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�-�*�������N�H�H� t*`�`�uj�<osvx����`�`�u\�TtV�HtV� ijq�i|oj`�_�iPkxus`���vH_a�N~{`�mRojvRkH�^kx~{q���`H x�NlN`\ojvdoj[^`�z{uP~{kHuj�B`V��lN_¢¡K`�uPvH£
l�i|`�usi¥¤h[Nv:��vH�N�N`¦�(oIz§�@oj`�uj_az§o|os`��@oj~{qH xkH�^��ojvpoj[N`V£¨uj`¦©@lN`��^��q�vx£Nus`�©@lN`�i|osiª£¨vHu*«^~{`�i*vHu¥¬�`�¡&vH¡nwr`¦�(o}i�­*®¯�
os[Nz°iV�^kH��`�u±¤�`p�^ujvB��v@i|`�k¢_akxoj[N`�_�k�ojz°��kH~�_avn�n`�~�¤h[N`�uj`:uj`¦©@lN`�i|o±i|ojus`�kx_�i±kxus`�uj`��Nus`�ij`��@oj`¦��kHiP²�lNz{�
²�v�¤�iIkH�^�akx�N�^~§q�z§oPojv�kH�^kx~{q���`h³n©@lNz{ujus`�~´ Hkduj`¦��`��BoµtV�Ht¶��v�vH�K`�u}k�osz§·B`±¬�`�¡¸��kH�}[N`B­ ¹:lNu ²^l^z{�E_avn�n`�~
�^ujv�·�z°�n`�i�k-~§v�¤\�¯��vB_E�^~§`�m�z§orqº_a`�kH�^i:ojvº`�i|ojz{_�k�os`&os[N`a��`�u|£¨vBuj_�kH�^��`Evx£�³n©@lNz{ujus`�~h�¨[^z»o��NusvH¡�kx¡Nz{~§z§orqH 
~°k�os`��^��qN�Rkx�^�¼`�mn[Nz{¡Nz»o}i¢ijvH_a`¸½B`�q¶©Bl�kx~{z»o}k�ojz{·H`!�NujvB��`�u|osz§`¦i�vH£�os[Nz°i&ijqniros`�_	­¾�¿��vH_a�^kHujz°i|vB�D¤hz§oj[
�Nz{is��us`�os`���`�·H`��@o\ijz§_&lN~°k�ojz{vH��·�kx~{z{�^k�oj`¦i�oj[N`�kB����lNuskB��qavx£ vHl^uh_Evn�n`�~<­
ÀºÁ@Â2ÃsÄ¢Å ��ÆI�H� tI`�`�uj�<osvx����`�`�u i|qni|oj`�_�i� H��vB�@oj`��@oµ�nz°irosujz{¡Nlnosz§vB�&�^`�or¤�vHus½�i� ��K`�uj£¨vHus_akH�^��`�`�·�kH~§l^kxojz{vH�ª 
i|ojvn�}[^kBirosz{�:�Nusvn��`�isij`�i� B²�lNz{�	_avn�n`�~{i� Nt kx~{_3��kH~{��lN~{l^i
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	 � ��� `�i:i|qni|oj]�_a`¦i��K`�`�uj�´ojvx���K`�`�uE�TtV�HtV�p_E`�o|os`��@od`���
RlN·�us`¢�n`�lNm�orq��K`�i:��� g�·Hg��N`�_a`��@o}i��
~{`�ip��vH�^�N`�mnz{vH�^i����ng¦��vB�N�N`�mnz{vH�^i��n`¦ihlnojz{~{z{isk�os`�lNu}i\`�op~{`�i�uj`¦©Bl���oj`¦i\��vBlNup�n`¦i\«��}[Nz{`�u}i\vHlº�nvn��lN_a`��@osi
_&lN~§ojz{_Eg¦�nz°kN­��:kH�^iµ��`�oVkxujojz°��~{`±�^vHl^iP�^ujvB��v@i|vB�^iIlN�a_Evn�n]�~§`\_�k�os[Ng�_�kxojz°©Bl^`�i|z{_a�N~§`�kBijijz{_Ez{~°kx�@o ��`�i
us`�©@l���oj`¦i��	�n`¦id²^lnmD��vH�@ojz{��l^i� ª_av��NlN~§g¦i��^kxu�~{`�iRkHujusz§·Bg�`¦ip`�oR�Ng��^kHu|o}idkH~§g¦k�osvHz{uj`¦i:�n`¦i�l^iskx�H`�usi�  `�o
�^vHl^i±~�� kx�^�N~§z°©@lNvH��i��a³n©@lNz{ujus`�~´ Bl^�-ijq�i|oj]�_a`d�n`���kB�}[N`p¬�`�¡���v�vH�KvHu}k�osz»£r­���vHojus`:_avn�n]�~§`d��`�uj_a`�o\�n`
��kx~°��lN~{`�ud~{`�i��K`�uj£¨vHus_akH�^��`¦i&�T�NusvH¡^kH¡Nz§~{z§ojga�n`a[Nz»o(�d�n`���`ai|qni|oj]�_a`�kÒ·H`¦��lN�^`&£TkHz§¡^~§`a��vB_E�^~§`�m�z§ojgB ª`�o
_a`�od`��¾g�·�z°�n`�����`¢~{`�i:�NusvH�Nusz§ojg�osg�id©@l^kx~{z»o}k�osz§·B`�id�nlDijqniros]�_a`H­���vBl^id·ÒkH~§z°�nvB�^ip`��n«^�D~{k!��`�u|osz§�N`��^��`
�Nl�_avn�n]�~§`��^kHu���vH_a�^kHuskHz{ijvH�-kÒ·H`��:lN�N`�ijz{_¢lN~°k�osz§vB� �Eg�·Bg��N`�_a`��@osih�nz°is��us`�osi�­
! Å �¦� Ã �#" � �º� ³�qniros]�_a`�ip��`�`�uj�<osvx����`�`�u¦ Ng�·�kx~{l^kxojz{vH�º�n`��K`�uj£¨vHus_�kx�^��`�i� N_av��N]�~{`�ih²�lNz{�N`�ipi|ojvn�}[^kBir�
osz{©@lN`¦i� N��kx~°��lN~*�n`RtIkH~§_
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>�`��Hz{�N�Nz{�N�	¤hz»os[¶oj[N`¸ij`�_az{�^kx~µ¤�vHus½ vH£\�p�Nz{�}½2  y	z»osuskºkH�^� ³�vH���n[Nzµz{� b���?B��@§b�A´ Iirosv��}[�kHi|ojz°�¢²�lNz{�
_avn�n`�~{iV[^kÒ·H`h¡K`�`��!i|l�����`¦iji|£¨lN~{~§qEkx�N�^~§z{`��aosv¢kR·�kxusz{`�orq¢vH£ �^kH�}½B`�o|�¯ij¤hz»o}�}[Nz§�^��ijqniros`�_�iµv�·B`�uPos[N`��^kBiro
�H�EqH`�kHusiR�T`H­ �^­{ �ij`�`B@ �N }b��^ }b*C� }b�?N ¯�N }b���AÌ��­P®¯�	oj[N`¦i|`¢�^kx�K`�u}i� ��n`�o}kxz{~§`¦�-_avn�n`�~{ipvx£Pi|qni|oj`�_3¡�`�[^kÒ·�z§vBu� 
¤h[^z{�}[ºz{��·HvH~{·H`�u}kx�^�NvH_3kHujusz{·ÒkH~{i\vH£P�^kH�}½B`�osi�vx£µ�nz°ij��uj`�oj`�ijz§��`Rojv¸�^`�or¤�vHus½¸�Nvn�n`�i� �kHuj`Rus`��^~{kB��`���¡�q
_�kB��usvBis��vH�^z{�E_avn�n`�~°iRos[^k�o&ijlN¡^i|ojz§ojlNoj`¸²�lNz{� ²^v�¤�i�£¨vHu&�^kH�}½B`�o¢i|ojus`�kH_ai�­ºZ\[N`¸u}k�os`�i�vH£\oj[N`�²�lNz{�
²�v�¤�i:kHuj`¢orq@�^z{��kx~{~§q	_avn�nlN~°k�oj`¦� ¡�qºk-i|ojvn�}[^kBirosz{�¢�Nusv���`�isi&�<i|l��}[¾kHi�k-y kxus½Hv�·��Nujvn��`�isis�� �os[N`�us`�¡�q
us`�ijlN~§ojz{�N��z{�!k8Djirosvn�}[^kHi|ojz°��²^lNz°��_avn�n`�~FE}­P�p~»os[NvHlN�B[�oj[^`pus`�ijlN~»osz§�^�¢irosvn�}[^kHi|ojz°�\²^lNz°��_avn�n`�~°iµz{�H�^vHus`
os[N`h�n`�o}kxz{~§`¦�  ��^kB�}½H`�oj�´~{`�·B`�~@z§�@os`�u}kH�(osz§vB�^i� ¦vH£Ìoj`��¢os[N`�q¢kHuj`±_�k�oj[^`�_�k�osz{��kx~{~§q�osuskB�(oskH¡N~{`�kH�^�¢kB����l^uskxoj`H 
�^ujv�·�z°�nz§�^�Eijz§�B�Nz§«���kH�Bohz{�^ijz§�B[Bohz{�@ojvEoj[N`�©@l^kH~§z§oskxojz{·H`��NusvH�K`�ujojz{`�i�vx£Ioj[^`RvHusz§�Bz§�^kH~ i|qni|oj`�_	­

