­µ�¶±¬­©³¤�¦(̧ Ã́

ä ¦[£±ð�µ�ç[Á å £X¤2°�¬̄ ¢(£ÇÁ�£́ µ�Ḧ Á~¤�̧ ©̄Â¬­©³¤�¦̈ Ë�µ2®̄ ©Éµ&¬­©³¤�¦�°1¤�®fµ�Á(®̄ £±Ëx©³¤�ª(̧f¶́ µ å ©«è(®­µ2¬̄ ©³¤�¦�®̄ ª(¦[©³̧B̧o¢(¤ æ ¦
©³¦[õj©«²(Ã�#{Ã�#2µ�Ã.ñX¢(£Ç©³¤�¦(©-�́ µ2¬­©«¤�¦̈ Á~£%µ�H�̧o¢(¤ æ �̧¬̄ ¢(£X¬Ïü{Á�©³¶%µ å � o̧£%µ�²�ª å³å ��̧ ¢̄¼µ�Á~£X°1¤�®fµ�̧ £́̄ ç[©³¶)¤�¦(§(ª�¶	�
¬­¤�®�©«¦ÐïÐ¤{§�£�ëoë�ó·̧o£́ £�g�£±°uÃ�nÏ|�Î�pÉô±Ã�ñX¢(£Å§(£́ ¶)®̄ £%µ2̧ £̄�©«¦Ð©«¤�¦(©,�%µ2¬̄ ©³¤�¦̀ Á~£%µ�H�Á�¤�̧o©«¬̄ ©³¤�¦�ç[£%µ�¦�̧�¬̄ ¢¼µ2¬
¬­¢�£�©«¦(§(ª(¶)£́ §FÁ�¢(¤�¦(¤�¦�̧Å°1®o¤�çÔ£ å £́ ¶±¬­®̄ ¤�¦�¢(¤ å £¡Á¼µ�©«®̄ Å̧µ�®̄ £¡®o£́ §(ª(¶)£́ §F°1®o¤�çE¬̄ ¢(£�£�ð{Á�£)¶)¬­£)§�Ð�ÑfÒ�Ã
ñX¢(©«̧¥©«̧Vµ[̧ ©̄³ç[Á å £�¶́ ¤�®o®̄ £́ ¶±¬­©«¤�¦Ð¬̄ ¢¼µ2¬¥¢¼µ�̧�è�£)£́ ¦_µ�§�§(£́ §l¬̄ ¤�¬̄ ¢(£Å°1¤ å³å ¤ æ ©«¦(²�§¼µ2¬­µ�ÃXñX¢(£�Á�¢(¤�¦(¤�¦
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õj©«²�ª(®¯£d#xÃ}^��@µ�� ä Á å ¤2¬$¤�°¨Á(¢�¤�¦(¤�¦û®¯©«¸¯£_¬­©«ç�£PËx¸´Ã�¬­¢(£È°1®­µ2¶)¬­©«¤�¦»¤�°¨Á�¢(¤�¦(¤�¦�¸Ð¶)®¯£%µ&¬­£´§
è¿üÄ§(®¯©Â°þ¬­©³¦�²Ð£ å £´¶±¬­®o¤�¦4�Ï¢�¤ å £¡Á¼µ�©«®¯¸)Ã�D�©³®¯¶ å £)¸�µ�®o£�ç[£%µ2¸¯ª(®o£´§FË2µ å ª(£´¸�µ�¦(§�¶)®¯¤�¸o¸¯£)¸�µ�®¯£[ç[¤{§(£ å
Á(®o£´§(©«¶)¬­©«¤�¦(¸)ÃÐè��Ô B¢(¤�¦(¤�¦J®¯©«¸¯£¡¬­©«ç�£[§(©³¸�¬­®o©³è(ª�¬¯©³¤�¦�¸�°1¤�®�í�Î�Î.çÔV�µ�¦(§Jî�V æ ©«¬¯¢¨ûÅµ2ª(¸¯¸o©Éµ�¦
ý(¬¯¸´Ã

Á~£%µ�H¨Á~¤�¸o©«¬­©«¤�¦�©³¸B¸o¢(¤ æ ¦�©«¦�õ�©³²�ª(®o£=#{Ã}#2èÍÃ.ñX¢(£ÇÁ(¢�¤�¦(¤�¦[¸¯©«²�¦¼µ å ²�®¯¤ æ ¸�µ2¸B¤�¦(£ æ ¤�ª å §[£±ð{Á~£´¶)¬
©«°Ì¬­¢(£¥¶´¤ å«å £´¶±¬­©«¤�¦�£	«[¶´©³£)¦(¶)ü æ £)®¯£V¬¯¢(£�¸¯µ�ç�£Ç°1¤�®À©³¦¿¬­®o©³¦(¸o©³¶ÇÁ(¢(¤�¦�¤�¦(¸Xµ�¸�°1¤�®À¬¯¢(¤�¸o£�²�£´¦�£´®­µ&¬­£´§
è¿ü�£ å £´¶±¬­®¯¤�¦4�Ï¢(¤ å £�Á¼µ�©«®¯¸Åó1¸¯£´£Å¸¯¤ å ©³§ å ©³¦(£V©³¦�õj©³²�ª(®¯£O#xÃ�#2è¼ô±Ã

ñX¢(£ÅÁ(¢(¤�¦(¤�¦Ð®o©³¸¯£�¬¯©³ç[£�¤�°
¬­¢(£�^�ÎbH2£!V;²¿µ�ç[ç�µ¨Á~£%µ�H æ µ2¸Ç°1¤�ª(¦(§$¬­¤¡§(£´¶)®¯£´µ�¸¯£ æ ©«¬¯¢Ð©«¦4�
¶´®o£%µ�¸o©³¦(²�©³¤�¦(©-�´µ2¬­©«¤�¦�è(©Éµ2¸´Ã�ú»¢(© å £fµ�Á(Á å ü{©«¦(²¥µ�è(©³µ�¸�¤�°Íí%Î�Î.ç1V�º´¬­¢�£À®o©³¸¯£B¬¯©³ç[£ æ µ�¸
ç�£´µ�¸¯ª�®¯£´§
µ2¬
eb�Í¸�ó1¸¯£)£¨õj©«²(Ã=#{Ã�^�µ¿ô±ÃÆú»¢�£´¦_µ�è�©Éµ�¸Ç¤�°fî�Vf¤ å ¬­¸ æ µ�¸�µ�Á(Á å ©³£)§Íº(¬­¢�£�®¯©«¸¯£�¬­©«ç�£�§(£)¶´®¯£´µ�¸¯£)§
¬­¤�^�Ã}#��Í¸)Ã¨ñX¢(©³¸�©«¸�¶ å £%µ�®�£±Ëx©³§(£)¦(¶´£�¬­¢(µ2¬�¬­¢(£¡Á(¢�¤�¦(¤�¦(¸�²�£´¦(£)®­µ2¬¯£´§Äè!üP£ å £)¶)¬¯®¯¤�¦4�Ó¢(¤ å £¨Á¼µ�©«®¯¸
µ�®o£�°·µ2¸o¬­£)®Æ¬­¢¼µ2¦�¬¯¢(¤�¸¯£�²�£)¦(£´®¯µ2¬­£)§lè¿ü`¬¯¢(£�Á(®¯©«ç�µ�®�ü�©«¦¿¬­£´®¯µ�¶)¬¯©³¤�¦ÌÃ

ñ�¤�£±ð{Á å µ�©³¦�¬­¢�©³¸Ç£!F�£´¶±¬%º æ £�¶´¤�¦�¸o¬­®oª(¶)¬¯£´§_µ¡¸¯©«ç�Á å £�ç[¤{§�£ å ©³¦¿Ë�¤ å Ëx©³¦�²¡¬ æ ¤�¶)¤�ç[Á�¤�¦�£´¦¿¬­¸
¤�°
¬­¢(£�Á(¢�¤�¦(¤�¦�§(©³¸�¬­®o©³è(ª�¬¯©³¤�¦ÌÃB¾�¦(£�¸¯Á~£´¶)©³£´¸ æ ¤�ª å §�¬¯®­µ%Ë�£ å µ2¬Ç¬­¢(£�è¼µ å³å ©«¸o¬¯©³¶V¸oÁ�£)£´§Ð¤�°j¸o¤�ª(¦(§
µ�¦(§�¬­¢(£�¤�¬­¢�£´® æ ¤�ª å §�¬¯®­µ%Ë�£ å îÅ¬¯©³ç[£´¸fç[¤�®¯£�¸ å ¤ æÇå ü�Ã.ñX¢�£¥°·µ�¶±¬­¤�®�¤�°�îÅ©³¸�Á(®¯£)§(©³¶±¬­£´§�è!ü�è~¤�¬­¢
ïÐ¤�¦¿¬¯£�DÆµ�® å ¤¡¸¯©«ç¨ª å µ&¬­©³¤�¦(¸Æ¤�°BÁ�¢(¤�¦(¤�¦�Á(®o¤�Á¼µ�²¿µ&¬­©³¤�¦Ðµ2¦(§Pµ�¦(µ å ü!¬­©«¶%µ å ¸¯¤ å ª�¬­©«¤�¦(¸Ç¤�°.Á�¢(¤�¦(¤�¦
Á(®o¤�Á¼µ�²¿µ&¬­©³¤�¦¨©³¦�¸o© å ©«¶´¤�¦�n���/fp÷ÃjñX¢(£ÇÁ(¢(¤�¦(¤�¦(¸.¬¯¢(£´¦[µ�®o£Çµ�è(¸¯¤�®¯è~£´§ æ ©«¬¯¢¡µÅî�Î$¥zÁ�®¯¤�è¼µ2è(© å ©«¬Ïü�µ2¬
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õj©«²�ª(®¯£�#{Ã}�4��µ��Æµ�®o®¯©ÂË�µ å §(©³¸�¬­®¯©«è(ª�¬¯©³¤�¦$¤�°B©«¦¿¬­®¯©«¦(¸¯©«¶�Á(¢(¤�¦�¤�¦(¸�ó1¸¯¤ å ©³§�ôÆµ2¦(§Pè¼µ å«å ©«¸o¬­©«¶�Á(¢(¤�¦(¤�¦(¸
ó·§�¤�¬¯¬¯£´§�ô�Ã�è��: fª å ¸¯£)¸�ý å ¬­£)®¯£)§�è¿ü�¬¯¢(£�§(£)¬¯£´¶)¬¯¤�®Ç®¯£)¸¯Á~¤�¦(¸¯£2Ã
¬­¢�£XÁ(¢(¤�¦(¤�¦�¸¯£´¦�¸¯¤�®B¸oª(®o°·µ�¶)£Çµ�¦(§¡µ�®o£Æ¦(¤�¬Bµ�è(¸¯¤�®¯è~£´§[µ2¬.¬¯¢(£Æ¶�¢¼µ�®o²�£X£ å £´¶±¬­®¯¤x§(£Æ¸oª(®o°·µ2¶´£�ÃjñX¢(©³¸
©³¸�µ[®¯£%µ2¸¯¤�¦¼µ2è å £�µ�Á(Á(®o¤%ð�©«ç�µ&¬­©³¤�¦�²�©«Ë�£´¦Ð¬¯¢(£���Î$¥�µ�®o£%µ�¶)¤�Ë�£´®¯µ�²�£�²�®¯©«§ÍÃÆõj©«²�ª(®o£�#xÃ���µ¡¸¯¢�¤ æ ¸
¬­¢�£�§(£)¶%µ%üû§(©³¸�¬­®o©³è(ª�¬¯©³¤�¦»¤�°�¬­¢(£)¸¯£È¬ æ ¤ Á(¢(¤�¦(¤�¦ Á~¤�Á(ª å µ2¬­©«¤�¦(¸)Ã�ñX¢(£�§(£)¬¯£´¶±¬­¤�®�®¯£)¸¯Á~¤�¦(¸¯£
æ µ�¸`ç[¤{§(£ å³å £´§Êª(¸¯©«¦(²F¬ æ ¤�¸¯©«¦(² å £ÐÁ~¤ å £�ý å ¬­£)®¯¸ æ ©Â¬­¢ ®¯¤ å«å �Ï¤�FÌ¸�¸o£)¬$µ2¬[¬­¢�£l£ å £´¶±¬­®¯¤2¬­¢(£)®¯ç�µ å
°1£´£)§(è¼µ�¶PH�¬¯©³ç[£�º�Õ!Ö ×¡Ø{Ù¨í�Îb�Í¸)º�µ�¦(§J¬­¢(£$ø!ª¼µ�¸o©³Á¼µ2®o¬­©«¶ å £�¶´¤ å³å £)¶)¬¯©³¤�¦F¬¯©³ç[£�ºbÕ!Ú"Û�Ù��xÃ�#��Í¸)ÃFñX¢(£
®¯£ å £±Ë�£´¦¿¬�ø!ª¼µ2¸¯©³Á(µ�®o¬¯©³¶ å £�¶)¤ å³å £´¶±¬­©³¤�¦Ä¬¯©³ç[£[¢(µ�¸¨è~£´£´¦Fç�£´µ�¸¯ª(®o£´§�¬¯¤Pè�£�µ�Á(Á(®o¤%ð�©«ç�µ&¬­£ å üÈîb�Í¸
°1¤�®�¬­¢(£[¬­£)¸o¬¨§�£)Ëx©³¶)£´¸¨§(£)¸¯¶)®¯©³è~£´§J©«¦F¶�¢¼µ2Á�¬­£)®��{Ã äVå ¬­¢(¤�ª�²�¢�¬¯¢(£ å £´¦(²�¬¯¢F¤�°�¬­¢(£�µ å ª(ç[©³¦!ª(ç
ý¼¦(¸�©³¦È¬­¢(©«¸�£�ð{Á�£)®¯©³ç[£´¦¿¬ æ £)®¯£�¸¯©³²�¦(©«ý¼¶´µ�¦¿¬ å ü_¸¯¢(¤�®o¬­£)®Å¬¯¢¼µ�¦Ä¬­¢(£[ý¼¦(¸�¤�¦�¬­¢�£�§¼µ2®cH_ç�µ2¬¯¬¯£´®
§(£±¬­£´¶±¬­¤�®�ó÷îM#�Îb�Íç7Ë�£´®¯¸oª(¸¨í�ÃÂíÖç[ç`ôÀ¬¯¢(©³¸Ç©³¸Ç¸�¬­© å«å ¬­¢(£Å®¯£ å £±Ë�£´¦¿¬¥¦!ª(ç¨è~£´®�¸¯©³¦�¶´£Å©«¬�®¯£)Á(®¯£)¸¯£´¦¿¬¯¸
µ�¦$£±ð{Á~£´®o©³ç[£´¦¿¬�µ å £�ð{Á�¤�¦�£´¦¿¬­©³µ åÖå ©Â°1£)¬­©«ç�£2Ã

ñX¢(£V©«¦¿¬­£´²�®­µ å ¤�°Ì£%µ�¶�¢�Á(ª å ¸¯£�ó·¸¯¢�¤ æ ¦�©³¦�õj©³²�Ãa#{Ã}��ô.©³¸f¦(¤�®oç�µ å ©-�)£´§¡µ�¦�§�¬­¢�£�ý¼¦(µ å Á(ª å ¸¯£�©³¸
µ�ç[©Âð[¤�°Ö¬¯¢(£¥¬ æ ¤�Á~¤�Á(ª å µ2¬­©«¤�¦(¸�©³¦�¬¯¢(£�®¯µ2¬­©«¤�²�©ÂË�£)¦�è!ü[¬­¢�£¥Ë�¤ å ¬�µ2²�£�ó·é:Ö Ü{Ù�Ð�ÑfÒ�ô±ºx¶´¤�®o®¯£´¶±¬­£)§
°1¤�®�¬­¢�£�©³¦�¶´¤�ç[Á å £±¬­£¡¶�¢¼µ�®o²�£[¶´¤ å«å £´¶±¬­©«¤�¦Äµ2¬�¬¯¢¼µ2¬ÅË�¤ å ¬�µ�²�£ló1¸¯£)£`õj©«²(ÃX#{Ã}#�ô�Ã�ñX¢(£�¶)¤�ç¨è(©«¦(£´§
ç�µ�¦!ª�°·µ�¶)¬¯ª(®¯£)§lÁ(ª å ¸¯£)¸ æ £´®o£�¬­¢�£´¦Pç[£%µ�¸oª(®¯£)§lè¿ü$¬­¢(£�¸­µ�ç[£�µ�¦¼µ å ü{¸o©³¸Ç®¯¤�ª�¬­©«¦(£�ª(¸¯£)§P°1¤�®X¬­¢(£
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µ�¶±¬­ª¼µ å §(µ2¬�µ�Ãfõ�©³²�ª(®o£O#{Ã�^�¸¯¢(¤ æ ¸¥¬¯¢(£�®¯£)¸¯ª å ¬­¸Ç¤�°
¬­¢(©«¸X¸¯©³ç[Á å £V¬ æ ¤{�ÏÁ(¢(¤�¦(¤�¦�ç�¤x§(£ å Ã
>�ýon4ý(ü A�*À	�'�s���t(��*�	�t
ñX¢(©«¸�Á(¢(¤�¦�¤�¦P§(£±¬­£´¶±¬­¤�®V¢¼µ�¸�¸o¢(¤ æ ¦È¬¯¢(£�µ�è�© å ©Â¬Ïü`¬­¤�§(©³¸o¶´®¯©«ç�©«¦¼µ2¬¯£Åè~£)¬ æ £´£)¦�¸oª(®o°·µ2¶´£¨£±Ë�£´¦¿¬¯¸
µ�¦(§[è(ª å H�£±Ë�£´¦¿¬¯¸�ª(¸o©³¦(²ÅÁ(¢(¤�¦�¤�¦¡®¯©³¸o£X¬­©³ç[£�Ã
ñX¢(£�£´¦(¢(µ�¦(¶´£)§�è¼µ å³å ©«¸o¬¯©³¶À°1®¯µ�¶)¬¯©³¤�¦�©«¸B¶´¤�¦�¸¯©³¸�¬­£)¦!¬
æ ©«¬¯¢PÁ(®o£)Ëx©³¤�ª�¸�ç�£´µ�¸¯ª�®¯£´ç[£´¦¿¬¯¸�è!ürJVÃw~�¤�ª(¦(²$µ�¦�§ ä ÃÌì�£)£�µ�¦(§_®o£´¸o¤ å Ë�£´¸�¬­¢�£¨§(©³¸o¶´®o£´Á¼µ�¦�¶)ü
è~£)¬ æ £´£´¦_¬¯¢(£Å¬ æ ¤�¸oüx¸�¬­£´ç[¸´ÃVê{ª(®�°·µ�¶´£�£)Ë�£´¦¿¬�§(©«¸¯¶´®o©³ç[©³¦¼µ&¬­©³¤�¦�©³¸¥µ�Ë�£)®oü�Á�¤ æ £´®�°1ª å ¬¯¤{¤ å ¶)¤�¦4�
¸¯©«§(£´®o©³¦(²È¬­¢(µ2¬�¬¯¢(£�¸¯¤�°þ¬�è�£±¬�µÄè¼µ�¶PH!²�®¯¤�ª(¦(§ÿ©«¸�µ�Á�Á(®¯¤%ð{©³ç�µ2¬­£ å ü�¬¯¢(£�¸­µ�ç[£lµ2¸[¬¯¢(£l²¿µ2ç�ç�µ
®­µ&¬­£�©«¦�¬¯¢(£�êx¬­µ�¦�°1¤�®o§�L�¦(§(£´®o²�®¯¤�ª(¦(§Êõ�µ�¶´© å ©Â¬Ïü�Ã`ñX¢(£�£´¦(¢¼µ2¦(¶´£)§JÁ(¢(¤�¦(¤�¦�®¯©«¸¯£¡¬­©³ç[£[©³¸�¬­¢(£
ý¼®o¸o¬Ç¤�è(¸o£´®�Ë�µ&¬­©³¤�¦�¤�°
©«¬­¸3H!©³¦(§$©³¦�§(£)¬¯£´¶)¬¯¤�®¯¸�µ2¬Æ¸¯ª(¶�¢ å ¤ æ £´¦(£)®¯²�©«£´¸�nòí�í%î�pùÃBñX¢�£�¦(£±ðx¬Ç¶�¢¼µ�Á{¬­£´®
§(©«¸¯¶´ª�¸¯¸¯£)¸�¬­¢�£V©³ç[Á¼µ�¶±¬�¤�°Í¬­¢�©³¸�¦(£ æ §(©«¸¯¶´®o©³ç[©³¦¼µ&¬­©³¤�¦�¤�¦�¬¯¢(£V¤�Ë�£)®­µ å«å ¸o¬­®¯µ2¬­£)²�ü[¤�°Í¬¯¢(£mD�E�ïPê
£±ð{Á~£´®o©³ç[£´¦¿¬%Ã�ñX¢(£X¶´¤�¦{ý¼®¯ç�µ2¬­©«¤�¦�¬¯¢¼µ2¬jÁ(¢(¤�¦(¤�¦(¸.²�£)¦(£´®¯µ2¬­£)§[è¿ü�§(®¯©Â°þ¬­©«¦(²V£ å £´¶±¬­®o¤�¦4�Ï¢�¤ å £�Á¼µ�©«®¯¸
µ�®o£ÅÁ�®¯©³ç�µ�®o© å ü[è¼µ å³å ©«¸o¬¯©³¶V¸oª(²�²�£)¸o¬¯¸¥¬­¢(µ2¬�µ[Á~¤�¸o¸¯©³è å £�ý å ¬¯£´®Xç�µ%ü�è�£�¶)¤�¦(¸o¬¯®¯ª(¶±¬­£)§l¬­¤[§(©³¸o¶´®o©³ç��
©³¦(µ2¬­£�è�£±¬ æ £)£´¦Ä£ å £)¶)¬¯®¯¤�¦_µ2¦(§_¦!ª(¶ å £%µ�®�®o£´¶)¤�© å ¸´Ã�ñX¢(©«¸�£±ð{¶)©«¬­©«¦(²`Á(®o¤�¸¯Á~£´¶±¬�©³¸¥£±ð{Á å ¤�®¯£)§ å µ2¬¯£´®
©³¦$¶�¢¼µ2Á�¬­£)®
�xÃ
 �O�� Ý�ÞPY�UjY�^ i�ß¨�%ã��_ZBßÅUBã´Y[^
ñX¢(£¡§(£±¬­£´¶±¬­¤�®�®o£´¸oÁ�¤�¦�¸¯£�¬­¤�Á(¢�¤�¬­¤�¦�¸ æ µ�¸�¶´µ å ©«è(®­µ2¬¯£´§P§�ª(®¯©«¦(²�ê�LVõßgÇª(¦Êíoe`ª(¸o©³¦(²$µX¼?�]D�¤
¸¯¤�ª(®¯¶)£�Á å µ�¶)£´§Ê©³¦(¸o©³§(£�¤�°Ç¬­¢(£ å £%µ�§Ê¸¯¢�©³£ å §ÍÃ ¼?� D�¤Ä§�£´¶%µ%üx¸ æ ©«¬­¢Êµ_¢¼µ å ° å ©Â°1£`¤�°
#{Ã}�M�Ðü�£´µ�®¯¸
£´ç[©«¬o¬­©«¦(²`í�Ã î�î¡µ�¦(§Èí�ÃÂíf�¡ïÐ£!V;²¿µ2ç�ç�µ�¸´ÃjñX¢(£´¸o£�£)¦(£´®o²�©³£)¸ æ £´®o£�©«§(£%µ å °1¤�®XÁ~£´¦(£±¬­®¯µ2¬­©«¦(²�¬­¢(£
¶´¤�Á(Á�£)®�¶´µ�¦(¸
¤�°�¬¯¢(£�©³¶´£)è�¤%ð�µ�¦�§�Á(®o¤{§(ª�¶´©³¦�²VµÇª(¦(©Â°1¤�®¯çàD�¤�ç�Á�¬¯¤�¦Å²¿µ�ç[ç�µÆ¸oÁ�£)¶)¬­®oª(ç�ÃBê{©«¦(¶´£
µ�è(¸o¤�®¯Á{¬­©³¤�¦�§(£´Á�¬¯¢�°1¤�®Æ¸¯© å ©³¶)¤�¦�µ2¬�¬­¢(£)¸¯£�£´¦(£)®¯²�©«£´¸Ç©³¸�ç�µ�¦¿ü�¶´£´¦¿¬¯©³ç[£)¬­£)®¯¸Æ¬¯¢(£�Á(®¯¤�è¼µ�è(© å ©«¬Ïü[¤�°
¤�è(¸o£´®�Ë{©«¦(²�µ¡Á~£%µ�H æ µ2¸�Ë�£´®oü$¸oç�µ å³å Ã

ñ æ ¤ å µ�®o²�£ÇÁ(¢(¤�¬¯¤�¦�¶´µ å ©«è(®­µ2¬¯©³¤�¦¡¸o£)¬­¸ æ £)®¯£�¬�µ�H2£´¦`§(ª�®¯©³¦�²_gÇª(¦Ííoe�ÃjñX¢(£¥ý¼®o¸o¬´º{©«¦`ïlµ2®¯¶�¢Íº
©³ç[ç[£´§(©³µ2¬­£ å ü�Á(®o©³¤�®À¬­¤¨¬­¢�£ å ¤ æ è¼µ�¶PH!²�®¯¤�ª(¦(§$§¼µ2¬­µ�º¼µ�¦(§`¬¯¢(£�¸¯£)¶´¤�¦�§Ð©«¦UZ�ª(¦(£�©³ç[ç[£´§(©³µ2¬­£ å ü
µ2°þ¬¯£´®´ÃjñX¢(£Ç§(®¯©ÂË{©«¦(²�°1¤�®¯¶)£X°1¤�®fµ å µ�®o²�£XÁ(¢(¤�¬¯¤�¦[¶%µ å ©³è(®¯µ2¬­©«¤�¦�¸o£)¬ æ µ�¸f¬­¢�£�Á~¤�¸o©«¬­©«¤�¦�®¯£)¸¯¤ å ª�¬­©«¤�¦
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õj©«²�ª(®¯£m#{Ã}e4� ä §�©Éµ�²�®¯µ�ç�¤�°�¬¯¢(£�¸¯¤�ª(®¯¶)£�Á~¤�¸¯©Â¬­©«¤�¦(¸�°1¤�®Æ¬¯¢(£�¬ æ ¤ ¼?� D�¤[²¿µ�ç[ç�µ�¶%µ å ©³è(®¯µ2¬­©«¤�¦(¸´Ã
ëÏ¦ÿ¬­¢�£l©³¦�©«¬­©³µ å ®¯ª�¦zó·©«¦»ïlµ�®o¶�¢�ô[¬­¢�£P¸¯¤�ª�®¯¶´£ æ µ�¸�Á å µ�¶)£´§»µ�è~¤�Ë�£l¬¯¢(£l§�£)¬­£)¶)¬¯¤�®¯¸)Ã×ëÏ¦ÿ¬­¢(£
¸¯ª�è(¸¯£)øxª�£´¦¿¬�¶%µ å ©³è(®¯µ2¬­©«¤�¦�ó·©«¦XZ�ª(¦(£%ôf¬¯¢(£V¸o¤�ª(®¯¶)£ æ µ�¸ å ¤ æ £´®o£´§`è~£´¢�©³¦(§[¬­¢(£¥§(£)¬¯£´¶)¬¯¤�®¯¸)ÃKY¥¤�©«¸¯£
å £±Ë�£ å ¸ æ £)®¯£Åç¨ª(¶�¢�è�£±¬¯¬¯£´®Ç©³¦`¬¯¢(£�Z�ª(¦(£Å®¯ª(¦ÍÃ
¤�°À¬­¢(£¡Á(¢(¤�¦(¤�¦Ä¸¯£´¦�¸¯¤�®)Ã�ëÏ¦�µ�§(£±¬­£)¶)¬­¤�® æ ¢(£)®¯£[¤�¦(£[©³¸�Á å µ�¦(¦(©«¦(²�¬­¤$Á~£´®o°1¤�®¯çÔè¼µ2¶PHx²�®¯¤�ª(¦�§
¸¯ª�è�¬­®¯µ�¶)¬¯©³¤�¦Íº¿©Â¬B©³¸B¸oª�«[¶´©«£´¦¿¬f¬­¤�¬�µ�H2£�µ�¸Bç�µ2¦!ü�¶%µ å ©³è(®¯µ2¬­©«¤�¦�£±Ë�£)¦!¬¯¸Æµ�¸BÁ~¤�¸o¸¯©³è å £Æè¼µ2¶PHx²�®¯¤�ª(¦�§
£)Ë�£´¦¿¬­¸)Ã�ê{©³¦�¶´£À¬¯¢(£Àõ.ìÖë� ÈÁ�¢(¤�¦(¤�¦�¸¯£)¦(¸¯¤�®j¢¼µ�¸ s î.ç�ç×Á~¤�¸o©«¬­©«¤�¦Å®¯£´¸o¤ å ª{¬­©³¤�¦Íº&¬¯¢(©³¸
£!F�£´¶±¬­©ÂË�£ å ü
ç[£%µ�¦(¸ æ £�ç¨ª(¸o¬f¶)¤ å³å £´¶±¬B¸o¬­µ2¬­©«¸o¬­©«¶´¸B¤�¦�¬¯¢(£Ç§(©³¸o¶´®¯©«ç�©«¦¼µ2¬¯©³¤�¦�¶%µ�Á¼µ2è(© å ©«¬Ïü�°1¤�®B£%µ2¶�¢�¤�°~¬­¢�£�íf��Î�Î
©³¦�§(£´Á~£´¦(§(µ�¦¿¬�®¯£)²�©³¤�¦(¸¥©«¦�¬¯¢(£�¶)®oüx¸o¬­µ å ÃXñX¢�£�ý¼®o¸o¬�¶´µ å ©«è(®­µ&¬­©³¤�¦�¸¯£)¬V¶´¤�¦�¸¯©³¸�¬­£)§P¤�°B¦(£´µ�® å ü$¤�¦(£
ç[© å³å ©³¤�¦�£)Ë�£´¦¿¬­¸)ÃBñX¢(£f¸¯£)¶´¤�¦(§�¸¯£±¬�¶)¤�¦¿¬�µ�©«¦(£´§�¤�¦ å ü�µ2è�¤�ª{¬��M#�Î�º Î�Î�Î�Ã
õj©«²�ª(®o£K#{Ã}|X¸o¢(¤ æ ¸�¶�¢¼µ2®¯²�£
Ëx¸´ÃXÁ(¢�¤�¦(¤�¦P£)¦(£´®o²�ü$°1¤�®X¬­¢(£�¬ æ ¤`¶%µ å ©³è(®¯µ2¬­©«¤�¦�¸¯£±¬­¸)ÃV¾�¦(£Å¶%µ2¦l¸¯£)£�¬¯¢¼µ2¬�¬­¢(£ÅÁ�¤ å³å ª{¬­©³¤�¦�©³¦¿¬­¤
¬­¢�£Å¦!ª(¶ å £´µ�®Ç®¯£´¶)¤�© å ®¯£´²�©³¤�¦�©«¸ÇË�£´®�ü$¸¯ç�µ å³å µ�è�¤�Ë�£ s í�ÎbH�£	V¨Ã

