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�+wRy)�Hz�s+s){�u)s$¢2��u$wU�́ Â�z�t��£µ�À � ¶�¿0¹�Ã

� �′ = #







� \`
� �`

− � � `
�
Φ(
� �

)� ` 	







�%$$`
� � \` =

	( 2 Q Â)¶�¸$Ã

∫�&$$`

�('
) * �
√
�
Φ(
�
)

=







� \`

(
� \` − � � ` ) 	








�+$ � "
−
" �

�
� " �

= � � ���
Â)¶�À$Ã

[ \ ] ^

Ù�_�_ a�Ï�Ô�Ï�Ð�Í@×�Ï�Ô�Ð�Ïcb d�Ö�e�f�Ö�g�Í�dih�g)Ñ�Ù�Ú�Ú�Ú+Ñjd�Ê�Ùlk;Ñ�mon



�5s)s+{�u)s$¢2��uUw)�¾Â)¶�ÀRÃ�s$�$�)��y$���$�$��{§�R�7uR{��¦�$�$|��;y1w)s$u$|
�$|��*{�s^}E�E� "

=
" � �U�C�)s+{�s$�)s;�Az�t6�7 ?�7uRw$� � �

(
 
) = #�� � �r�y$|��1�+u)���U¢¡��t°t4�P�)�;yR��t°�U|�z�z�t4|�{��$w$�^|�{��B{�s^�����)s

z7�1|��+u$wR{����U�^u)s t6��y$�1��u$uU��� Â'�)u)���)���$�${�w$�+wRz�{�z7�$wR� �UÃ
�$�$|��)yUwEsEuR� � � ��� � � ��{�|��~�$|��6�0z�s+v��U|�z7uEs~Â)¶�¸1Ã��.�U�Rw
� � →

� \ u$|��R�$¢�|���{�z��<s+z�uRs;�+uRs+�CwRz�x$s)yUuEs;�C�$�R��y$�Rs+�1s;����7uRw$� � ∗ � � ′ � � � � �A�Rs+����s+�R�U�- ?�����Rs+�1�)}$w){7�²�$�1�)s;�
 ���u$uRs+���^�!�$|�����u$wR�Ty$�$���-�$u1�)�Uw1w +�|�v³�R|+u)�H|ºÂ�Á1Ã^�

�s^z7�)s)�U�^�^� u$|¾�)s^����¢3w)x¥�$|�z�z�{�s��Uu1w^�$x s^{ª�$��u){��$|
�$�$|��)yUwEsEuR| "

−
" �

→ ±∞
z�s^v��U|�z�u$s¾�)z��RsE�^w^�$t Â)¶ �1Ã

�7u1|�})�7u$wR�&�)s){��7u$�1w$|��U|
Φ(
�
)
t@s;��uRs8�7|�t@��u$w${��&�R|����1s;�

���7uRw$��t¾Â+¶��)|)Ã^�4{�sTwR�&z�s;s^{7uRs;¢¡�7u1w^��Â)¶�À1ÃH�1��v³�Es´�Rs;�
�U�)}$w){��ª|�z7wRt��R{�s+{�w$�$w�z�t@�7 ¡�7u$w1� � � µ

νν(
"

−
" �

)
¹®y$�)�

t���y$�$��u1u)s)v�s8�$�$|��;y1w)s$u$| (

# � � µ νν(
"

−
" � ) ¹ ≈













¶
� ����� 










 −
" �

λ
�











�

¶
−
¶
� ����� 








−

"
−
" �

λ
�











�

" � " �
− λ���

" � " � + λ� �
Â)¶�Á1Ã

λ
�

=
� 




	
κ





�%$ �
�


�|��1|�t@��{��
λ
� w)t@����{©z�t4��z��¾�$s^�U�$¢�w1�$w1u$�¥�$�$|��$�

yUw$s)uU| (¥s){�uRs+z�w${����U�+u$|�� �$s$�$|��U�^u$|�� y$���!s$�)t4|��1w^�
|�{�s)t4u)s)v�s��^�$yU| � ∗���′ µ νν(

"
−
" �

)
¹?�7|�t@��{7uEs©s){��0w)}$uU|�s){

u$�)�R� {�s)�U�^�^s ���+�0w)�7w ��v�s �R�7uR{��1|¬u1| wRu${����1�+|��$�" �
± λ

� w y;s)z�{7wEv�|���{¦t4|��)z�w$t@|��U�^u)s)v�s ��uU|�})��u$wE� �
�$��u${��$�H�R�$|��$y$w$s)uU| (

�	� ��� � ∗� �′ � ≈
� ∗

λ
� =

� ∗� 



κ
	





� $ `
�

Ç�|�uUuEs;� z�s+s){�uRs;¢?�7u$wR� ��t���z�{�� z¥z�s;s^{7uEsE¢¡�7u1w^�$t4w
Â)¶  1Ã3w®Â)¶c�RÃC�)s)����s)�)�$��{&��|^�$w$z�|�{��&s^z7uRs;�^u$s^�&�)z��$s$�+w)�
z��U ¡��z�{7��s;�^|�uUw^�©�$�$|��RyEwRs;uRs;� � ∗ & � ′ �����¾¶��A{����)t4w$u1|�x�$��¢2��{�s^}EuR�!x<�$|��1|�t@��{��$s)��(

(
� ∗)
`
κ = − ( � ∗)

`
∑

α
( � (α)

� � �( � α)(
R (α))

� � � � � � � ` 	 =

= −
� `
� ∑

ρρ

� � �( ��� )(ρρ)ρ � ρ � � Â��	 1Ã
Ç!s$�)s)�Uu1w){����0��uU|���»�u)���$v�wE�¯|�{�s^t£uEs;v�s��^�$yU|R��s)�+�$�

z��1s;���U��u$u1|��
�$s��R���U��u$wR��tT�3u$��t©�)�U|��)yUw)s$u$uRs;�8��s+�0u$�� � µ
νν(
"

−
" �

)
¹

=
� �

(ρρ − ρρ
�
)
�;v�y$�

ρρ
�

= νν
" �

= νν � � ���$�$|+�^u$|


 \ =
¶
� ∑

ρρ





( � � � µ � . � (ρρ − ρρ
�
)
¹ `

+

+ 	 � ` µ � �′(ρρ − ρρ
�
) � ` +

�
Φ
µ � �

(ρρ − ρρ
�
)
¹ 



� Â�� ¶7Ã
r y1|�����uR�7�R¢2��t"�«�+�!�Rs+�0u^�)� z��;t@t4w$�Rs;�^|�uUw)�¥�Rs

�����){�s;�)�
ρρ
�.t4���+�)y$��t°s)v³�1|�u$wR}$w$�+|�{���z��<�)s;uR{7wRu$�$|��0���

u1��t��1�$w)�)�UwR����u1w)��t

∑
ρρ

( ���
� ) = ∫
−∞

∞ * 
� ∗
( ����� ) �

r©»�{�s)t´�1�$wR�+�0w)����u$w1wC»�u)�7�Rv�w)�	
 \ �1�$w$s^�$�)��{�|���{��+wRy��


 \ =
¶
� � � � � � ` + ε

� \ Q Â����$Ã

ε
� \ =

�
� ∗ ∫\

2

/ � 	 Φ(
�
)
¹
2 $E` � � � ( � \ =

( � ε� \
	
�


�|��$|�t@��{��$�
ε
� \ w ( � \ w)t@���-{?z�t4��z��~z�s)s^{7����{�z�{�����u$uRsz�s;�^z�{�����u$uRs;�¤»7u)���Rv³w1wTwT»��-�"���){�w$�+uRs;�¤t�|�z�z��¯�)�1|��$�

yUw)s$u$|���|°�$��u${����$�$|��)yUwEsEuR|©t@s^�Hu)s��$|�z�z�t4|�{7�RwU�^|�{7�
�$|��²�)z�����yRs+}$|�z�{�w1�)�@�¡uR��z��$ 2�U� u$|°z����;�°�$�$|���|�u$u1���
x0|��$|��){��7�$wRz�{�wU�Rw6� 
��$w½�+�!�)s)�UuR��u$wUw½u)���$|+���7uEz�{��+|
Â��  $Ã

λ
��� � � ∗ � ε

� \ ��� 	 w ( � \ ��� ( 2 �
�7,	� 2 : 4 oRq 0 p*8	:988q�B�
 0	< p$q	8 4 C 2�4 K�q��*C 0 6 n >
r �1�)��yU��y$�$ 2��t �1|���y;���1�¼t4� �+wRy)���0w6�T}){�s uU|

