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5HFHLYHG�0D\��������
$�VHWXS� IRU�REVHUYDWLRQ�RI� WKH�QRQOLQHDU� VHOI�GLIIUDFWLRQ�HIIHFW�KDV�EHHQ�GHVFULEHG��$

VHPLFRQGXFWRU� ODVHU� �3|���P:��O|����QP�� LV�XVHG�DV�D�UDGLDWLRQ�VRXUFH��7KH�ODVHU�EHDP
LV�GLYLGHG�LQWR�WZR�EHDPV�E\�D�:ROODVWRQ�SULVP��WKH�EHDPV�SDVV�WKURXJK�D�SRODUL]HU�DQG
SRVLWLYH� OHQV�� WKHQ� WKH\� LQWHUVHFW� DQG� FUHDWH� DQ� LQWHUIHUHQFH�� 8VLQJ� D� PLFURVFRSH�� WKH
LQWHUIHUHQFH�PD\�EH�REVHUYHG�LQ�DQ�LQFUHDVHG�VFDOH�RQ�D�UHPRWH�VFUHHQ��7KH�LQWHUIHUHQFH�LV
UHJLVWHUHG� LQ� D� WKLQ� SKRWRVHQVLWLYH�$V�6�±$J� ILOP� SUHSDUHG� E\� YDFXXP� HYDSRUDWLRQ��:H
KDYH�VKRZQ�DQ�RSSRUWXQLW\�WR�REVHUYH�WKH�VHOI�GLIIUDFWLRQ�IURP�UHFRUGHG�GLIIUDFWLRQ�JUDW�
LQJ�ZLWK� OLQHDU�JURRYHV� DQG� IURP� WZR�GLPHQVLRQDO� JUDWLQJ� LQGXFHG� DV� D� UHVXOW� RI� VHFRQG
H[SRVXUH�DIWHU�WXUQLQJ�WKH�FRQYHUJHQFH�SODQH�RI�WKH�LQWHUIHULQJ�EHDPV�E\�����
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7KH� QRQOLQHDU� RSWLFDO� HIIHFW� FDOOHG� VHOI�
GLIIUDFWLRQ�>����@�RFFXUV�ZKHQ�LQWHQVH�FRKHU�
HQW�OLJKW�EHDPV�FUHDWH�DQ�LQWHUIHUHQFH�ILHOG
LQ�D�PHGLXP�DQG�SURGXFH�D�SHULRGLFDO�PRGX�
ODWLRQ� RI� GLHOHFWULF� SHUPLWWLYLW\� RI� WKH�PH�
GLXP�� L�H�� FUHDWH� D� GLIIUDFWLRQ� JUDWLQJ
WKHUHLQ�� ,W� LV� GLIIUDFWLRQ� RI� LQFLGHQW� EHDPV
RQ� WKH� JUDWLQJ� WKDW� LV� WKH� VHOI�GLIIUDFWLRQ
SKHQRPHQRQ��,Q�KRORJUDSK\��WKH�WHUP��VHOI�
GLIIUDFWLRQ�� LV� RIWHQ� UHSODFHG� E\� WKH� �G\�
QDPLFDO� KRORJUDSK\�� WHUP� LPSO\LQJ� WKDW
GLIIUDFWLRQ� JUDWLQJ� DSSHDUV� LQ� WKH� PHGLXP
DQG� LV� UHDG� GXULQJ� OLJKW� DFWLRQ�� 7KHUH� DUH
FDVHV� GHVFULEHG� LQ� OLWHUDWXUH� ZKHQ� LQWHQVH
OLJKW� EHDPV� DQG� PHGLD� LQWHUDFWLQJ� UHYHUV�

LEO\� ZLWK� OLJKW� ZHUH� XVHG� WR� REVHUYH� WKH
VHOI�GLIIUDFWLRQ�� ,Q� WKLV� ZRUN�� WKH� VHOI�GLI�
IUDFWLRQ� HIIHFW� LV� UHDOL]HG� XVLQJ� ORZ�SRZHU
FRQWLQXRXV� UDGLDWLRQ� RI� D� VHPLFRQGXFWRU
ODVHU� �6&/��DQG�GRXEOH�EHDP� LQWHUIHURPHWHU
RQ� WKH� EDVH� RI� D�:ROODVWRQ� SULVP� �:3���$
WKLQ� SKRWRVHQVLWLYH� ILOP� LV� XVHG� DV� WKH� UH�
FRUGLQJ�PHGLXP�
7KH�GLUHFW�SKRWRVHQVLWLYLW\�LV�LQKHUHQW�LQ

