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

/103240�576�098�0;:�6�<9=?>A@CBEDF5HGAI�JCK?J7LM:4@MNOIF67P
J7L�GQNO:4JR=H:M0�575;J�0TSHJ�UVJC8XW�03=QJ3B SVW�6Y5HGA:M0Z=QJCK

8XWQ@C=76OI�@\[7676�]MS;J�U4^QJFU3_ 5Q@`JaNM5HJC=40TBbJc:M0ZD�GA:M<ZWa5;JCK
DQ6M540�IA6VDQ6Y6YBd0;^Q@C576MDQ6?NcSe:4JRfg57_1^?N�WM0QU

h4i�h4i�jlknm�olprq�kns�t�u�h4irv�i�wOmrx7y�k's�zlu�{Ai�|4irvAkl}�~��c�"~�s"t�u�|4ir��iX���r�4y�k'sl��z
��n�������	�����M���	���������H�������	�������' �¡�¢�£ ����¤�¤�¦¥	£�§�§¤¨�©�ª#«�£�¬®-¯4�����±°²�¦£³�²�-´��¤�#���¦µ�������¬���£¶§¸· §

¹�º¼»�½²¾À¿�Á-Â	Ã�¿ÀÄ¤Å¤Æ±Ç�¾ Â	»�È�Ä¤É�Ê Ë�Ì
Í ¯Q�²���±�²°�������Î�Ï����Ð�	¬�������Ñ��¤�����¦În�#�������#���#��£³ ����¤�¤�¦¥	£�§�§�§Òª	©�·�£�¬®¯Q�����¦°��¦£����#Ó���������������Ô¤��������������¥�£�§�Õ

¹�º¼»�½²¾Ö¿¸Á�×	ËÒØ�Ì	×�Ã�Ù�ÇÚ×�ËÒØ	Ã�Û�Ê »�Â	Ä�¾¸Ê ½�Ü�Ê Ë�Ì
Ý³Þ²ß�ß�à Þ�á�â�ã�ä�Þ�å�á�ßÐæ�á�å�ç�å�è�ã�åXé¤å�ê�ã�æ�ärë�Þ¦à ì�è�í�á�î�ïñð	î�ê	î�ß�á�ã�ò�ä�ó�ë�ä�Þ�è�è	î�å�ä�è	å�ë�Þ²ð�è�ólàôð�î�õ#î¦é¤â�å�ä�î�àAå�å�ß�á�å�è�î�ì�Ê

ö�ã�ß�ê�å�è�è�înã�è�á�å�é¤â�ã�â¦í�÷lá�ß�æñí	â�Þ�ä�è�å�è�ã�æOø�î�ê	ù¦ú�à Þ¦è	Þnãûð�î�ê�è�ólårè�å�ß�á�Þ�ú�ã	î�è�Þ�â	è�ó�å"í�â	Þ�ä�è�å�è�ã�æeü"Þ²ä¦ù²åýOþ�á�î�ì�ß�Þ
ßÿß�î�î¦á�ä�å�á�ß�á�ä�í�÷��rã�à�ã é¤â�Þ²è�ã�ç�è	ó�à ã í	ß�ê�î	ä�ã�æ�à ã�Ê���î�ì�Þ�ë�Þ�è�Þ���ê�ã�ë�î�ß�á�ù â�å�ë¤í�ê�ù²á�Þ�á�î¦ä â�Þ�ß�ç�å�á�î�äÿõ�ê�æ
í	ß�á�Þ�è�î�ä�ã�ä��rå�é¤î�ß�æ�á�å�ç�å�è�ã�æ³Ê

Ý³î�ë�é¤ê�æ�è�í�á�î�á�å�ç�¾Ö÷ÿé¤å�ê�¾¼÷ÿäRë�Þ�à�ì	è�å�è�¾Àï ð�î�Â�î���è�ã�è�¾�òAä�ã�ì	ê�ã�ì�Þ�è�å3Â�Þ²ð�á�î�ä�ã�àdð�¾Àõ�î�é¤Â�¾ ä�î�à
	�	Qß�á²¾ è�î�ì�Ê
ö�ã�ß�å�ê�ù�è�î ¾Àè�á�å�é¤Â�í	÷�á�ù²ßÐæbÂ�¾ ä�è¦æ#è�è�æbø�î¦ê�ù²ú�à Þ²è�Þ á�Þ ð�î�ä�è�¾Fè	å�ß�á�Þ�ú�¾Àî�è	Þ¦Â	è�¾FÂ�¾Àä�è¦æ#è�è�æ ürÞ�ä� ��ýOþ�á�î�ì�ß�Þ ë
ä�¾Àõ�ð�î	ä�¾ õ#è�ã�à�ãCé¤Â	Þ�è�¾¼ç�è�ã�à�ã3í�à�î�ä�Þ�à�ã�Ê���î¦ì	Þ�ë�Þ�è�î���ê�ã�ë�ù¦ì#¾ ß�á�ù�Â�å�ëÐí#ê�ù�á�Þ²á�¾¼ä7î��¦ç�ã�ß�ê�å�è�ùMõ#ê�æ ß�á�Þ�ú�¾¼î�è�Þ�Â�è	î�	
á�å�ç	¾�	¤Ê
��������Á����Ê ����Ê� �Â
!�"$#%"$&('�"*)+"-,�'.�/1032�4657&98�:�;7<=;>?,�2�@3:�'BA�;>?8(@3,�;7/$,%"-&�&9;"*C;�D�;7)FE�"-/�;74GCE9'=&98�,H"?/�;7<=)FE92�/�':-2�I�''

