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J�K�L�M�N�O�L�PFQ�R�S�PUT%L�M�N�V�Q�K�R�WFN�SXN�SYN�Z[W�\�W�N�S(]�WI]^V%M^_

W�LFW O�]^V�Q�K�`�]%V�a�bcK�]�R�K�aYR�de_fW ZAOFRIN�gFW2K2RIS%L�h�R�de_fW
M^iFW�R�W�g�S�_,WjNYK�V%KCQ�dlkmPFa�L2PInoV�]�P#_,KYL�M�N7O�L�dpbparq�K7]�s
LFM%iFR�WIM#R�M%]�N�K7L�h�N2KtL�M%VuO�]�q�M�v(RIKwq�Q�K7iFaYW�R�O�L�S%]�h#a
QFS%\�Q�S%x�KYV�N�M"V^M%k�R2KCLIKCy�W�`zRIS�i�M^{"R�K�y|K�NYK�R�V�S�N�V�SX_}KCLIM�s
N�O�L~]�_�M%V^SEL�L�W2�CM%]�N�W�_fW�W�qIKYL�O2q�Q�K�a�K�iFR�W�N7K2a7de_fW
T^L�M�N2V^Q�K7iFS%_fW}b�a&]%KY\%iFS�R�W�W�_,K7LFM�N7O�L�PFQ�R�W�k�S7R�S%LFK7y�KCa
iFW�K7i�KCa�W�V�Q�S�R�\%W�]%V^K�Q�K�a��%���}���%����RIM^i�S7aYR�M�`�Q�S�s
xCK7V^M�������WI\�_,M�QCP2L�W�qFQ�K�a�K�iFW�_,K7]^V�h#qIKYL�O��CM�R�R�dekca
V^M%k�RIWFN7M�KC]�S%{[i�M�RFR�dek�_�W�N�Q�K7_,KC]%V^W�N�KCar�$�F�"_}KCLIM�N�O�s
L�PFQ�R�dekzqIM�Q�M%_fde��M�N�_}M^{pi�O�_�M%V^SEL�L�W2�CM%]�N�W�_fW�T%LFM�N�V^s
Q�K7iFS%_fW&W�KCx�RFS�Q2O�{(W�LFW�Q7P�i�W�R�V%M�Q2M^]�RFdek�K�]%KYx�M�RIR�K7]�s
V^M�`,b�ar��S%]^V�R�K�]^V�W}b(]%V^O�qIM�R���S%V�dA`�k�S�Q�S�N2V^M�Qj�f� �¡W
qFQ�W¢RIM�N7K�V%KCQ�dlk�O�]%L�K�aYW7P�k£W�k£S%]�W�_,_�M%V�Q�WFn�K7V�R2KC]�W�s
V^M%L�h�RIK�\�R�S�N�S�qFQIW�LFK7{(M�R�R�K7y�K£R�S�q�Q7P�{(M�RIW�P,�[¤�N�]�q2M�s
QFW�_,M�R�V�S%L�h�R�deM&W�]^]%L�M^i�K�aYS�R�W7Pu�$���(q�K�N�S%\�S%L�W�ZlM^_,V%KCs
]^M�N�O�R�i�R�deM¥aYQIM^_}M�R�S¥qIM�Q�M�R2KC]�S�T%L�M�N7V�Q�K�R�K�a¥�7M�QIM%\

_,KYL�M�N2OCL�d"b�S%i�]%KCQIxCW�Q�KCa7SYR�R�deM&q�K�a�M�Q�k�R2KC]%V^h7n¦qIKYL�O�s
q�Q�KCaEKCi�R�WFN7K�a£q�Q�WmQ�S%\^LFWI�CR�dek#O�]%L�K�aYW7P�k���§,L�W2\�N�W2M
qIKCQ7P�iFN�W�aYQIM%_�M�R�q�M�QIM�R�K�]�S�R�S�x7L�nliFS%L�W2]�h¨i�L�P&_,K�L�M�s
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» LIPzV%M^K�Q�M%V^WI��M^]�N7KCy KzS7R�S%L�W�\�S�q�QIKCaEK�i2WI_,KY]%V�W�_,K�s
L�M�N7O�L�PFQ�R�dek�q�M�Q�M%_¼de��M�N&W�]�q�K7L�h%\%O�noV�]�P�aXKY]�RIKCaYRIKY_
iFa7SXq�K�i�k�K�i�S����fK7L�R�K�a7S�P�_,K7i�M^L�hX½¾S7R�iFS%O�T�QFS����^¿�b����E�
V�Q�S�N�V%OCM%V�_�K7LFM�N�O�L�PFQ�R�dA`�_,K7]^V�W�Nj_,M%{¾iIOtT%L�M�N�V%Q�K�s
iFS%_fW&N�S�N�Q�S%]^]%M�WFa7S�n¾ÀpW�`zg2M�RIV�Q�b�K7V�Q�S%{"S�n¾ÀpW�`zW2i�O�s
À(WIM¥K�VÁN�SEV�K�iFS�T^L�M�N7V�Q�K�R�R�deMÁa�K�LFR�dp�ÃÂ}K�N�KCNIS�s
\�dAaYS%M%V^]�P q�Q�K�q�K�Q�g�W�K�RFS%LFh7R�dA_ N�KYT�Z[Z[W�gFWIM�R�V^O
q�Q�KCqIO�]�N�S�R�W7P±_,KYL�M�NYOIL�K�`XT%L�M�N2V�Q�K�R�RIKC`�a�K�LFR�d£a�x7L�WIs
\�WÄT�R�M�QIy�W�WÆÅ&M�Q�_,WÄT^L�M�N7V�Q�K�iFSÇWILFWÈR�M�N�K�V�K�Q�K�`
]�a�M�Q�V�N2MÉN7K�T�Z[ZoWFg�W�M�R�V^SXq�Q�K�q�O�]�N�S�RFWCP�a"T%V%KC`�K�xYL�S%]�s
V�W&���}bº���Y���FÊ(iFR�S�N�KXQ�S%]^��M%V�d�L�W�RIM�`�RIKYy�KÉN�K�R�i�S7NYV�S�RI]�S
a"a�K�LFRIKCa�K�`�_�K�i�M%LFW�iFS�nlV¾\�S�aYdAvpM�R�RFdeM[\�R�S%��M�R�W7PUqIK
]�Q�SYa7R�M�R�W�nj]�T�N7]�q�M�Q�WI_�M�R�V%KY_��$��b¶µ}b!Ë���b���V^K&K7x�Ì�P�]�R7PFs
M%V^]�P,blN�S�NÃxYO�i�M%VÍq�K�N�S%\�S�R�K£R�WI{[M�b q�QIM�R�M%x�Q�M%{¾M�R�W�M^_
qIM�Q�M%]%V�Q�K�`FN2KC`�T^L�M�NYV�Q�K�R�RIKC`�]%V�Q�O�NYV%O�QFdÃ_�K�L�M�N�O�L�d£a
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iFS&a&q�Q�K�a�K7iFW�_,K�]^V^h�]^K�]%V^KEPIR�W�` T^L�M�N7V�Q�K�R�RIKYy�K�]�Q2KCi�s
]^V�aYSÄ_}KCLIM�N�O�L�dp� � WFR2M^V�W���M^]�N�S�P _�K�i�M%L�hÈq�Q2K2aEKCs
iFW�_}K�]^V�W _,KYL�M�N2OCL2PIQ�R�dek _�K�]%V�W�N2KCa ���}b���� b��|���
K2qIWFQ�S%M%V%]�PÇRFS�ZoM�R�K7_�M�R�K�L�K�y�W���M%]�N7OFn ]�N�K�Q�K7]^V�h

