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� g�}~�n}�t~d5fhg5}��-wDfhzeqxg��|g5}
�X�vw���g�t���w{fhw{�vg

�"r{zez=w{�~t � g��vg5��b�g�����beg�y=��D�{�{�#j���pemoy����{�D��j����)z�r��Dg5}

�����5���u�e�{�{ �¡ ghmoyMt~�vw � p��-g)mxyeb�w{fhw{�Dg�yeg5w{p�}5¢�}�pe£]}�tv�vr�t~g � g�z=g�y � g5yMt���g�qoq � mx¤nms}�mow{y#mxySr�y�w{yeqomxy�g5r��
f r�t~�vm¥�¦fhw � g�q§w�¨�}~mo©�g-ª«}�t~�vp��Ptvpe�~g � z=w{zep�qor�t~mow{y¬�{�vwuct~b`moy®t~beg¯��beg5fhwD}�tvrut°¢X±���}�t moyMt~�vw � p��-g � £n�
² r{�{g®³�´�µu¶o·¹¸»ºZ¼�r�y � qsrutvg��+r�y�r{qx�n©5g � £n�½knfhm¥tvb¾¸o¿{¿P¼ÁÀ ¡ gÂ}�b�wu¹t~b�r�t�f r{}v}���w{y�}~g��v¤urutvmxwDyÃmo}
¤Dg��vm¥±]g � ¢�r�y � ��w{y���qxp � g�t~b]rut�wDpe��}~�n}�t~g5fÄr � fhm¥t�}ÅwDyeg�yew{yÃ©5g��vwW�{qow{£�r{qxqo�`}�tvr{£eqxgÆg5ÇMpemoqxmo£e�vmxpef+¢
�b�mo��b�	g/g��nz��~g°}~}�g��|zeqxms�-mxt~qo�{À ¡ g/t~beg5yÆze�vw|�-g�g � t~w�}~g�¤Dg���r�q8ynpefhg5�~ms��r{q�}~mxf)peqor�t~mow{y�}5¢]r{y � £e�vmxg�È��
��w{fhz�r{�~g�t~beg�z��~g � mo�-t~mow{y�w�¨t~beg�fhw � g5qTt~w � r�tvre¢|�b�wD}~g�wD£|t~g5yMt~mow{y��g � ms}~��p�}v}�À
É�ÊMËTÌvÍ/Î �uÏ�{  ��b�g�fhwD}�tvr�t5¢e}�t~�vp��Ptvpe�~g � fhw � g5qB¢ � mo}v�-�vg-tvg�fhw � g5qB¢emoyebewDfhw{�{g5yeg�wDp�} � mo¤Mms}~mxwDy�}~mx©5g
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 �  � w{p�}§mxyMtv�~w � pems}~w{y�}�p�yeg � mo¤nmo}~mxwDy¯�-g5qxqopeqsr�mo�~g�yewDy�bew{fhwD�{d�y�g�g�t ��� z]g5y � r{yDtvg � p¯}~pe£|ª
}�t~��rut � r{y�}9peySf*w � d5qxg f r�t~�vmo��mxg5qy�w{ySqxmoy � r{mx�vg � ghz]wDzepeqsrutvmxwDyS}�t~�vp��Ptvpe� � g*g�y#tvr�moqoqxgDÀ���ghf*w � d5qxg
��� wD�~mo�{moyeg{¢umoyMt~�vw � pemxt�z]r�� ² r��Dg{¢ ¡ moqxqomsr�f }�g-t��"wD��tvw{y�¸»ºZ¼\¢�g�t � t~p � m � z�qxp�}t�r�� � r{y�r�qo�Mt~msÇDp�g�fhg�yMtXz�r��
k|f*mxt~b�¸o¿{¿-¼\¢ ��� ���~mxt�qsr��-�vw{ms}~}vr�y���g � g�fhmo���~w{ª\wD�~�Mr�yems}�fhg°} � r{y�}XpeyÅ��b�g�fhwD}�tvr�t5À � w{p]}Xfhw{yMt~�vw{y�}XÇMpeg
qsr*�-w{y]}�g5�~¤urutvmxwDy � g9qsr*fhrD}~}~g�g5}�tc¤ � �vm¥± � g�z�r��cqog�y�w{pe¤Dg5r�p�fhw � d�qog{¢|g-t"z]r����-wDy�} � ÇMpeg�yMt��-w{y]�-qopew{y�}
ÇMp � moq�r � f*g�t§pey � ÇDp�mxqomx£��~g�yewDy+t~�vmx¤nmsr�q8�DqxwD£�r�qog�fhg5yDt§rD}��nfhz|tvw�t~msÇMpeg�fhg5yDt�}�t�r�£eqog{¢=ÇDp�g�yew{p�}§g-�|ze�vm¥ª
fhwDy�}"r�y]r�qo�DtvmoÇMpeg5fhg�yMt5À � w{p]}�ze�vwn� �5� wDy�}cg�y]}�pemxt~g� ÇDp�g�qsÇDp�g5}"}~mxf)peqsrut~mow{y]}cyMp�f � �~msÇMpeg5}5¢eg�t��-wDf)ª
z]r��vw{y�}�£e�vmod�¤{g5fhg�yMtXqxg°}Xze� �5� ms�PtvmxwDy�} � p fhw � d�qog�� � g°} � w{y�y � g°}�¢ � w{yMt�yewDp�} � ms}~��p|t~wDy�}Xq � wD£|t~g5yMt~mow{y8À
� Î �°� Ì ��� � ��  ��beg5f*wM}�t�rut°¢Mfhw � d5qxg°}"}�tv�~p]�Pt~p�� � }�¢|fhw � d�qog � ms}~���~g�t5¢ntvr{mxqoqog � g � mo¤Mms}~mxwDy�moy � �Mr�qog
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� ��b�g�fhwD}�tvr�t�mo}�r���w{yMt~moynpew{p]}��-peqxt~pe�vg � g5¤nmo��g mxyÂ�bems��bÂw{�v�Dr�y�mo}~f }��×£�rD�Pt~g5�~msre¢�zebn�Mt~w{z�qor{y��Mt~w{y��
�D�~wu�¢}�p�£efhm¥t~t~g � t~wÆr�È�wu w{¨cynp|tv�~mog�yMt°À¯��b�g�fhwD}�tvr�tv}�b�rZ¤Dg £]g5g�y¦g��nt~g�y]}�mo¤{g5qx�S}�tvp � mog � f rutvbeg-ª
f r�t~ms��r�qoqo���B}�g5g�¸o¿°�°¼��P¢=f r�moyeqx�+p�}~moye�Åw{� � moy�r��v� � m��Tg��vg�yMt~msr�qg5ÇMp�r�t~mow{y�}5À"acbeg)�{qow{£�r{q8£]g5b�rZ¤nmxwD�§w{¨Xr
��b�g�fhwD}�tvr�tcms}c	g�qoq��nyewu�y8¢|p�}~mxy��*fhw � g5qo}"}~p���b+r{}	tvbeg��+w{y�w � fhw � g�q8wD�ct~beg ���vwMwDz�fhw � g5qBÀ"!	p|t
tvbeg5}~g9fhw � g�qs} � g5}v�-�vmo£]g�t~b�g�£]g5b�rZ¤nmxwD�	w{¨�tvbeg9t~w{tvr{q�£emxwDf r{}v}�w{¨�tvbeg�}~�n}�t~g5f+À
# yeg/w�¨t~beg)z]wM}~}~mx£�qxg�crZ�|}	t~wÅ�Mr�moy�¨×p���tvbeg����My�wu�qxg � �{g9w{y�tvbeg/£=g�b�rZ¤nmow{��w{¨X��b�g�fhwD}�tvr�tv}cms}�t~w

