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Z�[T\�]_^a`cbd]
e�fhgji,k9fhl�imgnipodqhqsrngnl�iVtvuAwHrnxhy�fswaz{i<|}g�~�iVy�w�od�Hxsr�o�kmgnwH�v�����9od�duGl��}k9o�k9gjwH��l��}xco�k9gjwH�hi,k9w
uAwv�sl�r�k9fhl�uAl�y�fhod�hgny�odr�odrnrjwa��gj�h��qs�mw�y�l�i<i����$l�y�fcod�hgjimuAi�wHq�l��mo�k9gj�h���hxs�mgn�s��k9fhl
uAgnrjrngn�s�5qh�mw�y�l�imi�od�mlF�ml��vgjl�z�l��M�	���$kmfhl��h�mi<k�gn�hi�k�od�sy�ld��uAwv�sl�rni	od�<l��hl��Hl�rnwHq�l���kmfco�k
qh�<l��hgjy�kFk9fhlGimgj �lA�hgni�k9�mgj¡hxskmgnwH�!wd�8o$imgj�h�HrjlAuAgnrjrnl��,qCw_z{�hl���z{fhgjrnl'gn�H�swH�mgj�h��uGg£¢vgn�h�
qhfsl��hwHuAl��hos�¥¤¦uGl�k9fhw��hwHrjwH�d��gni��hl��Hl�rjwHq�l���kmfco�k�odrjrnw_z{i�l�¢sq�l��<gnuAl���k�o�rnrj��uAl§o¨�
i<xh�ml���imgnl��Hl��©���9o�y�k9gjwH�hiªk9w5¡�l�y�wH���Hl���k9l���gj��k9w��dwHrnxsuGl�k9�mgjy{y�rnxsi<k9l��8imgj �l
�hgni�k9�mgj¡hxskmgnwH�hi��
�$w��hl�r�qcod�9o�uGl�k9l��<i'�hl�i<y��mgj¡hgn�s�!kmfhl7�9o�kml�wd��od�H�H�<l���o�kmgnwH�«o��h�¬���mod�HuAl���k�o¨k9gnwd�­od�ml
wH¡vk�odgj�hl��$¡}�7�hk<k9gj�h�Gkmfhl�uAw��hl�r®~¯i	qh�ml��hgny�k9l��,o§�Hl��mod�Hl�qcod�<kmgny�rnl�imgj �lF�co�k�oAw_�Hl��
k9gnuAl
kmwVkmfco�k'uAl§odi<xh�ml���gj�¬l�¢vqCl��mgnuAl���kmi���°�gj±Cl��ml���k'imgn �l��©�hl�q�l��h�sl���k�o��H�H�ml���o�kmgnwH�«od�s�
���mod�HuAl���k�o�kmgnwH�Y�mo�k9l�iªod�ml8kml�i<kml��Ggn�'u²o��}��uGgjrnrjgn�h�	imy�l��cod�<gnwHiªod�s�Akmfhl�uGwdi<kJ�ml�odrngji<kmgny
i<gn �l����hl�qCl��h�hl��hy�l�wd�=�mo�k9l�i{gni8��wHxh�s�M�

���VkmfhlAiml�y�wH�h��qhod�<kFwd��k9fhl'k9fhl�imgji��/k9fhlA¡Cl�i<k�imgj �l��©�hl�q�l��s�hl���k5�mo�k9l�i�o��ml'�Hl��sl����
odrjgni<l��¬od�h�¬xhiml��¬z{g³k9f�o�k�zLw��©y�wHuAq�wH�hl���k'�Hl��mi<gnwH�¬wd��tvuGwdrnxhy�fhw_z{i<|�g®~¯i'i��vi�k9l�u w��
l���xho�k9gjwH�hi��!e�fhgji5uAwv�hl�rLo�rnimw�gn�hy�rnxh�hl�i5¡hgj�cod�<�VuAg³¢vgn�s��qhfhl��hwHuAl��co�¡��´y�wH�hi<gn�hl����
gj�h��y�rnxhi�k9l��<i�k9fho�k�fho_�dl²k�z�w�k��vq�l�i�wd��y�wduGq�wH�hl��}k��$e�fsl²k�zLw¨��y�wduGq�wH�hl��}k�uGw��hl�rni
od�<l²o�qhqhrngjl��,k9w�l�¢vq�l��<gnuAl���k�odrJi<gjk9xho�k9gjwH�hiµxhi<gn�h�7k9fhlAuAl�k9fswv�hi��hl��Hl�rnwHq�l��´��wd�Fwd�hl��
y�wHuGq�wH�hl���kTuAw��hl�rji��·¶LwHuAqcod�<gn�h�8kmfhl�i<l�u5xsrjk9g£��y�wHuGq�wH�hl���kBuAwv�sl�rniCk9w{l�¢vq�l��mgjuGl���k�odr
uAl§odi<xh�ml�uGl���k9i
�dl��<gj�cl�i
k9fsl�uAwv�sl�rnrjgn�h��uGl�k9fhw���o��h���Hg³�Hl�i
�<l§odi<wH�cod¡hrjl�o��H�ml�l�uAl���k§�
¤
��gnuAqh�mw_�dl��G���mod�HuAl���k�o¨k9gnwd�A�mo�k9l	gniªimxs�H�Hl�i�k9l���k9w�l��hfcod�sy�l
kmfhl�uAw��hl�r®~¯iªody�y�xh�mody��
gj�7kmfhl�qh�ml��hgny�k9gjwH�7wd�=uAg³¢vgj�h�5�9o¨k9l�i��
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��z�wHxhrj��rngj|dlGkmw$kmfcod�h|Vu��Vimxhq�l�����gnimwd���J°����TÉdwH�ho�k9fco��´Ê�o¨kmk9gjiF��wd��fhgji�y�wd�}kmgn�}xhl��
odi<imgji<k�o��hy�l��H�Hxhgj�cod�hy�l�o��h��qco¨k9gnl��hy�lJk9fs�mwHxh�dfhwHxsk·u��µi�k9xh�sgnl�i��Ë�Mo�uÌodrni<w
�H�mo�k9l���xhrH��wH�
kmfhlLo��s��gny�lJwd�sÍ��mwd�Î�¨Ïµ�9o�fcoduÌ�$y§¶8od�<km�hl��Fo��h��Í��<wd�Î�¨ÉdwHfh��Ê´w�w��Fwd�Fkmfhlªkmfhl�wd�<��od�s�
qh�mody�kmgny�odrng³k9gnl�iJwd�/uGl�y�fcod�hgjy§odrCodrjrnw_��gn�h�h�}o��h����wH�Jk9fhl���xs�h�hgn�s�5qh�mw_��gn�sl���¡���ÐJÍªtsÑ�¶��

���µ���mgjl��h�siTo��h��y�wHrnrjl§od�Hxsl�i/gn�µk9fslL°�l�qcod�<kmuGl���kTw��he�fhl�wH�ml�k9gny�odrv�$l�y�fhod�hgny�i=fco§�dl
qh�<w_�vgj�hl��´u5xhy�f«odqhqs�ml�y�g�o�kml��pl��hy�wHxh�9o��Hl�uAl���k§��e�fhwHi<l�gn�pu²o¨k9l��<g�odrjiµimy�gnl��sy�l�fco§�dl
qh�<w_�vgj�hl���gn����odrjxcod¡hrjl�fhl�rjq�z{gjk9f�u��²l�¢vqCl��mgjuGl��}k9odrÒi<kmxh�hgjl�i��

Ó=gn�hodrnr³�H�¨�·z�wHxhrj�Arjgn|�lLk9w�kmfcod�h|5u����ÔoduAgnr³����wH�=k9fsl�gn�=imxhqhq�wH��k§��od�h�AÐ�rnl�od�hwH�=z{fsw
fco�i	qs�mw_��gn�hl���kmfhl�uGwHi�k{l��hy�wHxh�mod�Hl�uAl���k
wd�=odrnr®�
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Ö ×�Ø ]_^aÙÒÚTÛ·bd]aÜ�Ù Ø Ö
Ý � Ý ����k9�<wv�hxsy�gn�s�AuAl�y�fhod�hgny�odr/odrjrnw_��gn�h�Þ�F�F���F���F�F�F�F�F���F���F�F���F� ß

Ý � Ý � Ý �$wv�sl�rnrjgn�h��uGgjrnrngj�h��uGody�fhgj�hl����à���F���F�F�F�F�F���F���F�F���F� á
Ý � Ý �ãâ �$wv�sl�rnrjgn�h��qcod�<kmgny�rnlµ�Hl�wHuGl�k9����od�h��uAl�y�fcod�sgny§o�rMuGg£¢vgn�h�����F� Ýaä
Ý � Ý �¯å �$wv�sl�rnrjgn�h���hgni<rnw�y§o�kmgnwH�hi��s�hg³±Bxsimgnwd�7od�h���ml§o�y�k9gjwH�7qh�mw�y�l�imi<l�iÌ�æâ Ý

Ý �ãâ e�fhlFy�w�o��Hxhr�o¨k9gnwd�v�©���mod�HuAl���k�o�kmgnwH�'uAwv�sl�r5�F���F�F�F�F�F���F���F�F���F�æâ ä

ç è�é�êIë�ì�íQî�ìLé�ê·éLïàð{ñ
ò}ïhê·í¥ò ó{ô
õ ö ÙÒÚ·÷�øÔø®Ü Ø/ù´ú�û ÷}Ù�^_ü ý õ

âv� Ý tvgj �l��hl�q�l��s�hl���k
|dl��<�hl�rji-�F�����F���F�F���F���F�F�F�F�F���F���F�F���F�OåHå
âv�ãâ tvwHrjxsk9gjwH�hiL��wd�	þpÿ������I�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F�Oå��

âv�ãâv� Ý �$wv�sl�r Ý ���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F�OåHá
âv�ãâv�ãâ �$wv�sl�r·âK���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F�Oå��
âv�ãâv�¯å �$wv�sl�r/å¼���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F�Oå��
âv�ãâv��ß �$wv�sl�rÒß ���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F��ß
	
âv�ãâv� ä �$wv�sl�r ä ���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F��ß Ý

âv�¯å ���hl�odrngjiml��7y�odrny�xhr�o�kmgnwH�si ���F�����F���F�F���F���F�F�F�F�F���F���F�F���F��ß}â
ý �
����÷}^¨Ü��p÷ Ø ]_`cø ö ÷�] û ÙÒÚ ` Ø Ú���÷�\§Û·ø�]a\ ���

ås� Ý tsoduAqhrjl�qh�ml�qcod�mo�k9gjwH�I�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F��ß�á

gngng
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ås�ãâ tsoduAqhrjl�qh�mw�y�l�imi<gn�h���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F��ß�á
ås�¯å tsoduAqhrjl��hgj��gjimgnwd�P���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F� ä â
ås��ß tsoduAqhrjlµod�codr³��imgni����F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F� ä â

ås��ßh� Ý tvgnl��vgj�h���F���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F� ä â
ås��ßh�ãâ tsÐª�*od�h��ÐJ°�#¿o��codrj��i<l�i �F�F���F���F�F�F�F�F���F���F�F���F� ä �

� $F÷�^¨Ü�%�ü/Ü Ø·ùVú�û ÷ ö ÙÒÚ/÷�ø®\ &('
ßh� Ý ¶LwH���Hl��<kmgn�h�Aimgj �l�uGl�odimxs�ml�i$�����F���F�F���F���F�F�F�F�F���F���F�F���F� ä �
ßh�ãâ °�l�kml��<uGgj�co�k9gjwH��wd�T�9o¨k9l�qcod�moduGl�k9l��mi*)�od�s�,+��F�F�F�F�F���F���F�F���F�-�Hå
ßh�¯å ¶8odrjy�xhrno�k9gj�h�5imgj �l��hgji<k9�<gn¡hxvk9gnwd�hiL�F���F�F���F���F�F�F�F�F���F���F�F���F�/. Ý

& Z0���Tø ü/Ü Ø/ù ] û ÷ ö ÙÒÚ·÷�øÔ\ ' õ
ä � Ý ¤�rÒgj��o'fswH�mgj �wH��k�o�rM¡codrjrBuAgnrnr²���F���F�F���F���F�F�F�F�F���F���F�F���F�Oá ä
ä �ãâ ¤�r£��¶Lxv�Îtvg ¶ gj�$oYfhwd�mgn �wH��k�odrB¡codrnrBuGgjrnr ���F���F�F�F�F�F���F���F�F���F�Oá��
ä �¯å �$�'z{gjkmf�t�g ¶ qcod�<kmgny�xhr�o�kml�gn�7rjwaz�l��sl��m���7¡codrnrBuGgjrnr¦�F���F���F�F���F�Oá��
ä ��ß ¤��hodrj��imgji�wd�T�co�k�o'qhxh¡srngni<fhl��7¡��7¤�gj|}gn�7od�h��¶LwHxh��k9�hl��¬���F���F�F���F�-�Hå
ä � ä tvxhuAuGod�<�²wd�=wd�hl��©y�wHuAqCwd�hl���k{uAwv�hl�rnrjgn�h� ���F�F�F�F�F���F���F�F���F�-� ä

çhç 132�ì:ë�ì�í î�ìLé�ê·éLï�ð{ñ	ò}ïhê·í¥ò 454

6 ö ÙÒÚ·÷�øÔø®Ü Ø/ù´ú�û ÷}Ù�^_ü Ö87(7
�s� Ý Ïµl��hl��9odrjgnimgj�h�µt�uGwHrjxhy�fhw_z{im|}g®~¯iËl��}xco�k9gjwH�hi=kmw�k�z�w���y�wHuGq�wH�hl���k�i<��i<kml�uAi Ý 	Hâ
�s�ãâ ¶Lfhw�wHimgj�h�'|dl��m�hl�r/��wd�muAi �F�����F���F�F���F���F�F�F�F�F���F���F�F���F� Ý 	 ä
�s�¯å ¤��hodrj��imgji�wd�·k9fhl�uAwv�hl�rJ���F�����F���F�F���F���F�F�F�F�F���F���F�F���F� Ý 	Há

�s�¯ås� Ý 9 l��m�hl�rÒgn�h�sl�q�l��h�hl���k�od�hodrj��imgjiÌ���F���F�F�F�F�F���F���F�F���F� Ý 	Há
�s�¯ås�ãâ �$wv�sl�r Ý ���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F� ÝHÝ 	
�s�¯ås�¯å �$wv�sl�r·âK���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F� ÝHÝ â

� �
����÷}^¨Ü��p÷ Ø ]_`cø;:�Ù<�=�·`h^¨ÜÔ\�Ù Ø Ö�Ö &
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.v� Ý e8z�w���y�wHuGq�wH�hl���k5y�rjxhi<kml����hgni�k9�mgj¡hxskmgnwH�hiFod�s��imgjl��Hl��­imgj �l²uAl§o�imxh�<l��

uAl���k9i	od�h�?�F���F���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F� ÝHÝ �
.v�ãâ Ð=¢vqCl��mgnuAl���k9odrÒuGg£¢vgn�h�5uAl§o�imxh�<l�i����F�F���F���F�F�F�F�F���F���F�F���F� ÝHÝ �
.v�¯å Ð=¢vqCl��mgnuAl���k9odrÒy�wHuAqcod�<gni<wH�������F���F�F���F���F�F�F�F�F���F���F�F���F� Ý â Ý
.v��ß ¤���gnuAqh�<wa�dl������9o��HuGl���k�o�kmgnwH��|�l��m�sl�r��F���F���F�F�F�F�F���F���F�F���F� Ý âdå

' :�Ù Ø b�øÔÛT\§Ü�Ù Ø \ Ö ý(&
ás� Ý tvxhuAuGod�<� �F���F���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F� Ý å ä
ás�ãâ Ócxsk9xs�mlµzLwd�m|Q���F���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F� Ý åHá
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Ý � Ý ÍTw_z{�hl��
gji�|}�hl§od�sl���o�i	uAgnrjrngj�h��uAl��sg�oYy�wHrjrngj�hld�}�F�F�F�F���F���F�F���F� ä
Ý �ãâ e�fhlY�h�dlGi�k�od�Hl�i�wd�L�$l�y�fco��hgny�odrJ¤�rnrjw_�vgj�h���hl�imy��mgn¡�l��V¡��GFLl���HmoduAgn�

od�h�JIJwHrjgn�GKL�NM®�ª��rjrnxhi�k9�mo�k9gjwH��o�� kml��	��odxs�mgny�lFod�h��¶LwHxh�<km�hl��GK ä 	�M��
���F� .
Ý �¯å tvy�fhl�u²o¨k9gnyµw��Ëo'y�wH���dl���k9gjwH�codrÒwH�{fhwd�mgn �wH��k�odrB¡codrnrCuGgjrnr"�Ôl��h�$��gnl�zO���¬� Ý 	
Ý ��ß tvy�fhl�u²o¨k9gny	wd�/oFu²o��H�hl�kmgny�odrnr³�5y�wd�}km�mwHrjrnl��²fhwH�<gn �wH��k�odrc¡co�rnr�uGgjrnrP��l��h�

��gnl�zO���E���F�F���F���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F� ÝHÝ
Ý � ä tvy�fhl�u²o¨k9gnyµw��Ëo'qhr�o��hl�k9od�<�²uGgjrnr"��k9wdq7��gjl�zO���Y�F�F�F�F�F���F���F�F���F� Ý â
Ý �Q� °�gj±Cl��<l���k{y�fcodu�¡Cl��{k���q�l�i	xhiml��$��wH�8��gj¡h�9o�kmwH�<�²uGgjrnrjgn�h�h�E�F���F�F���F� Ý å
Ý �R. tvy�fhl�u²o¨k9gnyµw��Ëo�k<k9�<gjk9wd�8�hl�i<gn�H�si��"���F�F���F���F�F�F�F�F���F���F�F���F� Ý ß
Ý �¯á ���hl�odrngji9o�kmgnwH�'wd�Òfswazào§�dl��9o��Hl�qco��<k9gjy�rjl	i<gn �l�y�fcod�s�Hl�i��hxh�mgj�h��uAgnrjrngj�h�h�

FLl���HmoduAgn��od�h�JIJwHrngj�M~�i8�h�HlFi<k9od�Hl�i	wd�=odrnrjw_�vgj�h�S�Ôi<l�l��c�Hxh�<l Ý � âT�{o��ml
r�o�¡Cl�rnrnl��M�­e·wpi<xhuGuGod�<gniml���gj��i�k�od�dl Ý qcod��k9gjy�rnl�i'od�mlJU�o�k<k9l��hl��M��gn�
i<k9od�HlFâ5r�o�uGl�rnr�o��Jz�l�rj�hgn�s�Aw�y�y�xh�mi��ci<k9od�Hl�å5��wH�muAi8l���xsg�o¨¢vl��=�ÔrnoduAl�r³�
r�o��V�Gqco��<k9gjy�rjl�i��	i<k9od�Hl!ß«gn��k9�<wv�sxhy�l�i��9od�h�swHu z�l�rn�sgn�h�­wH�<gnl��}k9o�k9gjwH�
od�h��i<k9od�Hl ä �ml��c�hl�i	qcod��k9gjy�rnl�i<k9�<xhy�kmxh�ml��´�F���F�F�F�F�F���F���F�F���F� Ý �

Ý �Q� �$l�k�odrjrngny$y����vi�k�odrji��hl���wH�mu qhr�odi�k9gjy§odrjrj�¬odi�rno�kmkmgny�l$�hl���l�y�kmi�uGgj�H�9o�kml
z{gjkmfhgn��kmfhl�y��<��i�k�odr®� �F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F�æâHâ

��g
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Ý � Ý 	�Ê fhl��po��sgnimrjwvy�o�k9gjwH��¡�l�y�wHuAl�iµqhgj�h�hl��!o¨k�k�zLw7q�wHgn��kmiµod�,l�uAgjk<k9gj�h�

�hgjimrnw�y§o¨k9gnwd��i<wHxh�<y�lYuGo_�7¡�l5y��ml§o¨k9l��B��e�fhl5rjgn�hl�i��<l�qh�<l�iml���kµk9fhl�od�v�
��od�hy�gn�h�µy��<��i<k9odrc�hl���l�y�k�z{fhgjy�fGuAw_�Hl�i�gn�5k9fsl��hgn�<l�y�kmgnwH�Ygj�h�hgjy§o�kml��Y¡��
k9fsl5od�<�mw_z{i��ObÒwvy�odrnr³�H�hk9fsl�uGo�k9l��mg�o�rÒgni	l�¢vqCl��mgjl��hy�gn�h��oAimfhl�od��i�k9�<l�imi
wH�$oYqhr�od�slµqcod�9o�rnrnl�rCkmw'kmfhl�qcodq�l����cwH�mgjl���k9l��7�dl���k9gny�odrnr³�H�­�F���F�F���F�æâdå

Ý � ÝHÝ ¶L�<��i�k�odr/i<km�mxhy�k9xh�<l�i��-�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F�æâ ä
âv� Ý þpÿ��c���ª��wH�8uAwv�sl�rni�â5od�h� ä y§o�rny�xsr�o�kml���xhi<gn�h�Yl���xho�k9gjwH�hid��â�� âT	��Lod�h�

��â��ãåHå��Fod�s��k9fhl²��odrjxhl�i�wd�*)Vod�h�e+'�Hg³�Hl��´gn��eTod¡hrjl�âv�ãâv��e�fsl²k�zLw
y�xs�<�Hl�i�od�<lµgn�hl���k9gny�odrM¡��7�hl�imgn�d�M�,���F�F���F���F�F�F�F�F���F���F�F���F��ß�å

âv�ãâ ¶Lrnxsi<k9l��
i<gn �l��hgji<k9�<gn¡hxvk9gnwd�hi�y§odrjy�xhrno�k9l��$�}xhuAl��<gny�odrnr³�²���mwdu:l��}xco�kmgnwH�
� Ý � Ý âT�Lxhimgj�h�Yk9fhl�qcod�moduAl�k9l��8��odrnxhl�i{gn��eTod¡hrnl�âv�ãâv�8�F�F���F���F�F���F��ßHß

ås� Ý tvy�fhl�u²o¨k9gnyµw��=l�¢sq�l��<gnuAl���k�o�r/odqhqcod�mo�k9xsi����F���F�F�F�F�F���F���F�F���F��ß
�
ås�ãâ fBwH FtvgjuGwdrnw_�Hl��{¶��,	 Ý z{gjkmf7kmfhl�y�fcodu5¡�l��{gj�7k�z�wA�hgj±Cl��<l���k	uGw��hl�i��µ� ävÝ
ås�¯å Ïµl��hl��9o�kmgn�h�$o$i<gn �lG�hgni�k9�<gn¡hxskmgnwH�!¡co���y�fco��<k����<wHu"o7imgnl���gn�h�$l�¢vqCl����

gnuAl���k��g�Ôo
��i<fhw_z{iGo�i<gnl��Hl7i<k9ody�|��ªz{g³k9f�k9fsl�qCw_z{�hl��Y���9ody�k9gnwd�hi�rno¨�
¡�l�rnrjl��7¤*h}���ce�fhl�y�wH�m�<l�i<qCwH�s�hgn�h�'¡co��mi
od�mlµi<fhw_z{��gn�i�Ô¡j���ak
wdkmlµk9fhl
r�o�¡Cl�rnrngj�h�Vwd�µk9fhlmlh��o¨¢vgni��Ãe�fhl��h�codr�¡hod���	r�od¡�l�rjrnl�� Ý 	�	T	�uGgjy��mwd�hi
�ml�qh�ml�iml��}kmiFodrnr/uGo�k9l��mg�o�rMk9fco�k
z{gnrjr·�swdk�qco�imi�kmfhl5ß}â ä uGgjy��mwd��imgjl��dld�
e�fhl	�c�Hxh�<l Ý 	�	T	Ffco�iL¡�l�l��²y�fhwHiml���¡��²l�¢soduGgj�hgn�s��kmfhl�qhod�<kmgny�rjl�ionËodrjr
z�wHxhrn��qcodi<i�k9fh�<wHxh�Hf$o Ý uAu4i<gnl��HlFuGl�imfM�����F�F�F�F�F���F���F�F���F� ä å

ås��ß e·l�uAqCwH�modr�y�fhod�h�Hl«gn�Ìqco��<k9gjy�rjl´imgj �l«�hgji<k9�<gn¡hxvk9gnwd�Owd�'��l��<�mw��©imgnrjgny�wH�
q�waz{�sl��{wH¡sk9odgn�hl��7xhimgj�h�²o_fBwH Ft�gnuAwHrnw_�Hl���o�k	�hg³±Bl��ml���k{i<qCl�l��hi��,���F� äHä

ås� ä �$gjy��mwd�H�9odqsfhiÒwd��k9fhl�uAgnrjrnl��	��l��<�mw��©imgnrjgny�wH��q�waz{�sl��mi���tvuGodrjr��§l���xsg�o¨¢vl��
qcod��k9gjy�rnl�i�o��mlFimfhw_z{��k9fho�k�fco§�dl�l�i<y§odq�l��,fsl§o§�}��qh�<wvy�l�i<imgn�s���hxh�<gn�h�
k9fsl�gn�'k9gjuGl�gj��kmfhl$uAgnrjr��¬e�fhl�rnod�m�dl��pU�od|�l��©rngn|�l$qhod�<kmgny�rjl�iA¡Cl�y�wHuAl
uAwH�mlµy�wHuGuAwH�7odi{uAgnrjrngn�s��qh�<wH�H�<l�imi<l�i������F���F�F�F�F�F���F���F�F���F� ä .



W�X !P�Y��Z[Z X]\_^�` �a! ��gngjg
ßh� Ý Í=o��<k9gjy�rjl��Hl�wHuGl�k9���²gjiLgnuAq�wH�<k9od��k�z{fhl��7gn��k9l��mqh�<l�k9gj�h�Yimgj �l�uAl§o�imxh�<l��

uAl���k9iµwH¡vk�odgj�hl��,¡��,i<gnl���gj�h�h�dFLwdkmf!kmfhlYqcod��k9gjy�rnl�i�imfswaz{�,z{gjrnr=qhodimi
k9fs�mwHxh�df²oµimgjl��dl	z{g³k9fAodq�l��<kmxh�ml{�H�<l§o�kml��Ëkmfcod�rq�¡hxskJkmfhl{qcod�<kmgny�rnl�wH�
k9fslFrjl�� k{fco�i
oYu5xsy�f$fhgj�Hfhl��8�HwHrjxhuGl��"���F���F�F�F�F�F���F���F�F���F� ä �

ßh�ãâ ����k9l��mq�wHr�o�kmgn�h�
o
y�xhu5xhrno�k9g³�Hlªxh�h�hl��mi<gn �lLimgn �lL�hgji<km�mgn¡sxsk9gjwH�M�Òe�fhl8�ho�k�o
gni�k9od|dl��V���<wHuÇkmfhlYgn�sgjk9gnodr·qCw_z{�hl��Fxsiml��Vgn��kmfhlY��xhrnrTqCw_z�l���l�¢vq�l��<g³�
uAl���k§��e�fslY�co�k�oGqCwHgj��k9i�o��ml��sl�k9l��muAgn�hl��,l�¢vq�l��mgjuGl���k�odrjrj��od�h�$k9fhl
k9fs�ml�lª�hl�od���©gn�hl��}kmgny�odrdrjgn�hl�i/od�mlJ�Hl��hl��mo�k9l���¡��µ�hg³±Bl��ml���k·gn��kml��mq�wHrno�k9gjwH�
k9l�y�fh�hgj��xsl�i����F���F���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F�-��	

ßh�¯å s�xcod�h�mo�k9gjy²wH��y�xh¡sgny�i<qhrngj�hlG�hk<k9gj�h��uGo§�´gj�}kml��<qCwHrno�k9lGo�uAwH�hwdkmwH�hg£�
y§o�rnrj�Ggn�sy��ml�odimgj�h�'�co�k9o'i<l�k	z{gjkmf��<l��HgjwH�hi�wd�T�hl���o�k9g³�Hl��H�mod�hgnl���k§�?���F�-� Ý

ßh��ß Ïµl�wHuAl�km�<��xsiml���k9w'uAwv�hl�rÒoYqCw_z{�hl��
qhod�<kmgny�rjld���F�F�F�F���F���F�F���F�-��â
ßh� ä Ó=g³kmk9gj�h�5o��H�H�ml���o�kmgnwH��o��h�����9od�HuAl���k9o�k9gjwH���9o¨k9l��©qcod�moduGl�k9l��mi�)God�h�S+

k9w²�co�k�o²���<wHu:k9fhl���xhrnr·qCw_z�l�����l��m�mw¨��imgjrngjy�wH��l�¢vq�l��mgjuGl���k§�F¶LwH�hi�k�od��k
k9fsgny�|}�hl�i<i
�sgnimy�qco��<k9gjy�rjl��Hl�wduGl�k9�<��gni�xhi<l��M� �F�F�F�F�F���F���F�F���F�-� ä

ßh�Q� Ó=g³kmk9gj�h�5o��H�H�ml���o�kmgnwH��o��h�����9od�HuAl���k9o�k9gjwH���9o¨k9l��©qcod�moduGl�k9l��mi�)God�h�S+
k9w²�co�k�oA���mwHu:k9fsl���xhrnr·q�waz�l��
��l��m�<w���i<gnrjgny�wd�$l�¢sq�l��<gnuAl���k§��e�fhgn�h�sgn�h�
�hgjimy�qcod��k9gny�rnl��dl�wHuAl�km�<��gji�xhiml��M�7���F�F���F���F�F�F�F�F���F���F�F���F�-�
.

ßh�R. tvgjl��Hl��«imgn �l��hgji<k9�<gn¡hxvk9gnwd�hi��Hl��hl��mo�k9l��«¡}��odqhqhr³��gn�h��kmfhl�uAwv�sl�rniFk9w
�co�k9o����mwHu?k9fhl5��xhrjr=q�w_zLl��Fl�¢vqCl��mgnuAl���k��'tvgn �lYy�wH���dl��mi<gnwH�si�xhi<lYk9fhl
y�wd�hi<k9od��k	kmfhgny�|}�hl�imi
�hgni<yµimy§o�rngn�s�h� �F�F���F���F�F�F�F�F���F���F�F���F�/.då

ßh�¯á tvgjl��Hl��«imgn �l��hgji<k9�<gn¡hxvk9gnwd�hi��Hl��hl��mo�k9l��«¡}��odqhqhr³��gn�h��kmfhl�uAwv�sl�rniFk9w
�co�k9o����mwHu?k9fhl5��xhrjr=q�w_zLl��Fl�¢vqCl��mgnuAl���k��'tvgn �lYy�wH���dl��mi<gnwH�si�xhi<lYk9fhl
k9fsgn�h�hgj�h�Y�hgjimy�imy�odrngj�h�h�����F�����F���F�F���F���F�F�F�F�F���F���F�F���F�/.�ß

ßh�Q� ¶Lrnxsi<k9l��µimgj �l5�hgji<km�mgn¡sxsk9gjwH�hi��dl��hl��9o�kml��!¡��,odqhqsrj��gn�h�Gk9fhlYuAwv�sl�rni	k9w
�co�k9o����mwHu?k9fhl5��xhrjr=q�w_zLl��Fl�¢vqCl��mgnuAl���k��'tvgn �lYy�wH���dl��mi<gnwH�si�xhi<lYk9fhl
y�wd�hi<k9od��k	kmfhgny�|}�hl�imi
�hgni<yµimy§o�rngn�s�h� �F�F���F���F�F�F�F�F���F���F�F���F�/.T�



W�X !P�Y��Z[Z X]\_^�` �a! g£¢
ßh� Ý 	 ¶Lrnxsi<k9l��µimgj �l5�hgji<km�mgn¡sxsk9gjwH�hi��dl��hl��9o�kml��!¡��,odqhqsrj��gn�h�Gk9fhlYuAwv�sl�rni	k9w

�co�k9o����mwHu?k9fhl5��xhrjr=q�w_zLl��Fl�¢vqCl��mgnuAl���k��'tvgn �lYy�wH���dl��mi<gnwH�si�xhi<lYk9fhl
k9fsgn�h�hgj�h�Y�hgjimy�imy�odrngj�h�h�����F�����F���F�F���F���F�F�F�F�F���F���F�F���F�/.�.

ßh� ÝHÝ Ó=g³kmk9gj�h�Vod�H�H�<l���o¨k9gnwd��o��h�����mod�HuAl���k�o�kmgnwH�«�mo�k9l���qcod�moduAl�k9l��mi_)«od�h�
+�kmw­�co�k9o­���<wHu k9fhl,fco�rj�FqCw_z�l�����l��<�mw��©imgjrngny�wH��l�¢vqCl��mgnuAl���k��¿e�fhl
k9fsgn�h�hgj�h�Y�hgjimy�imgj �l�imy�odrngj�h�Ygni�xhi<l��M���F���F���F�F�F�F�F���F���F�F���F�/.dá

ßh� Ý â tvgjl��Hl��«imgn �l��hgji<k9�<gn¡hxvk9gnwd�hi��Hl��hl��mo�k9l��«¡}��odqhqhr³��gn�h��kmfhl�uAwv�sl�rniFk9w
�co�k9oG���mwduEkmfhl�fhodrj��q�w_zLl���l�¢vq�l��<gnuAl���k§��tvgn �l�y�wd�}�dl��<imgnwd�hiµxhiml�k9fhl
k9fsgn�h�hgj�h�Y�hgjimy�imy�odrngj�h�h�����F�����F���F�F���F���F�F�F�F�F���F���F�F���F�/.T�

ä � Ý Ð=¢vqCl��mgnuAl���k9odr��§�hk<k9l���o��h��y§odrjy�xhrno�k9l��µqcod�<kmgny�rnlTkmwdk�o�rniB��wH�ModrnxhuAgn�sgnxhu
y�wd�}�dl���k9l��«xhi<gn�h��k9fhlGy�wH�si<k�o��}k��hgni<yGkmfhgny�|}�hl�imiYodqsqh�mw§¢vgnuGo�k9gjwH�,��wH�
qcod��k9gjy�rnl�imfcodq�ld�/�F���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F�OáHå

ä �ãâ ��odi<iµ�hgni�k9�<gn¡hxskmgnwH�si�wd��odrjxhuGgj�hgnxsu:y§odrjy�xhrno�k9l���xhimgj�h��k9fslYy�wH�hi�k�od��k
�hgjimyµk9fhgjy�|}�hl�i<i�odqsqh�mw§¢vgnuGo�k9gjwH�²��wH��qhod�<kmgny�rjlµimfco�qCl��¿�F���F���F�F���F�Oádß

ä �¯å Ð=¢vqCl��mgnuAl���k9odr��§�hk<k9l���o��h��y§odrjy�xhrno�k9l��µqcod�<kmgny�rnlTkmwdk�o�rniB��wH�B¤�r³�©ßh� ä z�kut
¶Lx(v Ý_ä z�kutÞt�g ¶ày�wH���Hl��<k9l���xhi<gn�h�'k9fhl�y�wH�hi<k9od��k
kmfhgny�|}�hl�imi	�hgni<yFodqv�
qh�<w_¢vgju²o�kmgnwH�²wd�=qhod�<kmgny�rjlµimfco�qCl������F�F���F���F�F�F�F�F���F���F�F���F�Oá
.

ä ��ß ��odi<i��hgji<k9�<gn¡hxvk9gnwd�hi{wd�J¤�r£��ßh� ä z�kut:¶Lxjv Ýaä z�kVt?t�g ¶�y§o�rny�xsr�o�kml���xhi��
gn�s�Ay�wH�hi�k�od��k{k9fhgjy�|}�hl�i<i
�hgjimyFodqhqs�mw§¢vgnuGo�k9gjwH��wd�=qcod�<kmgny�rnl�i<fcodq�ld� �F�OáHá

ä � ä Ð=¢vqCl��mgnuAl���k9odr��h�hk<k9l��,od�h�$y§odrjy�xhrno�k9l��$qco��<k9gjy�rjl�kmwdk�o�rni���wH�
�$�Gz{g³k9f
âT	��dwHrctStvg�¶­y�wH���Hl��<k9l��Gxsimgn�s��k9fhgj�h�hgn�s���hgni<y�odqhqs�mw§¢vgnuGo�k9gjwH��wd��qco����
k9gjy�rjl�imfco�qCl��¼���F���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F�Oá��

ä �Q� ��odi<i��hgni�k9�mgj¡hxskmgnwH�hi
wd�L�$��z{gjkmfVâT	��Hwdrct?tvg ¶æxhimgj�h��k9fsgn�h�hgj�h���hgjimy
odqhqs�mw§¢vgnuGo�k9gjwH��wd�Tqcod��k9gny�rnlµi<fcodq�ld�L�F�F���F���F�F�F�F�F���F���F�F���F�-��	

ä �R. Ð=¢vqCl��mgnuAl���k9odr��L�skmk9l�� od�h��y§odrjy�xhrno�k9l���qco��<k9gjy�rjl�kmwdk�odrjiY��wH�Gy�wHqhq�l��
y�wd�}�dl���k9l���xhimgj�h�Yk9fhgj�h�hgn�s�Y�hgni<y�o�qhqh�mw§¢vgnuGo�kmgnwH��w��=qco��<k9gjy�rjl�imfco�qCl����-�dß

ä �¯á ��odi<iË�hgji<k9�<gn¡hxvk9gnwd�hiÒ��wH�Ty�wHqhq�l��Txhimgj�h��k9fsgn�h�hgj�h�	�hgni<y8odqhqs�mw§¢vgnuGo�k9gjwH�
wd�Tqcod��k9gny�rnl�i<fcodq�ld�O�F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F�-���



W�X !P�Y��Z[Z X]\_^�` �a! ¢
ä �Q� Ð=¢vqCl��mgnuAl���k9odrCqhod�<kmgny�rjl�k9wdk9odrniJ���mwHu¥¤
gn|}gn�²od�h�7¶LwHxs�<k9�sl���~¯iLy�fh�mwHuY�

gnxsuÞl�¢vq�l��mgjuGl���k K�â�M/qhrjwdkmkml��$odrnwH�s�Himgj�hl��hkmkml���od�h��y�odrny�xhr�o¨k9l��7qco����
k9gjy�rjl	kmwdk�odrjiª���<wHu uAwv�hl�rMâ�xhimgj�h��kmfhl
kmfhgn�h�sgn�h���hgni<y�odqhqs�mw§¢vgnuGo�k9gjwH�
wd�Tqcod��k9gny�rnl�i<fcodq�ld�O�F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F�-�
.

�s� Ý ¶Lrnxsi<k9l��{y�wHuAqCwdimgjkmgnwH�²gni{odr³k9l��<l���odi{qcod��k9gjy�rnl�i8zLl�rn�$od�h�7���9ody�k9xh�<ld���F� Ý 	 Ý
.v� Ý e�fhl,i<gn �l��hwHuGodgn��wd�Fopk�z�w���y�wHuGq�wH�hl���k7y�rnxsi<k9l����hgji<k9�<gn¡hxvk9gnwd�gwVxzy {

gni²imfhw_z{�M��z{g³k9f rjgn�hl�i�wd�Fl��}xcodr
�HwHrjxhuGl�k9�<gny�y�rnxhi�k9l��²imgn �l,u²o��m|dl��M�
e8z�wY�ml�rno�k9gjwH�hi<fhgnqhiJ¡�l�k�z�l�l���k9fhl	�HwHrjxhuGl	wd�/uAwH�hwHuAl��<iJwd�Ò�hg³±Bl��ml���k
uGo�k9l��mg�o�rni|��}(~!o��h��}<���8od�<lFy�wH�hi<gn�hl��ml��B�T�F���F�F�F�F�F���F���F�F���F� ÝHÝ .

.v�ãâ ��¡sk�o�gn�hgj�h��uAwv�sl�r�qcod�9o�uGl�k9l��<i8¡��²�hk<k9gj�h��k9w�k�odr�qcod��k9gny�rnl
imgn �l�gn�Gk9fhl
uAwv�hl�r�� �hkmkml�����xh�sy�k9gjwH�(��k9wY�co�k9o����mwduQ¤
gn|}gn��od�h��¶LwHxh��k9�hl���~¯i	¶Lx�h
Ýaä �dwHrct'¶L��uAgnrjrngn�s��l�¢vq�l��<gnuAl���k��Ôl�¢sq�l��<gnuAl���k�o�rÒ�co�k�o����ª���F���F�F���F� Ý â Ý

.v�¯å ��¡sk�o�gn�hgj�h��uAwv�sl�r}qcod�moduGl�k9l��mi*�Ôodi�od¡�w_�Hl��/��wH�=�co¨k�o
���<wHuÌ¤�gn|}gj�Yod�h�
¶LwHxh��k9�hl���~¯i�¶Lx�h Ýaä �HwHr�t�k	¡$uAgnrjrngj�h��l�¢vqCl��mgnuAl���k��S�F�F���F���F�F���F� Ý âHâ

.v��ß ¶Lrnxsi<k9l��µ�hgni�k9�<gn¡hxskmgnwH�si�y§o�rny�xsr�o�kml���xhi<gn�h��uAw��hl�rËâ�od�h�!qcod�moduGl�k9l��mi
�hk<k9l��7k9w'¤
gn|}gn��od�h��¶LwHxh��k9�hl���~¯i�¶Lx�h Ýaä �HwHr�tA¶L�{uAgnrjrngn�s��l�¢sq�l��<gnuAl���k§� Ý â�ß

.v� ä tvgjl��Hl���i<gn �l��hgji<k9�<gn¡hxvk9gnwd�hiYy§odrjy�xhrno�k9l���¡��«uAwv�sl�r	â!od�ml�y�wHuAqcod�<l��
z{gjkmf�k9fhlJ�<l�imxsrjk9iM���<wHuà¤�gn|}gj��od�h��¶LwHxh��k9�hl��C~�iT¶Lx�h Ýaä �HwHr�tA¶L�ÒuAgnrjrngj�h�
l�¢vq�l��<gnuAl���k§�����F���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F� Ý â ä

.v�Q� Óc�9ody�k9gjwH�hiMwd��qhxs�mlJod�h��y�wHuGq�wHi<gjk9l=qcod�<kmgny�rnl�iBqh�ml��hgny�k9l���¡���kmfhl�uGw��hl�r
od�<l�y�wduGqco��ml���z{gjkmf�l�¢vq�l��mgjuGl���k�odr/uAl§odi<xh�ml�uGl��}kmi�uGod�hlF¡}�$¤�gj|}gn�
od�h��¶LwHxh��k9�hl��H�µ�F���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F� Ý âT�

.v�R. e�fhl7�ml�r�o�kmgj�dl�l��m�<wH�Ygn�sy�xh�<�ml��­z{fhl�� odqsqh�mw§¢vgnuGo�k9gj�h�G���cl��r���cl��
��� ����� Ý � ��� �L¡�������cl��a��lj����l/�G���F�F���F���F�F�F�F�F���F���F�F���F� Ý ådß
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Ý � Ý tvwHuAlFl�¢vqCl��mgjuGl��}k9odr/qCw_z{�hl���i<gn �l�i<kmxh�hgnl�i��{e�fhl5i���u5¡Cwdr��G�hl��hw�k9l�i
k9fsl	gj��k9l��<�codrc�hgnoduAl�k9l���wd��k9fhl	uGgjrnr�y�fcodu5¡�l�����od�GgjuGq�wH��k�od��k�qco��9oduY�
l�kml��	o�±Cl�y�k9gn�s�'kmfhl�gnuAqcody�k8�Hl�rnw�y�gjk���gn��k9xsu5¡hrngj�h�YuAgnrnrji��­�F���F�F���F� Ý á

âv� Ý Êpl�rn�sgn�h�'od�s�����mody�kmxh�ml��9o¨k9l�i{xhi<l��$gn��k9fslF��od�<gnwHxhiLuGw��hl�rji�������l§ody�f
y§o�imld�<)God�h��+�od�ml�y�wH�hi<k9od��k	�9o�kml���qhod�9oduAl�kml��<i8k9w'¡Cl��hl�k9l��muAgn�hl��M�²�F�Oådß

âv�ãâ Í=o��9oduAl�kml��mi�xhiml���k9w�gjrnrnxsi<k9�mo�k9l�k9fsl5�hgj±Cl��<l��hy�l�i�¡�l�k�z�l�l��puAw��hl�rji�â
od�h� ä �S���F�F���F���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F��ß�å

ås� Ý tvgjl��Hl�i<gn �l�i
xsiml��7��wH��qco��<k9gjy�rjlµimgn �l�od�codr³��imgni��p�F�F�F�F�F���F���F�F���F� ä å
ßh� Ý FLl�i<k{�hk{��odrnxhl�i8��wH�*)²o��h�,+	��wH�8l§o�y�f�wd�·k9fhlµuAw��hl�rji Ý h ä �Ôi<l�l���âv� Ý �

odi�wH¡sk�o�gn�hl���¡���Ïµ�}xhqhrnw�k�K�.T	�M���wH�L�ho�k�o����<wHu k9fhl
��xhrnr�q�waz�l��Ll�¢vqCl����
gnuAl���k��hqh�ml�iml��}kml���gj�m��ås��ßh� Ý �«���F���F�F���F���F�F�F�F�F���F���F�F���F�-���

ßh�ãâ FLl�i<kA�hkG��odrjxhl�i'wd��)­od�h�g+²��wH�'l§ody�f�wd��kmfhl$uAw��hl�rji Ý h ä ��wH�Yk9fhl
fcodr³�·qCw_z�l��{l�¢vq�l��mgjuGl���k
�ho�k�o5���mwdu ��ås��ßh� Ý ��e�fhlµk9fsgn�h�hgj�h�Y�hgjimyµimgj �l
imy�odrngj�h�Ygni�xsiml��B�K���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F�/. ä

ßh�¯å ¶LwHuAqcod�<gn�h��wd����odrnxsl�iÒwd�¡)�od�h��+·��wdxh�h����wH�Ò�hgj±Cl��<l���k·uGgjrnrjgn�h�ªimq�l�l��hi��
e�fhlFqcod�moduGl�k9l��mi
od�mlµ��wHxh�s��xhi<gn�h�AuGw��hl�r·âAod�s�$k9fsl�kmfhgn�s�hgn�h�A�hgjimy
qcod��k9gjy�rnl��Hl�wHuAl�km�<�d�	�F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F�Oá�	

¢vg
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ä � Ý Iªod�<g�o�kmgnwH��gj�Vod�H�H�<l���o�kmgnwH��kml��h�sl��hy��H��)c�·od�h�!���9o�y�k9xs�mlYk9l��h�hl��sy��H�"+

��wH�A�$�!z{gjkmf«�hgj±Cl��<l���kGod�h�hg³k9gnwd�hiYwd��tvg ¶��Ëe�fsl���odrjxhl�i'fco§�Hl�¡�l�l��
��wHxh�s�¬xsimgn�s�,uGw��hl�rLå�z{gjk9f�kmfhl�k9fsgn�h�hgj�h�,�hgjimy7odqhqs�mw§¢vgnuGo�k9gjwH�´wd�
qcod��k9gjy�rnl�imgn �ld�
���F���F�F���F�����F���F�F���F���F�F�F�F�F���F���F�F���F�-� Ý

ä �ãâ Iªod�<g�o�kmgnwH��gj�Vod�H�H�<l���o�kmgnwH��kml��h�sl��hy��H��)c�·od�h�!���9o�y�k9xs�mlYk9l��h�hl��sy��H�"+
��wH���hg³±Bl��ml��}kªuGo�k9l��mgnodrni��Te�fhl{��odrnxsl�i�fco§�Hl	¡�l�l��A��wHxh�h�Axhi<gn�h��uAwv�hl�r
â�z{gjkmf�kmfhlµk9fhgj�h�hgn�s�Y�hgni<y�odqhqh�<w_¢vgju²o�kmgnwH��w��=qco��<k9gjy�rjl�imgj �ld� �F�F���F�-� ä

�s� Ý ¤��d�H�ml���o�k9gjwH�Fod�h�����9od�duGl��}k9o�k9gjwH���9o�kml�i·xhiml���¡���uAwv�hl�rni Ý od�h��âv�T���
¡�wdk9f'y§o�iml�ia)5o��h�_+Lod�<l	y�wH�hi�k�od��kª�9o�kml��©qcod�9o�uGl�k9l��<i=k9w�¡�l��hl�kml��<uGgj�hl��M� Ý 	
.

.v� Ý �$wHrnod�8�HwdrnxhuAl�i8��wH�	¶LxB��¶L���(k
¡$o�k
âT�dá 9 l�rj��gn�M�=�F�F�F���F���F�F���F� Ý âT	
.v�ãâ Í=o��9oduAl�kml����do�rnxhl�iFwd¡sk�odgj�hl��V¡��!�hkmkmgn�h��k9fslGuAwv�sl�rniµkmw$¤
gn|}gn�pod�h�

¶LwHxh��k9�hl���~¯i	uGgjrnrjgn�h��l�¢vqCl��mgjuGl��}kmi����F�F���F���F�F�F�F�F���F���F�F���F� Ý âHâ
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¤
rnrnw_���hl�i<gn�H��gni/od��od�hy�gjl���kTod�<k��T¤
iTl�od�mr³��odi·á�	�	{¤�°­k9fsl8ÉHodqhod�hl�i<lªz�l��<lLqh�<wvy�l�i<imgn�s�
uAl�k9odrniµk9w$fhwH�hl'k9fsl²q�l��<��wd�muGod�hy�lAwd��k9fhl�gn�Fi<z�wH�m�hi��7e�fhl�gj��uAl�kmgny�xsrnwHxhiFo�k<k9l��}kmgnwH�
kmw��sl�k�o�gnr=qs�mw��hxhy�l��py�xskmkmgn�h�7¡hrnod�hl�i�k9fco�kFo��ml5z{gn�sl�rj���ml���od�m�sl��Vodi�k9fsl'�h�hl�i�k�l��Hl��
uGod�hl���e·w��co§�H�Tz{g³k9fVk9fhl²od�s�Hl���k5wd��uGodi<i�qh�<wv�sxhy�kmgnwH�´od�h�´�sl�z odqhqhrjgny�o�k9gjwH�hi���wH�
odrjrnw_��i���k9fhl�gnuAqCwH��k�od�sy�lFwd�ªodrnrjw_�7�hl�i<gn�H���<l�uGodgn�si���¤
rnrjwa��i
od�ml�i<k9gjrnr·od�,o�y�k9g³�HlYo��ml§o
wd�T�ml�iml�od�my�fM�

e�fhlAi<z�wH�m�pu²od|�l��<iFw���á�	�	�¤�° imwdxh�Hf�k��Ôo_�dwHxh�mod¡hrnl'uAl�y�fco��hgny�odr�qh�mwdqCl��<k9gjl�i�gn�
kmfhl�gj��uGo�k9l��mg�o�rni�qh�mw��hxhy�gn�h��o�i<km�mwH�h�s�Ëimfco��mq­¡hrnod�hld�,ª
w_z�l��Hl�����odrnrjw_�vgj�h��y§od�­o�rnimw
o�±Cl�y�k'k9fhl7y�fhl�uGgjy§odr®��l�rnl�y�km�mgny�odr��JuGod�H�hl�k9gjy�od�h�­k9fsl��muGodr8qs�mwHq�l���k9gnl�iYwd�
u²o�kml��<g�odr®�
�$w��hl��m�­odrjrnw_��i�od�mlA�hl�imgn�d�hl��Vk9w�qs�mw_��gn�hlGo�y�wHu5¡hgj�co�kmgnwH�!wd�L�hgj±Cl��<l���k�qs�mwHq�l���k9gnl�i��
¡co�r�od�hy�gn�h�'y�wHi<k
od��o�gn�hi�k{qCl��<��wH�<u²od�sy�ld�Je·xh�m¡sgn�hlF¡hr�o��hl�i{gn�7q�w_zLl��
�Hl��hl��mo�k9wd�mi{�hl�l��
kmw�¡Cl5i�k9�<wH�h�h�Crngn�df}k	z�l�gn�df}kµod�h�!od¡hrjl�kmw²��xh�hy�k9gnwd�!o�k�fhgj�Hf�kml�uAqCl��9o�kmxh�ml�i�z{gjkmfhwHxsk
y�fhl�uGgjy§odrT�hl�y�wHuAqCwHi<gjkmgnwH�M�
e�fhl�i<l'qh�mwHq�l���k9gjl�i�uGod|�l�k9fhlY�dl��hl��9o�kmwH��uAwH�ml�lo«Ay�gjl���k§�
�Hg³��gn�h�YuAwH�mlµq�w_zLl���o¨k{rnw_zLl��{y�wHi�k�o��h�7l�����gn�mwd�huGl���k�odrÒl�¢sq�l��simld�

¶LwH��k9gj��xsl��V�hl��dl�rnwdqhuGl���k�gj�!kmfhlGodrnrjwa�$gn�s�hxhi<km�<�,gji��h�mg³�Hl��V¡��!iml��himg³k9gj�dl²o�qhqhrng£�
y�o�k9gjwH�hi�w���k9fhgji�k���qCl��Ëz{fhl��<l�od�­gjuGqh�<w_�Hl�uAl���k�gn��o�rnrnw_�!q�l�����wH�muGod�hy�l²qh�<wa��gj�hl�iYo
fhgj�Hf7�c�cod�hy�g�odrÒimo§�vgj�h�h�ªe�fhlFl�¢vqCl��himl�wd�Ë�sl��Hl�rnwHqsgn�h�A�hl�zOu²o�kml��<g�odrji8gni{wHxsk�z�l�gj�Hfhl��
¡���k9fhlFqCw�k9l���kmg�odr/i9o§��gn�s�Hi�odi<imw�y�gno�k9l��$z{gjkmf�i<xhy�y�l�imi���e·w²i<xhi<k9odgn���sl��Hl�rnwHqsuGl��}k�od�v�

Ý
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��od�hy�l�i�u5xhi<kª¡�l{u²od�sl	wd�Ak�z�w����<wH��k9i��=e�fhl�wH�<l�kmgny§o�rCo��s��od�hy�l�i�i<xh�H�Hl�i<k�uGl�k9fhw��hi���wH�
uGod�}xs�Ôody�k9xh�<gn�h�
�hl�z�wH�=¡�l�k<k9l��=wHqskmgnuAgni<l���uGo�kml��mgnodrni��¨z{fsgnrnl�od�s��od�sy�l�i�gj��qh�<wvy�l�i<imgn�s�
kml�y�fh�hwdrnwH�d��u²od|�l�uGwH�<l�k9fhl�wH�ml�k9gjy§odrMqs�mw��hxhy�kmgnwH��kml�y�fh�hgj�}xhl�i	�ml�odrngji9od¡hrjld�

����kmfhlFqcodi<k{kmfhl�gj�h�hxhi�k9����fcodi	¡Cl�l���rngjuGg³k9l���¡���kmfhlµk9l�y�fs�hwHrnwd�d�7o�k	fcod�s�M��e�fsl
ÉHodqhod�hl�i<l�xhi<l���i<gnuAqhrnlY��xh�<�cody�l�i��Ëwdgnr��}xhl��sy�fhgn�h�!o��h�´�hl���wH�muGo�kmgnwH�!k9l�y�fh�hgn�}xhl�i�k9w
qh�<wvy�l�i<iGk9fsl�gn�Yi�k9l�l�r���Í��mw��hxhy�k9gnwd�«zLodi'�Hl��<�¬imrjwaz��Lod�h�¬wH�hr³�­o!imuGodrnrLoduGwdxh��kGw��
uGo�k9l��mgnodrLzLodiGqs�mw�y�l�i<iml�� o�kAwH�hl�k9gjuGl�� �$w��hl��m��qs�mw�y�l�i<imgj�h�´�<l�rngjl�iYwH�¬k9fhl�i9o�uGl
qh�<gn�hy�gnqhrjl�i�o�i²k9fhl�imlVod�hy�gnl��}k�kml�y�fh�sgn�}xhl�i���xhi<gn�h��kmfhl��<u²odr�od�h� �hl���wH�muGo�kmgnwH� qs�mw��
y�l�imi<l�i��³ª
w_zLl��Hl����µzLlVfco§�HlpuGwd�ml,q�waz�l�����xhr�uGl�k9fhw��hi7wd��fhl§o�kmgn�h�s��y�w�wHrjgn�h�«od�s�
�hl���wH�muAgn�s��uGo�k9l��mg�o�r��·od�h�´�h�hl��5y�wH��k9�<wHr���e�fhgni�uGw��hl��m�´kml�y�fh�hwdrnwH�d�podrjrnw_z{iFxhi�k9w
qh�<wv�sxhy�lFy�wHuAqcod�mo�k9g³�Hl�rj�Gl�¢vwdk9gjyµu²o¨k9l��<g�odrji8wH��oYr�od�<�Hlµimy�odrnl��

eTl�y�fh�hwHrjwH�d�²od�s��od�hy�l�gni�y�wHuAqhrjl�uAl���k9l���¡}�²o5�hl�l�q�l���xh�h�sl��mi�k�od�s�hgn�h�Yw��Òk9fhlµo�r³�
rjwa��gj�h�'qh�mw�y�l�imi��8Ê fsgnrnl�kmfhl�ÉHodqcod�hl�iml�|��sl�zæk9fho�k{k9fhl��7y�wHxhrj��o�rjk9l���k9fhl�qh�<wHqCl��<kmgnl�i
wd�Lo�uGo�k9l��mg�o�rTxhi<gn�h��fsl§o�kµkm�ml§o¨k9uAl���k9i��MzLl'�hw_zI|}�hw_zSk9fco¨kµk9fhl�imlYk9�<l§o�kmuGl��}kmi�od�v�
H<xhi�k�k9fhl{i�k9�mxsy�k9xs�ml{wd��k9fhl{o�rnrnw_�d�Hy�fcod�h�dgn�h��kmfhl�y����vi�k�odrjrngj�hgjk���od�h�Ykmfhl�gn��k9gju²o�y��Fz{gjk9f
z{fhgjy�fYk9fhl8y�wH�hi�k9gjkmxhl���kJy�fhl�uGgjy§odrjiËod�<l8uAg³¢vl��M��s�xcod��k9g³k�o�kmgj�Hlªk9fhl�wH�mgjl�i�o�rnrnw_z«qh�<l��hgjy��
kmgnwH��wd�/kmfhlµqh�mwdqCl��<k9gjl�i8�<l�i<xhrjkmgn�h�5���<wHu4o5qhod�<kmgny�xsr�od�ªk9�ml�o�k9uAl���k���e�fhgni��Hg³�Hl�i{o5fhgn�Hf
�hl��H�ml�l²wd��y�wd�}km�mwHrJw_�Hl��FkmfhlGodrnrjwa��qh�mw��hxhy�k�od�h�´i<qCl�l��hiFk9fhl'�hl�imgj�H�´qh�<wvy�l�i<i��²e�fsl
kmfhl�wH�<gnl�iYodrni<w�fhgj�Hfhrngj�Hf�k�od¡himwdrnxskml�wH��qs�9ody�k9gny�odrLrjgnuAgjkmiµwd�
o�qcod��k9gny�xhr�o���qh�<wvy�l�i<imgn�s�
kml�y�fh�hwdrnwH�d�d�hz{fhl��<l�oY�hl�imgj�ml���uAgny��<wHi<km�mxhy�k9xh�<l�y§od�h�swdk{¡ClFody�fsgnl��dl��M�

e�fhl­�hl�l��Ìk9w w_�Hl��my�wduGl�kmfhl�i<l¬rjgnuAgjk9o�k9gjwH�hi�fcodi,�s�mgj�dl��Ìgn�s�hw_�do¨k9gnwd��k9w_zLod�m�si
�hl�z qh�mw�y�l�imi<gn�h��k9l�y�fh�hgn�}xhl�i8gn�sy�rnxs�hgn�h�µl��}xcodr�y�fcod�h�sl�rCod�h�Hxhrnod��l�¢�km�mxhi<gnwH�m�®Ðª¶L¤�Ða���
�modqhgn�«i<wHrngj�hgj�cy�o�k9gjwH�­od�s����od�mgjwHxhiYq�w_z{�hl��AuGl�k�odrjrnxh�<�d�pqh�mw�y�l�imiml�i���¤��m�dxcod¡hr³��k9fhl
uAwHi<k²imxhy�y�l�imi<��xsrµwd��k9fsl�iml,�sl�zEk9l�y�fh�hgn�}xhl�i�gni²�$l�y�fhod�hgny�odr�¤
rnrjwa��gj�h�´�®�$¤|����fsl����
odrj�hl���odi{k9fhlmµ<¤�rjr�od�hgj�M~�i�r�oduAq7wd��q�waz{�sl���uAl�k9odrnrjxh�m���·¶Y¡���eµ��ª��C¶LwHxh��k9�hl��[¸]¹�ºT»½¼
K�âHâ�M®�	�$l�y�fhod�hgny�odrnr³�7odrjrnw_�Hl��$uGo�k9l��mgnodrni{od�<l�o�rn�ml�od�s��xsiml��$��wH�
fsgn�Hf��ml�k9xh�<��odqhqsrngny�o¨�
kmgnwH��gj�$kmfhl5�hl���l��hy�l'od�h�,q�waz�l���gn�h�hxsi<k9�<gnl�i�od�h�,i<l��dl��9o�r=k���qCl�iµwd�Jodqhqhod�9o�kmxhi�fco§�dl
¡�l�l����hl��dl�rjwHqCl���k9w'k9�<l§o�k
q�waz{�sl����­��xh�{k9l�y�fh�hwHrjwH�d�7gji
y�l��<k9odgn�srj��y�odqcod¡hrjl�wd��uGod�v�



��¬­£�®
��� `°¯�±[X ��� ` �*² ^ �­� X ��� å
xs�Ôo�y�k9xs�mgn�s�puAl�y�fco��hgny�odr{odrnrjw_�vi'o��h��y�wHuAuGl��my�gnodr8gj�}kml��<l�i<kAfco�iGuAwdk9g³��o�k9l��¬i�k9xh�sgnl�i
gj�}kmw'�$¤Ow��Òu²o��}�G�hg³±Bl��ml���k8odrnrjwa�'i���i<k9l�uGi��aª
w_zLl��Hl����hk9fsl�y�wHi�k�wd�/�hl��Hl�rnwHqhgj�h�'�$¤
uGo�k9l��mgnodrni8�<l�uGodgn�si8fhgn�df$o��h�$qs�mwHfhgj¡hgjkmiLk9fsl�gn��xsimlFgn��uGodgn�hi�k9�<l§odu4odqhqhrjgny§o¨k9gnwd�hi��

¶Lxh�m�<l���k��$¤E�ml�i<l§od�<y�f�fhwdqCl�iAkmwVrjw_zLl��'kmfhl�i<l$�sl��Hl�rnwHqsuGl��}kAy�wHi<kmiAkmfh�mwHxs�Hf�o
¡�l�k<k9l��=xh�h�hl��mi<k9od�h�hgj�h��wd�ckmfhl8qh�<wvy�l�i<i��Ë¤8k=qh�ml�iml���k�kmfhl8�hl��Hl�rjwHqhuAl���k�y��vy�rnl8gj���HwHr³�Hl�i
o�iml��<gnl�i�wd�Ll�¢vqCl��mgjuGl��}k9odr�k9�<g�odrji��²e�fsl²qh�<wv�hxsy�k�gni��H�9o��hxcodrjrj�,�<l��c�hl��M�T�h�mi<k�gn�!k9fhl
rnod¡Cwd�9o�kmwH�<�¬od�s� k9fhl�� o�k�o´qs�mw��hxhy�kmgnwH��imy§o�rnld��¤P¡Cl�kmkml���xh�s�hl��<i<k�o��h�hgn�s�­wd�µk9fhl
qh�<wvy�l�i<imgn�s���ml�y�l�g³�Hl�� ¡}�«kmfhl�q�w_z{�hl��AzLwHxsrn� o�y�y�l�rnl��9o�kml��hl��Hl�rjwHqhuAl���k�o��h��rjwaz�l��
y�wHi<kmi���e�fhl�xsrjk9gju²o¨k9lY�Hw�o�r�gjiFkmw�y�wH��km�mwHrªk9fhgji��hl�z4qs�mw�y�l�i<iYodi�ody�y�xh�9o�kml�r³��odiFk9fhl
y�wH���Hl���kmgnwH�co�rsk9l�y�fh�hgn�}xhl�iªod�ml�y�wH��k9�<wHrnrjl��M�dodrnrjw_z{gn�h�	y�wH�v�c�hl���kJwHqvk9gnuAgnimo�k9gjwH�Fwd��odrnrjw_�
qh�<wHq�l��<kmgnl�i
o��h�7l�y�wd�hwHuAgny§o�rMqh�mw��hxhy�k9gjwH�7wd�=uGo�kml��mgnodrni�wH�$o'rnod�m�dlµimy§o�rnld�

e�fhl�uGo¾H<wH�<gjk��«wd��y�wHuAuGl��my�g�odrjrj�V��xh�h�hl��à�$¤-�<l�iml�od�my�f fhodi²y�wH�hy�l���k9�9o¨k9l�� wd�
kmfhl�qh�<wv�hxsy�k9gjwH��wd��o�qcod��k9gny�xhr�o���qh�<wv�sxhy�k��,tvl��Hl��modr8y�wHuGqsrnl�¢´odrjrnw_�,i��vi�k9l�uGiYfco§�dl
¡�l�l�� i<kmxh�hgnl��M�{od�h��u²o��}�«�sl�z?qhfhl��hwHuAl��coVfco§�Hl�¡�l�l�� wH¡hi<l��<�dl��M�àe�fhl�iml�i�k9xh�v�
gjl�i²fho_�dl�imfswaz{��uGl�y�fcod�hgjy§odr
odrnrjw_�vgj�h�,k9wp¡Cl�opy�wduGqhrjl�¢¬qh�<wvy�l�i<i�����od����w���k9fhl
l�uGqhgj�mgjy§odrjrj�A�hl��dl�rjwHqCl���kmfhl�wd�mgnl�i{wd�=uGo�kml��mgnodrB¡�l�fho_��gjwHxh��gn�7y�xh�m�<l���k�xsiml�y§od�s�hwdk	¡Cl
l�¢vkm�9odq�wHrno�k9l��'kmwµ�hl�i<y��<gn¡�l	�$¤ u²o�kml��<g�odr®�Ò¤�iªo�y�wH�siml��}xhl��hy�l��suAwHi<kJy�xh�m�<l���kªuGw��hl�rni
�hl�imy��mgn¡�l*H<xsi<k	imwHuAlFwd�=kmfhl�y�fhod�h�Hl�i
k9fho�k
od�ml�ody�fhgjl���od¡hrjl�kmfh�mwdxh�Hf��$¤���Ð=¢soduGqsrnl�i
gj�hy�rjxh�hl�uAw��hl�rjiªkmfco�k8y�wH�hy�l���k9�mo�k9l�wd��y�fhl�uAgny�odr��hgj±CxhimgjwH�Gz{g³k9fhgj�²q�w_z{�hl��8qhod�<kmgny�rjl�i
KL�dßTMÒwd�8uGgjy��<wHi<km�mxhy�k9xh�modrBy�fco��h�Hl�i{o��h��zLwH�<|²fco��m�hl��hgn�h�'wd�/kmfhlµu²o¨k9l��<g�odr�K ß�áNM®�ªtvgnuY�
gjr�od�<rj�H�Òkmfhl�uAwv�hl�rni�qh�<l�iml���k9l��¬gn�Vk9fhlGr�o�kml��Fy�fcodqskml��<i5wd��k9fsgni�k9fhl�imgni�l�¢soduAgn�hl�H<xhi<k
kmfhl{imgn �l��hgni�k9�<gn¡hxskmgnwH�'o��h�'uGg£¢sgj�h��y�fco��9ody�k9l��<gni�k9gny�i�wd��k9fhl{uAgnrnrjl���qCw_z{�hl��mi���gn�d�hwH�mgj�h�
y�fco��h�Hl�iGgn�«uAgny��<wHi<km�mxhy�k9xh�<l�od�h�¬y�fhl�uAgni�k9�<�d�´k	wdk9l��Lfhw_z�l��Hl����8kmfco�k'k9fhl�qcod�moduAl��
kml��mi²gn��kmfhl�i<l,uGw��hl�rji²o��ml��hl�k9l��muAgn�hl�� l�uAqhgn�<gny�odrnr³��imw�kmfhl���z{gnrjr��Lgj� imwduGl�z8o§�H�
ody�y�wHxs�}k{��wH�LuGgjy��mwdi<k9�<xhy�kmxh�9o�rMod�h��y�fsl�uAgny§o�rM�hgj±Cl��<l��hy�l�i�¡�l�k�z�l�l����hg³±Bl��ml���k{uAgnrjrngn�s�
i<y�l��hod�mgjwHi��

e�fhgni�gj��k9�mw��hxhy�k9wH����y�fco�qsk9l��	rjwvwd|�i{o¨k{odrnrBodimq�l�y�k9i	wd�TuGl�y�fcod�hgjy§odrÒo�rnrnw_��gn�s�h�Te�fsl
�hl�¢�k
i<l�y�k9gnwd�$�Hg³�Hl�i{od�7wa�dl����vgjl�zæw��=uAl�y�fco��hgny�odrModrjrnw_��gn�h�s�v�hgjimy�xhimi<gn�h�A�ml�rnl���od��k{uGo¨�
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y�fhgj�hl����!od�h�,kmfhlYy�fcod�h�dl�i�wH¡hi<l��<�dl��Vz{gjk9fsgn�,q�waz{�sl��µqcod��k9gjy�rnl�i���ÐË¢vq�l��<gnuAl���k9i�od�s�
uAwv�sl�rni	y�wd�hy�l��m�hl���z{gjk9f�k9fhl�u²o�y�fhgn�hl��<��od�s��y�fcod�s�Hl�i�gj��q�w_z{�hl��
qh�mwHq�l���k9gjl�i��sxh���
gj�h�7�$l�y�fcod�hgjy§odrT¤�rnrjw_�vgj�h��o��ml5�<l���gnl�zLl��M��e�fhl��M��� Ý �ãâ²gn��k9�<wv�hxsy�l�iµtvuGwdrnxhy�fhw_z{i<|�g®~¯i
uAwv�sl�r��dwH�Yz{fhgny�fAwHxh��uAwv�sl�rniËod�ml{¡codi<l��M��od�s�G�hgjimy�xhimi<l�iJk9fhl{�ml�imxhr³k9i�wd�CimwduGl�xhi<l���xhr
i�k9xh�hgjl�i	y�wH�s�hxhy�kml��$wH��k9fhl�i<��i�k9l�u��

e�fhl�rno�k9l���y�fco�qsk9l��miYwd��kmfhgniFk9fhl�imgni5od�ml²od�m�mod�h�Hl���gn�´k�z�w,qcod��k9i��,Í=od��k5���hl�odrni
z{g³k9f«uGgjrnrjgn�h�7wd��H<xhi�k'wH�hl�uAl�k9odrnrjgnyAqCw_z{�hl���n7¶Lfco�qsk9l��²â�rjwvwd|�i5o�k5k9fsl�uGw��hl�rjrngj�h�
kmfhl�wH���H�Ë¶Lfcodqskml��5å��hl�i<y��<gn¡�l�i5o7imgjuGqsrnl'uGgjrnrjgn�h�Gl�¢vqCl��mgjuGl��}k�y�wd�h�hxhy�k9l��pk9w$�dl��<gj� �
kmfhlYuGw��hl�rni��B¶Lfcodqvk9l��µß²�hl�k9odgnrji�fhw_zSk9fhl5l�¢vqCl��mgnuAl���k9odr=�co¨k�o�od�s�,uGw��hl�rji�y�od�,¡Cl
xhi<l��7k9wH�dl�k9fsl����c�dgj��gn�h���ml�i<xhrjkmi�wd�/k9fhl�i�k9xh�s�d��od�h�$¶Lfcodqvk9l�� ä �<l�q�l§o�kmi{kmfhgni8od�codr³�vi<gni
z{g³k9f�o!z{gj�hl$�mod�h�Hl7wd��l�¢vq�l��mgjuGl���k�odr{�co�k9oVwd¡sk�odgj�hl��«���mwdu k9fhl�rng³k9l��9o�kmxh�ml���ÍTod�<k
�<�Yrnw�wH|}iGo¨k²fhw_zE¡hgj�cod���­i<��i<kml�uAi�uAg³¢«gj��k9fsl$uAgnrjr���¶Lfcodqskml��0�V�Hl��sl��9o�rngni<l�i'k9fhl
uAwv�sl�rniY���<wHu ¶Lfcodqvk9l��²âv�Lod�h��¶Lfcodqskml��¿.Vodqsqhrngjl�iYk9fhl�iml�uGw��hl�rni5k9wV�co�k9o!k9od|dl��
���<wHuÞrng³k9l��9o�kmxh�ml��

À�Á�À ÂPÃÅÄ�ÆÈÇJÉ�Ê�ËOÌÍÃmÎ Ï Ð|Ë�ÑmÒÓÃ�ÌÍË*ÒpÔÕÒÓÔÍÔ�Ç�ÖSÌÍÃmÎ

�$l�y�fcod�hgjy§odr�odrjrnw_��gn�h��gji·o{��xh�s�coduAl���k�odrjrj�
�hgj±Cl��<l���k=odqhqh�<w�ody�f�k9w
odrnrjwa���©u²od�}xs�Ôo�y�k9xs�ml
¡�l�y�odxhimlFgjk8�ml�rjgnl�i�wH�7�hl���wH�<u²o¨k9gnwd��qh�mw�y�l�imiml�i	kmw'uGg£¢�uGo�k9l��mgnodr��T���$y�wH��k9�9o�i<k§�hkm�9od�sg³�
kmgnwH�co�r�kml�y�fh�sgn�}xhl�i�xsiml�fhl�o�kLkm�ml�o�k9uAl���k9i8od�h��y�fhl�uGgjy§odr��ml�ody�kmgnwH�si�k9w�y�wHu�¡hgn�hl�odrnrjw_�
y�wHuGq�wH�hl���k9i��Je�fhlµqs�mwHq�l���k9gnl�i8wd�/y�wH���Hl���kmgnwH�co�rÒodrnrjw_�vi�u²o§�G¡Cl�od��H<xhi�k9l��7¡���o�qhqhrj���
gj�h�,�hl���wd�muGo�k9gjwH��qh�<wvy�l�imi<l�iA¡hxskYkmfhl��hl��d�ml�l�w��
�sl���wH�<u²o�kmgnwH��o�kmk9odgn�co�¡hrnlGgni5rjwaz�l��
kmfcod�7k9fco�k	o�y�fhgnl��Hl���k9fh�<wHxh�Hf��$¤��

e�fhlªl�¢�k9�<l�uAlL�hl���wH�muGo�k9gjwH�µl�¢vq�l��<gnl��sy�l���¡}�FuAgnrjrnl��µuGo�kml��mgnodrHgjiTo���gj�}km�mgj�himgjyªqhod�<k
wd�Jkmfhl'�$¤Iqs�mw�y�l�i<i��FeT�<l§o�kml��!q�waz{�sl��mi�o��ml5uAg³¢vl���¡}�$k9fhl�¡codrnrji�gj�,o�¡codrjrTuAgnrjrngn�s�
uGody�fhgj�hld��imgnuAgnrnod�Bkmw�k9fco¨k=i<fhw_z{�Ygn���h�Hxh�ml Ý �¯åp�×� Ý � Ý � Ý �sl�imy��mgj¡Cl�i=uAgnrnrjgn�h�Lu²ody�fsgn�hl��<�
gj�à�sl�k�o�gnrc��� ¤�i�k9fslV¡hodrnrji�y�wHrjrngj�hld�{k9fhl!q�w_z{�hl��<i�od�<l,k9�9o�qhqCl���y�odxhi<gn�h�­k9fsl�u k9w
�hl���wH�mu¥o��h�²uAg³¢5xh�h�hl��LoFy�wH��k9gj�}xhl��G|��sl§od�hgj�h��ody�kmgnwH�,���c�dxh�ml Ý � Ý ���Ë¤
rjkmfhwHxh�Hf'¡co�rnr
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Ø½ÙoÚ�Û�Ü¾Ü¾ÝßÞoÙoàzá8â Ø½ãNÚåäcæ;Ü�Ù]à×ç�â Øèà�ÚPéÍê�Ü�ÙuÝzÙVçßëQÞoì8â
Ó=gn�Hxs�ml Ý � Ý nJÍTw_z{�hl��
gji�|}�hl§od�sl���o�i	uAgnrjrngj�h��uAl��sg�o5y�wdrnrngj�hld�

uAgnrjrni�fcod�­qh�<l���gnwdxhimr³�´¡�l�l��¬xsiml��«¡��pq}���<wdk9l�y�fh�hgny�g�od�si5k9w,uAg³¢VuAl�k�o�rnrngjy'qCw_z{�hl��mi��
FLl���HmoduAgn�-KQ.�M
z8o�i²k9fhl$�c�mi�k�k9w�i<qCl�y�g³�cy§odrjrj�«�<l��c�hl�kmfhl�i�k9�<xhy�kmxh�9odr�qh�mwHq�l���k9gjl�i²w��
uAl�k9odrnrjgny�uGo�kml��mgnodr·¡}��¡codrnr=uGgjrnrngj�h�h��ª	lAy��ml�o�k9l��´o��hgjy�|dl�rJ¡co�iml��VimxsqCl��9odrjrnw_��xhi<gn�h�
od��o�kmkm�mgjkmwH�	uGgjrnr���e�fsl5uGgjrnrMzLodi�wH�<gn�Hgj�codrjrj�G�hl�i<gn�H�hl���k9w�uAg³¢�qhodgn��k9i�od�h�,gj�h|}i�¡hxsk
fhl�xsiml��Agjk=k9w�odrjrnw_��o�uGg£¢�w��Bqhxs�ml{od�h�Yqs�ml���odrnrjw_�Hl��YuAl�k9odrsq�w_z{�hl��<iªod�h�'imuGodrnr�imgj �l��
y�l��9o�uGgjyµ�hgni<qCl��mimwdgn�hi���ª
l��coduAl��7k9fhl�qh�<wvy�l�i<i0µ9��l�y�fcod�sgny§o�rÒ¤�rnrjw_�vgj�h�h��¶

tvgn�sy�l'k9fhl��«�$l�y�fhod�hgny�odrª¤�rnrjw_�vgj�h�7fcodiF¡Cl�l��­o�qhqhrngjl��!k9w$u²od���!�hg³±Bl��ml��}k�q�waz8�
�hl���uAg³¢vl�i��A�©k�fhodi�¡Cl�l��p��wdxh�h�!k9fco�kF�hg³±Bl��ml��}k�odrjrnw_��i���i<k9l�uGiF�ml�ody�kFk9w7uAgnrjrngn�s�²gn�
�hg³±Bl��ml��}kµzLo§��i��hl�qCl��h�hgj�h�7wH��k9fhl'u5xvk9xcodrTimwHrjxh¡hgjrngjk��$od�s�V�<l§ody�k9g³�vg³k���w��ªkmfhlYy�wdu'�
q�wH�hl��}kmi���k9fhl�gn�	uGl�y�fcod�hgjy§odrÒqh�<wHq�l��<kmgnl�i�od�s��k9fhl�k���qCl�wd��uAgnrjrngn�s�5l��}xhgjqhuGl���k�xhi<l��M�
°�l�imqhg³k9l�kmfhl�i<l8�hg³±Bl��ml��sy�l�i�FLl���Hmo�uGgj��od�s�ÓIJwHrngj�0KL�NMvgn�hl���k9gj� �µ�s�Hl8qh�<wH�H�<l�imi<gj�dl8i<k9od�Hl�i
wd�=odrjrnw_��gn�h�ín
Ý ��î `h^_]aÜ®b�ø�÷Åï=`v]§]_÷ Ø Ü Ø/ù nËk9fslFqhod�<kmgny�rjl�i{od�<l�U�o�k<k9l��sl���¡�l�y�wHuAgn�h�pU�o�|dl��©rngj|dld�
âv�;ð ÷�ø®Ú·Ü Ø·ù �·^¨÷�Ú/Ù<��Ü Ø ` Ø bH÷ nËk9fhl�U�o¨kmk9l��hl��7qco��<k9gjy�rjl�iLz�l�rj�7kmw5��wH�muQr�o�uGl�rnr�o��
wd��r�o§�Hl��ml��$y�wHuAq�wHimg³k9l�qco��<k9gjy�rjl�i��

ås� ��ñMÛTÜ�`¡�Ò÷�Úò�·`h^_]aÜ®b�ø�÷ó%©Ù�^N�p`s]aÜ�Ù Ø n!k9fhl,rnoduGl�rnrnod�Yqcod��k9gny�rnl�i�od�ml��hw­rnwH�s�Hl��
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Ucod|dl�rjgn|�ld�=¡�l�y�wHuAgn�h�7k9fhgjy�|dl��5od�h�´�mwHxh�s�hl��M�$e�fhl²i<fcodq�l²y�fco��h�Hl�gji�y�odxhiml��
¡���kmfhlµzLwH�<|�fcod�<�hl��sgn�h�'wd�·k9fhl�q�w_z{�hl��<i��

ßh� �²` Ø Ú/Ù<�õô5÷�øÔÚTÜ Ø·ù Ù�^¨ÜÔ÷ Ø ]§`s]aÜ�Ù Ø n/Óc�9od�duGl��}kmiË���mwHuÌk9fsl	l��}xhg�o¨¢vl��Aqhod�<kmgny�rjl�i
i�k�od��k�kmw$z�l�rj�´gn�V�hg³±Bl��ml���k�wH�mgjl���k�o¨k9gnwd�hiFod�h�pkmfhlAr�oduAl�rjr�od��i�k9�<xhy�kmxh�mlGi<k�o��<k9i
�sl��H�mod�hgn�s�h�

ä �
ö ]_÷}`cÚÒüÌ\�]_`v]_÷[�T^aÙÒbH÷�\§\§Ü Ø/ù nFe�fhlGi�k9�<xhy�kmxh�mlGwd�LkmfhlGuGo�kml��mgnodrËgjiF�d�9od�hxhodrnr³�
�<l��c�sl���odi5���9od�duGl��}kmi'od�ml�k9od|dl��¬���<wHu"k9fhl7qcod��k9gjy�rnl�i�k9fho�k'r�o�kml���z�l�rj�­z{gjk9f
w�k9fhl��{���mod�HuAl���k9i�gj�7�hgj±Cl��<l���k	wH�mgjl���k�o�kmgnwH�si��

ÍTod�<kmgny�rjl�iªgn�Gl§ody�f�w��Mk9fhl	�h�Hl�i<k�o��Hl�iLod�ml
imfhw_z{��gj��Ó=gj�Hxh�ml Ý �ãâv�Ë�©k�gniªy�wHuAuAwH�hrj�Yody��
y�l�qskml��Gkmfco�k�kmfhgniË�h�dl{i<k�o��Hl�uGw��hl�rcody�y�xh�9o¨k9l�r³�5i<xhuGuGod�<gniml�iËk9fhl�l��Hl��}kmiLwH¡siml����Hl��²gn�
o�k���qhgny�odrho�rnrnw_��gn�s��l�¢vq�l��<gnuAl���k§�Hz{g³k9fYimwduGl8��od�<g�o�kmgnwH�Fz{fhl��'q�waz{�sl��mi�z{g³k9fYqcod��k9gjy�xv�
rnod�mr³�'xh�}xhimxco�rBqh�<wHqCl��<kmgnl�iLod�ml	uAgnrnrjl��M�=�$wHi�k8uAgnrjrngn�s�µl�¢vqCl��mgjuGl��}kmi8od�<l�rjwH�h��l��hwHxh�df
kmw,�hl�uAwH�hi�k9�9o¨k9l�i�k�od�Hl�iAâ�od�h�«ås��i<w!wHxh�5uAwv�sl�rni���w�y�xhiYwH��kmfhl�l�od�mrjgnl���i<k9od�Hl�iYw��
uAgnrjrngn�s�h�

¤�i�kmfhlA�$¤ qh�<wvy�l�i<iµgni�y�wHuGqsrnl�¢�gjk�gni�y�wH���Hl��hgnl��}k�kmw�rnw�wH|�o�k5H<xhi�kµqcod��kµwd�Jk9fhl
qh�<wvy�l�i<imgn�s�²z{fhl����hl��dl�rnwdqhgn�h�GoGuAw��hl�r®����od����uAwv�hl�rni{rnw�wH|}gn�s�Go¨k
y�fhod�h�Hl�i�gn�7k9fhl
uAgnrjrnl��«q�w_z{�hl���y�od� wH�srj�«¡�l�odqhqsrngnl���kmw�o´i<xh¡himl�k�wd��kmfhl�i<l��h�dl�uGgjrnrjgn�h�,i�k�od�Hl�i��
Ócxh��k9fhl��G�hg³��gnimgjwH�hiYfco§�dl�odrjimw!¡Cl�l����hl���gni<l�� ¡hodiml���wH�¬imy�odrnl���z{gjkmf¬kmfhl7��wHrnrjwaz{gj�h�
�hg³��gnimgjwH�hi�y�wHuGuAwH�hr³�²xsiml��ån
÷ ��gnrnr	imy�odrnlNn´¡co�iml�� wH� kmfhl,�hgjuGl��himgjwH�hi²w��Fkmfhl,uAgnrnr{y�fco�u5¡Cl���od�h� uAgnrjrngn�s�
uAl��sg�os�·¤8kËk9fsgni=i<y§odrjlLk9fsl8qCw_z{�hl��Ëy�fcod�<�Hl�uGo_�F¡�l8uAwv�hl�rnrjl���odi�o�y�wd�}kmgn�}xhxhu��

÷ Í·w_z{�hl��µi<y§odrjlTn�¡codi<l��,wH�$k9fhl��hgnuAl��hi<gnwH�si
wd�ªoAqCw_z{�hl���qcod��k9gjy�rnl��­ª
l��<l5wH�hr³�
âAuGgjrnrM¡co�rnrni{�hl�l��,¡�l�y�wH�himgj�hl��<l���kmw²i<kmxh�s��k9fhl�l�±Cl�y�kmi�wd�JoGy�wHrjrngni<gnwH��wd��k9fhl
q�w_z{�hl����

÷ ��gny��<w���i<y§odrjlTn7¡codi<l���wH���sgnuAl��hi<gnwH�hi'wH�<�hl��<i'wd��uGod�H�hg³k9xh�sl�imuGodrnrjl���kmfcod� o
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Ó=gj�Hxh�<l Ý � â·n=e�fhl
�h�dl�i�k�od�Hl�iLwd�/�$l�y�fco��hgny�odrC¤
rnrjwa��gj�h���hl�i<y��mgj¡Cl���¡��rFLl���Hmo�uGgj�²od�s�
IJwHrjgn�3KL�NM®����rnrnxsi<k9�mo�k9gjwH�7o�� kml��	��odxs�mgny�lFod�h�$¶LwHxh��k9�hl��iK ä 	�M��



��¬­£�®
��� `°¯�±[X ��� ` �*² ^ �­� X ��� á
q�w_z{�hl���qhod�<kmgny�rjl � k9fhl��sgnuAl��hi<gnwH�hiLwd�·o5r�o�k<k9gjy�l��sgnimrjwvy�o�k9gjwH�(�������hr³�Gkmfhl�rnwHod�v�
gj�h�'�ml��HgnuAl�wd�·k9fhl�qco��<k9gjy�rjl��hl�l���¡�l�y�wH�hi<gn�hl��ml��M�

�©k	gni{qCwdimimgj¡hrnlµkmw²�hl��Hl�rjwHq�o'uAwv�hl�rnrjgn�h�'odqsqh�mw�o�y�f$k9fho�k	qcodimi<l�i
qCl��<k9gj�hl���k
gn�s��wd���
uGo�k9gjwH��¡�l�k�z�l�l���uAwv�hl�rni�o¨k{�hgj±Cl��<l���k{imy�odrnl�i�����odxh�<gny�l�od�h�$¶LwHxh��k9�hl��3K ßHás� ä 	s� ävÝ M
fco§�dl�xhi<l���k9fhgji{odqhqh�<w�ody�f�k9w'�Hw�wv�7l�±Bl�y�k§�ªÓ=gj�mi�k8k9fhl��7y�fcod�mody�kml��mgjimlµk9fslFuAl��sg�o5y�wdr³�
rjgnimgjwH�hi	gn��o²qcod��k9gny�xhr�o��{k���q�l5wd�JuAgnrjra�ÔuAgnrnrÒi<y§odrjl�uAwv�sl�rnrjgn�h�
���8e�fhgji�gn�v��wH�muGo�k9gjwH�7gni
qco�imiml��Vkmw7o�imuGodrnrjl��	qCw_z{�hl��µimy§o�rnlYuAwv�hl�rTkmw�rnw�wH|�o�k�k9fsl'o�±Bl�y�k�wd�JkmfhlYy�wHrjrngjimgnwd�hi
wH�7k9fsl�q�w_z{�hl��	y�fcod�<�Hld����k9fhl��
o�xsk9fhwd�mi	xhimlFl��hl��m�Hl�k9gjy�i{k9w'¡h�mgj�h�Hl�qhf���imgjy§odr/imy�odrnl�i��
ÓcwH��l�¢soduAqhrnl|b��x3¸]¹5ºT»½¼�K ß ä MCy§odrjy�xhrno�k9l	k���qhgny�odrBgjuGqco�y�k�l��hl��m�Hgjl�i�gn��o�k9xhu�¡hrngj�h��uAgnrjr
od�s�$i<xh�H�Hl�i<k	k9fco�k	oYuAgn�hgju5xhu ��odrnxslµgni{�ml���xsgn�ml�����wd��qcod�<kmgny�rnl�z�l�rj�hgn�h�YkmwAw�y�y�xh���
���hl
qhod�<kmgny�xsr�od�ªod�s��od��k9od�Hl	wd�Mk9�<l§o�kmgn�h��k9fsl�qh�<wH¡hrnl�u¥o�k��hgj±Cl��<l���k8i<y§odrjl�iLgjiªkmfco�k

kmfhl�¡�l�fco§��gnwdxh�²wd��k9fhl$uGgjrnrngj�h��uGody�fhgj�hl�����y�od��¡�l�l�¢soduGgj�hl��¬z{gjkmfhwHxsk²y�wH�hi<gn�hl����
gj�h��k9fhlAqCw_z{�hl���y�fcod�m�dld�Tod�h�
�����V¸��T¸�����ºd�Gt�kmxh�hgjl�i�fco§�HlA¡Cl�l��pu²od�sl5k9w7k9fhgjiFl��h�M�
y�fco��9ody�k9l��<gni<gn�h�­�hg³±Bl��ml��}k²k��vq�l�i�w���uAgnrjrngj�h�,u²o�y�fhgn�hl��<�d�
o��h� �hgj±Cl��<l���k7odi<qCl�y�k9i�w��
kmfhl�q�w_z{�hl���uAwH�<qhfhwHrjwH�d�H��e�fsl��hl�¢vk�iml�y�k9gjwH��i<k9od�<kmi�¡���rnw�wH|}gn�h�Go�k	k9fhl�uGgjrnrMi<y§odrjld�
�hl�imy��mgn¡sgn�h�Ay§o�kml��Hwd�mgnl�i{wd�ËuGody�fhgj�hl�od�h�$�ml���gjl�z{gn�s�'kmfhlFuGw��hl�rjrngj�h��k9l�y�fh�hgj��xsl�i
kmfco�k
fco§�dl,¡Cl�l�� odqhqsrngnl���k9w´l§ody�f y�o�k9l��HwH�<�d�ÌÓcxh�<kmfhl��Giml�y�k9gjwH�hi�rjwvwH|¬o�k²qh�mwd�H�ml�imimg³�Hl�rj�
i<u²odrjrnl��8imy�odrnl�i��

ô��<ô���ô � ì��µê���� ��é"!Þí#� �����<é"!4í#$�%'&(��é�ê�)hñ
¶Lfco��9ody�k9l��<gni<gn�h��kmfhl7uGwdkmgnwH�´wd�	uGgjrnrngj�h�7uGl��hg�o�gji5y�wduGuAl��<y�g�o�rnrj�!gjuGq�wH��k�od��k§�VÓcwH�
y�wH���Hl��sgnl��sy�ld�Òqs�mw��hxhy�kmiµod�<l5�hl��dl�rjwHqCl��,¡���uAgnrjrngn�s�YimuGodrnrÒ�}xcod��kmgjk9gjl�i
wd�JqCw_z{�hl���gn�
o�rnod¡�wH�9o�kmwH�<��imy�odrnlGuGgjrnr��Ge�fhl��}xcodrjgjkmgnl�i�wd�Lk9fhlGqCw_z{�hl���qh�<wv�hxsy�k5�sl�q�l��h��wd�´k9fhl
km�ml§o¨k9uAl���k�gjuGqhod�<kml��!¡��,k9fhlAuGl��hg�ov�Òimw�uAgnrjrngj�h�²qco��9oduAl�kml��miFod�<lAod��H<xhi�k9l��pgn�!k9fhl
rnod¡Cwd�9o�kmwH�<�«k9w­wdqsk9gjuGgjiml7k9fhl,qh�<wv�sxhy�k�� ���hy�l!o�qh�mw��hxhy�k�gni²�h�codrngjiml�� gjk²z{gjrnr	¡Cl
uGod�}xs�Ôody�k9xh�<l��«gn�«o,r�o��m�Hl��5qh�mw��hxhy�k9gjwH�­imy�odrnl�uAgnrjr��,e�fhl7qh�<wH¡hrjl�u�wd�
kmxh�hgj�h��k9fhl
qh�<wv�sxhy�kmgnwH�7uAgnrnrjgn�h�Fqcod�moduAl�k9l��mi�k9w'�<loUcl�y�k	k9fhl�r�o�¡CwH�mo�k9wd�<�Gqh�mw�y�l�imi	gni��hwH���©k9�<gj��g�o�r��

��o�kml��mgnodrni
imy�gnl���kmgni<kmiµfco§�HlAl�uAqhrnw_�dl��!�hgj±Cl��<l���kµuAgnrjrT�hl�imgj�H�hi�k9w�wd¡sk�odgj�!o²z{gn�hl
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�mod�h�Hl{wd�CuGgjrnrjgn�h�
y�wH�h�sgjk9gjwH�hi��T¤
rnrskmfhl�i<l
�hl�imgj�H�hiJk9�9o�qAq�w_z{�hl��ªxhi<gn�h��uAwa��gj�h��uGl��hg�o
¡hxvk���od�mgjwHxhi�uAl�kmfhw��hi�y�od�,¡Cl�l�uAqhrnw_�Hl���k9w�i<l�k�kmfhl5uAl��hgnoGgj��uGw�k9gnwd�M�
FLodrnr/uAgnrnrji
od�<lGxsimxcodrjrj�,y�r�odi<img³�cl��Vxhimgj�h�7k9fhl�gn���h�mg³�HlAuGl�y�fcod�hgjimu"od�s�´y�wduGuAwH�!uGgjrnrji��hkFgn��k9w
kmfhl�i<lF��wHxs��y§o�kml��HwH�<gnl�i�n
÷ ¶Lwd�}�dl���k9gjwH�codrÒkmxhu5¡hrjgn�h�Y¡co�rnrBuAgnrjrni
÷ Í�rnod�hl�k9od�<��¡codrnrCuGgjrnrji
÷ t�fcod|dl��
wd�8�vgj¡h�9o¨k9wH����¡codrjrMuAgnrnrji
÷ ¤8k<k9�<gjk9wd�mi

e�fhlYkm�ml§o¨k9uAl���k�gnuAqcod��k9l���¡}��l§ody�f!k���qClYwd��uGody�fhgn�sl5y§od�!¡�lYy�fcod�mody�kml��mgjiml��pxhi<gn�h�
kmfhl��hgni�k9�mgj¡hxskmgnwH��wd�Ty�wdrnrngjimgjwH�²���ml��}xhl��hy��H��od�h�drnl�od�h�7�Hl�rnw�y�g³k��²z{gjkmfhgn�B�

�$w��hl�rjiÒwd�suAgnrjrngj�h��uGody�fhgj�hl�����odrjrnw_zpo{rnod¡�wH�9o�kmwH�<�
wHqskmgnuAgni<l��µqh�<wvy�l�imi<gn�h�	�ml��HgnuAl
kmwY¡Cl�i<y§odrjl���xhq���wd�Lqh�<wv�hxsy�k9gjwH�M�J�$o�k9y�fhgj�h�5k9fsl�uGl��hg�oFuGw�k9gnwd�²gn�Gk9fhl�qs�mw��hxhy�kmgnwH�
uAgnrjrJkmw�k9fco¨k'gn�´kmfhl�r�od¡�wH�mo�k9wH���VuGgjrnrJl�¢vq�l��hg³k9l�i5kmfhl�qh�<wvy�l�imi��­��o��}���ml�i<l§od�<y�fhl��<i
fco§�dl8imxh�d�Hl�i�k9l��Yi<xhgjk9od¡hrjlªy�fhod�9ody�k9l��mgnimo�k9gjwH��k9l�y�fs�hgn�}xhl�i=��wH�/k9fhgjiTqhxs�mq�wHiml��dz{gjkmf�imwduGl
�hl��H�ml�l�wd�=imxhy�y�l�imi��{e�fhlF��wHrnrjw_z{gn�h�Yi<l�y�kmgnwH�si
gj�}km�mw��hxhy�l�l�ody�f�y�o�k9l��HwH�<�7w���uGgjrnr®�v�hgji��
y�xhimi<gn�h�Godimi<wvy�g�o�kml���uGgjrnrjgn�h�Fy�fcod�mody�kml��mgji<kmgny�i	od�s�$�<l�rnl���od��k{uGw��hl�rjrngj�h��z�wH�m|��

:�Ù Ø+* ÷ Ø ]aÜ�Ù Ø `cø ú Û��,[Tø®Ü Ø·ù-, `cøÔø ö ÜÔø®øÔ\
Ó=gj�Hxh�<l Ý �ãå7imfhw_z{iYo7y��<wHimi�iml�y�k9gjwH�pkmfh�mwdxh�Hf�o7y�wd�}�dl���k9gjwH�codrªfhwH�<gn �wH��k�odrËkmxhu5¡hrjgn�h�
¡co�rnrMuAgnrjr��·e�fhl�uGgjrnrngj�h�FuGl��hg�oYod�<l�iml�k	gj��uGwdkmgnwH��¡����<wdk�o¨k9gn�s�5k9fhl�y�fcodu�¡Cl��	l�gjkmfhl��
wH���mwdrnrnl��mi��Ôodi{imfhw_z{�(��wH��xhi<gn�h�AoYimfho�� k	uGl�y�fcod�hgjimu��

e�fhl	imgnuAqhrjgny�g³k���w��Mk9fhgjiJ�hl�i<gn�H�²odrnrjwaz{i�g³kJk9wF¡Cl	imy�odrnl��²y�wd�himgj�hl��mod¡hrj�d�����mwHu i<u²odrjr
¡�l��hy�f kmwHq�uAgnrjrni5z{g³k9f oV�hg�o�uGl�k9l��<i'wd� Ý 	¾hvâT	py�uKk9w�gj�h�hxhi�k9�mgnodr�¡codrjr�uGgjrnrji5z{gjk9f
y�fco�u5¡Cl��G�sg�oduAl�kml��miYw���iml��Hl��9odr	uGl�k9�<l�i��gb/od�m�Hl��'�hg�oduAl�kml��Yy�fco�u5¡Cl��miAqh�mw��hxhy�l�o
u5xsy�f fhgn�dfhl��Ay�wHrjrngjimgnwd�­gn��k9l��himg³k��H�ób.�x ¸]¹ ºT»½¼OK ß ä M
fho_�dl,od�co�rj��iml���k9fhl�uAwdk9gjwH��w��
uAgnrjrngn�s�²uAl��hgno7gj�´o�k9xsu5¡hrngj�h�7uGgjrnrTxhimgj�h�,k	l�z�kmwH�hg�o��puAl�y�fco��hgny�i�od�s�pk9fsl��!i<k9o�k9l
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Chamber

Balls and
Powder

Ó=gn�dxh�ml Ý �¯å¡nªtvy�fsl�uGo�k9gjyµwd�ËoYy�wH���Hl���kmgnwH�co�r·wd��fhwH�mgj �wH��k9odrM¡codrjrMuAgnrnr"�Ôl��h�7�vgjl�zO���

kmfco�kªqCw_z{�hl��miªz{gnrnrs�hwdkJzLl�rn�Agn�AimuGodrnrvuGgjrnrvy�fcodu5¡�l��<iªz{fhl��ml{k9fhl	y�wdrnrngjimgjwH�5gn��kml��hi<gjk��
gji�k9w�w�rnw_z��Òqh�ml��Hl��}kmgn�h��odrnrjw_�vgj�h�h�db.�xpo��h�3b·o�g*K ßHå�MJimxs�H�Hl�i�k�k9fco�kµkmfhlYy�fcodu�¡Cl��Fw��
i<xhy�f�uAgnrnrji=i<fhwHxhrj�G¡�l	o�kªrnl§o�i<k Ý uGl�k9�ml{gj�A�sg�oduAl�kml��Ë��wH�Jlo«Ay�gnl���kLodrnrjw_�vgj�h��kmw�w�y�y�xh���

Ê�o¨k�od�co�¡Cl¿¸]¹;ºT»½¼�KL���NM/fco§�dl�uAwv�sl�rnrjl���kmxhu5¡hrjgn�h�5uAgnrjrni��®od�h��uGod����wdk9fsl���k���qCl�i
wd��uGgjrnr��'xhi<gn�h��o«�hgni<y��ml�k9lVl�rjl�uAl���k�uGl�k9fhw��M�¥e�fhl�� km�9ody�| kmfhlVuGwdkmgnwH� w���l�ody�f
uAgnrjr	¡hodrnr
xh�h�hl���k9fhl���wH�<y�l�i�wd�F�H�9o§��gjk���od�h� ���mgjy�kmgnwH�-����wH��¡hodrnr£��¡codrjr�y�wH��k9ody�k�od�s�
¡co�rnr³��z8o�rnr/y�wH��k9ody�kV����Ê fhl��Vy�wHrnrjgni<gnwH�hi	w�y�y�xs��k9fhl��,ody�y�wHxs�}k���wH��l�rnodi<kmgny�od�h�,qhrnodi<kmgny
y�wHuGq�wH�hl���k9iµwd��kmfhl5y�wdrnrngjimgjwH�$¡���xhimgj�h�Jª
l��<k9 �g�od��y�wHrjrngni<gnwH�7k9fsl�wH���,od�h�!oG�codimfsqCwdk
�co�uGq�l����C�<l�imq�l�y�k9g³�Hl�r³�H��e�fsl5¡Cl�fco§��gnwHxh�
wd�Ëkmfhl5�codi<fhq�wdk��co�uGq�l��	u5xhi�kµody�y�xh�mo�k9l�rj�
�<l�qh�<l�iml���kµk9fhl�l��hl��m�d��od¡hi<wH�m¡�l���¡��$qhr�o�i<k9gjy��hl���wH�<u²o¨k9gnwd�$wd�=k9fhlFk9�9o�qhqCl���q�waz{�sl����
e�fhl$�hl�y�l�i<i9od��� y�wd�hi<k9od��k9i�o��ml�wH¡sk�o�gn�hl������mwdu ª�odi<fhgnuAwdk9w´¸]¹pºT»½¼�K¯âN��M	z{fhw´fco§�dl
uAl§odi<xh�ml���kmfhlpy�wvl]«Ay�gnl���k�wd���ml�i�k9g³k9xskmgnwH� z{fhl��æo¬uAgnrjr�¡co�rnrµgni7�h�<wHqhq�l���wH��k9w o
q�w_z{�hl���r�o§�Hl���wd�L|��swaz{��kmfhgny�|}�hl�imi���tvgjuGgjr�od�
�ml�i<k9g³k9xskmgnwH�Vl�¢vq�l��<gnuAl���k9i�fco§�Hl�¡�l�l��
y�wH�h�hxhy�k9l��´¡��Gª
xhod�h��¸]¹�ºT»½¼�K å�â�M®�Mz{fhw��hl�i<y��mgj¡Cl'i<rngn�df}kµodrjkml��9o¨k9gnwd�hi
kmw7kmfhl'imqh�<gn�h�
od�s�$�co�imfhq�wdk	¡Cl�fco§��gnwHxh���

e�fhl�i<gnuAqhrngjy�g³k��´wd��k9fhgjiGuAgnrjr8�hl�i<gn�H��fcodiGu²od���¬od�v�do��}k9od�Hl�i���uGod|}gn�h�Vgjk'�Hl��<�
qh�mody�kmgny�odr·o�k	qh�mw��hxhy�k9gnwd�$i<y§odrjl�i��*ª	w_zLl��Hl����Mo�k	i<u²odrjrÒimy�odrnl�i����H�9o§��gjk��7o�rnwH�hl�y�od�h�hwdk
qh�<w_�vgj�hl7k9fhl��hl�y�l�i<i9od����uAgnrjrngj�h��gj�}kml��hi<gjk��d��¤�r³k9l��9o�kmgnwH�hiYfho_�dl�¡�l�l���uGod�hl�k9w!k9fhl
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Ó=gj�Hxh�<l Ý ��ßín²tvy�fhl�uGo�kmgny�wd�	o�uGod�H�sl�k9gjy§odrjrj�,y�wH��k9�<wHrnrjl���fhwd�mgn �wH��k�odrª¡codrjr�uAgnrjrO�Ôl��s�
��gnl�zO���

�hl�imgj�H��k9w��Hl��hl��mo�k9l�fhgn�Hfsl���gj�}kml��hi<gjk��$y�wHrjrngjimgnwd�hi
¡���odqhqhr³��gn�h��o��h�hgjkmgnwH�hodrÒ��wH�my�l�i�k9w
kmfhl�uGl��hg�os�
���hlV��od�<g�od��k�od�s�hi�uGod�H�hl�k9i�k9w«k9fslp�hl�imgj�H�Oodi�imfswaz{��gn��Ó=gn�Hxs�ml Ý ��ßh�4e�fsl

uGod�H�hl�k9iFo�k<k9�9o�y�kµk9fslAi�k9l�l�rJuGgjrnr·¡codrjrniµod�s�pgj�hy��<l§odi<l'kmfhl�gj�µl�±Cl�y�k9gj�dlGuGodi<iµxhqVkmw�o
uGo¨¢vgnu5xsu4wd�Ëá�	5k9gnuAl�i�����od�H�hl�k�� Ý gj�hy��<l§odi<l�i{k9fhlFimq�l�l���wd�=y§odi<y§od�sgn�h�A¡codrjrni�od�s�
uGod�H�hg³�cl�i�o�kmkm�mgjkmgnwH��od�h�Vod¡h�modimgjwH�,l�±Cl�y�k9i��A��â7o�y�y�l�rnl��9o�kml�iµk9fhlY¡hodrnrjiµod�mwdxh�h�,k9fhl
y�fco�u5¡Cl����Codgn�sgn�h�5kmfhl��<wdk�o¨k9gnwd�codrÒo�k<k9�<gjk9gjwH��gn�7k9fslFz�l�rjr·w��ËuAl��hgno'�sl§od�{k9fhlF¡�wdkmkmwHu
wd�ckmfhlLuAgnrjr��/��gnrnrjgn�h�{y�wH�h�hg³k9gnwd�hiTy�od�5¡�l���od�<gnl���¡��5od�¾H<xhi<kmgn�h�	k9fhl�u²od�d�hl�kmi�~¨qCwHi<gjkmgnwH�
od�s�$i�k9�ml��h�dkmfM�

e�fhl�imuGodrnrBimgn �lFod�h��uGl�y�fcod�hgjy§odrÒi<gnuAqhrngjy�gjk��Awd�·k9fsl�iml��hl�i<gn�H�si
o�rnrnw_zàl�¢�km�9oGy�wH�v�
km�mwHrji�k9w,¡�l�od�s�hl��M�-/	imgn�s�!o�imxhg³k�od¡srj�Viml�odrnl��­uGgjrnrngj�h�7y�fcodu5¡�l���gjk5gji�q�wHimi<gn¡hrjl²k9w
y�wH��k9�mwdrMo�kmuGwHi<qhfhl��mgny
y�wH�s�hgjkmgnwH�hi�od�h�7o�rjk9l��ªkmfhl�qh�<l�i<imxh�<l����<wHu ��ody�xhxsuQkmw ä 	�	d|�ÍTo
w_�Hl��mqh�<l�i<imxh�<ld�ª�©k�gni�o�rnimw�qCwHi<imgj¡hrnlLkmwµfhl§o¨kËk9fhl�y�fhodu5¡�l��=kmw�od�mwHxs�h�'ß ä 	 9 ¡��Yod�s�hgn�h�
fhl�o�k9gj�h�'l�rjl�uAl���k9i��ªe�fsl�imlFuAl§odi<xh�ml�i
uGod|dl�kmxhu5¡hrjgn�h�YuAgnrjrniª�Hl����ÅUcl�¢vgj¡hrnl��
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Disc

Rotation

Ó=gj�Hxh�<l Ý � ä nªtvy�fhl�u²o�kmgny�wd�=oYqhr�od�sl�k�o��<��uAgnrjr�� k9wHq7��gnl�zO���

î øÔ` Ø ÷�]_`h^_ü , `cøÔø ö ÜÔø®øÔ\
Í�r�o��hl�k9od�<�¬uAgnrnrjiYxhiml�o´y�l���k9�mg³��xh�Hl�k9w´¡�w�wHi<kAk9fhl�gn�AuGgjrnrjgn�h�,gj�}kml��hi<gjk��d��e�fhl������<l��
�}xhl��}kmrj��fco§�Hl�uAwH�mlJk9fco��YwH�hl8y�fco�u5¡Cl���odiTimfhw_z{�'gn�YÓTgn�Hxh�<l Ý � ä �d¡hxsk�l�ody�fYy�fcodu5¡�l��
��xh�sy�k9gjwH�hi	imgjuGgjr�od�<rj�'k9w'k9fhlFfhwH�<gn �wH��k�odrÒuAgnrjr���e�fhl�uGgjrnrBy�fhodu5¡�l��mi
od�<l�uAwHxh��k9l��$wd�
o�rnod�m�HlG�mwdk9o�k9gj�h���sgnimy��Ë��wH�my�gn�h��k9fhl�uAgnrjrngj�h��uGl��hg�o�o_zLo§�´���<wHu¦k9fhl�y�l���k9�<l7wd��k9fhl
�hgjimyFk9w²kmfhl5wHxskml��Î��uAwHi<k
qcod��k�wd�Ëkmfhl5y�fco�u5¡Cl��
zLodrnr®�
e�fsl5y�fcodu5¡�l��<i��mw�k�o�kml�gn��k9fhl
wHqsqCwHi<gjkml5iml��himl5kmw�k9fhl5�sgnimy��My§o�xhimgj�h��k9fhl�uGgjrnrngj�h�'uGl��hg�o'k9w�y�odimy�od�hlYgn��o�u²od�s�hl��
i<gnuAgnr�o���k9wYkmfco�k{wH¡hi<l����Hl���gn��oYfhwH�mgj �wH��k9odrMuAgnrnr®�}¡hxsk{z{gjkmf7�Ôo����H�ml�o�k9l��	gj��k9l��simgjk��d�

e�fhgniJk���qCl
wd�MuAgnrjrhgniJgj�hl§odrjrj��imxhg³k9l��Ak9w�r�od¡�wH�9o¨k9wH���5xhi<l�odiªgjkªfcodi�o�imoduAqhrnl{imgj �l��
y�odqcody�gjk��God�h��y�od��qh�<wvy�l�i<i8iml��Hl��modrBimoduAqhrnl�iLo�kLwH�hy�ld��e�fhl�ÍJxsrj�Hl��mgjiml�k<k9l ä u²o��hl
¡��
Óc�mg³k9i<y�f,y§od�,xhi<l5k9fhl���wHrnrjwaz{gj�h�²y�wHu5¡hgj�co�kmgnwH�hi	wd�Jy�fco�u5¡Cl��µ�}xhu5¡�l��µod�s�,y§odqco�y�gjk��<n
ß�0�âHâ ä uAr��¨ß�0 Ý â ä uGr}wH�Tá�0�åT	duGr®�/�©kËwd±Cl��<iËo
�mod�h�Hl�wd�cuAgnrjrngn�s��gn��k9l��himg³k9gnl�iTwd¡sk�odgj�hl��
¡�����od�<��gj�h�Yk9fhl�imq�l�l���o¨k	z{fsgny�f7k9fhl�y�wduGq�wH�hl��}kmi{�mwdk9o�k9l��

Í�r�od�hl�k�od���,uAgnrnrji�fco§�dl²¡�l�l��puGw��hl�rnrnl��,¡��VÊ´o�k9od�cod¡�lm¸]¹�ºT»½¼5K����¾M�od�h�V¡}�p°µodr£�
rjgnuAwH�ml$od�h���$y§¶LwH�muAgny�|¢K Ý åNM��¿�$y§¶LwH�muAgny�|/¸]¹_ºT»½¼�K ä ßNM�fco§�Hl,�crjuGl���k9fsl,uGl��hg�o
uAwdk9gjwH�´xsimgn�s�!o$��g�odrJz{gjkmf«o�y�rjl§od�5rjgn�M�$e�fhl���fco§�Hl�qh�<wvy�l�imi<l��­k9fsl�gn����wvwdk9od�HlAxhi��
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ØþãTÚ_Û°à[LÍùQëRì�û�ÝßëøàüÙuù
àzá�Ùuæ5ãNê�Ý_ê�æ`_
Ü¾ùRÞ�L]ê û­Þoì
ý�Þ]æ;ê�aÍëQã¾ÝzÙVçßÞ]Ý�L�æ;ëQùRùRý�â

Ó=gj�Hxh�<l Ý �Q�¡nJ°�gj±Cl��<l���k{y�fcodu5¡�l���k���q�l�i	xhiml��$��wH�8��gn¡s�9o�kmwH�<�²uGgjrnrngj�h�h�

gj�h�Ggju²o��Hlµy§odqvk9xh�<l�od�s�$qh�<wvy�l�i<imgn�s�²imw�� k�z8od�<l�kmwGqh�<w_�vgj�hlF��xhod��k9gjk9o�k9g³�HlFod�co�rj��imgji	w��
uAl��hgnoYy�wHrjrngni<gnwH�si�k9fho�k{fcodi{¡�l�l���y�wduGqco��ml��7z{gjkmf7uGw��hl�rji��

ö û `cb�÷}^�Ù�^r$�Ü�[·^¨`v]_Ù�^aü ö ÜÔø®øÔ\
e�fhgjiµk��vq�l'wd��uGgjrnr/qh�mw_��gn�sl�i�l�¢�k9�<l�uAl�r³�,fhgn�df,uGgjrnrngj�h�Agn��k9l��himg³k9gnl�i��5e�fslAwdimy�gjrnrno�k9gj�h�
uAw_�Hl�uAl���kmi�wd�Mk9fsl�uGgjrnrcy�fco�u5¡Cl��8y§o�xhiml�uAwH�<l��hgj�ml�y�k���fhl§od�²wH�(�ªgjuGqhody�kmi�k9fhod��y§o��
¡�l�wH¡sk�o�gn�hl���xsimgn�s�Go'�mw�k�od����uAgnrnr®�

Ó=gn�dxh�ml Ý �Q�j�®o
�Òimfswaz{iTk9fhlL��l�o�k9xs�ml�iTwd�ck9fslLuAgnrnr�y�fhodu5¡�l��=xsiml��Ywd��k9fhl8tsÍJÐ�#µá�	�	T	
uAgnrjr�uGod�}xs�Ôody�k9xh�<l��F¡}��tsÍJÐÈ#�¶Ll��<k9gnÍ��ml�qB�=e�fhlJy�fcodu�¡Cl��ÒgniÒuAwa�dl��Fgn��od�FwHi<y�gnrjr�o�kmwH�<�
�Ôodi<fhgnwd��o�k
���ml��}xhl��hy�gjl�i�w�� ä 	GwH�O��	0ª	 d�Cy§odxhi<gn�h�Ak9fhl�r�od�<�Hl�uGgjrnrÒ¡codrjrÒk9w²y��mxhi<f�k9fhl
q�w_z{�hl���od��odgj�hi<k{k9fsl�y�fco�u5¡Cl��	zLodrjrni��Le�fhl�uAwdkmwH�{xhiml���fcodi
oGq�w_zLl��
wHxvk9qhxsk
y�rjwHiml
kmw�â ä 	�ÊÌ�

Ó=gn�dxh�ml Ý �R�j��¡(�Ti<fhw_z{iLo�y��vrjgn�h�s�mgny�odrsuAgnrjrvy�fhodu5¡�l��Ëk9fho�kJxhiml�iªo�rnod�m�dl��=�}xhu�¡Cl��ªw��
uAgnrjrngn�s��uGl��hg�os�·e�fhgjiTk���qClLwd�cy�fcodu�¡Cl��Ëgni·xhiml��Y¡���kmfhl{�$l���oduAgnrnr£� ä ���<wHuS°��vuGo�km�mwH�
���hy��Oe�fhl�y�fhodu5¡�l��G��gj¡h�9o�kml�i�o¨k0��	=ª
 $z{g³k9f o�� oduAqhrng³k9xh�hl7xhq�k9w«â�uAu��àe�fsl



��¬­£�®
��� `°¯�±[X ��� ` �*² ^ �­� X ��� Ý ß

Ø½Ù�ÚedjêüÝ�ç�ëøàüÙ]ùèâ Ø½ãNÚgfPÞoÝ�ëihüÞoìoçzÙuù â
Ó=gj�Hxh�ml Ý �ø.·nªt�y�fhl�uGo�k9gjyµwd�=o�kmkm�mgjkmwH�8�hl�imgj�H�hi��

oduAqhrjgjk9xs�hl�uGo_�²¡ClFod�¾H<xhi<kml��$kmwAodrjkml��Lkmfhlµk9fhl�uAgnrnrjgn�h��gn��k9l��himg³k��H�
e�fhl�i<l���gn¡s�9o�kmwH�<��uAgnrjrni�o��mlFy�wHuAuGwd�hrj�²xhiml���gn��r�od¡�wH�mo�k9wH�<gnl�i��ho��h��y�od��qh�<wvy�l�i<i

uGo�k9l��mgnodrËu5xhy�fp�Ôodi<kml���k9fcod�p�mwdk9od�<�!i�k���rnlAuGgjrnrni��Ge�fsl²fhgj�Hfpl��hl��<�d�Vy�wHrjrngjimgnwd�hi�y§o��
y�wHuGqsrnl�kml$q�w_z{�hl��²�ml§o�y�k9gjwH�hi'k9fco¨k�od�<l��hw�k²wH¡siml����Hl��àgj���<wdk�o��<�¬uGgjrnrji��j/	�s��wH��k9xv�
�co¨k9l�r³�H��k9fhl�fhgn�df�l��sl��m���$�<l��}xhgj�ml�uAl���kmi�wd�Ëkmfhl�i<l5uAgnrnrji�od�h�$k9fhlF�cl��<y�l��sl�imiµw��Ëk9fhl�gn�
wHq�l��mo�k9gjwH�7uGl�od�hi8kmfhl���od�<lµ�hwdk
o§��odgnrnod¡hrnl
wH��oAqs�mw��hxhy�kmgnwH��i<y§odrjld�

�$w��hl�rjiM�hl�i<y��<gn¡hgj�h���vgj¡h�9o¨k9wH����uAgnrjrni�fco§�HlJ¡Cl�l����hl��Hl�rjwHq�l��M�Ë��odxh�<gny�lJo��h��¶LwHxh�<k��
�hl��JK ä â¾Msy�wH�simgn�sl��Tkmfhl8l��hl��<�d���sgnimi<gnqco¨k9gnwd��gn��oµtsÍJÐ�# á�	�	T	�uGgjrnr®�_¡codimgj�h��kmfhl�gj�=gn�sl§odi
wH�,uAl§o�imxh�<l�uAl���k9iµuGod�hl5¡���°µo_��gjir¸]¹­ºT»½¼�K Ý .¾M��F°µo§��gnir¸]¹­ºT»½¼B��gn�hl�wdk�o�qCl���k9fhlYuAgnrjr
y�fco�u5¡Cl��5od�s��od�co�rj��iml��´k9fhlA��wvw�k�od�HlYz{g³k9f´y�wHuAqhxsk9l���i<wd� k�zLod�ml²kmw��hl�k9l��muAgn�hl'k9fhl
y�fco��9ody�k9l��<gni�k9gny�i'wd�	y�wHrjrngni<gnwH�pl��dl���k9i��«Ê´o�k9od�cod¡�l=¸]¹�ºT»½¼OKL����M8fco§�Hl�l�¢�k9l��h�hl��¬k9fhl�gn�
i�k9xh�s�¬k9wpgn�hy�rnxh�sl���gn¡s�9o�kmwH�<�«uAgnrjrniYimgjuGgjr�od��k9wpkmfco�kGu²o��hl$¡���°���u²o�km�mwH�¢���h�Hxh�ml
Ý �Q�j��¡(� ���JÓ=gn�co�rnrj�d�h��y_¶LwH�<uGgjy�|i¸]¹;ºT»½¼�K ä ßTM/fco§�HlFi<kmxh�hgjl��$oY�dl���k9gny�odrM��gn¡h�mo�k9wd�<��uAgnrjr��
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e�fhlG�c�codrªuGgjrnr=k���q�ld��o¨kmk9�<gjkmwH�mi��Ëod�<lGi�k9gn�<�ml���¡codrjrªuAgnrjrni��²e�fhl��´fco§�dl�o�y���rjgn�h�h�<gny�odr
y�fco�u5¡Cl����crjrnl��Az{g³k9f²uAl��sg�os�Te�fhl�uAl��hgnoFgji��s�mgj�dl��G¡}�GoF�mwdk9o�k9gj�h��gjuGq�l�rjrnl����·Ó=gn�dxh�ml
Ý �R.5imfhw_z{i�k9fsl�k�zLw'k���qCl�i	w��=o¨kmk9�<gjkmwH�����Hl���k9gjy§odrÒo��h�7fhwH�mgj �wH��k9odr��T¤�rjkmfhwHxh�df�k9fhlµk�z�w
�hl�imgj�H�hi{od�<l�y�wH�sy�l�qvk9xcodrjrj�GimgjuGgjr�od����y�fcod�h�Hgj�h�5k9fslµwH�mgjl���k�o�kmgnwH�Gwd�/k9fhl�uGgjrnr�y�fcodu5¡�l��
odr³k9l��mi{k9fhlFuGgjrnrjgn�h���ml��dgnuAlFi<gn�H�sgj�cy�od��k9rj�d�Le�fhlFuAl��hgno'z{gjrnrMy�odimy�od�hl�gj��oAfhwH�<gn �wd�}k9odr
o�k<k9�<gjk9wd��xh�h�hl��	kmfhlFody�kmgnwH��wd�T�H�9o§��gjk��iK�.Hâ¾M®�L���$oY�Hl���k9gjy§odr·o�k<k9�mg³k9wH��k9fhlFuGl��hg�o5��wH�<u
o�y�rnwHi<l
qhody�|dl��$o��m�9o§�d��Ñ{���hgj�i¸]¹�ºT»½¼�KL��â�M�fco§�dl�i<kmxh�hgnl��²k9fsl��s���coduAgny�iLwd�Bk9fhl
uGl��hg�o
gj��od�A�Hl���k9gjy§odr�o�k<k9�mg³k9wH���}gn�hl��}kmgj� ��gn�s�Fqhody�|}gn�h�Yo��m�9o§��i�od�h��uAl§odi<xh�mgj�h�F¡codrnrh�dl�rjwvy�gjk9gjl�i
o�k
o5��od�mgjl�k��²wd�=gjuGq�l�rjrnl��Limq�l�l��hi��

¤8kmkm�mgjkmwH�mi�od�mlrUcl�¢vgn¡srnl²¡�l�y�odxhi<l�w���k9fhl�gn��i<gnuAqhrnlGy�wH�si<k9�<xhy�kmgnwH�B�,e�fhl�y�fcodu5¡�l��
uGo§�5¡�l�fhl§o�kml��'wH�Ëy�wvwdrnl��Y¡��Yqhodimi<gn�h�µrjgn�}xhgn��k9fh�<wHxh�HfAoaHmody�|�l�kªr�o§�Hl����Ëe�fsl�gnuAqCl�rnrnl��
i<qCl�l���u²o§�G¡Clµo���H<xhi<kml���k9wYy�wH��k9�<wHrCkmfhlµuGgjrnrjgn�h�µgj�}kml��hi<gjk��d�cod�h��kmfhl�o�k9uAwHi<qhfhl��<l�gn�
kmfhl²y�fco�u5¡Cl���y�od��¡�l²o�rjk9l��ml��´gj�8od��o��hl��}xco�kml²i<l§odrªgniFu²o��hld��e�fsl��hl�i<gn�H�py§od�p¡Cl
i<y§odrjl���k9w,i<xhgjk�r�od¡�wH�mo�k9wH���,zLwd�m|´wd��qh�<wv�hxsy�k9gjwH�M��ª	w_zLl��Hl����Ll��Hl��¬o�k�k9fhl²fhgn�Hfsl�i<k
gjuGq�l�rjrnl���imq�l�l��hi���k9fhl�uAgnrjrngn�s��gj�}kml��hi<gjk���gji�imgj�H�hgj�hy§od��k9r³��rjwaz�l���kmfcod��k9fco¨k
wd¡sk�odgj�hl��
¡�����gn¡h�mo�k9wd�<��¡hodrnrMuAgnrjrni��

ô��<ô��;k � ì��µê���� ��é"!Sî"$�)sï?�[%l��êm!ªê/ìLí¥êMïP)hñ#$Jé"�Þí¥êl%'&"$Jé(��%n$��Fío�;p.q
��é"!

e�fhl��hg³±Bl��ml��}k	uAgnrjr�k���q�l�i{�hl�imy��<gn¡�l���gn��� Ý � Ý � Ý odrnr�k9�<l§o�k{q�w_z{�hl��<i	gj��o5imgnuAgnrnod�Jz8o§�H�
°�l���wH�muGo�k9gjwH�Fwd�ck9fhl�qCw_z{�hl��Ëy�fcod�<�Hl8rjl§od�hi·k9w�kmfhlL�h�dl8gn�sl���k9g³��od¡hrjl�i�k�od�Hl�iËwd��uAgnrjrngn�s�
i<fhw_z{��gn��ÓTgn�Hxh�<l Ý � âv�=e�fhgniªiml�y�k9gjwH���<l���gnl�z{i8imwHuAl	i<k9xs�hgnl�i�k9fho�kL�dl��mg³� �'k9fhl�iml�o�rnrnw_���
gj�h��i�k�od�Hl�i��Ërjwvwd|�gj�h��o�k�fhw_z¥qcod�<kmgny�rnl�i�z�l�rn�B�T���9o��HuGl���k5od�s��fhw_z k9fhl�imlGqh�mw�y�l�imiml�i
y�odxhiml�uGg£¢sgj�h�h��e�fhl�iml5y�fhod�h�Hl�i�wvy�y�xh��o�k
imy§o�rnl�i
y�wHuAqcod�mod¡hrjl�kmw²k9fsl�imgj �l�wd�JoGqhod���
kmgny�rjld��e�fsl�uAg³¢vgj�h��k9fho�k'wvy�y�xh�<iYz{gjk9fsgn�­qcod��k9gjy�rnl�i5w�y�y�xs�miAo�k'l��dl��AimuGodrnrjl���imy§o�rnl�i
odi�uAgnrjrngj�h��qs�mwH�H�<l�i<iml�i���od�h�7rngj�h|}iLk9fsl�iml�l�±Bl�y�k9i�z{g³k9f�k9fslµ�hl�k9odgnrjl���uAgny��<wHi<km�mxhy�k9xh�modr
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Ó=gj�Hxh�<l Ý �¯á¡nA���hl§odrjgnimo�k9gjwH�pw��
fswaz o§�Hl��9od�dl�qcod�<kmgny�rnlAimgn �l�y�fcod�s�Hl�i'�hxh�<gn�h��uGgjrnrngj�h�h�
FLl���HmoduAgn�Vod�h�3IJwHrngj�M~�i��h�HlGi<k�o��Hl�iFwd��o�rnrnw_��gn�s�3�Ôiml�lA�h�Hxh�ml Ý �ãâ��µod�ml'rnod¡Cl�rnrjl��M�'e·w
i<xhuGuGod�<gniml���gj��i<k�o��Hl Ý qcod��k9gjy�rnl�i·od�ml�U�o�k<k9l��sl��M��gn�Fi<k�o��Hl�â	r�o�uGl�rnr�o��Cz�l�rn�sgn�h�	wvy�y�xh�<i��
i�k�od�Hl	å���wH�<uGi�l���xsg�o¨¢vl��,�ÔrnoduAl�rnrnod�V�Òqcod��k9gjy�rnl�i���i�k�od�Hl�ßFgn��km�mw��hxhy�l�i��9od�s�hwHu¿z�l�rj�hgn�h�
wH�<gnl��}k9o�k9gjwH�7od�h��i<k9od�Hl ä �ml��c�hl�i	qcod��k9gjy�rnl�i<k9�<xhy�kmxh�ml��

y�fco��h�Hl�i{k9fho�k
od�mlµ�hgjimy�xhimi<l���gj��k9fhl��hl�¢vk
iml�y�kmgnwH�M�
e�fhl�gjrnrjxhi<km�9o�kmgnwH�«wd��F�l���HmoduAgn��od�h�gIJwdrngn�B~¯iY�h�dl,i<k�o��Hl�uAwv�sl�r{gn��Ó=gn�Hxs�ml Ý � â

y�wH�hy�l���k9�9o¨k9l�i	wH��k9fslµimfcodq�lFod�h�7i<km�mxhy�k9xh�<l�wd�/k9fhl�qcod��k9gjy�rnl�i��v¡hxsk�k9fslµwH¡himl��<��o�kmgnwH�hi
gj�hy�rjxh�hl,gnuAqhrjgny�g³k²qhod�<kmgny�rjl�imgj �l,��od�mgno�k9gjwH�M�Seª��qhgjy§odrjrj�d��o­uGgjrnrjl���q�w_z{�hl��7z{gnrjr��Hw
kmfh�mwHxs�Hf!o�i<k9od�Hl5wd�Jz�l�rj�hgn�h�²qh�ml��hwHuAgn�cod�sy�lJ��i<k�o��Hl'â��
�sxh�mgj�h�²z{fhgjy�f!kmfhlYo§�Hl��9od�dl
qco��<k9gjy�rjl�imgj �lµgj�hy��<l§odi<l�i��}xhgjkmlµ�h�9o�u²o�kmgny�odrnr³�H��b·o¨k9l��Lgn��k9fsl�uGgjrnrjgn�h��qh�<wvy�l�imi�z�l�rj�hgn�h�
z{gjrnr�¡Cl
rnl�imi8y�wHuGuAwH�M��od�s�²���9od�duGl��}k9o�k9gjwH�Au²o§�A¡Cl�y�wHuAl�qs�ml���odrjl���k8¡�l���wd�ml�i�k�od�dl ä �
z{fhl��ml�k9fhl�k�z�wAqh�mw�y�l�imiml�i
�<l§ody�f�l��}xhgjrngj¡h�mgjxhu$�TÓ=gj�Hxh�ml Ý �ãá5i<fhw_z{i�o���gj�hl§o�rngni<l���qsrnwdk
wd�=o§�Hl��9od�HlFqcod��k9gjy�rnl�imgn �l�l��Hwdrj��gn�h�Aodi{uAgnrjrngn�s��qh�<wH�H�<l�imi<l�i��

e�fhl,y�fcod�s�Hgn�h�­¡hodr�od�sy�l�¡�l�k�z�l�l���z�l�rn�sgn�h�«od�s� ���9od�HuAl���k9o�k9gjwH� fcodi�¡�l�l��ào�k<�
km�mgn¡sxsk9l���k9w5z�wH�m|Gfcod�m�sl��hgj�h�Yod�h�7i<xh�<�Ôody�l�l�±Cl�y�k9i�K ß�á�M®�����hgjkmg�odr�uAgnrnrjgn�h��z{gjrnr��hl���wd�mu
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qco��<k9gjy�rjl�i�od�s�Yimqh�<l§od�Aod���5i<xh�<�Ôo�y�l{r�o§�Hl����Hl�¢vqCwHi<gn�h��qhxs�ml�uAl�k�o�rvi<xh�<�Ôody�l�i�k9fho�k�l§o�imgnr³�
y�wHrn�v��zLl�rn�M�=¤�iª�hl���wH�<u²o¨k9gnwd�Ay�wH��k9gj��xsl�i�kmfhl	qcod�<kmgny�rnl�iJfco��m�hl��M�v¡�l�y�wHuAgn�h��rnl�imi�rngn|�l�r³�
kmwG�hl���wH�muQ��xh�<kmfhl��	od�s�$uAwH�mlµqs�mwH�hlµkmw'���mody�kmxh�ml��

��od���,o�xsk9fhwd�miµfco§�HlYy�wH�h�hxsy�k9l��pl�¢vqCl��mgnuAl���kmi�k9fco�k�i�k9xh�v��y�fcod�s�Hl�i�gn�,q�w_z{�hl��
i<gn �l8od�h�YimfhodqClL�hxh�mgj�h��uAgnrjrngn�s�h�Ò°�gj±Cl��<l���k�o�rnrnw_��i��vi�k9l�uGiJod�s�YuGgjrnrHk���qCl�i�fco§�Hl�¡�l�l��
i�k9xh�hgjl��g�Bl�¢soduAqhrnl�i�od�<l��Hg³�Hl���gn��eTod¡hrjl Ý � Ý �
��� kml���kmfhl�i<lYi<kmxh�hgnl�i�ody�y�wHuAqcod����k9fhl
odi<iml�imimuAl���kµw��Ëwdkmfhl��	qCw_z{�hl��
qs�mwHq�l���k9gnl�i���wH�	od�<l�qco��<k	wd�Jod��l�¢vq�l��<gnuAl���k��sl�imgj�H�hl��
kmw�k9l�i<k{oFqcod�<kmgny�xhr�od�ªf���qCwdkmfhl�i<gni���ÓcwH�ªl�¢soduAqhrjld�vÑ	w�y�fcoS¸]¹�ºT»½¼�KL� Ý MCi<kmxh�s�Ak9fhl�l�±Cl�y�k
wd�8od�h�hgj�h��o7zLo¨¢Vqh�<wvy�l�i<i�y�wH��k9�mwdrJod�Hl���k�k9w7k9fslAuAgnrjr���e�fhlAzLo¨¢Vfhgj�h�hl��miFqcod�<kmgny�rnl
z�l�rj�hgn�h�Aod�s��kmfhl����h�h�$kmfco�k	odrjrnw_��gn�h�5gji��hl�rno§�Hl��B�

ÍTwHqsxhr�o�kmgnwH�G¡codrnod�hy�l
uGw��hl�rniLfho_�dlµ¡Cl�l��7xhi<l���k9w���wdrnrnw_z kmfhl�y�fco��h�Hlµgn�²qcod�<kmgny�rnl
i<gn �l�wH¡himl��<�dl��àgn� uAgnrnrjl��¬qCw_z{�hl��mi��ÃÍ·wHqhxhrno�k9gjwH� ¡co�r�od�hy�l�uAwv�hl�rni'k9�mody�|�z�l�rj�hgn�h�
od�s�7���mod�HuAl���k�o¨k9gnwd��l��dl���k9i��Cy�odrny�xhr�o�kmgn�h��y�fcod�h�dl�i{gn��kmfhl�qcod�<kmgny�rnl�i<gn �lµ�hgni�k9�mgj¡hxskmgnwH�
wd�µkmfhl�q�w_z{�hl����Oe�fhl���od�<l�¡codi<l�� wH��y�r�o�imimgjy§odr	�ml�ody�kmgnwH��|}gn�hl�k9gny�i���e�fhl,uGw��hl�rni
qh�<l�i<l���k9l��´r�o¨k9l��
gn��kmfhgni
k9fhl�imgni��/od�h�,gj�}km�mw��hxhy�l��,gn��� Ý � â��MxhimlYq�wHqhxsr�o�kmgnwH�$¡codr�o��hy�l
gj�hl§odi{i<wGqh�<l���gnwdxhi�zLwH�<|�gn��kmfhgni{od�<l§oYgni�qhod�<kmgny�xsr�od�<rj�G�ml�rjl���od��k§�

¤�gj|�gj�=¸]¹;ºT»½¼�K�å¾M·od�h��¤�gj|�gj�7od�h��¶LwHxh��k9�hl��iK¯âv� Ý M/fco§�HlFuGw��hl�rnrnl���¡Cw�k9f�k9fhl�i<gn �l
�hgji<km�mgn¡sxsk9gjwH� od�s� uGg£¢sgj�h�Vy�fcod�9o�y�k9l��mgji<k9gjy�i�w���¶LxM�
¶L���	od�h� k	¡ qCw_z{�hl��mi��æe�fsl�gn�
uAwv�sl�rniFod�<l²¡co�iml��´wH�pkmfhl²y�wH��k9gn�}xhwdxhi�y�w�od�Hxhrno�k9gjwH�v�����9od�HuAl���k9o�k9gjwH��l��}xco¨k9gnwd��K å�	v�
ß Ý M��M¡sxsk�k9fsl���rno�k9l����hgjimy��ml�kmgni<l�k9fhl�i<��i<kml�u���¤
gn|}gn��od�h�V¶LwHxh��k9�hl���~¯i�uAwv�hl�rni
�hgj±Cl��
���<wHu¦wHxh�<i�i<gn�hy�lGk9fsl��podimi<xhuAlAkmfhlA���<l��}xhl��hy��pwd�8z�l�rj�hgn�h�$od�h�V���9ody�k9xh�<l²l��Hl���kmi5gni
gj�h�hl�q�l��s�hl���k
wd�=qhod�<kmgny�rjl�imgj �lFod�h��y�wduGq�wHimg³k9gjwH�M�

ÍTwHqsxhr�o�kmgnwH�'¡co�r�od�hy�l	kml�y�fh�sgn�}xhl�i�fco§�Hl�odrni<w�¡�l�l���odqhqhrjgnl��Al�¢�k9l��simgj�dl�r³�Gkmw�uAwv�sl�r
kmfhl�y�wHuAuAgn�}xsk9gjwH�´w��
uAgn�sl��9o�rni¿K ä M®�´�$gn�hl��9odrjiYod�<l²k���qhgny�odrnr³�´¡h�<gjk<k9rnlGod�h�­z�l�rj�hgn�h�
l��Hl���kmi�od�<l,�hl��Hrjgn�Hgj¡hrnl$od�h�à�hwdk7y�wH�hi<gn�hl��ml��B� 9 fsl�gj��l�k9i7od�s�YbÒgj� K å ä M�fco§�Hl!xhiml��
uAwv�sgj�cl��´q�wHqhxhrno�k9gjwH�!¡codr�o��hy�lGuGw��hl�rji���e�fhl��´i<xh¡hi�k9gjkmxsk9lGk9fhl²oduGwdxh��k�wd�8l��hl��m�d�
i<xhqhqhrjgnl���k9w´kmfhl�uAgnrjrngn�s�,l��}xhgnqsuGl��}kGz{fhl��<l,�hwH�<u²odrjrj�pk9gnuAl7zLwHxsrn� odqsqCl�od���{od�s�
�<l�qhrnody�l�kmfhl�kml�uAqCl��9o�kmxh�ml$�hl�q�l��h�sl���k7�ml�ody�kmgnwH� �mo�k9l$z{gjk9f o´�9o�kml��hl�qCl��h�hl��}k7wd�



��¬­£�®
��� `°¯�±[X ��� ` �*² ^ �­� X ��� Ý á

�`���[������� �����^��������� �������������"�������3�������[�
�`�	���������������[�[����� ��¡7¢ ���Y£H¡¥¤§¦����A¨©�ª� «n�����[�������'���^�^�����^���

���Y£H¡¥¤§¦����C¨"¬�­
�`�	���������������[�[����� �E®U¢ ��� «n�����[�������'���^�^�����^���

¬`­
�ª�

�����[���Y�[��� � ¯c��­3���±°[��²
�E¤�¤�¢

�W� ³e��´µ­3�������¶�������¸·�¹�º"¡�»���´
��¹�º"¡¥¼Y½¾¤���´

¿ �������ÁÀ�ÂÄÃ�Å�Æg�EÇ�¡G¢ ���Y£Y¤�»�È�� ¨"¬`� É`�����	Ê����Ë�[��� ���^�^���	�^���
Ì ¬`���[�^Ê¥� ��� �����������GÍ
��´(ÎP�¥���	����²��¥�[�	���cÏ

Ð �����[�[������ÑÓÒe��Ê � ÔÕ�����§Ñ
´Ö�����	��ÑM«��	������� �����E®�×U¢

����Ñ�¡¥¤§È�� ¨"�W� ³e��´µ­3������� �������¸·
¹�º(¡¥®Y½¾¤���´

É`����� ²ØÀ�Â�Ã�Å	Æ+�E¼�¼�¢ ���§£H¡�»�¦����A¨ÖÙ��C�ªÚ ³e��´µ­3�������¶�������¸·�¹�º.®�Û���´
���§£Y®�»�¦����A¨ÖÙ��C�ªÚ
���§£Y¼�»�¦����A¨ÖÙ��C� Ú

Ü �ØÀ¥ÂªÃ�Å	Æg� Ý�Ý�¢ �W�i£ÕÝ�½¾¤§È�� ¨Ö���cÞY¡¥¤§È�� ¨ÖÙ��A� ³e��´µ­3�������¶´Ö�����¸½
eTod¡hrjl Ý � Ý n�tvwduGlµl�¢sq�l��<gnuAl���k�o�rÒqCw_z{�hl��
i<gn �l�i�k9xh�hgjl�i��Le�fhlFi<��u5¡�wHrP�G�sl��hwdkml�i{k9fhl
gj�}kml��<�codr��hgnoduGl�k9l��µwd�Lkmfhl'uGgjrnr·y�fcodu5¡�l����=od�VgnuAq�wH�<k9od��kµqcod�moduGl�k9l���o¨±Bl�y�k9gj�h��k9fhl
gjuGqco�y�k8�dl�rnw�y�g³k���gn��kmxhu5¡hrjgn�h�5uAgnrjrni��
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uAgnrjrngn�s��gj�}kml��hi<gjk��d�

¤OuAwH�ml
gn���hl�qsk9f7uAwv�sl�rnrjgn�h�Fodqsqh�mw�o�y�f�gji8od�swHqsk9l���¡��7��odxs�mgny�lµod�h��¶Lwdxh�<km�hl��
K ß�ás�8ß��s� ä 	¾M��Ie�fsl�� �hl��Hl�rjwHq�o«�sl�k�o�gnrnl�� uGw��hl�r��hl�imy��<gn¡hgj�h�«fhw_z¦o�i<gn�h�Hrjl�y�wdrnrng£�
i<gnwH�­o¨±Bl�y�k9i�od��l�rnl�uAl���k�wd�8k9fsl�uGgjrnrjl��!qCw_z{�hl����$eTw��sw�k9fhgjiFkmfhl��pxhi<l�l�uAqhgn�<gny�odr
uGo�k9l��mgnodrni'imy�gnl��hy�l��<l�rno�k9gjwH�hiGod�h� y�r�odi<imgny�odr{uGl�y�fcod�hgjy�i���¤-y�wHuAqhxsk9l��²gji²xhi<l�� k9w
�<l�q�l§o�kml��hr³��o�qhqhrj�²k9fhl�uGw��hl�r®�himxs¡�H<l�y�k9gn�s�²k9fhl�uGw��hl�rnrnl��7qCw_z{�hl��	kmw²�ml�qCl�o�k9l���y�wdr³�
rjgnimgjwH�hi���¶Lfcod�9o�y�k9l��mgji<k9gjy�i�wd�8k9fsl²y�wdrnrngjimgjwH�hiµw�y�y�xs�m�mgj�h��gj�´y�l��<k9odgn�Vk���qCl�i5wd��uAgnrjrngn�s�
uGody�fhgj�hl�����KL��âv� ä âv� ä å¾MËod�<l�l�uGqhrjw_�Hl�����wd�	kmfhgni
i<k9l�qM��e�fsgni�uAl�kmfhwv�$qh�mw_��gn�sl�i��<l§o¨�
i<wH�cod¡hrjl{qh�ml��hgny�k9gnwd�hi�wd�Mq�w_z{�hl��Ji<gn �l��vqhod�<kmgny�rjl�odi<qCl�y�k��9o�kmgnwh�dkmfhl{r�oduAl�rjr�od�·k9fhgjy�|}�hl�i<i
z{g³k9fhgj��qhod�<kmgny�rjl�i{od�s��uGo�kml��mgnodrBfhod�m�h�sl�imi��

��odxh�<gny�l�od�h�¬¶LwHxs�<k9�sl���~¯i'i�k9xh�s��gni�z{gj�hl�r³�´�<l���o��m�hl���o�i�k9fhl�uAwHi�kYimxhy�y�l�imi<��xsr
od�s� y�wHuAqhrjl�k9l$uGw��hl�r	w���uGl�y�fcod�hgjy§odr	odrjrnw_��gn�h�h� ª	w_zLl��Hl�����odi²o´y�wd�himl���xsl��hy�lVw��
g³k9i�y�wHuGqsrnl�¢vg³k���kmfhl5uAwv�sl�r·y�wH��k�o�gn�hi�uGod����odimi<xhuGqvk9gnwd�hi�k9fho�kµuGo_��¡�l5¡h�<wH|dl��V¡��
o�k���qhgjy§odr/uAgnrjrngn�s��y�wd�h�hgjkmgnwH�si	wd�	uGo�kml��mgnodrMqh�<wHq�l��<kmgnl�i��8¤
rnimws��g³k	gni{�hgè«Ay�xhrjk{k9wAgn�sl��v�
kmgj� �­l�¢ho�y�k9r³�«fhw_z:y�fcod�s�Hl�iGgn�¬opqco��<k9gjy�xhrnod�5qco��9oduAl�kml��Yz{gnrjr8y�fcod�h�dl$k9fsl�uAw��hl�r®~¯i
qh�<l��hgjy�kmgnwH�hi��

tvwHuAlµwd�=kmfhlFqh�mwH¡srnl�uAi{od�h�s�ml�i<iml���¡����$odxh�mgjy�lFod�h��¶LwHxh��k9�hl���fco§�Hl�odrni<wG¡�l�l��
l�¢ho�uGgj�hl��Yl�rniml�z{fhl��<l{gn��kmfhl�rng³k9l��mo�k9xs�mld��ª
xhod�h�¿¸]¹�ºT»½¼jK�åHâ�MhuAl§odi<xh�ml8kmfhl8rjw�od�hgj�h��l�¢��
q�l��<gnl��sy�l��'¡��Yq�w_z{�hl����hxs�mgn�s��o�¡codrnr£�©��g�o�r�y�wHrjrngni<gnwH��xhimgj�h��o����ml�l8�Ôodrnrjgn�h�	l�¢vq�l��<gnuAl���k§�
e�fhgji�y�wH�s�c�<uGiJk9fho�k�o�uAwv�hg³�cl�� 9 l�r³��gn�AuGw��hl�r®��qh�ml���gnwHxhi<rj�'xhi<l��Ggn�Ay�wHuAqhxskml��ªimgnuY�
xhrno�k9gjwH�hi*K Ý åNM®�}¡Cl�i<kª�hl�imy��<gn¡�l�i�k9fsgniËk���qCl	wd�Cy�wHrjrngjimgnwd�M�Pb.�xm¸]¹"ºT»½¼�K ß ä Mh�hgni<y�xhi<iªz�l�rj�hgn�h�
wd�{q�w_z{�hl���qcod��k9gny�rnl�i��=�s�9o§z{gn�h��od�codrjwH�Hgjl�i�z{gjk9fVk9fhlAzLl�rn�hgj�h��w���k�zLw�qsr�o�kml�i�xs�h�hl��
qh�<l�i<imxh�<ld�,�$od�Hgn�sg�o��h���Îodi<wH�h�coeK ß8.�MLfco§�dl��}xcod��k9g³�cl��´kmfhl²l��hl��<�d�!k9�mod�hi<��l��m�<l���k9w
q�w_z{�hl��
¡}��o'y�wdrnrngjimgjwH��gn�$oAqsr�od�hl�k�od����¡codrjrÒuGgjrnr®�JÓ=gn�co�rnrj�d�hÍ·wv�hwdqh�mgj�HwH�9o,¸]¹;ºT»½¼"K ä ��M
rjwvwH|²o�k�k9fslFrjw�od�hgj�h�5l�¢sq�l��<gnl��hy�l���¡��7qcod��k9gny�rnl�i�gn�7oY�Hl���k9gjy§odr/o�k<k9�<gjk9wd���

�$w��hl�rji�o�kµk9fhgjiµimy�odrnl'od�<l'xhiml���xhr�gn�h�sxhi<km�mg�o�rnrj�d��¤
i�z�l�rjr�odi�uAwv�hl�rnrjgn�h�Gqcod�<kmgny�rnl
i<gn �l7l�±Bl�y�k9i��Lk9fsl��¬od�<l$o�qhqhrngjy§od¡srnl²kmwpwH�sl�w���k9fsl�uAwHi�k'y�wHuAuGl��my�g�odrjrj�!��g�od¡hrjl7odqv�
qhrjgny�o�k9gjwH�hiFwd�{uGl�y�fcod�hgjy§odr�odrjrnw_��gn�h�ín�k9fhl�qs�mw��hxhy�kmgnwH�´wd�{�hgni<qCl��mi<gnwH�­i�k9�ml��h�dkmfhl��hl��
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qh�<w§¢sgju²o¨k9l���od�codr³�}k9gny�odrnr³�H��e�fhgni
gni	|dl��$gn�$r�o�kml��{y�fcodqvk9l��<i�k9fho�k�uGod|�l�y�wduGqco��mgni<wH�hi
¡�l�k�z�l�l���kmfhl�uAwv�sl�rCod�h��l�¢sq�l��<gnuAl���k�o�rC�<l�imxsrjk9iU�sy�wHuGqhod�mgjimwH�hi��ml���xsgn�ml�o�imgjuGqsrnl	imw��
rjxsk9gjwH����wH�Ëþpÿ��������=e�fhlL�9o�kml���qhod�9oduAl�kml��<iËodqhq�l§o��Ëgn�Fk9fhl8i<wHrnxvk9gnwd����wH�Ëþpÿ������=o��h�5y§o��
¡�l��sl�k9l��muAgn�hl���¡����hk<k9gn�s�{kmfhlªimwHrjxsk9gjwH�µk9w�l�¢vqCl��mgnuAl���k9odr�uGl�odimxs�ml�uAl���kmi��Ëe�fhl�od�co�r³�
��imgji�xhiml��Yk9w��hl�k9l��muAgn�hl{þVÿ������·��wH�Tl§ody�f'uAwv�sl�r�gniËqh�<l�i<l���k9l��Ggj�¿��âv�ãâv�ËÐ=¢vq�l��mgjuGl���k�odr
uAl§odi<xh�ml�uGl���k9iµwd��þpÿ��c����od�<l�uGod�hl�gj��k�z�w�i�k�od�dl�i��µe�fslY�hl�¢�kµy�fco�qsk9l��µqh�ml�iml���kmi�o
l�¢sq�l��<gnuAl���k�o�rCqh�<wvy�l��hxs�ml�kmfco�k�uGl�odimxh�<l�iLkmfhl�i<gn �l��hgji<k9�<gn¡hxvk9gnwd�Gwd�MuGgjrnrnl��'u²o�kml��<g�odr®�
e�fhl�i<xh¡himl��}xhl���k
y�fcodqskml��{�hgni<y�xhi<iml�i	fswazOþpÿ{uGo_�G¡�lµl�i<kmgnuGo�k9l������mwHuQl�¢vq�l��<gnuAl��v�
k9odrnr³�'uGl�odimxh�mod¡hrjl
�}xcod��kmgjk9gjl�i�¡Cl���wH�ml
y�wHuAqcod�<gn�h��k9fhl�imlµl�¢sq�l��<gnuAl���k�o�rC�hgji<km�mgn¡sxsk9gjwH�hi
kmwAkmfhwHiml�qh�<l��hgjy�kml���¡}�²k9fhl�uAwv�hl�rni��

ùÅÁ�À \JÌ5]OÐ ÉmÐO^=Ð|Ã�ÉmÐ�ÃÅÄ`_ Ð|Æ�ÃmÐ|Ô�a
e�fhl�od�H�d�ml��Ho�k9gjwH�7od�h�����9o��HuGl���k�o�kmgnwH���mo�k9l�i	xsiml���k�od|�lµk9fhlµ��wH�<u

)�xzy { �¢);�"�Óþ4�2 ¾�)� ��âv� Ý �
+ xzy { �ó+*bå�Óþ4�2 ¾�)� ��âv�ãâ��

e·w�uAw��hl�rco��H�H�ml���o�kmgnwH�M��k9fh�<l�l{|dl��m�hl�r���xs�hy�kmgnwH�hi��·���Óþ4�2 ¾���}o��ml{y�wH�simgn�sl��ml���n Ý �<�Mþlë� ¾�
od�s�-�Mþc ¾���´e�fhl��h�mi<k'k�z�wpw��
kmfhl�i<l7kmfh�ml�l���wd�muAi���wH�muAi'od�<l7odrni<wVxsiml��«��wH�dbå�Óþ4�2 ¾�
� ���9od�HuAl���k9o�k9gjwH�(��� 9 l��m�sl�rniGod�<l$y�wHu5¡hgj�hl��«k9wV��wH�muK�h�dl�uAwv�sl�rni��Ll�uGqhrjw_�vgj�h�,k9fhl
y�wHu5¡hgj�co�k9gjwH�hiFwd�
od�H�H�<l���o¨k9gnwd��od�h�p���9od�HuAl���k9o�k9gjwH�´�mo�k9l�i5�Hgj�dl��­gj��e=o�¡hrnl�âv� Ý �,���
wH�<�hl���kmw�¡ClYy�wH�hi<gni<kml���k�z{gjkmf,r�o�kml����hl��c�hg³k9gnwd�hi�z�lA�<l���l���k9w�k9fslYy�wH�hi�k�od��kmiFw���qs�mw��
q�wH�<kmgnwH�hodrng³k��H��)�od�h�_+_�vo�iJkmfhl	od�H�H�<l���o¨k9gnwd�5�9o�kml{qcod�9o�uGl�k9l��Jo��h�Yk9fhl����9o��HuGl���k�o�kmgnwH�
�mo�k9l�qhod�9oduAl�kml����ml�i<qCl�y�kmgj�Hl�rj�d�,e�fhl�i<l7kml��<uGi�od�ml�xsiml��­kmw��ml���l���kmw�k9fhl²imgn �l�gn�s�hl��
q�l��h�sl���k�qhod�<k	wd�·k9fhl�od�H�d�ml��Ho�k9gjwH�7od�h�����9o��HuGl���k�o�kmgnwH���mo�k9l�i��cz{fhgny�f��hl�imy��<gn¡�l�i{k9fhl
uGo�k9l��mgnodr�~�i8w_�Hl��9odrjrMwH�	o§�Hl��mod�Hl���kml��h�hl��hy��7kmw'z�l�rj�$wd�8���9ody�k9xh�<ld�

e�fhlJ��wH�muAiÒ�Hgj�dl��Fgn��Ð���xho�k9gjwH�hi5��âv� Ý �ßhå��âv�ãâ��BuGod|dl�kmfhl�gjuGqsrngny�gjkBodimi<xhuAqsk9gjwH�Fkmfco�k
od�d�H�ml���o�k9gjwH�$od�h�$���mod�HuAl���k�o¨k9gnwd���mo�k9l�i���)�xzy {	o��h�m+ xzy {��hl�q�l��s��wH�hr³��wH�$kmfhl�i<gn �l�i�w��
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eTod¡hrjl{âv� Ý n·Êpl�rj�hgn�s�µod�h�5���mody�kmxh�ml8�mo�k9l�i�xhiml��'gn��kmfhl8��od�mgjwHxhi=uAw��hl�rji��·���Yl§ody�f'y§o�imld�
)�o��h�,+�od�mlµy�wH�hi<k9od��k��mo�k9l���qco��9oduAl�kml��mi8kmw'¡Cl��hl�k9l��<uGgj�hl��B�

kmfhl7qcod�<kmgny�rnl�iYgj���HwHr³�Hl��B�L�coduAl�r³�íþ�od�h�f ��­���¬�ml�odrng³k��H�ªo,�}xhu5¡�l��'wd�	�Ôody�kmwH�miYz{gnrjr
y�odxhiml�kmfhl��mo�k9l�iLz{gnrjr���od���'k9fh�<wHxh�Hfhwdxsk8k9fsl�uAgnrnrjgn�h�s�TÓcwH�ªl�¢soduAqhrjl
z�wH�m|H��fhod�m�hl��hgn�s�
z{gjrnrËy�odxhimlYkmfhl'u²o�kml��<g�odr·k9w7¡Cl�y�wHuAl'uGwd�mlY¡h�<gjkmkmrnl��Mgn�hy��ml�odimgj�h��k9fhlY���9o��HuGl���k�o�kmgnwH�
�mo�k9l�odi	uGgjrnrngj�h��qs�mwH�H�<l�i<iml�i�������oAimgjuGgjr�od�ªz8o§�7k9fhlFqh�<l�iml��hy�l�wd�Ëi<xh�<�Ôo�y�l�gjuGqsxh�mg³k9gnl�i
uGo§�Y�ml��hxhy�l	l§o��mrj�Yod�H�H�<l���o�kmgnwH�Y�mo�k9l�iªod�h�'k9fhl	fhl§o¨k��dl��hl��9o�kml��²�sxh�mgj�h��uGgjrnrngj�h��uGo§�
gj�hy��<l§odi<l7od�H�H�<l���o�kmgnwH�p�9o�kml�iYo¨k5r�o¨k9l��Fk9gjuGl�i��mIªod�<g�o�kmgnwH�Vy§od�«o¨±Bl�y�kY¡�wdk9f�kmfhl�i<gn �l
gj�h�hl�q�l��s�hl���kF�9o�kml��©qcod�9o�uGl�k9l���od�h��kmfhl5imgj �l����hl�qCl��h�hl���kF|dl��m�hl�r=��wH�<u$�C¡hxskµg³k�gni�odi��
i<xhuGl���k9fho�kËo�rnrHk9fsl�iml�l�±Cl�y�k9iËo��mlªiml�y�wH�h�co��<�Fk9w	imgn �lL�hl�qCl��h�hl��}k=�Ôody�kmwH�mi��Te�fhlLod�H�H�<l��
��o¨k9gnwd�7od�h�7���9od�HuAl���k9o�k9gjwH���9o¨k9l�i{qh�<l�i<l���k9l���fhl��mlFod�mlFo§�Hl��9od�dl���wa�dl��{k9fhlµ�sxh�9o�kmgnwH�
wd�/kmfhl�uAgnrnrjgn�h��qh�<wvy�l�i<i��J¤æuGwd�ml��<l��c�sl��7uGw��hl�rBy�wdxhrn��y�wH�hi<gn�hl��8k9gnuAl��©�hl�q�l��s�hl��hy�ld�
kmfhwHxh�HfAk9fhgjiªz�wHxhrj�²o��h�²y�wH�himgj�hl��mod¡hrjl
y�wHuGqsrnl�¢vg³k��5k9wFk9fhl	uGw��hl�r��Hz{gjkmfGuGod���'uAwH�ml
qco��9oduAl�kml��mi�kmwA¡�l��hl�kml��<uGgj�hl��M�

���´wH�<�hl��F��wH��o$qcod��k9gjy�rnlYkmw�od�H�d�ml��Ho�k9lAwH�����9od�HuAl���k�gjkFu5xhi�k5¡�lGgj���HwHr³�Hl��´gn��o
y�wHrnrjgnimgjwH�5¡�l�k�z�l�l���uGgjrnrjgn�h�	uGl��hg�ov�ËÍ=o��<k9gjy�rjl�iËz{gnrjrhl�¢vq�l��<gnl��sy�l	y�wHrjrngni<gnwH�siËo�kJ�hg³±Bl��ml��}k
���<l��}xhl��sy�gnl�iJ�hl�q�l��h�sgn�h�µwH�5kmfhl�gj�=i<gn �l8od�h�5k9fsgni=��od�<g�o�kmgnwH��u5xhi<kË¡Cl8�<loUcl�y�kml��'gn�Y¡�wdk9f
od�d�H�ml���o�k9gjwH��wH�����mod�HuAl���k�o¨k9gnwd���9o�kml�i��'Ï�g³�Hl��!kmfco�kFo�qco��<k9gjy�rjl5wd��o�y�l���k�odgj�!imgn �lYgni
gj�}�dwHrj�dl��Vgn�Vo7y�wHrjrngni<gnwH�B�Ck9fslAy�fhod�hy�l�i�w��Lg³kFod�H�H�<l���o�kmgn�h��wd�����9od�HuAl���kmgn�h��z{gjrnrËo�rnimw
¡�l�imgn �l��©�hl�q�l��h�sl���k§�5FLwdkmf$y�wH��k9�mgj¡hxskmgnwH�hi�u�xhi<k	¡�lµqh�ml�iml���k�gn�7od�$ody�y�xh�9o¨k9l�uGw��hl�r��
��xh�G�c�<i<k�uAw��hl�r	gniAk9fhl�i<gnuAqhrnl�i<k²wd�Fodrnr®�8fco§��gn�h�´�hw­imgj �l��sl�q�l��h�hl��hy�l��Ãe�fsl
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od�d�H�ml���o�k9gjwH�pod�h�p���mod�HuAl���k�o¨k9gnwd�V�mo�k9l�i�o��mlAy�wH�hi�k�od��k���� ¼ ¸�¼")�xzy {���)!od�h�=+Vxzy {�� +_�
e�fhgjiËuAwv�hl�r}gni=i<gnuAgnrnod�Mk9w�kmfco�kTl�uAqhrnw_�dl��Y¡���¤
gn|}gn��od�h�'¶Lwdxh�<km�hl��ÅK¯â�Msod�h��fcodiË¡�l�l��
i<fhw_z{�'kmw�qh�<w_�vgj�hl�o��dwvw����c�<i<kËodqhqh�<w_¢vgju²o�kmgnwH��k9w
k9fhl�wH¡himl��<�dl��'¡Cl�fco§��gnwHxh���=���5kmfhgni
i<gnuAqhrnlFimgj �l�gj�h�hl�qCl��h�hl���kµy�odiml��Bk9fsl��9o¨k9l�i�od�h���mo�k9l���qco��9oduAl�kml��mi�od�ml�i<���hwH����uAwHxhi��
¡hxvk	kmfhgni�gji��hwdk{k9�<xhl�wd�·k9fhl�wdkmfhl��{uAwv�hl�rni��

�$w��hl�rji�â�od�h� ä �Hl��sl��9o�rngni<l5uAwv�hl�r Ý �Bxhimgj�h��od�H�H�<l���o�kmgnwH�$�9o�kml�iµk9fho�k�od�<lYimgn �l��
�hl�qCl��h�hl��}k�z{fsgnrnl{uGodgn��k9odgn�hgj�h��o�i<gn �l���gj�h�hl�qCl��h�hl���k8���mod�HuAl���k�o¨k9gnwd�A�mo�k9l��Ë����uAwv�sl�r
â�k9fhl
od�H�d�ml��Ho�k9gjwH�Y�9o�kml{gni�qh�<wHqCwd�<k9gjwH�codrvk9wµk9fhl	imxsu wd�Ckmfhl	imgn �l�iªwd��k9fhl
od�H�H�<l���o¨k9l��
qco��<k9gjy�rjl�i�wH��l��}xhg³�do�rnl���kmrj��kmfhlGi<gn �lAw��Lk9fsl²od�d�HrnwHuAl��mo�k9l���wH�muAl��M�A���´uAw��hl�r ä k9fhl
�mo�k9lY�hl�qCl��h�hi�wH��kmfhlYqh�mw��hxhy�kµwd�Jk9fslYimgn �l�iµwd�Jkmfhl5qcod��k9gjy�rnl�i�¡�l���wH�<l5y�wHu�¡hgn�co¨k9gnwd�M�
e�fhgji'imfhw_z{iGoVuAwH�ml�qs�mwH�hwdxh�hy�l���i<gn �l��sl�q�l��h�hl��hy�lNn�y�wH�himgj�hl��Ao!i<��i<kml�u¼wd��imgj �l�i
þd� Ý �5���gFV�vz{fhl��mlhF-gji8o�rnod�m�Hl	�}xhu5¡�l��U�sk9fhl���gn��uAw��hl�rCâ��9o¨k9l�iª��od�<�A���mwHu âT)Yk9w
âeF�)c�Cz{fhl��ml§o�i�gn��uGw��hl�r ä k9fhl����mod�h�Hl����mwdu³)�kmwBF òu)��{e·w�y�wduGq�l��himo�k9lF��wH�{k9fhgji��
g³k�gni
l�¢vq�l�y�kml��!k9fco¨k�uAwv�hl�r ä z{gnrnr·�Hg³�Hl5o�i<u²o�rnrnl����do�rnxhl�wd�5)�z{fsl��!¡Cw�k9f,uAwv�hl�r ä
od�s�$uAwv�sl�r/âYod�<l��skmk9l���kmwYk9fhl�i9o�uGl��co�k9os�

�$w��hl�rjiJåFo��h�'ß�o�rnimwµxsiml�k9fhl{imoduGl�i<gn �l����sl�q�l��h�hl���k8od�d�H�ml���o�k9gjwH�5�mo�k9l�i�o�i�uGw��v�
l�rniGâVo��h� ä ¡hxvkGgj��k9�mw��hxhy�l�o!i<gn �l����sl�q�l��h�hl���k²���9o��HuGl���k�o�kmgnwH�­�mo�k9l�odiYz�l�rnr®��Ê´l
y�wH�himgj�hl��5o$�9o¨k9lGkmfco�k��hl�q�l��h�siYrngn�sl§od�<rj�,wH�pk9fhlGimgn �l�wd�8kmfhl�qco��<k9gjy�rjlA¡�l���wd�ml²���mod���
uAl���k�o¨k9gnwd�M�{od�h� gji²gj�h�hl�q�l��s�hl���k7wd�µkmfhl�i<gn �l�i�wd�µ���mod�HuAl���k9iGqh�mw��hxhy�l��M�æ��� kmfhgni
y�odiml�kmfhl�y�wH�hi�k�od��k8w��Òqh�mwdqCwH��k9gjwH�codrjgjk��5gji��sl��c�hl��²k9w�¡ClO+_�hod�h�G�ml]Ucl�y�k9iLkmfhl�o§�Hl��9od�dl
���mody�kmxh�ml�y�fcod�mody�kml��<gni<kmgny�i	w��Tkmfhl�u²o�kml��<g�odr®�

Í��ml���gjwHxhiAu²o�kmfhl�uGo�kmgny§o�r8od�co�rj��imgji,K Ýaä M
fhodiGi<fhw_z{��kmfco�kAk9fhl��9o�kmlS)
xzy {¿� )�þe 
�<l�qh�<l�iml���k9iËo8�dl��<��i�k9�<wH�h�	od�H�H�<l���o¨k9gnwd��l�±Cl�y�k§�=����k9fsl�o�¡himl��hy�lªwd�vod�������9o��HuGl���k�o�kmgnwH�
qh�<wvy�l�i<i$k9fsgni�l�±Cl�y�k�gji7imw¬i<k9�<wH�h�«k9fco¨k�kmfhl!uGw��hl�r�z{gnrjr�rnwHi<l!qCw_z{�hl���kmfh�mwHxs�Hf�o
qh�<wvy�l�i<iµy§odrjrnl��$�Hl�rno�k9gjwH�M�{¤
� kml���o²y�l��<k�o�gn��kmgnuAld�j�$i¨��kmfhl5i<km�mwH�s��od�H�H�<l���o¨k9gnwd��rnl�od�hi
kmw²o'�hgj�dl��<�Hl��hy�l�gj��kmfhl�i<��i<kml�u���z{fsl��ml�od�gµ<gn�v�c�hgjkml�r³�²rnod�m�Hlo¶'qcod�<kmgny�rnl���wH�<uGi��ªe�fsl
�hg³�Hl��m�Hl��hy�lpgni7gn��k9l��mqh�<l�kml��Oo�i7kmfhlVrngnuAgjkGwd�5o¬qh�<wvy�l�i<i$gj�àz{fhgjy�f�rnod�m�Hl���y�rjxhi<kml��mi
y�wHrnrjgn�hl'��wH�muAgn�s��l��dl��¬r�od�<�Hl��Fy�rjxhi<kml��<i'o�k'od�­o�y�y�l�rnl��9o�kmgn�h���mo�k9l��Ëk9w���wH�<u o$imgn�s�Hrnl
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uGody��<wHimy�wHqhgjy�l���kmgjk��H�µtvxhy�f,uAwv�hl�rni	u²o§�$odqhqsrj�7k9w�l�¢vqCl��mgnuAl���kmi�z{fhl��<l5imgj�H�hg³�cy§od��k
oduAwHxh��kmi·w��hq�waz{�sl��Tod�mlJrnwdi<k·�hxhlJk9w
od�hfhl�imgjwH�Fkmw	kmfhlJuGgjrnrjgn�h��l��}xhgnqsuGl��}k���ª	waz�l��dl����
�c�s�hgn�h��kmfhl'qcod�9o�uGl�k9l��<i���wH��k9fsl�imlAuAwv�hl�rni�gji�o��hgè«Ay�xsrjkµk�o�im|,odi�kmfhl'imwHrjxsk9gjwH����wH�
þpÿ��c����gni�odrjkml��ml��,¡���k9fhlY�sgj�Hl��m�Hl��hy�l���e�fhl5kmgnuAl5o�k�z{fhgny�f,k9fslY�hgj�dl��m�dl��hy�lAw�y�y�xh�mi
gji��Mgj��k9xh�<�M�Ò�hl�kml��<uGgj�hl��,¡���kmfhlY�9o¨k9lYqcod�moduAl�k9l��mi���e�fhlYl�±Bl�y�k�wd�ª�Hl�r�o�kmgnwH��wH��k9fhl
uAwv�sl�rni�gji��hgni<y�xhi<iml��$��xh��k9fhl��	gj����âv�ãâv�¯ßs�

�©kLgji�q�wHi<imgn¡srnl�k9w�imfhw_z k9fho�k8oFqcod��k9gny�rnl�~¯iªrngj|dl�rjgnfhw�w��Ywd�Ml�¢sq�l��<gnl��hy�gj�h�5y�wdrnrngjimgjwH�Ygni
qh�<wHq�wH�<kmgnwH�co�rHk9w�g³k9i·imgn �ld�Te�fhgniTqh�mwHq�wH��k9gnwd�codrng³k���gji=gj�hy�wH�<qCwd�9o�kml��Fgn��kmfhl8o��H�H�ml���o�kmgnwH�
�mo�k9lO)�xzy {È�¢)<�Óþe ¾�­��gn�'uAwv�hl�rniJß�od�h� ä �Jo��h�Gkmfhl	���mod�HuAl���k�o¨k9gnwd�Y�9o�kml
+ xzy {È�¢+��Mþªëj ¾�
��gn�YuAwv�hl�rniTåµod�h�Yß8���=e�fhl�iml{�9o¨k9l�iJo�imimxsuGlLkmfco�kËz{fsl��Ao�r�od�<�HlLqhod�<kmgny�rjlLl�¢sq�l��<gnl��hy�l�i
o�y�wHrnrjgnimgjwH��gjk�gji�H<xhi�k�odi�rjgn|�l�rj�7kmw����9od�HuAl���k�odiµo�imuGodrjr·qhod�<kmgny�rjl�l�¢sq�l��<gnl��hy�gj�h��k9fhl
imoduGl	y�wdrnrngjimgjwH�M�/e�fhl�w�k9fhl��Lod�d�H�ml���o�k9gjwH�God�h�G���mod�HuAl���k�o¨k9gnwd�A�mo�k9l�i��sw��hwdk�gn�sy��ml�odiml
odi
�}xhgny�|}rj��z{g³k9f$imgn �ld�Codi
kmfhl���gj�hy�wH�<qCwd�9o�kml�oAy�wHuAq�wH�hl���k
k9fco�k
�ml��hxhy�l�i�kmfhl�rjgn|�l�rng£�
fhw�w���w��Ëod�7gjuGqco�y�k9l���qcod��k9gny�rnlµo��H�H�ml���o�kmgn�h�YwH�8���mod�HuAl���k9gj�h�Yodi�kmfhl�qcod�<kmgny�rnld~�i8i<gn �l
gj�hy��<l§odi<l�i��

��od���F�Ôody�kmwH�mi·z{fhgny�fYgj�¡Ucxhl��hy�lLkmfhl8rjgn|dl�rngjfhwvw���wd��qcod��k9gjy�rnl�i=o��H�H�ml���o�kmgn�h�
wH�T���mod���
uAl���k9gj�h�God�ml��hwdk	i<gn �l����hl�qCl��h�hl��}k��C��wH��l�¢soduGqsrnl�qCw_z{�hl��
fhod�m�h�sl�imi�od�h�$uGgjrnrngj�h��gj�v�
kml��hi<gjk��H��e�fsl�imlGy�wH��km�mgn¡sxsk9gjwH�hiFod�mlGo§�Hl��9od�Hl���w_�Hl��FkmgnuAlGo��h�pgj�hy�wd�mq�wH�9o�kml��Vgn�!k9fhl
uAwv�sl�rÒk9fh�<wHxh�Hf�od�H�H�<l���o¨k9gnwd�$o��h�$���mod�HuAl���k�o�kmgnwH���9o¨k9lFqcod�9o�uGl�k9l��<i��<)7od�h�,+a��e�fsl
��odrjxhl�i'wd�
)�od�h�Õ+�od�<l7�hl�kml��muAgn�sl��­���mwHu l�¢vqCl��mgjuGl��}k9odr8�co¨k�o!xhimgj�h�VoVuGo�k9y�fsgn�h�
kml�y�fh�hgj�}xhld�ci<w'kmfhl�gj�¡Ucxhl��hy�lµwd�·l�ody�f��Ôody�kmwH�L�hw�l�i��swdk��hl�l���k9wY¡�l���wHxh�s��l�¢vqhrngjy�g³k9rj�d�

ùÅÁ¥ù \ÅÇrÔ�Ê,ÄÈÌ�Ç_Ãja ü�Ç_Ælk 	nm2oqp
e�fhl'qh�<l���gnwdxhi�iml�y�k9gjwH�!l�i<k9od¡hrjgnimfsl��!imgj �lY�hl�qCl��h�hl��sy�gnl�iF��wd��k9fhlY�mo�k9l�i�)�xzy {
od�h�i+Vxzy {��
e�fhgji'iml�y�k9gjwH��qs�mw_��gn�hl�iAwd�hl7wd��kmfhl�k9w�wHrni5xsiml��¬k9w!i<��i�k9l�uGo�kmgny§o�rnrj�´�hl�kml��<uGgj�hl�k9fhl
�mo�k9l���qcod�moduAl�k9l��mi��O)�od�h� +�n�o�� od�codr³��kmgny$imwHrjxsk9gjwH����wH��þpÿ������Ggji²��wHxh�s� ��wH�²l�ody�f
uAwv�sl�r��Te�fhl	�9o�kml���qhod�9oduAl�kml��<i�o��ml���wHxh�h�G¡��Y�hkmkmgn�h��k9fhl�iml	imwHrjxsk9gjwH�hi�k9wFl�¢vq�l��<gnuAl��v�



��¬­£�®
��� `XW¡±�Y ��²|� WPWPX � \ ��¬
�­� `[Z å
.
k9odrËl�i�k9gju²o�kml�i�w��8þVÿFy�odrny�xhr�o¨k9l���gn�V¶Lfcodqvk9l��µß����<wHu?kmfhlYuAl§odi<xh�ml�uGl��}kmiµu²o��hl5gn�
¶Lfco�qsk9l���ås�
e�fhlYod�hodrj��imgji
�<l��}xhgj�ml��$k9w��hl�k9l��muAgn�hl�o²imwdrnxskmgnwH�7��wH��l�ody�f�uAwv�sl�r·gni	qh�ml�iml���kml��

gj�«kmfhl���wHrjrnw_z{gn�h��iml�y�k9gjwH�hi��¬t�wHrnxskmgnwH�si�y§o���¡�l�y§odrjy�xhrno�k9l������mwHu Ð���xho�k9gjwH�Y� Ý � Ý 	
�
¡���i<xh¡hi�k9gjkmxsk9gj�h����wH�Ó)�xzy {�od�s�e+ xzy {��=kmfhl��«i<xhuGuAgn�s�����<wHu þ,� Ý k9w þm�sr xhi<gn�h�
�Hl��hl��mo�k9gj�h�5��xh�hy�k9gjwH��k9l�y�fh�hgn�}xhl�i{�hl�i<y��mgj¡Cl��7gn�GK Ýaä � Ý �NM®��e�fhlµ�ml�imxhr³k9gn�s�5�hgj±Cl��<l���k9gnodr
l���xho�k9gjwH�hi�od�<l�i<wHrj�dl���l�¢ho�y�k9r³�²wd����gj�Ò�hl�y�l�imi9o��<�H�cxsimgn�s�Yodi<��uAqsk9w�k9gny
odqhqs�mw§¢vgnuGo�k9gjwH�hi
¡co�iml��$imuGodrnr����9od�duGl��}k9o�k9gjwH���9o¨k9ld�

eTw¬o§�Hwdgn� �ml�qCl�k9gjkmgnwH� g³k7gni�y�wH���Hl��sgnl���k�k9w«�ml���wH�<�hl���kmfhgni�qs�mw�y�l�i<i�� tvxhuAuAgn�h�
l���xho�k9gjwH�e� Ý � Ý 	
���h�mi<k���kmfhl����ml��©wH�m�sl��mgj�h�GkmfhlFimxhuAu²o¨k9gnwd�hi{�ml��sxhy�l�i�k9fhl�oduAwHxh��k�w��
od�hodrj��imgji��<l��}xhgn�<l��!o�� kml��
uGw��hl�r·imq�l�y�gj�cy�imxh¡hi�k9g³k9xskmgnwH�hi�od�ml�u²od�sld�����,�Hl��hl��modr���k9fhl
y�fco��h�Hl�gj�¬kmfhlt8 :u< uAwHuAl���kGwd��k9fsl��hgji<k9�<gn¡hxvk9gnwd�«z{g³k9f��ml�i<qCl�y�k�kmwpkmgnuAl�uGo§�«¡Cl
z{�<gjkmkml�� 6þ	>|� 7/ x�0 ï þ > 6wVx�� ��âv�¯å
�
tvxs¡hi<kmgjk9xvk9gn�s�'��wd� 6wux{���mwdu4l��}xco¨k9gnwd�=� Ý � Ý 	
�L�Hg³�Hl�i

6þ?>�� Ý
â 7/ x�0 ò

x î?ï/
{10 ï þ >5v x î {×y {�� 7/ x�0 ï 7/ {10 ï þ >'v xzy {�� ��âv��ß8�

z{fhl��ml v xzy {È�Y)�xzy {üwux wo{��e+ xzy {�wVx��j{��JÑ	l���wH�<�hl��<gn�h�5kmfhlµ�c�mi�k
i<xhuAu²o�kmgnwH���dgj�Hl�i
6þ?>�� Ý

â 7/ {10 ï 7/x�0j{1� ï þ >'v x î {×y {P� 7/ x�0 ï 7/ {10 ï þ >5v xzy {2� ��âv� ä �
e�fhl����<l���i<y§odrjgn�h�5kmfhlµ�c�mi�kâþ5imxhuAuGo�k9gjwH��xhimgj�h��þ á �mþ��� ���gnl�rn�hi

6þ?>|� Ý
â 7/ {10 ï 7/x&wx0 ï �Mþ á ë� �� >�v x w y {"� 7/ x�0 ï 7/ {10 ï þ >'v xzy {2� ��âv�Q�
�

z{fhgjy�f�o�rnrnw_z{i8kmfhl�imxhuAi�k9w'¡Cl�y�wHu5¡hgj�hl��
6þ?>�� Ý

â 7/ x�0 ï 7/ {
0 ï v xzy {zy·�Óþ�ëf ¾� > �¬âËþ >e{ �



��¬­£�®
��� `XW¡±�Y ��²|� WPWPX � \ ��¬
�­� `[Z åHá
Ó=gj�codrjrj�H��imxs¡hi<kmgjk9xvk9gn�s�'��wd� v�| y }_�
6þ?>|� Ý

â 7/ x�0 ï 7/ {
0 ï )
xzy {üwVxVw]{*y·�Óþ.ëf ¾� > �«âËþ > { � Ýâ 7/ x�0 ï 7/ {
0 ï + xzy {üwux$�j{*y·�Óþ.ëf ¾� > �¬âËþ > {
��âv�R.��

wH���
6þ?> � ~�>­�L��> ��âv�¯á
�

z{fhl��ml�~�> � Ý
â 7/ x�0 ï 7/ {10 ï )
xzy {üwVxVw]{*y·�Óþ.ëf ¾� > �¬âËþ >e{ ��âv�Q�
�

od�h�?��> � Ý
â 7/ {10 ò wo{

{ î?ï/
x�0 ï + xzy { î x�y� > �¬âÕþ >e{ � ��âv� Ý 	
�

e�fhl�i<l��ml�r�o�kmgnwH�hi<fhgnqsi=uGod|dl8g³k=l�odi<��k9wµ�hl�k9l��muAgn�hl��hgj±Cl��<l���k9gnodrvl��}xco�k9gjwH�hi=��wd�Jþpÿ§�
¤	� k9l��=iml�k<k9gj�h��80�Y	s�dkmfhlL��wH�<uGi·��wH��)�xzy {·od�h��+ xzy {/�Hgj�dl��Ygn��e=o�¡hrnl{â�� Ý o��mlLi<xh¡hi�k9gjkmxsk9l��
gj��l��}xco�k9gjwH�hi���â��ãá
�ßhå��â�� Ý 	��ª��wH��l§o�y�f�uAwv�hl�rMgn��kmxh�m�B�

k��^k���ô � ì��µê���ô
����uGw��hl�r Ý �()�xzy {È�Y)²od�h��+Vxzy {��¢+_��Óc�<wHu4l���xho�k9gjwH�i��âv�Q�
�

~�ÿ�� � Ýâ ) 7/ x$0 ï wVx 7/ {10 ï w]{��§� Ýâ )�þpÿ ò ��âv� ÝHÝ �
od�s�����<wHu4l���xho�k9gjwH���®âv� Ý 	
�

�
ÿ;� � Ýâ + 7/ x�0 ï wux��Óþ�� Ý �È�§� Ýâ +���@Ó�«þpÿ]�2� ��âv� Ý â��
ª	l��hy�l0��l��}xco�kmgnwH�=��âv�¯á
���

6þpÿ�� � Ýâ KL)�þ òÿ �[+N��@Ó�«þVÿ]�×M
� ��âv� Ý å
�
z{fhgjy�f$gji	oAÑ{gny�o�kmkmgBl���xho�k9gjwH�$i<wHrj�dl���l�¢sody�k9rj��¡}�

þpÿ�������� â
)D� 8 ï ë�� ï 8 ò ��� >%� î >��(���Ý ë�� ï � � >)� î >��(����� � ��âv� Ý ß8�



��¬­£�®
��� `XW¡±�Y ��²|� WPWPX � \ ��¬
�­� `[Z å��
z{fhl��ml 8 ï � �
+5��� + ò ë¬ß�)�+�@

ß � 8 ò � �O+�ë�� + ò ë¬ß
)8+�@
ß � ��âv� Ýaä �

i<wAkmfco�k 8 ò ��8 ï � � +���)�@"ëÕ+ 3 ß8� ��âv� Ý �
�
Óc�mwdu4gn�sgjk9gnodr�y�wH�h�sgjk9gjwH�hi�� � ï �

â)8 ï �[)�þpÿ���	
�)vþVÿ���	
�"�«â28 ò � ��âv� Ý .��
z{fhgjy�f$y�wHuAqhrnl�k9l�r³��i<qCl�y�gj�hl�i{k9fhl�imwdrnxskmgnwH�M�

k��^k��;k � ì��µê��Ák

�$w��hl�r�â,xhi<l�iGkmfhl�i9oduAl����9od�HuAl���k9o�k9gjwH�­|dl��m�hl�r�odi'uAwv�sl�r Ý ��imw!��ÿ²gjiA�dgj�Hl���¡��
l���xho�k9gjwH���®âv� Ý â����=e�fhl�o��H�H�ml���o�kmgnwH���mo�k9l��j)�xzy {È�¢)<�Óþ�ë� ¾�L�Hgj�dl�i

~�ÿ��§�O)�@�þpÿ ��âv� Ý á
�
i<w 6þpÿ�� � Ýâ K�âT)�@�þpÿ5�e+��(@Ó�¬þVÿ]�×M
� ��âv� Ý �
�
e�fhgji{fcodi{imwHrjxsk9gjwH�

þpÿ��c����� +�@
âT)�@¶ëÕ+ � Ý � � î � ��� � � ð;ò ��� �në�þpÿ���	
� � î � ��� � � ð;ò ��� � ��âv�ãâT	
�

k��^k���ó � ì��µê��²ó
e�fhl����mod�HuAl���k�o¨k9gnwd�G�mo�k9l���wd�LuAwv�hl�rBå�gni;+ xzy {��ó+N�Mþ�ëG ¾���v¡hxsk8kmfhlµod�H�d�ml��Ho�k9gjwH�G�mo�k9l
gji�xh�hy�fcod�s�Hl������mwHuÞuAw��hl�r/â���¤�qhqhr³��gn�h�'imgjuGgjr�od�ªuAl�k9fswv�hi��

6þpÿ�� � Ýâ K�âT)�@�þpÿ5�e+���þ ò �G@��×M
� ��âv�ãâ Ý �
z{fhgjy�f$gj�hy�rjxh�hl�i{kmfhl�iml�y�wH�h�$uGwduGl��}k{þ ò ��þ ò gji�xh�h|}�hw_z{�M��¡hxsk{�hl�k9l��muAgn�hl��$¡��6þ ò �OâN)vþ ò @�� +� K¯þ � �¬þ ò M
� ��âv�ãâHâ��



��¬­£�®
��� `XW¡±�Y ��²|� WPWPX � \ ��¬
�­� `[Z ß
	
e�fhgji�l��}xco�kmgnwH�S� ��wHxh�h�'xhi<gn�h�µl��}xco�k9gjwH�hi­�®âv�ãá��zhå�®âv� Ý 	
� �/gn���HwHr³�Hl�iËk9l��<uGi=gn�Aþ � �}od�Hodgn�
xh�s|��swaz{�B�Þe�fhlVl��}xco�kmgnwH� ��wH�$þ � z{gnrnr
y�wH��k9odgn� k9l��muAi7z{g³k9f fhgj�Hfhl��7wH�<�hl��7uAw��
uAl���k9i���imw,i<wHuGlGwdk9fsl��5uAl�kmfhwv�´wd�{imwHrjxsk9gjwH�Vu5xhi<k5¡Cl²��wdxh�h�M��Êpl�odqsqhrj�podi��vuAqv�
kmwdk9gjyµuGl�k9fhw��hi�k9w'l��}xco¨k9gnwd�hip�®âv�ãâ Ý �zh���âv�ãâHâ��Lo�imimxsuGgj�h�_+
k9wA¡ClFoYimuGodrjrMqcod�moduGl�k9l����
�Hg³��gn�h�,o��c�<i<k'wH�<�hl��Yi<wHrnxvk9gnwd����wH�5i<��i�k9l�uAiYz{gjkmf�zLl�od|����9od�duGl��}k9o�k9gjwH��n²þ ò �c���t�
þ ò � 	
�sl�¢vq���âN)
�<þ ò ��	
���8od�h��fhl��hy�l
þpÿ¾�c�����æþVÿ���	
� � î ��� � ë +

��)�� åí� Ý � � î ��� � �në þ ò ��	��@ � � ò ��� � � � î ��� �
��� � ��â��ãâdå
�
�9�¡ t¢e£¡£;¤¦¥�§�¨=©t¢�ªg¨u¥c«+¬�¢�«¡«¡¥eªh­* ¯®e¢�°=¨=±�¨u²³ªg�¡ ´°u �¢e±¡¨u«¡µ¶¥c¤�±¡ 5¤·ª¦ 5¤¦©¸¨=¹O¹¦©t¢e°u°= 5¤-ªg�q¢�«ª¦�¡ Oºq¤¦¹�ª[¬%¥c¤¦¤� 5¬)ªg¨=¥e«	ª¦ 5¤¦©	»¡¹�¥¼ª¦�¡ h¹¦¥c°u½;ªg¨u¥c«¶¨=¹�®�¢e°u¨=±¾²�¥c¤�¢¯ºq«¡¨¿ªg ·ª¦¨=©¼ 

��Àg�$ÁÃÂ1Ä­� Ý
åT)Å@ °=¥eµ � ��)�@�þpÿ���	��+�þ ò ��	�� � � ��â��ãâ�ß8�

�9�¡ V¢e¬%¬5½¡¤¦¢e¬%ÆK¥e²Çª¦�¡ j¹¦¥e°=½;ª¦¨=¥c«f²(¢�°=°=¹t±¡¤g¢�©¾¢�ª¦¨=¬5¢e°=°¿Æ�¢e¹0�B¢�£¡£¡¤¦¥c¢e¬��¡ 5¹Å�$ÁÃÂ1Ä��X�9�; ¬%¥c«¡¹¦ %ÈÅ½¡ 5«¡¬% 5¹·¥�²Éªg�;¨=¹9°=¨u©t¨¿ª�¢�ª¦¨=¥c«t¢e¤� O±¡¨=¹�¬5½¡¹�¹¦ 5±?°Ê¢�ª¦ 5¤%�
k��^k���Ë � ì��µê��´Ë
Ì ¹�ÆÍ©t£�ªg¥eª¦¨=¬h©t )ªg�¡¥Í±¡¹�¢e¤� �¢e£¡£¡°u¨= 5±Bª¦¥´©t¥Í±¡ 5°Bß¡»¡Î��¡ 5¤� 6þpÿ�� � Ýâ KL)Å@ ò �[+���þ ò �L@��×M
� ��â��ãâ ä �
¢e«;± 6þ ò �ó)vþ òò �

+
� K�þ ò �¬þ � M
� ��â��ãâT�
�µc¨¿®Í¨=«¡µ´¢e«?¢e£¡£;¤¦¥�§�¨=©t¢�ªg ·¹�¥c°=½�ªg¨=¥e«�þ ò �æþ ò � 	
� 3 � Ý �[)�þ ò ��	��×����¢e«¡±

þpÿ������³�æþpÿ�� 	
��� Ýâ )�@ ò ��� Ýâ + � @��në Ý
) °=¥eµ(� Ý �[)�þ ò ��	��×��� � � ��â��ãâ�.��

²�¥c¤
��Àg�$ÁÃÂ1Ä*� Ý � � î3ò �¦Ï�Ð � ÿ�� ð&Ñ)�þ ò � 	
�

� ��â��ãâdá
��9�¡¨=¹¼©¼¥�±¡ %°9½¡¹¦ %¹¾ªg�; ?°=¢e¹�ª¾¢eµcµc¤� 5µ�¢�ªg¨=¥e«�¤¦¢�ªg �»�)�xzy {Å� )<�Mþc ¾�)»�Î��¡¨=¬��f¬�¢e½¡¹� 5¹¶¢£¡�; 5«¡¥c©¼ 5«;¥c«j¬�¢e°u°= %±�µc %°Ê¢�ª¦¨=¥c«���ÏO 5°Ê¢�ªg¨=¥e«?�q¢�¹·­� % 5«j¹�ªg½¡±¡¨u 5±j­�Æ�ÒO¢'®Í¨u 5¹_¸]¹­ºT»½¼ÈK Ýaä M1»



��¬­£�®
��� `XW¡±�Y ��²|� WPWPX � \ ��¬
�­� `[Z ß Ý
¢e«;±?¨u¹9±¡¨=¹�¬5½¡¹�¹¦ 5±?¨=«���â�� Ý ��ÒO¢�®Í¨= 5¹Ó¸]¹�ºT»½¼q¹�ªg½;±;Æ	¢¼£;½¡¤¦ %°uÆ¶¢�µcµc¤¦ %µ�¢�ª¦¨=«¡µ¯¹�Æ�¹�ªg %©Jª¦�q¢�ª¬5¢e«j­� Ç¥c­;ªg¢e¨=«¡ %±�²�¤¦¥e©Ó %ÈÅ½q¢�ªg¨u¥c«[� Ý � Ý 	
�Ó��Î�¨uªg�?ªg�¡ Ô¢e£¡£¡¤�¥c£¡¤¦¨=¢�ªg Ç¤g¢�ª¦ 5¹ �-­�Æ+¹� %ª¦ª¦¨=«¡µ
+��Y	;�.Õ$«	ª¦�¡¨=¹9¬5¢e¹¦ Ç��>
�¢	ÇÖ¶8?¢e«¡±

~�>
� Ý
â 7/ x�0 ï 7/ {10 ï )<�Óþe ��üwux wo{zy·�Óþ�ë� ¾� > �«âËþ > { � ��â��ãâT�
�

×Ø�¡ %«t8¿� Ý ªg�;¨=¹�¹¦¨u©t£¡°u¨uºq %¹Ùª¦¥
~ ï �

Ý
â )<��þ ï þ ò �¬þ ï þ ò �È�¢	;� ��â��¯å�	
�

¹�½¡µcµc %¹�ªg¨u«¡µÚªg�q¢�ªGþ ï ¨u¹¯¬5¥c«¡¹�ª�¢e«�ª,�(­�ÆD %ÈÍ½¡¢�ªg¨u¥c«Y��â��¯á
� �2�eª[¥'ÎÙ %®e 5¤5»ÙÎ��¡ 5«V8 �"â�»~ ò �Y)�þ ò ò ¹¦¥
þ ò �������

þ ò ��	
�Ý �¬þ ò � 	
��)��
��â��¯å Ý �Î��¡¨u¬����q¢�¹[¢¯ºq«¡¨¿ªg Oªg¨u©t Û¹¦¨=«;µc½¡°Ê¢�¤¦¨uª$ÆB¢�ª��a�ó�$i*� Ý43 )�þ ò � 	
�)���9�¡ h±¡¨u®e 5¤�µc 5«¡¬% Ô¬%¥c¤�Ü¤� 5¹¦£*¥c«¡±;¹Ýªg¥·ªg�; �²�¥c¤¦©t¢�ª¦¨=¥c«�¥e²*¢Û©t¢e¬5¤�¥c¹¦¬%¥c£¡¨u¬�£q¢e¤�ªg¨u¬5°= Ù¥c¤Éµe 5°1�ÝÞ�¢�ª¦ 5¤¦¨=¢e°Í¢eµcµc¤� 5µ�¢�ªg 5¹²�¤�¥c©¸ªg�; t¹�Æ�¹�ªg %©ßª¦¥	ª¦�¡ ¼µc 5°�Ü$£q¢e¤�ªg¨u¬5°= d¢e«¡±V¨=¹h %à� 5¬)ªg¨u®e 5°¿ÆÚ°=¥c¹�ª�²�¤�¥c©áy�wVx��c��� { 7x�0 ï »â¹�¥ª¦�¡ d«Å½¡©d­* 5¤·¥�²Ù¬%°=½¡¹�ªg %¤¦¹ÛÎ�¨u°=°n¢e°=¹�¥B­* ¯¢�à� 5¬%ª¦ 5±��hã.��ÆÍ¹¦¨u¬�¢e°u°uÆc»*ªg�¡ Ô£¡¤¦ %¹¦ 5«;¬5 ´¥e².ÎÙ �¢eä²�¤¦¢eµc©¼ 5«�ª�¢�ª¦¨=¥c«j¨u«+ªg�¡ ´¹�Æ�¹�ªg %©å¹��¡¥c½¡°u±Ú­� ´¥e²Ù°=¨¿ª¦ªg°u Ç¹�¨=µc«;¨uºq¬5¢e«¡¬5 ´­¡½�ªOÎ�¨=°=°â¹¦°u¥4ÎAªg�¡ ¥c«;¹¦ %ªÇ¥e²Ùµc 5°=¢�ªg¨u¥c«j¹¦°u¨=µc��ª¦°uÆc�¼æ�¥e«¡¹¦ %ÈÍ½; 5«�ªg°¿Æc»ÉÎÙ t¬5¢e«V¹g¢�²� %°uÆj¹¦¢'Æjª¦�q¢�ªOª¦�¡ t¹�¥c°=½�ªg¨=¥e«�» %ÈÍ½¡¢�ªg¨u¥c«Dç1èÍ�xècéeê)»z¨=¹�®�¢e°=¨u±?£¡¤�¥'®�¨u±¡ 5±?ªg�¡ ¯¢�¹�ÆÍ©t£�ªg¥eª¦¨=¬5¹-�¡¥c°u±+¢e«;±�ë-Àìë$i��-íq¥c¤-ª¦¨=©¼ 5¹­* %²�¥c¤� "µc 5°=¢�ªg¨u¥c«Øç�ë"À`ë$i%ê2» 6î ï �Hïj¹¦¥ÚÎ� ¶Î�¨=°u°�­* "¬5¥c«¡¬% 5¤�«¡ 5±�Î�¨uªg�Lª¦�¡ "¨=«�ªg %¤�®�¢e°ï´À�ë�Àfë$iÛÎ��¡ %¤¦ Çî ï ç�ë�êa��î ï ç
ïcêa�Ø@q�

k��^k��&ð � ñ��Oò��Bð
Ì °uªg�;¥c½¡µc�B©¼¥Í±¡ 5°�óÇ½¡¹¦ %¹9ªg�¡ ·µe 5°Ê¢�ªg¨=«;µd¢eµcµe¤¦ 5µc¢�ªg¨u¥c«¾ä� 5¤¦«; 5°1»�ªg�¡ ·¬%¥c¤¦¤� 5¹�£�¥c«;±¡¨=«¡µ¯±;¨u²ÊÜ²� %¤¦ 5«�ª¦¨Ê¢e°� %ÈÍ½¡¢�ªg¨u¥c« ±zî!ô±;ë � �?õè K÷ö�@ ò �Dø�ç�@Ó�DîVô)ê×M
� ç1è��úù�ècê¬5¢e«?­* h¹¦¥c°¿®c %±? 2§¡¢�¬%ªg°¿Æ¶­�Æ

î!ô�ç�ë�ê�� ø2@��Dö�@ òø ç õ � � îÍÑ � ð;ò ênëfî!ô'ç
ï�ê � îÍÑ � ð;ò � ç1è��úùcù�ê



û�¬­£�®Ûüâý³þ W¡±�YGÿ ²Oý���������� ü�¬Ûý ÿ þ Z �Åè
�9�¡ t°= 5¢e±¡¨=«;µ¶¥c¤¦±¡ %¤Ç 2§�£¡¤¦ %¹¦¹¦¨u¥c«!²�¥e¤hª¦�¡ ¼µc 5°�Ü&ªg¨u©t �»Eë$i
	 õ 3 öÍî ò ç(ï�êÛ¨=¹Oªg�; t¹¦¢e©t ¼¢e¹²�¥c¤9©¼¥Í±¡ 5°��;�
ªÛ¢�®Í¨=«¡µ[²�¥c½¡«¡±Ôª¦�¡ 5¹� �¹¦¥e°=½;ª¦¨=¥c«¡¹n²�¥c¤Éî!ô�ç�ë�êâ¨¿ªÉ¨u¹É 5¢e¹�Æ�ªg¥·¨u°=°u½¡¹�ª¦¤g¢�ª¦ ��;¥4ÎDª¦�¡ �±¡¨¿àE %¤�Ü %«Åª�äe %¤¦«¡ %°*²�¥c¤�©t¹�¢�à� 5¬)ªÙª¦�¡ -£¡¤¦¥cµe¤¦ 5¹�¹Ù¥�²Eªg�; [©¼¥�±; 5°1�
��¥c°u½;ªg¨u¥c«¡¹Ý²�¥c¤³©¼¥�±¡ %°=¹Ùèh¢e«¡±¶ó�q¢�®e �ª¦�¡ .¹g¢e©¼ Ý²�½¡«¡¬)ªg¨u¥c«q¢e°e²�¥e¤¦© ç� 5ÈÅ½q¢�ª¦¨=¥c«¼ç
è�� èeï�ê�¢e«¡±h %ÈÍ½¡¢�ªg¨u¥c«tç1è��úùcù�ê�ê)����¢e°=½; 5¹�²�¥c¤ª¦�¡ Û¤¦¢�ªg 2Ü$£q¢e¤¦¢e©¼ %ªg %¤¦¹Ùö¯¢e«¡±¶ø9¬5¢e«¾­* Û±¡ )®Í¨=¹¦ %±B¹¦½;¬��Bªg�q¢�ª�î � ò �ô ç�ë�ê���î � ���ô ç�ë�ê³²�¥e¤Ù¢�°=°ë2»�Î��¡ %¤¦ Ûî ��� �ô ç�ë�ê.¨u¹�î!ô�ç�ë�êâ²�¥e¤�©¼¥Í±¡ 5°��G����¨��5 �±¡¨=¹�ªg¤�¨=­¡½;ª¦¨=¥c«;¹Ý¬�¢e«¼­* -¬5¢e°=¬%½¡°Ê¢�ªg 5±¯­�Æ«Å½¡©¼ 5¤�¨=¬�¢�°=°uÆd¨=«�ªg %µc¤g¢�ª¦¨=«¡µ��.ÈÅ½q¢�ª¦¨=¥c«+ç õ � õ ècêÝªg¥�¹¦�¡¥'Îì�¡¥'ÎNªg�; [±¡¨¿àE %¤¦ %«Åª�äe %¤¦«¡ %°=¹�£;¤¦¥�Ü±¡½;¬5 �±;¨uà� 5¤¦ %«�ªÝ¹¦¨��5 �±¡¨=¹�ªg¤�¨=­¡½;ª¦¨=¥c«h¬��q¢�¤g¢e¬)ªg 5¤�¨=¹�ªg¨=¬%¹5���.®e 5«dª¦�¡¥c½¡µc�dî � ò �ô ç�ë�ê���î � ���ô ç�ë�ê)»ª¦�¡ ¯¬5°u½¡¹�ª¦ 5¤·¹�¨��5 Ô±¡¨=¹�ªg¤¦¨u­¡½;ª¦¨=¥c«¡¹�²�½¡«¡¬)ªg¨u¥c«¡¹ÛÎ�¨u°=°Ã­� Ô±¡¨uà� 5¤� 5«�ªO¹¦¨u«¡¬5 Çªg�¡ )Æ+¹¦�;¥4ÎA©¼¥c¤¦ ±¡ )ª�¢e¨u°= %±	¨u«;²�¥c¤�©¾¢�ª¦¨=¥c«E�

ùÅÁ�� �� "!$#&%('5a�!) *+#&%(*-,.%/#�0�'/132ja
�9�¡¨u¹h¹¦ 5¬)ªg¨u¥c«!¬%¥c©¼£q¢e¤¦ %¹·ªg�¡ ´¹�¨��5 ´±¡¨u¹�ª¦¤¦¨=­;½;ªg¨u¥c«¡¹·µc %«¡ 5¤¦¢�ªg %± ­�Æj©¼¥�±; 5°=¹�è¶¢e«;± óBªg¥¨u°=°=½;¹�ªg¤¦¢�ªg nªg�¡ ³­* 5�q¢�®Í¨=¥e½¡¤g¢e°e±¡¨uà� 5¤� 5«¡¬% 5¹n¥e²Åªg�¡ ³äe %¤¦«¡ %°�²�¥c¤¦©¼¹�½¡¹� 5±��ÝÕ$«;¨uªg¨=¢e°�¬5¥c«¡±;¨uªg¨u¥c«¡¹¢e¤� d¬��¡¥c¹� 5«jªg�¡¢�ª·¤� 5£¡¤� 5¹¦ %«�ªÔ¢t�ÅÆÍ£*¥eªg�; %ªg¨u¬�¢e°â©t¥e«¡¥�±;¨=¹¦£* 5¤�¹¦ %±+£�¥'Î�±¡ %¤5»Ã¢e¹[¹¦�¡¥'Î�«Ú¨=«íÉ¨uµc½¡¤� ¯è�� è¡ç
¢cê)�O�9�¡¨u¹·©¾¢�äe 5¹O¨¿ª·¬%°= �¢�¤[Î��¡¨u¬��V£¡¢e¤�ª¦¨=¬5°u 5¹[�q¢�®c ¯­* 5 5«j²�¥c¤�©t %±�ªg�;¤¦¥c½¡µe�ÎÙ 5°u±¡¨=«¡µ�¢e«;±¼Î��¡¨u¬��tª¦�¡¤¦¥c½;µc�¯²�¤g¢eµc©¼ 5«�ªg¢�ªg¨u¥c«�����¢e°=½¡ %¹³¥e²�öÔ¢e«¡±tø��q¢�®c -­� % 5«t¬��¡¥c¹¦ %«¹�¥¼ª¦�q¢�ª[î ��4 �ô ç�ë�ê���î �65 �ô ç�ë�ê)�.�9�¡ �¹¦¥e°=½;ª¦¨=¥c«B²�½¡«;¬%ªg¨u¥c«¡¹�¢e¤� h 5ÈÅ½¡¨u®�¢e°u 5«�ª�¨u²ö ��4 � 	 ö �65 �è87 ç1è��úù9�Åêø ��4 � 	 ø �65 � ö ��5 �9: 7 ç1è��úù�ócê¹�¥�®�¢e°=½¡ %¹Ô¥e²9öj¢e«¡±Lø´¢e¤� ¾¬��¡¥c¹� 5«Gª¦¥�¹g¢�ªg¨=¹�²�ÆÚªg�¡ %¹¦ ¾¬%¥c«¡±¡¨¿ªg¨u¥c«¡¹5�	íq½¡¤�ªg�¡ %¤¦©¼¥c¤¦ �»âªg¥¢�®c¥e¨=± £;¤¦¥c­¡°u 5©¼¹·Î�¨uª¦� µc %°Ê¢�ª¦¨=¥c«j¨u«!©¼¥�±; 5°�ó¶¨uªh¨=¹h£¡¤�½¡±¡ %«ÅªÇªg¥	 5«¡¹�½¡¤¦ ¼ªg�q¢�ªÔö ��5 �-;õ=< ç1î 4 ç(ï�ê�ë�ê2»;²�¥c¤�¢e°u°E®�¢e°=½¡ %¹9¥e²në�¬5¥e«¡¹¦¨u±¡ 5¤� 5±���9�¡ h£q¢e¤¦¢e©t )ªg %¤�®e¢�°=½¡ %¹9µc¨u®e 5«	¨=«"�É¢�­¡°= �è�� è¯¢e±¡�¡ %¤¦ Oªg¥¯ª¦�¡ 5¹� Ç¤� 5°Ê¢�ªg¨=¥e«¡¹¦�¡¨u£¡¹9¢e«;±¢�®c¥e¨=±"£¡¤¦¥e­¡°= %©t¹�Î�¨uªg�¶µe 5°Ê¢�ªg¨=¥e«��É�9�¡ O¬%¥c¤¦¤� 5¹�£�¥c«;±¡¨=«¡µ´¬��q¢�«¡µc O¨=«¶î!ô�ç�ë�ê�¨u¹�¹¦�;¥4Î�«	¨=«íÉ¨uµc½¡¤� �è�� õ ��>·²n¬%¥c½¡¤¦¹� e»qªg�; �¬%½¡¤�®e 5¹�²�¥c¤9©¼¥�±¡ %°�è¯¢e«¡±	©¼¥�±¡ %°�ó¯¢e¤� O¨=±¡ %«Åª¦¨=¬5¢e°1��?-¥eªg 



û
@-A$BÛüâý³þ W�C�YGÿED ý���������� üF@Ûý ÿ þ Z ��ù
Þ?¥Í±¡ 5° ö øè ï�Gúïcïcï�ó ï�Gúïcï õ ïó ï�Gúïcï õ ï ï�Gúïcï�èeï�â¢e­¡°u �è��xèIH.ãÉ¢e¤¦¢e©¼ %ªg %¤¦¹9½¡¹� 5±"ªg¥¯¨u°=°=½;¹�ªg¤¦¢�ªg �ªg�; O±¡¨uà� 5¤� 5«¡¬% 5¹�­� )ª$Î� % 5«?©t¥Í±¡ 5°u¹9èd¢e«;±ó��

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0 10 20 30 40 50 60

Calculated using model 2
Calculated using model 5

íÉ¨uµc½¡¤� ¶è�� õ Htî!ô�ç�ë�êh²�¥c¤Ô©¼¥�±; 5°=¹dè�¢e«¡±�ó	¬�¢e°u¬5½¡°=¢�ªg %±G½¡¹¦¨u«¡µ+ %ÈÍ½¡¢�ªg¨u¥c«¡¹"ç
è��xè�ï�êÇ¢e«;±ç
è�� ùeù�ên¢�«¡±Ôªg�; Ù®�¢e°=½; 5¹É¥�²zöh¢e«¡±¯ø.µc¨¿®c 5«Ô¨=«Ô�â¢e­¡°u 9è�� è��n�9�¡ �ª$ÎÙ¥·¬5½;¤�®c %¹³¢e¤¦ Ù¨=±¡ %«�ªg¨=¬5¢e°­�Æ"±¡ %¹¦¨=µe«��
ª¦�q¢�ª¯¢�«G¨=«¡¬%¤¦ 5¢e¹¦ B¨u«Lî!ô	ç�ªg�¡ ¾¬5¥c«¡¬% 5«�ªg¤¦¢�ªg¨u¥c«G¥e²�£¡¢e¤�ª¦¨=¬5°u 5¹�¨=« ª¦�¡ ¾©¼¨=°u°�êÛ¤� KJq %¬%ªg¹´¢¤� 5±¡½¡¬)ªg¨u¥c«B¨=«t¢�®c %¤g¢eµc Û£q¢e¤�ª¦¨=¬%°= �¹¦¨��5 [¢e¹Ùª¦�¡ [®e¥c°=½¡©¼ -¥e²Eª¦�¡ Û©¼¨=°u°= 5±´©t¢�ªg %¤¦¨=¢e°¡¤¦ %©¾¢�¨=«¡¹¬%¥c«¡¹�ªg¢e«�ª��íÉ¨=µe½¡¤¦ Ûè�� èÇ¨=°u°=½¡¹�ªg¤g¢�ªg 5¹³�¡¥'ÎØªg�; ·©t¥e«¡¥�±;¨=¹¦£* 5¤�¹¦ %±B£q¢e¤�ªg¨=¬%°= %¹Ù­* %ª$ÎÙ 5 %«MLN	�ècóÇ¢e«;±
L�	�ùcï¼ÎÙ 5°u±?²�¤¦ % 5°¿Æ"½¡«¡±¡ %¤[ªg�; 5¹¦ Ç¬5¥c«;±¡¨uª¦¨=¥c«¡¹%»z¬5¤¦ 5¢�ªg¨u«¡µ¼£� 5¢eäÅ¹·¢e¤�¥c½¡«¡±ML&	�ócó�»OL�	
P èIGxó�»QL)	 õcõ ïO %ª¦¬e�.ãâ¢e¤�ª¦¨=¬%°= �²�¤¦¢eµc©¼ 5«�ªg¹.¥e²E¢e°u°;¹¦¨��5 %¹Ù¢�¤¦ 9¬5¤� �¢�ª¦ 5±t©t¥c¤� �¹¦°u¥'Î�°uÆc»cº¡°=°=¨u«¡µª¦�¡ ¶µ�¢e£¡¹Ô­� )ª$Î� % 5«Dªg�¡ ¶£* �¢eäÅ¹%�!Õ&²-«¡¥+²�¤¦¢eµc©¼ 5«�ª�¢�ª¦¨=¥c«!¥�¬%¬5½¡¤�¤¦ %±Dª¦�¡ 5«D£q¢�¤�ªg¨u¬5°u 5¹Ô¥�²¬% 5¤�ªg¢e¨=«¼¹¦¨��5 %¹�ÎÙ¥c½¡°u±¼«;¥eª�­� 9²�¥c¤�©t %±SR ª¦�¡ 5¤� -ÎÙ¥c½¡°u±t­* -¢h£* �¢�ädÎ��¡ 5¤� ·ècó&TULSTØùcï¢e«;±?¥c«; Ç¢�ª[óeïSTWVcï´Î�¨¿ªg�"«¡¥´©t¢�ªg %¤¦¨Ê¢�°E­* %ª$ÎÙ 5 5«XLN	�ùcï´¢e«¡±YL�	 óeï;�



û
@-A$BÛüâý³þ[Z C]\GÿED ý���������� üF@Ûý ÿ þ_^ �`�

1e-08

1e-07

1e-06

1e-05

0.0001

0.001

0.01

0 50 100 150 200

c r

r

Model 2
Model 5

acb/dfehg=ikjli�bnmIopi6qrjlsti�u=vpjlixwKgzy
1e-08

1e-07

1e-06

1e-05

0.0001

0.001

0.01

0 50 100 150 200

c r

r

Model 2
Model 5

a{u|d
}
~=wKv=s�y
1e-08

1e-07

1e-06

1e-05

0.0001

0.001

0.01

0 50 100 150 200

c r

r

Model 2
Model 5

ac��d���~=wnv=s�q�y

1e-08

1e-07

1e-06

1e-05

0.0001

0.001

0.01

0 50 100 150 200

c r

r

Model 2
Model 5

aco�df��~=wKv=s�q�y
1e-08

1e-07

1e-06

1e-05

0.0001

0.001

0.01

0 50 100 150 200

c r

r

Model 2
Model 5

ac��d���~=wKv=slq�y
1e-08

1e-07

1e-06

1e-05

0.0001

0.001

0.01

0 50 100 150 200

c r

r

Model 2
Model 5

a{�ld
}���~=wKv=s�q�y

1e-08

1e-07

1e-06

1e-05

0.0001

0.001

0.01

0 50 100 150 200

c r

r

Model 2
Model 5

a{�(d��K��~=wKv=slq�y
1e-08

1e-07

1e-06

1e-05

0.0001

0.001

0.01

0 50 100 150 200

c r

r

Model 2
Model 5

ac~|d�����~=wKv=s�q�y
íÉ¨uµc½¡¤� Úè�� è�HLæ�°u½¡¹�ª¦ 5¤¶¹¦¨��5 +±;¨=¹�ª¦¤¦¨u­¡½;ªg¨u¥c«¡¹t¬�¢e°u¬5½¡°=¢�ªg %±N«Í½;©t %¤¦¨=¬5¢e°=°¿ÆL²�¤¦¥c©  5ÈÅ½q¢�ª¦¨=¥c«ç õ � õ ècê�½¡¹¦¨u«¡µ¯ªg�¡ h£q¢�¤g¢e©¼ %ª¦ 5¤�®�¢e°=½; 5¹�¨=«"�â¢e­¡°= �èÍ�xè��



û
@-A$BÛüâý³þ[Z C]\GÿED ý���������� üF@Ûý ÿ þ_^ �Åó
Ì ¹·ª¦¨=©¼ Ô£¡¤�¥cµc¤¦ %¹¦¹� 5¹hªg�¡ ¯±¡¨u¹�ª¦¤¦¨=­;½;ªg¨u¥c«¡¹Û­* 5¬%¥c©¼ ¯¹¦©¼¥�¥eª¦�¡ 5¤·¢e¹O©t¥e¤¦ Ô²�¤¦¢eµc©¼ 5«�ªg¹¢e¤� ´µc 5«¡ %¤g¢�ª¦ 5±!¢e«¡±V¤¦ %¬5¥c©d­;¨=«¡ %±�»�²�¥c¤¦©¼¨=«¡µ¶¬%°=½¡¹�ªg %¤¦¹h¥e²�¢e°=°Ý¹�¨��% 5¹5�´�9�¡ ´£¡¤�¥eºq°u ´ª¦�q¢�ª±¡ )®c %°=¥c£¡¹³¨u¹Ý¨=«�J¡½¡ 5«¡¬% 5±´­�Ædªg�; 9¬��¡¥c¨=¬% �¥e²�¢eµcµe¤¦ 5µc¢�ªg¨u¥c«¯¢e«¡±¯²�¤¦¢eµc©¼ 5«�ª�¢�ª¦¨=¥c«Ç¤g¢�ª¦ 5¹³ö`��� �¢e«;±"ø���� ����Þ?¥Í±¡ %°�ó�ÎÙ 5°u±¡¹�©¼¥c¤¦ -¤g¢e£;¨=±¡°¿Æ¯ªg�q¢e«¶©¼¥Í±¡ 5°�è�»�¹¦¥Ôª¦�¡ ·¬5°u½¡¹�ª¦ 5¤Ù±¡¨=¹�ªg¤¦¨u­¡½;ª¦¨=¥c«±¡ )®c %°=¥c£¡¹Û¢t¹��q¢e°=°u¥'Î� %¤-µe¤g¢e±¡¨u 5«�ªÔç(¹� 5 Çº¡µc½¡¤¦ Ôè�� è¡ç(�qê¦ê)���9�¡ Ô±¡¨u¹�ª¦¤¦¨=­;½;ªg¨u¥c«"¨=«	©t¥Í±¡ 5°nè¨u¹�£¡¤¦¥eµc¤¦ %¹¦¹¦¨u«¡µÔª¦¥4Î�¢e¤�±"¢d¹¦©¼¥�¥eª¦�B¬5¥e«Å®e )§B¬5½¡¤�®c e»¡Î��;¨=°= -ªg�¡ Û±¡¨=¹�ªg¤¦¨u­¡½;ª¦¨=¥c«¼²�¥c¤�©¼¥�±; 5°ó�Î�¨u°=°q¤� 5©t¢e¨=«¼¬5¥c«;¬�¢�®c ´ç��¡¥'Î� )®c %¤5»q«¡¥eª¦ [ª¦�¡ Û°u¥cµ�¢e¤�¨uªg�;©t¨u¬�¹¦¬5¢e°= %¹�ê2�.�9�¡¨=¹Ù©t 5¢e«¡¹Ùª¦�q¢�ªª¦�¡ Ô£q¢�¤�ªg¨u¬5°u O¹¦¨��% Ô±¡¨u¹�ª¦¤¦¨=­;½;ªg¨u¥c«"¨=«	©t¥Í±¡ 5°nó´¨=¹�©¼¥c¤¦ h %®e 5«MR ©t¥Í±¡ %°nó¼�q¢e¹[¢t°=¢e¤¦µe 5¤®�¢e¤�¨Ê¢�ª¦¨=¥c«d¨u«´£q¢e¤�ª¦¨=¬%°= �¹�¨��5 �ª¦�q¢�ª³©¼¥�±; 5°zè��â�9�¡ -µc¤¦ 5¢�ªg %¤.«Í½;©d­� %¤.¥e²�°Ê¢e¤�µc �£q¢e¤�ªg¨u¬5°= %¹.¨=¹¨u©t£*¥c¤�ªg¢e«�ª�»*¢e¹[¨uª[¨=«¡¬%½¡¤¦¹Û¢tµc¤� �¢�ª¦ 5¤[ª¦¤¦½¡«;¬�¢�ª¦¨=¥c«? 5¤¦¤�¥c¤5� Ì ¹[±¡¨=¹�¬5½¡¹�¹¦ 5±Ú¨u«��)è�� è��k�B¢e«;±

�)èÍ�xè�� ó�»Ýª¦�¡ "¢eµcµc¤� 5µ�¢�ªg¨=¥e« äe %¤¦«¡ %°9½¡¹¦ %±D¨=«G©¼¥�±; 5°9ó�¨u¹Ô¹�ªg¤¦¥e«¡µj 5«¡¥e½¡µc�Lªg¥jµc %«¡ 5¤¦¢�ªg £q¢�¤�ªg¨u¬5°u 5¹¶¥e²Ç¨=«;º¡«¡¨uª¦ +¹¦¨��5 j¨=«Nºq«;¨uªg +ª¦¨=©¼ e� ×Ø�¡ 5«Ø²�¤g¢eµe©t %«Åªg¢�ªg¨u¥c«N¨=¹B¢e­¡¹¦ %«�ª?ª¦�¡¨=¹¥Í¬5¬%½¡¤¦¹-¢�²�ª¦ 5¤�ªg¨u©t [ë��+	 õ=< ç
öÍî 4 ê2� Ì ¹�¨=©¼¨=°=¢e¤Ù£;�¡ 5«¡¥e©t %«¡¥c«¶Î�¨=°u°E¥Í¬5¬5½;¤-¨u«¶©t¥Í±¡ %°��¡��9�¡ 5¹� B¬�¢�°=¬5½;°Ê¢�ª¦¨=¥c«¡¹h�q¢�®e B­� % 5«G©t¢e±¡ ¼½¡¹�¨=«¡µj¢�« ¨=±; �¢e°u¨=¹¦ %±!¨u«¡¨uª¦¨Ê¢e°É±¡¨=¹�ªg¤¦¨u­¡½;ª¦¨=¥c«±¡¨¿àE %¤¦ %«ÅªÉ²�¤¦¥c©�ªg�¡¥e¹¦ �½¡¹� 5±´ )§�£* 5¤�¨=©¼ 5«�ª�¢e°u°uÆhªg¥Û�¡¨=µc�;°=¨=µe�ÅªÃÎ��¡¨u¬��´£q¢e¤�ª¦¨=¬%°= 5¹â�q¢�®c 9­* 5 %«²�¥c¤�©t %±+­�Æ?¢eµcµc¤� 5µ�¢�ª¦¨=¥c«�¢e«¡±�Î��;¨=¬��+­�Æ	²�¤g¢eµc©¼ 5«�ªg¢�ªg¨u¥c«����9�¡ d£¡¤�¥�¬% 5¹�¹¦ 5¹O±; 5¹¦¬%¤¦¨u­� %±�¡ %¤¦ Ç¢e«¡±?¢e«¡±	ªg�¡ hÈÅ½q¢e°u¨uª�¢�ªg¨u®e O±¡¨uà� 5¤� 5«¡¬% 5¹-­� )ª$Î� % 5«�ª¦�¡ �©t¥Í±¡ 5°u¹�Î�¨=°u°�­* Ç 2§;�;¨=­¡¨¿ªg 5±¨u¤¦¤¦ %¹¦£* 5¬)ªg¨u®e t¥�²�ªg�; ¼ª¦�¡ t¨u«¡¨uª¦¨Ê¢e°â¬5¥c«;±¡¨uª¦¨=¥c«¡¹%�BÞ	¥�±¡ %°Ùó"Î�¢e¹Ç¹��¡¥'Î�« ªg¥	�q¢�®c t�¡¨=µe�¡ 5¤¬%¥c«¡¬5 %«�ªg¤g¢�ªg¨=¥e«¡¹Ù¥�²E°=¢e¤¦µc %¤.¢e«¡±¼¹¦©t¢e°u°= 5¤É£q¢e¤�ª¦¨=¬%°= 5¹Ýª¦�q¢e«¼©t¥Í±¡ %°zè�»�±¡ %¹¦£¡¨¿ªg �­�¥�ªg�¼©t¥Í±�Ü %°=¹·�q¢�®Í¨=«;µ¾ªg�¡ Ô¹g¢e©¼ d¢�®c %¤g¢eµe d£q¢e¤�ªg¨=¬%°= �¹¦¨��5 "ç�ªg�¡ d¹�¨��% Ç®�¢e¤¦¨=¢�ªg¨u¥c«	¨=¹Û©Ô½¡¬��j°Ê¢e¤�µc 5¤-¨=«©¼¥�±; 5°9óeê)�Vî!ô�ç�ë�êÇ¹¦¥c°u½;ªg¨u¥c«¡¹�²�¥c¤Çª¦�¡ ¶¥eªg�; 5¤d©¼¥�±; 5°=¹Ç�q¢�®c ¶¹�°=¨=µe�Åª¦°uÆÚ±¡¨¿àE %¤¦ %«ÅªÔ²�½¡«¡¬)Üª¦¨=¥c«q¢�°Ý²�¥c¤¦©¼¹h­¡½;ª¯¢�°=°-ç( 2§�¬5 5£�ªÔªg�¡¢�ªÇ²�¥e¤�©¼¥Í±¡ 5°��ÅêO¢e¤� t 2§;£*¥c«¡ %«�ªg¨Ê¢�°Ù¨u«Vëh¢�«¡±!ª¦�¡ %Æ¬5¢e«?­* h¬5°u¥c¹¦ %°uÆB©t¢�ª¦¬��¡ 5±���9�¡ 	£¡¤¦ %±¡¨=¬)ªg 5±�¹¦¨��5 	±¡¨=¹�ªg¤¦¨u­¡½;ª¦¨=¥c«¡¹´¢�¤¦ 	¬5¥c©¼£q¢e¤� 5±�ª¦¥! 2§�£� %¤¦¨=©¼ 5«�ªg¢e°�©t 5¢e¹¦½¡¤� )Ü©¼ 5«�ªg¹Ùªg¥Ô¨u±¡ 5«�ª¦¨u²�Æ´Î��¡¨=¬��¾©t¥Í±¡ 5°*µc¨¿®c 5¹�ªg�¡ Û©t¥c¹�ª�¢�¬5¬5½;¤g¢�ª¦ ·£¡¤¦ %±¡¨=¬)ªg¨u¥c«¡¹5�Ýíz¥e¤Ù 2§¡¢�©´Ü£¡°u e»Í¨u²�¢e«B )§�£* 5¤�¨=©¼ 5«�ª�µc¢'®e O¢�Î�¨u±¡ [®�¢e¤�¨Ê¢�ª¦¨=¥c«´¨u«t£q¢�¤�ªg¨u¬5°u [¹�¨��5 �ªg�; 5«B©¼¥�±; 5°�óhÎÙ¥c½¡°u±­* ´©t¥c¤� ¯½¡¹¦ )²�½¡°.ªg�q¢�«!©¼¥�±; 5°³è"¢e«¡±��p�l���
�9�n� �/¡e�
¢ÙÆj¬%¥c©t£¡¢e¤¦¨u«¡µBªg�¡ ¼©¼¥�±¡ %°=¹Ûª¦¥�¢Î�¨u±¡ d®�¢e¤¦¨u %ª$Æ+¥�²Ù 2§�£� %¤¦¨=©¼ 5«�ªg¢e°É¹�¨uªg½¡¢�ªg¨u¥c«¡¹·¨¿ª·¨=¹O£*¥c¹�¹¦¨=­;°= Ôª¦¥¶¨=±¡ %«Åª¦¨u²�Æ	Î��¡¨=¬��Ú©¼¥�±; 5°



û
@-A$BÛüâý³þ[Z C]\GÿED ý���������� üF@Ûý ÿ þ_^ �QV
¨u¹Ù­* 5¹�ª�¥'®c %¤g¢e°u°1�É�9�; ·«¡ )§Íª�¬��q¢e£;ª¦ 5¤�±; 5¹¦¬%¤¦¨u­� %¹�¢Ç¹�½¡¨uªg¢e­¡°u -©¼¨=°u°=¨u«¡µ· )§�£* 5¤�¨=©¼ 5«�ª�½¡¹�¨=«¡µ²� %¤¦¤¦¥�Ü$¹¦¨u°=¨u¬5¥c«¯£*¥'Î�±¡ 5¤%�.�9�¡ [ 2§�£� %¤¦¨=©¼ 5«�ªg¢e°z±q¢�ª�¢O¨u¹Ù¢�«q¢e°uÆÍ¹� 5±¾¨u«tæ��q¢e£;ª¦ 5¤��;�Ýíq½¡¤�ª¦�¡ 5¤±q¢�ª�¢´¹¦ %ª¦¹�¥c­;ª�¢�¨=«¡ %±"²�¤�¥c© ª¦�¡ h°=¨uª¦ 5¤¦¢�ªg½¡¤� O¢e¤� h¢e«q¢e°¿Æ�¹� 5±	¨=«?æ��q¢e£�ªg 5¤[ó��



£ ¤ ¥§¦ ¨�©«ª ¬

­ ® ¦ ©«ª�¯�° ©[±²¨³¥µ´ ©¶¨·¤ ¸º¹ ¥µ± ¹

» ©[¼�½ ´�¨¾¼

�9�¡ Ú£¡¤� %®Í¨=¥e½¡¹¶¬��q¢e£;ª¦ 5¤¶±¡ )®c %°=¥c£* 5±ì¢G£¡¤�¥�¬% 5±¡½¡¤� Ú¬�¢e£q¢�­¡°= +¥�²Ç£;¤¦ 5±;¨=¬%ª¦¨=«¡µ!ªg�¡ j¹�¨��5 ±¡¨u¹�ª¦¤¦¨=­;½;ªg¨u¥c«¶¥e².¢´©¼¨=°=°u 5±B©¼ %ªg¢e°=°u¨=¬[£�¥'Î�±¡ %¤5���9�¡¨=¹�¬��q¢e£�ªg 5¤-±¡ %¹¦¬5¤�¨=­* 5¹- )§�£* 5¤¦¨u©t %«�ª�¢e°ÎÙ¥c¤¦ä¼½¡¹� 5±¾ª¦¥Çªg %¹�ªÙªg�¡ [£¡¤¦¥Í¬5 %±¡½¡¤¦ ��³ÒO¢�ª�¢O²�¤¦¥e© ªg�¡ [ )§�£� %¤¦¨u©t %«Åª¦¹ÙÎ�¨u°=°q­* Û¬5¥e©t£q¢�¤¦ 5±ª¦¥Ç£¡¤� 5±¡¨u¬%ª¦¨=¥c«¡¹.©t¢e±¡ 9­�Ædª¦�¡ �©t¥Í±¡ %°=¹5�â�9�¡ �¤¦ %¹¦½¡°¿ªg¹³¥e²Eª¦�¡¨=¹.¬%¥c©¼£q¢e¤¦¨u¹¦¥c«¯¹��¡¥'ÎKÎ��¡¨u¬��¥e²Ûªg�¡ 	£¡¤¦¥e£�¥c¹� 5±f¢eµcµc¤� 5µ�¢�ª¦¨=¥c«�¢e«;±�²�¤g¢�µc©t %«�ª�¢�ª¦¨=¥c«D¤g¢�ªg 5¹¼©¼¨=©¼¨=¬tª¦�¡ �©¼ 5¬��¡¢e«¡¨=¬5¢e°¢e°u°=¥'ÆÍ¨=«¡µ¾£¡¤¦¥Í¬5 %¹¦¹�©t¥c¹�ª�¢e¬5¬%½¡¤g¢�ªg 5°¿Æc�´íq¤¦¥e©sªg�;¨=¹OäÅ«¡¥'Î�°= %±¡µc ´Î� ´¨=«�²� 5¤O¹¦¥e©t ¯±¡ )ª�¢e¨u°=¹¥e²Ûªg�¡ 	£¡¤¦¥Í¬5 %¹¦¹�¨=«¡µ!¤¦ 5¬% 5¨¿®c 5±f­ÅÆDª¦�¡ ?£*¥'Î�±¡ 5¤¼²�¤¦¥c© ª¦�¡ 	©t¨u°=°=¨u«¡µ�©t¢e¬��¡¨u«¡ 5¤�Æc�K�9�; ¬%¥c©t£¡¢e¤¦¨u¹¦¥c«"¥e²â©t¥Í±¡ %°=¹9¢e«;±? 2§;£* 5¤�¨=©¼ 5«�ª�¢�°�±q¢�ª�¢¯¨u¹9©¾¢e±; O¨=«"°Ê¢�ª¦ 5¤�¬��¡¢e£;ªg %¤¦¹%�íq¥c¤¯ªg�¡ ? )§�£� %¤¦¨u©t %«Åªg¢e°-¹�ªg½;±;Æf¹� %®e 5¤g¢�°Û¹g¢�©t£¡°u 5¹¼¥e²O²� 5¤�¤¦¥�Ü&¹¦¨u°=¨=¬%¥c«D£�¥'Î�±¡ %¤tÎÙ 5¤� ©¼¨=°u°= 5±j¨u« ¢"�¡¥c¤�¨��%¥c«�ª�¢e°�¢�ª�ªg¤¦¨¿ªg¥c¤%�t�9�; t¹�¨��5 ¼±¡¨u¹�ªg¤�¨=­¡½�ªg¨=¥e«V¥�²� �¢�¬��G¹g¢e©¼£¡°u ´Î�¢e¹�±¡ )Üª¦ 5¤¦©¼¨=«; 5±V½¡¹¦¨u«¡µ�¢"¹¦¨u %®e t¹�ª�¢e¬�äÚ©¼¥c½¡«�ªg %± ¥c«!¢e«!¢e½;ªg¥e©¾¢�ª¦ 5±V¹¦�q¢�äe 5¤�©t¢e¬��¡¨=«; �ç�¹¦ % íÉ¨uµc½¡¤� ¯ù;�úù¾²�¥c¤O¢e«j¨u°=°=½;¹�ªg¤¦¢�ªg¨u¥c«zê2�$�³¢e¬��V¹g¢e©¼£¡°= �Î�¢�¹�©¼¨=°u°= %±	²�¥c¤·¢B±¡¨uà� 5¤� 5«�ªh°= %«¡µeªg�¥e²�ªg¨u©t ��ÉÕ&ª�¨=¹�¢e¹�¹¦½¡©¼ 5±´ªg�q¢�ªÙ 5¢e¬��¾¹¦¢e©¼£¡°= 9Î�¨=°u°;­* -ª¦¤¦ 5¢�ªg %±t¨u«¼ª¦�¡ �¹g¢e©¼ 9Î�¢�Æc»�¹¦¥hªg�¡ ¹¦¢e©t£;°= 5¹�©t¨u°=°= %±¼²�¥e¤�¹¦�;¥c¤�ª¦ 5¤�ªg¨u©t %¹�¤� KJq %¬%ª-¢d¹�ªg¢�ªg Û¹¦½¡¤�£q¢e¹¦¹� 5±	­�ÆB¹g¢�©t£¡°u 5¹Ù 5«¡±¡½;¤¦¨=«;µ°u¥c«¡µc %¤d©t¨u°=°u¨=«¡µ¶ªg¨u©t %¹5�À¿[ %«¡¬5 ¶ª¦�¡ B¤¦ %¹¦½¡°¿ªg¹¯±¡ %¹¦¬%¤¦¨=­* Bªg�; ¶¹¦¨��% ¶±¡¨=¹�ªg¤�¨=­¡½;ª¦¨=¥c«!¥e²�ªg�¡ ©¼¨=°u°= 5± £�¥'Î�±¡ %¤t¢�ª´¹¦£* 5¬5¨¿ºq¬"£�¥e¨=«�ªg¹¯¨u«Dª¦¨=©¼ e�G��ÎÙ¥V¹¦ 5£¡¢e¤g¢�ª¦ "¹¦ %ª¦¹t¥�²Û 2§;£* 5¤�¨=©¼ 5«�ªg¹
�Åé



û
@-A$BÛüâý³þ8Á C ý
Â)B³ý³þ-� \ ý��¯üÃAÄ� \ ýÛüF@ ÿED A$� D þ-ý�Å
ÆF��ü�Å � P
ÎÙ 5¤� Ç¬%¥c«¡±¡½¡¬)ªg %±�½¡¹�¨=«¡µ¼±¡¨uà� 5¤� 5«�ª�©¼¨=°=°u¨=«¡µÇ¹¦£* 5 %±¡¹5�Ì ¹�½¡¬5¬% 5¹�¹�²�½¡°u°uÆ�£¡¤¦¥Í¬5 %¹¦¹� 5±¯¹g¢�©t£¡°u ³ )§�£� %¤¦¨u 5«¡¬% 5¹Éª¦�¡¤¦ % �¹�ªg¢eµc %¹É¥e²;£¡¤¦ %£q¢e¤g¢�ªg¨=¥e«Ô¢e«;±ª¦�¡ 5«�¢¯º¡«q¢e°�¹�ªg¢eµc O¥e²Ý¢e«q¢e°¿ÆÍ¹¦¨=¹KH
õ �-��¢e©t£;°= O£¡¤� 5£q¢e¤¦¢�ªg¨u¥c«"¢e«¡±	¹�ªg¢e«¡±q¢�¤¦±¡¨u¹g¢�ª¦¨=¥c«��è��-Þ	¨=°=°u¨=«¡µ;�
ù;�-��¢e©t£;°= O±¡¨¿®�¨u¹¦¨u¥c«��
�¡�-�Í¨��5 �¢e«¡¢e°uÆÍ¹¦¨u¹�ç(¹�¨= %®Í¨u«¡µÅê�¢e«;±?¥eª¦�¡ 5¤�¹�ªg½¡±¡¨u 5¹%�

�9�¡ %¹¦ Ç£¡¤¦¥Í¬5 %¹¦¹¦¨u«¡µ¼¹�ª�¢�µc 5¹-¢e¤� �±; 5¹¦¬%¤¦¨u­� %±�¨=«Bª¦�¡ �¹¦ 5¬)ªg¨u¥c«¡¹9ªg�q¢�ª9²�¥c°=°u¥4Îh�.�9�; �¹¦¢e©¼£¡°= £¡¤� 5£q¢�¤g¢�ª¦¨=¥c«N¢�«¡±N±¡¨u®Í¨u¹¦¨=¥e«f¹�ªg¢eµc %¹B¹¦ %¤�®c Ú¥c«;°uÆDªg¥L %«¡¹¦½¡¤� +ªg�q¢�ª¾ªg�; + )§�£* 5¤¦¨u©t %«�ª�¢e°¤� 5¹¦½;°uªg¹Û¢e¤¦ Ç¢e¬%¬5½¡¤¦¢�ªg Ç¹¦¥¾ª¦�¡ Ç«; 5¬5 %¹¦¹¦¢e¤�Æ+¢e¬%ª¦¨=¥c«¡¹[¢e¤� Ç«¡¥�ªg 5±�ÈÍ½;¨uªg �­¡¤�¨= KJ;Æc�-¿[¥'ÎÙ %®c %¤ª¦�¡ Û©¼¨=°u°=¨=«;µO¢e«¡±¾¢e«q¢e°¿Æ�¹�¨=¹�¹�ªg¢eµc 5¹Ù¤¦ %ÈÍ½;¨=¤¦ [©t¥e¤¦ �¬�¢e¤� %²�½¡°zªg�;¥c½¡µc��ª�¢e«¡±B¨u«Å®e¥c°u®e [©t¢e«�Æ©¼¥c¤¦ O£¡¢e¤g¢e©¼ %ª¦ 5¤�¹-¹�¥¼ª¦�¡ %Æ¾Î�¨=°=°�­� h±¡¨u¹¦¬%½¡¹¦¹� 5±+¢�ª[©¼¥c¤� ·°= %«¡µeªg�E�
ÇYÈpÉ ÊË#&Ì Í.%/! Í.Î�!$Í"#&Î�#Ï0
'/132
Ì õ ïeäÅµ-±¡¤¦½;©�¥e²�²� %¤¦¤�¥�Ü$¹�¨=°=¨u¬5¥c«O£*¥'Î�±¡ 5¤�Î�¢e¹n¥c­;ª�¢�¨=«¡ %±�²�¤�¥c©Ð¿-¥cµOÑ¢e«�Ñ¢�¹5� Ì äÅ¨=°u¥cµc¤¦¢e© ¥�²ª¦�¡¨=¹�£�¥'Î�±¡ %¤�Î�¢e¹Ùªg¢eäe %«¾²�¥c¤� �¢e¬��B 2§�£� %¤¦¨=©¼ 5«�ª�¢e«¡±¾©¼¨¿§� %±tªg�;¥c¤¦¥c½;µc�¡°uÆÔÎ�¨uªg�;¨=«¾¨¿ªg¹� 5°u²½¡¹�¨=«¡µd¢Ç�n½¡¤¦­¡½;°Ê¢Ç©¼¨¿§� %¤nÒ.­* %²�¥e¤¦ Û­* 5¨u«¡µ�¬�¢e¤� %²�½¡°u°uÆ¯ÎÙ 5¨=µe�¡ 5±B¨u«�ªg¥ õ ïcïeµ�¹g¢e©¼£¡°= %¹5�Ý�9�; ©¼¨¿§�¨=«;µ?£¡¤�¥�¬% 5±¡½;¤¦ ¶ 5«;¹¦½¡¤� 5¹dªg�¡¢�ªd 5¢e¬��L¹g¢e©¼£¡°u t¨u¹Ô¤¦ %£¡¤¦ %¹¦ %«Åªg¢�ªg¨¿®c �»�¥e¤Ô¹�ªg¢�ªg¨u¹�ª¦¨=¬�¢�°=°uÆ¨u±¡ 5«�ªg¨u¬�¢e°
»;«¡¥�ª�¢e­¡°¿ÆB�q¢�®Í¨=«;µt¨u±¡ 5«�ªg¨u¬�¢e°E¹¦¨��% O±¡¨=¹�ªg¤�¨=­¡½;ª¦¨=¥c«¶¬��¡¢e¤g¢e¬)ªg %¤¦¨=¹�ªg¨u¬5¹5�
ÇYÈ�Ó ÊË#&Ì Í.%/! Í.Î�1Y*+!)Ô
Ô�'(2"Õ
�9�¡ �¹g¢�©t£¡°u 5¹�ÎÙ 5¤� Ç£¡¤�¥�¬% 5¹�¹¦ 5±?½¡¹¦¨u«¡µ¼¢3ÖE¥`����¨=©¼¥c°u¥4Æe 5¤�æ9Þ?ï õ 4 �.�9�¡¨u¹-©t¢e¬��¡¨u«¡ O�q¢e¹¢	�¡¥c¤¦¨��5¥c«�ªg¢e°�¢�ª¦ª¦¤¦¨uª¦¥c¤h±¡ 5¹�¨=µc«f×³¢?¹¦¬��; 5©t¢�ªg¨u¬t¨u¹Ç¹��¡¥'Î�«G¨=« íÉ¨=µc½;¤¦ ¼ù;� õ �"�9�¡ ¾¬��q¢�©´ÜØ jrÙ(Ú|��Û��/ÜFÝpÞ�bKop�
u(Ù+ßËixm�m�Ù_à.á�bn��~=wn�{��g$àâÜfÛMã�bnql��~=ixg���gp�cbnu=sti�ä`ÝpáfbKqå��m�Ý�æpç�ikjlè���slm6b�g�oQyé ê wnè�ãNbKqt��~�ixg=��g(u�b�v$ë�Þ�u�ì



û
@-A$BÛüâý³þ8Á C ý
Â)B³ý³þ-� \ ý��¯üÃAÄ� \ ýÛüF@ ÿED A$� D þ-ý�Å
ÆF��ü�Å �Qí

î�ïñðQò�óåô�ô õö ô�õ�÷

ö�ø�ùåú�ú ô øcùñû ò�ô�ü ù

ý ò�îþòÿórï���� ù óhî�� ï��

ðQò�� � ù

ðQò�� � ùåú

	 �
� ����
 ò�õ�� ùåø

ý�ù îþò�ó�
�ò���� ù�� ò ú��î�ï�� ø ü�ï������� �
��� ùåø

í��! #"%$'&Où�( õ H��*)�+%&-,/.102�!)43�5�&76*8�&�$'�!,9&�:;0�.�<=.>8%8?.�$�.>02"%@-(
A &�$B+?.�C A &-&�:D"%@�&-CE8%$�&7FG�!3#"%@'<�HI0�3J,K.�:�"�5L.�)702"%$'&9.�:M.><!"%,9�!:%��"%,¯Ü�:%��)�ä�&�<N.�<!<�3OHI.�:�C
0�3J,9�!<�<�<��!,9&�@'0�3#:%&P@'3J�Q0SRT.�@U)-<!&�.�:%&�CV"%@'�!:% W@2.>:%C A <�.�@�02�!:� X&�Y�"%�!8�,K&-:�0�([Z\+%&9]%$�@'0
0�R^3E,9�!<!<��!:% J&76*8�&�$���,K&-:;02@KR^&�$'&_C%��@�)�.�$�C%&-C`.�@[02+�&-Ha,/.bHc+?.bF�& A &�&�:`.�à�&-)-0�&�C A H
0�$2.�:%@'�!&-:�0 A &-+?.bFG�!3#"%$9$�&-@�"%<Q02��:% V5d$'3#,e02+�&J)-<!&b.>:%�!:% V8%$'3*)-&�@�@f.�:%C A Hc5d&�$'$�3>g�@���<!�!)-3#:
.�C�+%&�$'�!:% P0�3P02+%&h)�+?.>, A &-$TRT.�<!<�@�(jik5�0�&�$\.P)-3#"%8%<�&S3�5 A .>0�)�+%&�@l+?.bF�& A &�&-:W8%$�3G)�&-@�@�&-C
.4@'0�&b.�C�H[@�0�.>0�&kC�&-F#&-<!3#8�@�(jZ\+%&k.�,93#"%:;0m3�5n,K.>0�&�$��!.�<%.>C%+%&�$'�!:% h0�3B0�+%&l)�+?.�, A &�$mRo.><!<
Rl��<!< A &X.>8%8%$�3b6*�!,K.>0�&�<�HV&-YG"%.�<T023I0�+%&X.�,93#"%:;0pC�&-0�.>)�+%�!:% I5d$'3#,q02+%&fRT.�<!<srt+?.bFG�!:% 
A &�&-:/C%&-8u3#@'��0�&�C[5d$�3#,v8�$�&-FG��3#"%@ A .>0�)�+%&�@-(jiw<�0�+%3#"% �+93�"%$m,K3GC%&�<�C%3*&-@^:�3�0m&76*8%<��!)��Q02<QH
.�)-)�3#"�:�0h5d3�$k02+�&�@�&p&7F#&-:�0�@�rx@'"%)�+y,K�z6���:% /��@w��:%&-FG��02. A <�&U��:{.�:;H A .>02)�+y,9�!<!<��!:% P0�&�)�+*g
:%��Y�"%&�(ti|"%@�&75d"%<�,93GC%&�<G,P"%@�0NR^3#$¦äB"%:%C%&-$N02+�&�@�&T)��!$')�"%,9@'02.�:%)-&�@t@'3h:%3h.>0'02&�,98�0}Ro.>@
,K.�C%&P0�3X@'023�8y0�+%�!@�~�+%�!@�023#$'�!)b.><�)-3#:;0�.�,9�!:?.102�!3�:%�%(S�D&9&�6*8u&-)-0402+%&p&-$�$'3#$�@h��:%)�"%$'$�&-C
0�3 A &K@',/.�<�< A &-)b.�"�@�&/3�:%<�Hy.�@�,K.�<!<m.>,K3#"�:�0B3�5T,/.102&�$'��.�<tRl��<!< A &9�!:;F#3#<QF#&-CE�!:y02+%&
8%$'3*)-&�@'@�r�8?.�$�02�!)-"%<�.>$�<�H9Rl+%&-:J"%@'�!:% K.p+?.�$'C�,K.>0�&�$��!.�<�<��=ä>&S5d&�$�$'3>g�@'�!<��!)�3�:n(

Z\+%&4$�3�02.>02��3#:?.�<�@�8�&�&�CJ3�5}02+%&ÏÖ�3`�4,9�!<!<��!:% B,K.�)�+%�!:�&�$'Hf�!@\)�3�,K8%"*02&�$l)-3#:;02$�3�<!<!&-Cnr
.�<�<!3ORl�!:� w02+%&\3�8u&-$2.>0�3#$t02348%$'&�@�)-$�� A &l.h@�&-Y�"%&�:%)-&w3�5�,9�!<�<!�!:� k@'8u&-&�C%@m5d3#$N0�+%&l,/.�)�+��!:%&



û
@-A$BÛüâý³þ8Á C ý
Â)B³ý³þ-� \ ý��¯üÃAÄ� \ ýÛüF@ ÿED A$� D þ-ý�Å
ÆF��ü�Å óeï
0�3W5d3�<!<!3OR4(Bi�8%$�&7FG�!3#"%@h@�02"%C*H{)�3#:�C%"%)-0�&�C A H Ö�3`�M�7�_¡��Q�^�÷é õ�� +?.�@h@�+�3�Rl:y02+%.>0h02+%&.�,93#"%:;0j3>5u,K.>0�&�$��!.�<G$�&�)-3OF#&�$'&�CK.>5�02&-$j,K��<!<��!:% l)b.>: A &\ #$'&b.>0�<�HU�!,98%$�3OF�&�C	çL��:%)�$'&b.�@'&�Czê
A HWF>.�$'HG�!:� 90�+%&�,9�!<�<!�!:� P@�8�&�&-CI�!:J.K)7H*)-<!��)4RT.bH#(lZ\+%��@k3#8�&�$�.>02��3#:J.OF�3#�!C�@�Rl+?.10NÖ�3`�
�7�
¡��Q�;0�&�$�,�)�$��Q02��)b.�<*,K��<!<!��:% A &�+%.OFG��3#"%$FR 02+�&�8�+%&�:%3�,K&-:%3#:KRl+�&�$�&l3#:�&k.>$�&b.43�5�02+%&
,9�!<�<�)-3#:%@'�!@'0�&�:;02<QHE&�6�8�&�$'�!&-:%)�&-@9)-3#:%C%�Q02��3#:%@U0�+?.>0p8�$�3#,93�02&KC%&�8�3#@'��02��3#:E3�5�,K.>02&-$��!.�<
3#:;0�3V0�+%&J)�+%.�, A &�$pRo.><!<�(�æ^HG)�<��!)�.�<\3#8�&�$2.102�!3�:a,93OF#&-@K@'"%)�+�~'C�&b.�C%�V$�&- #�!3�:%@�(]¢^H
)�.�$�&75d"%<!<QH�@�&-<!&�)702��:% D,9�!<�<!��:% _@'8u&-&�C%@K��0[�!@[8�3#@�@'� A <�&X023V&�:%@'"%$�&J,/.>0�&�$'��.�<^C%&�8�3#@��Q02&-C
C%"�$��!:� w3#:%&�@�8�&�&-CP$�&- #�!,9&m�!@=C%��@�<!3GC% #&-CBRl+��!<!&j0�+%&^,K.�)�+%��:%&��!@=$�"%:�:%�!:% w.>0�.kC%�¿à�&-$�&-:�0
@'8u&-&�C�3�$9C�"%$���:% {02$2.>:%@��Q02�!3�:?.�<T8�&�$'�!3GC%@�(c��:a$�&75d&�$�&-:%)�&M�÷é õ�� .{)-HG)�<�&J��:�Rl+%�!)�+c02+%&,K.�)�+%��:%&P$�"�:%@h.>0 õ ùcïcïK$'8%,�5d3#$$�f,9�!:�"�0�&�@h.�:�C ícïcï/$'8%,�5d3�$ õ ,9�!:�"�0�&URT.�@h"%@�&-C0�3/,K.�:�"�5L.�)-0�"%$�&�.KZ\�zg�iw<zg�? A .><!<!3OHX��:_.9,/.>)�+%�!:%&B�!C�&�:;02��)b.�<x023902+%&B3#:%&U"%@�&-CI+%&-$�&�(
Z\+%&^,K��<!<��!:% o)7HG)�<!&mRT.�@N)-3#,K8�<!&�,9&�:;0�&�C A HU.lC%�!@')�+?.�$� �&�CP)7H*)-<!&��!:BRl+%�!)�+B02+%&�02�!,9�!:� #@
R^&�$'&U$'&-F#&-$�@'&�CDç��L�å��� õ ùeïcï�$�8�,�5d3#$ õ ,9�!:�"�02&>r ícïcïp$'8%,�5d3#$E�9,K��:�"�02&-@�ê7(ãj$�&�<��!,9�!:?.>$'H{02&-@'0�@p@�+%3OR^&�C|0�+?.>0[.><!,93#@'0P.�<!<�3�5�3#"%$�5d&-$�$'3>g�@'�!<!��)�3#:D8u3ORlC%&-$PRo.>@
$'&�)�3OF�&�$�&-C|"�@��!:� _02+%&-@�&f)7HG)�<!&-@�rj@'3_02+%&7HDR^&�$'&W.�C%3#8*02&�CD5d3#$P.J5d"�<!<m&76*8�&�$���,K&-:;0b(_i
@'&�)�3�:%C/&�6�8�&�$'�!,9&�:;0mRo.>@^)-3#:%C%"%)702&-C/�!:pRl+%��)�+f.�<�<�02+�&�,9�!<�<!��:% k@'8u&-&�C%@�RT&-$�&�$�&-C%"%)�&-C
"%@'�!:% k.\5L.�)-0�3#$ õ=<�� èGr1 #��FG�!:� +í õ íl$�8%,���:%@'0�&b.�CB3�5 õ ùcïcï\$'8%,�.�:%C�Vcù`V\$�8�,��!:%@�02&�.�CU3>5ícïeïw$�8%,�(}Z\+%&o�!C�&b. A &�+��!:%C�0�+%�!@�@�)�.�<!��:% �RT.�@N0�3S$�&-C%"%)-&T02+%&�F#&-<!3G)���0�HB3�5?0�+%& A .�<!<�@ A H
.h5L.�)-0�3#$ õ=<;� èh.�:%C9)�3#:�@�&�Y�"%&-:;02<�H[$'&�C%"�)�&l02+%&�ä��!:%&702��)\&�:%&-$� �HpC��!@�@'�!8?.102&�CK.>0m��,K8?.>)-0A HD.W5L.>)-023�$ õ=< è*(9Z\+%&9@�)b.><!�!:� ��� #:%3#$'&�@B.W<!3�043�5T #&�3�,K&702$���)P5L.�)-0�3#$�@B.�:�CMC%3G&�@B:%3�002.eä�&k.�)�)-3#"%:;0^3�5u0�+%&l5L.�)-0j0�+?.>0m02+%& A .><!<!@j)�.�@�)�.�C%&��!:[@��� #:%�Q]?)b.�:;0�<�HPC��uàu&�$�&-:;0�RT.bHG@o.>0
C%�¿à�&-$�&-:�0w,K��<!<x@'8u&-&�C%@[�÷écè � r A "�0w0�+%�!@w.�8%8%$'3b6���,/.102�!3�:�8�$�3OFG�!C%&-@h.�:I��:�0�&�$'&�@'0��!:% 9Ro.bH0�3K)�+%3G3#@'&U.p@'&�)�3�:%C_@'&-0�3�5t,9�!<�<!��:% U)-3#:%C%�Q02��3#:%@�(

�J�!<�<!��:% kRT.�@�)�3#:%C�"%)-0�&�C/"�:%C%&�$^.�:9�!:%&-$'0�.�$' #3#:K.>02,93#@'8%+%&�$'&�rG.�<�<!3ORl�!:% k02+%&l8�3�Rog
C%&-$}0�3kC�&-F#&-<!3#8B)�3�:%@���@'02&-:;0t)�+?.�$�.�)-0�&�$'�!@'0��!)-@�.15�02&�$x0�+%&mC%�!@'8u&-$�@���3#:B3�5%��:%��0���.�<�<�H\3b6*�!C%��@�&-C
@'"%$'5L.�)-&_,K.>02&-$��!.�<�(aZ\+%�!@9,K.eä�&-@K02+�&_&76*8�&�$'�!,9&�:;0/,93#$'&�@'"%��02. A <�&W5d3�$K)-3#,K8%.�$���@�3#:
Rl�Q02+[3#"%$j,93*C�&�<�r>Rl+%�!)�+K.�@�@'"%,9&�@m)�3#:�@'0�.>:�0^.� � #$�&- ;.>02��3#:p.�:�C[5d$�.�)-0�"%$�&l$�.>02&-@t5d3#$t02+%&
8�3ORlC%&�$-(V��5l0�+%&f8�3�RlC�&�$p #$�.�C%"?.�<�<�HV.�)-)�$'"%&�Cc,93#$�&K3O6*��C%�!@'&�CE,K.>02&-$��!.�<m3#:%&/R^3#"%<�C



û
@-A$BÛüâý³þ8Á C ý
Â)B³ý³þ-� \ ý��¯üÃAÄ� \ ýÛüF@ ÿED A$� D þ-ý�Å
ÆF��ü�Å ó õ

acb/d�ã)ixm�m�ixg=�EÚ9wKqtixjti�wngzy a{u|dI�Fi6qt��~�bnst�Kixg��]Ú9wKqti��
jti�wngzyíN�� #"%$�&hù*(xè�H�Ö�39���*�!,93#<!3OH�&�$�æ\��ï õ Rl�Q02+X02+%&4)�+?.>, A &-$l�!:X0�RT39C%�Q��&-$�&�:;0�,93*C%&-@�(

&�6�8�&�)70���0�023 A &�)�3�,K&S+%.�$�C%&-$\.�:%CX,93#$'& A $'��0�0�<!&w.>5�02&-$T<!3�:% #&�$^,K��<!<��!:% h02��,K&-@�r*.�:%CX@'3
R^&�<�CJ<�&�@�@�.�:�C�5d$�.�)-0�"%$�&4,93#$�&>(

Z\+%&T@'&�<�&�)-0�&�CP,9�!<�<!��:% T02��,K&-@=�!:%)-$�&b.>@�&T �&�3#,9&-0�$��!)�.�<!<QH#rO$'&KJ?&-)-02��:% w3�"%$�&�6*8u&-)-0�.102�!3�:
0�+?.>0\02+�&S8%$�3G)�&-@�@\Rl�!<�<u&�6*8u3#:�&�:;02�!.�<!<QH90�&�:%CX0�3[.[<��!,9��0��!:% 4&�Y�"%��<!� A $���"%,J(}��:f02+�&h+%�! #+
8�3ORT&-$N&76*8�&�$'�!,9&�:;0�0�+?.>0}"%@'&�CP$'3�0�.>0��!3#:%.�<�@'8u&-&�C%@t3>5 õ ùcïeï�$�8%,�.�:%C&íeïcï�$�8�,Jr�@2.>,K8%<�&�@R^&�$'&K,9�!<�<!&�CW5d3#$S0��!,9&�@S3�5 õ rnèGr���.�:%C P +%3#"%$'@�(dí?3#$k02+%&[+?.�<Q5m8u3OR^&�$4&76*8�&�$'�!,9&�:;0br0�+%&�@'&/02��,K&-@4R^&�$'&/C%3�" A <!&-CnrN ���FG�!:% �.�$2.�:% �&95d$'3#,åèW+�3#"%$�@B023 õ V�+�3#"%$�@-(Wik5�02&-$�.@�.�,K8�<!&9+?.�@ A &�&-:M02$'&b.>0�&�CE5d3#$402+%&/8%$�&-@�)�$'� A &�CE,9�!<�<!��:% X8u&-$���3*Cnr}02+%&K)�+?.�, A &�$BRo.>@
��:�F�&�$�02&�CX0�3�02+%&wC%�!@')�+?.�$� ��!:% P8�3#@'��02��3#:jçd@�&-&OíN�! �"%$�&Ûù�(xèeê^.�:%CX$'"%:/5d3#$T.�5d"%$'0�+%&�$T+?.�<�5
+%3�"%$m"%:%C%&-$m0�+%&\C%��)�+?.�$� ��!:% h)7H*)-<!&\0234&-:%@�"%$'&\02+?.>0�.><!<�3>5u0�+%&l,/.>0�&�$'��.�<�5d$�3#,�02+%&l,9�!<�<
RT.�@[)�3#<�<!&-)-02&-CE5d3#$p.�:%.�<�HG@���@�(VZ\+%�!@p,9&b.>:%@P02+?.10P02+%&X)-3#<!<�&�)702&�C�8�3ORlC%&�$[,K.bHM+?.bF�&
A &�&-:_�!:X0�+%&4,K��<!<u5d3�$\"%8�0�3K+%.�<�5�.�:�+%3#"%$l<�3#:% #&-$o02+?.�:W02+�&B@'8u&-)��Q]?&�C�02�!,9&�(jZ\+��!@l�!@
:%3>0^��C%&b.><�r A "*0�R^&�.�:;02��)��!8%.>02&o0�+?.>0j02+�&�,K.��'3#$'��0�HU3�5�02+%&l8�3�RlC�&�$mRl�!<!< A &lC%��@�)�+?.>$� #&-C
5d$'3#,e02+%&�,9�!<!<T&b.�$'<�H���:a0�+%&JC��!@�)�+%.�$� #��:% V8u&-$��!3GCnrT.�:%C�$'&�)-3# #:%��@�&W02+?.>0/.�:;Hc&�$'$�3#$



û
@-A$BÛüâý³þ8Á C ý
Â)B³ý³þ-� \ ý��¯üÃAÄ� \ ýÛüF@ ÿED A$� D þ-ý�Å
ÆF��ü�Å ócè
��:%)�"%$'$�&-C�Rl��<!< A &4@'HG@'0�&�,K.>02��)�(

ÇYÈ�Ç ÊË#&Ì Í.%/!  .'-  '(Ô
'/132
i�5�02&�$N,K��<!<!��:% %r�0�+%&o@�.�,K8�<!&�@}RT&-$�&\,9�Q6*&�CU�!:�0�+%&oZ}"%$ A "%<�.w,9�Q6*&-$N.� #.��!:nr A &75d3#$�& A &-�!:% 
C%�QFG�!C%&-C_�!:;0�3f.Bó�ï� K@�.�,98%<!&B"%@�&-C_5d3#$�@���&-F#&�.�:?.�<QHG@��!@-r�.�:%C{. õ ó> 9@2.�,98%<!&B@2.bF�&�CI5d3#$�����¡.�:%C ��¢\£�R^3#$�¤�(jZ\+%&w$�&�,K.���:%�!:% B,K.>02&-$���.><�RT.�@o@�.bF#&�CX5d3#$�5d"�02"�$�&S"%:*5d3#$�&-@�&�&-:
.�:%.�<�HG@�&-@�(

ÇYÈ�¥ ÊË#&Ì Í.%/! #&2"#&%7¦ Ô
'(Ô
Z\+%&�@�����&mC%��@'02$'� A "*02�!3�:h3�5*0�+%&m@2.�,98%<�&�@=+?.bF#& A &-&�:B&76�.�,9�!:%&-C A Hh@'�!&7F*��:% %(��*3#,9&������
R^3#$�¤�+?.�@ A &-&�:{)�.�$�$'�!&�CJ3#"�0k023/C�&-02&-$�,9�!:%&B02+%&U@�+?.>8u&P3>5t02+%&U8?.�$�02�!)-<!&-@ A &-5d3#$'&P.�:�C
C%"�$��!:� U,9�!<�<!�!:� %(nZ\+%&Ä������@�02"%C�HpRT.�@�:%3�0m&�6�+%.�"%@'0���F�& A "�0�@'"�§9)��!&-:;0^0�3UC%&702&-$�,9�!:%&
0�+%&{ #&�:�&�$2.><w)�+?.�$�.�)-0�&�$'�!@'0��!)-@X3�548?.�$�02�!)-<!&J@�+?.�8�&�(«�m¢\£¨Ro.>@X"%@�&-C©0�3E)�+%&�)�¤`0�+?.>0
)-3#:;0�.�,9�!:?.102�!3�:K3�5�02+%&k@2.�,98%<!&-@^C�"%$���:% �,9�!<�<!�!:� wRo.>@T<!3OR4(tZ\+�&w02&-)�+%:%�!Y�"%&-@o"%@'&�Cf5d3#$
&�.�)�+X@'0�"%C�H/.�$�&kC%&�@')�$�� A &-C A &-<!3OR4(mªl&�@�"�<�02@^3�5x02+�&w@���&-FG�!:� P.�:%C ���^��RT3#$'¤/.>$�&S.><!@�3
@'+%3ORl:n(
«\¬L­k¬�® ¯k° ò=± °�²S³
�*��&-F�&�C�C%.>0�.l.�$'&j"%@�"?.><!<�Hw8%$�&-@�&-:�0�&�CU"%@���:% w. A .>$x)�+?.�$'0�(N´}3ORlC%&�$��!@n8?.>@�@�&-CU0�+%$�3#"� #+�.
@�0�.�)�¤p3�5�@���&-F#&-@^3>5�C%&-)�$'&b.�@'�!:% B,K&-@�+9@�����&�(NZ\+%&k8%.�@�@�.� #&l3�5�0�+%&l8u3ORlC%&-$j02+%$'3#"% #+[02+%&
@'�!&-F�&�@\��@\.��!C�&�C A H/.P@'0�.>:%C?.�$'C%�!@'&�CX@�+%.�¤��!:% P,9&-0�+%3GCf02+?.>0T&�:%@'"%$�&-@l$�&�8�$�3GC%"%)�� A �!<���0�H�(
Z\+%&V8�&�$�)-&�:;0�.> #&D3>5U0�+%&D8�3ORlC%&�$W,K.�@�@W8?.>@�@���:% c02+%$'3#"% #+©&b.�)�+©@���&-F�&D,9&�@'+nr A "�0
$'&�,K.��!:%��:% M3�:�02+%&_,K&-@�+ A &�<!3OR���@K02+�&�:µ8%<�3�0�0�&�Cµ.� #.��!:%@�0/0�+%&I<�.>$� #&-$K,9&�@'+µ@����-&�(íN�� #"%$'&Ùù*( ùl@�+%3ORl@N.l]?)702�Q02�!3�"%@=@����-&^C��!@'0�$�� A "�02��3#:4.�:%CB02+%&�)�3�$�$�&-@�8�3#:%C%��:% �@��!&7F#&^@'0�.>)�¤�r
Rl�Q02+W02+%&48�3#@��Q02�!3�:%@o3�5}02+%&4C%�Q��&-$�&-:�0�@'����&S5d$�.�)-0��!3#:�@\<�. A &�<�<!&�C�(

>S"%$h@���&-F#&K.�:?.><�HG@�&-@4R^&�$'&K)-3#:%C%"�)-02&-CM"%@'�!:% �.W$�&- #"%<�.>$S@�&70�3�5�R^3�F�&�:VRl�!$�&p0�&�@'0



û
@-A$BÛüâý³þ8Á C ý
Â)B³ý³þ-� \ ý��¯üÃAÄ� \ ýÛüF@ ÿED A$� D þ-ý�Å
ÆF��ü�Å óeù
�*�!&7F#&B@����-&¼çL,9�!)-$�3#:%@gê

�Åècóùcïcïè õ èõ óeïõ ï`Vécóóeùù P
Z�. A <!&hù*( õ H��G�!&-F�&4@����-&�@�"%@�&-C�5d3�$\8?.�$'0��!)-<!&h@�����&B.�:?.><�HG@���@�(

I
H
G
F
E
D
C
B
A

¶�·�¸w¹?º»�¼�¼ ¹?º·;½7·w¹?º½7¸ ¼ ¹?º½ ¼�¾ ¹?º¿ ¸S¹?º¸ » ¹?º»�À ¹?º

acb/d�æ(i���Án��qåjlbK��ä
  38   53   75  106  150  212  300  425 1000

0

5

10

15

20

25

Sieve size (microns)

M
as

s 
pe

rc
en

ta
ge

Â Ã
Ä Å Æ Ç È

É
Ê

acu|d�æ(i�è���opi6qåjtslixu=v=jti�wng
íN�� #"%$'&�ù�(úù�HVËh&�:%&-$2.>0��!:% M.M@�����&JC%�!@�02$�� A "�0��!3#: A .�$K)�+?.�$'0/5d$�3#, .D@'�!&7F*��:% E&�6�8�&�$'�Qg
,9&�:;0b(�çL.�êB@'+%3ORl@K.J@��!&7F#&X@�0�.�)�¤�rjRl��0�+E02+%&f8�3ORlC%&�$P5d$�.�)-0��!3#:�@�<�. A &-<!<!&-CDi\ÌG��(NZ\+�&
)-3#$�$'&�@�8�3#:%C��!:% A .>$�@p.�$'&/@'+%3ORl:a��:Øç A ê7(.?�3�02&/0�+%&f<!. A &-<!<��!:% W3�5\0�+%&/Í%g�.�6���@�(IZ\+�&
]?:%.�< A .�$-r�<!. A &-<!<�&�C õ ïcïcï/,9�!)-$�3#:%@k$�&-8%$�&-@�&�:;0�@�.�<�<�,K.>0�&�$��!.�<x02+?.10SRl�!<�<}:�3�0h8?.�@'@S02+%&�ÅèeóB,9�!)�$'3#:[@���&-F#&>(jZ\+%&k]% #"%$�& õ ïcïeïB+?.>@ A &�&�:K)�+%3#@'&�: A H9&76�.�,9�!:%��:% h02+%&�8?.�$�02�!)-<!&-@/H.�<�<�R^3#"%<!CW8?.>@�@l02+%$'3#"% #+�. õ ,9,�@'�!&7F#&B,K&-@�+n(