Γa�M�QFv(WIRFR�K�y K¥V�Q�K�`�RIKYy�K¥q�Q�K�g�M%]^]�S�� V^O�R�R�M%L�h�RIKYy�K
q�M�Q�M%]�N�K�N�S"T%L�M�N2V�Q�K�R�S"K7V�T%L�M�N�V�Q�KYiFS��±R�S"_,K7LFM�N�O�L�O
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N�K�_�qFQIW�x�LFW�{[M�RFWIW,b&q�Q�W�T%V^K�_�a7de]^K�V^SjW�v(W�Q�W�R�S
T�Z[ZoM�N2V^WFa7R�K�y K�V%O�R�RIM^LFh7R�K�y K�x�SYQ�h%M�Q�SIb²]%KYK�V�a�M%V�]^V�a�O�s
n¾À M^y�K�N7K�R�V�S�N2V^O�_}KCLIM�N�O�L�dj]±T%L�M�N7V�Q�K�i�KY_���b�K�q�Q2M�s
i�M^LIPFnAV%]�P&q�K7i�x�KCQ�K�_ob�S"\�S�aYW�]�WI_�K7]^V�h�n 
 � 	 K�V�W�RIi�M�N�s
]^K�a�q�Q2M�RIM^x�Q�M%y�S�noV��£Å�O2R�N�gFW2P � a � ����\^S�i�SEM^V�]�P
QFS%]�q�QIM^i�M%LFM�R�WIM^_ Å�M�Q2_¼W���»¾WIQ�SYN�S�bÇy i�M aE_,M^]%V^K
KCx�dA��R�K�`�Q�S%\�R�K�]^V�W�T�R�M�QIy�W�W�]^K7]^V%K7PFR�W�PtW�T�R�M�Q�y�W�W
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 q���M%i�]%V�S�aEL�P�M%V
]^K�xYK�`mq�K�LFSEy�S%M^_,O�n�qIKY]%V^K7PFR�RIKC`mq�L�KYV�R�K7]^V�h�]^K7]^V%K�PFs
RFW�`�aEx�LFW�\%W�O2QIKCa7R�P�ÅzM�Q�_fW}����S%]%�CM%V±N�K�R�iFS�N2V^SYR�]�S±a
N�WFR2M^V�W���M^]�N�K�`�_�K7i�M%LFW�i�L�Pu_,K7LFM�N7O�LFd�x�W�]%V�W�K�L�V^M�Q�s
V�WIKCZoM�R�S�bÉS%iI]^K�Q�x�WFQ�K�a7S�R�R�K�`�R�S�\�K�L�K�V�dek�T%L�M�N�V�Q�KCs
iFS%k�������bUi�S�L¥q�Q�S�aYW2L�h�R�dA`�q�K�Q�P�i�K�N¦aEM^L�W���W�R�d W
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]&W�]�q�K7L�h%\%KCa7SYR�WIM^_�KCqIM�Q�S�gFW�`�LIKCy�S�Q�W�Zo_fW�Q�K�aYS�R�W7P�W
qIKYV%M�R�g�W�Q�KCa7SYR�W2PU_fS%V�Q�WFg .
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� ��µF�

y�i�M
λ�
 =

�
µ � + (µ �

ê
+

µ
λ 
 ν� )

0 ��ê � � ��� ]%K�xY]%V�aEM�R�R�deM
\�R�S%��M�R�W2P±a�k�K�i7PFÀ�W�k�a(q�Q�K�W�\�a�M%i�M�R�WIM V�Q�S�R�]�ZAM�Q�s _,S�V^s
QFW�g¼b � 0 W � ê = − � 0 � ]^K�x7]^V�a�M�R�R�deM¾\�R�S%��M�RFW7P±_fS%V�Q�W�s
gFd%$ 1 a�qIKCN�S%\�S%V^M%L�M�T�N7]�q�K�R�M�R�V�d � ��µ&�E�&� ]%L�K�aYW�M
µ 
ê +

µ
λ 
 ν � =

¿rKCq�Q�M%i�M%L�P�M^V¢y�Q�SYRIWFg�Om_,M%{[i�Omi�M^L�KCs
N�S%L�W2\^K�aYS�RIRFde_fW � ª�"F©«ª�°I·�ª�·&��]%KC]%V�K7PFR�W2P2_fW}b Q�SE]�q�Q2M�s
i�M^L�M�R�RFde_fW�q�K¥aE]^M�`�i�L�W�RIM�g�M�q�K��CN�W¼bzW�L�KCN�S%L�W�s
\^K�aYS�RIRFde_fWÇa7R�M�v(R�WI_Èq�K7LFM%_o�u»¾Q�O�y�K�`Çq�Q�WI�CW�R�K�`
LFK�N�S%L�W2\�S�g�WFW _,KCy O�V�]^L�O�{�W�V�h&i�M�ZoM�N�V�dj]%V�Q2O2N2V^O�Q�dpb

