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destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
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pq_�arP/b���IMaMDx_�a�_�^dR3�3LdD DFarPSEHDxk�R3E\EH]F^`_9PSLOR�a�D�PtD�u6Cw]�E\LdDFaMk�DxbMDWE\D�PSR3IMEHaMDFh:DFarP�PSD�hzC�R3E\D�^ ?�Z[D�P\P\D
_�CMCMEHR6klJ D CwD�E\h:D�P"b���]�PSIMb LODFE�N\C�]Fk�Ld��T$IMD�hzD�a$P ^OD�k�_�N b¬��IMaxhzLd^OLOD�IXR3I p3D�EHPF?�|}^ON�hzR�a$P\E\D�a$P _�LOa N\L
T$IMD�N\L bMDFN�NHR3IMEHkFDFN7D�arPSR3IMEHDFarP�kFR�a$P\LOa$#Mh:DFarP7bMD�I6u�EH]Fk�DFC P\DFIMEHN7B{D�P ��� _�^dR3E\NW^`_mkFR3EHE\]F^O_9y
PSLdR3asbMDFNeDFa E\DF��LONHP\E\D�hzD�a$P\NeDFasB D�P�¥kFR3EHE\D�N\C�R3aMb'&�^O_xf#R3aMk�PSLOR�a�bMDV�XEHDFDFaKDFarP\E\DXkFD�N�b DFI6u
CwR�LOarPSN�?!�*D�E\]�N\IM^APl_qP�DFNHP7P\R3I��HR3I E\Nxpq_�^O_�cM^OD:N\L[^`_mb LONHP\E\LdcMI PSLdR3a b D�N\R3IMEHkFD�N7DFNHP�LdhzCM_�EHf5_�LAPSD �
b�_�aMN[^`_XhzD�N\IMEHD R ��^dDth:LO^dLODFI�D�NHP J ]�PS]�E\R3���FaMDq?4�*DFN J ]�PS]�E\R3��]FaM]�LdPS]�N bMI�h:LO^dLOD�I �3DFa bMLdwIMNS_qa$P
^OD�NVR3a bMDFN �"_���LON\NHDFarPx_�^OR3EHNgkFR3h:h:D:b DFNxNHR3IMEHkFDFNVbMD:cME\IMLAPWN\DFk�R3aMb�_qLOE\D�NF?�|}^oDFNHPVaMR�P\DFEWT$I���D�a
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NHLON\h:R3^dR3�3LOD � �(�K� � � 	 � � ��� � >q¢3¢�� �ªR3arPg]�P\IMbMLd]�^`_:E\IMC P\IME\DxbMI�f5_�h:DFI6umN\]�LONHhzD�b D �6IMhz_qPSE\_
bMI8>���bM]Fk�DFh�c E\Dx>�¢3¢�~:DFaKN\DWN\D�EHpq_�arP/b I8E\D�PSR3I E\aMD�hzD�a$PeP\DFh:CwR3EHDF^�? � � �
	 � 	�� � >q¢3¢�~	� � ��� ���	 � � ��� � >�¢�¢(�qc � D�u6CM^dLOT$IMDW^`_�E\D�kFR3aMNQPSEHIMk�P\LOR3ambMDx^O_�f#R3a k�PSLdR3aKbMD��gE\D�DFa�CM_�Ee^ODFN�kFR�E\E\]�^`_qP\LOR3a N
D�a N\DtN\D�EHpq_�arP bMI:PSJM]�R3E\��hzD�bMDt^`_gCMJ�_�NHD/NQPl_qP\LOR3aMaM_�LOEHD���NHDFIM^dD/^dDFNoN\R3I E\kFD�Nª_�^dLO�3aM]�DFN�_�p3D�k/^OD�N
NQPl_qP\LOR3aMNtkFR3arP\E\LOc IMDFarP & ^O_zk�R3E\EH]F^`_9PSLOR�a ��^ODFN/_�I P\E\DFN/N\R3IMEHkFD�NgLOarPSD�EHf#]FE\_�arP bMDVf5_�GFR3a8bMDFNQPSE\I k�y
P\Ldp3D�NF? � ��� 	 � � �(� ��>�¢3¢�~ ��I PSLd^OLdN\D ^dD PSJM]�R3E\��hzDebMDeE\]�kFLdCME\R�kFLAPS]ªC�R3IME©]�P\IMbMLdDFE �5D�a$P\E\Dt_�I P\E\D � ^dD
kF_�N©b���IMazh:LO^dLOD�I�_��r_�arPoIMa D�NHIMEHf5_qkFDª^OLdcME\Dq? � 	 � � 	�� � ��� � ����� � � ��>�¢3¢ @(�r>�¢3¢�� ��� � � � � ����� 	 � 	 �
��>�¢3¢3� � � � ��� � � ��>�¢3¢r� �tT$I�_�arP>&sD�I6u�Lda$p�R6T$IMD�arPx^dDxPSJM]�R3E\��hzD7b D �MIMk�P\I�_qPSLdR3a�bMLONHN\LdC�_qPSLdR3a�?
�*D�k�_qN:CM_�EHP\LOkFI ^OLOD�EVb DKh:LO^dLOD�I6u aMR3a E\]�kFLdCME\R�T$IMDFN�R � ^`_mCME\R3CM_��r_qP\LOR3a�D�a$P\E\DsB�y?��D�P ��y<B
a���DFNQPªC�_�N[^`_Vh %Fh:D �#k���DFNQPª^ODtk�_�N D�a�CME\]�N\D�aMkFDgb���IMa�]�kFR3IM^dDFh:DFarP �MIMLObMD/C�_�E[Dvu6DFh:CM^OD � _x]�PS]
]�PSIMbMLd]XC�_�E � ��� 	 � � �(� 	 � � ��� ��>�¢3¢�� � � � ��� � � ��>�¢3¢r� �v?
��_�ES_�^d^O��^ODFh:DFarP�&�k�DFNePSE\_
pq_�I�u�PSJ ]FR3EHLOT$IMDFN ��^OD�NªkFR3EHE\]F^O_qPSLdR3aMN b DWc E\IMLAPe_�h�cMLO_�arPªR3arPe]�P\]XI PSL§y
^dLON\]�DFNe_�p3D�kVNHIMkFk��FNtb�_�aMNebMLAp3DFEHNebMR3hz_�LOaMD �MaMR�PS_�h:hzD�a$P��
@ � �©a JM]�^OLdR3N\LdN\h:R3^OR3��LOD(�9^ODePSD�hzC N bMDtC�_�EHkFR3IMEHN b¬��R3a bMDFN ��D�arPSE\DtbMLdp�DFEHN[C�R3LOarP bMDt^O_WNHIMEHf5_qkFD
bMIKN\R�^ODFLd^�_7CMI %�P\E\DXhzD�N\IMEH]XC�_�E � ��� � ��� 	 � � ��� �Q@�Y3Y3� � � � � ��� 	 � 	 � � ��� �¦@
Y3Yr� �
> � �©a _qkFR3IMNQPSLdT�I D � � ����� � � � ��� � 	 � � 	�� ��>�¢3¢ @
_ ��� � 	 � � 	�� � ��� � ����� � � ��>�¢3¢ @ � � � �(� ��� 		 � � ��� ��>�¢3¢�~�c � �
� � �oa�NHLONHhzR3^dR3�3LdD � ���	��� ��� � � ��� 
 � ��� ��>�¢3¢3� ��R3arPªh:R3arPSEH] T$IMDg^`_WkFR3EHE\]F^O_qPSLdR3a�bMD/kFR�b�_�LON¦y
NHIMDFN�bMD�bMLdw]FEHDFarPSNoN\]�LONHhzD�N D�aME\D��3LONQPSE\]�NoC�_�EobMDFI�u:NHPl_9PSLOR�aMNokFR3arPSD�a�_�LAPo^`_ f#R3aMk�PSLOR�a:b D �gE\D�DFa
bMIsh:LO^dLODFI¬?$�tR3IMNªEHD�p�LOD�aMbMEHR3aMNeN\IMEª^���I6PSLO^dLON\_qPSLdR3a�bMDgkFR3EHE\]�^`_qP\LOR3azDFasN\LdN\h:R3^OR3��LOD�b�_�aMNª^O_xN\D�k�y
P\LOR3a�NHIMLdpq_�arPSDq?
~	� �oa�R�kF]F_�aMR3�3E\_�CMJMLdD ��� ��� � ������� � 	���� � � � >�¢�¢�~	����� � � � � 	 � � ��� ��>�¢3¢(�9D ��R�a$Poh:R3arPSEH] T$IMD
^dDFN[R�aMbMDFN[bMLOEHDFk�P\DFN D�PªE\]���]FklJ LODFN[CwD�I p3D�a$P�%�PSEHD E\D�PSE\R�I p3]�DFNªDFa�k�R3E\EH]F^O_�arP bMI�cMEHIMLdP[_�h�c L`_�arP�?
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�x��IMa:CwR�LOarPobMDªp�IMD�P\JM]FR�E\LOT$IMDe^O_ N\LONHhzR�^OR3�3LdD[bMLA¬��E\DªbMD�N[_qI PSEHDFNobMR3hz_�LOa DFN �r^dDªhzLd^OLOD�I�]�PS_�arP
]�^`_�NQPSLOT$IMD � LO^�D�u6LdNHPSDsbMLA¬]�E\D�a$P\N�P}��CwDsb���R3aMbMD�N � �"�,� � R�aMbMDFN�bMD�NHIMEHf5_qkFD ��C�_qE�R3CMC�R3N\LAPSLdR3a &
^��j_�k�R3IMNQPSLOT$IMD�R3I &V^ ��JM]�^OLOR�N\LONHhzR�^OR3�3LdD R�� R3azaMDtk�R3aMNHLObM��E\D/T$IMDtbMDFN R3aMbMD�N[NHk�_�^O_�LOEHDFNF?�� _qaMN[^dD
kF_�Ng]F^O_�NHP\LOT$IMD(�w^`_ k�R3E\EH]F^O_qPSLdR3a8bMD7c E\IMLAP kFR�a$p�DFEH�3D7p3DFEHNX^`_zf#R3a k�PSLdR3a�bMD:�gE\D�DFa-bMI�h:LO^dLODFI'&
k�R3aMbMLAPSLOR�a�T$IMD7^OD�N bMLdw]FEHDFarPSD�NgkFR3h:C�R3NS_�arP\DFNgbMI�klJ�_�h:C-b���R3aMbMD�NgE\D�N\C�DFk�P\DFarPW^`_ k�R3aMbMLAPSLdR3a
b���]FT$IMLdC�_�EQPSLdP\LOR3a � �� � � 
 	 ��� � 	 � � �'	 � � ��� � >�¢3¢��3_���c � �v?MZ[D�kFL*DFNQPeDFa�CME\_qPSLdT$IMD E\]F_�^OLdN\] ^dR3E\NHT$IMD
bMD�N N\R�IME\k�DFNgbMD�c E\IMLAP _�^d]�_qP\R3LOEHDXN\R3arPgbMLdNHP\E\LOc IM]FD�N b�_�aMN/^ ��DFaMNHDFh�cM^dDxbMI8hzLd^OLOD�I ��R3I�^dR3E\NHT$IMD
bMD�NoN\R3IMEHkFD�N[_��r_qa$P�IMa D�EH]FC�_qEHPSLAPSLdR3a�bMLdN\kFEH��P\D�]�kF^O_�LOEHDFarPoIMa�hzLd^OLdDFI�bMLA¬I NS_�arP�?rZ[D�b DFE\a LODFE©kF_�N
k�R3E\EHDFN\C�R3aMb'&�^`_�kFR�b�_7N\LdN\h:LOT$IMDq?
�/��N�^OD�N�_�aMa ]FDFN �q¢�� � � � �¦@
Y(�3� �:_ C E\R3C�R3N\]8b���]�PSIMb LODFE ^`_UNHIMcMNHIMEHf5_�k�D-DFa¥NHD�N\D�EHpq_�arPsbMI
cMEHIMLdPoNHLONHhzLdT�I DªCwR3I E©hzD�N\IMEHDFE�^`_ bMLdN\C�DFE\NHLOR3a�bMD�N R�aMbMDFNobMD�N\I EHf5_�k�D�? � 
 ����� � � � ��� � ���	��� ��� �
��>�¢3¢�~	�7R3arP�h:R3arPSEH]8C�R3IME ^O_UCMEHDFh:LO��E\Dmf#R�LON���T$IMD�^dDFN R�aMbMDFN bMD�N\I EHf5_�k�D-]�Pl_qLODFarPzp6LdN\LdcM^OD�N
NHIMExbMD�N�kFR�E\E\]�^`_qP\LOR3a NVbMDzcME\I LdPVN\LONHhzLdT$IMDzD�arPSE\D bMDFN�NQPl_qP\LOR3a NVNH]FC�_�EH]FD�N7C�_�EWbMDFN�b LONHPS_�aMk�DFN
_�^d^`_�arP bMDg^`_WkFD�a$PS_�LOa DX_�I�hzLd^O^dLODFE©b D�-$LO^OR�hz��PSE\D�NF?�|}^ON R�a$Pª_�LOaMNHL¬CMI�h:DFNHIME\D�EªbMDFNªk�R3IMEHcwD�N bMD
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bMLONHCwD�E\NHLOR3a7NHIME©IMaMDª�r_qhzh:D b DªCw]�E\LOR�bMD�N kFR3h:CMEHLON\D�N DFarP\E\D �/D�Pª@%��¢ N��3^dDFN EH]FNHIM^dPS_qPSN R�c PSD�a�I N
]�PS_�arPtD�amc�R3am_�kFk�R3E\bm_�p3D�kV^dDFNªh:R6bM��^OD�NªbMDgPSDFEHE\DX�3^dR3c�_�^dD�?
Z[D�PHPSD�]�PSIMbMD8_UC�DFEHhzLdNzb���DFarp�LON\_��3D�E b���I PSLd^OLdN\DFE�bMD�N�kFR�E\E\]�^`_qP\LOR3a N:b D8cMEHIMLdP:C�R3IME�f5_�LOEHDmbMD
^`_�PSR3h:R3�3E\_�CMJMLdD &m^���]�klJMDF^d^OD�E\]��3LOR3aM_�^ODq? ��_mCMEHDFh:LO�FEHD:_�CMCM^dLOk�_9PSLOR�a�_m]�P\] D�a�Z _�^dLdf#R3EHaMLOD�R��
� 
 ����� � � 	 � � ��� ��>�¢3¢(� � � � � � � � 	 � � ��� � >�¢�¢(�qk �oR3arP CMI�R�c PSD�aMLOE bMDFN kF_�EHP\DFN[p�LAPSDFNHN\DgbMD/�3E\R3I CwD
bMR3arP�^`_ EH]FN\R�^OI P\LOR3agNHC�_qPSLO_�^OD�DFNQP�a D�P\P\DFh:DFarP�hzD�LO^d^ODFI E\D"T$IMDok�DF^O^dD R3c P\DFa$IMD�_�p3D�k bMD�N�hz]�PSJMR�bMDFN
_�k�P\Ldp�DFNF?$B¥IMa D�C ^OIMN©C�D�P\LdPSDª]�klJMDF^d^OD ����� 	 � � � �
	���	 � � ��� ��>�¢3¢r�9c ��R3arP�CMI:]�PSI bMLOD�E©^OD p3R�^Ok�_qa:b I
�©LdPSR�a-bMD7^`_���R3IMEHa�_�LdN\D�NHIMEg^ ��L`^dDVbMD�^O_ ��]�IMaMLdR3a �¬D�PXLOhz_��3D�E/N\R�a k�R3aMbMI LdPgb���_�^dLOh:DFarPl_qP\LOR3a¬?
�"_�Eª^O_xN\I LdPSD���� 	 � � � �
	�� 	 � � ��� ��>�¢3¢r��_ ��R3arPªh:LON DFas]�p�LOb DFaMk�DWb DFNªbM]�f#R3E\hz_qPSLdR3aMN�N\IMEQp3D�a�_�arP
_�I�NHDFLOa bMI p3R�^Ok�_qa�_�pq_�arP�D�P�_�CMEH�FNxI aMD ]�E\IMC P\LOR3a ��f#E\_�aMklJMLdN\NS_qa$P�_�LOa N\LoIMaMD�]�Pl_�C�D�p3DFEHN7^`_
CME\]�bMLOk�PSLdR3asbMDXkFDFN�]FEHIMC P\LOR3aMN�?
�©a�h _�EH�3D�bMD kFD�Nª_�CMC ^OLOkF_qPSLdR3aMNoPSD�E\E\D�NHP\E\DFN � � �(� ��� 	 	 � � ��� ��>�¢3¢(� ����DFa�I P\LO^dLONS_qa$P bMD�N DFaMEHDF�3LdNQy
PSEHDFh:DFarPSN�LONHN\IMN�bMDW^`_7hzLdN\NHLOR3a�BtCwR3^d^OR�@�� ��R3arPtC I8h:R3arPSE\D�EªT$IMDxbMD�Ntk�R3E\EH]F^O_qPSLdR3aMN bMDWcMEHIMLdP
DFaMEHDF�3LdNHP\E\]eN\IME©^O_ �*IMaMDeCwD�E\h:D�PHPl_�LdDFarP©bMDeh:DFN\I E\DFEo^O_/p6LAPSD�N\N\DebMDªC E\R3C�_q�r_qPSLdR3a7bMD�N�R�aMbMDFNobMD
N\IMEQf5_�kFDWN\I EtbMDWC�D�PSLAPSD�N�b LONHPS_�aMk�DFNF? �*D 5¦cMEHIMLdPeNHLONHhzLdT�I D 7XD�NHP�b�_�aMN�kFDWk�_qNtb #'&�^ ��_�k�P\Ldpq_qPSLdR3a
bMDªf#ES_�k�PSIMEHDFN©NHR3IMNo^ ��D�wD�P©b I�f#R�EHP©k�R3arPSES_qNHPSDebMD P\DFh:Cw]�ES_qP\IME\DªD�arPSE\De^dD �HR3IME D�Po^`_ a$IMLAP�?rZ[D�P\P\D
]�P\IMbMDX^`_�LdN\NHD DFarPSEHD�p�R3LOEª^O_xCwR�N\N\LdcMLO^dLdP\]tbMDgf5_�LdE\DtbMDg^`_�NHLON\h:R3^dR3�3LOD�N\I EªbMDFNªCM^O_�aM��PSDFNªR��KLd^¬a�� �
_:a L�N\]�LON\h:D(��a L*R6k�]�_�asR3Im_qPSh:R3NHCMJM�FEHDX�3]FaM]�ES_�arP�bMIKcME\I LdP�?
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� _�aMNVkFD�P\PSD:C�_�EQPSLdD(�*aMR3I NVCMEH]FNHDFarPSR3a NxbMD�I6u _�CMCMEHR6klJMD�NWP\JM]FR�E\LOT$IMD�NVNHLOh:CM^OD�N���^dD�cMI PV]�Pl_qa$P
CME\LdaMkFLdC�_�^dDFh:DFarP�bMD©k�R3h:CME\D�aMbME\DoLda$P\IMLdP\Ldp�DFh:DFarP�C�R3IMEHT�I R3L3^OD�N*kFR3EHE\]�^`_qP\LOR3aMNwbMD©cMEHIMLdP*k�R3arp3D�E\�3D�a$P
p3D�E\N ^O_Xf#R3a k�PSLdR3a:bMDg�gE\D�DFa b I�hzLd^OLdDFI��$^`_XCME\D�hzLd�FEHD�D�NHP[c�_�N\]�D/NHIME[IMa D _�a�_q^OR3�3LdDªDFarPSEHD/k�R3EQy
E\]�^`_qP\LOR3asD�PtD�u6C�]FEHLODFa kFDWbMDVEHD�P\R3IME\a DFh:DFarPtP\DFh:CwR�E\DF^��M^`_7NHDFkFR�aMbMDxI6PSLO^dLONHDg^`_7bM]Fk�R3h:CwR3NHLdP\LOR3a
hzR�b�_�^dD�bMD�N:NHLO�3aM_�I6u�D�aME\D��3LONQPSEH]FNF? 
�aMDK_�CMCMEHR6klJ D�CM^OIMN��3]�aM]FE\_�^OD DFNHP:CMEH]FNHDFarPS]�D8b�_�a N7^ODFN
klJ�_�CMLAPSEHDFN��:D�Pe~M?
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� _�aMN:kFD�P\P\DmC�_qEHPSLdD�aMR3IMN:kFR�aMN\LdbM]FEHR3aMN:IMa h:LO^dLOD�I�R3I p�DFEHPF?oB ^O_-bMLdw]FEHDFaMk�DmbMDs^O_�NHDFk�PSLOR�a
CME\]�kF]�bMDFarPSD�k�DF^OI LAy}k�L�C�DFI6PHy %�PSEHDxJMR3h:R3�3��aMDxR�I-aMR3a�?w�tR�P\E\D�R�c �HDFk�PSLdfoD�NHPgb D�bM]Fh:R3arPSEHDFEtT�I D
^`_ k�R3E\EH]F^O_qPSLdR3amb I-cME\IMLAP D�aME\D��3LONQPSE\]xDFarPSEHD7bMDFI6u8C�R3LOarPSN
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DFNQPg^`_�f#R3aMk�P\LOR3a8bMD��gE\DFD�a
bMI hzLd^OLOD�I�?w�tR3IMNXCMEHR6k�]FbMR�aMNVD�aUb DFI6u ]�Pl_�C�DFN �*b�_�a NWI aUCMEHDFh:LOD�E PSDFh:CMNgaMR�IMNVh:R3arPSEHR3aMN
T$IMDUk�R3E\EH]F^O_qPSLdR3a D�PKD�u6C�]FE\LdDFaMk�DUb DUEHD�PSR�IME\aMD�hzD�arPKP\DFh:CwR�E\DF^gNHR3arP8LdbMDFarP\LOT$IMDFN�?e�tR3I NmD�a
bM]Fb IMLONHR3aMN�DFaMNHIMLdP\DWT$IMDX^O_�k�R3E\EH]F^O_qPSLdR3a�kFR�a$p�DFEH�3DVp�DFE\N�^`_xf#R�aMk�P\LOR3a�bMDx�gE\DFD�a�?
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* a�kFR3a N\LOb �FE\DeIMa D�NHR3IMEHkFD�]Fh:D�P\PS_�arPoIMa:N\LO��a�_�^
e(t)

_�I�CwR�LOarP
C
?(�*D�NHLO�3aM_�^ D�aME\D��3LONQPSE\]eD�a

AD�NHP
e(t)⊗hAC(t)

��R�� ⊗ DFNQP[^O_Xk�R3arp3R3^dI PSLdR3a �rD�P
hAC(t)

bM]FNHLO�3aMD�^`_gEH]FC�R3aMN\DtLOh:CMIM^dN\LOR�aMaMDF^d^OD
D�a$P\E\D

A
D�P
C
?o�/Dmh'%�hzDsDFa � R3aiDFa E\DF��LONHP\E\D

e(t) ⊗ hBC(t)
?	�©a2N\_�klJ�_�arP T�I D

Cxy =
x(t) ⊗ y(−t) �M^`_�k�R3E\EH]F^`_9PSLOR�a�bMImklJM_�hzCKDFa E\DF��LONHP\E\]gD�amB D�P �¥NF��]Fk�E\LAP �

CAB = e(t) ⊗ hAC(t) ⊗ e(−t) ⊗ hBC(−t) ��>6?A@ �
= hAC(t) ⊗ hBC(−t) ⊗ f(t)

� >6?j> �

R �
f(t) = e(t) ⊗ e(−t) ?�Z[R3a N\LOb ]FE\R�aMN&�C E\]FNHDFarPt^ ��D�u6Cw]�E\LdDFaMk�DgbMDXCwD�aMN\]�DWNHIMLdpq_�arP\D � ���3IMEHD

>6?j> � �!��]Fh:D�P�IMa�CMI ^ON\D �oZ DFaMEHDF�3LdNHPSEHD�^`_8EH]FC�R3aMNHDKLdhzC IM^ONHLOR3aMa DF^O^dD
hCB(t)

�"E\D�P\R3IMEHaMD�kFD
NHLO�3a�_q^wD�P E\D�arp3R3LdD

hCB(−t) ? A DFa E\DF��LONHP\E\Dg_q^OR3EHN �
hCB(−t)⊗ hAC(t)

?6�tR3IMN[E\DFk�R3aMa�_qLON\NHR3aMN
^���Dvu C E\DFNHN\LdR3amC E\]Fk�]FbMD�arPSDxb D

CAB(t)
?=�*DFNebMDFI�uKD�u6Cw]�E\LdDFaMk�DFN�N\R3arP�bMR3aMkX]�T�I Ldpq_�^OD�arPSDFN��

Bt^O^OR�aMNVC ^OIMN�^dR3LOaUD�P7Ldh _q�3LOaMR�aMNXT�I¬�j_�I ^dLODFIUb���_
p�R3LOExIMa�N\D�IM^ C�R3LOarP�Z�aMR�IMN�DFai_��3R�aMN7IMa
D�aMN\D�h�cM^ODXk�R3arPSLOa$IsDFarP\R3IMES_qa$P�^dDFNªNHPS_qPSLdR3aMNªB D�P�t?�� _�aMNeIMasCMEHDFh:LODFE P\DFh:CMNªB DFarp3R�LODXIMa
�/LdES_�kxT�I L N\D7CMEHR3C�_���D7b�_�aMN P\R3I PSD�Ng^OD�N bMLOEHDFk�PSLOR�aMNF?w|}^"DFNQPXDFaMEHDF�3LdNHP\E\]7DFa�klJ�_qT�I D:C�R3Lda$PgZ/?
��_�E\h:L�P\R3IMNg^OD�N PSE\_��HD�P\NgN\IMLAp6LdN LO^�DFa�D�u6LdNHPSD�T$IML CM_�N\NHDFarPWC�_�E ����NHL cMLdDFa-T$IMD � DFaMEHDF�3LdNHPSEHD
hAB(t)

NHR3LdP�^O_Xf#R3a k�PSLdR3a:bMDg�gE\D�DFa T$IMDt^ ��R3a EHDFklJMD�E\klJMDq?M� _qaMN[IMa N\DFk�R3aMb P\DFh:CMN��$^dDFN�CwR3LdarPSN
Z EHD�PSR�IME\aMD�arP7^OD:N\Ld�3a�_�^

hAC(−t) ? ��_8C E\R3C�_q�r_qPSLdR3a bMDFN�R�aMbMDFNx]�Pl_qa$PxE\]�kFLOC E\R�T�I D(��PSR3I P\DFN
^dDFNgR3aMb DFNX]Fh:LONHDFNgC�_�Eg^dDFN C�R3Lda$P\NWZ p�R3arPWN\D�E\D�f#R6kF_�^OLdN\DFE/DFa�B ��D�P>� D�aME\D��3LONQPSEHD7kFD�PHPSD7f#R3LdN
hAB(−t) ?
�x��_�CMEH�FNWkFD:T$IMLoCME\]�kF�Fb D(��kFDFk�L EHD�p�LOD�arP &skFR3EHE\]�^ODFEXbMD�NVD�aME\D��3LONQPSEHDFh:DFarPSNWbMD:cME\IMLAPXbMD�f#R3aMb
D�a$P\E\D

A
D�P
B
��^OD�NgN\R3IMEHkFD�N

C
D�arPSR3IME\_�arPWkFR3arPSLda$#MhzD�arPX^ODFNgb DFI6u EH]FkFD�C PSD�IME\N�? *ga�k�R3aMkF^dI P

T$I���LO^©D�NHPVCwR3NHN\LdcM^OD�bMD:E\D�kFR3aMNQPSLAPSIMD�EV^O_�f#R�aMk�P\LOR3a�bMD �XEHDFD�a DFarP\E\D:bMDFI6uUC�R3LOarP\N
A

D�P
B

DFa
k�R3E\EH]F^`_qa$P�b DFN:DFaMEHDF�3LdNHPSEHDFh:DFarPSN:bMDKcME\I LdP�bMD�f#R3aMb &�kFR3aMb LdPSLdR3a�T$IMDKkFDF^dIMLAy<kFL NHR3LdP���]FaM]�E\]
k�R3arPSLOa$#Mh:DFarPW_�I6PSR3IMEgb D

A
D�P
B
?"� 	�� ��� 	'	 � � ��� � >q¢3¢3�3_���c �tR�a$PXD�aUR�I PSEHD7hzR3arP\E\]7T$IMD�kFD

EH]FN\I ^dPl_9PoE\DFNQPSDepq_�^`_�c ^OD[NHL�^OD�N�NHR3IMEHkFDFN�a���DFarPSR�IME\D�a$P C�_�Nok�R3arPSLOa$#Mh:DFarPo^dDFNoNHPS_qPSLdR3aMN���h _�LdN T$IMD
^dDghzLd^OLOD�I�DFNQP�N\I��:NS_qhzh:DFarP�JM]�P\]FEHR3�3�Fa D�?
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� _�aMNe^��j_�C CME\R�klJMDgh:R6b�_q^OD R3asNHIMCMC�R3N\DXT$IMDX^OD klJM_�hzCKb���R3aMbMD�NeDFNHPeP\DF^�T$IMDgPSR�IMNe^ODFNªh:R�bMDFN
bMI�h:LO^OLdDFI�N\R�a$P D�u6kFLAPS]FN _
p�DFk I a�h'%�hzD�aMLdp�D�_�I b���]�aMDFEH�3LOD/D�P I aMD CMJ�_qN\Dg_�^d]�_qP\R3LOEHD�?rBtIMkFIMa D
Jr�6C�R�P\JM�FNHDza���DFNQPXf5_�LdP\D�N\IMEX^dD�hzLd^OLdDFI8b D:C E\R3C�_q�r_qPSLdR3a�? �6R3LdDFarP

sA(t)
D�P
sB(t)

^dDFNgDFa E\DF��LONQy
PSEHDFh:DFarPSNtbMI�klJ�_�h:C�D�a�bMDFI�u8C�R3Lda$P\N

A
D�P
B
?w� _�aMNt^ ��Jr�6C�R�P\JM�FNHD�R �8Ld^��m_z]FT$IMLdC�_�EQPSLdP\LOR3a

bMD ^���]�aMDFEH�3LOD:DFarP\E\D�^dDFNWbMLdw]FEHDFarPSNVhzR�bMDFNVCME\R�CME\D�NxbMDzCME\R3CM_��r_qP\LOR3a �*k�DFN�NHLO�3aM_�I6u C�DFI p�DFarP
NF��]Fk�E\LOEHD

sA(t) = <
∑

k

ak ψk(A) eiωkt,

sB(t) = <
∑

l

al ψl(B) eiωlt,

R �K^ODFNªk�R6D �:kFLOD�arPSN
ak

EHDFCMEH]FN\D�arPSDFarP/^ODFNe_qhzCM^dLdP\IMbMDFNªh:R�b�_�^OD�N kFR�hzCM^dD�u6DFNeD�Pt^dDFN
ψk(X)

^OD�N
f#R3E\h:DFNªb DFN�hzR�bMDFNe_qImC�R3LOarP

X
�
ωk

]�Pl_�arP�^`_�C IM^ON\_qPSLdR3a�bMDXkFD�Nth:R6b DFNF?
��_:k�R3E\EH]F^`_9PSLOR�a�DFarPSEHDVk�DFNebMD�I6uKN\Ld�3a�_�I6u�NF��]FkFEHLdP�_�^dR3E\N

CsAsB
(τ) =

∫

∞

sA(t) sb(t− τ) dt,

=

∫

∞

<
[

∑

k

ak ψk(A) eiωkt

]

<
[

∑

l

al ψl(B) eiωl(t−τ)

]

dt,

=
1

2
<

∑

k

〈 ak a
∗
k〉ψk(A)ψk(B) eiωkτ .

��_Wf#R3aMk�PSLdR3azb D �gE\D�DFa�k�R3E\EHDFN\C�R3aMbM_�arP &XIMa�bM]�CM^`_�k�DFh:DFarP DFaMEHDF�3LdNHPSEH]tD�a
B

bMI &WIMaMDef#R3E\k�D
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_�C CM^OLdT�I ]FDgDFa
A

NF��]Fk�E\LdP

GAB (t) =
∑

k

ψk(A)ψk(B)
sin(ωkt)

ωk
.

��R3IMNeDFaKbM]Fb IMLONHR3aMNeT$IMD

2
d

dt
(CsAsB

(τ)) = GAB .

�©��R3Cw]�ES_qP\LOR3a bMD:bM]FEHLdpq_qP\LOR3a�LOarP\E\R�bMIMLdP\D�LOkFL©b ]FC�DFaMb�b D ^`_�f#R3a k�PSLdR3a bMD��gE\D�DFa k�R3aMNHLObM]�E\]FDq?
�©a D�¬D�P �oR3a C�DFI PzbM]���aMLOE:^`_-f#R3aMk�PSLdR3a b D-�gE\DFD�a bMDKCM^OI N\LOD�IME\N:f5_�GFR�aMNzD�a2f#R3aMk�PSLdR3a b DFN
�3E\_�aMbMD�IME\N:CMJr��N\LdT�I DFN�T$I���DF^d^ODsE\D�^OLODq? �©��Dvu C E\DFNHN\LdR3a bMR3a aM]FDKCM^OI NzJ�_qI P k�R3E\EHDFNHCwR3a b &�IMaMD
f#R3a k�PSLdR3a-bMDz�gE\DFD�aUEHDF^dL`_�arPgIMa D�f#R�E\kFD &�IMa bM]FC ^`_�k�DFh:DFarP�?���Lo_�I�kFR3arPSE\_�LOEHD7R3a DFaMEHDF�3LdNHPSEHD
IMaKklJ�_�h:CsbMDgp�LdPSD�N\NHD(��^ ��R3C�]FES_9PSLOR�a�bMDWbM]FEHLdpq_qPSLdR3a�a���DFNQP/C ^OIMNªaM]�kFD�N\NS_qLOE\D

Gf→v
AB =

d

dt
Gf→d

AB = CsAsB
(τ).

Z[D EH]FNHIM^dPS_qP NHLO�3aMLA��D/T$IMD/N\L¬^���]�T$IMLOC�_qEHPSLAPSLdR3a�DFNHP E\]�_q^OLONH]FD �6NHLwPSR�IMN ^OD�N[h:R6b DFN[b I�hzLd^OLOD�I�N\R3arP
Dvu k�LdP\]FN�_�p3DFkWIMash %Fh:DgaMLdp�D�_�Isb���]FaMD�E\�3LdDXD�PeIMaMDXCMJM_�N\DW_�^d]�_qP\R3LOEHD(�6_�^OR3EHN ^`_�k�R3E\EH]F^O_qPSLdR3a�bMI
klJ�_qhzC�D�a�bMD�I6u�C�R3Lda$P\NtD�NHPg^O_�f#R�aMk�P\LOR3ambMD7�gE\D�DFa�bMI8hzLd^OLOD�I�? ��_zb ]Fh:R3aMNHP\ES_qP\LOR3ambMR3aMa ]FD
LdkFL�NHIMCMC�R3N\DWIMaMDXbMLdNHPSEHLOcMI6PSLOR�a�bMLONHkFE\��PSDXbMDXh:R6bMD�NªT$IML*a���DFNHP�pq_�^`_qcM^OD T$I���DFaKh:LO^OLdDFI f#D�E\h:]�?
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� _qaMN ^OD�klJ�_�C LdPSEHDtC E\]Fk�]FbMD�arPeaMR3IMNª_�p�R3aMN[p�I�T$IMD ^O_Wk�R3E\EH]F^O_qPSLdR3azb D/cMEHIMLdP kFR3arp�DFE\��D�_�LAP[p3D�E\N
^O_Kf#R3aMk�PSLdR3a�bMDs�gE\D�DFa ��DFa�NHD�N\D�EHpq_�arP7bMD�^��j_qa�_�^OR��3LOD�DFarP\E\D�k�R3E\EH]F^`_9PSLOR�a D�P�D�u6Cw]�E\LdDFaMk�D�bMD
EHD�PSR�IME\aMD�hzD�arP PSD�hzC�R3E\D�^ ? �6LwkFD�PHPSDg_qCMCME\R�klJMD &x^��j_�pq_�arPl_q�3D/b�� %�P\E\Dg_qcwR3EHb�_�cM^dDtD�PªC�DFE\h:D�P[bMD
5}bM]Fhx��NQPSLd�MDFE87V^dDFN/k�R3E\EH]F^O_qPSLdR3aMN���D�^O^ODx_zPSR�I PSD�f#R3LON�^ ��LOaMk�R3arp3]�aMLOD�a$P b�� %�PSEHD�CwD�I-�3]Fa ]FES_q^OD�? �©^O^dD
aM]�kFD�N\N\LAPSD�b DzNHIMCMC�R3N\D�E�IMaMDzbMLONHCwR3NHLdP\LOR3a�C�_�EQPSLdkFIM^dLO�FEHD7bMD NHR3IMEHkFDFN �"D�Pxa���DFNQPxpq_�^O_�cM^OD�T$I���DFa
_�k�R3IMNQPSLOT$IMD �#k�_�E7a R3IMN:_�p3R3aMN�NHIMCMC�R3N\D�E:b DFN�R3aMbMD�N7N\kF_�^`_�LdE\D�N ��? �tR3IMN7NHR3IMJ�_qLdPSR�aMN7R3c P\DFaMLdE
IMaiE\]�N\IM^APl_qP:c�D�_�I kFR3IMC CM^OI N7�3]FaM]�ES_�^�� pq_�^`_�c ^OD�C�R3IME�IMaihzLd^OLdDFI�T$IMD�^OkFR�aMT$IMD(��D�P:C�R3I pq_�arP
N��j_�C CM^OLdT�I DFEªT$IMDF^dT$IMDVNHR3LdPe^O_�CMJr��N\LOT$IMDWE\]��3LONHNS_�arP�^`_�C E\R3C�_q�r_qPSLdR3a�bMD�NtR3a bMDFN�?
�*DFNWPSE\_
pq_�I�u CME\]�N\DFarP\]FN�b�_qaMNxk�D klJ�_�C LdPSEHDzD�Px^dD�N\IMLAp�_qa$PWf#R3arPVN\IMLAPSD &mIMaMDzN\]�E\LOD:bMD:N\]�hzL§y
a�_qLOE\D�NXbMD hz_qPSJ ]Fhz_qPSLdT�I D7bMR3aMaM]�D C�_qE32op�DFN�Z[R�^OLOa�bMD �oDFEHbMLO��E\Dz_�I ���g| � C�DFaMb�_qa$PVCM^dIMN
b���IMaz_�a�?3Z[DFN�N\]Fh:LOaM_�LOEHDFN"R�a$P�]�PS]ª^ ��R�kFk�_qN\LOR�a7b��j_qcwR3EHbMDFE"^ODFN©C E\R3cM^d�Fh:DFN©C�R3N\]�NoC�_�E ^dDFN©kFR�E\E\]vy
^O_qPSLdR3aMNobMD/c E\IMLAP ��D�P R�a$P[CwD�E\h:LONobMD/f#R�E\h�IM^dDFEoIMaMDtPSJM]�R3E\LdDtCM^dIMN[��]FaM]�ES_�^dD�? Z[DFN[P\ES_�pq_�I6uzR3arP
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b���_�cwR�E\b ]�PS]�CMI cM^OLd]FN &sbMDFNQPSLda�_qPSLdR3a-bMD�hz_qPSJM]�h _9PSLOk�LOD�aMN � � ��� � � � 	 ��	�� � ����� 	 � >q¢3¢��3_���c � ���
_�p�_qa$PVb�� %�P\E\D EHDFCMEHLONWb�_�aMNW^ ��_�EQPSLOk�^OD�b D E\D�p�LOD /�bMD � � ��� � �(� � 	 � � ��� ��>�¢3¢r� �gD�a�_�a aMD�u6D b I
CME\]�N\D�a$P�hz_�a$IMNHkFE\LAP�? � R3I P�D�a�N\I Ldpq_�arP�^O_mh %Fh:DzbM]�h _qE\klJMDzT�I D � � �� � �(� � 	 � � ��� ��>�¢3¢r� ���
aMR3IMNeCMEH]FNHDFarPSR3a N/LOk�L�^OD�NeCME\LdaMkFLdC�_�I6u E\]�N\IM^APl_qP\N���DFaKbMR3a a�_�arP�CM^OIMNebMDXbM]�Pl_�Ld^ ?

/ '%& B � + 2*�(��� 1b� 1

�tR3I N©N\R3IMJM_�LdP\R3aMN h:R3arPSEHDFE"T$IMDª^O_/kFR�E\E\]�^`_qP\LOR3aVbMI�cME\I LdP b D f#R3aMb7DFa E\DF��LONHP\E\] D�a�bMDFI6u�CwR�LOarPSN
B D�P �ib���I a h:LO^OLdDFI7k�R3arPSLOD�arP ^`_gf#R3aMk�PSLdR3azb D �gE\D�DFa�k�R3hzC ^O��P\DeDFarPSEHD/kFD�N[bMD�I6uzCwR�LOarPSN�b�_�aMN
^ODek�_qN ^dD�C ^OIMN��3]Fa ]FES_q^�C�R3NHN\LOc ^OD�?3� _�aMN kFD�PHPSD�C�_�EQPSLODeaMR�IMN a R3IMN�LOarPS]�E\DFNHN\R3a N[N\C�]Fk�Ld��T$IMD�hzD�arP
_�I8kF_�N�R �8^dDFNeN\R3I E\kFD�N bMDWcME\I LdP�N\R3arPtE\]�C�_�EHP\LOD�NtbMDXf5_�G�R3aMN�JMR3h:R3�3�Fa DWbM_�aMN/^���D�aMN\D�h�cM^dDWb I
hzLd^OLdDFI�?wB/IMk�IMaMD:J$��C�R�PSJ �FN\D a���D�NHPWf#R3E\hxIM^O]�D7kFR3aMk�DFEHa�_�arPx^dD�hzLd^OLOD�I�bMD:CME\R�C�_��r_qP\LOR3a ��N\LokFD
a���DFNHP T�I¬��Ld^wbMR�LdP %�PSEHD _qPHPS]�a�IM_�arP�? |}^�C�DFI PQy %�P\E\DtJMR3h:R3�3�Fa DtR3I aMR3a �6_�p3DFk/R3I�NS_qaMN bMLA¬IMNHDFIMEHNF?
�6R3LAP

X
IMaKh:LO^OLdDFI�T$IMD�^OkFR�aMT$IMD�?��tR�IMNtNHIMCMC�R3N\R�aMNtT$IMDW^OD�NeR3aMbMD�NtNHDVCMEHR3C�_���DFarPt_�ImNHDFLdambMD

X
NHIMLdpq_�arPe^���]�T�IM_qPSLdR3a

∂2u

∂t2
+ 2a

∂u

∂t
− Lu = f,

�5� ?d@ �

a(~r) > 0
]�Pl_qa$PK^��j_qPHPS]�a�IM_qPSLdR3a¥bMI�hzLd^OLOD�I�?��*D�N\D�kFR3a b h:DFh�cMEHD-bMD�^ ��]FT$I�_qP\LOR3a �

f(~r, t)
�

E\D�CME\]�N\DFarP\D�^ODFNWN\R�IME\k�DFNxb D cMEHIMLdPWbMIUhzLd^OLOD�I �¬D�P
u(~r, t)

^dD�klJ�_�h:C bMDzbM]FCM^O_�kFD�hzD�arP�? � R�I P
^ ��LOarP %�E\D�PªbMDXkFD�P\PSDXC�_qEHPSLdD E\]�N\LdbMDgb�_�aMNª^dD/PSD�E\h:D

L
T$IML*bM]�N\Ld�3aMDgIMasR3C�]FE\_qPSD�IMEe_�I P\Rqy¦_�b��HR3LOarP

DF^d^OLOC6PSLOT$IMDebMLA¬]�E\D�a$P\LOD�^wT$IMD�^OkFR�aMT$IMD(�Mkq��D�NHP &VbMLOEHD/IMa�R�Cw]�ES_qP\DFIME�PSDF^wT$IMD ^`_WCME\R�C�_��r_qP\LOR3a:bMD�N
R3aMbMD�N/EHDFN\C�DFk�PSD�^O_7kFR3aMNHDFEQp�_9PSLOR�a8bMDW^ ��]FaMD�E\�3LdD�?�|}^�C�DFI P/NF��_��3LOEªb I�^`_�C ^`_�k�LODFa

c2(~r)∆
_�IMT$IMD�^

k�_�Nga R3IMN EHDFkFR�aMa�_�LdN\N\R�aMNg^ ��]FT$I�_qP\LOR3a8b���R�aMbMD�J�_qcMLdP\IMDF^d^OD(��hz_�LON���CwR3I E\ES_qLdP %�PSEHD�]F�r_q^ODFh:DFarP
^ ��R3C�]FES_9PSDFI E bMD�6klJME��6b LOaM�3D�E R3I�_�I6PSE\Dq?rZ/��DFNQP k�DªT$IML k�R3a f#�FEHDªIMaMDª�3E\_�aMbMDª��]FaM]�ES_�^dLdPS] &/kFD�P\P\D
_�CMCMEHR6klJ D(��kFD�^O^ODvy}k�L¬a���]�PS_�arP/C�_qNª^OLOh:LdP\]FD�&�^O_7N\LONHhzR�^OR3�3LdD�?
� _�aMN/IMa-CME\D�hzLdDFEePSD�hzCMNtaMR3IMNthzR�a$P\E\R3a N/T$IMD�^O_:PSE\_�aMNQf#R3E\h:]FDVbMD���R3IMEHLOD�EtbMDV^`_�f#R3aMk�P\LOR3a
bMD8�XEHDFDFa DFarPSEHDmb DFI6uiC�R3LOarP\N:T$IMD�^Ok�R3aMT$IMD8b I h:LO^dLODFI

X
DFNQP ^dLO]�Ds_�I a R��3_�I2LdarPS]F��ES_�^ªbMD

^ ��R3C�]FES_9PSDFI E
L
? �©aKDvu6CME\Ldh _�arPªD�aMN\I LdPSDg^dD klJ�_�h:C�bMDgbM]�CM^`_qkFDFh:DFarPeD�a

A
D�P
B
&�^ ��_�LdbMD/bMD�N

f#R3aMk�PSLOR�a bMD �XEHDFDFa D�P bMDFN NHR3IMEHkFDFN
f
�$aMR3IMN hzR�a$P\E\R3a N T$IMD ^O_Wb ]FE\LAp3]�D/bMDt^`_XkFR3EHE\]F^O_qPSLdR3a:bMI

cME\I LdPeDFa E\DF��LONHP\E\]XDFaKbMD�I6uKCwR�LOarPSNªD�NHP�^`_xf#R3a k�PSLdR3asbMDV�XEHDFD�amEHDFklJMD�E\klJM]�D�?
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�©a�_�^d�3�Fc E\D�^OLdaM]�_�LdE\D ��LO^oDFNQP�k�R3aMa$I�T$IMDzP\R3I P\D:f#R3EHhzD:^OLdaM]�_qLOE\D
P

NHIMExI a�DFNHC�_�kFD:p3D�k�PSR�E\LOD�^
E

C�DFI PWNHD h:D�P\P\E\D�N\R�IMNVI aMD:f#R�E\h:D7h _qP\E\LdkFLOD�^O^dD�? ��D�NVk�R6D �:kFLOD�arPSNxb D:^O_Khz_qP\E\LOk�D
Pij

N\R3arP
^���Ldh _���DzbMD�N�p3D�k�PSD�IME\N

ei
f#R3EHh _qa$PxIMaMD�c�_qN\D�bMD

E
C�_�E�^���R3C�]FE\_qPSD�IME

P
? 
taMD�f#R3LdN�bM]��aMLOD �

^O_�h _qP\E\LdkFD
Pij

C�DFE\h:D�PXb D:kF_�^Ok�IM^OD�Eg^ ��LOhz_��3DVb���I a p�DFk�P\DFIMEWT$IMDF^dkFR3a T�I D
u
C�_�E

P
NHDF^OR�a ^O_

EHDF^`_9PSLOR�a
∀u : X 7−→ R

3,
(

P u
)

i
=

∑

j

Pij uj.
�5� ? > �

�/DW^`_�h %Fh:Dgh _�a LO�FEHD(��IMaKR3C�]FE\_qPSD�IME
P

_��3_�arP/IMamN\C�DFk�PSE\DVkFR3arP\LOa$I��ªC�DFI6P/NHDVh:D�PHPSE\DXNHR3IMN
^O_Kf#R3EHhzD�b���IMaMD 5}h _9PSE\LdkFD�kFR�a$P\LOa$IMD�7 T$IMD ^ ��R3a _qCMCwD�^O^dDzaMR
�3_�I�LOarP\]F�3E\_�^ b D ^ ��R3C�]FE\_qPSD�IMEVD�P
T$IMD7^���R3amaMR�P\D [[

P
]]

(x, y)
? �©��LOhz_��3DWb���IMa�p3D�k�PSD�IME

u
C�_�E

P
NF��]Fk�E\LAPX_�^OR�E\Nt_�I-hzR
��DFa-b���IMaMD

Lda$P\]F�3E\_�^OD _�Im^dLOD�I�b���I aMDXN\R3h:hzD �

∀u : X 7−→ R
3,

(

P u
)

(x) =

∫

X

[[

P
]]

(x, y) u(y) dy.
��� ?�� �

� R3I P�R3C�]FE\_qPSD�IMEtb DWNHCwD�k�P\E\Dxk�R3arPSLda�IKC�DFI P�N\DWh:D�P\P\E\DXN\R�IMNt^O_�f#R3E\h:DXb���I amaMR
�3_�I�LOarP\]F�3E\_�^ ?
Z[D�^OIML§y}kFL¬k�_�E\_�k�P\]FE\LdN\Dgk�R3hzC ^O��P\DFh:DFarPe^ ��R3C�]FE\_qPSD�IMEF?

: 	 : 	 � �?¹i¦?¢g´ß£¥¹¡¦ ©§¤ 2a®¯¤b¤b¦ ©§¬i¦?¨]«Ì¤2©§¹¡ºJ¬i£Ì¦?¤���® . ���§¤b¦
´ß£¥¤b«

��_�ExNHR3IMkFL�bMDzN\LOh:CM^dLOkFLAPS] �¬aMR3I NxkFR�hzh:DFaMG�R3aMNWC�_�EVkFR3aMNHLObM]�E\D�Ex^OD�kF_�NxR � ^OD�hzLd^OLdDFI
X

a���_
C�_qNtb���_qPHPS]Fa$I�_9PSLOR�a �

a = 0
? ��_�f#R�aMk�P\LOR3aKbMDx�XEHDFDFa8DFarPSEHDVbMD�I6umCwR�LOarPSN

~r
D�P
~rs

EHDFCMEH]FNHDFarPSD
^���D�aME\D��3LONQPSE\D�hzD�arP/T$I���R3a�R3c6PSLOD�aMbME\_�LdP�DFa

~r
NHL�I aMDxNHR3IME\k�DxLdhzCMI ^ON\LdR3aMD�^O^OD/]�Pl_qLdPtCM^`_�k�]VD�a

~rs
?

�©a-b���_�I P\E\DFNtPSDFEHhzD�N���^`_�f#R3aMk�P\LOR3ambMD��gE\D�DFa�b�_qaMN ^ODVbMR3hz_�LOa DWP\DFh:CwR3EHDF^
G(t, ~r, ~rs)

D�NHPg^O_
NHR3^OI P\LOR3a�b DW^���]�T$I�_qPSLdR3a�b���R3aMbMDV� ?A@X^OR3EHN\T$IMDX^`_�NHR3IME\k�D

f
D�NHP�IMam�/LOE\_�k

δ(t, ~r − ~rs)

∂2G

∂t2
(t, ~r, ~rs) − LG(t, ~r, ~rs) = δ(t) δ(~r − ~rs).

�5� ?�~ �

��R3IMNªN\R�IMJ�_�LAPSR3aMN[hzR3arP\E\DFEªT$IMDg^O_xf#R3aMk�PSLOR�a�bMDW�gE\DFD�asb�_�aMNª^dD bMR3hz_�LOa D/f#E\]�T�I DFarPSLdDF^�C�DFI PQy
%�PSE\DXbM]��aMLdDWk�R3h:hzD ]�Pl_�arP�^ ��R3CMC�R3NH]FDXbMIKaMR
�r_�IKLOarPS]��3ES_q^�bMD

((ω + iε)2 + L)−1 ��N\R�LdP

Ĝ(ω + iε, ~r, ~rs) = −
[[(

(ω + iε)2 + L
)−1 ]]

(~r, ~rs),
�5� ?)� �

���G%Z5!2\%S�_�!)+%d# > /@� ��2�T,)6�c�!%0/@)e%05<�[= > %,�\5<%0CPI@="%d#&%Z5<%S5eac�K="%,/@)65e2@)+��2@)+%05



� �	���
����� �����	��� � � 	U��� 
��
�4��� 	Q����� �
������	��� � �I
��&�
		

� � � 	 �	
.������	 >�¢

D�P[T�I D/kFD�P\P\D/bM]��aMLdP\LOR3azDFNQP ]FT$IMLApq_�^OD�a$P\D�&W^`_XCME\]�kF]�bMDFarPSDq?�� _�a N[kFD�P\P\D/D�u6CMEHDFNHN\LOR�a � ^O_WaMRqPl_9y
PSLdR3a

.̂
LOaMbMLdT$IMD T$IMDª^`_ef#R3aMk�PSLOR�a�DFNQPoCME\LdN\D b�_qaMN ^ ��DFNHC�_�k�DªbMDFN f#EH]FT$IMDFa kFDFN �rD�P

ε
D�NHP©IMa7a R3h�cMEHD

CwR�N\LdP\Ldf�LOa �aMLdP\]FNHLOhz_�^ ? �*R3E\NHT$IMD
ε→ 0

aMR3IMN�CwR�I p3R3a N�]�kFEHLOE\D

Ĝ(ω + iε, ~r, ~rs), = −
[[(

(ω + i0)2 + L
)−1]]

(~r, ~rs),

= −
∫

X

[[(

(ω + i0)2 + L
)−1]]

(~r, ~r ′) δ(~r ′ − ~rs) d~r
′,

= −
(

(ω + i0)2 + L
)−1

δ(~r − ~rs).

Z[DFk�L�h:�Fa D>&

−
(

(ω + i0)2 + L
)

Ĝ(ω + i0, ~r, ~rs) = δ(~r − ~rs).

�tR3I NzEHDFkFR�aMa�_�LdN\N\R�aMNzbM_�aMN:kFD�PHPSDmbMDFEHaMLO��E\DsD�u6CMEHDFN\NHLOR3a2^`_�PSE\_�aMNHf#R�E\h:]FDsbMDm��R�IME\LdDFE7bMDK^`_
E\D�^`_qP\LOR3a�� ?�~sbM] MaMLONHNS_�arPW^`_ f#R3a k�PSLdR3a�bMDz�XEHDFD�a bM_�aMNX^OD7bMR�h _�LdaMDxP\DFh:CwR3EHDF^�? ��_�f#R3aMk�P\LOR3a
bMDz�XEHDFD�a�P\DF^ T$IMD�aMR�IMNX^ ��_
p�R3aMNgbM]��aMLdD7b�_�aMNX^ODxbMR3hz_�LOaMDWf#E\]�T�I DFarPSLdDF^©b�_�a NV�6?)� D�NHPWbMR3aMk
cMLOD�amNHR3^OI6PSLOR�a�bMDX^ ��]FT$I�_qP\LOR3a�b���R3aMb DW^dR3E\NHT$IMDX^`_�N\R�IME\k�DVD�NHP�IMam�/LOE\_�k�?
�tR3I N©CwR3I6p3R3aMNokF_�^Ok�IM^OD�E"^`_�PSES_qaMNHf#R3EHhz]�D bMDe��R3IMEHLOD�E"LOarp�DFE\NHDebMD

Ĝ(ω+iε, x, y)
�3DFa7I6PSLO^dLON\_�arP

^`_7h:]�PSJ R6bMDgb DFNeE\]�N\LOb IMN �

G(t, ~r, ~rs) = Y (t)

[[

sin t
√
−L√

−L

]]

(~r, ~rs).
��� ? � �

Z[D�PHPSD/EHDF^O_qPSLdR3a7LOaMb LOT$IMDeT$IMD/^O_gf#R�aMk�P\LOR3a:bMD/�XEHDFDFazb���IMa h:LO^dLODFIxbM]FC�DFaMb bMI aMR
�3_�I Lda$P\]F�3E\_�^
bMDo^ ��R3C�]FES_9PSDFI E

L
k�R3arPSE\R�^O^`_qa$P�^`_[CMEHR3C�_��3_qPSLdR3a�? ��_ aMRqPl_qP\LOR3a √−L bM]FNHLO�3aMD©^���R�Cw]�ES_qP\DFIME�b R3arP

^OD�N�pq_�^dDFIMEHN�C E\R3CMEHDFN�N\R3arP�^OD�N�Ldh _q�3DFN*bMD�N�pq_�^dDFIMEHN�CME\R3C�DFN�bMD
L
C�_�E�^O_ªf#R�aMk�P\LOR3a

x →
√

(−x) ?|}^©DFa p�_�bMD:h %Fh:D7CwR3I Eg^`_�f#R3aMk�PSLOR�a NHLOa$IMN�?
Y (t)

D�NHPV^`_�f#R3aMk�PSLdR3a-bMDz�tD�_�p�LONHLObMD7pq_�^O_�arPW¢
CwR�IME ^OD�N/PSD�hzC NgaM]F�r_9PSLdf#NtD�P�@7C�R3IMEt^ODFNtPSDFh:CMNgC�R3N\LAPSLAf#NF? �o^d^ODx_�N\NHIME\EHD7T�I D7^`_ NHR3^OI P\LOR3a8DFNHP
cMLOD�amkF_�IMN\_�^ODq?
�tR3I N kFR3a N\LOb ]FE\R�aMN�&xC E\]FNHDFarPª^dDtkF_�N CM^dIMN[�3]�aM]FE\_�^�R ��^OD�h:LO^OLdDFI�DFNQPª_qPHPS]�a�IM_�arP�?4��_Xf#R3aMk�P\LOR3a
bMDW�gE\DFD�a

Ĝ(ω,~r, ~rs)
DFNQPªbM]��aMLODgk�R3h:hzDt^OD aMR
�3_�IsLOarPS]��3ES_�^�bMD

(ω2 + 2iaω +L)−1 D�PªaMR�a
CM^OI N�b D

((ω + iε)2 + L)−1 ��N\R3LAP

Ĝ(ω + iε, ~r, ~rs) = −
[[(

(ω + iε)2 + L
)−1]]

(~r, ~rs),
��� ?j� �

/ '�� � 2*�(� �·�q}���/�2�� 1 ���j���0/Ó� 1j� ��2���1

�tR3I N�b ] �aMLdN\NHR3aMN�^`_7kFR3EHE\]�^`_qP\LOR3a�b ImklJ�_qhzCKbMDXbM]FC ^`_�k�DFh:DFarPeDFambMDFI6u�CwR3LdarP
A

D�P
B

C�_�E

C(τ, ~rA, ~rB) = lim
T→+∞

1

T

∫ T

0

u(t, ~rA) u(t+τ, ~rB) dt.
���6?j� �
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�*D�bM]FC ^`_�k�DFh:DFarP
u(t, ~r)

C�DFI6P %�PSEHD:Dvu6CME\Ldhz] &�C�_�EQPSLdE bMD�^`_ f#R3a k�PSLdR3a�bMD:�gE\DFD�a
G

D�PWbMDFN
NHR3IME\k�DFN

f

u(t, ~r) =

∫ ∞

0

dt′
∫

X

Ga(t
′, ~r, ~rs) f(t− t′, ~rs) d~rs.

�5� ?jY �

��R3IMN NHIMCMC�R3N\R3a N T$IMD
f
D�NHP©IMaxcME\I LdP c ^`_�aMk bMLONQPSEHLOcMIM]�bMD[f5_qGFR3a�J R3hzR��3�FaMD b�_�aMN�^ ��DFaMNHDFh�c ^OD

bMI hzLd^OLOD�I
X
? 
ta�cMEHIMLdPVcM^O_�aMkz_mIMa�NHCwD�k�P\E\D�CM^O_qPVkFR3arPSD�a�_�arPxP\R3I P\D ^OD�NWf#EH]FT$IMD�aMkFD�N�_
p�DFk

IMamh'%�hzDga Ldp3DF_�IKb���]�aMDFEH�3LOD ��^`_7CMJ�_�NHDV]�Pl_�arP/_�^O]F_qPSR�LOE\Dq?M� _qaMNt^dDXbMR3hz_�LOaMD P\DFh:CwR�E\DF^�� ^��j_�I�y
P\R6k�R3E\EH]F^`_9PSLOR�a�b���I a8cMEHIMLdP�cM^O_�aMkWDFaMEHDF�3LdNHPSEH]VD�a8IMamCwR�LOarP�DFNHPtIMa8�/LOE\_�k�?=��_zk�R3E\EH]F^O_qPSLdR3a�bMD
cMEHIMLdPec ^`_�aMkgD�amb DFI6uKC�R3LOarP\NªbMLdw]FEHDFarPeDFNQP/a$IM^d^OD�?
�©a8Dvu6CME\Ldh _�arP

u(t, ~r)
DFaKf#R3aMk�PSLOR�ambMD

G
��k�R3hzh:DXb�_�aMN�^ ��]FT$I�_9PSLOR�a8� ?�Y���^`_�kFR�E\E\]�^`_qP\LOR3asbMI

klJ�_qhzCKbMDXbM]FC ^`_�k�DFh:DFarPeDFaKbMDFI�uKCwR3LdarPSN
A

D�P
B

NF��]Fk�E\LAP

C(τ, ~rA, ~rB) = lim
T→+∞

1

T

∫ T

0

u(t, ~rA) u(t+ τ, ~rB) dt,
�5� ?d@�¢ �

= lim
T→+∞

1

T

∫ T

0

dt

∫ ∞

0

ds

∫

X

d~rs Ga(s, ~rA, ~rs) f(t− s, ~rs)

×
∫ ∞

0

ds′
∫

X

d~rs
′ Ga(s′, ~rB, ~rs

′) f(t+ τ − s′, ~rs
′).

���6?d@3@ �

�©a:I PSLd^OLON\_�arP©^`_ 5}^OR3L6bMDFN��3ES_qaMbMNoaMR3h�c E\DFN 7��r^O_ ^OLOh:LdP\D[^dR3E\NHT�I D
T → ∞ C�DFI P %�P\E\DeE\D�hzC ^`_�k�]FD

C�_qEª^ ��DFN\C�]FE\_�aMk�D
E

lim
T→+∞

1

T

∫ T

0

f(t− s, ~rs) f(t+ τ − s′, ~rs
′) dt = E

[

f(t− s, ~rs) f(t+ τ − s′, ~rs
′)
]

.

�©aKI PSLd^OLON\_�arPª^ODtf5_�LdPeT$IMD
f
DFNQP/I aKc E\IMLAPecM^`_�a kgaMR3IMN�_�p3R3a N

E
[

f(t− s, ~rs) f(t+ τ − s′, ~rs
′)
]

= σ2 δ(τ + s− s′) δ(~rs − ~rs
′),

R �
σ
DFNQPt^O_�p�_qE\L`_qaMkFDgbMIscMEHIMLdPec ^`_�aMkq? �©amI6PSLO^dLON\_�arPªkFDXE\]�N\IM^APl_qP��M^ ��]FT$I�_9PSLOR�am�6?d@
¢7bMD�p�LODFarP

C(τ, ~rA, ~rB) = σ2

∫ ∞

0

ds

∫

X

d~rs Ga(s, ~rA, ~rs) Ga(s+ τ, ~rB, ~rs).
���6?d@�> �

��R3IMNeCwR�I p3R3a N�&7CMEH]FN\D�arP/EHDFh:CM^`_�k�DFE
Ga

C�_�EªNHR3aKD�u6CME\D�N\NHLOR3aKp6I DWbM_�aMNe^ ��DFT$I�_qP\LOR3aK� ?j�

C(τ, ~rA, ~rB) = σ2

∫ ∞

0

ds

∫

X

d~rs Y (s) Y (s+ τ) e−a s e−a (s+τ)

[[

sin s
√
−L− a2

√
−L− a2

]]

(~rA, ~rs)

[[

sin (s+ τ)
√
−L− a2

√
−L− a2

]]

(~rB, ~rs).
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�tR3I N[N\R�hzh:DFN�LOk�L�R�cM^OLd�3]FN©bMDtN\IMC CwR3NHDFE ^OD�hzLd^OLOD�I�_qP\P\]Fa$I�_�arP��6kq��D�NHP &WbMLOEHD
a > 0

�$N\_�aMN[T$IMR�L
^ ��LOarPS]��3ES_q^OD bMLAp3D�E\�3Dq?=�oaKI P\LO^OLdNS_�arP[^ODFNebMD�I6usCMEHR3CMEHLO]�P\]FNeN\I Ldpq_�arPSD�N�b DFN�aMR
�r_�I6uKLdarPS]F��ES_�^dN

[[

P
]]

(x, y) =
[[

P
]]

(x, y) =
[[

P
]]

(y, x),
∫

X

[[

P1

]]

(x, z)
[[

P2

]]

(z, y) dz =
[[

P1 · P2

]]

(x, y),

aMR3IMNeC�R3I p�R3aMN�D�u6CME\LdhzD�Eª^`_�k�R3E\EH]F^`_9PSLOR�a�bMDX^`_xf5_�G�R3amNHIMLdpq_�arP\D

C(τ, ~rA, ~rB) = σ2

∫ ∞

0

ds Y (s+ τ) e−a (2 s+τ)

[[

sin s
√
−L− a2

√
−L− a2

sin (s+ τ)
√
−L− a2

√
−L− a2

]]

(~rA, ~rB).

Z[D�PHPSD Dvu C E\DFNHN\LdR3a�N\D NHLOh:CM^OL �DªDFa I PSLd^OLON\_�arP�^ODFN E\D�^`_qP\LOR3aMN©P\E\LO��R3aMR3h:]�P\E\LOT$IMD�N �
sinα sin β =

1/2
(

cos(α− β) − cos(α + β)
) k�DVT$IML*a R3IMNeCwD�E\h:D�PebMDXkF_�^Ok�IM^OD�Eª^ ��LOarPS]��3ES_�^dD/NHDF^OR�a

ds

C(τ, ~rA, ~rB) =
σ2 e−a |τ |

4 a

[[

(−L)−1

(

cos τ
√
−L− a2 + a

sin |τ |
√
−L− a2

√
−L− a2

)

]]

(~rA, ~rB).

��_WbM]�E\LAp3]FDeC�_qE�E\_�CMC�R3EHP�_qI�P\DFh:CMNobMDekFD�P\PSDebMD�E\aMLd�FEHD�]�T$I�_qPSLdR3a7f5_�LdP�_qCMC�_�E\_�LdP\E\D ^O_/f#R3aMk�P\LOR3a
bMDV�XEHDFD�ambMIKh:LO^OLdDFI � � ��� � � � 	 ��	�� � ����� 	 � >q¢3¢��3_ � � �

d

dτ
C(τ, ~rA, ~rB) =

−σ2

4 a

(

Ga(τ, ~rA, ~rB) −Ga(−τ, ~rA, ~rB)
) ��� ?A@
� �

Z[DzEH]FNHIM^dPS_qPXN\Ld�3aML MD7T�I D:^O_�bM]FEHLdp3]�D�bMDz^O_�kFR3EHE\]�^`_qP\LOR3a-bMI klJ�_�h:C�bMD�bM]FC ^`_�k�DFh:DFarPWDFarPSEHD
bMDFI�uxC�R3Lda$P\N*B D�P � D�NHP�^`_ f#R3aMk�PSLdR3aXbMD �gE\D�DFaWkFR3h:CM^d��PSD©b Ixh:LO^OLdDFI D�arPSE\D�B D�P ���
k�R3arPSDFaM_�arP
PSR3I N�^dDFNeh:R6bMD�NªbMDXCME\R�C�_��r_qP\LOR3a¬?
��R3I E C�_qEHp3D�aMLOE	&XkFD�E\]�N\IM^APl_qP��r_�IMk�IMaMD/Jr��C�R�PSJM��N\D�N\IME�^ODeh:LO^dLODFIxbMDeCME\R3CM_��r_qP\LOR3a�a���_Wc�DFNHR3LOa
b�� %�PSEHD�f#R3E\h�I ^O]FDq?oZ[DF^dIMLAy<kFL CwD�I PHy&%�PSEHDsT�I DF^Ok�R3aMT$IMD �©^`_�N\D�IM^ODsk�R3arPSES_qLOarPSD�]�Pl_�arP:T$IMDs^ ��_qP\P\]�y
a$I�_qPSLdR3a N\R3LAPVa R3a a$IM^d^OD�?��©��LOarP %�E\D�PxbMD:kFD�P\P\D bM]�h _�EHklJMD:E\]FNHLObMD:DFaUR3I P\E\D:b�_�aMNW^OD7f5_�LAPXT�I D
aMR3IMN/a��j_�p�R3aMNgC�_�N/cwD�N\R3Lda�b���]FkFEHLOEHD�D�u6CM^dLOkFLAPSD�hzD�a$Pt^ ��R3C�]FE\_qPSD�IME

L
kFR�a$P\E\R3^d^`_�arPt^`_ C E\R3C�_q�r_9y

PSLdR3a bMD�N R3aMb DFN��6kFD�^OIML§y}kFL�bMR�LdP N\LOh:CM^dDFh:DFarP�E\DFNHCwD�k�P\DFE ^O_VkFR�aMN\D�EHpq_qPSLdR3a�bMDt^ ��]FaMD�E\�3LdD�? �*D/^OLdDFa
DFarPSEHD7kFR3EHE\]�^`_qP\LOR3aKD�Ptf#R3aMk�P\LOR3ambMD��gE\D�DFa-a���DFNQPgbMR3aMkVC�_�N NHCw]�kFL �T$IMD & ^O_zN\LdN\h:R3^OR��3LODXR3I &
^ ��_�kFR�IMNHP\LOT$IMD(��kq��D�NHPt_�IKkFR3arP\ES_�LdE\DgIMaMDXEHDF^`_9PSLOR�a�PSE\��Ne�3]FaM]�ES_�^dDgDFaKCMJr��N\LOT$IMDq?
�6Lw_�IMkFI aMD/Jr��CwRqPSJM��N\Dga���_Vc�DFNHR3LOazb�� %�PSEHD/f#R3E\hxIM^O]�D�T$I�_qa$P _�I�h:LO^dLODFI7b D/CMEHR3C�_��r_9PSLOR�a �raMR3IMN
_�p3R3aMN�N\I CMCwR�N\]WT�I DW^dDFNªNHR3IME\k�DFN�bMDXcME\I LdPª]�Pl_�LdDFarP�E\]FCM_�EHP\LODFNªbM_�aMNªPSR3I6Pe^ODgh:LO^OLdDFI�?6Z[DXa���DFNQP
C�_�N7^dD�k�_�N7D�aiNHLONHhzR3^dR3�3LdD � ^dD�cMEHIMLdP7D�a bMDFNHN\R3IMN:bMD-@s� !KC E\R
p�LODFarP�D�N\N\D�arPSLOD�^O^dDFh:DFarP7bMD�N
R6k�]�_�a N _�^dR3E\NªT$IMDV^ODFN�NHPS_qPSLdR3aMNeN\R�a$PtN\LAPSIM]�DFNtN\IME�^OD�Ntk�R3arPSLOa DFarPSN�?�|}^�D�NHP b R3aMkWaM]Fk�DFN\N\_�LOEHDxbMD
f#R3E\hxIM^OD�EgIMaMD:_�CMCMEHR6klJ D:C ^OIMNX�3]�aM]FE\_�^OD7NHDzC�_qN\NS_qa$PWbMD�k�D�P\P\DzJr��C�R�PSJM��N\Dq? Z[D�kFL©DFNQPx^���R�c �HD�P
bMIKklJ�_�CMLAPSE\DXNHIMLdpq_�arP�?



� ���������
	�� 

� ��� ��� ����������������	�� ��������! ���"� 	��#���$�$�%�&� ���'	
���#� ( ��	�)�� )�� * �$�$�����

+-,/.0.�1325476
8:9<; =?>A@CBEDGF�H�IJ@LKMDA> 9N9O9O9N9O9P9O9N9O9O9N9O9P9N9O9O9N9O9O9P9N9O9O9N9O9 QSR
8:9TQ UWVYX$>ZK[@LKMD\>Z]N^ZBEV`_baM_dc�aMe`]�9P9O9N9O9O9N9O9P9N9O9O9N9O9O9P9N9O9O9N9O9 Qb8

fbgihjglk monqpdrts3udvwnxudvwrtsypGz {d|~}N�l�l��r?{"pj���7{bs��E|q��g�g�g�g�g�g�g�g�g�g�g�g�g�hEf
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8:9l8 ��KMeq>�e�>A@CB�e�aMe�^ZBEDd�te`IJ@Ce�H�B%]C^�e`IJ@CBE_ba�F�e�a��lDS^�V`BE_j@CeqHZB
L
eY@�aM_� D\>ZIJ@LKMD\> FZe
¡¢BEe`e�>£F�H ¤ K<a<KMeqH¥9O9N9O9P9N9O9O9N9O9O9P9N9O9O9N9O9 QS¦

§�¨E© ªZ«W¬$¯®"°
±
²/¬�³L®¢«

´Oµq¶7·�¸M¹ ktº µ�»A¼[½?¾¿¹À»7¾ÂÁ k ÁEÃA¹E¶d½P¶AÄjÅ7·�µ p Äj¶7· p Å�ÆbÅ7¹Ç¸<µÈÃAÁE¾Â¼ p Á�¹ÇÃA¹Ç¸Mµ k Äj¾¿¾ÂÁE¸Mµq½?¼[Äj¶%¹�¶b½Â¾Â¹ÇÃ7¹EÅSÉ»�Äj¼M¶d½Â·NÊ0¹�½ÇË�Ã�ÌÍÅ7¶ÏÎA¾ÂÅ7¼T½ÀÎ7¸<µ�¶ kÈÐ ÁE¶AÁE¾ÂÁ~ÃGµq¶7·À¸ÑÌÍ¹E¶7·¿¹ h Î7¸[¹WÃ�ÌÍÅ7¶ h ¼M¸[¼M¹�ÅÒÁ�½?µ�¼[½O¸<µoÓÔÄj¶ k ½?¼[Äj¶Ã7¹ ÕN¾Â¹�¹E¶Ö¹�¶b½Â¾Â¹�Ê'¹L½ ËP×�ØÙ¹�¾¿ÁE·¿Å7¸[½?µq½%¹�·¿½ ÚÛ¸<µ ÓÔÄj¼M·"½?¾ÂÜ�· Ð ÁE¶AÁE¾?µq¸�Ý"µ�Å k Å7¶7¹ ºdÞ »�Ä�½ º Ü�·Â¹
k Äj¶ k ¹�¾Â¶Gµq¶b½Ù¸M¹ h ¼M¸M¼[¹EÅW¶�Ìßµ Þ µ�¶d½ÙÁ�½?Á�ÓÔÄj¾ h Å7¸MÁ�¹-Ýà¹L½/½Â¾ÂÜE·y¸M¼ h ¼T½?Á k µ�¾3·ÂÅ7»A»ZÄj·¿¹PÅ7¶A¹PÃ7¼[·¿½?¾¿¼MÎ7Å\½?¼MÄ�¶º Ä h Ä Ð ÜE¶7¹�Ã7¹E·Ù·ÂÄjÅ7¾ k ¹�·E×Gá�ÄjÅ7·ÙÁL½?¹�¶7Ã7Äj¶7·Ù¼ k ¼ k ¹â¾ÂÁ�·ÂÅ7¸T½tµq½/ÃGµ�¶7·Ù¸M¹ k µ�·-Ä�ão¸ÑÌÍÁEÆbÅ7¼[»Gµ�¾�½?¼[½Â¼MÄj¶~¹�·¿½¾¿Áxµ�¸[¼M·ÂÁ�¹NÅ7¶7¼[ÆSÅA¹ h ¹E¶d½�¹E¶ »ZÁ�¾Â¼M» º ÁE¾¿¼M¹NÃ7Å h ¼[¸M¼[¹EÅoÁL½?Å7ÃA¼MÁ�×
ä�ÄjÅA½ k Ä hzh ¹�µ�Å ktº µ�»7¼T½?¾Â¹�»7¾¿Á k ÁEÃ7¹�¶b½EåA¶7Ä�Å7· k Äj¶7·¿¼MÃ7Á�¾ÂÄj¶A·/Å7¶ h ¼M¸M¼[¹EÅ

X
ÆbÅ7¹E¸ k Äj¶AÆSÅA¹Oµ�Å"·Â¹�¼M¶Ã7ÅAÆSÅA¹E¸�¸M¹�·�Äj¶7Ã7¹�·â·¿¹Ç»A¾ÂÄj»Gµ Ð ¹E¶d½�·Â¹�¸MÄj¶
¸ÑÌÍÁEÆbÅGµ`½?¼MÄ�¶

∂2u

∂t2
+ 2a

∂u

∂t
− Lu = f. æ�ç ×TèYé

ê�ë
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´Oµ�¶7·ÙÅ7¶%»7¾¿¹ h ¼M¹E¾3½?¹ h »A·Ù¶7ÄjÅA· h Ä�¶b½Â¾ÂÄj¶A·ÙÆbÅ7¹P¸Mµ k Äj¾Â¾¿ÁE¸<µ`½?¼MÄ�¶ Ã7ÅoÎ7¾ÂÅ7¼T½-¹�¶7¾Â¹ Ð ¼M·�½?¾ÂÁâ¹E¶%ÃA¹EÅ\É»ZÄ�¼M¶d½?·N»�¹EÅA½À·�ÌßÁ k ¾¿¼M¾Â¹W¹�¶�ÓÔÄj¶ k ½Â¼MÄj¶ÒÃ7Å£»7¾ÂÄ"-¿¹ k ½Â¹EÅ7¾À·Â»�¹ k ½?¾Âµ�¸àÃ7¹~¸ÑÌÍÄj»�ÁE¾Âµq½?¹�Å7¾

L
×/.�µ�·Â¹ k Äj¶7ÃA¹Á�½?µ�»Z¹oÃ7¹o¸Mµ�Ã7Á h Äj¶A·¿½?¾Âµq½?¼[Äj¶ k Äj¶7·¿¼M·¿½Â¹%ÚÒÁ k ¾¿¼M¾Â¹ ¸<µ
ÓÔÄj¶ k ½Â¼MÄj¶ÏÃ7¹�ÕN¾Â¹�¹E¶ ¹�¶b½Â¾Â¹%ÃA¹EÅ\É »ZÄ�¼M¶d½?·ÆbÅ7¹E¸ k Äj¶7ÆbÅ7¹�·~¹E¶ ÓÔÄj¶ k ½?¼MÄ�¶ÛÃ7Å ¶7Ä Þ µqÅ ¼[¶d½?Á Ð ¾?µ�¸yÃ7¹ k ¹ h10�h ¹%»A¾ÂÄ"-¿¹ k ½?¹�Å7¾E×àáâÄjÅ7·¢¹E¶ Ã7ÁEÃAÅ7¼TÝ·ÂÄj¶A·O¹E¶7·¿Å7¼[½Â¹¢ÆbÅ7¹È¸Mµ k Äj¾Â¾¿ÁE¸Mµq½?¼[Äj¶�ÃA¹¢Î7¾¿Å7¼[½â¹E·�½O»7¾¿Äj»ZÄ�¾¿½?¼[Äj¶7¶7¹�¸M¸[¹ÀÚo¸<µ~»Gµ�¾�½?¼M¹Ç¼ h µ Ð ¼[¶Gµ�¼[¾Â¹OÃ7¹¸<µÒ½Â¾?µ�¶7·�ÓÔÄj¾ h ÁE¹ Ã7¹32GÄjÅ7¾¿¼M¹E¾ Ã7¹�¸<µ ÓÔÄj¶ k ½Â¼MÄj¶ ÃA¹
ÕÀ¾¿¹E¹�¶ ÃAÅ h ¼M¸[¼M¹�Å�å k ¹�ÆbÅ7¼-¹�·¿½~¸[¹%¾ÂÁ�·ÂÅ7¸T½tµq½¾Â¹ ktº ¹E¾ ktº Á�×àä�ÄjÅA½ k Ä hzh ¹"µ�Å ktº µq»7¼[½Â¾Â¹o»A¾ÂÁ k ÁEÃ7¹�¶d½xå¯¶AÄjÅ7·¢»A¾ÂÁE·¿¹E¶d½?Ä�¶7·È¸M¹�· »�Äj¼[¶b½Â·À¹E·Â·¿¹E¶d½?¼[¹E¸[·Ã7¹"¸<µ�Ã7Á h Äj¶7·�½?¾Âµq½?¼[Äj¶Ï·¿Å7¼ p µ�¶d½Ç¸<µ�Ã7Á h µq¾ ktº ¹"Ã7¹54�6 ��798;:�<=8#> � :�?�@ æ ê�ABA;C éCå�»7¸MÅA· Ã7¹"Ã7ÁL½tµ�¼[¸M·»ZÄ�Å p µ�¶d½ 0 ½?¾¿¹À½Â¾ÂÄjÅ p ÁE·�ÃGµ�¶A·1DE6 ?GF�HI8!> � >J<=8�F � <K> æ ê�ABABL µAåßÎGéL×

§
¨9M NPORQ�«�³C¬�³�® «3SUT
�OWVYXZVY[3X]\WS

^`_baR_dc e ,gfâ6/hjiP4A,kiâ476/h%fmlonqp .�2srw2w6/nPfP2utvnqhS1kpEw

.$¹E·yx ÄSÃ7¹E·
»7¾¿Äj»7¾¿¹E· Ã�ÌßÅA¶zx"¼M¸M¼[¹EÅ º ÄBx Ä Ð ÜE¶7¹£¼[¶|{G¶7¼N·¿Äj¶d½Ò¸�Ìß¹�¶7·Â¹]xÈÎ7¸M¹£Ã7¹�·�Ä�¶7Ã7¹E· »7¸Mµ�¶7¹E·
e0(~r,~k) = ei~k.~r ×~}�ÄjÅA¾ÈÅ7¶%x ¼[¸M¼[¹EÅ#�EÄBx"»7¸M¹CÉ\¹�å���ÄBx"»ZÄj¾�½tµ�¶d½WÃA¹E· º ÁL½?ÁE¾¿Ä Ð Á�¶7ÁE¼T½?ÁE·WÃ7µ�¶7·WÅ7¶7¹¾ÂÁ Ð ¼MÄj¶I{G¶A¼M¹È½?Ä�ÅA½À¹E¶ Á�½?µ�¶d½ º ÄBx"Ä Ð ÜE¶A¹~Ú
¸�Ìß¼[¶|{G¶7¼�å�¸[¹E·,x"Ä\Ã7¹�·N»7¾ÂÄ�»7¾Â¹�·Ç·¿Äj¶d½Ç¸<µ%·ÂÄ�x1x"¹ÈÃ7¹�·
x ÄSÃ7¹�·N»7¾ÂÄj»A¾Â¹E·ÀÃ7Å�x"¼M¸[¼M¹EÅ º ÄBx"Ä Ð Ü�¶7¹È¹�½ÇÃ7¹�·NÄj¶7Ã7¹�·ÀÃ7¼��ZÅ7·ÂÁ�¹E· æu� :���� æ è �B� L é � � >K>98�:�H&8� F�� 6 H æ è�� C �dé¿é

e(~r,~k) = e0(~r,~k) + es(~r,~k), æ�ç × ê é
es

·ÂÄ�¶b½~¸[¹E·WÄj¶AÃ7¹E·WÃ7¼���ÅA·ÂÁE¹�·~»Gµ�¾È¸[¹E· º ÁL½?ÁE¾¿Ä Ð Á�¶7ÁE¼T½?ÁE·WÃAÅ�x"¼M¸[¼M¹�Å�×�.�¹�Å7¾Â·"µ�x"»7¸[¼[½?ÅAÃ7¹E·Ç½?¹E¶AÃ
p ¹�¾Â·W�EÁ�¾ÂÄ~¸MÄj¾¿·ÂÆbÅ7¹

~r
½?¹�¶7Ã p ¹�¾Â·�¸ÑÌÍ¼M¶�{G¶7¼ æ �EÄ�¶7Ã7¼[½Â¼MÄj¶oÃ7¹ � 6 ���*>J<���>J?�8 éL×\ØÙ¹�½¿½?¹NÃ7Á]�EÄBx"»ZÄ�·Â¼[½Â¼MÄj¶¹E·�½ p µ�¸Mµ�Î7¸M¹â¹E¶
½?ÄjÅ\½â»�Äj¼[¶b½Â·�Ã7Åyx ¼[¸M¼M¹�Å�å Þ �EÄ�x »7¾¿¼M·�ÚW»7¾¿ÄJÉ\¼�x ¼T½?ÁOÃ7¹�·âÃA¼��ZÅ7·Â¹�Å7¾Â·�×

ØÙ¹â¾¿ÁE·¿Å7¸[½?µq½3¼�x"»7¸M¼[ÆbÅ7¹-ÆbÅ7¹�·Â¼:¸ÑÌÍÁEÆbÅ7¼[»Gµ�¾�½?¼[½Â¼MÄj¶¢¹E·¿½y¾¿Áxµ�¸[¼M·ÂÁ�¹�·ÂÅ7¾3¸[¹E·3ÎZÄ�¾ÂÃ7·3Ã7Å�x ¼[¸M¼[¹EÅÈ¹�¸M¸M¹Ù¸ÑÌÍ¹E·¿½Á Ð µq¸M¹Zx"¹E¶d½�µ�Å ·Â¹�¼M¶
Ã7Åyx ¼[¸M¼[¹EÅ�×AØÙ¹Z��¼���Äj¶7·�½?¼[½ÂÅ7¹N¸<µW»7¼[¹E¾¿¾Â¹Àµ�¶ Ð Å7¸<µ�¼[¾Â¹OÃA¹Ç¸MµÈÃ7ÁZx"Äj¶7·�½?¾Âµq½?¼[Äj¶�×

^`_baR_�a � 4A,��b6/��wA6/n�4 +�i¢6/��w\4A1kr
� Äj¼T½

I
ÅA¶#¼M¶d½Â¹E¾ p µ�¸[¸M¹�Ã7¹

R+

×yáâÄjÅ7·"¼M¶d½Â¾ÂÄSÃ7Å7¼M·¿Äj¶7·~¸M¹ »7¾¿Ä"-¿¹Z�L½?¹EÅA¾o·Â»�¹Z�L½?¾Âµ�¸
PI

å3»7¾ÂÄ$-¿¹�½tµq¶b½·ÂÅ7¾�¸[¹E·1x ÄSÃ7¹E· »7¾ÂÄ�»7¾Â¹�·
e(~r,~k)

Ã7¹�¸ÑÌÍÄj»�ÁE¾Âµq½?¹�Å7¾
L
µ�·Â·¿Ä���¼MÁ�·�µ�Å\É p µ�¸M¹�Å7¾Â· »7¾ÂÄj»A¾Â¹E·

λk

Ã7¹¸ÑÌÍ¼M¶d½?¹�¾ p µ�¸[¸M¹q�/»Gµ�¾�·¿Äj¶�¶AÄ Þ µ�ÅÒ¼[¶d½?Á Ð ¾?µ�¸
[[

PI

]]

(~r1, ~r2) = (2 π)−d

∫

λk∈I

e(~r1, ~k) e(~r2, ~k) |dd~k|, æ�ç × ë é
Äjã

d
¹�·¿½�¸<µWÃ7¼�x ¹�¶7·Â¼[Äj¶�Ã7¹À¸ÑÌÍ¹E·¿»Gµ��E¹ æ ½ Þ »A¼MÆbÅ7¹Zx"¹E¶d½ d = 3

éL×
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§�¨�� �Ï³J\�« \�«W¬$�\ X]V'²Ù®À��OgXZVN¬�³L®¢« \-¬ X]\ T�¯®��(\�²/¬�\�±% S/TI\�²/¬$�VYX

°3\ X	�5® TIO-�VN¬�\�±%
L

� Ä�¼[½
I
Å7¶�¼[¶d½?¹E¾ p µ�¸M¸[¹ ��¹E¶d½?¾¿Á~µ�ÅA½ÂÄjÅ7¾OÃ7¹¢¸<µ »AÅ7¸M·Âµq½?¼[Äj¶

ω2 å I = [ω2
−, ω

2
+]
×�á�ÄjÅ7·O·¿ÄjÅ º µq¼[½?Ä�¶7·Á]�E¾Â¼[¾Â¹/¹LÉ\»7¸M¼��E¼T½?¹Zx"¹E¶d½¯¸M¹Ù»A¾ÂÄ"-¿¹]��½?¹�Å7¾à·¿»Z¹]��½?¾Âµ�¸

PI

»7¾ÂÄ"-¿¹L½tµ�¶d½ ·¿Å7¾
I
×�.3ÌÍ¼M¶d½ÂÁ Ð ¾Âµ�¸M¹yÃ7¹-¸�ÌßÁ�ÆSÅ7µq½?¼[Äj¶

ç × ë ·Â¹NÓ�µ�¼T½�µ�ÅA½ÂÄjÅ7¾�Ã�ÌÍÅ7¶ p Äj¸[Å x"¹OÃ7¹ÀÃ7¼�x"¹E¶A·Â¼MÄ�¶�Ã�× }�Ä�Å7¾�»ZÄjÅ p Äj¼[¾R�xµ�¸��EÅ7¸[¹E¾R��¹�½¿½?¹À¼M¶d½?Á Ð ¾?µq¸M¹�å¶7Ä�Å7· ¸Mµ%Ã7ÁZ��ÄBx"»ZÄj·¿Äj¶7·Ç¹E¶ Ã7¹EÅSÉ ¼M¶d½?Á Ð ¾?µ�¸[¹E·�å$¸ÑÌÍÅ7¶7¹~·Â¹�¸MÄj¶£Å7¶ p Äj¸[Å x ¹WÃA¹ Ã7¼�x ¹�¶7·Â¼[Äj¶
d − 1½Â¹E¸$ÆbÅ7¹

c2|~k|2 = ω2 å7¸ÑÌßµ�ÅA½Â¾Â¹N·Â¹�¸MÄj¶ |~k|
[[

PI

]]

(~r1, ~r2) = (2 π)−d

∫

c2|~k|2∈I

∫

c2|~k|2=ω2

e(~r1, ~k) e(~r2, ~k) |dd−1σ| |~k|d−1 d|~k|. æÔç × ç é

´Oµq¶7·à¸M¹E�xµ�·�ÄjãW¸M¹ x"¼M¸M¼[¹EÅÀ¹E·�½ Ã7¹-ÃA¼�x"¹E¶7·¿¼MÄj¶ ë å
dd−1σ = d2σ

¹�·¿½ ¸�Ì µ�¶ Ð ¸M¹3·ÂÄ�¸M¼MÃA¹�×�
 ¶WÃ7ÁE¾¿¼ p µ�¶d½
��¹�½Â½Â¹À¹LÉ\»7¾Â¹�·Â·¿¼MÄj¶�»Gµ�¾�¾?µ�»A»ZÄj¾�½�Ú

ω+

åG¶7ÄjÅ7·�ÄjÎ\½?¹E¶AÄj¶7·

d

dω+

[[

PI

]]

(~r1, ~r2) =
(2 π)−d

c

(ω

c

)d−1
∫

c2|~k|2=ω2

e(~r1, ~k) e(~r2, ~k) |dd−1σ|. æÔç × � é

ØÙÄBx�x"¹ ¶7Ä�Å7·Nµ p Äj¶A·O·ÂÅ7»A»ZÄj·¿ÁÈ¸ÑÌÍÁEÆbÅ7¼[»Gµ�¾�½?¼[½Â¼MÄj¶
·¿Å7¾O¸M¹�·PÎ�Äj¾ÂÃA·PÃ7Å x"¼M¸[¼M¹�Å�å7¸M¹�·PÄj¶AÃ7¹E·O»A¸<µ�¶7¹�·
e(~r,~k) = e0(~r,~k) + es(~r,~k)

·¿Äj¶d½�»7¾¿ÁZ�E¼[·ÂÁ]x ¹�¶b½%¸M¹E·1x ÄSÃ7¹�·o»7¾¿Äj»7¾Â¹�·%Ã7Å x"¼M¸[¼M¹EÅ æ ��ÓÀ·Â¹]�LÝ½Â¼MÄj¶ ç × ê ×[èYéC×�ØÙ¹L½Â½Â¹W¹LÉ\»7¾Â¹�·Â·¿¼MÄj¶£¹E·�½N¹E¶�Ä�ÅA½?¾¿¹¢·Â¼�x ¼[¸<µ�¼[¾Â¹ÀÚo¸Mµ ½?¾Âµ�¶7·�ÓÔÄj¾9x"ÁE¹ Ã7¹�2GÄjÅ7¾¿¼M¹E¾�Ã7¹È¸Mµ
��Äj¾Â¾¿ÁE¸<µ`½?¼MÄ�¶�Ã7Å3� º µ�x"»�Ã�ÌÍÄj¶7ÃA¹E·�¹E¶7¾¿¹ Ð ¼[·¿½?¾¿ÁÀ¹E¶

~r1
¹L½
~r2

Ĉ(ω,~r1, ~r2) =
1

σd−1

∫

c2|~k|2=ω2

e(~r1, ~k) e(~r2, ~k) |dσ|, æÔç × L é

σd−1
�EÄj¾¿¾Â¹�·Â»�Äj¶7Ã&µ�Å p Äj¸[Å x"¹%Ã�ÌÍÅ7¶7¹�·Â» º ÜE¾¿¹ ÃA¹�Ã7¼�x"¹E¶7·¿¼MÄj¶

d − 1
Ã7¹�¾Âµ Þ Äj¶ è�

σ0 = 2
å

σ1 = 2 π
å
σ2 = 4 π

å�×E×E×�
3¶ ��ÄBxÈÎ7¼[¶Gµ�¶d½�¸[¹E·%Á�ÆSÅ7µq½?¼[Äj¶7· ç × � ¹�½ ç × L åÙ¶7ÄjÅA·%ÄjÎA½Â¹E¶7Äj¶A·�¸<µ¾¿¹E¸<µ`½?¼MÄ�¶

d

dω

[[

PI

]]

(~r1, ~r2) =
σd−1

(2 π)d

1

c

(ω

c

)d−1

Cω(~r1, ~r2). æÔç × C é

ØÙ¹L½Â½?¹~¾¿¹E¸<µ`½?¼MÄ�¶�ÓÔÄj¾9x µ�¸M¼[·Â¹Ç¸M¹W¸[¼M¹E¶�¹�¶d½?¾Â¹~¸�ÌßÄj»�ÁE¾Âµq½?¹�Å7¾
L
å�Ã7Äj¶d½ÇÃ7Á�»Z¹�¶7ÃÏ¸Mµ%»7¾ÂÄ�»Gµ Ð µq½Â¼MÄj¶�ÃA¹E·Äj¶AÃ7¹E·�å�¹L½�¸<µ��EÄj¾¿¾ÂÁ�¸<µq½Â¼MÄj¶�Ã7Åy� º µ�x"» Ã�ÌßÄ�¶7Ã7¹E·�å:¹E¶yx Äj¶d½Â¾?µ�¶d½�ÆbÅ7¹Ç¸<µ��EÄj¾¿¾ÂÁ�¸<µq½Â¼MÄj¶�Ã7Åy� º µ�x"»¹�¶b½Â¾Â¹~Ã7¹�Å\É£»�Äj¼M¶d½?·

~r1
¹�½
~r2
»�¹EÅA½À·�ÌßÁ]�E¾Â¼[¾Â¹~¹E¶�ÓÔÄj¶|��½?¼[Äj¶�Ã7Å£¶7Ä Þ µqÅÏ¼[¶b½ÂÁ Ð ¾Âµ�¸¯ÃAÅ »A¾ÂÄ"-¿¹]��½?¹�Å7¾·¿»Z¹]��½?¾Âµ�¸

PI

Ã7¹À¸ÑÌÍÄj»�ÁE¾?µ`½?¹EÅA¾
L
×
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§
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L
\-¬ X]V �`®¢«
²/¬�³L®¢« ° \ � �\g\�« ° ± � ³]XL³J\�±

.$¹P»7¾¿Ä"-¿¹Z�L½?¹EÅA¾Ù·Â»�¹Z�L½?¾Âµ�¸
PI

Ã7ÁJ{G¶7¼�»7¾ÂÁ]�EÁEÃA¹Zx�x ¹�¶b½Ù»Z¹�ÅA½/Á Ð µ�¸[¹Zx"¹E¶d½/·EÌÍÁZ�E¾¿¼M¾¿¹â¹�¶oÓÔÄj¶ �L½?¼MÄ�¶ Ã7¹¸ÑÌÍÄj»�ÁE¾?µ`½?¹EÅA¾
L
ÚW¸ÑÌßµ�¼MÃ7¹PÃ7¹À¸<µÈÓÔÄj¾9x¢Å7¸M¹OÃA¹¢Ø-µqÅ � ºdÞ

PI =
1

2 i π

∫

γI

(

L + λ
)−1

dλ, æ�ç × �dé

γI

¹�·¿½âÅ7¶���Äj¶d½?ÄjÅA¾�ÃGµ�¶7·�¸M¹O»A¸<µ�¶3�EÄ�x »7¸[¹LÉ\¹ÀÃ7Äj¶d½�¸<µW»Gµq¾¿½?¼[¹O¾ÂÁ�¹E¸[¸M¹N¹E·�½�¸ÑÌÍ¼M¶d½?¹�¾ p µ�¸M¸[¹
I
×

=

<

I

γ+
I

γ−I

�����	� 8:9<;�

γI
uAr?{d����?�5vwr p��t�tnx}Nu7nJs��3r?|Àpdr?{��À�tnx|`�wnx{dvws

γ+
I

�E|bp
γ−

I �
{d�bswnx|`���tnx}Nud��r��jr3�tnx|x� {��J{��tsr?�y�tnxv5vwrtswuAnx|bpdr?|q���Opdrts3pj�lvwrt�?�5��nx|bsÙnxuduAnJs��trtsCg

.$¹��EÄ�¶b½ÂÄjÅ7¾
γI

»�¹EÅ\½ 0 ½Â¾Â¹/Ã7ÁZ��ÄBx »�Äj·¿ÁÙ¹E¶¢Ã7¹EÅ\É �EÄ�¶b½ÂÄjÅ7¾¿·àÃ7Á]{7¶7¼M·�»Gµ�¾
γ+

I =
{

λ ∈ γI |=(λ) ≥
0
} ¹L½

γ−I =
{

λ ∈ γI |=(λ) < 0
} æ = ��Äj¾Â¾¿¹E·¿»ZÄj¶AÃ Úâ¸<µP»Gµq¾¿½?¼[¹Ù¼�xoµ Ð ¼M¶Gµ�¼[¾Â¹xé(�EÄBx�x ¹/¸ÑÌÍ¼M¶7ÃA¼MÆbÅ7¹¸<µm{ Ð ÅA¾Â¹ 2¯¼ Ð × ç ×Tèj×:ØÙÄBx�x"¹

γ+
I

¹L½
γ−I
·ÂÄ�¶b½��EÄ�x »7¸[¹LÉ\¹,�EÄ�¶"-¿Å Ð Å7Á�·Eå:¶7ÄjÅA·�Ä�ÎA½?¹�¶7Äj¶7·

PI =
1

2 i π

∫

γ+

I

[

(

L + λ
)−1 −

(

L + λ
)−1

]

dλ,

=
1

π

∫

γ+

I

=
(

L+ λ
)−1

dλ.


