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$EVWUDFW,Q� WKH� SUHVHQW� ZRUN� ZH� FRQVLGHU� GLIIHUHQW� DVSHFWV� RI� GHIHFW�LQGXFHG�QDQRVWUXFWXULQJ� E\� PHDQV� RI� FRPSXWHU� VLPXODWLRQV�� 7ZR� VLPXODWLRQ� PHWKRGV� ZHUH�DSSOLHG�� )LUVW�� D� FRQWLQXXP� PRGHO� ZDV� XVHG� WR� VLPXODWH� WKH� EHKDYLRU� RI� WKH�HOHFWURFKHPLFDO� GRXEOH� OD\HU� ZKHQ� KROHV� DUH� JHQHUDWHG� RQ� DQ� $X� VXUIDFH�� ,Q� WKLV�DSSURDFK�ZH� VROYHG�QXPHULFDOO\� WKH�RQH�GLPHQVLRQDO�HTXDWLRQV�RI� FXUUHQW� IORZ� LQ�D�ELQDU\� HOHFWURO\WH� LQ� D� VWDWLRQDU\� IOXLG�� 6HFRQGO\�� *UDQG� &DQRQLFDO� 0RQWH� &DUOR�VLPXODWLRQV� XVLQJ� WKH� SRWHQWLDOV� RI� WKH� HPEHGGHG� DWRP� PRGHO� ZHUH� HPSOR\HG� WR�DQDO\]H�WKH�DWRPLVWLF�DVSHFWV�RI�WKH�QDQRVWUXFWXULQJ�SURFHVV�,QWURGXFWLRQ1DQRVFDOH� VFLHQFH� LV� DQ� HPHUJLQJ� ILHOG� LQ� ZKLFK� VFLHQWLVWV� DUH� EHJLQQLQJ� WR�PDQLSXODWH�PDWWHU�DW� WKH�DWRPLF�DQG�PROHFXODU� VFDOHV� OHYHO� LQ�RUGHU� WR�REWDLQ�PDWHULDOV�DQG� V\VWHPV� ZLWK� LPSURYHG� SURSHUWLHV�� 7KH� SK\VLFDO� DQG� FKHPLFDO� SURSHUWLHV� RI�QDQRVWUXFWXUHV� DUH� RIWHQ� VLJQLILFDQWO\� GLIIHUHQW� IURP� WKH� VDPH� PDWHULDO� LQ� WKH� EXON��6FDQQLQJ� SUREH� WHFKQLTXHV� RIIHU� WKH� DELOLW\� WR� GHVLJQ� QDQRPHWHU�VL]HG� IHDWXUHV�� DQG�HOHFWURFKHPLFDO� GHSRVLWLRQ� DOORZV� VXFK� IHDWXUHV� WR� EH� JHQHUDWHG� LQ� VLWX�� ZLWKRXW�GDPDJLQJ� WKH� VXEVWUDWH�� (OHFWURFKHPLFDO� QDQRVWUXFWXULQJ� RQ� VROLG� VXUIDFHV� KDV� EHHQ�XQGHUWDNHQ� XVLQJ� EDVLFDOO\� WKUHH� W\SHV� RI� WHFKQLTXHV� >�@�� 7LS� ,QGXFHG� /RFDO� 0HWDO�'HSRVLWLRQ�� )LHOG� ,QGXFHG� /RFDO� 0HWDO� 'HSRVLWLRQ�� DQG� 'HIHFW� ,QGXFHG� /RFDO� 0HWDO�'HSRVLWLRQ��'�,�/�0�'����6KRUWO\� VWDWHG�� LQ� WKH� ILUVW�RI� WKHVH�DSSURDFKHV��QDQRVWUXFWXUHV�
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DUH�JHQHUDWHG�RQ�WKH�VXUIDFH�RI�D�VXEVWUDWH�E\�WUDQVIHU�RI�PDWWHU�IURP�WKH�WLS�RI�D�VFDQQLQJ�WXQQHOLQJ� PLFURVFRSH� �670�� >�@�� :H� KDYH� DGGUHVVHG� WKLV� SUREOHP� E\� PHDQV� RI�VLPXODWLRQV�LQ�SUHYLRXV�ZRUN�>���@��,Q�WKH�VHFRQG�DSSURDFK��WKH�HOHFWULF�ILHOG�FRQGLWLRQV�DW� WKH� HOHFWURFKHPLFDO� LQWHUIDFH� DUH� FKDQJHG� WR� JHQHUDWH� PHWDO� FOXVWHUV� RQ� D� IRUHLJQ�VXUIDFH�ZLWKRXW�PHFKDQLFDO�FRQWDFW�EHWZHHQ�WKH�670�WLS�DQG�WKH�VXUIDFH�>�@��,Q�WKH�WKLUG�DSSURDFK��ZKLFK� LV� WKH� RQH�ZH� WDFNOH� LQ� WKH� SUHVHQW� FRPSXWDWLRQDO� VWXGLHV�� GHIHFWV� DUH�JHQHUDWHG�RQ�D�PHWDO� VXUIDFH�E\�FKDQJLQJ� WKH�ELDV�SRWHQWLDO�RI� WKH� WLS� LQ� UHVSHFW�RI WKH�VXUIDFH��DQG�WKH�KROHV�JHQHUDWHG�LQ� WKLV�ZD\�DUH�ODWHU�GHFRUDWHG�WKURXJK�GHSRVLWLRQ�RI�D�IRUHLJQ�PHWDO� >�@��:LWK�UHVSHFW� WR� WKLV��H[SHULPHQWDO�ZRUN�E\�(UWO�DQG�FRZRUNHUV�>�@� LV�UHOHYDQW��WKH\�KDYH�PDQDJHG�WR�FUHDWH�&X FOXVWHUV�LQVLGH�KROHV�RI�QDQRVFRSLF�GLPHQVLRQV��JHQHUDWHG� E\� SXOVHV� DSSOLHG� WR� DQ� 670� WLS� FORVH� WR� D�$X����� VXUIDFH�� 6RPH� UHOHYDQW�ILQGLQJV�RI�WKLV�ZRUN�ZHUH�x ,W�LV�SRVVLEOH�WR�JHQHUDWH�KROHV�RQ�WKH�VXUIDFH�RI�WKH�VXEVWUDWH�WKURXJK�WKH�DSSOLFDWLRQ�RI�YHU\� VKRUW�QHJDWLYH�YROWDJH�SXOVHV� WR� WKH�670�WLS��7KLV�SURFHGXUH�VXFFHHGV�RQO\�ZKHQ�XVLQJ�KLJKO\�FRQFHQWUDWHG�HOHFWURO\WHV�x ,I�WKH�SRWHQWLDO�DSSOLHG�WR�WKH�VXEVWUDWH�LV�FDUHIXOO\�FRQWUROOHG��LW�LV�SRVVLEOH�WR�FRQILQH�WKH�GHSRVLWLRQ�RI�&X IURP�WKH�VROXWLRQ�WR�WKH�YROXPH�LQVLGH�WKH�KROH��7KLV�LV�WUXH�DW�OHDVW�DW�PRGHUDWH�RYHUSRWHQWLDOV�x &OXVWHU�JURZWK�DERYH�WKH�VXUIDFH�OHYHO�RI�WKH�VXEVWUDWH�RFFXUV�OD\HU�E\�OD\HU�x 7KH�VL]H�RI�WKH�GHSRVLW�GHSHQGV�RQ�WKH�VL]H�RI�WKH�KROH�DQG�QRW�RQ�SRODUL]DWLRQ�WLPH��GHQRWLQJ�D�FHUWDLQ�EDODQFH�EHWZHHQ�HOHFWURFKHPLFDO�HQHUJ\�DQG�WKH�VXUIDFH�HQHUJ\�RI�WKH�FOXVWHU�7ZR� DVSHFWV� RI� GHIHFW� QDQRVWUXFWXULQJ� DUH� PRGHOHG