aYN2LFno�2S�P�N�Q�S�P�g�M�qIKY��N�W�����S�]%�YM%V�djq�K�N�S�\%d aYS�nlV�b���V%K
]zQ�K�]%V�K�_#RFS�q�Q7P�{[M�R�R�K�]%V�W¢q�K�L�P¢KYx�LFS�]%V^h�i�M%LFK�N�S%L�WIs
\%KCaYS7R�R�dek¦]%KY]%V^K7PFR�W�`�]%O�{(S�M%V�]�P�KYV#N�QFS%M�am\%KCR�d~N
]%M�Q�M%iFW�R�MIbpq�Q�W�T%V�K�_¥v(W�Q�W�RFSÃ\^K�RFd�aEKY\�Q�S�]%V^SEM^V¢RFS
a�M%L�W���W�R�O�q�Q�W�L�KY{(M�R�RIKC`�QIS%\�RIKY]%V�W�qIKYV%M�RFg�W�S%L�KCa � �
�[KY]%LFM%i�RFW�M�i�M^L�KCN�S%L�W�\%K�aYS�R�R�deM�]^K�]%V^KEPFRFW7P�V�Q�S7R�]�s
ZoKCQI_�W�Q�O�noV^]�PÍa�L�K�N�S�LFWI\�K�aYS�R�R�deMIb�N�K�y|i�S � qFQ2M�a7dAs
v(SEM^V WI]^kIKCi�R�O�nuv(W�Q�W�RIO"\^K�RFdp�L��S%]�qIQ�M%i�M^L�M�RIW�M[S%_¼qIs
L�W�V^O�i�T%LFM�N7V�Q2K2RIR�K�`�qIL�K�V^R�K7]^V�W�a�g�M�q�K���NYM�\�S%i�S%M^V%]�P
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]^K�xY]%V�a�M�RFR�de_fW�a�M�N�V%KCQ�SE_�W�Q�M�v[M�R�R�K�`ua7d v[M�\�S%iFS%��W
RFS�]%KYx�]%V^a�M�R�R�dAM�\�R�S%��M�RFWCP�� ��S%]%]^_fS%V�Q�WFa7S%M^_fS�P�\^iIM^]�h
_�K�i�M%L�h�g�M�q�K��CN�W�qIKY\�a�KYLIP�M^V�q�K�L�O���W�V�h�SYRIS%L�W�V�WI�YM%]�s
N�W�M&a7dAQ�S%{(M�R�W�P�iIL�P�]^K�x7]^V�a�M�R�R�dekÃaEM�N7V%K�Q�KCa�b¼K�q�Q2M�s
i�M^LIP�M^_,dAkÈN�KYT�Z[Z[W�gFW2M�RIV�S%_fW�� 
 	 N�S�R�K�RFW2�CM%]�N�KYy�K
qFQ�M%K�xCQ�SE\�K�aYS�R�W7P/.

�  + = ∑
 ù 	
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 	 (( ) � 
 	+ b �  = ∑
 ù 	
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 	∗ ( ( ) � 
 	 � � ��%L�
"�O�_,_¼WIQ�K�aYS�R�W�M(a�M%i�M^V�]�PUq�KXa�]%M%_�P2�7M�`�N�S%_�g�M�q�K��CNIW!�
W�S%V^K�_�SE_ :±a�q�Q�M%i�M^L�S%k�T%L�M^_,M�R�V�S�QFR�K�`�P��CM�`�NCW¼� ��R�s
i�M�N2] ( =

��b#��b������ b��cR�O�_,M�Q�O�M^V[T%L�M�N2V�Q�K�R�R�deM[]^K7]^V%K�PFs
RFW7P£]�Q�K�i�]%V^aYS��
	¾a7R�dA`£aYWIi�� 
 	 _,K�{(R�K¢q�K�L�O��2WIV^h�]
q�K7_�K�À(h�n�q�Q�S�aYWILFS � QIS�_�M�Q�SIblQ�SE]�N�Q�dAaYS�P£i�M%V^M�Q�_fW�s
RFS�RIV^d"b�KCV%a�M%�2S�n[À(WIM�N�S%{piCK�`&W2\Éq�M�Q�M%_,M�R�R�dek .
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 − /
�ºª ���

− � (ν T � ê²ê − λ T � êY0 )(λ ë � 	�	 − ν ë � 0®ê ) −

−
ª −���

− � (νT�� 0�ê − λ T
� 0 0 )(λ ë � êY0 − ν ë � ê�ê ) �p� � � � �

» M^V%M�Q�_fW�RFS�RIV^d �Cs y K qIKCQ7P�iFNIS
Θ 
 KCq�Q�M%i�M^L2PInoV�]�P

LFM�aYde_�a�M�Q�k�R�WI_¥O�y L�KY_�_fS%V�Q�WIgFdpb±qFQIWFaEM^i�M�RFR�K�`�a
V�S%x�LFW�g�MI�#��SE]^�7M^V"T%LFM�N7V�Q�K�R�RIKC`�q�L�KYV�R�K7]^V�W � � 
 	 (( b�� ) � êN�S�NX]oOC��M%V^K7_ob2V%SYNXW"x�M^\oO��CM%V�S¾qIKYL�M�a�KC`¨\�S�a7W�]�W�_,KY]%V�W
_¼S%V�Q�WI��R�K�y|K�T^L�M%_�M�R�V�S�Q�M%\^K�RFS�RI]�R2KCy K�q�M�Q�M�R�K7]�S 5
qFQ�K�aEKYiFW�L�]�Ptam����%����."�Q�K7]^V%K�_cq�Q�W�L�KY{(M�R�RIKYy�KmR�S�s
qFQ7P�{(M�R�W2P�]%V^KEP��2W2Mza�K�LFR�d � 
 	 ( ( b�� ) ]^V^S7R�K�a%P�V�]�PÃaE]^M
_�M�RIM^Mj]�W�_,_�M%V^Q�W���R�dA_,W � LFW�x7KcS7R�V�W�]�WI_,_�M%V�QIW���R�dAs
_¼W'��K7V�RIKY]�WIV�M^L�h�RIK�g�M�R�V�Q�S�L�W�RIM�`IR�K�`�_�K7LFM�N�O�LFdÉ�
�f_�M%]%V^MX]�V�M^_mq�Q�W�iIKC]%V^SEV�K��2R2K&x�KYL�h�v(W�k�RISYq�Q7P�{(M�R�s
R�K7]^V�P�ktqIKYLIP �

≈
��¿������[_;��_�M%{(S%V^K�_,RFdeM�x2S�QIh�M�Q�d

O�_�M�RFh�v"S�nAV%]�P�b�S�S%_fq�L�W�V%OCi�d#qIM�Q�M�RIKY]�S±a�K�\�Q�S%]%V�S�noV�b
�CV%Kuq�Q�W�aEKCi�WIV�NuaEK�]^]%V^SYR2K2aEL�M�RFW�n ]�W�_,_,M%V�Q�W2�2RIKY]%V�W
QFS%]�q�QIM^i�M%LFM�R�W2PUT%LFM�N�V^QIKCR�R�K�`&q�L�KYV�R�K�]^V�W}�

��>�� ���FB���
���B�� �YG�!�"�����B��>��	&H��=��D��I@#! B

�� ����H�� ��D ! 
��
���,G��$" �FB���������H

��SE]^]%_�K�V�Q�W�_�\�S%i�S%�COXKp_¼S%L�dek±N�K�L�M%x�S�R�W�P�k±SEV�K�_�K�a
a�S%i�]^K�Q�x�WFQ2KCaYS7R�RIKC`mK�y�Q�S�R�W���M�R�RIKC`#gIM�q�K��2N7MI�&%�]^L�W
]�W�]%V�M%_¼S�WI_,M^M%V¥N�K�R�M%�2RIdAMÁQIS%\^_,M�Q�dpbÃRIM^K7x�k�K�i2WI_,K
O���W�V^doaYS%V�h"V�QIS�R�]%L�PFgFWIKCR�R�O�njR�M�WFR�a7SYQ�WISYR�V�R�K�]^V�hXN�K�s
L�M^x�S%V^M%L�h�R�dek�_,KYi,��"eL�S%x7K&]�N�S%\�dAa7S%P�]�hURIS±]%KYx�]%V�aEM�RIs
R�dek~�2S%]%V%KYV�S%kÇW~q�L�K�V�R�K�]^V%W�\^K�R�R�dek~]^K7]^V%K7PFR�WF`�b
V�Q�S�R�]%L�PFg�W�K�RFR�S�PÈR�M�W�R�aYS�Q�W�S�R�V%R�K7]^V�h~]%OFÀ[M%]^V�a�M�R�RIK
q�Q�K�PFa�LIP�M^V%]�P�a�Q�S�]�q�Q�M%i�M%LFM�R�W�W�_,K7i�KCa7dAk£S%_fq�L�W2V^O�i
a�iIKYL�h�g�M�qIKY��N�WrW}b²N�Q�K�_,M&V%KYy�K b�\�S%_�M%V�R�K�aELFW�P�M%V&RFS
S%_fq�L�W�V�OIi2dÈW �2S%]%V%KYV�dÄL�K�N�S%LFWI\^K�aYS�R�R�dAk�N7K�L�M%x�S�s
R�W�`���� � ���

��PFaELFM�R�W�WUqIQ�K�a�KYi�W�_}KC]%V�WX]�N7K�L�M%x2S�R�W7P�_fW�]�a�P2\%SYR
i�K�q�K7L�R�WIV%M^LFh7R�dA`£N£Q2M^\%KCR�S�R�]�R�K7_�O£q�M�Q�M�R�K7]^O£N�S�RIS�L
Q�SE]^]%M�PFR�W2P WFR�{pM�N�V%WFQ�O�M%_fdek T%L�M�N�V�Q�KCRIKCa�� � Q�K7_,M
V%KYy�K b�ZoKCRIKCR�R�d `�W2L�W�a7W�x�Q�KCR�R�d `�_}M^k�S�R�W�\^_fd¡RFS
ZoKCRIM¦Q�M%\^K�RFS�R2]�RIKYy�K¥aE\�S�WI_�K�i�M�`�]%V�a7W7P,bÍqIM�Q�M%xCQ�S%]�dAs
aYS�n[À[M%y�KmR�K7]�WIV%M^LFW�V%KCN�SÃ_�M%{[i�OmO�\�L�S%_fW#gIM�qIKY��N�W�b
q�Q�W�a�K�i�P�V�N a�K7\�R�W�N�R�K�aEM�R�W�n N�K�R�M%��R�K�` vpWFQ�WIRFd
T%LFM�N7V�Q�K�R�R�dekÈ]%KC]%V%K�PFRFWI`,��§fO�i�M%_ q�K�LFSEy�S%V�h�b#��V%K
T%LFM�N7V�Q�WI��M^]�N7K�Mzq�K�L�MzR�M�K2N�SE\^d a7S%M^V&a�K�\�iIM�`I]^V%aYW2P�RFS
O�qFQ2OCy%W�MÉN2KCRI]^V^S7R�V�d�_�M%{�S%V^K7_fR�K�`�]�a�P�\�W}�
� L�S%]^]�W��7M^]�N�K�Mza7dAQFS%{[M�RFW�M�i�L�P¢T�RIM�Q�y�WFW£N7K�L�M%x�S�s

R�W�`Ä]^LIKC{(RIKC`ÈN7K�R�M%�2RIKC`Èg2M�qIKY��N�W}b#T%L�M�N7V�Q�K�R�RFS�P
]%V�Q�O�N�V%O�Q�SXN�K7V^K�Q�K�`&QFS%]%]%_¼S%V�Q�W�a7S�LFS%]�hXaYdov[MIb

��' 2 = ∑2 ù 	
� 	 �

. 2)( 	ê
� +

+ ∑2 ù 	
� 	 ( � 2 ù ë − * 2 + 0 −	 ù 7 )

ê
� +

� � � 0¤ù �
ê

� +

�$+ � 3eù +ê
�

� �^���
]%KCi�M�Q�{(WIV¢]^O�_,_fW�Q�K�aYS�R�W�Muq�KmT%L�M^_}M�RIV�S�QIRFde_�P���M�`Is
N�S%_�LFWFR2M�`�R�K�`�g�M�q�K7��N�W 8 <�WIR�i�M�N�] :

=
¿ bf� RIO�_�M�Q�O�M%V

S%V%KC_,d�aYR2O�V^Q�WrP2��M�`FN�W � Q�W�]I�X��b - �7b�i�L�P¦N�K�RFg2M�a7dAk
P���M^M�N :

