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,,,�62/87,216�$1'�&21&/86,216�%\� XVLQJ� WKH� FRPSXWHU� SURJUDP� SUHSDUHG� IRU� WKH�GHWHUPLQDWLRQ� RI� WKH� VFDWWHUHG� ILHOG� LQ� SUREOHP� VSDFH��QXPHULF� UHVXOWV� DQG� JUDSKLFV� RI� WKH� HOHFWULF� DQG� WKH�PDJQHWLF� ILHOG� VFDWWHUHG� IURP� WKH� REMHFW� PRYLQJ� ZLWK�FRQVWDQW� YHORFLW\� DQG� ZLWK� YDU\LQJ� YHORFLW\� DUH� REWDLQHG�DQG� LQWHUSUHWDWLRQV� DERXW� WKHVH� JUDSKLFV� DUH� JLYHQ�� 7KH�OHJV� DUH� PRGHOHG� ZLWK� D� F\OLQGHU� KDYLQJ� WKH� KHLJKW� ��P�DQG�UDGLXV����FP��7KH�OHJV�DUH�DVVXPHG�WR�EH�RQ�WKH�RXWHU�UDGLDWLRQ� ERXQGDU\� VXUIDFH� DW� WKH� LQVWDQW� W �� DQG�
DIWHUZDUGV�PRYLQJ�ZLWK� U9  ������P�V� LQ� WKH� �GLUHFWLRQ�
U DW�WKH��SODQH� ��SI  � ,Q�WKLV�SUREOHP��RXWHU�UDGLDWLRQ�
ERXQGDU\� VXUIDFH�� F\OLQGULFDO� ODWHUDO� VXUIDFHV� RI U  ��P�
DQG� U  �� P�� DQG� SODQHV� RI� ]�  � �� DQG� ]�  � ���� P� DUH�
FKRVHQ� WR� SURYLGH� WKH� VSHFLILFDWLRQV� RI� FHOO� GLPHQVLRQV�VKRXOG� EH� EHWZHHQ� �����P� DQG� ����P��2Q� WKH� VXUIDFH�RI�
U  �� P� ���� ](( L7 IU| LV� DVVXPHG�� 7KH� RWKHU�
ERXQGDU\�VXUIDFHV�DUH�FRYHUHG�ZLWK�DQ�DEVRUEHU��7KH�WLPH�LQWHUYDO� LV� FKRVHQ� DV� ���� V� LQ� WKH� JUDSKLFV� JLYLQJ� WKH�YDULDWLRQ�RI�WKH�ILHOG����7KUHH� GLIIHUHQW� VLPXODWLRQ�PRGHOV� DUH� JLYHQ� KHUH�� ,Q� WKH�ILUVW� PRGHO�� WKH� PRYHPHQW� RI� WKH� REMHFW� KDYH� QRUPDO�



EHKDYLRXU�� 7KH� REMHFWV� KDYH� DQ[LRXV� DQG� VXVSLFLRXV�EHKDYLRXUV� LQ� WKH� VHFRQG� DQG� WKLUG� PRGHO�� UHVSHFWLYHO\��7KHVH� WKUHH� PRGHOV� DUH� FDOOHG� ³QRUPDO� PRYHPHQW´��³DQ[LRXV� PRYHPHQW´� DQG� ³VXVSLFLRXV� PRYHPHQW´�� 7KH�PRYHPHQW� RI� WKH� REMHFW� LV� DQDO\]HG� IRU� WKUHH� GLIIHUHQW�SHULRG� GXUDWLRQV�� %\� XVLQJ� WKH� FRPSXWHU� SURJUDP�SUHSDUHG� IRU� WKH� GHWHUPLQDWLRQ� RI� WKH� VFDWWHUHG� ILHOG� LQ�SUREOHP� VSDFH�� QXPHULF� UHVXOWV� DQG� JUDSKLFV� RI� WKH�HOHFWULF� DQG� WKH�PDJQHWLF� ILHOG� H[SUHVVLRQV� RI� WKH� REMHFW�PRYLQJ� ZLWK� FRQVWDQW� YHORFLW\� DQG�ZLWK� YDU\LQJ� YHORFLW\�DUH� REWDLQHG� DQG� LQWHUSUHWDWLRQV� DERXW� WKHVH� JUDSKLFV� DUH�JLYHQ���

�D��

�E��

�F��
)LJXUH� ��� 7KH� YDULDWLRQ� RI� �D� V+ U � �E�� V+I DQG�
�F� V

]+ ZLWK�WLPH�DW�WKH��REVHUYDWLRQ�SRLQW�3� ������ S ���

,Q� )LJXUH� ��D�� WKH� YDULDWLRQ� RI� WKH� FRPSRQHQW� U RI� WKH��
VFDWWHUHG� PDJQHWLF� ILHOG� ZLWK� WLPH� � DW� WKH� REVHUYDWLRQ�
SRLQW� 3� ������ S � IRU� ³QRUPDO� PRYHPHQW´�� ³DQ[LRXV�
PRYHPHQW´�DQG� � ³VXVSLFLRXV�PRYHPHQW´� LV�JLYHQ��)LJXUH�
��E�DQG�)LJXUH���F�DUH�WKH�YDULDWLRQV�RI�WKH�FRPSRQHQWV�I
DQG� ] RI� WKH� � VFDWWHUHG� PDJQHWLF� ILHOG� ZLWK� WLPH� � DW� WKH�
REVHUYDWLRQ�SRLQW�3� ������ S � IRU�³QRUPDO�PRYHPHQW´��
³DQ[LRXV� PRYHPHQW´�� DQG� ³VXVSLFLRXV� PRYHPHQW´��UHVSHFWLYHO\��
� ,9��5(68/76�,Q�WKLV�ZRUN��PRYLQJ�REMHFW�PRGHO�LQ�D�IRUP�VLPLODU�WR�WKH�ZDONLQJ� KXPDQ� LV� FRPSRVHG� LQ� F\OLQGULFDO� FRRUGLQDWH�V\VWHP��+XPDQ� OHJV� DUH� FKRVHQ� WR� EH� WKH�PRYLQJ� REMHFW�DQG�LV�PRGHOHG�ZLWK�WZR�ILQLWH�F\OLQGHUV��7KH�H[SUHVVLRQV�IRU� WKH� PRYHPHQW� RI� WKLV� REMHFW� LV� REWDLQHG�� )'7'�PHWKRG� LV� XVHG� IRU� WKH� VROXWLRQ� RI� WKH� GLUHFW� VFDWWHULQJ�SUREOHP��

5()(5(1&(6�������������������������(��(UPLúR÷OX��'HWHUPLQDWLRQ�RI�%HKDYLRXU�RI�D�7DUJHW�E\� 8VLQJ� WKH� )'7'� $SSURDFK� WR� WKH� 6FDWWHUHG�(OHFWURPDJQHWLF� :DYHV� IURP� 6XLWDEOH� 0RYLQJ�%LRORJLFDO� 7DUJHWV�� 6XSHUYLVRU�� 7�� ùHQJ|U�� 06F�7KHVLV��<ÕOGÕ]�7HFKQLFDO�8QLYHUVLW\����������� � �&�0��)XUVH�� -��&KHQ��2�3�� �*DQGKL��7KH�8VH�RI�7KH�)UHTXHQF\�'HSHQGHQW� 7LPH�'RPDLQ� 0HWKRG� IRU�,QGXFHG� &XUUHQW� DQG� 6$5� &DOFXODWLRQV� IRU� D�+HWHURJHQHRXV� 0RGHO� RI� WKH� +XPDQ� %RG\�� ,(((�7UDQVDFWLRQV� RQ�(OHFWURPDJQHWLF�&RPSDWLELOLW\��9RO������SS�������������������� .�� .DOD\FÕR÷OX�� ([DFW� 1XPHULFDO� 6ROXWLRQ�$SSUR[LPDWLRQ� LQ� 6FDWWHULQJ� 3UREOHPV� ZLWK�&\OLQGULFDO� *HRPHWULHV� E\� ,QWHJUDO� 5HSUHVHQWDWLRQV��6XSHUYLVRU��7��ùHQJ|U��06F�7KHVLV��<ÕOGÕ]�7HFKQLFDO�8QLYHUVLW\������������ � $�� 6LKYROD�� ,�� /LQGHOO�� 3RODUL]DELOLW\� 0RGHOLQJ� RI�+HWHURJHQHRXV� 0HGLD�� LQ� 'LHOHFWULF� 3URSHUWLHV� RI�+HWHURJHQHRXV� 0DWHULDOV�� 3,(5� �� 3URJUHVV� LQ�(OHFWURPDJQHWLFV�5HVHDUFK��$�� 3ULRX� �(G���� SS�� ���������(OVHYLHU����������� $�� 6LKYROD�� (OHFWURPDJQHWLF� 0L[LQJ� )RUPXODH� DQG�$SSOLFDWLRQV�� ,((� (OHFWURPDJQHWLF� :DYHV� 6HULHV��/RQGRQ����������� � 7�� ùHQJ|U�� +�� 3�� 3DUWDO�� 6LPXODWLQJ� WKH� 5DGLDWLRQ�&KDUDFWHULVWLFV� RI� &LUFXODU� ,QGLSHQGHQFH� 'LVFV��,QWHUQDWLRQDO� &RQIHUHQFH� RQ� (OHFWURPDJQHWLFV� LQ�$GYDQFHG�$SSOLFDWLRQV��7RULQR��6HSW������������������


