
�����������
	���������
������������������������������ �!��"$#�%&��'(�����!)�"*�$+�#���, ��+�%�#

-/.103254�2
687�9;:
7=<?>@6BAC<EDF>�GH0@I?7=<KJL:M<M2NIO2
P5QR9S2@0T6?UV0
W3X�IF2
Y�DF2NIO2NZ[0\QL9]9^7M68<�QM7_Z`:O>5<
>N9^7M68<M>a:F2_<MGKP=4b>

cedEf�g�h�iBj

k�lmkml�n?oBpmqromo&sutBv wxl yMl�nOz�oB{ut&|u}~s������ �mv��Cl��8lm�3oB�����m|
���r�������r�������������������r�r���B���������B�� ¡������¢���£�¤�¢����B¥��r¦§�!¢���¨©���§ª��������§¤�¢����B���r¤��«���$��¬�­®u¢¯�����!���r­�°�±³²$±³²�´r­�µ·¶e �������¢���£�­e���!¶r¸�¢��r¹��·º��r����¤�¢���»�­�±
¼�½§¾�½§¿�ÀBÁ�Â�Ã§½ÅÄ�Á�Æ�Ç�¾mÈmÉ�ÊÅË�¾�ÌrÍ�Æ�ÎEÏ�ÐmÆrÎ�Ñ�ÀOÏÅÒrÒ�Ó�Ô�Õ×Ö$Á�Â�Ã§Ç�Ê¡Á�Ê�ÉrÊ�Ér¾�Ø¯Â�½§ÌrÆ8ÏÚÙ�Æ�Î�ÇrÀ8ÏÅÒrÒ�Ó�Ô�Õ

Û?Ñ!¾�Ã�½�Â�À!ÜmÊ�Ê ÈrÝ�Ê�ÞeÀ�ÈBÝ�Ê¯ßÚÄ�Ç!¿r½�¾¯½�Ê�Ä�Ã�Á�Ê¯à�Ñ!ÂBÁ!Ý�Â�È�Ê�Ë!Ê�Ñ!Ñ�áuâ�Á!Ý�À!Þ�á�â�ã�Ì�Ã�Á�Ê¯Ý�Æ!Þ�Ê�Ñ!½�¾�Ç!¿�Ñ!á�â�Æ!Ã�Ã�Ç!Ê§Ë!Â�È�¾rÑ�Æ!ä
å Æ!Þ�Þ�Ê�½�Ý!Æ�Æ
Ã¯È�Ê�Ý�â!Á!Ý!ÂrÈrÂ�Ë�À�Ü�Ê�Ô§Â3Á!¾¯Ý!¾�Þ�Ê�½�Ý!¾8Á!Â�Ý�À�Ë!Ì�¾æÄ�Ã�½�¾�Ñ!ÂrÈrÇ!Ê�Ñ!Â�Öuç�½�Â3ÈOÃ�ÂrÊ�Ë�Æ�Ñ!Ê�Ñ!Æ�À!â?è¡é�ê�ëìÖ�í�î�é�ê�ëìÖ
ï�ðòñ�ñ�ó�Ï�Ö`é�ôõñ�ñ�Ï�ñ Ã�Æ!Þ*Þ�Ê�½�Ý!Æ�À Ã�Á�¾rÝ�Æ!È�¾¯Ñ!Æ�À Æ!Þ�Ê�Ê�½ ö�÷©ÈrÂrÇ!Ñ!ÂrÈ�Ä�Î Á!Ý!Æ!Ý�ÂrË�Ä�Õùø�Ý�Â�È�Ê�Ë�Ê�Ñ ¾�Ñ!¾�Ç!Æ!ß
ã�Ì�Ã�Á!Ê�Ý!Æ!Þ�Ê�Ñ!½�¾�Ç!¿rÑ�á�â^Æú½�Ê�ÂrÝ!Ê�½�Æ!çrÊ�Ã�Ì�Æ!âúÆ!Ã�Ã�Ç�Ê�Ë!ÂrÈr¾�Ñ!Æ�äûö�÷©ÈrÂrÇ!Ñ!ÂrÈ�ÂrÔ§Â/Ã�ÈrÊ�Ý!â�Á!Ý!Â�ÈrÂ�Ë�À�ÜmÊ�Ô§Â/Ã�ÂrÃ�½�Â�À�Ñ!Æ�À^Æ
Â�Ã�ÂrØ�Ê�Ñ!Ñ�Â�Ã�½�Ê�äüÞ�¾�Ô§Ñ!Æ!½�Ñ!á�âýÃ�È¯Â�ä�Ã¯½�È ö ÷©Ã�È�Ê�Ý!â�Á!Ý!ÂrÈrÂ�Ë!Ñ!Æ!Ì�Â�È�Öþ½�¾�Ì�Æ!âýÌ�¾�ÌÿÁ!Ã�Ê�È�Ë!ÂrÜmÊ�Ç!¿�Ö ß�¾�Ý�ÀrË!Â�È�Â�Ê
Ä�Á!ÂrÝ�À�Ë!ÂrçrÊ�Ñ�Æ!Ê ÆûÑ�Ê�ÂrØrá�ç�Ñ�¾�À�Ö@Âr½�Ç!Æ!çr¾�Î�Üm¾�À�ÃÚÀxÂ�½ � ÷©Ã�ÂrÃ�½�Â�À!Ñ�Æ!ä�Ö
Ã�½�Ý�Ä�Ì�½§Ä!Ý!¾ ÈrÆ!â�Ý!Ê�Èrá�âûÈrÂrß�ØrÄ���Ë!Ê�Ñ�Æ!ä�Õ
��ØrÃÚÄ���Ë!¾¯Î�½�Ã�À�Ñ!Ê�Ì�Â�½�ÂrÝ!á�ÊmÞ*Ê�â!¾�Ñ!Æ�ß�Þ�á ö ÷×Ã�Á�¾�Ý�Æ�Èr¾�Ñ!ÆrÀ�Æ Ã�È�À�ß�¾�Ñ!Ñ�á�Ê¡Ã�Ñ!Æ�Þ�Æ�Þ�Æ�Ì�Ý!Â¯Ã�Ì�Â�Ã�Ì�Â�Á!Æ�çrÊ§Ã�Ì�Æ�Ê�½�Ê§ÂrÝ�Æ!Æ�Ö!¾
½§¾�Ì���ÊmÈ�Ârß§Þ�Â���Ñ!á�Ê ã�ÌrÃ�Á�Ê�Ý�Æ!Þ�Ê§Ñ!½§ámÕ

� ¾ Í!Ê�ä ç�¾�Ã5ÈrÑ�¾rÃ�Ç�ô Ë�Â�Ì Ä�Ã�Á�ô àmÑ�Â Á!Ý!ÂrÈrÊÚË�Ê�Ñ!Æ!â Á!ÉrÀ!Þ�Æ�â Ê�Ì�Ã�Á!Ê�Ý!Æ!Þ�Ê�Ñ!½�¾�Ç!¿rÑ�Æ!â Ë�Â�Ã�Ç�ô Ë���Ê�Ñ!¿NÃ�Æ!Þ�Ê�½�Ý!ô	�
Ñ�¾�Ë!Á�Ý!Â�È�ô Ë!Ñ!ÂrÔ§Â3Á!¾¯Ý!¾�Þ�Ê�½�Ý�Ä?Á!ÂrÝ�ÀrË!ÌrÄMÈ�Ã�½�¾�Ñ!ÂrÈ�Ç�Ê�Ñ�Â�Ö�ÜmÂ3È8Ã�Á!Â�Ç�Ä�çrÊ�Ñ!Ñ�À�â?è�é�ê�ëìÖ í�î�é�ê�ëìÖ�ï�ðòñ�ñ�óeÏrÖué�ô ñ�ñ�Ï§ñ
Ã�Æ!Þ�Ê�½�Ý�ô À8Ã�Á!¾�Ý!ÎuÈr¾�Ñ!Ñ�À8Þ�¾�
 ö ÷ â!È�Æ�Ç!¿rÂ�È�ÄbÁ!Ý�Æ!Ý!Â�Ë�Ä�Õ�ø�É!ÂrÈrÊÚË�Ê�Ñ!Â�¾�Ñ!¾�Ç�ô ß&Ê�Ì�Ã�Á!Ê�Ý!Æ!Þ�Ê�Ñ!½�¾�Ç!¿rÑ�Æ!â�½�¾B½�Ê�Â�Ý�Ê�½�Æ�ç�Ñ�Æ!â
Ë!ÂrÃ�Ç�ô Ë��¡Ê�Ñ!¿ ö ÷©â!ÈrÆ!Ç�¿rÂrÈ�ÂrÔ§Â Ñ!¾�Ë�Á!Ý!Â�È�ô Ë!Ñ!ÂrÔ§Â Ã�½�¾�Ñ�Ä[½�¾ ÂrÃ�ÂrØ�Ç�Æ!ÈrÂrÃ�½�Ê�ä Þ�¾�Ô§Ñ�ô ½�Ñ!Æ!â ÈrÇ!¾�Ã�½�Æ!ÈrÂrÃ�½�Ê�ä ö ÷
Ñ�¾�Ë!Á�Ý!Â�È�ô Ë!Ñ!Æ!Ì�ôõÈ�Ö�½�¾�Ì�Æ!â À�Ì�Á!Ã�Ê�È�Ë!ÂrÜ�ô Ç!Æ!Ñ�¾�Ö�ß�¾¯Ý�À�Ë�Â�È�ÊmÄ!Á!ÂrÝ�À�Ë�Ì�Ä�Èr¾�Ñ!Ñ�Àb½�¾BÑ!Ê�ß�ÈrÆ!çrÑ!¾!Ö�È�ô Ë!Þ�ôòÑ�Ñ!¾BÈ�ô Ë � ÷©Ã¯½�¾�Ñ�ô È�ÖÃ�½�Ý�Ä�Ì�½§Ä!Ý!¾3È¯Æ!â!Â�Ý!ÂrÈrÆ!âMß�Ø�Ä�Ë���Ê�Ñ!¿!Õ
�¡Ø�Ô§ÂrÈrÂrÝ!Î�Î¡½�¿�Ã§ÀMË!Ê§À!Ì!ôuÞ*Ê�â!¾�Ñ�ô ß�Þ�ÆMöe÷ Ã�Á�¾rÝ�Î¡È�¾rÑ�Ñ�ÀM½�¾3ß�È�� À!ß�¾�Ñ�ô�ß�Ñ!Æ!Þ�Æ
Þ�ôõÌ�Ý!ÂrÃ�Ì�ÂrÁ�ô ç�Ñ�ô�½�Ê�ÂrÝ�ô��·Ö�¾B½�¾�Ì�Â��5Þ�Â���Ç�Æ!È�ô*Ê�Ì�Ã�Á!Ê�Ý!Æ!Þ�Ê�Ñ!½�Æ�Õ

����ê���������������� �"!
#%$�&('�)�*,+.-0/�'

Ï�Õ�Û*È�ÊÅË�Ê§Ñ�Æ�Ê Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ Ï�ó�ñrÒñeÕ21 Ê§Ñ�Â�Þ�Ê§Ñ�Â�Ç�Â�Ô·Æ�ç�Ê§Ã§Ìr¾�Àì½§Ê§Â�Ý�ÆrÀBö�÷òÃ§È¯Ê§Ý�ârÁ�Ý�Â�È�Â�Ë�Ñ�Æ�ÌrÂ�È ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ Ï�ó43�óñ�ÕòÏrÕ��uØ�ÂrØ�Ü�Ê§Ñ�Ñrá�Ê«Ä�Ý�¾�È�Ñ�Ê§Ñ�Æ�À65�Æ�Ñ�ß§Ø�Ä�ÝrÔ·¾�798�¾�ÑrË�¾ÚÄ;ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ Ï�ó43�Ïñ�Õ ñ�Õ�:0;<;�Ê�Ìr½>=.��Â¯ß§Ê4;�Ã§ÂrÑr¾mÈ ö�÷ Û�?�¼�ø ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ Ï�ó43rñ3eÕ�:�Ì�Ã§Á�Ê§Ý�ÆrÞ�Ê§Ñ�½§¾�Ç�¿�Ñ�á�Ê�Ã§È�ÆrË�Ê§½§Ê§Ç�¿�Ã§½§È�¾¡öA@CB
−DFE ÷×Ã§Á�¾�Ý�ÆrÈ�¾�Ñ�Æ�À Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ Ï�ó43rñGeÕ�Hæ¾�ÔÅÑ�Æ�½§Ñ�á�Ê�Ã§È�Â¯ä�Ã§½§È�¾�ö�÷ Û�?�¼�ø Õ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ Ï�ó43rÙG�ÕòÏrÕ�Ie¾�Ý�ÀrË�Â�È�Â¯Ê�Ä�Á�ÂrÝ�ÀrË�Â�çrÊ§Ñ�ÆrÊ Õ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ Ï�ó43rÙG�Õ ñ�Õ!Û�Æ�ârÝ�Æ ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ Ï�ó43�ÐÙeÕ�Ie¾�ÌrÇrÎ�ç�Ê§Ñ�Æ�Ê5ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ Ï�ó43rÓ¼�Á�Æ�Ã§Â¯ÌBÇ�Æ�½§Ê§É�¾�½ÅÄ�É�á5ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ3ÕOÕ3Õ3ÕOÕ Ï�ó4G�ó

J0KMLON�P�Q"P�R0S�P
TVU�WYX>Z2[�\�]_^"`aWYZ�bdc.`YW�e0Uaf�g�W�h�U�\�e0X>U�^�[�`iej[�UYZ�\�e�e

k9lnm o0c�] ^�e�p�g�Z�[�UYXqh�U�\"`Y[Yr(\�^�s%t
W�u�U�\0t"h�\�Z�u�Z�o�^0e"g�Z0uaWwvyxzu�Z�c�^�Z�u2s%X{W�h�`�\�e�u�`�^0e0UYX}|�v�x
~��q�9������Z�[�o0UYc���^0s9U ^(U�WYZ�bdc.`YWYr(�n�Ve�UYW�] �,`2g�[�s��
^"`�h�\�e�X>U�\�WYo�u�e�b�T�`���[�`�u��n�i��o0c�]�\�[Yr�[�e���Z�c0Z0u2`�e
u�`2^0`Yo�e(]�|��Y����e�WYW�s%c.g0e�u�^�U��.���.u2s%p�s9u2`Yc.e���Z�c����nZ0�
e"^�[YU�\�UYW����q[YZ�h0\0e"u�UYc0Z�g h0ZA]�u�c"U�^0e"�¡�¢^"`Y£0e0^"`�]�W
��¤�¥�¦�b��z����Z�c����nZ�b�Z§£0e�W�c.`a\"`Y�2Z�[¨����©.¥"��|�W�XO��[�`�g�ªnU

Z���p�Z�\«�qr�c�`{�­¬0������h0Z�W�u�]��VU�^0^"s%t�^0UYZ2�0s%£0^�Z0�<��[0� U0�
Z�[�c�e�£0^�Z�� Z�[ v�xCuAZ2c.^�Z0u�Z��>� W�e0X<X>U�[�\0e"e
W�uAU�\�t.h0\�Z�uAZ�o�]���U�b�Z |�e�c�e W�uAU�\�t0[YU�g�r�£�UYbdZ �F®"���
h�`�\0`YX>UY[�\�`¯h�Z�\�]0o�g0`°e�^(U��±Z�^�Z�^"^0sOt�X<U�t.`�^�e(p�X>Z�u
W�h"`�\0e"u2`�^0e(]>�¯�²\�e´³µx¶W�h"`�\0e"u2`�^0e"e·fYc0U�g([�\�Z0^�Z0u¸W
Z(\(��e�[�`Yc���^0s9X°X>Z2X>U�^([�Z�Xº¹

= » ��s9c�e¼h0\0UYo�W�g�`Yp�`�^"s
[�`�g0e(U½Z�W�Z��2U�^"^�Z�W�[�e<��g�`�g¾Z2�0\0`���U�^0e�U½�nUYc.e

∆( ¿ )
u

^0r�c��Àh0\0e¸Z�h�\(U�o0UYc0U�^�^�s%tÁp�^�`Y£�U�^0e(](t´u�Z�c�^(Z(uAZ2b�Z
u�U�g�[�Z�\0`ÃÂ
�Ä^0UYf�g(W�h�Z0^�U�^"Å0e�`Yc.��^"`�]Á[�UYX�h�U�\0`Y[�r0\0^"`�]

Æ Ç�È�Ç�È�É0Ê2Ë�ÌzÊYÊ2Í�Î�Ï�Ð¡È�ÑµÈ�É�Ò�Ê�ÓYÎYÔYÕ2Í�Ö�×�Ø�Ù�ÏÛÚ�È�Ü�È�Ý2ÊYÞ�×4Ø2Ô�Ï�ß­à�à�á



p�`�u2e�W�e(XMZ�WY[�� [�U�h�c"Z2UYXqg�Z2WY[�e e o0\>� ���<��®"��� �
\"`Y�2Z�[YUÄ���A�wZ2[YX>U�£0`Yc0Z�W�����£�[�ZÄh"\0e��.xi| ¹

= � �½e¾³µx
� h�`�\�e�u�`�^�e�]0t XM`Aby^"e�[�^0s9U¸h�\0e�XµUYW�e h0\�e�uAZ2o�]0[´g
h�Z2o�`�uAc�U�^0e"� [YUYX�h(U�\0`A[�r�\0s W�uAU�\�t.h0\�Z0uAZ2o�]��nUYb�Z
h�U�\(U�t"Z2o�`��
	¡h�\0e�XµU�\"^�Z�u [�Z(� ªVU�WY[YU�h�U�^�e>�>£�[YZae�u
v�xÛ~��q�±���µ^0Z�[�`�g�`�] ª6U�g�Z0^0Å�U�^�[�\"`�Å�e�]w^�UYX�`Yb�^"e�[�^�s%t
h"\0e�XµUYW�U�� o�Z�c�ª�^0`�r�XµU�^����¡`Y[���� 	 ^0`YXq^�Z2b�Z�W�e�c���^�UYU0�
�%[�e \(U�pYr�c��Y[�`Y[�s h"\�Z�[�e"u�Z�\0UY£�e�c�e e k lnm x¶[�UYZ0\0e�eM� e
e�X>U��±�Ve0X>W�] u [�Z u�\0UYX.] f�g�W�h0U�\0e�XµU�^0[�`Yc��2^�s9X
o�`�^"^0sOX9�

� Z�[�g�\0s9[�e�UYX W�uAU�\�t�h"\�Z�uAZ�o"e�X>Z2WY[�e u
WYZ�U�o�e�^0U�^0e(](taW�[�]0ªVUYc�sOXMe��±U�\�Xqe�Z0^0`�X>e �F¤"�6uAZ�p�\�Z�W
e"^�[YU�\�UYW�gju�Z0h0\�Z�WYr Z WYr(�²U�WY[�uAZ�u�`2^0e"e WYZ2WY[YZ2]�^0e(] W
^�U�Z��0s%£(^(Z(� W�e0X<XMUY[�\0e0U�� W�uAU�\�t.h0\�Z0uAZ2o�]��nUYb�Z
h"`�\0`�X<U�[�\0` h�Z�\(](o0g0` |��±�V� �A� �±Z2]�u�e�c�W�] \(]0o
u�`�ªV^�s%tº\0`A�2Z�[«����¦�©
�
�"� � `2^�`Yc�e�pYZ�X u�Z�p�X>Z�ªV^�s%t
[�e�h(Z(ujW�e�XµX>U�[�\0e"e �9�¡� ujp�`�u�e0W�e�X>Z2WY[�e{Z2[ W�e�XMX>x
UY[�\�e�e g�\0e0WY[�`Yc0c�e(£�UYW�g�Z�� \�U��nU�[�g0e<�.£�[�Z�h0Z�p�uAZ�c�e0c�Z¢u
h"\0e��2c.e�ªVU�^0e�e W�\�UYo(^�UYbdZ h(Z�c(] u���c�e�p�e � 	
^�U�p�`�u2e(W�e�X>Z Z�[ X�e�g0\�Z�W�g�Z0h0e�£�U�W�g�Z�b�Z XMUYt�`�^0e0p�X�`
W�u�U�\0t"h�\�Z�u�Z�o�e�X>Z�W�[�e h�Z2c"r�£0e�[�� Z2��Z2�0�nU�^"^0s%U
r�\�`�u2^�U�^0e(] ��e"^�p���r0\�b�`����6`�^�o�`Yr<� �6e�W�c0U�^"^0s%U
\"`YW�£�UY[�s |��aZ0^�[YU�xÛl,`�\�c�Z"�ÄX>Z�o0U�c.e��V`Y����`�\�o0`¯�Y���.�
h�Z�g0`Yp�`Yc.eÄu�Z�pYXµZ�ªV^0Z�W�[��§W�h�`�\�e�u�`�^�e�]ÄfYc0U�g�[�\�Z0^�Z0u§W
£�UY[�^0sOX Z0\��0e�[�`Yc���^"s%X X>Z�XµU�^�[�Z�X,� g�Z�[�Z�\�Z�U ^0`
��c�e�p�g�e�t \"`YW�WY[YZ�]�^�e�](t ^�U h�Z2o�`�uAc0]0UY[�W�]
fYc�U�g�[�\�Z�^"^0s%X Z�[�[�`Yc�g0e"u2`�^0e�UYX �����.����� s9u�Z�o Z
uAZ�pYXµZ�ªV^�Z2WY[�e �µx¶W�h0`2\0e�u2`2^�e�] u WYZ�U�o0e"^�U�^"e�]0t W
[�]0ªVU�c"s%X�e �±U�\(X�e(Z(^�`�XMe �0s%c h(Z�c�r�£�U�^�u°\0`���Z�[�U
�ie�]�g�U e o�\M�����
�"��� u{g�Z�[�Z0\�Z��>�¢g0`�g e«u{\0`���Z�[�U
�V\0e"u�Z�\(Z(Å"g�Z�bdZ ���0��� h0Z�g0`Yp�`�^0Z � £�[�Z Z���X>U�^
�±c"r(g([�r�`�Å"e�Z0^0^�s%Xqe°`2^�[�e0�±U�\�\0Z�X�`YbY^0e0[Y^�s%Xqe |����§�
uAZ�pY�2r�ªVo�U�^0e(]0XMe h�Z2o"`�u�c�](UY[nv�xF~��q�9���
�V[�g0\0sO[�e�U � �
�,� |��y¤�®�¥ b�� � W �n`YpYZ�u�Z0�

o�e"`Yb�\�`YX>X<Z(�M� ��Z�b�`A[�Z0�º\0`YpYc�e�£0^0sOXMe WYZ�W�[YZ�]�^"e�]0Xqe<�
h�Z2p�u�Z�c�e�c0Z u2sOo0u2e"^�r0[�� W�`AXMsOU \�`�p�^�Z2Z���\"`Yp�^0s%U
b�e�h0Z�[�UYp�s¼Z�X>UYt�`2^�e0p�Xq`Yt W�h"`�\0e�u�`�^0e(] eiW�e�X>XµUY[�\�e�e
�±�����"�6Z�W�c"U6^"`Y��c��±o�U�^"e�]�WY[�r0h�U�^0U���mÄ`�h"e0\�Z¢����¥0�qe
g0u�`�^0[�`¸XM`Ab�^�e�[�^�Z�b�Z h�Z�[�Z0g0`