=
¿ bf��b,�

′
� �¾Q�W�R7P�V%Kzq�Q�W�x�LFW�{[M�RFW2MXxCL�W�{(SY`Is

v(WIkz]%KY]%M%i�M�`=<*�
�
b*� + K�xYK�\�R�S%��S�noV�O�q�Q�O�y^W�M±N�K�R�]%V^SYRIs

V�dÁS%iI]^K�Q�x�gFW�K�R�RIKC`�]�a%P�\�WmN�KCR�g�M�aYdlk � W-,±SEV�K�_�K�a
_,KYL�M�N2OCL2PIQ�R�K�y Ku_,K�]%V^WFNIS ) T%L�M�N�V�Q2KCi�SE_�W¼�."²W2]^V%M^_fS
O�QFS�a7R�M�RFW�`�iFWFRIS%_¼W�N�W&N�K�L�M%x�S�R�WF`
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


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� 0 ω
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� ë ω
ê
� 	 � =

� ë ( � 0�ë − � � � ) −
� 0 ( � 	�	 − � 0 ë ) −

�
′( � 0¤ù30

′ − � 	 � ) − � � � 0�ùÉë�.
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′ ω
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* 	�	 ′ =

�
′( � 0 0

′ − � 0�ë ) <
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�
� 3 	 ′ =

�
′( * 3 0

′ − � 3�ë )

� �^���

K2qIW�]�dAaYS%M%V^]�Pzi�W�R�S�_,W���M%]�N7K�`&_fS%V�Q�W�gIM�`¼b�]^K�aYqIS%iFS�n[À[M�`�]X_�SEV^Q�W�g�M�`�Q�S%]^]%_,K�V^Q�M�R�RIKC`�T^L�M�NYV�Q�K�R�RIKC`�\�S%i�S%�2W�i�L�P
q�K7L�W�S7g�M%V�WIL�M�R�K�a�K�`&g�M�q�K7��N�W � ]%_A��V^S�x7L�W�gIO&�7bFy�i�Mp]^L�M^i�O�M%V�q�K�L�K�{(WIV�h
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∆ 0 = ∆� = � ′ − / 0 ω
ê <

∆ 0′′ = ∆3′′ =
�
′ −

� 0
′ ω
ê <

∆ 0′ =
� ë +

�
� +

� �
′ −

� ë ω
� <

∆ = � 0 −
� 0 ω

ê <

∆′ =
� � ë +

� 	 −
� � ω

ê <

∆3′ =
� ë +

�$+
+
�S�

′ −
� ë ω

� < J
= − � ′ <

H
= − � ë < 5 = − � 0 �

� �C¿L�

� ��W�V�dAa7S%P ZoKCQ2_¼S%L�h�RIO2n T�N�aYW�aYS%L�M�R2V�R�K�]%V�h�T^L�M�N�s
V�Q�K�R�RIKC`rW£N�K�L�M%x2S%V%M%LFhYR�K�`¢\%S�i�S�� b²_,KY{"R�K�aEKY]�q�K7L�h�s
\^K�aYS%V�h%]�PcQ�M%\^O�L�h%V�S%V�S%_fW,bUq�K�L�O���M�RFR�de_fW�a � � ��� � �L�
i�L�P�]�qIM�NYV�Q�S"]Xq�K�i�]^V�S�R�K�aYN�K�`&a � �L��.
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� � ë +
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0 ��ê �
� �����
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g�M�q�K7��N�W�� 
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��b#��b 01030 b � �p]XO��YM%V^K�_ � ��ËL�7b � � � �
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 − 0 =
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 − /
�
λ 	� −

/
(ν T � ê²ê − λ T � êY0 )(λ ë 
 0�0 − ν � � 0®ê ) −

− λê


−
/
(ν � � 0®ê − λ T � 0�0 )(λ � � êY0 − ν� � ê¤ê ) �[� � �Y�&�

�(S�QFS�N2V�M�Q�R�deM�KC]%KYx�M�R�RIKY]%V�WmQ�S%]�q�Q�M^iIM^L�M�R�W7P S%_fq�L�W�s
V^O�i,b²W2]^]%LFM%i�K�aYS�R�R�dAM&a¢��� � �[iIL�P�q�Q�KY]%V%K2`¢g�M�qIKY��N�W}b
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Â�S7N�W�_&K�x�QFS%\%KY_obC\%SYq�Q�M�ÀpM�R�d¢q�Q�KCgIM%]^]�d¢Q�S�]%]^M�PFR�W2P�bCa
N�K�V�K�Q�dek�]^O�_,_fS±R�K�_,M�Q�S±N�K7LFM%xCSEV�M%L�h�RIKC`�_,KYi�dpb�OC��S�s
]^V�a�O�n[À[M�`�a�Q�S�]%]^M�PFR�W�W}bf]�R2KC_}M�Q�S%_fW�R�S%��S%L�h�R�K7y�K�W
N�K�R�M^��R�K�y K�]%KC]%V�K7PFR�W�`�T%LFM�N�V^QIKCR�S���M^V%RFS�P,�;��S%\�Q�M�v M�s
RFd�L�n x�deM£W�ktRIM^��M%V^R�deM�N�K�_�x�W�R�S�g�W�W,b[O�i�K�a�L�M%V�aEKCs
Q�PFn ÀpW�M(\�S�N�K�R�O�]%KYk�Q�S�R�M�R�W2PUT�R�M�Q�y^WIW,�

� >��A��
��^H���B�����
�� ��	 ��@��ID�H��I����� �9�IH�GFB6"�G��$"
� �S�FB����>� !