 ¶�»7¾¿¹E¶Gµq¶b½â¸M¹N¶AÄ Þ µ�Å ¼M¶d½?Á Ð ¾?µ�¸�Ã7¹Y�E¹�½¿½?¹À¹LÉ\»7¾¿¹E·¿·Â¼MÄ�¶Ò¶7ÄjÅA·�Ä�ÎA½?¹�¶7Äj¶7·
[[

PI

]]

=
1

π

∫

γ+
ε

=
[[(

L+ λ
)−1]]

dλ,

= − 1

π

∫ ω+

ω
−

=
[[(

L + (ω + i0)2
)−1 ]]

2ω dω.

ØÙ¹Z��¼�x"ÜE¶A¹ ÚW¸Mµ¢ÓÔÄj¾9xÈÅA¸M¹NÃ7¹ � ½ÂÄj¶7¹�åG¹�¶�Å\½?¼M¸[¼M·Âµ�¶d½-¸<µWÃ7ÁJ{G¶7¼T½?¼MÄ�¶�Ã7¹
Ĝ
�

[[

PI

]]

(~r1, ~r2) = − 2

π

∫ ω+

ω
−

ω =Ĝ(ω,~r1, ~r2) dω.


 ¶�Ã7Á�¾Â¼ p µq¶b½`��¹�½Â½Â¹ÀÃ7¹E¾¿¶7¼MÜ�¾Â¹À¹LÉ\»7¾¿¹E·Â·¿¼MÄj¶�»Gµ�¾�¾Âµ�»7»�Äj¾¿½�Ú
ω+

åG¶7ÄjÅA·âµ p Äj¶7·
d

dω+

[[

PI

]]

(~r1, ~r2) = − 2ω

π
=Ĝ(ω,~r1, ~r2). æ�ç × �dé
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 ¶y�EÄBxÈÎA¼M¶Gµ�¶d½�¸[¹E·�ÁEÆbÅGµ`½?¼MÄ�¶7· ç × C ¹L½ ç × �W¶7ÄjÅA·�Ä�ÎA½?¹�¶7Äj¶7·g{G¶Gµq¸M¹Zx"¹E¶d½

Ĉ(ω,~r1, ~r2) = − 2d+1 πd−1

σd−1

cd

ωd−2
=Ĝ(ω,~r1, ~r2). æ�ç ×[è A é

ØÙ¹]�E¼S·Â¼ Ð ¶7¼�{G¹3ÆbÅ7¹y¸<µW�EÄj¾¿¾ÂÁ�¸<µq½Â¼MÄj¶ÀÃ7Å Î7¾ÂÅ7¼T½�¹E¶7¾¿¹ Ð ¼[·¿½?¾¿Á/¹�¶
~r1
¹�½
~r2
¹�·¿½�¸<µ�»Gµ�¾�½?¼M¹3¼�xoµ Ð ¼M¶Gµ�¼[¾Â¹�Ã7¹¸Mµ�½Â¾?µ�¶7·�ÓÔÄj¾9x"ÁE¹yÃ7¹�2:Ä�Å7¾Â¼[¹E¾�Ã7¹Ù¸Mµ�ÓÔÄj¶|��½?¼[Äj¶ÇÃ7¹�ÕN¾Â¹�¹E¶ÈÃ7Å x ¼[¸M¼M¹�ÅN¹E¶d½?¾¿¹

~r1
¹�½
~r2
×��5¸S¹E·�½ Ú�¶7Ä�½?¹�¾ÆbÅ7¹À¸M¹âÓ�µ���½Â¹EÅ7¾

1/ωd−2 ÃGµq¶7·�¸M¹ x"¹Zx¢Î7¾Â¹NÃ7¹ Ð µ�Å � º ¹ÀÃ7¹N¸�ÌßÁ�ÆSÅ7µq½?¼[Äj¶ ç ×Tè A �EÄj¾¿¾Â¹�·Â»�Äj¶7Ã�ÚÈÅ7¶7¹¼[¶b½ÂÁ Ð ¾Âµq½?¼[Äj¶ÒÃ7µ�¶7·N¸M¹ Ã7ÄBx µ�¼M¶A¹ Ã7¹ 2GÄjÅA¾Â¼M¹�¾E×ZØÙ¹Z��¼à¼�x"»7¸[¼MÆbÅ7¹ÇÆSÅ�Ìß¹�¶ ÃA¼�x"¹E¶7·¿¼MÄj¶ ê å(�qÌß¹�·¿½ÀÎ7¼[¹E¶¸Mµ ��Äj¾Â¾¿ÁE¸Mµq½?¼[Äj¶
ÆSÅA¼�¹�·¿½â»7¾ÂÄ�»ZÄj¾�½?¼[Äj¶7¶7¹�¸M¸M¹OÚ"¸MµWÓÔÄ�¶ ��½Â¼MÄj¶ Ã7¹¢ÕÀ¾¿¹E¹E¶�å:½?µ�¶7Ã7¼[·�ÆSÅ�Ìß¹�¶ÒÃ7¼�x ¹�¶7·Â¼[Äj¶ë ¼[¸�·EÌßµ Ð ¼[½âÃ7¹È¸Mµ Ã7Á�¾Â¼ p ÁE¹¢Ã7¹¢¸Mµ1�EÄ�¾Â¾ÂÁ�¸<µq½Â¼MÄj¶ æ ½ÂÄjÅA½q�EÄBx�x ¹ÇÃGµ�¶A·O¸M¹ �xµ�·PÃ�ÌßÅA¶7¹ÈÃ7¼[·¿½?¾¿¼MÎ7Å\½?¼MÄ�¶
p Äj¸MÅ x"¼MÆbÅ7¹NÃA¹Ç·¿ÄjÅ7¾=�E¹E·�Á�½ÂÅ7Ã7¼[ÁE¹Çµ�Å3� º µ�»7¼T½?¾¿¹Ç»A¾ÂÁZ��ÁEÃ7¹�¶d½CéL×
.�µN¾Â¹�¸<µq½Â¼MÄj¶ ç ×[è A ¹�·¿½3Å7¶A¹ Ð ÁE¶7Á�¾?µ�¸[¼M·?µ`½?¼MÄ�¶ÈÃ7¹�¸ÑÌÍÁEÆbÅGµ`½?¼MÄ�¶ ë ×[è ë ×já�ÄjÅ7·3¶7¹�·ÂÅA»7»ZÄ�·ÂÄj¶7·3»7¸[Å7· ÆbÅ7¹¸[¹�x"¼M¸[¼M¹�Å�¹E·¿½Èµq½Â½ÂÁE¶bÅGµ�¶d½Eå�¶7¼3Å7¶A¹oÃ7¼[·¿½?¾¿¼MÎ7Å\½?¼MÄ�¶ p Äj¸MÅ|x ¼[ÆSÅA¹"ÃA¹E·¢·¿ÄjÅ7¾=�E¹E·�×¯á�ÄjÅ7· ·ÂÅ7»7»�Äj·¿Äj¶7··¿¼�x"»7¸M¹]x ¹�¶b½�ÆbÅ7¹-¸[¹/ÎA¾ÂÅ7¼T½¯¹�·¿½ Á�ÆSÅA¼M»Gµ�¾�½?¼T½?¼MÄ�¶7¶7Á æ ½ÂÄjÅA½�¸M¹E·�x ÄSÃ7¹�·�·¿Äj¶d½ ¹LÉ��E¼T½?Á�·àµ p ¹]��Å7¶mx 0 x"¹¶7¼ p ¹Eµ�Å�Ã�ÌÍÁE¶7¹�¾ Ð ¼[¹È¹�½PÅ7¶7¹W» º µq·Â¹Wµ�¸[Áxµq½ÂÄj¼M¾¿¹Jé-¹E¶�Î�Äj¾¿Ã7Å7¾Â¹¢Ã7¹È¸<µ1�EÄj¶7¹¢Á�½?ÅAÃ7¼MÁ�¹�×$ØÙ¹�¸<µo·¿Å��~½ÀÚÐ µq¾?µ�¶d½?¼[¾NÆbÅ7¹ ¸Mµy��Äj¾Â¾¿ÁE¸Mµq½?¼[Äj¶I�EÄj¶ p ¹E¾ Ð ¹o¸<µ�ÓÔÄj¶ �L½?¼[Äj¶£Ã7¹%ÕN¾Â¹�¹E¶ÏÃ7Å x"¼M¸[¼M¹EÅ�åZÆbÅ7¹�¸MÆbÅ7¹o·¿Äj¼[½Ç¸[¹
� º µ�x » Ã�ÌÍÄj¶7Ã7¹�·âµqÅ�·¿¹E¼M¶
Ã7Åyx"¼M¸M¼[¹EÅ�×
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.�µ ·¿Å7¾¿Ó�µ���¹ÒÃ7¹Ò¸<µ�½?¹E¾¿¾Â¹ p ¼[Î7¾Â¹ ¹E¶Ö»�¹E¾=xoµ�¶A¹E¶ ��¹�åy·?µ�¶7·o¾Â¹E¸t��� º ¹�-¿ÄjÅ7¾o¹L½%¶bÅ7¼T½xåyÁ�½?Á��EÄBx�x"¹º ¼ p ¹�¾E× .$¹È·¿»Z¹]��½Â¾Â¹WÃ7¹���¹E· p ¼MÎ7¾Âµq½?¼[Äj¶7·��EÄj¶d½?¼[¶bÅ7¹E·,��Äj¶d½?¼M¹�¶d½NÃ7¹E· º µ�ÅA½?¹�·PÓÔ¾ÂÁ�ÆbÅ7¹E¶ ��¹E·
> 1Hz

å¹L½N·EÌÍÁ�½Â¹E¶7Ã -¿Å7·ÂÆbÅ�ÌßÚ�Ã7¹E·N»�ÁE¾¿¼MÄSÃ7¹E·PÃ7¹È»7¸[Å7·Â¼[¹EÅ7¾¿· �E¹�¶b½?µ�¼M¶A¹E·NÃ7¹W·¿¹Z�EÄ�¶7Ã7¹E·�å$¹LÉ��E¼T½tµ�¶d½Àµq¼M¶7·¿¼¯¸M¹�·
x"Ä\ÃA¹E·
»7¾ÂÄ�»7¾Â¹�·�Ã7¹£¸Mµ ½Â¹E¾¿¾Â¹�×âØÙ¹!�wÎ7¾¿Å7¼[½
ÃA¹ ÓÔÄj¶AÃP��¶�ÌÍ¹E·�½Ò»7µ�·�ÃAÅ�Ú ¸ÑÌßµ���½Â¼ p ¼[½ÂÁ�·Â¼[·9x"¼MÆbÅ7¹qå

ë è
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Ã7Äj¶d½�¸ÑÌÍ¼M¶d½Â¹E¶7·¿¼[½?Áâ¶�ÌÍ¹E·¿½�»7µ�·-·ÂÅ � ·Âµ�¶d½?¹À»�ÄjÅ7¾-¹CÉA»A¸M¼MÆbÅ7¹�¾-·ÂÄ�¶�µ�x »7¸[¼[½ÂÅ7Ã7¹ æ	� :�H F�� 6�
u6 :�H&8���
æ è ���B�déÂéC×�´P¹ x 0 x"¹£¸ÑÌßµ�x"»7¸M¼T½?Å7Ã7¹ÒÃ7Å�Î7¾¿Å7¼[½y� º µq¶ Ð ¹ ·¿¹E¸[Äj¶ ¸[¹E· ·?µ�¼[·ÂÄj¶A·Eå�·Â¼ÇÎ7¼M¹�¶ ÆbÅ�ÌÍ¼M¸À¶7¹»Z¹�ÅA½ 0 ½?¾¿¹o¸M¼[Á"Ú�¸<µ
½?¹]��½?Ä�¶7¼MÆbÅ7¹ æ	� :�H F�� 6�
u6 :�H&8���� æ è �B�B�dé¿éL×��OÅ7¹�¸MÆbÅ7¹o·¿Äj¼[½ ¸<µ
ÎGµ�¶AÃ7¹oÃ7¹ÓÔ¾ÂÁ�ÆSÅA¹E¶ ��¹���Äj¶7·Â¼[Ã7ÁE¾¿ÁE¹qå ¸M¹%Î7¾¿Å7¼[½¢¹E·�½ ÃAÄBx ¼[¶7Áo»7µ�¾W¸M¹�·ÈÄj¶7Ã7¹�·~Ã7¹�·ÂÅ7¾�Ó�µ��E¹ æ�� < F�>98�< F����%> 
 :�?�@
æ è ���B�déLå�������
 <��"� æ ê�A�A èYéLå� F � �!F 8;: æ ê�ABAdê é¿éL×ZØÙ¹E¸Mµo¼�x"»7¸[¼MÆbÅ7¹ÀÆbÅ�Ìß¼[¸¯¹�·¿½ Ð Á�¶7ÁE¾¿ÁWÚo¸Mµo·ÂÅ7¾�Ó�µ��E¹Ã7¹À¸<µÈ½?¹�¾Â¾¿¹�×
áâÄjÅA·3µ p Äj¶7· p Å~ÃGµ�¶7·¯¸<µP»Gµq¾¿½?¼[¹Ù»7¾¿ÁZ��ÁEÃ7¹�¶b½Â¹âÆbÅ7¹g��¹ �wÎA¾ÂÅ7¼T½ �/»ZÄ�Å7¾Â¾Âµ�¼[½ 0 ½Â¾Â¹�ÅA½Â¼M¸M¹y»�ÄjÅ7¾à¼�xoµ Ð ¹E¾¸<µ�½?¹E¾¿¾Â¹ �q¼[¸S¹�·¿½¯»ZÄj·¿·Â¼[Î7¸M¹yÃ7¹-¾¿¹Z�EÄ�¶7·¿½Â¾ÂÅ7¼[¾Â¹Ù¸Mµ�ÓÔÄ�¶ ��½Â¼MÄj¶ Ã7¹�ÕN¾Â¹�¹E¶m��ÄBx »A¸MÜ�½Â¹/Ã�ÌßÅ7¶�x"¼M¸[¼M¹�ÅN¹E¶d½?¾¿¹¶�ÌÍ¼�x"»ZÄj¾�½?¹yÆbÅ7¹E¸[¸M¹y»Gµ�¼M¾¿¹/ÃA¹Ù·¿½?µq½?¼[Äj¶7·�å`¹�¶m�EÄ�¾Â¾ÂÁ�¸<µ�¶d½¯·Â¼�x"»7¸[¹Zx"¹E¶d½�¸M¹yÎ7¾ÂÅ7¼T½àµ�xÈÎ7¼<µq¶b½�¹�¶7¾Â¹ Ð ¼M·�½?¾ÂÁ»Gµ�¾���¹E· ·�½tµq½Â¼MÄj¶7·�×jØÙ¹�¸<µP¸Mµ�¼M·¿·Â¹/¹E¶d½?¾¿¹ p Ä�¼M¾à¸MµP»ZÄ�·Â·Â¼[Î7¼M¸[¼[½ÂÁyÃA¹ÙÓ�µ�¼M¾¿¹ÙÃ7¹Ù¸<µ�½ÂÄBx"Ä Ð ¾?µq» º ¼M¹y·Â¼[·9x"¼MÆbÅ7¹
�w·Âµ�¶7·�·ÂÄjÅA¾9�E¹ �tå �qÌß¹�·¿½¿Ý5Ú`Ý5ÃA¼M¾Â¹N·Âµ�¶7·�·ÂÁ�¼M·9x"¹N¶7¼$¹CÉA»A¸MÄj·¿¼MÄj¶�×
ä�Ä�ÅA½?¹LÓÔÄj¼M·â»ZÄjÅA¾PÆbÅ7¹m��¹E¸<µ"·ÂÄj¼T½O»�Äj·Â·¿¼MÎ7¸[¹�å:Ã�ÌÍÅ7¶�»�Äj¼M¶d½âÃ7¹ p Å7¹¢½ º ÁEÄj¾¿¼MÆbÅ7¹qåZ¸[¹ Î7¾¿Å7¼[½PÃ7Äj¼T½ 0 ½?¾Â¹ÁEÆbÅ7¼[»Gµ�¾¿½Â¼[½Â¼MÄj¶7¶AÁ"¹�¶ÛÎ�Äj¾ÂÃ7ÅA¾Â¹"Ã7¹o¸Mµy��Äj¶7¹oÁL½?Å7ÃA¼MÁE¹ æ ½ÂÄjÅ7·¢¸[¹E· x ÄSÃ7¹�· »7¾¿Äj»7¾¿¹E·¢ÃAÄj¼ p ¹E¶d½ 0 ½?¾Â¹¹LÉ��E¼T½?Á�·
µ p ¹Z��Å7¶ x 0 x"¹ ¶7¼ p ¹xµ�ÅÖÃ�ÌÍÁE¶A¹E¾ Ð ¼M¹JéC×ÙÊ`{G¶ÖÃ7¹ p Äj¼M¾ ÃGµ�¶7·%ÆbÅ7¹�¸M¸[¹ x"¹E·ÂÅA¾Â¹�¸[¹ÒÎ7¾¿Å7¼[½¾ÂÁ�¹E¸-¾¿¹E·Â»�¹Z�L½?¹ ��¹�½Â½Â¹ �EÄ�¶7Ã7¼[½Â¼MÄj¶�å�¼[¸/¹�·¿½W¶AÁZ�E¹�·Â·Âµ�¼M¾¿¹�Ã�ÌßÁL½?Å7ÃA¼M¹E¾ ·ÂÄj¶ Ä�¾Â¼ Ð ¼M¶7¹qå�ÃA¹%¸MÄ!�xµ�¸[¼M·¿¹E¾À·Â¹�··ÂÄjÅA¾9�E¹�·E×$á�ÄjÅ7·��EÄBx�x ¹�¶"!EÄ�¶7·â½ÂÄjÅA½âÃ�Ì µqÎZÄj¾¿Ã�»Gµ�¾�Ó�µ�¼[¾Â¹Ç¸M¹Ç»ZÄj¼[¶d½PÎ7¾¿¼MÜ p ¹Zx"¹E¶d½P·ÂÅ7¾ ��¹¢ÆbÅ7¼�¹E·¿½
�EÄj¶A¶SÅ ��Äj¶ �E¹�¾Â¶Gµq¶b½y¸�ÌßÄj¾¿¼ Ð ¼[¶7¹3Ã7ÅWÎ7¾¿Å7¼[½ ·¿¼M·=x ¼[ÆSÅA¹Ù»7Å7¼[·à¶7ÄjÅA· »7¾ÂÁ�·Â¹E¶d½ÂÄj¶7·3¶7Ä�½Â¾Â¹-»7¾¿Äj»7¾¿¹-Á�½ÂÅ7Ã7¹�×
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 ¶b½Â¾Â¹ � ¹�½ ê�A ·�ÃA¹Ç»�ÁE¾¿¼MÄSÃ7¹�åA¸M¹OÎ7¾¿Å7¼[½�¹�·¿½âµ�»7»�¹E¸[Á �wÎ7¾¿Å7¼[½Rx ¼��E¾ÂÄ�·Â¼M·=x ¼[ÆbÅ7¹>��Î7¼[¹E¶
ÆbÅ�ÌÍ¼M¸�¶7¹À·¿Äj¼[½¶bÅ7¸M¸[¹Zx"¹E¶d½È¸[¼MÁ%Ú�¸<µÒ·¿¼M·9x"¼���¼[½ÂÁ�×�.�µ�{ Ð Å7¾¿¹ � ×Tè x Ä�¶b½Â¾Â¹ ¸M¹%·¿»Z¹]��½?¾¿¹�Ã�ÌÍÅ7¶7¹ -¿ÄjÅA¾Â¶7Á�¹�Ã7¹%Î7¾¿Å7¼[½¹E¶7¾¿¹ Ð ¼[·¿½Â¾ÂÁ¢¹�¶�ÊP¸[¸M¹]xoµ Ð ¶7¹À»Gµ�¾P¸Mµ"·�½tµq½Â¼MÄj¶ÒËR2�9È×�ØÙ¹�¸MÅ7¼�Ýu��¼�¹�·¿½PÃ7ÄBx"¼M¶7ÁÇ»Gµ�¾�Ã7¹EÅSÉ�»7¼��E·�åZ¸�ÌßÅ7¶½?¾¿ÜE·qx µ�¾¿ÆSÅAÁ Ú C ·�å�¸�Ì µqÅA½?¾¿¹Ç»A¸MÅ7·`x ÄSÃ7Á�¾ÂÁÇÚ è ç ·E×ZØÙ¹Z��¼�¶�Ìß¹�·¿½P»Gµ�·�·Â»�ÁZ�E¼�{GÆbÅ7¹ÈÚ~¸ÑÌ 
 Å7¾ÂÄ�»Z¹qåG¸M¹E·x 0 x ¹�·�ÄjÎ7·Â¹�¾ p µq½Â¼MÄj¶7·�»�¹EÅ p ¹E¶d½ 0 ½Â¾Â¹Ç¾ÂÁxµq¸M¼M·¿ÁE¹�·�·ÂÅ7¾�¶�ÌÍ¼�x"»ZÄ�¾¿½?¹PÆSÅA¹E¸��EÄj¶d½Â¼M¶7¹�¶b½E×
.$¹o»7¾¿¹Zx"¼M¹E¾À»7¼��oµ Å7¶7¹ »ZÁ�¾Â¼MÄSÃ7¹~Ã7¹�è ç ·Eå���¹oÆbÅ7¼ �EÄj¾¿¾Â¹E·¿»ZÄ�¶7ÃÛÁ Ð µ�¸M¹]x ¹�¶b½ Ú ¸<µ
»ZÁ�¾Â¼MÄSÃ7¹"Ã7ÄqÝx ¼[¶Gµ�¶d½?¹ÒÃ7¹E· p µ Ð Å7¹�·E×R�5¸P¹E·¿½ »7¾¿ÄjÎGµ�ÎA¸M¹Zx"¹E¶d½ Ð ÁE¶7Á�¾ÂÁ£Ã7¼M¾¿¹Z�L½?¹Zx"¹E¶d½
»Gµq¾%¸M¹�· p µq¾Â¼<µ`½?¼MÄ�¶7·oÃ7¹»7¾Â¹�·Â·¿¼MÄj¶Û¼[¶7Ã7Å7¼T½?¹�· »Gµq¾ ¸[¹E· p µ Ð Å7¹E·¢µ�Å ¶7¼ p ¹Eµ�ÅÛÃ7ÅÛ»A¸<µ�¶ � º ¹E¾ÇÄ���Áxµ�¶7¼[ÆbÅ7¹�×�.$¹o·Â¹]�EÄj¶AÃ µÒÅ7¶7¹»ZÁ�¾Â¼[Ä\Ã7¹�Ã7¹ C ·EåS·?µ ÓÔ¾¿ÁEÆbÅ7¹E¶|�E¹N¹E·�½-Ã7Ä�¶ �O¹LÉAµ��L½?¹]x ¹�¶b½-¸M¹�Ã7ÄjÅ7Î7¸[¹âÃAÅ�»7¾Â¹]x ¼[¹E¾E×:9O¶o»�¹E¶A·Â¹OÆbÅ�ÌÍ¼M¸¹E·�½ Ð ÁE¶AÁE¾ÂÁ�»7µ�¾¢¸�Ìß¼[¶b½Â¹E¾Âµ���½Â¼MÄj¶ ¶7Äj¶Û¸[¼M¶7ÁEµ�¼M¾¿¹~Ã7¹ p µ Ð Å7¹�·Wµ Þ µ�¶d½WÅA¶7¹ x 0 x"¹ ÓÔ¾ÂÁ�ÆbÅ7¹E¶ ��¹ xoµq¼M··Â¹ »7¾ÂÄj»7µ Ð ¹xµq¶b½PÃGµ�¶7·�Ã7¹�·O·Â¹�¶7·PÄj»A»ZÄj·¿ÁE·�× � ¹�¸MÄj¶<;�6 H>=@?�> 
3A�B FC=�=�F�H � æ è�� ��A éR�E¹]�E¼�Ã7Äj¶7¶7¹Ç¶Gµ�¼[·�Ý·?µ�¶|�E¹�Ú ÅA¶7¹ p µ�¾¿¼<µq½Â¼MÄj¶ Ã7¹�»A¾Â¹E·¿·Â¼[Äj¶Öµ�Å&·Â¹E¼[¶�Ã7¹�¸<µ5��Äj¸MÄ�¶7¶7¹ Ã�Ìß¹Eµ�ÅÖ¼M¶AÃ7ÁE»�¹E¶7Ã7µ�¶d½?¹ÒÃA¹�¸<µ»7¾ÂÄqÓÔÄj¶7Ã7¹�Å7¾EåG¹L½âÃAÄj¶d½â¸MµÈÓÔ¾ÂÁEÆbÅ7¹�¶ �E¹Ç¹E·�½P¸[¹NÃ7ÄjÅ7ÎA¸M¹NÃ7¹Y�E¹�¸M¸[¹E·�Ã7¹�· p µ Ð ÅA¹E·�¼M¶d½?¹�¾?µ Ð ¼M·Â·Âµ�¶d½ æ ·¿Äj¼[½½ Þ »7¼MÆbÅ7¹]x ¹�¶b½ � Ý?è A ·téC×GØÙ¹L½Â½?¹EDGÅ �L½?ÅGµ`½?¼MÄ�¶ ÃA¹Ç»A¾Â¹E·¿·Â¼[Äj¶�¶�Ìß¹�·¿½âµ�·Â·¿Ä���¼MÁ�¹ Ú~µ�Å|�EÅ7¶yx Ä�Å p ¹]x ¹�¶b½Ã7¹ »Gµ�¾¿½Â¼���Å7¸M¹q×k.�Ä�¾Â·ÂÆbÅ7¹�¸<µ�»7¾¿Ä�ÓÔÄj¶7Ã7¹�Å7¾"Ã7Å#»7¸Mµ�¶ � º ¹�¾ Ä!�EÁEµ�¶7¼[ÆSÅA¹�¹�·¿½oµ�Ã7ÁEÆbÅGµ`½?¹�åy¹E¸[¸M¹�»�¹EÅA½¹E¶d½?¾¿¹E¾W¹�¶ ¾ÂÁE·¿Äj¶Gµ�¶|�E¹
µ p ¹]��¸M¹o·¿Äj¸Ñå�Ã7Äj¶A¶Gµ�¶d½~¶Gµ�¼[·Â·?µq¶ �E¹�Ú�Ã7¹E·WÄj¶AÃ7¹E·È·¿¼M·=x ¼[ÆSÅA¹E·ÈÃ7¹*x 0 x ¹»ZÁ�¾Â¼[Ä\Ã7¹ æ � Ýtè A ·?éL×SØÙ¹L½Â½?¹â¼M¶d½?¹�¾?µ��L½?¼[Äj¶ ¶AÄj¶o¸[¼M¶7ÁEµ�¼M¾¿¹�¶7ÁZ��¹E·Â·¿¼[½Â¹PÆbÅ7¹PÃA¹E· p µ Ð Å7¹E·y·Â¹â»7¾ÂÄj»7µ Ð ¹xµq¶b½ÃGµ�¶7·ÇÃ7¹�·Ç·¿¹E¶7· Äj»7»�Äj·ÂÁ�¹E·À·Â¹"¾Â¹�¶ �EÄ�¶b½Â¾Â¹�¶b½E× 
3¸[¸M¹W»�ÄjÅ7¾¿¾?µ�¼T½Àµ p Äj¼[¾Ç¸[¼M¹�Å�»Gµ�¾À¹LÉ\¹Zx"»7¸[¹�å�¸[¹"¸[Äj¶ ÐÃ7¹E·`�GFq½?¹E·�å �E¹�¸M¸M¹�·�Ýb�E¼�¾¿ÁHDGÁ]� º ¼M·¿·?µ�¶d½O¸[¹E·�Äj¶AÃ7¹E·�¼M¶ ��¼MÃ7¹�¶d½?¹E·�×
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´P¼ p ¹�¾Â·Â¹�·-½?¹�¶b½?µq½?¼ p ¹�·-Äj¶d½�Á�½ÂÁP¾¿Áxµ�¸[¼M·ÂÁ�¹E·Ùµ�{G¶�Ã7¹â¸MÄ!�xµ�¸[¼M·Â¹�¾3¸M¹E·/¾ÂÁ Ð ¼MÄj¶A·ÙÃ7Äj¶d½Ù»7¾ÂÄ p ¼M¹�¶b½-¸M¹PÎA¾ÂÅ7¼T½
x"¼���¾ÂÄj·¿¼M·9x"¼MÆbÅ7¹q× � < F�>98�<JF���� > 
 :�?�@ æ è �B���dé�Äj¶d½�x Äj¶d½Â¾ÂÁ ÆbÅ7¹y¸M¹ Î7¾¿Å7¼[½�x"¼���¾ÂÄj·¿¼M·9x"¼MÆbÅ7¹¯¹E¶7¾¿¹ Ð ¼[·¿½?¾¿Á¹�¶ ÊP¸[¸M¹]xoµ Ð ¶7¹ÈÃ7Å7¾Âµ�¶d½¢¸�Ì º ¼ p ¹�¾Y� � Ýu� L »7¾ÂÄ p ¼M¹�¶b½ Ã7¹ �EÄ�¶7¹E· »7¾ÂÁ]�E¼M·¿¹E·�å�¼[¶7Ã7Á�»Z¹�¶7ÃGµ�x�x ¹�¶d½ ÃA¹E·
��Äj¶7Ã7¼T½?¼MÄ�¶7·�x ÁL½?Á�Ä7åà·Â¼T½?Å7Á�¹E·~ÃGµ�¶A·"¸MµIx ¹�¾~áâÄj¾ p Á Ð ¼M¹E¶A¶7¹�å ¸�ÌßÄ!�EÁEµ�¶ µq½?¸Mµ�¶d½?¼MÆbÅ7¹�¹L½"»Z¹�ÅA½¿Ý 0 ½?¾¿¹ÃGµq¶7·O¸<µ���ÁEÃA¼[½?¹�¾Â¾Âµ�¶7ÁE¹q× 
 ¶�Á�½ÂÅ7Ã7¼Mµ�¶d½O¸M¹ÇÎ7¾¿Å7¼[½PÃ7¹È¸<µ��GF�½Â¹ 9OÅ7¹�·¿½NÃ7¹�·��à½tµq½Â·�Ý �â¶7¼[· � ���>?!? 
 > A
! >J? � ?!� > 
 :�?�@ æ ê�ABA ç é�»Gµ�¾ p ¼M¹E¶A¶7¹E¶d½ÀÅ7¶7¹ �EÄj¶ ��¸MÅ7·¿¼MÄj¶Ò»7¾ÂÄ!� º ¹ ��¸M¹ Î7¾ÂÅ7¼T½ x"¼���¾ÂÄj·¿¼M·9x"¼MÆbÅ7¹À¹�·¿½·�½tµ�Î7¸[¹�å7¹L½�»7¾ÂÄ p ¼M¹�¶b½`��Äj¶7·¿½?µ�x�x ¹�¶b½�ÃA¹Ç¸Mµ�x 0 x ¹NÃ7¼[¾Â¹]��½?¼[Äj¶�×

#%$�&�' )#" )�$�$>1&% 0('�)2&�8>1#*,+ $�' 0.-�8>10/,% 8&1�2 &�443

´Oµq¶7·È¸M¹�·¢½?¾¿ÜE·È¸[Äj¶ Ð ÅA¹E·È»�ÁE¾¿¼MÄSÃ7¹E· æ è ABA Ý ��ABA ·téN¸M¹oÎA¾ÂÅ7¼T½ÈÆbÅ7¹%¸�ÌßÄj¶Ûµ�»7»�¹E¸M¸[¹oµq¸MÄj¾¿·¢·ÂÄ�Å p ¹�¶b½"¸[¹� º Å|xi�~¹CÉ��E¼[½Â¹ ¸[¹E·Yx"Ä\Ã7¹�· »A¾ÂÄj»7¾¿¹E·ÇÃ7¹"¸<µ%½?¹�¾Â¾Â¹ æ  :65 :#> 
 :�?�@ æ è ���B�dé
7 � ?|8;:#> 
 :�?�@ æ è ���B�dé
7
� :�H F�� 6�
s6 > 
 :�?�@ æ è ���B�dé
7 � 6 ?!? 
 :�H&8 D <=:65 � 6 <=8 æ ê�ABABA é�798�66: :6;�: � �!FW:�H&8  F � �!F 8;: æ è ���B�dé
7 F � �!F 8;:�> 
 :�?�@ æ ê�ABA�A éÂéC×;.$¹E·y·ÂÄjÅ7¾=�E¹�·ÙÆbÅ7¼:¸M¹ Ð Á�¶7ÜE¾¿¹E¶d½�� º µ�¶ Ð ¹�¶b½-µ p ¹Z��¸M¹�·/·Âµ�¼M·¿Äj¶7· �d¸M¹k� º Å|xi�»7¾¿Ä p ¼[¹E¶d½âÃ7¹ ¸�Ì º ÁZx"¼M·Â» º ÜE¾¿¹Ç¶AÄj¾ÂÃ�¹E¶ º ¼ p ¹�¾Eå:¹�½âÃ7¹Ç¸ÑÌ º ÁZx"¼M·¿» º Ü�¾Â¹À·ÂÅ7ÃÒ¹E¶ÒÁL½?Á æu� �!F�> :�H&8 � 6�A
��:�H 6 5~F��=< æ ê�ABA ç éÂéC×:ØÙ¹Y�EÄBx"»ZÄ�¾¿½?¹]x ¹�¶d½�¹E·¿½âÎ7¼[¹E¶3�EÄj¾¿¾ÂÁ�¸MÁÀµ p ¹]�¢¸M¹�· p µ�¾Â¼Mµq½?¼[Äj¶7·-·Âµ�¼M·¿Äj¶7¶7¼[ÜE¾Â¹�·Ã7¹À¸�Ì µ�x"»7¸[¼[½?ÅAÃ7¹âÃA¹E· p µ Ð Å7¹�·E×�ØÙ¹Z��¼$·ÂÅ Ð�Ð ÜE¾¿¹ÇÆbÅ7¹À¸[¹ º Å|x�¹E·�½ Ð ÁE¶7Á�¾ÂÁÀ»Gµ�¾�Å7¶3��ÄjÅ7»7¸Mµ Ð ¹N¹E¶d½Â¾Â¹¸�Ì µq½9x Ä�·Â» º Ü�¾Â¹qå7¸ÑÌÍÄ���Áxµ�¶
¹L½â¸Mµ¢½?¹�¾Â¾Â¹q×
.$¹E·�ÄjÎ7·¿¹E¾ p µq½Â¼MÄj¶A·àÚâÃA¹E·à·�½tµq½Â¼MÄj¶7·�·Â¼[·9x"¼MÆbÅ7¹�·�·¿ÄjÅ7·�x µ�¾Â¼[¶7¹E·�¹E¶WØ-µ�¸M¼TÓÔÄj¾Â¶7¼[¹ ¾ÂÁ p ÜE¸[¹E¶d½ ÆbÅ7¹/¸ÑÌßµ�x~Ý»7¸[¼[½ÂÅ7Ã7¹"Ã7¹E·ÈÄ�¶7Ã7¹E·¢¼M¶AÓÔ¾Âµ Ð ¾?µ p ¼[½?µ�¼M¾¿¹E·À¹E·�½W¸M¼[ÁE¹"¸MÄ!�xµ�¸[¹Zx"¹E¶d½ ÚÒ¸ÑÌÍÁE¶A¹E¾ Ð ¼M¹"Ã7¹E· p µ Ð Å7¹E· Ã7¹%»7¸[Å7·
��ÄjÅ7¾¿½Â¹E·�»�ÁE¾¿¼MÄSÃ7¹E· æ è A Ý ê�A ·téC×7ØÙ¹]�E¼�¸Mµ�¼M·¿·Â¹â»Z¹�¶7·Â¹�¾�ÆSÅA¹N¸M¹E·ÙÄj¶7Ã7¹�·�¼M¶AÓÔ¾Âµ Ð ¾?µ p ¼[½?µ�¼M¾¿¹E·yÃ7¹O¸[Äj¶ Ð Å7¹�·»�ÁE¾¿¼MÄSÃ7¹E·�·ÂÄj¶d½ Ð ÁE¶AÁE¾ÂÁ�¹E·O¸[Ä��Eµ�¸M¹]x ¹�¶d½�Ú »Gµ�¾�½?¼[¾�ÃA¹E· p µ Ð Å7¹E· æ ·?>Ù¹�¸M¸ é�»Gµ�¾�Å7¶ x Á]�xµ�¶7¼[·9x"¹À¶7Äj¶¸[¼M¶7ÁEµ�¼M¾¿¹ æ @ 6 ?�>JH � > 
 :�?�@ æ ê�ABA	� é¿éL×k.$¹E·"½?¾Âµ p µ�ÅSÉ Ã7¹ � �!F�>y:�H&8 � 6 ��:�H 6 5~F��=< æ ê�ABA�L é p Äj¶d½ÃGµq¶7· ¸[¹�x 0 x ¹~·¿¹E¶7·�å�·¿Å ÐjÐ Á�¾?µ�¶d½ ÆbÅ7¹ ¸[¹E·ÀÄj¶7ÃA¹E· �EÄjÅ7¾�½?¹�· »�ÁE¾¿¼MÄSÃ7¹E· Ð Á�¶7ÁE¾¿ÁE¹E· »Gµ�¾ÀÃ7¹�·Ç½Â¹ZxWÝ» 0 ½Â¹E·�¼M¶d½Â¹E¾?µ Ð ¼M·¿·Â¹E¶d½�¶AÄj¶�¸M¼[¶7Áxµ�¼[¾Â¹]x ¹�¶b½y»�ÄjÅ7¾-»A¾ÂÄSÃ7Å7¼M¾¿¹PÃ7¹�·�Äj¶7Ã7¹�·�¼M¶AÓÔ¾Âµ Ð ¾Âµ p ¼T½tµ�¼[¾Â¹E·3¸[Äj¶ Ð Å7¹�·»�ÁE¾¿¼MÄSÃ7¹E· »7¾¿ÜE·3Ã7¹�· �HF�½?¹�·E×A��¶7¹�ÓÔÄj¼M· Ð ÁE¶7Á�¾ÂÁE¹W��¹E·yÄj¶7Ã7¹�·y·¿¹�»7¾ÂÄj»7µ Ð ¹E¶d½3ÃGµq¶7·3¸ÑÌÍÄ���Áxµ�¶W»7¾¿Ä�ÓÔÄj¶7Ã�åÄjÅ
¼[¶b½Â¹E¾Âµ Ð ¼M·¿·Â¹�¶b½âµ p ¹]�À¸M¹N»7¸Mµ�¶ � º ¹�¾�Ä!�EÁEµ�¶7¼[ÆSÅA¹N»7¾ÂÜ�·�ÃA¹E·`�GF�½Â¹E·�»7¾ÂÄSÃ7Å7¼[·?µ�¶d½�µ�¼[¶7·Â¼�Ã7¹E·�Äj¶7ÃA¹E·
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Ã7¹��âµ Þ ¸M¹�¼ Ðjº ×
}¯µ�¾ µ�¼[¸M¸M¹�Å7¾Â·�å � �!F�>�:�H&8 � 6 ��:�H 6 5~F��=< æ ê�A�ABL éPÄjÎ7·¿¹E¾ p ¹oÆbÅ7¹"¸M¹W»A¼�� x ¼��E¾¿Äj·Â¼[·9x"¼MÆb¹ÈÚ C ·Ç¹E·¿½
�EÄj¾¿¾ÂÁ�¸MÁ µ p ¹Z� ¸M¹ º Å|x�¹E¶ º ¼ p ¹�¾Eå�xoµq¼M·N»Gµ�· »Z¹�¶7ÃGµ�¶d½ ¸ÑÌÍÁ�½ÂÁ�×��5¸M·ÀÄj¶d½¢µ�¸MÄj¾¿·ÀÁZx"¼M·À¸ÑÌ ºdÞ »�Ä�½ º ÜE·¿¹ÆbÅ�Ìß¹�¶ Ø-µ�¸M¼TÓÔÄj¾Â¶A¼M¹�åA¸M¹ÇÎ7¾ÂÅ7¼T½OÚ C ·â¹�·¿½O½ÂÄjÅ"-¿ÄjÅA¾Â· Ð ÁE¶7Á�¾ÂÁÈ¸[Ä��Eµ�¸M¹]x ¹�¶d½�¹E·¿½OÆSÅ�Ìß¼[¸�¹�·¿½N»A¸MÅ7·�Ó�µ�¼MÎA¸M¹¹E¶ Á�½ÂÁ ÆbÅ�ÌÍ¹E¶ º ¼ p ¹E¾�×
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Ê�{G¶�Ã7¹j�E¹�¾Â¶7¹�¾Ò¹�¶ »7¾?µ`½?¼MÆbÅ7¹ÏÃGµ�¶7·�ÆbÅ7¹E¸[¸M¹#x ¹�·ÂÅ7¾¿¹ ¸M¹�· ��Äj¾Â¾¿ÁE¸<µ`½?¼MÄ�¶7·
Ã7¹ Î7¾¿Å7¼[½�·Â¼[·9x"¼MÆbÅ7¹
�EÄj¶ p ¹E¾ Ð ¹E¶d½Ò¹J��¹]��½Â¼ p ¹]x ¹�¶d½ p ¹E¾¿· ¸Mµ ÓÔÄj¶ �L½?¼MÄ�¶�Ã7¹ÏÕÀ¾¿¹E¹�¶ ÃAÅ x"¼M¸[¼M¹�Å�å3¼M¸�¹E·¿½ ¶7Á]�E¹�·Â·?µq¼M¾Â¹£Ã7¹¸MÄ!�xµ�¸[¼M·¿¹E¾Ù¸[¹E·�¾ÂÁ Ð ¼MÄ�¶7·�Ã�ÌÍÄjã�¼[¸�»7¾¿Ä p ¼[¹E¶d½x×
.$¹E·~¹E¶7¾¿¹ Ð ¼[·¿½Â¾Â¹Zx"¹E¶d½Â·WÃ7¹�Î7¾ÂÅA¼[½È·¿¼M·=x ¼[ÆSÅA¹%¹E¶d½?¾¿¹ � ¹�½ ��A ·¢Ã7¹�»ZÁ�¾Â¼[Ä\Ã7¹qå¯·¿Äj¶d½~Ã7ÄBx"¼M¶7Á�·È»Gµ�¾Ã7¹E·À½?¹]x » 0 ½Â¹E·ÇÎ7¾ÂÜ p ¹�·¢¹�½ ÁE¶A¹E¾ Ð ¼MÆbÅ7¹E·�×�áâÄ�½Â¾Â¹~ÄjÎ!-¿¹]��½?¼TÓ-ÁL½tµ�¶d½ÇÆbÅ�ÌßÅA¶jxoµYÉA¼�xÈÅ x Ã7¹"·ÂÄjÅ7¾=�E¹�·Ã7¼��ZÁE¾¿¹E¶d½?¹�·g�EÄj¶d½Â¾Â¼MÎAÅ7¹E¶d½�µ�ÅSÉ*��Äj¾Â¾¿ÁE¸Mµq½?¼[Äj¶7·/µ�{G¶%ÆbÅ7¹N¸MµÇÓÔÄj¶ �L½?¼[Äj¶oÃ7¹NÕÀ¾¿¹E¹E¶o»7Å7¼M·¿·Â¹OÁ]x ¹�¾ Ð ¹�¾Eå¶7ÄjÅ7·À¶7Ä�¾9x µ�¸M¼[·ÂÄj¶7·â¸ÑÌßµ�x"»7¸M¼T½?Å7Ã7¹ÇÃ7¹�·Ç·¿¼ Ð ¶7µ�Å\É£µ p µ�¶d½À¸<µ ��Äj¾Â¾¿ÁE¸Mµq½?¼[Äj¶�¹E¶£¸[¹E·N¾Â¹]�EÄSÃGµ�¶d½À·ÂÅA¾"èÎ7¼[½ æ ; :�< 6�� >*> 
 :�?�@ æ ê�ABA ç Î:éÂéC×�ØÙ¹]�E¼~�EÄ�¶7·Â¼[·¿½?¹~Ú {G¸T½?¾¿¹E¾O¸[¹E·N¹E¶A¾Â¹ Ð ¼M·¿½Â¾Â¹]x ¹�¶b½Â·N·ÂÅ7¾NÅA¶7¹~ÎGµ�¶7Ã7¹Ã7¹o»�ÁE¾¿¼MÄSÃ7¹"¾Â¹E¸Mµq½?¼ p ¹]x ¹�¶b½ Á�½Â¾ÂÄj¼T½?¹ æ � Ý?è A ·ÀÄjÅ�è A Ý ê�A ·ÇÃ7µ�¶7·¢¶AÄ�½?¾¿¹*�xµq·téÇ»AÅ7¼M·ÇÃ7¹oÃA¼ p ¼M·¿¹E¾Ç¸M¹E··Â¼ Ð ¶Gµ�Å\É�»Gµq¾â¸[¹EÅ7¾¿· p µ�¸M¹�Å7¾Â·âµ�Î7·¿Äj¸MÅA¹E·PÃA¹ Ó�µ@!�Äj¶�Ú��E¹ÈÆbÅ�ÌÍ¼M¸[·�¶A¹¢»7Å7¼[·Â·¿¹E¶d½N»7¾¿¹E¶7Ã7¾¿¹ÈÆbÅ7¹¢ÃA¹EÅ\É
p µ�¸M¹�Å7¾Â· ��Ý?èWÄjÅ�
Wè�×$´P¹ �E¹L½Â½?¹ x µ�¶7¼[ÜE¾Â¹¢¶7ÄjÅ7·ÀÃ7Äj¶A¶7Äj¶7·Yx"Äj¼M¶7·PÃ7¹~»ZÄj¼[Ã7·Nµ�ÅSÉ£Á p ÜE¶7¹]x ¹�¶b½Â·ÓÔÄj¾¿½Â· æ ½?¹]x » 0 ½Â¹JéLåG¹L½P¸Mµ�¼M·¿·ÂÄj¶A·�¸[¹E·�·ÂÄ�Å7¾9��¹E·PÃA¹ÇÓ�µ�¼[Î7¸M¹�·�ÁE¶7¹�¾ Ð ¼[¹ ��Äj¶d½?¾¿¼MÎ7Å7¹�¾PµqÅ\Éy�EÄj¾¿¾ÂÁ�¸<µq½Â¼MÄj¶7·�×ØÙ¹�½¿½?¹o¶AÄj¾9x µ�¸M¼[·?µq½Â¼MÄj¶�»Z¹�¾9x"¹�½Ç¹E¶Ï»7¾?µ`½?¼MÆbÅ7¹~Ã�Ìßµ�x"ÁE¸[¼MÄj¾¿¹E¾O¸Mµy��Äj¶ p ¹E¾ Ð ¹E¶|�E¹oÃA¹E· ��Äj¾Â¾¿ÁE¸Mµq½?¼[Äj¶7·
p ¹�¾Â·�¸<µÈÓÔÄj¶ �L½?¼MÄ�¶�Ã7¹ ÕÀ¾¿¹E¹E¶ Ã7Åyx ¼[¸M¼[¹EÅ�×
ÊP¼[¶7·Â¼�¸MÄj¾¿·ÂÆbÅ7¹È¶7Ä�Å7·OÁ�½ÂÅ7Ã7¼[Äj¶7·O¸�ÌßÄj¾¿¼ Ð ¼[¶7¹NÃ7Å�Î7¾¿Å7¼[½PÃ7¹¢ÓÔÄj¶AÃ�å�¶7Ä�Å7·OÃ7¹ p Äj¶7·O½Â¹E¶7¼[¾q��ÄBx »\½?¹ÈÃ7¹
�E¹L½Â½?¹À¶7Ä�¾9x µ�¸M¼[·?µq½Â¼MÄj¶ �7¶7ÄjÅA·�¶A¹N·ÂÄjÅ º µ�¼[½ÂÄj¶7·�»Gµ�·�ÁL½?Å7ÃA¼M¹E¾�¸�ÌßÄ�¾Â¼ Ð ¼M¶7¹�Ã7Å
Î7¾ÂÅA¼[½�Ã7¹NÓÔÄj¶AÃ �5¾ÂÁ�¹E¸��?å
xoµq¼M·"¸ÑÌÍÄj¾Â¼ Ð ¼M¶7¹�ÃAÅ�Î7¾ÂÅA¼[½%ÃA¹�ÓÔÄj¶7Ã#Ã7Äj¶d½%¸�Ì µ�x"»7¸[¼[½?ÅAÃ7¹
µ Á�½ÂÁÒ¶7Ä�¾9x µ�¸M¼[·ÂÁ�×k}�ÄjÅ7¾ ��¹�Ó�µ�¼[¾Â¹ ¸M¹
x ¹�¼M¸[¸M¹EÅA¾�x"Ä Þ ¹�¶Ö¹E·¿½oÃ7¹�·¿¹�·Â¹�¾ p ¼M¾ Ã7¹E· ��Äj¾Â¾¿ÁE¸<µ`½?¼MÄ�¶7·~¹E¸M¸[¹E·1x 0 x ¹�·E× 
3¶Ö¹J��¹L½%¸�Ì µ�x"»7¸[¼[½?ÅAÃ7¹Ã7¹"¸<µ �EÄj¾¿¾ÂÁ�¸<µq½Â¼MÄj¶£¹E¶d½Â¾Â¹ ê ·�½tµq½Â¼MÄj¶7·Çµ�ÅSÉ£½?¹Zx"»7·ÀÃ�Ìßµ�¾Â¾¿¼ p ÁE¹"Ã7¹E·ÇÄj¶7Ã7¹�· ÃA¹ ·¿Å7¾¿Ó�µ���¹�å�Ã7Á�»Z¹�¶7ÃÃ7¹W¸ÑÌÍÁE¶A¹E¾ Ð ¼M¹¢ÃAÅ ÎA¾ÂÅ7¼T½O·Â¹W»A¾ÂÄj»Gµ Ð ¹xµ�¶d½N¹�¶d½?¾Â¹W¸[¹E·OÃA¹EÅ\É�·¿½tµ`½?¼MÄ�¶7·E× 
3¶�ÁL½?Å7ÃA¼<µ�¶d½N¸�Ì µ�x"»7¸[¼[½?ÅAÃ7¹Ã7¹E· ��Äj¾Â¾¿ÁE¸Mµq½?¼[Äj¶7·"¹E¶#ÓÔÄj¶|��½?¼[Äj¶�Ã7¹�¸ÑÌßµ��E¼�xÈÅA½ ¶7ÄjÅ7·o»ZÄjÅ p Äj¶7·oÃ7Äj¶ ��ÃAÁ�½?¹�¾9x"¼M¶7¹�¾oÃ7¹�ÆbÅ7¹E¸[¸M¹E·Ã7¼M¾¿¹Z�L½?¼MÄ�¶7·�»7¾ÂÄ p ¼M¹�¶d½â¸[¹NÎ7¾ÂÅA¼[½�·Â¼[·9x"¼MÆbÅ7¹q×
´Oµ�¶7·¢¸M¹o»A¾ÂÁE·¿¹E¶d½"µ�¾�½?¼���¸M¹qå�¶AÄjÅ7· ½Â¹E·�½?Äj¶7·���¹�½¿½?¹ x"Á�½ º Ä\ÃA¹"½ÂÄjÅA½ÈÃ�Ì µ�Î�Äj¾¿ÃÛ¹E¶ Ø-µ�¸[¼[ÓÔÄj¾¿¶7¼M¹q× 
 ¶
�EÄj¾¿¾ÂÁ�¸<µ�¶d½-ÅA¶�µ�¶oÃ�Ìß¹�¶7¾Â¹ Ð ¼M·�½?¾Â¹]x ¹�¶d½?·-·¿¹Zx µ�¼M¶7¹�»Gµ�¾/·Â¹]xoµ�¼[¶7¹�¹E¶d½?¾¿¹ ê���ë �EÄjÅA»7¸M¹�·ÙÃ7¹O·�½tµq½Â¼MÄj¶A·Eå¶7ÄjÅ7·Wx"Äj¶d½?¾¿Äj¶7·-ÆbÅ�ÌÍ¹E¶d½?¾¿¹ � ¹�½Àè A ·�å7¸M¹PÎ7¾ÂÅ7¼T½�»7¾¿Ä p ¼[¹E¶d½�Ã7¹N¸<µv�GF�½Â¹O½?ÄjÅA½�µ�Å
¸MÄj¶ Ð Ã7¹N¸ÑÌßµ�¶7¶7Á�¹�×ÊPÅ ��Äj¶d½?¾Âµ�¼M¾¿¹�¹�¶b½Â¾Â¹Ûè A ¹�½ ê�A ·�åyÃA¹E· p µ�¾¿¼<µq½Â¼MÄj¶7·~·Âµ�¼M·¿Äj¶7¶7¼[ÜE¾Â¹�· Ä�¶b½o¸M¼[¹EÅ �/¹�¶�Á�½ÂÁÒ¸M¹ Î7¾¿Å7¼[½»7¾ÂÄ p ¼M¹�¶d½âÃAÅ � ÅAÃ\Ý 9OÅ7¹�·¿½xåG½?µ�¶7Ã7¼[·�ÆSÅ�Ìß¹�¶ º ¼ p ¹E¾�¼[¸ p ¼M¹�¶b½�Ã7Å�áâÄ�¾ÂÃ\Ý 9NÅA¹E·¿½�¹L½�Ã7ÅÒá�Äj¾ÂÃSÝ 
 ·¿½E×

 ¶�µ�»7»A¸M¼MÆbÅGµq¶b½-¸<µ�x 0 x ¹,x"Á�½ º ÄSÃ7¹N¹E¶ 
 Å7¾ÂÄj»�¹�åG·¿Å7¾�¸<µm�GFq½?¹ 
 ·¿½â¹�½ 9OÅ7¹E·�½âÃA¹E· 
 ½?µq½?·wÝ ��¶7¼M·µ�¼M¶A·Â¼�ÆbÅ�Ìß¹�¶�ä�µ�¶ �xµq¶7¼M¹qåy¶AÄjÅ7·*x"Äj¶d½?¾¿Äj¶7·~ÆbÅ�Ìßµ�Å�»7¾¿¹Zx"¼M¹E¾~Äj¾¿Ã7¾Â¹ ¹E¶d½Â¾Â¹ è A ¹L½ ê�A ·"½ÂÄjÅ7·"¸M¹E·¾ÂÁ�·Â¹xµqÅ\É�¹E¶7¾¿¹ Ð ¼[·¿½?¾¿¹E¶d½âÃ7ÅÒÎ7¾¿Å7¼[½�»7¾¿Ä p ¹E¶7µ�¶d½PÃ7¹�·qx 0 x"¹E·�·ÂÄ�Å7¾9��¹E·Eå�¹�½�»�¹E¾ !EÄj¼ p ¹E¶d½â¸M¹�·�x 0 x"¹E·
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p µ�¾¿¼<µq½Â¼MÄj¶7·N·Âµ�¼M·¿Äj¶7¶7¼[ÜE¾¿¹E·E×�.$¹ ÎA¾ÂÅ7¼T½ ·¿¼M·=x ¼[ÆSÅA¹ »7¾¿Ä p ¼[¹E¶d½ÈÃA¹E·¢Ä!�EÁEµ�¶7· Ã7¹ ¸�Ì º ÁZx"¼M·Â» º ÜE¾¿¹ ¶7Ä�¾ÂÃ¹�¶ º ¼ p ¹E¾�åG¹�½�Ã7¹Ç¸ÑÌÍÄ���Áxµ�¶3�5¶7ÃA¼M¹E¶�¹�½�Ã7Å�}¯µ���¼�{GÆbÅ7¹ � Å7Ã ¹E¶�Á�½?Áq×ZØÙ¹�½Â½Â¹ p µ�¾¿¼<µq½Â¼MÄj¶o·?µ�¼[·ÂÄj¶7¶A¼MÜE¾¿¹¹�·¿½`�EÄj¾¿¾ÂÁ�¸MÁE¹Çµ p ¹]� ¸[¹E·g� º µq¶ Ð ¹Zx"¹E¶d½Â·â·Âµ�¼M·¿Äj¶7¶7¼[¹E¾Â·�ÃA¹Ç¸Mµ º µ�ÅA½Â¹EÅ7¾Wx"Ä Þ ¹E¶7¶A¹ÇÃA¹E· p µ Ð Å7¹E·�×

�~¨ M V [yS�¬$�VÇ²/¬

�Ï¹£·¿½?ÅAÃ Þ ½ º ¹�Äj¾Â¼ Ð ¼M¶�ÄqÓ ½ º ¹£ÎGµ���� Ð ¾ÂÄ�Å7¶7Ã ·Â¹E¼[·9x"¼���¶AÄj¼M·¿¹£µ p ¹E¾Âµ Ð ¹EÃ Ä p ¹�¾ ¸[Äj¶ Ð ½Â¼�x"¹�Î Þ
��¾ÂÄj·¿·�Ýu��Äj¾Â¾¿¹E¸Mµq½?¼[¶ Ð Ä�Ó�½ º ¹ p ¹E¾�½?¼��Eµ�¸&�EÄBx"»ZÄ�¶7¹E¶d½-ÄqÓ�x Ä�½Â¼MÄj¶�å > º ¼�� º >/¹E¾¿¹q{G¾Â·�½�¶7Äj¾=xoµq¸M¼���¹EÃ"Î Þè�Ý Î7¼[½W��Ä\ÃA¼M¶ Ð ×��Ï¹¢ÅA·Â¹ÇÄj¶7¹ Þ ¹xµq¾PÄ�Ó ¾¿¹Z��Äj¾ÂÃ7¼[¶ Ð µq½�·Â¹ p ¹E¾Âµ�¸¯·�½tµq½Â¼MÄj¶7·�Ä�Óà¶7¹�½ >/Äj¾��b·O¸[Ä��Eµq½?¹�Ã�¼[¶á�Äj¾¿½ º Ý5Ê�x ¹�¾Â¼��EµAå >/¹E·¿½Â¹E¾¿¶ 
3ÅA¾ÂÄj»�¹%µ�¶AÃÛä¯µq¶ �xµ�¶A¼<µA×��Ï¹*x"¹xµ�·¿Å7¾Â¹ ¶7Äj¾9x µ�¸[¼��E¹�Ã µ�x »A¸M¼[½ÂÅ7Ã7¹�·Ä�Ó �âµ Þ ¸M¹�¼ Ðjº >Ùµ p ¹�·È¾Â¹]�EÄj¶7·�½?¾¿Å ��½Â¹EÃ ÓÔ¾¿ÄBx �EÄ�¾Â¾Â¹�¸<µq½Â¼MÄj¶�ÓÔÄ�¾Àµ�¸M¸ µ p µ�¼[¸<µ�Î7¸[¹È·¿½?µq½?¼[Äj¶�½?Ä ·¿½?µq½?¼[Äj¶»Gµ`½ º · >�¼[½ º ¼M¶Ï½ º ¹o¶A¹�½ >/Äj¾��b·ÈÓÔÄj¾Ç»ZÄ�·Â¼[½Â¼ p ¹oµ�¶AÃÛ¶7¹ Ð µq½?¼ p ¹��EÄj¾¿¾Â¹E¸Mµq½?¼[Äj¶£½?¼�x"¹E·À½?Ä�Ã7¹�½Â¹E¾=x ¼[¶7¹½ º ¹â·¿¹xµ�·¿Äj¶Gµ�¸[¸ Þ µ p ¹�¾?µ Ð ¹EÃ�µ���¼�xÈÅ\½ º µ�¸GÃA¼M·¿½Â¾Â¼[Î7ÅA½?¼[Äj¶~Ä�Ó�¶AÄj¾9x µ�¸M¼��E¹�Ã"Î7µ���� Ð ¾ÂÄjÅA¶7Ã%¹E¶A¹E¾ ÐqÞ D7Ä�>
æ áPË�
k2 éâ½ º ¾ÂÄjÅ Ðjº ½ º ¹W¶7¹L½ >ÙÄj¾��b·E×�� ¹~»�¹E¾¿ÓÔÄ�¾9x¥½ º ¹"µ�¶Gµ�¸ Þ ·Â¼M·âÓÔÄj¾O½ º ¹W½ >/Ä�·¿»Z¹]��½Â¾?µ�¸ ÎGµq¶7Ã7·��Äj¾Â¾¿¹E·Â»�Äj¶7ÃA¼M¶ Ð ½ÂÄ ½ º ¹O»7¾¿¼�x µ�¾ Þ æ è A Ý ê�A ·té3µ�¶7Ão·Â¹Z��Äj¶7ÃGµq¾ Þ æ � Ý?è A ·té~x"¼��E¾¿Äj·Â¹�¼M·=x µ�¶7Ã�µ�¸[·ÂÄÇÓÔÄj¾½ º ¹ ê�A Ý ç A ·-ÎGµq¶7Ã�×Gä º ¹ÀÃ7¼[¾Â¹Z�L½?¼[Äj¶�Ä�Ó�½ º ¹ÇáâË�
k2 ÓÔÄ�¾Ù½ º ¹À·�½?¾ÂÄ�¶ Ð ¹E·�½�·Â»�¹Z��½Â¾?µ�¸�»Z¹Eµ��%Î�¹�½ >/¹E¹E¶� µ�¶AÃ è A ·W¼M·¢ÓÔÄjÅA¶7Ã ½?Ä�Î�¹ p ¹E¾ Þ ·¿½?µ�Î7¸[¹%¼M¶Û½Â¼�x"¹ >�¼[½ º ·Â¼ Ð ¶Gµ�¸�x"Äj·�½?¸ Þ ��ÄBx ¼[¶ Ð ÓÔ¾¿ÄBx ½ º ¹
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>Ù¹ÇÃ7¼[·Â¾Â¹ Ð µ�¾¿Ãy��ÄBx"»7¸M¹L½?¹E¸ Þ ½ º ¹Çµ�x"»7¸M¼T½?Å7Ã7¹Oµ�¶7Ã3�EÄj¶A·Â¼MÃA¹E¾Àè�Ý5ÎA¼[½�·¿¼ Ð ¶Gµq¸M·-Äj¶A¸ Þ æ @ >J< 6 8!>m> 
 :�?�@
æ è ���B�dé 7 D :���&F�?�? 6 :�H&8 ! :@?�? æ ê�ABA�ë é 7 � �|:��&F�< 6 :�H&8 D :���&F�?�? 6 æ ê�A�A ç éÂéC×�2¯¼ Ð Å7¾Â¹ � × ë · º Ä�>�·½ º ¹v�E¾¿Äj·Â·wÝu�EÄ�¾Â¾Â¹�¸<µq½Â¼MÄj¶A·�Ä�Ó Ã7¼���¹�¾Â¹E¶d½`x"Äj¶d½ º ·�Ä�Óà¾¿¹Z��Äj¾ÂÃ7·âÎGµ�¶7ÃA»Gµ�·Â·¿¹EÃ�Î�¹�½ >/¹E¹�¶ � µ�¶AÃ è A ·Eå¼Ñ×Í¹�×qµ�¾ÂÄ�Å7¶7ÃÈ½ º ¹Ù·Â¹]�EÄj¶AÃGµ�¾ Þ x ¼��E¾¿Äj·Â¹�¼M·9x ×$}�Ä�·Â¼[½Â¼ p ¹Ù½?¼�x ¹3Ã7¹�¸<µ Þ ¼[¶7Ã7¼��xµq½Â¹E· >-µ p ¹�·3»7¾ÂÄj»7µ Ð µq½Â¼M¶ ÐÓÔ¾ÂÄBx � .$Ê�Ø ½?Ä }��q. å(> º ¹E¾¿¹xµ�·N¶7¹ Ð µq½Â¼ p ¹ ½?¼�x"¹Ç¼M¶7Ã7¼��xµq½Â¹E· >Ùµ p ¹�·Ç»A¾ÂÄj»Gµ Ð µq½?¼[¶ Ð ÓÔ¾¿ÄBx }��q.½?Ä � .$Ê�ØP× �5¶�½ º ¼M·â»Z¹�¾Â¼MÄSÃ�¾Âµ�¶ Ð ¹qå�½ º ¹ ÓÔÄj¾9x Ä�Ók�E¾¿Äj·Â·wÝu��Äj¾Â¾¿¹E¸<µ`½?¼MÄ�¶7·P¼[· p ¹�¾ Þ ·�½tµ�Î7¸[¹¢¼[¶�½?¼�x"¹µ�¶7Ã p ¹E¾ Þ µ�· Þ x1x"¹�½Â¾Â¼��q×:ä º ¹Wµ�x"»7¸M¼T½?Å7ÃA¹NÄ�Ó ½ º ¹¢µ�¶d½?¼��xµ�Å7·Âµ�¸�»Gµ�¾�½OÄ�Óà½ º ¹ ��¾ÂÄj·¿·�Ýb�EÄj¾¿¾Â¹E¸Mµq½?¼[Äj¶7·¼M·�xÈÅ � º ¸Mµ�¾ Ð ¹�¾�½ º µ�¶�½ º ¹ Äj¶7¹¢ÄqÓ ½ º ¹v�xµ�Å7·Âµ�¸�»Gµ�¾¿½E×Zä º ¹mxoµq¼M¶�µ�¾Â¾¿¼ p µ�¸$¼M·�½ º ¹ ÓÔÅ7¶7Ã7µ�x ¹�¶d½tµ�¸
�âµ Þ ¸M¹�¼ Ðjº >Ùµ p ¹q×$ä º ¹"ÕÀ¾¿¹E¹�¶£ÓÔÅA¶ ��½Â¼MÄj¶�¼[·O»ZÄSÄj¾¿¸ Þ ¾Â¹]�EÄj¶7·�½?¾¿Å ��½Â¹EÃ ¼M¶�½ º ¹��xµ�Å7·Âµ�¸à»Gµq¾¿½x×Zä º ¼M·¼M¶7ÃA¼��xµ`½?¹E· ½ º µq½mx Äj·�½WÄ�Ó�½ º ¹�¶7Äj¼M·¿¹%¼M·¢»7¾ÂÄj»7µ Ð µq½Â¼M¶ Ð ÓÔ¾ÂÄBx }��. ½ÂÄ � .$Ê�ØPå ¼Ñ×Í¹�×�ÓÔ¾ÂÄBx�½ º ¹
�EÄdµq·¿½?¸[¼M¶7¹Ç½?Ä"½ º ¹m��Äj¶d½?¼[¶7¹E¶d½x×Zä º ¼M·��EÄj¶�{G¾9x"·â½ º µq½Nµ`½O»�¹E¾Â¼[Ä\ÃA·PÎ�¹�½ >/¹E¹E¶ � µq¶7ÃÛè A ·�x Ä�·¿½OÄqÓ½ º ¹�¶7Äj¼[·Â¹�¼M·3Ã7Ä�x ¼[¶Gµq½?¹�Ã~Î Þ >Ùµ p ¹�· Ð ¹E¶A¹E¾?µ`½?¹EÃ Î Þ ¶7Äj¶7¸[¼M¶7¹Eµ�¾ ¼M¶d½?¹�¾?µ��L½?¼[Äj¶~ÎZ¹L½ >Ù¹�¹E¶o½ º ¹â·?>Ù¹�¸M¸µ�¶7Ã
½ º ¹Y��Ädµ�·¿½�¸[¼M¶7¹q×
ä º ¹ÈÎ�¹ º µ p ¼MÄ�¾â¼[· p ¹E¾ Þ Ã7¼���¹�¾Â¹�¶b½ > º ¹�¶I�EÄj¶7·¿¼MÃ7¹�¾Â¼[¶ Ð »�¹E¾¿¼MÄSÃ7·�ÎZ¹L½ >Ù¹�¹E¶ è A µ�¶7Ã ê�A · æ 2¯¼ Ð Å7¾Â¹
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� × ç éL×àä º ¹���¾ÂÄj·¿·�Ýu��Äj¾Â¾¿¹E¸Mµq½?¼[Äj¶7·È¼[¶ ½ º ¼M·WÎ7µ�¶7Ã ¹LÉ º ¼MÎA¼[½~µ��E¸[¹xµ�¾È·¿¹xµ�·¿Äj¶Gµ�¸ p µ�¾¿¼<µq½Â¼MÄj¶�×�´PÅ7¾¿¼M¶ Ð½ º ¹Ò¶7Äj¾¿½ º ¹E¾¿¶ >�¼M¶d½?¹�¾ æ 9 �L½?ÄjÎ�¹E¾o½ÂÄ �Òµ�¾=� º éLåy½ º ¹�µ�x »A¸M¼[½ÂÅ7Ã7¹ Ä�ÓN½ º ¹ �xµ�ÅA·?µ�¸â»Gµ�¾¿½%Ä�ÓN½ º ¹
�EÄj¾¿¾Â¹�¸<µq½Â¼MÄj¶Ï¼M·¢¸Mµ�¾ Ð ¹E¾ ½ º µ�¶Û½ º ¹�µ�x"»7¸M¼T½?Å7ÃA¹"ÄqÓ�½ º ¹�µ�¶d½Â¼��xµqÅ7·?µ�¸y»Gµ�¾�½x×�ä º ¼M·È¼[¶7Ã7¼��xµq½Â¹E· ½ º µq½
x Ä�·¿½�Ä�ÓÀ½ º ¹ �âµ Þ ¸M¹�¼ Ðjº >Ùµ p ¹£¹E¶A¹E¾ ÐqÞ »7¾¿Äj»Gµ Ð µ`½?¹E·%ÓÔ¾¿ÄBx � .$Ê�Ø ½?Ä%}���. æ á 
 ½ÂÄ � � éL×´PÅ7¾¿¼M¶ Ð ½ º ¹�¶AÄj¾¿½ º ¹E¾¿¶"·¿Å x�x ¹�¾ æ �Òµ Þ Ý � ¹�»A½?¹]xÈÎ�¹E¾téCåj½ º ¹�Äj»A»ZÄj·¿¼[½Â¹-¼M· ÄjÎA·Â¹E¾ p ¹�Ã ��½ º ¹�¶7Äj¼M·¿¹�¼M·Ã7ÄBx"¼M¶Gµ`½?¹EÃ~Î Þ >Ùµ p ¹E·/»7¾ÂÄj»7µ Ð µq½Â¼M¶ Ð ÓÔ¾¿ÄBx }��q.Ò½ÂÄ ��.�Ê�Ø æ � � ½?Ä á 
yéL×���Äj¾¿¹EÄ p ¹�¾EåbÃ7Å7¾¿¼M¶ Ð½ º ¹ > º Ä�¸M¹ Þ ¹Eµ�¾Eå�½ º ¹ ��µ Þ ¸M¹E¼ Ðjº >Ùµ p ¹E·¢µ�¾Â¹ p ¼M·¿¼MÎ7¸[¹ÈÎZÄq½ º µq½Ç»ZÄ�·Â¼[½Â¼ p ¹~µ�¶7Ã£¶7¹ Ð µq½?¼ p ¹W½?¼�x ¹�·E×ÊP¸[¸�½ º ¼M·"· º Ä�>�·%½ º µq½xåy¼M¶ ½ º ¹�»Z¹�¾Â¼[Ä\Ã&ÎGµ�¶7ÃÖÄ�ÓP½ º ¹�»A¾Â¼�x µ�¾ Þ x ¼��E¾¿Äj·Â¹�¼M·9x å3µ�¶�¼�x »�Äj¾�½tµ�¶d½
�EÄj¶d½Â¾Â¼MÎAÅA½?¼[Äj¶ ÄqÓ�½ º ¹�¶7Äj¼[·Â¹�ÄjÎ7·¿¹E¾ p ¹EÃ�¼[¶%Ø-µ�¸[¼[ÓÔÄj¾¿¶7¼<µO¼[·E��ÄBx"¼M¶ Ð ÓÔ¾ÂÄ�x�½ º ¹�¹xµ�·�½xå º µ p ¼M¶ Ð ¸M¼��q¹E¸ Þ¼[½Â· ·¿ÄjÅ7¾9��¹%¼M¶ ½ º ¹ Ê-½?¸Mµ�¶d½?¼�� 9 �E¹Eµ�¶�×�ä º ¹�>Ùµ p ¹�ÓÔÄ�¾9x"·¢ÄjÎ7·¿¹E¾ p ¹EÃ µq½ »�Äj·Â¼T½?¼ p ¹oµq¶7Ã ¶7¹ Ð µq½Â¼ p ¹½?¼�x ¹�·Ùµ�¾¿¹P¶7Äq½-¹LÉAµ��L½?¸ Þ ¼[Ã7¹E¶d½Â¼��xµq¸�Î�¹Z�Eµ�Å7·¿¹OÄ�Ó�½ º ¹OÃ7¼���¹�¾Â¹E¶|�E¹E·Ù¼M¶ ½ º ¹P·¿»Z¹]��½Â¾ÂÅ x Ä�Ó�½ º ¹O¶7Äj¼[·Â¹
�EÄBx"¼M¶ Ð ÓÔ¾ÂÄBx�¹Eµ�·¿½�Äj¾�>/¹E·�½x×
ä�ÄoÃ7¹�½Â¹E¾9x"¼M¶A¹À½ º ¹ x µ�¼[¶ ÃA¼M¾Â¹]��½Â¼MÄj¶ Ä�Óà½ º ¹ ¶AÄj¾9x µ�¸M¼��E¹�Ã Î7µ���� Ð ¾ÂÄjÅA¶7Ã�¹E¶A¹E¾ ÐqÞ DGÄ�> æ áPË�
k2 é>Ù¹oÅ7·Â¹�Ã ê�ë ·�½tµq½Â¼MÄj¶A· ¸[Ä��Eµq½?¹�ÃÏ¼[¶ � ÄjÅ\½ º ¹�¾Â¶ Ø-µ�¸[¼[ÓÔÄj¾¿¶7¼<µ%·¿¹E»Gµq¾?µq½Â¹EÃÛÎ Þ Ã7¼M·�½tµ�¶ ��¹E· Ä�Ó�µ ÓÔ¹
>º Å7¶7Ã7¾¿¹EÃ7· �S¼[¸MÄBx"¹�½Â¹E¾¿· æ 2¯¼ Ð Å7¾¿¹ � × � é�× �Ï¹ �q¹E»A½ Äj¶A¸ Þ »7µq½ º ·
¸[Äj¶ Ð ¹�¾o½ º µq¶�è ê�A �!x æ ½ >/Ä>-µ p ¹E¸M¹�¶ Ð ½ º ·oµ`½ ê�A ·téÈµ�¶AÃ · º Äj¾�½?¹E¾W½ º µ�¶ ç ��A�� x ×¯ä º ¼[·W¾Â¹E·¿Å7¸[½Â¹EÃ ¼M¶Öè ëBL »Gµq½ º ·~Äj¾ êBCjêµ��E¼�xÈÅA½ º ·�> º ¹E¶�Å7·Â¼[¶ Ð ÎZÄq½ º ½ º ¹,�Eµ�Å7·?µq¸�µq¶7Ã�½ º ¹Çµ�¶d½?¼��xµ�ÅA·?µ�¸$»Gµq¾¿½?·�×
�â·¿¼M¶ Ð ½ º ¹~»7¾¿Ä���¹EÃ7ÅA¾Â¹~Ã7¹E·=�E¾¿¼MÎ�¹EÃÏµ�ÎZÄ p ¹�å.>Ù¹ ��ÄBx »AÅA½?¹�Ã5��¾ÂÄj·¿·�Ýu��Äj¾Â¾¿¹E¸Mµq½?¼[Äj¶7·NÄ�ÓE�EÄj¶d½Â¼M¶bÅ7ÄjÅ7·
p ¹�¾¿½?¼��xµ�¸�¾Â¹]�EÄj¾¿Ã7·�ÓÔÄj¾â¹Eµ�� º Ä�Ó�½ º ¹ è ëBL »Gµq½ º ·âÃAÅ7¾Â¼[¶ Ð ½ º ¹ Þ ¹xµ�¾ ê�ABA�ë × � ¹ �EÄj¶A·Â¼MÃA¹E¾Â¹�ÃÒ½ º ¾Â¹E¹»Z¹�¾Â¼[Ä\ÃÏÎGµ�¶7Ã7· � � Ýtè A ·Eå è A Ý ê�A ·�å�µq¶7Ã ê�A Ý ç A ·�×�2:Ä�¾À½ º ¹1{7¾Â·¿½Ç½ >/Ä�»Z¹�¾Â¼[Ä\ÃÏÎGµ�¶7Ã7·�å���¾ÂÄj·¿· ��Äj¾�Ý¾Â¹�¸<µq½Â¼MÄj¶7· >Ù¹�¾Â¹
·¿½?µ�����¹�Ã&¼[¶ µ x Ä p ¼M¶ Ð >�¼M¶7ÃAÄ�>�Ä�ÓÇè � ÃGµ Þ ·E×�2:Ä�¾È¹xµ�� º ·�½tµ����:å3µ�x"»7¸M¼T½?Å7ÃA¹E·Ä�Óà½ º ¹ �Eµ�Å7·?µq¸¯µ�¶AÃ�µ�¶d½?¼��xµ�Å7·Âµ�¸�»Gµ�¾�½?· >/¹E¾¿¹ÈÃ7¹L½?¹E¾=x ¼[¶7¹EÃ�Î Þ ½?µ��b¼M¶ Ð ½ º ¹vxoµYÉA¼�xÈÅ x�ÄqÓà½ º ¹�¼M¾¹E¶ p ¹�¸MÄj»�¹E·À¼[¶£µ�½Â¼�x"¹ >�¼[¶7Ã7Ä�> ��Äj¾Â¾¿¹E·¿»ZÄj¶AÃ7¼M¶ Ð ½ÂÄ%½ º ¹ ��µ Þ ¸M¹E¼ Ðjº >Ùµ p ¹ Ð ¾ÂÄjÅA» p ¹E¸[Ä���¼[½ Þ × � ¹
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�EÄj¾¿¾Â¹]��½-Ä�Å7¾kx ¹Eµ�·ÂÅ7¾¿¹Zx"¹E¶d½yÓÔ¾ÂÄBx�½ º ¹ Ð ¹EÄBx"¹�½Â¾Â¼��xµ�¸:µq½¿½?¹�¶SÅ7µq½?¼[Äj¶ ÄqÓ�½ º ¹ ��µ Þ ¸[¹E¼ Ðjº >-µ p ¹ >�¼[½ ºÃ7¼M·�½tµ�¶|�E¹�åJÎ Þ xÈÅA¸[½?¼[»7¸ Þ ¼[¶ Ð ½ º ¹yµ�x »A¸M¼[½ÂÅ7Ã7¹àÎ Þ ½ º ¹3·ÂÆbÅGµ�¾¿¹/¾¿Ä\Äq½�Ä�Ó\½ º ¹3¼M¶d½?¹�¾�Ý ·¿½tµ`½?¼MÄ�¶NÃ7¼M·�½tµ�¶ ��¹�×ä º ¼M· >Ùµ Þ å >/¹`x ¹Eµ�·ÂÅ7¾¿¹EÃ%¶AÄj¾9x µ�¸M¼��E¹�Ã~µ�x »A¸M¼[½ÂÅ7Ã7¹�· Ä�Ó�·¿¹E¼M·=x ¼���¶7Äj¼M·¿¹�ÓÔÄj¾ ½ >ÙÄWµ��E¼�x¢ÅA½ º · ÓÔ¾¿ÄBx¹xµ�� º �E¾¿Äj·Â·wÝu�EÄ�¾Â¾Â¹�¸<µq½Â¼MÄj¶�×jØÙÄBx¢Î7¼M¶7¼[¶ Ð x"¹xµ�·¿Å7¾Â¹]x ¹�¶b½Â· ÓÔ¾ÂÄBx�µ�¸M¸\·¿½tµ`½?¼MÄ�¶7· »Gµ�¼[¾Â· >/¹�Ä�ÎA½tµ�¼[¶È½ º ¹Ã7¼M·�½?¾¿¼MÎ7ÅA½Â¼MÄj¶�ÄqÓ�½ º ¹À¶7Äj¾9x µ�¸[¼��E¹�Ã�µ�x"»7¸M¼T½?Å7ÃA¹ >�¼[½ º ¾¿¹E·¿»Z¹]��½�½?Ä"µ��E¼�xÈÅA½ º ×
�Òµ`É\¼�x µPÄ�ÓG½ º ¼M·¯Ã7¼M·�½?¾Â¼[Î7ÅA½Â¼MÄj¶Ç¼M¶7ÃA¼��xµ`½?¹�x µ�¼[¶¢Ã7¼[¾Â¹Z�L½?¼[Äj¶7·¯ÄqÓ�áâË�
k2�µ��E¾¿Äj·Â·�½ º ¹�µq¾Â¾?µ Þ × � ¹Eµ�·ÂÄqÝ¶Gµ�¸ p µ�¾¿¼<µq½Â¼MÄj¶%ÄqÓ�½ º ¹À¶7Äj¾9x µ�¸[¼��E¹�Ã�µ�x"»7¸M¼T½?Å7ÃA¹Oµ�¶7Ã
½ º ¹ÇÃA¼M¾Â¹]��½Â¼MÄj¶�Ä�Ó�½ º ¹ áâË�
k2 Ã7Å7¾Â¼[¶ Ð ½ º ¹Þ ¹Eµ�¾ ê�ABAjë µq¾Â¹�¼M¸[¸MÅ7·�½?¾Âµq½?¹�ÃÈ¼M¶ 2¯¼ Ð Å7¾¿¹ � × L µ`Ý Î�×�Ê�x »7¸[¼[½ÂÅ7Ã7¹E·9>Ù¹�¾Â¹�¶7Äj¾=xoµ�¸[¼���¹EÃ¢Î�¹�½ >/¹E¹�¶ A µ�¶AÃèNÓÔÄj¾Ù½ º ¹Ç¹�¶d½?¼M¾¿¹O·Â¹L½�Ä�Ó�µ��E¼�xÈÅA½ º ·E× 9O¶7¹,xÈÅA·¿½�¾Â¹]xoµq¾��~½ º µq½�½ º ¹E·¿¹Çµ��E¼�xÈÅA½ º µ�¸�Ã7¼[·¿½Â¾Â¼MÎAÅA½?¼[Äj¶7·
>Ù¹�¾Â¹ ��ÄBx"»7ÅA½?¹�Ã�µqÓ ½Â¹E¾ è�Ý5ÎA¼[½"¶7Äj¾=xoµ�¸[¼��Eµq½?¼[Äj¶�×¯ä º ¼M·�x ¹Eµ�¶7·~½ º µq½ º ¼ Ðjº µ�x"»7¸[¼[½?ÅAÃ7¹�¹ p ¹E¶d½?·�å¸M¼ ��¹E¸ Þ µ�·¿·ÂÄ!�E¼<µ`½?¹EÃ&>�¼[½ º ½ º ¹â·�½?¾¿Äj¶ Ð ¹�·¿½-·�½?Äj¾=x ·yµ�¾¿¹âÃAÄ�>�¶&>Ù¹�¼ Ðjº ½Â¹EÃ%Î Þ ÄjÅ7¾3»7¾¿Ä���¹E·Â·¿¼M¶ Ð ×Sä º ¹»7¸MÄq½?·ÇÄ�ÓW2¯¼ Ð Å7¾Â¹ � µq¾Â¹o¶AÄ�½¢ÃA¼M¾Â¹]��½Â¸ Þ � º µ�¾Âµ���½Â¹E¾¿¼M·¿½Â¼��"Ä�Ó-½ º ¹%µ��L½?ÅGµq¸Ùµ�ÎA·ÂÄj¸[ÅA½?¹"¶7Äj¼[·Â¹"¹E¶7¹�¾ Ð�ÞÎ7ÅA½âÄ�Ó¯½ º ¹À½?¼�x"¹Àµ p ¹�¾?µ Ð ¹�ÃÒ¶7Ä�¾9x µ�¸M¼��E¹EÃ
¹�¶7¹E¾ Ð�Þ ×�áâÄq½?¹À½ º µq½�¼T½�¼M·�½ º ¹Ç¾Â¹�¸M¹ p µq¶b½`x"¹xµ�·¿Å7¾Â¹ÀÓÔÄj¾µ�¶7¸ Þ ·¿¼M¶ Ð ½ º ¹/¶7Äj¼M·¿¹Ù¼[¶¢½ º ¹��EÄj¶d½?¹CÉS½ Ä�ÓZÕN¾Â¹E¹�¶ÈÓÔÅ7¶ �L½?¼MÄ�¶¢¾Â¹]�EÄj¶A·¿½?¾¿Å ��½Â¼MÄj¶WÅA·Â¼M¶ Ð ½ º ¹/»7¾ÂÄ!�E¹�Ã7Å7¾¿¹¼M¶7¼T½?¼Mµq½?¹�Ã"Î Þ � º µ�»7¼M¾¿Ä¢µq¶7Ã�Ø-µ�x"»7¼[¸M¸MÄ æ ê�ABA ç éL×jä º ¼[·/»A¾ÂÄ!�E¹EÃAÅ7¾Â¹��xµ�¶ ÎZ¹âµ�»7»7¸[¼M¹�Ã"½ÂÄ ¶7¹L½ >ÙÄ�¾��b·
>�¼[½ º ·¿»Gµq½?¼Mµ�¸�ÃA¼M·¿½Â¾Â¼[Î7ÅA½?¼[Äj¶�Ä�Ó�·¿½?µq½?¼[Äj¶0> º ¼�� º µ�¾Â¹N¶AÄ�½�·ÂÅ7¼T½tµ�Î7¸[¹PÓÔÄj¾W2�Ý � µ�¶7µ�¸ Þ ·Â¼[·E×
ËÙ¹�½ >/¹E¹�¶ � µ�¶7Ã�è A ·Eåb½ º ¹�xoµ�¼[¶oÃ7¼[¾Â¹]��½?¼[Äj¶oÄqÓ�½ º ¹OáPË�
k2 ¾¿¹Zx µ�¼M¶7· �EÄ�¶7·¿½?µ�¶d½�Ä p ¹E¾/½ º ¹ > º Äj¸M¹Þ ¹Eµ�¾O·Â¼�x ¼[¸<µ�¾-½ÂÄo½ º ¹ÈÄjÎ7·¿¹E¾ p µq½Â¼MÄj¶ xoµ�ÃA¹ ÓÔÄj¾�½ º ¹ »Gµq½ º ��.�Ê�ØyÝu}��q. ×.��Ä�·¿½NÄ�Ó ½ º ¹È¶7Ä�¼M·Â¹ ¼M·
�EÄBx"¼M¶ Ð ÓÔ¾¿ÄBx�µ�¾Âµ�¶ Ð ¹"Ä�Ó-µ��E¼�xÈÅA½ º Ð Äj¼[¶ Ð ÓÔ¾ÂÄBx ê�ABA ◦ ½ÂÄ ê�ê�� ◦ æ � � é,�EÄj¶|{7¾9x"¼M¶ Ð ½ º µq½xå�¼M¶½ º ¼[·È»�¹E¾Â¼[Ä\ÃÏÎGµ�¶7Ã�å�x"Äj·¿½¢Ä�Ó�½ º ¹o·Â¹E¼[·9x"¼�� ¶7Äj¼M·¿¹%¼M·v�xµ�ÅA·Â¹EÃ Î Þ ½ º ¹%·¿¹Z��Äj¶7ÃGµ�¾ Þ x"¼���¾ÂÄj·¿¹E¼M·=x¸MÄ!�xµ�¸[¸ Þ"Ð ¹�¶7¹E¾Âµq½?¹�ÃÒÎ Þ Ä!�E¹xµq¶ >Ùµ p ¹E·âµ�¸[Äj¶ Ð ½ º ¹,��Ädµ�·�½?¸M¼[¶7¹�×
ä º ¹-¶7Ä�¼M·Â¹/ÎZ¹ º µ p ¼MÄj¾�¼M· p ¹E¾ Þ ÃA¼��Z¹E¾Â¹�¶d½à¼M¶Ç½ º ¹/»Z¹�¾Â¼[Ä\Ã ¾?µ�¶ Ð ¹ÙÄ�Ó7½ º ¹Ù»A¾Â¼�x µ�¾ Þ x ¼��E¾ÂÄ�·Â¹E¼[·9x æ è A Ýê�A ·?é > º ¹�¾Â¹o½ º ¹ áPË�
k2�¹CÉ º ¼MÎ7¼T½?· µ p ¹�¾ Þ ·¿½Â¾ÂÄj¶ Ð µ�¶7ÃÛ· º µ�¾¿» ·Â¹Eµ�·ÂÄ�¶Gµ�¸ p µ�¾¿¼<µq½Â¼MÄj¶ æ 2¯¼ Ð Å7¾Â¹� × L �LÝ5ÃGéL×�� ½Â·mx µ�¼M¶ÛÃA¼M¾Â¹]��½Â¼MÄj¶Ï¾Â¹Zx µ�¼[¶7·Èµ�¾¿ÄjÅ7¶7Ã ê�ê�A ◦ êjê�� ◦ æ � Ý � � é Ã7ÅA¾Â¼M¶ Ð ½ º ¹�·¿Å x�x ¹�¾E×
�âÄ�>/¹ p ¹�¾-Ã7Å7¾¿¼M¶ Ð ½ º ¹ >�¼[¶d½?¹E¾�å x Äj·�½3Ä�Ó�½ º ¹�¶7Äj¼M·¿¹�¼M·k�EÄBx"¼M¶ Ð ÓÔ¾ÂÄBx�½ º ¹�¶7Äj¾¿½ º >�¼T½ º ½ >ÙÄv�E¸[¹xµ�¾»7¾Â¹LÓÔ¹E¾¿¹E¶d½?¼Mµ�¸�Ã7¼[¾Â¹Z�L½?¼[Äj¶7· � ë è � ◦ µq¶7Ã ç � ◦ ×\ä º ¹,� º µ�¶ Ð ¹NÎZ¹L½ >Ù¹�¹E¶
½ º ¹�·Â¹O½ >/Ä xoµ�¼[¶%¾Â¹ Ð ¼�x"¹E·/¼M·
p ¹�¾ Þ ¾?µq»7¼MÃ µ�¶7Ã
½tµ ��¹E·�»7¸Mµ��E¹À¼[¶ �Òµ�¾9� º µ�¶7Ã 9 ��½ÂÄjÎZ¹�¾E×
ä º ¼M·WÃA¼��Z¹E¾Â¹�¶ �E¹oÎZ¹L½ >Ù¹�¹E¶ ½ º ¹�Ã7¼[¾Â¹]��½?¼[Äj¶7· Ä�ÓâáPË�
k2 Ä�Ó�½ º ¹%»7¾Â¼�xoµq¾ Þ µ�¶7Ã ·¿¹Z�EÄ�¶7ÃGµ�¾ Þ x ¼�Ý
�E¾¿Äj·Â¹�¼M·9x"·È¼[·È·ÂÅ7¾¿»7¾Â¼[·Â¼[¶ Ð Î�¹Z�xµqÅ7·Â¹�¼T½È¼M¶AÃ7¼��Eµq½?¹�· ½ º µq½¢½ º ¹%½ >ÙÄIx µ�¼[¶ ·Â»�¹Z�L½?¾Âµ�¸-¶7Äj¼[·Â¹ »Z¹Eµ��b·ÄjÎ7·¿¹E¾ p ¹EÃ ¸MÄ!�xµq¸M¸ Þ Ã7Ä�¶AÄ�½ º µ p ¹o½ º ¹o·?µ�x ¹"¾Â¹ Ð ¼MÄj¶ Ä�Ó�Ä�¾Â¼ Ð ¼M¶�×$ä º ¼[·v��ÄjÅ7¸[Ã Î�¹ ½ º ¹ ¾¿¹E·ÂÅA¸[½ÈÄqÓ½ º ¹Pµq½Â½Â¹E¶bÅGµq½Â¼MÄj¶"Ä�Ó�½ º ¹�·Â¹E¼[·9x"¼�� >Ùµ p ¹E·�> º ¼�� º ¼[·/·�½?¾ÂÄ�¶ Ð ¹E¾3ÓÔÄj¾y· º Ä�¾¿½?¹�¾/»�¹E¾¿¼MÄSÃ7·/µ�¶7Ã*�Eµ�¶ ��¹E¸M·½ º ¹1�EÄj¶d½Â¾Â¼MÎAÅA½?¼[Äj¶7·ÇÄ�Ó�Ã7¼M·�½tµ�¶d½ ·ÂÄjÅA¾9�E¹�·È¼M¶ ½ º ¹ � Ýtè A · »�¹E¾¿¼MÄSÃ ÎGµq¶7Ã�×�ÊP¶7Ä�½ º ¹E¾ ¹LÉ\»7¸Mµ�¶Gµq½Â¼MÄj¶
�EÄjÅA¸MÃÒÎ�¹ ½ º µq½�½ º ¹¢µ���½ÂÅGµ�¸�¾Â¹ Ð ¼MÄj¶A·âÄ�Ó Ð ¹E¶7¹�¾?µq½Â¼MÄj¶�Ä�Óà½ º ¹¢·¿¹E¼M·=x ¼��À¶7Äj¼M·¿¹ ¼[·PÃ7¼���¹�¾Â¹�¶b½â¼M¶ ½ º ¹Ã7¼��Z¹E¾¿¹E¶d½�»�¹E¾Â¼[Ä\Ã�Î7µ�¶7Ã7·�×7ä º ¼M· ºdÞ »�Ä�½ º ¹�·Â¼[·�¼[·-·ÂÅA»7»ZÄ�¾¿½?¹�Ã�Î Þ ½ º ¹NÄjÎ7·¿¹E¾ p µ`½?¼MÄ�¶%½ º µq½�½ º ¹Àµ���¼TÝ
xÈÅA½ º µ�¸�ÃA¼M·¿½Â¾Â¼[Î7ÅA½?¼[Äj¶"¼M·ÙÃAÄBx ¼[¶Gµq½Â¹EÃo¼[¶�>�¼M¶d½Â¹E¾-Î Þ µ DGÅ\ÉoÓÔ¾ÂÄBx µ���¼�xÈÅA½ º ·ÙÎ�¹�½ >/¹E¹�¶£è � A µ�¶AÃêjê�� ◦ ÓÔÄj¾À½ º ¹"»Z¹�¾Â¼[Ä\Ã ÎGµ�¶7Ã � Ýtè A · > º ¼M¸[¹"½ º ¹E¾¿¹ ¼[· ¶AÄÒ·Â¼ Ð ¶7¼�{ �xµ�¶d½ �EÄ�¶b½Â¾Â¼[Î7ÅA½?¼[Äj¶£ÓÔ¾ÂÄBx'½ º ¼M·Ã7¼M¾¿¹Z�L½?¼MÄ�¶7·ÙÓÔÄj¾-½ º ¹N»Z¹�¾Â¼[Ä\Ã�ÎGµq¶7Ã£è A ½?Ä ê�A ·�×GËÙ¹�ÓÔÄ�¾Â¹N¹LÉ\»7¸[Äj¾Â¼[¶ Ð ÓÔÅ7¾�½ º ¹�¾-½ º ¹ÀÄj¾¿¼ Ð ¼[¶oÄ�Ó�¶7Äj¼[·Â¹¼M¶~½ º ¹�»7¾¿¼�x µ�¾ Þ x ¼��E¾¿Äj·Â¹�¼M·9x�ÎGµ�¶7Ã æ è A Ý ê�A ·téLå�¸M¹�½yÅ7· �EÄ�¶7·Â¼[Ã7¹E¾3¸MÄ�¶ Ð ¹E¾ »�¹E¾¿¼MÄSÃ�åj¼�×ß¹q×j½ º ¹ ê�A Ý ç A ·»Z¹�¾Â¼[Ä\Ã
ÎGµ�¶AÃ�×
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Ê-½È¸[Äj¶ Ð ¹�¾ »�¹E¾¿¼MÄSÃ7·Eå$½ º ¹E¾Â¹o¼M·Ç¸M¹E·¿·¢·=�xµq½¿½?¹E¾¿¼M¶ Ð µ�¶7Ã >/¹%¹CÉA»�¹Z�L½È½ º ¹%µ�xÈÎA¼M¹E¶d½ ·Â¹�¼M·9x"¼��"¶7Äj¼[·Â¹½?ÄÈÎ�¹P¸[¹E·¿·ÙÃ7¼���Å7·¿¹�×Sä º ¹E¾¿¹�ÓÔÄj¾¿¹�åb½ º ¹â¾Â¹]�EÄj¶7·�½?¾¿Å ��½Â¼MÄj¶�Ä�Ó�ÕÀ¾¿¹E¹E¶ ÓÔÅ7¶ ��½Â¼MÄj¶A·/¾¿¹EÆbÅ7¼M¾¿¹E·�µ p ¹E¾?µ Ð ¼M¶ ÐÄ p ¹E¾�¸MÄ�¶ Ð ¹E¾-½Â¼�x"¹O·Â¹�¾Â¼[¹E·E×&2GÄj¾-½ º ¼M·�¾¿¹xµ�·¿Äj¶�å >/¹ Ã7Ä"¶7Ä�½`��Äj¶7·Â¼[Ã7¹E¾�µ�¶ Þ x"Äj¾Â¹Wè � ÃGµ Þ ·�x"Ä p ¼M¶ Ð
>�¼M¶7ÃAÄ�>�· Î7ÅA½Òµ�¶Gµq¸ Þ �E¹£¸MÄ�¶ Ð ¹E¾%½Â¼�x"¹�·Â¹�¾Â¼M¹�·�Î Þ ��¾ÂÄj·¿·�Ýu��Äj¾Â¾¿¹E¸Mµq½?¼[¶ Ð ¶7Äj¼[·Â¹£¾Â¹]�EÄj¾¿Ã7¹EÃ ¹�¼[½ º ¹E¾Ã7Å7¾¿¼M¶ Ð ½ º ¹ >�¼[¶b½Â¹E¾ æ 9 ��½ÂÄjÎ�¹E¾ ½?Ä �Òµ�¾=� º é3Ä�¾à½ º ¹�·ÂÅ x�x"¹E¾ æ Êâ»7¾Â¼[¸A½?Ä � ¹E»\½?¹Zx¢ÎZ¹�¾téL×!2GÄj¾à½ º ¹E·¿¹½ >ÙÄ�»�¹E¾Â¼[Ä\ÃA·Eå >/¹kx ¹Eµ�·ÂÅA¾Â¹ ¶7Äj¾=xoµq¸M¼���¹EÃNµ�x »7¸[¼[½ÂÅ7Ã7¹E·ZÄ�Ób½ º ¹ ��µ Þ ¸[¹E¼ Ðjº >Ùµ p ¹/»7µ�¾¿½$ÄqÓ\½ º ¹yÕÀ¾¿¹E¹�¶ÓÔÅ7¶ �L½?¼MÄ�¶¢ÓÔÄj¾�½ º ¹�·Â¹L½ Ä�Ó:·�½tµq½Â¼MÄj¶È»7µ�¼M¾¿·E×�2¯¼ Ð ÅA¾Â¹ � × C · º Ä�>�·à½ º ¹-µ��E¼�xÈÅA½ º µ�¸bÃ7¼M·�½?¾Â¼[Î7ÅA½Â¼MÄj¶ Ä�ÓG½ º ¹¶7Äj¾=xoµ�¸[¼���¹EÃ%µ�x »7¸[¼[½ÂÅ7Ã7¹�Ä�Ó�½ º ¹ ��Äj¾Â¾¿¹E¸Mµq½?¼[Äj¶ p ¹E¾Â·¿Å7·�µ��E¼�xÈÅA½ º ÓÔÄj¾/½ º ¹O½ º ¾Â¹E¹PÃ7¼��Z¹E¾¿¹E¶d½�»�¹E¾Â¼[Ä\ÃÎGµ�¶7ÃA· æ � Ýtè A ·Eå$è A Ý ê�A ·�å ê�A Ý ç A ·téÙÃAÅ7¾Â¼[¶ Ð ½ º ¹�>�¼M¶d½?¹�¾ æ ¸M¹LÓ ½W�EÄj¸[Å x ¶Gé-µ�¶7Ã
½ º ¹Ç·ÂÅ x�x"¹E¾ æ ¾¿¼ Ðjº ½�EÄj¸[Å x"¶:éÙÄ�Ó ê�ABAjë ×
� º ¼M¸[¹Òµ`½o»�¹E¾¿¼MÄSÃ7· Î�¹�½ >/¹E¹�¶ � µ�¶7Ã�è A ·1x Äj·�½%Ä�ÓP½ º ¹�¶7Äj¼M·¿¹�¼[·*��ÄBx ¼[¶ Ð ÓÔ¾ÂÄBx ½ º ¹ ��Ädµ�·¿½Ã7Å7¾¿¼M¶ Ð ½ º ¹ > º Äj¸[¹ Þ ¹Eµ�¾EåS½ º ¹N¶AÄj¼M·¿¹P»7¾¿Ä p ¹E¶Gµq¶ �E¹ º µ�·�µv�E¸M¹Eµ�¾Ù·¿¹xµ�·¿Äj¶Gµ�¸ p µq¾Â¼<µqÎ7¼M¸[¼[½ Þ µq½Ù¸MÄj¶ Ð ¹E¾»Z¹�¾Â¼[Ä\Ã7·�×���Äj¾Â¹�Ä p ¹E¾�åS½ º ¹�¶7Äj¾9x µ�¸[¼��E¹�Ã"µ�x »A¸M¼[½ÂÅ7Ã7¹ p ·-µ��E¼�x¢ÅA½ º Ã7¼<µ Ð ¾?µ�x"·àÓÔÄj¾ ½ º ¹ è A Ý ê�A ·yµ�¶AÃê�A Ý ç A ·Ç»Z¹�¾Â¼MÄSÃ Î7µ�¶7Ã7· ¹LÉ º ¼MÎA¼[½vxoµ�¼[¶ ÓÔ¹Eµq½?ÅA¾Â¹E· > º ¼�� º µq¾Â¹"·Â¼�x"¼M¸Mµ�¾Eå�µ�¸[½ º ÄjÅ Ðjº ¶7Ä�½ �EÄBx"»7¸[¹LÝ½?¹�¸ Þ ¼MÃA¹E¶d½?¼��xµ�¸�× ��Äj·�½¢Ä�Ó/½ º ¹"ÎGµ���� Ð ¾¿ÄjÅ7¶7ÃÏ¶7Äj¼[·Â¹"¹E¶7¹�¾ Ð�Þ ¼[· ��ÄBx"¼M¶ Ð ÓÔ¾ÂÄ�x ½ º ¹ áâÄ�¾¿½ º Ý 
3µ�·¿½
æ »�Äj·Â·¿¼MÎ7¸ Þ áâÄ�¾¿½ º Ê-½?¸Mµ�¶d½?¼��JéâÃ7ÅA¾Â¼M¶ Ð ½ º ¹ >�¼M¶d½?¹�¾ µq¶7Ã ½ º ¹�xoµ�¼[¶�Ã7¼M¾¿¹Z�L½?¼MÄ�¶ ·?>�¼[½9� º ¹E·À½?Ä
½ º ¹
� ÄjÅA½ º Ý �Ï¹E·�½"Ã7Å7¾Â¼[¶ Ð ½ º ¹ ·¿Å x�x ¹�¾E×àä º ¼[·W·Â¼�x ¼[¸<µ�¾¿¼[½ Þ ·ÂÅ ÐjÐ ¹E·�½?·W½ º µq½W½ º ¹ µ p ¹�¾?µ Ð ¹ »A¾Â¼�x µ�¾ Þ
x ¼��E¾¿Äj·Â¹�¼M·9x xoµ Þ Äj¾Â¼ Ð ¼M¶Gµ`½?¹/ÓÔ¾¿ÄBx�½ º ¹�·?µ�x"¹�¾Â¹ Ð ¼MÄj¶A· µ�· ½ º ¹�¸[Äj¶ Ð ¹�¾à»Z¹�¾Â¼[Ä\Ã~¶7Äj¼[·Â¹qå6> º ¼�� º"º µ�·ÎZ¹�¹E¶1�EÄj¶7·¿¼MÃ7¹�¾Â¹�Ã"½ÂÄ Î�¹�¹LÉ��E¼T½?¹�ÃoÎ Þ ½ º ¹â¼[¶AÓÔ¾?µ Ð ¾?µ p ¼[½ Þ Ä���¹xµ�¶#>-µ p ¹E·Ù»A¾ÂÄj»Gµ Ð µq½?¼[¶ Ð µ >-µ Þ ÓÔ¾¿ÄBx½ º ¹ �EÄdµ�·�½ æ � > :�: > 
 :�?�@ æ è �B�AèYéCå � �!F�> :�H&8 � 6 ��:�H 6 5~F��=< æ ê�ABA ç éLå � :�H F�� 6�
u6 æ ê�ABA	� é¿éL× � ¹>�¼M¸[¸�¼M¶ p ¹E·¿½Â¼ Ð µ`½?¹OÓÔÅ7¾�½ º ¹�¾-½ º ¹ÀÄj¾¿¼ Ð ¼[¶oÄ�Ó�½ º ¹N¶AÄj¼M·¿¹N¼M¶%½ º ¹ÇÎ7µ�¶7Ã
Ä�Ó�½ º ¹À»7¾¿¼�x µ�¾ Þ x"¼���¾ÂÄj·¿¹E¼M·=xÎ Þ �EÄj¶7·¿¼MÃ7¹�¾Â¼[¶ Ð ·Â¼�x¢Å7¸[½?µ�¶7¹EÄ�Å7·Â¸ Þ ·¿¹ p ¹�¾?µ�¸�¶7¹L½ >ÙÄ�¾��b·E×
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�â·¿¼M¶ Ð ½ º ¹,x ¹L½ º ÄSÃ�Ã7¹E·=�E¾¿¼MÎ�¹EÃ
¼M¶%½ º ¹N»7¾Â¹ p ¼MÄjÅ7·�·¿¹Z�L½?¼MÄ�¶�å >/¹ µq¶Gµ�¸ Þ ��¹EÃ%½ º ¹N¶7Äj¼M·¿¹N¼M¶�·¿¹ p ¹�¾?µ�¸Ä�½ º ¹E¾Â·�¾¿¹ Ð ¼[Äj¶7·$Ä�ÓS½ º ¹ >/Äj¾¿¸MÃ � 
3µ�·¿½���Ädµ�·¿½�ÄqÓ � � Ê¢å �Ï¹E·�½?¹E¾¿¶ 
 Å7¾¿Äj»�¹�åYµ�¶7ÃÀä�µ�¶ �Eµ�¶7¼<µ æ 2¯¼ Ð Å7¾Â¹� × �déL× � ¼�x"¼M¸<µq¾�½ÂÄ%½ º ¹ Ø-µ�¸[¼[ÓÔÄj¾¿¶7¼<µ�¶�¶7¹�½ >/Äj¾���å�ÄjÅA¾Àµ�¶Gµ�¸ Þ ·¿¼M·O¼[·NÎGµ�·¿¹EÃ Äj¶�½ º ¹~µ�x"»7¸[¼[½?ÅAÃ7¹E·OÄqÓ½ º ¹ ¾Â¹]�EÄj¶7·�½?¾¿Å ��½Â¹EÃj�Eµ�Å7·?µq¸Ùµ�¶AÃÛµ�¶d½?¼��xµ�ÅA·?µ�¸ ��µ Þ ¸[¹E¼ Ðjº >Ùµ p ¹�·E×¯ä º ¹oÃGµq½?µ
ÓÔÄ�¾Ç½ º ¹ ¶AÄj¾¿½ º ¹E¾¿¶º ¹Zx"¼M·¿» º ¹�¾Â¹
µ�¾¿¹oÓÔ¾ÂÄBx ê�ABA�ë µ�¶7ÃÛ½ º ¹%ä�µ�¶ �xµq¶7¼<µ�¶ Ã7µq½tµ�µq¾Â¹%ÓÔ¾ÂÄ�x è��B� ç Ý?è �B� � å$½ º ¹%»�¹E¾Â¼[Ä\ÃÄ�Óy½ º ¹�� C Ý ABA	� }�µ�·Â·=�xµ�¸3¹LÉ\»�¹E¾¿¼�x"¹E¶d½ æ
	 5�>JH � > 
 :�?�@ æ è ��� C éÂéC×/2GÄj¾O¹Eµ�� º Ä�Óy½ º ¹E·Â¹~¶7¹L½ >ÙÄ�¾��b·>Ù¹Ò¹E·¿½Â¼�x µq½?¹�Ã ½ º ¹Ò¶AÄj¾9x µ�¸M¼��E¹�Ã ¶AÄj¼M·¿¹�µ�x"»7¸M¼T½?Å7ÃA¹E·~µ�·"ÓÔÅ7¶ ��½Â¼MÄj¶A· Ä�ÓNµ��E¼�xÈÅA½ º Ã7Å7¾¿¼M¶ Ð ½ º ¹
>�¼M¶d½?¹�¾ æ 9 ��½ÂÄjÎZ¹�¾�½?Ä �Òµ�¾=� º é�µ�¶7Ã ½ º ¹£·ÂÅ|x1x"¹E¾ æ ÊP»7¾¿¼M¸P½ÂÄ � ¹E»A½Â¹ZxÈÎ�¹E¾?é%ÓÔÄ�¾%½ º ¹£»�¹E¾Â¼[Ä\ÃÎGµ�¶7ÃA·OÄ�Ó ½ º ¹¢»7¾¿¼�x µ�¾ Þ µ�¶AÃÒ½ º ¹¢·Â¹Z��Äj¶7ÃGµq¾ Þ x"¼���¾ÂÄj·¿¹E¼[·9x"·E× � ¼�x ¼[¸<µ�¾-½ÂÄo½ º ¹ ÄjÎ7·¿¹E¾ p µq½Â¼MÄj¶A·P¼M¶Ø-µ�¸M¼TÓÔÄj¾Â¶A¼<µAå�½ º ¹�áâË�
k2�Ä�Ó-½ º ¹ � Ý?è A · ¶7Äj¼[·Â¹o¾¿¹Zx µ�¼M¶A· ·�½tµ�Î7¸[¹ Ä p ¹E¾¢½ º ¹�> º Äj¸[¹ Þ ¹xµ�¾Èµq½Èµq¸M¸¶7¹�½ >/Äj¾��S·�×Ùä º ¼[·~ÄjÎ7·Â¹�¾ p µq½Â¼MÄj¶ ¼M·���ÄBx »7µq½?¼[Î7¸M¹�>�¼T½ º ½ º ¹ ¼MÃA¹xµ�½ º µ`½"½ º ¹ Ð ¹E¶7¹�¾?µq½Â¼MÄj¶ Ä�Óâ½ º ¹·Â¹]�EÄj¶7Ã7µ�¾ Þ x ¼��E¾ÂÄ�·Â¹E¼[·9x�¼M· x"Äj·¿½Â¸ Þ �EÄj¶d½Â¾ÂÄj¸[¸M¹EÃÏÎ Þ ½ º ¹%ÎGµq½ ºdÞ x"¹�½Â¾ Þ µ�¶7ÃÛ½ º ¹ Ð ¹�ÄBx ¹L½?¾ Þ ÄqÓ½ º ¹,��Ädµ�·�½?¸M¼[¶7¹E·�×Aä º ¹À¶7Ä�¼M·Â¹P¼M¶%½ º ¼M·-»�¹E¾¿¼MÄSÃ�¼M·-Ã7Ä�x ¼[¶Gµq½?¹�Ã%Î Þ ½ º ¹Àµ���½Â¼ p ¼[½ Þ ¼M¶�µW¾¿¹ Ð ¼[Äj¶ �E¸[Äj·Â¹½?Ä~½ º ¹À·�½tµq½Â¼MÄj¶
·Â¼[¶ �E¹N½ º ¹¢µqÎ7·ÂÄj¾¿»A½?¼[Äj¶
¸M¼�x ¼T½?·3½ º ¹ �EÄj¶d½Â¾Â¼MÎAÅA½?¼[Äj¶�Ä�ÓàÃA¼M·¿½?µ�¶d½�·ÂÄjÅA¾9�E¹ �EÄ�¶7¹E·�×&� ½¹LÉ\»7¸Mµ�¼M¶7·-½ º ¹À·¿½?µ�Î7¼M¸[¼[½ Þ Ä�Ó�½ º ¹ÀÃ7¼[·¿½?¾¿¼MÎ7Å\½?¼MÄ�¶�Ã7Å7¾Â¼[¶ Ð ½ º ¹ Þ ¹xµ�¾�×
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Winter Summer

