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K'LNM�O�P9QJLDR9S"T�U>VXW�Y�Z<M�U>M6[6\�T�U�]�^XT_[`\�U>a9VJV`aAb�a�]_V9T�U>c
b�T�\�P9d9T�e_[9a6b�a+e�f9T_[`\_U>M�e�^>a>P9e�\�W3Zgf>UhaAL�a9Q>VXP>[9a>L.a9U>b�M�c
VJP9d9T�e_[`aNb�aif>U9a>P9e�ZJa6j Q>T�V>P`klf>UXP>LDaAQ>Ph\m[nU9k>Q9Rie�f9T_oXP>c
pmPhdNT�e�[>P>Zq]_p#p2T�[9\�a>LXr a9\�e�R>\�e�\_LDR`s#t PhZuL�a9vAW3d>VXW3Z
S"T�\�M�^J^JM�Z+^XP>v6a.aNv9^JM�QJM�s#t PhZ+L�T�e_w�S1Mie�L�a9T�aNv>U>M�O�V>W�S
f>a9L�T�Q>T_VXP9T�S�x�e�S2yFrJV>M�fXU>P>SzT_U{rAa6v9O�a9U>VJW3T2e�\�M�\�wNP}|�~6r-�X�
P�oXP9\_PhU>a9LNM�VXV9RJsgL VXP9Zi^�P9\�T_U>MD\�RJU9R��6y>�"VhM�dAPh\�T�^Jw6V>M�k
d`M�e�\�w�aAUhb�M�VJP9d9T�e_[hP9Z�e�^Ja9P>e�\�W�Z�fJU9a>LDaNQJV>PX[9a9L�fJUhP
Q>a9e�\�MD\�a9d>V9a�V>PhO�[APhZ.\�T�S1f>T�U>M�\�R>U>M�Z.�0��f>a9U6k>QJ[>M�~��}K
P�VXP9j Tmf`T_U9T�ZXaNQ9k>\mL�e_LDT_U9Z�f>U9a>LDaNQ9kJt#T�T'e�a9e�\�a�kJVXP9T>r>M
L�V9a>U9S1M�^Jw6V9a9S�x�V9Tge�L�T�U9Z�f>UhaAL�a9Q6kJt T�S���e�aAe�\�a6kJV>PXP
a`VhP�aNv9^JM�QJM�s2\}S0T�\�M�^>^�P9d9T�e�[>P9Sq\�PXf9a9S�fJU9a9L�a9QJP9S0a6e_c
\_P�euUhT�O�[9a>Y�M�VXP9O�aN\�U9a>f>P>T�Y�]�^XT_[6\�U9a>f>U>a9L�a9Q>V>a6e�\�P{y
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v`W3^�P�� PXU9aA[`a�P>e�f9a9^JwDO�a9LNM�VXW�P`O�S0T�U9T_VXP6k�S"MDb�VXP9\�aAc
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® ∗ r�a>f>UhT�Q9T�^JT�V>VXM�k´LµS1M�b�V>Ph\�VhaNS fhaN^XT>r¶f>M�UXM�^Jc
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ε( × ) = εØ LLNPhQ9T¡e�^JMDvNa9b�a`p2UJPhU9a>LNM�VXV9a9b�a}oJP`^<P>VhQJU>Mhy
Ù M�Y9Q>T�VJV>W3T�]_p2p'T�[9\�P>LNVXW3T}S1M�e�e�W¶V`aAe�P9\�T�^hT_Y�O�M�c

U6k>QJM�Lg|¦¥>§�¨J�lO�VJM�d>P9\�T�^<w�Vha�a9\�^JP>d9M�^JPhe�w&aA\&]�pmp�T_[hc
\�P>LNVXW3ZÚoJPX[6^Ja6\_U`a`VhVJW3Z�S1M�e�e>r�a`fhU9T�QhT�^XT_VhVJW3ZÚfha
\�T�S1f9T�U>M�\�RJU>V9a>Y�O_M�L6P>e�P9S0a9e�\�PÛM�S1f9^�P9\�R9QJW a6e_oXP>^Xc
^hkhohPJY Ü�R9v`VhPJ[9a9LNM���Q>T Ý`M�M�O�M S"M�b�VXP9\�aNe�a`fhU>a9c
\�P>L�^XT_VhP9k x�LÐ[9a9S0f>^>T�[9e�TÛe´f9T�U9T�V>a6e�a9S O�M�U6k>QJM
( º�»1¼iÞ − ß"ß	à ) � Ê1Ë É Å ( Ì Í É )