Φó h�\0e e(p�r�£�U�^�e�e
u�e0t�\�U�u�Z�� \�U���UY[�g0e e�[�[�\0e0U�u�Z�b�Z
W�u�U�\0t"h�\�Z�u�Z�o�^0e"g�`j����¬"��g{��¤2¤�¦§b(�,W�[�`Yc0Z§]0W�^0Z �,£�[YZ
W�u�U�\0t"h�\�Z�u�Z�o�e�X>Z�W�[�� Z2��r�WYc0Z0u�c0U�^�` W�h0`2\�e0u2`�^0e0UYX
fYc�U�g�[�\�Z�^�Z�u��  VpYX>U�\�U�^"e�U [YU�Xqh�U�\0`A[�r�\0^�Z0�
p�`�u2e�W�e(XMZ�WY[�e WYo0u2e�b�` T�`���[�` ����® �C��¤"�
W�u2e�o0UY[�U�c.�YWY[�uAZ(u�`Yc0Z Z W�e0^�bdc"UY[�^�Z�X W�Z�WY[�Z�]�^�e�e
W�h�`�\(U�^"^0s9t f�c"U�g2[�\�Z0^�Z0u � £�U�[�^0sOXÁZ0\���e0[�`Yc��2^�s9X
X>Z�XµU�^0[YZ2X±��[�� U���Z¾vyxae�c�e!�.xzu�Z�c�^�Z�u�Z0�¼W�e�X>XµUY[�\�e�e
�±�����#" ^"`�^0e�U}[�e"h0`¼W�e�XµX>UY[�\0e"e u2`YªV^�Z¯g0`�g«o0c(]
\"`Yp�u�e�[�e�]�Xqe0g0\�Z�W�g2Z0h0e�£�U�W�g�Z0�a[YU�Z�\0e�e$���
�±���>[�`�gae
o0c�]�h�\0e(c�Z�ªVU�^�e�� f�[�e�t�Xq`Y[YU�\�e0`�c0Z0uVu²f�c"U�g�[�\�Z0^0e"g�U6e
[YU�t.^�Z�c0Z�b�e�eM���q[YZ W�u�]0p�`�^�Z W�[YU�XO�6£�[�Z½u§W�e�WY[�UYX>UaW
�<x W�h0`2\�e0u2`�^0e0UYX h"\0e�W�r�[YW�[Yu2e�U uAZ2pY��r�ªno0U�^�e�� W
f�^0U�\�b�e(U�� \�`�u2^�Z�� ^�r�c.� h�\�e0u�Z�o�e�[ gÃWY[�U�h�U�^�^�Z0�
[YU�Xqh�U�\"`Y[�r0\0^�Z�� p�`�u2e�W�e0X<Z�W�[�e \0`Ap�c.e�£0^�s%t

�6e(p�e�£2UYW�g�e0t�uAU�c.e�£0e0^ e{WYr(��UYW�[�uAU�^"^�Z�X>r}u�c�e(]�^0e��
h�\0e(XMUYWYU�� ^"` h�Z0uAU�o0U�^0e�U W�uAU�\�t.h0\�Z�uAZ�o0^"e0g0`��
T�`2h0\0e�X>U�\M� h�Z�]�u�c�]0UY[�W�] g2Z0^�UY£0^0Z�U p�^0`Y£�U�^"e�U
h0Z�u�U�\�t�^(Z�WY[�^�Z�bdZ e0Xqh�UYo�`�^�W�`��qg2Z�[YZ�\�Z�U�Z�b�\�`�^�e0£0e0u�`YU�[
o0Z2�0\�Z�[�^�Z2WY[��¡Xqe0g�\�Z0u�Z2c.^�Z0u2s%t g�Z�^�[�r0\�Z0u¡W����
�±���
 �X<U�^"^�Z [�`�g0e�U&%�`�^�Z2Xq`Yc�e�e
'¼W�uAZ(�(W�[�u(� �
�,�´e

]�u�e0c"e0W�� h0U�\0u2s%XqeÃg�Z�W�u�U�^0^"s%X�e f�g�W�h�U�\0e0X>U�^�[�`Yc���x
^�s%Xqe�W�u2e�o0UY[�U�c.�YWY[�u�`YX�e u�h�Z2c.�YpYr ^�UYZ2�0s%£0^�Z0��W�e�XµXqx
U�[�\0e"e �9�¡�*) [�U�Xqh�U�\0`Y[Yr0\0^"s%U p�`2u�e�W�e0X<Z�WY[�e
h�\�Z�o0Z�c��2^(Z�b�Z eÄh�Z0h�U�\�UY£0^0Z�b�Z½u2\�UYXµU�^�e \�U�c"`�g�W�`�Å"e"e
�6�i� �+��¦�©��,���Y�Ä[�U�h�c"Z2UYXqg�Z2WY[�e·�+�-�.�¯e¸b�c0r��0e0^"s
h�\�Z�^�e�g0^0Z�u�U�^�e�] Xq`Yb�^0e�[�^0Z�b�Z h0Z�c0] �.�-�.� e o�\<�
�µU���`2�,�²r���\�Z2c.� uwZ0h0\0UYo�U�c"U�^0e�e W�e�X>XµUY[�\�e�e �,�¡�
W�s%b�\�`Yc�e°o0u2`¼Z2��WY[�ZA]([YUYc���WY[�u�`��a�,U�\"u�Z�U{W�u�](p�`�^�Z�W
Å�e0g(c�Z�X�[YU�Z�\0UY[�e�£�U�W�g�e0t{\0`Y��Z2[½�+�,� �/��¥��Y�²u g�Z�[YZ�\0sOt
h0Z�g0`Yp�`�^"` h�\0e"^0Å"e0h"e0`�c���^0`�] u�Z�p�X>Z2ª¡^�Z�W�[��
W�r0��U�WY[�u�Z0u�`�^�e�] u�s%W�Z0g�Z�[�UYXMh�U�\�`Y[�r0\"^�Z0�
W�uAU�\�t.h0\�Z�uAZ�o0e�X>Z2WY[�e W0�.x¶W�h�`�\0e"u2`�^"e�UYX§|1�<x+� �
�9������e
W�h�\(U�o0c�Z�ªnU�^�^(Z(��r�ªVU�uw��¤�¤2� b���X>U�[YZ2o�e�g�Z0�¢h"\�]0X>Z2b�Z
Z(h�\�U�o�U�c"U�^�e�] W�e�X>X>UY[�\�e�e �±��� �+��¬"���3�q[YZ�\�Z2U
Z���W�[YZ�]0[YU�c.�YWY[�uAZ�WYZ�WY[�Z0e�[�u¡[�Z�X±��£�[�Z�u �y¤�¤-�0©
��¤2¤�¥�b�b��
[�`�g0e(U�e�pYXMU�\�U�^�e�]¨r�o�`Yc0Z�W�� r�W�h0U��V^�Z�h"\�Z0u�UYW�[Ye½�+��®�©
�4�"�����q[YZ e h0\0e"u�UYc0Z u ��¤2¤�¬ b2�º^�` �9]0[YZ0�
XMUYªno0r0^�`�\(Z�o"^�Z0�«g�Z�^"�±U�\�U�^0Å"e�e«h�Z}X>UYt�`�^�e(p�Xq`YXÃe
X�`Y[YU�\0e�`Yc"`�X �q�
�,� ���0¥0�Àg g�Z0^�WYU�^�W�r�WYr Z �.x
u�Z�c�^�Z�u�Z0� W�e�X>X>U�[Y\�e0e �,�V� o�c�] WYZ�U�o�e�^0U�^0e"�
576 ñ987:!ñ<;>=@?BA�CED |�5F6G�,��¦ �����IHKJ 8>:�ñ<;I=039?OÐML9D |9H�J 8N;N? ���
8POòñ9Q2RÚñ<;>:9;7=�ñ<?�Ó�C D | 87O �S���1�0�A��T 8P:�ñ<;U=�3<?bÐML D |+T 87;N? �Y�

T�UYW�g�Z�c���g�Z�h0\�U�g�\"`YW�^�s9t«Z2��pYZ�\�Z0u}^�`�h�e�W�`2^(Z�h0Z
f�[YZ�� h"\�Z��2c"UYXµU��V�0¬�©W�X�0�Y�.^�Z¢^"`��¾Z���p�Z0\���r�o0U�[¡e�X>U�[��
h0Z§g0\0`��"^�U�� XµU�\�U Z�o�^�Z¨h"\�U�e0X<r��nUYW�[�u�ZY� `2uA[�Z0\0`YX
r�ª�U ^�U ^(r�ª¡^�Z�r���UYªno�`Y[��¡£0e�[�`�[�U�c�]>��£�[�Z�WYr(�²U�WY[�uAr�U�[
W�uAU�\�t.h0\�Z�uAZ�o0e�X>Z2WY[��iWZ�µx¶W�h0`2\0e�u2`2^�e0UYX}fYc0U�g([�\�Z�^0Z�u"�
[,U�c"� Z2��p�Z0\0` W�Z�WY[�Z0e�[�u [�Z�X±� £�[YZ2�0s h�Z0g0`Yp�`Y[����
g0`�g f�[YZ ��s%c�Z W�o�UYc�`�^�Z.� e Z2��W�r�o�e([�� W�`AXMs±�
u�Z�c�^�r(�±��e�� uj^"`YW�[YZ�]��nUYU u2\�U�X ] u�Z0h0\�Z2W\)]%�£�[�ZÄe�p
f�[YZ2b�Z W�c"U�o�r0UY[S^X' � [Y`2g g0`�g W�u�Z0��WY[�u2`_�.x+� �
�±�
W�r0��U�WY[�u�U�^"^�ZÁZ�[�c.e�£0`��±[�W�]´Z2[ W�u�Z��0WY[�u vyxÛT��
�,���
? ��p�Z(\ W�h0c�`�^0e"\�Z�u�`2^ W�c"U�o�r��±�Ve�X Z2�0\0`YpYZ2X±�}k>U�p
h�\�UY[YU�^�p�e0� ^0`Äh(Z�c"^0Z�U_e�pYc"Z2ªVU�^0e�U½e�Å�e0[�e0\�Z0u2`�^"e�U
\�U�pYr�c��Y[�`Y[YZ(u [YUYZ(\(U�[�e�£�U�W�g0e�tje f�g�W�h�U�\�e0X<U�^�[�`Yc"�2^0sOt
e0WYW�c�U�o0Z�u2`�^0e��iW�e0X<X>U�[�\0e"e�W�h"`�\0e�u�`�^0e(] u#� �
�9� u�Z
u�[YZ�\�Z���e�[�\�UY[��YU���£0`YW�[�]0t�Z���p�Z�\�`�h�\0e"u�UYo�U�^"s [�Z�c��2g�Z
[�U e(p ^0e�t>� g�Z�[�Z�\�s%U |�h�Z X�^(U�^"e0� `�u�[YZ0\�Z�u��
^0UYZ2��t0Z�o0e0Xqs o�c�] h�Z�^"e�Xq`�^"e�]`�.x W�h"`�\0e�u�`�^�e�]M�(�
£�UY[�u�U�\�[�Z���£0`YW�[�e�o�`�^ g0\�`Y[�g0e�� `�^�`Yc.e�pVZ�W�Z���U�^"^�Z�W�[YU��
X�`YbY^0e0[Y^�s%t � uAZ0��W�[�ua�.x+� �
�±���,[�`�g�e�tÄg�`2g§W�e�c.��^�s%U
��� �,c�r�g�[�r0`2Å�e�e<� �n`Yp�Z�u�Z�U \0`YWYWYc�Z�U�^"e�U e
^0UYZ2�0s%£0^0s%U´W�u�Z0��WY[�u�` u2e(t�\�U�u�Z�b�Z·W�Z�WY[�ZA]�^�e�]>���
p�`�g�c"�,£�U�^0e"eÄZ���W�r0ªno�`��±[�W�] ^�U�g�Z2[YZ�\"s%U X>U�t"`�^�e�pYXqs
W�h"`�\0e"u2`�^0e(] e W�uY]0p�`�^0^"s%U W ^0e�Xqe
X�e�g0\�Z�W�g(Z�h"e�£�U�W�g0e�U¡[�UYZ(\�e�e<�

b7c�b7cIdfeMg�h�e
e9i9j4kmlnc
opcIdfq�e9rXj,sXt-i9u
v\wXx,kzy{c�|{cN}fe9~-vXwXs

ß��E��� �9ØE�yØ�×ÛÎMÔYØ<��×­ØE�"Ò­Ê��.Ó�Ê���Î�Ò+�E��ÏYß­àYà�á�ÏzÒ�È����0Ï1�{ß�ß



�.K��§P�R����qP�R������
	�S���P�
��������YP����0S��
��� 
�N�P����������(N��(Q0R0S����(N

�6\0e"^0Å"e�h0e"`Yc���^0`Y] uAZ2pYX>Z2ª�^�Z�WY[�� W�r"�nU�WY[�u�Z�u�`�^�e�]
W�u�U�\0t"h�\�Z�u�Z�o�e�X>Z�W�[�e � �.x W�h�`�\�e�u�`�^0e0UYX ��s9c�`
h�Z�g0`Yp�`�^"` ua\0`Y��Z2[�`Yt �����0©
�
�"� �,���E) u \�`YXqg�`�tiXMZ�o�UYc�e
�V`Y����`2\�o�` Z���XMU�^ �±c0r�g�[Yr0`2Å0e�Z�^"^0s9X>e ���
uAZ�pY�2r�ªVo�U�^0e(]0XMe h"\0e0u�Z�o�e([ g W�h"`�\0e"u2`�^0e"�
fYc�U�g�[�\�Z�^�Z�u W £�U�[�^�s%X Z�\��0e�[�`Yc���^"s%X X>Z2X>U�^([�Z�X
¹

= � u!�.xCg�`�^�`Yc"U{W&� D��
−�� 

xCg�Z�Xqh�Z0^�U�^�[�Z0�<�Z�Vo0^"`�g�Z
fY[�Z�[}X>UYt�`2^�e0p�X ^�U«h0\0e"u�c�U�gºu [YZ u�\�UYXµ] Z�W�Z���Z�U
u�^�e�Xq`�^"e�U��Ä[�`�g¸g�`2gÀZ0^¸^�UÃZ���!�](W�^(](c´u2s%WYZ0g�e0t
p�^�`Y£�U�^0e"� �P	Y��kMZ�c0UYU�h�Z2c.^0s,� h�Z2o0t"Z2o�� \0`�pYu2e�[�s9�
h�Z2pYªVU u �9U�^0Z�XMU�^�Z2c"Z2b�e�£�UYW�g(Z�� e
W�`�X<Z�WYZ2b�c�`�WYZ�u�`�^�^�Z0� X>Z�o0U�c�]0t �+��¥�� �e�W�h(Z�c"��pYZ�u2`�^"e�UYX h0`�\�`YX>UY[�\�Z�u e(p �6�i�
e�p�X<U�\�U�^0e��·�+�,�"��� h�Z0g�`�p�`Ac>� £�[�Z¸fY[�Z�[ÃXMUYt.`�^0e0pYX
W�h�`�\�e�u�`�^�e�]½h"\0e"u�Z2o"e�[ g � D��

−�" 
x¶W�e0X>XµUY[�\0e�e �9�¡�¯W

g�Z0^�WY[�`�^0[�Z0� uAp�`�e�XµZ�o0U���WY[�u�e�]>� o�Z2WY[�`Y[YZ2£0^�Z�� o0c(]
u�s9WYZ�g0e�t¼p�^0`Y£�U�^�e�� � 	Y� ��`�^Y�V`�\�c.e0^0b�U�^>�¡Z2o�e"^{e0p
`�u�[�Z0\�Z0u h�U�\"u�Z2b�Z h�\�](X>Z�b�Z f�g�W�h(U�\"e�X>U�^([�`Yc.��^0Z�b�Z
W�u2e�o0UY[�U�c.�YWY[�u�` � D �

−�� 
x W�e�X>X>U�[Y\�e0ei�+��®0�Y�.Z2[YX>U�£�`�cm)7%0�

f�g�W�h0U�\0e�X>U�^0[�`Ac��2^(Z(� [�Z�£0g0eÃp�\�U�^�e�] h�\0UYo�W�g0`Yp�`�^"e�U
� D��

− �" 
x¶W�e�X>XµUY[�\0e"e§��s%c�Zap�^�`Y£0e�[YUYc��2^0sOXÄ��`Yb�Z�X±� [�`�g

g0`�g�Z�^0Z�h�Z2c"Z2ª�e(c�Z�^0`�WY[�Z�c h"\�Z�u�U�\�]0UYXµr��jb�e"h�Z�[�U�pYr<�
£�[YZ u�s%p�u�`Yc�Z¸Z�by\(Z�Xq^�r0� uAZ2c.^�r´f�g(W�h�U�\0e�X>U�^�[YZ�u��
Z0\0e�U�^([�e0\�Z�u�`�^�^�s9t ^�` Z�h"\�U�o�U�c0U�^"e�U W�e�X>XµUY[�\�e�e
W�h�`�\�e�u�`�^�e�]
'����0¦0�Y�"�q[�e f�g�W�h�U�\�e(XMU�^�[�s§Z2W�^�Z�u2`�^0s ^0`
p�`�u2e�W�e(XMZ�WY[�e�£�r(uAW�[�u2e([�UYc���^�Z2WY[�e�[�r�^0^�U�c���^�Z�b�Z�[�Z�g0`Vu
o0ª�Z2pYU��±WYZ�^�Z�u�W�g�Z�X g�Z�^0[�`�g�[�UºZ�[��n`Yp�s u�Z�c�^�Z�u�Z0�
�±r0^�g�Å0e�e´g�r�h(U�\�Z0uAW�g�Z��´h0`2\�s�� g�Z�[�Z0\0`�] h�\0e � x
uAZ�c"^0Z�u�Z�X��±�V�½p�`�u2e(W�e�[,Z�[6^"`�h�\0`�uAc�U�^0e(] uAU�g([�Z0\0` Â �
�µU��¡`��,��r(� \�Z�c�� h�\0e Z�h�\(U�o0UYc0U�^�e�eÀW�e�X>XµUY[�\�e�e
�±��� W�s%b�\0`Yc.`¼Z���Z�����U�^0^"`�] [YUYZ(\�e�] ��e�^(p���r�\�b�`
�
�V`�^�o�`Yr<�wh�Z2p�u�Z�c�e�u2�¡`�] h0\0Z�u�UYW�[�e¯g(c�`YWYW�e��6e"g�`2Å0e"�
W�e0X>X<U�[�\0e"��W�uAU�\(t�h0\(Z(uAZ2o�]��Ve�t WYZ2WY[�Z�]�^0e"�<�
# c%$<c'&)(Xt�(�*{e9sXs
+Ne-,2g
j,iSsXe<sXw�.�b@wXs�/�(�,2g�h�j1032 j,s�4,j�,
�V�2Z����²U�^"^0`Y] [YU�Z�\0e�] ��e"^�pY��r0\�bY`��p�n`2^�o�`Yr u

h"\0e��2c.e�ªVU�^0e�e¡W�\�U�o0^�U�b�Z�h0Z�c0]�o0c�]�W�uAU�\(t�h0\�Z�uAZ�o(^"e0g0`
uA��c"e0p�e&�z	iZ2W�^0Z�u2`2^�`Ä^"` Z2�0�Ve(t�W�u�Z0��WY[�u�`Yt�W�e�XMX>x
UY[�\�e�ea����¦�©
�
�0�9e ^�UVp�`�u�e�W�e0[VZ�[VXqe�g�\�Z2W�g�Z�h"e�£�UYW�g�Z�b�Z
X>UYt�`�^0e�pYXM`{W�u�U�\0t"h�\�Z�u�Z�o�e�X>Z�W�[�e |�WYX±� ���0¬.� �S�<� �,�������
� r(^"g0Å0e�Z�^"`Yc ��e�^(p���r�\�b�`
� �V`�^�o�`Yr u���c�e�p�e � 	
]�u�c�]0U�[YW�]¼\�`Yp�c"Z2ªVU�^0e�U�X W�u�Z���Z�o�^�Z0�{f�^0U�\�b�e�e65�h�Z
£�UY[�^0sOX WY[YU�h�U�^(](X �9�¡� e¸o0Z�c0ªVU�^¸Z�W�[�`�u2`Y[��YW�]
W�g0`Yc�]�\(Z�X h0\"e h"\�UYZ���\0`�p�Z(u�`�^�e�](t W�h0Z�c�^�Z0��bY\�r0h�h�Z0�
W�e0X>X<U�[�\0e"e<�87±c�] � x � �q�9� r�£�U�[ W�h�e�^0x¶Z0\���e�[�`Yc��2^�Z0�
W�uY]0p�e h0\�e�u�Z�o0e0[ g [�Z�X>rµ�¯£�[YZ·Z�o"^�Z�£�`�WY[�e�£0^0s%U
WYZ�W�[YZ�]�^"e�] r�ª6U ^0U ]�u�c�]��O[�W�] W�Z��2WY[�u�U�^0^�s%Xqe
WYZ�W�[YZ�]�^"e�]0X�ejW�h"e0^0Z�\�^�s%tÄZ�h�U�\0`Y[�Z0\�Z�u"�:9,£2UY[�W�h0e"^0x
Z0\��0e�[�`Yc���^�Z�� W�uY]0p�e u `Yo�e0`A��`Y[�e0£�U�W�g�Z�X
h"\0e��2c.e�ªVU�^0e�e h0Z�p�uAZ�c�]0U�[ h�U�\�U���[�e g
h�W�U�u�o�Z2W�h�e0^�Z�uAZ�Xµr h�\�U�o�W�[�`�u�c"U�^�e�� W �,Z�\�Xq`Yc���^�Z
e�o0U�^�[�e(£(^"s%Xqe h0\(U�Z���\"`YpYZ�u2`�^"e�]0Xqe>� h0\"e�X>U�^�U�^"e�U

g�Z2[YZ0\�Z2b�Z°Z0h0\0`2uAo0`2^0^�Z u [�U�t WYc0r�£(`�]0t
� g�Z�b�o�`«^�U
[�\�UY��r�U�[YW�]�\0`Ap�o0UYc���^�Z2b�Zah0\�UYZ���\"`Yp�Z�u2`�^"e�]�W�h0e�^(Z(uAZ2b�Z
e�Z0\���e�[�`Yc"�2^�Z�b�Z¢h"\�Z�W�[Y\�`�^�WY[�u"�

7,c�] e0o�U�`Yc�e�p�e0\�Z0u2`�^"^�Z0� [�UY[�\"`Yb�Z(^�`�c���^�Z0�
\�U���UY[�g0e h�Z�c�^�`�]ºb�\(r(h"h0` W�e�X>X>UY[�\0e�eºWYZ2WY[�Z0e�[«e�p
g0\0e�W�[�`Ac0c.e�£�U�W�g�Z�� b�\�r0h"h0s<; G"= �0b�\�r�h0h"siZ���\�`��²U�^"e�]
u2\�UYX>U�^"e?> e b�\0`Yo�e�U�^�[�^�Z0xze0^"u2`�\0e"`�^�[�^0Z�� b�\0r0h0h"s
@V|��2�����V\0e�o"`Yc���^�U����VUYX e�p�c"Z2ªVU�^0e"e�u�f�[YZ2X�\�`Yp�o0UYc0U
��r�o0r�[ºe�W�h�Z�c��Ap�Z0u2`�^"s·[�`Y��c"e�Å0s e�p Z��2pYZ0\0`Ã�+��¬����
��\0r0h0h"`A; GB= e�X>U�UY[�o�U�W�]0[��i^0U�h0\0e"u�Z�o�e0X>s9t h0\�U�o�WY[�x
`�u�c"U�^0e"�<��e�p g�Z�[�Z�\0s9t{h�]0[��

Γ Ï+ �
Γ ñ+ �

Γ 3+ �
Γ G+ �

Γ Ù+W�Z�Z2[�u�UY[YW�[�uAr��9[°£�U�[�^0s%X¸�(`Yp�e�W�^�s%X´�±r0^�g�Å"e�]0X9� �
Z����nUYX W�c"r�£0`YU�o0c0]a^�U�u�s,\�Z�ªVo0U�^0^"s%taW�e0^�b�c�UY[�^"s%t vyx
e3�.xCuAZ�c"^0Z�u2s%t´WYZ2WY[�Z�]�^0e"� WÃWYZ�Z2[�u�UY[�WY[�u�r"�,�Ve�Xqe
^0U�h0\0e"u�Z�o�e0X>s9X>eºh0\�UYo0WY[�`�uAc�U�^0e(](X>e

Γ Ï+ �
Γ 3+ �²U�c.�

∆(
Â ��C

)
�¨W�e0X<XMUY[�\0e�]Ãg�Z�[�Z0\�Z0� W�Z�u2h"`Yo�`YU�[°W«W�e�XµXqx

U�[�\0e�U�� h0`2\�^�Z0��uAZ�c"^0Z�u�Z0���±r0^0g0Å"e0e���p�`2u�e�W�e0[ Z2[
u�Z�c�^�Z�u�Z�b�Zau�U�g�[�Z0\0`�Â¨eag�Z�Z0\�o�e0^"`Y[�s C Å�U�^0[�\0`�Xq`YW�W
W�h"`�\�U�^�^�Z�b�Z�WYZ�W�[�Z2]�^0e(]¢fYc"U�g�[Y\0Z�^0Z�uW)

∆(
Â>� C

) = η� − D ( E � Γ F+) ∆� − G (Γ Ï+ �0Â
) +

+ η� − HJI ( E � Γ Ï+) ∆� − KML (Γ Ï+ N Â
) + η ö (

C N ΓO+) ∆ (Γ 3+ N�P )
�

|����
b�o�U

η� − D
e

η� − HMI
�Ãg�Z�X�h(c�U�g�W�^0s%U��,�¡�Äv�xCuAZ�c�^0Z�u2sOt

e2p�Z�[�\�Z2h�^�Z�b­Z6e�\�`�W��ne�\�U�^�^�Z�b­Z±W�Z�W�[�Z�]�^0e��nW�Z�Z�[�u�U�[�W�[�uYU�^0x
^�ZRQ