¬�`�¡K`�~{z§`�·H`Ros[^k�o:i|ojvn�}[^kBirosz{�d²�lNz{�	_avn�n`�~{i�kHuj`R�^ujvB_Ez°ijz§�N�Eosv@vB~{i�£¨vHu�_avn�n`�~§z{�N�¸��vB�@oj`��@op�nz°i|ojusz»�
¡^lnojz{vH� i|qni|oj`�_�i�­D®¯��iros`�kH�¼vx£pus`��N~°kH��z§�^� �^kH�}½B`�oairosuj`¦kx_�i�¤hz§oj[ ²^lNz°� �TkBi¢z°ia�nvH�^`!z{�¼oj[^`-�^kB�}½H`�o
�^`�or¤�vHus½-_avn�n`�~{z{�N�-~{z§oj`�u}k�oslNus`¦�(  ¤�`E�NujvB��v@i|`¢ojv�uj`��N~°kH��`E��vB�Bos`��@o6G ijl^�}[DkBi:z{_�kx�B`�i�  y tµ�Hi� 2oj`�m@o
«�~§`¦i� �·�z°�n`�vd��~{z§�^iHGR¤hz»os[�²^l^z{� ­I¬�`±[^kÒ·B`Vl^ij`���oj[Nz°i kx�N�^ujv@kH�}[Rz{�=@ I'A@ojv�irosl^�nq�oj[^`±�K`�uj£¨vHus_�kx�^��`:�¨[^z»o
u}k�os`¦� vH£*k���~§l^i|oj`�u±vH£ª¬D`�¡-��kH�}[N`¦i�­*®¯�¸oj[^z{i±�^kx�K`�u�¤�`pl^ij`:k�i|ojvn�}[^kBirosz{�h²^lNz°�¸_avn�n`�~�ojv&z§��·H`¦irosz§�@k�os`
os[N`��K`�uj£¨vHus_akH�^��`avH£h³n©@lNz{usuj`�~J@§b���A� ¥k��Nv�·H`�~P��`�`�uj�<osvx����`�`�u¸�Tt±�xtV�R��v�vH�K`�u}k�ojz{·H`E¬�`�¡ ��kB�}[N`H­¸Z\[N`
�^ujz{�^��z{�N~{`\vx£ª³n©@lNz§usus`�~nz°iIojvRus`��N~°kH��`�k���vBuj�KvHu}k�os`��N`��nz°��kxoj`��E¬�`�¡���kB�}[N`H H¡@q¢_akH½�z§�N�R��~§z{`��@oµ�n`�ij½@ojvB�
_�kB�}[Nz§�^`�i\��v�vH�K`�u}k�os`:z{�	k&�K`�`�u|�´ojvH�´�K`�`�u�£TkHij[Nz§vB�¸osvakB�(oh�H~{vH¡�kx~{~§q¸kBi�kH�-`�K¸��z{`��@o��nz{i|ojusz{¡Nlnoj`¦�!¬�`�¡
��kH�}[N`B­

