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wV��kipKm;vQj`hr��{�m | m;o m;vQlig\��j[kin�{\j[gdo ��m;o�| m;����{dgdv`mGlig\n�o�h©k9m;o�u�gdoVu pTkAn�����n�{\j`vL��{�m;k©{\jL��j`{
lAn��Ym;vLkAn�hivQn���gdv �!sVj`oVn���j`o!m4¬ 9 o¡m©��n�{\j`vL��{�m;k�{\jL��j`{ �!hi��kipKm;vQj ~!n�o!t�h�m;kAjr�Vligd{dg��Qj`tyN��R]��
gdo v`mGl9m;{\|�h9gdh`�$hij`o�hAn�k�m;�!��{dgdv`mGlig\n�o�h�m;o�t&vQn(mGligdoVu[lAj`vIs�oVn�{\n,u,|�¬��En�o�t�h�gdo¡lisVjr��n�{\j`vL��{�m;k
{\jL�(j`{$m;kAj*�!hi�!m;{d{\|�pqn�k9��j`t�~$jLl � jLj`o�h9gdoVu�{\j�mGlAn���h � g\lis��(j`kA|O{dgd��g\lAj`tYgdo�lAj`k9m;vQlig\n�o[k9m;oVu,j
n�k9g\u�gdo!mGligdoVu}pTkAn�� lisVj�v�s$m;kAu,j�lik9m;o�hip�j`k©~!jLl � jLj`o�lisVj�hi�!j`vLg\j`h ¬ 9 o�lisVj���m;vLkin�hivQn���gdv
h9gdtVj��$h9��kipKm;vQj`h�n�k�gdo�lAj`kipTm;vQj`hC~$jLl � jLj`o�~���{d�[n�~���j`vQlihCs$m`��j�gdo�lAj`k�m;vQlig\n�o jL�(j`o � s�j`o¡lisVj
h9��kipKm;vQj`h[m;kAj gdoVj`kil[gdo lisVj v�sVj`��gdv`m;{Chij`o�hAj�¬ x�sVj mGlAlik9m;vQlig\��j gdo�lAj`k9m;vQlig\n�o�gdh�v`m;��hAj`t
~�| {\n�o�u}k9m;oVu,j�j`{\j`vQlikAn�hAl9mGligdv�pqn�k9vQj`h�m;vQligdoVu n�o lisVj � sVn�{\j�gdo�lAj`kipKm;vQj�¬y��n � jL�(j`k`� lisVj
gdo�lAj`k9m;vQlig\n�o!hC~$jLl � jLj`o ~���{d��n�~���j`vQlih m;kAj��!hi�!m;{d{\|¡{\n�v`m;{dg��Qj`t gdo&lisVjOk9m;oVu,jOn�p s4��o�t�kAj`t!h
n�p�o!m;oVn���jLlAj`k9h�n�kChin���j���gdvLkAn���jLlAj`k9h t��VjOlAn�lisVjOh9��kipKm;vQj©kin��Vu�s�oVj`hih���kij`hAj`o�l*n�o}m;{d{
�!k9m;vQligdv`m;{�hi��kipKm;vQj`h`¬ x�s�gdhCgdo�lAj`k9m;vQlig\n�o gdhCjQ�4�!{\n�g\lAj`t2N�� ]�� gdo ��s$m;ki��m;vQj`�Vligdv`m;{�gdo�t��!hAlikA|
~!�Vl�g\l¡s!m;h¡m;{dhAn2t�gdh�m;tV�;m;o�l9mGu,j`h N��R]�� gdo j`oVj`kAu,| ��kAn�t���vQlig\n�o3� � sVj`kAj}m;his��$m;kAligdvL{\j`h
vQn�o�l9m;��gdo$mGlAjrsVj mGl�jQ�Vv�s$m;oVu,j`k�hi��k9pTm;vQj`h`¬
x*s�gdh � n�ki� vQn�o�h9gdhAl�n�p�l � n �$m;kAlih�gdo!vL{d��t�gdoVu�hAli��t�g\j`h � g\lis m � j`{d{�t�j��!oVj`t h9��kipKm;vQjYgdo
�!{\lik9m©s�g\u�s��,m;vL����� m;o!t�hAli��t�g\j`h � g\lis¡��k9m;vQligdv`m;{3h9��kipKm;vQj`h�gdo&m;�©~�g\j`o�l�vQn�o�t�g\lig\n�o�h`¬
�zn � j`oVj`kAu,|©j`{\j`vQlikAn�o[t�g�� k�m;vQlig\n�o����+�/�/f ��s$m;h/~$jLj`o��Vligd{dg��Qj`tYgdo�tVjLlAj`ki��gdo!mGlig\n�o�n�p lisVj
m;t!hAn�ki�Vlig\n�o¡hiliki��vQli��kAj`h�n�p�~$j`o��Qj`oVj n�o��En!�K¤,¤,¤V§ ��hi�!kipTm;vQj�¬/x�sVjrm;t�hAn�k9�Vlig\n�o�u,jLn���jLlikA|
s$m;h ~!jLj`o�hAli�!t�g\j`t©��higdoVu�lAj`o�hAn�k �+�/��f m;o�t©fCj`o�hig\l�|��!��o�vQlig\n�o!m;{�x*sVjLn�kA|rv`m;{dvL��{�mGlig\n�o!h`¬
x*sVj[hili��t�g\j`hOkAjL��j m;{\j`t�l � n m;t�hAn�k9�Vlig\n�o�hAliki��vQli��kij`h�gdo�t�g�� j`kAj`o�l�lAj`���!j`k9mGli�!kAj`h`¬ x�sVj
h�mGli��k9mGlig\n�o�vQnG��j`k9mGu,j gdh�¤V¬d§�!�¨���n�o�n�{�m`|�j`k9h�m;o�t[lisVj ~!j`o"�Qj`oVj kigdoVu�{�m`|4h$#$mGl�n�o¡m;o�s�vL�
h9g\lAj�¬
x*sVjEv`m;k9~!n�o&%�s�|4t�kAn,u,j`o©~$n�o�t�h
n�p�lisVj�~$j`o��Qj`oVj�kigdoVu m;kAj�hi{dg\u�s�li{\|O~!j`o�t�m � m`| pTkAn��
lis�j hi��~�hAlik�mGlAj�¬
�Ct�sVj`h9g\n�o n�p4hi��m;{d{,n �4gdt�jc�!m;kAligdvL{\j`h3lAn�n �VgdtVjchi�!kipTm;vQj`h+s!m;h3~$jLj`orhAli�!t�g\j`t ��higdoVu�h9v`m;o�o�gdoVu
p�n�kivQj&��gdvLkAn�hivQn��$j�¬2x�sVj¡h9��kipKm;vQj�u,jLn���jLlikA| � m;h�n�~�hAj`ki��j`t�lAn ��{�m |y�(j`kA| gd���!n�kAl9m;o�l
kin�{\j�gdo lisVj�m;t�sVj`h9g\n�o3¬ �cm;kAligdvL��{�m;ki{\|��clisVj[kij`{�mGlig\��j¡{\j`oVu,lis�hiv`m;{\j�n�p*lisVj[�$m;kAligdvL{\j`h�m;o�t
h9��kipKm;vQj�pqj mGli��kij`hcs!m;h/m;o�gd���!n�kAl9m;o�l�j�� j`vQl`¬c� o�j � ��n�tVj`{!pqn�k j`hiligd��mGligdoVu�m;t�s�j`hig\n�o�n�o
kin��Vu�s¡hi��k9pTm;vQj`h�s!m;h*~$jLj`o t�jL��j`{\n��!j`tz¬'�E|�li��o�gdoVu�lisVjrhi��k9pTm;vQjrp�j mGli��kAj`h ��lisVjrhilikAj`oVu,lis
n�p�m;t�sVj`hig\n�o ��m |2hig\u�o�g��!v`m;o�li{\|2~$j v�s!m;o�u,j`t3¬'�Ct�sVj`h9g\n�o gdo s4����gdt2vQn�o!t�g\lig\n�o�h�s!m;h
~$jLj`o2hili��t�g\j`t jQ�V�$j`kigd��j`o�l9m;{d{\|2m;h � j`{d{�m;h � g\lis2o4����j`kigdv`m;{�higd�©��{�mGlig\n�o�h ¬)(�o2s4����gdt
vQn�o!t�g\lig\n�o�h`� � sVj`o lisVj�hi��k9pTm;vQj`h m;kAj�s�|4t�kAn���s!gd{dgdv,�¦m¡v`m;��gd{d{�m;kA| ~�kigdtVu,j�p�n�ki��h ~$jLl � jLj`o
lis�j �!m;kAligdvL{\j m;o�t lis�j hi��k9pTm;vQj�gdo�vLkAj m;higdoVuylisVj m;t�s�j`hig\n�o3¬�x�sVj ~�kigdtVu,j&vIs!m;oVu,j`hYlisVj
o$mGli��kAjCn�pzm;t�sVj`hig\n�o�pTkAn�� �;m;o�tVj`k$* m,m;{dh�l�|��$j�lAn�hi�!kipTm;vQjClAj`o�hig\n�o�gdo�t!��vQj`t[m;t!sVj`hig\n�o3¬
x*sVjCh9s!m;�!j m;o�t�h9g��Qj n�p3lisVj �!m;kAligdvL{\jrm;o!tYlis�jCu,jLn���jLlikA|�n�p3lisVj hi��k9pTm;vQj m;{d{�vQn�o�likigd~��VlAj
lAn�lisVjrm;t�sVj`hig\n�o&~!j`s!m �4g\n�k�gdo¡s4����gdt�vQn�o�t�g\lig\n�o!h`¬
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��gdo�oVn�gd{d{�mOn�o���j`k9��g\lAl��mG���mO�;m;gd���Vli��h���n�o�gdgdo�hAn �(j`{d{d����h9gdgdo���n�{\j`�(|�|4{dg\l9m;hAn�{\l9m�m;gdo!m©�Ym;���
kin�hi�,n(n��!��gdhigdgdo�gd{d��g��n�gds�gdo&h9m,m;���;m4¬c� n�{\j`�(|�|4{dg\l9m;hAn�o h9g\lAn��Vli����gdhAl9m©�!gdo�lAn�gds!gdo[���mG|�lAjLl��m��m;o
s�|����m;��hig����¡¬ �;mGl9m;{\|�|�lAligdhigdhih��m �!kAn�hAj`hihAj`gdh9h9m4�Om;o�li��kij`gdhih9m �<m ��gdo�oVn�g\li�!hAlAj`��o!gdgd�,n�gdhih9m4¬
: ��hig\lAl �m;gdhAlAj`o2��n�{\j`�(|�|�{dg\j`o �<m}��gdo�o!m;o�� �m;{dgdhAjLl�higdt�n���hAjLl[m;gdsVj`�Vli�V�,mGl��,m;k9m;��hAlAj`o �,m;gds��
t�n�hAl9m ��n�{\j`��|�|4{dgdo �Am ��gdo�o!m;o mGlAn���g\j`o2���m;{dgd{d{��m4����gdhAl��m ��n�s�li�Vj`o�higdtVn���hAjLl�nG�;mGl�s�|���gdo
�$m;gd�Gm;{d{dgdhig�m4¬ � |��n�h©��gdgdo�lAj`gdtVj`o3����m;��kAn�hi�,n�n�����gdhAl9m �,n��,n�{d�Vn����;m,m&n�{\jL�4g\j`o��Gm;�!�!m;{\j`gdtVj`o
���m;{dgd{d{��m j`higdgdo�l"|�| �4�Vn�kAnG�;m;gd���Vli��hAl9m4�
�,m;gd���;m oVjYn�{dgdh9g\�;mGli��gdo�h��m;s����n�gdhAj`hAligEoVj`�Vlik9m,m;{\j �Am �<m
��j`��g�m;{d{dgdhAj`hAlig�gdoVj`kAlAlAj ���m4¬ x��m;���m��4�Vn�kAnG�;m;gd���Vli��h&m;gds�j`�Vli���1��g\li���m;o��;m;o�l9m;��m;o�t!gd�!n��
{dg\�4�Vn�kAnG�,m;gd���Vli�!��hAj`hil9m4¬��/m;gd���;m}o��m;���m��(n�gd��mGl��;m;gd���VlAl9m �;mGlY�Gm;���$m;{\j`gdtVj`o �,n��,n k9m �Am��
�!gdo�o!m;o m;{d�VjLj`{d{�m4�3���mG|�l��m;o�o��n�hih��mY�;m;gd���Vli��h�k9m ��n�g\lAli��� ��m;��higd��gdh9h9m,m;o �O�!�Vl9m;��g\j`o h9mGlAn��
��j`o�o!m;o�n���jLlikig\j`o��,n���n�gdhigdgdo�h9m,m;kAj`���,j`gdhigdgdoY��gdo�lAn �"j`o��!g\j`o�lAj`o�j`� �mGl9m;h9m;gdhi���!��hig\j`o����Vn���hig ¬
x��m;���m;o����Vn���hig�t�gd�$n�{dg\����n�kAn,�;m;gd���Vli����hAj`{d{�mYn�o ��j`ki��g\l"|4hAl��m[{��m;s�gdo�o��m��,n�k9�,j`gdo�l9m,m;o���gd���
kin���jLlikig\j`o¡�,n���n�{d�Vn����;m,m©n�{\jL�4g\j`o&�;m;���!m;{\j`gdtVj`o¡���m;{dgd{d{��m4¬
x��m;���m�l"|��nC��n(n�hAli���©�;m;s�tVj`hAl9m�n�h9m;hil9m4¬ �/o�higd�����m;gdhAj`hih��m*n�h9m;hih�m��!gdo�o!m;o����Vn�kin �,m;gd����li�����
h9g�m�n�o�li�Vli��g\lAli���!{\lik9mGl"|4s �<g �n,n�{\n�hi��s�lAj`gdhih9m ��m;{d{dgd��gdo�o!m;oYm`�4��{d{�m��Am�lAn�gdhAj`h9h9m oVn�k9��m,m;{dg\n�{\n��
h9��s�lAj`gdhih9mO���mG|�lAl��mGj`o�kAj m;{dgdhAligdhig�m��!gdo�lAn �Am4¬
�Ej`o�lihAjLj`o�gdo©m;t�hAn�k9�Vlig\n�k9m;�,j`o�o�j��En!�K¤,¤,¤V§ �
�!gdo�o!m;{d{�m�� �m �m;kig\lAjLlAligdgdo��,n��,jLj`{dgdhij`hAlig4� �mG|�lAl �mGj`o
�YmGl9m;{�mGj`oVj`kAu�gdhAlAj`o&j`{\j`�(likAn�o!g\j`o�t�g�� k�m;�(lig\n,l9m4¬c� n��,jLj`{d{dgdhAlAj`o�li��{\n�hilAj`o�{dgdh��m;��h9g����mG|�lAjLlAligdgdo
ligds�jL|�hipT��o���lig\n�o!m,m;{dg\lAjLn�kig�m,m;o[�$j`ki��hAli�V�,m,m ��m;{d{dgdo!o��!hAl9m4¬+x
�Vli��gd�©��h �!m;{ �Am;hAlig!�;m;��h9g���m;s��
t�n�{d{dgdhAl9m}m;t�hAn�k9�Vlig\n�k9m;�,j`o�o�jLlAl9m j`kig�{��m;�����n,ligd{\n�gdhih9m4¬�wVmGli��k9m,mGlig\n��$j`g\lAn���h9g�h9m,mGligdgdo ¤V¬d§�!�¨
��j`kikAn�hAl9m4¬ x�m;ki�,j`���!g�m;o!m;{\|�|�h9gC�$m;{ �<m;hAlig�~$j`o�lihAjLj`o�gdkAj`o��;m,m;o ��m;�;m,m`�,m;o ��gdo�o!m;o s�vL���
�$m;gd�Gm;{d{�m�{�m;�!�!jLj`{d{�m,m;o�s�gdgd{dg %(��jLl�| ��higdtVn���hAjLl�s�g\j`��m;o¡�!gdo�o!m;{\l9m��$n�gdh����m;gdo�l9m;gd�!��oVj`gdo!m4¬
��g\j`o�lAj`o s!gd�����;m;hAlAj`o'l9m;kAlAli����gdhil9m ��gdo�lAn�gds�gdo�li��li��g\lAligdgdo hi�Vn�k9gdo3��mGlAn���g\�(n�gd��m;��gd��kAn��
h9�,n(n���gd{d{�m�hi��n�kig\lAjLli��gdo ��n�gd��m;��g\lAl9m;�!��higdoz¬ �/gdo�o!m;oyj`���mGl9m;h9m;gdh9������higd{d{�m�s!m`�,m;g\lAligdgdo�n�{\j!�
�,m;o hi�!��kigE��j`ki��g\l"|4h�s�gd�����;m;hAlAj`o�l9m;kAlAli����gdh9{d� ���!�VlAjLj`o3¬��/kig\l�|4gdhAj`hAlig�s�gd�����;m;hAlAj`o �,n��,n
�(j`kik9mGlAli��o!m��!gdo�o!m;o��©�Vn,lAn ��j`o t�gd��j`o�hig\n�gds!gdo n�o}� �m �m;k �m �mG� �m;hih �m m;hAj`��m;hih9m4¬Y��gd�!���;m;hAj`o
�Am[j`���mGl9m;gdhAj`o ��gdo�o!m;o����m;{dgdhAj`o ��n�gd��m;o}m;ki��g\n�gdo�ligdgdo}�,j`s!g\lAjLlAligdgdo}����hig
��m;{d{dg �"�"n��;m[n,lAl9m,m
s4�Vn���g\n(n�or�!gdo�o!m;o j`���m;gdtVj m,m;{dgdhi����t�jLl`¬ (�{d��m;or��n�hAlAj`��tVj`or�;m;gd���Vli��hAl9m*s�gd�����Gm;hij`o �Am���gdo��
o$m;o����m;{dgdhAjLj`o��4�Vn�kAnG�,m;gd���Vli�!��hAjLj`o©li��li��g\lAligdgdo�{�m;hi��j`o�o!m;{dgdhigdo �AmC�,n��,jLj`{d{dgdhigdo���j`oVjLlAj`{d��gdo3¬
� n�hAlAj m;hAl9mCgd{d��m;hAl9m*ligdg\��gdhil"|�| ��jLlAl��m�s�|�t�kin �!gd{dgdhigd{d{\j��!gdo�oVn�gd{d{\j�¬
x"�m;{d{��n�gdo�s!gd�����;m;hAj`o �<m���gdo��
o$m;o����m;{dgdhAjLj`o�k�m �<m;��gdo�l9m,m;o©�©�Vn�t�n�hAli���©oVj`hAlAj`hAn�{d�z� �"n��;m��©���VlAl9m,m�s�gd�����Gm;hAj`o �AmC��gdo�o!m;o
���m;{dgdhAl��m[�4�Vn�kAnG�;m;gd���Vli��hil9m��,m;k ��n�hAl9mGj`o}t�gd�$n�{dg\�4�Vn�kAnG�;m;gd���Vli��hAl9m �AmYli�Vn�tVj`o �©���;m,m;o �����
t�j`o3�;��gdo�l9m � �m;o�o!g\l"|4��hij`hAl �m*m;gdsVj`��lAli�V�;m;oO�,n����$n�oVj`o�ligdo3¬+��gd�����;m;hAj`o©�,n��,n �AmC�©�Vn,lAn�hAj`� �m
�!gdo�o!m;o�u,jLn���jLlikig�m����m��m;k��m��mG���mGl���gd{d{�m;gdo�j`o¡o��m;gdtVj`o����m;{dgdhAj`o��(n�gd��m;o¡�,n�hAlAj`�!hikigdgd�����������!h
n�oz¬

gdg



� ������	�� �

x*s�gdh�lisVj`higdh*s!m;h�~$jLj`o&��kAj`�$m;kAj`t�gdo�lisVjOwV��kipKm;vQj�w4vLg\j`o�vQj u�kAn��!�¡gdo�lisVj �
m;~!n�k9mGlAn�ki|�n�p
��s�|�higdvLh mGl�lisVj���j`{dhigdo���g
�Co�g\��j`k9hig\l"|&n�p/x+j`v�s�o�n�{\n,u,| t���k9gdoVuYlis�j�|�j m;k9h £;¤,¤�£�%�£;¤,¤��4¬ (
m;� u�k9mGlAj`pT��{�lAn���kAn�p"¬/��j`���;m©�Cm;��lAn �!�m;kA�4g3p�n�k�u�g\�4gdoVu���j lis�j n����$n�kAli��o�g\l�|�lAn � n�k9��gdo
lis!gdh�jQ�4�$j`kigd��j`o�l9m;{¦u�kAn��!�3¬
( � gdh9s�lAnrjQ�V��kAj`h9h/�O|©u�k9mGlig\li��tVj�lAn�fCn�vQj`o�l�¢,n����,n �
m;s�ligdoVj`o�p�n�kclisVj�jQ�4�$j`kAl�u���gdt!m;o�vQj
m;o!t�h9���!j`ki��gdhig\n�o sVj�s!m;h �!kAn �4gdtVj`t�t���kigdo�uYlisVj©ligd��j (�s!m`�(jO~$jLj`o gdo lisVj�{�m;~!n�k�mGlAn�kA|�¬
(�m;{dhin � m;o�l�lAn�lis!m;o���f�k`¬C�Ct!m;� ��n�hAlAj`k pqn�k�j`o�vQn���k�mGu�gdoVu���jOmGl�ligd��j`h (�oVjLj`tVj`t�g\l`¬
� |�vQn�� � n�k9�,j`kih��rm;kigdo���m;~!j`k9��j`s�{ ���� � gdk �Qj �o3�/� mGlAlig��cm,m �Am;oVj`o m;o�t 9 {d{dg��cm;�;m;kigdoVj`o
t�j`hAj`kA��j�hi�$j`vLg�m;{�lis!m;o���h�pqn�k � n�ki��gdoVu � g\lis���j�¬ 9 �!kEt!gdhivL��hihig\n�o!hEs$m`��j�~$jLj`o�lisVj ��n�hAl
pTki��g\lipT��{ ¬
x�sVjCsVj`{d��pTkAn�� lisVj*lAj`vIs�o�gdv`m;{¦m;o�t�m;t���gdo�gdhAlik�mGlig\��j�hAl9m �¡gdoYlisVj�{�m;~!n�k�mGlAn�kA|�gdh
m;�!��kAj`vLg�mGlAj`t3¬ (Cm;{dhAn � gdhis�lAn�lis!m;o���m;{d{���| vQn�{d{�m;~!n�k9mGlAn�k9h�mGl ��j`{dhigdo���g
�Co�g\��j`k9hig\l"|&n�p
x+j`vIs�oVn�{\n,u,|�����o�g\�(j`kihig\l�|On�p¦��j`{dhigdo���g$m;o�t �Cx*x ¬�x�sVj �!o!m;o�vLg�m;{�h9�����$n�kAl/pTkAn�� x���� �Ew
gdh�u�k9mGlAj`p��!{d{\|�m;vI��oVn � {\j`tVu,j`t3¬
( � m;o�l3lAn*lis$m;o����!jLn���{\j�m;kAn���o�trlisVj�vQn � jLjEl9m;~�{\j�gdorlisVj'�
m;~!n�k9mGlAn�ki| n�pV�/s�|�h9gdvLh3pqn�k
oVn,l
hin�hivLg\j`o�lig��!v�vQn�o���j`k9h9mGlig\n�o�h`¬ � j`kA|�hi�$j`vLg�m;{�lis$m;o���h�~!j`{\n�o�u�h/lAn�lisVj�p�n�ki��j`kEm;o�t�vL��kikij`o�l
��j`�O~$j`kihYn�p lisVj {�m;~!n�k�mGlAn�kA|)�
m;��kigCw�m;{d��gdoVj`o3�*¢�m,m;o�g���gdhih9gd{��m4��¢(m;o!gCwVm;gdo�g\n���� gd���,n
�CkAn�o�o!g\j`��g �!� mGlAlig+�cm,m �Am;oVj`o�m;o�t&��g �<mY¢ �m;kA�4gdoVj`o3¬�� |¡p�kig\j`o!t�h�gdo¡lis�j �+m;~$n�k9mGlAn�kA|&n�p
lis�j
	�n���o�t�x�m;~�{\jrt�j`hAj`kA��j lAn�~$j lis!m;o���j`t�pqn�k�lis�j j`o ��n |�m;~!{\j {d��o�vIs[s�n���kih`¬
(�m;�'tVjLj`��{\| gdo�tVj`~VlAj`trlAn��O|��!m;kAj`o�lih3p�n�k3lisVj`gdk+hi�����$n�kAlzt��!kigdoVu��O| � sVn�{\j/{dgdp�j�¬+� | higdh �
lAj`k���k �<mrs!m;h�~!jLj`o�mr�;m;{d�$m;~�{\j �!m;vQj`hAjLlAlAj`k � s�gdvIs[gdh/u�kAj mGli{\|�m;����kij`vLg�mGlAj`t3¬ �&|Y~�kAn,lisVj`k
��gd{d{\j�j m;kio�h�h9�!j`vLg�m;{�lis!m;o���h�p�n�k�lis�j¡ligd��j hi�!j`o�l � g\lis2��j�¬ ("lYs!m;hYtVj��!o�g\lAj`{\| ~$jLj`o
j`o�lAj`kAl9m;gdo!gdoVu�¬
��gdo!m;{d{\|��( � n��!{dt {dgd�,j�lAn¡lis!m;o���f�kig\�4gdoVu¡hivIsVn(n�{ ª«h���kAj`higdtVj`o�l � j`gd���,n�w�n����$m�m;o�t s�gdh
hili��tVj`o�lih`¬

��hi�$n(n���fCj`vQj`�©~!j`kC£;¤,¤��

 �!�U U,6#"©6,=>6,H�S NLS

gdgdg



� �����������	�

��~�hilik9m;vQl�¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ g
x�gdg\��gdhilAj`{d���m ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ gdg
�/kAj`pKm;vQj ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ gdgdg
�En�o�lAj`o�lih�¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ g\�
�zgdhAl�n�p
����~!{dgdv`mGlig\n�o�h�¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ �


 ���������������������� 

� �! #"%$&�'�)(*$+����,.-/(*$&��01����2 3

£4¬d§ �zn � j`oVj`kAu,|[j`{\j`vQlikAn�o t!g�� k9m;vQlig\n�o ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¨
£4¬ £ wVv`m;o�o�gdoVu�p�n�kivQjr��gdvLkin�hivQn���| ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ 4
£4¬ ¨ 9 lisVj`k�hi�$j`vQlikAn�hivQn���g\j`h���hAj`t¡gdo¡lis�gdh � n�ki� ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¥

3 56��27����"��������829���'�1�:���1�;$<��=?>%$@��A:$+�1$<���CBD�FEHG.G.G1
JI K
¨4¬d§ �Ct�hAn�k9�Vlig\n�o�n�p
~!j`o��Qj`o�j n�o �En!�K¤,¤,¤V§ ��¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬  
¨4¬ £ �Co!m;{\|4higdh�n�p+lisVjML+�ON ¥QPRN ¥,�TS©§` +Ud§V � �MWL�XW m;t�hAn�k9�Vlig\n�o¡hAliki�!vQli��kAj ¬ ¬ ¬ §,§

Y 56��0�$@2�����Z��=!2([,.-)-\"F,]�������^-�$@2 
@_
!V¬d§ ��kigdo�vLgd��{\j`h�n�p
m;t�s�j`hig\n�o ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ § ¥
!V¬ £ x*sVj j��$j`vQl�n�p+h9��kipKm;vQj u,jLn���jLlikA| ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ §`
!V¬ ¨ �Ct�sVj`h9g\n�o¡gdo¡s4����gdt�vQn�o�t�g\lig\n�o!h}¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ ¬ ¬r¬ ¬ ¬ ¬ ¬ ¬ £4§

a b��F([([,]��c 31

d ��>�-�����e.�;,]"F0�c 3�3

g\�



� � �"��� ����� � 	 � � 	$� � �����

x*s�gdh�lisVj`higdh�vQn�o!higdhAlih�n�p�m;o¡nG��j`kA�4g\j � m;o�t�lis�j pqn�{d{\n � gdoVu��!��~�{dgdv`mGlig\n�o�h
	

� ��¬«� ¬«�*¬ �Cm;~$j`ki��j`s�{ ���� � gdk �Qj �o3��¢�¬ �rmGl9m;gdoVj`oz�¦¢!¬ �
m;s�ligdoVj`o3�$m;o!t���¬ �Cm;��lAn � �m;kA�4g �
� S ^�I_�NQ:IH '�NQS$=>6;P �!= !�e;? 8;S � eGFQ8;:�_ =KH 8;S'8<@ *CNLS�� NLS N�8;S�� 8 ��������� �;�Cw4�!kipTm;vQj
w4vLg\j`o�vQj a.G���� a�
&G ��4,¥�� �4§�� £;¤,¤�£��I¬

�;� ��¬3����hihig �+�y¬ �zgdo�t�kin(n�h`��¢�¬3��mGl9m;gdoVj`o3�
��¬3��m;~!j`ki��j`s�{ � �� � gdk �Qj �oz�
¢!¬ �+m;s�ligdoVj`o3�
m;o�t ��¬«��¬zw�j`g\lihin�oVj`o3�*ZzD4N � N ¥ P N ¥ ���,��. � � V �� WQM!W � e;FQ8;:�_ =KH 8;S �!=K:�!�J = !�:iNY8;S
� 8 �0������� ���C6�� 8�'�7QHTS Nie[Z$NLSVFQ8,:�5z^/^ ��6,S$e%��b�Z �!= !�e;?,��w4�!kipTm;vQj�w4vLg\j`o�vQj a��]� �
§ �9§L¤ � £;¤,¤ !(�I¬

���;� ¢�¬��rmGl9m;gdo�j`o3���y¬��cm,m �Am;oVj`o3���*¬��Cs�lAn�{�m m;o�t1¢�¬��
m;s�ligdoVj`o3� � eGDVNIF�H 8;S 6GF}6;S
��S!=�NQ:�_$Pd6;? *CN`=���N9NLS�B*6;:I=KH JLP�N<��H�� NO6;S$e)��!4:T@Q6�JIN���8�!�];D�S NIF�FI�!¢�n���kio!m;{ n�p �En�{d{\n�gdt
m;o�t (�o�lAj`kipTm;vQj�wVvLg\j`o�vQj 3.G.Y ��4;£ ! �O4;£, �� £;¤,¤����I¬

��� 9 ¬«�O¬��cm;�Gm;kigdo�j`o3�¦��¬ w¦¬¦�Vn�hilAj`k`�z� ¬��cm,m �<m;o�j`o3��x ¬¦�rm;{dgdo!m;gdoVj`oz�3¢�¬¦�rmGl9m;gdoVj`o3� (�¬
��m;���,n�oVj`oz�4¢!¬ �+m;s�ligdoVj`o3�4m;o�t 	r¬«� ¬ ��g\j`��gdo�j`o3�/Z!8 �/6;:<e;F�6;S 6(J9J
!4:A6,=�NOe(NIFLJL:IH _ 
=KHK8,S 8<@�=TD4N�J�6�_$HTP�Pd6;:I?�@L8;:<JIN&H�S S$6;S$8�_V6;:I=KH JLP�N "F�!4:T@Q6(J�N HTS!=�NQ:A6�J`=KH 8;SVFQ��� n�t�j`{d{dgdoVu
m;o�t[wVgd�O�!{�mGlig\n�o�gdo�� mGlAj`kig�m;{dh�w4vLg\j`o�vQj�m;o!t��/o�u�gdoVjLj`kigdoVu 
@3 �$§,§ ¥�4��9§,§` ��� £;¤,¤^4,�I¬

� �y¬
�cm,m �Am;oVj`o3� ¢�¬
�rmGl9m;gdoVj`o3� 9 ¬«�O¬
�cm;�Gm;kigdo�j`o3�+�O¬ w¦¬
�Vn�hAlAj`k�m;o�t ¢�¬�+m;s�ligdoVj`o3�
^�Q_VNQ:IH '�NLS!=>6;P�M,!�'©H e;HK=K? �ON�_VNQS e(NQS$J`?}8<@ ��'�6;P�P�B*6;:Q=KHKJ`PdN � e;D4NIFIHK8;S 8;S �!H�P HKJ�6
6;S$e Z+HK=>6;S�H 6,�!¢,n��!kio!m;{ n�p ��n�{d{\n�gdt m;o�t (�o�lAj`kipTm;vQjrw4vLg\j`o!vQj 3.G.Y ��4�§`��O4;£,¨ � £;¤,¤����I¬

x*sVj©m;��lisVn�k s!m;h�s!m;t}m;o m;vQlig\��j�kAn�{\j�gdo m;{d{ ��s!m;hij`h�n�p/lisVj�kAj`hAj m;kivIs kAj`�$n�kAlAj`t gdo�lis�gdh
lis�j`higdh`¬2��j&gdh�kij`hi�!n�o!higd~�{\j&p�n�k�lisVj �+�/��f jQ�V�$j`kigd��j`o�lih�m;o�t gdo�lAj`ki�!kAjLl9mGlig\n�o n�pClisVj
kij`hi��{\lihCgdo��!��~�{dgdv`mGlig\n�o�(�¬ ��j©s$m;h��$j`kip�n�ki��j`t m;{d{zlis�jOjQ�V�$j`kigd��j`o�lih�gdo ���!~�{dgdv`mGlig\n�o�( (�¬
��j�s$m;h��!m;kAligdvLgd�!mGlAj`t�gdo&�!{�m;o�o�gdoVu�m;o�t&�!j`kip�n�ki��gdo�u�lisVj jQ�V�!j`k9gd��j`o�lih�gdo&���!~�{dgdv`mGlig\n�o�h
( ( ( % �©¬�x�s�j�m;�VlisVn�kEs!m;h/vQn�o�likigd~!�VlAj`t�gdoYlisVj � kig\ligdoVu n�p3m;{d{$lisVj��!��~�{dgdv`mGlig\n�o�h�m;o�t�~$jLj`o
lis�j kAj`hi�$n�o�higd~�{\jrm;�Vlis�n�k�n�pzlis�jr����~�{dgdv`mGlig\n�o ( ( (�¬

�





� �������	��
 �

 � ���	��� � � ���\���

wV��kipKm;vQj`hr��{�m | m;o m;vQlig\��j[kin�{\j[gdo ��m;o�| m;����{dgdv`mGlig\n�o�h©k9m;o�u�gdoVu pTkAn�����n�{\j`vL��{�m;k©{\jL��j`{
lAn[��m;vLkAn�hivQn��!gdv���s�j`oVn���j`o!m4¬ 9 o�m���n�{\j`vL�!{�m;kC{\jL�(j`{zhi��k9pTm;vQjr~$n�o�t�hCm;kAj©�Vligd{dg��Qj`t�N��R]��
gdo v`mGl9m;{\|�h9gdh`�$hij`o�hAn�k�m;�!��{dgdv`mGlig\n�o�h�m;o�t&vQn(mGligdoVu[lAj`vIs�oVn�{\n,u,|�¬��En�o�t�h�gdo¡lisVjr��n�{\j`vL��{�m;k
{\jL�(j`{$m;kAj*�!hi�!m;{d{\|�pqn�k9��j`t�~$jLl � jLj`o�h9gdoVu�{\j�mGlAn���h � g\lis��(j`kA|O{dgd��g\lAj`tYgdo�lAj`k9m;vQlig\n�o[k9m;oVu,j
n�k9g\u�gdo!mGligdoVu}pTkAn�� lisVj�v�s$m;kAu,j�lik9m;o�hip�j`k©~!jLl � jLj`o�lisVj�hi�!j`vLg\j`h ¬ 9 o�lisVj���m;vLkin�hivQn���gdv
h9gdtVj��$h9��kipKm;vQj`h�n�k�gdo�lAj`kipTm;vQj`hC~$jLl � jLj`o�~���{d�[n�~���j`vQlihCs$m`��j�gdo�lAj`k�m;vQlig\n�o jL�(j`o � s�j`o¡lisVj
h9��kipKm;vQj`h/m;kAj�gdoVj`kAlcgdo�lisVj*vIsVj`��gdv`m;{VhAj`o�hij�¬
x*sVj�gdo�lAj`k9m;vQlig\n�o�gdhcv`m;�!hAj`t�~�|Om {\n�o�urk9m;oVu,j
j`{\j`vQlikin�hAl9mGligdv p�n�kivQj`h�m;vQligdo�u n�o lisVj � sVn�{\j¡gdo�lAj`kipTm;vQj�¬ ��n � jL�(j`k`�clis�gdh�gdo�lAj`k�m;vQlig\n�o2gdh
h9g\u�o�g��!v`m;o�l�n�o�{\|�pqn�k��$m;kAligdvL{\j`hYm;kAn��!o�t�§L¤,¤���� n�k�~!j`{\n � gdo t�g�m;��jLlAj`k`¬ �Vn�kY{�m;kAu,j`k
�$m;kAligdvL{\j`h/u�k�m`�4g\l9mGlig\n�o!m;{¦m;o�t�gdoVj`kilig�m;{�j�� j`vQlihEt�n���gdo!mGlAj�m;o�t�lisVj�kin��Vu�s�oVj`hih/��kAj`hAj`o�l n�o
m;{d{!��k9m;vQligdv`m;{!h9��kipKm;vQj`h/pT��kAlisVj`k kAj`t!��vQj`h lisVj*h9g\u�o�g��!v`m;o�vQj�n�p lisVj�h9��kipKm;vQj*pqn�k9vQj`hcjL��j`o�p�n�k
�$m;kAligdvL{\j`h*gdo�lis�j ��gdvLkAn���jLlAj`k�k9m;oVu,j�¬
��mGl9m;{\|�hAlih�m;kAj � gdtVj`{\|���hAj`t gdo&vIsVj`��gdv`m;{zgdo!t���hAlikA|�¬�x�sVjrkij m;hAn�o gdh*jL��gdt�j`o�l
	�v`mGl9m;{\|�hilih
kij`t���vQj lisVj�m;vQlig\�,mGlig\n�o�j`oVj`kAu,|�n�p
lisVjrkAj m;vQlig\n�oz�!hi�$jLj`t¡lisVj`� ���3�VvIs!m;oVu,j lisVj�~!m;{�m;o�vQj
gdo�lis�j�kij m;vQlig\n�o¡lAn � m;k9t�hElisVj ��kAn�t!��vQlih`��jLliv,¬'��mGl9m;{\|4hAlih*m;kAjrm;{dhin���hAj`t�gdo�jQ�4s$m;��hAl�u(m;h
vL{\j m;o!gdoVu�higdo�vQjrlisVjL|�j`o!m;~�{\j vQn�o���j`kihig\n�o¡n�p+lAn �Vgdv u(m;hAj`h`�$hi��vIs¡m;h � 9 �4lAn[{\j`hih�s!m;ki��p���{
vQn����!n���o!t�h�pqn�k�jQ��m;����{\j gdo1m;�VlAn���n�~!gd{\j`h¡m;o�t��!n � j`k���{�m;o�lih`¬ �*n � jL��j`k`��tVjLl9m;gd{\j`t
��oVn � {\j`tVu,j[n�p�lisVj�v`mGl9m;{\|�ligdv¡~$j`s!m`�4g\n�k©n�p*�Ym;o�|}hi|�hAlAj`��h�gdhO�!o���o�n � oz¬�f��Vj[lAn lisVj
vQn�����{\jQ�4g\l�| n�p�lisVj[v`mGl9m;{\|�ligdv¡hA|4hAlAj`��h � hAli��t�g\j`hOn�p�lisVj�n��$j`k9mGlig\n�o�n�p�m kAj m;{�v`mGl9m;{\|4hAl
m;kij&��j`kA| tVj`�Ym;o�t�gdoVu�¬ x�s4��h`��gdo2n�kit�j`k�lAnyu(mGlis�j`kY��o!tVj`kihAl9m;o�t!gdoVu n�p�lisVj&v`mGl9m;{\|�ligdv
�!kAn�vQj`hihij`h`�3higd���!{dg���j`t ��n�tVj`{ hi|�hAlAj`��h s!m`�(j�lAn¡~$j���hAj`t3¬Ow4��kipKm;vQj�hAli��t�g\j`h���higdo�u � j`{d{
t�j��!oVj`t�hi��k9pTm;vQj`hcm;o�t���{\lik9m�s�g\u�s©�,m;vL����� vQn�o!t�g\lig\n�o�hcgdh/m � m |rlAn���o�tVj`kihil9m;o�t�mGl/{\j m;hAl
hin���j n�p+lisVjrm;hi�$j`vQlih�gdo�lis�j v`mGl9m;{\|�ligdvO��kAn�vQj`hihAj`h`¬
(�o ���!~�{dgdv`mGlig\n�o�h (�m;o�t ( ( lisVjEm;t�hin�ki�Vlig\n�o n�pV~$j`o��Qj`oVjcn�o©m�vQn�~!m;{\l�higdoVu�{\j�vLkA|�hil9m;{(hi��k9pTm;vQj
s$m;h�~$jLj`o hAli��t�g\j`t3¬�x*sVj�~$n�o�t�gdoVuYn�p/m;kAn���mGligdv©vQn����$n���o�t!h*��{�m |�h�m;o�gd���!n�kil9m;o�lCkAn�{\j
gdo���m;o�| v`mGl9m;{\|�ligdv&�!kAn�vQj`hihij`h`¬ �Ej`o��Qj`oVj��/lisVj�higd����{\j`hAl�m;kAn��YmGligdv���n�{\j`vL��{\j��/v`m;o2~!j

§
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�!hAj`t1m;h&m ��n�tVj`{ p�n�k¡��n�kAj}vQn����!{dgdv`mGlAj`t'm;kAn���mGligdvLh ¬ x�sVj}��o!tVj`kihAl9m;o�t!gdoVuyn�p�lisVj
m;t!hAn�ki�Vlig\n�o�n�p ~$j`o��Qj`oVjru�g\��j`h*oVj � gdo�pqn�k9��mGlig\n�o¡n�o&lisVjrkAj m;vQlig\n�o�hCgdo � s�gdv�s¡m;kin���mGligdv
s�|4t�kAn�v`m;ki~!n�o!h�m;kAjrgdo���n�{\��j`t3¬
�Ct�sVj`h9g\n�o n�p�hi��m;{d{/�$m;kAligdvL{\j`h n�o�lAn h9��kipKm;vQj`h gdhr�Vligd{dg��Qj`t gdo}��m;o�| � m`|4h gdo gdo!t���hAlikig�m;{
m;�!��{dgdv`mGlig\n�o�h`¬ �Vn�kEjQ��m;����{\j�gdo�lis�j�vQn(mGligdoVu�gdo�t��!hAlikA|�g\lEgdhE��hAj`t�lAn���kAn�t!��vQj�lis�gdvI� �!{d�
hiliki��vQli��kAj`h�pqn�kOhAj`o�hin�k�m;����{dgdv`mGlig\n�o!h©m;o!t �!~$j`k n���ligdvLhO�!kAj`pqn�k9��h`¬�x�sVjYt�k9m � ~!m;vI��hrn�p
lis�j*m;t�sVj`hig\n�o�v`m;o�~!j�hAjLj`o N�� ]���gdo�j`o�j`kAu,|O�!kAn�t��!vQlig\n�o3¬ ��n��O~!��hAlig\n�o©n�p {dg�����gdt�n�kchAn�{dgdt
pT�Vj`{!|�g\j`{dt�h�hi�Ym;{d{ m;his��!m;kiligdvL{\j`hEgdoYlisVjCjQ�4s$m;��hAlEu(m;h`¬ x�sVj�m;his�tVj`�!n�h9g\lig\n�oYn�o[lisVjCsVj mGl
jQ�VvIs!m;oVu,j`kChi��kipKm;vQj`h*kAj`t!��vQjrlisVj�j���vLg\j`o�vQ| m;o!t&{\j m;t�hClAn�lis�j�oVjLj`t lAnYj`g\lis�j`k�vL{\j m;o�n�k
kij`��{�m;vQj lisVj hi�!kipTm;vQj`h ¬
* g\lis gdo�s!m;{�m;~!{\j[t�k9�Vu�hrlis�j��!gdvQli��kAj�gdhOh9{dg\u�s�li{\|yt�g��$j`kij`o�l`¬ (�o gdo�s!m;{�mGlAn�kih©��j`ki| hi��m;{d{
t!ki�Vur�!m;kiligdvL{\j`h�s!m ��j�lAn©~$j���hAj`tYhigdo�vQj�lisVj�o!mGli�!k9m;{�tVj`p�j`o�hAjChA|�hilAj`� n�p¦lisVjCkAj`hi��gdk9mGlAn�ki|
n�kiu(m;o�h��!kAjL��j`o�l*gdo�s!m;{dgdo�u�{�m;kAu,j©�!m;kAligdvL{\j`h`¬��*n � jL��j`k`�VlisVj©hi��m;{d{+�!m;kAligdvL{\j`hCj m;higd{\|¡p�n�ki�
mGu,u�{\n���j`k9mGlAj`hElAn(n©{�m;kAu,j*lAnO~!j*gdo!s!m;{\j`t3¬
x�sVj*hAn�{d��lig\n�o�gdhclAn©m;t�sVj`kAj�lis�j*t�ki�Vu �$m;kAligdvL{\j`h
n�o�lAn lis�j*hi��kipKm;vQj`hcn�p¦v`m;kik9g\j`k/�!m;kAligdvL{\j`hE{�m;kAu,j�j`oVn��Vu�s�o�n,lclAn�p�n�ki� mGu,u�{\n���j`k9mGlAj`h`¬/x
��k �
~!��{\j`o�l #�n � gdo�higdtVj�lis�j�tVn�higdo�urtVjL�4gdvQj�gdh/�!hAj`t�lAnOhAj`�!m;k9mGlAj�lisVj*t�ki��urp�kin�� lisVj*v`m;k9kig\j`kih
� sVj`o�gdo�s!m;{\j`tz¬
x*sVj*gdo�s!m;{dgdo�urn�p lisVj�v`m;k9kig\j`kih/gdhE~�{\n�v��,j`tY~�|Olis�j*tVj`p�j`o�hAj�hi|�hAlAj`� � s�gd{\j
lis�j�t�ki��uY�!m;kAligdvL{\j`h m;kAj�m;~�{\j�lAn[j`o�lAj`k�lisVj�{d�!oVu�h`¬�w�li�!tV|�gdo�u�lisVj�m;t�sVj`hig\n�o���kAn��$j`kAlig\j`h
�!higdoVu ��n�tVj`{!hA|4hAlAj`��h/{\j m;t�hclAnO��n�kAj*gdo�ligd��mGlAj*�!o�tVj`kihAl9m;o!t�gdoVuCn�p$lis�j*pqj mGli�!kAj`h/~$j`s�gdo�t
lis�jrm;t�sVj`hig\n�o�u�g\�4gdoVu��!h���n�kAj lAn�n�{dh*lAn�vQn�o�likAn�{¦lis�j�m;t�sVj`hig\n�o&gdo¡kAj m;{3m;����{dgdv`mGlig\n�o!h`¬
(�o ����~�{dgdv`mGlig\n�o ( ( (�lisVj}m;t�sVj`hig\n�o n�prh9��m;{d{��!m;kAligdvL{\j`h�n�o kAn��Vu�s hi�!kipTm;vQj`h�s!m;h�~$jLj`o
hili��t�g\j`t3¬+�c��j`o �(j`kA| {\n � hi��kipKm;vQj/kAn��Vu�s!oVj`hihzkij`t���vQj`h3lis�j�m;t�sVj`hig\n�o�hig\u�o�g��!v`m;o�li{\|�¬ w4gdo�vQj
lis�jYhi��k9pTm;vQj`h�gdo}lisVj[kAj m;{�m;���!{dgdv`mGlig\n�o�h�m;kAjYhAj`{dt�n�� mGlAn���gdv`m;{d{\| hi��n(n,lisz�+lis�jYhi��k9pTm;vQj
kin��Vu�s�oVj`hih s$m;h lAn&~$j�vQn�o�higdtVj`kAj`t gdo m;{d��n�hAl�m;{d{/��k9m;vQligdv`m;{/m;���!{dgdv`mGlig\n�o�h � s�j`kAj�hi��m;{d{
�$m;kAligdvL{\j`h m;kAj�{dgd�,j`{\|�lAn�t�j`�!n�hig\l�n�o�lAn�hi��kipKm;vQj`h`¬ 9 pc�!m;kAligdvL��{�m;k gdo�lAj`kAj`hilCs!m;h ~$jLj`o lisVj
h9g��Qj n�pzlis�jr�!m;kAligdvL{\j`h�kAj`{�mGlig\��j lAn�lis�j t�gd��j`o�hig\n�o!h�n�p+lis�j hi��kipKm;vQj pqj mGli�!kAj`h`¬
(�o �!��~�{dgdv`mGlig\n�o�h ( � m;o�t � lis�j�j�� j`vQlrn�p�m;�©~�g\j`o�l s4����gdt�g\l�|&n�o�m;t�sVj`hig\n�oys!m;hr~$jLj`o
hili��t�g\j`t3¬ (�o s4����gdt�vQn�o�t�g\lig\n�o�h m�v`m;�!gd{d{�m;kA| ~�k9gdtVu,j�pqn�ki��h ~!jLl � jLj`o lis�j��!m;kAligdvL{\j�m;o�t
lis�j�hi��kipKm;vQj�gdo�vLkAj m;higdoVu lis�j�m;t!sVj`hig\n�o � sVj`o©lis�j�hi��kipKm;vQj`hcm;kAj�s�|�t!kAn���s�gd{dgdv,¬3x*sVj�~�kigdtVu,j
vIs!m;oVu,j`h lisVj�o!mGli��kAj�n�p�lisVj�m;t�s�j`hig\n�o}pTkAn�� �;m;o tVj`k * m,m;{dhrl�|4�!j�lAn&h9��kipKm;vQj�lAj`o�hig\n�o
gdo!t���vQj`t m;t�s�j`hig\n�o3� � s�gdvIs}��hi�!m;{d{\|}gdo!vLkAj m;hAj`h�lisVj�hAlikAj`o�u,lis}n�p�m;t�sVj`h9g\n�o3¬�x�sVj�j�� j`vQl
n�p�s4����gdt!g\l"|&s$m;h ~!jLj`oyhAli��t�g\j`t ��higdoVu¡o4����j`k9gdvOh9gd�O�!{�mGlig\n�o�hrm;h � j`{d{/m;h jQ�4�$j`kigd��j`o�lih
vQn�o!higdtVj`kigdoVu�t!g��$j`kAj`o�l��!m;kAligdvL{\j %�h9��kipKm;vQjru,jLn���jLlikig\j`h ¬
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�zn � j`o�j`kAu,| j`{\j`vQlikin�o�t�g��¦k9m;vQlig\n�o ���+�/�/f ��� §�� gdh&m lAj`vIs�o�g����Vj pTkAj ����j`o�li{\| ��hAj`t�gdo
jQ��m;��gdo�gdo�uOhigdo�u�{\j�vLki|�hAl9m;{¦h9m;����{\j`h�m;o�t�m;t�hAn�ki~$j`t�m;t�{�m`|(j`kih`¬ (�l���kin �4gdtVj`hE��hAj`pT��{!gdo�p�n�k �
�YmGlig\n�o n�o lis�jOhA|4����jLliki|&m;o�t mGlAn���gdv©hAliki��vQli��kijrn�pclis�j©m;t�{�m |�j`kih�m;h � j`{d{
m;h�n�o�lisVj
kij`{�m �VmGlig\n�o�h*n�p
lisVj hi��~�hilik9mGlAjrmGlAn���h*gdo¡lis�kAjLj t�gd��j`o!hig\n�o�h`¬
(�o�m��z���/f'jQ�4�$j`kigd��j`o�lEj`{\j`vQlikAn�o¡~$j m;� � g\lis�j`oVj`kAu,|[~!jLl � jLj`o�£;¤ %+4G¤,¤�j�� gdh�pqn�vL��hAj`t
lAn�lis�j h9m;����{\j hi�!kipTm;vQj�¬ x*sVj�j`{\j`vQlikAn�o�h*h9v`mGlAlAj`k�p�kin�� lisVj lAn�����n�hAl*mGlAn���gdvr{�m |�j`kih�t��Vj
lAn lisVj�hisVn�kilO��j m;o�pTkAjLj��!mGlis n�p�j`{\j`vQlikAn�o�h�gdo�hAn�{dgdt�h ¬ wVgdo�vQjYlis�j � m ��j`{\j`oVu,lis n�p*m;o
j`{\j`vQlikin�o}gdo lis�gdh�j`oVj`kiu,|�k9m;o�u,j©gdhrhigd��gd{�m;k lAn�lisVj�gdo�lAj`k9mGlAn���gdv�hi�!m;vLgdoVu¡gdo hAn�{dgdt!h`��lisVj
~$m;v���hiv`mGlAlAj`kAj`t j`{\j`vQlikAn�o!h�jQ�4s�gd~!g\l�m[t�g��¦k9m;vQlig\n�o �!mGlAlAj`kio � s!gdv�s u�g\��j`h gdo�p�n�ki��mGlig\n�o�n�o
lis�j�hi��k9pTm;vQjrhiliki��vQli��kAj�¬�x�s�jr~!m;vI��hiv`mGlAlAj`kij`t&j`{\j`vQlikAn�o!h�m;kij�vQn�{d{\j`vQlAj`t�n�o�m #!�Vn�kAj`h9vQj`o�l
h9vLkAjLj`o � sVj`kAjClisVj�t�g�� k�m;vQlig\n�o��!mGlAlAj`kio���m |�~!jCn�~�hAj`ki��j`t3¬���g\u�£4¬d§ h9sVn � hEm�hivIsVj`��mGligdv
�!gdvQli��kAj�n�p!lis�j �+�/��f m;�!�!m;k9mGli��h`¬
x�sVj�oVjLu(mGlig\�(j�~�g�m;h��� "!$#&%('�gdo©lis�jEu�k9gdt�h�)�*�m;o�t
)�+���kijL��j`o�l�gdoVj`{�m;hAligdv`m;{d{\|�hiv`mGlAlAj`kij`t�j`{\j`vQlikAn�o�h�kAj m;vIs�gdoVu©lisVj�hivLkAjLj`o � s!gd{\jChi�!kikAn���o�t�j`t
~�|�u�kAn���o�t�j`t u�kigdt�h,),-�m;o!t.)"/�¬�x*sVj�m;t �<��hAl9m;~�{\j��$n,lAj`o�lig�m;{0%(' gdhrgdo}lisVj�k9m;oVu,j�n�p
p�j � ��n�{\lihOm;o�t}gdh �!hAj`t lAn¡n��Vligd��g��Qj�lisVj�vQn�o�lik9m;hAlrn�p�lis�j�t�g�� k�m;vQlig\n�o �!mGlAlAj`kio}n�o}lisVj
h9vLkAjLj`o3¬
x*sVjOt!g�� k9m;vQlig\n�o �$mGlAlAj`kio�n�~�hAj`kA��j`t m;h hi�$n,lih�n�o�lisVj�#!�Vn�kAj`hivQj`o�lChivLkAjLj`o ��kAj`hij`o�lih�lisVj
kij`vLgd��kAn�v`m;{�{�mGlAligdvQj&n�p�lisVj¡h9m;����{\j�¬}��g\u�¬c£4¬ £ hisVn � h�m;o�jQ�Vm;����{\j�n�p�m��z���/f gd��mGu,j
kij`vQn�kitVj`t�pTkAn�� m2vL{\j m;o �En!�K¤,¤,¤V§ � hi��kipKm;vQj m;o!t'm h9v�sVj`�YmGligdv ��kAj`hij`o�l9mGlig\n�o'n�p©lisVj
t!g�� k9m;vQlig\n�o �!mGlAlAj`kio3¬ w4gdo�vQj�lisVj&t!g�� k9m;vQlig\n�o2gdh�oVn,l�pT��{d{\|yl � n}t�gd��j`o!hig\n�o!m;{ �E~��Vl�gdo��
vL{d�!tVj`h�hAjL��j`k9m;{¦mGlAn���gdv�{�m`|(j`kih`��lisVj�lis�gdkit[t�gd��j`o�hig\n�o[��m |�~!j ��kin�~!j`t[~�|�hiv`m;o�o�gdoVuOlisVj
~$j m;� j`oVj`kAu,|�¬ (�o�lis!gdhE��jLlisVn�t3��v`m;{d{\j`t ( � �"m;o!m;{\|4higdh`��lisVj�gdo�lAj`o�hig\lig\j`hEn�p�lisVj�t�g��¦k9m;vQlig\n�o
h9�!n,lih�m;kAj�kij`vQn�kitVj`t m;hCmYp��!o�vQlig\n�o¡n�p�lisVjO~!j m;� j`oVj`kiu,|�¬��Vn�k���m �Vgd��m;{zkAj`{dg�m;~!gd{dg\l"|���m;h
�Ym;o�|[hi�$n,lih � g\lis&m;h � gdtVj j`oVj`kAu,|�k9m;oVu,jOm;h*�$n�hihigd~�{\jrm;kAj���hAj`t3¬

