
���������	��
���������
����������������������������� !�"��#�$�%&��'(�!�	)�#	��*�+�,���*��
-/.10�243�5�687�9�9�:�;46�<�5>=

?A@8B�@DCFEGB4HJIKBLEGMKNPORQTS�@UN�VWBXORODN�YFQZV[I4\L@TQLN/I^](_`EaCFEbCWEbM
IcSFBWEXQ�VPB^OdC^QeVfMW@TCLC^ET@gB^O�Q/SFBX@Ph�@WiX@�CLI^@jI�CehWY�kLIWB[EdM�OlCLCfE�m�E
n OTB/o^hFOpMqh4MeYP]fQ�iWElrLC�ElrsNZMfO�C�V&EdMfE�rJ]fE/i^iWElM�QWN1ElrtQ/IfQ�V1@4Hu@

v�wyx^w{z}|�~��
�1�����>�	�����[�������������	���>�����	�����{���a�{�������"�������{���	���	�����������������������¡ ¢�£�"¤���������¥��"�§¦!¨�����������©��ª�«­¬�®�¯±°�²�³´¯±° µ�¯ ¶¸·�¹ º�»	®�¼�º	½�¾�¹ ¿	®

À�ÁÃÂ�ÁÃÄÃÅ1Æ	Ç�È�ÁÊÉ£Æ�Ë�Ì	Â�Í&Î�ÏÃÐ	Â�Ñ�Ò�Ë	ÓdÔ{Â�Æ�Î�ÏÃÌ�Å^ÔÃÕ�Õ�Ö&×�¹
Ø�Â�È�È�Ù�Ë§Á�Â�Ú§ÂPÆ§Ï�Û§Ï�Ú§Ç�Û§Ü�Ë§Û§Ç�Í�Ñ�ÂPÙ�Â�È�Á�Ç�Á�ÝDÂ�Ñ�É"È�Á�Ë§Ù�Ï�È�Ñ	Ë§Þ[ß�Ç�Ú§Ç�Ú§Ç�Í�à�Í�á�Â�Ë	Ü�Ç£Ð"Ï�â§È�Á�Í£É"Ó�ãyË§ÞWÈäÐ"Í£É"Þ�È�Ì	Ç�â	Ú§Ç�â

È�Ë§È�Á�Ï�Ü�Ç�âåÑ�Ç�Ü�Æ§Ç�á�Ë§Á�Ú§Ý�Þåß{Ï�Û§Ü�Ë�Ç	Ú�Ç	Í§¹^æ!Â�â�Ð"Ï�Ú§ÇçÆ�Û§Ç�È�Á�Û�Â�Ú	È�Á�Í�Ï�Ú�Ú§Ç�ÏdÛ§Â�È�Æ§Û§ÏÃÐ§Ï�Ì§Ï�Ú§Ë§Ï8Æ�Ì§Ç�Á�Ú§Ç�È�Á�Ëèá�Â�Û�Å	Ð§Â§à
Ë§Ú�Ð	É§Ò§Ë§Û§Ç�Í�Â�Ú§Ú�Ç	×ÃÇ�Í�Ú	Ï�é�Ú§Ë§ÜDê�Ì	Ï�Ñ�Á�Û�Ç	È�Á�Â�Á�Ë§Ù�Ï�È�Ñ	Ë�ÜçÆ§Ç�Á�Ï�Ú§Ò§Ë§Â�Ì§Ç�Ü�à!Í[Ð"Í�É§Þ�È�Ì�Ç�â	Ú§Ç�â�È�Ë§È�Á�Ï�Ü�Ï[Ñ�Ç�Ü�Æ�Ç	á�Ë	Á�Ú§Ý�Þ
ß{Ï�Û�Ü�Ë§Ç�Ú§Ç�Í�¹�ë�Ç�Ñ�Â�á�Â�Ú§Ç�à�Ù�Á�Ç&Ð"Ì�Å�ß�Â�Ñ�Á�Ç�Û�Â�á�Â�Æ§Ç�Ì§Ú§Ï�Ú§Ë�Å�à�Æ§Û§ËeÑ�Ç�Á�Ç�Û§Ç�ÜWÜìÇ�×ÊÉ"Á�Û§Ï�Â�Ì	Ë§á�Ç�Í�Â�Á�Ä�ÈÃÅeÈ�Ç�È�Á�Ç�Å§Ú§Ë�ÅeÑ	Â�Ñ
È&Ü�Ï�í�È�Ì§Ç�Ï�Í�Ý�ÜXÈ�Á�Â�Á�Ë§È�Á�Ë§Ù�Ï�È�Ñ�Ë§ÜXÍ�á�Â�Ë§ÜìÇ�Ð"Ï�â§È�Á�Í�Ë§Ï�Ü�à�Á�Â�ÑeË^î�Ï�á�Ú§Ï�×ÃÇ�à�Í�Ç�á�Ú§Ë§Ñ	Ú§Ç�Í�Ï�Ú§Ë�Ï�Æ§Ç�È�Ì�Ï�Ð"Ú�Ï�×ÃÇeÍ�Ý{á�Ý�Í�Â�Ï�Á
È�Ñ�Â�Ù	Ç�Ñïß�Â�á�Ç�Í�Ç�âðÈ�Ñ�Ç�Û	Ç�È�Á�ËñÂ�Ñ�É"È�Á�Ë§Ù�Ï�È�Ñ�Ç�×ÃÇRß�Ç�Ú§Ç�Ú§ÂpÑ	Ç�Ú	Ï�Ù�Ú§Ç�âñÙ�Â�È�Á�Ç�Á�ÝyàJÂòÁ�Â�Ñ�í�ÏòË§á�Ü�Ï�Ú§Ï�Ú§Ë§Ï
Æ§Û�Ç	È�Á�Û§Â�Ú§È�Á�Í�Ï�Ú§Ú�Ç	×ÃÇXÛ§Â�È�Æ§Û§ÏÃÐ§Ï�Ì§Ï�Ú§Ë�ÅLá�Â�Û�Å	Ð§Â§à{Ë§Ú�Ð�É	Ò§Ë§Û§Ç�Í�Â�Ú§Ú§Ç�×ÃÇXÍ�Ú	Ï�é�Ú§Ë§Ü8Æ§Ç�Á�Ï�Ú§Ò§Ë§Â�Ì§Ç�Ü�¹{Ø�Â�È�È�Ü�Ç�Á�Û§Ï�Ú§Ú§Ý�Ï
ê�ß�ß�Ï�Ñ�Á�ÝóÜ�Ç�×ÊÉ	ÁXî�Ý�Á�ÄLË§È�Æ§Ç�Ì§Ä�á�Ç�Í�Â�Ú§ÝèÐ§Ì�Å4Ú§Â�î�Ì§Ó�Ð§Ï�Ú§Ë�Å4Æ�Ï�Û�Ï�Þ	Ç�Ð§Â[Ð"Í�É�Þ§È�Ì§Ç�â§Ú§Ç�â�ê�Ì§Ï�Ñ�Á�Û§Ç�Ú§Ú§Ç�â4È�Ë§È�Á�Ï�Ü�Ýyà
Ú§Â�Þ§Ç�Ð�Å"ã�Ï�â	È�ÅåÍçÛ§Ï�í�Ë§Ü�ÏdÐ§Û§Ç�î�Ú§Ç�×ÃÇaÑ�Í�Â�Ú�Á�Ç�Í�Ç�×ÃÇçê�ß�ß{Ï�Ñ	Á�Âçô�Ç	Ì�Ì§Â§à^ÍçÚ§Ç�Í�Ç�ÏdÇ	È�Ú§Ç�Í�Ú�Ç	ÏdÈ�Ç�È�Á�Ç�Å"Ú§Ë�ÏDÆ§Û�Ë
É§Ü�Ï�Ú§Ä�é�Ï�Ú	Ë§ËPÛ§Â�È�È�Á�Ç£Å"Ú§Ë�Å^Ü�Ï�í�Ð	É^È�Ì§Ç£Å"Ü�Ë�¹
Ø�Ç�á�Û§Â�Þ§Ç�Í�Â�Ú§ÇuÆ§Ï�Û§Ï�Ú§Ç�Û§Ü�É§Í�Â�Ú§Ú�ÅAÙ�Â�È�Á�Ç	Á�ËõÂ�Ñ�É§È�Á�Ë§Ù�Ú§Ë§Þõß�Ç	Ú�Ç�Ú"¯öÍ§àXÅ§Ñ§÷TÍ�á�Â�ø�Ü�Ç�Ð�¯±Ó�Á�ÄóábÐ"Í�Ç�éyÂ�Û§Ç�Í�Ç�Ó

