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� l�m7jgdih7m7dtrsd�¾i¿ÁÀ;�ÂpÄÃ ����� v�dfÅ	��h�j$rsdtÆ7m�b � �fl�ÇHa�l�e�cd�v�d��

ÀxÈ]É�mzcdih7dib(v¼Ê ËkpÌb�df�fjgdim�b$v�dkj �OÍdfegd
ÀxÈ]É�l7bg�IjC�BÅ5Ê Î$��a�a�l7b(jgdim�b� È Ï�dibgbg��h7v�l�ÊÐ È � �IÑ(l�jiÊÒ È ÓWa7egpsrq��h�jgpseiÊÔÎ$��a�a�l7b(jgdim�b

� h7egjPpuj9m7j�v�dfe � �fpsdih7�fdfe � m7�fr9cdi�ÂpÌb�dfe$v�d Ð b(dih7l�o7rsd�ÊOÕ�h7psj�cdtÇÁpuÖ7jgdkv�dTb(df� � dib�� � dtÕ�Æ�Ï ����� Ã ��×¡������� Ð





��� dto���bPo7pudib�bg�IePdkjgl�m7e$rsdfe���dih7e$��m7p h7dkegd�bP�Iegdih�j¹a��Âe$dim7Ö � Ç��diÇTdfeiÈ ÈqÈ
ÈqÈ È��km7p¼bg�Iegdkrsd�o���bgo7psdib
	 �

v�� ��a�b Ídfe$Ézdib(jCbg��h7v{Î�m7egegdfrsr
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Æ�d+b(diÇTdib(�fpsd+Æ�l��dfr�� � ��m7Å�pqh5Ê�Ëkpqb(df�fjPdim�bTv�d�r � � h7egjgpsjCm7jHv�dfe � �fpudih7�fdfe � m7�frCcdi�Ipqb(dfeTv�d Ð b(dih7l7o7rud�Ê!v�d
Ç � �BÅ�l�pqb$�I�f�fdim7psrsrsp�v���h7e�egl�h¯cdfjC��o7rupsegePdiÇTdih�j�dfj�v�� �BÅ�l�pqbndih7�fl�m�bg� ��cd¡rÌ���Rl�bgÇH�IjPpul7h«v�m{�fl�rursdf�fjgp��$v�dfe�v�l�� �
jgl�bg��h�jgenv�dkr � ������� �nË ��� È

Æ�dkjgpsdih7e Í�¡dfÖ�a�b(pqÇTdibnjgl7m7jgdWÇ � �7bg�IjgpsjCm7v�d Í�¡À ps� � dfr Énmzcdih7dib(v a�l�m�b$�BÅ�l�pqbzv�pqb(p ��cdtÇÁl�hHj9bg�BÅ	�Ipsr¼a�dih �
v���h�jnegdfenjCb�l�pse���h�hzcdfdfendfjneCm�b(jPl�m7j�a�l�m�b$Ç � �BÅ�l�pÌbzbg��a7psv�diÇTdih�j����Ipsj$�fl�h��O��h7�fdkdfj$a�dibPÇTp5v�dta�b(dih7v�b(dkv�dfe
b(dfeCa�l7h7eC��o7psrspuj�cdfek��m«egdfpqh-v�dkr �(cdf��m7pÌa�dt��À � Ð b(dih7l�o7rsd�È

Æ�dTjgpsdih7eKcd ���IrsdiÇTdih�j Í�«b(diÇTdib��fpudib ÀKm�bg�IjkÉ�l7bg�IjC�BÅ«dfj Ò$� l�ÇH�Ie�Óka7egpsrÌ��h�jgpseTv�� �BÅ�l�pqb��I�f�fdia7j�cdtv�� �dfjCb(d
bg��a�a�l7b(jgdim�bzv�d��fd�jCbg�BÅI�Ipsr Ê��Ipqh7egp5��m7d �z� psrupqa�a�d�Ï)dibgbg��h7v�l¡dfj Ð cdibP��b(v � �IÑ(l�j�a�l�m�bzrsdim�b$a���b(jgps�fpqa��Ijgpsl�h+��m
Ñ�m�b � v�dtj �OÍdfegd�È

Æ�dnjgpsdih7e Í�kb(diÇTdib��fpudib!�km�b7cdfrupsdihHÉn��bPbg��m¡v�l�h�j�Ñ(d$a���b(jC� ��d�rsd$o�m�b(di��m5Ê�a�l7m�b!eC��v�pseCa�l�h7pqo7psrspqj�cd�dfj!jgl�m7jgdfe
rudfe�v�pueP�im7egegpsl�h7e�� m7dth7l�m7e��iÅ�l�h7e�dim«dih7egdiÇTo7rsd�È�Æ
� �Ip�cd ���IrsdiÇTdih�j$o�di��m7�fl7m�a+��a�a�b7cdf�fp9cd�v�dkjCbP�iÅI�Ipsrsrudib��iÅ�df�
rÌ�WÑ1dim�h7dKcdf��m7pÌa�dtv�� ��À � dfj�Ñ(dtb(diÇTdib(�fpsdtePpÌh7� Ídib(diÇTdih�j � ��m�b�dih�jiÊ�ÏO�Ipqb(l�m ��Ê�ÏOb(dfv¼Ê���rsdfÖ�pRÊ Ð � �dfrsrud�Ê"!�m���h �
a�l�m�b�jgl�m7jnrsdtjCbP�iÅI�Ipsr ��o��IjPjCmHdih7ePdiÇ�o7rsd¡v���h7e�rq�Ho�l�h�h7d � m�ÇTdim�bfÈ

Æ�dHb(diÇTdib��fpudTjgl7m7jWa���b�jgps�im7rup Ídib(diÇTdih�jtÆ��I�f��m7dfetÉzdib ��dib�� m7p��«o7psdih Å�l�m7rqm a�b(dih7v�b(d rudTjgdiÇ a7ekv�dÁÇÁd
� l�bPÇTdib Í� r � pÌh7ePjCbgm�ÇTdih�jC�Ijgpsl�h`a�dih7v���h�jTrsd+v�cdfÅ�dfrsl�a�a�diÇTdih�j�v�m`a�b(l�jPl�j � a�d�Ê¼�Ipqh7egpn� m7d«Æ�di��h`Én�Irsrul7h5Ê rsd
b(l�p�v�dfe�ÇH��h7pqa7e Í�To��Iegd�v�d�ePdibgb(d � Ñ(l�pqh�jndfj$v�� �Âv � cdfegp��gÈ�À dib(�fp¼��m7egegp5o7psdih+e �m�b Í�TÎndihzcdkÉzrq��h7�ta�l�m�b¹jgl�m7j�rsd
jCbg�BÅ	�Ipsr5v�dtÇ`cdf�i��h7ps� m7d�Ê�v�� dih�jCb�dfjgpsdih«dfj�v�dtÇÁpuePd Í��Ñ1l7m�b�e9m�bnrsdta�b(l�jgl�j � a�d�È7À dib(�fp5dih��Oh Í� Ð m � Ð pqÇTl�h7vÍ�T� m7p�Ñ1dkegl7m � �Ipsjgd�m�h7d � dim�b(dim7egd�b�dfjCbg�Ipsjgd�È

Æ�dTjgpsdih7et��m7egePp Í�«b(diÇTdib(�fpsdib � ��m�b(dih�j Ð �Ârurspqh � ÀK��b(jgdfr�a�l�m�b�rsdTjCbg�BÅ	�Ipsr#� �Âpuj�dih-�fl�ÇHÇTm�h+e9m�b�rudHa�b(l �
jgl�j � a�dHdfj��BÅ�df� rudf��m7dfr!Ñ � �Ip�a�b(pseHo�di��m7�fl�m�a`v�d«a7rÌ�ÂpuePpÌb Í�+jCbg�BÅI�IpsrursdibfÈ!Æ�d+h � l�m�o7rspsd{a��Ie¡v�d b(diÇÁdib(�fpsdibtrsd
� �I�5cdfjgpsdim7ÖHÆ�l�ePdia ��� l�m7Ö7d�Ê � dim�b�dim7Ö ��bP��h7v � a Ídib(d�b�cdf�fdiÇHÇÁdih�j � �ib(psegjC�Irsrspse�cd � È�À dib(�fp Í�¡Æ�di��h �1� psdibgb�dkdfj � � �
Å�pqh7d�a�l�m�b�rudfe��i�$�	cdfendfj$r � �Ipsv�dT��m7Ö�ePl�m7v�m�b(dfe�eCm�bnrsdfe��i��b(jgdfenv�dtr � pqÇH� ��dim�bfÈ

Æ�d+Å�l7m7v�bg�Ipse�b(diÇTdib��fpudib Ð dfl7b ��d�Ê Énb(p ��psjgjPd�Ê�Ëkl�ÇÁpÌh7ps��m7d{dfjTÆ�l��dfr$�iÅ�df�+rudfeP� m7dfrse¡Ñ � �Âp¹a�b�pue+a7rq�Ipsegpqb Í�
jCbg�BÅ	�Ipsrsrsdib$dfj���a�a�b(pseWo�di��m7�fl�m�a eCm�bnrsdfe�e � egj ÍdiÇTdfenv�� �I�f��m7psegpsjgpsl�h-v�dkv�l�h�hzcdfdfeBÈ

À dib(�fp���Ët�BÅ�psvHv�m � ��a�aHa�l�m�b�rsdfe�v�pseg�im7ePegpsl�h7e$eCm�b!rq�ta ��� egps� m7d�v�dfe�bg� � l7h7e��fl�eCÇTps��m7dfe ���Irq�I�fjPpu��m7dfe
dfj�a�l�m�b�rq�Ha � l�jgl ��bg��a � psdkv�dfe � �fl�� � l�h7e$v���h7e$r � dfeCa��I�fd � È

À dib(�fp���m7egePp Í�%� � b(psegjgl�a � d�Ê&�$��b(l�Ê � m7��Ê � m7pue9��Ê¼ÀK��h7m7d�Ê � p('Il�Ê¼Æ7�I�fl�o dfj � dio�a�l�m�bkrsdfe)� �dfjgdfeiÊ5rsdfe
�i�$�	cdfeiÊ7rsdfe��fl7�*'�jC�Ipsrse�rul7o�l�jgl7ÇTpseC��h�jgendfj$rsdteCm�a�dib$eC�Â� Í�Tv�l�e,+
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Õ�h»cdih7l�bPÇTd�ÇTdib(�fp Í� � l�a � psd+a�l�m�b¡egl7h egl�m7jgpsdih�jtv�m�bg��h�j¡jgl�m7jgdHrq�-v�m�b7cdfdHv�dHrq�-j �OÍdfegdTdfjTeCm�b(jPl�m7j
a�dih7v���h�j$rq�Ta�cdib(psl7v�d�v�dkrq�Tb7cdfv��Â�fjgpsl�h���dfj$ÇTdib��fp Í�¡�WbPh���m7v¼Ê7� m7p¼�¡v�cdio���b�� mzcd�v���h7e¹h7l�e�Å7psdfe$psr � �¡v�dim7Ö
��h7e$dfj$��m7p¼dfegj�m�h7d¡egl�m�b(�fdkpqh�jC��b(psege9��o7rsd�v�dto�l�h � dim�b�dfj$v��(cdfÅ�dfpurRÈ

� h��Oh5Ê7m�h ��bg��h7v�ÇTdib(�fp Í�¡ÇH� � ��ÇTpsrursdH��a���b�dih�jgeBÊ ��bg��h7v�e � a���b(dih�jPeiÊ$� b Ídib(dndfj�egl7dim�b���m7pOÇ � l�h�j�a�dibgÇTpse
v�d ���Ipqb(d¡v�dfe{cdfjCm7v�dfe�v���h7e�v�� dfÖ7�fdfrsrsdih�jgdfe¡�fl�h7v�psjgpsl�h7ekdfj�� m7p!l�h�j$jgl�m7e��fl�h�jCb(pqo�m�cdfe Í� rsdim�bkÇH��h7p Ídib�d Í�T�fd
jCbg�BÅ	�IpsrRÈ
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¾�Èq¾ .ko7Ñ(df�fjgp�� e$v�dTb(df� � dib(� � d ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ ¾ ×
¾�Èq¾�È ¾ �Wh�jgp � ÇH�IjPp Ídib(d È¡ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ ¾ ×
¾�Èq¾�È Ã ÀK�Ijgp Ídib(dkh7l�pqb(d È¡ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ ¾i¿
¾�Èq¾�È × Î$� � l�h7e$�fl�eCÇTps� m7dfe ÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ ¾�/
¾�Èq¾�È 
 ��� l�jPl�h7e Ð ��ÇHÇH�_ÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ ¾�0

¾�È Ã � dte9a�df�fjCb(l7Ç ÍdfjCb�d���À � dih ¾�0101/TÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ Ã�¾
¾�È × � d�h7l7m7Å�di��m«eCa�df�fjCb(l�Ç ÍdfjCb(dka�l�m�b¹rÌ� À psegegpsl�h+e9m�bnrq�TegjC�IjPpul7h ����� ÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ Ã ×

2 3 �������4���5
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Ã�Èq¾ �nl�ÇHa7r9cdiÇTdih�jneCm�b¹rudfekbg� � l�h�h7diÇÁdih�jge��fl�eCÇTps��m7d ���Irq�I�fjgps��m7dXÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ Ã1/

Ã�Èq¾�È ¾ � l�m�b(�fdfe]ÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ Ã1/
Ã�Èq¾�È Ã � b(l7�fdfegeCm7e�v�� �I�f�5cdfrCcdibg�IjPpul7h²ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ Ã1/
Ã�Èq¾�È × � d�ÇÁpurspsdim-pqh�jgdib�egjgdfrsrq�Ipqb(d»È¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ Ã10
Ã�Èq¾�È 
 � dt� � ��ÇHa+Ç � ��hzcdfjPpu��m7d ���Irq�I�fjPpu��m7d ÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ Ã10

Ã�È Ã � d�bP� � l�h�h7diÇTdih�j��fl�eCÇTps� m7dTÇTdfeCm�b7cdW��m«Å�l�psegpqh�� ��d¡v�dtrq� Ò dibgb(d¯ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ ×��
Ã�È Ã�È ¾ �Wo�l�h7v���h7�fdfekv�dfe+cdfrCcdiÇTdih�jge�ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ ×��
Ã�È Ã�È Ã � �«ÇTl�v�m7rq�IjPpul7h+egl�rq�Ipqb(d]È¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ × Ã
Ã�È Ã�È × � � �fl�m�a�m�b(d ��cdfl�ÇH� ��hzcdfjgps� m7d ÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ ×I


Ã�È × À l�vncdfrupseC�Âjgpsl�h«v�dtrq�Ha�b(l7a�� ���Ijgpsl�h«v�dfekÎ���ÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ ×1N
Ã�È × È ¾ � ��m��Ijgpsl�h v�dkv�pPO m7egpsl�h-rq�Ha7rqm7e���cdihzcdibg�Irsd È¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ ×1N
Ã�È × È Ã � d�ÇÁl�v Ídfrudkv�dfe�jCbg��h7� � dfe�a�l�h7vncdib7cdfdfenl�m �1Q dfp � � jgdfv � rÌ��o+À l�v�dfr � ÈkÈ¡ÈkÈkÈtÈkÈ × /
Ã�È × È × � d�ÇÁl�v Ídfrudkv�d � � � o�l �Rsjgd � � m7p � ��m7psjtl�m ��� di� ' � ÉzlIÖ�À l7v�dfr � � � ÉzÀ � ÈkÈ¡ÈkÈkÈtÈkÈ × 0

Ã�È 
 Õ�h ��cdihzcdibP�Ijgdim�b�v�dTh7l � ��m7ÖH�fl�e9ÇTps� m7dfeka�l�m�b���À � ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ 
��
Ã�È ¿ � d�Î � � ! v�� ��À � dfj$egdfe�a�dib(eCa�df�fjgpsÅ�dfeWa ��� egps� m7dfetÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ 
 ¾

Ã�È ¿�È ¾ Ð cdfl�Ç`cdfj9b(psd ÈkÈkÈ¡ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ 
 ¾
Ã�È ¿�È Ã Î«cdfePl�rqm7jgpsl�h`dih�Ç �IegegdHdfjTdih � � ��b ��d«v���h7eTrud«�fl�h�jgdfÖ7jgd�v�m`Î��²�Ijgjgdih7v�m7d+a���b

egpqÇTm7rÌ�Âjgpsl�h�ÈkÈkÈ¡ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ 
�

Ã�È N � pqÇ�m7rq�IjPpul7h+v�dtrq�Tvncdfjgdf�fjgpsl�h«v�dfe�psegl�jgl�a�dfe$v�m{Ézd È¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ 
 /
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× Èq¾ � � � OÄdfj Ò � � dib(dih�'IlIÅ ÈkÈ¡ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ ¿�¿× È Ã � b(pqh7�fpqa�dTv�d � l�h7�fjPpul7h�h7diÇTdih�j ÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ ¿ �
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× È × À dfeCm�b(dkv�dtrq�TÅ7psjgdfegegd È¡ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ ¿10× È 
 �nl�h7v�psjgpsl�h v�d�b7cd � bg�Â�fjgpsl�h ÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ N Ã× È ¿ Î«cdfePl�rqm7jgpsl�h«dih+Å7psjgdfegegd�È¡ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ N ¿× È ¿�È ¾ ËkpseCa�dib(ePpul7h{l7a7jgps� m7d¡v�dfe�bg�Iv�pq�Ijgdim�b�e�ÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ N1N
× È ¿�È Ã � O¼dfj$v�dkr �(cdia��Ipsegegdim�b�v�m+bg�Iv�pq�Ijgdim�b ÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ ��×
× È ¿�È × � O¼dfj$v�dkrq�«a7puÖ7dfrspseC�Ijgpsl�h²È¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ � /× È N Ézpurq��h v�dfe�pqh7�fdib(jPpuj9m7v�dfe ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ /�¾
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 Èq¾ � � pqÇH� ��dim�bndfj$egl�h cdfrsdf�fjCb(l�h7ps��m7d È¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ / 

 Èq¾�È ¾ ÀK�IjCb(ps�fdkv�d�a � l�jgl�ÇTm7rsjgpqa7rups�i�IjPdim�b(e ÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ / 

 Èq¾�È Ã À dfeCm�b(dkv�dtrq� � � ��b ��d´ÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ / N
 Èq¾�È × � rsdf�fjCb(l7h7pu��m7dTv�dkrsdf�fjCm�b(dTdfj$v�dk�fl�h7v�psjgpsl�h�h7diÇTdih�jkv�dfe$v�l�h�hzcdfdfe ÈkÈkÈ¡ÈkÈkÈtÈkÈ /10
 Èq¾�È 
 � jC�Ârul7h�h�� ��dkv�dfeka � l�jgl�ÇTm7rsjgpqa7rspu�i�Âjgdim�b(ekv�dkr � � Ç � ��dim�b ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ 0�Ã
 È Ã � �fpqh�jgpsrsrq�Ijgdim�b(eÔÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ 0 N
 È Ã�È ¾ ËXcdf�frsdih7� � diÇTdih�j�dfÖ�a�cdib(pqÇTdih�jC�Ir]ÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ 0 N
 È Ã�È Ã Ò diÇ a7e�v�dkÅ�l�r¼dfj����

���
ÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ 010
 È × � � ��ÇTo�b(dfe Í� ��r]ÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ ���
 È × È ¾ � df�fjCm�b(d¡v�dfe�ePp �7h���m7Ö�v�dfe�� � ��ÇTo�b(dfe � rsp ��h7d Í�Hb(dfjC��b�vXÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ � Ã
 È × È Ã �nl7v�� ��dkv�dfe�egp ��h���m7Ö«v�dt� � ��ÇTo�b(dtÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ � ¿
 È × È × � jC�Ârul7h�h�� ��dkdih{a�l�egpsjgpsl�h È¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ � ¿
 È × È 
 Î«cdfePl�rqm7jgpsl�h+eCa��Âjgpq�Irsdtv�dfe$� � ��ÇTo�b(dfe�ÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ ���
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¿�Èq¾ Îndf�fl�h7egj9bgm7�fjgpsl�h+v�d¡rq�TjCbg�ÂÑ1df�fjgl�pÌb�dKÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾�¾�¾

¿�Èq¾�È ¾ ��Ñgm7egjgdiÇÁdih�j$rspqhzcdi�ÂpÌb�dtÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾�¾iÃ
¿�Èq¾�È Ã ��� �i�Â�fpuj�cdkv�dkvncdfjPdf�fjgpsl�h«v�dfe�� � ��ÇTo�b(dfe£ÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾�¾ 


¿�È Ã ��rsp ��h7diÇTdih�j Ò bg�ÂÑ1df�fjPl�Ç Ídfj9b(d �1� ÇH� ��dim�b ÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾�¾ N
¿�È × ��Ñgm7egjgdiÇÁdih�j$v�dkr � ��h�h7di��m Ò � � dib(dih�'IlIÅ ÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾�¾�/

¿�È × È ¾ À l � dih�h7dta�l�h7vncdib�cdfd²ÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾�¾�/
¿�È × È Ã ��Ñgm7egjgdiÇÁdih�j$�fpqb(�im7rq�Ipqb(d È¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾�¾�0

¿�È 
 Énbgm7psj$v�d �Rl�h7v+v�dtr � pqÇH� ��dim�bTÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾BÃ �
¿�È 
 È ¾ �nl�m�bg��h�j$h7l�pqb�v�dfe � ÀªÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾BÃ �
¿�È 
 È Ã � h�jgdibg�I�fjPpul7h+v�dkrq��a���b(jgps�im7rsd��BÅ�df�krsdtvncdfjgdf�fjgdim�b ÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾BÃ�¾
¿�È 
 È × Ëkp O­m7ePpul7h+dfj�b7cd! �df�fjgpsl�h È¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾BÃ ×
¿�È 
 È 
 Ézpurq��h-ÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾BÃ ×

¿�È ¿ Ò bP�IpsjgdiÇTdih�j$v�dkr � pqÇH� ��d¡dfj$�fl�m�a�m�b(d ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾BÃ�¿
¿�È ¿�È ¾ �nl�m�a�m�b(d � Ç`cdfv�pÌ��h7d � ÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾BÃ N
¿�È ¿�È Ã �nl�m�a�m�b(d � cdf�i��b(j � ÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾BÃ N
¿�È ¿�È × �nl�ÇHa���bg�Ipsegl�h«v�dfe�Ç`cdfj � l7v�dfe$v�dt�fl7m�a�m�b(d�È¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾BÃ10
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N Èq¾ � h�jgdibg�I�fjPpul7h«v�dfeWbg� � l7h7e��fl�eCÇTps� m7dfek�BÅ�df��r � �IjCÇTl�e9a �OÍdib(d ÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ ×�×N Èq¾�È ¾ Ð dibgo�dfe�v�dta���b(jgps�im7rsdfekegdf�fl�h7v��Ipqb(dfe]ÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ ×I
N Èq¾�È Ã Ï�rqm7Ö+v�dt�fl�eCÇÁpu��m7dfe���m egl�r ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ × ¿N È Ã Î«cdfe9m7ruj9�Ijgenv�dfe�jPdfegjge$dih«�fl�e9ÇTps� m7dfe�dfj$�fl�ÇHa���bg�Ipsegl�h Í�Trq�TePpÌÇTm7rq�Ijgpsl�h ÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ × ¿
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N È Ã�È ¾ Î$�Iv�pq�Ijgdim�b�e�jgdfePj cdfe ÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ ×1NN È Ã�È Ã �nl�h7v�psjgpsl�h7e�v�dtjgdfePj$dfj$�fl�m�a�m�b(dfe�v�� ��h��Ir � egdKÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ ×��N È Ã�È × Î«cdfe9m7ruj9�Ij$v�dfe$jgdfePjge�a�l7m�bnrsd � �IÏ ÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ ×��N È Ã�È 
 Î«cdfe9m7ruj9�Ij$v�dfe$jgdfePjge$v�dfe�� Ð � ÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ × /N È × �nl�ÇHa���bg�Ipsegl�h v�dfe�jPdfegjge��BÅ�df��rsdfe�v�l�h�hzcdfdfe$dfÖ�a�cdib(pqÇTdih�jC�Irsdfe�dfÖ�psegjC��h�jgdfe ÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ 
��N È 
 �nl�ÇHa���bg�Ipsegl�h v�dfeWb7cdfeCm7rsjC�IjPe¹�BÅ�df�krq�TePpÌÇTm7rq�Ijgpsl�h È¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ 
��N È 
 È ¾ ÇTl7v�cdfrspseC�Ijgpsl�h v�dfe  Om7Ö+dfj ��cdfl�Ç`cdfj9b(psd ÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ 
��N È 
 È Ã Î«cdfe9m7ruj9�Ijge ÈkÈkÈ¡ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ 
 ¾
M VL�%?f��?j?���
jb]6��B?
���!69� �L���&��	�? � � k

� Èq¾ �nl�h7v�psjgpsl�h v�dfe$jgdfegjgeKÈkÈ¡ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ 
 ¿� Èq¾�È ¾ Ò cdfrsdfeg�fl7a�dtv�dkeP�fpÌh�jgpsrsrq�Ijgdim�b(e`ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ 
8N� Èq¾�È Ã Õ�h7d¡dibgb(dim�bne � egj�cdiÇH�IjPpu��m7d�pÌh��Âjgjgdih7v�m7d ÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ 
8N� È Ã � jCm7v�dkv�m-b(dih7v�diÇTdih�j�v�dta � l�jgl�h���� ÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾B¿�¾� È Ã�È ¾ �nl�bgb�df�fjgpsl�h«v�dtr � dibgb�dim�bne � egj�cdiÇ �Ijgps� m7dHÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾B¿�¾� È Ã�È Ã � cdia���bP�Ijgpsl�h«dfÖ�a�cdib(pqÇTdih�jC�Irsdkv�dfe{cdfrCcdiÇTdih�jge{È¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾B¿�Ã� È Ã�È × �nl�ÇHa���bg�Ipsegl�h«v�dfe�b7cdfeCm7rsjC�IjPe¹�BÅ�df�krq� egpqÇTm7rÌ�Âjgpsl�h ÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾B¿�Ã� È × À dfeCm�b(dkv�dtrq�TÅzcdfrsl7�fpsj cd�� ÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾B¿�¿
� VL�%?f�j��	g����	�� _���
�6F���&��	 '*C
	:�F��� �%k��

/�Èq¾ À l�h�j9� ��d�dfÖ azcdib(pqÇTdih�j9�Ir�ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾B¿10
/�È Ã �Wh��Âr � egd¡v�dfe$v�l�h�hzcdfdfe È¡ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ N��
/�È × � h�jgdibga�b7cdfjC�Ijgpsl�h v�dfekb�cdfeCm7rsjC�Âjge ÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ N Ã
/�È 
 �$�Ienv�m{Î � � ! v�� ��À � È¡ÈkÈkÈtÈkÈ¡ÈkÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈkÈ¡ÈkÈtÈkÈkÈtÈkÈkÈ¡ÈkÈkÈtÈkÈK¾ NI
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� � dfÖ�azcdib�pudih7�fdT��À � e � dfePj���Ö�cdt�fl�Ç ÇTdtl�o Ñ1df�fjgp���v�dTb(df� � dib�� � dTr �(cdfj9m7v�dtv�m bg� � l�h�h7diÇTdih�j$�fl�e9ÇTps� m7d
��m-v�dfegeCm7ekv�dTr � �IjCÇTl�eCa �OÍdib(d�Ê)�iÅ�df��m�h-pqh�j�cdib �dfj�a���b(jgps�im7rspsdibta�l7m�b�eC�H�fl7ÇHa�l�e9��h�jPdtv�� ��h�jgpqÇH�IjPp Ídib(d�È � l�m�b
��bgb(psÅ�dib Í�H�fdfe �Oh7eBÊOm�h-eCa�df�fjCb(l�Ç ÍdfjCb(dtÇH� ��h�cdfjgps��m7dtv�d ��bg��h7v�dÁ�Â�f�fdia7jC��h7�fdTegdibg� pqh7egjC�IrsrCcdTeCm�b�rq� � m7jCm�b�d
egjC�Ijgpsl�hÁl�bgo7psjC�Irsd�pÌh�jgdibgh��Âjgpsl�h��Irsd ����� dih«Ã ����× Ê�a�l�m�bnm�h7d�v�m�b�cdfd$v�d�jCb(l�pue$��h7eBÈ � �(cdih7l�bgÇTdnegj9�Ijgpsegjgps��m7d�v�d
bg� � l�h7en�fl�eCÇTps��m7dfeW�Âjgjgdih7v�m7dkv���h7e$rsdkvncdfjgdf�fjgdim�b$a�dih7v���h�j��fdfjgjgdtazcdib�pul7v�d �Rl�m�bgh7psj Í�¡��À � m�h{a�l�jgdih�jPpudfr
v�dtvncdf�fl7m7Å�dib(jgd�dfÖ��fdia7jPpul7h�h7dfr È

Õ�h7dta�b(diÇTp Ídib(d�Å�dib(ePpul7h«v�m«v�cdfjgdf�fjgdim�b Ê o���a7jgpse cd���À ���1� ¾�Ê �¡Å�l�rCcdW�BÅ�df��eCm7�f� Ídfe$dih ¾�0101/¡��m«�fl�m�b(env�m
Å�l�r�h��BÅ�dfjgjgd ��Ò$��� 0�¾�ÈI�Wa�b Ídfe�rq�ta���b�jgps�fpÌa��Âjgpsl�h Í��rq� �fl�h7egjCbgm7�fjPpul7hTv�mT�fl�ÇHa7jPdim�b��{cdib(l ��dfr Í� egdim7psr � � Ò � � Ê
egl�m7e � vncdfjgdf�fjgdim�bkv�� ��À ���1� ¾�Ê­r �1cdf��m7pqa�d+��À � v�d+r � ����� a���b�jgps�fpÌa�d{v�dia�m7pse{¾�0T0 � ��m v�cdfÅ�dfrsl�a�a�diÇTdih�jTv�m
eCm7�f�fdfegegdim�b�v�dtr � � Ò � a�l�m�b�rq�HÇTpsegegpsl�h v�� ��À ���1� Ã ��m�h«pqÇH� ��dim�b�v�� ��h�h7di��m7Ö Ò � � dib(dih�'IlIÅ � Î � � ! � È

Ët��h7etm�h`a�b(diÇTpsdib¡jgdiÇHa7eiÊ¼m�h7d«pqh�j9b(l�v�m7�fjPpul7hKeCm7�f�fpqh�jgd{��mKa�b�l ��bg��Ç ÇTdHa ��� egps� m7d«v�� ��À � dfj�m�h7d
a�b�cdfegdih�jC�IjPpul7h+v�m-eCa�df�fj9b(l�Ç ÍdfjCb(dkdfj�v�d�ePdfeta�dib��Rl�bgÇH��h7�fdfekegl�h�jWa�b(l7a�l�e�cdfdfeiÊ��$�Oh-v�dHb(dia7rq�I�fdib�rsdTjCbg�BÅ	�Âpur
v���h7e$egl�h«�fl7h�jgdfÖ7jgd�È