η ö � �9�V� �.x¶u�Z�c�^�Z�uYZ2b4Z�W�Z2W�[�Z�](^�e�]�Q
∆ � − G (Γ Ï+ ��Â

))
�

∆� − HMI (Γ F+ � P )
�

∆ (ΓO+ � P )
� ��`Yp�e�W�^�s%U �±r0^"g�Å"e"e

h�\�UYo0WY[�`2uAc0U�^�e0�
Γ Ï+ �

Γ 3+ Q

∆� − D (Γ Ï+
�0Â

) =
��Q

∆� − HMI (Γ F+
�0Â

) = ∆� ( ¿ D S + T�U ñ ) Q ∆� = ∆ � − HMI (Γ Ï+
�.¦

)
Q

∆(Γ 3+ � Â
) = ∆V ( ¿ D ñ − ¿ �

ñ
)
Q

∆ ö = ∆(Γ 3+ ��¦
)
�

�Vo�^�Z�u2\(U�X>U�^�^0s9� r�£�UY[ v x e � xCuAZ�c�^0Z�u2sOt
W�Z�WY[�Z�]�^�e�� ^�UYZ��2t"Z2o�e(X,� UYWYc�e e0t g0\0e�[�e�£�U�W�g0e�U
[�UYXqh�U�\�`�[�r�\�s ��c"e0p�g�e ���0¬0�Y�Ä`Ãu ^(U�Z�o0^0Z�\0Z�o�^0sOt
W�uAU�\�t.h0\�Z�uAZ�o0^"e0g0`Yt
��WYZ2o�U�\�ª¡`��Ve0twW�[�\�r0g�[Yr(\�^�s%U�e�c.e
[�Z�h0Z�c�Z�b�e�£�U�W�g0e�U o�U��±U�g�[�s�� fY[YZ W�uY]0p�`�^0Z W
p�`�u�e0W�e�X>Z2WY[���� �,�V� Z�[ C �+�2�"��� �¯Z��(�²U�X¯u�e0o0U§W
r�£�UY[�Z�X W�u�](pYe{X>U�ªVo�r

η ö e
η� |�\"`�u2^0sOX

η� − D
e�c.e

η� − HWI
� W�uAZ2��Z2o"^�`�]¯f�^�U�\�b�e�] u¼Xq`Yby^"e�[�^0Z�X h�Z�c0U6X

\0`2u�^0`
5

(η� � η ö ) =
5 � (η� ) + Y ö (η V ) +

5 � ö (η� N η ö ) +
�

®
π

Z [R\ S �
|
���

b�o�U uAW�U W�c.`Yb�`YUYXqs%U o�Z�c0ª�^0s r�o�Z0uAc0U�[�u�Z0\�]0[��
r�WYc"Z�u2e"� e0^"u2`�\0e"`�^0[Y^0Z�W�[�e½h"\0ejh0\�UYZ���\"`Yp�Z�u2`�^"e�]0t½W
h0Z�c�^�Z0��b�\�r"h0h0Z���W�e0X<XMUY[�\0e�eU)

5 � (η� ) = α� Zη� Z ñ + β� Zη� Z G +

|]+Nu
t-v,tSq{e_^ r,e�g
j,q`,2g
s\j�. u<iSe�g�a�r9g
t9iSt�4,w�^NtSu<qcb u � d�i9tfe sXtSi-tSx u<w�^'^Ne9qIg
wXe9x rXj<g
jf^ e<qNg
j r,t�g�.g4,vXj

�9Ø<��ØY×­Î>Ô�ØE��×�Ø��"ÒdÊ9��Ó�Ê9�YÎ�Ò+�
��ÏYß àYà�á�ÏzÒ�È��E�0Ï��{ß�ß ß��<�0ß



+ � � Ï ( Z ; D η� Z ñ +
Z ;
� η� Z ñ ) + � � ñ Z ;��

η� Z ñ Q |��.�
5 ö (η ö ) = αV Zη ö Z ñ + βö ZηV \ � +

+ � ö Ï ( Z ; D η ö Z ñ +
Z ;
� ηö

Z ñ
) + � ö ñ Z ; �

η ö Z ñ Q |��.�
5 � ö (η� � η ö ) = β� ö Zη� Z ñ Zη ö Z ñ + βG (η�∗ ñ η öñ + η� ñ ηö∗ ñ ) +

+ � � ö �
(
; D η� )∗(

; D η ö ) − (
;
� η� )∗ (

;
� η ö ) + � � � � ���

|
�"�"µo�U�W�� ;
D = ∂� ∂� D − ���
	�� D�
�� Q [

= ∇ × � � � �
uAU�g�[YZ�\"xzh�Z�[�U�^"Å"e0`Ycq� TVU�Z���t�Z�o�e0X<Z�W�[�� r0£2UY[�`
h�Z2WYc�UYo�^�UYb�Z W�c.`Yb�`YUYXMZ�b�Z u |
�"� � � X>U��V`2^�^�s%t
b�\�`Yo�e0U�^�[�^0s9t £�c"U�^(Z(u �´��sOc�`iZ�[�X<U�£�U�^�`§u ���0¥"�¢e
h�Z2o0[�u�U�\�ªVo�U�^�` h0\"e XMe"g0\�Z2W�g�Z0h0e�£2UYW�g(Z�X u�s9u�Z�o�U
Z��2Z����VU�^0^"s%t r0\0`2u�^�U�^�e0� ��e"^�p���r�\�b�`
� �²`�^�o�`Yr W
f��n�,U�g�[�e"u2^�s9X o(uAr0t0£0`YWY[�e�£0^"s%X h(Z�[YU�^0Å�e�`�c0Z�X
uAp�`�e�X>Z2o0U���WY[�u�e�] ���0¬"���VlO`�gjh�Z�g0`Yp�`�^0Z ^"e�ªVU§|�\0`YpYo>�
�<� ���A�¨W«fY[�e�Xqe W�c�`YbY`YU�Xqs%Xqe<��c.e0^0U��0^"s%Xqe�h�Z

η� �W�uY]0p�`�^ f��n�±U�g�[ e0^�o0r0Å�e�\�Z0u2`�^"e�] vyxzu�Z2c.^�Z0u�Z�b�Z
WYZ�W�[YZ�]�^"e�]�u�^0UYZ2o�^(Z(\(Z�o0^�Z2X �.x � �q�±���

�qc0U�o0r�U�[ Z2[�XMU�[�e�[����_£�[�ZÀo�c�] �.x+�q�>�±� u |1���
^�UYZ2��t0Z2o0e�X<Z o�Z���`�u�e�[�� W�c�`Yb�`YU�XµZ�U0�¯r�£�e�[�s%u2`��±�±U�U
uAp�`�e�XµZ�o�U���W�[�u�e�U Z�o�^�Z�\�Z�o�^0s
t o�U��9Z�\�XM`�Å0e��ÃW

η ö �
g�Z�[�Z�\(Z2U h�\0e0uYZ2o"e�[ g¸W�h�Z�^([�`�^0^�Z��´`�^0e�p�Z�[�\�Z�h�^�Z��
o0UY�9Z�\(XM`�Å0e0e g0\�e�WY[�`Yc0c"e�£2UYW�g�Z�� \�U��±U�[�g�e
� Zη ö Z ñ�� Z �

− ��� Z ����¬0��� \�`�u2^�Z�� ^�r�c�� h0\0e v x
W�h0`�\�e0u2`�^�e0e<�

#�c #�c�������e9vXq���� t�/�e ��u
t-sXj i*��dG|�!7dFo
� o0ªnZ�p�U��±W�Z0^�Z0u�W�g�Z�X g�Z�^�[�`�g�[�U fYc0U�g�[�\�Z0^0s��

o�u�e0ªnr0�¡e�U�W�] h�U�\�h�U�^�o�e0g(r�c�]�\0^�Z}UYb�Z}h0Z�u�U�\0t�^�Z2WY[�e<�
o�`��±[{Z�W�^(Z(u�^�Z0� u2g�c�`Yo u [�Z�g¯e°[Yr(^"^�UYc�e�\0Z�u2`�^"e�U
£�r0u�WY[�u�e0[�U�c.��^0Z g Z�\0e�U�^([�`�Å"e�e h�Z�uAU�\�t�^�Z2WY[�e
g�Z0^�[�`�g�[�`Ve�^�`�h�\0`�uAc�U�^0e"�½g�\0e�WY[�`Yc"c�e�£�UYW�g�e�t�Z�W�U���h�Z
Z��2UaWY[YZ�\�Z�^"s«Z2[�g�Z0^�[�`�g�[�`��{�}[�UYZ�\0e"e ��e�^(p���r�\�b�`
�
�V`�^�o�`Yr�W�u�Z���Z�o�^"`�]¨f�^�U�\(b�e�] h�Z�uAU�\(t�^�Z�WY[�e§g�Z�^0[Y`2g�[�`
� �,�¡�

η Ï e
η ñ W Z�o(^(Z��¡eVW9o0\�r�b­Z���W�[�Z�\�Z2^0sig2Z�^�[�`�g�[�`

\0`Yu2^�`�� ��¬"� � ���

5 Ï§ñ = " ó ∫ �$# χ Ï ( % Ï ) χ ñ (% ñ ) �
η Ï∗η ñ + η Ï η ñ∗ ��� |�¥"�

b�o�U " ó � u�UYc�e�£0e"^0` W�uY]0p�e1Q % D � uAU�g([�Z�\<�
h�U�\�h0U�^�o�e0g(r�c�]�\0^"s9�Ãh0Z�u�U�\0t�^�Z2WY[�e W'&zxC� W�[�Z0\�Z0^0s
g�Z0^�[�`�g�[�`�� W�e�X>X>U�[Y\�e�]�g�Z�[�Z�\0Z��

χ D (% D ) W�Z�u2h"`Yo�`YUY[ W
W�e0X>X<U�[�\0e�U�� �±�V�

η D
�  Vp u�`�\�e�`�Å�e"e h0Z�c�^�Z0�

W�u�Z��2Z�o�^(Z(�¸f�^�U�\�bYe0e 5
=
5 ö +

5 ÏÅñ h�Z
η Ï e

η ñWYc�UYo0r0�9[¡b�\0`2^�e0£�^�s%U¡r�W�c0Z0u�e�]�^0`�h0Z�u�U�\�t.^�Z�W�[�ez)
� � ö�Ï ( ( Ï D ; D + ( Ï�D � ; � ) + � ö�ñ ( Ï �M;)���

η Ï =

= − "+* χ Ï ( % Ï ) χñ ( % ñ ) η ñ � |�¬"�

�q[�Z�\�Z�U r0\0`�u2^�U�^�e0U h(Z�c�r�£0`YUY[�W�] h(U�\�UYWY[�`�^�Z�u�g�Z0�
e�^�o�U�g�WYZ�u % �S' e %2�W' �´�6c0Z�[�^�Z�W�[Y� [�Z0g0` ,
�
h0U�\0h�U�^0o"e0g�r�c0]�\0^(Z�b�Z�h�Z�uAU�\�t.^�Z�WY[�e<�0Z0h0\�U�o�UYc0]0UY[�W�]¢e�p
r�WYc"Z�u2e(]

% × - = �/. ×
∂
5

∂ �
|�®��

e \0`2u�^0`

,
=

�
π � " ó
Φ ó χ Ï (% Ï ) χ ñ ( % ñ ) Zη Ï Z�Zη ñ Z10 O32 (ϕ Ï − ϕ ñ ) � |�¤��

"µo�U�W��
ϕ D
�¯�n`Yp�`4&Fx¶bdZ��9�¡���R7,ªnZ�p�U��,WYZ0^�Z0u�W�g�e�� [�Z�g

p�`�u�e0W�e�[{Z�[ �n`Yp�s h"`�\0^0Z�� u�Z�c�^�Z�u�Z0�°�,r0^"g0Å0e"e e
XMZ�ªVUY[ e�X>U�[Y�¸c��±�2Z0� p�^0`�g·u¸p�`�u2e�W�e�XµZ�W�[�e Z2[
^�`�h0\"`�u�c�U�^"e�] % � U�WYc�e t"Z2[�] �0s Z�o"e0^ e�p
W�uAU�\�t.h0\�Z�uAZ�o0^"e0g�Z0u e�XMUYUY[ � D��

−� �
x W�e�X>X>U�[�\0e0� �,�¡�

|�\0e0W�� �����_�V[�\0e"Å0`A[�U�c.��^"s9� g0\�e�[�e�£2UYW�g0e�� [�Z�g
f�g0u�e0u2`Ac0U�^0[�U�^ W�g0`Y£0g�rÄ�±`�p�sº^"`

π
u g(Z�^�[�`2g�[YU¨eÄu

^0r�c0U�u�Z�X�Xq`Yb�^�e0[�^�Z2X§h0Z�c�U¡h�\0e�u�Z�o�e�[�g�W�h0Z�^0[Y`2^0^�Z2X>r
[�Z�g�r<� g�Z�[�Z�\�s9� bdU�^�U�\0e"\�r�UY[ Xq`Yb�^0e�[�^0s9� h0Z�[�Z�g
u�UYc�e�£0e0^�Z��

Φó � � �
� ��¤2¥�¬ b��½h0\0e h�U�\0u�Z�X´^0`���c��Oo0U�^�e�e h�Z�[�Z�g0`

Φó � � u o�ªVZ�p�U��±W�Z�^0Z�u�W�g�Z�XÁg�Z0^�[�`�g�[�U ���(®��{��s%c.`
u2s%W�g0`Yp�`�^"` b�e�h(Z�[�U�p�` Z \0`YWYWYU�]�^"e0eº^"`}Xq`Yb�^0e�[�^�Z0�
h�\0e(XMUYW�e>� g(Z2[YZ(\�`�] ^"`��nc�` [YU�Z0\�UY[�e(£�UYW�g�Z2U
Z���Z�W�^�Z0u�`�^0e0U}u \�`Y��Z�[�U k>r0c�`YU�u�W�g�Z�bdZ¯e°o0\�� �+��¤����
�²\�UYo�h�Z�c0Z�ªnU�^�e�U ZÄW�uY]0p�e}h�Z�[YZ�g0`

Φ ó � � W½^(r�c�]0Xqe
W�uAU�\�t"[YU�g�r0£�U�b�Z�h0`�\0`YX>U�[�\0`Vh�Z0\�]0o�g�`n��s9c0Z�u2s%W�g0`Yp�`�^0Z
u2h�U�\0u�s%U �qZ�c�Z�u2e"g�Z2X eº�ie�^(U�U�u2s%X´�+��¦����§�,Z�p�ªnU
�(s%c"e h0\�UYo�h"\0e0^(]([�s h�Z�h"s%[�g�e
f�g�W�h�U�\�e(XMU�^�[�`Yc���^�Z2b�Z �+� �2� e«[YU�Z�\�U�[�e�£2UYW�g�Z�b�Z �.�,�"�
e0p�r�£2U�^�e�]jf��n�±U�g([�` 7�ª�Z2pYU��±WYZ�^"`�uiW�Z�U�o"e0^0U�^0e(]0t½W
[�]0ªnU�c.s%Xqe��±U�\�Xqe�Z0^0`YXqe>�W� \�`��2Z�[�`Atp�2U��Vg�U�^���U��0^�`�e
o�\<�q�.�,����u�h0U�\0u�s%U�Z�[�X>UY£(`Yc"Z2W��"�"£�[YZ�[Yr0^�^(U�c.��^�s9� [�Z�g
Z���\0`2��`YU�[YW�]au¢^(r�c.���Mg�Z�b�o�`�^(Z(\(X�`Yc"�¢gwh0Z�u�U�\�t�^(Z�WY[�e

5���¤�¶¡±³¶ =.��Ârß§ÊF;�Ã�Â�Ñ�Â�È¯Ã§Ì�Æ�ä
π
÷×ÌrÂ�Ñ�½§¾�Ìr½ Þ�Ê­�«ËrÄBË�È�ÄrÞeÀ ö ÷ Û(?�¼�ø76 È

Â¯Ì�ÝrÄ���Ñ�Â�Ã§½ÅÀ�â~Ä�Ìr¾�ß§¾�Ñ�¾�Â�Ý�Æ�Ê§Ñ�½§¾�Í�ÆrÀ�Ì�Ý�ÆrÃ�½§¾�Ç�ÇrÆ�ç¯Ê�Ã§ÌrÂ�ä�Ý�Ê§à�Ê§½§ÌrÆ�Æ
ß§Ñ�¾�Ì

∆ 8 ( 9 )
Á�Â�Â�ØrÊ�Ã�½§Â�Ý�Â�Ñ�á?ÌrÂrÑr½§¾�Ìr½§¾;:¯Õ<6+= ß¡Ý�¾¯Ø�Â�½§á?> G!Ï
@3:�Õ

b7c�b7cIdfeMg�h�e
e9i9j4kmlnc
opcIdfq�e9rXj,sXt-i9u
v\wXx,kzy{c�|{cN}fe9~-vXwXs

ß��E��� �9ØE�yØ�×ÛÎMÔYØ<��×­ØE�"Ò­Ê��.Ó�Ê���Î�Ò+�E��ÏYß­àYà�á�ÏzÒ�È����0Ï1�{ß�ß



Z0\0e�U�^([�e0\�Z�u�`�^�` u�o�Z�c"�Ã^0`2h0\�`2u�c�U�^"e�]>�_uÃg�Z�[�Z0\�Z�X
p�`�^0r�c�]0U�[�W�] �²U�c.��uwW�h0U�g�[�\�U u�Z�p���r�ªVo�U�^"e0���f� ��¤�¤,�
b��%��e�bY\0e�WY[¢e§�>`��0W�h0\�UYo0c�Z�ª�e�c.e o0c�]a[�UYWY[�e0\�Z�u�`�^�e�]
� D �

− � �
x¶W�e�X>XµUY[�\0e"e u � �
�9� e0W�h�Z�c���p�Z(u�`Y[��

£�r0u�WY[�u�e0[�U�c.��^0Z�W�[�� f��,�±U�g([�` 7,ªnZ�p�U��±WYZ0^0`�giW�g�`�£�g(r
�n`Yp�s¾�,�V���+��¬"���

�"K��`��
��0P��"S
�qP�R��f������R��,P 
AN2S"Q�P���P���� 
��YN��
� D �

− � �
� 
������0S�N��2R0S��

99ªVUVu�h�U�\"u2s%t \0`Y��Z�[�`Yt h�Z e�p�r�£�U�^0e��j^�U�Z��(s%£0^�Z0�
W�u�U�\0t"h�\�Z�u�Z�o�e�X>Z�W�[�e{�+�.� ¥ ��® �z��¦"�z���2����sOc0Z½h�Z�g0`Yp�`�^0Z �

£�[YZ h"\0e ^�`�c�e�£�e"e ^�r�c"U�� u �nUYc�e W�h�U�g�[�\
u�Z�p���r�ªVo�U�^"e0��^0`Y£0e�^�`YU�[YW�]�Wnf�^�U�\�b�e0e�\0`�u�^0Z���^�r�c.�je
\0`�p�c.e�£0^"s%U¨�ne�p�e0£�U�W�g0e�U¨u�UYc�e�£�e"^0s o�Z�c0ª�^0s e�X>U�[��
W�[YU�h(U�^"^�r�� [�UYXqh0U�\0`Y[Yr0\0^0r0� p�`�u2e�W�e(XMZ�W�[��"� �Ve0^"e�]
^0r�c0U�� u��nUYc�e��.x � �q�±� h0\"e0uAZ�o0e�[ g W�[YU�h(U�^"^0s%X
[�UYXqh�U�\�`�[�r�\�^0s9X p�`�u�e0W�e�X>Z2WY[�]0X [�U�h0c�Z�UYXqg�Z�WY[�e
|�h0\0UYo�W�g�`Yp�`�^"s§uV\0`���Z�[�U{�qZ�c0Z0u2e�g0`ne �2Z�\���g�Z�u2`��������qe
e0p�X>U�\�U�^�s u¸���9�.���Ãe¸b�c�r���e"^0s h"\�Z�^"e0g0^�Z�uAU�^"e�]
X�`YbY^0e0[Y^0Z�b�Z h�Z�c�]¯�+�-�<�/� ������T�` \0e�W�� �Äh"\0e"u�UYo�U�^"s
\�U�pYr�c��Y[�`Y[�s u�s%£(e(W�c"U�^�e�� e e�pYXµU�\0U�^0e"�
[�UYXqh�U�\�`�[�r�\�^0s9t p�`�u2e�W�e�XµZ�W�[YU��
%�h�Z�h�U�\(U�£0^�Z0��' �+��¦ �/� �.��e %�h"\�Z�o�Z�c��2^�Z0��' W�g�Z�\�Z�W�[YU��
\�U�c.`�g�W�`�Å�e�e �6�i� ����®"� �,�"��� � [�e e o�\�r�b�e�U
%�g�Z�W�uAU�^"^0sOU2' e�pYXMU�\�U�^�e�] |�[Yr0^�^(U�c.e0\�Z0u2`�^"e�U
g0u2`Yp�e�£0`YW�[�e"Å<� �±Z2[YZ�fYXMe�WYW�e�Z0^0^"`�]
W�h�U�g�[�\�Z�W�g(Z�h"e�] �+��¥"�d� r0ªnU�u �y¤�¤-�«b���h�Z�p�uAZ2c.e�c.e
^�`Yo0UYªV^0Zir�W�[�`�^0Z�u2e�[��a`2^�e0p�Z�[�\�Z�h"e0�°�VUYc�e���g�Z2[YZ0\0`�]
^�`Yt0Z�o�e(c�`¾e�^�[YU�\0h�\(U�[�`�Å�e��ÀW h�Z�p�e0Å"e0�«e!�µxy�¢e¼vyx
W�e�XµX>UY[�\0e"e �±�,�*)�e0pYXµU�\�U�^0e(]ºX>Z2o0r�c�] Z

∆(
Â

)
\ �¢U�b�Z

`2^0e�p�Z�[Y\0Z�h�e0e e¯o"`2ªnU«W�r���U2W�[�uAZ�u�`2^0e�U¯^(r0c0U�� ^�U
h�Z0p�uAZ0c�]��²[�Z"[�c.e�£�e�[�� � D��

−� �
x¶W�e(XMX>UY[�\�e0�«Z�[�vyx¶W�e�XµXqx

U�[�\0e"e �9�����·r�£(e([�s9u�`��6�²U�� `�^"e�pYZ2[�\�Z0h0e�� e
Z(\([�Z�\�Z�XM��e0£�U�W�g0e�U e�W�g�`Aª6U�^"e�] g�\�e�WY[�`Yc�c�e�£2UYW�g�Z0�
\�U���UY[�g0e �q�
�,���+��¬0�Y��"M`�u�e0W�e�X>Z2WY[�e�Z2[ Â �±r0^�g�Å"e��

∆ ö (
Â

)
�

∆ �
	 ô�� (Â )
e

∆ 
 H 	 (
Â

)
h0\0e"u�UYo0U�^0sÄ^0`�\0e�W0���<� u�e0o�^(Zµ�.£�[�Z

[�Z�c���g�Z e�p�X>U�\�U�^"e�] `�^�e�pYZ2[�\�Z0h0e"e �,`�pYs �nUYc.e
h0Z�p�uAZ2c�]��O[�Z�h�\(U�o0UYc�e�[��¡W�e0X>XµUY[�\0e�� W�h�`2\0e0u�`2^0e(]>�

�²\�](Xqs%U½^"`Y�2c.�9o�U�^"e�] �<xCuAZ2c.^�Z0u�Z�b�Z{�,�V�Ã�0s%c.e
Z�WYr0�nUYW�[�u�c0U�^"s u [�\�U�t XµZ�o�e0�ne0g�`�Å�e(]0t
f�g�W�h�U�\�e(XMU�^�[YZ0u�Wao�ªVZ�p�U��±W�Z�^0Z�u�W�g0e�XMe g�Z0^�[�`�g([�`YXqe<�
� Z2o�^"e�t o�c�] Z�h"\�UYo0U�c�U�^"e�] W�o"u2e�by`��n`Yp�s ^�`