KHUH�� 7KH� ILUVW� FRQVLGHUV�VWXGLHV�RI�WKH�UHDUUDQJHPHQW�RI�WKH�GRXEOH�OD\HU�UHODWHG�WR�WKH�FUHDWLRQ�RI�WKH�GHIHFWV��7KH�VHFRQG�LQYROYHV�DWRPLVWLF�VLPXODWLRQ�PRGHOV�IRU�WKH�JURZWK�RI�VXUIDFH�VWUXFWXUHV�RQ�WKHVH�GHIHFWV�XQGHU�GLIIHUHQW�FRQGLWLRQV�
*HQHUDWLRQ�RI�KROHV��&RQWLQXXP�PRGHO�7R�H[SODLQ�KROH�IRUPDWLRQ�ZLWK�SXOVHV�LQ�WKH�UDQJH�RI�WKH�QDQRVHFRQGV��6FKXVWHU�HW� DO�� >�@� SURSRVHG� WKDW� WKH� EXLOG�XS� RI� WKH� GRXEOH� OD\HU�ZRXOG� DOPRVW� LQVWDQWDQHRXVO\�GHSOHWH� WKH� HOHFWURO\WH� IURP� LRQV�� ,Q� RUGHU� WR� PDNH� D� TXDQWLWDWLYH� HVWLPDWLRQ� RI� WKH�SKHQRPHQRQ��ZH� KDYH� VLPXODWHG� WKH� EXLOG�XS� RI� WKH� GRXEOH� OD\HU� EHWZHHQ� WZR� SODQDU�HOHFWURGHV��:H�FRQVLGHU�D�RQH�GLPHQVLRQDO�V\VWHP�WKDW�UHSUHVHQWV�WKH�ERXQGDU\�EHWZHHQ�WKH� VXUIDFH� �[�  � ��� DQG� D� EOXQW� 670� WLS� �[�  � ��� c��� 7KH� FORVHVW� DSSURDFK� GLVWDQFH�EHWZHHQ�WKH�LRQV�DQG�WKH�VXUIDFHV�ZDV�����c��7KH�LQLWLDO�FRQGLWLRQV�FRUUHVSRQGHG�WR�WKH�VROXWLRQ�RI�WKH�3RLVVRQ�%ROW]PDQQ�HTXDWLRQ�IRU�D�VPDOO�SRWHQWLDO�GLIIHUHQFH�EHWZHHQ�WKH�WLS�DQG�WKH�VXUIDFH��7\SLFDOO\�± �����9���$W�W� ����D�QHJDWLYH�SRWHQWLDO�VWHS�ZDV�DSSOLHG�WR�WKH�WLS��DQG�WKH�HTXDWLRQV�RI�FXUUHQW�IORZ�LQ�D�ELQDU\�HOHFWURO\WH�LQ�D�VWDWLRQDU\�IOXLG�>�@�ZHUH�VROYHG�QXPHULFDOO\��7KHVH�ZHUH�� � �(F[57)]'[F'WF DDDDDD Gww�ww 
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VSHFLHV�L DQG� (G LV�WKH�ILHOG��,QGLFHV�F DQG�D�GHQRWH�FDWLRQ�DQG�DQLRQ�UHVSHFWLYHO\��7KHVH�HTXDWLRQV� ZHUH� VROYHG� FRXSOHG� WR� WKH� 3RLVVRQ� HTXDWLRQ� DQG� VXEMHFW� WR� ]HUR� FXUUHQW�ERXQGDU\� FRQGLWLRQV� DW� WKH� ERUGHUV� RI� WKH� VLPXODWLRQ� ER[�� 7KH� ]HUR� FXUUHQW� ERXQGDU\�FRQGLWLRQ�ZDV�LQ�WKH�SUHVHQW�FDVH�

L L LL L L L' ] ( )M ' F F57 � � � GGG  ��������� ���$�GLHOHFWULF�FRQVWDQW�H  ����ZDV�DVVXPHG�WR�UHSUHVHQW�WKH�VROYHQW�H[WHQGLQJ�LQ�WKH�UHJLRQ�����c��[�������c�� ,Q� WKH� UHDO� V\VWHP��H LV� DFWXDOO\� D� IXQFWLRQ�RI� WKH�GLVWDQFH� IURP� WKH�HOHFWURGHV��EXW�WKLV�DVVXPSWLRQ�ZLOO�QRW�DIIHFW�RXU�TXDOLWDWLYH�FRQFOXVLRQV��:H�XVHG� �62'   �������[����±� FP�� V�±� DQG� �&X' �  ������[����±� FP�� V�±� >�@�(TXDWLRQV� ������ DQG� 3RLVVRQ¶V� HTXDWLRQ� FRQVWLWXWH� D� VHW� RI SDUWLDO� GLIIHUHQWLDO�HTXDWLRQV�� ,Q� WKLV W\SH�RI� HTXDWLRQV� WKH� GHSHQGHQW� YDULDEOHV�PD\� EH� GHVFULEHG� E\ WKHLU�YDOXHV�DW�GLVFUHWH�SRLQWV�RI�WKH�LQGHSHQGHQW�YDULDEOHV�>��@��%\�DSSURSULDWH�GLVFUHWL]DWLRQ��WKH�SDUWLDO�GLIIHUHQWLDO�HTXDWLRQ�ZDV�UHGXFHG�WR�D�ODUJH�VHW�RI�GLIIHUHQFH�HTXDWLRQV��ZKLFK�ZDV�VROYHG�E\�DQ�LPSOLFLW�PHWKRG�DV�GHVFULEHG�LQ�WH[WERRNV�>��@�

)LJXUH����&RQFHQWUDWLRQ�SURILOHV�RI�DQLRQV�DW�GLIIHUHQW�WLPHV�DIWHU�D�± ����9�SRWHQWLDO�VWHS�ZDV�DSSOLHG�WR�WKH�WLS��7KH�SURILOHV�VKRZQ�FRUUHVSRQG�WR�WLPHV�EHWZHHQ���DQG���QV��DQG�WKH�DUURZV�GHQRWH�WKHLU�WLPH�HYROXWLRQ��7KH�EXON�HOHFWURO\WH�FRQFHQWUDWLRQ�ZDV�����0��7KH�VWDUWLQJ�SURILOH�FRUUHVSRQGV�WR�SRWHQWLDOV�RI��������9�DQG�±�����9�DSSOLHG�WR�VXUIDFH�DQG�WLS�UHVSHFWLYHO\��ZKLFK�ZHUH�REWDLQHG�IURP�WKH�VROXWLRQ�RI�WKH�3RLVVRQ�%ROW]PDQQ�HTXDWLRQ�
)LJXUH���VKRZV�SURILOHV�RI�DQLRQ�FRQFHQWUDWLRQ�DV�D�IXQFWLRQ�RI�WKH�GLVWDQFH�IURP�WKH�VXUIDFH�RI�WKH�VXEVWUDWH�DW�GLIIHUHQW�WLPHV�ZKHQ�D�SRWHQWLDO�VWHS�RI�± ����9�LV�DSSOLHG�WR�WKH�WLS��7KH�WLPH�HYROXWLRQ�RI�WKH�FRQFHQWUDWLRQ�SURILOHV�GXULQJ�WKH�ILUVW�QDQRVHFRQG�LV�LQGLFDWHG�E\� WKH� DUURZV�� ,Q� WKLV� ILJXUH� WKH�SRWHQWLDO� VWHS�DSSOLHG� WR� WKH� WLS�ZDV� VPDOOHU��WKDQ�WKDW�RI�WKH�H[SHULPHQWV�E\�RQH�RUGHU�RI�PDJQLWXGH��VR�WKDW�WKHUH�LV�QR�WRWDO�GHSOHWLRQ�RI�LRQV�LQ�WKH�FHQWHU�RI�WKH�VLPXODWLRQ�ER[��DQG�WKH�FRQFHQWUDWLRQ�RI�LRQV�QHDU�WKH�VXUIDFH�GLG� QRW� H[FHHG