p]}�g9}�tv�~p]�Pt~p��~g � fhw � g�qs}�¢ � g°}~���~mo£emoye��tvbeg�g5¤{wDqxp|tvmxwDyÅw�¨�t~beg9z=w{zepeqsrutvmxwDyÅmoy�fhw{�vg � g�tvr{mxq\À"�+w{�vg�wu¤Dg��°¢
mxt�ms}9yewu z=wD}v}�mo£eqog*t~w+w{£|t�r�moy#qow{y���tvmxfhgÅ}~g��vmxg°}9w�¨c}�tv�~p��-t~pe�vg �S� r�tvr�¨×�~wDf ��beg5f*wM}�t�rut�}�v³5·%$M·�t~beg
r{p|t~wDf rut~g �Æ� g5¤nmo��g � g°}~���~mo£=g � moy`¸ i�¼Á¢��bems��bÆ�moqxqX£=g � g5}v�-�vmo£]g � fhw{�vg�tvbew{�vw{pe�Dbeqo��moyWkng5�-t~mow{y#�&�PÀ
acb�g��vg-¨×w{�vg{¢"��w{fhz�r{�~ms}�wDy&w�¨�fhw � g�q�£]g5b�rZ¤nmxwD� t~w`t~beg � r�tvr¦}~bew{p�q � qog5r � t~w®�~g�±�yeg�fhg5yDt�}�w{¨�t~beg
fhw � g5qo}9¸ �u¼ÁÀ

