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� sZ��r�q v _ g�m��zs�b�q���bdsZm��Pb�sZ���hmU�P�W��wUqz�|�z�Pb�q�b�sZ��e�c|bdsZq�gPc|�ZnZ��gPbdsZ�.bd��g��P�<q���bdsZ�����|m�bd��n
� mU�Z��nZqz�%� q v _ ghmU�zs�b u r[bd�¡e��£¢Rcfe�w�m�¤f��n�� _ �j�Zm�k���gh��m�b _ q��&aRbdgde�bdsZr�w _ nZ�,¥¦���zcZwUe�bdm�qz��§|¨ª©�«|¨
i�cZ�£e�rt¬R�Zq®¦w���nZ�z���<����b��"c|�hbje�w¯°e _ �¦�W�£�<e�nZ��q��Dbds|�¡c|���£q��Ke�� _ ��e�bd��ghmAe�wIr�q��Rbde�mU�|��npmU�O±
qzg&nZ��g�m¯kz��np�²g�qz�p±Gb�sZmU�°b�sZ���hmU��¨
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� sZm��jb�sZ���hmU�j������¬R��bdq v g�q®k]mUn|�»� v ��r�bdghqz��r�q v m�r»nZmUe��z�Zq��hbdm�r�bdq]qzwU�&b�sZg�qzc|�zspb�sZ�»e�n|k�e��Zr����P����b
q��Me�bdqz�PmUr��<q]nZ��w�wUm��Z�»b���rtsZ�Zm�¢RcZ����¨°¼½���hcZ����q��Mq v e�r�m¯b _�¾ e��|n�m¯bd�&r�q��Z��m��hbd����b�b�g��le�bd�P����b¦�²g�qz�
�IqzcZ�Zn�b�q��²gh�����¿bte�b����dÀ[±M�ÂÁ|r�m�b���n��¿bte�b�� v q v cZwUe�bdm�qz���<q]nZ��w�wUm��Z�.e��Zn�� v ��r�b�gde�wÃ�²�le�b�cZg��<�z���]Ä
��g�e�bdm�qz�Åe�gh��nZ��e�w�b»¦m�b�sO¨ � sZ�µ����r�e v �µ�Æe�r�bdq�g»bd��rtsZ�Zm�¢]c|�ÇmU�/c|����nÅb�q�e�r�r�qzcZ��b"�²qzg»q v e�r�m�b _
mU�����P��gh�z����b£ÈfcGÁ)e��Zn�e�b�qz�PmUr v q v cZwUe�bdm�qz��rle�wUr�c|wAe�b�mUqz�Z��¨ u b�sZqzghqzcZ�zs�bdgh�le�b��<���Rb»q��`wUq®
����g�m����j�<���"�W��g¦q v e�r�m�b _ mU�¦�zm¯kz���#mU�.bds|�»r�qGnZ� u i u a�xG{l©Z±f¦sZm�rts#�PqGn|m�¤f����e�n|�Æy�©,¤fwU���¦�²q�g
��c|�Z����¢]c|����b v q v cZwUe�bdm�qz� v g�q]r����h��m��Z��kGmUe u i u a�r�q�wUwUm���m�qz�fe�wÉÄ½gde�nZmAe�b�m¯k��Êg�qzcGbdmU�|����¨ � sZ�.���ËÄ
rle v ���Æe�r[bdqzg&�ÂÁ v g�������m�qz�Z��e�g���e��fe�w _ b�mUr�e�wUw _ �ÂÁ]bd���|nZ��np�²g�qz�Ì�Wq�cZ�ZnÇbdqÊ�²g����0�hbde�bd����±8e�w�wUq®¦mU�Z�
q v e�r�m�b _ bdq��I�ÇnZ�le�w�b"¦m¯bdsÍ���PqGq�bdsZw _ e�r�g�q����ÊbdsZ�Çm�qz�Zm��de�b�mUqz��b�sZg�����sZq�wUnO¨ � sZ�.r�qz��bdm��RcZm�b _
e vZv g�q�e�rts#q��Kb�sZmU�¦bdsZ����m���mU�¦r�qz��bdgde��hbd��n#¦m�b�s�b�sZ�/cZ�hcfe�w4bd��rtsZ�Zm�¢]c|�"q��Îm��Rb�g�q]nZcZr�mU�Z�Pe���mUqz�GÄ
mU�hmU�Z� v wAe��h��e"�PmUr�g�q�¤Z��wUn<¦sZmUrts.�zg�e�nZcfe�w�w _.Ï nZmU�h��qzw¯kz����ÐZbdsZ�0s|mU�zsZw _ �ÂÁGr�m�b���n.¢Rcfe���bdc|�Ñ��sZ��wUw��
mU��b�q�bds|�µr�qz��b�mU�RcZcZ�p¨ u r�qz� v g���sZ���|��m�k�� v wUe���m��/qzc|b�wUm��Z��n�¦sZmUrts�¦m�wUwÒe�w�wUq®Ór�q�wUwUm���m�qz�fe�wÉÄ
gde�nZmAe�b�m�k����<q]nZ��wUwUm��Z�¡q��Me�g��Zm¯bdgde�g _ sZ�lelk _ � v ��r�mU����¨ � sZmU�&�hrtsZ���P�0 qzgh¬R�jm��pe"�Z���r�qzc v wUmU�|�
v m�r�bdc|g���±8�²qzg¦¦sZmUrts#�Z��ÕÔ£e�cZ��b��Æe�r�bdq�g���sZe®k��/�I������nZ��k���wUq v ��nO¨ � s|�/�ZcZ�|nZwU��nGÄ ¾½Ö®× À¿Ø@ÙÒe��Zn
�ZcZ�|nZwU��nGÄ ¾½Ö®× À¿Øp�Zw�qGrt¬ v g�m��<m¯bdm�k����Îq��Ibds|mU�Ã�<q]nZ��wZsfelkz���W�����PnZ��k���wUq v ��nO±|e��`sfe��`e0bd���hb`�<q]nGÄ
cZw��`�²qzgKe���m��Z�zwU�Ò�GÄÚ��sZ��wUw|q��fbdsZ�`�ZcZ�ZnZw���nGÄ ¾ËÖ®× ÀËØOÙÉÛ£�ZwUq]rt¬ v g�m��<m¯bdm�k���¨ u �hrtsZ���P�°�²qzgKe�c|bdq���e�b�mUr
nZ�[bd��gh�<m��fe�b�mUqz�"q��@�Zc|�ZnZwUm��Z�0r�cGbhÄ½q�Ü@�Îsfe��`e�wU��q0�I�����<n|���Pqz�Z�hb�gde�b���nO¨ � sZ�¦�Z��Ý�Pq]nZ��wGmU�ÎnZ�ÂÄ
��m��z�Z��n<m��<e0�PqGn|cZwAe�gK��e��|�Z��gMb�q/e�w�wUq®Í�²c|bdc|g��¦nZ��k���w�q v �P����bd�Ãbdq¡�W� v ��g¿�²qzg��P��n,mU�Êb����hbde��Zw��
�hb�� v �,e��Zn�bdq�bte�¬��Çe�n|k�e���bte��z��q��¦�Pq]nZ��gh��sZmU��s v ��gh�²q�g��<e��Zr��<r�qz� v c|b���gh��¨ � sZ� v q v c|wAe�Ä
bdm�qz�O±Rq v e�r�m�b _ e��Zn�r�qz��bdmU�RcZm¯b _ �<q]nZ��w�wUm��Z�£e�g��¦bds|���µ�ZghqzcZ�zs�bÒbdqz����bds|��g m��Pb�sZ�������Z��gde�b�mUqz�Pq��
e.� _ ��bdsZ�[bdmUrP� v ��r[bdghcZ���²qzg0����g�mU���»w�mU�Pm�b�°elkz��wU���Z��bds|�/q�� s _ nZghqz�z���ZmUr,� _ �¿bd���P��¨ u � v ��r�m¯¤fr
r�q]nZ�¦mU�Î¦ghm�b�b����,bdq¡e�w�wUq®ÝÞzß � nZm�k���ghb�qzg ^ e�w��<��gÎ����ghmU���Òw�mU�Pm�bKqz�Z����ghk�e�b�mUqz�Z�Îb�q¡�I��e��fe�w _ �h��nO±
g��[bdcZgh�ZmU�|�»nZmUe��z�Zq��hbdm�r°mU�G�²qzg��<e�bdm�qz�"qz� v wUe����<e���w���r�b�g�qz�PnZ���Z��m¯b _ ±Rbd��� v ��gde�bdcZgh��e��Zn<gh��r�qz�,Ä
�Zm��fe�bdm�qz�,�hbde�bd��¨ � sZ��r�qGn|��m��Ò�hsZq®¦��bdq v ghq:k]m�nZ����qGq]nP¤|bd�Ãbdq£b _ v mUrle�wIn|m�kz��ghb�qzg`� v ��r�b�gde/e��Zn
¦mUw�wW�I�0nZ�[kz��w�q v ��npmU��bdq,e�� u i u aÇ� v ��r�b�gde�w@¤|b�bdm��Z� v ghqGr���nZcZgh��¨ � sZ�0�²c|b�cZg��0nZm�g���r�bdm�qz�Z� �²q�g
e vZv wUmUr�e�bdm�qz�µq��Dbds|�£`qzgh¬.e�g��0qzcGbdwUm��Z��n@¨
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¼jsfelkz�,�W�������²qzg¿bdcZ�fe�bd�ÊnZcZghmU�Z�µb�sZ�Êr�q�cZg��h�Êq��`b�sZmU��bdsZ����mU��b�qÇsfelkz�Êbds|�ÊsZ��w v e��Zn���c vZv qzg¿b
q�����e�� _ v ��q v w���¨Å¼ÚbPmU�"¦m¯bds v wU��e���c|g��µbdsZe�bP¼¡b�sfe��Z¬�� _ ��c v ��g¿k]mU��q�g<éÎghq��Ë¨Îê�c|�zs
a]cZ�,Ä
�P��g����²q�g�bdsZ�Ê���Rb�sRcZ��mUe����p±De�b�b�����bdm�qz��bdq.nZ��bde�mUwë± v e�bdmU���Zr��Pe��|n�`�le�w�bds�q��`mUn|�le���¦sZm�rts�sZ�
��s|q:`��nµe�bÃ��k���g _ �¿bte��z�¦q��Ibds|��éÎsfi"¨�¼D q�cZwUn<e�wU�hq£wUmU¬��°bdq0bdsZe��Z¬"� _jì qzmU��bÃ��c v ��ghk]mU�hqzgÎ�²g�qz�
¥ u oÎ±@i�g�¨I¥jm�rtsfe�g�n�ê�e�ghg�mU�hqz���²q�g�sZm����hc vZv qzghb�e��Zn����Zr�qzc|gde��z���<����bl¨ � sZe��Z¬R�£e�wU�hq<b�qµi�g�¨
í m��z��w ^ e�nZ�Z��wUwK�²q�g�bdsZ�Pe�n|k]m�r��Êbdsfe�b£sZ�<sZe��0�zm�k����)e��Zn��²qzg0sZm���k�e�wUcfe��|wU�"sZ��w v mU��ghcZ�Z�Zm��Z�
u cGbdqz�¿bdg�c|r�bdc|g���¨P¼�e��%�zg�e�bd�[�²cZwMbdqpéÎg�q��Ë¨ � c|ghb ^ ��s|g�mU�|�z��g��²qzg£e�wUwUq®¦m��Z�µ�P�<e�r�r������£bdq.sZm��
q v e�r�m�b _ r�qGn|�µe��Zn��²qzg£bdsZ�<sZ��w v e��Zn�e�n|k]mUr��<b�sfe�b»sZ�<�ze®k��µ�P�Pn|cZg�m��Z�#m¯bd�¡r�qz��kz��g��hmUqz��b�q
u i u a�xG{l©|¨<¼�e���mU�Zn|���|b���n�bdq�i�g�¨DÞ�mU�%o6e��Z�.¦sZq#���Z��cZgh��n�b�sfe�b»e�w�wMmU��bd��gde�r[bdm�qz�Z��¦m�b�s
¥ u o$g�e������PqGq�bdsZw _ e��Zn�¦sZq�sZe���bte�¬����)e���mU��bd��g����hb£mU��b�sZmU��`qzgh¬#�²g�qz��bdsZ�Ê�I����mU�Z�Zm��Z�Z¨
¼°`qzcZwUn#e�wU�hq�w�mU¬��£bdqPbdsfe��Z¬pi�g�¨IéV�[bd��g0î�r�ïðsZm�ghb���g��²q�gjb�sZ�/cZ�h���²cZwDnZm���r�c|����m�qz�Z��e�b�k�e�ghmUqzcZ�
�hbde��z���µq��0bds|mU�<`qzgh¬I¨ � sfe��Z¬R�.e�w���q)b�q�bds|��¥jcGbdsZ��gh�²qzghn u�vZv wU��b�qz�Ýo6e��Iqzgde�bdqzg _ �²q�g<bds|�
�z���Z��ghqzcZ� v g�q®k]mU�hmUqz�Çq��MeÊrle��h�»el e�g�n�nZcZghmU�Z�"b�sZ�£r�qzcZgh���¡q��V� _ �hb�cZnZm�����¨
î _ r�qzwUw����zcZ���&mU�Çbds|�»�zghqzc v sfelkz�»e�wU�hq,�W������eÊ�hqzcZg�r��»q��M���|r�qzcZg�e��z���<���Rbjbds|g�qzcZ��sZqzc|b¦bds|�
`qzg�¬8¨K¼W qzc|wUn/w�mU¬��Ãb�qjb�sfe��Z¬¡Ô0qzghnZqz�£�²qzg6sZmU�4�²g�m����Zn|��sZm v ±�s|qz�Z���¿b _ e��Zn¡b�sZ�Ò��e�� _ m��Z��m��zs�b��²cZw
r�q��<�P����bd�Vbdsfe�bKsZ�&sfe��K��e�n|��¨K¼De��ñ�zg�e�bd�[�²cZwGb�q£i�g�¨�� qz�Z�Zq�g ^ e�w�wAe��Zr��Ò�²q�gKbdsZ� cZ���&q��8�hqz�P�
q��8sZm��K�RcZ�P��ghmUrle�wGghqzc|bdm��Z���Me��Zn/�²qzgKe�wUw�q®¦mU�Z�j�<�Òbdq�bde�¬��&q�c|bÎe�� _ v s _ ��mUr��Îg���wAe�b���nÊe���g����h��m�qz�
qz�Êe���¢Rcfe��hsÊ�fe�wUw]mU�|�hbd��e�n"q��Zqz�"� _ r�q�� v cGbd��g�¨ � sfe��Z¬R�Ãe�wU�hq��²qzgVmU��bdghqGnZc|r�mU�|���P�`b�q���¬RmUm��Z�Z¨
� sfe��|¬]��bdq � e�b�sZwU�������²q�g�gh�le�nZm��Z�<b�sZg�q�cZ�zs��"c|rts�q��Mb�sZmU�¦bdsZ����m���±Oe�� _ g�����e�mU�Zm��Z�,� v ��wUw�mU�Z�
�PmU�hbde�¬����Çe�gh��� _ g���� v q��Z��m��ZmUw�m�b _ ¨ � sfe��Z¬R�µbdqÍi�g�¨ ê�e�ghk�� _ u �ZnZ��g��hqz�Ý�²qzgÇe�w�wjb�sZ��sfe�ghn
`qzg�¬�bdsfe�b"sZ�ÇnZmUnÅq�� u i u aÅ§|{z{�Ä£m¯b"�<e�nZ��b�sZ�ÇnZ�[kz��w�q v �P����b,q��¦bds|�Çr�q]nZ�µmU�ÅrtsZe v bd��g
©.e v qz���hmU�Zm�wUm�b _ ¨0¼j`qzcZw�n�e�wU�hqÇwUm�¬��»b�qÇbdsfe��|¬]�£i�g�¨4î#e�ghbdm���ò"Ðóî�c|wUwAe��Z�»�²qzg�sZ��w v mU�Z���<�Êe�b
k�e�g�m�qzcZ�°�¿bte������&nZ��� v m¯bd�0�I��mU�|�"��q,�ZcZ� _ ¦m¯bdsÇsZm��&q:¦�Ç`qzg�¬8¨ � sfe��|¬]�¦e�wU��q"b�q u w�wAe��P�²qzg°sZm��
�²g�m����Zn|��sZm v e��Znp�²q�g¦e�wUwIbdsZ�£r�q�� v cGbd��gje�nGkGm�r��£sZ�£sfe��¦�zm¯kz���O¨
� q�b�sZ�p�²q�wU¬�e�bÊbd�le ¾ i0elk]mUn@±°Ô£e�mUwë±Òê����|n _ ±¦Ô0qzghnZqz�O± u w�wAe��Íe��|n
Þ�qzs|�8À[±Òbdsfe��|¬]�,�²qzgÊbds|�
wAe�cZ�zsZ�Êe��Zn��²qzg"�Zq�bÊ�zm�k]m��Z�#�P�Çe�g���nÍrle�ghnO¨)a v ��r�mUe�w`b�sfe��Z¬R�"bdq�� _$Ï �²��w�wUq®Ìqzw _ � v mAe��|��Ð
î#e�ghrle�q|±Zê����Zn _ e��Zn.a]�le��O¨Î¼½� v e�ghb�mUr�c|wAe�gÎbdsZe��Z¬R� bdq"ê����|n _ �²q�g°e�w�w8b�sZ���ze��<��� q��O��¢Rcfe��hsO±
k]mU�hm�bd�°b�qÊbdsZ�0`��mU��sRb���ghqGq��Ñe��ZnÇ�²qzg°b�sZ�£�Z��� qzghnZ�¦bdsfe�b _ qzc.bte�cZ��sRbj�P��¨
� q0� _ �²ghmU���ZnZ�K�²ghqz�ô� sRcZghrts ¾ Þ�mU�p±�i0elk]mUn,i"±�éÎsZmUw�m v ±�i0elkGm�n,î)±za]bd�[kz�°õÊ±za]bd� v sZ���@±Gi0el¦�O±
a]b���kz�ÊÔ,±Wi����Zm�����±@o4����± � e�b�sZwU�����8À°bdsfe��Z¬R���²qzg�e�wUw4bds|�/�zgh�le�b�bdmU�P���&`�"sfelkz�/sfe�nO±@e��Zn��²q�g
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�Zq�b°e���¬Rm��Z�"�P��bdq/�hbdq v bte�w�¬]m��Z�£¦sZ���.¼M`����b¦qz�Çe��Iqzc|b � _ bdsZ����m���¨ u w���qZ±Rbdsfe��Z¬R� bdq u k]g�mUw
�²qzg b�sZ�£e�w�wIb�sZ�0���Zr�qzcZg�e��zmU�|�"���<e�mUw��`b�sfe�b&�hsZ�0�����Rb�e��|nµbdq � e�g����O±8�°e�ghw _ ±ZöKm�qz�fe"e��|n � qz�
�²qzg°b�sZ��m�g&sZ��w v q®k���g¦bdsZ�£wAe��hb&�²�� _ ��e�g���¨
î _ �Æe��<m�w _ sfelkz�£�W�����#e,�hqzcZghr��¡q��K���Zr�q�cZgde������P����b�e��Znp��c vZv qzg¿bjb�sZg�q�cZ�zsZqzcGbje�wUwO� _ wUm¯�²��±
�Zq�b ì cZ�¿b¦bdsZ�¡wAe��¿b&�²�� _ �le�g����²q�g°bdsZm��¦b�sZ���hmU��¨°aGqP� v ��r�mAe�wOb�sfe��Z¬R�j�zq,bdq,� _ �Pq�bds|��g�±Z�Æe�bdsZ��g
e��ZnP�Zghq�bdsZ��g���±Göfg�e�����g`e��Zn<¼Ëe�mU�O¨ � sfe��Z¬R�`e�wU�hq£b�q/o6e�ghmU�ZnZe0e��Zn í e�b�sfe��fe���wZ�²qzgMbds|�j�|wU���h��m��Z�
bdsZe�b£bdsZ� _ sfelkz�<�W�����O¨P¼�`qzcZw�n�w�mU¬��,b�qÇbdsfe��|¬�� _ �j�Zr�w��<i0elk]mUn��²qzg£���Zr�qzc|gde��zm��Z�.�<�"b�q
�hbde _ qz�<�²qzg`b�sZ�0éÎsfi"¨ � sfe��Z¬R�¦e�gh��nZcZ��b�q"� _ Ô0gde��.îpcZ�Zg�q»�²qzg sZ��g �Æe�m¯bds|�²cZw8�hc vZv qzghb¦e��Zn
r�q��Zr���g���e��Zn�¼�e���m��ZnZ���|bd��n�b�qp� _ éKe v e�o4q]rts��²q�g�bdsZ�,�[Á|e�� v w��Êq�� s|mU�0wUm¯�²�Êe��Zn)e�w�wKsZm��
`qzg�nZ�jq��D¦mU�hnZqz�p¨
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{z¨¯{ u m��<�&e��Zn�q�� ì ��r[bdm�k���� ¨»¨¡¨»¨¡¨¡¨»¨¡¨»¨¡¨£¨»¨¡¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨£¨»¨¡¨»¨¡¨¡¨ {
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G¨¯{ ßKÁZe�� v w��Mq��Rbds|� v q v cZwAe�b�mUqz��nfe�bte�¤fwU� v g�q]nZcZr���n»� _ bdsZ�Îs _ nZg�q��z���¡r�qzw�wUm���mUq��fe�w¯Ä
gde�n|mAe�b�m�kz��r�q]nZ��¨¡¨»¨£¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨»¨¡¨£¨»¨¡¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨£¨»¨¡¨»¨¡¨¡¨ {®§8�


G¨ x � qz��bdm��]c|cZ� e��Z�hqzg v bdmUq��.�Æe�r�bdq�g��&�²qzg°bds|�»o _ �<e��.����ghmU��� ¨¡¨»¨¡¨£¨»¨¡¨»¨¡¨¡¨ {®§81

G¨ § � qz��bdm��]c|cZ�Óelkz��gde��z��nf+Å�²qzgMb�sZ�jo _ �<e��Pr�qz��bdm��RcZcZ� v w�q�b�b���nPe��Òe0�²cZ�Zr�b�mUqz�

q�� v wAe��h��e"w����Z��bds ¨£¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨»¨¡¨£¨»¨¡¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨£¨»¨¡¨»¨¡¨¡¨ {®§81

G¨ª© u r�qz� v e�ghmU�hqz�.q��MéÃéÃé v ghq�¤fw����&¦m�b�s#Ô0g�m����pÐ �&�ÂÁ v g�������m�qz� ¨¡¨£¨»¨¡¨»¨¡¨¡¨ {l©zy

G¨�
 ¼½wUw�cZ�hb�gde�b�mUqz�pq��Mb�sZ�"wUm��Z���jq��Ã�hmU�zs�b�q��ÎbdsZ� �£� §µm��Z�hb�g�cZ�P����b�mU��b�sZ� ^ e�wU�P��g

����g�mU���¦wUmU�Pm�b`qz�Z�h��g¿k�e�bdmUq��Z� ¨»¨¡¨¡¨»¨¡¨»¨¡¨£¨»¨¡¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨£¨»¨¡¨»¨¡¨¡¨ {l©z§

G¨0� éVq v cZwAe�b�mUqz�Çgh���hcZw�b��¦�²q�g°b _ v mUrle�w4nZm�k���ghb�qzg&r�q��ZnZm�b�mUqz�|�"¨»¨¡¨¡¨»¨¡¨£¨»¨¡¨»¨¡¨¡¨ {l©�©

G¨�� u �fe�w _ bdm�rle�w�w _ r�qz��b�mU�RcZqzcZ������rle v � v ghqz�fe��Zm�wUm¯bdmU����e��|n e��Z��qzg v bdm�qz� �Æe�r�b�qzg��

��k�e�w�cfe�bd��nÇ�²qzg°b _ v mUr�e�w4nZm�k���g¿bdqzg&r�qz�ZnZm¯bdmUq��Z� ¨¡¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨£¨»¨¡¨»¨¡¨¡¨ {l© 


G¨01 ò v bdm�rle�w�w _ bdsZm�rt¬Çe��Zn.bds|mU� v q v cZwAe�bdmUq��Z� �²qzg°b _ v m�rle�wOn|m�kz��ghb�qzg¦r�qz�Zn|m�bdm�qz�Z� ¨ {l©��

G¨ « � qz��bdghmU�Zc|b�mUqz�|�£b�q�b�sZ�����<m�����m�qz��r�q]�9)Pr�m�����b/�²ghqz��bds|��nZm¯Ü@��g�����b»s _ n|g�qz�z���

r�qz� v qz�Z����b���¨¡¨¡¨»¨£¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨»¨¡¨£¨»¨¡¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨£¨»¨¡¨»¨¡¨¡¨ {l©�1

G¨¯{®yð� qz��bdghmU�Zc|b�mUqz�|�Db�q�bdsZ�`bdq�bde�wRmU��bd���Z��m¯b _ �²ghqz� e�wUw�bds|� s _ nZg�qz�����,e��ZnÊm�� v cZg�m¯b _

���Pm�bhbd��gh�%¨¡¨»¨¡¨¡¨»¨£¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨»¨¡¨£¨»¨¡¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨£¨»¨¡¨»¨¡¨¡¨ {l©�1

G¨¯{z{Íi�mAe����Zqz�hb�mUrj¤Zb¦bdq v cZw����£©�§ ��§�
G± ^ e�wU�P��g°�h��g�m����jwUm��<m¯b � v ��r�bdghcZ� ¨»¨¡¨»¨¡¨¡¨ {l©z«

G¨¯{:x
i�mAe����Zqz�hb�mUrj¤Zb¦bdq v cZw����£©�§ ��§81|± ^ e�wU�P��g°�h��g�m����jwUm��<m¯b � v ��r�bdghcZ� ¨»¨¡¨»¨¡¨¡¨ {�
�y
u ¨¯{ Ô£g�e v sZm�rle�wWg�� v g���������bde�bdm�qz��q��Kbds|�/� w����Z�hrtsGÄ¿Ô0qzghnfe��.r�q]�9)Pr�m�����bø¨»¨¡¨»¨¡¨¡¨ {���y
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u ¨ § � sfe��Z���¡m��.r _ r�w�mUr0qzghnZ��g¦q��DïðmU�z�|��g¦§�Ä ì � _ �/�Wqzw�¨»¨¡¨»¨¡¨¡¨»¨¡¨£¨»¨¡¨»¨¡¨¡¨ {��]{
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{z¨¯{ aGcZ�P��e�g _ q��Vb�sZ�»nZe�bte"�²qzg&bds|�/� 9ë9 x����Âx*�[�m�	��� � ��x��:x*�H�S�*¯&~C� � b�gde��Z�hm�b�mUqz��²qzg&�le�rts�g�e��hb���g¦��r�e�� v qz�hm�bdm�qz�*¨¡¨»¨¡¨»¨¡¨£¨»¨¡¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨£¨»¨¡¨»¨¡¨¡¨ ©�y
{z¨ x aGcZ�P��e�g _ bte��Zw��0q��Db _ v mUrle�w v g�qz�PmU�|���Zr�� v s _ �hmUr�e�w v g�q v ��g¿bdm����ñ¨£¨»¨¡¨»¨¡¨¡¨ ©��
{z¨ § aGcZ�P��e�g _ bte��ZwU�<q��&b _ v mUr�e�w`�P�le����²g���� v e�b�sZ�"q��¦s _ nZg�q��z��� v s|q�bdqz�|�"mU��e

��qzwUe�g v ghqz�PmU�Z���Zr�� ¨£¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨»¨¡¨£¨»¨¡¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨£¨»¨¡¨»¨¡¨¡¨ © 1
xG¨¯{ ò��Z����ghkz��n�e��|nÇrle�w�r�cZwUe�bd��nÇ��qzwUe�g&e�b��<qz� v sZ��g��0sZ��wUmUc|� w�mU�Z��gde�b�mUqz� ¦m¯bds.e��|n

¦m�b�sZqzc|b&b�sZ�£��ÜW��r�b���q��Kq v e�r�m¯b _ ¨»¨¡¨»¨¡¨£¨»¨¡¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨£¨»¨¡¨»¨¡¨¡¨ ��§
©Z¨¯{ ¾ Û°��ÛGÀÊr�q�c v wUm��Z��bdq ¾ Û�±?�$Û�±ÉÀÊr�qzc v wUmU�|�³²�e��|n
¥�k�e�wUc|���P��k�e�wUcZe�bd��n$�²qzg

k�e�g�m�qzcZ�&wU�[kz��wU�&q��Vg�����qzw�c|bdm�qz� ¨¡¨¡¨»¨¡¨»¨¡¨£¨»¨¡¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨£¨»¨¡¨»¨¡¨¡¨ {®yG{

G¨¯{ � sZ�£nZmAe��z�Zqz�¿bdmUr�k�e�wUcZ���jgh��b�cZg��Z��n��²ghqz� b�sZ�0¤Zb¦��sZq®¦��mU�Ç¤f�zcZgh�´
G¨�{�{ ¨¡¨¡¨ {�
�y

G¨ x i�mAe����Zqz����nÇ��w���r�b�g�qz�pnZ���Z��m¯bdmU���&�²g�qz�ÌbdsZ�¡öVïXê�î e��Ze�w _ ��m��&q��Mî���m��z� ¨¡¨¡¨ {�
�y

G¨ § � sZ�£nZmAe��z�Zqz�¿bdmUr�k�e�wUcZ���jgh��b�cZg��Z��n��²ghqz� b�sZ�0¤Zb¦��sZq®¦��mU�Ç¤f�zcZgh�´
G¨�{®x ¨¡¨¡¨ {�
]{

G¨ª© i�mAe����Zqz����nÇ��w���r�b�g�qz�pnZ���Z��m¯bdmU���&�²g�qz�ÌbdsZ�¡öVïXê�î e��Ze�w _ ��m��&q��Mî���m��z� ¨¡¨¡¨ {�
]{
u ¨¯{ ¾ Û°��ÛGÀÊr�q�c v wUm��Z��bdq ¾ Û�±?�$Û�±ÉÀÊr�qzc v wUmU�|�³²�e��|n
¥�k�e�wUc|���P��k�e�wUcZe�bd��n$�²qzg

k�e�g�m�qzcZ�&wU�[kz��wU�&q��Vg�����qzw�c|bdm�qz� ¨¡¨¡¨»¨¡¨»¨¡¨£¨»¨¡¨¡¨»¨¡¨»¨¡¨¡¨»¨¡¨£¨»¨¡¨»¨¡¨¡¨ {���«
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ACPB:XP;Y~HsJ6JCL;[M<E:XP+fpHQ>@8+>@8;A^:XH\P;<GRQPBNOACW=ACJ6>D[DH\PB<C��>@8;A^ÜbÜGÜ£JCHKN;A�:X<GL;<DA6Nd�BA6<DcpACJ6:]RQW=W=`&FIH\[GWX:=P;AC<
>@8;RT>oRQ[MA&>@HSfpA�L;<DA6NvFIHQ[ZN;:]RTY\P;H\<h>@:XJzc;L;[DcpH\<MAC<Ck~lyPvJ|8_RQcB>DAC[ à g\A6[M`(8;:=Y\8(8r`KN;[DH\YQACPv<DA6[D:XA6<
U+ACU&fpAC[�c;[DHTÎ_WXA6<^U&LB<M>^fjA~A6gTRQWXL;RT>@A6Ndk9798;A&RTc;c;[DH!Ös:XUVRT>DA~A�ÖBcB[DAC<M<D:=H\P:X<�L;<MACNL;PBN;AC[^<DL;J|8
JC:=[DJ6L;UV<h>|RQPBJCAC<9>DHV<ML;c;c;W=ACU+ACPr>3>@8;AmÜbÜbÜ²[DA6<DL;Wa>@<9FIH\[�>@8BAmW=H { <MAC[D:=AC<�UVA6U&fpAC[9WX:=P;AC<6kD à4äfø<ç.ã�ó�ä3�2ø<çFE�÷4Þ¶è§è ÞÏæ�Þ¯çtäºè
ln>O:=<ORQW=<DH�cjH\<M<D:=f;WXA-FIH\[VHQc_RQJC:a>y`�>DH�U+HsNB:=FÅ`uR�Y\:ag\A6P�H\f;<MAC[MgQACN WX:=P;A-c;[DHQÎ;WXAQk·ÄZP²>@[DR�gQACWå�
WX:=P;Ye>D8;[DH\LBY\8vROc;W]RT<DUVRe:=>1:=<ZU+H\[DA~WX:X�TACWa`�>D8_RT>1W=:XP;A~JCACPr>D[DA�c;8;HQ>DH\P;< { :=WXW�fjA�RQfB<DH\[MfjA6N�RT<
JCHQUVc_RT[DACNw>@H->@8;H\<MAe:=Pw>D8;AeW=:XP;A { :XPBY\<CkS798;:=<zJCRQP�fpAe<MACACP�FI[DH\U�A6�KL;RT>@:=H\P�¦×�\kÊã\¨1FIH\[o>@8BA
RQf;<MH\[Dcs>@:XHQPeFµRQJ6>DH\[C� { 8;AC[MA�F�:X<E<D:XYQP;:=Î_JCRQPr>@Wa`V8B:XY\8;A6[�RT>�WX:XPBA^J6ACPr>@[MA~RT<�JCH\U+c_RQ[MACN { :a>@8O>@8BA
WX:=P;A { :XP;YQ<Ck�798KLB<Z>@8;A~c;[DHQÎ;WXAo>@8_RT>^Î_P_RQW=W=`SA6UVA6[DY\A6<^FI[MH\Uñ>@8;A~fjHKNB`-HQF4>D8;Azc;WXRQ<DUVR�JCH\L;W=N
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oMWnPftÃuj_bWnYQOQPST}Wns\ij{\[^Y\{\[^RL�rP�[ERbOQi>y%RE[^OQ]puj]LtQ]c_dPfTJ£"WntQ`��7TL{Q_d�n]cR~y%P�[^O¾Rb]Lsf]LTL[^]L`M[b_^WntQRdPS[bPfijtQR
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TcPS]ct�[}�ENJOQ]�uj]Lijoq]L[^_dPf]LRJTcijtQRdPf`Q]L_b]L`Âe�k�[^O\]hTLi�`\]�WZ_b]nÖ

× ¹wRdin[^_dijYQPfT�RdYQOQ]L_b]hinl(_bWn`QPS{QR%Ø>�
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Homogeneous distribution Linear distribution

Parabolic distributoin

l=0 l=2bl=b

l=0 l=b l=2b

l=2bl=0 l=b

(b)

(b)

ε

ε
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_b]LRb{Qs�[VWnt�[E_bWn`QP²W·[^Pfint��ZPStQTcPS`Q]ct�[�lm_dijo�WZsfs\YgijRdRbPfe\sf]�sSPftQ]LR(inl¼RbPSujO�[�Pft�[^i�[bOQ]JTc]Lt�[^_b]Z�rWnTcTLij{Qt�[^PStQu
lmij_%WZ[d[^]Ltr{QWZ[^PSijtÄWnsfijt\uÃ]}WnTVOxsfPft\]�inl�RbPfunO�[c�
ÁUiZ[^]v[^OQWZ[�]c��{XW·[^Pfint9�����§¦��UPfRaRbPfoqPfsfWn_%[^i�[^O\]Ãtr{\oM]L_^WZ[bij_�inl¯[^OQ]Ã]L��{XWZ[^PSijt"�´�r�Û¶j�¬��WnsSsfi>y%PftQu
ijtQ]Ã[biÄRdPfujt\PS¤XTcWnt�[^sSkÂRbPSoMYQsSPSl kG[^O\]qt�{Qoq]c_dPfTLR�inl~[bOQ]¾T}WnsSTc{QsfWZ[^PSijt��v�UR�y%Pfsfs�e¼]¾Rd]c]ct�Pft [^O\]
tQ]¬ �[%Rd]cT�[^Pfint��\[^O\]�]coq]c_bun]ct�[J�X{� <Wnsfijt\uÃWvujPS�n]ctGsfPStQ]aiZl�RdPfujO�[JTcWnt<eg]�]� �YQ_b]LRbRd]c`ÂY\{Q_b]LsSk<WZR
W�lm{QtQTL[bPfijtqinl®ijY\[^PST}WnsX`\]cY\[bO���NJO�{QRFn����\��TcWnt�eg]p]L�ZWnsf{QWZ[^]L`qlmij_¯W�_^Wnt\uj]UiZl�ijY\[bPfTcWnsX`Q]cY�[^OQRL�
{QRd]c`ÅPfoqoM]L`QP²W·[^]cs�k�[^i<]��ZWnsf{XW·[^]Ã� WntQ` TcWnsfsS]c`¢_d]cYg]}WZ[b]c`Qs�kÂPSt¢[^OQ]�RbijsSPf` Wnt\ujsf]�Pft�[^]Luj_^WZ[bPfijt
lmij_~£a�3NJO�{QRJP�[|PSR|ijtQs�kqtQ]cTL]cRbRbWn_dkM[^i�y~ij_d©Mij{�[�[^OQ]Uuj]ct\]c_bPSTHn����\�¯�rRFy�TL{Q_d�n]�ijtQTc]�WntQ`�[^O\]
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inl�[^OQ]�YQsfWnRboMW\�3NJO\]cRb]�ijY\[bPfijtQR�Wn_b]
× OQinoMijun]ctQ]Lij{QR%`QPfR¥[^_dPfeQ{\[bPfijtM[^OQ_dij{QujOQin{\[%[^OQ]�YQsfWnRboMW\�
× sSPftQ]cWn_�`Q]LTc_b]cWnRb]�lm_bino�YQsfWnRboMWÃTc]ct�[b_b]�[^i¾]c`Qun]n�
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oMWn©�PftQu|[bOQPfR�[b]cTVOQt\Pf��{Q]¯Wnt�]LÕqTcPS]ct�[Ay�W}k�iZl�]��ZWnsf{XW·[^Pft\u|[^OQ]�sSPftQ](inlrRbPfunO�[APSt�[^]cun_^WZ[bPfijt���¿ÀO\]ct
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Principal quantum shell

Te=2.32e4 K

Ne=1.e4 cm^-3
Ne=1.e8 cm^-3

Ne=1.e12 cm^-3
Ne=1.e16 cm^-3
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Principal quantum shell

Te=2.32e7 K

Ne=1.e4 cm^-3
Ne=1.e8 cm^-3

Ne=1.e12 cm^-3
Ne=1.e16 cm^-3
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��uimnb�mnb�ptr}pt\nXZsZXZg]b6`fX0`fui^RW=Xt\_\_mnbamnXZr}pt\���efpyzim py`am�qt^ x \_X�W���[iehm_YRmn`amnqZ^9b�ptriz x \nX�W��wb�XtjPW�uipt[]`f^9e
¡ ~¢��uim_b�W�u}pt[]`a^=eEXZg�`f\_mnri^=b�`fu]^�YR^9`fu]X�z�Xyj�uim_stu�ba^9eam_^9bNbh[�^9W9`feapt\�jl^=py`fg]ea^�st^=ri^9efpy`am_XZr�pyriz
zi^9YTXZr]bh`feapy`f^9b�`fui^�gibh^�Xtj�p£W=X�zi^;`�ptmn\_XZeh^=zQjlXZe�¤Z¥$�¦zimnqt^=eh`aXZe�W=XZr]zimn`am_XZrib9~
V6§�V;¨0W=Xtrw`fptm_r]b�qyptehm_XZgib�z]m ptsZr]XZbh`am_W;W=X�zi^9b�`au}py`�[�^9ehjlXZehY,pRYTp�©�m_YNgiY�\nm_�t^9\_mnuiX�X�z��i`�Xtj�p
ba[c^=Wd`feapt\ijl^?py`agiea^ª`aX;X x bh^=ehqypy`am_XZript\]z}p�`�p]~�V6§�V;¨£«Z¬v��i`ab�svptgibhbam pyr£[ieaXt�i\_^=b�`aX�ptr|X x bh^=ehqt^=z
ba[c^=Wd`fehgiYAptrizUoPptb�giba^9z)m_rJ`fu]^£\_m_r]^Em_zi^9rv`fmn�iW?py`am_XZr�o�XZeh��YR^=rv`fmnXZri^=z)mnrUba^=Wd`fmnXZr��~¯®0pyriz
° ehX�XZ�wb�^9`Ppt\±~³²�´2®t®Z®vµd�wpyriz�mnr|`aui^�ziXZ[i[i\n^=e�bau]mnj¶`�zim_ptsZriXZb�`fmnWªoPXZeh�|Xtj-¨�[}ptz}ptehX�^d`ªpy\·~³²±t¬Z¬Z¬vµ
o�uimnW�uT\n^=z£`fX;`fu]^��ieabh`8X x ba^=e�qypy`fmnXZrib$Xtj�bamn[iuiXZr|¸}X2o�b�m_r£`fui^�bhXZ\ pte�py`fYRXZba[]ui^=eh^t~�V�§�V6¨R«Z¬t¹
�i`abRº»^=^=YTptr�bh[�^9W9`feapt\Pjl^=py`fgieh^=b£`fX)pyr�X x ba^9ehqt^=z¼bh[�^9W9`aeagiY�`auwgib£zim pysZriXZbhm_risJ[iptefptYR^9`a^=ehb
bag]W�u�pyb�`fu]^E[i\ pybaYTpTYTptsZri^d`fm_W��}^9\_z�~�¨�^=^|¨�g]YTYR^=ehb£²·y¬Z¬]´�µ�jlXZe�pTzi^=bhW=eamn[]`fmnXZrJXtj x Xt`auJXtj
`fu]^=ba^|W9X�zi^9b=~N½�m�qZ^9r)`aui^No�XZeh`au)Xtj8bagiW�u)�i`a`am_ris�W=X�zi^=b�ptb6[]\ ptbhY�p�z]m ptsZr]XZbh`am_W=b9�»`fu]^Eba^9eam_^9b
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\_mnYTm�`�jl^=py`fg]ea^;oPXtea��jlXZehYTb�p£r}p�`fgieapt\¾ptzizim�`fmnXZrQ`fX£`fu]^�V�§�V6¨Ibhgimn`a^;Xtj�W=X�zi^=b9~
¿ XZribhm_zi^9e�`aui^�jlXZ\n\_X2o�m_r]s;^d©�[iea^9babhm_XZrQjlXZe�`fu]^�XZ[�`fm_W=pt\_\��E`fu]m_W��£^=YR^=ehsZ^=rv`�¸}g�©RjleaXZYÀp�[i\ pybaYTp
Xtj�\_^9rist`fuIXtj�\_mnri^;Xtj�bamnsZuv`�Á��io�m�`fuIriXRm_riW9m_zi^9rv` x ptW��wsZeaXtgiriz�eaptzim_py`fmnXZr��}^9\_z�Â