J*K(L7M�L7NBO6L
PRQ7S�T6U�V W XZY�[�[�U�S�Q7\�Q7]�U9[ S�\BW ]�WB^H_�WB`

a Q�XZS�QH\bY a�c \BY�`dX�Ue=Q a U([ c�f Q�[ a7g T�h a7i [?h gjc [�TbU g W�h�`�k
_�U�lnmbY a Q�XoSBQ7\�Y a�c \bY l�\�Q7p f QHq S�U g Q7\�`6]BU[ a W
^H]bY�r�W a Q�T i ]�U U a T6WBr(Y%Q a [�h U a a Q�XZS�Q7\6Y a�c \�s
_�U�] a Y7_ a W�\ c p f Q�l�U [ t a U�q SuU g QH\u`v]�U�[ a�i p
_�\�WBU(Y7l-Q7] a Ybwyx=\�WBX�Q7\ a Y_9U�l-U�\�Um6Y{z SuT6Q7]�U�r(]BUQ
_�W6SuQH]bW�Q|l-Q�T�W9h�w~}�Q7Y�TvWu^HY7�bW9h�t a U9l�U�S�\�U��BQ�[�[HY g
[ g QH\B` a QH_ c r�Q�X l?Q�T6WbW ����Q�3�$� SB\�U�W�[�`�U�m�W a S6\BW
� U9T i7� W�` ^�]bY�r(Q7]�Wuh�` a Q7SBT�U g s*` SBU a U(_�U g w
P�Q�XZS�Q7\�Y a�c \�s�]6Y�l�\uQ g Y a Q�T�h�WG��Q9�+�o��Y%^�T�W�r�Y7p a [?h�S6\BW
t a U�X�]bY�U9m6W�]�W�m6Y�e1Q�m g Y�SBU(\uh�m�_�YBwoP�Y7_�W�Q c [�TBU g W9h
[�U�^�muY9p a ^�]6Y�r�W a Q�T i ] c p ]BQ7\�Y g ]BU g Q�[7]�U9[ a7i W
^HY a \ c m�]9h�p a \(Y�[?rQ a [�U7U a�g Q a [ a�g�c p f W�` S�\�U���Q�[�[�U g
S�Q�\�Q�]uU[�Yuw
��]bY�[ a U%h f QHqd\BY � U a QjW�^ c r�Y�Q a [?h a Q7SBT�U�S�QH\BQ7]�U�[ g

S6Y7\�U g U(q�U � T6Y�[ a W�k�U�l�\6Y7]�WBr�QH]B]�U�qdS�U g Q7\�`�]�U�[ a h�XoW�[
[HWBT i ]uU U a T6W�r�Y7p f W�XZW�[?h m6\ c l U a mb\ c l�Y
a Q�XZS�QH\bY a�c \BY�X�W�w���Tuh{Wu[�[�T6Q�m�U g Y7]bW9h�X�U�e1Q a � s a7i
W�[7S�U�T i ^�U g Y7] X�U9T6Q7_ c T�h6\�]BU(V�_�W6]uQ a W�r�Q�[7_�W�q X�Q a U(mRk
U([7]�U g Y7]b]�s�q�]bY�\�Q � QH]�WbW c \�Y g ]BQ7]�W�h��oU�T i ��X�Y]�YBk
`6U a h�W h g T�h6p f W6qu[�h�m�U g U9T i ]BU a \ c m�U�Q�Xo_�WBX�k�]�U
[ g U � U�m6]�s�q U a U�l$\bY7]�WBr�QH]�Wbq S�U [ a QHS�Q7]bW

]BQH\�Y g ]�U g Q�[H]BU[ a W�S6\�U���Q�[�[�U g S�Q7\�Q7]�U9[HY�¡�¢9k¤£b¥?w6�ZXRQ�[ a Q
[ a Q�X g ]6Y�[ a U%h f Q�Q g \�Q�XRh¦\�Y�^ g W a s XRQ a U�mus W
XZY a Q�XZY a Wur(Q�[7_�UQjU � Q�[HSBQ�r�Q7]�WBQym�Tuh�^7Y�m6Y�r�X�Q�`�Y7]�Wb_�W
W a Q7S�T�U�U � X�Q7]�Y�[7S�TBU � ]�U�q�[�e=W�X�Y7Q�X�U�q¨§7\�Q�m6s|¡�©�¥?w
ª a W S�U�m�`6U9m6s � s*T6W g [ g U�Q g \�Q�XRh c [7S�Q � ]BU
Y7Sb\�U � Wb\�U g Y]�s�W«S�\BU a Q�[ a W�\�U g Y7]bs g \(humBQ¬^7Y�m6Y�rj¡�¢�
® ¥?w°¯±Q�T i \bY � U a s²[�U�[ a U�W a l�T6Y g ]�s*X³U � \bY�^�U9X g
U�S�\�Q�m�Q�T6Q7]�WbW´[ a Q7S�QH]bW´[�U�U a7g Q a [ a�g Wuh�\�Q�^ c T i%a Y a U g k
SBUT c r�Q7]�]bs*`µ\�Y%^�]bs*X�W{X�Q a U(mbY�X�Wok¶W�U � TbY�[ a W�WB`
Sb\�W�X�QH]BQ7]�W�h·m�T�h a Q�r�QH]�Wuh¸l-Q�TvW(h g ^7Y�X�_B] c�a U�q
SBUTbU[ a WRw

¹=º6»%¼�½9N6º�K9¾�½À¿%½M�½9Á(O
}oY%[�[�X�U a \�W�X SBUTbU[ aHi k|U�l$\bY7]�WBr�QH]�] c p m g%c X�h

SbY7\�Y�T6TBQ�T i ]6s*XZW SBT�U�[H_9U�[ a h�XoW�kÂ]bY�^Hs g Y�Q�XZs*XZW g
m6Y�T i ]�Q7q � Q�X [ a QH]b_�Y7X�W SBUTbU[ a WRkÃ^HY7SBUT�]�Q7]6] c p
SBU(_�U%h f W�X�[?hÀl�Y�^�UX�WÀ]bY�`bUm�h f1c p±[�h g ]�Q g Q�[�U�X�U[ a Wow
Ä � U^7]�Y7r�W�X a Q�XZS�Q7\bY a�c \ c W SBT�U a ]�U�[ a�i l�Y�^HY
[�U(U aHg Q a [ a�g Q7]6]uU Å�Æ W