�R�$s){�u$s^�U�$|��)s$�^|�u$u$s^t¬�^�$y$��|�{�s+t@s$�1�¡�Rs+t@�� 2��uUu)s)t��
|��)z�s^����{7uRs�����z�{��)�$��Â�uE��y$���"s;�)t4w1�)�)��t@�$�3Ã5�$�Rw$z�{�|��1�
�0w)})��z��)�$��t4|�{��$wU�E�@����s)��t.s)��u$s*z��$ ?��z�{���sE�^|�uUwE���$�R|��
�)yUwRs;u1|R� �R�7uE{7�9�^s;{�s;�Es;v�s8yU�^w)����{�z��~z��$�EsEwE�7��s;�1�+u)s$�
�Rs+z�{�s��Ru1u)s$�²z7�Es;�Rs+z�{7��� � � � W4�)y$��t¬�$�R��y$�Rs+�0|�v�|�{��R�
}){�s~���7|�wRt.s)y$���)z�{7�^w)�C{7|��Es+v�s~�$�$|��RyEwRs;u1|CzCy)���"sE�Et£wR�
�)�$��t.s$�8�$�$wRz�{7|��$�0w)})��z7�)s)�8t4|�{7�Rw$�$���~w*z�w$z�{���t�s$�*y$s)�
z�{7|�{�s+}$uRsCz��0|��$��x<�+u)��¢�u1w)x~z�w$�8z�s)xU�$|+u;�E��{�z�s+�0w){�sEuR�
u1��� z7��s;�Rz�{��+|½�)�U|��)yUwEsEuRu$s^v�s ��s)���)�)��y)�7u1w^�@� uRs
t@s+����{��1�$w1��s^yUw){����&w)��t@�7uE�7u1w^�$t©�"s;�)t4���$�R|��$y$w$s)uU|
w¾u$|��R�E¢¡�7u1w^�$t¬�)���Hw)t4|°z�{7|��1w)s$u$|��1u)s)v�sPyU�^w$�2��uUw^�
��v�sH�R�7u){��$|��;{)�O�$�$�HwR��t@��u$��u$w1�°z7�Es;�)s)z�{7w � � �?�U�)s)�$��z��z��¬yU�^w)����u$w)�@��¨�|��Es+� �R�$��y$�$s^�Us^���7uRw$� �)s)����s)�)�$��{
z�}EwE{7|�{��&�)s)s)�)yUw1u$|�{��9�$��u){��$|&�$�R|��)yUw)s$u$|*u)�7�Es;{�sE�EsE���
�°s)�; ?��tªz��1�)}$|���uR���Uw1u)���UuEsE���¡�"�$uU�)�1w$�����+�)��t@�7u1w" �

(
�
)
wªu1|��^�$y$�¾z��$�U�E�;v�w)t4w¾z�t@�� 2��uUw^�$t4w � (

R � �
)
�

z��)s;�Rs+z�{��$t4w � . (
R �
�

)
w¾yUw)z�{�s;�Rz7w^�$t4w � � � ( R ��� ) �$|�z��z�t£|�{��$w1�+|�{��$" �

(
�
)
w � � ( � ) = 
 . � ( � ) �8�$|�})��z�{����CyUw$u1|�t£wR�

* � ����ô��	ü�ú��¤ÿ���ô��	ù�ú¦ô�ülø�ÿ¤ü	þ�ù��	ü�ô!��ø�ù¸÷	þ¦ý�����ü��fø��¦ÿ¤ü�ù��	ü�����ù�%�ø¤ù��¤ù�ù¤ÿ³�	ü���õ¦ô�� � � = � � A �	ù�
�õ¦þ��¤ü3��F�����ÿ���ü	ü3�¤ÿ�õ�û���ü¤ù��¤õ�(�õ��	õ¸ý	ù���ü�����ù�%F�����ÿ��Áü�ü-D�õ�%���ÿ	ý�ú�õ@�	ý�÷!��ü¤ú¦ý¤ù��¤õ���ü	ü�� 	�(L��_���Ù

[ ^FE ^ ^ ^ G ^ ^ ^

a!Ï�Ô³Ï�Ð�Í�×�Ï�Ô�Ð�Ï�b�d�Ö�e�f�Ö�g�Í�d h�g)Ñ�Ù�Ú�Ú�Ú)Ñ d�Ê�Ùck$Ñ�mon Ù�_ �



};��z��$w)x��R���)��t@��u$u1��x��$�$wRz�{�|��$�0|R�&�9s;�Rt�|��U�+u$|����Es;y$�
z�{�|�u$s)�+�$|?s$�$wRz7|�u1u)s)v�s&�C�U�)��yU��y$�$ 2��t��R|���y$���$��z�s+�0w$�
{�s$u$| �

=
� � µ

ρρ − ρρ
�
(
�
) � �°�!�Uu$�R�Uw$� Â³Á1Ã<�R�$���+�$|� ?|���{

���©�°�"�$uU�$�RwU�Ä�U�)|���|+u$uRs+v�s��^�!¢2�©uU|��^s$�$|TyUwRuU|�t4w$�
};��z��$w)x<�R�7�E��t@��u$uU��x (
-

=
-�� � S � (

R ���
) 
>� . (

R 
 � ) � � � � ( R � � ) � " � ( � ) � � � ( � ) 
2�
-s)�$�)})��uUu)s)�*{7|��$wEt�z7�)s)z�s+�)s+t��+�"�$|�����u$wR�&�)�)y$��t
�U|�z�z�t4|�{��$w$�^|�{��*�$|��~�!�1u$�$�1w$�F+�|�v��$|^u)�H|C�)�1w)z�{�|��1�U|
z �$�R|��;y1w$s)u$s^t-�T�)s){�s$�$|��¥s;�1�)��yR���)�$��{ªz�sE��t.��z�{�uR�E�
�U�)s)z�{��1|�u)z�{�����u1u)s$� �^�)��t@��u$uR�E� »7��s+�0�-�1wU� �$�$�$�)v�wRx
z�t@�� 2�7u1w$�9|�{�s)t@s;�8�)�1w)z�{�|��1�U| � (

R �1�
)
w~�R�7uR{��1|C�$�$|��

�$y$w$s)uU| " �
(
�
)
�

�4}$wR{�|��©yU�^w)����u$wR�A�R��u${��1|~�$�R|��$y$w$s)uU|8��|�yU|�u1u$�!t
w
wEz7�Rs+�0�����^� - � � �Et@s^�Hu)s&�)s)�$�)}$w${����$�$|^�+u)��uUwE��y1�+w$�
���7uRw)�~�$�$wRz�{�|��$�0|C�C�-s)�$t6� +�|�v��1|�u)�H|8µ �  $¹l(

�
� � 







∂
- � �

∂ � . �







+ ∂
∂ � �








∂
� � �

∂ � � �







−
∂
- � �
∂ � � =

� � Â��+¿0Ã

����)��xUs^yTs+{&»�{�s)v�s<�$�$|��^u$��u$wE�¤���$�U|��^u)��uUw$� y$�+wR�2�7�
uUw^�¦y;�R�ªz�t@�� 2��uUw$� � (

R �
�
)
�¾��sE�Et�� UH�+��{�s$u$|��

z��1�)}E|��2�$|�z�z�t�|�{��Uw$�^|���t4��x8u$|�t@wCt@��y)�1�7uRuU��x8�;�1|��)yUw$�
sEuEsE�®t6s;��uRs��+�!�Rs+�0u$w${��©�¤��wRu$���$uRs+t¼�)s°z��)s;�Rs+z�{�w
� � �U�Rw)�)�Uw$�2��uUwRw@�
�1�)��u$���;�)��v�|���}+�1�7uR|�t�w��Rs;�E�$y$�$|
� � ` * � ` � � ¶©w�»��2�-���){�|�t�w �7|��1|���y1�!�+|�u1w^���$�$�$�)v�wRx
��s)�Uu£�-r¯»�{�s+t¯�1�$wR�+�0w)����u$w1w©z��1�$|�����y$�0w$�+�¦z�s+s){�uRs;�
¢���u$wE�

� . �
= − � � � �′ � �.. � ≈ − � . � � �′ � Â��'�0Ã


-s)y)z�{7|����$�)� �
=
��� µ

ρρ − ρρ
�
(
�
) � �~Â�Á1Ã�wTw)z��Rs+�0�����^�Â��+¿0Ã2w9Â����0Ã^���Rs+�1�)}$|���t

(
α
�.. � ( R?��� ) + ∑

α′ C . ′

� 	��(αα′)(
R

−
R

′) � � ( R ′
�
�

) =

= � 	( � α) / R + � (
R 
 � ) �
� � +

� 	(
�
)(
R��
�

)
� Â���#1Ã

� �(
�
) = δ � ρρ S ( � � � � . � � �′(ρρ − ρρ

�
) + ∂

∂ρ � Φ � � µ � � (ρρ − ρρ� ) ¹ +

+
� � � � ∂

∂ρ �
� �′(ρρ − ρρ� ) 
2� Â�� �1Ã

r«�U�$|���s$�8}$|�z�{�w8�U�$|��^u$��u$wE�TÂ���#1Ã�u$|��E�Ey)�~zC�+uE�7¢�u1w$�
t£w*z�w)�0|�t£w � ( � α) z�{�sEwE{�{�|+�^���2z�w$�1| � (

�
) �$s$�$�$��y)���R�U�-�

 H|��~y$s)�$s^��u$wR{�������uR�$�²�E�R�$�)v��U��yR�7�"s;�Et£|��1w1���$�$wEz7�
{7|��1�U|&�Es;y�y$�7�Ez�{��+w)��t��$�$|��$y$wRs;u1|R��
2�Uw8��|��1w)z7w�»�{�s$�
z7wR�U� t£� �$�$��u)���$�)��v��0wTz���|�v�|���t4��t � � � ∂ � �( � � ) * ∂��� �

�)}$w${��"�+|��&s^v�s;��sE�E�7u1u$�!�8�+�!¢2�2y$�0w$u1u)s$��s^��u)s$�^�!�Cx0|��
�$|^�+{����~�+u)��¢3u$w$x�z7w)�Æ�
Ç-�0w$u1u)s$��s^��u)s$�^�!�¦xU|��U|��E{��7�¦z�w)� � ( � α) w¦s+{�u$s)�

z�w${����0��u$s t4|���|�� ������w)}$w$u1| �"s)u$s)uUu$��x w �)�1|��$�
yUw)s$u$u1��x½z�t6�7 ?�7uRwU� �Rs+����s^�$�U��{ z�}$w){7|�{�� � ( � α) ≈
≈ � ( � α)(