� dtÇ`cdiÇTl�pqb(d�egdta�l7m�b(eCm7psjWa���b�m�h7dKcdfjCm7v�dka���bnePpÌÇTm7rq�Ijgpsl�h«v�dfe�b�cdfeCm7rsjC�Âjge$�Ijgjgdih7v�m7e �7b ��I�fdk��m+Î � � !
v�� ��À � Ênr � �I�f�fdih�j�cdfjC��h�j ÇÁpue-eCm�b+rsdfe �i��a��I�fpsj�cdfe+v�� psv�dih�jPp ���i�Âjgpsl�h�v�dfe h7l � ��m7Ö¯�fl�eCÇTps��m7dfeiÊ$v�l7h�j+rsdfe
a�dibga�df�fjgpsÅ�dfetegl7h�jka�b(l�ÇTdfjPjgdim7egdfeiÈ �ndT� � ��a7puj9b(dT�fl�h�jPpudih�jtm�h7dHpqh�jCb(l7v�m7�fjgpsl�h Í�«rÌ�+a ��� egps� m7dHv�dfetbP� � l�h7e
�fl�eCÇTps��m7dfe ���Irq�I�fjgps��m7dfeHdfjHa�b7cdfePdih�jgd+m�h ��cdih�cdibg�IjPdim�b�v��1cdfÅ�cdih7diÇTdih�jge¡v�d�j � a�d+À l�h�jgd � �$��b(rsl-egpqÇ�m7rq��h�j
r � ��bgb(psÅ�cdfdnv�d$h7l � ��m7Öt�fl�e9ÇTps� m7dfezv���h7e���À � ÈI�ka�b Ídfe�m�h7d�a�b7cdfegdih�jC�Ijgpsl�h¡a7rÌm7ezv�cdfjC�Âpursr9cdfdnv�mHÎ � � ! v�� ��À �
dfj�v�d$egdfe�a�dib��Rl�bgÇH��h7�fdfen�Ijgjgdih7v�m7dfeBÊIrudfe$b7cdfeCm7rsjC�Ijge!v�� m�hTj9bg�BÅ	�Ipsr�v�d$egpqÇTm7rq�Ijgpsl�h«a�l�b�jC��h�j�eCm�b!rsdfe�psegl�jgl7a�dfe
v�d�ÉHcdib � rsrspÌm�Ç&dfj$v�� ��rqm�ÇTpqh7pqm�Ç vncdfjPdf�fj cdfena���bnrsd�Î � � ! v�� ��À � egl�h�j¹a�b�l�a�l�e�cdfeiÈ

� d«� � ��a7puj9b(d�e9m7puÅI��h�j��fl7h�jgpsdih�jHm�h7d�cdfjCm7v�d���h��Ir � jgps� m7d+v�d«rq� a ��� egps� m7d«v�dfeHÎ � � ! Í� � l7�i�IrspseC�Ijgpsl�h
v�d�a�b(lIÖ7pÌÇÁpuj�cd�Ê���m7p¼Å7pudih�j��fl�ÇHa7rCcdfjgdib¹rudTjCbP�iÅI�Ipsr¼v��(cdfjCm7v�dkv�m+vncdfjgdf�fjgdim�b$a���b¹egpqÇ�m7rq�IjPpul7h5ÈOÕ�h7d��IjPjgdih�jPpul7h
a���b(jgps�im7rsp Ídib(d�dfegj�a�l7b(j�cdfd Í� r �(cdfjCm7v�dnv�d$rq�Tb7cdfePl�rqm7jgpsl�h¡v�d$rq�tÇTdfeCm�b�d$dihHÅzcdfrsl7�fpsj cdnv�d$�fd$j � a�d$v�d��fl�ÇHa7jgdim�bfÊ
dih � l�h7�fjPpul7h«v�dtr � pqh7v�ps�fd�v�dtb7cd ��bg�I�fjgpsl�h v�m+ÇTpsrspudim bg�Âv�pÌ�Âjgdim�bndfjnv�dtr � ��h ��rudkv�� pÌh7�fpsv�dih7�fdHv�dfe�a���b(jgps�im7rsdfeiÈ

� dfe¡� � ��a7psjCb�dfe�e9m7puÅI��h�jgeTegl�h�jkv�cdfv�pCcdfe Í�+r �(cdfj9m7v�dHv�m�a�b�l�jgl�j � a�dTv�d Î � � !²��m7p��¯cdfj�cdtvncdfÅ�dfrsl�a�a�cdHdfj
�fl�h7egjCbgm7psj Í�+r � ����� v Ídfetr � � psÅ�dib«¾�0T0 � È)Ët��h7e�m�h`a�b(diÇTpsdib¡jgdiÇHa7eiÊ5rsd«v�pseCa�l�ePpujPp �kdfÖ�a�cdib(pqÇTdih�jC�Ir�pqh7�frqm���h�j
r � pÌÇ � ��dim�bfÊ7m�hHj�cdfrsdfeg�fl�a�d�v�d�eg�fpqh�jgpsrsrÌ�Âjgdim�b(e�a7rq�IegjPpu��m7dfendfj�m�h jCbg�ÂÑ1df�fjgl7Ç ÍdfjCb�dzdfegj�a�b7cdfegdih�j cd�È � d��Rl�h7�fjgpsl�h �
h7diÇTdih�jTv�d«r �1cdfrsdf�fjCb(l7h7pu��m7d+v�d«jCbg�IpsjgdiÇTdih�jtdfjTv�� �Â�f� m7psegpsjgpsl�h`v�dfeTv�l�h�hzcdfdfetdfegjTdfÖ�a7rups��m�cd�Ê��Ipqh7egpn��m7d�rq�
a�b(l��5cdfv�m�b(dkv��(cdfjC�Irsl�h�h�� ��d�v�dfe�v�pPOkcdib(dih�jPe�vncdfjgdf�fjgdim�b(eBÈ

� dkjCbP�iÅI�Ipsr5egdWa�l�m�b(eCm7psjka���bzr � ��h��Ir � egdkv�dfe$v�l�h�hzcdfdfe¹a�b�puePdfeWa�dih7v���h�j�a7rÌm7ePpudim�b�e��i��Ç a�� ��h7dfe$v�dkjgdfePjiÈ
� h�a�b�diÇTpsdibHrspsdim5Ê$m�h7dXa�b7cdfegdih�jC�Ijgpsl�h v�dfe�jPdf� � h7ps��m7dfe+v�dXb(df�fl�h7ePjCbgm7�fjgpsl�h`dfj«v�dfeH�fl�m�a�m�b(dfe«v�dfe�cdfÅ�cd �
h7diÇTdih�jPe�dfePj�a�b(l�a�l�e�cdfd�Ê¼�Ipqh7egp���m � m�h7d�cdfjCm7v�dHv�m`o�bgm7psjTv�d �Rl�h7vKdfjTv�m j9bg�IpsjgdiÇTdih�jtv�d«r � pqÇH� ��d«eCm�bkrsd
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a�b(l�jgl�j � a�d�È
� �(cdfjCm7v�dH�fl�h�jgpqh7m7d �BÅ�df�Hrq� a�b7cdfegdih�j9�Ijgpsl�h v�dfeHb7cdfeCm7rsjC�Ijgekv�dfeTjgdfegjPeÁb7cdi�Irspse�cdfet��m�ÇTl � dih;v�dfeÁbP� � l�h7e

�fl�eCÇTps��m7dfet��m«egl�r�a�l�m�b�a7rqm7egpsdim�b(ekj � a�dfe�v�dTbg�Iv�pq�Ijgdim�b�eiÊ Í�ÁeC�BÅ�l�pqb$dfePegdih�jPpudfrsrsdiÇTdih�jtm�h-�ib(psegjC�Ir¼v�d � �ÂÏ
dfj�a7rqm7egpsdim�b(et�!cdib�l ��dfrsenv�dtegpsrsps�fd�v�� pÌh7v�ps�fdTv�d�b7cd ��bg�I�fjgpsl�h v�p OWcdib(dih�jgeiÈ

� dfeTjgdfegjPetv�m`a�b(l�jgl�j � a�dHd O¼df�fjCmzcdfekeCm�b � �ÂpueP�fdi��mKv�� pul7h7e�ePl�h�j¡dih7eCm7psjgd+a�b�cdfegdih�j�cdfeiÊ¼�BÅ�df��m�h`�I�f�fdih�j
ÇTpse$eCm�bzrq�Hb(df�fl�h7egj9bgm7�fjgpsl�h«v�dkrq�¡� � ��b ��d�v�dfe�pul7h7e � b(dih7v�diÇTdih�j$v�dka � l�jgl�cdfrsdf�fjCb(l�h7e � È � dfe�b7cdfeCm7rsjC�IjPe�v�dfe
v�dim7Ö+�i��ÇHa�� ��h7dfe�egl�h�j��fl7ÇHa���b7cdfe¹��m+a�b(l ��bg��ÇHÇTdkv�dkegpqÇTm7rq�Ijgpsl�h5È

� h��Oh5Ê�rud-jCbg�BÅ	�Âpurnegd+jPdibgÇTpqh7d{eCm�b m�h`jgdfegj�b7cdi�Irspse cd+�BÅ�df��rsd a�b(l�jgl�j � a�d{a�dibgÇTdfjgjC��h�jTv��(cdfÅ	�Irqm7dibTrsdfe
a�dib��Rl�bgÇH��h7�fdfe�pqh�jCb(pqh7e Ídf��m7dfe�v�dfeWÎ � � !���m���h�j Í� rÌ�«b7cd(Ñ1df�fjgpsl�h v�dfeWa���b(jgps�im7rsdfe � �Irqo�dfv�l � Ê�dih�jCbg��h�j$v���h7e
rudTÇH��m7ÅI�Ipse�egdih7e�v���h7e�rsd¡eCa�df�fjCb�l�Ç Ídfj9b(d���À � È
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� �¡�fl�rsrq��o�l7bg�Ijgpsl�h ��À � Ê7v�pqb(p ��cdfdka���b � È Ò pqh � � À ��Ò � Ê�dfegj��fl7ÇHa�l�e�cdfd$v�� m�h7dkrq��b ��d��fl7ÇHÇTm�h���m7j�cdnv�d
a ��� egps�fpsdih7etpsegeCm7eka�b(pqh7�fpqa��IrsdiÇTdih�j¡v�dfe � jC�Ijge � Õ�h7pseiÊ�v�d¡rq� �nl�ÇHÇTm�h���m7j�cd � m�b(l�azcdfdih�h7d�Ê�v�dtrq� � � pqh7d�dfj
v�d Ò � � R��$��h5È � dfe � l7ÇHÇTdfendfj � diÇHÇÁdfe�pqÇHa7rsps��m�cdfe�v���h7e$��À � egl�h�j$a�b(pqh7�fpqa��IrsdiÇTdih�j�v�dfe�a ��� ePpu�fpsdih � h7d � e
v�dfe � ��m7jgdfeKcdih7dib ��pud«b(df�fl�h�Å�dib(jgpsetv���h7etr � �I�fjgpsÅ7psj cdxcdiÇTdib ��di��h�jgdTv�dfeT�IegjCb(l7a���b(jgps�im7rsdfeiÈ � �+�fl�rsrq��o�l7bg�Ijgpsl�h
e � dfegj#��Ö�cdfdn�fl�ÇHÇTdna�b(diÇTpsdib�l�o Ñ1df�fjgp��5v��1cdfjCm7v�dzrq�kb(df� � dib�� � d$v�� ��h�jPpÌÇ �Ijgp Ídib(dna�b(pqÇTl�b(v�pq�Irsd�a���bgÇTp7rud�bg� � l�h �
h7diÇTdih�j��fl�eCÇTps� m7d�Ê�� �Ohtv�d�jgdfegjgdib­rq��Å	�Irspsv�psj cd$v�d��fdib(jC�Ipqh7e�ÇTl7v Ídfrsdfe��fl�eCÇÁl�rsl ��ps� m7dfeBÈ �ndfjgjgdnÇTdfeCm�b(d$a �����
egps� m7dHePdibg�+b7cdi�Ârupse�cdfd���m ÇTl � dih-v�� m�h-eCa�df�fjCb(l�Ç ÍdfjCb(dTÇH� ��hzcdfjgps� m7dH��bPb(pqÇ�cd Í�«rÌ� ��m7jCm�b(dTegj9�Ijgpsl�h-l�bgo7psjC�Irsd����� �R� h�jgdibPh��Ijgpsl�h��Ir � a��I�fd � jC�Ijgpsl�h � dih+Ã ����× Ê��I�fj9m7dfrursdiÇTdih�j$dih«�fl�m�b�e$v�dk�fl�h7egjCbPm7�fjgpsl�h5È � � dfÖ�a�cdib(psdih7�fd�Ê
a�b(l ��bg��ÇHÇ`cdfd�a�l�m�bnv�m�b�dib × ��h7eiÊ�a�dibgÇÁdfjgjCbg�¡v��(cdfjCm7v�psdib��BÅ�df�km�h7dtePdih7egpqo7purspsj�cdtpqh�cd ���ÂrCcdfd�rsdTbg� � l�h�h7diÇTdih�j
v�d¹a���b(jgps�im7rsdfe��fl�eCÇÁpu��m7dfe�� � ��b ��cdfdfe � Î�� �!� l�b(e!v�d�r � �ÂjCÇTl�eCa �5Ídib(d�jgdibgb�dfegjCb(d�ÈBÀK�Ipse rsd$a�l�jPdih�jgpsdfr�v�dnvncdf�fl7m �
Å�dib(jgd�v�� ��À � h7dze � ��bgb �dfjgd�a��Ie Í�nrq�$egdim7rsd$��h�jgpqÇH�Ijgp Ídib(d�È � dna�b(l ��bg��ÇHÇTd�v�d�a ��� egps� m7dnpqh7�frqm7j�cd ���IrsdiÇTdih�j¼rq�
b(df� � dib�� � dkv�dka���b(jgps�im7rsdfe$eCm�a�dib(e � Ç`cdfj9b(ps� m7dfeiÊ7�i��h7v�psv��IjPdfe Í�krq�HÇH�Âjgp Ídib(d�h7l�pÌb�dWh7l�h � o���b � l�h7ps��m7d�Ê�egp ��hzcdfdfe
a���b�rsdim�b(e$a�b(l7v�m7psjge$v�d�v�cdfegpqh�j cd ��bP�Ijgpsl�h5ÈBË � ��m7jCb(d$a���b�jiÊ�r �(cdfjCm7v�d$v�d�r � ��o�l�h7v���h7�fd�v�dfe$h7l � ��m7ÖT�fl�eCÇÁpu��m7dfe
a�dibgÇTdfjPjCbg�-v�� �I�f�ib(l �Ruj9b(d+rq�{ePjC�Ijgpsegjgps��m7d{ÇTl�h7v�pq�Irsd{v�d{a7rqm7egpsdim�b(e+l7b(v�b(dfeTv�d ��bg��h7v�dim�b�e�dfj v�cdio�l7m7� � dibg�
eCm�bTm�h7d��fl�h�h��ÂpuePeC��h7�fd{�I�f�ibgm7d«v�mxÇTpsrspsdim ���Irq�I�fjPpu��m7d � jPdiÇHa7etv�d«�fl�h��Oh7diÇTdih�jiÊ�v�dih7egpsj�cdHv�d{ÇH�IjPp Ídib(d
ÇTl � dih�h7d$b(dih7�fl�h�jCb7cdfdna���b­rudfenÎ��kÊ	��o�l�h7v���h7�fdfen��m7ÖtePl�m�b(�fdfeiÈqÈ È � h��Oh5ÊB��À � Ê¼cdf��m7pqa�cdnv�� m�h¡�fl�h�Å�dib(jgpsegegdim�b
cdfrsdf�fjCb(l�Ç � ��hzcdfjPpu��m7d�a�dibgÇTdfjgj9bg�Ipsjkv��(cdfj9m7v�pudib�rsd�bP� � l�h�h7diÇTdih�j����BÅ�df�Tv�dfeta�dib�� l7bgÇH��h7�fdfek�fl�Ç a���bg��o7rsdfeÍ� � Ð Î ��Ò v���h7e�m�h+v�l�Ç �Ipqh7dtv��(cdih7dib ��psdkdih7�fl�b(dkpqh7dfÖ�a7rul7b�cd�È
����� � �"!$#&%('*),+.-0/1#324#&%(56#728%95"#
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� dfeHl7o7egdib(Å	�Âjgpsl�h7e �ÂegjCb(l�h7l7ÇTps� m7dfe�ÇÁl�h�j9b(dih�jT��m7dXh7l�j9b(d{a�b(l7� � d m�h7puÅ�dib(e��fl7h�jgpsdih�j�o�di��m7�fl�m�axv�d
rÌm�ÇÁp Ídib(d�Ê m�h a�dimKv�dHÇH�IjPp Ídib(dTdfjkdfÖ�j9b �diÇTdiÇÁdih�jka�dim v�� ��h�jPpÌÇ �Ijgp Ídib(d�È)��pÌh7ePp Ê!rsd�bg��a�a�l�b(jkj � a7ps� m7dHv�dTrq�
v�dih7egpsj cdkv�dTo���b � l�h7eONQPxe9m�bnrq�Hv�dih7egpsj�cdkv�d�a � l�jPl�h7e�N �Hdfegjt�

NJP
N �SR ¾ �	T$U=V

� �-a�b�cdfegdih7�fd v�� ��h�jgpqÇH�Ijgp Ídib�dHdfegjtePp �7h�cdfd�a���b egl�h pqh�jgdibg�I�fjPpul7h��BÅ�df�Hrq�-ÇH�Ijgp Ídib�d�v�l7h�j¡rÌ� b(dih7�fl7h�jCb�d
�fl�h�Å�dib(jgpsjtrsdim�bTÇH�IegePd�dih`a � l�jgl7h7etdfj���m7jCb(dfe�a�b�l�v�m7psjge¡v�� ��h�h7p � psrÌ�Âjgpsl�h5È � dfeTl�o7egdib�Å	�Ijgpsl�h7e¡v�d h7m�� ��dfe
v�� ��� v�b(l � Ídih7d�v���h7e�h7l�jCb(d ���Irq�IÖ7psdnl�h�j�b7cdfÅ�cdfrCcdfe m�h7d+cdiÇTpsegegpsl�h¡v�d$a � l�jgl�h7eW��ÊiÇH�Âpue�v���h7e�v�dfe�a�b(l�a�l�b(jgpsl�h7e
� m7p�rq�+b(dih7v�dih�jt�fl�Ç a��Ijgpqo7rsd��BÅ�df�TrÌ�«vncdfegpqh�j�cd ��bg�Âjgpsl�h+v�m@X V Ê¼a�b(l7v�m7puj¡rsl�b(ekv�dHr � pqh�jgdibg�I�fjgpsl�h-v�d�bP� � l�h7e
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�fl�eCÇTps��m7dfet�iÅ�df�tr � ��� v�b(l � Ídih7d�È � dÁh7l7h � dfÖ�� Ídfekv�d�a � l�jgl7h7e �Xv���h7eWh7l�j9b(d ���ÂrÌ�ÂÖ�psdHa�dibgÇÁdfjkv�� dfÖ��frqm�b(dTrq�
a�b�cdfegdih7�fdkv�� ��h�jPpÌÇ �Ijgp Ídib(dk�BÅ�df�tm�h{bP��a�a�l�b�j¹��h�jgpqÇH�Âjgp Ídib(d%<�Ç �Ijgp Ídib(d>=q¾@?��
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Ë Ídfe$¾�0 �TN ÊIrsdfe�l7o7egdib(Å	�Âjgpsl�h7endfÖ azcdib(pqÇTdih�j9�Irsdfe¹a�dibgÇTdfjgj9�Ipsdih�jzv�� dfÖ��frqm�b(dkrq�Ta�b7cdfegdih7�fd$v�� ��h�jgpqÇH�IjPp Ídib(d$v���h7e
h7l�jCb(dt��Ç �Ienv�d ���Irq�IÖ7psd�Ê�egl�psj$e9m�b�m�h cdf� � dfrsrsdtv�d¡v�puePjC��h7�fdtv�d¡r � l�b(v�b(dkv�dtÃ � ÀKa���b(egdf�fe U È

� dfe�ÇÁl�v Ídfrudfe egjC��h7v���b�v�eHv�d+�ib7cdi�Âjgpsl�hKv�d{h7l�jCb(d{m�h7psÅ�dib(e+a�b7cdfÅ�l�psdih�jHm�h7d{a�b(l7v�m7�fjgpsl�hxe � Ç`cdfjCb(ps��m7d
v�dÁÇ �Ijgp Ídib(d¡dfjkv�� ��h�jgpqÇH�Ijgp Ídib(d�È��km-v�dfr Í��Ê¼l�h-a�dim7j¡�fpujPdib�v�dim7ÖXj � a�dfekv�dHÇTl7v Ídfrsdfetv�dHo���b � l ��dih Ídfegd�È � d
a�b(diÇTpsdibta�b(l7a�l�egd«m�h7d.cdfÅ�l�rÌm7jPpul7hK�BÅ�df�Hm�h7d��Ie � Ç`cdfj9b(psd�o���b � l�h7ps� m7d{�­rq�«v�pue9a���b(psjgpsl�h v�dHr � ��h�jgpqÇH�Ijgp Ídib�d
��a�b Ídfenrsd � o7p �+o���h � � a�dim7j �dfjCb(dk�Ijgjgdfpqh�jgdt�BÅ�df�krsdfe�jCb�l�pse$�fl�h7v�psjgpsl�h7e�v�d � � ' � ��b(lIÅE= Ã�?��

F Å7psl�rq�Ijgpsl�h+v�m+h7l7Ç�o�b�dto���b � l�h7ps��m7d�Ê���m7p¼pqÇHa7rsps� m7dTr � pqh7egjC��o7purspsj�cd�v�m-a�b(l�jgl7h5Ê
F Å7psl�rq�Ijgpsl�h+v�d � � � � � ��b ��d ��� ��b(psj�cd � dfj$v�d �kÊ
F o���b � l ��dih Ídfegd�v���h7e�m�h{m�h7psÅ�dib(e � l�b(e«cdf� m7psrspqo�b(dTj � dibgÇTl7v � h���ÇTps� m7d

� ��Å�psl�rq�IjPpul7hTv�mHh7l�ÇTo�b(d$o���b � l�h7ps� m7d$dfePj�a�b�cdfÅ�m7d$a���b¼jPl�m7jgdfe�rsdfe�j � cdfl�b(psdfe!v�d$j � a�d Ð bg��h7v�d$Õ�h7p ���i�Âjgpsl�hÍ�«jCb Ídfe � ��m7jgd�cdih7dib ��pud�È �ndHa � cdih7l7Ç Ídih7dTh � ��a�l�m�b�rsd�ÇTl�ÇÁdih�jzÑ���ÇH�Ipse{cdfj�cdkdfÖ�azcdib�pÌÇÁdih�jC�ÂrudiÇÁdih�jtÇTpsekdih
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cdfÅ7puv�dih7�fd+dfj¡rq�{v�m�b7cdfd«v�d�Å7psd ÇTpqh7pqÇH�Irsd-v�m�a�b(l�jgl�h dfegj¡v�d�� ¾ ��� U ��h7eiÈ � �-Å�psl�rq�Ijgpsl�h v�d � � �+dfrsrsd
cdfj�cd$l�o7egdib(Åzcdfd�v���h7e$rq� v�cdfegpqh�j�cd �7bg�Ijgpsl�hTv�m«e � egj ÍdiÇTd�� V � V Ê�ÇH�Âpue Í��m�h-h7psÅ�di��m ���Ipqo7rud�Ê)pqh7eCm � eC��h�jka�l�m�b
dfÖ a7rsps� m7dib¡r � �Ie � Ç`cdfjCb(psd��Â�fjCm7dfrsrud�È&�ndia�dih7v���h�jiÊ5�fdfjPjgd�b7cdi�I�fjgpsl�h-��cdfj�cdkl�o7egdib(Å�cdfd Í�Hv�dfe cdih7dib ��psdfekÅ�l�psegpqh7dfe
v�d{¿ ��� À d�� dfjTl�h`h7d«eC�IpsjHa���b¡�fl�ÇHÇTdih�j�cdfÅ�l�rqm7d«rq�{Å7psl�rq�Ijgpsl�h`v�d%� � Í� jCb Ídfe � ��m7jgd cdih7dib ��psd � ¾ � U3CÐ d�� � Ê7v�l�ÇH�Ipqh7dtv�� ��a�a7rspu�i�Âjgpsl�h-v�dfe�j � cdfl�b(psdfenv�d ��bP��h7v�dtm�h7p����i�Ijgpsl�h5È

� dfeHv�dim7Öxa�b(diÇTp Ídib(dfeH�fl�h7v�psjgpsl�h7e+ÇTpsegdfe�o�l�m7j Í� o�l�m7j«a�dibgÇTdfjPjgdih�jTv�d ���BÅ�l�b(psegdibTm�h7d{a�l7a�m7rÌ�Âjgpsl�h
v�dH� � ��b ��dHo���b � l7h7pu��m7d+a���bkbg��a�a�l�b(j Í�+r � ��m7jCb(d�È � � jCb(l�psegp ÍdiÇÁd��fl7h7v�pujPpul7hKdfegjkr Í� a�l7m�bka�dibgÇTdfjPjCb(d Í�«rq�
v�puePe � Ç`cdfjCb(psdHv�d egd�ÇTdfjgj9b(dTdihKa7rq�I�fd�Ê¼�i��b Í� r �1cdf��m7psrupqo�b(d«j � dibgÇÁl�v � h���ÇTps��m7d�Ê ÇH�IjPp Ídib(dTdfj���h�jgp � ÇH�IjPp Ídib(d
e � ��h�h7p � psrsdih�jtbg��a7puv�diÇÁdih�j�dfj$jgl�j9�IrsdiÇTdih�j$�BÅ	��h�j$��m � m�h7d¡v�puePe � Ç`cdfjCb(psdth7dta�m7psegegdH��a�a���bg� �RsjCb(d = × ?1È

Ë � ��m7j9b(dfeWÇÁl�v Ídfrudfe Í� e � Ç�cdfjCb�pudTo���b � l7h7pu��m7d�a�b7cdfÅ�l�psdih�jkrÌ�«e9m�b(Å�psd«v�dTr � ��h�jPpÌÇ �Ijgp Ídib(dTv���h7e¡r � m�h7psÅ�dib(e
eCm�b�v�d �7bg��h7v�dfeHcdf� � dfrsrsdfenv�d$v�psegjC��h7�fdfeBÈ � l�jCb(d�m�h7psÅ�dib�e�egdibg�Âpujn�Irsl�b(ez�fl�ÇHa�l�e cdnv�d$rq��b ��dfe
�fl�h7dfen�Irsjgdibghzcdfdfe
v�d ÇH�Âjgp Ídib(dTdfjtv�� ��h�jPpÌÇ �Ijgp Ídib(d�È �¹dia�dih7v���h�jiÊ!rsdfe ��b(l�h�jgp Ídib�dfekv�dfe�v�l7ÇH�Ipqh7dfetv�dfÅ�bg�Ipsdih�j �dfjCb(dTrsd�ePp Íd ��dHv�d
Å�psl�rsdih�jgdfeH��h�h7p � purq�IjPpul7h�ÇH�Âjgp Ídib(d�����h�jgp � ÇH�Âjgp Ídib(d�È �nl�ÇHÇÁd�psr�� v�cd(Ñ Í�xcdfj cd¡v�pujBÊ¼��m7�im�h egp ��h��Irnh � �+a�m �dfjCb(d
ÇTpse�dih¯cdfÅ7puv�dih7�fdTa�l�m�b�� � bPÇTdibn�fdfjgjgdkj � cdfl�b(psd�È � h pqÇH� ��pqh���h�j���m � psr¼dfÖ7psegjgdtv�dfek��h�jgp � ���Irq�IÖ7psdfe �Rl�bgÇ`cdfdfe
v�� ��h�jgp � cdfjgl�psrsdfeiÊ­rÌ�-rqm�ÇTp Ídib�d�Å7psegpqo7rud�cdiÇTpsegd+a���b egdfe ��� a�l�j � cdfjgps��m7dfetl�o7Ñ(dfjgeTh7d h7l�m7eHb(dih7ePdfp �7h7d a��IeTeCm�b
rudim�b!�fl7h7egjgpsjCm7jgpsl�h5Êia�m7pseg��m7dnrsdfe�cdiÇTpsegegpsl�h7e¡cdfrsdf�fjCb�l�ÇH� ��hzcdfjgps� m7dfe5v�� ��h�jgp � �IjPl�ÇTdfe¼l�m�v�� ��h�jPpÌÇÁl�rCcdf�im7rsdfe ePl�h�j
pÌh7v�pseg�fdibPh���o7rsdfe�v�d¡rsdim�b(e{cdf� m7psÅI�Irsdih�j�v�dHÇH�Ijgp Ídib�d�È � dfeWbg� � l7h7e$�fl�eCÇTps��m7dfe�� � ��b ��cdfe�cdiÇTpse�a���b$egdfek�Iegj9b(dfe
l�h�j�dim7Ö«m�h7d$� � ��b ��d$l�a�a�l�e�cdfd�È � �(cdfj9m7v�d$v�d$rq�ta�b(l7a�� ���Ijgpsl�hÁv�mHbg� � l�h�h7diÇTdih�j��fl�eCÇÁpu��m7d�v���h7e�rsd�� � ��Ç a
ÇH� ��hzcdfjgps� m7dkv�dth7l�j9b(d ���Irq�IÖ7psd�ÇTdfjndih¯cdfÅ�psv�dih7�fdTm�h7d ��m7pujPdkv�dfeWa���b�jgps�im7rudfe � l�b(e�v�m+a7rÌ��h ���Irq�I�fjPpu��m7d Í�� ��m7jgd cdih7dib ��psd�È � ��b(jC��h�jnv�dt�fdk�fl7h7egjC�IjiÊ7psr!dfegj�a�l�egegpqo7rsd���m7dtrsdfekbg� � l�h7en�fl�eCÇÁpu��m7dfeka�m7puePegdih�j�jCbg�BÅ�dib�egdib
rudfe dfeCa��I�fdfeHpqh�jgdib ���Irq�I�fjPpu��m7dfe«dfj�� � ��h ��dibÁv�d ���Irq�IÖ7pud�Ê�Å�l�pqb¡v�� ��ÇH�IeTv�d ���ÂrÌ�ÂÖ�psd�È!��pqh7egpRÊzrq� v�cdfjgdf�fjPpul7h
v�� m�h+egdim7r!��h�jPp � �i��bgo�l�h7dTa���bn��À � egdibg�Ipsjkm�h«egp ��h7dtpqh����Ipsrurspqo�rsd«v�� dfÖ7puePjgdih7�fdtv�� ��h�jgp9cdfjgl�psrsd�È � h�Å�dib(egdiÇÁdih�jiÊ
rÌ�¡h7l�hTvncdfjgdf�fjgpsl�hTv�� ��h�jgpqh7l � ��m7Ö¡�fl�h�jCbg�Ipqh7v�bg��rsdfe$ÇTl7v Ídfrsdfe�v�� m�h7psÅ�dib(ene � Ç`cdfj9b(ps� m7dfe��BÅ�df�$m�h7d�egdih7egpqo7psrupsj�cd
dfÖ azcdib(pqÇTdih�j9�Irsdtpqh�cd ���ÂrCcdfd�È
:4;<:4;�� ��HJACB�KLJMCL ?��4B M L