π
�0s%c.e

e0W�h�Z�c���p�Z(u�`�^�s e0^�[�U�\��OU�\�U�^0Å�e(Z(^�^�s%U
f��n�±U�g�[�s ���2® � ��®"��� u o�\�r�b�e�t � XMZ�o0r�c0]�Å"e�]
g0\0e�[�e0£�UYW�g�Z�b�Z´[�Z0g0`ÀX>`�b�^�e([�^0sOX h�Z2c"UYX ���<��� �,�����
� r0�nUYW�[�u�U�^�^�s9�´^�U�o�Z2WY[�`Y[YZ0gÀf�[�e�t¸o�u�r�t¸X>U�[YZ2o�e�g
W�Z�WY[�Z�](c u ^0UYZ2��t0Z�o0e�XMZ�W�[�e o0c�] e�pYXµU�\0U�^0e"�
t�Z�\�Z0�Ve0t XMZ�^0Z�g0\0e�W�[�`Yc0c"Z�u�� �>\�UY[���] X>UY[�Z�o�e�g�` �
[�\0e"g�\�e(W�[�`Yc�c"e0£�U�W�g0`�] Xq`Yb�^0e�[�Z�X>U�[Y\�e�] g�Z2c"U�Å e�p
W�uAU�\�t.h0\�Z�uAZ�o�]��¡e�t f�h0e0[�`�g�W�e0`Yc.��^�s%t h(c�U�^�Z0g �
h0Z�p�uAZ2c.e�c�` ^�`Y��c��Oo�`Y[�� f��6�±U�g�[ g0u2`�^�[�Z0u2`�^"e�]
X�`YbY^0e0[Y^0Z�b�Z h�Z�[�Z0g0`¸W

Φ ó � � u e�p�X<U�\�U�^�e�]0t W
h0c0U�^"g�`AXMe T 8N; ? � H{J 8N; ? � 5F6G�,��¦"���
8>O �S� �
� �+��¤ � �0¦"� �0¥"���

�6U�\0u�s%U ^0`Y��c��±o0U�^0e�] WYo�u�e�b�` �n`Yp�s ^�`
πh�\�Z�u�Z�o�e�c.e�W�� h0\"e [YUYX�h(U�\"`Y[�r0\�U ��©W� l ^"`

W�uAU�\�t.h0\�Z�uAZ�o�]��¡e�t¢g0u�`�^0[�Z(u�s%t¢e"^�[YU�\0�±U�\�U�^�Å0e�Z�^"^0sOt
h�\0e(��Z�\�`Yt |��±lK�I 7V��� WYZ2WY[YZ2]��Ve(t e�p o0u�r�t
o0ªnZ�pYU��9WYZ(^(Z(uAW�g�e�t g�Z0^�[�`�g�[�Z�u |�XMZ0^�Z0g�\"e�W�[�`Yc"c
T 8N;N? �À�0`�\0��U�\§e�p pYZ2c"Z2[�` �À[YZ�^"g0`�] h�c�U�^0g0` e�p
W�u�e�^0Å"`�� �+��®"�����%t0U�Xq` \"`YW�h�Z�c0Z�ª6U�^"e�] g�Z0^�[�`�g�[�Z�u½u
r�b�c0Z0u�Z��jejh�c�Z�W�g(Z(� g�Z0^0�ne�b�r0\0`2Å�e�]0t½h"\�UYo0W�[�`�u�c�U�^"`
^�` \0e�W0�p�<��� o0u�e0b{�6`Yp�s¸eºg�u2`2^([�h�Z�[�Z0g0`

Φ ó � �^�`Y��c��Oo�`Yc�e(W�� h��0e{r�b�c�Z�u�Z0�{g�Z0^0�ne�b�r0\0`�Å0e�eM� g�Z�b�o�`
o0ªnZ�pYU��9WYZ(^(Z(uAW�g�e�U g�Z�^�[�`2g�[�s \0`AW�h�Z�c�`YbY`Yc�e�W�� ^"`

5��r¤�¶�� Õ.?�Ê§Þ�ÁrÊ�Ýr¾�½ÅÄrÝ�Ñ�¾ÚÀMß§¾�È�ÆrÃ�Æ�Þ�Â�Ã§½§¿ 6 � :bÂ�ØrÝ�¾¯½§Ñ�ÂrÔ·Â?È�Ý�Ê§Þ�Ê§Ñ�Æ
Á�Â�Á�Ê§Ý�Ê§çrÑrÂrä � � Æ 6 � :BÁ�Ý�Â�Ë�Â�Ç�¿�ÑrÂrä � � ÉrÊ�Çr¾�ÌrÃ§¾�Í�Æ�Æ3ÀrË�Ý�¾ ��� ê��
Ë�Ç�À8èué�ê�ë&Õ�8uÆrÑ�Æ�Æw7/ÝrÊ�ßÅÄrÇ�¿¯½§¾�½§á=Ý�¾¯Ã§ç�Ê§½§¾�6 � 7 Ë�Ç�À ö ÷�Æ �
Ë�Ç�À � ÷òÃ�ÆrÞ�Þ�Ê�½§ÝrÆ�ä ¼�ø�ø :��46

❍
:�7 Ë�¾�Ñ�Ñ�á�ÊCÆ�ß§Þ�Ê�ÝrÊ�Ñ�Æ�ä�Õ�6 =�ß

Ý�¾�ØrÂ�½�>³Ï§Ó!Ö Ù�G!Ö Ù�Ù1@�:¯Õ

|]+Nu
t-v,tSq{e_^ r,e�g
j,q`,2g
s\j�. u<iSe�g�a�r9g
t9iSt�4,w�^NtSu<qcb u � d�i9tfe sXtSi-tSx u<w�^'^Ne9qIg
wXe9x rXj<g
jf^ e<qNg
j r,t�g�.g4,vXj

�9Ø<��ØY×­Î>Ô�ØE��×�Ø��"ÒdÊ9��Ó�Ê9�YÎ�Ò+�
��ÏYß àYà�á�ÏzÒ�È��E�0Ï��{ß�ß ß��<�
�



5��r¤�¶e° Õ2Ie¾�È�Æ�Ã§Æ�ÞeÂrÃ§½§Æ ∆( � )
Ö$Þ�Â�ËrÄ�ÇrÀ �

∆( � )
� Æ,;�¾�ß§á

Φ
Â�½�Ñ�¾�Á�Ý�¾�È�Ç�Ê§Ñ�Æ�À�È Á�ÇrÂ�Ã§ÌrÂ�Ã§½§Æ8ê ��ë � Ë�Ç�À ö ÷�Æ � ÷òÃ§Á�¾�Ý�Æ�È�¾�ÑrÆ�À�6 �

∆ � − �
� Â�½ � Ñ�Ê¡ß§¾�È�ÆrÃ�Ær½
:6ÅÆ�ß�Ý�¾�ØrÂ�½§á?> G�ó;@ :¯Õ

∆ � − D = ∆ó

∆ ö = ∆ ó ( ¿ D ñ − ¿ �
ñ
)

∆ � 	 ô � = ∆ Ï + ∆ó ( ¿ D ñ − ¿ �
ñ
)
G

∆ 
 H 	 = ∆ ó � ( �
+ γ
ñ
) ( ¿ � ñ − ¿ � S )

ñ
− γ
ñ �

5��r¤�¶���¶ ¼�â�Ê§Þ�¾?Ý�¾�Ã§Á�Â�Ç�Â���Ê§Ñ�Æ�ÀCÌrÂ�Ñ�½§¾�Ìr½§Â�È?È?Ã§È�Ê§Ý�â�ÁrÝ�Â�È�Â�Ë�À�Ü�Æ�â
ÌrÈ�¾�Ñ�½§Â�È�á�â�Æ�Ñ�½§Ê§ÝY;�Ê§Ý�Ê§Ñ�Í�Æ�Â�Ñ�Ñ�á�â�ÁrÝ�Æ�Ø�Â�Ý�¾�â 6�¼���Û =q= :��!Ä�ÔÅÇrÂrÈ�¾�À
ÌrÂ�Ñ�;uÆ�Ô ÄrÝ�¾�Í�ÆrÀ 6 � :¯ÖeÁ�Ç�Â�Ã§Ìr¾�À�ÌrÂrÑ�;uÆ�Ô ÄrÉ�¾�Í�ÆrÀ�ÖeÆ�Ã§Á�Â�Ç�¿�ßÅÄ�Ê§Þ�¾§À Ë�Ç�À
ÌrÂ�Ñr½§Ý�Â�Ç�À�6 � :�Õ 6+=�ß�Ý�¾�ØrÂ�½§á?> G�ó;@ :¯Õ

5���¤�¶
	 Õ0H�Â�ËrÄ�ÇrÀ�Í�Æ�À8ÌrÝ�Ær½§Æ�ç¯Ê�Ã§ÌrÂ�Ô·Â�6 � :�Æ8Í�ÆrÝ�ÍrÄ�Ç�ÀrÍ�Æ�Â�Ñ�Ñ�Â�Ô·Â�6 � :
½§Â¯Ì�ÂrÈ=Þe¾�ÔÅÑ�Æ�½§Ñ�á�Þ ÁrÂrÇrÊ�Þ ÈN¼��uÛ =%=�÷òÁrÝ�Æ�Ø�Â�Ý�¾�â Ã ö ÷©Û0?�¼�ø Æ
� ÷��>?�¼�ø È Ä�ÔÅÇ�Â¯È�Â�ä/ÌrÂ�ÑY;�Æ�Ô Ä�Ýr¾�Í�ÆrÆ 6 
 � 7HÑ�Â�Ý�ÞeÆ�Ý�Â�È¯Â�ç�Ñ�á�ä
Þ�Ñ�Â��uÆr½§Ê�Çr¿ :¯Õ�6 =mß�Ý�¾�Ø�Âr½§á >�G�ó @ :¯Õ

b7c�b7cIdfeMg�h�e
e9i9j4kmlnc
opcIdfq�e9rXj,sXt-i9u
v\wXx,kzy{c�|{cN}fe9~-vXwXs

ß��E�
� �9ØE�yØ�×ÛÎMÔYØ<��×­ØE�"Ò­Ê��.Ó�Ê���Î�Ò+�E��ÏYß­àYà�á�ÏzÒ�È����0Ï1�{ß�ß



o�uAr�t�Z�\([�Z�b�Z0^0`Yc���^"s%t�h�c0Z�W�g�Z�W�[�]0t�� � e�� � �>Z2�0\0`YpYr�]
�0e�X>UY[�`Yc"c�e�£2UYW�g�Z�Uag�Z�c��2Å(Zµ�nT `i\0e�W��K� �/j h�\0e�uAU�o�U�^0`
X>Z�o�r0c�]�Å�e�] g0\0e�[�e�£�UYW�g(Z2b�Zj[�Z�g0`§Xq`Yb�^0e�[�^0s%X¯h0Z�c�UYX
o0c�]º�,l��I 7�� Z(u¼W{X>Z�^�Z�g0\0e�WY[�`�c0c.`YXqe v xF~��q�9� e
�<x+� �
�9����u2e�o"^�Z<�(£�[YZ�uVr�bdc"Z�uAZ0�¢g�Z0^0�ne�bdr0\"`�Å�e�e¢h"\0e
�

=
¦¸o0c�]´v�xF~��
�±����u¸Z2[Yc�e0£0e�UÀZ�[ �.x+� �
�±���

^"`Y��c��±o(`AU�[�W�] Z�o0e�^ ^�U�\0`YW��²U�h�c0U�^�^0s±�ÀXM`�g�W�e�X>r�X±�
; \0`2u�^0e�u�`�] p�`�u2e�W�e�XMZ�W�[�eÀÅ�e�\�g�r0c�]�Å"e�Z0^0^�Z2b�ZÃ[YZ�g0`, 	

(Φ� Φ ó ) |�\0e�W0�{� � (.���VX>Z2ª¡^�Z r���UYo0e0[��YW�]M�V£�[YZ½o0c(]
v�xÛT��q�±� , 	

=
¦§h0\0ejÅ�U�c�s%tjp�^0`Y£�U�^"e�]0t

Φ� Φ * ��o0c(]
�<x+� �
�9� � h0\0e h�Z2c"r0Å0UYc�sOt>�µT `¡\"e�W0�.¥¢h�\0e�uAU�o�U�^0s
\�U�p�r0c���[Y`�[�s«e�p�X>U�\(U�^"e�] p�`�u�e�W�e0X>Z2WY[�e g�\�e�[�e�£�UYW�g�Z�b�Z
[YZ0g�` Z�[�Xq`Yb�^0e�[�^�Z�bdZ h�Z2c�]Áo�c0] X>Z0^�Z0g ��e�WY[�`Yc�c�`
T 8N; ? �V�<�2�E) u r�b�c�Z�u�Z0� g�Z0^0�ne�b�r0\0`2Å�e�e
^"`Y��c��±o(`AU�[�W�] t�`2\�`�g�[�U�\0^0s±� o�c0] � x � �
�,�
\"`YW��²U�h�c0U�^�^0s9��Xq`�g�W�e0X<r0X9�z��[�`�g�e�t�ª6U¡e�p�X>U�\�U�^0e�]0t
h"\0e´h�c0Z�W�g�Z0�´g�Z�^"�,e�b�r�\0`�Å"e0e´g�Z0^�[�`�g�[YZ�u W�o"u2e�by`
�n`Yp�s�^�U�[je ^"`Y�2c.�9o"`YU�[YW�]{Z�o(e"^{^0U�\0`YW��VU�h�c"U�^�^�s9�
Xq`�g�W�e0X<r0X u°^�r0c0U��§�qU�\"�YU�p�^�Z�U}p�`YX>U�£0`�^"e�U��9c"U�X>x
Xq`��+��¤0�%Z�[�Z�X±��£�[�Z�g�[YZ�g�Z�u�Z0��W�e"^�b�r�c�]�\�^�Z�W�[�e�e0c�ewg
p�`Yt�u�`Y£�U�^0^�Z2X>r Xq`Yb�^0e�[�^0Z�X>r X>Z2X>U�^�[Yr X>Z2ª�U�[
h"\0e"u�Z2o"e�[�� r�b�c"Z�u�`Y] g�Z0^0�ne�b�r(\�`2Å0e(]>� ��s%c"Z
h"\�Z0`�^0`�c"e0p�e"\�Z0u2`�^(Z u ���2®"����e�pYXMU�\�U�^�e�] W
	���x
�±lK�N 7 h�Z�g0`Yp�`Yc.e<��£�[�Z %�r�b�c0Z0u2s%U,' f��n�,U�g�[�s
^�U�WYr0�nUYW�[�u�U�^�^�s{�V�0¦"���

� U�[YZ�o0e�g0` [�\�e�g0\�e�W�[�`Yc"c�e0£�UYW�g�Z0�jXq`Yb�^�e�[YZ�XµUY[�\�e�e
g�Z�c0U�Å e�p W�u�U�\�t.h0\�Z0u�Z�o�]��Ve�t f�h0e0[Y`2g�W�e"`Yc.��^�s%t
h�c0U�^0Z�g XµZ�ªnU�[ �(s%[�� e�W�h0Z�c��YpYZ�u�`2^0` g�`�g
W�e0WY[YU�X>`�[�e�£�U�W�g�e���[�U�WY[VW�e0X>XµUY[�\0e�e �9�����z��UYZ2X>UY[�\0e�]
e�p�X<U�\�U�^0e�] W�g0`�^"e0\�r��±�Ve�X·�,l��N 76x¶XMe"g0\�Z2W�g�Z0h�Z�X
W�h0Z�^0[�`�^0^�Z�� ^�`YX�`YbY^0e0£�U�^0^�Z2WY[�e g�Z�c�U�Å e0p
f�h�e([�`�g�W�e"`Yc��2^�Z0� h�c"U�^�g0e T 8I; ? � Z�W�`YªVo�U�^�^(Z(� ^0`
[�\0e"g0\0e�WY[�`Yc"c�e�£�U�W�g�r�� h�Z�o�c"Z2ª¡g�r QXR 5 O�? 3 |���¦�¦"�A�
h�Z�g0`Yp�`�^"`�^0`�\�e�W��M¬ �+��¤"���'99b�c�s Z(\�e0U�^�[�`�Å�e0e Z�W�U�� �
e
� u§W�u�U�\0t"h�\�Z�u�Z�o�]��Ve�t}g�Z�c��2Å"`Yt e b�\0`�^"e0Å¾[�\(U�t
g0\�e0WY[�`Yc�c�Z�u h�Z�o0c0Z�ªVg0e{u2s%�0\0`�^"s [�`�gM�²£�[YZ½r¾[�\(U�t
g�Z�c0U�Å e�X>U�UY[�W�]¢£�UY[�^(Z�U¡£�e�WYc0Z g2Z0^�[�`�g�[YZ�u W�Z�W�o�u�e0b�Z�X
�n`Yp�s ^"`

π
e r Z�o�^�Z�b�Z<�M\�`YW�h�Z�c0Z�ªnU�^"^�Z�b�Z u�Å�U�^�[�\�U��

� ^�U�£�UY[�^(Z�U |dc"U�u2`�] £�`�WY[��§\"e�W0�6¬"��� �±U�[�^�Z�Ua£0e�W�c"Z
g�Z0^�[�`�g�[YZ�u¾^0U h0\0e"u�Z�o�e0[jg{W�g�`Y£(g�r}�n`Yp�sÃ^"`

π
� `

^�U�£�UY[�^�Z2U h0\�e�u�Z�o0e0[��  VpYXµU�\0U�^0e�U �,l��I 7,x
Xqe"g�\�Z2W�g�Z�h0Z�X¨g0u�`�^�[�`�Xq`Yb�^0e�[�^�Z2b�Z�h�Z�[YZ�g0`¡h0\0e��<� ��l
o�`YUY[

Φ ó � ��[YZ2c.��g�Z o�c0] g(Z�c"�2Å0`�W¢^�UY£2UY[�^"s%X £0e0WYc0Z�X
g�Z0^�[�`�g�[YZ�u����µW�c.e e0pYXµU�^�]0[�� r�b�c�sÀu¾g�Z0^�[�\(Z�c"�2^�Z�X
Z���\"`Yp�Å�UnW²g(Z�c"�2Å0`AXMe�Wn[�`�g0e(Xaª6Un£0e�WYc�Z�X�g�Z(^([�`�g�[YZ�u��
[YZ h��0eje�p�X>U�\�U�^�e0ej^�Ua^�`Y��c��Oo�`��±[�W�]½g�u2`2^([�s

Φ ó � �|�h"\0`�u2`�] £0`YWY[�� \0e�W�� ¬"��� £2[YZ h�Z�g0`Yp�s9u2`AU�[
^�U�WYZ2WY[YZ2]0[�UYc.��^0Z�W�[��Äh"\�UYo�h�Z�c0Z�ªnU�^"e�]�Z{o�\�r�bdZ�XO�¢^�U
p�`�u2e�W�]��nUYX Z�[�W�e�X>X>UY[�\�e�ea�±�����µX>UYt�`�^"e�p�X>U¡W�o"u2e�by`
�n`Yp�s´^�`

π
��^�`�h0\"e�X>U�\<� X>`�b�^"e�[�^(Z(� h0\�e(XMUYW���� u

g�Z0^�[�`�g�[YU0�a�q[YZ��°ªnU{b�\�r0h�h(Z(�°`2uA[�Z0\�Z0u�h0\(Z(uAU�o�U�^0`
[�\0e"g0\0e�WY[�`Yc"c�e�£�U�W�g�`Y] Xq`Yb�^�e0[�Z�X>UY[�\�e�] u
W�h0U�Å"e0`Yc���^�Z�� b�U�Z�X>U�[Y\�e0e���h(Z�pYu�Z�c�]��n�nU��ie�W�g�c��±£0e�[��
uAZ�pYXµZ�ªV^�Z2WY[�� WYX>U��Ve"u2`�^�e�]iv�x�e �.xCuAZ�c�^0Z�u2sOt¨W�e�XMX>x

U�[�\0e"� ���(¥"���,�M`�g�e�X{Z���\0`�p�Z�X±�,h0\�]0Xqs%U ^"`Y�2c.�9o�U�^"e�]
g0u2`�^�[�`

Φó � �°u�e�[Y[�\�e(U�u�s%t Z���\�`Yp�Å0`�tº\0`YpYc�e�£0^�Z0�
�,Z�\0X>s·�+��®�©���¦��jeºu«h�c"U�^�g0`Yt HKJ 8>; ? � 5F6G�,��¦"���
8>O �S� �
� �V�X��x �X� � �0¥��Y� g�`�g¯�0s%c"Z¯Z�[�X>UY£�U�^�Z uº���0¥����
W�u�e0o�UY[�UYc��YWY[�u�r0�±[�Z �.xzu�Z�c�^�Z�u�Z0� W�e�X>X>UY[�\0e�e}�9�¡���
; c0UYo0r�U�[wZ�[YXµUY[�e0[���� £�[�Z�h�Z�h"s%[�g�e Z2�
!0]0W�^�U�^�e�]§f�[�e�t
ªVUÄf�g�W�h�U�\"e�X>U�^�[�Z0u{W{h0Z�p�e"Å0e"� v�xCuAZ2c.^�Z0u�Z�� W�e�XµXqx
U�[�\0e"e«h0\0Z�o0Z2c"ªV`2�O[�W�]>�p�Vo�^�`�g(Z}£0e�W�c"Z�h0\(]0XMsOt¯e
g�Z2W�u�U�^�^�s9t´W�u2e�o0UY[YU�c��AW�[Yu uÀh0Z�c��YpYr �.xzu�Z�c�^�Z�uAZ0�
W�e�XµX>UY[�\0e"e �±��� r�u�UYc�e�£�e"u2`YUY[�W�]>� T�`�e0��Z�c�U�U
W�U�\0��UYp�^�Z�U e�p ^�e0t � WYZ2WYr0�VUYWY[�u�Z0u2`�^"e�U
W�uAU�\�t.h0\�Z�uAZ�o0e�X>Z2WY[�e¾eÄ`2^([�e0�±U�\0\�Z2Xq`Yb�^�UY[�e(p�Xq`j|�WYX9�
\0`�p�o�� �<�C�2�A�

�.K��A��	�R0S��YR��,P 
�N ����
���N
� � � L������
� s uAZ2o�Z2��Z�h�\�U�o0U�c(]��±�±U���\�Z2c�e��Oc0r0g2[Yr�`�Å�e�Z�^0^�s%t

W�h0e�^�Z�u�s%t uYZ2p��2r�ªno�U�^0e0� h0\�e �9Z�\�XMe�\�Z�u�`�^0e�e
h�Z�uAU�\�t�^�Z�W�[�e#� U�\�XMe#� ���9��ga^0`�W�[�ZA]��,UYXµrau�\�U�X>U�^�e
o�Z�W�[Y`Y[�Z2£�^�Z�t�Z�\�Z��nZwZ2�2Z�W�^(Z�u�`�^i|�W�XO�µZ2�2pYZ�\�s ���2����¥�¦0�
eÀW�WYs%c�g�e uÃ^0e�tµ�A�Ä�,Z�xCu�e(o�e�XµZ�Xµr<�½fY[�e�X XµZ2ªV^�Z
Z2��!�]�W�^0e�[Y�´Z2WYZ2��U�^0^�Z�W�[Ye X>`Yby^�e�[�^0s%t W�uYZ���WY[�u_�.x
���
�9��� [�`�g�e�U g�`�g ^0`Y��c��9o�U�^�e�U h�W�U�uYo�Z��²U�c�eM�
o(e�^0`YXMe�£�U�W�g�e0� `Y^�`�c�Z2b �,`�p�Z2uYZ�b�Z \�`�W�W�c�Z�U�^�e�]
|dp�`Y\�]�o2Z�u�Z�U½r�h2Z2\A]�o�Z�£�UY^�e(U�� e ^�U�Z��2s
£�^�`�]}W�[�\�r�g�[�r�\�`
u�e2t0\�U�u�s
t�uYZ�p���r2ª±o�U�^�e�� �
� WYr(��UYW�[�uAZ0u2`�^"e0e �±c0r�g�[Yr0`2Å0e�Z�^"^0s9t � �

u�Z�p���r�ªVo�U�^"e0� u WYZ2UYo�e�^(U�^"e�]0t�� : ñ�L9D QXR D ;>=�? G �F¥ �A���
T 8N;N? �F¥,� ��¥-�"� e 8>O �S� �
� �F¥-�0©.¥�¥��´uAZ uAW�UYX
e�^�[YU�\0u2`Yc"U o0Z�h�e�\0Z�u2`�^"e�] t0Z0\�Z���Z e�p�uAU�WY[�^�Z.�
��Z2[YZ�f�X>e0WYW�e�Z0^0^�`�] W�h�U�g2[�\�Z�W�g�Z�h"e�] |����� "! Q �
8>O �S� �
�·�F¥S�"��h�Z0g�`�pY`�c�`��}£�[�Z���� u�Z2pY��r�ª6o�U�^"e�]
h�\0e�u�Z�o�]0[ g r�o�u�Z�U�^"e0� h�U�\�e0Z�o�` h0Z�u�U�\�t�^(Z�WY[�e
��U�\�Xqe�e¼W�u�]0p�`�^"^�Z�X>r}W½fY[�e0Xºh�Z�]�u�c"U�^�e�� c�e"^0e"�
^�e�p�g�Z�� e�^([�U�^�W�e�u�^�Z�W�[�e·�,Z�[�Z�fYc0U�g�[�\(Z(^(Z(u�� �>`�g0e�U
%2[YU�^(U�u�s9U,' W�Z�W�[YZ�]�^�e�] h�\0UYo�W�g0`Yp�`�^"s \0`�^�U�U u
�,U�^�Z�X>U�^(Z�c�Z�b�e�£2UYW�g(Z(��X<Z�o�U�c�e �F¥�¬"�qe�W�uY]0p�s9u2`Yc.e�W��VW
h�\�Z�Å0UYWYW�`YXqe{h0U�\�UY��\�Z2W�`½h�\�e Z Â