ñX¢(£F§�©³¸¯¶)¤�Ë�£´®�üû¤�°¨¬ æ ¤ Á~¤�Á(ª å µ2¬­©«¤�¦(¸�©³¦»¬­¢�£ å ¤ æ è¼µ�¶PH!²�®o¤�ª(¦(§ §(µ2¬�µ@µ2¬ å ¤ æ ¶�¢¼µ2®¯²�£
¶´¤ å³å £)¶)¬¯©³¤�¦Íº å µ2¬­£)®�©«§(£´¦¿¬­©Âý¼£´§�µ�¸j¦�£´ª�¬¯®¯¤�¦(¸jµ�¦(§¨£ å £)¶)¬­®o¤�¦(¸Æó·¸¯£)£�Á(®o£´¶)£´§(©«¦(²�¸¯£)¶)¬¯©³¤�¦�ô�Á(®¯¤�ç�Á�¬¯£´§
ª(¸X¬­¤¨¬­µ�H�£�¬¯¢(£´¸o£�¬ æ ¤[¶%µ å ©³è(®¯µ2¬­©«¤�¦�¸o£)¬­¸ æ ©Â¬­¢�¬­¢(£ ¼?� D�¤¡¸o¤�ª(®¯¶)£�©³¦`¬ æ ¤�§(©¡FÌ£)®¯£)¦!¬ÇÁ~¤�¸o©«¬­©«¤�¦(¸)Ã
ñX¢(£¡µ�¦�²�ª å µ2®V§(©«¸o¬­®o©³è(ª{¬­©³¤�¦l¤�°f£ å £´¶±¬­®o¤�¦(¸ æ ¤�ª å §_¢�¤�Á�£±°1ª å³å ü�è�£¨§�©,F�£´®¯£)¦¿¬�°1¤�®V¬¯¢(£�¬ æ ¤�§(µ2¬�µ
¸¯£±¬­¸)Ã ä¥å ¸o¤(º!©«°Ì¬¯¢(£�£ å £)¶)¬¯®¯¤�¦(¸ æ £)®¯£¥¤�¦ å ü�Ëx©«¸¯©³è å £Ç¤�¦�¬¯¢(£�£ å £)¶)¬¯®¯¤x§(£V¸oª(®o°·µ�¶)£�º!¬­¢(£¥®­µ2¬¯©³¤ æ ¤�ª å §
¢(¤�Á~£)°1ª å³å ü¡¶�¢(µ�¦(²�£�§�£´Á~£´¦(§(©«¦(²¨¤�¦ æ ¢(£)¬¯¢(£´®�¬¯¢(£V¸o¤�ª(®o¶´£ æ µ�¸Xµ�è~¤�Ë�£�¤�®Àè~£ å ¤ æ ¬¯¢(£�§(£±¬­£)¶)¬­¤�®´Ã

õj©³²�ª(®¯£I#{ÃÂí�Î�©³¸Çµ¡Á å ¤�¬X¤�°�¶�¢¼µ�®o²�£�¶)¤ å³å £´¶±¬­©³¤�¦Èó�Ð�ôÀË�£)®¯¸¯ª�¸VÁ(¢(¤�¦(¤�¦�®¯©³¸o£�¬­©«ç�£�°1¤�®Æ¬¯¢(£�¬ æ ¤
§¼µ2¬­µ�¸o£)¬­¸)ÃBëÏ¦�ïlµ2®¯¶�¢�¬¯¢(£V®o£´¸¯¤ å ª�¬¯©³¤�¦[¤�°Ì¬¯¢(£�§(£)¬¯£´¶)¬¯¤�® æ µ�¸ s e$#�Î.£	V×õ�úT[Vï µ�¦�§�©³¦NZ�ª(¦(£
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FLIP Top Gamma Calibration
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FLIP Bottom Gamma Calibration
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õj©«²�ª(®¯£�#{Ã}|4��ëÏ¤�¦(©-�´µ2¬­©«¤�¦lËx¸´Ã�Á�¢(¤�¦(¤�¦Ä£´¦�£´®¯²2üP°1¤�®�¬­¢�£¡¬ æ ¤U¼?�	D�¤Ð®oª(¦(¸)ÃÔY¥¤�©«¸¯£ å £±Ë�£ å ¸ æ £´®¯£
ç¨ª(¶�¢Êè~£)¬o¬­£´®�©³¦F¬¯¢(£ å µ2¬¯£´®�®¯ª(¦ÍÃÄõ¼®­µ2¶)¬­©«¤�¦(¸�¤�°Ç£ å £´¶)¬¯®¯¤�¦�¸�¤�¦Jè�¤2¬­¢F¬¯¢(£`¬­¤�ÁÊµ2¦(§Jè�¤2¬¯¬­¤�ç
¸¯ª�®o°·µ�¶)£ æ £´®o£�®o£´ç�µ�®cH&µ�è å ü`¶)¤�¦(¸�¬�µ�¦¿¬%Ã
¬­¢�£�®¯£´¸o¤ å ª{¬­©³¤�¦`¢¼µ�§$©³ç[Á(®o¤ÑË�£´§`¬¯¤ s ^$#�Î.£	V;õ�úT[�ï�Ã�ñX¢(©³¸X©«¸�¬­¢(£�§�¤�ç�©«¦¼µ�¦¿¬Æ£	FÌ£)¶)¬Ç©«¦`¬­¢(£
¬ æ ¤�§¼µ2¬�µ[¸¯£±¬­¸´ÃVñX¢(©³¸¥¶�¢¼µ�¦(²�£�²�®¯£´µ2¬ å ü$¶´¤�ç[Á å ©«¶%µ2¬¯£´§$¬­¢(£�©³¦¿¬­£)®¯Á(®o£)¬¯©³¤�¦Ð¤�°�µ�¦¿ü$¬­¤�Á4�Óè�¤2¬¯¬­¤�ç
£!F�£´¶±¬­¸)Ã

ñ�¤Å£±ð�µ�ç[©³¦�£Çµ�¦¿ü¡Á�¤�¸o¸¯©«è å £X¸�ü{¸�¬­£)ç�µ2¬¯©³¶Ç£!F�£´¶±¬�è¼µ�¸¯£)§�¤�¦¡¬­¢�£�Á~¤�¸o©«¬­©«¤�¦�¤�°~¬­¢(£�¸¯¤�ª(®¯¶)£�º æ £
§(£±ý¼¦(£´§�¬ æ ¤¥¸oÁ�£)¶´©Éµ å ¶ å µ�¸¯¸o£´¸�¤�°x£)Ë�£´¦¿¬­¸)Ã:J�¤�¬o¬­¤�çû£ å £´¶)¬¯®¯¤�¦�¸ æ £)®¯£f§(£)ý(¦(£´§�µ�¸Ö¶�¢¼µ�®o²�£ov&Á(¢(¤�¦(¤�¦(¸
å £)¸¯¸Í¬¯¢¼µ�¦ÅÎ�Ã�^Xµ�¦(§�®¯©«¸¯£.¬­©«ç�£ å £)¸¯¸Í¬­¢(µ�¦�#{Ã�#��Ì¸´Ã
ñ�¤�Á�£ å £´¶±¬­®o¤�¦(¸ æ £´®¯£f§(£±ý¼¦(£)§�µ�¸Ö¶�¢(µ�®¯²�£�v2Á(¢(¤�¦(¤�¦(¸
²�®o£%µ2¬¯£´®X¬­¢¼µ2¦Äí�Ã«íÅµ�¦(§�®¯©«¸¯£�¬¯©³ç[£ å £´¸o¸X¬­¢¼µ�¦\#{Ã}#��Í¸)Ã
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FLIP Gamma Calibration [March]
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30−50 keV Recoil
High Source Position
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FLIP Gamma Calibration [June]
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è~£)¬¯¬¯£´®Æ¬¯¢¼µ�¦`¬­¢(µ2¬X¤�°
®¯©«¸¯£�¬¯©³ç[£�µ2¬Æ¬¯¢(£�¸¯µ�ç�£�£)¦(£´®o²�ü�¬¯¢(£�¶´¤�ç¨è(©³¦(µ2¬­©«¤�¦�¤�°�¬¯¢(£�¬ æ ¤¡©«¸Æç�¤�®¯£
è~£´¦(£±ý¼¶´©³µ å ¬­¢¼µ2¦�£)©«¬¯¢(£´®�µ å ¤�¦(£�Ã

� Ù¹ó�� è í�/!ô �VíMí}�M# · Î4í�/ ó #{Ã}��Î¿ô
æ µ�¸�¦(£´¶)£´¸o¸­µ�®�üÈç�µ2¬¯¶�¢P¬­¢(£�Á�¢(¤�¬­¤�¦�µ2¦(§_¦(£´ª{¬­®¯¤�¦Ä§�©³¸o¬¯®¯©«è(ª�¬­©«¤�¦(¸)ÃÅñX¢�©³¸�¶´µ�¦Èè�£�£�ð�Á å µ�©«¦(£´§
è¿üÈÁ�£)®¯¢¼µ2Á(¸�¸ å ©«²�¢¿¬ å ül§(©,F�£´®o£´¦¿¬�¦(£´ª�¬¯®­µ å ©-�´µ2¬­©«¤�¦_¶´¤�¦�§(©«¬¯©³¤�¦(¸�°1¤�®�¬¯¢(£¡¬ æ ¤Ð®¯ª(¦(¸)Ã ä ¸¯¢�©«°þ¬Å©³¦
¬­¢�£¨®¯©«¸¯£�¬¯©³ç[£�§�©³¸o¬¯®¯©«è(ª�¬­©«¤�¦Ðµ2¬mJ�ñÇõ ¤�°b�uÎ�Ã0/ æ µ�¸�¦�£´¶´£)¸¯¸¯µ�®oüP¬¯¤�µ å ©³²�¦$¬­¢(£�£ å £)¶)¬¯®¯¤�¦l¬­µ�© å ¤�°
¬­¢�£�Á�¢(¤�¬­¤�¦ ¶´µ å ©«è(®­µ2¬¯©³¤�¦�µ2¬�ê�LVõ æ ©«¬¯¢Ê¬¯¢(£�£ å £)¶)¬¯®¯¤�¦Ê¶%µ å ©³è�®­µ2¬¯©³¤�¦Êµ2¬1JÀñÇõ�Ãfõj©³²�ª(®¯£�#{ÃÂío^
¸¯¢�¤ æ ¸¥¬­¢(£ÅË�µ2®¯©Éµ&¬­©³¤�¦Ð¤�°aòÀº ô µ�¦(§l¬¯¢(£�ø!ª¼µ å ©«¬Ïü�°·µ�¶±¬­¤�®)º��¹°1¤�®¥è~¤�¬­¢Ð®¯©«¸¯£�¬¯©³ç[£Åµ�¦(§P¶�¢¼µ2®¯²�£
üx©³£ å §ÍÃln ¬cp�Y¥¤�¬¯£�¬­¢¼µ&¬¡µ å ¬¯¢(¤�ª(²�¢F¬­¢(£�¶�¢¼µ�®¯²�£`ü{©«£ å §�§(©³¸o¶´®o©³ç[©³¦¼µ2¬¯©³¤�¦È©«¸¨ç¨ª(¶�¢Jè~£)¬o¬­£´®�¬­¢¼µ�¦
¬­¢�£P®¯©«¸¯£Ð¬¯©³ç[£Ð§�©³¸¯¶)®¯©«ç�©«¦¼µ2¬­©«¤�¦Íº�¬­¢(£Ð¶´¤�ç¨è�©³¦¼µ2¬¯©³¤�¦ ¤�°�¬­¢�£l¬ æ ¤J¶´µ�¦½è~£lª(¸o£´§½¬­¤�Á�®¯¤�Ëx©³§(£
è¼µ�¶PH!²�®o¤�ª(¦(§ ®¯£?�o£´¶)¬¯©³¤�¦J¬¯¢¼µ2¬¡©³¸�è~£)¬o¬­£)®¡¬¯¢¼µ�¦Ê£%µ2¶�¢ÿµ å ¤�¦(£�ÃFñjµ�è å £�#{ÃÂí å ©³¸�¬­¸¨¬¯¢(£$®¯£��o£)¶)¬¯©³¤�¦
°·µ�¶±¬­¤�®o¸�¶´µ å ¶)ª å µ&¬­£´§`°1¤�®Çµ[®¯µ�¦(²�£�¤�°�£´¦�£´®¯²2ü$è(©³¦(¸)Ã
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õj©«²�ª(®¯£_#{ÃÂíf�4�¥µ¿ô7 B¢(¤�¦�¤�¦_§(©³¸o¶´®o©³ç[©³¦¼µ2¬¯©³¤�¦�©³¦Ð¬­¢(£1��Îf�uî�ÎbH2£!VK®¯µ�¦(²�£2ÃÅè¼ô�D�¢¼µ�®o²�£¨üx©³£ å §P§(©«¸.�
¶´®o©³ç[©³¦¼µ&¬­©³¤�¦Ð©«¦P¬­¢(£1��Îf�uî�ÎbH2£!VK®¯µ�¦(²�£2Ã_Y¥¤2¬­£�¬¯¢¼µ2¬Åµ å ¬­¢(¤�ª�²�¢l¬­¢�£�¶�¢¼µ�®¯²�£	�Ïè(µ�¸¯£)§Ä§�©³¸¯¶)®¯©«ç�©��
¦¼µ2¬¯©³¤�¦�©³¸Àµ�¦`¤�®o§(£´®À¤�°Öç�µ�²�¦(©Â¬­ª(§�£¥è~£)¬o¬­£´®�¬­¢¼µ2¦�¬­¢¼µ&¬Æ¤�°Ö®o©³¸o£¥¬­©«ç�£¥µ2¬�¬­¢(£¥¸­µ�ç[£V£)¦(£´®o²�ü[¬­¢(£
¶´¤�ç¨è(©³¦(µ2¬­©«¤�¦`¤�°�¬­¢(£�¬ æ ¤�©«¸Xç�¤�®o£�è�£)¦(£)ý(¶´©Éµ å ¬­¢¼µ�¦$£)©«¬­¢�£´®�µ å ¤�¦(£�Ã

g�£)¶´¤�© å éB¦(£´®o²�ü ío#f�.��Î ��Î{�uî�Î î�Î{�?/¿Î /�Î{�.#�Î #�Îf��e�Î e�Î{��í�Î�Î íf#o��í�Î�ÎY"! |�î�î í�|$��î ío|�|�Î ��ÎM��/ #M�M#�^ îM#�|$� ío^$��^Me÷ � Î�Ã0/$^$# Î{Ã�# Î�Ã}# Î�Ã}# Î�Ã}# Î�Ã}#ô � Î�Ã Î Î{Ã Î Î�Ã Î Î�Ã Î Î�Ã Î Î�Ã Î� ô � Î�Ã Î Î{Ã Î Î�Ã Î Î�Ã Î Î�Ã Î Î�Ã Îô � Ú ú �$# Î�Ã Î�Î$� Î�Ã Î�Î�í�í Î�Ã Î�Î�í�í Î�Ã Î�Î�í�í Î�Ã Î�Î�í�í Î�Ã Î�Î�í�íY ø e�î�| í�^M|Me í�î�/$e |M^{í í�îMe�Î î�ÎM| ^$#2î$#÷�î¢× �{Ã�e �xÃ�/ ^�Ã}# ^�Ã}� ^�Ã}� ^�Ã}�ô îk× Î�Ã Î�íf� Î�Ã Î�Î$� Î�Ã Î�í�/ Î�Ã Î$��î Î�Ã ÎM�M# Î�Ã Î�/$|� ô îk× Î�Ã Î�Î�/ Î�Ã Î�Î$� Î�Ã Î�Î�î Î�Ã Î�Î$# Î�Ã Î�Î�/ Î�Ã Î�íf�ô îk× Ú ú �$# Î�Ã Î$��î Î�Ã Î�ÎM|�/ Î�Ã Î�íoe Î�Ã Î$��| Î�Ã Î�î�Î Î�Ã ÎM^�/
ñ�µ�è å £�#xÃ«íM� ä ¸¯ª�ç�ç�µ�®oüF¤�°¥®¯£��o£)¶)¬¯©³¤�¦Ê°·µ�¶)¬¯¤�®¯¸¨°1®o¤�ç ¬¯¢(£$¶%µ å ©³è(®¯µ2¬­©«¤�¦�§¼µ2¬­µ�Ã ê{¢(¤ æ ¦ µ�®¯£
¬­¢�£�è�£)¸o¬Å£´¸�¬­©³ç�µ2¬¯£¨¤�° ô °1¤�®�¬¯¢(£�¶�¢¼µ�®o²�£�üx©³£ å §Èµ�¦(§È®¯©«¸¯£¨¬¯©³ç[£¨®¯£?�o£´¶)¬¯©³¤�¦P°·µ2¶)¬­¤�®¯¸ æ ©«¬¯¢_¬­¢(£
è(©«¦(¤�ç[©Éµ å £´®o®¯¤�®o¸¥µ2¦(§�¬¯¢(£I|�Î$¥Ù¶´¤�¦�ý(§(£´¦(¶)£�ª(Á�Á�£)® å ©³ç[©«¬´Ã
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ñX¢(©«¸�í�Î�Î.²`¸o© å ©«¶´¤�¦l§(£)¬¯£´¶)¬¯¤�®�¢¼µ�¸�¶ å £´µ�® å üÐ§�£´ç[¤�¦(¸o¬¯®­µ2¬¯£´§_¬­¢�£¡µ�è(© å ©«¬Ïü�¬¯¤�§�©³¸¯¶)®¯©«ç�©«¦¼µ2¬­£Åè~£	�
¬ æ £´£´¦[µ�¸o¤�°þ¬.¸oª(®o°·µ�¶)£Xè�£±¬�µVè(µ�¶PH!²�®¯¤�ª�¦(§[µ�¦(§�¦!ª(¶ å £%µ�®j®¯£´¶)¤�© å ¸´Ã
ñX¢(£Æ®o©³¸¯£À¬­©³ç[£�£´¦(¢¼µ2¦(¶´£)ç�£)¦!¬
¸¯£)£´ç[¸�§�ª(£�¬­¤ÈÁ(¢(¤�¦�¤�¦ §�¤ æ ¦5�Ï¶´¤�¦!Ë�£´®o¸¯©³¤�¦ ©³¦Êç[£)¬­µ å³å ©³¶ å µ%ü�£´®o¸¡¤�¦J¬­¢(£$¸¯ª�®o°·µ�¶)£�ºXµ å ¬­¢(¤�ª(²�¢
ç[¤�®¯£[ç�¤x§(£ å³å ©«¦(²`©«¸�¦(£)¶´£)¸¯¸­µ2®oüF¬¯¤l¶)¤�¦�ý¼®oçÔ¬­¢(£�£±ð�µ�¶)¬�§(©³¸�¬�µ�¦�¶´£�¸o¶%µ å £�µ2¦(§FÁ(¢�¤�¦(¤�¦�¸oÁ�£)¶	�
¬­®oª(ç�Ã�ñX¢(£`µ�è�© å ©Â¬ÏüP¤�°�¬­¢(©«¸�§(£±¬­£)¶)¬­¤�®Å¬¯¤l®¯£)¸¯¤ å Ë�£�Á(¢(¤�¦(¤�¦Jµ�®¯®o©«Ë2µ å ¬¯©³ç[£´¸�¤�¦�¬¯¢(£�¤�®¯§(£)®�¤�°
µ`°1£ æ ç�©«¶´®o¤�¸¯£)¶´¤�¦(§�¸�¢¼µ�¸Åµ å³å ¤ æ £)§Èµ$¶)¤�¦�ý¼®oç�µ&¬­©³¤�¦l¬­¢¼µ&¬�Á(¢(¤�¦(¤�¦(¸�²�£´¦(£)®­µ2¬¯£´§Äè¿üP§(®o©«°þ¬­©«¦(²
£ å £´¶±¬­®¯¤�¦�¢(¤ å £ÇÁ¼µ�©³®o¸�µ�®¯£ å ¤ æ £´®B°1®¯£)øxª�£´¦(¶±ü`µ�¦�§�è¼µ å«å ©«¸o¬­©«¶�Ã
õ¼ª�¬­ª�®¯£ æ ¤�®7H æ © å³å ¢(¤�Á~£)°1ª å«å ü¨¬­µ�H�£
µ�§�Ë2µ�¦¿¬­µ�²�£�¤�°
¬­¢(©«¸X£!F�£´¶)¬�©«¦$¬¯¢(£�§(£)Ë�£ å ¤�Á(ç[£´¦¿¬V¤2°j¦(£ æ §(£±¬­£)¶)¬­¤�®�¬¯£´¶�¢(¦(¤ å ¤�²�ü�Ã
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ñX¢(£�è¼µ�¶PH!²�®¯¤�ª(¦(§P®oª(¦l§(©«¸¯¶)ª(¸¯¸o£´§P©«¦�¬¯¢(©³¸�¶�¢¼µ�Á�¬¯£´®¥©³¸�H!¦(¤ æ ¦_µ�¸�g�ª(¦�í�e�Ã�gÇª(¦(¸�¦xª�ç¨è�£)®¯£)§
í$¬­¢(®o¤�ª(²�¢ |È¬¯¤{¤MHFÁ å µ�¶)£Ð©«¦lJ�£´®7H�£ å £)ü@§(ª(®o©³¦(²È¬­¢�£�¬¯£´¸o¬¯©³¦(²�Á(¢¼µ�¸o£Ð¤2°V¬­¢�£Ð©«¶´£´è~¤%ð�v&°1®¯©«§(²�£
µ�¸o¸¯£´ç�è å ü�Ã�gÇª(¦(¸�í�Î{��ío� æ £)®¯£¨¬¯¢(£¨ý¼®¯¸�¬�¬­£)¸o¬�¤�°B¬¯¢(£�µ�Á�Á¼µ�®­µ&¬­ª(¸�©«¦Äê�LVõÀºÍµ�¦(§2gÇª(¦�í�î æ µ�¸
¬­¢�£�ý¼®o¸o¬¨¤�Á�£)®­µ2¬¯©³¤�¦¼µ å ¶´¤x¤ å §(¤ æ ¦ æ ©«¬¯¢�µ�í%Î.²�Y¥ñ�E�§(£)¬¯£´¶)¬¯¤�®�H!¦(¤ æ ¦Êµ�¸�éK#{Ã$ñX¢(©³¸Å®¯ª(¦
üx©³£ å §(£)§�®¯£)¸¯ª å ¬­¸�¬¯¢¼µ2¬ æ £´®o£`¸¯ª�²�²�£´¸�¬­©ÂË�£�¤�°�µ å µ�®¯²�£�£ å £´¶±¬­®o¤�¦�è¼µ�¶PH!²�®o¤�ª(¦(§ÌºB©³¦F¬¯¢(£`¶%µ2¸¯£`¤�°
¬­¢�£�¸ å ¤ æ Y¥ñ�EH§(£±¬­£)¶)¬­¤�®¯¸´º�£%µ2¸¯© å üÄç�©«¸o¬�µ�H�£´¦�°1¤�®�µ å µ2®¯²�£�¦(£´ª�¬¯®¯¤�¦Êè¼µ2¶PHx²�®¯¤�ª(¦�§ÍÃ�gÇª(¦�í�/
¶´¤�¦(¸¯©«¸o¬­£)§ ¤�°�éK#�µ�¦(§@¬­¢(£$ý¼®o¸o¬Ðí�Î�Î.²Ä¸¯© å ©³¶)¤�¦Êõ.ìÖë� ¹§(£)¬¯£´¶±¬­¤�®1H!¦(¤ æ ¦½µ�¸�ïÐ®´Ã»êxç�¤x¤�¬­¢ÌÃ
ñX¢(£¡¦¼µ�ç[£¨©«¸�µ2¬¯¬¯®¯©«è(ª�¬�µ2è å £Å¬­¤U �Ã�J�®¯©«¦�H�ºÍ§(ª(£�¬­¤�©Â¬­¸�¸oª(®o°·µ2¶´£�ç[¤�®¯Á(¢�¤ å ¤�²2ü�ó÷ïÐ®´Ã�J�ª(ç[Á¿ü�º
°·µ�è(®o©³¶´µ2¬­£)§Ð¤�¦�¬­¢(£ æ ®¯¤�¦(²�¸o©³§(£2º æ µ�¸�©«¬¯¸¥Á(®o¤{¶)£´¸o¸¯©³¦�²�Á¼µ�©«®�ô�ÃÀñX¢(£Åý¼®¯¸�¬V¸o© å ©³¶´¤�¦Ðõjì�ë� ÿ¢(µ�§Pµ
®­µ&¬­¢(£)® å µ�®¯²�£X¬¯¢(®¯£)¸¯¢(¤ å §_ó s î�Î{�?^�ÎbH�£	V�ôfè(ª�¬Æ¸�¬­© å³å ç�µ�¦¼µ�²�£)§[¬¯¤�§(©«¸¯Á å µ%ü�©³ç[Á�¤�®o¬�µ2¦!¬f°1£´µ2¬­ª(®o£´¸
¤�°ÇÁ~¤�¸¯©Â¬­©«¤�¦�¸o£´¦(¸o©«¬¯©«Ëx©«¬Ïü�µ�¦(§F¢(©³²�¢�£ å £´¶)¬¯®¯¤�¦Cv2¦!ª(¶ å £%µ�®¨®o£´¶)¤�© å ®¯£?�o£´¶±¬­©³¤�¦�£!«[¶´©«£´¦(¶±ü�Ã2gÇª(¦�íf#
£´ç[Á å ¤Ñü�£´§¨¬¯¢(£Æý¼®¯¸�¬Xío^�Î.²�JÆìÖë� �§(£±¬­£´¶±¬­¤�®B©«¦�¬­¢�£ÆÁ å µ2¶´£Æ¤�°~éK#{º æ ©Â¬­¢�¸o©³ç[© å µ2® å ©³ç[©«¬¯¸Ö¬­¤�¬­¢�¤�¸¯£
¤�°wgÇª(¦�í�/�ÃjñX¢(£À¸¯© å ©³¶)¤�¦�§(£)¬¯£´¶)¬¯¤�® æ µ�¸�¦(£)Ë�£´®Bµ�¶±¬­©ÂË�µ&¬­£´§�§(ª(®o©³¦(²�¬­¢(©«¸�®oª(¦�§(£)¸¯Á(©Â¬­£À¤{¶)¶´ª(Á¿üx©³¦(²
¸¯Á(µ�¶´£�©³¦$¬­¢(£Å©³¶)£´è~¤�ð�Ã�gÇª(¦�ío^ æ µ�¸�µ1JÆìÖë� ½¤�¦ å ü`®¯ª(¦ æ ©«¬­¢$¬ æ ¤lío^�Î.²87�£�§(£±¬­£)¶)¬­¤�®¯¸ æ ©Â¬­¢
µ å µ�®¯²�£�©³®o®¯£´§�ª(¶´©«è å £Åè�£±¬�µ�è(µ�¶PH!²�®¯¤�ª�¦(§ÍÃIg�ª�¦�íf� æ µ�¸�¶´¤�¦�§(ª(¶)¬¯£´§ å µ2®¯²�£ å ü$è¿ü�g�Ã67Åµ�©Â¬­¸7H�£ å«å