� �-a�b(l�o7r ÍdiÇTdTv�dHrq� ÇH�IePegdHÇH��h7��m���h�jPd���cdfj�cd � psegjgl7b(ps� m7diÇTdih�jHÇTpsetdih cdfÅ�psv�dih7�fd«dih cdfj9m7v�pÌ��h�jkrsdfe
ÇTl�m7Å�diÇTdih�jge�a�b(l�a�b(dfe�v�dfe �7�Irq�IÖ�psdfe�v���h7e!rsdim�b���Ç �IeiÈ � ����m���h�jgpsj�cdzv�d$ÇH�Ijgp Ídib�d � Å�psegpqo7rsd � v�dfe�v�p Okcdib�dih�jgdfe
���Irq�IÖ7pudfeBÊ dfePjgpqÇ�cdfd�a���bkrsdfe  Om7ÖKv�d�rqm�ÇTp Ídib(dHl�o7egdib�Å�cdfeiÊ5v�l�h�h7dih�jÁm�h7d+ÇTdfeCm�b�d ��a�a�b�l	Ö7pqÇH�IjgpsÅ�d v�d�rsdim�b
ÇH�Iegegdka�b(l�a�b�d�È � � m7jgpsrspue9�Ijgpsl�h-v�mHj �OÍdfl�b ÍdiÇTd$v�m���pqb(psdfr¼eCm�bnrq�Tv � h���ÇTps��m7dkv�dfe ���Irq�IÖ7psdfe$l�o7egdib(Åzcdfdfenv���h7e
r � ��ÇH�Ie�ÇTdfjzdihxcdfÅ�psv�dih7�fd�m�h«a���bg�Âv�l	Ö7dk��psrOÇ ��h7� m7d�v�d�rq�tÇ �Ijgp Ídib(d$a�l�m�b�dfÖ�a7rspu��m7dibnrsdim�b(e$ÇTl�m7Å�diÇTdih�jPeiÈÒ l�m7jkePdÁa��ÂegegdT�fl�ÇHÇTdTegp�m�h7d�ÇH�ÂegegdTpqh�Å7psegpqo7rud�Ê!rq�{Ç �Ijgp Ídib(dTh7l�pqb(d�Ê5pqh�jPdibg� ��psegeC�Âpuj �7bg�BÅ�psjC�IjPpul7h7dfrursdiÇTdih�j
�iÅ�df�+rÌ� ÇH�Ijgp Ídib�d�Å7psegpqo7rud dfjH�fl7h�jCb�pÌo�m��Âpuj Í�»cdf��m7psrupqo�b(dib v � h���ÇTps� m7diÇÁdih�j«rsd{e � egj ÍdiÇTd�È � d a � cdih7l�Ç Ídih7d
dfegj{cd ���IrsdiÇTdih�j�a�b7cdfegdih�j Í�Tr �(cdf� � dfrsrsd ���Irq�I�fjPpu��m7d+��rq� Å�psjgdfePegdTv�d�b(l�j9�Ijgpsl�h+l7o7egdib(Å�cdfdkv�dfe ���Irq�IÖ7psdfe�dfePj�dih
��cdihzcdibg�Ir!pÌÇÁ�fl�ÇHa��Ijgpqo7rsd+�iÅ�df�HeC�{Ç �IegegdTÅ7puePpÌo7rsd �5psr$ÇH��h7��m7dHr Í�{��m7egePp�v�dHrq� ÇH�IegePd�È � �{ÇH�Âjgp Ídib(dHh7l�pqb(d
egdibg�Ipsj�a�b7cdfegdih�jgdkv���h7e�m�h � �Irsl�dih�jgl�m�bg��h�jnrsdfe ���Irq�IÖ7psdfeiÈ � dfekbg��a�a�l�b(jge$v�dTÇH�IegePdkv�dtÇH�Ijgp Ídib�dth7l�pqb(dteCm�b
rÌ�«ÇH�IePegdkl�o7egdib(Åzcdfd! �"$# �% egl�h�j�v�d¡r � l�b(v�b(d¡v�d R � C a�l�m�b�rsdfe ���Irq�IÖ7pudfe�eCa7pqbg�IrsdfeiÊ$&�¾ � a�l�m�b�rsdfe ���ÂrÌ�ÂÖ�psdfe
dfrurspqa7jgps��m7dfekdfj�v�d�r � l�b(v�b�d�v�d U' a�l�m�bzrsdfe���ÇH�Âe�v�d����Irq�IÖ7pud = 
 ?(È � dfe$v�p Okcdib�dih�jgdfez�fl�h�jCb(pqo�m7jgpsl�h7e$v�dkÇH�IegePd
(*) Í��rÌ��v�dih7ePpuj�cdnv�d$r � m�h7psÅ�dib(eze � dfÖ�a�b(pqÇTdih�j�j9bg�Iv�psjgpsl�h�h7dfrsrsdiÇTdih�j�egl�m7e&�Rl�bgÇTdzv�d$rsdim�b�bg��a�a�l�b(j Í��rq�kv�dih7egpsj�cd
�ib(psjgps� m7d�Ê$+,) �.-0/-�1 Ê��BÅ�df��� ( � ��¾ � D ¿32 ' 'Âd����iÇ T �
l Ím!2 � 4U<V,V dfj65 R ¿ ��7 ¾ ��� '�Ç È e T*U È À;a�� T*U dfegj$rq�H�fl7h7egjC��h�jgd�v�d !�m�o�o7rud�È

� dfe$�fl7h�jCb�pÌo�m7jPpul7h7e Í�Trq� v�dih7egpsj�cdkv�dkr � m�h7psÅ�dib�ekegl�h�j¹��m+h7l�ÇTo�b(dkv�d × �
+ V �8+  :9 +,; 9 + �
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+���,-�%+,.����
���� �.��'�/0�2 0�>.�'(")1-�2� �*�K�3/4��% �")1-�2� �65 �-7 �98�:�; � �=<=>�?A@CBD?A@*E �F82:�; ��G ��,-� #
H ? �JI0KA>�?A@�K '0L :M�N�%!�!9�MOMP2�  ��Q�>.�'�!� ��7+,�R,��� "$��!�"$.�'.
��7+ � !9��� �
��% ���!9�  ��Q��'�!� ��*
�����S +,"TP0'�� �4
��*,�" �U���� �V�� ���XW
 Y���� �*
YZ �0'9��'�P +[� 8�G ��,-� #]\ � ' V,V_^` :a'(� � #�.��  /b� � � .2'�!U
�� � �  M���
�"�#�!�"�.2' �4
�� �c�>.-
 )�%+d� �*
��e�Uf 6g�h�>��!�" )�% ��
'�.�"$ ��Ni  �.�"�
�� G '�.�' /@�� ��T.�'�"�1�����!-��,-� # + V � ¾j�K#�.��  /b�>#%+,��"$ k�l!m�%! + V � � D × �
# .�� /b�Ni .�'(#N�����!0:n'oZ ��p_��� !9�_W
�
��'�!U� � !q�
��"�+$+d���  �� .��  +,� �  ����>"T)�% �� #�.��  /b���%!q� � !�# .�� � ��!�" / +d� ��,-� # +lZ �_ST" � !9�%'(#0�*
�� � "�# � ��#�.��2� !�"�1���� � G
1�� "�� "rP '3�%'(! +d��
s���# .�� � +,�_P���
�� +,�m�>��!�" )�% ����%!t
��* ����T.�'('3�-�
��'�!q
���' � +�Z �0'("),-�% @�Yp_��� '3�T:

� r�e � � ��psjiÊBv���h7e�r � l�b(v�b�d�ÊIv�d$rq�kv�dih7egpsj�cd�v�d�ÇH�Ijgp Ídib�d +  ÊIv�d$rq��v�dih7egpsj�cd�v��1cdih7dib ��pud � h7l�pÌb�d � +,;�dfj�v�dnrq�v�dih7egpsj cd�v�dtbg� � l�h�h7diÇTdih�j + ��È � dih7v���h�jnrsl�h ��jgdiÇHa7eBÊ�m�hH�fdib�jC�Ipqh  �l�m«��b7cd ��hzcd$eCm�bzrsdfe$Å	�Irsdim�b(e�b(dfrq�IjgpsÅ�dfe
v�dfe�v�p OWcdib(dih�jgdfe!�fl�h�j9b(pqo�m7jgpsl�h7eiÈ��kmBÑ(l�m�b(v�� � m7pRÊ�rq��egpsjCm��Ijgpsl�hÁegdiÇTo7rud�a7rÌm7ez�frq�Ipqb(d�Ê��BÅ�df�$hzcdi��h�ÇTl�pqh7e�dih7�fl�b(d
o�di��m7�fl�m�a v�dt��m7dfegjgpsl�h7e�dih«eCm7eCa�dih7e = ¿�?1È

� 6 ����	�?��&�:$�<� ��� 6�C&�vu + V
� ��v�dih7egpsj�cdnjgl�jC�Irsdnv�dnr � Õ�h7psÅ�dib�eiÊ*+ V Ê�a�dim7j �dfjCb�d���mBÑ(l�m�b(v�� � m7p7dfegjgpqÇ`cdfdnv�d$j9b(l�pse&� �aw�fl�h7e v�p Okcdib�dih�jgdfe���m

ÇTl�pqh7eiÊ�v�l�h�jnrsdfe�b7cdfe9m7ruj9�Ijge��fl7h�Å�dib ��dih�jnÅ�dib�e + V R ¾�È � dtÇTl7v Ídfrsdkpqh  O�Ijgpsl�h��Ipqb(d¡l�O b(d$v�� ��o�l�b(v{m�h«�i�Iv�b�d
j � cdfl�b�pu��m7dH�fl � cdib(dih�jk� m7p��fl�h7v�m7psjHh��IjCm�b�dfrursdiÇTdih�j Í� + V �T¾Hdih � rspsegeC��h�j � rudfe¡�fl�h7v�psjgpsl�h7eTpqh7pujPpÌ�ÂrudfeBÈ � dfe
ÇTdfeCm�b(dfeTv�d  Om7�fjCm��Ijgpsl�h v�m �Rl�h7vKv�d+bg� � l�h�h7diÇÁdih�j¡�fl�eCÇTl�rsl ��pu��m7d � �nÀKÉ � a�dibgÇTdfjPjgdih�jHa���b¡�Ipsrsrudim�b�e
m�h7d�rsl7�i�IrspseC�Ijgpsl�h �IegePd ��a�b7cdf�fpuePdtv�m a�b(diÇTpsdib�a7pu�H�I�f�fl7m7egjgps� m7d�È9.kb��fdfrursd � �fpzdfegj�v�pqb(df�fjPdiÇTdih�jkb(dfrspCcdfd Í�Trq�
Å	�Irsdim�bkv�dTrq�«v�dih7egpsj�cd�jPl�jC�Irsd��5l7h+l�o7jgpsdih�jt�Irsl�b(e + V � ¾tx � D ÃE= N ?(È �ndfjPjgdHÇTdfeCm�b(dTdfegj�psrurqm7egj9b�cdfdHe9m�b$rq�
�
��m�b(dH¾�È Ã � � � È �nd�b7cdfeCm7rsjC�Ijnegdibg�To7psdih�j �l�jk� � hzcdka���bnrsdfekÇTdfeCm�b(dfe�v�dfe�eC�Âjgdfrsrupsjgdfe�ÀK��a«dfj � rÌ��h7�*')È
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� 6 ����	�?��&�:$�@� �5

6!7Z��	#	9�=;(�=	��Ru + �
� � dfePj�rq� �fl7h�jCb�pÌo�m7jPpul7h`v�m�bg� � l�h�h7diÇÁdih�jiÊ­� m7p�dfegj�hzcd ��rup ��di��o7rud-v�dfÅ	��h�jHrsdfe���m7j9b(dfeiÊ!� m � pur�e � � ��psegePd

v�dfe�a � l�jgl�h7e � "�: ��:�a�b(dfeP� m7d¡dfegegdih�jgpsdfrursdiÇTdih�j�v�m �nÀKÉ � l�m«v�dfe�h7dim7jCb(pqh7l�e � e9m�a�a�l�e�cdfenpu�fp­eC��h7e$ÇH�IegePd � �
+ ��� ¾ � T�� = � ?1È

� 6 ����	�?��&�:$�@� �
$�=	9�%

_Z�&�(���gE#�e��� u + ;
� �(cdih7dib ��psd � h7l�pqb(d � Ê)rup9cdfd Í� rÌ�+a�b7cdfegdih7�fd¡v�� m�h7dT�fl�h7egjC��h�jgdk�fl�e9ÇTl�rsl ��ps��m7d�� h7l�h{h7m7rsrud v���h7e�r �(cdf� m�� �

jgpsl�h«v�� � h7ePjgdfpqh5Ê�dfegj�m�h7d¡v�dih7egpsj cdkv��(cdih7dib ��psdk�Iegegl7�fpCcdfdt��m«Å7psv�d�È�.kh{a���b�rudt��m7egegp5v�d�a�l�m7Å�l�pqb$b7cdia�m7rsegp���v�m
Å�psv�d�È �ndfjgjPd��fl7h�jCb�pÌo�m7jPpul7hX� cdfj�cdtÇÁdfeCm�b7cdfdTa���b�rudfe¡dfÖ azcdib(psdih7�fdfekv�dTv�cdfjgdf�fjgpsl�h-v�dTeCm�a�dibgh7lIÅ	�Id Í� ��bg��h7v
b(dfv�e � p�� jBÈ � �+Ç`cdfj � l7v�dkdfegj�egpqÇHa7rsd �)��m���h7v l�h+l�o7ePdib(Å�dkv�dfe ���Irq�IÖ7psdfe�rsl�pqh�jC�Ipqh7dfeiÊ­l�h+rsdfe�Å�l�psj�v���h7eWm�h
jgdiÇHa7e�a��Âege�cd�È � dim�b�Å7psjgdfegegd�v�� dfÖ�a���h7egpsl�h v�dfÅ bP�Ipsj�v�l�h7� �dfjCb�d¹a7rqm7e ���Ipqo7rudk��m7d$�fdfrsrsdta�b7cdfv�psjgdka���b�rÌ� rsl�p�v�d
!�m�o�o7rsd �	� � 5�

� � a�m7pseg� m7d¡r � dfÖ a���h7egpsl�h+v�l�psj�egdtbg�Irsdih�jgpqbnegl�m7e�r � d OÄdfj�v�dtrq� ��bg�BÅ7psj cd�È � j$� � dfePj$dfÖ �Â� �
jgdiÇTdih�j�r � pqh�Å�dib(egdk��m7p¼dfegjnl�o7jPdih�m �7r � dfÖ�a���h7egpsl�h«e � �Â�f�Ocdfr Ídib(d + � �TÇTdfeCm�b�dk�fl�h7v�m7psj Í� + ; � � D /qx � D Ã =P/�?1È

� 6 ����	�?��&�:$�@��� ;<6F��� `�F

��u +  
� � v�dih7egpsj�cd-v�dKÇH�Ijgp Ídib�d�Ê�� m7pka�dim7j Í�;egl�h jgl�m�bTePd{vncdf�fl7ÇHa�l�ePdibHdih v�dim7Ö��fl7h�jCb�pÌo�m7jPpul7h7e�+  �

+ P 9 +�� P$È � � dta�b�diÇTpsdib$jgdibPÇTd + Pxdfegj$rq�T�fl�h�jCb(pqo�m7jgpsl�h«v�dfe�o���b � l�h7eiÊ7�fl�h7ePjgpsjCm���h�j�rq�HÇ �Ijgp Ídib(d�l�b(v�p �
h��Ipqb(d�Ê�v�l�h�j$rq�Tv�dih7egpsj�cdkdfegj���mBÑ(l�m�b(v�� � m7p¼�Iegegd �to7psdih-�fl�h�h7m7d ��b ��I�fd Í�ÁrÌ�Á�fl�ÇHa���bg�ÂpuePl�h«v�dfe���o�l�h7v���h7�fdfe
b(dfrq�IjgpsÅ�dfe�dih�cdfrCcdiÇTdih�jgenËHÊ � !$d�Ê � !$d�Ê�� � p!v�l�h�j�rq� v�psegjCb(pqo�m7jgpsl�h-vncdia�dih7v � l7b(jgdiÇTdih�j$v�d + Pxv���h7e�rsdt�i�Iv�b�d
v�d$rq��h7m7�frCcdfl�e � h�j �5ÍdfePd¹a�b�pÌÇÁl�b(v�pq�Irsd�È � dfe��BÅ	��h7�Ocdfdfe�eCa�df�fjC�I�im7rq�Ipqb(dfe$v�d$�fdfezv�dibgh7p Ídib(dfe$��h�hzcdfdfe�egl�h�j�dfegegdih �
jgpsdfrursdiÇTdih�jTv�m7dfe���m7Ö ÇTdfeCm�b(dfe¡eCm�b�rsdHv�dim7j�cdib(pqm�Ç b�cdi�Irspse�cdfdfeta���b�rsdHj�cdfrsdfeg�fl7a�d���df� '�È � rsrudfeT�fl�h7v�m7psegdih�jÍ� + P � � D �I
 x � D ��� ÃE= 0 ?(È � r dfegjtb�diÇH��b(��m���o7rsdTv�dÁh7l�jgdib$��m7dT�fdfetb7cdfe9m7ruj9�Ijge�egl�h�j��fl�bPb(l�o�l7b�cdfe�a���b�m�h7d
��a�a�b(l7� � dkjgl�jC�IrsdiÇTdih�j�pqh7v�cdia�dih7v���h�jPd � l�h7vncdfd�e9m�b�r � ��ÇHa7rspuj9m7v�d � dfj$h7l�h«a7rqm7e$�fdfjgjgd �Rl�psenrÌ�Ta�l�egpsjgpsl�h � v�m
a�b(diÇTpsdib�a7ps�T�I�f�fl�m7egjgps��m7dtv�m �nÀKÉ�È � � �fl�h�jCb(pqo�m7jgpsl�h-o���b � l�h7ps��m7dkegdteP�fpÌh7v�d¡dih+jCb�l�pse�a���b(jgpsdfet�

F rq�HÇH�Âjgp Ídib(d�Å�psegpqo7rsdHl�b�v�pÌh��ÂpÌb�d � cdfjgl�psrsdfe R ¾ ��� v�d + P � Ê
F rsdfe � h��Ipqh7dfeto�bgm�h7dfe � � À � � ! . � Ê�l�o Ñ1dfj$�fl7ÇHa�l�e�cdkv�dHÇH�Ijgp Ídib(dtÇH�Ipsekh �1cdiÇTdfjPjC��h�j¹a��Âe$v�dHbg� � l�h �
h7diÇTdih�jiÊ��fl7ÇHÇTdtÆ7m�a7pujPdibka���bndfÖ7diÇHa7rsd�Ê5l�m+�fl�Ç ÇTd�m�h7dKcdfjgl�psrsd Í� h7dim7jCb(l�h5È � � �fl�h�j9b(pqo�m7jgpsl�h+v�d
�fdfeHl7o7Ñ1dfjPe���m � �Ârul ���Irq�I�fjgps��m7d;��a�a���bg�IpsjH�fl�Ç ÇTd{h�cd ��rsp ��di��o7rsd�ÊnÇH�Ipse«dfegjHdih7�fl�b(d m�hxeCmBÑ(dfjHv�d
v�pseg�im7egePpul7h5È

F � d ��� ���TÊ�a7rq�IeCÇ � Í� � ��m7jgd�jPdiÇHa�cdibg�ÂjCm�b(d�h �(cdiÇTdfjgj9��h�j�a��Iezv���h7enrud�Å7puePpÌo7rsd�È�ËkdfenÇTdfeCm�b(dfezv��(cdiÇÁpue �
egpsl�h7e�� v�pqb(df�fjgdfeKv���h7e rsdfe���Ç �Ie{v�d ���ÂrÌ�ÂÖ�psdfeiÊ�l�m pqh7v�pqb(df�fjgdfeiÊ dih£cdfjCm7v�pq��h�j{rsdfeKv�psegjgl7b(egpsl�h7e� m�h � �IdfÅ ��� dfrsv�lIÅ�psjg� � v�m �nÀKÉ�v���h7eTegdfe«b�cd ��psl�h7eBÊ ÇTl�h�jCb(dih�jt��m7d+�fdfjgjgd«�fl�h�jCb(pqo�m7jgpsl�h`dfegjHÇH� �
Ñ(l�b(psjC�Ipqb(d�dfjn�fl�ÇHa7jgdta�l�m�bk¾iÃ�x � È ×�� Í�¡rÌ� ÇH�Iegegd�jgl�j9�Irsd�v�dkr � ��Ç �IeiÈ � �HÇH�IegePd�v�dfe���ÇH�Ie�cdfjC��h�j
cdfÅ	�Irqmzcdfd�dihxcdfjCm7v�pq��h�jzrsdWÇTl7m7Å�diÇTdih�j�v�dfe ���ÂrÌ�ÂÖ�psdfendih�j9b(d$dfrsrsdfe�a���bzrsd�j � cdfl�b ÍdiÇTdnv�m ��pqb(psdfrOl7m�a���b
� �ndi� 'Árudih7ePpÌh � � È

�nl�h�h��IpsegeC��h�j3+ P dfj�rÌ�ka�b�l�a�l�b�jgpsl�hTv�d�ÇH�Âegegd$o���b � l7h7pu��m7dneCm�b�rq�kÇH�Âjgp Ídib(dnjgl�j9�Irsd��fl7h7egjgpsjCm���h�j�rsdfe���ÇH�ÂeiÊ
l�h{a�dim7jkdih{vncdfv�m7pqb(dT� m7d+�$+  R � D 
 x � D ¾�È �ndfjPjgdtdfegjPpÌÇ �Ijgpsl�h{��cdfj�cdk�fl�h��ObgÇ`cdfd�a���b$v�dHh7l�ÇTo�b(dim7egdfe
��m7jCb(dfe$Ç`cdfj � l�v�dfe � cdfÅ�l�rqm7jgpsl�h v�m+h7l�ÇTo�b(dkv�� ��Ç �Ie$�iÅ�df��rsdkvncdf�i�ÂrÌ� ��dkeCa�df�fj9bg�IrRÊ  Om7Ö+v�dtÇH�Ijgp Ídib�d���m7jgl�m�b
v�dfe�Å7psv�dfe��fl�e9ÇTps� m7dfeiÊ�eCa�df�fjCb�dtv�d�a�m7psege9��h7�fdtv�d¡v�dih7egpsj cdfe$v�dTa�dib(j9m�bgo��Ijgpsl�h5ÈqÈ È � È� � dHv�dim7Ö�p ÍdiÇTdHjgdibgÇÁd +�� P�b(dia�b7cdfegdih�jgdTrq�«v�dih7egpsj cdHv�dHÇH�Âjgp Ídib(d � h7l�pqb(d � h7l7hKo���b � l7h7pu��m7d�È � ��bgÇÁp rsdfe
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�i��h7v�psv��Ijge Í�krq�tÇ �Ijgp Ídib(d$h7l�pqb(dkh7l�hHo���b � l�h7ps��m7d�Ê�l�hHa�dim7jn�fpujPdib�m�h7dka���b(jgpsd � � � ��m7v�d � �I�fd�egl�h�j�rudfe$h7dim �
jCb(pqh7l�eiÊ�v���h7enr � ��� a�l�j �OÍdfegd$l ÍmTpsrue�a�l�ege Ídfv�dih�j�m�h7dkÇH�Iegegd�È � dfe¹ÇÁdfeCm�b(dfe$b7cdf�fdih�jgdfezv�d � m�a�dib � �k��ÇTpsl 'i��h7v�d
rÌ�ÂpuePegdih�jneCm�a�a�l�egdib�� m7d$rq� �fl�h�j9b(pqo�m7jgpsl�hHv�dfenh7dim7jCb(pqh7l�endfegj�jCb Ídfe&���Ipqo7rud�Ê��fd���m7p�dfegjz�fl�h��ObgÇ`cd¹a���b�rsdfe�ÇTl �
v Ídfrsdfenv�d � l�bPÇH�Ijgpsl�hTv�dfe ��bg��h7v�dfenegjCbPm7�fjCm�b(dfen� m7p5e � �I�f�fl�ÇTl7v�dih�jnÇH�Ir5v�d�� m���h�jgpsj�cdfe�cdfrsdfÅ�cdfdfe�v�dtÇH�IjPp Ídib(d
h7l�pqb(d$� � ��m7v�d�È � dfena���b(jgps�im7rsdfe�e9m�a�dib(e � Ç`cdfjCb(ps� m7dfen��m¡v�dfr Í�tv�m ÇTl�v Ídfrsd�ePjC��h7v���b(v��fl7h7egjgpsjCm7dih�j�m�h7dWa���b�jgpsd
� b(l�puv�d�È � �ka���b(jPpu�im7rsd�rq�ta7rqm7e�r9cd � Ídib(dnv�d$rq��Å�dib(ePpul7hTrq�ta7rqm7e�a�l�a�m7rq�Ipqb(dkv�mHo�dfePjgpq�Ipqb(d$eCm�a�dib(e � Ç�cdfjCb�pu��m7d$dfegj
rudHh7dim7jCbP�IrspÌh7l+��m7p a�l�m�bgbg�Ipsj �dfjCb�dta�b�cdfegdih�j$dih ��bg��h7v�d¡� m���h�jgpsj�cd�v���h7e�rsd � �Irsl ���ÂrÌ�Â�fjgps� m7dTl Ím«dfrsrsdHegdibg�Âpuj
�fl�h��Oh�cdfdta���b ��bg�BÅ�psjC�Âjgpsl�h5È

� � dfÖ�azcdib�pudih7�fd«��À � egd�a�b(l�a�l�egdHv�d jgdih�jPdibkv�d�ÇTdfjPjCb(dHdih cdfÅ�psv�dih7�fd«�fdfjgjgdH�fl7ÇHa�l�e9��h�jPdHdih vncdfjPdf� �
jC��h�j�rsdfeta�l�egpsjgl�h7ekl�m-��h�jPpÌa�b�l�jgl�h7ekb7cdfe9m7ruj9��h�j�v�d�r � ��h�h7p � psrq�Ijgpsl�h v�dfeth7dim7jCbg�Ârupqh7l�e = ¾ � ?1È�Ët��h7eWm�h7dTjgdfrsrsd
v�cdiÇH��b�� � d�Ê)psr�dfegjkv�� ��o�l�b(vKhzcdf�fdfegeC�Ipqb(dTv�dH�fl�h�h�� �Ruj9b(dHrsd�o�bgm7psjkv�d �Rl�h7vK�fl�h7ePjgpsjCm�cd¡v�dfe�a�l�egpsjgl�h7etdfjt��h �
jgpqa�b(l�jgl�h7eTegdf�fl7h7v��Ipqb(dfeTpÌh7v�m7psjge+a���b pÌh�jgdibg�Â�fjgpsl�h`v�dfeHbg� � l�h7ek�fl�eCÇÁpu��m7dfeHeCm�b¡rsd+ÇTpsrupsdim�pÌh�jgdib(ePjgdfrsrÌ�ÂpÌb�d�È
Ët��h7e�m�h7d$a�b(diÇTp Ídib(dndfegjPpÌÇ �Ijgpsl�h5ÊIpsr��BÅ	�IpsjTcdfj�cd�eCm�a�a�l�e�cdn��m7dnrud  Om7Ötv�dfÅ	�Âpujnbg��a7psv�diÇTdih�j�v�pqÇTpqh7m7dib�egl�m7e�rsdÐ d��TÊ�a�b7cdf�fpse�cdiÇTdih�j�r Í�Tl7m«rÌ� �fl�ÇHa�l�eC��h�jgdkeCm7e9a�dib(e � Ç`cdfjCb(ps� m7dkv�dfÅ�dih��Ipsj�pqÇHa�l�b(jC��h�jgd�Ê7l�O bg��h�j$�Ipqh7egp m�h7d
��bg��h7v�d¡egdih7egpqo7psrupsj�cd�È � �«a�b(psegdTdih-�fl�ÇHa7jgdTa7rqm7e�a�b7cdf�fpuePdtv�dTrq��a�dib(jgdTv��(cdih7dib ��psdtv�dfet��h�jgpqa�b(l�jgl7h7e$egdf�fl�h �
v��Ipqb(dfe�pqh7v�m7psj$h�cdi��h�ÇTl�pÌh7e�m�hT��a7rq�IjPpuePegdiÇTdih�j�v�mTeCa�df�fjCb(dn��m7p�b(dih7vHvncdfrsps�i�Ijgd�r � dfÖ�jCbP�I�fjgpsl�h¡v�mTegp ��h��IrRÈ � ��b
�Ipsrursdim�b(eBÊ�v�dfeTcdfj9m7v�dfe egl7h�j!dih¡�fl�m�b(e�a�l�m�b!jgdih�jgdib­v�� m7jgpsrspsegdib�rsdfe���h�jgp � v�dim7jgl�h7eiÈ Ò b Ídfe b7cdf�fdiÇ ÇTdih�j!Æ�È � psr 'T��Ê
a���bn�Ipsrursdim�b(eBÊOÇTl7h�jCb7cdn� m7dkrq�Te9m�b(v�dih7egpsj�cd Í�Ta�b(lIÖ�pqÇTpsj�cd�v�m«j9b(l�m«h7l�pqb��fdih�jCbg�ÂrOv�dth7l�jCb(d����Irq�IÖ7pudta�l�m�bgbg�Âpuj
�dfjCb(d�h7dfjgjgdiÇTdih�j$a7rÌm7enpqÇHa�l�b(jC��h�jgd�� m7dta�b7cdfÅ�mTdfjnpÌh7v�m7pqb(dTa���b�rq�HÇ��diÇTd$v�dfe  Om7ÖH�fl7h7e cdf��m7dih�jPe = ¾�¾@?1È �ndfe
v�dibgh7psdib(eWa�l�pqh�jPe�rq�Ipsegegdih�j�a�dih7egdib$��m7dtrsdTa�l�jgdih�jgpsdfr¼v�� ��À � Å�pse �DÍ� � Å�pse�v�dk�fdfjgjgdtb(df� � dib(� � d�a�l7m�bgbg�Ipsj �dfjCb(d
pÌÇ a�l�b(j9��h�jBÈ
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� �ka ��� ePpu��m7d�v�dfe�bg� � l�h7e!�fl�eCÇÁpu��m7dfe � Î�� � �ko7pudih�j �l�jnm�hTegp Ídf�frsd�È � � dfegj ��ps�fjgl7b
!�dfege�� m7pRÊ�rud�a�b(diÇTpsdibfÊ
��a�m ÇTl�h�jCb(dib�r � l�b(p ��pqh7dHdfÖ7jCbg� � jgdibgb(dfegj9b(dkv�dT�fdÁbP� � l�h�h7diÇTdih�j�dih`¾�0�¾BÃ�Ê�dih ÇTdfeCm�bg��h�j�r � ��m ��ÇTdih�jC�IjPpul7h
v�d{r � psl�h7pseC�Ijgpsl�h�v�d{r � �Ij9ÇTl�eCa �5Ídib(d �BÅ�df�+r � �ÂrujPpuj9m7v�dX��m ÇTl � dihKv�� m�h�o��Irsrsl�hxv�pqb(p ��di��o7rud ��l�h  $cd Í� r � � cd �
rupqm�Ç+È � � dfegegl�bzv�d$rq�Ta ��� egps��m7dkv�dfe¹bP� � l�h7e��fl�eCÇTps��m7dfe$��a�a���bg�Ipsjzdih7eCm7psjgdt�BÅ�df�$r � pqh�Å�dih�jgpsl�h v�m v�cdfjgdf�fjgdim�bÐ dfp ��dib � À �m7rsrsdibfÊ���m7p¼a�dibgÇÁdfj$v�dtb7cdi�Ârupsegdib¹v�dfe$v�cdf�frsdih7� � diÇTdih�jPeWbg��a7puv�dfe�v�� dfÖ azcdib(psdih7�fdfe$dfj$v�d �Rl�bgÇTdibzrsdfe
a�b(diÇTp Ídib(dk�fl$� RÌh7�fpsv�dih7�fdfeiÈ