a)

b)

c)
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a) Winter 5−10s
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b) Summer 5−10s

 120oW   80oW   40oW    0o    40oE 

  25oS 

   0o  

  25oN 

  50oN 

0 0.2 0.4 0.6 0.8 1

c) Winter 10−20s
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 �(Yr?v�� �YrÀ|bnxv5}Ç�E�l�
�
rtp �E}Nud�l�l�5{bpdrÇn jà�?vwnJsws���tnxv5vwr?�T�E�5��nx|bs�n jà|bnx��swr Yr?vws5{bs��

�
�l}â{d��� �Rj nxv

x�Ev5��nx{bs |br?�
	¯nxv � �����/{dv5�l|�� 	 �l|`�wr?v h7r?�
	�rtr?| � ��k���s~h�� �q{d}N}Àr?v � ��k��xs¢�
� � �l|`�wr?v%k�� ��h��xsÈp ��q{d}N}Àr?vâk�� ��h��xsCg

ä º ¹"Î�¹ º µ p ¼MÄj¾ÀÄ�Ó/½ º ¹
è A Ý ê�A ·Ç¶7Äj¼M·¿¹~¼M· p ¹�¾ Þ Ã7¼���¹�¾Â¹E¶d½E×��5¶AÃ7¹E¹�ÃÏ½ º ¹ ¹J��¹]��½ Ä�Ó�µq½¿½?¹�¶SÅ7µq½?¼[Äj¶¼[· >/¹xµ��q¹E¾OÓÔÄj¾�¸MÄj¶ Ð ¹E¾â»Z¹�¾Â¼MÄSÃ7·âµ�¶7Ã�·¿ÄjÅ7¾=�E¹E·Àµ`½P½ º ¹ Ð ¸MÄ�ÎGµ�¸$·9�Eµ�¸M¹¢µ�¾Â¹ �EÄj¶d½?¾¿¼MÎ7Å\½?¼M¶ Ð ×��5¶Ò½ º ¼[·»�¹E¾¿¼MÄSÃÇÎ7µ�¶7Ã�åJ½ º ¹/¾¿¹ Ð ¼[Äj¶7·.> º ¹E¾¿¹y½ º ¹y¶7Äj¼M·¿¹3¼M·�Äj¾Â¼ Ð ¼M¶7µq½?¼[¶ Ð µ�¾¿¹yÃA¼��Z¹E¾Â¹�¶d½¯Ã7ÅA¾Â¼M¶ Ð ½ º ¹/·¿Å x�x ¹�¾µ�¶AÃÏ½ º ¹#>�¼[¶d½?¹E¾�×�Ê {G¾¿·¿½ Äj¾ÂÃA¹E¾ÀÄjÎ7·¿¹E¾ p µq½Â¼MÄj¶£ÓÔ¾ÂÄ�x 2¯¼ Ð Å7¾Â¹ � × � ¼[·N½ º µq½À½ º ¹1x µ$-¿Äj¾N»7µ�¾¿½ÇÄ�Ó½ º ¹~¶7Äj¼M·¿¹~·Â¹E¹]x ·À½?Äy�EÄ�x ¹WÓÔ¾ÂÄ�x¥½ º ¹oá�Äj¾¿½ º Ã7ÅA¾Â¼M¶ Ð >�¼[¶d½?¹E¾�å�µ�¶7Ã£ÓÔ¾ÂÄBx¥½ º ¹ � ÄjÅ\½ º ÃAÅ7¾Â¼[¶ Ð½ º ¹À·ÂÅ x�x ¹�¾E×
�5¶È·¿»7¼[½Â¹ÙÄ�ÓG½ º ¹E¼[¾�¸[¼�x"¼[½Â¹EÃÀ¶bÅ xÈÎ�¹E¾Eå`½ º ¹E�EÄj¶A·Â¼MÃA¹E¾Â¹�ÃW¶7¹�½ >/Äj¾��S· ¼[¸M¸[Å x ¼[¶Gµq½Â¹ µP¸<µq¾ Ð ¹y»Gµ�¾�½àÄ�ÓG½ º ¹

3µ�¾�½ º ·¿Å7¾¿Ó�µ���¹�× �5¶�½ º ¹¢ÓÔÄ�¸M¸MÄ�>�¼[¶ Ð å >/¹ÈÅ7·¿¹È½ º ¹]x ÓÔÄ�¾Oµo¾¿ÄjÅ Ðjº ¼[Ã7¹E¶d½Â¼�{ �Eµq½?¼[Äj¶ÒÄ�Ó¯½ º ¹È·¿ÄjÅ7¾=�E¹¾¿¹ Ð ¼[Äj¶7·À½ º µq½ Ð ¹E¶A¹E¾?µ`½?¹ ½ º ¹Òè A Ý ê�A ·¢¶AÄj¼M·¿¹*�EÄ�¶7·Â¼[·¿½?¹�¶d½?¸ Þ ¾¿¹Z�EÄ�¾ÂÃ7¹�Ã Î Þ ½ º ¹ ÓÔÄjÅA¾¢¶7¹L½ >ÙÄj¾��b·E×
�Ï¹�Å7·¿¹�µÛ·Â¼�x »7¸[¹
ÎGµ����#»A¾ÂÄ"-¿¹]��½?¼[Äj¶�»7¾¿Ä���¹EÃ7ÅA¾Â¹�×R2:Ä�¾ ¹ p ¹E¾ Þ �EÄ�¶7·Â¼[Ã7¹E¾¿¹EÃÖ»Gµ�¼[¾ ÄqÓÀ·¿½tµ`½?¼MÄ�¶7·Ä�Óâµ Ð ¼ p ¹E¶ ¶7¹L½ >ÙÄ�¾��:å,>Ù¹�½?¾Âµ��E¹%½ º ¹ Ð ¾¿¹xµq½ ��¼M¾9��¸M¹ ��Äj¶7¶7¹]��½Â¼M¶ Ð ½ º ¹�·¿½tµ`½?¼MÄ�¶7·~µ�¶7Ã Ã7¼ p ¼[Ã7¹%¼T½¼[¶ ½ >/Ä#¹�ÆSÅ7µ�¸À»Gµ�¾¿½Â·3�EÄj¾¿¾Â¹E·¿»ZÄ�¶7Ã7¼M¶ Ð ½ÂÄ ½ >/Ä#Äj»A»ZÄj·¿¼[½Â¹ ÃA¼M¾Â¹]��½Â¼MÄj¶7·
Ä�Ó >Ùµ p ¹Û»7¾¿Äj»Gµ Ð µ`½?¼MÄ�¶Î�¹�½ >/¹E¹�¶&½ º ¹%·¿½?µq½?¼[Äj¶7·E×àáâÄj¾=xoµ�¸[¼���¹EÃÛµ�x »7¸[¼[½ÂÅ7Ã7¹E·vx ¹Eµ�·ÂÅA¾Â¹EÃ ÓÔ¾¿ÄBx »�Äj·¿¼[½?¼ p ¹�µq¶7Ã ¶7¹ Ð µ`½?¼ p ¹»Gµq¾¿½?·âÄ�Óà½ º ¹v��¾ÂÄj·¿·�Ýb�EÄj¾¿¾Â¹E¸Mµq½?¼[Äj¶y�EÄBx"»7ÅA½Â¹EÃ�Î�¹�½ >/¹E¹�¶£½ º ¹E·¿¹¢·�½tµq½Â¼MÄj¶7·âµ�¾¿¹Èµq½¿½?¾Â¼[Î7ÅA½Â¹EÃ
½?Äo½ º ¹
��Äj¾Â¾¿¹E·Â»�Äj¶7ÃA¼M¶ Ð
º µ�¸TÓ Ð ¾Â¹Eµq½,�E¼[¾9��¸M¹�×�ä º ¼M·N¼[·Nµ�¶ µ�»7»7¾¿ÄxÉA¼�xoµ`½?¼MÄ�¶�·Â¼[¶ �E¹W¼[¶£½ º ¹�è A Ý ê�A ·O»�¹E¾¿¼MÄSÃÎGµq¶7Ã%½ º ¹P»Gµq½ º ÓÔÄj¸M¸[Ä�>/¹EÃoÎ Þ ��µ Þ ¸[¹E¼ Ð�º >Ùµ p ¹E·�¼M·/¶7Ä�½�¹CÉAµ���½Â¸ Þ µ Ð ¾Â¹Eµq½R��¼M¾=�E¸M¹âÎZ¹]�xµ�ÅA·Â¹OÄ�Ó�½ º ¹¸Mµq½?¹�¾?µ�¸ º ¹L½?¹E¾¿Ä Ð ¹�¶7¼[½ Þ Ä�Ó�½ º ¹ �E¾¿Å7·¿½�µ�¶7Ão½ º ¹qx µ�¶d½?¸[¹�× � ¹â½ º ¹�¶%Ã7¹]{7¶7¹Àµ

2◦ × 2◦
Ð ¾Â¼MÃ Äj¶o½ º ¹
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a) b)

c) d)

winter

summer
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 �¯nx}NuS�Ev5��swnx| h7r?�
	¯rtr?|~swrC�xswnx|S�E� J�Ev5�T�E�5��nx|bs3n j����brÙ��nq�C�E�5��nx|~n j�swrts5�l}N���Ù|bnx��swr-swnx{dvw�trts�E|bp�s5� �J|d���S�C�E|q� 	¯� Yr �br?� ���q�Cg � ��� �E|bp �<�
� c �Yrtn �Jv��Eu��d���C�E�Àpj��sw�5v5� hd{d�5��nx|�n j ���br�}ÀrC�E| hS�x�
� �udvwnE�5rt�?�wrtpW|bnxv5}Ç�E�l�
�
rtp"�E}Nud�l�l�5{bpdr�n j����brNk�� ��h��Nsà|bnx��swr��?vwnJsws ���tnxv5vwr?�T�E�5��nx|bs �<swrtr-�wr��j�+j<nxv pdr?���E�l��rtpr��jud�T�E|S�E�5��nx|Wn j����br hS�x��� �ÔudvwnE�5rt�?�5��nx|��¯pj{dv5�l|��P���br 	 �l|q�wr?v �E|bp ���brÙs5{d}N}Àr?vCg �th����E|bp �<p � c��Ù��n hS�E�pj��s5�5v5� hd{d�5��nx|on jZ���br�s
�
{S�Evwr�n j 	¯� Yr �br?� ���`�3}ÀrC�xsw{dvwrtp h � � �Ù�6g����E�ZnJs�r?��pdnx|opj{dv5�l|��À���br 	 �l|`�wr?v�E|bpW���br�s5{d}N}Àr?vCg

·ÂÅ7¾�Ó�µ��E¹�Ä�ÓZ½ º ¹ 
3µ�¾¿½ º µq¶7Ã"½?µ���¹�½ º ¹`x"¹xµq¶ p µ�¸[Å7¹�Ä�Ó�½ º ¹�¶7Äj¾=xoµ�¸[¼���¹EÃ��EÄ�¾Â¾Â¹�¸<µq½Â¼MÄj¶~µ�x »7¸[¼[½ÂÅ7Ã7¹µ�·Â·¿Ä���¼<µq½Â¹EÃ#>�¼[½ º µq¸M¸ Ð ¾Â¹xµ`½k�E¼M¾=�E¸[¹E·~�E¾¿Äj·Â·¿¼M¶ Ð ¹ p ¹E¾ Þ �E¹�¸M¸Ñ×�ä�ÄÀÎ�¹âµqÎ7¸M¹-½ÂÄÇÅA·Â¹�µ�¸M¸SÓÔÄjÅ7¾ ¶7¹L½ >ÙÄ�¾��b··Â¼�xÈÅ7¸[½?µ�¶7¹�ÄjÅ7·Â¸ Þ å >/¹Wµ�·Â·¿Å x"¹¢½ º µ`½P½ º ¹È·Â¹Eµ�·ÂÄj¶7µ�¸¯¶7Ä�¼M·Â¹ p µ�¾Â¼Mµ�Î7¼M¸[¼[½ Þ ¼M·P·�½tµ�ÎA¸M¹¢Ä p ¹E¾OÃ7¼���¹�¾Â¹�¶b½Þ ¹Eµ�¾Â·Çµ�¶7ÃI��ÄBxÈÎ7¼[¶7¹ ½ º ¹ ê�A�Ajë ÃGµq½?µoÓÔ¾ÂÄBx ½ º ¹È¶7Äj¾�½ º ¹�¾Â¶ º ¹]x ¼[·Â» º ¹�¾Â¹ >�¼T½ º ½ º ¹�è �B� ç ÃGµq½tµÓÔ¾ÂÄBx�ä¯µ�¶|�xµ�¶7¼Mµ æ ¾Â¹�·ÂÅ7¸T½?·-ÓÔÄj¾�¼[¶7Ã7¼ p ¼[Ã7ÅGµ�¸Z¶7¹�½ >/Äj¾��S·Pµ�¾Â¹ Ð ¼ p ¹�¶�¼[¶
ÊP»7»�¹E¶7ÃA¼TÉ7éL×
ä º ¹"¾Â¹E·¿Å7¸[½Â·ÇÓÔÄ�¾O½ º ¹~ÓÔÄjÅ7¾N¶7¹L½ >ÙÄ�¾��b·¢¼[¶ ½ º ¹
è A Ý ê�A ·ÀÎGµq¶7Ã µq¾Â¹"»7¾Â¹�·Â¹E¶d½Â¹EÃÛ¼[¶52�¼ Ð Å7¾¿¹ � ×Tè A ×´PÅ7¾¿¼M¶ Ð ½ º ¹ ¶AÄj¾¿½ º ¹E¾¿¶ º ¹]x ¼[·Â» º ¹E¾Â¹ >�¼[¶d½?¹E¾�å-½ º ¹£ÄjÎA·Â¹E¾ p ¹�Ã µ p ¹�¾?µ Ð ¹£¶7Ä�¼M·Â¹�¼[·
µ�»7»Gµq¾Â¹E¶d½Â¸ ÞÃ7ÄBx"¼M¶Gµ`½?¹EÃ Î Þ µ ·ÂÄ�Å7¾9��¹ �EÄ�¶7¹¢¼[¶ ½ º ¹ ¶AÄj¾¿½ º ¹E¾¿¶�Ê-½?¸Mµ�¶d½?¼��ÀÄ!�E¹Eµ�¶�×:ä�>/Ä�>/¹xµ��q¹E¾O·¿ÄjÅ7¾=�E¹E·Pµ�¾Â¹
p ¼M·Â¼[Î7¸M¹ ¼[¶N½ º ¹3¶7Äj¾�½ º ¹�¾Â¶v}¯µ���¼�{ �qåJÄj¶7¹k�E¸[Äj·Â¹ ½ÂÄ�Êâ¸<µ�·��`µ�µq¶7ÃÇ½ º ¹3Ä�½ º ¹E¾��E¸[Äj·Â¹ ½?Ä	�jµ�»7µ�¶�×Y´PÅ7¾¿¼M¶ Ð½ º ¹�¶AÄj¾¿½ º ¹E¾¿¶ º ¹Zx"¼M·Â» º ¹E¾¿¹�·ÂÅ x�x"¹E¾EåEx Ä�·¿½�Ä�ÓN½ º ¹�¶7Äj¼[·Â¹�Ä�¾Â¼ Ð ¼M¶Gµq½Â¹E·"ÓÔ¾ÂÄBx ½ º ¹Ò·ÂÄjÅA½ º ¹E¾¿¶
�5¶7Ã7¼Mµ�¶ Ä!�E¹Eµ�¶ µ�¶7Ã ½ º ¹£·¿ÄjÅA½ º ¹E¾Â¶ }¯µ��E¼�{ ��×W� ½ º µ�·�½?Ä Î�¹£¶7Ä�½?¹�Ã ½ º µq½
½ º ¹ ¾¿¹E·¿Äj¸MÅA½Â¼MÄj¶ÖÄqÓ½ º ¹�·Â¹~»Gµq½¿½?¹�¾Â¶7·N¼[·O¸M¼�x ¼T½?¹EÃ�Î Þ ½ º ¹W·9x µ�¸M¸�¶SÅ|xÈÎZ¹�¾OÄ�Ó/¶7¹�½ >/Äj¾��S·�×$ÊP¶£¹LÉAµ�x"»7¸[¹È¼M·P½ º ¹WÎGµ�¶AÃ¼M¶ ½ º ¹3}¯µ��E¼�{ � 9 �E¹xµq¶ > º ¼�� º ¼M· Ã7Å7¹o½ÂÄ�½ º ¹ Ó�µ���½È½ º µq½ ½ º ¹�·¿ÄjÅ7¾9��¹ �EÄj¶A¹�å�½ º ¹
Ø-µ�¸[¼[ÓÔÄj¾¿¶7¼<µ\å¹xµ�·�½?¹�¾Â¶ � � µ�¶7Ã >Ù¹�·¿½Â¹E¾Â¶ 
 Å7¾ÂÄj»�¹�¶7¹L½ >ÙÄj¾��b·%µ�¾¿¹�Äj¶ ½ º ¹�·Âµ�x ¹ Ð ¾Â¹xµ`½ �E¼M¾=�E¸[¹�×��5¶ ·Â»A¼[½?¹�ÄqÓ½ º ¹ ¸M¼�x ¼T½?¹�ÃÖ¾Â¹E·¿Äj¸MÅ\½?¼MÄ�¶�åÙ½ º ¹E·Â¹Ï¾Â¹�·ÂÅ7¸T½?·y�E¸M¹Eµ�¾Â¸ Þ · º Ä�>�½ º µq½Eåg�EÄj¶d½Â¾?µ�¾ Þ ½?Ä ½ º ¹ ·Â¹]�EÄj¶7Ã7µ�¾ Þ
x ¼��E¾¿Äj·Â¹�¼M·9x åj½ º ¹Èè A Ý ê�A ·/¶7Äj¼[·Â¹P¼[·Ù¶7Äq½ Ð ¹�¶7¹E¾Âµq½?¹�Ã�¸MÄ!�xµ�¸[¸ Þ Î7ÅA½-¼[·Ù¹CÉ|��¼[½Â¹EÃ%Î Þ ·ÂÄjÅ7¾=�E¹�·�µ���½Â¼M¶ Ðµq½
½ º ¹ Ð ¸[ÄjÎGµ�¸O·=�xµ�¸[¹ µq¶7Ã º µ p ¼[¶ Ð µ��E¸[¹xµ�¾�·¿¹xµ�·¿Äj¶Gµ�¸ p µ�¾Â¼Mµ�Î7¼M¸[¼[½ Þ ×/Êâ¶ µq½¿½?¹Zx"»A½�½ÂÄ&¸[Ä��Eµq½?¹
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½ º ¹E·¿¹%·ÂÄjÅA¾9�E¹�·È·ÂÅ ÐjÐ ¹E·�½?·È½ º ¹ ÞÏº µ p ¹o½ÂÄÒÎ�¹o·¿¹xµ�¾=� º ¹EÃ ¼M¶ ½ º ¹*�E¹E¶d½Â¾?µ�¸y»Gµ�¾�½?·ÈÄ�ÓÙ½ º ¹ Ä���¹xµ�¶7·�åµ�¸T½ º Ä�Å Ðjº >�¼[½ º ÄjÅ7¾N¸[¼�x"¼[½?¹�Ã�¾¿¹E·¿Äj¸MÅA½Â¼MÄj¶ >/¹ �xµ�¶A¶7Ä�½À¹LÉ���¸MÅ7Ã7¹È½ º µq½Çµ�»Gµ�¾�½N¼M· Ð ¹E¶7¹�¾?µq½Â¹EÃ Äj¶½ º ¹ ��Ädµ�·¿½PÄj¾�¼M¶ · º µ�¸[¸MÄ�> >Ùµq½?¹�¾Oµ�¾¿¹xµ�·�× � »Z¹]�E¼�{ �xµ�¸[¸ Þ å >�¼T½ º ½ º ¹ÇÓÔÄj¾9x Ä�Óà¶7Äj¾9x µ�¸[¼��xµ`½?¼MÄ�¶
µ�¶7Ãµ p ¹�¾?µ Ð ¼M¶ Ð ÅA·Â¹EÃ º ¹�¾Â¹qå >/¹WÃ7Ä%¶7Ä�½q�EÄj¶d½Â¾?µ�Ã7¼���½O½ º ¹ÈÄjÎA·Â¹E¾ p µq½?¼[Äj¶Ò½ º µq½P½ º ¹Wµ�¾¿¾Â¼ p µ�¸�Ä�Ó3·�½?¾¿Äj¶ Ð·�½?Äj¾=x ·�µ�¸[Äj¶ Ð ½ º ¹ ��Ädµ�·�½?·�¼M·�µ�·¿·ÂÄ!�E¼<µ`½?¹EÃ >�¼[½ ºÀº ¼ Ðjº µ�x"»7¸[¼[½?ÅAÃ7¹�x"¼��E¾¿Äj·Â¹�¼M·=x ·�×Eä º ¹ ºdÞ »�Ä�½ º ¹E·¿¼M·½ º µq½�½ º ¹Àµ p ¹E¾Âµ Ð ¹ÀÎGµ���� Ð ¾¿ÄjÅ7¶7Ã�¶7Äj¼M·¿¹O¹E¶A¹E¾ ÐqÞ Äj¾Â¼ Ð ¼M¶Gµ`½?¹E·/¼M¶%½ º ¹Y�EÄj¶7¹�·�Ä�Ó¯·�½?Äj¾=x�µ��L½?¼ p ¼T½ Þ ¼[·
��Äj¶|{G¾=x ¹�Ã Î Þ ·¿½?¾¿Äj¶ Ð ·Â¼�x ¼[¸<µ�¾¿¼[½Â¼M¹E· Î�¹�½ >/¹E¹�¶�½ º ¹,xoµq»7·-Ä�Ó�½ º ¹Àµ�»7»Gµ�¾¿¹E¶d½�·ÂÄjÅA¾9�E¹�·�Ä�Ó�½ º ¹Wè A Ýê�A ·y·Â¹E¼[·9x"¼���¶7Äj¼[·Â¹�µ�¶7Ã"½ º ¹ Ð ¸[ÄjÎGµ�¸ >Ùµ p ¹ º ¹E¼ Ð�º ½ x µ�»7·yÄjÎA½?µ�¼M¶7¹�Ã"ÓÔ¾¿ÄBx�½ º ¹â¾Âµ�ÃGµ�¾yµ�¸T½?¼�x ¹L½?¹E¾ÃGµ`½tµ �EÄj¸[¸M¹]��½?¹�Ã£Î Þ ½ º ¹~·?µ`½?¹E¸[¸M¼T½?¹¢ä 9,} 

	âÝu} 9 � 
~�w´ 9Ná æ 2¯¼ Ð Å7¾Â¹ � ×[è A éL×$Ë/Ä�½ º x µ�»7·N· º Ä�>
��¸M¹xµq¾È·Â¹Eµ�·ÂÄj¶7µ�¸ p µ�¾Â¼Mµq½?¼[Äj¶7· >�¼T½ º x µ`É\¼�x µ�¸MÄ!�xµ`½?¹EÃ ¼[¶ Ã7¹E¹�»&Ä!�E¹Eµ�¶7·W¼M¶Û½ º ¹
·ÂÄjÅ\½ º ¹�¾Â¶&µ�¶7Ã½ º ¹ ¶AÄj¾¿½ º ¹E¾¿¶ º ¹]x ¼[·Â» º ¹E¾Â¹�·âÃAÅ7¾Â¼[¶ Ð ½ º ¹Ç·ÂÅ x�x ¹�¾�µ�¶7Ã ½ º ¹�>�¼M¶d½Â¹E¾Eå:¾¿¹E·Â»�¹Z�L½?¼ p ¹E¸ Þ ×:Ê�·Â¼�x ¼[¸<µ�¾·¿¹xµ�·¿Äj¶Gµ�¸ p µ�¾Â¼Mµ�Î7¼M¸[¼[½ Þ >Ùµ�·¢¾¿¹Z�E¹�¶d½?¸ Þ ¾¿¹E»�Äj¾¿½Â¹EÃÏÓÔÄ�¾Ç½ º ¹ p ¹E¾ Þ ¸[Äj¶ Ð »Z¹�¾Â¼[Ä\Ã æ > 150

·té 
yµq¾¿½ ºº Å x æb� �!F�>v:�H&8 � 6 ��:�H 6 5~F��=< æ ê�ABA ç éÂéC×
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9OÅ7¾È¾¿¹E·¿Å7¸[½Â·m�E¸[¹xµ�¾¿¸ Þ Ã7¹]x Äj¶A·¿½?¾Âµq½?¹ ½ º µq½ ½ º ¹oÄj¾Â¼ Ð ¼M¶7·ÇÄ�Ó�½ º ¹%»7¾¿¼�x µ�¾ Þ µ�¶7ÃÏ½ º ¹�·¿¹Z�EÄ�¶7ÃGµ�¾ Þ
x"¼���¾ÂÄj·¿¹E¼M·=x ·oµ�¾Â¹�ÃA¼��Z¹E¾Â¹�¶d½x× � Ä�Å7¾9��¹E·
Ä�ÓÀ½ º ¹�·¿¹Z��Äj¶7ÃGµ�¾ Þ x"¼��E¾¿Äj·Â¹�¼M·=x µq¾Â¹�·¿½?µ�Î7¸[¹�¼M¶�½Â¼�x"¹µ�¶AÃ�¸M¼��q¹E¸ Þ µ�·¿·ÂÄ!�E¼Mµq½?¹�Ã >�¼[½ º ��Ädµ�·�½?¸M¼[¶7¹E·�å���Äj¶|{G¾=x ¼[¶ Ð ½ º µq½-½ º ¼M·-»7µ�¾¿½�ÄqÓ�½ º ¹N·Â¹�¼M·=x ¼��P¶7Äj¼[·Â¹O¼[·Ð ¹�¶7¹E¾Âµq½?¹�Ã
Î Þ ½ º ¹N¶7Äj¶7¸[¼M¶7¹Eµ�¾/¼[¶d½?¹E¾Âµ���½Â¼MÄj¶oÄ�Ó$½ º ¹PÄ���¹xµ�¶�·?>Ù¹�¸M¸�>�¼T½ º ½ º ¹ �EÄjµ�·¿½E× �5¶%½ º ¹P·?µ�x"¹½Â¼�x"¹�å�½ º ¹ »7¾¿¼�x µ�¾ Þ x ¼��E¾ÂÄ�·Â¹E¼[·9x'¹CÉ º ¼MÎ7¼T½?· µ p ¹E¾ Þ ��¸M¹xµq¾ ·¿¹xµ�·¿Äj¶Gµ�¸ p µ�¾Â¼Mµ�Î7¼M¸[¼[½ ÞKp ¹�¾ Þ ·Â¼�x ¼[¸<µ�¾½ÂÄÈ½ º ¹ÀÎ�¹ º µ p ¼MÄj¾ÙÄ�Ó�½ º ¹À¸MÄ�¶ Ð Ý5»�¹E¾¿¼MÄSÃo¶7Ä�¼M·Â¹P·ÂÅ ÐjÐ ¹E·¿½Â¼M¶ Ð ½ º µq½�½ º ¹N·Â¹E¼[·9x"¼��O¶AÄj¼M·¿¹PÓÔÄj¾�»�¹E¾Â¼[Ä\ÃA·¸Mµ�¾ Ð ¹�¾$½ º µ�¶oè A ·�¼M·�»7¾ÂÄSÃ7Å ��¹EÃWÎ Þ µâ·¿¼M¶ Ð ¸[¹kx ¹]� º µ�¶7¼[·9x�¶7Ä�½�Ã7¼M¾¿¹Z�L½?¸ Þ ¾¿¹E¸Mµq½?¹�Ã ½?Ä�½ º ¹Ùµ���½Â¼MÄj¶ÇÄ�Ó½ º ¹-· >/¹E¸[¸AÄj¶È½ º ¹R��Ädµ�·¿½E×�ä º ¼[· ºdÞ »ZÄ�½ º ¹E·¿¼M· ¼[·àµ�¸[·ÂÄPÓ�µ p Ä�¾Â¹EÃWÎ Þ ½ º ¹ Ð Ä\ÄSÃ ��Äj¾Â¾¿¹E¸<µ`½?¼MÄ�¶¢Î�¹�½ >/¹E¹E¶½ º ¹~Ã7¼M·�½?¾Â¼[Î7ÅA½Â¼MÄj¶7·PÄ�ÓÙ½ º ¹~·Â¹E¼[·9x"¼��È¶AÄj¼M·¿¹"·¿ÄjÅ7¾=�E¹E·ÇÃ7¹L½?¹E¾=x ¼[¶7¹EÃ£ÓÔ¾ÂÄ�x¥½ º ¹"¶A¹�½ >/Äj¾�� µ�¶Gµq¸ Þ ·Â¼[·
>�¼T½ º ½ º ¹Yx µ�»7·�Ä�Ó¯µ p ¹�¾?µ Ð ¹ÇÄ!�E¹xµq¶ >Ùµ p ¹ º ¹E¼ Ðjº ½Wxoµ�»
ÄjÎ\½tµ�¼[¶7¹EÃ
Î Þ ä 9,} 
 	�Ýs} 9 � 
~�w´ 9Ná ×
ä º ¼[·Ù·¿¹xµ�·¿Äj¶Gµ�¸ p µ�¾Â¼Mµq½?¼[Äj¶oµq¸M·ÂÄ x"¹xµ�¶7·y½ º µ`½/½ º ¹OÆbÅGµ�¸[¼[½ Þ Ä�Ó�½ º ¹NÕN¾Â¹�¹E¶oÓÔÅA¶ ��½Â¼MÄj¶ ¾Â¹Z��Äj¶7·�½?¾ÂÅ|�LÝ½Â¼MÄj¶ Î Þ �E¾¿Äj·Â·wÝu�EÄ�¾Â¾Â¹�¸<µq½Â¼MÄj¶1�xµ�¶�Î�¹PÃA¼��Z¹E¾Â¹�¶d½�>�¼[½ º ¶7Äj¼[·Â¹O¾¿¹Z�EÄ�¾ÂÃ7¹�Ã�Ã7Å7¾Â¼[¶ Ð ½ º ¹O·ÂÅ|x1x"¹E¾Ùµ�¶7ÃÃ7ÅA¾Â¼M¶ Ð ½ º ¹0>�¼M¶d½?¹�¾E× ��·Â¼M¶ Ð ·¿¼�xÈÅA¸[½tµq¶7¹E¸[ÄjÅ7·Â¸ Þ Ã7µq½tµ�¾Â¹]�EÄj¾¿Ã7¹EÃ&Ã7Å7¾¿¼M¶ Ð ½ º ¹ >�¼[¶d½?¹E¾"µ�¶AÃ ½ º ¹·¿Å x1x"¹E¾ >/ÄjÅ7¸MÃ ÎZ¹Pµ >Ùµ Þ ½ÂÄ¢¼M¶|�E¾Â¹Eµ�·Â¹�½ º ¹�¶bÅ xÈÎ�¹E¾/Ä�Ó º ¼ Ðjº Ý5ÆbÅGµq¸M¼[½ Þ x ¹Eµ�·ÂÅ7¾¿¹Zx"¹E¶d½?·Ùµ�¶7Ã"½?Ä¼�x »7¾¿Ä p ¹O½ º ¹Ç¾¿¹E·¿Äj¸MÅA½Â¼MÄj¶�ÄqÓ¯·¿¹E¼M·=x ¼��N¼�x µ Ð ¼[¶ Ð ÎGµq·Â¹EÃ�Äj¶
¶7Äj¼[·Â¹Y�E¾¿Äj·Â·wÝu�EÄ�¾Â¾Â¹�¸<µq½Â¼MÄj¶�×
ä º ¹�¸[Äj¶ Ð »Z¹�¾Â¼MÄSÃ�·¿¹E¼M·=x ¼���¶AÄj¼M·¿¹�¼M· ¸M¼��q¹E¸ Þ »7¾ÂÄSÃ7Å ��¹EÃ Î Þ ½ º ¹�¼M¶\ÓÔ¾?µ Ð ¾Âµ p ¼T½ Þ >-µ p ¹�· æ � > :�:> 
 :�?�@ æ è �B�\èYéLå � �!F�> :�H&8 � 6 ��:�H 6 5~F��=< æ ê�ABA ç éLå � :�H F�� 6�
u6 æ ê�ABA	� é¿éL×�Êg�Z��Äj¾ÂÃA¼M¶ Ð ½ÂÄ � > :�:
> 
 :�?�@ æ è �B�AèJéLå�¸[Äj¶ Ð »Z¹�¾Â¼[Ä\Ã Ð ¾Âµ p ¼T½ Þ >Ùµ p ¹E· »7¾ÂÄj»7µ Ð µq½Â¹~ÓÔ¾¿¹E¹�¸ Þ µ >Ùµ Þ ÓÔ¾¿ÄBx¥½ º ¹��EÄdµ�·�½Ç¸M¼M¶A¹E·E×
��¹Z��¹E¶d½ÙÄ�Î7·Â¹�¾ p µq½?¼[Äj¶7· ¼[¶7Ã7¼��Eµq½?¹-½ º µq½ ½ º ¹�·Â»�¹Z��½Â¾ÂÅ x0ÄqÓZ½ º ¼M·~��¸<µ�·¿·yÄqÓ >Ùµ p ¹E· �xµq¶ Î�¹�¹LÉS½?¹�¶7Ã7¹EÃ½ÂÄ"¾¿¹E¸Mµq½?¼ p ¹E¸ Þ · º Äj¾¿½�»�¹E¾¿¼MÄSÃ7· æ ∼ ê�A ·té æ @ 6 ?�>JH �m> 
 :�?�@ æ ê�ABA	� é¿éL× 2GÄj¸[¸MÄ�>�¼M¶ Ð ;�6 H>=@? > 
3A�B FC=�=�F�H �
æ è � ��A éCå7Î�Ä�½Â½ÂÄBx�»7¾¿¹E·¿·ÂÅ7¾¿¹ DGÅ|��½?Å7µq½?¼[Äj¶7·�µ�¾Â¼[·Â¹OÓÔ¾¿ÄBx�½ º ¹Ç¼[¶d½?¹E¾Âµ���½Â¼MÄj¶
Ä�Ó�· >/¹E¸[¸M·�»7¾¿Äj»Gµ Ð µ`½?¼M¶ Ð¼[¶ Ä�»7»ZÄ�·Â¼[½Â¹NÃ7¼M¾¿¹Z�L½?¼MÄ�¶7·E×7Êâ¸[½ º ÄjÅ Ðjº ½ º ¹vx"Äj·�½W�EÄBx�x Ä�¶7¸ Þ �EÄj¶A·Â¼MÃA¹E¾Â¹�Ã ��Äj¶|{ Ð ÅA¾?µq½Â¼MÄj¶%½ÂÄ ¹�¶\Ý
��ÄjÅ7¶d½?¹�¾W·ÂÅ � º µ�· Þ ·¿½Â¹Zx ÄqÓ >Ùµ p ¹�· ¼[¶ p Äj¸ p ¹E·È½ º ¹�¾Â¹�DG¹Z�L½?¼MÄ�¶ Ä�Ó�½ º ¹�·?>Ù¹�¸M¸ÙÓÔ¾¿ÄBx ½ º ¹ �EÄjµ�·¿½Eå¼T½��xµ�¶&µ�¸[·ÂÄ�Î�¹ Ð ¹E¶7¹�¾?µq½Â¹EÃ ¼M¶Û½ º ¹�µq¾Â¹xµ�Ä�Óâ·¿½Â¾ÂÄj¶ Ð ·�½?Äj¾=x µ��L½?¼ p ¼T½ Þ ¹ p ¹E¶ ¼M¶ Ã7¹�¹E» Ä���¹xµ�¶7·�×
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9P½ º ¹�¾Â·O·¿ÄjÅ7¾9��¹E·OÄqÓ3»7¾Â¹�·Â·ÂÅA¾Â¹ DGÅ|��½?Å7µq½?¼[Äj¶7·P¼[¶ÒÃ7¹�¹E» >Ùµq½?¹�¾ �xµq¶�ÎZ¹¢µ�·Â·¿Ä���¼<µq½Â¹EÃ >�¼T½ º ½ º ¹È¼[¶\Ý½?¹�¾?µ��L½?¼MÄ�¶ ÄqÓâ»A¾ÂÄj»Gµ Ð µq½?¼[¶ Ð · >/¹E¸[¸-Ä�Óâ·Â¸[¼ Ðjº ½?¸ Þ ÃA¼��Z¹E¾Â¹�¶d½WÓÔ¾Â¹EÆbÅ7¹�¶ �E¼[¹E· >�¼[½ º º ¼ Ðjº µ�x »7¸[¼[½ÂÅ7Ã7¹
�EÅ7¾¿¾Â¹�¶b½Â· æ ;�6 H>=@? > 
.A�B FC=�=�F�H>= � :�H&8 � 
 >
5 :�< 
 æ è � L ç éÂéC×�ä º ¹E·Â¹ �S¼[¶7Ã7· Ä�ÓWx ¹]� º µ�¶7¼[·9x"· ÄqÓ Ð ¹LÝ¶7¹E¾Âµq½?¼[Äj¶�µ�¾¿¹ ��ÄBx »7µq½?¼[Î7¸M¹�>�¼[½ º ½ º ¹È¸MÄ!�xµq½Â¼MÄj¶ Ä�Ó3ÎGµ���� Ð ¾ÂÄjÅ7¶AÃ�¶7Äj¼M·¿¹¢·¿ÄjÅ7¾9��¹W¾Â¹ Ð ¼MÄj¶A·â¼[¶Ò½ º ¹
�EÄj¶A¹E·�Ä�Ó º ¼ Ðjº ¹�·¿½�·Â¹Eµ#>Ùµ p ¹�·E×
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2¯¼ Ð Å7¾Â¹�· � ×Tèjè¢µ�¶7Ã � ×[è ê · º Ä�>�½ º ¹¢µ�»A»Gµ�¾Â¹�¶d½OÄj¾¿¼ Ð ¼[¶�Ä�Ó�½ º ¹ ÎGµ���� Ð ¾¿ÄjÅ7¶7Ã�¶7Ä�¼M·Â¹Ç·Â¹�¹E¶�Î Þ ½ º ¹Ã7¼��Z¹E¾¿¹E¶d½O¶A¹�½ >/Äj¾��b·N¼M¶ >�¼M¶d½?¹�¾Oµ�¶AÃ�·ÂÅ x�x"¹E¾�¾Â¹E·¿»Z¹]��½Â¼ p ¹�¸ Þ ×�ä º ¹~Ø-µq¸M¼[ÓÔÄ�¾Â¶7¼MµÈ¶7¹�½ >/Äj¾���¼M·�½ º ¹Ã7¹E¶A·Â¹E¾�µ�¶7ÃÀ¼[·�½ º ¹�¾Â¹�ÓÔÄ�¾Â¹ ½ º ¹~x"Äj·�½$Ó�µ p Äj¾?µqÎ7¸M¹àÓÔÄj¾Z½ º ¹3¾Â¹]�EÄj¶A·¿½?¾¿Å ��½Â¼MÄj¶ÇÄ�Ób½ º ¹ ��µ Þ ¸M¹E¼ Ðjº >Ùµ p ¹E·�×
�5¶
Äj¾ÂÃ7¹�¾Ù½?Ä ½?¹E·�½�½ º ¹P¼�x"»ZÄj¾�½tµ�¶|�E¹�Ä�Ó�½ º ¹ÀØ-µq¸M¼[ÓÔÄ�¾Â¶7¼MµÇ¶7¹L½ >ÙÄ�¾��%¼[¶o½ º ¹qxoµ�»A·-Ä�Ó�2¯¼ Ð Å7¾Â¹ � ×Tè A å
>Ù¹â»7¾Â¹�·Â¹�¶b½Ù½ º ¹â·?µ�x"¹�x µ�»��EÄBx"»7ÅA½Â¹EÃ&>�¼[½ º ÄjÅA½/¼M¶ ��¸MÅ7Ã7¼[¶ Ð ¼[½E×dä º ¹P¾¿¹E·ÂÅA¸[½?¼[¶ Ð xoµ�»A· æ 2¯¼ Ð Å7¾Â¹� × �déÀ¼[¶7Ã7¼��xµq½Â¹~½ º µq½À½ º ¹*x µ�»7·ÀÎ7Å7¼[¸[½�>�¼[½ º Äj¾�>�¼T½ º ÄjÅ\½ ½ º ¹%Ø-µq¸M¼[ÓÔÄ�¾Â¶7¼Mµ%¶7¹�½ >/Äj¾��£· º µ�¾Â¹"½ º ¹·?µ�x"¹NÓÔ¹xµq½ÂÅ7¾Â¹�·E×

a) b)

c) d)
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�
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a) b)

c) d)
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a)

b)
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�
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� �Jvwnx{d|bpW|bnx��swr�nxv5� �J�l| �E��k�� ��h��xs 	 �l���bnx{d�3{bs5�l|��N���br��C�E�l� j nxv�|d�T�E|~|br?�
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ÊP¸[¸q½ º ¹ ·Â¹E¼[·9x"¼��àÃ7µq½tµ�Å7·¿¹EÃÀ¼M¶O½ º ¼M·$·�½?Å7Ã ÞOº µ p ¹3ÎZ¹�¹E¶ÀÄjÎA½?µ�¼M¶A¹EÃÀµq½�½ º ¹k� �`� � ´��ÒØ æ º ½¿½?» ������> > >À×ß¼[¾Â¼[·E×Í¹EÃ7Å	��éµ�¶7Ã ¼M¶|�E¸MÅAÃ7¹�Õ � á å-Õ 
 9 � Ø 9,} 
�å�Õ 
 9,2�9ÀáÇå � Ä�ÅA½ º ¹�¾Â¶ Ø-µ�¸[¼[ÓÔÄj¾¿¶7¼<µ � ¹E¼[·9x"¼��Òáâ¹�½ >/Äj¾���åËÙ¹E¾���¹�¸M¹ Þ ´P¼ Ð ¼[½tµq¸ � ¹E¼M·=x ¼��Èá�¹�½ >/Äj¾��:å$µ�¶AÃ�ä¯µ�¶|�xµ�¶7¼Mµ }ZÊ � � ØÙÊq. ·¿¹E¼M·=x ¼��¢¹CÉA»�¹E¾¿¼�x"¹E¶d½x× � ¹µ�¾Â¹ Ð ¾Âµq½?¹LÓÔÅ7¸Ù½ÂÄÏµq¸M¸Ù·=�E¼[¹E¶d½?¼[·¿½?·"µ�¶AÃ ½Â¹Z� º ¶A¼��xµq¸�·¿½tµ"� > º Ä£»7¾ÂÄ p ¼MÃ7¹�Ã ½ º ¹
ÃGµq½?µA×àä º ¹
Ä!�E¹xµq¶
>-µ p ¹ º ¹E¼ Ð�º ½ xoµ�» >Ù¹�¾Â¹�ÄjÎA½?µ�¼M¶A¹EÃ�ÓÔ¾ÂÄ�x ½ º ¹�} ºdÞ ·¿¼��Eµ�¸E9 �E¹Eµ�¶7Ä Ð ¾Âµ�» ºdÞ ´P¼M·�½?¾Â¼[Î7ÅA½Â¹EÃÖÊg�LÝ½?¼ p ¹ ÊP¾9� º ¼ p ¹ ØÙ¹E¶d½Â¹E¾ æ } 9È× ´�ÊPÊ�ØPå º ½Â½?» �
���q»�Ä\ÃGµ�µ���× -¿»7¸Ñ×Í¶Gµ�·ÂµA× Ð Ä p ��éL×-ä º ¼[·
¾Â¹E·¿¹xµ�¾=� º º µ�·ÎZ¹�¹E¶�·¿Å7»7»�Äj¾¿½Â¹EÃ Î Þ �EÄj¶d½Â¾?µ��L½�´�
¯Ýs2�Ø �jê Ý A	� á�Ê ê�L�LBA;C ÓÔ¾ÂÄBx ½ º ¹Ûáâµq½?¼[Äj¶Gµ�¸Àá�Å �E¸[¹xµ�¾ � ¹LÝ
�EÅ7¾¿¼[½ Þ Ê�Ã x ¼[¶7¼M·�½?¾Âµq½?¼[Äj¶�å�Î Þ ½ º ¹
áâµq½?¼[Äj¶Gµ�¸ � ��¼M¹E¶|�E¹y2GÄjÅ7¶7ÃGµ`½?¼MÄ�¶ Ð ¾?µq¶b½ 
3Ê � A ç ��ABA � ê å�Î ÞØ-á � � ���5¶7·�½?¼T½?ÅA½ÒáPµq½Â¼MÄj¶7µ�¸PÃ7¹�· � ��¼M¹�¶ �E¹�·�Ã7¹ ¸ÑÌ �â¶A¼ p ¹�¾Â· æ »A¾ÂÄ Ð ¾Âµ�x ´ Þ 
 äg��éLåâµ�¶7Ã Î Þ ½ º ¹ØÙÄBx�x ¼[·Â·?µq¾Â¼<µ`½�ÚW¸ÑÌ 
 ¶7¹E¾ Ð ¼M¹NÊ-½ÂÄBx ¼[ÆbÅ7¹�×
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æ Õ � ØyÝs}�Ê � éCåb¹�½/µ�Å��EÄj¶d½?¾Âµ�¼M¾¿¹�Ã7¹E·3½?¾Âµ$-¿¹�½Â·/»7µ�¾?µ�¸[¸MÜ�¸M¹E·àÚÇ¸MµY�HF�½?¹�»�ÄjÅ7¾3¸M¹�·ÂÆbÅ7¹�¸M·yÄj¶ ·�Ì µ`½Â½?¹�¶7Ã%Úµ p Äj¼[¾¯Ã7¹�·�x ¹�·ÂÅ7¾¿¹E·àÃA¹�x"Äj¼M¶7·�Î�Äj¶7¶7¹�·àÆbÅGµ�¸M¼T½?Á�· æ Õ � ØyÝu}k2(9ÀéC×�. ÌÍ¼MÃ7Á�¹Ù¹E·�½ Ã7¹ p Äj¼[¾¯·Â¼S¸<µ p ¼[½?¹�·Â·¿¹Ã7¹�»7¾ÂÄ�»Gµ Ð µq½Â¼MÄj¶¢Ã7¹E·3Äj¶7ÃA¹E·3Ã7¹�·ÂÅ7¾�Ó�µ��E¹�ÆbÅ7¹�¶7Ä�Å7·kx ¹�·ÂÅ7¾¿Äj¶7· Ð ¾L���E¹�µ�Å\Ém�EÄj¾¿¾ÂÁ�¸<µq½Â¼MÄj¶7·�� º µ�¶ Ð ¹µ�Å �EÄ�Å7¾Â·ÈÃAÅ ½?¹]x »7·¢ÄjÅÛ»Gµ�·�×�}�ÄjÅ7¾ � º µ��EÅ7¶ Ã7¹�·¢½?¾Âµ$-¿¹�½Â·Eå�¹�½W»�ÄjÅ7¾ ¸M¹E· ÎGµ�¶7ÃA¹E·ÈÃ7¹o»ZÁ�¾Â¼MÄSÃ7¹
� Ýtè A · ¹L½%è A Ý ê�A ·�å�¶7ÄjÅ7· Ã7Á]{G¶A¼M·Â·¿Äj¶7·ÈÅA¶7¹oÓÔÄj¶ �L½?¼[Äj¶ Ã7¹%ÕÀ¾¿¹E¹�¶ÛÃ7¹o¾¿Á�ÓÔÁ�¾Â¹E¶|�E¹%¹�¶j�EÄj¾¿¾ÂÁ�¸<µ�¶d½ �µ�¶7·ÇÃ7¹"Ã7Äj¶7¶7Á�¹E·�×¯á�ÄjÅ7· ��Äj¾Â¾¿ÁE¸[Äj¶7·À¹E¶7·¿Å7¼[½Â¹ ¶AÄj· ¹�¶7¾Â¹ Ð ¼M·�½?¾¿¹Zx"¹E¶d½?· x Ä�¼M·N»Gµ�¾ x"Äj¼M·�å�¹�½ ¶7ÄjÅ7·
�EÄBx"»Gµ�¾¿Äj¶7·�¸<µ��ÑÓÔÄj¶ �L½?¼MÄ�¶�Ã7¹ ÕÀ¾¿¹E¹E¶ Ã7Åyx Ä�¼M· �Pµ p ¹]� ¸MµÈÓÔÄj¶ ��½Â¼MÄj¶�ÃA¹¢ÕN¾Â¹�¹E¶ Ã7¹À¾ÂÁLÓÔÁE¾Â¹�¶ �E¹q×
� ¼ ¶7ÄjÅA· x"¹E·¿Å7¾ÂÄ�¶7· ¸Mµ p ¼[½?¹�·Â·¿¹ ¾¿ÁE¹E¸[¸M¹WÃ7Å#x"¼M¸M¼[¹EÅ�å:¸Mµ3x"¹E·¿Å7¾Â¹~Ã7Ä�¼[½ 0 ½Â¾Â¹~·¿½?µ�Î7¸[¹~µ�Å5��ÄjÅ7¾¿·ÇÃAÅ½?¹]x »7·�× � ¼�µ�Å
��Äj¶d½?¾Âµ�¼M¾¿¹�¶7Äj·�x ¹�·ÂÅ7¾¿¹E· DGÅ ��½ÂÅ7¹E¶d½Eå/¶7Ä�Å7· »�ÄjÅ p Äj¶7·"¼MÃ7¹�¶d½?¼�{7¹E¾~¸ÑÌÍÄj¾Â¼ Ð ¼M¶A¹oÃ7¹�·
DGÅ �L½?ÅGµq½Â¼MÄj¶A·�¹�¶�¶AÄjÅ7·�·Â¹�¾ p µ�¶d½PÃA¹Ç¸MµÈ· Þ x"Á�½?¾¿¼M¹NÃ7¹�·���Äj¾Â¾¿ÁE¸Mµq½?¼[Äj¶7·��
� .$¹E·WÓÔÄj¶|��½?¼[Äj¶7·WÃ7¹�ÕN¾Â¹�¹E¶ ¾Â¹Z��Äj¶7·�½?¾ÂÅA¼[½?¹�·~ÃGµ�¶7·~¸M¹�·È½?¹]x »7·~»�Äj·Â¼T½?¼TÓÔ·È¹�½"¶7Á Ð µq½?¼TÓÔ·ÈÃ7¹�·1��Äj¾�Ý¾¿ÁE¸<µ`½?¼MÄ�¶7·¢·¿Äj¶d½~·Â¹E¶A·Â¼MÎA¸M¹E·~Ú�ÃA¹E·W·ÂÄ�Å7¾9��¹E·~Ã7¹�Î7¾¿Å7¼[½¢·Â¼[½ÂÅ7ÁE¹�·~ÃGµ�¶7·WÃ7¹�·��EÄj¶A¹E·WÃ7¼���Á�¾Â¹E¶d½Â¹E·Eå¸[Ä��Eµ�¸M¼[·ÂÁE¹�· ÃA¹%»Gµ�¾�½W¹�½¢Ã�Ì µqÅA½?¾¿¹%Ã7¹E·W·�½tµq½Â¼MÄj¶A·E×�ÊP¼M¶A·Â¼ÙÃA¹E·�� º µ�¶ Ð ¹Zx"¹E¶d½?·¢Ã7¹�»ZÄ�·Â¼[½Â¼MÄj¶ Ã7¹�··¿ÄjÅ7¾9��¹E·
·Â¹�¾¿ÁE»�¹E¾=�EÅA½Â¹E¾ÂÄ�¶b½ ¼[¶7Ã7ÁE»�¹E¶AÃGµ�x�x ¹�¶b½%·ÂÅ7¾�¸[¹E·%½?¹]x »A·�»ZÄj·¿¼[½Â¼[ÓÔ·o¹L½�¶7Á Ð µq½?¼TÓÔ·%Ã7¹�·

��Äj¾Â¾¿ÁE¸<µ`½?¼MÄ�¶7·E×
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á�Äj·�¾ÂÁE·¿Å7¸[½?µq½?·�¸<µq¼M·Â·¿¹E¶d½�µ�»7»7µ�¾?µ��[½?¾¿¹yÃA¹EÅ\ÉÇ»�ÁE¾¿¼MÄSÃ7¹E·�Ã7¹ ½?¹]x »A·�Ã7¼[·¿½Â¼M¶ �L½?¹E· �J¹�¶b½Â¾Â¹�è �B�B��¹�½ ê�A�A	�¶7Ä�Å7·P¼[Ã7¹E¶d½?¼�{GÄj¶7·�¶7¼�¹E¾¿¾Â¹�Å7¾PÃ�Ì º Äj¾¿¸MÄ Ð ¹�åG¶7¼�� º µ�¶ Ð ¹Zx"¹E¶d½Nµ�Å�·Â¹�¼M¶ÒÃAÅ x ¼[¸M¼[¹EÅ�×|.�¹�· p µ�¾¿¼<µq½Â¼MÄj¶7·Ã7¹�·O½?¹]x »7·PÃ�Ì µq¾Â¾Â¼ p Á�¹ÈÃ7¹E·NÄ�¶7Ã7¹E·NÃA¹È·ÂÅ7¾�Ó�µ��E¹�x"¹E·¿Å7¾ÂÁ�¹E·NÄj¶d½NÅA¶7¹W»ZÁ�¾Â¼[Ä\Ã7¼��E¼T½?ÁÇÃ7¹ÈÅ7¶£µ�¶�×$ØÙ¹·¿Äj¶d½�ÃAÄj¶ ��¸M¹�· p µq¾Â¼<µ`½?¼MÄ�¶7·o·Âµ�¼M·¿Äj¶7¶7¼[ÜE¾Â¹�·�Ã7¹E·
·¿ÄjÅ7¾9��¹E· Ã7Å Î7¾ÂÅ7¼T½�ÆbÅ7¹£¶7ÄjÅ7· µ p Ä�¶7·3x ¼[·%¹E¶Á p ¼[Ã7¹E¶|�E¹
µ�Åj� º µ�»7¼[½Â¾Â¹%»A¾ÂÁZ��ÁEÃ7¹�¶d½~ÆSÅA¼��EÄ�¶b½Â¾Â¼[Î7Å7¹E¶d½W¸[¹o»7¸[Å7·ÈµqÅ\Éj� º µ�¶ Ð ¹]x ¹�¶b½Â·WÃ7¹ p ¼[½Â¹E·¿·Â¹µ�»A»Gµ�¾Â¹�¶d½?¹
ÆbÅ7¹
¶7ÄjÅ7·�x"¹E·¿Å7¾ÂÄj¶A·E×yØÙ¹E· DGÅ|��½?Å7µq½?¼[Äj¶7·WÄj¶d½W½?Ä�ÅA½?¹LÓÔÄj¼M·ÈÅA¶7¹ µ�x »A¸M¼[½ÂÅ7Ã7¹"Ó�µ�¼MÎ7¸[¹�å½ÂÄjÅ"-¿ÄjÅ7¾¿· ¼M¶AÓÔÁ�¾Â¼[¹EÅ7¾¿¹�Ú A × � · ¾¿¹E»7¾¿ÁE·¿¹E¶d½tµ�¶d½�x Äj¼[¶7·àÃ7¹ A × ë�� Ã7Å"½Â¹Zx"»7· Ã7¹�»7¾¿Äj»Gµ Ð µ`½?¼MÄ�¶�×B.$¹EÅA¾Â·
p µ�¾¿¼<µ�¶ ��¹ ¹�·¿½NÃA¹¢¸ÑÌÍÄj¾¿Ã7¾Â¹ÇÃ7¹ A × A èE·E×�ØÙ¹�½Â½Â¹È»7¾¿ÁZ�E¼[·Â¼[Äj¶ x"Äj¶d½?¾¿¹¢ÆbÅ7¹¢¸[¹E·��EÄj¾¿¾ÂÁE¸Mµq½?¼[Äj¶7·�Ã7¹ÈÎA¾ÂÅ7¼T½Äj¶d½�Å7¶7¹À»7¾¿ÁZ��¼M·Â¼[Äj¶
¸<µ�¾ Ð ¹Zx"¹E¶d½�·¿Å��"·?µ�¶d½Â¹¢»�ÄjÅ7¾-Ó�µ�¼[¾Â¹OÃ7¹À¸MµW½ÂÄBx"Ä Ð ¾?µq» º ¼M¹q×
ÊâÅ �EÄ�¶b½Â¾?µ�¼[¾Â¹3¹E¶d½Â¾Â¹Pè��B�Aèy¹�½/è �B� L åJÃA¹Ù¸<µq¾ Ð ¹�·�D7Å ��½ÂÅGµq½?¼[Äj¶7·�·ÂÄj¶d½�»7¾ÂÁ�·Â¹�¶b½Â¹E·àÃ7µ�¶7·¯¸[¹E·�Ã7Äj¶A¶7ÁE¹�·E×á�ÄjÅ7·�x"Äj¶d½?¾ÂÄ�¶7·ÈÆbÅ�ÌÍ¹E¸M¸[¹E·W·¿Äj¶d½~Ã7Å7¹E·~Ú�Ã7¹�·W¹E¾¿¾Â¹EÅA¾Â·~Ã�Ì º Äj¾Â¸[Ä Ð ¹ ¼M¶d½?¹�¾Â¶7¹�Ã7¹�·~·¿½tµ`½?¼MÄ�¶7·E×àØÙ¹E·¹�¾Â¾Â¹�Å7¾Â·P·ÂÄj¶d½N»�ÄjÅ7¾O¶AÄjÅ7·OÅ7¶A¹ÈÎZÁ�¶7ÁEÃA¼���½Â¼MÄj¶�åZ¹�¸M¸M¹�·â¶AÄjÅ7·O»�¹E¾=x ¹L½Â½?¹�¶d½NÃ�ÌÍÁ p µ�¸MÅA¹E¾P¸Mµo»7¾¿ÁZ�E¼[·Â¼[Äj¶µ p ¹]�%¸<µqÆSÅA¹E¸M¸[¹ ¶AÄjÅ7·¢»�ÄjÅ7¾¿¾Â¼[Äj¶7·Ç¼MÃ7¹�¶b½Â¼�{G¹�¾¢Ã7¹�· p µ�¾Â¼Mµq½?¼[Äj¶7·À» ºdÞ ·Â¼[ÆSÅA¹E·WÃ7¹�· ½?¹]x »A·ÈÃ�Ìßµ�¾Â¾¿¼ p Á�¹Ã7¹�·�Äj¶7Ã7¹�·�ÃA¹N·ÂÅ7¾�Ó�µ��E¹q×GÊP¼M¶A·Â¼�¶7Ä�Å7·W�EÄj¶7·�½tµq½ÂÄj¶7·�ÆbÅ7¹À¶7ÄjÅA·�·¿ÄBx�x ¹�·R�xµ�»7µ�Î7¸M¹�·�Ã7¹ÀÃ7¼M·�½?¼[¶ Ð Å7¹�¾Ã7¹�·N¹E¾¿¾Â¹EÅA¾Â·ÀÃ�Ì º Äj¾Â¸[Ä Ð ¹ÈÎA¾ÂÜ p ¹E·ÀÃGµ�¶A·N¸M¹¢½Â¹Zx"»7·NÃ�ÌÍÅ7¶7¹~µ�x"»7¸M¼T½?Å7ÃA¹¢Ã�ÌÍÅ7¶7¹WÃ7¹]x ¼¯·Â¹Z��Äj¶7Ã7¹qå$ÄjÅÃ7¹�·/ÃAÁZ�xµq¸<µ Ð ¹�·/ÃA¹â¸�ÌßÄj¾¿Ã7¾Â¹�ÃAÅoÃ7¼�ÉA¼[ÜZx"¹�Ã7¹�·Â¹Z��Äj¶7Ã7¹â·Â¹�»7¾ÂÄSÃ7Å7¼[·?µ�¶d½y·ÂÅA¾/»7¸[Å7·Â¼[¹EÅ7¾¿·yµ�¶7¶7Á�¹E·E×AØÙ¹¾¿ÁE·ÂÅA¸[½tµ`½¢¹�·¿½WÃ�ÌÍÅ7¶7¹ ½?¾ÂÜ�· Ð ¾Âµ�¶7Ã7¹ ¼�x"»ZÄj¾�½tµ�¶|�E¹�å/�Eµ�¾¢¼[¸3¼M¶7Ã7¼[ÆbÅ7¹ Á Ð µ�¸[¹Zx"¹E¶d½ÈÆbÅ7¹�¸M¸M¹�·¢·¿Äj¶d½È¸M¹�·
p µ�¾¿¼<µq½Â¼MÄj¶7·À» ºdÞ ·Â¼[ÆbÅ7¹E·WÃ7Å x"¼M¸[¼M¹�Å ÆbÅ7¹o¶7ÄjÅ7·È»�ÄjÅ7¾¿¾Â¼[Äj¶7· x ¹L½Â½?¾¿¹o¹�¶ÛÁ p ¼MÃA¹E¶ ��¹�¹E¶Û¸�Ì µ�ÎA·Â¹E¶|�E¹Ã�ÌÍ¹E¾¿¾Â¹�Å7¾�Ã�Ì º Äj¾Â¸[Ä Ð ¹�×