R
+ � ( � )( R ��� ) 
 � ) �"r�»�{�s)t��$�1w)�)�Uw$�2��uUwRw©s)�)� 2�����)�7¢¡�7u1w)�-�1�$|��+uR�7uRw)�8Â��'#1Ã�t@s+�Hu)sC�$�R��y)z�{7|��^w${��2�

�+wRy)�Hz��$�$���$�)s)��w$�1w$w8{��)��x�{7w1�)s$�3z�t@�� 2��uUw$�=(

� = � (
ÿ¤Ú

) + � ( � ) + � (
�
) � Â��)¸$Ã

�.y)��z7� � (
ÿ�Ú

) � z7��s+�)s+y1uU���¾�)s+�1���)|�uUw;� �$�Rw$z�{7|��R��|
Â�|��)�)z�{7w)})��z7�Rw)��wAs;�R{7w)})��z7�Rw)����s$u)s$u$��Ã Q � ( � ) � z�t@���
 2��uUw;�§�$s^y«yR�7�)z�{��+wR��tª�+uR��¢�uUwEx«z�w$� � ( � α) Q � (

�
) �

z�t��� 2��uUw;���©��s^�7u1w$�$|��2 �wE� ��z��1��y)z�{7�^w$�¦uU|��0w)}$w^� �
�$�$wRz�{�|��$�1�H�$�R|��$y$w$s)uU|R�
r¾yU|�u$uRs+t¾�$|���yR���$��s+z�u$s)�+uRs;�°wUuE{����)��z<�$�)��y$z�{7|��^�

�R�E��{-yR�$�
u$|�z��Rs+�1�2z�t@�� 2�7uRwU� � (
�
)(
R��
�

)
�0r��$�^|��7w)z�{�|��

{�w)})��z��)s+t¬�1�$w)�)�UwR�2�7u1w$w Â�{)�O�$���^���°�)})��{�|°��|^�$|���y1�!�
�+|�u1w^� �$�$�R�)v³wRx ��s+�0u0Ã¦»�{�w z�t��� 2��uUw;� �U���R�U�!{�z��
�)�$�!�+|��2 �wRt©��y$|��Uw*s^{¡�R��u${��1|��$�R|��;y1w$s)uU|��E�7¢2��u1w)��t
�$�U|��^u)��uUw^�

∑
α′
( � ′

� � �(αα′)(
R

−
R

′) � �(
�
)(
R

′ 
 � ) = � �(
�
)(� ��� ) �

�5}$w){�|�� w$������z�{�u$s)� �"�$u1�;�1w1� Â�{��7u)��s;�6Ã �E�$wRuU|
	 � �(αα′)(

R
)
yR�$���$�U|��^u)�7u1w^� �$|��^u$s)����z7wE�¬�$�$wRz�{�|��$�0|R�

�Rs+�1�¼z�t.�� ���u$w1� � (
�
)(
R3�
�

)
t@s)��u$s �U�E��y$z�{�|^�+w){����

�+wRy)� �

� �(
�
)(
R ���

) = ∑
α′
( � ′

	 ���(αα′)(
R

−
R

′)
� �(
�
)(
R

′
���

)
�


2s+y$z�{�|�u$s)�+�$|C�*»�{��<�"s;�)t@�)�1�A�^�-�$|��?�7u$wE�TÂ����1Ã�w
uR��z��$s)��uU���H�1�)��s+�$�$|���s$�+|�u$wE�
yU|��"{H��s+��t@s+�Hu)s)z�{��3��|��
�1w)z7|�{��3z�t��� 2��uUw;� � (

�
) �*�+w)y$�

� �(
�
)(
R��
�

) = ∑
ρρ′




� 2 � . � � �′(ρρ′ − ρρ

�
)
� � 	 	��(α � )( R − ρρ′) +

+



� 	 � � � �′(ρρ′ − ρρ� ) +Φ � �3µ � � (ρρ′ − ρρ
�
)
¹ 



∂
∂� �

	 � �(α � )( � − ρρ′)


�

Â��)À$Ã

 �^u)�$��z����$����»�{7wRx8z�t@�� 2��uUw$�AzH�^s;s)�$y$w1u$|�{�sE�8w8z��)s)�
�)s)z�{7�����R�7uE{7�$|3�)�U|��)yUwEsEuR|�t@s+�3u)s&�)s)�$�)}$w${��3u$|3�$|�z��
z�{�s��Ru1w^�$x � R

− ρρ
� � � � λ

� � �1�$w1u$wRt�|�� ��s½�+u1w)t4|��
u1w)� »7�)z��)s$u)��uU�RwU|��0��u$�$� �$s$�$|��UwR�7|��1w$� �"�Eu1�)�Uw1�� �
′(ρρ − ρρ

�
)
w

Φ ��� µ � � (ρρ − ρρ
�
)
¹5u$|¡s;z�w  #"<���^��wE�7w8�)��u${��$|

�$�$|��RyEwRs;u1|
ρρ
� Â�z�t!�A|�z�wRt£�E{�s^{7w1�)w Â)¶��^�0Ã«wÄÂ)¶�Á1Ã�Ã^�

*
ó�ô	õ�ô¤ü)�+�¤ú���õ�÷ � û;�)�+��ü
÷ �
ÿÃü)��õ ��ÿ�ü�ú¤ô¤õ�ý�ý�õ þ ÿ)��'!�¤ô¤ù�����ù�� øÃÿ
ü)
¹ýÃü)������ü�ü ù
ø�ÿ)���)�	ý¡÷;�¤ô¤ú¢÷ û�ÿ�õ	þ��)����ü+� �
∑

α′′ � 
 ′′

� � �(αα′′)( � − � ′′) � ���(α′′α′)( � ′′ − � ′) = δαα′ δ 
�
 ′ δ
� � ü!�¸ú�ô���ú�ô�þ�������/U� û	ú�ý	ù�þ�ü����xù�
®ÿ�õ , ����ü¤÷�þ4�¢û	ý�ö4���@�¤ù���ø�ù�������ôÄø¢ÿ	ü � � − � ′ � → ∞

Ù

[ \ ] ^

Ù��7Ú a�Ï�Ô�Ï�Ð�Í@×�Ï�Ô�Ð�Ïcb d�Ö�e�f�Ö�g�Í�dih�g)Ñ�Ù�Ú�Ú�Ú+Ñjd�Ê�Ùlk;Ñ�mon



|°{7|��E�����R�U|+�^u$�!�¾Â�z�{��7�)��u1u)s$�0ÃTxU|��1|��){������)s^s$�)yUw$�
uU|�{�u)s$����|��+wRz�w)t@s;z�{�w��"�$u$�$�1w$w �;�$w1u$|°w­���©�$�Rs;wR���
��s)yUu)s$�A(

� 	(
�
)(
R����

) = � � � � ν � 	 	��(α � )( R − ρρ
�
) � . � +

+ ( �
� 	 � � + ϕ � � ) ∂

∂� �
	 � �(α � )( R − ρρ

�
)
�

� R
− ρρ

� & � � λ
� Q

Â��;Á1Ã

� � =
# �� ∗

= � ∑
ρρ

� �′(ρρ)
�

ϕ � � =
� � � $ `� ∗ ∫\

�
Φ � � (� )
√
�
Φ(
�
)
� � �


�s^��u$����z�t6�7 ?��u$w)��|�{�s^t�s)�¾�+�!y)���U��u$uRs+v�sª�E�$yE|��B�
�)s){�s$�)s)t«uU|�xRs;y1w){�z��©�;�1|��)yUw)s$u6�4�8s+{�z��){�z�{��+wE�
�"s;uRs;�
u$s)��wª�^u$��¢�u1w)xªz�w$�ªs)�UwEz7�!�^|���{�z��@�Cz�s^v��U|�z7u)s Â)¶+Ã��
�-s$�)t@�)�$s$�

η �(
�
)(ρρ
���

) = � �(
�
)(ρρ
���

) +
µ � � + � � � � �(

�
)(ρρ 
 � ) ¹ � � (ρρ − ρρ

�
)
�

Â�¿  1Ã
�����"s;�Rt.�$� Â��)À1Ã�·@Â�¿  1Ã z��$��y$�)��{��$|�})��z�{�����u$u$s

u$s)�+|���s+z�s)�+��uUuEs;z�{����Es;�R�7� y$�7��s$�)t4|��Uw$�£��z�s+��yU|��^|��7�
t£��x �R�$|��$y$w$s)u$s^t � {��R��x$t@�7�$uRs+t½�$�$w)z�{7|��1�$�R���$s
z7�1|��+u)��u1w$�Pz��$�$|��)yUwEsEuRu$s)�~Â�z�s+�0w){�s;u1u)s$�0Ã!y$���"s;�)t4|��
�UwR�7�®�T�)�Uw)z�{�|��U�$���T�)�7u1�)���)�5� ± s)u${�s;�)s$��s;�£�G��s+s){��
����{�z�{7���$�� ?w)�~z�t��� 2��u$wE�Et¾Â��)ÁRÃ
�^s)t4�)s$u)�7uR{�� {���u)��s;�
�U|PyUwEz�{�s$�)z7wR� � � �(

�
)(
R3�1�

)
�$|��ª��s^��!U��t@�§�)�1w)z�{�|��1�U|

(
R

=
R (α))