�§wu�g5¤{g��°¢�}�t~�vp��Ptvpe�vg � fhw � g�qs}"w�¨�tvbeg/��beg5f*wM}�t�rut§r{�~g�qog5}v}'�nyewu�y8À(�+wM}�t§	w{�)�|}cw{y+tvbeg�qsrut�tvg��
p]}�ghz�r{��tvmor{q � m��Tg��vg�yMt~msr�qXg°ÇMp�rutvmxwDy�}�À*«y¬¸ ��¼Kr�}~mo©�g }�tv�~p]�Pt~p��~g � fhw � g�q�ms}9ze�vg5}~g�yMt~g � ¢��bems��b#ms}9g-�nª
tvg�y � g � t~w�t~beg��-wDfhz]g�t~mxt~mow{yh��r{}~g	mxy�¸ +Z¼\¢��b�mxqog9¸x¿°�Z¼emxyMtv�~w � p���g5}�-g5qxqe���n��qxgc}�t~�vp��Ptvpe�vr�t~mow{y8À��"wu	g�¤Dg��°¢
tvbeg9f rut~b�g�f rutvmo�5r�q�r�y�r{qx�|}~mo}	w{¨8t~beg°}�g9fhw � g�qs}cms}cw�¨ t~g5y�b]r�� � �×wDyeg�w�¨ t~g5y�b]r{}	t~w*�vg � p���g�t~beg9fhw � g�q
tvw�r{y # �-,S}��|}�t~g�f £M����w{y�}~m � g��vmxy���fhw{fhg5yDt�}w�¨�tvbeg � g�y]}�mxt����P¢{}~w�rD}t~beg5mx��ynpefhg��vms��r�qnmoyMt~g��D�vr�t~mow{y8À
� yew�tvbeg����Mmoy � w�¨�}�t~�vp��Ptvpe�vg � fhw � g�qoqxmoye�Åms}ct~b�g�p�}~g�w�¨ � ms}~���~g�t~g9t~mofhg{¢ � ms}~���~g�t~g�}�t~�vp��Ptvpe�~g�}~�|}�ª

tvg�f }.�@}~g�g*¸ ��¢|��b�r�z|tvg���}§¿9r�y � �u¼T¨×wD�cr/�~g5¤nmxg5½w�¨�}�t~�vp��-t~pe�vg ��� mo}v�-�vg-tvg§fhw � g�qs}/�P¢ ¡ bemoqxg�tvbeg�f r�t~b|ª
g5f rut~ms��r{q=r{y�r�qo�|}�ms}�w{¨�}~p���b�}~�n}�t~g5f }��5r�y�£=g9r{}Kt~g � mxwDp�}�rD}KmoyÅtvbeg9�-w{yMtvmxynpewDp�}��5r{}~g{¢Dt~beg5� b�rZ¤{g§t~beg
r � ¤ur�yMtvr{�{g�t~b�r�t�t~beg5��r��vg9g5rD}��htvwÅ}�mof/peqsrutvg{À
knp]��b)r"fhw � g5qB¢Ztvmxfhg � ms}~���~g�t~g�r{y � }�t~�vp��Ptvpe�vg � moy/£emow{f rD}~}0�@}~mx©5g����-qsr{}v}�g°}�¢°cr{}�mxyMt~�vw � p���g � moy�¸ º°¼

£n� ² r��Dg�³�´�µu¶x·oÀ�acbeg5�9}~bewu	g � tvb�rutXr§}�tvr{£eqxg � mo}�t~�vmo£ep|t~mow{y)w�¨|tvbegK£emow{f rD}~}�mo}�vg5r{��b�g � ¢°mxy/�bemo��b/t~beg
£�mxwDfhrD}~}�ms}��w{y�}�tvr{yMt�r{y � g°ÇDp]r�qM¨×w{�Xr�qoq|}�mo©�gc�-qsr{}v}~g5}5À�acbeg��)r�qs}�w�}�tvp � mog � yMp�f*g5�~ms��r{qxqo��t~begcmoy|È�peg5y��-g
w{¨8¤ur��vmxwDp�}X¨@rD�Pt~wD�v}1�×ynpef/£=g��	w�¨}�mo©�g§��qorD}~}~g5}5¢�È]wuÃ�vr�t~g���w{yhtvbeg���w{yn¤{g5�~�Dg�y���g�}�z=g�g � À ��rutvg��°¢nk|f*mxt~b
¸o¿{¿-¼X��w{�v�~g°�Ptvg � r�fhmo}�tvr2�{g)mxy#t~beg*¨×wD�~f)peqor�t~mow{y#w�¨�tvbeghf*w � g5qB¢�}�bewu	g � fhr�t~beg5f rut~ms��r{qxqo�+t~b]rut9t~beg
g°ÇMpemxqomo£e�~mopef ms}��DqxwD£�r�qoqx�Å}�tvr{£eqog{¢er�y � r{qo}~w*mxyMt~�vw � p���g � �-w{fhz=g-tvm¥tvmxwDy8À
!	p|t9t~b�mo}�fhw � g�q�ms}�£]r{}~g � wDy#r�¤{g��v��}�tv�~wDye��rD}~}~pefhz|tvmxwDy�3§r�qoqX�-g5qxqs}9r��vg/£=w{�vyÆ�mxt~b¯tvbeg }~r{fhg

£�mxwDfhrD}~}54Z¢Kr{y �`� mx¤nm � g��b�g�y¦tvbeg��`�~g°r{��b¦£emow{f rD}~}5624ZÀ ² r{�{gW³-´/µ�¶x·®w{£|t�r�moy`£emow{f r{}v}*}�z=g5�-t~��r
�b�mo��b+�vg5}~g�f/£�qxg�t~b�g�g-�|z=g��vmxfhg�yMt�r�qoqx�ÅwD£�}~g��v¤{g � }~z]g°�Pt~��re¢�£ep|t§£n��p]}�moye�ht~b�g�r{}v}�pefhz|tvmxwDy�t~b�r�t"t~beg
£�mxwDfhrD}~}	moy+g5r{��b+�-qsr{}v}	mo}"qxwD��ªÁyew{�vf r�qoqx� � ms}�tv�~mo£ep|tvg � ¸o¿5�Z¼ÁÀ
acbeg�r�mof w�¨	t~b�gÅze�vg5}~g�yMt��wD�7�Æmo}9tvw�g-�nt~g5y � t~b�g f*w � g5qKw{¨ ² r{�{gÆ³�´9µ�¶x·�t~w+tvbeg���rD}�g �b�g��vg

��g�qoq � mo¤Mms}~mxwDy8�Br�y � �-wDy�}~g5ÇMpeg�yMtvqx�D¢��-g5qxq�£�mx�~t~b9�9�5r�ySb�r�z�z]g5y#¨×wD�/�-g5qxqs}9moyÂ}~g�¤Dg���r�q�£emow{f r{}v}9�-qsr{}v}�g°}�¢
� mo}�t~�vmx£�p|t~g � r��vw{pey � r+fhg5r{y � mx¤nms}�mow{yÂ£emow{f rD}~}5À;:§}~moye��t~b�mo})r�zeze�vwDrD��b8¢�tvbeg � mo¤nmo}~mxwDyÂze�~w|��g5}v}9mo}
moy���qxp � g � mxy)t~begcfhw � g�q\À�acbemo}ms}X�-qowD}~g�qo�9�~g5qor�t~g � t~w�t~b�g	fhw � g5qo}w�¨¸ �u¼�r�y � ¸x¿°�Z¼\¢{�beg��vgKtvbeg � mo¤Mms}~mxwDy
��rutvg9mo} � g�±�yeg � p]}�moye� r*ze�~wD£�r�£�mxqom¥t�� � g�y�}~mxt��{À
acbems}"z]r�z=g��"ms}�w{�v�Dr{yemo©�g � r{}	¨×wDqxqowu"}<3X±���}�t°¢e�g � g��vmx¤Dg9w{pe�"fhw � g5q�¨×�~wDf tvbeg�w{y�g�w�¨�¸»º°¼\¢]mxyMt~�vw�ª

� p��-moye� � mx¤nms}�mow{y�¨×w{�c�-g5qxqs}	w�¨ � m=�Tg��vg�yMt"}�mo©�g°}�À ¡ g�tvbeg�y+r�y�r{qx�n©5g"t~b�g�fhw � g�q?>|p�}~mxy��/tvbeg�¨@r{�Pt	t~b]rut�m¥t
��w{y�}~g��v¤{g°}8tvbeg�f r{}v}�¢{�g�r��vgcr�£eqog	t~w9¨×w{qoqowuWt~beg"r{y�r�qo�|}�ms}w�¨�¸x¿D¿P¼�r�y � tvw��-w{y]�-qop � g	t~w�t~b�g�g-�|mo}�t~g5y��-g
w{¨�rh�DqxwD£�r�qoqo�Å}�t�r�£eqog�yew{y�tv�~mo¤nmor{q8g5ÇMpemoqxmo£e�vmxp�f�¢��bemo��b+	g���b�r���r{�-t~g5�~mo©�gDÀXker�fhzeqog�g5ÇMpemoqxmo£e�vmxpef � ms}�ª
tv�~mo£ep|tvmxwDy�}�r��vg�t~beg5y�}�bewu�y�mxy¯kng°�PtvmxwDy+��¢er{}c	g�qoq8r{}cg��|r{fhzeqxg°}cw�¨�t~beg9tv�vr{y�}�mog�yMt�£=g�b�rZ¤nmow{�cw�¨t~beg
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fhw � g5qBÀ��mxy]r�qoqx�D¢Mz��~mow{�Kt~w�tvbeg � mo}v�-p]}~}~mxwDy8¢M£emxwDqxwD�{ms��r{q � r�tvr�ms} � mo}v�-p]}~}~g � ¢|r{y � £e�vmxg�È�� �-wDf*z]r��vg � t~w
fhw � g5q�ze�~g � ms�Pt~mow{y]}�À
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fhwD�~g9y�r{�~�vwu�À

