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�HEdT9K4t]�d} z T4IJtkE

ijI�E z AXT � A�D�]�S���Jn7[6T � AgImE�TMALK4ESCLT9I�tuESCdO��MI�ESC�E z I�CdO�n<rjn9T4AL{ � C,n���A�ALE � IoT.�6r�n7ALljALK4C|O�n7A�OJ�4FH�H}�O��4I�OJOJImESR«C�Ej�«C|O�{0tSn4T
}SEu~jKMA��SI z T9C��jOQA nM~"A z }�OÎCLT9I�ljA z KMIJn7A�n��gW � A�O�CDTJTÒADK � C�ljA n � t���E T � A��SA��9I z IQALE z r tu�;~"ALK�T9I�EjALEdT�I�ES�Mt,KM{gCDT9I�t]E
z tuESl6ALrjA���T4t�T � A�{gCdK9�6A T7���9EdTMADKÒESCDT9IJtkEkC|Og�9I�ESC|E z I�CdOgI�Ejn9T9I�TH},T9I�tuEjn��gKMA�n ~"tuEjnBA�TMt T � A�n7A z KMImnBA�n � CunÔ�"A�ALE�TUt
I�E z KUADCunUAgT � A��MOJt�� t,��C z�z }jKMCDT9AvC�E6� z tu{�~jKUA � ALEjn7ImljA«I�Ej�4tuKM{gCDT9IJt|E-C|Ej�«T9t+ALE � C�E z AgT9K4C�E]n ~jCdKMA7E z r1�s�ÒEj�SA�A��S[
� I�R � ALK	T9K4C�E]n ~jCdKMA7E z r���t|}"OQ�-I�{�~jKUtuljAgT � A«A��9�4A z TÒI�ljALEjA�n7nwtu�X{gCdKÒ�jA7T��,IJn z I�~"OJImEjAvC�Ej�KUA��|} z A�n7ALOJ�4FH�H}�OÎ�MIJO�OJI�E6R
nM~jA z }�OÎCLT9I�ljAgCLTJT9C z �]n��jW � ADKUAL�4tuK4A�[�� � ALE z t|~�I�ESR���IoT � nM} z���z K4IJn7A�n7[=C�E�I�{g~"tuKHT9C�EdT	�|}�A�n9TÒIJtuE�IJn�T9t�ALlSC|O�}6CDT9AXTMt
� � CDTA7�,TMALEdT�{0tuKMAØT9KMC�EjnM~jC|K4ABE z r z C�E�OQADC|�$TMtv{0I�EjI�{0I�
dAgnU~jA z }6OÎCLT9I�ljA�CDTQT9C z �jn��]W � IJn	IJn�T � A�{gCuI�E«CdI�{ tu��T � Imn
~jC�~jADKL���JT.~jKMt|~jtSn7A�nXC«nM}SKÒlkALrtu�ZT � A0OJIoTMADKMCDTH}SK4AgC��jt|},T.T � A�~jKMtkn�C�ES� z tuEjnXtu�.T9K4C�E]n ~jC�K4ALE z r1���JT z tuEdT9KMI��]},T9A�n�F
�jt�T � T � A�t,KUAUT4I z C|OJO�rC�Ej�AL{g~�I�K4I z CdOJOmr]F.TMt�T � Av�SAL�jCLT9AvtuE«T � AwEjA�� I�EdT4ALK9ESCLT9IJtuESCdO.�4ImEkC�E z I�CdO.CdK zL� IoT4A z TH}jKUA�[1T � A
T9K9C�E]n ~jCdKMA7E z rgtS��� � I z�� IJn�t|EjA	tu��T � A%{gCdImE�~jIQOJO�CdK nL�
�9��{0t,KUAXImEk�MtuK4{gCDTÒIJtuE�IJn�nM}jIoT9C��6OJAXI�EvCX~S}6K4AX�SA z IJnBIJtuESCdO z tuE,T9AB�,T4[��A z C�E���tuE6�SADK.C��6td}uTZIoT4n z tuEdT9KMI��S},T9IJtkE�I�E�C
n9T9K9CLT9ABRjI z ALE]lkI�KUtuES{0ALEdT7�6�ÒEÔnÒTH}"�krjI�ESR�T9KMC�EjnM~jC�KMALE z rv~"tSO�I z r�tuE�T � A0AB� z�� C|ESRjA�K4CLT9A�{gCdK9�6A T4[���A z tuEjnBIJ�SALKZT � A
I�{�~jC z T�tu�%T9K4C�EjnM~jCdKMA7E z r tuE�T � A0��A�O�IJA��4ngt]�%T � AvC�R6ALE�TMn��s�XtSA�nXT9KMC�EjnM~jC�KMALE z r-I�{g~jOmr z tu{w{0tuE-�SE6t���OJA��uR6A��
NXEj���St]A�n z tk{0{0tuE��SEjt���OJA��uRjA�K4A��|} z AtuKgI�E z K ALC,n<A0T � A�OJIm�jA�OJI � tStS��tu�gC-nM~jA z }�OÎCLT9I�ljAÔCDTJT9C z ���vN �9C z T#Imn
z tu{w{0tuE��]Ejt��XOJA��uRjA�� � ALEALljALK4r6tuEjAg�uEjt���n�IoT4[�� � ALE ALljALK9r6tuEjAg�]Ejt���n%T � CLT%ALl6ADKÒrjtuEjA#�SEjt���n�I TM[sC�ES��nBt
tuE1�=�9E z tStuK4�]I�ESCDT9I�tuERSC|{0A�n#C,n7n }S{0I�ESR z tu{g{0tkE-�SEjt���OJA��uRjA�[=T � ALK AwCdKMA0{g}�OoT9I�~"OQA�A��|}�IJOJI��jKMIÎCÔC,n�I�E;nBA z tuE��
RjALEjALK4CLT9I�tuEanM~�A z }jO�CDT9I�l6A�CLTJT9C z � {0tS�SA�OJn��9��N�nvC z t|Ejn7A��|}�A�E z A�[.T � A nBA�OJA z T4IJtkEåt]�gC~jC�KHT9I z }jO�CdK0A��|}"IQOJI��jK4I�}�{
�jA z tu{0A�n�}jEu~jKUAL�SI z T9C��jOJA�[6C�ES�XT � ALE�T � AXIm{g~jC z T�t,�=T9K4C�E]n ~jCdK9ALE z r0tuE�T � AXO�I��jA�OJI � tStS�wt,�.nM~"A z }�OÎCLT9I�ljA	CLTJT9C z �jnImn
Ejt�TsK4ALOJALlSC|EdT7�d�HE6�SA�A��S[SC�E,r0AB��tuRjALEjt|}"nA7ljALEdT z C�E0�,KMI�ljA�C�nÒ~jA z }jO�CDT9ImljA%CLTJT9C z �1�
W.t z tu{g~6CdK4A�T � A«Im{�~jC z T	tuE�~"O�C�r6ADKUn����"A � C|lSIJt|}jK n�tu�X�SI��M�4ALK4ALEdTXI�ES�Mt,KM{gCDT9I�tuESC|O�nBA TQT4I�E]R]nB[�IoT	IJn�EjA z A�nBnUCdKÒrµTMt
K4AL{0tkljA�T � A z tu{0{0tkE�SEjt���OQA��uRjA0Cun7nM}6{�~uT9IJtuE1�=W � IJn�IJn�~jKMA z ImnBALO�rµT � A#~S}jK9~6tknBAvtu�	RjOJt|�jC|O�RSC|{0A�n${0tS�SA�O�n��
C�ES��{0tuKUA�RjALEjALK4CdO�O�r KUA z ALE�T z tutuK �uI�ESCLT9IJtuE RSC|{0A�n�ImE ImE z tu{g~jOJA7TMA�I�ES�4tuKM{$CLT9I�tuE C�~S~jO�IJA���T9t nM~�A z }jO�CDT9I�l�A
CDTQT�C z �jn�� V OQtd�6CdO=RSCd{0A�n	Cun7nM}S{0A z tu{g{0tkE«�SEjt���OJA��uRjAgtu��K4C7TÒIÎtkEkC|OJIoTHrj[6�S}uT*T � ALKUA�IJn�Ejt z tu{w{0tuE«�SE6t��XOJA��SR�A
tu�=~jC�rjtu�9�4n��|Y�C zL� ~jO�C�rjADK�{�}"n9Ts�9C z A.T���t	THru~"A�n�tu�=}SE z ALK�TÒCdI�EdTÒr��
Fs�H}6ES�,C|{0ALEdT9C|O�}SE z ADKHT9CdI�EdTÒr0C��jt|},T=T � APlkC|O�}"AXt]�1T � APnÒT9CDT9APlkC|K4I�C��6OJA�����nM} zL� C�Eg}jE z ALK�TÒCdI�EdTHr0C|�9�4A z T4n�T � A	~jC�rjtS�M�
K4ALOJALlSC|EdT�n9T9CDTÒA%tu�=EkCLTH}jKMA��
Fvn9T9K9CLT9A7R6I z }6E z ALK�T9C|I�EdTHra�6C,nUA���tuE�T � A�O�C z � t]� z tu{g{0t]E td~6I�EjIJtuEjn�C��jt|},TgT � A�n9T9CDTÒAlSCdKMIÎC��jOJA�n���nM} zL� C|E
}SE z ALK�TÒCdI�EdT9r z tuE z ALK4Ejn T � A C z T9IQtuEjn tu�×t�T � ALK C�RjALEdT n7[ÙK4A�nM}jOoTMI�ESR �9KUtu{ C nUIoTH}6CDT9I�tuE tS� n9T9K4C7TÒALRkI z
z tu{g~�OJAL{0ALE,T9C|K4IoT9IJA�n��6A T���A�ALE-~6OÎC�rjALK n���T � AvRSK4ALCDTMALKØT � A0E]}j{��"ALK�t,��t�T � ALKX~6CdK�TÒI z I�~jC�EdT4n zL� t]tknBI�ESR�T � A«nUC|{�A
�SA z IJnBIJtuEj[dT � A�RSKUADCLT9ALK1T � A~jC�rStu�4�s�9tuK�C	~SC�K�TÒI z }6OÎC|Ks~jO�C�rSALKD�
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\Xn7ImE,RaT � IJn��6C,nUI z �9KMC�{0A���tuKM� �4tuK�td}6K�C�EkC|O�r]nBIJn7[	T9K9C�E]n ~jCdKMA7E z r z C|E���A��SAL�4I�E6A���C,nC�E I�E z KUADCunUA�I�EaT � A
~jKMA z Imn<IJtuE«tu�ZI�E6�4tuK9{gCDT9IQtuE��dTÒK4C�EjnM~6C�K4ABE z rvI�E$T � AX~S}]�jOJI z n<I�RSESCdO C n6D.C�Ej��T9K4C�EjnM~jCdKMA7E z rµI�EgT � AP~jK4I�lSCLT9A�nBI�R]EkC|O C n7D
C � � I z�� CdKMA	CdOE�XC�rjn	�]AD�MI�EjA����6r�C�EvAL�,T9KMAL{0A	~jKUA z IJnUIJtuE«t|E0T � A z tuE z ALK9EjA��vn7I�RuESCdOJn	tu�.�SI��9�4ALKUALE�T�ESCDTÍ}jK4A�D7�uW � Imn
IJn7nM}�A � C,n��]IÎKMA z TvI�{�~"OJI z CLT9IJtuEjn�I�E�T4ALKM{#n�tu�«A z tuEStu{0I z ~6tSO�I z r1��W � A~6tknBn7I��jIJOQI TÒr�T9taC�ESCdO�rjnBA�T � A+KUt,OQA t]�
I�ES�4tuKM{gCDT9I�tuE��uIJn z OJtSnM}6K AÔImn#KUADO�CDTÒI�ljA�O�r�K4A z ALEdT7���PE�T � A«tuEjA � C�Ej�S[sT � A z tdE6�9K4tuEdT9CLT9I�tuE-��A T���A�ALE 
dtuEjA�n+�XIoT �
}SEjIE�|}�A GH��36��(�� {�}"OoT9I�~�OJA�A��|}�IJO�I��jK4I�COJALCu�kn�T9t�T � A��SAUT4ALKM{�I�ESCDTÒIÎtkEåtu�gn7IoTH}6CDT9I�tuEjnwI�E � � I z�� T � A�A z tuE6tu{gr�Imn
n9T9C��jO�A GH��36�.(�� }6Ejn9T9C��6OJA,�u��E�T � A	t�T � ALK � C�Ej�S[dT � A	AL�jIJn9TMALE z AXtS�sC	}6ESI1�|}"A�A��d}�IJO�I��jK4I�}6{ I�E z tStuK4�uI�ESCDT9IQtuEgRSCd{0Adn
RjI�l6A�n�}"nsT � A	t|~S~jtuKHTH}SEjIoTÒrPT9tgn9TH}6�urPT � A%I�{g~6C z Tstu�sI�ES�4tuKM{$CLT9IJtuEgt���I�E]RPT9t z tu{g~jC|K4CLT9I�ljAØn9TÒCDT9I z n��
x�t���ALljADKU[sT � tSnBA�I�ES�Mt,KM{gCDT9I�tuESC|OØn9T9KÒ} z TH}jKMA�n#�StE6t�T�Rjt �$IoT � td}uTXC|Eur-~jKMtd��OJAL{0n��sYZnM~�A z I�CdOJOmr][IoT�nBA�AL{�nXT � CLT
T � tSnBA�C�ESC|O�rjn7A�n;RjtaTMtSt �9C|KI�E C,nBnM}S{0I�EuR T � CDT�I�Ej�9tuKM{$C�T9I�tuE IJn+�SA z ALEdT9KMCdO�IJn7A���Cd{0tkESR CLT9tu{0IJn7A���C�RjALEdT4n
C @7ALC|ESEjA�[�cj�S�]��D7�sW � A«{gCdI�E�C,n7n }S{�~uT4IJt|E�tu�$n } z�� {0tS�SA�O9nwIJn�TÒt z tkE]n<IJ�SALKXT � CDT�I�ES�4tuKM{$CLT9I�tuE�IJnvA�nBn7ALEdT9I�CdOQO�r
~jKMI�lSCLT9A,�9\gAUT4[6tuE�T � AXAB� z�� C�ESRjA	K4CLT9A	{gCdKÒ�jA TMn7[6I�ES�4tuKM{$CLT9IJtuEvtuE�A z tkEjtu{0I z �H}6Ej�uC|{0ALEdT9CdOJn�IJn�T9ru~�I z C|OJO�rg~S}]�jOJI z �
iS} zL� C z K4IoT9I z IJn<{ IJn«CLT�T � A z t,KUA+t,�vt|}jKvC�ESC|O�rjnBIJn�����A�T � ALKUAD�MtuK4A n }SRSRjA�n9T�T4t {0tS�SA�O	T � A�I�Ej�4tuKM{gCDT9I�tuESCuO
ALESljI�KMtuES{0ALE,T�T9tM� � I z�� {$C|K9�jAUT4n�~jC|K�T9I z I�~jC�EdT4n.C�KMAØnM}]�S{0IoTJT4A���I�EgC	{0tuKUA%C�~]~jK4t|~jKMIÎC7TÒA%�9C,n � IQtuEj[u�Sr �|}"A�n9TMIJtuEjI�E6R
T � AXn9TÒK4I z T��uI z�� t�TMtu{grg��A T���A�ALEg~jKMI�lSCDTMAØImEk�MtuK4{gCDTÒIJtuE0tuE�T � AXtuEjA � C|Ej�gC�ES��~S}S�6OJI z I�ES�Mt,KM{gCDT9I�tuEvtuE�T � A�t�T � ADKL�
�1tuK�AB�jC�{�~�OJA�[���A �XC�EdT�T9t���A%C��6OJAZT9t�C�Ejn ��ALK1T � A��9tSOJOJt��XI�E]R �|}�A�n9TMIJtuEjn��
F
 