È�Ë§È�Á�Ï�Ü�Ç�ÓAÑ	Ç�Ü�Æ§Ç�á�Ë§Á�Ú§Ë§ÞDß�Ï�Û§Ü�¯ùÇ�Ú�¯±Í�¹ûúüÚ§Â�â�Ð§Ï�Ú§Ç�Æ§Û§Ç�È�Á�Ç	Û�Ç	Í�Ë§âDÛ§Ç�á�Æ§Ç�Ð�¯±ÌD×ÊÉ§È�Á�Ë§Ú�ËDá�Â�Û�Å�Ð	É�à1¯±Ú�Ð�É"Ñ�Ç�Í�Â�Ú§Ç�×ÃÇ
á�Ç�Í�Ú�¯±éyÚ§¯öÜTÏ�Ì§Ï�Ñ�Á�Û§Ç�È�Á�Â�Á�Ë§Ù�Ú§Ë§ÜTÆ§Ç�Á�Ï�Ú§Ò�¯±Â�Ì§Ç�Ü{à�Í�Ð"Í�Ç�éyÂ�Û§Ç�Í	¯ùâWÈ�Ë§È�Á�Ï�Ü�¯�Ñ�Ç�Ü�Æ�Ç�á�Ë�Á�Ú§Ë§Þ[ß{Ï�Û	Ü�¯±Ç�Ú�¯ùÍ�¹�ë�Ç�Ñ	Â�á�Â�Ú§Ç�à
ãyÇ!Ð"Ì�Åeß�Â�Ñ�Á�Ç�Û§Â&á�Â�Æ§Ç�Í�Ú§Ï�Ú§Ú�Å�à�Æ§Û	Ë�Å	Ñ�Ç	Ü�ÉeÜ�Ç�í¢Ï!î�É"Á�ËeÛ§Ï�Â�Ì�¯ùá�Ç�Í�Â�Ú§Ç1È�Á�Â�Ú§Ë1Å§Ñ1á�Ü�¯±í�éyÂ�Û§Ç�Í�Ç�ÓTÈ�Á�Â�Á�Ë§È�Á�Ë§Ù�Ú§Ç�Ó
Í�á�Â�ø�Ü�Ç�Ð�¯öø�Ó1à�Á�Â�ÑL¯�î�Ï�áPÚ§Ï�ýþà>Í�Ë§Ú	Ë§Ñ�Ú§Ï�Ú§Ú�ÅLÇ�È�Á�Â�Ú§Ú§Ä�Ç�ý¢Í�Ë§Ñ	Ì�Ë§Ñ	Â�ø^È�Á�Û	Ë§î�Ç�ÑXß{Â�á�Ç�Í�Ç�ý¢é!Í�Ë�Ð"Ñ�Ç�È�Á�¯�Â�Ñ�É"È�Á�Ë§Ù�Ú§Ç�×ÃÇ
ß{Ç�Ú�Ç	Ú�ÂTÑ"¯ùÚ§Ò§Ï�Í�Ç�ý1Ù�Â�È�Á�Ç�Á�Ë�à!ÂLÁ�Â�Ñ	Ç�íÿá�Ü�¯öÚ�ÉdÆ§Û§Ç�È�Á�Ç�Û§Ç�Í�Ç�×ÃÇ�Û	Ç�á�Æ�Ç�Ð�¯±Ì�É4á�Â�Û�Å�Ð�Éüà&¯±Ú�Ð�É"Ñ�Ç�Í�Â�Ú§Ç�×ÃÇTá�Ç�Í�Ú�¯±éyÚ§¯öÜ
Æ§Ç�Á�Ï�Ú§Ò�¯±Â�Ì§Ç�Ü�¹ ØüÇ�á�×ÃÌ�Å§Ú�É	Á�÷�Ï�ß{Ï�Ñ	Á�ËWÜìÇ�í�É"Á�Ä�î�É	Á�ËXÍ�Ë§Ñ	Ç�Û§Ë	È�Á�Â�Ú�÷ Ð"Ì�ÅWÈ�Æ�Ç	È�Á�Ï�Û§Ï�í�Ï�Ú§Ú�ÅWÆ§Ï�Û§Ï�Þ§Ç�Ð�É[Ð"Í�Ç�éyÂ�Û§Ç�Í�Ç�ý
Ï�Ì§Ï�Ñ	Á�Û§Ç�Ú§Ú§Ç�ý�È�Ë§È�Á�Ï�Ü�Ë�à�ãyÇ[Æ§Ï�Û§Ï�î�É"Í�Â�øfÉLÛ	Ï�í�Ë	Ü�¯�Ð§Û�¯±î�Ú§Ç�×ÃÇXÑ	Í�Â�Ú�Á�Ç�Í�Ç	×ÃÇ[Ï�ß�Ï�Ñ	Á ÉKô{Ç�Ì§Â"à ÉLÚ	Ç�Í�Ë§âLÇ�È�Ú§Ç�Í�Ú§Ë�â
È�Á�Â�Ú^Æ	Û§ËPá�Ü � Ú§éyÏ�Ú§Ú"¯ìÍ	¯ Ð"È�Á�Â�Ú§¯�Ü�¯±ídéyÂ�Û§Â�ÜìË�¹
��������²
	§Ô�¹´Ô���¹
��¬�à
����¹ ����¹
��¶�à����������������

 "!�#%$
&�')(%*)+
,.-0/�'�1�2%3�45(6+�+
,7-8&�9
&�3:1�;<,=!>&.95')?@+%(%;
;�,�A:+)9�3.+%(%; B5(�'�1C$D,�4
,�2%3�1.459
E:#51�3:&7-F(@3�')95G
+%(
*H(%3
;I(�+�(6&�'
(
*
+5(6*J9%1�4
,�4%$�9
1�*K+%1�&�LM9%;<,�1�;<NO$K&�(%&�3�(�-)+�9
*
B
459QP)4%(%R6+�NO$TS",�2%3�(64
,U$VE�,@B%(%')+
1�+
9�-�WYXZ(%E�;Y(%L[+
(@&�3�?
4%1�,�'D9%E.,�\�9
9]3�,�2
9
$^&�(�&�3�(U-)+)9
*]R
NO'D,_B)4�1�P
&�2
,�E�,�+
,
`6,�'D?�B51.4
95+)NO; !a4�,�R�(%3�1cb7d�e7fg!h2@(%3�(%i%(
*hR
NO'
B
4�1�P
'�(�Lj1.+ +5(6!@Nk* 2�'),�&�&l!�(%')+5(6!@NO$ Sm#)+
2
\�9
*nf
-)!�'�-5o"p[95*
&7-q(%R@(6R%p"1�+)9%1�;rSs#
+�2
\
9�9ut",�Sk'D9
+�,Jb�v
e
+
,w&�'
#
G6,@*x;Z+5(�A:(%2%(%;ZB5(6+51.+%3�+�NO$y&�9%&�3�1�;zWu{[(6!�Nm1
&�(�&�3�(U-)+)9@-|R
NO'�9}(%R%+),�4%#%L[1�+
N~/�2@&.B51�4
9
;I1.+53�,�')?�+%(|!
4
,�R%(@3.,�$�b��If �De7f�!_2@(%3�(%4
Nk$r+�,�R6'�osP
,U'
&:-�P)4%(%R6+�Nk*
2%!�,@+%3�(6!�Nz* /.S"Sz1�2%3 �z(%'
'D, B�4
9 S",�2%3�(6451
E�,@B%(%')+51.+
9�-

ν =
d�����W

X04
,�R%(@3�1�t�(
B%1�E�9��|4
,�P
2
9�+
,}b��5e"P6'5-|(6B�9%&.,@+
9�-
P
45(�R
+%(%A�( 2
!�,�+53�(%!�(%A�( /.S"Sz1�2%3�, �"(%'
'�, !