¨
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��g\u���kAj�£4¬d§ 	/� h9v�sVj`�YmGligdv ��g\j � n�p+lis�j �z�/��f m;���!m;k9mGli��h ¬

(1,0)

(0,0)

(1,1)

(2,0)

��g\u���kijy£4¬ £ 	 �z���/f �!mGlAlAj`kio'kAj`vQn�kitVj`t�pTkAn�� m)�En!�K¤,¤,¤V§ �¡h9��kipKm;vQj2�Tj`{\j`vQlikAn�o�~$j m;�
j`o�j`kAu,|�¨ !���j�� �I¬!x�sVj hivIsVj`��mGligdv �!gdvQli��kAj n�o�lisVj k9g\u�s�l�h9sVn � h�gdo�tVjQ�VgdoVu�n�pzlis�j hi�!n,lih ¬
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��g\u���kij*£4¬ ¨ 	 �En����!m;kigdhin�o©n�p$jQ�V�$j`kigd��j`o�l9m;{�m;o�t�higd�©��{�mGlAj`t ( � ��vL��kA��j�¬ w4�$n,l*�<§,�«¤(� pTkAn��
m �En!�K¤,¤,¤V§ ��hi�!kipTm;vQj�¬

(�o ( � �"m;o!m;{\|�h9gdh�lis�jLn�kAjLligdv`m;{�( � ��vL��kA��j`hEm;kAj�higd�©��{�mGlAj`tY~�| ���!m;o�li��� ��j`vIs!m;o�gdv`m;{ v`m;{dvL���
{�mGlig\n�o!h`¬ x�sVjLn�kAjLligdv`m;{ vL�!kA��j`hCv`m;{dvL��{�mGlAj`t p�kin�� m;o gdo�g\lig�m;{�hAlik9��vQli��kAj�m;kAj©vQn����!m;kAj`t�lAn
lis�j*jQ�V�!j`kigd��j`o�l9m;{$n�oVj`h`¬�x�s�jCm;hihi�!��j`t�hAlik9��vQli��kAj*gdhEkAj��!o�j`tYm;o�tYlisVj�kij`hi��{\ligdoVuOvL��kA��j`h
m;kij�mGu(m;gdo�vQn����$m;kAj`t[lAnOlis�j�jQ�V�!j`k9gd��j`o�lih`¬ x�sVjCg\lAj`k9mGlig\n�o�gdh�vQn�o�ligdo���j`t���o�ligd{�lis�j�~$j`hAl
�!lCgdh�n�~Vl9m;gdo�j`t�� £4�<¨ �>¬���g\u�¬3£4¬ ¨�hisVn � hCm[vQn����$m;kigdhAn�o ~$jLl � jLj`o m;o jQ�4�$j`kigd��j`o�l9m;{ m;o�t
h9gd�O�!{�mGlAj`t ( � ��vL��kA�(j�p�n�k*m ��n!�K¤,¤,¤V§ ��hi�!kipTm;vQj�¬
x*sVj�vQn����$m;kigdhAn�oOn�pVlisVj���j m;hi��kij`tOm;o�tOv`m;{dvL��{�mGlAj`t�vL�!kA��j`h
�Vligd{dg��Qj`h�hAn v`m;{d{\j`tOkij`{dg�m;~�gd{dg\l"|
pKm;vQlAn�kih�lis!mGl�l9m;�,j�gdo�lAn m;vLvQn���o�lc�!n�h9g\lig\n�o3��sVj`g\u�s�l m;o�tOlisVj � gdtVlisOn�p�lisVj��$j m;��h`� � j`g\u�s�l �
gdo�u&lisVj[�!n�hig\lig\n�o higdo�vQjYlisVjY�$j m;�}gdo�lAj`o�hig\lig\j`h©m;kAj[t�g ��vL��{\l lAn ��kAj`t!gdvQl`¬�x�sVj���j`t�ki| ª«h
	 ��pTm;vQlAn�kO� S�� � � ! �zgdh�lisVj ��n�hil*��hAj`t�kAj`{dg�m;~!gd{dg\l"|�pKm;vQlAn�k`¬

�� � � � 	 ��� � � � �
� �
� � � � � � � � � � � �

wVv`m;o�o�gdoVu���kAn�~$j ��gdvLkAn�hivQn���g\j`h�s$m`��j�n��$j`oVj`t1m oVj � � n�k9{dt gdo�lAn gd��mGu�gdoVu n�p�hi��m;{d{
n�~��"j`vQlih`¬ w4gdo�vQjYlisVjYgdo���j`o�lig\n�o n�p�lis�j�w4v`m;o�o!gdoVu&x
��o�oVj`{dgdoVu�� gdvLkin�hivQn���|}gdo §` �`4§.� 4 �
�,m;kig\n���h*oVj � lAj`v�s!o�g�����j`h�~!m;hAj`t�n�o�lisVj h�m;��j gdtVj m©s!m ��j ~!jLj`o&gdo�likin�t���vQj`tz¬ x�sVj ��m;gdo
h9��gdo�n �}gdh�lisVj�hiv`m;o!o�gdoVu�p�n�kivQj���gdvLkAn�hivQn���|}�>w4��� ���!kihAl*t�j`��n�o�hAlik9mGlAj`t ~�| ��gdo�o�g\u NL=
6,P��Egdo}§` �` � � � �>¬
��g\u�¬;£4¬ !�hisVn � h+m�hivIsVj`��mGligdv���g\j � n�p!m�w4��� m;���!m;k9mGli�!h`¬zx�s�j���n,lig\n�oOn�pVlisVj�v`m;o�ligd{\jL��j`k
gdhCtVjLlAj`vQlAj`t ~�|¡m�{�m;hij`k�m;o!t mY��sVn,lAn�t!g\n�tVj�¬Cx�sVjOkAj`hi��{\ligdoVu[hig\u�o!m;{
gdh��!hAj`t ~�|��,m;kig\n���h
p�jLj`t�~!m;vI�¡vLgdkivL�!g\lih tVj`�!j`o!t�gdoVu[n�o lisVj©n��!j`k9mGligdo�u���n�tVj�¬�x�sVj©pqjLj`t�~$m;v��¡vLgdk9vL��g\lih �,jLj`�
lis�j©gdo�lAj`k9m;vQlig\n�o ~!jLl � jLj`o lisVj�h9m;����{\j�m;o�t�lisVj�ligd� vQn�o!hAl9m;o�l�~�|���n �4gdoVu�lisVj�hi��k9pTm;vQj
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��g\u���kAj�£4¬ ! 	c� hivIsVj`��mGligdv��4g\j � n�p�m�w4��� m;���!m;k9mGli�!h`¬

�(j`kAligdv`m;{d{\| t���kigdo�u�lisVj�{�mGlAj`k9m;{�hiv`m;o�o!gdoVu�¬�En��©~�gdo!gdoVu�lisVj/kAj`vQn�k9tVj`t ��j`kiligdv`m;{�m;o�tr{�mGlAj`k9m;{
��n ��j`��j`o�lih�lis�j�sVj`g\u�s�l/��kAn �!{\j�n�p lisVj�hi�!kipTm;vQj�gdh n�~Vl9m;gdoVj`t3¬cw4�Ym;{d{V��n �(j`��j`o�lih oVjLj`tVj`t
m;kijrvLkAj mGlAj`t&�!higdoVu���g\j��Qn�vLkA|4hAl9m;{dh`¬
wV�
� ��m |�~$j��!hAj`t�gdoOlis�kAjLj�n��$j`k9mGligdoVu ��n�tVj`h
	("oOlisVj�vQn�o�l9m;vQl/��n�tVj�lisVj�ligd��gdh�u,j`o�li{\|
�!kAj`hihAj`t mGu(m;gdo�hAlrlisVj�h9m;����{\j�hi�!kipTm;vQj�m;o�t�lisVj�p�jLj`t�~!m;vI�&��jLj`��h�lisVj�tVj�#�j`vQlig\n�o n�p�lisVj
v`m;o�ligd{\jL��j`k�vQn�o�hil9m;o�l`¬ (�o�gdtVj m;{�vQn�o�t�g\lig\n�o�hClis�gdh���n�tVj�gdhCv`m;�$m;~�{\j©n�pckAj`��kAn�t���vLgdoVu[lisVj
�$j`kig\n�t�gdvLg\l"|©n�p lisVj�hi�!kipTm;vQj�{�mGlAligdvQj���~���l liki�Vj*mGlAn���gdv�kAj`hAn�{d�Vlig\n�o�H �KN�� �$n�gdo�l/tVj`p�j`vQlih�NL=>J �
v`m;o!oVn,l*~$j tVjLlAj`vQlAj`t3¬Ew4n�pql�h9m;����{\j`h���m |�m;{dhin�~!j�t!m;��mGu,j`t¡t��!kigdoVu©lisVj hiv`m;o�o!gdoVu�¬
(�o lisVj�oVn�o���vQn�o�l9m;vQl+��n�tVj�� ¥ ��lisVj/v`m;o�ligd{\jL��j`kzgdh3��gd~�k�mGlAj`t�mGl+m*vQn�o�hAl9m;o�l+m;����{dg\li�!tVjcoVj m;k
g\lihCkAj`hAn�o$m;o�vQjrpTkAj ����j`o�vQ|¡m;~!nG��j lisVjOh9m;����{\j�hi��kipKm;vQj�¬�x�sVjrvIs!m;oVu,jrgdo p�kij ���Vj`o!vQ|��!t��Vj
lAnYgdo�lAj`k�m;vQlig\n�o&~$jLl � jLj`o�lisVj�h9m;����{\j�m;o!t�lisVj ligd�3��gdh���hAj`t¡m;hCm�pqjLj`t!~!m;v��[hig\u�o!m;{ ¬�x�sVj
o�n�o���vQn�o�l9m;vQl ��n�tVj�gdh v`m;�$m;~�{\j©n�p�gd��mGu�gdo�u¡gdo liki�Vj�mGlAn���gdv�kAj`hAn�{d��lig\n�o3¬ ��n�o���vQn�o�l9m;vQl
��n�tVjr�Ym`|�~!j �!hAj`t�n�o�{\|�gdo��,m;vL����� vQn�o�t�g\lig\n�o!h`¬ � ` �
(�o lisVjYm;����{dg\li��tVj���n�t���{�mGligdoVuy�Tn�k�x
m;�!��gdoVu��C��n�tVj�lisVj�v`m;o�ligd{\jL��j`k gdh�m;{dhAn¡�4gd~�k9mGlAj`t
o�j m;k g\lihrkAj`hin�o!m;o�vQj�pTkAj ���Vj`o�vQ|�¬�x*sVj�ligd� gdh ~!kAn��Vu�s�l hAn&vL{\n�hAjYlAn¡lisVj�h9��kipKm;vQj�lis!mGlrg\l
lAn��!v�sVj`h�lisVj¡hi��kipKm;vQj¡gdo�lisVj&{\n � j`hAl��$n�gdo�l�n�p�j m;vIs n�hivLgd{d{�mGlig\n�o vQ|�vL{\j��CH �TN�� g\l���l9m;��h��
lis�j�h9��kipKm;vQj�¬ x�s�gdhO��jLlisVn�t�n�p�gd��mGu�gdoVu gdh�pKm;hAlAj`kOlis!m;o lisVj�vQn�o�l9m;vQl���n�tVj¡m;o�t�oVn,l
m;h�tVj`hAliki�!vQlig\��j�¬Yx*sVj���s!m;hAjYhis�gdp�l n�p�lisVj�n�hivLgd{d{�mGligdoVu v`m;o�ligd{\jL��j`k u�g\�(j`h�m;t�t�g\lig\n�o$m;{/gdo��
p�n�ki��mGlig\n�o n�o lisVj�vIsVj`��gdv`m;{�m;o�t���j`v�s$m;o�gdv`m;{z��kin��!j`kAlig\j`h�n�p�lisVj©h9m;����{\j�¬*x�s�gdh*gdh�lisVj
�!kAjL�;m;gd{dgdo�u���n�tVj���hAj`t�p�n�k�lAn��!n,u�k�m;��s�|�gd�YmGu�gdoVu�gdo&m;�©~�g\j`o�l�vQn�o�t�g\lig\n�o�h ¬ �   �
x*sVj w4��� v`m;o�m;{dhin2~!j}�!hAj`t�lAn ��j m;hi�!kAj}pqn�k9vQj`h¡~!jLl � jLj`o��!m;kAligdvL{\j`h�m;o�t�hi��kipKm;vQj`h
� §L¤V�I§,§��>¬ (�o&p�n�kivQjO��j m;hi��kAj`��j`o�lih*lisVj��$m;kAligdvL{\jOgdh�u�{d�Vj`t&lAnYlisVjOv`m;o�ligd{\jL��j`k�gdo ��{�m;vQjOn�p
lis�j ligd�3¬cx�sVj �!m;kiligdvL{\jrgdh�~�kAn���u�s�l�gdo�lAn�vQn�o�l9m;vQl � g\lis�lis�j hi��kipKm;vQjrm;o�t�lisVj ��n ��j`��j`o�l
gdhrkAjL��j`kihAj`tz¬�x�s�j©�$m;kAligdvL{\j�hAl9m |�h gdo vQn�o�l9m;vQlr�!o�ligd{
lisVj�h9��kigdoVu�p�n�kivQj�n�p/lis�j�tVj�#�j`vQlAj`t
v`m;o�ligd{\jL��j`kCjQ�VvQjLj`t�h�lisVj�m;t�sVj`hig\n�oz¬���lClis�gdh���n���j`o�l�lisVjO�$m;kAligdvL{\j�tVjLl9m;v�s�j`hCpTkAn�� lisVj
h9��kipKm;vQj�m;o�t�lisVj�v`m;o�ligd{\jL�(j`k/kAjLli��k9o�h lAnrg\lihEoVj`�Vlik9m;{V�$n�hig\lig\n�o3¬ ��g\u�¬�£4¬ 4 ��kAj`hij`o�lih�m�l"|4��g �
v`m;{�tVj�#�j`vQlig\n�o�vL��kA��j n�~Vl9m;gdo�j`trpTkAn��'m�p�n�kivQj/��j m;hi��kAj`��j`o�l`¬+��higdo�u�lisVj/hi�!kigdoVu�vQn�o�hAl9m;o�l
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��g\u���kij £4¬ 4�	}xE|4��gdv`m;{*t�j�#�j`vQlig\n�o vL��kA��j n�~Vl9m;gdoVj`t p�kin�� mypqn�k9vQj���j m;h9��kAj`��j`o�l[m;h�m
pT��o�vQlig\n�o}n�p�m�� h9m;����{\jY�!n�hig\lig\n�o�m;o�t}~ ���!m;kAligdvL{\j %�hi�!kipTm;vQj[hAj`�!m;k9mGlig\n�oz¬Yx�s�j��!m;kAligdvL{\j
hil9m`|4h�gdo�vQn�o�l9m;vQl � g\lis�lisVj hi��kipKm;vQjC�!o�ligd{$lisVj hi��k9gdoVuOp�n�kivQj n�pzlisVj tVj�#�j`vQlAj`t�v`m;o�ligd{\jL��j`k
jQ�VvQjLj`t�h*lisVj �!m;kAligdvL{\j %�hi�!kipTm;vQjOm;t�sVj`hig\n�o3¬

n�p¦lis�jCv`m;o�ligd{\jL��j`k`��lisVjCtVj�#�j`vQlig\n�o���m |�~!jCvQn�o��(j`kAlAj`t�lAn©p�n�kivQj�¬ x�sVjC��m �4gd�©��� tVj�#�j`v �
lig\n�o�vQn�kikij`hi�!n�o!t�hclAn©pqn�k9vQjCoVjLj`t�j`t�lAn©hAj`�!m;kAj mGlAjClisVj���kAn�~$j�pTkAn�� lAnOhi�!kipTm;vQj`h ��H �TN�� lisVj
�!��{d{ �>n ��p�n�kivQj�¬
wVgdo�vQj�lisVj�hi��k9pTm;vQj`h/m;kij*hAj`{dtVn�� mGlAn���gdv`m;{d{\|�hi��n�n,lis3��lisVj��!��{d{ �>n ��pqn�kivQj�s$m;h lAnr~$j*��j m��
h9��kAj`t mGlChAjL��j`k9m;{
{\n�v`mGlig\n�o!h�n�o&lisVjOhi��kipKm;vQj�gdo&n�kitVj`k�lAn�m;vIs�g\jL��jOhAl9mGligdhAligdv`m;{d{\|�kAj`{dg�m;~�{\j
kij`hi��{\lih`¬ ("o hAn���j�v`m;hAj`h lis�gdh ��j m;o!h s��!o�t�kAj`t�h*n�p�h9gdoVu�{\j���j m;hi��kij`��j`o�lihCkij`hi��{\ligdoVu�gdo
p�n�kivQj t�gdhilikigd~��Vlig\n�o�h�k�mGlisVj`k�lis!m;o¡higdo�u�{\j �;m;{d�Vj`h ¬ �
g\u�¬$£4¬ ��hisVn � h�m;o�jQ��m;����{\j � g\lis�jQ� �
�$j`kigd��j`o�l9m;{�t!mGl9m[pTkAn�� l � n�hi��kipKm;vQj`h`¬ �C{\lisVn��Vu�s ~!kAn(m;t hiv`mGlAlAj`k n�pclis�j©�!��{d{ �>n �yp�n�kivQj
gdh*jL��gdt�j`o�l`�4lis�jrt�gdhAlikigd~!�Vlig\n�o�h�s!m ��j vL{\j m;k���m �4gd�Ym � s�gdvIs���m |[~$j��!hAj`t¡m;h�lisVj�kAj`��kAj!�
hij`o�l9mGlig\�(j �;m;{d�Vj`h ¬