Ã ²·Äcµ$Å�ÆRÇÈ¢É ²·Ä-ÊfË µaÌ|²·ÄcµhÍwÎ ²±Ï�~n´2µ
��ui^Iptript\n�w`fmnW?pt\n\n�UW9XZrv`fmnr�g]XZgib£^=YRm_bhbamnXZr�W=X�^9ÐRW9m_^=rv`Rptr]z�^=baW=pt[c^0[ieaX x p x m_\nmn`��)^Ñ©][]ea^=bhbamnXZrib
jleaXtYÒW�uipt[]`f^9eE¹Jpyea^�g]ba^=z»~JÓ}XZe�pt[i[i\nm_W?p�`fm_Xtrib�bagiW�uÔptb�`fuiXtba^To�^0pteh^�W9XZribamnzi^=ehm_ris¢m_r{`fuimnb
W�u}pt[�`f^=e�mn`�m_b�pt\_bhXTr]^=W=^9babapteh�¢`fX�mnriW=\ngizi^�Xt`fu]^=e�W=XZrv`fehm x g�`fm_Xtrib�`aXT`aui^N^9YTmnbabamnXZrÕW=X�^9ÐRW=mn^=rv`
bag]W�uUptb�`auiXZbh^�jlehXZY,Xt`fu]^=e�uw��ziehXZsZ^9rJW=XZrv`am_rwg}p]�³uv��zieaXZst^=r x eh^=YRbab�`fefpyui\_gir]s�^=YRm_bhbamnXZr�pyriz
^=YRm_bhbamnXZr�jleaXtYk[i\_ptbaYTpNmnYT[ig]eamn`am_^9b=~$¨�^=W9`am_XZrÕÏ�~ÖEzi^=pt\_bªmnrQ`fgiehrQo�mn`auIpt\_\c`fui^;W9XZrv`feam x g]`am_XZrib
`fX�^9×�gipy`fmnXZrJ²±Ï�~�´�µd~�¨�^=Wd`fm_XtrQÏ�~�¹;zi^=bhW=ehm x ^=b�p�W9X�zi^�`au}py`8m_b x ^=mnris�zi^9qt^=\_Xt[�^9zQptb8p;zim pysZriXZb�`fm_W
`fX�XZ\�jlXZe�gibh^NmnrÕ`aui^�z]mnqZ^9eh`aXZe�ea^=stm_XZrÕXtj�¤Z¥$�;�³o�mn`au¢bh^=W9`am_XZrJÏ�~�¹]~¯¹|sZm�q�mnris£`�oPXT^d©]ptYR[i\_^;�i`ab
`fX|X x ba^=e�qypy`fmnXZrib�o�mn`au¢p£W9XZeaeh^=ba[cXZriz]m_risRzim pysZriXZbhm_bªXtj�[i\_ptbaYTpE[}pteaptYT^d`f^9eab=~
.0/ÑØ ÙÒ4;KJ4;5$DN<UC�GR> B+GRKJ4;KQ@$:ÚG|Û�@$ÜJ4Ý:�4;5�7=4;:�<?7=> 79@ÞÛZ46D�@�SU5$4
ßªà�áªàhâ ãÔä]åPæÞçéèëêNåPê;ì;íéî�äiç�å�ï6ð
¨�mnriW=^;m�`�m_b�YTptm_r]\n�Ruim_stu0ba^=ehm_^9b�uv��ziehXZsZ^=r���\_mn�t^;b���b�`f^9YTb�`fu}p�`�ptea^ x ^=mnris£W=XZr]bam_z]^=ea^9z�p�`�`fuimnb
bh`fptsZ^y��`fui^Qu]m_sZu�r���bau]^=\_\8YRX�zig]\_^RXtj�`fui^�[�XZ[]gi\ py`am_XZr{W=X�zi^Qz]^=baW9eam x ^9zñmnr+W�u}py[]`f^9e ¡ m_bNptr
pt[i[]eaXZ[iehm py`a^0YT^=ptrib|Xtj�^9qypt\_gipy`fmnrisJ`fui^Õ[cXZ[igi\_py`fmnXZr�zim_b�`fehm x g]`am_XZr]b=~���ui^¢W=X�zi^I^9qypt\_gipy`f^9b
x �·j�ptW9`aXZeabªjlXZe�`fui^;[cXZ[igi\_py`fmnXZrib�gi[0`fXRpte x mn`feapteh�TuimnsZu0r���bhui^=\n\_bPjlXteªzi^9�iri^=zÕ[i\ pybaYTpE[}ptefpyY|�
^9`a^=ehb=~�V,bfpyYT[i\n^QXZg]`a[ig]`|z}p�`�py�}\n^0m_bEbhuiX2o�r¼mnr��}sZgieh^ÕÏ�~n´t~���ui^ ° ²�V ¿ ��ò�V6óôµEW=XZ\ngiYRr
W=Xtrw`fptm_r]bE`fui^ x �õj�ptWd`fXZehbEjlXZeN`fu]^0[�XZ[]gi\ py`am_XZr]b=~U��uimnb£m_bEbh[i\_m�`Egi[Ôm_rv`aXJqtpyeam_XtgibEW=Xtrw`aeam x g]`h�
m_r]sQ[}pte�`fb=�»r}ptYR^=\n�I`au}py`6jlehXZY!`aui^EsZehXZgirizUb�`�py`a^Õ²�YR^9`fptbh`fp x \_^�W=XZrv`aeam x g]`fmnXZrib�W=ptr{pt\_bhX x ^
m_r]W=\_g]zi^=z{m_r{ptr�^d©�`f^9ribamnXZr+Xtj8`fu]^TW9X�zi^?µ�mnrU`fui^TÓP´|W=XZ\ngiYRr��ôptriz)`fui^RW=XZrv`aeam x g]`fmnXZrUjleaXZY
jlea^9^d�õ^=\_^9W9`aeaXZr)ea^9W=XZY x m_r}p�`fm_XtrJm_rJ`aui^RÓ$�W=XZ\ngiYRr�~N��ui^9ba^RW=XZrv`aeam x g]`fmnXZrib;pteh^E`fui^9r�eh^=W9XZY|�
x mnri^=zQmnrizi^9[�^9rizi^=rv`a\n�R`fXEsZm�qZ^�`aui^ x �õj�ptWd`fXZe8qtpy\_gi^ ° ² ¿ªö ¥ ¿ª÷ µÑ�iptb�p�W�ui^=W��R`fXE^9ribagieh^6`fu}p�`
`fu]^�bh^=[}pyefpy`am_XZrI[iehX�W9^=zigieh^�o�XZeh�t^=z¢W=XZehea^9W9`f\��Qo�mn`auiXZg]`�W=ptriW9^=\_\_py`fmnXZrQ^9eaeaXte=~
��ui^�[iehX�W9^=zigieh^�m_b�gibh^=zTm_rE`fu]^�ba[c^=W9`aefpt\ijl^=py`fg]ea^�W=eh^?py`am_XZr|mnb$ptb�jlXZ\n\_X2o�b=Â¾`fui^�W9X�z]^�mnb�eag]r|jlXte
`fu]^�eh^=×wgimnea^=zR[i\_ptbaYTp6[}pteaptYT^d`f^9eab�ptrizTp;z}py`fpy�}\_^�pyb8mnr£�}sZgieh^�Ï�~n´�[iehX�zig]W=^=z»~���ui^ x �õj�ptWd`fXZe
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qypt\_g]^=bTptea^Õ`fui^9r*ea^=ptz¼jleaXtYø`fuimnbR�}\n^ x �Ô`fu]^�ba[c^=Wd`feapt\�jl^=py`fgieh^¢W9X�z]^t~ù¨]ptu}p�� ° XZ\�`fú=YTptrir
[cXZ[igi\_py`fmnXZribEpyea^0`fui^9rÔYTX�zimn�i^=z x ��`fu]^=ba^ x �·qypt\_gi^9bE`fX)sZm�qZ^Q`fu]^0ea^=bhgi\n`fptrv`|[�Xt[igi\ p�`fm_Xtrib=~
��uwgibª^=ptW�uQzim�û»^9ea^=rv`�zi^=r]bamn`��Tptr]zT`f^9YT[c^=eapy`fg]ea^�[}ptefpyYT^d`f^=e8ba^d`ªeh^=×wgim_eh^=b�p�bh^=[}pteapy`f^�eagirTXtj
`fu]^�[cXZ[igi\_py`fmnXZr|W=X�zi^t~�V�\n`auiXZgisZuR`fuimnb�mnriW=eh^?ptbh^=b8`fui^�eagir��õ`fmnYT^�jlXZe$`aui^�jl^=py`fgieh^�sZ^9ri^=eapy`fmnXZr��
mn`6m_b;riXt`�p0YTp�ühXZe;mnbabag]^EjlXZe�pQ�}r}pt\��i`h`fmnris0W=X�zi^t~£V�jlg]`agiea^£V�§�V6¨U�]`a`fmnris0W=X�zi^£o�m_\n\�gibh^
p£[iea^Ñ��W=pt\_W9gi\ py`a^=z0bh^9`�Xtj�bh��rv`fui^d`fm_W�ba[c^=Wd`feapRXZe�[cXZbhbam x \n�Qbh[�^9W9`aefpt\ ýy[�Xt[igi\ p�`fm_Xtr�W=XtYT[cXZri^9rw`ab
²�W=pt\_\n^=zñ��jl^=py`fgieh^Q�}\_^9b=�¯µ�o�uimnW�uÔW=X2qZ^9e|p¢o�m_zi^�efptrist^QXtj�[i\_ptbaYTp¢[}pyefptYR^9`a^=eab9~U��u}py`£mnb=��`aX
XZ[]`am_YRm_bh^N`fui^|bh[�^9^=z+XyjP`fu]^|�]`?�¾`fui^£jl^?p�`fgieh^Rst^=ri^9efpy`am_XZr)W=X�zi^|o�m_\n\ x ^Rbh^=[}pyefpy`a^RjlehXZY�`fu]^
�i`h`fm_r]sRm�`fbh^=\njé~
ßªà�áªà�á þ¼ê6î$è¾ç�ätÿ
� eaX2q�m_zi^9zN`fu]^�[i\_ptbaYTp�ziX�^=b�r]Xt`�j�py\_\ZXZg�`fbamnzi^�`fui^8YTX�zi^9efpy`a^�XZ[�`fm_W=pt\vzi^9[]`fu�ea^=stm_YR^�jlXte¾o�u]m_W�u
`fu]^6^=bhW?pt[c^6j�ptW9`aXZe�`a^=W�uir]m_×wgi^;m_b�qtpy\_m_z»��Xtri^6W?pyr0giba^6`aui^6W=Xtrw`am_rwgiXZg]bª^=bhW?pt[c^6j�ptW9`aXZePW9X�z]^6Xtj
W�u}pt[�`f^=e�¹|`aXQpt\n\_X2o¦XZ[]`fmnW?pt\n\n�R`fuimnW��0ba^9eam_^9b�\nm_YRmn`ªbh[�^9W9`aefpR`aX x ^�YRX�zi^=\n\_^=z»~���uimnb�[]eaX�zigiW=^9b
ptrÕ^=bhW?pt[c^�[]eaX x p x m_\nmn`��Tptb�p|jlg]riW9`am_XZrIXtjôoªp?qt^=\_^9rist`au�`fu}p�`�W?ptr x ^�gibh^=z¢m_rI^=×wg}py`am_XZr�²±Ï�~n´2µ
ptb�p£YTX�zim��}W?py`am_XZrT`fX£`fui^�^9baW?py[im_ris|¸}g�©�~
��ui^|XZ[}pyW=mn`��Jptz�ühgib�`fYR^=rv`fb;`aXQ`fui^|uimnsZuU\n��m_r]s0[�XZ[]gi\ py`am_XZr]b�W?pyr x ^|ziXZri^£mnr)p0r�g]Y x ^9e;Xtj
oPp2��b9~���r�`aui^;p x baXZeh[]`fmnXZr�j�ptWd`fXZePpt[i[iehXvptW�u���`fui^��ñqypt\_gi^9bªpteh^6gibh^=zIptbª[iptefptYR^9`aeamnW�ptz�ühgibh`��
YR^=rv`fb�XZrU`fu]^|¥�mnribh`a^=mnr{V��õqypt\ngi^=b;mnrJ`fui^£W9XZ\_\nm_bamnXZr}pt\���eaptzim p�`fmnqt^;Y�p�`feam�©�~���uimnb;m_b;b�`fefpym_sZuv`h�
jlXZe�oªptehzUjlXZe;\_X2o	\n��m_r]s0zim_bhW=ea^d`f^£\nm_ri^9b�o�ui^=eh^R`aui^=eh^£m_b;XZr]^£girim_×wgi^��ùjlXte;^?ptW�uU`feaptribhmn`fmnXZr�~
Ó}XZeP`aui^�uim_sZu]^=e�ba^9eamn^=b�\_mnri^=b9�]`fu]^=ea^�mnbªbaXZYR^�ptY x m_sZgim�`��Qpybª`fX£o�ui^9`aui^=e�ptrI^=YRmn`h`f^9z0[iuiXt`aXZr
XZehm_sZmnr}py`f^9z¢jlehXZY#Xtri^Egi[i[c^=e�\_^9qt^=\�Xte�jleaXZY(m�`fb6ri^9m_sZu x XZgie9~��;r]^£pt[i[iehXvptW�u)m_b�`fX0bh[i\_m�`�`fu]^
uimnsZu�\_^dqZ^=\P[�XZ[]gi\ py`am_XZr]b�mnrw`aXU[�Xt[igi\ p�`fm_Xtr+^=\n^=YR^=rv`fb9�$o�mn`fu�W9XZeaeh^=bh[�XZr]zim_risJjleh^=×wgi^9riW9�Ô^9\_^d�
YR^=rv`fb�m_r)`fui^|^dqtpy\_g}py`am_XZr)Xtj���~T��ui^;ühg]bh`fm��}W?p�`fm_Xtr)jlXte�`auim_b�mnb�`au}py`=��ptb�`fu]^T\n^9qZ^9\_b�YR^=east^
`fXtsZ^9`aui^=e9�]mn`�m_b8riXE\nXZrisZ^9e�YR^?pyrim_risyjlgi\i`fXN`fpt\_�|p x XZg�`ªpNz]m_baW9ea^d`f^�[cXZ[ig]\ py`am_XZrTptriz0pye x m�`fefpyeh�
^=\n^=YR^=rv`fb�Xtj-[cXZ[igi\_py`fmnXZrRW?ptr x ^�zi^9�}r]^=z�~��6ri^�W=ptr�`aui^=r0^dqtpy\_g}py`a^�eapy`f^�^d©�[ieh^=bhbam_XtribªjlXZe�pt\_\
`fu]^=ba^£��^=\n^=YR^=rv`fb9�}ptriz0mnriba^9eh`�`fu]^=Y�mnrv`fXE`fu]^;ri^9o¦W=XZ\n\_mnbam_Xtr}pt\��õefptz]m py`amnqZ^PY�py`aeam�©T`aX£[ieaX�zigiW9^
pT[cXZ[ig]\ py`am_XZrÕbh`aeagiWd`fgieh^Egibamnris	��b�^dqtpy\_g}py`a^=z�jlXte�^=ptW�uJXtj$`aui^=bh^Njlea^9×�g]^=riWd�J^=\n^=YR^=rv`fb9~�Ó}XZe
jlg]`agiea^�pt[][i\_mnW?py`am_XZr|`fX£riXtr���
�p�©�o�^=\n\_m_ptrQzimnbh`fehm x g�`fm_Xtrib8`auim_bPm_bP`aui^;pt[i[]eaXZ[iehm py`a^6YR^9`fu]X�z�`aX
ptziXt[]`?~
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V�rIpy\n`f^9ear}p�`fmnqt^6pt[][ieaXvpyW�u0m_bP`aXEW=XZr]bam_z]^=eªzimnbaW9ea^9`a^;\_^dqZ^=\�[�Xt[igi\ p�`fm_Xtrib=�wo�mn`auQW=XZehea^9ba[cXZrizimnris
efp�`f^=bIjlXZeI^?pyW�u�\_^dqZ^=\±~·�6ri^)`fui^9rùW=Xtribamnzi^=ehb¢`fu]^+p x baXZeh[]`fmnXZr"jlehXZY `aui^+eh^=bag]\n`�pyrw`I`aXt`�pt\
m_rv`a^=ribhmn`��|zigi^�`fXNptrv�|X2qZ^=eh\ pt[][im_ris�[iehXt�}\_^�py`�`fu]^�ehm_sZuv`�jlea^9×�g]^=riWd�T`aX x ^�p x baXZe x ^9z x �£`fu}p�`
\_mnri^t~���u}py`�m_b9�iXZgie�p x bhXZea[�`fm_XtrIj�pyW9`fXte�^d©�[iea^9babhm_XZr x ^9W=XZYR^=b9Â

�FÅ	´#¸\¹(º�»�¼®½�¾�¿�À�Á�ÂJÃ�Â ²�Äiµ Ã Ç�Å ÂJÆu½�Â�½ ²�ÄiµhÍÇÄ¹$È ¹ º¢» É ½�¾�¿JÀ�Á�Â�Ã�Â ²�Ä]µhÍÇÄ]Í�É
²±Ï�~Ötµ

o�ui^9ea^E`fu]^Ejlea^=×wgi^9riW9�Jm_rv`f^9sZefpy`am_XZr�m_b6X2qZ^9e6`fui^£Xtri^EuimnsZuJba^9eamn^=b;ba[c^=Wd`feapt\�\_mnri^N[]eaXt�}\n^t�-pyriz
`fu]^Õ^9YTmnbabhm_XZrñptrizFp x bhXZea[�`fm_XtrñW9X�^dÐRW=m_^9rv`fbRW=XZehea^=bh[�XtrizF`aX{`aui^0qtpy\_gi^9b|jlXte|`au}py`|zimnbaW9ea^9`a^
\_mnri^t�-m±~�^y~�riXÕ\_mnri^ x \n^=rizimnrisIm_b�ptW9W=XZg]rw`a^=z+jlXte=~Ê�õ`�m_b;XZr]\n�JmnrU`fui^Rm_rv`f^9ribam�`��J`f^9eaY�`au}py`�`fu]^
jlgi\n\n� x \_^9rizi^=zÕ^=YRm_bhbamnXZrÕptrizÕp x bhXZea[]`am_XZrIW9X�^dÐTW9m_^9rw`ab�pyea^;W=Xtribamnzi^=eh^=z�~
��uimnbTpy[i[ieaXZptW�uFuiptbR`aui^Õptz]qyptrv`�pysZ^0`fu}py`|m�`|ea^9×�g]m_ea^9bTYRm_r]m_YTpt\�W�uiptrisZ^9bR`aX)`aui^Õ^d©�m_b�`fm_r]s
¿ ��Ë�W9X�zi^|jlefpyYT^doPXZeh�³~ÌË�p�`f^=b�pt\nea^?pyz]�)^d©�m_b�`�jlXte�`aui^=bh^�uimnsZu{r���bhui^=\n\_b=��ptriz{`fui^Í�Úqtpy\_gi^9b
^9qypt\ng}py`a^=z�u]^=ea^�W?pyr x ^�mnriW=\ngizi^=z¢zim_eh^=Wd`f\n�t~ªÓ�mnsZgieh^NÏ�~Ö£bauiX2o�b6bhXZYR^�eh^=bhgi\n`ab�jlXZe�`fu]m_b�`f^9W�u��
rimn×�g]^t�}sZ^9ri^=eapy`f^9z¢gibhm_ris£`aui^�uim_sZu0×wg}pyrw`agiY,bau]^=\_\�� W9X�z]^6jleaXZY�W�uipt[]`f^9e�¹E�8r]Xt`f^6`au}py`?�³pyb
^d©�[c^=Wd`f^=z»��`fu]^�p x baXZeh[]`fmnXZrUj�ptW9`aXZeab�m_r]W=ea^=ptba^Tptb�XZri^|[iehXZsZeh^=babh^=b�gi[{`aui^Rba^=ehm_^9b=~��õ`�bhuiXZgi\nz
x ^0riXt`f^9z�`fu}p�`EjlXZeN`aui^U´ ¡ ¸"¢`fefpyribam�`fm_Xtr�ptrizÔp x X2qZ^y�8`aui^0\_mnri^=bNptea^ x \_^=r]zim_risJ`aXZsZ^d`fui^9e
bamnsZrim��}W?ptrv`a\n�Z�8ptr]z*py`|uimnsZui^9eRXt[]`fmnW?pt\ªz]^=[]`auibTXtri^¢bh^=^9b�p)ba\nm_sZuv`|zi^9W=ea^=ptba^Õm_rFp x bhXZea[�`fm_Xtr
j�ptWd`fXZe|jlXZe|`fui^9ba^�`aefptribhmn`am_XZrib9~ ��uim_bRm_bRzigi^¢`fX�`aui^¢j�pyW9`R`fu}py`R`fu]^�efpyzim py`am_XZr��}^9\_z*W=ptgibé�
m_r]s�`fui^�[iuiXt`aXy�ép x baXZeh[]`fmnXZribNmnbNzig]^Q`fXUpt\n\8`aui^QX2qZ^9ea\_pt[i[imnrisJ[iehXt�}\_^9b£ptriz�`auwgib£m_b�sZea^=py`f^9e
`fuiptr�`au}py`E[]eaX�zigiW=^9z�mnj�`fui^T^=YRmn`h`fm_r]sÕ\nm_ri^£oPptbNmnbaXZ\_py`f^9z�~0��uimnbNr}py`agiefpy\_\n��\_^=ptzib�`aX�YRXZea^
[iuiXy`fXy��p x baXtea[]`am_XZrib$mnr£`fui^�\_mnri^ªgir]zi^=e�m_rvqt^=bh`am_svp�`fm_XtrTpyriz|ui^=riW9^�p�ea^9zigiW9^=zQp x baXZeh[]`fmnXZr£j�ptWd�
`fXte=~���uimnb£^9û�^=Wd`Tuiptb x ^9^=rFpt\_bhX x ^9^=rñriXt`f^9zÔm_r�`fui^Q`aui^=bhm_b|Xtj�Ó�m_bhW�u x ptW�ui^9e�²±t¬Z¬]´2µd~+V�b
`fu]^6zi^=r]bamn`���m_riW9ea^=ptba^9bª`fui^�p x baXZeh[]`fmnXZr�j�ptWd`fXZehbªzi^=W9ea^=ptba^y�³ptbªXZri^6o�XZgi\nz0^d©�[c^=W9`�²lea^9W?pt\n\�`fu]^
zi^d�}rimn`am_XZrIXtjô`fu]^�p x baXZeh[]`fmnXZr0j�ptW9`aXZe�m_r0^9×wg}py`fmnXZr+²�´Z~�´ ¡ µhµd~
�õ`ªmnb�^=ptbamn^=e8`fXNz]^?pt\co�mn`fuR`fui^�W=XZrv`am_rwgigiYÞXZ[}ptW9mn`��RYRX�zim��}W?p�`fm_Xtrib�`fXN`aui^�[cXZ[ig]\ py`am_XZrRbh`aeagiWÑ�
`fg]ea^t~���ui^�efpy`a^=b�`fu}p�`6pteh^�g]ba^=zUmnrÕ`aui^NW9XZ\_\nm_bhm_XZr}py\���eaptzim_py`fm�qZ^�W=X�zi^=b�ptea^�pt\n\¨
�p�©�oP^9\_\�p?qZ^=eé�
ptsZ^9z�Xtri^=b9��`fuwgib�mn`�mnb;YTXZb�`�pt[i[iehXZ[ieam_py`f^£`aXÕ^dqypt\_g}p�`f^Rptr�p x baXZeh[]`fmnXZrUj�ptW9`aXZe;`fu}p�`�mnb�pt\_bhX
p?qZ^9efptsZ^9z�X2qZ^9e�`aui^To�uiXt\_^|W=XZrv`am_rwgigiY ptr]z+W?pyr x ^Tgibh^=z�pyb�[iptefptYR^9`aeamnWTpyz�ühgibh`aYT^9rv`fb�XZr
`fu]^�bh[�Xtrw`fptri^9XZgib�ea^=W9XZY x mnr}py`am_XZr0eapy`f^9b=~�Vë[ieaX�W=^9zigiea^�u}ptb x ^=^9rÕo�ehmn`a`a^=rI`fX|^9qypt\ng}py`a^6`fuimnb
²�bh^=^£bh^=W9`am_XZrJ¹]~ ¡ ~n´�µÑ��ptr]z�`fui^Nea^=bhgi\n`ab;pteh^EbauiX2o�r)m_rÕ�}sZgieh^|Ï�~�¹TjlXZe�ptrU^=\n^=W9`aeaXZr�zi^=ribhmn`��¢Xtj
´�Î�´2¬ÇÏ�ÐSÑSÒÔÓÇÕ�ptriz¢ptrI^=\_^9W9`aeaXZrI`f^9YT[c^=eapy`fgieh^;Xtj�´AÖD×T~
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Upper level quantum nuber