� dtbg� � l7h�h7diÇTdih�j��fl�eCÇTps��m7dkdfegjiÊ���m+Ç��diÇTd�jgpsjCb(dk��m7dtrq�Trqm�ÇTp Ídib�d�Ê�m�h7dtegl7m�b(�fdkv�� pqh�� l7bgÇH�Ijgpsl�h-a�l�m�b
r � �IegjCb(l7a ��� egps� m7d�È � dfe bP� � l�h7eT�fl�eCÇTps��m7dfe���m`Å�l�psegpqh�� ��d{v�d+rq�KjPdibgb(d«egl�h�jHdfegegdih�jgpsdfrsrudiÇÁdih�j+�fl�Ç a�l�e�cdfe
v��1cdfrsdf�fjCb(l7h7eiÊ�v�dHa�b(l�jgl�h7e � R 0 ��� � Ê�v�� � cdfrspÌm�Ç � R 0 � � dfjkv�d R ¾ � v�dÁh7l � ��m7Ö{a7rÌm7ekrsl�m�b�v�e�È � d  Om7Ö
v�dfe�Î��`dfegj�a�bg�IjPpu��m7diÇTdih�j�psegl�j9b(l�a�d�dfj�e �(cdfjPdih7v�e9m�b�m�h7d ����ÇHÇÁd�v��(cdih7dib ��psdnv�d$r � l�b�v�b(d$v�m 'Id��`Ñ�m7eP� m � ��m
� d�� � ¾ � d����T¾ � ' U d�� � È �ndfe+cdih7dib ��psdfe$egl�h�j$dfÖ7jCb �diÇTdfek�O¾ � d�� R ¾ N�� Æ�l7m7rudfe +� r5dfegj��fl�ÇHÇTm�h�cdiÇTdih�j$�Iv�ÇTpse$��m7dkrsdfeWÎ��¯v��(cdih7dib ��psd A ¾ � U3C d�� egl�h�j�v�� l�b(p ��pqh7d ���ÂrÌ�Â�fjgps� m7d�È � �TÅ�psd
v�� m�h{h7l � ��m �fl�eCÇÁpu��m7d�a�dim7j�ePdkeg�fpqh7v�dib�dih«jCb(l�pse�a � �IePdfe��

F r � pqhBÑ(df�fjgpsl�h-v���h7e$rsdt�fl�e9ÇTl�env�dia�m7psekeC�Tegl�m�b��fd�Ê
F r � �I�f�5cdfrCcdibg�IjPpul7h5Ê
F rq�Ha�b(l7a�� ���Ijgpsl�h«v���h7e$rsd�ÇTpsrspsdim pqh�jgdib�egjgdfrsrq�Ipqb(d � À ����� È

� �KePl�m�b(�fd{v�dfe+Î��²dfegj+m�hxeCmBÑ(dfjHdih7�fl�b�d{vncdio��ÂjgjCm5È � dfe+ÇTdfpsrsrsdim�b(e+�i��h7v�psv��Ijge+egl7h�jHrsdfe«eCm�a�dibPh7l	ÅI�Idfe�R��� � ��m7p�cd(Ñ(df�fjgdih�j�v�d ��bg��h7v�dT��m���h�jgpsj cdfe$v�dHÇH�Âjgp Ídib(dTa�dih7v���h�jtrsdim�b(ekdfÖ�a7rsl�egpsl�h7eiÈ � � �BÅ	��h�jC� ��dkv�dfe ���
dfegjT� m � dfrsrsdfe«l�O b(dih�jHm�h`Ç`cdf�i��h7pue9ÇTd+v�� �I�f�5cdfrCcdibg�Ijgpsl�h a�l�m7ÅI��h�j«b(dih7v�b(d+�fl�ÇHa7jPd�v�d+rq� vncdia�dih7v���h7�fd+dih
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cdih7dib ��psd¡v�m  Om7Ö{v�dfe��fl�eCÇÁpu��m7dfe � a�b(l7�fdfegeCm7e�v�� �I�f�5cdfrCcdibg�IjPpul7h«v�dtÏ�dibPÇTp � ÈOÕ�h7d���m7jCb(dtePl�m�b(�fdtv�dTÎ���dfegj
Å bg�ÂpuePegdiÇTo7rÌ��o7rudiÇÁdih�j �Rl�bgÇ`cdfdta���bnrsdfe cdfjPl�psrudfe�v�dtj � a�d Q l�r�� � Î�� � dfj���m7p dfÖ�a�m7rsegdih�jtm�h+Å�dih�j�ePl�rq�Ipqb(d�bg� �
a7puv�d�ÊBv�l�h�j rq�n�fl7ÇHa�l�ePpujPpul7h�a�dibgÇTdfj¼dih¡a���b(jgps�im7rspsdib!v�� dfÖ�a7rups��m7dib�rsdfe�bg��a�a�l7b(jge¼v�� ��o�l�h7v���h7�fdfe!psegl�jgl7a7pu��m7dfe
��h7l�bgÇH��m7Ö+�fl�ÇHÇTd¡rud '�' � d%< ' V � d-= ¿�¿�?1È��ka�b Ídfe�r �(cd(Ñ1df�fjgpsl�h a�m7psekr � �I�f�5cdfrCcdibg�Ijgpsl�h5Ê)rsdfetÎ�� � a�b(pqÇH�Ipqb(dfe � ePd
a�b(l�a�� ��dih�j�v���h7ekrsd�ÇTpsrspudim pqh�jPdib(egjgdfrsrq�Ipqb(dHl Ím-psrseteCm�o7psegePdih�j¡v�� m�h7dHa���b(j�r � d OÄdfjkv�m-� � ��ÇHa ÇH� �7h�cdfjgps��m7d
���Irq�I�fjgps��m7dHdfj�v�� ��m7jCb(dTa���b(jkv�dfekpqh�jPdibg�I�fjgpsl�h7et�BÅ�df�¡rud À ��� È � dT� � ��ÇHa ÇH� ��hzcdfjgps� m7d ���Irq�I�fjgps��m7dHrsl��i�Ir
��a�l�m�bnd O¼dfj$v�dk�fl�h��Oh7dib¹rudfekÎ�� v���h7e$rq� ���Irq�IÖ7psdkdfj$egl�h � �Irsl�È�Ëkdta7rqm7eiÊ�eC�¡egjCbgm7�fjCm�b�dth � dfegj$a��Ie�b7cd ��m �
rup Ídib(dTdfjkpur#���Ipsjkv�pPO m7egdib�rsdfeta���b�jgps�im7rudfeBÈ¼ÀK�Ipsekrsd��fl7h��Oh7diÇTdih�jth � dfegjWa��Âekjgl�jC�Irz��rsdfe�bP� � l�h7e$�fl�eCÇÁpu��m7dfe
�Oh7puePegdih�j�a���bze �(cdf� � ��a�a�dib�v�dkrq� ���Irq�IÖ7psd�È � d�jgdiÇHa7e$v�d��fl�h��Oh7diÇTdih�j$v�pqÇTpqh7m7d��BÅ�df��r �(cdih7dib ��psd�dfj��Ta�l�m�b
d OÄdfj�v�� ��m ��ÇTdih�jgdib­rÌ�¡a�dih�jgdnv�m  Om7Ötv�d��fl�eCÇTps��m7d�ÊIv�l�h�j�rsdfezÅ	�Irsdim�b(enÇTdfeCm�b7cdfdfe���m¡Å�l�psegpqh�� ��dnv�d$rq��jgdibgb�d
egl�h�j�v�dHrq� �Rl�bgÇTd�� T '�� � � �Irsl�b�e���m7dTrud  Om7Ö Í�«rq�«egl�m�b(�fdTdfegjkv�dTrq� �Rl�bgÇTd R � T '�� ' = ¿ � ? � È � dÁÎ���a�b(p �
ÇH�Ipqb(dkpqh�jPdibg� ��psj��BÅ�df��rq��ÇH�Âjgp Ídib(d�a�b7cdfegdih�jgdkv���h7enrsdtÀ ��� dfj�a�b(l�v�m7psjka���b � bP� ��ÇTdih�jC�Ijgpsl�h v�dfe+cdfrCcdiÇTdih�jge
a7rÌm7e¡rCcd ��dib(e�v�l�h�j�r �(cdfjCm7v�dtePdÁb7cdfÅ Ídfrsdtb(ps� � d v�� dih7egdfp ��h7diÇTdih�jiÈ5��r � �Ipsv�dHv�dHÇTl7v Ídfrsdfe�v�m{j9bg��h7eCa�l�b(j�dfj�v�d
rÌ� v�p O­m7ePpul7h v�dfe�Î�� v���h7ekrq� �7�Irq�IÖ�psd�Ê¼�Ipqh7egp���m7dHv�dfe¡jC��o7rsdfekv�dHegdf�fjgpsl�h7e¡d � �i�I�fdfekv�d ��bg� �7ÇTdih�j9�Ijgpsl�h
v�dfeWh7l � ��m7Ö eCm�b$rsdfeka�b(l�jgl7h7eiÊ7pur­dfegj�a�l�egegpqo7rsd�v��(cdfjCm7v�psdibnrq� v � h���ÇÁpu��m7dtv�dfekbg� � l�h7en�fl�e9ÇTps� m7dfe�v���h7e$rq�
���Irq�IÖ7pud�È � dfe  Om7Ö«v�dtÎ��¯ÇTdfe9m�b�cdfe$��m Å�l�psegpqh�� ��dkv�dkrq� Ò dibgb(dta�dibgÇTdfjgjPdih�jnv�dk�fl�h�jCbg�Ipqh7v�b(dkrsdfe�ÇÁl�v Ídfrudfe
dfj�v�� dfegjPpÌÇÁdib�a���b�dfÖ�diÇHa7rsd�rsd�jgdiÇ a7e�v�d$�fl�h��Oh7diÇÁdih�jiÊ�rq�tv�dih7ePpuj�cd$v�d�Ç �Ijgp Ídib(d$ÇTl � dih�h7d�b(dih7�fl�h�jCb7cdfd$a���b
rudfekÎ��kÊ�r � ��o�l�h7v���h7�fdT��m7Ö�ePl�m�b(�fdfeiÈqÈ È

� �Ta ��� egps��m7dkv�dfe�Î��¯� ���Ipsj$m�h+o�l�h7v+dih«�BÅ	��h�j$�BÅ�df�$r � dih�Å�l�p5v�dfe�a�b(diÇTp Ídib(dfendfÖ azcdib(psdih7�fdfe$eC�Ijgdfrsrspsjgdfe
v���h7e�rsdfe+��h�hzcdfdfe-¾�01/ � È!��pqh7egpRÊnrudfe+bg��a�a�l�b(jge v�� ��o�l7h7v���h7�fd{psegl�jPl�a7ps� m7dKÇTdfeCm�b7cdfeTv�m�É cdib � rsrspqm�Ç]a�dib �
ÇTdfjgjgdih�j�psrseTv�� dfegjgpqÇTdib�rsdHjPdiÇHa7ekv�dT�fl�h��Oh7diÇTdih�jtv�dfe�bP� � l�h7e��fl�eCÇTps� m7dfekv���h7etrq� ���Irq�IÖ7psd Í��� R ¾ � �
��h7eiÊ7jC��h7v�pse�� m7dkrq�T��m���h�jgpsj cd�v�dtÇH�Ijgp Ídib(d�j9bg�BÅ�dib(e�cdfd�h7dkv�cdia��IePegdWa��Âe�¿ Í�+¾ � �0<I�iÇ ' = ¿ 
 ?1Ê7v�� l ÍmHr � pqh�j cdib �dfj
v��1cdfjCm7v�psdib��fdfe���m���h�jgpsj�cdfe�v�dia�m7puekr � dfe9a��I�fd�Ê�Å�m+��m7dtr �(cdia��Ipsegegdim�b�v�dtr � �Ij9ÇTl�eCa �5Ídib(dkdfegj R ¾ � � �0<I�iÇ ' È � d
v�cdfjgdf�fjgdim�b���À � a�dibPÇTdfjgjCbg��Ê ��b ��I�fd Í�«eC� ��bg��h7v�dH�I�f�fdia7jC��h7�fd�dfj Í� rÌ� v�m�b7cdfdTv�dHe9�{ÇTpsegegpsl�h5Ê­v�d�b7cdfÅ�l �
rÌm7jPpul7h7dibHh7l�jCb(d«�fl�h�h��Ipsege9��h7�fd+v�dfeHh7l � ��m7Ö �fl�eCÇTps��m7dfeiÊ��BÅ�df�Hdih l�m7jCb(d+m�h7d{ÇTdfeCm�b�d�v�dfeH��o�l�h7v���h7�fdfe
b(dfrq�IjgpsÅ�dfenv�dfe+cdfr9cdiÇTdih�jPe5Ñ�m7eg��m � ��m Ò d��»dfjzeCm�b(jgl�m7jBÊ�r �(cdfj9m7v�d�v�dfe$��o�l�h7v���h7�fdfe$psegl�jPl�a7ps� m7dfe$v�dfe«cdfrCcdiÇTdih�jge
v���h7e$rq� �7��ÇHÇTd�v�� pqÇHa�m7rsegpsl�h�� R ¾ 7 ¾ × Ð d�� <I�kv���h7e$rq�I� m7dfrsrsdTpsr dfÖ7psegjgd�a�dim+v�dkv�l�h�hzcdfdfe =q¾ 
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� � �ÂegjCb(l�a ��� egps� m7d«v�dfeHbg� � l�h7e6��� �fl�h�h7mxm�h7d �BÅ	��h7�Ocdfd«eCa�df�fjC�Â�im7rÌ�ÂpÌb�d+�fdfe�v�dibPh7p Ídib(dfe���h�hzcdfdfeiÊ h7l �
jC��ÇHÇTdih�j ��b ��I�fdt��m7Ö+dfÖ�a�cdib(psdih7�fdfekdiÇTo���b(��m�cdfdfe$e9m�bnrsd�e9�IjgdfrsrspujPd�� Ð Î . =q¾B¿ ? � �nl�ÇHa7jPl�h Ð ��Ç ÇH�HÎ$� �
.ko7egdib(Å	�Âjgl�b ��� Ê7pqh7�frÌm���h�j�r � dfÖ azcdib(psdih7�fd � Ð Î �zÒ = ¿ � ?1Ê7�fl�ÇHa�l�e cdfd�v�� m�h7dk� � ��ÇTo�b(d Í�Kcdfjgpqh7�fdfrsrsdt�fl�m�a7r9cdfd Í�
m�h+�i�Irsl�b(pqÇ ÍdfjCb(d�Ê7v�l�h�jnrÌ�«a7rq� ��dkv�d¡egdih7egpqo7psrupsj�cdTdfegjn�fl�ÇHa�b(psegd¡dih�jCb�d ×�� ÀXd�� dfj ×�� Ð d��TÈ �¹dkv�cdfjgdf�fjgdim�b
�+a�dibgÇTpseTv�d�ÇTdfjPjCb(dTdih cdfÅ7psv�dih7�fd�m�h7dH�fdih�jC�Ipqh7d«v�dHegl�m�b(�fdfe �`v�l�h�jkrq�{ÇTl�psjgp9cd�l7h�jta�l�m�bkrsd�ÇTl7ÇTdih�j
a�m �dfj9b(d�psv�dih�jgp��¹cdfd¡�fl�ÇHÇTdkv�dfeko7rq� �i��b(eiÊ ��b ��I�fd Í�Hm�h7dtb�dfv�l�h7v���h7�fdTv�dkv�cdfjgdf�fjPpul7h«v���h7e�rsd¡v�l�ÇH�Ipqh7dkv�dfe
l�h7v�dfeWbP�Iv�psl�Ç`cdfj9b(ps� m7dfeiÊ

� dfe+o7rq� �i��b(eiÊzl�mxh7l � ��m7Ö��Â�fjgp��tv�d ���Irq�IÖ7psd � � Ð � � Ê�egl�h�jHv�dfe«l�o7Ñ(dfjgeHv�� l7b(p ��pqh7dXdfÖ7jCbg� ���Irq�I�fjgps��m7d
�fl�ÇHa�l�e cdfe�v�� m�h+v�pseg��m7dHv�� �Â�f�ib�cdfjgpsl�h«jPl�ÇTo���h�j�eCm�bkm�h-jCb(l�m+h7l�pqb�eCm�a�dibgÇH�IePegp�� � R ¾ � ����� � ��m7ptcd(Ñ1df�fjPd
a�dibga�dih7v�pu�im7rG�Ipqb(diÇTdih�j���m�a7rq��h¯v�� �I�f�ib7cdfjPpul7h�v�d rÌ� ÇH�Ijgp Ídib(d{egl7m7e �Rl�bgÇTd v�d+Ñ(dfj+jCb Ídfe��fl�rsrspqÇH�Ij�cd�È � �
v�cdfjgdf�fjgpsl�h-v�dHa � l�jgl7h7e �Kdfegjta�l�egegpqo7rsdH� m���h7v�m�h-v�dfe$Ñ(dfjge�dfePjkl�b(psdih�j�cdtÅ�dib(ekrq� Ò dibgb�d�È � �«v � h���ÇTps� m7d
v��1cdiÇTpsegePpul7h{v�dTrqm�ÇTp Ídib�d�v���h7ekrudfenÑ(dfjge�dfegjt�IegePd ��o7psdih �fl�ÇHa�b�puePd�dfjtÇÁdfj�dih Ñ(dim{v�� m�h7dÁa���b(j�r �(cdiÇTpsegegpsl�h
e � h7� � b(l�j9b(l�h-v�dfe�a���b�jgps�im7rudfeHa�b7cdfegdih�jgdfekv���h7ekrsdtÑ(dfj � cdfrudf�fj9b(l�h7ekl�m a�b(l�jPl�h7ekl�m rsdim�b(eT��h�jPpÌa���b(jgps�im7rsdfe � Ê
� m7pnpqh�jPdibg� ��psegegdih�j��BÅ�df�«rsd+� � ��Ç axÇH� ��hzcdfjgps� m7d«rsl��i�Ir � psegeCm v�m`jCb(l�m`h7l�pqb � dfjTv�� ��m7j9b(d a���b(jHm�h`d OÄdfj
�fl�ÇHa7jgl�h«pqh�Å�dib(egd¡v�dfe{cdfrsdf�fjCb(l�h7e$e9m�b$v�dfeka � l�jgl�h7e�v�d�o��IegePdKcdih7dib ��psd�È � � l�b�p ��pÌh7dTv�d¡�fdfe�a � l�jgl�h7e�egdibg�Âpuj
egl�psj v�pqb(df�fjPdiÇTdih�j!rsd$bg� � l�h�h7diÇTdih�j¼e � h7� � b�l�jCb(l�h�vncd(Ñ Í�«cdfÅ�l7� mzcd�Êgegl�puj�m�h7d��fl7h7e cdf��m7dih7�fdnv�d�r �(cdf� � ��mTO¼diÇTdih�j
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v�m{v�pseg��m7d«v�� �I�f�ib7cdfjgpsl�h{a�b(lIÅ�l7��m�cdta���b�rsdH� � ��ÇHa v�d ��bg�BÅ7puj�cdkv�m jCb�l�m{h7l�pqbfÈ � dfeta � l�jgl�h7e cdiÇTpseWa���b�rsd
v�pueP� m7d$v�� �I�f�ib7cdfjPpul7hka�dim7Å�dih�j �dfjCb�d�b�cd! $cdf� � pse¼Å�dib�e rsdfe5Ñ(dfjge � l�mt��o7ePl�bgozcdfe!a�m7puenb7cdfdiÇÁpue � a���b­v�dfe�h�cdio�m7rsdim7egdfe
��m7jgl�m�b�v�dHr � � Ð � È � �+a7rq� ��d«v�dHvncdfjgdf�fjgpsl�h-v�� � Ð Î ��Ò dfegjk�fl�ÇHa7r9cdfj cdfd Í�+a7rqm7e � ��m7jgdxcdih7dib ��psd�a���b�rsdfe
v�cdfjgdf�fjgdim�b�e Ò � � dib(dih�'IlIÅ�v�d ��dibgo�dfeWcdfrsdf�fjCb(l7ÇH� ��hzcdfjgps� m7dfe = ¾ N ?1Êfo��Ie�cdfe!��m�egl�r�dfj­v�l�h�j­rudzegdim7psr�v�dzv�cdfjgdf�fjPpul7h
dfegjtv�dHr � l7b(v�b(dHv�d�Ã ���KÍ�{¿ ��� Ð d�� � �n� Ò Ê Q ! ���z� � � ÊqÈqÈqÈ � È��ka�b Ídfeta7rqm7egpsdim�b(e���h�h�cdfdfekv�� m7jgpsrspseC�Ijgpsl�h5Ê!rq�
b�cdfegdib�Å�d�v�d���� �+v�d-rÌ� � � ��ÇTo�b(d+v�� � Ð Î ��Ò cdfjC�IpsjHa�b(dfeg��m7d�cdia�m7pse cdfd+dfjHr � �ÂrupqÇTdih�jC�IjPpul7h�dih ��� �{� cdfj�cd
�fl�m�a�cdfd�Ê7v�dtÇH��h7p Ídib(d Í�¡�fl�h7egdib(Å�dib¹v�m ��� �ta�l7m�bnv�dfe�ÇTdfeCm�b�dfe$pqh�j�cdib(dfegeC��h�jgdfe � � jC��b ��dfjzl�a�a�l7b(jCm�h7psjgpsdfe � � È
� �kb(dfr ÍdfÅ�dnv�� � Ð Î �zÒ egdibg���IegeCm�b7cdfd��BÅ�df�nrsd � m7j9m�b!eC�Ijgdfrsrspsjgd Ð � � ��Ò v�l�h�j!rsd$rq��h7�fdiÇTdih�j�h � dfePj�a��Ie�a�b7cdfÅ�m
�iÅI��h�jÁÃ ��� ¿�È � d+e9�IjgdfrsrspujPd{� Ð � � � = ¿�¾1?(Ê�a�b7cdfÅ�mKa�l�m�b Ã ��� Ã-�IegeCm�b(dibP�{m�h7d+vncdfjPdf�fjgpsl�h+Ñgm7eg��m � Í�-dih�Å7pqb(l�h
¿ � Ð d��TÈ � r�dfÖ7puePjgd m�h7d �frÌ�Âegegp����i�Ijgpsl�hx�IePegd �H�fl�ÇHa7rsps��m�cdfd«v�dfe�o7rq� �i��b(e¡egdfrsl�h rudim�b¡j � a�dHv��(cdiÇTpsegegpsl�h dfj
r � ��h ��rsdn� m7d � �Ipsj!rsdim�b�Ñ(dfj�a���b¼bg��a�a�l�b(j Í�nrq� Ò dibgb(d�ÈB��pqh7egpRÊIrsd�e9a�df�fjCb(dnv��(cdiÇTpsegegpsl�h v�dfe�o7rq� �i��b�e vncdfjgdf�fj�cdfe¼a���b
� Ð Î ��Ò e �(cdfjPdih7v$Ñgm7eg� m � Í�$��m7dfrs� m7dfezv�p �i�ÂpÌh7dfezv�d Ð d���a�m7pse�e �(cdfjgdfpqh�j ��mkv�dfr Í��Ê�a�m7pseg��m � psrse$h7d�ePl�h�j!a��Ie�Å m7e
a���bnrsdfe$vncdfjPdf�fjgdim�b(e$��m«egl�rRÈ � �TjCbg��h7ePpujPpul7h+h � ��Ñ���Ç �Ipse�cdfj�cd�l�o7egdib(Å�cdfdka�b7cdf�fpse�cdiÇTdih�j�dfÖ�azcdib�pÌÇÁdih�jC�ÂrudiÇÁdih�jiÈ� h�Å�dib(egdiÇTdih�jiÊ­eCm�b�rsdfeÁ¿ egl�m�b(�fdfeTÇTpsegdfetdih cdfÅ7puv�dih7�fd«v�dia�m7pseTrud«egl�rRÊ­v�l�h7� Í�{a7rqm7e � ��m7jgdxcdih7dib ��psd�Ê¼m�h7d
egdim7rsdW�¡a�m �dfjCb(d�ÇÁpuePd�dihxcdfÅ7psv�dih7�fdWa���b � Ð Î �zÒ È � �ta7rq� ��d�v�� l�o7egdib�Å	�Ijgpsl�hÁv���h7e�rq� �fl7h7dWÃ � A � A Ã ���Ð d�� dfegj$v�l�h7�¡Å�psdib ��dkv�d¡jgl�m7jgdtÇÁdfeCm�b(dkdfj�h7d¡egdibg�Ha��Ie�l�o7egdib(Å�cdfdk�BÅ	��h�j�Ã ��� ¿�È
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� ��bgÇÁp�rsdfe$eg�5cdih���b(psp¼v�dkrq�TÅ�dib(ePpul7h �Oh��Irsdkv�� ��À � Ê�psr¼dfePj�dih�Å7pue9� ��cd�v�� pqh7egjC�Ârursdib Í�Tr � dih�jCb7cdfd�v�� ��À � m�h
�fl�h�Å�dib(jgpsegegdim�b!v�d�a � l�jgl�h7eiÊB�fl�h7egjgpsjCmzcdnv�� m�h7d$a7rÌ�Â� m7d$v�d�jCm�h ��egj Ídih7d�dfj�v��(cdia��Ipsegegdim�b � È ×�� V � rsl�h ��m7dim�b!v�dbg�Iv�pq�Ijgpsl�h � È � dfeWa � l�jgl�h7eO�{pqh7�fpsv�dih�jge¡egl�h�j$�fl�h�Å�dib(jgpse$dih-a��Ipqb(d���� ��� T v���h7e�rq�«a7rÌ�Â� m7d¡v�l�h�j�r �(cdih7dib ��psd
dfegj ÇÁdfeCm�b7cdfd a���b rud jCbg�IÑ(df�fjgl�Ç ÍdfjCb(d dfj�rsdK�i�Irsl�b�pÌÇ ÍdfjCb(d-v���h7e«��À � È � dfe+rspÌÇÁpuj9�Ijgpsl�h7e{v�dKÇTdfe9m�b(d{dih
cdih7dib ��psd�v�dfe$a � l�jgl�h7e$a�b(lIÅ7pudih�h7dih�jnv�� m�h7dka���b(jnv�mH� � ��ÇHa«ÇH� �7h�cdfjgps��m7d$v���h7enr � �IpqÇH��h�j�dfjnv�� ��m7j9b(d�a���b(j
v�mxbg� � l�h�h7diÇTdih�jHv�d ��b(dfpqh�� ��d+v�d{rq�Ka��ÂpÌb�d+v���h7e�rsd+�fl�h�Å�dib(jPpuePegdim�bfÈ�� o��Iegegd¯cdih7dib ��psd�Ê!rq�KjCbP�IÑ(df�fjgl�pqb(d
v�d+rÌ� a��Ipqb(d{dfegj)�Rl�b(jgdiÇÁdih�jT�fl�m�bgozcdfd�dfj«h7d+jCbg�BÅ�dib(egd+a��IeTrsd{vncdfjgdf�fjgdim�bfÊ Í� � ��m7jgd¯cdih7dib ��psd�Ê!rÌ�`ÇTdfeCm�b�d
v�dX�fl7m�bgo�m�b(dKv�d rq�xjCbP�IÑ(df�fjgl�pqb(d{dfePj�rspqÇTpsj�cdfd`a���b«rq�xb�cdfegl�rÌm7jPpul7h�e9a��Ijgpq�IrsdKv�dfe{ÇTps�ib(l � o���h7v�dfrudfjPjgdfe{dih
egpsrups�fpqm�Ç]v���h7eHrsd+jCbg�IÑ(df�fjgl�Ç ÍdfjCb(d�Ê5ePl�psj�a�l�m�b
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v�mx� � rupqh7v�b(d�È � d{� � ��ÇHax��m`�fdih�jCb(d-v�d+r � �IpqÇH��h�j �IjPjgdfpqh�j � D ¾ 
�Ò dfePrÌ�;dfj�egl7hxa�l�m7Å�l�pÌbÁv�� ��h��Ir � egd{dfegj
&)( ' R � D ¾ 
�Ò Ç ' È � �xb(df�fl�h7egj9bgm7�fjgpsl�h v�d rÌ�`j9bg�IÑ(df�fjgl�pqb(d+dfegj{�ÂegeCm�b7cdfd{a���b N a7rq��h7e+v�dKÇTps�ib(l�egjCb(pqa7e� pursps�fpqm�Ç]v�l�m�o7rsd ���I�fd�Ê!v�d+jgdf� � h7l�rsl ��psd+v�cdib(psÅ�cdfd«v�d+r � dfÖ azcdib(psdih7�fd � × È � �Kb7cdfegl�rqm7jgpsl�h eCa��IjPpÌ�Ârud{�Âjgjgdfpqh�j
��¾ � �¼Ç²v���h7e�rÌ� v�pqb(df�fjgpsl�h v�dt�fl�m�bgo�m�b�dtdfj ×�� �¼Ç v���h7e�rsdfek��m7jCb(dkv�pqb(df�fjgpsl�h7eBÈ �km��Ij9b(dta7rq��h7e�ePl�h�jnrsl �
�i�Irspue�cdfenv���h7enr � �IpqÇH��h�jiÊ7jC��h7v�psen� m7dkrsdka�b(diÇTpsdibndfjnrsdkv�dibgh7psdibfÊ�a7rqm7e ��bg��h7v¼Ê7egd�jCb(l7m7Å�dih�jn��m7ÖHdfÖ7jCb �diÇTpsj cdfe
v�mH� � rspÌh7v�b�d�È � �Tb7cdfegl�rqm7jgpsl�h j � a7ps��m7d�v�dkrq�TÇTdfeCm�b(d�dih pÌÇ a�m7ruePpul7h{dfePj�*,+