� ¨ M � [yS�¬$�VÇ²/¬

�Ï¹%½?¹�·¿½W½ º ¹%ÓÔ¹xµ�·¿¼MÎ7¼[¸M¼[½ Þ ÄqÓâÅA·Â¼M¶ Ð ÕÀ¾¿¹E¹E¶ ÓÔÅ7¶|��½?¼[Äj¶7·È¹CÉS½?¾?µ���½?¹�Ã ÓÔ¾¿ÄBx ¾Â¹Z��Äj¾ÂÃA·"ÄqÓPµ�xÈÎ7¼M¹�¶d½·¿¹E¼M·=x ¼��O¶7Äj¼[·Â¹N½?Ä x"Äj¶7¼T½?Äj¾y½?¹Zx"»�Äj¾?µ�¸ � º µ�¶ Ð ¹E·�¼M¶%½ º ¹ 
3µ�¾�½ º �E¾¿Å7·¿½�»7¾¿Äj»Z¹�¾¿½Â¼M¹E·�Î Þ ¾¿¹E»�¹xµq½Â¹EÃ
x"¹xµ�·¿Å7¾Â¹]x ¹�¶d½?·�µq½�¾Â¹ Ð ¼MÄj¶Gµq¸jÃ7¼M·�½tµ�¶|�E¹E·�× � ¹3Å7·¿¹Ùµ�Î�ÄjÅA½yèjè Þ ¹xµ�¾¿·¯Ä�Ó��EÄj¶d½Â¼M¶bÅ7ÄjÅ7·�¾Â¹]�EÄj¾¿Ã7¼M¶ Ð ·$½?Ä¹CÉ\½Â¾?µ��L½�·ÂÅ7¾�Ó�µ��E¹ >Ùµ p ¹E·�Î�¹�½ >/¹E¹E¶Ç½ º ¾¿¹E¹3»Gµ�¼[¾Â·�ÄqÓ\·�½tµq½Â¼MÄj¶A·$¼M¶ÇØ-µ�¸[¼[ÓÔÄj¾¿¶7¼<µA×Cä º ¹k��Äj¾Â¾¿¹E¸<µ`½?¼MÄ�¶7·�µ�¾¿¹
��ÄBx »AÅA½?¹�Ã�¼[¶Òµ x Ä p ¼M¶ Ð Ä�¶7¹LÝbx Äj¶d½ º >�¼[¶7Ã7Ä�>�µ�¶AÃ >/¹¢µq¶Gµ�¸ Þ ��¹À½ º ¹À½?¹Zx"»�Äj¾?µ�¸�¹ p Ä�¸MÅA½Â¼MÄj¶
Ä�Ó
x"¹xµ�·¿Å7¾Â¹�Ã ¼[¶d½?¹E¾wÝ5·�½tµq½Â¼MÄj¶P½Â¾?µ p ¹�¸d½?¼�x"¹E·�×Eä º ¹ �EÄ�x »Gµq¾Â¼M·¿Äj¶NÄ�Ób½ º ¹/µq¾Â¾Â¼ p µ�¸q½Â¼�x"¹E·�¼[¶À½ º ¹3»ZÄ�·Â¼[½Â¼ p ¹µ�¶AÃ ¶A¹ Ð µq½Â¼ p ¹ ��Äj¾Â¾¿¹E¸Mµq½?¼[Äj¶o½?¼�x ¹âÄ�Ó �âµ Þ ¸M¹�¼ Ðjº µ�¶AÃ�.$Ä p ¹�>Ùµ p ¹E·Pµ�¸M¸[Ä�>�·-Å7·�½?Ä~·Â¹�»Gµ�¾Âµq½?¹O½Â¼�x"¹· º ¼[Ó ½Â·¯µ�·¿·ÂÄ!�E¼Mµq½?¹�Ã >�¼[½ º µ�¶ Þ ÓÔÄj¾9x�ÄqÓG» ºdÞ ·Â¼��Eµ�¸|� º µ�¶ Ð ¹/¼M¶ ½ º ¹�x"¹EÃA¼MÅ x åx½ º Ä�·Â¹Ù¾¿¹E·¿Å7¸[½Â¼M¶ Ð ÓÔ¾ÂÄBx
��¸MÄ!���ÈÃ7¾Â¼TÓ ½3Äj¾ Ä�½ º ¹E¾3¼M¶A·¿½?¾¿Å x"¹E¶d½tµ�¸G¹�¾Â¾¿Äj¾Â·�åbµ�¶7Ã~½ º Äj·¿¹âÃAÅ7¹�½ÂÄY� º µ�¶ Ð ¹�¼M¶W½ º ¹â¸[Ä��Eµ�¸M¼��xµq½Â¼MÄj¶ÇÄ�Ó½ º ¹À¶7Äj¼M·¿¹N·ÂÄjÅA¾9�E¹�·E×Gä º ¼[·�·Â¹E»7µ�¾?µq½Â¼MÄj¶�¼[·�ÎGµ�·¿¹EÃ Äj¶�½ º ¹À»7¾¿¼M¶ ��¼M»7¸[¹PÄ�Ó�½?¼�x ¹O· Þ x1x"¹�½Â¾ Þ × � º ¹E¶
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»ZÄ�·Â·Â¼[Î7¸M¹qå >Ù¹È»�¹E¾�ÓÔÄj¾9x Ä�Å7¾Pµq¶Gµ�¸ Þ ·¿¼M·�¼M¶�½ >/Ä%Ã7¼���¹�¾Â¹�¶b½â»�¹E¾Â¼[Ä\Ã�ÎGµ�¶7ÃA· � � Ýtè A ·Pµ�¶7ÃÛè A Ý ê�A ·E×ä º ¹~¾Â¹�·ÂÅ7¸T½?·N¼M¶AÃ7¼��Eµq½?¹¢½ º µq½À·¿¼ Ð ¶7¼�{ �xµq¶b½O¼M¶7·�½?¾ÂÅ|x ¹�¶b½?µ�¸�½Â¼�x"¹¢¹�¾Â¾ÂÄ�¾Â· æ A × � ·téOµ�¾¿¹W»7¾Â¹�·Â¹E¶d½Ç¼M¶½ º ¹�ÃGµ`½tµA×jä º ¹E·Â¹�½?¼�x ¹Ù· º ¼TÓ ½?·~�xµq¶ Î�¹gx ¹Eµ�·ÂÅA¾Â¹EÃ µ�¶7ÃW½Â¹E·¿½Â¹EÃ"Î Þ �E¸MÄ�·ÂÅ7¾¿¹�¾Â¹E¸Mµq½?¼[Äj¶Wµ�¶AÃ�{G¶7µ�¸M¸ Þ
�EÄj¾¿¾Â¹]��½?¹�Ã%¼M¶AÃ7¹E»�¹E¶7Ã7µ�¶d½?¸ Þ Ä�Ó�µq¶ Þ7p ¹E¸[Ä���¼[½ Þ x"Ä\ÃA¹E¸Ñ×qä º ¹�½?¾?µ p ¹E¸:½?¼�x"¹-·¿¹E¾Â¼[¹E·y· º Ä�> µÀ»�¹E¾Â¼[Ä\ÃA¼��Äj·9��¼M¸[¸<µq½Â¼MÄj¶È½ º µq½ >Ù¹â¼M¶d½?¹�¾Â»7¾¿¹�½Ùµ�·y½ º ¹P·¿¼ Ð ¶7µq½?Å7¾¿¹�Ä�Ó�½ º ¹â·¿¹xµ�·¿Äj¶Gµ�¸ p µ�¾Â¼Mµq½?¼[Äj¶~Ä�Ó�½ º ¹P¾¿¹ Ð ¼[Äj¶ ÄqÓÄj¾Â¼ Ð ¼M¶"Ä�Ó$½ º ¹O·Â¹�¼M·=x ¼��â¶7Ä�¼M·Â¹q×AË/¹�½ >/¹E¹E¶£è ���B�¢µ�¶AÃ ê�ABA	� åd½ º ¹q{G¶Gµq¸�µ�¾¿¾Â¼ p µq¸:½Â¼�x"¹ DGÅ ��½ÂÅGµq½Â¼MÄj¶7·º µ p ¹ µ p µ�¾Â¼Mµ�¶ �E¹WÄqÓy½ º ¹WÄj¾¿Ã7¹E¾NÄ�Ó A × A èx·�×�ä º ¼M·Àµq¸M¸MÄ�>�·OÅA·O½?Ä3x ¹Eµ�·ÂÅA¾Â¹W¼M¶d½Â¹E¾�Ý ·¿½?µq½?¼[Äj¶Ò½?¾Âµ p ¹E¸½?¼�x ¹�·�>�¼[½ º ¹E¾Â¾¿Äj¾Â·�·=xoµq¸M¸M¹�¾y½ º µ�¶ A × ë�� Ä�Ó�½ º ¹N¼[¶b½Â¹E¾wÝ5·¿½?µq½?¼[Äj¶o½Â¾?µ p ¹�¸�½?¼�x ¹Pµ�¶7Ã
·9x µ�¸M¸[¹E¾3½ º µq¶è � Ä�Ó¯½ º ¹¢ÅA·Â¹EÃ >-µ p ¹¢»Z¹�¾Â¼MÄSÃ�×Gä º ¼[·P¸[¹ p ¹�¸�Ä�Ó3µ��]�EÅ7¾Âµ�� Þ >Ùµ�·O¶7Ä�½â·ÂÅ �1��¼M¹�¶b½â½?Ä Ã7¹�½Â¹Z��½q�E¸[¹xµ�¾» ºdÞ ·Â¼��Eµ�¸ p µ�¾Â¼Mµq½?¼[Äj¶¢ÄqÓ ��¾ÂÅ7·�½tµ�¸ p ¹E¸[Ä���¼[½ Þ Ã7Å7¾Â¼[¶ Ð ½ º ¹g�EÄj¶7·¿¼MÃ7¹�¾Â¹�Ã�èjè Þ ¹xµ�¾¿·3ÎZ¹L½ >Ù¹�¹E¶ ½ º ¹-½ º ¾Â¹E¹·¿½?µq½?¼[Äj¶7·�¼M¶ Ø-µq¸M¼[ÓÔÄ�¾Â¶7¼MµA× � Å � º � º µ�¶ Ð ¹E·Wxoµ Þ ÎZ¹,x"Äj¾Â¹P¹xµ�·¿¼M¸ Þ Ã7¹L½?¹Z�L½tµ�ÎA¸M¹ > º ¹�¶���Äj¶7·Â¼[Ã7¹E¾¿¼M¶ Ð»Gµ�¼[¾Â·-Ä�Ó�·�½tµq½Â¼MÄj¶A·�x"Äj¾Â¹��E¸MÄ�·Â¹E¸ Þ ¸[Ä��Eµq½?¹�Ão½?Ä¢¹xµ�� º Ä�½ º ¹E¾�µq¶7Ã�¼M¶o½ º ¹ p ¼���¼M¶7¼T½ Þ Ä�Ó$½?¹]��½?Ä�¶7¼��Eµ�¸M¸ Þµ���½Â¼ p ¹ÀÓ�µqÅ7¸[½Â·�Äj¾ p Äj¸��xµ�¶AÄ\¹�·E×
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� ½ º µ�·WÎ�¹E¹�¶&¾¿¹Z�E¹�¶d½?¸ Þ · º Ä�>�¶ ½ º µ`½W½ º ¹%½Â¼�x"¹*�E¾¿Äj·Â·wÝu��Äj¾Â¾¿¹E¸<µ`½?¼MÄ�¶ÛÓÔÅ7¶ ��½Â¼MÄj¶ ÄqÓâ·¿¹E¼[·9x"¼���µ�xWÝÎ7¼M¹�¶d½-¶7Äj¼[·Â¹ � �|:��&F�< 6 :�H&8 D :���&F�?�? 6 æ ê�ABA ç é��EÄBx"»7ÅA½Â¹EÃ%Î�¹�½ >/¹E¹�¶
µ »Gµ�¼[¾3Ä�Ó$Ã7¼[·¿½tµq¶b½/·¿½?µq½?¼[Äj¶7·�EÄj¶d½?µ�¼M¶7·�å$µq½N¸[¹xµ�·�½N»Gµ�¾�½?¼Mµ�¸M¸ Þ å7½ º ¹~µ���½ÂÅGµ�¸ ÕN¾Â¹�¹E¶�ÓÔÅ7¶ �L½?¼[Äj¶�Î�¹�½ >/¹E¹E¶ ½ º ¹ ½ >ÙÄ
·¿½?µq½?¼[Äj¶7· æ ·Â¹�¹D :���&F�?�? 6 æ ê�ABA�L éLå"; :�< 6�� > > 
 :�?�@ æ ê�A�ABL Î:é3µ�¶7Ã�¾¿¹�ÓÔ¹E¾¿¹E¶ ��¹E·�½ º ¹E¾Â¹�¼M¶:éC×Aä º ¹P¹Zx"¹E¾ Ð ¹E¶ ��¹NÄ�Ó$½ º ¹ÕÀ¾¿¹E¹�¶~ÓÔÅA¶ ��½Â¼MÄj¶È¼[·¯¹J��¹]��½?¼ p ¹�Äj¶A¸ Þ µqÓ ½?¹�¾àµO·ÂÅ �1��¼M¹�¶b½yµ p ¹E¾?µ Ð ¼M¶ Ð ½ º µq½à¼M·¯»A¾ÂÄ p ¼MÃ7¹�ÃWÎ Þ ¾?µ�¶AÃ7ÄBx·Â»Gµ`½?¼<µq¸�ÃA¼M·¿½Â¾Â¼[Î7ÅA½?¼[Äj¶ Ä�Ó ½ º ¹ ¶7Äj¼[·Â¹Ç·ÂÄjÅ7¾=�E¹�· > º ¹E¶I��Äj¶7·Â¼[Ã7¹E¾¿¼M¶ Ð ¸MÄj¶ Ð ½Â¼�x"¹ ·¿¹E¾Â¼[¹E·Pµ�· >/¹E¸[¸¯µ�·½ º ¹�·=�xµq½¿½?¹�¾Â¼M¶ Ð Ä�Ó�·Â¹E¼[·9x"¼�� >-µ p ¹�·/Ä�¶ º ¹�½Â¹E¾ÂÄ Ð ¹E¶7¹�¼[½Â¼M¹E·9>�¼[½ º ¼M¶¢½ º ¹ 
3µ�¾¿½ º �E¾ÂÅA·¿½ æ � �|:��&F�< 6 :�H&8D :���&F�?�? 6 æ ê�ABA ç éLå � : : <=:3> 
 :�?�@ æ ê�ABA	� �JéÂéC×
ä�¾Âµ p ¹E¸7½Â¼�x"¹Rx"¹xµ�·¿Å7¾Â¹]x ¹�¶b½Â· Ä�Ó �âµ Þ ¸M¹�¼ Ðjº >-µ p ¹�·/¾¿¹Z��Äj¶7·¿½Â¾ÂÅ �L½?¹�Ã ÓÔ¾ÂÄ�x�½ º ¹�·Â¹�¼M·9x"¼��Ù¶7Äj¼M·¿¹ º µ�·ÎZ¹�¹E¶�Å7·¿¹EÃ�½?Ä »7¾ÂÄSÃ7Å ��¹ º ¼ Ðjº ¾Â¹�·ÂÄj¸[ÅA½?¼[Äj¶"¾Â¹ Ð ¼MÄj¶Gµq¸Z·=�xµ�¸[¹P¼�x µ Ð ¹�·/ÄqÓ�½ º ¹q�E¾ÂÅA·¿½tµq¸�·¿½Â¾ÂÅ �L½?Å7¾¿¹O¼M¶Ø-µ�¸M¼TÓÔÄj¾Â¶A¼<µ æ � �|:��&F�< 6 > 
 :�?�@ æ ê�ABA�� éLå � : : <=:�> 
 :�?�@ æ ê�ABA	� µdéÂéC×�ä º ¼M·À¾¿¹ Ð ¼[Äj¶£¼M·Y� º µ�¾Âµ���½Â¹E¾Â¼��E¹�ÃÎ Þ ·¿½Â¾ÂÄj¶ Ð ��Äj¶d½?¾?µq·¿½?·�¼[¶�·Â¹E¼[·9x"¼�� p ¹E¸[Ä���¼[½?¼[¹E·�>�¼T½ º ¼[¶%½ º ¹Y��¾ÂÅ7·�½�µ�¶7Ã�å7½ º ¹E¾¿¹�ÓÔÄj¾¿¹�å >Ùµ�·�µW¾Â¹E¸Mµq½?¼�Ý
p ¹�¸ Þ ¹Eµ�· Þ ½?µ�·���ÓÔÄj¾P½ º ¹"·¿¹E¼[·9x"¼��È¼�xoµ Ð ¼M¶ Ð ÎZ¹]�xµ�Å7·¿¹W½ º ¹W¹CÉA¼[·¿½Â¼M¶ Ð µ�¶7Ä�xoµ�¸[¼M¹�·���ÄjÅ7¸MÃ£Î�¹ >Ù¹�¸M¸¼�x µ Ð ¹�Ã"¹ p ¹�¶�> º ¹E¶oÅ7·Â¼[¶ Ð ¾¿¹E¸Mµq½?¼ p ¹E¸ Þ ¾ÂÄ�Å Ðjº ½?¾?µ p ¹E¸:½?¼�x"¹gx"¹xµ�·¿Å7¾Â¹]x ¹�¶b½Â·E× �âÄ�>/¹ p ¹E¾EåSÓÔÅ7¾¿½ º ¹E¾µ�»7»7¸[¼��Eµq½?¼[Äj¶7·Ù¾¿¹EÆbÅ7¼[¾Â¹Àµ�x Ä�¾Â¹ �Eµ�¾Â¹LÓÔÅ7¸$µ�¶Gµq¸ Þ ·Â¼[·�Ä�Ó�½ º ¹,x"¹xµ�·¿Å7¾Â¹]x ¹�¶d½�¹E¾Â¾¿Äj¾Â·�×�2GÄj¾-¹LÉAµ�x"»7¸[¹�åÕÀ¾¿¹E¹�¶
ÓÔÅA¶ ��½Â¼MÄj¶7·�¹CÉS½?¾?µ���½?¹�Ã ÓÔ¾¿ÄBx ¾Â¹Z��Äj¾ÂÃA·�Ä�Ó�µ�xÈÎ7¼[¹E¶d½�·Â¹�¼M·=x ¼��O¶7Äj¼[·Â¹ �Eµ�¶
ÎZ¹NÅ7·¿¹EÃ
ÓÔÄj¾Rx"ÄqÝ¶7¼[½ÂÄj¾Â¼[¶ Ð ½?¹]x »�Äj¾?µq¸�� º µ�¶ Ð ¹E·¢¼[¶ ½ º ¹ 
yµq¾¿½ º �E¾¿Å7·¿½ »7¾ÂÄ�»Z¹�¾¿½?¼[¹E·ÇÎ Þ ¾Â¹E»�¹xµ`½?¹EÃ x ¹Eµ�·ÂÅ7¾¿¹Zx"¹E¶d½?·µq½�¾Â¹ Ð ¼MÄj¶7µ�¸�Ã7¼[·¿½tµq¶ �E¹�·E×��5¶ ½ º ¼M·W�Eµ�·Â¹qå:½ º ¹Ç¶7Äj¼M·¿¹LÝ ÎGµ�·Â¹�Ã�x"¹xµq·ÂÅ7¾¿¹Zx"¹E¶d½?·�· º Ä�Å7¸MÃ ÎZ¹Çµ��]�EÅ7¾Âµq½?¹¹E¶7Ä�Å Ðjº ½?ÄÇµ�¸[¸MÄ�> Å7·à½?ÄNÃA¹�½?¹]��½y¾Â¹�¸<µq½Â¼ p ¹E¸ Þ ·=xoµ�¸[¸S½Â¼�x"¹-· º ¼[Ó ½?·àµ�·Â·¿Ä���¼<µq½Â¹EÃ >�¼[½ º ½ º ¹�·�½?¾ÂÅ|��½?ÅA¾?µ�¸
� º µ�¶ Ð ¹E·E× 9OÅ7¾ Ð Ädµq¸ º ¹E¾¿¹ ¼[·-½?Ä µ�·Â·¿¹E·¿·â½ º ¹ µ��Z�EÅA¾?µ�� Þ Ä�Ó�½ º ¹ ÕÀ¾¿¹E¹�¶ ÓÔÅ7¶|��½?¼[Äj¶ ¾Â¹Z��Äj¶7·�½?¾ÂÅ|��½?¹�ÃÎ Þ ��¾ÂÄj·¿·�Ýb�EÄj¾¿¾Â¹E¸Mµq½?¼[Äj¶ Ä�Ó�µ�x¢Î7¼M¹�¶b½ ·Â¹�¼M·=x ¼��"¶AÄj¼M·¿¹oµ�¶AÃÏ½?Ä Ã7¹L½?¹E¾=x ¼[¶7¹~½?Ä > º µq½¢¹CÉS½?¹E¶d½Â·¢½ º ¹¶7Äj¼[·Â¹LÝ ÎGµ�·¿¹EÃÒ½Â¾?µ p ¹�¸�½?¼�x ¹Yx"¹xµ�·¿Å7¾Â¹]x ¹�¶d½?·q�Eµ�¶�Î�¹¢Å7·¿¹EÃÒ½ÂÄoÃ7¹L½?¹]��½Àµ�¶AÃ�½?ÄoÆSÅ7µ�¶d½?¼[Ó Þ ·�½tµq½Â¼MÄj¶¼M¶7·�½?¾¿Å x ¹�¶d½tµ�¸G¹�¾Â¾ÂÄ�¾Â·/µ�¶7Ã ½ÂÄvx"Äj¶7¼T½?Äj¾�� º µ�¶ Ð ¹�·Ù¼[¶"½ º ¹â» ºbÞ ·¿¼��xµq¸�»A¾ÂÄj»�¹E¾�½?¼M¹�·3Ä�Ó�½ º ¹�x"¹EÃA¼MÅ x ×
�â¼ Ðjº »A¾Â¹Z��¼M·¿¼MÄj¶yx ¹Eµ�·ÂÅA¾Â¹Zx"¹E¶d½Â·âÄ�Ó�� º µ�¶ Ð ¹�·âÄqÓ~x ¹�Ã7¼MÅ|x�»7¾¿Äj»Z¹�¾¿½Â¼M¹E·âµ�¾¿¹Ç»�Äj·¿·Â¼MÎA¸M¹ÀÅ7·Â¼[¶ Ð ¾¿¹LÝ
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»�¹xµq½Â¹EÃWµq¶Gµ�¸ Þ ·¿¼M·�Ä�ÓG·¿¹E¼M·=x ¼��/¾¿¹Z��Äj¾ÂÃ7· æ ¹q× Ð !W6 ? �&F�H(> 
 > 
 :�?�@ æ è �B� ç éLå � H F�>98!>J< æ ê�A�ABL éÂéCåJÄj¾�¶7Äj¼M·¿¹µ�Å\½?ÄqÝb�EÄj¾¿¾Â¹E¸Mµq½?¼[Äj¶ æ � >�=�?�>J<Y:�H&8 � >JH ��A � ��� 6 H���>J?�8!>J< æ ê�A�A;C éÂéCå\ÎAÅA½-½ º ¼M·Ù½Â¹Z� º ¶7¼[ÆbÅ7¹,�xµ�¶A¶7Ä�½�Î�¹Å7·¿¹EÃ ½?Ä~Ã7¹�½Â¹Z�L½â» º µ�·Â¹Ç· º ¼[Ó ½�µ�·¿·ÂÄ!�E¼<µ`½?¹EÃ0>�¼T½ º ¼M¶7·�½?¾¿Å x ¹�¶d½tµ�¸$Ã Þ ·�ÓÔÅ7¶ ��½Â¼MÄj¶�×
�Ï¹OÅ7·¿¹Wèjè Þ ¹Eµ�¾Â·�Ä�Ó���Äj¶d½?¼M¶bÅ7Ä�Å7·-¾Â¹]�EÄj¾¿Ã7·-½?ÄW¹CÉS½?¾?µ���½-½ º ¹N·ÂÅ7¾�Ó�µ��E¹ >Ùµ p ¹�·�»7µ�¾¿½�ÄqÓ$½ º ¹ÇÕN¾Â¹�¹E¶ÓÔÅ7¶|��½?¼[Äj¶ ÎZ¹L½ >Ù¹�¹E¶ ë »7µ�¼M¾¿·âÄ�Ó¯·¿½?µq½?¼[Äj¶7·�¼M¶ÒØ-µ�¸M¼TÓÔÄj¾Â¶7¼MµÈÎ Þ ��ÄBx"»7ÅA½?¼[¶ Ð �E¾ÂÄ�·Â·q��Äj¾Â¾¿¹E¸Mµq½?¼[Äj¶7·�Ä�Óµ�x¢Î7¼M¹�¶b½-·Â¹E¼[·9x"¼��â¶7Äj¼M·¿¹N¼M¶�µmx"Ä p ¼M¶ Ð Äj¶A¹ x Ä�¶b½ º >�¼M¶7Ã7Ä�> ¼M¶%½ º ¹O½ >/Ä"»�¹E¾¿¼MÄSÃ%ÎGµ�¶AÃ7· � � Ý?è A·�µq¶7Ã�è A Ý ê�A ·�× � ¹P¹ p µ�¸MÅ7µq½?¹�½ º ¹Nµq»7»Gµ�¾¿¹E¶d½�½?¾Âµ p ¹E¸�½?¼�x"¹ D7Å ��½ÂÅGµq½?¼[Äj¶7·-ÄqÓ$½ º ¹O·¿Å7¾¿Ó�µ��E¹ >Ùµ p ¹E·ÓÔÄj¾âÎZÄq½ º »�Äj·Â¼T½?¼ p ¹Èµ�¶AÃ�¶7¹ Ð µq½?¼ p ¹m��¾ÂÄj·¿·�Ýu��Äj¾Â¾¿¹E¸Mµq½?¼[Äj¶Ò½?¼�x ¹�·E×:ä º ¹���ÄBx »7µ�¾Â¼[·ÂÄj¶�ÄqÓ ½ º ¹¢½Â¾?µ p ¹�¸½Â¼�x"¹E·�¹E·¿½Â¼�x µq½?¹�Ã ÓÔ¾¿ÄBx�»ZÄ�·Â¼[½Â¼ p ¹Ùµ�¶AÃÈ¶7¹ Ð µq½?¼ p ¹/½Â¼�x"¹3·ÂÅ7¾�Ó�µ��E¹ >-µ p ¹�·3µ�¸M¸[Ä�>�·�Å7·�½?ÄâÃ7¼M·�½?¼M¶ Ð Å7¼M· º½ º ¹ DGÅ �L½?ÅGµ`½?¼MÄ�¶7·PÃ7ÅA¹¢½?Ä
µ�¶ Þ ÓÔÄj¾9x Ä�Ó3» ºbÞ ·¿¼��xµq¸�� º µ�¶ Ð ¹È¼M¶�½ º ¹mx"¹EÃA¼MÅ x ÓÔ¾ÂÄ�x ½Â¼�x"¹ · º ¼[Ó ½Â·¾¿¹E·ÂÅA¸[½?¼[¶ Ð ÓÔ¾¿ÄBx �E¸MÄ!���£Ã7¾Â¼TÓ ½¢Ä�¾¢Ä�½ º ¹E¾È¼[¶7·¿½Â¾ÂÅ x"¹E¶d½?µ�¸/¹�¾Â¾¿Äj¾Â·Wµq¶7Ã {G¶Gµq¸M¸ Þ ½ÂÄ�¹E·�½?¼�x µq½Â¹"½Â¼�x"¹¹�¾Â¾ÂÄ�¾Â·W�xµ�ÅA·Â¹EÃ�Î Þ�p µ�¾Â¼Mµq½?¼[Äj¶7·-¼[¶%½ º ¹ÀÃ7¼[·¿½?¾¿¼MÎ7Å\½?¼MÄ�¶�Ä�Ó�½ º ¹À¶7Äj¼[·Â¹N·ÂÄ�Å7¾9��¹E·E×
Ê�Ó ½?¹E¾�»A¾Â¹E·¿¹E¶d½?¼[¶ Ð Ã7µq½tµ~µ�¶7Ã3x"¹�½ º Ä\ÃA·�¼M¶
·Â¹]��½?¼[Äj¶ ê å >/¹Ç»A¾Â¹E·¿¹E¶d½â¾Â¹E·¿Å7¸[½Â·�Ä�Ó¯Ä�Å7¾�µ�¶Gµ�¸ Þ ·Â¼M·�¼[¶·¿¹Z��½Â¼MÄj¶ ë ×(2�¼M¾Â·�½xå >/¹~µ�¶Gµ�¸ Þ ��¹ ½Â¾?µ p ¹�¸�½?¼�x ¹EDGÅ �L½?ÅGµ`½?¼MÄ�¶7·qx"¹xµ�·¿Å7¾Â¹�Ã�Ã7Å7¾¿¼M¶ Ð µo»Z¹�¾Â¼[Ä\Ã > º ¹E¶¶7ÄPÄjÎ p ¼[ÄjÅ7·à¼[¶7·¿½Â¾ÂÅ x"¹E¶d½?µ�¸\»A¾ÂÄjÎ7¸[¹Zx�Ä!�Z�EÅA¾Â¾Â¹�Ã�×jä º ¹�¶�å >/¹g�EÄ�¶7·Â¼[Ã7¹E¾¯µOÃ7¼��Z¹E¾¿¹E¶d½¯½Â¼�x"¹/¼[¶b½Â¹E¾ p µq¸½ÂÄ¢Ã7¹L½?¹E¾=x ¼[¶7¹ > º µq½/»Gµ�¾¿½/Ä�Ó�½ º ¹PÄ�Î7·Â¹�¾ p ¹�Ã%½?¼�x ¹ DGÅ �L½?ÅGµ`½?¼MÄ�¶ ¼[·/Ã7ÅA¹â½?Ä ¼M¶7·�½?¾¿Å x ¹�¶d½tµ�¸:¹E¾¿¾ÂÄj¾¿·µ�¶AÃ�å {G¶Gµ�¸[¸ Þ å�>/¹v��Äj¾Â¾¿¹Z��½�½ º ¹ÀÃGµq½tµÈÓÔ¾¿ÄBx�½ º ¹Yx ¹Eµ�·ÂÅ7¾¿¹EÃ ¼M¶7·�½?¾¿Å x ¹�¶d½tµ�¸�¹�¾Â¾¿Äj¾Â·�×

� ¨5§ N VÀ¬�V V «
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9OÅ7¾ Ð Äjµ�¸¯¼[·P½?Ä�·�½?Å7Ã Þ ½ º ¹W¹ p Äj¸[ÅA½?¼[Äj¶�Ä�Ó3½?¾Âµ p ¹E¸à½Â¼�x"¹E·OÄ�ÓyÎ�Ä�½ º ��µ Þ ¸[¹E¼ Ðjº µ�¶7Ã#.$Ä p ¹ >Ùµ p ¹E·
x"¹xµ�·¿Å7¾Â¹�ÃÈÎ Þ ��¾ÂÄj·¿·�Ýb�EÄj¾¿¾Â¹E¸Mµq½?¼[¶ Ð µ�xÈÎ7¼M¹�¶d½¯·¿¹E¼M·=x ¼��/¶AÄj¼M·¿¹/ÓÔÄj¾¯µ Ð ¼ p ¹E¶W»7µq½ º µq¶7ÃÈ»�¹E¾Â¼[Ä\Ã ÎGµ�¶7Ã�×
�5¶ µ�¶�¼[Ã7¹xµ�¸ �xµ�·¿¹ > º ¹E¶
¶7Ä�¼M·Â¹N·¿ÄjÅ7¾=�E¹E·�µq¾Â¹NÃ7¼[·¿½?¾¿¼MÎ7Å\½?¹EÃ º ÄBx"Ä Ð ¹E¶A¹EÄjÅ7·¿¸ Þ Ä p ¹E¾�½ º ¹,x ¹�Ã7¼MÅ|x�åÓÔÄj¾Àµ
»Gµ�¼[¾NÄ�Ó/·¿½tµ`½?¼MÄ�¶7·NÊ µ�¶7ÃÏË æ 2¯¼ Ð ÅA¾Â¹ L ×TèYéP½ º ¹"·¿Å7¾¿Ó�µ��E¹#>-µ p ¹ µ�¾¿¾Â¼ p µ�¸�½?¼�x"¹È· º ÄjÅ7¸[ÃÏÎ�¹¼[Ã7¹E¶d½?¼��xµ�¸ZÄj¶%½ º ¹N»ZÄj·¿¼[½Â¼ p ¹ æ �EÄ�¾Â¾Â¹�·Â»�Äj¶7Ã7¼[¶ Ð ½?Ä >Ùµ p ¹ Ð Äj¼[¶ Ð ÓÔ¾ÂÄ�x�½ º ¹N·¿½tµ`½?¼MÄ�¶%Ê ½?ÄÈ½ º ¹N·¿½?µ`Ý½Â¼MÄj¶£Ë�éOµq¶7ÃÏ¶A¹ Ð µq½Â¼ p ¹��EÄj¾¿¾Â¹E¸Mµq½?¼[Äj¶�½?¼�x ¹ æ ��Äj¾Â¾¿¹E·Â»�Äj¶7ÃA¼M¶ Ð ½?Ä0>Ùµ p ¹ Ð Äj¼M¶ Ð ¼M¶�½ º ¹~Äj»A»ZÄj·¿¼[½Â¹Ã7¼[¾Â¹]��½?¼[Äj¶:é"µ�·%Ã7¼[·9�EÅA·Â·Â¹�Ã ¼M¶ ;�66:�� F � :�H&8 � >9:	��>J< æ ê�ABA èJµdéCå �":�H � FC=�=!>J?�>JH æ ê�A�Ajë éLå � H F�> A8!>J< æ ê�ABA ç éCå ��� H ��� >=< A � > � ��: :�H&8 D :���&F�?�? 6 æ ê�A�ABL éOµ�¶7ÃÏ· º Ä�Å7¸MÃ ¶7Ä�½v� º µ�¶ Ð ¹&>�¼T½ º ½?¼�x"¹�×
��Ä�>/¹ p ¹E¾�å�½ º ¾Â¹�¹ x µ�¼[¶%Ó�µ���½ÂÄj¾Â·g�Eµ�¶�¸[¹xµ�ÃA·�½ÂÄ DGÅ ��½ÂÅGµq½Â¼MÄj¶7· �
� Ê�» ºdÞ ·Â¼��xµ�¸ � º µ�¶ Ð ¹o¼[¶Ï½ º ¹*x"¹EÃ7¼[Å x >/ÄjÅ7¸MÃÏ¾Â¹�·ÂÅ7¸T½È¼M¶ ¹E¼T½ º ¹�¾¢µ
Ó�µ�·¿½Â¹E¾ Äj¾ ·¿¸MÄ�>/¹E¾ ½Â¾?µ p ¹�¸½?¼�x"¹ x"¹xµ�·¿Å7¾Â¹�Ã�¼[¶�ÎZÄq½ º »ZÄj·¿¼[½Â¼ p ¹Àµq¶7Ã
¶7¹ Ð µ`½?¼ p ¹Y�E¾ÂÄ�·Â·�Ýb�EÄj¾¿¾Â¹�¸<µq½Â¼MÄj¶%½Â¼�x"¹�×
� Ê ��¸MÄ!����¹E¾¿¾ÂÄj¾À¼[¶ Ä�¶7¹ ÄqÓÙ½ º ¹~½ >/ÄÒ·�½tµq½Â¼MÄj¶A· >/ÄjÅ7¸[ÃÏ»A¾ÂÄSÃ7Å �E¹ µ%½?¼�x ¹W· º ¼[Ó ½ÇÄ�Ó/½ º ¹ > º Äj¸[¹

�E¾ÂÄ�·Â·�Ýb�EÄj¾¿¾Â¹�¸<µq½Â¼MÄj¶"¾Â¹�·ÂÅ7¸T½?¼M¶ Ð ¼M¶oµ¢¸<µq¾ Ð ¹�¾y½Â¾?µ p ¹�¸Z½?¼�x ¹�¼M¶"½ º ¹â»ZÄ�·Â¼[½Â¼ p ¹â½?¼�x ¹�µ�¶AÃ�µ¢·9x µ�¸[¸M¹E¾µ�»7»Gµ�¾¿¹E¶d½�½?¾?µ p ¹E¸�½?¼�x"¹À¼M¶
½ º ¹ ¶7¹ Ð µq½?¼ p ¹À½?¼�x"¹ÀÄj¾ p ¼��E¹CÝ p ¹E¾Â·ÂµÒ×�Ê � º µq¶ Ð ¹¢¼[¶ ½ º ¹Ç» º µ�·¿¹¢Ä�Ó½ º ¹N¾¿¹E·Â»�Äj¶7·¿¹ ÄqÓ¯Äj¶A¹ÇÄqÓ�½ º ¹À·Â¹E¶A·ÂÄj¾¿· >/ÄjÅ7¸[Ã º µ p ¹Ç½ º ¹À·?µ�x"¹N¹]�Z¹Z�L½x×
� Ê � º µ�¶ Ð ¹
¼[¶ ½ º ¹
·Â»Gµ`½?¼<µq¸ÙÃ7¼[·¿½?¾¿¼MÎ7Å\½?¼MÄ�¶ Ä�Óâ½ º ¹�·ÂÄ�Å7¾9��¹�Ä�Ó�½ º ¹�¶7Äj¼M·¿¹
· º ÄjÅA¸MÃ µ��Z¹Z��½~½ º ¹»ZÄj·¿¼[½Â¼ p ¹àµ�¶7ÃN¶7¹ Ð µq½?¼ p ¹~��Äj¾Â¾¿¹E¸<µ`½?¼MÄ�¶P½?¼�x ¹à¼[¶7Ã7¹�»Z¹�¶7ÃGµ�¶d½?¸ Þ å�·Â¼M¶|�E¹ ½ º ¹ »�Äj·¿¼[½?¼ p ¹ µq¶7ÃÀ¶7¹ Ð µ`½?¼ p ¹½?¼�x"¹Nµ�¾¿¹N·Â¹�¶7·Â¼T½?¼ p ¹N½?Ä"¶7Äj¼M·¿¹N·ÂÄjÅA¾9�E¹�·â¸[Ä��Eµq½?¹�Ã
¼M¶�Ã7¼���¹�¾Â¹E¶d½�¾Â¹ Ð ¼MÄ�¶7· æ 2¯¼ Ð Å7¾¿¹ L ×[èJéä º ¹%½Â¾?µ p ¹�¸-½?¼�x ¹ p µq¾Â¼<µ`½?¼MÄ�¶

δτ
Ä�Ó�·ÂÅA¾¿Ó�µ���¹ >-µ p ¹�· ¾¿¹Z��Äj¶7·¿½Â¾ÂÅ �L½?¹�Ã&Î Þ ��¾ÂÄj·¿·�Ýb�EÄj¾¿¾Â¹E¸Mµq½?¼[Äj¶ÛÄ�Ó·¿¹E¼M·=x ¼�� ¶AÄj¼M·¿¹ >�¼[½ º ¾Â¹�·Â»�¹Z�L½W½?Ä�µ ÌÍ¾Â¹LÓÔ¹E¾¿¹E¶ ��¹%½?¾?µ p ¹E¸/½Â¼�x"¹�ÌTå$ÓÔÄj¾Èµ Ð ¼ p ¹�¶Û»Gµq½ º µ�¶7ÃÛ»�¹E¾¿¼MÄSÃ
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ÎGµ�¶7Ãy�xµq¶�Î�¹�>�¾Â¼[½¿½?¹�¶ �
δτij(t) = D(t) + ϕ(t) + ε(t)ij æ L ×TèYé

�5¶�½ º ¼[·o¹�ÆSÅ7µq½?¼[Äj¶
δτ(t)

Ã7¹E¶AÄ�½?¹�·o½ º ¹ p µq¾Â¼<µ`½?¼MÄ�¶&Ä�ÓÀ·¿Å7¾¿Ó�µ��E¹LÝ >-µ p ¹£½Â¾?µ p ¹�¸â½Â¼�x"¹�x"¹xµ�·¿Å7¾Â¹�Ã¹E¼T½ º ¹�¾ÙÄj¶o½ º ¹P»�Äj·¿¼[½?¼ p ¹�Äj¾yÄj¶o½ º ¹P¶7¹ Ð µq½?¼ p ¹â»Gµ�¾¿½ÙÄ�Ó�½ º ¹q��¾ÂÄj·¿·�Ýu��Äj¾Â¾¿¹E¸Mµq½?¼[Äj¶�×
ij
¼[·y½ º ¹q��ÄjÅ7»7¸[¹Ä�Ó��EÄBx"»ZÄ�¶7¹E¶d½?·$ÄqÓ\½ º ¹ ¶7Äj¼[·Â¹ ¾Â¹]�EÄj¾¿Ã7·.> º ¼�� º µ�¾¿¹~�EÄj¾¿¾Â¹�¸<µq½Â¹EÃ æ ¹�¼[½ º ¹E¾��¯å � Äj¾�ä�éC×$2GÄj¾�¹LÉAµ�x"»7¸[¹�å

δτZR(t)
¾¿¹E»7¾¿¹E·¿¹E¶d½?·�½ º ¹ p µ�¾¿¼<µq½Â¼MÄj¶ Ä�Ó�½ º ¹Àµ�¾¿¾Â¼ p µ�¸�½?¼�x ¹âÄ�Ó¯·¿Å7¾¿Ó�µ��E¹ >Ùµ p ¹E·�x ¹Eµ�·ÂÅ7¾¿¹EÃ
Äj¶�½ º ¹½ º ¹g��¾ÂÄj·¿·�Ýb�EÄj¾¿¾Â¹E¸Mµq½?¼[Äj¶m��ÄBx »AÅA½?¹�ÃWÎZ¹L½ >Ù¹�¹E¶ p ¹E¾�½?¼��xµ�¸Gµq¶7ÃW¾?µ�ÃA¼<µ�¸!�EÄBx"»�Äj¶7¹E¶d½Â·E×

D
¼[·¯½ º ¹-½?¼�x"¹Ã7¹E¸Mµ Þ �xµqÅ7·Â¹�Ã Î Þ µN¾Â¹�¸<µq½Â¼ p ¹-Ã7¾Â¼TÓ ½ Ä�Ó:½ º ¹-½ >ÙÄÇ·¿½?µq½?¼[Äj¶��E¸[Ä����b· æ Ä�¾3µO» º µ�·¿¹�· º ¼[Ó ½3ÄqÓ�½ º ¹�·Â¹�¶7·ÂÄ�¾¾Â¹�·Â»�Äj¶7·Â¹xéL×

ϕ
¼M·�½ º ¹ ½Â¼�x"¹N· º ¼TÓ ½PÃ7ÅA¹ ½?Ä µ1� º µ�¶ Ð ¹ ¼M¶
½ º ¹vx ¹�Ã7¼MÅ x ×

D
¼M·�µ�¶Ò¹ p ¹�¶�ÓÔÅ7¶ ��½Â¼MÄj¶

> º ¹E¾¿¹¢µq·
ϕ
¼M·�µ�¶
ÄSÃ7Ã�ÓÔÅ7¶ ��½Â¼MÄj¶�7µ~¾¿¹E¸Mµq½?¼ p ¹OÃ7¾¿¼[Ó ½�ÄqÓ�½ º ¹N½ >ÙÄ~·�½tµq½Â¼MÄj¶ ��¸MÄ!���S· >/ÄjÅ7¸[Ã�¾Â¹E·¿Å7¸[½¼M¶%· º Äj¾�½?¹E¾Ùµ�¾Â¾¿¼ p µ�¸7½Â¼�x"¹â¼[¶ ½ º ¹P¶7¹ Ð µq½?¼ p ¹�½?¼�x"¹�Ä�Ó�½ º ¹ �E¾¿Äj·Â·wÝu�EÄ�¾Â¾Â¹�¸<µq½Â¼MÄj¶�åbµ�¶7Ã%¸Mµ�¾ Ð ¹�¾Ùµq¾Â¾Â¼ p µ�¸½?¼�x ¹W¼[¶£½ º ¹~»ZÄ�·Â¼[½Â¼ p ¹È½?¼�x"¹WÄj¾ p ¼���¹LÝ p ¹E¾¿·?µA×�ä º ¼[·À»7¾ÂÄj»�¹E¾�½ Þ >-µq· Å7·¿¹EÃÏ¼M¶�xoµq¾Â¼M¶A¹Wµ��EÄ�Å7·¿½Â¼��E·

� : : <=:�> 
 :�?�@ æ ê�ABA�� Î:éL×@9O¶È½ º ¹ÙÄ�½ º ¹�¾ º µ�¶AÃ~µ � º µ�¶ Ð ¹Ù¼M¶¢½ º ¹gx ¹�Ã7¼MÅ|x >/ÄjÅ7¸[ÃW¾Â¹�·ÂÅ7¸T½à¼M¶W¹�¼[½ º ¹E¾· º Ä�¾¿½?¹�¾âÄ�¾�¸<µ�¾ Ð ¹E¾�µq¾Â¾Â¼ p µ�¸�½?¼�x ¹P¼M¶
ÎZÄq½ º ¶7¹ Ð µq½?¼ p ¹Çµ�¶7Ã »ZÄ�·Â¼[½Â¼ p ¹O½?¼�x"¹�×
εij
¼M·-½ º ¹À½?¼�x"¹O· º ¼[Ó ½Ã7Å7¹È½ÂÄ�µ � º µ�¶ Ð ¹È¼M¶Ò½ º ¹È·¿»Gµq½?¼Mµ�¸�Ã7¼M·�½?¾Â¼[Î7ÅA½Â¼MÄj¶�Ä�Ó ½ º ¹¢·ÂÄjÅ7¾=�E¹q×�ä º ¼M·P¸<µ�·�½P½?¹�¾9x ¼M·O¹CÉ\»Z¹]��½?¹�Ã½?Ä�ÃA¹Z�E¾¿¹xµ�·¿¹�> º ¹�¶ ¼M¶ ��¾Â¹xµq·Â¼M¶ Ð ½ º ¹o¸M¹�¶ Ð ½ º Ä�Ó-½ º ¹*��Äj¾Â¾¿¹E¸<µ`½?¹EÃÏ½?¼�x"¹~·Â¹�¾Â¼M¹�·¢Î�¹Z�Eµ�Å7·Â¹�ÄqÓ-½ º ¹ÎZ¹L½Â½Â¹E¾�·Â»Gµ`½?¼<µq¸ º ÄBx"Ä Ð ¹�¶7¼��Eµq½?¼[Äj¶%Ä�Ó�½ º ¹ÀÃ7¼[·¿½Â¾Â¼MÎAÅA½?¼[Äj¶�Ä�Ó�¶7Äj¼M·¿¹N·ÂÄjÅA¾9�E¹�·E×

Ë Þ ½?µ��b¼M¶ Ð ½ º ¹Ç¹ p ¹�¶�µ�¶7Ã ÄSÃ7Ã
»Gµ�¾¿½�Ä�Ó�½ º ¹Ç¹�ÆbÅGµq½?¼[Äj¶ L ×Tèjå >/¹ ÄjÎ\½tµ�¼[¶�

δτij(t) + δτij(−t)
2

= D(t) +
εij(t) + εij(−t)

2
æ L × ê é

δτij(t) − δτij(−t)
2

= ϕ(t) +
εij(t) − εij(t)

2
æ L × ë é

ä º ¹E·¿¹ ½ >/Äo¹�ÆSÅ7µq½?¼[Äj¶7· >ÙÄ�Å7¸MÃ ¹E¶GµqÎ7¸M¹ÀÅ7·�½?Ä"¹ p µ�¸[ÅGµq½Â¹N·ÂÅ7¾�Ó�µ��E¹ >-µ p ¹ ½?¾Âµ p ¹E¸$½Â¼�x"¹ p µ�¾Â¼Mµq½?¼[Äj¶7·Ã7Å7¹%½ÂÄ�µ � º µ�¶ Ð ¹%¼M¶Ï½ º ¹ x"¹EÃA¼MÅ x
ϕ
µ�¶AÃÛ½?ÄÒ½ º ¹%¾Â¹�¸<µq½Â¼ p ¹oÃ7¾¿¼[Ó ½ Ä�Ó�½ º ¹o·¿½tµ`½?¼MÄ�¶j�E¸[Ä����

D
å

Å7¶7Ã7¹�¾�½ º ¹Çµ�·Â·¿Å x"»A½?¼[Äj¶%½ º µ`½
D
µ�¶AÃ

ϕ
µ�¾¿¹Ç¸Mµ�¾ Ð ¹ �EÄBx"»Gµ�¾¿¹EÃ�½?Ä εij(τ)

+

−εij(−τ)

2ä�>/Äo·�½?¾Âµq½?¹ Ð ¼M¹�·g�xµ�¶ ÎZ¹ÀÅ7·¿¹EÃ
½?Ä"¹ p µ�¸[ÅGµq½?¹
D
µ�¶AÃ

ϕ
�

� Ë Þ Å7·Â¼[¶ Ð �E¾¿Äj·Â·wÝu�EÄ�¾Â¾Â¹�¸<µq½Â¼MÄj¶WÄqÓ�ÌÍ·9x µ�¸[¸ÑÌY½?¼�x"¹�>�¼[¶7Ã7Ä�> æ Äj¶7¹gx"Äj¶d½ º é¯Ä�¶7¹g�xµ�¶~¹ p µq¸MÅGµq½Â¹-½ º ¹Ã7¾¿¼[Ó ½9>�¼[½ º µq¶~µ��Z��Å7¾?µq½Â¹Ù½?¼�x ¹/¾Â¹�·ÂÄj¸[ÅA½?¼[Äj¶�×qËÙÅA½ >�¼T½ º ·ÂÅ|� º µP½Â¼�x"¹ >�¼[¶7Ã7Ä�> >/¹�¹LÉ\»�¹Z�L½y½ º µq½½ º ¹N½?¹E¾=x
ε
½ÂÄ~ÎZ¹ÀÆbÅ7¼[½Â¹N¸<µ�¾ Ð ¹�åA·ÂÄ"Äj¶7¸ Þ ¸<µ�¾ Ð ¹O¼[¶7·¿½Â¾ÂÅ x"¹E¶d½tµq¸�¹E¾¿¾ÂÄj¾¿·`�Eµ�¶ ÎZ¹À¹ p µ�¸[ÅGµq½Â¹EÃ�×

� Ë Þ Å7·¿¼M¶ Ð ��¾ÂÄj·¿·�Ýb�EÄj¾¿¾Â¹E¸Mµq½?¼[Äj¶¢ÄqÓ�µP¸<µ�¾ Ð ¹E¾�½?¼�x ¹ >�¼M¶AÃ7Ä�>�·Eå >/¹�Ã7¹ Ð ¾?µ�ÃA¹Ù½ º ¹/½?¼�x"¹y¾Â¹E·¿Äj¸MÅ\½?¼MÄ�¶�åÎ7Å\½ >/¹¢¹CÉA»�¹Z�L½P½ º ¹Ç½Â¹E¾=x
ε
½?Ä"ÎZ¹Ç·9x µ�¸[¸M¹E¾�×7ä º ¹�¾Â¹�ÓÔÄ�¾Â¹¢·=xoµq¸M¸M¹�¾-¸MÄ�¶ Ð ½Â¹E¾=x ¼M¶7·�½?¾ÂÅ|x ¹�¶b½?µ�¸Ã7¾¿¼[Ó ½Â·�Äj¾�» ºdÞ ·Â¼��Eµ�¸/� º µ�¶ Ð ¹E·�Ä�Ó�½ º ¹Yx"¹EÃ7¼[Å x �Eµ�¶�Î�¹À¼MÃ7¹�¶d½?¼�{7¹EÃ3x Ä�¾Â¹N¹xµq·Â¼M¸ Þ ×

� _ ^`_dc � 1�w\1 nqhS6/f
� ¹Àµq¶Gµ�¸ Þ ��¹P½ º ¹ D7Å ��½ÂÅGµq½?¼[Äj¶7·-ÄqÓ$½ º ¹Àµ�»A»Gµ�¾Â¹�¶d½�½?¾?µ p ¹E¸�½Â¼�x"¹PÄ�Ó���µ Þ ¸[¹E¼ Ðjº µ�¶7Ã3.$Ä p ¹�· >-µ p ¹�·¾Â¹]�EÄj¶7·�½?¾¿Å ��½Â¹EÃ"Î Þ �E¾¿Äj·Â·��EÄj¾¿¾Â¹E¸Mµq½?¼[¶ Ð ·¿¹E¼[·9x"¼��-µ�xÈÎ7¼M¹�¶d½¯¶7Ä�¼M·Â¹qå�Î Þ Å7·Â¼[¶ Ð èjè Þ ¹xµ�¾¿· æ è ���Aè�Ýtè��B� Lµ�¶7ÃÛè��B�B�`Ý ê�ABA	� é-Ä�Ók��Äj¶d½?¼[¶SÅAÄjÅ7·P¾¿¹Z��Äj¾ÂÃ7·PÄj¶Ò½ º ¾Â¹E¹ �EÄBx"»ZÄ�¶7¹E¶d½?·Pµq½P½ º ¾Â¹�¹~Ø-µ�¸[¼[ÓÔÄj¾¿¶7¼<µ�¶
·�½tµ`Ý½?¼[Äj¶7·��bÕ � ØPå;}k2�9 µq¶7Ã�}ZÊ � æ ·Â¹E¹`2¯¼ Ð Å7¾¿¹�×��A×[èJéL×dËÙ¹LÓÔÄj¾Â¹g��ÄBx"»7ÅA½?¼[¶ Ð ½ º ¹g�E¾¿Äj·Â·wÝu�EÄ�¾Â¾Â¹�¸<µq½Â¼MÄj¶A·Eå
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¾Â¹]�EÄj¾¿Ã7·�>/¹E¾Â¹��EÄj¾¿¾Â¹Z�L½?¹�Ã¢ÓÔ¾ÂÄBx�½ º ¹Ù¼[¶7·¿½Â¾ÂÅ x"¹E¶d½tµq¸S¾¿¹E·¿»ZÄj¶A·Â¹�µ�¶AÃÈÎGµ�¶7ÃA»Gµ�·Â·¿¹EÃW¹�¼[½ º ¹E¾�ÎZ¹L½ >Ù¹�¹E¶
� µ�¶7Ã è A ·PÄj¾âÎZ¹L½ >Ù¹�¹E¶ è A µ�¶AÃ ê�A ·�×�ä�Ä%¾Â¹�Ã7Å ��¹È½ º ¹m��Äj¶d½?¾¿¼MÎ7ÅA½Â¼MÄj¶�Ä�Ó ½ º ¹ x"Äj·¿½P¹E¶7¹�¾ Ð ¹L½?¼��µ�¾Â¾¿¼ p µ�¸[·Eå >/¹�Ã7¼M·¿¾Â¹ Ð µ�¾ÂÃ7¹�Ã1��ÄBx"»7¸M¹L½?¹E¸ Þ ½ º ¹�µ�x"»7¸M¼T½?Å7Ã7¹-µ�¶7Ã �EÄj¶A·Â¼MÃA¹E¾Â¹�ÃoÄj¶A¹LÝ5ÎA¼[½ ·¿¼ Ð ¶Gµq¸M· Äj¶7¸ Þ
æ D :���&F�?�? 6 :�H&8 ! :@?�? æ ê�ABAjë é 7 � �|:��&F�< 6 :�H&8 D :���&F�?�? 6 æ ê�ABA ç éÂéC×���Äj¾Â¼��EÄj¶d½?µ�¸��EÄBx"»ZÄ�¶7¹E¶d½?·¾Â¹]�EÄj¾¿Ã7·&>/¹E¾¿¹Ò¾¿Ä�½tµq½Â¹EÃ ½?Ä ¾?µqÃ7¼<µ�¸-µ�¶7Ã ½?¾?µq¶7· p ¹E¾Â·¿¹ÒÃ7¼[¾Â¹]��½?¼[Äj¶7·~µ�·¿·ÂÅ x"¼M¶ Ð ½ º ¹
»7¾ÂÄj»7µ Ð µq½Â¼MÄj¶µ�¸MÄ�¶ Ð ½ º ¹Ç¼M¶d½?¹�¾�Ý ·¿½tµ`½?¼MÄ�¶ Ð ¾Â¹Eµq½`�E¼M¾=�E¸[¹�× �Ï¹v��Äj¾Â¾¿¹E¸Mµq½?¹�Ã
½ º ¹Ç·Â¼ Ð ¶Gµ�¸�¾¿¹Z�EÄ�¾ÂÃ7¹�ÃÒÄj¶
½ º ¹ �EÄ�x »�ÄqÝ¶7¹E¶d½Â·È½ º µq½v�EÄ�¾Â¾Â¹�·Â»�Äj¶7ÃÛ½ÂÄÒ¶7Äj¶SÝu�E¹�¾ÂÄÒ½Â¹E¾=x Ä�ÓÙ½ º ¹%ÕÀ¾¿¹E¹E¶j2:ÅA¶ ��½Â¼MÄj¶ æ � �¯åÍä�äNå � �Àå � �#µ�¶AÃ
� �âéL×AØÙÄj¾¿¾Â¹E¸Mµq½?¼[Äj¶7·yÄ�Ó�Äj¶7¹CÝ5ÃGµ Þ ¾Â¹]�EÄj¾¿Ã7·�µ�¾¿¹â½ º ¹E¶�·¿½?µ�����¹�Ã3x Äj¶d½ º »Z¹�¾Rx"Äj¶d½ º Ä�¾ L x"Äj¶d½ º ·»Z¹�¾ L x"Äj¶d½ º ·E×

� _ ^`_�a e 6$1kh!nâ4A6�.�6/pEw ,��1wP�P6 w\2�.�6zfâ6/rw12	
2¯¼M¾¿·¿½Eå�>/¹-Ã7¹J{G¶7¹�µ Ìß¾¿¹�ÓÔ¹E¾¿¹E¶ ��¹�ÕÀ¾¿¹E¹�¶¢ÓÔÅ7¶ �L½?¼MÄ�¶�Ì æ ��ÕY2 é�ÓÔÄj¾�¹ p ¹�¾ Þ »7µq½ º ¼[¶ ½ >/ÄN»Z¹�¾Â¼[Ä\Ã ÎGµ�¶7Ã7·
æ � Ý?è A ·¯µ�¶AÃoè A Ý ê�A ·té�µ�¶7Ã ÓÔÄ�¾�µq¸M¸;�EÄ�x »�Äj¶7¹�¶b½Â· æ � �¯åßä�äNå � �Àå � � µ�¶AÃ � �Pé$Î Þ �EÄBx"»7ÅA½Â¼M¶ Ð ½ º ¹Äj¶7¹CÝ5Î7¼T½���¾ÂÄj·¿·�Ýu��Äj¾Â¾¿¹E¸Mµq½?¼[Äj¶7·�Ä�Ó L�Þ ¹xµ�¾¿· æ è��B�B�`Ý ê�ABA	� é�ÄqÓ��EÄj¶d½?¼[¶bÅ7ÄjÅ7·�¾Â¹Z��Äj¾ÂÃA·àÄ�ÓG·¿¹E¼M·=x ¼��3¶7Äj¼M·¿¹�×ä º ¼M·P»Z¹�¾Â¼MÄSÃ >Ùµ�·NÅ7·¿¹EÃ£ÎZ¹]�xµ�ÅA·Â¹ >/¹ÈÓÔÄjÅ7¶7Ã�½ º µq½O¶AÄ xoµ$-¿Ä�¾P¼M¶A·¿½?¾¿Å x"¹E¶d½tµ�¸�¹E¾¿¾ÂÄj¾¿·NÄ��]�EÅ7¾¿¾Â¹�ÃÃ7Å7¾¿¼M¶ Ð ½ º ¹E·Â¹ Þ ¹Eµ�¾Â·~ÓÔÄj¾~µ�¶ Þ Ä�Ó�½ º ¹
½ º ¾Â¹�¹�·�½tµq½Â¼MÄj¶A·��EÄj¶7·¿¼MÃ7¹�¾Â¹�Ã�×3ä º ¹ � � ��ÄBx »�Äj¶7¹�¶d½ ÄqÓ
��ÕY2 ÓÔÄ�¾Ù½ º ¹N»7µq½ º Õ � ØyÝs}�Ê � ¼M¶�½ º ¹Wè A Ý ê�A ·�»Z¹�¾Â¼MÄSÃ�ÎGµ�¶AÃ ¼[·�· º Ä�>�¶ Äj¶y2¯¼ Ð Å7¾Â¹ L × ë ×\ä º ¼M·
>-µ p ¹�ÓÔÄj¾=x ¼M·�¶7Ä�½â»�¹E¾¿ÓÔ¹]��½Â¸ Þ · Þ x�x ¹L½?¾Â¼�� ��½ º ¹Èµ�x"»7¸[¼[½?ÅAÃ7¹NÄ�Óà½ º ¹ ��µ Þ ¸[¹E¼ Ðjº >Ùµ p ¹E·P¼M·P¸Mµ�¾ Ð ¹E¾ÓÔÄj¾P½ º ¹Wµ�¶d½?¼��xµ�ÅA·?µ�¸�»Gµ�¾¿½â½ º µq¶�ÓÔÄj¾â½ º ¹m�xµqÅ7·?µ�¸¯»Gµ�¾¿½PÄ�Ó3½ º ¹ �E¾ÂÄ�·Â·�Ýb�EÄj¾¿¾Â¹�¸<µq½Â¼MÄj¶�×:ä º ¼[· x"¹xµ�¶7·½ º µq¶Ò¼M¶�µ p ¹�¾?µ Ð ¹qåZÎ�¹�½ >/¹E¹�¶ è �B�B�"µ�¶7Ã ê�ABA�� å x Ä�¾Â¹À¹E¶7¹�¾ Ð�Þ »7¾¿Äj»Gµ Ð µq½?¹�·�ÓÔ¾¿ÄBx }ZÊ � ½?ÄoÕ � Ø½ º µq¶�ÓÔ¾ÂÄBx Õ � Ø�½ÂÄ }ZÊ � æ �":�H � FC=�=!>J?�>JH æ ê�ABA�ë éLå ! :@?�?,> 
 :�?�@ æ ê�A�A	� éLå�! >98!>J< � >JH > 
 :�?�@
æ ê�A�ABL éLå � 
 >��!? ;5> 
 :�?�@ æ ê�ABABL é¿éL×��Ï¹*�xµq¶ µ�¸M·¿ÄÒ¶7Ä�½Â¼���¹ ½ º µq½¢½ º ¹o· º µ�»�¹E·ÈÄ�Ó�½ º ¹ �Eµ�Å7·?µq¸Ùµ�¶AÃ½ º ¹âµ�¶d½?¼��xµ�ÅA·?µ�¸G·¿¼ Ð ¶Gµq¸M·3µ�¾¿¹âÆbÅ7¼T½?¹�Ã7¼��Z¹E¾¿¹E¶d½?·yÎ�¹Z�xµqÅ7·Â¹�½ º ¹�·Â»�¹Z�L½?¾ÂÅ|x0Ä�Ó�½ º ¹â¶AÄj¼M·¿¹�½Â¾?µ p ¹�¸M¸[¼M¶ ÐÓÔ¾ÂÄBx Õ � Ø�½ÂÄ }�Ê � µq¶7ÃÏÓÔ¾¿ÄBx }ZÊ � ½?ÄÒÕ � Ø�Ã7¼���¹�¾Â· µ�· >/¹E¸[¸Ñ× �Ï¹ º Ä�>/¹ p ¹E¾�� º ¹]����¹�Ã ½ º µq½½ º ¹�½ >/Ä >Ùµ p ¹�½Â¾?µ�¼[¶7·/µ�¾Â¹�µ�·¿·ÂÄ!�E¼<µ`½?¹EÃ >�¼T½ º ½ º ¹�·?µ�x ¹�Ã7¼[·Â»�¹E¾Â·¿¼MÄj¶ ��Å7¾ p ¹�×:9O¶ �E¹�½ º ¹ ��ÕY2G·3µ�¾Â¹Ã7¹]{7¶7¹EÃ¢ÓÔÄ�¾�µ�¸M¸j»7µq½ º ·�åYÎGµ�¶7Ã >�¼[ÃA½ º ·EåYµ�¶7Ã �EÄ�x »�Äj¶7¹�¶b½Â·Eå�>/¹E��ÄBx »AÅA½?¹�Ãv��¾ÂÄj·¿·�Ýu��Äj¾Â¾¿¹E¸Mµq½?¼[Äj¶7·�ÓÔÄj¾µ�¸M¸ ë�A ÃGµ Þ ·Ù»�¹E¾¿¼MÄSÃ7·3Ã7Å7¾Â¼[¶ Ð èjè Þ ¹xµ�¾¿· æ è��B�Aè�Ý?è �B� L µ�¶AÃÒè �B���`Ý ê�A�A	� éL×B2:Ä�¾y¹ p ¹�¾ Þ >�¼M¶7Ã7Ä�>Àå�>/¹
�EÄBx"»Gµ�¾¿¹�½ º ¹âµ�¾Â¾¿¼ p µ�¸7½?¼�x ¹�Ä�ÓZ½ º ¹�·ÂÅA¾¿Ó�µ���¹ >Ùµ p ¹OÄ�Ó�½ º ¹`�EÅ7¾¿¾Â¹E¶d½�x Äj¶d½ º å�>�¼[½ º ½ º ¹P¾Â¹LÓÔ¹E¾¿¹E¶ ��¹
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ÓÔÄj¾PÎZÄ�½ º ½ º ¹��Eµ�Å7·?µq¸ µ�¶7Ã µ�¶d½?¼��xµ�ÅA·?µ�¸�»Gµ�¾¿½Â·E×�ä º ¹ p µ�¾¿¼<µq½Â¼MÄj¶�Ä�Óy½?¾?µ p ¹E¸¯½Â¼�x"¹Wµ�¾Â¹ x ¹Eµ�·ÂÅ7¾¿¹EÃÓÔ¾¿ÄBx ½ º ¹ » º µq·Â¹ÒÄqÓP½ º ¹ �E¾¿Äj·Â·wÝ5·¿»Z¹]��½?¾¿Å x �EÄBx"»7ÅA½Â¹EÃ#Î�¹�½ >/¹E¹�¶�½ º ¹���ÕY2�µq¶7Ã&½ º ¹�ÕN¾Â¹�¹E¶ÓÔÅ7¶|��½?¼[Äj¶
¹E·�½?¼�x µq½Â¹EÃ
¼M¶�½ º ¹ ��Å7¾Â¾¿¹E¶d½ >�¼M¶7ÃAÄ�>À×
ä�Ä ÄjÎA½?µ�¼M¶ x Äj¾¿¹Ò¾¿ÄjÎ7Å7·�½%½?¾Âµ p ¹E¸�Ý ½?¼�x ¹yx"¹xµ�·¿Å7¾Â¹]x ¹�¶b½Â·Eå >Ù¹�¸[¼�x"¼[½~ÄjÅ7¾oµ�¶Gµ�¸ Þ ·Â¼M·"½?ÄÛ»�¹E¾¿¼MÄSÃÎGµq¶7Ã7· �E¸MÄ�·Â¹W½?Ä
½ >ÙÄ�xoµq¼M¶Ix"¼��E¾¿Äj·Â¹�¼M·=x ¼��È»Z¹Eµ��b·¢µ`½ C · µq¶7Ã#è ç ·À½ º µq½ÇÃ7ÄBx"¼M¶7µq½?¹È½ º ¹~¶7Äj¼M·¿¹·¿»Z¹]��½?¾¿Å x ×$Ê-½Ç½ º ¹E·¿¹ »�¹E¾¿¼MÄSÃ7·EåZ½ º ¹"·Â¹�¶7·Â¼T½?¼ p ¼T½ Þ Ä�Ó �âµ Þ ¸M¹�¼ Ðjº >Ùµ p ¹E·Ç½?Ä
½ º ¹ x"¹EÃ7¼[Å xPx µ`É\¼TÝ
x"¼���¹E·Èµ`½~µ�»7»7¾¿ÄxÉA¼�xoµ`½?¹"Ã7¹E»A½ º ·WÄ�Ó L � x µ�¶7ÃÖè ê � x å¯¾¿¹E·Â»�¹Z�L½?¼ p ¹E¸ Þ ×àä�Ä�Ã7¹L½?¹�¾9x"¼M¶7¹�> º µq½»Gµq¾¿½/Ä�Ó�½ º ¹âÓÔ¾Â¹�ÆbÅ7¹E¶ � Þ Î7µ�¶7Ã%¼[·yÅA·?µ�Î7¸[¹�åA>Ù¹âÃ7¼ p ¼[Ã7¹âÄ�Å7¾/Ä�¾Â¼ Ð ¼M¶Gµ�¸\ÓÔ¾Â¹EÆbÅ7¹�¶ � Þ ÎGµ�¶AÃ%¼M¶"·Â¹ p ¹E¾Âµ�¸¶Gµq¾Â¾ÂÄ�>-Ý ÎGµ�¶7Ã7· æ �PÓÔÄj¾à½ º ¹g��¾ÂÄj·¿·�Ýb�EÄj¾¿¾Â¹E¸Mµq½?¼[Äj¶7·~��ÄBx »AÅA½?¹�Ã"Î�¹�½ >/¹E¹�¶Òè A Ý ê�A ·�ådµ�¶7Ã
è L Î�¹�½ >/¹E¹E¶
� µq¶7Ã%è A ·téL×��5¶È¹ p ¹E¾ Þ ¶Gµ�¾¿¾ÂÄ�> ÓÔ¾Â¹�ÆSÅA¹E¶ � Þ ÎGµ�¶AÃ�å�>/¹R��ÄBx »AÅA½?¹y½ º ¹-·¿»Z¹]��½Â¾?µ�¸S» º µ�·¿¹-Ã7¼���¹�¾Â¹E¶|�E¹Î�¹�½ >/¹E¹�¶"½ º ¹ ��ÕY2�µ�¶7ÃW½ º ¹R�EÅ7¾¿¾Â¹�¶b½ÙÕN¾Â¹�¹E¶ÈÓÔÅ7¶ �L½?¼[Äj¶~µ�· µPÓÔÅ7¶|��½?¼[Äj¶WÄ�ÓGÓÔ¾¿¹EÆbÅ7¹E¶|� Þ µ�¶7ÃWÅA·Â¹�µ¸[¼M¶7¹Eµ�¾�¾Â¹ Ð ¾Â¹E·¿·Â¼[Äj¶ ½ÂÄO¹ p µ�¸[ÅGµq½?¹ ½ º ¹-µ�»A»Gµ�¾Â¹�¶d½¯½?¼�x ¹3Ã7¹�¸<µ Þ × �Ï¹��EÄ�¶7·Â¼[Ã7¹E¾�½ º µ`½àµqx"¹xµq·ÂÅ7¾¿¹Zx"¹E¶d½¼[· p µ�¸[¼MÃ
¼[Ó�½ º ¹ p µ�¾Â¼Mµ�¶ �E¹Ç¼M·�·=xoµ�¸[¸M¹�¾-½ º µ�¶Òµ Ð ¼ p ¹�¶�½ º ¾Â¹E· º Äj¸[Ã�×:ä º ¼M·�½ º ¾¿¹E· º Äj¸MÃ��EÄj¾¿¾Â¹E·¿»ZÄ�¶7Ã7·½ÂÄ A × ABAjë · > º ¹E¶ »7¾ÂÄ!�E¹�·Â·Â¼[¶ Ð Ã7µq½tµN¼M¶~½ º ¹ � Ýtè A ·3»Z¹�¾Â¼[Ä\Ã~ÎGµ�¶AÃ�åSµ�¶7Ã A × A èx· > º ¹E¶*�EÄj¶7·¿¼MÃ7¹�¾Â¼[¶ ÐÃGµ`½tµO¼M¶ ½ º ¹Oè A Ý ê�A ·à»Z¹�¾Â¼[Ä\ÃÈÎ7µ�¶7Ã�×B�5¶È½ º ¹ÙÓÔÄj¸[¸MÄ�>�¼M¶ Ð >/¹-½tµ��q¹-¼M¶~µ��]�EÄjÅA¶b½3Ä�¶7¸ Þ ½ º Äj·Â¹�¶Gµq¾Â¾ÂÄ�>ÓÔ¾¿¹EÆbÅ7¹E¶|� Þ Ý5ÎGµq¶7Ã7·,> º ¹E¾¿¹�½ º ¼[·¯¾Â¹�ÆbÅ7¼M¾¿¹Zx"¹E¶d½3¼M·�ÓÔÅ7¸�{G¸[¸M¹�Ã ÓÔÄj¾¯½ º ¹-¹�¶b½Â¼M¾¿¹Nèjè Þ ¹Eµ�¾Â·3Ä�Ó:Ã7µq½tµA×qä º ¹
x"¹xµ�·¿Å7¾Â¹]x ¹�¶d½3Äj¶W¹xµ�� º Ä�Ó:½ º ¹E·¿¹�·¿Å7Î\Ý ÎGµ�¶7Ã7·3¼[·¯½ º ¹�¶"µ p ¹E¾Âµ Ð ¹EÃW½ÂÄÇÄ�ÎA½tµ�¼[¶¢½ º ¹R{G¶Gµ�¸Aµ�»7»Gµ�¾¿¹E¶d½Ã7¹�¸<µ Þ ÓÔÄj¾ ½ º ¹ � Ý?è A ·Wµq¶7ÃÖè A Ý ê�A ·È»�¹E¾¿¼MÄSÃÛÎGµ�¶AÃ7·E×¯áâÄ�½Â¹o½ º µ`½È½ º ¹o» º µ�·¿¹%Ã7¼��Z¹E¾¿¹E¶ ��¹E·~µ�¾¿¹µ�¸ >-µ Þ ·Rx"¹xµ�·¿Å7¾Â¹�Ã µq½Ù½ º ¹O·?µ�x ¹PÓÔ¾¿¹EÆbÅ7¹�¶ �E¼[¹E·E×Aä º ¹E¾¿¹�ÓÔÄj¾¿¹�å x"¹xµ�·¿Å7¾Â¹�Ã�½?¾?µ p ¹E¸�½Â¼�x"¹ p µ�¾¿¼<µq½Â¼MÄj¶7·µ�¾¿¹ ¶AÄ�½Oµ"��¹]��½?¹�ÃÒÎ Þ � º µ�¶ Ð ¹E·P¼[¶ ½ º ¹Ç·Â»�¹Z��½Â¾ÂÅ x Ä�Ó�½ º ¹Ç¶7Äj¼[·Â¹�× �Ï¹¢µ p ¹E¾?µ Ð ¹ ½ º ¹Ç½Â¼�x"¹ÀÃ7¹E¸Mµ Þ
x"¹xµ�·¿Å7¾Â¹�Ã >�¼[½ º � �¯å � �Àå � ��µ�¶7Ã � � �EÄj¾¿¾Â¹�¸<µq½Â¼MÄj¶7·À½ º µq½ >/¹y��Äj¶7·¿¼MÃ7¹�¾¢½?Ä�Î�¹ �EÄj¶A·Â¼M·�½?¼[¶ Ð
x"Äj·¿½Â¸ Þ Ä�Ó ��µ Þ ¸[¹E¼ Ð�º >-µ p ¹�·E×��Ï¹Àµ�¸M·¿Ä��EÄBx"»7ÅA½Â¹Nµ¢½?¼�x ¹âÃ7¹E¸Mµ Þ µ�·¿·ÂÄ!�E¼<µ`½?¹EÃ >�¼T½ º .$Ä p ¹�· >Ùµ p ¹Î Þ ��Äj¶7·Â¼[Ã7¹E¾¿¼M¶ Ð ä�ä ��Äj¾Â¾¿¹E¸Mµq½?¼[Äj¶7·E×
�5¶�µ p ¹E¾Âµ Ð ¹qå > º ¹E¶��EÄj¶7·¿¼MÃ7¹�¾Â¼[¶ Ð µ"·¿¼M¶ Ð ¸M¹ ��ÄBx »�Äj¶7¹�¶d½xå ëjë � Ä�Ó�½ º ¹N»�¹E¾¿¼MÄSÃ Î7µ�¶7Ã3�EÄj¾¿¾Â¹�¸<µq½Â¹EÃ¼[·âµ���½?Å7µ�¸M¸ Þ Å7·¿¹EÃÒ½ÂÄ1x"¹xµq·ÂÅ7¾¿¹À½ º ¹À½?¼�x"¹OÃ7¹�¸<µ Þ × ��Ä�>/¹ p ¹E¾�å(> º ¹�¶ >/¹¢µ p ¹�¾?µ Ð ¹Ç½ º ¹Yx ¹Eµ�·ÂÅ7¾¿¹EÃ½Â¼�x"¹¢Ã7¹�¸<µ Þ Ä p ¹E¾N½ º ¹���ÄBx"»ZÄj¶A¹E¶d½?·�å >/¹"ÅA·Â¹ C�A�� Ä�Ó3½ º ¹W»Z¹�¾Â¼MÄSÃ�ÎGµq¶7Ã��EÄj¾¿¾Â¹E¸Mµq½?¹�Ã�ÎZ¹]�xµ�ÅA·Â¹½ º ¹Yx ¹Eµ�·ÂÅ7¾¿¹Zx"¹E¶d½�¼M·�¶AÄ�½�»Z¹�¾¿ÓÔÄj¾=x ¹�Ã�¹LÉAµ��L½?¸ Þ Äj¶
·?µ�x"¹N»Z¹�¾Â¼[Ä\Ã7·/ÓÔÄj¾-½ º ¹ � �¯å � �Çå � �¯å � �Àåµ�¶AÃ�ä�ä �EÄj¾¿¾Â¹E¸Mµq½?¼[Äj¶�×
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2¯¼ Ð Å7¾¿¹ L × ç µ"· º Ä�>�·â½ º ¹ p µ�¾¿¼<µq½Â¼MÄj¶�Ä�Ó�½ º ¹ µ�¾¿¾Â¼ p µ�¸Z½?¼�x"¹NÄ�Ó ��µ Þ ¸M¹E¼ Ðjº æ ¸[¹�Ó ½�»Gµ�¶A¹E¸ é�µ�¶AÃ .$Ä p ¹
æ ¾Â¼ Ð�º ½à»Gµ�¶7¹�¸ é9>Ùµ p ¹E·yÓÔÄj¾yÕ � ØyÝs}ZÊ � ¼[¶È½ º ¹ � Ý?è A ·3»Z¹�¾Â¼[Ä\ÃWÎGµq¶7Ã�× ��¹Eµ�·ÂÅ7¾¿¹Zx"¹E¶d½?·/»Z¹�¾¿ÓÔÄj¾=x ¹�Ã¼[¶È½ º ¹�»�Äj·Â¼T½?¼ p ¹/½Â¼�x"¹ÙÄ�Ó�½ º ¹R�EÄj¾¿¾Â¹�¸<µq½Â¼MÄj¶Wµq¾Â¹-¼[¶WÎ7¸MÅ7¹qådµ�¶7ÃÈ½ º Äj·¿¹�»Z¹�¾¿ÓÔÄj¾=x ¹�ÃW¼M¶È½ º ¹�¶7¹ Ð µ`½?¼ p ¹½Â¼�x"¹Èµ�¾¿¹¢¼M¶�¾¿¹EÃ�Äj¶�½ º ¹È·Âµ�x ¹¢·9�xµq¸M¹%×Zä º ¹W»ZÄ�·Â¼[½Â¼ p ¹¢»Gµ�¾�½NÄ�Ó ½ º ¹��EÄj¾¿¾Â¹�¸<µq½Â¼MÄj¶��EÄj¾¿¾Â¹E·¿»ZÄ�¶7Ã7·½ÂÄ >-µ p ¹�·N½?¾?µ p ¹E¸M¸[¼M¶ Ð ÓÔ¾ÂÄBx Õ � Ø�½?Ä }�Ê � > º ¼M¸[¹ ½ º ¹È¶7¹ Ð µq½?¼ p ¹¢½Â¼�x"¹ ��Äj¾Â¾¿¹E·Â»�Äj¶7ÃA·O½?Ä >Ùµ p ¹E·½Â¾?µ p ¹�¸M¸M¼[¶ Ð ÓÔ¾ÂÄBx }ZÊ � ½?Ä�Õ � ØP×�ä >ÙÄ x µ�¼M¶�»Z¹�¾Â¼[Ä\Ã7·`�xµq¶�ÎZ¹ Ã7¼M·�½?¼[¶ Ð Å7¼[· º ¹�Ã�×�Ë/¹�½ >/¹E¹E¶ è ���Aèµ�¶AÃ#è �B� L å�½ º ¹oµ�»A»Gµ�¾Â¹�¶d½Èµ�¾¿¾Â¼ p µq¸¯½?¼�x ¹�·N¹LÉ º ¼MÎA¼[½Ç¸<µ�¾ Ð ¹%DGÅ �L½?ÅGµ`½?¼MÄ�¶7·Ç½ º µq½ �xµq¶ Î�¹"ÅA»Ï½?Ä ê·¿¹Z�EÄ�¶7Ã7·E×��Ï¹ ¾¿¹Zx µ�¾��Ò½ º µq½Ç½ º ¹~·Âµ�x ¹�x µ�¼M¶�ÓÔ¹xµ`½?Å7¾¿¹E·ÇÄ�ÓÙ½ º ¹"½Â¼�x"¹WÃ7¹E¸Mµ Þ �xµ�¶ÏÎZ¹"·Â¹�¹E¶ ÓÔÄj¾½ º ¹�µ p ¹E¾Âµ Ð ¹�Ã ��µ Þ ¸[¹E¼ Ðjº µ�¶7Ã�.$Ä p ¹�>Ùµ p ¹E· x"¹xµ�·¿Å7¾Â¹]x ¹�¶b½Â·E×bËÙ¹L½ >Ù¹�¹E¶ è �B�B�Nµq¶7Ã ê�ABA	� åqµ�¾¿¾Â¼ p µ�¸
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½Â¼�x"¹E·�µ�¾¿¹ p ¹�¾ Þ ·�½tµ�Î7¸[¹Nµ�¶7Ã�½ º ¹E¼[¾ DGÅ �L½?ÅGµq½Â¼MÄj¶A·�Ã7Ä~¶7Ä�½�¹CÉ|��¹E¹�Ã A × ê ·E×Gä º ¹ D7Å ��½ÂÅGµq½?¼[Äj¶7·�µ�¾¿¹· Þ ·�½?¹]xoµq½Â¼��Eµ�¸M¸ Þ xÈÅ � º ¸Mµ�¾ Ð ¹�¾�ÓÔÄ�¾�½ º ¹È»�Äj·Â¼T½?¼ p ¹Ç½Â¼�x"¹�×&.$¹�½PÅ7·q{G¾¿·¿½,��Äj¶7·Â¼[Ã7¹E¾�½ º ¹ è �B�B�YÝ ê�ABA��»�¹E¾¿¼MÄSÃ�×

� _ � _dc � 2¿.�6 fP6/rw16	 2dpUwP�P6 ��� c�� h i¢6�4A2w,gf��O1kpqf�� 6(w	�Ï6$6/p c�
�
�
 1 p�f
a��� �

�Ï¹1��Äj¶7·¿¼MÃ7¹�¾À½ º ¹"»Z¹�¾Â¼MÄSÃ è �B�B�YÝ ê�ABA�� åZÓÔÄj¾ > º ¼�� º >/¹"Ã7¼MÃ ¶7Ä�½ÇÃ7¹L½?¹Z�L½Èµq¶ Þ Ä�Î p ¼[ÄjÅ7·Ç¼M¶7·�½?¾ÂÅSÝ
x"¹E¶d½tµq¸�¹�¾Â¾¿Äj¾Â·�×(2¯¼ Ð Å7¾¿¹ L × � · º Ä�>�·P½ º ¹Èµ�»7»7µ�¾Â¹�¶b½P½?¾?µ p ¹E¸�½?¼�x"¹ p µ�¾Â¼Mµq½?¼[Äj¶7·�Ä�Ó ·¿Å7¾¿Ó�µ���¹ >Ùµ p ¹E·ÓÔÄj¾3»Gµ`½ º ·/Õ � ØyÝs}�Ê � åSÕ � ØyÝs}k2�9Èåbµ�¶7Ã*}ZÊ � Ýs}k2�9 ¼M¶W½ º ¹ � ½?Ä~è A ·3»Z¹�¾Â¼MÄSÃ~ÎGµ�¶7Ã�å\µ p ¹E¾?µ Ð ¹EÃÄ p ¹�¾�µ�¸[¸g�EÄBx"»ZÄ�¶7¹E¶d½?· Ä�ÓN½ º ¹�ÕN¾Â¹E¹�¶#ÓÔÅ7¶ �L½?¼[Äj¶�å ½ º µ`½o¼[· ¼[¶ �E¸[Å7Ã7¼M¶ Ð Î�Ä�½ º .�Ä p ¹�µ�¶7Ã��âµ Þ Ý¸[¹E¼ Ð�º >Ùµ p ¹E·�×Gä º ¹,�EÄj¾¿¾Â¹�¸<µq½Â¼MÄj¶7·/µ�¾¿¹O»Z¹�¾¿ÓÔÄj¾=x ¹�Ã%ÃGµ Þ »Z¹�¾-ÃGµ Þ µ�¶AÃ
µ�¾Â¹�½ º ¹�¶ ·�½tµ����q¹EÃ3x"Äj¶d½ º»�¹E¾Wx"Äj¶d½ º Å7·Â¼[¶ Ð µ�x"Ä p ¼[¶ Ð >�¼M¶AÃ7Ä�>À× ��¹E·¿Å7¸[½Â·�ÓÔ¾ÂÄBx ½ º ¹Ç»ZÄ�·Â¼[½Â¼ p ¹O½?¼�x"¹OÄ�Ó�½ º ¹Y��Äj¾Â¾¿¹E¸<µ`½?¼MÄ�¶· º Ä�>�¶ >�¼[½ º µ¢Î7¸[Å7¹â¸[¼M¶7¹`�EÄ�¾Â¾Â¹�·Â»�Äj¶7Ão½ÂÄ >Ùµ p ¹E· Ð Ä�¼M¶ Ð ÓÔ¾ÂÄBx0½ º ¹�{G¾¿·¿½/½?Ä¢½ º ¹P·¿¹Z�EÄ�¶7Ã�·¿½?µq½?¼[Äj¶
æ ¼M¹ÈÓÔ¾ÂÄ�x�Õ � Ø�½ÂÄy}ZÊ � å�Õ � Ø�½?Äy}k2�9Wå�µ�¶7Ã5}ZÊ � ½?Äy}k2�9ÀéL×�ä º ¹"¾Â¹�ÃÏ¸[¼M¶7¹¢· º Ä�>�·Ç¾Â¹E·¿Å7¸[½Â·ÓÔ¾¿ÄBx�½ º ¹À¶7¹ Ð µ`½?¼ p ¹À»Gµ�¾¿½�ÄqÓ�½ º ¹Y�E¾ÂÄ�·Â·�Ýb�EÄj¾¿¾Â¹�¸<µq½Â¼MÄj¶7·�×
ä º ¹o¶7¹ Ð µ`½?¼ p ¹ ½Â¼�x"¹ Ä�ÓÙ½ º ¹ ��Äj¾Â¾¿¹E¸Mµq½?¼[Äj¶ÏÄqÓâÕ � ØyÝu}ZÊ � ¼M· ·Â¹E¶A·Â¼[½Â¼ p ¹ ½?ÄÒ·ÂÄjÅ7¾=�E¹�·W¸MÄ!�xµq½Â¹EÃ ¼[¶½ º ¹*}�µ��E¼�{ � 9,��¹xµ�¶ µ�¶7ÃÏ¹LÉ º ¼MÎA¼[½?·Ç·9x µ�¸[¸M¹E¾ DGÅ ��½ÂÅGµq½Â¼MÄj¶7·À½ º µ�¶Ï½ º ¹ »�Äj·¿¼[½?¼ p ¹W½?¼�x ¹ > º ¼�� º ¼[··¿¹E¶7·¿¼[½?¼ p ¹À½?Ä ·ÂÄjÅ7¾=�E¹�·P¼M¶
½ º ¹¢Ê-½?¸Mµ�¶d½?¼�� 9 ��¹xµ�¶ æ � 
 >��!? ;y> 
 :�?�@ æ ê�ABA�L éÂéC×7ä º ¹ D7Å ��½ÂÅGµq½?¼[Äj¶7·�Äj¶½ º ¹P¶7¹ Ð µq½Â¼ p ¹�½?¼�x ¹�Ä�Ó�Õ � ØyÝu}ZÊ � ¶7¹ p ¹E¾-¹CÉ|��¹E¹�Ã A × A�� ·-µ�¶AÃ º µ�·Ùµ p µ�¾¿¼<µ�¶ ��¹âÄqÓ$Äj¶7¸ Þ*A × ABA�A;C ·E×Êâ·À½ º ¹È½?¾Âµ p ¹E¸à½Â¼�x"¹ÈÄ�Ó3½ º ¹ �âµ Þ ¸M¹�¼ Ðjº >Ùµ p ¹E·Ç¼M·ÀµqÎZÄjÅ\½ LBA ·Eå�½ º ¹ xoµYÉA¼�xÈÅ x µ�x"»7¸M¼T½?Å7ÃA¹¢Ä�Ó½ º ¹ DGÅ �L½?ÅGµq½Â¼MÄj¶A·Wµ�¶7Ã ¼T½?· p µ�¾¿¼<µ�¶|�E¹%¾¿¹E»7¾¿¹E·Â¹�¶d½?·"¾Â¹E·¿»Z¹]��½Â¼ p ¹�¸ ÞjA × A � � µ�¶7Ã A × ABA è ê � Ä�Ó�½ º ¹½Â¾?µ p ¹�¸à½?¼�x"¹ÈÄ�Óy½ º ¹ ��µ Þ ¸M¹E¼ Ðjº >Ùµ p ¹E·�×�ä º ¼[·N· º Ä�>�·À½ º µ`½Ç½ º ¹W¾Â¹]�EÄj¶A·¿½?¾¿Å ��½Â¼MÄj¶ Ä�Óy½ º ¹ ÕN¾Â¹�¹E¶ÓÔÅ7¶|��½?¼[Äj¶"¼M· ¹LÉS½Â¾Â¹Zx"¹E¸ Þ ¾ÂÄjÎAÅ7·¿½E×SÊâ¸M·¿Ä7å�½ º ¹â¹�ÆSÅ7µ�¸G½?¾?µ p ¹E¸G½?¼�x ¹�· x"¹xµq·ÂÅ7¾¿¹EÃ~ÓÔ¾ÂÄBx�½ º ¹�¶7¹ Ð µ`½?¼ p ¹µ�¶AÃ »�Äj·¿¼[½?¼ p ¹È½Â¼�x"¹ÈÄ�Ó �E¾¿Äj·Â·wÝu�EÄ�¾Â¾Â¹�¸<µq½Â¼MÄj¶A·NÃ7¹Zx"Äj¶7·�½?¾?µ`½?¹È½ º µq½À¶7Ä
·Â¼ Ð ¶7¼�{ �xµ�¶d½N¼[¶7·¿½Â¾ÂÅ x"¹E¶d½tµq¸¹�¾Â¾ÂÄ�¾Â·�Ä��]�EÅ7¾¿¾Â¹�Ã�Î�¹�½ >/¹E¹�¶Ûè �B�B�Wµq¶7Ã ê�ABA	� ×
.�µ�¾ Ð ¹E·�½ DGÅ ��½ÂÅGµq½Â¼MÄj¶7·�µq¾Â¹OÓÔÄjÅ7¶AÃ%ÓÔÄj¾-½ º ¹,�Eµ�Å7·Âµ�¸�»Gµ�¾�½�Ä�Ó�½ º ¹ Õ � ØyÝs}k2�9 �E¾ÂÄ�·Â·�Ýb�EÄj¾¿¾Â¹�¸<µq½Â¼MÄj¶�×ä º ¹ ÕN¾Â¹�¹E¶ÛÓÔÅ7¶|��½?¼[Äj¶ ¾Â¹]�EÄj¶A·¿½?¾¿Å ��½Â¼MÄj¶ ¼[·È¸M¹�·Â·È·�½tµ�ÎA¸M¹oÓÔÄj¾ ½ º ¼[·¢»Gµq½ º ÎZ¹]�xµ�ÅA·Â¹
¼[½¢¼M·¢¶AÄ�½WÃ7¼�Ý¾¿¹Z��½Â¹EÃ ½?Ä�>-µq¾ÂÃ�µ£¶7¹Eµ�¾Â¸ Þ ¸MÄ!�xµq½Â¹EÃ Ä!�E¹xµq¶7¼��3�EÄjµ�·¿½E× ��Ä�>Ù¹ p ¹E¾�å/¹ p ¹�¶#ÓÔÄj¾W½ º ¼[·
ÌßÅ7¶\Ó�µ p Äj¾?µqÎ7¸M¹qÌ»Gµ`½ º ½ º ¹�ÄjÎ7·¿¹E¾ p ¹EÃ D7Å ��½ÂÅGµq½?¼[Äj¶7·3¶7¹ p ¹E¾/¹LÉ��E¹�¹EÃ A × C�� · æ ¼Ñ×Í¹�×Tådµ�Î�ÄjÅA½�è � ÄqÓ�½ º ¹�½Â¾?µ p ¹�¸�½Â¼�x"¹-Ä�Ó
��µ Þ ¸[¹E¼ Ðjº >Ùµ p ¹E·?éLå�ÓÔÄj¾Pµo¾Â¹�¸<µq½Â¼ p ¹E¸ Þ · º Äj¾�½ >�¼M¶AÃ7Ä�>�·OÄ�Óyµ�¶Gµq¸ Þ ·Â¼[·PÄ�Ó3Äj¶A¹ x"Äj¶d½ º ×���Äj¾¿¹EÄ p ¹�¾Eå½ º ¹ D7Å ��½ÂÅGµq½?¼[Äj¶7· x ¹Eµ�·ÂÅA¾Â¹EÃ ÓÔ¾ÂÄBx�½ º ¹â¶A¹ Ð µq½Â¼ p ¹â»Gµq¾¿½Ùµ�¾Â¹�¸M¹�·Â·/½ º µ�¶ A ×[è���· æ ¼Ñ×Í¹�×Tå A × ë�� Ä�Ó�½ º ¹½Â¾?µ p ¹�¸�½Â¼�x"¹JéC×
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ä º ¹¢Å7»7»�¹E¾O»Gµq¶7¹E¸[·OÄ�Ó ½ º ¹�2¯¼ Ð Å7¾Â¹ L × L · º Ä�>�·N½ º ¹¢½?¾Âµ p ¹E¸�½?¼�x"¹ p µq¾Â¼<µ`½?¼MÄ�¶�Ä�Ó3·¿Å7¾¿Ó�µ��E¹ >Ùµ p ¹E·
x"¹xµ�·¿Å7¾Â¹�ÃÀ¼M¶O½ º ¹�è A Ý ê�A ·�»Z¹�¾Â¼MÄSÃOÎGµq¶7ÃÇµ�¶7ÃÇµ p ¹E¾Âµ Ð ¹�Ã Äj¶Àµq¸M¸���ÄBx"»ZÄj¶A¹E¶d½?·�×YØÙ¾ÂÄj·¿·�Ýb�EÄj¾¿¾Â¹E¸Mµq½?¼[Äj¶7·
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>/¹E¾¿¹ ��ÄBx"»7ÅA½?¹�Ã�¼M¶
µmx"Ä p ¼[¶ Ð Äj¶A¹LÝux"Äj¶d½ º >�¼[¶7Ã7Ä�>À× � ¼�x ¼[¸<µ�¾ ½ÂÄ 2¯¼ Ð ÅA¾Â¹ L × � å\»ZÄ�·Â¼[½Â¼ p ¹P½?¼�x ¹�·
��Äj¾Â¾¿¹E·Â»�Äj¶7Ã ½?Ä >-µ p ¹�· Ð Äj¼[¶ Ð ÓÔ¾ÂÄBx Õ � Ø ½?Ä5}ZÊ � µ�¶7Ã ÓÔ¾ÂÄBx Õ � Ø ½ÂÄj}k2�9È×
� ¹�Ã7ÄÏ¶AÄ�½· º Ä�>0½ º ¹"¾Â¹�·ÂÅ7¸T½ ÓÔÄj¾ }�Ê � Ýu} 2�9Èå�ÎZ¹]�xµ�ÅA·Â¹ ½ º ¹oÕÀ¾¿¹E¹E¶ ÓÔÅ7¶ �L½?¼MÄ�¶ ÓÔÄj¾À½ º ¼M·À»Gµq½ º ¼M·À¶7Äq½ >/¹E¸[¸¾¿¹Z�EÄ�¶7·¿½Â¾ÂÅ �L½?¹EÃÒ¼M¶
½ º ¹"è A Ý ê�A ·â»�¹E¾¿¼MÄSÃ�ÎGµq¶7Ã�×:ä º ¹Ç¸MÄ!�xµq½Â¼MÄj¶
Ä�Ó¯·ÂÄjÅ7¾=�E¹�·PÄ�Ó�½ º ¹ÇÎGµ���� Ð ¾¿ÄjÅ7¶7Ã»7¾¿¼�x µ�¾ Þ x ¼��E¾ÂÄ�·Â¹E¼[·9x æ è A Ý ê�A ·¢»�¹E¾Â¼[Ä\Ã ÎGµ�¶AÃ:éÀ¼[·À¶7Ä�½v�EÄj¶7·�½tµ�¶d½Èµ�¶7Ã º µ�·Èµy�E¸M¹Eµ�¾À·Â¹Eµ�·ÂÄj¶7µ�¸Ã7¹�»Z¹�¶7Ã7¹�¶ �E¹ æ � 
 >��!? ; > 
 :�?�@ æ ê�ABA�L éÂéC×\Êâ·�µ �EÄj¶A·Â¹EÆbÅ7¹�¶ �E¹qå�½ º ¹P½Â¹E¾9x

εij

¼[¶%¹EÆbÅGµ`½?¼MÄ�¶ æ L ×TèYéy¼[·¹CÉA»�¹Z�L½?¹�Ã ½?Ä ¹LÉ º ¼[Î7¼[½Ç·Â¼ Ð ¶7¼�{ �xµ�¶d½À·¿¹xµ�·¿Äj¶Gµ�¸3Äj·=�E¼M¸[¸<µq½Â¼MÄj¶A·E×�ä º ¼M·Y�xµ�¶ÏÎZ¹ ��¸M¹xµq¾Â¸ Þ ·Â¹�¹E¶Û¼[¶ ½ º ¹
x"¹xµ�·¿Å7¾Â¹�ÃÏ½Â¾?µ p ¹�¸y½Â¼�x"¹E·N½ º µ`½ ¹CÉ º ¼MÎ7¼T½ �E¸M¹Eµ�¾EDGÅ ��½ÂÅGµq½Â¼MÄj¶7·�>�¼T½ º µ
¶7¹Eµ�¾Â¸ Þ Äj¶7¹LÝ Þ ¹Eµ�¾ »�¹E¾¿¼MÄSÃ
> º Ä�·Â¹~µ�x"»7¸M¼T½?Å7ÃA¹Ç¾¿¹xµ�� º ¹ A × � ·Â¹Z��Äj¶7Ã7·OÓÔÄ�¾PÎ�Ä�½ º »7µq½ º ·Oµ�¶7ÃÒÓÔÄj¾�½ º ¹ �xµ�Å7·Âµ�¸àµq¶7ÃÒ½ º ¹Wµ�¶d½?¼�Ý
�Eµ�Å7·?µq¸�»Gµq¾¿½?·�Ä�Ó��E¾ÂÄ�·Â·�Ýb�EÄj¾¿¾Â¹�¸<µq½Â¼MÄj¶7·�·¿¼�xÈÅ7¸T½tµ�¶A¹EÄjÅ7·¿¸ Þ ×Gä º ¹E·¿¹ DGÅ �L½?ÅGµq½Â¼MÄj¶A·â»7¾¿¹ p ¹E¶d½NÅ7·�ÓÔ¾ÂÄBxµ�� º ¼M¹ p ¼[¶ Ð µO·?µq½Â¼M·�Ó�µ���½ÂÄj¾ Þ µ��Z��Å7¾?µ�� Þ ÓÔ¾¿ÄBx ��¾ÂÄj·¿·�Ýb�EÄj¾¿¾Â¹E¸Mµq½?¼[¶ Ð Äj¶A¸ Þ Äj¶7¹gx"Äj¶d½ º Ä�Ó�ÃGµq½?µO¼M¶È½ º ¹è A Ý ê�A ·Ù»�¹E¾¿¼MÄSÃoÎGµ�¶AÃ�×\ä�Ä º µ p ¹Nµvx"Äj¾¿¹â·�½tµ�Î7¸[¹NÕN¾Â¹�¹E¶ ÓÔÅA¶ ��½Â¼MÄj¶ ¾Â¹Z��Äj¶7·�½?¾ÂÅ|��½?¼[Äj¶�åA>Ù¹P· º ÄjÅA¸MÃÅ7·¿¹À¸MÄj¶ Ð ¹E¾-½?¼�x ¹ >�¼M¶7Ã7Ä�>�·�×
ä º ¹�¸MÄ�>/¹E¾"»Gµ�¶7¹�¸M·"Ä�ÓY2¯¼ Ð Å7¾Â¹ L × L · º Ä�>�·o½ º ¹ p µ�¾¿¼<µq½Â¼MÄj¶A·WÄ�ÓO½ º ¹Òµ�¾¿¾Â¼ p µq¸-½?¼�x"¹
Ä�ÓO·¿Å7¾¿Ó�µ��E¹
>Ùµ p ¹E·�> º ¹�¶I�EÄj¶A·Â¼MÃA¹E¾Â¼[¶ Ð ��¾ÂÄj·¿·�Ýu��Äj¾Â¾¿¹E¸Mµq½?¼[Äj¶ÒÄ p ¹�¾Nµ x"Ä p ¼[¶ Ð >�¼[¶7Ã7Ä�>�Ä�Ó L x"Äj¶d½ º ·�×Zä º ¹�·Â¹
p µ�¾¿¼<µq½Â¼MÄj¶7·�¶7¹ p ¹�¾ ¹LÉ��E¹�¹EÃ A × ê ·¯ÓÔÄj¾�½ º ¹�Õ � ØyÝu}ZÊ � »Gµq½ º æ A × ë�� Ä�ÓG½ º ¹Ù½?¾Âµ p ¹E¸S½?¼�x"¹Jé�µ�¶7Ã A ×[è L ·ÓÔÄj¾y½ º ¹ÇÕ � ØyÝu} 2�9�»Gµq½ º æ A × ê�� � Ä�Ó�½ º ¹P½?¾Âµ p ¹E¸�½Â¼�x"¹JéL×bä º ¹�·Â¹ p µ�¸MÅA¹E·-¾¿¹E»7¾¿¹E·Â¹�¶d½?·�µ�Î�ÄjÅA½Nè �Ä�Ó�½ º ¹ ��¹E¶d½?¾Âµ�¸$»�¹E¾Â¼[Ä\Ã
Ä�Ó�½ º ¹Ç·¿¼ Ð ¶7µ�¸Ñ×

� _ � _�� ��� 2sfP6/pq�Z6�,��%2spqh;w\4|nO.�6/pEw\1kr w\2�.�6 hP�â2 �9w|h�fqn�472sp�� c�
�
Wc � c�
�
 �

� '.4 8	� &(-@)	& � )	' 0(' ��0 $�
����������

�yµ�¾¿¼<µq½Â¼MÄj¶A·ÙÄ�Ó�½ º ¹Àµq¾Â¾Â¼ p µ�¸Z½Â¼�x"¹PÓÔÄj¾Ù½ º ¹À»Gµq½ º Õ � ØyÝs}�Ê � ÓÔÄj¾-½ º ¹O½ >ÙÄ"»�¹E¾Â¼[Ä\Ã�Î7µ�¶7Ã7· � Ý?è A ·µ�¶AÃ è A Ý ê�A ·OÃ7Å7¾¿¼M¶ Ð ½ º ¹È»�¹E¾¿¼MÄSÃÛè �B�AèLÝtè �B� L µ�¾¿¹È· º Ä�>�¶£¼M¶�2�¼ Ð Å7¾¿¹ L × C ×�Ê p ¹E¾Âµ Ð ¹EÃ ¾Â¹�¸<µq½Â¼ p ¹½Â¼�x"¹/Ã7¹�¸<µ Þ ·�x"¹xµ�·¿Å7¾Â¹�ÃÈÓÔ¾ÂÄBx�½ º ¹-»ZÄ�·Â¼[½Â¼ p ¹-µ�¶7Ã¢¶7¹ Ð µ`½?¼ p ¹Ù½?¼�x ¹�·�ÄqÓG½ º ¹-¾¿¹Z��Äj¶7·¿½Â¾ÂÅ �L½?¹�Ã%ÕN¾Â¹�¹E¶ÓÔÅ7¶|��½?¼[Äj¶7· µ�¾Â¹y�E¸[¹xµ�¾¿¸ Þ ��Äj¾Â¾¿¹E¸Mµq½?¹�Ã ÓÔÄj¾W½ º ¹�½ >/Ä »�¹E¾¿¼MÄSÃ&ÎGµq¶7Ã7·E× �5¶�è��B� ê åà½ º ¹ ½Â¼�x"¹
Ã7¹E¸Mµ Þ
δτ(t)

¹CÉ º ¼MÎ7¼T½?·/µ¢»Z¹Eµ��~¾Â¹Eµ�� º ¼M¶ ÐWê ·�åS½ º µq½E�xµ�¶%Î�¹PÄ�Î7·Â¹�¾ p ¹NÎ�Ä�½ º ÓÔÄj¾y»ZÄ�·Â¼[½Â¼ p ¹Pµ�¶AÃ%¶7¹ Ð µq½?¼ p ¹
��Äj¾Â¾¿¹E¸<µ`½?¼MÄ�¶o½?¼�x ¹ >�¼[½ º ½ º ¹N·?µ�x"¹N»�Äj¸<µ�¾¿¼[½ Þ ×\Êâ¸M·ÂÄ~µW»�Äj·Â¼T½?¼ p ¹P½Â¼�x"¹P· º ¼[Ó ½�¼[·�ÄjÎ7·Â¹�¾ p ¹EÃÒÃAÅ7¾Â¼[¶ Ðµ�¸[¸�½ º ¹��EÄj¶7·¿¼MÃ7¹�¾Â¹�ÃÖ»Z¹�¾Â¼MÄSÃ Äj¶#½ º ¹Ò»�Äj·Â¼T½?¼ p ¹�µ�¶AÃ#¶7¹ Ð µq½?¼ p ¹ ½?¼�x"¹�×3ä º ¼[·*x"¹xµ�¶A· ½ º µq½o½ º ¹µ�»A»Gµ�¾Â¹�¶d½�µ�¾Â¾¿¼ p µ�¸Z½Â¼�x"¹PÎ�¹Z��ÄBx ¹N¸Mµ�¾ Ð ¹E¾ÙÄ�¶
½ º ¹N»�Äj·Â¼T½?¼ p ¹P½?¼�x ¹Oµ�¶7Ã
·9x µ�¸M¸[¹E¾/¼M¶%½ º ¹N¶7¹ Ð µ`½?¼ p ¹½Â¼�x"¹�×�ä º ¹�·Â¹"ÄjÎ7·¿¹E¾ p µq½Â¼MÄj¶A· �Eµ�¶7¶7Äq½ Î�¹~¾Â¹�¸<µq½Â¹EÃ£½?Ä3� º µ�¶ Ð ¹E·ÇÄ�ÓÙ½ º ¹~» ºdÞ ·¿¼��Eµ�¸3»7¾ÂÄj»�¹E¾�½?¼[¹E·NÄ�Ó½ º ¹1��¾ÂÅ7·�½ ½ º µq½ >/ÄjÅ7¸MÃ ¾Â¹�·ÂÅ7¸T½¢¼[¶<DGÅ ��½ÂÅGµq½Â¼MÄj¶7·ÀÄ�ÓÙÄj»7»�Äj·Â¼T½?¹~»�Äj¸<µ�¾¿¼[½ Þ ÓÔÄj¾O½ º ¹"»�Äj·Â¼T½?¼ p ¹"µ�¶7Ã¶7¹ Ð µq½Â¼ p ¹1�EÄj¾¿¾Â¹�¸<µq½Â¼MÄj¶£½?¼�x ¹ æ ½ º ¹oÓÔÅ7¶|��½?¼[Äj¶ ϕ(t)

