
HAL Id: hal-00018655
https://hal.science/hal-00018655

Submitted on 22 Mar 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Kinetics of phase ordering of nematic liquid crystals
confined in porous media
Vlad Popa-Nita, Doru Constantin

To cite this version:
Vlad Popa-Nita, Doru Constantin. Kinetics of phase ordering of nematic liquid crystals confined in
porous media. Physical Review E : Statistical, Nonlinear, and Soft Matter Physics, 1999, 60, pp.1812-
1814. �10.1103/PhysRevE.60.1812�. �hal-00018655�

https://hal.science/hal-00018655
https://hal.archives-ouvertes.fr


���������	��

������������������������������� ���!����"#�$�%��
'&���(*)����+
,�	-��.�	��&��/
,�0��1������2���3�4���%�5)��6"#���7�8�

9�:<;>=�?A@>B�;DCFE�GIHJ;/;DKL=NM7@>OQP	C8R5@�S�TUGVK�R5@>KLS8HJ;DK�H�GVK
WYX[ZQ\.] ^`_!aFb�cedD_gf�h`ZQf�ikjLl.h<mon�p�f�hV^`_qarb�s�\�Z�d>Xop8n�f8^`i5c0t*u�tes0awvUxzyA{F|}|~i5s�\.Z�d.Xop�n�f�^��o�[���}�gi���ag�4Xol.h�X

�`���~�8�w�����.�J�.�8���g�����[���w�o�[�}�
���4����� �> �¡�¢£�¤�8  � ��¥r�>� � �J¡��.�J¡��§¦§ �¡�¨J�.�.�8¢o¥ª©L�o¡«�.�o� �4� �.� � ��¬A�� �¡D­}�J®F�8 �¢[�g�8�7�8¯.�� I¡>°«�.�J¡�±J� �o² �¤���o¡�� �[�
³ � � � � ¡��8¯�� � ¯«�g®�� � ���>�Q�8 �¡�¢µ´D �¡����8 I±Q® �o² ¡�� � �~�8 I± �  ·¶��. ·��±Q���>®F��� � ®J¸7¹º� ³ ¡«�U�8¯«�~�� �¡!�8¯.��®�±w� �  �¡.¢k�>»�J¢o  � �
�8¯�����¼%�J±Q� �g² ���o¡�� �o� ³ � � �z�`® ��� ¬� �¡.¢½� � ¬�¡!�8¯.��¢g� � ¬��8¯ �o² ¡�� � �~�8 I±w�§� �o�  I¡��g�8�J® � ­[�Q�� �¡� ¾�8 I� � ± � ¡��. ¾�8  � ¡.®
²<� �0® � �g�8 I� � �>  � �J¡�®�  � ¡�� �  ¾�r�£¿ÁÀÃÂ7¬�¯.�Q�8�w�g® ²V� �5¿ÁÄÃÂ��8¯.�*���o¡«� �[� ³ � � �k¯«�g®0� ���  ¾�8®0�Q¼%�J±Q�0 �¡µ�8¯��§Å[ �¡� ¾�8 I� � ¥
¢o� � ¬��8¯�Å4�>»�J¢o  � �o¸§Æª¡U�8¯� �® � �o®F�*±w�o®����8¯�� � �Q�8��± � ¡ ³ ¡.� � �J¡�� �o²e�  I¶��� I�U±Q���>®F��� � ®§ I®5 �¡�®��.Ç¤±J ��J¡��§� �Á� � � �>��±J�
® �I� ¬È¢o� � ¬��8¯ �g² �8¯���¡.� � �g�8 �± � ���.�Q�w¸