D� ORFDO� FRQFHQWUDWLRQ� RI� VL[� WLPHV� WKDW� LQ� WKH� EXON� VROXWLRQ�� ,W� FDQ� EH�
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REVHUYHG�WKDW�WKLV�UHODWLYHO\�VPDOO�SRWHQWLDO�VWHS�LV�HQRXJK�WR�SURGXFH�ERWK�D�VWURQJ�DQLRQ�GHSOHWLRQ�LQ�WKH�FHQWHU�RI�WKH�ER[�DQG�D�YHU\�LPSRUWDQW�DQLRQ�DFFXPXODWLRQ�RQ�WKH�VXUIDFH�RI�WKH�VXEVWUDWH��ZKLFK�DW�WLPH�LV�RI�WKH�RUGHU�RI�RQH QDQRVHFRQG��$V�VKRZQ�LQ�ILJXUH����ZKHQ� ODUJHU� SRWHQWLDO� VWHSV� DUH� DSSOLHG� WR� WKH� WLS�� DQLRQ� GHSOHWLRQ� LQ� WKH�PLGGOH� RI� WKH�VLPXODWLRQ�ER[�LV�PRUH�VHYHUH��EHFRPLQJ�FRPSOHWH�IRU�SXOVHV�RI�WKH�RUGHU�RI� ± ��9���DV�HPSOR\HG�LQ�WKH�H[SHULPHQWV�

)LJXUH����'HSOHWLRQ�RI�DQLRQV�LQ�WKH�FHQWHU�RI�WKH�VLPXODWLRQ�ER[�YV�WLPH�IRU�GLIIHUHQW�SXOVH�DPSOLWXGHV�DSSOLHG�WR�WKH�WLS��DV�LQGLFDWHG�LQ�WKH�ILJXUH��7KH�SRWHQWLDO�RI�WKH�VXEVWUDWH�ZDV�IL[HG�DW������9��7KH�EXON�HOHFWURO\WH�FRQFHQWUDWLRQ�ZDV�����0�
7KH� SUHVHQFH� RI� D� ODUJH� FRQFHQWUDWLRQ� RI� DQLRQV� RQ� WKH� VXUIDFH� RI� WKH� HOHFWURGH�JHQHUDWHV� D� YHU\� KLJK� HOHFWULF� ILHOG� ( SRLQWLQJ� RXWZDUGV� WKH� VXUIDFH�� 7KDW� IDYRUV� WKH�GLVVROXWLRQ�RI�WKH�PHWDO�RQ�WKH�VDPSOH�VXUIDFH��DQG�DOVR�DOORZV�IRU�WUDQVIHU�RI�PDWWHU�IURP�WKH�VXEVWUDWH�WR�WKH�WLS��,Q�WKH�H[SHULPHQWV�>�@��WKH�ODWWHU�KDV�EHHQ�LQIHUUHG�IURP�WKH�IDFW�WKDW�WKH�WLS�HORQJDWHV�DIWHU�WKH�SXOVH�GXH�WR�WKH�WUDQVIHU�RI�PDWWHU�PHQWLRQHG�DERYH��7KH�HOHFWULF� GLVSODFHPHQW� �'� � HH(�� DW� WKH� HQG� RI� D� SXOVH� RI� ± ��9� DSSOLHG� LQ� VROXWLRQV� RI�YDULRXV�HOHFWURO\WH�FRQFHQWUDWLRQV�LV�VKRZQ�LQ�ILJXUH����

)LJXUH����(OHFWULF�GLVSODFHPHQW�YHUVXV�GLVWDQFH�SURILOH�IRU�D�SXOVH�RI�± ��9�DSSOLHG�WR�WKH�670�WLS�IRU�WKH�GLIIHUHQW�EXON�HOHFWURO\WH�FRQFHQWUDWLRQ�
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7KH�SLFWXUH�WKDW�HPHUJHV�IURP�WKH�FUHDWLRQ�RI�WKH�KROHV�FRQILUPV�WKH�K\SRWKHVLV�RI�(UWO�DQG�FR�ZRUNHUV��ZKHQ�SRWHQWLDO�SXOVHV�RI�WKH�RUGHU�RI�± ��9�DUH�DSSOLHG�DW�WLPHV�RI���QV�RU�OHVV��HOHFWURO\WH�LV�GHSOHWHG�IURP�WKH�VSDFH�EHWZHHQ�WKH�WLS�DQG�WKH�HOHFWURGH��EHLQJ�D�ODUJH�HOHFWULF�ILHOG�HVWDEOLVKHG�RQ�WKH�VXEVWUDWH�VXUIDFH�ZKDW�SURPRWHV�PHWDO�GLVVROXWLRQ�

)LJXUH����6FKHPH�RI�WKH�JHRPHWULFDO�PRGHO�HPSOR\HG�LQ�*UDQG�&DQRQLFDO�6LPXODWLRQV��'DUN�JUD\�FLUFOHV�GHQRWH�DGVRUEDWH�DWRPV��OLJKW�JUD\�FLUFOHV�GHQRWH�VXEVWUDWH�DWRPV�DQG�HPSW\�FLUFOHV�GHQRWH�VLWHV�ZKHUH�SDUWLFOHV�PD\�EH�FUHDWHG�
'HFRUDWLRQ�RI�KROHV��$WRPLVWLF�6LPXODWLRQ�0RGHO$Q�DWRPLVWLF�PRGHO�ZDV�HPSOR\HG�WR�LQYHVWLJDWH�KRZ�WKH�KROHV�JHQHUDWHG�E\�WKH�SRWHQWLDO�SXOVHV�FRQVLGHUHG�LQ�WKH�SUHYLRXV�VHFWLRQ�DUH�GHFRUDWHG�E\�IRUHLJQ�DGDWRPV��,Q�WKLV�FDVH�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�SDUWLFOHV�RI�WKH�V\VWHP�ZDV�FDOFXODWHG�DFFRUGLQJ�WRWKH� (PEHGGHG� $WRP�0HWKRG� �($0��� 7KH� SDUDPHWHUL]DWLRQ� ZDV� WKDW� RI� %DUUHUD� HW� DO��>��@�� 7KLV� UHSURGXFHV� DGHTXDWHO\� WKH� ��[��� VWUXFWXUH� RI� WKH� &X PRQROD\HU� �83'�� RQ�$X����� REVHUYHG�H[SHULPHQWDOO\�>��@��7KH�VLPXODWLRQV�ZHUH�DFFRPSOLVKHG�E\�PHDQV�RI�D�*UDQG�&DQRQLFDO�0RQWH�&DUOR�PHWKRG�>��@��,Q�WKLV�FDVH��WKH�FKHPLFDO�SRWHQWLDO�P RI�WKH�DGVRUEDWH�DWRPV� �&X��� WKH�YROXPH�RI� WKH�VLPXODWLRQ�ER[�9 DQG� WKH� WHPSHUDWXUH�7 ZHUH�IL[HG� DV� SDUDPHWHUV�� 7KH� SRWHQWLDO� HQHUJ\� DQG� WKH� QXPEHU� RI� &X