�mo�{pe�vg)º*moqxqop�}�t~��rut~g°}ct~b�g�£]g5b�rZ¤nmxwD��z]wDmxyMtvg � w{pet§mxy¯���~wDz]wM}�mxt~mow{y¯�|À i�Àcacbeg�z�qor{mxy��-p��~¤Dg�}�bewu"}
tvbeg�}�tvr{y � r{� � g°ÇDp�mxqomx£��~mopef � ms}�tv�~mo£ep|tvmxwDy8ÀXacbeg � rD}�b�g � ª � w�tK��pe�v¤{g§}~bewu"}��b]rut�b]r�zez=g�y�}��beg5y t~beg
z��~wDz]wD��tvmxwDyÅw�¨���g�qoqo} � mx¤nm � mxy��)ms}cw{yegD¢nmxy+r � mx¤nms}�mow{y��-qsr{}v}Ktvb�rut�ms}	yew�tct~b�g�qsr{}�t<3tvbeg��vg�r{�~g�yew*fhw{�vg
��g�qoqo}"mxy�t~b�g��-qsr{}v}�g°}	¨×w{qoqxwu�moye�*t~bems}"��qorD}~} �B�-qsr{}v}�¿5�M��wDy�tvbeg�±��Dpe�vg��PÀ # y�tvbeg�w�tvbeg���b]r�y � ¢�m¥¨�¨×w{�"r
��g��~tvr{mxy*ynpef/£=g��Xw{¨ � mo¤nmo}~mxwDy*��qorD}~}~g5}5¢utvbeg��vgcmo}�yew � mx¤nms}�mow{y8¢{�gcw{£etvr�moyhr�y*g5ÇMpemoqxmo£e�vmxpef � ms}�tv�~mo£ep|tvmxwDy
qom �{g tvbegÅw{y�g��-wD�~�vg5}~z]wDy � moye�+t~w¯t~beg � r{}~beg � ��pe�~¤Dg �×y]r�fhg � [�qor�t~g � mx¤nms}�mow{y ] � ms}�t~�vmx£epet~mow{yWmoyWt~beg
±]�{pe�vg�� 3���qorD}~}~g5}�r{�~g [��~mo�{bMt"}�b�m¥¨ tvg � ]P¢�r�y � tvbeg��vg�r��vg9yew �-g�qoqs}�ze�vmxwD��tvwht~beg���qorD}~}c��w{�v�~g°}�z=w{y � mxye�)t~w
tvbeg9±���}�t�yewDy�©5g��vw � mx¤nms}�mow{y+�-qsr{}v}5À
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�mo�{pe�vg9º 3X��wDfhz�r��vmo}~w{y w{¨�r/}vr�fhzeqog � mo}�t~�vmx£�p|t~mow{yÅ�mxt~b�t�	w�g-�nt~�vg�fhg���r{}~g5}-�@r{qxqT�-wDyn¤{g��~t~g � t~w*�-g5qxq
ynpef)£]g5�v}/�PÀ�acbeg � mo}�t~�vmx£�p|t~mow{yhcr{}���w{fhzep|tvg � p�}~mxye�/�{�{��}~mx©5g"�-qsr{}v}�g°}(� � �9£emx�~t~bÅ��qorD}~}~g5}5¢�iM���D�~wuctvb
��qorD}~}~g5}�r�y � � � � mo¤nmo}~mxwDy#��qorD}~}~g5}/�PÀ��X�vg�f r�t~pe�vg � mx¤nms}�mow{yS��r{}~g23	��� 2 #�" ' ) �{À��rutvg � mx¤nms}�mow{yS��r{}~g23
� � #�" 'd)Z�)¨×wD� Ld) �`DHFGFHF�D����eÀ
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�mo�{pe�vg � 3�k|r{fhzeqxg � rut�r/}~g-t	w�¨�� 	 ��$ ´ ���� � µ �*� $ ·oÀ�acbemo}	}~g��vmxg°}��vg�ze�vg5}~g�yMtv}Xt~be�vg�g��g5g �|}�w{¨���beg�fhw�ª
}�tvr�t"�-peqxt~pe�vg{À�acb�g��vg9r{�~gh¿°�{�*}�mo©�g��-qsr{}v}~g5}5¢D¨×�vw{f �fF &)(\* t~wY��&)(\*SÀ

� ��� %Æ
�������
"./��,)!#��,9��,

� }		rD}Kfhg�yMtvmxwDyeg � mxy�t~beg9moyMt~�vw � p��PtvmxwDy8¢n�g�b�rZ¤{g�r{�5�-g5}v}Kt~w*¤{g��v�hqxwDye��tvmxfhg�}~g��vmxg°}Kw{¨�}�tv�~p]�Pt~p��~g �
� rutvr/¨×�vw{f r*��beg�fhwM}�t�rut5¢|}~p���b+r{}�t~beg � r�tvrD}�g�t�}~bewu�y�mxy3�mx�Dpe�~g � ÀXacbems} � r�tvr{}~g-t��-wD�~�vg5}~z=w{y � }Kt~w
tvbeg�r{qx�Mr�q�}~z=g5�-mog�� 	 ��$ ´ � �� � µ � ÀKacb�g"f ru�|mxf r{q]�D�~wuctvb*��rutvg"w�¨�tvbems}�}~z]g°�-mog§ms}�( � -�
 ) �7F�� � rZ� 
 A ¢
��w{�v�~g°}�z=w{y � mxy���t~w r*fhmxy�mxf r�q � w{pe£�qxmoye�*t~mofhg�w{¨�r{zeze�vwZ�|mxf rutvmx¤Dg�qo�hw{yeg � rZ�D¢nr{y � t~beg�b�r{q¥¨X}vrut~p��vr�ª
tvmxwDy��-wDy�}�tvr�yMt	mo}�¿�( ��w{q\À�acb�g � moqxpet~mow{y���rutvg§moyÅtvbemo}	g��nz=g��vmof*g5yMt�cr{}	�eÀ i � rZ� 
 A ¢|r�y � t~beg�moyezep|t
��w{y���g�yMt~��rutvmxwDy�cr{}����D� ( ��w{q\À