ILOPV�RI�FKDOFRJHQLGH�YLWULIRUP�VHPLFRQGXF�
WRUV��&96��DQG�PHWDO�KDORJHQLGHV��%RWK�SXUH
&96� ILOPV� DQG� FRPSRVLWH� &96�VLOYHU� ILOPV
DUH� XVHG� LQ� QRQOLQHDU� RSWLFDO� H[SHULPHQWV
DQG� LQ�SUDFWLFH� >�Ü�@�� ,QWHUDFWLRQ�RI�SKRWR�
VHQVLWLYH�ILOPV�ZLWK�OLJKW�FDXVHV�FKDQJHV�RI
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WKHLU� RSWLFDO� FKDUDFWHULVWLFV�� VR� LW� LV� D�QRQ�
OLQHDU� HIIHFW�� +RZHYHU�� WKH� SKRWRVHQVLWLYH
ILOPV� VKRZ� WKH� IROORZLQJ� GLVWLQFWLYH� IHD�
WXUHV� DV� FRPSDUHG� WR� RWKHU� PHGLD�� 1RQ�
OLQHDU� WUDQVIRUPDWLRQV� DUH� GHWHUPLQHG� E\
SURGXFW� RI� OLJKW� LQWHQVLW\� DQG� LOOXPLQDWLRQ
GXUDWLRQ�� L�H�� E\� WKH� H[SRVXUH�� 7KH� WKUHVK�
ROG� H[SRVXUHV� DUH� JHQHUDOO\� ORZ�� OHVV� WKDQ
����-�FP��� 7KH� ILOPV� DUH� FKDUDFWHUL]HG� E\
ODUJH� QRQOLQHDULW\� IDFWRUV� DQG�� WKHUHIRUH�
ODUJH�UHVSRQVH�WLPHV�DQG�DFFXPXODWLRQ�RI�WKH
OLJKW� DFWLRQ� UHVXOWV� DUH� LQKHUHQW� WKHUHLQ�� )L�
QDOO\��VSRQWDQHRXV�UHOD[DWLRQ�RI�OLJKW�LQGXFHG
FKDQJHV� LV� DEVHQW� LQ� LUUDGLDWHG� ILOPV�� 6RPH
FKDUDFWHULVWLFV� RI� WKH� ILOPV�PDNH� WKHP� VLPL�
ODU� WR�VXFK�PHGLD�DV�SKRWRUHIUDFWLYH�FU\VWDOV
DQG�SKRWRFKURPLF�JODVVHV�
:H� XVHG� $V�6�±$J� ILOPV� SUHSDUHG� E\WKHUPDO�YDFXXP�HYDSRUDWLRQ�RQ�SODQH�SDUDO�

OHO� JODVV� VXEVWUDWHV� RI��u���u�����FP�� VL]H�
$� ���� QP� OD\HU� RI� &96�ZDV� GHSRVLWHG� IRO�
ORZHG�E\�|���QP�VLOYHU�OD\HU��7R�REWDLQ�WKH
PHQWLRQHG� WKLFNQHVVHV�� LW� LV� QHFHVVDU\� WR
HYDSRUDWH����PJ�RI�$V�6��DQG����PJ�RI�$JIURP�IODW�HYDSRUDWRU��ERDW��SODFHG�DW����FP
GLVWDQFH� IURP� WKH� VXEVWUDWH�� 7KH� &96� ILOP
WKLFNQHVV� FDQ� EH� YDULHG� ZLWKLQ� DSSUR[L�
PDWHO\� ���� WR� ���� PP�� 7KH� GHSRVLWHG� $J
PDVV� VKRXOG� DPRXQW� DSSUR[LPDWHO\� ���� RI
$V�6�� PDVV�� 8QGHU� UHG� OLJKW� DFWLRQ� RQ$V�6�Ü$J� ILOP�� WKH� SKRWRVHQVLWLYLW\�PHFKD�QLVP�>����@�LV�DVVRFLDWHG�ZLWK�SKRWRHIIHFW�LQ
VLOYHU� DW� WKH� 9&6Ü$J� LQWHUIDFH�� DQG� ZLWK
GLIIXVLRQ� RI� SKRWRHOHFWURQV� DQG� $J�� LRQV
LQWR�9&6� OD\HU�� 6LOYHU� SHQHWUDWLQJ� LQWR� WKH
DPRUSKRXV� OD\HU� IRUPV� FRPSRXQGV�ZLWK�$V
DQG�6�� 7KH�$V�6�Ü$J� ILOPV� DUH� XVHG� DV� UH�FRUGLQJ�PHGLD�LQ�KRORJUDSK\�IRU�D�ORQJ�WLPH
>����@��EXW�WKH\�ZHUH�QRW�XVHG�WR�REVHUYH�WKH
VHOI�GLIIUDFWLRQ�SKHQRPHQRQ�XQWLO�QRZ�
$Q� LPSRUWDQW� IHDWXUH� RI� WKH� GHVFULEHG