���� � ��� � � ��� � �� � � � � ��� � � � ����� � � � ��� � � � � ���

x*sVj`ki��m;{�tVj`hAn�k9�Vlig\n�o hi�$j`vQlikAn�hivQn���| �Kx�f w���gdhrm�higd���!{\j©��jLlisVn�t lAn&n�~Vl9m;gdo}gdo�p�n�ki��m��
lig\n�o n�o lisVj¡hi�$j`vLg\j`hYm;t�hin�ki~!j`t n�o hi��kipKm;vQj`h`¬ (�o�g\lig�m;{d{\|��ElisVj¡hi��kipKm;vQj¡gdh���kij`�!m;kAj`t ~�|
jQ�V�$n�higdoVuYg\l�lAnYlis�jru(m;h � m;o�lAj`t&lAnY~$jOm;t�hAn�k9~!j`t3¬�(�o m�x�f w�jQ�V�$j`kigd��j`o�l�lisVjOh9m;����{\j
gdh�s�j mGlAj`t&mGl*m©vQn�o�hAl9m;o�l�k9mGlAjrm;o�t[lisVj �!m;kilig�m;{���kAj`hihi�!kAj`h/n�p+lisVj kAj`higdt!�!m;{ u(m;hAj`h�gdo�lisVj
�,m;vL����� vIs!m;�©~!j`k�m;kAj���n�o�g\lAn�kAj`tz���!hi�!m;{d{\| � g\lis�mO��m;hih�hi�$j`vQlikAn���jLlAj`k`¬/x�sVj�gdo!vLkAj m;hAj
gdo[lisVj`k9��m;{ j`oVj`kAu,|Y{\j m;t!h�lAn©t�j`hAn�ki�Vlig\n�o[n�p3lis�j m;t!hAn�ki~$j`t[h9�!j`vLg\j`h�n�k�lisVj`gdk�pTk9mGu���j`o�lih`¬
x*sVj&tVj`hAn�k9�Vlig\n�o gdh[tVjLlAj`vQlAj`t m;h[m}kigdhij&gdo lisVj �!m;kAlig�m;{*�!kAj`hihi��kij�n�p�lis�j&vQn����$n���o�t3¬
(�o�p�n�ki��mGlig\n�o n�o N��R]��OlisVj�m;t�hAn�k9�Vlig\n�o ��gdo�jLligdvLh`��lisVj�o4���©~$j`k*n�pEt�g�� j`kAj`o�l�m;t�hin�ki�Vlig\n�o
h9g\lAj`hrm;o�t lisVj�m;��n��!o�l�n�pEm;t�hAn�ki~$j`t hi�$j`vLg\j`hr��m | ~$j�n�~Vl9m;gdoVj`t}pTkAn�� lisVj�tVj`hin�ki�Vlig\n�o
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��g\u���kijY£4¬ � 	r����{d{ �>n � pqn�kivQj`hOm;o�t}kAj`h9��{\ligdoVu¡p�n�kivQjYt�gdhilikigd~��Vlig\n�o�h ��j m;hi��kAj`t n�o2§L¤&o��
vQn(mGligdo�u ���,� m;o�t2§`¨;¤¡o�� vQn(mGligdoVu����,�I¬�x�sVj�lis!gdv��,j`krvQn(mGligdoVu gdh �©��vIs kAn��Vu�sVj`k ¬��Vn�k
vL{�m;k9g\l"|��Vn�o!{\|[jL�(j`kA|�lAj`o�lis¡��j m;h9��kAj`��j`o�l��!n�gdo�l*gdh*hisVn � o�gdo�lisVjr���!�!j`k���gdvQli�!kAj�¬

h9�!j`vQlik9m4¬ � §`£ �
� ��k9m |���sVn,lAn�j`{\j`vQlikAn�o�hi�$j`vQlikAn�hivQn���|������Ew!�cgdh�m�hi��kipKm;vQjChij`o�hig\lig\��j���jLlisVn�t � s�gdv�s[�Vlig �
{dg��Qj`h�lis�j ��sVn,lAn�j`{\j`vQlikigdv j�� j`vQl`¬ x*sVj�h�m;����{\j gdh�~$n��©~!m;kitVj`t � g\lis�� ��k9m |�h�m;o�t lisVj
~!gdo�t�gdoVu�j`oVj`kiu,|}hi�!j`vQlik9��� n�p�lis�j�j`{\j`vQlikAn�o�hOj`��g\lAlAj`t pTkAn�� lisVj[h9m;����{\j[gdh�kij`vQn�kitVj`t3¬
x*sVj*hi�$j`vQliki��� kAjL��j m;{dh�lisVj*vIsVj`��gdv`m;{ vQn����!n�h9g\lig\n�oYn�p lisVjChi��kipKm;vQj�m;o�tz�(gdp�s�g\u�sYkAj`hAn�{d���
lig\n�o�v`m;o�~!jO��hAj`t3�$gdo�pqn�k9��mGlig\n�o&n�o&lisVj�vIsVj`��gdv`m;{
hAl9mGlAjOn�p�lisVjrj`{\j`��j`o�lihCgdh�n�~Vl9m;gdoVj`t3¬
���Ew���m`|�m;{dhAn�~$j �Vligd{dg��Qj`t&lAn�tVjLlAj`ki��gdo�j lisVj � n�ki�YpT��o�vQlig\n�o�n�p
lisVj h�m;����{\j�¬ � §`¨ �
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x*sVj*m;t�hAn�ki��lig\n�o�n�p¦~!j`o��Qj`o�j�n�o���jLl9m;{d{dgdvChi��k9pTm;vQj`hcgdh/n�p¦vQn�o�higdtVj`k9m;~!{\j*gdo�lAj`kAj`hAlc~$j`v`m;��hAj
g\lchij`kA��j`hcm;h/m ��n�tVj`{VhA|4hAlAj`� p�n�k ��n�kAj�vQn�����{dgdv`mGlAj`t�vQ|4vL{dgdv*s�|4t�kAn�v`m;k9~!n�o�h ¬zx�sVj�~$n�o�t��
gdo�u*n�p!m;kAn��YmGligdvEs�|4t�kAn�v`m;ki~!n�o!hz��{�m |�h�m;oOgd���!n�kil9m;o�l
kAn�{\j�gdo���m;o�| v`mGl9m;{\|�ligdv���kAn�vQj`h9hAj`h`¬
fCjLlAj`ki��gdo!mGlig\n�o n�p�lisVjYt�jLl9m;gd{\j`t�m;t!hAn�ki�Vlig\n�oyu,jLn���jLlikA|yn�p�lisVj[~$j`o��Qj`oVj[��n�{\j`vL��{\j�gdh`�
lis�j`kAj`pqn�kij��4n�p
pT��o�t$m;��j`o�l9m;{ gd���!n�kAl9m;o!vQj�¬
x*sVj���m;gdo[gdhihi��j`h�t�gdh9vL��hihAj`t[gdo�lis�jC{dg\lAj`k9mGli�!kAjCs$m`��jC~!jLj`o[lisVjC��mGu�o�g\li��t�j�n�p�hi�!~�hAlik9mGlAj
gdo!t���vQj`t�t�gdhAlAn�kAlig\n�o!h�n�o�lisVj¡~$j`o��Qj`oVj¡��n�{\j`vL��{\j&m;o!t�lisVj�j��$j`vQl�n�p*lisVj�oVj`g\u�s4~$n�kigdoVu
��n�{\j`vL��{\j`h�n�o�lisVj�v�sVn�gdvQj�n�pzlisVj m;t�hAn�ki�Vlig\n�o�hig\lAj m;o�tYn�kig\j`o�l9mGlig\n�o3¬�w4li��t�g\j`hEn�p3hi��k9pTm;vQj
hiliki��vQli��kAj`h � � s�gdvIs s$m`��j ��n�hAli{\| ~!jLj`o�tVn�o�j n�o sVjQ��mGu,n�o!m;{ vL{\n�hAj}�!m;vI�,j`t hi��kipKm;vQj`h`�
gdo!t�gdv`mGlAj #$mGlO{\|�gdo�u�������~$n�o�tVj`ty��n�{\j`vL��{�m;k©m;t�hAn�ki�Vlig\n�o � g\lisym&hi��m;{d{�gdo�vLkAj m;hAj[gdo}lisVj
t!g�m;��jLlAj`k n�p�lis�j�v`m;ki~!n�o�k9gdoVu m;{\n�oVu � g\lis�hi��m;{d{V� j`����{ �j�l�|��$j�t�gdhAlAn�kilig\n�o�hcm;o�t��$n�hihigd~�{\j
~$j`o��Qj`oVj gdo!t���vQj`t�hi��~!hAlik9mGlAj t�gdhAlAn�kilig\n�o�h � §�! %V£;¤ �>¬
(�o�����~!{dgdv`mGlig\n�o�h (�m;o�t ( (ElisVjrm;t�hAn�k9�Vlig\n�o�n�p
~!j`o��Qj`o�j n�o �En!�K¤,¤,¤V§ �*hi��kipKm;vQj s!m;h�~$jLj`o
hili��t�g\j`t3¬

� �� � � ��� � � � � � � � � � � ��� � � � � ��� ��������� ���
x*sVj*m;t�hAn�ki��lig\n�o�n�p¦~!j`o��Qj`o�j � m;hchAli��t�g\j`t���higdoVu �+�/�/f©��x*f w�m;o�t ���Ew¦� �+�/�/f�~$j`gdoVu
lis�j���m;gdo lAj`vIs�o�g����Vj�¬���j`o"�Qj`oVj � m;h pqn��!o�t lAn¡pqn�k9� l � n¡m;t�hAn�k9�Vlig\n�o}hAliki�!vQli��kAj`h
	���l
kin(n�� lAj`���$j`k9mGli��kijrm��G� £@N ¨ P !(���! "�$#�hAliki�!vQli��kAj � m;h�tVjLlAj`vQlAj`t3¬c� �z���/f gd��mGu,j�m;o�t
lis�j�vQn�kikAj`hi�$n�o�t�gdoVu h9v�sVj`�YmGligdv���kAj`hAj`o�l9mGlig\n�o�n�p$lisVj�t�g��¦k9m;vQlig\n�o�h9�!n,lih/m;kij*��kAj`hAj`o�lAj`t©gdo
��g\u�¬¦¨4¬d§,¬�x�sVj�hiv�s�j`��mGligdvr��gdvQli�!kAj�his�n � h�lis!mGl*lisVj`kijOm;kAj�lis�kAjLj�t�n���m;gdo�h*�!kAj`hAj`o�l*t��Vj
lAn �!n�hih9gd~�{\j�n�kig\j`o�l9mGlig\n�o�h n�pElisVj�m;t�{�m |�j`k kAj`{�mGlig\�(j�lAn¡lisVj�hi�!~�hAlik9mGlAj�¬©x�sVj�kij m;{ hi�!m;vQj
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��g\u���kij�¨4¬d§ 	 9 ~�hAj`kA��j`t m;o�t hiv�s�j`��mGligdv �G� £@N ¨ P !(���! � # �+�/��f �!mGlAlAj`kio n�p�~$j`o��Qj`oVj
m;t!hAn�ki~$j`t�n�o �En!�K¤,¤,¤V§ �EmGlEkin(n�� lAj`���$j`k9mGli��kAj©� � �rj�� ��m;o�t�vQn�kikij`hi�!n�o!t�gdoVu�hiliki��vQli��kAj
gdo&kAj m;{3hi�!m;vQj�¬

��g\u���kij�¨4¬ £ 	 9 ~�hAj`kA��j`t�m;o�t hivIsVj`��mGligdvML+� N ¥QP N ¥,�TS©§`  V �+�/��f �!mGlAlAj`kio¡n�p�~$j`o��Qj`oVj
m;t!hAn�ki~$j`trn�o �En!�K¤,¤,¤V§ ��mGlc£,£;¤�� � �,£�j�� �
m;o�t�vQn�k9kAj`hi�$n�o�t�gdoVu�hAliki��vQli�!kAj/gdo©kAj m;{�hi�!m;vQj�¬

hiliki��vQli��kAj�gdh�m;{dhAn���kij`hAj`o�lAj`tYgdo���g\u�¬�¨4¬d§ hisVn � gdoVu�lisVj�l � n���n�{\j`vL��{\j`h�gdo�lis�jCnG��j`ki{�m |�j`k
�!o�g\l[vQj`{d{ ¬ x�s�gdh�hAliki�!vQli��kAj � m;h�tVjLlAj`vQlAj`t � g\lis � gdtVj k9m;oVu,j�n�prkAn�n�� lAj`���$j`k9mGli��kAj
jQ�V�$n�hi��kAj`h`¬�x�sVjOhAj`vQn�o�t hAliki��vQli�!kAj��^L
�ON ¥ P[N ¥,�TS©§` �V,� � m;hCtVjLlAj`vQlAj`t � s�j`o ~$j`o��Qj`oVj
� m;h
m;t�hAn�ki~$j`t�~$j`{\n � £,£;¤C� � g\lis�s�g\u�srjQ�4�$n�hi��kij`h`¬+x*sVj/kAj`hi�!{\lAj`t �+�/�/f2�!mGlAlAj`kio3� � g\lis
l � n�tVn���m;gdo�h`�3m;o!t lis�j�hAliki��vQli��kij©m;kAj�h9sVn � o gdo ��g\u�¬3¨4¬ £4¬©x�sVj©nG��j`ki{�m |�j`k�gdh kAn,l9mGlAj`t
§` +Ud§V©kij`{�mGlig\��j�lAn�lisVj�hi��~!hAlik9mGlAj�¬ ��n ��j`k�mGu,j`h pqn�k�lisVj`hij�hAliki��vQli��kij`h�m;kij¡§��'`¡m;o�t�§��,¥��
vQn�k9kAj`hi�$n�o�t�gdoVu�{\|�¬
(�o lisVj�x�f w ��j m;hi��kAj`��j`o�lih�n�o�{\|yt�j`hAn�ki�Vlig\n�o n�p�� * � m;hOn�~�hAj`ki��j`t�gdo�t�gdv`mGligdoVu�lis!mGl
~$j`o��Qj`oVjO�!m;kAli{\|¡tVj`s�|4t�kAn,u,j`o!mGlAj`h�t���kigdo�u�sVj mGligdoVu�¬���g\u�¬¦¨4¬ ¨�h9sVn � h�x�f hi�$j`vQlik9mY��j m��
h9��kAj`t¡p�n�k*jQ�V�$n�hi��kAj`h�~!jLl � jLj`o !Ym;o!t £:4 �/¬�x�s�j�m;��n���o�l�n�p s�|4t�kAn,u,j`o&t�j`hAn�ki~$j`t � £4§��
h9�Vu,u,j`hAlih lis$mGlrn�o�{\|�n�oVjYs�|4t�kAn,u,j`o}mGlAn���tVj`hAn�ki~!h {\j m`�4gdoVu �MWI�
	�s�|4t�kAn�v`m;k9~!n�o pTk9mGu��
��j`o�l�n�o&lisVjrhi�!kipTm;vQj�¬�� higd��gd{�m;k*�!kAn�vQj`hih � m;h�m;{dhAn[hi�Vu,u,j`hAlAj`t pqn�k 9 h �K¤,¤,¤V§ � � £,£ � m;o�t
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��g\u���kij�¨4¬ ¨ 	 x�sVj`ki�Ym;{VtVj`hAn�ki�Vlig\n�o�hi�!j`vQlik�m n�~Vl9m;gdoVj`t[m;pqlAj`k/jQ�4�$n�higdoVuOm vL{\j m;o ��n!�K¤,¤,¤V§ �
h9��kipKm;vQj�lAn ~$j`o��Qj`oVj�¬�x�sVjEjQ�4�$n�hi��kij � m;h
�;m;k9g\j`tO~$jLl � jLj`o�! m;o�t�£:4 �/¬;x�sVj�gdo�hAjLl�hisVn � h
lis�j�� * tVj`hAn�ki�Vlig\n�o�hig\u�o$m;{3m;h�m�pT��o�vQlig\n�o[n�p+~!j`o��Qj`o�jCjQ�V�$n�hi��kAj�¬ x�s�jC{dgdoVj gdh�t�k�m � oYlAn
u��!gdtVj lisVj jL|�j�¬

��n!�<§L¤�� § ¤(�,� £,¨4��£ ! �>¬
* g\lis&gdo!vLkAj m;higdoVu�vQnG��j`k9mGu,jrlisVj`kAjrgdh�oVn�lAj`���$j`k9mGli��kAjrh9s�gdpql��4gdhigd~�{\j�gdo�lisVjrtVj`hin�ki�Vlig\n�o��
�$j m;����m �Vgd�©��� gdo�t�gdv`mGligdo�u[m �!kihAl �>n�kit�j`k���kAn�vQj`hih`¬�x�s�gdh*~!j`s!m �4g\n�k�hi��u,u,j`hAlih*lis$mGl*lisVj
t�j`vQn����!n�h9g\lig\n�o ��kin�vQj`hihC��g\u�s�l*~$j lisVj�{dgd��g\ligdoVu�hAlAj`� n�p
lisVjrtVj`hAn�k9�Vlig\n�o3¬Ex�sVj�m;vQlig\�,m��
lig\n�o&j`oVj`kAu,|[n�p
lisVj tVj`vQn����$n�hig\lig\n�o � m;h�j`hiligd��mGlAj`t&lAn §L¤�£���¢ �G��n�{ ¬cx�s!gdh��;m;{d��jrgdh*m;{ �
��n�hAlclisVj�h9m;��j�m;h/hi��u,u,j`hAlAj`t�p�n�kclisVj�t�j`s�|4t�kAn,u,j`o$mGlig\n�o�n�p¦~!j`o��Qj`o�j�n�o �En!�<§L¤�� § ¤(� � £ ! �>¬

�  � ����	 	�� � � � � � ��� � ����� �	�
� ���������������� ������� 	�� ��� � � � � � �

����� ����������

x*sVj h9mGli�!k9mGlig\n�o�hAliki��vQli�!kAj L+�ON ¥ P8N ¥,�TS©§` +Ud§V!� � WL�XW � m;h[vIsVn�hAj`o lAn ~!j m;o!m;{\| �Qj`t
gdo tVjLl9m;gd{ ¬ ( � ��vL��ki��j`hYp�n�kYlis�kAjLj gdo�lAjLu�k�m;{Cm;o�t hAjL��j`o pTk9m;vQlig\n�o!m;{Cn�kitVj`k[~!j m;��h � j`kAj
��j m;hi��kAj`t � g\lis�vL���©��{�mGlig\��j�j`oVj`kiu,|yk9m;oVu,j�n�p�§�!(¥G¤ j��O¬�x�s�j��©��{\ligd{�m |�j`k©kAj`{�m ��mGlig\n�o
m;o!t&kAj`vQn�o�hiliki��vQlig\n�o¡n�p�~$j`o��Qj`oVj!��vQnG��j`kAj`t�vQn�~!m;{\l�h9��kipKm;vQj � m;h�m;o!m;{\| �Qj`t �!higdoVu�x+j`o�hAn�k
�+�/��f vQn�tVj`h�n�p �/m;o��*nG��j NL=�6;P�� � £:4 �>¬ x�sVj�vQn����!m;kigdhAn�o ~!jLl � jLj`o}lisVjYjQ�4�$j`kigd��j`o�l
m;o!t lisVj[lisVjLn�kA| � m;hOtVn�oVj[��higdoVu���j`o�t�kA| 	 ��pKm;vQlAn�k�m;o�tylisVj�j`k9kAn�k�~$m;kih ���Vn,lAj`t m;kAj
v`m;{dvL�!{�mGlAj`t ��h9gdoVu©lisVjr��j`o�t�ki| 	 	 ��p���o!vQlig\n�o � ! �>¬



��
 ��� 	�� � ����	�� 	���� ����� ���� §`£

−
[1100]

−
[1

12
0]

bridgehcpfcctop

B

A

��g\u���kij*¨4¬ ! 	
�Cg\u�s�hi|�����jLlikA|Om;t�hin�ki�Vlig\n�o�hig\lAj`h ¬
� m;gdo�vLkA|4hAl9m;{d{\n,u�k9m;�!s�gdv�t�gdkAj`vQlig\n�o!h�m;kAj
gdo!t�gdv`mGlAj`t � g\lis&m;k9kAn � h`¬ ��m;ki~$n�o¡mGlAn���h�m;o!t�lisVj l � n�lAn�� vQn�~!m;{\l*{�m |�j`kih*m;kij hisVn � o3¬

x*sVj`kAj � j`kAj j`g\u�s�lC�!n�hih9gd~�{\j�s�g\u�s���hA|�����jLlikA|¡m;t�hAn�ki��lig\n�o&hig\lAj`h�lAn[~$j�vQn�o!higdtVj`kAj`t 	/l � n
lAn���hig\lAj`h �(l � n�s�vL�[hig\lAj`h`��l � nOp�vLvChig\lAj`h�m;o�tYl � nO~�kigdtVu,jChig\lAj`h`¬ x�sVjCl � nOt�g�� j`kAj`o�l/s�g\u�s
hi|�����jLlikA|¡n�kig\j`o�l9mGlig\n�o�h n�p/lisVj�~$j`o��Qj`oVj���n�{\j`vL��{\j�m;kAj�lis�jOl � n��!m;k9m;{d{\j`{ � % � ~$n�o�t�h
m;{dg\u�o�j`t � g\lis�� § � §`¤,¤ ��t�gdkAj`vQlig\n�o �K� � m;o�t � g\lis � §,§ �£,¤ �/t�gdkij`vQlig\n�o2�����I¬3x�sVj`hAj�h9g\lAj`h�m;kAj
h9sVn � o�gdo��
g\u�¬ ¨4¬ !V¬
x*sVj �z���/f gdo���j`hAlig\u(mGlig\n�o kAjL��j m;{\j`t lis$mGl�lisVj¡~$j`o��Qj`oVj&��n�{\j`vL�!{\j gdhYm;t!hAn�ki~$j`t n�o2m
s!vL� � hig\lAj � g\lis m �!o$m;{���j`o�t�kA| 	 ��pKm;vQlAn�kY�,m;{d�Vj¡n�p�¤V¬ £ �4¬���g\u�¬�¨4¬ 4}vQn����!m;kAj`hYlisVj
jQ�V�$j`kigd��j`o�l9m;{ ( � ��vL��kA��j`h�lAn�lis�j�lisVjLn�ki|�¬ x�sVjCmGu�kijLj`��j`o�lEgdhEjQ�VvQj`{d{\j`o�l�p�n�k�lis�j�gdo�lAjLu�k9m;{
n�k9tVj`k�~!j m;��h ¬ x�sVj���j`o!tV|���jLlisVn�t�gdhEo�n,lEhAj`o!hig\lig\��j�lAn©lisVjCkij`{�mGlig\��j gdo�lAj`o!hig\lig\j`hEn�p3lisVj
~$j m;��h`¬r�
g\u�¬�¨4¬ 4�m;{dhAn�his�n � h m[hivIsVj`��mGligdv©��gdvQli��kij�n�p/lisVjOt!g�� k9m;vQlig\n�o �$mGlAlAj`kio � sVj`kAj
lis�j�gdo!tVjQ��j`h�n�pzlisVj ~!j m;��h���hAj`t�gdo�lis�gdh�m;o!m;{\|4higdh*m;kAj his�n � oz¬
x � n©t�g�� j`kAj`o�lEt�n���m;gdo�h
lis$mGl�m;kij�kij`{�mGlAj`t�lAn�j m;v�s�n,lisVj`k�~�|YmO��gdkikin�kE�!{�m;oVj�m;{\n�o�u � §,§ �£,¤ �3t�gdkAj`vQlig\n�o¡m;kAj his�n � o
� g\lis¡t�g�� j`kAj`o�l�hi|��©~$n�{dhr������� �I¬
x*sVj m;t�hAn�ki�Vlig\n�o�n�p
~$j`o��Qj`oVj n�o �En!�K¤,¤,¤V§ � � m;h�hili��t�g\j`t¡m;{dhAn � g\lis�t�j`o�hig\l�|YpT��o�vQlig\n�o!m;{
lis�jLn�kA| �Kf���x���v`m;{dvL��{�mGlig\n�o�h`���$j`kipqn�k9��j`t gdo lisVj � n�s�o&%4w4s$m;� pqn�ki�Ym;{dgdhi�¡� � g\lis lisVj
u,j`o�j`k9m;{dg��Qj`t[u�k9m;t�g\j`o�l�m;����kin �Vgd��mGlig\n�o � ) )����cn�p���j`kitVj � jLlEm;{ ¬ � £ � � m;h�lisVj*jQ�VvIs!m;oVu,j!�
vQn�k9kAj`{�mGlig\n�o}pT��o�vQlig\n�o!m;{ ¬ ("o�lisVj�v`m;{dvL��{�mGlig\n�o!h lisVj�m;t�hin�ki�Vlig\n�o mGlrm;{d{�lisVj�hig\lAj`h�jQ�VvQj`�Vl
~!kigdtVu,j � � m;h gdo���j`hAlig\u(mGlAj`t3¬�x�sVj�~�kigdt�u,j � hig\lAj � m;h oVn,lrhili��t�g\j`t3�3~$j`v`m;��hAj�lisVjYm;t��
hin�ki�Vlig\n�o�j`oVj`kAu,|[n�pz~!kigdtVu,j � � m;h�m;~$n��Vl�¤V¬ £:4Oj�� s�g\u�sVj`k�lis!m;o¡mGl�lis�j s�vL��� m;o!t[pTvLv
�O� � s!gdv�s�kAj`�!kAj`hAj`o�l lisVj�j`oVj`kiu,jLligdv`m;{d{\|�{\n � j`hAl/m;o!t���k9m;vQligdv`m;{d{\|�tVjLu,j`o�j`k9mGlAjCm;t�hin�ki�Vlig\n�o
h9g\lAj`h`¬y��n � jL�(j`k`�chigdo�vQj�lisVj �+�/�/f jQ�V�!j`k9gd��j`o�lO��o$m;�O~!g\u��Vn���hi{\| �!kAj`pqj`k9h�lis�j�s!vL� �
h9g\lAj���g\l � m;h�vQn�o�vQj`o�lik9mGlAj`t¡n�oz¬
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��g\u���kij ¨4¬ 4�	/x�sVjLn�kA|�%(jQ�4�$j`kigd��j`o�l�vQn����!m;kigdhin�o3¬�f�m;h9sVj`t�{dgdoVj vQn�kikAj`hi�$n�o�t�hElAn©lisVj�lisVj!�
n�ki|�m;o!t�hAn�{dgdt[{dgdoVj*lAn�lisVj*jQ�V�$j`kigd��j`o�l`¬ 	*g\u�s�l/�����$j`kcvQn�kio�j`k�his�n � h/hiv�s�j`��mGligdv`m;{d{\|�lisVj
t!g�� k9m;vQlig\n�o �$mGlAlAj`kio � g\lis lisVj�gdo�tVjQ�4j`hOgdo!t�gdv`mGligdoVu lisVj�~!j m;��h���hAj`t�gdo lis�gdh©v`m;{dvL��{�m��
lig\n�oz¬�x�s�j�l � nYt�g�� j`kAj`o�l�tVn��Ym;gdo�h*lis$mGl m;kijOkAj`{�mGlAj`t ~�|&mY��gdkikAn�kC��{�m;oVj�m;{\n�oVu � §,§ �£,¤ �
m;kijr��m;ki�,j`t � g\lis¡t�g�� j`kAj`o�l�hi|��©~$n�{dhr����� � �I¬
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x�m;~�{\jY¨4¬d§ 	Ox�sVjY��m;gdo u,jLn���jLlikigdv[�!m;k9m;��jLlAj`kih � g\lis lisVjYm;hihin�vLg�mGlAj`t j`kikAn�kih n�~Vl9m;gdoVj`t
� g\lis�lisVj �z���/f m;o�t¡f���x$% ) ) � v`m;{dvL��{�mGlig\n�o�h`¬
9 ��j`ki{�m |�j`k w4��~�hilik9mGlAj
�cm;k�m;��jLlAj`k �/m;{d�VjY� �� � �cm;k9m;��jLlAj`k �/m;{d��jY� ����

�z���/f f��
x % ) )�� �+�/��f f���x$% ) )��
�'% �En £4¬ £ ��� ¤V¬«¤�  £4¬d§L¤ ! % - ¤V¬«¤� �� ¤V¬«¤�� ¤V¬d§` 4§
�����
	��� £4¬ £;¤�� ¤V¬«¤�  §,¬   � ! % * ¤V¬«¤V§�� ¤V¬«¤�  ¤V¬«¤�¨ �
�'% � §,¬ ¨, �� ¤V¬d§L¤ §,¬ ! !�� % + ¤V¬«¤V§�� ¤V¬«¤(¥ ��¤V¬«¤V§ ¥
� % � §,¬d§�� ¤V¬ £ §,¬«¤� 4§ % / ¤V¬«¤�� ¤V¬ ¨ ��¤V¬«¤:`,£
������	�� ¤V¬ ¨�� ¤V¬ £ ¤V¬ ¨, ,£ ��� - * £4¬«¤�¨�� ¤V¬d§L¤ §,¬  �`, 
% � ¤V¬«¤V§�� ¤V¬d§,§ ¤V¬«¤ ��� * + £4¬«¤� �� ¤V¬d§L¤ £4¬«¤�£ !
% � ¤V¬«¤ !�� ¤V¬ ! ¤V¬«¤ ��� + / §,¬  �¥�� ¤V¬d§L¤ §,¬  , , 
f�g�� j`kAj`o�l �!m;k9m;��jLlAj`kih�v`m;o ~$j�gdtVj`o�lig���j`t � g\lis lisVj�sVj`{d� n�p&��g\u�¬ ¨4¬ �4¬ ("o lisVj
f���x$% ) ) � kAj`hi��{\lih lis�j2oVjLu(mGlig\��j2h9g\u�o gdo�t�gdv`mGlAj`h lis!mGl}lisVj kij`{�m �VmGlig\n�o n�vLvL��k9h gdo
lis�j�n��!�!n�hig\lAj}t!gdkAj`vQlig\n�o � g\lis kAj`hi�$j`vQl�lAn lisVj kAj`{�m ��mGlig\n�o���kin�t���vQj`t ~�| lisVj �+�/�/f
v`m;{dvL�!{�mGlig\n�o3¬

x*sVj ��m;gdo u,jLn���jLlikigdv �!m;k�m;��jLlAj`kih[kAj`hi��{\ligdoVu�pTkAn�� lisVj ~$n,lis �Vligd{dg��Qj`t ��jLlis�n�t�h�m;kAj
h9sVn � o�gdo x�m;~�{\j�¨4¬d§,¬©x�sVj��!m;k�m;��jLlAj`kih v`m;o}~$j�gdtVj`o�lig���j`t � g\lis lisVj�sVj`{d� n�pE��g\u�¬z¨4¬ �
� sVj`kAj©lisVj��!m;kAlrm��Ch9sVn � h�lisVj�lAn�� �4g\j � m;o�t �!m;kAl ~ ��lis�j�higdtVj��4g\j � n�p/lis�j�n��Vligd��m;{
u,jLn���jLlikA|�¬
x*sVj/kAj`hi�!{\lih3gd����{\| kAj`{�mGlig\��j`{\| � j m;� gdo�lAj`k9m;vQlig\n�oO~!jLl � jLj`o lisVjEhi��~�hAlik�mGlAj/vQn�~!m;{\l
m;o!t lisVj
v`m;k9~!n�o gdo¡lisVjr~$j`o��Qj`oVj�¬�x�s�jrhisVn�kAlAj`hil � % �En�~$n�o�t � m;h*pqn���o!t�lAnY~$j�£4¬ £ ��� ¤V¬«¤�  ��
� g\lis �+�/�/f m;o�t�£4¬d§L¤ ! �� � g\lis[f��
xr��vQn����!m;kAj`tYlAn�£4¬«¤ ! ��O� � s�gdvIsYgdhElisVj�hi��� n�p�lisVj
��jLl9m;{d{dgdv�k9m;t�gd��hCn�p�vQn�~!m;{\lrm;o�t�lisVj�vQn �,m;{\j`o�l k9m;t�gd��hCn�p�v`m;ki~!n�o gdo h9gdoVu�{\j�~!n�o�tz¬ x�sVj
v`m;k9~!n�o�kigdoVu©kAj`��m;gdo!h�oVj m;k9{\|���o�vIs!m;oVu,j`t ���z���/f � n�k�hi{dg\u�s�li{\|�jQ�V�!m;o�t�j`t��Kf���x�� � g\lis
kij`hi�!j`vQl�lAn�lisVj©u(m;h ��s$m;hAj©�;m;{d�Vj©n�p/lisVj � % �'~!n�o�t�n�p�§,� ¨, ,  �� � £�¥ �>� � g\lis oVjLu�{dg\u�gd~�{\j
~!��v���{dgdoVu � %�� �I¬ ��m;k9~!n�o&%�s�|4t�kAn,u,j`o ~!n�o�t!hCm;kAj©hi{dg\u�s�li{\|¡jQ�V�!m;o�tVj`t�vQn����!m;kij`t&lAn�lisVj
�'%�� ~$n�o�tygdo lisVj�u(m;h���s$m;hAj[~$j`o��Qj`oVj}�<§,¬«¤:` �� �I¬ �E�!v���{dgdoVu ~!jLl � jLj`o lisVj[s�|4t�kAn,u,j`o
mGlAn���h�� %�� �Egdh � g\lis!gdo�lisVj j`kikAn�k*n�pzlis�j�m;o!m;{\|4higdh`¬/x*sVj v`m;ki~$n�o&%�s�|�t�kin,u,j`o¡~!n�o!t�h*m;kAj
~$j`o�l�m � m |�p�kin�� lisVjChi��kipKm;vQj��(s�|4t�kAn,u,j`o�mGlAn���h�{\|4gdoVu�s!g\u�sVj`kclis!m;o�lisVj�vQj`o�lAj`k/n�p���m;hih
n�p+lisVjrv`m;k9~!n�o¡k9gdoVu�m;vLvQn�kit�gdoVu�lAn�~!n,lis¡lAj`v�s�o!g����Vj`h ¬
�Ej`o��Qj`o�j�gdo�t��!vQj`hchAn���jCv�s!m;o�u,j`hclAnrlis�j*hi��~�hilik9mGlAj�hAliki��vQli�!kAj�¬ �z�/��f�hAli��t�g\j`h/gdo�t�gdv`mGlAj
lis$mGl3lisVj �!kihil¦gdo�lAj`ki{�m |�j`k3h9�!m;vLgdoVur��� - * �¦kAj`�Ym;gdo�h3higd��gd{�m;k3lAn�lisVjc~���{d���,m;{d�Vj�¬zx�s�jchAj`vQn�o�t
�Kt"� * + ��gdo�lAj`ki{�m |�j`k3hi�!m;vLgdo�u�gdh3jQ�V�!m;o�t�j`tr~�| ¨��1m;o�trlisVj/lis�gdk9t��Kt�� + / ��gdo�lAj`ki{�m |�j`k+hi�!m;vLgdoVu
gdh�vQn�o�lik9m;vQlAj`t&~�|�¨���¬/x�s�jrf��
x'v`m;{dvL��{�mGlig\n�o�h�u�g\��jOm�hi{dg\u�s�li{\|�t!g��$j`kAj`o�l���gdvQli�!kAj � g\lis
gdo�lAj`ki{�m |�j`k hi�$m;vLgdoVu�h vL{\n�hAj`k lAn&lisVj�~���{d���,m;{d�Vj�¬�x�s�j©gdo�lAj`ki{�m |�j`k hi�$m;vLgdoVu�hrm;kAj ���Vn,lAj`t
~$jLl � jLj`o¡lisVj vQj`o�lAj`kih�n�p
��m;hih�n�p
lisVj {�m |�j`kih`¬ �
m;kAu,jr~��!v���{dgdoVu � m;h�pqn��!o�t�pqn�k�lis�j �!kihAl
vQn�~$m;{\l©{�m |�j`k
	�¤V¬«¤�  �� ���z�/��f ��m;o!ty¤V¬d§`  �� �Kf���x��I¬�x�sVj[~���vI��{dgdo�u p�n���o�t ~�|}f���x
gdh�oVn,ligdvQj m;~!{\|�{�m;kAu,j`k�lis$m;o�p�n���o�t�gdo�lisVj �z���/f m;o$m;{\|�higdh ¬ x�sVj©~���vI��{dgdo�uYgdo�lisVj��!kihAl
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b)a)

��g\u���kij�¨4¬ � 	�m��+xzn���m;o�tO~$�zhigdtVj/�4g\j � h
n�pVlisVj�pKm`�(n�kAj`t u,jLn���jLliki|Ov`m;{dvL��{�mGlAj`t�~�| �+�/�/f©¬
f m;his�j`t&{dgdoVj gdo�t!gdv`mGlAj`h*lisVj � § � §`¤,¤ � ��t�gdkAj`vQlig\n�o3¬E�z�ON ¥ PRN ¥,����o!g\l�vQj`{d{zgdh*h9sVn � o � g\lis&m
hin�{dgdt[{dgdo�j�¬ x�sVj�gdoVj ���!g\�;m;{\j`o�l �En©mGlAn���h�gdoYlis�j �$kihAl/l � nO{�m |�j`kih�m;o�tYlisVj � mGlAn���h�m;kAj
gdo!t�gdv`mGlAj`t¡~�|[t!g��$j`kAj`o�l�o4���©~!j`k9h`¬

h9��~�hAlik9mGlAj�{�m |�j`k s$m;h ~!jLj`o ���$m;{dg\l9mGlig\��j`{\|}t�g�� j`kAj`o�l�gdo}lisVj��,m;kig\n���h f���x v`m;{dvL��{�mGlig\n�o!h
�!��~�{dgdhisVj`t&hAn[pKm;k
	�mGl 	*�z�K¤,¤,¤V§ �(� £�` ��lisVjO~���vI��{dgdo�uYgdh�gdo&lis�jOk9m;o�u,jrn�pc¤V¬«¤�¨ �� m;o�t mGl
�Cg>�<§,§,§ � m;o�t��cl �<§,§,§ � m;kAn���o�t�¤V¬d§�4�%�¤V¬ £;¤ �� � £, �%�¨4§��>� � sVj`kAj m;h�gdo�lisVj©jQ�V�!j`kigd��j`o�lihCg\l
s$m;hcm;{ � m |4h ~!jLj`o�h9��m;{d{ ¬ ��j`v`m;�!hAj�n�p$lisVj�hAlikAn�oVu ~��!v���{dgdoVu gdo©lisVj��!kihil
{�m |�j`k`��gdo�lAj`ki{�m |�j`k
h9�!m;vLgdoVu�h�tVnYoVn,l�u�g\��j�m�kij m;{dgdhAligdvr��gdvQli�!kAjrm;~!n���l�lisVj hig\li�!mGlig\n�o ~!jLl � jLj`o�lisVj �$kihAl�l � n
vQn�~$m;{\l*{�m`|(j`kih`¬ �z���/f gdo���j`hAlig\u(mGlig\n�o¡gd���!{dg\j`t�lis!mGl�lisVj vQn�~!m;{\l�mGlAn���h�kig\u�s�l�~!j`{\n � lisVj
~$j`o��Qj`oVjYkigdoVu}� mGlAn���£¡gdo}��g\u�¬z¨4¬ �&m��A� m;kij�����{d{\j`t ��� ~�| ¤V¬d§L¤ � ¤V¬«¤�� �� vQn����!m;kAj`t
lAnylisVj&vQj`o�lAj`k�n�p���m;h9h�n�pClisVj¡n,lisVj`k[mGlAn���h[gdo lisVj �$kihAl�{�m |�j`k � mGlAn���h�§&m;o�t ¨ gdo
��g\u�¬!¨4¬ �Ym��A�I� � s�gdvIs¡m;kAj�m;{d��n�hAl*��{�m;o!m;k ¬
x*sVjcf��
x v`m;{dvL��{�mGlig\n�o�h
kAj`hi��{\lAj`t gdorm � n�k9�*pT��o�vQlig\n�o n�pJ4�¬«¤^4�j���pqn�k3lisVj/vL{\j m;o ��n!�K¤,¤,¤V§ �
h9��kipKm;vQj�m;o�tr¨4¬ ¨�`*j�� pqn�kzlisVj/hi�!kipTm;vQj�vQn ��j`kij`t � g\lisrlisVj/~$j`o��Qj`oVj�� � sVj`kAj m;h3jQ�4�$j`kigd��j`o�lih
h9sVn � j`t��,m;{d�Vj`h�n�p 4�¬ 4�4�j�� � ¨,£ ��m;o�t !V¬ £:4�j��©�!kAj`h9�!j`vQlig\��j`{\|�¬*x�sVjrkAj`t!��vQlig\n�o�h*gdo � n�ki�
pT��o�vQlig\n�o!hcm;h�m�kAj`hi�!{\l n�p$~$j`o��Qj`oVj�m;t!hAn�ki�Vlig\n�o � j`kAj §,¬ ¥,¥ j�� p�n�k lisVj�f���x v`m;{dvL��{�mGlig\n�o!h
m;o!t}§,¬ ¨;¤�j�� pqn�k�lisVj jQ�V�!j`kigd��j`o�l`¬
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fCj`�$n�hig\lig\n�o n�p
h9��m;{d{3�!m;kAligdvL{\j`h*n�o�lAn�hi��kipKm;vQj`h�gdh*n�p
h9g\u�o�g��!v`m;o�l�gd���$n�kAl9m;o�vQjrgdo�m�{�m;kAu,j
o4���©~$j`k n�p�m;����{dgdv`mGlig\n�o!h`¬ ��n�k�jQ��m;����{\j�m;his �!m;kAligdvL{\j�tVj`�$n�hig\lig\n�o n�oysVj mGlOjQ�Vs!m;oVu,j`k
h9��kipKm;vQj`hrgdh©m¡��kAn�~!{\j`� gdo}j`o�j`kAu,|}��kAn�t���vQlig\n�o3¬�x�sVjYtVj`�!n�h9g\lAj`ty�$n�kAn���h�{�m`|�j`krn�p�m;his
�$m;kAligdvL{\j`h�kAj`t���vQj`hClisVj©v`m;�!m;vLg\l�|&n�p lisVjOjQ�Vs!m;oVu,j`k�{\j m;t�gdoVu���{\ligd��mGlAj`{\| lAn[lis�jOoVjLj`t lAn
j`g\lis�j`k*vL{\j m;o¡n�k*kAj`��{�m;vQjrlis�jrm;vQlig\��j�hi�!kipTm;vQj`h ¬ ("o&m;t!t�g\lig\n�o�lAn�lis�j v`m;�!m;vLg\l"|¡�!kAn�~�{\j`��h`�
lis�j�tVj`�$n�hig\lAj`t��$m;kAligdvL{\j`h�m;vLvQj`{\j`k9mGlAj vQn�kikAn�hig\n�o[~�|O��kin �4gdt�gdoVurh9g\lAj`h�p�n�k/vQn�o�t�j`o�h9mGlig\n�oYn�p
vQn�k9kAn�hig\��j hi�!~�hAl9m;o�vQj`h`¬
(�o lisVj {dg\lAj`k9mGli��kAj lis�j m;t!sVj`hig\n�o n�prhi�Ym;{d{C�$m;kAligdvL{\j`h¡gdh � gdtVj`{\| hAli��t�g\j`t ��higdo�u p�n�kivQj
��j m;hi��kAj`��j`o�lih`��pqn�k�m�kAjL�4g\j � hAjLj � §L¤V�<§,§��>¬�x*sVj�hi�!kipTm;vQjCkAn��Vu�s�o�j`hih�s$m;h�~$jLj`o�tVjLlAj`vQlAj`t
lAn¡kij`t���vQj©lisVj�m;t�sVj`hig\n�o h9g\u�o�g��!v`m;o�li{\| � ¨,¨�%�¨:4 �>¬ (�o�n�kitVj`k�lAn�jQ�V��{�m;gdo jQ�V�!j`k9gd��j`o�l9m;{d{\|
n�~!hAj`kA��j`t&m;t!sVj`hig\n�o�n�o kAn��Vu�s¡hi�!kipTm;vQj`h ��~!n,lis m;o!m;{\|�ligdv`m;{�� ¨ ��%V¨�` ��m;o�t¡vQn����!�Vl9mGlig\n�o!m;{
� ¨, �% !V§���m;���!kAn(m;v�s�j`h�s!m ��j&~$jLj`o2��hij`t3¬ * s�gd{\j�vQn������Vl9mGlig\n�o$m;{���jLlis�n�t�hY��kAn�t!��vQj m
u,n�n�t1mGu�kAjLj`��j`o�l � g\lis lisVj&jQ�V�$j`kigd��j`o�lih � !V§,��!�£ ��lisVjL|2m;kij�vQn����!{\jQ� m;o�t lis��!h�oVn,l
j m;h9gd{\|�m;���!{dg\j`t pqn�k�pKm;hAl©j`hAligd��mGlig\n�o n�p�lisVj¡m;t�sVj`h9g\n�o pqn�k�hi�$j`vLg��!v�hA|4hAlAj`��h`¬ 9 o lisVj
n,lis�j`kCs$m;o�t3�$m;o$m;{\|�ligdv`m;{�j ���!mGlig\n�o�h�kAj`{\|¡n�o!{\|�n�o mYp�j � �$m;k9m;��jLlAj`kih � s�gdvIs�m;kij�j m;higd{\|
t�jLlAj`ki��gdoVj`typ�kAn�� lisVj[hi��kipKm;vQj�lAn��$n,u�k9m;��s�|�¬&x*s�gdh j`o�h9��kAj`h lis$mGl�lisVjL|}v`m;o ~$jYj m;higd{\|
�!hAj`t�pqn�k*�O�!{\ligd��{\j hA|4hAlAj`��h�lAn�j`hiligd��mGlAjrlisVjrm;t!sVj`hig\n�o � !�¨4� ! ! �>¬
x*sVj�m;t�sVj`hig\n�o n�pEhi��m;{d{��!m;kAligdvL{\j`h�s!m;h ~$jLj`o tVj`��n�o�hAlik�mGlAj`t lAn&~!j�tVj`�$j`o�tVj`o�lCn�o lisVj
m;�©~�g\j`o�lzs4����gdt�g\l"|�m;o�t lis�j�s�|�t!kAn���sVn�~�gdvLg\l�|*n�p4lis�j���mGlAj`kig�m;{dh � !^4�%J4G¤ �>¬cw4�!kipTm;vQj�kAn��Vu�s��
o�j`hih s!m;hOm;{dhAn&~$jLj`o hAjLj`o lAn&��{�m | m¡kAn�{\j�gdo}v`m;��gd{d{�m;ki|}pqn�ki�YmGlig\n�o�� 4�§ %J4;¨ �>¬[x�sVj��(j`kA|
vQn�����{\jQ�[o!mGli�!kAj�n�p3lisVjCs4����gdt�g\l"|�t�j`�!j`o�t�j`o�vQj�s!m;h�~$jLj`o�hAli��t�g\j`t[~�|�higd����{dg��!j`t[��n�t��
j`{dh � 4 ! %J4;  �>¬c��n � jL�(j`k`� � sVj`o�lisVj�hig��Qj�n�p lisVj��!m;kiligdvL{\j�tVj`vLkAj m;hij`h`�(lis�j`hAj���n�tVj`{dh/t�n�oVn,l
o�j`vQj`hih9m;kigd{\|���kAnG�4gdtVj vQn�kikAj`vQl�j`hAligd�YmGlAj`h�p�n�k�lisVj v`m;��gd{d{�m;ki|�p�n�kivQj`h`¬
(�o[����~�{dgdv`mGlig\n�o�h$( ( ( ���'m;t�sVj`hig\n�oYn�p3hi�Ym;{d{!n �4gdt�j��!m;kAligdvL{\j`hEn�oYn �VgdtVj�hi��kipKm;vQj`hEs!m;h�~$jLj`o
hili��t�g\j`t3¬
�/��~!{dgdv`mGlig\n�o ( ( (/vQn�o�vQj`o�lik9mGlAj`hEn�o[m;t�s�j`hig\n�o�n�o�kAn���u�s�hi��k9pTm;vQj`h�m;o�t[����~�{dgdv`m��
lig\n�o!h ( � ��� n�o�lisVj j�� j`vQl�n�p�s4����gdt�g\l�|�n�o&m;t!sVj`hig\n�o3¬
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��g\u���kij !V¬d§ 	Y5+NQS�S 6;:<e��� 48,S NIF©�!n,lAj`o�lig�m;{�m;o�typ�n�kivQj�v`m;{dvL��{�mGlAj`t p�n�k�higd{\�(j`kOmGlAn���h�m;h©m
pT��o�vQlig\n�o¡n�p+gdo�lAj`k9mGlAn���gdvrhAj`�!m;k9mGlig\n�o ��¬���� 4�4�¬ ¨ �`¢Ym;o�t��	� £4¬ � ! �� � �4§��>¬
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�Ct�sVj`h9g\n�o ~!jLl � jLj`o2oVj`��lik9m;{��!m;kAligdvL{\j`hYn�kig\u�gdo!mGlAj`h[p�kin�� gdo�lAj`ki��n�{\j`vL��{�m;k[gdo�lAj`k9m;vQlig\n�o�h
v`m;{d{\j`t�e;H�F>_VNL:9FIHK8,S�@Q8,:<JINIF � �;¤ �>¬�x�s�gdh�gdo�lAj`k�m;vQlig\n�o ��m |�~!jO��o�tVj`kihilAn(n�t ~�|[vQn�o�h9gdtVj`kigdoVu
m;o[mGlAn�� m;hEmr�!n�hig\lig\�(j`{\|�v�s!m;kiu,j`tYo4��vL{\j`��h/hi��kikAn��!o�tVj`t�~�|©mroVjLu(mGlig\��j`{\|�vIs!m;kAu,j`t�j`{\j`v �
likin�o�vL{\n���t3¬��C{\lisVn��Vu�s[mGlAn�� n�kE��n�{\j`vL��{\jC��m`|�oVn,l�s!m`�(j*�!j`k9��m;oVj`o�lct�gd�$n�{\j���n���j`o�l`�
g\lYs!m;h�m;o2gdo!hAl9m;o�l�t�gd�!n�{\j ��n���j`o�l�t��Vj�lAnylisVj¡��nG��j`��j`o�lih�n�p�lisVj¡j`{\j`vQlikAn�o vL{\n���t3¬
x*s�gdh©t�gd�!n�{\j�gdo�t!��vQj`h�t!gd�!n�{\j���n���j`o�lihOlAn lisVj�oVj m;ki~�|ymGlAn���h�{\j m;t!gdoVu lAn mGlAlik�m;vQlig\��j
gdo�lAj`k9m;vQlig\n�o ~$jLl � jLj`oylisVj[mGlAn���h ¬¡x�sVj�gdo�lAj`k9m;vQlig\n�o gdhOtVj`hivLkigd~$j`t ~�|�XG6;S2e�NQ:�� 6�6;PRF
�$n,lAj`o�lig�m;{ � s�gdvIs tVj`v`m |�h[m;h�� 	 W pqn�k�gdo�lAj`k9�!m;kAligdvL{\j¡hAj`�!m;k�mGlig\n�o �4¬ ("p�lisVj mGlAn���h�u,jLl
lAn�n vL{\n�hAj�lAn}j m;vIs�n,lisVj`k`�/j`{\j`vQlikAn�o vL{\n���t!h�hAl9m;kAl©lAn nG��j`ki{�m;� {\j m;t�gdoVu lAn m kij`����{dhig\��j
gdo�lAj`k9m;vQlig\n�oz¬ * g\lis�lisVjOhij`��g �>j`����gdkigdv`m;{+lAj`ki� p�n�k�kAj`�!��{dhig\n�o lisVj�gdo�lAj`k9m;vQlig\n�o ~$jLl � jLj`o
l � n�oVj`�Vlik9m;{3mGlAn���h*��m |[~$j � kig\lAlAj`o m;h�m�5zNLS�S$6;:Ae�� V8;S NQF*�!n,lAj`o�lig�m;{ � �;¤ �

�©� ����� !������ � ��� - * ��� � ��� W���� ��!V¬d§ �

� sVj`kAj���m;o�t�� tVjLlAj`ki��gdoVj lisVjOhAlikAj`oVu,lis m;o�t¡lis�j�k9m;oVu,j�n�p�lisVjrgdo�lAj`k9m;vQlig\n�o3¬*�
g\u�¬ !V¬d§
h9sVn � hrlisVj¡5zNLS�S$6;:Ae�0 48,S NIF��$n,lAj`o�lig�m;{�m;o�tyvQn�k9kAj`hi�$n�o�t�gdoVu�pqn�kivQj�~$jLl � jLj`oyl � n�higd{\��j`k
mGlAn���h`¬
x*sVjCgdo�lAj`k9m;vQlig\n�o�p�n�k���m;vLkAn�hivQn���gdv �$m;kAligdvL{\j`h���m`|Y~!j v`m;{dvL��{�mGlAj`t�~�|�hi�!����gdoVu�n ��j`k�m;{d{
mGlAn���h�gdo lisVj�hA|4hAlAj`�¡¬[��h9hi����gdoVu¡vQn�o�ligdo4����� n�~��"j`vQlih`�
v`m;{dvL��{�mGlig\n�o�h©��m | ~!j�lik9m;o�h �
p�n�ki��j`t&gdo�lAnYgdo�lAjLu�k�m;{dhCm;o�t v`m;kikig\j`t&n��Vl�m;o!m;{\|�ligdv`m;{d{\| m;o�t�N�� ]���p�n�k�m�h9��sVj`kAj n�o�m #$mGl
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h9��~�hAlik9mGlAj kij`hi��{\ligdoVu�gdo �
����� ��� � S�	� *


�
��!V¬ £��

� sVj`kAj � � gdh�lisVj Mr6�'�6GU�NQ: J98;SVFQ=>6;S!= �!S lisVj k�m;t�gd��h�n�p�lis�j�m;t�sVj`k9gdoVu hi��s�j`kAj m;o�t� 
 lis�j�j ���!gd{dgd~�kigd��� hAj`�$m;k9mGlig\n�o}~$jLl � jLj`o lisVj��$m;kAligdvL{\jYm;o�t lis�j�hi��kipKm;vQj�¬�* sVj`o lisVj
�$m;kAligdvL{\jYm;o�t lisVjYhi��~�hAlik�mGlAj�m;kij�n�p�t!g��$j`kAj`o�l ��mGlAj`kig�m;{dh �zlisVj���m;��m;�,j`krvQn�o�hAl9m;o�lrv`m;o
~$j v`m;{dvL��{�mGlAj`t�p�kin��

� ���� ��� � ����� � ��� � ��!V¬ ¨��

� sVj`kAj � ��� � gdh�lisVj ��m;��m;�,j`k�vQn�o�hAl9m;o�l�pqn�k*��mGlAj`kig�m;{��i¬ � �;¤ �
��n � jL�(j`k`�
lis�gdh�gdt�j m;{Em;���!kAn(m;v�s gdh�n�p���j`kA|}{dgd��g\lAj`t���hijYhigdo�vQj[lisVj���mGlAj`kig�m;{dh�m;kAj�hAj`{ �
t�n�� �$j`kipqj`vQli{\|�hi��n(n,lis n�k*vLgdkivL��{�m;k ¬E� �$¬���!V¬ £���gdh�tVj`kig\��j`t&pqn�k�kig\u�gdt¡n�~���j`vQlih�n���g\lAligdoVu
m;{d{�j`{�m;hiligdv&~$j`s!m`�4g\n�k`¬ w�jL��j`k9m;{���n�tVj`{dh�s$m`��j�~$jLj`o tVjL��j`{\n��$j`t lAn}gdo�vL{d��t�j[j`{�m;hiligdvLg\l"|�	
¢�n�s�o�hAn�o %�� j`o�t!m;{d{ % 	*n�~!j`kAlihy� ¢��
	��.� �,£ �>� fCj`k �AmGu���gdo&%�� ���{d{\j`k %�x+n��!n�kAnG� �Kf�� xC� � �,¨ �
m;o!t ��m;�Vu�gdh � � ! �>� � s�gdv�s m;{d{*vQn ��j`k�t!g��$j`kAj`o�l©j`{�m;hAligdvLg\l�| k9m;oVu,j`h`¬ �zn�oVu}k9m;oVu,j¡gdo�lAj`k �
m;vQlig\n�o!h�{dgd�,j¡vIs!m;kAu�gdoVu}��m | m;{dhin}s!m`�(j�h9g\u�o�g��!v`m;o�l©j��$j`vQl�n�o m;t�sVj`hig\n�o3¬ (�o m;�O~!g\j`o�l
vQn�o!t�g\lig\n�o�h�s4����gdt!g\l"|Ym;{dhin���{�m |�h*m;o&gd���!n�kil9m;o�l�kin�{\j�¬
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f��Vj�lAn lisVj�h9��kipKm;vQj�kAn���u�s�oVj`hih`���!kAj`hAj`o�l�gdo�m;{d{��!k9m;vQligdv`m;{�hi��kipKm;vQj`h`��j � ¬C��!V¬ £��YtVn�j`h
o�n,l���kAj`t�gdvQlY��j m;hi��kAj`t pqn�k9vQj`h���j`ki| � j`{d{ ¬ 	�j`vQj`o�lY��n�tVj`{dh � s�gdvIs l9m;�,j lisVj&hi��k9pTm;vQj
kin��Vu�s�oVj`hih�gdo�lAn[m;vLvQn���o�lCm;kijO~!m;hij`t¡n�o m;����kAn(m;vIs � sVj`kAj lisVj©m;hi�$j`kig\lig\j`h m;kAj©m;h9hi����j`t
lAn�~!j/s�j`��gdhi��sVj`k9gdv`m;{,v`m;��h3n�orm*hi��n�n,lisrhi��~!hAlik9mGlAj � ¨ � �>¬ 	�m;~�gdoVnG�4gdv�sYN`= 6,P�� � ¨�¥��\¨�` ��s$m`��j
h9�Vu,u,j`hAlAj`t}lis$mGlrlisVjYm;t!sVj`hig\n�o n�oyhi��kipKm;vQj`h jQ�Vs�gd~�g\ligdoVu&m;h9�!j`kig\lig\j`hOhisVn��!{dt}~!j � kig\lAlAj`o
m;h�m�vQn��©~�gdo!mGlig\n�o�n�p�hi��s�j`kAj %�hi��sVj`kij m;o!t�hi��sVj`kAj %�h9��kipKm;vQj gdo�lAj`k�m;vQlig\n�o�h�gdo�lisVj�pqn�ki��

����� ��� � S�	� *
 � �� # S # §
�<§0#��	� ���	� � 
 � *

� �
��!V¬ !(�

� sVj`kAjXS�gdh/lisVjCk9m;t�gd��h/n�p�lisVj�m;t�sVj`kigdoVu��!m;kAligdvL{\j���� 
 lisVj�j ���!gd{dgd~�kigd��� t�gdhAl9m;o�vQj�� � lisVj
k�m;t�gd��h�n�p$lisVj*m;hi�$j`kig\l"|On�o�lisVj�h9��kipKm;vQj*m;o�t � � ��� lisVj�sVj`g\u�s�l n�p$lisVj*m;hi�$j`kig\l�|�¬
x*sVj��!kihAllAj`k9� gdh�lisVj m;t�sVj`hig\n�o�~$jLl � jLj`o�lisVj m;hi�$j`kig\l�|[m;o�t[lisVj �!m;kAligdvL{\j��!hAj`�!m;k9mGlAj`t�~�|!� 
 m;o�t
lis�j�hAj`vQn�o�t�lAj`ki� lisVj�vQn�o�likigd~��Vlig\n�o©n�p lisVj��!m;kiligdvL{\j %�hi��~�hAlik�mGlAj�gdo�lAj`k�m;vQlig\n�o3¬ ��g\u�¬ !V¬ £ m��
gd{d{d�!hAlik9mGlAj`h�lisVj�vQn�o�l9m;vQl�u,jLn���jLlikA| ��hAj`t gdo tVj`kig\�4gdoVuYj � ¬ ��!V¬ !(�I¬rx�s!gdh�m;�!��kAn(m;vIs&nG��j`k �
j`hiligd��mGlAj`h�lisVjOm;t�sVj`hig\n�o�~$j`v`m;��hAj lis�j {�m;hAl�lAj`ki� l9m;��j`h�lisVj � s�n�{\j gdo�lAj`k�m;vQligdoVu�hi��k9pTm;vQj
gdo�lAn&m;vLvQn���o�lrm;hOm���{�m;oVj��zkij`hi��{\ligdoVu¡gdo tVn��!~�{\j�vQn���o�ligdoVu�n�p�lisVj�vQn�o�likigd~��Vlig\n�o n�pElisVj
h9��~�hAlik9mGlAj��!o�tVj`k lisVjCm;hi�!j`k9g\l"|�¬�x+n�kAj`t��!vQj�lisVj*j�� j`vQl/n�p¦tVn���~!{\j�vQn���o�ligdoVu���mrvQn�o�t�g\lig\n�o
S#" �¡�©��hAlrm;�!��{\|}gdo�t�gdv`mGligdoVu lis!mGlOlisVj[m;t�s�j`kigdoVu&�!m;kiligdvL{\j[gdh��O�!v�s}{�m;kiu,j`k�lis$m;oym
h9gdoVu�{\j�m;hi�$j`kig\l�|�¬
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��g\u���kij !V¬ £ 	 �En�o�l9m;vQl�u,jLn���jLlikig\j`h gdo�t�g��$j`kij`o�lCm;����kAn(m;vIsVj`h�m���j � ¬+��!V¬ !(�I��~$��j �$¬���!V¬ 4,�I�
m;o!t v �Oj �$¬���!V¬ ¥,�I¬ � 
 gdh�lisVj�j ����gd{dgd~�kigd��� t�gdhil9m;o�vQj&~$jLl � jLj`o�lisVj¡�!m;kiligdvL{\j m;o�t�lisVj
m;h9�!j`kig\l�|�� � � ��� lisVj s�j`g\u�s�l�n�p
lisVjrm;h9�!j`kig\l�|¡m;o�t � lisVjrm;kAj m©n�p
lisVj �$m;kAligdvL{\j�¬

x*sVj 	�m;~�gdoVnG�4gdv�s���n�tVj`{ �4j � ¬*��!V¬ !(�I� � m;h�tVj`kig\��j`t�p�n�k�hi��s�j`kigdv`m;{��!m;kAligdvL{\j`h*m;t!sVj`kigdoVu©n�o
m�kAn���u�s hi��kipKm;vQj�¬ w4gdo!vQj�~!{d��o�l��!m;kAligdvL{\j`h � j`kij��!hAj`t�gdo�lis�gdh�hAli��tV|���lis�j¡��n�tVj`{ � m;h
��n�t�g���j`t¡lAn�~!j�hi��g\l9m;~�{\j p�n�k*~�{d�!o�l��!m;kAligdvL{\j`h ��n�k�hi��n(n,lis&h9��kipKm;vQj��!m;t�sVj`kigdo�uOlAn[kAn��Vu�s
h9��kipKm;vQj`h`¬¡x�sVjYh9m;��j�m;hihi������lig\n�o�h�m;h©gdo t�j`kig\��gdo�u&j � ¬E��!V¬ !(��gdo kij`p"¬ � ¨�¥ � � j`kAj[��hAj`t3�
H �KN��YvQn�o�l9m;vQlOgdo�lAj`k9m;vQlig\n�o � g\lis}n�oVjYm;hi�$j`kig\l�| m;o�t oVn�o���vQn�o�l9m;vQl�gdo�lAj`k9m;vQlig\n�o � g\lis lisVj
h9��~�hAlik9mGlAj�¬�x�sVj�u,jLn���jLlikA| gdh�hisVn � o gdo ��g\u�¬ !V¬ £¡~ �I¬�x�sVj�vQn�o�l9m;vQlr�!m;kilroVn � vQn���j`h
pTkAn�� lisVjOvQn�o�l9m;vQl�~!jLl � jLj`o¡lisVj�m;hi�$j`kig\l�|&m;o�t¡lisVj #$mGl��!m;kAligdvL{\jOm;o!t&lisVjOoVn�o���vQn�o�l9m;vQl
gdo�lAj`k9m;vQlig\n�o�pTkAn�� lisVj�l � n��!m;k�m;{d{\j`{$��{�mGlAj`hEn�pzm;kij m � ¬ � � ¬ ��!V¬ !(����m |�~$jCkAj � kig\lAlAj`oYp�n�k
lis!gdh�u,jLn���jLlikA|¡m;h �

����� � � �
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 � � # ���� 
 �<§0# � � ��� � � 
 � +

� �
��!V¬ 4,�

� sVj`kAj�lisVj �$kihAl �!m;kAl gdhrlisVj�gdo�lAj`k9m;vQlig\n�oyn�p�lis�j�m;t�sVj`kigdoVu¡�$m;kAligdvL{\j � g\lisym;oym;hi�$j`kig\l�|
n�p+k9m;t�gd��h �Om;o�t�lisVj hAj`vQn�o�t&�!m;kAl�gdh�lisVj gdo�lAj`k9m;vQlig\n�o � g\lis�lisVj hi�!~�hAlik9mGlAj�¬ (�o�n�kitVj`kElAn
m ��n�gdt hig\u�o�g��!v`m;o�l*tVn��!~�{\jrvQn���o�ligdoVu�n�p�lis�j�hi��~!hAlik9mGlAj j � ¬+��!V¬ 4,�*gdh��,m;{dgdt gdp�lis�j�m;kAj m�n�p
lis�jrm;t�sVj`kigdoVu��$m;kAligdvL{\jrgdh��©��vIs�{�m;kAu,j`k�lis!m;o¡lisVj�m;kAj m©n�p+lisVj�m;h9�!j`kig\l�|��¦H �TN��
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* sVj`o[lisVj���j m;hi��kij`tY���!{d{ �>n �&pqn�k9vQj`h�m;kij�vQn����!m;kAj`tYlAn©p�n�kivQj`h���kij`t�gdvQlAj`tY~�|�j � ¬���!V¬ 4,�I�
lis�j���n�tVj`{/vL{\j m;ki{\| ��o�tVj`kAj`hiligd��mGlAj`h lisVjYm;t!sVj`hig\n�o � g\lis}{�m;kiu,jY�!m;kAligdvL{\j`h ¬�x�s�gdh gdh ~$j!�
v`m;�!hAj�lisVj���n�t�j`{*m;hihi����j`h©n�o�{\| n�oVj&m;h9�!j`kig\l�|ygdo2vQn�o�l9m;vQl � g\lis�lisVj¡�!m;kAligdvL{\j � s!gdv�s
n�~��4g\n���hi{\|�pTm;gd{dh�pqn�k*{�m;kAu,j�~�{d�!o�l��!m;kiligdvL{\j`h`¬/�Vn�k��!m;kAligdvL{\j`h � s�gdvIs¡m;kAj n�p�higd��gd{�m;k�hig��Qj n�k
h9��m;{d{\j`k�lis!m;o�lis�jrhi��kipKm;vQj p�j mGli��kAj`h`�4lisVj���n�tVj`{¦u�g\�(j`h*kAj m;hAn�o$m;~�{\j j`hAligd��mGlAj`h ¬
(�o n�kit�j`k©lAny��kAj`t!gdvQl�lisVj&m;t�sVj`hig\n�o n�o2hi��k9pTm;vQj`h�vQn�o�l9m;gdo�gdo�u pqj mGli�!kAj`h��©��vIs hi��m;{d{\j`k
lis$m;oYlis�jC�!m;kiligdvL{\j`h`�Vmr��n�tVj`{ � s�gdvIs�l9m;�,j`h��©��{\ligd�!{\j�vQn�o�l9m;vQlih�gdo�lAn©m;vLvQn���o�l�gdh�oVjLj`tVj`t3¬
x*sVj�o4���©~!j`k�n�p¦�$n�hihigd~�{\jCvQn�o�l9m;vQlE�!n�gdo�lih�pqn�kEm #$mGl��$m;kAligdvL{\j���m |©~!jCv`m;{dvL��{�mGlAj`t[m;h�lisVj
m ��j`k9mGu,j�o4���©~$j`k
n�p$m;hi�$j`kig\lig\j`h/�!o�tVj`k�g\l`��� � ��� �(m;hcgd{d{d�!hAlik9mGlAj`t�gdo���g\u�¬ !V¬ £ v �I� � sVj`kAj



� 
 � � � � ��	�� 	�� ��� 
 � � � 
 � ������� � � £;¤

2

4

6

10

2

4

6

100

2

4
F

or
ce

 (
nN

)

1 10 100

 Density of asperities ρ (1/µm
2
)

0.1 1 10

Number of contacts

a)

 Eq. (4.5)
 Eq. (4.7)

2

4

6

10

2

4

6

100

2

4

F
or

ce
 (

nN
)

1 10 100

 Density of asperities ρ (1/µm
2
)

0.1 1 10

Number of contacts

b)

 Eq. (4.5)
 Eq. (4.7)

��g\u���kij !V¬ ¨ 	 �En����!m;kigdhin�o�n�p!j ��h`¬���!V¬ 4,�cm;o!t&��!V¬ ¥,� � g\lis�l � n t�g�� j`kAj`o�l/m;hi�$j`kig\l"|©sVj`g\u�s�lih
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� gdh�lisVj�t�j`o�hig\l�|[n�pcm;h9�!j`kig\lig\j`hCn�o lisVj�h9��kipKm;vQj�¬�� ��{\ligd�!{\|�gdoVuYlisVj�vQn�o�l9m;vQl�gdo�lAj`k9m;vQlig\n�o
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��u(m;gdo�lisVj �$kihAl*�!m;kil�vQn�kikAj`h9�!n�o�t!h�lAn[lisVjOgdo�lAj`k9m;vQlig\n�o n�p lisVj©m;t�sVj`kigdo�u��!m;kAligdvL{\j � g\lis
lis�j�m;hi�$j`kig\lig\j`h*m;o!t�lisVj hAj`vQn�o!tYlis�j�gdo�lAj`k9m;vQlig\n�o � g\lisYlis�jChi�!~�hAlik9mGlAj�¬ (�p¦lisVj m;hi�$j`kig\lig\j`h
m;kij lAn(n�tVj`o�hAj`{\|��!m;vI�,j`t¡vQn����!m;kAj`t¡lAnYlisVj`gdk*k�m;t�gd��h�n�p vL��ki�;mGli��kij����©��{\ligd��{\j vQn���o�ligdoVu
l9m;��j`h*��{�m;vQj�¬cx*s�gdh�{\j m;t�h�lAnYkAj`hAlikigdvQlig\n�o

��� § � � * � ��!V¬ `��
� s�gdv�s m;{dhAn�j`o�h9��kAj`hClis!mGl�lisVj©j`kikAn�k���kAn�t���vQj`t ~�|¡vQn���o�ligdoVu�oVn�o���vQn�o�l9m;vQl gdo�lAj`k9m;vQlig\n�o
l � gdvQj ��o�t�j`k/lisVj m;hi�$j`kig\lig\j`h�gdh�o�jLu�{dg\u�gd~�{\j gdp3lisVj m;t�s�j`kigdoVu©�!m;kAligdvL{\j gdh�{�m;kAu,j�¬c��n�k�hi��m;{d{
�$m;kAligdvL{\j`h�m;{dhAnYj �$¬���!V¬ ����s$m;h�lAn�~$jrvQn�o�higdt�j`kAj`t3¬/x*sVj`hAj kAj`hAlik9gdvQlig\n�o�h�gdo!t�gdv`mGlAj lis!mGl�j � ¬
��!V¬ ¥,��v`m;o�oVn,l*~$j ��hAj`t&pqn�k�h9��kipKm;vQj`h � g\lis�tVj`o�hij`{\|[hi�$m;vQj`t&{\n � m;hi�$j`kig\lig\j`h`��kAj`h9��{\ligdoVu�gdo
{�m;kiu,j ��m;o�t¡s�g\u�s � ¬
��g\u�¬�!V¬ ¨�vQn����$m;kAj`h�j ��h ¬[��!V¬ 4,�rm;o�t ��!V¬ ¥,�I¬�x�sVj`kAj�gdh oVn�tVj`�$j`o�tVj`o!vQjOn�o lis�j�tVj`o�hig\l�|
n�pEm;hi�$j`kig\lig\j`h gdo j �$¬���!V¬ 4,� ~��VlClisVjOo�j � j � ¬���!V¬ ¥,�Cu�g\�(j`hCgdo!vLkAj m;higdoVu�p�n�kivQj`h � sVj`o�lisVj
t�j`o�hig\l�|�n�p3m;hi�$j`kig\lig\j`hEgdh/gdo�vLkij m;hAj`t3¬�x�s�gdh�kAj`hi��{\lihcgdoY�©��v�s�s!g\u�sVj`k/���!{d{ �>n ��p�n�kivQj`h � sVj`o