û
@-A$BÛüâý³þ8Á C ý
Â)B³ý³þ-� \ ý��¯üÃAÄ� \ ýÛüF@ ÿED A$� D þ-ý�Å
ÆF��ü�Å ó|�
@'�!&-F�&�@�,/.�:�"�5L.>)-02"�$�&�C A H��m:�C%&�)-3�0�0�@t.�:%CU)�3#:*5d3#$�,9�!:% o0�3$¢E��(p� õ ï�H õ í P V�(}Z\+%&^$�.�:% #&3�5o@��!&7F#&/.�8u&-$'0�"%$�&-@�"%@'&�CMRT.�@�:�3�0B)�+?.�:% #&-C�×�.�<��!@�0U3>5T02+�&f.�8�&�$�02"%$'&�@���@48%$�&-@�&�:;0�&�C
��:JZ�. A <�&Çù*( õ (^Z\+%&�,K.>0�&�$��!.�<�RT.�@�@��!&7F#&-C_Rl+%�!<�&4C%$'H�r�"�@��!:� /.�:X�j:%C%&�)-3�0�0�@)>S)-02.� #3#:¢S�� #��02.�<?@���&-F#&h@'+?.�¤��!:� p,/.�)�+��!:%&>(t��:%��0���.�<?0�&�@'0�@\@�+%3OR^&�C�:%3pC%��@�)�&-$�:%� A <!&kC%���u&�$'&�:%)-&S�!:
,9&b.�@'"%$�&-,K&-:;02@w,K.�C%& A HW@���&-FG�!:% /.[0�&�@�0S8�3�RlC�&�$k5d3�$ÛóGr õ ï/.�:%C+èeï[,K��:G"*02&�@-r�@�3f.><!<0�+%&4@2.�,98%<!&-@\RT&-$�&4@���&-F#&-CJ5d3#$ õ ï[,9�!:�"�0�&�@\023[&-:%@�"%$'&U)-3#,98%<!&702�!3�:n(Z\+%&W@�����&XC%��@'02$'� A "*02�!3�:�C?.>0�.{8%$'&�@'&�:;02&-C��!:�íN�� #"%$'&¶ù�(k�yR^&�$'&W3 A 0�.>�!:%&-C A HE5d3�<Qg
<�3�Rl��:% c02+%��@�8�$�3G)�&�C�"%$�&>(��Î+%&�:Ï02+%&V,K��<!<�Ro.�@�$�"�:�.>0W5d"%<�<h8u3OR^&�$�rh0�+%&D8�3ORlC%&�$
Y�"%��)�¤G<QH9.� # #$'&� ;.102&�C95d3#$�,9�!:� h$�&�<!.>02�QF#&-<�Hp<!.�$� #&\8%.�$'0��!)�<�&�@m�!:K. A �!,93*C%.�<%C%��@'02$'� A "*02�!3�:nr
.�@�@�+%3ORl: A HLíN�� #"%$'&¾ù�(k�zçL.�ê7(�io0p<�.102&�$402��,K&-@�,93#$�&9�!:;0�&�$�,9&�C���.>0�&7g�@'���-&�CM8%.�$'0��!)�<�&�@
.�$'&B5d3�$�,9&�CX5d$�3#, A 3�0�+�0�+%&B@�,K.�<!<�&�@'0�.>:%CJ<!.�$� �&�@'0�8?.>$'02��)�<�&h)�<�.>@�@�&-@�r�@�,93G3�02+%��:% p02+%&
C%��@'0�$�� A "�02��3#:X8%$�3>]?<!&43OF#&-$�0��!,9&�(jZ\+%&B+?.�<Q5N8�3ORT&-$k&�6�8�&�$'�!,9&�:;0�@�+%3ORl@k.9C��!@�)-&�$':%� A <QH
C%�Q��&-$�&-:�0U8?.>0'02&-$�:n(X��:V02+%��@U)�.�@�&902+%&98?.�$�02�!)-<!&[@�����&9 #&-0�@U8�$�3# #$'&�@'@���F�&�<QHD<!.�$� �&�$h3OF#&-$
0��!,9&�r?.�@\@'+%3ORl:_��:?í��! #"%$'&hù�(k�zç A ê�r%�!:�C%�!)�.>02��:% p.P02$'&�:%CJ3�5N �&�:;02<�&4.� # #$'&� ;.>0��!3#:�(

iw@xRl��0�+�.>:�HS&76*8u&-$���,K&-:�02.�<;,9&b.�@'"%$�&-,K&-:�0�@�r102+%&-@�&�@��!&7F#&-C�@�����&�g�C%��@'02$'� A "*02�!3�:hC?.>0�.
.�$'&S@�" A �'&�)70\023P&-$�$�3�$�(��*&7F#&�$�.�<�8�3#@'@�� A <!&w@'3#"%$')�&�@\3>5=&�$�$'3#$T+%.OF�& A &-&�:X&-<!�!,9�!:%.>02&-Cn(���0
RT.�@o:%3>02&�Cf0�+?.>0T,K3#$'&�0�+?.�:Ëícé#Ðv3�5x02+%&k,K��<!<�&�C[8u3ORlC%&-$TRT.�@o$�&-)�3OF#&-$�&-C_.>5�0�&�$^&-F#&-$'H
&�6�8�&�$'�!,9&�:;0brx@'3X<!3#@'@�&-@h3�5m8u3ORlC%&-$4.�$�&p:�3�0h<�.>$� #&>(hZ\+%&p@�,K.�<!<}<!3�@�@S3 A @�&�$�F#&-CD)-3#"%<!C
A &9.>0�0�$�� A "�02&-CI023W$�&-@��!C�"%&�@B$�&-,/.���:%�!:� /�!:{0�+%&p]?<!<��!:% K)�3#<�"%,K:y.>:%CD$'&�)-&���FG��:% J�.�@'¤�(
��0kRo.�@w.�<!@'3/:%3>02&�CJ02+?.>0k@�,K.�<�<�.>,K3#"�:�0�@k3>5t]?:%&U8u3ORlC%&-$h.�$�&B�!:�&-FG��02. A <�Hf<!3#@�0kRl+%&-:
+?.>:%C%<!��:% X02+%&98�3�RlC�&�$�r}@�3J��04��@40�+%3#"% �+�0B02+%.>0B�!:?.�)-)�"%$�.�)���&�@hR^3#"%<!C A &K #$'&b.>0�&�$h5d3#$
0�+%&4@�,K.�<!<�&�$o@'����&4$�.�:% #&-@�(

Z\+%&�$'&[.�$�&[.><!@�3/@'HG@'0�&�,K.>02��)p&�$�$'3#$�@4.>@�@�3G)��!.>02&-CIRl��0�+I02+%&p"%@'&[3�5�@��!&7FG�!:% X&-YG"��!8*g
,9&�:;0b(��Î+%�!<�&l0�+%&�@����-&l3�5�0�+%&w.>8u&-$'02"�$�&�@��!:K.4@��!&7F#&�,K&-@�+K@�+%3#"�<!C A &��!C%&-:;02�!)�.�<%02+�&�$�&
Rl��<!<t.><�RT.OHG@ A &P@�3�,K&PF>.�$'��.>0��!3#:nr�Rl��0�+{@�3#,9&[.�8�&�$�02"%$'&�@ A &��!:� X<�.�$' #&�$�02+?.�:y3�0�+%&�$'@�(
Z\+%��@k@'3#$'0k3�5j&-$�$'3#$k��:%)�$'&b.�@'&�@lRl��0�+J02+�&�.� �&U3�5�02+%&U@���&-F#&�.�@l02+%&B,K&-@�+JC%&-0�&�$���3#$2.102&�@
Rl�Q02+M"�@�&�(J¢S&�@'8%��0�&K0�+%&�@'&/&�$'$�3#$'@�rt�Q0B�!@45d&�<�0B02+%.>0U0�+%&/C��!@'0�$�� A "�02��3#:%@4 #�QF#&K.�:%CE$'&b.1g
@'3#:?. A <QHI.>)�)�"�$2.>0�&p.�:%C{$'&�8%$'3*C%"�)�� A <!&�$'&�8%$'&�@'&�:;0�.>0��!3#:y3�5j0�+%&p8?.�$�02��)�<!&B@�����&P)�+%.�:% #&-@



û
@-A$BÛüâý³þ8Á C ý
Â)B³ý³þ-� \ ý��¯üÃAÄ� \ ýÛüF@ ÿED A$� D þ-ý�Å
ÆF��ü�Å ócó

38 53 75 106 150 212 300 425 1000
0

5

10

15

20

25

30

Sieve size (microns)

M
as

s 
pe

rc
en

ta
ge

0hours
1hour
2hours
4hours
8hours

acb/duÑ�v=m�mzÚ|w�çf��s�y

38 53 75 106 150 212 300 425 1000
0

5

10

15

20

25

30

Sieve size (microns)

M
as

s 
pe

rc
en

ta
ge

0hours
2hours
4hours
8hours
16hours

a{u9d�ìâb�mx�ÃÚ|w�çf��s�y
íN�� #"%$'&Ùù*(x�ÃHxZ}&�,98�3#$2.�<;)�+%.�:% #&��!:48?.�$�02��)�<!&j@'���-&^C%��@'0�$�� A "�02��3#:h3�5�5d&-$�$'3>g�@'�!<!��)�3#:h8�3ORlC%&�$
3 A 0�.���:%&�CW"%@'�!:% K.3Ö�3`���*�!,93#<�3�H�&�$\.10kC����u&�$�&-:;0l@�8�&�&�C�@�(



û
@-A$BÛüâý³þ8Á C ý
Â)B³ý³þ-� \ ý��¯üÃAÄ� \ ýÛüF@ ÿED A$� D þ-ý�Å
ÆF��ü�Å ó9V
3G)�)-"%$���:% pRl��02+��!:X02+%&48�3ORlC%&�$-(
«\¬L­k¬�Ò ¯�Ó_Ô Õm²SÖ¨Ó_×�Ø Õm²SÕmÙ�Ú�Û�Ü=Û
¢T$'�!&75E����� .�:%CÀ�m¢l£Ý@�02"%C��!&�@hR^&�$'&K)-3#:%C%"%)702&-CD3#:y02+�&p8u3ORlC%&-$�@�( ����� .�:?.�<QHG@�&�@
<�3*3#¤>&�C�.>0K0�+%&�@�+?.�8�&I.>:%C�@�02$�"�)-02"�$�&_3>5S02+%&�,9�!<!<�&�Cc8�3�RlC�&�$/8%.�$'0��!)�<�&�@pRl+%��<!&X02+%&
�m¢\£Þ@'0�"%C�H���:�F�&�@�02�! #.>02&-@�02+%&/)�+%&�,9�!)�.�<T)-3#,K8�3#@'��02��3#:D0�3IC%&702&�$',K��:%&/Rl+%&702+%&-$P02+%&
@�.�,K8�<!&�@\R^&�$'& A &���:% [)�3#:;02.�,K��:?.>0�&�C A HX,/.102&�$'��.�<�5d$�3#,�02+%&4,9�!<!<�RT.�<!<s(

iw8%8�$�3b6*�!,K.>02��3#:%@�3�5m8?.�$�02�!)-<!&B@�+?.>8u&p.>$�&P"%@'&�C A HI3�"%$w,93*C�&�<!<��!:% [8%$'3*)-&�C%"�$�&P023
)-3#:;F#&�$�09@��!&7F#&-Ca@'���-&X.�:?.�<QHG@�&�@P0�3_F#3�<!"%,9&-0�$��!)K8?.�$�02�!)-<!&K@����-&f,9&b.�@'"%$�&-,K&-:�0�@�(DßT3#:*g
]?$',K��:% {02+%&W@'+?.�8�&�3>5S8�3�RlC�&�$98?.�$'0��!)-<!&�@ A H����^� �!@P0�+%&�$'&-5d3#$'&J��,K8�3#$'02.�:;0b( >S"%$
,93*C�&�<!@�.�@'@�"%,9&l02+?.>0�8?.>$'02��)�<�&�@m)b.�: A &�$�&-8%$�&-@�&-:�0�&�C A H9C%�!@'¤p@�+?.>8u&-@^3#$�@�+�3#$'0^)-HG<!��:*g
C%&-$�@-(wZ\+%��@S.�@'@�"%,98�02��3#:I��@�F>.�<��!CW5d3#$�0�+%&P&�.�$�<QHW@'0�.> #&�@S3>5j,K��<!<��!:% %r*C%"%$'�!:% K@'0�.> #&�@Pà
.�:�C�áf3�5E¢^&�:1��.�,9�!:V.�:�CÀ�m3#<��!:nâ�@S]%F�&/@'02.� #&-@UC%&-@�)-$��!8*02�!3�:�� í �kã @�&�&9]? #"%$'&Wà#(äá�å7(9��:@�0�.� #&BæP02+�&B8%.�$'0��!)�<�&�@ A &�)-3#,K&4&-YG"���.16*&�C�@�3[02+�&�@�&U.�@'@�"%,98�02��3#:%@l.�$'&4�!:;F>.�<!��Cn(

�*3#,9&[3�5T0�+%&K8�3ORlC%&�$'@U5d$'3#,ç02+�&95d"%<�<j8u3OR^&�$45d&�$'$�3>g�@��!<��!)-3#:{,K��<!<��!:% K&76*8u&-$���,K&-:�0
+?.bF�& A &-&�:[&76�.�,9�!:%&-CP"%@'�!:% 4.hè�&-3#<*�Î��?Ä������èQ�%�Wg�V|�;é#éw@')b.�:%:��!:% h&-<!&�)702$'3#:P,9�!)�$'3>g
@')�3#8�&�(kZ\+%&P�!:;F�&�@'0��! ;.102�!3�:J@'+%3ORT&-C J?.�¤�&P8%.�$'0��!)�<�&�@lC%&7F#&�<�3#8%��:% /5d$�3�,ê02+%&U&�Y�"%��.�6�&-C
ã  ;.�@�.>023�,K��@�&�C?åN@'0�.>$'02��:% 48u3ORlC%&-$�@ ã @'&�&këN�! #"�$�&læ�(íì#å7(
��.�,98%<!&-@t0�.�¤>&�:/.>5�02&-$TáGrI�B.�:�CP +�3#"%$�@U3�5\,9�!<�<!�!:� /RT&-$�&f&�6�.�,K��:%&�C�(J��0URo.�@U@�" A �'&�)-0���F�&�<�HD:%3�0�&�CM0�+?.>0P.�@�,9�!<�<!�!:� 
0��!,9&T8%$'3# #$�&-@�@'&�@�r�02+�&\:G"�, A &-$t3�5OJ�.�¤>&7g�@�+?.�8�&�C98?.�$�02��)�<!&-@t�!:�)�$�&�.�@�&-Cn(tZ\+%&-$�&\R^&�$�&\:�3
@'�! #:%@m3�5u&�Y�"%�!.16*&�CK8?.�$'0��!)-<!&T5d3#$',/.102�!3�: ã @�0�.� #&�æ4�!:9ëN�� #"%$�&wà#(äá�å7(tZ\+%��@j@�"% � #&�@�02@^0�+?.>03#"�$\.�@�@'"%,98�02��3#:/3�5=C��!@�¤#g�<!�!¤>&w8?.>$'02��)�<�&k@'+?.�8�&wRl�!<�< A &S@'"%��02. A <!&l5d3#$�02+%��@T&76*8�&�$'�!,9&�:;0b(

��:a.�C%C%�Q02�!3�:E023{02+%& ���^� R^3#$�¤�ro.{)-"%$�@'3#$'H �m¢\£î.�:?.�<QH*@'�!@�RT.�@[,K.�C%&X3�5�02+%&
&�.�$�<QHK@�.�,98%<!&-@�0�3P@�&-&S��5u02+%&-$�&wRT.�@o@'�! #:%�Q]?)b.>:�0^)�3�:�02.�,9�!:?.>0��!3#:[3�5�02+%&S,K.>0�&�$��!.�<�(F?k3
0�$2.�)-&�@43�5^)�3#:;0�.>,K��:?.>02��3#:I)-3#"%<!C A &p5d3#"%:%C{Rl+%&-:M.�:%.�<�HG@���:% WæX3#$)�W@�8�3�02@43#:y&�.�)�+
@�.�,K8�<!&�(



ï
@-A$BÛüâý³þ8Á C ý
Â)B³ý³þ-� \ ý��¯üÃAÄ� \ ýÛüF@ ÿED A$� D þ-ý�Å
ÆF��ü�Å ì#ð

ëN�� #"%$'&pæ�(íì�H4�J��)�$�3� #$2.�8�+%@h3�5m02+%&p,9�!<�<!&-CJ5d&�$'$�3>g�@���<!�!)-3#:_8�3ORlC%&�$'@�(3�*,K.�<�<�r�&�Y�"%��.�6�&-C
8?.>$'02��)�<�&�@�.�$�&�@�+%3ORl:�0�+?.>0�+?.bF#&^&�@�)�.�8�&�Cp+%&�.OF�HU8%$�3G)�&-@�@'�!:% kC%"%$���:% l02+%&-�!$=02�!,9&m�!:402+%&
,9�!<�<�(nZ\+%&^<�.�$' #&�$�J?.�¤�&�g�<!��¤�&m8?.�$�02��)�<!&-@ A &-)�3#,9&m,K3#$'&m)�3#,9,K3�:U.>@�,9�!<�<!�!:� T8%$'3# #$�&-@�@'&�@�(



£ ¤ ¥§¦ ¨�©«ª ñ

ò ©«ª�¯Nó^ô ¯�± õ ö ¤ © ¸ ¹ © ´
¼

Z\+%&h8�$�&-FG��3#"%@\)�+?.�8*02&�$\C�&�@�)-$�� A &-@o02+%&S&�6*8u&-$��!,9&�:;02.�<�8%$'3*)-&�C%"�$�&h"%@'&�CX023pC%&702&-$�,9�!:%&
)�+?.>:% #&�@l��:/02+%&h8%.�$'0��!)�<�&w@'�!÷�&wC%�!@�02$�� A "�0��!3#:K3�5=5d&�$�$'3>g�@'�!<��!)�3�:K8�3ORlC%&�$\C%"�$��!:� p,K��<!<!��:% %(
ªl&�@'"%<�0�@o3�5x02+�&w&76*8�&�$'�!,9&�:;0�.�<u@'0�"%C�H/.�$�&k@�"%,9,/.>$��!@'&�Cf��:fëN�� #"%$'&wæ�(�ø%(j��:/0�+%�!@^)�+?.�8*g
0�&�$�r?0�+%&4,K3GC%&�<�@\8%$�&-@�&-:�0�&�C{��:_ßT+%.�8�02&-$Sá�Rl��<!< A &U"�@�&�C�0239)b.�<�)�"%<!.>02&w@��!÷-&UC��!@'0�$�� A "*g
0��!3#:%@S0�+?.>0B.�$'&[.�$�&p)-3#,98?.�$�&-C{Rl��02+I0�+%&[&76*8�&�$���,K&-:;0�.�<t$'&�@'"%<�0�@�rx�!C�&�:;02�Q5�H*��:% fRl+%��)�+
,93*C�&�<!@l.>$�&S02+�&B,93#@�0l$�&b.><!�!@�02��)�(

ZoRT3D02&�)�+�:%�!)�.�<k��@�@'"%&�@K,P"%@'0 A &_$�&-@�3#<QF#&-C A &75d3#$�&�,K.�¤��!:% V@�"%)�+µ)-3#,98?.�$���@�3#:�@�(
Z\+%&K]?$�@�0�)-3#:%)�&-$�:%@U02+%&KC%���u&�$'&�:;0P,9&-0�+%3*C�@U3�5oYG"%.�:;02��5�HG��:% J8%.�$'0��!)�<�&[@��!÷-&/"%@'&�C A H
&�6�8�&�$'�!,9&�:;02@�.�:�C90�+%&l,K3GC%&�<s(�Z\+�&�@�&�C%�Q��&-$�&�:�)�&�@^.�$'&�$'&�@'3#<�F�&�C9"%@���:% h02+%&\02&-)�+%:%��YG"�&
8%$'&�@'&�:;02&-CI�!:.��ø%(Qà#(jZ\+%&B@�&-)�3#:�C_�!@'@�"%&4)-3#:%)�&-$�:%@l]?:%C��!:% [@�"���0�. A <!&4.� � #$�&- ;.>02��3#:X.�:�C
5d$�.� #,9&�:;0�.>0��!3#:a$2.102&7g�8?.�$�.�,K&702&-$�@[5d3#$K"�@�&_Rl�Q02+|0�+%&_,93GC%&�<s(©i�]%0'02�!:� D02&-)�+%:%��YG"�&
@'"%��02. A <!&S5d3�$o02+%��@\8%"%$�8�3#@'&U��@\8%$�&-@�&�:;0�&�C_��:.��ø%(íá*(

¿w.bFG�!:% k$�&-@�3#<QF#&�CP0�+%&�@'&o�!@'@�"%&-@�r��2ø%(íæk,/.�¤>&�@}02+%&^)�3#,98?.�$'�!@�3�: A &-0�R^&�&�:p0�+%&T,93*C�&�<
8%$'&�C%��)-0��!3#:%@9.�:�C�&76*8�&�$'�!,9&�:;0�.�<\$'&�@'"%<�0�@�(�Z\+�&J)-3#,K8%.�$���@�3#:a�!@pC%��@�)-"%@�@'&�CÎ.>09@�3�,K&
<�&�:% �0�+nrN:�3�02��:% J$'&b.�@'3#:%@�Rl+;HV@�3�,K&K,K3GC%&�<�@4@�"%)-)�&�&-Cc.�:%CE3>02+%&-$�@U5L.>�!<�(fßT+?.�8�0�&�$[ì
,K.�¤�&-@h,/.>:�H_@���,K��<�.�$l)�3�,K8?.>$��!@'3#:%@-rn"%@���:% X&76*8�&�$'�!,9&�:;0�.�<NC?.>0�./02.�¤�&-:{5d$�3#,î<!��0�&�$�.1g
0�"%$�&h023[)-3�F�&�$w.pRl��C%&h$2.>:% #&43�5�,K��<!<!��:% B@�)�&-:?.�$'�!3#@-(

ì P



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ ì9í

	�

������������� 	�
��������������
ëN�� #"%$'&Xø%(�à9H_´�.�$'0��!)�<�&X #&�3�,K&702$'HE�!@p�!,98�3#$'02.�:;0pRl+%&�:|�!:;02&-$�8%$'&-02��:% y@���÷�&�,K&�.�@�"%$'&7g
,9&�:;02@\3 A 0�.���:%&�C A H/@���&-FG�!:% �(�¢T3�0�+f02+%&S8%.�$'0��!)�<�&�@^@�+%3ORl:XRl�!<�<�8%.�@�@o0�+%$�3#"� #+W.�@���&-F�&
Rl�Q02+E.>8u&-$'02"�$�&/ �$�&b.102&�$B02+?.>:�� A "�0U02+%&K8?.�$�02�!)-<!&[3#:V02+%&K<!&-5�0U+?.�@�.J,P"�)�+E+%�! �+%&�$
F�3#<!"%,9&�(
¥"ÈpÉ � 132f 3!)Î
0�'(2"Õ Ô
'��-! Ì !$#�Ô
,.Î�!)Ô
Z\+%&-$�&V.�$'&{,/.�:;Ha02&-)�+%:%�!Y�"%&-@_.bF>.���<�. A <�&�5d3�$f,K&�.�@�"�$��!:� M02+%&{@'�!÷-&{C%�!@�02$�� A "�0��!3#:`3>5
,9&-02.�<!<��!)I8�3ORlC%&�$'@ A "�0�02+�&D,93#@'0�)-3#,K,93#:%<QH`"%@'&�C 0�&�)�+%:��!Y�"%&M��@W@��!&7FG�!:% %(�Z\+%�!@
)�+%3��!)�&9�!@h&-)�3#:�3#,K��)�r=&b.>@'H{023W"%:�C%&�$'@'0�.>:%CE.�:�CD)-3#:;F#&�:��!&�:;0U023�"%@�&>( ¿�3�R^&-F�&�$-rN02+%&
,9&b.�@'"%$�&-,K&-:;02@�3 A 0�.���:%&�CD.�$'&K$�.>02+%&-$�. A @'0�$2.�)70P.�:�CM)b.>: A &KC%�Q§9)�"%<Q0B0�3J��:;02&�$'8%$�&70b(� ��&-FG�!:� S,K&�.�@�"�$�&�@�02+%&o@'&�)-3#:%Cp<�.>$� #&-@'0tC��!,9&�:%@'�!3#:U3�5�.w8?.�$�02��)�<!&>r#.�@�@�+%3ORl:[�!:�ëN�! �"%$�&
ø%(Qà#(DZ\+%�!@p��@P:%3�0p0�+%&X,K3�@'0p"%@'&-5d"%<\3�$P�!:;02"���02�QF#&f,9&b.>@�"%$'&X3�5�8?.�$'0��!)-<!&f@'�!÷�&X��:E02+%&
)-3#:;02&76G0K3�5k3#"%$p,93*C%&-<!@-(EZ\+%&XF#3#<�"%,9&X3�5S.{@'�!&-F�&�Ca8?.�$�02�!)-<!&/Rl��<!<^C%&�8�&�:%C|3#:�02+%&
8?.>$'02��)�<�&S #&�3�,K&702$'H�(j��:�.�C%C%�Q02�!3�:nr*8�$2.�)702�!)�.�<�<��!,9��0�@^3#:f0�+%&h:�"%, A &�$\3�5�@���&-F�&h,K&-@�+%&-@
.bF>.��!<!. A <�&S.�<�<!3OR©3#:%<�Hf.9$'&�<!.>02�QF#&�<QH/)-3;.�$'@�&4C%�!@')�$'&-02��@2.>0��!3#:W3�5}02+�&B@'�!÷-&hC%�!@�02$�� A "�0��!3#:n(

Z\+%&�)�<!"�@'02&-$K,93GC%&�<�@pC%&�@')�$�� A &-C���:�ßT+%.�8�02&-$Xá{8%$�3OFG�!C�&J.y,93#$�&WC%&70�.���<!&�CcC%��@�g
)-$�&-0��!@�.>02��3#:J3>5t02+%&B8�3�RlC�&�$wC��!@'0�$�� A "�02��3#:nr%3>5�02&�:J&�,98%<!3OHG�!:� 90�+%3#"%@�.�:%C%@k3�5tC%�Q��&-$�&-:�0
)-<!"%@�02&�$k@���÷�&�@-(Ä¿�3ORT&7F#&�$-rn02+%&-@�&U@��!÷-&�@h.>$�&U./,K&�.�@�"�$�&B3�5tF#3�<!"%,9&�.>:%C ¡��ñ�n�! ����T02.�¤�&
:%34.>)�)�3�"%:;0j3�5?02+�&\.�@�8�&�)70m$2.>0��!3k3�5�8?.�$�02�!)-<!&-@�(}iw:[.�)-)�"%$�.>02&o)-3#:;F#&-$�@���3#: A &70�RT&-&�:[02+%&
@'�!&-F�&f,9&b.�@'"%$�&-,K&-:�0�@P.�:�CMF#3#<�"%,9&-02$'�!)[@���÷�&K,K&�.�@�"%$'&�,9&�:;0P$'&�<��!&�@B3#:M.J$�&-@2.�,98%<��!:% 



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ V#é

0

20

40

60

80

100

0 200 400 600 800 1000

C
um

ul
at

iv
e 

un
de

rs
iz

e 
m

as
s 

pe
rc

en
ta

ge

Sieve size (microns)

Linear interpolation
Quadratic splines

Cubic splines
Data Points

ëN�� #"%$'&pø%(äáIHB��:;0�&�$�8�3#<!.>02��:% �.�)-"%,P"%<!.>02�QF#&p"%:%C�&�$�@'�!÷-&K@'�!÷�&9C%��@'02$'� A "*02�!3�:n(pZ\+%&9C?.>0�.
��@�02.�¤�&-:I5d$�3#,ê0�+%&���:%��0���.�<u8u3ORlC%&-$w"%@'&�C{�!:�02+%&45d"%<�<}8�3ORT&-$w&�6�8�&�$'�!,9&�:;0b(lZ\+%&�C?.>0�.
8�3#�!:;0�@f.�$'&_C%&702&�$',K��:%&�C�&76*8u&-$���,K&-:�02.�<!<QHc.�:%C|02+%&_0�+%$�&-&_:%&�.�$�g��!C%&-:;02�!)�.�<l<!��:%&�@K.�$�&
 #&-:%&�$�.>02&-C A HXC%�Q��&-$�&-:�0���:�0�&�$'8u3#<!.>02��3#:/0�&�)�+%:%��Y�"%&�@-(

3�5=0�+%&S@���÷�&hC%��@'0�$�� A "�02��3#:/"%@'�!:% ��!:;02&-$�8�3#<�.>0��!3#:902&-)�+%:%�!Y�"%&-@�(�iw)-)�"%$�.>02&h$'&�@2.>,K8%<��!:% U�!@
.�)�+��!&-F�&�C A H[)-3#:%@'�!C%&-$��!:� 40�+%&l)�"%,�"%<�.>0���F�&\@��!÷-&lC%�!@�02$�� A "�0��!3#:p3�5�02+�&k8�3ORlC%&�$-(jëN�! �"%$�&
ø%(íáD@'+%3ORl@/02+%&J)�"%,�"%<�.>0���F�&JC%��@'0�$�� A "�02��3#:�.>@�@�3G)��!.>02&-C�Rl��0�+|0�+%&_"%:�,K��<!<!&-C|8�3ORlC%&�$
5d$'3#,�02+%&w5d"�<!<�8u3OR^&�$o&�6�8�&�$'�!,9&�:;0b(jZ\+�&SC?.>02.�8u3��!:;02@^�!:XëN�� #"%$'&kø%(íá�.�$'&SC%&702&�$',K��:%&�C
&�6�8�&�$'�!,9&�:;0�.><!<�HXRl+��!<!&B02+%&�C%�!@�02$�� A "�0��!3#:J.>0h��:�0�&�$',K&-C%��.>0�&U@'�!÷-&�@S��@w$�&�.�C%��<�HW�!:;0�&�$�8�3>g
<!.>02&-C�"�@��!:� K.[:�"%, A &�$l3�5}02&-)�+%:%�!Y�"%&-@�(

Z\+%$�&-&W�!:;02&-$�8�3#<�.>0��!3#:D02&�)�+�:%�!Y�"%&-@9R^&�$'&J)-3#:%@���C%&�$'&�C�HW)-" A �!)X@'8%<!��:%&�@-r^Y�"?.>C%$2.>0��!)
@'8%<!��:%&�@=.�:�CB<��!:%&�.�$���:;02&�$'8u3�<�.>0��!3#:n(nëN�! #"�$�&tø%(íáT@�+�3�Rl@x0�+?.>0 A 3�02+h)-" A �!)m.>:%C4YG"%.�C%$2.102�!)
@'8%<!��:%&T]%0'02�!:� S02&�)�+�:%�!Y�"%&-@^8%$'3*C�"%)�&l.h,K.�$� #��:?.�<�<�Hh@',K3G3�02+�&�$N]%0j0�3h02+%&\@'�!÷�&\C��!@'0�$�� A "*g
0��!3#: A &-0�R^&�&-:Eá>é#éf.�:%C{ø#é#é#"n,�(N?k3#:�&-02+�&�<!&-@�@-rx<!�!:�&b.�$��!:;02&-$�8�3#<�.102�!3�:�RT.�@h@�&-<!&-)-02&-C
5d3#$k"%@�&URl��02+_.�<!<=C?.10�.K@'&-0�@ A &-)b.�"�@�&p��0�&-<!�!,9�!:%.>02&-@l0�+%&�8�3#@'@�� A �!<!�Q0�HX3�5j �&�:%&-$2.>0��!:% X.
]%0'02&-CM5d"%:%)702�!3�:DRl+%��)�+E+?.�@�._<!3G)b.�<�<�HJ:%&� #.>02�QF#&/ �$2.�C%��&�:;0b( � "�)�+c.�]%0'02&�CD5d"%:%)-0��!3#:



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ V�à

-10

-5

0

5

10

15

20

25

30

35

0 1 2 3 4 5 6 7 8

C
um

ul
at

iv
e 

un
de

rs
iz

e 
m

as
s 

pe
rc

en
ta

ge

Sieve size (microns)

Quadratic spline fitting
Data Points

a�bKd%$Fv�bKops�b�jti6�
æ(Ú=m�ixg=��q�y
0

5

10

15

20

25

30

35

0 1 2 3 4 5 6 7 8

C
um

ul
at

iv
e 

un
de

rs
iz

e 
m

as
s 

pe
rc

en
ta

ge

Sieve size (microns)

Cubic spline fitting
Data Points

a{u|dFÜÿv=u=i6��æ(Ú=m�ixg=��q�y
ëN�� #"%$'&Bø�(íæ�H'&S"?.�C%$�.>02��)B3�$k)-" A �!)B@�8�<!�!:�&4]�0�02��:% 9,/.bHW�!:;0�&�$�8�3#<!.>02&B.K,93#:%3>023#:%��)b.�<�<�H
��:%)�$'&b.�@'�!:% [C?.>02.p@�&-0�Rl��0�+W$�&� ��!3#:%@\3>5N:%&- ;.>0���F#&4 #$�.�C%��&�:;0b(

R^3#"%<�C A &�.h8%$�3 A <!&�,�.�@m.h)�"%,�"%<�.>0���F�&oC%�!@�02$'� A "�0��!3#:p,�"%@'0�r A HPC%&-]?:���02��3#:nr A &l,K3�:%3>g
0�3#:%�!)�.�<!<QHB�!:%)-$�&b.>@��!:� %(��Î�Q02+[Y�"?.�C%$�.>02��)\.�:%C[)�" A �!)l@�8�<!�!:�&�@t02+�&\8u3#@'@�� A �!<���0�HB&76*�!@�02@j5d3#$
3#@')���<!<�.102�!3�:%@ ã $�&� ��!3#:%@h3>5^:�&� ;.>0���F�&9 �$2.�C%��&�:;0�åk0�3WC%&-F�&�<!3�8nr}.�@h�!<�<!"%@�02$2.102&�C{��:yëN�! �"%$�&ø%( æ�(jZ\+%&-@�&43#@')��!<�<�.>0��!3#:�@^3G)�)-"%$TRl+%&-:�0�+%&S #$�.�C%�!&-:;0\3�5=02+%&h)-"%,P"%<!.>02�QF#&kC%�!@�02$�� A "�0��!3#:
)�+?.>:% #&�@k. A $'"%8�0�<�H#((x�!:%&�.�$t�!:;0�&�$�8�3#<!.>02��3#:���@t"%@�&-C90�3h)�3#:�@'02$'"%)-0^.S)-3#:;02�!:�"%3�"%@m.�8%8%$'3b6���,/.102�!3�:P3�5�02+%&
)-"%,P"%<!.>02�QF#&w8%.�$'0��!)�<�&k@'�!÷-&wC%��@'02$'� A "*02�!3�:nr�,K&�.�@�"%$'�!:% B02+%&k8?.�$�02�!)-<!&-@�âG@��!÷-&�@^�!:/0�&�$�,9@T3>5
@'�!&-F�&W,K&-@�+�@���÷�&-@�(Vi�F#3#<�"%,9&-02$'�!)K8?.�$'0��!)-<!&/@'�!÷-&fC%�!@�02$'� A "�0��!3#:M,P"%@'0 A &f)�.�<!)-"%<�.102&�C
5d$'3#,�0�+%�!@kC?.>02.�r A "*0h,/.>¤G��:% K0�+%&p)�3�:�F�&�$'@��!3�:{$�&�Y�"%��$�&-@h¤G:�3�Rl<�&�C% �&P3�5m02+%&�8?.�$'0��!)-<!&
 #&-3#,9&-02$�H#(cZ\+%&W5d3#<!<�3ORl�!:% IR^3#$�¤E.�@�@'"%,K&-@90�+?.>098?.�$�02��)�<!&/@�+?.�8�&�)b.�: A &�.�8�8%$�3b6*�Qg
,K.>02&-C A HD.JC%��@�)>rt.�@B@�+%3ORl:E��:Më��! #"%$'&Kø�( ø%(/Z\+%�!@U.�@�@'"%,98�02��3#:M��@40�HG8%��)b.�<�<�HIF>.�<��!C
5d3#$^&b.�$'<�H9,9�!<!<��!:% k02�!,9&�@-(*)jY�"%��.16*&-CX8?.�$'0��!)-<!&�@ A &- #�!:9023�5d3�$�, .>0o<!.>02&-$�0��!,9&�@-r�.�@�02+%&
,K.>02&-$��!.�<m+?.�$�C�&�:%@ ã ëN�! #"�$�&�à#(äá�å7(_�Î+%&-:c.�@�@'"%,9�!:% IC��!@�)�g�<��!¤�&9 #&-3#,K&702$�HD�Q0�5d3#<�<!3ORl@0�+?.>0P0�+%&f@���&-F�&X,K&-@�+*g�@��!÷-&f,9&b.�@'"%$�&-@P02+%&XC%��@�)>â @PC���.�,9&-0�&�$�C��!$�&-)-0�<�H#rj@'3I02+%&/)b.�<�)�"*g
<!.>02��3#:I$�&-Y�"%�!$'&�Cy023X)�3�:�F�&�$�0�@'�!&-F�&[,K&-@�+y@���÷�&�@h0�3W.XF�3#<!"�,K&702$���)P,9&b.�@'"%$�&p��@S:%3�0B.�@
8%$'3 A <�&�,K.>02��)h.�@�ëN�! �"%$�&Sø�(�à4@�"� # #&�@�02@-(

Z\+%&[8%$�3�8u3#@'&�CV,K3GC%&-<!@h.�<�<!3ORþ02+%&p0�+%�!)�¤�:%&-@�@B3�5^0�+%&[C%�!@')P023WF>.�$'HJRl��02+yC%�!.�,9&7g



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ V;á

Diameter, D

Thickness, T

ëN�� #"%$'&hø%( ø�H�Ë4&-3#,K&702$�Hf"%@'&�CJ0�3[,K3GC%&�<n.[8�3ORlC%&�$�8?.�$�02��)�<!&>(

0�&�$�(_i�@�"���0�. A <!&9$�&-<�.>0��!3#:%@'+%�!8D+?.�@U:%3�0 A &�&-:�C%&-0�&�$',K��:%&�CM5d$'3#,¡02+%&/&76*8u&-$���,K&-:�0�@�(
��:%@�02&�.�CKR^&k+%.OF�&�0�$���&�C[0�RT3 ¡,+.-/ p�l.�@'@�"%,98�0��!3#:%@-( � )���3 A @�&-$'F>.>02��3#:%@m@�"� # #&�@�0^0�+?.>0
8?.>$'02��)�<�&�02+%��)�¤�:%&�@'@B,K.bH_:�3�0hF>.�$'HJ@��� #:%��]%)b.�:;02<QH#rn@'3�.f)�3#:%@�0�.�:;048?.>$'02��)�<�&�02+%��)�¤�:%&�@'@
��@/.�@'@�"%,9&�C�(©Z\+��!@[]?$�@�0X.�8%8�$�3b6*�!,K.>02��3#:c�!@9)b.�<�<!&�Cc02+�&`~')-3#:%@�0�.�:;0/0�+%�!)�¤�:%&-@�@fC��!@�)
.�8�8%$�3b6*�!,K.>02��3#:%�%(^i C����u&�$�&-:;0h.�8%8�$�3b6*�!,K.>02��3#:XRo.�@�5d3#"%:%CJ:%&�)-&�@'@2.�$�H_5d3#$l<!&-@�@k,/.�<zg
<�&b. A <�&X8u3ORlC%&-$�@-(aiÞ@'&�)-3#:%C�)�.�@�&W��@p8%$�3#8�3#@'&�Cc5d3#$P02+%&-@�&�8?.�$�02�!)-<!&-@�rjRl+%&�$'&J<!.�$� �&�$
8?.>$'02��)�<�&�@^.�$�&�02+%��:%:%&�$T.�)�)-3#$�C��!:% B023U0�+%&S$'&�<�.102�!3�:%@�+%��8103254 < � 6 (jZ\+%��@T)�.�@�&k�!@T$'&7g5d&-$�$�&-C�0�39.�@\02+%&J~�0�+%�!:%:��!:% PC��!@�)B.�8�8%$�3b6*�!,K.>02��3#:%�P3>5�8%.�$'0��!)�<�&h@���÷�&�(�¢^3�02+W,9&-02+�3*C%@
.�$'&B.�8%8%<��!&�CX0�3K.p@'&-0k3�5NC%.>0�.�r%.�:%CW02+%&4,93#$�&h@'"%)�)-&�@�@�5d"%<N$'&�<!.>02��3#:%@�+��!8X�!@\@'&�<�&�)-0�&�C¾¡�/ p�7���n���! ��n��(

Z\+%�!@h0�$2.�:%@�5d3#$�,K.>0��!3#:{$'&�8%$'&�@�&-:;02@P.W:%3#:Gg�C%��,K&-:%@���3#:?.�<��!@2.102�!3�:J3�5^02+%&[@'�!÷�&9C?.>02.�(� ��÷�&-@P.�$'&/:%3ORÝ&76*8%$'&�@'@�&�Cc��:D02&-$�,9@�3�5\.�:E.�$ A ��0�$2.�$'�!<QHI@���÷�&-CE,K3�:%3#,9&�$�(Wë?3#$4&�.�)�+
&�6�8�&�$'�!,9&�:;0br#0�+%&lC%�!@')oC%�!.�,K&702&-$j.�@�@'3*)-��.>0�&�CPRl�Q02+9.S,K3�:%3#,9&�$N��@t)�+%3#@'&�:K@�3S02+%.>0j02+%&
@',/.�<�<!&-@'0S8%.�$'0��!)�<�&�@�,K&�.�@�"�$�&�Cy&�6�8�&�$'�!,9&�:;0�.><!<�HW)�.�: A &P$�&-8%$�&-@�&�:;0�&�C A HJ02+%&�,K3GC%&�<s(
Z\+%��@o&�:�@�"%$'&�@o02+%.>0br�.>0^R^3#$'@'0br*02+%&S@',/.><!<!&-@'0�@���&-F�&h@��!÷-&w��@T$�&-8%$�&-@�&-:�0�&�C A H87 Ò ã:9 å�r%.�:�C0�+%&�:%&�6G0S@���&-F�&�@���÷�& A H;7 4 ã:9 å�(��J&�&702��:% K0�+%�!@�)�$'��02&-$��!.pRl��<!<x&-:%@�"%$'&�02+%.>0�<�.�$' #&�$l@���&-F�&@'�!÷�&-@p.�$'&/$�&-8%$�&-@�&-:�0�&�C A HM,K.�:;HVC%���u&�$'&�:;0P)-<!"%@�02&�$�@��!÷-&�@p.>@U02+�&f<�.�$' #&�$B@���&-F�&f@���÷�&�@
)-3�F�&�$p.WRl�!C%&-$U$�.�:% #&K3�5o8%.�$'0��!)�<�&pF#3#<�"%,K&-@�(WZ\+%&K<�.�$' #&�@�0�8?.>$'02��)�<�&9@'�!÷-&K8%$'&�@'&�:;0p�!:
0�+%&U,93GC%&�<x��@l]*6�&-C A HW@�&-<!&�)702��:% /.9@�"%�Q0�. A <!&h8�3#�!:;0�3�5N0�$�"%:�)b.>0��!3#:n(^Z\+%&402$�"�:%)b.>0��!3#:
@'�!÷�&1< ã C%�!@')�"%@'@�&�CD�!:¾�Oà�(äá#åw��@h)�+%3#@'&�:M@'3X02+?.>0h0�+%&[,K3GC%&-<N)b.>:V �&�:%&-$2.>0�&98%.�$'0��!)�<�&�@.>0K<!&�.�@'0/.�@K<�.�$' #&�.�@90�+%3#@'&_3 A @'&�$�F#&�CÎ&�6�8�&�$'�!,9&�:;0�.><!<�H�(µªl&�C%"%)-�!:% V02+%&J,K3�:%3#,9&�$



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ V#æ
@'�!÷�&4.>:%CW�!:%)-$�&b.>@��!:� =<çRl�!<�<u��:%)�$'&b.�@'&S02+%&4.�)-)�"%$�.�)-Hf3�5=02+%&S)-3#,98%"�02&-CW@�3#<�"�02��3#: A "�0
�Q0[�!@[�!,98u3�$'0�.>:�0�023 A .�<!.�:%)�&X0�+%&�@'& A &�:%&7]%02@K.� ;.>�!:%@�0p02+%&�.�@'@�3#@')���.102&�C|�!:%)-$�&�.�@�&W�!:
)-3#,K8�"�0�.>0��!3#:%.�<�$'&�Y�"%�!$'&�,9&�:;02@-(^i�0�HG8%��)b.�<x)-3#,98%$�3#,9�!@'&wR^3#"%<!C A &><?2þàOé#é#é�(

��0=�!@x:%3>0}.�<�RT.bH*@=8�3#@�@'� A <�&N023l��:�5d&�$n0�+%&m<�.�$' #&�@�0x@���÷�&m3�5*8?.�$'0��!)-<!&t8%$'&�@'&�:;0N��:S02+%&m,9�!<�<
C%��$�&-)-02<QHI5d$�3�,ç@���&-FG�!:� �$'&�@'"%<�0�@�(9Z\+%&K<!.�$� �&�@'04@'�!&7F#&9,K&-@�+yRl�!<!<�)b.>0�)�+E.�:;H{8%.�$'0��!)�<�&�@
0�3*3V<�.�$' #&X023D8?.�@�@902+%$'3#"% #+�rTRl��0�+|:%3D"%8%8�&�$K@��!÷-&J<��!,9��0�(a��0K�!@9 #3G3*Ca8%$�.�)-0��!@�&W023
)�+%3G3#@'&/.W@���&-F#&9@'02.�)�¤{@�3W02+%.>0402+%&[<�.>$� #&-@'0B@���&-F#&9,9&�@�+D.�<�<!3ORl@4.�<!<N3#$h:%&b.>$�<�H{.�<!<t3>5
0�+%&�,K.>02&-$��!.�<�02398?.�@'@k0�+%$�3#"� #+n(T�Î+%&-$�&B02+%��@���@k:�3�0l02+%&B)b.�@'&�)-3#,K,93#:�@�&-:%@�&U,P"%@'0
A &W.�8%8%<��!&-Cn({��:�02+%&X. A @�&-:%)�&W3�5k.�:;HE3>02+%&-$P�!:%C��!)b.102�!3�:M��0�,/.bH A &W.>@�@�"�,K&-Cc0�+?.>0
0�+%&X:%&76G0[@'�!&-F�&W@��!÷-&f�!:E0�+%&f@'&�$���&�@PR^3#"%<�C�:%3�0[)b.102)�+c,P"%)�+c8�3�RlC�&�$�(V��:�02+%&/)b.�@'&
3�5T@'HG@'0�&�,9@BRl�Q02+yF#&-$'Hy@'0�$�3#:� _.� � #$�&- ;.>02��3#:y��04,K.bH A &K:%&-)�&-@�@2.>$'Hy023�)�3#:�@��!C�&�$h02+%&
@'�!÷�&W3�5l0�+%&X,K��<!<��!:% �,K&-C%��.{.>@[.�:c"%8%8�&�$p<!��,K�Q0U0�3{8?.�$�02�!)-<!&f@'�!÷-&�( >w5�02&-:nrj02+%3�"% #+nr
@'3#,K&�&-FG�!C%&-:%)�&[3�5�,K.16*�!,P"�,Þ@��!÷-&p�!@S8�$�&�@'&�:;0brn5d3�$S&76�.�,98%<!& � )�� ,9�!)-$�3# �$2.�8%+�@w3#$
)-3#,K,9&�:;02.�$'HX��:f02+%&h0�&76G0b(

Z\+%&�@'&y�!:;02&-$�8�3#<�.>0��!3#:�.�:%C`0�$2.�:%@�5d3#$�,K.>0��!3#:µ.><! #3#$'��0�+%,K@98%$'3�FG��C%&{.�8%8�$�3b6*�!,K.>02&
F�3#<!"%,9&-0�$���){)�<!"�@'02&-$J@'�!÷-&VC��!@'0�$�� A "�02��3#:%@f5d$'3#, 02+�&D&�6�8�&�$'�!,9&�:;0�.><hC?.>0�.*(�Z\+%&D�!:%�zg
0���.�<u8u3ORlC%&-$�C��!@'0�$�� A "�02��3#:/5d3#$\&�.�)�+�&76*8u&-$���,K&-:�0l��@\)�3#:;F�&�$'0�&�C�023[8%$�3OFG�!C�&4.�:W�!:%�Q02��.><
)-3#:%C%�Q02�!3�:`5d3#$/02+�&V,93GC%&�<�@�(�Z\+%&�:©C%�!@�02$'� A "�0��!3#:�@X.>0X<!.>02&-$/02��,K&-@X.�$�&{)�.�<!)-"%<�.102&�C
A H9:�"%,K&-$���)b.�<�<�HP��:;02&� �$2.>0��!:% h02+�& � ,93#<�"%)�+%3ORl@�¤���)�3;.> #"%<�.102�!3�:*g�5d$�.� #,9&�:;0�.>0��!3#:U&�Y�"?.1g
0��!3#:%@ ã &-YG"%.>02��3#: ã à#(Qà�á#å'å[5d$'3#, 02+%��@f�!:%�Q02�!.�<\@'02.>02&>(�ßo.�<!)-"%<�.>0�&�C`C��!@'0�$�� A "�02��3#:%@K.�$�&
)-3#,K8%.�$�&-C�0�3[0�+%3#@'&U,9&b.�@'"%$�&-CJ&�6*8u&-$��!,9&�:;02.�<!<QH#(�¿�3�R^&-F�&�$-r A &-5d3#$'&4��0l�!@\8�3#@'@�� A <!&S023
,K.�¤�&U@�"%)�+{)�.�<!)-"%<�.102�!3�:%@�r%0�+%&�$�.>02&B8?.�$�.�,K&702&-$�@A@�.>:%CCBS,P"%@�0 A &U]�6*&-Cnr�"%@'�!:% 902+%&
5d3#<�<!3ORl�!:� P,K&702+%3GCn(

¥"È�Ó D !Ä0
!$Î�Ì '/2"#Ï0�'K1 2 1FEÐÎ�#Ï0�! Í"#�Î�#�Ì !Ä0
!$Î�ÔHG #&2. I
Z\+%&B$2.102&h8?.�$�.�,9&-02&-$�@-rJ@/.�:%CKBOr?�!,98u3�@�&h.p02��,K&S@')b.�<�&4.�:%CJ. A .�<�.>:%)�& A &-0�R^&�&-:_02+%&
R^&�<�C%�!:% w.�:%CB5d$2.�)702"%$'&T&-F�&�:;02@N�!:B&b.�)�+P,93GC%&�<s(}�Î+%&-:P)�+%3G3#@���:% �8?.�$2.>,K&702&�$'@}0�+%&T �3;.�<



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ V�ø
��@40�3J,K.�¤>&[0�+%&9,K3GC%&�<sâ @ A &�+%.OFG��3#"%$4)�<�3#@�&-<�H{,9�!,9�!)B02+%&9&76*8�&�$���,K&-:;0�.�< A &�+?.bFG�!3�"%$�(
>S8�0��!,K.�<%F>.�<!"%&-@^3>5%@p.�:%C#Bl,�"%@'0 A &k)�+%3#@'&�:f023U.�)�+%��&-F�&w02+%��@�(ML�.><!"%&-@T.�$'&�5d3�"%:%C A H
]%0'02��:% X02+%&9.bF#&-$2.� #&98?.�$�02��)�<!&p@'�!÷-&[0�3X02+?.>0B,9&b.�@'"%$�&-CD&�6*8u&-$��!,9&�:;02.�<!<QH#(pZ\+%&-:D&�.�)�+
,93*C�&�<m�!@4$�"�:M"%@'�!:% �02+%&9@2.�,9&[�!:%�Q02�!.�<t)�3�:%C%��0��!3#:�@�(/Z\+�&/C%�Q��&-$�&�:;0U,K3GC%&-<j@'HG@'0�&�,9@
&7F#3#<QF#&lC%���u&�$'&�:;0�8?.�$�02�!)-<!&^@��!÷-&\C%�!@�02$'� A "�0��!3#:�@t3OF#&�$j0��!,9& A &-)b.�"�@�&l&b.�)�+9"%@'&�@�.h"%:%�!Y�"%&
)-3#, A ��:?.>02��3#:93�5=¤�&-$�:%&-<!@�(jZ\+�&SC%�!@�02$'� A "�0��!3#:�@^)�.�: A &w)�3�,K8?.>$�&�CKRl��02+K&76*8�&�$���,K&-:;0�.�<
,9&b.�@'"%$�&-,K&-:;02@^0�3U@'&�&lRl+%�!)�+K,K3GC%&-<?$�&KJ%&�)-0�@^0�+%&l&76*8u&-$���,K&-:�0^,93#@'0^.�)-)�"%$�.>02&-<�H[.�:�C
+%&-:%)�&4Rl+%��)�+J)-3#, A ��:?.>02��3#:X3�5�¤�&-$�:%&-<=5d3�$�,9@\�!@o02+�&B,93#@�0l$�&b.><!�!@�02��)�(

Z\+%&T8�$�&-FG��3#"%@N@'&�)702�!3�:PC%�!@')�"%@'@�&-Cp�!:;02&-$�8�3#<�.>0��!3#:B.�:�CU02$�.�:%@�5d3#$�,K.>02��3#:h02&-)�+%:%�!Y�"%&-@
0�+?.>0� #&�:�&�$2.102&\F#3#<�"%,9&-02$'�!)o)-<!"%@�02&-$�@'�!÷-&�C��!@'0�$�� A "�02��3#:%@N5d$'3#,v&�6�8�&�$'�!,9&�:;0�.><?,K&�.�@�"%$'&7g
,9&�:;02@-(/��0U�!@S0�$���FG�!.�<N023�)b.><!)�"�<�.>0�&[.WF>.�<�"%&[3�5ONQP ã 0�+%&[023�02.�<j:�"%, A &�$43�5o8%.�$'0��!)�<�&�@��:90�+%&k@�HG@'02&-,fåj5d$�3#,�@�"%)�+X.4C%��@'02$'� A "*02�!3�:n( � ��:%)�&l&�6�8�&�$'�!,9&�:;0�.><�,9&b.>@�"%$'&�,9&�:;02@^.�$�&
,K.�C%&p.10h.f$2.>:% #&P3�5m0��!,9&�@�ruC?.>02./8u3��!:;02@S)�.�: A &P3 A 02.��!:%&-CI02+?.10S)�+?.�$�04)�+?.�:% �&�@h�!:NRP ã�9 å7(VZ\+%&W.�:?.><�H�02��)K5d"%:%)702��3#:%@P5d3#$FNQP ã:9 å�3 A 0�.���:%&�C���: �7á*(íá ã &-YG"%.>02��3#:%@ ã áG(�àbø;å7r
ã á*(äá>é;å7r ã á*(íá�æ;å�r ã á*(íá#ð#å7r ã áG(íæ#æ#å�ål.�$�&B]%0�0�&�C_0�3/02+%&-@�&PC%.>0�.98u3#��:;02@k0�3/3 A 0�.���: A &�@'0�g�]%0F>.�<�"%&�@o3>5S@K.�:�CTBO(^ë?3#$�)�3�:�F�&�:%��&�:%)-&�r?02+��!@T��@TC%3�:%&wRl��0�+WËh:G"�8%<!3�0h� ð>é � Rl+%��)�+X+?.�@\.8%$'&�8%$'3# #$�.�,K,9&�C9<!&�.�@'0�g�@'YG"%.�$�&-@�]%0'02��:% B5d"�:%)-0��!3#:nr;"�@��!:� U02+�&w�J.�$�Y�"?.�$'C�0'g�(x&-F#&-: A &-$� 
.�<� #3#$'��02+�,�023K��0�&�$2.102&h023/. A &�@'0�]%0k@�3#<�"�02��3#:n(\ë��! #"%$'&4ø%(äìp@�+�3�Rl@k02+%&4]%0�0��!:% 9)�"�$'F#&-@
"%@'&�CfRl+%&-:X.�8%8�<�HG�!:% B02+%��@^,9&-0�+%3GC%3#<!3� �H�0�3�C?.>02.B5d$'3#,v02+%&�5d"%<!<�8�3ORT&-$T&76*8�&�$'�!,9&�:;0br
)-3#:;F#&�$�02��:% M&�6�8�&�$'�!,9&�:;0�.><\@��!÷-&WC%�!@�02$�� A "�0��!3#:%@P0�3D)-<!"%@�02&-$9@'�!÷-&�C��!@'0�$�� A "�02��3#:%@p"%@'�!:% 
)-3#:%@'02.�:;0U0�+%�!)�¤�:%&-@�@B8?.�$�02�!)-<!&p #&-3#,9&-02$�H#(pZ\+%&9$�&�.�@�3�:V5d3#$h3�,K�Q0�02��:% W�J3GC%&-<jø�5d$'3#,
0�+%�!@\]%0'02�!:� 9��@\C%�!@')�"%@'@�&-CI<�.>0�&�$-(�Z�. A <�&hø%(Qà ã .;åT@'+%3ORl@k0�+%&4)�3#$'$�&�@'8u3�:%C%�!:� 9F>.�<�"%&�@\5d3#$@�.�:%CCBO(hë��! #"%$'&Uø�(�Vf.>:%CIZ�. A <!&Uø%(Qà ã A å�.�$�&U3 A 02.��!:%&-C A HJ0�$�&�.>02��:% K0�+%&P@2.>,K&UC?.>0�.A "*0k"�@�&402+%&h02+��!:%:%��:% pC%��@�)48?.�$�02�!)-<!&S �&�3#,9&-0�$'H#(

Z\+%&kF>.�<�"%&�@^3�5%@[.�:%C#B���:KZ�. A <�&wø%(QàS.>$�&w �3�F�&�$':%&�C A H9,/.>:�HK.�@'8u&-)-0�@o3�5n0�+%&w&�6Gg
8�&�$'�!,9&�:;0�.�<}@'HG@�02&�,�(4Z\+%&P,93#@'0wC%&-02.��!<�&�CI,93GC%&�<�@k3�5jR^&�<�C%�!:� X.�:%CI5d$�.�)-0�"%$�&P&7F#&-:�0�@
.�$'&f8%$'3�FG��C%&�C A Hc�_.>"%$���)�&X.�:�CaßT3#"%$'0�:%&-HÎ� ø P � (VZ\+%&7HE@'02.>02&f0�+?.>0URT&-<!C%��:% {�!@P$'&7g@�02$���)-0�&�C A HK0�+%&S8%$'&�@'&�:%)-&B3>5=�!,98%"%$��Q02��&�@ ã ���VU;��3b6*�!C%&bå^3#:/0�+%&S8?.>$'02��)�<�&�@�âG@�"�$'5L.�)-&�(jZ}3



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ V;ì

0

5

10

15

20

25

30

35

0 1 2 3 4 5 6 7 8

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

Fit for model 1
Calculated using model 1

Experiment

acb/d�ã)wpop��mO}Ky
0

5

10

15

20

25

30

35

0 1 2 3 4 5 6 7 8

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

Fit for model 2
Calculated using model 2

Experiment

acu|d�ã)wpop��mI�py

0

5

10

15

20

25

30

35

0 1 2 3 4 5 6 7 8

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

tmax

Fit for model 3
Calculated using Model 3

Experiment

a���d�ã)wpop��mI�=y
0

5

10

15

20

25

30

35

0 1 2 3 4 5 6 7 8

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

tg

Fit from model 5
Calculated using model 5

Experiment

aco�d�ã)wpop��m�Wpy
ëN�� #"%$'&�ø�(äì�HJëN�Q0�02��:% V.� # #$'&� ;.102�!3�:c.�:%C|5d$�.� #,9&�:;0�.102�!3�:a$�.>02&�g�8?.>$2.�,9&-0�&�$�@1@�.�:�CXB
0�3XC?.>0�.95d$�3#,Þ02+�&�5d"%<!<}8�3�R^&�$S5d&-$�$'3>g�@'�!<!��)�3#:�&76*8�&�$'�!,9&�:;0b(4ßT3�:%@'02.�:;0h02+%��)�¤G:�&�@�@hC��!@�)
8?.>$'02��)�<�&h #&�3#,9&-0�$'H/�!@\"%@'&�Cn(



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ V`V

�J3GC%&�< @ B
à à`Gíì*à>YEàOé P à`G�àOáZYEàOéIÒ
á V�G é;ðZYEàOé\[ Ò æ�Gäð|í=YEàOéIÒ
æ à`GxV#é=YEàOé\[\] à`Gäá|V=YEàOé\[\]
ø P GQàpí=YEàOé [_^ ` à`G�øQVFYMàOé [ 4
ì æ�Gxí�à>YEàOé\[ Ò ì�G�àbæ=YEàOéIÒ
a�bKd�ÜÿwKg�qrj�b�g/jfjt~=i6��ä(g=��qlq�opi6qt�
ql��bnmxi�g=��y

�J3GC%&�< @ B
à æ�Gíá�é=YEàOé [ Ò æ�G ø#é=YEàOé [ Ò
á æ�GQà�ìZYEàOé\[ 4 V�G P øFYEàOé\[ Ò
æ à`Gíì#áZYEàOé\[\] à`G P é=YEàOé\[_^
ø à`Gíì�é=YEàOé\[_^ ` ì�Gíð#á=YMàOé_[_^
ì V�G æ#é=YEàOé\[ 4 V�G�í P YEàOé P

acu|d�Û�~=i�g=g=i�g=�+opi6qt�
ql��bnmxi�g=��y
Z�. A <�&Uø%(Qà`HE¢^&�@'0w]%0kF>.�<�"%&�@l5d3#$A@W.�:%CaBS5d3#$�&b.>)�+{3�5t02+�&U,93*C�&�<!@Bà7Ì�ì ã @'&�& ��á*(�àOå�.�@3 A 0�.���:%&�C A HyËh:�"%8%<�3�0[��ð�é � 5d3#$SC?.>02./5d$�3#,�02+�&�5d"%<!<�8u3OR^&�$h&�6�8�&�$'�!,9&�:;0br�8%$�&-@�&�:;0�&�C
��: ��æ�( ø�(�à#(



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ V;ð

0

2

4

6

8

10

12

14

0 1 2 3 4 5 6 7 8

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

Fit for model 1
Calculated using model 1

Experiment

a�bKd
ãNw(o=��m&}nÝÄjt~�ixg=g�ixg=�
opi6ql��ql��bnmxi�g=�|y

0

2

4

6

8

10

12

14

0 1 2 3 4 5 6 7 8

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

Fit for model 2
Calculated using model 2

Experiment

acu|d
ã)wpop��mÄ�=Ý-jl~=ixg�g=ixg��
opi6ql��qt��b�m�ixg=�|y

0

2

4

6

8

10

12

14

0 1 2 3 4 5 6 7 8

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

tmax
Fit for model 3

Calculated using Model 3
Experiment

ac��d¾ã)wpop��mY��Ý jl~=ixg�g=ixg��
opi6qt��ql��bnmxi�g=��y

0

2

4

6

8

10

12

14

0 1 2 3 4 5 6 7 8

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

tg
Fit from model 5

Calculated using model 5
Experiment

a�o�d.ã)wpop��m8W=Ý jl~=i�g=g=i�g=�
opi6ql��ql��bnmxi�g=�|y

ëN�� #"%$'&�ø�(�V�HJëN�Q0�02��:% V.� # #$'&� ;.102�!3�:c.�:%C|5d$�.� #,9&�:;0�.102�!3�:a$�.>02&�g�8?.>$2.�,9&-0�&�$�@1@�.�:�CXB
0�3{C?.>0�.�5d$�3#,q02+%&f5d"�<!<�8u3OR^&�$P5d&�$'$�3>g�@���<!�!)-3#:V&76*8u&-$���,K&-:�0�(yZ\+%�!:%:��!:% IC��!@�)/8?.�$'0��!)-<!&
 #&-3#,9&-02$�HX�!@\"�@�&�C�(



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ V P
.�)-)�3#"�:�0T5d3#$�0�+%�!@-rG0�+%&-H9]?$'@'0o)�.�<!)-"%<�.102&l02+%&w.�,K3�"%:;0T3�5 A .�$�&k,K&70�.�<�@'"%$'5L.�)-&S&76*8�3#@�&-C
0�+%$�3#"� #+fC%&75d3#$�,K.>02��3#:9.�@^.U8�3�RlC�&�$o8?.>$'02��)�<�&\&76*8u&-$���&�:%)-&�@l.U)-3#<!<��!@'�!3#:n(��J&70�.�<zg�,9&-02.�<
��:�0�&�$�5L.�)�&-@U.>$�&[.�@'@�"%,9&�Cy023 A 3#:%C A H{)�3#<�C*g�R^&�<�C%�!:� %(UZ\+�&9@�02$'&�:% �0�+D3>5 A 3#:%C%��:% W.>0
,9&-02.�<Qg�023>g�,K&70�.�<m)�3�:�02.�)-09$'&� #��3#:%@P��@ A .�<�.>:%)�&-C|.> ;.��!:�@'0p&-<�.�@�02�!)/$�&�)-3OF#&�$�H�5d3#$�)-&�@p023
 #�QF#&p.9RT&-<!C%��:% f)�$'��0�&�$��!.�(Së?$�.�)-0�"%$�&P)-$��Q02&�$'��.K.�$�&PC�&-02&-$�,9�!:%&-CI@���,K��<�.�$'<�H�(�Z\+�&p<!�!¤>&�<QH
5d$�.�)-0�"%$�&B,K&-)�+?.�:%��@�,ê��@\5d3#$� #��:% P5d$2.>)-02"�$�&�r?Rl+%��)�+I�J.�"%$���)�&U.�:%C_ßT3#"%$�02:%&7H�.�:?.�<QH*@'&�r
.�$'$��QF*��:% h.>0t.w5d$2.�)702"%$'&o)�$'��0�&�$��!.k #3OF�&�$�:�&�C A HU02+%&o.�,K3�"%:;0t3�5�)�3�,K8%$'&�@'@��!3�:p�!,98?.�$'0�&�C
0�3_02+%&K8u3ORlC%&-$�<!.OH�&�$UC%"%$���:% I.J)�3#<�<!�!@'�!3#: ã 02+%��@U)-3#,98%$�&-@�@���3#:E��@U&-YG"���F>.�<!&-:;0�023�02+%&.�8�8%$�3;.>)�+M3�5^02+%&9,K��<!< A .�<!<�@�å�(9Z\+�&�@�&K)�$'��02&-$��!.W$'&�<!.>02&[3#:%<QHI023�3#:%&[)-3#<!<��!@���3#:I&7F#&�:;0�r
+%3OR^&-F�&�$�r*.�:%C[.>$�&o)-3#,K8�<!&76��!:U02+%&-,K@'&�<�F�&�@-(tZ\+%&\@�8�&�&-C9.>0tRl+%��)�+[R^&�<�C%�!:� h.�:%CP5d$�.�)7g
0�"%$�&48%$'3*)-&�@�@'&�@�3*)-)�"%$\��:X02+%&h)-3#:;02&76G0k3�5}3#"%$\,93*C�&�<�Rl��<!<�C�&�8�&�:%C�3#:X02+%&4 #&-3#,9&-02$�H
3�5m0�+%&p,K��<!<��!:% [,K.�)�+%�!:�&�$'H�rx.�:%CI0�+%&p,9�!<!<��!:% [)-3#:%C%�Q02�!3�:%@ ã 5d3#$w&�6%.>,K8%<�&�02+�&p¤G��:%&-0��!)&-:%&�$' �HW)b.�$'$���&�C A HX02+%& A .�<�<!@o��:X02+%&4,9�!<!<�å7(