|M^
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1 cm old lead

BLIP 1



BLIP 2



FLIP

FET Amplifier 

card

4 Kelvin stage

1 K

100 mK

25 mK

õj©«²�ª(®¯£�^�Ã«í�� ä §(©Éµ2²�®­µ�ç�¤�°�¬­¢�£Og�ª(¦Èíoe¨²�£´¤�ç[£)¬¯®oü�Ã ä¥å £�ð æ µ�¸ÇÁ å µ�¶)£´§�µ2¬Æ¬¯¢(£�è~¤�¬¯¬¯¤�ç�¤2°.µ
¸o¬­µ�¶PH`¤�°�¬¯¢(®¯£)£Å§�£)¬­£)¶)¬¯¤�®¯¸)Ã ä íÖ¶)ç7¸o¢(©³£ å § æ µ�¸ÇÁ å µ�¶)£´§$¶ å ¤�¸¯£¥¬­¤�¬­¢(£�§�£)¬­£)¶)¬¯¤�®¯¸Ç©³¦$µ2¦�£	FÌ¤�®o¬
¬­¤ å ¤ æ £)®V¬­¢(£�Á(¢(¤�¬¯¤�¦Èè¼µ�¶PH!²�®¯¤�ª(¦(§È®­µ2¬¯£�Ã�ñX¢(£�¸oÁ¼µ�¶´©«¦(²�è~£)¬ æ £´£´¦�õ.ìÖë� ûµ�¦(§2JÆìÖë� ë� æ µ�¸
µ�Á(Á�®¯¤%ð{©³ç�µ2¬­£ å üN�j¶´ç�Ã
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©³¦�µ�¦�£!F�¤�®�¬X¬­¤[§(£)¬¯£´®¯ç[©³¦�£ æ ¢(£)¬¯¢(£´®Ç¬­¢(£�¬¯®¯©«¬¯©³ª(ç�¸¯©«²�¦¼µ å ©«¦�¬­¢(£IJÆìÖë� §(£±¬­£)¶)¬­¤�®¯¸�¶´¤�ª å §$è�£
µ2¬o¬­®¯©«è(ª�¬­µ�è å £¡¬­¤l¸¯Á¼µ å«å µ2¬¯©³¤�¦ÈÁ(®o¤{§�ª(¶)¬¯©³¤�¦�©«¦F¬­¢�£NY¥ñ�E_� ¸¨§(ª�®¯©³¦�²P¦(£´ª{¬­®¯¤�¦Jè�¤�ç�è¼µ�®¯§�ç�£)¦!¬´Ã
ñX¢(£Å®¯£)¸¯ª å ¬­¸ æ £)®¯£�¶´¤�¦!Ëx©«¦(¶´©«¦(² å ü�Á�¤�¸¯©«¬¯©«Ë�£�Ãg�ª�¦�íoeÐè~£´²¿µ2¦ å µ2¬­£�©«¦ ío|�|$�{º�µ�®o¤�ª(¦(§BY¥¤�Ë�£)ç¨è�£)®´Ã6E�ª(®¯©«¦(²�¬­¢(£[©³¦(©Â¬­©³µ å ¶)¤{¤ å §(¤ æ ¦È¬­¢(£
ç[©Âð{©³¦(²X¶�¢(µ�ç¨è~£´®�¤�°x¬­¢(£À¾¥ðx°1¤�®¯§O/¿Î�ÎXè~£´²¿µ2¦ å £%µ�H!©³¦�²(Ã)E�ª(£B¬­¤X¬­¢(£f¶)¤�ç�Á å £±ð{©Â¬Ïü�¤�°x¬­¢(£f©«¶´£´è~¤%ð
µ�®o®­µ�¦(²�£´ç[£´¦¿¬Æ¬­¢�©³¸ÆÁ(®o¤�è å £´çÙ®¯£)Á(®¯£)¸¯£´¦¿¬¯£´§Pµ¨¸o©³²�¦�©«ý¼¶´µ�¦¿¬Æ¸¯£±¬­è¼µ2¶PH�°1¤�®�¬¯¢(£�£±ð{Á~£´®o©³ç[£´¦¿¬%ÃBñX¢(£
§(© å ª�¬¯©³¤�¦$®¯£±°1®¯©«²�£´®¯µ2¬­¤�® æ µ�¸¥¸¯£´Á(µ�®­µ2¬¯£´§l°1®o¤�ç�¬­¢�£�¬�µ2© å ¸¯£)¶)¬¯©³¤�¦�ó·¸¯£)£¨õj©«²�ª(®o£I/�Ã���ôXè¿üÐµ�¶´®¯µ�¦(£
¸o¬¯®¯ª(¶±¬­ª(®o£[ó·¶)¤�¦(¸o¬¯®¯ª(¶±¬­£)§�è¿ü`ï�Ã�[�£´¦(¦�£´¸¯¸o£)ü�ôXµ�¦(§`¬¯¢(£�¤�ª�¬¯£´®À§(£ æ µ�®Çµ�¦(§�¢(£%µ2¬Æ¸¯¢(©«£ å §�¸ æ £´®¯£
®¯£)ç�¤�Ë�£´§ÍÃ¨ñX¢�£ å £%µ�H æ µ2¸Å£±Ë�£)¦!¬¯ª¼µ å«å ül°1¤�ª(¦(§Èè¿ü2 �Ã�D�¤ å³å ©«¦(²�µ�¦�§BZ�Ã�Z�¤{¶�¢(£)çÔè¿üP¶´µ�®¯£±°1ª å³å ü
®­µ2©³¸¯©«¦(²�µ�¦�§ å ¤ æ £)®¯©³¦�²$µ$è�ª(¶PH�£±¬�¤�° æ µ2¬­£)®�¤ÑË�£´®�¬¯¢(£¡ç�©òð�©«¦(²�¶�¢(µ�ç¨è~£´®Åµ�¦(§È§(© å ª�¬¯©³¤�¦Ðª(¦(©«¬´Ã
ä è¼µ�§��o¤�©³¦@µ�®o¤�ª(¦(§Ê¬­¢�£Ð¤�ª{¬­¸¯©«§(£$¤�°�¬­¢(£�¢(£%µ&¬�£�ð{¶�¢¼µ�¦(²�£)®¯¸ æ µ�¸¡¬­¢�£Ð¶´µ�ª(¸¯£�¤�°�¬­¢(£ å £´µ�H�Ã
ñX¢(£Å©³¦(©Â¬­©³µ å ¶)¤{¤ å §(¤ æ ¦Ð¤2°j¬­¢�£�©«¶´£´è~¤%ð$ý¼¦¼µ å«å ü�è�£)²¿µ�¦�¤�¦Pé å Ëx©«¸��¼è(©«®o¬­¢�§¼µ%ü�ºÖío|M|�e�Ã�ñ�µ�è å £�^{Ã«í
¸¯ª�ç�ç�µ�®¯©,�´£)¸Æ¬­¢(£�ç�µf�o¤�®Æ£±Ë�£´¦¿¬¯¸�µ�¦(§�ç[© å £)¸o¬¯¤�¦(£´¸�¤�°agÇª(¦�íoe�Ã
E�µ2¬¯£ ïÐ© å £´¸o¬¯¤�¦(£Z�µ�¦ÍÃ:e � ì D�¤{¤ å §(¤ æ ¦$¸o¬�µ2®o¬­¸Z�µ�¦ÍÃK��� � ì ëÏ¦(©«¬¯©Éµ å ¶%µ å ©³è(®¯µ2¬­©«¤�¦`§¼µ&¬�µZ�µ�¦ÍÃK��e � ì [Vµ�®o§ æ µ2®¯£�§(£´è�ª(²�²�©«¦(²(ºCY�£´ª�¬¯®­µ å ©-�%µ&¬­©³¤�¦
õ¼£´èÍÃXí�/ � ì êx¬�µ�è å £�®¯ª�¦(¦(©³¦�²(º�ïÐª(¤�¦�Ë�£)¬­¤[§(£)è(ª(²�²�©«¦(²
õ¼£´èÍÃK��# � ì  �£´®o©³¤x§$¤�°j©«ç�Á�®¯¤�Ë�£)§$Ë�£)¬¯¤�£!«[¶)©³£´¦�¶)ü�ó s |M|:¥¡ô
ïlµ�®)ÃK# � ì  f¢�¤�¦(¤�¦�®¯©«¸¯£�¬­©«ç�£�g��Dµ�§(§�£´§
ïlµ�®)ÃXío| � ì  �£´®o©³¤x§$¤�° å ¤ æ õ.ìÖë� ¬¯¢(®¯£)¸¯¢(¤ å §ÍºCJ�ì�ë� q�å�ÏÁ(¢(¤�¦(©³¶�¸oª(¸¯¶)£´Á�¬¯©³è(© å ©Â¬Ïü
ïlµ�®)ÃK��/ � ì ïÐ© å«å ©³¤�¦�£)Ë�£´¦¿¬ ¼?� D�¤�¶´µ å ©«è(®­µ2¬¯©³¤�¦
ä Á�®´Ã�î � ì �?â?� DÀ°bY�£´ª�¬¯®¯¤�¦�¶%µ å ©³è(®¯µ2¬­©«¤�¦
ä Á�®´ÃKe � ì î�î å ©«Ë�£�§¼µ%üx¸¥¤2°j²�¤x¤x§�§(µ2¬�µ�º�¦(£ æ Ë�£)¬¯¤�®o£%µ�§(¤�ª�¬�©³ç[Á å £)ç�£)¦!¬¯£´§Z�ª(¦(£¡íf� � ì ¼?�]D�¤�¶´µ å ©«è(®­µ&¬­©³¤�¦`©³¦ å ¤ æ ¸¯¤�ª�®¯¶´£�¶)¤�¦�ý¼²�ª�®­µ2¬¯©³¤�¦Z�ª å ü�î éf¦�§Ð¤�°�gÇª(¦�íoe
ñ�µ�è å £Ô^{Ã«íM� ä ¸oª(ç[ç�µ�®�üP¤�°Àç�µf�o¤�®�£±Ë�£´¦¿¬¯¸�©³¦dgÇª(¦�íoe�Ã�ñX¢�£[®o©³¸o£¨¬­©³ç[£¨§(©«¸¯¶)®¯©³ç[©³¦(µ2¬­©«¤�¦l¤�°
¬­¢�£X¸¯© å ©³¶)¤�¦�§(£±¬­£)¶)¬­¤�® æ µ�¸B©«¦(¸o¬¯®¯ª(ç[£´¦¿¬�µ å ©³¦�§�©³¸o¬¯©³¦(²�ª(©³¸o¢(©³¦(²¥è�£±¬ æ £)£´¦�µ�¦(¤�¦4�Ó©³¸¯¤2¬­®¯¤�Á(©³¶Àç¨ª(¤�¦
Ë�£±¬­¤[¸¯¢(©«£ å §Ðµ2¦(§lµ2¦�£ å £)¶)¬­®o¤�¦�è¼µ�¶PH!²�®¯¤�ª(¦(§ÍÃ
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ñX¢(£�¸o¬­¤�®oü�¤�°agÇª(¦�íoe�µ�¦(§Ð¢(¤ æ ©«¬�®¯£ å µ2¬¯£´¸Ç¬­¤¡¬­¢(£�ª(¦(§(£)®¯¸o¬­µ�¦(§(©«¦(²�¤2°.¬­¢(£Åè¼µ�¶PH!²�®o¤�ª(¦(§�¸�µ2¬
ê�L¥õ æ µ2¸¨®¯£´µ å³å ü_¬­¢(£`©«¦¿¬­£´®oÁ å µ%üÄè~£)¬ æ £´£´¦J¬¯¢(£�µ�è(© å ©Â¬Ïü_¤�°Æ¬¯¢(£`¸¯© å ©«¶´¤�¦È¬­¤P§�£)¬­£)¶)¬�¦�£´ª�¬¯®¯¤�¦(¸
µ�¦(§@µP²�®o¤ æ ©³¦(²_¶)¤�¦�ý¼§(£)¦(¶´£�©³¦�¬¯¢(£�£!«[¶)©³£´¦�¶)üJ¤�°�¬­¢�£�ç¨ª(¤�¦�Ë�£)¬­¤�Ã�ëÓ¬¡¸¯¢(¤�ª å §Êè~£�¸o¬�µ&¬­£´§
¬­¢(µ2¬ÅÁ(®¯©«¤�®V¬­¤$¬­¢�©³¸�®¯ª(¦Ìº�¬¯¢(£´®o£�£�ð{©³¸o¬¯£´§�¦(¤$®¯£ å ©Éµ�è å £¨ç[£%µ�¸oª(®¯£)ç�£)¦¿¬�¤�°�¬­¢�£¡Ë�£)¬¯¤l£!«[¶)©³£´¦�¶)ü
°1¤�®`¦�£´ª�¬¯®¯¤�¦(¸$µ&¬�ê�LVõÀÃ�ñX¢(£2JÆìÖë� �§(£)¬¯£´¶)¬¯¤�®¯¸�¤2°Å¬¯¢(£l¬¯©³ç[£l¶´¤�ª å §½è¼µ2®¯£ å ü £)¸o¬¯©³ç�µ2¬­£�¬­¢(£
¶´¤�©³¦(¶)©³§(£)¦!¬Å¦(£)ª�¬­®o¤�¦F®¯µ2¬­£[§(ª(£¡¬­¤�£±ðx¬¯®¯£´ç[£�¶)¤�¦�°1ª(¸o©³¤�¦Äè~£)¬ æ £´£´¦J¦�£´ª�¬¯®¯¤�¦(¸�µ�¦(§�£ å £´¶)¬¯®¯¤�¦�¸´Ã
ú»¢(£)¦ ¬­¢�£Ä®oª(¦ûè�£)²¿µ�¦Dó·¸¯£)£�ñ�µ�è å £2^�ÃÂíÑô±º�¬­¢(£Äç¨ª(¤�¦½Ë�£)¬­¤ ¢¼µ�§û§(£´²�®­µ�§(£)§û¬¯¤ µJ¸o£´®¯©«¤�ª(¸
£±ðx¬¯£´¦¿¬%ÃÈñX¢(£�£	«�¶)©³£)¦(¶)ü�°1¤�®�ç¨ª�¤�¦(¸�¬¯®­µ%Ë�£)®¯¸o©³¦(²_¤�¦�£`¤�°X¬­¢�£`§¼µ�®7H�ç�µ2¬¯¬¯£´®�§(£)¬¯£´¶)¬¯¤�®¯¸)ºB¬­¢(£
¤�¦ å ü�§(©³®o£´¶)¬�ç�£´µ�¸¯ª(®o£´ç[£´¦¿¬�¬­£)¶�¢(¦(©«øxª�£�º æ µ�¸ s |�ÎM¥�Ã�ñX¢(©«¸ æ µ�¸�¬­¢(£�®o£´¸oª å ¬V¤�°�§(®¯©Â°þ¬�©³¦Ð¬­¢(£
¬­¢�®¯£´¸o¢(¤ å §(¸`¤�°�¬¯¢(£PÁ(¢(¤2¬­¤�ç¨ª å ¬­©«Á å ©«£´®�¬¯ª(è~£´¸´º¥µ�¦(§ ¸¯¤�ç[£P§¼µ�ç�µ�²�£)§ ¶)¤�¦(¦(£)¶)¬­©«¤�¦(¸`è~£)¬ æ £´£)¦
¬­¢�£ å ©«²�¢¿¬¡²�ª(©«§(£´¸)Ã E�ª�£Ð¬­¤�©³¦¿¬­£)¦(¸¯£Ð£!F�¤�®o¬�¤�¦@¬­¢(£ÐÁ¼µ�®o¬�¤�° ä ÃÆêx¤�¦(¦(£)¦(¸¯¶�¢(£)©³¦ÍºX¬¯¢(£ÐË�£)¬­¤
¸¯ª�è(¸¯£)øxª�£´¦¿¬ å ü ¤�ª{¬­Á~£´®o°1¤�®¯ç[£´§@µ å³å £´¸�¬­©³ç�µ2¬¯©³¤�¦(¸�¤2°V©Â¬­¸�¶%µ2Á¼µ�è(© å ©«¬Ïü�Ã¹E�©³®o£´¶)¬¡ç[£%µ2¸¯ª(®o£´ç[£´¦¿¬­¸
°1®¯¤�çÙ¬¯¢(®¯¤�ª(²�¢4�Ó²�¤�©³¦�²�ç¨ª(¤�¦(¸Æ©³¦�§(©³¶´µ2¬­£)§�µ�¦`£	«�¶)©³£)¦(¶)ü�¤�°)|M|�Ã�|M|$#M¥CB.ñX¢�£�£!«[¶´©«£´¦(¶±ü�°1¤�®�¬­¢(£
¶´®o£%µ2¬¯©³¤�¦È¤�°À¦(£)ª�¬­®o¤�¦(¸�©³¦P¬¯¢(£ å £%µ2§Ä¤2°À¬¯¢(£�¸¯¢(©«£ å §Ä©«¸�Ë�£)®oüÈ§(©¡«�¶)ª å ¬V¬­¤$ç�£´µ�¸¯ª�®¯£�º�¢(¤ æ £)Ë�£´®´Ã
ëÏ¦(©Â¬­©Éµ å ®¯£)¸¯ª å ¬­¸�°1®¯¤�ç ¬­¢(£È¸o© å ©«¶´¤�¦½§�£)¬­£)¶)¬¯¤�®´º�¸o¢(¤ æ £)§×µ�¦»©³¦�¶´®¯£)§(©³è å üÿÁ~¤x¤�®�£!«[¶´©«£´¦(¶±ü½°1¤�®
¦!ª(¶ å £%µ�®�®o£´¶)¤�© å ¸´º s �M#M¥`Ã¨ñX¢(£¡ª(¦¿Ë�£±¬­¤x£´§�£)Ë�£)¦¿¬­¸´º
¢(¤ æ £)Ë�£)®´º æ £)®¯£�µ å³å µ2¬ å ¤ æ Á(¢�¤�¦(¤�¦Ä®¯©«¸¯£
¬­©«ç�£2ÃzñX¢(£È®¯©³¸o£l¬­©«ç�£Ð¶´ª�¬$¤2°�¬¯¢(£Èõ.ìÖë� �µ å³å ¤ æ £´§»µ å ¤ æ £´® å ©³ç[©«¬[¤�¦½¬­¢�£_£!«[¶´©«£´¦(¶±üÿ°1¤�®
¦(£)ª�¬­®o¤�¦(¸�¶´®¯£´µ2¬­£)§Ð©«¦�¬­¢(£�¸¯¢�©³£ å §$¤�°.µ2è�¤�ª{¬=|M|$¥`Ã
h$O�� ��ß�W��`â[ZBY[]_^_� D ßÅU.Sm<
j.�FE��on G � *H��*3��t qI���KJPs$L)'6��rC*���t
ïÐ£´µ�¸¯ª(®o©³¦(²�¬­¢(£�®­µ2¬¯£�¤�°.Á(¢(¤�¬¯¤�¦(¸�µ�¦�§l£ å £´¶±¬­®¯¤�¦(¸�µ2¬�ê�L¥õ ©³¸�¶´®o©«¬­©«¶%µ å ÃXõ¼®¯¤�ç�¬¯¢(£�®¯µ æ ®­µ2¬¯£�º
æ £Äç�µ%üÿè~£Èµ�è å £P¬­¤J£´¸�¬­©«ç�µ2¬¯£_¢(¤ æ æ £ å«å µJ²�©«Ë�£´¦»§(£)¬¯£´¶±¬­¤�® æ © å«å §�¤ æ ©Â¬­¢ûµJç�£´µ�¸¯ª�®¯£´§
®¯£?�o£´¶±¬­©³¤�¦�®¯µ2¬­©«¤(ÃBõ¼®¯¤�ç�¬­¢�£Å®¯µ2¬­©«¤�¤�°jµ�¦¿¬­©¡�Ó¶´¤�©«¦(¶´©«§(£´¦¿¬Æ¬¯¤�¶)¤�©³¦�¶´©³§�£´¦¿¬ÇÁ(¢(¤�¬¯¤�¦(¸ æ £Åç�µ%ü`¬­£)¸o¬
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õj©«²�ª(®¯£O^{Ã��4�fµ4��ñX¢�£�Á(¢�¤�¬­¤�¦�®­µ&¬­£�°1¤�® äVå £±ð�µ2¬Vê�LVõ�Ã¼ëÏ¦�¤�®o§(£´®Ç¤�°�§(£´¶)®¯£´µ�¸¯©«¦(²�®¯µ2¬­£Åµ�®o£�¬­¢(£
¶´¤�©³¦(¶)©³§(£)¦!¬ÅÁ(¢�¤�¬­¤�¦�¸`ó1¶´©³®o¶ å £´¸�ô�º�ç¨ª å ¬¯©³Á å £¨¶´¤�©³¦(¶)©³§(£)¦!¬ÅÁ(¢�¤�¬­¤�¦�¸`ó1¸¯ø!ª¼µ�®o£´¸�ô�º.µ�¦¿¬¯©¡�Ï¶)¤�©³¦�¶´©³§�£´¦¿¬
Á(¢(¤2¬­¤�¦(¸Àó1§(©Éµ�ç[¤�¦(§�¸�ô±º&µ�¦�§�µ2¦!¬¯©¡�Ó¶´¤�©«¦(¶´©«§(£´¦¿¬�ç¨ª å ¬­©«Á å ü�¸¯¶´µ2¬¯¬¯£´®o£´§�Á�¢(¤�¬­¤�¦(¸´Ã
è���ñX¢(£f£ å £´¶)¬¯®¯¤�¦
è¼µ�¶PH!²�®o¤�ª(¦(§lµ2¬¥ê�L¥õ�Ã�ê{¢(¤ æ ¦lµ�®¯£�¬¯¢(£�¶´¤�©«¦(¶´©«§(£´¦¿¬Ç£ å £´¶±¬­®¯¤�¦(¸�ó·¶´©«®¯¶ å £´¸­ô±º�¬¯¢(£�ç¨ª å ¬­©³Á å ü[¸¯¶´µ2¬7�
¬­£)®¯£)§�¶´¤�©«¦(¶´©«§(£´¦¿¬�£ å £)¶)¬¯®¯¤�¦(¸`ó·¸oøxª(µ�®¯£)¸�ô±ºfµ2¦(§F¬­¢�£`µ�¦¿¬­©��Ï¶)¤�©³¦(¶)©³§(£)¦¿¬�£ å £)¶)¬­®o¤�¦(¸$ó1§(©Éµ2ç�¤�¦�§(¸�ô�Ã
ä ¦¿¬¯©¡�Ï¶)¤�©³¦�¶´©³§�£´¦¿¬Çç¨ª å ¬­©³Á å ü[¸¯¶´µ2¬¯¬¯£´®¯£)§l£ å £´¶±¬­®o¤�¦(¸�µ�®¯£�¦�¤�¬Ç°1¤�ª(¦(§ÍÃ
¬­¢�£�ï�¤�¦¿¬­£GDÆµ�® å ¤�¸Ö¤�°{ç¨ª(¤�¦�Á(¢(¤2¬­¤�¦ÅÁ(®¯¤x§(ª(¶±¬­©«¤�¦�©³¦�¬­¢(£f¸o¢(©³£ å §ÍÃ ä Á(¢(¤�¬¯¤�¦Íº�°1¤�®Ö¬­¢(£fÁ(ª�®¯Á~¤�¸¯£
¤�°�¶´µ å ¶)ª å µ2¬¯©³¦(²�®¯µ2¬­£)¸´º�©«¸�§(£±ý¼¦(£)§$µ�¸����Ï©«¦(¦(£)®´ºx¦(¤¨®¯©«¸¯£�¬­©³ç[£�¶´ª�¬´º(µ�¦(§�¬­¢(£��Iv� Ê®¯µ2¬­©«¤ å µ�®¯²�£)®
¬­¢(µ�¦ ¬¯¢(£l¶)ª�¬�Ë2µ å ª(£$°1¤�®¡¦xª�¶ å £´µ�®[®¯£´¶)¤�© å ¸´Ã½ñX¢(©«¸�©«¸¡¸¯ª�«[¶´©«£´¦¿¬�¸o©³¦(¶)£�¬¯¢(£lÁ~¤ å³å ª�¬­©«¤�¦�°1®¯¤�ç
£ å £´¶±¬­®¯¤�¦(¸�µ�¦(§[¦(£´ª�¬¯®¯¤�¦�¸À©«¦!¬¯¤�¬­¢(£Ç²¿µ�ç[ç�µVè¼µ�¦(§[©³¸fª(¸oª¼µ å«å ü¨¦�£´² å ©³²�©«è å £�©³¦�¬­£)®¯ç[¸f¤�°Ì®o£ å µ2¬­©ÂË�£
¦!ª(ç¨è~£´®o¸´Ã ä ¦�£ å £´¶±¬­®o¤�¦`©³¸À§(£)ý(¦(£´§�µ�¸�¬¯¢¼µ2¬ æ ¢(©³¶�¢ æ ¤�ª å §�¢¼µ%Ë�£�Á¼µ2¸¯¸¯£)§�µ å³å ¬­¢(£�µ�¶´¶)£´Á�¬­µ�¦(¶´£
¶´ª{¬­¸�µ�¸�µ[¦!ª(¶ å £´µ�®X®¯£)¶´¤�© å £±ð{¶´£)Á�¬V¬¯¢¼µ2¬Ç©Â¬Æ°·µ�© å ¸�¬­¢�£Å®o©³¸o£�¬¯©³ç[£�¶´ª{¬%Ã