�p~»os`�us�^k�osz§·B`	kH�N�NusvBkB�}[N`�i¢z§�^��~§l��n` yºkxus½Hv�·�z°kx�¼kx��kx~{q�ijz°iEkH�^�¼`�·H`��Boj���Nujz{·H`�� �¨vBuaoju}kH��`����Nujz{·H`����
ijz{_¢lN~°k�osz§vB�^i�­\Z\[N`¦i|`¢kH�N�NusvBkB�}[N`�i\[^kÒ·B`�oj[N`�z§u:v�¤h�	_E`�ujz§o:kH�^�	¤±`&�nv¸�NvHop¤�kH�@ohojv!ijqniros`�_�k�osz{��kx~{~§q
vB�N�KvBij`:²�lNz{�-_avn�n`�~°i\ojva_avHus`doju}kH�nz§ojz{vH��kx~ kx�N�^ujv@kH�}[N`¦i�­µ¹:lNu\oskH½H`��´[NvB_a`:_a`�isiskx�H`dz°i�oj[^kxopi|z{_a�N~§`
�T_�kH��usvBis��vB�Nz°����²^l^z{�D_av��N`�~°i�  ¤h[N`��N`�·B`�udoj[^`�q kx�^�N~§qB  _�kÒqº�Hz{·H`�£TkHz§us~{q kH����lNu}k�oj`E©@l^kx~{z»o}k�osz§·B`&kx���
©@l^kH�@ojz§osk�osz§·B`:us`�ijlN~§osi� nkx�^�¸oj[Nz°ihk�o�k&~§v�¤7��lN_a`�ujz°��kH~2��vH_a�N~{`�mnz§orqH­�L±vH�@oj`��@o\�nz°i|ojusz§¡NlNojz{vH���N`�or¤�vHus½ni
kH�N�K`�kxu�osvE¡K`��Hv�vn�-��kx�^�Nz{�Nkxoj`¦iVosvaz§~{~§l�irosuskxoj`�vHlNuhkH�N�NusvBkH�}[-i|z{�^��`dos[N`�q!orq@�^z{��kx~{~§q�z{��·HvH~{·H`�k&~{kHuj�B`
��lN_&¡�`�u-vH£�l^ij`�u}i!kx��� _�kx��q ��kxu}kx_a`�os`�u}i�­ Z\[^`�ij`D�}[^kHuskB�(oj`�ujz°i|ojz°��iaz{�7ojl^uj�7z{_a�N~{q ~{kHuj�B` iro}k�oj`
ij�^kB��`�ipkx�^� k¸[Nz§�B[ ��lN_a`�usz{��kx~¥��vH_a�N~{`�mnz§orq-¤h[N`�� vH�^`�l^ij`�id�n`�o}kxz{~§`¦� �¨_az{��ujv@ij��vH�Nz°���h_Evn�n`�~{i:i|l��}[
kBi�yºkxus½Hv�·�z°kx�¸_avn�n`�~{ihkH�^�-ijz{_¢lN~°k�osz§vB�^i�­