x�t�� n � t|}�OJ��~S}S�jO�I z I�ES�4tuKM{gCDT9IJtkE��jA	�uIJn z OQtknBA�� ��IoT � t|},T=�6A z tu{0I�ESR z tu{g{0tkE0�SESt���OQA��uRjA��
F
 

�XtSA�n<E��oTsT � A	~jKMtuljIJnUIJtkEµtu��~S}S�jOQI z O�r�C�ESEjt|}6E z A��vI�ES�4tuKM{$CLT9IJtuEw�jrgT � A z ALEdT9K4C|O��jC�Eu��E6A z A�n7n<CdK4I�O�r«OJALCu�
T9t	T � A��4tuKM{$CLT9I�tuE0tu�!n }S�.]7A z T4ImljA%C�Ej�ØT � }�n�~jK4I�lSCDT9A�"A�O�IJA��4n �
F
 

� � ALKUA0IJn�T � AwOJI�{0IoT�"AUT-��A�ALE�~S}]�jOJI z I�ES�4tuKM{$CLT9IJtuE�C�Ej�v~jKMI�lSCDT9AwI�ES�4tuKM{$CLT9IJtuEÔ�"t�T � tuE�CgT � A�tuKUAUT4I z CuO
C�ES�gAL{g~jI�KMI z CdO C tuKs~jK4C z T9I z CdO+D�nUI��SA��
W � IJn~jC�~jADK�C|I�{�n�CDT�RjtSImESR0��ALrjtuEj�gT � tknBA z tuEdT9KMCd�uI z T4IJtkE]nPC�ES�vCDT��jAUTJT4ALK%ALlSC|O�}6CDT9I�E]R$T9KMC�EjnM~jC|K4ABE z rv~jtSOJI z rv�6r
nMrSEdT � A�nBIJn7I�E]R-C�Ej� z tuES�9K4tuEdTMI�E]R�T � A�tuKUAUT9I z CdO�C�Ej�-AL{�~�IÎKMI z CdO ��tuK9�jngtkE�T9K4C�E]n ~jCdKMA7E z r�tuE�T � A«AB� z�� C|ESRjAvK4CLT9A
{gCdK9�6A T7�|W � }�n7[dT � A�K4AL{gCuI�ES�SADK�tS��T � A�~6C�~jALK�IJn�n9T9KÒ} z TH}SK4AL��Cun.�9tuOJOJt���n��]ijA z T9IJtuE���SALljA�OQtd~�nsT � A�tuKUA TMI z CdO6K4A�nM}"OoT4n
tuE�T9KMC�EjnM~jC�KMALE z r z tk{0I�ESR �9KMtu{ C z tStuKU�,ImEkCLT9IJtuE+RSCd{0AvC|ESCdO�rjnUIJn���n7A z TÒIJtuE-c-�Mt z }"n7A�nwtuE AL{g~�I�K4I z CdO%nÒTH}"�]IJA�n
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K4ALO�rjImESR«tuE$T � A�~jK4ALljIQtd}�nUO�r«{0ALEdTMIJtuEjA���T � A�tuKUAUT9I z CdO=�9K4C|{0A���tuK9�jn���i�A z T9IQtuE�� z tuES�9KUtuEdT4n.T � A�tuKMr�C�E6��AL{g~�I�K4I z n
C�ES�+C�ESCuO�rjnBA�n � t��×K4A z ALEdTg�SALl6A�OJtu~6{0ALE�TMng��AUTJT4ALK z CDT zL� nMTHrSOJIJn7A����9C z TMn��sW � IJnvALESC��6OJA�n#}"n�TMt~jKMt|~"tSnBA«EjA%�
I�EjnUI�R � TMn.�9t,K�A z t|Ejtu{0I z C�Ej��ImEk�MtuK4{gCDTÒIJtuESCdO]~jtSO�I z IJAdn��

�d�u��~,T9I�{gCdO6WZK9C�EjnM~jC�K4ALE z r$G=t,OQI z r��|W � A�tuKMA TMI z CdO6{0tS�SA�OJn