j.�FE��FE M�L 4N�(rC*���t
ñX¢(£�¸oª(¶´¶)£´¸o¸�¤2°�D�E�ïPê�ë�µ2¬�¬¯¢(£�¸¯¢(µ å³å ¤ æ ¸¯©«¬¯£V®o£´¸o¬¯¸X¶´®o©«¬­©«¶%µ å«å ü�¤�¦�¬­¢(£V©³®¯®o£´§(ª�¶´©³è å £�¦(£´ª�¬¯®¯¤�¦
è¼µ�¶PH!²�®o¤�ª(¦(§ÌÃ�Y¥£)ª�¬­®o¤�¦(¸¡¶´®o£%µ2¬¯£´§Êè¿üJç¨ª(¤�¦�¸�Á¼µ�¸¯¸o©³¦(²P¬¯¢(®¯¤�ª(²�¢J¬­¢(£�®o¤{¶PH�¤�ª�¬¯¸¯©³§�£�¤�°Ç¬­¢(£
¸¯¢�©³£ å §_µ�®o£¨©³ç[Á�¤�¸¯¸¯©«è å £�¬¯¤`Ë�£)¬¯¤(Ã�ñX¢(£´¸o£�¦(£´ª{¬­®¯¤�¦(¸�µ�®¯£�¶´®¯£´µ2¬­£)§Èµ2¬�¢(©«²�¢P£)¦(£´®o²�©³£)¸´º s 7�£	V¨º
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õj©«²�ª(®¯£�^�Ã î��fµ��.ñX¢�£�®­µ2¬¯£�¤�°�¶)¤�©³¦(¶)©³§(£)¦¿¬Æ¦(£)ª�¬­®o¤�¦(¸Çµ2¬Xê�LVõFç[£%µ2¸¯ª(®o£´§�è¿ü�¬¯¢(£¨í�Î�Î.²�¸¯© å ©³¶)¤�¦
§(£±¬­£´¶±¬­¤�® æ ©«¬­¢lí�ïP£´®o®¯¤�®Àè¼µ�®o¸´Ã�ïÐ¤�¦¿¬¯£ODÆµ�® å ¤¨®¯£)¸¯ª å ¬­¸�µ�®¯£�¸o¢(¤ æ ¦$µ�¸Æ§(¤2¬­¸´ÃBè��.ñX¢(£�°1®­µ2¶)¬­©«¤�¦
¤�°¥¦(£´ª{¬­®¯¤�¦(¸[¬¯¢¼µ2¬[ç¨ª å ¬­©«Á å üÄ¸¯¶´µ2¬¯¬¯£´®[©³¦J¬­¢�£\gÇª(¦�íoeÈ²�£)¤�ç�£±¬­®�ü æ ©«¬¯¢@§(µ2¬�µ ó·¶)©³®¯¶ å £)¸�ô¨µ�¦(§
ï�DHó1¸¯ø!ª¼µ�®o£´¸�ô�ÃléB®o®¯¤�®Åè¼µ�®o¸¨µ�®o£6|�ÎM¥E¶´¤�¦�ý(§(£´¦(¶)£ å ©«ç�©Â¬­¸)Ã�ñX¢(£�§(£)ý¼¦�©«¬­©«¤�¦Ä¤�°ÇµÐç�ª å ¬¯©³Á å £
£)Ë�£´¦¿¬$¶%µ2¦ÿè�£�°1¤�ª(¦(§ ©³¦ ¬¯¢(£l¬¯£±ðx¬%Ã ïÐ¤�®¯£Ð®¯£)¶´£´¦¿¬ å ü�ºÇ®o£)ý¼¦(£)ç�£)¦¿¬­¸`¬­¤Ä¬­¢(£_ïÐ¤�¦¿¬­£�DÆµ�® å ¤(º
©³¦�¶ å ª�§(©³¦(²[£±ð{Á å ©³¶)©«¬Vµ�¦(²�ª å µ�®�§(£´Á~£´¦(§�£´¦(¶)£[¤2°B¦(£´ª{¬­®¯¤�¦_¶´®¯¤�¸¯¸.�Ó¸¯£)¶)¬­©«¤�¦(¸V°1¤�®V¸¯¶´µ2¬¯¬¯£´®o©³¦(²`¤�FF¤�°
¦!ª(¶ å £´©÷ºx¶)¤�¦(¸o©³§(£)®­µ�è å ü�©³ç[Á(®o¤ÑË�£´§[¬­¢(£¥µ�²�®o£´£´ç[£´¦¿¬�è~£)¬ æ £´£´¦`¬¯¢(£�¦(£´ª�¬¯®¯¤�¦`ïÐ¤�¦¿¬­£
DÆµ�® å ¤�¸�µ�¦(§
¬­¢�£Å§(µ2¬�µ�Ã

µ�¦(§�¢¼µ%Ë�£¥µÅý¼¦�©«¬­£ÇÁ(®o¤�è¼µ�è�© å ©Â¬Ïü�¤2°ÍÁ~£´¦(£±¬­®­µ&¬­©³¦�²Å¬¯¢(£¥Á~¤ å ü�£)¬¯¢¿ü å £´¦(£�¤�°�¬­¢(£�¸¯¢(©«£ å §ÍÃ.ñX¢(£�ç�¤�¸o¬
å ©,H�£ å üÐÁ å µ�¶)£¨°1¤�®�¬­¢�©³¸�¬­¤�¢(µ�Á(Á~£´¦ æ ¤�ª å §Èè�£�¬¯¢(®¯¤�ª�²�¢_¬­¢(£[õÿ¤�®�é ¸�¬­£)ç�¸)Ã�ñX¢(£¡¶´®oü�¤�²�£)¦(©³¶
®¯£)ø!ª(©³®o£´ç[£´¦¿¬­¸�¤�°Æ¬­¢�£´¸¯£�¸o¬¯£´ç[¸�Á(®o£)Ë�£)¦¿¬¨¬­¢(£[Á å µ�¶´£)ç�£)¦!¬�¤�° å µ�®¯²�£�µ2ç�¤�ª�¦!¬¯¸�¤2°Xç�¤x§(£)®­µ2¬¯¤�®
µ å ¤�¦(²�¬­¢(£)©³® å £´¦(²�¬¯¢ÍÃ¡ú»¢(£´¦Ä¬­¢(£¡£±ð{Á~£´®o©³ç[£´¦¿¬�è~£´²�©³¦(¸�¬­¤$ç[£%µ�¸oª(®¯£¡¬­¢�©³¸�è¼µ�¶PH!²�®o¤�ª(¦(§Íº�µ�¦(§
¬­¢�£´®¯£¡©«¸Å¸o¤�ç[£�£)Ëx©³§(£)¦(¶´£[¬­¢¼µ&¬�¬­¢(£¡¸¯© å ©«¶´¤�¦Èõ.ìÖë� §�£)¬­£)¶)¬¯¤�®�¢(µ�¸�£´¦(¶)¤�ª(¦¿¬­£)®¯£´§F©«¬%ºÍ¬¯¢(£¡¤�¦ å ü
®¯£)¶´¤�ª�®¯¸¯£�©³¸X¬­¤�è�£)²�©³¦�¬­¤�¸�¬�µ2¬¯©³¸�¬­©³¶´µ å³å ü�¸oª(è�¬¯®­µ�¶±¬�è¼µ�¸o£´§P¤�¦l¬­¢(£Å¸¯©«¦(² å £´¸Ç¬­¤�ç�ª å ¬¯©³Á å £´¸X®­µ&¬­©³¤�Ã
ñX¢(©«¸�®¯µ2¬­©«¤Ð©«¸�Á(®o£´§(©«¶)¬¯£´§�è¿üFïÐ¤�¦¿¬­£NDÆµ�® å ¤(ºj¢�¤ æ £)Ë�£´®)ºfµ�¦(§Fç�ª(¸o¬�è�£¡Ë�£)®¯©«ý(£´§Jè¿üÈ¬­¢(£�®¯£ å �
µ2¬¯©«Ë�£ å üÄµ�è�ª(¦(§¼µ�¦¿¬�Á�¤�Á�ª å µ2¬¯©³¤�¦Ä¤�°X¶)¤�©³¦�¶´©³§�£´¦¿¬¨¦(£)ª�¬­®o¤�¦(¸)ÃÐëÏ¦�¸oª(è(¸o£´ø!ª(£´¦¿¬[®¯ª�¦(¸´ºBµ2¦�©³¦(¦�£´®
Á~¤ å ü�£)¬­¢¿ü å £)¦(£�ç�¤x§(£)®­µ2¬¯¤�® æ µ2¸�©«¦(¸¯£)®o¬¯£´§�©³¦¿¬­¤�¬­¢�£Å©«¦(¦(£)®X¶%µ�¦�¤�°
¬­¢(£�©³¶)£´è~¤%ðÌÃ
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gÇ£´¶)¤�© å éB¦(£)®¯²�ü ío#f�.��Î ��Î{�Ïî�Î î�Î{�?/¿Î /¿Î{��#�Î #�Î{��e�Î e�Îf��í�Î�Î íf#f�­í�Î�Î
ñ�¤�¬­µ å Y /�í #�| ��^ �M� í�íf� î�í îM|M^
ê{©³¦(² å £mY îM� #M� �2Î �M� í%Î�î î�í î$��Î
ïÐª å ¬­©«Á å £�Y / � ^ # | Î ��^J���¤�¦ å ü í � î î � Î ío^JVíÅ¤�¦ å ü í Î î � í Î �[¥µ2¬Ç¬­®o©³¶PH � Î Î Î í Î î
éa«[¶)©³£´¦�¶)ü Î�Ã}��/ Î{Ã���| Î�Ã}#M# Î�Ã}^�î Î�Ã�^Me Î�Ã�^Me

ä ¦¿¬­©��Ï¶)¤�©³¦(¶)©³§(£)¦¿¬ Î í Î î Î Î /
ïÐ¤�¦!¬¯£�DÆµ�® å ¤
ñ�¤�¬­µ å Y î$�{Ã�| ^�^�Ã}e |$�{Ã Î í�Î�Î í�|�í e�î�Ã}� #M�{í
ê{©³¦(² å £mY ��|�Ã Î #�|�Ã«í e$�{Ã Î |�Î�Ã0/ í�^Me ��î�Ã0/ #�Î$�
ïÐª å ¬­©«Á å £�Y î�Ã�| �{Ã�� í�Î�Ã Î |�Ã�| �M�xÃ}| |�Ã�e ^�/J��$ó¢�2Î$¥¡ô �{Ã�e /(Ã�# �{Ã�^ ^�Ã}# íf#xÃ�# ^�ÃÂí /¿î�Ã ÎJVí�ó÷î�Î$¥¡ô Î�Ã�| �{Ã�# �{Ã}# î�Ã}� #{Ã î î�Ã î íf�{Ã}�[¥µ2¬Ç¬­®o©³¶PH Î�Ã}� Î�Ã�� Î Î�Ã}� �{ÃÂí Î�Ã}# î�Ã�^

ñ�µ�è å £G^�Ã}�4� ä ¶´¤�ç[Á(© å µ2¬­©«¤�¦�¤�°�¦(£)ª�¬­®o¤�¦¡§¼µ2¬�µ�°1¤�®�¬¯¢(£�í�Î�Î.²V¸¯© å ©³¶)¤�¦�§(£±¬­£)¶)¬­¤�®fµ2¬fê�L¥õ�Ã�ñX¢�£´¸¯£
§¼µ2¬­µ æ £´®o£�ª(¸o£´§Ä¬­¤�¶´®¯£´µ2¬­£¡ý¼²�ª�®¯£`^�Ã î{Ã6Y�¤�¬­£¡¬­¢¼µ&¬Å¬¯¢(£[®­µ æ ¦!ª(ç¨è~£´®�¤�°�¦(£´ª�¬¯®¯¤�¦�¸�§(©¡FÌ£)®¯¸
°1®¯¤�ç¹¬­¢(£�ïÐ¤�¦¿¬­£ODÆµ2® å ¤Åè¿ü`î�Î$¥D©³¦�µ�§(§(©Â¬­©³¤�¦[¬¯¤�¢¼µ%Ëx©³¦(²¨µ�¸o¬¯£´£)Á�£)®Æ¸ å ¤�Á�£�ó·¸o£´£�ý¼²�ª(®o£�^�Ã î¿ô±Ã
j.�FE��PO ¤QL�t�4�sP�(t
ëÏ¦�¬¯¢(£V°1¤ å«å ¤ æ ©³¦(²�¸o£´¶)¬¯©³¤�¦Ìº{ý(Ë�£�Á¼µ�²�£)¸Æ¤�°Í°1¤�ª(®�¸o£´Á¼µ�®¯µ2¬­£V§¼µ2¬�µÅ¸¯£±¬­¸Xµ�®o£VÁ(®o£´¸o£´¦¿¬­£)§ÍÃÀñX¢�£Vý(Ë�£
Á¼µ�²�£´¸j£´µ�¶�¢¨®o£´Á(®o£´¸¯£)¦¿¬�µ¥¸¯Á~£´¶)©«ý¼¶À£´¦(£)®¯²�ü�®­µ2¦(²�£�ª(¸¯£�¬¯¤V¶´µ å ¶)ª å µ2¬¯£B¬­¢(£À®¯£´¸oª å ¬¯¸jÁ(®o£´¸o£´¦¿¬­£)§[©«¦¨µ
¸¯©«¦(² å £X¶´¤ å ª(ç�¦[¤�°Ìñjµ�è å £=^�Ã î�Ã.ñX¢(£�§¼µ2¬­µÅ¸o£)¬­¸À¤�¦¡¬­¢(£Ç¬­¤�Á å £±°þ¬føxª(µ�§(®­µ2¦!¬À®¯£)Á(®¯£)¸¯£)¦!¬Æ¦(£´ª�¬¯®¯¤�¦
¶%µ å ©³è�®­µ2¬¯©³¤�¦�§¼µ2¬�µ{º(Á(®¯¤x§(ª(¶)£´§�ª(¸¯©«¦(²[µ�¦$£±ðx¬­£)®¯¦¼µ å �?â?� DÀ°.¸¯¤�ª(®¯¶)£�º¼§(£)¸¯¶´®o©³è~£´§�©³¦`¬¯¢(£�Á(®¯£±Ë{©«¤�ª(¸
¶�¢¼µ�Á{¬­£´®)Ã�ñX¢(£´¸o£`§¼µ2¬­µlµ�®o£¡ª(¸¯£)§F¬­¤Ð£´¸o¬¯©³ç�µ2¬­£1ò�ºjµ�¦�§�¬­¢!ª(¸Å¬­¢(£[¤�Á�¬¯©³ç�µ å ¶)ª�¬ å ¤{¶´µ2¬­©«¤�¦_©³¦
è~¤�¬­¢ ¬¯¢(£P®o©³¸¯£�¬­©«ç�£Ðµ�¦(§ÿ¬¯¢(£2�Ov� Ùµ&ð{£´¸)Ã×ñX¢(£P§¼µ2¬­µF¸¯£±¬­¸�¤�¦ ¬­¢(£l¬¯¤�Áÿ®o©³²�¢¿¬`ø!ª¼µ2§(®­µ�¦¿¬
µ�®o£`§¼µ2¬­µÐ¬�µ�H2£´¦Ê§(ª(®o©³¦(²Ð¬­¢(£N¼?�PD�¤_Á(¢(¤�¬¯¤�¦J¶%µ å ©³è(®¯µ2¬­©«¤�¦Íº�µ å ¸o¤P§(£)¸¯¶´®o©³è~£´§J©«¦F¬­¢(£�Á(®¯£±Ë{©«¤�ª(¸
¶�¢¼µ�Á{¬­£´®)ÃfñX¢(£´¸o£�§¼µ2¬�µ æ £)®¯£�ª(¸o£´§`¬­¤�£´¸o¬¯©³ç�µ2¬­£ ô � º(µ�¦(§�¬­¢!ª(¸Æ¬­¢�£�¤�Á�¬¯©³ç�µ å¼å ¤x¶%µ2¬¯©³¤�¦¡°1¤�®�¬­¢(£
¶´ª{¬¥©«¦�¬­¢(£��Ov� §�©³®¯£)¶)¬¯©³¤�¦ÍÃBñX¢�£Å§(µ2¬�µ�¸¯£±¬­¸�©³¦�¬­¢�£Åè~¤�¬o¬­¤�ç å £)°þ¬Æøxª(µ�§(®­µ2¦!¬Vµ�®o£�§¼µ2¬�µ¨¬­µ�H�£)¦
µ2¬Æê�LVõ�§(ª(®¯©«¦(²�¬¯¢(£V£ å £)¶)¬­®o¤�¦`¶´µ å ©«è(®­µ2¬¯©³¤�¦¡®oª(¦(¸ æ ©Â¬­¢�µ2¦�©³¦¿¬¯£´®¯¦(µ å Ü��!D ¸o¤�ª(®o¶´£�ÃBñX¢�£´¸¯£�§(µ2¬�µ
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gÇ£´¶)¤�© å éB¦(£)®¯²�ü íf#o�.��Î ��Î{�Ïî�Î î�Î{�?/¿Î /¿Î{��#�Î #2Î{��e�Î e�Î{�­í�Î�Î íf#f�­í�Î�ÎY ø î�í #�î í�| íf� | � íf��^Y ø ô î¢× Î�Ã}#M� Î{Ã î�/ Î�Ã}�M� Î{Ã��M� Î�Ã}�M� Î�Ã«í%Î í�Ã��� ó�Y ø ô îk×÷ô Î�ÃÂí�/ Î{Ã«í�Î Î�Ã ÎM^ Î{Ã ÎM^ Î�Ã Î�/ Î�Ã ÎM� Î�Ã�/Y.! íf#�/ ��|�í ��/M| �M��/ #�e{í î$�M� íoe$��^Y"! ô � Î Î Î Î Î Î Î
ñ
¤�¬�µ å é.ð{Á~£´¶±¬­£´§ Î�Ã}#M� Î{Ã î�/ Î�Ã}�M� Î{Ã��M� Î�Ã}�M� Î�Ã«í%Î í�Ã��

ñ�µ�è å £`^�Ã î�� ä ¦�£´¸�¬­©³ç�µ2¬¯£�¤�°�¬­¢(£�£±ð{Á�£)¶)¬¯£´§J®¯£)¸¯©«§(ª¼µ å ¸¯©«²�¦¼µ å ®­µ&¬­£[©³¦Jê4LVõ�Ã
é å £)¶)¬­®o¤�¦(¸�µ�®¯£
§(£±ý¼¦(£´§�µ�¸B£)Ë�£´¦¿¬­¸ æ ¢(©«¶�¢�Á¼µ2¸¯¸f£)Ë�£´®oü¡¤2¬­¢(£)®B¸¯©³²�¦¼µ å ¶)ª�¬f£±ð{¶´£)Á�¬ÀÁ(¢(¤�¦(¤�¦�®o©³¸¯£Æ¬¯©³ç[£�Ã�7Åµ2ç�ç�µ
£)Ë�£´¦¿¬­¸�µ�®o£¨ç�£)®¯£ å ü�§(£)ý(¦(£´§�µ�¸�£±Ë�£´¦¿¬¯¸ æ ©Â¬­¢ å µ2®¯²�£�¶�¢¼µ�®¯²�£ov2Á(¢�¤�¦(¤�¦(¸)Ã�Y�¤�¬­£�¬­¢¼µ2¬�¤�°f¬­¢(£�/
µ�¦¿¬­©��Ï¶)¤�©³¦(¶)©³§(£)¦¿¬V¦(£)ª�¬­®o¤�¦(¸V°1¤�ª(¦(§_©³¦lî�î å ©«Ë�£�§¼µ%üx¸ æ £�£�ð{Á�£)¶)¬�í�Ã}�[°1®o¤�çH¬­¢(£_H!¦(¤ æ ¦Èè¼µ�¶PHM�
²�®o¤�ª(¦(§�§(©³¸�¬­®o©³è(ª�¬¯©³¤�¦�¸´Ã

æ £´®¯£�ª(¸¯£)§l¬­¤[¶%µ å ¶´ª å µ2¬¯£ ô î ä ¸¯ç�µ å³å ¸¯¢(©Â°þ¬V©«¦Ðè~¤�¬­¢�®¯©«¸¯£�¬­©«ç�£Åµ�¦�§z�Ov� æ µ�¸V¦�£´¶´£)¸¯¸¯µ�®oü�¬­¤
ç�µ�H�£Ç¬­¢(£)¸¯£¥§¼µ2¬�µÅµ�²�®o£´£ æ ©«¬¯¢[¬¯¢(£SRUTCVWRUX�Y�¶%µ å ©³è(®¯µ2¬­©«¤�¦(¸.¤�°�g�ª�¦líoe�Ã�ñX¢(©³¸ æ µ�¸�§(£)¸¯¶)®¯©³è~£´§�©³¦
§(£±¬�µ�© å ©³¦Ð¬¯¢(£ÅÁ(®¯£±Ë{©«¤�ª(¸�¶�¢¼µ�Á�¬¯£´®)Ã�ñX¢�£�§¼µ2¬­µ[¸o£)¬¯¸�¤�¦$¬­¢(£�è�¤�¬o¬­¤�ç7®¯©³²�¢!¬�ø!ª¼µ�§�®­µ�¦¿¬�µ2®¯£�¬­¢(£
µ�¶±¬­ª¼µ å §¼µ2¬�µ�¬�µ�H�£´¦Ä§(ª(®o©³¦(²�¬¯¢(£[î�î å ©ÂË�£�§¼µ%üx¸�¤2°�gÇª(¦Êíoe�Ã�ñX¢(£¡§¼µ&¬�µ�Á�¤�©³¦¿¬­¸�£)ç�Á(¢(µ�¸¯©,�´£´§
æ ©«¬¯¢�¸oç�µ å«å ¶´©³®o¶ å £´¸�µ�®¯£À£)Ë�£)¦¿¬­¸.¬­¢(µ2¬.µ2®¯£�¦�¤�¬.£ å ©³ç[©³¦(µ2¬­£)§�µ2¸j¸¯©«²�¦¼µ å ¶´µ�¦(§(©«§¼µ2¬­£)¸jè¿üÅ¬­¢(£Àç¨ª(¤�¦
Ë�£±¬­¤(Ã`ê{¢(¤ æ ¦F¤�¦�µ å³å °1¤�ª�®Åø!ª¼µ2§(®­µ�¦¿¬¯¸�©«¸�µ�¢(¤�®¯©-�)¤�¦¿¬�µ åBå ©³¦(£�®¯£´Á�®¯£´¸o£´¦¿¬­©«¦(²Ð¬¯¢(£[Á�¤�¸o©«¬¯©³¤�¦_¤�°
¬­¢�£Å¤�Á�¬­©«ç�µ å ®¯©«¸¯£�¬­©«ç�£�¶)ª�¬%ÃfñX¢(©«¸ æ µ�¸�¶%µ å ¶´ª å µ2¬¯£´§$ª(¸¯©«¦(²¡¶%µ å ©³è(®¯µ2¬­©«¤�¦`§¼µ&¬�µ�¤�¦ å üÄó1¬¯¤�Á å £)°þ¬´º
¬­¤�Á�®¯©³²�¢!¬´º�µ2¦(§�è�¤2¬¯¬­¤�ç å £)°þ¬�øxª(µ�§(®­µ2¦!¬¯¸�ô�Ã ä¥å ¸o¤¨¸¯¢(¤ æ ¦$©³¸�µ�Ë�£)®o¬­©«¶%µ å�å ©«¦(£¥®o£´Á(®o£´¸o£´¦¿¬­©«¦(²�¬­¢(£
Á~¤�¸¯©Â¬­©³¤�¦l¤�°f¬­¢�£¨¤�Á�¬¯©³ç�µ å ¶´ª�¬�©«¦d�Ov� �Ã~ñX¢(£¨Ë2µ å ª�£¨¤�°B¬­¢�©³¸�¤�Á{¬­©³ç�µ å ¶´ª{¬�Á�¤�¸¯©«¬¯©³¤�¦Ð®¯£)ç�µ�©«¦(¸
¶´¤�¦(¸o¬­µ�¦¿¬�¤�Ë�£)®�¬­¢(£¡£´¦¿¬¯©³®¯£¡£)¦(£´®o²�üÈ®­µ�¦�²�£¡µ2¬�µ`Ë�µ å ª(£�¤�°��Ov� KÙ�Î�Ã�#xÃ[ñX¢�£¡Ë�£´®�¬­©³¶´µ åBå ©«¦(£�¤�¦
¬­¢�£ å £)°þ¬.�Ïç[¤�¸o¬À¸¯©«§(£�¤�°
£´µ�¶�¢$Á å ¤�¬�®¯£)Á(®¯£)¸¯£´¦¿¬¯¸�¬¯¢(£�è�¤�ª(¦(§¼µ�®�ü�¤�¦`¬­¢(£�§(©«¸o¬¯®¯©³è�ª�¬­©«¤�¦�¤�°
£±Ë�£´¦¿¬¯¸
¬­¢(µ2¬�µ2®¯£Å¶´¤�¦(¸o©³§(£)®¯£)§l¦!ª(¶ å £%µ�®�®¯£)¶´¤�© å ¸)Ã ä ¸¥¶%µ�¦Ðè�£Å¸¯£)£´¦P©«¦�¬¯¢(£�è~¤�¬¯¬¯¤�ç å £)°þ¬�ø!ª¼µ�¦(§(®¯µ�¦¿¬�¤�°
õj©«²�ª(®¯£`^�Ã0/(º.¦(¤lç¨ª(¤�¦Jµ2¦!¬¯©¡�Ó¶´¤�¦(¶)©³§(£)¦¿¬�£±Ë�£´¦¿¬¯¸�µ2Á(Á�£´µ�®�è~£)¬ æ £´£)¦J¬­¢(£�¬ æ ¤PË2µ å ª�£´¸�¤2°=�Ov� 
ª(¸o£´§È¬­¤$§(£)ý(¦(£[¬¯¢(£�¦!ª(¶ å £%µ�®�®o£´¶´¤�© å ®o£´²�©«¤�¦ÍÃ¨ñX¢�£[¤�¦ å üÐ¬ æ ¤�£´¦(£)®¯²�üP®­µ�¦(²�£´¸ æ ¢(£)®¯£�µ$¦�¤�¦4��´£)®¯¤�¦!ª(ç¨è~£´®.¤2°�¦!ª(¶ å £´µ�®B®¯£)¶´¤�© å ¶´µ�¦(§(©«§¼µ2¬­£)¸fµ�®¯£�§(£)¬¯£´¶)¬¯£´§ló÷µ�¦¿¬¯©¡�Ï¶)¤�©³¦�¶´©³§�£´¦¿¬ æ ©Â¬­¢¨¬­¢�£Xç¨ª(¤�¦
Ë�£±¬­¤!ô¥µ�®¯£�©³¦Ð¬¯¢(£�/�Î{�.#�ÎbH2£!VD§¼µ2¬�µ�¸¯£)¬¯¸¡ó÷õ�©³²(Ã=^�Ã�^¿ô¥µ2¦(§P©³¦�¬­¢(£_��Î{�Ïî�ÎbH�£	V¹§¼µ2¬­µ�¸¯£±¬­¸¡ó·õj©³²�Ã
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^�Ã�e¿ô±Ã ä ¦�£�ð{¬¯®¯£)ç�£ å üÅ©³ç[Á�¤�®o¬�µ2¦!¬
°1£%µ&¬­ª(®o£Æ¤�°¼¬­¢�£´¸¯£Xè(µ�¶PH!²�®¯¤�ª�¦(§¡§¼µ2¬�µ¥¸¯£)¬¯¸B©³¸
¬­¢¼µ2¬.µ�¶´¶)£´Á�¬¯©³¦(²
µ å«å ¬¯¢(£X§¼µ2¬­µ�¶)¤�©³¦�¶´©³§�£´¦¿¬B¤�®.¦�¤�¬ æ ©«¬¯¢¨¬­¢(£Xç¨ª�¤�¦¨Ë�£±¬­¤�²�©«Ë�£´¸Bª(¸�µVË�£´®oü¨¸¯ª(è(¸�¬�µ�¦¿¬¯©Éµ å ©«¦¿¬­®¯©«¦(¸¯©«¶
¦(£)ª�¬­®o¤�¦È¶%µ å ©³è(®¯µ2¬­©«¤�¦lÁ~£%µ�H�Ã�Y¥¤�¬¯£¨¬­¢(£�§(©«¸o¬¯®¯©³è�ª�¬­©«¤�¦P©³¦P¬¯¢(£�è~¤�¬¯¬¯¤�ç ®o©³²�¢¿¬�Á å ¤�¬V¤�°Àõj©³²�ª�®¯£^�Ã0/¥¬¯¢¼µ2¬.©«¸�ZHRUXU[\RUTV¬¯¢(£ÀË�£´®o¬¯©³¶ å £G�Iv� È¶)ª�¬ å ©³¦(£)¸´Ã
ñX¢(©³¸
©³¸
¶ å £%µ�® å ü�£±Ë{©«§(£´¦�¶´£�°1¤�®�µ¥§�©³¸o¬¯®¯©«è(ª�¬­©«¤�¦
¤�°Ç¦(£)ª�¬­®o¤�¦(¸¨Á�®¯¤x§(ª(¶´£)§Ê©³¦�¬¯¢(£`¸oª(®¯®o¤�ª(¦(§(©«¦(²_®¯¤x¶PH�µ�¦(§�¤�¬¯¢(£´®�ó·¸¯¢�©³£ å §�ôÅç�µ2¬¯£´®¯©³µ å ¸�è¿üÄ¬­¢(£
©³¦¿¬¯£´®­µ2¶)¬­©«¤�¦_¤�°Àç¨ª(¤�¦�¸´Ã¡ñX¢(£´¸o£�£±Ë�£)¦!¬¯¸�¶´µ�¦Èè�£¡ª(¸o£´§È¬­¤Ðµ�¸�µ�Á(®¯©«ç�µ�®�ül¶´µ å ©«è(®­µ&¬­©³¤�¦P¤�°�¬­¢(£
°1®­µ2¶)¬­©«¤�¦�¤�°�¦(£´ª{¬­®¯¤�¦(¸�¬¯¢¼µ2¬ æ £�£�ð{Á�£)¶)¬�¬­¤¡ç¨ª å ¬­©³Á å ü[¸¯¶´µ2¬¯¬¯£´®´Ã