Z\+%&�@'&y)�3#,98%<!&�6|$�&�<!.>02��3#:%@'+%�!8%@K,/.>¤�&I�Q0fC%�Q§K)-"%<�0K023���:�5d&�$9RT&-<!C%��:% c.�:%C`5d$�.�)7g
0�"%$�&W$2.102&7g�8?.�$�.�,K&702&-$�@PC%��$�&-)-02<QHM5d$'3#, 0�+%&X&76*8�&�$���,K&-:;0�.�<o)-3#:%C%�Q02��3#:%@�(DZ\+%&X]%0�0��!:% 
0�&�)�+%:%��Y�"%&WC%&�@')�$�� A &-Cc. A 3�F�&W.bF#3#��C%@�02+�&f:%&�&-C�023{C%��$�&�)702<QHM.>C%C%$�&-@�@P0�+%�!@U8%$�3 A <!&�,�(
�D3#$�¤#g�+?.�$�C�&�:%��:% X3�5m02+%&p8�3ORlC%&�$-rx8u3ORlC%&-$4)�+%&�,9�!@�02$'H_.�:%Cy)-3#<!<��!@���3#:� #&�3#,9&-0�$'H_.�$�&
.�)-)�3#"�:�0�&�CX5d3#$�Rl��02+�3#"�0 A &-�!:% P&�6*8%<!��)���0�<�Hp3�$TC%��$�&�)702<QH9.�C%C%$'&�@�@'&�Cn(�Z\+%&S$�.>02&-@TR^&S3 A g
02.��!:J.�$�&B)�3�:%@'02.�:;0br�@'3K0��!,9&7g�C�&�8�&�:%C%&-:;0k5L.�)7023#$'@�r�5d3#$�&76�.�,98%<!&h02+�&�+?.�$'C%:%&-@�@w3>5t02+%&
,9�!<�<!&�C/,/.>0�&�$'��.�<sr�.�$'&h�!,98%<!��)��Q02<�H9.bF�&�$2.> #&�Cn(

�J3GC%&�<t8%.�$2.�,9&-0�&�$'@�r%@_.>:%CQB�r}.�$'&p:%3�04&�6�8�<!�!)-��0�<�HJ.�@�@'3*)-��.>0�&�C{Rl��0�+{,K��<!<��!:% 98?.1g
$�.�,K&702&-$�@ A "�0���0W��@X@'0��!<!<w8u3#@'@�� A <!&I0�3|C%&702&-$�,9�!:%&{+%3OR¨0�+%&y$2.>0�&�@�.�$'&D.><�02&-$�&-C A H
)�+?.>:% #&�@\��:f,9�!<!<��!:% h)-3#:%C%�Q02��3#:%@�(të�3�$T&76�.�,98%<�&�r*0�+%&w5d&-$�$�31g�@���<!��)�3#:9&76*8�&�$���,K&-:;02@o+?.bF�&
A &�&-:{$�&�8�&b.102&�CIRl�Q02+_0�+%&�,9�!<�<!��:% PF#&-<!3G)���0��!&-@k$'&�C%"%)-&�C A H_.K5L.�)-0�3#$ � á*(kZ\+%&P�!:;0�&�:*g0��!3#:IRT.�@S023X$'&�C%"�)�&P02+�&p,K��<!<!��:% [�!:;02&-:%@��Q0�H A H{./5L.>)-023�$4á*(4Z\+%&PF>.�<!"�&�@S3�5b@J.�:%CcB
3 A 0�.���:%&�C{5d$�3�,�0�+%�!@h+?.><�5m8�3�R^&�$4&�6�8�&�$'�!,9&�:;04,9�! #+;0 A &p&76*8�&�)-0�&�Cnr}$2.102+%&-$h:?.(Ñ d�F�&�<QH#r
0�3 A &43#:%&h+?.><�5}3�5}02+%3#@'&h5d3#$o02+%&S5d"�<!<n8�3ORT&-$�&�6*8u&-$��!,9&�:;0�(mëN��0'02�!:� �02+%&4$'&�@�"�<�02@\5d$'3#,
0�+%&w+?.><�5n8�3ORT&-$T&�6�8�&�$'�!,9&�:;0^ #��F�&�@m02+%&�F�.><!"%&-@^@'+%3ORl:f�!:KZN. A <!&lø%(íá*(mßT3#$'$�&�@'8u3�:%C%�!:� 



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ V`í
8%<�3�02@\3>5N&�6�8�&�$'�!,9&�:;0�.><xC?.>0�.[.�:�C�]%0'02&-CJ)-"%$'F�&�@S.>$�&h@�+�3�Rl:J�!:�ëN�� #"%$�&wø%(�à�à#(

Z\+%&B)�3#,98?.�$'�!@�3�:�3>5N02+�&�@�&U$�&-@�"%<Q02@��!@l #��F�&�:J<�.>0�&�$\�!:W02+�&U)�+?.>8�02&-$�r��!:.��ø%( æ�( � �!÷�&
C%��@'0�$�� A "�02��3#:%@h.�$'&p)b.�<�)�"%<!.>02&-CV.�:%Cy&76�.�,9�!:%&-C{023W@�&-&9Rl+%��)�+D,93GC%&�<�$�&�8�$�&�@'&�:;02@B02+%&
&�6�8�&�$'�!,9&�:;02@h,93#@�04.�)�)-"%$2.102&�<QH#(4Z\+%&PF>.�<�"%&�@S3>5e@�.�:%CcBB #��F�&�: A H_0�+?.>0h,93GC%&�<�.�$�&
"%@'&�CV023X02&-@'0402+%&[+;HG8u3>02+%&-@��!@402+%.>04,K��<!<��!:% 98%$�3� #$�&-@�@�&-@P.>04+%.�<�5m02+�&93�$��! ��!:?.�<}@�8�&�&-C
Rl+%&-:J0�+%&4�!,98u&-<!<!&-$T@'8u&-&�C_��@\$�&-C%"%)�&-Cn(

ëN�! �"%$�&\ø%(xV4.�:%CKëN�! �"%$�&\ø%(íìh$2.���@�&\@�3�,K&l�!,98�3#$'02.�:;0j�!@'@�"%&-@�Rl�Q02+p02+%&l]%0'02�!:� 40�&�)�+*g
:%��Y�"%&�(KëN��0�@S5d3#$h,93*C%&-<tøJ.�$�&[:%3�04@'+%3ORl: A &�)�.�"%@�&902+%&[,93*C�&�<t��@h:%3�0B@�"%�Q0�. A <!&P5d3#$
0�+%�!@^C?.>0�.*(tZ\+%&w5d"%:�)-02��3#:fNRP ã�9 å7rG&�Y�"?.>0��!3#: ã á*(íá#ð#å�r*+?.>@o.�<�&b.�C%��:% >g�3#$�C%&-$j]?:%��0�&7g�02�!,9&@'�!:% #"�<�.�$'��0�Ha.>0 9 2 à < @\N 4 ã é;å7rl.�@KC%�!@')�"%@'@�&-CÏ��: �7á*(íá*(�ø%( ��5h0�+%&I8?.>$2.�,9&-0�&�$�@/.�$�&
@'"%)�+D0�+?.>0S0�+%&p@���:% #"%<!.�$��Q0�HJ5L.�<�<!@k�!:I02+�&P]%0�0�&�C{02��,K&�g�$2.>:% #&U0�+%&�:y]%0'02�!:� f02+%&p,93*C�&�<
A &�)-3#,K&-@PC%�Q§K)-"%<�0B3#$U�!,98u3�@�@�� A <!&>(Wë?"%$'0�+%&�$',K3#$'&�r���5o�Q0���@U8�3#@'@�� A <!&[023_]%0�,K3GC%&-<�ø
0�3W0�+%&[&76*8�&�$���,K&-:;0�.�<tC%.>0�.�r=8�&�$'+?.�8%@43#:%<QH_"�@��!:� �C%.>0�.W.>04&�.�$�<��!&�$k02�!,9&�@-rn02+%&p5d$�.� >g
,9&�:;0�.102�!3�:/$2.102&S8?.>$2.�,9&-0�&�$��!@T:�&� ;.>0���F�&�r%.>@o@�+%3ORl:W�!:KZN. A <!&kø%(�à�(t��:X3#$�C�&�$T0�3�,9&�&-0
0�+%&h]%0�0��!:% [$�&-Y�"%�!$'&�,9&�:;02@-r%02+%&4,93*C%&-<n,P"%@�0l&�,98%<!3OH�~'$�&7F#&�$'@�&�g�5d$2.> #,K&-:;0�.>0��!3#:%��r%"%@�g
��:% {._:%&- ;.>0���F#&95d$2.� �,K&-:�02.>02��3#:V$2.>0�&/023{.>"% #,9&�:;0�0�+%&f.� � #$�&- ;.>02��3#:M8�$�3G)�&�@'@�(IZ\+�&
)-3#, A ��:?.>02��3#:p3�5�¤�&�$':%&�<�@^"�@�&�C A H[,93GC%&�<%øB�!@m:%3>0^@'"%��02. A <�&o5d3#$j02+%��@^.>8%8%<!��)b.>0��!3#:f×�02+%&
.� � #$�&- ;.>02��3#:_¤>&�$':%&�<t��@w3OF#&-$'Rl+%&-<!,9&�C A H_0�+%&P@�02$�3�:% /5d$2.> #,K&-:;0�.>0��!3#:n( � ��:%)�&�0�+%�!@k�!@
.�<QRo.bHG@\5d3#"%:%CW023 A &h02+%&4)b.>@�&B,K3GC%&�<�ø9��@\:%3�0lC%��@�)-"%@�@'&�C_5d"%$�02+%&-$�(

�J3GC%&�<�@jæS.�:%C9ìS.>$�&\.�<�@�3SC���§9)�"%<Q0N0�3S]%0 A &�)b.>"%@�&\02+�&o@�3#<�"�02��3#:%@}5d3#"%:%CP5d3#$*NRP ã:9 å+?.bF�&V<��!,9��0�&�CcF�.><!�!C���0�H#(��J3*C�&�<hæM��@f@�3�<�F#&-CÎ"%@���:% c.�@'HG,98�023>02�!)-@ A .�@'&�CÎ3#:µ@',/.�<�<
5d$�.� #,9&�:;0�.>0��!3#:K$2.>0�&�r/BO(jZ\+%&h@'3#<!"*02�!3�:f3 A 02.��!:%&-Cf�!@T3#:%<�H[F>.�<��!CKRl+�&�:KB���@o@�,K.�<!<�.�:�C
5d3#$�.�]?:���02&[02��,K&>r 9Fgh9�i%j!k rt #�QF#&-: A HM&-YG"%.>02��3#: ã á*(äá1ø�å7(W��5\02+�&K]%0'02&�CDF�.><!"%&K3�5lB��@B<!.�$� �&p&�:%3#"� #+D0�+?.>0 9�i%j!k 5L.�<�<!@h��:%@���C%&P02+%&[]%0'02�!:� ���:;02&�$�F>.�<t02+%&-:D0�+%&9.�@'HG,98�023�0��!)@'3#<!"�0��!3#:D�!@B�!:;F>.�<!��Cn(W��0�5d3#<�<!3ORl@402+?.>0U02+%&9F>.�<!"%&-@�3�5m@y.�:�CnBp3 A 0�.>�!:%&-CE"%@���:% _0�+%�!@
��:?.�)�)-"%$2.102&^5d"�:%)-0��!3#:p.>$�&T��:;F�.><!�!C�( � �!:%)-&^02+�&o:�"%,K&-$���)�@t.>)�)�"�$2.>0�&�<�H�.�8%8�$�3b6*�!,K.>02&m02+%&
0�$�"%&9@�3#<�"�02��3#:I023X0�+%&K@�HG@'02&-,Jr=02+�&-HyC%�QF#&�$' #&p5d$�3#,�02+%&9�!:%.�)�)-"%$2.>0�&P]%0�0�&�CV5d"%:%)-0��!3#:
.�:�C�0�+%&4&76*8u&-$���,K&-:�02.�<n$'&�@�"�<�02@�.�@\0�+%&-HW.>$�&h)b.><!)�"�<�.>0�&�CW"%@���:% [�!:?.>)�)�"�$2.>0�&SF�.><!"%&-@�3>5



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ ð�é
@y.�:%C�B�(Ji� #3G3GCM&76�.�,98%<�&K3�5\0�+%�!@B@��Q02"?.102�!3�:M�!@B@�+�3�Rl:���:�ëN�� #"%$�&[ø%(xV ã )Oå7r�Rl+%&�$'&9�i%j!k ��@\)�<�&b.�$'<�HK<�. A &�<�<!&�CW.10�. A 3�"�0kðP+%3#"%$'@�(Z\+%&J.� # #$'&� ;.>0��!3#:�¤>&�$':%&�<�"%@�&-C���:`�J3GC%&-<wìy.�<�<!3ORl@p #&�<!.>02��3#:nr�.�@[C%��@�)�"�@�@�&-C`�!:
�7áG(äá*(�ø%(ÝZ\+%&y8%$'&7g� �&�<h@�3�<!"�0��!3#:nr�&�Y�"?.102�!3�: ã á*(íæ�æ;å7rk�!@X:%3�0XF>.�<��!CÎ.>5�0�&�$X02��,K& 9 �o2à < @�N 4 ã é;å�(P��: A 3�0�+y0�+%&p5d"%<!<N.�:%CV+?.�<Q5^8�3ORT&-$4&76*8u&-$���,K&-:�0�@�r 9 �P3G)�)-"%$�@hF�&�$'Hy&�.�$�<QH3#:V@�3X0�+%&p]%0�0��!:% X��@h@�" A @�0�.�:;0���.�<�<�H_.>��&-)-0�&�Cn(9ëN�� #"%$�&�ø%(�V ã C�åw@'+%3ORl@B0�+%&[:G"�,K&-$��!)�.�<@'3#<!"�0��!3#:WC%�QF#&-$� #��:% p@��� #:%��]%)b.�:;02<QH/5d$'3#,�02+�&4]�0�02&-CJ@'3#<!"*02�!3�:n(jZ\+%&B&-�u&�)-0�3�5� #&-<�.>0��!3#:
,K.bH|3�$K,K.bHc:%3�0 A &�@��! �:%��]?)�.�:;0b(Îiw<Q02+%3�"% #+|0�+%&_3�:%@�&70f3�5S0�+%&_8�+%&�:%3�,K&-:?.M+?.�@
A &�&-:VY�"?.>:�0���]?&-Cnr�0�+%&p@'0�$�&�:� �02+{3#$w@�8�&�&�CV.>0kRl+%�!)�+{ �&�<�.102�!3�:_3G)�)�"�$�@h+?.�@w:%3�0 A &�&-:
)-3#:%@���C%&�$'&�Cn(më��! #"%$'&oø%(íì ã C?å��!@j:%3>0�.�@ A .�C%<QHP.1��&-)-02&-C A Hp �&�<�.102�!3�:nr A &�)�.�"%@�&l�Q0j"%@�&-@T.C%�Q��&-$�&-:�0�@�)�.�<!��:% o023�)�3�:�F�&�$�0�0�+%&^&�6*8u&-$��!,9&�:;02.�<;C?.>02.�(N¢S�Q��&-$�&-:�0=8%.�$'0��!)�<�&j #&�3�,K&702$���&�@
.�<Q02&-$90�+%&_@'¤�&-Rî3�5S0�+%&_)-<!"%@�02&-$/C%��@'02$'� A "*02�!3�:%@[ #&�:%&-$2.>0�&�C`5d$'3#,e02+%&J&76*8�&�$���,K&-:;0�.�<
C?.10�.�(XZ\+%&K)�3#:�@'0�.>:�0U02+%��)�¤�:%&�@'@PC%�!@')K@')b.�<��!:% �8%<!.�)�&-@�<!&-@�@B&�,98%+?.�@'�!@B3#:D0�+%&/<!.�$� �&�$
)-<!"%@�02&�$�@���÷�&�@-r;.�@})�<�"%@'0�&�$N@'�!÷-&T�!:�)�$�&�.�@�&-@N,93#$�&�Y�"%�!)�¤�<QHBRl�Q02+U@��!&7F#&^@��!÷-&�r#@'3w,K.>02&-$��!.�<;�!@
@'8%$�&�.�CP.�,93#:% l,93#$�&m)-<!"%@�02&�$=@'�!÷�&-@N.>:%CU)-3#:%)-&�:;02$�.>02��3#:%@�.�$�&m<!3OR^&�$-(NZ\+%��@}$'&�C%"�)�&�@}02+%&
.� � #$�&- ;.>02��3#:I$�.>02&p$'&�Y�"%�!$'&�C{5d3#$S0�+%&p,K3GC%&-<�023X)�.�<!)-"%<�.102&P&-YG"���F>.�<!&-:;04C%�!@�02$�� A "�0��!3#:%@-r
@'<!3ORl�!:% p �&�<�.102�!3�:n(jßT3#,98?.�$'�!:% PëN�! #"�$�&Sø%(xíp.�:%C�ëN�� #"%$'&wø%(QàOéP�!<�<!"%@�02$�.>02&-@^02+��!@o&7��&-)-0(×
ëN�� #"%$'&wø%(QàOé�"%@'&�@o0�+%&w02+��!:%:%��:% �C��!@�)w #&�3#,9&-0�$'HK.�:%CX+%.�@\.�+%�� #+%&-$T)�3�:%)�&-:�0�$2.>0��!3#:X3>5
<!.�$� #&-$\8?.�$�02�!)-<!&-@T02+%$'3#"% #+�3#"�0l02+%&4)�.�<!)-"%<�.>0��!3#:�(

ëN�!:%.�<!<QHf��0k@�+�3#"%<!C A &U:%3�0�&�C_0�+?.>0w0�+%&U]�02@k5d3�$k02+�&U5d"%<�<}8�3ORT&-$w&�6�8�&�$'�!,9&�:;0S8�$�&7g
@'&�:;02&-CE�!:yëN�� #"%$'&pø%(äìX.�:�CMëN�� #"%$'&Pø%(xVJ.�$'&p:%3�0U.�@4.�)-)�"%$�.>02&9.�@h0�+%3#@�&[5d3#$S0�+%&[+?.�<�5
8�3ORT&-$X&76*8u&-$���,K&-:�0 ã ëN�� #"%$�&Jø%(Qà#à�åK.>:%C`02+%3�@�&{�!:|02+%&I:�&76G0W)�+?.�8�0�&�$-([>S"%$/,K3GC*g
&-<!<!��:% K0�&�)�+%:��!Y�"%&p�!@w:%3�0h��C%&b.�<�<�HW@'"%��0�&�CI023/C?.>0�./5d$'3#,�02+%&�5d"�<!<}8u3OR^&�$h&76*8�&�$'�!,9&�:;0br
.�@�)�+?.�:% #&-@P�!:�NRPp3G)�)�"�$�3#:%<QHD.>0UF�&�$�HE&b.>$�<�H{0��!,9&�@-(JZ\+%��@�$'&�C%"%)-&�@P]%0'02��:% I.�)-)�"*g
$�.�)-H�r A &�)�.�"%@�&X0�+%&f]%0�0�&�Ca)�"%$�F#&W�!@�,/.>0�)�+%&�Cc3#:�<�HM0�3I02+%&X��:%��0���.�<m #$�.�C%��&�:;0[3�5l02+%&
&�6�8�&�$'�!,9&�:;0�.><pNRPTC?.10�. ã Rl+%��)�+/�!@j��:?.�)-)�"%$�.>02&lC%"%&l023B"%:%C�&�$�@2.�,98%<!��:% �å�r;.�:%C[023402+%&@�0�.>0��!)4<!&7F#&�<}.�)�+��!&-F�&�Cn(o�J&b.>@�"%$'&�,9&�:;02@�5d3#$l@�+%3#$�02&-$l0��!,9&�@oR^3#"%<�CI.�C%C�C%&70�.���<�023[02+%&
0�$2.�:%@'��0��!3#:K$�&� ��!3#:X.>:%Cf�!:�)�$�&�.�@�&k]%0�0��!:% p.>)�)�"�$2.�)7H A "�0o@�"%)�+W,9&b.�@'"%$�&-,K&-:�0�@\.�$'&S:%3�0



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ ð*à
8%$�.�)-0��!)�.�< A &�)b.>"%@�&�3�5�02+%&�æ#éh,9�!:�"�02&TC%�!@')�+?.�$� �&�)7HG)�<!&l"%@'&�CKC%"%$���:% 4,K��<!<��!:% %(nª�&-C%"%)7g
��:% f02+%&p,9�!<�<!��:% p02�!,9&�@'�! #:���]?)�.�:;02<�H A &�<�3�R à[+%3#"�$S #��F�&�@4.f@�.�,K8�<!&P��:IRl+%�!)�+y@�3�,K&
3�5T02+%&K8?.�$'0��!)-<!&�@4+?.bF�& A &-&�:E,9�!<�<!&-CI0�Rl�!)�&/.�@B<!3#:% �3�0�+%&�$'@�(K(}.102&�$B$�&-@�"%<Q02@B@�"% � #&�@�0
0�+?.>0o@'"%)�+X]%0�0��!:% UC%��§9)-"%<�0��!&�@^.�$'&S)�3#,9,93#:K0�3 A $'��0�0�<!&�8u3ORlC%&-$�@-r�Rl+%&�$'&h,K3�@'0^3�5x02+%&
@'�!÷�&X)�+%.�:% #&f3G)�)-"%$�@p&�.�$�<QHM��:M02+�&X,K��<!<!��:% %(WZ\+%&-$�&-5d3�$�&X3#"%$�,K3GC%&�<�@�,K.bH A &f,93#@'0
"%@'&-5d"%<j5d3#$hC�"%)-0��!<!&p@�.�,98%<!&-@�([Z\+%�!@4��@h:%3�0B.W@�&-F�&�$'&/$�&-@'0�$��!)702��3#:y.�@4,K��<!<��!:% K�!@h,93#@'0
)-3#,K,93#:%<QHE)-3#:%C%"%)702&-C|Rl��0�+|C�"%)-0��!<!&W,9&-02.�<!@-( >S"%$[,93*C�&�<!<��!:% _&-�u3#$'0�@9+%.OF�& A &�&-:
@'"%)�)-&�@�@�5d"%<\C%&-@�8%�Q02&f.J@�3#,9&-Rl+?.10P�!:%.�)�)-"%$2.>0�&K]%0B023J02+%��@U&�6�8�&�$'�!,9&�:;0brt.�@U0�+%&/:%&�6G0
@'&�)-0��!3#:�@�+�3�Rl@-(

¥"È�Ç � #�%(*_,.%K#Ï0�'/2"Õ Ô�'��_! q.'(ÔF0
Î�'�r.,X0�'/132.Ô
i�]�0�02��:% f8%$'3*)-&�@'@h+?.�@ A &�&-:y.�8%8%<��!&�CJ023fC?.10�.K5d$'3#,�0�+%&�5d"%<�<�8�3ORT&-$S&76*8�&�$'�!,9&�:;0h�!:
��æ*( ø%(Qà9.�:%CV@�"%�Q0�. A <!&�F>.�<�"%&�@h+?.bF�& A &�&-:D)�+%3�@�&�:y5d3#$S0�+%&[,K3GC%&�<sâ @w$2.>0�&7g�8%.�$2.�,9&-0�&�$'@�r@J.�:%CRB ã @'&�&[Z�. A <!&pø�(�à�å�(���04��@S:%3ORv8�3#@�@'� A <�&�023W"%@'&p02+%&p,93*C�&�<N0�3X)b.�<�)�"%<!.>02&�5d"�<!<
@'�!÷�&pC��!@'0�$�� A "�02��3#:%@w.>04.�$ A ��0�$2.�$�HJ0��!,9&�@�(4Z\+%��@h$�&-YG"��!$�&-@S02+%&[.>8%8%<!��)b.>0��!3#:J3�5�:�"%,K&-$�g
��)b.�<j,9&-0�+%3*C�@�(Xi ?ki�Ë�Òh$�3�"�02��:%&pRo.�@U@�&-<!&�)702&-CM023J@�3#<QF#&[02+%&98%$�3 A <!&-,J(K��0�"%@'&�@p.
F>.�$'��. A <�&7g�3#$�C%&-$�r?F>.�$��!. A <�&7g�@�02&-8I.�<� #3#$��Q02+%,��!,98%<!&-,K&-:�0��!:% [02+�& A .�)�¤;RT.�$�CyC%�Q��&-$�&�:;0��Qg
.>0��!3#:K5d3#$�,P"�<�.�&>(të?3#$^0�+%&h8%"%$'8u3�@�&S3�5=0�+%�!@^C%�!@')�"%@'@��!3�:nr%�!:KRl+%�!)�+f0�+%&h,K3GC%&-<u8%$'&�C%��)7g
0��!3#:%@t.�$�&\)-3#,K8%.�$�&-CP023h&76*8�&�$'�!,9&�:;0�.�<*,K&�.�@�"�$�&�,9&�:;0�@�r;02+%&\$'3#"�0��!:%&^�!@t)-3#:�]? #"�$�&�C[023
 #�QF#&\3#"*028%"�0�.10t02��,K&-@t@�"%�Q0�. A <!&T5d3#$N)�3#,98?.�$'�!@�3�:�Rl��0�+9&�6*8u&-$��!,9&�:;02.�<�,9&b.�@'"%$�&-,K&-:;02@�(
¿�3�R^&-F�&�$-r�0�+%&4,K3GC%&�<�@o)b.>:J��:�0�&�$'8u3#<!.>02&S.�:%CW&76G02$�.�8�3#<�.>0�&h3OF#&�$\0��!,9&h.�:%C�8%$�3OFG�!C�&U.
C%&70�.���<!&-C�@�.�,98%<!��:% P3�5}02+%&48�3ORlC%&�$-â @�8?.�$�02�!)-<!&h@'�!÷�&hC��!@'0�$�� A "�02��3#:n(

ëN�! �"%$�&^ø%(äðw)-3#,98?.�$�&-@j,K&�.�@�"�$�&�,9&�:;0�@�,K.�C%&TC%"%$���:% S02+�&o5d"%<!<G8u3OR^&�$j5d&�$'$�3>g�@���<!�!)-3#:
&�6�8�&�$'�!,9&�:;0�Rl�Q02+V)�3#$'$�&-@�8�3#:%C%��:% I8%$'&�C%��)-02��3#:%@4,K.�C%& A Hy0�+%&/,93*C�&�<!@-(fZ\+%&K)b.�<�)�"*g
<!.>02��3#:%@�.�$�&B,K.�C%&4"%@���:% /)-3#:%@�0�.�:;0w0�+%�!)�¤�:%&-@�@SC��!@�)B8?.�$�02��)�<!&4 #&-3#,9&-02$�H#r�.�:%CJ"%@�&B02+%&
Ø�s v=Þ���sti6��bnmIà�m��nwKstixjt~=ÞEq�ë�stwKv=ÚzÝ�ßËi�m�ä/i�g�qtwngNìâwnv�qt�nÝutnwKslo=bngÄìâixm�mwv�wKbKoQÝyxSz(�{wns�oQÝux%{����-�|v�Ý} g=ixjt��o�~
ixg��KopwKÞÄy



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ ð#á
$�.>02&-@B<��!@�02&�Cy��:VZ�. A <�&[ø%(�à ã .;å�rx3 A 0�.>�!:%&-Cy5d$'3#,ç0�+%&p]%04<!��:%&�@h��:Dë��! #"%$'&pø%(íì*([ëN�! �"%$�&
ø%( P @'+%3ORl@w02+�&U&-YG"���F>.�<!&-:;0wC?.10�.K)�.�<!)-"%<�.102&�C�"%@'�!:% 902+%&B02+%��:%:%�!:� 9C��!@�)U@�)�.�<!��:% %(TZ\+�&
C?.10�.P�!@^C%�!@'8%<�.bH�&�CW.�@\.P<��!:%&�8%<�3�0T5d3#$^)�<!.�$��Q0�H/.>:%C A $�&7FG��0�H#(m��0T�!@o��,K8�3#$'02.�:;0^0�3P:%3�0�&�r
0�+%3#"% #+�r%02+?.>0l3�:%<�H902+%&48�3#�!:;0�@\$�&�8�$�&�@'&�:;0kC?.>0�.*r�Rl+%�!<�&w02+�&o�'3��!:%��:% P<!��:%&�@T&�,98%+?.�@'�!@�&
0�+%&X8u3�@���0��!3#:M3�5l02+%&fF>.�$'�!3#"%@�8u3#��:;02@p.�:�C�8%$�3OFG�!C%&W.I)-3#:;F#&-:%�!&-:�09@'+?.�8�&W0�+?.>0[.>�!C%@
)-3#,K8%.�$���@�3#:W3�5}02+%&4,93*C�&�<!@o.�:%CW02+%&4&76*8�&�$'�!,9&�:;0b(

ëN�!$'@'0�r#&76�.�,9�!:%��:% S]? #"�$�&\ø%(íðS@�+%3ORl@m02+?.>0�,93*C�&�<?ìS+?.>@m5d3�<!<!3OR^&�CP0�+%&l&76*8u&-$���,K&-:�0
,93#@'0w)�<�3#@�&-<�HW3OF#&-$w02��,K&>ru.><�02+�3#"% #+���0k)�3#:�@��!@�02&-:�0�<�H�3OF#&-$�g�&-@'0��!,K.>02&-@k02+�&p.�,93#"%:;0w3>5
,K.>02&-$��!.�<}5d3�"%:%Cy�!:I0�+%&p<�.�$' #&�@�04.�:%Cy@',/.�<�<!&-@'0S@'�!÷-&P5d$2.�)702�!3�:%@�(Biw<Q02+%3#"� #+{8%$�3 A <!&-,K@
Rl�Q02+p #&-<�.>0��!3#:BRT&-$�&l8%$�&-C%�!)702&-Cnr#F>.�<!��C%��0�H43�5�0�+%&\:�"%,K&-$���)b.�<G@�3#<�"�02��3#:�5d3#$N,K3GC%&�<�ìw)b.>:
A &�.�@�@'&�@�@'&�C A H�)�.�<!)-"%<�.>0��!:% IF>.�<�"%&�@p3>5>NRP ã�9 åU5d$�3#, 0�+%&WC%�!@�02$'� A "�0��!3#:�@P8%$�3GC%"%)-&�Cn(
Z\+%&-@�&IF>.�<�"%&�@/.�$�&J8%<!3�0'02&-C��!:a]? #"%$'&_ø%(íì*roRl+%&-$�&_0�+%&-H�.�$'&_<�. A &-<!<!&-C ~2ßo.�<!)-"%<�.102&�C
"%@'�!:% y,93*C�&�<TÍ��{Rl��0�+EÍ�����à 7 á 7 æ 7 ì\��(VZ\+%&-HE�!:%C%��)b.>0�&/02+%.>0p02+%&W:�"%,9&�$'�!)�@p8�$�3>gFG�!C�&h.P #3G3*C/.�8%8%$'3O6*��,/.>0��!3#:9023�0�+%&h.�:%.�<�H�02��)b.�<�@�3�<!"�0��!3#:n(�Z\+%&4. A @'&�:%)-&h3�5= #&-<�.>0��!3#:
)�.�: A &�&76*8%<�.>�!:%&-C A H�02+�&p8%$�&-@�&�:�)�&p3�5�@'0�$�3#:� /5d$2.� �,K&-:�02.>02��3#:_��:_02+��!@S)�.�<!)-"%<�.>0��!3#:�(
Z�. A <�&Sø%(Qà ã .;å�@�+%3ORl@\02+%&S5d$�.� #,9&�:;0�.102�!3�:/$2.102&7g�8?.�$�.�,K&702&-$�rwBOr%��@T0�R^393�$�C%&-$�@\3�5},K.� >g:%�Q02"%C�&9+��! #+%&-$h02+?.�:R@?rx02+%&[RT&-<!C%��:% W$2.>0�&[8?.�$2.>,K&702&�$-([Z\+%&K �&�<Qg�02��,K&U)b.�<�)�"%<!.>02��3#:%@
.�$'&4<!&b.>C%�!:% p3�$�C%&-$�r�.�@'@�"%,9�!:% pR^&b.�¤K5d$2.� #,9&�:;02.>02��3#: ã B ; à�å�(� 02��<!<}<!3G3#¤��!:% W.10h]? #"%$'&9ø�(äð*rx,93GC%&�<�@4áX.�:%CDæW+%.OF�&/.><!@�3X8�$�3GC%"%)�&-CD$'&b.�@'3#:?. A <�H
 #3G3GC�,K.>0�)�+%&�@l023[02+%&B&76*8�&�$'�!,9&�:;0�.�<xC%.>0�.�(�Z\+%&7HJ)-3#:%@'�!@'0�&�:;02<QHW"%:%C%&-$�&-@'02��,/.102&h02+%&
.�,93#"%:;0w3�5m,/.102&�$'��.�<x��:_02+�&P<�.�$' #&�@�0S.>:%C{@�,K.�<!<�&�@�0k@'�!÷-&�5d$2.�)702��3#:%@�r�3OF#&-$S&�@�02�!,K.>0��!:% 
��:�0�&�$',K&-C%��.>0�&P@���÷�&-@�(pZ\+%&[@���÷�&pC%��@'0�$�� A "�02��3#:I)b.><!)�"�<�.>0�&�C A HI,93*C%&-<jæW.>0 P +%3#"�$�@4�!@
,93#$�&h��:?.�)-)�"%$�.>02&S0�+?.�:X02+%&h3>02+%&-$�@�r�.>@o02+%&h$�.>02&�g�8?.�$�.�,9&-02&-$�@\)�.�:%:%3�0 A &4.�)-)�"%$�.>02&-<�H
C%&702&-$�,9�!:%&-CD5d3#$B"%@�&93OF#&-$P@�"%)�+M<!3#:% W02��,K&-@/×}02+%&9<!��,K�Q0�.>0��!3#:%@w.�$�&9�!,98�3#@�&-C A Hy02+%&
.�@�HG,K8�0�3�02��)�@k"%@�&-Cy0�3f)b.><!)�"�<�.>0�&B0�+%&P<!&�.�C%��:% K3�$�C%&-$S@�3#<�"�02��3#:J5d3�$�NRP ã�9 å ã @'&�&�]% #"%$�&ø%(íì ã )Oåo.�:%C�&�Y�"?.102�!3�: ã á*(íá�æ;å�å�(m�J3GC%&�<jà4��@o02+%&4<!&�.�@'0�.>)�)�"�$2.>0�&B,93GC%&�<sr*@'+%3ORl�!:% [02+%&<�&b.�@�0l)�3#$'$�&�<!.>02��3#: A &-0�R^&�&�:_8%$�&-C%�!)702�!3�:%@l.�:%C�&76*8�&�$���,K&-:;0b(

�Î+%&�:W"%@'�!:% U02+%&S0�+%�!:%:��!:% PC��!@�)w@�)b.><!�!:� U023p8�$�3G)�&�@'@o02+%&h@�.�,9&SC?.>02. ã ]? �"%$�&hø%( P å



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ ð�æ

0

5

10

15

20

25

30

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

acbKdfehg�ikjli�bnmIopi6qrjlsti�u=vpjlixwKgzy

-5

0

5

10

15

20

25

30

35

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

a{u9d�}�~�wnv=s�y

-5

0

5

10

15

20

25

30

35

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

a���d���~=wKv=s�q�y

-5

0

5

10

15

20

25

30

35

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

aco�d���~=wKv=s�q�y

0

5

10

15

20

25

30

35

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

a{��d���~=wKv=s�q�y
ëN�� #"%$'&�ø�(äð�H � �!&7F#&�C/@��!÷-&kC��!@'0�$�� A "�02��3#:%@j #&-:%&�$�.>02&-C A HK.�8%8%<QH*��:% 402+%&�,K3GC%&-<!@j023UC?.>0�.
5d$'3#,¨02+%&95d"%<!<j8�3ORT&-$�&�6�8�&�$'�!,9&�:;0b( � ��÷�&9)�3#:;F�&�$�@'�!3#:�@P"%@�&902+%&9)�3�:%@'02.�:;0P02+%��)�¤�:%&�@'@
C%��@�)4@�)�.�<!��:% %(



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ ð>ø

0

5

10

15

20

25

30

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

acbKdfehg�ikjli�bnmIopi6qrjlsti�u=vpjlixwKgzy

0

5

10

15

20

25

30

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

a{u9d�}�~�wnv=s�y

0

5

10

15

20

25

30

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

a���d���~=wKv=s�q�y

0

5

10

15

20

25

30

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

aco�d���~=wKv=s�q�y

0

5

10

15

20

25

30

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

a{��d���~=wKv=s�q�y
ëN�� #"%$'&�ø�( P H � �!&7F#&�C/@��!÷-&kC��!@'0�$�� A "�02��3#:%@j #&-:%&�$�.>02&-C A HK.�8%8%<QH*��:% 402+%&�,K3GC%&-<!@j023UC?.>0�.
5d$'3#,v02+%&l5d"%<�<%8u3OR^&�$^&76*8u&-$���,K&-:�0�( � ��÷�&l)�3#:;F�&�$�@'�!3#:�@T"%@'&k02+�&�0�+%�!:%:��!:% 4C%��@�)�@�)b.><!�!:� %(



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ ð#ì
�J3GC%&�< @ B
à øÃGxí;ðZYEàOé\[ 4 æ�G�à(í=YEàOé\[ 4
á øÃGíá�æ=YEàOé [\] ð�Gíé9V=YEàOé [ 4
æ à`G é;áZYEàOé [\] ì�Gíæ>øFYEàOé [ 5
ø à`Gíá#áZYEàOé\[_^ ` ì�Gíá9VFYMàOé_[_^
ì P G�øQV=YEàOé\[\] í�Gäá|V=YEàOé\[ Ò

Z�. A <�&Kø%(íá�H�¢T&�@�0�]%0BF>.�<!"%&-@U3>5l@{.�:%C�Bp5d3�$B&�.�)�+E3�5T02+%&9,K3GC%&-<!@[à7Ì�ìX5d3#$h02+%&K+?.�<�5
8�3ORT&-$k&�6�8�&�$'�!,9&�:;0�C?.>02.p5d$'3#, ��æ�( ø�(�à#(jZ\+�&B0�+%�!:%:��!:% pC%��@�)4@���÷�&4@�)�.�<!��:% p�!@\"�@�&�C�(

0�+%&[,K3GC%&�<�@S.�$'&�rx��:V �&�:%&-$2.�<sr A &70�0�&�$h,K.>02)�+%&-C{023X02+%&p&�6*8u&-$��!,9&�:;0�(PZ\+%�!@h@'"% # #&-@'0�@
0�+?.>0402+%��@4@�)b.><!�!:� X�!@h02+%& A &-0'02&�$B3#:%&p0�3J"%@'&�(f�J3*C�&�<�ìX:%3ORv@�"*��&-$�@U0�+%&9.>�u&�)-0�@U3>5
 #&-<�.>0��!3#: ã ]? #"%$'&4ø%(�V ã C�å'åo.�@\5d$2.� #,9&�:;02.>02��3#:X�!@\<�&�@�@l8%$'3#<!�Q]?) ã ZN. A <!&hø%(Qà ã .#å�å7(jZ\+��!@l�!@.�)�3#:%@'&�Y�"%&-:%)�&f3>5o"%@'�!:% W02+%&[02+��!:%:%��:% WC%�!@')K@')b.�<��!:% �r�.>@U�Q048%<�.�)-&�@B,K3�$�&[&�,98%+?.�@'�!@
3#:D02+%&9<�.�$' #&�$B)�<�"%@'0�&�$B@���÷�&�@ ã 0�+%&�$'&f.�$'&/+%�� #+%&�$B)�<�"%@'0�&�$B)�3#:�)�&�:;0�$2.>0��!3#:%@B02+%&-$�&>rt@�&-&]? �"%$�&Vø%(xía.>:%C©]% #"%$�&yø%(QàOé;å�(Ý��:©0�&�$�,9@W3�5�.�)�)-"%$2.�)7H#rS0�+%&�$'&V��@W<!��0'02<�&J023c)�+%3G3#@'&
A &-0�R^&�&-:{,K3GC%&�<�@�áK.�:�CIæ9.>0�@�+%3#$�0k0��!,9&�@ ã áp+%3#"�$�@k.�:%C_ø9+%3#"�$�@�å�r A "�0w,93GC%&�<}áp�!@)-<!&b.>$�<�H A &-0�0�&�$B.>0h<�3#:% #&-$w02��,K&-@�rnRl+%&-:V0�+%&[.�@�H*,98�0�3�02��)�@h"%@'&�Cy023W)b.�<�)�"%<!.>02&=NRP ã:9 å5d3#$p,93GC%&�<Tæ A &�)-3#,9&X�!:;F>.�<!��Cn(Dik ;.���:nrm,K3GC%&�<kàW�!@p:%3�0pF�&�$�Hc.�)�)-"%$2.102&�r A "�09�Q0p�!@
A &-0'02&�$\0�+?.�:�,K3GC%&�<xìp��:X02+%��@\)b.�@'&�(

��04�!@h:%3>04)�<!&�.�$S5d$�3�,î02+�&�@�&98%<�3�02@S0�+?.>0h02+�&9,93GC%&�<�@SC%3%rx��:y5L.>)-0brx8�$�3OFG�!C%&[,93#$�&
C%&70�.���<!&-Cf@���÷�&SC%��@'0�$�� A "�02��3#:%@^0�+?.�:X3 A 0�.���:%&�Cf&�6*8u&-$��!,9&�:;02.�<!<QH95d$'3#,Ý@���&-F#&-CW@��!÷-&S,9&b.1g
@'"%$�&-,K&-:�0�@�(�Z�3[C%&-,K3�:%@'0�$2.>0�&S02+%��@�r�0�+%&h)�<�"%@'0�&�$\@���÷�&hC%��@'0�$�� A "�02��3#:%@o)�.�<!)-"%<�.>0�&�Cf5d$'3#,
0�+%&T,93*C�&�<!@}.�$'&^8�<!3�0'02&�CB�!:�ëN�! �"%$�&mø%(xíw.�:�CPëN�� #"%$�&mø%(QàOé�(}Z\+%&-@�&o8%<�3�02@}.�<�@�3k�!<!<�"%@'0�$2.>0�&
0�+%&4$�&�@'"%<�0�@l3�5�0�+%&h@���÷�&4)�3�:�F�&�$'@��!3�:J8%$'3*)-&�C%"�$�&402+?.>0l"�@�&�@l&�6�8�&�$'�!,9&�:;0�.><x@��!&7F#&-CJ@'�!÷�&
C%��@'0�$�� A "�02��3#:%@k0�3W #&�:%&-$2.>0�&P02+%&p)-<!"%@�02&-$hC%�!@�02$�� A "�0��!3#:%@k@�+%3ORl:n(PëN�!:?.><!<�H�r?02+%&P]? �"%$�&-@
@'+%3OR�+%3OR 0�+%&4C%���u&�$'&�:;0�,K3GC%&�<�@oC%�QF#&�$' #&43OF#&�$l02��,K&>(� �!,9�!<!.�$x02&-)�+%:%�!Y�"%&-@^+%.OF�& A &-&�:K.�8%8%<��!&�CP0�3h02+%&\+?.><�5�8u3OR^&�$m&76*8�&�$'�!,9&�:;02@-(t��0jRo.>@
5d3#"�:%CV0�+?.>0h0�+%&P02+%��:%:%��:% XC%�!@')p@���÷�&[@�)�.�<!��:% X�!@h,93#$�&P.�8%8%$'3#8%$��!.>02&>rx@�3W3#:%<QHI$'&�@�"�<�02@



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ ð9V

1.0e-05

1.0e-04

1.0e-03

1.0e-02

1.0e-01

1.0e+00

1.0e+01

1.0e+02

1 10 100 1000

c r

r

Model 1
Model 2
Model 3
Model 5

Experimental

acbKdfehg�ikjli�bnmIopi6qrjlsti�u=vpjlixwKgzy

1.0e-05

1.0e-04

1.0e-03

1.0e-02

1.0e-01

1.0e+00

1.0e+01

1.0e+02

1 10 100 1000

c r

r

Model 1
Model 2
Model 3
Model 5

Experimental

a{u9d�}�~�wnv=s�y

1.0e-05

1.0e-04

1.0e-03

1.0e-02

1.0e-01

1.0e+00

1.0e+01

1.0e+02

1 10 100 1000

c r

r

Model 1
Model 2
Model 3
Model 5

Experimental

a���d���~=wKv=s�q�y

1.0e-05

1.0e-04

1.0e-03

1.0e-02

1.0e-01

1.0e+00

1.0e+01

1.0e+02

1 10 100 1000

c r

r

Model 1
Model 2
Model 3
Model 5

Experimental

aco�d���~=wKv=s�q�y

1.0e-05

1.0e-04

1.0e-03

1.0e-02

1.0e-01

1.0e+00

1.0e+01

1.0e+02

1 10 100 1000

c r

r

Model 1
Model 2
Model 3
Model 5

Experimental

a{��d���~=wKv=s�q�y
ëN�� #"%$'&Tø%(xí�H�ßT<!"%@�02&-$t@���÷�&TC��!@'0�$�� A "�02��3#:%@} #&�:�&�$2.102&�C A HP.�8%8%<QH*��:% k0�+%&o,93*C�&�<!@=023wC?.>0�.
5d$'3#,¨02+%&95d"%<!<j8�3ORT&-$�&�6�8�&�$'�!,9&�:;0b( � ��÷�&9)�3#:;F�&�$�@'�!3#:�@P"%@�&902+%&9)�3�:%@'02.�:;0P02+%��)�¤�:%&�@'@
C%��@�)4@�)�.�<!��:% %(



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ ð#ð

1.0e-05

1.0e-04

1.0e-03

1.0e-02

1.0e-01

1.0e+00

1.0e+01

1 10 100 1000

c r

r

Model 1
Model 2
Model 3
Model 5

Experimental

acb/dÿehg=ikjli�bnmG�Fi�qåjtslixu�vpjti�wngzy
1.0e-05

1.0e-04

1.0e-03

1.0e-02

1.0e-01

1.0e+00

1.0e+01

1 10 100 1000

c r

r

Model 1
Model 2
Model 3
Model 5

Experimental

a{u9d�}�~�wnv=s�y

1.0e-05

1.0e-04

1.0e-03

1.0e-02

1.0e-01

1.0e+00

1.0e+01

1 10 100 1000

c r

r

Model 1
Model 2
Model 3
Model 5

Experimental

a���d���~=wKv=s�q�y

1.0e-05

1.0e-04

1.0e-03

1.0e-02

1.0e-01

1.0e+00

1.0e+01

1 10 100 1000

c r

r

Model 1
Model 2
Model 3
Model 5

Experimental

aco�d���~=wKv=s�q�y

1.0e-05

1.0e-04

1.0e-03

1.0e-02

1.0e-01

1.0e+00

1.0e+01

1 10 100 1000

c r

r

Model 1
Model 2
Model 3
Model 5

Experimental

a{��d���~=wKv=s�q�y
ëN�� #"%$'&fø%(QàOé�H/ßT<!"%@�02&�$p@'�!÷-&XC%�!@�02$�� A "�0��!3#:%@U #&�:�&�$2.102&�C A H�.>8%8%<�HG��:% I02+%&/,K3GC%&�<�@�023
C?.10�.�5d$'3#,¨02+�&95d"%<�<j8u3OR^&�$U&76*8u&-$���,K&-:�0�( � �!÷-&K)-3#:;F#&-$�@���3#:%@U"%@�&902+%&902+%��:%:%�!:� �C��!@�)
@')b.�<��!:% %(



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ ð P

0

2

4

6

8

10

12

14

0 2 4 6 8 10 12 14 16

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

Fit for model 1
Calculated using model 1

Experiment

acb/d�ã)wpop��mO}Ky
0

2

4

6

8

10

12

14

0 2 4 6 8 10 12 14 16

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

Fit for model 2
Calculated using model 2

Experiment

acu|d�ã)wpop��m��py

0

2

4

6

8

10

12

14

0 2 4 6 8 10 12 14 16

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

tmax

Fit for model 3
Calculated using Model 3

Experiment

a���d�ã)wpop��mz�=y
0

2

4

6

8

10

12

14

0 2 4 6 8 10 12 14 16

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

tg

Fit from model 5
Calculated using model 5

Experiment

a�o�d�ã)wpop��m\Wpy
ëN�� #"%$'&9ø�(�à#à9H�ëN�Q0�0��!:% �.� # �$�&� #.>02��3#:V.�:%CD5d$�.� #,9&�:;0�.102�!3�:V$�.>02&�g�8?.>$2.�,9&-0�&�$�@.@{.�:�C�B
0�3_C?.>02.W5d$'3#,ç0�+%&K+%.�<�5T8u3OR^&�$45d&�$�$'3>g�@'�!<��!)�3�:{&76*8u&-$���,K&-:�0�(fZ\+%&[02+%��:%:%��:% WC%�!@')K@'�!÷�&
@')b.�<��!:% [�!@\"�@�&�C�(



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ ð9í

0

5

10

15

20

25

30

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

acb/dfehg=ixjti6b�mzopi6qrjlsti�u=vpjlixwKgzy

0

5

10

15

20

25

30

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

a{u|d���~=wKv=s�q�y

0

5

10

15

20

25

30

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

a���df�E~=wKv=s�q�y

0

5

10

15

20

25

30

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

aco�d���~=wKv=s�q�y

0

5

10

15

20

25

30

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

ac��d�}���~�wnv=s�q�y
ëN�� #"%$'&Jø%(Qà�á�H � �!&-F�&�Cµ@'�!÷�&JC%�!@�02$'� A "�0��!3#:�@9 �&�:%&-$2.>0�&�C A H`.>8%8%<�HG��:% D0�+%&_,93*C�&�<!@[023
C?.10�.f5d$�3#,�02+%&[+?.><�5�8u3OR^&�$4&76*8�&�$'�!,9&�:;0b( � ��÷�&p)-3#:;F#&�$'@���3#:%@B"%@�&[02+%&P0�+%�!:�:%�!:% XC��!@�)
@')b.�<��!:% %(



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ P é
)N6*8�&�$���,K&-:;0 @ B
ë�"�<!<�8�3ORT&-$ æ�GQà�ì=YEàOé\[ 4 V�G P ø1YMàOé\[ Ò
¿w.><�5}8u3OR^&�$ øÃGíá�æFYEàOé [\] ð�G é`VFYMàOé [ 4

Z�. A <�&Pø%( æ�HkßT3#,K8%.�$���:% f3�5jF>.�<�"%&�@S3>5�@J.�:�CcB45d3#"�:%CI5d3#$wC����u&�$�&-:;0h,K��<!<��!:% [@�8�&�&-C%@�(
Z\+%&48?.>$2.�,9&-0�&�$�@l.>$�&w5d3#"�:%CW"%@���:% p,K3GC%&-<xáp.�:%Cf0�+%&S02+%��:%:%��:% pC%�!@')S8?.�$�02��)�<!&w #&�3#,pg
&702$'H�(

"%@'�!:% �02+%��@�@')b.�<��!:% �.�$'&^8�$�&�@'&�:;02&-Cn(mëN�� #"%$�&mø%(Qà#à�@�+%3ORl@N0�+%&m]%0�0��!:% �8%$�3G)�&-C%"%$'&�r# #�QFG�!:% 
0�+%&�F>.�<�"%&�@[3�5�@E.�:%C�Bf@�+�3�Rl:|�!:cZ�. A <!&Wø%(íá*(aZ\+%&�@'&JF>.�<�"%&�@[+?.bF#& A &-&�:a"%@�&-C�023
 #&-:%&�$�.>02&/@��!&7F#&-C�@��!÷-&/C%��@'0�$�� A "�02��3#:%@45d$�3#,¨0�+%&f,93*C%&-<!@-rN.�@�@�+%3ORl:��!:MëN�! �"%$�&9ø%(Qà�á*(
¿�&�$�&>r\,K3GC%&-<!@9áy.�:%C`æV.�$'&�0�+%&J,93#@�0/.>)�)�"�$2.>0�&�rTRl�Q02+�,93GC%&�<�á{8%$�3 A . A <QH A &-�!:% 
0�+%&U,93#@�0k@'"%)�)-&�@'@'5d"%<s(l�J3GC%&�<=æ[+?.�@ A &-&�:_.>��&-)-0�&�C A H�.�@�HG,K8�0�3�02��)4)�3#:%@'�!C%&-$2.>0��!3#:�@�r
0�+%3#"% #+�(T��3*C%&-<=ì�+?.�@\@'"��u&�$�&-C�0�+%&h&-�u&�)702@l3�5} #&-<�.>0��!3#:X.>:%CJ�J3*C�&�<tà#rG02+%3�"% #+XRT&-<!<
]%0'02&-Cnro�!@[:%3>09R^&�<�<\@�"%�Q02&-C|023y02+��!@[C?.>02.V@'&-0b( >wF#&�$�.�<!<sr�0�+%&�$�&�@'"%<�0�@[8%$�3GC%"%)-&�C A H
,93*C�&�<=áP)�<�3#@�&-<�HK,/.102)�+X02+%&4&�6�8�&�$'�!,9&�:;0br%.�@lC%3p02+%3#@'&h5d3#$o,93*C%&-<xæp�!:f0�+%&4�!:;02&-$'F>.�<
é g�9eg P (� �!:�)�&4,K3GC%&-<=áP+?.�@�,K3GC%&�<�<!&-C A 3>02+W02+%&h5d"%<�<x.�:%C�+?.�<Q5N8�3ORT&-$�&�6*8u&-$��!,9&�:;0�@k$'&b.1g
@'3#:?. A <QHf.>)�)�"�$2.>0�&�<�H�r*0�+%&wF>.�<!"�&�@o3�5S@9.�:%CfB\5d3#"%:�CX"%@���:% �02+�&S02+%��:%:%�!:� �C%��@�)S@')b.�<��!:% 
,K.bH A &S)�3#,98?.�$'&�CWC%��$�&�)702<QH#(tZ\+%&48�&�$�02�!:�&�:;0\$�&-@�"%<Q02@o5d$'3#,�Z�. A <�&Sø%(Qà ã A å^.�:%CWZN. A <!&ø%(íáP.�$'&h<!�!@�02&-Cf�!:XZ�. A <�&Sø%( æU5d3#$o&�.�@'HX)-3#,98?.�$���@�3#:�(NZ\+%&-@�&4F�.><!"%&-@o@�+%3OR©02+?.10l.� # #$'&7g
 ;.102�!3�:/8%$'3# #$�&-@�@'&�@�.�8%8%$'3b6���,/.102&�<QHKð�G�ø�02��,K&-@�5L.�@�02&-$o�!:/0�+%&w5d"%<�<u8�3ORT&-$o&76*8�&�$'�!,9&�:;0br
.�:�C|02+%.>0p5d$2.� �,K&-:�02.>02��3#:c3*)-)�"%$'@K:�&b.�$'<�H·í�GäðI02��,K&-@P5L.�@'0�&�$K.>0[02+%&W+%�� #+%&�$[,9�!<�<!�!:� 
@'8u&-&�Cn(SZ\+��!@w@'"% # #&-@'0�@w02+%&U+;H*8�3�0�+%&�@'�!@w0�+?.>0S,9�!<�<!��:% P@�8�&�&-C{�!@�8%$�3�8u3#$�02��3#:?.�<n0�3/02+%&
@'YG"%.�$�&K3�5^0�+%&[,K��<!<��!,98u&-<!<!&-$w@'8u&-&�CM��@h5L.�<!@'&�([��:V0�+%�!@4)�.�@�&[02+%&[��:%C%"%)-&�CM)�+%.�:% #&9�!@
,P"�)�+J<!.�$� #&-$�(

¢^HW.�8�8%<�HG�!:� P02+%&4,93*C%&-<!@o0�3[0�+%&h5d"%<!<�8u3OR^&�$k.�:%CW+?.�<Q5N8�3ORT&-$�&�6*8u&-$��!,9&�:;0�@�0�+%�!@
)�+?.>8�02&-$K+?.>@9@'+%3ORl:|0�+?.>0[02+%&W,93*C�&�<!@[.>$�&W@�"%�Q0�. A <!&/5d3#$p0�+%&���$p�!:;02&-:%C%&�Ca8%"%$'8u3�@�&�(
�J3GC%&-<!@lá�.>:%CXæP+?.bF#&w8%$�3OF#&-CX02+%&S,93#@�0o"%@'&-5d"%<u�!:/0�+%&S)�"�$�$�&-:;0\)�3#:;0�&76G0br?��:%C%�!)�.>02��:% 



ï
@-A$Bwù�úmû�ü Cþý úmûlÿ��_^tÿ���� ùF@wú \��+D ú��âÅ P à
0�+?.>0W02+%&D.� # �$�&� #.>02��3#:µ$2.>0�&Q@Q��� �c2 @ ã L1����åf�!@X02+%&y,93#@'0J.�8�8%$�3#8�$���.102&I5d3#$MÖ�3#÷
,9�!<�<!�!:� ^5d&�$'$�3>g�@���<!�!)-3#:n(xZ\+%&�C%�Q§K)-"%<�0�HS3�5�]%0'02��:% l,K3GC%&�<�8?.�$2.>,K&702&�$'@x023�C?.>0�.\5d$�3�, 02+%&
5d"%<�<�8�3ORT&-$\&76*8u&-$���,K&-:�0TRo.�@\:�3�02&-Cnr?.�@TR^&�$'&h,K3�$�&S"%:���F#&-$�@�.�<n8%$'3 A <!&-,K@^)�3#:�)�&�$':%�!:� 
,93*C�&�<!@Pæ�rmøy.�:%C|ì*(MZ\+�&X+?.�<�5�8�3ORT&-$p&76*8u&-$���,K&-:�0[8�$�3GC%"%)�&-C|,93#$'&f&b.�@'�!<QHD]%0'02&-C
C?.10�.�rT.�:%C|0�+%&�,K3GC%&�<�@[+?.bF#&_8�$�3OFG�!C%&-C�)�3�$�$�&-@�8�3#:%C%��:% #<QH�,K3�$�&�.�)�)-"%$2.102&�$�&�@'"%<�0�@�(
>w5t)-3#"%$'@�&�r�.�<�<�02+�&B$'&�@'"%<�0�@�8�$�&�@'&�:;02&-CI�!:X0�+%�!@l)�+?.�8*02&�$�3#:%<QHf$'&�<�.102&S02393#:%&4,9�!<�<�.�:�C
3#:�&�,K.>02&-$���.><�(oZ\+%&�:%&76G0S)�+%.�8�02&-$ A $'�!&KJ�HJC�&�,93#:%@'0�$2.>0�&�@k+%3OR�02+%&U,K3GC%&�<�@k,K.bH A &
.�8�8%<!��&�CX023[@�&7F#&-$2.�<=,9�!<!<��!:% B@�)-&�:?.>$��!3�@l02.�¤�&-:J5d$'3#,�0�+%&4<!��0�&�$�.>02"%$'&�(



£ ¤ ¥§¦ ¨�©«ª �

� ¦ ¦ ´xô ¯�± õ ¨·¤ © ¸º¹ ©[´
¼

Z\+%&K3#"�0�<!�!:�&�Cy8%$�3G)�&-C%"%$'&/+?.�@ A &�&�:M"%@�&-CD023J,/.102)�+y02+%&9,K3GC%&-<!@h023�&76*8�&�$���,K&-:;0�.�<
C?.10�.K02.�¤�&-:_5d$�3#,�(x"]�7�E¡��Q�t� ø�ø � r��J3#@'+%¤�@2.�$S.�:%C Ö�& A .�$d��.>C���ì#ì � rf¿�"?.�$�C��7�+¡��Q�t� æ#æ �.�:�CIiw��¤G��:I.�:�CyßT3#"%$�02:%&7H�� à � (���:{&�.�)�+I)�.�@�&�0�+%&�&�6*8u&-$��!,9&�:;02.�<�C%.>0�.9�!@�)�3#:;F#&-$'0�&�C0�3[F�3#<!"�,K&h@'�!÷�&h,9&b.>@�"%$'&4.�:%CXF>.�<!"%&-@\3�5M@/.�:%C�BS.>$�&hC%&702&�$',K��:%&�CW"%@'�!:% p0�+%&S]%0�0��!:% 
8%$'3*)-&�C%"�$�&�( � ��÷�&XC%��@'0�$�� A "�02��3#:%@P.>$�&X)b.><!)�"�<�.>0�&�Ca.�:%Cc)�3�,K8?.>$�&�C�Rl�Q02+�02+%3�@�&X,9&b.1g
@'"%$�&-C�&�6*8u&-$��!,9&�:;02.�<!<QH#(NZ�. A <�&�à#(QàS<��!@'0�@�0�+%&S,K.>02&-$��!.�<!@�.�:%CX&-Y�"%�!8%,9&�:;0T"%@�&-C A H902+%&
.�"*02+%3#$'@l3�5N&�.�)�+_8�" A <!��)b.>0��!3#:�(

Z\+%&�,93GC%&�<�@w.�$'&U0�&�@'0�&�Cy.� #.��!:%@�0w&�6*8u&-$��!,9&�:;02.�<�$'&�@'"%<�0�@w3 A 02.��!:�&�C_"�@��!:� f.KF>.�$'�Qg
&70�HW3�5t&-YG"��!8%,9&�:;0k.�:%C�,/.102&�$'��.�<�@�(*��@���:% [C%���u&�$'&�:;0w&�6*8u&-$��!,9&�:;02.�<n@�)-&�:?.>$��!3�@k@'+%3ORl@
0�+?.>0P0�+%&f,93*C%&-<!@�.�$�&/Rl��C%&�<QHD.�8%8%<��!)b. A <!&>(_��:a.�C%C%�Q02��3#:nrNik�!¤��!:M.�:%CaßT3#"�$'02:�&-HÎ� à �8%$'&�@'&�:;0S$'&�@�"�<�02@l3 A 0�.���:%&�C A HX02$�&�.>02��:% [C%���u&�$'&�:;0�,/.102&�$'��.�<�@o"%@'�!:% [�!C�&�:;02��)b.�<x,9�!<�<!�!:� 
)-3#:%C%�Q02�!3�:%@�(þiw8�8%<�HG�!:� M02+%&{,93GC%&�<�@K023�&�.�)�+©,/.>0�&�$'��.�<l�!:`0�"%$�:�rw.�:�Cµ)�3#,98?.�$'�!:% 
0�+%&h$2.>0�&7g�8?.�$2.>,K&702&�$'@T3 A 0�.���:%&�CXC%&-,K3�:%@'0�$2.>0�&�@T0�+?.>0\,93#$�& A $��Q0�0�<!&w,K.>0�&�$��!.�<!@m+?.bF�&U.
+%�� #+%&-$^5d$2.> #,K&-:;0�.>0��!3#:9$2.>0�&S.�:�Cf<!3OR^&�$o.> # #$�&- ;.>0��!3#:9$2.>0�&k0�+?.�:f,93#$�&�C%"%)702��<!&w,K.>0�&7g
$'��.�<�@�(�¿�"?.�$�C¾�7��¡��Q�}��æ#æ � ,K.�:�"�5L.�)-0�"%$�&hC����u&�$�&-:;02<�H/8%$�3�8u3#$�02��3#:%&�C/)�3#,98u3�@���0�&�@\"%@'�!:% ��C%&�:;02��)b.�<�,K��<!<!��:% B)�3#:%C���02��3#:%@-r?.�:%C�@���,K��<�.�$�)�3#,98?.�$'�!@'3#:%@l.�$'&B,K.�C%&>(

Z\+%&X5d3#<!<�3ORl�!:% I@'&�)702�!3�:%@K&�6�.�,K��:%&f02+�&�C%.>0�.{3 A 02.��!:�&�C�5d$�3#, &b.�)�+a3�5w0�+%&X5d3#"%$
8%" A <!��)b.>0��!3#:%@T�!:X02"%$':n(mZ�3 A &� #��:XRl��02+�r%@���:% #<!&h,9�!<�<!��:% U&�6*8u&-$��!,9&�:;0�@k.>$�&4&76�.�,9�!:%&-C�H

P á



ï
@-A$Bwù�úmû�� C A$B�B��â^Nÿ��Z� ùF@kú \��ED ú��âÅ P æ

0

5

10

15

20

25

30

35

0 1 2 3 4 5

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

Fit for model 1
Calculated using model 1

Experiment

a�bKd�ã)wpop��mO}ny

0

5

10

15

20

25

30

35

0 1 2 3 4 5

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

Fit for model 2
Calculated using model 2

Experiment

a{u|d�ã)wpop��mI�=y

0

5

10

15

20

25

30

35

0 1 2 3 4 5

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

tmax

Fit for model 3
Calculated using model 3

Experiment

ac��d�ã)wpop��mz��y

0

5

10

15

20

25

30

35

0 1 2 3 4 5

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

tg Fit from model 5
Calculated using model 5

Experiment

aco�d�ã)wpop��m\W=y
ëN�� #"%$'&pì*(Qà`HA)t6*8�&�$'�!,9&�:;0�.�<sr�]�0�02&-CV.�:%C{)b.><!)�"�<�.>0�&�CI8?.>$'02��)�<�&B0�3�0�.�<�@k5d3#$w.�<!"�,K��:%�!"%,
)-3#:;F#&�$�02&-CI"%@���:% p02+%&4)-3#:%@'02.�:;0wC��!@�)S0�+%�!)�¤�:%&-@�@w.�8%8%$'3O6*��,/.>0��!3#:K5d3#$\8?.�$�02�!)-<!&S@'+?.�8�&�(

C?.10�.w5d$�3�,�0�+%&\iw<*,K��<!<!��:% l&76*8�&�$���,K&-:;0j)�3#:�C%"%)-0�&�C A H[�J3#@'+%¤�@2.�$�.�:�C3Ö�& A .�$���.�C���ì#ì �.�:�CM02+%&/iw<zÌ*ßT"GÌ � ��ß ,K�z6V,K��<!<�&�C A H�(x" �7�N¡��Q�T� ø#ø � .�$'&/"%@'&�Cn(_Z\+%&�:E0�+%&f@�&702@P3>5,9�!<�<!�!:� �&76*8�&�$'�!,9&�:;02@�C%�!@')�"%@'@�&-C{. A 3�F�&�.>$�&4&76�.�,9�!:%&-Cnr�@'02.�$'0��!:% pRl��0�+X¿�"?.�$'C �7��¡��Q�
� æ#æ � Rl+%3_0�$�&b.10p�J �Ì � ��ß�)-3#,98u3#@'��0�&�@�r}02+%&-:E&76�.�,9�!:��!:% W02+%&K$�&-@�"%<Q02@�3>5liw�!¤���:M.�:�C
ßT3#"�$'02:�&-HXRl+%3[02$'&b.>0�&�<�&�,9&�:;0�.><=ßT"nrO?k�=.>:%CIßT$\8�3ORlC%&�$'@�(



ï
@-A$Bwù�úmû�� C A$B�B��â^Nÿ��Z� ùF@kú \��ED ú��âÅ P ø

0

10

20

30

40

50

60

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

a�bKd�}���Þ�i�g(vpjt��q�y
0

10

20

30

40

50

60

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

a{u|dâ����Þ�ixg(vpjl��q�y

0

5

10

15

20

25

30

35

40

45

50

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

ac��d�����Þ�ixg(vpjl��q�y
0

5

10

15

20

25

30

35

40

45

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

aco�d�}
~=wKv=s�}�W�Þ�ixg(vpjl��q�y

0

10

20

30

40

50

60

70

80

90

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

ac��d���~=wKv=slq�����Þ�i�g(vpjt��q�y
0

10

20

30

40

50

60

70

80

90

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

a �ldSW�~�wnv=s�q�����Þ�ixg(vpjl��q�y
ëN�� #"%$'&lì*(íá�Hj�_.>@�@mC%�!@�02$'� A "�0��!3#:�@N3�5�.�<!"�,K��:%�!"%,�)�.�<!)-"%<�.102&�Cp"�@��!:� 40�+%&\)�3�:%@'02.�:;0^C��!@�)
0�+%�!)�¤�:%&-@�@S.>8%8%$�3b6*�!,K.>0��!3#:/5d3�$\8?.�$'0��!)-<!&S@'+?.�8�&�(