P)!U#%$)&�'
(
*
+5(6*�&.95&�371�;�1JR�NO'�,0B
4%1�P
'�(�L[1�+
,J;�(%P%1�'D?5f
-)!�'5-)ospM,7-
&:-�(�R%(@R�p�1.+
951�;a;�(%P61�'D9�2%(�;<B5(�E�9%3�+)NO$
Sz1�4%;<9
(%+
(%!�f�4
,�E�!�9%3�(
*l4),�+%1�1�B
4
95;�1.+
953:1�'�?�+5(l2
;�(
+%(%&�'5(�*5+)NO;�&.95&�3�1�;Z,�;Jb��6�D��e7W��[P
1:-V2%(�;<B5(�E�9%3�+)NO$
Sz1�4%;<9
(%+
(%!�E�,�2%')ozG
,�1�3�&7-�!�3�(%;kf0G%3�(y(@&.+5(6!@+
(@1
&�(%&�3�(�-)+�9%1 &.95&�3:1�;<Njf (
B
95&.Nk!@,�1�;�(%1 !�(%')+5(6!�(
*
Sz#
+)25\
9
1�* b7d%f�v�e7f &�(%(�3�!�1�3�&�3.!U#%1�3 (@&.+5(6!@+
(@;�#
&�(%&�3�(�-)+�9
o Sz1�4%;<9
(%+
(%!�fC!�E�,�9%;�(%P%1.*5&�3�!�#
ozp�9%$ &
2
,�'D9%R
4%(
!�(@G
+
Nk; B�(6'51�; �z1.45+),D� ��,�*%;I(6+%&�,%W
¡Y17E:#�')?�3�,:3:(@; 3�,�2@(�A�( !�E�,�9@;Y(@P%1�*%&:3�!@9U- -�!U'@-�173:&�-
G
,�&�3.95G6+5(�1^/�2
4
,�+�9
4%(
!�,�+�9%1�!�+%1�¢[+51�A�(£;<,�A�+
953�+
(@A:(
B5(�'5-�f�9uP�4%(�R
+
Nz*u2
!�,�+53�(%!�Nk*¤/.S"Sz1.2@3¥�"(%'
'�,�P
'�-
/�')1�2%3�45(6+5(6!¦!U(%E.+
9�2%,�1�3[2
,�2Q\
1�'
(%G
9%&�'�1�+
+)Nk*�/�S"Ss1�2%3
�"(%'
'D,¥P
'5-82%(@;nB�(6E�9%3�+
Nk$~2
!�,�E�95G6,�&�3�9�\�W¦X§&�'
#%G
,�1
P)!U#%$)&�'
(
*
+5(6*¥&�9%&�3�1�;<N�2%(@;<B
(@E.9%3�+�Nk*¨Sz1�4%;<9%(
+�;Z(%©

ª «�¬7­�¬�®k¯7°�±�²U³�´�´�µ



L[+5( 4�,�&�&�;<,�3�4
9
!�,U3�?~2
,�2�2
!�,�E�9%G
,�&�3�9�\%#�f�+%1�&�#�p"#
o
&�3�,�3�9
&�3.9�G61�&�2
9
*¦E�,�4�-�P � P%'5- 25,�L[P
(�A7(�&�'
(@- !@!�(%P
9
3�&7-
&�!�(%*u&�(64%3�E.,�4@-
P
(
!���f[B
(@3�(%2u2
,�')95R645(6!�(%G%+
(@A:(=B5(�'5-
ϕ
fY(@3.!U1�G
,�ospj1�A ( &�3�,U3�95&�3�9%G%1�&�2%(@;Z# E.,�4@-
P
#}! 3�(%;¥L[1
&�'
(%1
f 9 B
(@3�(%2 2
,�')95R645(6!U(6G%+
(@A:( B5(�'5- �%f
&�(�(%3�!U1�3�&�3�!�#
o"p"1�A�(FE�,�4@-
P),�; !HP
4
#%A�(%; &�'�(�15W�X
G%,�&�3�+
(@&�3�9nf B)459��

= � ;Z1�L"&�'�(�1�!�(%1K&�3�,�3.9%&�3�9
G@1�&�2%(%1!UE�,�9%;�(@P
1.*5&�3�!�951¦(�3�&�#%3�&�3�!�#%1�3 9V(%&�+%(
!�+%(%1¦&�(�&�3�(@-)+
951
!V25,�L[P
(�;u&�'
(%1 &�(
!�B
,UP
,�1�3 &Q(�&�+
(%!�+�NO;=&�(%&�37(�-)+
951�;
;I(�+�(6&�'
(
*
+5(6* &.95&�3�1�;ZNMW��s&�'
(
!�9%1[Sk1�45;Z9�©�&�3.,�3�9%&�3.952
9
2@(%;<B%(%E�9
3�+
NO$ 26!@,�E�95G
,�&�3�9
\ +�,�2%'),UP�Nz!�,�1�3
(@A�4
,�+�9%G%1.+
9510+�,8!U1�'�9
G%9)+
NHB5(�3�(62%(
!
	�!01�P)9
+�9
\�,�$
2%!�,@+%3�(6!_B%(%3�(62
,~B
,�4�,�;�1�3�4

ϕ
� G%1�3�+�Nk*�f�,�� �

\%1�'DNk* � G%1�3�+�Nk*Q'D9%R%(�+%1�G%1�3�+
Nk*��@W
 z'%- &�'
#%G
,7- P�!�#%$ /.25!�9
!@,�')1�+%3�+)NO$ &�'
(%1.!�f

Sz,�2@3�(
4
N E�,�B5(�'D+%1.+�9@-�f0(�3�!�1�G
,�ospM9%1£$)(@')'
(
!U&.2%95;
B%'D,�3�(DfD(6B�4%1�P51�'%-)oz3:&7-T!�Nk4
,UL�1�+�9%1�;

ν =
v
ν 
 =

v��
�

(ϕ +
�
) ±
d f

� d��
A�P
1

ν 
 ��S",�2%3�(64}E�,�B%(%')+51.+
9�- !VB�1.451�&�G�1�3�1 +), (6P�9
+
&�'
(
*���� � \51�')(@1KG
9
&�'
(If 2%(@3�(%4
(@1K&�(%(@3.!U1�3�&�3�!�#%1�3
G%9
&�'
# E.,�B5(�'D+%1�+)+
Nm$ #
4%(
!�+%1�* t[,�+
P),�# !
/�SsSz1�2%3.95!�+5(�; B5(�'�1 � � ³´³ = ��� d − ν(ϕ +

�
)
� v�e7W

X�1.45$)+�9
* � +�9%L�+
9�*��ME.+5,�2}!Q#)4
,�!@+
1�+
9�9 � d��¦9|+)9�L[1
(@3.!U1�G
,�1�3 B5,�4
,�'�'
1�'�?�+5(�;�#If � � ³´³ > �� ,�+%3�9
B�,�4
,�'5')1�')?�+�(6;I#�f � � ³´³ < � �@f +
,@B
4
,@!�'
1�+)95o
/�SsSz1�2%3.95!�+5(�A:( B5(�'5- (�3�+
(@&.953:1�'�?�+5( !�+51.¢j+
1�A�(
;�,�A:+)9�3.+%(%A�(�B5(�'5-�W
� ,�2 !@9%P
+%( 9%E"#
4
,�!�+%1�+
9@- � d��@f)B
4
9 (6B
4%1�P%1:'
1�+
+
NO$

Sz9
2@&.9
4@(%!�,�+
+
N $CSz,�2�37(64
,�$^E�,�B%(@')+%1�+
9@-�!�(�E�;Y(�L[+
,
4@1�,�')9%E�,�\
96-�4
,�E:')9%G%+
NO$Q(�R@(�R6pz1�+
+
NO$�'),�Sk')95+%(6!U&�2
9%$
&:(@&�37(�-�+59
*If 2@(@3:(64
NO1 ! B%(�P%$
(@P61 2@(�;ZB�(�E�9%3�+
NO$
Sm1�4%;Z9�(6+%(%! &:(�(@3�!�1:3�&:3�!U#
ok3 4%,�E:')9%G
+
N ; +
,�R�(%4
,7;
B
,�4
,�;I1�3�4�(6!