"�a�P2\�h�T%L�M�N2V�Q�K�R�RIKC`rq�K�i�]�W2]^V%M^_fd�S%i�]%K2Q2xCW�Q�K�aYS�R�s
R�K�`�_�K7LFM�N�O�L�PFQ�R�K�`zgIM�qIKY��N�W�]XT%LFM�N7V�Q�K�iFS%_fW�qFQ2K�PFaYs
L�P�M%V^]�P�azR2M�RIO�LFM�a�K�`�S%_fq�L�W�V%O�i�M&a�M�Q�K7P2V%R�K7]^V�W¢q�M�Q2M�s
R�K7]�SjT%L�M�N�V�Q�K�R�S�R�Sj_}K�L�M�N2OCL�O}� "eKYK�V�aEM^V�]^V�a�O�n[À(S�P
i�K�xCS�aYNISXa"K2q2M�Q�S%V^K�Q �CS%_fWILFh�V�K�R�S

0 1����
= � Q ( � 2+ � 0Ûë +

� 0 ë+ � 2 ) + � T ( � T+ � 3�ù ë +
� 3 ( �+ � T ) � � �L�

]^K�i�M�Q�{(W�V±S%_fqILFWIV�O�i�djq�M�Q�M%]�N�K�N�SXT%L�M�N�V%Q�K�RFS¨_�M%{[i�O
xCM�Q�M%y^S%_fW�W�N�QFS�`�R�W�_fW�S%V%KC_,S�_,W�g�M�q�K7��N�W � 2�( T � ��R�s
i�M�N2]�d 8$b � KYV�a�M%�2S�nlVX]^K7K�V^a�M%V^]%V�a�M�R�R�K�L�M�a�K�_,O&Wzq�Q�S�s
a�K�_,O�xYM�Q�M%y^S%_o�U¤eL�M�N2V�Q�K�RFRIS%P�]^V�Q�O�N�V%O�Q�Sm_,M%V�S%L�L�W�s
�CM%]�N�W�kÈT%LFM�N�V^QIKYi�K�a KCq�Q�M%i�M%L�P�M^V%]�PÈa R�S%]%V^K7PFÀ[M�`
_�K�i�M%L�W&q2LFK7V�RIKY]%V�h�n ]^K�]%V^KEPFRFW�`

	 (ε T ( 2 ) =
µ
π
� / (

� �
)
/ ��ê

ε T ù Q0 �
� b � �C�&�

y�i�M�� �ÄT�Z[ZoM�N7V�WFa7R�dA`�KYx�Ì�M^_�T%L�M�N�V�Q�KYiFSIb OI�CS�]%V^s
a�OFnoÀ(WF`�a±N�K�R�V�S�N�V%M�]"_�K�L�M�N�O�LFK�`/<'� ��T�Z[ZAM�N�V�W�aYs
RFS�Pu_fS%]%]�S T^LIM�N�V�Q�K�R�S><

ε T ( 2 = ��
 � Q − χ T ù Q + � 
 7 + � 2 ù TqFQ�M%i�]%V�S�aEL�P�M^Vr]^K�xYK�`�T�R�M�Q�y^W�n ]^K7]^V%K�PFR�W7P �  	 b�K�V^s

]%�2W2V�S�R�R�OFn KYVjRFS%��S%L�StZoM�Q�_fWFs ]%V�OFq�M�RFh�NIW¥q�Q�S7a�K7y�K
L�W�x�KuL�M�a�K�y K�T^L�M�N2V^Q�K7i�KCar]�OI�YM%V^K�_�q�QFW2LFK7{(M�RIR�K7y�K
R�S�q�Q�P�{[M�RFW7P±]%_,M�À M�R�W7P � 2 ù T < ��� T 2 KYx�KY\�R�S���S�M%V ]%K�KYV�s
a�M%V%]^V�a�O�n ÀpO�n T�R�M�QIy�WFn Å&M�QI_�W¼�U�(W�_fW���M%]�N�WI`�q�K�s
V%M�R�g�W�S%L

χ � ù 2 W±T�RIM�Q�y%W7P �  �	 KYV%]^��W�V�dAaYS7nAV%]�P�KYV(O�QIKCa7s
R2P a7S�N�O�O�_�S�bÃq�Q�W�R�W�_fS%M^_,K�y K�\�S�R�O�L�h � QIW�]I���&�E�
§fM�Q�M^y�S�W�y�Q�S7nAV�Q�K�LFh x�M^]�N7K2R2M^��R�dek�Q2M^\%M�QIa�O�S�Q�K�a
T%LFM�N7V�Q�K�R�K�a�bURFS%k�KYi�PFÀ(WIk�]�P a�V%M�Q2_�K7iFW�R�S%_fW���M^]�N�KY_
Q�S7aYR�K�a�M%]�W�W,� ��S�aYRIKCaEM^]�R�deMU\�S%]%M^L�M�R�R�K�]^V�W�T%L�M�N�V�Q2K2RIs
R�dek�]%KY]%V%K�PFRFWI`�V%M�Q�_,KY]%V�S%V%K�a&K�qFW�]�dAaYS7nAV%]�P�QIS%]�q�Q�M�s
i�M%L�M�RFW�M%_�Å&M�QI_�W

+ 2 ù T =
�

����� ((ε 2 ù T − � � )� 
 ) +
" b � ��µF�

y�i�M 
 ��V%M%_¼q2M�Q�SEV�OFQ�SI�,�uQ�SE]^]%_�SEV^QFWIaYS%M%_�K�`�_,K7i�M^L�W
W�R�{(M�NYV�W�Q�O�M^_fdA`�T^L�M�NYV�Q�K�R�\�S�RIW�_fS%M%V¾K�i�RIK±W�\[]^K�]%V^K�s
PFRFWI` �  �	 T^L�M�N�V^QIKCR�R�K�y|K�]�QIKYiI]^V�aYS�g�M�qIKY��N�W�L�W�x�K
K�i�WFRXWI\ N�KYL�M%xCS�V�M^L�h�RFdek±qIKYiIO2QIKCa7R�M�`}�L�¾Q�WIk�K�i�PFÀ(S�PFs
]�P R�S�M^i�W�R�WFgIOmaYQ�M%_,M�R�WmaEM�QIK�P�V�R�K�]^V�h�V�S�N2KYy�KuqIQ�K�s
gIM^]%]�S _,KY{(M%Vux�deV�hm\^S7q�WI]�S�R�S�a�K�a�V%KCQIKY_�qIKCQ2P�i2N2M
V%M^K�QFW�WmaEK�\^_}OFÀ[M�R�WF`mq2K£]^L�S%x�KY_,OmS%i�]^K�Q�x�gFW2K2RIR�K7_�O
a�\�S�WI_�K�i�M�`�]^V�aYWInÇ]%KYy�LFS%]�RIKtWI\^aEM^]%V�RIKY_,O !7\�K�L�K�V^K7_�O
q�Q�S�aYWIL�O # .