ï
@-A$Bwù�úmû�� C A$B�B��â^Nÿ��Z� ùF@kú \��ED ú��âÅ P ì
�ËÈpÉ � %]'(2 # �"13Î�'��-132Ë0�#&%�r"#&%(% Ì '/%(%
�J3�@�+%¤�@2.>$�.�:�CÀÖ�& A .�$���.�C|� ì�ì � +?.bF�&9,9�!<�<!&-C_8%"%$'&9.�<!"%,9�!:��!"%,Þ��:y.f+%3#$���÷�3#:;02.�< A .><!<
,9�!<�<S.�:%C©@'0�"%C%��&�C©+%3OR¨F>.�$���3#"%@X,9�!<!<k8?.�$�.�,K&702&-$�@�.>�u&�)-0W0�+%&y8u3ORlC%&-$J&7F#3#<�"�02��3#:n(
Z\+%&7HW8%" A <��!@'+J.pC%&70�.���<!&-CX@��!&7F#&U.�:?.�<QHG@��!@\3>5�0�+%&h8u3ORlC%&-$k@'"%��02. A <�&w5d3#$\"%@'&4Rl�Q02+�3#"%$
,93*C�&�<!@-(

Z\+%&l8?.�$�.�,K&702&-$�@�@�.>:%C1Bo.�$�&o5d3�"%:%C9.�@m3#"�0�<!�!:�&�CP��:/ßT+%.�8�02&-$mø%r;"%@���:% 4,K&�.�@�"�$�&�@
3�5�8%.�$'0��!)�<�&T:�"%, A &�$ ã .bF#&-$2.� #&T@��!÷-&Oå�(tZ\+%&o<��!:%&-@N3�5 A &�@�0j]%0N5d3#"�:%Cp"%@���:% w0�+%&o)�3�:%@'02.�:;00�+%�!)�¤�:%&-@�@�C��!@�)p@')b.�<��!:% W3�5^8?.�$�02��)�<!&�@��!÷-&9.�$�&p@'+%3ORl:M�!:VëN�� #"%$'&[ì*(Qà#(9�J3GC%&�<�@9à9.�:�C
áW@�+%3OR .J �3*3GC{]%0br A "�0U,K3GC%&�<�@Bæ_.�:%CEìWC�3_:%3�0B]%0B02+%&9C?.>02.J@'3JR^&�<!<t×�0�+%&K5d$�.� >g
,9&�:;0�.102�!3�:_$2.102&�5d3#$�,93*C%&-<�øKRo.�@w:%&� ;.102��F�&�(SZ\+�&p.�@'HG,98�023>02�!)U@�3#<�"�02��3#:W5d3#$w,93*C�&�<
æB�!@m:%3�0�F>.�<!��C[.>5�02&-$^øB+%3#"%$'@�r*.�@�@�+%3ORl:f��:/ëN�� #"%$'&wìG(�à ã )Oå�(�¿k3OR^&-F#&-$�r�0�+%&l]%0T$'3#"�0��!:%&.�@'@�"%,9&�@�02+?.10�0�+%&BC%&�$'��F#&-CI@�3�<!"�0��!3#:W�!@�.�)-)�"%$�.>02&>r�.>:%CJ]%0�@k�Q0l02+%$'3#"% #+J.�<!<n0�+%&BC?.>0�.
8�3#�!:;0�@�r?)b.>"%@���:% K<!.�$� �&hC%�!@')�$�&-8?.�:%)-�!&-@ A &-0�R^&�&-:I02+%&B.bF#&-$2.� #&B@���÷�&B�!:X02+�&U,93*C�&�<x.�:�C
��:a0�+%&J&�6*8u&-$��!,9&�:;0�(µËh&�<�.102�!3�:�+?.�@K.�C�F#&-$�@'&�<�H|.>�u&�)702&-C�,93*C%&-<�ì*(�i�5�02&-$[0��!,9& 9 �0�+%&�02$'"%:%)�.>02&-C{@'HG@'0�&�,¨3�5m&-Y�"?.>02��3#:%@k"%@�&-Cy0�3f #&-:%&�$�.>02&�0�+%&P:�"%,9&�$'�!)�@'3#<!"*02�!3�:JRl�!<�<
.�$�02�Q]?)��!.�<!<QHh$�&-@'02$'�!)70t02+%&o.� # #$'&� ;.>0��!3#:U8%$�3G)�&-@�@-(jiw<�0�+%3#"% �+�02+%&o.OF�&�$�.� #&\8?.�$�02��)�<!&^@���÷�&�@
,K.>02)�+VY�"%��0�&[)�<!3�@�&�<QH#rx02+�& A &�+%.OFG��3#"%$43�5T0�+%&[@'HG@'0�&�,q�!@4:%3>0U$'&�8%$'&�@'&�:;0�.>0���F�&K3�5^02+%&
"%:�C%&�$'<�HG�!:% p0�+%&�3#$�H A &-)b.�"�@�&B3�5�0�+%&�@'&4$�&�@�02$'�!)-0�&�C_.� # #$'&� ;.>0��!3#:/)�3#:%C���02��3#:%@-(

Z\+%&I)-3#$�$'&�@�8�3#:%C��!:% �@'�!÷�&_C%�!@�02$�� A "�0��!3#:%@K.�$'&I8%$�&-@�&-:�0�&�CÏ.�@f,K.�@�@95d$2.�)702��3#:%@/3�:
&�.�)�+{&76*8�&�$���,K&-:;0�.�<}@���&-F#&>rx.�@k@�+%3ORl:{�!:_ëN�! �"%$�&�ì*(íá*(Ä?�3f,93*C%&-<=,/.>0�)�+%&�@�02+%&�C?.>0�.
&�6�)-&�8�0��!3#:%.�<!<QH_)-<!3#@'&�<�H�(p�J3GC%&-<jæX8%$�3OFG�!C%&-@4.X)�<!3�@�&P,K.>02)�+V.>0S&b.�$'<�H_0��!,9&�@ A "�0B3#"%$
.�8�8%$�3b6*�!,K.>02��3#:45d3#$*NRP ã 0�å�r#&�Y�"?.>0��!3#: ã á*(íá�æ;å�r>5L.���<!@�.>0t<!.�$� #& 9 @�3w0�+%&o$'&�@�"�<�02��:% kF>.�<�"%&�@5d3#$�@X.�:%CCB4.�$'&���:?.�)�)-"%$2.102&P.>:%CI #�QF#&B8u3G3#$�$�&�@'"%<�0�@S.>0k<�.102&�$l02��,K&-@�(k�J3GC%&�<NìKC%3G&�@
:%3>0S,K.>02)�+_0�+%&�C%.>0�.KR^&�<�<N.10h.�<�<�(\Z\+%��@wC?.>02./@�&70S+%�� #+%<��! #+;02@l8�3�02&-:;02��.><}R^&b.�¤�:%&-@�@'&�@
��:[0�+%&\]%0�0��!:% S0�&�)�+%:��!Y�"%&�@�$2.102+%&-$m0�+?.�:[C%&-,K3#:�@'02$�.>02��:% SRl+%��)�+K@'�!÷�&lC%&-8u&-:%C%&-:�0^$2.102&�@
 #�QF#&4@�3�<!"�0��!3#:%@^02+?.>0k.�$'&h,K3�$�&4.�)-)�"%$�.>02&>(



ï
@-A$Bwù�úmû�� C A$B�B��â^Nÿ��Z� ùF@kú \��ED ú��âÅ P V
�ËÈ�Ó � %����§,K��ÊY'�� '(2 # �"13Î�'��-132Ë0�#&%or"#&%(%UÌ '/%(%
(x" �7�N¡��Q�T� ø#ø � +%.OF�&f,K.�C%&f.�C%�!@'8u&-$�@'�!3#:D@'02$'&�:% >02+%&-:%&�Cc)�3�,K8�3#@��Q02& A H���i�(}Z\+%&-H,9�!<�<x.98�3ORlC%&�$�,9�Q6G02"%$'&hRl��02+J:%3#,9�!:?.><n)�3#,98�3#@��Q02�!3�:Xiw<Qg�ø%(íì1R\0�Ð[ßT"J�*àOì1R\0�Ð � ��ß©�!:
.W+%3#$'�!÷�3�:�02.�< A .�<�<t,9�!<!<s(pZ\+%&9�!:%�Q02��.><N@���÷�&[C%��@'02$'� A "*02�!3�:%@h3�5T0�+%&���$48u3ORlC%&-$�@U.�$�&9:%3�0
8%" A <!��@�+%&-C�×4�!:%@�02&b.>Cnrk0�+%&-Hµ8�" A <!��@�+µ$'&�@�"�<�02@W.15�02&�${à�rSì*rBàOé�rBà�ìE.�:�C á>éE+%3#"%$'@�3>5
,9�!<�<!�!:� %( � ��:%)�&y02+�&�$�&V�!@W:%3a&76*8%<��!)-��0X02��,K&{C�&�8�&�:%C%&-:%)�&D�!:©3#"%$W,93*C%&-<w02+�&D@'�!÷�&
C%��@'0�$�� A "�02��3#:f3�5}8�3�RlC�&�$\,9�!<!<�&�C95d3#$Sàh+%3#"�$o+?.�@ A &�&-:�"�@�&�CJ.�@l.�:X��:%��0���.�<�)-3#:%C%�Q02�!3�:n(
Z\+%&h]%0l)-"%$'F�&�@�"%@�&-C�0�3p&�@�0�. A <��!@'+fF�.><!"%&-@\3�5|@/.�:%C�Bl023# #&702+%&-$oRl��0�+X)�3#$'$�&�@'8u3�:%C%�!:� 
F>.�<�"%&�@P)�.�<!)-"%<�.102&�CE5d$'3#,q02+%&f:�"%,9&�$'�!)-@p.�$�&X@'+%3ORl:c�!:�ëN�� #"%$'&Wì*( æ�({Z\+%&X)�3�:%@'02.�:;0
0�+%�!)�¤�:%&-@�@wC��!@�)h@')b.�<��!:% [+?.>@ A &�&-:J"�@�&�C�023[)�3�:�F�&�$�0w8?.>$'02��)�<�&S@���÷�&�@-(

ëN�! �"%$�&Iì*(íæD@�+%3ORl@X02+%&_&-�u&�)-0W3>5U �&�<�.102�!3�:|3#:µ,93GC%&�<SìM.>0fF�&�$'H`&b.�$'<�Hc02��,K&-@�r
@'3D,93*C�&�<lìIRl�!<�< A &�:�&� #<�&�)-0�&�Cn(aZ\+%&�.�)-)�"%$�.�)-Hc3�5�@E.�:�C�BKF>.�<�"%&�@[3 A 0�.���:%&�C�5d3#$
,93*C�&�<hæE��@X$�&�@�02$'�!)-0�&�C A H`02+�&y.�@'HG,98�023�0��!)I@'3#<!"*02�!3�:n([¿�3ORT&7F#&�$-rS02+%&{)�.�<!)-"%<�.102&�C
)-"%$'F�&w5d3#<!<�3ORl@m0�+%&�&76*8u&-$���,K&-:�0^Y�"%��0�&k)-<!3#@'&�<QH[@�3���:?.�)-)�"%$�.�)���&�@^.�$�&�3#:%<QH[&76*8u&-)-0�&�Cf023
A &�)-3#,K&�@��� #:%�Q]?)b.�:;0T.�$�3�"%:%C_àOì4+%3�"%$�@-(mëN�! #"�$�&kì*(�ø�)�3�:�]?$�,9@m02+%��@�r�@�+%3ORl��:% �02+�&k@'�!÷�&
C%��@'0�$�� A "�02��3#:�8%$'&�C%��)-0�&�C A H�,93GC%&�<*æw023 A &o.S$'&b.�@'3#:?. A <!&^]�0 A &75d3#$�&kà�ìk+%3�"%$�@-(m�J3GC%&�<
áp8%$�3OFG�!C�&�@k.9)-3#:%@���@'0�&�:;02<QHW #3*3GCW,/.102)�+I.10w.><!<�0��!,9&�@�r%.�:%C_��@\02+%&-$�&-5d3�$�&4)�3#:�@��!C�&�$�&-C
0�+%&4,K3#@�0�.�8%8%$'3#8%$'��.>0�&h,K3GC%&�<u5d3#$o02+%��@\C?.>02.�(

�ËÈ�Ç � Õ¡  'n0*� ÊY'u� Í"#&Î
0
'(*_,.%K#Ï0
! '/2 %/1.  !)2"!)Î�Õp¦ r"#�%(%
Ì '(%(%

¿�"?.�$�C��7�+¡��Q�t� æ#æ � +?.bF#&P,9�!<�<!&-Cf02+%$'&�&[�J K8u3ORlC%&-$�@-ruRl��0�+{.�C%C���02��3#:%@l3�5\àbé�ruá�é/.�:�Cæ#épF#3�<!"%,9&48u&-$�)�&-:;0 � ��ß©8?.�$�02��)�"%<!.>02&-@�(�Z\+%&P�� /8�3�RlC�&�$�+?.�CJ.K,9&b.�:�C%��.>,K&702&�$\3>5
V#éK"n, Rl+��!<!&902+%& � ��ß�8?.>$'02��)�"%<!.>02&-@BR^&�$'&�á;"n,q3#:�.bF#&-$2.� �&�rjRl��0�+·í#é;Ð¡3�5\02+�&�,
@',/.�<�<!&-$}0�+?.�:3V�"n,�(t¢h.>02.k5d3#$N.�<!<�02+%$'&�&\)-3#,K8�3#@'��02��3#:%@}+?.bF#& A &�&�:9.�:%.�<�HG@�&-Cn(
¿�"?.�$'C
�7�_¡��Q�m��æ�æ � "%@'&[.f<!3OR�&�:%&-$� �H_+%3#$'�!÷�3�:�02.�< A .�<!<},K��<!<=@���,K��<�.�$\0�3f02+?.>0S"%@�&-C A HC(x" �7�



ï
@-A$Bwù�úmû�� C A$B�B��â^Nÿ��Z� ùF@kú \��ED ú��âÅ P ð

0

5

10

15

20

25

30

35

40

45

2 4 6 8 10 12 14 16 18 20

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

Fit for model 2
Calculated using model 2

Experiment

a�bKd�ã)wpop��m��py

0

5

10

15

20

25

30

35

40

45

2 4 6 8 10 12 14 16 18 20
P

ar
tic

le
 n

um
be

r 
(a

rb
itr

ar
y 

un
its

)
Time (hours)

tmax

Fit for model 3
Calculated using model 3

Experiment

a{u|d�ã)wpop��mz��y

0

5

10

15

20

25

30

35

40

45

2 4 6 8 10 12 14 16 18 20

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

tg Fit from model 5
Calculated using model 5

Experiment

ac��d�ã)wpop��m�W=y
ëN�� #"%$'&[ì*( æ�H�)N6*8u&-$���,K&-:�02.�<�ru]%0�0�&�CV.�:%Cy)b.><!)�"�<�.>0�&�CI8?.>$'02��)�<�&�023�02.�<!@�5d3#$Sik<Qg�ø�(äì1R\0�Ð
ßT"J�Gà�ì1R\0�Ð � ��ß )-3#:;F#&-$'02&-CD"�@��!:� /02+%&�)�3#:%@�0�.�:;0h0�+%�!)�¤�:%&-@�@4C%�!@')P.�8�8%$�3b6*�!,K.>02��3#:_3>5
8?.>$'02��)�<�&h@�+?.�8�&�(



ï
@-A$Bwù�úmû�� C A$B�B��â^Nÿ��Z� ùF@kú \��ED ú��âÅ P`P

0

10

20

30

40

50

60

70

80

90

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 2
Model 3
Model 5

Experimental

a�bKd�}
~=wKv=s�y

0

5

10

15

20

25

30

35

40

45

50

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 2
Model 3
Model 5

Experimental

a{u|d�W�~=wKv=slq�y

0

5

10

15

20

25

30

35

40

45

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 2
Model 3
Model 5

Experimental

a���d�}���~�wnv=s�q�y
0

10

20

30

40

50

60

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 2
Model 3
Model 5

Experimental

a�o�d�}�W�~=wKv=s�q�y

0

10

20

30

40

50

60

70

80

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 2
Model 3
Model 5

Experimental

ac��d�����~�wnv=s�q�y
ëN�� #"%$'&pì*(�øÃHh�J.�@�@hC%��@'0�$�� A "�02��3#:%@�3�5�iw<Qg�ø%(íì1R\0�Ð�ßT"J�*àOì1R\0�Ð � ��ß�)b.><!)�"�<�.>0�&�CI"%@'�!:% 
)-3#:%@'02.�:;0k0�+%�!)�¤�:%&-@�@�C%�!@')B.�8%8%$'3O6*��,/.>0��!3#:/3�5N8%.�$'0��!)�<�&S@�+%.�8u&>(



ï
@-A$Bwù�úmû�� C A$B�B��â^Nÿ��Z� ùF@kú \��ED ú��âÅ P í

0

5

10

15

20

25

30

35

40

45

0 5 10 15 20

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

Fit for model 2
Calculated using model 2

Experiment

a�bKd�ã)wpop��m��py

0

5

10

15

20

25

30

35

40

45

0 5 10 15 20

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

Fit for model 3
Calculated using model 3

Experiment

a{u|d�ã)wpop��mz��y

0

5

10

15

20

25

30

35

40

45

0 5 10 15 20

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

tg
Fit from model 5

Calculated using model 5
Experiment

ac��d�ã)wpop��m�W=y
ëN�� #"%$'&_ìG(äì�H;)N6�8�&�$'�!,9&�:;0�.><�r^]�0�02&-Cµ.�:%C|)b.�<�)�"%<!.>02&-C|8%.�$'0��!)�<�&f023�02.�<!@p5d3#$/�J VRl��02+
á�é1F#3#<�Ð � ��ß©)�3�:�F�&�$�02&�CJ"%@���:% [02+%��:%:%�!:� pC%�!@')4.�8%8%$'3O6*��,/.>0��!3#:X3>5N8?.>$'02��)�<�&S@�+?.>8u&>(



ï
@-A$Bwù�úmû�� C A$B�B��â^Nÿ��Z� ùF@kú \��ED ú��âÅ í#é

0

10

20

30

40

50

60

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 2
Model 3
Model 5

Experimental

a�bKd���~=wnv�slq�y

0

10

20

30

40

50

60

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 2
Model 3
Model 5

Experimental

a{u|df��~=wKv=slq�y

0

5

10

15

20

25

30

35

40

45

50

55

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 2
Model 3
Model 5

Experimental

ac��d%¢�~=wKv=s�q�y
5

10

15

20

25

30

35

40

45

50

55

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 2
Model 3
Model 5

Experimental

a�o�d�}£��~=wKv=s�q�y

0

10

20

30

40

50

60

70

80

90

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 2
Model 3
Model 5

Experimental

ac��d�}���~�wnv=s�q�y

0

10

20

30

40

50

60

70

80

90

100

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 2
Model 3
Model 5

Experimental

a �ldâ����~=wnv�slq�y
ëN�� #"%$'&{ì*(xV�HV�_.�@'@XC%�!@�02$'� A "�0��!3#:�@K3�5U�� MRl��0�+Îá�é>F�3#<�Ð � ��ß�"%@���:% M02+��!:%:%��:% MC��!@�)
.�8�8%$�3b6*�!,K.>02��3#:X3�5�8?.�$�02�!)-<!&S@'+?.�8�&�(



ï
@-A$Bwù�úmû�� C A$B�B��â^Nÿ��Z� ùF@kú \��ED ú��âÅ í�à
F�3#<�Ð � ��ß @ B
àOé æ�G æ P í;ìZYEàOé_[\] æ�G é P ì#áZYEàbé\[\¤
á�é à`Gxí`V;ð�æ=YEàOé [\] ì�Gíá�æ�ø;æ=YEàbé [�¥
æ#é à`G é;ð#á�é=YEàOé [\] á�G P é;ì9í=YEàbé [_^

Z�. A <�&9ì*(�à9HAL�.�$'��.>0��!3#:J�!:y.� # �$�&� #.>02��3#:_02&-:%C%&-:%)-H�rM@?rx.�:�Cy5d$�.�)-0�"%$�&P0�&�:%C�&�:%)7H#r|BB5d3#$
�J PRl�Q02+fC����u&�$�&-:;0\.�C%C���02��3#:%@�3�5 � ��ßw(*Z\+%&kF�.><!"%&-@T+?.bF#& A &�&-:f5d3#"%:%C/"%@���:% P,93*C%&-<�æ
Rl�Q02+W02+%&h02+��!:%:%��:% pC%��@�)4.�8%8�$�3b6*�!,K.>02��3#:X3�5�8?.�$'0��!)-<!&S@'�!÷�&>(

¡��Q�!(
��:W3#"%$\,93*C%&-<!@-r�02+%&h,K.>0�&�$��!.�<���@\.�@'@�"%,9&�CW023 A &B+�3#,K3� #&�:%&-3#"%@'<�HK,K�z6�&-C�.>0\02+%&

@�0�.�$�0P3�5\0�+%&f&76*8�&�$'�!,9&�:;0b(JZ\+%& � ��ß�8?.�$'0��!)-"%<�.>0�&�@B,K�z6V�!:;023�02+%&X�J I,K.>02$'�Q6yF#&-$'H
&�.�$�<QHP�!:U02+%&\,9�!<�<!�!:� �&�6*8u&-$��!,9&�:;0m@'340�+%&\&�$'$�3#$'@j�!:;02$'3*C�"%)�&-C A HU02+%��@j.�@�@'"%,98�02��3#:[.�$�&
,9�!:%��,/.><�(x�M&w+?.bF#&S5d3#"%:�C/02+?.10T02+�&�@�&4.>8%8%$�3b6*�!,K.>0��!3#:%@mR^3#$�¤[RT&-<!<�.�:%Cf3#"�$o,K3GC%&-<!@
)�.�: A &B.�8%8%<��!&-Cf023[02+%&4C?.>02.p #��FG�!:� p #3*3GCX$�&-@�"%<Q02@-()N6�8�&�$'�!,9&�:;0�.><�r A &�@'0�g�]%0w.�:%CJ)b.�<�)�"%<!.>02&-CJ8%.�$'0��!)�<�&4:G"�, A &-$k)-"%$'F�&�@S$'&�<!.>02��:% p023f.
á�é9F#3#<�Ð�.>C%C%��0��!3#:J3�5 � ��ß�.�$�&U@�+%3ORl:y�!:_ëN�! �"%$�&�ì*(íì*(wZ\+%&p)-3#$�$'&�@'8u3#:�C%�!:% /8?.�$'0��!)-<!&
@'�!÷�&lC%��@'0�$�� A "�02��3#:%@N��:[ëN�! �"%$�&lìG(�Vh@�+�3�R|02+?.10m,K3GC%&�<�æS]%02@j02+�&\C?.>0�. A &�@�0b(tZ\+%&l3�0�+%&�$
)-3#,K8�3#@'��02��3#:%@�+?.bF#& A &�&�:{0�$�&b.102&�C{@'�!,9�!<!.�$�<QH#(�Z\+%&[.�@'HG,98�023>02�!)�.�8%8%$'3b6���,/.102�!3�:J5d3#$NRP�+?.�@o5L.>�!<!&-Cf&b.>$�<!��&�$TRl�Q02+f0�+%&4æ#éPF#3#<�"%,9&S8u&-$�)-&�:;0�C?.>0�. A &�)�.�"%@'&B0�+%&S5d$2.� �,K&-:�02.1g
0��!3#:[$2.102&�r\BOr��!@j+%�� #+%&-$�(tZ\+%&�)b.><!)�"�<�.>0�&�CPF>.�<!"�&�3>5�NRP^�!:%)-$�&�.�@�&-@^.4<!�Q0�0�<!&^0�3*34Y�"%��)�¤G<QH#r
��,K8%<QHG�!:% p02+%.>0w0�+%&P.� � #$�&- ;.>02��3#:W$2.>0�&���@�0�3*3K+%�! #+J.�:%C/�>3#$k0�+%&U5d$�.� #,9&�:;0�.102�!3�:�$�.>02&
��@�023G3I<!3OR4(VßT3#:�@�&�Y�"%&-:;02<�H�r^@',/.><!<�&�$�$'3#$�@P.�$�&f��:%)�"�$�$�&-Cc�!:M0�+%�!@UC?.>0�.I@'&-09.>0�<�.>0�&�$
0��!,9&�@�(� �!:�)�&S,93*C�&�<næ�]�02@o02+�&hC?.>0�.P,93#@�0o)�<�3#@�&-<�H�r*F>.�<!"�&�@\3�5|@9.�:%CfBw.>$�&h8%$'&�@�&-:;02&�C��!:
Z�. A <�&[ì*(Qà#()¿k"%.�$�C �7�-¡��Q�nC%3f:�3�04.�<Q02&�$�02+%&-�!$k,K��<!<!��:% p)�3�:%C%��0��!3#:�@�r�@'3f02+%&�3 A @�&-$'F�&�C
F>.�$'��.>0��!3#:%@}�!:�.� # #$'&� ;.102�!3�:U$�.>02&^8?.�$2.>,K&702&�$-ry@?r;.�:�C�5d$2.� �,K&-:�02.>02��3#:�$�.>02&^8?.�$�.�,K&702&-$�rBOr�.�$'&BC�"%&h023[C%���u&�$'&�:%)-&�@��!:X02+�&B,9�!<�<!&-Cf,/.102&�$'��.�<s(

ZN. A <!&/ì*(Qàf@�+%3ORl@[.� #$2.�C�"?.�<�C%&�)-$�&b.>@�&X�!:V02+%&f.� # #$'&� ;.>0��!3#:V$2.102&/8%.�$2.�,9&-0�&�$-r¦@



ï
@-A$Bwù�úmû�� C A$B�B��â^Nÿ��Z� ùF@kú \��ED ú��âÅ í;á
Rl�Q02+y�!:%)-$�&�.�@���:% � ��ßþ)-3#:;02&�:;0�(PZ\+%&[)�3#<�CIRT&-<!C%��:% X8%$'3*)-&�@�@4$'&�<!��&�@k3#:y)�<!&�.�:{,9&-0�.><Qg
,9&-02.�<*)-3#:;0�.�)70 A &-0�R^&�&�:98�3�RlC�&�$t8?.>$'02��)�<�&�@�(}Z\+%&\)-3#:%)�&-:;02$2.102�!3�:P3�5 � ��ßM8?.�$'0��!)-"%<�.>0�&�@
)�.�"% #+;0 A &70�RT&-&�:µ)�3�,K8%$'&�@'@�&�C|,K&70�.�<�<!��)f8?.�$�02�!)-<!&-@PRl�!<!< A &� #$�&�.>02&-$p5d3#$p02+%&�+%�! �+%&�$
.�C�C%��0��!3#:4,9�Q6G02"%$'&�@-r�$�&-C%"%)-�!:% �02+%&-�!$x02&-:%C%&�:�)-HB023kR^&�<�C�3#$�.� # �$�&� #.>02&>(�ik # #<!3�,K&-$2.>0�&�@
.�$'&J,93#$'&J<��!¤�&-<�HE0�3D5d3#$',e�!:a02+%&�+%�� #+%&�$K.�C%C���02��3#:c,K�z6G02"%$'&�@9$2.>0�+%&�$[02+?.>:�@'0�$�3#:� 
)-3#<!C*g�RT&-<!C%&-Cp8?.�$�02�!)-<!&-@�( � " A @�&-Y�"%&�:;0�5d$2.� #,9&�:;02.>02��3#:�3�5u.� � #<!3#,9&�$�.>02&-@}Rl��<!< A &T&b.�@'�!&�$
.�:�CD,93#$�&p5d$'&�Y�"%&�:;0�rN #�QF*��:% X3#:%&[&�6�8�<�.�:?.102�!3�:y5d3�$S02+%&9+%�! �+%&�$S5d$�.� #,9&�:;0�.>0��!3#:{$�.>02&
8?.>$2.�,9&-0�&�$�(yik<!@�3�rj+%�! #+�8%.�$'0��!)�"�<�.>0�&f.�C%C���02��3#:%@BRl�!<!<�8%��:EC%�!@'<!3G)b.>0��!3#:�@�rt+?.>$�C%&-:%�!:% 
0�+%&X8u3ORlC%&-$�rj$'&�C%"%)-�!:% {C�"%)-0��!<!�Q0�H#rj.>:%C�,/.>¤G��:% J0�+%&f8?.>$'02��)�<�&�@�,93#$'& A $'��0�0�<!&>(IZ\+%�!@
��@U8?.>$'02��)�"%<!.�$�<QH_0�$�"%&95d3#$B0�+%&fæ�é�F#3�<�Ðç,9�Q6G02"%$'&�r}Rl+%�!)�+VRl�!<!< A &/.><!,93#@'0B@2.102"%$�.>02&-C
Rl�Q02+ � ��ß�8?.�$�02�!)-<!&-@j.�:%C[Rl�!<�<�)�3�:�02.��!:K.h@�&-,K�zg�)�3�:�0��! #"�3#"%@t:%&70�RT3�$�¤p3�5 � ��ßa.�C%C%�Q02��3#:%@
A 3#"%:%C A HV@',/.�<�<j�!@'3#<�.>0�&�CV8u3G)�¤�&702@P3>5\,K&70�.�<�<!��)P,/.102&�$'��.�<s(/Z\+%&K@�+?.>$�8E��:%)�$'&b.�@'&/�!:
0�+%&95d$�.� #,9&�:;0�.102�!3�:{$2.>0�&K8?.>$2.�,9&-0�&�$�rSBOr=Rl��02+ � ��ß�)�3�:�0�&�:;0U,/.bH A &/.10�02$'� A "*02&�Cy023
0�+%&�@'&B0�R^3K,9&�)�+%.�:%�!@',K@-(

¿k"?.>$�CM�7�â¡��Q�>,9&b.>@�"%$'&T3#:%&^8?.�$�02�!)-"%<�.>$�<�HS�!:;02&-$�&�@�02��:% wY�"?.�:;0���0�H#r#.w8u3ORlC%&-$N3#"*028%"�0
$�.>02��3/02+?.104�!:%C%��)b.>0�&�@w0�+%&[.�,93#"%:;0h3�5�8�3ORlC%&�$4)�3�<!CIR^&�<!C�&�C{023X02+�&p)�3#,98u3�:%&�:;02@h3>5
0�+%&I,9�!<!<s(Ï��0f�!@/��:;02&�$'&�@�02�!:� M023�:%3>02&_0�+?.>0/0�+%&I #&-<�.>0��!3#:a02��,K&-@K5d3#"%:�C`5d3#$/,93*C�&�<
ìc)�3#$'$�&�<!.>02&{Rl�Q02+Î02�!,9&�@XC�"%$���:% a0�+%&V&76*8u&-$���,K&-:�02.�<48%$�3G)�&-C%"%$'&VRl+%&-:�@��� #:%�Q]?)b.�:;0
.�,93#"%:;0�@f3�54,K.>02&-$���.><�)-3#<!C|RT&-<!C`023E0�+%&I,9�!<�<�(ÎZ\+%&{:�"%,9&�$���)b.�<�)b.><!)�"�<�.>0��!3#:%@[5d3#$
,93*C�&�<uìU.�$'&k��:?.�)-)�"%$�.>02& A &-)b.�"�@�&w �&�<�.102�!3�:K.1��&-)-02@T.�$�&�:%3�0^)�3�$�$�&-)-0�<�H[�!:�)�3#$'8u3#$�.>02&-Cn(
ik)�)�"�$2.>0�&SF�.><!"%&-@^5d3#$e@K.�:�CfB�,K.bH A &S3 A 0�.���:%&�C A &-5d3�$�&S #&-<�.>0��!3#:93G)�)�"�$�@�r A "�0o0�+%&�@'&
F>.�<�"%&�@l.�$'&h:%3�0l@'"%��02. A <!&k5d3#$o8�3#@'0l #&-<�.>0��!3#:/)b.�<�)�"%<!.>02��3#:%@�(�Z\+%&43 A 02.��!:%&-CXF�.><!"%&-@\.�$�&
3�5�02+�&9)-3#$�$'&�)70U3�$�C%&-$�r}.�:%CyC%&7F#&�<�3#8%,9&�:;0U3�5T,93#$'&p.�)�)-"%$2.102&[,/.102)�+%��:% f02&-)�+%:%�!Y�"%&-@
,K.bHW.�<!<�3ORÏ,93GC%&�<=ì�0�398�$�&�C��!)-0l0�+%&4<!3#@'@\3�5N,K.>0�&�$��!.�<�@�02"%)�¤f0�3p02+%&4,9�!<!<s(



ï
@-A$Bwù�úmû�� C A$B�B��â^Nÿ��Z� ùF@kú \��ED ú��âÅ í#æ
�ËÈ�¥ � 2"#�%-¦ Ô
'(Ô 1FE¡q"#�0
# Í.,Cr.%/'(Ô¦�"!�q rf¦ � '¨§Ë'(2 #�2Cq

� 13,.Î
0�2"!w¦
ik�!¤��!:W.�:�C_ßT3�"%$'0�:%&-HX+%.OF�&4,K��<!<!&-CK)-3#8%8�&�$-r?:%�!3 A �!"%, .�:%CW)�+%$'3#,9�!"%, 8u3ORlC%&-$�@l�!:W.
F�&�$'0��!)�.�<x.>0'02$��Q023#$-(NZ\+%&h,9&�C���.�)-3#<!<��!@���3#:%@��!:f0�+%�!@T0�HG8�&h3�5},K��<!<?+?.bF�&B+��! #+%&-$o&�:�&�$� ��!&�@
0�+?.�:I02+�3#@�&p��:_02+%&p+�3#$���÷�3#:;0�.><�,9�!<�<!@l"%@�&-Cy�!:_0�+%&p3�02+�&�$S&�6�8�&�$'�!,9&�:;02@-(4Z\+%&P]%0�0��!:% 
8%$'3*)-&�C%"�$�&o)-3#:%C%"%)702&-Cp3#:U0�+%&T)-3#8%8�&�$NC%.>0�.�"%@���:% k0�+%&^0�+%�!:%:��!:% �C%�!@')o.�8�8%$�3b6*�!,K.>02��3#:
3�5�8?.�$�02��)�<!&h@'�!÷-&h�!@l@�+%3ORl:��!:�ëN�� #"%$�&BìG(äð*(

ë?3#$f)�3�8%8u&-$�rk,K3GC%&�<wæERl�!<!<k:%3�0W8%$'&�C%��)-0X0�+%&{&76*8�&�$���,K&-:;0�.�<S@'�!÷-&{C%�!@�02$�� A "�0��!3#:
,9&b.�@'"%$�&-Cp.>5�0�&�$�àpVk+%3�"%$�@�3�5?,9�!<!<��!:% �(=�J3GC%&�<*ì�Rl��<!<;:%3�0� #�QF#&^.k #3G3*CU,/.102)�+ A &�)�.�"%@'&
3�5u #&-<�.>0��!3#:[.>�u&�)702@-r A "�0�,/.bH A &�. A <�&T02348%$'&�C%��)-0m02+%&l@'�!÷�&\C��!@'0�$�� A "�02��3#:[.>5�0�&�$\àl+%3#"%$
3�5�,9�!<!<��!:% �r A &-5d3�$�& 9 �S��@\$�&�.�)�+%&�C�(ëN�! �"%$�&�ì*( P @�+%3ORl@�0�+%&m)�3#$'$�&-@�8�3#:%C%��:% k@'�!÷-&^C%��@'0�$�� A "�02��3#:%@�(=��5%.�<!<�0�+%&m02�!,9&�@x@'+%3ORl:
.�$'&�)-3#:%@���C%&�$'&�Cnru,K3GC%&-<Ná98%$�3OFG�!C%&-@k0�+%& A &�@�0h,/.102)�+n(-¿k3OR^&-F�&�$�rx,93GC%&�<}æ/8%$'3OF*��C%&�@
. A &70�02&-$T,K.>02)�+9023402+%&kC?.>02.U)�3�<!<!&-)-0�&�C9"%8/023 P +%3�"%$�@�3�5x,9�!<�<!�!:� %(xZ\+%�!@��!@�8%$'3 A . A <QH
A &�)�.�"%@�&402+�&U.bF�&�$2.> #&4@��!÷-&h�!:W,93*C%&-<næp�!@\)-<!3#@'&�$o0�3[0�+?.>0l,9&b.�@'"%$�&-CJ&�6*8u&-$��!,9&�:;02.�<!<QH
5d3#$�&b.>$�<�H/02�!,9&�@ ã ëN�! #"�$�&Bì*(íð ã )bå�å�(O)N6�8�&�$'�!,9&�:;0�.><�.>:%C_8%$'&�C%��)-0�&�C_@'�!÷-&UC%��@'0�$�� A "�02��3#:%@5d3#$SßT"{.�$'&�@�+�3�Rl:y��:IëN�� #"%$�&�ì*( P (w�J3*C�&�<jì[,/.102)�+%&-@w02+%&U$�&-@�"%<Q02@w5d3#$BàP+%3�"%$kR^&�<�<�r
A "*0f)b.><!)�"�<�.>0��!3#:%@9.>0K5d"%$'0�+%&�$902��,K&-@K.>$�&_:�"%,9&�$'�!)�.�<!<QH��!:?.>)�)�"�$2.>0�& A &�)b.>"%@�&I3>5S02+%&
0�$�"%:%)�.>02��3#:W"%@�&-Cn(T�J3*C�&�<!@�á[.�:%C�æ[@�+%3OR�.9)-<!3#@'&h,/.>0�)�+_.10�.�<!<�02�!,9&�@-(

Z\+%&E,K.>02)�+�&�@_5d3#$�:%��3 A �!"�, .�$�&E@'�!,9�!<!.�$f023a02+%3#@'&M5d3#$J)�3#8%8�&�$_@�+%3ORl:n(¨Z\+�&
)�+%$'3#,9�!"%, &76*8�&�$���,K&-:;0p�!@U,K3#$'&/C%�Q§9)�"%<Q0�023{,93GC%&�< A &-)b.�"�@�&f02+�&W.OF�&�$�.� #&X@���÷�&f3>5
0�+%&[8u3ORlC%&-$U3#@')���<!<�.102&�@w. A 3#"�0B.X,K&�.�:{F>.�<!"%& ã ëN�! �"%$�&9ì*(xí;å�([�J3GC%&�<�@45d3�$S02+%��@hC?.>0�.C%34:%3>0j@�+%3OR�.S<�.�$' #&TF>.�$'��.>0��!3#:U�!:P8?.>$'02��)�<�&T@���÷�&\C%��@'0�$�� A "�02��3#:�3OF#&-$j02�!,9&�r�.�:%Cp@'+%3#"%<�C
:%3>0 A &4)�3#:�@��!C�&�$�&-C_.>@k.>)�)�"�$2.>0�&U.>@l0�+%3#@'&45d3�$\:%�!3 A �!"%,�.�:%C�)�3#8�8u&-$�(

iw��¤G��:a.�:%CµßT3�"%$'0�:%&-Hc+?.bF�&_"%@'&�C`��C%&�:;02��)b.�<T,K��<!<!��:% _)-3#:%C%�Q02��3#:%@p5d3#$p02+%&W02+�$�&�&
8�3ORlC%&�$'@�rn@'3f)�+?.�:% �&�@S��:J02+�&P$2.>0�&U8%.�$2.�,9&-0�&�$'@�@W.�:%CCB4.�$'&�)�.�"%@�&-C A H_C%�Q��&-$�&-:%)�&-@
��:B0�+%&m8u3ORlC%&-$�,K.>02&-$��!.�<�(nZ\+�&�0�+%$�&-&^8�3ORlC%&�$'@N.�$'&jF#&�$�HBC%���u&�$'&�:;0}�!:4:?.>0�"%$�&>(jßT3#8%8�&�$



ï
@-A$Bwù�úmû�� C A$B�B��â^Nÿ��Z� ùF@kú \��ED ú��âÅ í�ø

0

5

10

15

20

25

30

35

0 2 4 6 8 10 12 14 16

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

Fit for model 1
Calculated using model 1

Experiment

a�bKd�ã)wpop��mO}ny

0

5

10

15

20

25

30

35

0 2 4 6 8 10 12 14 16

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

Fit for model 2
Calculated using model 2

Experiment

a{u|d�ã)wpop��mI�=y

0

5

10

15

20

25

30

35

0 2 4 6 8 10 12 14 16

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

tmax

Fit for model 3
Calculated using model 3

Experiment

ac��d�ã)wpop��mz��y

0

5

10

15

20

25

30

35

0 2 4 6 8 10 12 14 16

P
ar

tic
le

 n
um

be
r 

(a
rb

itr
ar

y 
un

its
)

Time (hours)

tg Fit from model 5
Calculated using model 5

Experiment

aco�d�ã)wpop��m\W=y
ëN�� #"%$'&4ì*(íð�H�)N6�8�&�$'�!,9&�:;0�.><�r*]�0�02&-C�.�:%CW)b.�<�)�"%<!.>02&-CX8?.�$�02�!)-<!&�023�02.�<!@T5d3�$o)�3#8�8u&-$�)-3#:*g
F�&�$'0�&�CJ"%@���:% 90�+%�!:�:%�!:% pC��!@�)4.>8%8%$�3b6*�!,K.>0��!3#:X3�5�8?.�$�02��)�<!&w@�+?.�8�&�(



ï
@-A$Bwù�úmû�� C A$B�B��â^Nÿ��Z� ùF@kú \��ED ú��âÅ í;ì
�_.>02&-$��!.�< @ B
ßT3#8%8�&�$ øÃGíì�é`í;ìZYDàOé\[\] ì�GQà P ð P YEàOé\[ 4
?��!3 A ��"%, à`Gxí`V P í=YDàOé [\] à`GQàbø�á�ðZYEàOé [ 4
ßT+%$'3#,K��"%, à`G�ø#ø�á#ðZYDàOé [ Ò P Gxí P`P áZYMàOé P

Z�. A <�&9ì*(äáIHAL�.�$'��.>0��!3#:J�!:y.� # �$�&� #.>02��3#:_02&-:%C%&-:%)-H�rM@?rx.�:�Cy5d$�.�)-0�"%$�&P0�&�:%C�&�:%)7H#r|BB5d3#$
C%�Q��&-$�&-:�0k,K.>02&-$���.><!@�(^Z\+%&4F�.><!"%&-@k+?.bF�& A &�&�:J5d3#"%:%CJ"%@���:% /,93*C�&�<}á[Rl�Q02+W02+%&402+��!:*g
:%��:% [C%�!@')B.�8%8%$'3O6*��,/.>0��!3#:/3�5N8%.�$'0��!)�<�&S@���÷�&>(

��@^@'3�5�0^.�:%CKR^3#"%<�C A &k&�6*8u&-)-02&-C/023�.� # #$'&� ;.102&l$�&�.�C%�!<QH#r;)�+%$'3#,9�!"%,v��@T.h5L.���$�<�H A $��Q0�0�<!&
,K.>02&-$��!.�<=.>0�$�3G3#,ê02&-,K8�&�$�.>02"�$�&�ru.�:%CJ,/.bH A &U&�6*8u&-)-02&-CI02395d$2.� #,9&�:;0�$�&�.�C%��<�HW.�:�C
:%��3 A ��"%,�Rl��<!<u5L.><!<�@'3#,9&-Rl+%&-$�& A &70�RT&-&�:_0�+%&h0�RT39&76G02$'&�,9&�@-(

Z\+%&WF�.><!"%&-@93>5h.� # �$�&� #.>02��3#:a.�:%Cc5d$2.� #,9&�:;02.>02��3#:c$2.>0�&�8%.�$2.�,9&-0�&�$'@9"�@�&�C|Rl��02+
,93*C�&�<�á�.�$�&k<!��@'02&-C/��:fZN. A <!&Sì*(äáG(jª�&-@�"%<Q02@�5d3#$T)-3#8%8�&�$\.�:�Cf:%�!3 A �!"%,�$'&KJ?&-)-0o0�+%&S&�6Gg
8�&�)702&�CW02$'&�:%C�@�r%+?.bFG�!:� [.� # #$'&� ;.>0��!3#:f.�:%Cf5d$2.> #,K&-:;0�.>0��!3#:f$�.>02&w8?.�$2.>,K&702&�$'@o3�5}@���,K�zg
<!.�$l3#$�C%&-$�(lßT3�8%8u&-$k��@l,K��<!<!&-CX,K3�$�&4Y�"%�!)�¤�<�HX0�+?.�:�:%�!3 A �!"%,�r�Rl�Q02+J.� # #$'&� ;.>0��!3#:�.�:�C
5d$�.� #,9&�:;0�.>0��!3#:M3*)-)�"%$'$��!:� I,K3�$�&/5d$'&�Y�"%&�:;0�<�H#(VZ\+%&X$�.>02&f8%.�$2.�,9&-0�&�$'@P@�"% � #&�@�090�+?.>0
)�+%$'3#,9�!"%,¨,9�!<�<!@w0�R^3_3�$�C%&-$�@�3>5o,K.� #:%�Q02"%C%&P5L.>@'02&-$B0�+?.�:V02+%&93�02+�&�$40�RT3J8u3ORlC%&-$�@�(
Z\+%&4@'�!÷�&h&7F#3#<�"�02��3#:X3�5})�+%$'3#,K��"%, �!@o@'�! #:%�Q]?)b.>:�0�<�H9C%�Q��&-$�&�:;0\0�3[0�+?.>0\3>5�)-3#8%8�&�$l.�:�C
:%��3 A ��"%,Jr>8u3�@�@�� A <�HUC%"%&o0�3S02+%&+¢oß\ßc@�02$�"�)-02"�$�&l3�5�)�+%$�3�,K��"%, ,K.�¤��!:� S��0 A $��Q0�02<�&o.�:�C
 #�QFG�!:% X�Q0B.W@'�! #:���]?)�.�:;02<�H_ #$�&�.>02&-$h�!:%)-$�&�.�@�&[�!:{R^3#$�¤#g�+?.�$�C�&�:%��:% %rxRl+%�!)�+D3#"%$h,93*C�&�<
)�.�:%:%3�0l02.�¤�&B.�)-)�3#"%:;0k3�5�(

�ËÈ�� ÊY,.Ì Ì #&Ît¦ 1FE 1 2"!m�ñ*-13Ì Í³132"!)2 0µÌ 1fq"!)%(%('(2"Õ
Z\+%&43#:�&7g�)-3#,98u3#:�&�:;0l,K3GC%&-<!@o+?.bF�&U8%$'3OF#&�C�@�"�)�)�&-@�@�5d"%<�(m�Î+%�!<�&w02+�&�$�&B.�$'&h8%$�3 A <!&-,K@
.�@'@�3G)��!.>02&-CcRl�Q02+a.�@�H*,98�0�3�02��)f@�3#<�"�02��3#:%@p.>:%Cc #&�<!.>02��3#:M&7��&-)-02@-rT&-��02+�&�$p,93*C%&-<\áI3#$
,93*C�&�<Gæk3��u&�$'@�$'&b.�@'3#:?. A <!&^.� #$�&-&�,9&�:;0}Rl��02+U&76*8�&�$���,K&-:;0�.�<�C?.>02.k��:�.�<�<#02+%&^@�)-&�:?.�$'�!3#@
@�02"%C%��&�Cn(XZ\+��!@B@�"% # �&�@'0�@U0�+?.>0B02+%&K.� # #$'&� ;.102�!3�:V$�.>02&1@`��� �>2©@ ã L��ª��åS�!@402+%&9,93#@'0



ï
@-A$Bwù�úmû�� C A$B�B��â^Nÿ��Z� ùF@kú \��ED ú��âÅ í`V

0

10

20

30

40

50

60

70

80

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

a�bKdF}�~=wnv�slq�y

0

10

20

30

40

50

60

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

a{u|d���~=wKv=slq�y

0

5

10

15

20

25

30

35

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

ac��df��~=wKv=s�q�y

0

5

10

15

20

25

30

35

40

45

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

aco�d���~=wKv=slq�y

0

5

10

15

20

25

30

100 1000

M
as

s 
pe

rc
en

ta
ge

Size (microns)

Model 1
Model 2
Model 3
Model 5

Experimental

ac��d�}���~�wnv=s�q�y
ëN�� #"%$'&/ìG( P H��_.�@'@�C%��@'0�$�� A "�02��3#:%@h5d3#$4)�3#8�8u&-$U"%@'�!:% W02+��!:%:%��:% �C%�!@')/.�8�8%$�3b6*�!,K.>02��3#:
3�5�8?.�$�02��)�<!&h@'+?.�8�&�(



ï
@-A$Bwù�úmû�� C A$B�B��â^Nÿ��Z� ùF@kú \��ED ú��âÅ í;ð

0

5

10

15

20

25

30

35

0 2 4 6 8 10 12 14 16
P

ar
tic

le
 n

um
be

r 
(a

rb
itr

ar
y 

un
its

)
Time (hours)

Fit for model 2
Calculated using model 2

Experiment

ëN�� #"%$'&�ì*(�í�HT)N6�8�&�$'�!,9&�:;0�.><\8?.�$'0��!)-<!&/0�3�0�.�<�@�5d$�3�, iw��¤��!:c.�:%C�ßT3#"%$�02:%&7H�â @9)�+%$�3�,[g
��"%,Ý&76*8u&-$���,K&-:�04� á � 8%<�3�0�0�&�CX.�<�3#:% #@'�!C%&l]%0'02&�CW.>:%CX)b.�<�)�"%<!.>02&-C/8?.>$'02��)�<�&�0�3�0�.�<�@^5d$'3#,,93*C�&�<=áp"%@���:% p02+%&h0�+%�!:%:��!:% pC%��@�)B.�8%8�$�3b6*�!,K.>02��3#:f3�5�8?.�$�02�!)-<!&S@'+?.�8�&�(

$'&b.�<��!@'0��!)�3�5=02+%3�@�&w0�&�@'0�&�Cn( � ��:%)�&k02+%&S)�+%.�:%)�&43�5}.P8%.�$'0��!)�<�&k&�6*8u&-$��!&-:%)���:% [.�)-3#<!<��!@���3#:
��@\8%$�3#8�3#$�02�!3�:?.�<�023[��0�@TF#3#<�"%,9&�r�0�+%�!@o��:%C%��)b.>0�&�@o02+%.>0br�Rl+�&�:��!:;F#3#<QF#&-C���:�.P)�3#<�<!�!@'�!3#:�r
<!.�$� #&-$\8?.�$�02�!)-<!&-@\.�$�&4<�&�@�@l<��!¤�&-<�H9023K.� # #$'&� ;.102&S02+%.�:W@�,K.�<!<�&�$o8?.>$'02��)�<�&�@�(

��0B�!@4C%��§9)-"%<�04023�C%&702&�$',K��:%&pRl+%�!)�+V5d$2.� �,K&-:�02.>02��3#:y$2.>0�&[�!@4,K3�@'0U.�8%8%$'3#8%$'��.>0�&�(
�J3GC%&-<næU+%.�@T:%3>0 A &�&�:f.�)�)-"%$2.>0�&�<QH/.>8%8%<!��&�C9023�@'��0�"?.>02��3#:%@�3�5x@�02$�3�:% �5d$2.> #,K&-:;0�.>0��!3#:
A &�)�.�"%@�&P0�+%&p.�@�HG,K8�0�3�02��)�,9&-0�+%3*C�@w"%@'&�CI023/3 A 0�.>�!:{.�:_&76*8%$�&-@�@'�!3#:{5d3#$�NRP�� P ã:9 åk.�@�g@'"%,K&f0�+?.>0FB ; à#(V��0p�!@P.�<!@'3{8u3#@'@�� A <!&/0�+?.>0pC����u&�$�&-:;0[,/.>0�&�$'��.�<�@�.�$'&X.�)-)�"%$�.>02&-<�H
,93*C�&�<!<�&�C A HXC%�Q��&-$�&-:�0l5d$�.� #,9&�:;0�.>0��!3#:X$�.>02&-@�(

�J3GC%&�<}áp+?.�@l02+%&4,93#@'0k.�C*F�.>:�02.� #&-3#"%@l)�3#, A �!:?.102�!3�:X3�5t8%$'3#8�&�$'0��!&-@�r�.�@l02+%&4@'�!÷�&
C%&-8u&-:%C%&-:�0o$2.>0�&�@m"%@�&-CX.�$'&k.>C%&�Y�"?.>0�&k5d3#$m.><!<%02+�&�&�6*8u&-$��!,9&�:;0�@^&�6%.>,K��:%&�CK.�:%C/.�<!<�3�R
.�:�&�6�.�)-0[@'3#<!"�0��!3#:D5d3#$=NRP�� P ã�9 åB023 A &f3 A 0�.���:%&�Cn(V´�.�$'0p�'�43�5l02+%��@�02+%&-@���@P8%$�&-@�&-:�0�@,93*C�&�<!@�02+?.10o8%$'&�C%��)-0o,9�Q6*��:% �8%+�&�:%3#,9&�:%.P.�@TR^&�<�<�.�@T)�+?.�:% #&-@\�!:f@'�!÷-&wC%��@'02$'� A "*02�!3�:n(
Z\+%&-@�&P,93GC%&�<�@\ #&�:%&-$2.�<��!@'&B,93GC%&�<�@hà�.�:�C{áP0239)�3#:%@'�!C%&-$k)-<!"%@�02&-$�@l02+?.>0k)�3�:�02.��!:W0�R^3
0�HG8�&�@}3�5*F�3#<!"�,K&t&-<!&-,K&-:�0�(�Z\+�&�0�R^3\0�H*8�&�@}3�5*&�<�&�,9&�:;0=$�&-8%$�&-@�&�:;0�C%���u&�$'&�:;0},/.102&�$'��.�<�@
@'3�0�+%&p)�3#,98�3#@��Q02�!3�:I3�5�&b.�)�+V8?.�$�02��)�<!&��!@h¤�:%3ORl:n(9�J3GC%&�<Tà9��@h@'0�"%C%�!&-CV.�@h��0h��@S02+%&
,93#@'0^,K.>02+%&-,/.102�!)�.�<!<QHB@��!,98%<�&\)b.�@'&S.�:%CK,K3GC%&-<�á4��@^@�02"%C%��&�C/.�@^�Q0�+?.�@�8%$�3OF#&-Cf,93#@'0
"%@'&-5d"%<u�!:902+%&k3#:%&7g�)�3#,98�3#:%&�:;0T@'02"�C�H#(jZ\+%&w,K&702+%3GC%@T3>5x@���÷�&w)-3#:;F#&-$�@���3#: ã �2ø%(�àOå�.�:�C



ï
@-A$Bwù�úmû�� C A$B�B��â^Nÿ��Z� ùF@kú \��ED ú��âÅ í P
]%0'02��:% ã ��ø%(íá#åhC%&-F�&�<!3�8u&-CD5d3#$h02+�&�@�&K3#:%&�g�)�3�,K8�3#:%&-:�0U,93*C%&-<!@4.�$'&/.><!@�3� #&-:%&�$�.�<!��@�&�C@'3[0�+?.>0o0�+%&S0�R^3>g�)-3#,K8�3#:%&-:;0l,K�z6���:% �,93GC%&�<�@T)b.>: A &w0�&�@'0�&�CJ.� ;.���:%@'0T&76*8�&�$���,K&-:;0�.�<
,9&b.�@'"%$�&-,K&-:;02@�(



« ¥§ªÀ¨ ¬�¬

ö ­ ¸ £ ¸²° ¦ ¸²± ©[±²¨ ®¡ô ¼M¨�©[° ¼

í`í



£ ¤ ¥§¦ ¨�©«ª ¯

¸º¹ ©[´�´�¯�± õ ö ¤ © ¸ ªVô

iÞ #&-:%&�$�.�<!��@2.>0��!3#:D3�5 � ,93#<!"%)�+�3�Rl@'¤���â�@P)�3;.> #"%<�.102�!3�:D5d$2.> #,K&-:;0�.>0��!3#:E,93GC%&�<��!@P8�$�3>g
8�3#@�&-Cnr4Rl+%&�$'&�&b.�)�+�)-<!"%@�02&-$I)�3#:;02.��!:%@�0�RT3�C%���u&�$'&�:;0_0�HG8�&�@{3�5PF�3#<!"�,K&V&�<�&�,9&�:;0b(
ßT3#,98�3#@��Q02&4,K�z6*�!:% p��@�,93GC%&�<�<!&�C A HW"%@'�!:% [02+%&BC%�Q��&-$�&�:;0�0�HG8u&-@w3�5�F#3#<�"%,K&4&-<!&�,9&�:;0
0�3/$�&-8%$�&-@�&-:�0SC%���u&�$'&�:;0S,K.>02&-$��!.�<!@-(TZ\+%&UC%�!@')�"%@'@��!3�:_$�&75d&�$'@k023K&�<�&�,9&�:;02@�3�5j,K.>02&-$��!.�<° ã 0�H*8�& ° &�<�&�,9&�:;02@2åo.�:%CW&�<�&�,9&�:;02@\3>5�,K.>0�&�$��!.�< ã 3#$T0�HG8�&Oå'±/(mi�)-<!"%@�02&-$\)�3#:;0�.>�!:*g��:% LI&�<�&�,9&�:;02@[3�5k,/.102&�$'��.�< ° .�:%C��J&�<�&�,9&�:;02@[3�5k,K.>02&-$���.><'±q�!@pC%&-:%3�02&-C�²���� ��(
Z\+%&4)-3#:%)�&-:;02$2.102�!3�:�3>5N@'"%)�+J)-<!"%@�02&-$�@l�!@oRl$'��0�0�&�:�7���� ��(�)j<�&�,9&�:;02@\3�5�,K.>02&-$���.>< ° .�:�C
,K.>02&-$��!.�<³±�:%&-&�C�:%3�0l3G)�)�"�8�HX0�+%&h@2.>,K&4.�,93#"%:;0l3�5=F�3#<!"%,9&�r�@�39.p)�<!"�@'02&-$m²���� �^+?.�@
F�3#<!"%,9&-Ly´/µ��c�¶´J·mr�Rl+%&-$�&�´/µW�!@m02+%&k@���÷�&�3�5=.BF�3#<!"�,K&�&�<�&�,9&�:;0T3>5n,K.>02&-$���.>< ° .�:�C´J·D��@\@��!,9�!<!.�$�<QH[C%&-]%:%&�C�5d3#$\,/.102&�$'��.�<¸±/(

Z\+%&P #&-:%&�$�.�<!��@�&-C � ,93#<!"�)�+%3ORl@�¤��N,93*C�&�<}.�<!<�3ORl@k,9�Q6*�!:� 90�3/3G)�)�"�$ A &70�RT&-&�:{0�R^3
C%�Q��&-$�&-:�0k8�3�RlC�&�$�@k.�@k.p)�3#:%@'&�Y�"%&-:%)�&p3�5}R^&�<!C��!:% K.�:%CW5d$2.� �,K&-:�02.>02��3#:W&-F�&�:;02@-(l�J&7g
)�+?.>:%�!)�.�<�.><!<!3OHG�!:� �)�.�: A &T,93GC%&�<�<!&�C A HB)�+%3G3#@���:% w��:%��0���.�<#)-3#:%C%�Q02��3#:%@=@�3�02+?.>0N)�<�"%@'0�&�$�@
)-3#:;0�.���:f3#:%<QHp0�H*8�& ° 3#$m0�H*8�&�±�&-<!&-,K&-:�0�@�(��J�z6*�!:% B3*)-)�"%$'@TRl+%&-:X.U0�HG8u& ° )-<!"%@�02&�$
R^&�<�C%@TRl��0�+X.U0�HG8�&>±�)�<�"%@'0�&�$�( � " A @�&-Y�"%&�:;0l5d$2.� �,K&-:�02.>02��3#:9�!@T"�:%<!��¤�&�<QH[023P@'&�8?.�$�.>02&
0�+%&J0�R^3M,K.>02&-$��!.�<!@p8�&�$�5d&�)-0�<�Hc@'3%r\.>5�0�&�$K.�C%&�Y�"?.102&�$�&�8�&-0���0��!3#:nr�02+%&W0�R^3E,/.102&�$'��.�<�@
A &�)-3#,K&h&7F#&-:%<�H/C%�!@'8u&-$�@�&-Cn(�ëN�! �"%$�&)V*(�àh��<!<!"�@'02$�.>02&-@^+�3�R ,K�z6*�!:% U3*)-)�"%$'@l.�@l.P)�3#:�@�&7g
Y�"%&-:%)�&U3�5�R^&�<�C%�!:� K.>:%C�5d$�.� #,9&�:;0�.102�!3�:f&-F�&�:;02@-(

àOé#é



ï
@-A$Bwù�úmûº¹ C]\��ED ú��%�=ÿ���� ùF@wú � û_^ àOé�à

ëN�� #"%$'&)V�(Qà`H�ßT<!"%@�02&-$�)-3#,98u3#@'��0��!3#:f��@l.�<�0�&�$'&�CJ.�@\8?.�$�02�!)-<!&-@oRT&-<!CJ.�:%CW5d$2.�)702"%$'&�(

>w5�)-3#"%$�@'&�r102+%&m@���÷�&�C%�!@�02$'� A "�0��!3#:h3>5*0�+%&m8u3ORlC%&-$�8?.>$'02��)�<�&�@nRl�!<�<;.�<�@�3 A &�.�<Q02&-$�&�CB.�@
,9�Q6*�!:� P0�.�¤>&�@l8%<�.>)�&�(�ëN�Q0�0��!:% P,9&-0�+%3GC%@\@���,K��<�.�$m023p02+�3#@�&B8%$�&-@�&-:�0�&�CJ�!:.��ø%(íáP)b.�: A &
"%@'&�CfRl�Q02+/0�+%�!@m0�RT31g�)�3�,K8�3#:%&-:�0T)b.�@'&w023UC%&-0�&�$',K��:%&k0�+%&w,93*C�&�<�â�@�8?.�$2.>,K&702&�$'@�(tZ\+�&
,9�Q6*�!:� P�!:�5d3�$�,K.>02��3#:K3 A 0�.���:%&�CX5d3#$', 0�+%&S0�R^39)-3#,98u3#:�&�:;0l,K3GC%&-<�@�"�8%8%<!&-,K&-:;02@\02+%&
@'�!÷�&\8�$�&�C��!)-0��!3#:�@t02+?.>0t+?.bF#&�.�<!$'&b.�C*H A &�&-:KC%&-,K3�:%@'0�$2.>0�&�Cn(tZ\+�&oF�.>$���.>:%)�&\��:p8?.�$'0��!)-<!&
)-3#,K8�3#@'��02��3#:[�!:%C��!)b.102&�@m02+�&kC%&- #$�&-&w3�5n,K�z6���:% 4�!:902+%&�@'HG@'0�&�,�r%.B,K&�.�@�"%$'&�,9&�:;0T0�+?.>0
+?.>@S8%$�3OF�&�Cy&�<�"%@��QF#&���:_02+�&P8?.�@�0b(wZ\+�&p,K3GC%&�<=��@w<!��,K�Q02&-Cnr%02+%3�"% #+nr A HJ��0�@w��:?. A ��<!��0�H
0�3X8%$�&-C%�!)70h)�+%&�,9�!)�.�<N��:;02&�$�.�)-0��!3#:�@kRl��0�+%�!:I.f8u3ORlC%&-$h8?.�$'0��!)-<!&�(hik)�)-"%$2.�)7H{�!@k<!3#@�0h��5
,9�!<�<!�!:� X8%$�3# �$�&�@'@�&-@ A &7H#3#:%CE0�+%&f&�.�$�<QHD@�0�.� �&�@p.�:�CE@�,K.�<!<zg�@')b.�<�&p8%$�3G)�&-@�@�&-@[@�"%)�+c.�@
)�+%&-,K��)b.�<x$'&b.�)702��3#:%@ A &-)�3#,9&4�!,98u3�$'0�.>:�0�(tZ\+%��@���@l&�@�8�&�)-��.�<�<�HK02$�"�&4Rl+�&�:J0�+%&�@'&U8�$�3>g
)-&�@�@'&�@l$2.>C%�!)�.�<!<QH[.�<�0�&�$�02+%&k,K&-)�+?.�:%��)b.�<�8%$�3�8u&-$'02��&�@T0�+%&w,K.>0�&�$��!.�<�r�.1��&-)-02��:% �R^&�<�C%�!:% 
.�:�C�5d$�.�)-0�"%$�&h5d$�&-Y�"%&�:%)-�!&-@�(

Z\+%&W5d3#<!<�3�Rl��:% I@'&�)-0��!3#:�@KC%&-@�)-$�� A &�.V,93GC%&�<�<!�!:� _8%$'3*)-&�C%"%$'&�0�+?.>098?.�$�.�<!<�&�<�@�02+%&
3#:�&7g�)-3#,98u3#:�&�:;04,K3GC%&-<�8%$'&�@'&�:;02&-CM�!:I´N.�$�04��(nZ\+%&p #&-:%&�$�.�<!��@2.>0��!3#:J3�5 � ,K3�<!"%)�+%3ORog
@'¤G�sâ @U&�Y�"?.>0��!3#:�@U��@BC�&�@�)-$�� A &-CE�!:y02+%&K:%&76G0�@�&�)702��3#:n(fZ\+%&-:E¤�&-$�:%&-<!@�.�$�&9)�+%3#@'&�:E5d3#$
.� � #$�&- ;.>02��3#:9.�:%C[5d$2.� �,K&-:�02.>02��3#:[$2.>0�&�@m02+?.10^C�&�8�&�:%CK3#: A 3�02+[02+�&k@'�!÷�&�.�:�C/)�3�,K8�3>g
@'��02��3#:B3�5�0�+%&^8%.�$'0��!)�<�&�@=�!:;F�3#<�F�&�Cn(}�Î��02+402+�&�@�&^C%&�8�&�:�C%&�:%)-�!&-@t@�8�&�)-��]?&-Cnr��Q0���@=8u3#@'@�� A <!&
0�3w3 A 02.��!:�.�:P.>:?.�<�H�0��!)m&76*8%$'&�@�@'�!3#:U5d3#$}0�+%&T:�"%, A &-$N3�5?)-<!"%@�02&-$�@N8�$�&�@'&�:;0j��:B0�+%&T,93*C�&�<
.>0h.�:;H_02��,K&>r 9 (BZ\+%&p:%&�6G04)�+?.�8�0�&�$hC%&-@�)�$'� A &�@S0�+%&�]%0'02�!:� /02&-)�+%:%�!Y�"%&-@4"%@�&-CV0�3fC%&7g