O�VXM�d9T_V>P`k oJPh[9^Ja6\_U`a`Vhc
VXW3Zµ]_p#p2T�[N\�PXLNV>W3ZµS1M�e�eáUhM�O�^�P9d>M�^<P`e_w�Lâ�Xrã¨A§X¥
U>MDO�M>�Dymä3\�a�a9vNe�\�a6k>\�T�^<w�e�\_LDagf9a9vNR>Q>Ph^>agVJM�e+f>UhaAM�VXM�c
^�P9O_PhU>a9LNM�\�wgf>UXP9d>P>V>R³e�\�a9^JwgU`T�O�[9aNb�a�UJM�e�Z>a9j#Q>T�VJP6k
oXP>[9^XaN\�U9a>V>VJW3Z�]_p#p2T_[`\�PJL6V>W�Z�S{M�e�ehr<e�\_M�L_kJt#T�b�a�fhaNQ
e�aAS0V>T�V>PhTmLDaNO�S"a6j¡V9a9e�\_Pna9Q>V>a6b�a¡PhO'R>[>M�O�M�V>VXW3Z�LNW���T
e�f>T�[6\_U9a9e�[9aAfXP9d9T�e_[>P`Z�S"T�\�aNQ>a>L�P>O�R>dNT�VJPAkÆ]�^>T�[9\_U`a`Vhc
VhaNb�an]_V`T_Uhb�T�\�P9d9T�e�[9a6b�a¡e�fhT_[6\�U>M L�a`U`b�M6V>PhdNT�e_[>PhZ�fhU>a9c
L�a9Q>VXP>[>M�Z	y
²mPX[6^Ja6\_U`a`VhVJW�Y�U9T�O�a9VJM�Vhe.L.S0T�\_M�^h^<M�ZgL�S{M�b�VXP9\�c

VhaNSµf9a9^>ThråfXM�U>M�^h^JT�^JwNV`aASæf>a9L�T�U9Z�V9a9e�\�P¹aNv>U>M�O�oXMhr
a>[9M�O�MD^>e�k¶L6W3e�a9[9a9dNRJLDe�\�L6P>\�T�^JwNV>W3S¹SzT�\�a9QAa9S¹P9O�R9d9T�c
VXP6kÆ]�[9e�\�UhT�S0M�^Jw6V>W3Z�O_VXM�d9T_VhPJY�o>PX[9^>a9\�UhaAVXV>W3Z�]�p#c
p2T_[`\�PJL6V>W�Z�S"M�e�e�|(çX�iP�]_[`e�\�UhT�S"M�^XwNV>W3ZgQXPJM�S0T�\�U>a9L
fhaAL�T�U9Z�V9a9e�\�P�Ö�T�U9S1P�|(èX��y3é'L�\�a>U>WÑUJM�v6a9\�|¦¥`§�¨X��aN\�c
QJM�^�PêfXU9T�QJf9a9d9\�T�VJP9T�Phe�e�^>T�Q>a>LNM�VhPJsÐUhT�O�a>V>M6V9e�V>a6b�a
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f>a6b�^>a>t#T�VJP6k�LgV>M�O�LNM�VXV>W�Z�LNW��#T�[>LNM�O�P9QJLDRAS0T�U>VXW3Z
fJU9a>LDaNQJV>PX[>M�Z.L�e�^>RhdAM�ThrJ[9aNb�Q`MnL�T�[6\�a>U��'S¢a>LNM�� � a>Y>c
\_PXV9b�M P.S1M�b�V>Ph\�VhaNT�fhaN^XT¡a>U9\�aNb�aAVXM�^<w�VXW�f9a>LDT_U9ZXV>a6e_c
\_P a9vAU>MDO�oXMhy���]�\_P9Z}R9e�^Ja9LNP`k`Z}O�M#e�dAT�\#QJU9T�YJp2M¡V`aAe�P>c
\�T�^JT�Y O�M�U9k>Q>M L b�^hRAv>w a9vAUXM�O_ohM f>U9a>P9e�ZJa6QJPh\
e�S0T�t#T_VXP9T�U9T�O�aAVXM�V9e�VJW3Z�d>M�e�\�a6\�P�L�a6O_U>MDe�\�M�T�\ÆfhaAc
b�U9T�� V>a6e�\�wia9fJU`T�Q>T�^>T�VJPAk/o>PX[9^>a9\�UhaAVXV>W3Z�]�p#p�T�[9\�P>LNc
VJW3Z.S1M�e�e�f`a�fhaN^XaNj T�V>PXs�U9T�O�a9VJM�V`e_VhaAY}^�P>VXP>P{y
  M�e�e�S"a6\_UhP>S�U9T�O�a9VJM�V`e_VhaNT�f>a6b�^>a>t#T�VJP`T�]�V>T�U9b�PXP