ϕ
f���9��|W���459V#@;Z1�+
?�¢"1�+
959T4
,7&�&:3�(U-�+
96-

;I1:L"P
# &�'
(�-%;<9��J;Y(@L�1�3T9%;I1�3�?};Y1�&:3�(¥Ss,�E:(%!�Nk*KB%1�©
4@1�$
(�Pu9%E &7(�&�3:(�-)+
9@-J& �

= � � 2@(�3:(%4%(�1¥4%1�,�')9�E:#%1:3�& -B
4%9!�#"$"&%(' f A P%1)%*'a� ;�,�A:+
9%3�+
,7-£P6'�9
+
,+�_!
&:(@&�37(�-�+59%1 & ;Z17L�&�'
(@1�!�N ; &�3�,�3�9%&�3�9%G@1�&�269�;
!�E�,�9�;Y(�P51�*%&�3�!�9%1�;

(
�

≠ � ) b-,)e W�{�,�B
4%9%;�1�4IfCB
4
9
ν =
���$.�;�(�L[+%(£(�L[9%P
,�3�?wB%1�4%1:$5(�P�9%E]&�(@&:3�(U-�+
96-

ϕ =
�If �

= � f � =
v�!M&:(�&�3:(�-
+
9%1

ϕ =
v�f �

=
d%f �

=
v�W

/[P�+
,�9%E�!�(@E�;�(@L�+%(%&�371.* /.2%&�B51.4
9�;Z1�+53�,�')?@+%(%A�(
+
,�R@')okP%1�+59�- B%1�4@1�&:3�4@(6*5269 (@&�+%(�!@+�(@A�( &:(�&73:(�-
+
9U-
&�!7-%E�,�+
, & 9�E�#%G%1.+�9%1�; 2�(�'�'
1.2�3.9
!@+)NO$ &.!U(6*5&�3�!
P
!�#5$
&�'�(6*�+%(
*w&.9%&�3�1�;<NjW¥X�G�,�&�3�+%(%&�3�9nf 9
E:;�1�+
1�+
951
(@&.+5(6!@+
(@A:(^&�(%&�3�(U-5+�9@- B�4
9�!�1�P%1�3§2w;�(�P)9�Ss9�2
,�\�9
9
&�B%1�2%3.45, 2%(�'�'
1�2%3�9
!�+�NO$ ;�(�P b��)e7W0��4%1�P
;�1�3:(%;
+
,�&�3�(�-)p"1�A�( &�(@(%R6pj1.+
9�- -5!U'
-
1�3�&7- 9
E�#%G61�+
951
!UE�,�9%;�(@P
1.*5&�3�!�9�- ,�2%#%&�3.95G�1�&�2
9
$ Sz(
+%(
+%(
! &
P
!�#5$
&�'�(6*�+%(
*M&�9%&�3�1�;Z(%*¦2%(%;ZB5(�E�9
3�+)NO$ Sz1�4%;<9%(
+%(
!�f6,
3�,@2@L[1 /.S"Sz1�2�3�(
! /.2
45,�+)9
4�(�!@,�+)96- !�+51.¢j+
1�A�(
/�'
1�2%3.4�(�&�3.,�3�9
G@1�&�2%(%A�(=B%(%3:1�+)\�9
,�'D,|3�,�2%(6*J&�9%&�3�1�;�(6*nW
¡Z,�+�1�1 #�25,�E.,�+�+
Nk1l/�S"Sz1.2%3�N B�4
95;Y1�+)9�3�1�'�?�+5( 2

;�(
+%(%&�'5(�*5+
(@; &.95&�3�1�;Z,�; R%NO'�9 4
,�&�&�;Z(@3.4�1.+�N !
b�d � f d%d�e7WCX +
,�&�3:(@-)p"1�* 4
,�R%(�3�1cB5(625,�E.,�+5(Df^G63�(
B51.4�1�$�(�PuP)!U#%$)&�'
(
*
+5(6*u&�9%&�3�1�;<N^!K+
(%!�(%1 (@&.+5(6!@+
(@1
&�(%&�3�(�-)+�9%1 P
(@')L"1�+ B
45(�-)!�953�?�&7- ! 95E�;I1.+51.+59)9
G
,�&�3�(%3�NxSs(
+%(
+
+5(6*�;�(%P�N f !UE.,�95;�(�P
1�*%&�3.!U#
o�p�1.*�&
2%(%;�B
(@E.953�+�NO;n9 Ss1�4%;<9%(
+
,U;Z9nf�,M3.,�2�L�1¦!¦95E�;I1.+51.+59)9
B�4%(%&�3�4),�+%&�3�!�1�+)+%(%A�( 4
,�&�B�4%1�P51�'
1�+�9@- E�,�4@-
P),5f
9�+%P
#
\�9)4%(%!�,@+
+
(@A:(�!@+%1�¢[+)9�; B�(6371.+�\)95,�')(@;sW
¡Z,�&�&�;�(�3�4
95;^P)!�#%$�&�'
(
*
+5#
ox&.95&�371�;�#�B5(�'D+%(%&�3�?�o

B5(�'5-)4
9
E7(�!@,�+)+5NO$ 2@(%;nB�(6E�9
3�+
NO$ Sm1.45;Z95(6+5(6!�f
B5(�;�1�p"1.+�+%#)o !U( !@+
1�¢[+%1�1 ;<,�A�+
953�+5(�1 B%(%'
15f
B51.45B
1�+%P)9
2�#6'5-)4
+5(�1V&�'
(@-
;sWk`6,�;<95')?�37(�+59),�+�&�9
&�3:1�;nN
95;�1�1�3�!�9�P

1
= ∑
 = Ô

�
��243

Ψ 
+( 5 )
d
�+6 � − 7 ∇ + 8:9 � ³ ³ (; ) − < 
 (; ) e � Ψ 
 ( ; ) +

+
d
v ∑= à >

=
Ô

�

∫ ? 2@3 ∫ ��243 ′δ A 
 ( ; ) B 
 > ( C�; − ; ′ C)δ A > ( ; ′) fD� v��

A:P51
Ψ

� Sz1�4%;<9%(
+
+
(@1 B�(6'51E� 6 � ;<,�&�&.,
2
!@,�E.95G6,U&�3�9)\�NF� 9 � ³´³ �£!�1�2%3�(%4
©�B
(@3�1�+)\59),�'|B%(%'%-G� � ³´³�

B 
 > ( H ) = I
�

ε
b
δ 
 > 3 − Ô + ( J − δ 
 > )(

3 �
+
� �

)−
ÔLK
�NM � ���

��2%#%'�(6+5(6!U&.2
9�*}B
(@3�1�+)\59),�'O�
ε
�£P
95/�'51.2%3�4
95G�1�&.25,7-

B�4%(
+
9�\
,�1�;Y(%&�3.?��

< 
 (; ) = ∑> = Ô

�

∫
��2 H ′

b
ϕδ 
 > +

�
(
d

− δ 
 > )
e
δ P@Q ( ; ′) R

S
× ( ; − ; ′)
C ; − ; ′ C � � ���

� &�#%;�;<,�!U1.2@3�(
4
© B�(63�1�+
\)95,�'
(
!QSz'
#)2@3�#
,@\
9)*|25,�')9
R%©
45(6!U(6G%+)NO$}B%(%'
1.*T�

R
S �^1�P)9
+�9%G
+
Ns*Q!U1.2%3�(64 !�P
(@'�?U�V�

δ A 
 ( ; ) = Ψ=+(; ) Ψ 
 ( ; ) − A � � A � � &�4%1�P�+@-%-
2%(
+
\51�+%3.45,�\
9�-�/�')1�2%3�45(6+5(6!�!M&�'�(�15W
�s(�'�-�4
9%E�,�\
9%(6+5+
Nk* 3:1�+%E�(64 &�9%&:3:1�;ZN � vE� !