É.ÊeË�Ì�ÍgÎ}Ï5Ð>Ñ8ÒªÓ�Ô%É>Ê$Ë�Ì>Ô�ÕJÖ}× ÕwØ[× Ë
Í.Ù�ÕJÖ}× ÚJØ[× Û¤Ü�ÙDÕwÝ[×¾Þ�Ø[× ßJà

á�âoãgâgK�H�:VäNT½;DK«ä�S8HQP�=	GVâoSæå�;}ç.âÃèLâoâgKé=	âoç>@DHQâo=êH�@ë:VG<ì.P�GV=
ã~OQä	S8HJ;D:<S�ãg@>K	í�K�âo=îH�@ÈOQ;>K�=	@.Tµ:VäîG·K�H�âoOQãg@>K%K�âoãwHQâo=ïK%âgH8ð5@.O�ñ	S
@Dò!BL@.O�â[Sîó·ô~õFöø÷«PLãJå#S�ä	S8HQâgT½S�OQ;>GVS�â/ò�P%KL=%;DTUâgK�HJ;D:½G<S�S�P%âoSoù
S�P�ãJå';>S�H�å%âúâ~û,âoã~H!@Dò4íLK%GIHQâúS�G·üoâú;>K�=ëì�P%âgK�ãJå�âo='=	G<S�@>OJ=	âgO
@>KýB%å�;>S�â4HQOQ;>K�S�G·H�GV@>KLSgùL@>OQG·âoK.HJ;�HQG·@.K�;D:�@.OQ=%âgO[ù�âg:<;>S�H�G<ãÁB�O�@.BLâoO�C
H�GVâoSoùL;>K�=º=	GVO�â[ãwH�@.O�í�âo:V=
ö*þ*å%âÁS�G·TUB%:VâoS�H�:VGVì�P%G<=æã~OQä	S8HJ;D:�S�HQ;DH�â
G<SUH�å%âæK�âgT½;�HQGVãqB%å�;.S�âºð�å%âoO�âºHQå%âæTU@>:VâoãgP%:·â[SUâ~ÿ	å%GVè%G·H�@>K%:Vä
@>OQGVâgK�HQ;DH�GV@>K�;>:�:V@>K��>CrOJ;DK��.â�@>OJ=	âoO5;DKL=�K%@kH�OJ;DK�S�:<;�H�GV@>KL;D:�:V@>K��DC
OJ;DK��.âæ@>OJ=	âgO[öéþ*å%âýG<S�@DH�OQ@>B�GVã�� ð�GIHQåNK%âoGIHQå%âgO!@>OQG·âoK.HJ;�HQG·@.K�;D:
K%@.OzH�OJ;DKLS�:<;�HQG·@.K�;D:Á:V@>K��DCFOQ;>K��>âÃ@>OJ=	âoO��qHQ@NK%âoT½;�H�G<ãÃHQOQ;>K�S�G·C
H�GV@>Kq@DòeH�å%âoO�TU@>H�OQ@>B%G<ã�:VG<ì.P�GV=ºã~OQä	S8HJ;D:<S§âgT£èYâo=�=	âo=!G·Kºç�;DOQGV@>P�S
ñ«G·KL=%S�@>ò�BL@.O�@.P�S�TUâ[=	GV;�� ;>âgOQ@��>âo:VSoù�97ä	ã~@>O	�>:<;>SQSgù,ã~@.K�H�OQ@>:V:·â[=
BY@>OQ@>P�S
�>:<;>SQSoù���K�;>BL@.O�âU;DK�=�E�PLã~:Vâg@>BY@>OQâUTUâgT£è�OQ;>K%âoS���åL;>S
èYâgâgKÈâ~ÿ	BYâgOQG·TUâgK�HJ;D:V:·ä�G·K«ç.âoS�H�G
�.;�HQâo=ëó �[õFö�þ*å%â!TU@.S�HkGVTµBY@>O�C
HQ;>K�H0O�âoügP%:·HQS5GVK	ò�âgOQO�â[=µò�O�@.T HQå%âoS�â�S�H�P�=%G·â[S5;>O�â�HQå%â�ò�@.:·:V@�ð�G·K���ö
��G���þ*å%âUè%P%:VñzG<S�@>H�OQ@>B%G<ãwCFK%âgT½;DH�G<ãÁB%å�;.S�âkH�OJ;DKLS�G·H�GV@>KýH�âgTUBYâgO�C
;�HQP%OQâoS�;DOQâÁS�å%GIò`HQâo=æ=	@�ð�Kæ;kò�âgð�=	â��>OQâgâ[S�;DK�=qGVKzS�@.TµâÁão;>S�âoS
H�å�â¤ãJåL;DOJ;>ãwHQâgO5@Dò�HQOQ;>K�S�GIHQG·@.K�ãJå�;DK��>âoSoö���GVG����0ç>âgK!;�H§H�âgTUBYâgO�C
;�HQP%OQâoS�ò ;DOk;DèY@�ç>âkH�å%â�è�P%:·ñúGVS�@DHQO�@.B%G<ãwCFK%âgT½;�HQGVãµB%åL;>S�âkHQOQ;>K	C
S�GIHQG·@.KýHQâgTUBLâoOQ;DH�P%OQâkH�å%âoO�âµâ~ÿ	G<S8HJS4;�ð§âo;>ñæO�â[S�G<=	P�;>:eK%âoT½;�H�G<ã
@>OJ=	âoO�GVK���ö7R5@.K%K�S�âoì�P%âoK.HQ:·ä.ù�HQå%âUã~@>OQOQâoS�BL@.K�=	GVK��½B%å�;.S�âÁG<S7@Dò`C
H�âoK!ão;D:V:·â[=�B�;>OQ;>K%âgT½;�HQGVã�OQ;DH�å%âoO0HQå%âgK!GVS�@DHQO�@.B%GVã>ö�� G·GVG����z@>K�H�â
R§;DOQ:V@�S�GVT£P�:V;DH�GV@>K�S§ó ��õ	S�å%@�ðÃHQå�;�H$G·KµS�@.Tµâ§ãg;.S�â[S
H�å�â5K%âoT½;�H�G<ã
@>OJ=	âoO�GVS�OQâgB�:V;.ã~âo=qè«ä!;½ì�P�;.S�G·CF:·@.K��DCFOQ;>K��>â7K%âgT½;DH�G<ã���P�S�P�;>:·:Vä
ãg;>:·:Vâo= S�BYâgOQ@>K%âoTU;DH�G<ã���B%åL;>S�â>ö���GVç��Áþ*å%â�OJ;DK�=	@.T B%OQâ~ò�âoO�âoK	C
H�G<;D:�@.O�GVâgK�HJ;�H�GV@>Kú@Dò*:·G<ì�P%G<=úãgO�ä	S�HQ;D:<S4;D:V@>K���HQå%âUBL@.O�â½S�P%O�ò ;.ã~â
��ð�å�@.S�âqK�@>OQTU;>:�ãJå�;DK��.âoSµ=	GVO�â[ãwH�GV@>KîOJ;DK�=	@.TU:·ä @�ç.âgOU;úBYâgO�C
S�GVS�H�âoK�ã~âÁ:VâgK��DH�å���GVK���P%âoK�ã~â[S�HQå%âµ=%ä�KL;DTUGVãoS�@>ò$HQå%âµGVS�@DHQO�@.B%GVã
H�@!K%âgT½;DH�G<ã£B%åL;>S�âÁH�OJ;DKLS�G·H�GV@>Kz@.K%:VäqGVKzHQå%â��DGVK%GIHQGV;>:IC��>OQ@�ð*H�å �
O!�>GVTµâ.ö#"�KúH�å%âU:<;�H�â½S�HQ;��>âµ@Dò�HQå%â½=	ä«K�;DTUG<ãgSoù�TUâgOQâµãg@>K	í�K�â~C
TUâgK�H*@Dò�HQå%â7:VG<ì.P�GV=qã~OQä	S8HJ;D:<S�G<S5GVK�S�P�$�ã~GVâgK�H§H�@µB%O�@	=	PLã~â7S�:V@�ð
�>OQ@�ð*H�å!@Dò$H�å%â4K�âgT½;�HQGVã¤=	@.TU;>G·KLS4ó %>õrö
&%@>:V:V@�ð�G·K���=	â('�âoK%K%âoS�)ÁG<=	âo;.Sëó *�õrù�H�å%âïHQå%âg@.O�âgH�G<ãg;D:�;>B	C
B%OQ@.;.ãJå%âoSÃó +%ù-,oõµP�S�â[=êò�@>OºH�å�â/â~ÿ	B%:<;DK�;DH�GV@>K�@DòUB%OQ@>BYâgO�H�GVâoS
;DKL=êèYâgåL;}ç�GV@>Oæ@>ò�ã~@>K%í�K%âo=�:VGVì�P%G<= ã~OQä	S8HJ;D:<Sæ;DOQâ è�;>S�âo=�@>K
OJ;DK�=	@.TµCªí�âo:V=	CªH8ä«BYâ§TU@	=	âo:VSoö."�KU;¤B�O�âoç�GV@>PLSAB�;DBYâgO�ó /�õFù>ð�å�GVãJå
ð§âý=	âgK�@DH�âýå%âgK�ãgâ~ò�@.O�HQå';>S0"wù§ð5âýå�;}ç>âæâgÿ�HQâgK�=%âo=îH�å�âýOJ;DK	C
=	@.T ;>K%G<S�@>H�OQ@>B«äýK%âoT½;�H�G<ã�S�B%GVK/TU@	=	âg:¤ó +Dõ5HQ@úãg@>K�S�GV=%âgOÁHQå%â
â~û,âoã~H0@Dò
ã~@.TUBLâgH�G·H�GV@>KUèLâgH8ð5âoâgKµH�å�â�S8HQO�âoK��DHQåµ@>òLHQå%â�OJ;DK�=	@.T
@>OQGVâgK�H�GVK���íLâg:<=ý;DKL=ºH�å%âµâg:<;>S�H�G<ã£ãg@>K�S�HQ;>K�H7@>KýH�å%âµG<S�@>H�OQ@>B%G<ãwC
K%âoTU;DH�G<ãýB�å�;>S�âzHQOQ;>K�S�G·H�GV@>K�ö1"�K'HQå%â�:·GVTUGIHº@Dò£OQâg:<;�HQG·ç.âz:V@�ð
OJ;DK�=	@.TUK%âoSQSAH�å�â�â~ÿ	G<S8HQâgK�ãgâ�@Dò�;�H�OQGVB%:·â�BL@.G·K�H0ð*;>S�B�O�â[=	GVã~H�â[=
ö
&%@.O0OQâg:<;�HQG·ç.âg:Väk:<;DO!�>â�OJ;DK�=%@>TUK%âoSQS�ð§â�å�;}ç.â*ò�@>P%KL=�;ÁOQâo=	PLã~âo=
H�âoTUBLâoOQ;DH�P%OQâ!;DH£H�å�â�HQOQ;>K�S�G·H�GV@>K�ùeHQ@��.â~H�å�âgOµð�GIHQåÈ;æíLOQS�Hk@.O�C