�8{7|��¦w¬�^u)�){7�$wÄ�+��y$���$��uUuEs;v�s¼|�{�s)t�uRs+v�s
�)�$y$|

(
R

= ρρ)
�$�)�!�+|^�!{H�)s*t@�7�)�?�;y1|��U��u$wE�
s+{3�$��u){��$|

�$�$|��)yUwEsEuR|
ρρ
� �$|��9�1�)s)z�{��1|�u)z�{7���7u1u$���8�$�$s)w$����s)yUu$���

s;{&�Es+t4�)s$u)��u${&���Uu$�$�1w$w �;�$w1u$|R�.{R� �R���)s~z�{����$��u$uRs+t@�
�7|��)s$u)�6�4{�s+v�yU|��;|^�T�~s^yUuRs+t@�7�Ru$s^t��;�1w)z�{7|��1�$�~�$�$|��$�
yUw$s)uPz�s)��y1|���{®{�s)�U�+�)s­»7�^z��$s)u$��u$�1wU|��U�^u)s��1s;�$|��0w)��s;�
�+|+uRuU���½y$���-s)�$t@|+�$w1w � �

′(ρρ − ρρ
�
)
� ��{�t@��{7wEt-��}){�s

�+�-��s+y�s®z�{����$��u$uRs+t¾�)�;�-�^|�u$w1w°z�s)��y1|��+|���t���x«�$�$|��$�
yUw$s)u$s^t«�$�1�)�)v�w)x°�)s)�$�7�®��y$|��1wTs+{*��v�s<�R��u${��1|8�+�)���$�
�+�!�?�E����z7�"s;�Et��)�0w$�Rs;�+|�u��&�$|��)s+{�|�x©µ�¶��$·Æ¶�¸1¹��

� , � 2 :+m)pUn�p$qUn3o1m+q	L3n�p$q	H 8 2 : 4 o$q 0 p	:
r4�-�$|��?�7u$wR�ÄÂ��)¸1Ã�s)yUuEs;��uU|�}$u)s s;�1�)��y$���)�$��{¦y)�7�

�-s$�)t4|��1w$w°�$�$wRz�{�|��$�0|R�5��z��Uw®z�}$w${�|�{����7|��)s$u®y$�+wR�2�7�
uUw^�¼�R�7uE{7�$|��R�$|��)yUw$s)uU|

ρρ
�
(
�
)
w$������z�{�uU��t"�)U�s²y$�)�

{�s)v�s8};{�s+�$� s;�1w)z7|^u$wR�HyUwRuU|�t4w$�$w9�$�$wRz�{�|��$�0|3z&�$�$|��$�
yUw$s)u$s^t �$���$s �Rs+�0u)s)z�{��+� z�|�t@s+z�s;v��0|�z�s)�+|^u$uU��t½w
�7|�t4�$u)�R{��!t��EuR��s^�;xRs;y1w)t@s��U�)|���|�{��2{�|��)�2�-�$�1|��+u)��uUwE�$�
sE�R�$��y)���R�U�- ?�����"�$uU�$�RwU�

ρρ
�
(
�
)
�$�$w8��|�y$|+u$u1��x8�$�U�)�$�

v�w)x°y$���!s$�)t4|��Uw;�Ex��$�Rw)z�{�|��1�U|1�4{)�O�$�4�$�$|^�+u)��uUwE�
y1�+w$�
���7uRw)�8y$�$�~�$��u){��$|C�$�$|��RyEwRs;u1|R�
± �$|��)yUwRs;u��²{��)��x1t.���1u)s)t �)�Uw)z�{�|��U�$�R�
�$|��¦w¼�

t�s)y)������uRs+t �$�$wRz�{�|��$�1� �T�)�7uR�)���R�5� ± s$u){�s$�)s)��s$�6�

�U���R�$��{�z��A�Es;�R�U���^{7w1�+u$��t°|���{�s)�$s$�;|��UwR��s$�+|�u1u$��t���s+���
�)�)��yR�7u1w)��t§�)s)�)�©|�{�s;t4u$��x®z�t@�� 2��u$wU���£�Rs+»�{�s^t��9��v�s
�$�U|��^u)��uUw)��yU�+w)�?�7u$wE���^�)y$��{9w)t@��{��<�Es;�R�7��s;�~�1�)s$w)z��
x1s+��y)��uUw)�R� �T��{�s)yº�Rs+�1�)})�7u$wE�«�)s)�$���+��x��U�R|��+uR�7u$w1�
yU�^w)����u$w)�°�;���º�R|����1|��+s){�|�u)+2s$�)��u$�R��t¾�$�$w��^�!��s+yR�
�$�U|��^u)��uUw^�~yU�^w)����u$wE�A»��$���){��)s;u1|R� |C�*�-wR�7wR�)���)�1w)z��
{�|��U�$s$�®»��-�"�7�E{7w$�^u$s�wRz7�Es;�1����s$�+|�u ± s^z����+wR}+��t¬µ�¶�ÁU¹
���$w �+�!��s)y)�¥�$�$|^�+u)��uUw;� yU�+wR�2�7u1w^� yUwRz��RsE�)|^�$wUw��
Ç-�)�
�E�7¢?�7uRw)�&wUuE{����)��z��U�" 2���
uR|�z���|�yU|�}$wC�^�)y$��{"{7|��R�
���HwRz��)s)�U����s$�^|�u8s)yEw1u~w)�C�+|��RwU|�u){�s$�3»�{�s+v�s&t@��{�s;y1|R�

��|�z�z�t�|�{��1w)t¬�)�U|��)yUw)s$u²�$|���})|�z�{�wU�R�6��yU�^w$�2��uUwE�
�)s^{�s$�)s)�~�Cs^��!1��t��3�$�$w)z�{7|��1�U|3t@s+�3u)s&s)�Uw)z�|�{��3yUw$u1|��
t4w)})��z��$w)t4w��R�7�E��t@��u$uU��t4w

ρρ
�

= νν
" �

(
�
)
w

ρρ
. �

= νν � � �
��)��y1�)s)�$s)�¡wRt<u1|���wE}EwE�����$�Rw$z�{7|��R�U�"z7��s+�)s+yUuR�!x&�)s)�
�1���)|�uUw$� Â�|��)�)z�{�w)})��z7�$wEx w¦s$�){�w$}^��z��$wRx¬�-s)u$s)u$s)�$Ã
� (
ÿ	Ú

)(
R?���

)
w<��s+���)�;�2yU|���t4��x´�^u$��¢�u1w)t4w~z�w)�0|�t4w<�^�!�

uR�;�2y$��u1u$��x«z�t@�7 ¡�7u$w1� � ( � )( R��
� ) �Gz�}$w){�|��º»�{�w«�)s)�)���|�yU|�uUuR��t£w½�"�$uU�$�Rw)�$t4w �Es+s$�)yUw$u1|�{�w �^�$��t.��uUw��

2s+y$z�{7|�uEsE�^�$| �

=
� �

(ρρ − ρρ
�
)
�)s)�; 2��v�sH�^�!�U|��2��uUw^�Cy$�)�

�Rs+�1�7�8z�t@�7 ¡�7u1w$�¤Â��)¸1Ã�w~�+�!�1|��2�7u1w^�~y$�R�<�)s)�)�~s+�)�$�
z��Us)���1�7u$u1��x��;�1|��)yUw)s$u)s)t¾z�t@�� 2��u$wU� Â%�;À1Ã~�®�-�$u$�R�
�1w$� +�|�v��U|�uE�H|CÂ�Á1Ã-�Rs+����s)�)�$��{H�+��yR���UwR{��Hw)�3u)���?yU�+|
�Rs+z��U��y$uUw)x�z��0|�v³|���t@�!x��$|�� s;{�y$���0��u1�!�ª�)�$s$� - � �
�)s^{�s$�$�!�3�)�)y$��{!�7|��^w$z���{��"s+{"yUw$u1|�t£wE};��z��$w)x&�R�7�)��t@�7uR�
u1��xA�R�$|��)yUw$s)uU|?w
�^�)�0�!}$|�{7�3�?z������~�H�^w)y$���U|��R|�t.��{��
�)s$�&�^u)��¢�uUwE���Rs+�R�Aw�z7wE���?� �2|�z�{��3z���|�v�|���t4��x~»�{�s^v�s
�)�$s$�)|8t@s;��uRs<{��$|��){�s;�^|�{7���$|��9»7uR���)v�w$�¦����|�w$t6s)y$�7�R�
z�{7�^w^�§�$�$|��RyEwRs;u1|Tz©�^u)��¢�uUwEt£wP�Rs+�R�Et4w6�-{�s+v�yE|®�$|��
z���|�v�|���t����$�4s)�+�)z��Us)���1�7uRuU���~z�t.�� ?�7u$wE�$t�w � (

�
) �5s)�UwR�

z��!�+|+��{¾��v�s¦z7|�t@s)y)�7�Rz�{��+wE�$�9r4���0w)}$w$u1| - � �R�Uw)s)�)�
�)��{���{�s^�E��}$u$�!� y;�R� �^�0|�z�z�wR}+��z7�)s$�²t.��x0|�uUw$�Rw¯�^w)y
�"�$uU�)�1wUw +�|�v��$|�uR��|8};|�z�{�wU�1� - �

=
- � S " � 
 � �	Q � (

ÿ�Ú
) +

+ � ( � ) � � ( � � ) 
��&��z��1w¼�1�$w �����$s^z�{��)s)��u$wUw s;v��1|�u$wR}EwR�
�+|�{���z�� �R�+|�yU�$|�{�wR};u1��t �1�$w$�^��wE���7uRw$��t �)s²z7�Es;�Rs+z��
{��Et � � w��R�$w°s$�$wRz7|�u$w1w°z�|�t@s+y$���)z�{7�^w)���$�$��u)���$�)��}$�� Â��^ÀUÃ¦z��U|�v�|���t4��t-���1�)s$�)s$�$�1w)s$u$|��0��uU��t �Rz7�^s$�)���
u1w$� � . � (

- �
=
¶
� ( � � � ` − ε

�
−

− ∑
ρρ

S ( � � � � 	 µ � . �( ÿ	Ú )(ρρ � � ) + � . �( � )(ρρ � � ) ¹ � �′(ρρ − ρρ
�
) +

+
µ � � �( ÿ�Ú )(ρρ

���
) + � � �( � )(ρρ ��� ) ¹�µ � 	 � � � �′(ρρ − ρρ

�
) + Φ � � (� � ) ¹ +

+
� ��� �( � ) µ ρρ + � ( � )(ρρ 
 � ) �
��¹ � � (ρρ �
� ) 
2� Â�¿6¶7Ã

�-})��{&z�|�t6s;yR�7�)z�{��+w^���$�R|��;y1w$s)uU|*})�7�E���~�)�UwEz�{�|��U�£�
s)�+�0|�yU|��- 3w$� �)s;uR��};uRs;� �E�1�)�)v�s)� �Rs+yU|�{��Uw1��s^z�{��+���
�1�$w$��s)yUwE{º�²�)���)�7uRs;�Rt�w1�)s$�+�^�°��|�{7�$|^��s^}EuR�!x���u$|�})���
u1w$�8»��-�"�7�E{7w$�^u$s)�8t�|�z�z�� ( � \ w*»�u$���)v�wRw~�)s$�^s+� ε

� \ (

[ ^FE ^ ^ ^ G ^ ^ ^

a!Ï�Ô³Ï�Ð�Í�×�Ï�Ô�Ð�Ï�b�d�Ö�e�f�Ö�g�Í�d h�g)Ñ�Ù�Ú�Ú�Ú)Ñ d�Ê�Ùck$Ñ�mon Ù����



( �
=
( � \ +

� ( � � ∑
ρρ
(
ρρ′

∂
` 	 � �( ��� )(ρρ − ρρ′)

∂ρ
�

∂ρ �

ν � ν� ×

×
� �′(ρρ) S � 	 � � � �′(ρρ′) + Φ � � µ � � (ρρ′)

¹ 

Q Â�¿-�1Ã

ε
�

= ε
� \ + ∑

ρρ
( ρρ′

∂
` 	 ���( ��� )(ρρ − ρρ′)

∂ρ
�

∂ρ � ×

× S � 	 � � � �′(ρρ) + Φ ��� / � � (ρρ)
¹�
 S � 	 � � � �′(ρρ′) + Φ � � / � � (ρρ′)

¹ 

�

Â�¿;¿0Ã
�-uU|��UwR�2»�{�w)x~�+�!�R|��2�7u1w$�8�)s$�$|����!�+|���{$�$}){�sHs)�+�)z��Us)�+�
�U��u$u1���Tz7|�t@s)y)�7�Rz�{��+wE��t¼�E�7�)��uRs;�Rt�w1�)s$�+�)w�u)�9�U���)�U�
�-{�z��<z��1|��E��t4wA(.yRs;�Rs+�0u$w${����U�+u$���Cz��0|�v�|���t4���&�AÂ�¿-�1Ã
w8Â�¿)¿UÃ!wRt����!{R�E��s)s+�$ 2�-v�s$��s)�)�@�$�����Uw$})wUuR�°{�|+�^s)v�sH�2�
�$s)�)�$y$�$|R�.�$|�� ( � \ w ε

� \ ��Ç-�E�A{�s+v�s&}){�s^�$�P»7�2�"�7�^{���$���)��u$s)�)t4wU�)s)�+�$w®s)�$|��7|��0w)z��~z��U|��$��t4w6�5u$��s+�)x$s)yUwEt�s
�+�-�Es;�1u$��u$wR�Cz7�)���1w$|��U�^u$��x©�$�R��y$�Rs+�1s+����u$w1�~s8z���s$�$�
z�{��+|�x8�$�$wRz�{�|��$�0|R�R�R�$wU��s+y)�U �wRx
�C|�uRs+t4|��0��u$s3t4|��U�!t
������w)}$w1u$|�t«�)s^t4�$s)u$��u){C{���u$��s;�R| �$�$w$u1| 	 � �( ��� ) Â��B{����$�t£w1u$|�x<�1|��+s){&µ�¶%�6� ¶�#R¹�� z7wR�U�+uR|��A|�u1w)��s){��$s)�Uw;� Ã^�
r4�-�$|��?�7u$wR�*Â�¿6¶+Ã!�U���$�$��{�z��A�"�$uU�R�$w$��� +�|�v��$|�uR��|

�$�$|��)yUwEsEuR|R��z�s;�����$¢3|��- ?��v�s~t@��y)�U��u$uRs+�&y$�^w$�2��uUw)�&�
�7|�yU|�u1u$��x¬�+uR�7¢�uRw$x¬�Rs+�R�$x@����t@��� - � �8t�s^�Hu)s¼�
z�s)s+{�����{�z�{��+w$w¦z²s)�; �wRt4w��$�U|��^w)�0|�t£w��"s)�$t@|��UwR��t4|+¡|�v��$|�u$��|3��|^�$wRz7|�{����$�1|��+u)��u1w)��yU�^w$�2��uUw^�~�$�$|��$y$wRs;�
uU|C�C�^w$y)�

�
� � 







∂
- �

∂ � �







−
∂
� �

∂
" � =

 ´� Â�¿��0Ã


¡�$w��E�7�R��xRs;y)�®s+{°Â�¿��UÃ9���U�R|��+uR�7u$w1�ÄyU�+wR�2�7u1w^�§�
�-s$�)t@�1UC���-{�sEuR|��R���U��z�s^s)�;�$|���u$s­�;})��z�{��®»7�^z��$s)u$��u$�
�Uw1|��U�+uEs �^s)z�{��$�!�1�~x0|��$|��){��7�®�!�Uu$�R�Uw$� � �′(ρρ − ρρ

�
)
w

Φ � � µ � �′(ρρ − ρρ
�
)
¹®uU|²�-s)u$���E��|��^uU��x��)s)s;�)y1wUu$|�{�u1��x

�7|��^w$z�w)t@s)z�{����8�+u)��¢�u1w)x~�)s)�$���@�$�$|��C»�{�s3�;���1s3z�y$���U|��
u$s©�$�Rw��Rs+�1�)})�7u$w1w©�"s$�)t@�)�U� Â��+Á1Ã^���4{�s©�)s)����s^�$�$��{
�7u1|�})�7u$wE�&�+u)��¢�u1w)x
�)s)�$���&�¡{�s)}E�^�

ρρ = ρρ
� �^�-u)��z�{7w3��|

�7u1|��8z��$t.t4w1�)s;�^|+u$wE�<�$s
ρρ
�@r§�)�����;�1��{�|�{��3�$�U|��^u)�7u1w)�

yU�+wR�2�7u1w^���$�$|��)yUwRs;u1|8�U�Rw$s^�E�E��{�|���{*s$�+s$u)}$|�{����0��u1�!�
�+wRy/(

( � � . � = � � ν � � �( � � ) µ ρρ � + � ( � )(ρρ� � � ) � � ¹ +

+ � � ( � ν 	 ∂
�

∂
� ` µ � �( ÿ�Ú )(ρρ

� �
�
) + � �( � )(ρρ � �
� ) ¹ −

− ( �
� 	 � � + ϕ � � ) ∂

∂
" � µ � ���( ÿ¤Ú )(ρρ

� ���
) + � 	 �( � )(ρρ� ��� ) ¹?�

Â�¿-#1Ã

r5���$|�����u1w^�<y$�R�´�)s)u$z�{�|+uE{)�)�7¢¡��{�s)};uRs;���	�$|��)yUwEsEuRu$s)�
v�s<���7|�wEt�s)y)���$z�{7�^w^� 	<� � w ϕ ��� �	�UwR����y$�7uR�¯���!s	�)t@�$��0|�xTÂ)¶  1Ã2w9Â��)ÁUÃ��


2�7�E��x1s+y)���°s)�+z��$�2y$�7uRwU� �Rs+�1�;})��u$uRs+v�s°�$�$|+�^u)���
u1w^�@�Us+{�t@��{�w)t�uE��z��)s+�0���)sCz��U 2��z�{�����u$u1��x8s;z�s+�)��u$uRs+z��
{��7�*y$���)z�{7�^w^�Au$|3�$�$|��RyEwRs;u8�^u$��¢�u1w)x~�)sCs){�u$s)¢���u$w1�
�8u$��t@�
�Rs+�1�7��w8z7wE�4�
¶)� ��z�u)s$�+uR|���};|�z�{��°z��U|�v�|���t4��x����1�$|���s$�P}$|�z�{�w

�$�U|��^u)��uUw^�ªyU�^w$�2��uUw;� Â�¿	#RÃ��$�$s)�$s)�$�1w$s)uU|��U�^u$|��1|��
�$|�t.��{7�)� � � =