B
459%R�')9�L�1�+
9
9 $),�(�3�9%G�1�&�2%9%$ Ss,�E (6B
4%17P
1:'%-
1:3:&7-
#
4
,�!�+%1�+
9%17;

WYX −
Ô
( Z f ω) =

b[W*X (
�
)( Z f ω)

M
−
Ô

− B X ( Z ) f � ���
A:P51!W X (

�
)( Z f ω)

� B%(%'%-)4
95E.,�\�9%(
+
+�Nk*l3�1.+�E�(
4l!
+5#%')1�!�(@; B)459
R@'�9%Lj1.+
9�9�� B X ( Z ) � ;<,�3.459
\),
!UE.,�95;�(�P
1�*%&�3.!@9%-�W X�#
4
,�!@+
1�+
9�9 � ���¨!U1�'D9%G
9
+�N\WVf
W (
�
) 9 B -)!�'5-5om3�&7- �

×
�Y© ;n,�3�4
9�\),�;<9If 25,�L�P�,7-

2%(%;�B
(%+
1�+%3�, 2@(%3�(64
Nm$ 95;�1�1�3 P
!�, 9
+5P61�2%&�,5f
(%3�!�1�G6,�ozp[95$ +
(@;�1.4
,�; &�'
(%1.!�f 9hP)!@,l9
+5P61�2%&�,5f
&�(%(�3�!�1�3�&�3.!U#
ospM9%$ +5#%')1�!�(%* 9 B5(6B51�4%1�G
+%(
*
2%(%;�B
(%+
1�+%3�,�;§3�(�2%,�W^]|,�3�4�9
\�,_W (

�
) 95;Y1�1�3>R6'5(6G%+
(%©

P)9�,�A�(
+
,�')?@+
Nk*V!@9
P

´N`@a ®k¯�b:¯dcfehg�¯:b@c ¯ji�kmlonqp:l�r�ejkts:r%².³ ´�´.µ%²uk�¬wv@x
²jyK´



W
µν 
 >(
�
) ( Z f ω) = δ = Q b�� µν

(
�
)( Z f ω) +

A �6 δµν(
d

− δµ
�
)
ejf � �q�

A�P
1��
µν
(
�
)( Z f ω)

� Ss#
4�?�1.©�2%(@;nB5(6+51�+%3.,H!@4%1�;�1�+)+�(
#
B%(
4@-
P
(@G61�+�+%(%A (|2%(
4
4%1�'5-�37(�45,Q3�(%2<� 3�(%2 !V+5#%'
1.!U(%;
B
459
R@'�9%Lj1.+
9�9

�
µν
(
�
)(
36f��@�
3

′
f��

′) = − 7 〈 � 



� 
 µ(
3�f��

)
� 
 ν(
3

′
f��

′) 


〉 � W

� .q�
��459 � = � !@NOG
9
&�'
1�+)9%1FW (

�
) P),�1�3

W
µν 
 >(
�
) ( Z f ω) = δ 
 > Jv

πω	




Z � Σ �
± 7 Z ω	 Σ Ô

+− 7 Z ω 	 Σ Ô
ω 	� (Σ 2 +

�
)





f � �q�

A�P
1
ω 	 = I C

� � ³´³�
 � 6 =
v
π A
��� 6 � � /.S"Sz1�2%3�9�!�+
,.-

\
9�2%'
(%3�45(6+�+
,7-VG
,�&�3�(�3�,��

Σ � = � −� ∑� =
�

�
− �

∑� = �
∞ P��6 �

��� − � −
Ô
(
6

− P )
(ω
�

ω 	 ) � − (
6

− A ) � ×

×
b�� �� − � (  )

e 2 − � 

(
6

− A − � )
� �� −� (� ) +

v �
��� �� − � ( � )� � 




�
f

� ,q�
A�P
1 � = ( Z % � ³´³ ) � � v�f % � ³´³ = ( I C

� � ³�³ C )− � K�� �
/�SsSz1�2%3.95!�+�,7- ;�,�A:+�9%3.+5,�- P5')9)+5,��!� �� − � (� )

�
(@R6(@R
p"1.+5+)Nk* B%(%')9�+%(%; t",�A�1.454),5W X<Ns4
,�Lj1.+
9�-�f
,�+
,U'
(%A:9
G%+)NO1 � �E�@f � ,q�Uf¨R
NO')9x!�B%1�4
!@Nk1§B5(�'�#6G%1�+
N
B
459
;�1�+
9
371�'D?�+
( 2 /.+59
(%+)+
NO; &�95&�3�1�;�,�; � &�;zW�f
+
,�B�4
95;Y1�4�f�b:d�v�e4�@W
]�,�3.459
\),¦!UE.,�9�;Z(%P%1�*
&�3.!@9@-T9%;�1�1�3�!@9
P

B =




B Ô�Ô
B �§Ô

B Ô��
B 242





f � d � �
A�P
1

B Ô�Ô = B 2@2 =
v
π
Z





8 � ε−
Ô

7 ϕ
− 7 ϕ
�





f � d%d��

B Ô�� = B 2 � =
v
π
Z





8 � ε−
Ô �#" i (− Z � )
7 �

− 7 �
�





W � d�vq�

¡I1.¢"1�+�9%1Q#�45,�!�+�1.+�9@- � �E� P
'%-̈ B%(%'%-)4�9%E.,�\�9%(
+
+�NO$
Sm#)+
2
\�9
*VB5'
(%3�+5(�&�3.?I�VB
'5(63�+%(%&�3�?MP),�1�3

W Ô�Ô � � =
W �:�:�:� =

d
v ($&%(' +

W ½�¿*) )
f

�d� �

W Ô������ =
W ��Ô��:� =

d
v ( $&%(' −

W ½�¿*) ) f � d:���
A:P51

W ¯ +
(
½�¿,)

) =
d

�
πω 	

Z � Σ �
∆ ¯-+ (

½�¿.)
)

f � d����

∆ ¯ + ( /10#2 ) = (ϕ̄-+ (
½�¿,)

)Σ Ô +−
d

)
�

− ϕ ¯ + ( ½�¿#) )
�

Σ � (� + Σ� ) −

− B ¯ + (
½�¿#)

)Σ �
W � d����

X #�45,�!�+�1.+�9
9 � d ���
ϕ ¯ + = ϕ +

��f
ϕ ½�¿#) = ϕ −

�@f
B %3' = ( I

� Z � εω 	 ) � d + �," i (− Z � )
e7f B /40*2 = ( I

� Z � εω	 ) ×

×
b7d

− �#" i (− Z � )
e7W

¡Z,�&�&�;�(�3�4
95; B%1�4
1�+%(
4%;<9
4%(
!@2%# &�B
1�2%3�4�,a,�2%#%&�©
3�9
G@1�&�2
95$ Sz(
+%(
+%(
!�f !�E�,�9%;�(�P51.*5&�3�!�#)ozp[9
$ &
P)!U#%$)&�'
(
*
+5(6*u&�95&�3:1�;�(
*u2%(%;ZB5(�E�9
3�+�NO$8Sz1�4%;<9%(
+%(
!�W
 s'5- Z ⊥

� Ss#
+�2
\
9�- `%4)9
+�, Sz(6+5(6+5(6!
#
P%(
!�'51�3�!�(
4@-
1�3[#
4),�!@+%1.+�9
o

5 −
Ô
( Z f ω) =

b 5 (
�
)( Z76 ω)

e − Ô − 8 
 8 > W 
 > ��� ( Z f ω)
f � dd.��

A:P51 5 (
�
)( Z f ω)

� Sk#)+52
\)96- `64
9�+
, &.!U(�R%(�P�+)NO$
Sz(
+%(
+%(
!�� 8 
 = 8 > = Λ Z ( v ρ ��9 ω : )− Ô<;
� � ;<,�3.459%G
+)Nk*
/�')1�;�1.+�3�!�E�,�9%;�(%P%1.*5&�3�!�96- Sz(6+5(6+5(6!�&�2%(%;ZB5(�E�953�+)NO;<9
Sz1�4%;<9
(%+),�;<9�	

Λ
� P%1�Ss(
4%;<,�\�9%(
+
+�Nk*0B5(�3�1.+
\�9�,�'h�

ρ
� B5'
(%3�+%(%&�3�? #
B
45#%A (
*�&.4�1�P)NF� ��9 � 3�(@'�pj9)+
,

&�')(U-�fm!�2%(%3:(
4%(%;84�,�&.B
45(�&�3�4
,�+%-
1�3�&7-=Sk(
+%(
+
+�,7-K;Z(%©
P),>=��

ω: = ?
@ � +
1�B%1�i%1.+5(6i5;Z9�i%(
!�,�+5+),7-FG
,�&�3�(@3.,
Sz(
+%(
+
,5W �<(%A�'D,�&.+5( #
4
,�!�+51�+
9%-
; � d:���:� � d:.��Uf
B51.4�1.+5(64%;<9�4%(6!@2
,_S",�E�(�!U(6*g&.2%(
4%(@&�3�9§Sz(
+%(
+
,_B�4
9
2%(
+%1�G
+
Nk$ Z 95;�1�1�3�!@9%P

∆ A ( Z )? =
Λ
� Z � Σ � ( Z f ω : )

v
πρ
� 9 A 2 ω	 ∆ %(' ( Z f ω : )

W � d����

BY,�!�95&.9%;�(%&�3�?
∆ A ( @ )

� A B�4
9
ν =

�DC�.�f �EC��
B5(62
,�E�,�+�,c+�,h4)9�&
Wxd�P%'5- &�'
#
G%,�1�! �

= � f�d%W
�M&.B%(%')?UE:(
!�,�+�N B
,@4
,�;�1�3�4
N A � =

d � Ô�Ô &�;�F � f
6

= � f v@� 6HG f ε =
d�v�f���f A =

�
⋅
d �JI &7;KC"&%f Λ =

.�f �¦/UXsf
ρ =

��f �MALC"&:; � f �
=
��% ' fO��9

=
d � �HM N W � ,@2¨!@9%P)+5(¨+
,B�4
9�!�1�P61�+�+
Nk$ 254
9)!@NO$�f !�(%E.+59)2%+5(6!�1�+�9%1

;�1�L[&�'5(61�!�(@A:( &�3.,�3�95&�3�95G%1�&�2@(%A ( !�E�,�95;Y(%P
1�*%&�3�!�96-
B�4
9�!�(�P�9%3 2 2
,�G%1�&�3�!U1.+�+%(%;�# 9
E�;Y1�+51.+
9�o
E�,�!�95&.9�;Z(%&�3�9^B
1�4%1�+%(
4%;<9
45(6!�259 Sz,�E:(
!U(6*]&.2�(645(�&�3.9
,@2�#5&�3�95G%1�&�2@(%A (lSz(6+5(6+�,x(63 Z W_ s'5-�P
,@+
+
(@A:( Z

* O Ì�ÅaÈ�Ì�É§Ù�Â�ÅèÇ�Ð§Ë	Ú�Ç�Ù�Ú�Ç�âbÐ	Í�É	Þ�È�Ì�Ç�â�Ú	Ç�âaÈ�Ë	È�Á�ÏÃÜ�Ý`ß�Ë	áÃË�Ù�ÏÃÈ�Ñ�Â�ÅèÈÃË	ÁÊÉ�Â�Ò�Ë�Å�àPÑ�Ç�Á�Ç�Û�Â�ÅèÛ	Â�È�ÈÃÜ�Â�Á�Û	Ë�Í�Â�Ï�ÁÃÈÊÅ�àPÜ�Ç�í�Ï�Á4È�Ç�Ç�ÁÃÍ�ÏÃÁ È�ÁÃÍ�Ç�Í�Â�ÁÃÄÛ�Â�ÈÃÆ�Û�Ç�ÈÃÁÃÛ�Â�Ú�ÏÃÚ�Ë	Ó[Æ	Ç�Í�ÏÃÛ�Þ	Ú�Ç�ÈÃÁÃÚ	Ç�âyÂ�Ñ�É	ÈÃÁÃË�Ù�Ï�ÈÃÑ�Ç�âyÍ�Ç�Ì	Ú�Ý¢¹*PfêÃÁÃÇ�Ü1È�Ì�É�Ù�Â�Ï�Æ	Â�Û	Â�Ü�ÏÃÁÃÛ Q R ÏÃÈÃÁÃÄ{×ÊÌ�É	î�Ë	Ú�Â�áÃÂ�ÁÊÉ	Þ�Â�Ú�Ë�ÅyÆ�Ç�Í�ÏÃÛ�Þ	Ú�Ç�ÈÃÁÃÚ	Ç�âyÍ�Ç�Ì�Ú	Ý�¹ë�ÏÃÛ�ÏÃÚ	Ç�Û�Ü�Ë�Û	Ç�Í�Ñ�Â1ÈÃÆ�ÏÃÑ�ÁÃÛ�Â1Ç�î1S	ÏÃÜ�Ú�Ý�Þ^ß�Ç�Ú�Ç�Ú	Ç�ÍeÜ�Ç�í{ÏÃÁ&Ú�Â�î�Ì	Ó�Ð�Â�ÁÃÄ�ÈÊÅ^ÍeÈÃÍ�ÏÃÛ	Þ�Û�Ï�é{Ï�ÁÃÑ�ÏyÐ	Í�Ç�â�Ú�Ý�ÞPÑ�Í�Â�Ú�ÁÃÇ�Í�Ý�ÞPÅ	Ü�¹JT�Ç�×¸Ð	Â Í�ÏÃÌ	Ë�Ù�Ë	Ú�Â Q RÏÃÈ�ÁÃÄyÆ�Â�Û�Â�Ü�ÏÃÁÃÛ�ÈÃÍ�ÏÃÛ	Þ�Û�ÏÃé�ÏÃÁÃÑ�Ë�¹

®k¯�b ¯�cfe g�¯@b@c�¯jiqk4l�n�p@lor�e4ktsdr%²�³�´�´�µ%²-k�¬wv:x
²4yK´ ´N`.U



!
1
'
9
G
9
+
,
&
2
,
G
2
,
S
,
E
(
!
(
*
&
2
(
4
(
&
3
9 B
4�9 B%1�451�$
(%P%1l&�9%&�3�1�;nN !a+5(6!U(61 (%&.+�(�!@+%(%1
&�(�&�3�(U-)+)9%1w;Z(@L[1�3 R
NO3�?�&�4
,@!�+
95;Z,w&C!�1�')95G
9
+
(%*
B%1�4%1�+
(%4
;�9)4�(�!@2%9�W
¡�,�&�&�;�(�3�4
9
; /�2
4
,@+
9�4%(6!@,�+
951

/�'
1�2%3.4�(�&�3.,�3�9
G@1�&�2%(%A�( B5(�3�1.+5\)9�,�'),r!�P)!U#6$�&�'
(
*
+
(%*
&�9%&�3�1�;�1
W  '5- 2%(6+�2
4%1�3.+�(6&�3�9nf B
45(6,�+�,�'D9%E.954
#%1�;
&�9%3�#�,�\�9�oMf�2�(�A:P
,"!�R%')95E�9¦2
,�L[P5(�A:([&�'
(@- 4
,U&.B�(6'5(6L"1�+
B
4�(6R%+)Nk*]E�,�4@-
P !U1�')95G
9
+5(6*

− I
&~&�(%!�B�,�P),�o"p[9%;<9

2@(%(645P
9)+
,U3�,�;�9 ����� W X~B)4
95R�'D9%L[1�+
9�9�$),�(%3.9%G%1�&.259%$
Sz,�E Sz#�45?�1�© 2@(%;<B%(
+%1.+53�, B
'5(63�+
(@&�3�9
9
+5P%#)\
9�4%(
!�,�+
+5(�A7(_E�,�46-�P�,0! &�'�(�1 7 (
B
4
1�P%1�'5-
1�3�&7-#
4
,�!@+
1�+
951�;