DWRPV� IOXFWXDWHG�DFFRUGLQJ�WR�WKH�GLIIHUHQW�W\SHV�RI�HYHQWV�DOORZHG���3DUWLFOH�GLVSODFHPHQW �&X RU�$X���XVLQJ�DV�DFFHSWDQFH�UDWLR�� �� �N7: LMML Q� o H[S��PLQ ���ZKHUH�QLM LV�WKH�FKDQJH�RI�SRWHQWLDO�HQHUJ\�UHODWHG�WR�WKH�FRQILJXUDWLRQ�FKDQJH� MLo ���,QVHUWLRQ�RI�D�&X DWRP��$�SDUWLFOH�LV�LQVHUWHG�LQ�WKH�VLPXODWLRQ�ER[�DW�D�UDQGRP�SRVLWLRQ�DQG�WKH�QHZ�FRQILJXUDWLRQ�LV�DFFHSWHG�DFFRUGLQJ�WR�� � � �� �¸̧¹·¨̈©§ '�� ��o N719: 1111 ���� H[S���PLQ QPG ���
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9 LV� WKH� YROXPH� WKDW� FDQ� EH� DFFHGHG� E\� WKH� SDUWLFOHV� FUHDWHG�� PN7KSG � �

 LV� WKH� GH�%URJOLH� WKHUPDO�ZDYHOHQJWK� DQG� 1111 QQQ � ' �� ��� LV� WKH� SRWHQWLDO� HQHUJ\� GLIIHUHQFH�UHODWHG�WR�WKH�DWWHPSW�WR�FUHDWH D�SDUWLFOH���5HPRYDO�RI�D�&X DWRP��$�&X DWRP�FKRVHQ�DW�UDQGRP�LV�UHPRYHG�IURP�WKH�V\VWHP�DQG�WKH�QHZ�FRQILJXUDWLRQ�LV�DFFHSWHG�DFFRUGLQJ�WR� � �� �¸̧¹·¨̈©§ '�� ��o N791: 1111 ��
�

� H[S��PLQ QPG ���
ZLWK� 1111 QQQ � ' �� ��� �)LJXUH� �� VKRZV� VFKHPDWLFDOO\� D� VHFWLRQ� RI� WKH� VLPXODWLRQ� ER[�� ZKHUH� GRWWHG�VSKHUHV� GHQRWH� WKH� UHJLRQ� RI� VSDFH� DYDLODEOH� IRU� SDUWLFOH� FUHDWLRQ�� 7KH� OLJKW� FLUFOHV�UHSUHVHQW�$X DWRPV��ZKLOH�GDUN�FLUFOHV�GHQRWH�&X DWRPV��7KH�GLPHQVLRQV�RI�WKH�V\VWHP�ZHUH�/[ ������c�DQG�/\ ������c��3HULRGLF�ERXQGDU\�FRQGLWLRQV�ZHUH�DSSOLHG�LQ�WKH�[�\�GLUHFWLRQ��7KH�KROH�ZDV����c�ZLGH��ZLWK�D�GHSWK�RI���DWRPLF�OD\HUV��7KH�VXUIDFH�RI�WKH�VXEVWUDWH�ZDV�FRYHUHG�ZLWK�D�PRQROD\HU�RI�&X DWRPV��ZKLFK�ZHUH�DOORZHG�WR�PRYH�EXW�GLG�QRW�SDUWLFLSDWH�LQ�WKH�FUHDWLRQ�UHPRYDO�VFKHPH��2WKHU�FRPSDUDWLYH�VWXGLHV�FRQVLGHUHG����c�\����c�ZLGH�KROHV�)LJXUH� �� VKRZV� WKUHH� GLIIHUHQW� VWDJHV� RI� WKH� VLPXODWLRQ�� ,Q� ILJXUH� �D�� WKH�DGVRUSWLRQ�RI�&X