h$O�� ]Jã�9 ã)Ub<
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¬­©«ç�£¡¶)ª�¬�©³¸��{Ã0/a�Í¸´º�¬­¢(£�¤�Á�¬­©«ç�µ å �Iv� ×Ë2µ å ª(£[©³¸¨Î{Ã�#{Ã ô î�ÙÒÎ{Ã Î�í�µ�¦(§ ô � ÙHÎ�Ã Î�Î�í�Ã$ñX¢(£
¬­¤2¬�µ å £	«[¶´©³£)¦(¶)ü¡°1¤�®.¬¯¢(©³¸B£)¦(£´®o²�ü¡®­µ2¦(²�£Ç©³¸3�{íf¥`Ã.¾�¦�£¥£±Ë�£´¦¿¬À¸¯ª(®�Ëx©«Ë�£)¸Æµ å«å ¶´ª{¬­¸�µ�¸Àµ�Á~¤�¸o¸¯©³è å £
¸¯©«²�¦¼µ å ¶´µ�¦(§(©«§¼µ2¬­£�©³¦Ê¬­¢�©³¸[£´¦(£)®¯²�ü ®­µ�¦�²�£�ÃÿY�¤�¬­£��_µ¿ôÔY¥£´ª{¬­®¯¤�¦ÿ¶%µ å ©³è(®¯µ2¬­©«¤�¦J®¯ª�¦ÿ©³¦ÿê�LVõ
æ ©«¬¯¢Äµ �?â?� DÀ°À¸¯¤�ª(®¯¶)£�
jè¼ô� f¢�¤�¬­¤�¦Ä¶%µ å ©³è�®­µ2¬¯©³¤�¦Ð©³¦Äê�L¥õ æ ©Â¬­¢ÈµX¼?�	D�¤$¸¯¤�ª(®o¶´£�
j¶�ô�é å £´¶)¬¯®¯¤�¦
¶%µ å ©³è�®­µ2¬¯©³¤�¦�©«¦�J�ñÇõ æ ©«¬­¢lµ$Ü��!D µ2¦(§_µ�¦ � �­Ü ä çH¸¯¤�ª(®¯¶)£�
Í§�ôÇìÖ¤ æ è¼µ�¶PH!²�®¯¤�ª(¦(§P§¼µ&¬�µ æ ©Â¬­¢
ç¨ª(¤�¦Ðµ2¦!¬¯©¡�Ó¶´¤�©«¦(¶´©«§(£´¦¿¬X£±Ë�£´¦¿¬¯¸V¢(©«²�¢ å ©«²�¢¿¬­£)§ æ ©«¬­¢$¸oç�µ å«å ¶´©«®¯¶ å £´¸)Ã
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õj©«²�ª(®¯£I^�Ã�|��3/�¸o£)¬­¸V¤�°.Á(¢�¤�¦(¤�¦Ð®¯©³¸o£Å¬¯©³ç[£�Ë{¸)Ã=�Ov� íf#f����ÎbH�£	V¨Ã�ñX¢(£�¤�Á�¬­©«ç�µ å Á(¢(¤�¦(¤�¦P®¯©«¸¯£
¬­©«ç�£�¶´ª�¬À©³¸K�{Ã�eb�Í¸)º!¬¯¢(£Ç¤�Á�¬¯©³ç�µ å �Ov� �Ë2µ å ª(£X©³¸fÎ{Ã�#{Ã ô î�ÙûÎ�Ã Î$��µ�¦(§ ô � Ù Î�Ã Î�Î$�{Ã�ñX¢(£Ç¬­¤�¬­µ å£!«[¶)©³£´¦�¶)üF°1¤�®�¬­¢(©«¸�£)¦(£´®o²�ü�®¯µ�¦(²�£`©«¸�íf��¥�Ã2Y�¤�¬­£���µ�ô�Y¥£)ª�¬­®o¤�¦J¶%µ å ©³è(®¯µ2¬­©«¤�¦Ä®¯ª(¦J©«¦@ê�LVõ
æ ©«¬¯¢Äµ �?â?� DÀ°À¸¯¤�ª(®¯¶)£�
jè¼ô� f¢�¤�¬­¤�¦Ä¶%µ å ©³è�®­µ2¬¯©³¤�¦Ð©³¦Äê�L¥õ æ ©Â¬­¢ÈµX¼?�	D�¤$¸¯¤�ª(®o¶´£�
j¶�ô�é å £´¶)¬¯®¯¤�¦
¶%µ å ©³è�®­µ2¬¯©³¤�¦�©«¦�J�ñÇõ æ ©«¬­¢lµ$Ü��!D µ2¦(§_µ�¦ � �­Ü ä çH¸¯¤�ª(®¯¶)£�
Í§�ôÇìÖ¤ æ è¼µ�¶PH!²�®¯¤�ª(¦(§P§¼µ&¬�µ æ ©Â¬­¢
ç¨ª(¤�¦Ðµ2¦!¬¯©¡�Ó¶´¤�©«¦(¶´©«§(£´¦¿¬X£±Ë�£´¦¿¬¯¸V¢(©«²�¢ å ©«²�¢¿¬­£)§ æ ©«¬­¢$¸oç�µ å«å ¶´©«®¯¶ å £´¸)Ã
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õj©«²�ª(®¯£�^�Ã«í%Î��� å ¤�¬B¤�°�|�Î$¥z¶´¤�¦{ý¼§(£´¦�¶´£Çª(Á(Á~£´® å ©«ç�©Â¬­¸�©³¦¨¬¯¢(£Xú»ë�ïr ��Ï¦!ª(¶ å £´¤�¦[¶)®¯¤�¸o¸f¸¯£´¶±¬­©«¤�¦ÍÃ
ñX¢(©«¶PH å ©³¦(£Ç©«¸�¬¯¢(£ å ©³ç[©«¬.°1®o¤�ç äVå £±ð�º!¬­¢(©«¶PH�§¼µ�¸¯¢�£´§ å ©³¦(£Ç©³¸f¬­¢�£ å ©«ç�©Â¬j¬¯¢¼µ2¬ æ ¤�ª å §�¢(µ�Ë�£�è~£´£´¦
¤�è�¬­µ�©³¦�£´§[©«° ä¥å £�ð æ µ�¸Àç�µ2§(£¥¤2°c7�£�Ã.ñX¢(£�¬­¢(©«¦(¦(£)®À¸o¤ å ©«§ å ©³¦(£Ç©«¸�¬¯¢(£ å ©³ç[©«¬�°1¤�®�¬¯¢(£d7�£�JÆìÖë� 
§(£±¬­£´¶±¬­¤�®o¸�°1®¯¤�ç7ê4LVõ�gÇª(¦_ío|6nòí�í�/�p?nöí�íf#opùÃBñX¢�£V¬­¢(©«¦`§(¤�¬o¬­£)§ å ©«¦(£ æ µ�¸�¬¯¢(£ å ©³ç[©«¬B¸o£)¬Xè¿ü[¬­¢(£E ä ï ä Y¥µ�ëf§(£)¬¯£´¶)¬¯¤�®¯¸X©«¦_ío|M|M|Nn0^�Î{pùÃ ä¥å ¸¯¤�¸o¢(¤ æ ¦$©³¸�¬¯¢(£�²�£´¦�£´®­µ å µ�®o£%µ¨¤�° æ ¢(£)®¯£�ç�©«¦(©³ç�µ å
¸¯ª�Á�£)®¯¸oüxç[ç�£±¬­®�ü$ç�¤x§(£ å ¸ÆÁ(®o£´§(©«¶)¬Ç¬­¢(£�£�ð�©«¸o¬¯£´¦(¶)£�¤�°
ú»ë�ïr B¸¥µ�¸Ç§¼µ�®cH�ç�µ2¬o¬­£)®´Ã
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ñX¢(£Å©³§(£´µ[¤2°.§(©«¸¯¶´®o©³ç[©³¦¼µ&¬­©³¦�²¨è�£±¬ æ £)£´¦_£ å £´¶±¬­®o¤�¦Pµ�¦�§Ð¦!ª(¶ å £%µ2®¥®o£´¶´¤�© å ¸Xª�¸¯©³¦�²�¤�¦ å ü�Á(¢(¤�¦(¤�¦(¸
©³¸�¦�¤�¬�µ@¦�£ æ ¤�¦(£�ÃSL¥¸o©³¦(²@µ�¦»£)¦(¢¼µ�¦(¶)£´§ è¼µ å³å ©³¸�¬­©³¶ÐÁ(¢(¤�¦�¤�¦ ¶)¤�ç[Á�¤�¦�£´¦¿¬�°1®¯¤�ç ¦!ª(¶ å £%µ�®
®¯£)¶´¤�© å ¸ å ¤x¤MH�£)§Jøxª�©«¬­£�Á(®¯¤�ç[©³¸o©³¦(²Cnòí�í�^op�è(ª�¬ å µ2¬­£)®�¬¯ª(®¯¦(£)§Ê¤�ª�¬¨¬¯¤Pè�£`¬¯¤{¤l¤�Á�¬­©«ç�©«¸o¬¯©³¶$nöí�íf�!p÷Ã
ñX©«¬­µ�¦(©«ª(ç�ñÇé�ê�§(£)¬¯£´¶±¬­¤�®o¸�¢(µ�Ë�£Åµ å ¸o¤[è~£´£)¦�°·µ�è(®¯©«¶%µ2¬¯£´§$¤�¦�¬­¢�£´®¯ç�µ å ¤�ð{©«§(£ å µ%ü�£)®¯¸�nòí�í�e�p�µ�¦(§
¢¼µ%Ë�£Ç¸o¢(¤ æ ¦ å µ�®¯²�£�Á(¢(¤�¦(¤�¦[µ2¬¯¬¯£´¦!ª¼µ2¬¯©³¤�¦Ìº¿µ å ¬¯¢(¤�ª(²�¢¨¦(¤�¶´¤�ç�Á¼µ2®¯©³¸o¤�¦(¸.è~£)¬ æ £´£)¦�¦!ª(¶ å £´µ�®Bµ�¦(§
£ å £´¶±¬­®¯¤�¦�®o£´¶´¤�© å ¸ æ £´®o£�ç�µ�§(£2º�µ2¦(§F¦(¤�è(©³µ�¸�Ë�¤ å ¬�µ�²�£ æ µ�¸�µ�Á(Á å ©³£)§Ä¬¯¤�£�ð�µ�ç�©«¦(£[µ�Á~¤�¸o¸¯©³è å £
§(©¡FÌ£)®¯£´¦�¶´£�©³¦�µ2¬o¬­£´¦!ª¼µ&¬­©³¤�¦�è~£)¬ æ £´£)¦_ìÖª�H�£�Á(¢�¤�¦(¤�¦(¸¥µ�¦(§$©«¦!¬¯®¯©«¦(¸¯©«¶�Á(¢(¤�¦(¤�¦(¸´Ã

ñX¢(£´®o£�µ2®¯£�ç�µ�¦¿üP©³¦¿¬¯®¯©³¦�¸¯©³¶¨µ�§�Ë2µ�¦¿¬�µ�²�£´¸�¬­¤�µ�Á(¢(¤�¦�¤�¦4�Ïè(µ�¸¯£)§�§(©«¸¯¶)®¯©³ç[©³¦(µ2¬­©«¤�¦l¸o¶�¢(£´ç[£�Ã
ä ¸[Á(¢(¤�¦(¤�¦Ê¬­£´¶�¢�¦(¤ å ¤�²�üÊ©³ç[Á(®¯¤�Ë�£´¸´º�¬­¢(£$§(©«¸¯¶)®¯©³ç[©³¦(µ2¬­©«¤�¦Jµ�è(© å ©Â¬Ïü æ © å³å ¶ å £%µ2® å üFè�£ å ©³ç[©«¬­£)§
è¿üÈ¶�¢¼µ�®o²�£�¦(¤�©³¸¯£2Ã�ñX¢(©«¸�¢(µ�¸�µ å ¤ æ £´® å ©«ç�©Â¬�¤�° s #�Î$£ å £´¶)¬¯®¯¤�¦�¸ æ ©Â¬­¢�µ å µ2®¯²�£�¶´µ�Á¼µ�¶)©«¬�µ2¦(¶´£
§(£±¬­£´¶±¬­¤�®�ó s /¿Î.Á¼õBô�Ãw B¢(¤�¦(¤�¦Ð§(©³¸o¶´®o©³ç[©³¦¼µ2¬¯©³¤�¦ æ © å«å è�£�¶)¤�¦¿¬­©³¦!ª(£�¬­¤[©³ç[Á(®o¤ÑË�£ æ ©«¬­¢$²�®o£%µ2¬¯£´®
Á(¢(¤�¦(¤�¦�¶´¤ å³å £)¶)¬¯©³¤�¦ æ ¢(©³¶�¢$ç�µ�ü�º�©«¦�¬­¢(£�°1ª{¬­ª(®o£�º�²�©«Ë�£Vª(¸Çµ¨§(£)¬¯£´¶±¬­¤�® æ ©Â¬­¢ å £´¸¯¸À¬­¢¼µ�¦_í%Î�Î.£!V
õ�úT[Vï�Ã¿ñX¢(£�£)Ë�£)¦¿¬­ª¼µ å ®¯£)¸¯¤ å ª�¬­©«¤�¦¡©³¸.¬¯¢(£´¤�®o£)¬¯©³¶%µ å³å ü å ©«ç�©Â¬­£)§¨è¿ü�¬­¢(£Ç¸o¬­µ2¬­©«¸¯©«¶%µ å ¦�¤�©³¸o£�©«¦�¬­¢(£
¦!ª(ç¨è~£´®Ç¤�°�¢(¤ å £�Á¼µ�©³®o¸X¶´®o£%µ2¬¯£´§$°1¤�®Çµ[²�©«Ë�£)¦$£´¦(£)®¯²�ü�ÃÀñX¢(©«¸Ç£!F�£´¶)¬�©«¸X§(©³¸o¶´ª(¸o¸¯£´§ å µ2¬¯£´®)Ã

ñX¢(£@Á(®¯¤�Ë�£)¦¹¸¯Á~£´¶±¬­®¯µ å §(©,F�£´®o£´¦(¶)£ è~£)¬ æ £´£)¦¹Á(¢(¤�¦(¤�¦(¸Ä²�£´¦�£´®­µ&¬­£´§ è¿ü;µ�¦ £±Ë�£)¦!¬Fµ�¦(§
í�íf�
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Á(¢(¤�¦(¤�¦(¸¨²�£´¦(£)®­µ2¬¯£´§Êè¿ü�£ å £´¶±¬­®¯¤�¦4�Ï¢(¤ å £[Á¼µ�©³®o¸�ó·ì�ª�H�£�Á(¢(¤�¦(¤�¦(¸­ô�¸¯¢(¤�ª å §�£)¦¼µ�è å £`ª(¸�¬¯¤Pª(¸¯£
¬­¢�£�¸­µ�ç[£�¦!ª(¶ å £%µ�®X®o£´¶´¤�© å ø!ª(£)¦(¶�¢(©³¦�²[°·µ�¶±¬­¤�®Æ°1¤�®Xµ�Á(¢(¤�¦(¤�¦4�Ïè¼µ2¸¯£´§�§(©«¸¯¶´®o©³ç[©³¦¼µ&¬­©³¤�¦�¸o¶�¢(£´ç[£�ÃJÀü�µ�Á�Á å üx©³¦�²�µ¡Ë�¤ å ¬�µ�²�£�è(©³µ�¸�µ�¶´®o¤�¸¯¸�¬­¢(£Å¶´®�üx¸o¬�µ å
æ £ æ © å³å ¶´®o£%µ2¬¯£�ç[¤�®o£�ìÖª�H2£�Á(¢�¤�¦(¤�¦(¸�°1¤�®
£ å £´¶±¬­®¯¤�¦�®o£´¶)¤�© å ¸�¬­¢¼µ2¦$°1¤�®X¦xª�¶ å £´µ�®X®¯£)¶´¤�© å ¸Æè¿ü`¬¯¢(£�®­µ&¬­©³¤�¤2°
¬¯¢(£�¦!ª(¶ å £%µ�®Xø!ª(£)¦(¶�¢(©³¦�²[°·µ�¶±¬­¤�®)Ã
ä ç�µ2¬­£)®¯©³µ å ¬­¢¼µ2¬Æ¶´¤�ª å §`ý å ¬¯£´®À¤�ª�¬X¢(©«²�¢�°1®o£´ø!ª(£´¦�¶)ü�Á(¢�¤�¦(¤�¦(¸XÁ å µ�¶)£´§�è~£)¬ æ £´£´¦�¸¯¤�ç�£�¤2°Ö¬­¢(£
Á(¢(¤�¦(¤�¦$¸¯£)¦(¸¯¤�®o¸Vµ2¦(§�¬­¢(£�¸oª(è(¸o¬¯®­µ2¬¯£ æ ¤�ª å §$£´¦¼µ2è å £�ª(¸Æ¬¯¤¡§(©³¸o¶´®¯©«ç�©«¦¼µ2¬¯£¥è~£)¬ æ £´£)¦l²¿µ�ç[ç�µ�¸
µ�¦(§�¦�£´ª�¬¯®¯¤�¦(¸)Ã�ì�£±¬Xª(¸X£�ð(µ2ç�©«¦(£�©³¦�§(£)¬­µ�© å ¬­¢(£�¤�Á�£)®­µ2¬¯©³¤�¦`¤2°�¸¯ª(¶�¢Ðµ¨Á(¢(¤�¦�¤�¦`ý å ¬¯£´®Æ§�£)Ëx©³¶)£�ÃD�¢¼µ�®o²�£	�Óè¼µ�¸¯£)§ §(©«¸¯¶)®¯©³ç[©³¦(µ2¬­©«¤�¦F¸oª�FÌ£)®¯¸¡°1®¯¤�ç µÈ§�£´²�®¯µ�§¼µ2¬¯©³¤�¦Ê©³¦ÊÁ~£´®�°1¤�®¯ç�µ�¦(¶)£$µ�¸�¬­¢(£
è(©³µ�¸¨Ë�¤ å ¬�µ�²�£�©³¸�©³¦�¶´®¯£´µ�¸¯£)§ÍÃ@õj©³²�ª(®¯£U�xÃ«í$¸¯¢�¤ æ ¸�µ_¶%µ�®�¬­¤x¤�¦Ê¤�°�¬­¢(£�¬ æ ¤�¸�ü{¸�¬­£)ç�¸)Ã ëÓ°¥¤�¦(£
¶´¤�¦(¸¯©«§(£´®o¸�¬¯¢(£È¸¯£´Á(µ�®­µ2¬¯©³¤�¦»©«¦û¶�¢(µ�®¯²�£Èè~£)¬ æ £´£)¦×µJ²¿µ�ç[ç�µ»ó � Ù Ð{ébî´º æ ¢�£´®¯£dÐÿ©«¸`¬­¢(£
©³¤�¦(©-�´µ2¬­©«¤�¦ üx©³£ å §�ô�µ2¦(§ µJ¦(£)ª�¬­®o¤�¦Dó¢� Ù ²kj�Ð�ébî)º æ ¢(£´®o£�²kjÊ©³¸`¬¯¢(£È¦!ª(¶ å £%µ�®�ø!ª(£)¦(¶�¢(©³¦�²
°·µ�¶±¬­¤�®­ô�¤�°j£)ø!ª(©«Ë2µ å £´¦¿¬Ç®¯£)¶´¤�© å £´¦(£)®¯²�üUµ�î�è(©Éµ2¸¯£´§Ðµ2¬�µ¨Ë�¤ å ¬�µ2²�£IÒ�º æ £�¤�è�¬�µ�©«¦

Ð4µ�î è ²kj�Ð�µ�î ã í · Ð4ÑfÒ
í · ²kj�Ð�ÑfÒ ê Ù ó�í è ²kj�ôó�í · ²kj�Ð�ÑfÒÅô µ�î ó¢�{ÃÂíÑô

æ ¢(©«¶�¢F¤�è¿Ëx©³¤�ª�¸ å üP§(£´Á~£´¦(§�¸�¤�¦@í!�.²lj$è(ª�¬�§(£´¶)®¯£´µ�¸¯£)¸¨µ�¸[í · ²kj�Ð{£	V¨ÃÖñX¢(£[ç[¤�®¯£�Ë�¤ å ¬�µ2²�£ æ £
µ�Á(Á å ü_¬­¤Ð©³ç[Á(®¯¤�Ë�£[¬¯¢(£�¶�¢¼µ2®¯²�£�¶´¤ å«å £´¶±¬­©«¤�¦ÍºÖ¬­¢(£ æ ¤�®¯¸¯£�§(©³¸o¶´®¯©«ç�©«¦¼µ2¬¯©³¤�¦ æ £�¢¼µ%Ë�£�Ã�ñX¢(©³¸�©³¸
è~£´¶%µ2ª(¸¯£À¤�¦(£fç¨ª(¸�¬j¶)¤�®¯®o£´¶)¬
°1¤�®Ö¬­¢�£À§(©¡FÌ£)®¯£)¦!¬
Á(¢�¤�¦(¤�¦�£´¦(£)®¯²�©«£´¸�¬­¢¼µ2¬�µ�®o£�µ�§(§(£)§�°1¤�®�²¿µ�ç[ç�µ�¸
µ�¦(§_¦�£´ª�¬¯®¯¤�¦(¸)Ã�ëÓ° æ £¨§�¤`¬­¢(£¨¸¯µ�ç[£¨µ�¦¼µ å üx¸¯©«¸¥°1¤�®Vµ`§(©³¸o¶´®¯©«ç�©«¦¼µ2¬¯©³¦(²¡Á(¢(¤�¦(¤�¦_§(£±¬­£´¶±¬­¤�®¥¬­¢(£
®¯£)¸¯ª å ¬­¸�µ�®¯£Ðøxª�©«¬­£Ð§(©,F�£´®o£´¦¿¬%Ã ä ¸o¸¯ª(ç[£l¬­¢(µ2¬`µÄ°1®­µ�¶±¬­©³¤�¦ß² æ ¤�°�©«¦!¬¯®¯©«¦(¸¯©«¶ÐÁ(¢�¤�¦(¤�¦(¸`µ�¦(§½µ
°1®­µ2¶)¬­©«¤�¦z²fÆ�¤2°�ì�ª�H�£�Á(¢(¤�¦(¤�¦(¸�µ2®¯£�µ�è�¸¯¤�®oè�£)§_è!ü�¬­¢�£¨¤�¦(£¨¤2°B¬­¢(£¨§�£)¬­£)¶)¬¯¤�®¯¸[ó�ç ù ô�ÃVúF£�¸¯£´£
¬­¢(µ2¬X¬­¢(£�¸o£´Á¼µ�®¯µ2¬­©«¤�¦$©³¸X¦(¤ æ

ó¢² æ · ²{Æ�Ð4ÑfÒ�ô.µ�î è ó ² æ · ²lj$²fÆ,Ð4ÑfÒÅô7µ�î ã í · Ð4ÑfÒ
í · ²kj�Ð�ÑfÒNê ó¢�{Ã}��ô

Ù ó¢²fÆ è ² æ ô´óuí è ²kj�ô.Ð4ÑfÒó�í · ²kj�Ð�ÑfÒ�ô µ�î ó¢�{Ã î¿ô
æ ¢(©«¶�¢l¢¼µ�¸¥µ�¦�£±ðx¬­®¯µ`Ð4ÑfÒK¬¯£´®oçÐÃ�ñX¢(©³¸�£´¸o¸¯£)¦!¬¯©Éµ å«å ü�¸¯µ%ü{¸�¬­¢¼µ&¬�¬¯¢(£ÅÁ(¢(¤�¦(¤�¦l§(©«¸¯¶´®o©³ç[©³¦¼µ&¬­©³¤�¦
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õj©«²�ª(®¯£��{ÃÂíM� ä ¶´µ�®o¬¯¤{¤�¦l¤�°B¶�¢(µ�®¯²�£�ó¢��ôXË�£´®o¸¯ª(¸�Á(¢�¤�¦(¤�¦(¸�ó  �ô¥µ�¦�§lý å ¬¯£´®o£´§PÁ(¢�¤�¦(¤�¦P¸o©³²�¦(µ å
ó  ù ô�Ë�£)®¯¸¯ª�¸¨®­µ æ Á(¢�¤�¦(¤�¦�¸o©³²�¦(µ å Ã6Y¥¤�©«¸¯£[©³¦� ù ©³¸�£±ð{Á~£´¶)¬¯£´§�¬¯¤lè~£ å £´¸¯¸�¬­¢(µ�¦F©«¦��¨Ã�ê{£´£¬­£�ðx¬�°1¤�®Çµ[§(©«¸¯¶)ª(¸¯¸o©³¤�¦$¤�°�¬­¢(£�©³¦�¶´®¯£´µ�¸¯£)§Ð§�©³¸¯¶)®¯©«ç�©«¦¼µ2¬­©«¤�¦`µ2è(© å ©«¬Ïü[¤�°
¬­¢(£�¸¯£)¶´¤�¦�§l¸¯¶�¢�£´ç[£�Ã

¸¯¶�¢�£´ç[£ æ © å«å Á�®¯¤x§(ª(¶´£�£´ø!ª(©«Ë2µ å £´¦¿¬¨®o£´¸oª å ¬¯¸�©«°�ó¢²{Æ è ² æ ô.Ð4ÑfÒ s í�ÃlëÏ¦(¶ å ª(§(©«¦(²Ð¬¯¢(£�®¯µ2¬­©«¤l¤�°
¶�¢¼µ�®o²�£�¬­¤¡Á(¢(¤�¦(¤�¦�¦(¤�©³¸o£�º(¬¯¢(£�°1ª å³å ý¼²�ª(®o£Å¤2°.ç[£´®¯©Â¬X©³¸Æ¬¯¢(£´¦