� # * � ∗ �G�)s+{�s;�1�!�°w)v��$|���{<�)s^����»������7�R�
{�w$�+uRs+v�s �+��|��^�$yU| � �)�1|��)yUw)s$u$| �)s¥s){�uRs;¢?�7uRwU� �
�+uR��¢�u$wRtº�Es;�E�Et"�.¨@|��$w$t°s^�E�R|���s^t-�.u1|��U�$|����U��u$wE�~z�s)�
s){�����{�z�{����$�2 �w)x*z7w)�8�$|����Uw$}$u$�®y$�E�B�Rs+�1s+�HwE{����U�+uR�!x
Â # =

¶+Ã¬w s;{��Uw$�1|�{����U�^u$�!x Â # = −
¶�Ã¬�$�$|��$y$wRs;uRs;���

r4t@��z�{��Cz3{���t©z��U 2��z�{7���;��{3{�|+�^���C�)s+t4�)s$u)��uR{7|3z�w)�0�?�
s)�+�)z��Us)���1�7u$u1|��<�$�$�R�)v³wRt4w~y$wRz�{�s;�Ez7wE�$t£w��$�$wRz�{�|��$�0|R�
uR�-��|^�+w)z��U �|��Cs+{"��uU|��R|��R�$|��)yUw$s)uU|R�	��y1uU|��)s?z��$��y$�)��{
s){�t@��{�w){��1�)};{�sH»�{7|"z�w$�1|2z7�R|��+u1w){����0��u$s�t4|��0|R�;{�|��C�$|��
�3�$|�t4�$|�x
�1|�z�z�t4|�{7�Rw$�+|���t6sE�Bt@s+y$����w*�)s;uRz�{�|+u){����$�R|��
�)yUwRs;u1u)s$�jy)���-s$�)t4|��1w)s$u$uRs+v�s�����|�w$t@s^y$�7�Ez�{��+wE���)y$s;�^�
�1��{���s$�^�U�-{3u)�7�1|�����u)z�{7���%�

ϕ � � & ��� & � 	 � � �� �)
��$wª�$�^|��7wEz�{�|�{7wR}+��z��$w$x¾y$���"s;�Rt�|^�$w)�$x¼�)�1w)z��
{�|��U�U|¾�$�R|��$y$w$s)u¬w)z��U��{��!�+|���{�y)���$z�{��+w)�²y$�7��s$�)t4|��
�1w)s$u$uU��xTz�wR�T{�s)�U�+�)s9�$�$wTu1|���w)}$w$w9v��$|�yUw)��u${�s;�*�U�R�
�)�$v�wRx yUwEz�{�s;�Rz7wR�@�$
¡�$w »�{�s+t ��z��Uw t.���H|�{�s^t4u$s^�
����|�wRt.s)y$���)z�{��+wE� uR�ª�U���)�$��{�z�� �R�7uE{7�$|��0��uRs+z�w$t@t.��{��
�$wR}$u$��t©Â 	<� � ≠ 	<�0� � ϕ��� ≠ ϕ � � Ã��){�s?z7w)�0�°��s^�7u$w1�$|���{�Rs+y y$�7�Ez�{��+w)��t �$|�� u)��s)yUu)s$�)s+y1uU��x y$���-s)�)t4|��Uw1�
� 	��( � ) + � �0�( � ) �0{7|��8w~uR��s^yUu)s$�)s)y$uU��x9�+�$|^ 2�7uRwU� � 	 �( � ) − � �0�( � ) �
¿6�.Ç-���"s;�)t4|��1w)�~�)�Uw)z�{�|��U�U|3�3z��U 2��z�{�����u$uRsCyUw$u1|��

t4w)})��z��)s^t¼�$����w$t6���$�RwU��s+yUwR{©���Rs��U���1�7uRwU�Äz��$���UwR�
�2w)})��z��$w)x z�w$� wUuE�7�1�$w1|�����uRs+v�s �1�)s;wRz�xRs;�2y$��u1w^�@�
���)s;�Rs��1�$wRs;u1|�����u1��x

∂
` � ( � ) * ∂

� ` ��
2s��U���1�7uRw$�²{7|��$wRx
z�w$�~�+�Es;�1u$����z�{���z�{�����uUu)s6�${�|��
�R|��&�$�$|��)yUw)s$u$uRs+�H��s+���
�)�)��yR�7u1w)�ª�)���$��t.�� H|���{�z��¬�+uR�){7�$wÄ|�{�s)t@u$s^v�s �;�Ey1|R�
�)s^{�s$�$�!�£�E�2z���s)��s^})�7�)��yU���;y$�+wR�2��{�z��&�Rs+yCy$���)z�{7�^w)��t
�+uR��¢�u$wRx<�)s)�$���@�

�6���4�1��y$�)��{<s)�)�U|�{�w){��T{�|��)�2�©�+u1w)t4|�uUw)�©uR|©�+|����
uR�E� s)z�s^�;��u$uRs+z�{7�T�Es+s$�)yUw$u1|�{�u)s$� �^�)��t@��u$uRs;�°��|��+wRz7wR�
t@s+z�{7w¤z7wR�U��� ( � � ) ��Ç�|����
�1�$w¤t�|��1��x©y$���"s;�)t4|��1w)�$x
�$�$wRz�{�|��$�0| � � � �( � ) ��� � � z�s+s){�����{�z�{7���E�2 �wR�°z�t@�� 2��uUw^�
s){�y$������u1��x°��v�sT}E|�z�{��7� � ( � ) t�s^v��){8�E��{���y$s+z�{7|�{�s+}$uRs
�)s+�0��¢�wRt£w��*
�s^»�{�s+t@�¼�1�$w¦s;�1w)z�|�uUwRw¦y$�7�Ez�{��+w^��uU|
�$�$|��RyEwRs;u��^u)��¢�uUwEx��)s)�$�7�PuR��s^�;xRs;y1w)t@s��)}$wR{��-�^|�{7�
��s)��t@s)��uU���P�)s+�0��¢�wR�§�R�7�E��t@�� 2�7uRw)�ª��v�s¯�R�7uR{��1|��
�1�)s+z�{7�R|+u)z�{7������t.��z�{��3zHz�s+s){�����{�z�{����$�2 �w)t4w8}$|�z�{��$t4w
�$�$wRz�{�|��$�0|R�
rP��|+�^�0�!})�7u1w)�Cz��$��y$�)��{3s)�+z��$y$w${��3�7 ?�3s+yUw1u~�+|����

u1�!����s;�1�)s+zR�Gw)t@���- 3w$�°u)���$s^z7�R��y)z�{7���7u1u)s)�8s+{�u)s$¢2���
u1w)�
��yUw$u1|�t4w)})��z��$w)t�z���s$�)z�{��+|�t«�$�R|��)yUw)s$u$|R�5
2s+�1�$�
})�7uRu$s^�H�+�"¢2���$�$|+�^u)��uUw)�?yU�+w)�?�7u$wE�<Â�¿�#1Ã-�)}$w){��!�+|���{
{�s+�0���)s~z�w$�U�²�$�1�)�)v�s+v�s~�1�)s$w)z�xUs^��y)�7u1w^�°Â�{�|��<u1|����!�
�+|���t4�����)s$u)z����$�+|�{�wU�^u$�!�"z7wE���2Ã^�$r©�)��|�����u1��xCz�w${��$|��
�1w^�$x��$�$wRz��;{�z�{7���E��{
w9t6s;v��${&wEv��$|�{��&z��$ ���z�{�����uUuE�U�

[ \ ] ^

Ù��7Ù a�Ï�Ô�Ï�Ð�Í@×�Ï�Ô�Ð�Ïcb d�Ö�e�f�Ö�g�Í�dih�g)Ñ�Ù�Ú�Ú�Ú+Ñjd�Ê�Ùlk;Ñ�mon



�$s^���¾{�|��)���ª�$|����UwR}$u$���ªu$���)s;uRz��7�$�^|�{7wR�+u1���¯z�wR�U�
Â�z7wR�U�¦{��)�7u1w^�.Ã9(G�"s$u)s$u$uRs+�Tw°»��R�7�){��)s)uUu)s)�~{��)��uUwE�$�
�U|�yUwR|��UwRs;u1u$���H�)s){����1w&w*{$�L�6� �-})��{�z�w)�8{��)�7uRw)�
�1�$w$�
����y$��{ ���$s��U���1�7u$w1� y$s$�)s)�Uu1w){����1�+u$��x�};�R�7uRs;�¥�
�U�$|��+uR��u$wUw*yU�^w$�2��uUw;�<Â�¿	#1Ã��.�^s;{�s;�R�!��t4�P�U�)s)|+u$|��0w$�
�7w1�)�)��t°�Cs^{�y$���U�^u$�!x<�E�;�)�Uw1�$|��1w^�$x4�
± �)s^t��°{�s+v�s �H�«u)���)s^{�s$�$��x²z��1�)}E|��$x²�7u$|�}$wR{��������

u$�$� �)s)�U��� yUw1u$|�t4wU�^���)�U|��)yUwEsEuR|�t@s+����{�w)v��$|�{��
s;{�z��;{�z�{����U�" �|����®Â�¿	#$Ã8�)s$u)z����$�^|�{�w1�+u$|7��z�w)�0|R�G��s)���
uUw$�R|��� ?|��A�$�1w*�+s)�$����y)��{�|�����uRs+tT�R}+��{��2yUwRz7�)�R��{�u$s^z7�
{7w�w {7�R|�u$z��)�U�UwRs;u1u)s$� z7wRt.t@��{7�$w1w¦�$�$wRz�{�|��$�0|R���
z7wR�U| 
�|��)�7�R�$z�|*Â�z�t�� �R�$w$t@��};|^u$w$�3�&�$|���y@�U¿0Ã��

l E!m 0 o	E

-s)z�{��Rs+��uU| t�w1�$�)s^z7�EsE�Rw$}^��z��$|�� {���s;�$wE� yUw1u$|��

t£wR}+��z��$w$x­z7��sE�Ez�{��©�$�R|��;y1w$s)u$s)��� z7�)���1wU�"w$})��z7�)wRx
u$���Uw1u)�7�1u$��x&��s+���)�)��yR�7u1w$�C�$�$wRz�{7|��$�0w)})��z7�)s)�3z�{��)�U�)�
{��$�1�?� ��s;��u$w1�)|+�- ?w$xTu$|&�R�$s){�uRs+�U�R|��)s$�+|�u$u1��x´|�{�s)t��
uU��x«�;�Ey1|�x4�G�Es;{�sE�R���<s^{7uRs+z�w${����0��u$s®z��1|��;s°����|^w)t@s;�
y$�7�Rz�{����U��{�zC�$�$w)z�{7|��1�UwR})��z��^sE�At£|�{��$w$�R���@��.|�yU|�}$|�sTyU�+wR�2�7u1w$w°�$�$|��;y1w)s$u$|~z��"s;�)t@�)�0w$�$s)�+|��
uU|3w8�$�)s$|�uU|��1w$��w$�)s$�+|�u1|��$|��*y$w1u$|�t@w$})��z7�)|��
�1�)s^�;�R�7�
t£|?{��)��x1t.���1u)s$�
�)�1w)z�{7|��1�UwR}+��z7�)s$�8�)��¢2��{7�$w��Us+�$�$|���s;�
�+|+uRu$s)� |�{�s+t4|�t4w u)��z7�Es;�1�+�)w$x z�s)�){�sE� z �$|^�$u$�!t
�)s$�)s+{��)s+yR�7�Rz�{����U�" �w$t t@����|�{�s)t£uR��t ����|^w)t@s+y$���$z�{��
�+wR��t"�5r4���$z�u)��uTt4w$�	�)s)z��^sE�Rw$})��z7�)w1�Tz�t��!z��©�1|��$|�t6�7�
{��)s$����w$z��)s)�U�����)��t4��x©�8�"�7uEs;t@��u)s)�$s)v�w$}^��z��$wRx<t@s)y)�7�
�$�$x<�	�R|��;y1w$s)u$s)�1�
�5�"s$�)t@�)�UwU�EsE�^|�u$�­{7�)���)s;�^|+u$wE�
�*z7w)�1s;�^�!t©w*v���s;�

t���{��$w$}^��z��$wRt �$|+�$|�t@��{7�R|�t �R�$w$z�{�|��$��|R�©�Rs+����s+�R�U�-�
 Hw)�3�+��y$���UwR{7�3�)�U|��)yUw)s$u$u1���H��s+���+�$�2y$��u$wE�
uU|3�!s$u)�
�U�$�)�$v�wRx�y$wUu$|�t�wR})��z��)w$x�y$���!s$�)t4|��1w$���$�$wRz�{7|��$�0|©�
�$���Us^t"�
r �U|�t4�)|�x½�-s)�$t@|��UwR��t4|,+�|�v��$|�uR��|��+�-����y)��u$s

�U�$|��+uR��u$w$�¾yU�^w$�2��uUw;� �$�$|��)yUwRs;u1|¦�¼uR��s^yUu)s$�)s)y$u$s
y$�7�"s)�$t@wU�)s$�^|�u$u$s^t¼�$�$wEz�{�|��U�R�©w�s)�+z��)��y$��u$|©�2w)��w$�
};��z��$|��<�$�$w1�)s)yE|3yR�7�)z�{����$�2 �w$x9u$|C�$�$|��)yUwRs;u8z�wR�@�


-s)�$�)})��uU� z�s+s){�uRs;¢?�7u$wE�@�&z7�7�$�7�!�^|+�- ?w$�²z�s^�;z�{��
����uUu)�1�P»7uR�7�Ev³w1��w8»��2�!���){7wR�+uR�E�Pt4|�z�z��8�$�$|��;y1w)s$u$|
zHt4w$�$�Es;z��^s$�$w$})��z7�)wRt4w~�$|��1|�t���{��1|�t4w~�)�Uw)z�{�|��U�U|R�

�!��{�s	�$�Ä�+�0|�v�s+yU|��RuU� �3� �P� ± s)z��7�^w)})�§w$�3���?�
± s$�^|��U�����8��|&�)s)�$���7u1���3s;�^z��)��yR�7u$wE�<w<���1w){�w)})��z��$w)�
�7|�t@��}E|�u1w^�@��z7�Rs+z�s)�+z�{7��s;�+|^�+¢�wE� �)s+�1��� v��1�;�)s)�)s+t@�
�$s)uUw)t4|�u1w$����|�{��)s$u)�${���x<� �$|��^s){�����s;���)s)z�s)�1�
��Ù���Ù�a�Ù+V
Î¦Ò�ò�ÓªÚ)(������ � ¯	� � � Ù�g�h^(+[�\�	65��>��
�\07�Ù`¹Ù+b�Ù
��ò�c�Ü®Û��	Ó�(������ � ¯�� � � Ù+e�h��^(7Z�� 5�� ��
�	#7¦Ù_¹Ù��qÙ 4 ÿ¤ü�����ý	ö�(�� �	¥�ì��®��­��¢�	� (	� ü	ÿ^(�� ù�ú��¤þ�õ�5�����Z�[;7¦Ù

�¹Ù��0�èÙ�� õ����	ü�����(�� �	 ¢�¦���¹��­lç¤��� ��¨	������­�����©��¦ÆxÆ��®ë	�	¥¦�)­¸ì	�ì	­��;(�� ü	ÿ+(	� ù�ú��¤þ�õ�5�����[�� 7¦Ù

¹Ù�W±Ù^Y¤ò¸ò"!¤ò�Û�(#����� � ¯	$ A&% A&' � $	(�) �+*	�-, g^(�`�_�
65��>�³[�\07�Ù
Z�Ù+bîÙ�.�Ù�/�ÛæÜ�c�Ò;(�$ �10 ¯�2 � A3% )+)ªÙ�g�($��\4�4
 5�����[4�;7�Ù
[�Ù)X�Ù���Ù#5mÎ�Ü�Î�Ò��65~Ù�7
ÛªÎ¦Ò�Õ)(�8 ¯�9 ' � )Í¯�2 %#A � 0 Ù^e ,�: (�[�5�����	�
;7®Ù
	¹Ù<;�Ù=��Ù=>�ù�ú��¸þ¦ü��7( ���¢���	£���¥¦��­4?b©����!­� ��!�Ç­ië	��­�ì!Å¸ ¤º
� �¸ë¹�¤¥����­�ì¤ì¤��Æ�(	@�õ�û��¢ù®þ�õ@�¢û��+�¤õ�(�>�ü��¦þ�5�� ��	7� 7¦Ù
�¹Ù	;ÄÙ���ÙA>�ù¤ú���þ�ü���(AB ���¸ë	�4?x��ë	�¢¥¦��­�ì¤ì��¤£��¦¥¦���¸§�ë��"C±�®����� (;:�ü , õ
'��¢ù®ý�õ�(	D�õ¦ÿ�ö��¤ù�þ�5�����	�	 7�Ù

��\�ÙE� � Ù1=�Ù$=6���U( ´�Æ¦�¦ç��� ��	��Æx�)���¦ë���F|¥��¸ì	�	���¤ ���Æ (E� ü�ÿ;(�� ù�ú�Ë
�¤þ�õ�5�����	�_;7®Ù

����Ù<;�Ù�ó�Ù=�)õ¦þ�/R�	ù¤þ�( í��¸ì	�	���¤ ¤º Æ�©��¸ì	�¦�¸¨�ì�?¤ë! �º
�~¥���¥¦���ª©�­�� (
@�õ�û��¢ù®þ�õ@�¢û��+�¤õ�(�>�ü��¦þ�5�� ��	�	#7¦Ù

��`¹Ù�G�Ù
?�Ù 4 ÿ���������ý	ö�( ´�Æ¸�¦ç¤�¦ ¢�¤� Æ��)���¦ë��
Fb©��®�)­�ì�ì	��Æ (�@'õ�û��¤õ�(
=.����ü�����ÿ�õ��<5�����[�`;7®Ù