¼M¶ ¹�ÆbÅGµq½?¼[Äj¶ L ×[è%¼[·¢µq¶ÛÄ\ÃAÃ ÓÔÅ7¶ �L½?¼MÄ�¶:éL×�� ½¼[· µq¸M·ÂÄ
Å7¶A¸M¼��q¹E¸ Þ ½ º µq½Ç·ÂÅ � º µ�¸�x"Äj·¿½À»�¹E¾�ÓÔ¹Z�L½?¸ Þ ¹ p ¹�¶ p µ�¾Â¼Mµq½?¼[Äj¶7·Nµq¾Â¹~Ã7Å7¹~½?Ä�½ º ¹ p µ�¾¿¼<µq½Â¼MÄj¶7·¼[¶%½ º ¹ÀÃ7¼[·¿½?¾¿¼MÎ7Å\½?¼MÄ�¶%Ä�Ó�½ º ¹,x"¼���¾ÂÄj·¿¹E¼M·=x�·¿ÄjÅ7¾=�E¹E·�Î�¹Z�xµqÅ7·Â¹N½ º ¹Ç»�Äj·¿¼[½ p ¹Àµ�¶7Ã
¶7¹ Ð µq½?¼ p ¹,��¾ÂÄj·¿·�Ý
��Äj¾Â¾¿¹E¸<µ`½?¼MÄ�¶ ½?¼�x ¹�·-µ�¾¿¹P¶7Äq½�·Â¹�¶7·Â¼T½?¼ p ¹P½?ÄW·¿ÄjÅ7¾=�E¹E·�¸[Ä��Eµq½?¹�Ão¼[¶o½ º ¹N·Âµ�x"¹P¾Â¹ Ð ¼MÄ�¶ æ 2¯¼ Ð Å7¾¿¹ L ×TèYéC×��Ä�¾Â¹EÄ p ¹E¾Eå�µ�¸M¸�½ º ¹E·¿¹ ÓÔ¹Eµq½?Å7¾¿¹E·��xµ�¶�Î�¹Ç·Â¹E¹�¶�Äj¶Ò½ º ¹À½ >ÙÄ%»�¹E¾¿¼MÄSÃ�Î7µ�¶7Ã7· � Ýtè A ·Oµq¶7Ã è A Ý ê�A ·
æ 2¯¼ Ð ÅA¾Â¹ L × C Î:é�> º ¼[¸M¹N½ º ¹Ç·ÂÄ�Å7¾9��¹¢Ä�Ó¯¶7Äj¼M·¿¹¢µq¾Â¹À¶7Ä�½â¹LÉ\»�¹Z��½Â¹EÃ�½ÂÄ Î�¹Ç½ º ¹Ç·?µ�x"¹ÇÓÔÄ�¾�½ º ¹À½ >ÙÄ»�¹E¾¿¼MÄSÃ ÎGµ�¶AÃ7· æ � 
 >��!? ;5> 
 :�?�@ æ ê�ABABL é¿é~×�ä º ¹E¾¿¹�ÓÔÄj¾¿¹�å�½ º ¹�·Â¹%¹ p ¹E¶ µq¶7ÃÛ»�¹E¾Â¼[Ä\ÃSÝ5¼M¶AÃ7¹E»�¹E¶7Ã7µ�¶d½½Â¼�x"¹ DGÅ �L½?ÅGµq½Â¼MÄj¶A·Ç·�½?¾¿Äj¶ Ð ¸ Þ ·ÂÅ ÐjÐ ¹E·�½Èµ ��¸MÄ!����Ã7¾Â¼TÓ ½NÄj¾À¼M¶A·¿½?¾¿Å x"¹E¶d½tµ�¸¯¹E¾Â¾¿Äj¾Â·Çµq½ÀÄ�¶7¹~Ä�ÓÙ½ º ¹
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Ë Þ ½tµ �S¼[¶ Ð ½ º ¹-¹ p ¹E¶"»Gµ�¾�½àÄ�Ó:½ º ¹-·ÂÅ7¾�Ó�µ��E¹�>-µ p ¹�½Â¾?µ p ¹�¸A½?¼�x ¹�DGÅ �L½?ÅGµq½Â¼MÄj¶A·àÄjÎA½?µ�¼M¶7¹�Ã¢ÓÔ¾ÂÄ�x�½ º ¹»�Äj·Â¼T½?¼ p ¹�µ�¶7Ã ¶7¹ Ð µq½?¼ p ¹�¶7Äj¼[·Â¹W�E¾¿Äj·Â·wÝu�EÄ�¾Â¾Â¹�¸<µq½Â¼MÄj¶W½Â¼�x"¹Nå >Ù¹�¼M·¿Äj¸<µq½Â¹�¼M¶7·�½?¾¿Å x ¹�¶d½tµ�¸7¹�¾Â¾¿Äj¾Â· æ ·¿¹E¹¹�ÆSÅ7µq½?¼[Äj¶ L × ê éL× ��¹E·¿Å7¸[½Â·¯ÓÔ¾ÂÄ�x�½ º ¹-½ >ÙÄÀ»�¹E¾Â¼[Ä\ÃWÎ7µ�¶7Ã7· »7¾¿¹E·¿¹E¶d½?¹�Ão¼M¶ 2�¼ Ð Å7¾¿¹ L × �N· º Ä�>&·Â¹ p ¹E¾Âµ�¸¾¿ÄjÎ7Å7·�½ÇÓÔ¹Eµq½?ÅA¾Â¹E· æ ¼Ñ×Í¹�×Tå�½ º ¹ DGÅ|��½?Å7µq½?¼[Äj¶7·N½ º µ`½Y�xµ�¶ ÎZ¹WÄ�Î7·Â¹�¾ p ¹�ÃÛ¼M¶�½ º ¹W½ >ÙÄ »Z¹�¾Â¼[Ä\Ã�ÎGµq¶7Ã7··¿¼�xÈÅ7¸T½tµ�¶A¹EÄjÅ7·¿¸ Þ é ��½ º ¹*x µ�¼[¶Ï»�¹xµ�� Ä�ÓNè��B� ê å$½ º ¹*x"¼M¶7Äj¾À»�¹xµ�� Ä�ÓNè��B� ç å$½ º ¹oÄ��Z·Â¹L½ÈÄ�Ó�½ º ¹��Å7¾ p ¹¢Î�¹�½ >/¹E¹E¶ è �B�Aè�Ý?è �B� L µq¶7Ã è ���B�`Ý ê�ABA	� åAµ�· >/¹E¸[¸�µ�·�½ º ¹Ç·9x µ�¸M¸�»ZÄj·¿¼[½Â¼ p ¹N½Â¾Â¹E¶AÃÒÎ�¹�½ >/¹E¹E¶è ���Aè�Ýtè��B� L × � xoµ�¸[¸M¹�¾$¼M¶7·�½?¾ÂÅ|x ¹�¶b½?µ�¸b¹E¾¿¾ÂÄj¾¿·àµ�¾¿¹Ex µ�·��q¹EÃÈÎ Þ ½ º ¹ DGÅ �L½?ÅGµ`½?¼MÄ�¶7·¯µq·Â·ÂÄ!�E¼Mµq½?¹�Ã >�¼T½ º
� º µq¶ Ð ¹E·�¼M¶�½ º ¹À·Â»Gµq½Â¼<µ�¸ZÃ7¼M·�½?¾¿¼MÎ7ÅA½Â¼MÄj¶�ÄqÓ�½ º ¹À¶7Äj¼M·¿¹N·ÂÄjÅA¾9�E¹�·E×
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�Ï¹ µq¸M·ÂÄ ¹ p µq¸MÅGµq½Â¹£¼M¶7·�½?¾ÂÅ|x ¹�¶b½?µ�¸N¹E¾¿¾ÂÄj¾¿· ÓÔÄ�¾
½ º ¹ÏÕ � ØyÝs}k2�9 µ�¶7Ã ½ º ¹5}ZÊ � Ýs}k2�9 »Gµq½ º ·Ã7ÅA¾Â¼M¶ Ð è �B�Aè�Ý?è �B� L Å7·Â¼[¶ Ð µ3x"Ä p ¼M¶ Ð Äj¶A¹LÝux"Äj¶d½ º >�¼[¶7Ã7Ä�>�× 2:Ä�¾Y}ZÊ � Ýs}k2�9Wå >Ù¹~Äj¶7¸ Þ Å7·¿¹EÃ½ º ¹N»Z¹�¾Â¼[Ä\Ã%Î7µ�¶7Ã � Ý?è A ·�Î�¹Z�xµqÅ7·Â¹N½ º ¹ÀÕÀ¾¿¹E¹�¶
ÓÔÅA¶ ��½Â¼MÄj¶%¼[·-¶7Ä�½�>Ù¹�¸M¸�¾¿¹Z�EÄ�¶7·¿½Â¾ÂÅ �L½?¹EÃ Î�¹�½ >/¹E¹E¶è A µ�¶7Ã ê�A ·�× �Ï¹�· º Ä�>Ö½ º ¹P¾Â¹�·ÂÅ7¸T½?·y¼M¶12¯¼ Ð Å7¾Â¹ L × �A× ��¹�¸<µq½Â¼ p ¹�¼[¶7·¿½Â¾ÂÅ x"¹E¶d½?µ�¸:¹E¾Â¾¿Äj¾Â·3ÓÔÄj¾/Õ � ØyÝ
}k2�9�µ�¾¿¹O·Â¼�x ¼[¸<µ�¾ ½ÂÄ~½ º Äj·¿¹,x ¹Eµ�·ÂÅ7¾¿¹EÃ�ÓÔÄj¾�Õ � ØyÝu}ZÊ � �S½ º ¹,x µ�¼M¶o»Z¹Eµ��oÄ�Óyè ��� ê å\½ º ¹,x"¼M¶7Äj¾
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»Z¹Eµ�� Ä�Ó¢è �B� ç å3µq¶7Ã&½ º ¹�· º ¼[Ó ½"¼[¶ ½ º ¹�µ�¾Â¾¿¼ p µ�¸Ù½Â¼�x"¹�ÎZ¹L½ >Ù¹�¹E¶�è �B�\è�Ýtè ��� L µ�¶7Ã è �B�B�`Ý ê�ABA	� ×ä º ¹E·¿¹ ÓÔ¹Eµq½?ÅA¾Â¹E·"µ�¾¿¹�¶7Ä�½~ÄjÎA·Â¹E¾ p ¹�Ã ÓÔÄj¾È½ º ¹3}ZÊ � Ýs}k2�9 »7µq½ º × ä º ¹E¾Â¹LÓÔÄj¾Â¹qåà½ º ¹ Þ µ�¾¿¹�¸M¼��q¹E¸ Þµ�¸M¸ �xµ�ÅA·Â¹EÃ�Î Þ ¼M¶7·�½?¾¿Å x ¹�¶d½tµ�¸�»A¾ÂÄjÎ7¸[¹Zx"·�µq½âÕ � ØP× 9O¶7¹,�Eµ�¶�¶AÄ�½?¼��E¹O½ º µq½-½ º ¹Ç· º µ�»�¹Çµ�¶7Ã�½ º ¹µ�x"»7¸M¼T½?Å7Ã7¹oÄ�ÓP½ º ¹Ïè��B� ê µ�¶7Ã è �B� ç »�¹xµ��b· µ�¾Â¹
¶7Äq½ ¹CÉAµ���½Â¸ Þ ·¿¼�x"¼M¸<µq¾ ÓÔÄj¾W½ º ¹
½ >/Ä »7µq½ º · �Õ � ØyÝs}ZÊ � µ�¶AÃÖÕ � ØyÝs}k2�9È×yä º ¼M· µ�»7»Gµ�¾¿¹E¶d½ Ã7¼M·=�E¾Â¹�»Gµ�¶ � Þ ¼M·~¹LÉ\»7¸Mµ�¼M¶7¹�Ã&Î Þ ½ º ¹�Ã7¼���¹�¾Â¹�¶b½ÃGµq½?µ µ p µ�¼M¸Mµ�Î7¼[¸M¼[½Â¼M¹�·àÓÔÄj¾-½ º ¹N½ >/Äo»Gµq¼M¾Â·�ÄqÓ¯·�½tµq½Â¼MÄj¶7·�×7ÊP·�µ �EÄj¶A·Â¹EÆbÅ7¹�¶ �E¹qåZÄ�Å7¾Wx ¹Eµ�·ÂÅ7¾¿¹Zx"¹E¶d½?·µ�¾Â¹ ¶7Ä�½�xoµqÃ7¹ ¹CÉAµ���½Â¸ Þ µq½�½ º ¹ ·?µ�x"¹ÇÃGµq½?¹�·E×���Äj¾¿¹EÄ p ¹�¾EåZ½ º ¹Èµ�x »7¸[¼[½ÂÅ7Ã7¹NÄ�Óà½ º ¹oè��B� ê »Z¹Eµ��b·¼M·�¹EÆbÅGµq¸�½ÂÄ ê × ç èx·�ÓÔÄj¾�Õ � ØyÝs}k2�9�µ�¶7Ã ê ×Tè ç ·�ÓÔÄj¾�Õ � ØyÝs}�Ê � ×Gä º ¼[·�·ÂÅ ÐjÐ ¹E·¿½Â·â½ º ¹E¾¿¹Ç¼[·�µ�¸M·¿Ä µ·9x µ�¸M¸�¾Â¹E¸Mµq½?¼ p ¹O¹�¾Â¾¿Äj¾�ÎZ¹L½ >Ù¹�¹E¶ }k2�9�µ�¶AÃ }�Ê � ×

�.% 0�� %�� 8 � 0(%���' '�)' '�1H)�$�&�4 8 ' ) � %�)	'34 8 1 �('	��)	1

� ¹À¹CÉ|��¸MÅ7ÃA¹O½ º ¹N»�¹E¾¿¼MÄSÃ�Ä�Ó�½ º ¹N½ >/Ä"»�¹xµ �S·�Ä�Óyè ��� ê µ�¶7Ã£è �B� ç å7µ�¶AÃ >Ù¹Y�EÄ�¶7·Â¼[Ã7¹E¾�Äj¶A¸ Þ ¸[Äj¶ Ð½?¹�¾9x p µ�¾¿¼<µq½Â¼MÄj¶7·�Ä�Ó�½ º ¹-½Â¼�x"¹-Ã7¹E¸Mµ Þ ½ º µq½yµ�¾Â¹WxÈÅ|� º ·=xoµq¸M¸M¹�¾�½ º µ�¶~½ º ¹Nè ��� ê »Z¹Eµ��b·E×:9O¶7¹g�xµq¶¶7Ä�½Â¼��E¹/¼M¶ 2¯¼ Ð ÅA¾Â¹ L × ��½ º µq½�½ º ¹�µ p ¹E¾Âµ Ð ¹ p µ�¸[Å7¹E·�Ä�Ó7½ º ¹Rx"¹xµ�·¿Å7¾Â¹�ÃÈ¼M¶7·�½?¾¿Å x ¹�¶d½tµ�¸S¹E¾¿¾ÂÄj¾�� º µ�¶ Ð ¹·Â¸[¼ Ðjº ½?¸ Þ >�¼T½ º ½?¼�x ¹yÓÔÄj¾à½ º ¹-½ º ¾¿¹E¹�»Gµq½ º ·E×dä º ¾¿¹E¹Wx µ�¼M¶È»�¹E¾¿¼MÄSÃ7·~�xµq¶"Î�¹�Ã7¼M·�½?¼[¶ Ð Å7¼[· º ¹�Ã �[è ���Aè�Ý
xoµq¾9� º è��B� ê å�µ�Å Ð Å7·¿½ è �B� ê Ý ÓÔ¹�Î7¾ÂÅGµq¾ Þ è��B� ç å�µ�¶AÃ x µ Þ è �B� ç Ý Ã7¹Z��¹ZxÈÎ�¹E¾"è �B� � × �Ï¹oµ p ¹�¾?µ Ð ¹½ º ¹ x"¹xµq·ÂÅ7¾¿¹Zx"¹E¶d½W»�¹E¾¿ÓÔÄ�¾9x"¹EÃÛ¼[¶ � Ýtè A ·Wµ�¶7ÃÖè A Ý ê�A ·È»Z¹�¾Â¼[Ä\ÃÛÎ7µ�¶7Ã�å�¼M¶ ½ º ¼M·Ç½ º ¾¿¹E¹ x µ�¼M¶»Z¹�¾Â¼[Ä\Ã7·%½ÂÄ ¹ p µ�¸[ÅGµq½?¹�½ º ¹£¸MÄ�¶ Ð ½?¹�¾9x ¼[¶d½?¾ÂÅ|x ¹�¶b½?µ�¸P¹�¾Â¾¿Äj¾Â·�×g2GÄj¾%¹LÉAµ�x"»7¸[¹�åÙÓÔÄj¾�Õ � ØyÝu}ZÊ �ÎZ¹L½ >Ù¹�¹E¶�è ���Aè�µ�¶7Ã ½ º ¹�ÎZ¹ Ð ¼M¶A¶7¼M¶ Ð Ä�ÓZ½ º ¹Çè �B� ê »�¹xµ ��åd½ º ¹Pµ p ¹E¾?µ Ð ¹â¹�¾Â¾¿Äj¾3¼M· A × � � � ·,> º ¹�¾Â¹xµq·¼[½o¼M· A × L�� ·oÎ�¹�½ >/¹E¹�¶ ½ º ¹Ûè ��� ê µ�¶AÃ è �B� ç »Z¹Eµ��b·�µ�¶7Ã A × L;C ·%µqÓ ½Â¹E¾ ½ º ¹ è��B� ç »�¹xµ ��×/ä º ¼M··ÂÅ Ð�Ð ¹E·�½?·3¸MÄj¶ Ð ½?¹�¾9x�Ã7¾Â¼TÓ ½?·àÄ�ÓG½ º ¹g�E¸[Ä���� µq½¯·ÂÄBx"¹-Ä�Ó:½ º ¹-·¿½?µq½?¼[Äj¶7·EåqÄj¾àÄ�½ º ¹E¾¿·à·Â¸[Ä�>�¸ Þ ¹ p Ä�¸ p ¼M¶ Ð¼M¶7·�½?¾¿Å x ¹�¶d½tµ�¸�»7¾ÂÄ�Î7¸M¹]x ·�× ��¹Eµ�·ÂÅA¾Â¹Zx"¹E¶d½Â·OÄ�Ó ½ º ¹ÈÃ7¼��Z¹E¾¿¹E¶d½?·Pµ p ¹E¾Âµ Ð ¹ p µ�¸[Å7¹E·âÄ�Ó ½ º ¹È·ÂÅ7¾�Ó�µ��E¹
>-µ p ¹~µ�¾Â¾¿¼ p µ�¸$½?¼�x ¹�·�x"¹xµ�·¿Å7¾Â¹�ÃÒÓÔ¾ÂÄ�x ½ º ¹¢¶AÄj¼M·¿¹ �EÄ�¾Â¾Â¹�¸<µq½Â¼MÄj¶A·Pµ�¾¿¹¢·¿Å x1x µ�¾¿¼��E¹�ÃÒ¼[¶Òä�µ�Î7¸M¹ èj×
� ¹��Eµ�¶�� º ¹Z����½ º µq½P½ º ¹ Þ µ���½ÂÅGµ�¸[¸ Þ �EÄj¾¿¾Â¹�·Â»�Äj¶7Ã�½?Ä
µ%¾¿¹E¸<µ`½?¼ p ¹¢¼[¶7·¿½Â¾ÂÅ x"¹E¶d½tµq¸¯¹E¾¿¾ÂÄj¾¿·NÄ�Ó3½ º ¹·¿½?µq½?¼[Äj¶7·EåAÎ Þ p ¹E¾¿¼[Ó Þ ¼M¶ Ð µ ��¸MÄj·¿Å7¾Â¹N¾¿¹E¸Mµq½?¼[Äj¶�×Sä º ¹N¾Â¹�¸<µq½Â¼ p ¹N¼[¶7·¿½Â¾ÂÅ x"¹E¶d½?µ�¸�¹�¾Â¾ÂÄ�¾�Ä�Ó¯Õ � ØyÝu}ZÊ �ÝOÕ � ØyÝu}k2(9 
 }ZÊ � Ýs}k2�9�· º Ä�Å7¸MÃ ÎZ¹~¹�ÆSÅ7µ�¸ ½?Äy�E¹E¾¿Ä7×(9OÎ7·Â¹�¾ p ¹�Ãj�E¸[Äj·ÂÅA¾Â¹ µ�x »A¸M¼[½ÂÅ7Ã7¹�·Nµ�¾Â¹·9x µ�¸M¸[¹E¾-½ º µ�¶ A × Ajê · > º ¼�� º ¼M·�Äj¶A¹ÇÄ�¾ÂÃ7¹�¾âÄ�Ó�xoµ Ð ¶7¼[½ÂÅ7Ã7¹N·=xoµ�¸[¸M¹�¾Ù½ º µq¶ ½ º ¹vx"¹xµq·ÂÅ7¾¿¹EÃÒ¸[Äj¶ Ð½?¹�¾9x�¼[¶7·¿½Â¾ÂÅ x"¹E¶d½tµq¸$¹E¾Â¾¿Äj¾Â·�×
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è��B�Aè�Ý?è �B� ê è ��� ê Ýtè��B� ç è ��� ç Ýtè��B� LÕ � ØyÝu}ZÊ � A × � � � A × L	� � A × L;C��Õ � ØyÝu} 2�9 A × �Aè ç A × C è ç A × C�A �
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�5¶"½ º ¹�»7¾¿¹ p ¼MÄjÅA· ·Â¹Z�L½?¼[Äj¶7·Eå >/¹�¹ p µ�¸[ÅGµq½?¹�ÃÈ½ º ¹�¾¿¹E¸Mµq½?¼ p ¹-¼[¶7·¿½Â¾ÂÅ x"¹E¶d½tµq¸7¹E¾¿¾ÂÄj¾¿· ÎZ¹L½ >Ù¹�¹E¶o»7µ�¼M¾àÄqÓ·¿½?µq½?¼[Äj¶7·E×Sä º ¹â¶7¹LÉS½�·�½?¹E»o¼M·3½?ÄÈÄjÎ\½tµ�¼[¶"½ º ¹Oµ�ÎA·ÂÄj¸[ÅA½?¹â¼M¶7·�½?¾ÂÅ|x ¹�¶b½?µ�¸:¹E¾¿¾ÂÄj¾¿·-µq½/¹xµ�� º ·�½tµq½Â¼MÄj¶A·E×
9OÎA½tµ�¼[¶7¼M¶ Ð ¼[¶7Ã7¼ p ¼[Ã7ÅGµ�¸q·¿½?µq½?¼[Äj¶ ¹�¾Â¾¿Äj¾Â·�ÓÔ¾ÂÄBx�¾Â¹E¸Mµq½?¼ p ¹~x"¹xµ�·¿Å7¾Â¹]x ¹�¶d½?·¯¼[·�¶7Ä�½�·¿½Â¾?µ�¼ Ðjº ½ÂÓÔÄj¾?>-µ�¾¿Ã�åµ�¶7Ã º µ�·Ù¶7Äq½�µ ÅA¶7¼MÆbÅ7¹O·¿Äj¸MÅ\½?¼MÄ�¶ �bä º ¹O¾¿¹E¸Mµq½?¼ p ¹`�E¸MÄ!���~¹E¾¿¾ÂÄj¾yÄ�Ó�Õ � ØyÝs}�Ê � åAÕ � ØyÝs}k2�9WåSµ�¶AÃ
}ZÊ � Ýs}k2�9 Ð ¼ p ¹âÅ7·Ù½ º ¾Â¹�¹O¹EÆbÅGµq½Â¼MÄj¶A·EåSÎ7ÅA½�Äj¶A¸ Þ ½ >/ÄWÄ�Ó$½ º ¹]x�µq¾Â¹P¼[¶7Ã7¹�»Z¹�¶7ÃGµ�¶d½�> º ¹�¾Â¹Eµ�·�>/¹º µ p ¹ ë Å7¶��b¶7Ä�>�¶7· �7½ º ¹À¹E¾¿¾ÂÄj¾�µ`½âÕ � ØPå }ZÊ � µ�¶7Ãy}k2�9È×�ØÙÄj¶ �E¹�¾Â¶7¼[¶ Ð ½ º ¹Yx µ$-¿Äj¾-Ã Þ ·�ÓÔÅ7¶ �CÝ½?¼[Äj¶7· æ ½ º ¹È»�¹xµ �S·NÄqÓ�è �B� ê µq¶7Ã è �B� ç éLå >Ù¹ º µ p ¹~µ�¸M¾¿¹xµ�Ã Þ ·Â¹�¹E¶�½ º µq½O½ º ¹ Þ µq¾Â¹Wµ�¸[¸�Ã7Å7¹È½?Ä
µ»7¾ÂÄ�Î7¸M¹]x µq½âÕ � Ø µq·�·¿¹E¹�¶ÒÄj¶ ·Â¹]��½?¼[Äj¶ L × � × ë ×
2GÄj¾ ½ º ¹�·Â¸[Ä�>�¸ Þ ¹ p Äj¸ p ¼[¶ Ð ¹E¾Â¾¿Äj¾Â·�åSµ�¸[½ º ÄjÅ Ðjº ·¿¹ p ¹�¾?µ�¸�·9��¹E¶Gµq¾Â¼MÄ�·E��ÄjÅ7¸MÃ {7½yÄjÅ7¾kx"¹xµ�·¿Å7¾Â¹]x ¹�¶d½?·Eå
>Ù¹â»7¾ÂÄ�»ZÄj·¿¹�½ º ¹âÓÔÄ�¸M¸MÄ�>�¼[¶ Ð x ÄSÃ7¹�¸GÅ7¶7Ã7¹�¾y½ º ¹Oµ�¾¿Î7¼[½Â¾?µ�¾ Þ µ�·¿·ÂÅ x"»A½Â¼MÄj¶~½ º µ`½/½ º ¹E¾¿¹â¼[·/¶7ÄÇ¹E¾¿¾ÂÄj¾Äj¶ }�Ê � æ ½ º ¼M·3·ÂÅ7Î -¿¹Z��½Â¼ p ¹ ºdÞ »ZÄ�½ º ¹E·¿¼M·/¼M·3Äj¶7¸ Þ �EÄj¶A·Â¼MÃA¹E¾Â¹�Ã ½ÂÄ � º ¹]��� º Ä�> �EÄj¶7·¿¼M·�½?¹E¶d½-µ�¾Â¹�ÄjÅ7¾
x ¹Eµ�·ÂÅA¾Â¹Zx"¹E¶d½Â·té �
� ËÙ¹L½ >Ù¹�¹E¶Ûè��B�AèÇµ�¶7Ã
½ º ¹ÇÎ�¹ Ð ¼[¶7¶7¼M¶ Ð Ä�Ó¯½ º ¹À»Z¹Eµ���Ä�Ó/è �B� ê æ ·¿¹E¹Çä¯µqÎ7¸M¹~èYéCå�Õ � Ø º µ�·�¹E¾¿¾ÂÄj¾¹�ÆSÅ7µ�¸�½?Ä A × � �È·�å }k2�9�µ�¶�¹�¾Â¾ÂÄ�¾-Ä�Ó�µ�Î�ÄjÅA½ A × ê�ë ·�åGµ�¶7Ãy}ZÊ � ¶7ÄW¹E¾¿¾ÂÄj¾�µ`½�µ�¸M¸�×\ä º ¼M·�>/ÄjÅ7¸[Ã¹CÉA»A¸<µ�¼[¶ ½ º µq½à½ º ¹-¾Â¹�¸<µq½Â¼ p ¹y¹E¾¿¾ÂÄj¾�ÓÔÄj¾�½ º ¹�Õ � ØyÝs}�Ê � »Gµ`½ º ¼M· A × � ��·EåY½ º ¹-Äj¶7¹ÙÓÔÄ�¾ Õ � ØyÝs}k2�9¼[· A × �\èÇ·�å:µ�¶7Ã
ÓÔÄj¾W}ZÊ � Ýs}k2�9�¼T½�¼M·�¹�ÆSÅ7µ�¸ A × ê�ë ·E×
� ËÙ¹L½ >Ù¹�¹E¶�½ º ¹È»Z¹Eµ��b·OÄ�Ó�è ��� ê µ�¶7Ã è �B� ç �$Õ � Ø º µ�·Nµq¶�¹E¾¿¾ÂÄj¾âÄ�Ó 
 A × L�� ·Nµ�¶AÃ�} 2�9 º µ�·µ�¶
¹�¾Â¾ÂÄ�¾�ÄqÓ�Ý A × A���L ·E×
� Î�¹�½ >/¹E¹�¶Ïè ��� ç µ�¶AÃ�è �B� L å\Õ � Ø4>ÙÄ�Å7¸MÃ º µ p ¹Àµ�¶%¹E¾¿¾ÂÄj¾ÙÄ�Ó 
 A × LBC ·Eå7µ�¶7Ã }k2�9�µq¶%¹E¾¿¾ÂÄj¾-ÄqÓÝ A × A�ë ·E×
9OÅ7¾�¹ p µ�¸MÅ7µq½?¼[Äj¶�Ä�Ó�¼M¶7Ã7¼ p ¼MÃ7ÅGµq¸Z·�½tµq½Â¼MÄj¶
¹E¾¿¾ÂÄj¾¿·�µ�¾Â¹N·¿Å x1x µ�¾¿¼��E¹�Ã
¼M¶
ä¯µqÎ7¸M¹ ê ×
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è �B�Aè è �B� ê �Òµ Þ è ��� ê è �B� ë è �B� ç Êâ»7¾`� ç è ��� �Õ � Ø 
 A × � �q· 
 ê ×[è �q· 
 A × L	� · 
Èèj× ABA · 
 A × L;C ·
}k2�9 Ý A × ê�ë · Ý A × A	��L · Ý A × ABL · Ý A × A�ë ·
}�Ê � 
 A ·

� � � � ¦G9TQ 
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� 0 $	$�8>-@)	' ' ) ' '(1�)�$�&(4 8 ' ) � %�)�'.4 8 1 ��' �.)	1

Ê�Ó ½?¹E¾À¹ p µq¸MÅGµq½Â¼M¶ Ð ½ º ¹~¼M¶A·¿½?¾¿Å x"¹E¶d½tµ�¸ ¹�¾Â¾¿Äj¾Â·
D(t) æ ·¿¹E¹"¹EÆbÅGµq½Â¼MÄj¶ L × ê å$µ�¶AÃ#{ Ð Å7¾Â¹ L × �déLå >Ù¹¾¿¹Zx"Ä p ¹y½ º ¹Zx ÓÔ¾ÂÄBx�½ º ¹3ÃGµq½?µA×$2¯¼ Ð Å7¾Â¹ L ×Tè A »7¾¿¹E·Â¹�¶d½?·�½ º ¹3½?¾?µ p ¹E¸d½?¼�x ¹ p µ�¾¿¼<µq½Â¼MÄj¶A·�¾Â¹]x ¹Eµ�·ÂÅ7¾¿¹EÃÓÔÄj¾ ½ º ¹OÕ � ØyÝu}ZÊ � »Gµq½ º Î�¹�½ >/¹E¹E¶ � µ�¶7Ã�è A ·ÙµqÓ ½Â¹E¾3¾Â¹]x Ä p ¼M¶ Ð ½ º ¹â¹�·¿½Â¼�x µq½?¹�Ã ¼[¶7·¿½Â¾ÂÅ x"¹E¶d½tµq¸¹�¾Â¾ÂÄ�¾Â·E× �Ï¹v��Äj¾Â¾¿¹Z��½Â¹EÃ�½ º ¹¢ÃGµ`½tµ"ÓÔ¾¿ÄBx�½ º ¹¢µ p ¹�¾?µ Ð ¹È»Z¹Eµ���Ä�Ó�è��B� ê µq¶7Ã è ��� ç ·`x ¹Eµ�·ÂÅ7¾¿¹EÃ�¼[¶½ º ¹ � Ý?è A µq¶7Ãoè A Ý ê�A ·¯»�¹E¾Â¼[Ä\ÃÇÎGµ�¶AÃ�åqÅA·Â¼M¶ Ð ·¿½?µ���� ÄqÓGÄj¶7¹Ex Äj¶d½ º Ä�Ó ��¾ÂÄj·¿·��EÄ�¾Â¾Â¹�¸<µq½Â¼MÄj¶�åYµ�·9>/¹E¸[¸µ�·�½ º ¹¢·Â¸MÄ�>�¸ Þ ¹ p Ä�¸ p ¼M¶ Ð ¹E¾¿¾ÂÄj¾â¹ p µ�¸MÅ7µq½?¹�Ã�Î Þ ½?µ��b¼M¶ Ð ½ º ¹¢µ p ¹E¾Âµ Ð ¹ p µ�¸[Å7¹ ÄqÓ ½ º ¹Ç½?¼�x"¹ÇÃ7¹E¸Mµ Þ

δτ(t)
ÓÔÄj¾3½ º ¹â½ º ¾Â¹E¹â»Z¹�¾Â¼[Ä\Ã7·�è �B�\è�Ýtè ��� ê åGè �B� ê Ýtè ��� ç ådµ�¶AÃÒè �B� ç Ýtè ��� L ×dä º ¼[·E��Äj¾Â¾¿¹E·Â»�Äj¶7ÃA·Ù½?Ä½ º ¹N¼M¶7·�½?¾¿Å x ¹�¶d½tµ�¸�¹�¾Â¾¿Äj¾Â·�· º Ä�>�¶�¼[¶ ¾¿¹EÃ
Äj¶y2¯¼ Ð Å7¾Â¹ L × �\å7µ�¶7Ã
½?ÄÈ½ º ¹ p µ�¸MÅ7¹P¼M¶�ä�µ�Î7¸M¹�·NèÇµ�¶7Ãê ×

2GÄj¸[¸MÄ�>�¼M¶ Ð ¹�ÆbÅGµq½?¼[Äj¶7· L ×TèÈµ�¶7Ã L × ê åG½ º ¹vx ¹Eµ�·ÂÅ7¾¿¹EÃ ½?¼�x"¹ÀÃ7¹E¸Mµ Þ DGÅ ��½ÂÅGµq½Â¼MÄj¶7·
δτ ∗

µqÓ ½Â¹E¾W�EÄj¾wÝ¾¿¹Z��½Â¼M¶ Ð ½ º ¹ÀÃGµq½tµÈÓÔ¾¿ÄBx�½ º ¹À¼M¶7·�½?¾ÂÅ|x ¹�¶b½?µ�¸$¹E¾¿¾ÂÄj¾¿·�µ�¾Â¹ �

δτ ∗ij(t) = [D(t) + ϕ(t) + εij(t)] − [D(t) +
εij(t) + εij(−t)

2
] æ L × ç é

δτ ∗ij(t) = ϕ(t) +
εij(t) − εij(−t)

2
æ L × � é

ϕ
¼M·È½ º ¹�½?¼�x ¹%· º ¼[Ó ½ÈÃ7Å7¹�½?Ä µ�� º µ�¶ Ð ¹
¼[¶Û½ º ¹3x"¹EÃ7¼[Å x µ�¶AÃ

ε
¼M·È½ º ¹�½?¼�x ¹%· º ¼[Ó ½ÈÃ7Å7¹�½?Äµy� º µ�¶ Ð ¹ ¼M¶ ½ º ¹ ·Â»Gµq½Â¼<µ�¸ ÃA¼M·¿½Â¾Â¼[Î7ÅA½?¼[Äj¶£Ä�Ó-½ º ¹o·¿ÄjÅ7¾9��¹E·ÈÄqÓ�¶7Äj¼[·Â¹�×�ä º ¹ »Z¹Eµ��b·ÈÄ�ÓPè �B� ê µ�¶7Ãè ��� ç º µ p ¹ ��ÄBx »A¸M¹�½Â¸ Þ Ã7¼[·?µ�»7»�¹xµq¾Â¹EÃ£µq·O¹LÉ\»�¹Z��½Â¹EÃ�å�µ�· >Ù¹�¸M¸ µ�·â½ º ¹È½Â¼�x"¹¢· º ¼[Ó ½OÎ�¹�½ >/¹E¹�¶Ï½ º ¹è ���Aè�Ýtè��B� L µq¶7Ã£è �B�B�`Ý ê�ABA	� »Z¹�¾Â¼[Ä\Ã
µ�¶AÃ
½ º ¹N·9x µ�¸[¸�½Â¾Â¹E¶AÃ Î�¹�½ >/¹E¹�¶ è ���AèÀµ�¶7Ã�è ��� L æ 2¯¼ Ð Å7¾¿¹L ×Tè A éC×

ä º ¹1x ¹Eµ�·ÂÅA¾Â¹EÃ ½?¼�x ¹~Ã7¹�¸<µ Þ ¼M¶£½ º ¹"»�Äj·Â¼T½?¼ p ¹"µ�¶7Ã ¶A¹ Ð µq½Â¼ p ¹"½Â¼�x"¹"ÄqÓÙ½ º ¹1��¾ÂÄj·¿·�Ýu��Äj¾Â¾¿¹E¸Mµq½?¼[Äj¶µ�¾¿¹¢¶7Äq½ �EÄ�¾Â¾Â¹�¸<µq½Â¹EÃ æ 2¯¼ Ð Å7¾Â¹ L ×Tè A éL×&�5¶�Ä�½ º ¹E¾ >ÙÄj¾¿Ã7·NµqÓ ½Â¹E¾��EÄj¾¿¾Â¹Z�L½?¼[Äj¶�Ä�Ó ½ º ¹¢¼[¶7·¿½Â¾ÂÅ x"¹E¶d½tµq¸¹�¾Â¾ÂÄ�¾Â·Eå
δτ ∗

¼[·È¶7Ä�½Wµ�¶ Ä\ÃAÃÛÓÔÅ7¶ ��½Â¼MÄj¶�å9> º ¹�¾Â¹xµq·
ϕ
¼[·Wµ�¶ ÄSÃ7ÃÛÓÔÅ7¶ �L½?¼[Äj¶ æ ·¿¹E¹�·Â¹]��½Â¼MÄj¶ L × ç éC×ä º ¼[·Rx"¹xµ�¶7·y½ º µ`½�¼M¶ ¹EÆbÅGµq½Â¼MÄj¶ L × ç å ϕ ¼M·/·9x µ�¸M¸ >�¼[½ º ¾Â¹ Ð µ�¾¿Ão½?Ä εij(t)−εij(−t)

2

×Sä º ¹E¾¿¹�ÓÔÄj¾¿¹�å >/¹
��ÄjÅ7¸MÃ£¶7Äq½ÀÃ7¹�½Â¹Z��½¢µ�¶ Þ � º µq¶ Ð ¹~Ä�Óy½ º ¹ x"¹EÃ7¼[Å x'µ�¶AÃ£½ º ¹ DGÅ �L½?ÅGµq½Â¼MÄj¶A·NÄ�Ó/½ º ¹~¾Â¹]x ¹Eµ�·ÂÅ7¾¿¹EÃ½Â¼�x"¹PÃ7¹�¸<µ Þ µ�¾¿¹,xoµq¼M¶7¸ Þ ÃAÅ7¹N½?Ä�� º µ�¶ Ð ¹E·�¼M¶�½ º ¹N·Â»Gµ`½?¼<µq¸�Ã7¼[·¿½?¾¿¼MÎ7Å\½?¼MÄ�¶%Ä�Ó�½ º ¹À¶7Ä�¼M·Â¹P·ÂÄjÅ7¾=�E¹�·E×
ä�¾?µ p ¹�¸/½Â¼�x"¹+DGÅ|��½?Å7µq½?¼[Äj¶7· µqÓ ½?¹�¾ ½ º ¹*�EÄ�¾Â¾Â¹]��½Â¼MÄj¶ÏÄ�Ó�¼M¶7·�½?¾¿Å x ¹�¶d½tµ�¸3¹E¾¿¾ÂÄj¾¿· º µ p ¹�µ p µ�¾Â¼Mµ�¶ ��¹
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 � ��k��Ws�sw{dv j �x�tr 	à� YrÇ�5v�� Yr?���5�l}Àr x�Ev5�T�E�5��nx|bsP� Yr?v�� �YrtpÒnx|��E�l���tnx}Nu7nx|br?|`�wspj nxv����br
��� � ��� ���âuS�E���O��j<�wr?v��tnxv5vwrt�?�5�l|��-���br¯�l|bs5�5v5{d}Àr?|q���E�br?v5vwnxvws�s �bn 	 |Nnx| ���J{dvwr �jg �jg �yrts5{d�l�ws�n hd���E�l|brtp
j<vwnx}����brâu7nJs5�l�5� YrP�E|bpo���brâ|br �`�E�5� YrO�tnxv5vwr?�T�E�5��nx|o�5�l}Àrts��EvwrPs��bn 	 | 	 �l���Bhd�l{brOpb�xs��brtp"�l�l|brts��E|bpvwrtpW�l�l|brts
�dvwrts5u7rt�?�5� Yr?���Yg

Ä�Ó A × A è ê ·Ùµ�¶7Ã A × ABAdê�ê ·ÙÄj¶%½ º ¹O»�Äj·Â¼T½?¼ p ¹Oµq¶7Ã�¶7¹ Ð µq½?¼ p ¹â½Â¼�x"¹�åS¾Â¹�·Â»�¹Z��½Â¼ p ¹E¸ Þ ×Aä º ¼[·-¾Â¹�»7¾Â¹�·Â¹�¶b½Â·
A × Adê � µq¶7Ã A × ABAjë�� Ä�Óy½ º ¹È½Â¾?µ p ¹�¸à½?¼�x"¹¢ÄqÓ ��µ Þ ¸M¹E¼ Ðjº >Ùµ p ¹E·�×�ä º ¼M·N· º Ä�>�·Ç½ º µq½O½ º ¹"ÕÀ¾¿¹E¹�¶
2GÅ7¶ ��½Â¼MÄj¶A·�¾Â¹Z��Äj¶7·�½?¾ÂÅ|��½?¹�Ã�Î Þ �EÄ�¾Â¾Â¹�¸<µq½Â¼M¶ Ð µ�xÈÎ7¼[¹E¶d½�·Â¹�¼M·9x"¼��P¶7Äj¼M·¿¹Çµ�¾Â¹Àµ��]�EÅ7¾Âµq½?¹À¹�¶7ÄjÅ Ðjº ½?ÄÃ7¹�½Â¹Z�L½"µ�¶7Ã ½ÂÄ �EÄj¾¿¾Â¹]��½È·=xoµq¸M¸3¼M¶7·�½?¾¿Å x ¹�¶d½tµ�¸y¹E¾¿¾ÂÄj¾¿·Èµ�¶7ÃÛ½ÂÄ x"¹xµ�·¿Å7¾Â¹o¼M¶d½?¹�¾�Ý5·�½tµq½Â¼MÄj¶£½?¾Âµ p ¹E¸½?¼�x ¹�·�>�¼[½ º µW»7¾¿¹Z�E¼[·Â¼[Äj¶
Ä�ÓàµWÓÔ¹ > ½?¹�¶b½ º ·�Ä�Ó¯·¿¹Z��Äj¶7Ã
ÓÔÄj¾�·¿½?µq½?¼[Äj¶7· ê�ABA � x µ�»Gµq¾¿½À×

�o¨�� ��®¢«
²�X�±3S$³�® «3S

� ¹W·�½?Å7ÃA¼M¹EÃ p µ�¾¿¼<µq½Â¼MÄj¶A·âÄ�Ó3·¿Å7¾¿Ó�µ��E¹ >Ùµ p ¹È½?¾Âµ p ¹E¸¯½Â¼�x"¹E·�x ¹Eµ�·ÂÅ7¾¿¹EÃ�ÓÔ¾ÂÄ�x ��¾ÂÄj·¿·�Ýb�EÄj¾¿¾Â¹E¸Mµq½?¼[Äj¶7·Ä�Ó�·Â¹�¼M·9x"¼��Ù¶7Äj¼M·¿¹-¾Â¹]�EÄj¾¿Ã7· Î�¹�½ >/¹E¹E¶~½ º ¾Â¹E¹�·¿¹E¼[·9x"¼��-·�½tµq½Â¼MÄj¶7·�¼M¶"Ø-µ�¸[¼[ÓÔÄj¾¿¶7¼<µ�Ã7Å7¾¿¼M¶ Ð è�è Þ ¹xµq¾Â· ¼M¶½ >ÙÄ¢»Z¹�¾Â¼MÄSÃoÎ7µ�¶7Ã7· � � Ýtè A ·-µ�¶AÃÒè A Ý ê�A ·E× � ¼�xÈÅA¸[½tµq¶7¹EÄjÅA·/µq¶Gµ�¸ Þ ·¿¼M·3Ä�Ó/�Eµ�Å7·?µq¸�µ�¶AÃ�µ�¶d½?¼��xµ�Å7·Âµ�¸»Gµ�¾�½?·¢ÄqÓR�E¾¿Äj·Â·wÝu��Äj¾Â¾¿¹E¸<µ`½?¼MÄ�¶7·Çµ�¸M¸[Ä�>/¹EÃ Å7·Ç½?ÄÒ¼[·ÂÄj¸Mµq½?¹~µq¶7ÃÏ½ÂÄ �EÄ�¾Â¾Â¹]��½ p µq¾Â¼MÄ�Å7·À¼M¶7·�½?¾ÂÅ|x ¹�¶b½?µ�¸½?¼�x ¹�· º ¼[Ó ½?·yÄ!�Z�EÅA¾Â¾Â¹�Ã%Î�¹�½ >/¹E¹E¶£è ���AèPµq¶7Ã�è �B� L ×dä º ¼M· x"¹xµ�·¿Å7¾Â¹âÄ�Ó$¼M¶A·¿½?¾¿Å x"¹E¶d½tµ�¸:¹�¾Â¾ÂÄ�¾/Ã7ÄS¹E·¶7Ä�½ ¾Â¹�ÆSÅA¼M¾Â¹oµ�¶ Þ µ�·Â·¿Å x »\½?¼MÄ�¶ÏÄj¶Ï½ º ¹#>-µ p ¹ p ¹�¸MÄ!�E¼[½ Þ µq¶7ÃÛ¾Â¹�¸M¼[¹E·ÀÄj¶7¸ Þ Äj¶Ï½ º ¹ ÓÔÅ7¶AÃGµ�x"¹E¶\Ý½tµ�¸�»7¾¿Äj»Z¹�¾¿½Â¼M¹E·"Ä�ÓO½Â¼�x"¹
· Þ x ¹L½?¾ Þ × � ½ �EÄ�Å7¸MÃ&ÎZ¹�Å7·Â¹�Ã�¾ÂÄjÅ\½?¼M¶A¹E¸ Þ ½ÂÄ Ã7¹L½?¹]��½%¼[¶7·¿½Â¾ÂÅ x"¹E¶d½?µ�¸M·»7¾ÂÄ�Î7¸M¹]x ·�×
��¹]xoµq¼M¶7¼[¶ Ð ½Â¾?µ p ¹�¸â½?¼�x ¹ DGÅ �L½?ÅGµq½Â¼MÄj¶A· >/¹E¾Â¹£µ`½Â½?¾¿¼MÎ7Å\½?¹EÃ&½?Ä ¹E¾¿¾ÂÄj¾¿· �xµqÅ7·Â¹�Ã Î Þip µ�¾Â¼Mµq½?¼[Äj¶7·¼M¶�Ã7¼[·¿½Â¾Â¼MÎAÅA½?¼[Äj¶ÒÄ�Ó ½ º ¹W¶7Äj¼[·Â¹È·¿ÄjÅ7¾=�E¹E·�×/�5¶�½ º ¹�è A Ý ê�A ·N»Z¹�¾Â¼[Ä\Ã�Î7µ�¶7Ã�å�½ º ¹�·Â¹~¹E¾¿¾ÂÄj¾¿·O¹LÉ º ¼[Î7¼[½·¿½Â¾ÂÄj¶ Ð DGÅ|��½?Å7µq½?¼[Äj¶7·,>�¼[½ º µY��¸M¹Eµ�¾Â¸ Þ ¼[Ã7¹E¶d½?¼�{G¹EÃ~Äj¶A¹LÝ Þ ¹xµ�¾3»�¹E¾¿¼MÄSÃÈ½ º µq½3¼[·à¾Â¹�¸<µq½Â¹EÃW½?ÄÀ·¿¹xµ�·¿Äj¶Gµ�¸
x ¼ Ð ¾?µ`½?¼MÄ�¶ Ä�Ó�·¿ÄjÅ7¾9��¹E·�Ä�Ó$½ º ¹N»7¾Â¼�xoµq¾ Þ x ¼��E¾¿Äj·Â¹�¼M·9x æ � 
 >��!? ;*> 
 :�?�@ æ ê�A�ABL éÂéC×\ä º ¹E·Â¹À·¿¹xµ�·¿Äj¶Gµ�¸DGÅ �L½?ÅGµq½Â¼MÄj¶A·`�Eµ�¶ ÎZ¹N¾¿¹EÃ7Å ��¹EÃ�Î Þ µ p ¹E¾?µ Ð ¼M¶ Ð ½ º ¹À¾Â¹E·¿Å7¸[½Â·�¼M¶
¸MÄj¶ Ð ¹E¾Ù½Â¼�x"¹ >�¼M¶AÃ7Ä�>�·E×
ÊâÓ ½Â¹E¾Ù¼[¶d½?¾ÂÄSÃ7Å ��¼M¶ Ð µ�¸M¸GÃA¼M·9��Å7·Â·¿¹EÃ3�EÄ�¾Â¾Â¹]��½Â¼MÄj¶7·�åS½ º ¹P¼[¶d½?¹E¾wÝ5·�½tµq½Â¼MÄj¶~½?¾Âµ p ¹E¸�½?¼�x"¹E· �xµq¶%ÎZ¹`x"¹xµ`Ý·ÂÅ7¾¿¹EÃ >�¼[½ º µ�»7¾¿¹Z�E¼[·Â¼[Äj¶ Ä�ÓPµ�ÓÔ¹
>�½Â¹E¶d½ º ·~Ä�ÓPµ�·Â¹]�EÄj¶7Ã ÓÔÄj¾È·�½tµq½Â¼MÄj¶7·W·¿¹E»Gµq¾?µq½Â¹EÃ Î Þ ∼ ê�A�A
� x�×\ä º ¹Àµ�� º ¼[¹ p ¹�Ã
¸M¹ p ¹E¸�ÄqÓ¯µ��Z�EÅA¾?µ�� Þ >Ùµ�·�¶7Ä�½�·¿Å����E¼[¹E¶d½�½?ÄÈÅA¶Gµ�xÈÎ7¼ Ð Å7ÄjÅA·Â¸ Þ Ã7¹L½?¹]��½�½?¾Âµ p ¹E¸½?¼�x ¹ p µ�¾¿¼<µq½Â¼MÄj¶7·~µq·Â·ÂÄ!�E¼Mµq½?¹�Ã >�¼T½ º � º µ�¶ Ð ¹E·oÄqÓP½ º ¹�» ºdÞ ·Â¼��xµ�¸�»7¾¿Äj»�¹E¾¿½Â¼M¹�· Ä�Óâ½ º ¹y�E¾¿Å7·¿½"ÓÔÄj¾½ º ¹N½ º ¾Â¹�¹Ç·�½tµq½Â¼MÄj¶
»Gµq¼M¾Â·�µq¶7Ã
Ã7Å7¾Â¼[¶ Ð ½ º ¹Y��Äj¶7·Â¼[Ã7¹E¾¿¹EÃ èjè Þ ¹Eµ�¾Â·�×�ä º ¹ ÄjÎ\½tµ�¼[¶7¹EÃ�¾¿¹E·ÂÅA¸[½?·�µ�¾¿¹�å



� �/������	3����+,�5+,� ���"������+,�&�����+� �(��+ �������$� �/��������	!�|������� C��
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tO1 -`- 1 w�x���� lk{|��fih*hkj�}_j�l�m`hU~btO1 -.- 1wÝ w ü��>ë�Úèë2Npë�îïßZÞwë¼ì}ëXAvßwê�ä ât÷�ëïå�à¬îïà�â¢Ý¯â{à�ßvê�Ü4ßwíñîïë�ât÷�ß´ä�Üì�ÝwÜèë�äVßvê)ëµÝ¯Úèât÷<ð´ã�Ý`]wëXÜñÝwê�ä)Ú{ëXò�ßZÞvëXÚñÜ{ã�Úôí.Ýwò�ëENJÝµÞvëHä�à¬Ü{Ù}ë�Ú{Üèà�ßvê¼ä�Ý¯â¢Ý0íOÚ{ßvî Ýwîúì<à�ë�êrâJÜ{ë�à¬Ü{îÍà�òê�ßvà¬Ü{ë y sZm z�� }�f�m`o�p[��m`� z�� h*hkf_tO1 -.-43�w ü
S ÷�ë%ì�ÝwÜ{à¬òVà�ä�ë�ÝBßwí>ât÷�ëVê�ë�N îÍëXât÷<ßLäyà�Üúâ{÷�Ý¯âÍò�ÚèßvÜ{ÜEÿ:ò�ßwÚ{Ú{ëXå�Ý¯â{à�ßvê²ßwí8ÝBÚ{Ýwê�ä�ßwî�ùjà¬Ü{ßwâ{Ú{ßvÙ<à�ò
N2ÝµÞwëXö�ëXå�äaòXßvîïÙ<ã<âtëXähì}ëXâTNpë�ë�ê Ý«Ù�Ýwà¬Ú ßwíjÚèë�òXë�à¬Þwë�ÚèÜ&Nñà�å¬å�Ú{ëXÜ{ã�å�âFà�ê�Ý;NJÝµÞvëXíOßwÚ{î ât÷�Ý�â>ä<à��¡ë�Ú{Üßvê�åUAaì6A ÝwêBÝwîÍÙ�å�à�âtã�ä<ëÑí.ÝwòXâ{ßvÚ4íOÚèßvî â{÷�ë��HÚèë�ë�ê íOã�ê�ò�âtà¬ßvê�ì¡ë�âTNJëXë�ê¿â{÷�ëÉÚ{ëXò�ëXà¬ÞvëXÚ{Ü8�@jGm`�`j�}
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m`o�p��"f���� ��� tv1 -.- : w�x�y o � jGpQj�} tO1 -.-`3�w ü�S ÷<à�ÜÑÙ<Ú{ßvÙ}ë�ÚôâTAÀà¬ÜAÚèë�îÍà�ê�à¬Ü{òXë�êrâÑß¯í2ât÷�ë	��ã�ò�âtã�Ý¯â{à�ßvê´ÿä�à¬Ü{Üèà�Ù�Ý¯â{à�ßvêúâ{÷�ë�ßwÚ{ë�î�
����f�t : � 5.5 w Nñ÷�à�ò¢÷ÍÙ¡ßwÜ{à¬â{Ü�ÝHÚèë�å�Ý¯âtà¬ßvêÉì¡ë�âTNJëXë�ê¼â{÷�ëñÚtÝwê<ä�ßvî���ã<òXâtã�Ý�ÿâ{à�ßvê�ÜñßwíjÝÍå¬à�ê�ë�ÝwÚ ÜRA´Üôâtë�î Ýwê�äVât÷<ëAÜWALÜôâtëXî�æøÜ4Úèë�Ü{Ù}ßvê�ÜèëAâ{ß�Ýwê%ë�^´âtëXÚ{ê�Ý¯åÖíOßvÚèò�ë¯ü S ÷�ëÑÚèë�å�Ý�âtà�ßwêà¬Ü Nñà¬ä�ë�åUAïã<Ü{ë�ä¼à�ê�Ý0ÞwÝ¯Ú{à�ë�âTA«ßwí®Ù�÷6A´Ü{à¬òµÝwå¡ÝwÙ�Ù�å¬à�ò�Ý¯âtà¬ßvê�Ü�ùvö�ê�ä�à�ê<éÑà¬â{ÜpÚèßLß¯âtÜJà¬ê¼ë�ÝwÚ{åUA NJßvÚR]^Ü2ßvê
� ÚèßBNñê�à�Ýwê�ê�ßvà¬Ü{ë�
 f � m`o�p�� � l lvhkj���fBf|p tv1 -.-`3�w x��a� o � l j � o tW: � - C w ü ?ñë�òXë�êrâ?Úèë�Ü{ã<å¬âtÜFà�ê�÷�ë�å¬à�ß¯ÿÜèë�à�Üèîïßwå�ßvé`A�q��)�im`h*h�j�l&m`hU~�tW: � ��� w ù¡Ýwò�ßwã�Üèâ{à�ò�Ü��f���� ��� m`o�p �@jGm`�`j�}dtv1 -.- :µì w�x qcj�}�f|pQj�j�lnm`hU~
tv1 -.- � ì w�x�� f���� m`o�p�
� z j�} �@m`o tO1 -.-`3�w x ��m`}�f � j j�l�m`hU~Mtv1 -.-`3 ì w�x�� m`h�� fih � j�l�m`hU~btO1 -`-`3�w ùÝwê<ä¼Ü{ëXà�Üèîïßvå¬ßvé`A y sZm z�� } f m`o�p_��m`� z�� h*hkf;tO1 -.-43�w�x ��m`� z�� h*hkf m`o�p��bm��)h�tO1 -.- � w Ü{ã�évéwë�Üèâ�ât÷�Ý¯âÜèã�ò¢÷)ÝHÜèâ¢Ý�âtà�Üôâtà¬òµÝwå<â{Ú{ë�Ý¯âtîÍë�êrâ�òµÝwêÍì}ë4ÝwÙ<Ù�å�à¬ë�äÉâtß0ê�ßvêLÿ ât÷�ëXÚ{îïÝwå�Ú{Ýwê�ä�ßvî NJÝµÞvë�ö�ë�å¬ä�Ü�ù´à�êÍÙ�ÝwÚEÿâ{à�ò�ã<å�ÝwÚ6âtßAå�ßvê<éAÜèë�Ú{à¬ë�Üpßwí(ÝwîÑì�à�ëXê^âpÜ{ëXà�Üèîïà¬òFê<ßvà�Üèë>ì}ë�ò�Ýwã�Ü{ë>ât÷�ë>ä�à�ÜôâtÚ{à¬ì�ã<â{à�ßvê«ßwí�â{÷�ë8Ý¯îúì�à�ëXêrâÜèßvã�Ú{òXë�Ü«ÚtÝ¯ê�ä�ßvîÍàk/Xë�Ü Nñ÷�ëXêyÝZÞwë�Ú{Ýwévë�äyßZÞvëXÚÉå�ßvê�éaâ{à�îÍë�ÜXüeØ>îúì�à�ëXêrâÉÜ{ëXà�Ü{îÍà�ò¼ê�ßvà�Üèë�à�ÜúÝwä�ä�à§ÿâ{à�ßvê�Ý¯å�å�A%Ú{Ýwê�ä�ßvîÍàk/Xë�ä�ì6A Ü{ò�Ý¯â{â{ë�Úèà�ê�é)íOÚ{ßwî$÷�ë�âtë�ÚèßvévëXê�ë�à�âtà�ëXÜKNñà¬â{÷�à�ê \SÝwÚèâ{÷��rj�o o � o f�j�l&m`hU~
tv1 -.- : w ü 7Lã�Úèí.Ý¯ò�ë�ÿON2ÝµÞwë�Ü?ÝwÚèëÑîÍßvÜèâ>ëµÝ¯Ü{à�åUAVë�^´âtÚ{ÝwòXâ{ë�ähíOÚèßvî ât÷�ëÑÝwîúì�à¬ë�êrâ>ê�ßvà�Üèë y sZm z�� }�fDm`o�p
��m`� z�� h*hkf tO1 -`-`3�w ì}ë�òµÝ¯ã�Ü{ë«ât÷�ë�A ä�ßvîÍà�ê�Ý�âtëÑâ{÷�ë��HÚèë�ë�ê íOã�ê�ò�âtà¬ßvêÀì}ëXâTNpë�ëXê¿Úèë�ò�ëXà¬Þwë�Ú{ÜAå�ß´òµÝ�ÿâ{ë�ä%Ý¯â ât÷<ë0Üèã�Úèí.Ý¯ò�ëHÝwê�ä%Ýwå¬Ü{ß«ì}ë�òµÝ¯ã�Ü{ë0Ýwîúì<à�ë�êrâ Üèë�à¬Ü{îÍà�ò8ê�ßwà�Ü{ë?à¬Ü ë�^Lò�à�âtëXä%Ù<Ú{ëXíOëXÚ{ëXê^â{à�Ýwå¬å�Aïì6AÜèã�Ù¡ëXÚèö�òXà�ÝwåcÜ{ßvã�Úèò�ëXÜ�ù®Ü{ã�ò¢÷¿ÝwÜ?ß´ò�ëµÝ¯ê�à�òÉîÍà�òXÚ{ßvÜèë�à�ÜèîïÜ4Ýwê�äÀÝ¯âtîÍßvÜèÙ�÷�ë�Úèà�òúä<à�Üèâ{ã�Ú{ì�Ýwê�ò�ëXÜ! �} � j�"
p`} � � s_j�l�m`hU~ tW: ��� ,6w�x$# m`o � �2filTfrm`o�p&%�� t : � � � w x'� � � lv})(i� tO1 -.- : w x)� s � jEm`o�p � fi�@m`o fi� � �G{
tv1 -.-`3�w ü	S ÷�ë¼Üèë�à¬Ü{îÍà�ò«ê�ßvà¬Ü{ë«ö�ë�å¬äÀà¬ÜAßwí â{ë�êÀê�ßwâAÙ¡ëXÚèíOë�ò�âtåUA à�Ü{ß¯âtÚ{ßwÙ�à�ò«Ýwê<ä¿îïÝBA ì}ëÍä�ßvîÍà�ê�Ý�ÿâ{ë�ä�ì6AdNJÝµÞvëXÜHÝwÚ{Úèà¬Þ´à�ê�é«íOÚ{ßwî ÝÍíOëXN Ù�Ú{à¬ê�ò�à¬Ù�Ýwå®ä�à¬Ú{ë�ò�âtà¬ßvê�Ü�ü�SÖß�Ú{ëXä�ã�òXëúât÷�ëAò�ßvêrâtÚèà�ì�ãLâtà�ßwêhßwíâ{÷�ë¼îÍßvÜèâAë�ê<ë�Ú{éwëXâtà¬ò�ÝwÚèÚ{à�ÞwÝ¯å�Ü�ù�Npë�ä�à¬Ü{Úèë�érÝwÚèäÀâ{÷�ë)ÝwîÍÙ�å�à�âtã�ä<ëÉì�AÀò�ßwÚ{Ú{ëXå�Ý¯â{à�ê�é%ßvê�åUA ßvê�ë�ÿ:ì�à�âÜèà�évê�Ý¯å�Üd��m`� z�� h*hkf[m`o�p*�Mm��QhrtO1 -`- � w�x ��m`}�f � j j�l�m`hU~btv1 -.-`3 ì w ì}ëXíOßvÚèëïâ{÷�ë¼òXßvîïÙ<ã<â¢Ý¯â{à�ßvêBßwíâ{÷�ëHò�Ú{ßwÜ{Üôÿ ò�ßvÚèÚ{ëXå�Ý¯â{à�ßvê�ü
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\�^<ÝwîÍÙ�å�ëXÜFß¯ícòXÚ{ßvÜèÜôÿ:òXßvÚ{Úèë�å�Ý¯âtà¬ßvê�Ü ì}ëXâTNpë�ë�ê�Ù�Ýwà¬Ú{Ü ßwícÜ{ë�à¬Ü{îÍà�ò8Üôâ¢Ý¯â{à�ßvê<ÜFà¬ê ó Ýwå�à�íOßvÚ{ê�à�ÝÑÝwÙ<Ù¡ë�ÝwÚà¬ê43cà¬é�ü :vü ó ÚèßvÜ{ÜEÿ:òXßvÚ{Úèë�å�Ý�âtà�ßwê�Ü6ì¡ë�âTNJëXë�ê�âTNpßÑÜôâ¢Ý¯â{à�ßvê«Ù�Ýwà¬Ú{Ü&t65d9®Ø ó ÿ�Y��&9Sù)787:9 ÿ;5[9(Ø óMwà¬êúâTNJß0Ü{÷�ßwÚèâSÙ}ë�Ú{à¬ßLäÉì�Ýwê�ä�Ü&tOC8Ücÿ : - ÜXù : - Üjÿ#1 - Ü w Ý¯Ú{ë Ù�Úèë�Ü{ëXêrâtë�äïã�Ü{à¬ê�é?íOßvã�Ú6ä�àU�¶ëXÚ{ëXê^âSßwê�ëîÍßvêrât÷Íâtà�îÍëFÜ{ë�Úèà�ëXÜ�t6<vÝwê^ã�Ý¯ÚRAvù´Ø4Ù<Ú{à�å\ù8<wã�å�Awù�þ8ò�âtßvì}ë�Úb1 -.- 1 w ü83lßwÚpë�Ýwò¢÷)ÜèâtÝ¯âtà¬ßvêLÿ:Ù�Ýwà�ÚXùrÚ{ë�Üèã�å¬â{ÜíOÚèßvî ä�àU�¶ëXÚ{ëXê^â«îÍßvêrât÷<Ü«ÝwÚ{ëVÜ{à¬îïà¬å�ÝwÚHâtß�ßwê�ë%Ýwê�ßwâ{÷�ë�Ú«Ýwê<ä²â{ß�ât÷�ëVÚ{ëXÜ{ã�å�âtÜÉã�Üèà�ê�éBÝ�Nñ÷�ßvå¬ë
AwëµÝwÚñßwíeä�Ý¯âtÝ<ù�ì�ã<âFä�àU�¶ëXÚ2ì}ëXâTNpë�ë�ê�ât÷�ë?Üôâ¢Ý¯â{à�ßvêLÿ Ù�Ýwà¬Ú{Ü�ü)S ÷^ã�Ü�ù�ât÷<ë0ëXîïëXÚ{évà¬ê�écNJÝZÞwëXíOßvÚèîïÜFÝwÚèëÜôâ¢Ýwì�å¬ëÉßZÞvë�Ú?â{à�îÍëúÝwê�ä ò¢÷�Ý¯ÚtÝwò�âtë�Úèàk/XëÍë�ÝwÚèâ{÷ ÜèâtÚèã�òXâ{ã�Ú{ë«ì}ëXâTNpë�ëXêÀât÷<ëÍÜôâ¢Ý¯â{à�ßvê<Ü�ü�=:êÀÝwä�ä<à¬âtà¬ßvê�ùâ{÷�ëhòXÚ{ßvÜèÜôÿ:òXßvÚ{Úèë�å�Ý¯âtà¬ßvê�ÜÍßwí?ê�ßvà¬Ü{ë�Ü{ë�ð^ã�ëXê�ò�ëXÜ%ÝwÚ{ëVÞvëXÚRA�Üèà�îÍà�å�ÝwÚÑâtßÀÜ{ã�Úôí.Ýwò�ë�ÿ NJÝµÞvë�ÜVëXîïà�â{âtëXäì6A�ë�ÝwÚèâ{÷�ð^ã�Ý`]wëXÜAê<ëµÝwÚ?ßvê<ëÉÚ{ë�òXë�à�Þvë�ÚHßvì<Ü{ë�ÚôÞvëXä Ý¯â8â{÷�ëÉßwâ{÷�ë�Ú?Úèë�ò�ëXà¬Þwë�Ú�ü	S ÷<à�Ü?ò�ßwê<ö�Ú{îÍÜ8ât÷�Ý¯ââ{÷�ëhòXÚ{ßvÜèÜôÿ:òXßvÚ{Úèë�å�Ý¯âtà¬ßvê�ÜÍÝwÙ�Ù�ÚèßL^<à¬î¼Ý�âtë[�HÚèë�ë�êyíOã�ê�ò�âtà�ßwê�Ü¼ßwí�?>ÝLA´å�ëXà�év÷ N2ÝµÞwë�Ü)Ù�ÚèßvÙ�ÝwérÝ�âtà�ê<éì}ëXâTNpë�ëXê)ëµÝwò¢÷)Ù�Ý¯à�ÚSßwí(Üôâ¢Ý¯â{à�ßvê�ÜpÝwê�äÍât÷�Ý�âJßvê<ë4îÍßvêrât÷¼ß¯í(ä�Ý¯âtÝAÜ{ãLõïòXë�ÜJâ{ßÑë ^Lâ{ÚtÝwò�âM?FÝLALå¬ë�à¬év÷
NJÝµÞvë �HÚèë�ë�êVíOã�ê�ò�âtà¬ßvê�ÜñÚ{ßvì<ã�Üèâ{å�A�à¬ê)ât÷�ëHÙ}ë�Ú{à¬ßLä)ì�Ýwê�ä%ßwícà¬êrâtë�Úèë�Üôâ>÷<ë�Ú{ë2t6>úÜ2ÿ�1 - Ü w
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PÀë�Üèë�å¬ë�òXâ{ë�ä � - Ú{ë�å�Ý¯âtà�ÞvëXå�A ð^ã�à¬ë�Üèò�ë�êrâ¼ä�ÝLALÜ[t.ä<ã�Ú{à¬ê�é Nñ÷<à�ò¢÷yê�ß�5

>
CLü , ëµÝ¯Úèât÷<ð´ã�Ý`]wëXÜ�ßLò�ÿòXã�Ú{Úèë�ä w ßwí?ò�ßwê^â{à�ê^ã�ßvã<Ü[:aÜ{ÝwîïÙ<å�ëVÙ¡ëXÚ¼Üèë�ò�ßwê�äÂä�Ý¯âtÝBíOÚ{ßwî 561 JE7LØ4ÚèÚtÝLAyÜèâ¢Ý�âtà�ßwê�Ü@Nñà�ât÷�à¬êó Ýwå¬à¬íOßvÚèê�à�Ý)íOÚ{ßwî Ø4ã<évã�ÜèâÍÝ¯ê�ä7Lë�ÙLâtë�îÑì¡ëXÚ@1 -.-`3 ü�7L÷�ßvÚôâ«Ù¡ëXÚ{à¬ßLä Üèã�Úèí.Ý¯ò�ëDNJÝZÞwë�ä<à�Ü{Ù}ë�ÚèÜ{à¬ßvêòXã�ÚèÞwë�ÜFÝwÚ{ë>ë�Üôâtà�îïÝ¯â{ë�ä¼íOÚèßvî â{÷�ë��?Ú{ëXë�ê�íOã�ê�ò�âtà¬ßvê�Ü2ã�Üèà�ê�éAíOÚ{ë�ð^ã�ëXê�òXArÿ âtà�îÍë?Ýwê�Ýwå�A´Ü{à¬Ü �"j�� � s � o

j�l�m`hU~	t : � , � w�x ��� lk{|��fih*hkj�}Km`o�p��"j�� � s � o t : � � ,.w�x y sZm z�� }�f;m`o�p y�� o
	is tW: ��� � w íOÚ{ßvî�â{÷�ë : , � :Ù�Ý�ât÷�Üñò�ßwê�ê�ë�ò�âtà¬ê�éÉât÷�ëXÜ{ë0Üèâ¢Ý�âtà�ßwê�Ü�üZPÀë?Ú{ëT<èë�ò�âtë�ä>N2ÝµÞwëXíOßvÚèîïÜMNñà¬â{÷��XÜ{à¬évê�Ýwå§ÿ âtß�ÿ:ê�ßvà¬Ü{ë�FÚtÝ�âtà�ßwÜÜèî¼Ýwå¬å�ëXÚJât÷�Ý¯ê 3 Ýwê�äVíOßvÚñÙ�Ý¯â{÷�ÜñÜ{÷�ßvÚôâtëXÚFâ{÷�ÝwêVâTNJß@N2ÝµÞvëXå�ëXê�éwât÷<Ü�ù}Ú{ë�Üèã�å¬â{à�ê�é«à¬êd5 > , Ýwê�ä , � :évÚèßvã�ÙÀÜ{Ù}ë�ë�ä îÍëµÝ¯Ü{ã�Úèë�îÍë�êrâtÜÉÝ�âÑÙ}ë�Úèà�ß´ä�ÜAß¯í >Lü C�ÜúÝwê<äu:=C%ÜXùeÚèë�ÜèÙ¡ëXòXâtà�ÞvëXå�Aut 3cà¬é�ü�7 1 w ü�PÀëâ{÷�ë�êhÝwÙ�Ù�å¬à�ë�ä�ÝÍâ{ßvîÍßvévÚtÝ¯Ù�÷�à�ò4à�êrÞvëXÚ{Ü{à¬ßvê��nm`}�� � o8j�lMm`hU~�tO1 -.- : w âtß«ât÷<ë�Ü{ë0âTNJß¼ä�Ý¯â¢Ý«Ü{ë�âtÜFâtßßvìLâ¢Ýwà¬êBéwÚ{ßvã�ÙBÜ{Ù}ë�ëXä¿îïÝwÙ�Ü?ßvêÀÝd1 , ]´î × 1 , ]^î�éwÚ{à�äBÝwòXÚ{ßvÜèÜ ó Ý¯å�à¬íOßwÚ{ê�à�Ý t 3cà¬é�ü	1 w ü	S ÷�ëîïÝwÙ�Ü8Ù<Ú{ß´ä�ã�ò�ëXäBÞ¯ÝwÚèà�Ýwê<ò�ëúÚèë�ä�ã�ò�âtà¬ßvê�Ü?ßwí � ��� Ýwê�ä >`5 � Ý¯â>Lü C¼Ü0Ýwê�ä :=C�ÜXù�Ú{ëXÜ{Ù}ë�òXâ{à¬Þwë�å�AwùÚèë�å�Ý�âtà¬ÞwëÉâtßVât÷�ëÍÚ{ëXévà�ßvê�Ýwå6ÝµÞvëXÚtÝwévëïÜ{Ù}ë�ëXä Ý¯âAëµÝwò¢÷ÀÙ¡ëXÚ{à¬ßLä�ü Seß%âtë�ÜôâAâ{÷�ëÍÚ{ßvì�ã<Üèâtê<ë�Ü{ÜAßwí2â{÷�ëà¬ê^Þwë�ÚèÜ{à�ßwê�ù	NJëïÝwÙ�Ù�å¬à�ëXä â{÷�ëÍÜtÝwîÍë«Ù�Ú{ß´ò�ëXä�ã�Ú{ëÍâtß�Ý%Üèë�òXßvê�ä îÍßvêrât÷Bßwí2ä�Ý¯â¢Ý%Ýwê�äBÙ�Ú{ß´ä�ã�òXë�äÜèà�îÍà�å�Ý¯ÚFâ{ßvîïßwévÚtÝwÙ<÷�à�òAî¼ÝwÙ<Ü@t 3cà¬é�ü�7 � w S ÷�ë«Ú{ëXÜ{ßvå¬ã<âtà¬ßvê�ßwí�ât÷�ëÉÚèë�Ü{ã<å¬âtà¬ê�é)à�îïÝwévëXÜ8à�Ü8Ýwì¡ßwã<ââ{÷�ëÉÝµÞvëXÚtÝwévëÑà�êrâtëXÚôÿ:Üôâ¢Ý¯â{à�ßvê�ä�à�Üôâ¢Ýwê<ò�ëwù¡ì¡ë�âTNJëXë�ê 5 - Ý¯ê�ä : -.- ]´î$Ýwò�ÚèßvÜ{Ü4îïßvÜôâ4ß¯íSëµÝwò¢÷ îïÝwÙ
t 3cà�é�ü 7 3�w ü

Ã«Ä�� -$Ð|I®Ï2Î I"I(ÐXËAÇ ÕAÇVÌ ÐXÇ«È®×2Ê$.)Êc×2ÈÖÕ?È®Ð�ËÑÇ Ë2%Ì)Ð|I/.�×2Ê�I®Ð�ËAÇ � Õ.>I
Ø ÞwÝ¯Ú{à�ë�âTAÍßwí®évë�ßwå�ßvévà¬òµÝwå�íOë�Ý¯âtã<Ú{ë�ÜJÝwÚ{ë>Ú{ëXò�ßvévê<àk/µÝ¯ì�å�ë>à�êïâ{÷�ë8ëXÜèâtà¬î¼Ý�âtë�äïévÚ{ßwã�ÙLÿ:ÜèÙ¡ëXë�ä)ä�à¬Ü{Ù}ë�ÚEÿÜèà�ßvêBî¼Ý¯Ù�Ü@t 3cà¬é�ü"1 w ü 3�ßvÚ8ât÷�ë4>Lü C�Ü ?FÝLALå¬ë�à¬év÷ N2ÝµÞvë¯ù�Nñ÷<à�ò¢÷Bà�ÜHîïßwÜèâHÜ{ëXê�Ü{à�âtà�Þvë«âtß%Ü{÷�Ýwå¬å�ßBNòXÚ{ã�Üôâ¢Ýwå�ÜôâtÚèã�òXâ{ã�Ú{ëXÜ6ê�ß?ä�ë�ëXÙ¡ëXÚjât÷�Ý¯ê«Ýwì¡ßwã<âM: - ]^î%ù¯â{÷�ë2ä�à¬Ü{Ù}ë�Ú{Üèà�ßvêÉîïÝwÙúä<à�Ü{Ù<å�ÝLA´Üjå�ßBN²évÚèßvã�ÙÜèÙ¡ëXë�ä�ÜñíOßvÚ2ât÷<ë0Ù<Ú{à�ê<ò�à�Ù�Ýwå�Ü{ëXä�à�îÍë�êrâtÝwÚRA)ì�ÝwÜ{à¬ê�Üñà�ê ó Ýwå¬à¬íOßvÚèê�à�Ý<ù´à�ê<ò�å�ã<ä�à�ê�éúâ{÷�ëHì�ÝwÜèà�ê�Üñà�ê)â{÷�ëó ëXê^â{ÚtÝwå 7�Ýwå�å¬ëXAwù´â{÷�ë�7<Ýwå�âtßvê�SeÚèßvã�év÷)à¬ê¼ât÷<ë:=:îïÙ}ë�Úèà�Ýwå 7�Ýwå¬å�ë�Avùrât÷�ëK9®ßwÜôÿ:Ø>ê�évëXå�ë�Ü � ÝwÜ{à¬ê�ùLÝwê�äâ{÷�ë 7Së�êrâ{ã�ÚtÝ � ÝwÜèà�ê�ü ?ñë�évà¬ßvê�Ü8òXßvê�Ü{à¬Üèâ{à�ê�é�îïÝwà¬ê�å�A)ß¯ípÙ<å�ã<â{ßvê�à�òAÚ{ß´ò ]^Ü;t.ë¯üçé�ü�ù¶â{÷�ë;7Là¬ë�Ú{Ú{Ý ý ë�ÿÞ¯Ýwä�ÝLùcât÷�ë>YÖë�ê�à¬ê�Ü{ã�å�ÝwÚ;?FÝwê�évëXÜ�ùcâ{÷�ëd�HÚèëµÝ¯â � Ý¯Ü{à�ê¶ùjÝwê�ä²ât÷<ë*5�ßi<{ÝµÞvë�94ë�Üèë�Úôâ¼Úèë�évà¬ßvê w ÝwÚèëò¢÷�Ý¯ÚtÝwò�âtë�Úèàk/Xë�ä�Ù�Úèë�ä�ßwîïà¬ê�ÝwêrâtåUA«ì�A«í.ÝwÜôâ2évÚèßvã�Ù�ÜèÙ¡ëXë�ä�ÜXü 7Lßwîïë�Nñ÷�Ý¯â2å¬ßBNJëXÚJÜ{Ù}ë�ëXä�Ü ÝwÚèë4ßvì<Ü{ë�ÚEÿÞwë�ä¿à¬êaât÷�ë�5�ß=<{ÝZÞwëD7´÷�ëµÝwÚ��¶ßwê�ëÍÝwê�äBÝwå�ßwê�é�ât÷�ë��HÝwÚ{å¬ßLò ]Ví.Ýwã�å�âµü S ÷�ë ó ßrÝwÜèâr?FÝwê�évëXÜ�ù�â{÷�ë
SÖÚtÝwê<ÜèÞvëXÚ{ÜèëK?FÝwê�évëXÜ�ùrÝwê<äÍâ{÷�ë 94à�Ý¯ì�å�ß�?FÝwê�évëbNñ÷<à�ò¢÷ÍÝwÚ{ëñîïÝwà�ê<å�A0ò�ßvîÍÙ}ßvÜ{ëXäÍß¯í¶Üèë�ä�à¬îïëXê^âtÝwÚRAÚèßLò ]^Ü ÝwÚèë4ò¢÷�Ý¯ÚtÝwò�âtë�Úèàk/Xë�ä�ì6Aïå�ßBN évÚ{ßwã�Ù¼ÜèÙ¡ëXë�ä�ÜXùZNñà¬â{÷ïât÷<ë8ë�^Lò�ëXÙ<âtà¬ßvê�ßwí(â{÷�ë�7LÝwå�à¬ê�à�Ýwê«ì�å¬ßLò ]å¬ßLò�Ý¯âtëXä%Üèßvã<â{÷�ßwí;5�ßvêrâ{ë�Ú{ë�A � ÝLAvü
3�ßvÚFât÷�ë_:=CÍÜ�?>ÝLA´å�ëXà�év÷[NJÝµÞvë¯ù(Ü{ë�ê<Ü{à¬â{à¬ÞwëÉî¼Ýwà¬ê�å�A)â{ß�ât÷�ëÑîïà¬ä�ä�å�ë0ò�Úèã�ÜèâHä<ß=Nñê�â{ß)ä�ë�Ù<â{÷�Ü?ßwíÝwì}ßvã<â 1 - ]^î%ùÖÞwë�ÚRAÀí.ÝwÜèâúévÚ{ßvã<Ù Ü{Ù}ë�ëXä�Ü«ò�ßvÚèÚ{ë�ÜèÙ¡ßwê�ä�ÜÑâ{ßaât÷�ë�Úèë�îÍê�ÝwêrâtÜAßwíñât÷�ë 5�ë�Üèß./�ßwà�òÞwßvå�ò�Ýwê�à�ò0ÝwÚèò���ât÷<ë 7Là¬ë�Ú{Ú{Ý ý ëXÞ¯Ýwä�ÝïÝwê�ähâ{÷�ërYeë�ê<à�ê�Üèã�å�ÝwÚ&?FÝwê�évëXÜ4ò�ßwîïÙ}ßvÜ{ëXähÙ�Úèà�ê�òXà�Ù�Ý¯å�å�Aïßwíó ÚèëXâ¢Ý¯ò�ë�ßwã�ÜjévÚ{Ýwê�à¬â{à�ò6ì�Ý�ât÷�ßvå¬à¬â{÷�Ü�üBS ÷�ëpî¼Ý¯ÙúÝwå¬Ü{ßFÚ{ëXÞwëµÝwå¬Üeâ{÷�ëJòXßvêrâtÚtÝ¯Üèâjì}ëXâTNpë�ëXêúât÷�ë NJëXÜèâ{ë�Ú{êÝwê<äúëµÝwÜôâtëXÚ{ê«Ù�ÝwÚôâtÜcß¯í�ât÷�ë�7´à�ë�ÚèÚtÝ ý ëXÞ¯Ýwä�Ý���fio j � j�l#m`hU~ tW: ��� 3�w ü=S ÷�ëJévÚ{ßvã<ÙÉÜ{Ù}ë�ë�ä<ÜSÝwÚ{ëpå�ßBNJëXÚà¬êÑât÷�ëb�HÚèëµÝ¯â � ÝwÜèà�êÉÝwê<äúà�êÑâ{÷�ë 5%ßi<{ÝµÞvë 94ëXÜ{ë�Úôâµùvà¬ê�ä�à¬òµÝ¯â{à�ê�éñât÷�Ý�âcât÷<ë2îïà¬ä�ä�å¬ë�òXÚ{ã�Üôâ6à�êAât÷�ëXÜ{ëÝwÚèëµÝwÜ�à�Ü�Ù�Úèßvì�Ýwì�åUA«÷�ßwâèâtë�ÚpÝwê�ä@NJë�Ý`]wëXÚJât÷�Ýwê¼à¬êïât÷<ëK7Là¬ë�ÚèÚtÝ ý ëXÞ¯Ýwä�ÝLü8=:êïât÷�ë ó ë�êrâtÚ{Ýwå 7�Ýwå�å¬ëXAvù
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Ü{å¬ß=N évÚèßvã�Ù)ÜèÙ¡ëXë�ä�ÜFÝwÚèë8ÝwÜèÜ{ß´ò�à�Ý�âtë�äDNñà�ât÷�âTNpßÉä�ë�ëXÙVÜ{ë�ä<à�îÍë�êrâ¢ÝwÚWA¼ì�ÝwÜ{à¬ê�Ü�ù´ât÷�ëg7<Ý¯ê*<wßrÝwð^ã�à�ê
� ÝwÜèà�êBà�êaât÷<ëÍÜèßvã<â{÷¿Ýwê<äBâ{÷�ë�7<Ýwò�Ú{ÝwîÍë�êrâtß � ÝwÜèà�êBà�êaâ{÷�ë«ê�ßvÚèâ{÷ÀÜèë�Ù�Ý¯ÚtÝ¯â{ë�äBà�ê�ât÷�ë«îÍà�ä�ä<å�ëì6A�ât÷�ë�à¬évê�ëXßvã�Ü�ä�ßwîïà¬ê�Ý¯âtëXä 7´âtß´ò ]râtßvê Ø>Ú{ò¢÷ � � h � fio j�l@m`hU~�tW: � ��� w üb�HÚèßvã�ÙÂÜ{Ù}ë�ëXä�Ü%ÝwÚ{ëå�ßBN�à�êaât÷<ëÍÜèë�ä�à¬îïëXêrâ¢ÝwÚWAaîÍßvã�êrâ¢Ýwà¬ê�ÚtÝwê<évë�Ü x ëwüøé�ü¬ù�â{÷�ë SÖÚtÝwê�ÜôÞvëXÚ{Ü{ë2?>Ý¯ê�évë�ÜXù¶ât÷<ëÉÜ{ßvã<â{÷�ë�ÚèêÙ�ÝwÚôâ«ßwí>â{÷�ë ó ßrÝwÜôâ�?>Ýwê<évë�ÜXù6Ýwê�ä ât÷<ë�9>à�Ýwì�å¬ß ?FÝwê�évë¯ü ý ëXã<âtÚ{Ýwå2âtß�í.ÝwÜôâ N2ÝµÞvë%Ü{Ù}ë�ëXä�ÜÍÝwÚ{ëßvì�Üèë�ÚèÞwë�ähíOßwÚ2ât÷�ë 7<Ýwå¬à�ê�à�Ýwê�ì�å¬ßLò ]lü =:êVât÷�à¬ÜñÝwÚ{ë�Ý<ù�ât÷�ë;:=CÉÜñî¼Ý¯Ù%Üè÷�ßBNñÜ4Ý«ò�ßwê^â{ÚtÝwÜôâFì¡ë�âTNJëXë�êât÷�ë0÷�à¬év÷�ÜèÙ¡ëXë�ä>NJëXÜèâtëXÚ{ê[NJÝwå¬å(ßwícâ{÷�ëc7LÝwêLÿ:Ø>ê�ä�ÚèëµÝwÜñí.Ýwã�å�âµù�òXßvîïÙ}ßvÜèë�ähß¯ícÙ�å¬ã<âtßwê�à�òHÚ{ß´ò ]^Ü>ß¯íât÷�ë 7<Ýwå�à¬ê�à�Ý¯ê%ì<å�ß´ò ]}ù}Ýwê<äaà¬â{Ü>å¬ß=N2ÿ Ü{Ù}ë�ëXäaëµÝwÜôâtëXÚ{ê�NJÝwå�å®ò�ßwîïÙ}ßvÜ{ëXäaßwí6Üèë�ä�à¬îïëXêrâ¢ÝwÚWA�ÚèßLò ]^Ü8ß¯íât÷�ë3�ÚtÝ¯ê�ò�à¬Ü{òµÝ¯êVíOßwÚ{îïÝ¯âtà¬ßvê�ü

ÃÍÄ{Ã 1 ËÑÇVÏJÓXÎ I(ÐXËAÇ I
S ÷�ë�ÜèëpÚèë�Üèã�å¬â{Ü(ë�ÜèâtÝwì�å¬à�Ü{÷8â{÷�Ý¯â�?FÝLALå¬ë�à¬év÷ENJÝZÞwëb�?Ú{ëXë�ê?íOã�ê�ò�âtà¬ßvê�Ü�ë ^Lâ{ÚtÝwò�âtëXäAì6A?òXÚ{ßvÜèÜôÿ:òXßvÚ{Úèë�å�Ý¯âtà¬ê�éå�ßvê<éhÜ{ëXð^ã�ë�ê�òXë�Ü«ßwíFÝwîÑì�à�ëXê^âAÜ{ëXà�Üèîïà¬ò¼ê�ßvà¬Ü{ë¯ù�Nñ÷�à¬ò¢÷ ÝwÚèë¼ä�à¬Ü{òµÝ¯Ú{ä�ëXä²ÝwÜÑÙ�Ý¯Úèâúß¯í âtÚtÝ¯ä�à¬â{à�ßvê�Ý¯åÜ{ëXà�Ü{îÍà�òAä�Ý¯âtÝ¼Ù�Ú{ß´ò�ëXÜ{Üèà�ê�é�ù¡ò�ßvêrâtÝwà�êaà¬ê<íOßvÚèî¼Ý¯â{à�ßvê%Ýwì}ßvã<â>ât÷�ëAÜèâ{Ú{ã�ò�âtã�ÚèëÉßwí6ât÷�ëÑÜ{÷�Ýwå¬å�ßBN Ýwê<äîïà¬ä�ä�å¬ë4ò�Úèã�Üèâ�ü S ÷�ë?ã�Üèë0ß¯ícÝ¯îúì�à�ëXêrâ Ü{ëXà�Ü{îÍà�ò4ê�ßvà�Üèë?ÝwÜ2â{÷�ë?Ü{ßvã<Ú{ò�ë?íOßvÚJÜ{ë�à¬Ü{îÍà�ò>ßvì�Ü{ëXÚèÞ¯Ý¯â{à�ßvê�ÜÝwä�ä�Úèë�ÜèÜ{ë�ÜÑÜ{ëXÞwë�Ú{ÝwåpÜè÷�ßvÚôâtò�ßwîïà¬ê�évÜ?ßwípâtÚtÝ¯ä�à¬â{à�ßvê�Ý¯åcÜ{ã<Úèí.ÝwòXë@NJÝµÞvë¼îÍëXâ{÷�ß´ä�Ü�ü	S ÷�ëÍîÍëXât÷<ßLäBà�ÜÙ�ÝwÚôâtà�òXã�å�Ý¯Ú{å�AQÝwäLÞwÝ¯ê^âtÝwévëXßvã�Ü)à�êQât÷�ë�òXßvêrâtë�^´â%ßwíHâtëXîïÙ}ßvÚ{ÝwÚRAQÜ{ëXà�Ü{îÍà�òhÝwÚ{Ú{ÝLALÜ)Üèã�ò¢÷ ÝwÜ�ât÷�ë
SeÚ{Ýwê�ÜèÙ¡ßvÚôâ¢Ýwì<å�ëhØ>Ú{Ú{ÝBAyòXßvîïÙ}ßvê�ëXêrâ¼ßwígJE7LØ4ÚèÚtÝLAyßvÚ�Y¡Ø�7Z7 ó ØK9 ë�^LÙ}ë�Ú{à¬îïëXêrâtÜ¼ì}ë�ò�Ýwã�Üèëaà¬âòµÝwê
Ú{ëXâ{ã�Ú{ê
ã�Ü{ë�íOã�å4à¬ê<íOßvÚ{îïÝ¯â{à�ßvê ë�Þvë�êÂà�í?ëµÝ¯Úèât÷<ð´ã�Ý`]wëXÜ�ä�ß ê�ß¯â¼ß´ò�òXã�Ú�ü S ÷�ëaÜè÷�ßvÚèâïÙ}ë�Ú{à¬ßLää�à�ÜèÙ¡ëXÚ{Üèà�ßvê îïÝwÙ�ÜVÙ�Ú{ß´ä�ã�òXë�ä ì6A�ât÷�ë îÍëXâ{÷�ßLä ò�Ýwê Ù<Ú{ßZÞ´à�ä�ë ÷�ßvîÍßvévëXê�ë�ßwã�Ü{åUA�ä�à¬ÜèâtÚèà�ì�ãLâtë�ä
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à¬ê<íOßvÚ{îïÝ¯â{à�ßvê²Ýwì}ßvã<âÍÜè÷�ëµÝwÚ@N2ÝµÞwëaÜ{Ù}ë�ëXä�Ü¼à¬êQât÷<ë�òXÚ{ã�Üôâ2Nñ÷�à¬ò¢÷�ÝwÚèëh÷�ÝwÚèäQâ{ß¿ÝwòXð^ã�à�Úèë>Nñà�ât÷â{ÚtÝwä�à�âtà¬ßvê�Ýwå´îïë�ât÷�ß´ä�ÜXü6S ÷�ëñê�ëXNÂîÍëXâ{÷�ß´äÍëXê�÷�Ýwê<ò�ë�Ü�Ú{ëXÜ{ßvå¬ã<âtà¬ßvê«ì¡ëXòµÝwã<Ü{ëFîïë�ÝwÜ{ã�Úèë�îÍë�êrâtÜ�ÝwÚèëîïÝwä�ë«ì}ëXâTNpë�ë�ê¿Ú{ë�éwã�å�ÝwÚèå�AhÜ{Ù�ÝwòXë�äÀÚ{ë�òXë�à�Þvë�ÚèÜrNñ÷�à¬ò¢÷¿îïÝLA�å�à¬ëÉîúã�ò¢÷Bò�å�ßwÜ{ë�Ú?â{ß�ßvê<ë¼Ýwê<ßwât÷�ëXÚâ{÷�ÝwêVâtß«ëµÝwÚôât÷�ð^ã�Ý4]wë�ÜXü
= âÑî¼ÝLA Ü{ëXë�î à�ê�à�âtà�Ýwå�åUAhÜèã�Ú{Ù�Úèà�Üèà�ê�évåUAaât÷�Ý¯âúä�ë�âtëXÚ{îÍà�ê�à¬Üèâtà¬ò«à�ê<íOßvÚèî¼Ý�âtà�ßwê Ýwì¡ßwã<âAâ{÷�ëD\SÝwÚôât÷�æøÜòXÚ{ã�ÜôâjòµÝ¯êúÚ{ëXÜ{ã�å�âeíOÚèßvî ò�ßvÚèÚ{ëXå�Ý¯â{à�ßvê�Ü®ßwí�Ýwîúì�à¬ë�êrâcÜèë�à¬Ü{îÍà�òSê�ßvà¬Ü{ëwüiS ÷�à¬ÜeÚèë�Ü{ã<å¬âeÚ{ë�îÍà�ê<ä�Üeã<Üeât÷�Ý¯âÚ{Ýwê�ä�ßvî ��ã�ò�âtã�Ý¯â{à�ßvê<Ü�ò�Ýwê�ùrà¬êúí.ÝwòXâ�ù`A´à�ë�å¬äÉât÷�ëñÜtÝ¯îïë à¬ê<íOßvÚ{îïÝ¯â{à�ßvêÑÝwÜSÙ�Ú{ßZÞ´à�ä�ëXä«ì�A«Ù<Ú{ßvì�à¬ê�éHÝÜWALÜôâtëXî Nñà¬â{÷«ÝwêÉë�^´âtëXÚ{ê�Ý¯å<íOßvÚ{òXë 
 f � m`o�p:� � l l hkj���fBf|pdtv1 -.-`3�w Ýwê�äúâ{÷�Ý¯â6ê�ß¯âSÝwå�å´ê�ßvà¬Ü{ë2à¬Üjì�Ýwä¶ü
=:êVÜ{ëXà�Üèîïßvå¬ßvé`Awù<ë�^´â{ë�Ú{ê�Ýwå(Ù�Ú{ßwì�à�ê�éúâ{÷�Ú{ßwã�év÷%ÝwòXâ{à¬Þwë?Ü{ë�à¬Ü{îÍà�ò8Üèßvã�Úèò�ë�Ü t.ë¯üçé<ü¬ù�ë ^LÙ�å�ßvÜèà�ßvê<Ü w îïÝBAì}ëñÙ�Ú{ßv÷<à�ì�à�âtà¬Þwë�åUAÑë ^<Ù}ë�ê<Ü{à¬Þwë8Ýwê<äÍë�ÝwÚèâ{÷�ð^ã�Ý`]¯ë�Ü2Ý¯Ú{ëñì¡ß¯ât÷Íà�ê<íOÚèë�ð^ã�ë�êrâpÝwê�äÍà�ê<÷�ßvîÍßvévë�ê<ë�ßvã�Üèå�Aä�à¬Üèâ{Ú{à�ì<ã<âtëXä�ü =:ê î¼Ý¯ê�ABà¬ê�ÜèâtÝwê�ò�ëXÜ�ùeîïëXÚ{ë�åUA��Eå¬à�Üèâ{ë�ê�à¬ê�é��ÑâtßaÝ¯îúì�à�ëXêrâÑê�ßwà�Ü{ëïî¼ÝLA ì}ë�ÝhîÍßvÚèëÚèë�å�à�Ýwì�å¬ë8Ýwê�ä%ë�òXßvê�ßvîÍà�ò�Ýwå�Ý¯å¬âtëXÚ{ê�Ý�âtà¬Þwëwü

1 Ë�� .�×2È®ÐXÇ�� Ð�ÇÉÈ®×2Êe×�I(È�I I(ÈÖÕ?È®× � ×ñÇÉÈ2Ä
S ÷�ë0ÝwãLât÷�ßvÚèÜñä�ë�òXå�ÝwÚèëHâ{÷�Ý¯â â{÷�ëXA)÷�ÝZÞwëAê<ßïòXßvîïÙ}ëXâ{à�ê�éúö�ê�Ýwê�òXà�Ýwå�à¬êrâtë�Úèë�ÜôâtÜ�ü

� Ï��¼Ç)Ë	� Ó�×ñÌ
� � ×ñÇÉÈ�I
S ÷�ëAä�Ý¯âtÝ¼ã�Ü{ëXäaà�ê%ât÷�à¬ÜnNpßvÚR]>Npë�ÚèëÑßvì<âtÝwà�ê<ë�ä�íOÚèßvî ât÷�ë�= ? =W7*98Ý¯âtÝ 5hÝwê�Ý¯évë�îÍë�êrâ ó ë�êrâtëXÚ�ü
PÀë¼Ý¯Ú{ëïÝwå�Üèß�Ù�Ý¯Úèâtà¬ò�ã�å�ÝwÚ{åUAaévÚ{Ý¯âtë�íOã�åjâtß&5�àk]^÷�Ý¯à�å � ÝwÚèîïà¬ê�íOßvÚH÷�ë�å¬Ù Nñà¬â{÷Àâ{÷�ëÍâ{ßvîÍßvévÚtÝ¯Ù�÷�à�òòXßLä�ë�Ýwê<äAâtßnYÖëXâtëXÚ��?ßvå�ä<ÜèâtëXà�ê8íOßvÚ®òXå�ÝwÚèà¬ö�ò�Ý¯âtà¬ßvê�Ü(Ýwì}ßvã<â(â{÷�ë�7LØ ó Ù�ÚèßvévÚtÝ¯î�ü|PÀë6ât÷�Ý¯ê ] ó ÚtÝwà¬é
<wßvê<ë�ÜcíOßvÚeÝ>â{ã<âtßvÚèà�ÝwårßwêÑât÷�ëJévë�ßvå¬ßvé`AHßwí ó Ýwå�à�íOßvÚ{ê�à�ÝñÝwê�ä \6Ú{à¬òb9®ÝwÚèßvÜ{ë¯ùvþ8å�ëXéK9(ßvì ]^à¬Ü�ù49®ã<ä�ßZÞLà¬ò
5hÝ¯Ú{évëXÚ{à�ê¶ù"?Fßvéwë�Ú 5hÝLALê�ÝwÚ{ä�ùÖØ4ê<ê�ë2YeÝwã�å\ù � ÝwÚèâ0Þ¯Ýwê8S à¬évévë�å¬ë�ê�ù®Ý¯ê�ä ?ñà�ò¢÷�Ý¯Ú{ä�P¿ë�ÝZÞwë�Ú0íOßvÚ÷�ëXå�Ù<íOã<årä�à�Üèò�ã�ÜèÜ{à�ßwê�Ü�üBPÀëJÝwò ]^ê�ßBNñå¬ë�ä�évë�ât÷�ëSÜèã�Ù�Ù}ßvÚèâÖíOÚ{ßvî ó ý ?&7�� = ý 7)J tOÙ�Ú{ßvéwÚtÝwî 9nAZ\�S = wÝwê<ä ó \6Ø t 3�ÚtÝ¯ê�ò�ë w ü
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98Ýwê�ÜFò�ëHò¢÷�Ý¯Ù�à¬â{Ú{ëwù<ê�ßvã�Üñã<â{à�å�à¬Ü{ßvê<ÜJå�ëXÜñò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�Üpä�ëHì�Ú{ã�à�âFÝ¯ö�êVä�æøáXâ{ã�ä�à�ëXÚñå�Ýúå�à�ât÷�ßwÜ{Ù�÷�ÛXÚ{ëë�ê2\Sã<Ú{ßvÙ}ë>ä<ëFå\æ�þ8ã�ëXÜèâ�ùrëXâpÙ�å�ã�ÜSÙ�Ý¯Úèâtà¬ò�ã�å¬à�ÛXÚ{ë�îÍë�êrâ6ä�Ýwê�Ü�å�ë�ÜSØ>å�Ù}ë�Ü�ürØ>ãïò¢÷�ÝwÙ�à¬â{Ú{ëñÙ�Úèá�ò�áXä�ë�êrâ�ùê�ßvã�Ü>ÝµÞvßvê<Ü>îÍßvêrâtÚèá?ð´ã<ëAå¬ë�Ü ò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<Ü2ä�ë0ì�Ú{ã�à�âñÙ¡ëXÚ{îÍëXâèâ¢Ýwà¬ë�êrâ ä�æøßvì<â{ë�ê�à¬ÚFä<ë�ÜñòµÝwÚôâtëXÜ>ä�ëÞ´à¬âtëXÜ{Üèë¼ä�ëÍévÚ{ßwã�Ù¡ëÍä�ãÀîïß´ä�ëÉíOßvê�ä�Ý¯îïëXê^âtÝwå6ä�ëXÜÑßvê�ä<ë�ÜÑä<ë2?FÝLALå¬ë�à¬év÷¿ûVå æøá�ò¢÷<ë�å�å¬ë«Ú{á�éwà�ßvê�Ý¯å�ëë�êrâtÚèënC>ëXâ�1 - Üeä�ë2Ù}á�Ú{à¬ßLä<ëwü ý ßvã�ÜcÜ{ßvã�÷�Ýwà¬â{ßvê�Üjû>Ù�Ú{áXÜ{ë�êrâSîÍà�ëXã)^0ò�ëXÚ{ê�ëXÚ6å�ë�ÜeÙ¡ßwÜ{Ü{à¬ì�à�å¬à¬â{á�Ü®ëXâcå�ë�Üå�à¬îïà�â¢Ý¯â{à�ßvê�Ü}ä�ë�ò�ë�â{âtë�îÍáXât÷<ßLä�ë¯ü=Y6å�ã�Üèà�ë�ã<Ú{Ü®ð^ã�ë�Üôâtà�ßwê�ÜeÜèëpÙ}ßvÜèë�êrâ ��ëXÜèâôÿ:à�åwÙ¡ßvÜèÜ{à¬ì�å�ëSä�ëSÙ�ÚèßvÙ¡ßwÜ{ë�Úã�ê¼îÍß´ä�Û�å¬ë ò�Ú{ã<Üèâ¢Ý¯å}ÚèáµÝwå¬à�Üôâtë ë�êïã<âtà¬å�à¬ÜtÝwêrâSÜ{à¬îïÙ<å�ë�îÍë�êrâ6ã<ê�ÝwêÍì�Ú{ã<à¬âµùrÜ{Ýwê�Ü�à�îÍÙ¡ßwÜ{ë�Ú6ä¶æ ÝwÙ<Ú{à�ßwÚ{àÜ{ã�Ú4å�ëHÚ{áXÜ{ã�å�â¢Ý¯â��98Ý¯ê�Ü4ð^ã�ëXå�å�ëAîïëXÜ{ã�ÚèëÑå�ÝÍä�à¬Ú{ëXòXâtà�Þ´à¬âtáHä�ãhì�Ú{ã�à�â4å¬à�îÍà¬â{ë4âèÿ ë�å�å¬ëHå�ë0ê�ßvîúì�ÚèëÑä�ëâtÚ{Ý=<èëXâ{ÜúÙ¡ßwã�ÚÑå¬ë�Ü{ð^ã�ëXå�Üúê<ßvã�ÜúÙ}ßvã<Þwßvê�ÜúîÍë�Üèã�Ú{ëXÚÑä�ëXÜúÞLà�âtëXÜ{Ü{ëXÜúä�ë�éwÚ{ßvã�Ù}ë�� <wã�Üèð´ã¶æ û�ð^ã�ë�å¬å�ëÙ¡áXÚ{à¬ßLä�ë�å¬ë ì�Ú{ã�à�âVä�ë�íOßvê�ä ë�Üôâèÿ:à¬å8ã<â{à�å�à¬ÜtÝwì<å�ë�� 9(ë�Ü%ßvê�ä�ëXÜ�ä<ë 9(ßZÞvëBÜ{ßwê^âôÿ:ëXå�å�ëXÜ)á�érÝ¯å�ë�îÍë�êrâÞ´à�Ü{à¬ì�å�ëXÜ Ü{ã�Úñå¬ë�Üñò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�Ü��
Yeßvã<Ú�Úèá�Ù}ßvê�ä�ÚèëFûHòXë�ÜSð^ã�ë�Üôâtà¬ßvê�ùrê�ßvã<Ü�ä<à�Ü{Ù}ßvÜèßvê�Ü6ä�æøã�êïÝwê«ä�ëñä�ßvê�ê�áXë�Ü�ë�ê�Úèë�évà¬Üèâ{Ú{á�ëXÜSÙ�ÝwÚM:=C -ÜèâtÝ¯âtà¬ßvê�Ü8Úèá�Ù�ÝwÚôâtà¬ë�Ü?ä�Ýwê<Ü8âtßvã<â{ëúå æ \6ã�Ú{ßwÙ¡ëúä<ëÉå æ þ?ã<ë�Üèâ�ù�ÝµÞvëXò«ã�ê�ëÉä�ëXê�Ü{à�âtáÉÙ�ÝwÚôâtà¬ò�ã�å¬à�Û�Úèë�îÍë�êrâá�å¬ëXÞváXë ë�ê�7Lã�à¬Ü{Üèëwü.9®Ý8îÍáXâ{÷�ßLä<ßvå�ßvéwà�ëSë�îÍÙ�å�ßBAwá�ë2ëXÜèâSÙ�ÚèßLò¢÷�ëJä�ë2ò�ëXå�å¬ëJä�ã«ò¢÷�ÝwÙ<à¬âtÚèëJÙ�Úèá�òXá�ä�ëXê^â��ê�ßvã�Ü òXßvÚ{Úèá�å¬ßvê�Ü2å¬ë�Ü2ëXê�Ú{ëXévà�ÜôâtÚ{ëXîïëXêrâtÜ ä�ë?ì�Úèã�à¬âJë�êrâtÚèë?âtßvã<â{ë�Ü å¬ë�Ü2Ù�Ý¯à�Ú{ëXÜ2ä�ë8Üôâ¢Ý¯â{à�ßvê<Ü�ü�9>à�Ü{Ù}ß¯ÿÜtÝwêrâJä�ë>Üôâ¢Ý¯â{à�ßvê<Ü � ò�ßwîïÙ}ßvÜtÝ¯ê^â{ë�ÜXù´ê<ßvã�ÜJòXßvÚ{Úèá�å¬ßvê�Ü�û0å�ÝHíOßwà�ÜSå�ëXÜ�ëXê�Ú{ëXévà�ÜôâtÚèë�îÍë�êrâtÜSÞvëXÚèâtà¬òµÝwãQ^¶ùÚtÝwä<à�Ýwã)^%ë�â4â{ÚtÝwê�ÜôÞvëXÚ{Ü{ëXÜHë�êrâtÚèëÑò¢÷�Ýwð^ã�ëÑò�ßvã�Ù<å�ëÑä<ëÑÜèâtÝ¯âtà¬ßvê�ÜXù}ê<ßvã�Ü8Ù}ë�Úèîïë�â{â¢Ý¯ê^â4Ýwà¬ê�Ü{à®ä�ëúÚèë�ÿò�ßvê<ÜèâtÚèã�à�Úèëñå�ë�ÜSßvê<ä�ë�Ü�ä�ën?>ÝLA´å�ëXà�év÷dtOÜ{ã�ÚSå�ëXÜSò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�Ü �}ÿ �cù��}ÿ ?Hù6?2ÿ �)ëXâa?2ÿ ? w ùrÝwà¬ê�Ü{à<ð´ã<ëå�ëXÜ>ßvê<ä�ë�Ü>ä�ë 9(ßZÞvëDt.Üèã�Ú>å�ÝÍòXßvîÍÙ¡ßvÜ{Ýwêrâtë�SJÿTS w ü ý ßvã�Ü>Ü{áXå�ë�ò�âtà¬ßvê�ê�ßvê<Ü>å¬ë�ÜñîïëXà�å¬å�ë�ã<Ú{Ü2âtÚ{Ý=<èëXâ{Ü�ùò�ëXã)^ÍÙ¡ßwã�ÚSå�ë�Üèð^ã�ë�å¬Ü�ê<ßvã�ÜSÙ¡ßwã<Þvßvê<ÜpîÍë�Üèã�Ú{ëXÚ�ä<ë�ÜSÞLà�âtëXÜ{Ü{ëXÜpä<ëFéwÚ{ßvã�Ù}ë ölÝwì�å¬ë�ÜXùrä�æçã<ê�ëñÙ�ÝwÚèâ�ëXêíOßvê�ò�âtà�ßwêÉä�ã«ÚtÝwÙ�Ù}ßvÚôâSÜ{à�éwê�Ýwå ��ì�Ú{ã�à�âcä<ë�ÜSßvê�ä�ëXÜ6ä�ëñÜ{ã�Úôí.Ýwò�ë Úèë�òXßvê�Üèâ{Ú{ã�à�âtëXÜ�ùrëXâSä¶æ ÝwãLâtÚ{ë Ù�ÝwÚèâSëXêê�ßvã�ÜJÝwÜ{Üèã�ÚtÝ¯ê^â2ð´ã<ë4ê�ßvã<ÜJîÍë�Ü{ã<Ú{ßvê�ÜJå�ë�Ü�î���îÍë�ÜSÞLà�âtëXÜ{Ü{ëXÜ2Ü{ã<ÚJå�ëXÜpâ{ë�îÍÙ�ÜpÙ}ßvÜèà¬âtà�íOÜSëXâ2ê<á�érÝ¯â{à¬íOÜä�ë�ÜJò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�ÜXü ý ßvã�Üpßvì<âtëXê�ßvê�Ü2Ýwà�ê�ÜèàlÙ�å�ã�Üpä�ë � -.-.- îÍë�Üèã�Ú{ëXÜJä�ë>ÞLà�âtëXÜ{Ü{ë4ä�ë4évÚèßvã�Ù}ë4Ù}ßvã�Úå�ëXÜFßwê�ä�ë�Üñä�ëg9(ßZÞvë0ëXâFä�ëg?FÝBA´å¬ë�à�éw÷Vû«ä<ë�ÜFÙ¡áXÚ{à�ß´ä�ëXÜñÝwå�å�Ýwêrâ ä�ërCÉû ,`- Ü�ü
ó ë�Ü?îÍë�Üèã�Ú{ëXÜ?ê�ßvã�Ü8Ù}ë�Úèîïë�â{â{ë�êrâ?ä�æøáXâtÝwì�å�à¬Ú>ä<ë�Ü?òµÝ¯ÚèâtëXÜ8ä�ëÑÞ´à�âtë�ÜèÜ{ëÉä�ëÑévÚ{ßvã<Ù¡ëúä<ë�Ü8ßvê<ä�ë�Ü?ä�ë
9(ß¹Þwë«ëXâHä�ë@?FÝBA´å¬ë�à�éw÷aë�êrâtÚèë�C)ë�â ,.- Ü?ä�ë«Ù}á�Ú{à¬ßLä<ëwü�9®Ý�ä�à¬Ú{ëXòXâtà�Þ´à¬âtáÑä�ã ì�Ú{ã�à�âµù¶Ýwà�ê�Üèàjð^ã�ë«å�ÝÚ{áXÙ�ÝwÚèâ{à¬â{à�ßvê²à�ê<÷�ßvîÍßvévÛ�ê<ë%ä<ë�ÜÍÜèâ¢Ý�âtà�ßwê�ÜÍí.Ý¯à¬â«ð^ã�ë%å æøßvê
Ý Ù�å¬ã�Üïä<ë�îÍë�Üèã�Ú{ëXÜ¼Ü{ëXå�ßvêyò�ëXÚèâtÝwà�ê�ÜÝ`/�à¬îúã<â{Ü?ð´ã<ëÉÜ{ë�å¬ßvê ä�æçÝwã<âtÚèë�ÜXü"YcÝwÚ?òXßvê�Ü{áXð^ã�ë�êrâAê�ßvÜHòµÝwÚôâtëXÜ?ä�ëÉÞLà�âtëXÜ{Ü{ë«ä�ëÉéwÚ{ßvã�Ù}ëÉßvêrâHã�ê�ëîïëXà�å¬å�ë�ã<Ú{ë8Úèá�Ü{ßwå�ã<â{à�ßvê)ä�Ý¯ê�Üñå�Ýúä�à¬Ú{ë�ò�âtà¬ßvêd7Lã�äLÿT\SÜôâFð´ã<ë ý ßvÚ{ä´ÿ \6Üèâ�ü
3cà�ê�Ýwå�ëXîïëXê^â�ùSê�ßvã�Ü�à¬êrÞvë�ÚèÜ{ßvê<Ü)å�ë�ÜïòµÝwÚôâtëXÜ�ä�ëhÞ´à¬â{ë�ÜèÜ{ë�ä�ëaéwÚ{ßvã�Ù}ëhä<ë�Ü�ßvê<ä�ë�Ü)ä�ë�?>ÝLA´å�ëXà�év÷Ý¯ö�êaä<ëÑä�á�âtë�Úèîïà¬ê�ë�ÚFå�Ý«Ù�ÚèßwíOßvê�ä�ëXã�Ú4ä<ã 5�ßv÷�ß¼Ü{ßvã�Ü>å�ëXÜ>Ø>å�Ù}ë�Ü�ü ý ßwÜ4Ú{áXÜ{ã�å�â¢Ý¯â{Ü>Üèßvêrâ?ë�êhì¡ßvêÝwò�òXßvÚ{äúÝZÞwë�òpå�ë�ÜÖáXâ{ã�ä�ëXÜjÙ�Ú{áXò�áXä�ë�êrâtëXÜ6ä�ë�ÜeØ4å¬Ù¡ëXÜ�ü ó ë�òXàLà¬ê�ä�à�ð^ã�ë�ð^ã�ëJå¬ë�ÜÖò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�Ü(ä<ëJì�Úèã�à¬âÙ¡ëXÚ{îÍëXâèâtë�êrâFä�æøßvì<â{ë�ê�à¬ÚFä<ë�Üñîïß´ä�ÛXå�ë�Ü òXÚ{ã�Üôâ¢ÝwãQ^%Ú{áµÝ¯å�à�ÜôâtëXÜ Ú{à¬Þ¯Ýwå¬à�Ü{Ýwêrâ ÝµÞvëXòÑò�ëXã)^%ßvì<â{ë�ê^ã�ÜFÙ�ÝwÚä�ë�ÜFîÍáXât÷<ßLä�ëXÜFÝwòXâ{à¬ÞvëXÜ�ü
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Õ�H>I(È(ÊcÕ0ÏpÈ
PÀë4ã�Üèë8Ü{ëXà�Üèîïà¬ò4ÝwîÑì�à�ëXê^âpê�ßvà¬Ü{ë>ò�ßvÚèÚ{ë�å�Ý¯âtà¬ßvê«âtßÑÜôâtã�ä)Aïâ{÷�ë4å¬à¬ât÷<ßvÜ{Ù�÷<ë�Ú{ë>à�ê@NJëXÜèâtëXÚ{ê \6ã�ÚèßvÙ¡ë¯üó ÚèßvÜ{Ü8òXßvÚ{Úèë�å�Ý¯âtà¬ßvêhßwíjßvê�ë AwëµÝwÚ8ß¯íSê�ßvà�ÜèëÑÚèë�ò�ßwÚ{ä�ëXä Ý¯âc:=C - � ÿ ò�ßvîÍÙ¡ßwê�ë�êrâtÜ>ì�Ú{ßvÝwä�ì�Ýwê<äaÜèâtÝ�ÿâ{à�ßvê�Ü�A´à�ëXå�ä�Ü?îÍßvÚèë«â{÷�Ýwê � -.-.- ?FÝLALå¬ë�à¬év÷BÝwê�ä 9(ßZÞvë;NJÝZÞwë¼évÚèßvã�Ù ÞvëXå�ß´ò�à¬âTAaîïë�ÝwÜ{ã�Úèë�îÍë�êrâtÜXü
S ÷�ëXÜ{ë0îïë�ÝwÜ{ã<Ú{ë�îÍë�êrâ{Ü>Ý¯Ú{ë?ã�Üèë�äVâtß«ò�ßvê<ÜèâtÚèã�òXâE?FÝBA´å¬ë�à�éw÷VÝwê�ä>9(ß¹ÞwëHévÚ{ßvã<ÙVÞwë�å¬ßLòXà¬âTA�îÍß´ä�ë�å¬Üßwí?â{÷�ëaØ>å�Ù�à¬ê�ë�Úèë�évà¬ßvêÂÝwê<ä�Ü{ã�ÚèÚ{ßvã<ê�ä�à�ê<é²ÝwÚ{ë�Ý¿à�ê
â{÷�ë�C¹ÿ C - ÜÍÙ¡ëXÚ{à¬ßLä�ì�Ýwê�ä�ü S ÷�ë�Ü{ëXà�Üèîïà¬òê�ßwà�Ü{ëFÚ{ëXò�ßvÚèä�ë�ä)à¬êD\6ã�ÚèßvÙ¡ë>à�Ü�ä�ßvîÍà�ê�Ý�âtë�äÍì6AÍê�ßvà�Üèë4ßvÚèà�évà¬ê�Ý¯â{à�ê�é8íOÚèßvî�ât÷�ë ý ßvÚôât÷�ëXÚ{ê�Ø2â{å�Ýwê´ÿâ{à�ò8ß´ò�ë�Ýwê�ü S ÷�à¬ÜñÝwê�à¬Ü{ßwâ{Ú{ßvÙ6A�ß¯íÖâ{÷�ëHê�ßvà¬Ü{ë?Ýwê<äVâ{÷�ëHã�ê�ë�Þvë�ê�ÜèâtÝ¯âtà¬ßvê)ä�à�ÜôâtÚèà�ì�ã<â{à�ßvê¼Ý4�¡ë�òXâñâ{÷�ëÝ`/Xà�îúãLât÷�Ýwåcä�à�ÜôâtÚ{à¬ì�ã<â{à�ßvê ßwípât÷�ëÍÙ�Ý¯â{÷�ÜgNñ÷<ë�Ú{ë@NJëÍßvì<âtÝwà�êBÚ{ëXå�à�Ýwì�å�ëÑévÚ{ßvã<ÙBÞwë�å�ß´ò�à�âTA�îÍëµÝwÜèãLÿÚèë�îÍë�êrâtÜXüeØ>ÜÑÝ%ò�ßvê�Üèë�ð^ã�ëXê�ò�ë)ßvã<ÚAévÚèßvã�ÙBÞvë�å¬ßLòXà¬âTA îÍßLä<ë�å�ÜH÷�ÝµÞwë¼ì}ëXâ{â{ë�Ú0Ú{ëXÜ{ßvå¬ã<âtà¬ßvêÀà¬êÀâ{÷�ë
7Lßwã<ât÷LÿT\SÝwÜèâ�ä�à¬Ú{ë�ò�âtà¬ßvêúât÷�Ý¯êïà¬ê«â{÷�ë ý ßvÚôât÷LÿT\SÝwÜèâSä�à¬Ú{ëXòXâtà¬ßvê�ü�3cà�ê�Ý¯å�å�A�Npë>à¬êrÞvë�ÚôâSât÷�ëñÚ{ëXÜ{ã�å�âtà¬ê�é
?FÝLALå¬ë�à¬év÷DN2ÝµÞwëAévÚèßvã�Ù)ÞvëXå�ß´ò�à�âTA¼îïÝwÙ�Ü2â{ßÍä<ëXâtëXÚ{îÍà�ê�ë8â{÷�ë5�ßv÷<ßÍä<ë�Ù<â{÷�ü}þ8ã�Ú Ú{ëXÜ{ã�å�âtÜFÝwÚ{ë?à¬êévß´ß´äVÝwévÚ{ëXë�îÍë�êrâ�Nñà¬â{÷Vâ{÷�ëHÚ{ëXÜ{ã�å�â>ß¯íeâ{÷�ëHê´ã<îïëXÚ{ßvã�ÜFÝwò�âtà�ÞvëHë�^LÙ}ë�Ú{à¬îïëXêrâtÜñà�ê�â{÷�ëHØ4å�Ù<Ü�ü

Æ}Ç«È(ÊeËÍÌVÎ%Ï�È®ÐXËAÇ
Ø òXò�ã�Ú{Ý¯âtë?÷�à¬év÷Lÿ Ú{ë�Üèßvå�ãLâtà�ßwêïà¬î¼Ýwéwà�ê�é0ßwí(ât÷<ë8ò�Úèã�Üèâñà¬ÜJê�ëXò�ë�ÜèÜtÝwÚWA�âtßÑã�ê�ä�ëXÚ{ÜèâtÝwê�ä)ât÷<ë?à�êrâtëXÚtÝwò�ÿâ{à�ßvê ì}ëXâTNpë�ë�ê îïÝwêrâtå¬ëÉäZA´ê�ÝwîÍà�òXÜAÝ¯ê�ä¿ê�ë�ÝwÚ0Ü{ã�Úôí.Ýwò�ëÍévë�ßwå�ßvévà¬òµÝwåeÙ�Ú{ß´ò�ëXÜ{Üèë�Ü�üjþ8ì�Ü{ëXÚèÞ¯Ý¯âtà¬ßvê�ÝwåîÍëXâ{÷�ßLä<Ü)à�êÂÜ{ëXà�Üèîïßvå¬ßvé`AQÝwÚèëaâTALÙ<à�òµÝ¯å�å�AQì�ÝwÜèë�ä ßvê ëµÝwÚôât÷�ð^ã�Ý4]wë Ü{ëXà�Ü{îÍßvévÚ{ÝwîÍÜ�ßvÚ�Úèë�å�A
ßvêÝwò�âtà�ÞvëúÜèßvã�Ú{òXë�ÜXü"7LÙ}ë�ò�à�ö�òµÝ¯å�å�AwùlÜ{ã�Úôí.Ýwò�ëcNJÝµÞvëúâtßwîïßvéwÚtÝwÙ�÷6A%÷�ÝwÜ>âtÚtÝ¯ä�à¬â{à�ßvê�Ý¯å�å�A¼ë�^LÙ�å¬ßvà¬â{ë�ähâ{÷�ëíOÚèë�ð^ã�ë�ê<òXArÿ:ä�ëXÙ¡ëXê�ä�ëXê^â@NJÝZÞwë�ÞvëXå�ß´ò�à¬âTA tOä�à�ÜèÙ¡ëXÚ{Ü{à�Þvë w ò¢÷�ÝwÚ{ÝwòXâ{ë�Ú{à¬Üèâ{à�ò¼ß¯ín9®ßZÞwëVÝwê�ä ?FÝLALå¬ë�à¬év÷
NJÝµÞvë�ÜXü 94à¬Ü{Ù}ë�Ú{Üèà�ßvêÍ÷�ÝwÜpì¡ëXë�ê�îÍëµÝ¯Ü{ã�Úèë�ä)ÝwÜpÝwê¼ÝZÞwë�Ú{Ýwévë4Ù<Ú{ßvÙ}ë�ÚôâTAïß¯í�ât÷�ëFÙ�ÚèßvÙ�ÝwérÝ�âtà�ßwêïÙ�Ý�ât÷ßwícëµÝwÚôât÷�ð^ã�Ý4]wë NJÝµÞvë�Ü>âtÚtÝµÞwë�å�à¬ê�éÉíOÚ{ßvî Ý¯ê�ë�ÝwÚèâ{÷�ð^ã�Ý`]wëÑÜ{ßvã�Úèò�ëHâtß¼ÝÍÜôâ¢Ý¯â{à�ßvê8tW:Xÿ ÜèâtÝ¯âtà¬ßvêVîïë�ÿâ{÷�ßLä¶ùpë¯üçé�ü # }Rm`� z j�} lcm`o�p �@fBf|pis f�� � j tW: � � C w�x � � � lv})(i� j�l m`hU~�t : � � > w xb��� l+{|��fih*hkj�}[m`o�p
�"j�� � s � o tW: ��� ,6w x �bm � � m`o f � tv1 -.- C wGw ù�ßwÚ>ì}ëXâTNpë�ëXêaâTNJß�Üôâ¢Ý¯â{à�ßvê<Üctv1¹ÿ:Üôâ¢Ý¯â{à�ßvêVîÍëXât÷<ßLä w Nñà�ât÷ÝwÙ<Ù�Ú{ßL^Là�îïÝ¯âtëXå�A�â{÷�ë¿Ü{ÝwîÍë Ý`/Xà�îúã<â{÷ ßvÚ%ì�Ýwò ]�Ý`/Xà�îúãLât÷ Nñà�ât÷ Úèë�ÜèÙ¡ëXòXâaâ{ßQât÷<ë¿ëµÝ¯Úèât÷<ð´ã�Ý`]wëÜèßvã�Ú{òXë t � � � � � h*h � tW: � 5 3�w x q&{ � j���fio � � � j�lnm`hntW: � >.1 w x � j � j�}�j�lnm`hU~�tO1 -.-43�wGw ü�P ÷<ë�ê�ò�ßwê�Ü{à§ÿä�ëXÚ{à¬ê�é«Ü{ã�Úôí.Ýwò�ë�NJÝZÞwëAä<à�Ü{Ù}ë�ÚèÜ{à¬ßvêVîïë�ÝwÜ{ã�Úèë�îÍë�êrâtÜFÝwå¬ßvê�éÉë�ÝwÚèâ{÷�ð^ã�Ý`]wëHÜèßvã�Ú{òXë�ÿ Üèâ¢Ý�âtà�ßwê%Ù�Ý¯ât÷�ÜXùâ{÷�ëAÚèë�Üèßvå�ã<â{à�ßvêVà¬Ü å�à�îÍà¬â{ë�ä�ì6AVâTNpß¼îïÝwà�ê�í.Ýwò�âtßvÚèÜ ��tW: w ê�ßvê^ã�ê<à¬íOßvÚèîïà�âTA�à�ê)â{÷�ëAéwë�ßvévÚ{ÝwÙ�÷�à¬òµÝwåä�à¬Üèâ{Ú{à�ì<ã<âtà¬ßvê)ßwíjë�ÝwÚèâ{÷�ð^ã�Ý`]¯ëÑÜ{ßwã�Ú{òXë�Ü8Ý¯ê�ä�Úèë�òXë�à¬Þwë�ÚèÜ�ù¡Ýwê�ä8tO1 w à�ê<÷�ë�Úèë�êrâ8Ý�â{âtëXê^ã�Ý¯âtà¬ßvê%ßwícâ{÷�ë÷�à¬év÷Lÿ íOÚ{ë�ð^ã�ëXê�òXA«òXßvêrâtëXê^âJßwí¶â{ë�å¬ë�Ü{ëXà�Üèîïà¬ò Ú{ë�òXßvÚ{ä<Ü�üQS ÷�ë>÷<ëXâtëXÚ{ßvéwë�ê�ëXßvã�ÜJä<à�Üèâ{Ú{à¬ì�ã<âtà¬ßvê«ßwí�Ü{ÝwîÉÿÙ�å¬ë�äBíOÚ{ë�Üèê�ë�å /�ßwê�ë�ÜúÚèë�Üèã�å¬â{à�ê�éVíOÚ{ßvî t : w å�à�îÍà¬â{Ü8Ú{ëXÜ{ßvå¬ã<âtà¬ßvêBà�ê¿Úèë�évà¬ßvê�Ü0ÜtÝwîÍÙ�å¬ë�äBì�A íOë�N"ßvÚê�ß¼ÚtÝLA´Ù�Ý¯ât÷<Ü8ßwíSßvì�Üèë�ÚôÞvë�ä�NJÝZÞwë�ÜXü�Ø2â8âtëXå�ëXÜ{ë�à¬Ü{îÍà�ò0ä�à�Üôâ¢Ýwê<ò�ë�ÜXù¶îÍßvÜèâ4ßwí6ât÷<ëÑ÷�à¬év÷híOÚ{ëXð^ã�ë�ê�ò�Aà¬ê<íOßvÚ{îïÝ¯â{à�ßvêaà¬Ü?å�ßvÜôâ0ä�ã�ë«âtß)ât÷�ëïÝ¯âèâtë�ê^ã�Ý�âtà�ßwêBß¯íJât÷<ëÍîÍë�ä<à�ã�î%ü�Ø4Ü0Ü{ã<Úèí.ÝwòXë;NJÝµÞvëXÜúÜtÝwîÍÙ�å¬ëâ{÷�ë8ÝµÞvëXÚtÝwéwë8î¼Ý�âtë�Úèà�ÝwålÙ�ÚèßvÙ}ë�Úèâ{à�ëXÜpâtßÑÝÑévà�Þvë�ê¼ä�ë�Ù<â{÷VÝwê�ä�÷<à�év÷�ëXÚpíOÚèë�ð^ã�ë�ê<òXA�Üèà�évê�Ýwå�Ü�ÜtÝwîÍÙ�å¬ëÜè÷�Ýwå�å¬ßBNJëXÚïÜôâtÚ{ã<òXâtã<Ú{ëwù�å�ßwÜ{à�ê<éBâ{÷�ëh÷�à¬év÷Lÿ íOÚ{ë�ð^ã�ëXê�òXAyòXßvîïÙ}ßvê�ëXêrâ¼ßwí4ât÷�ë�ëµÝwÚôât÷�ð^ã�Ý`]¯ëaÜ{à¬évê�Ýwåå¬à�îÍà¬âtÜSât÷<ëAÝ¯ì�à�å¬à¬âTAÍâtß«à�îïÝwévë4â{÷�ëHò�Úèã�ÜèâtÝwå(Üèâ{Ú{ã�ò�âtã�Úèëwü
?ñë�òXë�êrâ�ât÷<ë�ßvÚèëXâtà¬òµÝwåFÝwê<ä�å�Ýwì}ßvÚ{Ý¯âtßvÚWA²Üèâ{ã�ä�à�ëXÜ¼÷�ÝµÞwëaä�ë�îÍßvê�ÜôâtÚ{Ý¯âtëXä
ât÷�Ý�â¼ât÷<ë�âtà¬îïëVòXÚ{ßvÜèÜôÿòXßvÚ{Úèë�å�Ý�âtà�ßwêÍíOã�ê<òXâtà¬ßvê�ßwí®Ú{Ýwê�ä�ßwî NJÝµÞvëXö�ë�å�ä<Ü ò�ßvîÍÙ�ã<â{ë�äVÝ¯âpâTNJßÉä�à¬ÜèâtÝwêrâ2Ú{ëXò�ëXà¬ÞvëXÚ{Ü òXßvêrâ¢Ýwà¬ê�Ü
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ât÷�ëg�?Ú{ëXë�ê�æøÜ 3�ã�ê�òXâ{à�ßvê)ì}ëXâTNpë�ëXê%â{÷�ë�Üèë?âTNJßÍÚ{ëXò�ë�à�ÞvëXÚ{Ürt`�@jGm`�`j�}�m`o�p!�"f���� ��� tO1 -`- : w�x �"f���� ���
m`o�p �@jGm`�`j�}8tO1 -.- :ZÝ w x �afih � oupQj���j�}Rp ��� } j tO1 -.- 5vÝ<ùøì w x y�� o�� s jG{ " y j � �@m j�l�m`hU~Mtv1 -.- 5wÝ<ùçì w�x
��m`} f � j_j�lEm`hU~�tv1 -.- 5¯ì w Ýwê�äBÚ{ë�íOë�Ú{ëXê�ò�ëXÜÑât÷<ë�Ú{ëXà�ê w ü/=:êÀÜèë�à¬Ü{îÍßvå�ßvé4Ahât÷<à�ÜHà�ä�ë�Ý)÷�ÝwÜ0ì¡ëXë�ê¿Üèã�ò�ÿò�ëXÜ{ÜèíOã<å�å�A�ÝwÙ�Ù�å¬à�ë�ä�â{ßVâ{÷�ë«Ü{ëXà�Ü{îÍà�òÑò�ß´ä�Ý8t���m`� z�� h*hkf m`o�p �Mm��Qh�tv1 -.- � w ù �Mm��Qhaj�l&m`hU~�tv1 -.- C wGwÝwê�äúâ{÷�ë Ü{ëXà�Ü{îÍà�òpê�ßvà¬Ü{ë�t y sZm z�� }�fgm`o�p���m`� z�� h*hkfctv1 -.-`3�w xQy sZm z�� }�fgj�l#m`hU~�tv1 -.- C w�x�y m �|}Gmcj�l#m`hU~
tO1 -`- C¯ò wRw ü =:ä<ëµÝwå¬å�Avù�ât÷�à¬Ü�évà�Þvë�Ü(ã<Ü®â{÷�ë6Ù}ßvÜ{Üèà�ì�à¬å�à¬âTAñâ{ß îïë�ÝwÜ{ã�ÚèëSÜ{ã�Úôí.Ýwò�ë�NJÝµÞvë�ä�à�ÜèÙ¡ëXÚ{Ü{à¬ßvê?ò�ã<ÚèÞvëXÜì¡ë�âTNJëXë�ê�Ý¯ê�A�Ù�Ýwà�Ú ß¯ícÜôâ¢Ý¯â{à�ßvê�Ü ß¯íjÝwê%ÝwÚèÚtÝLA)ã�Üèà�ê�é«ßvê<å�A)Ý¯îúì�à�ëXêrâñê�ßvà�Üèë?Ú{ëXò�ßvÚèä�Ü�ü
y l j sQh � j�lnm`hU~�tO1 -.- 5 w ÷�ÝµÞvë«Ü{÷�ßBNñê ât÷�Ý�â8ât÷�ëÉÜèë�à¬Ü{îÍà�òÑê<ßvà�ÜèëúÜ{ßvã<Ú{ò�ëXÜHà�êaât÷<ë�� CZÿW1 - Ü	�jÙ}ë�Ú{à¬ßLäì�Ýwê�äúÝwÚ{ë�ä�à�ÜôâtÚèà�ì�ã<â{ë�ä0ßZÞvë�ÚcÝ>å�ÝwÚ{évëSÜèã�Úèí.ÝwòXëaNñ÷�ëXêúà�êrâ{ë�évÚ{Ý¯âtëXäÑßZÞvëXÚjÝ>å¬ßvê�é âtà¬îïë¯üBS ÷�à�ÜÖîÍëµÝwê�Üât÷�Ý�â6à�ê0ât÷�ë2ò�ÝwÜ{ë ß¯í�ât÷�ë2Üèë�à¬Ü{îÍà�ò2Ý¯îúì�à�ëXêrâcê�ßwà�Ü{ë¯ù¯â{÷�ë2ÚtÝ¯ê�ä�ßvîÍê�ë�ÜèÜjà�Üeë�ê�Üèã�Ú{ëXä«î¼Ýwà¬ê�å�A8ì�AAât÷�ëÚtÝwê<ä�ßvî Ü{Ù�Ý¯âtà�Ýwå^ä�à�ÜôâtÚ{à¬ì�ã<â{à�ßvêHßwíLât÷�ëpÜ{ßvã�Úèò�ëXÜ#Nñ÷�ëXêúò�ßvê<Ü{à�ä<ë�Ú{à¬ê�é4å¬ßvê�é âtà¬îïëSÜèë�Ú{à¬ë�ÜXùwÝwÜ"Npë�å�å´ÝwÜÜ{ò�Ý¯â{â{ë�Ú{à¬ê�é�ü 3�ßvå¬å�ßBNñà�ê�é8â{÷�ëñò�ÚèßvÜ{ÜEÿ:ò�ßwÚ{Ú{ëXå�Ý¯â{à�ßvê«Ù�ÚèßLòXë�ä�ã<Ú{ëFßwí y sZm z�� }�f m`o�p_��m`� z�� h*hkf;tv1 -.-`36w ù
NJëÀÚ{ë�âtÚ{à¬ëXÞwëBâ{÷�ë �?Ú{ëXë�ê�æøÜVíOã�ê�òXâ{à�ßvê ì}ëXâTNpë�ë�ê âTNpß
Üôâ¢Ý¯â{à�ßvê<Ü%ì6A ò�ßwÚ{Ú{ëXå�Ý¯â{à�ê�é ì�Ýwò ]^évÚ{ßvã<ê�äÜ{ëXà�Ü{îÍà�òVê�ßwà�Ü{ëVÚèë�ò�ßwÚ{ä�ÜXü S ÷<ë�ëXîïëXÚ{évà¬ê�é Ü{à�éwê�Ýwå2à¬ÜÍä<ßvîïà¬ê�Ý¯â{ë�ä²ì6A²Ü{ã�Úôí.Ýwò�ë N2ÝµÞwë�Ü¼ì}ë�ò�Ýwã�Üèëât÷�ëAì�Ýwò ]^évÚèßvã�ê�äaÜèë�à¬Ü{îÍà�òHê�ßvà¬Ü{ë0à�ê%ßvã�ÚFÙ�Ú{ß´ò�ëXÜ{Ü{ëXä�ä�Ý¯âtÝïò�ßwê�Ü{à¬ÜèâtÜ>î¼Ý¯à�ê�åUA�ßwícÜ{ã�Úôí.Ýwò�ëgN2ÝµÞvëXÜ
t.ë¯üçé�ü  �} � jGp`} � � s>j�l m`hU~�t : � � ,.w ù � � � lv} (i� tv1 -.- : wGw Ý¯ê�ä�ì}ë�òµÝ¯ã�Ü{ë?ât÷<ë8ë�^LÙ}ë�òXâ{ë�ä%Ýwò�âtã�Ýwå��HÚèë�ëXêíOã�ê�ò�âtà�ßwê�à�ÜïÝwå�Üèß ä�ßvîÍà�ê�Ý¯âtëXäQì6AQÜ{ã�Úôí.Ýwò�ë[NJÝµÞvëXÜ�üMS ÷�ëaÚèë�òXßvê�Üèâ{Ú{ã�ò�âtëXä �?Ú{ëXë�ê�æøÜïíOã<ê�òXâ{à�ßvê�ÜÝwÚ{ëAÜèâtÝwì�å�ëAßZÞvë�Ú>âtà�îÍë0Ýwê�äaÚèßvì�ã�Üôâ8ëXê�ßvã�év÷�âtß�îÍëµÝwÜèã�Ú{ëAévÚ{ßwã�Ù�Þwë�å�ß´ò�à�âTA%ä�à�ÜèÙ¡ëXÚ{Ü{à¬ßvêdNñà�ât÷�ÝÙ�Ú{ëXò�à¬Ü{à�ßwê)ßwíeÝÑíOëXN âtë�êrâ{÷�ÜñßwíeÝúÜ{ë�òXßvê�ä�ù�à¬ê�ä�ëXÙ¡ëXê�ä�ë�êrâ{å�A�ß¯íÖâ{÷�ë?Ý`/Xà�îúãLât÷)ßwí®ât÷<ë?ò�ßvê�Üèà�ä�ëXÚ{ëXäÜèâtÝ¯âtà¬ßvêLÿ:Üôâ¢Ý¯â{à�ßvê)Ù�Ý¯ât÷ t y lTj sQh � j�lbm`hU~�tO1 -`- > wGw ü
YcÝwÜèÜ{à�ÞvëHà�îïÝwévà¬ê�é0íOÚèßvî Ü{ë�à¬Ü{îÍà�ò8ê<ßvà�Üèë?Ýwê�ä ?FÝLALå¬ë�à¬év÷2NJÝZÞwëHévÚ{ßvã<Ù�Þvë�å¬ßLòXà¬â{à�ë�Üp÷�ÝwÜ2ö�ÚèÜèâñì}ë�ëXêã�Ü{ëXä¿ì6A y sZm z�� }�f�j�lEm`hU~atv1 -.- C w Ý¯ê�ä y m �|}Rm�j�lEm`hU~ tO1 -.- C¯ò w ù�Nñ÷�ß�Ù<Ú{ßZÞ´à�ä�ëXäÀà¬î¼Ýwéwë�Ü?ßwí�ât÷�ëó Ýwå�à�íOßvÚ{ê<à�ÝwêVò�Úèã�Üèâ�ü 5%ßvÚ{ëAÚ{ë�òXë�êrâtåUAvù}ê�ßvà¬Ü{ë0ì�ÝwÜ{ëXä�Ü{ã�Úôí.Ýwò�ë�ÿ NJÝµÞvëÑâ{ßvîïßwévÚtÝwÙ<÷�AV÷�ÝwÜ4ì}ë�ëXê�ÝwÙLÿÙ�å�à¬ë�ä«à�ê@S à�ì}ëXâ�
�mQf;j�l�m`hU~ tv1 -.- 5 w ù ý ë�N �¶ëµÝ¯å�Ýwê�ä � � o[j�l�m`hU~ tO1 -`- > w ù�>ßvÚèëµÝ!
 m`o
	 m`o�p y s � o
tO1 -`- 5 w ù�3cà¬ê�å�Ý¯ê�ä!�njGpQj�} � j�o_j�l"m`hU~ tv1 -.- 5 w Ýwê<äÑâtß>Ù�Ú{ß´ä�ã�òXëJå�Ý¯Ú{évë�ÿ:Ü{ò�Ýwå�ë�?FÝLA´å�ë�à¬év÷�N2ÝµÞvë éwÚ{ßvã�ÙÞvëXå�ß´ò�à¬âTA�îïÝwÙ�Ü8Ý¯ò�Ú{ßwÜ{Ü�\6ã�ÚèßvÙ¡ë�
�m`o
	�j�l�m`hU~�tv1 -.- > w ü}Ø2â?Ý�Ü{îïÝwå¬å�ë�ÚñÜèòµÝwå¬ëwù ��}�j�o
	�� � j�};j�lnm`hU~
tO1 -`- >¯ì w à¬ê^Þwë�Üôâtà�évÝ¯âtëXä%â{÷�ë � 9 7^ÿ NJÝµÞvë0ÜèâtÚèã�òXâ{ã�Ú{ë0ßwíÖât÷�ëgY6à¬â{ßvêVä�ëHå�Ý�3�ßvã�Úèê�Ýwà¬Ü{ë8Þvßwå�òµÝ¯ê�ß�ü
=:êyâ{÷�à�ÜÉÙ�ÝwÙ¡ëXÚ NJëVã�Üèë�Üèë�à�Üèîïà¬ò)Ýwîúì<à�ë�êrâ«ê�ßwà�Ü{ë)òXßvÚ{Úèë�å�Ý¯âtà¬ßvê âtß Üèâ{ã�äZA â{÷�ëVå�à�ât÷�ßvÜèÙ�÷�ëXÚ{ë)à�ê
NJëXÜèâ{ë�Ú{ê2\6ã�Ú{ßvÙ}ëwü�JFÜ{à¬ê�é :=C - ì�ÚèßrÝwì�Ýwê<äÉÜèâ¢Ý�âtà�ßwê�Ü�ù`Npëñä�ëXâ{ë�Úèîïà¬ê�ë2ât÷�ë Üèã�Úèí.Ý¯ò�ëMN2ÝµÞwëFÞwë�å�ß´ò�à�âTAÜèâ{Ú{ã�ò�âtã�ÚèëÑßwíÖât÷�ë0Ø4å¬Ù�à�ê<ë?Ú{ë�éwà�ßvê%Ýwê�ä�Ü{ã�ÚèÚ{ßvã<ê�ä�à�ê<é¼ÝwÚèëµÝ«à�ê)ât÷<ëcC¹ÿ C - Ü Ù}ë�Úèà�ß´ä%ì�Ýwê�ä�ü�J>Üèà�ê�é
� ÿ:òXßvîÍÙ¡ßvê<ë�êrâ«Ü{ëXà�Ü{îÍà�ò)Üôâ¢Ý¯â{à�ßvê<Ü«Ýwå�å¬ß=NñÜÉã<Ü«â{ßÀîÍëµÝ¯Ü{ã�Úèë%ì}ßwâ{÷ ?FÝLA´å�ë�à¬év÷²Ýwê�ä 9(ßZÞvë N2ÝµÞvëXÜä�à�ÜèÙ¡ëXÚ{Üèà�ßvêúòXã�ÚèÞwë�ÜXü`P¿ëpât÷�ëXêúà�êrÞvëXÚèâjâ{÷�ëJÚèë�Üèã�å¬â{à�ê�éE9®ßZÞwëñÝwê�ä ?FÝLALå¬ë�à¬év÷rNJÝµÞvë évÚèßvã�ÙÑÞwë�å�ß´ò�à�âTAî¼Ý¯Ù�Ü�ù�â{ßÍä<ëXâtëXÚ{îÍà�ê�ë8â{÷�ë�5�ßv÷�ßÍä�ëXÙ<ât÷�ü

� ÄXÅ -�Õ?ÈÖÕ � ÊeËïÏp×�I�I(ÐXÇ��
P¿ë«ã�Üèë�äBßvê�ëcAwëµÝwÚ?ßwípò�ßwê^â{à�ê^ã�ßvã<Ü?Ú{ë�òXßvÚ{ä<ÜHíOÚèßvî þ8ò�âtßvì}ë�Ú�1 -.-`3 âtß�þ8òXâ{ßvì}ë�Úg1 -.- C�Ý¯â :=C -
� ÿ:òXßvîÍÙ¡ßvê<ë�êrâtÜ ì�ÚèßrÝwä�ì�Ýwê�äd\Sã<Ú{ßvÙ}ëµÝwê%ÜèâtÝ¯âtà¬ßvê�ÜXülþ8ã�ÚñÝwà�î à�Ü2â{ßÉíOßLòXã�Üñßvê)ât÷�ëHØ4å¬Ù�Ü�ù)Nñ÷�ë�Úèëât÷�ë>ÜèâtÝ¯âtà¬ßvê¼ä�ëXê�Ü{à�âTAÍà�Ü�Ù�ÝwÚèâ{à�òXã�å�ÝwÚèå�AÑå�ÝwÚèévërtOö�évã<Ú{ë , ü�: w ü^Ø4å�å�â{÷�ë4Úèë�òXßvÚ{ä�ÜJÝwÚ{ë>Ù�Ú{ß´ò�ëXÜ{Üèë�ä)ä�ÝLA
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Ù}ë�Úeä�ÝLAvü 3eà�Ú{Üôâeâ{÷�ëM1 3 ÿ:÷�ßwã�ÚeÚèë�òXßvÚ{ä�ÜjÝwÚ{ëpä�ë�òXà�îïÝ¯âtëXäÑâtßc:��&/ Ý¯ê�äÑât÷<ëJà�ê<ÜèâtÚèã�îÍë�êrâjÚèë�Ü{Ù}ßvê�Üèë�ÜÝwÚèë>ä<ë�ò�ßwê^Þwßvå¬Þwë�ä x ât÷�ëXêïât÷<ë>ÜèÙ¡ëXòXâtÚèã�î"ßwí�â{÷�ë>Úèë�òXßvÚ{ä�ÜpÝwÚèënNñ÷�à�âtëXê�ë�äïì¡ë�âTNJëXë�ê>CAÝ¯ê�äd:BC - Ü�ü
3�ßvÚ(ë�Ýwò¢÷ÑÜôâ¢Ý¯â{à�ßvêHÙ�Ýwà¬Ú�ù ý ßvÚôât÷AÝwê�är\�Ý¯ÜèâÖ÷�ßvÚèàk/�ßwê^âtÝwåvòXßvîïÙ}ßvê�ëXêrâtÜ"NJëXÚ{ë�Ú{ßwâtÝ¯âtëXä0à¬ê?ât÷�ë�ä�à�Úèë�ò�ÿâ{à�ßvêÉßwílâ{÷�ë à�êrâtëXÚôÿ Üèâ¢Ý�âtà�ßwêÉÝ`/�à¬îúã<â{÷úâtßHÙ�Ú{ßZÞ´à�ä<ë ÚtÝwä�à�Ýwå tv? w Ýwê�äÉâtÚ{Ýwê�ÜèÞwë�ÚèÜ{ërt S w ò�ßwîïÙ}ßvê�ëXê^â{ÜßwíÖëXê�ë�Úèé`A�Ù�ÚèßvÙ�ÝwévÝ¯âtà¬ê�éÑä�à¬Ú{ëXòXâtåUAïÝwå�ßvê<éÑât÷�ë4évÚ{ë�Ý¯â ò�à¬Ú{òXå�ë4òXßvê�ê�ëXòXâ{à�ê�éÉât÷<ë4âTNJß«Üôâ¢Ý¯â{à�ßvê�ÜXü)PÀëâ{÷�ë�ê òXßvÚ{Úèë�å�Ý¯âtëXä Ü{à¬évê�Ýwå¬ÜAÚèë�ò�ßwÚ{ä�ëXä ßvêÀâ{÷�ë�ò�ßwîïÙ}ßvê�ëXê^â{ÜAâ{÷�Ý¯âúòXßvÚ{Úèë�ÜèÙ¡ßvê<ä¿âtßhâ{÷�ë¼Üèã�Úèí.Ý¯ò�ë
NJÝµÞvëïâ{ë�Úèî ßwípâ{÷�ë2�HÚèë�ë�ê¶æçÜHíOã�ê�ò�âtà�ßwêÀä�ÝLA ì6A ä�ÝLAvü"S ÷�ë«ÞvëXÚèâ{à�òµÝ¯åSÝwê�ä¿Ú{Ýwä�à�Ýwåjò�ßwîïÙ}ßvê�ëXê^â{Ü
Npë�Úèë2ò�ßvÚèÚ{ëXå�Ý¯â{ë�äúà¬êúÝwå¬å 3 Ù¡ßvÜèÜ{à¬ì�å�ë�ò�ßvîÑì�à�ê�Ý�âtà�ßwê�Übt � �ïò�ßwÚ{Ú{ëXÜ{Ù}ßvê�ä�à¬ê�é4â{ß?Ý>òXÚ{ßvÜèÜôÿ:òXßvÚ{Úèë�å�Ý¯âtà¬ßvêßwíSì}ßwâ{÷hÞvëXÚèâtà¬òµÝwåÖò�ßwîïÙ}ßvê�ëXê^â{Ü;t � w ù ?n? ò�ßvÚèÚ{ë�ÜèÙ¡ßwê�ä�à�ê<é¼âtß�ì}ßwâ{÷aÚtÝwä<à�Ýwå®ò�ßwîïÙ}ßvê�ëXê^â{Ü�ù¶Ýwê�äì}ßwât÷8? ��Ý¯ê�ä ��?"ò�ßvÚèÚ{ëXÜ{Ù}ßvê�ä�à¬ê�é�â{ßaßvê�ëïÚtÝwä�à�ÝwåSÝwê�ä¿ßvê�ëïÞwë�Úôâtà�ò�Ýwå�ò�ßvîÍÙ¡ßwê�ë�êrâúë�Ýwò¢÷ w âtßÚèëXâtÚèà�ë�ÞvëAâ{÷�ëc?FÝLA´å�ë�à¬év÷dNJÝµÞvë;�?Ú{ëXë�ê�æøÜ4íOã�ê<òXâtà¬ßvê x ât÷�ërSMS t.ò�ßwÚ{Ú{ëXå�Ý¯â{à�ßvêVßwíjì¡ßwâ{÷hâtÚ{Ýwê�ÜôÞvë�ÚèÜ{ëòXßvîïÙ}ßvê�ëXêrâtÜ w ò�ßvÚèÚ{ëXå�Ý¯â{à�ßvê_A´à�ëXå�ä�ÜFât÷�ë 9®ßZÞwërNJÝZÞwë@�HÚèë�ëXê�æçÜFíOã�ê�ò�âtà�ßwê�ü ó ßvÚ{Úèë�å�Ý�âtà�ßwê�Üñßwí6ßvê�ë�ÿä�ÝLAÑÚ{ë�òXßvÚ{ä<ÜSÝwÚ{ë2â{÷�ë�ê«ÜèâtÝwò ]wëXä�ü6S ÷�à¬Ü6à�ÜjëXð´ã<à¬Þ¯Ýwå�ëXêrâjâtß?ä�à¬Ú{ëXòXâtåUA0ò�Ú{ßwÜ{Üôÿ ò�ßvÚèÚ{ëXå�Ý¯â{à�ê�é4â{÷�ëbNñ÷�ßvå¬ë
AwëµÝwÚ>ßwí6Ú{ëXò�ßvÚèä�Ü�ü ý ß¯âtëAâ{÷�Ý¯â>ò�ßvîÍÙ�ÝwÚèë�ä%âtß¼ß¯ât÷�ëXÚ>Üôâtã�ä�à¬ë�Üct y sZm z�� }�f2m`o�p ��m`� z�� h*hkfdtO1 -`-`3�w�x
y m �|}Rmdj�lMm`hU~�tv1 -.- C�ò w�x�y sZm z�� }�f_j�l�m`hU~#tO1 -`- C w�x 
�mQf j�l�m`hU~#tO1 -`- 5 w�x 
�m`o
	dj�lbm`hU~�tO1 -`- > wGw ù�ê�ßÝwîÍÙ�å¬à¬âtã<ä�ë8ê�ßvÚèî¼Ý¯å�àk/�Ý¯âtà¬ßvê;N2ÝwÜ>ÝwÙ�Ù<å�à�ëXä)Ù�Ú{à¬ßvÚJâ{ßÍâ{÷�ëHò�ßvÚèÚ{ë�å�Ý¯âtà¬ßvê�ü

� ,���,�� ���ñK®C�58DEK ;����
	��ÂG���r/����
3cà¬évã�Úèë , ü 1?Üè÷�ßBNñÜ�â{÷�ë�� �)ò�Ú{ßwÜ{ÜSò�ßvÚèÚ{ëXå�Ý¯â{à�ßvêúß¯í¶ßvê<ëbAvëµÝ¯Ú�ß¯í¶Úèë�ò�ßwÚ{ä�ÜSì}ëXâTNpë�ë�êÍât÷�ë&7QNñà¬Ü{Ü 94à§ÿévà�â¢Ýwå�7Lë�à¬Ü{îÍà�ò ý ëXâTNpßvÚG] tv7 9�7 ý ëXâ w Üôâ¢Ý¯â{à�ßvê�Ü Ø =W�g9"\�Ý¯ê�äd7)S�JAùlì�Ýwê<äLÿ:Ù�Ý¯Ü{Ü{ëXähà¬ê^â{ßÉÜ{ë�Þvë�Ú{Ýwå
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�������0¤������J�>�wn��%�'&(#tn����%��)*�,+���n�� n,��n��-�n<��A�,�Èn,�0�%��#tn��%8 �!/���+ 9 ����� H %�{Jrl� W=�wV$/7�,�-8@67���%�%��8����
�%������P�,)
6Q������n=8!/7�,�-8 �w�"�wn�� qAb3+wnO]�b��AE

Ù¡ëXÚ{à¬ßLäÉì�Ý¯ê�ä�Ü6íOÚ{ßvî : - Ü6âtß�5 - Ü�ü6S ÷�ëñà¬ê^â{ë�Ú6Üôâ¢Ý¯â{à�ßvêÉä�à¬ÜèâtÝwê�ò�ëñà¬Ü � 1 - �?î�ü4S ÷�ëñÙ¡ßwÜ{à¬â{à¬Þwë2âtà�îÍëßwí®ât÷�ë?òXßvÚ{Úèë�å�Ý¯âtà¬ßvê�ò�ßwÚ{Ú{ëXÜ{Ù}ßvê�ä�Ü2â{ßúât÷�ë?ò�Ýwã�Ü{Ýwå"�?Ú{ë�ëXê�æøÜ2íOã�ê�òXâ{à�ßvê)ß¯íÖâ{÷�ë?îÍë�ä�à¬ã�î"ì¡ë�âTNJëXë�êØ =W��9"\�Ýwê�ä 7)S�J0ù6Ýwê�ä â{÷�ë)ê�ë�évÝ¯âtà�Þvë�âtà¬îïëïò�ßvÚèÚ{ëXÜ{Ù}ßvê�ä�ÜÉâtß�à�âtÜÉÝ¯ê^â{à�ò�Ýwã�ÜtÝ¯å2ò�ßvã<ê^â{ë�ÚèÙ�ÝwÚèâ
t.à¬ëúât÷�ë@�?Ú{ëXë�ê�æøÜ?íOã�ê�òXâ{à�ßvê ì}ëXâTNpë�ëXê 7)S�J"Ýwê�ä Ø =W�g9"\ w ü�Ø NJÝµÞvë«âtÚ{Ýwà�ê�òXßvÚ{Úèë�Ü{Ù}ßvê�ä<à�ê�é)âtß
?>ÝLA´å�ëXà�év÷�N2ÝµÞvëXÜñà�ÜJòXå�ë�ÝwÚ{åUAÍÞ´à¬Ü{à�ì<å�ëFßvêVÝwå�ålÙ}ë�Úèà�ß´ä�ì�Ýwê�ä<Ü2à�ê¼â{÷�ë8Ù}ßvÜ{à�âtà�Þvë8Ý¯ê�ä)ê�ë�évÝ¯âtà�Þvë8òXßvÚôÿÚ{ëXå�Ý¯â{à�ßvêÑâ{à�îÍë2Ý¯â�: -.- Ü�ü4S ÷�à�Ü6òXßvÚ{Úèë�ÜèÙ¡ßvê<ä�Ü6âtßHÝ4ÞvëXå�ß´ò�à�âTAúßwí

3.2km/s
ü 94à¬Ü{Ù}ë�ÚèÜ{à�ßwêÉà�Ü6ëXÞ´à¬ä�ë�êrâ

Nñà¬â{÷�÷�à�éw÷Lÿ íOÚèë�ð^ã�ë�ê<òXA;N2ÝµÞwë�ÜñÝwÚèÚ{à¬Þ´à¬ê�éÑÝ�í âtë�Ú�å�ßBN2ÿ íOÚ{ë�ð^ã�ëXê�òXAïßvê�ëXÜ�ü8=:ê�Ù�Ú{ÝwòXâ{à�ò�ë¯ùLòXßvÚ{Úèë�å�Ý¯âtà¬ßvê�ÜÝwÚ{ë)éwë�ê�ëXÚtÝwå¬å�AÀê�ßwâ«Ù}ë�ÚèíOëXòXâ{å�A ÜWA´îïîÍëXâ{Ú{à�ò¯ü;=:ê ât÷�à¬ÜÉë�^<ÝwîÍÙ�å�ë¯ùeâ{÷�ë%ÝwîïÙ<å�à¬â{ã�ä�ëïßwíñât÷�ë>?FÝBArÿå�ëXà�év÷ NJÝZÞwë�Üpà�Ü6å�Ý¯Ú{évëXÚjíOßvÚ6ê�ë�évÝ¯âtà�Þvëñât÷�ÝwêÉíOßvÚ6â{÷�ëñÙ¡ßvÜôâtà�Þvë âtà¬îïë¯ùrÝwå¬â{÷�ßvã�éw÷«â{÷�ëñÙ�÷�ÝwÜèë4Ý¯Ú{Ú{à�Þ¯Ýwåâtà¬îïëXÜ2ÝwÚèë8ë�ð^ã�Ýwå\üZS ÷�à¬Ü2à�ê<ä�à�ò�Ý¯âtëXÜpât÷�Ý¯â2ä�ã<Ú{à�ê<éúât÷�ëEAwëµÝwÚM1 -.-`3 ÿ 1 -.- CHîïßwÚ{ë4ëXê�ë�Úèé`A�Ù<Ú{ßvÙ�Ý¯érÝ�ÿâtëXä¼íOÚ{ßvî 7)S�J âtßAØ =W��9�\ â{÷�Ýwê¼íOÚèßvî�Ø =W��9"\ â{ß 7)S�J0üLØ>ÜJîÍßvÜèâpßwí(Üôâ¢Ý¯â{à�ßvê<ÜJÚ{ëXò�ßvÚèä¼ât÷<Ú{ë�ëò�ßvîÍÙ}ßvê�ë�êrâ>Ü{à¬évê�Ýwå¬Ü�ù NpërNpë�Ú{ëÑÝwì�å¬ëHâ{ß¼ÚèëXâtÚèà�ë�Þvër?>ÝLA´å�ëXà�év÷ N2ÝµÞwë�Ü8ì6A%ò�ßvÚèÚ{ëXå�Ý¯â{à�ê�éÉât÷<ë0Þwë�Úèâ{à�ÿòµÝwå¡Ýwê�ä¼ÚtÝwä�à�Ýwå�ò�ßwîïÙ}ßvê�ëXê^â{Ü�t � �cù)?n?Hù ��?Hù´Ýwê�ä2? � w ü'3eà�évã�Úèë , ü � Ý0Ü{÷�ßBNñÜJâ{÷�ë4òXßvÚ{Úèë�å�Ý¯âtà¬ßvê�Üò�ßvÚèÚ{ëXÜ{Ù}ßvê�ä�à¬ê�é�âtß_?FÝLA´å�ë�à¬év÷dNJÝµÞvëXÜHíOßwÚ>ât÷<ëúØ =W��9"\jÿ 7)S�J�Ù�Ý�ât÷�ì�Ýwê<ä�Ù�ÝwÜèÜ{ë�ä à¬êhât÷�ë2: - âtß
1 - Ü�Ù¡ëXÚ{à¬ßLäÍì�Ýwê�ä¶ü)S ÷�ënN2ÝµÞwëXíOßvÚèîïÜJÝwÚ{ëFÜ{à¬îïà¬å�ÝwÚ6Ý¯ê�äïâ{÷�ë8ÝwÚèÚ{à�ÞwÝ¯å<âtà¬îïëXÜpÝ¯Ú{ëñât÷�ë>ÜtÝwîÍëFíOßwÚpÝ¯å�åâtÚ{Ýwò�ëXÜ�ü 7Là�îÍà�å�ÝwÚ{åUAvù�9(ßZÞvë�N2ÝµÞwë�Ü8Ý¯Ú{ë?ò�å¬ëµÝwÚèå�AïÞLà¬Ü{à¬ì�å�ë8ßwê>SMS ò�ßvÚèÚ{ë�å�Ý¯âtà¬ßvê�Ü�t ö�évã�Úèë , ü � ì w ü

� ÄGF F - Æ¡Ç�0ú×2Ê�I(ÐXËAÇ

� ,��2,�� /2K(DEK �}IL7E;�� ;��ïIL14K 543jI<1 �
?>ÝLA´å�ëXà�év÷ Ý¯ê�ä 9®ßZÞwëcN2ÝµÞvëÍä�à¬Ü{Ù}ë�Ú{Üèà�ßvê�òXã�ÚèÞwë�ÜAÝwÚ{ëÑëXÞ¯Ýwå�ã�Ý¯âtëXä íOÚèßvî ât÷�ëÉëXîïëXÚ{évà¬ê�é �?Ú{ë�ëXê�æøÜíOã�ê�ò�âtà�ßwê�ÜSã�Ü{à¬ê�é?íOÚ{ë�ð^ã�ëXê�òXArÿ âtà�îÍëFÝwê�ÝwåUA´Ü{à�ÜMt,�"j�� � s � o[j�l�m`hU~�tW: � , � w x)��� lk{|��fih*hkj�}nm`o�p �"j�� � s � o
tW: ��� ,6wGw íOßwÚHâ{÷�ë>:=1Lù -.-.- à�êrâtëXÚôÿ Üèâ¢Ý�âtà�ßwêBÙ�Ý¯ât÷�ÜXü 3lßwÚ?ëµÝwò¢÷ÀÙ�Ý¯ât÷�Npë¼îÍëµÝwÜèã�Ú{ë«ë�à¬év÷râ0Ù¡ßvÜèÜ{à¬ì�å�ë
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�%��#tn��%8 �w/���+ 9 �����YH&%�{Jrl�i�,�-8YW=�wV /7�,�-8@67���P�%��8!���
+�:-��qAb & ^�b��.6�������n=8O/7�,�-8!��Iv;���<=)1������: 9 ������ n�/ +P�,���-��8h�"�wn������\�@;��\���Q; �,�-8e;L;�#tn����%��)*�,+���n��`/�I
r:nA���� 9 �A����/n�/ +P�,���-��8Y�y�wn�� �w� #tn����%��)*�,+���n��lE

?FÝLALå¬ë�à¬év÷ NJÝµÞvëVä�à�ÜèÙ¡ëXÚ{Üèà�ßvê òXã�ÚèÞwë�Ü«ì6A òXßvê�Ü{à¬ä�ë�Úèà�ê�é�íOßvã�ÚÑòXßvîÍÙ¡ßvê<ë�êrâtÜúß¯íFâ{÷�ë�òXßvÚ{Úèë�å�Ý�âtà�ßwêâ{ë�ê�ÜèßvÚKt � �cù�?&?Hù�? ��Ýwê�ä ��? w Ýwê<ä¼ì}ßwât÷«ât÷�ë>Ù¡ßwÜ{à¬â{à¬Þwë>Ý¯ê�äÍâ{÷�ëFê�ë�érÝ�âtà¬Þwë>Ù�ÝwÚèâpßwí¶â{÷�ëFê�ßvà�ÜèëòXßvÚ{Úèë�å�Ý�âtà�ßwêhíOã�ê�ò�âtà�ßwê�ü"7Là¬îïà¬å�ÝwÚèå�Avù)NJë«évë�â?âTNJß%ë�Üôâtà�îïÝ¯â{ë�Ü?ßwía9(ßZÞvë�ÿON2ÝµÞwë¼ä�à¬Ü{Ù}ë�Ú{Üèà�ßvê�òXã�ÚèÞwë�ÜíOÚèßvî â{÷�ëHÙ¡ßvÜèà¬â{à¬ÞvëHÝ¯ê�ä�ê<ë�érÝ¯â{à¬Þwë?Ù�ÝwÚèâ{Üñßwí�SMS ò�ßvÚèÚ{ë�å�Ý¯âtà¬ßvê�ÜXü
SÖß�ì}ëúÜ{ëXå�ë�ò�âtëXäaíOßvÚ4ã�Üèëúà�ê�ßvã�Ú8ä<à�Ü{Ù}ë�ÚèÜ{à¬ßvêaÝwê�Ýwå�A´Ü{à¬Ü�ù}ò�ßvÚèÚ{ëXå�Ý¯â{à�ßvê�ÜFîúã�Üôâ8îÍë�ë�â8Ü{ë�ÞvëXÚtÝwåjòXÚ{à§ÿâ{ë�Ú{à�Ý<ü6P¿ë>ä�ëXö�ê�ë8Ü{à¬évê�Ýwå�â{ßúê�ßvà¬Ü{ëFÚtÝ¯â{à�ßAÝwÜpâ{÷�ë8ÚtÝ�âtà�ß0ßwí�â{÷�ë8Ý¯îïÙ�å¬à¬â{ã�ä�ëñßwí(ât÷<ëK?FÝBA´å¬ë�à�éw÷�tOßvÚ
9(ßZÞvë w NJÝµÞvëïÝwê�ä ât÷�ëÉÞ¯ÝwÚ{à�Ýwê�òXëúßwíJâ{÷�ë«ê�ßvà¬Ü{ëúíOßvå¬å�ßBNñà�ê�éD?>ÝLA´å�ëXà�év÷tOßvÚ�9(ß¹Þwë w N2ÝµÞwë�Ü�ü�5�ßvÚèëÙ�Úèë�òXà�Ü{ëXå�Awù´â{÷�ë4Þ¯ÝwÚ{à�Ýwê�òXë4ßwí�â{÷�ë8ê�ßwà�Ü{ë>à�ÜpëXÞ¯Ýwå�ã�Ý¯âtëXä�à�ê¼ÝAâtà¬îïë�Nñà�ê�ä<ß=NÂâ{÷�Ý¯âJÜèâ¢Ý¯Úèâ Ý�â ÝwÚèÚ{à¬Þ¯Ýwåâ{à�îÍë�Ü0ò�ßvÚèÚ{ë�ÜèÙ¡ßwê�ä�à�ê<éaâtß�Ý�Þwë�å¬ßLòXà¬âTABßwí

1km.s−1
ùjÝ¯ê�ä¿ö�ê�à¬Ü{÷²Ý¯â 36-.-.- Ü{ëXò�ßvê�ä<Ü[tOà�ëÍà¬í â{÷�ëà¬ê^â{ë�Ú2Üôâ¢Ý¯â{à�ßvê¼ä�à�Üôâ¢Ýwê�òXë8à�Ü � -.- ]^î%ùLâ{÷�ë8ÜèâtÝwê�ä�Ý¯Ú{ä)ä�ë�ÞLà�Ý¯âtà¬ßvê�ßwí(â{÷�ë?ê�ßvà¬Ü{ë>à�Ü2ë�ÞwÝ¯å�ã�Ý¯â{ë�ä�à¬ê)Ýâ{à�îÍëaNñà�ê<ä�ßBNñÜjíOÚ{ßvî � -.- Üeâtß 36-.-.- Ü w üiS ÷�ëñÜ{à¬évê�Ýwå^âtßHê�ßwà�Ü{ëJÚtÝ¯â{à�ß8à¬Üjîïë�ÝwÜ{ã<Ú{ë�äÉÜèë�Ù�Ý¯ÚtÝ¯â{ë�å�AÑßvêâ{÷�ëñÙ¡ßvÜèà¬â{à¬ÞvëñÝ¯ê�ä«ê�ë�érÝ�âtà¬Þwëñò�ßvÚèÚ{ë�å�Ý¯âtà¬ßvêÑâ{à�îÍë Ý¯â6ât÷<ëFä<à�Ü{òXÚ{ë�âtëñÙ¡ëXÚ{à¬ßLä«Ý¯â�Nñ÷�à¬ò¢÷ NJëFò�ßvîÍÙ�ã<â{ëÝÉévÚèßvã�ÙVÞvë�å¬ßLòXà¬âTA¼î¼ÝwÙ¶ü

3�ßvÚ ?FÝLALå¬ë�à¬év÷�N2ÝµÞvëXÜdNpëÀÚèë <èëXòXâ N2ÝµÞwëXíOßvÚèîïÜ Nñà¬â{÷ Ý²Ü{à¬évê�Ýwå>âtßyê�ßvà�Üèë�ÚtÝ¯â{à�ßvê ≤ 7
üMS ÷<à�Üâ{÷�Ú{ëXÜ{÷�ßvå¬ä NJÝwÜHò¢÷�ßvÜèë�ê¿â{ßVî¼Ýi^Là¬îïà�/�ëAâ{÷�ë«ê^ã�îúì}ë�ÚHßwí2÷<à�év÷Lÿ ð^ã�Ýwå�à�âTA%îïë�ÝwÜ{ã�Úèë�îÍë�êrâtÜ0à�ê�â{÷�ëä�Ý�â¢ÝwÜèëXâµü 3�ã�Úôât÷�ëXÚ{îÍßvÚ{ëKNpë�]wëXë�Ùhßwê�å�A¼îïë�ÝwÜ{ã�Úèë�îÍë�êrâtÜMNñà�ât÷�Ý«ä<à��¡ë�Ú{ëXê�ò�ëHßwíeévÚèßvã�Ù)ÞvëXå�ß´ò�à¬âTAë�ÞwÝ¯å�ã�Ý¯â{ë�ä ßwê¿ât÷�ë¼Ù¡ßvÜèà¬â{à¬Þvë¼Ýwê�ä ê�ëXérÝ¯â{à¬Þvëïò�ßvÚèÚ{ëXå�Ý¯â{à�ßvêBâtà�îÍë

< 5%
à¬ê ë�à�ât÷�ëXÚAâ{÷�ë �}ÿ �cù ?2ÿ

?Hù ?2ÿ �cù¶ßvÚ �}ÿ ?�òXßvÚ{Úèë�å�Ý�âtà�ßwê�ü S ÷�ëïÚ{ë�â¢Ýwà¬ê�ë�äBîïë�ÝwÜ{ã<Ú{ë�îÍë�êrâAÝwÚèë«â{÷�ë�ê¿ÝµÞvë�Ú{ÝwévëXäÀâtß%évë�âAâ{÷�ëö�ê�Ýwå�ÞvëXå�ß´ò�à¬âTAwü
Ø>Ü8ßwí âtëXê 9(ßZÞvë NJÝµÞvëÉë�îÍë�ÚèévëÑßwê�å�AVà¬êhßvê�ëÑÜ{à�ä<ëÑßwíjâ{÷�ëúòXßvÚ{Úèë�å�Ý�âtà�ßwê�ùlÝwê�ä�Ý¯Ü>ât÷<ëXAhÝwÚ{ëAßvê�å�AÞ´à�Üèà�ì�å¬ë8ßvê>SJÿTS ò�ßvÚèÚ{ë�å�Ý¯âtà¬ßvê�ùQNJëHòµÝ¯ê�ê�ßwâFã�Üèë0â{÷�à�Ü Ù�ÚèßLòXë�ä�ã<Ú{ë?íOßvÚ�9(ßZÞvë�N2ÝµÞvëXÜ�ü =:ê�Üèâ{ëµÝwä¶ù�Npë
]¯ë�ë�Ù)ßwê�å�AÉéwÚ{ßvã�ÙÍÞvëXå�ß´ò�à¬âTA«îÍëµÝ¯Ü{ã�Úèë�îÍë�êrâJÙ}ë�ÚôíOßvÚ{îÍë�äïßvê�NJÝµÞvë�íOßvÚ{îÍÜaNñ÷�ßwÜ{ë4Üèà�évê�Ýwå�âtßAê�ßvà�Üèë
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ÚtÝ¯â{à�ß à�Ü ≥ 10
ü;= í4â{÷�à�ÜÉòXßvê�ä�à�âtà�ßwêyà¬ÜÉîïë�â«Ü{à¬îúã�å¬âtÝwê�ëXßvã�Ü{åUA à¬ê²â{÷�ëVÙ¡ßwÜ{à¬â{à¬ÞwëVÝwê�äyê�ë�érÝ�âtà¬Þwëò�ßvÚèÚ{ëXå�Ý¯â{à�ßvêÂâtà¬îïë¯ùaNpë¿ÝµÞwë�ÚtÝ¯évëBâ{÷�ëBévÚ{ßvã<Ù Þwë�å�ß´ò�à�âTAÂîÍëµÝwÜèã�Ú{ëXä ßvê ât÷<ë âTNpß
Üèà�ä�ë ßwíAât÷�ëò�ßvÚèÚ{ëXå�Ý¯â{à�ßvê�ü

P¿ë2íOã<Úèât÷<ë�Ú6Ú{ëT<èë�ò�âSÚ{ë�òXßvÚ{ä<Ü�Nñà¬ât÷Éà¬êrâtë�ÚEÿ:Üôâ¢Ý¯â{à�ßvêúä<à�ÜèâtÝwê�òXë�Ü6å�ëXÜ{Ücâ{÷�Ýwê�1&NJÝZÞwë�å¬ë�ê�éwâ{÷�Ü6íOßvÚjì}ßwât÷
?>ÝLA´å�ëXà�év÷%Ýwê<äd9(ßZÞvë�NJÝZÞwë�ÜXü
Ø2â�C¯ÜXù¹ã�Ü{à¬ê�é>â{÷�ë�Üèë2ò�Úèà¬âtëXÚ{à�ÝMNpë2Üèë�å�ëXòXâ{ë�ä � � -.- ?FÝLA´å�ë�à¬év÷�N2ÝµÞvëJßvì�Ü{ëXÚèÞ¯Ý¯â{à�ßvê�ÜÖíOÚ{ßvî ât÷�ëpà�ê�à�âtà�Ý¯å
:=1 -.-`- ÜèâtÝ¯âtà¬ßvê�Ù�Ýwà¬Ú{ÜKt 3cà¬é�ü , ü 36w ü JFÜ{à¬ê�éÉÝ;1.C=^ 1.Cg]´î Ù�ÝwÚ{ÝwîÍëXâtëXÚ{à�/µÝ¯â{à�ßvêïßwí®ò�ëXê^â{ÚtÝwå�\Sã<Ú{ßvÙ}ëwù
NJëaÝwò¢÷�à�ë�ÞvëhÝÀÙ�Ý¯â{÷�ä�ëXê�Ü{à�âTAQß¯í?îïßwÚ{ëVât÷�Ý¯âïÚ{ë�Ýwò¢÷�ëXÜ�:=C - Ù�Ý¯ât÷<Ü¼Ù}ë�ÚÍò�ë�å¬åñà�ê�7�Nñà¬â�/Xë�Úèå�Ýwê�ä
t 3cà¬évã�Úèë , ü 3 ì w ü�P¿ëÑßvì<â¢Ý¯à�êaÜèà�îÍà�å�Ý¯ÚFÙ�Ý¯ât÷ ä�ëXê�Ü{à�âtà�ëXÜ?Ý¯â?Ù}ë�Úèà�ß´äaã�Ù�âtß 3.- Ü�ü¡Ø4ì}ß¹Þwë 36- Ü�ù}ât÷�ëê^ã�îúì}ë�ÚJß¯í(Ù�Ý¯â{÷�ÜJâtëXê�ä�Ü�âtßúä�ëXò�ÚèëµÝwÜèëwù�Ý¯ê�ä2Npë4ò¢÷�ß´ßvÜ{ë>âtßÑã<Ü{ë?Ý0évÚ{à¬äïßwí#C - ^ C - �?î�à�ê<Üèâtë�Ýwä�üØ2âM5 - Ü�ù�NJë>Ü{ë�å¬ë�ò�âtë�ä>1Q: -.- Ù�Ý¯ât÷�ÜpÚ{ëXÜ{ã�å�âtà�ê<éAà¬ê�ÝAä<ë�ê�Üèà¬âTAïßwí(îÍßvÚ{ëñât÷�Ý¯ê[:=1 - Ù�Ý¯â{÷�ÜJÙ}ë�Úpò�ë�å¬å�Üà�êd7QNñà�â�/�ëXÚ{å�Ýwê�ä�ü

� ,��2, � 	,���SK�9��´7E; � C�K¶IL14; �
P¿ë4à�êrÞvëXÚèâ2ßwã�ÚJä�à¬Ü{Ù}ë�ÚèÜ{à�ßwê¼îÍëµÝwÜèã�Ú{ëXîïëXê^â{ÜJâtßÑßvì<â¢Ý¯à�ê¼éwÚ{ßvã�ÙïÞvë�å¬ßLòXà¬âTA«îïÝwÙ�ÜXü)S ÷�ë4Üèâ¢Ý¯ê�ä�ÝwÚèäíOßvÚRNJÝwÚèä�Ù�Úèßvì�å¬ë�î ò�Ýwê%ì¡ë�NñÚ{à�â{â{ë�êVà�ê)âtëXê�Ü{ßwÚFê<ßwâ¢Ý¯â{à�ßvê �

d = Gm
t , ü�: w

d = t
meas − t

o
à¬Üïâ{÷�ë�ä�Ý¯âtÝ¿Þvë�ò�âtßvÚDNñ÷<ßvÜ{ë ë�å¬ë�îÍë�êrâtÜVÝ¯Ú{ëhâ{÷�ë�ä�à��¡ë�Úèë�ê�òXë�ì¡ë�âTNJëXë�ê ât÷�ëîïë�ÝwÜ{ã<Ú{ë�äÀÞvë�å¬ßLòXà¬âTABÝwê<äÀât÷<ëÍÞwë�å�ß´ò�à�âTA ò�ßvîÍÙ�ã<â{ë�äBíOÚ{ßvî�â{÷�ëïà¬ê�à¬â{à�Ýwåcîïß´ä�ë�åjíOßwÚ0ë�Ýwò¢÷ Ù�Ý�ât÷�ü

G
à�ÜFât÷�ëÑî¼Ý¯â{Ú{à ^

ds/co
ù�Nñ÷�à�ò¢÷�Úèë�Ù�Úèë�Ü{ëXêrâ?íOßvÚ4ë�Ýwò¢÷ Ù�Ý¯ât÷aÝwê�äaíOßvÚ>ëµÝwò¢÷�òXë�å¬åeßwí6â{÷�ëúà¬ê�à¬â{à�Ýwåîïß´ä�ëXåjât÷�ë«âtÚ{ÝZÞwë�å6âtà¬îïëÉß¯íb?FÝLALå¬ë�à¬év÷ N2ÝµÞvë¯ü

m = (c − co)/c
à¬Ü?ât÷�ë«évÚèßvã�Ù Þvë�å¬ßLòXà¬âTA�îïÝwÙ

NJë&N2ÝwêrâpâtßÑä<ëXâtëXÚ{îÍà�ê�ë¯ù
c
ì}ë�à¬ê�éAâ{÷�ëñÞvë�å¬ßLòXà¬âTAÍßvì<âtÝwà�ê<ë�äïÝ¯í âtëXÚpà¬ê^Þwë�ÚèÜ{à�ßwê�ù<Ý¯ê�ä

co
ât÷�ë>à�ê�à�âtà�Ýwå

?>ÝLA´å�ëXà�év÷_NJÝµÞvëHÞvë�å¬ßLòXà¬âTAwü
P¿ë%à�êrÞwë�Úèâ{ë�äyât÷�ëVä�ëXÜ{ò�Úèà�ì}ë�äQä�Ý¯â¢Ý¯Ü{ëXâÍíOßvå¬å�ßBNñà�ê�é��&m`} � � o j�l m`hU~EtO1 -.- : w â{ßÀßvìLâ¢Ýwà¬êyéwÚ{ßvã�ÙÞvëXå�ß´ò�à¬âTABîïÝwÙ�ÜAßvê Ý8: -`- × : -.-�� : - ù -.-`- ò�ëXå�å¬ÜAßwí&1`C × 1`C>]^î Ý¯ò�Ú{ßwÜ{Ü \6ã�ÚèßvÙ¡ë�t 3cà¬é�ü , ü 3�w üØ4Ü>ä�ë�Üèò�Ú{à¬ì¡ëXäaì6A �&m`} � � o8j�l�m`hU~�tO1 -.- : w ù�ât÷�ë0Ü{ßvå¬ã<âtà¬ßvê%îïß´ä�ë�å

m
îÍà�ê�à¬îïà�/�ëXÜ2ât÷�ë0Ù¡ëXê�Ýwå¬à¬âTAíOã�ê�ò�âtà�ßwê

(G(m) − d)T (G(m) − d) + α2||F (m)||2 + β2||H(m)||2 t , ü 1 w
à üøëwü�ùJÝÀå�à�ê<ëµÝwÚ«ò�ßwîúì�à�ê�Ý¯âtà¬ßvêQß¯í?ât÷�ë�ä�Ý¯â¢ÝÀîïà¬Üèö�â�ùSâ{÷�ë�ö�ê�Ýwå4îÍß´ä�ë�åñÜ{îÍß´ßwât÷�ê<ë�Ü{ÜXù2Ýwê<ä
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∫
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(
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S ÷�Ú{ëXë«Ú{ë�éwã�å�ÝwÚèàk/�Ý¯âtà¬ßvêhÙ�Ý¯ÚtÝwîÍëXâ{ë�Ú{ÜHÝ¯Ú{ëÉò¢÷�ßvÜèë�êBî¼Ý¯ê´ã�Ýwå�åUA�Ù<Ú{à�ßwÚ4âtß)ât÷<ëÉà�êrÞvëXÚ{Ü{à¬ßvê �
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ä�ëXâ{ë�Ú{îÍà�ê<ë>Úèë�Ü{Ù}ë�ò�âtà�Þvë�åUA«ât÷�ënNJëXà�év÷râJâ{÷�Ý¯âpà�Üpévà¬Þwë�êïâ{ßÑât÷<ë4Ü{Ù�Ý¯âtà�Ýwå�Ü{îÍßLß¯ât÷�à¬ê�éÑÝ¯ê�ä¼âtß0ât÷�ëä�ë�Ù}ë�ê<ä�ë�ê�òXë?ßwí¶â{÷�ë4Ù}ë�Úôâtã�Úèì�Ý¯â{à�ßvêÍî¼Ý¯évê�à¬â{ã�ä�ëMNñà¬â{÷Íâ{÷�ë4Ù�Ý¯ât÷ïä�ë�ê�Üèà¬âTAwü
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à�ÜSât÷�ëFò�ßvÚèÚ{ëXå�Ý¯â{à�ßvêå�ëXê�éwât÷¶ùeà�âÑòXßvêrâtÚ{ßwå�ÜAâ{÷�ë2Nñà¬ä<ât÷Àßwí ât÷�ë¼Ü{Ù�Ý¯â{à�ÝwåSÜèîïß´ßwât÷<à�ê�é>]wëXÚ{ê�ëXå ü � ë�òµÝ¯ã�Ü{ë)ßwíJât÷�ë�ä<ë�ê�ÜèëÙ�Ý¯â{÷aò�ßZÞvëXÚtÝwéwë NJëAíOßvã�ê�ähâ{÷�ëÑÚèë�Üèã�å¬â{Ü8ÝwÚèëAê�ß¯â8Ü{ëXê�Ü{à�âtà�ÞvëAâ{ß¼ât÷<ëÑò¢÷�ßvà¬ò�ëAßwí
β
à�ê%ât÷�ëAÚ{ëXévà�ßvêßwí�÷�à�éw÷�ë�ÜôâHä�Ý¯â¢Ý�ä<ë�ê�Üèà¬âTA t ât÷�ëÉòXë�êrâtÚ{ÝwåSÝwê�ä�Npë�ÜôâtëXÚ{ê¿Ø>å�Ù�Ü8Ýwê�ä Ü{ßvãLât÷�ëXÚ{ê �HëXÚ{îïÝwê6A w ü S ÷<ëò�ßvÚèÚ{ëXå�Ý¯â{à�ßvê å¬ë�ê�é¯ât÷

σ
NJÝwÜÉò¢÷�ßvÜèë�êyë�ð^ã�Ýwåpâtß 1.Cd]^î Ý¯âÉÙ}ë�Ú{à¬ßLä¿ì¡ë�âTNJëXë�ê CaÝwê�ä 36- ÜXùjÝwê<äë�ð^ã�Ýwå´âtß�C - ]^î íOßvÚeÙ¡ëXÚ{à¬ßLäÑÝwì¡ßZÞwë�C - ÜXü4SÖß8ò¢÷�ß´ßvÜ{ëpât÷�ëJÞ¯Ýwå¬ã�ëJß¯í
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ù=NJë òXßvîÍÙ�ã<âtëXä�æ âtÚtÝ¯ä�ë�ÿ ß`� æò�ã�ÚôÞvëXÜ �rØFí âtë�Ú6Ù}ë�ÚôíOßvÚ{îÍà�ê<é8ê^ã�îïëXÚ{ßvã<Ü6à�êrÞvëXÚ{Ü{à¬ßvê�Ü�Nñà¬â{÷Éä�à��¡ë�Úèë�êrâSÞ¯Ýwå�ã�ëXÜjßwí

α
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ü4S ÷�ëñÚ{ë�Üèã�å¬â{à�ê�éâtÚ{Ýwä�ë�ÿ ß`�)òXã�ÚèÞwëwù^Ü{ßvîÍëXâ{à�îÍë�Üjò�Ýwå�å¬ë�äVæ 9�ò�ã<ÚèÞvë¯æ¬ù^÷�Ý¯ÜSâ{÷�ëñÜ{÷�Ý¯Ù¡ëñßwí¶Ý?ä�ë�òXÚ{ëµÝ¯Ü{à�ê<éAë ^<Ù}ßvê�ëXêrâtà�Ý¯å ùÚ{ëXÜ{ë�îÑì�å�à¬ê�éaâtß�ât÷<ë%ò¢÷�ÝwÚtÝwò�âtëXÚ;9 �jØ ÷�à¬év÷ Þ¯Ýwå�ã�ë¼ßwí

α
éwà¬ÞvëXÜÉßZÞvë�Ú«ä�Ý¯îïÙ}ë�ä²îÍßLä�ëXå�ÜÑâ{÷�Ý¯âòµÝwê<ê�ßwâ2ö�âpât÷�ë4ä�Ý¯â¢ÝLùQNñ÷�ëXÚ{ë�ÝwÜ å�ßBNÂÞ¯Ýwå�ã<ë4ßwí

α
Ú{ë�Üèã�å¬âJà�ê�îÍß´ä�ë�å¬Ü�ö�âèâtà¬ê�éÑÙ}ë�ÚôíOë�òXâ{å�AÍât÷�ë4ä�Ý¯â¢Ýì�ã<âaNñ÷�à�ò¢÷)Ý¯Ú{ëFê�ßwâ2ÜèÙ�Ý¯â{à�Ýwå¬å�AúÜèîïß´ßwâ{÷�ü�S ÷�ë>â{ÚtÝwê�Üèà¬â{à�ßvêÍì¡ë�âTNJëXë�ê�â{÷�ë>âTNpßúë�^´â{Ú{ë�îÍëE]^à¬ê�ä�ÜJß¯íîïß´ä�ëXå�à�ÜñÝwì<Ú{ã�Ù<â�ùlÝwê�ä NJë�]¯ë�ë�Ù%ât÷�ëHîÍßLä<ë�å�Ü òXå�ßvÜèë8âtßÉât÷<ë0òXßvÚ{ê<ë�Úñßwícâ{÷�ëÉæ 9�ÿ ò�ã�ÚôÞvë¯æ¬ü

� ,��2,�� PQ3ÖM2DôK(7��S1$3 � ��GÑ; �SK�� 3 �SK���9<; �>5��aK(DE; �¶7 I¯M - 3S5 �
�HÚèßvã�Ù ÞvëXå�ß´ò�à�âTA¿îïÝwÙ�Ü«ÝwÚèë)ò�ßvîÍÙ�ã<â{ë�ä²à�ê âTNpßBÜèâtëXÙ�Ü�üM: w Ø ö�Ú{ÜôâÍß¹Þwë�Úèä�ÝwîÍÙ¡ëXäyîÍß´ä�ë�å2à¬êLÿò�å¬ã�ä�à�ê<é Ýwå�å�Ü{ëXå�ë�ò�âtëXäyÙ�Ý¯ât÷�ÜÉà¬Üúò�ßwîïÙ�ãLâtë�ä¶ü�S ÷�ë)ä�àU�¶ëXÚ{ë�ê<ò�ë)ßwíñât÷<ë�îïë�ÝwÜ{ã<Ú{ë�ä â{ÚtÝµÞvëXå2âtà�îÍëÝwê�äaâ{÷�ëÑâtÚ{ÝµÞvë�åeâtà�îÍë0Ù�Ú{ëXä�à�ò�âtë�ä�ì6A%ât÷�ëÑà�êrÞvëXÚèâtëXä îïß´ä�ë�åÖà�Ü>ò�ßvîÍÙ�ã<â{ë�äaíOßvÚ>ëµÝwò¢÷�Ù�Ý¯ât÷�ü�P¿ëä�à�ÜèòµÝwÚèä¿Ý¯å�åjÙ�Ý�ât÷�Ü�Nñ÷�ëXÚ{ë«ât÷�à¬Ü8âtà�îÍëÉä�àU�¶ëXÚ{ë�ê<ò�ë«ë�^Lò�ëXë�ä�Ü0âTNñà�òXë«â{÷�ëïÝZÞwë�Ú{Ýwévë«ä�à��¡ë�Úèë�ê�òXëwü#1 w
P¿ëAò�ßvîÍÙ�ã<â{ë0â{÷�ëHö�ê�Ýwå®évÚèßvã�Ù�Þwë�å¬ßLòXà¬âtà¬ë�ÜñîïÝwÙ�ßwêaÝ�1.C	�41.C ]^î évÚ{à¬ähÝwòXÚ{ßvÜèÜE\6ã�ÚèßvÙ}ëwü ý ß�ÝÙ�Ú{à¬ßvÚ{à¶à�ê<íOßvÚèî¼Ý�âtà�ßwê¼à�Ü ã<Ü{ë�ä�Ü{à¬ê�ò�ë?ât÷<ë0à¬ê�à¬â{à�Ýwå}îÍßLä�ëXå¶à¬Ü ÷�ßvîÍßvévë�ê<ë�ßvã�ÜXü
3cà�éwã�Ú{ë , ü 3 ÝVÜ{÷�ßBNñÜ0ât÷�ë«ßvì<âtÝwà�ê<ë�äBévÚ{ßvã<Ù Þwë�å¬ßLòXà¬âTA�îïÝwÙ�Ü?íOßvÚrC¯Üg?FÝBA´å¬ë�à�éw÷�NJÝµÞvëXÜ�üÖØ2âAâ{÷�à�ÜÙ¡ëXÚ{à¬ßLä�ù�?FÝLALå¬ë�à¬év÷dNJÝµÞvë�Ü0ÝwÚèëÑîÍßvÜèâ{å�AVÜèë�ê�Üèà¬âtà�Þvë0âtß�Üè÷�ëµÝwÚ>Þvë�å¬ßLòXà¬â{à�ë�ÜFà�ê%ât÷�ëAã�Ù�Ù}ë�Ú8òXÚ{ã�Üôâ@t �âtß�>K]^î w ü�7Së�å¬ßLòXà¬âTAÉÝ¯ê�ßvîïÝwå�à¬ë�ÜcòXßvÚ{Úèë�å�Ý¯âtë�Npë�å¬å Nñà¬â{÷Íéwë�ßvå¬ßvévà�ò�Ýwå´ã�ê�à¬â{Ü�ü69(ßBN
Þwë�å¬ßLòXà¬âTAúÚèë�évà¬ßvê�ÜÝwÚ{ë0Ü{÷<ß=Nñêhà�ê%Ú{ë�ähÝwê�ä�ì�å�Ýwò ]�Ýwê�ähéwë�ê�ëXÚtÝwå¬å�A)òXßvÚ{Úèë�Ü{Ù}ßvê�ä%âtßïÜ{ë�ä<à�îÍë�êrâ¢ÝwÚWA)ì�ÝwÜèà�ê�ÜXü�S ÷�ëcYÖßì�ÝwÜèà�ê à�ÜÑò�å�ë�ÝwÚ{åUAÀÞ´à¬Ü{à�ì<å�ë�Ý¯Ü NJëXå�å Ý¯ÜÉÝwÚ{ëïât÷�ë ý ßvÚèâ{÷7LëµÝ�ì�ÝwÜèà�ê²Ýwê<ä ât÷�ë*5�ßwå�å�Ý¯Ü{Ü{ë � ÝwÜ{à¬ê�ü
�>à¬év÷�Þvë�å¬ßLòXà¬âTAaÝwÚ{ë�ÝwÜHÜ{÷�ßBNñê¿à¬ê ì�å�ã�ë«Ý¯ê�äÀÙ<ã�Ú{Ù�å¬ëÉò�ßvÚèÚ{ëXÜ{Ù}ßvê�ä âtß)ât÷�ë«òXÚRA´ÜèâtÝwå�å¬à�ê�ëúòXÚ{ã�ÜôâÑß¯íât÷�ëHØ>å�Ù�ÜFÝwê�ä � ßw÷�ë�îÍà�Ýwê�5hÝ¯Ü{Ü{à�íEü
ó ßvîÍÙ�ã<âtëXäúévÚèßvã�ÙAÞwë�å¬ßLò�âtà�ëXÜeîïÝwÙ0íOßvÚ�?FÝLA´å�ë�à¬év÷AÝwê�äc9(ßZÞvëXÜ�NJÝZÞwë�ÜSÝ¯âeÙ}ë�Ú{à¬ßLä , ÜXù):B5¯ÜcÝwê<ä � C¯ÜÝwÚ{ëHÜè÷�ßBNñêhßvê*3cà¬évã�Ú{ë , ü CLü<Ø2â , ÜñÜ{ã�Úôí.Ýwò�ë�NJÝZÞwë�Ü4ÝwÚ{ëHîÍßvÜèâ{å�AïÜ{ë�ê<Ü{à¬â{à¬ÞwëHâ{ßÍâ{÷�ëHã�Ù�Ù}ë�Úñò�Úèã�Üèâ
tOC¹ÿ , �?î w ü�S ÷�ë8Ø4å¬Ù�à�ê<ë4ÝwÚèò4à¬Ü2ÝwÜèÜ{ß´ò�à�Ý�âtë�ä�Nñà¬ât÷¼÷�à�év÷ÍÞvëXå�ß´ò�à¬â{à�ëXÜ�â{÷�Ý¯â2ò�Ýwê)Ú{ë�Ýwò¢÷