Lyman series

plasma length=1.e4 cm

plasma temperature=1 eV

dens=1.e13 cm^-3
dens=5.e13 cm^-3
dens=1.e14 cm^-3
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ßªà�áªà�ë ìRçhï�í	ê�î}å<ï�í�í\í�ð$î�í�ì6î�ä}çéåPï
¨�[c^=Wd`fefpy\]\_mnri^P[]eaXt�}\n^=b$pyea^P^dqypt\_g}p�`f^=z|pyb�zi^=bhW=ehm x ^=z|m_rEW�uipt[]`f^9e�¹]~���u]^ª^d©�[ieh^=babhm_XZr|Xtj»½;eamn^=Y
²�´?®Z«Z¬vµªm_b�gibh^=zUptb�`fu]^ x ptbhm_W�[ieaXy�}\_^;jlXZe�pt\_\-\n^9qt^=\_b9� x g]`�mnb�bhg x b�`fmn`ag]`f^9zUptb�pt[i[iehXZ[iehm py`a^�jlXte
�t^d�UX x bh^=e�qZ^=z{\_mnri^=b x ��m_YR[ieaX2qt^=z{pt[i[iehX?©]mnY�p�`fm_Xtrib=~ ö ^=ea^£bhgiW�u{uim_sZuU×wg}py\_mn`��¢[iehXt�}\_^9b;pteh^
W?py\_W=g]\ py`a^=z x �Ô`aui^ �<�<� W=X�zi^�²l��pt\nm_rÔ^9`Qpt\·~���´?®Z®vÏ�����pt\nm_rñ^9`�pt\·~���´?®Z®åµZµÑ~ �_�<� m_bRgibh^=z
jlXZeNpt[i[iehX2©�mnY�py`a^=\��{`aui^��}ehbh`E�]j¶`f^=^9rÔba^=ehm_^9bEYT^9Y x ^=eab9~ ¿ pt\_W9gi\ p�`fm_Xtr+Xtj�`aui^QuimnsZui^=e�ba^9eam_^9b
YR^=Y x ^=ehbTmnbRbhXZYR^9o�u}py`TW=XtYT[ig�`�py`am_XZr}py\_\n�{zi^9Y�pyrizim_r]si� x g�`�mnbTpy\_baX{Xtj�\_^=bhbTmnYT[cXZe�`�ptriW9^t�
pt\n\_X2o�m_ris|`fu]^|½�ehm_^9Y,[ieaXt�i\_^=b�`fX x ^Ngibh^=z�~;��u]^=ba^£\nm_ri^�[ieaXy�}\_^�W?pt\nW=gi\_py`fmnXZrib�ptea^�W=XZY x m_ri^9z
o�mn`auE`fui^�[cXZ[igi\_py`fmnXZrNeh^=bhgi\n`ab�`aX;^9qypt\ng}py`f^ª`aui^ x XZgiriz�� x Xtgiriz|W=XZrv`aeam x g]`fmnXZrN`fX;`aui^�^=YRm_bhbam_Xtr
W=X�^9ÐRW9m_^=rv`=~
�õ`|m_b£mnrv`f^=eh^=b�`fm_r]sJ`fX)W=XZYR[}pteh^�`fu]^Õ\nm_ri^T[ieaXy�}\_^0^Ñ©][]ea^=bhbamnXZribTptb£^9qypt\ng}py`f^9z x ��`fui^¢½;eamn^=Y
^=×wg}p�`fm_XtrTo�mn`auT`auiXZba^�^9qypt\ng}py`a^=z�g]bam_r]s�`fu]^ �<�<� W9X�z]^t~���ui^�[ieaXy�}\_^9bPpteh^�[iehm_YTpteamn\n��zi^9[�^9r��
zi^9rw`�Xtr�`fui^�^=\_^9W9`aeaXZr0zi^9ribam�`��Z� x g]`�pt\nbaXNqypte��To�m�`fu�`aui^6^=\n^=Wd`feaXtrQ`f^=YR[c^=efp�`fgieh^t~�Ó�mnsZgiea^�Ï�~ ¡
bau]X�o�b6`aui^|½;eamn^=Y,[iehXt�}\_^9b6X2qZ^9ea[i\nXt`a`a^=zUXZr�`aui^ �<�<� eh^=bhgi\n`ab�jlXZe6pTefptrist^NXtj�zi^9ribam�`fmn^=b=~ �õ`
oPptb8jlXtgiriz£`fu}p�`8`aui^�½�ehm_^9Y [iehXt�}\_^9b�[ieaX�zigiW9^�[]eaXt�}\n^=b�^d©�`aea^=YR^=\��£W=\nXZba^ª`aX�`aui^ �<�_� eh^=bhgi\n`ab
gi[�`aXJzi^=r]bamn`am_^9bEXtj.ñ�ÌÎ*´2¬ Ï�Ð Ñ9Ò ÓÇÕ jlXZe�`���[im_W=pt\�z]mnqZ^9eh`aXZeN`f^9YT[c^=eapy`fg]ea^=b0²�òÒ´uÖD×Eµd~UÓ}XZe
zi^9ribam�`fm_^9bEp x X2qZ^�`auim_b9��`aui^0½;eamn^=YA[iehXt�}\_^9bNgir]zi^=eh^=bh`am_YTpy`f^R`fui^T^=\n^=W9`aeaXZr x eaXvpyzi^=rimnrisJpyriz
`fuwgib�[ieaX�zigiW9^�[]eaXt�}\n^=b�o�uim_W�uJptea^;`fX�XRr}pteaehX2o�~'�;g]e�[iehm_YTpteh��m_rv`f^9ea^9bh`�jlXte�`auim_b�o�XZea�0mnb�mnr
`fu]^�zim�qZ^=e�`fXZe8ea^9sZm_Xtr�Xtj�`aXZ��ptYTpt�wb8o�m�`fu�z]^=ribhmn`fmn^=b8jleaXZY!²�¬�ón´}¸JÏZµ�ÎÕ´2¬ÇÏ�ÐSÑSÒÔÓÇÕ2��`auwgib�o�^;pteh^
m_r)`fu]^Teh^=sZmnYT^Eo�ui^9ea^R`fui^�½�ehm_^9YÝ^d©�[ieh^=babhm_XZr+m_b�bh`fpteh`am_ris0`fX x ea^=pt�UziX2o�r�~Ìô�^9qt^=eh`aui^=\n^=bhb=�
mn`�o�mn\_\�b�`fm_\n\�[iehX�zig]W=^�stX�X�z)[ieaXt�i\_^=b�jlXZe�YTptrv�)XtjP`aui^Tz]^=ribhmn`fmn^=b�`fu}p�`�Xtri^Ro�XZgi\nz�oPptrv`�`aX
m_rvqt^=bh`am_svp�`f^t�³pyriz0jlXZe�zi^=r]bamn`am_^9b x ^9�tXZriz¢mn`fb�eh^=sZmnXZr0Xtj�qtpy\_m_z]mn`��|`fui^ �<�<� [ieaXy�}\_^9b�ptea^�gibh^=z�~
ßªà�áªàJõ öÔåPì;ï�÷.ø²ùSî¡í®í_ú}û�î¡í�æÀð]ðwäcî}î<ü;í�ì;ï�ýñî�ï�÷ëçhæÞê;ì�î³ç�ätÿùè-å�ïPäcî³ç�û;ì�äiç�å�ï6ð
��ui^;uimnsZui^9e x XZgiriz��·jlea^9^6uv��z]eaXZsZ^9rIW=XZrv`fmnrwgigiY�W9XZrv`fehm x g]`am_XZr]bªpteh^6^9qypt\ng}py`f^9z�jleaXtYk^Ñ©][]ea^=bé�
bamnXZrib$bhgiW�uQptb$^9×wg}py`fmnXZr¢²±¹]~�«vµÑ~���r£`fui^�bh[�^9W9`feapt\ijl^?p�`fgieh^�W=X�zi^t��p6eaXtg]`fmnri^ª�}eab�`�zi^9qt^=\nXZ[�^9zRjlXte
ptr}py\n��bamnb�Xyj�`fui^ x ea^9YTbhbh`aefptui\ngirisR^=YRm_bhbam_Xtr¢mnr¢`fu]^E¤Z¥$��`fXt�ypyY�pt�U² ö Xteh`fXtr���y¬Z¬]´�µPjlXZehYT^9z
`fu]^ x ptbamnb�jlXZe�^9qypt\_gipy`fmnXZrJXtj8pt\n\ô`aui^£uv��zieaXZst^=rimnW x Xtgiriz��·jlea^=^£W9XZrv`fehm x g]`am_XZr]b=~;��ui^ ö XZeh`aXZr
[iehX�W9^=zigieh^=b�ptsZeh^=^9z¢^Ñ©ipyW9`f\���o�m�`fuÕptr0m_r]zi^=[c^=riz]^=rv`�ehXZg]`am_ri^6z]^9qZ^9\_XZ[c^=zÕui^9ea^t~8Ó}XZeªW9XZYR[}py`h�
m x m_\_m�`��¢o�m�`fu{V6§�V;¨)ptriz�Xt`fui^9e�pt[i[i\nm_W?p�`fm_Xtrib=�-m�`;oªptb�zi^=W9m_zi^9z�`aX x pyba^|`fui^|oPXtea�Uui^9ea^RXZr



´ ¡ ¬

0
1e+10
2e+10
3e+10
4e+10
5e+10
6e+10
7e+10
8e+10
9e+10
1e+11

3600 3650 3700 3750 3800 3850 3900

E
m

is
si

on
 c

oe
ffi

ci
en

t

þ

Wavelength

Electron density=2.e13 cm^-3

Griem results
PPP results

0
1e+11
2e+11
3e+11
4e+11
5e+11
6e+11
7e+11
8e+11
9e+11

3600 3650 3700 3750 3800 3850 3900

E
m

is
si

on
 c

oe
ffi

ci
en

t

þ

Wavelength

Electron density=1.e14 cm^-3

Griem results
PPP results

0

1e+12

2e+12

3e+12

4e+12

5e+12

6e+12

7e+12

3600 3650 3700 3750 3800 3850 3900

E
m

is
si

on
 c

oe
ffi

ci
en

t

þ

Wavelength

Electron density=5.e14 cm^-3

Griem results
PPP results

1e+06

1e+07

1e+08

1e+09

1e+10

1e+11

3600 3650 3700 3750 3800 3850 3900

E
m

is
si

on
 c

oe
ffi

ci
en

t

þ

Wavelength

Electron density=2.e13 cm^-3

Griem results
PPP results

1e+08

1e+09

1e+10

1e+11

1e+12

3600 3650 3700 3750 3800 3850 3900

E
m

is
si

on
 c

oe
ffi

ci
en

t

þ

Wavelength

Electron density=1.e14 cm^-3

Griem results
PPP results

1e+10

1e+11

1e+12

1e+13

3600 3650 3700 3750 3800 3850 3900

E
m

is
si

on
 c

oe
ffi

ci
en

t

þ

Wavelength

Electron density=5.e14 cm^-3

Griem results
PPP results

Ó�mnsZgiea^PÏ�~ ¡ Â®��vDo¢q�o$x�eDfzh�gSk�hs�b9enknluy{s²bOeDknl<o$£�ipx�xJipb9k�r�buo�ÿ#r�ijo$kOhco�|�g9fjengSh�o(l}enx�ijkDw«h�vno¢r�b9fpfjiMxJipb9k²gSfpfjt´sDq�bOgOluyo�kno$l�dDq�bSmnfpo$x®bS����q�ipo�£ ¥������9��¬�r�bO£�d²gSq�o$l ��izh�v�h�vDb�xJo<��q�bO£ h�vno_a�aÚa fjipkDo<sDq�bOgOlAo�knijkDw5r�bulDo9~���vDo<fpb��Úo$qx�o�h´bS��dDfpbSh�x«x�vDb���h�vDo�q�o(xJeDfjh�x«b9kÜg#fpb9w�gSq�izh�vD£�ipr_tOy�g��AiMx�~´��vDo�mnq�x�h�mD�:h�o$o�k-dDq�b9mnfpo$x«bS��h�vDo�¤�g9fj£�o�q´x�o�q�ijo(xgSq�o´o�|�gSfpengSh�o$l�~	�®b9h�o}h�vng�h¨h�vDo<lAiMx�r�q�o�dng9knr�t g�h®fMgSq�w9o}lAo�k²xJijh�ipo$x�iMx�fMgSq�w9o$fjt'lDeDo}h�b�h�vDo_ªÇb9q�o�k�h�
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`fu]^ ö XZeh`aXZrÕ[ieaX�W=^9zigiea^9b=~8��ui^�uw��ziehXZsZ^9r x eh^=YRbabh`aefptu]\_girisRW=Xtrw`aeam x g]`fmnXZrQjleaXtY�`fui^ ö XZeh`aXZr
W=X�zi^;mnbP^9qypt\ng}py`a^=zQjleaXtY�ptript\n�w`fmnW�uv��zieaXtsZ^=rimnW;^d©�[ieh^=babhm_XZr]b�stmnqZ^9r x � ° giehsZ^=bhb�� ¨�g]YTYR^=ehb
²�´?®¶ØåµZµÑ~ ö XZeh`aXZr���b�W9X�z]^Ept\nbaX�^dqypt\_g}p�`f^�pt\_\-`fu]^NW=Xtrw`am_rwg}p|jleaXZY(m_YR[igiehmn`��0bh[�^9W=mn^=b=~�Ó}XZe�`fuimnb
mn`�eh^=×wgimnea^=b�m_r�jlXZeaYTpy`fmnXZrQXZrÕ`fui^�mnXZrim_bapy`fmnXZrIptrizÕea^9W=XZY x m_r}p�`fm_XtrÕW9X�^dÐRW=m_^9rv`fb�jlXZe�^?ptW�u¢m_XZr��
m_bapy`fmnXZrñbh`�pysZ^JXtj6`aui^JmnYT[ig]eamn`���m_r¼×wgi^9bh`am_XZr�~ù��uim_bTm_r]jlXZehY�p�`fm_XtrñmnbTX x `�ptmnri^=z¼gibamnris+`fu]^
V6§�V;¨Ubag x eaXZg�`fm_r]^Rz}yz}py`fp]~�jlXte6o�uim_W�u{m_rU`fg]ear�ptW=W9^=babh^=bNpy`fXZYRm_WNz}py`�pQjlehXZYÝV6§�V;¨)ptz]jé´t´
�}\n^=b=~_ô�Xt`f^6`au}py`�pt\_\�m_XZr]m_bfp�`fm_XtrQbh`fptsZ^=b�Xtj�ptrÕm_YR[igiehmn`���ptea^�m_r]W=\_g]zi^=z
V�\n\]`fu]^�W9XZrv`fmnr�gip�W9XZrv`feam x g]`am_XZrib�jlehXZY�pt\n\i[cXZbabhm x \n^�m_YR[igieam�`��Nbh[�^9W=mn^=b�ptea^�sZ^9ri^=eapy`f^9zTo�m�`fuimnr
`fu]^�bh[�^9W9`feapt\}jl^?py`agiea^�W?py\_W=g]\ py`am_XZr x �£`fuimnb�YT^d`fuiX�z�~���ui^�m_YR[igiehmn`��E^9YTm�`a`a^=eab�YTp?�£XZeamnsZm_ripy`f^
jleaXtY p{zim�û»^9ea^9rw`Tea^9sZm_XtrFXtj�`fui^Õ\_mnri^IXtj6bhm_sZuv`R`fu}ptrñ`fui^Õuv��zieaXZst^=r*^9YTm�`a`f^9eab9~*��uwgib�`fu]^
W=X�zi^�pt\_\nX�o�b$jlXZe8zim�û»^9ea^=rv`�`f^=YR[c^=efp�`fgieh^=b=��zi^9ribam�`fm_^9bªptr]zQ\_^9rist`fuTXtj-^9YTm�`a`fmnris�ea^9sZm_XZr]b�mnrT`fu]^
m_YR[igiehmn`��TW?pt\nW=gi\_py`fmnXZr�~
.0/�� � :�B+4;C�7��{CÞC�GIHJ4,ÛtGT5	> GIHJ4;<?<=7?KJL @�ÜJ4��kDE<?> 465�4;> 7?:��

:�7=GRK 7?K @�ÜJ4 ����� HU7��R4;5�@�GT5�/
ßªà�ë�àhâ  í�ä]î�çhíéð å�ùQäcü�í	ê7ü�ÿ�ð]ç�è-î�íTê�î}å�û;í�íôæ
! mn`auQ`fui^;[cXZbhbam x m_\_m�`��|Xtj�sZ^=ri^9efpy`am_risEp|W9XZYR[i\_^d`f^6bh[�^9W9`feapt\»jl^=py`fgieh^;m_riW9XZea[cXZeapy`fmnris�`aui^;W=XZr��
`fmnrwgigiY ^=zist^t��p�YEg]W�u�YTXZeh^TW9XZYR[i\_^d`f^�W9XZYR[}pteamnbaXZr{o�mn`au+ba[c^=Wd`feapt\PX x ba^=e�qypy`fmnXZribEmnb�riX2o
[cXZbabhm x \n^t~���ui^ÕY�pym_r�bh`agiz]�Ôui^9ea^Õm_b|ptbRpU[cXt`f^9rw`am pt\�z]m ptsZr]XZbamnbN`fX�XZ\PjlXZeE`aui^¢¤Z¥$��zimnqt^=eé�
`fXte=~¼V!zi^9baW=ehm_[]`am_XZrñXtj;z]mnqZ^9eh`aXZe|W=XZriz]mn`fmnXZribRptrizñ`���[im_W=pt\�uim_sZuÔbh^=eamn^=bTba[c^=W9`aefp{u}ptb x ^9^=r
sZm�qZ^=rÔmnr�W�u}pt[]`a^=e0´Z~ç��rÔ`auim_bNea^=stm_XZr���XZr]^Qba^9^=bTpJbh`fehXZris ° pt\nYT^9eNbh^=eamn^=b£\nm_YRmn`�ba[c^=W9`aeagiY
o�ui^9rÔ`aui^Q[i\_ptbaYTp¢z]^9`�pyW�ui^=bEjlehXZYÒ`aui^Qzim�qZ^9eh`fXte�oPpt\_\±~Jò�r]zi^=eE`aui^=bh^0W=m_ehW=giYRbh`fptriW9^=bEm�`Nmnb
riX|\_XtrisZ^=eP[�XZbhbam x \_^�`aX|ea^=\��QXZrI\_ptrisZYEg]m_e8[ieaX x ^6`f^9YT[c^=eapy`fg]ea^�ptrizIzi^9ribam�`��0YR^?ptbhgiea^9YT^9rw`ab
²�bhgiW�uJ[iehX x ^=b6pyea^�^=Y x ^=ziz]^=zJmnrÕ`aui^�z]mnqZ^9eh`aXZe�oPpt\n\_b�µ�ptr]zJpt\�`f^=ehr}py`amnqZ^�[ig]ea^Nbh[�^9W9`aeaXZbhW=XZ[imnW
`f^9W�uirimn×�g]^=b�bagiW�u�ptb;`fuimnb;uim_stuUba^=ehm_^9b�Xtri^ x ^9W=XZYR^£Xtj8qypt\_gi^y~N��ui^|[i\_ptbaYTpQ[}pteaptYR^9`f^9eab;mnr
`fu]m_bNW=ptba^�ptea^T^d©�`feaptW9`a^=z x �)�i`a`am_ris�p�bh��rv`fui^d`fmnWQba[c^=Wd`feag]Y `fXÕ`fui^�W=XZYR[i\_^d`f^Rba^9eam_^9bN\nm_YRmn`
ptrizUW9XZrv`fmnr�g]giY#^9zisZ^EX x ba^9ehqypy`fmnXZrib9~6��uim_b�u}ptb�mnr�j�ptWd` x ^=^=r)ziXtri^No�mn`auJbaXtYT^�bagiW9W=^=bhb x �
� m_svpyeaX2qQ^d`�py\·~-²é´2®Z®¶ØZµd~�¨�^9^�bh^=Wd`fm_Xtr¢¹�~¯¹EjlXZe�p£zi^9baW=ehm_[]`am_XZrIXtjô`fu]^�z]mnû�^=ea^9riW=^9b x ^9`�o�^=^9r�`fu]^
pt[i[]eaXvptW�uT[iea^9ba^9rw`a^=z0ui^9ea^�ptrizT`aui^�XZri^�giba^9z x � � mnsvpteaX2qc~���ui^�[i\_ptbaYTp�[iptefptYR^9`a^=ehb�o�u]m_W�u
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W?pyr x ^�zi^9zigiW=^9z0m_rR[ieamnriW=mn[i\_^�pyea^�`fui^�^=\_^9W9`aeaXZrR`f^=YR[c^=efp�`fgieh^�jlehXZY `fui^�jlea^9^d� x XZg]rizQW=Xtrw`am_r��
gigiY!ba\nXZ[c^£ptrizJmnrv`f^=r]bamn`��¢efp�`fm_X�Xtj$`fui^Nuim_sZu�ba^=ehm_^9b6YT^9Y x ^=eab9�»`fu]^E^=\n^=W9`aeaXZrUz]^=ribhmn`��ÕjleaXZY
`fu]^�o�mnz]`fuÕXtj�`aui^�uim_stu¢bh^=eamn^=b�\_mnri^=b9�]`fui^�ea^9W=XZY x m_r}p�`fm_Xtr0bh`�p�`f^�jleaXZY�`aui^�ba^=ehm_^9b�zi^9W=eh^=YR^=rv`
ptriz»�8m�j�`fui^�m_YR[igieam�`��{W=XZrv`fehm x g�`fm_Xtr+`fXJ`aui^Q^=YRm_bhbamnXZr�m_bNbam_strimn�}W=ptrv`?��`aui^Iºc��^dû»^9W9`amnqZ^Ipyriz
m_YR[igiehmn`��TW=XZr]W=^=rv`aefpy`am_XZrib�jlehXZY�`fu]^�g]rizi^=eh\n��m_r]sRW9XZrv`fmnr�g]giY�\_^dqZ^9\·~
��ui^J¤Z¥�� ÷ ��¹+bh[�^9W9`aeaXZYR^9`a^=e|oªptb�giba^9z¼`fX�YT^=ptbagieh^Õ`aui^�u]m_sZuFba^=ehm_^9b ° py\_YR^=e|ba[c^=Wd`fefp�~
÷ ��¹]��b�\nm_ri^£XyjPbhm_sZuv`£��ba^=^9b=��p x XZg]`-µt¬#"!Xtj�`aui^|XZg]`a^=e�zimnqt^=e�`fXZe6`fpteasZ^d`�ptb�bauiX2o�r+mnrU�}sZgieh^
Ï�~¯Ï�~'�õ`6m_b�^=b�`fmnY�py`a^=z�jlehXZY�`fu]^£¤Z¥$�ë[i\ ptbhY�p|`feaptriba[cXZe�`�W9X�zi^9b�`fuipy`�`aui^ ° py\_YR^=e�^=YRm_bhbam_Xtr
XZehm_sZmnr}py`f^9b£jleaXZY pt[i[]eaX?©�m_YTpy`f^9\n�ñ���¹�W9Y Xtj�`fui^¢zimnqt^=eh`aXZe�eh^=sZmnXZrFjlXteR`aui^�qZ^9eh`am_W?py\�[i\_py`f^
zimnbaW�u}ptehsZ^�ptriz£¹�� ¡ W9Y�jlXZe¾`fui^8uiXZehm_ú=Xtrw`fpt\w[i\ p�`f^�zim_bhW�u}ptehsZ^t��`fuiXZg]sZu�`aui^=bh^Pqypt\_gi^9b�uip2qt^P\_pteasZ^
giriW9^=e�`�ptmnrw`am_^9b=~�V�b�XZri^;W=ptrÕba^=^;jlehXZY��}sZg]ea^�Ï�~¯ÏN`fui^�\_mnri^6Xtj�bamnsZuv`�Xtj ÷ ��¹|[}ptbhba^9b�`auieaXZg]sZu
`fu]^�W9^=rv`feh^�Xtjc`fu]^�`aXZ��ptYTpt�NW9eaXZbhb�bh^=W9`am_XZrRbaX�`fu]^�`aXt`�py\}X x ba^9ehqt^=z�mnrv`f^=r]bamn`��£o�mn\_\�[�Xt`a^=rv`fm_pt\_\��
W=Xtrw`fptm_rUW9XZrv`fehm x g]`am_XZr]b�jleaXtY#XZg�`�o�mn`fu¢`fui^£zim�qZ^9eh`fXte6ea^9sZm_XZr»~7��rJ`fui^E^Ñ©�[�^9eam_YR^=rv`;`aui^ ÷ ��¹
m_r]bh`fehgiYR^=rv`�`�py�t^=b8p�bh^=×wgi^9riW=^�Xtj³`f^9YT[cXZefpy\�bhuiXt`fb$X2qt^=e8p�bamnrisZ\n^�¤Z¥$�F[ig]\_ba^y~���r]jlXteaYTpy`fmnXZrNmnb
sZ^9ri^=eapy`f^9z�jleaXZYÀ^=ptW�u�`feaptW���²�m·~�^t~wbh[}py`fm_pt\³[�Xtbamn`am_XZr}µ�p�`P^=ptW�u�`fmnYT^�ba\nm_W9^t~ ÷ ��¹�uiptbªpNbh[}py`am pt\
ea^9baXZ\ng]`fmnXZr�Xtj�´2¹yYTY ptrizÔ¬]~�´?riY ba[c^=Wd`fefpy\ªea^9baXZ\ng]`fmnXZr�~UV�rÔ^Ñ©][cXZbhgiea^0`fmnYT^TXtj�´2¬Z¬JYRba^9W
oPptb;giba^9zJjlXZe�`aui^EuimnsZu��õr ° pt\nYT^9e�X x ba^=e�qypy`fmnXZrib=~%ô�Xt`f^�`fu}py`�`fui^Nba[c^=W9`aeaXZYR^9`a^=e6mnb6p x \_^�`aX
YR^?ptbhgiea^�`aui^ � pybaW�ui^9rFW9XZrv`fm_rwgig]Y ^9zisZ^Iptriz�`aui^Qbh[�^9W9`feapt\Pjl^=py`fgieh^QW=X�zi^0mnbEpt\nbaXUp x \_^T`aX
YRX�zi^9\�`fuimnb�bh[�^9W9`aefpt\ôea^9sZm_XZr»~PV�rJptr}pt\���bhm_b�Xtj � ptbhW�ui^=r)ba[c^=Wd`feapTu}ptb��Z^d`�`fX x ^�[c^=e�jlXZeaYR^=z�~
Ó}eaXZY`
¢^9m_sZb�^9`�pt\±~i²é´2®Z®¶ØZµ¾`���[im_W=pt\}¤Z¥$�Ôzim�qZ^=e�`fXZe�W=XZriz]mn`fmnXZribôoPXZg]\_z x ^�ptrE^9\_^=Wd`fehXZr£zi^=r]bamn`��
Xtj�ñ ´�Î0´2¬ Ï�Ð ÑSÒ ÓÇÕ �wri^=g]`aefpt\³zi^9g]`f^9eamngiYÀzi^=ribhmn`��|Xtj�ñ ´�Î0´2¬ ÏJÕ ÑSÒ ÓÇÕ ptr]z�^=\n^=Wd`feaXtr�ptr]z�m_Xtr
`f^9YT[c^=eapy`fg]ea^=b�Xtj´ñ ´�Î�´2¬ Ð%$ ~
ßªà�ë�à�á & å#÷7íôíhí�ç�ï�ý('+å�î*)
+-,/.10124365874,�9:8;=<>012?58<

Ó�mnsZgiea^6Ï�~�«NbauiX2o�b�`fu]^ x �õqypt\ngi^�eh^=bhgi\n`abªXtj¾`fui^�[�XZ[]gi\ py`am_XZrTW=X�zi^�jlXZePptr0^=\n^=Wd`feaXtr0zi^=ribhmn`��TXtj
´%Î�´?¬ Ï�Ð ÑSÒ ÓÇÕ �}ptrizI^=\n^=Wd`feaXtrI`a^=YR[�^9efpy`agiea^;Xyj�´%Î{´2¬ Ð $ ~}�õ`�W=ptr x ^;bh^=^9r¢`fuipy`ª`fu]^�p�`fXZYRm_W
[cXZ[igi\_py`fmnXZribNeh^?ptW�uF¨]pyu}p�� ° XZ\n`aú=YTptrir�qypt\ngi^=b x ��p x Xtg]`A@¦ÅÝÏ�~)��ui^ x �õqypt\_g]^=bEmnr��}sZgieh^
Ï�~�«EW=XZehea^9ba[cXZriz0`fXE`aui^;z}py`fpy�}\_^�bauiX2o�rÕm_rQ�}stgiea^�Ï�~n´Z~�¥�©]ptYRm_r}p�`fm_Xtr�Xtj¾`fu]^;z}py`�p��}\_^�bauiX2o�b
`fuipy`�`aui^£^d©�W=m�`f^9zU\_^9qt^=\�[�XZ[]gi\ py`am_XZr]b�pteh^E\ pyeasZ^9\n�I[cXZ[igi\_py`f^9z�`fuiehXZgisZuUeh^=W9XZY x mnr}py`fmnXZr+²�m·~�^t~
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Ó�mnsZgiea^¢Ï�~¯Ï�ÂCB�fpfje²x�h�q�gSh�ipb9k�b9�¨h�vDo7fjipkDo(x�bS��x�ipw9v�h5bS�¨h�vDoED}��ê�ipknxJh�q�eD£�o�k�h5ijk	h�vDo7¤¢g9fj£�o$q�x�o�q�ipo$x�fjip£�izhb9s²xJo$q�|�g�h�ijbOknx$~
`fu]^;W=XZrv`fehm x g�`fm_Xtribª`fX|Á Æ W=XtYT^;\_pteasZ^9\n�|jleaXtYk`fu]^�Ó$EW=XZ\ngiYTr}µd��ptb�XZri^6o�XZgi\_zI^Ñ©][c^=Wd`�jleaXZY
p£bh`aeaXZrist\n�Qeh^=W9XZY x mnrim_ris|[i\_ptbaYTp]~
��uwgib=�ôjlXZe6`fu]^Ru]m_sZui^9e ° pt\nYT^9e;ba^=ehm_^9b�`aefptr]bamn`am_XZr]b6o�uim_W�u�ptea^|Xtj�m_rv`a^=ea^9bh`�ui^9ea^t�¾`fu]^Rg][i[�^9e
\_^dqZ^9\�[�Xt[igi\ p�`fm_XtribPpyea^6W9\_XZbh^�`fXN`aui^=mneP`fu]^=eaYRX�z]��r}ptYRm_W�^=×wgim_\nm x ehm_giY qypt\ngi^=b9~$V�\nbaXi��XZri^6W=ptr
u}p?qZ^£W9XZr]�}z]^=riW9^|`au}py`�`fui^Ejleh^=^E^9\_^=Wd`fehXZrib�o�mn\_\ôu}p?qZ^|pÌ
�p�©�o�^=\n\_m_ptr�qZ^9\_X�W=m�`���zimnbh`aeam x g]`fmnXZr��
YTpt�wm_risR`fui^�uw��ziehXZsZ^9rim_W�W=XZrv`fmnrwg}p�^d©�[ieh^=bhbam_Xtrib6jlXZe;Ì pyriz É ²lo�uimnW�u)ptbabhgiYR^Ê
�p�©�o�^=\n\_m pyrzimnbh`fehm x g�`fm_Xtrib�µ�qypt\_mnz�~�§6^9ba[im�`f^�`aui^�j�ptWd`ª`fu}p�`ª��¥�qtpy\_gi^9bPoPXtgi\_z x ^6bag�ÐTW9m_^9rw`=�]`fu]^6ba[c^=Wd`fefpy\
jl^?p�`fgieh^�W=X�zi^ª`�pt�y^=b$`fu]^�^9qypt\_gipy`f^9z x �õqypt\_g]^=b�mnrw`aX�ptW=W9XZgirv`�`fX�pt\n\_X2o�jlXZe�^Ñ©�`f^=r]bam_XtrR`aX%ô�ó���¥
W=Xtrizimn`am_XZr]b�mnjôri^=W9^=bhbfpte��Z~
F .G3*H#7?5�IJ:8;=<>0G2458<

��ui^IXZ[}pyW=mn`��+W=X�zi^0Xtj�W�u}pt[]`a^=eR¹�oPptb|eagirÔjlXZeN`aui^Iba^=\n^=Wd`f^=zñzim�qZ^=e�`fXZe£W9XZrizim�`fmnXZrib£ptr]zFpyb
^d©�[c^=Wd`f^=z{`fui^£[]\ ptbhY�p�mnb6XZ[]`am_W=pt\_\��Õ`auim_r x Xt`au)jlehXZY#ptr)^=YR^=east^=rv`;¸}g�©{pyriz{pQ[�XZ[]gi\ py`am_XZr
[cXZm_rv`8Xtj»q�mn^9o*jlXZe$`aui^�bh[�^9W9`aefpt\³ea^9sZm_XtrJ²lba^=^��}sZgieh^6Ï�~MµZµÑ~���uwgib�Ì"W?ptr x ^�ba^d`�`aXNXZri^�jlXZe�`fu]^
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Electron density     = 1.e14 cm^-3

Electron temperature = 1.e4 cm^-3

Ó�m_sZgieh^�Ï�~�«]Â}acb9dneDfpgSh�ipb9k sAyP� g9r�h�b9q�x¢|ux�dnq�ipknr�ipdng9f�ÝOe²gSk�h�eD£±xJvno�fpf¶��b9q¨lAip|9o$qJh�b9q�r�bOknlAijh�ipb9knx$~
^=YR^=ehsZ^=rv`8¸}g�©RW=pt\_W9gi\ py`am_XZr|pyrizTr]X�[cXZ[igi\_py`fmnXZrRptz�ühgib�`fYR^=rv`fb�pteh^�r]^=W=^9babapteh�RjlXZe$`fui^�uimnsZui^9e
ba^9eamn^=b�`feaptribam�`fmnXZrib=~
V�bTu}ptb�pt\_eh^?ptz]� x ^=^9r*bau]X�o�r¼m_rF�isZgiea^�´Z~�´Z´Z��`aui^�\nX2oP^9eQó���Y�ptrF\_mnri^=bRpteh^�\_mn�t^9\n��`aX x ^
XZ[]`am_W=pt\_\��T`auim_W��³~ªV�r�XZ[]`am_W=pt\_\��T`auim_W��0[cXZ[igi\_py`fmnXZrIW?pt\nW=gi\_py`fmnXZrQoPptb�[c^=e�jlXZeaYR^=zI`fXR^9qypt\ng}py`a^
`fu]^�^9û�^=W9`8Xtj�ó���Y�pyr£ba^=ehm_^9b$[iuiXt`aXy�ép x baXZeh[]`fmnXZr£XZrE`fu]^�^Ñ©�W=mn`a^=z|bh`fpy`f^�[cXZ[ig]\ py`am_XZrEb�`fehgiW9`agiea^y~
V6§�V;¨)�´ ¡ oªpyb�g]ba^=zU`aXÕst^=ri^9efpy`a^E`fui^£XZ[�`fm_W=pt\_\��0`fuimnW��Jptz�j�¬ ¡ jlXZe6[cXZ[ig]\ py`am_XZrJ[]eaX�W=^=bhbamnris
q�m pRV6§�V;¨�y¬vÏ��³ba^9^��}sZg]ea^£Ï�~pØ]~5�õ`�W?pyr x ^�ba^9^=rJ`au}py`�`fui^�r³Å���c¹L� ¡ bhui^=\n\_b�pt\_\-uip2qt^E^=r��
u}ptr]W=^=z)[cXZ[igi\_py`fmnXZrib9~6ò�[cXZrJW9\_XZbh^=e6mnrvqZ^=b�`fmnsvpy`fmnXZr�m�`�oPptb�jlXZg]rizñ²ljlXZe�ptrJ^9\_^=Wd`fehXZrUzi^=r]bamn`��
Xtj$´#ÎÕ´2¬ Ï�Ð ÑSÒ ÓÇÕ µ�`au}py`8`fui^�m_riW9ea^?pyba^�mnrR`aui^�r}Å��[�XZ[]gi\ py`am_XZr|mnb�zig]^�`fX�[iuiXt`aXy�ép x baXZeh[]`fmnXZr��
o�uimn\_^�`fu]^8mnriW=eh^?ptbh^�m_r�`fui^�r³Å;¹�� ¡ [�XZ[]gi\ py`am_XZr]b�m_b-YTptm_r]\n��zigi^$`fX�^=\n^=W9`aeaXZr�^Ñ©]W9mn`fpy`fmnXZr;jleaXZY
`fu]^T^9riu}ptriW9^=z�r³Å�Ibaui^9\_\·�¾o�mn`au�`aui^T^dû»^9W9` x ^9W=XZYRm_risÕ\_^9bab�[ieaXtriXZgiriW9^=z�pybNXZri^Rm_r]W=ea^=ptba^9b
m_r�r���bhui^=\n\·~���uwgib�`fui^9ea^£m_b�ptrJmnrizim_eh^=Wd`�mnr]¸}gi^9riW=^£Xtj�Xt[}ptW=m�`��ÕXZr�`fu]^E[�Xt[igi\ p�`fm_Xtrib�jlXte�rNM
¹]~|V�b;oPptb�ba^=^9r�jlehXZY��}sZg]ea^TÏ�~�´Z�¾ea^=W9XZY x mnr}py`am_XZrUziXtYTmnr}py`f^9b;X2qZ^=e�W9XZ\_\nm_bamnXZr}pt\ô^d©�W9mn`�p�`fm_Xtr
jlXZe�`aui^EuimnsZui\���^Ñ©]W9mn`a^=z)bh`fpy`f^9b=�¾ptrizJ`aui^=bh^|XZ[}ptW9mn`��¢^9û�^=W9`ab�ptea^£r]Xt`;\_mn�t^9\n�I`fX0W�u}pyrisZ^E`fu]m_b=~
ö X2o�^9qt^=e=��`fui^�[iuiXt`aXy�ép x baXZeh[]`fmnXZrR^=riu}pyriW=^9zQ[�Xt[igi\ p�`fm_XtrRXyj�`fui^�r³Å��bhui^=\n\cptriz�bhg x bh^=×wgi^=rv`
W=Xt\_\_mnbamnXZr}pt\n\n�;^9riu}ptriW9^=zQ[cXZ[ig]\ py`am_XZrib�Xtj»`aui^�uim_sZu]^=e�baui^9\_\nb8YNgibh` x ^�mnriW=\ngizi^9zRjlXZe$W9XZYR[i\_^d`f^d�
ri^9bab�mnr0`fui^��}r}pt\-V�§�V6¨IW9X�z]^�`aX�pt\n\_X2o"\_X2o�^=e�ba^=ehm_^9b�YR^=Y x ^9eab�`fX x ^�YRX�zi^9\_\n^=z0W=Xteaea^9W9`a\n�Z~
��uwgib�jlXZeP`aui^;ba^9eam_^9b�\_mnYTm�`8o�XZeh��[ieh^=ba^9rv`f^=z¢m_r�`auim_b�W�uipt[]`f^9e�XZ[}ptW9mn`��Tm_bªW9XZribhm_zi^9ea^=zI`fX£uip2qt^
p£ri^=st\_m_stm x \n^�^9û�^=Wd`�XZrÕ`aui^�uim_stui\n�T^d©�W=m�`f^9z¢[cXZ[igi\_py`fmnXZrib9~
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Ó�mnsZgiea^ÕÏ�~Mµ�Â ¦®k²gSfptOh�ipr$gSfpfjt�r�b9k�h�ipkueDb9e²x�o(x�r$gSd�o.dnq�bOsngSsDipfpizh�ijo(x�g9knl�g9snx�b9q�dAh�ipb9k�� g9r�h�b9q�x_|Ax$~¡�¢g�|Oo�fpo�kDw9h�vo�|�g9fjengSh�o(l5��b9qÚh�tudDiMr�gSfålAip|9o$qJh�b9q�r�bOknlAijh�ipb9knx$~¡��vDo«endDd²o$q�dDfjb9h�x�vDb��®x�h�vDo´q�o$x�eDfjh�xÚkDo$g9qÚh�vDo´xJo$q�ipo$xÚfjip£�izh®g9knlh�vno}fjb��¢o�q�dDfpbSh�h�vDo<q�o$x�eDfjh�x�ipknr�fpenlAipkDw5fpb��Úo$q®xJo$q�ipo$x�£�o�£�s²o$q�x$~��¨bSh�o´h�vng�h®bOk�s²b9h�v7x�r$gSfpo$x$�Ah�vno´� g9r�h�b9q�x�gSq�okDo$w9fpijwOijsDfpo9~
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Ó�mnsZgiea^JÏ�~jØ]Â�©¨dDd�o�q'dnfjb9h.xJvnb��®x�h�vDo%bOdAh�iMr�g9fjfpt�h�vDipk o��Dr�ijh�o(l	d²bOdDeDfMg�h�ipb9k lDo�knx�izh�ijo(x5��bOq5h�vDo%mnq�xJh5mn|OokAy�xJvno�fpfpx¢��bOq�h�t�dnipr$gSf�lAip|9o$qJh�b9q�r�bOknlAijh�ipb9knx$~���vDo´fjb��¢o�q�dDfpbSh¨x�vDb��®x¢h�vDo}b9dAh�ipr$gSfpfjt#h�vDiMrPO#q�o$x�eDfzh�x�~
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QRITSG:8,/U/;V9XWY,	0G9GSTZ�WY,�019GS\[�WY,�0G91S]Z_^`:a;b;/[TWG:a;=cN<d<�5e:83*fG2�0G9GUg:8;V<d012?58<�3*9GSN7hci.10G:a7?5�I
Hj,�9	5e:a74Wk0T5874,	9G<