ρ
Æ w ��Y�^�U g Q�X m�T�h

U�S�\�Q�m�Q�T6Q7]�]BU[ a WÇUmb] c WB^È[ a QH]uUu_ÇS�U9T6U9[ a WÇT�Q g U�qRkÉY
m6\ c l c p|zÊS6\�Y g U�q�W�kËSuU(TbY7l�Y?h�[ a Q7]6_�W a�g Q7\BmusÌXoW�W
]BQHS�\uUu]BW6�bY�Q�XZs*XZWRkyS�\�Q�m6SBUTbUe�WuX�kÈr a U�]�Y7r�W6]BY�h�[
]BQH_9U a U�\�U�l-U X�UX�QH] a Y g \BQ�XRQH]bW Sb\�W U a [ cBa [ a7g WbW

Í Î�ÏFÎ�Ï�Ð-ÑÒ7Ó�Ô�Õ?ÑÖ×ØÎvÏ?ÙvÏ?ÚHÒ7Û�Ü3ÑÖ7×?Ý6Ï?Þ�Ï�Ù�Ñ�ßHà�ábâ�àÖ7×?Þ�Ï?ãvÏ?äæå7çËÜ+ÑÖ$â(×%è+é�éê



U ��� Q�XZ]6s*`³W�[ a U�r�]6W�_uU g a Q7S�T�Y ]�Y T�Q g U�qÃ[ a Q7]6_9Q
c [ a Y]�Y g TvW g Y7Q a [?h a Q�XZS�Q7\6Y a�c \�Y Å��

= � � k Y ]�Y
S6\�Y g U�qdz a Q�XZS�Q7\�Y a?c \�Y�Å�� =

£ � w��S6\�U9[ a \�Y9]�[ a7g QBk�[�U(mBQH\�e=Y f Q�X S�U9T6U9[ a7i k g9g Q�m�Q�X
[HWB[ a Q�X c S�\9h�X�U c lnU�T i ]�s�`�mBQH_�Y\ a U g s*`Â_9U�U(\Bm�W6]BY a k
]6Y�r�Y�TbU _�U a U�\�U�q�\�Y�[HSBUTbUe QH]�U�]BY«T�Q g U�q [ a QH]B_�Q�k�YBk
]6Y7Sb\�W�X�Q7\Rk�U�[ i	� ]�Y7S6\BY g TbQH]�Y´_�Sb\�Y g Uuq{[ a Q7]6_9Q
S�U9T6U9[ a W�w 
o[�T6W \�Y%[�[�XoY a \bW g Y�Q a [?h ��\bY�l-XoQ7] a
S�U9T6U9[ a W�k´m�U�S�U�T6]bW a Q�T i ]�U Ul�\BY7]6W�r�Q7]�]bs�q SbY7\�U�q
S6Y7\�Y%T�TbQ�T i ]�s*`dS�TBU([7_�U9[ a QHqok a U � c m�Q�X¨[�r(W a Y aHi kZr a U
U(mb]�Y´W�^�m�U�S�U9Tv]BW a Q�T i ]�s*` SBT�U�[H_uU[ a Q7qRk�_uU a U(\ c p
]6Y�^�U g Q�Xd]bW�e�]�Q7q«[ a QH]�_uUuqok Sb\�U�`�U�m�W a r�QH\�Q�^�U[ i � k�Y
U([ i� ]6Y7SB\6Y g T�QH]bYj_�mb\ c l�U(q�mBU(SBUT�]�W a Q�T i ]�U�qdS�TbU(V
[H_�U�[ a W�k _�U a U�\ c p ]bY�^�U g Q�X g Q7\�`6]BQHq [ a Q7]6_uU(q�w
Ä � U9^H]bY�r�W�X�\6Y�[�[ a U%hB]bW�Q�XRQ�e=m c TbQ g U(q W S6\�Y g U�q
[ a QH]b_�Y7X�W�� koY�XRQ�e=m c g QH\B`6]BQHq�Wy]bW�e�]�Q7q�[ a QH]B_�Y�XZW
z���w
�~m g%c XoQ7\�]BUX~[�T c r�Y�Q � c m�Q�X Sb\�Q�m6S�U�T6Y�l�Y a7i k�r a U

g Q7\�`6]uh�h W³]bW�e�](h(h³[ a Q7]�_�W a Y7_�e1Q a7g Q7\�m6s*QÃW
]�Q7S�\BU(]bW��6Y�Q�XZs*Q¬W�]bY±t a WB`�[ a Q7]�_�Y�`ÈS�U�m(mBQH\�e�W g Y%Q a [?h
TvW�]BQ7q�]�U9Q�\BY�[HSb\�Q�m�Q�TBQH]bW�Q a Q�XoSBQH\BY a�c \bs w
��Y7TBQ�QBkd[�r�W a Y?h m�T�h¦S�\BU[ a U a s k�r a U��

=
� W

Å��
=
ÅZÆ k g _�Y�r9Q�[ a�g Q=XoY�[ ��a Y � U g S9T�U a ]�U7[ a WÈW a Q�X�S�Q�V

\6Y a�c \�s�S�U�T�U�e=WBX�[�UU a7g Q a [ aHg QH]b]�U ρ
Æ

= � k����������ZX��W�Å�Æ
=
£ � k6Y g _�Y�r�Q�[ aHg Q�XZY�[ �1a Y � Y1m�T�W�]bs g s � QH\BQ�X�

= � k ® ⋅ ¢ � −
� � w

! »9N6º�K9N�"�L�#�$B½(K9N6L7NBO�%ÈO'&�L%¼Hº�M(")$vL+*æL%N�O(%
,.-0/2143�56/�798;:�-9<=3�>�:614?@>6A91CBD3E>6F�G�-CH+IJ-CH

� W�]BQ a W�r�Q�[H_9U�Q c \�Y g ]�Q7]�WBQd��U(T i ��XZY7]bYd� � K ��� g]�Q�[ a Y7�bW�U�]�Y7\6]uUuq m g%c X�Q7\�]�U�q S�U9[ a Y7]�U g _�Q WBXoQ�Q a
[�TbQ�m c p f WBq g WBmML

∂ N
∂ O + ξP ∂N

∂ Q + ξ R ∂N
∂S = TVU ��¢7�

lnmBQ N = N (ξ U � k � UWO ) z � c ]b_��6Wuh \BY�[HSb\�Q�m�Q�TBQH]bW9h
XoU�T�Q7_ c T SBU�[H_uU(\BU[ a h�XYX ξ

z g Q7_ a U(\ [7_�U(\BU[ a W
ruY�[ a W6��s ��Y a UXZY
l�Q�T6Wuh ��X � W � z _�U�U(\�m6Wb]�Y a s
[�U�U a7g Q a [ a7g Q7]�]BUÀS�UGU([?h�X � W � X O z g \BQ�X hWX

T = ∫
Ω

( N ′N0Z ′ − N[N\Z ) ]ξ − ξ Z^]C_�` Ω

U � U�^H]�Y�r�Y�Q a W�] a Q�l�\BY�T [ a U9Tv_�]uU g QH]BW6qRw xæ\BW
]6Y7SbW�[7Y7]6W�W�Wb] a Q�l�\bY�T6YG[ a U(Tb_�]�U g Q7]6WBq�W�[HSBUT i ^ c p a [?h
U � U�^H]�Y�r�Q7]6W(h�Wu^�¡^��¥Hw
��\�Q�^ c T i�a Y a Q¬\�Q � Q7]6W9h c \6Y g ]�Q7]6W9hÈ��¢H��]�Y�`bUmbW a [?h� c ]b_���Wuh \�Y�[HSb\�Q�m�Q�T�QH]bW9h~X�U�T�QH_ c T S�U [H_�U�\�U9[ a h�X±wa�Y7_�\�U�S�Y9\�Y�X�Q a \�s ��SuT6U a ]BU[ aHi k a Q�XZS�Q7\bY a�c \�YBk

m6Y g TbQH]BW�QBkÂS�U a U�_�W X�Y�[�[7s W tH]BQH\ul�W�W W a w m�w �
UuSB\�Q�m�Q�TBh6p a [�h _�Y7_ X�UX�QH] a s � c ]b_���WbW
\6Y�[7S�\BQ�m�Q�T6Q7]�Wuhow

a Q a Um«S�\uh�X�U�l-U�r(WB[�T�QH]b]�U�l-UÀ\�Q � Q7]6W(h c \�Y g ]�Q7]6W9h
�ZUT i �BX�Y7]BYbkuWB[7S�U�T i ^ c Q�X�s�q g ]6Y�[ a U%h f QHqG\6Y � U a QBkuSBU
XZ]�Q7]6W�p Y g7a U(\BU g k�h g T�h�Q a [�h U(mb]�W�X�WB^ ]bY7W � U�T�Q�Q
[ a \�U�l�WB`�w�x�U�m6\�U � ]�U�Q�U(SbW�[7Y]�WBQ�X�Q a U(m�Y m6Y�Q a [?h�k
]bY7S�\6WuXoQ7\Rk g ¡?¢%¥?w
x=\�W �±U(\BX c TbW6\�U g Y9]�W6W l�\�Y9]�WBr(]bs*` c [�TbU g Wbq

[�ruW a Y�Q a [?h�k�r a U�]6Y1[ a QH]�_BY�` SuU(TBU([ a W�U�[ c�f Q�[ aHg T�h�Q a [�h
SBUT�]�Y?h~tH]BQH\ul�Q a W�r�Q�[H_�Y�h~Y_�_�U�X�U�m6Y7�bW9h~X�UTbQH_ c T�k Y
WB` U a \�Y�e=Q7]�W�Q SB\�U�W�[�`bUmbW a m6W(�b� c ^H]BU�wÂP�Y7_�W�X
U � \�Y%^�U�X±kc� c ]�_B�6W9h \�Y�[7S6\uQ�m�Q�T�Q7]6W(h�U a \6Y�e1Q7]6]Bs�`
r�Y�[ a W��
z SuU(T c XoY9_[ g Q�TbT6W6Y7] [«] c T6Q g U�q�[7_�U�\�U[ aHi p
SBQH��Q7]�U�[7YBw x�TbU a ]�U�[ a7i t a Ul?U \�Y�[7S6\�Q�m�Q�T�Q7]6W9h
]bY�`�U�m6W a [�h¸WB^ c [�T�U g W(h²]�Q7S6\uU a QH_�Y7]bW9h�k a w�QBw Wu^
c [�TbU g W�h�\bY g Q7]�[ a7g Y ]�Y7T�Q a Y7p f Q�l-U�W�U a \BY�e=QH]B]�U9l�U
SBU a U(_�U g X�Y�[�[7s�w � _�Y%rQ�[ a7g Q SuU a QH]b�6WBY�TvY
X�Q�e1X�U�T�Q7_ c T�h6\�]�U�l-U g ^HY7W�X�U�m�QHqB[ aHg W9h Sb\�W�]bW�XZY�Q a [�h
SBU a QH]��bWbY�T c S6\ c l�Wu` � Y\uU g w

de-9H+If-9Hg:�h'-9BD:�-Ci91Yjb1kIfh�:�>63E>B4G�/2-�lm:on�IpB�8;1DH
� g W�e1Q7]6WuQ�l�Y�^7Y � c m�Q�X U(SbW�[7s g Y aHi [HWB[ a Q�X�U�q