ó¢²{Æ è ² æ ô.Ð4ÑfÒ ïCÚï$Û]Ü ó¢�{Ã0/!ô
ê{¤(ºÍ°1¤�® å µ�®o²�£�Ë�¤ å ¬�µ2²�£´¸)ºÍ¬­¢(£�§(©¡FÌ£)®¯£)¦(¶´£Ðó¢²fÆ è ² æ ôV¦(£´£)§F¦(¤2¬�è�£ å µ�®¯²�£2Ã�ñX¢(£[µ�§{Ë�µ2¦!¬­µ�²�£�¤�°
¦(¤�¬Çè~£´©«¦(² å ©«ç�©Â¬­£)§`©³¦�è(©³µ�¸ÆË�¤ å ¬�µ2²�£�©³¸Xø!ª(©Â¬­£�¸o©³²�¦(©Âý¼¶%µ2¦!¬Æ¸¯©³¦�¶´£�¬­¢(£�¬¯¢(®¯£)¸¯¢(¤ å §�¤�°�µ¡Á�¢(¤�¦(¤�¦
¸¯£)¦(¸¯¤�®¥¶´µ�¦Ðè~£�£±ð{Á(®o£´¸o¸¯£´§Èµ2¸

±nmpo�Ñkqkmprts ¶ Ùxñ ï$Û]Ü
í · Ð4ÑfÒ ó¢�{Ã}#�ô

æ ¢(£)®¯£UY7©«¸�µ�¦Jµ�®oè(©«¬¯®­µ�®�üÈ°·µ�¶)¬¯¤�®¨¤�°�µ�è~¤�ª�¬�î�Ã_ëÏ¦�¬­¢(£�£�ðx¬­®¯£)ç�£�¶%µ�¸o£�ºf©«° æ £$µ å³å ¤ æ Ò ¬­¤
©³¦�¶´®¯£´µ�¸¯£ æ ©Â¬­¢(¤�ª{¬¥è~¤�ª(¦�§Íº æ £ æ © å³å £±Ë�£´¦¿¬¯ª¼µ å³å ü�è~£ å ©³ç[©«¬¯£´§`è¿ü�¬­¢�£Å¸�¬�µ2¬¯©³¸�¬­©³¶´µ å ¦�¤�©³¸o£Å©«¦�¬­¢(£
¦!ª(ç¨è~£´®Ç¤�°�²�£´¦�£´®­µ&¬­£´§�¶�¢¼µ�®o²�£´¸)ÃÀñX¢�©³¸ æ © å«å ¦(¤�¬ÇÁ�®¯£´¸o£´¦¿¬�©Â¬­¸o£ å °
ª(¦¿¬¯© å

µ�î ì ï �Û]Ü
ó�ÑfÒ¨ô �vu Ð ó¢�{Ã�^¿ô
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æ ¢(£)®¯£$õ ©³¸Å¬­¢(£$õ�µ�¦�¤l°·µ�¶)¬¯¤�®�©«¦�¸¯© å ©«¶´¤�¦ÿó�ï � ×���×�Ùxw u Ð4µ�î­ô±Ã_ñX¢�©³¸¨¸�¬�µ2¬¯©³¸o¬¯©³¶´µ å ¦�¤�©³¸o£ æ © å«å
§(¤�ç[©³¦(µ2¬­£V¬¯¢(£�¬­¢(®o£´¸o¢(¤ å § æ ¢(£)¦�ÑfÒ s ï æ ¢�©³¶�¢ æ © å³å è�£Åµ�®o¤�ª(¦(§\#�Î�Î�Ë�¤ å ¬¯¸´Ã

é.Ë�£´¦ æ ©«¬¯¢(¤�ª�¬Æ¬¯¢(©³¸X¶)¤�¦(¸�¬­®­µ2©³¦¿¬%ºx¬­¢(£)®¯£�©³¸Xµ2¦(¤�¬­¢�£´®XÁ(®¯µ�¶)¬¯©³¶%µ åÌå ©«ç�©Â¬À¬¯¤¨¬­¢(£�Ë�¤ å ¬­µ�²�£�¬¯¢¼µ2¬
æ £ æ © å³å µ�Á(Á å ü�ÃÅñX¢(£¡§(©,F�£´®o£´¦(¶)£�ó¢²fÆ è ² æ ô¥®¯£ å ©³£)¸�¤�¦Äµ�°1®¯£)ø!ª(£´¦(¶±üÈ§(©,F�£´®o£´¦(¶)£�è�£±¬ æ £)£´¦Ä¬­¢(£
©³¦¿¬¯®¯©³¦�¸¯©³¶jÁ(¢(¤�¦(¤�¦(¸jµ2¦(§�¬­¢(£�ìÖª�H�£�Á(¢(¤�¦(¤�¦(¸)ÃBê{©«¦(¶´£f©«¬Í¶%µ�¦Åè�£f¸o¢(¤ æ ¦�¬­¢(µ2¬Ö¬­¢(£)®¯£�©³¸�µX®¯¤�ª(²�¢ å üÑfÒ �$ykâ §(£´Á~£´¦(§�£´¦(¶)£V¤�¦¡¬­¢(£Ç°1®¯£)ø!ª(£´¦(¶±ü[¤�°�¬¯¢(£¥ì�ª�H�£�Á(¢(¤�¦(¤�¦(¸on0�M�{p÷ºxµ�¸�¬¯¢(£XË�¤ å ¬�µ�²�£X©³¦(¶)®¯£%µ2¸¯£´¸
¤�ª(®�ìÖª�H2£�°1®¯µ�¶)¬¯©³¤�¦\²fÆ æ © å«å £)Ë�£´¦¿¬­ª(µ å³å ü�£´ø!ª¼µ å ¤�ª�®X©³¦¿¬­®o©³¦(¸o©³¶V°1®¯µ�¶)¬¯©³¤�¦ÍÃBñX¢�©³¸ÇÁ(®­µ2¶)¬­©«¶%µ åÌå ©³ç[©«¬
ç�µ�ü�è~£`ç�£´µ�¸¯ª�®¯£´§J£�ð{Á�£)®¯©³ç[£´¦¿¬­µ å³å üÄµ�¦(§J¶´¤�ª å §JÁ(®o¤�Ë{©«§(£�µ�¦Êµ2§(§(©«¬¯©³¤�¦(µ å ¶´¤�¦�ý(®¯ç�µ2¬­©«¤�¦F¤�°
¬­¢�£�°1®o£´ø!ª(£)¦(¶)ü�§(£)Á�£)¦(§(£´¦�¶´£�¤2°�¬¯¢(£Åì�ª�H�£ÅÁ(¢(¤�¦(¤�¦(¸´Ã
�`O�� z 9 Y[ZI{zÞPY�]z<Ý\ ß�UjS�Zfã´ß¨��<
ñX¢(£P¦�£±ðx¬`Á(®¯µ�¶)¬¯©³¶´µ å ø!ª(£)¸o¬¯©³¤�¦ æ ¢�©³¶�¢ÿç¨ª�¸o¬`è~£Pµ2¦(¸ æ £´®o£´§½©³¸ æ ¢(£)¬¯¢(£´®�©«¬[©³¸�Á�¤�¸o¸¯©«è å £$¬­¤
¶´¤�¦(¸o¬¯®¯ª(¶±¬¨¸¯ª�¶�¢Jµ�Á�¢(¤�¦(¤�¦Äý å ¬¯£´®)Ã�ëÓ¬�¢¼µ�¸ å ¤�¦�²�è~£´£)¦�H!¦(¤ æ ¦�¬¯¢¼µ2¬�µ�ç�¤�®¯Á(¢(¤�ª(¸�ç�µ2¬¯£´®o©Éµ å ¸
£±ð{¢(©«è(©«¬¥ª(¦!ª(¸oª¼µ å ¬¯¢(£´®oç�µ å Á(®o¤�Á~£´®o¬¯©³£)¸onöí�ío|�p÷Ã�ïÐµ�¦¿üPµ�ç[¤�®oÁ(¢(¤�ª(¸¥ç�µ&¬­£´®o©Éµ å ¸´º¼¸oª(¶�¢Äµ�¸�ê{©É¾��´º
Á(¢(¤2¬­¤�®o£´¸o©³¸o¬´ºå Àïlï ä º~£´Á~¤%ð{ü�ºÍµ�¦�§l¸¯Á�ª�¬¯¬¯£´®¯£)§Èê{©
µ�¦(§|7�£2º�£±ð{¢(©³è�©«¬¥µ�Á å µ2¬­£´µ�ª�©³¦$¬­¢(£)®¯ç�µ å
¶´¤�¦(§(ª(¶±¬­©«Ëx©Â¬Ïü�è~£)¬ æ £´£´¦ûí�µ�¦(§½í�Îau1nöíf��ÎxºÆíf�{í	pùÃ�ñX¢(©³¸�£	FÌ£)¶)¬¡©³¸¨µ2¬¯¬¯®¯©³è�ª�¬­£)§�¬­¤P¬­¢�£ å ¤x¶%µ å �
©-�´µ2¬­©«¤�¦�¤�°ÇÁ�¢(¤�¦(¤�¦�¸¡¬¯¢¼µ2¬�¢(µ�Ë�£$µ æ µ%Ë�£ å £)¦(²�¬¯¢ ¶ å ¤�¸o£`¬­¤P¬­¢�£`¶�¢¼µ�®¯µ�¶)¬¯£´®¯©«¸o¬¯©³¶ å £)¦(²�¬¯¢�¸¯¶´µ å £
¤�°À§(©³¸o¤�®¯§�£´®�©³¦P¬¯¢(£¡ç�µ2¬¯£´®o©Éµ å Ã�ê{©«¦(¶´£$í�Îau�©³¸�£´ø!ª¼µ å ¬­¤r��Î�ÎI7O[��¨¬­¢�©³¸�®¯£)Á(®¯£)¸¯£)¦!¬¯¸¨µ�®­µ2Á(©³§
®¯£)§(ª(¶±¬­©³¤�¦Ð©«¦�ç�£´µ�¦�°1®¯£´£�Á¼µ&¬­¢�£±ð�µ�¶)¬ å ü$µ&¬X¬­¢(£�°1®¯£)ø!ª(£´¦(¶)©³£)¸ æ ¢(©«¶�¢l©«¦!¬¯£´®o£´¸o¬¯¸Çª(¸´ÃE�©³®o£´¶)¬�£�ð�Á~£´®o©³ç[£´¦¿¬�µ å ç[£%µ2¸¯ª(®o£´ç[£´¦¿¬­¸À¤�°Ì¬¯¢(£¥Á�¢(¤�¦(¤�¦�ç�£´µ�¦¡°1®¯£´£�Á¼µ2¬¯¢(¸�©«¦[¬¯¢(£´¸o£Vç�µ2¬­£]�
®¯©³µ å ¸j¢¼µ%Ë�£�è�£)£´¦�ç�µ�§(£Çµ&¬�µ�Ë2µ�®o©³£)¬Ïü¨¤�°�¬¯£´ç[Á�£)®­µ2¬¯ª(®¯£)¸´ÃaL�¸¯©«¦(²Å¬¯ª(¦(¦(£ å �oª(¦(¶±¬­©³¤�¦(¸B°·µ�è(®¯©«¶%µ2¬¯£´§
¤�¦_¸o© å ©«¶´¤�¦ æ ©«¬¯¢_µ�¦Èµ�ç[¤�®¯Á�¢(¤�ª(¸�êx©þ¾�� å µ%ü�£´®´º�E�©³£)¬¯¸¯¶�¢(£¡µ2¦(§2u�©³¦(§(£)®onöíf�M�opj°1¤�ª(¦�§_£)Ëx©³§(£)¦(¶´£
°1¤�®�¸o¬¯®¯¤�¦�²�°1®o£´ø!ª(£´¦�¶)üÄ§(£´Á~£´¦�§(£´¦¿¬¨¸o¶%µ2¬o¬­£)®¯©³¦�²ÐÁ(®o¤�Á~¤�®o¬¯©³¤�¦¼µ å ¬­¤~} Ú\� Ã[ñX¢(£´¸o£�£±ð{Á~£´®o©³ç[£´¦¿¬­¸
æ £´®¯£�Á~£´®o°1¤�®¯ç[£´§@µ�®¯¤�ª(¦(§»í�u�ºfµ�¦(§@µ å³å ¤ æ µ2¦@£)¸o¬¯©³ç�µ2¬­£�¤�°N��Û]Ü�µ2¬ å ¤ æ £´®�¬¯£´ç[Á�£)®­µ2¬¯ª(®¯£)¸´Ã
ì�µ2¬­£)®¥£�ð{Á�£)®¯©³ç[£´¦¿¬¯¸V©³¦Ð¸¯©«ç�© å µ�®Æ¸�üx¸o¬­£)ç�¸V¶´¤�¦�ý(®¯ç[£´§_µ[¸o¬­®o¤�¦(²�°1®o£´ø!ª(£)¦(¶)üÐ§(£´Á~£´¦�§(£´¦(¶)£�è(ª�¬
°·µ�© å £´§Ä¬­¤_¶)¤�¦�ý¼®oçØ¬­¢�£`©³¦(£ å µ�¸�¬­©«¶�ç[£´¶�¢¼µ�¦�©³¸¯çá¶ å µ�©³ç[£´§�è¿ü�E�©³£±¬­¸o¶�¢Êµ�¦(§¹u�©³¦(§�£´®onöíf��îfpùÃ ä



©bª�®
¯
Ç�ÈKÉihoÊ�¯:ª_�Xe_�XeàÓ�c�i�©bÉÇc�dÐcue�®
Ç
c	�Xe í�ío^

10
−2

10
−1

10
0

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Phonon Frequency [THz]

T
ra

ns
m

is
si

on
 C

of
fi

ci
en

t

2∆
Al

Luke Phonons Intrinsic Phonons

990423_2137_OxTran.eps

õj©«²�ª(®¯£��{Ã}�4�féB¸o¬­©«ç�µ&¬­£´§`¬¯®­µ�¦�¸¯ç[©³¸¯¸o©³¤�¦�¶´¤x£!«[¶´©«£´¦¿¬X°1¤�®�#�Î.¦�ç7¤�°jê{©É¾m�ÆËx¸)Ãf°1®o£´ø!ª(£)¦(¶)ü�ÃKVf£)®.�
¬­©«¶%µ å�å ©³¦(£)¸Æµ�®o£��:��Ä�Å4Æjó s ��ÎI7O[��%ô±º�ì�ª�H�£�Á(¢�¤�¦(¤�¦(¸�ó s ��#�ÎI7I[=��ô�º(µ�¦(§�ëÏ¦!¬¯®¯©«¦(¸¯©«¶VÁ(¢(¤�¦(¤�¦(¸
ó s íÖñ�[��%ô±Ã�E�¤2¬¯¬­£)§�Ë�£´®o¬¯©³¶´µ åfå ©³¦�£�©«¸�µ2¬�e�Î�ÎI7O[�� æ ¢(£)®¯£�¬¯¢(£�ç[£%µ2¦�°1®¯£)£�Á¼µ&¬­¢F¤2°X¸¯© å ©³¶)¤�¦
®¯£´µ�¶�¢(£)¸�íÖ¶)çÐÃ

æ £%µ�H�¬¯£´ç[Á�£)®­µ2¬¯ª(®¯£�§(£´Á~£´¦�§(£´¦(¶)£l¤�°¥¬­¢(£�ç[£%µ�¦J°1®¯£)£ÐÁ(µ2¬­¢@¤�°�î�Î{�?/¿Î�ÎI7I[=��Á(¢(¤�¦(¤�¦(¸ æ µ�¸
°1¤�ª(¦�§ ª(¸o©³¦(²ÄÁ(©«¶´¤�¸o£´¶´¤�¦(§ ¤�Á�¬­©«¶%µ å ¬¯£´¶�¢(¦�©³ø!ª(£´¸�nòío��/$pùÃÊëÏ¦Ê¬­¢(©«¸[£�ð{Á�£)®¯©³ç[£´¦¿¬¡¬­¢�£$°1®o£´ø!ª(£)¦(¶)ü
§(£)Á�£)¦(§(£´¦�¶´£ æ µ�¸ æ £%µ�H2£´®V¬¯¢¼µ�¦|��Ú\��è(ª�¬¥¸o¬¯®¯¤�¦�²�£´®Ç¬­¢¼µ2¦���Ú � ÃXëÏ¦_µ¡Ë�£)®oü�£ å £´²¿µ�¦¿¬¥¸¯£)®¯©³£)¸V¤�°
£±ð{Á~£´®o©³ç[£´¦¿¬­¸Åª(¸¯©«¦(²Ð¬¯ª(¦(¦(£ å �oª(¦(¶)¬¯©³¤�¦�¸�µ2¬�Î�Ã}�bu�ìÖ¤�¦(²wnöíf�M#opf°1¤�ª(¦(§Fµ���Ú£�¨§(£´Á~£´¦(§�£´¦¿¬@��Û	Ü
¬­¢(µ2¬ æ µ�¸�µ�è~¤�ª�¬�í�ÎÐ¬¯©³ç[£´¸Å¸¯ç�µ å³å £´®�¬­¢¼µ�¦Fè(ª å HÈ¸o© å ©«¶´¤�¦Fµ2¬�¬¯¢(£`£)øxª�©«Ë2µ å £)¦¿¬�°1®¯£)ø!ª(£´¦(¶±ü�Ã ä
®¯£)¶´£)¦!¬¥£±ð{Á~£´®o©³ç[£´¦¿¬Çè¿ü�ïÐ£´è~£´®�¬fnöíf��^�p�ª�¸¯©³¦�²¨¬­©³¦�¬¯ª(¦(¦(£ å �oª(¦(¶)¬¯©³¤�¦�¸X¸¯ª(²�²�£´¸o¬¯¸�¬¯¢¼µ2¬X¬¯¢(£�¸¯¶´µ2¬7�
¬­£)®¯©«¦(²�ç[£´¶�¢(µ�¦(©³¸oç ç�µ%üJË2µ�®oüÊ§�£´Á~£´¦(§(©«¦(²F¤�¦ ¬­¢�£Ð¬ÏüxÁ�£Ð¤�°�µ2ç�¤�®oÁ(¢(¤�ª�¸�ç�µ2¬­£)®¯©³µ å Ã�ò��uê{©
µ�¦(§Bò��$7�£¡¸¯¢�¤ æ £´§J¤�¦ å üÈ£ å µ�¸�¬­©³¶¡¸o¶%µ2¬o¬­£´®o©³¦(²�Á(®o¤{¶)£´¸¯¸o£´¸)º.ü�£)¬�©«°Xê{©þ¾�� æ µ�¸�Á(®¯£)Á¼µ�®o£´§�©«¦�µ�¦
¤%ðxü{²�£´¦`¤�®�¢¿üx§(®¯¤�²�£´¦�µ2¬¯ç�¤�¸¯Á(¢(£)®¯£�¸o¬¯®¯¤�¦(²�©³¦(£ å µ�¸�¬­©«¶�¸o¶%µ2¬o¬­£)®¯©³¦�² æ µ�¸�£±Ë{©«§(£´¦¿¬´Ã ä §(©¡FÌ£)®¯£)¦(¶´£
©³¦ÈÁ(®o£´Á¼µ2®­µ2¬¯©³¤�¦P¬¯£´¶�¢(¦(©«ø!ª(£�ç�µ%ül¬¯¢(£´®o£)°1¤�®�£±ð{Á å µ�©³¦_¬¯¢(£¡§(©³¸o¶´®¯£)Á¼µ�¦(¶±üÈè�£±¬ æ £)£´¦Ä¬­¢(£¡®¯£)¸¯ª å ¬­¸
¤�°=u�©³¦�§(£´®�µ�¦(§�¬­¢�¤�¸¯£`¤2°XúF¤ å ¬­£)®´ÃlëÏ¦�¬¯£´®oç�¸�¤�°Ç§(£)Ëx©«¶´£`ç�µ�¦!ª�°·µ�¶±¬­ª(®o£`©«¬�ç�µ%üÄ©³¦�°·µ�¶)¬�è�£
Á~¤�¸¯¸o©³è å £�¬¯¤�¬­ª�¦(£Ð¬¯¢(£Ð°1®o£´ø!ª(£´¦�¶)ü ®¯£´¸oÁ�¤�¦(¸¯£P¤2°�¬­¢(£lµ�ç[¤�®¯Á(¢�¤�ª(¸¡ý å ç[¸¡è!ü µ�§f�oª(¸o¬¯©³¦(²Ä¬­¢(£
¶�¢(£)ç�©«¶%µ å ¶)¤�ç[Á�¤�¸o©«¬¯©³¤�¦Íº{¤�®Æ¬­¢�£Å§�£´Á~¤�¸¯©Â¬­©³¤�¦`¬­£´¶�¢�¦(©³ø!ª(£)¸´Ã
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ñX¢(£¡Á(¢(¤�¦�¤�¦È¸¯¶%µ&¬¯¬­£)®¯©«¦(²�ç�£)¶�¢¼µ�¦(©«¸¯ç ©³¸�²�£)¦(£´®¯µ å³å üÐ¬¯¢(¤�ª(²�¢!¬�¬¯¤�è�£¡µ2¦Ä£ å µ�¸�¬­©«¶�Á(®o¤{¶)£´¸¯¸

¸¯©«ç�© å µ�®�©³¦�°1¤�®oç¨ª å µ2¬­©«¤�¦�¬­¤¡©«¸¯¤�¬¯¤�Á(©³¶V¸¯¶%µ&¬¯¬­£)®¯©«¦(²wnöíf�M�fpknöíf��e�p÷Ã B¢(¤�¦(¤�¦�¸¥£)¦(¶´¤�ª�¦!¬¯£´®�§(¤�ç�µ�©³¦�¸Æ¤�°
Ë�µ2®oüx©³¦(²�§�£´¦(¸o©«¬Ïü$µ�¦�§Ð¸o¶%µ2¬o¬­£´®Ç¤�Fl¬­¢(£�Á~£´®o¬¯ª(®¯è(µ2¬­©«¤�¦(¸
¶´®o£%µ2¬¯£´§�è¿üÈ¬­¢�£´ç�Ã`ñX¢(£�¸o¶%µ2¬o¬­£)®¯©³¦�²l©³¸�¬¯¢(£´¦�£�ð{Á�£)¶)¬­£)§�¬­¤�è�£¡°1¤�ª(®�¬­¢�¤�®¯§(£)®�©«¦Ä°1®o£´ø!ª(£)¦(¶)ü
µ�¦(§Ð¸¯£)¶´¤�¦(§l¤�®¯§(£)®Ç©³¦�§(£´¦(¸o©«¬Ïü�Á~£´®o¬¯ª(®¯è(µ2¬­©«¤�¦ÍÃ�ëÓ° æ £�µ�¸¯¸oª(ç[£Å¬¯¢(£Å°1¤�®¯çÒµ�¦(§Ðç�µ2²�¦(©«¬¯ª(§(£�¤�°
¬­¢�£Åç[£%µ2¦$°1®o£´£�Á¼µ2¬¯¢Ð¤2°.µ�ç[¤�®oÁ(¢(¤�ª(¸�êx©þ¾���µ�¸Ç¶%µ å ¶´ª å µ2¬­£)§�©³¦�7�®¯µ�£´è�¦(£´®�nòíf�2Î�p

� ÜU��� � Ù íl� Ú£� n���­Np ó¢�{Ã}��ô
µ�¦(§�µ�¸o¸¯ª(ç[£Åµ�¦$£ å µ�¸o¬¯©³¶V°1¤�®oç7¤�°�µ2¬o¬­£)¦xª(µ2¬­©«¤�¦�¬­¢(®o¤�ª(²�¢$è¼µ�¶PH!¸o¶%µ2¬o¬­£´®o©³¦(²�º(¬­¢(£�¬­®¯µ�¦(¸oç�©«¸¯¸¯©«¤�¦
¶%µ2¦Ðè~£�¶%µ å ¶´ª å µ2¬­£)§�è!ü

´ßÙ ã í · ±� ê Ú¼Ü ó¢�{Ã�e¿ô
L¥¸o©³¦(²�£´ø!ª¼µ&¬­©³¤�¦(¸K�{Ã�e�µ�¦(§`�{Ã}� æ £Ç¶%µ�¦¡£)¸o¬­©«ç�µ&¬­£�¬¯¢(£Xç�¤�¸o¬B£	FÌ£)¶)¬­©ÂË�£X¬­¢�©³¶PH!¦(£´¸o¸À¤2°Ìµ2ç�¤�®��

Á(¢(¤�ª(¸¨êx©þ¾��`ó1©³¦È¬­£)®¯ç[¸Å¤2°Æ£´ø!ª¼µ&¬­©³¤�¦��{Ã0/!ô�è¿üÈç�µ&ð{©«ç�©,�´©³¦�²Èó¢²fÆ è ² æ ô�Ã`ìÖª�H�£�Á(¢(¤�¦�¤�¦(¸�µ�®¯£
£±ð{Á~£´¶±¬­£´§¨¬¯¤�è~£�µ2¬.µ�°1®o£´ø!ª(£´¦�¶)ü�¤�° s ��#�ÎI7I[=�Æµ�¦�§�µ�®¯£KH!¦(¤ æ ¦¨¬­¤�è~£�è¼µ å³å ©³¸�¬­©³¶�ó1¸¯£)£�¶�¢¼µ�Á{¬­£´®#�ô�µ�¦(§Ä©³¦¿¬¯®¯©³¦�¸¯©³¶�Á(¢(¤�¦(¤�¦(¸�µ2®¯£¡£±ð{Á~£´¶)¬¯£´§F¬¯¤Ðè~£[µ2¬ s íÖñ�[=��Ã�ñX¢�©³¸�²�©«Ë�£´¸Åª(¸Åµ�¦Ä¤�Á�¬­©«ç�µ å
¬­¢�©³¶PH!¦(£´¸o¸Æ¤�°�µ2è�¤�ª{¬�#�Î.¦�çÐÃ�ñX¢(£¥¬¯®­µ�¦(¸oç�©«¸¯¸o©³¤�¦[¶´¤x£!«[¶´©«£´¦¿¬Æ¤2°Í¬­¢(©«¸�¬¯¢(©³¶PH!¦(£)¸¯¸Æ¤2°Ö¤%ð�©«§(£¥µ�¸Æµ
°1ª(¦(¶±¬­©«¤�¦�¤�°{°1®o£´ø!ª(£)¦(¶)ü�©«¸ÖÁ å ¤�¬o¬­£)§Å©«¦Åõj©³²�ª�®¯£:�{Ã}�{Ã�ìÖª�H�£�Á(¢(¤�¦�¤�¦(¸�¢¼µ%Ë�£ÀµX¸¯ç�µ å³å £±ð{Á�£)¶)¬¯£´§¨µ&¬7�
¬­£)¦!ª¼µ2¬­©«¤�¦¨¤�°��2Î{��e�ÎM¥ æ ¢(© å £�©³¦¿¬¯®¯©³¦�¸¯©³¶�Á(¢(¤�¦(¤�¦(¸Bµ2®¯£Xµ å ç�¤�¸o¬
¶´¤�ç[Á å £)¬­£ å üÅè å ¤{¶PH2£´§ÍÃa B¢(¤�¦(¤�¦(¸
¶ å ¤�¸¯£X¬¯¤Å¬¯¢(£�µ�¶´¶)£´Á�¬­µ�¦(¶´£Ç°1®¯£)ø!ª(£´¦(¶±ü[¤�°Í¤�ª�®�§�£)¬­£)¶)¬¯¤�®¥ó¢��Ä�Å�Æ,ÙO��ÎI7O[��%ôfµ2®¯£Ç¶´¤�ç[Á å £)¬­£ å ü�ª(¦4�
µ�F�£´¶±¬­£´§ÌÃ`ñX¢(£[ç�©«¦(©³ç�µ å³å ü$è¼µ å«å ©³¸�¬­©«¶�Á(¢(¤�¦(¤�¦Íº æ ©«¬­¢�µ�°1®¯£´ø!ª(£)¦(¶)üÄ¤�°Æµ�è~¤�ª�¬���Î�Î{�?e�Î�ÎI7O[��2º
æ © å«å ¤�¦ å ü�¢¼µ%Ë�£�µ¡¸¯ç�µ å³å ®o£ å µ2¬­©ÂË�£Åµ2¬¯¬¯£´¦!ª¼µ2¬¯©³¤�¦$¬­¤[©³¦¿¬¯®¯©³¦�¸¯©³¶VÁ(¢(¤�¦(¤�¦(¸´ÃÆëÏ¦$¬­¢�£�¦(£�ðx¬V¸o£´¶)¬¯©³¤�¦
æ £ æ © å³å §�£´¸¯¶)®¯©«è�£Åµ�§(£)Ëx©«¶´£�¬­¢¼µ2¬ æ µ�¸Ç°·µ�è(®o©³¶%µ&¬­£´§�¬¯¤¡¬¯¢(£´¸o£�¸oÁ�£)¶´©Âý¼¶%µ2¬¯©³¤�¦�¸´Ã
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• 2 Readout Channels