ï
@-A$Bwù�úmûº¹ C]\��ED ú��%�=ÿ���� ùF@wú � û_^ àOé;á
0�&�$�,9�!:�&�,93GC%&�<�8?.�$�.�,9&-02&-$�@-(m�J3GC%&�<�8%$'&�C%��)-02��3#:%@�3�5n8%.�$'0��!)�<�&l@��!÷-&w.>:%C/)-3#,K8�3#@'��02��3#:
5d3#"�:%CJ"�@��!:� 90�+%&�@'&U8?.>$2.�,9&-0�&�$�@�.�$'&4)�3#,98?.�$'&�CW0239&76*8u&-$���,K&-:�02.�<x,9&b.�@'"%$�&-,K&-:�0�@k3>5
8?.>$'02��)�<�&B@'�!÷-&U0�.>¤�&�:J5d$�3#,ê0�+%&�<���02&-$2.>0�"%$�&>(\Z\+%&�@'"%)�)-&�@'@h3�5t02+�&�,93*C%&-<!@l�!@l02+�&�$�&75d3#$�&
.�@'@�&-@�@�&-Cnrn.>:%C�]%:?.�<!<QHf.>:J��,K8%$'3OF#&�CW,93*C�&�<x�!@\8�$�3#8�3#@�&-Cn(mZ\+%&B:%&76G0k@�&�)702��3#: A &� ��!:%@
0�+%�!@�.�:?.><�HG@���@ A HW�!:;02$'3*C%"�)��!:� P02+%&4 #&-:%&�$�.�<!��@�&�C � ,93#<�"%)�+%3ORl@�¤��=,K3GC%&-<�(
»YÈpÉ ¼ !)2"!$Î�#�%('(Ô
'/2"Õ ÊYÌ 1 %/,.*e�"1>  Ô¦§Ë'_½�Ô§!�¾Ë,"#Ï0
'/132.Ô 0�1

0³ µ1Z�ñ*+13Ì Í³132"!)2 0µÔ�¦ Ôâ0
!)Ì Ô
Z\+%&�RT&-<!C%��:% U.�:%CK5d$�.� #,9&�:;0�.102�!3�:98�$�3G)�&�@'@�&-@T@�+�3�Rl:/�!:KëN�! #"�$�&-V�(Qàk,K.bH A &\Rl$��Q0�0�&�:nr
$'&�@�8�&�)702�QF#&�<QH#r

²*¿�� À*��²��ÂÁ �ÄÃ!ÅÇÆ È�Æ É:Æ Ê`ÌË ²*¿£Í���� �!ÍwÀ 7 ã V�(Qà�å²*¿£Í���� �!ÍwÀ ÎÏÅÇÆ ÈÐÆ É�Æ Ê`ÌË ²*¿�� À*��²��ÂÁ � 7 ã V�(íá#å
5d3#$w #&�:%&-$2.�<N8?.�$'0��!)-<!&�@'�!÷-&p.�:%Cy)�3�,K8�3#@��Q02��3#:n(SZ\+%&-@�&[$�&�.�)-0��!3#:{&-Y�"?.>02��3#:%@4.�$'&p.�:?.><Qg
3# �3#"%@h023W02+%&93#:%&�g�)-3#,K8�3#:%&-:;0B5d3�$�,9@h #��F�&�:M��:y&�Y�"?.>0��!3#:%@ ã à#(äá�å4.>:%C ã à#( æ;å7( ?k3�0�&�r��:K8?.>$'02��)�"%<!.�$�r>02+?.>0m0�+%&\0�RT3>g�)�3#,98�3#:%&�:;0�$�&�.�)-0��!3#:9&�Y�"?.102�!3�:%@m)�3#:%@'&�$�F#&kF�3#<!"�,K&l.�:�C
0�+?.>0m02+%&\R^&�<�C%�!:% B$2.102&lC%&�8�&�:�C%@^3�: A 3�02+[02+�&�@'�!÷-&k.>:%C/)-3#,K8�3#@'��02��3#:P3�5u02+%&\R^&�<�C%�!:% 
8?.>$'02��)�<�&�@URl+��!<!&902+%&K5d$2.�)702"%$'&/$2.102&fC%&-8u&-:%C%@p3#:D02+%&f,K.�¤>&f"%8�3�5\0�+%&/5d$2.> #,K&-:;02&�C
8%��&�)-&�@�(

iw@oRl�Q02+W3#:%&h)-3#,K8�3#:%&-:;0l@'HG@'0�&�,9@�r?3#:%&h)-<!"%@�02&-$\@��!÷-&�rJ²���� ��r%��@o&76�.�,9�!:%&-CW)�<!3�@�&�<QH
0�3MC%&702&�$',K��:%&�,K3GC%&�@9�!:cRl+%��)�+ ã L 7 ��å�g�)�<�"%@'0�&�$'@f.�$'&J ;.>�!:%&-C�.�:�C�<!3�@'0b(µZ\+�&_@2.>,K&5d3#"�$U,9&�)�+?.>:%�!@',K@U3#8u&-$2.>0�&K3�:M)�<�"%@'0�&�$'@�3�5\@'�!÷-& ã L 7 ��å4.�@UR^&�$'&/<��!@'0�&�CV5d3#$B0�+%&/3�:%&7g)-3#,K8�3#:%&-:;0k)-<!"%@�02&-$�@m²��(H

Ñ  #.��!: A HfR^&�<!C��!:% %rw²*¿�� À���²�� [ ¿�� � [ À Ã!ÅÇÆ È�Æ ÉÂÒ�ÅÇÆ ÊÇÒÓÈ`ÌË ²���� � 7
Ñ <�3#@�@ A Hf5d$�.� #,9&�:;0�.>0��!3#:�rw²���� �MÎ ÅÇÆ È�Æ ÉÂÒ�ÅÇÆ ÊÇÒÓÈ`ÌË ²*¿�� À��o²�� [ ¿�� � [ À
Ñ <�3#@�@ A HfR^&�<�C%�!:% �r/²*¿�� À��o²���� �|Ã ÅÇÆ ÈÐÆ É�Æ Ê`¸Ë ²���Í,¿�� �!ÍwÀ 7



ï
@-A$Bwù�úmûº¹ C]\��ED ú��%�=ÿ���� ùF@wú � û_^ àOé#æ
Ñ  #.��!: A Hf5d$2.> #,K&-:;0�.>0��!3#:nrÔ²���Í,¿�� �ÇÍwÀ ÎÏÅÇÆ ÈÐÆ É:Æ Ê`ÌË ²*¿�� À*��²���� ��G

)m.�)�+a$�&�.�)-0��!3#:E)-3#:;02$'� A "�0�&�@P0�3I02+%&X)�+?.>:% #& ã 3OF#&-$P02��,K&båB�!:E0�+%&f)-3#:%)�&-:;02$2.102�!3�:a3>5
ã L 7 �1å�g�)-<!"%@�02&�$'@�rlÕ7���� ��(jëN��$�@'0T3#$�C�&�$T$'&b.�)702��3#:f¤��!:%&702��)�@\.�$'&S.�8�8%<!��&�Cnr*.�@ A &-5d3�$�&�r*023P&7F�.><Qg"?.102&l02+%&�,/.> #:%��0�"%C%&l3�5�&b.�)�+f)-3#:;02$'� A "�0��!3#:�(NZ\+%&�]?$�@�0^0�R^3P8%$'3*)-&�@�@'&�@^C%&�@')�$�� A &k+%3OR
.�: ã L 7 ��å�g�)�<�"%@'0�&�$m�!:;02&-$2.�)702@jRl��0�+K)-<!"%@�02&-$�@�3�5n@',/.�<�<!&-$t@���÷�&�r�²*¿�� Àl.�:�C#²�� [ ¿�� � [ À�r;Rl+%&�$'&Ö g L/.�:�Cc4 g �;(wZ�3X3 A 0�.���:J02+�&�023�02.�<} ;.��!: A H�R^&�<!C��!:% X.>:%CI023�02.�<}<!3#@'@ A H_5d$�.� >g
,9&�:;0�.102�!3�:M.�<�<j8u3�@�@�� A <!&[F>.�<!"�&�@B3�5 Ö .�:%C�4D.�$'&K)-3#:%@'�!C%&-$�&�C�rt #��FG��:% X02+%&95d3#<!<�3�Rl��:% 
0�&�$�,9@/H

Ñ  #.��!: A HfR^&�<!C��!:% %r Ò4Ø× �¿�ÙwP × �ÀÚÙwP�Û @Ø¿�� ÀK� � [ ¿�� � [ ÀÌ7Ð¿�� À¸7�� [ ¿�� � [ À 7Ñ <�3#@�@ A Hf5d$�.� #,9&�:;0�.>0��!3#:�r Ò4Ø× �¿�ÙwP × �ÀÚÙwP Û B�¿�� ÀK� � [ ¿�� � [ Àp7���� ��G
Z\+%&98%$'�!,9&�CyC%3#" A <!&7g�@�"%,9,K.>02��3#:_C%&-:%3�0�&�@B@�"%,9,/.102�!3�:{3�F�&�$U.�<!< A "�0402+�&[]%$�@'0U.�:�C
<!.�@'0W02&-$�,9@/×B02+?.>0���@f02+%3#@'&VRl+�&�$�&y02+�&D��:%C%�!)-&�@�.�$'&V@'�!,P"�<�0�.>:%&�3#"�@�<�H�,/.�6���,/.><w3#$
,9�!:%��,/.>< ã ��:p02+%��@^)�.�@�&l02+%&�&76*)-<!"%C%&-C/02&-$�,9@�.�$�&l02+%3�@�&lRl+%&�$'& Ö 2ª4Ü2 éB.�:%C Ö 2 LGr412Ý��å7(jZ\+%&B3#,9��0'02&�Cf0�&�$',K@l)�3�$�$�&-@�8�3#:%CW0239$�&�.�)-0��!3#:%@o0�+?.>0\R^3#"%<�CJ)-3#:%)�&-$�: ã é 7 é#å�g)-<!"%@�02&�$'@�r�02+?.>0w�!@-ru)-<!"%@�02&�$'@kRl�Q02+_:�3/F#3#<�"%,9&�(lZ\+%&�5L.�)7023#$Bà < á[�!@��!:%)-<!"%C�&�C A &�)�.�"%@'&&�.�)�+_)-3#, A ��:?.>02��3#:f3�5�)�<�"%@'0�&�$'@�Rl��<!< A &4)�3#"�:�0�&�C�0�Rl�!)�&>(

Z\+%&9$�&�,K.���:%�!:% /8%$�3G)�&-@�@�&-@�rt<�3#@�@ A H{R^&�<!C��!:% J.�:%CV ;.���: A H{5d$�.� #,9&�:;0�.>0��!3#:�rnC%&7g
@')�$�� A &X��:;02&�$�.�)-0��!3#:�@ A &-0�R^&�&�: ã L 7 ��å�g�)�<�"%@'0�&�$�@P.�:%Cc)�<�"%@'0�&�$�@p3>5w.>:�HM@���÷�&�(VZ\+%&X)-3#$�g$'&�@�8�3#:%C��!:% �)�3#:;0�$�� A "�02��3#:%@h023W02+%&[)�+?.>:% #&9�!:y)�3#:�)�&�:;0�$2.>0��!3#:D3�5 ã L 7 ��å�g�)-<!"%@�02&-$�@B.�$�&0�+%&�$'&-5d3#$'&

Ñ <�3#@�@ A HfR^&�<�C%�!:% �r ×ÝÞ¿�ÙwP ×ÝÞÀÚÙwP�Û @¶¿�� ÀK� ��� �Â7Ð¿�� À�7���� � 7Ñ  #.��!: A Hf5d$2.> #,K&-:;0�.>0��!3#:nr ×ÝÞ¿�ÙwP ×ÝÞÀÚÙwP£Û B�¿�� ÀK� ��� �Â7���Í,¿�� �ÇÍwÀ�GßT3#, A �!:%��:% [.�<�<�02+%&-@�&402&-$�,9@\ #��F�&�@\02+%&4 #&-:%&�$�.�<!��@�&-C � ,K3#<�"%)�+%3ORl@�¤��=@'HG@�02&�,
C/7���� �C 9 2 àá

�ß ¿�ÙwP
�ß ÀàÙwP Û ã @Ø¿�� ÀK� � [ ¿�� � [ ÀÌ7Ð¿�� À¸7�� [ ¿�� � [ À ` B�¿�� Àn� � [ ¿�� � [ Àp7���� ��å

` Þß ¿£ÙwP Þß ÀÚÙwP Û ã @¶¿�� ÀK� ��� �_7Ð¿�� À�7���� � ` B�¿�� ÀK� ��� �_7���Í,¿�� �!ÍwÀ-åfG ã V�( æ;å



ï
@-A$Bwù�úmûº¹ C]\��ED ú��%�=ÿ���� ùF@wú � û_^ àOé�ø
�Î+%&�:`0�+%&I3#:�&7g�)-3#,98u3#:�&�:;0f@�H*@�02&-, Ro.>@f@'0�"%C%�!&-Cnr\02+%&_)�<!"�@'02&-$f@���÷�&IC��!@'0�$�� A "*g

0��!3#:�Ro.�@k)�+?.�$�.�)-0�&�$���@�&-C A HJ,93#,9&�:;02@-r³N�á ã:9 å7( � �!,9�!<�.>$o,K3�,K&-:�0�@�rÌNKá(� â ã�9 å7r�)b.�: A &C%&7]?:%&-CJ5d3#$o0�+%&h0�RT3K)�3#,98u3�:%&�:;0l@'HG@�02&�,�r
NKá¨Á â ã�9 å�2 Þß ��ÙwP Þß �!ÙwP Û L á � â 7���� � ã:9 ånG ã V�(�ø�å

Z\+%&-@�&{,93#,9&�:;02@/.�$�&JC%3#" A <QHa"%@�&75d"%<�r�.�@902+%&7H�)-3#:;0�.���:`�!:�5d3�$�,K.>02��3#:a. A 3�"�0 A 3�02+
)-<!"%@�02&�$h@'�!÷-&[.�:%C{)�3�,K8�3#@��Q02��3#:n(N?k3>02&-R^3#$�02+;H{)b.>@�&�@h��:%)�<�"%C%&FNQP�� POr%NRP�� Ò r%N Ò � PB.�:�CN Ò � Ò (KNRP�� Pp$'&�8%$'&�@'&�:;02@P0�+%&K0�3�0�.�<m)-3#:%)�&-:;02$2.102�!3�:M3�5\)-<!"%@�02&-$�@ ã 3�5l.�<�<j@��!÷-&�@2åB�!:V02+%&@�H*@�02&-,J(tic<�3�RDF>.�<!"%&m3�5/NRP�� PN��:%C%��)b.>0�&�@x<�.>$� #&�.bF#&-$2.� #&�8?.�$�02��)�<!&j@'�!÷-&�r#.>:%C �p�l�����9�n� �/¡�(
Z\+%&lY�"?.�:;0���0�HFN Ò � P�C�&�:%3�0�&�@j02+�&\:G"�, A &-$j3�5�F#3#<�"%,9&\&�<!&-,K&-:;02@t3�5u,K.>02&-$���.>< ° ��:P02+%&@�H*@�02&-,JrxRl+%��<!&FNRP�� Ò ��@w02+%&p&-Y�"%��F>.�<�&�:;0hY�"?.�:;02�Q0�H_5d3#$w,/.>0�&�$'��.�<|±/(&¢^3�02+QN Ò � PB.�:�CNRP�� Ò .�$'&h)�3#:%@'&�$�F#&�CJ3OF#&�$\0��!,9&�r*.�@\3#"%$\,93*C�&�<�C�3*&-@�:�3�0l.�<�<!3ORÎ02+%&h,K.>02&-$��!.�<u��:f02+%&,9�!<�<>023k$�&�.�)-0}3#$})�3#:;F�&�$'0�5d$�3#, 3#:%&m5d3#$�, 0�3�0�+%&�3�02+%&-$�(�Z\+%&TY�"?.�:;0���0�HãN Ò � Ò �!:%C%��)b.>0�&�@0�+%&[<!&-F�&�<t3>5^,9�Q6*��:% /Rl��0�+%�!:I0�+%&p,9�!<!<s(h��5o.><!<=02+%&[)�<�"%@'0�&�$'@4.�$�&p&-<!&�,9&�:;02.�<�0�+%&�:y02+%&
8�3ORlC%&�$�,/.bH A &4$�&- ;.�$'C%&�CJ.�@\0�RT39@�&-8?.�$�.>02&43#:%&�g�)-3#,K8�3#:%&-:;0kC��!@'0�$�� A "�02��3#:%@KH

7���� �*2
äåååååæ åååååç
7Óè µwé� 7 ��2©é 77 è ·Jé� 7 L>2Ïé 7
é 7 A 3�02+YL[.�:�C;�B:%3#:*g�÷�&�$'3ÃG ã V�(íì#å

¿�&�:%)-&ZN Ò � Ò 2ÏéP5d3#$o0�+%�!@l"%:%,9�Q6*&-C�C��!@'0�$�� A "�02��3#:n(Z\+%&w+��! #+%&-@'0�F>.�<!"%&-@^3>5%N Ò � Ò .>$�&k.>0�02.��!:%&-C9Rl+�&�:f+%�� #+KF>.�<�"%&�@m3�5�02+%&k8%$�3GC%"%)70�Lu�)-3#�!:%)-�!C%&BRl��0�+{+%�! #+J)�3#:�)�&�:;0�$2.>0��!3#:%@h3>5m8?.�$'0��!)-<!&�@-(SZ\+%&�5L.>)-023�$ÄLu�[��@w�!:�J?"%&�:�)�&�C A H
0�R^3h&-�u&�)702@/H�<�.�$' #&�$=8?.>$'02��)�<�&�@�.�:%CUR^&�<�<*,9�Q6*&-C�8?.�$�02��)�<!&-@�+%.OF�&o+%�� #+%&�$âLu�^F�.><!"%&-@�(N��0N�!@
8�3#@�@'� A <�&S0239$�&-,K3OF#&4@'3#,K&4@'�!÷�&4C%&-8u&-:%C%&-:%)�&�.�:%CW3 A 02.��!:�. A &70�0�&�$l,K�z6*�!:% p,9&b.�@'"%$�&
A HW"%@'�!:% p02+�&B:�3#:*g�C��!,9&�:%@'�!3#:?.><�)�3�:%@'0�$�"%)70

ê 2 N Ò � Ò NRP�� PN Ò � P�NRP�� Ò G ã V�(xV;å
?�3�02&P0�+?.>0.NRP�� P4Rl�!<�<}5L.><!<�.�@S02+%&[.bF�&�$2.> #&p8?.�$�02�!)-<!&U@��!÷-&p�!:%)-$�&�.�@�&-@�rxRl+%�!<�&=N Ò � Ò Rl�!<�<$'�!@�&>(mZ\+%&4C%&�:%3�,K��:?.>023�$o�!@\)-3#:%@'02.�:;0k0�+%$�3�"% #+%3#"*0l,K��<!<!��:% %(



ï
@-A$Bwù�úmûº¹ C]\��ED ú��%�=ÿ���� ùF@wú � û_^ àOé;ì
��:K0�+%&w$'&�,K.��!:%C�&�$�3�5n02+��!@�)�+?.�8�0�&�$^R^&S@�02"%C�H9&-YG"%.>02��3#: ã V*(íæ;å�(NZ\+%&w:%&76G0o@'&�)702�!3�:��:�0�$�3GC%"%)-&�@w@'3#,9&�¤�&-$�:%&-<�5d3#$',K@-rp@Ø¿�� ÀK� ��� �o.�:%CaBÐ¿�� ÀK� ��� �2r�0�+?.>0k+?.bF#&P8%.�$'0��!)�"�<�.�$\8%+;HG@���)b.�<

@'�! #:%�Q]?)b.>:%)�&>(�Z\+�&�:nrt"�@��!:� J02+�&�@�&/8?.�$'0��!)-"%<�.�$h¤>&�$':%&�<^)�3#, A �!:?.>0��!3#:�@�r}@�3#<�"�02��3#:%@B.�$�&
5d3#"�:%C©5d3�$;NQP�� P ã:9 å�(�Z\+%&V@�3�<!"�0��!3#:%@W.>$�&y"%@�&-CÏ0�3aC�&-02&-$�,9�!:%&y,93*C�&�<S8?.>$2.�,9&-0�&�$�@
0�+?.>0o,K.>0�)�+f&76*8�&�$���,K&-:;0�.�<�C?.>02.�(tZ\+%&w0�R^3>g�)�3#,98u3�:%&�:;0o,93GC%&�<�<!�!:� h8%$�3G)�&-@�@\�!@�,93#$�&
5d$'"%��0'5d"%<�02+%.�:K0�+%&l3#:%&7g�)�3#,98�3#:%&�:;0�)b.>@�& A &-)b.�"%@'&k@'�!,98%<!&\@'�!&7F#&�CK@���÷�&l,K&�.�@�"�$�&�,9&�:;0�@
.�<�<!3ORÏ8%$�&-C%�!)702�!3�:%@\3�5 A 3�0�+J8%.�$'0��!)�<�&S)�3�,K8�3#@��Q02��3#:W.�:%CW02+%&4C%&- #$�&-&U3>5N,9�Q6*�!:� P023 A &
,K.�C%&>(��J�Q6*�!:� K.>:%CJ)-3#,98u3#@'��0��!3#:X.>$�&h:%3�0�&�.�@���<�Hf,9&b.>@�"%$'&�C�&76*8u&-$���,K&-:�02.�<!<QH#(

»YÈ�Ó �©�"1Ë13Ô
'(2"Õ §Fë$Î�2aë�ìoE`13Î�Ì Ô
Z\+%��@w@'&�)-0��!3#:J�!C%&-:;02��]%&�@w¤>&�$':%&�<}5d3#$�,9@�Rl+��!)�+_,93GC%&�<x02+�&�,9&�)�+?.�:��!)b.><�.><!<!3OHG�!:� 98�$�3>g
)-&�@�@-(4iw@wRl�Q02+I3#:�&P)�3#,98�3#:%&�:;0h@�HG@'02&-,K@-r�02+�&P<!��¤�&�<��!+%3G3GCJ3�5jR^&�<�C%�!:� X.�:%C_5d$�.�)-0�"%$�&
&7F#&�:;0�@���@/&�6�8�&�)702&-CÎ0�3EC%&-8u&-:%CÎ8%$���,/.�$'�!<QHE3#:�0�+%&I@'�!÷�&I.�:%C`)-3#,K8�3#@'��02��3#:a3�5h02+%&
8?.>$'02��)�<�&�@���:;F#3#<QF#&�C�(VZ\+�&f$2.>0�&X.>0URl+%�!)�+ ã L 7 ��å�g�)�<�"%@'0�&�$'@UR^&�<!C�Rl�Q02+ ã Ö 7 4%å�g�)�<�"%@'0�&�$�@C%&-8u&-:%C%@43#: LGr%�#r Ö .�:�CQ4urx3#$S&-YG"���F>.�<!&-:;02<�HW0�+%&p8?.�$�02�!)-<!&U@��!÷-&�@-r ã ´JµOL��3´p·S��åw.�:�C
ã ´Jµ Ö ��´p·S4%å�r?.�:%C�8?.�$�02�!)-<!&S)-3#,98u3#@'��0��!3#:%@-r ã ´JµñL#å <%ã ´J·%��åo.�:%C ã ´/µ Ö å <%ã ´J·%4%å7(´N.�$�02��)�<!&k@���÷�&SC%&-8u&-:%C%&-:%)���&�@�.�$�&k02$�&�.>02&-CW.�@o��:W´N.�$�0\��r*Rl+%��<!&k)�3#,98u3�@���0��!3#:/.�C%C%@
&�6*0�$2.4)�3#,98%<�&76*��0�H�(NZ\+%&�,K3GC%&-<%@'0��!<!<*)b.�:9:%3�0�.>)�)�3�"%:;0^5d3#$j)�+%.�:% #&-@^��:p8u3ORlC%&-$^8%$'3#8*g
&-$'02��&�@�0�+?.>0P.>��&-)-0URT&-<!C%��:% {.�:%CD5d$2.�)702"%$'&f8%$�3G)�&-@�@'&�@[.�@U,K��<!<!��:% X8%$'3# #$�&-@�@'&�@�( � "%)�+
8�&�$�02�!:�&�:;0\)�+?.�:� #&�@\��:%)�<�"%C%&wR^3#$�¤#g�+?.�$�C�&�:%��:% p&-�u&�)702@l.�:%CX)�+�&�,9�!)b.><u)�+?.>:% #&�@l3G)�)-"%$�g
$'�!:% [Rl��0�+%�!:X02+�&U8�3ORlC%&�$�8?.�$�02�!)-<!&-@�(���0w��@�+�3#8u&-CJ0�+?.>0l02+%&-@�&U&-�u&�)-0�@w.>$�&B@�&�)-3#:%C?.>$'H#(
Z\+%&p@�02"%C��!&�@h��:{´N.>$'0h�l@�+�3�R�02+%.>0h3#:%&�g�)-3#,K8�3#:%&-:;0h,K3GC%&-<!<!��:% [�!@S@'"%)�)-&�@'@'5d"%<tRl�Q02+*g
3#"*0o.�)-)�3#"�:�0��!:% B5d3#$jRT3�$�¤#g�+?.>$�C%&-:%�!:% �(jZ\+%&w$�.>02&k.>0mRl+%�!)�+/$�&b.>)-02��3#:%@�3*)-)�"%$^.�:%C902+%&
)-3#:%@�&-Y�"%&�:;0p&7��&-)-02@B3#:V8u3ORlC%&-$U8�$�3#8�&�$�02�!&-@SRl�!<�<tC%&�8�&�:�CM3#:y02+%&[)�+%&-,K��@'0�$'H{3�5^02+%&
8�3ORlC%&�$'@ A &���:% W,K��<!<�&�Cn(N¿�3�R^&-F�&�$-r��Q0h�!@S)-3#,9,K3#:I5d3�$S)�3#,98�3#@��Q02&�@k023f5d3#$',çC%"%$'�!:% 
0�+%&4&b.�$'<�Hf@�0�.� �&�@l3�5�,K��<!<!��:% %rG.�@\3 A @�&�$�F#&-C A HY¢T&�:���.�,K��:W.�:%CfLm3#<!��:y� í �^ã @'&�&BëN�! �"%$�&à#(íá#å�(�>h"�$T,93*C%&-<!@�)b.�:/8%$�&-C%�!)70T02+�&w5d3#$�,K.>0��!3#:[3�5=)-3#,K8�3#@'��02&-@T.>:%Cf #�QF#&S@'3#,K&�,9&b.1g



ï
@-A$Bwù�úmûº¹ C]\��ED ú��%�=ÿ���� ùF@wú � û_^ àOé`V
@'"%$�&U3�5N0�+%&U��:%)�$'&b.�@'�!:% 9�!:;0��!,K.�)-H/3�5t,9�Q6*�!:� [Rl�Q02+%��:W8?.�$'0��!)-<!&�@-(T��0k,/.bH A &B8u3#@'@�� A <!&
0�3D8%$'&�C%��)-0[Rl+%&-:�@��� #:%�Q]?)b.�:;0[)�+%&-,K��)b.�<T)�+?.�:% #&-@KRl��<!<T3G)�)-"%$ A Hc"%@���:% V.V,9&b.�@'"%$�&
@'"%)�+f.�@ ê ã &�Y�"?.>0��!3#: ã V*(�V;å'å�023B,K&�.�@�"�$�&o02+�&���:;02�!,K.�)7H�3�5u,9�Q6*�!:% �(Në?3#$j&�6%.>,K8%<�&o02+%&3#:�@�&-0T3�5n$'&b.�)702��3#:K8�+%&�:%3�,K&-:?.U��:[0�+%&�,K��<!<�,K.bH A &�8%$'&�C%��)-02&-Cf.�:�CK,9&b.�@'"%$�&-@T3�5u02+%&
��:�0��!,K.�)-H[3>5x,K�z6*�!:% B,/.bH A &w"%@'&�Cf023�C%&�@'�! #:f+��! #+%<QH[$�&�.�)-0���F#&k8u3ORlC%&-$�@\@'"%��02. A <!&l5d3#$� ¿ � $'&b.�)702��3#:%@U� ø;á � (Z\+%&[@���,K8%<�&�@�048u3#@'@�� A <!&p¤>&�$�:�&�<!@-rM@`��� ��� ¿�� ÀZ2º@I.�:%CQB ��� ��� ¿�� À=2�B�r�.�$'&p"%@�&-C A H{02+%&
]?$'@'0�,93*C%&-<�(}Z\+%&�@'&w¤>&�$�:�&�<!@m+?.bF�&k:%34C%&-8u&-:%C%&-:%)-H93#:98?.�$�02�!)-<!&o@'�!÷-&�3�$j)�3#,98u3�@���0��!3#:�r
.�:�C|.>$�&X.�:%.�<!3# �3#"%@U0�3{,K3GC%&-<wàX�!:E0�+%&f3#:�&7g�)-3#,98u3#:�&�:;0[@'0�"%C�H ã @�&-& ��á*(�àOå7(yZ\+%�!@@'�!,98%<!&�)b.�@'&S�!@T.�)�3�:�F�&�:%��&�:;0\]?$'@'0l.�8�8%$�3b6*�!,K.>02��3#:nr A "�0T,K3GC%&-<�àwRT.�@o:�3�0T0�+%&S,93#@'0
.�)-)�"%$�.>02&V3#:%&�g�)-3#,K8�3#:%&-:;0J,93GC%&�<s( Z\+��!@� #&�:%&-$2.�<��!@�.>02��3#:µ�!@W:%3�0�&�6�8�&�)702&-C 023 A &
8?.>$'02��)�"%<!.�$�<QH�.�)-)�"%$�.>02& A "�0KRl�!<!<\@'&�$�F#&{.�@K.�:|�!:%@�02$�"�)-02�QF#&J&76�.�,98%<!&>(µZ\+%&_@'&�)�3�:%C
)�+%3��!)�&l3�5�.� # �$�&� #.>02��3#:p¤�&-$�:%&-<���@j�!:�J%"%&�:%)-&�C A HP02+%&\]?:�C%�!:% �@�3>5u0�+%&l3#:%&7g�)�3#,98�3#:%&�:;0
@�02"%C�H�(wZ\+%&U,K3�@'0k"%@�&75d"%<N@'�!:% #<�&4)�3#,98u3�:%&�:;0h.> # #$�&- ;.>0��!3#:�¤�&-$�:%&-<�RT.�@k5d3#"�:%C_023 A &@`��� �*25@ ã Ll����å^Rl+%��)�+J��@� �&�:%&-$2.�<��!@�&-CX023p0�RT31g�)�3�,K8�3#:%&-:�0�@�H*@�02&-,K@-r� ���FG�!:% 

@`��� ��� ¿�� Àl2�í@ ã Ö ��L�å��ïî@ ã �e��4�ånG ã V�(íð#å
Z\+%��@w$�.>02&B�!@ A 3>02+_@'�!÷-&�.�:�CI)�3#,98�3#@��Q02�!3�:�C�&�8�&�:%C%&-:;0b(�Z�3f"�:%C%&�$'@'02.�:%C_0�+%&�@'�! #:%�Q]�g
)�.�:%)�&p3>5�0�+%&[.� # �$�&� #.>02��3#:_$�.>02&�g�8?.�$�.�,9&-02&-$�@-reí@_.>:%Cnî@?rn)�3#:�@��!C�&�$4.�:{��:%��0���.�<x)-<!"%@�02&�$
C%��@'0�$�� A "�02��3#:fRl+%&�$'&B0�+%&�$'&B.�$�&4:%3[,K.>02&-$���.>< ° F#3#<�"%,9&h&�<!&-,K&-:;02@/H

7���� � ã é;å�2
äåæ åç 7K� 7 L>2Ïé 7
é 7 LZð`é�G ã V�( P å

��@��!:� /02+%��@wC%��@'0�$�� A "�02��3#:nr?02+%&U@'HG@'0�&�,î$�&�C�"%)�&-@S023X./3�:%&7g�)�3#,98u3�:%&�:;0S@�HG@'02&-,JruRl��02+
.pRT&-<!C%��:% [$2.>0�&=î@ ã �e��4%å7( � ��,K��<�.�$'<�H�r#02+%&4C%��@'02$'� A "*02�!3�:

7���� � ã é;å*2
äåæ åç 7�� 7 ��2©é 7
é 7 �ãð�é 7 ã V�(xí;å



ï
@-A$Bwù�úmûº¹ C]\��ED ú��%�=ÿ���� ùF@wú � û_^ àOé;ð
�J3GC%&�< @Q��� ��� ¿�� À B���� ��� ¿�� À
à @ B
á í@ ã Ll� Ö å��ïî@ ã �b��4%å B

Z�. A <�&
V�(�à9Hhiw # #$'&� ;.102�!3�:{.�:%Cy5d$2.� �,K&-:�02.>02��3#:I$�.>02&-@B"�@�&�C A H{,93*C%&-<!@Pà9.�:�CEá*(���:
A 3�02+�)b.>@�&�@A@/.>:%C;Bw.�$�&4)�3�:%@'02.�:;0k$�.>02&�g�8?.>$2.�,9&-0�&�$�@o0�3 A &4C%&702&�$',K��:%&�C�(
8%$'3*C�"%)�&-@p.J3#:�&K)-3#,K8�3#:%&-:;0P@'HG@�02&�,qRl��0�+DR^&�<�C%�!:% J$2.>0�&Qí@ ã Ö �UL#å�(�Z\+��!@BC%&�,93#:*g
@�02$2.102&�@^02+?.>0�r*��:K0�+%&S. A @�&�:�)�&h3�5x��:;02&�$',K�z6*�!:% %r/î@p��@�0�+%&kR^&�<�C%�!:% U$2.>0�&7g�8?.�$2.>,K&702&�$m5d3#$
,K.>02&-$��!.�<³± .�:%Cñí@/��@o02+%&hR^&�<!C��!:% [$2.102&7g�8?.�$�.�,K&702&-$o5d3#$\,/.102&�$'��.�< ° (

¢^H�@'"%,K,9�!:� I02+%&f0�R^3M$�.>02&-@�rmRT&-<!C%��:% y&-F#&-:;02@/��:;F#3#<QF*��:% {3#:%<QHE,K.>02&-$��!.�< ° 3#$
,K.>02&-$��!.�<S±Þ.�$�&U8%$�3#8�&�$'<�HJ,K3GC%&-<!<!&-Cn(���:�0�&�$',K�z6���:% f��@S.�<�@�3X.�<�<!3OR^&�Cn(w�Î+�&�:y.K0�HG8�&° )-<!"%@�02&�$-r_²���� Pbr#R^&�<!C�@tRl��02+[.S0�HG8�&l±þ)-<!"%@�02&-$�r_²'P�� À1r#02+%&\)-3#$�$'&�@�8�3#:%C��!:% 4$2.102&TR^3#"%<�C
A &8í@zL��Xî@�4 ã @���:%)�&>��2 Ö 2 é#å7(t��5},K.>02&-$���.>< ° RT&-<!C%@\,93#$�&k&b.�@'�!<QH90�+?.�:X,K.>02&-$��!.�<p±0�+%&�:�í@PRl�!<�< A &k+%�! #+�&�$m02+?.�:aî@�(t�D&�<�C%�!:� �&-F�&�:;02@oRl+�&�$�&ÄLU��@^<!.�$� #&�$�&-<�.>0���F�&�0�3F49Rl�!<�<
3G)�)-"%$k,93#$'&45d$'&�Y�"%&-:�0�<�HX0�+?.�:_��:%@'02.�:%)-&�@lRl+%&�$'&=4X�!@l<�.�$' #&�$o0�+?.�:ML*(���:_ #&-:%&�$�.�<x02+%&
0�R^3/8?.>$'02��)�<�&�@oRl�!<�<�:%3>0 A &48%"%$'&�(mZ\+%&4RT&-<!C%��:% [$2.>0�&4Rl��<!<uC%&�8�&�:%CJ3#:W02+%&4&b.>@�&4Rl��02+
Rl+%��)�+_02+�&U,K.>02&-$��!.�<!@TR^&�<�CJRl�Q02+W02+%&-,K@'&�<�F�&�@-rn.�:%CJ3#:W02+%&U.� # #$'&� ;.102&4Y�"?.�:;02�Q02�!&-@k3>5
,K.>02&-$��!.�<j�!:;F#3�<�F#&-Cn({��3#$�&K,/.>0�&�$'��.�< ° rt�!:y02+%��@�)�.�@�&>rt�!:%)-$�&�.�@�&-@�02+%&K<!��¤�&�<��!+%3G3GCV3>5
R^&�<�C%�!:% �r?.�@\RT3�"%<!C A &h&�6*8u&-)-02&-Cn(

ZN. A <!&-V�(Qàk@'"%,9,/.�$'�!@'&�@j02+%&�$2.102&�@m02+%.>0^Rl��<!< A &�"%@�&-Cf�!:9,K3GC%&-<!@\àS.>:%CfáG( � 3U5L.>$�r
0�+%&p3#:%<QH�5d$�.� #,9&�:;0�.102�!3�:_$2.102&P)-3#:%@���C%&�$'&�Cnr%B ��� ��� ¿�� À>2�BOrx�!@k�!:%C�&�8�&�:%C%&-:;043�5�8?.�$'0��!)-<!&
@'�!÷�&B.�:�CJ)-3#,K8�3#@'��02��3#:n(tZ\+�&U:%&�6G0w@'&�)-0��!3#:J.�:?.><�HG@�&-@l0�+%&�@'&U¤>&�$':%&�<=)�3�, A �!:%.>02��3#:%@o023
]?:�CJ.>:?.�<�H�0��!)w&�6*8%$�&-@�@���3#:%@\5d3#$'NRP�� P ã:9 å�(jZ\+%&h@�3#<�"�02��3#:%@�5d3#"%:%C�.�$'&S"%@�&-CW�!:�ßT+?.�8*02&�$ðP023[C%&702&�$',K��:%&S02+�&B,93GC%&�<sâ @\8?.>$2.�,9&-0�&�$�@-r/@?r¦í@?r%î@f.�:%C�BO(



ï
@-A$Bwù�úmûº¹ C]\��ED ú��%�=ÿ���� ùF@wú � û_^ àOé P
»YÈ�Ç � 2aò�ì-¦ Ô
'(Ô²1FE 0*�aë Ì 1fqaë�ì
ik@/Rl��0�+�02+%&_3#:%&7g�)�3#,98�3#:%&�:;0/,K3GC%&�<sro��0K�!@K8u3�@�@�� A <!&W023MC%&-0�&�$�,9�!:�&I.�:?.><�H�02��)J&�6Gg
8%$'&�@'@��!3�:%@p5d3#$=NRP�� P ã�9 åU023I]%0p.� ;.���:%@'0�&76*8u&-$���,K&-:�02.�<oC?.10�.�(yZ\+%&�.� # �$�&� #.>02��3#:E.�:�C5d$�.� #,9&�:;0�.>0��!3#:W$�.>02&�g�8?.�$�.�,9&-02&-$�@l@f.>:%CaB ã �J3GC%&�<mà�åo3#$>î@�r¦í@f.�:%CKB ã ��3*C%&-<�á#åo.�$�&C%&702&-$�,9�!:%&-C A HW02+%&4]%0�0��!:% 98%$'3*)-&�@�@-(lëN�!$'@'0�r�0�+%&B #&�:%&-$2.�<=,93*C�&�<x�!@�,K.�:%�!8�"%<�.>0�&�CX023
.X,93#$�&P)-3#:;F#&-:%�!&-:�0B5d3#$',Jr�0�+%&�:V¤�&-$�:%&-<Qg�@�8�&�)��Q]?)9.�:?.�<QHG@�&�@4.>$�&p)�3�:%C%"%)702&�CV5d3#$S&�.�)�+
,93*C�&�<�(
ó\¬�«\¬�® ô�Ü%õ�²SÜ}Ù/°�²SÖhÜ|öUÜ�²SÖhÜ}²e÷�Õm²SÕmÙ�Ú�Û%°�Û
Z\+%&40�R^3K)-3#,K8�3#:%&-:;0 � ,K3#<�"%)�+%3ORl@�¤��x&-YG"%.>02��3#:nr?&�Y�"?.102�!3�: ã V�( æ;å7r%)�.�: A &hRl$��Q0�0�&�:

Õ7���� �*2 àá
�ß ¿�ÙwP

�ß ÀÚÙwP ÛVø ¿�� Àn� � [ ¿�� � [ À ` Þß ¿£ÙwP Þß ÀÚÙwP Ûùø ¿�� ÀK� ��� � ã V�(QàOé;å
Rl+%&-$�& ø ¿�� ÀK� ��� �M2ï@¶¿�� ÀK� ��� ��7Ð¿�� À�7���� � ` B�¿�� Àn� ��� ��7£¿£Í���� ÀÚÍ � G ã V�(Qà#à�å
Z\+%&U.�:?.><�HG@���@\3�5N0�+%�!@\&-YG"%.>02��3#:J��@\@���,K8%<���]?&-C A HX02+%&4�!:;0�$�3GC%"%)-0��!3#:W3�5N.[ #&�:%&-$2.>0��!:% 
5d"%:�)-02��3#: ² ã Í 7àúñ7 9 å*2 Þß ��ÙwP Þß �!ÙwP Û 7���� � ã:9 åÐû [ è �!ü�Í ��ý�é 7 ã V�(Qà�á#å
@'390�+?.>0 þ

² ã Í 7àúñ7 9 åþ
9 2 àá Þß ��ÙwP Þß �!ÙwP Û

�ß ¿�ÙwP
�ß ÀÚÙwP Û û [ è �Âü�Í ��ý�é ø ¿�� ÀK� � [ ¿�� � [ ÀÚ7Ð¿�� À�7�� [ ¿�� � [ À

` Þß ��ÙwP Þß �!ÙwP Û Þß ¿�ÙwP Þß ÀÚÙwP Û û [ è �Âü�Í ��ý�é ø ¿�� ÀK� ��� � 7 ã V�(QàOæ;å

Z\+%��@l.�8%8%$'3;.�)�+��!@\.>:�&�6G02&�:�@��!3�:�3>5�0�+?.>0\8%$'&�@'&�:;02&-C A HX¢h.bFG�!&�@B� àbø � �!:X+%&-$l.�:?.�<QH*@'�!@3�5^3#:%&�g�)-3#,K8�3#:%&-:;04@'HG@'0�&�,9@�(9Z\+%&[ #&�:%&-$2.>0��!:% f5d"�:%)-0��!3#:y�!@h"�@�&-5d"�< A &-)b.�"%@'&902.�¤��!:% 
0�+%&P<!��,K�Q0l3�5m&�Y�"?.102�!3�: ã V�(QàOæ;å�.�@kÍ Ë é/.�:%C ú Ë é/ #�QF#&-@h./C%�Q��&-$�&�:;0���.�<}&�Y�"?.>0��!3#:
5d3#$mNQP�� P ã:9 å7(



ï
@-A$Bwù�úmûº¹ C]\��ED ú��%�=ÿ���� ùF@wú � û_^ àOé`í
)jYG"%.>02��3#: ã V�(QàOæ;å���@n@���,K8�<!��]%&�C A Hh,K.�:%��8%"%<�.102�!:� ^02+�&t]?$�@�0�3>5G0�+%&j0�RT3l@'"%,K,K.>0��!3#:0�&�$�,9@�(/ZN.�¤���:% J0�+%&9]%$�@'0U@�"�,K,K.>02��3#:V.�:%CD$�&7g�3#$�C�&�$���:% X02+%&9@�"�,K,K.>02��3#:y8?.���$�@ Ö g�L

.�:�Ca�-gÐ4�r�02+%&-:_.>8%8%<�HG��:% p02$2.>:%@'5d3#$',/.102�!3�:%@�L Û 2 L ` Ö .>:%CK� Û 2Ý� ` 4f #��F�&�@
àá Þß ��ÙwP Þß �!ÙwP Û Þß ¿£ÙwP Þß ÀÚÙwP Û û [ èÿè ��Í,¿£éÏü�Í è �!ÍwÀÚéVý�é ø ¿�� Àn� ��� ��G ã V�(Qàbø�å

Z\+%&40�R^3K@'"%,K,K.>0��!3#:f0�&�$�,9@l.�$'&B)-3#, A ��:%&�CX0�39 ���F#&þ
² ã Í 7àúñ7 9 åþ

9 2 àá Þß ��ÙwP Þß �ÇÙwP Û Þß ¿�ÙwP Þß ÀÚÙwP Û�� û [ è ¿�ü�ÍwÀ�ý�é ` á��Sû [ è �Âü�Í ��ý�é ø ¿�� ÀK� ��� ��G ã V�(Qà�ì#å
Z\+%&-:W@�" A @�02�Q02"�0��!:% �5d3�$ ø ¿�� ÀK� ��� �N.�<!<�3�Rl@�02+%&w&76*8%$�&-@�@'�!3#:f0�3 A &k@�8%<���0o��:;023P.> # #$�&- ;.>0��!3#:
.�:�C�5d$�.� #,9&�:;0�.>0��!3#:X)-3#,98u3#:�&�:;02@KHþ

² ã Í 7àúñ7 9 åþ
9 2 ° ã Í 7àúñ7 9 å ` ± ã Í 7àúñ7 9 å ã V�(QàpV;å° ã Í 7àúñ7 9 å¡2 àá Þß ��ÙwP Þß �ÇÙwP Û 7���� �£û [ è �Âü�Í ��ý�é Þß ¿�ÙwP Þß ÀÚÙwP Û @¶¿�� ÀK� ��� ��7Ð¿�� À � û [ è ¿�ü�ÍwÀ�ýàé ` á � 7ã V�(Qà�ð#å

± ã Í 7àúñ7 9 å¡2 àá Þß ��ÙwP Þß �ÇÙwP Û û [ è �Âü�Í ��ý�é Þß ¿£ÙwP Þß ÀÚÙwP Û B�¿�� ÀK� ��� ��7���Í,¿�� �!ÍwÀ � û [ è ¿�ü�ÍwÀ�ý�é ` á � 7ã V�(Qà P å
± ã Í 7àúñ7 9 å�)�.�: A &S&�6*8%$�&-@�@�&-CJ��:W.�,93#$�&k"%@�&75d"%<�5d3#$', A Hf$'&-F�&�$�@'�!:% p0�+%&w02$�.�:%@�5d3#$�,K.1g
0��!3#:%@l.>:%CJ)�+%.�:% #��:% p02+%&4@�"�,K,K.>02��3#:X3#$'C%&�$'@k.> ;.��!:�r� #�QF*��:% 
± ã Í 7àúñ7 9 å*2 àá Þß ��ÙwP Þß �!ÙwP Û 7���� ��û [ è �Âü�Í ��ý�é

�ß ¿£ÙwP
�ß ÀÚÙwP Û B�¿�� ÀK� � [ ¿�� � [ À � à ` áuû è ¿�ü�ÍwÀ�ý�é � G ã V�(Qàpí;å

?�3�02&W02+?.1090�+%&�@'&_,K.�:%��8%"%<�.102�!3�:%@p.�$'&_.�8�8%<!��&�C�023D.D)-3#, A ��:%&�Ca@�"%, $'&�8%$'&�@'&�:;02��:% 
A 3�02+9@�"�,K,K.>02��3#:P02&-$�,9@m�!:1)jYG"%.>02��3#: ã V�(QàOæ;å7(NëN�!:%.�<!<QH#r�02.�¤��!:% 4<!��,K�Q02@N.�@jÍ Ë é4.�:�C
ú Ë é[ #��F�&�@ CJNRP�� PC 9 2©<��!,�����	
��� � ° ã Í 7àúÿ7 9 å�� ` <!��,�����	
��� �Ø± ã Í 7àúñ7 9 å���G ã V�(íá�é;å
Z\+%&�02&-$�,9@9��:;F#3#<QF*��:% ° ã Í 7àúÿ7 9 å[.>:%CX± ã Í 7àúñ7 9 åP.�$�&W5d"%$�02+%&-$K@'�!,98%<!�Q]?&�CE5d3#$[)�.�@�&-@Rl+%&-$�&ã@¶¿�� ÀK� ��� ��.�:%CKBÐ¿�� ÀK� ��� �m02.�¤�&402+�&4F>.�<�"%&�@\ ���F#&-:J��:WZN. A <!&NV�(Qà#(



ï
@-A$Bwù�úmûº¹ C]\��ED ú��%�=ÿ���� ùF@wú � û_^ à#àOé
ó\¬�«\¬�Ò Ô �lÖhÜ}Ù�®
��:J,K3GC%&�<Nà#r%02+%&4¤>&�$�:�&�<!@�"%@'&�CI.>$�&.@¶¿�� ÀK� ��� �¦2ª@f.�:%CKB�¿�� ÀK� ��� �*25BO(^ëN�!$'@'0�r%@�" A @'02�Q02"�0��!:% 
0�+%�!@\5d3#$',�5d3#$o0�+%&B.� # #$'&� ;.>0��!3#:X¤>&�$':%&�<=�!:W&-YG"%.>02��3#: ã V�(Qà�ð#å° ã Í 7àúñ7 9 å*2 @\² ã Í 7�úÿ7 9 åá ã ² ã Í 7àúñ7 9 å ` áyNQP�� P�å 7 ã V�(íá*à�å
.�:�C ° ã é 7 é 7 9 å*2 ` @\NRP�� P 4á G ã V�(íá#á#å
Z\+%&45d$2.> #,K&-:;0�.>0��!3#:f0�&�$�, ± ã Í 7àúñ7 9 å^@'�!,98%<!�Q]?&�@^023± ã Í 7�úÿ7 9 å*2 Bá
�

þ
4 ²þ
Í
þ
ú `

þ
²þ Í `

þ
²þ ú ` ² ã Í 7àúñ7 9 å��� B

ã à ` û [ ü å ã à ` û [ ý å�� û [ ü ² ã Í���é�� 9 å��oû [ ý ² ã é�� ú � 9 å��² ã Í�� ú � 9 å ã à ` û [ ü ` û [ ý å���NRP�� P ã:9 å ã û [ è ü�ÍÔýàé ` û [ ü ` û [ ý å����
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ã Rl��02+ 8 ðµá#å�r%�!@l��:�0�$�3GC%"%)-&�Cn(���@��!:� [0�+%�!@\0��!,9&�@�)�.�<!&>r*0�+%&h5d3#$�,�3�5�0�+%&4@�3#<�"�02��3#:W�!@
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¢���~£��¦0¤��I������~~:��~%��~%�,� �À ���������´¢IÉ��������:~»����~���¢����K~%� �������¯°�~¿�K�I�´¤I~%�j�Q����~:�K���$������¢º�]����������°���~±���K�����$���K���I�
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� ª �� �

� ª � «�� � � � � � f � � � f � ÿ � � � ÿ � f � � � f �e��� � � � � � f � � � f � ÿ � � �½®��� f �� �
� ª   f �� �

� ª � «�� � � � � � � �Qÿ � � � ÿ � � � �¡� � � � � � � ��ÿ ��¢ � � � ¢ � ® �
«�
 � Ô ®

��~:�K~t£O�����¾© ���K~³����~È�K��¼%~¹��¦'����~È��¢����K~%�ÇÉP¤ � �   °J~:����}�����~È�Ò����}I~%�½���%��������~:�¸����¼%~�:�I���K����~%��~%� �º� �����³¦¨�I�K� ���±���N�����I}I�����`���¾~:Á����������I�#« ²���²¥i ® ��¦ ������~%�¹��¦§£ �����[©�±������°J~³�=���I��~%�M�K���K�N��� �K��~È�Q����~%�����%���á�$�����%���Ò���K���I�?�����:�I�������=�¡�������N�����´¢¿~:â��%��~%�,�$É°����¸�����K�»�����K�N�������:�%���K���:¢A��� �������,�=������~:� � |2�������I��}I�?����~`���¡¥����±��� �N�����K���:��~*����¼%~���¹~$���K���´¢C��~%���K���K~%�v���Ã���Ã~7¥���~%�K����~:�,�$É¯�K��~��:�I�����I���������I�
��¦ �K���=�[�Ò����}I~��������K���%��~%����`�±���=�
�N���K��~%�`���]��~7��~%��������~ �¹� ��~��K��¦¨~%�½�£���K�����$���K���I�{���*����~:�K~7¦¨�I�K~»���Ç���������"����~�����K}I~:���Ï�I°��K~%�½¤I~:���N���½�����%��~:�'���£°�~�¦¨�I�K��~%�¿~%�,�K���K~:��¢È¦¨�K�I� �I��~����¡��~%���Ò�����I�'�K��~�������~:� �b �¬�a~:¤�~%�:É§�������K���%��~È����¼:~¹��¦ �K~%�¾�����%��~$����~%�`�K��°��������,���Ò������¢]�����K����}A������������}�É������{������~%��K��~%��~º�%���K�:�����½�=�����%~%�¿����~M�����K}I~:�����N���½�����%��~:�����K~]���I����������~:��¢v�a~%�������Ð¥�~:� � Ñ ¦2����~�����K}I~:���¹�N�����K���:��~»¦¨�I�����v���v�K��~��½¢��½��~:� ��� ~,Ô;¨ ������~:�K�����
©x����� ²¬Ô;¨ ������~:�K�Ò���«ª�K��~%�Ç© �%���A°�~*�K~7� �%�I���K����~%����°���¢������a~%�µ���N���¬£u�K~:�����%����}¹�K��~¸�Q���±°�~%����¦��%�������K~%�K����Z�K��~?�K��¼%~]���I�������Ã�%�I���K����~%����°���¢ �Ã� �����¿�������K�I���=�áÉµ°N���K~:�.��� �����K����~%�Z���´¥�����}�É��������~%�L¦¨�I������~¾�%�����:���Ò�¡���������¿���K~:�K~%�,�K~%�#���­�[
 �jn�� b ���a~:¤�~%�%É�¦¨�I����¢����K~%���A����~%��~�a~%��������}���� ����������~³���I�����N���Q��~:¤I~:�,�$É��I� ����~%��~È���´¥�����}»�$���M������°�~È}I���������,�K~%~%��ÉJ������K}I~:�³«�� h � ®
 ����I���������K���I�����]°J~£�:�I���K����~%��~%� �
ãAä[® ¯�°Míjï`õÏ÷$ì ï`îAð'ù¹ò ì ÷`°M÷$î²± ì ï¸ù±ô'ó{õrï`ô
� ��~È¤�������~:�¸��¦a©jªg� ª£�����º����~±�����´�������á�%���������K���I���2�I°��=������~%�º¦¨���I� ����~È~7¥���~%�K����~:�,�=����N�¡�=�»���K��¤�����~³����â��%��~%�,������¦¨�I�����¡��������¦¨�I���K��~`������~:�����¿°�~`�����K�=��~%�?�K�¿�K��~£~7¥���~%�½ ����~:�Q� � |èÂ��K�K����}]�������:~%�����K~¿���`����~%�
���]��~:�K~%��������~±����~¿������~%�'�N��������~:�K~%�K�£��������}
³ �Q���������$É ����°J~7¦¨�I�K~v«���~%~���Å �´i ® �#� ��~º�����=�
���K~:�L���j¤�~%����¦ ¢Z����~Ç�
���¡ 
�%�������I��~:�Q�������~%���È����~�������~:�Ã¦¨�K�I� �Ç�N����~%�¹����°������K��~:�Ã°,¢
|¸���Q���Ã�����Ã���I���½����~7¢5Ë ²%Ì�� |2���Q���
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µ ����~:�K�Ò��� µ �I�Ò���a¤I�I������~�«¨�%��¶;®��� 
 �´²I²��� 
 �jicn· ° ² � �o~;n� ��°���~�
 ��²cb µ �I�Ò����¤I�I������~:��¦¨�I�����áÉJ���%É · °Ç��� i _ ~¹¸ ~%��¤���� �

���������������K��~:¢»���K~��¸¤I~:���K���$���N���K�K�K�´���I�§���`��~%�=�N�������$������¢È��������¢£�
���£���´þ�~:�K~:�Q�Ï��������~%����´¥������K~%�:É����»º ²¬Ô ¤I��� ¨ · °{�����
���»º ²¬Ô ¤I�I� ¨ ��� �¸� ��~¹�N�����K���:��~³�K��¼:~±�N����������°������K��~:�°,¢
|¸�������
�����[���������K��~:¢
�N���³�N���½�����%�������¸¤�������~����
�K�����£�:�I�,��~7¥��¹°J~:�$������~��´�È���³���7 �:�I����������~:�]°Q¢]��~$���K����~%��~%�,������¦'�������K���%��~*�%�������I�K�´�����I� �'� �������N���=�»�����2��°��=������~%�°,¢[�½������¢�����}
�¾�K~%���K~%��~%�,�=�¡����¤�~M�K��������~A��¦2��������~%�¿�N���������%��~%�±��������}C���.Î Ê Í ��¢��� �K~%�ÇÉ���~$�������K����}¹����~*�%�I�����I�K�´����������¦§~%���=�?��¦�����~¸�N�����K���:��~%�a�����K���K� �r� ��~:¢��%�Ò���K�K�´¦ ¢�N���������%��~%������~%�´����~:��~:��~%��~%�,�����?©ÈÉ�~:��~%��~%�,�����Yª �I���:�I�����I������~2���:�%�I��������}È���±�:~%����������:�I�����I���������I�[������~%�����I����� � | �N���������%��~Ç�����:�I���,��~:�#����~%��~:��~:�,�=���2���L�´¦¸����~¾Î Ê Í��������¢��K������~:�����K����� _ Ô;¨ �����K�´�
¢���~$��������}±����}I��~$���K~%� �r� ��~¸������~%�����I���A¦¨�����¹�����K~ · °�I�È���³�N���½�����:��~»���³��~:�È�����a~%�%É0��� _ � ¨A� |¸���r������~:�£�N�����K���:��~%�£���K~��%�Ò���K�K�´ÂN~%�j���£�%���¿ ���I�K�´��~ ��Ñ �³���³����}I}I~:���K~%�j�K�N���£����~�°����=�Q}I�K�I�����v����}I�N���'}I~%��~%���¡��~%�j°,¢j���j������~:�K��������A����~`�K��������~¸���I����~:�½¼����½����Â�~%������~`����}I��~%���K���K~:�K���I���A¤�������~¸��¦ _ Ô;¨ ���K~:�Ç�K�»��~:ÂN��~�¿������~¹���Ç�N���½�����%��~ �� ��~±�������K�K��°��������I�����$�����%��������~:�¾°,¢º�I���*������~:�0�%���¾°�~±�%�I���N����~%�¾�K�A|¸�������¾��������I��������~:¢�¾ �AÂ���������}I���K�v��~7��~%��������~]����~:�K��~%�A�K��~M�
�a�� 
�:�I���J�I��~%�,�A������~%�������:�%�� �K����~:��¢M������~%�0���Ð¥�����}A����~%������~:�N� �À¿ ��~%�C����������}A�������*�:�I�������K���K�I�¾�´�`���¸�����J�I�� �����,�����±������~����N���a����~*Î Ê ÍÄ���N����¢���~%����~$�������K~2����~2���K�I���I�½����������¦����´þ�~:�K~:�Q���������������~%��~%�,�³���¾����~±���¡��~%���Ò��� � ���I���K~%���J����������}A¤I�I������~7�������¹��~%���%~:�Q����}I~:�³�%���C°J~¹�$�����%�� ������~:�¾���K����}A����~±�����Ò��� ¤I��������~%�*���K~%��~%�,��~:�C��� � ��°���~¹
 �´²I� b �$¤�����}A�K~7�`¤I�I������~7��������K���K~:�K���I�����%Éµ����~?�:�����½��~:�K�¿�%�I���%~%�,�K�����K���I���¿�%�����:���Ò���K~%�[°,¢Ã�K��~]������~%�a�$���H°�~?�K��°� 
¼�~:�:��~:�?���»|¸���Q���?�����Ç���I�����K��~:¢�¾ ���%�Ò���K�K�´ÂN�$�¡���������������:~%������~£�����A�K��~`�K~:�K���´�����%���?°J~�:�I�������K~:�Ç�K�¿�K��~%��� ~7¥���~%�K����~:�,�=����~:Á�����¤�����~:�,��� �
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 �jiÈb�Æ °��=����������}º������~%�µ�N���K����~:��~:�K�±°,¢jÂ��K�K����}º�K���=�����N���½�����%��~��K��¼%~?���v����~������~%�Ç«¨Â��K��~:�t¦¨�����7�����I�·®º���9�N�����9¦¨�K��� |¸�������t�����¶���I��������~:¢�¾ �Ã���»º ²¬Ô ¤I�I� ¨ ���������������}È~;¥���~%������~%�,�¹«�~;¥���~%������~%�,�=�����N���=�I® �ãAä	É ¯�°Míjï`õÏ÷$ì ï`îAð'ù¹ò ë�é�ì í¾ù¹õÏ÷$ô¯é�î
� ��~ �����=�����K~:�K~%�,�K~%��°Q¢È|¸���Q���±�����¿���I���½����~7¢±�N���'°J~:~%�»�������:~%���K~%�¿��������}�����~���~7���� �����¸������������~:�¾��°���¤I~ � ����~7¤I~±����¼:~¹��~$�������K~:��~:�Q�K�`����~¹�%���Q¤�~%�½��~%�{�K�A��~%����¤�~¹�K�����=��°���~¤�������~%�*¦¨�I�³©
ªg� ª³¦¨���I�Ú�K��~¿~7¥���~%�K����~:�,�=���'�����=� �¹� ��~%��~�¤�������~%�£����~»���K~:�
�K�?Â��`����~������~%���N��������~7��~%���%ÉÈ�¿����� � «�������~%� ² ®µ���ÀÊ�·É?Ë�¿����� � «¨������~:� i ®Ï°,¢����K�I}�������������}~:Á����������I���¸«@� �on �,®'�����¾«�� � ÔRn ®'���,��� ³ ����������� �¯� ��~�������~%�Ï��¦�°J~:���ÏÂ��a�K����������� À ��}����K~
 �ji ����� À ��}I���K~À
 �on ���K~³�I°��=������~:�º���Ç������� ���$¢ � ���I���K~%���J����������}A�N���K����~7��~:��¤�������~%�����~£�K�������º��� � ��°���~�
 �ji��Ì ��¦¨���������N����~:��¢�É�����~£��~%�K����������¦§����~`Â���������}¿���K���%~:�����K~È����~³������}I����� �r� ��~³¦¨�K���7 �K���K~È�����K~%�����K�������:~%�{����~È��~%},���K��¤�~�É�~7¥��%~:���*¦¨�I��������~:� i ���´���º�����=�¿¦¨�K�I�x�K��~±���3º²¬Ôc¨ ����~;¥���~%������~%�,� �§� ����������������~%�J�K�N�����K��~r°N���������%~r°�~:�
�a~%~:�È�a~%��������}������£¦¨�K���:�K���K~~7¤I~%�,�K�����±�K��~ �����I�J���K~%�¿������~%���¯���¯�K������~%�»�����`��~%��¤�����¢È���±¦��$¤I�I���µ��¦�¦¨�K��}I��~%�,�=�¡�������áÉ�I�0���N���¯����~ ���K�K����~:���������K�K��°��������I�¹��¦�¦¨�K��}I��~%�,���¯���¯���N�������K�I�����Ò���K~ �§Ñ �r���0�K~%���K�I����°���~�K�N���¸���½���K����}�¦¨�K��}I��~%�,�=���K���I�]��~%�K��~%�§���������K~£�K���´��~:�M����~7¥���~%�K����~:�,��������~%��~¹���I�K~°�����������~*�������¬¢�������~`�%��~$���K~%�áÉ·�K���=�¾���2���»º ²�Ô ¤I�I� ¨ ��� �· ���
���´�����½�=����������}A�K�����¸�����K�������I���,����~%�,�%Éá������~:� i �N���£°�~%~%�
����������~%�¾���?|2���Q���
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JL\RMPÁzÂqÃqÄ8ÅÈ_qÇÀ ��}I����~¹
 �onÍb£Æ °��=����������}A������~:�'�N���K����~:��~:�K��«����£��°��¬¤�~�®2¦¨�I�`�����=�A¦¨�K��� |2���Q���C��������I��������~:¢�¾ �*���»º ²¬Ô ¤I�I� ¨ · °]������������}¹~;¥��J~:�K����~%�,� �

Î¯¥��J~:�K����~%�,� � ����»º ²¬Ô ¤I�I� ¨ ��� ² � ² Å3
tÎ ² � f»Ï � ² � � n�² Î ² � f»Ï���»º ²¬Ô ¤��I� ¨ · ° ² � Ôc~ 
tÎ ² � f ¶ � Å � Å _�_ Î ² � f»ÏJBKNMPÁzÂqÃqÄ8Å�Æ`Ç
Î'¥���~%������~%�,� Ê� Ë� ����3º ²¬Ô ¤��I� ¨ ��� Å � ÅW�;
TÎ ² � f ¶ Ô � � i�² Î ² � f3Ð n � 
 i�² Î ² � f»Ñ���»º ²¬Ô ¤I��� ¨ · ° ² � Å _ n Î ² � f3Ð Ô � ²qn �tÎ ² � f ¶ � Å � i � ~ Î ² � f ¶JF\cMPÁzÂqÃqÄ|ÅÈ_¥Ç

� ��°���~Ò
 �jiÈb]Ó ��������~:�K~%��¤�������~:���I°��=������~:�È°,¢`Â���������}��K��~a������~%���á���¸|2���Q���³�����»���I���½�� ��~7¢�¾ ��������������}È~7¥��J~:�K����~:�Q�K� �



Õ��vuxw¸Ö0×ÏØÚÙqyH×'ÛzwÏ×ÏØ�Ü|{M×µÝ»Ö}u¸Þ9Õ ßv{Uw?u*Ø�Ü½àáß Ý ²¥icn�����Ã���I��������~:¢�¾ �¹���»º ²�Ô ¤I�I� ¨ ���³�����=�A���]��~7��~:�K������~»����� ��~:���'����~�������~%�'���������:��K��~»~7¥���~%�K����~:�,� � À ��}I����~¹
 � Å?�K�������`����~»�%��������~:�`�K��¼%~»������������°������������¸�%�����:���Ò���K~%�¾°,¢�K��~�������~:� ��� ��~��:�����½��~:�¯������������°����������È�%���±°�~��K������~%�¹�����I��}¸������~%�§��¦N~:ÁQ�N����¤��I������~�����[�%�I���N����~%�v�K�¾~7¥���~%�K����~:�,�=���a�K��~7¤I~:�[�K��¼:~A������������°������������ �M� �����±�:�I���N���K���K�I�j���������~±��� À ��}I���K~T
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¢¸��¦���~%�=���������%���,��������¢I~:� · ��|2� ��³ S2Q¼V�½8¾R¿4VyS2¸�À�Á¶¸�ÃtVY»£É¬| ²�Ô;iÈb´² �;�¥º² � Ô É ²31Z1Wi��Ë i � Ì µ �q²�� À ��~%~:�
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 Ô��Ë nWi¡ÌÇ>È�_> �N����}�É µ � Ó§�ÏÊ �����������I�K~�É ²��«Ó ���áÉ������ Ó§� ³ � µ �����I�������=� � |¸�H���,¤�~%�½ ����},���K���I�{��¦µ����~�~7þ�~:�:�È��¦���������~%�³�I�C����~������N���7�£�=�N�������:��~:�K���������%�£°�~:�
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·�S2¸�¹ºVM»£É i ��| bji Å n�² º i Å n,Ô É ²31Z1,Ô��Ë Ô � ÌÈÊ±� � � µ ���������:~¾����� �`�T>È� ���I���½����~7¢ � µ ����~%������}j��¦£��~%�=�N�������$���¸��������¢�����} b
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 1 É ²31Z1 � �Ë Ôcn�ÌÈÊ±� � � µ �����K���:~Ï����� �`�3>È� ���������K��~:¢ � µ ����������}���¢��N�������:� b]Ó ����� ÑKÑ�Ñ=�$Ñ �,��~:}I�����K���I���¦������$���,�����È}����I°N���I������~:������} ��¦���~%�=���������%���Q��������¢�����} ��~7¤����%~:� ��³ PRQ¼S2U�UWV ³ S2Q�PR·IVµ
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