′ − −
Â

− # Z
<

� � ζ
�

b�o�U
ζ
� o0c�e"^0` W�e�c.��^"s%t ��� g�Z�\0\�UYc�]�Å�e0���½`

$
= (π

�
π)
� ��� u�U�g�[YZ�\i|���UYp�\�`YpYXµU�\"^0`�] uAU�c.e�£0e0^"`

¿ ^�Z0\�Xqe0\(Z(u�`�^�`�^0`�Z2�0\0`Y[�^�r��{h�Z�WY[�ZA]�^"^�r0�}\�U��nUY[�g�e
j����§�nc0Z�[�^�Z�WY[��«WYZ�W�[YZ�]�^"e0��� u�s%£(e(W�c"U�^�^�`�]�u���c�e�p�e
r(\�Z�u�^�]a��U�\�Xqe

ε% u h"\�UYo�h�Z�c0Z�ªnU�^"e0eaZ Xq`�g�W�e�X>r�X>U
W�h"e0^�Z�u�Z0��u�Z�W�h"\0e�X>£0e0uAZ�WY[�e�u¡Z�g�\�U�WY[�^�Z�W�[�e�uAU�g�[YZ�\"` # �
W�u�e0o�UY[�UYc��YWY[�u�r�U�[�Z�^"`Yc�e�£(e�e�W�h0e"^�Z0u�Z��¨h�WYU�uAo�Z0�nUYc.e
|�h0\0Z�u2`Yc.`ah0\"e

ε% e§Xq`�g�W�e�X>r�X>Z(u W�h"\0`�u2`ae§WYc0U�u2`����
"M`�g�Z�^"s o�e�W�h�U�\�W�e"e<� h�Z2c"r�£�U�^0^"s%U o0c0] 87O �,� �1�
XMUY[YZ2o0Z�X ���� &! Q �F¥,�0�Y� ^0U�h�Z�W�\(U�o0WY[�u�U�^0^0Z
W�u�e0o�UY[�UYc��YWY[�u�r0�±[ Z2� Z2[�g0\0s%[�e�e �nUYc�e ^"`
h0Z�u�U�\�t�^(Z�WY[�ep� U�\(X�e�uAo0Z2c.�Vc"e�^0e"ew|

π
��¦"� � |

π
�

π
�

h�\0e r�XMU�^"���nU�^"e0e¾g�Z0^0Å0U�^�[�\0`2Å�e�e o�s9\�Z0g � �«[YZ½ªnU
u2\�UYX<]¨e�p�r�£�U�^�e�U h�WYU�u�o0Z0�nUYc�e§u 8>O �-�.�
�wW h�Z�XµZ0�V�2�
[�r0^"^�U�c.��^�Z��ÀW�h�U�g�[�\(Z2W�g�Z0h0e�e¸�F¥�¥"��h�Z�g0`Yp�`Yc�Z �½£�[�Z
h�\0e�\0Z�o�` e W�e(XMX>UY[�\"e�] W�u�U�\�t�h"\�Z0u�Z2o(]��²U�b�Z
W�Z�WY[�Z�]�^�e�] ^�U{p�`�u2e�W�]0[{Z2[{WY[�U�h�U�^�e o0Z�h"e0\�Z�u�`�^�e�]>�

|]+Nu
t-v,tSq{e_^ r,e�g
j,q`,2g
s\j�. u<iSe�g�a�r9g
t9iSt�4,w�^NtSu<qcb u � d�i9tfe sXtSi-tSx u<w�^'^Ne9qIg
wXe9x rXj<g
jf^ e<qNg
j r,t�g�.g4,vXj

�9Ø<��ØY×­Î>Ô�ØE��×�Ø��"ÒdÊ9��Ó�Ê9�YÎ�Ò+�
��ÏYß àYà�á�ÏzÒ�È��E�0Ï��{ß�ß ß��<�('



�µUYpYr�c.�Y[�`Y[�s e�p�X>U�\�U�^"e0� �,� � e ^0`���c��Oo0U�^�e��
e"^0�n\0`2g�\"`YW�^�s9t W�h�U�g�[�\�Z�u �F¥�®"�Ár"g�`Ap�s,u�`��9[ ^0`
uAZ�p�^0e"g�^0Z�u�U�^�e�U h0WYU�uAo�Z(�²U�c.e o0c�] WYc�`Y��Z
o0Z0h0e"\�Z�u2`2^�^0Z�b�Z |�h"\0e � ∗ >

�
	�� e Z2h([�e�XM`�c���^�Z
o�Z�h�e0\�Z�u�`�^�^�Z2b�Z�|yh�\�e � ∗ =

� 	 �9W�Z2W�[�`�uYZ�u��
l ^�`YWY[YZ�]��nUYXMr·u2\�UYX>U�^�e e�XµUYUY[�W�] ^0UYW�g�Z2c.��g�Z

\"`Yp�c"e0£�^�s%t{b�e�h(Z�[�U�p§ZÄh0\0e"\�Z�o�U h0WYU�uAo0Z��²U�c.e{|�WYX±� �
^"`�h�\�e�X>U�\<�¢\�`��2Z�[�r �9�(\�e0g�Z�W�Z�u2`¼� ¥�¤"��e¼W�W�s%c.g�e u
^�U�� ��� � Z��2pYZ�\�U ��u�£0e0^"^0e�g�Z0u2`À�F¥�¦"�«u2s%W�g0`Yp�`�^�Z
h"\�UYo�h�Z�c0Z�ªnU�^"e�U�� £�[YZ uAZ2p�^�e�g0^�Z0u�U�^0e�U h�W�U�u�o0Z��nUYc�e
W�uY]0p�`�^0Z W p�`�\(]0o�Z0u�s%X r0h�Z�\(]0o�Z�£�U�^0e0UYX
|�o�e�^�`YXqe�£�UYW�g0e(X�`�^�`Yc0Z�b�Z�X �n`YpYZ0u�Z2b�Z \0`YWYWYc�Z�U�^"e�]µ����g
g�Z�[�Z0\�Z�X<r h"\0e0uAZ�o"e�[´W�UYb�\�UYb�`�Å"e�] o0Z0h0e"\�Z�u2`2^�^�s%t
o�s9\�Z�giu�h"\�Z0u�Z�o�]��Ve�U¢Z���c�`YW�[�ej�F¬�¦���|�^"`�h�\0e(XMU�\<� u
h"\�Z0u�Z�o�]��Ve0U§g�`2h�c.e¾T�`�b�`YU�u2` �F¬�¦0��� ejZ���\"`Yp�Z�u2`�^"e�U
o�e�fYc0U�g([�\0e(£�UYW�g0e�tjc0Z0g�`Ac��2^�s%t½o�Z�X>U�^�Z0u W �2c.e�ª�^0e�X
��� h�Z0\�]0o�g�Z�X �­¥9�<� ¥�¬���� �nZ2o�Z���^�`�] X>Z�o�UYc��
h�Z2c"Z2ªVU�^0` u Z�W�^�Z0u�r X>e�g�\�Z2W�g�Z0h0e�£2UYW�g�Z0� [�UYZ�\�e�e
u�s9WYZ�g�Z�[�UYXqh�U�\"`Y[Yr(\�^0Z��{W�uAU�\(t�h0\(Z(uAZ2o�e�XµZ�WY[�e¼�%XMU�\0e
e o�\M� �F¬ ��� |�W�XO�¢^�e�ª�U���� �q[�e b�e�h�Z�[�UYp�sÁ�F¥�¤2©<¬"�2���
[�`�g�ªVU g�`2g e u2s%W�g0`Yp�`�^�^�s%U u Z��2pYZ�\�U �­¬-�"�
h"\�UYo�h�Z�c0Z�ªnU�^"e�]aZ�\�Z�c�ea�±c0r�g�[Yr(`�Å0e"�a�6`Yp�s{�±���}u
W�e0c"�2^�Z `�^"e�pYZ2[�\�Z0h0^�s%t � �
�,� u u�Z�p�^"e0g0^(Z(uAU�^�e�e
h�W�U�u�o�Z��nUYc�eM��u�WYU�ª6U�Z�WY[�`2uAc�]��,[�u�Z0h0\�Z2W�Z�h0\0e"\�Z�o�U
h�W�U�u�o�Z��nUYc�e Z2[�g0\0s%[�s%X,�

�WcJ$<c��>j<g�.g4,t-i9tSe-, rXt�gg.g4,t9~2e<sXwXe
T `Y£0e0^"`�] W h�U�\"u2s%t h0\�U�o0h�Z2c"Z2ªVU�^0e"� Z

u�Z�p�X>Z�ª²^�Z2WY[�e WYU�b�\�UYb�`�Å"e0e o0Z�h�e�\0Z�u2`�^"^0s9t o�s9\�Z�g u
��� o�e(f�c"U�g([�\�e�g�U e Z��0\0`Yp�Z0u�`�^0e�] Z���c�`YWY[�U��<�
W�uAZ���Z�o(^"s%t Z�[ c�e"�V^"e�t o�s9\(Z(g e %��2Z�b�`�[Ys9t
'
e0X>e �­¬�¦"��� e f�g�W�h(U�\0e�X>U�^([�`Yc.��^�s%t ^0`Y��c��±o0U�^0e"�
\0`�WYW�c�Z�U�^0e(] �n`Yp¢u�c"`�^0[�`�^�Z0u2s%t�g�r0h"\0`Y[�`Yt½�F¬-���±f�[YZ2[
u�Z0h0\�Z�W h�\(Z2o0Z�c0ª�`YUY[ e0^�[�U�^�W�e�u�^�Z e�pYr�£0`Y[��YW�]>�
�6Z�o0[�uAU�\(ª6o�U�^"e�U W�u�](pYe W�uAU�\(t�h0\�Z�uAZ�o(e�X>Z2WY[�e e
�6`YpYZ�uAZ�bdZÃ\0`YWYW�c"Z2U�^"e�]>�¨W�uY]0p�`�^�^0Z�b�ZºW¯pY`2\�]0o0Z�u2s%X
r(h�Z�\(]0o�Z�£�U�^0e�U�XO����sOc0Z�h0Z�c�r�£�U�^�Z�u�\"`Y�2Z�[YU�� ¬-�.�E)0o0c�]
u2s%WYZ(g(Z�g0`Y£�UYW�[�u�U�^0^�Z2b�Z«g�\�e�WY[�`Yc�c�` � :�ñ ;>=�?VG�C<D h0\"e
� =

¦���¦-��\0`AW�WYc0Z�U�^�e0U �n`Yp ^�U ^�`Y��c��Oo�`Yc�Z�W���� ^�Z�h0\"e
f�[YZ2X � 	

−�
�1� l¡�6`aua��Z2c"UYU�o0U��9U�g�[�^�Z�X}g�\"e�WY[�`Yc"c0U

r�ª�U�h�\�e � =
¦���¦-��Z(^(Z¢h"\�Z0e�W�t"Z2o"e�[ e��
	

−�
�0¦�l¡�

kqZ2c.���VZ��½e�^0[YU�\(U�Wau2s%p�s9u2`AU�[ae�pYr�£�U�^0e�U uAc�e�]�^"e�]
o0Z�h"e0\�Z�u2`�^"e�] ^0` p�`2\�](o�Z�u�Z�U r0h�Z�\�]0o0Z�£2U�^"e�UX) u
o0Z�h"e0\�Z�u2`�^"^�Z0�¸X>U�o"��� W�e�WY[�UYX>U � : ñ ;7=z? G1CED h0\"e
g�Z2Xq^"`Y[�^�Z0� [YUYX�h(U�\0`A[�r�\�U Z2�0^0`�\�r�ªnU�^"s
XMUY[�`Yc0c�e(£�UYW�g0e�U h(Z�c�Z�W�s |�X>UY[�x¶W�[�\0`2��h�sn� e
^0U�h0\�Z0u�Z�o�]��Ve�UÁh�Z�c0Z�W�s WÁh�U�\�e�Z�o0Z2X Z�g�Z�c0Z �2�
� ���F¬2�"������fY[�Z���ª�U6W�e�WY[�UYX>U0�0o0Z�h�e�\�Z0u2`�^"^�Z0��	 J¢e QXR �e0p�r�£2U�^�` W�u�](p�� X>UYªno0r WY[�\�`���h�xz�n`Yp�`YXqe e
W�uAU�\�t.h0\�Z�uAZ�o0e�X>Z2WY[���� � W r�u�UYc�e�£2U�^�e�UYX
g�Z�^"Å0U�^�[�\0`�Å"e�e¼W�[�\�Z�^�Å"e�]�Z�[Ä¦.�z�1� o0Z}¦"� ��¦ ��[0� U�� W
r�X>U�^����²U�^"e�UYX �Ve�\�e0^"s ^�U�h0\�Z0u�Z�o�]��Ve0t¯h(Z�c�Z�W�� �z	
r(uAU�c.e�£0e"u2`YUY[�W�]¯Z2[Y�«o�Z �1�°l �F¬�¥0�Y� �µUYp�r�c.�Y[�`Y[�s
^0UYo0`2u2^(Z Z�h0r���c�e"g�Z(u�`�^�^�s%t e�p�X>U�\(U�^"e0� � ¬�¬"�
r���UYo�e�[YU�c"�2^�Z W�u2e�o0UY[YU�c��AW�[Yu�r��O[ Z [�Z�X,�Ã£2[YZ u
c�`�^�[�`�^�Z�u2sOt W�e�WY[�UYXq`Yt [YUYX�h(U�\"`Y[�r0\0` p�`�\�](o�Z(uAZ2b�Z

5���¤�¶�� Õq5rÊ§Â�Þ�Ê§½§Ý�Æ�ÀLÆLÆ�ß§Â¯Ø�Ý�¾­��Ê§Ñ�Æ�ÊOÆ�ß§Þ�Ê§Ý�Ê§Ñ�ÆräLÃ�Ìr¾�Ñ�ÆrÝ�Ä�Î�Ü�Æ�Þ
¼���Û =q=«÷×Þ�Æ�ÌrÝrÂrÃ§ÌrÂ�Á�Â�Þ Ë�È§Ä�â ½§Ý�ÆrÌrÝ�Æ�Ã§½§¾�Ç�Ç�Æ�ç¯Ê§Ã§Ì�Æ�â Â�Ø�Ý�¾�ß§Í�Â�È
èué�ê�ë ��Ã§Ç�Ê§È¯¾ 7 Ã�Â�Ë�Ñ�Æ�Þ

π
÷×Ì�Â¯Ñ�½§¾�Ì�½§ÂrÞ�Ö�Ã§Á�Ý�¾�È�¾½7 Ø�Ê§ß

π
÷

ÌrÂ�Ñ�½§¾�Ìr½§ÂrÈ�Õ ��Ø¯Ý�¾�ß§Í�á Â�â�Çr¾���Ë�Ê§Ñ�á È Á�Â�Ç�Ê �
<
Ù Þ�5�Ã Æ

Ã§Ìr¾�ÑrÆ�Ý�Â�È�¾�Ç�Æ�Ã§¿mÁ�ÝrÆ±G�Ö ñ � Õ<6+=�ß�Ý�¾�Ø�Â�½§á?> 3�ó @ :�Õ

5��r¤�¶	� Õ H�Â�ËrÄ�Ç�À�Í�Æ�À=ÌrÝ�Æ�½§Æ�ç�Ê§Ã§ÌrÂrÔÅÂ@½§Â�Ìr¾@Þ�¾�Ô·Ñ�Æ�½§Ñ�á�Þ Á�Â�Ç�Ê§Þ È
Æ�ß§Þ�Ê§Ý�Ê§Ñ�Æ�À�â5¼���Û =%=�÷×Á�Ý�Æ�Ø�Â¯Ý�¾�Þ�ÆLÃ3Ë�È�ÄrÞeÀ@Ë��uÂ�ß§ÊF;�Ã§Â¯Ñ�Â�È�Ã§ÌrÆ�Þ�Æ
ÌrÂ�Ñr½§¾�Ìr½§¾�ÞeÆ 6·ÞeÂ�Ñ�Â�ÌrÝ�Æ�Ã§½§¾�Ç�ÇNè�é«ê�ë 7 Ø�¾�Ý�¿�Ê§Ý5Æ�ßMß§ÂrÇrÂ�½§¾¨7
½§ÂrÑ�Ìr¾�À�Á�ÇrÊ�ÑrÌr¾&Æ�ß�Ã§È�Æ�Ñ�Í�¾ : > 3!Ï
@�È ÄrÔ·Ç�Â�È�Â¯ä ÌrÂrÑ�;�Æ�Ô ÄrÝ�¾�Í�Æ�Æ46 � :uÆ
È&ÁrÇ�Â¯Ã�ÌrÂ�ä�6 
 :�Õ

b7c�b7cIdfeMg�h�e
e9i9j4kmlnc
opcIdfq�e9rXj,sXt-i9u
v\wXx,kzy{c�|{cN}fe9~-vXwXs

ß��E��� �9ØE�yØ�×ÛÎMÔYØ<��×­ØE�"Ò­Ê��.Ó�Ê���Î�Ò+�E��ÏYß­àYà�á�ÏzÒ�È����0Ï1�{ß�ß



r�h(Z(\�](o�Z2£�U�^�e�]À|
� å�� � ����¬ ���§p�^"`Y£0e�[YU�c���^�Z�u�s9�nU
[YU�Xqh�U�\"`Y[�r0\0s W�h�e�^0Z�u�Z�b�Z r0h�Z�\�]0o0Z�£�U�^"e�] |
� � É �����¦ ���A��e�h"\0ea�

> ����� ^"`Y�2c.�9o�`��±[YW�] �,c�r�g�[�r0`2Å�e�e
WY[�\�`2�0h"xC�±`�p��

� �0e ^0`A�2c.�9o0U�^0e"e«o�`Yc.��^0U��«[YZ0^0g�Z��¯WY[�\�r0g�[�r0\0s
\�U�^([�b�U�^0Z�u�W�g�Z�bdZ h�Z2b�c�Z(�²U�^"e�] e f�c�U�g�[�\�Z�^�^�Z0�
o�e"�,\"`�g0Å0e"e �F¬�®"�¸u 8>O �-� �E� u h(c�Z�W�g�Z�W�[�e � �
Z���^"`�\�r0ªnU�^0Z £2U�\0UYo�Z(u�`�^�e(U XMUY[�x WY[�\�`���h W
^"e�p�g�Z2[YU�Xqh�U�\"`Y[�r0\0^�Z�� Z(\([�Z�\0Z�XM��e0£�UYW�g�Z0��WY[�\�r0g�[�r0\�Z0�
e§h�Z2c"Z2W o�e(f�c"U�g�[�\0e�£�UYW�g2Z0�i[�UY[�\�`�b�Z0^0`Yc���^�Z��§�n`Yp�s{W
�¡e0\0e"^0`�X>e �.� �Xj�e�¤"� �Xj�WYZ2Z�[�u�UY[�W�[�u�U�^"^�Z�|�W�X±��\0e�W0� �,�
u«�F¥�¦0����� l h�Z2o�Z���^0Z�X>r}p�`�g(c��±£�U�^0e"�Àh�\0e�u�Z�o�e�[Äe
`�^0`Yc�e(p¢o0`�^0^�s%t ���� &! Q e(p�X>U�\�U�^"e0�iu 87O �,� �1�§�F¬�¤0�Y�
�¸W�r0��U�WY[�u�Z0u�`�^�e�UYX h�Z�c0Z�W}[YU�[�\0`Yb�Z�^�`Yc.��^0Z��º�n`Yp�s
X>Z�ªV^0Z W�uY]0p�`�[Y� ^"`Y��c"�,o0`�u2�Ve0��W�] h"\0e �

< ���Xq`�g�W�e0X<r0XÃh0Z�b�c0Z0�nU�^0e�]¯f�^�U�\�b�e0e°^�e(p�g�Z�£0`YW�[YZ�[�^0Z�b�Z
p�u�r0g0` u�u�e�WYXMr�[YZ0u2s%t§Z2�0\0`Yp�Å�`Yt�� W�Z�o0U�\�ª�`��Ve�t¨�n`YpYr
�,� �
� |�WYX9� � ®�¦��_e W�W�s%c�g�eºu«^0U��.��� g g�Z�[�Z0\�Z�X>r
h"\0e"u�Z2o"e�[ u2g�c.`Yo u W�uAZ2��Z2o"^�r�� f�^�U�\(bye"�
uAp�`�e�X>Z2o0U���WY[�u�e�]ÃZ2o�^(Z(\(Z�o0^"s%tÃo0U��,Z�\0X>`2Å0e"� W

η ö|�\0`Ap�o>� � �z�2���
 Vp�r�£�U�^0e0U \0`YWYWYU�]�^"e�] ^0U���[�\�Z0^�Z0u½u T 8N; ? �­®��2�

W�u2e�o0UY[�U�c.�YWY[�uAr�UY[ Z{W�r"�nU�WY[�u�Z�u�`�^�e�e«h�Z�o�Z���^�s%t
� ^�Z
^�U�r0h�Z�\�]0o0Z�£�U�^"^0s9t WY[�\(r�g�[�r0\�� �<U�pYr�c��Y[�`Y[�s
e�W�WYc0UYo0Z0u2`�^0e(] W�h�U�g([�\0Z�u ]0o0U�\0^0Z�b�Z
g�Z�X<�(e�^�`�Å"e�Z0^0^�Z2b�Za\0`YWYW�U�]�^�e�]�up5�� 8>:�ñ9;7=�G<?8Ó �­®-�"�
�ao0c�]ºZ2�
!�]0W�^�U�^"e�]�g2Z�[YZ�\0sOtº��s%c.`«e�W�h0Z�c��YpYZ�u�`2^0`
X>Z�o�U�c.�p%�W�h"e0^�Z�u�s%tac0U�WY[�^0e�Åz'"� ®-�"�Y��[�`�g�ªVU�h"\0e0u�Z�o�]0[
g«u�s9u�Z2o�r�Z}p�`�\�]0o0Z�u�Z�Xºr0h0Z�\�]0o�Z�£�U�^0e"e<� �V\0e"\�Z2o�`
p�`�\�]0o�Z0u�Z�b�Z§r(h�Z�\(]0o�Z�£�U�^0e(] e Z�£2U�u2e�o�^�Z0� W�u�](pYe UYb�Z
WYZ W�u�U�\�t.h0\�Z0u�Z�o�e0X<Z�W�[���� Z0g�W�e(o0Z�u X>UYo�e ^�U

r�WY[�`�^0Z�u�c"U�^0` e h"\�Z�o0Z�c0ª�`YUY[ e"^�[�U�^�W�e0u�^0Z
Z���W�r�ªVo"`Y[��YW�]¨�­¬���� ®-�.���7� \0`Y��Z2[�`Yt �F®S�.�,\"`Yp�u2e�[�s o�u�`
\0`�p�c.e�£0^"s%t h�Z�o�t"Z2o"` g e0^�[�U�\0UYW�^(Z(� e�o0U�U Z
W�r0��U�WY[�u�Z0u�`�^�e0e u fYc�U�g�[�\(Z(^�^0Z�� h�Z2o�W�e�W�[�U�X>U}o0u�r�t
h�\�Z�W�[�\0`�^�W�[�u�U�^0^�Z \"`YpYo�UYc"U�^0^"s%t g�Z�Xqh�Z0^�U�^�[,)0Z�o0^"`Ve�p
^�e�t WYZ�W�[�Z(e([ e�p´c"Z�g0`Yc.e�pYZ�u�`2^0^"s%t>� o0\�r�by`�] e�p
g�Z2c"c0U�g�[�e�u2e�p�e0\(Z(u�`�^�^�s%t f�c"U�g�[�\�Z�^�Z�u"�

T�U�g�Z�[YZ�\�s9U u2`Aª²^"s%U p�`�g�Z(^(Z�X>U�\0^�Z�WY[�eiW�h0e�^(Z(uAZ2b�Z
r(h�Z�\(]0o�Z�£�U�^0e(] o0c�] � :�ñ�÷ D QXR D ;>=�?VG | � :,QXR x�� ���µ�>W�Z2o�x
^0Z�� h�c"Z2W�g�Z�W�[Y�2� ;7=
?8ñ �«e T Ï+L D ;>: D 8>:�ñ9;>=03<?BA!Ö ó�ñ|�T ;>: xy�1�-�<�µW�o�uAr�X<] h�c0Z�W�g�Z2WY[�]0Xqe ;>=�? ñ �¡h�Z�c0r0£�U�^"s
^0UYo0`2u2^(Z h0\�e e�pYr�£�U�^"e0e u�\0`��nU�^�e�] W�h�e0^�Z�u
X��OZ0^�Z0uÄ�F®,�0�Y�  Vp�X>U�\�U�^�e�]ÄW�h0e"^�Z0u�Z��Äh�Z2c�]�\�e�p�`�Å"e"e
X��OZ0^�Z0u�h�Z�p�u�Z�c�e�c�e�Z�Å0U�^0e�[��¡\0`YpYXMU�\0sj^0UYXM`Ab�^�e�[�^0sOt
Z���c�`YWY[YU�� � Z(^�e´X>U�^��2�nU ��¦ � �"��T�` \0e�W�� ®
h�\0e�u�UYo0U�^"s Xq`Yb�^�e�[�^"s%U �n`YpYZ�u2s%U¸o�e0`Ab�\0`�X<X�s u
p�`�u�e0W�e�X>Z2WY[�e¾Z�[ g�Z0^0Å�U�^�[�\0`�Å0e�e¾o�s9\(Z(g ³ � � u h�c"Z�x
W�g�Z�W�[�e ;>=�?8ñ � ^�` g2Z�[YZ�\0sOt Z�[�X>UY£2U�^�s [�\"e
\0`�p�c.e�£0^"s%U \�UYª�e�Xq` XM`�b�^"e�[�^�Z�bdZ h�Z0uAU�o0U�^0e(]>� �
Z���c�`YWY[�e�XM`Ac�s%t ³ � � |y\�U�ªVe�X����9W�h0e�^�s ;>= ñ�C e W�h"e0^"s
o�s9\�Z0g�r0h0Z�\�]0o�Z�£0e0u2`��±[YW�]�^�U�p�`�u2e�W�e�XµZz) h(U�\"u2s%U ��u
��;_��� W�Z�W�[YZ�]�^�e0UÄh0\�e [�U�Xqh�U�\�`Y[�r0\�U{TVUYU�c�] �
	V�
h0Z�W�c"U�o0^"e�U�%�p�`YX>U�\�p�`��O[2'}h�\0e �
� � ; h(Z(u�s9�nU�^�e�UYX
³ � � h"\0e � 	

(
³ � � ) =

� �
(
³
� � ) = =

��� h"\�Z0e�WYt�Z�o�e�[
h0U�\�UYt0Z�o u WYZ�W�[�Z2]�^0e�U«W¯W�e�c.��^�s%Xqe Xq`Yb�^�e([�^"s%Xqe
g�Z�\"\�UYc�]�Å�e(]0XMe |�\�U�ª¡e�X������A�¢h�Z�o0Z2�0^�Z�UjW�Z�W�[YZ�]�^0e��
W�h"e0^�Z�u�Z�b�Z�WY[�U�g�c.`a|�`�uA[�Z�\0s«^0`Yp�u2`Yc.e�fY[YZaW�Z�WY[�ZA]�^"e�U
%�g�c"`�WY[�U�\"^0s%X´W�h�e�^0Z�u2s9X¸WY[�U�g�c0Z�XN'��A� �V[�WYr�[�WY[�u2e�U
o�`Yc���^�UYbdZ � � h0Z�\�]0o�g0` X>Z2ª�^(Z Z�� !�]0W�^�e0[��
Z�b�\0`�^0e�£2U�^�^0sOXMe \"`YpYXµU�\�`YXqe �

(
³ � � ) ≈

³
� �− Ï���ñ � �
Z���c�`YWY[YU��<� u�Z2p�^"e0g0`��n�Ve�t h�\0e p�`�\(]0o�Z0uAZ2X
r(h�Z�\(]0o�Z�£�U�^0e"e<� � \(U�ª�e(XMU ����� W�Z�WY[�ZA]�^"e�U
%�g�c"`�WY[�U�\"^�Z�b�Z�W�h0e"^�Z0u�Z2b�ZaW�[YU�g(c�`,'aWYZ�WYr0�nUYW�[�u�r�UY[ W�Z
W�uAU�\�t.h0\�Z�uAZ�o�]��¡e�X¯WYZ2WY[�ZA]�^�e�UYXº|�`2uA[�Z0\0s Z2[YXMUY£0`��9[
c�e0���¨^(U���Z2c.���nZ�UaZ2[Yc�e�£0e�Uap�`�u�e�W�e0X>Z2WY[�e �
�

(
³ � � ) Z2[

[�`�g�Z�u�Z0� o�c�] ^�UYW�uAU�\�t"h�\�Z0uAZ2o�]��Ve�t Z���\0`Ap�Å0Z0u����
 Vo0U�^�[�e�£0^�Z�W�[�� Xq`Yb�^�e�[Y^�Z2b4Z¯h2Z�uYU�o�U�^�e�]¯W�Z2U�o0e0^�UY^0e��
� :-Q,R x ����� e T ;>: x4���9� h0Z�p�uAZ2c�]0U�[ WY£�e�[�`Y[��
W�Z�WYr(�²U�WY[�uAZ�u�`2^0e�U � � e W�u�U�\�t�h"\�Z0u�Z2o(]��²U�b�Z
W�Z�WY[�Z�]�^�e�� W�uAZ���W�[�u�Z�X±� h"\0e�W�r0�Ve�X h�c�Z�W�g(Z�WY[�]0X
;>=�? ñ �

�Wc #�c�|Kw�aXg
w
��uAZ(�(W�[�u2` u2e�t�\�U�u�Z�b�Z¯WYZ2WY[�Z�]�^0e(] W&�.xzu�Z�c�^�Z�uAZ0�

W�e�XµX>UY[�\0e�U��´�9�¡� WYr0�nUYW�[�u�U�^�^(Z Z�[�c.e�£0`��±[�W�] Z2[
W�uAZ(�(W�[�u v�xÛ~�� ; ���q�V\�UYªVo�U¢uAW�UYb�Z�u�Z�p�^"e0g0`YUY[�u�Z0h0\�Z2W
Z uAc�e�]�^"e0e p�`�\�](o�Z(uAZ2b�Z§r0h�Z0\�]0o0Z�£�U�^"e�]_^0`i\�U��²U�[�g�r
u2e�t�\�U��>�Z�À\�`Y��Z�[YU«�­®S�"� Z�[�XMUY£0`YU�[YW�] p�`�u2e�W�e0X<Z�W�[��
h0Z�W�c"U�o0^�U�� Z�[,t.`�\0`2g�[YU�\0`��6`YpYZ0u�Z�b�Z \�`YW�WYc�Z�U�^"e�]m)�h0\"e
X�e�g0\�Z�W�g(Z�h"e�£�U�W�g0e�t \0`�p�XMU�\0`At½WY[�\"`��0h�xz�n`Yp \(U��nUY[�g0`
u2e�t�\�U��jW�r0�nUYW�[�u�r�UY[�u�Z u�WYUYX Z��
!�UYX>U�Z���\�`�p�Å"`�Q6h0\"e
X�`�g�\�Z�W�g�Z0h0e�£�UYW�g�e�t«|�Z�g�Z�c0Z �0¦�¦�¦ � �0�Y� [YZ2c.��g�Z u
XMUY[�x WY[�\"`��0h�`Yt
�

5��r¤�¶ ´ Õ{H ¾�Ô·ÑrÆ�½§Ñ�¾§À ;u¾�ß§Â�È¯¾ÚÀHË�Æ�¾¯ÔÅÝr¾�Þ�Þ�¾ Ì�¾¯ÌÃ;�Ä�Ñ�ÌrÍ�Æ�À
ÌrÂ�ÑrÍ�Ê�Ñr½§Ý�¾�Í�Æ�ÆTË�á�ÝrÂrÌ � ��� Ñr¾�Á�Ç�Â�Ã§ÌrÂ�Ã�½§Æ
ê��!ë � Ë�Ç�ÀOÃ§Â�ÊÅË�Æ�Ñ�Ê§Ñ�Æ�ä� � � − @ ��� @ ê � � � 6 Âr½§Ì�Ýrá�½§á�Ê/Ã§Æ�Þ�È�Â�Ç�á�: Æ è �

−
@ ê � @ é � � ê�� � ë ���  �6Å½§Ê§Þ�Ñ�á�ÊbÃ§Æ�Þ�È�Â�Ç�á�:�Õ
!eÊF�uÆ�Þ@Ä�Á�Â¯Ý�À�Ë�Ârç�Ê§Ñ�ÆrÀ?Ã§Á�Æ�ÑrÂrÈ 6·ÝrÊ4�uÆrÞ#" :­�

ß§¾�È�Æ�Ã§Æ�Þ�Â�Ã§½§ÆL½§Ê�Þ�Á�Ê§Ý�¾�½ÅÄ�Ý�á ��Ê ′ Ê§Ç�À � $
(
� %'&

) å ÁrÆ�Ñ�Â�È ê�� �)( È�3 �
*<1ÿÃ§Â�Ã�½§Â�À�ÑrÆ�Æ 6

❏
Ö

■
:¯Ö ½§Ê§Þ�Á�Ê§Ý�¾�½ÅÄ�Ýr¾ûß§¾�Þ�Ê�Ý�ß§¾¯Ñ�ÆrÀ;Ã§Á�Æ�ÑrÂrÈ

Ë�Â�ÁrÆ�Ý�Â�È�¾�Ñ�Ñ�á�âúË�á�Ý�Â�Ì � +
(
� %'&

)
6
❍
Ö

●
:�Õ,!�ÊF�uÆ�Þ;ß§¾�ÝrÀrË�Â¯È�Â�ÔÅÂ

Ä�Á�Â�ÝrÀ�Ë�Â�ç¯Ê§Ñ�Æ�À 6 Ý�ÊF�uÆ�Þ-"�" :d�«Á�Ê§Ý�Ê§â�Â�Ë@È?Ã§Â¯Ã§½§Â�À�Ñ�Æ�Ê8ÌrÇ�¾�Ã§½§Ê§Ý�Ñ�Â�ÔÅÂ
Ã�ÁrÆ�Ñ�Â�È�Â¯ÔÅÂ8Ã§½§Ê§ÌrÇ�¾ � .

(
� %/&

)
Ö*ÌrÂr½§Â�Ý�Â¯ÊBÈ�Ý�ÊF�uÆ�Þ�Ê0")"1" Ã§Â¯ÃÚÄrÜ¡Ê§Ã�½§È§Ä�Ê§½

Ã�ÂmÃ�È�Ê�Ýrâ�Á�Ý�Â�È�Â�Ë�Æ�ÞeÂ¯Ã�½§¿�Î 6
∆
Ö

▲
: > Ó�Ù1@·Õ

|]+Nu
t-v,tSq{e_^ r,e�g
j,q`,2g
s\j�. u<iSe�g�a�r9g
t9iSt�4,w�^NtSu<qcb u � d�i9tfe sXtSi-tSx u<w�^'^Ne9qIg
wXe9x rXj<g
jf^ e<qNg
j r,t�g�.g4,vXj

�9Ø<��ØY×­Î>Ô�ØE��×�Ø��"ÒdÊ9��Ó�Ê9�YÎ�Ò+�
��ÏYß àYà�á�ÏzÒ�È��E�0Ï��{ß�ß ß��<�32



� vyxÛ~��
�,� Z2W�^0Z�u2^�Z�� u2g�c�`Ao u h(c�Z�[�^�Z2WY[��
WYZ�W�[YZ�]�^"e0���

( � ) o�`��±[½c"Z�g�`Yc�e�pYZ0u2`�^0^"s%UÄu2e�t�\�U�u�Z0�
c.e0^"e�U�� W�Z � [YZ�]�^0e�] �F®�¥0�<)��

( � )
� � % ξ

ñ |�� % �
h�c0Z�[�^(Z�WY[���WYZ2WY[YZ�]�^�e��au ^�Z0\�Xq`Yc���^�Z2X XMUY[�`Yc�c0U�Q

ξ
�

o0c.e0^"` g�Z�b�U�\�U�^�[�^�Z�WY[�e<��� �>`�g0e�U WYZ2WY[YZ�]�^�e�]
WYr��nUYW�[�u�r0�O[ e o�c0]§�,�V� W�c.e0^"e�U��i^0r�c0U����MZ�o0^�`�g�Z �
g0`�g�h�Z0g�`�p�`�^�Z u¡\�`Y��Z2[�U �MZ�c�Z�u�e0g�`¡� �,�0����e�t�u�g�c�`�o�X>`Yc
h�Z W�\0`Yu�^�U�^�e0� W u�g�c�`�o�Z�XÁZ�[«o�UYc�Z�g�`Yc0e�p�Z�u�`�^�^�s%t
WYZ�W�[�ZY]�^�e0�M��\�`�u�^0s
X

�
(
¦
)
� � % √

� � � 	 ñ �
pYo0UYW�� � 	 ñ � u�U�\�t�^0UYU g0\0e�[�e�£�UYW�g2Z�U h�Z2c"U0�
"M`�u�e0W�e�X>Z2WY[���h�c0Z�[�^0Z�W�[�e W�Z�WY[�Z�]�^�e�� Z2[ Xq`Yb�^0e�[�^0Z�b�Z
h�Z2c�] o(`AU�[¸h�\�Z�h0Z�\�Å�e0Z�^�`Yc.��^�s9� � Ï � ñ u�g�c�`Yo u
[YU�h�c0Z�UYXMg�Z�WY[��"� ^0`���c��Oo�`�u2�Ve"��W�] u \0`Y��Z2[�`YtÁ�+�-���Y�
�>`2g�e�UÄo�UYc�Z�g0`Yc�e(p�Z0u2`�^�^�s%U¾W�Z�W�[YZ�]�^"e�] h�\�e0uAZ�o2]0[{g
W�e�^(b�r�c0]�\0^�Z�WY[�ewu2e�t�\�U�u�Z0� h�c0Z�[�^0Z�W�[�e�WYZ�W�[YZ�]�^"e0� e g
Z�WYZ2�0s%X�p�`�g�Z0^0`YX h�Z�o�Z���e(] [YU�\�X>Z�o0e"^0`�X>e0£�UYW�g�e�t e
g0e"^�UY[�e(£�UYW�g0e�t W�uAZ0��W�[�u �µx ���
�,� h0\�e ^�e0p�g�e0t
[YU�Xqh�U�\"`Y[�r0\0`Yt�u Xq`Yc�s9t�h(Z�c(](t |����
	�� 	

S
���F®�¬"���

79c0] W�u�U�\�t0£0e�W�[Ys9t �.x+� �
�,� h"\0e ^�e0p�g�e0t
[YU�Xqh�U�\"`Y[�r0\0`Yt |
� � 	 � 	 � c0Z0g�`Ac�e�p�Z0u2`�^"^0s%U
u�e0t�\�U�u�Z�� c�e"^0e�U��§WYZ � [�Z2]�^0e(] W�r0�nUYWY[�uAU�^0^�Z¨uAc�e�]��±[
^"` o�e�^�`YXqe0g�r o(u�e0ªnU�^�e�] u2e�t.\�U�� h"\0e
� � � 	 ñ 	
	 � � �m	<) h�Z�]�u�c�]0U�[�W�] g�Z�^�UY£(^�`�]
o�e�WYW�e0h"`�Å"e�] h�Z�[�Z�g0`�� Z2��r�W�c"Z�uAc�U�^0^"`�] `�^0`�c�Z�b�Z�X
p�`Y[�r�t.`�^�e�] �²`�^(o�`YrÄ^�` XMZ�o�`Yt ujg�Z�\�U u2e�t.\�]��F®�®0�Y�
�nZ�]�u�c"U�^0e0U fY[�e�t XMZ�o§X>Z2ª�^(Z¨Z��
!0]0W�^0e0[Y��^0`Yc.e�£0e0UYX
Xqe"^0e��²U�c�e{u§W�h�U�g�[Y\0Uic�Z�g0`Yc�e(p�Z0u2`�^�^�s%t¾W�Z � [�Z�]�^�e��
|�\0`�u2^�Z0�i^0r�c.��h"\0e vyx¶W�h"`�\0e"u2`�^0e"e.���qWYr��nUYW�[�u�Z�u2`�^"e�U

g�Z2[YZ0\�Z�� u 8>O �-�.�
� h�Z2o0[�u�U�\�ªno�`YUY[�W�]
e0p�X>U�\�U�^�e�]0Xqea�F®�®"���
� `Yª�^0`�]¨Z�W�Z���U�^0^�Z2WY[��au2e�t.\�U�u�Z0�§c�e"^0e"e �.x+� �
�±�

W�u�](p�`�^"`VW¡[�Z�h0Z�c�Z�b�e�£�UYW�g�Z�� ^�U�r�WY[�Z��0£�e�uAZ2WY[���� c�e"^0e"e
^0r�c0U����±���{� ®�¤��{�¯u2^(r0[�\"e�g�Z0\0`nu2e�t�\�]�WYr(�²U�WY[�uAr�U�[
Z���c�`YWY[���� u�g�Z�[�Z���Z0� h(Z�c"^�`�] �,r0^"g0Å0e(]

∆( T )
^�U�e�XµUYU�[

^0r�c0U�� e g�Z�\ u�e�t.\�] o0Z�c0ªVU�^ W�Z�o0U�\�ªV`�[��·uAW�U
u�Z�p�X>Z�ª²^"s%Unf�c"UYXMU�^�[�s§W�e0X>XµUY[�\0e�e

Γ Ï+ e
Γ 3+ �0[0� U���e v�x��

e �µxzu�Z�c�^(Z(u�s%U¯WYZ�W�[YZ�]�^"e�] Wºh0\(Z�[�e0uAZ(h(Z�c�Z�ªV^"s%Xqe
p�^0`�g�`�XMe �n`Yp§h0`�\�`YX>UY[�\�Z�u h�Z0\�]0o�g�`j���X�����V�µU�^�Z2X«e
o�\<� u � ¤�¦"� �0s%c"Z h0Z�g0`Yp�`�^0Z � £�[�Z W r�£�UY[YZ2X
W�X>U��V`�^�^�s9t b�\0`Yo�e�U�^([�^0sOt £�c"U�^(Z(u 5 � ö u
Z���Z����nU�^�^�s9t r0\�`�u�^�U�^�e�]0t ��e�^(p���r�\�b�`
� �V`�^�o�`Yr
|
���A� |
���wW�uAU�\(t�h�\(Z(uAZ2o�]��nUYUaWYZ2WY[�Z�]�^0e�U uiXq`Yb�^0e�[�^�Z2X
h0Z�c�UaX<Z�ªV^�Z§W�£0e�[�`Y[�� £0e0WY[�Z � xzu�Z�c�^�Z�u�s%X}[�Z�c���g(Z u
Z�o0^�Z�\�Z2o�^�s9t«Z2�0\0`Yp�Å"`Ytq�¢`{u}^�UYZ�o�^�Z0\�Z�o�^�s%t � u
X�`YW��n[�`Y�0`Ytq�¯��Z2c.���Ve�t b�c�r��0e0^"s h"\�Z�^"e0g0^�Z�uAU�^"e�]
h0Z�c0]

λ
� �%XMU��V`�^"^0s%U b�\0`Yo"e0U�^�[�^0s9U £�c�U�^0s u

^0UYZ2o�^(Z(\(Z�o0^�Z2X´W�u�U�\�t.h0\0Z�u�Z�o0^�e�g�Uºe�^�o�r(Å"e0\�r0�9[°vyx
u�Z�c�^�Z�u2s%U WYZ�W�[�Z2]�^0e(]�g0`�g u2^�r�[�\0e�g(Z(\�`Äu2e(t�\�]«| ��6`YpYZ�� vyxzu�Z�c�^�Z�uAZ�b�Z��9���½\"`�u2^(Z(�

−θ
��Z2�0\0`Y[�^�Z0���n`Yp�U

�µxzu�Z2c.^�Z0u�Z�b�Z �,�V�
θ

���X�"������[�`�g{e{u2^�U½g�Z(\�`½^"`
\0`�WYW�[�Z2]�^0e(]0t

ξ
	
	���	
	

λ
| � �n`Yp�Z�� v xzu�Z�c�^(Z(uAZ2b�Z

�,�V� \0`�u2^�Z��
+
�
θ
� W h�`�\�`YXMUY[�\�Z�X h0Z�\�]0o�g0`��

r��0s9u�`��6��e0X W \�`YW�WY[�Z�]�^0e�U�X Z�[ �µxzu2e(t�\�] g�`�g
� − ñ ���0¬"� ¤�¦.� ¤ ���Y�>�q[YZ h�\0e�uAZ2o�e�[�g¢h�Z�]�uAc�U�^0e"�Äu���c�e�p�e
�µxzu2e�t.\�]�£�U�[�s9\0UYtwvyxzu2e�t�\�U��>�M\0`YW�h�Z2c"Z2ªVU�^0^"s%t uAo0Z2c.�
Z�WYU�� � e � |�\0e�W0�6¤ � j�����g `2^0e�p�Z�[�\�Z�h"e0e �9Z0\�Xqs
u2e�t�\�U��ÄeÄgjr�WY[�Z��0£0e0uAZ�W�[�e¾g�Z2WYZ�r�b�Z2c.��^0Z��Ä\�U��nUY[�g�e
u�e�t�\�U�� ���µ`�g�`y]¢\�U��nU�[�g�`V^0`��2c��Oo(`�c�`�W���u�T 8I;N? �F¤S�����
� Xq`Yb�^0e�[�^�Z2X h�Z2c"U�� h�U�\�h0U�^�o�e"g�r0c�]�\0^�Z2X

h0Z�u�U�\�t�^(Z�WY[�e¢\"`YpYo�UYc.`VZ��2c.`YWY[�U���Wnv�xqep�µxzu�Z�c�^(Z(u�s%Xqe
W�Z�WY[�Z�]�^�e�]0Xqe<�6W�e�X>X>U�[Y\�e�]Äu2\�`��nU�^"e0� uAZ(g�\�r�b�Z�W�e��
h0Z�^�e�ª¡`YU�[YW�] o0Z £�UY[�s,\(U�t�g�\0`�[�^�Z u�s9\�Z�ªno0U�^"^�Z0�<�
Z�o0^"`�g�Z e W�[�\�r0g�[Yr(\�^�`�]>� e [YZ�h�Z2c"Z2bYe�£�U�W�g0`�]
^0UYZ2o�^(Z(\(Z�o0^�Z2WY[�� W�uAU�\�t.h0\�Z�uAZ�o0^"e0g0` ^(U h�\�e0uAZ�o2]0[§g
c�Z�g0`Yc���^�Z2X>r}^"`�\�r0�VU�^0e"�ÃW�e0X<XMUY[�\0e�e Z2�0\0`Y[�e0X<Z�WY[�e
u2\�UYX>U�^"e<�6[Y`2gjg0`�g½\�`�p�^�Z2WY[��§�n`Yp v�x�e �.xCuAZ�c�^0Z�u2sOt
�,�V� \"`�u2^�`�^0r�c��¾e0c�e