• Rn = 6 Ω
Oxide

No Oxide

• 100 || Elements each

õj©«²�ª(®̄ £̀ �{Ã î���ñX¢(£�Á(¢¿üx̧ ©̄«¶%µ å�å µ%ü�¤�ª�¬�¤�°�¬̄ ¢(£�¤%ð{©³§(£¡ý å ¬­£́ ®�§(£±Ëx©³¶́ £2Ã�éBË�£́ ®�üF¤�¬̄ ¢(£́ ®Å̧ £̄)¦(̧ ¤̄�®�¢¼µ�§
µ�¦Ð¤�ð{©«§(£Åý å ¬­£)® å µ%ü�£)®¥̧o¤�¬­¢(µ2¬�£%µ�¶�¢P£±Ë�£)¦!¬ æ ¤�ª å §�è�£Å̧ ¢̄¼µ2®̄ £́ §Pµ�̧¥£)ø!ª¼µ å³å ü$µ�̧�Á�¤�̧¯̧ ©̄«è å £2Ã�ñX¢(£
äVå ª(ç[©³¦!ª(çÕý¼¦(̧ æ £́ ®o£$¤�¦ å ü@íf#2Î��Íç WÕí�Î�Î��ÍçÐº.µ�¦(§�¬­¢�£̀ ø!ª¼µ�̧ ©̄«Á¼µ�®�¬­©³¶ å £[¬­®­µ2Á�®̄ £)²�©³¤�¦ æ µ�̧
í�Î��Ìç å ¤�¦(²(ÃBñX¢(£ÅñÇé�ê�©«¬̄ ¸̄ £ å ° æ µ2̧��M�2Î��Íç�º�̧ å ©³²�¢¿¬ å ü å µ�®o²�£́ ®Æ¬̄ ¢¼µ�¦�¬­¢(£��M#�Î��Íç å ¤�¦(²�ñÇé�ê�¤�°
¬­¢�£ ä¥å £�ð$§(£́ o̧©³²�¦ÌÃ

�̀ O�� �ÊSm<�UERáSd��ã́ W�S
ä ¸̄ Á~£́ ¶)©Éµ å ©-�́ £)§È§(£)Ëx©³¶)£ æ µ�̧Å¶́ ¤�¦�̧o¬­®oª(¶)¬̄ £́ §Ä¬­¤�£±ð�µ�ç[©³¦(£̈ ¬̄ ¢(£¡Á�¤�̧o̧ ©̄«è(© å ©«¬ÏüÐ¤�°Xµ̀ °1®̄ £)ø!ª(£́ ¦(¶±üÄ§(£	�
Á~£́ ¦(§(£)¦¿¬Çµ2¬̄ ¬̄ £́ ¦!ª¼µ2¬̄ ©³¤�¦[©³¦̀ ê{©þ¾�� å £́ µ�§(©³¦�²Å¬̄ ¤�Á(¢(¤�¦(¤�¦4�Óè¼µ�̧ £̄)§̀ §(©«̧ ¶́̄ ®o©³ç[©³¦¼µ&¬­©³¤�¦ÍÃ�ëÓ¬�¶)¤�¦(̧ ©̄«̧o¬̄ £́ §̀ ¤�°
¬ æ ¤�̧o£́ ¦(̧o¤�®̄ )̧º{£́ µ�¶�¢�¢(µ�Ëx©«¦(²¡í�Î�Î�Á¼µ�®̄ µ å³å £ å £ å £)ç�£)¦¿¬­̧ º́¿©«¦¿¬­£́ ® å £́ µ�Ë�£́ §[©³¦[µ�¶�¢(£́ ¶PH2£́ ®oè�¤¿µ2®̄ §�Á(µ2¬̄ ¬̄ £́ ®̄ ¦
¬­¢(µ2¬Bý å³å £́ §[µ�íÖ¶́ ç¹§�©³£�ÃjñX¢(£XË�¤ å ¬�µ�²�£Xè�©Éµ�̧B®̄ µ�© å ¸ æ £)®̄ £�¶́ ¤�¦�¦(£́ ¶±¬­£́ §�µ å ¤�¦(²�§(©Éµ�²�¤�¦¼µ å X̧ó·̧o£́ £¥õj©³²�Ã�{Ã î�µ¿ô æ ©Â¬­¢$¤�¦(£�̧o£́ ¦(̧o¤�®�� V̧è~¤�¦(§$Á¼µ�§�̧�®oª(¦(¦(©«¦(²¡¢(¤�®o©-�́ ¤�¦!¬­µ å³å ü�µ�¦(§$¬­¢(£�¤�¬̄ ¢(£́ ®X̧o£́ ¦(̧o¤�®�� ¥̧è~¤�¦(§
Á¼µ�§�̧�®̄ ª�¦(¦(©³¦�²�Ë�£)®o¬̄ ©³¶%µ å³å ü�Ã.ñX¢(©«̧À¦(£)¶́ £)̧¯̧ ©̄Â¬�µ2¬̄ £́ §�µ å µ�®̄ ²�£�¦!ª(ç�è�£)®�¤�°�è~¤�¦(§(̧À¤�¦�¬̄ ¢(£VÁ~£́ ®o©³ç[£)¬̄ £́ ®
¤�°Æ¬̄ ¢(£�§�£)Ëx©³¶)£�¬­¤Ð£́ ¦(̧oª(®̄ £�°1ª å³å ¶́ ¤�¦(¦(£́ ¶±¬­©ÂË{©Â¬ÏüÈ°1¤�®Å¬̄ ¢(£�̧o£́ Á¼µ2®­µ2¬̄ £�§(©³µ�²�¤�¦¼µ å ®̄ ¤ æ ¸́ Ã äVå ¸̄ ¤(º
¬­¢(£
å µ2®̄ ²�£�¦!ª(ç̈ è~£́ ®�¤�°jè�¤�¦�§ÐÁ¼µ2§(̧¥¶)®̄ £́ µ2¬­£)§_µ[̧o©«¬̄ ª¼µ2¬­©«¤�¦ æ ¢(£́ ®o£Å¬̄ ¢(£�µ�®̄ £́ µ[¤�°�¬­¢(£Å©³¦(µ�¶)¬̄ ©«Ë�£�ç[£)¬­µ å
æ µ�̧V£)øxª(µ å ¬̄ ¤�¬­¢(µ2¬V¤2°.¬­¢(£�ø!ª¼µ�̧ ©̄«Á¼µ�®�¬­©³¶ å £�¶́ ¤ å³å £)¶)¬̄ ©³¤�¦$ý¼¦(̧)Ã¥ñX¢(£�£!F�£́ ¶±¬�¤�°.¬̄ ¢(©³̧¥¤�¦Ð¬̄ ¢(£�§(µ2¬�µ
æ © å«å è�£À§(©³̧o¶́ ª(̧o̧ £̄)§ å µ2¬̄ £́ ®́ Ã�õj©«²�ª(®̄ £G�{Ã î¥̧o¢(¤ æ j̧¬­¢(£Àª(Á(Á~£́ ® å £)°þ¬
¶́ ¤�®̄ ¦(£)®j¤�°~µ�¦�©³¦¿¬­£)® å £%µ%Ë�£)§̈ ¸̄ £)¦(̧ ¤̄�®
Á¼µ�©«®́ Ã
ñX¢(£ å £)¦(²�¬­¢�¤2°Ìµ�ñÇé�ê̈ £ å £́ ç[£́ ¦¿¬ æ µ2̧K�M��Îb�ÍçDµ�¦(§̈ ¬­¢�£ æ ©³§�¬̄ ¢ æ µ�̧3���Íç å £́ µ�§(©³¦�²V¬­¤Åµ�¦
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270 m
TES

150 m

100 m

õj©«²�ª(®¯£`�{Ã0/���ñX¢(£�Á(¢¿üx¸¯©«¶%µ å�å µ%ü�¤�ª�¬�¤�°�¬¯¢(£�¤%ð{©³§(£¡ý å ¬­£´®�§(£±Ëx©³¶´£2Ã�éBË�£´®�üF¤�¬¯¢(£´®Å¸¯£)¦(¸¯¤�®�¢¼µ�§
µ�¦Ð¤�ð{©«§(£Åý å ¬­£)® å µ%ü�£)®¥¸o¤�¬­¢(µ2¬�£%µ�¶�¢P£±Ë�£)¦!¬ æ ¤�ª å §�è�£Å¸¯¢¼µ2®¯£´§Pµ�¸¥£)ø!ª¼µ å³å ü$µ�¸�Á�¤�¸¯¸¯©«è å £2Ã�ñX¢(£
äVå ª(ç[©³¦!ª(çÕý¼¦(¸ æ £´®o£$¤�¦ å ü@íf#2Î��Íç WÕí�Î�Î��ÍçÐº.µ�¦(§�¬­¢�£`ø!ª¼µ�¸¯©«Á¼µ�®�¬­©³¶ å £[¬­®­µ2Á�®¯£)²�©³¤�¦ æ µ�¸
í�Î��Ìç å ¤�¦(²(ÃBñX¢(£ÅñÇé�ê�©«¬¯¸¯£ å ° æ µ2¸��M�2Î��Íç�º�¸ å ©³²�¢¿¬ å ü å µ�®o²�£´®Æ¬¯¢¼µ�¦�¬­¢(£��M#�Î��Íç å ¤�¦(²�ñÇé�ê�¤�°
¬­¢�£ ä¥å £�ð$§(£´¸o©³²�¦ÌÃ

£´¸�¬­©«ç�µ2¬¯£´§r^�Ã���#.k ¦(¤�®¯ç�µ å ®¯£)¸¯©«¸o¬�µ2¦(¶´£2ºÌ²�©ÂË�£´¦Ð¬­¢(£_#.k ð�� ¬­ª�¦(²�¸o¬¯£´¦_®o£´¸¯©«¸o¬¯©«Ëx©«¬Ïü�Ã�¾V¬­¢�£´®�µ2¸.�
Á~£´¶)¬¯¸�¤�°�¬­¢(£�¸¯©«¦(² å £
��éBñÿ£ å £´ç[£´¦¿¬À§(£´¸o©³²�¦ æ £)®¯£¥ç�µ�§�£�¸o©³ç[© å µ�®j¬­¤�¬­¢�£ ä¥å £±ð[§�£´¸¯©«²�¦ÍÃ.ñX¢�£´®¯£
æ £´®¯£`µ�¬­¤2¬�µ å ¤�°Ç¸o£)Ë�£)¦Jø!ª¼µ�¸¯©«Á¼µ�®�¬­©³¶ å £[¶´¤ å«å £)¶)¬­©«¤�¦_ý¼¦(¸¨Á~£´®�ñÇé�ê�£ å £´ç[£´¦¿¬%º.è�ª�¬�¬¯¢(£)ü æ £´®¯£
ç¨ª(¶�¢�¸¯ç�µ å«å £´®À¬­¢¼µ�¦$¬­¢�£Å¤�¦(£´¸�¤�¦�¬­¢(£ ä¥å £±ð�§(£´¸o©³²�¦�¸¯©«¦(¶´£�¬­¢�£�µ2®¯£%µ¡¶´¤�Ë�£´®­µ2²�£�®o£´ø!ª(©«®¯£´ç[£´¦¿¬
æ µ�¸jË�£)®oü�ç¨ª(¶�¢¨ç[¤�®¯£�®¯£ å µ&ð{£)§ÍÃBéfµ�¶�¢¨ý¼¦ æ µ�¸.¤�¦ å ü¡í�Î�Îb�Íç æ ©³§(£�µ�¦(§`íf#2Îb�Íç å ¤�¦(²�Ã�JÆµ2¸¯£´§
¤�¦�£´¸�¬­©³ç�µ2¬¯£´¸X¤�°�¬­¢(£�ø!ª¼µ�¸o©³Á¼µ�®�¬­©«¶ å £�§�©,F�ª(¸¯©«¤�¦ å £´¦�²�¬­¢Íº æ £Å£±ð{Á~£´¶)¬V¶ å ¤�¸¯£�¬­¤�¬¯¢(£Å¬¯¢(£´¤�®¯£)¬¯©³¶´µ å
ç�µ&ð{©³ç¨ª(çÕ©«¦�£´¦�£´®¯²2ü�¶´¤ å³å £)¶)¬¯©³¤�¦È°1¤�®�¬¯¢(©³¸�§(£)Ëx©³¶)£�ÃÈõj©«²�ª(®o£X�{Ã0/P¸¯¢�¤ æ ¸¡µÐ¶ å ¤�¸¯£`ª(ÁJ¤2°X¬­¢(£
©³¦�§(©«Ëx©³§�ª¼µ å ¸o£´¦(¸o¤�®�£ å £)ç�£)¦¿¬%Ã

ñX¢(£Æ²�¤�µ å ¤2°(¬­¢(©«¸j§(£±Ëx©³¶´£ æ µ2¸Bµ å ¸o¤¥¬¯¤�è�£�µ�¸�°·µ2¸o¬Bµ2¸jÁ~¤�¸¯¸o©³è å £�¬¯¤�§(£)¬¯£´¶±¬fµ�¦¿ü�§�©,F�£´®¯£)¦(¶´£À©³¦
¬­¢�£�µ2®¯®¯©ÂË2µ å ¬¯©³ç[£�¤�°�¬­¢(£�§(©¡FÌ£)®¯£)¦!¬�Á(¢�¤�¦(¤�¦$¸¯Á~£´¶)©³£)¸´Ã�ñX¢(£�¸¯¢(¤�®�¬­£)¦(©³¦(²¡¤�°
¬­¢�£Åø!ª¼µ2¸¯©³Á(µ�®o¬¯©³¶ å £
ý¼¦(¸ æ ¤�ª å §[®¯£)§(ª(¶´£�¬­¢(£¥§(©,F�ª(¸o©³¤�¦�¬­©«ç�£X¬¯¤ s í��Í¸´º{¸¯¤�¬¯¢(£Çú v äVå ¤�Ë�£)® å µ2Á�®¯£)²�©³¤�¦ å £%µ�§(©«¦(²�¬­¤
¬­¢�£�ú ¸oÁ(ª(®o¸ æ µ2¸À¸o¢(¤�®o¬¯£´¦(£)§`¬­¤�#��ÍçK¤�¦�£%µ�¶�¢`¸o©³§(£2Ã.ñX¢(£�ú ¸¯Á(ª�®¯¸´º å ©,H�£X¬­¢(£ äVå £±ð[§(£)¸¯©«²�¦Íº
æ £´®¯£I/a�Íç å ¤�¦(²�Ã
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Silicon

AluminumAluminum SiOSiO22 [500Å]Tungsten TESTungsten TES

õj©«²�ª(®¯£��{Ã�#5��ñX¢(£ÇÁ(®o¤{¶)£´¸o¸ å µ%ü�£´®o¸f¤�°�¬­¢(£X¤%ð{©³§(£Æý å ¬­£)®B§(£)Ëx©«¶´£�ÃbY¥¤�¬¯£Æ¬­¢¼µ2¬�µ2ç�¤�®oÁ(¢(¤�ª�¸.¸¯© å ©³¶)¤�¦
£±ð{©«¸o¬­¸Ç¤�¦ å ü`ª�¦(§(£´®X¬¯¢(£Åµ å ª(ç[©³¦!ª(ç�ø!ª¼µ�¸o©³Á¼µ�®�¬­©«¶ å £¥ý¼¦(¸�µ�¦(§�¦(¤�¬Çè~£ å ¤ æ ¬­¢�£�¬¯ª(¦(²�¸�¬­£)¦ÐñÇé�ê�Ã
ñX¢(©«¸ æ µ�¸X¬­¤¡Á(®o£)Ë�£´¦¿¬�µ�¦¿ü`Ë2µ�®o©Éµ2¬¯©³¤�¦�©³¦$ñ À §(ª�£�¬¯¤¡¸¯ª(è(¸�¬­®¯µ2¬­£Å¶´¤�¦�§(©«¬¯©³¤�¦(¸)Ã

ñX¢(£�¸¯ª�è(¸o¬¯®­µ2¬¯£¨ª(¸¯£)§ æ µ�¸�µlíÖç�çH¬¯¢(©³¶PHr��Hxk3�Ï¶´ç Á4�Ó¬ÏüxÁ~£Unöí�Î�Î�pjî�©³¦�¶�¢P¸¯© å ©³¶)¤�¦ æ µ2°1£)®´Ã
ä ¦ ¤%ð�©«§(£ å µ%ü�£)®�¤2°O#�Î.¦(ç æ µ�¸[²�®¯¤ æ ¦ Á(®¯©«¤�®�¬­¤È¬­¢(£Ðµ�Á(Á å ©³¶´µ2¬­©«¤�¦J¤�°�µ2¦!üÊç[£)¬­µ å ý å ç ¬­¤
¬­¢�£�¸¯ª(è(¸�¬­®¯µ2¬­£2Ã¨ñX¢(£�¤%ð{©³§(£ å µ�ü�£´® æ µ�¸�¶´®o£%µ2¬¯£´§Äª(¸¯©«¦(²$µ`¸o¬­µ�¦(§¼µ2®¯§_¬­¢(£)®¯ç�µ å ¤%ð{©³§�£�²�®¯¤ æ ¬­¢
°1ª(®o¦¼µ�¶´£2Ã�éB¬¯¶�¢(©³¦�²�¤�°
¬­¢�£Å¤%ð{©³§�£ æ µ�¸�Á�£)®o°1¤�®oç�£)§ æ ©«¬­¢$§(© å ª�¬¯£m[Võ@µ2°þ¬¯£´®Çµ¡Á¼µ2¬¯¬¯£´®o¦(©³¦(²¡¸�¬­£´Á
¬­¤�§(£±ý¼¦(£¡¬­¢(£[¶�¢(£´¶PH2£´®oè�¤¿µ2®¯§�Á¼µ&¬¯¬­£)®¯¦ÍÃ äVå ©³²�¦�ç�£)¦!¬�ç�µ�®7Hx¸ æ £´®o£ å µ�©³§È§(¤ æ ¦Ä©³¦È¬­¢(£¡¤%ð{©³§(£
©³¦Ð¬­¢(£�¸¯µ�ç�£�¸o¬­£)Á óùê{£)£¡õj©³²(ÃI�xÃ�#�ôX¬­¤$µ å«å ¤ æ ¬­¢�£¨®¯£)²�©³¸�¬­®­µ&¬­©³¤�¦P¤�°B¬­¢�£1��éBñ;¸¯£)¦(¸¯¤�®�¤�¦P¬­¢(£
¤%ð{©³§(£ å µ�ü�£´®)Ã�êxª(è(¸¯£)ø!ª(£´¦¿¬�Á(µ2¬¯¬¯£´®¯¦�©³¦(² æ µ�¸XË�£´®�ü�¸¯©«ç�© å µ�®f¬­¤�¬¯¢(£�Á(®¯¤x¶´£)¸¯¸¯©«¦(²¡¤�°jµ¡¸�¬�µ�¦�§¼µ�®¯§��éBñû§�£)Ëx©³¶)£�µ�¦(§�¬¯¢(£�¸o£´¦(¸o¤�®¯¸Æ¤�Ë�£´®Æ¬­¢�£V¤%ð{©³§(£ æ £)®¯£�©³§�£´¦¿¬­©«¶%µ å ¬­¤�¬­¢(£�¤�¦(£´¸ æ ©Â¬­¢(¤�ª�¬�¤%ð{©³§�£�Ã
äVå ª(ç[©³¦!ª(ç ý(¦(¸ æ £´®o£�íf#�Î.¦�ç¹¬­¢(©«¶PH¡µ�¦(§�¶)¤�ç[Á å £±¬­£ å ü�¶´¤�Ë�£´®¯£)§�¬­¢�£V¤%ð{©³§(£Çè~£ å ¤ æ ÃBñX¢(©«¸ æ µ�¸
¬­¤$£)¦(¸¯ª(®o£�¬¯¢¼µ2¬�¬­¢�£[Á�®¯£´¸o£´¦(¶)£�¤�°�£±ð{Á~¤�¸¯£)§F¤%ð{©³§(£¡©³¦_¬¯¢(£¡¸¯Á(ª�¬o¬­£)®¯©³¦�²Ð¶�¢¼µ2ç¨è�£)® æ ¤�ª å §Ä¦(¤�¬
§(£)²�®­µ�§�£[¬¯¢(£�ñ À ¤2°�¬­¢�£[¬¯ª(¦(²�¸�¬­£´¦ÌÃ�ñX¢(£�ý¼¦(µ å ñÇéÀêÈ¬­ª(¦(²�¸o¬­£)¦ æ µ�¸�¬¯¢(£�¸�¬�µ�¦�§¼µ�®¯§Fî$#j¦(ç�Ã
äVå ¬­¢(¤�ª(²�¢�¬­¢�£�ñÇéÀê æ µ�¸¡¦(¤�¬�Á å µ�¶)£´§Ê¤�Ë�£´®¡µ2¦@¤%ð{©³§�£ å µ%ü�£)®´º�µ�¦(§J¸o¤Ä¦�¤�¬¡¸¯ª(è£�o£´¶)¬¡¬¯¤P¬­¢(£
ý å ¬­£´®o©³¦(²�£!F�£´¶±¬X§(©³®o£´¶±¬ å ü�ºx¬¯¢(£�µ�®o£%µ�®¯µ2¬­©«¤ æ µ�¸X¤�¦ å ü�íf¥¹¤�°Ö¬­¢(£�µ å ª(ç[©³¦!ª(çÙµ2®¯£%µ{Ã ä ¦¿ü`£	FÌ£)¶)¬
µ�¸o¸¯¤x¶´©Éµ&¬­£´§ æ ©Â¬­¢$¬­¢(£�§(©«®¯£´¶±¬�µ�è(¸o¤�®¯Á�¬¯©³¤�¦$¤�°�Á(¢(¤�¦(¤�¦(¸Ç©³¦¿¬¯¤¡¬¯¢(£�ñÇé�ê æ ¤�ª å §$è~£�¸¯ç�µ å³å Ã
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õj©«²�ª(®¯£X�{Ã}^4�`µ�Ã ä ¸¯£±¬[¤�°�¸­µ�ç[Á å £�Á(ª å ¸¯£´¸�°1®o¤�çá¬¯¢(£�¤%ð{©³§(£$µ�¦�§J¦(¤�¦4�Ó¤�ð{©«§(£�¸¯£)¦(¸¯¤�®)ÃFñX¢(£
¢(¤�®o©-�)¤�¦¿¬�µ å µ&ð{©³¸À©³¸�©³¦[¬­£´¦¿¬¯¢(¸Æ¤�°��Ì¸´Ã:gÇ©³¸¯£�¬­©«ç�£)¸ æ £´®o£ s í��Í¸�µ�¦(§�°·µ å³å ¬­©«ç�£)¸ æ £´®o£ s #�Îb�Ì¸´Ã
èÍÃ ä Á å ¤�¬f¤�°Í¸o©³²�¦(µ å ¢(£)©³²�¢¿¬�©³¦ ä Ë{¸)ÃB¸¯©«²�¦¼µ å ¢(£)©³²�¢¿¬�©³¦`JVÃ¿ñX¢(£�^�ÎbH2£!V Á(¢(¤�¬¯¤�¦(¸Àµ�®¯£�¸¯Á(®o£%µ�§
è¿ü$µ�°·µ�¶)¬¯¤�®X¤�°b��©«¦$£´¦(£)®¯²�ü�µ�¦�§�¶ å £´µ�® å ü`¸¯¢�¤ æ ¸�£)Ëx©«§(£´¦(¶)£�¤2°j§(¤ æ ¦(¶)¤�¦¿Ë�£)®¯¸¯©«¤�¦ÍÃ
�`O�N D S�<.]_�)Ua<
ñX¢(£B¬ æ ¤¥§(£±Ëx©³¶´£)¸ æ £)®¯£BË�£)®oü æ £ å³å ç�µ2¬¯¶�¢(£´§ æ ©Â¬­¢�®¯£)²¿µ�®¯§�¬¯¤X¶´®¯©Â¬­©«¶%µ å Á�£)®o°1¤�®oç�µ�¦�¶´£Bç[£%µ�¸oª(®¯£)¸´Ã
ñX¢(£¥¸¯ª(Á~£´®o¶´¤�¦(§�ª(¶)¬¯©³¦(²�¬¯®­µ�¦�¸¯©«¬¯©³¤�¦¡¬­£)ç�Á~£´®¯µ2¬­ª�®¯£ æ µ�¸Ví�/¿Î.ç`u¡º!µ2¦(§ æ µ�¸À¬¯¢(£V¸¯µ�ç[£¥©«¦�è~¤�¬­¢
¸¯£)¦(¸¯¤�®¯¸�¬­¤ s Î�Ã«íÖç`u�ÃÍñX¢(£�®o£´¸¯©«¸o¬­µ�¦(¶´£ æ µ�¸�Ë�£)®oü_¶ å ¤�¸o£¨¬­¤`¬¯¢(£�§(£´¸o©³²�¦_Ë2µ å ª(£¨¤�°3^�Ã}�M#.k×©³¦
è~¤�¬­¢�¸¯£´¦�¸¯¤�®o¸�ó��zÎ�Ã}�M#.kÇô±º æ ¢(©«¶�¢ æ µ�¸�¸�¬­®¯¤�¦(²�£±Ë{©«§(£´¦�¶´£V¤2°Í°1ª å³å ¶)¤�¦(¦(£)¶)¬¯©«Ëx©«¬Ïü�Ã.ñX¢(£VÁ�¢(¤�¦(¤�¦
¸¯£)¦(¸¯¤�®¯¸�¢(µ�§�®o©³¸o£�¬¯©³ç[£´¸B¤�° s í��Í¸)ºx¬­µ�H!©³¦(²�µ�§�Ë2µ�¦¿¬�µ2²�£Ç¤�°Ì¬¯¢(£¥¸o¢(¤�®�¬Àø!ª¼µ2¸¯©³Á(µ�®o¬¯©³¶ å £Ç§(©,F�ª(¸¯©«¤�¦
å £)¦(²�¬¯¢Pó1¸¯£´£Võj©³²�ª(®¯£��{Ã0/!ô±Ãjõ�µ å³å ¬¯©³ç[£´¸ æ £´®¯£¥¤�¦�¬¯¢(£�¤�®¯§(£)®À¤2°�#�Îb�Í¸)Ã.ëÏè(ëÏ¸À§¼µ2¬�µ æ µ�¸À¬­µ�H�£)¦�µ2¬
µ¨Ë2µ�®¯©«£)¬Ïü�¤�°
¬­£)ç�Á~£´®¯µ2¬­ª�®¯£´¸X¬¯¤[£)¦(¸¯ª�®¯£�¬­¢¼µ2¬Çè~¤�¬¯¢Ð¸o£´¦(¸o¤�®¯¸ æ £)®¯£Å©³§(£)¦¿¬­©³¶´µ å ©«¦Ðµ å³å ®o£´¸oÁ�£)¶)¬­¸)Ã