®¯�&³n`��(osz§vB�¢�\¤�`µ�Nusv�·@z°�n`µkH�Rv�·H`�us·�z§`�¤¾vH£N³N©Bl^z§usuj`�~<­ ¹:lNuª²^l^z{��_avn�n`�~@z°iªz{�Bosujvn�nl���`���z{�¢³�`¦�(ojz{vH���
kH�^�¶¤�`�l^i|`!z»o¢z{� ³�`¦�(osz§vB� �	ojv¾��vH_a�Nlnos`�oj[N`!_akHz§� �K`�uj£¨vHus_�kx�^��`�vx£p³n©@lNz{ujus`�~:�¨[Nz§o&�NusvH¡�kx¡Nz{~§z§orqH 
~°k�os`��^��qH ª`�os�H­ ��­&®¯���^kxujojz°��l^~{kHu�  ¤�`a�Nujv�·�z°�n`&k	ijz§_a�N~{`a`�mn�Nus`�isi|z{vH� £¨vHu�oj[^`E[^z»o��NusvH¡�kx¡Nz{~§z§orqH  ¤h[^vBij`
��vH_a�N~{`�mnz§orq!z°i�~{z§�N`¦kxu�z{�	oj[^`���lN_¢¡K`�u:vx£P�Nvn�n`�i�z§�ºos[N`&³n©@lNz{usuj`�~ª�N`�or¤�vHus½2­V¬�`¢ij[Nv�¤+z{�D³�`¦�(osz§vB�NM
os[^k�o±vHlNuµ_avn�n`�~^�Nusv�·�z{�n`¦iPi|l^¡^iro}kx�@ojz°kx~^z§�^ijz{�H[@oVz{�BosvR��`�u|£¨vBuj_�kH�^��`hz°ijijlN`¦iPvx£ªtV�Ht ��v�vH�K`�u}k�osz§·B`�¬�`�¡
��kH�}[N`¦ihi|l��}[�kBip³n©@lNz{ujus`�~´­±¹:lNu�kx��kx~{q�ijz°ihi|[Nv�¤�i�os[^k�ohor¤�v�½H`�q¸�^kHuskH_E`�oj`�usi�~°kxus�H`�~{q!�n`�oj`�uj_az{�N`�oj[N`
�K`�uj£¨vHus_�kx�^��`Rvx£ oj[^`¢i|qni|oj`�_�­\®¯�¾³�`¦�(osz§vB�OI�¤±`&��vH_a�^kHuj`�us`�ijlN~§osi�vB¡noskHz§�^`���¤hz»os[ºoj[^`R²^lNz°�º_avn�n`�~
osv�uj`¦i|lN~§osiµvH¡no}kxz{�N`��&¤hz»os[�kR�nz{is��us`�os`���`�·B`��@o ijz{_¢lN~°k�osz§vB�&vH£ ³n©@lNz{usuj`�~<­*¬D`\«^���¢os[^k�oPos[N`h²^l^z{�E_avn�n`�~
z°iR¡Kvxos[¶©@l^kH~§z§oskxojz{·H`�~§q¾kH�^�¶©@l^kx�@ojz§oskxojz{·H`�~§q¾kB����lNuskxoj`B­E¬�`!��vH�^��~§l^�N`Ez{�¼³�`���ojz{vH�PC-¤hz§oj[¶��v@ijijz{¡N~§`
`�m�oj`���i|z{vH�^i\vH£*vBlNu\²^lNz°��_Evn�n`�~<­
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¤�`�¤�vHlN~°�a~{z§½B`h«^u}iroµosv�_a`��@ojz{vH�¸oj[^kxoµoj[NvBlN�H[�¤�`�[^kÒ·B`�vn����kHijz§vB�^kx~{~§q¢`��^��vHlN�@oj`�uj`¦��i|l��}[��NujvB¡N~{`�_�i� 
tµujvB��v@i|z§ojz{vH�a�^­{bhz°iV��~{`�kHuj~{q�osuskB�(o}kx¡N~{`h£¨vHuµoj[N`:vHu}�n`�uPvH£2_�kH�H�Nz§ojl^�N`�vx£ªij`�·H`�uskH~noj[^vHl^iskx�^�^iPvx£ �Nvn�n`¦i� 
¤h[^`�us`�k�i|z{_¢lN~°k�osz§vB�	¤±vBlN~{��¡K`�lN�@oju}kH��oskH¡N~§`�£¨vBu�[Nz{�H[n�¯��vB�n«��n`��^��`�us`�ijlN~§osi�­±®¯�ºkH�^�nz»osz§vB�ª N£¨vBu�_¢l��}[
~°kxus�H`�uµ·�kx~{lN`�i±vx£�&¼ B¤�`p¡K`�~{z§`�·H`poj[^kxoVoj[^`:�Nvn�n`d�nq��^kx_az°��i±��kx�!¡�`dkx�N�NusvÒmnz§_�kxoj`��a¡�q�kx��� W�� W *
_avn�n`�~ z§�^i|oj`¦kH��vx£ kx� #P�N�@i|`�oh_Evn�n`�~<­µZ\[^z{ih`�m�oj`���i|z{vH��z{ihkE¤�vHus½¸z{�-�NusvH�Buj`¦iji�­
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tµujvB��v@i|z§ojz{vH�E�^­{b�ij[Nv�¤�iIos[^k�oPos[N`\��`�u|£¨vBuj_�kx����`\vx£�oj[N`p³n©@lNz{usuj`�~Ni|qni|oj`�_ `�mn[Nz{¡Nz»o}iPvH�^~§qR£¨vBlNuµ�n`��Hus`�`�i
vH£P£¨uj`�`��nvB_ ��&i=�R = � = � ¤h[Nz{~§`&vHlNud_av��N`�~Iz§�@ojusvn�nl^��`�� ijz»mº�^kHuskH_a`�oj`�usi¢�y&i= , =�/#=��X=��c=�����­R¬D`E�Nv�¤
`�mNkx_az§�^`!os[N`-us`�~°k�osz§·B`!z{_a��vBu|o}kx�^��`-vH£�oj[N`¦i|`	�N`�¤/�^kHuskH_E`�oj`�usi&kx�^� [Nv�¤�oj[^`�q �}[^kHuskB�(os`�usz§��`�oj[N`
³N©Bl^z§usuj`�~ i|qni|oj`�_3¡�`�[^kÒ·�z§vBu�­