=%âgO0B�å�;>S�â�H�OJ;DKLS�G·H�GV@>K½ð�å%G<ãJå�âoK�=%S0;DH§;¤HQO�G<ã~OQG·H�G<ãg;D:LBL@.G·K�H[ù.èYâ~C
ä.@>K�=�ð�å%G<ãJå�HQå%â�H�OJ;DK�S�GIHQG·@.K�èYâoãg@>TUâoS�ãg@>K�H�GVK«P%@>P�Soö32úâ¤å�;}ç.â
PLS�â[=æH�å�GVS¤TU@	=	âg:AHQ@º@>è	HJ;DGVKzH�å�âU=%@>T½;DGVKýð*;D:V:�S�@.:·P	HQG·GV@>KLS7@>ò
HQå%â§H�GVTUâ~C�=	âgBYâgK�=%âgK�H4'�G·K%üoè%P%O!�DC65�;>K�=%;DP7� þ�M8'859�$âoì�P�;DH�GV@>K�ö
þ*å�â�OQ;>K�=	@.Tê@.O�GVâgK�H�GVK��*í�âo:V=Á:·â[;>=%S,HQ@7S�T½;D:V:·âoO�ç>âo:·@	ã~G·H8ä�@>ò	H�å%â
GVK�H�âoO�ò ;.ã~â4;DK�=�H�@½:<;DO!�>âoO5GVK�H�âoO�ò ;.ã~â¤ð�GV=	H�å�ö
2ëå%âoK�;ºS�ä«S�H�âoT2GVS4ì�P%âoK�ãJå%â[=æò�OQ@>T ;!å%G
�>å	CrH�âoTµBYâgOJ;�HQP%OQâ
=%GVS�@>OJ=	âgOQâo=ÈB%å�;.S�âzH�@6;Ã:V@�ð5âoOUH�âoTµBYâgOJ;�HQP%OQâzð�å%âgOQâæG·HQS�@.O�C
=%âgOQâo=zB�å�;>S�âkG<S7H�å%âoO�TU@	=	ä«K�;>TµG<ãg;>:·:Väqò ;}ç>@.O�â[=
ù,GIH¤âgç.@>:Vç>âoS7GVK
HQG·TUâ½HQ@�ð§;>OQ=zH�å%â�:V;DH�H�âoO:��B�å�;>S�â~CF@>OJ=	âgOQGVK��!B�O�@	ã~â[S�S��wö:"FH£å�;>S
èYâgâoKNð§âg:V:7â[S8HJ;Dè%:VG<S�å%â[=ïH�åL;�H!GVK'HQå%âý:<;�HQâ�S�HQ;��>â[S�@DòÁ@.OQ=%âgO�C
GVK��½;½SQãg;D:VGVK��kO�;â��>GVTµâ�G<S�âgK�H�âoO�â[=
ù%ãJå�;>OQ;.ãwH�âoO�GVügâ[=�è«ä�;½S�G·K��>:Vâ
HQG·TUâgCF=	âoBLâoK�=	âoK.H¤:VâgK��>H�åýSQãg;>:·â=<>�@?A�~ù
S�P�ãJåzH�å�;DH7HQå%âµ=%@>T½;DGVK
S�H�OQP�ã~H�P%OQâ7G<S§G·KL=	âgBYâgK�=%âgK�H�@Dò�HQG·TUâ¤ð�å%âgK!:·âoK��DHQå�S�;DOQâ7SQãg;>:·â[=
è«ä:<	�@?A�¤ó B}õFö
"�KïH�å�GVS½BL;DBYâgO[ù5ò�@.:·:V@�ð�GVK��C&$G·:VG·BYâzâgH!;D:rö ó·ô�D}õFù�ð§âzS8HQP�=	ä
HQå%â½OJ;DK�=	@.T í�âo:V=�âgûYâ[ãwH£@.KúHQå%â½B%å�;.S�âgCr@.OQ=%âgOQG·K��º=	ä«K�;>TµG<ãgS
@>ò£;6K�âgT½;�HQGVãý:·G<ì�P%GV=êã~OQä	S8HJ;D:�G·K�;/BY@>OQ@>P�S!TUâo=	GVP%T ð�å%âoK
G·HQS�G<S�@>H�OQ@>B%G<ã4:VGVì�P%G<=zB�O�â[ã~P%OJS�@.O�G<S¤ã~@«@>:Vâo=zì�P%G<ãJñ«:·äqHQ@q;�H�âgTµC
BYâgOJ;�HQP%OQâ7ð�å%âoO�â�HQå%â¤K%âgT½;�HQGVã�B%åL;>S�â�G<S§H�å�âgOQTµ@	=	ä«K�;>TUGVão;D:V:·ä
S�HQ;>è%:Vâ�;>K�=½HQå%â¤GVS�@DHQO�@.B%GVã�@>K%â�G<S5TUâgHQ;>S�HQ;>è%:Vâ=�ªS�P%BYâgOJã~@«@.:·â[=��wö
þ*å%âµ@>OJ=	âgO¤B�;>OQ;>TUâ~H�âoO�ò�@.O4;�K%âoT½;�H�G<ãµ:·G<ì�P%G<=úãgO�ä	S�HQ;D:$G<S4;
HQOQ;.ã~âo:·â[S�SkS�ä«TUTUâ~H�OQG<ã!S�âoãg@>K�=«CFOJ;DK%ñúH�âoK�S�@.Oqó·ô>ô~õFE#GIHJ�LKM�N ?A��O
E��PKMQN ?A�R�S�UT�GVT�H:WYXRGZH[�]\��ïð�å%âoO�â6H�å%âÈP%K%G·H�ç.âoãwHQ@>O^KT GVSýH�å%â
SQãg;>:V;>O_� K%@>K%CFãg@>K�S�âgOQç>â[=��½@.OQ=	âoOºB�;DOJ;DTUâ~HQâgO[ö`"�KêH�å%âÃB%OQ@>è	C
:VâgT+ð5âÁãg@>K�S�G<=	âgO[ù	ð5â4S�å�;D:V:�S�P%B%BY@.S�âaKTzHQ@½èLâ4í�ÿ«â[=qG·KæS�B�;>ãgâ
;>K�=µH�GVTUâ>ù«S�@ÁH�å�;DH0H�å�â�O�âo:·âoç�;DK�H0B%å«ä	S�G<ãgS0GVS4�>GVç>âoKµè«ä0E0�LKM�N ?A�wö
þ*å�â-5�;>K�=%;>P	CF=%â='�âgK�K%âoS�ò�O�âoâ£âoK%âgO!�>ä!ò�P%K�ã~H�GV@>K�;>:A;>B%B%OQ@>B%OQG·C
;DH�â6H�@NOJ;DKL=	@>T ;DK�GVS�@DHQO�@.B�äêK%âgT½;DH�G<ã6TU@	=	âg:µG<S��.G·ç.âgK�è«ä
b½ó E�õcOed��VfUgLhifkjkh#fUl��nmQoëð�å�âgOQâ�fUggùkfUj�;DK�=if�le;>O�âAHQå%â0è�P%:·ñ,ù
OJ;DKL=	@>T ;DK�=�âg:<;>S�H�G<ã½B�;>O�HJS4@Dò*HQå%â�âgK�âgO!�>äú=%âgK�S�GIH8ä.ùeOQâoS�BYâoãwC
HQG·ç.âg:Vä>ö£þ*å�âµS�ä«TµTUâgH�OQä.C�;D:V:V@�ð5â[=ºâ~ÿ	B%OQâoSQS�GV@>Kæò�@.O8f�g�GVS
�>GVç>âoK
è«äifUg�O(pc�@q:W#q
rL�nq M �VEtsu�UW-v#q M �VE#w��[h0xUó q M �yEts[�Fõ�s5ð�å�âgOQâ
q8rÁG<S7H�å%âUè%P�:·ñzP�K�=	âgOJã~@«@.:·â[=æH�âoTUBLâoOQ;DH�P%OQâk:VGVTµG·HoöUþ*å%âUâg:Vâ~C
TUâoK.He@Dò%OJ;DK�=	@.TUK%âoSQS
ã~@.Tµâ[S�GVK4ð�å%âgK£@>K%â�BYâgOQTUGIHJS
HQå%â5=	GVOQâoãwC
HQ@>O�;Dÿ«G<S0KTúH�@UBY@>GVK.H7G·Kæ;DOQè%G·H�OJ;DOQä�=	GVO�â[ãwH�GV@>KLS�;DK�=!H�@�ãJåL;DK��.â
S�G
�>K%G·íLãg;>K�H�:Vä�@�ç.âgOA;7S�B�;.ã~G<;D:	S�ão;D:Vâ�z8{�ö.|�S�G·K��
"�TUO�ä�C6�z;�OQâo;>:IC
S�B�;.ã~â£=	@.T½;DGVKý;DO!�>P%TUâoK.HJS£ó·ôu�[õ}� S�âgâµ;D:<S�@:"A�wù�f j G<S>�.G·ç.âgKæè«ä
f j O~WF���Sz
��\Uz
{[���cw!�!s[E ð�å%âoO�â_z	� GVS!H�å�â�ãJå�;>OQ;.ãwHQâgOQGVS�C
HQGVã�SQãg;D:Vâz@>òkãJå�;DK��>âz@>òÁH�å%â�@>OJ=	âoO�B�;>OQ;>TµâgH�âoOoö þ*å%âzíLK�;D:
HQâgOQT�fUl�ãg@>TUâoS*ò�OQ@>T H�å%â£âg:<;>S�H�G<ã�ò�O�âoâÁâgK%âoO]�.ä�=	âoK�S�G·H8ä>ùcfUlFO
<��k�V��G�E	H!�U�Asu\��-h�< s �S�QG�EtGIHu�Asu\���O���<�EtsLz ��s� \[%Ãð�å%âoO�â�<��
;>K�=�< s ;DOQâ*âg:<;>S�H�G<ã�ã~@.K�S8HJ;DK�HQS�;>K�=�<CO(�J<��L\���h7< s \k%�öeþ*å�GVSHQâgOQT TkP�S�H5èYâ�GVK�ã~:VP�=	â[=½èLâ[ãg;>P�S�â�H�å%â7OQ;>K�=	@>T ;DK�GVS�@DHQO�@.B�ä£GVS