H 2
→  	 =

�
π�− ∫ 	 ε 	 2 (ε) 




+ 2 � ( " −
+  �	 ) � � 2  	 � ê δ(� 2 − �! �	 ) +

+ ∑� ù � ù ξ
(
+ � � +

�
+ (−

�
)ξ

� )(
�

−
+  �	 ù � � ) � � � 2 ù  �	 ( � b � ) �

�
×

× δ(� Q − �  �	 + (−
"
)ξ �−ω	 ù � ) � 



� � ��%��
'�S%]%M^LIM�R�R�K�]^V�W + 2 W + T i�LIPwqIM�Q2M�RIKY]�SmR�Smq�Q�S�a�K�`
y^Q�S�R�W�gIM H T → 
 7 K�qFQ�M%i�M%L�PFnoV�]�P&]%K�y|L�S%]�R�K � ��µ&�¾qIKYi�s
]%V�S�RIKCa7N�KC`¢T�RIM�Q�y%W�`

ε 2 b ε T � 4AV%K�NIS%]�S%M%V^]�P�\�S%]%M^L�M�RIs
RIKY]%V�W T^L�M�N�V �IKCR�R�dek +  �	 W¦a7W�x�Q�K�R�RFdek +  	 ù � � ]^K�s
]%V^KEPIR�W�`�gIM�q2KC��N�W¼b±V^K�K�RFW O�qFQIS�a�LIPInlV^]�P¦\�S�N�KCRIKY_
]%KCk�Q�SYR�M�R�W7PU\�S�Q7P�iFS"W±O�]%LFK�aYWIM^_�RIM�q�Q�M�Q�dAa7R�K7]^V�W�q�K�s
V%KCN�S"\�S�Q7P�iFS"�YM�QIM^\(]%KY]%V%KYPFR�WIM ( :���[M�QIa�K�Mz]%L�S%y�SEM^_}K�MÍa � ��%L��K�q�WI]�dAa7S%M^V�QIM^\�K�R�S7R�]�s
R�dA`�x�M%]�ZoK�R�K�RFR�dA`Ã_�M%kFS�R�W�\%_tq�M�Q�M�R�K7]�S�x�M�Q�M%yF�&gIM�s
qIKY��N�SIb¾a�V%KCQIKYM �Èq�Q�K�g�M%]^]�d¥qIM�Q�M^k�KYi�S�R�S�aYW2x2Q2K2RIs
R�deM¾]%KY]%V%KYPFR�W2P±_�K�L�M�N�O�L�d �  �	 ù � � = �  	 + (−

�
)ξ �−ω

� � ]qIKYy�L�K�À[M�R�WIM^_
(ξ =

�
)

W WI]�q�O�]�NCS7R�WIM^_ Z K�R�K�R�K�a
(ξ =

¿
) � s _�K7iFdpb ��sºaEM^V�aYW}�¢�fM�Q�K7P2V%R�K7]^V�W�K7x�Q�S%V�RIdAk

q�Q�KCgIM^]%]%K2a H  �	 →
2 W H  �	 → T \�S�q�W�]�dAaYS7nAV%]�PzS�R�S%LFK�s

y^W���R�K � ��%��"]±]%K�KYV�a�M%V^]%V�a�O�n ÀpM�`�\�S%_,M�R2K2`�W�R�i�M�N�]%KCa��
J�S%V�Q�WI�CR�deM�T%L�M%_�M�R�V�d�q�M�Q2M�RIKY]�S�KCq�Q�M^iIM^L�PFnoV%]�P W2\
� ������azQIM%\�O�LFhEV^S�V�M�N�S�R�K�R�WI�CM%]�NYK�y K�q�Q�M^K�x�Q�S�\�K�a7S�RFW7P
O�\^M%L�h�RFdek�KCqIM�QIS%V^K�Q�K�aÁQ2KY{(i�M�R�W2PFs O�R�WI��V�K�{¾M�R�W7P W
N�a7S�R�V�K�a7S�RFW7P&]%_�M�À(M�R�W�`�.º�¡�¥ · L · ��ñ�ã�î�ì¸ã�×�à�ò¤ã�Þ�å�ØÛÚ�ä	à	ØÛì¸î�Ø é�é
Øû÷�Øïä	Ø¤ò²à�Ê � � , ô�á	ã�å¿×�î	Ý¤ñ�ñ	ü�ã

ß	î	Ý¤â¤ñ�à�/ � � , ô�ñ	ã�î�ì®à�Ú���ã�î�é�à / χ ,£�	à¿éÀÜ�Ý¤×�ã�ñ	æ�à�Ø á / � ,�î�Ø ÷ Ã
ñ	Ý¤Þ ×�Ù Ü�Ý�×�ã�ñ�æ	à�Ø¤á�Ý¿â	Ò�Ö�Ü�á�Ý ��ñ	ü�ã�á	à�ñ�à�à ,�÷�ØÛâ¤à�Þ à�é�Ý¤Þ�×�Ù �

(ε)
Ò
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� � 2 ù  �	 � ê = � 2ê � �  �	 ( ��b
U
)
� ê b

� � � 2 ù  	 ( � b�� ) � ê = � � 2
� �
�  �	 ( ��b�¿ )

� � � (( b�: ) � ê b
� � T (  	 � ê = � Tê � �  �	 ( ��b ¿

)
� ê b

� � � T ù 
 7 ( � b � ) � ê = � � Tê � �  �	 (��b�¿
)
� � � ( ( b�: ) � ê �

� �2ËL�

��S%]%]%_�K7V�QIW�_ x�M^]�ZAK�R�K�R�R�dA`�aYN�LFSEi�a¥q�Q�K�a�K7iFW�s
_�K�]%V^h�b K�qFQ2M^i�M%L�P�M%_¼dA`�qIM�Q�a7de_�]%LFS�y�S%M%_¼de_�a � ��%L�7�
"���W�V�S%M^_¢T%L�M�N2V�Q�K�R�s�ZoKCRIKCR�R�OFn ]�a�P2\�h"]%LFS�x7K2`�b�V�K�y iFSIb

q�Q�W�Q�S�aYR�W�aYS�P T^LIM�N�V�Q�K�R�R�dA` q�K7V^K�N ( :�s ]^K�]%V^KEPFRFW7P��M�Q2M^\(L�M�a�O�n#W&q�Q�S�aEO2n y^Q�S�R�W�g�dmg�M�q�K��CN�W