3.2km.s−1ÝwÜbNpë�å�å�ÝwÜ2ât÷�ë � ßv÷�ë�îÍà�Ý¯ê*5hÝwÜ{Üèà¬íEüLØ2â�:B5wÜ�ù<Ü{ã�Úôí.Ýwò�ë�NJÝZÞwë�Ü>ÝwÚ{ë4Ü{ë�ê<Ü{à¬â{à¬ÞwëHâ{ßúât÷�ë?îÍà�ä¼ò�Ú{ã<Üèâµü
S ÷�ë4îïÝwà¬êïÜôâtÚ{ã<òXâtã<Ú{ë�Ü�Þ´à�Ü{à¬ì�å�ëñßvêÍât÷�ë , Ü�î¼Ý¯Ù¼ÝwÚèë>Üôâtà¬å�å�Þ´à�Üèà�ì�å¬ëwùrì�ã<âpà�êïÝwä�ä<à¬âtà¬ßvêÉât÷�ë 3�Ú{ë�ê<ò¢÷
<wã�ÚtÝ«à�Ü2Þ´à¬Ü{à�ì<å�ëENñà�ât÷V÷�à�éw÷VÞwë�å¬ßLòXà¬âtà¬ë�Ü2ÚèëµÝwò¢÷<à�ê�é

3km.s−1
ü

Ø2â � C¯ÜKt 3cà¬évã�Úèë , ü C¯ò w ùLéwÚ{ßvã�ÙïÞvë�å¬ßLòXà¬â{à�ë�ÜJÝwÚ{ë>Ü{ëXê�Ü{à�âtà¬Þwë4âtßAât÷�ë8òXÚ{ã�Üôâ¢Ýwå}ât÷�à¬ò ]^ê�ë�ÜèÜ �<à�êïÚ{ëXévà�ßvê
Nñ÷�ë�Úèëhât÷<ëhò�Úèã�Üèâ¼à�Ü«ât÷�à¬ê�ùSÜ{ã�Úôí.Ýwò�ë>N2ÝµÞwë�Ü)÷�à¬év÷
îïÝwêrâtëXå�å�à¬ò¼ÞvëXå�ß´ò�à�âtà�ëXÜ�ù�Nñ÷�ëXÚ{ëµÝ¯Ü�à�êyÚ{ëXévà�ßvê
Nñ÷�ë�Úèë�ât÷�ëïò�Úèã�ÜèâÉà¬ÜAâ{÷�à�ò ]�ât÷<ëXA¿ÝwÚ{ë¼ÝwÜ{ÜèßLòXà�Ý¯â{ë�ä8Nñà�ât÷ Üèå�ßBNJëXÚÑòXÚ{ã�Üôâ¢Ýwå�Þvë�å¬ßLòXà¬â{à�ë�ÜXü"S ÷�ë � C¯Ü
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S ÷�ëÍÚ{ë�Üèßvå�ãLâtà�ßwêBß¯ípâ{÷�ëïéwÚ{ßvã�Ù�Þwë�å�ß´ò�à�âtàUAaîïÝwÙ�Ü?ä�ëXÙ¡ëXê�ä�ÜÑîÍßvÜôâtå�Ahßvê�ât÷�ëÍä�ëXê�Ü{à�âTA�ßwí2Ù�Ý¯ât÷�ÜÝwê�äQßvêQâ{÷�ë�à¬ÚïÝ4/�à�îÑã<ât÷�Ý¯å ä�à�ÜôâtÚ{à¬ì�ã<â{à�ßvê tOò�Ú{ßwÜ{Ü{à¬ê�é¿Ù�Ý¯ât÷�Ü w ü =:ê
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S ÷�ë>îïà¬Üèö�â�ßwí¡ât÷�ë>à�êrÞvëXÚ{Üèà�ßvêïà�ÜSÜ{÷�ßBNñê�à¬ê 3cà¬évã�Úèë , ü � ì�ü'5�à�Üôö�âJß¯í�ât÷�ëFîÍßLä�ëXålÝwê�äïîïë�ÝwÜ{ã�Úèë�ää�Ý�â¢Ý t�� - ü > w Nñà¬â{÷�à�êBât÷�ë¼ò�ë�êrâ{ÚtÝwåJÝwê�ä8Npë�Üôâtë�Úèê²Ø4å�Ù<ÜÑà�Ü0Ú{ëXî¼Ý¯ÚG]�Ýwì�åUA å�ßBNHü#S ÷<ë�îïß´ä�ëXå�à¬Üò¢÷�Ý¯ÚtÝwò�âtë�Úèàk/Xë�ä%ì�AV÷<à�év÷�ëXÚ îïà¬Üèö�â2ê�ßvÚèâ{÷�ß¯íeâ{÷�ëHØ4å�Ù<ÜbNñ÷�ë�ÚèëA÷�ÝµÞwëÑÝÉå�ßBNpë�ÚñÙ�Ý¯â{÷Vä�ë�ê�Üèà¬âTAwü
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� , �ñ,�� @B;�C�543S9<7 �L; � � 7 I<1 ;jI<1>K�9 �rI � �>7ôK �
S ÷�ëJØ>å�Ù�à¬ê�ëSÚ{ëXévà�ßvêH÷�Ý¯Üeì}ë�ëXêúÜèâ{ã�ä�à�ëXäÑà¬ê^â{ë�ê�Üèà¬Þwë�å�AHã<Ü{à�ê<é>òXßvêrâtÚ{ßwå�å�ëXäHÜ{ßvã�Úèò�ëJÝwê�äÑë�ÝwÚèâ{÷�ð^ã�Ý`]¯ëâtßvîÍßvévÚ{ÝwÙ�÷6Avü�S ÷�ëXÜ{ë>Üèâtã<ä�à�ëXÜJÙ�Úèß¹Þ´à¬ä�ë>à¬ê�Ü{à¬év÷râ�à�êrâtß0ât÷�ëFò�Úèã�ÜèâtÝwå¶Ý¯ê�ä¼ã�Ù<Ù¡ëXÚJîïÝwêrâtå�ë Þwë�å�ß´ò�à�âTAÜèâ{Ú{ã�ò�âtã�Úèë[t � m`})� sZm`o lnm`o�p y l m`� z��a� ù�: � � 5 x � m`hUpisZm����Bj�};j�lnm`hU~�ù�: � � , ù	1 -`- 1 x ��hkj � � � oZsZm����
m`o�p��&j �|}Rm`o�pQjvù	1 -.- C x # s f��)�`j�o filEj�l&m`hU~�ù"1 -.- 1 x �Mm��Qhaj�l&m`hU~�ù"1 -`- : x � m`}�fio j2j�lEm`hU~�ù	1 -`-`3 ùÝwê�ä Ú{ë�íOë�Úèë�ê�òXë�Ü?ât÷�ëXÚ{ëXà�ê w ü�q � {ij�� m`o�p�� � j 	`hkj�}[tO1 -.- : w Ù�Ú{ëXÜ{ë�êrâ{ë�äÀÝ 5�ßv÷�ß)îïÝwÙaßwía\6ã�ÚèßvÙ¡ëÚ{ëXÜ{ã�å�âtà�ê<éúíOÚ{ßvî"ât÷�ë?òXßvîÍÙ�à�å�Ý¯âtà¬ßvê«ßwíÖÜ{ëXÞwë�Ú{Ýwå(Ü{ëXà�Ü{îÍßvå¬ßvévà�ò�Ýwå}Ýwê�ä)évÚ{ÝµÞLà¬îïëXòXâ{Ú{à�ò>Üèâ{ã�ä�à�ëXÜ�ü S ÷<ëßZÞvë�Ú{Ýwå�å´Ü{÷�ÝwÙ¡ë�ßwí�â{÷�ë�à¬Ú;5%ßv÷�ß4îïÝwÙ0î¼Ý�âtò¢÷�ëXÜcßvã�ÚÖÚ{ëXÜ{ã�å�âtÜcÝ¯âcå¬ßLò�Ý¯âtà¬ßvê�Ü�Nñ÷�ëXÚ{ë NJë2÷�ÝZÞwë2ÝF÷�à�év÷ä�ë�ê<Ü{à¬âTA�ßwíÖä�Ý¯â¢ÝúòXßZÞvë�Ú{Ýwévë�t.Üèßvã<â{÷�ë�Úèê[�?ë�Úèî¼Ý¯ê�Awù 7QNñà�â�/Xë�Ú{å�Ýwê�äVÝwê<ä%Ø>ã�Üèâ{Ú{à�Ý w üZ�>ßBNJë�ÞvëXÚ�ù NpëâtëXê�äúâtß>ßvì<â¢Ý¯à�êúÝñât÷�à¬ê�ê�ëXÚcò�Úèã�Üèâcà�êAévë�Úèî¼Ýwê6AwüiPÀëpíOßvã<ê�äÉÝ:5%ßv÷�ß8ä�ëXÙ<ât÷Ñßwí�1`5�ÿ 1 >n]^î%ùBNñ÷�ë�Úèëà¬â�à�Ü6ã<Ü{ã�Ýwå¬å�AÉì}ë�å¬à�ë�Þvë�ä«âtß0ì}ë>ä�ëXë�Ù}ë�Ú�� 1 , ÿ � - �?î%ü^þ8ã�Ú 5%ßv÷�ß0îïß´ä�ë�å Nñà�ât÷�à¬êÉât÷�ëFÝwå¬Ù�à�ê�ë ßwÚ{ß¯ÿévë�ê<à�ò4ÚèßLß¯â2à�ÜpÜèâ{Ú{àk]^à¬ê�évå�A«Üèà�îÍà�å�ÝwÚjâtßÑâ{÷�ë4ßwê�ë8ßvì<âtÝwà�ê<ë�ä�ì6Au� m`hUpisZm����Bj�}�j�l m`hU~	tW: � � ,6w ü�S ÷�Ý¯âÜèâ{ã�äZA%Ú{ëXå�à�ëXäVßvêhÙ�ã<ì�å�à¬Ü{÷�ëXä�Üèë�à�Üèîïà¬ò?Ú{ë���ë�ò�âtà�ßwêaÝwê�ä%Ú{ë�íOÚtÝwò�âtà¬ßvê�ä�Ý¯â¢Ý«ßwí6Ý¯ì¡ßvãLâK1`C - Ù�Ú{ßwö�å�ë�ÜÝwò�ÚèßvÜ{ÜFât÷�ë0Ø4å¬Ù�à�ê<ë0Úèë�évà¬ßvê�ü S ÷�ë�Ahä<ëXâtëXÚ{îÍà�ê�ëXä%â{÷�ëÑÜèà�îÍÙ�å�ëXÜèâñévëXßvîÍëXâtÚèà�ò�Ýwå(ò�ßvêLö�évã�Ú{Ý¯âtà¬ßvê�ß¯íât÷�ë 5�ßv÷<ßÑò�ßwê�Ü{à¬ÜèâtëXêrâaNñà�ât÷«ât÷�à¬Ü�ä�Ý¯â¢ÝHÜ{ë�âµü�S ÷�ë�à¬Ú 5%ßv÷�ß0î¼ÝwÙ;Nñà¬â{÷�à�êÉâ{÷�ë>Ø>å�Ù�à¬ê�ëñÝwÚèò>Üè÷�ßBNñÜÝwê%ß¹Þwë�Ú{Ýwå�å�éwßLß´ä%ÝwévÚ{ëXë�îÍë�êrâMNñà¬â{÷�ßwã�Ú Ú{ëXÜ{ã�å�ârt 3cà¬évã�Ú{ë , ü�: -.w ü
Ø4å�ât÷�ßvã<év÷�ßvã�ÚïÚ{ëXÜ{ã�å�âtÜ¼Üè÷�ÝwÚèë�Ü�ât÷<ëhÜtÝ¯îïë�î¼Ýwà¬ê
ò¢÷�Ý¯ÚtÝwò�âtë�Üôâtà¬ò�Ü¼â{÷�ë�Úèë�ÝwÚ{ë%âTNJß ê<ßwâtà¬ò�ëµÝ¯ì�å�ëä�à��¡ë�Úèë�ê�òXë��": w NpërNpë�ÚèëAê�ß¯â8Ýwì<å�ë8âtßÍà�îïÝwévë8â{÷�ë= ÞLÚèëµÝÍì¡ß´äZA t ât÷�ë= Þ´Ú{ëµÝÍì¡ß´äZAVà¬Ü>Ý¯Ü{Ü{ã<îïëXäâtß%ì¡ëïÝVî¼Ýwêrâ{ë�å�å¬à�òAì¡ß´äZA Nñà¬â{÷¿Ý)Üèî¼Ýwå¬åjå�Ý�âtë�Ú{Ýwå6ë�^´â{ë�êrâ w Ýwê�ä 1 w � m`hUpisZm��	�Bj�}2j�l�m`hU~ tW: � � ,6wÜ{÷�ßBNñÜ6Ý ��ã�ò�âtã�Ý¯â{à�ßvêgNñà¬â{÷�à�êHât÷�ëpØ ä�Ú{à�Ý¯âtà¬òSÙ�å�Ý¯â{ë�Ý¯âeâ{÷�ëJÜèßvã<â{÷�ë�ÚèêúîïßwÜèâÖÙ�ÝwÚôâcßwí<ât÷�ëXà�ÚÖîïß´ä�ë�å\ü
�>ßBNpëXÞvëXÚ�NJëpì¡ëXå�à¬ëXÞvëSât÷<ë�Ü{ëpä�à��¡ë�Úèë�ê�òXë�ÜcÝwÚ{ë�îïßwÜèâtåUA?ä�ã�ë�âtß>ßvã�Ú®Ù¡ß´ßvÚ®Ù�Ý¯â{÷úò�ßZÞwë�ÚtÝ¯évëJà¬ê0â{÷�ë�ÜèëâTNJß¼ÝwÚ{ë�ÝwÜ�ü

� Ä + 1 ËÑÇVÏJÓXÎ I(ÐXËAÇ
P¿ëHã�Üèë�ä�ßvê�ëKAvë�ÝwÚFßwíÖÚ{ë�òXßvÚ{ä<Ü4Ý¯â�:BC - ât÷�Úèë�ëHò�ßvîÍÙ}ßvê�ë�êrâ{Ü ì�Ú{ßrÝ¯ä�ì�Ýwê�äd\6ã�Ú{ßwÙ¡ë�Ýwê�Üôâ¢Ý¯â{à�ßvê<Ü�ü
P¿ëïÚ{ë�âtÚ{à¬ëXÞwë�ä ât÷<ëD?FÝBA´å¬ë�à�éw÷¿Ýwê<ä 9(ß¹Þwë�NJÝµÞvë>�?Ú{ë�ëXê¿íOã�ê�ò�âtà¬ßvê�Ü0ì�AÀò�ßwÚ{Ú{ëXå�Ý¯â{à�ê�éVât÷<ë¼ê�ßvà¬Ü{ëÚ{ëXò�ßvÚèä�ÜÑì}ëXâTNpë�ëXê Ýwå�å6Üôâ¢Ý¯â{à�ßvê Ù�Ý¯à�Ú{ÜXü�P¿ëÍÜ{ëXå�ëXòXâtëXäÀâ{÷�ëïì}ë�ÜôârNJÝµÞvë�íOßvÚ{îÍÜÑã�Üèà�ê�é�ÝVÜ{à�éwê�Ýwåjâtßê�ßvà¬Ü{ëÍÝwê�ä¿ÝVâ{à�îÍëúÜRA´îÍîïë�âtÚRA òXÚ{à�âtë�Úèà�Ý<ü�P¿ëÍßvì<âtÝwà�ê<ë�äBÝwì}ßvã<â � C -.- Úèë�å�à�Ýwì�å¬ë ?>ÝLA´å�ëXà�év÷BÝwê<ä
9(ß¹ÞwëENJÝZÞwë�Ü évÚèßvã�Ù¼Þwë�å¬ßLòXà¬âtà¬ë�ÜSîÍëµÝwÜèã�Ú{ëXîïëXê^â{Ü Ý¯âpÙ¡ëXÚ{à¬ßLäïì¡ëXå�ßBN C - ÜXù<Ý¯ê�ä)Ýwì}ßvã<âb1 -.-.- îÍëµÝ�ÿÜ{ã�Úèë�îÍë�êrâtÜHÝ�â8Ù}ë�Ú{à¬ßLäaÝwì¡ßZÞwë;C - ÜXü�PÀëúã�Üèë�ä�ât÷�ëXÜ{ëÉîÍëµÝwÜèã�Ú{ëXîïëXêrâtÜ4â{ß�Ù¡ëXÚèíOßvÚèî�Ý_?>ÝLA´å�ëXà�év÷Ýwê�ä 9(ßZÞvëKNJÝµÞvë�Ü â{ßvîïßwévÚtÝwÙ<÷�A¼Ý¯âJÙ¡ëXÚ{à�ß´ä�Ú{Ýwê�évà¬ê�éAíOÚèßvî C�ÜJâtß ,`- Ü2ã�Üèà�ê�é«Ý 1`C=^ 1.C �?î éwÚ{à�äì¡ëXå�ßBN C - Ü�ü S ÷<ëAÚèë�Ü{ã<å¬âtà¬ê�éÉévÚèßvã�ÙVÞvë�å¬ßLòXà¬â{à�ë�ÜJî¼ÝwÙVÜè÷�ßBNñÜ>ê^ã�îÍë�Úèßvã�Üñévë�ßwå�ßvévà¬òµÝwå}ã�ê�à�âtÜXü
Ø2âúë�Ýwò¢÷¿òXë�å�åSßwí2ßvã�ÚHîïß´ä�ëXå ù�Npë¼ë�^´â{ÚtÝwò�âtë�ä ?>ÝLA´å�ëXà�év÷ NJÝZÞwë�ÜÉä�à¬Ü{Ù}ë�ÚèÜ{à�ßwêÀòXã�ÚèÞwë�ÜÑíOÚèßvî ßvã�ÚévÚ{ßwã�Ù Þvë�å¬ßLòXà¬â{à�ë�ÜÑî¼ÝwÙ¶ùjÝwê�ä²à¬ê^Þwë�ÚôâÉât÷�ëXî ã�Üèà�ê�éBÝhâTNpßÀÜôâtë�Ù 5�ßwê^â{ë ó ÝwÚ{å¬ß Ýwå�évßwÚ{à¬â{÷�î à�êßvÚ{ä<ë�ÚSâtß0ä�ëXâ{ë�Ú{îÍà�ê<ëñâ{÷�ëFä�ë�Ù<â{÷¼ßwí¡ât÷�ë 5�ßv÷<ßAà¬êÍâ{÷�ënPÀë�ÜôâtëXÚ{ê�Ø>å�Ù�Ü&tO7�Nñà¬â�/Xë�Úèå�Ýwê�ä¶ùrØ4ã�ÜôâtÚ{à�Ý<ùÜ{ßvãLât÷�ëXÚ{ê��?ë�Úèî¼Ýwê6A w ü¡þ8ã�ÚñÚ{ëXÜ{ã�å�âtÜ>Ü{÷�ßBNñÜ4òXå�ë�ÝwÚ{åUA�ât÷�ëHât÷<à�ò ]wëXê�à�ê<é¼ßwíeât÷�ëAîïßv÷<ßÍì}ë�å¬ßBN ât÷�ëØ4å¬Ù�à�ê�ëÑò�Ú{ã<Üèâµü(þ?ã<Ú8îïßw÷�ß�îïÝwÙ�Ü{÷�Ý¯Ú{ë�Ü?ÜôâtÚèàk]^à�ê�é¼Ü{à�îÍà�å�ÝwÚ{à�âtà¬ë�ÜbNñà¬â{÷aât÷�ëÉÙ<Ú{ëXÞ´à¬ßvã�Ü8îÍßLä<ë�åcß¯í
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� m`hUpisZm����Bj�}Kj�l�m`hU~ tW: � � ,6w à¬êÍÚèë�évà¬ßvê Nñ÷�ë�ÚèënNpë4÷�ÝZÞwë4ÝH÷�à¬év÷«ä�ë�ê�Üèà¬âTA«ßwí¶Ù�Ý¯â{÷�Ü�ü6S ÷�à¬ÜpÙ<Ú{ßZÞvëXÜât÷�Ý�â�â{÷�ëFëµÝwÚôât÷ÍÜ{ë�à¬Ü{îÍà�ò ê�ßwà�Ü{ëñò�Ýwê¼ì}ëñëXõÍò�à¬ë�êrâtåUA«ã�Ü{ëXäïâtß0ßvì<âtÝwà�ê«÷�à¬év÷«Ú{ëXÜ{ßvå¬ã<âtà¬ßvê@9®ßZÞwë4Ýwê<ä
?>ÝLA´å�ëXà�év÷�éwÚ{ßvã�ÙaÞwë�å¬ßLòXà¬âtà¬ë�Ü8îïÝwÙ�Ý�âHÙ¡ëXÚ{à�ß´äaã�Ù�â{ß ,.- Ü8ât÷�Ý¯â?òµÝ¯êBì}ëÉã�Üèë�ä íOßvÚ8ò�Úèã�ÜèâtÝwå6Ýwê<äå�à�ât÷�ßvÜèÙ�÷�ëXÚ{à�ò � 9 à¬î¼Ý¯évà�ê�é<ü

� Ä � � Ï��¼Ç)Ë	� Ó�×ñÌ
�0× � ×ñÇÉÈ�I
Ø4å¬å¡ât÷<ë8Ü{ëXà�Ü{îÍà�ò>ä�Ý¯âtÝÑã�Ü{ëXäVà�ê�ât÷<à�ÜJÜôâtã�ä)A�÷�ÝµÞvë?ì}ë�ëXêVßvì<â¢Ý¯à�ê�ëXä¼íOÚ{ßvî"íOÚ{ßwî â{÷�ë:= ? =W7 9�5 ó
t.÷râ{â{Ù � � �iNMNMNHüøà�Úèà�Ü�üøë�ä<ã � w ù6â{÷�ë�þ�? 3�\�JK7 ä�Ý¯âtÝwì�ÝwÜèë tO÷râ{âtÙ � � �iNMNMNHüçßwÚèíOë�ã<Üôÿ:ëXã�üøßvÚ{é � w ù6ât÷�ë
\�S�� ����Úèà�ò¢÷�ù�Ýwê�äVât÷�ë ó ßvîÍîïà¬Ü{Ü{ÝwÚ{à�Ý¯â2û«å æ \6ê�ë�Úèévà�ë4Ø2âtßvîÍà�ð^ã�ë@t ó \SØAù 3lÚ{Ýwê�òXë w ü
S ÷�à�ÜñÚèë�Ü{ë�ÝwÚ{ò¢÷h÷�ÝwÜñì¡ëXë�ê�Ü{ã�Ù�Ù}ßvÚôâtë�ä�ì6A)ât÷�ë ó ßvîÍîïà¬Ü{Ü{ÝwÚ{à�Ý¯â û«å æ \6ê�ë�Úèévà�ë?Ø2â{ßvîïà¬ð^ã�ë@t ó \6ØÑù
3�ÚtÝwê�òXë w ùlÝwê�ä%ì�A¼ât÷�ëg\6ã�Ú{ßwÙ¡ë�Ýwê ó ßwîïîúã<ê�à¬âTA t.Ù�Úèßi<èë�ò�â ý ë�Úèà�ë�Ü w ü
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	}���¶�¿�?�4�8�?�8�8�?�8�4�8�?�8�8�?�8�4�?�8�8�?�8�8�4�?�8�8�?�8� �w¥L¤���§¦ º«�ú���l�¯Á%¶���ñ�¶� �¹�L�X��¯���v�����L�É�¶� �¹���¶�8�¡� �¹�L�X��¯���v�����L�¡ ����������� ������� �?�4�8�?�8�8�?�8�4�8�?�8�8�?�8�4�?�8�8�?�8�8�4�?�8�8�?�8� �w¥L����©¨ �É���¡����	¡�X�<�}�¯  �?�8�8�?�8�4�8�?�8�8�?�8�4�?�8�8�?�8�8�4�?�8�8�?�8� �´�v¥����·  p�w�l���ô�<�"´� "L�¡���F�¡�?�\�§���¡³.�L��Á%�v�����L�¼�¯�)���´�����w�¬�^�<�J�¡�¯ 2�¹���¡�Ñ�¶��¹�´�����w���v���¬�<�} ?�^�¿�����¯�À�¡�«���´�����w�¬�¯�Ñ���ï�¡�µ�¡�¬�8�¶�������Z���wÁV�w�<��� �8� �´�L����§¾ ±F�L�¡�����} ����<�¼�4�8�?�8�8�?�8�4�8�?�8�8�?�8�4�?�8�8�?�8�8�4�?�8�8�?�8� �´�w¨

� Ä�Å Æ¡ÇÉÈ(ÊcËÍÌVÎVÏpÈ®Ð�ËÑÇ
98Ý¯ê�Ü)å�ë�ò¢÷�ÝwÙ�à�âtÚ{ë�Ù�Ú{áXò�áXä�ë�êrâ%ê�ßvã�Ü�ÝZÞwßvê�Ü�Þ´ã ð^ã�ëaå�ëXÜ�ò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<Üïä�ëhì�Ú{ã�à�â�Ù}ßvã<Þ¯Ýwà¬ë�êrâ
��âtÚ{ëÑã<âtà¬å�à�Üèá�ëXÜ4ëXõÍò�Ýwò�ëXîïëXê^âHÙ}ßvã�Ú>à�îïÝwévëXÚ>å�Ý¼ò�Úèß.0<âtëAâtë�ÚèÚ{ëXÜèâtÚèëúä�ëXÙ�ã�à�Ü4ä�ë�Ü?Ù�ÚèßwíOßvê�ä<ë�ã�ÚèÜ8ä�ëð^ã�ëXå�ð^ã�ë�Ün]^à�å¬ßvîïÛ�âtÚèë�Ü�<èã�Üèð^ã�æ Ý¯ã 5�ßv÷<ß�ü
S ÷�áXßvÚ{à¬ð^ã�ë�îÍë�êrâHå�Ý¼íOßwê�òXâ{à�ßvêaä<ë@�HÚèë�ë�ê òXßvîïÙ<å�ÛXâ{ëúë�êrâ{Ú{ë«ê�æøà�îÍÙ¡ßvÚôâtëAð´ã<ë�å�å¬ëúò�ßwã�Ù�å�ëÑä�ëÉÜèâtÝ�ÿâ{à�ßvê�Ü4Ù¡ëXã<âèÿ �XâtÚèëÉÚ{ëXò�ßvê�ÜôâtÚèã�à¬â{ëÉÙ�ÝwÚ8å¬ë�Ü?ò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<Ü�ü \Sê Ù�Ú{Ý¯âtà¬ð^ã�ëwù�å�Ý¼ä�à¬Ú{ë�ò�âtà�ÞLà�âtáúä<ãBì<Ú{ã�à�âà¬îïÙ}ßvÜ{ëñä�ëXÜJå¬à�îÍà¬â¢Ý�âtà�ßwê�Ü ��: w 9(ßvÚ{Ü�ä�ë4ê<ßwâtÚèë>á�âtã�ä�ë>Ü{ã�Úpå�ëXÜpØ>å�Ù}ë�Ü�ù^ê�ßwã�ÜJê�æçÝµÞvßvê<Ü2ã<âtà¬å�à¬Ü{á ð^ã�ë
� -`-.- û 36-.-.- âtÚ{Ý=<èëXâ{Ü4Üèã�Ú4å¬ë�Üg:=1 -.-.- âtÚ{Ý=<èëXâ{Ü>à¬ê�à¬â{à�ÝwãQ^¶ù<Ü{ßvà�â4ëXê^Þ´à¬Ú{ßvê :AâtÚ{Ý=<èëXâ>Ü{ã<Ú � ü 7Lã�ÚFå�ëXÜÝwãLâtÚ{ëXÜ�ùÖå�ëXÜAßvê<ä�ë�Üúä<ëïÜèã�Úèí.ÝwòXë�ê�æøßvêrâÑÙ�ÝwÜÑã�ê¿ÚtÝwÙ�Ù}ßvÚôâÑÜèà�évê�Ý¯å �¯ì�Úèã�à¬â8Ü{ã<õÍÜtÝ¯ê^âúßvã Ýwå¬ßvÚ{ÜHå�ëXÜÞ´à¬â{ë�ÜèÜ{ë�ÜHîÍë�Üèã�Ú{áXë�Ü0Ü{ã�Ú?å¬ë�Ü8âtëXîïÙ<Ü?Ù¡ßvÜèà¬â{à¬íOÜ4ë�âHê�á�évÝ¯âtà�íOÜ8ä�à��¡Û�Úèë�êrâµü	1 w 7Lë�ã<åjå�ëÉîÍßLä<ëÑíOßvê�ä�Ý¹ÿîÍë�êrâ¢Ý¯å�ä�ë�ÜSßvê<ä�ë�ÜSä�ë Üèã�Úèí.ÝwòXëñë�Üèâ�òXå�Ýwà¬Ú{ë�îÍë�êrâjÞ´à¬Ü{à�ì<å�ëJÜèã�ÚSå�ëXÜ6ò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�ÜXüwØ4à¬ê�Ü{à<å�ë�Ü6á�âtã�ä<ë�ÜÜèë0Üèë�ÚôÞwÝ¯ê^â>ä�ëXÜ>òXßvÚ{Úèá�å�Ý�âtà�ßwê�Ü2ä�ëHì�Úèã�à¬âñÙ}ßvã�Ú í.Ýwà¬Ú{ë8ä�ë0å�ÝÑâ{ßvîÍßvévÚtÝ¯Ù�÷�à�ë4ê�æçë ^LÙ�å�ßvà�âtëXê^âñð^ã�ë0å�ëXÜßvê<ä�ë�Ü2ä<ë�?>ÝLA´å�ëXà�év÷�t y sZm z�� }�f;j�l m`hU~	tO1 -`- C w�x y m �|}Rm2j�l m`hU~�tO1 -`- C¯ò w x ��jGpQj�} �Bj�o�j�l m`hU~	tO1 -`- 5 w�x

�mQf j�lgm`hU~ntv1 -.- 5 w�x 
�m`o
	 j�lgm`hU~�tO1 -.- > wGw ü�=:å�A Ýhâtßvã<â{ëXíOßvà¬Üúã�ê�ëVë ^<òXë�Ù<â{à�ßvê � � f�� � j�lgm`hU~

: - >
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tO1 -`- C w ßvêrâpÙ�ãïà¬ä�ë�êrâ{à¬ö�ëXÚ�ä<ë�Ü�ßvê�ä�ëXÜ�Y¿Üèã�Ú�ä�ë�Ü�ò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�Ü6ÚèáµÝwå¬à�Üèá�ë�Ü�ûgYcÝwÚR]rö�ë�å¬ä¼Ù}ßvã�Ú6ä�ëXÜâtÚ{Ý=<èëXâ{ÜFòXßvã�ÚôâtÜ
< 10 km

t.òXë?âtÚtÝµÞ¯Ýwà¬å�ë�Üôâ>Ù<Ú{á�Üèë�êrâtá0ä�Ýwê<Ü>å\æ Ýwê<ê�ë�^LëHä�ãVÙ�Ú{áXÜ{ëXê^â4î¼Ý¯ê´ã<Ü{ò�Úèà¬â w ü
ý ßvã<ÜFÜèßvã�÷�Ý¯à¬âtßwê�ÜñÝwå�å¬ë�Ú Ý¯ãLÿ:ä�ëXå�ûúä�ëHòXë�ÜFå�à�îÍà¬âtÝ¯âtà¬ßvê�ÜXü�Yeßvã�ÚñòXëHí.Ý¯à�Ú{ë4ê�ßvã�Üñê�ßvã<ÜFÜèë�ÚôÞvßvê�ÜFä�ëXÜßvê�ä�ëXÜJä�ë>å�ÝHò�ß´ä�Ý<ü)7Lã�Ú�ã�ê�ëXê�Ú{ëXévà�ÜôâtÚèë�îÍë�êrâJä<ë4Ü{áXà�Üèîïë¯ù´å¬ë�Ü�ßvê�ä�ëXÜJòXßvê�Üèâ{à¬â{ã�ÝwêrâJå�Ý0òXßLä�ÝAÜ{ßwê^âå�ëXÜ®ÝwÚ{Úèà¬ÞváXë�Ü(â¢Ý¯Ú{ä�à�Þvë�Ü(Þ´à�Üèà�ì�å¬ë�Ü(Ý¯Ù�Ú{ÛXÜÖå¬ë�Ü(ßvê<ä�ë�Ü®ä�ëSÜ{ã<Úèí.ÝwòXëwü =:årÝ áXâ{áSä�á�îÍßvêrâtÚèá�ð^ã�ëSå�Ý2ò�ß´ä�Ý ë�ÜèâíOßvÚ{îÍá�ëJä�æçßwê�ä�ë�Ü6áXîïà¬Ü{ëXÜjå�ßvÚèÜcä�ë2â{Ú{ëXîúì�å�ëXîïëXêrâtÜjä�ëpâtë�ÚèÚ{ë2ë�âSä�à��¡ã�Üèá�ë�Ü6Ù�ÝwÚjå�ëXÜc÷�á�âtáXÚ{ßvéváXê�á�à�âtáXÜä�ë)å�Ý�ò�Ú{ß`0<âtë�â{ë�Ú{Úèë�ÜôâtÚ{ë t�� � � m`o�p �#s f���j�lDtW: � >.C w�x � � � m`o�p ��� � sZm`}Rp � t : � ,.-.w�x�y m`l f�m`o�p
 #j sQhkj�}KtW: ��� ,6wGw ü�Ø>à�ê�Üèàvå�Ý2òXßLä�Ý2âtÝwÚ{ä�à�Þvë6ëXÜèâÖã�ê0ò¢÷�ÝwîÍÙ0ä<à��¡ã�Ü x å�Ý2ä<á�ò�Úèßvà�ÜèÜtÝwê<ò�ëSë�^LÙ}ßvê�ë�êrâ{à�ë�å¬å�ëä�ë8Üèßvê)ÝwîÍÙ�å�à�âtã�ä<ëFÙ}ë�ãLâèÿ ��âtÚèë8îïß´ä�áXå�à�Üèá�ëñÙ�ÝwÚpå�ëFâtÚtÝ¯ê�ÜèíOëXÚèâ2Ú{Ýwä�à�Ý¯âtà�í�t	��� � � m�� � }�fi�rm`o�p � �	�Bj��
tW: ��� -6w�x �rf � s � � mDt : � � : w�x8� m`} 	Qj�} � o[j�l�m`hU~�tW: ��� , ùZ: � � � wRw ùvë�âSå�ë ÚtÝ¯Ù�Ù¡ßwÚèâSä�æøá�ê�ëXÚ{évà¬ë ë�êrâtÚèëñå�ë�Üßvê�ä�ëXÜ�YÀëXâb7Éâ{ë�ê�ä«ÞvëXÚ{ÜJã<ê�ëñò�ßvê�Üôâ¢Ýwêrâ{ë>ð^ã�àlê�ëñä�áXÙ¡ëXê�ä¼ð^ã�ëFä�ã¼îÍà�å¬à�ëXã�ù¯ë�â�Ù�ÝwÜSä�ëFå�Ý8Ü{ßwã�Ú{òXë
t,�gj�o o � o f j�l�m`hU~�tO1 -`- : wGw ü =:å�ë�ÜôâJä<ßvê�òñá�érÝ¯å�ë�îÍë�êrâSÙ}ßvÜ{Üèà�ì�å¬ë ä�ëFò�ßvÚèÚ{á�å¬ë�Ú6å�ÝHòXßLä�ÝHéwá�ê�áXÚ{á�ë>Ù�ÝwÚã�êhî���îÍë?Ü{áXà�ÜèîïëHë�êrâ{Ú{ëHä�ë�ãQ^hÜôâ¢Ý¯â{à�ßvê<Ü Ø ë�â � Ý¯ö�ê�ä�ëHîÍë�Üèã�Ú{ëXÚ>å�ÝÑíOßvê�òXâ{à�ßvêVä�ë �?Ú{ë�ëXê�ä<ãîïà¬å�à¬ë�ã�ü ó æçëXÜèâAå�Ý)ä�á�îïÝwÚèò¢÷�ë«ð´ã¶æçßvêrâAÜ{ã�à�Þ´à���m`� z�� h*hkfdm`o�p �bm��)hKtO1 -`- � w �(ë�êÀò�ßvÚèÚ{áXå�ÝwêrâHä�ëXÜë�ê�Úèë�évà¬Üèâ{Ú{ë�îÍë�êrâ{Ü?ä�ëÉò�ß´ä�Ý�à�ÜèÜ{ã�ëXÜ : - :ÉÜèá�à�ÜèîïëXÜ8ë�êrâ{Ú{ë«ä�ë�Ü?Üôâ¢Ý¯â{à�ßvê<Ü8Ü{à�âtã�áXë�ÜHÝwã 5�ë ^Là�ð^ã�ëÉëXâÜ{áXÙ�ÝwÚ{áXë�Ü?Ù�Ý¯Ú4ð^ã�ë�å¬ð^ã�ë�Ü?ä�à�/µÝwà¬ê�ë�ÜFä�ëc]^à¬å�ßvîÍÛXâ{Ú{ë�ÜXùlà�å�Üñßvêrâ?Ù<ãaîïßwê^â{Ú{ëXÚ4ð^ã�ëúå¬ë�Ü4òXßvÚ{Úèá�å�Ý¯âtà¬ßvê�Üä�ëHò�ß´ä�Ý«Ù¡ëXÚ{îÍëXâ{âtÝwà�ëXêrâ ä�ëHÚ{ë�âtÚ{ßwã<ÞvëXÚ>ä�ëXÜFíOßwê�òXâ{à�ßvê�Ü ä<ë �?Ú{ëXë�êVä�ã%îïà¬å�à¬ë�ã�ü
98Ýwê�ÜÑò�ë¼ò¢÷�ÝwÙ�à¬â{Ú{ëïê�ßvã�ÜAë�îÍÙ�å�ßBAvßwê�ÜÑå�Ý%î���îÍëïä<á�îïÝwÚ{ò¢÷�ë¯ùeÜ{Ýwã<íñð^ã�æçÝwã å¬à�ë�ãÀä�ë¼òXßvê�Üèà�ä�áXÚ{ë�Úå�ÝaòXßLä�Ý�à¬Ü{Ü{ã<ë)ä�ëVÜ{á�à¬Ü{îÍë�ÜÉê�ßwã�Ü«ã<âtà¬å�à�Üèßvê�ÜAå�ÝhòXßLä�Ý�Ù�ÚèßZÞvë�ê�Ýwêrâ¼ä�ë)òXßvÚ{Úèá�å�Ý¯âtà¬ßvê�Üúä�ë)ì<Ú{ã�à�âµü
98Ýwê�Üñã�êVÙ�Úèë�îÍà�ëXÚJâtëXîïÙ�Üñê�ßwã�Ü ä�á�òXÚ{à�Þvßvê�Üñå�ÝÑí.Ý�
�ßvêVä�ßwê^âñê<ßvã�ÜñÝµÞvßvê<Ü>îÍà�Üpë�ê%ßLëXã<Þ´Ú{ë?ò�ë�â{â{ëîïá�ât÷�ß´ä�ë¯ü 98Ýwê�Ü«ã�êyÜ{ëXò�ßvê<äyâ{ë�îÍÙ�Ü«ê�ßvã�Ü«ò�ßwîïÙ�Ý¯Ú{ßvê�ÜÑå�ë�ÜÉòXßvÚ{Úèá�å�Ý¯âtà¬ßvê�Üúä�ëVòXßLä�Ý ÝµÞvëXòVå�ë�Üò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�Ü ä<ëAì�Úèã�à¬â�ü�\6ê<ö�êhê<ßvã�ÜFÙ�Ú{áXÜ{ë�êrâ{ßvê�Ü4ã<ê�ë ^<ëXîïÙ<å�ë0ß��å¬ë�Üñò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<Ü ä�ëAòXßvÚ{Úèá�ÿå�Ý¯â{à�ßvê<Ü?ßvêrâÑÙ}ë�Úèîïà¬Ü?ä�ëïÚèëXâ{Ú{ßvã<Þwë�ÚAå�Ý�íOßvê�ò�âtà�ßwêÀä�ë2�?Ú{ë�ëXê¿ò�Ýwã�ÜtÝ¯å�ë«ëXâÑÝwòµÝ¯ã�ÜtÝwå¬ë«ä�ã¿îÍà�å¬à�ë�ã¶ùâ¢Ýwê<ä�à�ÜÖð^ã�ëJå�ÝFòXßvÚ{Úèá�å�Ý�âtà�ßwêAä�ë�ì�Úèã�à¬âeê�ë�å�Ýwà¬Ü{Ü{ëpÝwÙ�Ù�ÝwÚtÝ��¬âtÚèë�ð^ã�ëpå�Ý íOßvê�ò�âtà�ßwêAä�ëb�HÚèë�ëXêÑòµÝ¯ã�ÜtÝwå¬ëwü

� ÄGF � 
 È��)ËïÌ)×
Yeßvã<ÚFâ{ë�Üèâ{ë�Úñå�ëXÜñò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�Ü2ä<ë0òXßLä�Ý<ù�ê�ßvã�Üñã<â{à�å¬à�Ü{ßwê�Ü2å�ë?î���îÍëa<èë�ã%ä�ëHä�ßvê<ê�á�ëXÜ4ð^ã�ëHò�ëXå�ã�àã<âtà¬å�à¬Ü{á)Ýwã ò¢÷�ÝwÙ�à¬â{Ú{ëVÙ�Úèá�ò�áXä�ë�êrâïÙ¡ßwÚèâ¢Ý¯ê^âúÜ{ã�Ú«å�Ýhâ{ßvîÍßvévÚtÝ¯Ù�÷�à�ëïä�ë�Ü«Ø>å�Ù}ë�Ü�ü ý ßvã�ÜÉãLâtà�å¬à�Üèßvê�Ü
:=C - Üôâ¢Ý¯â{à�ßvê<Üpå�ÝwÚ{évëFì�Ýwê<ä�ë8ë�êD\Sã<Ú{ßvÙ}ëwù´ä�ßvêrâ å�ÝAÚ{áXÙ�ÝwÚôâtà¬â{à�ßvêÍë�Üôâ2Ù�Ý¯Úèâtà¬ò�ã�å¬à�ÛXÚ{ë�îÍë�êrâ�ä�ëXê�Ü{ë?ëXê
7Lã�à¬Ü{Ü{ë¯ü ó ÷�Ý¯ð´ã<ë2ÜèâtÝ¯âtà¬ßvêAä<à�Ü{Ù}ßvÜèëJä�æøã�êÉÝwêÑä�æçëXê�Ú{ëXévà�ÜôâtÚèë�îÍë�êrâjëXê^â{Ú{ë2ß´òXâ{ßvì�Úèëb1 -`-`3 ë�âcß´òXâ{ßvì�Ú{ë
1 -.- C´ü
7Lßvà¬ë�êrâ

A
ë�â
B
ä<ë�ã)^�Üèâ¢Ý�âtà�ßwê�ÜïöZ^LëXÜ)ëXâ

Ci

å\æçëXê�Ü{ëXîúì�å¬ëhä�ëXÜ)Ýwã<â{Ú{ë�Ü¼Üèâ¢Ý�âtà�ßwê�Ü¼ä�ãÂÚèá�ÜèëµÝwã�üý ßwâ{Ú{ë8ßwìQ<èë�ò�âtà¬íÖëXÜèâ ä�ë4Ú{ë�òXßvê�ÜôâtÚ{ã<à�Ú{ë4å�ÝAíOßvê<òXâtà¬ßvê�ä�ë��HÚèë�ë�ê)ëXêrâtÚ{ë
A
ëXâ
B
ü ý ßvã�Ü Ù�ÚèßLòXá�ä�ßvê<Üë�ê«ä�ëXã)^Éá�â¢ÝwÙ}ë�ÜXü.Seßwã<â6ä�æçÝwì}ßvÚ{ä�ù¯ê�ßvã�Ü6òXßvÚ{Úèá�å¬ßvê�Üjå¬ë2ì�Ú{ã<à¬âjä<ë2íOßvê�äÉë�êrâ{Ú{ë
A
ë�â
B
ä�æøã�ê�ë Ù�Ý¯ÚèâµùëXâ0å æøë�ê<Ü{ë�îÑì�å�ëúä<ë�ÜHÜèâtÝ¯âtà¬ßvê�Ü

Ci

ä�æçÝwã<â{Ú{ëXÜ0Ù�ÝwÚèâ�ü	9(ë�ÜHò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�Ü>ä�ëÉì�Úèã�à¬âHÜèßvêrâHëX�¡ë�òXâ{ã�á�ëXÜä�ëHå�ÝÉî���îÍë?î¼Ýwê<à�Û�Úèë8ð^ã�æçÝwã�ò¢÷�ÝwÙ�à¬â{Ú{ëHÙ�Úèá�ò�áXä�ë�êrâ �
� 9(ë�Üeë�ê�Úèë�évà¬Üèâ{Ú{ë�îÍë�êrâ{Üjä�ëJì<Ú{ã�à�âcÜèßvêrâcâtßwã<âcä¶æ Ýwì}ßvÚèäúò�ßvÚèÚ{à¬évá�ÜÖä�ëJå�Ý>Úèá�Ù}ßvê�Ü{ëpà�ê�ÜôâtÚèã�îïëXêrâ¢Ýwå¬ëwü
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� 9®ë?ÜèÙ¡ëXòXâ{Ú{ë0ä�ë�ÜFë�ê�Úèë�évà¬Üèâ{Ú{ë�îÍë�êrâ{ÜFëXÜèâFì�å�Ýwê�ò¢÷�à(ëXê^â{Ú{ërCÉëXâ�:=C - ÜFä<ë0Ù}á�Úèà�ß´ä�ëwü
� 9®ëXÜAä<ßvê�ê�áXë�ÜÑÜèßvêrâúòXßvÚ{Úèá�å�áXë�Üb<èßvã�Ú0Ù�ÝwÚb<èßvã�ÚXù(Ù�ã�à�Ü0å æøë�ê<Ü{ë�îÑì�å�ëÍä�ë�Ü0ò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<Üb<èßwã�Ú{ê�Ý¹ÿå�à�ÛXÚ{ëXÜ2ë�Üôâ4ÜèßvîïîÍá8Ù}ßvã�Ú ßvìLâtë�ê<à�Ú å�ë?Úèá�Üèã�å¬âtÝ¯â ö�ê�Ýwå\ü
JFê�ë%íOßwà�Ü«å�ëXÜÍòXßvÚ{Úèá�å�Ý¯âtà¬ßvê�ÜÉä�ë%ì�Ú{ã<à¬âÍòµÝwå¬ò�ã�å¬á�ëXÜïÜèã�Úïå\æçëXê�Ü{ëXîúì�å¬ë%ä<ë�Ü«âtÚtÝB<èëXâtÜ

CiA
ëXâ
CiB
ùê�ßwã�ÜAÙ�ÝwÜ{Üèßvê�ÜAû%å\æçá�â¢ÝwÙ}ë«Ü{ã�à�ÞwÝ¯ê^â{ëwü/=:åSÜ�æçÝwévà�âHÙ¡ßwã�ÚHò¢÷�Ýwð^ã�ëÍÜèâ¢Ý�âtà�ßwê

C
ä�ë«òXßvÚ{Úèá�å�ëXÚHå�Ý)ò�ß´ä�Ýä�ëXÜJòXßvÚ{Úèá�å�Ý�âtà�ßwê�Ü

CA
ëXâ
CB
ü ý ßvã<ÜpíOë�ê �XâtÚèßvê�Üpå�Ý?ò�ß´ä�ÝAä�Ýwê�ÜJå¬ë�ÜSâtëXîïÙ�Ü�Ù}ßvÜ{à�âtà¬íOÜ6ë�â2ê�áXérÝ¯â{à¬íOÜä�ëXÜ>òXßvÚ{Úèá�å�Ý¯âtà¬ßvê�Ü ä�ë0ì�Ú{ã<à¬âFë�ê�ò�ßvê�Üèà�ä�áXÚtÝwêrâ>ð^ã�æçëXå�å¬ë0ä<á�ì�ã<â{ëÑû«ã�ê%âtë�îÍÙ�ÜFò�ßvÚèÚ{ëXÜ{Ù}ßvê�ä�Ýwêrâ4Ýwãä�ßwã�ì�å�ë?ä<ã%â{ë�îÍÙ�Üñä�æ Ý¯Ú{Ú{à�ÞváXë0ä<ë�Üñßvê�ä�ëXÜ>ä<ër?FÝLA´å�ë�à¬év÷)ëXâFä�ã<Ú{ë;:=1 -.- Ü�ü YÖßvã�Úñò¢÷�Ýwð^ã�ë0ÜèâtÝ¯âtà¬ßvê

C
ê<ßvã�Ü«ëX�¡ë�ò�âtã�ßvê<ÜïÝ¯å�ßvÚèÜ 3 ò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�ÜDt.ë�êyò�ßwÚ{Ú{áXå�Ýwêrâ«å�Ýhò�ß´ä�Ý�ä�ë�ÜÉâ{ë�îÍÙ�ÜÉÙ¡ßwÜ{à¬â{à¬íOÜúä<ë�ÜòXßvÚ{Úèá�å�Ý�âtà�ßwê�ÜSä�ë8ì�Úèã�à¬âpòµÝwå¬ò�ã�å¬á�ëXÜJÜ{ã<ÚJå�ëXÜpâ{ÚtÝ=<èë�âtÜ

CA
ëXâ
CB
ù´Ù�ã�à¬ÜJòXë�å�å¬ë>ä<ë�ÜJâ{ë�îÍÙ�ÜJê�áXérÝ¯â{à¬íOÜÝwà¬ê�Ü{àlð^ã�ë8å¬ë�Üpò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�ÜSò�Úèßvà�Üèá�ëXÜ w ü ý ßvã<ÜJÚ{áXÙ¡á�âtßvê<Ü2ò�ë�â{âtë4ßvÙ¡áXÚtÝ¯â{à�ßvêïÝµÞvëXò8å æøë�ê�Üèë�îúì<å�ë4ä<ë�ÜÜôâ¢Ý¯â{à�ßvê�Ü

Ci

ù�ë�â¼ÜèßvîÍîïßvê<ÜÍå\æçëXê�Ü{ëXîúì�å¬ë�ä�ëXÜïòXßvÚ{Úèá�å�Ý¯âtà¬ßvê�ÜÍÝwà�ê<Ü{à ëX�¡ë�ò�âtã�áXë�ÜXü ý ßwÜïßvìLâtë�ê<ßvê�ÜÝwà¬ê�Ü{à¶å�ë?Ú{áXÜ{ã�å�â¢Ý¯â ö�ê�Ýwå ù<ð´ã<à(ë�êVât÷�áXßvÚ{à¬ëwù�ëXÜèâ>å�ÝÑíOßvê�ò�âtà¬ßvêVä�ër�HÚèë�ë�ê%ë�êrâ{Ú{ë
A
ëXâ
B
ü

� ÄRV ��Ç × � × � .VÓX× Ì)× ÏJËHÊÖÊ 
 ÓXÕHÈ®Ð�ËAÇ Ì)× ÏJËÍÌ%Õ Ì)× ÏJËHÊeÊ 
 Ó�Õ��
È®ÐXËAÇ I���� � �	��
 Æ � ��

9®Ý8ö�évã�Úèë � üU:FÙ<Ú{á�Üèë�êrâtëFå�Ý4íOßwê�òXâ{à�ßvêÉä�ën�?Ú{ëXë�êÍë�êrâtÚèëñå�ë�Ü6Üôâ¢Ý¯â{à�ßvê<Ü�\ 5*7 ëXâa��= 5[\�9hßvì<â{ë�ê^ã�ëû�Ù�Ý¯Úèâtà¬Ú4ä�ëÉòXßvÚ{Úèá�å�Ý¯âtà¬ßvê�Ü4ä<ëÉò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�Ü>Ü{ë�å¬ßvê�å�Ý�îÍáXâ{÷�ß´ä�ëúä�áXò�Ú{à�âtëÉÝ¯ãBÙ�ÝwÚtÝwéwÚtÝwÙ�÷<ëúÙ�Ú{á�ÿòXá�ä�ëXê^â�ü 9(ëXÜ>Üôâ¢Ý¯â{à�ßvê�Ü
Ci

ÝLArÝwêrâ8Üèë�ÚôÞLà®Üèßvêrâ8à�ê<ä�à�ð^ã�áXë�ÜñÜ{ã�Ú>å�ÝÉòµÝ¯Úèâtë0Ù�ÝwÚñä�ëXÜ4á�âtßvà¬å�ë�Ü#<{Ý¯ã�ê�ë�ÜXü
\6êrÞ´à�Ú{ßwê8: -.- ÜèâtÝ¯âtà¬ßvê�Üñßvêrâ>áXâtá0ã<â{à�å�à¬Ü{áXë�Ü��¢ü ý ßvã�ÜFîïßwê^â{Ú{ßvê<ÜFëXêhì�å¬ë�ã�å�ÝÉò�ßvÚèÚ{áXå�Ý¯â{à�ßvêVä�ë0ò�ßvÚEÿÚèá�å�Ý�âtà�ßwê�Üpë�â ë�ê)Úèßvã�évë4å�ÝÑòXßvÚ{Úèá�å�Ý�âtà�ßwê¼ä�ë8ì<Ú{ã�à�â2Ù}ßvã�ÚJä<ë�ã)^�ì�Ýwê�ä�ëXÜ ä�ë8Ù}á�Úèà�ß´ä�ë�Ü � C¹ÿ : - Ü�tOë�êì�Ý¯Ü w ëXâ�: - ÿW1 - Ü�t.ë�ê¿÷�Ýwã<â w ü"9(ë�ÜAßvê�ä�ëXÜÑä�ë�?>ÝLA´å�ëXà�év÷Bá�îÍë�Úèévë�êrâAò�å�Ýwà�Úèë�îÍë�êrâ0Ü{ã�Ú0å�ëXÜ0â{ë�îÍÙ�ÜÙ}ßvÜ{à�âtà�íOÜÍë�â�ê�áXérÝ¯â{à¬íOÜ«ä�ë�Ü¼ò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�ÜXü�9®ëXã�Ú{ÜÍâtëXîïÙ�Üïä�æçÝwÚ{Úèà¬ÞváXëhëXÜèâ�ä<ë � - ÜXü�9®ÝBä�à�Üôâ¢Ýwê�òXëà¬ê^â{ë�ÚèÜèâ¢Ý�âtà�ßwê%á�â¢Ýwêrâ>ä�ë >.1;]^î%ù�ò�ëXò�àÖò�ßvÚèÚ{ë�ÜèÙ¡ßwê�äaû«ã�ê�ëHÞ´à¬âtëXÜ{ÜèëÑä�ër1Lü �

Km.s−1
ùlë�êaÝ¯ò�ò�ßwÚ{äÝµÞvëXò8ê�ßwâ{Ú{ë>îïß´ä�Û�å¬ëñä�ë>Þ´à¬â{ë�ÜèÜ{ë;tOòXí(ò¢÷�Ý¯Ù�à¬â{Ú{ë4Ù<Ú{á�òXá�ä�ëXêrâ w ü ý ßvã�Üpò�ßvê<Üèâ¢Ý�âtßvê�Üpð^ã�ë8å�Ý?íOßvê�ò�âtà¬ßvêä�ëg�?Ú{ëXë�êVßvì<â{ë�ê^ã�ëHë�êVòXßvÚ{Úèá�å�Ý¯ê^â2ä�à�Úèë�òXâ{ë�îÍë�êrâ å¬ë8ì�Ú{ã<à¬â ëXê^â{Ú{ëg\ 5*7 ëXâ&��= 5[\�9Àë�âñò�ëXå�å�ë>ë�êòXßvÚ{Úèá�å�Ý¯ê^â0å¬ë�ÜHò�ß´ä�ÝwÜHä�ëÍò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�Ü4Ü{ßvêrâAð´ã�ÝwÜ{àSà�ä<ë�êrâtà¬ð´ã<ë�Ü �(å�ë�ã<Ú{Ü?íOßvÚ{îÍë�ÜHä�æøßvê�ä<ë�Ü0Ü{ßvêrâÜèã�Ù¡ëXÚ{Ù}ßvÜtÝ¯ì�å�ëXÜ�ùSëXâïå�ëXã�Ú{Ü«âtëXîïÙ�Ü«ä�æçÝwÚèÚ{à¬Þwá�ë%Ü{à¬îïà¬å�Ýwà¬Ú{ë�ÜXü�=:å ëXÜèâ)û ê�ßwâ{ë�ÚÍð^ã�ë�å¬ë�ÜÍä�ã�Úèá�ë�Üïä�ãÜèà�évê�Ý¯å2ã<âtà¬å�à¬Ü{á¼Ù}ßvã�ÚÉå�Ý�ò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê ÜèßvêrâïÜ{Ýwê�Ü«ò�ßwîïîúã<ê�ë)îïëXÜ{ã�Úèë �6ë�êrÞ´à�Ú{ßwêyã<ê�ë <èßvã�Ú{ê<á�ë

t :=1 -.- Üèë�ò�ßwê�ä�ë�Ü �d: -.- ÜèâtÝ¯âtà¬ßvê�Ü w Ù¡ßvã<Ú?å�Ý�ò�ßwÚ{Ú{áXå�Ý¯â{à�ßvêhä�ë«ò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�Ü8ë�â � 56Cg<èßvã�ÚèÜ?Ù¡ßwã�Úå�Ýúò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê)ä�ëHì�Úèã�à¬â�ü
ó ë�âVë�^Lò�ëXå�å�ëXêrâVÝwò�òXßvÚ{äÂà¬ê�ä�à¬ð´ã<ëhð^ã�ë�å�ëXÜ�ò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<Üïä�ë�òXßvÚ{Úèá�å�Ý¯âtà¬ßvê�ÜÍÙ¡ëXÚ{îÍëXâ{â{ë�êrâVëX�¡ë�ò�ÿâ{à¬ÞvëXîïëXêrâHä�ëúÚ{ë�âtÚèßvã<ÞvëXÚHä�ë�Ü8íOßvê<òXâtà¬ßvê�Ü8ä<ë@�HÚèë�ë�ê¶ü ó ë�òXà6Ù�Ú{ßvãLÞvëÉë�ê ßvãLâtÚ{ëÑð´ã<ëÍå�Ý¼ò�ß´ä�Ý�ëXÜèâÚèë�ò�ßwê�Üèâ{Ú{ã�à�âtëJÙ�ÝwÚeå¬ë�Üeò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�Ü®ä�ëpì�Ú{ã�à�âµü ó æøë�Üèâjä�ßvê�òpì�à�ëXêúû>å�ÝñíOßwà�ÜÖå�ÝñÙ�ÝwÚèâ{à�ë��Eì�Ý¯å�à�Üôâtà¬ð´ã<ë �
�������������������! "�#�%$���&('*)+���+,� "'*����-.��$%�!&/&0$��21430���#��5/ �6 �87!�� 9�#&"���:��������;=<2�><2�� 0 "'*���: �6 �� 9�:&?���:'��%'@52�%�+)+�+�%'*�A�*B

C �+ "�%�:D0�+�* FE!5"�G<2�H��&I�!���. 9�J<0�LKAM�NO�����������! "��-P 0�!5"�Q "��5"�J���!RSRT�A�Q�%�*$�U9�H�V&I��5"$S1*���J�*W2�*RT&0)+�GE950�X<2�YK�N!N
�Z�4�������! "�*B
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�������S�����7� �bn��-#�+���n��Z8 �4{��%���������2+��%�4��m|u ��+0{ %Ñm|�vr Gy+����*�,� ��)1�5�wn�C ���5��C �J)*�h#A�,��+%�FI��Gn�/ +%���2C-�
���!#tn�������)*�,�2+.C �`�,�e8 �_/ ��C ��+JGy�wn�C ���FIT��+.���e#tn�������)*�,�z+.8 ���N#tn=8-���N8 �_#tn�������)*�,+���n��-�w8 �L/ ��C ��+�Gy/ )1��C�I�E
c n�C-���Àn��z+��wn��-�38 ��C@?Z/7�,�-8 ���38 �46�������nz8 �|p
[ &PqAb��!G"����/7����IJ��+eqAb & ^�b��hG"����:7�,C +�I�E
rl���3��+P�,+���n��-�
�A<2�,�2+_�P����z�1���.67n�C �.)1���X#tn�������)*�,+���n��-�L8 ��#tn=8-�3�wn��2+w���-8@�1BzC������w67�,�w)1������+wn���)1���U}%�,C �-���w��C �w)*�3#A�,��+%��E

ëXâFä�àU�¶ã�ÜèëHä�ëHå�ÝÑíOßvê�ò�âtà¬ßvêVä�ër�HÚèë�ë�ê%ð^ã�ëHå æøßvêVîïëXÜ{ã�Úèë?ÞLà�ÝÉå�ë�Ü òXßvÚ{Úèá�å�Ý¯âtà¬ßvê�Ü2ä�ëHì�Úèã�à¬â�ü

� Ä + � ËÍÌ)ËïÏ ��ÊeËÑÇ)×�I
9®Ý�ö�évã�Ú{ë � ü 1aÙ�Ú{áXÜ{ëXê^â{ë�ä<ë�ã)^yÝ¯ã<âtÚèë�ÜÉâtÚ{Ý=<èëXâ{Ü�ü 7Lã�ÚÉå¬ë�Üúâ{ÚtÝ=<èë�âtÜ«ò�ßvã<ÚèâtÜúÿ0à¬ê<íOá�Úèà�ë�ã<Ú{ÜÉû : -.-
]^î ÿ4ò�ëÍÜ{ßwê^âÑë�ÜèÜ{ë�êrâ{à�ë�å¬å�ëXîïëXê^âAå�ëXÜAßwê�ä�ë�ÜAä�ë�?>ÝLA´å�ëXà�év÷Bë�êrâtÚèë_CVëXâc1 - Ü0ð´ã<àpáXîïëXÚ{évëXê^âAä�ëXÜò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�Ü0ä�ëïò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�ÜXü ó æçëXÜèâÉå¬ëïò�ÝwÜÑÙ�Ý¯ÚÑë�^LëXîïÙ�å¬ë¼Ù}ßvã�Ú0å�ë«âtÚ{Ý=<èëXâ!9 =��>ÿT?E7Z9ÂÙ}ßvã�Úå�ëXð´ã<ë�å�å�ÝAä�à¬Üèâ¢Ý¯ê�ò�ë8à¬êrâtë�ÚèÜèâtÝ¯âtà¬ßvê�ë�Üôâ ä�ë> 3 �Hî tOö�évã�Ú{ë � ü 1�ì w üZ\SêVÝ¯ã�évîÍë�êrâ¢ÝwêrâJå�ÝÑä�à¬ÜèâtÝwê�ò�ëà�êrâtëXÚ{Üôâ¢Ý¯â{à�ßvê�ù¹å¬ë�ÜÖò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�Ü®Ü{ëJä�á�évÚ{Ýwä�ëXê^âcë�êrâtÚèë�CFë�âb: - Ü�ù�î¼Ýwà¬Ü®ò�ßvîÍîïëXê�ò�ëXêrâjû4òXßvêrÞvëXÚ{évëXÚÞvëXÚ{ÜFå�ÝÑíOßvê�ò�âtà¬ßvê)ä�ëg�?Ú{ë�ëXê�ëXêrâtÚ{ër1 - ë�â 36- Ü ä�ë?Ù}á�Úèà�ß´ä�ëwü�Ø>à�ê�Üèà�Ü{ã<Ú å�ë8âtÚ{Ý=<èëXâ 3�JK7'=ôþ>ÿ J � ?
tW: >`Cn]^î�ùµö�évã�Ú{ë � ü 1¯ò w ùZå�ë�ÜÖßvê�ä<ë�Ücä<ëb?FÝBA´å¬ë�à�éw÷0ÜèßvêrâjòXå�Ýwà¬Ú{ë�îÍë�êrâ(Þ´à�Üèà�ì�å¬ë�Ü®Ü{ã<Úcå�ëXÜeòXßvÚ{Úèá�å�Ý¯âtà¬ßvê�Üä�ëHò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�ÜpÙ¡ßwã�Ú å�ëXÜ2ì�Ýwê�ä<ë�Üñä�ë?Ù}á�Ú{à¬ßLä<ëc: - ÿ 1 - Ü2ë�â&1 - ÿ 3.- Ü�üZ9®ë8â{Ú{ÛXÜFì}ßvêVÝwòXò�ßvÚèäVë�êrâtÚèëò�ßvÚèÚ{áXå�Ý¯â{à�ßvêBä�ë¼ì<Ú{ã�à�âÑë�âúò�ßwÚ{Ú{áXå�Ý¯â{à�ßvêBä�ëïò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�ÜHà�ê<ä�à�ð^ã�ëÍð^ã�ë�å�Ý)íOßvê�ò�âtà¬ßvê¿ä�ëD�HÚèë�ëXêë�Üôâ4ì�à¬ë�êVÚ{ëXò�ßvê<ÜèâtÚèã�à¬â{ëwü
94ë�Ü4ë�^Lë�îÍÙ�å�ëXÜ4ä�æø÷�ß´ä�ß´ò¢÷�Ú{ßvê<ë�Ü4ÚèáµÝwå¬à�Üèá�Ü>ûïÙ�ÝwÚôâtà¬ÚFä<ëAòXßvÚ{Úèá�å�Ý�âtà�ßwê�Üñä�ëÑòXßLä�ÝÍä�ëÑòXßvÚ{Úèá�å�Ý¯âtà¬ßvê�Üä�ë�ì�Úèã�à¬â�ùJÜ{ßwê^âVÙ<Ú{á�Üèë�êrâtáXÜ�Üèã�Ú)å�ÝBö�évã�Úèë � ü � Ù¡ßvã<Ú�å�ëXÜ � ì�Ýwê�ä�ëXÜ)ä�ë�Ù}á�Ú{à¬ßLä<ë�C¹ÿ : - Ü�ùn: - ÿ
1 - Ü>ëXâg1 - ÿ 36- ÜXü�Yeßvã�Ú>ò¢÷�Ýwð^ã�ëÉì�Ý¯ê�ä�ëúä�ëAÙ¡áXÚ{à¬ßLä�ë¯ù¡ê<ßvã�Ü4ê<ëúîïßwê^â{Ú{ßvê<Ü4ð^ã�ëúå¬ë�Ü4òXßvÚ{Úèá�å�Ý¯âtà¬ßvê�Üä�ßvêrâ)å¬ëhÚtÝ¯Ù�Ù¡ßwÚèâ�Üèà�évê�Ýwå>Üèã�Ú�ì�Úèã�à¬â¼ä�ë�Üïâtë�îÍÙ�Ü�Ù}ßvÜèà¬âtà�íOÜïëXÜèâ)Üèã�Ù}á�Ú{à¬ë�ã�Ú�ûu: -bx å¬ëhÚ{ÝwÙ�Ù}ßvÚèâÜ{à¬évê�Ýwå �¯ì�Ú{ã<à¬â>áXâ¢Ý¯ê^â8ä�áXö�ê<àjà�òXàcò�ßwîïîÍëÑå¬ëúÚtÝwÙ<Ù¡ßvÚôâ8ä�ëÉå\æ Ý¯îïÙ�å¬à¬â{ã�ä�ëHä�ë�Ü?ßwê�ä�ë�Ü?ä<ë;?>ÝLA´å�ëXà�év÷ëXâ>ä�ëHå�ÝÉä�á�ÞLà�Ý¯âtà¬ßvê)ÜèâtÝwê�ä�Ý¯Ú{ähä<ë�Ü ��ã�ò�âtã�Ý¯â{à�ßvê<ÜFÙ<Ú{á�òXá�ä�Ý¯ê^â4ëXâFÜ{ã<à¬Þ¯ÝwêrâFå æøßvê�ä�ë?ä�ër?FÝBA´å¬ë�à�éw÷�ü
7Lã�Ú?å¬ë�Üc:=1 -.- âtÚ{Ý=<èëXâ{Ü8âtëXÜèâtáXÜ�ù"5 >¼ßwê^â8áXâtáÉÜèá�å¬ë�òXâ{à�ßvê<ê�á�ëXÜ?ë�êrâtÚèë@C¹ÿ : - Ü�ù	1`1 , ë�êrâ{Ú{ë : - ÿ 1 - Ü�ù}ëXâ
1 � � ëXê^â{Ú{ëd1 - ëXâ 3.- Ü�ü ó ëXÜ«ò¢÷�à��¡Ú{ëXÜÉÙ¡ëXã<ÞvëXê^âïÜ{ëXîúì�å¬ë�ÚÉÚ{ëXå�Ý¯â{à¬Þwë�îÍë�êrâúí.Ýwà¬ì�å�ëXÜ�ùÖî¼Ýwà¬Üúà�å�í.Ýwã<âérÝwÚèä�ë�ÚÑû�å æøë�ÜèÙ�Ú{à�â0ð´ã<ë¼å�ëXÜAòXßvÚ{Úèá�å�Ý¯âtà¬ßvê�ÜHä�ë¼òXßvÚ{Úèá�å�Ý¯âtà¬ßvê�ÜHê�ë¼Ù}ë�ãLÞvë�êrâ ��âtÚèë¼ëXõÍò�Ýwò�ëXÜúð^ã�æ Ý¯ã
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��� ���¡�������-��Iv�.�,��+%�L���-8@�1B2C7�,�z+T)1���T�%+P�,+���n��-�T���2+��%�L)1���%BzC-��)�)1���v�bn�C-�v�%��#tn��-�%+���C �1�wn��-�T)1���v�<n��-#�+���n��e8 �
{��%�����lE,/�IK#FIl�U? ���46 )1���v8 �T�<n��-#�+���n��48 �X{��%�����5�%��#tn��-��+���C ��+%���v���5#tn�������)*�,�2+>8 ���\#tn�������)*�,+���n��-�_Gy/ )1��C�I
��+_���n#tn�������)*�,�2+J8@Cs/ ��C ��+3Gy�wn�C ���FIX67n�C �L)1���X+��P� }���+%��� %��_&(;�W=r���+ �UVJW,%��L&(V_d.;�E c n�C-�L�Àn��2+��wn��-�
8 ��C@?e/7�,�-8 ���_8 ��6�������nz8 ��GM[ &PqAb��_��+�qAb & ^�b��X67n�C ��Gy/�I���qAb & ^�b��L��+_^�b &ja2b��X6An�C ��G"#FI�I�E
îÍà�å¬à�ë�ã¼ä�ãVÚ{á�ÜèëµÝwãhÝ¯ö�ê%ð^ã�ëHå�ÝúîÍß=Awë�ê�ê<ëAÜèã�Úñå�ë�ÜñÜôâ¢Ý¯â{à�ßvê�Ü

Ci

Üèßvà¬âñë��¶ëXòXâ{à¬Þvë¯ü

� Ä�� � ×ñÎ�È��<ËÑÇ �ÑÕ �ÑÇ)×2Ê�Ì)× ÓrÔ:ÐXÇ 2¯ËHÊ � Õ?È®Ð�ËÑÇ ×ñÇ ÏJËHÊeÊ 
 Ó�Õ0ÇÉÈ ÌV×�I
ÏJËÍÌ%Õ Ì)× ÏJËHÊeÊ 
 Ó�Õ?È®Ð�ËÑÇ I Õ0Î Ó�ÐX×ñÎ Ì)× ÏJË0ÊÖÊ 
 ÓX×2Ê£ÓX× H)ÊjÎ)Ð�È
ÌVÐ�Êe×ñÏpÈ®× � ×ñÇ«È��

9(ë¼â{ÚtÝ=<èë�â	5[J8þ>ÿ67�9K9 tOö�éwã�Ú{ë � ü 3�w ë�Üôâ«à�êrâtáXÚ{ë�ÜèÜtÝwêrâ �Öë�êrâtÚèë>C¹ÿ : - ÜÑå�Ý�íOßvê�ò�âtà�ßwê¿ä�ë>�?Ú{ëXë�êáXîïëXÚ{évë�Ýwêrâ>ä<ëAå�Ý«òXßvÚ{Úèá�å�Ý¯âtà¬ßvê)ä�ë0ò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�Ü2ëXÜèâ>ÜRA´îÍáXâtÚèà�ð^ã�ë¯ù}ßwê�ä�à¬Üèâ{à�ê�évã<ë?å�ë�Üñßvê<ä�ë�ÜFä�ë
?FÝLALå¬ë�à¬év÷)Ü{ã�ÚFå�ëXÜ2âtëXîïÙ�ÜñÙ}ßvÜ{à�âtà�íOÜ2ëXâFê�áXérÝ¯âtà�íOÜñÝµÞvë�ò0ã�ê�ë0î���îÍëHÝwîïÙ<å�à¬â{ã�ä�ë¯ü ó ë0ê�æøë�ÜèâFÙ�Ý¯Ü>å¬ëò�ÝwÜ?ä�ëÉå�Ýïò�ßvÚèÚ{á�å�Ý¯âtà¬ßvêhä<ëÉì�Ú{ã�à�â?ð^ã�àjê�ëÉå�Ýwà�ÜèÜ{ëÑÝwÙ�Ù�ÝwÚ{Ý���â{Ú{ëúå¬ë�Ü8ßwê�ä�ë�Ü?ä<ë;?>ÝLA´å�ëXà�év÷að^ã�ëÉÜèã�Úå¬ë�Ü?âtëXîïÙ�ÜHÙ}ßvÜ{à�âtà�íOÜ�ü	YÖßvã�ÚHò�ë�â{âtëÍÚtÝ¯à�Ü{ßwê�ù�å�ßwÚ{ÜHä�ë«ê�ßwâ{Ú{ë«áXâ{ã�ä�ëÍÜ{ã�Ú0å�ëXÜ0Ø>å�Ù}ë�ÜHÙ�Úèá�Ü{ëXêrâtá�ë¼Ýwãò¢÷�Ý¯Ù�à¬â{Ú{ëJÙ<Ú{á�òXá�ä�ëXêrâµùvòXëJâtÚ{Ý=<èëXâ6ê¶æ Ý4Ù�ÝwÜcá�âtá2Üèá�å�ëXòXâ{à�ßvê�ê<áJÙ}ßvã�Úcå¬ë�ÜeÙ¡áXÚ{à�ß´ä�ëXÜcà�êLíOá�Ú{à¬ë�ã�Úèë�Ücû : - ÜXü
YeÝwÚSò�ßvêrâtÚèëñå�Ý8ò�ßwÚ{Ú{áXå�Ý¯â{à�ßvêÉä<ëFòXßvÚ{Úèá�å�Ý¯âtà¬ßvê�Ü6Ýwã<ÚtÝwà�â6áXâ{áFÜèá�å¬ë�òXâ{à�ßvê<ê�á�ëñä�ãÉí.Ýwà�â6ä�ëñÜtÝHÜRA´îÍáXâtÚèà�ë¯üØ>à�ê�ÜèàJå�ëXÜúò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<ÜÑä�ë�òXßvÚ{Úèá�å�Ý¯âtà¬ßvê�ÜÑÙ}ßvã�ÚèÚtÝwà¬ë�êrâúÙ}ë�Úèîïë�â{â{Ú{ë)ûaå\æ ÝµÞvëXê�à�ÚÑä�ë)îïëXÜ{ã�Úèë�Úúå�ÝÞ´à¬â{ë�ÜèÜ{ëÑä<ëAévÚèßvã�Ù}ëHä�ë�Ü>ßvê�ä�ëXÜ>ä�ë0Ü{ã<Úèí.ÝwòXëÑå�ûÉß��å�ëXÜFòXßvÚ{Úèá�å�Ý¯âtà¬ßvê�Üñä�ë0ì�Ú{ã�à�âFßvêrâ>áXò¢÷�ßvã�á¯ü \6êÝwã<évîïëXêrâ¢ÝwêrâÖå�Ý ò�ßwã<ÞvëXÚèâtã<Ú{ëJÜèÙ�Ý¯â{à�Ýwå¬ë6ä�ëpê<ßvÜeîÍë�Üèã�Ú{ëXÜ�ù¹ò�ëXå�ÝñÙ¡ßwã�Ú{Ú{Ýwà¬â®Ù}ë�Úèîïë�â{âtÚèëSä�æ Ý¯îïáXå�à�ßwÚ{ë�Úå�ÝúÚ{á�Üèßvå�ãLâtà�ßwê%ä<ë0å�ÝÑâtßvîÍßvévÚ{ÝwÙ�÷�à¬ë4ì�Ý¯Ü{á�ë0Ü{ã<ÚFå¬ë?ì�Ú{ã<à¬âñÜ{à¬Ü{îÍà�ð^ã�ë¯ü
þ8êÉÙ}ë�ã<â6â{ßvã<âtë�íOßvà�ÜcÜ{ë ä�ëXî¼Ýwê<ä�ë�ÚjòXßvîÍîïëXê^âjë�Üèâôÿ:à¬å<Ù}ßvÜ{Üèà�ì�å¬ëJð^ã�ë å�ëXÜ6ò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�ÜÖä�ë òXßvÚ{Úèá�å�Ý¹ÿ
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â{à�ßvê�ÜÖÙ�ã�à¬Ü{Üèë�êrâ �Xâ{Ú{ëJÜWA´îïá�âtÚ{à¬ð^ã�ë�ÜjÜ{Ýwê�Üjð^ã�ëJå�ë�Üeò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�ÜÖä�ëpì�Ú{ã�à�âjå¬ëpÜèßvà�ëXê^â�� Ø>ã<âtÚèë�îÍë�êrâä�à�âµù(Ù}ßvã�Úèð´ã<ßvàSå�ë�Ü0ò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<Ü?ä�ë¼òXßvÚ{Úèá�å�Ý�âtà�ßwê�Ü?ä�ëÍò�ßvêrâtà¬ë�ê�ä<ÚtÝwà¬ë�êrâèÿ ë�å�å¬ë�ÜHÙ�å¬ã�ÜHä�æçà¬ê<íOßvÚèî¼Ý�ÿâ{à�ßvê�Ü ð^ã�ëHå¬ë�Üñò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�ÜJä�ëHì�Ú{ã�à�â�
7LàSå¬ë�ÜHÜ{ßvã<Ú{ò�ëXÜúä�ëÍì�Ú{ã<à¬â0áXâtÝwà�ëXê^â0ä�à¬Üèâ{Ú{à�ì<ã�á�ëXÜAä�ë«í.Ý�
Xßvê¿÷�ßwîïßvéwÛ�ê�ë«ä�Ýwê<Ü0â{ßvã<âAå æøë�Ü{Ù�Ýwò�ë¯ùÖå�ÝòXßvÚ{Úèá�å�Ý�âtà�ßwê%ä<ãaò¢÷�ÝwîÍÙhëXê^â{Ú{ëAä�ë�ã)^�Ù}ßvà�êrâ{Ü>òXßvêrâtà�ëXê�ä�Ú{Ýwà¬âFå�ÝÉíOßvê�ò�âtà¬ßvê�ä<ë �?Ú{ë�ëXêaòµÝ¯ã�ÜtÝwå¬ëAë�âÝwò�Ýwã�Ü{Ýwå�ë�ä<ãyîÍà�å¬à�ëXã�tOÞwßvà�ÚÑò¢÷�ÝwÙ�à�âtÚ{ë � áXð^ã�Ý¯âtà¬ßvê � üU: � ùeëXâ«å�ë¼ò¢÷�ÝwÙ�à�âtÚ{ë>ChÜèë�ò�âtà�ßwê C´ü 3�w ü�9®ÝÙ�ÚèßvÙ�ÝwévÝ¯âtà¬ßvê²ä�ë�ÜÍßvê�ä�ëXÜ¼á�â¢ÝwêrâïÚ{á�òXà�Ù�ÚèßLð^ã�ë��µùSò�ëXå�å�ëXÜôÿ ò�à Ü{ßwê^âïà�ä<ë�êrâtà¬ð´ã<ë�Ü�ü 9(ë�ÜÍò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<Üä�ë�Þ´ÚtÝwà¬ë�êrâ)ä�ßvê<ò�ÝµÞvßvà¬Ú¼ã�ê�ëhî �XîïëhÝwîïÙ<å�à¬â{ã�ä�ëVä�Ýwê<Ü�å�ëXÜïâtëXîïÙ<Ü�Ù¡ßwÜ{à¬â{à¬íOÜÍëXâ)ê<á�érÝ¯â{à¬íOÜXüa\6êÙ�Ú{Ý¯âtà¬ð^ã�ëVÜ{ë�å¬ßvêyå�ë�ÜÍÝ`/Xà�îúãLâtÜÉëXâïå�ëXÜ«ì�Ýwê�ä�ëXÜïä<ëVíOÚèá�ð^ã�ëXê�ò�ëXÜ�ò�ßvê<Ü{à�ä<á�Ú{áXë�ÜXù�å¬ë�Ü«ò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<ÜÜèßvêrâ)ÝwÜWALîÍáXâ{Ú{à¬ð´ã<ë�Ü[t.òXí4ö�évã�Úèë CLü 3�w ü ó ëXò�àFë�Üôâ�ã�ê�ë�ò�ßvê<Ü{á�ð^ã�ëXê�ò�ë�ä<ë�å�ÝBä�à¬Üèâ{Ú{à�ì<ã<âtà¬ßvê²ê�ßvê÷�ßwîïßvéwÛ�ê�ë0ä�ë�Ü4Ü{ßvã�Úèò�ëXÜ8ä�ëÑì<Ú{ã�à�â4ð^ã�àÖà�îÍÙ�å�à¬ð^ã�ë?ð^ã�ëúå�ë ��ã)^�ä�æøá�ê<ë�Ú{éwà�ëÑëXÜèâ4Ù�å�ã�Ü>à�îÍÙ¡ßwÚèâ¢Ý¯ê^âä�Ý¯ê�Üñò�ë�Úôâ¢Ýwà¬ê�ë�Üñä�à¬Ú{ëXòXâtà¬ßvê�Ü ð^ã�ëHä�Ýwê<ÜFä¶æ ÝwãLâtÚ{ëXÜ�ü
9®ÝÑòXßLä�Ý0ë�Üôâ ò�ßvê<Üèâtà�âtã�áXë8ä�æøßvê�ä�ëXÜ2ä�àU�¶ã�Üèá�ëXÜ2Ù�ÝwÚ�å�ë>îïà¬å�à�ëXã�ü69®ÝÑä�àU�¶ã<Ü{à�ßwêïÙ}ë�Úèîïë�â2ä�æø÷�ßvîÍßvévá�ÿê�áXà�Üèë�Ú®å�ëjò¢÷�ÝwîïÙHë�âeä<ë6å�ë6Ú{ëXê�ä�Úèë�Ù<å�ã�Ü(à¬Ü{ßwâ{Ú{ßvÙ}ëwüµØ>à�ê�Üèà'�bm��)hZj�l�m`hU~)tv1 -.- C w ßvêrâ®îïßwê^â{Ú{á6ð^ã�ëSå�ëXÜòXßvÚ{Úèá�å�Ý�âtà�ßwê�Ü2ä�ëHò�ß´ä�ÝÉä�ëHÜ{áXà�ÜèîïëXÜ Ù¡ëXÚ{îÍëXâ{âtÝwà�ëXêrâñä�ëHÚ{ë�òXßvê�ÜôâtÚ{ã<à�Ú{ëHä�ëXÜ íOßvê�òXâ{à�ßvê<Ü ä�ër�HÚèë�ë�ê¶ü
SÖßvã<â{ëXíOßvà¬Ü�ù�å�ßvÚèÜ{ð^ã�ë2å¬ëJä�áXì�ã<â6ä�ëJå�Ý>òXßLä�Ý4ë�Üôâ6ã<âtà¬å�à¬Ü{á�å�ë�Üeò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�ÜÖÜ{ßwê^âcâtÚ{ÛXÜ6ÝwÜWALîÍáXâ{Ú{à¬ð´ã<ë�Üä�ãïí.Ýwà¬â�ä�ë>å�ÝHä�à�ÜôâtÚ{à¬ì�ã<â{à�ßvê«à�ê<÷�ßvîÍßvévÛ�ê<ë>ä�ëXÜJÜèá�à�ÜèîïëXÜJã<â{à�å¬à�Ü{áXÜ�ùrå�Ý0ä�àU�¶ã<Ü{à�ßwêïê�æçÝLArÝwêrâ Ù�ÝwÜJëXêLÿòXßvÚ{ë á�âtá2Üèã<õÍÜtÝwêrâtëñÙ}ßvã�ÚjÚèë�ê�ä<Ú{ëñå�ëpò¢÷�ÝwîÍÙúâtßwâtÝwå�ëXîïëXê^âcà�ÜèßwâtÚèßvÙ¡ë¯üwØ>ãÉò�ßvêrâtÚ{Ýwà�Úèë2ë�ê«ã<â{à�å¬à�ÜtÝ¯ê^âå�Ý0òXßLä�ÝHâ¢ÝwÚèä�à¬Þwë>å�Ý0ÜWA´îïá�âtÚ{à¬ë>ä<ë�ÜJòXßvÚ{Úèá�å�Ý¯âtà¬ßvê�Ü�Ýwã�évîÍë�êrâ{ëwü =:å�AÍÝAÝwà�ê<Ü{àlã�ê�ë>Ù�Ú{ßvéwÚ{ë�ÜèÜ{à¬ßvê¼ä�ë�ÿÙ�ã<à�Üñå�ë?ä�áXì�ã<â>ä�ë0å�ÝÉò�ß´ä�ÝÉð^ã�à®ò�ßvÚèÚ{ë�ÜèÙ¡ßwê�äaû«ã�ê%Ú{á�éwà�îÍë?ä�à��¡ã�Ü{à¬ßvêVÜ{à¬îïÙ�å¬ë <èã�Üèð´ã¶æ ûÍå�ÝÉò�ß´ä�Ýå¬ßvà�êrâ¢Ý¯à�ê�ëñð^ã�à¡â{ë�ê�ä�û �Xâ{Ú{ë8ã�ê¼ò¢÷�ÝwîÍÙ�á�ð^ã�à¬Ù�ÝwÚèâ{à¬â{à�ßvê�ê<áct �rj�o o � o f@j�l m`hU~�tO1 -.- : wRw ä�ã�í.Ý¯à¬â�ä�ëå�Ý�ä�àU�¶ã�Üèà�ßvêBîúã�å�âtà¬Ù�å�ë¯ü(Ø4à�ê<Ü{à�å�ßvÚèÜ{ð^ã�ë¼ê<ßvã�ÜÑòXßvÚ{Úèá�å¬ßvê�ÜÑå¬ë�Ü0ò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�Ü0ä�ëïì�Ú{ã�à�âÑëXê íOë�ê ��ÿâ{ÚtÝwêrâ6å�Ý4ò�ß´ä�Ý4ä�ë å�ÝFíOßvê<òXâtà¬ßvêúä�ëM�HÚèë�ë�ê¶ùvê�ßvã�Ücã<âtà¬å�à�Üèßvê�ÜÖÜ{Ù}á�òXà¬ö�ð^ã�ëXîïëXê^âSå¬ë�Üjßwê�ä�ë�Ü6ä<à��¡ã�Ü{áXë�ÜÙ�Ý¯Ú å�ë8îÍà�å¬à�ë�ã¶ù´ð^ã�à(òXßvê�Üôâtà¬â{ã�ë�êrâñã�êVò¢÷�Ý¯îïÙVÙ�å¬ã�Ü à�ÜèßwâtÚèßvÙ¡ë4ð´ã<ë0å¬ë8ì�Úèã�à¬â Üèà�Üèîïà¬ð´ã<ëwü<Ø>à�ê�Üèà�å�ëXÜòXßvÚ{Úèá�å�Ý�âtà�ßwê�Ü8ä�ëÉòXßLä�Ý)ä�ëÉòXßvÚ{Úèá�å�Ý¯âtà¬ßvê�Ü8ÜèßvêrâAÙ}ßvã�Ú4ò�ë�Úôâ¢Ýwà¬ê�Ü8âtÚ{Ý=<èëXâ{ÜHÙ�å�ã�Ü?ÜWA´îïá�âtÚ{à¬ð^ã�ë�ÜHð^ã�ëå¬ë�Ü ò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<Ü2ä�ë0ì�Ú{ã�à�âgtOö�évã�Ú{ë � ü 3�w ü
=:å®Ù}ë�ã<âñâtßwã<âtë�íOßvà�ÜñÙ�ÝwÚ{Ý���â{Ú{ë?Üèã�Ú{Ù�Úèë�ê�Ý¯ê^â4ð^ã�ëAå\æçßwê�Ù�ã<à�Ü{ÜèëAòXßvÚ{Úèá�å¬ë�Úñå�ÝÉò�ß´ä�Ý«ä�ë�ÜFò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<ÜÝwå¬ßvÚ{ÜJð´ã¶æçëXå�å�ë?ê¶æçëXÜèâ>Ù�ÝwÜ ò�å�Ýwà�Úèë�îÍë�êrâ2Þ´à�Üèà�ì�å¬ë8Ü{ã<ÚFå¬ë�Ü òXßvÚ{Úèá�å�Ý�âtà�ßwê�Ü2ëXâFð^ã�ëHÜ{ßwêhÝwîÍÙ�å¬à¬âtã<ä�ë4ëXÜèâÙ�å¬ã�Üúí.Ýwà¬ì�å�ë�ð^ã�ëVòXë�å�å¬ë�ä�ëXÜÍßwê�ä�ë�Ü«ä�ë>?FÝLALå¬ë�à¬év÷ ä�à�Úèë�ò�âtë�ÜXü�9(ëVí.Ý¯à�ì�å¬ë¼ÚtÝ¯Ù�Ù¡ßwÚèâ«Ü{à¬évê�Ýwå �¯ì�Úèã�à¬âä�ëAå�ÝÍò�ß´ä�Ýïà¬å�å�ã<ÜèâtÚèëHð´ã¶æçëXê�Ù�ÚtÝ¯â{à�ð^ã�ë0å�ëXÜ4ò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<ÜFä<ëÑì�Úèã�à¬â>ê�ëÑòXßvêrÞvëXÚ{évëXê^âHÙ�ÝwÜ4ä�ëAî¼Ý¹ÿê�à¬Û�Úèë8Ù�ÝwÚôí.Ýwà¬â{ë>ÞvëXÚ{Üñå�Ý0íOßvê�òXâ{à�ßvê¼ä�ë��?Ú{ë�ëXê�ü \6êVëX�¡ëXâ�ù<å�ëXÜ2ò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<ÜJßvì<â{ë�ê^ã�ëXÜFòXßvê�Üèà�Üèâ{ë�êrâëXê�å�Ý�íOßvê�ò�âtà�ßwê
ä�ë��HÚèë�ë�ê�ûÀå�Ý¯ð´ã<ë�å�å¬ëVà�å í.Ýwã<â¼Ý=<èßvã<â{ë�ÚÍä�ë�Ü���ã�òXâ{ã�Ý¯â{à�ßvê�ÜïÚ{áXÜ{à�ä<ã�ë�å¬å�ë�ÜXü ó ë�Ü
��ã<òXâtã�Ý¯âtà¬ßvê�ÜÑÚèá�Üèã�å¬â{ë�êrâÍûhå�ÝVíOßvà�ÜAä�ë�å�Ý�ä�ã�Úèá�ë)å¬à�îÍà¬âtáXëÉä�ã òµÝ¯å�ò�ã<åJä�ë�å�Ý�òXßvÚ{Úèá�å�Ý�âtà�ßwê¿ëXâÑä�ëå�Ý�ä�à�ÜôâtÚ{à¬ì�ã<â{à�ßvêaà¬îïÙ�ÝwÚèí.Ýwà�âtëAä�ë�ÜHÜ{ßwã�Ú{òXë�Ü0ä�ë«ì�Ú{ã�à�âµü ó ë�å�å¬ë�ÿ ò�àjà¬îïÙ�å¬à�ð^ã�ëAð´ã<ëÍä<ãÀì�Úèã�à¬â8ê�ë«Ü{ëÙ�ÚèßvÙ�ÝwéwëµÝwêrâ>Ù�ÝwÜ4ëXêrâtÚ{ëAå�ëXÜ>Üôâ¢Ý¯â{à�ßvê�Ü
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å�ÝúíOßvê�ò�âtà¬ßvê)ä�ër�HÚèë�ëXê�ù�ò�ßvîÍîÍë?å�ë�Ü ßwê�ä�ë�ÜFä�ëHå�ÝúòXßLä�Ý<ü
Ø4à¬ê�Ü{à´å�ÝFò�ß´ä�Ý>Úèë�ò�ßwê�Üèâ{Ú{ã�à�âtëJëXêúò�ßwÚ{Ú{áXå�Ýwêrâcä�ãúì�Úèã�à¬âeë�Üôâjå�ÝFÜ{ßvîÍîÍëpä�ëpä�ë�ãQ^úÜèà�évê�Ý¯ã)^ �¯å�Ý>òXßLä�Ý
�EÚèá�ë�å¬å�ë �Jí.Ýwà¬ÜtÝwêrâSÙ�Ý¯Úèâtà¬ë2ä�ëñå�Ý8íOßvê<òXâtà¬ßvêÉä�ë&�?Ú{ë�ëXêïä<ãïîÍà�å¬à�ë�ãAëXâ�ä�ëXÜ ��ã�òXâ{ã�Ý¯âtà¬ßvê�ÜSÚ{áXÜ{à¬ä�ã�ë�å¬å�ëXÜ�ü
9(ßvÚ{Üèð´ã<ëhå æøßvê²ò�ßwÚ{Ú{ÛXå�ë%å�Ý�ò�ß´ä�Ý ä�ë�ÜÍò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<ÜÉä�ë�ì<Ú{ã�à�âïëXêrâtÚ{ë�ä�ë�ÜÍÜèâtÝ¯âtà¬ßvê�Ü