H[SHULPHQW� LV� DQ� RSSRUWXQLW\� WR� XVH� ORZ�
SRZHU� ODVHUV� DV� FRQWLQXRXV� FRKHUHQW� UDGLD�
WLRQ�VRXUFHV��7KH�GLIIUDFWLRQ�SDWWHUQ�EULJKW�
QHVV� DW� VHOI�GLIIUDFWLRQ� GHSHQGV� RQ� WKH� UH�
VXOWDQW� JUDWLQJ� GLIIUDFWLRQ� HIILFLHQF\� DQG
WKH� LQWHQVLW\� RI� ODVHU� EHDP�XVHG� LQ� WKH� H[�
SHULPHQW�� 7KH� UHVXOWV� SUHVHQWHG� KHUH� ZHUH
REWDLQHG�ZLWK�D�+/����)0�ODVHU�GLRGH�IURP
+,7$&+,��6XFK�D�GLRGH�LV�D�FRPPHUFLDO�GH�
YLFH�XVHG�LQ�'9'�5$0�RSWLFDO�PHPRU\�V\V�
WHPV�� 7KH� GLRGH� UDGLDWHV� D� GLYHUJHQW� OLQH�
DUO\� SRODUL]HG� EHDP� ZLWK� 3|��� P:� DQG
O|���� QP��$V� D� SRZHU� VXSSO\�� D� VWDELOL]HG
VRXUFH� LV� QHHGHG� SURYLGLQJ� ���Ü�� 9� VWHDG\
YROWDJH� RQ� WKH� GLRGH� DQG� ZRUNLQJ� FXUUHQW
DSSUR[LPDWHO\� ���Ü���� P$�� 7KH� GLRGH
QHHGV� FRROLQJ�ZKLOH� IXQFWLRQLQJ��7KHUHIRUH�

D�PHWDO�IUDPH�ZDV�PDGH�WR�DFW�DV�UDGLDWRU�
7R� FUHDWH� D� FROOLPDWHG� EHDP�� D� FROOLPDWLQJ
OHQV�IURP�D�VHPLFRQGXFWRU�ODVHU�SRLQWHU�ZDV
VHW�LQWR�WKH�VDPH�IUDPH�
7KH�RSWLFDO� VHWXS� IRU� VHOI�GLIIUDFWLRQ�RE�

VHUYDWLRQ� LV� VKRZQ� LQ� )LJ����� 7KH� OLQHDUO\
SRODUL]HG� EHDP� ���� SDVVHV� WKH� :ROODVWRQ
SULVP�����DQG�VSOLWV�LQWR�WZR�V\PPHWULFDOO\
GLYHUJHQW�OLQHDUO\�SRODUL]HG�EHDPV�ZLWK�PX�
WXDOO\� RUWKRJRQDO� SRODUL]DWLRQ� GLUHFWLRQV�
:H� XVHG� D� VWDQGDUG� FDOFLWH� :3� RI� �� PP
WKLFNQHVV� DQG� ���PP�GLDPHWHU�� ,W� SURYLGHV
WKH�DQJOH�EHWZHHQ�EHDPV�M|����7KH�VHWXS�LV
DGMXVWHG� LQ� WKH� IROORZLQJ� ZD\�� 7KH� :3
VKRXOG� EH� VHW� LQ� D� KROGHU� SHUPLWWLQJ� WKH
SULVP�WR�EH� WXUQHG�DURXQG� WKH� D[LV�RI�QRU�
PDOO\� LQFLGHQW� ODVHU� EHDP�� 7XUQLQJ� WKH
SULVP� LQ� VXFK� D� ZD\�� RQH� DFKLHYHV� HTXDO
LQWHQVLWLHV�RI� UHVXOWLQJ�EHDPV��,Q�WKLV�FDVH�
WKH� GLUHFWLRQ� RI� LQFLGHQW� EHDP� SRODUL]DWLRQ
PDNHV�DQJOHV�����ZLWK�RUWKRJRQDO�GLUHFWLRQV
RI�RSWLFDO�D[HV�LQ�WZR�KDOYHV�RI�SULVP��7KHQ
WKH�EHDPV�SDVV�WKH�SRODUL]HU������7KH�SRODU�
L]HU� VKRXOG�EH� WXUQDEOH��7XUQLQJ� WKH�SRODU�
L]HU��RQH�DFKLHYHV�HTXDO�DJDLQ�LQWHQVLWLHV�RI
SDVVLQJ� EHDPV�� ,Q� WKLV� FDVH�� WKH� GLUHFWLRQV
RI� RUWKRJRQDO� SRODUL]DWLRQV� RI� LQFLGHQW
EHDPV� DUH� RULHQWHG� DW� ���� WR� WKH� SRODUL]D�
WLRQ� GLUHFWLRQ� RI� WKH� SRODUL]HU�� $V� D� UHVXOW
RI� WKH� SRODUL]HU� DFWLRQ�� OLQHDU� SRODUL]DWLRQV
RI� SDVVHG� EHDPV� DUH� SDUDOOHO�� DV� LW� LV� UH�
TXLUHG� WR� SURYLGH� LQWHUIHUHQFH� ZLWK� PD[L�
PXP� YLVLELOLW\�� )XUWKHU�� WKH� EHDPV� SDVV
WKURXJK� WKH� SRVLWLYH� OHQV� ����� LQWHUVHFW� DW
WKH�YLFLQLW\�RI�SRLQW�2��DQG�FUHDWH�DQ�LQWHU�
IHUHQFH�WKHUH��,Q�WKH�SODQH�����SHUSHQGLFXODU
WR� WKH� ELVHFWRU� RI� FRQYHUJHQFH� DQJOH� D� RI

)LJ����� 7KH� RSWLFDO� VHWXS� IRU� VHOI�GLIIUDFWLRQ
REVHUYDWLRQV�� ��� VHPLFRQGXFWRU� ODVHU�� ��� WKH
ODVHU�EHDP�����:ROODVWRQ�SULVP� �:3������SR�
ODUL]HU�� ��� SRVLWLYH� OHQV�� ��� WKH� OHQV� IRFDO
SODQH�����WKH�SODQH�ZKHUH�WKH�ILOP�LV�VHW�DQG
LQWHUIHUHQFH� IULQJHV� DUH� ORFDOL]HG�� ��� PLFUR�
VFRSH�� ��� VFUHHQ��M�� DQJOH� EHWZHHQ�EHDPV�GL�
YHUJLQJ� DIWHU� :3�� )�� IRFDO� GLVWDQFH� RI� WKH
OHQV�� K�� GLVWDQFH� EHWZHHQ� EHDPV� DW� OHQV�� /�
GLVWDQFH� IURP� WKH� OHQV� WR� WKH� SRLQW�2�ZKHUH
EHDPV�LQWHUVHFW�DW�SODQH������D��DQJOH�EHWZHHQ
PHHWLQJ�EHDPV�FUHDWLQJ�LQWHUIHUHQFH��;��FRRU�
GLQDWH�RQ�WKH�SODQH�����FRXQWHG�IURP�2�

/�$�$JHHY�HW�DO����6HOI�GLIIUDFWLRQ�HIIHFW�REVHUYDWLRQ���
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WKH�WZR�EHDPV��LQWHUIHUHQFH�SDWWHUQ�LV�ORFDO�
L]HG�ZLWKLQ� D� VPDOO� DUHD� FUHDWHG�E\� WKH� LQ�
WHUVHFWLQJ�EHDPV��7KH�SDWWHUQ�LV�D�SOXUDOLW\
RI� SDUDOOHO� DOWHUQDWLQJ� EODFN� DQG� OLJKW
IULQJHV�� 7KH� SDWWHUQ� ZDYH� YHFWRU�.� LV� GL�
UHFWHG� SHUSHQGLFXODUO\� WR� WKH� LQWHUIHUHQFH
IULQJHV� DQG� LV�SDUDOOHO� WR� WKH�SODQH� LQ�ZKLFK
WKH�ZDYH�YHFWRUV�N�����N���� ��S�O��RI�WKH�WZRLQWHUVHFWLQJ� EHDPV� OLH�� 7KH�.� YDOXH� LV� �S�/
ZKHUH�/�LV�DQ�LQWHUIHUHQFH�SDWWHUQ�SHULRG�
$�OHQV� ����ZLWK�IRFDO�GLVWDQFH�)� ����FP