��_¹Ù1Q Ù���Ù�/�Û�Î¦Þ�ÒxÎ¦Ò#�IH�ÞÃÙ$Y�ÙKJ�Ï Ý¤ÔªÚ�Î¦Û�(	����� � ¯L� � ë Ù , h�d^(�M¥�ON+`5�������	 7®Ù
�"�¹ÙP;ÄÙQ��ÙQ>�ù¤ú���þ�ü���(=;�Ù ó±ÙQ>�ù®þ�õ¸ý���þ�( B �¦��ë���?qç¤�	 ¢­¦©��¤£��¦¥¦���Ç��¸ë!­¸¨¹ç¤�¤�¤ ���Æ¦»�´�¥�ï	¯3RLSm­Ç�)��ë	��­¸ì!ºTC�����ì!º|«���ë	­¢ç®��­��¤�¢�Ç ¢ 	º¹©��ç�ë¢¨!Àª�¸©qç��1�±�¦�¢��­¦©�Æx��Æ���ë	ç	ºÃ���)��ì	­¸�$(KU�Ù6��( ?@ ��	Ëðþ�ù ?@��Ëô�õ4��ü� �ü��¤üQ;�@ �¡ó�óKV0(#U;
�ü�ý	ü¢ú¦ü 5�����[�� 7¦Ù
�"
¹Ù<;�Ù=��Ù=>�ù�ú���þ�ü��+(W;ÄÙ³ó�ÙP>�ù�þ�õ¦ý���þ�(=B ���¸ë	�4?~ç¤�¹ �­¦©��¤£��¸¥¦����Àª��¸ë!­¸¨¹ç¤�¤�¤ �­ Æ ��ë¹���Ç©���ë� ���§ ¥���ì!Å¸ �� ­¤ ¤�¤���¤��ë	�¤«¤ ���§ ¥�ë	�¸ç¤��»
:lú�
¹ÙÍÑ � �¹ �­¦©��	�¢­ ç��	¥�ì��®��­��¢�	§+(X@�õéû��¤ù�þ�õ¾�¤û��^�¤õ�(Y>�ü���þ5�����[�
 7®Ù

��Z�Ù6WÄÙ@Y�ÙZJ�Ü¢Ý¤Î®ÐØò�Ý+(.W�ÙZ[�Ù�J�Ü¢Ò��	ÛæÎ®ÓI]	Þ�Õ)(.W±ÙZ.�ÙZJ�Ü�Ôªò�Ý	Ï \¸Ú+(�Î®Ò��
WÄÙK]�Ù1b¹Î�Ò���Î¦Þ)( �^��� � ¯^� � � Ù�_�`�g�(��7�>`�`�5�������_;7 : ����� � ¯^$ A&%#A&' �$�(�) �3*'� _.e :�: ($����[�5��>����_ 7�Ù

��[�Ù�W�Ù�b�Ù^b�Î¸Ò
�¢Î®Þ^(�WÄÙ^Y�Ù�J)Ü�Ý¤Î¤Ð×ò�Ý+(¹Î¸Ò
�"W±Ù�[�Ù�J)Ü®Ò#��ÛªÎ¦Ó ]�Þ	Õ+(����4� � ¯
$ A&% A3' � $�(�) �+* � _6e : �7(�_�[�_65�� ����_#7®Ù

��	¹ÙU:)ÙK;�Ù�ó�ý���ú�õ¸ÿ���þ�( ?³ÙK;±Ù�a
û	ÿ�õ�#�ù®þ�ü���(K��Ùb;ÄÙ�ó�ô�ÿ��.���)������/U%)(
B ���¸ë	��?mç¤�¹ �­¦©��	�¢�m��ë�­�¨	ç¤�¤�¤ ���ÆlÆ��ÇìÇ­¢¥�¥��	£���¥¦���¢���i��Æ¦­	 ����¸�ÆÇºÃ���¸ë!�¢¥¦��­�ì¤ì¤­�� (+D)ÿ���ø�ÿ	ü��¤ô 4 U�?<@ZUI;�@ � ó�óEV 5��>�³[³_ 7�Ù���¹Ù	;ÄÙb��Ùb>�ù�ú��¦þ¸ü���( � �¤¥�ì	�¤��­��¤�¤� Æ������¸ë	����¨�«¸ë¤¨¹Àª�¦¥¦�)�;(b@�õéû��¤ù�Ëþ®õ£�¤û��;�¢õ�(�>�ü���þ65��>�³[³	 7 : ·��èµ g�`�(�
�[�� 5�����Z�� 7¦Ù

`�\�Ù ��Ù �¤ù�ý��	ú�ô���%��;( � ì	­¤¥�¥��¤£��¸¥¦��­4?d©��é�	­	 ¢�	��­+( � ?cUAU^=5(Z� ù�ú��¤þ�õ5�����
�[;7®Ù
dZe�fhgbi&jbkQl�m j�nolbpKn�q�rsm g�tIm nvuwebixfbfKyzl�m rIfLn�tbm j�n�qE{

n�j�nb|Knbm }xj�i~rs{ phl-f�}zjEi�r�f	lIgbi+p�t#uzq�{ t

�h�K�o�L�=qbu~tLm+�oq�n	l��<���z�K�<q���q i�f�nE�#j

��Ú�òxÿ�ÛªÜ4�!ÐØò¦Ì Ü
�<\¸ÛªÜ�c��¹Ï Ü�Ò�Ì�Ü�ÓÁÏ Ü�ÒbÏ Ô��ðÜ�ÛªÌ�Þ!ÐØÎ�Ó�ò��
Î¸Ò
�lÎ¦Ò�Î®Ð ]	ñÁò���Î¸Ô�Îh��]	Ò�Î¦Ì�Ï \�ÿ�ÛªÜ4�¹Ð×ò�Ì Ü���ÓªÚ�ò�ÓªÚ	Ûæò�ò�Ë&�¹Ï Ë
Ì�ò�Ò�ÔÁÏ Ü�Ò	Î�Ð�Ð×Î¦ÓæÓÁÏ \�ò��ðÜ�ÛªÌ�ò1�h��] Î�Ó�Ü¢ÌÄÔ�Ü����!Ï+�z�ðò¦Ûªò�Ò�Ó±Õ¹Ï Ò#�¤Ô
Ï Ò�Óªò�ÛªÎ�\¦ÓªÏ×Ò�! ÓªÚ¢ÛÁÜ�Þ#!®ÚpÓjc±Ü�Ë&��Ü4��] ÔªÚ�Ü®ÛæÓªËÍÛªÎ�Ò�!¢ò ÿ�Ü�Óªò�Ò	Ó�Ï Î®Ð×Ô¸Ù
a�ò"��Þ	Ï×Ûæò�ÌÄò�Ò�ÓªÔèÜ�Ò�ÓªÚ�ò�Ì�Ï \�Û�Ü�Ô~\�Ü�ÿ!Ï \6\¦Û ]	ÔæÓ�Î¤Ð)ÿ	Î¸ÛÁÎ¸ÌÄò�Óæò�ÛªÔ
Î¸Ûªò�ÔªÓ Î�Ó ò1��ÓªÚ�Î¦Ó�Î�ÐÍÐ×Ü�c�Ü¢Ò¤ò�ÓªÜ=�¹Ï ÔªÓÁÏ Ò#!¤Þ	ÏØÔªÚ�ÓªÚ�òZ\�ÛªÜ�c��¹Ï Ü¤Ò
ò"�#\¦Ï ÓªÎ¦Ó�Ï Ü¤Ò¤Ô�Ü
�W\¦Ð×Ü�Ôªò¸ËÍÿ¤Î4\�Õ�ò"�mÎ¦ÓæÜ®Ì�Ï \ Û�Ü�c�Ô�Î1!¤Î�Ï Ò	ÔæÓ�Ó�Ú�ò
��Î1\�Õ#!¤ÛªÜ�Þ�Ò
��Ü�� ÔªÌ�Î®ÐðÐo��]	Ò¤Î�Ì�Ï \�\�Û ]	ÔªÓªÎ�Ðo�¢ò��ðÜ�ÛªÌ�Î¦ÓÁÏ Ü¤Ò
Ù
Êb�¢Þ	Î¸ÓÁÏ Ü¤Ò¤ÔxÜ�� ÓªÚ�ò�\�ÛªÜ�c��¹Ï Ü¤ÒbÌ�Ü�ÓÁÏ Ü�Ò�Ï Ò|Î¦Ò�Î¦Û~�¹Ï ÓªÛªÎ¸Ûj]
ò¦ÐØÎ®ÔæÓ Ï�\<\¦Û ]	ÔªÓ Î¤ÐK��ò1�ðÜ¤ÛªÌ�Î¦ÓÁÏ Ü�ÒI� Ï×ò¦Ð���Î¸ÛÁòW�	ò�ÛÁÏØÝ¤ò"�xÏ Ò Óªò�ÛªÌ�Ô
Ü���ÓæÚ¤òGb
Î�!¤ÛªÎ�Ò�!¤òQ�ðÜ®Û�Ì�Î®ÐðÏ ÔªÌ�Ù$a�ò¦Ð×Î�ÓªÏ×Ü�Ò	Ô�ÓªÚ�Î¦Ó±Ûæò®Ð×Î¸ÓªòèÓ�Ú�ò
ò1�z�ðò"\¦ÓªÏ×Ý¢ò Ì�Î�ÔªÔ�Î¦Ò#�xÓªÚ�òQ\�ÛªÜ�c��¹Ï Ü¤Òxò�Ò�ò�Û~!�]xÎ�Ó�Ûªò�ÔªÓ4c�Ï ÓªÚ
ÓªÚ¢ò�!¤ò�Ü�Ì�ò�ÓªÛÁÏ�\xÎ¦Ò#���ðÜ®ÛO\�òI\¸Û ]	ÔªÓ Î¤Ð�ÿ�Î¦ÛæÎ®Ì�ò�Óªò�ÛæÔ�Î�ÛªòxÜ��¢Ë
ÓªÎ�Ï Ò	ò"��Ù

[ ^FE ^ ^ ^ G ^ ^ ^

a!Ï�Ô³Ï�Ð�Í�×�Ï�Ô�Ð�Ï�b�d�Ö�e�f�Ö�g�Í�d h�g)Ñ�Ù�Ú�Ú�Ú)Ñ d�Ê�Ùck$Ñ�mon Ù��ln