C − A
ë�â

C − B
ùeëXâ«ð^ã�ë�å\æçßvê¿îïßBAvëXê�ê�ë)å¬ë¼Ú{áXÜ{ã�å�â¢Ý¯âúÜ{ã�Úúã<ê ë�ê�Üèë�îúì�å¬ë)ä�ë�Üôâ¢Ý¯â{à�ßvê�Ü

Ci

ùeßwê âtë�ê<äQûá�å¬à�îÍà�ê�ëXÚÍå�ÝÀòXßvêrâtÚ{à¬ì�ã<â{à�ßvêyä�ë�Ü���ã�òXâ{ã�Ý¯â{à�ßvê�ÜïÚ{áXÜ{à�ä<ã�ë�å¬å�ë�ÜXùpòXë�Ü�ä<ë�Ú{ê<à�Û�Úèë�Ü�á�â¢Ýwêrâ¼ä�à��¡á�Úèë�êrâtëXÜÙ¡ßwã�Úúò¢÷�Ýwð^ã�ë�â{ÚtÝ=<èë�âµüSþ8ê Ý¯îïÙ�å¬à¬ö�ëïÝwà¬ê�Ü{àpå�Ý�Ù�ÝwÚèâÉä<ã Ü{à�éwê�ÝwåJòXßvê�Üèà�ÜèâtÝwêrâÉëX�¡ë�ò�âtà�Þvë�îÍë�êrâ«ëXêå�ÝVò�ß´ä�Ý�ä<ëïå�ÝVíOßvê<òXâtà¬ßvêBä�ë_�?Ú{ëXë�ê�ü ó ëXâèâtëïÙ�Ú{ß´ò�áXä�ã�Ú{ë¼ÝwîÍá�å�à¬ßvÚ{ëÉä<ßvã�ì�å¬ë�îÍë�êrâ0å�ëÍòµÝwÚ{ÝwòXâ{Û�Ú{ëÝwå�á�Ý¯âtßwà�Ú{ëHä�ãhò¢÷�ÝwîÍÙhä�æøßvê�ä�ëXÜ8ã<â{à�å�à¬Ü{á �}Ù�ÝwÚFå�ÝÍä�à�ÜôâtÚ{à¬ì�ã<â{à�ßvêVä�ëXÜ4Ü{ßwã�Ú{òXë�Ü4Þ´à�Úôâtã�ëXå�å¬ë�Ü t
Ci

w ëXâÙ�ÝwÚÖå�Ý îÍà�ê�à¬îïà¬ÜtÝ¯â{à�ßvêFä�ë�ÜeëX�¡ëXâ{Üeä�ëXÜcòXßvÚ{Úèá�å�Ý�âtà�ßwê�Ü�âtëXîïÙ}ßvÚ{ëXå�å¬ë�Ü(ä�ã0ì�Ú{ã<à¬âÖà�ê�à�âtà�Ýwå ü�þ8êAÙ�Ý¯ÚèÞ´à�ëXê^âÝwà�ê<Ü{à6û)ò�ßwîïÙ}ë�ê�Üèë�ÚHå�Ý�ä<à�Ú{ëXòXâ{à¬Þ´à¬â{áÑä�ãBì�Ú{ã<à¬â?ä�ëÉíOßvê<ä�ü ó ë�òXàSê�ßvã�Ü?Ù}ë�Úèîïë�âHä�ë«îïëXÜ{ã�Úèë�Ú?ä�ëXÜíOßvê�ò�âtà�ßwê�Ü ä�ër�HÚèë�ëXê�å�û«ß��%å¬ë�Üñò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<Ü2ä�ëHì�Ú{ã<à¬â ßvêrâFá�ò¢÷<ßvã�áwü

� Ä � 1 ËÑÇVÏJÓXÎ I(ÐXËAÇ
96æçßvì�<èëXâ�ä�ë ò�ë â{ÚtÝµÞ¯Ýwà�å´Ù�Ú{áXå�à¬îïà¬ê�Ýwà�ÚèëSáXâ¢Ý¯à¬â6ä�ë Þwßvà�ÚjÜèà�å�ëXÜ6ò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�Ücä�ë ì�Ú{ã<à¬â6Ù}ë�Úèîïë�â{â¢Ý¯à�ë�êrâßvã²ê�ßvê²ä�ëVÚ{ëXò�ßvê<ÜèâtÚèã�à�Úèë)å�ÝaòXßLä�ÝLùjëXâ«Üèà ò�ë�å¬å�ë�ÿ:ò�àpÙ¡ßwã<Þ¯Ýwà¬â �XâtÚèë%ûaÜ{ßvê²âtßvã<ÚÉò�ßvÚèÚ{á�å¬á�ë)Ù}ßvã�ÚáXÞ¯Ýwå¬ã�ë�Úñä�ëXÜñíOßwê�òXâ{à�ßvê�Ü ä<ë �?Ú{ëXë�ê�ü
ý ßvã<ÜpÝµÞwßvê�ÜSÞLãÍð^ã�ëñå�ëXÜ6ò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�Üjä<ëFòXßLä�ÝHä<ëFòXßvÚ{Úèá�å�Ý¯âtà¬ßvê�ÜjÙ}ë�Úèîïë�â{â¢Ý¯à�ë�êrâ6ë��¶ëXòXâ{à¬ÞvëXîïëXêrâä�ëÑîÍë�Üèã�Ú{ëXÚ4å�Ý«Þ´à¬â{ë�ÜèÜ{ëÑä<ë�Ü4ßwê�ä�ë�Ü>ä�ëÑÜèã�Úèí.Ý¯ò�ëÑëXêrâtÚ{ëAä�ë�Ü>ò�ßvã<Ù�å�ëXÜ4ä�ë0ÜèâtÝ¯âtà¬ßvê�ÜFä�à�Üôâ¢ÝwêrâtëXÜ4ä�ëîïßwà�ê�ÜÉä�ë � -.- ]^î Ü{ã<ÚÍã<ê�ë�évÝwîïîÍë�ä�ë%Ù}á�Ú{à¬ßLä<ëVÝwå�å�ÝwêrâÉä�ëdCBû 36- ÜXü ó ë�Üèã�ò�òXÛ�Üïë�Üèâïã�ê�ëÙ�Ú{ëXã<ÞvëAà�ê�ä<à�Ú{ëXòXâ{ë?ð´ã<ë0å�Ýúò�ß´ä�Ý«á�îÍë�Ú{éwë?å�ßvÚèÜ ä�ë�Üñò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<Ü ä�ëHì�Ú{ã�à�âµü
9(ë)Ù¡ßwâ{ë�êrâtà¬ë�å2ä<ë�Ü«ò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�ÜAä�ë)ò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<Üúë�ê âtëXÚ{îÍë)ä�ë�âtßwîïßvéwÚtÝwÙ�÷<à�ë¼Úèë�Üôâtë)ë�ê<ò�ßvÚèëû¼ò�ëXÚ{ê�ëXÚ4Ù�Úèá�òXà�Ü{áXîïëXêrâµü	7´ã�Ú>òXë�Úôâ¢Ýwà¬ê�Ü>â{ÚtÝ=<èë�âtÜ>â{ë�å¬Ü>ð^ã�ë 5dJ8þ>ÿ 7:9K9 tOö�évã<Ú{ë � ü 3�w ùlë�å�å¬ë�ÜFÙ¡ëXÚôÿîïë�â{â{ë�êrâ6ä�æøáXÞ¯Ýwå¬ã�ë�ÚÖå�ÝñíOßvê�òXâ{à�ßvêAä�ë��?Ú{ëXë�êúò�Ýwã�ÜtÝ¯å�ëJë�â6Ýwò�Ýwã�Ü{Ýwå�ëJÝwå�ßvÚèÜeð^ã�ëpå�ëXÜcò�ßwÚ{Ú{áXå�Ý¯â{à�ßvê<Üeä�ëì�Ú{ã<à¬â Üèßvêrâ4Ý¯ÜRA´îïá�âtÚèà�ð^ã�ë�ÜXü \6ê�ë��¶ë�âñë�êVò�ßwÚ{Ú{áXå�Ýwêrâñå¬ë�Ü2òXßLä�Ý¯Ü ä�ëHò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�Üpê�ßvã�Ü îÍëXâèâtßvê�ÜÜ{Ù}á�òXà¬ö�ð^ã�ëXîïëXê^â4û«ò�ßvêrâtÚèà�ì�ãLâtà�ßwê)å�ÝúÙ�ÝwÚôâtà¬ë?ä�à��¡ã�Ü{ëHä�ã%ò¢÷�ÝwîÍÙ�ü ó ëXò�à(Ù}ë�Ú{îÍëXâFä�ëHòXßvîïÙ}ë�ê<Ü{ë�Úå�Ý)ä�à¬Ú{ë�ò�âtà�ÞLà�âtáÉÜèÙ�Ý¯âtà�Ýwå�ëÉä<ãÀì�Úèã�à¬â0ë�âÑÝ¯à�ê�Üèà6ä�ëïÚèë�òXßvê�Üèâ{Ú{ã�à¬Ú{ë«å�Ý�íOßvê<òXâtà¬ßvê ä�ë2�HÚèë�ë�êBë�êrâ{Ú{ë_1Ù¡ßwà�êrâtÜ Ü{Ýwê�ÜFð´ã¶æçà¬å AVÝwà�âñä�ëHÜ{ßvã�Úèò�ëXÜ4Ýwå¬à�évê<á�ë�Ü2ÝZÞwë�ò0ò�ëXÜ>ä�ëXÚ{ê�à¬ë�ÚèÜ�ü
98Ýwê�Ü4å æçÝZÞwë�ê�à¬Ú�ùlå�ëXÜ4òXßvÚ{Úèá�å�Ý�âtà�ßwê�Üñä�ëÑòXßvÚ{Úèá�å�Ý�âtà�ßwê�Ü>Ù}ë�Úèîïë�â{â{Ú{ßvêrâ>ä�æ Ý¯ã�évîÍë�êrâtëXÚ4Ü{à¬évê�à�ö�òµÝ¯â{à¬Þwë�ÿîïëXêrâ?å�ëAê�ßvîúì�ÚèëÑä�ëAâtÚtÝB<èëXâtÜ4Ù¡ßvã<Ú8å�ëXÜ{ð^ã�ë�å¬Ü4ê�ßwã�Ü?Ù¡ßwã�Ú{Úèßvê�Ü4îÍë�Üèã�Ú{ëXÚ8å�Ý«Þ´à¬âtëXÜ{ÜèëÉä�ëúÙ�ÚèßvÙ�Ý�ÿérÝ¯â{à�ßvêïä�ë�Ü ßvê<ä�ë�Ü2ä<ë8Ü{ã�Úôí.Ýwò�ë¯ü 9®ÝÑð^ã�Ýwå¬à¬â{á>ä�ëXÜ2íOßvê�ò�âtà�ßwê�ÜJä�ë��HÚèë�ë�ê�Ýwà�ê�Üèà¡ßwì<âtëXê´ã<ë�Ü ä�áXÙ¡ëXê�ää�à�Úèë�ò�âtë�îÍë�êrâ«ä�ë)å�Ýhä�ëXê�Ü{à�âtá)ä�ë)Üôâ¢Ý¯â{à�ßvê�Ü��cÙ�å¬ã�Üúå�ë¼Ú{á�ÜèëµÝwã²ëXÜèâ«ä�ëXê�Ü{ë¯ù6Ù�å�ã�ÜÉà¬åpÙ}ßvÜèÜ{à�ì<å�ë�ä�ëîïßBAwë�ê�ê�ëXÚAå¬ë�Ü?òXßvÚ{Úèá�å�Ý�âtà�ßwê�Ü�ü¡Ø4à�ê<Ü{àjà¬åjë�^Là�Üôâtë«Ù�Úèßvì�Ýwì�å¬ë�îÍë�êrâ?ã�ê<ë �:î¼Ý¯Ü{Ü{ë«òXÚ{à¬â{à�ð^ã�ë �úä�ë«Üôâ¢Ý�ÿâtà¬ßvê�Ü6Ýwã«ä�ëXå�û8ä�ë å�Ýwð^ã�ë�å¬å�ëpå�ë�Ü6òXßvÚ{Úèá�å�Ý¯âtà¬ßvê�Ücä<ëFòXßLä�Ý8Ù¡ëXÚ{îÍëXâ{â{ÚtÝwà¬ë�êrâ6ä�ë òXßvîÍÙ¡ëXê�Ü{ëXÚ6ä�ë í.Ý�
�ßvêëXõÍòµÝ¯ò�ë0å�ÝÉä�à�Úèë�ò�âtà¬Þ´à�âtá8ä�ã%ì�Úèã�à¬âñä�ë?íOßvê<ä%Üèà�Üèîïà¬ð´ã<ëwü



� ��� � �� 	)����� �²� � �
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ó ë�â{âtë ât÷<Û�Ü{ëÀÝµÞ¯Ýwà¬âVÙ}ßvã�ÚVì�ã<â%ä�ë�Þwßvà�ÚVä�Ýwê<Ü�ð^ã�ëXå�å�ë�îÍë�Üèã�Ú{ëBå�ë�ì<Ú{ã�à�âVä�ëBíOßwê�ä Üèà�Üèîïà¬ð´ã<ëÙ}ßvã<Þ¯Ýwà�â �Xâ{Ú{ëSã<âtà¬å�à¬Ü{ájëXêAÜèà�Ü{îÍßvå¬ßvévà�ë¯ü 9Aæçã�êAÙ¡ßwà�êrâ(ä�ë6Þ´ã�ëSât÷�áXßvÚ{à¬ð´ã<ëwùZå�ëXÜ(ò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�Ü(ä<ë�ì<Ú{ã�à�âÙ}ë�Úèîïë�â{âtëXêrâ?ä�ëúòXßvê�ê�Ý��¬âtÚèëúå�Ý«íOßvê�òXâ{à�ßvêhä�ë;�?Ú{ë�ëXê ë�êrâtÚèëúê�æøà�îÍÙ¡ßvÚôâtëAð´ã<ë�åcòXßvã�Ù�å¬ëúä�ëúÙ}ßvà¬ê^â{Üä�æøã�êÍîïà¬å�à¬ë�ãúð^ã�ëXå�ò�ßwê�ð^ã�ëwù´û?ò�ßvê<ä�à¬â{à�ßvêÉð^ã�ëñå�ë ì<Ú{ã�à�âSÚ{ë�ÜèÙ¡ëXòXâ{ë>å�ÝHòXßvê�ä�à�âtà¬ßvêÉä�æøá�ð^ã�à�Ù�ÝwÚèâ{à¬âtà¬ßvê�üó ëXò�àlÜ{à¬évê�à¬ö�ë ð´ã<ëFâ{ßvã�Ü�å�ë�ÜSîÍßLä<ë�Ü6ä�ãïîïà¬å�à�ëXãúÜ{ßwê^â�ë ^<òXà¬â{á�ÜpÝZÞwë�ò>ã�êïî���îÍë ê�à�ÞvëµÝ¯ã¼ä�æøá�ê�ëXÚ{évà¬ëë�â ã�ê�ë>Ù�÷�ÝwÜèëHÝwå�á�Ý¯âtßvà¬Ú{ë¯ü 98Ýwê�Ü2òXë8òµÝ¯Ü2å�ë>ò¢÷�ÝwîÍÙ�ä�æøßvê�ä�ëXÜ2ä�Ýwê�ÜJã�ê)îïà¬å�à¬ë�ã«÷�ßvîÍßvévÛXê�ë4Ù}ë�ã<âôÿ
��âtÚ{ëAÞLã òXßvîïîÍëÑå�ÝïÜèã�Ù¡ëXÚ{Ù}ßvÜ{à�âtà¬ßvêaä�æøßvê�ä�ëXÜ?Ù�å�Ý¯ê�ë�Ü8ä<ëúÙ�÷�ÝwÜèëÉëXâ?ä¶æ ÝwîÍÙ�å¬à¬âtã<ä�ëÑÝ¯å�áµÝ�âtßvà¬Ú{ë0Ü{ëÙ�ÚèßvÙ�ÝwéwëµÝwêrâAä�Ýwê�ÜHâtßvãLâtë¼å¬ë�ÜHä�à¬Ú{ë�ò�âtà¬ßvê�Ü0ä�ëïå\æçëXÜ{Ù�Ý¯ò�ëwü#J>êBâtëXå�ò¢÷�ÝwîïÙÀë�Üôâúà�ÜèßwâtÚèßvÙ}ëwù(å�ë���ãQ^ä�æøá�ê<ë�Ú{éwà�ë)ë�êyò¢÷�Ýwð^ã�ëVÙ}ßvà�êrâ«ëXÜèâ«ê^ã�å ùcò�ëVð^ã�à ò�ßvê<Üèâtà�âtã�ë)å�Ýaå�à¬îïà�âtëÍÝwã)^ â{ë�îÍÙ�ÜÉå�ßwê�évÜúä�æøã�êò¢÷�Ý¯îïÙ%ä�à��¡ã�ÜXü
9®Ý4Ù�Úèë�îÍà�ÛXÚ{ë�áXâ¢Ý¯Ù¡ë2òXßvê�Üèà�ÜèâtÝwà¬âcû>Þwßvà�ÚÖÜ{àLå�ëJì<Ú{ã�à�âcä�ëpíOßvê�äúÜèà�Ü{îÍà�ð^ã�ë�Ú{ëXÜ{Ù}ë�ò�â¢Ýwà�âjò�ëXÜ6ë�^Là�éwë�ê�òXë�ÜßvãVê�ßwê�ü \6ê�á�âtã�ä<à�Ýwêrâ å\æ ÝwîÍÙ�å¬à¬âtã<ä�ë4ä�ëXÜñò�ßvÚèÚ{á�å�Ý¯âtà¬ßvê�Üpë�êVíOßvê�òXâ{à�ßvê)ä<ë?å æçÝ`/�à¬îúã<âµù´ê�ßvã<Ü>ÝµÞwßvê�ÜîÍà�Ü�ë�ê)á�ÞLà¬ä�ë�ê<ò�ë8ð^ã�ë?å¬ë�ÜJò�ÝwÚtÝ¯òXâtáXÚ{à¬Üèâtà¬ð^ã�ë�Üpä�ã)ì�Ú{ã<à¬âpä�á�Ù}ë�ê�ä<ë�êrâFä�ë4å�ÝAì�Ýwê<ä�ë8ä�ë4íOÚèá�ð^ã�ëXê�ò�ëòXßvê�Ü{à¬ä�á�Úèá�ë¯ü�\Sêrâ{Ú{ëgCÑëXâ�: - Ü ä�ë?Ù}á�Ú{à¬ßLä<ëwù´å�ë8ì�Úèã�à¬â2ë�Üèâñéwá�ê�áXÚ{áHå�ß´òµÝwå¬ë�îÍë�êrâpå�ë8å¬ßvê�éÉä�ëXÜ ò��wâ{ë�Üâ{ßvã<â?Ý¯ãaå�ßvê<é¼ä�ëúå\æ Ý¯ê�ê�á�ë¯ü¡Ø>ã�ò�ßvêrâ{ÚtÝwà¬Ú{ëÑëXêrâtÚ{ë2: - ëXâ�1 - Ü8å¬ëAì<Ú{ã�à�â8ë�Üôâ?évå¬ßvì�Ýwå �}å æøë�ê�Üèë�îúì�å¬ëä�ëXÜHÚ{á�ÜèëµÝwãQ^ÀÝwã)^�JE7LØÑù(ëXê \Sã<Ú{ßvÙ}ë«ëXâHë�ê SeÝwê /µÝ¯ê�à�ëÉÙ}ë�Ú 
�ßvà�Þvë�êrâ0ä�ã ì�Úèã�à¬â?Ù<Ú{ßZÞvëXê�ÝwêrâÑä<ë�Üî���îÍë�ÜúÚèá�évà¬ßvê�ÜXùeÜèà¬âtã<á�ë�ÜÉä�Ýwê�Üúå\æç÷�áXîïà¬Ü{Ù�÷<Û�Ú{ë¼ê�ßvÚ{ä ëXê ÷�à¬Þwë�ÚXùjëXâÉä<ë�å æø÷�á�îÍà�ÜèÙ�÷�ÛXÚ{ë�Üèã�ä ë�êá�âtáwü<Ø4à�ê<Ü{à�ëXê^â{Ú{ërCÑëXâ�: - Ü�ù�å¬ë8ì�Úèã�à¬â ä<ë8íOßvê�ä)ê�ëHÙ}ë�ã<âñÙ�Ý¯Ü �XâtÚèë?ò�ßvê<Ü{à�ä<á�Ú{á?òXßvîÍîïë8à¬Ü{ßwâ{Ú{ßvÙ}ëwùå¬ë��ãQ^hä¶æçáXê�ë�Úèévà�ëAë�Üèâ4Ù�å�ã<Ü4à�îÍÙ}ßvÚèâtÝwêrâñä�Ýwê�Ü>ò�ë�Úôâ¢Ýwà¬ê�ë�Ü>ä�à�Úèë�ò�âtà�ßwê�Üct ÞvëXÚ{Ü8å�ÝÍò��wâtë w ð^ã�ëÑä�Ýwê�Üä�æçÝwã<â{Ú{ëXÜ�ü�Ø>ã�ò�ßvêrâtÚ{Ýwà�ÚèëÑëXê^â{Ú{ë_: - ëXâg1 - Ü�ù¶îÍßBAvëXê�ê�áÉÜ{ã<Ú8ã�ê Ýwê�ù¡å�ëAì�Ú{ã�à�â8ä�ëAíOßvê�ä�ë�Üôâ?Ù�å¬ã�Ü÷�ßwîïßvéwÛ�ê�ë¯ù�ÜtÝwê<Ü ��âtÚ{ë?â{ßvã<âtë�íOßvà�ÜJò�ßvîÍÙ�å�Û�âtëXîïëXê^âñà¬Ü{ßwâ{Ú{ßvÙ}ëwü
ó ëXÜ2Ú{áXÜ{ã�å�â¢Ý¯â{Üpê�ßwã�ÜJßvêrâJê�Ý¯âtã<Ú{ë�å¬å�ëXîïëXê^âpÝwîÍë�ê<á�ÜpûÑê�ßvã�ÜpÙ¡ßwÜ{ë�Ú�å�ÝHð^ã�ë�Üôâtà¬ßvê�Ü{ã<à¬Þ¯Ýwêrâtë �´ä�Ýwê�Üð^ã�ëXå�å�ë)îÍë�Üèã�Ú{ëVå�Ýaä�à�Úèë�òXâ{à¬Þ´à¬â{á�ä�ãyì�Ú{ã<à¬âÍÝ4�¡ë�ò�âtë�ÿ âèÿ ë�å�å¬ë�å�ëXÜÉò�ßvÚèÚ{áXå�Ý¯â{à�ßvê�ÜÑä�ëVì�Ú{ã�à�â���8ã�ëXå�å¬ëëXÜèâ)å�ÝBÙ�Úèá�òXà�Ü{à¬ßvê�ä�ëXÜ�îÍë�Ü{ã<Ú{ë�Ü¼ä�ë�Þ´à¬â{ë�ÜèÜ{ëaä�áXä�ã�à�âtë�Ü¼ä�ë�Ü�òXßvÚ{Úèá�å�Ý¯âtà¬ßvê�Ü���96æçÝwê�ÝwåUALÜèëhä�ë :.:Ýwê<Ü�ä�ë�ä�ßvê<ê�á�ëXÜ)ò�ßvêrâtà¬ê^ã�ë�ÜVë�ê<Ú{ë�éwà�Üèâ{Ú{áXë�Ü)Ù�ÝwÚ � ÜèâtÝ¯âtà¬ßvê�Ü�ò�Ýwå�à�íOßvÚ{ê�à¬ë�ê�ê<ë�Ü¼ê<ßvã�Ü)Ý Ù}ë�Úèîïà¬Üä�æçÝwì}ßvÚ{ä<ë�ÚJòXë�Ü2ð^ã�ëXÜèâ{à�ßvê�ÜXü ý ßvã�Ü ÝµÞwßvê�Ü2îÍßvêrâtÚèá>ð^ã�æøë�ê)ä�áXÙ�à¬âJä�ë4å�Ý0ä<à�Ú{ëXòXâ{à¬Þ´à¬â{á>ä�ã¼ì�Ú{ã�à�âµù^å�ëXÜîÍë�Üèã�Ú{ëXÜpä�ëñÞ´à¬â{ë�Ü{Üèë4ä�æøßvê�ä<ë>ä�ëFÜ{ã<Úèí.ÝwòXë>ÜèßvêrâJÜôâ¢Ýwì�å¬ë�Ü�Ýwãïò�ßvã�ÚèÜpä<ãÍâ{ë�îÍÙ�Ü�ù^å�ëXÜ6ÞwÝ¯Ú{à�Ý�âtà�ßwê�Ü6ä�ãâ{ë�îÍÙ�Ü?ä�æçÝwÚ{Úèà¬ÞváXëÉßvì�Üèë�ÚèÞwá�ëXÜAê�ëÉÚèë�Ù�Úèá�Üèë�êrâ¢ÝwêrâAð^ã�ë
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(ω + i ε)2 + L
)−1 t
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(ω + i ε)2 t���a�H ·̂ B�HK@�CPV`HKO�>efd�@�MiV`WLCP@�B�HiFI@�H	B�WL@zV`a�H?ICEd�N�W]H	N§O�Z�>PM	HAt
ε
HK@�O�d�NTH	O�V`aI>AV (

(ω+ i ε)2 +L
) WLO�WL@psEHKNTV`W]n�JLH0>PO

LaI>POlNTH�>PJ%H	W]^EH	@psA>PJ]d�H	OKt-��H�YqWLJ]JIO�a�C{Y V`a�>AVrV�a�WLO<D�>AV�a�H	D2>AV�WLM�>AJIB�HKFI@&W]V`W]CE@�CAe
Ĝ
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V`a�H�O�CEd�NTM	H�efd&@�MKV�WLCE@

f
WLO?>���W]N`>PM;WLD\Z�d�JLOTH;W]@"V�WLD\H�>P@&B|O�ZI>AM	H

δ(t, ~r − ~rs)
t%��a�Hz��N�H	HK@'��O

efd�@�MiV`WLCP@
Ĝ(ω + i ε, ~r, ~rs)

>AB�D2WmV`O_>|J]WLD\W]V;>PO
ε → 0+ k(B�HK@�CPV`HKB Ĝ(ω + i0, ~r, ~rs)

k�>POz>
u MbapYl>ANTV`�gB�W]OTV�N�WLn&d&V`W]CE@�CE@2V`a�H�NTH�>PJ+>jh WLOKt&wSe

L
a�>PO�>�MKCE@pV`WL@�d�CPd�O�O�Z%H	MiV`N�d&D"k-V`a�W]OrJLW]D2WmV§WLO�>

O�D\C CAV`a)efd�@�MiV`WLCP@ � V`a�H !³JLW]D2WmV`WL@&^�>Pn&O�CENTZ&V`W]CE@XZ�N�W]@�M	W]Z�JLHA� ¥ t
Ĝ

M	>P@XV`a�d�O0n+H#YqNTW]V�V�H	@">PO�¤

Ĝ(ω + i0, ~r, ~rs) = −
[[(

(ω + i0)2 + L
)−1]]

(~r, ~rs)

= −
∫

X

[[(

(ω + i0)2 + L
)−1]]

(~r, ~r ′) δ(~r ′ − ~rs) d~r
′

= −
(

(ω + i0)2 + L
)−1

δ(~r − ~rs)

Yqa�WLMbaXo-WLHKJLB�Og¤
−

(

(ω + i0)2 + L
)

Ĝ(ω + i0, ~r, ~rs) = δ(~r − ~rs)��a�H5WL@psEHKN�O�H5ICEd�NTWLHKNlV`N`>A@�OTefCENTD CPe�V`a&WLO�H	c�dI>jV`WLCP@7^PW]sEHKO0>zNTH	JL>AV`W]CE@�V`a�>AVqWLOlV�a�Hgd�O�dI>AJ�B�HKF&Q
@�W]V�WLCE@)CAe

G
W]@�V`a�HgM	>PO�H5CPe(>zD\H	B&WLd�D YqW]V`a&CEd&V0>AVTV`H	@�dI>jV`WLCP@y¤

∂2G

∂t2
(t, ~r, ~rs) − LG(t, ~r, ~rs) = δ(t) δ(~r − ~rs)

G
WLO_V`a�d�OzV`a&H"OTCEJLd&V�WLCE@�CPe#±©c%t ü�� t ü WL@�V`a�H7M�>AO�HvCAe�>P@,WLD\Z�d�J]O�W]sPH)O�CEd&N�M	H7WL@�V`W]D2HX>A@�B

O�ZI>AM	HPt��#@�H?M	>P@�MKCED2Z&d&V`HqV`a�H0WL@psPH	N�OTH�ICEd�NTWLH	N©V�N`>P@�ORefCEN�D CAe
Ĝ(ω+ iε, x, y)

d&O�WL@&^�N�HKO�W]B�d�H
M�>PJ]M	d�J]d�O	k�>P@�BXVb>P�AHgV�a�HgJLW]D2WmVl>PO

ε
^EC HKO�V`C

0
V`Cz^EHiV

G(t, ~r, ~rs) = Y (t)

[[

sin t
√
−L√

−L

]]

(~r, ~rs)

Yqa�H	NTH
Y

WLO_V�a�Hv°0H�>�s-WLOTWLB�H QxOTV�H	Z,efd�@�MKV�WLCE@�k§>P@�B�Yqa�H	NTH"Y<H"B�HK@�CPV�H √
−L V`a�H7CEZ%H	N�>AV`CEN

Yqa�WLMba£HKWL^EHK@�sA>PJ]d�H	O#>PN�H�V�a�H_WLD2>P^EHKO�CPe§V�a�H�H	W]^EH	@psA>PJ]d�H	O�CPe
L

npovV`a&H�efd�@�MKV�WLCE@
x 7→

√
−x� W]B�H	D efCPNlV`a�HgO�W]@�d�O�efd�@�MKV�WLCE@ ¥ t

wSe�Y<H M	CE@&O�WLB&H	N<>P@�>jV�V`HK@�dI>AV`W]@�^gD2HKB�WLd&D"kjV`a�H��gNTH	HK@'�³O§efd�@�MiV`W]CE@
Ĝa(ω,~r, ~rs)

W]O©B�HKFI@&H	B�npo
V`a�H?N�HKO�CEJmsEH	@pV�CAe

L
HKsA>PJ]dI>AV`HKB�>AVrZ+CPWL@pV

ω2 +2 i a ω
W]@�OTV�H�>PB2CPe

(ω+ i0)2 t-wSVrV`a�d�O<n+HKM	CED\H	O

Ga(t, ~r, ~rs) = Y (t) e−a t

[[

sin t
√
−L− a2

√
−L− a2

]]

(~r, ~rs)
� ü�� t ýE¥

��H�@�C{Y�B&HKFI@�H2V`a�H�V�WLD\H2B&CED�>AWL@yM	N�CPO�ORQSM	CENTN�HKJU>AV�WLCE@�n+HiVxYrHKH	@¨V`a�H�B�WLOTZ�JU>PMKH	D\H	@pV_>jV�VxY<C
Z+CPWL@pV`O

A
>P@�B

B
>POg¤

C(τ, ~rA, ~rB) = lim
T→+∞

1

T

∫ T

0

u(t, ~rA) u(t+τ, ~rB) dt
� ü�� t �p¥
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Yqa�HKN�H�V�a�H0nI>PNrB&H	@�CPV�H	O�V`a�H?M	CE@��Td&^p>AV`HAt
u(t, ~r)

M�>P@2n+H?Hih Z�N�HKO�OTH	BXd�O�W]@�^;V�a�H���N�HKH	@'��O<efd&@�MiQ
V�WLCE@

Ga

� a�H	NTH#>AVTV`HK@-d�>AV`W]CE@2W]O§@�H	MKH	O�O�>PNTo2V`C5H	@�OTd�N�H?M	CE@psPH	N�^PH	@�MKH�CPe�V�a�H�W]@�V�H	^EN�>PJªkPO�H	H 4&�
(�6
��*,+�	.- � ý���� �jn ¥�¥ >P@&BXV�a�HgO�CEd&N�M	Hgefd�@�MiV`W]CE@

f
>PO�efCEJLJ]C�YqO�¤

u(t, ~r) =

∫ ∞

0

dt′
∫

X

Ga(t
′, ~r, ~rs) f(t− t′, ~rs) d~rs

��Hq>PO�OTd�D\HqV�aI>AV
f
W]O©>#Yqa�W]V�Hl@�CEW]O�H�B�W]OTV�N�WLn&d&V`HKB_HKsEHKNTo�Yqa�HKN�H�W]@�V`a�HqD\H	B�W]d�D

X
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t
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N�>P@�B�CED Z�aI>AO�HPt&wx@�V`a�H�V�WLD\H?B&CED�>AWL@'kpV`a&WLOlW]Ol>�N`>A@�B�CED Yr>{sPHKFIHKJLB7O�d�Mba)V�aI>AVlV�a�H#Z%CEO�WmV`WLCP@
>P@&B�V`a�H�>PMKV�W]sA>AV`W]CE@2V�WLD\H?CAeH�>PMba)OTCEd�N�MKHg>PN�H?d�@�MKCEN�NTH	JU>jV`H	B�t&wx@�V`a&WLOrM	>PO�HAk�>P@&B)M	CE@�OTWLB�HKN�W]@�^
>�B�>PD2Z&WL@�^2D2HKB�WLd�D7kIYrH�NTH	Z�JL>PM	H;V`a�H�JL>PN�^PH;�}JLW]D2WmVqWL@vV�a�H�MKCEN�NTH	JU>jV`WLCP@vnpo|>A@|H	@�OTH	D�n&JLH
>�sEHKN`>P^PHPt���H0V`a�HK@�^EHKV�V`a&H?efCEJ]JLC{YqWL@�^�H h Z�JLW]M	W]V�H h&Z&N�H	OTO�W]CE@�efCEN§V`a�H?M	CENTN�HKJU>AV�WLCE@zn%HKVxY<H	H	@)V�a�H
Yr>�sEHKF�H	JLB&O�N�HKM	CENTB�H	B">AV

A
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B
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C(τ, ~rA, ~rB) =
σ2 e−a |τ |

4 a

[[

(

− L
)−1

(

cos τ
√
−L− a2 + a

sin |τ |
√
−L− a2

√
−L− a2

)

]]

(~rA, ~rB)

� ü � t�� ¥
Yqa�HKN�H

σ
WLOlV`a&HgsA>PNTWU>P@&M	H�CPe�V`a�Hg@�CPWLO�H�Yr>�sEHKF�H	JLB�t

��a�H)V�WLD\H�B�H	NTW]sA>AV�W]sEH)CAe?V�a�WLO_HKc-d�>AV`W]CE@�WLO_Hih Z�NTH	OTO�H	B¢WL@¨V`HKN�D\O_CPe?V�a�H"�gNTH	HK@'�³Ozefd�@�MiV`W]CE@
d�OTWL@�^ � ü�� t ýE¥ k�^PW]s-WL@�^�V�a�HgD2CPN�H#e�>PD\WLJ]WU>PN§Hih Z�NTH	OTO�WLCP@�¤

d

dτ
C(τ, ~rA, ~rB) =

−σ2

4 a

(

Ga(τ, ~rA, ~rB) −Ga(−τ, ~rA, ~rB)
) � ü � t � ¥
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L
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W]O�D2CENTH�^EH	@&H	N`>AJªt

VXW #ZYH# Y ��7(5 ^¯)A\M5[%��O) \�^¯)·3f365�+=>]f8c C 5 g*>He(C
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e0(~r,~k) = ei~k·~r V�a�H�Z�JL>P@�H5Yl>�sEHKO#V`aI>jV�>PNTH5V�a�H�H	W]^EH	@&D2C-B�H	O0CPe�V�a�H�a�CPD2CE^PHiQ

@�H	CPd�OlWL@ FI@�W]V�H?OTZI>PMKHPt&wx@�V�a�H�M	>PO�H�CPe>�MKCED2Z&JLHih2D\H	B�W]d�D7kEV`a�H?O�M�>jV�V`HKN�W]@�^�V`a&H	CENRo �%4d+�� � kü�p F �)0 4j�s�>�Q+���  � � �
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FI@�WmV`HgN�HK^EWLCE@�k V`a&H5HKWL^EHK@�D\C B�HKO�WL@)V`a&HgYqa&CEJLH�OTZI>PM	H5M�>A@"n%H#YqN�WmV�V`HK@v>AO5¤

e(~r,~k) = e0(~r,~k) + es(~r,~k)

Yqa�H	NTH
es

k&V�a�H�O�M	>AV�V�H	NTH	BXYl>�sEHKO	k�O`>jV`WLORFIH	O�V�a�H�O�CAQSM�>PJ]JLHKB  � � � ����� ��	.�`��+?��� +�*Z���
 MKCE@�B�WmV`WLCP@'k
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Yqa�W]Mba|H	@&O�d�NTH	O�V�aI>AV
es

YqW]JLJ'sA>P@�W]O�a7Yqa�H	@
~r
^PC HKO0V�C�WL@ FI@�W]VxoPt���a�WLO0B�H	MKCED\Z+CEOTW]V�WLCE@7WLOqOTV�WLJ]J

sA>PJ]WLB)WL@�V�a�Hg@�H�>ANqF�H	JLBXCPe�V`a�H�OTM�>AVTV`HKN�H	NTO � Wªt�HPtmkIWL@�OTWLB�H?V`a�Hga�HiV`H	NTCE^EHK@�H	CEd&O?NTH	^EW]CE@ ¥ t
ICEN

I ⊂ R+

k-Y<H�B�HiFI@�H�V�a�H#O�Z%H	MiV`N�>PJ�Z�NTC��TH	MiV`CENrCPe
L
CE@

I
k-B�H	@�CAV`H	B

PI

k�efN�CPD WmV`O<WL@pV`HK^EN`>PJ
�AH	N�@&H	J [[

PI

]] >AV?>P@po)Z%CEW]@�V�O
~r1

>P@�B
~r2

CPe
X

npo�¤

[[

PI

]]

(~r1, ~r2) = (2 π)−d

∫

λk∈I

e(~r1, ~k) e(~r2, ~k) |dd~k|
� ü�� t �p¥

Yqa�HKN�H
d
W]OlV`a�H5B�WLD\H	@&O�WLCP@)CPe(V�a�HgO�ZI>PMKH�>A@�B

λk

B�H	@�CAV`H	OqV`a&H5HKWL^EHK@psP>AJLd�H5>POTO�C-M	WU>jV`H	B)YqWmV`a
V�a�HvHKWL^EHK@&efd�@�MiV`WLCP@

e(~r,~k)
t���a�WLO2WLOzV`a�H"Z�N�C �TH	MKV�CEN�CP@¬V`a&HvO�d&n QxHKWL^EHK@�O�ZI>AM	H	O�CPe

L
Yqa�WLMba

HKWL^EHK@�sA>PJ]d�H	O0>PNTH;W]@
I
tI�?^p>PWL@�k&YqaI>AV

PI
NTH	Z�NTH	OTH	@pV`O?M�>P@"n+H5H�>POTWLJmo)d�@�B�HKN�ORV`C-C B7WL@XV`a�H5M�>AO�H

CPe(>�FI@�WmV`Hg@�d�D�n%H	N
N

CPe(H	WL^PH	@psA>PJLd�HKO {λn}
k&Yqa�HKN�HgYrHgM	>P@7YqNTW]V�H_¤

[[

PI

]]

(~r1, ~r2) =
∑

n∈[1,N ]
λn∈I

ei(~r1) en(~r2)

wx@|V�a�WLO#M	>PO�HAk
I
N�H	Z&N�H	OTH	@pV`O;>�O�d&n�O�HiVgCPe§sP>AJLd�HKO#CPe

n ∈ [1, N ]
V`aI>AV�>PN�H�Z&N�H	OTH	NRsEH	B�k�>AJLJV`a�H

CPV�a�H	N�n%H	W]@�^)N�HKD2C{sPH	Byn�ovV`a�H_Z�NTC��TH	MiV`CEN
PI

t�ICEN�Hih&>PD\Z�J]HPk�Wme
u(~r) =

∑N
n=1 un en(~r)

k+YrH
aI>�sPH2¤

(

PI u
)

(~r) =
∑

n∈[1,N ]
λn∈I

un en(~r)
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ω2 ∈ R+

W]OJLWL@&�PH	B�V�C0V�a�H§M	N�CPO�ORQSM	CENTN�HKJU>AV�WLCE@�efd�@�MiV`W]CE@5>AVV`a�H§M	CPN�N�HKO�Z%CE@�B�W]@�^
Z�d&JLO`>jV`WLCP@

ω
t���H;V�a-d&O�M	CP@�O�W]B�H	N�>P@vW]@�V�H	NRsP>AJ

I = [ω2
−, ω

2
+]

>PN�CEd&@�B
ω2 t���a�H;WL@pV`HK^EN`>AJ�C{sPH	N

λk = c2 |~k|2 ∈ I
WL@�±©c�t ü � t � B�HKFI@&H	O5>2sECPJLd�D\H�CPe§W]@pV`H	^PN`>AV�WLCE@"CPe�B�WLD\H	@�OTWLCE@

d
V`aI>AV#M�>P@

n%H�B�HKM	CED\Z+CPO�H	B£W]@�V�C�VxY<C7W]@pV`H	^PN`>PJ]O	k%CE@�H�C{sEHKNg>�sECEJ]d�D\H�CPe�B�W]D2HK@�O�W]CE@
d − 1

B�HiFI@�H	B£npo
c2 |~k|2 = ω2 >A@�B7V�a�HgCPV`a&H	NqC{sEH	N |~k| ¤

[[

PI

]]

(~r1, ~r2) = (2 π)−d

∫

c2|~k|2∈I

∫

c2|~k|2=ω2

e(~r1, ~k) e(~r2, ~k) |dd−1σ| |~k|d−1 d|~k|

Yqa�HKN�H |dd−1σ| WLO©V�a�H?d&O�dI>PJ�D\H�>POTd�N�HqCPe+V`a�H0d�@�WmV
(d−1) �

B�WLD\H	@�OTWLCE@�>PJ�O�Z&a�H	NTHPt-wx@\V�a�H?M	>PO�H
d = 3

k
d2σ

WLO�V�a�H_WL@&F�@�W]V�H	O�W]D�>AJ�OTCEJLW]B�>P@�^PJLHPt+�(>A�-W]@�^�V`a&H�B�H	NTW]sA>AV�W]sEH;YqW]V`a�NTH	OTZ+HKMKVgV`C
ω+W]@XV�a�WLO�HKc�dI>AV`W]CE@X^EW]sPH	Og¤

d

dω+

[[

PI

]]

(~r1, ~r2) =
(2 π)−d

c

(ω

c

)d−1
∫

c2|~k|2=ω2

e(~r1, ~k) e(~r2, ~k) |dd−1σ|

wx@)V`a&WLOrefCENTD�d�JL>&k�CE@�H�M�>A@7NTH	MKCE^E@�W]�	H�V�a�H�M	NTCEO�O~QxM	CPN�N�HKJU>AV�WLCE@�CPe�N`>P@�B&CED�OTM�>AVTV`HKN�H	BXYr>{sPH	OqCPe
efNTH	c�d�H	@&MKo

ω
N�H	MKCEN�B&H	B|>jVqZ+CEW]@pV`O

~r1
>P@�B

~r2
V`aI>AVqM	>P@7n+H�YqN�WmV�V�H	@7>POg¤

Ĉ(ω,~r1, r2) =
1

σd−1

∫

c2|~k|2=ω2

e(~r1, ~k) e(~r2, ~k) |dσ|
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Yqa�H	NTH
σd−1

B�HK@�CPV`H\V`a�H\V`CPV`>PJ�sECPJLd�D\H2CAelV`a�H\d�@�WmV�OTZ�a�HKN�H�W]@
R

d−1 ¤
σ0 = 2

k
σ1 = 2 π

k
σ2 = 4 π

k't	tKt
�?OTWL@�^zV`a�H#VxY<C�Z&N�HKs-W]CEd�OqH	c�dI>AV�WLCE@�k&YrHgFI@�B

d

dω

[[

PI

]]

(~r1, ~r2) =
σd−1

(2 π)d

1

c

(ω

c

)d−1

Cω(~r1, ~r2)
� ü�� t /E¥

��a�HXZ�N�C �TH	MKV�CEN
PI

B&HKFI@�HKB¬Z&N�HKs-W]CEd�O�Jmo�M	>P@,>PJLOTC|n%H�YqN�W]VTV`HK@¨d�O�W]@�^|V`a�H)NTH	OTCEJ]sPH	@pVzCPeqV`a�H
CEZ%H	N`>jV`CEN

L
d&O�WL@&^zV�a�H �l>Pd�MbapoXefCEN�D�d�JU>�¤

PI =
1

2 i π

∫

γI

(

L+ λ
)−1

dλ

Yqa�H	NTH�>
γI

WLO0>_M	CE@pV`CPd�NqWL@�V`a&H5MKCED\Z�JLH h)Z�JL>P@�H#Yqa�W]Mba"NTH	OTV�N�W]MKV`W]CE@)V`C_V`a&H5NTH�>PJ>�h&W]O�WLO
I
t

=

<

I

γ+
I

γ−I

������� �W�{�Û�	�
γI
Ä�Å Ë Ç=ÐHÁ�
�ÆªÀªÂ�À Ë Â�ëÂ Ô �QÄ�� Ë Â� Ê�Ã Á

γ+
I

Å ËfÌ
γ−

I

Ô Ï�À�Ä?Ï$Å Ã ÐZÄ�� Ò 
�Æ�Ð��qÄ�� Ë��ùÊ ÉvÅ�Â?Ð(Å ËfÌÑ �kÆªÆ�� Ô Ð Ì À Ë ��
�
��bÁ:ÀªÂ?Ð Ì À Ã Ð�Ä¢Â:À�� Ë »

��a�WLOrM	CE@pV`CPd�NlM�>A@�n+H�O�Z�J]W]V<WL@pV`C�VxY<C_M	CP@�V�CEd�NTOlB�HKF�@�H	B)npo
γ+

I =
{

λ ∈ γI | =(λ) ≥ 0
} >P@&B

γ−I =
{

λ ∈ γI | =(λ) < 0
} �

= B�HK@�CPV�H	OlV`a&H#WLD2>P^EW]@I>PNTozZ�>PNTV ¥ >POlOTH	HK@7W]@)(W]^�t ü � t ü t �?O
γ+

I>P@�B
γ−I

>PN�HzefCEJLJ]C{YrHKB�W]@�CEZ&Z+CEOTW]V�H2B�W]N�HKMKV`W]CE@�O5>P@�B�>PO5V�a�HKo�>PNTH2MKCED\Z�JLH hyM	CE@��Td&^p>AV`HKO	k�Y<H
^EHKV5¤

PI =
1

2 i π

∫

γ+

I

[

(

L + λ
)−1 −

(

L + λ
)−1

]

dλ

=
1

π

∫

γ+

I

=
(

L+ λ
)−1

dλ

>P@�BXV`a�HK@'k�Vb>A�-W]@�^_V`a�HgW]@�V�H	^EN�>PJ'�AH	N�@&H	JCPe�V`a�W]O�Hih Z�N�HKO�OTWLCE@'k

[[

PI

]]

=
1

π

∫

γ+
ε

=
[[(

L + λ
)−1 ]]

dλ

= − 1

π

∫ ω+

ω
−

=
[[(

L+ (ω + i0)2
)−1]]

2ω dω
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Yqa�W]Mba"J]H�>PB&OlV`CzV`a�H;u-V�CE@�H#efCENTD�d�JU> k&d�OTWL@�^_V`a&H5B&HKFI@�WmV`W]CE@XCPe
Ĝ

[[

PI

]]

(~r1, ~r2) = − 2

π

∫ ω+

ω
−

ω =Ĝ(ω,~r1, ~r2) dω
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ω+

k

d

dω+

[[

PI

]]

(~r1, ~r2) = − 2ω

π
=Ĝ(ω,~r1, ~r2)
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Ĉ(ω,~r1, ~r2) = − 2d+1 πd−1

σd−1

cd

ωd−2
=Ĝ(ω,~r1, ~r2)
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OTWLn�J]H#V`C\D�>P�AH5V�a�H	CPN�HKV�WLM	>PJ�H	ORV`WLD2>AV�H	O �5B2+�����C�� ��*d+�	.- k ý7��� �p> 0�  ���>����� k ý7��� � 0� +?t ��+ ��*,+�	.- ký���� �AB 0 m`�>+�n���� +��� BO��t�u
�rC k ý���� �P> ¥ t%�?JLJ�V`a�HKO�Hz>Pd&V�a�CENTO#aI>�sEH_MKCE@�M	J]d�B�HKB'k'@�CPV#O�d�NTZ�N�W]O�WL@-Q
^EJmoEk�V`aI>jVrV`a&H#M	CE@psPH	N�^PH	@�MKH5Z&N�C-M	H	HKB�O�JLW]�PH0V`a�H#OTc�dI>PN�H�NTC CAVlCPe�V�a�H�>PD\CEd�@pVlCAeBI>AVb>;d�O�HKB7W]@
V�a�H�MKN�CEOTORQxMKCEN�NTH	JL>AV`W]CE@'t�u W]^E@I>PJ�QSV`CjQ	�?CPWLO�H�=?>jV`WLC � u
��= ¥ kWªt�HPtmk��gNTH	H	@��³O5efd�@�MKV�WLCE@�>PD\Z�JLWmV`d�B�H
C{sEHKNqN�H	OTWLB�d�>PJ1kId&MKV`d�>AV`W]CE@�O	k&WLOlZ�NTCEZ%CENTV�WLCE@I>AJ%V�C�V`a�W]OlO�c�dI>PNTHgN�C-CPV�t���d�>P@pV`W]V`>AV`WmsEH?H	OTV�WLD2>AV`HKO
CPe<V`a�H2c�dI>PJLWmVxo�CPe<V`a�H\M	CE@psPH	N�^PH	@�MKHX>PN�H\D2CPN�HzMbaI>PJ]JLH	@&^EWL@�^&t m`�>+�n����@+��� BO��t�u
�rC � ý���� �P> ¥
M	>PJLMKd�JU>AV�H	B�V�a�HXN�H	OTWLB�d�>PJlH	NTN�CEN_W]@�>�O�M�>AJU>PN�Yr>�sEH7M	N�CPO�ORQSM	CENTN�HKJU>AV�WLCE@'k�>P@�B�efCEd�@&B,WmV�V`C£n%H
Z�NTCEZ%CENTV�WLCE@I>AJ'V`C�V�a�H�H	@&H	N�^AovW]@"V`a&H�B�W]�+d�OTH;FIHKJLBvV�WLD\H	OqV`a�H;nI>P@�B&YqW]B&V`a|V�WLD\H	OqV`a�H5efCEd�NRV`a
Z%C{YrHKN�CPe�M	H	@pV�N`>PJ�efNTH	c�d�HK@�MKoPt%��O�WLD\WLJL>PN§M�>PJ]M	d�JL>AV`W]CE@2efCPNlM	J]CEO�HKB)OTo-OTV�H	D\OqYr>PO�MKCE@&FINTD2HKB7W]@
JL>Pn+CPN`>AV�CENTo7D\H�>POTd�N�HKD2HK@�V�O ��m`�>+�n���� +��� BO��t�u
�rC k ý���� �An ¥ t+��a�HzN�HKO�WLB&dI>PJ(HKN�NTCEN#Yl>AO5MKCED_Q
ZI>AN�H	B�V�CXV�a�Hz>PD\Z�JLWmV`d�B&H�CPer>�N`>�o£>PNTN�WmsP>AJ�H h&Z%H	MiV`HKB�WL@|V�a�H_M	CP@�sPH	NT^EH	B�M	N�CPO�ORQSM	CENTN�HKJU>AV�WLCE@'t
±§>PMba�N�>�o�>AN�N�WmsA>PJ�>PD\Z�JLWmV`d�B�H

A
B�H	Z%H	@&B�OrCE@ ü�¥ V�a�H0^EH	CED\HKV�N�W]M�>PJIOTZ�N�H	>PB�WL@&^�CPe�V�a�H#�gNTH	H	@��³O
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efd�@�MiV`WLCP@'kI>P@�B ýP¥ V`a�HgOTZI>AV`WL>PJ%Hih-V`HK@�O�W]CE@"CAe�V�a�H�@�CEW]O�H#OTCEd�NTM	H	O�V�aI>AVqM	CPa�H	NTH	@pV`Jmo�M	CP@�V�N�W]n�d&V`H
V`CyV`a�Hv�gNTH	HK@'�³Ozefd�@�MiV`W]CE@¬NTH	MKCE@�OTV�N�d�MiV`W]CE@'t§��a�WLO\�	CP@�H"W]OzMbaI>PN`>AMKV`HKN�W]�	H	B¬npo¢>£B�W]N�H	MiV`Wms WmVxo
>P@�^EJ]H

δθ =
√

c
r ω

k�Yqa�HKN�H
r
WLOqV`a&H�O�CPd�N�MKHiQxNTH	MKH	W]sPH	N�B�W]OTV`>P@�M	HAt+��a&H�N`>�o">PNTN�W]sA>PJ'Yr>PO#OTa�C{Yq@

V`C#n%Hl>AZ�ZI>PNTH	@pV©WL@5V`a�H<M	NTCEO�O~QxM	CPN�N�HKJU>AV�WLCE@;W]e
δt δω � Ad−1 kjYqa�HKN�H δt W]O�V�a�H�>PD\CEd�@pV�CPe�BI>AV`>

N�HKM	CENTB�H	D\Z�JLC{oEHKB � V�a�WLO?WLO�CAe�V`H	@�D\CE@pV`a&O#WL@"O�H	W]O�D\WLM�>PZ�Z�J]WLM�>jV`WLCP@�O ¥ k
δω

W]O?V�a�H�nI>P@&B&YqWLB&V�a
CPe�WL@pV`HKN�HKOTV � CAe�V`H	@y>PNTCEd�@�B ü °0�_CEN#J]H	O�O�W]@|O�HKWLOTD2W]M_>PZ�Z�J]WLM	>AV`W]CE@�O ¥ k%>P@�B

A = r ω / c
k � V�a�H

O�CEd&N�M	H QxNTH	M	HKW]sPH	NzB�WLORVb>P@&M	H
r
V�WLD\H	O5V`a�H�Yr>�sEH	@�d�D�n+HKN

k = 2 π / λ
¥ t(��a�H)Z%C{YrHKNzWLO�HKc-d�>PJ

V`C�CE@&H�JLHKO�O�V`a�>P@�V`a�H�B�WLD\H	@�OTWLCE@
d
CAe�V`a�H)Z�NTCEZI>P^E>AV`W]CE@ 0 V`a�d�O

d − 1 = 1
efCEN_=0>�o J]H	W]^Ea

Yl>�sPH	O	tE#©N�CEZI>A^p>AV`W]CE@£n+HiVxYrHKH	@¨B�W]OTV`>P@pV;OTCEd�NTM	HiQSN�HKM	H	WmsEHKN�ZI>PW]N�OKk>P@�ByZ�N�CEZ�>P^p>AV�WLCE@£WL@£V`a&N�H	H
B�WLD\H	@&O�WLCP@�O	k&>PN�H�HKO�Z%H	M	WL>PJLJmo�Mba�>PJLJ]H	@�^EW]@�^�V�C\NTH	OTCEJ]sPHPkIJU>AN�^EHKJ]o\B�d�H�V`C�V�a�H�YrH	>P��@�H	OTO?CAe(OTd�Mba
N`>�oX>PNTN�WmsP>AJLO	t
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#©N`>PMiV`WLM	>PJLJmo%k MKN�CEOTORQxMKCEN�NTH	JL>AV`W]CE@�M�>A@7n%H�d�OTH	B">AV�B�Wm��HKN�H	@pV�OTM�>PJ]H	OlV�C\W]D�>A^EH?ORV`NTd�MKV�d�N�HKO0efNTCED
@�CEW]O�HPt?°?HKN�HAk?Y<H�Z�N�HKO�HK@�V�>P@²Hih&>PD\Z�J]H�CPe�O�H	W]O�D\WLMy@�CEW]O�H�Z&N�C-M	H	OTO�W]@�^¢V`C¬Z�N�C-B�d�MKH�a�W]^Ea Q
N�HKO�CEJ]d&V`W]CE@¢=0>�o-JLH	W]^Ea¬>P@�B 	�C{sEH7Yl>�sPH	O�^ENTCEd�Z�sEHKJLC-M	W]Vxo�D2>PZ�OzefCEN\>�NTH	^EW]CE@,O�d�NTN�CEd�@&B�WL@�^
V`a�H5±©d�NTCEZ+H	>P@X��J]Z�O	t&��H#efC-M	d�OTH	BXCE@)V`a�H
����Q]� � O��Z%H	NTWLC-B�nI>P@�B�k&Yqa�H	NTH;OTd�NTe�>AM	H#Yr>{sPH	O?>PN�H
D2CPOTV`Jmo�OTH	@�OTW]V`WmsEH�V`C_V�a�HgM	N�d&OTV�t

 *]� � 	�� ��*j+�	.-A� ý7�����p¥ aI>�sEHzO�a�C{Yq@£V`aI>jV#V`a�H_OTH	W]O�D\WLM�@&CEWLOTH�O�CEd&N�M	HKOgWL@|V`a&H�� �{Q ý�� O���Z%H	N�W]C B
nI>P@�BzMKC�sPH	N�>�JU>PNT^EHrOTd�NTe�>AM	HlYqa�HK@2W]@�V�H	^EN�>AV`HKB_C{sEH	N�>#J]CE@�^#V`W]D2HAtA��a&WLO§>PJ]JLC{YqO(d�O�V�CgN�HKV�N�W]HKsEH
V`a�H)�gNTH	H	@��³O�efd�@&MKV`W]CE@�n%HKVxY<H	HK@�VxY<C�OTV`>AV`W]CE@�O;n�o�M	CENTN�HKJU>AV�WL@�^7nI>PMb��^ENTCEd�@�B�O�HKWLOTD2W]M�@�CEW]O�H
N�HKM	CENTB�O	t%��a�H�HKD2HKN�^EW]@�^zO�W]^E@I>PJCPe�V`a�H �?CEW]O�H �rCEN�NTH	JL>AV`W]CE@7�d&@�MKV�WLCE@ � ���l ¥ WLO0B�CED\WL@I>AV�H	B
npo_O�d�NRe�>PM	H�Yr>�sEH	OKk�O�WL@&M	HlV`a&H�nI>PMb��^EN�CPd�@�B\O�H	W]O�D\WLMl@&CEWLOTH�D�>PW]@�J]ogMKCE@�OTWLOTV�O§CPe%O�d�NRe�>PM	H�Yr>{sPH	OKt
��a�HgN�HKM	CE@�ORV`NTd�MKV�H	Bv�gNTH	H	@��³O�efd�@�MiV`W]CE@�O�>PNTH�OTV`>Pn�JLH�C�sPH	N�V`W]D2H�>P@�B)NTCEn�d�ORVqH	@�CEd&^Ea)V`C_D\H�>jQ
O�d�NTH"OTd�NTe�>AM	HXYl>�sEH"Z�N�CPZI>P^p>AV�WLCE@¨V�WLD\H	O�YqW]V�a¢>�Z�NTH	MKWLO�W]CE@,CPe�>|efHKY V`H	@pV�a�O2CAe�>£O�H	MKCE@�B'k
WL@�B&H	Z%H	@�B�HK@pV`J]ozCAe+V�a�H�>A�	WLD�d&V`azCPe%V`a�HqMKCE@�O�W]B�H	NTH	B2OTVb>jV`WLCP@\Z�>PWLN©ZI>jV`a �  *5� � 	�� ��*K+�	.- k ý����?/P¥ t
#(>POTO�WmsEHgWLD2>P^EW]@�^5efNTCED O�H	W]O�D\WLM#@&CEWLOTH�>P@�BX=0>�o J]H	W]^Ea�Yr>{sPHg^EN�CEd&Z�sEH	J]C MKW]V�WLH	O<aI>POlFINTOTVqn%H	HK@
d�O�HKB�npo �� +�������� ��*E+�	.-1� ý���� � ¥ >P@�B  +?t �>+`��*E+�	.-�� ý���� �AM ¥ Yqa�C5Z�NTC�s-W]B�H	B\WLD2>P^EHKO�CPe%V`a�H �l>jQ
JLWmefCEN�@�WL>P@_M	NTd�OTV	t ¦ CEN�H0N�HKM	H	@pV�J]oEk-@�CEW]O�H0nI>POTH	B�OTd�NTe�>PMKHiQªYl>�sEH?V`CED\CE^EN�>PZ�apo_aI>PO<n+HKH	@)>AZ�Z�JLW]H	B
WL@|��W]n+HiV ���=+�� ��*j+�	.- k ý������E¥ k �?HiY���H	>PJU>P@&B �5B �����*j+�	.- k ý7���?/E¥ k��0CEN�H	> � 	 +��' +��� �� �� ký������E¥ k%>P@�B|V�C�Z�NTC B�d&M	H�JL>PN�^EH QxOTM�>PJ]H;=0>�o-JLH	W]^Ea"Yr>�sEH_^ENTCEd�ZvsPH	J]C MKW]Vxo7D�>AZ�O�>AM	N�CPO�O�±©d�NTCEZ+H
���=+��'Q��*9+�	.- k ý�����/E¥ t

��HXd�OTH	B¬CE@�H�oEH	>PN\CPe0M	CE@pV`W]@�d�CEd�OzN�HKM	CENTB�OzefN�CED ��MiV`CEn%H	N ý7��� ��V`C �#MKV�CEn+HKN ý���� �vefNTCEDü � � � QSM	CED\Z%CE@�H	@pV�O�n�NTCp>PB�nI>A@�B�±©d�N�CEZ%H�>A@,ORVb>AV�WLCE@&O	t ��d&N_>PWLD W]O;V`C|efC-M	d&O�CE@�V`a&H���J]Z�O	k
Yqa�H	NTH;Y<H;a�>{sPH�>zZI>PNRV`WLMKd�JU>AN�J]o2a�W]^EaXB�H	@�OTW]VxoXCPe(OTV`>AV`W]CE@�O � (W]^�t ü � t ýP¥ tI��J]J'V`a�HgNTH	M	CPN�B�O?>PN�H
Z�N�C-M	HKO�OTH	B�B�>{ozZ%H	N©B�>{oPt�(WLNTOTV©V�a�H�BI>AV`>5>AN�HqB�H	MKWLD2>AV`HKB_V`C ü °?�0>P@�BzM	CPN�N�HKMKV�H	BzefCEN�V`a�HqW]@�ORQ
V`NTd�D2HK@pVb>PJ�NTH	O�Z%CE@�OTHPt �?CENRV`a7>P@�B"±§>POTV?a�CENTWL�KCE@pVb>PJ'MKCED\Z+CE@&H	@pV`O0>PNTH5NTCPVb>jV`H	BXV`C\^EHiV?N�>PB�WL>PJ
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>P@&B,V�N`>P@�ORsEHKN�O�H"M	CED\Z%CE@�H	@pV�O\YqWmV`a�N�HKO�Z%H	MKV\V`C£V`a&H"W]@�V�H	N~QxOTV`>AV`W]CE@�>P�KWLD�d&V�a't���a�H7N�HKM	CENTB�O
>PNTH2V�a�H	@�nI>P@&B QxZI>AO�O�FIJmV`HKN�H	B�>P@�B�V`a&H	WLN;O�Z%H	MiV`N�d&D Yqa�WmV`HK@�H	B�n%HKVxY<H	H	@ �v>A@�B ü � � OKt���H
MKCEN�NTH	JU>jV`H	B2O�W]^E@I>PJ]O�NTH	MKCEN�B�HKB�CE@\V`a�H?M	CED\Z+CP@�H	@pV`O�V`aI>jVrMKCEN�NTH	O�Z%CE@�B2V`C;V�a�H�@&CE@ Qx�KH	NTC;V`HKN�D\O
CPe�V`a&HzV�a�H	CPN�HKV�WLM	>PJ�H	JL>POTV�WLM\��N�HKH	@'��O�V`H	@&O�CEN � � �(k �'=5k�= �(k�=0=5k'>P@�By����k�B�d�H_V`C7OTo-D\D2H Q
V�NTo"M	CE@�OTWLB�HKN`>AV�WLCE@&O ¥ t'u d�n�OTH	c�d�HK@�V�J]oPk�M	CENTN�H	JL>AV`W]CE@�O0CPe�CE@�H QxBI>�o"N�H	MKCEN�B&Og>PN�H�ORVb>PMb�AH	B't���a�W]O
W]Oz>PZ�Z�NTC{h W]D�>AV�H	Jmo�HKc-d&W]sA>PJLHK@pV_V`C£M	NTCEO�O~QxM	CPN�N�HKJU>AV�WL@�^�B&WLN�HKMKV�J]oyV`a�H)Yqa�CEJ]H�oEH	>PNzCPe�NTH	MKCEN�B�OKt
=0>�o J]H	W]^Ea7>P@�B 	C{sPH5Yr>�sEH	O�B�WLOTZ+HKN�O�W]CE@7M	d�NRsEH	O�>PN�HgHisP>AJLdI>AV�H	BXefN�CED�V`a�HgH	D\H	NT^EWL@&^���N�HKH	@'��O
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efd�@&MKV`W]CE@Xd�O�W]@�^zefN�H	c�d�HK@�MKopQªV`WLD\H5>P@I>PJmo-O�WLO �%BX��n C � �� ��*9+�	.- k ü�p F pq0 4&��* �
	,�
	�	r���S+��� BX��n C � �� kü�p�p F ¥ efCEN©V`a&H ü / k ����� W]@pV`H	N~QxORVb>AV�WLCE@zZI>AV�a�O	t-ICEN§H�>AMba�ZI>AV�a2Y<H?^PHKV<H	WL^Pa�V�HisP>AJLdI>AV�WLCE@&O©CPe�V�a�H
=0>�o J]H	W]^Ea QSYr>�sEH)B�W]O�Z%H	NTO�WLCP@¨M	d�NRsEH	O\npo�MKCE@�O�W]B�H	NTWL@�^|efCPd�N�M	CPD2Z%CE@�HK@�V�OzCPeqV`a�H)MKCEN�NTH	JU>jV`WLCP@
V�H	@�OTCEN � � �(kE=0=gkp= �X>P@�B �'= ¥ >P@�Bzn%CPV`a_V`a&H0Z%CEOTW]V`WmsEHq>P@&BzV�a�Hq@�H	^E>AV`WmsEH�ZI>PNRV§CPe%V`a�H � �l<t
u W]D2W]JU>PNTJ]oPkEYrHg^EHiV�VxYrCzH	ORV`W]D�>AV�H	O�CPeV�a�H 	�C�sPHiQªYl>�sEH;B�WLOTZ+HKN�OTWLCE@)MKd�NTsPH	OqefN�CED�Z+CEOTW]V�W]sEH#>P@�B
@�HK^p>AV�W]sEHgZI>ANTV`O�CAe�����MKCEN�NTH	JL>AV`W]CE@�O	t
��H|N�H �TH	MiV�Yl>�sPHKefCENTD2O ü�¥ YqW]V`a u ��= � N`>jV`WLC�n+HiVxYrHKH	@�=?>�o-JLHKWL^Ea,Yl>�sPHP��O">AD2Z�J]W]V�d�B�H">P@�B
@�CPWLO�H_sA>PNTWU>P@�MKH\>Ae�V`HKN;WmV ¥ JLC{Y<H	NgV`aI>A@�O�HisEHK@ 0,ýE¥ YqW]V�a�^PN�CEd�Z£sEHKJLC-M	WmV`WLHKOgD2H	>PO�d�NTH	B�CE@�V�a�H
Z%CEO�WmV`WmsEHg>P@�BX@�HK^p>AV�W]sEH�MKCEN�NTH	JL>AV`W]CE@�V`W]D2H#B&W]�+H	N�W]@�^�npo)D\CEN�H#V�aI>P@ ��Z+HKN�MKH	@pV 0 >P@�B �p¥ YqWmV`a
ZI>jV`a�O)OTa�CENTV�H	N)V`a�>P@ VxYrC�Yl>�sPH	JLHK@�^PV�a�Ov>jV�V`a�H£OTH	JLHKMKV�H	B¡Z+HKN�WLC-B®efCEN�V�a�H�^ENTCEd�Z sEHKJLC-M	W]Vxo
D2>PZ't���a&WLOzN�HKO�d�JmV`OzWL@�>Pn%CEd&V � k � ��� Z�>AV`a�OzC{sEHKN\V�a�HXWL@�WmV`WL>PJ ü�ü k ����� WL@pV`HKNRQSOTVb>jV`WLCP@�O�ZI>AV�a�O
>AV ü � O � �WL^�t ü�� t ýE¥ t���H_V`a�HK@�>PZ&Z�J]o|>XV�CED2CP^EN`>PZ&a�WLM;WL@psEHKN�O�W]CE@£efCEJLJ]C�YqW]@�^ $;+���� �� ��*;+�	.-
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δω

ωc+δω/2
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ωc−δω/2

N
∑

i=1
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(

i
ω

c
(xi sin θ + yi cos θ)

)
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B�HiV`HKN�D\WL@I>AV�WLCE@5CPe�>A@_>�sEH	N�>P^EHr>PZ�ZI>PNTH	@pV©W]@�M	CED\WL@&^qsPH	J]C MKW]Vxo�efCEN�V`a�W]O��KCE@�Hrd&O�WL@&^#Z�JU>A@�H�Yr>�sEH
n%H�>PDzefCENTD2W]@�^�t�wx@Xn+CPV�a)CPe�V`a�H}efN�HKc-d&H	@�Mio)nI>P@�B&O	k�V`a&H�@�CEWLOTH#FIH	J]B)M	J]H�>PNTJ]o2CEN�W]^EWL@I>jV`H	O�efN�CED
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V`a�H,#(>PMKW]FIM �#M	H	>P@;YqWmV`a�>A@�WL@&M	WLB&H	@pV�B�WLNTH	MKV�WLCE@
θ0 = 55◦

CE@;V�a�H,#�>PN��pFIHKJLB;@�HKVxY<CEN���t ��@5V`a�H
CPV`a&H	NlaI>A@�B'k V�a�H²n%H�>PDzefCENTD2HKN�W]@�V`a&H � � t ý Q � t �P°?� ��nI>A@�B�Hih a�W]n�W]V�Ol>P@X>AZ�ZI>PNTH	@pVlsEHKJLC-M	WmVxo2CAeý t�F;��D �jO�MKCED\ZI>AV`W]n�JLHlYqWmV`a2>;=0>�o-JLH	W]^EazYl>�sEH � (W]^�t ü�� t / > ¥ kEYqa�W]JLH�V`a�H n%H�>AD\efCENTD2HKN©WL@zV`a�H
� � t � Q ü t � °?� ��nI>P@&ByOTa�C{YqO5>P@y>PZ�ZI>PNTH	@pV�sEHKJLC-M	WmVxovCPe,����D �jO � (W]^�t ü�� t / n ¥ t'u WL@&M	Hz(W]^�t ü � t /

������� �����êó � �DË É Ê ÆíÅ Ã �ñÁ
KÐ�Ð ÌðÌ À�Á:Â Ã ÀªÇ Ê Â:À�� Ë � Ñ 
 Ã Ð � 
 Ã �}Ä�Ð�Á�Á?Ð Ì À Ë Ä�� Ò À Ë É Ë �kÀ�Á?Ð � Ë Â:ÏfÐ	�¯Å Ã È��MÐ¢Æ ÌË Ð¢Â Ô � Ã ÈIÅ Ø Ð Ã Å�É�Ð Ì � Ø Ð Ã � Ë Ð Ò � Ë Â:Ï�»���ÆíÅ Ë Ð Ô Å Ø ÐYÇ=Ð�Å ÒFÑ � Ã:Ò À Ë ÉtÀ�ÁZÁ Ê�Ò�Ò Ð Ì À Ë Ä��kÏfÐ Ã Ð Ë Â:ÆªÓ � Ø Ð Ã¹�ºbº Ñ�Ã Ð � Ê Ð Ë Ä¢À�Ð�Á ÑÛÃ � Ò � Å
	SºW»½Í2Â�*ºW»½ÕZ¾��4Å ËfÌ ��Ç�	SºW» �HÂ�T¹b»½¼H¾ ��»vÎ·ÏfÐ � �dÅ �WÀ�ÁSÄ�� Ã:Ã Ð�Á�
�� ËfÌ ÁLÂ� Ë �kÀ�Á?ÐÌ À Ã Ð�Ä¢Â:À Ø ÀªÂñÓ
θ
� Ë � Ã Â:ÏqÀ�Á

0◦
»

N�HisEH�>AJLOg>�ORV`N�CP@�^�B�W]N�H	MiV`Wms WmVxo7WL@vV�a�H�O�HKWLOTD2W]M;@�CPWLO�HAk�CE@&J]o OTV`>AV`W]CE@|ZI>PW]N�O�>PJLW]^E@�H	B7YqW]V�avV`a�H
@�CEW]O�H�D�>PW]@;B&WLN�HKMKV�WLCE@

θ0
>PNTH<Mba�CPO�H	@�V�C�MKCED2Z&d&V`H§V`a�H�Z%CEWL@pVTQªV`CAQSZ+CPWL@pV � �lrtj=qH	ORV`N�W]MKV�WL@�^qV`a�H

M	NTCEO�O~QxM	CPN�N�HKJU>AV�WLCE@&O�V�C?V`a&CEO�HlZ�>PWLNTO�HK@�O�d�NTH	O(V�aI>AV ü�¥ V�a�H<V�N`>�sEHKJ V�WLD\H�CAeIV`a�H<D�>PW]@;Z%H�>A�5CAe�V`a�H
� �l,WLO�@�CPV0n�WL>PO�HKBv>A@�BvMKCEN�NTH	O�Z%CE@�B&O0V�C\V�a�H5>PMKV�dI>PJ�V`N�>{sPH	J�V`W]D2H�CAe�V�a�H���N�HKH	@'��Oqefd�@�MKV�WLCE@
n+HiVxYrHKH	@XV`a�H�ORVb>AV�WLCE@&O �   ���>����� k ý���� � 0 4&�
(�6i��*a+�	.- k ý���� �An ¥ >P@�B ýE¥ V`a�H5u �?=�CPe�V�a�H ���l
WLO\D�>�h&W]D2W]�	HKB'tA#©N`>PMiV`WLM	>PJLJmo¨O�Z%H�>A�-W]@�^�k ü � �£OTV`>AV`W]CE@¢ZI>AWLN�O2>PNTH"OTH	JLHKMKV�H	B WL@,V`a�H #(>PNT�pFIH	J]B
@�HKVxY<CENT��Yqa�CEO�H;>P@�^PJLH	O

θij
>PN�H�W]@�M	J]d�B�HKB7W]@X>_B�WLNTH	MKV�W]s-W]Vxo�>P@�^EJ]H

δθ = |θij − θ0| 6

√

c
Rij ωcB�H	Z%H	@&B�H	@pVqCE@\V`a�H?B�WLORVb>P@�MKH

Rij

n+HiVxYrHKH	@XOTV`>AV`W]CE@�O�>P@�B�V�a�H?efNTH	c�d�HK@�M	W]H	OrMba�>PN`>PMiV`HKN�WLORV`W]M	OrCAe
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V�a�HgO�H	W]O�D\WLM�@�CPWLO�H#F�H	JLB �%4j�
(76Q+��� 	S( � �����`+� k ý7��� � ¥ t
��a�H � �l WLOgMKCED2Z&d&V`HKByefCENgH	>PMba�OTH	JLHKMKV�H	B�ORVb>AV�WLCE@£ZI>AWLN5>POgWL@y±©c�t ü � t � CPe�u H	MiV`WLCP@ ü�� t � k
>P@&B�>�sEH	N�>P^EHKB7C{sPH	N ��� BI>�o O<V`C�efd�NRV`a�HKNrW]@�M	NTH�>POTH�V`a�H#u ��=gt��WL^�t ü�� t FE>;WLO<>�B�WLOTZ�JU>�o\CPe�V�a�H
���l�O?CEn&V`>PWL@�HKB"efCENqV`a&H ü � �zO�HKJLH	MiV`HKB|ZI>PW]N�O0O�CENRV`H	Bvn�o">POTM	HK@�B�WL@&^�CP�+O�HKV

Rij

t+� Z�NTCEZI>P^p>�Q
V�WL@�^�Yr>�sEHiefN�CE@pV?M	JLH	>PN�Jmo2>PZ�Z%H�>PNTOq>AVqa�WL^Pa�efN�HKc-d&H	@�Mio � (W]^�t ü � t FAn ¥ Yqa�W]Mba7MKCEN�NTH	OTZ+CE@&B�O�V`Cz>
∼ ����D �AOlsEHKJLC-M	W]Vxo2Yl>�sPHPt%�[Z+CEJL>PN�W]��>AV�WLCE@2OTV�d�B&oXn%HKVxY<H	H	@7V`a�H �%Qx=�>P@�B �%Q �£MKCED2Z%CE@�HK@pV`O
CPe�V`a&H5MKCEN�NTH	JL>AV`W]CE@�V`HK@�O�CENqMKCE@&FINTD2HKB7V�a�HS#�QªYl>�sPH;@I>jV`d�NTH5CAe(V`a&WLOlYr>{sPHKefNTCE@pV �%4j�
(76 ��*,+�	.- ký���� �P> ¥ t'��CEWL@&^�nI>PMb�XV`CX�WL^�t ü�� t / n'k�Y<H_@�CPV`H;V`aI>AV�V`a�H_>AZ�ZI>PNTH	@pV#sEHKJLC-M	WmVxovCPe©V�a�H #(QSYr>�sEH

��� ��� �W�{��ô � ��Å Ë É�Ð �hÂ:À Ò Ð Ã Ð 
 Ã Ð�Á?Ð Ë Â�Å�Â:À�� Ë � Ñ Â:ÏfÐ � � � Ä�� Ò 
�� Ë Ð Ë Â � Ñ Â:ÏfÐ Ë �kÀ�Á�Ð4Ä�� Ã:Ã Ð¢ÆíÅ�Â:À�� Ë Â?Ð Ë Á � ÃÅ Ø Ð Ã Å�É�Ð Ì � Ø Ð Ã � Ë Ð Ò � Ë Â:Ï.À Ë Â Ô � ÑÛÃ Ð � Ê Ð Ë Ä¢ÓëÇMÅ ËfÌ Á � Å
	��½ºW»ª¹ ��¹b»½¼*¾���� �WÅ ËfÌ ��Ç�	��½ºW» ����¹b»½¼(¾����ñ»��NÅkÄ?Ï

�Æ��kÂ0ÏMÅkÁ,Ç=Ð�Ð Ë�Ë � Ã:Ò Å�ÆªÀ ��Ð Ì Ç}ÓQÀªÂ?Á � Ô,ËòÒ Å �WÀ ÒZÊ�Ò »
MKCEN�NTH	O�Z%CE@�B&OgV�C�V`a�H #(QªsEH	J]C MKW]Vxov>AV#V�a�H�V`d�NT@�WL@&^)Z+CEW]@pV�t'=qH	MKH	@pVgWL@psPH	N�OTWLCE@&O�CPe§V`a�H #(QSYr>�sEH
sPH	JLC-M	WmVxo5Z�N�CPF�JLH�N�HKsPH�>PJ&>�OTV�N�CE@&^�sEHKJLC-M	W]Vxo5^EN�>PB�W]H	@pV�>jV(V`a&HrO�d&NTe�>PMKHPkAV�a�H&�?��D �AO�O�Z%H	H	Bzn%H	W]@�^
NTH�>PMba�HKBv>jVl@�C_D\CEN�H?V`aI>P@ ü t ����D W]@�B�HKZ&V`aXCE@�V�a�H#YrHKOTV0O�W]B�H#CPeV�a�Hgu ��rt&��a�W]O�M	CE@ FIN�D\O
V�aI>AV�V`a&H5@&CEWLOTH�O�CEd�NTM	HKO0V�aI>AVqHih MKW]V`HS#(QSYr>�sEHKO#>PNTH�JLC-M�>PJ�>P@�B7M�>P@'� V0n+H�MKCE@&efd�OTH	B7YqW]V`aXB�HKH	Z
W]@�M	W]B�H	@pV©Yr>{sPH	O�V`aI>AV©Y<CEd�J]Bza�W]V©V�a�H�O�HKWLO�D\WLMq>AN�N`>�o;YqW]V`a\>gD�d�Mbaza�W]^Ea�H	N§>AZ�ZI>PNTH	@pV§sEH	J]C MKW]VxoPt
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�#@�H¯apo-Z%CPV`a�HKO�W]O�WLOrV�aI>AV&#(QSYr>�sEHKO�>PNTH�JLC-M�>PJ]J]o_^PH	@�HKN`>AV�H	B7n�o�M	CE@psPH	N�OTWLCE@XCPe�W]@�M	W]B�H	@pV0=0>{opQ
JLHKWL^Ea\Yl>�sEHKOqM	CED\WL@�^gefN�CPD�V�a�H #�>PM	WmFIM#npo�J]C M	>PJ�a�HKV�H	NTCE^EH	@&H	W]V�WLHKOl>AV<V`a�H�±§>PNRV`a'��OlOTd�NTe�>PMKH#CEN
O�d�n&O�d�NRe�>PM	HAt

.0/21�� �@M 3SR�R¡6�:r3SR�P LSP�� T N 	�6� K:l6 �X6� 	�iL 6�)9��A3;:,P � 3�� Pq6 P�
 �
8�9�35:<8XPq� ��9�� M �)�; K6 P :<9���66 ��:r�59�9 PdR	3�8 K�;��1

wx@vV`a&WLOqO�HKMKV`W]CE@'kIY<H_>PMba�W]HKsEH�>P@vH h Z+HKN�WLD\H	@pV`>PJ�B�H	D\CE@�ORV`N�>AV`W]CE@"CAe�V`a�H5M	CPN�N�HKJU>AV�WLCE@XZ�NTC MKH	OTO
CPe'MKCE@pV`NTCEJLJ]H	B_@�CEW]O�HqO�CPd�N�MKH	O<>AV§V`a�HqD\HKV`HKN§O�M�>AJLHqd�O�W]@�^5>5J]WL@�H	>PN©>PNTN`>�o_CPe�>PMKM	H	J]H	NTCED2HiV`HKN�O	tpwSV
WLO#��@�C{Yq@�V`a�>AV#V`a&H_M	N�CPO�ORQSM	CENTN�HKJU>AV�WLCE@"CPe�O�H	W]O�D\WLM;@�CEWLOTH�n%HKVxY<H	H	@£VxY<C7NTH	MKH	W]sPH	NTO�M	CE@psEHKN�^EHKO
V`C{Yr>PN�B�O2V`a�H|�gNTH	H	@��³O\efd�@�MKV�WLCE@,Yqa�H	@ @&CEWLOTH"W]O2HKc-d&WLB�W]OTV`NTWLn�d V`H	B¬WL@¬>P�	W]D�d&V�a't§��a�H|O`>AD2H
N�HKO�d�JmV#M�>A@|n+H;CEn&V`>PWL@�HKB"YqWmV`avB&WLN�HKMKV�WLCE@I>AJ�@�CEWLOTH�Wme�@�CEW]O�H;O�CEd�NTM	HKO�>PN�H5JLC-M�>jV`H	B"WL@7V`a�H;H	@�B Q
FIN�HgJ]CEn+HKO�M	HK@�V�H	NTH	B|>AJLCE@�^;V`a�H5>PNTN`>�o�J]WL@�H#B&WLN�HKMKV�WLCE@ �%4j�
(76Q+��� 	S( � �����`+� k ý���� � ¥ t � a�HK@
@�CEW]O�HqWLO§@�CPV�W]O�CPV�N�CEZ�W]Mq>P@�B\@�CEW]O�HqO�CEd&N�M	HKOl>PNTHq@�CPV<>PB�HKc-d�>AV`HKJ]ozJLC-M�>jV`H	B_YqWmV`a\N�H	OTZ+HKMKV�V`CgV`a�H
N�HKM	H	WmsEHKN�O©>PNTN`>�oEk?!³M	CE@pV�N�CEJ]JLH	B��{@�CEWLOTH<OTCEd�NTM	H	O(M�>P@;n+H<d�O�HKB�V`C?Z�N�C-B�d�MKHl>PZ�Z&N�CEZ�NTWU>AV�H©Yl>�sEHiFIH	J]B
O`>AV�WLORe�o W]@�^"V�a�H�HK@�B QªFIN�H�J]CEn%H2MKN�W]V�H	NTWLCE@'t���a&WLO�W]O�ZI>ANTV`W]M	d�JL>PN�Jmo|d�OTHKefd�Jr>AV�OTD�>AJLJ©O�M	>PJLHKO�>P@&B
a�WL^PaXefNTH	c�d�HK@�M	W]H	OqYqa�H	NTH;J]C M	>PJ�OTCEd�N�MKH	O0OTV�N�CE@�^PJ]o�MKCE@pV`NTWLn�d&V�H�V`C_V`a�Hg@�CPWLO�H#Yr>�sEHiFIH	J]B't
� ü �AQSD2HiV`H	N�JLCE@�^¨J]WL@�HvCPe F�HisEHK@�J]opQxOTZI>PMKH	B�sPH	NRV`WLM	>PJ�>PMKM	HKJLH	NTCED\HKV`HKN�O)aI>AO7n%H	HK@�d&O�H	B V`C
N�HKM	CENTB�a-d&D�>P@vOTV`HKZ�O	t%��H;Yl>PJ]�PHKB�WL@"V�a�H�>AJLWL^P@�D2HK@pV?CAe©V`a�H�>PM	MKH	JLHKN�CED\HKV�H	NTO#JLW]@�HPk��\V�WLD\H	O
CE@�H2D2W]@-d V`H	O;CE@�H	>PMba�O�W]B�HPkefN�CPD � V`Cv>Pn+CPd&V ��� D2HiV`HKN�O�>�Yr>�o�efNTCED V`a�H�>PM	MKH	JLHKN�CED\HKV�H	N
>PN�N�>�oEtP��a&HlHih Z%H	N�W]D2HK@pVb>PJ�O�HiV`d�Z_Yr>PO�B�HKO�W]^E@�H	B;V`C#n%H<sPH	N�O�>AV`W]JLH?¤ ü�¥ V`a�Hr>PN�N�>�o;MKCE@&FI^Pd�N`>AV�WLCE@
D�>�o�WL@�MKJLd�B�H?d�Z)V`C ü�� CP@�HiQSM	CED\Z+CP@�H	@pV�OTH	WLOTD2W]M�ORVb>AV�WLCE@�O 0�ýE¥ V�a�H	OTH�O�H	W]O�D\WLM#OTH	@�OTCEN�OqMKCEd�JLB
n+H|>PM	MKH	JLHKN�CED\HKV�H	NTO�CEN\^EH	CPZ�a�CE@�HKO�B�HKZ+HK@�B�WL@&^¨CE@¢V`a&HvHih Z%H	MiV`H	B efNTH	c�d�H	@&MKo®n�>P@�B&YqW]B&V`a 0
�p¥ V`a�H5>PNTN`>�o�J]H	@�^AV`aXWLOq>PB �Td�OTV`>Pn�JLH#V�C\V�a�HgO�d�NRe�>PM	H�Yr>�sEHgYl>�sEHKJLHK@�^PV`a�t
��a�H7D�>PW]@¨>PB&sA>P@pV`>P^EH)CPe0V`a�W]O_OTo-OTV�H	D W]O�V`C�n%H7H	>POTo¨>P@�B¨e�>POTV_V�C£O�HKV�d�Z't �#d�Nz>PD�n&W]V`W]CE@
Yl>AOgV�CX>PMba�W]HKsEHz>�MKCED\Z�JLHiV`H�B�HKZ�JLC{o-D\H	@pV�k�>AM	c�d�WLOTW]V�WLCE@v>P@�B£Z�N�C-M	HKO�OTWL@�^)W]@£>PZ�Z�NTC{h W]D�>AV�H	Jmo
��� D\WL@�d&V�H	OKt���a&H�OTo-ORV`H	D B�HKO�WL^P@�D2>P�PHKO�W]VgsPH	NTo�M	CP@�sPH	@�W]H	@pV�efCENgJ]C M	>PJ§>P@�B�@�H�>PN;O�d�NRe�>PM	H
D2H	>PO�d&N�H	D\H	@pV�O	t
��a�HqH	@�HKN�^Po�O�Z%H	MKV�N�d�D CPe+V�a�H�N�HKM	CENTB�H	B\OTV�H	Z�O§OTZ�N�H	>PB�O§d�Z_V`C ü � � °0�Pt���W]sPH	@_V`a&HlefN�H	c�d�HK@�MKo
N�HKO�Z%CE@�O�HgCPeV�a�H�>PMKM	H	J]H	NTCED2HiV`HKN�Oq>P@�B�V�a�H�O�Z�>AV`WL>PJ+H h-V`H	@&O�WLCP@7CAe�V�a�Hg>PNTN`>�oEk&>�efN�H	c�d�HK@�MKoXW]@ Q
V`HKNTsA>PJ©N`>A@�^EWL@&^XefNTCED ü � V�C ü ��� °?�_Yl>AO;OTH	JLHKMKV�H	B�efCPN#V`a�H\>P@I>AJ]o-O�W]O	tu W]@�M	H_V�a�H_efN�H	c�d�HK@�MKo
O�Z%H	MiV`N�d&D CPe�V`a�H;OTV�H	Z�O?WLO0@�CPVjk�>AV?WL@XV`a�W]O0efNTH	c�d�H	@&MKo"WL@pV`HKNTsA>PJªk�>A@�B|>PO0M	CPN�N�HKJU>AV�WL@�^zW]O?D2>jQ
V`a�HKD�>jV`WLM	>PJLJmo�HKc�d�W]sA>PJ]H	@pVqV`C2>\OTZ+HKMKV`NTd�D Z�N�C-B�d�MiV�k�CE@�Jmo�V`a&H;D\CEOTVqHK@�H	NT^EWL�KWL@�^zefN�HKc�d�H	@�MKWLHKO
YqWLJ]J�H	D\H	NT^EH2W]@�V`a�H\M	CENTN�HKJU>AV�WLCE@£O�W]^E@I>PJ t���CvHK@�JU>PNT^EH_V`a�HzHi��HKMKV`WmsEH\efN�H	c�d�HK@�MKoynI>A@�B&YqWLB V`a'k
V`a�H0O�Z%H	MiV`NTd�D�CPe�V�a�H?NTH	MKCEN�B�O<WLO§H	c�dI>AJLWL�KH	B2WL@_V`a�H0O�HKJLHKMKV`HKB�efN�HKc�d�H	@�Mio�W]@pV`H	NRsA>PJ � ü � Q ü���� °0� �
n+HiefCEN�H�V�a�HgM	CENTN�H	JL>AV`W]CE@)Z�NTC MKH	O�OKt
��CvMba�H	Mb�yV`a�H2N�CEn�d&OTV`@&H	O�O_CAelV`a�H2M	CENTN�HKJU>AV�WLCE@yZ�N�C-M	HKO�OKkU�7CP@�HiQSD2W]@-d V`H\JLCE@�^7N�HKM	CENTB�O�Y<H	NTH
O�HKZI>PN`>jV`H	Jmo|MKCEN�NTH	JU>jV`H	B"efCEN#H�>AMba�>AM	M	HKJLHKN�CED\HKV�H	N�Z�>PWLNKt+��a�H�F&sEH�V`W]D2H QxB�CPD�>PW]@"MKCEN�NTH	JL>AV`W]CE@�O
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CE@&H5D\WL@�d&V�H�JLCE@&^_N�H	MKCEN�B7WLO�HKc�d�W]sA>PJ]H	@pV�V`CzM	CPN�N�HKJU>AV�WL@�^_B&WLN�HKMKV�J]o)>`��QSD2W]@�d&V`H#J]CE@�^zO�W]^E@I>PJ t
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C(τ, ~rA, ~rB) = lim
T→+∞

1

T

∫ T

0

u(t, ~rA) u(t+ τ, ~rB) dt

= lim
T→+∞

1

T

∫ T

0

dt

∫ ∞

0

ds

∫

X

d~rs Ga(s, ~rA, ~rs) f(t− s, ~rs)

×
∫ ∞

0

ds′
∫

X

d~rs
′ Ga(s′, ~rB, ~rs

′) f(t+ τ − s′, ~rs
′)
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E
[

f(t− s, ~rs) f(t+ τ − s′, ~rs
′)
]

= σ2 δ(τ + s− s′) δ(~rs − ~rs
′)

lim
T→+∞

1

T

∫ T

0

f(t− s, ~rs) f(t+ τ − s′, ~rs
′) dt = E

[

f(t− s, ~rs) f(t+ τ − s′, ~rs
′)
]

= σ2 δ(τ + s− s′) δ(~rs − ~rs
′)

Yqa�HKN�H
σ
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C(τ, ~rA, ~rB) = σ2

∫ ∞

0

ds

∫

X

d~rs Ga(s, ~rA, ~rs) Ga(s+ τ, ~rB, ~rs)
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C(τ, ~rA, ~rB) = σ2

∫ ∞

0

ds

∫

X

d~rs Y (s) Y (s+ τ) e−a s e−a (s+τ)

[[

sin s
√
−L− a2

√
−L− a2

]]

(~rA, ~rs)

[[

sin (s+ τ)
√
−L− a2

√
−L− a2

]]

(~rB, ~rs)

��Hgd�O�H�VxY<C�Z�NTCEZ+HKNTV�WLH	O�CAe�V�a�HgWL@pV`HK^EN`>PJ��PH	NT@�H	J§¤

[[

P
]]

(x, y) =
[[

P
]]

(x, y) =
[[

P
]]

(y, x)
∫

X

[[

P1

]]

(x, z)
[[

P2

]]

(z, y) dz =
[[

P1 · P2

]]

(x, y)
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C(τ, ~rA, ~rB) = σ2

∫ ∞

0

ds Y (s + τ) e−a (2 s+τ)

[[

sin s
√
−L− a2

√
−L− a2

sin (s+ τ)
√
−L− a2

√
−L− a2

]]

(~rA, ~rB)

�?OTWL@�^
sinα sin β = 1/2

(

cos(α − β) − cos(α + β)
) >P@�B£MKCED2Z&d&V`W]@�^�V`a&H_WL@pV`HK^EN`>PJ�C{sEHKN

ds
k�YrHg^EHiV�±©c�t ü�� t �X¤

C(τ, ~rA, ~rB) =
σ2 e−a |τ |

4 a

[[

(−L)−1

(

cos τ
√
−L− a2 + a

sin |τ |
√
−L− a2

√
−L− a2

)

]]

(~rA, ~rB)
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