��ui^T^=YRm_babhm_XZr{W=X�^9ÐRW9m_^=rv`Nptb�^9qypt\_gipy`f^9z+m_r)`fu]^TW9X�zi^Tm_b�YTptzi^Rgi[+XtjPY�pyrw�)W9XZYR[�XZr]^=rv`fb9~
Ó�mnsZgiea^6Ï�~�®EbauiX2o�b�`fui^;uv��ziehXZsZ^=r x XZgiriz�� x Xtgiriz�� x XZgir]z��õjleh^=^;ptr]z x ea^=YRbab�`feaptui\_g]ris£W=XZrv`aeam��
x g]`am_XZr]b�jlXZe�`fui^EW=ptba^£Xyj8ptrJ^=\n^=Wd`feaXtrJzi^=r]bamn`���Xtj�´ Î�´2¬�Ï�Ð9Ñ9ÒÔÓÇÕ?�»^=\_^9W9`aeaXZr�`a^=YR[�^9efpy`agiea^�Xtj
´AÖD×(ptriz+pÕ\nm_ri^Ñ��Xtj �õbam_stuw`6\_^=r]st`fu{Xtj6´?¬¶Ñ9ÒU~	ô�Xt`a^R`au}py`�`fu]^TXt`aui^=e�uv��zieaXZst^=r�W9XZrv`fm_rwg}p���mnr
[}pte�`fmnW=gi\_pte6`fui^ � ptbhW�ui^=r�W9XZrv`fmnr�g]giY Y�pt�y^=bNp¢bamnsZrim��}W?ptrv`�W=Xtrw`aeam x g]`fmnXZr)`fX¢`aui^�eh^=bhgi\n`fptrv`
ba[c^=Wd`fehgiY(py`�`fu]^�YRm_r]m_YTp x ^d`�oP^9^=r¢zim_bhW=ea^d`f^�ba^9eam_^9b�\_m_r]^=b=~$��u]^ x ea^=YRbab�`feaptui\_g]risTW9XZrv`fehm x g��
`fmnXZrIm_bª`aui^�\_^?pybh`�bamnsZrim��}W?ptrv`=� x g]`�YEgib�`�bh`am_\_\ x ^�ptW9W=XZg]rw`a^=zÕjlXZe=~
��r XZehzi^=eR`fX�^dqtpy\_g}py`a^¢`aui^Jm_YR[igiehmn`��ÔW9XZrv`feam x g]`am_XZrib|`fX�`fui^J^9YTmnbabhm_XZrFmn`Qmnb�ri^9W=^9babfpyeh�¼`aX
�wriX2o `fui^�m_YR[igieam�`��£W=XtriW=^9rw`aefpy`am_XZr]bPm_rR`fui^�zimnqt^=e�`fXZe�[i\ ptbhY�p�~�����[]m_W?py\�qypt\_g]^=b�jlXZeª¤Z¥$�"pteh^
sZm�qZ^=r�m_rç
¢W ¿ efptW��y^=rÔ^9`�pt\±~8²�´2®Z®�Øvµd~TÓ�m_stgiea^RÏ�~�´2¬IbauiX2o�b�`fui^RW=XZrv`aeam x g]`fmnXZrib;`fXI`fui^£`aXt`�pt\
m_rv`a^=ribhmn`��QXyj�`aui^;bh��rv`fui^d`fmnW�bh[�^9W9`fehgiY�jlehXZY�W=pte x XZr��iX?©���sZ^=r¢ptriz x ^=e���\n\_mngiYkmnYT[]gieam�`fm_^9bPp�`
`fu]^PYR^=zim_ptr�W9XZriW9^=rv`feapy`fmnXZribôXtj�
¢W ¿ efptW��y^=r¢²�m±~�^y~�mnYT[]gieam�`��6W=XtriW=^9rw`aefpy`am_XZr]b�Xtj-´l"Q�i´l"ëpyriz
¬]~¯m"�XtjP`fui^Tzi^=g]`a^=ehm_giYAzi^9ribam�`��+eh^=bh[�^9W9`fm�qZ^9\n�]µd~I��ui^Tm_YR[igieam�`��UW=Xtrw`aeam x g]`fmnXZr���pt\n`auiXZgistu
[ieh^=ba^9rv`?�³ziX�^=b�riXt`ªbam_strimn�}W=ptrv`f\��Qpt\�`f^9eP`fui^;b���rw`aui^9`am_W�ba[c^=Wd`fehgiY¢~8Ó}XZe8`fui^�ea^9bagi\�`fb�bhuiX2o�r¢mnr
�}sZg]ea^£Ï�~¯®Tptriz)Ï�~�´2¬£`fui^�uv��z]eaXZsZ^9r x � x � x �·j�ptriz¢m_YR[igiehmn`��0^9YTm�`a`f^9eab�oP^9ea^EstmnqZ^9rJm_z]^=rv`fmnW?pt\
\_mnri^6Xtj�bamnsZuv`�\_^=r]st`fuib9�i^=\n^=Wd`feaXtr¢zi^9ribam�`fmn^=b�ptriz0`f^9YT[c^=eapy`fg]ea^=b9~
ô�Xy`f^$`fu}p�`ô`aui^8m_riW9\_gibhm_XZr�Xtj�`fui^$qypteamnXZgib¾W=Xtrw`am_rwgigiYÚW9XZrv`fehm x g]`am_XZr]bP²l^9qt^=rEp�`ô`aui^�´2¬�""\_^9qt^=\ µ
bamnsZrim��}W?ptrv`a\n�Õpt\�`f^=ehb�`aui^Nz]m ptsZr]XZbh`am_W;qypt\_gi^9b�eh^9`fg]eari^9z x �¢pT�]`�`aX�`fui^�X x bh^=ehqt^=zUbh[�^9W9`fehgiYÕ~
�õj�`fui^9ba^ÕW=XZrv`fehm x g�`fm_Xtrib|ptea^0^Ñ©�W=\_g]zi^=zÔ`fui^9r¼pUuimnsZui^9e£^=\_^9W9`aeaXZrÔzi^9ribam�`��Ôm_b£m_r�jl^=eaeh^=z���`fu]^
�i`|[iehX�W9^=zig]ea^0m_r]W=ea^=ptba^9b£`fui^0YRX�z]^=\Pz]^=ribhmn`���`aX x eaXvpyzi^=r�`fu]^0\_m_r]^=bEbhX)`au}py`E`aui^0YRm_rimnY�p
x ^9`�o�^=^=r�zim_bhW=ea^d`f^�\_mnri^=b�W=ptr x ^�YTpy`fW�u]^=z�~
ßªà�ë�à�ë nIç�ä�äiçhï�ýÀä¡ü�íporqms ÷;î�äiîÀî�ï�÷ ÷�çéî}ý�ï6å�ðwä}çéè\î¡íôð]ì;í�ä]ð�à
Ó�m�`fbªo�^=ea^�[c^=e�jlXZeaYR^=zIXZrÕz}py`fp£jlehXZYk`�o�XRzimnû�^=eh^=rv`�zi^=r]bamn`��Iehgirib�o�ui^9ea^�`fui^;`fXt�ypyY�pt�|oPptb
W=Xtr]�}sZgieh^=zUbhgiW�uJ`fu}p�`�`aui^Nb�`feamn�t^E[cXZmnrw`�oPptb6XZr¢`fui^�qZ^=e�`fmnW?pt\�ptriz�`aui^=r�XZr¢`aui^EuiXZehm_ú9XZrv`�pt\
[i\_py`f^9b�Xtj}`aui^Pz]mnqZ^9eh`aXZeª²±¤Z¥$�ñ[]gi\_bh^PrwgiY x ^=ehb ¡ ¹åµy¹vÏ�pyriz ¡ ¹åµy¹¶Øvµd~�� x ba^9ehqypy`am_XZr}py\�zipy`�p�jleaXZY
÷ ��¹|oPptb�p?qtpym_\ p x \_^�jlXZe�`fui^9ba^�`�oPXT[igi\_bh^=b�jlXZe�p£efptr]sZ^�Xtj�`am_YR^6ba\nm_W=^9b�ptrizI`fefpyW��0r�g]Y x ^9eab9~
Ó}XZe�W=XZribhm_b�`f^=r]W9�Jm�`�oPptb�zi^=W9m_zi^9zJ`fXQ^Ñ©ipyYTmnri^�`aui^Neh^=bhgi\n`ab�jleaXZY�`aefptW��ÕrwgiY x ^=e�«TjlXZe x Xt`au
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Ó�mnsZgiea^�Ï�~n´Z´tÂY|«iMgSw9knbOxJh�iMr¨mnh�h�b�dDeDfMxJoY}�êd~Sê�wA�u¤�gSfp£�o�q®x�o�q�ijo(xÚfpip£�ijh«x�d²o(r�h�q�eD£��uh�q�gOrPO��D�uh������D~ ��w9x
[igi\nba^9b=~�V�r£ptr}pt\���bam_b�Xtj}`fu]^=ba^P[igi\_bh^=b�uiptb$pt\nea^?pyz]� x ^9^=r£[c^=ehjlXteaYR^=zI²�
¢^=mnsZb�^d`�pt\·~���´2®Z®¶Ø6pyriz

¢^9m_sZb�^9`;py\·~���t¬t¬Z¬vµªo�ui^=eh^E`fui^NÓ ! ö 
�Xtj�`fui^£®�����ô´2¬��éTptriz+´Z´9��|\_mnri^=b�oP^9ea^EYR^?pybagieh^=z
ptriz|`fu]^�^9\_^9W9`fehXZr|zi^=r]bamn`��|mnr]jl^=ehea^9z�~�V�rR^=\n^=Wd`feaXtrRz]^=ribhmn`��|m_b$z]^=zigiW9^=z x �Í
Õ^=m_stb�jlXte$^?ptW�uRXtj
`fu]^=^�`fuieh^=^�\_mnri^=b�m_rizi^9[�^9rizi^9rw`a\n�£g]bam_r]s�p�¨�`fptea��[ieaXy�}\_^�^Ñ©][]ea^=bhbamnXZrRjlehXZY ° ea^=st^=e=�³´2®t®¶Ø]~�Ó}XZe
pQYR^?ptrimnristjlgi\�W=XZYR[}ptehm_bhXZr�`fX x ^EsZm�qZ^=r»�-mn`6oPptb;zi^9W=m_z]^=z)`fX0YRX�zi^9\�^=ptW�u�[]gi\_bh^|py`�p�`fmnYT^
ba\nm_W9^ªjlXZe$o�uim_W�u�Ó ! ö 
,z}py`fp�ptr]zTui^9riW=^�zim pysZriXZbh^=zR^=\_^9W9`aeaXZrRzi^=r]bamn`��|uiptz x ^=^9r�X x `�ptmnri^=z�~
Ó�mnsZgiea^6Ï�~�´Z´;bauiX2o�b�XZgieªXt[]`fmnYTmnba^=zT�i`ª`fX£`aui^;z}py`fpEXtjô[igi\_bh^ ¡ ¹åµy¹vÏ�~}ô�Xt`f^6`au}py`ª`aui^6�i`�oPptb
XZ[]`am_YRm_bh^=zQm�`f^=eapy`fm�qZ^9\n� x �Qu}ptr]z�~���ui^�ptg]`aXZY�p�`fm_W�\_^=ptbh`�bh×wg}ptea^9b�XZ[]`fmnYTmnbamnris�Xyjô`aui^6jl^?p�`fgieh^
`fX�`fu]^�zipy`�p�m_b�m_r|zi^dqZ^9\_XZ[iYR^=rv`Pptb8p�jlg�`fgieh^�V�§�V6¨RW9X�zi^y~���ui^�zim pysZriXZb�`fm_Wªqypt\ngi^=b$jlehXZY `fu]^
�i`�ptea^�bau]X�o�rUmnrÕ`fp x \n^EÏ�~�´�o�mn`fuÕ`fui^�ea^9bagi\�`fb�jleaXZY�`aui^EÓ ! ö 
 ptript\n��bamnb�Xyj<
¢^9m_sZb�bauiX2o�r
m_r0`fp x \_^�Ï�~Ö�~
��ui^;bh^=W=Xtriz0�i`�[c^=ehjlXteaYR^=z�oPptbª`fX�`fui^6eh^=bhgi\n`ab�Xtj¾[igi\nba^ ¡ ¹¶µt¹¶Ø]~$Ó�m_sZgieh^;Ï�~�´��bhuiX2o�b�XZgieP�]`
`fXQ`auim_b�\_X2o�^=e;zi^9ribam�`��Jz}py`fp]~;��ui^£zi^9zigiW9^=z{[}ptefpyYT^d`f^=ehb;pteh^£bauiX2o�r)m_r�`fp x \n^|Ï�~�¹QptrizU`fu]^
Ó ! ö 
 eh^=bag]\n`fb�mnrI`fp x \n^�Ï�~ ¡ ~
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� uv��bamnW?pt\¾×wg}ptrv`fm�`�� �8pt\ngi^6jlXZe�b���rv`aui^9`am_W�jl^?py`agiea^¥�\n^=Wd`feaXtr¢zi^9ribam�`�� ¹�Î+´2¬ Ï�Ð Ñ9Ò ÓÇÕ
��XtrÕz]^=ribhmn`�� ¹�Î+´2¬ Ï�Ð Ñ9Ò ÓÇÕ¥$\_^=Wd`fehXZrI��^9YT[c^=eapy`fgieh^ ´AÖD×ó-^=r]st`fuÕXtj�\_m_r]^6Xtj�bam_stuw` ¹�Ñ9Ò
��YT[ig]eamn`am_^9b ¿ pte x XZr�����©���sZ^=r»� ° ^=e���\n\_mngiY

��YR[igiehmn`��0p x giriz}pyriW=^9b ´8"QÊ?´e"0Êf¬�óÖ�"
��p x \n^�Ï�~n´tÂ}��vno´lDipg9w9kDb�x�h�ipr�|�gSfpeDo$x�q�o�h�eDq�kDo$l'��q�bO£ h�vno´mDh«x�vDb���k'ipk mnw9eDq�o�wA~p�9�

° py\_YR^=eª\nm_ri^ Ó ! ö 
 �� §6m ptsZr]XZba^9zÕz]^=ribhmn`�� ÑSÒ ÓÇÕ®��é ¡ ~¯«åµy®vt®vZ ¡ ón´?®�Î�´2¬ Ï�Ð ÑSÒ ÓÇÕ´2¬��é Ï�~pØ]´2Ït¬v�´2« ¡ óÖy®�Î�´2¬ Ï�Ð ÑSÒ ÓÇÕ´Z´9�é µ�~ÖÏZÏy®¶ØZ¹Z«vÏ ¡ óÖy®�Î�´2¬ÇÏ�ÐSÑSÒÔÓÇÕ
��p x \_^�Ï�~Ö�ÂY|¨iMgSwOkDbOx�o$l.o�fpo$r�h�q�b9k�lAo�knx�ijh�ipo$x¢��q�b9£ h�vDo<°6�C�G�[gSk²gSfptux�iMxÚb9���%o�ipwOx$~
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� uv��bamnW?pt\¾×wg}ptrv`fm�`�� �8pt\ngi^6jlXZe�b���rv`aui^9`am_W�jl^?py`agiea^¥�\n^=Wd`feaXtr¢zi^9ribam�`�� ¬�ójØvÏÊÎ�´2¬ Ï�Ð ÑSÒ ÓÇÕ
��XtrÕz]^=ribhmn`�� ¬�ójØvÏÊÎ�´2¬ Ï�Ð ÑSÒ ÓÇÕ¥$\_^=Wd`fehXZrI��^9YT[c^=eapy`fgieh^ ´AÖD×ó-^=r]st`fuÕXtj�\_m_r]^6Xtj�bam_stuw` ´?«¶Ñ9Ò
��YT[ig]eamn`am_^9b ¿ pte x XZr�����©���sZ^=r»� ° ^=e���\n\_mngiY

��YR[igiehmn`��0p x giriz}pyriW=^9b ´8"QÊ?´e"0Êf¬�óÖ�"
��p x \n^�Ï�~¯¹�Â}��vno´lDipg9w9kDb�x�h�ipr�|�gSfpeDo$x�q�o�h�eDq�kDo$l'��q�bO£ h�vno´mDh«x�vDb���k'ipk mnw9eDq�o�wA~p�(³

° py\_YR^=eª\nm_ri^ Ó ! ö 
 �� §6m ptsZr]XZba^9zÕz]^=ribhmn`�� ÑSÒ ÓÇÕ®��é �~Mµ ¡ ´2®Z«Z¹åµ ´¶ópØ�Ø�Î�´2¬ Ï�Ð ÑSÒ ÓÇÕ´2¬��é ¹�~¯«]´?¹vZÏZt¹ ón´?¬�Î�´2¬ Ï�Ð ÑSÒ ÓÇÕ´Z´9�é ¡ ~ÖÏZy¹Z®vÏ�´2® ón´?¬�Î�´2¬ÇÏ�ÐSÑSÒÔÓÇÕ
��p x \_^�Ï�~ ¡ ÂY|¨iMgSwOkDbOx�o$l.o�fpo$r�h�q�b9k�lAo�knx�ijh�ipo$x¢��q�b9£ h�vDo<°6�C�G�[gSk²gSfptux�iMxÚb9���%o�ipwOx$~