DWRPV�RQ�KLJKO\�FRRUGLQDWHG�VLWHV�FDQ�EH�VHHQ��,Q� ILJXUH��E�� LW�FDQ�EH�REVHUYHG�WKDW�D�VHFRQG�OD\HU�RI�&X DWRPV�VWDUWV�JURZLQJ�IURP�WKH�ZDOOV�RFFXUV�LQVLGH�WKH�KROH��)LQDOO\��WKH�KROH�RQ�WKH�VXUIDFH�ZDV�FRPSOHWHO\�ILOOHG�DW�P� ������H9��)LJXUH��F���1RWH�WKDW�WKH�JURZWK�RI�WKH�&X LVODQG�DERYH�WKH�VXUIDFH�OHYHO�RQO\�RFFXUV�LQ�WKH�UHJLRQV�ZKHUH�WKH�KROH�ZDV�GLVFHUQLEOH�LQ�ILJXUH���D���'XULQJ�WKH�VLPXODWLRQ��LW�ZDV�REVHUYHG�WKDW�QXFOHL�IRUPHG�LQ�RWKHU�SDUWV�RI�WKH�V\VWHP�ZHUH�YHU\�XQVWDEOH��DV�FRPSDUHG�ZLWK�JURZWK�LQ�WKH�UHJLRQ�RI�WKH�KROH��7KLV�LV�GXH�WR�WKH�IDFW�WKDW�WKH���[���VWUXFWXUH�RI�&X RQ�$X�����LV�H[SDQGHG�ZLWK�UHVSHFW�WR�WKH�EXON�&X�ODWWLFH�VWUXFWXUH��WXUQLQJ�DGVRUSWLRQ�RI�&X DWRPV�RQ�LW�OHVV�IDYRUDEOH��$OO�WKHVH�IHDWXUHV�UHVHPEOH�WKH�H[SHULPHQWDO�REVHUYDWLRQ�RI�;LD�HW�DO�>�@�&RQFOXVLRQV,Q�RUGHU�WR�YHULI\�K\SRWKHVHV�SXW�IRUZDUG�E\�H[SHULPHQWDO�ZRUNHUV�LQ�WKH�ILHOG��ZH�KDYH� PRGHOHG� WZR� GLIIHUHQW� DVSHFWV� RI� GHIHFW� HOHFWURFKHPLFDO� QDQRVWUXFWXULQJ��6LPXODWLRQ� RI� LRQLF�PRWLRQ� WDNLQJ� LQWR� DFFRXQW� ERWK� GLIIXVLRQ� DQG� HOHFWULF� ILHOG� GULYHQ�WUDQVSRUW�� VKRZV� WKDW� GHSOHWLRQ� RI� LRQV� EHWZHHQ� WKH� WLS� RI� 670�DQG� WKH� VXUIDFH� RI� WKH�VXEVWUDWH�RFFXUV�ZLWKLQ�QDQRVHFRQGV�RU�OHVV��GHSHQGLQJ�RQ�WKH�PDJQLWXGH�RI�WKH�SRWHQWLDO�SXOVHV�DSSOLHG��$WRPLVWLF�PRGHOLQJ�RI�&X GHSRVLWLRQ� VKRZV� WKDW� WKLV�SURFHVV� LV� FRQILQHG� LQVLGH�WKH�KROH�JHQHUDWHG�RQ�WKH�VXUIDFH�DW�WKH�VPDOO�RYHUSRWHQWLDOV�FRQVLGHUHG��7KH�IRUPDWLRQ�RI�&X JURZLQJ� QXFOHL� RQ� WKH� ��[��� PRQROD\HU� LV� GLVIDYRUHG�� VLQFH� WKH� PDWHULDO� LQ� WKHPRQROD\HU� LV� H[SDQGHG�ZLWK� UHVSHFW� WR� EXON�&X��'HWDLOHG� DVSHFWV� RI� WKH�PHWDO� JURZWK�ZLWKLQ�WKH�KROHV�ZLOO�EH�DGGUHVVHG�LQ�IXWXUH�ZRUN�
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