�

ãg;>P�S�G·K���H�å%âk:·@	ãg;>:�@.O�GVâgK�HQ;DH�GV@>KqH�@!ð§;>K�=	âoO�G·KúS�B�;.ã~âÁ@.K z
��ö
2�âkK%@>H�âkH�å�;DH7HQå%âUOQ;DH�GV@�@>ò5=	G<S�@.OQ=	âoO�HQ@!âo:V;.S8HQGVãkã~@>KLS8HJ;DK�H�G<S
=	âgí�K%âo=zè�äqHQå%â£K%@.K	C�=	G·TUâoK�S�GV@>KL;D:�BL;DOJ;DTUâ~HQâgO � O �:z
s{ \U<�ö
"�K�H�OQ@	=	P�ã~GVK���;�K�âgðÃ:·âoK��DHQåÁS�ão;D:Vâ��tO1�Sz8s� W>z8s{ � � �!s5;DK�=¤SQãg;D:·C
GVK���HQå%â£ç�;DOQG<;Dè%:VâoS�G·KýH�å%â£ò�@>:V:·@�ð�GVK���ð*;}ä E OY+�xtEi\kv N�� O
�k%�pc�@q W�q8rL�Ax8\kv-s N < O ôu�Jx8<�\UvisPz8s{ N � O��J\kz { N � O
B�+�x8sR�7\Uviw N f O �U%Jsux8w�f�\kv�� N � O /Jx � \kv�ù5âo:·GVTUG·K�;DH�GVK��
@�ç>âoO�èL;DOJSgù§;DK�=ïTUGVK%G·TUGVügGVK�� HQå%âzò�OQâgâæâoK%âgO!�>äî=	âgK�S�G·H8äÈð�G·H�å
OQâoS�BLâ[ãwH*H�@	�µð5â¤@.è	HQ;>G·K
f�
�OYWF�7E�h
� � h � ��� E s Wa�JE w h�E � ð�å%âgK E���� � \[%

��ôu�
H�å�â*ò�O�âoâ§âoK%âgO!�>äÁ=%âgK�S�GIH8äkã~@>OQOQâoS�BL@.K�=	GVK���HQ@7HQå%â�B�;>OQ;>K%âgT½;�HQGVã
B%å�;.S�â4;>K�=

f��:OYW �J,
��*�+ � � w E ��s h � E s W���E w h_E � ð�å%âgK E���� � \[%

�y���
H�å�âÃò�O�âoâ âgK%âoO]�.äN=	âgKLS�G·H8äNã~@.O�OQâoS�BY@>K�=	GVK��ÈH�@ïHQå%â6S�BLâoO�@.K%â~C
T½;�HQGVã¤B%åL;>S�â>ö
2úâ¤HJ;Dñ>â�HQå%âÁ=	ä«K�;DTUG<ãgS§HQ@½èLât�.G·ç.âgKqè�ä!þ�M
'85Ãâ[ì.PL;�H�GV@>K
ð�G·H�åÃH�å�â�ò�@>:V:V@�ð�G·K��æ=	GVTUâgK�S�GV@>K%:VâoSQS4ò�@.O�T��cE-\k��? W��=s[E O
W>f��S�yE#�wö 2�âÈãJå�@�@�S�âî;DK ;>B%B%OQ@>B%OQG<;�H�â/ò�@>OQT @>ò�H�å�â6ò�OQâgâ
âgK�âgO!�>äÃ=	âgK�S�G·H8ä ð�å%GVãJå6G·K�H�âoO�BY@>:<;�HQâoSkèLâgH8ð5âoâgK f�
 ç�;D:VGV=/ò�@>O����� ;>K�=�f��qç�;D:VGV=!ò�@.O ��� W � � S�âgâ4B�;>BLâoO}"A�wù