π
���(¬��Y�

T `�\�r0��U�^�e0U�W�e�X>XµUY[�\0e"e�u�\0`2�²U�^0e"��uAZ0g�\�r�b�Z2W�e��
e `�^0e�p�Z�[�\�Z0h0e(] �OZ0\�Xqs{v�xVea�µxzu2e�t.\�U��¨e�p�X>U�^�]��9[ e
[�\0`�^�W�h�Z0\�[�^�s9UÃW�u�Z0��WY[�u�`\) `2^0`Yc.e�p pY`2u2e(W�]��Ve�t´Z2[
u2\�UYX>U�^"e Z2��Z2�0�nU�^�^�s%t r"\0`�u2^�U�^�e�� ��e0^�pY�2r0\0b�`��
�²`�^�o0`�r h(Z(g�`Ap�`�c W�r0�nUYWY[�uAU�^"^�r0� ^0UYc�e"^�U��"^�r��
p�`�u�e0W�e�X>Z2WY[��¸f��n�9U�g�[�` �nZ�c0c.` Z�[¸u�UYc�e0£�e�^�s e
^�`�h0\"`�u�c�U�^"e�] [YZ�g�`¯�F¤-���Y�aT�`}\"e�W���¤.� (¯h�Z�g�`Yp�`�^"s
Z(\�e�U�^�[�`�Å�e�] u2e�t�\0U�� e [�Z�g0`�� ` [�`�g�ªnU W�t0UYXq`
h�\�UYo0c�`YbY`YU�X>Z2b�ZÁe0pYXµU�\�U�^0e(]´p�`2u�e�W�]��nUYb�Z Z�[ r�b�c.`
f��n�±U�g�[�`*�nZ2c"c�`��

� K��'������� ��PAR0S.P
�>`2g�e0X Z2�0\0`YpYZ�X9�0uV^�`YWY[YZ�]��VUYU6u�\�UYXµ]�r�W�[�`�^�Z0u�c�U�^"`

J�x¶W�e(XMX>UY[�\"e�] �,��� u WYZ�UYo�e0^�U�^0e�]0t T 8I; ? �
HKJ 8N;N? � 5F6G�,��¦"��� 87O �,� �1� �+��®�©���¬����

5��r¤�¶�� Õ 6 � :8ê�½§ÝrÄ�Ìr½ÅÄrÝ�¾3Ø�Ç�Â�Ìr¾3È�Æ�â�ÝrÊ�ä�� ö ÷×È�Æ�â�Ý�¿ 6·È3Í�Ê§Ñ�½§Ý�Ê
:bÆ
çrÊ§½§á�Ý�Ê � ÷×È�Æ�â�Ý�À Á�ÂþÂ�ÃÅÀ�Þ � Æ 
 Õ ¼�½§ÝrÊ�ÇrÌ�¾¯ÞeÆ Á�Â�Ìr¾�ß§¾�Ñ�Â
Ñ�¾�Á�Ý�¾�È�Ç�Ê§Ñ�ÆrÊ ÍrÆrÝ�Ì�Ä�Ç�ÀrÍrÆ�Æ8Ã§È�Ê§Ýrâ�½§Ê§Ì�Ärç�Ê§ä8Ã§ÌrÂ�Ý�Â�Ã§½§Æ8È�È�Ærâ�ÝrÀrâ)6ÅÆrß
Ý�¾§Ø�Â¯½Åá >©Ò�Ï @3:�Õ 6 � :@¼�ârÊ§Þ�¾@Â�½ÅÑrÂ�Ã§Ær½§Ê·Ç�¿�Ñ�Â¯ä�Â�ÝrÆrÊ§Ñr½§¾�ÍrÆrÆ � ÷�Æ ö ÷È�ÆrârÝ�Ê§ä�Ö�Ì¯Ý�Æ�ÃÅ½§¾�ÇrÇ�Ærç�Ê§Ã§Ì¯Æ�â;Â�Ã§ÊÅä;Æ]½·Â�Ìr¾ � ϕ ÷_Ä�ÔÅÂ�Ç Þ�ÊF�«Ë�Ä
Ñ�¾§Á�Ý�¾�È�Ç�Ê§ÑrÆrÊ§Þþ½ÅÂ�Ì�¾^ÆûÂ�Ã§¿�Î 
 6·ÃÅÇ�Ê·È�¾
:¯ÕR¼�ÁrÝr¾�È�¾«7(Ã§ârÊ§Þ�¾
ã§ÌrÃÅÁ�Ê·Ý�ÆrÞ�Ê§Ñ�½·¾
ËrÇ�À=Ærß§ÞeÊ§ÝrÊ§ÑrÆ�À�ß·¾�È�Æ�Ã À�Ü�Ê§Ô Â@Â�½3Ä�ÔÅÇr¾ ϕ ãF;.;�Ê§Ì¯½§¾
�«Â¯Ç�Çr¾ 6 Æ�ß�Ýr¾�Ø�Â¯½Åá >×Ò�3 @3:¯Õ

b7c�b7cIdfeMg�h�e
e9i9j4kmlnc
opcIdfq�e9rXj,sXt-i9u
v\wXx,kzy{c�|{cN}fe9~-vXwXs

ß��E��á �9ØE�yØ�×ÛÎMÔYØ<��×­ØE�"Ò­Ê��.Ó�Ê���Î�Ò+�E��ÏYß­àYà�á�ÏzÒ�È����0Ï1�{ß�ß



�9g�W�h(U�\0e�X>U�^([�`Yc.��^�s%U e�WYW�c0UYo0Z�u2`2^�e�] r���U�o�e�[�UYc���^�Z
W�u2e�o0UY[�U�c.�YWY[�uAr(�±[ºZ p�`2\�](o�Z�u�Z�X´r�h(Z(\�](o�Z2£�U�^�e�eÀu
WYZ�U�o�e�^0U�^0e(](t�T 8I;N? � 8PO �-�"�1��e u�^�U�g�Z�[�Z�\0s
t o0\�r�bye(t
�q�
�9� |�u¼c�`�^([�`�^(Z�u�s%t g�r0h0\�`Y[�`�tºe ^�e0g�U�c"`Y[�`�t��wu
5�� 8P:$ñ9;7=�G<?�� � e Z [�UYW�^(Z(� W�uY]0p�e p�`�\(](o�Z0u�Z�b�Z
r�h(Z(\�](o�Z2£�U�^�e�] e W�uAU�\�t.h0\�Z0uAZ2o�e�XµZ�WY[�e � ¬-��©µ®9�.��� �
WYZ�U�o�e�^0U�^0e(](t�T 8N; ? � 8>O �2���
��u��Ve�\(Z�g�Z�X�e0^�[�U�\�u�`Yc0U
f�^0U�\�b�e�� r�W�[�`�^0Z�u�c"U�^(Z WYr��nUYW�[�u�Z�u2`�^"e�U
g�Z�c0c"U�g2[�e"u2^0s%t uAZ�pY�2r�ªVo�U�^0e"� W Xq`�g�W�e�X>r�X>Z�X
W�h0U�g�[�\"`Yc���^�Z0� �9r�^0g�Å�e0e uA�2c.e�p�e ��� u�U�g�[�Z0\0`
# �F¤-�<��¤-�����

~�e�ªVU h"\0e0uAU�o0U�^"` [�`Y��c"e�Å0`�� u g2Z�[YZ�\�Z0�
W ��`�u�^0e"u2`��±[�W�] t�` �0`�g([�U �0e�W�[�e"g0e vyxzu�Z2c.^�Z0u�Z�b�Z
WYZ�W�[YZ�]�^"e�]�e�p�Z�[�\(Z(h�^0Z�b�Z T��
�,�{ep�.x+� �
�±���

�>`Y�2c.e0Å�`
�uÃ�ÑrÂrÈ�Ñ�á�Ê â�¾�É�¾�Ìr½§Ê§É�Æ�Ã§½§Æ�ÌrÆ � ÷òÈ¯Â�Ç�Ñ�Â�È�Â�Ô·Â Ã�Â¯Ã§½§Â�À�Ñ�Æ�ÀÆ�ß§Â�½§É�Â�Á�Ñ�Â�ÔÅÂ��>?*¼�ø@Æ ö ÷©Û0?*¼�ø

� ÷òÃ§Æ�ÞeÞ�Ê§½§Ý�Æ�Àb¼�ø�ø ö ÷òÃ§Æ�Þ�ÞeÊ§½§Ý�Æ�Àb¼�ø�ø
¼�Â�Ã�½§Â�À�ÑrÆ�Ê�ã§Ç�Ê§Ìr½§Ý�Â�Ñ�¾

Ã§Æ�Ñ�Ô·Ç�Ê§½ Ã§Æ�ÑrÔ·Ç�Ê§½
H�Ê§â�¾�Ñ�Ærß§Þ8Ã�Á�¾¯Ý�Æ�È�¾�Ñ�Æ�À

ÂrØ�ÞeÊ�Ñ9;�ÂrÑrÂ�Ñr¾�Þ�Æ Ñ�Ê�Ä�Ã§½§¾�ÑrÂrÈ�Ç�Ê§Ñ
1&Ä�Ñ�ÌrÍ�Æ�À�ÜuÊ�Ç�Æ ∆( � Ö � )

Ñ�Ê¡Æ�Þ�Ê§Ê§½�Ñ�ÄrÇ�Ê§ä Æ�ÞeÊ§Ê�½�Ç�Æ�ÑrÆ�ÎCÑ�ÄrÇ�Ê§ä ÁrÝ�Æ 9 @ = 9 D¼�Á�Ê§Ìr½§ÝBÈ�Â�ß§Ø�Ä���Ë�Ê§Ñ�Æ�ä
ÑrÊ�½�È�Â¯ß§Ø�Ä��«Ë�Ê§Ñ�Æ�äBÃ��

< ∆  Ê§Ã�½§¿mÈ�Ârß§Ø�Ä���Ë�Ê§Ñ�Æ�À�Ã �
≥
ó

?eÊ�ÞeÁ�Ê§Ý�¾�½ÅÄ�Ý�Ñr¾�ÀBß§¾�È�Æ�Ã§Æ�Þ�Â�Ã�½§¿q;�Æ�ß§Æ�ç�Ê§Ã§ÌrÆ�âBÈ¯Ê§Ç�Æ�ç¯Æ�Ñ
� HMI É (−∆

���
) � � α

�«È�¾�Ñr½�Þ�¾�ÔÅÑrÆ�½§Ñ�Â�ÔÅÂ�Á�Â�½§Â¯Ì�¾ Φ =
= 	 ��ñ��

Φ Φ � ñ�Ö Φ � Ê§Þ�¾�Ô·Ñ�Æ�½§Ñ�á�Ê�Ë�ÊF;�Ê§Ìr½§á
Þ�¾�Ç�Â&È�ÇrÆrÀ�Î�½¡Ñ�¾ �	� ÃÅÄ�Ü�Ê§Ã§½§È�Ê§Ñ�Ñ�Â�Á�Â�Ë�¾�È�Ç�À�Î�½ �	�

H ¾¯ÔÅÑrÆ�½§Ñ�á�Ê�Ë�ÊF;uÊ§Ì�½§á
ÁrÂ�Ë�¾�È�Ç�À�Î�½ � �uÖ!Á�Ý�Æ�È�Â�Ë�À�½
Ì�ãF;<;�Ê�Ìr½ÅÄBÝ�¾�Ã§Á�¾�Ý�Æ�È�¾¯Ñ�ÆrÀ

È�Ç�Æ�À�Ñ�Æ�Êuß§¾�È�Æ�Ã§Æ�½¡Â�½�Ã�½§Ê§Á�Ê§Ñ�Æ
Æ�âBÝ�¾�Ã§½§È�Â�Ý�Æ�ÞeÂrÃ§½§Æ

¼�Â�Ã§ÄrÜ�Ê§Ã�½§È�Â�È�¾�ÑrÆ�Ê¡Ã�*.1 Ã�Â�Ã§½§Â�À�Ñ�Æ�Ê§Þ
Ñ�Ê§È�Â�ß§Þ�Âd��Ñ�Â ã�ÌrÃ§Á�Ê§Ý�Æ�Þ�Ê§Ñ�½§¾�Ç�¿�Ñ�Â Ä�Ã§½§¾�Ñ�Â�È¯Ç�Ê§Ñ�Â"µ^�`�^0e�U¸W�e�X>X>UY[�\0e�e �±�V� ]�uAc�]0U�[YW�] h�U�\0u�s9X

u�`�ªV^�s%X �V`Yb�Z2X u Z0h0\(U�o0UYc"U�^0e"e XMUYt�`�^0e0p�X�`
W�h�`�\�e�u�`�^�e�] e u h(Z�WYc0UYo0r0�n�nU�X \0`Yp�u�e0[Ye�e
Xqe"g�\�Z2W�g�Z�h�e�£�UYW�g(Z�� [YUYZ(\�e0e � �
�,� � �qh�Z2c.^�U
uAZ�pYXµZ�ªV^�Z.� £2[YZ WYc0U�o�r(�n�Ve"�À�V`�b gÀh�Z0^0e0Xq`�^0e"�
X>UYt�`�^0e�pYXM`nr0ªnUnWYo0U�c"`�^>�0Z2WY[�`Yc�Z�W��n[YZ2c.��g�Z¡r���UYo�e�[��YW�]
u¾fY[�Z�X,���nZ2£�[�e u�WYUjXMUYt�`�^0e0p�X�s W�h�`2\0e0u�`2^0e(]«|�W�X±�
Z��2pYZ0\��nZ(g�[YU�u�`´�F¤�¥���� X>Z2ª�^(Z \"`Yp���e0[Y� ^�` o(uAU
b�\(r(h"h0s )(Z�o�^"e�X>U�t.`�^0e�p�X>s Z�[�^�Z2W�]0[�W�]¢g�Z���Z����nU�^�^�Z0�
[YU�Z0\0e(U�� k9lnm � g�Z�b�o�`jg¾W�h"`�\0e"u2`�^0e"�ÃfYc0U�g�[�\(Z�^�Z�u
h"\0e"u�Z2o"e�[aZ��2X>U�^jfYc0UYX>U�^�[�`2\�^0s9X>e u�Z2pY��r�ª6o�U�^"e�]0Xqe<�
` g�Z�u�[YZ�\(Z(�ib�\�r(h�h0U � uAW�U�X>U�t"`2^0e�p�Xqs�� Z2[Yc�e�£0^0s%U

Z�[�[YUYZ�\0e"eik lnm«�7� g�`�£2UYWY[�uAU�h�\0e�XµU�\"`�\0`AW�WYXµZ�[�\0e�X
[�U e�p ^0e�t>� g�Z2[YZ�\"s%U X<Z�b�r0[ h"\0e0uAU�WY[�e g
W�uAU�\�t.h0\�Z�uAZ�o0e�X>Z2WY[�e�W �µxzu�Z2c.^�Z0u2s%X �,�¡���
�Vo�^�Z�� e0p �Ve"\�Z0g2Z e�p�uAU�WY[�^"s%t X>Z�o0U�c"U��

Z���Z����nU�^�^(Z(� [�UYZ�\"e0e¸k9lnm |�WYX±�½Z��2pYZ�\´�F¤�¬"�«e
W�W�s%c�g�e�u�^�UYX9�±]�uAc0]0UY[�W�] X>Z�o�UYc���h0Z�£�[�e���� �±U�\�Xqe
ª�e�o�g�Z�W�[�eÀ|�� ����
}� W°X�`Yb�^"e�[�^�s%X¸X>U�t�`�^"e�pYX>Z2X
W�h"`�\0e"u2`�^0e(]>�Mh0\0UYo�c�Z�ªVU�^0^�`�]aua��¤�¤2¦ b����M�2¥"���7� f�[YZ0�
XMZ�o0UYc�e W�h"`�\0e"u2`�^0e�Uj|y`�^0`Yc�Z�b�e�£0^�Z2U g�r0h�U�\0Z�u�W�g�Z2X>r.�
Z���r�W�c"Z�uAc�U�^�Z u�p�`�e0X<Z�o0U��(W�[�u2e�UYX f�c"U�g�[�\�Z�^"^�Z0�
h0Z�o0W�e(W�[YU�Xqs W �±c0r�g�[�r0`�Å0e0Z�^�^�s9XMe W�h0e�^(Z(u�s%Xqe
u�Z�p���r�ªVo�U�^"e�]0Xqe>� W�u�Z0��WY[�u2`ag�Z�[�Z0\0s%t Z0h0\�UYo�UYc�]��O[�W�]
e0p§�,�§�¯e�pYX>U�\(U�^0e"� �+�2�"���*� s%£0e�W�c"U�^0e�] h�Z WYt0U�X>U
� c�e"`��n��U�\(by`�h0Z�g0`Yp�`Yc.e<�0£2[YZ¡W�h"`�\0e"u2`�^0e�U,fYc�U�g�[�\�Z�^�Z�u
uZ� Df�

− � �
xCg�`�^�`Yc0Uah"\0e�uAZ2o�e([ g§W�u�U�\�t.h0\�Z0u�Z�o�e�XµZ�W�[�e§W

u2s%WYZ(g�e�Xqe�� 	 ���6Z�W�c"UYo0Z�u�`Y[�UYc���^�Z2WY[��jf�[YZ��{X>Z�o0U�c.e<�
�(s%WY[�\�Z2U ^0`�\�`YWY[�`�^0e0U �±�V� W r�X>U�^"���nU�^�e�UYX
[�UYXqh�U�\�`�[�r�\�s h0\"e �

≤
�m	Y��u2h�Z2c.^�U«Z��2Z�W�^�Z0u2`�^0^"`�]

��;
σ

x¶XMZ�o0UYc��¡Z0h0e�W�`�^�e�] XM`Ab�^�e�[�^�Z�b�Z�W�Z�W�[YZ�]�^"e�]�� ¤�®"�
� uAW�U f�[�Z h"\0e0uAc�U�g0`Yc0Z´f�g�W�h�U�\�e�X>U�^�[�`Y[�Z0\�Z�u´e
h�\0e�u�UYc�ZÄg W�Z�p�o�`�^�e�� W�h�U�Å�e0`Ac��2^(Z(� X>U�[YZ2o�e"g�e¾o0c�]
h�\�]0Xqs%tÄe�pYX>U�\�U�^"e0� �n`Yp�s �,�V�Ã| � X±�6\0`Yp�o�� �����Vl
r�W�h�U�t�`AX X>Z�o�U�c.e ������
 XMZ�ªV^�Z Z�[�^�U�WY[�e
g0`Y£�U�WY[�uAU�^�^0Z�U WYZ2b�c�`AW�e(U UYU \�U�pYr�c��Y[�`Y[YZ(u W
e0p�X>U�\�U�^�e�]0Xqej^0UYr0h0\0r�b�Z�b�Z \"`YWYW�U�]�^0e�]½^�U��([�\�Z0^�Z0u���W
f�g�W�h�U�\�e(XMU�^�[�`Yc���^"s%Xqe¾p�`�u�e0W�e�X>Z2WY[�]0Xqe{h�\(Z2o0Z�c���^�Z0�
e t0Z�c0c"Z�u�W�g�Z�� h0\�Z0u�Z�o�e�XµZ�W�[�e<��W Z�h�[�e0£�UYW�g�e�Xqe
e0WYW�c�U�o0Z�u2`�^0e�]0X>e�|�WYX,�0\0`���Z�[�r �F¤�¤"�qe W�W�s%c�g0e�u�^�U��<���
TVU�o�`�u�^0Z�u�s9h0Z�c�^(U�^"^0s9U \"`YW�£�UY[�s¼W r�£�UY[YZ2XÄu WYt0U�X>U
� c�e"`��n��U�\(by` u2s%W��¡e�t h�\0e(��c"e0ªnU�^�e0� h�Z�g0`Yp�`Yc.e
r�W�e�c0U�^"e�U uAp�`2e(XMZ�o0U��0WY[�u2e(] fYc0U�g([�\�Z0^�Z0u W�Z
W�h"e0^�Z�u2s%Xqe �±c0r0g�[Yr0`�Å�e(]0XMejW�e�Xqh�r�c"��WYZ2X±�6\0`2u�^0s%X
��� u�U�g�[YZ�\�r # = (π

�
π)

����¦�¦��Y�µT�`�e���Z2c"U�U¡W�U�\0�AU�p�^"`�]
g0\0e�[�e�g�`afY[�Z0� XMZ�o�UYc�e h0\�e�^0`Ao�c�UYªVe0[ �,^�o�U�\�WYZ0^�r e
W�u�](p�`�^"` W h0\"e�X>U�^�U�^"e�UYX �,U�\�Xqe0x¶ª�e�o�g(Z2WY[�^�Z2b�Z

5���¤�¶ ±³² Õ =mÇrÇ�Î�Ã�½§Ý�¾¯Í�Æ�À Á�Ý�Â�Í�Ê§Ã�Ã§¾ ;�Â¯½§Â�ã§Þ�Æ�Ã§Ã§Æ�Æ�Æ Æ
Ã§Á�Ê§Ìr½§Ý�¾�Ç�¿�ÑrÂräNÁ�Ç�Â�½§Ñ�Â�Ã§½§Æ È=Â�Ø�Ç�¾�Ã�½ÅÀrâ ÁrÂrÈ�Ê�Ýrâ�Ñ�Â¯Ã§½§Æj1BÊ§Ý�Þ�ÆNÃ
Ã§Æ�Ç�¿�Ñ�Â�ä�Ã§È�Àrß§¿¯Î

(β)
Æ�Ã§Â&Ã§Ç�¾�Ø¯Â�ä Ã§È�Àrß§¿�Î

(α)
6ÅÆ�ß�Ý�¾�Ø�Âr½§á > Ò�G/@ :¯Õ

|]+Nu
t-v,tSq{e_^ r,e�g
j,q`,2g
s\j�. u<iSe�g�a�r9g
t9iSt�4,w�^NtSu<qcb u � d�i9tfe sXtSi-tSx u<w�^'^Ne9qIg
wXe9x rXj<g
jf^ e<qNg
j r,t�g�.g4,vXj

�9Ø<��ØY×­Î>Ô�ØE��×�Ø��"ÒdÊ9��Ó�Ê9�YÎ�Ò+�
��ÏYß àYà�á�ÏzÒ�È��E�0Ï��{ß�ß ß��<��à



Z0h0e�W�`�^"e�] g ^�Z0\�Xq`Yc���^�Z�XMr WYZ�W�[�Z2]�^0e"�
W�u�U�\0t"h�\�Z�u�Z�o�^0e"g�`�����¦ �2���

l9Z2W�u�U�^�^0s%X h�Z2o0[�u�U�\�ªno0U�^�e(U�XÀXµZ�o0UYc�e ������

X>Z�ªV^0Z§WY£(e�[�`A[��§\�U�pYr�c��Y[�`Y[�s¯e�p�X>U�\�U�^"e0� e½`�^0`Yc.e�p�`
W�h0U�g�[�\�Z�u ���  &! Q u�WYc.`Y��Zwo0Z0h0e�\(Z�u2`�^0^�Z2X 8>O �,� �
� u
W�u�U�\0t"h�\�Z�u�Z�o�]��nUYX eÀ^�Z0\�Xq`Yc��2^�Z�X´WYZ2WY[�Z�]�^0e(]0t u
\"`Y�2Z�[YUÁm U�^�`¸e mÄ\0e��±�±U�\0` �F¤-��� |y\"e�W�� ��¦"���
T�`Y�2c.�9o0U�^�e(U�h�e0g�`�u§�±Z2[YZ�fYXMe�WYW�e�Z0^0^�Z2X¼W�h�U�g�[�\�U�u
W�u�U�\0t"h�\�Z�u�Z�o�]��nUYX WYZ�W�[YZ�]�^"e0e `�u�[�Z0\0s
\"`YW�WYXq`Y[�\�e0u2`��9[ag0`�g§W�u2e�o�UY[YU�c.�YW�[�u�ZiW�r"�nU�WY[�u�Z�u�`�^�e�]
g�Z�c0c"U�g2[�e"u2^0s%t u�Z�p���r0ªno0U�^�e��<� W�h0U�g�[�\0`Ac��2^�`�]
�±r0^�g�Å0e�]�g�Z�[�Z�\0s9t�e�X>UYU�[±XM`�g2W�e�XMr�X�uA��c�e0p�e�u�U�g�[�Z0\0`
# �>T `�\0e�W�� ��¦¢u�e0o0^�Z.�.£�[�Z�o�s9\�g�`�� ^0`Yt"Z2o(]���`Y]0W�]�^0`
h�Z�uAU�\�t�^�Z2WY[�e#� U�\�Xqeiu��2c.e�p�e [�Z�£0g0e

(
¦ �

π)
|dZ��2c.`YWY[�e

(β)
W W�e0c���^�Z0� � uY]0p��2����� XMZ�ªVUY[ e�p�c"r�£0e�[��

g�Z�c0c"U�g2[�e"u2^�Z�U u�Z�pY�2r�ªVo0U�^0e�U¢W u�Z�c�^�Z�u2s%X{u�U�g�[�Z0\�Z�X
� # e Z2WY[�`Y[��YW�] ^0`{h0Z�u�U�\0t�^�Z2WY[�e ��U�\�Xqe¯u���c�e(p�e
[YZ�£�g0e

(π
��¦

)
� 7,c�] o�s9\�Z0g u o�\�r�b�e�t [YZ2£0g0`Yt

h�Z�uAU�\�t�^�Z2WY[�e � U�\�XMe |�Z2��c�`AW�[Ye
(α)