¬�`¸«^u}i|o�uskH�Nz{�N~§qD`�mNkx_az{�N`�oj[^`¸z§�N²^lN`�����`¸vH£�RK­ �Iz§��­º�	ij[Nv�¤�i�os[^k�o&¤h[Nz§~{`�os[N`�us`¸z°i�k ij[^kxus�
�NujvB�DvH£�os[N`�[Nz§o¢�NusvH¡^kH¡Nz{~§z§orqº£¨vHu¢·H`�usq¾ij_�kx~{~µ·�kx~{lN`�i�vH£�R �Tij_akH~§~{`�u�os[^k�o&vH�N`Ò�( *oj[N`��K`�uj£¨vHus_�kx�^��`
z°ipkH~§_av@iro:��vH�^i|oskH�@op¤h[N`��<R-z{�^��us`�kBi|`¦i�­hZ\[N`�uj`�£¨vHus`H �`�mN��`��no:¤h[N`�� z§o:z°i:��~§v@i|`Rosv¸��`�ujv� cR�[^kHip·H`�ujq
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�Iz§�BlNuj`����P®¯_E��kH�(ohvH£0R �T¤hz»os[ &^T��N  �FT >Rkx��� � T AH��­
~{z§o|oj~{`hz{�n²^lN`��^��`hvB�¢os[N`h��`�u|£¨vBuj_�kH�^��`�vx£�oj[N`p³n©@lNz{usuj`�~Ni|qni|oj`�_	­ ��~°i|v� xz§oµz{i ·B`�usqRlN�N~{z§½B`�~{q�oj[�k�o#R�¤hz{~§~
¡K`auj`¦kx~{~§q ij_�kx~{~< *i|z{�^��`az§o�¤±vBlN~°�¾_a`�kH��k-�NvB�n�´�^`��H~{z{�Hz{¡N~§`E�NusvH¡^kH¡Nz{~§z§orqºvx£\uj`¦kH�}[Nz{�N��k�i|oskxoj`a¤h[N`��
kH~§~ �Nvn�n`¦iRkxus`E�Nv�¤h� �Tk�·B`�usqºlN�Nus`�kx~{z°irosz{�Ei|z§ojl�k�ojz{vH�K�(­ ���^�n`�u�oj[N`¦i|`a��z{u}��lN_�i|oskx����`�i� 2oj[^`�~§z{_az»osz§�N�
£TkB�(osvHu}iV£¨vBu\oj[N`R[^z»o��NusvH¡�kx¡Nz{~§z§orq¸¤hz{~§~¥¡�`R�^kHuskH_a`�oj`�usi � kH�^� �±­®¯� �*z{�^­R�!¤±`&`�mNkx_az{�N`�os[N`E��vH_a�^kHuskxojz{·H`�z{�n²^lN`��^��`&vx£ � kx��� ��vH�ºos[N`E[Nz»o��NusvH¡^kH¡Nz{~§z§orqH­d¬D`
«��^�¶oj[�k�o¢£¨vBu¢«^m�`¦���±  oj[N`-[Nz»oa�NusvH¡^kH¡Nz{~§z§orq�kBi¢k	£¨l^�^�(osz§vB� vx£ � £¨vH~{~§v�¤�i&k¾��vH�^��kÒ·H`¸ij[^kx�K`H Pkx���
��kx��uj`¦kH�}[	kx~{_avBi|o\vB�N`R¤h[N`�� �FT 0^­��TZ\[Nz°ihz°i���vB�^ijz{i|oj`��Boh¤hz§oj[ºvBlNuhvH¡^ij`�us·�k�osz§vB�¸oj[�k�o
R¸�nv�`¦ih�Nvxo
~{z{_Ez§opos[N`¢[^z»od�NujvB¡^kx¡^z§~{z»orq�¤h[N`�� �Hus`�kxoj`�upvHu�`¦©Bl�kx~*ojv¸vB�N`H­×�	eh`���kx~{~ªos[^k�o � To��WM3J/ �I7±¤h[N`�uj`G�¶z{i