I ρ 


 � Q ( Z ) = 8 2 $ = Q �*� ( Z f � ) ϕ> ( Z ) f � dd,q�

A�P
1
ϕ 
 ( Z ) = ϕ> ( Z ) = −(

v
π I
�

ε Z ) b:d + �," i (− Z � ) e �
Sm#)4
?�1�© 2%(%;�B
(%+
1�+%3�, !�+51�¢[+
1�A�(K/�'
1.2�3.4%(@&�3�,�3�9
G@1�&�2%(%A�(
B%(%3:1�+�\)9
,�'D,5f̈ &�(%E�P
,@!�,�1�;Z(@A:(CB�4%(%R6+�NO;<9£E.,�4�-
P�,U;Z9nW
�l#%G%1�3�(�;�#�4
,�!�+51.+59)* � d:�
�:� � d:���_P
'%-�!�1�')95G69�+
N
ρ 
(̄+�� ( @ )

95;�1�1�;

ρ 
(̄+�� ( @ ) =
B (̄+ Σ � ( Z f � )
∆ ¯ + ( @ f � )

W � v � �

/"R64%,�3�+�(�1 Sk#645?�1�©�B
4@1�(�R64
,7E:(6!�,�+%9%1 Sm(�4%;Y#@')N � v � �P
,�1�3 B�4%(@&�3�4
,�+�&�3�!�1�+
+5(�1 4
,�&�B
4%1�P
1�')1�+
951
9
+5P%#)\
9�4%(
!�,�+
+5(�A7( E�,�4@-
P),

ρ
¯(+��

(
3
)
W!B�,�!�95&.9%;�(@&�3�9

ρ
¯-+��

(
3
)

P
'
-
S
,
2
3
(
4
(
!
E
,
B
(
'
+
1
+
9
-
ν =� C
.
9
� C
�
P
'5-_&�'�#%G�,�1�!&�

= � f|d>B54
9)!U1�P51.+
Nx+
,0i59%&
W v�W �[4
9
4�,�&�G%1�3�,�$�9%&�B5(�'D?�E�(%!�,�+5NFB
,@4
,�;�1�3�4
N /�'51.2%3�4%(%+)+%(
*
&�9
&�3�1�;�NMf B�4
9
!�1�P
1�+)+5NO1 !�Nk¢�1
W BZ,�!@9%&�9
;�(�&�3�9If
B5(62
,�E�,�+�+
Nk1�+5,�i�9%&5W�v�f�B
4%1�P
&�3.,�!U'
-)ok3j&�(@R6(%*V,�+�,�'
(%A
S"4
95P
1�'
1.!U&.259%$ (�&�\�9
'
'5-)\
9�* ! &�95&�3�1�;I1
2%(%;�B
(@E.953�+�NO$ Sz1�4%;<9%(
+%(
!�W � ,@2 !�95P)+%( +
,
B�4
9�!�1�P61�+�+
Nk$ 2%4�9
!�NO$ fc+),�'D9%G
9%1 ;Y1�L[&�'5(61�!�(@A:(
&�3.,�3�95&�3�95G%1�&�2@(%A ( !�E�,�95;Y(%P
1�*%&�3�!�96- B
4
9�!�(�P�9
3 2
E�,�;�1�3�+%(%;�# 95E:;�1.+51.+59)o B�4%(�&�3�4
,�+%&�3�!�1�+
+
(@A:(
4�,�&.B54
1�P%1�'�1.+59%-QE.,�4�-
P�,�W
��,�2
9%; (%R64
,UE:(%;zf B�1.451.+�(�4�;n954%(
!�2
, G
,�&�3�(@3.N

,@2�#5&�3�9@G@1�&�2@(@A�(�Sk(%+%(�+
,�B54
9�2@(6+�1:G6+
N $�!�(�'
+%(%!�NO$
!U1�2@3:(64%,�$ 9 B
45(�&�3.4
,�+5&�3.!U1.+
+5(�1 4
,�&�B�4%1�P51�'
1�+�9%1
9�+%P
#
\�9)4%(%!�,@+
+
(@A:(JE.,�4@-
P),>!KP)!U#%$)&�'
(
*
+5(6*u&�95&�3�1�;I1
2%(%;�B
(@E.953�+�NO$8Sz1.4�;n95(6+5(6!>&�#�p�1�&�3.!U1.+�+
NO;r(@R�45,�E�(%;
;�(%P
9)S"9
\�9
45#�om3:&�- B5469 B�1�4%1:$
(�P%1 &�9@&�3:17;ZN !
&�(�&�37(�-5+%9%1 & ;I1:L"&:'
(�1�!�NO; &:3�,:3�9�&:3�9%G@1:&.2%9@;
!UE�,�9�;Y(�P%1�*�&:3�!�9%1:;mW {�,7R�')oOP%1�+69�1 4
,U&�&�;Y(%3�4%1�+
+)NO$�!
4�,�R�(%3�1 /�SsSz1�2%3�(6!w;Z(@L[1�3 R%NO3.?£9%&�B
(@'�?�E�(6!@,�+%(�!
2
,�G%1�&�3�!�1 9
+5P
9)25,�3�(%4
, Sz(
4%;<9
4%(
!�,�+�9@- +%(
!�(@A:(
/�')1�2%3�45(6+�+%(%A�(V&�(6&�3�(�-)+)96- P)!U#%$
&�'�(6*�+%(
*}$�(�'�'
(
!�&�2�(
*

	 ����� �¸� ú�Â�Í�Ë	ÈÃË�Ü�Ç�ÈÃÁÃÄqÆ	ÏÃÛ�ÏÃÚ	Ç�Û�Ü�Ë�Û	Ç�Í�Ñ�Ë ß�Â�áÃÇ�Í�Ç�â ÈÃÑ�Ç�Û	Ç�È�ÁÃË
Â�Ñ£É£È�ÁÃË�Ù�ÏÃÈÃÑ�Ç�×ÊÇ ß�Ç�Ú�Ç�Ú	ÂAÇ�ÁÿÍ�Ç�Ì�Ú�Ç�Í�Ç�×ÊÇJÍ�Ï�Ñ�ÁÃÇ�Û�Â	¹bÀ�Æ�Ì�Ç�é�Ú	Ý�Ï
Ì	Ë�Ú	Ë�Ë4ÈÃÇ�Ç�ÁÃÍ�ÏÃÁÃÈÃÁÃÍ�É�Ó�ÁWÈÃË�ÈÃÁÃÏÃÜ�ÏWÈ[Ü�ÏÃí�È�Ì�Ç�ÏÃÍ�Ý�ÜDÈÃÁÃÂ�ÁÃË�È�ÁÃË�Ù�ÏÃÈÃÑ�Ë	Ü
Í�áÃÂ�Ë	Ü�Ç�Ð	ÏÃâ�ÈÃÁÃÍ�Ë	ÏÃÜ�
 �

=
Ô�
�à&é�ÁÃÛ�Ë�Þ	Ç�Í�Ý�Ï�Ì	Ë�Ú�Ë�Ë�� ÈÃË�ÈÃÁÃÏÃÜ�ÏLî�ÏÃá

Ü�ÏÃí�ÈÃÌ	Ç�Ï�Í�Ç�×ÊÇyÈ�ÁÃÂ�ÁÃË	ÈÃÁÃË�Ù�ÏÃÈÃÑ�Ç�×ÊÇyÍ�áÃÂ�Ë�Ü�Ç�Ð�ÏÃâ	ÈÃÁÃÍ�Ë�Å�
 �
=
��
�¹

	��������	� ë�Û�Ç�ÈÃÁÃÛ	Â�Ú	ÈÃÁÃÍ�ÏÃÚ�Ú�Ç�ÏDÛ�Â�ÈÃÆ�Û�ÏÃÐ	ÏÃÌ�ÏÃÚ�Ë�ÏDË	Ú�Ð�É�Ò�Ë	Û�Ç�Í�Â�Ú	Ú�Ç�×�Ç
áÃÂ�Û�Å�Ð	Â[Í[Ð	Í�É	Þ�ÈÃÌ	Ç�â�Ú�Ç�âTÈÃË�ÈÃÁÃÏÃÜ�ÏZÆ	Û�Ë