f O � E s W-�JE w h�E � h ô� ��� � h�� s �uh ô� ��� � W � s �«HQ;DK�å �! �V�J�

ð�å%âoO�â"�J��O WF�:E h^�:Ets[\ � G<SµH�å%âqò�OQâgâºâgK%âoO]�.ä/=	âgKLS�G·H8ä
�>âoK%âgOJ;�HQâo=4è«ä¤HQå%â*OQ;>K�=	@>T�í�âo:V=£ò�@>OeH�å�â§BL;DOJ;DK%âoTU;DH�G<ã�B%åL;>S�â>ù� s O �J,U� � w�E=��s[\U��*�+qGVS¤HQå%â�ãg@>OQO�â[S�BY@>K�=%G·K��qò�@.O�T ò�@>O4HQå%â
S�BLâoO�@.K%âgT½;�HQGVã§B%åL;>S�â>ù>;>K�= ! G<S$H�å�â�ãJå�;DOJ;>ã~H�âgOQG<S8HQGVã0H�å%G<ãJñ«K%âoSQS
@Dò$H�å�â4G·K�H�âoO�ò ;.ã~â.ö
R5@>K�S�GV=%âgOQG·K��¤HQå�;�H5H�å%â�S�ä	S�H�âoT#;>:·:V@�ð�S�;DK½G<S�@DH�å�âgOQTU;>:%è�;.S�â
S�HQ;�HQâ�GVK�ð�å%G<ãJå½H�å�â�S�BLâoO�@.K%âgT½;DH�G<ã�;DK�=�B�;DOJ;DK%âoT½;�H�G<ã�B%åL;>S�âoS
;DOQâ¤S�âoB�;DOJ;�HQâo=�è«ä�;µB%:<;DKL;DO�GVK.HQâgO�ò ;>ãgâ7@>òeí�K�GIHQâ4ð�GV=«HQå!ð�å�GVãJå
B%OQ@>B�;��.;DH�âoS¤ð�G·H�åÈç>âo:·@	ã~G·H8ä$#�G·K�H�@zH�å%âqB�;DOJ;DK�âgT½;�HQGVãUB%åL;>S�â>ù
ð§âk:V@«@>ñºò�@>O4S�@>:VP	H�GV@>KLS7@>ò0HQå%âµò�@>OQT E0�&% N ?A�
O E��&%0W'#P?A�
O
E0��% � �wù�ð�å%âoO�â(%úG<Sk;zãg@«@>OJ=	G·KL;�H�â�K%@>OQT½;D:�HQ@zH�å�â�GVK.HQâgO�ò ;>ãgâ>ö
þ*å%â�þ�M
'85ýâoì�P�;�HQG·@.KUä�GVâg:<=%S�E � � h)#RE � Oef � �VE#�~ù	S�P%è+*8âoãwH5H�@
èY@>P%K�=�;DOQä6ã~@.K�=	G·H�GV@>K�S:E��nW � �7O E �ë;>K�= E0� � �aO E,
*ö
þ*å%G<Sî@>OJ=	G·KL;DOQä#=	G·û,âgOQâgK�H�G<;D:ºâoì�P�;DH�GV@>K åL;>S6H�å%â�S�@>:VP	H�GV@>K%K
E0��% � � Oéó E � h8E 
 W#�VE � W>E 
 ��HJ;DK%å-% � \ ! õS\U�§ð�G·H�å¤HQå%â0ãJå�;>O�C
;>ã~H�âoO�G<S8HQGVãÁH�å%G<ãJñ«K%âoSQS7@Dò�HQå%âkGVK�H�âoO�ò ;.ã~â ! O/. �J\��VE �:W E,
 �
;DKL=¤GIHJS�ç>âo:·@	ãgGIH8ä0#�Oe� . ���yE � htE,
�WÁô[�LW . �U� \ � �VE ��W	E,
 �
� S�âgâ7"A�wö�þ*å«P�S£H�å%â!ñ�GVK%âgH�G<ãgSk@Dò�K%âoT½;�H�G<ã�=%@>T½;DGVKC�>OQ@�ð*H�å G<S
S�:·@�ð§âo=!=	@�ð�K!è«ä�H�å%â4OJ;DK�=%@>T í�âo:V=
ö
"�KæH�å%â-�J'¤;DPLS�S�GV;>Kæã~:V@.S�P%O�âu�½S�ãJå�âgTUâoS7;½K%âgð íLâg:<="1_�LKM�N ?A�
G<S�G·K�HQO�@	=	P�ãgâo=
ù.ð�å%G<ãJåµç�;>O�GVâoS�S�TU@�@>H�å%:VäÁ@.KkHQå%â�=	@.T½;DGVKµSQãg;>:·â
;DKL=!ð�å�@.S�â4ügâgOQ@.S�=	â~í�K�âoS*HQå%âÁBY@.S�GIHQG·@.K�S�@>òeHQå%âÁð*;D:V:VSoö�'�âoK	C
âgOJ;D:VGVügGVK��-�z;>ügâoK%ñ>@µ;DB%B%OQ@}ÿ	G·T½;DH�GV@>Kzó·ô��}õ4�ªS�âoâ�;>:VS�@!ó·ô�D}õ@�wù«HQå%â
H�OJ;DKLS8ò�@.O�T½;�HQG·@.K:E0��1��0GVS§=	â~íLK%âo=�è�äµHQå%â>�Y;�H*Tµ@�ç«GVK��ÁGVK�H�âgO�C
ò ;>ãgâ�B%OQ@Dí�:Vâ½ò�P%KLãwH�GV@>K6ð�å%GVãJå/SQ;�HQGVS�í�â[S-E,� �y��1�� h2#RE �V�31a�=O
f � �VE#�/ð�GIHQå èY@>P%K�=�;DOQä#ãg@>K�=	G·H�GV@>KLS E0�AW � � O E �+;DK�=

E�� � � OeE 
 ö92ëGIHQå4H�å�GVSeãJå%@>G<ã~â.ùoOQâgð�OQGIHQG·K���þ�M
'85�âoì�P�;�HQG·@.K
GVKqH�âoO�T½S*@Dò41�ù��>GVç>âoS4ó·ôR%Dõ