È¨ÉIÊªÈÌË



����������	�

��	�������������
�	������! �"�
#��$&%'	�(*)+�,)-�.�
�0/21&3546487:9 b*M

os[N`Ez§�^�Nz§·�z°�nl^kx~Ius`�©@lN`�i|o:u}k�os`¢vH£µoj[N`E�Nvn�n`¦i�­�Z\[Nz°id��vH�^��kÒ·H`�ij[^kx�K`Ez§� � us`�_az{�^�Ni:l^i�os[N`E~§vB�x��~§z{½H`���K`�uj£¨vHus_�kx�^��`:vH£ ka��`��@oju}kx~{z§��`��!¬D`�¡	��kH�}[N`��TvHuh¬�`�¡º��kB�}[N`R��~{l^iros`�u(��kHih�n`¦ij��ujz{¡�`¦�!z{� @ �NbH }bHbB  ?'A�­
�pv�¤±`�·H`�u¦ K¤±`EvH¡^ij`�us·H`�oj[^kxo:os[N`a[Nz»o��NusvH¡^kH¡Nz{~§z§orq	z{id[Nz{�H[DvH�Dk!·H`�ujq	�^kHujusv�¤ �nvH_�kxz{� � � f$>H � H^>%0@�(­D®¯�^�n`�`¦�   oj[^`�us`¸z{iEk¾i|ojusvH�^�¾k�ojoj`���l^kxojz{vH� z{���± Vi|v � vB�N~§q¶[^kBi¢k¾uj`¦kx~Vz{_a�^kH��o&vB� oj[N`

�K`�uj£¨vHus_�kx�^��`:¤h[^`�� � z°ihi|_�kx~{~´­
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�Iz{�HlNus`�����®¯_a�^kH��opvx£ � kx�^� � vH�	os[N`¢[Nz§o:�^ujvB¡^kx¡Nz{~{z»orq��¨¤hz§oj[<& T �¸kx�^�.R T$>Ò�(­R� �pvxoj`¢oj[^kxo��
z°ih�n`¦��us`�kHijz{�N�^­×�

Z\[N`¦i|`:vH¡^ij`�us·�k�osz§vB�^iµijlN�H�B`�i|oV��v@ijijz{¡N~§`:_a`�oj[^v��^iµosv¢z{_E�^ujv�·B`hoj[N`:��`�u|£¨vBuj_�kH�^��`�vH£ oj[N`R³n©@lNz{ujus`�~
ijqniros`�_	­&Z\[^`E¡K`�i|o��KvBisi|z{¡N~{`&z{_a�Nujv�·B`�_a`��@o�¤hz§~{~P¡K`&osv	uj`¦�nl^��`E�^kHuskH_E`�oj`�u � T ���CW � ­¸³�z§����`Eoj[N`
osvxo}kx~ ��lN_¢¡K`�uhvH£I`�mnz{i|ojz{�N�avH¡nwr`¦�(o}i�  �� ���kx�^�Nvxoh¡K`R_Evn�nz§«^`¦�  noj[^`�us`�kHuj`dor¤�v&vB�nojz{vH��i��

� eh`��Nl^��` � kBi-_&l^�}[ kBi!�KvBisi|z{¡N~{`#� �}[�kx�N�B` oj[^`��n`�£TkxlN~§o	·ÒkH~§l^`DvH£�oj[N` �pZhZht3�^kHuskH_E`�oj`�u
Lh¹��-�

�
yº�����!�Tl^ijl^kx~{~§q	����[NvBlNu}ihz§���:ZhZht���bB­§bÒ�\z{�	oj[N`R£¨us`�ij[N�N`¦ijip��kx~°��l^~{kxojz{vH�	[N`�l^ujz°irosz{�

£¨vHu\`�mNkH_E�^~§`B @`¦i|�K`���z{kH~§~{q�i|z{�^��`:_avBi|oh�%!$#µZ uj`¦©Bl^`�i|osid�¨`H­ �^­	� 0��E�VkHuj`:uj`¦i|�KvH���n`��!¤hz»os[���vHo|�
y	vn�nz§«^`���_a`�isijkH�H`2@ C*A´­

� ®¯�^��us`�kBi|`2� �¨¤h[Nz°�}[��N`�oj`�uj_az{�N`�idos[N`�u}k�oj`ak�oR¤h[Nz°�}[�vH¡nwr`¦�(osiRkHuj`Eus`�ojusz{`�·H`¦�ºosv-os[N`!³n©@lNz{ujus`�~
�N`�or¤�vHus½N�( *£¨vHu�z{�^i|oskH�^��`¸¡�q�l^ijz§�N�º�^uj`�£¨`�os�}[^z§�N� oj`��}[^�Nz{©@lN`¦i�­	¬�`¸¡K`�~{z§`�·H`�os[^k�o¢�^uj`�£¨`�os�}[^z§�N�
��kH�¼¡�`-z§����vHus�KvHu}k�oj`¦�Dojv os[N`¸²�lNz{�¼_Evn�n`�~< P¤h[^z{�}[¼¤hz{~{~�kH~§~{v�¤ l^iRosvD©@l^kx�@osz»£¨q�oj[^`!�BkHz§� vH£
l^ijz§�N��z§o�­