�C7�<dH#01<><d7h,�9�,/^r58f�;m�15

V�b�XZri^�W?ptr¢ba^=^�jleaXZY�`aui^NsZeapt[iuib�ptrizÕ`fui^�XZ[]`fmnYTmnba^9z¢mnri[ig]`�[}pteaptYT^d`f^9eab=�cea^=ptbaXtr}p x \n^��i`ab
u}p?qZ^ x ^=^=r+ptW�uimn^9qZ^9z�~���u]^T[ieh^=bh^=rv`��]`fb�`fX0`fui^Rba[c^=Wd`feapI��m_^9\_z)bh��b�`f^=YTpy`am_W?py\_\n��\_X2o�^=e�zi^=r��
bam�`fmn^=b�`au}py`E`auiXZbh^0ea^9`agiear]^=z�jleaXZY `fu]^0Ó ! ö 
 pyr}pt\n��bhm_b=~U��u]m_b£m_b x ^9W?ptg]ba^Q`fu]^0W=XZrv`fmnrwg}p
W=Xtrw`aeam x g]`fmnXZr¢ptea^�riXt`�W=XZribhm_zi^9ea^9zJm_rI`fui^NÓ ! ö 
 ptr}pt\���bhm_b9~�V�b�oPptb�m_rizimnW?py`a^=zÕm_r¢ba^=Wd`fmnXZr
Ï�~�¹]~¯��wri^=sZ\n^=Wd`fm_r]s�`aui^�W9XZYR[i\_^d`f^�ba^d`PXtj»W=XZrv`am_rwgigiYÀW=Xtrw`aeam x g]`fmnXZrib�W?pyr�\_^=ptzib$`fXNptrRm_r]jl^9eaea^9z
^=\n^=Wd`feaXtr�zi^9ribam�`��0`fu}py`�mnb�bh[igieamnXZgibh\n�0uimnsZu�~PÓcpym_\_g]ea^�`aXQptW9W=XZgirv`�jlXZe�pt\_\-W9XZrv`fmnr�g]giY,W=XZrv`aeam��
x g]`am_XZr]b�Y�p?�Ipt\nbaX£^Ñ©][]\ ptmnr¢p|bamnYTmn\ pte8zimnbaW=eh^=[}pyriW9�IriXy`f^=z¢ptb�[cXZm_rv`�²lm_m_m µ8Xtjô`fu]^�bh^=ehm_^=b�\nm_YRmn`
ptr}py\n��bamnb�Xtj�b�`f^9\_\ pyeP¸³pteh^=b�m_r¢º�pteheaX�� º»mneam_r{²é´2®¶ØvÏtµd~
�õ`�bau]XZgi\_z x ^�riXt`f^9z0`fu}py`�X x `�ptmnrim_r]s£ptrIXZ[]`am_YTpt\��i`�pyb�bauiX2o�rJp x X2qZ^�mnbªriXt`�ühgib�`�p|YTpy`h`f^=e
Xtj�Y�p�`fW�uimnris�`fu]^R\nm_ri^�o�m_z]`auib;XZrU`fui^£u]m_sZu)ba^9eamn^=b;\_mnri^=b9~N��ui^|W9X�zi^|eh^9`fg]earib;`fu]^|p x baXt\_g]`a^
m_rv`a^=ribhmn`���Xtj�`fui^�ba[c^=W9`aeagiY�ptriz�m�`Em_b�ri^=W9^=bhbfpte���jlXZe�`auim_b�`fXUYTpy`fW�u�`fui^QX x ba^9ehqypy`fmnXZrib£pyb
o�^=\_\±~���u�g]b�`fu]^�\nm_ri^6o�mnz]`fu]b=�}zi^9sZea^9^�Xtj�\_mnri^ x \_^9rizimnrisRptriz¢p x baXt\_g]`a^�mnrv`f^=r]bamn`��0pt\_\�uip2qt^�`aX
x ^NW=Xteaea^9W9`�jlXZe�pRsZX�X�zÕ�i`�`aX x ^EptW�uimn^9qt^=z�~���uim_b�m_rv`f^9ear}py\�W9XZribamnbh`a^=riWd�Jptz]zib�qypt\ngi^�`aX�`fu]^
zim_ptsZriXZb�`fmnW6[}pteaptYT^d`f^9eab�ea^d`fgiehri^=zIjleaXZYk`fui^;�i`=~
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¨�XZYR^�zi^9qt^=\nXZ[iYR^=rv`�Xyj�`fu]^�W9X�z]^�mnb�eh^=×wgimnea^=z x ^9jlXZeh^�m�`�W?ptr x ^�gibh^=zJpyb�p|zim pysZriXZb�`fm_W6`aX�Xt\·~
��ui^��ieabh`P`fuimnris�`aXEriXt`a^6m_b8`fu}py`�`fui^9ea^;pyea^�YTptrv�|qypteam_p x \_^9b8`au}py`ªpyû»^9W9`ª`aui^��]`?~$V�r0g]riW=XZr��
bh`aefptmnri^=z{YEgi\�`fm��õqypteam_p x \n^�XZ[�`fm_YRm_bh^=zU�i`�o�XZgi\_z{W=^9eh`fptm_ri\��Uea^dqZ^=pt\�Y�ptrv�)\nX�W=pt\�YRm_rimnY�pQpyriz
ptr�ptY x mnsZgiXZgib�bh^9`6XyjP��XZ[]`fmnYTmnba^9z��}[}pteaptYT^d`f^9eab=~�V	rwgiY x ^=e�Xtj�`aui^�qyptehm p x \_^=b9�}bagiW�u)pyb�mnY|�
[igiehmn`���W=XZr]W=^=rv`aefpy`am_XZrib�pyea^ªXZr]\n��oP^=pt�w\n�EXteh`fu]XZsZXZr}py\�jlehXZY	`aui^ª[cXZm_rv`�Xtj³q�mn^9oFXtj³W=Xtrw`am_rwgigiY
^=YRm_bhbamnXZr�~���ui^|r�g]Y x ^9e;Xtj8ba^=pteaW�u{[}pteaptYT^d`f^9eab;YEgib�` x ^£eh^=zig]W=^=z»��XZe�baXZYR^Q�¯st\_X x py\�XZ[�`fm��
YRm_bfp�`fm_Xtr���Xyj�pQo�uiXZ\n^ReaptrisZ^£Xyjªzim_ptsZriXZb�`fmnWEYT^=ptbag]ea^=YR^=rv`ab�mnriW=\ngizim_r]s�`fuimnb�[iea^9ba^=rv`�ba^9eam_^9b
\_mnYTm�`ªXZr]^�YEg]bh` x ^�ptziXZ[�`f^=z»~�Ó³Xte�`aui^�zi^=YRXZrib�`fefp�`fm_Xtr¢ui^9ea^y�co�^Nu}p?qt^�jl^=\�`�p x \_^;`aX�ba[c^=W9mnj¶�
pNrwgiY x ^=ePXtj¾[}pteaptYT^d`f^9eab�`aX£pNeh^?ptbhXZr}p x \n^�zi^9sZea^9^;Xtj¾ptW9W=gieaptW9��m_riz]^=[c^=rizi^9rv`f\n�J²�^9ba[c^=W9m pt\n\n�
m_YR[igiehmn`���p x gir]z}ptriW9^Tpyriz)\_^=r]st`fu)Xtj8^=YRmn`h`fmnrisQea^9sZm_Xtr³µ�`fXÕpt\n\_X2oë`fui^£eh^=YTptm_r]m_risQ[iptefptYR^d�
`f^9eab�`fX x ^Tqyptehm_^9z+ptr]z�p¢YR^?ptr]m_ristjlg]\��i`EpyW�uim_^dqZ^=z»~ ! ^�riXt`a^R`au}py`�`fui^R`fui^T\_mnri^d�õXtj ��bhm_sZuv`
\_^9rist`au�giba^9zñmnr�`fui^Q�]`£Xtj�[igi\nba^ ¡ ¹åµy¹vÏ¢m_bN\_XZrist^=eN`au}ptr�XZri^0YRm_stuw`N^d©�[c^=W9`=~�Ó}XZeN`���[imnW?pt\
zim�qZ^=e�`fXZe�YRX�z]^=\_b9��`aui^�\_^=r]st`fuIXtj�^=YRmn`h`fm_r]s£ea^=stm_XZr0mnb'ñë¹7¸ÔÏ²Ñ9ÒU~<�õ`�m_b�[iehX x p x \_^6`fuipy`�W=XZr��
`fehm x g�`fm_Xtrib6`fXI`fui^RYR^?ptbhgiea^9z+m_rv`a^=ribhmn`��{pt\nbaXÕW?ptYR^£jleaXZY�`aui^R[}pteh`�Xtj ÷ ��¹���b�\_mnri^d�õXtj ��bhm_sZuv`
[}ptbhbamnrisN`fu]eaXZgistuQ`fui^6W9XZea^�Xtj-`fu]^6[i\ pybaYTp]~�V�[cXZbhbam x \n�Rm_YR[ieaX2qt^=YR^=rv`P`aXEXZgie�YT^9uw`aX�z�m_b�`aX
gibh^�`aui^ ÷ ¨ ¡ mnribh`aeagiYR^=rv`�ptb�p|ba^=W9XZriz¢ea^9jl^9ea^9riW=^�ba[c^=Wd`feaXtYT^d`f^=e9~��õ`�mnb�bam_YRm_\_pte�`fX|`fui^ ÷ ��¹
m_r]bh`fehgiYR^=rv`?��^Ñ©�W=^=[�`�`au}py`;m�`fb6\nm_ri^Ñ��Xtj�bam_stuw`6^d©�W=\ngizi^=b;`aui^Ezim�qZ^=e�`fXZe;eh^=sZmnXZr�~;��uimnb;W=XZg]\_z x ^
gibh^=zI`fX£zi^d`f^=ehYTmnri^6`fu]^;W=XZrv`fehm x g�`fm_XtrQ`fX£`fui^;mnrv`f^=r]bamn`��TjleaXZYkea^9sZm_XZr]bªXZg]`abam_z]^6`fui^;zim�qZ^9eh`fXte
ptrizÔui^9riW=^ x ^0giba^9zñ`aX{ptz�ühgib�`£`fui^ ÷ ��¹UX x bh^=ehqypy`am_XZr]b=~�¥�qZ^9rño�m�`fu�`fu]m_bEm�`£m_bE[]eaX x p x \n�
ri^9W=^=bhbfpte��0`fX|YRX�zi^9\�`aui^�[iea^9zim_Wd`f^=zImnrw`a^=ribhmn`��Ipyb�XZeamnsZm_r}p�`fm_r]s�jleaXtYÞ`�o�XTz]mnû�^=ea^9rv`�^=YRmn`a`am_ris
ea^9sZm_Xtrib�o�mn`auim_r£`fu]^�z]mnqZ^9eh`aXZe8ptb�m_b$ziXZr]^�mnr � mnsvpteaX2qN^9`�pt\·~}²�´2®Z®�Øvµd~�
¢XZeh^�mnr]jlXZeaYTpy`am_XZr�jleaXZY
¤Z¥$�ù[i\_ptbaYTp£YTX�zi^9\_\_mnrisNW9X�z]^=b�m_b�ri^9^=zi^9z¢`aXTsZg]m_zi^;bhgiW�uJptrÕpt[][ieaXvpyW�u�~
.0/�� �ÞGRKUC�<=SU:�7=GRKU:
��ui^�sZ^9ri^=eapy`fmnXZrIXtj�W9XZYR[i\_^d`f^;ba^9eamn^=b�\_mnYTm�`Pbh[�^9W9`feapt\�jl^?p�`fgieh^=b�u}ptb x ^=^=rÕzi^9YTXZr]bh`feapy`f^9z�pyriz
`fu]^{�i`h`fmnrisÔXtjEbhgiW�uùjl^?p�`fgieh^=b¢`aX*¤Z¥$�Ýz]mnqZ^9eh`aXZeIX x ba^9ehqypy`am_XZribÕbau]X�o�r»~(½�X�X�z"�i`abÕo�^=eh^
ptW�uimn^9qt^=z�jlXZe x Xt`fu�p+�¯\nX�o��ª²�� Â ñ�¬�ójØvÏÌÎ ´2¬ Ï�Ð ÑSÒ ÓÇÕ µNptrizÔp{�¯uimnsZu���zi^=ribhmn`�� ²�� Â ñÝ¹ Î
´2¬ÇÏ�Ð�Ñ9ÒÔÓÇÕdµªX x bh^=e�qtp�`fm_Xtr�~ª��ui^�ri^d©�`�bh`�pysZ^�o�mn\_\ x ^�`fXT`fptm_\nXZeP`aui^�W9X�z]^�`aX x ^�YRXZeh^�bh[�^9W=m��}W
`fXT`fui^|¤Z¥$�	zimnqt^=e�`fXZe�ba^9`agi[���jlXZe�^d©]ptYR[i\_^�`�pt�wmnrisQm_rv`aX0ptW=W9XZgirv`�pt\n\�Xyj$`fui^E^9YTmnbabhm_XZrÕjleaXZY
`fu]^ª\_mnri^�Xyj³bam_stuw`=�triXy`�ühgibh`�`fuiXtba^PjlehXZYÚ`fui^ªz]mnqZ^9eh`aXZe=�vpyrizEzim_ptsZriXZbhm_ris�`fui^Pm_YR[igieam�`���W=XZrv`a^=rv`



´�Ïy¹

jlXZeª`aui^�¤Z¥��¦[igi\nba^=b�`fuipy`�oP^9ea^�ptr}pt\���ba^=z»~
��uimnb�o�XZeh�Rmnb�[i\ ptr]ri^=z|jlXZe$`fui^�mnYTYR^=zim_py`f^�jlg]`fgieh^t�w`fui^�ptmnY x ^=m_r]s�`aX�uip2qt^6p�W=X�zi^�`fu}py`8W=ptr
[c^=ehjlXteaY�ptrEXZ[]`am_YRm_bh^=z��]`�`fX6`aui^�¤Z¥$�Ôuim_sZuNba^=ehm_^9b ° pt\nYT^9e�X x bh^=e�qtp�`fm_Xtrib�jlehXZY	`aui^ªzim�qZ^9eh`fXte
ea^9sZm_Xtr�ptriz+ea^9`agiear+zim ptstriXZbh`am_WRm_r]jlXteaYTpy`fmnXZr)XZr+`fu]^�\_X�W?py\8[]\ ptbhY�pI^=\n^=W9`aeaXZr�`f^=YR[c^=efp�`fgieh^
ptriz)^9\_^=Wd`fehXZr)zi^=ribhmn`��t~E��uim_b;o�mn\_\ x ^£mnriW=XZeh[�Xtefpy`a^=zUm_rv`aXI`aui^£^d©�mnbh`fmnrisÕ¤Z¥$� z}p�`�pIptr}pt\���bam_b
baXyj¶`�oªpteh^t~���ui^E[iehXZ[cXZba^9zJW=X�zi^�o�m_\_\-[c^=e�jlXZeaY!pR\_^?pybh`�ba×wg}pteh^=b��i`=�»pyriz�o�m_\n\-W9��W=\n^�`auieaXZg]sZu
YEgi\�`fmn[i\_^�ba[c^=W9`aefpRXZriW=^;`aui^�m_rim�`fm py\c�i`h`fmnris|[}ptefpyYT^d`f^=ehb�u}p?qZ^ x ^9^=rÕba^9`=~���rÕzi^dqZ^=\nXZ[imnris£`fuimnb
W=X�zi^y�³ptz]qyptrv`�ptst^�o�mn\_\ x ^;`�py�t^=rÕXtjô`fui^�b�`feag]W9`fg]ea^�Xtj�`aui^�^d©�m_b�`fmnris|V6§�V;¨Q�i`a`am_ris|eaXtg]`fmnri^=b9~
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FHGJILK�MNGPO?KQILK>GSRTK>UJVWO?KQOYXZMNO?[8R]\^O?XJOYVNR^_`IaXZbcOYKWMQIa\ZRTMQIadcXeIaXZMQd]KQUfO?ghMNVQR^_PKWO?VQILO?K�O?i8IaKQKWIadcX3R^XJ[DUfdcUkj
l _aRTMNILdcX.imd`[JOY_a_aILXJ\nbTR^_LIa[.opdcVrqsdTMNGtR^KWMQVQdcUJGZu`KQILg;R^_`R^XP[3_vRTqsdcVQRTMNd^VWu]o l KQIad^XtUJ_aR^KQimR^KYw>xyMzR^V{MNIaXP\
| ILMQG}R^X}d)bcOYVWb`IaO | dTosqJR^KQILgnO?KWg;R^UfO~o�R^ghMNdcV�MNO?gzGPXJIa� l OYK?�yMNGJOYIaV l KQOYo l _aXJOYKQK�IaX3imd`[JO?_L_aILXJ\7dcUSR^g�j
ILM�u3OY�sO?ghMNK�dcX�UsdcU l _vRTMQIadcX3KWMNV l gYM l VQO�R^XJ[�OYimOYVQ\cOYXyM�� l`� | RTK�KWGJd | X | I�MNGJILXDMNGJO7g?d^XyMQO � M�d^o
opd l V�KQOhMNKBd^o�d^qJKQOYVWbTRTMNILdcXJKYw>��qPVNR^XJgzGPIaXJ\�_LIaXJO�VNR�MNIad�KWM l [Putd^oSMNGJO�KQdc_aR^V�RTMNi8dcKQUPGJO?VWO~[JO?i8dcXkj
KWMQVNRTMQO?[9MNGPO l KQO�d^o�O?KWg;R^UfO�UJVQd^qSR^qJIL_aILMQIaOYK]R^K�RTX�d^UPMNILg;R^_�[JO?UPMQG�[JIvR^\^XJdcKWMQIagTwD��qJKWO?VWbTRTMQIadcXPK
d^o�MQGJOD�B�y�T����VNRTMQIad�opVQdci�MNGPOD[JILb^O?V{MNdcV�VQO?\^IadcX�d^o�MNGJOt�.xP�.�B� l UJ\cVNRT[JO3KWGJd | OY[�MQGJO l KWO
d^o�R^qPKQdcVWUPMNILdcX o�R^ghMNdcVWK�IaX/g?R^_ag l _vR�MNIaXP\mdcUkMNIag?R^_a_�u¡MNGPIagz¢£UsdcU l _vRTMQIadcX�[JO?XPKQILMQIaOYK?w�xkOYVQILO?K�_LIai8ILM
dcqJKWO?V{b^R�MNIad^XJKnd^orKWdc_vRTVnUJVWdcimILXJO?XPg?O?KnR^XJ[¡MQGJO�¤c��F�[JILb^O?VWMQdcV~GJIL\cGJ_LIa\cGZMNOY[8MQGJO�UfdcKQKWIaqJIL_aI�M�u}d^o
[JOhbcO?_LdcUJILXJ\�R KQUfO?ghMNVQR^_nopO;R�M l VWO¡g?d`[JO'R^K}RTX�O?_aOYgYMQVQdcX![PO?XJKWILM�uc��MQO?i8UsOYVNRTM l VQO¥RTXJ[�UJ_vRTKQimR
VQOYg?dci3qJIaXSR�MNIad^X¥KWMzR�MNO�[JIvRT\cXJdcK{MNIagTw
��MQGJdcVQd l \cGDMNVWO;RTMQimOYXZM�d^o�_ad | KWO?VQILO?K�i8O?iDqfO?V�dcUSR^gYILM�u | RTKBMNGJOYX8[POYbcOY_adcUfO?[}ILX�R^KQKWdkgYIvRTMQIadcX
| ILMQGDMNGJO7gYdcXZbcO?VWKQILdcXmdTofMQGJOHg?d`[JOHd^os¦nOYGJVQILXJ\cOYV�IaXZMNd.�]�§��x8¨`©;ªJw>FHGPO l KQOHd^ofMNGJOHXPO | gYdk[PO
IaX�MNGJOD«~��x _aIaXPOtIL[JO?XZMNI�¬Sg;R�MNIad^X | dcVQ¢ | RTK�UJVQOYKQOYXyMQO?[�R^XJ[9RTX9O � MNOYXJKQILdcX9d^o�MNGPODimd`[JOY_rMQd
IaXPg?_ l [JO§RtqSR^gz¢y\cVWd l XJ[�VNR^[JIaRTMNILdcX}¬SO?_L[�\cI�bcOYXwBFHGJO�imd`[JIL¬JO?[mR^[Po�®^ª�¬S_aOYK�UPVQd`[ l g?OY[¡qZu�MNGJILK
g?d`[JOeR^VWOeILimi8O?[PIvRTMQO?_Lu8RTUJUJ_aILg;R^qP_aO�ILX£O � IaKWMQIaXJ\��]�§��x'gYdc_a_LIaKQILdcXSR^_¯j�VQR^[JIvR�MNI¯bcO7VQd l MNIaXPO?K?��RTXJ[
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g;RTX3qfO l KWO?[eMNd§IaXZbcOYKWMNIL\ZRTMQO�MQGJO�Oh�²OYgYMQK>d^oPimd`[JO?VQRTMNO�dcUJR^g?I�M�u.dcXeO � g?I�MNO?[3KWMzR�MNO�Usd^U l _vR�MNIad^XJK?w
FHGJO8XJO?OY[�MQd'imd`[JO?_>KQO?VWIaOYKe_LIai8ILM�KQUfO?ghMNVNR£_aOY[�MQd¥MNGJO�UJVWdkd^opK.dTo~R^XJR^_LuyMNILg}g?dcXZMQIaX l ILM�u g?dcX`j
MzRTIaXJOY[ IaX�gzGSR^UPMQO?V.³kw§FHGPIaK�RT_a_ad | K§dcUSR^gYILM�u£R^[±´ l KWMQimOYXyMQK]MNd8MNGJOe� lk� R^XJ[ UsdcU l _vRTMQIadcXPK7MQd
qfOD[JO;RT_LM | I�MNG/KWimd`d^MNGP_Lu�R^g?VWdcKQK�MQGJO}Iad^XJIaKQRTMNILdcX£MQGJVQOYKQGJd^_a[w�FHGJODMQVQO;R�MNi8O?XZM.d^o�MNGPODKQOYVQIaOYK
_aILimI�M�MNR^¢^OYXµILX�MQGJIaK�MQGJO?KWIaKeIaK.gYdcXZMNVNRTKWMNOY[ | I�MNG9MNGJO l K l R^_BMNOYgzGJXJIL� l Omd^o~R^KQK l i8IaXJ\¥MNGJRTMeR
KWMNRTMNILKWMQIag;RT_²i8Iag?VWd^¬SOY_a[/¶·[JIaKWKQdc_�bcO?KY¸�qsd l XJ[�O � g?ILMQO?[£KWMNRTMNOYK§ILXZMNd}MNGJO�gYdcXZMNIaX lJl i�w
FHGJILK§_LO?[¡MQd8MQGJO.Usd^U l _vR�MNIad^X | dcVW¢¡d^o�gzGSR^UPMQO?V7ª | GJO?VWO3R}GJIL\cG¥� l R^XZM l i�KQGJOY_a_¹g?d^_a_aILKQILdcXSR^_¯j
VNRT[JIvRTMQILb^O¡imd`[JOY_HR^XJ[ºg?d`[JO | OYVQO£[JOYb^O?_LdcUsOY[w»FHGJO£imd`[JO?_�opdcVQi8K}USR^V{M�d^o�R9_aR^VQ\cOYV}UJ_vRTX
MNd'i8dk[PO?_>MQGJO�UsdcU l _vRTMQIadcXPK�d^o�GJO;R;byu�KQUfO?gYIaOYK?� | ILMNG9MQGJO�g?d`[JO�[JOYb^O?_ad^UsOY[�ILX�MQGJIaK.gzGJR^UPMNOYV
UJVWd±b`IL[JIaXJ\3RtXSR�M l VQR^_si8d`[ l _aO | GJILgzG | Ia_L_�qsO]R^[J[JOY[�MNd}Re_ad | _LOYbcOY_²gYdk[JO�d^o¹KWIai8Ia_vRTVBM�ukUfO�MQd
���7�.x}¨T®c¼Pw��]X}d l MQ_aILXJOnd^oSMQGJO~GJO?R;b`u3KQUfO?gYIaO?K�i8d`[JO?_ | RTK�\cILb^O?X� | I�MNG�R][PO?KQgYVQILUPMNILdcXDd^o�MNGPO
R^UJUPVQdZR^gzG�MNd£qfO�MNR^¢^OYXµILX�MQGJOmR^KQKWO?iDqJ_�u9d^o�O;R^gzG�g?dc_L_aILKQIad^XSR^_�j½VNR^[PIvRTMQI�b^Oei8d`[ l _aOTw��]K�USR^V{M
d^o�MNGJILKeUP_vR^X��XJO |¿¾ R l XZMto�R^ghMNdcVWK | OYVQO�[POYbcOY_adcUfO?[²w¥�ÀKWgzGJO?i8O8MQd/R l MNdcimRTMNILg;R^_L_Lu£[JOhMNO?ghM
MNGPO¡g?VWILMNILg;R^_�Xkj½KQGJOY_a_aKtqsOhM | OYO?Xºq l XJ[P_aIaXP\/VQOY\cIai8O?K | R^K�RT_aKQd KQGJd | Xw�FHGJO¡GJIL\cG�� l R^XZM l i
KQGPO?_a_rgYdk[JO�d^o�MNGJILK7gzGSR^UPMQO?V§OYbTR^_ l RTMNOYK§MQGJOmÁpÂ�Ã;ÄyÃcÅ)Ã±ÆÈÇµR^XP[!ÁÉÂTÃYÄyÃcÅ)Ã�Æ{Ç²ÊBqJ_ad`gz¢¡UJVWIai8ILMNI�bcOYK~d^o
MNGPOmXJO | KQgzGJOYimOTw¡�ËMNO?K{M3i8d`[ l _aODopd^V�MQGJO ÁpÂ�Ã;ÄyÃcÅ)Ã±ÆÈÇÊ¯Ì/g?dci8UfdcXJO?XZM | RTKt[JOhbcOY_adcUfO?[�RTXJ[
g;RTX¡qsO]O � MNOYXJ[JO?[¥MQdDOYbTR^_ l RTMNO]RtgYdcimUP_aOYMQO]Ç²Ê�Ì�qJ_Ldkgz¢�UJVWIai8ILMNI�bcOTw�FHGJO]g?d`[JO�d^o¹gzGJR^UPMNOYVHª3ILK
Iai8i8O?[JIaRTMNOY_Lu�R^UJUJ_LIag;RTqJ_aO.MNd8MNGJOeGZu`[JVQdc\^O?X9KQOYVQILO?K]_LIai8ILMnKQUfO?gYMQVNR^_ropO;R�M l VWO | dcVQ¢'d^o�gzGJR^UPMNOYV
°kw
FHGJO§R^KWKQO?i3qJ_Lu}dTo²K l gzG�KWUsOYgYMNVQR^_JopO;R�M l VWO?K | RTK�MQGJO?X8[JOYKQg?VWIaqfO?[�yqJVWIaXJ\^IaXJ\�MQdc\cOYMQGJO?VBMQGJO7g?dcX`j
MNILX l ILM�u^��d^USR^g?I�M�u»R^XJ[»UfdcU l _aRTMNILdcX | dcVQ¢!dTo�MQGJO'UJVQOhbkILd l K�gzGSR^UkMNO?VWK�RTK | OY_a_7R^K�IaXPg?_ l [JIaXJ\
O � UfO?ghMNO?[�gYdcXZMNVQILq l MQIadcX�d^o�Iai8U l VWILM�u'KQUfO?gYIaOYK]MNd�MQGJODqSRTgz¢`\^VQd l XP[9g?dcXZMNILX lJl i£w��[JOYKQgYVQIaU`j
MNILdcX8d^orRtgYdk[PO][JOYKQIa\^XJO?[¥RTKnRe[JIvR^\^XJdcKWMQIagHMNd`dc_SopdcV�MNGJO�¤c��FÍ[JILb^O?VWMQdcV�IaK�MNGJOYX¡\cILb^O?Xw�Î½M | R^K
KQGPd | X£MNGSR�M§MQGJO�g?d`[JOeg;R^X'¬JM§qsdTMNG'GJIa\^G�RTXJ[�_Ld | [JOYXJKQI�M�u'dcqJKQOYVWbTRTMQIadcXJK§R^XP[�VWOYM l VQX£_ad`g;R^_
UJ_aR^KQimRDUSR^VQR^imOhMNOYVQK?w
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FHGJO�KWM l [JIaOYK�ILXeMQGJIaK¹MNGPO?KQILK�ILXJ[JILg;RTMQO�KWdci8O�RTVQO;RTK�ILX | GJILgzGtMQGJO l KQOYo l _aXJOYKQKBd^oPO � IaK{MNILXJ\��]�§��x
UJVWdkgYO?[ l VWO?K§GSR^XJ[P_aIaXP\8d^USR^g?I�M�u¥g;RTX�qfO�Iai8UJVQd)bcOY[w�FHGJOeUJVQILXJg?ILUSR^_d^o�MNGJOYKQOeIaK~MQdmILXyMQVQd`[ l gYO
KQd^imO�KQUfO?gYIvR^_`g;R^UJR^g?I�M�utILXt�]�§��xD¨k©;ª§opdcV�R�VNRT[JIvRTMQIadcX.¬SOY_a[tg?dcXJKWIaK{MNO?XZM | I�MNGeMNGJO�UsdcU l _vRTMQIadcX
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KWMQV l ghM l VWO^��i8dcVQO8[JOhMzR^IL_aKtR^VQOm\cILb^O?X!ILX!KQOYgYMNILdcX�×PwØ¨kw�©cw£FHGJO?VWO¥R^VQO8M | d9imR±´WdcVeg?d^XJg?OYUPM l RT_
IaKWK l OYK.opVQdci@MNGJILK�MNGJOYKQIaK | GPIagzG�R^VQO}O � UfO?ghMNOY[�MNd¥ILXP� l OYXJg?O�K l qJKWMNR^XZMNIaR^_a_�u d l V.VQO?KWO;R^VWgzGµILX
MNGPO�ILimi8O?[JIaRTMNO�o l M l VWO^w�FHGJOYKQO�UP_vR^XJXPO?[8[JOYb^O?_ad^UJimOYXZMNKHR^VWO7d l MN_LIaXJOY[mILXmKWO?ghMNIad^XJK~×PwØ¨kwØ¨eRTXJ[
×PwØ¨kw·³Pw