��g-tXp�}�yewu¬}�bewD��tvqx��fhg5yDtvmxwDy)b�wuWt~bems} � r�tvr�mo}wD£|tvr{mxyeg � À�acbeg���beg�fhwD}�tvr�tms}¨×peqoqx�)r�p|tvw{f rutvg � ¢
£=w�tvbhw{y*t~beg�wDz]g5�vr�t~moye�9}�m � g"r�y � wDy/tvbeg"fhg5rD}�p��~g5f*g5yMt�}~m � g�¸ i{¼\À�acbeg � moqxpet~mow{yh�vr�t~g�r�y � tvbeg�moyezep|t
ynp|tv�~mog�yMtX�-wDy��-g5yDtv�vr�t~mow{y�r{�~g	�-w{fhzepet~g����-wDyMt~�vw{qoqxg � >Zt~bems}�r�qoqxwu"}�È�p��-t~p�r�t~moye��mxyez�p|tv}5¢{r{}�	g�qoqMrD}�qow{y��
tvmxfhgD¢eyeg5r{�~qo� pey�r�t�tvg�y � g � ¨×pey��PtvmxwDyemoye��À
!	p|t�t~beg�f r�moy ¨×g5r�t~pe�vg"w�¨�tvbems} � g5¤nmo��g§ms}�tvb�rut	m¥tcr�qoqxwu"}Xy�g5r��vqo�*��w{yMt~moynpew{p�}Kfhw{yemxt~wD�~moye��w{¨�}�g5¤Dª

g5�vr{q�¤ur{�~msr�£eqog5}<3"}~pe£�}�t~��rut~g*�-wDy��-g5yDtv�vr�t~mow{y �@£n�¯�-w{qow{�vmof*g�t~�vmo��f*g�t~bew � }5¢�p�}~mxy���r�a�g°��beyems�-wDy � p|tvw�ª
r{y�r�qo�n©�g5�/�-¢°��g�qoqM}~mx©5g�r{y � ynpef/£=g�� � ms}�tv�~mo£ep|tvmxwDy�} �@£n��fhg°r�y�}�w�¨�r§z�r��~t~ms�-qogK�-wDpeyMt~g5� � �1* � � �u� #�	 � #
�mxt~bWqsr{}~g���}~g�y]}�wD� �§��� � iD�D�	�7�P¢�r{y � g�¤Dg�yW��beqow{�vw{zebn�nqxqomsr���w{y���g�yMt~��rutvmxwDy �@p�}�moye�¯r�}~z]g°�Ptv�~wDzebew�ª
tvw{fhg-tvg�� �PÀ � qoq8w{¨�t~b�g5}~g�fhg°r{}~pe�~g°}cr��vg���w{fhzep|tvg����-wDyDtv�~wDqxqog � À�a��nzems��r�qTg��nz=g��vmof*g5yMtv}	qorD}�t�£=g-t�	g�g5y
wDyeg�r�y � ¨×w{p���f*wDyMt~b�}5¢e�vg5}~peq¥tvmxy��*moy�}�g�tv}cw{¨�w{y�g9t~bewDp�}~r{y � t~w*¨×w{pe�ctvbew{p]}~r{y � fhg°r{}~pe�~g°}�À
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¡ g �mxqoqK}~bew{�~t~qo� � ms}v�-p�}v}�t~begÅ��w{fhz�r{�~ms}�wDyÆw{¨Kt~b�g ze�~g � ms�Pt~mow{y]}9w�¨	t~beg fhw � g�q�tvw+t~bems} � r�tvr�moy
tvbeg�yeg��Mt"}~g5�-t~mow{y8À

� � �-���	������-�/.

¡ gÅb�rZ¤Dg }�bewu�y#t~b]rut�tvbegÅmoyDtv�~w � p]�Pt~mow{yÂw{¨c}~mx©5gÅr�y � }~pe£�}�t~��rutvg � g�z=g�y � g�yMt)�-g5qxq � mx¤nms}�mow{yÂmoyÂt~beg
fhw � g5q	w{¨ ² r{�{gS³�´)µ�¶x· � wng5}*yew�t*¨×pey � r�fhg�yMtvr{qxqo�Wfhw � m¥¨×�`m¥t�} � �ny�r�fhms��r�q	£=g�b�rZ¤nmow{�°À`knmxy]�-g+w{pe�
fhw � g5q	}~pef })t~w#r��+w{y�w � t��Mz=g�f*w � g5qB¢X	g�r{�~g�r�£eqogÅ¨×wDqxqowu�moye��t~b�g�r{y�r�qo�|}�ms}�w{¨/¸x¿D¿P¼Á¢�t~wSze�~wu¤Dg
tvbeg+g-�|ms}�tvg�y���g�w{¨�r#�{qow{£�r{qxqo�W}�t�r�£eqog�y�w{y®t~�vmx¤nmsr�qcg5ÇMpemoqxmo£e�vmxp�f�À¬acbems}hmo} � wDyeg�£n�W±]�v}�th}�t~p � �nmxye�
tvbeg��vg � p���g � fhw � g�q�w�¨�}�p�£�}�tv�vr�t~g�r�y � tvw�tvr{q�£emow{f r{}v}�¢|�b�mo��b�mo}�}~bewu�y�t~whb�rZ¤Dg�r*�{qow{£]r�qoqx�Å}�tvr{£eqxg
g°ÇMpemxqomo£e�~mopef+¢"r�y � t~beg5yÃp�}�moye�`rÂ	g5r2�`g5�~�Dw � mo��tvbeg�wD�~g5f w{¨ ² wDqxp�£em¥t�} �n� ³-´ µu¶x·�t~w � g��vmx¤Dg+t~beg
� mo}�t~�vmx£�p|t~mow{y�w�¨�£emow{f r{}v}	mxy�t~b�g�}�mo©�g��-qsr{}v}~g5}5À
acbeg5y8¢�	g�b]rZ¤{gÅze�vg5}~g�yMtvg � }~g�¤Dg���r�qKynpefhg5�~ms��r{q	}~mxf)peqsrut~mow{y]}�ÀWacbeg°}�g�}�mof/peqsrutvmxwDy�}*}�bewu tvb�rut