�51
��? O6� s 1 W E,� �V�31a�

E � �31a�)7 ô�W98��:1;8 s=< W># �@%��

þ*å%â¤B%OQG·KLã~GVB�;D:,OQ@>:Vâ7@>ò�H�å%âÁ=%@>P%è%:Vâ~CFð§âg:V:c�>BL@>H�âoK.HQGV;>:
�=f.�VE#�
G<SµH�@Ãâ[S8HJ;Dè%:VGVS�åï;DK�=ÈT½;DGVK.HJ;DGVKÈð§âg:V:·CF=	âgí�K%â[=6GVK�H�âgO�ò ;>ãgâoSoö�"FH
ò�@.:·:V@�ð�SAHQå�;�H�HQå%â7=%â~HQ;>G·:Vâo=µò�@.O�T#@Dò�f.�yE#�AG<S�GVO�OQâg:Vâgç�;DK�H�HQ@4H�å%â
:<;DO!�>âgCFSQãg;>:·â�S�H�OQP�ãwHQP%OQâ>ö.&%@>:V:V@�ð�G·K�� ?§OJ;}äk;>K�=(@�P�TU;}ä«P%Kzó·ôu*}õrù
ð§âýãJå%@«@�S�â�E0�31a�½H�@6SQ;�HQGVS�ò�ä E � � ��1���O WA1�E � ��1��Uð�å%G<ãJå
G<Skâoì�P%GVç};>:·âoK�HkHQ@�;ýB�;DO�H�G<ã~P%:<;DOkò�@>OQT @Dò�HQå%âqBL@>H�âgK�HQGV;>:¤ó·ô�D�õrö
5�@	ãg;�HQG·K��/H�å�â�ãgâgK�H�âoO!@>òÁH�å%â�ð*;D:V:¤;DH�1 O D%ù7ð5â�@>è	HJ;DGVK
HQå%â�ð§;>:·:¤B%OQ@Dí�:Vâzò�P�K�ãwHQG·@.K E0�31a�_O ó E�� h E,
eW �yE ��W
E 
 ��â M f.�31�\ . �J�FõS\U�%ö ��ò`HQâgO &�@>P%OQGVâgOqH�OJ;DK�S�ò�@>OQT½;�HQG·@.K�ù	�5ìLö
�S%��§èYâoãg@>TUâoS

�51CB� �S?A�
� ? Oéó WED s h pc�@?A�FõF1 B� �@?A�.W>#LX B�HG BI �V*��

ð�å�âgOQâ pc�@?A�(O ô7WKJ�8��:1;8 s�LDö R5@.K�S�G<=	âoO�GVK��ëHQå%âÈGVK%G·H�G<;D:
ãg@>K�=%GIHQG·@.K�S4ò�@.O:1 H�@úèLâa'¤;DP�SQS�G<;DK/=%GVS�H�OQG·è�P	H�â[=
ù�ð�G·H�å/üoâgOQ@
TUâ[;DK�;DKL=½ã~@>OQOQâg:<;�H�@.OF��GVK:&%@.P%OQG·âoO5S�B�;>ãgâu� J 1 B� �SD��M1 B�ON �VDJ� L OP �y��Q���RuX�� KD�h KD � �7�Sm�GVSUS�B�;�HQGV;>:§=%G·TUâgKLS�GV@>K�;>:·G·H8ä��Á;>K�=/S�@>:Vç.C
GVK����0ìYö �y*��zò�@>O KDTSO KDNã~@.TUBL@.K%âgK�HQSú@Dò(1�ùµ@>K%â6í�K�=%S1 B� �S?A��OU1 B� �SD��L�S?]\[? I �OVWRYX�s[ZS�\�gâ^]`_9�AWED�sL?A�kð�å%âoO�â ? VWRYX�s[ZS�!sI O
m P \[%��S/�Q��\RP�!s!ó·ô�D}õ�ò�OQ@>T ð�å%GVãJåúH�å�âkH8ð§@DCrH�GVTUâµãg@>OQO�âo:V;DH�@.O�GVK
OQâo;>:
S�B�;.ã~â�ò�@>:V:V@�ð�S*G·TUTUâo=	G<;�HQâg:Vä

x I �8ô N ���badc�1��8ôu�e1_�y���\f4O % . ? � ? sm � %J? � ? s�S?]� h�? s � s � RP�\�g âgÿ«B � W M s
%��@?]� hC? s � � �S+J�

ð�å�âgOQâkô4;DKL=7�µ;DOQâ7PLS�P�;>:
S�å%@.O�HQå�;DKL=�ò�@.O*S�B�;.ã~â~CrH�GVTUâ7BY@>GVK�HQS
�LKM � N ? � �!;>K�=1�LKM s N ? s �wù¤;DK�= M Oh8:KM � W KM s 8�ö "�K'H�å�âÃSQãg;>:IC
GVK��êO�;â��>GVTUâ(�@? � � �~ù£HQå%âÈãg@>OQO�âo:V;DH�GV@>K�ò�P%K�ã~H�GV@>K @>ò½H�å%â
íLâg:<= E G<Sk@.è	HQ;>G·K�âo=/;.S-x��8ô N �J�=O ó
�VE��:h�E,
 �ns	h1�VE���W
E 
 �ns�S�G·K � �ji õ@\k%kð�å�âgOQâ i GVS§HQå%â4K%@>OQT½;D:VG·üoâo=qã~@.O�OQâg:<;�HQ@>O
i ��ô N �J�ba x I �8ô N �J�k x I �VD N ?]�R�Ax I �SD N ? s � Ol� %�?]�P? s�@? � hC? s � s � RP���

â~ÿ	B)� W M s
% �S?]� h�? s � � �y,U�

ð�å�GVãJåUò�@.O0âoì�P�;>:%HQG·TUâoS	�@?]�FO ? s O ?A�0S�GVTUB%:VGIí�â[S�HQ@ i ��ô N ��� O
âgÿ	B��nW M s \U/U?A�~ö
þ*å«P�SoùgHQå%â KDmSO KD�ãg@>TUBY@>K%âoK.HJS�@>òn1 ;DOQâ�P%K�ãJå�;>K��>â[=7è«ä7H�å%â
ç.âg:V@	ã~G·H8äµ@.O0â[ì.P�G·ç�;D:VâgK�HQ:·ä½è«äµH�å%â�OJ;DK�=	@.T#í�âg:<=
ö."�K�HQå%GVS*ão;>S�â
HQå%âæð§âg:V:IC�=	âgB%H�å�S�@Dò�H�å%â��>BL@>H�âgK�HQGV;>:
�Cf.�yE#�U;DOQâºâoì�P�;D:rù§H�å%â
@.K%:Vä!=	OQG·ç«GVK��Uò�@>OJã~â4G<S�GVK�H�âoO�ò ;.ã~âÁã~P�O�ç�;�HQP%OQâ4ð�å%GVãJå��.âgK%âoOQ;DH�â[S
HQå%â4ð§âg:V:ICFñ«K%@�ð�K:? � �!s8�>OQ@�ð*H�å�:<;}ð ó B�õFö
þe@US�@>:Vç>ât�5ìLöF�y*��0ò�@>O KD�O KDUã~@.TµBY@>K�âgK�HQS*@>òo1�ù%ð§â¤;>:·:V@�ð
ò�@.Oe;�P%K%G·ò�@>OQT�è�GV;.S�GVK4H�å%â5G·K�GIHQGV;>:«S�HQ;DH�â.ùoHJ;Dñ«GVK��	'¤;DPLS�S�GV;>K4G·K�GIC
HQGV;>:�ã~@.K�=	G·H�GV@>K�S�ò�@>Op1 ð�GIHQåæK%@>K%üoâgOQ@UTµâ[;DKCc�1��LKM�N DJ�\f�O61 I