LV� XVHG� LQ� WKH� VHWXS�� 7KH� OHQV� ZDV� VHW� DW
GLVWDQFH�6|���FP�IURP�:3��$W�VXFK�LQVWDO�
ODWLRQ�� WKH� GLVWDQFH� EHWZHHQ� EHDPV� DW� WKH
OHQV� LV� K|���� FP�� DQG� WKH� EHDPV� FURVV� EH�
\RQG� WKH� IRFDO� SODQH� ���� DW� GLVWDQFH
/|����� FP� IURP� WKH� OHQV� �/� �6)��6Ü)��
7KH� 6&/� UDGLDWHG� ODVHU� EHDP� KDV� D� QHDUO\
UHFWDQJXODU� FURVV�VHFWLRQ�� DSSUR[LPDWHO\
���u��PP���)RU� WKH� VWDWHG�VHWXS�JHRPHWU\�
WKH� DUHD� FUHDWHG� E\� FURVVLQJ� EHDPV� DW� WKH
SODQH� ���� KDV� D� VL]H� RI� DERXW� ���u��PP��
DQG�LQWHUIHUHQFH�IULQJHV�DUH�FRQFHQWUDWHG�DW
WKLV�DUHD�
7R� FDOFXODWH� WKH� LQWHUIHUHQFH�SDWWHUQ�SH�

ULRG�/�LQ�WKH�SODQH������ZH�DVVXPHG�D�VWULFW
V\PPHWU\� RI� EHDPV� DQG� HTXDOLW\� RI� RSWLFDO
SDWKV� IURP�:3�WR�SRLQW�2� �SDWK�GLIIHUHQFH
DVVRFLDWHG�ZLWK�:3�DFWLRQ�LV�QRW�WDNHQ�LQWR
FRQVLGHUDWLRQ��� ,Q� WKLV� FDVH�� WKH� SRLQW� 2� LV
WKH� FHQWHU� RI� LQWHUIHUHQFH� ZKHUH� WKH� SDWK
GLIIHUHQFH� LV�'� ���� 7R� FDOFXODWH�/�� WKH� LQ�
WHUIHUHQFH�FDQ�EH�VXSSRVHG�WR�EH�FUHDWHG�E\
WKH�EHDPV�H[LWLQJ�WKH�OHQV��7KH�RVFLOODWLRQV
LQ�WKH�EHDPV�DW�WKH�OHQV�VXUIDFH�DUH�FRQVLG�
HUHG� WR� EH� FRSKDVHG�� DQG� GLVWDQFH� EHWZHHQ
EHDPV�LV�K��7KH�SDWK�GLIIHUHQFH�FDOFXODWLRQV
ZHUH� FDUULHG� RXW� XQGHU� DVVXPSWLRQV�'��/�
DQG�/�!!�K� >�@� IRU� EHDPV� FUHDWLQJ� WKH�SDW�
WHUQ�QHDU�WKH�SRLQW�2��7KH�FDOFXODWLRQV�JLYH
WKH�FRQGLWLRQ�RI�LQWHUIHUHQFH�PD[LPD�

'� �;���K/ � �P���O� ���

7KH�;�D[LV�LV�LQ�WKH�SODQH������LW�LV�SDUDOOHO
WR�.�YHFWRU��WKH�;�FRRUGLQDWH�LV�FRXQWHG�IURP
WKH�SRLQW�2��P� ����r���r����� LV�WKH� LQWHUIHU�
HQFH� RUGHU�� 7KH� LQWHUIHUHQFH� DUHD� ZLGWK� LV
DSSUR[LPDWHO\� �;PD[|����PP�� 7KLV� UHVXOWVLQ� _PPD[_|���� )URP� ����� ZH� REWDLQ� WKH� SDW�WHUQ�SHULRG�DV