c \6Y g ]�Q7]6W�q�m6W�]bY�XZW�_�W g h�^7_U�l-U�l�Y�^7YBkÉ[�U�[ a U9h f Q7q Wu^
c \6Y g ]�Q7]6W�q{m g WBe1QH]bW9h|��Y g9i QHMq a U�_�[HYBk c \�Y g ]�Q7]6W9h
� Y�T6Y]u[HYÊt7]�QH\ul�W�W³W c \�Y g ]BQ7]�W�h³]�QH\BY7^�\bs g ]�U�[ a Wok
[�ruW a Y?h�k r a U c \�Y g ]�Q7]bW�Q [�U[ a Uh6]�Wuh l�Y�^HY
U�S�\�Q�m�Q�T�h�Q a [�h �ÌUu\uX c TbU(q � T6Y7SBQ7q�\�U�]6Y ��[�X�w�k
]bY7S�\6WuXoQ7\RkZ¡r�6¥-�9w
}oY%[�[�XoY a \bW g Y?h mBT�h Sb\�U�[ a U a s U9m6]�U�X�QH\�]Bs�q

[�T c r�Y7qRk¸^7Y7SbW � Q�X S�\BW ]6Y�m�TBQ�e�Y f Q�X g s � Uu\uQ
XZY�[ �æa Y � U g \�Y�^�XoQ7\�]�sÌ` S�Q7\�Q�XoQ7]�]bs*` W
[�U(U aHg Q a [ a�g7c p f Q7q ]�U�\�XZW�\�U g _�Q � Q�^7\�Y�^�X�QH\�] c p
[7W�[ a Q�X c c \6Y g ]�Q7]6W�q m�W6]�Y%XoWb_�W g h�^7_9U(l-U l�Y�^HY
[�T6Q�m c p f WBX�U � \�Y7^�U�XYL

∂ s
∂ O +

�ut
( s )

∂ s
∂ � +

¢vuwDx �zy ( s )
∂ s
∂ � +

+
¢
{u| t} �u~ ( s )

∂
} s

∂� } = � k ��£��

l�m�Q O z g \�Q�X�h�X s z g Q7_ a U�\�WB[H_9U�XZs*`ÀS�Q7\BQ�XRQH]b]�s�`�k_�U9X�SBU(]BQ7] a Y�XZW·_�U a U�\�U9l�U h g T�h6p a [?h¸[7_�U(\�U�[ aHi W
]BU(\�XZWb\�U g Y]�]bs*Q ]bY a�c \�Y%T i ]�s*Q T�U�l�Y\�W6��XZs
� Q�^�\6Y�^�X�Q7\6]Bs*` g Q�T6W�r�W�]�SuT6U a ]�U�[ a WjW a Q�XZS�QH\BY a�c \Bs�X
XZY a \BW6��Y � t

( s )
U�S�\uQ�m�Q�TBhuQ a _9Uu] g Q7_ a W g ]bs*Q

Sb\�U(WB^ g Um6]Bs�Q6XÉXZY a \�W��bY�� y ( s )
^�Y7m�Y7Q ayg U(Tb]�U g s�Q�W

m6W�[�[7W6S�Y a W g ]�sÌQ [ g U(qB[ a�g Y(X X�Y a \bW��bY � ~
( s )`�Y7\�Y7_ a QH\�WB^ c Q a m�W2� � c ^�W6p�X {u| t z ruWu[�TbU

}�Q7q6]uU(T i m�[HY�mBT�h«[H_�U�\�U�[ a WÈ^ g%c _�Ybw
��Y�ruY�T i ]�sÌQ c [�TbU g W�hdW�l�\�Y]�WBr(]bs*Q c [�T6U g Wuh¶m�T�h

[7_�U(\BU[ a W�W a Q�X�S�Q7\�Y a�c \bs�SuUu](h a ]bs�W�^�S�U�[ a Y7]uU g _�W
^7Y�m6Y�r�WRk ^H]BY�r(Q7]bW9h S�TbU a ]�U�[ a W ]bY l�\�Y7]bW��BQ
U�S�\�Q�m�Q�T�h6p a [?h WB^ c \6Y g ]�QH]bW9hy]�Q7\6Y�^7\�s g ]�U9[ a WRwq�W�[ a Q�X�Y c \�Y g ]�Q7]bW�q ��£b�¶\uQ � Y%Q a [�h~r(WB[�T�QH]b]�U [
SBUX�U f�i p XRQ a U�muYvk�U[7]BU g Y7]b]�U�l-U ]�Y _9U�]�Q�r�]�U�V

� åD�$å�Ü3âoÕ�å[��Ü-åk�2�-à0�(��àC��â\�FÔ4��×�èFé�é7ê�×=��Ï^����×\��� è^�D�



\6Y�^7]�U�[ a ]�U�q�Y7S6SB\�U�_�[HWuX�Y7�bWbW ^ a U(qÃ[7W�[ a Q�XZs ��[�X±w
¡F©�k ® ¥n�9w