�

;DKL=ú@.K%:VäýS�å�@>O�H�CFOQ;>K��>â[=zã~@.O�OQâg:<;�HQG·@.K�S��n1_�LKMQN DJ�e1_� KD N DJ�����-O� 1��LKM�N DJ�M1�� KD N DJ� � W�c 1_�LKMQN DJ�\f s O P X��LKM �~ö5÷«@>:Vç«G·K����5ìYöF�V*��~ù
ð§â�@.è	HQ;>G·KqHQå%âÁ;}ç>âoOQ;��>â�ç�;D:VP%â4@>ò 1��PKM�N ?A�

c31_�LKM�N ?A�\f O 1 I � ?? I ���	��
� W #�
����� ? � � �	��
� m�? � �V/J�

;DKL=µ;>:VS�@�H�å%â�B%O�âoç«G·@.P�SAâ~ÿ	B%OQâoSQS�GV@>KLS}�S+J�A;>K�=a�y,��$ò�@>OAHQå%â�ã~@.K	C
K%â[ãwH�â[=½B�;>G·O§ã~@>OQOQâg:<;�H�@.O�x I ��ô N �J��;>K�=UK%@>OQT½;D:VG·üoâo=½ãg@>OQO�âo:V;DH�@>Oi OQâoS�BLâ[ãwH�GVç>âo:·ä.ö
þ*å%â£;}ç>âoOQ;��>â���âgÿ«BYâoã~HQ;DH�GV@>K �*ç�;>:·P%âÁ;>K�=qH�å�âÁO�âo:V;DH�GVç>â8��PLãwC
H�PL;�H�GV@>Kº@>ò�H�å�â4@>OJ=	âgO*B�;>OQ;>TµâgH�âoO}E#;>O�â
�>GVç>âoK!è«ä

cVE�f O ô� �yE �4h:E,
 ��W ô� �yE ��W=E,
 �8âgO�ò�� c 1"fk ��ó x I �SD N ?A��hëôgõ��
�VBJ�

;DKL=�OQâoS�BLâ[ãwHQG·ç.âg:Vä

� J Ets L W�cyE f s � � �!scyE f
O�� ô}W�âgO�ò s�� c31)f�\ k �%ó x I �VD N ?A�9hëôgõ���� � �!s

�! X �#"�! � �!" WúâoO�ò � c�1)f�\ k ��ó x I �VD N ?A��hëôgõ � �8ôuDJ�

ð�å�âgOQâ0x I �SD N ?A�
O J 1as L � O J 1as L W c31)f s O %�?]\Um�ö="�K�H�å%â
SQãg;>:·GVK���O�;âR�>GVTUâ�HQå%â�;DO!�>P%TUâgK�HA@DòLH�å%â*âgOQOQ@>Oeò�P%K�ãwHQG·@.KkG<S.�>GVç>âoK
è«ä c31"f�\ k �Jx I �SD N ?A�~öAþ*å�â�è�GV;.S 1 I G·K!H�å�â7GVK%G·H�G<;D:�'¤;DPLS�S�GV;>K
ãg@>K�=%GIHQG·@.K�Si�.G·ç.âoSµ;ýãg@>K�H�OQG·è�P	H�GV@>K/@>ò�@>OJ=	âoO-?�RP�\��ò�@.O½;DK«ä�m�ù
è�P	H�H�å�â£ã~@.K.HQO�GVè%P	HQG·@.Kqò�O�@.T ç>âo:·@	ãgGIH8ä_��@>O�âoì�P%GVç};>:·âoK�H�:Vä�ò�OQ@>T
HQå%âÁOJ;DK�=%@>T íLâg:<=��*G<SF? � �]sÁò�@>O>m��e�	ù ? � �!s
:VK}?]\[? I ò�@>O>m�O �	ù
;>K�=�?�RP�\�kò�@>Otm$�Y�%ö£þ*å«P�Soù,ò�@>O¤:V;>O]�.âi?wù
HQå%âµç>âg:V@	ã~G·H8äC��OJ;DK	C
=%@>T í�âo:V= �U=	@>TUGVK�;�HQâoSU@�ç>âoOh1 I ò�@.O�m%$ � � ã~@.K�H�GVK�P�âoSµH�@
åL;}ç>âÁ;DKæâgûYâ[ãwH7;DH�:<;�H�âÁH�GVTµâ[S!�~ùLð�å�âgOQâo;>S�ò�@>O	m �e�µHQå%âÁOJ;DK	C
=%@>T í�âo:V=qå�;.S*;D:V:
GIHJS�â~û,âoã~H�G·K!H�å%â#�>G·K�GIHQGV;>:IC��>OQ@�ð*H�å��£O�;âR�>GVTUâ
��H�GVTUâoS7@Dò�@>OJ=	âoOF? I �~ö�þ*å%âoS�â£OQâoS�P%:·HQS7;DOQâ£S�GVTUG·:<;DO�ð�GIHQåzH�å�@.S�â@.è	HQ;>G·K�âo=úG·Kïó %Dõ5;DK�=ÈóIôuD�õFöµþ*å�âkH8ð§@qTU;>G·KÃ;DB�B%O�@}ÿ	GVT½;�H�GV@>KLS
PLS�â[=ÃG·KÃHQå%GVSkB�;>BLâoOÁG·K«ç.@>:Vç>âUH�å�â�ã~@.K�S�G<=	âoOQ;DH�GV@>KÃ@Dò�;zSQãg;>:V;>O
@.OQ=%âgO�B�;DOJ;DTUâ~HQâgO�;DK�=zH�å%â½=	â[ã~@>P�B%:·GVK��q@Dò�HQå%âµH�âoTµBYâgOJ;�HQP%OQâ
íLâg:<=
ö�E�âgT½;DH�G<ã7:VG<ì.P�GV=!ã~OQä«S�HQ;>:VS5;DOQâ7=	â[S�ãgO�GVèYâo=�è«ä�;£K%@>K�ãg@>K	C
S�âgOQç>â[=!H�OJ;>ã~âo:·â[S�S�S�ä«TUTUâ~H�OQG<ã4H�âoK�S�@>O�íLâg:<=
ö�þ*å%âÁB�O�â[S�âoK�ã~âÁ@>ò
HQå%âæGVK�ç.âgOJS�GV@>KîS�ä«TUTUâ~HQO�äe�RKT � W�KT��µTUâ[;DK�SµHQå�;�H[ù§GVKë;>=«C
=%GIHQG·@.K6HQ@úHQå%âºTU@>K%@.BL@.:·âº=	â~ò�â[ãwHJSU@Dò�HQå%â'&��S���£TU@	=	âo:ªù5H�å%â
K�âgT½;�HQGVãq;D:<S�@úBL@�S�S�âoSQS�âoSµS8HJ;Dè%:Vâ �

s S�H�OQG·K��ú=	âgò�âoãwHJSUG·KÈð�å%G<ãJåHQå%â!=%G·OQâoã~H�@>OkO�@>HQ;DH�âoS4H�å%OQ@>P��.åCQë@>K/âoK�ã~GVOJã~:VG·K��zH�å%âqS8HQO�GVK���ö
þ*å�â�B%OQâoS�âgK�ãgâ½@Dò�S�P�ãJå/=	âgò�âoãwHJSi�.âgK%âoOQ;DH�â[S£;mD��)(�S�H�OQP�ãwHQP%OQâ
ò ;.ãwHQ@>O7HQ;DGV:�;�H¤:V;>O]�.â�D�<	�@?A�kó BDõröÁþ*å�âkHQå%âgOQT½;D:Aã~@.P%B%:VG·K�����GVK	C
ãg:·PL=	G·K��7HQå%â�â~û,âoã~H�@Dò,:V;DH�âoK.H�å%â[;�H�âgTUG<S�S�GV@>KU;�H�H�å�â�G·K�H�âoO�ò ;.ã~â[�
ão;DKqå�;}ç>â�B%OQ@Dò�@.P%K�=qã~@>KLS�â[ì.P�âgK�ãgâoS4ó·ô�+}õFö