ν = ��� 	�
 � 
PË ����� 
 � 
�¹À�Æ�Ì�Ç�é{Ú�Ý�ÏKÌ�Ë�Ú�Ë	Ë�� �
=
Ô�à�é�ÁÃÛ�Ë	Þ�Ç�Í�Ý�Ï�� �

=
���

ρ �  "! � Í
ÏÊÐ	Ë�Ú	Ë�Ò�Â�Þ � # ¹

´N`�µ ®k¯�b:¯dcfehg�¯:b@c ¯ji�kmlonqp:l�r�ejkts:r%².³ ´�´.µ%²uk�¬wv@x
²jyK´



&�9%&�3�1�;<N B�4
9 #%;Z1�+�?�¢"1.+�9
9 4�,�&�&�3�(�-)+)96- ;�1�L[P%#
&�'
(@-
;Z9nW

Ô�¹���¹���¹���®�°öÎ � ¼�¯ +�à�� G 9 � �	��

� � ��� 	�� ��� �§à�	 � 
�ÔÃÕ�Ö:��
�¹��¹���¹��{¹@�§®�¿���»§°­¯ +�à ��
�� � �	� G � ��� G ��� � ��� à�Ô���Õ � 
�ÔÊÕ�Ö���
�¹��¹��y¹��8¹���¿ � +�à���¹��8¹�ª>+ � � °�à"!X¹#��¹Y��® +,)´½�¶�à#!X¹I��»�®�$ � ��® +�à® +��&%1¹@�{¹�'�¶¸¿"¯´à ��
�� � ��� G � ��� G �(� � ��)§à�Ô��:	�Õ 
�ÔÃÕ�Õ:��
�¹
� ¹+*�¹Y��¹�ª�¯ ¶ � +�¶ ) � ¯ +�à-,�¹Z��¹"��½ �/. ¯ + � � ¼�àY��¹+0¢¹���³ � ¯±³´³ � ¼�à21y¹2�8¹� � ¶ )�à	®1+��"��¹�� � à ��
�� � �	� G � ��� G ��� ��)§à�Ô ��Ö7� 
�ÔÃÕ�Õ:��
�¹
� ¹���¹.��½�Î �/3 ® +��eª�¹54¡¼�® �	º�¯(+�à ��
�� � ��� G � �76 ��8 à � � � 	 
�ÔÊÕ�Õ � 
�¹�§¹9*�¹�1y¹�*�®�¯(+�à���

� � ��� G � �:� G �(� �%����à�ÔÊÕ�Õ 
�ÔÃÕ�Ö�Õ�
�¹
	§¹���¹.��½�Î �/3 ® +��eª�¹54¡¼�® �	º�¯(+�à ��
�� � ��� G � �76<;�; à � � � � 
�ÔÊÕ�Õ§Ô�
�¹Ö�¹���¹���¹���®�°öÎ � ¼�¯ +�à��>¹)��¹D� ��� à�® +��=0¢¹�� � ® ��à>��
�� � �2� G � � 6�;�?
	 ��Ô�� 
�Ô�Õ�Õ � 
�¹Õ�¹+%1¹@��½�¶�»§¯ ½�º	®�à)��¹��ä¹<!P®�·A%�½1+	®�° ��à�®1+��¦��¹<![¹�,{¯ ¼�¾	¯-+�à ��
�� � �
� G � �B6 ��C§à�ÔÃÕ��:� 
�ÔÃÕ�Ö�Õ�
�¹Ô��§¹�D�¹ E&¹§ú�Â�áÊÉ�Ú�Ç�Í§à O ¹LP{¹:F1Ë�Ì	Ä�à:G �IH �:�§à�Ô�� ��� 
�ÔÃÕ�Õ�	�
�¹Ô�Ô�¹�%1¹�J�¹�4�¯±°�à�K<L � 	�� 
NM � � 9	O � � G�P 
 � 9 ��� à�Ô � 
�ÔÊÕ�Õ�Ö�
�¹Ô���¹+�y¹#�1¹I��» � +�à24�¹��T¯±°±· 3�� º�à{ª�¹��K¯ ) ) � +�à�®1+��Q�>¹#�Ã¹#��®�°±Î � ¼�¯(+�à
R � � �TS�� O M Q �U��
�� � � 6 ��à�Ô����§Ô 
�ÔÊÕ�Ö�Õ�
�¹

V-W>X�Y+Z([]\<^ _ `�\�ab_ Y<XTY:cd\:e�Y�f�g�ab_ eih>j�Y<X�Y<X�gTg5hdW�e�akZ(f:[
\<X�lmg5h�\@e5WUl<_ g�abZ(_ n>f�a(_ Y+X&Y�c�_ X�l<f�e5W5lBe:j�\+Zpo>W
_ X&\ml:Y+f5n+^ W=^ \�qdW+Z�r�f�\<X�akfd[ts"\+^ ^�g�q5g�apW+[

uiv�w&v<x�_ ^

'�» � ¼ � +�½�¼�¬�®�°´¯ 3 ® )�¯ ½*+P½�³�)�» � ³­¼ �/y ¿ � +	·k$P½�³�®�·Ã½�¿�¶ )�¯ ·Î�»�½ +�½1+	¶P¯ +#) � ¼�®�· ) ¯-+��{z�¯()´»T® �	½�¿ . ° � °±®�$ � ¼�·Ã½�¬¢Î�½�¶�¯() �³ � ¼Ê¬y¯ ½ +[¶|$	¶�) � ¬å¯ ¶�·Ã®�°±·�¿�°­® ) � ��¹@'�» � ¶�Î�®�· � �"¯ ¶ )¸¼�¯ . ¿,)�¯±½1+½�³�)�» � � � +�¶�¯ )|$[½£³�)�» � ·�»�®�¼(� � ¯ +���¿�· � � . $^®1+ �/} ) � ¼ +	®�°
� ° � ·�)�¼¸½�¶�)�® )�¯ ·1Î�½1) � +,)�¯ ®�°�¯(+ )�» � �	½�¿ . ° � °±®/$ � ¼y·Ã½�¬¢Î�½�¶�¯() �³ � ¼Ê¬y¯ ½ +D¶~$	¶ ) � ¬ ¯ ¶F³ö½�¿,+���¹�� )F¯ ¶X¶¸»�½�z�+�à )�»�®1)X³­½�¼[®
³´¯±°´°­¯ +���³ö®�·�)�½�¼�à�³ö½�¼"z{»§¯ ·�»H)�» � ¶ )�® ) � ¶"z¢¯ )�»P® +��]z¢¯ )�»�½�¿#)
¯ +,) � ¼�°ö®�$ � ¼�¶�) ®1)�¯±¶�) ¯ù·Ã®�°�¯ +,) � ¼�®�·�)Ê¯ ½*+W®�¼ � ¼ � ®�°´¯ 3 � ��àE)´» � ¯ +	«¾�½£°ö¾ � ¬ � +,)�½�³E)�» � ¯ +,) � ¼�®�·�)�¯ ½1+e¼ � ¶�¿§°()�¶{¯ +P®"��¿�¬�Îe½	³
)�» �Î�»�®�¶ � ¾ � °±½�·�¯()�$L½	³!®W³´¯(+	¯-) � ³ö¼ �/y ¿ � +�·k$LÎ	»�½.+�½*+�à�® +��X®·Ã»�® +�� � ½�³ )�» � ¶�Î�®�· � �"¯ ¶ )¸¼�¯ . ¿,)�¯ ½1+T½�³ ) » � ·Ã»�®�¼k� � à�¯ +	«
��¿�· � � . $ ��} ) � ¼<+�®�°�Î	½1) � +,)�¯±®�°�¹�'�» �[� ³´³ � ·�)�¶1·Ã½1+�¶�¯ � � ¼ � �·Ã®1+ .�� ¿	¶ � � )�½Z½ . ¶ � ¼Ê¾ � )´» � )�¼¸® +�¶�¯ )�¯ ½1+X½�³�)¸» � ��½�¿ . ° �°ù®�$ � ¼¢³ö¼Ê®�·�)�¯ ½1+�®�° y ¿	® +#)´¿�¬���®�°­°�¶|$	¶�) � ¬ )�½e® + � zD¶ )´® ) �
z�¯ )�» � � ·�¼ � ®�¶�¯(+��e¯ +,) � ¼�°ù®/$ � ¼ �§¯ ¶ )�® +	· � ¹

®k¯�b ¯�cfe g�¯@b@c�¯jiqk4l�n�p@lor�e4ktsdr%²�³�´�´�µ%²-k�¬wv:x
²4yK´ ´N`7´