+ R ��� a�l7m�b�v�dfe$a�b(l�jgl�h7env�d�¾Ð d��7<I��È � ��ÇTdfe9m�b(d Í��a7rqm7e�o��ÂegegdtpqÇHa�m7rsegpsl�h dfegj�v�cd ��bP�Iv�cdfdta���b�rq�«v�p O­m7ePpul7hXÇTm7rsjgpqa7rsdHv���h7ekrsdfeta7rq��h7e
v�d�egpsrsps�fpqm�Ç+È�� a7rqm7e �7bg��h7v�dxcdih7dib ��psd�Ê¼r � dibgb�dim�btv�l7ÇTpqh���h�jPdHÅ�psdih�jTv�dHrq�{ÇTdfeCm�b�d�v�dHrq�-�fl�m�bgo�m�b�d{�¼rsdfe
a���b(jgps�im7rsdfe�j9b Ídfenb(p ��psv�dfe�h �(cdfj9��h�jna7rqm7e$eCm � eC��ÇHÇTdih�j�vncdfÅ�p9cdfdfe¹a�l�m�bn�Iegege9m�b(dibnm�h7dtÇTdfeCm�b(dk�fl�bPb(df�fjgdk�iÅ�df�
rud¡jCbg�ÂÑ1df�fjgl7Ç ÍdfjCb�d�È � h{a7rqm7e�v�dtrq�HÇTdfe9m�b(dtv�dTa�l�egpsjgpsl�h5Ê)rsdtjCbP�IÑ(df�fjgl�Ç ÍdfjCb(d � l7m�bgh7psj N ÇÁdfeCm�b(dfe$pqh7vncdia�dih �
v���h�jPdfe$v�d ���

�.-
v�dfeWa���b(jgps�im7rsdfeiÊOa�b�l�a�l�b�jgpsl�h�h7dfrsrudfet��m«�i��bgb7cd�v�d¡rÌ�Á� � ��b ��d�È

� dke � egj ÍdiÇTd�v�dkjgdiÇHa7env�dtÅ�l�r � Ò .�Ï � dfegj��fl�ÇHa�l�e cd�v�dk� m��ÂjCb(dta7rq��h7e$v�dkeg�fpqh�jgpsrsrÌ�Âjgdim�b(eta7rq�Iegjgps��m7dfeiÈ
� dfe�a7rq��h7eRE$¾ dfj EzÃ+egl7h�jTdih`��ÇTl�h�jtv�d«r � �IpqÇH��h�jiÊ!jC��h7v�pseT� m7d+rsdfeHa7rq��h7emE × dfjRE 
 egd�j9b(l�m7Å�dih�jtdih
�iÅI�IrRÈ � � �I��m7d�a7rq��h �fl�m7Å�b(dHr � �Â�f�fdia7jC��h7�fdHv�dHr � �ÂpÌÇ ��h�jkdfjkdfePjk�fl�h7egjgpsjCmzcd�v�d-¾ 
 a7rq�I� m7dfe¡v�d{¾�¾T�iÇ_v�d
rÌ��b ��dim�bzdfj�¾��iÇ v��(cdia��Ipsegegdim�bz�BÅ�df��m�h � � dfÅI��m7� � diÇÁdih�j$v�dk¿tÇ Ç+È � dfe$a7rq�I��m7dfenegl�h�j�l�b(psdih�j�cdfdfena�dibga�dih �
v�pu�im7rq�Ipqb(diÇÁdih�j�v�� m�h«a7rÌ��h Í�tr � ��m7jCb(d�È � �tv�psegj9��h7�fdkdih�j9b(d�rsdfe$a7rq��h7e4EzÃkdfjsE × dfegjnv�d�¾kÇ+È � �Tb�cdfegl�rÌm7jPpul7h
jgdiÇHa�l7b(dfrsrudTv�d¡� � �I��m7dta7rq�I��m7d�dfePj���/ R ¾B¿ � a7e�a�l�m�b$rsdfeka�b(l�jgl7h7eiÊ��fdk��m7p � l7m�bgh7psjWm�h7dTÇTdfeCm�b(d¡v�dkÅ�cd �
rul7�fpsj�cdk�BÅ�df�0*21

1 R × D ×�� È � d Ò .�Ï�a�dibgÇÁdfj�dih l�m7jCb�d$v�d�v�pseg�ib�pÌÇÁpÌh7dib�rsdfe$a���b(jgps�im7rsdfe$dih�jCbg��h�j�a���bzrsd � ��m7j
dfj�a���b�rudto��Âe�v�m v�cdfjgdf�fjgdim�b � a���b(jPpu�im7rsdfe$�Irqo�dfv�l�eiÊ7Å�l�pqb / � È � dfenegp ��h���m7Ö v�dfe�eg�fpqh�jgpsrurq�IjPdim�b(e �Rl�m�bgh7psegePegdih�j
cd ���IrsdiÇTdih�j$m�h7d�ÇTdfe9m�b(dtv�dkrq� � � ��b ��d � ��m �i��bgb7cd � v�dtrq�Ha���b(jPpu�im7rsd�È
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 ���3��� � # /C����>��!�"�1�����
�� 4 6E8�� � G 
2��' � +,� ,��% @� "�.�' 
�� ,%.�+ '���,-�%!�!9� 8 �H8�W �	�2:

� dn�fl�ÇHa7jPdim�b Ò � � dib�dih�'IlIÅ Í��d OÄdfj!v�dnegdim7psr � � Ò � � dfePj��fl�ÇHa�l�e cdzv�dW¾ N /$�fdfrsrqm7rsdfenv�� �!cdib�l ��dfr�v�d � psrspu�fd
v�� pqh7v�pu�fd¡v�dWb7cd ��bg�I�fjgpsl�hTÇTl � dih+¾�È ��× ¿�È � dfe��fdfrsrqm7rsdfe�l7h�jnm�h7d{cdia��Ipsegegdim�bzv�dW/ �iÇ dfj�egl�h�j�b7cdia���b(jPpudfezeCm�b�Ã
a7rÌ��h7e�v�d�ÇTdfeCm�b(d�È � dfen�fdfrurqm7rsdfe�a�b(l7v�m7psegdih�j�v�d�rq�krqm�ÇTp Ídib�d Ò � � dib(dih�'IlIÅTa�l�m�bzv�dfe�Åzcdfrsl7�fpsj cdfe�eCm�azcdib(psdim�b(dfeÍ��� R � D 0 N1N È � � � Ò �²a�dibgÇÁdfj�v�d+b(dih��Rl�b(�fdib rÌ�-v�pseg�ib(pqÇTpqh��IjPpul7h��� ��� T dfj�� ��� � b7cdi�Ârupse�cdfd�a���b rud Ò .�Ï
v���h7eTrÌ������ÇHÇTd+¾ D ¿ 7 Ã Ð d��7<I�Hdfj`cdfjPdih7vKrq�{e�cdia���bg�Âjgpsl�h Ñ�m7eg��m � Í� × D ¿ Ð d�� <Â��Ê¼egdim7psrnv��(cdiÇÁpuePegpsl�h v�dfe
a�b(l�jgl�h7eBÈ

� d«e � egj ÍdiÇÁd���h�jgp � �fl � Rs�fpuv�dih7�fd � � ��Ò . � dfegj¡�fl�ÇHa�l�e cdHv�� m�hKdih7egdiÇTo7rsd{v�d«eg�fpqh�jgpsrurq�IjPdim�b(e a7rq�IePjgps� m7d
� m7p¼�fdfpqh�jCm�b(dkjgl�jC�IrsdiÇTdih�j�r � �ÂpÌÇ ��h�j�dfj¹a�dibgÇTdfj$v�dTb(d(Ñ(dfjgdibzrudfe-cdfÅzcdih7diÇÁdih�jgenh7dta��IegeC��h�j$a��Ienjgl�j9�IrsdiÇTdih�j
v���h7eHr � �I�f�fdia7jC��h7�fd+v�d+r � �IpqÇH��h�jiÊ �Ipqh7egp�� m7d+rsdfexcdfÅ�cdih7diÇTdih�jPe Í� a�b(l�o7r ÍdiÇÁd � � ��h�jt�ib7cdfd«v�dfe�a���b(jgps�im7rsdfe
egdf�fl�h7v��Ipqb(dfeiÈ

� h��Oh5Ê!��À � dfegjxcdf��m7pÌazcdHv�� m�hxo7rspqh7v�� ��d �Oh5Ê �fl7h7egjgpsjCmzcd«v�d{a7rq�I��m7dfeHv�d+�i��bgo�l�h7d�Ê!� m7p$a�b(l�j Íd ��dHrsd
eCa�df�fjCb�l�Ç Ídfj9b(d�v�dfeka���b(jPpu�im7rsdfe�v�d�o��IePegdXcdih7dib ��pud�È

Õ�h7dÁa�b�diÇTp Ídib(dHÅ�dib(egpsl�h-v�m eCa�df�fjCb(l�Ç ÍdfjCb(d¡��À � �«Å�l�r9cdTdihx¾
0101/«��m-�fl�m�b(ekv�dHrq�{ÇÁpuePegpsl�h ��Ò$��� 0�¾
v�d�rq�Th��BÅ�dfjgjgd$Ëkpseg�flIÅ�dib � È � d�v�cdfjgdf�fjPdim�bTcdfj9�Ipsj��Irsl�b(eHcdf� m7pqazcd$v�d�rq�TÇTl�psjgp9cd$v�dfe$a7rÌ��h7e$v�d � psrspu�fpqm)Ç+È � ¾ �	�
cdfÅ�cdih7diÇTdih�jge�l�h�jKcdfj�cdkdih�b(d ��psegjCb7cdfe�a�dih7v���h�jtdih�Å�pqb(l�h�¾ ���+� dim�b(dfeTv�d�a�b(psegdfe¡v�d�v�l7h�h�cdfdfeiÈ � d Å�l�r��¯cdfj�cd
m�h`eCm7�f� Ídfe¡dfjÁ� a�dibgÇTpseHv�d«Å	�Irspsv�dibHrsdfeHpqh7egj9bgm�ÇTdih�jgeTv�d�vncdfjgdf�fjgpsl�h5Ê!r �1cdfrsdf�fjCb(l7h7pu��m7d+dfjTrsd+e � ePj ÍdiÇTdTv�d
jCbg��h7eCÇÁpuePegpsl�h«v�dfenv�l�h�h�cdfdfe$��m egl�rRÈ � � ��h��Ir � ePd�v�dfe$v�l7h�h�cdfdfendfegjndihH�fl7m�b(e$dfjnrsdfe�a�b(diÇTpsdib(e���b(jgps�frsdfe�ePl�h�j
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�ka�b Ídfekrsd«Å�l�r�h��iÅ�dfjgjgd�Ê5rq�+�fl�rsrq��o�l�bg�Ijgpsl�h e � dfePjtrq��h7�5cdfd v���h7e�m�h7d�h7l7m7Å�dfrsrud{a � �ÂegdHv�d�b(df� � dib(� � d�dfj
v�cdfÅ�dfrsl�a�a�diÇTdih�jBÊIv���h7e�rsd¹o�m7j�v�� ��Ç`cdfrspsl�b(dib!r � pqh7egj9bgm�ÇTdih�j�a�l�m�b!eC�kÇÁpuePegpsl�h¡eCm�b!rq��egjC�Ijgpsl�h ����� ÈI��r � � dim�b(d
�I�fjCm7dfrsrsd�Ê�rsdfen� � ��h ��diÇTdih�jge��Â�f� m7pse�ePl�h�jna�b(l �Rl�h7v�eiÈ Ò l�m7j�v�� ��o�l�b�v¼ÊIr � �IpqÇH��h�j�a�dibPÇH��h7dih�j�egdibg�¡b(diÇHa7rq�I�5cd
a���b�m�hH�IpqÇH��h�j!eCm�a�bg�I�fl�h7v�m7�fjPdim�bfÊ�vncdfrupsÅ�bg��h�j�m�h¡� � ��Ç aHÇH� ��hzcdfjgps� m7dn��m¡�fdih�j9b(d$v�m¡� � rspqh7v�b(d�v�d$r � l�b(v�b�d
v�m Ò dfegrq��È � �«b�cdfegl�rÌm7jPpul7h{v�m jCbg�ÂÑ1df�fjgl7Ç ÍdfjCb�d�egdibP���I�f�ibPm7d � /«a7rq��h7e � dfj�jC��h ��dih�jPdibg�HrsdHa�l7m�b$�fdih�jta�l�m�b
v�dfeWa�b(l�jgl�h7e$v�d+¾ Ð d���È)Ëkdta7rqm7eiÊ5v�d�h7l�m7Å�di��m7Ö+v�cdfjgdf�fjPdim�b(e$egdib(l7h�j$pqh7egj9�IrsrCcdfeta�l�m�b��fl�ÇHa7r9cdfjgdibnr �(cdfj9m7v�d
v�dfeWbg� � l7h7e��fl�eCÇTps� m7dfeBÈ

�a$�8� �F��� �=��
*���(H 6879��	#	9��;<�=	��c+Z7 	��TY�

�=��
���	���k 2��
Ò l�m7jHv�� ��o�l�b(v¼Ênm�h v�cdfjgdf�fjgdim�bÁv�d;bP� � l�h�h7diÇTdih�jHe � h7� � b(l�jCb(l�h�v�d �7bg��h7v�d{e9m�b�� �Â�fd �R� ÎnË � egdibg�Âpuj

rul7�i�Irspse�cd«dih`��ÇTl�h�jtv�m Ò .�Ï$È � r�e � � ��psjtv��(cdfjCm7v�psdibkrsdfeTeCa�df�fj9b(dfeTv��1cdfrsdf�fjCb(l7h7etdfj�a�l�egpsjgl�h7eTv��(cdih7dib ��psdHv�d
r � l�b(v�b(dkv�m Ò d���È � dfe�ÇTdfeCm�b�dfe$dfÖ azcdib(pqÇTdih�jC�Irsdfe��I�fjCm7dfrsrsdfeke �(cdfjgdih7v�dih�j¼Ñgm7eg� m � Í�Trq� ����ÇHÇÁd � D ¾ 7 ¾ Ò d���Ê
ÇH�Ipse���m7�im�h7dkÇTdfeCm�b�d�h � dfÖ7puePjgd���mTv�dfr Í��È �km7dfrs� m7dfe$v�p �i�Ipqh7dfenv��(cdfÅ�cdih7diÇTdih�jPe�a���bz��hTegl7h�j��IjPjgdih7v�m7e�v���h7e
r � �I�f�fdia7jC��h7�fd-v�� ��À � �BÅ�df�{m�h7d cdih7dib ��pud�� ¾ Ò d��TÈ � d{a�b(pqh7�fpqa�d v�d-rÌ� ÇTdfeCm�b(d+�fl�h7ePpuePjgd Í� vncdfjPdf�fjgdib
dih �fl � Rqh7�fpsv�dih7�fd+rÌ�-a���b(jgps�im7rsdHdfjkrq�+rqm�ÇTp Ídib(dHe � h7� � b�l�jCb(l�h-��m � dfrsrsd�� ��cdihzcdib7cdfdkdih;egdHvncdia7rq� w�i��h�jkv���h7ekrsd
� � ��Ç a{ÇH� �7h�cdfjgps��m7d Ò dibgb�dfegjCb(d�È � ��ÇTdfe9m�b(dtv�d¡rÌ� � � ��b ��d�� v�dtrq��a���b(jgps�im7rsd�dfePj$v�pqb(df�fjgdiÇTdih�jt�IegeCm�b7cdfd
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MZ � '3��
+��%!9��#%!�"$.�'5� ")��� + !��2'Q����Q
YZ �0' � �+d��#%!� �.�' �%!U
�� � � +d���>"T)�� k� � �T'(#_/0 �.XW
!� 3.2' :

a���b�rq�Ta�l�ePpujPpul7hHv�dfe$a � l�jgl7h7e�e � h7� � b�l�jCb(l�h7ena���b�bP��a�a�l�b�j Í�krq�¡jCbg�IÑ(df�fjgl�pqb(d$b(df�fl7h7egjCbgm7psjgd�v�d�rq�¡a���b(jgps�im7rsd
v���h7ek��À � Ê¼a�m7pseg��m7dHrq�«v�pqb(df�fjgpsl�h v��(cdiÇTpsegegpsl�h-v�dfe�a � l�jgl�h7e�� � ��h ��dÁ�BÅ�df�Trq�«�fl�m�bgo�m�b�d�Ê5v�l�h�j�rsdHegp ��h7d
v�cdia�dih7v«v�d � � Å�l�pqb �
��m�b(dT¾�È N � È � �t�fl7Ç�o7pqh��Ipsegl7hHv�m«h7l�ÇTo�b(d�v�dWa � l�jPl�h7e�vncdfjgdf�fj�cdfe��BÅ�df��rÌ�¡egl7ÇHÇTd$v�d
rudim�b-cdih7dib ��psd)� l7m�bgh7psjtm�h7dÁÇÁdfeCm�b(dtv�dTr �(cdih7dib ��psdTjgl�jC�Irsd¡v�d�rq�+a���b�jgps�im7rud«�iÅ�df��m�h7dHa�b7cdf�fpsegpsl�h-v�dTr � l�b(v�b�d
v�dÁÃ ��� È � dTeCa�df�fjCb�dHdih�cdih7dib ��psdTv�dfeta � l�jgl7h7et�Ijgjgdih7v�m7eka�l�m�b�v�dfeTa�l�ePpuj9b(l�h7ekdfj�v�dfeXcdfrsdf�fjCb(l�h7ekdfePj�v�d
r � l�b(v�b(d�v�m 'Âd���È � dfe$h7l � ��m7ÖH�fl�eCÇÁpu��m7dfenv�d�j9b Ídfe � ��m7jPd{cdih7dib ��psdWa�dim7Å�dih�j�cdfÅ�dih�jCm7dfrsrudiÇÁdih�j �dfj9b(d+cdfj9m7v�pCcdfe
eCm�bHrsd � ÎnË£v���h7e«rq� �fl7h7d{v�m � ��dih7l�m � Í� 7 R ¾ � d���Ê�v�l�h�j r � l�b(p ��pqh7d dfegj�dih7�fl7b(dXÇH�Âr$�fl�ÇHa�b(psegd�È
� dfe�ÇTdfe9m�b(dfetdfÖ�a�cdib(pqÇTdih�jC�Irsdfe¡v�d��fd j � a�d v��1cdfÅ�cdih7diÇTdih�jgeiÊ�jCb ÍdfetbP��b(dfeiÊ)egl�h�jtb7cdi�Ârupse�cdfdfenÑ�m7eP� m � Í�+a�b7cdfegdih�j
��m`egl�rn��mxÇTl � dih v�d+v�cdfjgdf�fjgdim�b�e�v�d ��dibgo�dfeTv���h7eHr � �ÂjCÇTl�eCa �5Ídib(d�È � �1cdfjCm7v�d«v�d+�fdfexcdfÅ�cdih7diÇTdih�jPe � l�b(e
v�d�r � �Ij9ÇTl�eCa �5Ídib(dTdfegjTv�l�h7��v�� m�h ��bP��h7vKpqh�j�cdib �dfjiÈ � �1cdih7dib ��pud«v�dfeHa � l�jgl�h7eT�Ijgjgdih7v�m7eTa�l�m�b¡rsdfeHh7l � ��m7Ö
�fl�eCÇTps��m7dfe�dfegj�a7rÌm7e ���Ipqo7rudTdfj�hzcdf�fdfegegpsjgdkv�dfe�v�cdfjgdf�fjPdim�b(enegdih7egpqo7rsdfekv���h7e$r � Õ ��È
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� h�jCb(d rud � Î¹Ë dfjTr � dih�jCb7cdfd v�d�r � �IpqÇH��h�jTv�dfÅ�bg�IpsjTegd�j9b(l�m7Å�dib cd ���IrsdiÇTdih�j�m�h vncdfjPdf�fjgdim�b Í�-d O¼dfjtv�d

bg�Iv�pq�Ijgpsl�h v�dkjCbg��h7ePpujPpul7h �RÒ ÎnË � È � d Ò Î¹Ë»dfegjn�fl�h7ePjgpsjCm�cd$v�dkÃ � �fl�m7� � dfenv�dWÇTpsrspsdim{bg�Âv�pÌ�Âjgdim�bfÊ7e�cdia���b�cdfe
a���b!v�dfe�a7rq��h7ezv�d$v�cdfjgdf�fjPdim�b(e�v�d�a � l�jgl7h7e � � v�cdfjgdf�fjgdim�b�e ��� �fdim7Ö�� � rspqh7v�b(ps� m7dfe � È � � �I� m7d�ÇTpsrupsdim+bg�Âv�pÌ� �
jgdim�b�dfegj��fl7ÇHa�l�e�cdnv�d$r � �Irsjgdibgh���h7�fd�v�� m�h ��bg��h7v�h7l7Ç�o�b�d�v�d �Oh7dfe��fl7m7� � dfezv�d�ÇH�Ij�cdib(pq��mTa7rq�Iegjgps��m7d�dfj�v�d
Å�psv�d�È � d$a��Iege9� ��d�v�� m�h7d¹a���b(jgps�im7rsd$� � ��b ��cdfdzv���h7e!rudfe�pqh�jgdib����I�fdfe�v�� dih�jCb7cdfd�dfj!v�d�ePl�b(jgpsd�v�dn� � �I��m7d��fl7m7� � d
��cdih Ídib(d�m�h{bP� � l�h�h7diÇTdih�j�v�dkj9bg��h7egpsjgpsl�h5Ê�v�l7h�j$rq�Tj � cdfl�b(psdkdfegj$�IePegd �kÅ�l�psegpqh7dtv�d¡r � d O¼dfj Ò � � dib(dih�'Âl	Å5È � �
a�b(l�o���o7psrspsj cdTv��(cdiÇTpsegegpsl�h{a���bnpqh�jgdib � �I�fdTdfegj � �Ipqo7rsdHdfj$� � dfegj�rq�«ÇTm7rujPpÌa7rsps�i�Ijgpsl�h v�dfe��fl�m7� � dfek��m7p a�b(l7�im�b(d
m�hKegp ��h��Âr�vncdfjPdf�fjC��o7rsd�È � � �Irsjgdibgh���h7�fd+v�dfe¡�fl�m7� � dfeTv�d«v�dih7egpsj�cd«Å	��b(pq��o7rsd+�ib�cdfdHv�dfeTpqh�jgdib��	cdib(dih7�fdfe¡dih�jCb�d
rud+bg� � l�h�h7diÇÁdih�jkv�dHj9bg��h7egpsjgpsl�h ��cdihzcdib7cdta���b�rq� a���b(jgps�im7rsd«v���h7et� � �I��m7dH�fl�m7� � dHdfj�a�b(lIÅ�l7��m7dÁm�h;d OÄdfj
v�dtegdim7psr!dih+Å�cdfrsl��fpsj�cd�Ê��IÑgm7egjC��o7rsdkdih �Rl�h7�fjgpsl�h v�dfe�ÇH�Ij�cdib(pq��m7Ö+m7jgpsrspue�cdfeiÈ � dfeWa � l�jPl�h7e�a�b(l7v�m7psjgekv���h7e$rsdfe
bg�Iv�pq�Ijgdim�b(ezegl�h�jHcdih7dib ��cdfjPpu��m7dfe � � R ¾ 'Âd�� � dfj�ePl�h�jTcdiÇTpse��BÅ�df��m�h«ÇH�IÖ7pqÇTm�Ç v�d�a�b(l�o���o7psrspsj cdta�l�m�b�m�h
��h ��rsd�� �fpqÇTm7jC�Ir 8 � � U� È � d�h7l�ÇTo�b(dnv�d$a � l�jgl�h7e�a�b(l7v�m7psjge�dfePj�v�d¹a7rqm7ena�b(l�a�l7b(jgpsl�h�h7dfr Í�O��Èirsd Ò ÎnË��$rq�
Ç �diÇTd � l�h7�fjPpul7hH��m7dkr � � Ò � �7pur"�Rl�m�bgh7psj$m�h�ÇÁl � dihHv�d�v�pseg�ib(pqÇTpqh7dib$rsdfe�a���b(jgps�im7rsdfe$v�dtÇ��diÇÁd$pqÇHa�m7rsegpsl�h
dfj�v�d$Å7psjgdfegegd�v�p OWcdib(dih�jgd�Ê�ÇH�Ipse��BÅ�df��m�h7d�d � �i�Â�fpuj�cd��I�f�ibPm7d�È���pÌh7ePp Ê7rq�tb7cd(Ñ(df�fjgpsl�h � � � �Tdfj � T � ����IjgjPdih7v�m7d
dfegj�ÇTdfpsrsrsdim�b(dH��m7dH¾ ��� eCm�b$m�h7d¡rq��b ��d ����ÇHÇTd�v��1cdih7dib ��pudke �1cdfjgdih7v���h�jnv�d R � D × Ð d�� Í�+¾ ��� Ð d��TÈ
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� l�m7e¡rud«v�dibgh7psdibTa7rq��hKv�d Ò .�Ï�egdHj9b(l�m7Å�dibg�«r � pqÇH� ��dim�b¡v�� ��h�h7di��m7Ö Ò � � dib(dih�'IlIÅ � Î � � ! �«Í� �Rl��i� �

rupseC�Âjgpsl�h`v�d{a�b(lIÖ�pqÇTpsj�cd�Ê¼v�l�h�jTrq�{vncd �Oh7psjgpsl�h � �ÂpujTr � l�o Ñ1dfjTv�d«�fd{Ç�cdiÇTl�pÌb�d�È,�nd«v�cdfjgdf�fjPdim�btdfePjÁa�b7cdfegdih�j�cd
eCa�cdf�fp�����m7diÇTdih�j�v���h7enrudk� � ��a7psjCb(dkÃ�È � dtÎ � � !¯dfegjn�fl�ePjgpsjCm�cd�v�d�j9b(l�pse$a���b(jgpsdfeiÈ � �Ta�b(diÇTp Ídib(d�dfePj�rsdta7rq��h
v�dtbg�Iv�pq�Ijgdim�bz�fl�ÇHa�l�e�cd$v�� m�h+ÇH�Ij�cdib(pq��mTv�� pÌh7v�ps�fd¡v�dtb�cd ��bg�I�fjgpsl�h N ��¾�dfj��fl7m7Å bg��h�jnm�h«�fdib(�frsdkv�dtbg� � l�h
� � / � �iÇ+È � d+a��Iege9� ��dTv�� m�h7d+a���b(jgps�im7rsd�Ê��iÅ�df��m�h7dHÅ�cdfrsl��fpsj�cd ��e9m�a�cdib(psdim�b(d+��m egdim7psrzv�d a�b(l7v�m7�fjgpsl�h
���fÊ ��cdih Ídib(dtm�h7dxcdiÇTpsegegpsl�h+v�dTrqm�ÇTp Ídib�d Ò � � dib(dih�'Âl	Å-v�psegjCb(pqo�mzcdfdTeCm�bkm�h-� �l�h7d�È � �«v�dim7Ö7p ÍdiÇTdHa���b(jPpudTdfegj
m�hKdfeCa��Â�fd�v�d ��rupsegePdiÇTdih�jBÊ � Å�psv�d � Ê!v�� pqh7v�ps�fd+v�d b7cd ��bg�I�fjgpsl�h@N � ¾ v���h7eTrudf��m7dfrnr � ��h�h7di��m`b7cd ��bg�I�fj�cdtePd
v�cdfÅ�dfrsl�a�a�d�È � �ÁjCb(l�psegp ÍdiÇÁdta���b(jgpsdt�fl7h�jgpsdih�j$rsdHa7rÌ��h+v�dtvncdfjgdf�fjgpsl�h«�fl�Ç a�l�e�cd�v�� m�h{b7cdfegdi��m«v�d�a � l�jgl�ÇTm7r �
jgpqa7rups�i�IjPdim�b(eHb�cdia���b�jgpsekeCm�bkm�h �fdib(�frsd«v�d�bg� � l�h � R � ¿«�iÇ Ê¼�iÅ�df�Ám�h;jCb(l�m-�fdih�jCbg�Ir���m7p��fl�bgb(dfe9a�l�h7v Í�
r � dih�jCb7cdfd�v�mÁ�i�Irsl�b(pqÇ Ídfj9b(d�È � d¹Î � � ! �Rl�m�bgh7pqbg�km�h7d$ÇTdfeCm�b(d�v�d�Åzcdfrsl7�fpsj cdn�iÅ�df�¹m�h7d�a�b�cdf�fpsegpsl�h¡v�dnr � l�b(v�b(dnv�d
¾ � T � a�l7m�b�rsdfe$a���b(jgps�im7rsdfenv�d�� � ��b ��d � ��¾�dfj�m�h7dkÇTdfeCm�b(d$dih � � ��b ��d!Ñgm7eg� m � Í� � R Ã � È � d��ib(l�puePdiÇTdih�jv�dfe�ÇTdfeCm�b�dfetv�� pqÇHa�m7rsegpsl�h`dfj¡v�dHÅ�cdfrsl��fpsj�cd�a�dibgÇÁdfjgjCbg�«dihKa���b(jgps�im7rspudibÁv�� psv�dih�jgp���dib¡rsdfeTpul7h7et�fl�eCÇÁpu��m7dfe
v���h7e$m�h7d ����ÇHÇTd$v�� pqÇHa�m7rsegpsl�h �8��¾ 7 ¾ × Ð d��7<I�7<I�k�iÅ�df������Ã�¿ 7+×�� Ê�v���h7enrud��i�Ienv�d�r � m7jgpsrupseC�Âjgpsl�h
v�� m�h`eC��h7v �$ps� � v�d{bg�Iv�pq�Ijgdim�b¡v�d �Rl�b(j¡pÌh7v�ps�fd � Ï�rqm7l�bgm�b�d�v�d � l7v�pqm�Ç � dfjTv�d{o��IeTpqh7v�pu�fd � �!cdib(l ��dfr�v�d
egpsrups�fd � È � dtvncdfjPdf�fjgdim�bzegp ��h7dibg�xcd ���IrsdiÇTdih�jnrsdfeWa���b�jgps�im7rudfet�ÂrÌo�dfv�l�È �ndta�l�pqh�j�dfePj$eCazcdf�fp�����m7diÇTdih�j{cdfjCm7v�pCcd
v���h7e$rsdt� � ��a7psjCb(d�/�È
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��À � egdibg� cd ���IrsdiÇTdih�jHcdf� m7pqazcd�v�� m�hH�i�Ârul7b(pqÇ ÍdfjCb�d�Ê�vncdib�puÅzcd�v�� m�h7d�jPdf� � h7l�rsl ��pud�vncdfÅ�dfrul7a�a�cdfd�a�l�m�bzr � dfÖ �
a�cdib(psdih7�fd � � . � È � rOe � � ��psjnv�� m�h«eC��h7v ��pu� � v�d �Oo�b�dfe$eg�fpqh�jPpursrq��h�jgdfe�dfj$v�dta7rsl�ÇTo«v�� m�h7dXcdia��IpsegePdim�b�cdf��m7p �
Å	�Irsdih�jgd Í�+¾ N � V È � dfe��Oo�b(dfe�egl�h�j¹h7l � cdfdfenv���h7enrq�HÇH�Ij9b(ps�fdkv�dta7rul7Ç�o«dfj$��bPbg��h ��cdfdfe�dih«�fl�m7� � dfe�a7rq��h7dfel�b(psdih�j�cdfdfe��ÂrujPdibgh��IjgpsÅ�diÇTdih�j�ePdfrul7hHrsdfenv�pqb(df�fjgpsl�h7e��¯dfj�ÓTÈ � dfe
�Oo�b�dfe�ePl�h�j�rqm7dfe Í� � � �Â� m7d$dfÖ7jCb �diÇTpsj�cd$a���b
v�dfeta � l�jgl�ÇTm7rsjgpqa7rspu�i�Âjgdim�b(eiÈ � �+b(df�fl�h7egj9bgm7�fjgpsl�h-v�dfe{cdfÅ�cdih7diÇTdih�jgeWa�dibgÇTdfjkh7l�h-egdim7rsdiÇTdih�jtv�dHÇTdfeCm�b(dib
rÌ� � bg�Â�fjgpsl�h`v��(cdih7dib ��psd�vncdia�l�e�cdfd Ç �IpseHv�l�h�h7d¯cd �7�IrsdiÇTdih�jHm�h7d+pqÇH� ��d+rul7h ��psjCm7v�pqh��IrsdXdfjTjCbP��h7egÅ�dib(ePd�v�d
rÌ� ��dibgo�d�È � ��� l�bPÇTdtv�d¡rÌ� ��dibgo�dTa�dibgÇTdfjkv�d¡e�cdia���b(dibnegl�h l�b(p ��pqh7d � �Iv�b�l�h7ps� m7dTl�m¯cdfrsdf�fjCb(l�Ç � ��hzcdfjPpu��m7d
�iÅ�df�Ám�h7d+b7cd(Ñ1df�fjgpsl�h-v�d«r � l�b(v�b(dTv�d ¾ � � È¼Õ�h �IÑgm7egjgdiÇTdih�jkv�m vncdfÅ�dfrul7a�a�diÇTdih�jTv�dHrq� ��dibgo�d�a�dibPÇTdfjtv�d
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b(df�fl�h7egjgpsjCm7dib r �1cdih7dib ��pudTjgl�jC�IrsdTv�dHrq�{a���b(jPpu�im7rsd¡Ñ�m7eP� m � Í� R ¾ Ò d���Ê�cdih7dib ��psdTl Ím rsd�ÇH�ÂÖ�pqÇTm�Ç_v�dHvncdfÅ�d �
rul7a�a�diÇTdih�jTv�d�rq� ��dibgo�d«dfegjkdih7�fl�b(d«pqh7�frqm`v���h7etrsd«�i�Irsl�b(pqÇ Ídfj9b(d�È � �{b7cdfegl�rqm7jgpsl�h;dih�cdih7dib ��psd��IjgjPdih7v�m7d
dfegj R Ã �´Í� ×�� Ð d��TÈ � h`l�m7jCb(d�Ê�ÇÁl � dih�h���h�j«m�hxe � egj ÍdiÇTd�v�� ��m7jgl � vncdf�frudih7� � diÇTdih�jiÊ�rsd{�i�Ârul7b(pqÇ ÍdfjCb�d
a�l�m�bgbP�Ipsj�b(df�fl�h7egj9bgm7pqb(dtr � ��h ��rudkv�� ��bgb(psÅ�cdfdkv�dta � l�jgl7h7e �X�BÅ�df�tm�h7dta�b7cdf�fpsegpsl�h{ÇTpsdim7Ö+��m7dkrsdtv�d ��b7cdta�l�m�b
v�dfe{cdih7dib ��psdfe�Ñgm7eg� m � Í��� R ×���� ���HÈ
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� l�j9b(d ���Irq�IÖ7psdk�fl�h�jPpudih�j$dih�Å�pqb(l7h ¾ � U,U cdfjgl�pursdfeiÈ�Õ�h7dtpqÇH� ��dtb(df�fl�h7egjCbPm7pujPdta���b !�m�o�o7rud Í�Ha���b(jPpÌbzv�d
r � l�o7egdib(ÅI�Ijgpsl�hTv�dnrq��Å�l�psdnrq�I�fj�cdfd ���Ipsj���a�a���bg�Âpuj9b(dndihtePl�h¡�fdih�jCb�d¹m�h7dnegj9bgm7�fjCm�b(dneCa � cdib(ps� m7dndih�jgl�m�b7cdfd�v�� m�h
v�pueP� m7d+v�dHv�pq��Ç ÍdfjCb(d R 
�� '7a��«dfjTv��(cdia��ÂpuePegdim�b R 
���� a���È � �-ÇH�IegePd�ÇH��h7��m���h�jgdHv�d+h7l�jCb(d �7�Irq�IÖ�psd
eCm � � Ídib(dkr � dfÖ�psegjPdih7�fdHv�� m�h � �Irsl cdfjgdih7v�m v�dHÇH�Ijgp Ídib�dth7l�pqb(d�È � l�jCb(dkegl�rsdfpsr�dfePjWm�h7d`cdfjPl�psrudTo���h��Irsd�Ê5egpsjCmzcdfd
��a�a�b(lIÖ�pqÇH�ÂjgpsÅ�diÇTdih�j Í� ÇTp � �fl�m�b(egdkv�m«v�pseg��m7d ���ÂrÌ�Â�fjgps� m7d�È � dkv�pueP� m7dT�Hm�h7dkegjCbgm7�fj9m�b(d�e9a7pÌbP�Irsd�ÊOÇH�Âpuenrq�
jgl�a�l�rul ��psd�v�� dih7ePdiÇ�o7rsd�v�d�rq� ���Irq�IÖ7psd�dfePj�dih7�fl�b(dkm�hTeCmBÑ(dfjnv�d�b(df� � dib(� � d�Ê��fl7ÇHa7jgd$jgdih7m v�m)� �Âpujn��m � psr�dfegj
v�p � �fpursdHv�� l�o7egdib(Å�dibzeC�ÁegjCbgm7�fjCm�b�dkv�dtr � pqh�j�cdib(psdim�bfÈ

Õ�h7d�pqh�jCb(l7v�m7�fjgpsl�h Í�krq�Ha�b(l7a�� ���Ijgpsl�hÁv�dfe¹Î�� ���Irq�I�fjPpu��m7dfe!Ñ�m7eP� m � Í�¡rsdim�bnvncdfjgdf�fjgpsl�hH��m Å�l�psegpqh�� ��d�v�d
rÌ� Ò dibgb(d$dfePj�a�b(l�a�l�e�cdfd$v���h7en�fd$� � ��a7psjCb(d�È � d��fl�ÇHa7jgdim�bzÎ � � ! v�� ��À � dfegj�dih7e9m7pujPdWa�b7cdfegdih�j cd$�BÅ�df��a7rqm7e
v�d�vncdfjC�IpsrRÊ �Ipqh7egpz� m7dHePdfe �Rl�h7�fjgpsl�h7eTa�b(pqh7�fpqa��Irsdfe �IjPjgdih7v�m7dfe�a�l�m�bkr �(cdfjCm7v�dHv�m`Î�� È � h��Oh5Ê­rsd�� � ��a7psjCb(d
��o�l�m7jPpujk��m7Ö+b7cdfe9m7ruj9�Ijge$a�b7cdfrspqÇTpqh��Ipqb(dfekv�d¡rÌ�ÁegpqÇ�m7rq�IjPpul7h{v�d¡v�cdfjgdf�fjPpul7h7e$v�dfe$� � b(l�h7l�Ç ÍdfjCb(dfe ���Irq�I�fjPpu��m7dfeU<V Ézd¡dfj '�� ��r¼v���h7e���À � È
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�nl�Ç ÇTd�psr��$vncd(Ñ Í�«cdfj�cd!v�psj�v���h7e!rudn� � ��a7psjCb(dnv�� pqh�jCb(l7v�m7�fjgpsl�h5ÊIr � l�b(p ��pqh7dnv�dfe�egl�m�b(�fdfe!v�d$Î�� ���ÂrÌ�Â�fjgps� m7d
dfegj�m�h e9mBÑ1dfj¡dih7�fl�b(dH�fl�h�jCb(dfÅ�dib(e�cd�È � � ��o�l�h7v���h7�fd«v�dfe�cdfr9cdiÇÁdih�jge�rsl�m�b(v�eTv���h7e¡rud+Î�� � Ç`cdfjC�Irsrsps�fpsj cd � dfegj
o7pudih-a7rqm7e ��bP��h7v�dk� m7dk�fdk��m7p¼dfegj�a�b�cdfv�psj�a���bzrq�Hh7m7�frCcdfl�e � h�j �OÍdfegdka�b(pqÇTl�b�v�pÌ�Ârud �7�fdta�l�pqh�j�dfegj$m�h+pqh7v�ps�fd
� m7p5l�b(psdih�jgdkh��IjCm�b(dfrsrsdiÇTdih�j�Å�dib(enrudfeneCm�a�dibgh7lIÅ	�Id � ��� � v�l�h�jzl�h eC�Ipsjn� m � dfrsrsdfe$dih«a�b(l7v�m7puePdih�j�o�di��m7�fl�m�a
a���b�rsdim�b(ezdfÖ a7rsl�egpsl�h7e � �OhTv�d$� � �frsd�v�dkh�m7�fr9cdfl�e � h�j �5Ídfegdnv�mTÏ�d � È � dfenl�o7egdib(ÅI�Ijgpsl�h7e�v�dfezeCm�a�dibPh7l	ÅI�Idka�dib �
ÇTdfjgjgdih�j�v�� dfePjgpqÇTdib�rsdfe���o�l�h7v���h7�fdfenv�dfe�cdfr9cdiÇÁdih�jge�a�b7cdfegdih�jge Í�krq�¡egl�m�b��fd�Ê���m7pOePl�h�j��Âegegd �ko7pudih«�fl7h�h�m7dfeiÈ
Ë � ��m7jCb(dta���b(jiÊ�rq�«��m���h�jPpuj�cdkv�dHÇH�Ijgp Ídib(dXcd(Ñ(df�fj�cdfdta���bnrsdfe ��� dfegj�jCb Ídfe�pqÇHa�l�b(jC��h�jgd¡dfjWb�dih7vXePdf�fl�h7v��Ipqb(dfe
rudfe-�fl�h�jCb(pqo�m7jgpsl�h7e+v�dfe{Å�dih�jge«egjgdfrsrq�Ipqb(dfe-v�dfe cdfjgl�psrsdfe+egjC��h7v���b(v�eiÊz�fl�ÇHÇTdKh7l�j9b(d egl�rsdfpsr È � � ��o�l�h7v���h7�fd
��m7Ö{egl7m�b(�fdfeiÊ5�i�Irs�im7rCcdfd Í�+a���b(jgpqb�v�dfekv�l�h�hzcdfdfekdfÖ azcdib(pqÇTdih�jC�Irsdfetv�dfeTh7l � ��m7Ö+�fl�eCÇTps��m7dfetdfegjkdih � �Ipsjkdih
o�l�h �I�f�fl�b�vX�BÅ�df�trsdfet��o�l�h7v���h7�fdfekv�m-e � egj ÍdiÇTdkegl�rq�Ipqb(d�Ê Í� rq�«rÌm�ÇÁp Ídib(dTv�dfe��fl7bgb7cdfrq�IjPpul7h7e�l�o7ePdib(Å�cdfdfe$v�dfe
��o�l�h7v���h7�fdfeW�BÅ�df�krsdfe�Å	�Irsdim�b(ekv�m-a�l�jgdih�jgpsdfr¼v�dTa�b(diÇTp Ídib(dkpsl�h7pseC�Âjgpsl�h-v�dfeW�IjPl�ÇTdfe � Ï ��� � È � � �I�f�fl�b(v+dfegj
b(diÇH��b(��m���o7rsd$a�l�m�b­rsdfe�cdfr9cdiÇÁdih�jge!�iÅ�df��m�h¡Ï ��� � ¾ � d�� = N ¿�?1È � l�m�b¼v�dfe�Ï ��� eCm�a�cdib(psdim�b(eBÊirsdfe���o�l�h7v���h7�fdfe
�fl�eCÇTps��m7dfekegl�h�j$dih ÇTl � dih�h7dtegl7m7e � ��o�l7h7v���h�jPdfeWa���b�bg��a�a�l�b(j Í� �fdfrsrsdfetv�m+e � egj ÍdiÇTdkegl�rÌ�ÂpÌb�d�È �ndfj-cdf�i��b(j
e � dfÖ�a7rups��m7dTÑ�m7ePjgdiÇTdih�jta���bkrq� a7rqm7e�v�p � �fpsrsd+dfÖ7jCbg�I�fjgpsl�h;v�dfeKcdfr9cdiÇTdih�jPekv�dia�m7pueTrq�-egl�m�b(�fd�È&�ndia�dih7v���h�jiÊ
�fdib(jC�Ipqh7ekbg��a�a�l7b(jge�puePl�jgl�a7ps��m7dfek�fl�ÇHÇTd '�' � d%< ' V � d�Ê U � � < U ' ��dfj$rsd U � .7< U � . v�diÇTdim�b(dih�jkpÌh7dfÖ�a7rsps� mzcdfe
�iÅ�df�kr � d OÄdfj�v�m+Ï ��� È �ndfek��o�l�h7v���h7�fdfe�psegl�jPl�a7ps� m7dfet��h7l7bgÇH�Irsdfe$v���h7e�rsdHÎ�� eCm � � Ídib(dih�jn��m7dtrsdfe cdfjPl�psrudfe
v�dtj � a�d Q l�r�� � Î$� � dfj�a���b(jPpu�fpqa�dih�j�v�� m�h7d�Ç ��h7p Ídib(dkegp ��h7p����i�IjPpuÅ�d Í�¡rq�«a�b(l�v�m7�fjPpul7h+v�d�Î�� = ¿�¿ ?1Ê = ¿ N ?1È � h
d OÄdfjBÊ��fdfe+cdfjPl�psrudfe�l�h�jnrÌ�«a�b(l�a�b�pCcdfj�cd�v�d�a�dib(v�b(d¡eCm�bnv�dfe�pÌh�jgdib(ÅI�Irsrsdfekv�dtjgdiÇHa7e�b(dfrq�IjgpsÅ�diÇTdih�j��fl7m�b(jge�m�h7d
� bg�Â�fjgpsl�h{h7l�h hzcd ��rsp ��di��o7rsdHv�dTrudim�bkÇ �IegegdTdfj�v��1cdiÇTdfjPjCb(dnÑgm7egjgdiÇTdih�j��fdfe cdfrCcdiÇTdih�jge$dih-��m���h�jPpuj�cdtpqÇHa�l�b �
jC��h�jgdWa���bnr � pqh�jgdibPÇ�cdfv�pq�Ipqb(d¡v�dkrudim�b�Å�dih�jnegl�rq�Ipqb(d�Ê���m7p �IjgjPdfpÌh�j$v�dfe$Å7psjgdfegegdfe�o7pudih-a7rqm7e{cdfrudfÅzcdfdfe�� m7dk�fdfrqm7p
v�� m�h7d�cdfjgl�psrsdHegjC��h7v���b(v¼È � dfe�cdfrCcdiÇTdih�jgek� � pÌÇÁpu��m7dfexcdiÇTpse�a���b rudfe egl�m�b(�fdfe¡v�d Î���ePl�h�j¡v�psjgeHa�b(pqÇH�Ipqb(dfe� �kÊ � ÊP.TÊ Ï)d�ÈqÈ � dfj�rsdim�bn��o�l7h7v���h7�fd�b(dfrq�IjgpsÅ�d�a���bgÇTp7rsdWÎ��xh7l�m7enb(dih7egdfp ��h7d$eCm�b!r � ��o�l�h7v���h7�fdk��m7Ö¡egl�m�b(�fdfeiÈ
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� dfenbg� � l�h7e!�fl�eCÇTps��m7dfe�egl�h�j � psrse�v�pqb(df�fjgdiÇÁdih�jn�I�f�Ocdfr9cdib7cdfe!v�dia�m7puenrq�kePl�m�b(�fdnl�mHo7psdih egl�h�j � psruen�I�f�5cdfr9cdib�cdfe
a7rÌm7e�jC��b�v ��a�b Ídfenrsdim�b�cd(Ñ(df�fjgpsl�h«v���h7enrsd�ÇTpsrspsdim-pÌh�jgdib(ePjgdfrsrÌ�ÂpÌb�d 	¡Õ�h7dtÇTdfe9m�b(dkv�m+jgdiÇ a7e�dih�jCb(dkr �(cd(Ñ1df�fjPpul7h
v�d+rÌ�-egl7m�b(�fd�dfjTr � �I�f�5cdfrCcdibg�IjPpul7h�a�dim7j �dfjCb(dHvncdfv�m7psjgd+v�d�r �(cdfjCm7v�d«v�d+r � ��o�l�h7v���h7�fd{b(dfrq�IjgpsÅ�d+v�d«�fdib(jC�Ipqh7e
a�b(pqÇH�Ipqb(dfekbg�Iv�psl��I�fjgp��ReiÊ�v�l�h�jnrq�HeCm�b�Å�psdkvncdia�dih7v{v�dkrsdim�b+cdfjC�Ijzv�� psl�h7pseC�Ijgpsl�h5È � r­e � � ��psjndih{a���b(jgps�im7rspudib�v�dfe
h7l � ��m7Ö�v�d C�� � pRÊ C � �¹lHdfj ��� Ò p­� m7p¼ePdkv�cdfegpqh�j Íd ��b�dih�j$a���bn�i��a7jCm�b(dKcdfrsdf�fjCb(l�h7ps��m7d � � � � È � �(cdiÇTpsegegpsl�h«v�dfe
a�b(pqÇH�Ipqb(dfe+a���bTÅ�dih�jHegjgdfrsrq�Ipqb(d Í�Ko��IePegd+Å�psjgdfePegd � 7 � ×���� ÀXd�� � egd � �Âpuj v���h7eHv�dfe�cdfjC�IjPetv�d{� � ��b ��d
Å	��b(p9cdfetdfjkegpzrudfeTa�b(pqÇH�Ipqb(dfeHh7dHegl7h�jta��IeT�I�f�5cdfr9cdib�cdfekbg��a7psv�diÇTdih�jH��a�b Ídfe�rsdim�bKcd(Ñ(df�fjgpsl�h5Ê5rsdfe�cdfrsdf�fjCb(l�h7ekv�d
Å	�Irsdih7�fd���m�b�l�h�j!rsdnjgdiÇHa7e!v�� pqh7v�m7pÌb�dWm�h7dnvncdfePpÌh�j�cd ��bg�Ijgpsl�h�a���b � � È �ndfe�h7l � ��m7Öta�b�pÌÇ �Ipqb(dfe�egl�h�j v�l7h7��v�dfe� l�b(rsl ��dfek�fl�e9ÇTps� m7dfe¡pÌh�j�cdib(dfegeC��h�jgdfeiÈ � dfe�ÇTdfe9m�b(dfekrsdfeta7rÌm7eTb7cdf�fdih�jgdfe�egdiÇTo7rsdih�jTÇTl�h�jCb(dib�� m7dTrq�+a � �Iegd
v�� pqhBÑ1df�fjgpsl�h-dfegjne�cdia���b7cdfd�v�d¡rÌ� a � �Iegdtv�� �I�f�Ocdfr9cdibP�Ijgpsl�h«�iÅ�df�Wm�h jgdiÇHa7e$v�d¡r � l�b(v�b(dkv�d«¾ � C ��h7e = � / ?1È

� dka�b(diÇTpsdibna�b(pqh7�fpqa�dtv�� �I�f�Ocdfr9cdibP�Ijgpsl�h¡v�dfe$Î��¯a�dibgÇTdfjgjC��h�j�v�dkb(dih7v�b(d��fl�ÇHa7jgd�v�dfeneCa�df�fj9b(dfendfÖ azcdib(p �
ÇTdih�j9��m7Ö��`cdfj cd$a�b(l�a�l�e�cdWa���bzÏ)dibgÇTp5dih ¾�0 
 0�È � dta�b(l7�fdfegeCm7e�ÇTdfjndih¡Ñ1dim«r � pqh�jgdibg�I�fjgpsl�h«v�� m�h7dta���b(jgps�im7rsd
�fl�eCÇTps��m7d��BÅ�df�tm�h7dtePjCbgm7�fjCm�b(dtÇ � ��hzcdfjPpu��m7d�Ê�a�l�b(j�cdfdWa���b�m�h{h7m�� ��dkv�� ��� v�b�l � Ídih7dka���b�dfÖ�diÇ a7rud�Ê)egdkvncd �
a7rÌ�Â�i��h�jkdih o7rul7���BÅ�df�Hm�h7dHÅ7psjgdfegegd � v���h7etrsd�ÇTpsrspsdimKpqh�jgdib(egjPdfrurq�Ipqb(d�È � �{a���b(jgps�im7rsd � b(dio�l�h7v�psj � eCm�b�rsd
h�m�� ��d � a���bnd O¼dfj$ÇTpqb(l�pqb � dfj�b7cdf�im�a Ídib(dkm�h7d ��bg�I�fjgpsl�h«v��(cdih7dib ��psdH�
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.kh«Å�l�psjn� m7dkrsd ���Ipqh«a���bn�fl�rsrspsegpsl�h+dfePj�v�m«v�dim7Ö7p ÍdiÇTdkl7b(v�b(d�dih���È � h eCm�a�a�l�eC��h�j$��m7d�rq� �fl�h7dkv�d�� � l��
dfegj ��bg��h7v�d�Ê�rq�Ta���b(jPpu�im7rsd¡pÌh�jgdibg� ��psj�a7rqm7egpsdim�b(e �Rl�pseiÊ�dfjnrsdfe$�i�Irs�im7rsekÇTl�h�jCb(dih�j���m � ��m jgl�j9�IrRÊ�rsdkeCa�df�fjCb(dkdih
cdih7dib ��psd ��cdihzcdib�cd$dfePj�v�m j � a�d�� T � = ¿ 
 ?1È �ndia�dih7v���h�jiÊ�rsdfe{cdih7dib ��pudfe�v�� �I�f�5cdfrCcdibg�IjPpul7h«egl�h�j$rspÌÇÁpuj�cdfdfeka���b$rsd
� �Ipsj¡� m7d«rq�{Å7psjgdfegegd«v�dfeHh�m�� ��dfeTdfegj ���Ipqo7rsd ��� � A ¾ � T�� � dfjT� m7d«rq� a�b(psegd�dih �fl�ÇHa7jPdHv�dfeHa�dib(jgdfeHa���b
pul7h7pue9�Ijgpsl�hTv���h7e�rsd$h7m�� ��d�b7cdfv�m7psj�rsd �7�Ipqh�h7dfjBÈ � � dfegj¼v���h7e�rudfe���h�h�cdfdfe$¾�0 ���B� ¾�01/ � ��m � m�hT��m7jCb(dna�b(l7�fdfegeCm7e
dfegj�a�b(l�a�l�e�cdH��r � �I�f�5cdfr9cdibg�Ijgpsl�h«a���b�l�h7v�dkv�dt� � l�� � l7b(jgd�È � r!e � � ��puj�pu�fp­v�� m�h{a�b(l7�fdfegeCm7e�v�� �I�f�fdfr9cdibg�Ijgpsl�h«v�m
a�b(diÇTpsdib+l�b�v�b(d�Ê�v�l7h7��o�di��m7�fl7m�a�a7rqm7e{d � �i�I�fd�È � �`egjCbPm7�fjCm�b(dKÇH� ��hzcdfjgps� m7d-jCm�bgo�m7rsdih�jgdKdih��BÅ	�Âr�v�m
� � l7� ���Ipsj$v�p O m7egdib � l7b(jgdiÇTdih�jnrudfeta���b(jgps�im7rsdfe���m7p�a�dim7Å�dih�jWb(dia��Âegegdibnv�d¡r � ��bgb(p Ídib�dkÅ�dib(e�r � �iÅI��h�j$v�m ��b(l�h�j
a7rÌm7ePpudim�b�e �Rl�pseiÊ5�fdH��m7p&�Rl�m�bgh7psjtm�hKa�b(l7�fdfegeCm7e¡v�� �I�f�5cdfr9cdibg�Ijgpsl�h jCb Ídfe�d � �i�I�fd��BÅ	��h�jk��m7dTrÌ�-a���b(jgps�im7rsd�h7d
a���b(Å7pudih�h7d Í�-e �(cdf� � ��a�a�dibfÈ � dfeTl�h7v�dfeHv�d«� � l7� � l�b�jgdfe�a�dibgÇTdfjgjgdih�jTv�d b�dih7v�b(d+�fl�ÇHa7jgd«v�d«eCa�df�fjCb�d�dih
cdih7dib ��psd«v�d�rq� �Rl�bgÇÁd � T '�� ' dfj�Ñ�m7eg��m � Í� v�dfe�cdih7dib ��psdfe�� ��¾ � U � � = N Ã ?1Ê!dfj�h � dfÖ�a7rspu��m7d{v�l7h7�{a��Ietrq�
� l�bPÇH�Ijgpsl�h-v�dfetÎ���v�dTjCb Ídfe � ��m7jgdxcdih7dib ��psd�È � h7�fl�b(dHm�h7d �Rl�pseiÊ5�fdHePl�h�jkrsdfe¡dfÖ a7rsl�egpsl�h7e¡v�dHeCm�a�dibgh7lIÅ	�Id
� m7p�egl�h�jHrsdfe{ÇTdfpsrsrudim�b�e ��cdih�cdibg�IjPdim�b(eTv�� l�h7v�dfe+v�d{� � l7�fe ��m h7psÅ�di��m ���Irq�I�fjgps��m7d�È � � � R ¾ � T ' � È � rqm7e
b�cdf�fdiÇHÇÁdih�jiÊ­rq�KÇTpsegd+dih cdfÅ7psv�dih7�fd{v�dfeTeCa�df�fjCb(dfeHv��(cdiÇTpsegegpsl�h �xv�dfeH��m��IeC��b(eTdfÖ�jCbP� ���Irq�I�fjgps��m7dfeHrq�Ipsegegd
cd ���IrsdiÇTdih�jnpqÇH� ��pqh7dib�r � dfÖ�psegjgdih7�fdTv�� l7h7v�dtv�dk� � l�� � l�b�jgd�e9m�bn�fdtj � a�dkv�� l�o Ñ1dfjiÈ
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� d�ÇÁpurspsdim`pqh�jPdib(egjgdfrsrq�Ipqb(d � À ����� dfegjTm�hKÇTpsrspudim jCb Ídfe � cdfj�cdib(l � Ídih7d�Ê�v�l�h�jkrq� �fl�ÇHa�l�egpsjgpsl�h�a�dim7j �dfjCb(d
cdfjCm7v�p9cdfd���b ��Â�fdW��m7Ö«bg�Ipsdfe$v�� ��o7ePl�bga7jgpsl�h dfjnv��1cdiÇTpsegePpul7h«v�d�egdfe��fl�h7egjgpsjCm���h�jgeiÈ � �TÇH�Âjgp Ídib(d$dfePj�b(d ��b(l7m�a�cdfd
dih{h7m�� ��dfe$v�dta7rqm7egpsdim�b(ekj � a�dfe = ¿ 
 ?��

F rsdfekh�m�� ��dfe�ÇTl�r9cdf�im7rq�Ipqb(dfe � ! ' Ê � .TÊ � � ÈqÈqÈ � Ê7v�l�h�j�rÌ� v�dih7egpsj�cdtdfegj��Rl�b(jPdt�iÅ�df�6N�� ¾ � � �iÇ T � È �ndfe
h7m�� ��dfeTegl�h�j)� b�l�psv�e��BÅ�df� m�h7d+jPdiÇHa�cdibg�ÂjCm�b(dHv�d+r � l�b�v�b(d+v�d+� m7dfrs��m7dfeHv�p �i�Ipqh7dfe+v�d
��dfrsÅ�pqh7eiÈ � rse
b(dia�b7cdfegdih�jgdih�j�dih�Å7pÌb�l�h 
�� � v�d¡rq�HÇH�IegePdkjgl�jC�Irsdkv�m«À ��� È
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. t b Y�UgfG[\W�W$]³x�h3rzY-^�W8i�W8x�W�^�^\W�ikZW$YmW$]-i)b�]-x�W¡Y���´-[\fG��n-W3ogh�f5]�^�W |b�` u b o h3n-^si�W�[�^\W$U�r~W�[zi�WÉYmW$Ug^\WY�b�U fph-]-fp[Abe^\fGh3]�W�^¥i�W�U3ZW$bex�x2ZW�`�ZW$U\be^�fph-]zY�W$U\rjW�^\^\W$]_^wi�W�UgW�^�Ugh-n-c�W$Uq`GW�[¢r nW$r~W�[wU-ZW�[�n-`G^�be^\[a��n u b�c�W�xl`GWx�h-W!b�x�fGW$]�^lY��aZW$]-h-rVZW$]-h�`Gh��_fp��n-W
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S ]��ÇZW$]aZW$U\be^\W$n�U/i u ZW�cvZW$]-W$r~W$]_^\[~b ZW�^�ZWziqZW�c_W�`ph-Y�YvZW8Y�h-n�U~`GWÉY�Ugh��-U\b�rzr~W i�W�[\f5r~n-`5be^\fGh3]³i)n�� « �76i u Í�Ä Å � E�K � iÈ|W�[~`5b o+] C k=k l��·Y�n-fG[§b�r�ZW�`GfGh3U-ZW b�n0o)`¥i)n¡^\W$rsY-[ Jot W��oZW$]aZW$U\be^\W$n�Uln-^�fp`GfG[\W�`5b�^\W�x���]-fG��n-Wi�WÉÄ�h3]_^\W!h �wb_Ug`GhVY�h3n�U Y�Ugh-i)n-f5UgW¡`GW�[�[�Y�W�x�^AUgW�[�i u b���h3]-i)b_]-x�W�[�W���YaZW$Ugf5r~W$]�^Ab�n-�®be^\^\W$]-i)n-[ `GW�`ph-]-�Vi�W` u h3U\�-fG^\Wqi)ny[�Y�W�x�^�UXh3r�|W�^AUgWoÍ�Ä Å2Jet blY�UgW$r~f�|W$UgWvc�W$UX[\fGh3]yi)n�Y�UXh��3U\b�rsr~Wv�oZW$]+|W$UgW¬`GW�[v[�YmW�x�^�UgW�[oi�W�[o]-he´3b�n-�x�h�[�r~fG��n-W�[�i�W~x���b_Ug��W98 ¶ C oXn-[���n u |b:8 ¶PE:[ �+b{f�]-[�fo��n-W~`GW$n�Ug[�Y�UXf�]-x�f5Y�b�n-��fG[\h�^�h3Y�W�[$�·b_nÉrjh¦´_W$]�i�W�[i�h3]�]vZW�W�[oW���YvZW$Ugf5r~W$]_^�be`GW�[ai�fp[AY�h3]-f5�-`GW�[wi)b�]-[a` u b�Ug^\fGx�`GWwi�W Å f5rzY-[\h-]8� E C\� �¦b�nsr~f5]-f�r~n�r i u bex�^\fGc-fp^�ZWq[\h�`5bef5UgWI<; r Ë K � Ä�Ì MRJ·tou b��mh3]-i)b�]-x�W�UgW�`5be^\fGc�W i�W�[¡ZW�`AZW$r~W$]�^�[lW$]�[\h3Ug^�fpWsi�W§Y�Ugh_�3U\b�rzrjW�W�[�^�fG`G`�n-[�^�U-ZW�Ws[�n�Ul`5b
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` / 7�<gB�K 5�6-h ;=X!X / R 1 5�9�<g= /M> ;i`25!X K >:j ' L [ O [ P Ot b»�3b�rzr~Wsi u ZW$]-W$Ug�_fpWsi�W�[��+n-� �ÇZW$]aZW$U3ZW�[dW�[\^�b oXn-[�^�b��-`GW�W�^y[ u ZW�^\W$]-iVb�n¡rsbe�3f5r~n�r i�W � � Ë T W�ÌlªeÍ|b r C9k W�Ì¢ª{Í J2t W�[l[�YmW�x�^�UgW�[lW$]�ZW$]-W$Ug�_fpW~x�f5]aZW�^�fp��n-W~i�W�[li�fL�¢ZW$UgW$]_^\[�fGh3]-[l[�h3]�^lr~h-ikZW�`GfG[�ZW�[lY�b�U¥`5b `ph_f!W$]Ê Yml»r~h-i)n-`�ZW�W�Y�b_Uw`5b ��h3U\r~n-`GW E�J � J't b �oZW$]aZW$U\be^\fGh3] i u n�]¡]-h3r~��UgW�b{`�ZW$be^\h�f5UgW~h3�aZW�fG[\[�b�]_^j|bsx�W�^\^\W~`Gh�foW�[\^h3�-^\W$]-n-W Y�b_U·f5]_c�W$Ug[\fGh3]z]-n�r�ZW$UgfG��n-W I ��h3]-x�^\fGh3]/i�Wk`5bl� ² �Kn t·« t M�J-t WqÄÉh-]�^\W!h �¥b�Ug`Gh�Y�UgW$]-izW$]yx�h3rsY-^\Wv`5bc¦b�Ugf5be^�fph-]~i�W�`5byr~h3i)n-`5be^�fph-]z[\h_`�b{f�UXWLm_W�^vn�]-W¢UXW$]-h3U\rzbe`GfG[�be^�fph-]~i�W�[kb��mh3]-i)b�]-x�W�[wUgW�`5be^\fGc�W�[ai�W�[zZW�`�ZW$r~W$]_^\[W�[\^kU-ZW$be`GfG[�ZW�WwY�h-n�Uvn�]-Wwcebe`GW$n�Uv��n-W�`Gx�h3]-��n-Wli�W ; W$]zn-^\fG`GfG[�b�]_^k`GW¥�­b{fp^a��n-W¥` u b���h3]-i)b_]-x�Wpo &XIq; M i�Wd` u W�[�Y2|W�x�W
`o[ u W���Y�Ugf5r~W~Y�b�Udµ