]�^XT_[`\�U>a6S1M�b�V>Ph\�VJW3Z L�a6^<VzrµU>M�e�f>U9a9e�\_UhM�V9kJs't�P>Z>e�k
L�Q>a9^Jw#VhaAUhS"M�^XPi[ne�^>a6k>S+x�a9e�w��>��L�e�^XaAPhe�\�aNS+f>UhaALDaAQ>c
VJP>[`T�e}f>UhaAPhO�L�a9^Jw6V>W�S³O�MN[6a>V9a9S³QJP9e�f>T�U9e�P>P�VhaNe�P>\�T_c
^JT�Y}O�M�U6k>QJM��
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\_PhdNT�e_[`aAb�a�e�f9T�[9\_UhMhr \�M�[�d9\�a�e�[6a>U9a9e�\�w�Q>LNPhj#T_VXP6k
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S{VhaNb�a S¢T�VJw���T'PhZie_[6a>U9a9e�\�PiL�Q>a9^Jw2e�^Ja6T_L<y>�¢Q>T�e_w � �U>M�e�e�\�aDk`V>P6T�SzT�j#QAR�e�^>a�k>S"PÇr "− ��f6a6e�\�a�k>V>V>M�k � ^JM�V>[9M`y�+S"MDb�VJP9\�V9a9S+f9a9^>T ©
= (
��r ¬ Õ0/21 θ

r43 °�ÔAÕ θ)
rAa9\�c

[9^Ja9V>T�V>VhaNS&aN\#f>a9L�T�U9Z<V`aAe�\�PnaNv>U>M�O�oJM5�76
=
�Çr`VhaNe�P>\�T_c

^<PqO�M�U9k>Q>MgS0T�Q>^>T�VJV`a�Q>U>T�Y>p2R>s2\ÏL³b�^XR9v`w³f>UhaALDaAQ>c
VJP>[hM�e�aÚe�[9aAU`aAe�\�w�s !__+ = η ! Ø °�ÔAÕ θ

r�b�Q>T ! Ø �
Z<M�U>M6[6\�T�U>VXM�k/p2T_U9S1PhT_LDe_[9M_k�e_[`aAU9a9e�\_wlQJLNPhj#T_VXP6k/VhaAc
e_Ph\�T�^>T�Y�O�M�U9k>Q>MgLDQ>a9^Jw�e�^Ja6T_L<y�Î¹U>a6e�\�aNS

θ
QJU9T�YJp

]�^XT_[`\�U>a9V>a9L�fXU9a>L�a6QJP9S0a9e�\�P&L�QhaN^�w�V9a>U9S1M�^JP&[}e�^>a6k`S
R>S¢T�VJw��nM�T�\�e�k0r`a9QJVhM�[9a�fJUhP

θ
r>v9^JPhO_[6a9S�[

π­ ��rXaAU9v>P>c\_W³V9a9e_P`\�T�^>T�Y�O�M�U6k>QJM�aA[>M�O�W�LNM�s2\�e�k�e�P9^�w�V>a�L6W3\�kJV9R>c
\_W3S1P¹P¹R9e�^ha`L6P9T

Ωτ ≥
~uVhT_L6W�f9a9^JVJP`S"azr.\�M�[�d9\�a
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