/� �;P�����;P� �/���OK � �OD�
���

$W� WKH� VWDWHG� YDOXHV� RI�/�� O�� DQG� K� WKH
IRUPXOD�����JLYHV�/�|���PP�

$�VWUXFWXUH�ZLWK�VXFK�D�SHULRG�FDQQRW�EH
REVHUYHG�E\�QDNHG�H\H��$�QRUPDO�H\H� LV�DEOH
WR� VHH� WKH� SHULRGLFLW\� RI� VWUXFWXUH� DW� /�!
���PP�>�@��%XW�WKH�SHULRGLFLW\�ZLWK�/|��PP
LV� HDVLO\� REVHUYDEOH� XQGHU� PLFURVFRSH� ����
:H�KDYH�XVHG�D�KRUL]RQWDO�PLFURVFRSH�ZLWK
�u� REMHFWLYH� DQG� ��u� RFXODU�� 7KH� LQWHUIHU�
HQFH� LV�REVHUYHG� LQ� OLJKW�H[LWLQJ�WKH�PLFUR�
VFRSH�RFXODU�DQG�KLWWLQJ�WKH�VFUHHQ������7KH
PLFURVFRSH� LV� IRFXVHG� IRU� SDWWHUQ� REVHUYD�
WLRQ� E\� VLPSOH� VKLIWLQJ� LW� DORQJ� WKH� VHWXS
RSWLFDO�D[LV�XQWLO�PHUJLQJ�WKH�WZR�EHDPV�RQ
WKH� VFUHHQ�� 7KH� VFUHHQ� ���� FDQ� EH� VHW� DW
YDULRXV�GLVWDQFHV�IURP�RFXODU��7KH�GLVWDQFH
LQFUHDVLQJ�� WKH� LQWHUIHUHQFH� SDWWHUQ� SHULRG
RQ� VFUHHQ� LQFUHDVHV� OLQHDUO\� GXH� WR� DQJXODU
PDJQLILFDWLRQ�RI�WKH�PLFURVFRSH��,Q�D�GDUN�
HQHG�URRP��DQ� LQWHQVH� ODVHU�EHDP�DOORZV� WR
REVHUYH� LQWHUIHUHQFH� IULQJHV� ZLWK� SHULRG
|�� FP� RQ� D� VFUHHQ� SRVLWLRQHG� DW� DSSUR[L�
PDWHO\���PHWHUV�IURP�WKH�PLFURVFRSH�
7R� REVHUYH� WKH� VHOI�GLIIUDFWLRQ�� D� SKRWR�

VHQVLWLYH�$V�6�±$J� VDPSOH� LV� VHW� RQ� D� VXE�VWDJH� SURYLGLQJ� WKH� VDPSOH� GLVSODFHPHQW
DORQJ�WZR�RUWKRJRQDO�GLUHFWLRQV��7KH�VDPSOH
LV�VLWXDWHG�LQ�VXFK�D�ZD\�WKDW�WKH�ILOP�SODQH
FRLQFLGHV� ZLWK� WKH� SODQH� ����� 7KH� VDPSOH
VL]H� LV� ODUJH� HQRXJK�DV� FRPSDUHG� WR� WKH� LU�
UDGLDWHG�DUHD��WKXV�DOORZLQJ�XV�WR�LUUDGLDWH
GLIIHUHQW� SDUWV� RI� WKH� ILOP� DQG� WR� REVHUYH
VHOI�GLIIUDFWLRQ� UHSHDWHGO\�� 7KH� PLFURVFRSH
���� LV� UHPRYHG�RXW� RI� WKH� VHWXS�� WKH� VFUHHQ
���� LV� VLWXDWHG� DW� D� GLVWDQFH� FRQYHQLHQW� IRU
REVHUYDWLRQV��$OVR�IRU�FRQYHQLHQFH�RI�REVHU�
YDWLRQV�� WKH� VFUHHQ� LV� PDGH� RI� D� OXVWHUOHVV
SDSHU�DOORZLQJ�WR�FDUU\�RXW�WKH�REVHUYDWLRQV
LQ� WUDQVPLWWHG� OLJKW�� $W� H[SRVXUH� VZLWFKHG
RQ�� WZR� OLJKW� VSRWV� DUH� VHHQ� RQ� WKH� VFUHHQ
VLWXDWHG� DW� D� VSHFLILHG� GLVWDQFH� IURP� WKH
VDPSOH��WKRVH�DUH�FUHDWHG�E\�WKH�EHDPV�H[LW�
LQJ� WKHLU� FURVVLQJ� UHJLRQ� DW� WKH� ILOP�� 7KH
H[SRVXUH�LQFUHDVLQJ��QHZ�OLJKW�VSRWV�DSSHDU
RQ� WKH� VFUHHQ�� 7KH\� FRUUHVSRQG� WR� GLIIUDF�

)LJ����� 'LIIUDFWLRQ� SDWWHUQ� GHYHORSHG� GXULQJ
H[SRVXUH� DW� LUUDGLDWLQJ� WKH� SKRWRVHQVLWLYH
ILOP� VHW� LQ� SODQH� ���� DQG� REVHUYHG� RQ� WKH
VFUHHQ������P���P���GLIIUDFWLRQ�RUGHUV�IRU�WZRLQWHUDFWLQJ�EHDPV�
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WLRQ� DW� RUGHUV�P�!��� �)LJ������'LUHFWLRQV� RI
GLIIUDFWHG�EHDPV�PHW�WKH�FRQGLWLRQ

N���G � �N������P.� ���
$W� ILUVW�� WKH� VSRWV� ZLWK� RUGHUV� P� �r�

DSSHDU� GXH� WR� GLIIUDFWLRQ� RI� ]HUR�EHDPV�RQ
WKH� GLIIUDFWLRQ� JUDWLQJ� EHLQJ� UHFRUGHG� LQ
WKH�ILOP��2I�LQWHUHVW�LV�WKH�IDFW�WKDW��LI�WKH
H[SRVLWLRQ� LV� LQWHUUXSWHG�GXULQJ� WKLV� VWDJH�
D�JUDWLQJ�ZLWK�VLQXVRLGDO�SURILOH�RI�JURRYHV
LV�REWDLQHG�>�@��$W�IXUWKHU�LQFUHDVH�RI�H[SR�
VXUH�� WKH� VLQXVRLGDOLW\� LV� EURNHQ�� DQG� GLI�
IUDFWLRQ� VSRWV� ZLWK� P�!��� DSSHDU� DQG� DUH

GHYHORSHG�� $W� VHOI�GLIIUDFWLRQ�� WKLV� LV� W\SL�
FDO� IRU� WKLQ�JUDWLQJV�ZLWK�/�!!�G� �ZKHUH�G
LV� WKH� ILOP� WKLFNQHVV� >�@��� 7KH� LQWHQVLW\� RI
VSRWV�GHFUHDVHV�DV�P�LQFUHDVHV��$W�WKH�VDWX�
UDWLRQ� VWDJH� ZKLFK� LQ� WKH� FXUUHQW� H[SHUL�
PHQW� FRUUHVSRQGV� WR� H[SRVXUH� WLPH� RI� VHY�
HUDO� PLQXWHV�� WKH� GLIIUDFWLRQ� ZLWK� P� �r�
FDQ�EH�REVHUYHG��7KH�GLIIUDFWLRQ�DQJOH�PHDV�
XUHPHQWV� DOORZ� WR� FDOFXODWH� WKH� SHULRG� /
XVLQJ� IRUPXOD� ����� 6XFK� PHDVXUHPHQWV� UH�
VXOW�LQ�/� �����PP�EHLQJ�LQ�JRRG�DJUHHPHQW
ZLWK�/�FDOFXODWLRQ�E\�IRUPXOD�����
$Q�$V�6�±$J� ILOP� UHWDLQV� SKRWRVHQVLWLY�LW\�QRW�RQO\�DW�QRQ�LUUDGLDWHG�DUHDV�EXW�DOVR