� 2
↔ �	 =

�
π ��−

� � 2 ù  �	 � ê 	 2 (�  	 − χ 2 + � � 2 + � 2 )(+ 2 −
+  �	 ) b

� T ↔  �	 =
�
π ��−

� � T ù  �	 � ê 	 T (�  	 − χT + � � T + � T )( +  �	 −
+ T ) b
� � � �

i�L�P±]%V�S�gFW�K�R�S�Q�R�K�`XRIM�Q�S�a7R�K�a�M%]�RIKC`¨\�S%]%M%LFM�R�RIKY]%V�W¨]^K�s
]%V^KEPIR�W�`&gIM�q�K7�2NIW&q�K�L�O���S%M^_

+  	 =

� � 2 ù  �	 � ê 	 2 ( ��
 7 − χ 2 + � � 2 + � 2 ) + 2 + � � T ù  �	 � ê 	 T (�  	 − χ T + � � T + � T ) + T
� � 2 ù  �	 � ê 	 2 ( �  	 − χ 2 + � � 2 + � 2 ) +

� � T ù  	 � ê 	 T (�  	 − χ T + � � T + � T )
� � �����

�¾K7L�R�do`�V�K�N���M�Q�M%\(_,K�L�M�N�O�LFO�qFQ�M%i�]%V�S�aEL�P�M^V%]�P�]%O�_,_�K�`�T%L�M�N2V�Q�K�R�R�dekzq�K�V%KCN�K�aX��M�Q�M^\"a�]%M�]%KY]%V^KEPFRFW7P/.

�
=
�
π��− ∑ ù 	

� � 2 ù  	 � ê � � � ù  	 �
� 	 Q ( �  �	 − χ 2 + � 
 Q + � 2 ) 	 T ( �  �	 − χ � + � � T + � T ) ×

×

+ Q − � T
� � 2 ù  �	 � ê 	 2 ( �! �	 − χ 2 + � � 2 + * 2 ) +

� � T ù  �	 � ê 	 T ( �! �	 − χ T + � � T + � T )
� � �����

��S�\�_,M�Q�R�S�P���S�]%V^hXqIKYL�R�K�y|K�V^K�N�S�� ë

� ë =
� ( � � )

/ ��ê 0 � ê
π
�−�

b � µ2¿L�
y�i�M � � S%_fq�LFWIV�O�i�SrT^L�M�N�V^QIKCR�R�K�y|K#qIM�Q�M^k�KYi�S£x7M�s
Q�M%y��&_,KYL�M�NYOILFSIb¾W�y�Q�S%M^V�Q2KYL�h�M%iFWFRIWFg�d V^K�N�S��!4¾W2]�s
LFM�R�RIKYMX\�RFS%��M�R�W�M�� ë b�M%]%LFW�T�R2M�QIy M^V�W���M^]�N�W�M±aEM^L�W���W�s
RFdja � �����XW�\%_�M�Q7P�V�hUa�T7�[b�S 0 a ��� / b�KCN�S%\�dAaYSEM^V�]�P
QFS�a7R�dA_j�^¿ b¶µ�� 0 � ê _fN7�"� � K�L�O���M�RFR�K�MX]%K�KYV�R�K�v[M�R�W�M
i�L�P�V^K�N�S�O��CWIV�dAa7S%M^V±NIS�N�Q�S%\^L�W���W7P�_�SEV�M�Q�W�S%L�KCa�LIM�s
a�K�y KuWuqIQFS�aEKYy�K¢x�M�Q2M^y K�a�b V^S7N£W�a�K�\�_,K�{ RIO�n�S%]�WI_�s
_�M%V�Q�WFn WIkcqIKYi�N�LFno�YM�RFWCPca�T^L�M�N2V^QFW2�CM%]�N�KC`�g�M�q�W
KCV�R�K�]�W�V^M%LFh7R�KjOFQ�KCa7R�P¦a7SYN7O�O�_fSI�U��]�W�_,_}M^V�Q�WI�2R2KC_
]^L�O��2S%M � T = − � 2 = � � � bXV^K�y iFS�i�LIP�KYiFW�R�S�N�K�a7dek
_�M%V�S%LFLFWI�YM%]�N�W�k�T%L�M�N�V�Q2KCi�K�a��,� �#SYR2V�W�]�WI_�_}M^V�Q�WI��R�S
KCV�R�K�]�W�V^M%LFh7R�K q�K�iFS�a7S%M^_,K7y�K~T^L�M�NYV�Q�WI��M^]�N7KCy K¡]^_}M�s
À(M�R�W2P��&%�]%L�W}bÉR�S7q�Q�WI_�M�Q}b(L�M�a7dA`#T%L�M�N7V�Q�K�i#\�S%\^M%_�s
LFM�R}b�V^K�a � �2�L�o]^LIM^i�O�M%VÉq2KCLIKC{(WIV^h � 2 = ¿�b�S � T = �W��,� �Çq2KCV�M�Q2P�M^V�]�W�_,_,M%V�Q�WIn�K�V�R�K�]�W�V%M%LFhYR�KmWI\^_}M�s
R�M�R�W2Pt\�R�SYN�Smq�Q�W�L�KY{(M�R�RIKYy�K#R�S�q�Q2P2{[M�RFWCP����ÁT�N7]�s
q�M�Q�WI_�M�R�V�S%LFhYR2K2`mQIS%xCK7V^M�������qFQ�W�a�K7i�P�V^]�P q�Q�W�_,M�Q�d
]�WI_,_�M%V�Q�WI��R�dek¦WjRIM^]�W�_,_,M^V�Q�W���R�dek¦�f� �¡_}KCLIM�N�O�s
L�PFQ�R�dek�_�K�]^V�W�N�K�a��&��SE]^�7M^V�duq2K2N�SE\^d a7S�nAVIb2��V%KÉaEM^L�W�s
�2W�R�S�V%KCN�S�N�S�N�ZoO2R�N�gFW2PÍR�S�q�Q2P2{[M�RFWCPÍ]%O�À[M^]%V�a�M�R�R�K
\�S�a7W�]�W�VXK�VÉQIS�]�q�Q�M%i�M^L�M�R�W�P&T%LFM�N�V^QIKCR�R�K�`�q�LFK7V�RIKY]%V�W
� �  	 ( ��b�¿

)
� ê W � �  	 (��b�¿

)
� ê a�]%V^KEP��CM�`�aEKYL�R�M aExYL�W�\�W

N�Q�S�M�a�gIM�q�K���N�W � ]%_ � � ��ËL�N�UW�K�VzQ�S%\�R�W�gFd \�S%]^M%LFM�R�s
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