 � ÐÒáPÐÒÑ Ö¥à<ÓsÖ´áµÑ×ÙªárÑ Ö´Ð¦á|à*Ó±Ø×Î(&�Ó}àTÑ Ö<ÐÒÝ�Î(à¥Ó�Ù´Ý�Ó}Ø×ØxÏxÎ322á|à¥Î}æNÖ´Ð¦á &(Ø×Î&6�Ó}Ø�àTá�� $ÒárÙ<Ö*à<ÓsÖ´á(Ú

 ÈÌÕ5Ö<ÐÒá æ§à<árÙ´Ð¦ÕÒárÙ´Ù Ð¦á�$¦à<Ñ×ÙTÖ´Ñ×â('�Ö<ÐÒá Ø×Ñ æ{á¯Ö<Ñ×Ýhá Ñ×Ù+ÝhÑ×Õ!-���������������������������� �"!$#��	!$��%�&$')(�*,+.-0/

1 *324+5��63758:9,8;-�73<=<?>

Ê*Ê5Õ'QSR�T�U+U



b�I ��	����5
�$�� 
�� 	����'
�$&�' 	��
 "���	F� ���S

�-%'��$

� 4��¸�¾
h� ����
�#¢�*%&�D�I
h)*���}�I)

®¯�¸oj[Nz°i\i|`¦�(ojz{vH�!¤±`d��vH_a�^kHuj`:©Bl�kx�@ojz§oskxojz{·H`�~{qEvHlNu±_akB��usvBis��vB�Nz{�h²^lNz°��_av��N`�~2¤hz»os[-k��Nz{is��us`�os`���`�·H`��@o
�Nujz{·H`��&ijz§_&lN~{kxojz{vH�&vx£Nos[N`�³n©@lNz§usus`�~�[NvH_a`���i|ojvBuj`�i|qni|oj`�_	­ eh`�©@lN`¦iroµkHujusz§·�kH~{i*kxus`�tIvHz°isi|vB�&kx����vH¡Nwr`��(o
osz§_a`��<osvx��~§z{·H`pkHuj`poskH½H`��¸ojv¢¡K`�kx~{~K��vH�^i|oskH�Bo\kx�^�!kx~{~Kz°�n`��Bosz{��kx~´­ ¬D`dkx~°i|vEkHisi|lN_a`poj[^kxo±�Nvn�n`¦iV£¨vB~§~{v�¤
os[N`:iskx_a`hosz§_a`��´`�·HvH~{lnosz§vB�¸kHiµz{��os[N`�²^l^z{��_avn�n`�~< @z<­ `H­PkH��#P�N�@i|`�oV_av��N`�~´­ Z\[^`p`�m�os`�us�^kx~�~{kxoj`�����qEz{i
o}kx½B`��ºz{�Bosv-kB����vBlN�@o:¤h[N`�uj`¦kHi�oj[N`&z§�@oj`�uj��kx~I~{kxoj`�����q	z{id��vB�^ijz{�n`�uj`¦��ojv-¡�`E��`�ujv¾�<��vBujus`�ij��vB�^�nz{�N�aojv
z{�^i|oskH�Bo}kx�N`�vHl^i¥z§�@os`�us�^kx~Boju}kx�^i|£¨`�u}i}�(­I³nz§_&lN~{kxojz{vH��us`�ijlN~§osi kxus`µ�Bz§·B`���¤hz§oj[E�H���+��vH�n«��N`��^��`±z{�@oj`�us·�kx~°i�­
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Impact of γ on hit probability (N=10,ρ=1)
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Fluid model
Simulation

�Iz{�HlNus`����'�I~§lNz°�	_avn�n`�~ ·ni��nz°is��us`�oj`��´`�·H`��Bohijz§_&lN~{kxojz{vH�ª­h�J&^To>%0^ MR T >RkH�^� �1T � �(­
�Iz{�^­µ���nz°i|�^~{kÒqni�oj[^`R[Nz»o:�NujvB¡^kx¡^z§~{z»orq-kHihk&£¨lN�^��ojz{vH�ºvx£ � ¤hz§oj[.R2To>Rkx�^� �STo>H­P¬�`�vB¡^i|`�uj·B`