� 
 � � � � ��	�� 	�� ��� 
 � � � 
 � ������� � � £4§

lis�jEtVj`o!hig\l"| n�p m;hi�$j`kig\lig\j`h gdh�s�g\u�s©vQn����!m;kAj`tOlAnClisVj�hig��Qj�n�pVlisVj���kAn�~$j�¬ (�pVlisVj�m;hi�$j`kig\lig\j`h
n�oOlisVj�hi�!kipTm;vQj�m;kAj�{\n � ��m;h gdo©�
g\u�¬ !V¬ ¨�m��I�,lis�j�o�n�o���vQn�o�l9m;vQl�gdo�lAj`k9m;vQlig\n�o�gdh t�n���gdo!mGligdoVu
� g\lis&{\n � m;hi�$j`kig\l"|�tVj`o!hig\lig\j`h�m;o�t&lisVj j � ¬C��!V¬ ¥,��u�g\��j`h�kAj m;hAn�o!m;~�{\j�j`hAligd��mGlAj`h�n �(j`k�lisVj
� sVn�{\j�k9m;oVu,j�¬ * g\lisys!g\u�sVj`k�m;hi�$j`kig\lig\j`h`��m;hOgdo ��g\u�¬ !V¬ ¨&~$�I�+lisVj�vQn�o�likigd~!�Vlig\n�o n�p�lisVj
o�n�o���vQn�o�l9m;vQl��$m;kAl[gdh�oVjLu�{dg\u�gd~!{\j m;o�t j �$¬ ��!V¬ ¥,�Yu�g\��j`h���o!��s�|�higdv`m;{*�;m;{d��j`h � g\lis {\n �
m;h9�!j`kig\l�|�tVj`o�hig\lig\j`h`¬ ("o�lis�gdh*kAjLu�g\n�o¡j � ¬*��!V¬ 4,��h9sVn���{dt�~$j ��hAj`t3¬
��g\u�¬ !V¬ !�hisVn � hC��j m;hi��kij`t��!��{d{ �>n � p�n�kivQj`h�p�kAn�� t�g�� j`kAj`o�l�x*g 9 * hi�!kipTm;vQj`h�gdo�n�oVj���{\n,l
m;h mYpT��o�vQlig\n�o�n�p/o4���©~$j`k�n�pc�$n�hihigd~�{\j�vQn�o�l9m;vQlih �y�$lAn,u,jLlis�j`k � g\lis��;m;{d��j`hCv`m;{dvL�!{�mGlAj`t
�!higdoVu�lis�j�vQn��©~�gdoVj`t���n�t�j`{zn�p�j ��h`¬���!V¬ 4,�Cm;o�t���!V¬ ¥,�I¬�x�sVjOv`m;{dvL��{�mGlAj`t �;m;{d��j`h�tVn�oVn,l
p�n�ki� m�h9��n(n,lis vL��ki��j�higdo!vQj�lisVjO�,m;{d�Vj`h�tVj`�!j`o!t&n�o�lisVjOjQ�4�$j`kigd��j`o�l9m;{d{\|&t�jLlAj`ki��gdoVj`t
vL�!kA�;mGli�!kAj`hcm;o�t�sVj`g\u�s�lih�n�p$lisVj*m;hi�$j`kig\lig\j`hcn�o�lisVj*hi��k9pTm;vQj`h`¬
x�sVj��!m;kil � sVj`kAj ����§�gdo
�!u�¬ !V¬ !���j m;o�h
lis!mGl�lisVj��!m;kAligdvL{\j�gdoOvQn�o�l9m;vQl�gdh h9��m;{d{\j`k
lis!m;oOlisVj�m ��j`k9mGu,j�m;kAj mCvQnG��j`kAj`t
~�| n�oVj�m;hi�$j`kig\l�|�¬cw4gdo�vQjEn�o�{\| lisVj�m;�$jQ��n�pVlisVj�m;hi�$j`kig\l�|rvQn�o�likigd~��VlAj`h
lAn�lisVj�gdo�lAj`k9m;vQlig\n�o3�
� his�n���{dt©j ���$m;{�n�oVj�jL�(j`o�pqn�k��!m;kAligdvL{\j`h��O�!v�s�hi�Ym;{d{\j`kclis!m;o�lisVj*m;hi�$j`kig\lig\j`h`¬ � � ¬���!V¬ ¥,�
{\j m;t!h�lAn���o��!s�|4higdv`m;{��,m;{d�Vj`h�gdo lis�gdhCm;kij m4¬ ��n��O~!gdo�gdoVu�j � ¬O��!V¬ 4,�I��p�n�k ��� §©m;o�t&j � ¬
��!V¬ ¥,�I�!pqn�k ����§,�4u�g\��j`hEjQ�4vQj`{d{\j`o�l*mGu�kAjLj`��j`o�l � g\lis[lisVj�jQ�V�!j`k9gd��j`o�l9m;{ t$mGl9m���j m;hi��kAj`t
nG��j`k�lis!kAjLj n�kitVj`kih�n�p���mGu�o!g\li��tVj gdo�lisVj �$m;kAligdvL{\j �;m;hi�$j`kig\l"|¡{\j`o�u,lis¡hiv`m;{\j`h`¬
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(�o m;�©~�g\j`o�l©vQn�o!t�g\lig\n�o�h � mGlAj`k�vQn�o�tVj`o�hij`h�~!jLl � jLj`o�lisVj��!m;kAligdvL{\j&m;o�t�lisVj�hi�!~�hAlik9mGlAj
p�n�ki��gdo�u m���j`o�gdhivL��h�n�k¡m�{dg�����gdt�v`m;��gd{d{�m;kA| oVj`vI� m;kin���o�t lisVj}vQn�o�l9m;vQl&m;kAj m4¬ x�sVj
o$mGli��kAj�n�pzlis�j gdo�lAj`k�m;vQlig\n�o¡~!jLl � jLj`o�lisVj �!m;kiligdvL{\jrm;o�t�hi��~�hilik9mGlAj gdh�hAlikAn�oVu�{\|���n�t�g���j`t
~�| lisVj ��j`o�gdh9vL��h � �;¤ � m;o�t g\l�kAj`hi��{\lih�gdo m;o�m;t�t�g\lig\n�o!m;{�J96I_$H�PTPd6;:�?�@L8;:AJ�N�gdo!vLkAj m;higdoVu
lis�j��$m;kAligdvL{\j�ª«hYm;t�s�j`hig\n�o�lAn lisVj�hi��~�hilik9mGlAj�¬yx*sVj�v`m;��gd{d{�m;kA|�pqn�kivQj¡v`m;o j m;higd{\| ~$j�lisVj
t�n���gdo!m;o�l gdo�lAj`k�m;vQlig\n�o�gdo�lisVj`hij*hA|4hAlAj`��hchigdo!vQj�lisVj*��j`o�gdh9vL��hcm;{dhAn�h9vLkAjLj`o�h lisVj X;6;S¡e(NQ:� 6�6;PRF�gdo�lAj`k9m;vQlig\n�o3¬
x*sVj}hig��Qj}n�p�lisVj ��j`o!gdhivL��h�gdh&t�jLlAj`ki��gdoVj`t�~�|2lis�jym;�©~�g\j`o�l�vQn�o!t�g\lig\n�o�h
	 ("l�u�kAn � h
gdo hig��Qj�����o�ligd{�g\lih[hi��kipKm;vQj&vL��ki�;mGli��kij&s!m;h�t�j`vLkAj m;hAj`t lAn m �,m;{d�Vj � sVj`kAj¡lis�j k9mGlAj n�p
jL�,m;�$n�k9mGlig\n�o m;o�t vQn�o!tVj`o�h9mGlig\n�o�gdhOgdo j ����gd{dgd~�kigd�!� � g\lisylisVj[m;�©~�g\j`o�l`¬�x�s�jYhi��k9pTm;vQj
lAj`o!hig\n�o gdo lisVj©vQn�o�v`m ��j�{dg�����gdt&%(u(m;h�gdo�lAj`kipKm;vQjO���!{d{dh�lisVj � mGlAj`k���n�{\j`vL�!{\j`h�m;�$m;kAl�pTkAn��
j m;vIs�n,lis�j`kcvLkAj mGligdoVu©m oVjLu(mGlig\��j �
m;��{�m;vQj��!kAj`hihi��kij�gdo!higdtVj�lisVj*��j`o�gdhivL��h`¬
x�sVj �
m;��{�m;vQj
�!kAj`hihi��kijY����{d{dhOlisVj � jLlAlAj`t m;kAj m;h�n�p*lisVj��!m;kAligdvL{\j¡m;o�t�lisVj�hi�!~�hAlik9mGlAj[lAn � m;kit!h�j m;vIs
n,lis�j`k`��kAj`hi�!{\ligdoVuygdo lisVj J�6�_$HTP�Pd6;:I? _$:ANQF9F !�:iN©@L8;:AJ�N`¬�x�sVj`kij gdh�m;{dhAn m t�gdkij`vQlYhi��k9pTm;vQj
lAj`o!hig\n�o�vQn����!n�oVj`o�l
gdorlisVjEv`m;��gd{d{�m;kA|rp�n�kivQjEhigdo�vQj/lis�jEhi�!kipTm;vQj/lAj`o�hig\n�oOgdorlisVjE{dg����!gdt � u(m;h
gdo�lAj`kipKm;vQjY�!��{d{dh lisVj��!m;kAligdvL{\j�m;o�t lisVjYhi�!~�hAlik9mGlAjYlAn,u,jLlisVj`k`¬&x*s�gdhrp�n�kivQj�gdh�v`m;{d{\j`t lisVj
F !4:�@L6�J�NO=�NLSVF�H 8;SO@Q8,:<JINL¬ � �;¤ �
��kAjL�4g\n���h�hAli��t�g\j`hEn�pz�$m;kAligdvL{\j %�hi��kipKm;vQj gdo�lAj`k9m;vQlig\n�o�h�s!m ��jCu,j`oVj`k9m;{d{\|[m;h9hi����j`t[lis!mGl�lisVj
�$m;kAligdvL{\j�gdh�hi��sVj`kigdv`m;{ ��m;o�tYm;{dhinOm;����{dg\j`tYkAj`hAlikigdvQlig\n�o!hclAnrlis�j*��j`o�gdhivL�!h/his!m;�$j�¬ ("o�n�kitVj`k



� 
 � � � � ��	�� 	�� ��� 
 � � � 
 � ������� � � £,£

1

2

4

6
8

10

2

4

6
8

100

2

4

P
ul

l-o
ff 

fo
rc

e 
(n

N
)

0.1 1 10

Number of contacts

Experiments
Our model

��g\u���kij�!V¬ ! 	 �C{d{�jQ�V�$j`kigd��j`o�l9m;{C�;m;{d�Vj`h�vQn�{d{\j`vQlAj`t'm;o�t vQn����!m;kAj`t lAn�n���k�vQn��©~�gdoVj`t
��n�tVj`{3�!higdoVu©j ��h ¬*��!V¬ 4,��m;o�ty��!V¬ ¥,�I¬/x�sVj hin�{dgdt¡{dgdoVj gdh�lAn�u���gdtVj lisVj jL|�jrn�o�{\|�¬
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Surface

r1
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Water

Particle α

meniscus H 0

��g\u���kij'!V¬ 4�	 w4v�s�j`��mGligdv/t�g�mGu�k�m;� h9sVn � gdoVu�lisVjE��j`o�gdhivL��h
p�n�ki��j`tr~$jLl � jLj`o©m��!m;kAligdvL{\jEn�p
k�m;t�gd��h%S1mGlEm t�gdhAl9m;o!vQj�n�p�� 
 pTkAn�� m h9��kipKm;vQj�¬ � -/gdhclisVj��(j`kAligdv`m;{!k9m;t!gd��h n�p¦vL��kA�,mGli��kAj��� * gdh�lisVjrhA|4����jLliki|Yk9m;t�gd�!h�n�p+vL�!kA�;mGli�!kAj���� -*gdh�lisVjr�!m;kAligdvL{\j�vQn�o�l9m;vQlCm;oVu�{\jOm;o�t�� * gdh
lis�j hi��kipKm;vQj vQn�o�l9m;vQlCm;oVu�{\j�¬

lAn ��n�t�j`{�n,lisVj`kY�!m;kAligdvL{\j his!m;�$j`h`��m ��n�t�j`{*p�n�k[m;o�| m �4g�m;{d{\|2hi|�����jLlikigdv¡his!m;�$j � m;h
t�jL��j`{\n��!j`tz¬(�o�m;t�t�g\lig\n�o3�(lisVj���n�tVj`{ ��m;�,j`hEoVnOm;hih9�����Vlig\n�o�h�pqn�k/lisVj���j`o�gdhivL��h���kAn �!{\j
~!�Vl�v`m;{dvL��{�mGlAj`h�lisVj�jQ��m;vQl���j`o�gdh9vL��h���kAn �!{\j � s�j`kAj[gdo m;{d{*�!n�gdo�lih©n�p�lis�j¡��kAn �!{\j�lisVj
lAn,l9m;{+k9m;t�gd��h�n�p
vL��kA�,mGli��kAj gdh*vQn�kikAj`vQl � �;¤ �

� ��� §� - # §� *�� 	 - U ��!V¬  ��

��j`kAj � * gdh�lisVj��$n�hig\lig\��j©k9m;t�gd��h�n�p vL��kA�,mGli��kAj�m;kAn��!o�t¡lisVjOvQj`o�lAj`kCm �Vgdh*n�p�lis�j�hA|4hAlAj`�¡�
m;o!t � - gdh�lisVj ��j`kAligdv`m;{zk9m;t�gd��h�n�p
vL��kA�,mGli��kAj��4oVjLu(mGlig\��j�pqn�k�lis�j ��hi�!m;{ �4vQn�o�v`m ��j his!m;�$j`t
��j`o�gdhivL��h � � � ���KhAjLj ��u���kAj !V¬ 4,�I¬�(�o¡lis�j`ki��m;{�j ����gd{dgd~�kigd�!� lis�gdh*k�m;t�gd��h*gdh*u�g\��j`o&~�|�lisVj
� j`{\��gdo�j ���!mGlig\n�o � �;¤ � 	 � � �	� 

�� {do L � L�

�
��!V¬d§L¤(�

� sVj`kAj � gdhYlisVj&hi��k9pTm;vQj lAj`o�hig\n�o3� � 
 gdhYlisVj&��n�{\j`vL�!{�m;kY�(n�{d����j¡n�p�lisVj�{dg����!gdt3� 
 gdh
lis�j �En�{\l �L��m;o�o vQn�o!hAl9m;o�l`� � gdhOlisVj�hA|4hAlAj`��lAj`���$j`k9mGli��kAj�m;o�t L � L � gdhOlisVj�kAj`{�mGlig\��js4����gdt�g\l"|�¬
x*sVj�his$m;�!j�n�pVlisVj���j`o�gdhivL��h�m;{dhAn�tVj��!oVj`hzlisVj��������!kAn �"j`vQlig\n�oOn�p4lisVj�m;kAj m*n�pVlisVjE�!m;kAligdvL{\j
lAn � s�gdvIs©lisVj�o�jLu(mGlig\��j �
m;��{�m;vQj���kij`hihi��kAj % L[pqn�vL��hAj`h`¬��Vn�k�m;oYm;kij m ��kAn ��j`vQlig\n�o�n�p �����
� g\lis�lisVj �+m;�!{�m;vQjr��kAj`hih9��kAj tVj��!oVj`t¡m;h � ��¥ �

% L � ��� §� - # §� *�� � 
�� {do L � L �� 
 ��!V¬d§,§ �
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lis�j v`m;��gd{d{�m;kA|���kAj`hih9��kAj pqn�k9vQjY�
���
� �Egdh�u�g\��j`o&~�|� �
� � � ��� 
�� {do L � L �� 
 ��!V¬d§`£��

m;o!t�lisVj hi��k9pTm;vQj lAj`o�h9g\n�o¡pqn�k9vQjY�
� ��� �E~�|� ��� ����� � vQn�h
	 � ��!V¬d§`¨��

� sVj`kAj��¦gdh lisVj��$j`kigd��jLlAj`k n�p lisVj�vQn�o�l9m;vQl/~$jLl � jLj`o�lisVj���j`o�gdhivL�!h/m;o�t©lisVj*�$m;kAligdvL{\j�m;o�t� vQn�h
	 gdh�lisVj �(j`kAligdv`m;{zvQn����$n�oVj`o�l�n�p+lisVjrhi��k9pTm;vQj lAj`o�h9g\n�o �KhAjLjr��g\u�¬�!V¬ 4,�I¬

������� ������������� �"!$#&%(')���+*,��-/."�0�213�4�6567
� j`ki| hig\u�o�g��!v`m;o�lO�!m;k9m;��jLlAj`kih � � s�gdvIs {�m;kAu,j`{\| tVjLlAj`ki��gdoVjYlisVj�hAlikAj`oVu,lisyn�p�lisVj�v`m;��gd{ �
{�m;ki| p�n�kivQj���m;kAj�lis�j�vQn�o�l9m;vQlOm;oVu�{\j`h�� � -©m;o�t � * gdo ��g\u�¬ !V¬ 4,�I��H �TN���s�|�t�kin���s�gd{dgdvLg\l�|&n�k
s�|4t�kAn���s�n�~�gdvLg\l"|�n�p/lisVjOh9��kipKm;vQj`h`¬ ��h s�|4t�kAn���s�n�~�gdvLg\l"|�gdo�vLkij m;hAj`h`�¦lisVj���kAn ��j`vQlAj`t m;kAj m
����� tVj`vLkAj m;hAj`h�{\j m;t�gdoVu[lAn�m�hi�Ym;{d{\j`k�v`m;��gd{d{�m;ki|&��kAj`hih9��kAjrp�n�kivQj�¬*�C{\ligd��mGlAj`{\|��¦lisVjOvQn�o��
t�j`o�h9mGlig\n�o�n�p lisVj*{dg�����gdt�vQj`{d{!~!j`vQn���j`hEgd���$n�hihigd~�{\j � sVj`o�lisVj�vQn�o�l9m;vQlEm;o�u�{\j`h/kAj m;vIsY ;¤ V
{\j m;t!gdoVu�lAn�s4����gdt!g\l"|�gdo!tVj`�!j`o!tVj`o�l�m;t�s�j`hig\n�o3¬
x*sVjE�$m;kAligdvL{\jEh9s!m;�!j�s!m;h�mChAlikAn�oVuCj�� j`vQl n�o�lis�jEs4����gdt!g\l"| tVj`�$j`o�tVj`o�vQjEn�pVlisVj�v`m;��gd{d{�m;kA|
p�n�kivQj��ch9gdo�vQj�lisVj[s4����gdt�g\l"|}t�j`�!j`o�t�j`o�vQjYn�p*lisVj�m;kAj m � ��� tVj`�$j`o�t�h©hAlikin�oVu�{\|}n�o�lisVj
�$m;kAligdvL{\j¡his!m;�$j�¬ �Vn�k�jQ�Vm;���!{\j��cpqn�k�~!{d��o�lOhis$m;�!j`h`�clisVj¡m;kAj m gdo�vLkAj m;hAj`h©�(j`kA|yk9m;�!gdt�{\|
� sVj`o2lis�j�hig��Qj n�prlisVj���j`o�gdhivL��h[gdo�vLkAj m;hAj`h ¬ 9 pqlAj`o lisVj�jQ�V�!j`kigd��j`o�lih�m;kAj tVn�oVj ~�|
m;h9hi����gdoVu�m[�!j`kip�j`vQl hi��sVj`k9gdv`m;{zu,jLn���jLliki|&n�p lisVj©�!m;kAligdvL{\j�¬ x*s�gdh�gdh�hAj`o!higd~�{\j���m;h hi��m;{d{
t�jL��g�mGlig\n�o�h�pTkAn�� lisVj�his!m;�$jEtVnCoVn,l�kAj`hi��{\l�gdo�{�m;kiu,j�vIs!m;oVu,j`h�gdo©p�n�kivQj`h`¬("pVn�o�j��Gs�n � jL��j`k`�
lik9g\j`h�lAn���n�tVj`{$lisVj v`m;��gd{d{�m;kA|�p�n�kivQj ~!jLl � jLj`o[m;o¡w4��� ligd��m;o�t�mOhi��kipKm;vQj�~�|�m;h9hi����gdoVu
vQn�o!gdv`m;{3n�k�liki�!o�v`mGlAj`t¡vQn�o�gdv`m;{zligd�¡his!m;�$j`h`�V�©��vIs[��n�kAjrv`m;�Vlig\n�o gdh�oVjLj`tVj`t3¬
x*sVjYhAj`�$m;k9mGlig\n�o ~!jLl � jLj`o lis�j��$m;kAligdvL{\j¡m;o�t lis�j[hi�!kipTm;vQj�s!m;h�m t�g��$j`kij`o�lOgd���!m;vQl©n�o
lis�jCs4����gdt!g\l"|�tVj`�$j`o�tVj`o�vQj m;h�v`m;o�~!j hAjLj`o�pTkAn�� �
g\u�¬ !V¬ � � sVj`kAj*lis�jChAj`�$m;k9mGlig\n�o � gdh
�,m;kig\j`t�p�n�k�m©hi��sVj`kigdv`m;{ �!m;kAligdvL{\j�¬/x�sVj�gdo�vLkAj m;higdoVu�hij`�!m;k9mGlig\n�o�gdo�t��!vQj`h�mO{\n � j`kE{dgd��g\l�n�p
s4����gdt�g\l"|��V~$j`{\n �'� s!gdv�s&m���j`o�gdhivL�!h*gdhCoVn,l�p�n�ki��j`t3�$m;o�t m;{dhAn�vIs!m;oVu,j`h�lis�j�s4����gdt�g\l�|
� sVj`kAj*lis�jC��m �Vgd�©��� p�n�kivQj gdhEn�~Vl9m;gdoVj`t3¬�x�s�jCvL��ki��j`hclAj`o�t[lAn � m;kit�h�mOvQn�����n�oY�,m;{d�Vj
mGl�lisVj*s�g\u�s�j`hAl/s4����gdt�g\lig\j`h �,~!j`v`m;��hij*lisVj`o�lisVj*��j`o�gdh9vL��hcgdhcnG��j`k�§L¤�o�� gdoYsVj`g\u�s�l`��m;o�t
h9��m;{d{+vIs!m;oVu,j`h©�Tn�p�mYp�j � �m;oVu�hilik��n���h��*gdo �$m;kAligdvL{\j %�hi��kipKm;vQj�hAj`�!m;k9mGlig\n�o tVn�oVn,lCs!m`�(jOm
{�m;kiu,j j��$j`vQl`¬

������8 9;:�����5<*�13��-����=#&-�%>�?�213��#@5<*A���2-B�6�C��')�0�"5�7
x*sVj�s4����gdt!g\l"|OtVj`�!j`o!tVj`o�vQj*n�p+m;t�sVj`hig\n�o � m;h�m;{dhAn©hAli��t�g\j`t�jQ�4�$j`kigd��j`o�l9m;{d{\|��!higdoVu�hijL� �
j`k�m;{z�!m;kAligdvL{\j©hig��Qj`h m;o�t his!m;�$j`hCm;o�t&lisVj©kAj`hi��{\lih � j`kij�vQn����!m;kij`t¡lAn[lisVjrlisVjLn�ki|�¬�x�sVj
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��g\u���kij !V¬ � 	 x�s�j�j�� j`vQl�n�p3�!m;kAligdvL{\j %�hi�!kipTm;vQj hAj`�$m;k9mGlig\n�o[n�oYlis�jCs4����gdt!g\l"|©tVj`�$j`o�tVj`o�vQj
n�p+lisVjrv`m;�!gd{d{�m;kA|�pqn�kivQj p�n�k*m�h9��sVj`kigdv`m;{��!m;kiligdvL{\j���S � §L¤,¤�o!�¡¬

max
H

a) Low RH b) High RH

0y

��g\u���kij'!V¬ ¥�	
�&n�tVj`{�p�n�k+m;t��;m;o�vLgdo�u���j`o�gdh9vL��h+p�n�ki��mGlig\n�o�n�oOhi��kipKm;vQj`h � g\lis �!o�g\lAj�kAn��Vu�s��
o�j`hih�� 4;¨ �>�Vm�� � g\lis�{\n � s4����gdt�g\lig\j`h lisVjC��j`o�gdhivL��h�gdh�p�n�ki��j`t[~$jLl � jLj`o�lis�j��!m;kAligdvL{\j m;o�t
lis�j*m;hi�!j`k9g\l"|�n�o�lisVj�hi��k9pTm;vQj��,~$� � g\lis�gdo�vLkAj m;hAj`t�s4����gdt!g\l"| lis�j���j`o�gdhivL��h�jQ�4lAj`o�t�h nG��j`k
lis�jrm;hi�!j`k9g\l"| �!{d{dgdoVu�lis�j ��n�{d����j ~$jLl � jLj`o�lis�j �!m;kAligdvL{\j�m;o�t¡lisVj hi��~�hilik9mGlAj�¬
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��g\u���kij�!V¬ ` 	��/��{d{ �>n � pqn�k9vQj`h pqn�k�hi��m;{d{�higd{dgdv`m[�!m;kiligdvL{\j`h�n�o m�� wVg 9 * m;o�t�~$��x�g 9 * hi��k �
pKm;vQj�m;h m�p��!o�vQlig\n�o�n�pcs4����gdt�g\l�|�¬�x�sVj©t!m;hisVj`t m;o�t hAn�{dgdt {dgdoVj`h kij`��kAj`hAj`o�l*lis�jLn�kAjLligdv`m;{
s4����gdt�g\l"|YtVj`�!j`o!tVj`o�vQj � g\lis¡h9��m;{d{3m;o�t¡{�m;kAu,j � mGlAj`k*��j`o�gdhivL��h*hisVn � o�gdo¡��g\u�¬�!V¬ ¥�¬