*¾�,+.-D�J�[� ²V� �ý �¡�®F���o¡.±J�J®J�£®��J­}����� � �8�J­D ��Q¬�®z I¡0/ h21Q\>h23%4
p�_gf8^ X[] f
hVl54�ao��6	]In�v!y0n�ao�4n�^`p�h n�f�WYaop��Án7398Q_4c0a[] _g�Án�p�Xol:34c0agp�ao\Df;�n�^2<eaop7=gf �o�w�> ��8�J������¦7¸?>
¸A@e���w¬ ²V� ���7�o¡«�B-	¸:CD � � �Q�e��E,�J� ��� �
�g¡«�k�.���o¡.±J �®J�«© � ¡«� � ¡��L�J�[�GF[��¸* Â�+.-	¸IH§ I�o¡L��¦7¸G-%¸~ÆF�g¡�¡��o±J±�¯�  � ¡.�[���g¡«����¸o�, �¡ � �8� �I��� �J>�¯D�>®J¸?K0�J­	¸
�#LNM �POGQGRGS��F�w�[�IT}�,UVE§¸!W$� ���  �¡� `�YX7¸!Z�¸[@ � �g�8´	�P\7¸e�*�J¢o  � ��¥
¢o  � �7�$¸^]U�g¡��8�J¢}�g¨J¨w�>���o¡��ë¦7¸�X*�g��� � �[��>�¯��>®J¸YK5�J­	¸ �#LNM �
Âg�[�IFú�F�w�o�GT[�,U*¦7¸�>,¸#-D I¡.¯«���o¡��ý�$¸#]!¸#Z �  ��J­	�!>�¯��>®J¸_K0�J­	¸
�#L:` �«ÂIRIR>�£�F�w�o�GT[�,Ua-cb*��� � d �NZ�¸ D  I���g¡ C®��J´	�%¦7¸�©Y�g¯«� d ¡��g�w�a-	¸CD � � ���w�>�o¡«�cK�¸�W �  �¡�±[�:>�¯��>®J¸�K5�Q­%¸ �#LNM �eQGR}Â��Á�F�w�o�GT}��¸* QA+gf>¸N@$¯��o´����o���g���8 `�N>�¯��.®J¸�K0�J­	¸.©L�Q���w¸ `�h �:QGTiS£�F�w�[�IT}��¸* O?+gZ�¸jW$¯��g�����g±�¯��g���D�D�V]!¸jK5� � ���o¡���Z�¸Y@$¯��o´����o���g���8 `�g>�¯��>®J¸K0�J­	¸ �!Lek �eOGT[�o���F�J�[�IF}��¸* S�+g>,¸�¦7¸	�>��¦§�J¡.¡��J®J�ef.¸N>�¯��>®J¸:@$¯.� � ¸ `:l �:FIOiFo�U�F�w�ITIO���¸* FA+5�7¸Jf.¸�@ � �w�w­}���w�:-	¸ib*��� � d ��E§¸mf.¸�- � �.±�´D �¡L���o¡«�n]!¸J>
¸JZ ��� �J¡L�� �¡K0� ² *���+ � � ¸�OiFGoD¸* o�+gZ�¸g]U�g�8 ¾���o¡��p]!¸^@$ I� ��� �o´	�qE§¸.W$� �I�  �¡� `���o¡��rK�¸gWA�g¡«�w­[�~�w�>�¯��>®J¸cK0�J­	¸k©L�Q���w¸ Mes �tO.�o��Q �F�w�o�IO}�,UuZ�¸9]U�g�8 ¾���o¡��v]!¸

@$ �� �.� �g´	�	�o¡��9f.¸�K�¸�WA�g¡«�w­o�g�w�« �¡cK5� ² *���+ � � ¸�OiTIQ>¸* T?+P\ � �o�t> �o� �g¥wX5 ����D�Y� � �	� � �.� �  �®�¯��w�� �¡!Æª¡D�w¸ � �.� �o� �w�o¡tf.¸ �o²>�¯��.®J¸* �?+YZ�¸:f.¸eWe���J���eZ§�.­	¸�>�¯D�>®J¸�x k �:QiSIok�F�w�o�IO���¸*��yR?+Yf.¸�Z�¸mX7¸D�,  �   � �[�:Z�¸mf.¸�We���J���>�o¡��z-	¸m>��.�8 `��>�¯��>®J¸mK5�Q­%¸ �!L:s �FIRGT}ÂU�F�J�[�iSo��¸*��o��+Y>,¸¤¦7¸��>�/¦§�J¡.¡��J®ý�o¡��%f>¸{>
� � ®F�w�}| d�næc$d�_of8h�ZQfÃaFb / h21J{
\Dh�3t4
p�_of8^ X[] f �
Âg¡«���w�%¸��w~�� ²V� �����§¡. I­[�Q�8®� ¾�r��>
�8�J®�®J�_~�� ²V� �����
�J�[�GQ[��¸*��wÂA+j�7¸�Æ � ���7�o¡���-%¸ ¥wb¤¸m]U�>��>�¯��>®J¸iK0�J­	¸�©L�����w¸ k:L �«�yQ[�o�£�F�J�ioGSo��¸*��yQ?+5¦7¸«�$¸N]U�g¨J�J¡�´ � �e>�¯��>®J¸eK0�J­	¸�W!x s �eOGOGTioµ�F�w�o�GR[��¸*���OI+P\�¸g> �o� �~¥�X5 ¾���Ã�o¡���-%¸YK �[� �g¡ � �^>�¯��>®J¸YK5�J­	¸ �#L:L �qoGoIoo�
�F�J�[�ioo��¸*���SA+YZ�¸^f.¸VW����w�î�o¡���b¤¸.�5� � �J�>��¡L�^>�¯��>®J¸.K0�J­	¸ � x ` �k��FIR[�
�F�J�[�GQ[��¸*��yF?+PK�¸�f.¸)W����o��¡��
¦7¸�W5¸�]µ±w���[���>�J¡L�Y�o¡���-	¸aK�¸�@ � �8 �� ��� �_>�¯��.®J¸K0�J­	¸ � xa����OiQIQGFU�F�J�[�IO}��¸