W � A�tuKUAUT9I z CdOw{0tS�]A�OmnåtS� z tStuK4�SImEkCLT9IJtuE RSC|{0A�n"��IoT � I�E z tk{�~�OJAUT4A�I�ES�Mt,KM{gCDT9I�tuE �SA��]I z CDT9A���T4t nM~�A z }jO�CDT9I�l�A
CDTQT�C z �jn-nM}SR]RjA�nÒT�T � CLT0T9KMC�EjnM~jC|K4ABE z r � CunC|{���I�Ru}jt|}"n z tkE]nBA��|}"ALE z A�n-tkE T � A�n9T9C��6IÎOQI TÒr tu��{gCdKÒ�jA TMn��	W � I�n
z tuE z O�}"nBIJtuE Imn �jCun7AL� tkE T � A �SI��9�4ALKUALE z A tu� ESCLTH}jK4AÛ�jAUT-��A�ALE ~S}S�6OJI z C�E6� ~jK4ImlkCLT4A ImEj�9tuK4{gCDTÒIJtuE I�E
�SA z ALE�TÒK4CdO�IE
dA��µ{$C|K4�6A T4n��j�HEnM~jIoT4Agt]�%IoT4n z t,tuKU�uI�ESCDT9IQtuEv~"t�TMALE�TMI�CdOJ[�~S}S�jOQI z I�ES�4tuKM{$CLT9IJtuEÔ{$C|rv�"Ag�]Adn9T9C��6IÎOQImn<I�ESR1�
�HE0T � IJn�~�ADKUnM~jA z T4ImljA�[=C�Eµt|~,TÒI�{$CuO�T9KMC�EjnM~jC�KMA7E z rv~�tuOJI z r��St]A�nPEjt�T.EjA z A�n7nUC|K4I�O�r«{0ALC|E z tu{�~"OJAUTMAØT9KMC�EjnM~jC|K4ABE z r1�
��AµnÒTH}j�ur�T � A«t|~,T4Im{$CuO�T9KMC�EjnM~jC�KMA7E z r~�tSOJI z r�jr z tuEjnUIJ�SA�KMI�E]R�T � A«I�{g~6C z TXtu� � I�R � ADK	T9K9C�EjnM~6CdK4ABE z r�tuE�T � A
~jKMtd�6C��jI�O�IoT9r0tu�sC�nM~jA z }�OÎCLT9I�ljA�CDTJTÒC z �1��W � KMA�A	ALESljI�K4tuE]{0ALE�TMn z C�E��jA	�SIJn9T9ImESRu}jIJn � A���� C I D�T � A%~]}S�jOJI z I�Ej�Mt,KÒ{$CLT9IJt]E
z C,n<AgC,n�C0��ALE z�� {gCdKÒ�;n<I TÍ}jCDT9IQtdEj[ C IJI+D�T � Ag~6K4I�lSCDTÒA�I�Ej�MtuK4{0CLT9I�tuE z tuEdT4AB�,T4[sC�Ej� C IJIJI+D�T � A�nBI�{�}"OoT9C�EjA�t|}"nP~S}S��OÎI z
C�ES��~jK4I�lSCDTMA%ImEk�MtuK4{gCDTÒIJtuEg�9K4C�{0A���t,KÒ�1�

�d�H�.W � A%t|~,TMI�{gCdOuT9K4C�EjnM~jC�K4ALE z r�}SE6�SADK!~S}S�jO�I z I�ES�4tuKM{gCDT9IJtkE

�HE�T � A«n9T9C�E6�,C|K4�;{0t,�]A�O%tS���Ø�"n9T9�MADOJ� C �L�6b,�S[��D�]�S��D4[sT � AÔ�H}SEj�uC|{0ALE�TÒCdO%n9T9CLT9A«tu�%T � A�A z tuE6tu{gr IJn�~�ALK4�4A z TMO�r
�SEjt��XE��6r«T � AvC�RjALEdT4n%�sI T	IJn z tu{g{0tuE+�uEjt���OJA��kRjA,�=�9E«T � IJngn7ALEjnBA�[=T � ALKUA�IJn��H}jOQO*T9KMC�EjnM~jC|K4ABE z r1�1W � Aw{0tS�SA|O
OJALCd�Sn C ImEPT � A%I�EdTMADKM{0A��SI�CDTÒA%K4ALR6IJtuE
D�T9t$nBA�O��4FH�H}"O��MIJOJO�I�ESR��"A�O�IJA|�sA��d}�I�OJI��jK4I�C6�
W � A��H}jEj�uC|{0ALEdT9CdOJn	tu�sT � A�A z tuE6tu{gr�C|K4A z�� C|K4C z T9ADKMIE
dA��g�6r0T � A	~6CdK9C�{0AUTMADK θ,

� � I z�� IJn�ESt�T�t|�"nBADKÒljA��g�6r$T � A
C�R6ALE�TMn��

θ � h C � [ τ � D7� C �7D

W � A�C�RjALEdT4n.tkEjO�r � C|ljA	AB�S~�A z T9CLT9IJtuEjn.C��jt|},T θ I�EXT � A%�9tuKM{ tu�*CPEktuKM{gCdO]~jK4t|�jC��jIJO�IoT9rg�SIJn9T9KMI��]},T9IJtuE ��IoT � {0ADC|E �
C�ES��lSCdKMI�C�E z A C

τ ��D7��N�n.C z tuEjn7A��|}�ALE z A�[dT � A�~S}S�6OJI z nUI�RuESCdO � IJn�RSI�ljALE��jrgC	EStuImnBA η [SCun��9tuOJOJt���n%�

� � θ � η , 
�XIoT � η∼

h C �][ τ � D7� C c-D

�HEXT � A%�MtuK4{gCdO6�9K4C�{0A���tuKM�][|T � AlSCdK4I�C��jOJA � IJnsT � }"n z tu{g{0tkE0�uEjt���OQA��uRjA%C�Ej��Y C
θ

� � D � � �
^}6O TÒI�~�OJA	A��|}"IQOÎI��jKMI�C z C�E��"A	I�EdTMADKÒ~jK4AUTMA���Cun.�SAdn9T9C��jI�OJIE
dI�ESRg�4tuK1T � A	A z tuEjtk{gr$Cun.C z K4IJnUIJn z C|E0t z�z }jK�tuK�E6t�TM[$]M}"n9T
�SAB~"ALE6�SI�ESR-tuE«T � Aw��A�O�IJA��4ngtu�	{gCdKÒ�jA T�~6CdK�TÒI z I�~jC�EdT4n��=�1tuOJOJt���I�ESRG1K4C7TÒIZC�Ek�+iS�6K4C z I�C C c6�S�uc
D4[�IoT	C�~S~jALCdKUn%T � CLT
� � ALE«T � A#~jK4A z IJnUIJtuEtu�%~]}S�jOJI z I�Ej�9tuKM{$CLT9IJtuEI�E z KUADCunUA�n7[�IoT4n�AL�9�4A z T	tkE�T � A0OJI��6A�OÎI � tStS��tS�Øn ~"A z }"O�CLT9I�ljAgCLTJT9C z �
�SAB~"ALE6�kn�tuE�T � AXAB�S~"A z TMA��g�H}jEj�uC|{0ALEdT9CdOJn��uI��1T � ALr0C|K4AXnM}j�9�9I z IQALE�TMO�rgRjt]tS� C �jCd��D4[uT � ALE�nM~"A z }�OÎCLT9I�ljA	CDTJTÒC z �jn�C|K4A
OJA�n7n C {0tuK A�D.OÎIm�jA�O�r1�u�9Ej�]A�A��k[]~6K4A z IJn7A�~S}]�"O�I z ImEk�MtuK4{gCDTÒIJtuE0{0ALC|Ejn�T � CLTZnM~6A z }jO�CLT9tuK n�C|K4A	{0tuKMA z tuES�4IJ�]ALE�T�C��jt|},T
T � A��9C z T�T � CLTjT � A%C z TÍ}jCdO6�H}SES�uCd{0ALEdT9C|OJn z tu{0A z OJtSnBAZT9t	T � A�I�K.A7�g~jtSn9TsAB�S~�A z T9CDTÒIÎtkE��



K

�d� c�W � A%t|~,TMI�{gCdOuT9K4C�EjnM~jC�K4ALE z r�}SE6�SADK!~jK4I�lSCDT9A	I�ES�Mt,KM{gCDT9I�tuE

^-tuKMK4IJn«C�ES� i � I�E C �D�S�6bHD z tuEjnBI��SADKwT � A�I�{�~jC z Tvtu�gT � A�nUtuOJA;~jK4I�lSCLT9A�I�ES�4tuKM{$CLT9I�tuE tuE T � A���A � C|ljI�t|}jK«t]�
nM~jA z }�OÎCLT9tuK n��|W � AXn9TÒCDT9A θ tu�"T � AXA z tkEjtu{gr�IJn.Cun7nM}6{0A��XT9tg�jA�}6ESIJ�9tuK4{0Omr0�SIJn9T9K4I��S}uT4A��gtuEgC�OÎC|K9RjA	nM}S~S~�tuK�T C nUC�r

ℜ��� D/�

θ � \�t|E
ℜ

� C �)D

W � }�n�nUI�RSESCdOJn.C�K4A�CdOJnUt�}SEjI��4tuKM{0O�rg�SIJn9T9K4I��S}uT9A���Cun.�9tuOJOJt���n��

��� � θ �     ε
��[��XIoT � ε � � h C �S[ σ� D7� C e-D

�HE�nM} z�� C z tuEdTMA7�,TM[dT � ALr�n � t��aT � CLTs{0tuKUA�~jKUA z IJn7A~jK4ImlkCLT4A	I�ES�Mt,KM{gCDT9IQtuE#F�T � CDTsIJn7[]{0tuKUAZT9KMC�EjnM~jC|K4ABE z r��]AD�MI�EjA��S[
I�EXT � CDT z CunUA�[kC,n�CØO�t���lSC|K4I�C�E z A�I�E�~jK4I�lSCDTMA%I�ES�Mt,KM{gCDT9IQtdE�F1KMA��|} z A�nsT � A~jK4t|�jC��jIJOJIoTHr0tu��nM~�A z }jO�CLT9I�ljA�CDTJT9C z �jn��
W.t«{gI�EjI�{0IJnBA�T � A�~jKMtd�6C��jIJOQI TÍr tS�	nM~�A z }�O�CDT9I�l6AgCDTJT9C z �jn7[�T � A#RjtuljALKMES{0ALEdTXn � t|}�OJ�v~jKMtuljIJ�SAXT � A���Adn9T~jtSn7n7I��jOHA
~jKMI�lSCLT9AaImEj�4tuK9{gCDTÒIJtuE �S},T�C�l6t,IQ� z tu{g{0tuE �]Ejt���OJA��kRjA��jA z C�}�nUAat]��T � A��,C|ESR6ADK+t,��{g}�OoT9I�~"OQA�A��d}6IJOJI��jK4I�C
C xgADI�E6AL{0CdEuE0C�Ej���MOJO�I�ESR C cj�]�uc
D D7�|W � A�OJI�ES����A T���A�ALE�T9KMC�EjnM~jC|K4ABE z r$C�Ej�	T � A	OJIm�jA�OJI � tutS�gt]�!n ~"A z }"O�CLT9I�ljA�CDTJT9C z �
K4A�n9T4n�t|E�T � Aw�4tuOJOJt���I�ESR�Cun7nM}S{�~,T9IQtuE��6~jC�rSt,�M�4nXCLTJTHC zL� A��wT9t�CvnM~jA z }jO�CDT9ImljAgCDTJTÒC z ���SAB~�ALEj�«E6ALRkCLT9I�ljA�Omr�tuE�T � A
�H}SEj�uC|{0ALEdT9CdOJn��W � A-OQt���ALK$T � A-�H}6ES�,C|{0ALEdT9C|OmnB[�T � A � I�R � ALKgT � A�~jC|rStS�9�4nÔI�E z C,nUA+t,�wC�nM} z�z A�n7nU�H}�OXCLTJT9C z �1�
iS~6A z }�O�CDT9tuK n�jALCdK�tkEjO�r$TÒK4C�EjnUC z T9I�tuE z tSn9T4n	I��.CDTJT9C z �jn%�9C|IJO9�S�=IÎKUn9T4[ � I�R � ADK�T9KMC�EjnM~jC|K4ABE z rj[=I�E0T � A$nBALEjn7A�tS�.{0tuK7A
~jKMA z ImnBAg~6K4I�lSCDTÒA�ImEk�MtuK4{gCDTÒIJtuEj[ � A�O�~�n	T4t�KUA��d} z Aw{$C|K9�jAUT	}6E z ALK�T9C|I�EdTHrCdE6��T � ADKUA��9tuKUA0KUA��|} z A�ngI�E z ALE�TMI�ljA�ng�9tuK
nM~jA z }�OÎCLT9I�ljA�CLTJT9C z �]n%�g{g}jOoTMI�~jOJI z IoTÒr tu��A��|}"IJO�I��jKMIÎC IJn�OJA�nDn O�I��jA�O�rj[gT � A � ImR � ALK T � A�~jKMA z IJn7IJtkE tu�~6K4I�lSCDTMA
I�ES�4tuKM{gCDT9I�tuE1�gi�A z tuE6�k[ � I�R � ADK«T9KMC�EjnM~jC|K4ABE z r � A�O�~"n�T9t KMA��d} z A+T � A ~jKMtd�6C��jI�OJIoTÒr tu��CDTJTÒC z �jn�ALljALE I��vT � A
A��|}"IQOÎI��jKMI�}j{×IJn�}jE6I1�|}"Au�1G=K4A z IJnBAg~jKMI�lSCLT4AvI�Ej�4tuKM{gCDT9I�tuE-FHC|Ej��CÔOJt�� �SALRSKUA�Avt,� z tu{0{0tuE���A�OJIJA��4n7F�OJALCu�kn	TÒt�C
}SEjIE�|}�A�A��|}�IJOJI��jK4I�}6{ �XIoT � CgOJt�� ~6K4t|�jC��6IÎOQI TÒr�tu�.CDTJTÒC z �0IJ�.I�T�ImEj�SI z CDT9A�n�C�KMCDT � ALK.RjtutS�0�H}6Ej�uC|{0ALEdT9CdO1n9TÒCDT9Au�S��E
T � A z tuEdT9KMC�K9rj[uC	EStuEjF�T9KMC�EjnM~jC�KMALEdT=~jtuOJI z rg{0I�R � T�T9KMI�RSRjALK�C�EgCDTJTHC z �$ALljALE � � ALE$�H}6Ej�uC|{0ALEdT9CdOJn.C�K4A�K4CLT � ADKsRStSt]�"�
� � ALE �H}jEj�uC|{0ALEdT9CdOJn�C|K4A �jCd�S[�T � A�C�},T � tuKMI TÒIJA�n � C�ljAaC|E ImE z ALEdT4I�l6A TMt�~jK4tul6IJ�SA �"I�C,nBAL� I�Ej�Mt,KÒ{$CLT9IJtuE F
tuljALK4t|~,TMI�{0IJn9T9I z I�ES�4tuKM{$CLT9IJtuE«C��6td}uT�T � Agn9T9CLT9A�tu��T � AgA z tuEjtk{gr"F.I�E0T � A � t|~�AØTMtv�SA z KUADCunUA	T � A�~jK4t|�jC��jIJOJIoTHr�t]�
C�E�CLTJT9C z �1�.�HEa�9C z T4[	nM} zL� �"A � C�ljIJt|}jK0IJn z t|}6E�TMALK9~jKMt,�|} z TMI�ljA&���SEjt���ImESR-T � CDT$RjtStS��nBI�RuEkCuOJnvC|K4AÔ}jESK4A�OQIÎC��jOJA�[
nM~jA z }�OÎCLT9tuK nCDTJTHC z ��T � A z }jK4KMA7E z r � � ALKUA�T � ALr+�Pt|}�OJ�gESt�T � C�l6AØCLTJTHC z �jA��gI��1T � AXnUC|{0AXnUI�RSESC|Omn � C,����A�ALE0{0tuKUA
K4ALOJI�C��6OJA C f � A�O�I6C�Ej����A�O�O�CXG=tknÒT9C C cj�S�kc
D D7�
W�KMC�EjnM~jC�KMA7E z r-KUA�nM}�O TMng�9K4tk{ ~]}S�"OQI z C�ESEjt|}6E z AL{�ALEdT4n#C��jtk},T%T � AµnÒT9CDT9AÔt,���H}SEj�uC|{0ALEdT9CdOJn��=xgt���ALl6ADKU[�~S}S�jO�I z
C�EuEjt|}6E z AL{�ALEdT4nwC|K4A z tu{w{0tuE��SEjt���OJA��uRjAu�sxgALE z A�[.xgADI�E6AL{$C|ESE�C�Ej�+�9OJOJI�ESR C cj�S�uc-DF��tkEj�SALK � t�� ~6K4I�lSCDTUA
I�ES�4tuKM{gCDT9I�tuE�n � t|}jOQ���A��SIJn z OJtSn7A�� ��IoT � td}uTX�6A z tu{0I�E]R z tk{g{0tuE��SEjt��POQA��uRjAu��W � ALr z OÎC|I�{×T � CDT�C:�XC�r t]�
C zL� IJALl6I�ESR0nM} z�� C�K4A�nM}jOoT ��t|}�OJ���"A.T4t�RjImljAZTMt�C�ESr0C�R6ALE�TsKMA�OJI�C��jOQAØImEk�MtuK4{gCDTÒIJtuE � � ALEXT � ALr$CunU�g�4tuK�IoT ��IoT � t|}kT
C�EuEjt|}6E z I�ESR IoTv~S}S��O�I z O�r1��iS~�A z }"O�CDTÒt,KUn z td}6OJ��EjALljALK«��AanM}jKMAT � CDTwT � A�t�T � ALK�C|RjALEdT4n ~"tSn7nBA�nBn«T � A�nUC|{�A
I�ES�4tuKM{gCDT9I�tuEaCungT � AL{«��ijI�{0IQOÎC|K4O�rj[�K4A��|} z I�ESR-T � A«~6K A z IJnUIQtuEatu�g~S}]�jOJI z C|E,E6td}6E z AL{vALE�TMn z td}6OJ��C�l6t,IQ� � I�R �
�SALRSKUA�A�ntu� z tu{g{0tkEg�"A�OJIQAD�4n��|N�Ejt�T � ALKs~"tSn7n<I���IJOJIoTHr ��td}�OJ� z tuEjnBIJn9TsI�EgC,�]td~uT9I�ESRgCX�SA z ALE�TÒK4CdO�IJnBA���C�~S~jK4tuC zL� �|�ME
~jKMA�nBALE z Atu�0AB� z A�OQOJALEdT��S},T z tSn9TÒO�raI�ES�4tuKM{gCDT9I�tuEj[.T � AÔ~jK4tk�jC��jI�O�IoT9r-T � CLTXT���t�C�R6ALE�TMnw}"nUAAB�jC z TÒO�r-T � AnUC|{�A
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nUt|}jK z A z t|}jOJ����AanM}6�9�4I z IJALEdT9Omr nU{gCuOJOXT9t�C�l6tSIJ��T � A��SALRjKMA�A�tu� z tk{0{0tuE���A�OJIJA��4n;K4A��|}"I�KMA����4tuK�{�}�OoT9I�~"OHA
A��|}"IQOÎI��jKMI�Cj�

�d�o��W � A%t|~,TMI�{gCdOuT9K4C�EjnM~jC�K4ALE z r�}SE6�SADK!~S}S�jO�I z C�ES��~jK4ImlkCLT9A%ImEk�MtuK4{gCDTÒIJtuE

W � A+I�{�~jC z Tvtu�g��t�T � ~S}]�"OJI z C�Ej��~6K4I�lSCDTÒA-I�ES�4tuKM{gCDT9I�tuE�tuE T � A �]A z ImnBI�tuE�t,�vA z tuEjtu{0I z C�RjALEdT4n � C,nµ�"A�A�E
AB�S~"OQt,KMA��X�6rg^-tuK4KMImn.C�ES�0i � ImE C cj�]�ue
D7�|�HEPT � A%{0t]�SA�OJ[

θ � h C � [ τ � D C `)D
� � ALKUA � IJn z tu{0{0tkEg�SEjt���OQA��uRjAu�
NXRjALEdT4n.KMA z A�I�ljA	I�Ej�]A7~�ALEj�SALEdTMO�r$C�ES��IJ�]ALE�TMI z CdOJOmr�EjtuKM{gCdOJO�rg�SIJn9T9KMI��S},T9A��gnUI�RSESC|Omn � ��tuEPT � A%�H}6ES�,C|{0ALEdT9CuOJn��
��� � θ � ε �4[��XI T � ε � � h C �S[ σ � D7� C �)D

N�nwY C
θ

� � � [ � D �

� �

� �
�

� �τ σ
τ σ

+
+

[�T � A�I�{�~6C z T�tu�ØT9KMC�EjnM~jC|K4ABE z r�tuE T � A�O�I��6A�OJI � tSt]�-tu�$n ~"A z }"O�CLT9I�ljA«CLTJT9C z �]n

�SAB~"ALE6�kn�{$C|I�EjO�rgtuEXT � A�K ALO�CDT9ImljA�~jKMA z IJnUIJtkE$tS�=~S}]�jO�I z C�ES��~jK4I�lSCDTÒAØnUI�R]EkC|OJn��

^-tuKMK4IJn�C�ES��i � I�E C cj�S�ke
Dv�4I�Ej��T � CLTgT � A�AL�4�4A z T4n;t,�w~jKMI�lSCDT9A+C|Ek� ~S}S��OJI z n7ImR,ESCuOJn���~jK4A z IJnBIJtuE�CdKMA-CDTw�6A�n9T
C�{���I�Ru}jt|}"n��=�9ES�SA�A��j[=T � Av�SI��9�4ALKUALE z A#�"AUT���A�ALE�~6K4I�lSCDTÒA0C|Ej�Ô~S}S�jOJI z ImEk�MtuK4{gCDTÒIJt|E-OJADCu�Sn	T9tn7tk{0A�ImE�TMALK A�n9T9ImESR
K4A�nM}jOoT4n��u�9E�T � A�~jKUA�nBALE z A�t,��~jKMI�lSCLT4AXImEk�MtuK4{gCDTÒIJtuE0C��6td}uT1T � A	}6Ek�]ADKUO�rSI�ESRv�H}jE6�,C|{0ALEdT9C|OmnB[]RkKUALCDT9ALK�~jK4A z Imn<IJtuE�t]�
~S}S�6OÎI z I�Ej�4tuKM{$CLT9I�tuE-�StSAdn$Ejt�T	CdOE�XC�r]n#OJALC,�vTMt�Cv��AUTJT4ALK�nUIoTH}6CDT9I�tuE1� V OJt|�jC|O.RSCd{0Aw{0tS�]A�O�ngn � t�� T � CDT	I���T � A
~jKMA z Imn<IJtuE0tu�=~S}S�jOJI z ImEk�MtuK4{gCDTÒIÎtkE0Imn.O�C|K9RjA z tu{g~jC|K4A��	T9t	T � A�~6K A z IJnUIQtuE0tu�1~6K4I�lSCDTÒAØI�Ej�MtuK4{gCDTÒIÎtkE][|T � ALEg{g}6O TMI�~"OHA
A��|}"IQOÎI��jKMI�C0C�ES�«ImEjAD�M�9I z IJALE z r z C�E«C�~S~�ALCdKD�uW � CDT.{0ALC�Ejn�T � C�T�T � AgOQALljA�O�tu���H}jE6�,C|{0ALEdT9C|OmnP�StSA�n	Ejt�T��]A TMADKM{0I�E�A
� � AUT � ADK	C�E�CDTJTHC z ��tuKØCwESt|E"FHCDTQT9C z ��A��|}�I�OJI��jK4I�}6{ ~jKUALlkC|I�Omn|�6W � IJn�K4A�nM}jOoT � Cun	�jA�ALEAL�,TMALES�SA��«C|ES�0T � Ag{0tS�SA|O
CdOJnUt�~jKMA�nBALEdT4n�nUtu{0A�lSCdKMIÎC�EdT4n��

�d�o���H�.Ys�,T9ABEjn7I�tuEjn.C�E6��C�~S~jO�I z CDT9IJtkE]n

^-AUT-
 C cj�]�uc
D4[=��C�ESE6IJADK�C�Ej�wxgA�I�EjAL{gC|ESE C cj�S�S`�D�C�Ej�vG1KMCDTHIsC�Ej��iS�6K4C z I�C C cj�S�uc
D.~SKMtd~6tknBA�C�E«C�~S~6OJI z CDT9IJtkEµt]�
T � A+�SAB�,T z KMIJnUIJnÔ{0tS�SA�O�t,�w^-tuK4KMIJn«C�Ek� i � I�E C cj�S�ue
D�T9t�C z }SK9KMALE z r z K4IJnUIJnÔ{0tS�]A�OÍ�W � ALr��SA��|} z A�~"tuOJI z r
I�{�~"OQI z CLT9IJtuEjn.�9KMtu{ nM} z�� CX��KMC�{0A���tuKÒ���
^-AUT-
 C cj�S�kc
DXn � t���n	T � CDT ��I T � �jt�T � ~]}S�jOJI z C�Ej�Ô~jKMI�lSCLT4AvnUI�RSESCdOJn	T � ALKUA�AB��ImnÒT4n�C�EI�E�TMALK4C z TÒIJtuE��jA T���A�ALE«T � A
T���t�TÒr,~�A�ntu��ImEk�MtuK4{gCDTÒIÎtkE���~]}S�"OQI z C|Ej� ~jK4ImlkCLT9A�I�Ej�9tuKM{0CDT9I�tuE z C|E � C�ljA�t|~S~�tSnUIoT4A AD�M�4A z T4ntuE�T � A+~jK4IJtuK
~jKMtd�6C��jI�O�IoT9rvt,��C z KMImn<ImnB[6�SA7~�ALEj�SImESR0tuE�T � A�~jK4IJtuK�{0ADC|Evt,�.�H}SEj�uC|{0ALEdT9CdOJn��u�HE�T � A z C,nBA	tS��C��jCd�g�H}]Ek�uC|{0ALEdT9CuO
n9T9CLT9A	tu�1T � AXA z t|Ejtu{grj[uT � A	{0tuK A�~jKMA z IJn7A�~S}S�6OJI z I�ES�Mt,KM{gCDT9I�tuE0C�Ej�XT � A�OJA�nBn.~jKMA z ImnBA�~jK4I�lSCDTMA	I�ES�4tuKM{$CLT9IJtuEj[uT � A
� I�R � ALK.Imn�T � A�~jKMtd�6C��jIJOQI TÍr�tu�sC�nM~�A z }jO�CDT9I�l6AØCLTJT9C z ���u��E�T � A z tuEdT9K4C�KÒrj[SI�EgC�nBIoTH}jCDTÒIÎtkE0tS�sRjtSt]���H}6Ej�uC|{0ALE�TÒCdOJn�C
� I�R � ALK.~jKUA z IJnUIJtuE«tS�sT � A�~S}S�6OJI z nUI�RSESCdO=C|Ej�0CgOJt���ADK.~6K4A z I�nUI�tuE«tS�sT � A	~jKMI�lSCDT9AgnUI�RSESC|O*OQADCu��TÒt�CgKMA��|} z T9IJtuE«IQE
T � A~jK4t|�jC��jI�OJIoT9rgtu� z K4IJn7IJn��
��C�E]EkIQADK�C�Ej�gxgA�I�EjAL{gC|ESE C cj�]�S`�D.C�ESCdO�rjnBA%T � A	~jKMtd��OJAL{ tS�.I�ES�4tuKM{gCDT9IJt|E«�SIJn z OJtSnM}jK4AM� � ALEvC z ALEdT9KMCdO��6C�Eu�«Imn
T � K4ALCDTMALEjA��;�Sr C-nM~�A z }jO�CDT9I�l6A«CDTJTÒC z � tkE T � Av~�ALR-�6r T9KMC��SADKUn����HES�Mt,KM{gCDT9IQtdE+~"t]OJI z r-�]r T � A«R6tuljALK9ES{0ALE,T#Imn
�jCunUAD�vt|E$T � A��]ImnBn7AL{0I�ESCLT9IJtuEvt,�.I�Ej�]I�lSIJ�|}jCdO1nBI�RSESCdOJn�tuE�T � AXKMADC|OJIE
dA���nÒT9CDT9A�t,�=T � A�A z tuEjtk{gr$TMtXT � AXC�RjALEdT4n��u�ME
nUtv�9CdK�Cun �$[0�8�� � �jALOJIJA��4n	�]IÎ�9�MADK�C�{0tuE]RµC�RjALEdT4n7[6T � IJn	I�ES�4t]K9{gCDT9IJtkEµIJn�~6K4I�lSCDT9Au�6W � A�Rjtul6ADKÒES{0ALE,T z C�E z�� tStSnLA
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T � Ag�]ALRkKUA�AgtS�.~6K A z IJnUIQtuE�tu�ZT � A0I�ES�4tuKM{gCDT9I�tuE � A0�SIJn z OÎtSnBA,n��]x�I�R � ~jKUA z IJnBIÎtkE�{0ALC|E]nT � CDT�~jK4I�lSCDT9A�C|RjALEdT4n	C|K4A
C��6OÎAT9t�~6K AL�SI z T z ALEdT9K4C|O��jC�Eu��~jtSOQI z r1�	W�K4C�E]n ~jC�K4ABE z r IJn+�SA�n z K4I���A���C,nÔT � A-~6K4A z IJn7IQtuE tS�0T � A � ~jtSn9TMADKMIJtuK
I�ES�4tuKM{gCDT9I�tuE A tuE�T � AXKMADC|OJI1
dA��g�H}6Ej�uC|{0ALEdT9CdOsn9T9CDTÒA,�uW � A	{vCdI�E0KUA�nM}6O Tt,�=T � A�I�K.{0tS�]A�O*nM}SR]RjA�nÒT4n�T � CDT z tu{�~"OJAUTUA
T9K9C�E]n ~jCdKMA7E z r«IJn�Ejt�T�EjA z A�n7n<CdK4I�O�r«�SA�nBIÎKMC��jOQA,�]^-tuK4A	~6K A z IJnBA�O�rj[ST � A�t|~,TMI�{gCdOs�SALRSKUA�A�tS�sT9KMC�EjnM~jC�KMALE z r«�SA7~�ALEj�jn
tuET � A � {gCdK9�6A TgnUALEdTMI�{0ALEdT A [�T � CDT�IJn�T � A �Y��3$��
3$� AB�S~jA z T9A��+lkC|O�}"Au��^+C�K9�SA TgnBALEdT9I�{0ALE,T�K4AB~jKUA�n7ALEdT4n#~S}S�6OÎI z
I�ES�4tuKM{gCDT9I�tuE�T9t«T � A«AB�,T4ALEdT�T � CDT	IoTXIJn�C z tu{g{0tuE��A�OJIJAL�XC��jt|},T�T � AvK ALC z TÒIJtuE-tu��T � A z ALE�TÒK4CdO��jC�ES� �9C z A��«TMt
{gCdK9�6A T�~�tSn7IoT9IQtuEjn��s� � ALE-T � A{gCdK9�6A TwIJn«nM}j�9�MI z IJALEdT4Omr ~�Adn7nUIm{0ImnÒT9I z [ZT � CDTgIJn+� � ALE T � A�~6K4IJtuKw{0ADC�Eatu�XT � A
A z tkEktk{0I z ~�ADKM�4tuK9{gC|E z AXIJn.}SE6�SADK.C z ADKHT9CdI�E�T � KUA�n � tuOJ� C {0AdC�ESI�E]Rg~jK4I�tuK��6Cd�g�H}SEj�uC|{0ALEdT9CdOJn6D4[uT � A	Rjtul6ADKÒES{0ALEkT
n � t|}jOQ� z tu{g{0I�T	IoT4nUA�O���T9t�uIJn z OJtSnBAg~jKMI�lkCLT4AwI�ES�4tuKM{$CLT9IJtuE:��IoT � {gC��jIm{$CuOs~jKUA z IJnBIÎtkE��=�	E�T � A z tuEdT9KMCdK9rj[�� � A�E
T � A�{gCdK9�6A T�IJn	nM}j�9�MI z IJALEdTMO�r«td~uT9I�{0IJn9TMI z [ ���+��� �9tuK.RjtSt]�g~jKMIJtuK�A7�S~�A z T9CLT9I�tuEjn	tuE$T � AX�H}6Ej�uC|{0ALEdT9CdOJn7[]T � A�td~uT4I�{gCuO
~jtSO�I z r-�SAB~"ALEj�Sn#tuEµT � AwlSCdKMIÎC�E z A«tu�X�H}SE6�,C|{0ALEdT9C|Omn��*�PE�T � AvtuEjA � C�Ej�S[�CÔOJt�� lSCdKMIÎCLT9I�tuE-AB�S~"A z TMA��Ô�jr«T � A
C�R6ALE�TMn�K4A��|}�I�K4A�n�T � CLT1T � AXC�},T � tuKMI TMIJA�n��SIJn7n7AL{0ImEkCLT4A�~jKMI�lSCDT9A�I�ES�4tuKM{gCDT9I�tuE �XIoT � T � AXOJt���Adn9Ts~�tSn7nUI���OJA�~jKUA z Imn<IJtuE1�
W � AwK4CLT9I�tuESCdOJAv�4tuK�n } z�� �"A � C�ljIJt|}jKXIJn��4tuK%T � AvC�},T � t,KMIoT9IJA�nXT9t�C�ljt]IJ� n ~"A z }"O�CLT9I�ljAwCDTJT9C z �µTÒK4I�RSR6ADKMA����Sr n7A�O��4F
�H}jO��4IQOÎOQI�ESRv�"A�OQIJAD�4n��"�ØE#T � Agt�T � ADK � C�Ej�S[�� � ALE#T � A�{gCdKÒ�jA T�AB�S~"A z TMn	C � I�R � lkC|K4I�CDTÒIÎtkE][=C�Ek�Ô�4tuK%C�EµImE z KMADCunUI�E6R
lSCdKMIÎC�E z A	tu�*�H}]Ej�uCd{0ALEdT9C|OJn7[dT � ALEPT � A	td~uT9I�{gC,O6�SALRSKUA�A	t,��T9K9C�EjnM~jCdKMA7E z r$KMImnBA�n��
W � A�nBA�KMA�nM}�OoT4nwCdKMA�AL�S~6OÎC|I�EjA���C,nw�MtSO�OJt���n����M��C�RjALEdT4nvC�E�TÒI z I�~jCDT9AvT � CLT	T � A�n9TÒCDT9AIJn#�jCd�S[�T � ALr�CdKMA n9TÒK4t|ESRjOQr
I�E z O�I�E6A��$TMtvCDTJTÒC z �0T � A z }jK4KMA7E z r��6W � A��9C z T�T9t � C�l6A�EjtvI�Ej�9tuKM{$CLT9IJtuE«I�E z IoTMA�nPC�RjALEdT4n�TÒt�CLTJT9C z �#T � A�AB� z�� C�ESR�A
K4C7TÒA KMALRjI�{0A&� ��IoT � t|},Tå~jK4I�lSCDTMA I�ES�4tuKM{$CLT9IJtuEj[vT � A T � K4A�n � tSO�� tS��CLTJT9C z � ��t|}jOJ� ��A � I�R � [�ALljALE I��-T � A
�H}SEj�uC|{0ALEdT9CdOgn9T9CLT9A��XC,n�{�} z�� ��A TQT4ALK0T � C�EåT � A�AB�S~"A z TMA���n9T9CDTÒA��M��IoT � ~6K4I�lSCDTMA-ImEj�4tuK9{gCDTÒIJtuEj[XC�RjALEdT4n z C|E
nM}S~]~jtSn7A�T � CDT�T � A�n9TÒCDT9A z t|}jOQ���"A#�"AUTJTMADKL�1W � A z ALEdT9K4C|O��jC�ES�{g}"n9T�T � ALE z tu{g{0I�TXIoT4nBADOJ��TMt�SIJn z O�tSnBA0~6K4I�lSCDTMA
I�ES�4tuKM{gCDT9I�tuE��uC�RjALEdT4n.��A z tk{0AXC��XCdKMAXtu�1T � A	RjtSt]�0n9T9CDTÒA�nC�Ej����I�OJO�C�ljt]IJ�XT � AØCLTJT9C z �][6I��1T � ADKUAXIJn�A��9�4A z TÒI�ljA�O�r0C
RjtSt]�g�H}jES�uC|{0ALE�TÒCdO1n9T9CLT9Au�u�9�1T � AXn9T9CLT9A ��ALKUA��jCd�S[uT � ALr+��tu}jOQ�gCDTJTHC z �0C�ESr&�XC�r C IoT�IJnEkt�T!~"tSn7nUI���OJA�T4tgC�ljtuIJ�gC|E
CDTQT�C z � I�E C nUIoTH}jCLT9I�tuE×tS���6Cd� �H}6Ej�uC|{0ALEdT9CdOJn6D7��f�tuESl6ADKUn7A�O�rj[+IÎ� ~jKMIJtuK�A7�S~�A z T9CLT9I�tuEjn C|K4AÙRjtStS� C � ImR �
AB�S~"A z TÒCDT9I�tuEjn	tS�.E6tuE�CLTJT9C z �
D4[�C�RjALEdT4n�C|ljtuIJ�gT � A�CDTJTÒC z ����RSI�ljI�EuRv~jKMI�lSCDT9A�I�Ej�9tuKM{$CLT9IJtuE z C�ESEjt�T.Cd{0A�OQIJtuK4CDTÒA%T � A
n9T9CLT9AXtu�sT � I�ESRjn��]�JT.Imn.T � }"n~jKMAD�MADKMC��jO�AX�MtuK�T � A z ALE�TÒK4CdO��jC�Eu�vESt�T*TÒt��]Imn z OJtSnBAXC�ESrw~jK4I�lSCDTMAXI�ES�Mt,KM{gCDT9IQtuE�tuEgT � A
~jtSn9TMADKMIJtuK�n9TÒCDT9Atu�0�H}]Ej�uCd{0ALEdT9C|OJn��.�9E�t�T � ADK+��tuKM�knB[	I��XT � A;{$C|K9�jAUT z t|Ejn7IJ�]ADKUngT � CDTXT � AA z tuEjtu{graIJnÔI�EaC
�H}SEj�uC|{0ALEdT9CdOQO�r RjtSt]� nÒT9CDT9A�[�T � A z ALEdT9K4C|Ow�jC�ES� n � t|}jOJ� z tu{0{0IoT+IoT4n7A�O��«TMt C OQt�� ~jKUA z ImnBIJt|E t,��~6K4I�lSCDTMA
I�ES�4tuKM{gCDT9I�tuE0n7t�C,n=T9t�K4AL�|} z AZT � A~jK4t|�jC��jI�OJIoT9rgtu�sC�EgCDTJT9C z �1�
G1K9CLT9I�C�ES�ÔiS�jKMC z I�C C c6�S�ucj[]~1� e
D�C|Omn<t0n9TH}��ur �H� 1����&%�%����H� ���% � 1�� ��3$�����+�.��)	U�%8�8(
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36� ��� � ����VH�+	�� � 1�� ��(
3$3$��	�� � A ��W � A�I�Ej�9O�}"ALE z A�tu�«T � A ~jKUA z IJnUIJtuE t,��~6K4I�lSCDTMA
I�ES�4tuKM{gCDT9I�tuE�KUA�n9TMn�tdE�T � A��,IJn9TMI�E z T9IJtkEa��A T���A�ALE �SI�KMA z TvC�ES��I�Ej�SI�KUA z TÔAD�9�MA z T4n��	��EåT � A�tuEjA � C|Ej�S[�C,nwT � A
~jKMA z Imn<IJtuE-tu�	~jKMI�lSCDT9AvI�ES�4tuKM{gCDT9IJtkE-Imn#I�ESljALK n<A�O�r KUA�O�CDTÒA���TMt�T � Av�SIJnM~�ADKUnUIJtuE-tu�	~6K4I�lSCDTÒA�nBI�RSESCdOJn�KUA z A�I�ljA��Ô��r
nM~jA z }�OÎCLT9tuK nCdK4t|}SES�XT � A	C z TH}6CdO��H}SEj�uC|{0ALEdT9CdOJn7[6IoT��SI�K A z T9O�rvI�ES�4O�}�ALE z A�n�T � AXO�I��jA�OJI � tStS�gtS�Zn ~"A z }"O�CLT9I�ljA	CDTJT9C z �jn��
��EgT � A�t�T � ADK � C|Ej�S[ST � KMtd}6R � T � A�K4CDTÒIÎt#�"AUT���A�ALE0T � AP~jKUA z I�nUI�tuE«tS��~S}S�jOJI z I�ES�Mt,KM{gCDT9IQtuE�C�Ej��T � A	~jKUA z IJnBIÎtkEµt]�
~jKMI�lSCLT9AXI�ES�4tuKM{gCDT9I�tuEj[uT � IJnOÎCLTJT9ALK�A7��ALK�T4nC�E0I�Ej�SI�K4A z T�I�ES�4O�}�ALE z A,��� � ALE0CgnM~jA z }"O�CLT9tuKZ�SA z IQ�SA�n�T4tgCLTJT9C z �0t,K�ESt�T4[
� A.T9C��jA�n.I�EdTMt�C z�z t|}SEdTsEjt�TstuE6O�r � ImnA7�]~"A z T9CDTÒIJt|E]n.C��jt|},T�T � A��H}jE6�,C|{0ALEdT9C|OmnB[u�S}uTsCdOJnUt	T � A	A7�uT4ABEdT�T4tM� � I z��g� I�n
�jA�OJIQAD�4n�C|K4A�n � CdKMA��«�6rµT � Avt�T � ADK�n ~jA z }jO�CDT9tuKUn��1W � Ag~jKUA z I�n<IÎtkE-K4CDTÒIÎt�K4AB~jKUA�n7ALEdT4ngnM} zL� C�E-A�n9T4Im{$CLT9IJtuE-tu��T � A
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n � CdKMA����"A�O�IJA��4n��|N � I�R � K4CDTÒIÎtXTMALEj�Sn�TÒt0I�E z KUADCun7A�T � A �����$� 3$�����% ���
��3$���7�.�+GH��	����$��A�C G1KMCDT9I�C�Ek�vi]�jK4C z I�C C cj�]�uc
D
~*�o��Ds�6A z C�}"n7A�ADC z�� nM~�A z }jO�CDT9tuK.�uEjt���n.T � CDT=T � A�t�T � ALK n��MtuK9{0A���T � A�I�K�AB�S~"A z T9CLT9IJtuEjn.�]r�RSI�l6I�ESR0C�OÎC|K9RjA ��A�I�R � T
T9t	T � A~S}S�jOJI z nUI�R]EkC|O9��NXRSC|I�Ej[dT � A%I�{g~jC z TstuEXT � A%OQI��jA�OJI � tStu�gt,��nM~6A z }jO�CDT9I�l6A%CDTQT9C z �jn.�SAB~"ALE6�kn.tkEPT � AØAB�S~�A z T4A|�
�H}SEj�uC|{0ALEdT9CdOJn��
F � � ALE«A7�]~"A z TMA��0�H}SE6�,C|{0ALEdT9C|Omn�C|K4A	Rjt]tS�S[�C � I�R � ~jKUA z IJnUIJtkE�K4CLT9I�t0�SA z KMADCun7A�n.T � A�O�I��jA�OJI � tStS�0tu��nM~�A z }�O�CDT9I�l�A
CDTQT�C z �jn��1�HES�SA�A��6[�C|OÎO�nM~�A z }�O�CDT9tuKUn��,E6t�� T � CDT�T � IJn�RjtSt]�«~6}S�jO�I z nUI�R]EkC|OZIJn#�SA TMALK4{0ImEkC�EdT	I�EµT � A0�Mt,KM{gCDT9IQtuE-tu�
AB�S~"A z TÒCDT9I�tuEjn��SrXT � A	t�T � ADKUn��
F�� � ALE0AB�S~�A z TMA����H}6Ej�uC|{0ALEdT9CdOJn.CdKMA��jC|�S[�T � A�K4ABljADKUn7A	t z�z }6K nL�
�HE$TMALK4{0n�t,��t|~,TÒI�{$CuO6T9K4C�E]n ~jCdKMA7E z r0~�tuOJI z rj[ST � A�~jK4A z IJnBIJt|E�K4C7T9I�tvOJALCu�kn.T9tgT � A��MtSOJOJt��XI�E]RµIm{g~"O�I z CLT9I�tuEjn�� � � A�E
T � A�AB�S~"A z TMA��-�H}6Ej�uCd{0ALEdT9C|OJn0C|K4AvR6tStS� C KMA�n ~"A z T4ImljA�O�r-�6Cd��D4[�C�},T � tuK4IoT9IJAdnvn � t|}�O����A«{0tuKUA C ���+��� � I�R � K4CLT9I�t�D
C K4A�nM~�A z TMI�ljA�Omr0OJA�nBn C ���+��� OJt�� K4CDTÒIÎt�D D1TÒK4C�EjnM~6C�K4ABE�T C ���+��� {0tuK4A�~jK4A z IJnBA	I�EPT � AX�uIJn z OJtSn7A���~S}]�jOJI z I�ES�4tuKM{gCDT9IJtkE)D7�|�ME
T � A+O�CDTJT9ALK z C,nUA�[	KUA�O�CDT9I�ljA�Omra~jKMA z IJn7A;~jK4I�lSCDTMA-I�ES�Mt,KM{gCDT9I�tuE�{gC��6A�n z tStuK4�SI�ESCLT9I�tuE���A T���A�ALE nM~"A z }6OÎCLT9tuK n C t]E
CDTQT�C z �SI�ESR T � A z }jKMK4ALE z r
Dw{0tuK A+�uIJ�9�4I z }�O T>�%ALC z�� nM~�A z }�O�CDT9tuKvIJnv}SE z ADKHT9CdI�E�C��jt|},T�T � A+A7�,TMALEdT�TÒt � � I z��a� Imn
�jA�OJIQAD�4n.C|K4AØn � C|K4A����SrXT � A	t�T � ALK n��

�d�o��� c��PC|K4I�C�EdT/�|�H}SEj�uC|{0ALEdT9CdO]}SE z ALK�TÒCdI�EdTHrgC�Ej�gn9T9KMC7T9ALRSI z	z ALK�T9C|I�E�TÍr

iS�6K9C z I�CXC�ES���ZC�R � I�ESI C cj�S�s�7D1~6K4t|~"tSnBA%C�{0tS�SA�O�I�E � � I z�� CdO�O6C�RjALEdT4n � C�ljA�T � AXnUC|{0A	I�{g~�ADKM�4A z T=~S}S�jOQI z nUI�RSESCuO
C��6td}uT1T � A��H}jEj�uC|{0ALEdT9CdOJn��u�ÒE�T � IJn	n7ALEjnBA�[uT � ADKUAXIJn�E6t0n9T9K4CLT9ABRjI z }jE z ALK�T9C|I�EdTÒr1�|NTsT � A�nUC|{0A%T9I�{0Ad[uT � ALr0Cun7nM}6{�A
T � CDT�~S}]�jO�I z ImEj�4tuK9{gCDTÒIJtuE«IJn�Ejt�T z tu{g~jOQA7T4A�O�rw~jK4A z IJnBA,�]N�n�C0KMA�nM}6O TM[��H}6Ej�uCd{0ALEdT9C|O�}6E z ALK�T9C|I�EdTHr�KUAL{gC,ImE]n�I�E0T � A
{gCdK9�6A T7�
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^-AB��I z C�E z K4IJnBIJnX�Mt,K	��C�E,E6IJADK D%C�Ej�«I�E�T � A�I�K	A�nÒT9I�{gCDTMIJtuE�{0A T � tS�Sn��6NX�JTMADK	KMALlkIQA���I�ESR�T � A�I�K	{0AUT � tS�]tSOJtuRSrj[��gA
~jKMA�nBALEdT�T � A�I�Ks{gCdI�EgK4A�nM}jOoT4n��

c1�H�d�H�.^-AUT � tS�StuOJtkRSr

�HEgG1K4CLT9I6C�ES�0i]�jK9C z I�CB�Jn C cj�S�uc
D={0tS�]A�Om[|T � A	OJI��jA�OQI � tStS�gtu��n<~jA z }jO�CDT9ImljA%CLTJT9C z �jn.�SAB~�ALEj�Sn�tuEXT � KUA�A�~jC|K4C�{0AUTMADKUn��
T � A�{0A�C�E�tu��nM~"A z }�OÎCLT9tuKC�JnA7�S~�A z T9CDT9IQtuEjn.C��jt|},T�T � A%�H}6Ej�uC�{0ALEuT9CdOJn7[|T � A~jKUA z ImnBI�tuE0tS�=~S}S�6OJI z I�Ej�Mt,KÒ{$CLT9IJtuEj[]C�E��
T � A ~jKUA z Imn<IJtuE×tu��~jKMI�lSCDT9A I�ES�4tuKM{gCDT9IJtkE��ÔW � A T4A�n9T9C��jOJA I�{�~"OJI z CLT9IJtuEjn tu��T � A�I�K�T � A�tuKUA TMI z CdO+{0tS�SA�O�C|K4A
nM}S{g{gCdKMI1
dA���I�EXT � A��4tSOJOQt��XI�ESR0nM~"A z I��MI z CLT9IJtuE3�
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��� � � �γ γ γ σ γ γ ε− − − −= + + − + + C ��D
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� � ALKUA ����� IJn.T � AX{0ALC,nM}6K A�tS��A7� z�� C�ESR6A�KMCDT9A	~6K4A�n7nM}jKMA��Í[ %�� T � A�{0ADC|E«tu�*T � A�ImEj�SI�ljI��|}jC|O*�MtuK4A z C,n9T4nB[ σ
� T � A

lSCdKMIÎC�E z A tu�-T � A I�Ej�SImlkIQ�d}6CdO�4tuKUA z C,n9T4nB[ γ T � A T � KMA�n � tSOQ� n7AB~jCdKMC7T9I�ESR � R6tStS� A �9K4tk{ � �jCd� A A7�]~"A z TMA��

�H}SEj�uC|{0ALEdT9CdOJn7[]C�ES� � T � A%OQALljA�O�tu�"T � A	A7� z�� C�E]RjA%KMCDT9Au�
W � A;~jCdKMC�{0AUT4ALK γ � ImnÔE6ALRkCLT9I�ljA+��A z C�}"nBA-C�E Im{�~jKMtuljAL{vALE�TÔI�E�T � A�AB�S~�A z TMA����H}SEj�uC|{0ALEdT9CdOJn�KUA��|} z A�nvT � A
~jKMA�n7n }jK4A�n�tdEgT � A�A7� z�� C�ESR6AXK4CLT9A,�uW � AXA��9�4A z T.tu��C�E�I�E z KUADCunUAXI�E�T � AX�]Imn ~"ALK nUIQtuE�tu�.I�ES�SI�ljIJ�|}jC|O��4tuKUA z Cun9T4n7[uT � CLT
IJn�C�E�I�E z KUADCunUA�I�E σ

� [��SAB~"ALEj�Sn;tuEåT � A�A7�S~�A z TMA��a�H}6Ej�uC|{0ALE�TÒCdOJn�C�Ej��T � A�n7t|}jK z A+tS�w}SE z ALK�T9C|I�EdTHr1�%W � A
~jC|K9C�{0AUT4ALK γ � FQ{0ALCdE6I�ESRgC�EgI�E z K4ALC,nBA%I�EXT � A	AB� z�� C|EuRjA%KMCDT9A~jK4A�n7nM}jKMA�nBF���IJOJO]�jA�~�tSnUIoT4I�ljA	I�EXT���tgnUIoTH}jCLT9I�tuEjn��
F�I��XI�E z K4ALC,nBA�n�ImE σ � C|K4Aw{$C|I�ESO�r-AB�S~"O�C|I�EjA��Ô�jr{0tuKUA0I�{w~jK4A z IJnBAg~S}]�jOJI z I�ES�4tuKM{gCDT9I�tuEC�Ej�I��4[�CDT�T � AvnUC|{�A
T9I�{0A�[6nM~jA z }jO�CDTÒt,KUn.A7�]~"A z T � Rkt]tS� A �H}6Ej�uC|{0ALEdT9CdOJn C ���+��� IÎ� γ>−�	
�� DI�

F�I��ØImE z K4ALC,nBA�n�ImE σ � CdKMA0{gCdImEkOmr-�d}�A�TÒt z�� C|EuRjAdn�I�E«T � Aµ~jK4A z IJn7IJtkE tu��~jK4ImlkCLT9AvI�ES�4tuKM{$CLT9I�tuEC�Ej�I��4[�CDT.T � A
nUC�{0AZT9I�{0Ad[]C z TÍ}jCdOSC�ES�gA7�S~�A z T4A����H}jE6�,C|{0ALEdT9C|Omn.C|K4A�A�I T � ADK��jt�T � nM}j�9�9I z IQALE�TMO�r�RjtStS�gtuKs�6t�T � nM}6�9�9I z IJALEdT4Omr��jC|���
�9��I�E z KUALC,nUA�n�I�E σ