!�� »+#��=M6L%N�O6L $6L¿+#����7¼�½¼7º�K
}�Q�^ c T i7a Y a s³\�Q � Q7]�Wuh U9m6]�U�X�QH\B]�s�`�^7Y�m6Y�r�m�T�h

c [ a Y]�U g W g� Q�l�U[?h a Q�r�Q7]�W�h SBU(_�Y�^7s g Y9p a k r a U
^HY g W�[7W�X�U�[ a W SBT�U a ]�U�[ a W W a Q�XoSBQH\�Y a�c \6s U a
_�U�U(\�m6Wb]�Y a s k SBUT c r�Q7]�]bs*Q [ S�U�XoU f=i p
XoU�T�Q7_ c TBhB\B]�U�q _�Wb]�Q a W�_BW¦WÊS�U�m�`�U�m�Y�]bY´U[7]�U g Q
XoQ�`�Y7]�W6_BWÈ[HSuT6U � ]�U�qÈ[7\�Q�m�s�k � T6WB^�_�WÈmb\ c læ_ mu\ c l c w
��Y7\9h�m c [yWu^ c r�QH]bW�Q�X�^7Y�m6Y�r�[j]�Q7S�\BU(]bW��6Y�Q�XZs*XZW

l�\�Y7]bW��6Y�XZW \�Y�^�m�Q�T6Y �1Y�^ XoU9T6Q7_ c T�h6\�]BU(V
_�W6]uQ a W�r�Q�[7_�W�q S�U�m�`6U9m S�U�^ g U(TuhuQ a W�[�[�TbQ�m�U g Y a7i
a Q�r�QH]�Wuh�S6\BW�]bY�T6WBruWBW�W�[7SbY7\�QH]bW9h6�_9U�]�m�Q7]B[HY7�bW�W�w
xæ\�WBX�Q7\«\�Q � Q7]6W(h a Y7_�Ul�U�\BUmbY�Sb\�Q�m�[ a Y g TBQH]È]bY�\�WB[Bw

¢«m�T�hd^�Y%muY%r(W�k g _uU a Uu\uU(qdSb\�Y g YHh¶[ a Q7]�_�Y�h g T�h�Q a [�h
X�Q�e@�1Y�^7]�U�q�SBU g Q7\B`6]�U9[ a7i p [ g Q7\�` a QH_ c r�W�qÇl-Q�T�W�q z
SbY7\Rw
��Y�\bW�[Bw £·S�\�Q�m�[ a Y g TbQ7]�s W�^�UT�W�]6WBW S�U9T6Q7q

a Q�XZS�Q7\�Y a?c \�sÊ��\6W�[Bw�£ k h ��W~SBT�U a ]BU[ a W ��\BW�[�w�£�k����
l�Y�^7YySb\�W c [ a Y7]uU g W g� Q�X�[?h a Q�r�Q7]�W6W g WB[�[�T�Q�m c Q�X�U�q
SBUTbU[ a WÇm�T�h�m g7c X�QH\�]bs*`�^�Y7m�Y%r�w qÉSBT�U � ]�sÌQÀTbW6]�WbW
[�U(U aHg Q a [ a�g7c p a XRU�T�QH_ c TBh6\�]BU(V�_�W�]BQ a W�r�Q�[7_�U9X c
SBUm�`�U�m c k �1a \�W�`BU g s*Q�TbW6]�WbWdz S�U�m�`6U9m c ]6Y�U9[H]BU g Q
X�Q�`bY]�Wb_�W [HSBT�U � ]BU(q [7\�Q�mbs w �ZW�m6]uU�k r a U
WB[HS�U�T i ^�U g Y g9� W�Q�[?h X�Q a U9m6s m�Yp a Sb\�Y7_ a W�r�Q�[7_�W
[�U g S�Y�m6Y7p f WBQ�\�Q�^ c T i�a Y a s wq�\�Y g ]�QH]bW�Q�\uQ�^ c T i�a Y a U g \�Q � Q7]6W(hÀU�m�]�U9XoQ7\�]bs*`yW
m g%c X�Q7\�]bs*`~^HY�mbY�r�SBU(_�Y�^7s g Y�Q a k�r a U�Sb\�W~Wu[�[�T6Q�m�U�V
g Y7]bW�W g ] c(a \�Q7]6]BW�` U � T6Y7[ a Q7q \bY�[�[�XZY a \BW g Y%Q�X�s�`

 �����ô§® 	 ë¤à�å¤è�å¤è¦ã�åQä�îMä�â¦å¤à�å¤è�ã 
 ð�â	î���ã	ê¦å¤ï7ð�ê�î�á�è	î�ß¤á¤ã� � � ã
á å¤àð�å¤â�Þ�á�í±â¦ó� � � õ	ê�æ1ð�ê�å¤è�ì�ã á�î�ê���ã�è�î�ï Z � � ð¦â�ã � � � � Á
ð�â�æ�à�î�å�ç�ã�ß¤ê�å¤è�è�î�å â	åF��å¤è�ã	å�����ø� ��� à�î�à�å¤è�á¤è	ó�ï1à�å¤á¤î�õ
â�åF��å¤è	ã¦æ�����ø� ���!� � Ê

 ��	��;ª	 	 ë¤î�ê	ã�è	ã¦ã1ð	ê¦î�á¤è�î�ß¤á¤ã" � � ã á¤å¤à�ð	å¤â�Þ�á�í�â�ó� � � õ	ê�æ
í	ß¤á¤Þ�è	î�ä�ã	ä-��å�é�î²ß�æQá¤å¤ç�å¤è�ã�æ Á�à�î�ê	å¤ì�í�ê�æ�â�è	î�ºÖì¦ã	è�å¤á¤ã	ç�å¤ß¤ì�ã�ïQð�î�õ$#	î�õ
(−−−)

� ð�î�õ$#�î�õnè	Þrî�ß¤è�î�ä²å�àå%#	Þ�è	ã�ì�ãnß¤ð�ê	î-��è	î�ïnß¤â�å�õ	ó& '(')' � Ê