os[^k�o\os[N`�²^lNz°�!_avn�n`�~ª��lNus·H`¦i���~§v@i|`�~§qa£¨vB~§~{v�¤7os[N`RijkH_a`�ij[^kH��`¦i�kBi�oj[N`R�nz°is��us`�oj`��´`�·H`��Bohijz§_&lN~{kxojz{vH�^i
kH�^�!oj[N`�uj`�£¨vHus`:_az{_Ez°��i�os[N`�ijz§_&lN~{kxoj`¦�-ijqniros`�_/¡K`�[^kÒ·�z{vHu�·H`�ujq¸kB����l^uskxoj`�~{qH­ ¬�`R��vH����~{l^�n`doj[^kxohoj[N`
_avn�n`�~±z°iEujvB¡Nl^i|o¢ojv�kHisi|l^_E�Nojz{vH�^iEi|l��}[ kHi¢oj[N`�us`�©@lN`�i|o¢u}k�os`-�nz°irosujz{¡Nlnosz§vB�+�T¤h[Nz{�}[ ¤±`	kHisi|l^_E`¦�
��vH�^i|oskH�@o�z§� ³�`¦�(osz§vB����­§bÒ�(  kx�^��os[NvHl^�H[¶_az{��ujv@ij��vH�Nz°�&£¨`�k�oslNus`�i¢ijl^�}[ kHi�vH¡nwr`¦�(osi�uj`��N~§z°��kxojz{vH� kx���
~{vn��kH~N[Nz§osip�Tuj`¦©@lN`�i|osi �NvHoµ£¨vHus¤\kxu}�n`��¢ojvR[NvB_a`��Nvn�n`¦� kHuj`h¡K`�z{�N��z{�H�^vHus`��  �os[N`h²^l^z{�a_avn�n`�~^�Nujv�·�z°�n`�i
kH��kB����lNuskxoj`�kx�N�^ujvÒmnz{_akxojz{vH�!£¨vHu\oj[^`�kH�(osl^kx~ �K`�uj£¨vHus_�kx�^��`:vH£*os[N`¢³n©@lNz{ujus`�~ ijqniros`�_	­

�^lNu|os[N`�us_avHus`H N¤�`R¤�vHlN~°��~§z{½H`�osv�`�_a�N[^kBi|z{��`�os[^k�o�`¦kH�}[ºi|z{_¢l^~{kxojz{vH�ª N`�·H`��-£¨vBu�·H`�ujq-i|_�kx~{~ª�N`�o|�
¤�vHus½nih�rb¦�R�Nvn�n`�i}�( @u}kx�E£¨vHu�i|`�·H`�u}kx~n[^vHlNu}ip�¨orq@�^z{��kx~{~§qa�x�R[NvBlNu}iPvHuµ_avBuj`Ò� vH�¸k�tI`��Bosz§l^_ �RuslN�N�^z§�N�
kxo±�n­ I�I�! ���H­4#P·H`���z»£ vBlNuV��vn�n`h_�kÒq��^vxoV¡K`h£¨lN~{~§qEvH�Nojz{_Ez{��`¦�  Hz§oVz°iµ��~{`�kHuPoj[�k�oµz{�¸��vH_a�^kHujz°ijvH�¢¤hz§oj[
os[N`Ez§�^i|oskH�@oskx�^`�vHl�i:us`�ijlN~§osi:�Nusv�·@z°�n`¦� ¡�q	oj[N`&²^lNz°�D_Evn�n`�~< *i|z{_¢lN~°k�osz§vB� z°i�·H`�usqºi|~{v�¤�kx��� ~{z§_az§oj`��
osva·H`�usq!ij_�kx~{~ �N`�or¤�vHus½¸i|z{��`¦i�­

¬�` i|[^v�¤/z§� �Iz{�^­ MD[Nv�¤�oj[^`º[Nz»o¸�^ujvB¡^kx¡Nz{~{z»orq ¤�vHlN~°� ~§v�vH½ ~§z{½H`-£¨vHu�~°kxus�H`��N`�or¤�vHus½ni� ±i|z{�^��`
ijz{_¢lN~°k�osz§vB�-vH£ ijl^�}[ºi|qni|oj`�_ai\¤�vHl^~{��¡K`�`�z§oj[N`�u\ojv�v¸ij~§v�¤+vHu�i|osk�osz{i|ojz°��kH~§~{q!z{usuj`�~§`�·ÒkH�@o�­V³�z{�^��` �Iz{�^­µ�
·�kH~§z°�Nk�os`��-oj[^`�kH����lNu}kH��q�vH£IvBlNuh_avn�n`�~ £¨vBupij_akH~§~ �^`�or¤�vHus½!i|z{��`¦i� n¤�`R`�mn�K`���ohoj[N`�us`�ijlN~§osi�£¨vBuh~{kHuj�B`
�^`�or¤�vHus½�i*osvd¡K`�kHiµuj`�~§`�·ÒkH�@o0GRos[NvHlN�B[&¤�`��nv��NvHoµ[^kÒ·H`\i|z{_¢l^~{kxojz{vH�Euj`¦i|lN~§osiPojvR�n`�_avB�^irosuskxoj`\z§o�­ ¬D`
vB¡^ij`�us·H`�oj[N`:ijkH_E`�ij[^kH��`pkBiPz{���*z{�^­I�^ Hoj[NvBlN�H[�vB��kR~{kHuj�B`�uPu}kx�N�B`R�Ìoj[�kx�N½niPosv�oj[N`:~§v�¤���vB_a�N~§`�mnz»orq
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Hit probability for large networks (N=2000,ρ=1)
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