W�Z W�c.`Y�2Z0�
� uY]0p��2�V�ne�pYc0r0£�U�^"e�U�uAZ2pY��r�ªno0U�^�e�]¢W Â

′
� # Z�p�^0`A£�`AU�[

h�U�\(U�t"Z2o§u W�Z�W�[YZ�]�^�e0U�W�uAZ2c.^�Z0u2s%XÄu�U�g�[YZ�\�Z�X Â
− #o�`Yc"U�g�Z Z�[¨h�Z0uAU�\�t.^�Z�WY[�eY� U�\�Xqe<� �VW�^�Z�u�s,u�`�](W�� ^0`

o�`�^"^0sOt�^�U���[�\�Z�^"^�Z�b�Z \0`YWYWYU�]�^"e�] u o(\�r�b�e0taZ0g�W�e�o�`Yt
X>UYo�e �4¤S�"��� XMZ�ªV^�Z h�\0UYo0h0Z�c�Z�ª�e�[��"� £�[YZ
g�Z�c0c"U�g2[�e"u2^0`�] X>Z�o�` e�X>UYU�[¸o0Z0u�Z�c���^�Z �Ve0\�Z�g�Z�U
\"`YW�h�\0UYo�U�c"U�^�e0U h(Z f�^�U�\�b�e�eM� Z�o(^"`�g�Z o0c(]
Z0g�Z�^0£�`�[�UYc���^�Z2b�Z�u2s±u�Z2o"`¢^�UYZ2��t0Z�o0e0Xqs{`�^�`Yc�Z�b�e�£0^0s%U
e�p�X<U�\�U�^0e�]¸o0c�] 8>O �,���E� u ��e�\�Z0g�Z�X e0^�[�U�\�u�`Yc0U
f�^0U�\�b�e��>�}�%Z(h(Z�WY[�`�u�c�]�]´o�`�^�^�s%U \"`Y�2Z�[�s �F¤-���°W
^"`Y��c��±o(`�u2�Ve(XMW�]¯u«����¦-�"���0s%WY[�\0s%X r0XµU�^�����U�^0e0UYX
uAU�c.e�£0e�^�s§W�uAU�\(t�h0\(Z(uAZ2o�]��nU�����UYc�e�h"\0e�r0uAU�c.e�£�U�^�e�e
h�c0Z�[�^(Z�WY[�e ^�Z2W�e0[�UYc"U�� p�`�\�]0o�` |�[�� U0�ºW \(Z2WY[�Z�X
o0Z0h0e"\�Z�u2`2^�e�]µ�A� `2uA[�Z0\0s·h�\�e��nc"e gÃu2s9uAZ2o0r<�§£�[YZ
e�X>U�^0^�Z f�[�e�g�Z�c�c�U�g�[�e0u�^�s%U�u�Z�p���r�ªVo0U�^0e�]�h"\0e0u�Z�o�]0[
g W�h0`�\0e0u�`2^0e"�¡� �Vo�^�`�g(Z U��nU h���UYo0WY[�Z�e0[
e�o0U�^�[�e��6e"Å0e"\�Z0u2`Y[���h0\"e0\�Z�o0r�[�`�g0e�t uAZ2pY�2r0ªno0U�^0e"��e
e�t W�h�U�g([�\0`Yc.��^�r(�¾�±r(^"g�Å�e"�¡�

� U�t.`�^"e�p�Xqs W�h0`�\"e0u2`�^"e�]>� Z�[�c.e�£0^0sOU Z�[ [�UYZ�\�e�e
k9lnm � e h0\"e�£0e0^"s�� g�Z�[�Z0\0s%Xqe{X>Z�ªV^0Z¾Z���!�](W�^"e�[��
e"^�[YU�\�UYW½g{^"e�X±��Z2��WYr�ªno�`Yc.e�W�� ^�UYZ�o0^�Z�g0\�`�[�^�Z{|�W�X±�
Z��2pYZ0\Ä�F¤�¥0�����V�qX>U�\0e>�nl,e�uAU�c"��WYZ�^je "µUYb�U�\j^�UYo�`�u2^�Z
h"\�UYo0c0Z�ªVe0c�e ^�Z�u2s±� X<U�t.`�^"e�p�X§W�h0`2\�e0u2`�^0e�]a|��9l�" �A�
]�u�c�]��,�¡e0��W�] W�h0e"^�Z0u�Z�� `�^�`Yc0Z�b�e�U��
W�u�U�\0t"h�\�Z�u�Z�o�]��nUYb�Z¨f��n�±U�g�[Y`a��c�e�p�Z�W�[�e �­¬��A���n�,l�"µx
X>UYt�`�^0e�pYX [YU�W�^�Z W�u�]0p�`�^ W h�Z�WYc0U�o"^�e�Xqe
\�U�p�r0c���[Y`�[�`AXMeae�W�WYc0UYo0Z0u2`�^0e"�#� �
�9��e p�`�g�c"�,£�`�UY[�W�]
u W�c0UYo0r0�n�nUYX )
� h�\(Z�Å�U�WYW_u�s%[�`Yc.g0e0u�`�^�e�]¼`�^�[�e0�±U�\0\�Z2Xq`Yb�^(U�[�e0g�Z�X
o0Z0h0e"\�Z�u2`2^�^�s%t¸o�s9\�Z�g¸h0\�e�u�Z�o0e0[ gÀp�`�\(](o�Z0u�Z�X>r
r�h(Z(\�](o�Z2£�U�^�e�� ��[0� U0��g Z2�0\0`YpYZ0u2`�^0e"�jXµUY[�`Yc"c�e�£�U�W�g�e0t
e ^�U�h0\0Z�u�Z�o�]���e�twW�[�\0`��"h0xC�n`Yp��F¬�¦�©µ¬-��� Q
� u«X<U�[�`Yc�c"e0£�UYW�g�e�t�g0u2`Yp�e�Z�o�^�Z�X<U�\"^0s%tÃh�Z�c0Z�W�`Yt
h"\�Z0e�WYt�Z�o�e�[«\0`Yp�o�U�c0U�^"e�U�p�`�\�]0o�`«e W�h"e0^�` o"s9\�Z0g
^"` %�W�h"e0^�Z�^"s�' e %�t"Z2c"Z�^"s�'.� h0\(U�o0W�g0`Yp�`�^�^(Z�UÃu

��¤�¥�®«b����Y��¦S�<�z��¦9�.�½eº^(U�o�`�u�^0Z¯^�`��2c.�9o"`�u2���YU�W�] u
��� Q R1;>=�?�ñ ����¦,�"� Q
� h�WYU�uAo�Z0�nUYc.� h0ZA]�u�c�](UY[YW�] g0`�g W�c�U�o0WY[�u2e�U
c�Z�g0`Yc���^�Z2b�Z�W�h�`�\�e�u�`�^0e�] %�W�h0e�^(Z(^(Z(u\'.��^�U���[�\�`Yc"�2^0sOt
u�Z�p���r�ªVo�U�^"e0� WYZ¢W�h0e"^�Z�X¾���{� �µg�Z�[�Z0\�Z�U h"\0e0uAZ�o�e�[�g
p�^0`A£�e�[�UYc���^0s%X �Oc�r0g�[Yr0`�Å�e�]0X �9��� u¼Z2[Yo0U�c"�2^0sOt
XMUY[�`Yc0c�e(£�UYW�g0e�t�h�Z2c"Z2W�`�t�Q
� W�uAU�\(t�h�\(Z(uAZ2o�]��Ve"�Àh�U�\�U�t"Z2o h0\(Z(e(W�t"Z2o�e�[ºh0\"e
r�WY[�`�^0Z�u�c"U�^0e"e§b�c"Z2�0`Yc��2^(Z(�§�n`YpYZ(uAZ�� g�Z�b�U�\�U�^�[�^(Z�WY[�e
g0`�g WYc"U�o�WY[�u�e0UÃo0ªnZ�p�U��±W�Z0^�Z0u�W�g�Z0�¸W�u�](pYe¸XMUYªno0r
W�[�\0`��"h0xC�n`Yp�`YXqe e h�c0Z�W�g�Z�W�[�]0XMe ;I=�? ñ �

� [YZ2[ XµUYt.`�^�e�pYX ]�uAc0]0UY[�W�] \�U�`Yc.e�p�`�Å�e�U��
^0UYW�g�Z�c���g0e�tÄu2sOW�g�`Ap�`2^0^"s%tÄ\0`�^�U�U§e�o0U��>�,[�`�g0e�tÄg�`�g
e0o�U�]`�9^0o0U�\�WYZ�^"`ÀZ´W�h�e0^�Z�uAZ0�´ª�e�o"g�Z2WY[�e·e U�U
u2`�\"e0`�^0[YZ�u �Y�y¦�¥"���Oe�o0U�] lOe�u�UYc��YWYZ0^0`�e§o"\<�²����¦�¬0��Z
k9l6mÄxzh�Z�o0Z2�0^�Z�X¸W�h�`2\0e0u�`2^0e"eÃW�h0e"^�Z0^�Z0u"� g�Z2[YZ�\�Z2U
h�\0e�u�Z�o�e�[Äg¼W�uAU�\(t�h0\(Z(uAZ2o�e�XµZ�WY[�e°����¦�®"��� �qX>U�\�e«e
lOe"u�UYc��AW�Z�^ \�`�^0UYUÃ����¦�¤"�}h�\(U�o0W�g�`�p�s±u2`Yc�e [YU�W�^�r��
W�u�](p�� X<U�ª�o0r W�\�UYo�^"e�X \0`�WYWY[�Z�]�^�e0UYX XMUYªno0r
W�[�\0`��"h0`�X>e¢e�u�UYc�e�£(e�^0Z�� � 	Y�0Z�^�`Y��c��Oo0U�^"e0e�g�Z�[�Z0\�Z0�
�nc�`·\�UY£0�·u2s9�nU � ¬�¥��Y� ��uA[�Z0\0s \�`Y��Z�[�s � ¬ �2�
h�\�UYo0c�`YbY`��,[¯Å�UYc�s9� W�h�e(W�Z0g r�ªnU \�U�`Yc�e�pYZ�u2`�^"^0sOt
f�g�W�h�U�\�e(XMU�^�[�`Yc���^"s%t W�u�e0o0UY[�UYc��YWY[�u �9l�"Mx¶X>U�t"`�^�e�pYXq`
e ^�Z0u2s9� g0`Y£�UYW�[�u�U�^0^"s9� [YUYW�[\) e0W�g�r�W�WY[�u�U�^0^0Z
W�g�Z�^0WY[�\�r0e�\�Z�u2`A[�� [�`�g�r0� W�e�W�[YUYXMr e�p W�h"e0^0Z�u2sOt
c�UYW�[Y^�e0Å �F®S�"� e Z���\0`�p�Å"`°W«X>U�o���xzg0e�W�c�Z(\(Z2o�^"s%Xqe
Å0U�h�Z�£0g�`AXMe�� � Z�ªV^0Z h"\�UYo0c0Z�ªVe0[�� u g�`A£2UYW�[�u�U
\�U�pYU�\0u�r�`�\�` t"Z2c"Z�^�Z�u e W�h0e"^�Z2^�Z2u´e�W�h�Z�c���pdZ�u�`�[��
W�Z�U�o�e�^2UY^�e�U » ; QXRM;U=W?@ñ �y�y¦9�0�y�U�qUYW��YX�`�u�`Yª�^0s%Xjo0c�]
[�UYW�[�e0\�Z0u�`�^�e�] �9lK">x X<U�t.`�^�e(p�Xq` h"\�U�o�W�[�`�u�c�]0UY[�W�]
f�g�W�h�U�\�e(XMU�^�[�`Yc���^�Z2U´^0`Y��c��±o0U�^0e�UÁu � �
�9� h0\"e
�

>
�z	²u�X>UY[�x¶W�[�\0`��"h0`Yt %�W�h0e�^(Z(^(Z(u\' e %�t0Z�c0Z0^�Z0uX'�W

h0Z�XMZ������ ���  &! Q e�p�X>U�\�U�^0e��M� `�^"`Yc�Z�b�e�£0^0sOt
h�\�Z�u�UYo0U�^�^0s%X u�����¦,�����

7,c�]¨p�`�u�U�\��nU�^0e(] Z2��p�Z0\0` WYc�UYo�r0U�[wZ2[YXMUY[�e�[�� U��nU
b�e0h�Z2[YU�pYr 
¾`2^�b�` �Y����¦"� Z2�
!"U�o0e"^�U�^�e�] [�UYZ0\0e"e
W�uAU�\�t.h0\�Z�uAZ�o0e�X>Z2WY[�e e `�^�[�e0�±U�\0\�Z�Xq`Yb�^0UY[�e(p�Xq`\) u
\0`�X>g0`Yt #���xV� � e�XµX>UY[�\�e�e WYr��nUYW�[�u�r�UY[ %�W�r0h�U�\�W�h0e"^�'
��uAU�g�[YZ�\wW�h�]0[����Äg�Z�XMh�Z�^�U�^�[�`YXqe���o0uAU e�p g�Z�[YZ�\0sOt
]�uAc0]��O[�W�] �±�V��� `¾[�\�e«Z2�0\0`YpYr0�±[ � � h�`�\�`YXMUY[�\
h0Z�\�]0o�g0`�� �V� Z(\�e0b�e"^0`Yc���^�Z2WY[�e f�[YZ�� b�e0h�Z2[YU�p�s
XMZ�ª�^�Z WYr�o�e�[�� h0Z X>b�^�Z0u�U�^0^�Z�� g0\�e�[�e�£2UYW�g�Z0�
\�U�`�g�Å�e"e ^0`�^�UYU������������
ÏrÕ	��Õ�é � ð×ô ��	 � 	 î�
¡Õ	��Õ
� H���� � ��� H�� Ö�� = � � ¶�� ���!Õ������rÖ&Ï§Ù�Ù�36�Ï·Ò<A­3 :¯Õ
ñ�Õ��BÕ �$Õ�ï �"! �!ð H � ��Ö�#	$%$ ¶ � = � � ¶ 6&
¡Õ�èmÕ�:'��(�Ö$Ù¯Ù�3 6�Ï·Ò<A¯ó :�Õ3�Õ�)uÕ!Û�Õ ��¾�Ý�Á�Ê§Ñ�ÌrÂ!Ö+*-,.,0/!Ö�Ð�Ò�G 6¯ÏÅÒ
A�ó :�ÕG�Õ ��Õ��=Õ
� 	 î H�� � ! 	 � 	 î ��Õ-1 ! � H ð Ö2� = � � ¶3� �4� ¶ �­����Ö Ï§Ò!ÏrÏ6�Ï·Ò<A�Ï :¯Õ
Ù�Õ *¡Õ1= Õ3*�â�ÆrÊ�ß§Ê§Ý�Ö1=�Õ *�Õ3*�â�Æ�Ê§ß§Ê§Ý�Ö"576	8 * ����Ö�ñrñró�Ó 6�ÏÅÒ
A�ñ1:�ÕA!Õ1=BÕ *�Õ�ø�Ý�ÆrÈ�Â�Ý�Â�Í�ÌrÆ�ä�Ö"596	8 * ����Ö�ñrñ�ÙrÙ 6¯ÏÅÒ
A�ñ1:�Õ
Ð!Õ �BÕµ� � � ðmô 	;:�<>=@? �	�4A � �4B���CED%B �F� = � � D 	 �4G Ö�ê�Õ	� H �@ô �&� Ö�éuÕ� � HIHKJ � ��Ö � 	 î���Õ�ímÕ*î H í H 	 	 H � 6 H î ��Õ : í ! � î ! 	 � 	 îFé � H � å�� Ö
 H�L è ! ��M 6¯Ï§Ò�A�ñ :¯Õ

b7c�b7cIdfeMg�h�e
e9i9j4kmlnc
opcIdfq�e9rXj,sXt-i9u
v\wXx,kzy{c�|{cN}fe9~-vXwXs

ß��E��� �9ØE�yØ�×ÛÎMÔYØ<��×­ØE�"Ò­Ê��.Ó�Ê���Î�Ò+�E��ÏYß­àYà�á�ÏzÒ�È����0Ï1�{ß�ß



Ó�Õ��mÕ���Õ�é � � H�M 	 H�� Ö�ï�Õ0� ! î � Ö0��Õ ��Õ�� 	 î H�� � ! 	 Ö � 	 îV��Õ+1 ! � H ð Ö� = � � ¶F� ��� ¶ �@����Ö�ÏFG�Grñ 6�ÏÚÒ1A�ó :�����Õ2��Õ�� � H�� H � 	 îa�¡Õ-13Õ� H ���·ð H4� Ö � = � � ¶�� �4� ¶ �@��/�ÖYGrñ 6¯ÏÅÒ
A�ó :�Õ
Ò�Õ	��ÕM� � H 
 ð©ô å�� Ö ��Õ<� � �&� ��Ö êuÕ��BÕ¡é � H î!ð Ö
�=Õ���ô H�M"H Ö��&Õ�1 H � ÷å�� H î H Ö2�=Õ
� � ��	�� Ö � 	 î �BÕq� å�� �.. J H�� Ö � = � � ¶�� ��� ¶ < � C&C ¶%�@�!Ö
Ï§Ó�Òrñ 6̄ ÏÅÒ�Ð�Ò1:�Õ

Ï§ó!Õ
��Õ "§Õ!é�ð ! � 	 � Ö � = � � ¶�� �4� ¶�� ����Ö$ñrÒ�3rÙ 6�ÏÚÒ̄ Ó�Ù/:�Õ
Ï�ÏrÕ�5eÕ
��Õ�Û�ÂrÇ�ÂrÈ�Æ�Ì�Ö�8mÕ�ø&Õ�5�Â̄ Ý�¿�Ì�Â̄ È!Ö 5;6 8 *�����Ö�ÏzG�ÏÅñ 6̄ ÏÅÒrÓ�Ù1:�Õ
ÏÅñ�Õ+�BÕ0� � � ��Ö���Õ � � 	 
�	 H�� Ö ��	 î8ï�Õ���Õ�í H ! � 
 H Ö � = � � ¶ � �4� ¶ �����!Öñ�G�A�A 6̄ ÏÅÒrÓ�Ó1:�Õ
Ïz3�Õ ��Õ
��Õ �mô � � å�� ÖK� = � � ¶�� �4� ¶ < ��C&C ¶�� �eÖ�ÏÛ3�Ï�Ð 6�Ï·Ò�Ó̄ Ù :�ÕÏzG�Õq�eÕ
��Õq� å � ð � É�ô 	 ! Ö
��Õ � ! � Ö � 	 î���Õ
��Õ �mô � � å�� Ö � = � � ¶2� ��� ¶
� ����Ö�Ó�ÏÅÒ�ó 6�ÏÅÒrÓ�A :�Õ

ÏÅÙ�Õ��mÕ�18ô H � MfH Ö ��Õ%� å�� � ô �&� ÷ ��ô 	 M Ö � 	 î5êuÕ��mÕ
� � � � � Ö � = � � ¶� �4� ¶ � �d�eÖ�A�Ù̄ Ù�G 6�Ï·Ò�Ó1A :�Õ
Ï+A!Õ��BÕ�� � � H��BH Ö � D%B = ��= � � ¶ < ��C&C ¶ ��Ö*Ï·ñ�3�Ð 6̄ ÏÚÒ̄ Ó�Ð :�ÕÏ§Ð!Õ���Õ�í ���'� H ð Ö+�BÕ���Õ�é�ô � �%! É�Ö�ímÕ��$Õ+� ! ð � 	 Ö���Õ ��Õ�� L ! Ö�êuÕ��uÕ

1 � �&� � H Ö ��Õ
��Õ � å�� 	 HMH � H�HBH4� Ö � 	 î9��Õ��mÕ�� � � � å � � M Ö
� = � � ¶� �4� ¶ < ��C&C ¶ � /�Ö�ñrÙ�Òrñ 6�ÏÅÒrÓrÐ :�Õ
ÏÅÓ�Õ+1?Õeï � M ô 
 � � � Ö���Õ*êuÕ � �4��� H ð·Ö+��Õ �BÕ � H4J J 	 H�� Ö �
	 î���Õ���ô � M Ö� = � � ¶ � ��� ¶����@/!Ö�Ð43�Ð 6�ÏÅÒrÓ�Ò1:�ÕÏÅÒ�Õ%��Õ���ÕBé � �&� H�� Ö2��Õ%�¡Õ�1 � ��� ô 	 î � ð H Ö��BÕ2��Õ � � � � 	 î�ÖBêuÕ �BÕ� H 	 	 ô 	 
 � ! 	 Ö�êuÕ.��Õ.�!ðòô å�� � H�� Ö�ï�Õ.�¡Õ�� � ô H î � �
	 	 Ö��!Õµ��Õ	��ô å H Ö
��	 î �&Õ 1?Õeíuô 	 ��� H4� 
 Ö � = � � ¶�� �4� ¶ < ��C&C ¶���� Ö�Ï�ó�Ó 6̄ Ï§Ò�Ò�Ï :�Õ

ñró!Õ *�Õ¡Û�Õ�)*Â̄ Ñ�Ë�¾�Ý�¿!Ö = Õµ8mÕ<8uá";u¾�Ý�¿�Ö = Õ>5!ÕMHæÆ�âr¾�ärÇ�Â�È?È?Ã§Ø!Õ �
*���¦§�r����¤�¢��r�! #"�� � ���·º��%$ 8'&�( Ö?6ÅÝ�ÊÅË�ÕCÛ�Õ�H?Õ�8�Â�Ìr½§Ê�È;:̄ Ö��¾�ÄrÌrÂrÈ�¾ ËrÄ�Þ�Ì�¾�Ö �«Æ�Ê§È 6�ÏÅÒrÒró :�ÃrÕ!Ù!Õ

ñ!ÏrÕeèmÕ " � !�� Ö �~Õ�è � ��� ! M � Ö�è¡Õ�� ��)·ô L � � � Ö�è¡Õ�* H î � Ö�ï�Õ+1 � å � ô Ö "§Õï ! � ô 	 ! Ö��mÕ�ï � ô Ö

¡Õ
� ! � � ô � � M � Ö � 	 î��eÕ�ï ��	 � M � Ö�+ ¶ � = � � ¶� =
	 ¶ + � $ ¶�� �rÖ�ÏÅñrÓrÐ 6�Ï§Ò�Òrñ :̄ Õ

ñ�ñ�Õ êuÕ,��Õ9�!ð×ô å � � H�� ÖBô 	 � : �>C B = $
�-,
� �̈. = BIB �

, ��C �§ö � , � 	 C B = $ � � � ¨C ��A � G �mÕ���Õ@é H î H ðòð 6 H î�Õ�:�Ö���î�î!ô � ! 	 ÷ � H �Åð H�H Ö 
 H�L ÷òè ! � M6̄ Ï§Ò�Ò�G :�Õ
ñ�3�Õ/�mÕ.��Õ 1 ! ð H�� Ö	�BÕ��!Õué � � � Ö �$Õ<��Õ0* � � � å�� Ö
����ô I ô 	 
 ��ô ��	 
 Ö�=Õ 
¡Õ � � � î H Ö � 	 î �¡Õ�� � É�ô � �!ð 	 ô M Ö � = � � ¶3� �4� ¶ < ��C&C ¶,���!Ö
ñ�Ð4G�G)6�Ï§Ò�Ò�G :��0��Õ+� � 	 ! î�Ö 1KÕ � ! ��ðòô 	 Ö��BÕ � H�� �1� Ö0��Õ 1�ô � � H ð ÷� � H ô 	 Ö���Õ�èmÕ í H 	 ! ��î�Ö0�«Õ � � ð MBH�� Ö � 	 î��uÕ0� � ��Ö � = � � D 	 �32������4 ������Ö�ÏF3�ÒrÒ 6�Ï§Ò�Ò�Ð;:̄ Õ

ñ�G�Õ��=Õ"
¡Õ � � � î H Ö �BÕ���Õ�é ! 	 	 Ö �~Õ�êuÕ 1 ! � 
 � 	 Ö ����ô I ô 	 
 ��ô ��	 
 Ö
��	 î5� � ��	 � � � 	 
 Ö � = � � ¶�� �4� ¶ < �@C�C ¶���(!Ö�3rÒ�ÒrÒ 6�Ï§Ò�Ò�3 :̄ Õ

ñ�Ù�Õ êuÕ�í � ! ��Ö'��Õ � ! H 	 � Ö � 	 îMï�Õ	13Õ	��ô å H Ö76 ¶ � = � � ¶ � � ��Ö Ḡ ñ�Ù6̄ Ï§Ò�Ó�Ð;:���
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