õj©³²�ª(®¯£��{Ã�^�µ�¸¯¢(¤ æ ¸�Á�ª å ¸o£´¸f°1®¯¤�ç¹¬¯¢(£�¬ æ ¤�¸o£´¦(¸o¤�®¯¸)ÃfñX¢(£V®o£´¸¯¤ å ª�¬¯©³¤�¦¡¤�°Ì£%µ�¶�¢`¸o£´¦(¸o¤�® æ µ�¸s í�H2£!V õ�úT[Vï�º{¬­µ�H!©³¦(²Å¬­¢(£�ç�µ&ð{©³ç�ª(çÙ¤�°Ö¬­¢(£�^�ÎbH�£	Vz¸ æ µ2¬­¢$µ�¸Æµ�¦�£´¦(£)®¯²�ü�¶%µ å ©³è�®­µ2¬¯©³¤�¦ÍÃY¥¤2¬­£Æ¬­¢�£�¶ å £´µ�®.¸¯©«²�¦¼µ2¬¯ª(®¯£X¤2°Íµ�è¼µ å«å ©«¸o¬­©«¶À¶)¤�ç[Á�¤�¦�£´¦¿¬f©³¦�¬­¢�£XÁ�£´µ�H�£)§�¸o¬¯®¯ª(¶±¬­ª(®o£Ç¤�°�¬¯¢(£XÁ(ª å ¸¯£
©³¦È¬­¢�£[ý¼®o¸o¬�í�Îb�Í¸)Ã�ñX¢(£)®¯£ æ µ�¸Å¦(¤ÐËx©«¸¯©³è å £�§(©¡FÌ£)®¯£´¦�¶´£[©³¦È¬­¢(£[®¯©«¸¯£�¬­©«ç�£)¸Å¤�®�°·µ å³å ¬­©«ç�£)¸�©³¦
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õj©«²�ª(®¯£��{Ã}�4��ñX¢�£X¸¯©³²�¦¼µ å ¢�£´©³²�¢!¬.®­µ2¬¯©³¤V¤2°�¤%ð{©³§�£X¤ÑË�£´®B¦(¤�¦4�Ï¤%ð{©³§(£ÀË�£´®o¸¯ª(¸f¢(£)©³²�¢¿¬B©«¦�¦(¤�¦4�Ó¤%ð�©«§(£
¸¯£)¦(¸¯¤�®.°1¤�®BÎVË�¤ å ¬­¸Xó å £±°þ¬.¸o©³§(£%ôjµ�¦(§¡îVË�¤ å ¬¯¸Çó·®o©³²�¢¿¬.¸o©³§(£%ô±Ã�ñX¢(£X¸¯ç[£%µ�®j©³¦�¬¯¢(£�^�ÎbH�£	V»Á(¢(¤�¬¯¤�¦(¸
©³¸Æ°1®o¤�ç7§�¤ æ ¦Ð¶´¤�¦¿Ë�£´®¯¸o©³¤�¦Ð¤�°�Á(¢(¤�¦(¤�¦(¸Ç©³¦�¬­¢(£�Á~£´®o©³ç[£)¬­£)®Æç[£)¬�µ åÍå µ%ü�£)®´Ã

¬­¢�£¥¬ æ ¤�§(£)¬¯£´¶)¬¯¤�®¯¸)ÃfñX¢(£�¸¯£)¦(¸¯¤�® æ ©«¬¯¢�¬­¢(£¥¸¯ç�µ å³å £´®fÁ(ª å ¸¯£¡ó s eM#M¥¡ô æ µ�¸Æ©³¦[°·µ�¶)¬À¬­¢(£¥¸¯£)¦(¸¯¤�®
æ ©«¬¯¢d#�Î.¦(ç ¤�°�¾Vð{©«§(£�Ã�ñX¢(©³¸�§�©,F�£´®¯£)¦(¶´£¡¶)¤�ª å §_¢(µ�Ë�£¡£%µ�¸o© å ü�è~£´£)¦�§(ª�£¨¬­¤�§(©¡FÌ£)®¯£´¦¿¬�¸o¢xª�¦!¬
®¯£)¸¯©«¸o¬­¤�®¯¸´º¼¶)®¯£´µ2¬­©«¦(²¡§(©,F�£´®o£´¦¿¬ÇË�¤ å ¬�µ�²�£�è�©Éµ�¸o£´¸�µ�¦(§�¬­¢�£´®¯£±°1¤�®Ç§(©,F�£´®o£´¦¿¬�¸¯©«²�¦¼µ å ¢�£´©³²�¢!¬¯¸´Ã

ëÓ°Ö©³¦�¸o¬­£´µ�§ æ £�µ2¸¯¸¯ª�ç�£�¬­¢¼µ2¬f¬¯¢(©³¸Àµ2¬¯¬¯£´¦!ª¼µ2¬¯©³¤�¦[©³¸Àµ�¶±¬­ª¼µ å«å ü�§(ª(£¥¬¯¤�¤%ð{©³§(£2º æ £¥ç�£´µ�¸¯ª(®o£�µ��Î�Î.¦�ç�ó0�B#�Î.¦(ç�ô�ç[£%µ�¦�°1®¯£´£XÁ(µ2¬­¢�°1¤�®.©³¦¿¬­®o©³¦(¸o©³¶�Á(¢(¤�¦�¤�¦(¸B©³¦�¤�ª(®j¬¯¢(£´®oç�µ å ¤%ð{©³§(£2Ã ä ç¨ª(¶�¢
ç[¤�®¯£ å ©-H�£ å ü�£±ð{Á å µ2¦¼µ2¬­©«¤�¦¡©³¸B¬­¢(µ2¬f¬­¢(£=e�Î$¥ å ©³¦�£X©³¸B®¯£´µ å ü¨§(ª(£Ç¬­¤�ó·¶´¤ å §�ôj£ å £´¶±¬­®o¤�¦(©³¶)¸�µ�¦(§¡¬­¢(£
µ2¬o¬­£´¦!ª¼µ&¬­©³¤�¦l©³¸�¬­¢(£�§(©,F�£´®o£´¦(¶)£¨©³¦Ð®­µ2¬¯©³¤�µ�¶´®o¤�¸¯¸¥¬­¢(£�^�ÎbH�£	VKÁ�£´µ�H�ÃVëÓ° æ £¨ª(¸o£�¬­¢(©«¸V®¯µ2¬­©«¤�¤�°
ç[¤�®¯£ å ©-H2£�|�Î$¥ æ £Xý¼¦(§[µ�ç[£%µ�¦¨°1®o£´£XÁ¼µ2¬¯¢¡¤�°Íµ2è�¤�ª{¬K#�Î�Î.¦(ç�ÃbJÀ¤�¬­¢�¤�°~¬­¢�£´¸¯£Ç£)¸o¬­©«ç�µ&¬­£´¸.µ�®¯£
ç¨ª(¶�¢ å ¤�¦(²�£)®
¬¯¢¼µ�¦¨¬¯¢(£ÆÁ(®o£)Ëx©³¤�ª�¸ å üÅç[£%µ�¸oª(®¯£)§¨Ë2µ å ª(£À¤�°���Î{�Ïî$#j¦(çzµ2¬be$�M#H7O[��Mnòíf��^{p÷ÃBéB©«¬­¢�£´®
¬­¢�£´®¯£�©«¸¥µ�¸�ü{¸�¬­£)ç�µ2¬¯©³¶�§(©¡FÌ£)®¯£´¦�¶´£�©³¦�¬­¢�£ÅÁ�®¯£´Á(µ�®­µ2¬¯©³¤�¦$¤�°
¬­¢�£Å¬¯¢(£´®oç�µ å ¤�ð{©«§(£´¸Çª(¸o£´§l©«¦�¬­¢(£
¬ æ ¤Ð£�ð�Á~£´®o©³ç[£´¦¿¬­¸)º�¤�®�¬­¢(£)®¯£¡©³¸�µ�¦Èª(¦{°1¤�®¯¸o£´£´¦Ä¬­£)ç�Á~£´®¯µ2¬­ª(®o£�£!F�£´¶±¬%Ã�õ�®o¤�çEç[£%µ2¸¯ª(®o£´ç[£´¦¿¬­¸
ç�µ�§(£l¤�¦ÿ¬­¢(£P§(µ�®cH ç�µ2¬o¬­£)®�§(£±¬­£´¶±¬­¤�®o¸Äó·¸o¢(¤ æ ¦û©«¦ÿÁ(®o£)Ëx©³¤�ª�¸`¶�¢¼µ�Á�¬¯£´®o¸�ô±º æ £_¢(µ�Ë�£_²�®¯£´µ2¬
¶´¤�¦�ý¼§(£)¦(¶´£�¬­¢¼µ&¬�¬¯¢(£ÅìÖª�H�£ÅÁ(¢(¤�¦�¤�¦(¸�µ�®¯£�¤�° å ¤ æ £´®Çµ%Ë�£)®­µ�²�£Å°1®o£´ø!ª(£´¦�¶)ü�Ã
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õj©«²�ª(®¯£��{Ã�e��� å ¤�¬�¤�°BÁ~¤ æ £´®¥§(©³¸o¸¯©«Á¼µ2¬­£)§ÐËx¸´ÃÇ¸oª(è(¸o¬¯®­µ2¬¯£�¬­£)ç�Á~£´®¯µ2¬­ª�®¯£�°1¤�®Ç¤�¦(£�¤2°.¬­¢(£Å¤%ð{©³§(£
¸¯£)¦(¸¯¤�®¯¸´ÃrD�ª(®�Ë�£´¸�®¯£´Á�®¯£´¸o£´¦¿¬¡µ�ñ���ºjñ â ºjµ�¦(§Fñ�¼�¬­¢(£)®¯ç�µ å ¶´¤�¦�§(ª(¶)¬¯©«Ëx©«¬ÏüÄ§(£)Á�£)¦(§(£)¦(¶´£2Ã ä ¬
å ¤ æ Á�¤ æ £´®o¸¨ó1ñ � ì í�î�Î.ç`uÅôÆµ�ñ â §(£)Á�£)¦(§(£)¦(¶´£�µ�Á(Á~£%µ�®o¸Ç¬¯¤¡è�£�¬­¢�£Åè~£´¸�¬Çý(¬%Ã

ñX¢(£�£)¦(£´®o²�ü�®¯£)¸¯¤ å ª�¬­©«¤�¦$¤�°j¬¯¢(©³¸Ç§(£±¬­£´¶±¬­¤�®Vµ å³å ¤ æ ¸Xª(¸¥¬¯¤�£)¸o¬­©«ç�µ&¬­£�¬­¢(£Å©³ç[Á(®o¤ÑË�£´ç[£´¦¿¬�©³¦
¶´¤ å³å £)¶)¬¯©³¤�¦Å£!«[¶´©«£´¦(¶±ü�°1®o¤�ç;¬¯¢(£�¸o¢(¤�®�¬­£´®.µ å ª(ç[©³¦!ª(ç ý(¦(¸´ÃBõ¼®o¤�çz£´ø!ª¼µ2¬¯©³¤�¦Ô�xÃ«íf# æ £X¶´µ å ¶)ª å µ2¬¯£
µ�õ�úT[Vï�¬­¢¼µ&¬ æ ¤�ª å §�è~£�ý(Ë�£�¬­©«ç�£)¸ æ ¤�®¯¸o£Æ¬­¢¼µ�¦ ä¥å £�ðÌÃ�ñX¢(©³¸j¶´¤�ç[£´¸j°1®o¤�ç×¬­¢(£X£ å £±Ë�µ&¬­£´§�ñ À
¤�°fí�/�Î.ç6u µ2¦(§`¬­¢(£¥¸¯ç�µ å³å £´®Bú µ�®o£%µ�è¿ü�µ�°·µ�¶)¬¯¤�®�¤2°�/$ó�í%Î�ÎO�:�IWà�M�2ÎIW×Î{Ã Î�îM#�¶´¤�ç[Á¼µ�®o£´§
¬­¤6/M/M/`���1WS�M#2Î1WÙÎ�Ã Î�î$#�ô±Ã�ñX¢(£�®¯£)¸¯¤ å ª�¬­©«¤�¦ æ µ�¸�¤�¦ å üÐµ�è~¤�ª�¬V¬ æ ©«¶´£�µ�¸�è¼µ�§l©³ç[Á å üx©³¦�²�µ�{Ã}#�¬­©³ç[£´¸Xè~£)¬o¬­£)®�¶)¤ å³å £´¶±¬­©³¤�¦`£!«[¶´©«£´¦(¶±ü�º�¤�®�Ã�/£¥K¬­¤�¬­µ å Á(¢(¤�¦(¤�¦�¶´¤ å«å £´¶±¬­©«¤�¦ÍÃ

õj©³²�ª(®¯£��{Ã}�¡¸o¢(¤ æ ¸¥¬¯¢(£�®¯µ2¬­©«¤¡¤�°.¸o£´¦(¸o¤�® ä ¤�Ë�£)®V¸¯£)¦(¸¯¤�®�J»Á å ¤�¬o¬­£)§�Ë�£´®¯¸oª(¸�¸o£´¦(¸o¤�®
J»°1¤�®
¬ æ ¤¡Ë�¤ å ¬­µ�²�£)¸´Ã.ú�£�£±ð{Á å µ�©³¦�¬¯¢(£�¸oÁ(®¯£´µ�§$©³¦�Á(¢(¤�¦(¤�¦�£´¦�£´®¯²2ü`¤�°Ö¬¯¢(£O^�ÎbH�£	VzÁ(¢(¤�¬¯¤�¦(¸Æè¿ü�¬­¢(£
§(¤ æ ¦(¶)¤�¦¿Ë�£´®o¸¯©«¤�¦l¤�°
Á(¢�¤�¦(¤�¦(¸�µ2¬X¬¯¢(£�£´§�²�£´¸Ç¤�°
¬­¢(£�§�£)¬­£)¶)¬¯¤�®´ÃfñX¢(£Åµ�®o£%µ�¶´¤�Ë�£)®­µ�²�£Å¤2°�è~¤�¦(§
Á¼µ�§�¸¥¶)¤�ç�Á(µ�®¯£)§�¬¯¤�¶)¤ å³å £´¶)¬¯¤�®Æý¼¦(¸Vµ�®¯£Åµ�è~¤�ª�¬�£)øxª(µ å º~µ�¸�µ�®o£Å¬¯¢(£�¦!ª(ç�è�£)®¥¤�°j£)Ë�£´¦¿¬­¸¥©³¦$¬­¢(£
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c	�Xe íf��/
¢(©«²�¢�µ�¦(§ å ¤ æ Á~¤�®o¬¯©³¤�¦�¤2°j¬­¢�£�^�ÎbH�£!VDÁ�£´µ�H�ÃÀñX¢!ª(¸)º�§�¤ æ ¦�¶´¤�¦¿Ë�£)®o¬¯£´§_Á(¢(¤�¦(¤�¦(¸�ó1¬¯¢¼µ2¬�¢¼µ%Ë�£
©³¦¿¬¯£´®­µ2¶)¬­£)§ ¤�¦�¶´£$©³¦ µ�¦@©³¦¼µ�¶±¬­©ÂË�£�ç[£)¬�µ åXå µ%ü�£)®�ô¨¸¯¢(¤ æ µÈ¸oüx¸�¬­£´ç�µ2¬¯©³¶%µ å³å üF¸¯ç�µ å³å £´®¨Á�¢(¤�¦(¤�¦
µ2¬o¬­£´¦!ª¼µ&¬­©³¤�¦È¬¯¢¼µ�¦È¬­¢(£¡ª(¦�§(¤ æ ¦(¶´¤�¦¿Ë�£´®o¬¯£´§ÊÁ(¢(¤�¦(¤�¦(¸)Ã�ñX¢(©«¸�©³¸�µ�Á(®¯¤x¤�°À¤�°Æ¶)¤�¦(¶)£´Á�¬�¤�°�¬­¢(£
Á(®o©³¦(¶)©³Á å £�¤�°
Á(¢(¤�¦�¤�¦Ð§�©³¸¯¶)®¯©«ç�©«¦¼µ2¬­©«¤�¦ÍÃ)L¥¦{°1¤�®o¬¯ª(¦¼µ2¬¯£ å ü�¬­¢(£�£	FÌ£)¶)¬�©³¸Æ¸oç�µ å³å ó1¤�°�¤�®¯§(£)®�í�Î$¥¡ô
µ�¦(§�§(©³§¡¦(¤2¬�¶)®¯£%µ&¬­£¥µÅç[£%µ�¸oª(®­µ2è å £Ç¸¯¢�©«°þ¬�©³¦¡¬­¢(£Ç®¯µ2¬­©«¤Å¤2°Í¦(£)ª�¬­®o¤�¦(¸À¬¯¤�²�µ�ç�ç�µ�¸fµ2¬Àµ�¦¿ü¡è(©³µ�¸
Ë�¤ å ¬�µ2²�£�ÃBñX¢(£�¦�£±ðx¬�¸o¬­£)Á$©³¸X¶ å £%µ�® å ü¡¬­¤�°·µ�è�®¯©³¶´µ2¬­£�µ¨§(£)Ëx©³¶)£ æ ©«¬¯¢Ðµ¨ç�ª(¶�¢�¬­¢(©«¶PH�£´®Ç¤%ð{©³§(£[ó1¤�®
¤�¬¯¢(£´®X¸oª(©«¬­µ�è å £�µ�ç�¤�®¯Á(¢(¤�ª(¸Æç�µ2¬­£)®¯©Éµ å ôB¶´¤�ç[ç�£)¦(¸¯ª�®­µ2¬¯£ æ ©«¬­¢`¬¯¢(£�¶´¤�®¯®¯£)¶)¬�ç[£%µ�¦`°1®o£´£�Á¼µ2¬¯¢ÍÃ

õj©³¦(µ å³å ü�º(è¿ü�¬�µ�Hx©«¦(²[®¯£´Á~£%µ&¬­£´§lëÏè(ëÏ¸V¶)ª(®oË�£´¸�µ2¸�¬¯¢(£�¸oª(è(¸�¬­®­µ&¬­£�¬¯£´ç[Á�£)®­µ2¬¯ª(®¯£ æ µ�¸V¸ æ £)Á�¬%º
æ £l¶´¤�ª å § µ2¬¯¬¯£´ç[Á�¬�¬¯¤Fç[£%µ�¸oª(®¯£$¬­¢�£Ð¬­¢�£´®¯ç�µ å ¶´¤�¦(§(ª(¶±¬­©«Ëx©Â¬ÏüÊ£±ð{Á�¤�¦(£´¦¿¬$µ�¦�§ÿ¶´¤�¦{ý¼®¯ç µ�¦
£ å £´¶±¬­®¯¤�¦4�ÏÁ(¢�¤�¦(¤�¦Ä§(£´¶)¤�ª(Á å ©³¦(²�°1¤�®oçÔ¤�°�ñ â Ã ä ¬Å£%µ2¶�¢�¬­£)ç�Á~£´®¯µ2¬­ª�®¯£¡¬­¢(£�°1ª å«å V�Ëx¸)Ã�ëÏèÍº�g
Ëx¸´ÃfëÏèÍº{µ�¦(§U �Ëx¸´ÃBëÏè æ µ�¸�§�£´¶´¤�¦!Ë�¤ å Ë�£´§ÍÃfú�£V¬­¢(£)¦`®¯£)¶´¤�®o§(£´§`¬¯¢(£VË2µ å ª(£¥¤2°Í¬­¢(£VÁ�¤ æ £´®�¬¯¢¼µ2¬
¬­¢�£¥ñÇé�ê æ µ�¸�§�©³¸¯¸o©³Á¼µ&¬­©³¦�²Å©«¦¿¬­¤�¬­¢(£¥¸¯ª(è(¸�¬­®¯µ2¬­£ æ ¢(© å £¥µ&¬�µÅ®¯£)¸¯©³¸�¬�µ�¦�¶´£V¤2°��.kÿµ�¸�°1ª(¦(¶±¬­©³¤�¦�¤�°
¸¯ª�è(¸o¬¯®­µ2¬¯£¨¬­£´ç[Á~£´®­µ&¬­ª(®o£�Ã�ëÏ¦Èõj©³²�ª(®¯£_�{Ã}e æ £�Á å ¤�¬V¬¯¢(£�®¯£)¸¯ª å ¬­¸�¤2°B¬­¢(©«¸�¸o¬¯ª(§�ü�ÃÅëÏ¦(¶ å ª(§(£)§_©³¦
¬­¢�£�Á å ¤�¬Æµ�®¯£�¶)ª(®oË�£´¸�®¯£)Á(®¯£)¸¯£´¦¿¬¯©³¦(²[µ�ñ���º(ñ â º¼µ2¦(§$ñ�¼Ç¬¯¢(£´®oç�µ å ¶´¤�¦(§(ª(¶±¬­©«Ëx©Â¬Ïü`§(£)Á�£)¦(§(£´¦�¶´£�Ã
ñX¢(£�§¼µ2¬�µ�©³¸�¦(¤�¬¥¶´¤�¦(¶ å ª(¸o©«Ë�£�©³¦Ð§(©,F�£´®o£´¦¿¬­©³µ2¬­©«¦(²[è�£±¬ æ £)£´¦P¬­¢�£´¸¯£�£±ð{Á�¤�¦(£´¦¿¬­¸)ºÍè(ª�¬¥¬­¢(£±üÐµ�®¯£
¶´¤�¦(¸¯©«¸o¬­£)¦¿¬ æ ©Â¬­¢�¬­¢(£�£�ð�Á~£´¶±¬­£)§lñ â §�£´Á~£´¦(§(£)¦(¶´£2Ã
�`O�  i�Y[^_W¥�´]z<.ã´Y[^
ñX¢(©«¸
¸o£´¶±¬­©³¤�¦Å©«¦¿¬­®¯¤x§(ª(¶)£´§Å¸¯¤�ç[£B¤�°x¬­¢(£fè¼µ2¸¯©³¶B¶)¤�¦(¶)£´Á�¬¯¸jµ�¦�§�µ�§{Ë�µ2¦!¬­µ�²�£)¸�¬¯¢¼µ2¬
µX§¼µ�®7H�ç�µ2¬¯¬¯£´®
§(£±¬­£´¶±¬­¤�® æ ¤�ª å §Ð¢¼µ%Ë�£Å©«°jÁ(ª(®¯£ÅÁ(¢(¤�¦(¤�¦l§�©³¸¯¶)®¯©«ç�©«¦¼µ2¬­©«¤�¦�¶)¤�ª å §Ðè~£´¶)¤�ç�£�µ¡®¯£%µ å ©«¬Ïü�ÃÀëÏ¦lµ�§(§(©��
¬­©«¤�¦l¬¯¤�µ�¬­¢(£)¤�®¯£±¬­©«¶%µ å ©³¦(¶)®¯£´µ�¸¯£¨©«¦P®¯£)¸¯¤ å ª�¬­©«¤�¦ÍºÌµ�¦!ª(ç¨è~£´®�¤�°f¬¯£´¶�¢(¦(©«¶%µ å ©³¸o¸¯ª(£)¸ æ ¤�ª å §_µ å ¸¯¤
è~£�¸¯¤ å Ë�£´§Äè¿üP£ å ©³ç[©³¦(µ2¬­©«¦(²[¬¯¢(£�£ å £´¶±¬­®¯¤�¦(©³¶)¸�¦(£´¶)£´¸¯¸¯µ�®oü_°1¤�®�¶´¤�¦¿Ë�£)¦¿¬­©³¤�¦¼µ å ¶�¢¼µ�®o²�£�®¯£´µ�§(¤�ª{¬%Ã
ê{¤�ç[£�¤�°�¬­¢(£)¸¯£¡©³¸o¸¯ª(£)¸Åµ�®¯£[µ�§(§�®¯£´¸o¸¯£)§F©³¦P¬¯¢(£�ý¼¦¼µ å ¸¯£´¶±¬­©«¤�¦�¤�¦È°1ª{¬­ª(®o£�§(£)¬¯£´¶)¬¯¤�®�©³ç[Á(®¯¤�Ë�£	�
ç[£´¦¿¬­¸)Ã¨ñX¢(£¡§¼µ2¬­µ`Á(®¯£)¸¯£´¦¿¬¯£´§F©«¦P¬­¢(©«¸�¸¯£)¶)¬­©«¤�¦ æ µ2¸Å¸oª(²�²�£)¸o¬¯©«Ë�£¡¤�°Àµ�¦È©«¦!¬¯£´®o£´¸o¬¯©³¦(²�Á�¢(¤�¦(¤�¦
µ�è(¸o¤�®¯Á{¬­©³¤�¦�£	FÌ£)¶)¬´Ã�ñX¢�£�^�ÎbH2£!V Á(¢(¤�¬¯¤�¦(¸X¬­¢(µ2¬Ç©³¦¿¬­£)®­µ�¶±¬­£)§Ð¦(£´µ�®X¬­¢(£�£)§(²�£�¤�°j¬¯¢(£�§(£)¬¯£´¶±¬­¤�®
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¶ å £%µ�® å ü¡¸o¢(¤ æ £)§�ç�¤�®o£¥£)ø!ª¼µ å £)¦(£´®o²�ü[§(©³¸�¬­®o©³è(ª�¬¯©³¤�¦[è~£)¬ æ £´£´¦�¬¯¢(£V¤%ð{©³§(£Vµ�¦(§�¦(¤�¦4�Ó¤�ð{©«§(£V¸o£´¦4�
¸¯¤�®¯¸Æ¬­¢(µ�¦�¬­¢(¤�¸o£�¬­¢¼µ&¬Ç©³¦¿¬­£)®­µ�¶±¬­£´§$§(©«®¯£)¶)¬ å ü�ª�¦(§(£´®o¦(£%µ&¬­¢$¬­¢(£�§(£±¬­£)¶)¬­¤�®´ÃfñX¢(©³¸=Ã�í�Î$¥�£	FÌ£)¶)¬
§(©«§�¦(¤�¬X®o£´¸¯ª å ¬Ç©³¦`µ¨ç�£´µ�¸¯ª(®¯µ�è å £�§(©,F�£´®o£´¦(¶)£�©³¦`¬¯¢(£�§(©³¸�¬­®o©³è(ª�¬¯©³¤�¦�¤�°
¦!ª(¶ å £%µ�®X®o£´¶´¤�© å ¸�Ë�£)®¯¸¯ª�¸
£ å £´¶±¬­®¯¤�¦`®¯£)¶´¤�© å ¸f©³¦[¬­¢(£¥¸¯£´¦�¸¯¤�®)Ã�ñX¢�©³¸�®o£´¸oª å ¬À¶%µ�¦�£%µ�¸o© å ü¡è~£V£�ð{Á å µ�©«¦(£´§�è¿ü�¬¯¢(£ æ ©«§(£¥£)¦(£´®o²�ü
§(©«¸o¬­®o©³è(ª{¬­©³¤�¦�Á(®¯£)¸¯£´¦¿¬�§(ª(£Ç¬­¤�¬­¢(£�Á�¤�¸¯©«¬¯©³¤�¦¡§(£)Á�£)¦(§¼µ�¦�¶´£V¤2°�¬¯¢(£¥§�£)¬­£)¶)¬¯¤�®´Ã ä Ë�£)®oü[§(©¡FÌ£)®¯£´¦¿¬
§(£±¬­£´¶±¬­¤�®)º�¬­¢(µ2¬Æ§(©«§`¦(¤�¬�¢¼µ%Ë�£�¸oª(¶�¢�µ å µ�®o²�£¥Á�¢(¤�¦(¤�¦�§�¤ æ ¦5�Ï¶´¤�¦!Ë�£´®o¸¯©³¤�¦Ðµ2®¯£%µ�¦(£%µ�®À¬­¢(£�£)§(²�£
æ ¤�ª å §Jè~£�®¯£)ø!ª(©³®o£´§�¬­¤_¶)¤�¦¿¬­©«¦xª�£`¬­¢(£`¸�¬­ª(§{ü�Ã ä §(§(©Â¬­©³¤�¦¼µ å §(£)¬¯£´¶)¬¯¤�®¯¸ æ ©Â¬­¢Jç¨ª�¶�¢Ê¬¯¢(©³¶PH2£´®
¤%ð{©³§(£�ý å ç�¸Æç�µ%ü$µ å ¸¯¤�è~£Å®o£´ø!ª(©«®¯£´§$¬­¤�ý¼®oç å ü`£)¸o¬�µ2è å ©«¸¯¢�¬­¢(£�Á(¢�¤�¦(¤�¦Ðµ�è(¸o¤�®¯Á�¬¯©³¤�¦$£	FÌ£)¶)¬%Ã
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SQUID card

4K Stage

FET card
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Bias
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Bias
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GND

GND
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