è^�4� � åD��å�Ü3â�Õ�å���Ünåk�(�nàC�2�?à0��âk�FÔ���×Hè é�éHê�× ��Ï^�[��×k���



a Q�r�QH]�Wbq
XRU(e1Q adc [7S�Q � ]�U
S�\�WBX�QH]9h a7i [�h _�Y_ XRU(TBQHV
_ c T�h6\�]BU(V�_�W�]BQ a W�r�Q�[H_�WBq X�Q a U�mRk a Y7_ W c \bY g ]uQH]bW9h
[HSBT�U � ]BU(q´[7\�Q�m6s k ]uQ�[�X�U a \�h�]�Y XZY�T6s�Q \BY�^�X�Q7\�s
t a W�`
U � TbY7[ a QHq�w�xæ�BW�r9Q�X�m�T�h \uQ � Q7]bW9h c \�Y g ]�Q7]�Wbq
[HSBT�U � ]BU(q [7\�Q�m6s W�[7S�U9T i ^ c p a [?h l�\6Y7]BW�r�]�s*Q
c [�TBU g W9h�k S�U�T c r(Q7]b]�s*Q XoU9T6Q7_ c T�h6\�]BU(V
_�W6]uQ a W�r�Q�[7_�W�XZW XRQ a U�muY%XoW�k g r�Y�[ a ]BU[ a W ^7]�Y7r9QH]bW9h
[H_�Y�r�_�U g=a Q�XZSBQH\�Y a�c \�sd]�YæXoQ�e@�1Y�^H]�sÌ`�S�U g Q7\�`bU[ a h�`Ëw
��_�Y�r�Q�[ a�g Q g s g U�m(U g S6\�Q�m�[ a Y g T�Q7]6]�U�q \�Y � U a s

Y g7a Uu\Bs [�r�W a Y7p a g U9^�X�Ue�]�s�X S�\�Q�m�T6U9e�W a7i
[�TbQ�m c p f WuQ \�Q7_�U�X�Q7]�mbY7�6W�W SBU \�Y%[�r9Q a�c
a Q7S�TBUuSuQH\�Q7]BU[7Y g l$Y�^�U�U � \�Y�^7]�U�X~l�Q�T6WbW g�c [�T6U g Wuh�`
[HWBT i ]uUuq�]�QH\bY g ]uU g Q�[7]�U�[ a WRw
¢9w¦��Y ]6Y�r�Y�T i ]�U�X t a Y7S�Q \�Q � QH]bW9h ^7Y�m6Y�r�W

g Q�TvW�r�Wb]�s [H_�Y7r�_�U g~a Q�XoSBQH\�Y a�c \6s ]6Y
X�Q�e@�¬Y�^7]bs*`
S�U g Q7\�`6]BU[ a hu` m�U9T6e=]bs � s aHi U(Sb\�Q�m�Q�T�QH]bs [
S�U9XoU f=i p X�UTbQH_ c TuhB\b]�U�V�_(Wb]�Q a WBrQ�[7_�U�lnU X�Q a U(m�Yvw
xæ\�W t a U�X�mBT�h XZY�Tvs*`ÃW c X�QH\�Q7]b]�s�`Ê^�]6Y�r�Q7]�Wbq
a Q7S�TBU g s*`ÀS�U a U�_�U g ]BQ a ]�Q�U � `6U9m6W�XRU�[ a W g SBUT c r�Q7]�WbW
]�U g s�` _(Wb]�Q a WBrQ�[7_�W�` \�Q � QH]bW�q�k Y X�U�e=]�U
g U�[HSuU(T i ^�U g Y a7i [?h W�^ g Q�[ a ]�s*XZW YSB\�U � Wb\�U g Y7]�]bs*XZW
[�U�U a ]BU � Q7]6W(huXZWj��[�X±kv]bY7S�\6WuXoQ7\RkZ¡��6¥-�9w
£vw���] c�a \BQ7]�]�h�hÃU � T6Y�[ aHi a Q�r�QH]bW9hÃ[�`�U�\�U � Q7q

a U�r(]BU[ a7i p X�U�e1Q a � s aHi c [HSBQ � ]�U W�[�[�TBQ�m�U g Y9]�Y
XoQ a Um6Y�XZWÈX�Q�`6Y]�Wb_�WÈ[7S�T�U � ]bs*`«[7\�Q�m�w
© w q \�U9[ a UX ]�Q7\�Y g ]�U g Q�[7]�U�[ a W U � T�Y�[ a7i

Y_ a�c Y%T i ]�U�[ a W¨_�Wb]�Q a W�r�Q�[H_uUl�U SuU(mB`�U�muY g U(^�\6Y�[ a Y�Q a w
PoY9_�W�X¨U � \BY�^�U�X�k�S�\�W � UT i7� W�` a Q7SBT�U g s*`dS�U a U�_�Y�`�k
_�U a U�\�s*Q�\�Q7Y�T6WB^ c p a [?h�k¶]6Y7S�\bW�X�Q7\Rk¶S6\BW�_�WBS�Q7]�WbW
[ g QH\B` a QH_ c r�Q�lnU|l?Q�T6Wuh�k \�Y7[�rQ a � Q�^�_�W�]BQ a W�r�Q�[H_�WB`
\�Q � Q7]�W6q X�U�e1Q a SB\�W g Q�[ a W _ ^H]bY�r�W a Q�T i ]�s�X
U � W � _�Y�X±w¸�=Q7_�U a U�\�s*Q ^�Y%muY%r(W�k ]bY7S�\bW�X�QH\ U �
W�[7S�Y\uQH]�WbWZzj_�U(]Bm�Q7]�[7Y7�6WbWRk ]�Q X�U�l c�a � s a7i
_�U�\�\�Q7_ a ]uU S�U�[ a Y g T�Q7]bs g ]BQ XoU9T6Q7_ c T�h6\�]BU(V
_�W6]uQ a W�r�Q�[7_�U9l�UÀS�U�m�`BU(m�Yvw
}oY � U a Y g s�SBUT�]9h�TvY�[ i�g \bY�X�_�Y%` S�\BUQ7_ a YÈ}������

�	����V � ¢�V ��� ¢�£ � W
S�\�U�Q7_ a Y�P�a�V-¢4�¨_9U�] a \BY_ a Y
����
¢ ® V$¢ � ¢�¢ � X�Q�e1m c ��� q��°Wj} � ��w