jQ�V�$j`kigd��j`o�lih�kAjL��j m;{\j`t�lis!mGl�gdo�kAj m;{¦vQn�o�t�g\lig\n�o!h�m;{dhAn�lisVj hi��kipKm;vQj kAn��Vu�s�o�j`hih�s$m;h�lAn�~!j
l9m;��j`o gdo�lAn[m;vLvQn��!o�l`¬�� ��n�tVj`{+~�|���l9m�NL=�6;P��0� 4;¨ � pqn�kCv`m;��gd{d{�m;kA|&p�n�ki��mGlig\n�o n�o kAn��Vu�s
h9��kipKm;vQj`h � m;h �!hAj`t3¬ x�s�j©��n�tVj`{ ��kij`t�gdvQlih�lis!mGl gdo {\n � s��!��gdt�g\lig\j`hClisVj � mGlAj`k ��j`o�gdh �
vL�!hOm;���$j m;kihO~!jLl � jLj`o lis�j[�!m;kiligdvL{\j�m;o�t�m;o�m;hi�!j`k9g\l"|}n�oylisVj[hi��kipKm;vQj�m;o!t gdo s�g\u�sVj`k
s4����gdt�g\lig\j`h/lis�j �${d� jQ�4lAj`o�t�h�lAn�lis�jC��{�m;o$m;k�hi��kipKm;vQjC~$j`{\n � lisVj m;hi�!j`k9g\l"|���m;h�his�n � o[gdo
��g\u�¬�!V¬ ¥�¬
��g\u�¬ !V¬ `���kAj`hij`o�lih+lisVj���j m;hi��kij`tO�!��{d{ �>n ��p�n�kivQj`h pqn�k�hi�Ym;{d{�h9gd{dgdv`m��!m;kAligdvL{\j`h�n�o©higd{dgdv`m m;o�t
lig\l9m;o!g�m�hi��kipKm;vQj`h m;hrm�pT��o�vQlig\n�o�n�p�s4����gdt�g\l"|�¬ x*sVj���j m;hi��kAj`t hAj`k9g\j`h vQn�o�higdhAl�n�p�lis�kAjLj
kijLu�g\n�o�h��4s4����gdt�g\l�|�gdo�t�j`�!j`o�t�j`o�l��!m;kAl�~$j`{\n � 	��1£;¤ ����m;o!t�l � nrs4����gdt�g\l�|Ot�j`�!j`o�t�j`o�l
�$m;kAlih
n�p$m;tV�,m;o�vLgdoVu���j`o�gdhivL�!h
p�n�ki��mGlig\n�o�m;h h9sVn � orgdo���g\u�¬ !V¬ ¥�¬
x*sVjEhin�{dgdt�m;o�t©t!m;hisVj`t
{dgdo�j`h���kAj`hAj`o�l�lisVjLn�kAjLligdv`m;{+~!j`s$m`�4g\n�k�m;hih9����gdoVu�hi��s�j`kigdv`m;{�{dgdoVjr��kin �!{\j�n�p+lis�j �!m;kAligdvL{\j`h`¬
x*sVj ��n�t�j`{�pqn�k�lis�jrs4����gdt�g\l�|�tVj`�$j`o�tVj`o�vQj n�p
lisVjrm;t�s�j`hig\n�o ��lih�lAn�lis�j jQ�4�$j`kigd��j`o�l9m;{
t$mGl9m � j`{d{ ¬�x�sVj�his!m;�$j`h�n�p�lisVj�pqn�kivQj %�s4����gdt�g\l"| vL��kA��j`h m;kAj�o�gdvQj`{\|�jQ�V��{�m;gdoVj`t ~�|¡lisVj
u�kin � lis n�p/lisVj � mGlAj`k ��j`o�gdhivL��h ~$jLl � jLj`o lis�j©�$m;kAligdvL{\j�m;o�t lisVj�hi��k9pTm;vQj�m;h his�n � o�gdo
��g\u�¬�!V¬ ¥�¬ w4gdo�vQj�lisVj©m;vQli�$m;{
h9g��Qj`h�n�pclisVjO�$m;kAligdvL{\j`h � j`kijOoVn,l���oVn � o3��lisVjOk9m;t�gdg+n�p lisVj
�$m;kAligdvL{\j`h � j`kij ��lAlAj`tz¬ x�s�jYkAj`hi�!{\ligdoVu&�,m;{d�Vj`h � j`kAj[kij m;hAn�o!m;~�{\j�� pTkAn�� ¨:4¡lAn !,¤ o��¡�
p�n�k�w4��� ��kAn�~$j`h`¬�x�sVj�his$m;�!j�n�pElisVj�hi�Ym;{d{ ��kAn�~$j`h gdh oVn,l jQ��m;vQli{\| ��o�n � oz�3m;o�t}v`m;o
h9g\u�o�g��!v`m;o�li{\|}t�g�� j`k�pTkAn���hi��sVj`kigdv`m;{ ¬ �*n � jL��j`k`�
lisVj�m;hihi����j`t hi��s�j`kigdv`m;{/his$m;�!j[u�g\��j`h
kij m;hAn�o!m;~�{\j kAj`h9��{\lih`¬ x�sVj l � n�s��!��gdt�g\l�|�kAjLu�g\n�o�h � j`kAjrm;{dhin���kAj`hAj`o�l�gdo�lisVjrhili��t�g\j`h�~�|
��l9m&NL=E6;P���� 4;¨ �>¬E�*n � jL��j`k`�4lisVjL|�t�gdt¡o�n,l�n�~�hAj`kA��j s4����gdt�g\l"|[tVj`�$j`o�tVj`o�vQj gdo�h9gdtVj lisVj`hAj
kijLu�g\n�o�h`�;n�o�{\|©m�t�g��$j`kij`o�vQj�gdo�lis�j��!��{d{ �>n �Yp�n�kivQj�~!jLl � jLj`oOlisVj�l � n kAjLu�g\n�o�h`¬
x�s�gdh���g\u�s�l
kij`hi��{\l�pTkAn�� lisVj ��o!��mGliv�s�j`t�hig��Qj`h�n�p+lisVj �!m;kAligdvL{\j`hCm;o�t�lisVjrm;h9�!j`kig\lig\j`h ¬
x*sVj�s4����gdt!g\l"|CtVj`�!j`o!tVj`o�vQj/n�p4lis�j�m;t�s�j`hig\n�orn�pVh9gd{dgdv`m*��gdvLkin�hi��sVj`kAj`h+n�oOhigd{dgdv`m*h9��kipKm;vQj�gdh
h9sVn � oYgdo���g\u�¬ !V¬  4¬c� �V�!j`k9gd��j`o�l9m;{$t!mGl9m©h9sVn � h�p�n�k�~!n,lis §,¬«¤ ��� m;o�t�£4¬ 4 ��� h9��sVj`kAj`h
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��g\u���kij !V¬   	 �/�!{d{ �>n �&pqn�k9vQj`h�p�n�k�h9gd{dgdv`mr��gdvLkin�hi��sVj`kAj`h/n�oYh9gd{dgdv`m�h9��kipKm;vQj�m;h�m pT��o�vQlig\n�oYn�p
s4����gdt�g\l"|��Vm��MS ��§,¬«¤ ��� m;o�t¡~$� S � £4¬ 4 ���¡¬

l � n kAjLu�g\n�o�h���mGl�{\n � s��!��gdt�g\lig\j`hOlisVj¡m;t�sVj`hig\n�o gdh�vQn�o�hAl9m;o�l�m;o�t m;~!nG��j 	*� ¨;¤ � g\l
hil9m;kAlih�lAn�gdo�vLkAj m;hAj�¬�x�sVj©hAn�{dgdt {dgdoVj`h�gdo ��g\u�¬ !V¬  �kij`��kAj`hAj`o�lClisVj©lisVjLn�kAjLligdv`m;{ s4����gdt�g\l�|
t�j`�!j`o�t�j`o�vQjYn�o m #$mGl�hi�!~�hAlik9mGlAj�¬ x�s�j[~$j`hAl���l�k9m;t�gdgEpqn�k©lis�j §,¬«¤ ��� m;o�t £4¬ 4 ���
h9��sVj`kAj`h � j`kAj�¤V¬ ¥�4 ��� m;o�t2§,¬ £ ���¡�
kAj`hi�$j`vQlig\��j`{\|�¬[x�sVj�v`m;{dvL��{�mGlAj`t p�n�kivQj %�s4����gdt�g\l�|
vL�!kA��j`h
hAjLj`� lAn�kij`��kAn�t!��vQj/lisVj���j m;hi�!kAj`t�t$mGl9m�gdp�lisVjEk�m;t�gdg�n�p�vL�!kA�;mGli�!kAj`h m;kAj�m;h9hi����j`t
h9��m;{d{\j`k�lis!m;o�lis�j k9m;t�gdg�tVjLlAj`ki��gdoVj`t¡pTkAn�� lisVjrhiv`m;o!o�gdoVu©j`{\j`vQlikAn�o&��gdvLkAn�hivQn��$j[�>w4��� �
gd�YmGu,j`h`¬�x�s!gdh v`m;o ~$j�gdo�lAj`ki��kAjLlAj`t}m;hrlisVj��!m;kil n�p�lis�j�hi��sVj`kij`h ��m;��gdo�u¡lisVj�vQn�o�l9m;vQl
� g\lis�lisVj�hi��k9pTm;vQj�s!m ��gdoVuOhAn���j vQn�kiki��u(mGlig\n�oYu�g\�4gdoVu�kigdhAj�lAn�mrhi�Ym;{d{\j`k�{\n�v`m;{�k9m;t�gdg!lis!m;o
lis�n�hAj n�p lisVj � s�n�{\j�hi�!sVj`kAj`h`¬1x*sVj`kAj gdh ��sVn � jL�(j`k`�En�o�{\| n�oVj s4����gdt�g\l�| t�j`�!j`o�t�j`o�l
kijLu�g\n�o3�/~$j`v`m;��hAj�lisVj��!m;kAligdvL{\j`hYm;kAj��O�!v�s {�m;kAu,j`k�lis!m;o lisVj�hi�!kipTm;vQj¡m;hi�$j`kig\lig\j`h`¬yx�sVj
kij`{�mGlig\��j¡gdo�vLkAj m;hAj�gdo�lisVj¡m;t�s�j`hig\n�o�t��Vj[lAn}s��!��gdt�g\l�|}tVj`vLkAj m;hAj`h � g\lis m;o gdo!vLkAj m;higdoVu
�$m;kAligdvL{\jrhig��Qj�¬
(�o¡n�k9tVj`k*lAn�vQn����!m;kij�jQ�V�!j`k9gd��j`o�lih � g\lis n,lisVj`k��!m;kAligdvL{\j©his!m;�$j`h*lis$m;o hi�!sVj`kAj`h�lAn[lisVj
lis�jLn�kA|���hAn���j�wV�
� ��kAn�~$j`h � j`kAj���n�t!g���j`t�~�| j`kAn�t!gdoVu lisVj`� mGu(m;gdo�hAlEm�kAn��Vu�s�hi��k9pTm;vQj�¬
x*sVj[m;hih9����j`t ~�{d��o�lrhis!m;�$j � m;hOvQn�o��!ki��j`ty~�| w4�/� ��j m;hi��kAj`��j`o�lih�lAn,u,jLlisVj`k � g\lis
kijL��j`kihAj �C�
��gd��mGu�gdoVu�¬���g\u�¬�!V¬d§L¤���kAj`hij`o�lihElisVj s4����gdt�g\l"|�t�j`�!j`o�t�j`o�vQj ��j m;hi��kAj`t�p�n�k
lis�j`hAj���kin�~!j`h`¬�x�s�j*vL��kA��j`h�s!m ��j*vL{\j m;k�vQn�o�v`m ��j�his$m;�!jCvQn����!m;kAj`t�lAnOvQn�o���jQ��his!m;�$j�p�n�k
lis�j�hi��sVj`k9gdv`m;{ �!m;kAligdvL{\j`h`¬Yx�sVj�lisVjLn�kAjLligdv`m;{EvL��kA�(j`h gdo ��g\u�¬ !V¬d§L¤ m;kij�v`m;{dvL��{�mGlAj`t���higdoVu
lik9��o�v`mGlAj`t�vQn�oVj`h�~�| ��lAligdoVu[lisVjOhig��Qj�n�p�lis�j #$mGlC�!m;kAl�m;h � j`{d{+m;hClisVjOs!m;{dp vQn�oVj�m;oVu�{\j
kij`hi��{\ligdoVu�gdo©u,n(n�t�mGu�kAjLj`��j`o�l � g\lisOlisVj�jQ�V�!j`kigd��j`o�lih ¬+��n � jL��j`k+lisVj ��lAlAj`t��!m;k�m;��jLlAj`kih
t!g��$j`kAj`t�hig\u�o!g��!v`m;o�li{\|�p�kin�� lis�j�jQ�V�!j`vQlAj`t¡�;m;{d�Vj`h ¬ �����$m;kAj`o�li{\|�lisVj ��kAn�~$j`hEs$m`��j�m;�!jQ�
� g\lis¡hi��m;{d{�#$mGl��!m;kAl*m;o�t�{�m;kAu,jOs!m;{dp
vQn�oVj�m;oVu�{\j�¬
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��g\u���kij !V¬d§L¤ 	 �/�!{d{ �>n �¡pqn�kivQj`hEp�n�k�~�{d�!o�lch9gd{dgdv`mr�!m;kiligdvL{\j`h/n�o[higd{dgdv`m�hi��kipKm;vQj�m;h�mrpT��o�vQlig\n�o
n�p
s4����gdt�g\l�|��Vm���hi��m;{d{\j`kCm;o�t�~$�E{�m;kAu,j`k�~�{d��o�l��!m;kAligdvL{\j�¬
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Standard approximation
a) R=1000 nm
b) R=100 nm
c) R=15 nm

a) 

b) 

c) 

��g\u���kij !V¬d§,§ 	r�C����{dgdv`m;~�gd{dg\l�| n�p/lis�j�hAl9m;o�t!m;k9t ��n�tVj`{/n�p�v`m;�!gd{d{�m;kA|}pqn�k9vQj�pqn�k�t�g��$j`kij`o�l
�$m;kAligdvL{\j�hig��Qj`h`� hisVn � gdoVu lisVj�s��!��gdt�g\l�|�tVj`�$j`o�tVj`o!vQjYn�p�lis�j[v`m;��gd{d{�m;ki| ��kAj`hih9��kAj�p�n�kivQj
p�n�k�hi�!sVj`kigdv`m;{��!m;kAligdvL{\j`h � g\lis �Qj`kAnY�!m;kAligdvL{\j %�hi��k9pTm;vQjrhij`�!m;k9mGlig\n�oy��� 
 �I¬
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Standard approximation  
R=1000 nm        Total capillary force
R=100 nm          Capillary pressure force
R=15 nm            Surface tension force 

��g\u���kij !V¬d§`£ 	2�C����gdt�g\l�| tVj`�$j`o�tVj`o!vQj�n�p�lisVj}v`m;��gd{d{�m;ki| p�n�kivQj vQn����!n�oVj`o�lih¡mGl ¨ ��
�$m;kAligdvL{\j %�hi��kipKm;vQjrhAj`�$m;k9mGlig\n�o3¬

������� � #���*A%�* � 73�"!;���213� ."�
-)�05�#���� 7�������%/#@�(��5��
:)*�13#��6*��2-��
* g\lis�lisVj�jQ��m;vQl*��n�tVj`{�pqn�k�v`m;�!gd{d{�m;kA|�pqn�kivQj`h �4lisVj��;m;{dgdt�g\l�|[n�pzu,j`oVj`k�m;{d{\|[��hij`t¡m;����kAn �4g �
�YmGlig\n�o�h��Ym`|¡~$j�jL�,m;{d�!mGlAj`t3¬ 9 oVj�n�p�lisVjO��n�hAl�vQn�����n�o m;�!��kAn �4gd��mGlig\n�o!h�m;����{dg\j`t�gdh
lis�j©FI=>6;S$e(6;:<e 6�_�_$:A8
��H '�6,=KH 8;S � 4'`4� �;¤V� ��` ��p�n�k�lisVj v`m;�!gd{d{�m;kA|�pqn�kivQj 	� � � !�� � S vQn�h� � ��!V¬d§�!(�

� s�gdv�s[gdh�gdo�pTm;vQl�s4����gdt!g\l"|�gdo�t�j`�!j`o�t�j`o�l`¬
x�s�gdh�m;���!kAn �Vgd��mGlig\n�o�gdh�tVj`kig\��j`t�p�n�k���gdvLkAn�o
h9g��Qj`t�hi�!sVj`kAjcn�o©m # mGl+hi��k9pTm;vQj�m;hihi����gdo�u*j ���!m;{(vQn�o�l9m;vQlcm;oVu�{\j`h�m;o�t�o�n�hi��k9pTm;vQj�lAj`o�hig\n�o
vQn����!n�oVj`o�l`¬�x�s�j&v`m;{dvL��{�mGlig\n�o�h�p�n�k�lisVj�v`m;��gd{d{�m;kA| ��kij`hihi��kAj¡p�n�kivQj�hisVn � �KhAjLj ��u���kAj
!V¬d§,§ �I��lis!mGl+lis�jEhAl9m;o!t!m;kit©m;����kAn �4gd�YmGlig\n�o�kAj m;{d{\|Ogdhz�,m;{dgdt©pqn�k�hi�!sVj`kAj`hz{�m;kiu,j`k�lis!m;oY§ ���
k�m;t�gd��h`�4~��Vl�~$j`{\n � lis!mGl*m�hAlikin�oVu�s4����gdt�g\l�|�tVj`�$j`o�tVj`o�vQjrm;k9gdhAj`h`¬ x�s�gdh*gdh��!m;kAligdvL��{�m;k9{\|
gd���!n�kAl9m;o�l[gdo w4��� jQ�V�!j`k9gd��j`o�lih`��m;hYligd�!hY��h9�!m;{d{\| s!m`�(j�m}k�m;t�gd��h�gdo lisVj�k9m;oVu,j�n�p
§L¤ %$§L¤,¤ o��¡¬Ox�sVj�m;����{dgdv`m;~!gd{dg\l"|�n�p/lis�j©hil9m;o�t!m;kit ��n�tVj`{�jL��j`o p�n�k {�m;kAu,j��!m;kiligdvL{\j`hrgdh`�
s�n � jL��j`k`����j`kA| {dgd��g\lAj`t higdo�vQj�g\lYgdh[tVj`kig\��j`t2pqn�kY�;m;o!gdhis�gdoVu hij`�!m;k9mGlig\n�o ~!jLl � jLj`o lisVj
�$m;kAligdvL{\j�m;o�t�lisVjOh9��kipKm;vQj�¬ * g\lis��!o�g\lAj©hAj`�!m;k�mGlig\n�o lis�j`kAjOgdh mYs4����gdt�g\l�|�tVj`�$j`o�tVj`o�vQj
h9sVn � o gdo �!u�¬ !V¬d§`£4��m;{\lis�n��Vu�s � j m;�yp�n�k�{�m;kAu,j&�$m;kAligdvL{\j`h`¬ x�s�gdh�t�j`�!j`o�t�j`o�vQj�gdh�m;{dhAn
hijLj`o jQ�4�$j`kigd��j`o�l9m;{d{\|�gdo ��g\u�¬ !V¬   � sVj`kij�o�j`g\lisVj`k�n�p�lisVj¡�!m;kAligdvL{\j`h�h�mGligdhipq|�s4����gdt�g\l�|
gdo!tVj`�!j`o!tVj`o�vQj�¬
("l�gdh�m;{dhAn©n�pqlAj`o¡m;h9hi����j`t.� �;¤ ��lis!mGl�lisVj hi�!kipTm;vQjClAj`o�hig\n�o�p�n�kivQj gdh�oVjLu�{dg\u�gd~�{\j vQn����!m;kAj`t
lAn lisVj�v`m;��gd{d{�m;ki| �!kAj`hihi��kij©p�n�kivQj[pqn�krm;{d{�~��Vl lisVjYs�g\u�sVj`hAlrs4����gdt�g\lig\j`h`¬���n � jL��j`k �3lisVj
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a) 1000nm sphere
b) 100nm sphere
c) 15nm sphere
MARKERS: 
Circular meniscus approx.
Exact meniscus shape

a) 

b) 

c) 

��g\u���kij !V¬d§`¨ 	 ��m;��gd{d{�m;kA|©pqn�k9vQj`h/v`m;{dvL��{�mGlAj`t � g\lis�vLgdkivL�!{�m;kc��kAn �!{\j*m;�!��kAn �4gd��mGlig\n�oz��vQn�� �
�$m;kAj`t}lAn jQ�Vm;vQl���kAn �${\j�¬[��n�k©m §L¤,¤,¤ o!� k9m;t�gd�!hrhi��s�j`kAj�lisVj[��mGliv�sygdh���n�kAj�n�kO{\j`hih
�$j`kip�j`vQl`�/p�n�k�my§L¤,¤ o�� hi��sVj`kAj[lisVj`kAj�gdh�m;o�j`kikAn�kOn�pCm;~!n��Vl¡§ ����m;o�t�pqn�k�m §�4�o��
h9��sVj`kAj�lisVj j`k9kAn�k�gdh�m;~$n��Vl*£�%�¨���¬

kij`hi��{\lih�gdo ��g\u�¬ !V¬d§`£ h9sVn � lis$mGl�lis�gdh�m;{dhAn hilikAn�oVu�{\|�tVj`�!j`o!t�h©n�o lisVj¡�!m;kiligdvL{\j&hig��Qj�¬
x*sVj�hi��kipKm;vQj�lAj`o!hig\n�o}p�n�kivQj�gdh oVjLu�{dg\u�gd~�{\j � g\lis�§ ��� k9m;t!gd��h�hi��sVj`kigdv`m;{��!m;kiligdvL{\j`h`�3~��Vl
p�n�k��$m;kAligdvL{\j`h � g\lis m §�4 o!� k9m;t�gd��h�g\lYv`m;o2~$j&{�m;kAu,j`kYlis!m;o2lisVj&v`m;��gd{d{�m;kA| �!kAj`hihi��kij
p�n�kivQj�¬�)Cj`o�j`k9m;{d{\|[g\l�gdh�m;hihi�!��j`t[lis!mGl�lisVj v`m;��gd{d{�m;kA|Yp�n�kivQj v`m;o�~$j�v`m;{dvL�!{�mGlAj`t¡~�|���higdoVu
m�vLgdk9vL��{�m;k���j`o�gdhivL�!h���kAn �!{\j�¬ x�sVj kAj`hi��{\lih �*hisVn � o gdo ��u���kij�!V¬d§`¨4��p�n�k¡hi��s�j`kAj`h[n�p
t!g��$j`kAj`o�lCk9m;t�gdg �¦hisVn � lis!mGl�lis!gdh�m;�!��kAn �4gd��mGlig\n�o gdh �<��hAlig���j`t�gdo�lisVj©hig��Qj�k9m;oVu,j � sVj`kAj
vQn�o�ligdo4����� ��n�tVj`{dgdoVu�v`m;o ~!j �!hAj`t3¬
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(�o�lis�gdh � n�ki� ~$n�o�t�gdo�u*lAn hi��kipKm;vQj`h
s!m;h+~$jLj`o©hAli��t�g\j`tO��higdo�u�hi��k9pTm;vQjEhAj`o�hig\lig\��j���jLlisVn�t�h`¬
�Ct�hAn�k9�Vlig\n�o�n�p3~$j`o��Qj`oVj�n�oY{\n � gdo�tVjQ��vQn�~!m;{\l�hi��kipKm;vQj�s$m;h�~$jLj`oYhili��t�g\j`t�gdo[��{\lik9mrs�g\u�s
�,m;vL����� vQn�o�t�g\lig\n�o�h���higdoVu�j`{\j`vQlikAn�o�hi�$j`vQlikAn�hivQn���g\j`h ¬Ex*sVj tVjLl9m;gd{\j`t m;t�hAn�ki�Vlig\n�o&hAliki��v �
li�!kAj�n�p!~$j`o��Qj`oVj�s!m;h ~$jLj`o�tVjLlAj`ki��gdoVj`t©~�|r{\n � j`oVj`kAu,|�j`{\j`vQlikAn�o�t�g��¦k9m;vQlig\n�o3¬��Ct�sVj`hig\n�o
n�p
o!m;oVn��/m;o�t���gdvLkAn���jLlAj`k�hig��Qj`t��$m;kAligdvL{\j`h*s!m;h�~$jLj`o�hAli��t!g\j`t�~�|Ypqn�kivQj ��j m;hi��kAj`��j`o�lih
v`m;k9kig\j`t�n��Vl���higdo�u©m©hiv`m;o!o�gdoVu�pqn�k9vQj ��gdvLkAn�hivQn��$j�¬cx�sVj gd���$m;vQlih�n�pzhi�!kipTm;vQj kAn���u�s�oVj`hih
m;o!t&m;�©~�g\j`o�l�s4����gdt�g\l"|�n�o&m;t�sVj`hig\n�o&s!m`�(j�~$jLj`o&t!gdhivL��hihAj`tz¬
x � n}t!g��$j`kAj`o�l�m;t�hin�ki�Vlig\n�o hAlik9��vQli��kAj`h�p�n�k�~$j`o��Qj`oVj¡n�o2lisVj �En!�K¤,¤,¤V§ ��hi��k9pTm;vQj � j`kAj
t�j`��n�o�hAlik9mGlAj`tz¬ x�sVj hAliki�!vQli��kAj � m;h�t�jLlAj`ki��gdoVj`t ~�| lisVj}m;t�hAn�k9�Vlig\n�o lAj`���$j`k9mGli��kAj
m;o!t jQ�4�$n�hi��kAj�¬©x�s�j©o�n���gdo!m;{ vQnG��j`k9mGu,j`h n�p�lisVj�hAliki�!vQli��kAj`h � j`kAj�§��'`¡m;o�t §��,¥�¬��Ct��
hin�ki~!j`t�~$j`o��Qj`oVj � m;hEp�n���o�tYlAn©�!m;kAli{\|Yt�j`s�|4t�kAn,u,j`o$mGlAj�t���k9gdoVu�sVj mGligdo�u���{\j m �4gdoVu � W � 	
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