tvbegÅ��rutvmxw¯w{¨ � mx¤nms}�mow{y¦��qorD}~}~g5}�tvw¯tvbeg t~w{tvr{qKynpef/£=g��)w�¨"�-qsr{}v}~g5}�ms} � g�t~g5�~fhmoy�r�yMt/w{¨	tvbeg�}~b�r{z]gÅw{¨
tvbeg*g5ÇMpemoqxmo£e�vmxpef � mo}�t~�vmx£�p|t~mow{y8À)acbeg)z��~wDz]wD��tvmxwDy�w�¨ � mo¤nmo}~mow{y#��qorD}~}~g5}�r�qs}~wÅb�r{}9r{yÆmof*z]r{�Pt9w{yÆt~beg
tv�vr{y�}~mxg5yDt£]g5b�rZ¤nmxwD��w{¨|t~beg	fhw � g�q?3�r{}�mxtmoy��-�vg5rD}�g°}�¢5t~b�gK¨×�vg5ÇMpeg5y��-�9w�¨�t~beg	wD}v�-moqxqsrutvmxwDy�}8moy/moy � mo¤nm � p�r�q
}~mo©�g��-qsr{}v}�g°}	�~g � p��-g°}�¢erD}c�g5qxq8rD}	t~beg5mx� � pe��rut~mow{y�À
��g5�Dr{� � moye��tvbeg�g5ÇMpemoqxmo£e�vmxpef � ms}�t~�vmx£epet~mow{y8¢�rD})�5r�yW£=g�}~g�g5y¦mxy ��mo�{p��~g��e¢�t~b�g��vg�g-�|ms}�t�})ÇMpemxt~g

r � m=�Tg��vg�y���g�£=g-t�	g�g5y`tvbeg � rut�rÂr�y � t~beg+fhw � g�q�z��~g � mo�-t~mow{y8À !	p|t°¢�£n�Ât~p�yemxy��Ww�¨§tvbeg � mo¤Mms}~mxwDy
z]r���r�fhg-tvg���}�¢�wDyeg§�5r�y w{£etvr�moy f r�yn� � m��Tg��vg�yMt�}~b�r{z]g°}X¨×w{�Kt~beg�g5ÇMpemoqxmo£e�vmxp�f � ms}�t~�vmx£epet~mow{y8¢Dt~beg�f r�moy
��b]r���r{�Ptvg��vmo}�t~ms�h£=g�moye�¯tvb�rut*t~beg°}�g � ms}�tv�~mo£ep|tvmxwDy�})r{�~g�qxg5z|t~w	�Mp���tvmo�{À#acbeg�ze�vg5�-ms}~gÅm � g�yMt~mx±]��r�t~mow{y¦w{¨
tvbeg � mo¤Mms}~mxwDyÆ¨×pey]�Pt~mow{y]}9�~g5fhr{mxy]}§tvw+£]ghtv�~g°rut~g � À�§wu�g5¤{g5�5¢�	g � w�y�w�t�g-�|z=g5�Pt9tvw�£=gÅr�£�qxg*t~w�±et
}~p���b � rut�r/¤Dg��v�*z��~g°�-ms}�g5qx� p�}~moye�/tvbeg9ze�vg � ms�PtvmxwDy�}	w�¨�wDpe�	f*w � g5qBÀ *«y � g�g � ¢|m¥t"�5r�y�£=g9mxye¨×g��v�~g � ¨×�vw{f
�mo�{pe�vg��*t~b]rut�t~b�g � w{p�£eqxmoye� w{¨tvbeg�£emow{f rD}~}	tvb�rut§ms}"rhf ru��wD��bn�Mz=w�tvbeg5}~ms}�w�¨�t~b�mo}�fhw � g5qB¢=}�bewDpeq �
£=g �vg�qsru�|g � À ¡ gh�5r�yÂ}�g5g*t~b�r�t�t~beg � msr�fhg�t~g��9w{¨�tvbeg �-g�qoqs}�mxy#t~b�gÅ}~r{f*z�qxgh��r�ye�Dg5}�¨×�~wDf �(�f t~w
r{£]wDp|t � (�f+À)��w{yn¤{g5��tvmxy�� t~bems}�t~w�£emxwu¤Dw{qopefhg/�Dmx¤Dg5}§r���r�ye�Dg�w�¨§¿5iÅtvw�fhw{�vg�tvb�r�yÂ���{� (�f���À�a�w
�vg�qsru��t~beg�£�mxwDfhrD}~} � w{pe£eqomoye� bn�Mz=w�tvbeg5}~ms}�¢ewDyeg��-wDpeq � ��w{y�}~m � g��"moyMt~�vw � p��-moye� � mo¤Mms}~mxwDy�moyMt~wÅ��g�qoqo}�w{¨
� m��Tg��vg�yMt�}�mo©�g°}�¢nr{}�mo} � wDyeg§moyÆ¸o¿{¢|�Z¼Á¢nw{� � mo¤Mms}~mxwDy�moyDtvw/fhw{�vg"tvb�r�y�t��w*�-g5qxqs}�¢|rD} ¡ moqxqomsr�f }�}~pe�D�{g5}�tv}
moyÂ¸x¿°�Z¼ÁÀ