Z Ê��lÊ���Ê���â	ã�ß¤á¤î�ä#ò��OÊ���Êôö�å¤â	å¤à�ã�ß¤ã	èò�� �	¥²����� Ñ��	�������	������	�����������û���	�¦������Ñ��¤������¬��n���	��°������¦��¥����Ð���������	�±� ò �"! Ý#��ünò
$ûî�ß¤ì�ä�Þ  Z&%'% } � Ê} Ê
��Ê(��Ê)� â²ã¦ß®á�î�ä�ò)�lÊ¶�"Ê ��â¦÷�ì�î�ä�ò*��Ê(��Ê ö�å®â�å�à�ã�ß�ã�è�ò
	 Ê�ünÊ,+Mã���ì�î�ä²Þ�ò.- ´ ¯E�'¯0/(132 ò Z � %'4  Z&%'%CZ � Ê

4 Ê,��Ê 	 Ê7��î²ê�åF�lÞ�å�ä�ò �ÚÔ¤°��¡�¢(56565� �£�¯ -0798 } Z � 4  Z&% �-� � Ê
��Ê9�lÊ���Ê;:�ËÒØ	Ì�×�Ã�Ù�½�È'<�=¤Ê 8 Ê���Æ#¾ Û�Æ�×�Ã�Ù¦½	ò#> ?3?A@B?DCFEHGJI 
 �LK t 
 I ³ª	· 
NM

OAP 
RQ � P TS R ÆVU  ?3PXW K[� Q CZY Q ~0[ K I�\ R P K�Æ Y t I�ò ]�Ä�¾ ^¸¾ È._�òb��Æ�¾ È	½�òZ�% � } 4 ��Ì'_�Ì�Û�É� Z&%'% � � Ê
` Ê.��Êa��Êb��î�â���í	è	î�ä�ò ��Ô¤°�- �¡�¢'£�¯ -07X8 4 òþ�å¤à�ã	è�Þ�â�ó  Z&%'% � � Ê��Êc$QÊ�ünÊ ��î�é®Þ�è òed �#�±�����#��� �	��Ô��	�Df����	����¬��'¬���Ô¤� ò ü�Þ�í�ì�Þ�òc$ûî�ß¤ì�ºä²Þ  Z�% ��� � Ê��ÊhgrÊ��Êhg�î�ï	ú¦æ	è�ß¤ì�ã	ïò ¯Q���#�	�±�#���0f���µ	�±�²�����M�7¬���Ô¤� ò�ü¶Þ¤í	ì�Þ�ò

$ûî�ß¤ì�ä�Þ  Z&%'i � � Ê
i Ê.j�Ê,$QÊ,$ñí	â�Þ�á¤î�ä�Þ	òbk"Êa��Ê,g�Þ3��í�è	ú�î�ä#ò#l ´ l�m�ò % ` %  Z&% � % � Ê

nporq s tFu�vZq wcxzy{s |z}�~;o�or|,�cq wFyctc�No��,� t,yboc���,�
~;o#�#}Zs |b��tF|,�For�;�bor�Rw��"�R�#�Fs }R� ��� �c�r�Rwc�F�c~boby{�#�;ybo��
w |B}Z~bo�u{w q o#�ctcq �6�F�,s |bo,}&s �,y9�"|,�{}&~eo�u�o#�c~b�"|cs �,y9w#v

�,wT|a}&s |ct,�

�9�#�9�c�{w6�Z�"t"|bwr�V�#�9� ���F���R�"t �.wc���b�X� ���"�6w�q or�F~b�6o#���
��|#�����F�9�c�B~Fs yF~F�,wc�c�

�dÆ�Ä²¿¼¾ Ì	»��Ò¿ÀÃ3 ÿ¾ÀÈCÉ�Æ	ÄaÄ¤È	Ü�¿¼Ã�Û�Ì�Ë�Ä7Ü¤½�Ì�Û�Ä�<)¡¦Ø ½
Û�Ì.<'<�Ä¤ÈHÆ�Ä¤½�É�¾ Èa_ûÃa��É�Æ	ÄnÄ¤È�Ü�¿ÀÃ¦Û�Ì�Ë�Äz l½²¿¼¿ÀÛ�¾ Û"Ü¤Ã²È�Û®¾ <�Ä¤Ë�Ä�<Ê
¢Æ	Ä£] Ã�¿¼É Å¤»�½�È	È Ä�¤�Ì�½�É®¾ Ã¦È ½�È'<dÉ�Æ�Ä1È�Ã�È	º¼Û�É�½�É®¾ Ã�È	½�Ë�Ø
8 ½�Ù	¾ Ä�Ë¦ý���É�Ã�×�Ä¤ÛlÄ�¤�Ì	½�É®¾ Ã�È	Û¥ X¾ É�ÆñÜ¤Ã�Ë�Ë�Ä¤Û¸Â	Ã�È.<#¾ È._z¡	Ã�Ì�Èa<¦º
½�ËÒØ�Ü�Ã�È.<	¾ÀÉ�¾ÀÃ�È�Û�½�Ë�Ä"È	Ì�»�Ä�Ë®¾ Ü¤½�¿Ö¿ Ø�¾ È�É�Ä�_�Ë¸½�É�Ä�<�Ê,¢�Æ�ÄrÜ¤½�¿ÀÜ�Ì¦º
¿ ½�É®¾ Ã�È3Ë¸Ä¤Û�Ì#¿ É�Û¦�¼Ã�ËQ½VÛ¸É�Ä¤½3<�Ø§�Ò¿¼Ã3 d½�Ë�Ä4Û�Æ�Ã3 lÈ3É�Ã¨¡�Ä
Ü�¿ Ã�Û�Ä�Ê

� åD�$å�Ü3âoÕ�å[��Ü-åk�2�-à0�(��àC��â\�FÔ4��×�èFé�é7ê�×=��Ï^����×\��� è^�,©