� C�KMA	{$C|I�EjO�r��|}�A�T9t z�� C|EuRjAdn�I�E�T � A�~jKUA z ImnBIJt|E�tu�s~6K4I�lSCDTÒAØImEj�9tuK4{gCDTÒIJtuE0C�E6�gIÎ�4[6CLT1T � AXnUC�{�A
T9I�{0A�[�A�IoT � ADK	T � AvC z TÍ}jCdO��H}6ES�,C|{0ALEdT9C|Omn#CdKMAvRjtutS� C �jC|�
DXC�E6�«T � A«AB�S~�A z T4A���H}6Ej�uC|{0ALE�TÒCdOJngC|K4Aw�jCd� C R6tStS��D4[
T � ALEgT � A	~jCdKMC�{0AUT4ALK γ � IJn�EjALRSCDT9ImljA,�]W � AXlSCdKMI�CDT9I�tuE«tu��AL� z�� C�ESRjAXKMCDT9A�tuljALK�T9I�{0AgAB�"ALK�TMn%C�E«I�ES�4O�}"ALE z A�tuEgT � A
AB� z�� C�ESRjA	K4CLT9A�~jKUA�nBnM}jK4A�n�ALljALE«I�� % � C�E6� σ � CdKMA%}6E z�� C�E]RjA����uW � IJn�A��9�4A z T.IJn�{0A�CunM}jKMA����jrgT � A	~jC|K4C�{0A TMADK

γ �
� � I z�� IJn�AB�S~�A z TMA��	T9tX��A�~6tknBIoT9I�ljA�4�
W � A n ~"A z I��4I z CLT9IJtuE C �)D-IJn-TMA�n9T4A��ÙtuEjO�r �9tuKT � A��MtuK A z C,nÒT4n�tu� V �XG*FQRSKMt��%T � [w�jt�T � �4tuK�K4ALC,nUt|E t,���uCDTMA
C�lSC|IÎO�C��jIJOJIoTHr C�Ej����A z C�}"n<A�Ejt�t�T � ALK�{gC z K4t]A z tuEStu{0I z l6CdK4I�C��jO�A�n;CdK4A�nBI�RSESIJ�9I z C�EdT�� � ALE V ��G*FHRSKMt��%T � Imn
I�E z O�}��SA����dW � A	A z tuEStu{0A7T9KMI z n9TH}j�kr��Sr0��C�ESESIJALK C cj�S�S`,��D4[S�]A��SI z CDTMA��ØT9t	T � A%^�AB�jI z C�E�~�A�nBt z KMIJnUIJn�tu�	�D�S�uejF9�]`S[
~jKMtd~6tknBA�n-C�T ��tSF9�SI�{0ALEjnBIJtuESCdOvI�E6�SA7� t,��I�Ej�MtuK9{gCDT9IJtkE FH�6C,nUAL� tuE V ��G*FHRSKMt��%T � C�Ej� z }jK4KMALE z r KMA�nBADKMljAdn
�9tuKUA z Cun9T4n � ADOQ� �jr T � A z ALEdT9KMCdOv�6C�Eu���9FI�E tuKM�SADKT9t A�n9T4Im{$CLT4A�T � A I�ES�4O�}�ALE z A tu���uIJ�9�4ALKUALEdT nUt|}jK z A�n�t]�
}SE z ALK�TÒCdI�EdT9rj[ ���+��� ~jK4I�lSCDTÒA%C�ES��~S}S�jOQI z �
W � A	A�n9T9I�{gCDTMA��gA��|}jCDTÒIJtuEgImnsT � A%�Mt,OQOJt���I�E]R��

( ) ������� ���� �� �������������
+−++= �� σδδδ � ! C bHD

� � ALKUA ���"� IJnXT � Aµ{0A�C,nM}jKMA«tu��AB� zL� C|ESR6A�KMCDT9Aw~jKMA�nBnM}jK4A�[ #$% T � Av{0ALCdE�tu�X�4tuKUA z Cun9T4n#K4ABRkC|K4�SImE,R n ~"A z IÎ�MI z

A z tkEktk{0I z lSCdK4I�C��jOJA�n�&u[ #$σ T � A�n9T9C�E6�,C|K4�+�SALljI�CDT9IQtdE�KUALRkC|K4�uI�ESR�nM~�A z IÎ�MI z A z t|Ejtu{0I z lSC|K4I�C��jOQA�n'&,[)(+* � T � A

T � K4A�n � tSOJ�gnUAB~jCdKMCDT9I�EuR � RjtStS� A �9K4tk{ � �6Cd� A AB�S~"A z TMA����H}6Ej�uC�{0ALE,TÒCdOJn7[]C�ES� ( T � A	ALK4KMt,K=T9ADKÒ{µ�
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W � Aµ~jCdKMC�{0AUT4ALK δ �
� CunwC�EjALRSCDT9I�l6A�n7ImR,E �1T � A � I�R � ALKXT � AAB�S~�A z T4A��+�H}jEj�uC|{0ALEdT9CdOJn7[�T � CDT�IJn�T � Aµ�"AUTJTMADKXT � A

{gCdK9�6A T.n7ALEdT9I�{0ALEuT4[uT � AXOQt���ALKZAB� z�� C�ESRjA	KMCDT9A�~jKMA�n7n }jK4A�n��|N$nI�E0^�AUT-
 C cj�]�uc
D4[uT � AP{$C|K9�jAUTZnBALEdT9I�{0ALE,T�C�Ej�XT � A
nUt|}jK z A%tu�=}6E z ADKHT9CdI�EdTÒr$�SAUTMADKM{0I�EjA.T � AØnUI�R]E$tu� δ � �d�JT��XIJOJO]�jA�~jtSnUIoT9I�l6AØImEPT � A%�4tuOJOQt���I�ESR0nUIoTH}jCLT9I�tuEjn��
FsC�OJt���ALK�~jK4A z Imn<IJtuE�tu��~S}S�jOQI z I�Ej�MtuK9{gCDT9IJtkE�I�E z KUADCunUA�nZT � A�AB� z�� C�ESR6A	{$C|KM�jA T!~jK4A�n7nM}6K A�n�A�IoT � ALK � � ALEv{$C|K9�jA7T
nUALEdTMI�{0ALEdT�IJn ljADKÒr t|~,T9Im{0I�n9T9I z [	T � CDTÔIJn ( ) �>− �
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 [gnM}]R,R6A�n9TÒI�ESR C�E I�E z K4ALC,nUImESR AL�9�4A z TÔtS�v~S}S�6OÎI z

I�ES�4tuKM{gCDT9I�tuEj[stuK � � ALE�{$C|K9�jAUT�ImnP~�A�n7n<I�{0I�n9T9I z [�T � CLT%IJn ( ) �<− �
�
� �
	��

 [sAB�S~jKMA�n7n<I�ESR�Cv�uA z K4ALC,nUImESR AL�9�4A z T

tu�=~S}S�jOJI z I�Ej�9tuKM{gCDT9IJtkE�
FsC�OJt���ALK�~jK4A z IJnBIJtuE�tu�s~6K4I�lSCDTMA	I�Ej�Mt,KÒ{$CLT9IJtuEvOJALC,�Sn�T9t0C�E�I�E z KUADCunUAXI�EvAL� z�� C�ESRjAXKMCDT9A�~jKMA�n7n }jK4A�n�IÎ�.C z TÍ}jCdO�C�Ej�
AB�S~"A z TMA����H}SEj�uC|{0ALE�TÒCdOJn.CdKMA%A�IoT � ADKs�6t�T � nM}6�9�4I z IJALEdTMO�rgRjtStS�gtuKs�jt�T � nM}j�9�9I z IJALEdT4O�r��jC|�"�

δ � ��IJOJO���A�EjALRSCDTMI�l6AgI�E z Cun7A�tu��OJt���ALK.~jKUA z IJnUIJtuE«tS��~jK4ImlkCLT9A�I�Ej�9tuKM{$CLT9IJtuE«I��.{$C|KM�jA T�nBALEdT4I�{0ALEdT�IJn	t|~,TMI�{0IJn9T9I z
C�ES��C z TH}6CdO6�H}SES�,C|{0ALEdT9CuOJnsTH}jKÒE$t|},T�T9t��jA�jCd��tuKslSI z A�ljADKUnUCj�
�HE tuKM�SADKvT9t��SIJn9TÒI�ESRu}"IJn � ��AUT-��A�ALE�}6E z ALK�T9C|I�EdTHr tuKMI�RSI�ESCDT9A����9KMtu{ ~S}S��OJI z I�ES�4tuKM{$CLT9IJtuE C�Ej���9K4tk{ ~6K4I�lSCDTMA
I�ES�4tuKM{gCDT9I�tuEj[���C�ESEjIJALK C cj�S�]`|��D.td��n7ALK9ljA�n.T � CDT � � IJOJA�T � A�^-AB��I z C�E�C�},T � tuK4IoT9IQA�n�K4ALRu}�O�CdK4O�rvC�Ej��T9I�{0A�O�r«nM~jK4ALCu�
I�ES�4tuKM{gCDT9I�tuE�tuE V �XGsFHRSK4t��%T � [sT � A«ALljt]O�}uT9IJtuE�t,��I�EdTMADKÒEkCLT9I�tuESCdO�KUA�n7ALK9ljA�n��XC,n � C|K4�SO�r �]Imn z OJtSnBA��"�.i � AgT � }�n
C,nBnM}S{0A�n%T � CLT V ��G �9tuKUA z C,n9T4n�C�K4A#{$CuI�EjO�r�uK4I�l6ALE�T � KMtd}6R � ~]}S�jOJI z I�ES�4tuKM{$CLT9IJtuE�C�Ej��I�EdT4ALK9ESCLT9I�tuESCdO�KUA�n7ALK9ljAdn
�9tuKUA z Cun9T4n�FQ{0tuKUAØn9T9KMt|ESRSO�r��6C,nUA��gt|E0I�ES�SI�l6IJ�|}jCdO6I�EdT4ALK9~6K4AUT9CDT9IQtuEjn7F6T � K4t|}jR � ~jKMI�lkCLT9A	I�Ej�4tuKM{$CLT9I�tuE1�

c1�H�d� c�^CdI�E$KMA�n }jOoT4n
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