���~wDf r)fhw � g5qxqomxy��)z=w{moyMtcw{¨�¤nmog��¢Mt~beg���w{fhz�r��vms}�wDyÅw�¨d��mo�{p��~g°}��hr�y � i*zeqxg°r � }�¨×wD�ct~beg9p�}~g�w{¨
}�t~�vp��-t~pe�vg � fhw � g5qo}�w�¨�tvbeg)��b�g�fhwD}�tvr�t5À-*«y � g�g � ¢8�-wDy�}~m � g5�"tvbeg/tvw�t�r�q£emxwDf r{}v}§�-p��~¤Dg/moy �mx�Dpe�~g)i�À
*Át�ms}�}~fhwMw{t~b8¢��bemoqxg moy2��mo�{p��~g �+	g*wD£�}~g��v¤{g � r�fhz=g � wD}v�-moqoqor�t~mow{y�}<3�t~begÅ}~pefhf rut~mow{yÂbem � g°}9t~beg
fhwD�~g��-wDfhzeqxms��r�t~g � £=g�b�rZ¤nmow{�cw�¨�t~beg�moy � mo¤nm � p�r�q8£�mxwDfhrD}~}c��qorD}~}~g5}5À
a�w���w{y���qxp � g/tvbems} � mo}v�-p]}~}~mxwDy8¢Tqxg�t�p�}�yew�tvg/tvb�rut�	g)b�rZ¤Dg/yew{t�tv�~g°rutvg � b�g��vg/tvbeg �-w{fhz=g-tvm¥tvmxwDy

�5r{}~g{À !	p|t�t~b�g�r�y�r{qx�|}~mo}	w�¨	¸x¿D¿P¼�}~bew{p�q � }�tvmxqoq8bewDq � ¢e�g5�~g�	g�tvwÅ�-wDy�}�m � g5�c��w{fhz=g-t~mxt~mow{y�À
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Experimental data

�mo�{pe�vg���3K��w{fhz�r{�~ms}~w{y�w{¨rh}vr�fhzeqog9}~z=g5�Ptv�~p�f �mxt~b�r�y�g5ÇMpemoqxmo£e�vmxp�f � ms}�tv�~mo£ep|tvmxwDy �B�-wDyM¤Dg��~t~g � t~w
ynpef)£]g5�v}/�PÀ�acbeg � mo}�t~�vmx£�p|t~mow{yhcr{}���w{fhzep|tvg � p�}~mxye�/�{�{��}~mx©5g"�-qsr{}v}�g°}(� � �9£emx�~t~bÅ��qorD}~}~g5}5¢�iM���D�~wuctvb
��qorD}~}~g5}cr{y � � � � mx¤nms}�mow{y+�-qsr{}v}~g5}/�PÀ
� 
�$u
��
".��	
��

¸x¿�¼ # À � �vmxyew r{y � �WÀ��9mxfhfhg�q\À � }~�nfhz|t~w{t~ms��r�y�r{qx�|}~mo}	w�¨Xrh�-g5qxq����|�-qog�fhw � g5q8£�r{}~g � w{y�peyeg°ÇMp�r�q
� mx¤nms}�mow{y8À � � ����� · � $ $ ¶x· � µ�´ � ·o¢�i|º 3o¿°� ��� ¿5i&+|¢�¿5� � ºnÀ

¸ �u¼ � À0!	g5�~f r�y½r{y � ��Àc�Xqog�fhfhw{y�}5À
	 � � � ³ $Mµu´ �UT ³  µu´ 	�� � ³ � ��� ´ � ³  µu´ � ³� µu´ � � µ�¶ ����� ³ �2� ³ � ¢
¤Dw{qopefhg��)w{¨ ��¶xµ � � � �
� ��� � $ $ ¶ � ³ ��� µu´ � ³� µu´ � ��� À	k * � �Â¢8¿°�{�{i�À
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