������� ��#���%�� �:� � ��� �"�$���"�
�=�
� ���=��	 ��� � �"� ��� �����
����� � ���

numéro de charge Z
A

bo
nd

an
ce

 r
el

at
iv

e

'�(\*,+ E�J
[ µ �a35U9NKD68<�;=< 1 5C68;�9�7\HCKD68;=<�7 /M> ? ;O= /=> 1 ; > X!5GR"5268;=<�7C`25 1 5U9 3526 352HC5 > <�9 ;MKb` / 7:9�7 > ;�B 5 1 5C68;
	
52R!R 5

o &\I<; M � \ ]
��� I Ê 7 8�
 ;� M Yml � � ' I Ê M

� ' I Ê 7 \ � ]_ M Æ ÊS ]�W��-W$rzY-`GW�i�W~[�YmW�x�^�UgWy�ÇZW$]aZW$U3ZWlY�b�U¥`pW~Y�Ugh��3U�b�rzr~WlW�[\^lY�Ugh3Ymh�[�ZWl[�n�Uw`5b@o)�3n�UXW E�J lsb$c_W�x�n�]8b oXn-[ h^\W$r~W$]_^�Y�W$U\rjW�^\^�b�]_^qi�W�c¦b{`pfGi�W$Ud`GWl��h3]-x�^\fGh3]�]-W$rjW$]�^wi)n»�oZW$]aZW$U\be^\W$n�U Jt b �oZW$]vZW$U\b{^\fGh3]�i�W�[�ZW�cvZW$]-W$r~W$]�^�[�^\fGW$]_^�x�h3rsY-^\W~i�Wz`5b x�h3n�Y�n�UgW �ÇZW�h3rsbe�3]aZW�^�fp��n-WlW�^li�Wz`5b8Ymh�[\fG^\fGh3]i)n¡iqZW�^\W�x�^\W$n�Uy[�n�Ul[�h3]¡h-U\�-fG^\W Jo² ]Mo+]2�¬`5b8^AU\bpogW�x�^\h�f5UgWzi u W$]�^�U-ZW�Wzi�W�[~fGh3]-[~W�[\^~^\f5U-ZW�Wsi)b�]-[~` u bex�x�W$Y-^�b�]-x�W�ÇZW�h3r�ZW�^�UgfG��n-W�i)n iqZW�^\W�x�^\W$n�U J S ]-W~b�r�ZW�`GfGh3U\b{^\fGh3]zi)n�Y�Ugh��3U�b�rzr~WdW�[\^dW$] x�h3n�Ug[�Ymh3n�U�n-^�fp`GfG[\W$UdW$]»W$]�^�U-ZW�Wi)nzY�Ugh��3U�b�rzr~Wq`GW�[�o)x��-fGW$Ug[qi�Ww[\h-Ug^\fGWwi)n Y�Ugh��3U\b_rzr~Wqi�Wwi�fL�!n-[\fGh3]zi�W�[q�q�³iqZW�c_W�`ph-Y�YvZW�Y�b�U¬` u ZW���n-f5YmW�i�W` JLÅ be`5be^\fob�n t Í ` k 6Di u Íl]�]-W�x�´ I ¹zJ Ä¡b�n�Ugf5]�W�^�� h�`G` JLM �)x�W~��n-fÇYmW$U\r~W�^\^AU\bzW$]�Y�b�UX^\fGx$n-`pfGW$U/i�W�[�f�r~n-`GW$U` u ZW�c�h�`5n-^\fGh3]yi�Wq` u b��mh3]-i)b�]-x�WwfG[\h�^�h3Y-fG��n-Wqi�W�[~ZW�`AZW$r~W$]�^�[!b�c�W�xq` u ZW$]-W$Ug��fGWqi�W�[¬fph-]-[$�eh3Y-^\fGh3]~Y�h-n�U¬`pWwr~h-r~W$]�^]-h3] i�fG[�Y�h3]-f5�-`GW J
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�� "!� $# % ?%�)>' ?%f2�4�GR%t Wyx�h3rzY-^\W$n�U k x��-W$UgW$] © hec�i u ÍdÄ Å W�[\^lbex�^�n-W�`G`GW$r~W$]�^lW$]�Y���be[\W~i�W�UXW�x��-W$Ugx��-W~W�^�iqZW�c�W�`Gh3Y�Y�W$rjW$]�^ JÅ h3]�b�Ugx��-fp^�W�x�^�n�UgW~��`Gh3��be`GWz`GW~x�`5be[\[\W�Y�b_U\r~f¬`pW�[�� « �K6 |bj�}h-x$be`GfG[�be^\fGh3]�i�WzY�Ughe�-f5r~fG^�ZW��'i�h3]_^l`pWzY�Ugf5]-x�f5Y�WbVZW�^�ZW�Y�U-ZW�[\W$]�^�ZWdi)b�]-[w`GW�x���b�Y-fG^�UgW Ë J't W�[¢Y-`5b�]-[¥i�W�` u f5rzbe��W$n�U¥i u b�]�]-W$b_n-� k x��-W$UgW$] © hec i u ÍdÄ Å ]-Wl[�h3]�^Y�be[wW$]-x�h3UgW o)�oZW�[��3rzbefG[ln�] x�h3]-[\W$]-[�n-[d�oZW$]vZW$U\be`'[�n�Uq[�bj�ÇZW�h3r�ZW�^�UgfGWwW�[�^�rzbef5]_^\W$]�b�]_^�be^\^\W�f5]_^ J�t W�[�x��aZW$rzbi�W�` u b�Ugx��_^\W�x�^�n�UgWli�Wl`5bsi�W$U\]-f}|W$UgWlc�W$UX[\fGh3]�i)n�� « �K6�W�[\^�UXW$Y�U3ZW�[\W$]_^�ZW�W�[�n�U `�b o)�3n�UgW EmJ�k�J² ]���b�n-^l[�W�^AUgh3n-c�W~n�]¡Y-`5b�]¡U\bei�f5be^�W$n�Udx�f�UXx$n-`�b{f�UXW�i u W$]_c-f�UXh3] C E � x$r i�W~i�f5b�r�|W�^AUgW J+t W�rzbe^�ZW$Ugf5b�nU\bei�f5be^\W$n�Uw] u W�[\^�Y�be[wW$]-x�h-UgW�iqZW�^\W$U\r~f5]aZW J�t W�[¥x$b�]-i�fGi)be^\[lY�h�^\W$]_^\fGW�`G[�[�h3]�^dn�]-W�x�h3r~�-f5]�befG[\h3]»i�W!n�b'&³W�^i u Í T t i u f�]-i�fGx�W C � � E_K h3n��-fGW$]Vn�]�U\bei�f5be^�W$n�UdÍ T t i u f5]-i�fGx�W C � C � J �w��bex$n�]�i�Wzx�W�[�U�bei�f5be^\W$n�Ug[�b [\W�[b$ceb�]_^�be��W�[oW�^a[\W�[vf5]-x�h3]_cvZW$]-fGW$]�^\[aW�^v`GWdx��-h�fG�Co+]�b{`�i)n�U\b{i�f�b{^\W$n�Uv]aZW�x�W�[\[\fG^\W$U\byn�]-W§ZW�^�n-i�WdY�b�Uo[\f5r~n-`5be^\fGh3]��`Gh3��be`GW�W�^�rjf�]-n-^\fGW$n-[\W~f5]-x�`5n�b�]�^d`GW�[¢b_n-^�UgW�[wiqZW�^\W�x�^\W$n�Ug[wi u Í�Ä Å2Jtou W�[AY�bex�Wvi�Wa��`Gfp[�[\W$r~W$]_^oW�[\^·i u W$]_c3f5Ugh-]�� C x$r���x�Wv��n-f3Y�W$U\rjW�^vb�n-�¢b_]�]-W$b�n-��i u b{^\^\W�f5]-i)UgWvi�Wa�3U\b�]-i�W�[
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^�befG`G`pW�[¥W�^ki�Wlr~f5]-f5r~fG[\W$Uq` u f5]-x�W$Ug^\fG^�n-i�Wy[�n�Ua`5b�rjW�[�n�UgWdi�W�`5bycvZW�`Gh3x�fG^�ZWwi)n-Wj|by`5b~Y-fG�3W�`GfG[�be^\fGh3]»W�^¢|by` u ZW$Y�b{fp[ h[\W$n�Uli)n�U\bei�f5be^�W$n�U I c�h_f�Udi�fG[\x$n-[�[\fGh3]¡i)b_]-[l`pW x���b�Y-fG^�UgW Ë M�J·tou W$U\UgW$n�Udi�h3r~f5]�b�]_^\WzW�[�^lfpx�fai)n-WÉ|b `5b�i�fG["hY�W$Ug[\fGh3]»h3Y-^\fG��n-W�i)n8U�bei�f5be^\W$n�U Jt b���h3]-W~i�WziqZW�^\W�x�^\fGh3]�[\W$U\b x�h-rzY�h�[�ZW�W�i�W ` Ä 6�b�rsrzb�rzbe^�[�n i�Wz^g´�YmWz� K=k ��� |b�Y��-h_^\h3x$b{^��-h3i�W�[[\W��3r~W$]_^�ZW�W�[ I C - Y-fG�3W�`G[�Y�b�U ` Ä M�J�t bs^�befG`G`GW�i�W�[lY��-h�^\h-x$be^��-h-i�W�[wW�[\^di�W��s���§rzr ' J � W�[ ` Ä h-]�^�ZW�^�ZWx��-h�fG[\fG[wW$]�U�befG[\h3]si u n�]-W¢Y�b_Ug^qi�W�`GW$n�Ug[��mh3]�]-W�[�YmW$U��}h-U\rzb�]-x�W�[q[\h3n-[qx���b�rzY rzbe�3]aZW�^\fG��n-W I `GWdx���b�rsYzi�W�­n-fG^\W~i�W~` u bef5rzb�]_^lW�[\^di�W�` u h-Ugi)UgW~i�W E�K � T b�n-[\[lb�n�]-fGc�W$b�n�i�W�[ ` Ä M W�^�i u b�n-^�UgWzY�b�Ug^di�W~` u ZW�x�h3]-h-r~fGWi�W�Y�n-fp[�[�b�]-x�W�U-ZW$be`GfG[�ZW¥�3U�nbex�Wz|b~`5b~r�n-`G^\f5Y-fG�-W�`pf�[\^\fGh3]�i�W�[ ` Ä J �qW ` Ä<b�W$] h-n-^�UgWln�]-W���h-]�]-W�U3ZW�[\h_`�n-^�fph-]b�n8Y��-h�^�h3]�n�]-fG��n-W�Ymh3n�Udn�]-W�^\W$]-[\fGh3]»i u be`Gf5r~W$]_^�be^\fGh3]�be[\[�W��d�­bef5�-`GW I k ��� Ì M�J2t W�[ ` Ä<[\h3]_^wW$]_^\h3n�U-ZW�[i u n�]��-`Gf�]-i)b{��W�rzb{�3]vZW�^\fG��n-W J Í¢n ^\h_^�be`��-`�bj[�n�U��?bex�Wli u W$]-x�h3r~��UgW$r~W$]_^qi u n�] ` Ä³�-f5]-x�`5n�b�]�^d[\h3] [An�Y�Y�h3Ug^rVZW�x$b�]-fG��n-W��¬W�[\^zi�W ` u h3Ugi)UgW�i�W Ë � Ë x$r ' J �w��be��n-W ` Ä [\W$U\b�ZW���n-f5YaZW i u n�]��3n-fGi�W�i�W�`5n�r~f�|W$UXW�i�h3]�^`�b ^AbefG`p`GWzi u W$]�^�U-ZW�WliqZW!o+]-fG^l`5b ^�befG`G`GWzU3ZW�W�`G`GWzi�W�[lY-fp�-W�`G[$�·[�h�fG^ l � K � l
� K rzr ' J+tou b$ceb�]_^�be��Wli�W�[l�3n-fGi�W�[li�W`�n�rjf}|W$UgWwW�[\^oi u b�n-�3r~W$]_^\W$U�`�b���h3]-WwY��-h�^\h�[�W$]-[\f5�-`pWdi�Ww`5blrzbe^AUgfGx�WkW$]j[�n�Y�Y�Ugf5rzb�]_^o`GW�[	��h3]-W�[qr~h3Ug^\W�[¬i)n-W�[b�n¡��h-UgiVf5]�bex�^�f �di�W�[ ` Ä W�^§|b»` u ZW$Y�befG[\[\W$n�U/i)nV�-`Gf5]-i)be��W8rsbe�3]aZW�^�fp��n-W J!t1u W!b�x$bex�fG^�ZWzi�Wzx�h�`G`GW�x�^\fGh3]�i�W�[�3n-fGi�W�[�i�Wy`�n�rjf}|W$UgW�b�ZW�^�ZW�ZW�c¦be`5naZW�W�|b r l K�
�J�t W�[�iqZW�^\W�x�^\W$n�Ug[¥[\h3]_^wi�fG[\^�Ugf5��naZW�[d[�n�Uwn�]»i�fG[\��n-W~i�W~U\b�´�h3]le��x$r��!b�c�W�xzn�]�^AUgh3n�x$b�U\U-ZW�b�n x�W$]�^�UXWzi�W -�K � -�K x$r ' i�WzxVnh_^�ZW��2b�o+]�i�W�rjf�]-f5r~fG[\W$Uj`�b»��n�b_]�^\fG^�ZW�i�Wrzbe^\f�|W$UXW�W$]¡b�rjh3]�^di)n�x$be`Gh3Ugf5r�|W�^�UgW J Í¢n�^�h�^�be`��'`pWzY-`5b�]�i�WsikZW�^\W�x�^\fGh3]�[\W$U�bzx�h3rsY�h�[�ZW�i�W C E�K � ` Ä C -Y-fp�-W�`G[ J S ]-W�c�n-W�i�Wli�W�[\[�n-[di)n8Y-`5b�]�i�WliqZW�^\W�x�^\fGh3]�W�[�^�Y�Ugh3Ymh�[�ZW�Wl[An�Uq`5bCo)�3n�UXW E�J C�� J3t W�[���h3]-W�[dx$b�U\U-ZW�[ikZW�`Gf5r~fG^\W$]�^d` u W$]-x�h3r~��UgW$r~W$]_^wi u n�] ` Ä JÍ^o+]®i u h3Y-^\f5r~fG[\W$U ` u W!b�x$bex�fG^�ZW8i�W¡UgW�x�h3]-[�^�U\n-x�^\fGh3]�i)n � « �76��afG`lW�[\^§Y�U-ZW�c�n³i�W��}W$U�r~W$Uz`GW�[���h3Ugi�[W��3^\W$U�]-W�[�i�W ` u W�[�Y�bex�W i�Wz��`GfG[\[\W$r~W$]_^zY�b�U�n�]¡rjf�UXh�f5U�i�Ws[\´�r�ZW�^�UgfGW~i�W�U3ZW�c�h_`�n-^�fph-] J·Å b��oZW�h3r�ZW�^AUgfGW�[\W$U\b[\h�fG^qxVnh3]-fG��n-W��'[\h�fG^qx�´3`Gf5]-i)UgfG��n-W J·tou f5]�^�ZW$U�nW�^oi)n�r~f5Ugh�f5UqW��-^�ZW$UgfGW$n�UaW�[\^qi�W�U-ZW�x$n�YvZW$UgW$U1i�W�[�Y��-h�^\h3]-[q[\h-Ug^�b�]_^i�Ww` u bex�x�W$Y-^�b�]-x�Wdi)n~x�h3rsY-^\W$n�U��eW$]zY�b�UX^\fGx$n-`pfGW$UqY�h-n�Uo`GW�[wY�b�Ug^\fGx$n-`GW�[�|bd�3U\b�]-i�[vb�]-�_`pW�[ai u f5]-x�fGi�W$]-x�W�[�i)b�]-[
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$#%�����t b�rzbe[\[�W & i�W�[8Y�b_Ug^\fGx$n-`GW�[8W�[\^ h3�-^\W$]-n-W�W$]®x�h-r��-f5]�b�]_^�`5b³r~W�[�n�UgW�i�W¡UgfG��fGi�fp^�ZW s ¶(' @\ � i)n^�U\bpogW�x�^\h3r�|W�^�UgWqW�^w`5b r~W�[�n�UgWli�WycvZW�`Gh3x�fG^�ZW ) i)n8� « �K6 µ

& ¶ s�8f )t b~r~W�[�n�UgWdi�Wl`5b�x���b�Ug�_Wp8 W�[�^v��h3n�U\]-fGWli�Wlrzb�]-f�|W$UXW¢UgW�i�h-]-i)b�]�^�W¢Y�b�Ua`GWdx�h3rzY-^�be�_W�i�W�[wY��-h�^\h-]-[k[An�Uv`GW� « �K6�W�^q`GW�[�r~W�[�n�UgW�[¥i�W ) ¼)+* i)n [\´-[\^$|W$r~Wwi�W k W$rzY-[qi�WlÌoh�`2W�^qi�W�[w[\W$r~fih?x�h3]-i)n-x�^\W$n�UX[�W$]s[\fG`Gfpx�f5n�r i)n^�U\bpogW�x�^\h3r�|W�^�UgW J-t b~[�ZW$Y�b�U\be^�fph-] W$]�x���b�Ug��WlW�[\^di�h3]-x~be[\[�n�U-ZW�W�b�c�W�x�n�]�^�U�|W�[w��b�n-^l]-fpc_W$b�n�i�Wyx�h3]Mo+b�]-x�W��W�^w`5b�U-ZW�[\h�`5n-^\fGh3] [�n�U `�bsr~W�[�n�UgWyi�Wl`�b rzbe[�[\Wli�W�[�Y�b�Ug^�fpx$n-`GW�[l[ u W���Y�Ugf5r~Wlx�h-rzr~WzµF && ¶ F ,, 7 f ' F )) I E�Jik�Mh·|n , W�[\^y` u f�rsY�n-`p[�fph-]�ikZW$UgfGcvZW�Wzi)n ^�U\b o W�x�^\h-r§|W�^�UXW J m ]�c�h�fG^y��n-W `5bÉU-ZW�[\h�`5n-^\fGh3] W$]¡rzbe[\[�WzikZW�x$Ugh_fp^U\b�Y-fGi�W$r~W$]_^jb�c�W�xs`�b»cvZW�`Gh3x�fG^�ZWzi�W�[zY�b�Ug^\fGx$n-`GW�[~W$]VU\b{fp[�h3]�i)n �­bex�^�W$n�U f ' J·t1u h3UgfG��f5]-W�i�Wzx�Ws�­b{x�^\W$n�UlW�[\^i�fp[�x$n-^�ZW�W8Y-`5n-[�`Gh�f5] Jkt b ��h3]-W�i u fGi�W$]_^\fio)x$be^\fGh3]�i�W�[�Y�b�Ug^�fpx$n-`GW�[�W�[\^si�h3]-x�x�h3rzY�UgfG[\W�W$]�^AUgW�`GW8[\W$n-fG`wi�WY�Ugh3i)n-x�^�fph-]�i�W�`5n�r~f�|W$UXW k x��-W$UXW$] © hec ) W W�^jn�]-W c¦b{`pW$n�Uj`pf5r~fG^\W )�- b�n¡i�W�`?|b�i�W�`5be��n-W�`p`GW�` u f�]-x�W$UX^\fG^�n-i�W[�n�Uy`�b UgW�x�h3]-[\^�U�n-x�^\fGh3]�i�W�`5bÉrsbe[\[\W W�[\^zi�h3rjf�]aZW�W§Y�b_U�` u f5]-x�W$Ug^�fp^An-i�WÉ[An�U�`5b¡rjW�[�n�UgW W$]�cvZW�`ph-x�fG^�ZW Jot bU3ZW�[\h_`�n-^�fph-]~W$]zf5rzY�n-`G[\fGh3]»i)nz^AU\bpogW�x�^\h3r�|W�^�UgWoi u ÍdÄ Å W�[�^kUgW$Y�U-ZW�[\W$]_^�ZW�Wq[�n�U1`�b o)�3n�UXW E�J C�C J�t Wlrzbe�-f5r�n�ri�W�U-ZW�[\h�`5n-^\fGh3]�W�[�^¢be^�^\W$]-i)n�W$]_^�UgW C W�^ C�� T W�ÌlªeÍDb$c_W�x . '' r C 
 ��x�W~��n-f·W�[\^d^�U�|W�[wb�c¦b_]�^�b{��W$n-�8Y�h3n�U`pW¡� « �K6 J Í ��be[\[�WÉf5rzY�n-`G[\fGh3]2�¥`5b³U3ZW�[\h_`�n-^�fph-]³i)b�]-[�`GW¡^�U�bpogW�x�^\h3r�|W�^�UgWz[\W�iqZW��3U\bei�W�W$] U�befG[\h3]³i�W�`5bi�f �!n-[\fGh3]�r~n-`G^\f5Y-`GWzi�W�[¢Y�b_Ug^\fGx$n-`GW�[li)b�]-[�`GW�[�Y-`5b�]-[li�Wy[\fG`pfGx�f5n�r J ÍP��b�n-^\W¡ZW$]-W$Ug��fGW��'`pW/�­b{x�^\W$n�Uw`Gf5r~fG^�b�]_^W�[\^!`5bdi�f5r~f5]-n-^\fGh3]~i�Wq`5blY�U3ZW�x�fG[\fGh3]/[�n�U¬`5b�r~W�[An�UgWqi�Wkx�h-n�U\��n�UgWqi�W�[ÇY�b_Ug^\fGx$n-`GW�[$��`Gh3Ug[���n-Wa`�bdiqZW�c3f5be^�fph-]li�W�[^�U\bpogW�x�^\h�f5UgW�[ai)b�]-[w` u bef5rzb_]�^qi�W�c-fpW$]_^wi�Wl` u h3UXi)UgW�i�Wl`5b~^AbefG`p`GWli�W�[wiqZW�^\W�x�^\W$n�Ug[qi�Wd^�U\bex�W J�t b~UgW$rjh3]�^�ZW�Wwi�W` u f�]-x�W$UX^\fG^�n-i�W�Y�h3n�Ua`GW�[vfGh3]-[4taWwW�[\^qb�Y�Y�Ughe�-f�rsbe^\fGc�W$r~W$]_^vi�W$n-�~��h�fG[kY-`5n-[wU\b�Y-fGi�Wd��n-WlY�h-n�Uo`GW�[wY�Ugh�^\h3]-[wµx�W�`�b c-fGW$]�^di)n �?befG^d��n-W��o|b~cvZW�`Gh3x�fG^�ZWlx�h3]-[\^�b_]�^\W��m`pWzU\b�´�h-] i�W�x�h3n�U\��n�UXW�i�W�[d^�U\bpogW�x�^\h�f5UgW�[¥i)b�]-[�` u b{f�rsb�]�^c¦b�UgfGW~b$c_W�x _ \ Jt W�[~x$b�Y�bex�fG^�ZW�[li u fGi�W$]�^�f�o)x$b{^\fGh3]³i�W�[yfph-]-[�[An�U�ÍdÄ Å h3]_^¡ZW�^�ZW¡ZW�^�n-i�fAZW�W�[~b�c�W�xz`GW§Y�UXh��3U\b�rsr~W~i�W�[\fihr�n-`5be^�fph-]³� E�K � W�^l`GW �oZW$]aZW$U\be^\W$n�U¥Ä�h3]_^\W!h �wb�Ug`Gh i u ZW�caZW$]-W$rjW$]�^\[ J+t W�[y`Gf�rjfp^�W�[�Y���´-[\fG��n-W�[�i�Ws[�ZW$Y�b�U�be^\fGh3]i�W�[¢]-he´3b�n-�s[\h3]_^kfG`G`5n-[\^�U-ZW�W�[�[An�Uq`5bCo)�3n�UXW E�J C E b�c�W�x�n�]�ZW�x���b�]_^\fG`G`ph-]�i�W�]-he´3b_n-�zi�W�]-n�r�ZW$UXhjb{^\h3r~fG��n-W�0/ C -�J)² ]Éb_�-[\x�fG[\[\W~[\W~^�Ugh3n-c_W�` u f5rzY�n-`G[\fGh3] , i�W�[�]-he´3b_n-��W$] T W�Ì¢ª{x$ªeÍPW�^dW$]�h3Ugi�h3]�]aZW�W�`5b�rzbe[\[�WUgW�x�h3]-[\^�U�n-fp^�W & W$] T W�Ì¢ª{x ' J)t bs[�ZW$Y�b�U�be^\fGh3] W�[\^lr~W�fG`G`pW$n�UXWz��n-W Ë , Ymh3n�Uw`GW�[li�W$n-�8U\b{i�f�b{^\W$n�Ug[$�'iÈ|W�[w`GW[\W$n-fG`vi�WzY�Ugh-i)n-x�^\fGh3]�i)n¡� « �K6 �)[An�Ud`�b»�3b�rzrjW , r C 0 � T W�Ì¢ªex$ª{Í b�c�W�x~`GW0n�b &®W�^ , r � 0 C$�T W�Ìlªex$ªeÍ Ymh3n�Uq` u Í T toJ�t Wd�­b{x�^\W$n�U . '' W�[\^wY�U\be^�fp��n-W$r~W$]_^wx�h3]-[\^Ab�]�^ai)b�]-[wx�W�^\^�W��3b_rzr~Wdi u f5rzY�n-`G[\fGh3]W�^�`5b i�fG[�Y�W$UX[\fGh3]�i�W�[�Y�h_f�]_^\[li�Wzr~W�[�n�UXW�b�c�W�x , x$Ugh_fp[�[�b�]_^�W�[\^ln�]�WA�·W�^�i�f5UgW�x�^li�W~` u bex�x$Ugh_fp[�[\W$r~W$]_^�i�W` u f�]-x�W$UX^\fG^�n-i�W�[�n�Ul`5b�r~W�[�n�UgWzi�W fÇJ·t1u bex$Ugh�fG[\[�W$r~W$]�^li�W 1 f ��n�b�]-i ) c C Y�W$n-^�[�Wzx�h3rzY�UgW$]-i)UXW§Y-`5n-[�­bex�fG`GW$r~W$]_^�W$]»i�fL�¢ZW$UgW$]-x�f5b�]_^ , µ
1 ,
, ¶ 1 && 7 1 ff 7 1 ))