ÙHÚ�Û~ÚWÜ Ý£Þ7ßPà�á�âPã{ä�á�â5ßPä�å�æÍå�ç�Û~Ü�è
�~M�MNGJO7i8dci8O?XZM����7�.x8¨k©;ª.K{MzR^V{MNK | ILMQG8R�i8d`[JIL¬SOY[�¦ndc_�MNé?imR^XJX}UfdcU l _vRTMQIadcX}[JILKWMQVQIaq l MNILdcX�
OYbTR^_ l RTMQO?K3MQGJO¡VQOYK l _�MzR^XZM}VQR^[JIaRTMNILdcX�¬SOY_a[»R^XP[ l KQOYK�MQGJIaKeMNd9g?R^_ag l _vRTMQO¡R^qPKQdcVWUPMNILdcXµo�R^ghMNdcVWK
R^XJ['GJOYXJg?OeR3MQGJIagz¢mUsdcU l _vRTMQIadcXmKWMQV l ghM l VWO^w�Î½o�MQGJO?KWO�UsdcU l _vRTMQIadcXPK~R^VWO l KQOY[ RTK~MNGJO.K{MzR^V{MNIaXP\
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MNd9MNR^¢^O£R^[PbTR^XZMNR^\cO¥d^o7MNGPO£\^dkd`[!MNGJOYVQimR^_~VWO?KQILKWMNR^XJg?O'd^o§GJO?R;b`u»KWUsOYg?ILO?K�IaX!MQGJO¥MNdc¢�R^imR^¢
[JOYKQIa\^Xwñ«ndcXJKWIa[JOYV�MNGPO/KQUfO?ghMNV l i opVQd^i RµKWUsOYg?ILO?K¡K l gzG R^K�M l XJ\cKWMQO?Xw	��XJO dcqJKQOYVWb^O?K£R
g?d^imUJ_LO � \cVNR^KWK{j½_aIa¢TO~KQUfO?ghMNV l iËR^VQILKQILXJ\]opVQd^i R.g?dci3qJIaXSR�MNIad^XDd^ofMNGJOHimR^XZu}Iad^XJIaKQRTMNILdcX3K{MzR^\cOYK
d^oBMQGJO3KWUsOYg?ILO?K�RTXJ[ MNGPOtgYdcimUP_aO � KWOYM]d^o�O?XPO?VQ\Tu _LOYbcOY_aK§UJVQOYKQOYXyM?w]FHGJOt\cVNRTKQK{j½_aIL¢^OeKQUfO?gYMQV l i
[Jd`O?K�GJd | OYb^O?V�GSR;bcO§R�VQOYg?dc\^XJIaKQR^qJ_aO§¶ØKWUsOYgYMQVNR^_JOYXZbcO?_LdcUfO^¸yR^VWIaKQILXJ\�opVWdci	Iai8UsOYVWopO?ghMN_�utVWO?KWdc_Lb^O?[
¶ MNVNRTXJKQI�MNIad^X RTVQVNR;u`K?¸�w�FHGJILK�OYXZbcO?_LdcUfO�KWGJd | K/R»KWMNVWdcXJ\ºMNO?i8UfO?VNR�M l VWO�[PO?UfO?XJ[JOYXJg?OTwÒFHGJO
imR^VQgzGJILXJ\]dToSMNVNRTXJKQI�MNIad^XDR^VWVNR;u`K�R^KBdcXPO~UJVQd^\cVQOYKQKQOYK�IaKWdTj�X l gY_aO;RTVQ_LueRTXJ[DIaKWdTj�OY_aOYgYMNVWdcXJILg;R^_L_Lu.GSRTK
qfO?O?XeKQGPd | X�MNGPO?dcVWOYMNILg;R^_L_LuDÁ �D¸J� l _a_aR^XJOLK�x l i8imOYVQKY�`©M2.2.2ZÆ�w�FHGPIaK | Ia_L_cR^_L_ad | OYb^O?XtR^[�´QR^gYO?XZM
GJO?R)byu£KQUfO?gYIaOYK§MQd8qfOeVQO?KWdc_Lb^O?[w�FHGJOeGJIa\cGPO?VH_aOhbcOY_aK§qsOYg?dci8O�Gyu`[JVWdc\cOYXJIag�IaX£qfO?GSR;b`Iad l V�RTXJ[
MNGPO?IaV3KQO?VWIaOYK}_aIai8ILMtKQUfO?ghMNVQR�i8O?VW\cO | I�MNG�MNGJO¥\^O?XJOYVNR^_~gYdcXZMNILX lPl i�j½_aIL¢^O¡RTUJUsO?R^VNRTXJg?O¥d^o§MNGPO
KQUfO?ghMNVQR^_¹O?XZbcOY_adcUfO?KYw
N�I � O?_]K l i8K¥d)bcO?V'KWUsOYg?IL¬JO?[ | R;b^O?_aOYXJ\^MQG ILXyMQO?V{b^RT_aK | IL_a_§qsO9UfO?V{opdcVQi8O?[ÍdcXÍMQGJO9dcqJKWO?VWb^O?[
O?XZb^O?_ad^UsOYK l KQILXJ\!¶ØgYdci8U l MzR�MNIad^XSR^_�¬S_LMQO?VWK?¸�w9FHGJIaK | IL_a_�qfO l KQOY[�MNd9O � MQVNR^ghM�R/KQOhM}d^o§X l i�j
qfO?VQK ÁÈ¶·KQIL\cXSRTM l VQO'X l iDqfO?VWK?¸ØÆ�MQd�qfO l KQO?[�R^K�MNGJO£USR^VQR^imOhMNOYVQK}MNd�qsO£imRTMNgzGJOY[�ILX�R�GJIa\^G
MNGPVQd l \^GJU l M�¬JMWMNIaXP\£UPVQd`g?O?[ l VQOTw¡¦nd^MQG�XPO l VQR^_�XJOYM | dcVW¢`K3R^XJ[�\cO?XPOYMNILg8R^_a\cd^VQILMQGJi8K | Ia_L_BqfO
IaXZb^O?KWMQIa\ZR�MNO?['RTK~UsdTMNO?XZMQIvR^_fUSRTMWMNO?VWX¡VQOYg?dc\^XJILMQIadcX¡i8OYMQGJd`[JK?wBÎ½M | Ia_a_�qfO�UfdcKQKWIaqJ_LO�MNd3\cO?XJOYVNRTMQO
MNVQR^IaXPIaXJ\�[SRTMNR8MQdmMNOYKWM�MNGJOe¬JMQMQIaXJ\8UJVQd`g?OY[ l VWO?K?w§�~M�UPVQO?KWO?XZM.O � UfO?VWIai8O?XZMzRT_�KWUsOYgYMQVNRmopdcV7MNGPO
GJO?R)byu»KWUsOYg?IaOYK8RTM}O � UfO?ghMNO?[5Î�F7�HG�g?dcXJ[PILMNILdcXJKDg?R^XJXJdTM�qsO¥\cOYXJO?VQRTMNOY[�~RTXJ[ºR^KDMNGJO¥MQVNR^Xkj
KQI�MNILdcX�R^VQVQR;u9R^VWO8imR^VW¢^O?[ku/MNOYimUfO?VQRTM l VWO}KQOYXJKQI�MNILb^O^��_ad | O?V�MNOYimUfO?VQRTM l VQO}[SRTMNR | Ia_a_>XJd^M�qfO
K l úmgYIaOYXyM?w/FHG l K}g?d^imU l MzRTMQIadcXSRT_�imd`[JO?_L_aILXJ\ | Ia_L_�qfO�VWO?_LIaO?[ l UfdcXµMNd \cO?XJOYVNRTMQO¡KWu`XZMNGPOYMNILg
KQIL\cXSRTM l VQO3X l iDqsOYVQKeR^XJ[�UJVWd)bkIL[JODMNGPO}XJO?gYO?KQKQR^VWu9MQVNR^ILXJIaXP\¡[SRTMNR^KQOhMNK?w3F�d¡MQO?KWM�MQGJO}VQdcq l KWM{j
XJOYKQK3dTo~MNGJO�¬JMWMNIaXP\�UJVWdkgYO?[ l VQO?KeMNGJO8KWu`XZMNGPOYMNILg�OYXyb^O?_LdcUsOYK | IL_a_�qfOmgYdciDqJILXJO?[ | ILMQG!R^ghM l R^_
XJdcILKQO8opVQdci,R^X!O � UsOYVQIai8O?XZMNR^_�[POYb`IagYO¡K l gzG»RTK�¤c��F.w>FHGJILK | Ia_L_�UJVQd`[ l gYO�MNOYKWMD[JRTMzR^KWOYMQKDd^o
¶·XJdcIaK{uf¸SKQIa\^XSRTM l VQO.X l iDqfO?VWK7MQdmqfO�¬JMWMNO?[�qZu¡MNGJO�gYdk[JOTw
FHGJO | dcVW¢8VWO?� l ILVQO?[mopdcV�MQGJO]gYdci8UJ_aOhMNIad^Xmd^o²MNGJO�GJO;R;byu�KWUsOYg?ILO?K~gYdc_a_LIaKQILdcXSR^_¯j�VQR^[JIvR�MNI¯bcOni8d`[JO?_
IaKnKQIa\^XJIL¬Sg?R^XZM;�kq l M§R^gzGJILOYbTR^qJ_LO^w�FHGJO.XPO | gYd l UJ_LIaXJ\3KQgzGJOYimO�GSR^KHqfO?OYX'd l MN_LIaXJOY[¡IaX¥gzGJR^UPMNOYV
ªJw§FHGJO'Á�Å)Ã±Æ{Ç²Ê�RTXJ[»ÁÈÅ;Ã±Æ{Ç�VQO?KWdc_Lb^O?[9qJ_Ldkgz¢'UJVWIai8ILMQILbcOYK7g;R^X/qfO3OhbTR^_ l R�MNO?[ RTM�UPVQO?KWO?XZM;w]FHGJO
KQILXJ\c_LO�Xkj½KQGJOY_a_HMNOYKWM¥gYdk[PO�opdcV�MNGJO�ÁÈÅ)Ã±ÆÈÇÊ¯Ì�VQOYKQdc_ l MNILdcX | IL_a_HqfO O � MQO?XJ[JOY[ÍMNd!OYXJg?dcVWUsd^VNRTMQO
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R^X�O?XZMQIaVQO3qJ_ad`gz¢ UJVWIai8ILMQILbcOTw�FHGJIaK | IL_a_rMNGJOYX�qfO l KWO?[�MNd¥MNOYKWM�g?d^XJ[JO?XPKNRTMQIadcX�KQgzGPO?i8O?K?�rMNGPO
OY�sO?ghMNK8d^o§MNGJO¥VWO?[JILKWMNVWIaq l MNILb^O¥VNRTMQO?K8R^XJ[ºi8OYMNGPdk[JK}dTo]UfdcU l _aRTMNILdcX!KWdc_ l MQIadcX²wµ�]X ÁÈÅ;Ã�Æ{ÇÊ¯Ì
qJ_Ldkgz¢mUJVQILimI�MNILb^O�g?d`[JO | Ia_L_sMQGJO?X£qsO | VWILMQMQO?Xw
FHGJOtIaXJI�MNIvRT_²qSR^KWO?_LIaXJOe[SRTMNR�opdcV7MNGPOt_Ld | _aOYb^O?_�qJ_ad`gz¢yK | IL_a_¹qfOt\^O?XJOYVNRTMQO?[ l KWIaXJ\8���7�.x�¼c®P©c�
R^XJ[ | IL_a_yqfO~UJVQd`[ l gYO?[}ILX}R^[Po�®^ª�opdcVQimRTM;w�FHGJO~[JRTMzR | IL_a_`qsOng?dci8UJ_aOhMNO�opdcV>MQGJO~KQUfO?gYIaOYK l XJ[JOYV
IaXZb^O?KWMQIa\ZR�MNIad^X�kq l MHd^o¹o�R^ILVQ_�u�_ad | � l R^_aI�M�ucwBFHGJO._Ld | _aOYb^O?_s[SRTMzR | IL_a_SMNGPO?X'qsO]K l UJUP_aO?i8O?XZMQO?[
| ILMQG/GJIL\cGJO?V�� l R^_aI�M�u'[SRTMNRmopVQdciÒgYdk[JOYK�K l gzG�R^KO��PQ%�%r�§« R^XP[RGHj½i�R�MNVQI � w§FHGPO}_ad | _aOhbcOY_
VNR�MNO?K | IL_a_§qsO�RTKQKQOYiDqJ_LO?[�IaXõMQGJO9���7�.x�¨^®c¼µR^UJUJVWdZR^gzGw FHGJO�IaXP� l O?XJgYO9d^o�MNGJO9GJIL\cGJOYV
UfdcU l _aRTMNILdcXJK¡g?R^X MQGJO?X qfO�UPVQd�´WOYgYMNOY[ dcXZMQdºMQGJO?KWO�_Ld | _Lu`ILXJ\�VQOYK l _�MNK£R^XJ[ R�UsdcU l _vRTMQIadcX
KQd^_ l MQIadcX¥dcqkMzR^ILXJO?[w
FHGJO7i8dk[ l _vR^VWIaKNR�MNIad^X3d^ofMNGJO7gYdk[JOHd l MN_LIaXJOY[8GPO?VQO§R^_L_ad | K�R^[kb^RTXyMNR^\cOHMNd�qfO~MzR^¢TO?Xmd^o²i8d`[JO?VWX
GJIL\cG�UsOYVWopdcVWi�R^XPg?O�USR^VQR^_a_LO?_BgYdcimU l MNOYVQK?wm��R^gzG!qJ_Ldkgz¢ UJVQILimI�MNILb^ODg;RTX�qfO�g;R^_Lg l _aRTMNOY[�ILXJ[JOhj
UfO?XJ[JOYXZMN_Lu3dcX�R�[JI��²OYVQO?XZM�UJVWdkgYO?KWKQIaXP\.XJdk[PO^wBFHGJOHqP_ad`gz¢tUJVWIai8ILMQILbcOYK>g?R^XDMNGJOYX�qsOHRTKQKQOYiDqJ_LO?[
IaXZMQd'MQGJO�qJ_ad`gz¢yKeR^XJ[�MNGJO}¬SXSRT_�K l UfO?VWqJ_ad`gz¢9i�R�MNVQI � w8x l gzGµUJR^VNR^_L_aOY_�MNOYgzGJXJIL� l O?KtR^VQO�_aIL¢^OY_Lu
MNd¥qfODVWO?� l IaVWO?[/opdcV�MNGJO}RTKQKQOYiDqJ_�u9R^XJ[9KWdc_ l MNIad^X d^o�MNGPOD_vR^VW\cO3imRTMQVQIagYO?K�XJO?OY[JO?[�opdcV]GPO;R;byu
KQUfO?gYIaOYK�i8dk[PO?_a_LIaXJ\Pw
FHGJO7g?d^_a_aILKQILdcXSR^_¯j�VNRT[JIvRTMQILb^O�g?d`[JO | Ia_a_kqsO7gYdciDqJILXJO?[ | ILMQG8R^X�IadcXJILKNRTMQIadcX3qSR^_vRTXJg?OHg?R^_ag l _vRTMQIadcX
MNd3UJVQOY[JIaghMHRtK{u`XyMQGJOYMQIag]opO?RTM l VQO^w�FHGPO]opO;RTM l VQO | Ia_L_�MQGJO?X¥qfO]ILKQdc_aRTMNOY[mILXZMNd3gYdci8UsdcXPO?XZMNKHRTXJ[
¬JMWMNO?['MNdDMQGJO�dcqJKWO?VWb^O?['¬S_LMQO?VWO?['O?XZbcOY_adcUfO�KQOY\cimOYXZMNK?w�FHGJO.¬SXSRT_imd`[JOY_ | Ia_L_²qfO._aILXJ¢^OY['MQd�R
UJ_aR^KQimRDMNVNRTXJKQUfdcVWM7gYdk[PO3R^XP[ l KWO?[�IaX£R8\^_adcqSRT_dcUPMQIai8IaKNR�MNIad^X�VQd l MNILXJO | GJO?VWO?IaX'MNGPO?dcVWOYMNILg;R^_
KQUfO?ghMNVQR^_�opO;RTM l VQOYK?��OY_aOYimOYXyMNR^_.g?d^XJg?OYXyMQVNRTMQIadcXPK?��[JOYXJKQI�MNILO?K'R^XJ[ KQUJRTMNIaR^_�[JILKWMNVWIaq l MNIad^XJK¥R^VWO
KQILi l _�MzR^XJOYd l KW_Lu8¬JMQMQO?['MNd8dcqJKQOYVWb^O?[ UP_vR^KWi�RDUSRTVNR^i8OYMQO?VQKYw
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