2 n�b�]-i ) c C �e` u f5]-x�W$Ug^\fG^�n-i�Wd[�n�U1`�bdcaZW�`Gh-x�fG^�ZW 3544 c7698 ( � = o ( = 
_��Y�n-fG[\��n-Wd`pW�[qb�]�]-W$b�n-� k x��-W$UgW$] © hec[�be^�n�UgW$]_^wb�c�W�xlx�h�[�: @ c ;< m)be`Gh3Ug[w��n-Wl` u f5]-x�W$Ug^\fG^�n-i�Wz[An�U 1 f W�[\^�UXW�`pfAZW�W§|b ) Y�b_Ulµ
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 � i�W8r nW$r~Wzf5r hY�n-`p[�fph-]8i�W$Y�n-fG[l`GW~[\W$n-fG` k x��-W$UgW$] © h¦c i�W�[8ZW�`GW�x�^�Ugh3]-[ oXn-[\��n u |bs`5b~[�be^�n�U�be^\fGh3] i�W�^AbefG`p`GWzi�W�[db�]�]-W$b�n-��i�W�[Y�Ugh�^\h3]-[ J�² ]j�­befG^$�_`GW�[\W$n-fG`·��be[ai�W�[�ZW$Y�b�U\be^�fph-]�x�h-rzr~W$]-x�WlY-`�n-[w��b�n-^qW$]~f5rzY�n-`G[\fGh3]2�¬|b � � Ë T W�Ì~����n-f)W�[\^` u f�rsY�n-`p[�fph-]Érjf�]-f5rzb{`pW~Y�h3n�U ��n u n�]-WlY�b�Ug^�fpx$n-`GWy^�U\b�c�W$Ug[\W¥W$]�^\f�|W$UgW$r~W$]_^k`GWl[�YmW�x�^�Ugh3r�|W�^�UgW J-t b o)�3n�UgW E�J C Ër~h3]_^�UgWz`GW�U3ZW�[�n-`G^�b{^li�W�`5b�[\f5r~n-`�b{^\fGh3]¡i)b_]-[�`GW x$be[�i�W ` u n-^\fG`GfG[�be^\fGh3]�i u n�]�U\bei�f5be^�W$n�U�W$] n�b'&�W�^�i u n�]U\bei�f5be^\W$n�UqÍ T t i u f5]-i�fGx�W C � � E�K b�c�W�xdW$]�b��-[\x�fG[\[\Wy` u f�rsY�n-`p[�fph-]8W�^¥W$] h3Ugi�h3]�]aZW�W�` u b�]-�_`pW k x��-W$UgW$] © hec : @UgW�x�h3]-[\^�U�n-fp^ J m ]�c�h�fG^d��n-Wy`5b [�ZW$Y�b�U�be^\fGh3] [ u ZW�^\W$]-i�[�n�U¥`5b �3b�rzr~W r � � Ë 0 � T W�ÌPb�c�W�xy`GW ndb'&�W�^�[�n�Ur � � Ë 0 C$� T W�Ì b�c�W�xd` u Í T toJ S ]-Wl[�ZW$Y�b_U\be^\fGh3]~[An�U ` r � � Ë 0 K T W�Ì�W�[\^wbe^\^�W$]-i)n-W¢b�c�W�xln�]�U\bei�f5be^\W$n�UÍ T t i u f�]-i�fGx�W C � C � I c�h�fG^w^�b��-`GW E�J Ë M�J
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k=20


k=10

Pouvoir de séparation entre Z et Z+1

radiateur AGL

radiateur NaF

réponse au photron unique

PM idéal

mauvais PM

PM idéal

mauvais PM
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radiateur 

espace de glissement

plan de photodétecteurs

'�(\*,+ Ë J Ë µ 9�X Y 35�HC; 1 5^TPR!7 > X27 TW5 1 h K > ��HC;�B 5�K R 1 h ; > > 5!;=KME 	 X Y 5�R 5 > � / ` I;$X / X!;=687:9�;=<�7 /=>?1 5 TPR / EF7�HC7\< 35 Ot bzrjW�[�n�UgWli�W�` u b_]-��`GW�i u ZW$r~fG[\[\fGh3] : @ [�n�Uwn�] ` &v� « �76 ]aZW�x�W�[\[\fG^\W�i�Wlx�h-]�]�befG^�UgW�µC J `GW�Ymh�f5]�^¥i�W�Y�be[\[Abe��Wli�Wl`5b�Y�b_Ug^\fGx$n-`GW�i)b�]-[d`GW�U\bei�f5be^�W$n�U��E�J ` u b�]-�_`pWli u f�]-x�fGi�W$]-x�Wzi�Wl`5bs^�U\b o W�x�^\h_f�UXW�i�Wl`5b Y�b�Ug^\fGx$n-`GW�Y�b�U¥U\b�Y�Y�h-Ug^�|b~`5bz]-h3U\rzb{`pW�b_n�U\bei�f5be^\W$n�U��Ë J `GW�[lY�h�f5]_^\[wi u f5rzY�bex�^�[�i�W�[�Y��-h_^\h3]-[w[�n�U `pW~Y-`5b�]�i�WyikZW�^\W�x�^\fGh3] Jt bdx�h3]-i�fG^\fGh3] Ë M W�[�^oh3�-^\W$]-n-W Y�b_U¬`�bdx�h-]�]�befG[\[�b�]-x�Wwi�W¥`�blYmh�[\fG^\fGh3]~i�W�[vY��-h_^\h3iqZW�^\W�x�^\W$n�Ug[¬[�n�U¬`GW�Y-`5b�]i�W�iqZW�^�W�x�^\fGh3]2�)be`Gh3Ug[¥��n-Wy`pW�[�b_n-^�UgW�[�]aZW�x�W�[\[\fG^\W$]_^wi�W�[�f5]_��h3U\rzb{^\fGh3]-[�[An�Uq`5bz^�U�bpogW�x�^\h�f5UgWli�W�`5b Y�b�Ug^\fGx$n-`GW J
� ��� #��\% � � ��� � � � � � � � �  ��������� � � � �!�
�����"� ��� 	.�F��� �  4#
� �  � �,�� �� �  L% �F�
� � � �����L� �"��� 	"� � �



�2� ��� �"����� � � � ��� � �����"����� � �Å f+`GWl]-h3r~��UgWdi�W¢Y-fG�-W�`p[¥^\h3n-x��vZW�[vW�[�^v[�nMb�[Ab�rzr~W$]_^vf5rzYmh3Ug^�b�]_^$�_fp`2W�[\^qY�h�[�[\f5�-`pWyi�W¢UXW�x�h3]-[\^�U\n-f5UgWd` u b�]-��`GW
: @ [�b_]-[wx�h3]�]�b�n�G^�UgWl`5bs^�U\b o W�x�^\h_f�UXW�i�Wy`�bsY�b�Ug^\fGx$n-`GW J+t W�x$be`Gx$n-`¬W�[\^�be`Gh3Ug[¥fp^�ZW$U\be^�f �¬W�^�]vZW�x�W�[\[�fp^�W�n�]-W�r~f5]-fihr~fG[�be^\fGh3]si�W�^g´�Y�W j � J3t byx�h3]�]�befG[\[Ab�]-x�W�i�Wd`5bl^�U�bpogW�x�^\h�f5UgWwi�Wd`5b�Y�b�Ug^�fpx$n-`GWlW�[\^ax�W$Y�W$]-i)b�]_^wb�c¦b�]_^�be��W$n-[�Wx$b�UyW�`p`GW8YmW$U\r~W�^~i u b�n-�3rjW$]�^\W$U/`5bÉY�U-ZW�x�fG[\fGh3]�i�W `�b�r~W�[An�UgW�W�^~i�W [\f5rzY-`Gfio)W$Uz`5b�UgW�x�h3]-[\^AU\n-x�^\fGh3] i�W�`5bcvZW�`ph-x�fG^�ZW J � u W�[\^w`GWyx$be[¢b�c�W�xl`GWz� « �K6�i u ÍdÄ Å µ�`GW�^�U�bpogW�x�^\h3r�|W�^�UgW���`Gh-x$be`GfG[�ZWyi)b�]-[�` u b{f�rsb�]�^��)Y�W$U\rjW�^�i�Wx�h3]�]�befG^�UgWwb�c�W�xwn�]-WqW��3x�W�`G`GW$]�^�W¢Y�U-ZW�x�fG[\fGh3]y`pWwYmh�f5]�^ai�W Y�b{[\[�be��Wai�Wq`�blY�b_Ug^\fGx$n-`GWwi)b�]-[o`GW�U\bei�f5be^�W$n�U·W�^o[\h-]b�]-��`GW�i u f5]-x�fGi�W$]-x�W J 2 n�b_]-i n�]-WzY�b�UX^\fGx$n-`pW~^�U�b$c_W$Ug[\Wd`pWzU\b{i�f�b{^\W$n�U�|bjf�]-x�fGi�W$]-x�W�]3n-`G`GW��2` u f5rzbe��WyikZW�^\W�x�^�ZW�WW�[\^�n�]�x�W$UXx�`pW W�^l`5b�UgW�x�h3]-[\^�U�n-x�^\fGh3]�i�Wz` u ZW�cvZW$]-W$r~W$]�^dW�[\^~befG[�ZW�W�µ·[�f g W�[�^l`�b»i�fG[\^�b�]-x�W i�Wz��`GfG[\[\W$r~W$]_^W$]�^�UXWz`GW§U\b{i�f�b{^\W$n�UlW�^l`GW ikZW�^\W�x�^\W$n�U/W�^ :��z` u b_]-��`GWzi�W§U-ZWA�?U\bex�^\fGh3]�i�Wz`5b�`5n�r~f�|W$UgW�i)n U\bei�f5be^\W$n�U/c�W$Ug[�`GWikZW�^\W�x�^\W$n�UR�3h-]�b�µ

s @ ¶ g ^�b�] : �W�^w`5b�UgW�`5be^�fph-] i�W Å ]-W�`G`ih ¹ W�[\x$b�Ug^\W�[�YmW$U\r~W�^wi u W$]�^\f5UgW$Ua�?bex�fG`GW$r~W$]_^ : @ Y�n-fG[ ) J¹ b�]-[l`GW x$be[��oZW$]vZW$U\b{`}�2`5b�UgW�x�h3]-[\^�U�n-x�^\fGh3]�i�W `�b»cvZW�`Gh3x�fG^�ZWzW�[\^�Y-`5n-[~x�h3rzY-`GfG��nvZW�W W�^�W�[\^yikZW�c�W�`Gh3Y�YaZW�Wi)b�]-[�`5b�[\W�x�^\fGh3] [�n-fGceb�]�^�W I Ë J Ë M�Jatou f5]-i�fGx�WVi�W¡U-ZWA�­U\b{x�^\fGh3] � i)n�U\bei�f5be^�W$n�U®ZW�^�b�]_^z[�n�YaZW$UgfGW$n�U¡|b C �v`5bx�h3]-i�fG^\fGh3]�i�W�U-ZWA�­U\b{x�^\fGh3]zi�W�[lY��-h�^\h-]-[��-h3Ug[wi)n�U\bei�f5be^\W$n�Uy|b�YmW�^\fG^¢b�]-�_`pWyf5rzY�h�[�W���n-W � + � E I x$be[wi�WY�b�Ug^\fGx$n-`GW�[�b�c�W�x ) ' C W�^li u n�]�W�[�Y�bex�W~i�W~��`GfG[\[\W$r~W$]_^lx�h3]-[\^\fG^�naZW�i u b{f�Udh-n�i�Wzc-fGi�W M\M�J ÍP�3U\b_]-iÉb�]-��`GWW�^�i)b_]-[�`GW�x$be[�i�W�U\bei�f5be^�W$n�U�i�Ws��h3Ug^�f5]-i�fGx�W��vn�]-W�Y�b�Ug^\fGW i)n¡xVnh-]-W�i�W�`5n�r~f�|W$UXW�W�[\^~U-ZWA�wZW�x��-fGWzi)b_]-[�`GWU\bei�f5be^\W$n�U1W�^kY�W$UXi)n-W�Y�h3n�U1`�byiqZW�^\W�x�^\fGh3] J S ]-W�x�h3U�UgW�x�^\fGh3]~W�[\^qbe`Gh3Ug[q]vZW�x�W�[\[�b{f�UXW�Y�h3n�Uax$be`Gx$n-`GW$Uq`5blx���b�Ug�_Wi�W8`5bVY�b_Ug^\fGx$n-`GW I x�WÉY�h_f�]_^ W�[\^§b_��h3UgiqZW�i)b_]-[�`5b [\W�x�^\fGh3] Ë J � M�Jot W�x���b�Y-fG^\W8[\W�Y�h3n�UX[�n-fG^�W$]-[�n-fG^\W¡Y�b�Un�]-WVZW�^�n-i�W~i�W�[�Y�Ugf5]-x�f5Y�be`GW�[�[�h3n�Ugx�W�[li u f5]-x�W$Ug^\fG^�n-i�Wsi�WjrjW�[�n�UgW~i�W ) [�n�Uln�] ` &v� « �K6 J·t W�[lx$b�Y�bex�fG^�ZW�[i u fGi�W$]�^\fio)x$be^�fph-]zi�W�[vY�b�UX^\fGx$n-`pW�[wb�c�W�xqn�] ` &v� « �K6�[\h3]_^!iqZW�c�W�`Gh3Y�YaZW�W�[oi)b_]-[o`pW¥x���b�Y-fG^�UXWkiqZW�i�f�ZWwb�n~� « �76i u Í�Ä Å2J
I�� I 3 � ' �p� � ���	�-� �!* � � ' ' �

Íd`ph-Ug[q��n-W�Ymh3n�Uwn�]-W�^AU\bpogW�x�^\h�f5UgW�YmW$U\Y�W$]-i�fGx$n-` b{f�UXW�b�n Y-`�b_]�i)n�U\bei�f5be^�W$n�U��-`�bsr~W�[�n�UgWli�Wl`5b~c-fG^\W�[\[\WW�[\^lf5rzr�ZW�i�f5be^�WjY�b_Ud`�b�rjW�[�n�UgWzi�W~`5b�^�b{fp`G`GWzi�Wz` u b_]�]-W$b�n�ikZW�^\W�x�^�ZW���`5b8UgW�x�h-]-[\^�U\n-x�^\fGh3]�i�Wz`5b c-fG^\W�[\[\Wz[�Wx�h3rzY-`GfG��n-W�Y�h3n�Uln�]�b�]-�_`pWsi u f5]-x�fpi�W$]-x�W8]-h-]É]-n-` J·t b ^\W�x���]-fG��n-W x�h3U\UgW�[AY�h3]-i)b�]_^\W~W�[\^lY�U-ZW�[�W$]�^�ZW�W�i)b�]-[[\h3] x$be[w`GW~Y-`�n-[d�oZW$]vZW$U\be`'x�fih b�Y�U�|W�[ JÅ h�fG^Ls _ I � ° �V2° ���° �¤ M n�]8UgW$Y2|W$UgW�`GfAZW~b�n�U\bei�f5be^�W$n�Uwb�c�W�xzµ
. �¤ YmW$U\Y�W$]-i�fGx$n-`5bef UXW�b�n�Y-`5b�]�i)n�U\bei�f5be^\W$n�U W�^wh3UgfGW$]_^�ZWdc�W$Ug[w`GW~Y-`�b_]�i�W�iqZW�^\W�x�^\fGh3]
. m [\fG^�naZW�b�n x�W$]_^�UgWl`5b~�?bex�Wli u W$]_^�U-ZW�W�i)n�U\bei�f5be^\W$n�UÅ h�fG^ �� `GWwc�W�x�^�W$n�Uoc-fp^�W�[\[\Wdi u n�]-W¢Y�b_Ug^\fGx$n-`GW�x���b�Ug�oZW�WqW$]�^�U�b�]�^oi)b_]-[v`GW¢U�bei�f5be^\W$n�U J m ]~[�n�Y�Y�h_[\W���n-Ww`5bY�b�Ug^\fGx$n-`GW�[\WliqZW$Y-`5bex�WlW$]�`GfG�3]-W�i)UXh�fG^\W���[\f·�-fGW$]���n-W �� ¶���� W�[\^dn�] c�W�x�^\W$n�Uqi�f5UgW�x�^\W$n�U¥i�Wl`5b~^�U\b o W�x�^�h�f5UgW Jm ]8Y�h_[\Wzµ

�� ¶ 	
 [\f5]��qx�h�[�
[\f5]��q[\f5]�
x�h�[��
��
���hÈ|n I � ° 
 M [\h-]�^d`GW�[�b�]-��`GW�[�[AY��vZW$UgfG��n-W�[���b��-fG^�n-W�`G[lx$b�U\bex�^�ZW$UgfG[�b�]_^ �� i)b�]-[�s _ J+Å h�fG^�� n�]�Y��-h�^\h3] k x��-W!hUgW$] © hecDZW$rjfp[~[�n�Uj`�b ^�U\bpogW�x�^\h�f5UgWsi�W�`�b Y�b�Ug^\fGx$n-`GWÉb�n�Y�h_f�]_^�� I V � °�� � °A¤ � M W�^~[\W8Y�Ugh3Y�b{��W$b�]_^�[\W�`Gh3]�`5bi�f�UXW�x�^\fGh3]�i)n�U\b�´�h3]sc�W�x�^\W$n�U �� J m ]8Ymh�[\W�µ
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�� ¶ 	
 [\f5] :��ex�h�[ ;[\f5] :��e[\f5] ;x�h�[�:��
��
���hÈ|n I :�� ° ; M [�h3]�^y`GW�[jb_]-��`GW�[�[�Y��aZW$UgfG��n-W�[z��b��-fG^�n-W�`G[~i�W �� i)b�]-[~� Jotou b�]-��`GW k x��-W$UgW$] © h¦c":��lW�[\^yh3�-^\W$]-ni�f�UXW�x�^\W$r~W$]_^¢Y�b�U `pW~Y�Ugh-i)n-fp^d[\x$be`5bef5UgWyi�W�[wc�W�x�^\W$n�UX[ �� W�^ �� µx�h�[�:�� ¶ �� � �� ¶ [�f�] �q[\f5] :��ex�h�[ I<;�� 
 M	� x�h_[��ax�h�[�:�� I Ë J Ë Mt W�[�b_]-��`GW�[ I � ° 
 M [\h3]_^wi�h3]�]aZW�[�Y�b�Uq`GW k U\bex © W$U��-^�b_]-i�fp[¥��n-Wy`pWyx�h3n�Y-`GW I :�� ° ; M W�[\^�r~W�[An�U3ZW��-x�h3rzrjWfp`oW�[�^¢r~h-]�^�U-ZWlx�fih b�Y�U�|W�[$�+Y�b_Ud`pW ` &v� « �K6 J·t WzY��-h�^\h-] � ZW$r~fG[l[\W�`Gh3] �� [\W�Y�UXh3Y�be��W~i)b�]-[d`GW�U\bei�f5be^\W$n�U
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'�(\*,+ Ë J �'µ n¥h�^�b{^\fGh3]-[wn-^\fG`pfG[�ZW�W�[¢Ymh3n�U¥`�bsUgW�x�h3]-[\^�U�n-x�^\fGh3]�i�Wl` u b�]-�_`pW k x��-W$UgW$] © hec�i)b_]-[�n�] ` &v� « �K6 JW�^lW�[\^�U-ZWA�?U\bex�^�ZWdc�W$Ug[l`GWziqZW�^�W�x�^\W$n�Ulb�c�W�x�n�]¡b_]-��`GW :�� J·t b x�h3]-i�fG^\fGh3]�i�W U3ZWA�?U\bex�^\fGh3]»W�[\^li�h3]�]aZW�WjY�b_Uw`5bUgW�`5be^\fGh3]�i�W Å ]-W�`G`ih ¹ W�[\x$b�UX^\W�[zµ � [\f5] : � ¶ [\f5] :�� I Ë J � MhÈ|n�` u h3]¡b [�n�Y�Ymh�[�ZW~��n-Wz` u W�[�Y�bex�Wsi�W��_`pfG[\[�W$r~W$]�^zb�n�]�f5]-i�fGx�W�i�WjU-ZWA�?U\bex�^\fGh3] � ' C I c-fGi�Wzh3n�bef5U M�J·t bx�h3]-i�fG^\fGh3]³i�W�U3ZWA�?U\bex�^\fGh3] W$] ��h3]-x�^\fGh3]�i�WÉ]�W�^ ��W�[\^³ZW�^An-i�f�ZW�W§Y-`5n-[ `Gh�f5] JkÅ h�fG^ , I V � °�� � °�¤ � M `GW�Y-fp�-W�`^\h3n-x��vZW�Y�b�U �l�)b�c�W�x ¤ � ¶ I ¤ �VÆ M
� g h·|n Æ W�^ g [\h3]_^�UgW�[AY�W�x�^\fGc�W$r~W$]_^l` u ZW$Y�b{fp[�[\W$n�Uwi)n�U\b{i�f�b{^\W$n�UwW�^`�byi�fG[\^�b_]-x�Wl[�ZW$Y�b�U�b�]�^o`5by[\h3UX^\fGW�i)n U\bei�f5be^\W$n�Uai)n�Y-`5b�]si�WlikZW�^\W�x�^�fph-] J3t byxVnh�^\W ¤ i u ZW$rjfp[�[\fGh3]zi)n Y��-h�^\h-]ZW�^�b�]_^df�]-x�h-]�]3n-W��vn�]-W Y�UgW$r~f}|W$UgW b�Y�Y�Ughe�3f5rzb{^\fGh3]�x�h3]-[\fG[\^�W |b»[�n�Y�Y�h�[�W$Ul��n-W���W�[\^¡ZW$r~fG[�b�n r~fG`pfGW$n�i)n
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U\bei�f5be^\W$n�U���[\h�fG^�Ymh3n�U ¤ ¶ ) � J �qW�^\^\W�b_Y�Y�Ughe�3f5rzbe^�fph-]�f5]�^�UXh3i)n-fG^zn�]-W�f5]-x�W$Ug^�fp^An-i�W 1 :��/��n-faW�[\^¡ZW�c¦be`5naZW�Wi)b�]-[w`5bz[�W�x�^\fGh3] Ë JLK�J E�J-t bzr~W�[�n�UXW�i�Wl` u b�]-��`GW ; W�[�^wi�f5UgW�x�^\W�µ
^Ab�] ; ¶ � � � � �V � � V �t byiqZW�^�W$U\r~f5]�be^\fGh3]si�W :��!W�[�^kr~h�f5]-[q�?bex�fG`GW J)² ] Y�h_[�b�]_^ 	 ¶ � I V � � V � M � � I � � � � � M � �-h3]sh3�-^\fGW$]�^`�b UgW�`5be^\fGh3] [An-fpceb�]_^\W�i)b�]-[d`GW�Y-`5b�] I � ° , ° �� M I Ìoh�f5U o)�3n�UgW Ë J Ë M µ

g ^�b�] : � � ÆE ^�b�] :�� ¶ 	 � I Ë JLK�Mtou ZW�`Gf5r~f5]�be^\fGh3]»i�W�`5bsc¦b�Ugf5b��-`GW : � Y�b�U Ë J �~x�h3]-i)n-fG^j|b~` u ZW���n�b{^\fGh3]�µÆE ^�b�] : � � � g ^�b�] :��� C �®I � � � C M ^�b�] � :�� ¶ 	 I Ë Ji-�M
��n-f!YmW$U\r~W�^di u W��-^�U\bef5UgWl` u b�]-�_`pW :��v]aZW�x�W�[\[�bef5UgW�Ymh3n�UqiqZW�^�W$U\r~f5]-W$Uq` u b�]-��`GW k x��-W$UgW$] © hec J3¹ W$n-��r�ZW�^��-h3i�W�[h3]�^�ZW�^�ZW�n-^\fG`Gfp[�ZW�W�[�Y�h3n�U�ZW�c¦be`5n-W$U :��li�W I Ë J�-_M�J!t b Y�UgW$r~f}|W$UgW��1ikZW�c�W�`Gh3Y�YaZW�W�i)b�]-[z`GWÉY�Ugh_�3U\b�rzrjW�i�W�[\fihr�n-`5be^�fph-]¡� E�K � ��x�h3]-[\fG[\^�W§|b U3ZW�[\h-n-i)UgW�]3n�r�ZW$UgfG��n-W$r~W$]�^d` u ZW���n�be^\fGh3]�Y�b_Uw`5b rVZW�^��-h-i�W�i�W�nwW��¥^\h3]Mh �qh�^�W�[ JS ]-Wyx�h3]�c_W$Ug��W$]-x�W�U\b�Y-fGi�WlW�[\^dbe^\^\W�f5]_^\WlW$]�n-^\fG`Gfp[Ab�]�^z|b~`5bzY�UgW$rjf}|W$UgWlfG^�ZW$U�be^\fGh3] n�]-W�[\h�`5n-^\fGh3]�b�Y�Y�Ugh-x��aZW�W��h3�-^\W$]-n-WzW$]V]aZW���`GfG��W$b�]_^l`pW ^\W$U\rjWzW$] )� i�W�ceb�]_^�x�W�`5n-fqW$] g I�` h3n�Uln�] ` &v� « �K6 h�^�Y-f5r~fG[�ZW�� )��� C M�JS ]-Wzi�W$n-�-f}|W$r~W rVZW�^��-h-i�W��·Y-`5n-[�^��aZW�h3UgfG��n-W��2x�h3]-[\fG[\^\WÉ|b�U-ZW�[\h3n-i)UXW�W���bex�^\W$rjW$]�^ I Ë J�-�M�J � Wz^�U\b�c¦b{fp`vb�ZW�^�ZWbex�x�h3rzY-`Gfwb�c�W�x�` u b{fpi�W�i)n¡`Gh��_fpx�fGW�`dÄ¡be^��-W$rzbe^�fpx$bm�·i�fG[�Y�h-]-f��-`GW¡b�n x�W$]�^AUgW�i�W�x$b{`px$n-`¥i�W t ´�h3]2�¬��n u fG` b�­be`G`5n��3n-fGi�W$U�Ymh3n�Uwx�h-]-i)n-f�UXW�b�n8�mh3]�U-ZW�[An-`p^Abe^ J)² ]8Y�h_[�b�]_^ � ¶ ^�b�] :��\�'` u ZW���n�be^\fGh3] I Ë J�-�M [\Wzr~W�^d[\h3n-[`�bj��h3U\r~Wdi u n�]8Ymh�`G´�]-h-r~W�i)n ��n�be^�Ugf�|W$r~Wlh3Ugi)UgWli�h-]�^w`GW�[lU\bex�f5]-W�[d[\h3]_^kx$b{`px$n-`5b��-`GW�[ µ

� � g � � � ¶ I 	 � ÆE � M � I C �®I � � � C M � � M
Í¢Y�U�|W�[�[�f�rsY-`pfio)x$be^�fph-]2�!`GW�[y��n�be^AUgW�[¢U�bex�f5]-W�[�i)n¡Ymh�`G´�]-h3rjWjYmW$n-c�W$]_^�[ u W���Y�Ugf5r~W$UdW$]»��h3]-x�^\fGh3]�i�WzY�b�U\bFhr§|W�^�UXW�[ Y-`5n-[lbei)b�Y-^�ZW�[�|b~`5by�}h-U\r~n-`�b{^\fGh3] i�W�`5bs[\h�`5n-^\fGh3]¡µ
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) ¶ C$� [ � � g � I � � � C M I )� M � 	 �
f�¶ I ;� I ) ��E 
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 M � � � 
 � M\M /1
� ¶ � � �������� � � < � � � �� < � Y ; � � �� � 1�qh3rsY-^\Wl^\W$]-n�i�W�[dx�h3]�^AU\bef5]�^�W�[�Y���´-[\fG��n-W�[l[�n�Uq`GW�[�Y�b�U\b�r�|W�^�UgW�[ �¬° Æ 
 � 	 �-h3]�Y�W$n-^lr~h3]_^�UgW$Uq��n-W�`GW�[i�W$n-��i�W$U\]-f}|W$UgW�[w[�h�`5n-^\fGh3]-[�[�h3]�^¥f�rsbe��f5]�bef5UgW�[dW�^w��n-W � � W�[\^w`5bz[�h�`5n-^\fGh3]8Y��_´3[�fp��n-W�i)n�Y�Ugh3�-`�|W$rjW Jt W�[·i�W$n-��r�ZW�^��-h-i�W�[·i�WvUgW�x�h3]-[�^�U\n-x�^\fGh3]/i�Wo`�b¥cvZW�`Gh3x�fG^�ZWoi�h3]�]-W$]_^·^\h3n-^\W�[�i�W$n-�li u W��3x�W�`G`GW$]_^\[ÇU-ZW�[�n-`G^�be^�[$�W�^w` u W$U\UgW$n�Ud]3n�r�ZW$UgfG��n-W�UgW�`5be^\fGc�Wy[�n�Uq` u ZW�c¦be`5n�be^\fGh3]»i�W ) UgW�[\^\Wlf5]_�¦ZW$UgfGW$n�UgW�|b C�� Y � ����n-W�`¬��n-Wy[\h�fG^w` u b�]-��`GWi u f5]-x�fpi�W$]-x�W � / � / � K�� �-x�h3rzrjW�` u be^�^\W�[\^\Wd`5bCo)�3n�UXW Ë JLK I b M�J-tou W$U\UXW$n�Uk]-n�r�ZW$UgfG��n-W�UgW�`5be^�fpc_W�[�n�U ) W�[\^^�U\bex2ZW�W�W$]§�}h3]-x�^�fph-] i�W�` u b�]-��`GWyi u f5]-x�fpi�W$]-x�W � i�Wl`�b Y�b�Ug^�fpx$n-`GWyi)b�]-[�`GW�[dx�h3]-i�fG^\fGh3]-[d[�n-fGc¦b�]_^\W�[~µ

. Ymh3n�Uwn�]�U\bei�f5be^�W$n�UqW$] &o`5n-h3U\n�UgWyi�W Å h3i�f5n�r I n�b & M ��i u f5]-i�fGx�Wzr~he´�W$] C J Ë�Ë �-i u C x$r i u ZW$Y�befG[\[\W$n�UI
	 M
. Ymh3n�Uwn�]8U�bei�f5be^\W$n�Uwb¬ZW$Ugh���W�` I Í T t·M �-i u f5]-i�fGx�W C J � E�K �-i�W E x$r i u ZW$Y�befG[\[�W$n�U I N M
. Ymh3n�Uqi�W�[dc¦be`GW$n�Ug[di�W ) x�h-rzY�UgfG[\W�[wW$]_^�UgWl`GW�[�W$n-fp`¬i�W�Y�UXh3i)n-x�^\fGh3] k x��-W$UgW$] © hec I ) ¶ ;< M W�^ C �
. i)b�]-[¥`pWyx$be[wi u n�]»W�[�Y�bex�Wli�Wy��`Gfp[�[\W$r~W$]_^�i�Wl� � x$rtou W$U\UgW$n�U¥]3n�r�ZW$UgfG��n-W��-i�Wd` u h3Ugi)UgWli�W C�� Y � �-W�[\^w]aZW��_`pfG��W$b_�-`pW~Y�b�UqU\b�Y�Ymh3Ug^wb�n-�zf5]-x�W$Ug^\fG^�n-i�W�[dW���YvZW$Ugf5r~W$]Mh^�be`GW�[ I ' C$� Y 
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fenêtre Type II

fenêtre Type I

NaF
LiF
MgF2

AGL 1.14
AGL 1.035
AGL 1.025

Nombre moyen de photoélectrons Np

δn
/n
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N
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Photocathode ronde r0=7.5 mm - NaF d=10mm - D=100 mm
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  405.6    /    30

Constant   4163.
Mean   1118.

Sigma   2.202
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∆t=tg-td (250 ps/canal)
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∆t=tg-td (250 ps/canal)

run 107 - faisceau de 12C
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Σt=tg+td (250 ps/canal)

run 107 - faisceau de 12C
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Σt=tg+td (250 ps/canal)
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Σt=tg+td (250 ps/canal)
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RUN 296   Evt =148                   Drift=72 mm
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NaF 1.332 - d=10 mm - Drift=52 mm
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NaF 1.332 - d=10 mm - Drift=52 mm
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AGL 1.035 - d=22 mm - Drift=189 mm
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NaF - d=10 mm - D=52 mm

  48.23    /    25
Constant   117.9
Mean   .9988
Sigma   .8823E-02
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#TSE�TIBVU�GH�M�HsM|GHIUOHITIUOBVKNQ@HSQ WAKCQCTIUOBVKNQ5M�Hsd E J K�DqBpUqBpKCQ\M�H�d9x�E�Q�QCHSE�Y
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