LQ� WKH� DUHD� ZKHUH� KRORJUDSKLF� GLIIUDFWLRQ
JUDWLQJ� LV� UHFRUGHG�� 7KLV� DOORZV� H[SDQVLRQ
RI� WKH� H[SHULPHQW� RQ� VHOI�GLIIUDFWLRQ� DQG
JUDWLQJ� UHFRUGLQJ��$W�:3�WXUQ�E\������ WKH
SODQH� RI� EHDPV� FUHDWLQJ� LQWHUIHUHQFH� WXUQV�
WRR�� ,Q� WKLV� FDVH�� WKH� EHDPV� UHWDLQ� HTXDO
LQWHQVLWLHV�� LQWHUVHFW�DW�WKH�VDPH�SODFH��DQG
IRUP� D� QHZ� GLIIUDFWLRQ� JUDWLQJ� LQ� WKH� ILOP
ZLWK� YHFWRU�.�A.�� $V� D� UHVXOW�� RQH� JHWV� DWZR�GLPHQVLRQDO� UHFWDQJXODU� JUDWLQJ� GLI�
IUDFWLRQ� IURP� ZKLFK� LV� VKRZQ� LQ� )LJ���D�
)RU� FRPSDULVRQ�� D� GLIIUDFWLRQ� SDWWHUQ� DW
QRUPDO� LQFLGHQFH� RI� VLQJOH� EHDP� RQ� WKLV
JUDWLQJ� LV� VKRZQ� LQ� )LJ���E�� 2EVHUYDWLRQV
ZLWK� WKH� PLFURVFRSH� ���� DOORZ� WKH� VTXDUH
JUDWLQJ� LWVHOI� WR� EH� VHHQ� RQ� WKH� VFUHHQ� ����
7KH�WZR�GLPHQVLRQDO�JUDWLQJ�UHFRUGHG�LQ�WKH
ILOP�LV�D�WZR�GLPHQVLRQDO��SKRWRQLF�FU\VWDO�
>�@�DQG�WKH�H[SHULPHQW�GHVFULEHG�SUHVHQWV�D
VLPSOH�ZD\�WR�IRUP�DQG�UHVHDUFK�VXFK�FU\V�
WDOV� DW� VPDOO� DUHDV� RI� DQ\� SROLVKHG� VXE�
VWUDWHV��$OVR�WKHUH�PD\�EH�DQ�LQWHUHVW�LQ�WKH
FDVH�RI�D�SODQDU�ZDYHJXLGH�RQ�VXEVWUDWH�VXU�

)LJ����� �D�� 'LIIUDFWLRQ� SDWWHUQ� RQ� VFUHHQ� ���
GHYHORSHG� DW� IRUPDWLRQ� RI� WZR�GLPHQVLRQDO
VTXDUH�JUDWLQJ�LQ�WKH�ILOP�E\�WZR�FRQVHFXWLYH
H[SRVXUHV�DW�WZR�RUWKRJRQDO�SODQHV�RI�EHDPV
PHHWLQJ�� �E�� 'LIIUDFWLRQ� SDWWHUQ� IURP� WKH
VDPH� JUDWLQJ� DW� QRUPDO� LQFLGHQFH� RI� VLQJOH
ODVHU�EHDP�

)LJ����� 0LFURSKRWR� RI� WKH� WZR�GLPHQVLRQDO
VTXDUH�JUDWLQJ��/� �����PP��RQ�WKH�VFUHHQ����
REVHUYHG�LQ�WKH�VFKHPH�RI�)LJ����
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IDFH� ZKHQ� D� JUDWLQJ� KDV� WR� EH� IRUPHG� IRU
UDGLDWLRQ�EULQJLQJ�LQ�WKH�ZDYHJXLGH�
7KH� JUDWLQJV� UHFRUGHG� LQ� WKH� ILOP� DUH

PDLQWDLQHG� IRU� DUELWUDU\� ORQJ� WLPH� LI� WKH
VDPSOH� LV� QRW� H[SRVHG� WR� LQWHQVH� OLJKW� RU
KLJK� WHPSHUDWXUH�� 7KH� UHFRUGHG� VWUXFWXUHV
DOVR�PD\� EH� IL[HG� E\�PHDQV� RI� DONDOL� VROX�
WLRQ� WUHDWPHQW� RI� WKH� VDPSOH� >����@�� $ONDOL
GLVVROYHV� TXLFNO\� WKH� QRQ�LUUDGLDWHG� DUHDV
DQG�ZHDNO\�DIIHFWV�WKH�LUUDGLDWHG�RQHV��7KLV
UHVXOWV�LQ�D�UHOLHI�GLIIUDFWLRQ�JUDWLQJ�LQVHQ�
VLWLYH�WR�LQWHQVH�OLJKW�
7R� FRQFOXGH�� OHW� XV� GHQRWH� VRPH� SHFXOL�

DULWLHV�RI�WKH�RSWLFDO�VFKHPH�XVHG�LQ�H[SHUL�
PHQW��7KH�XVH�RI�D�VPDOO�6&/�GHFUHDVHV�FRQ�
VLGHUDEO\� WKH� RYHUDOO� VHWXS� VL]H�� 'XH� WR
EHDP� GLYLVLRQ� LQWR� WZR� SDUWV� E\� :3�� WKH
VFKHPH�KDV�RQH�VWUDLJKW�GLUHFWLRQ�RI�RSWLFDO
D[LV�� 7KLV� DOORZV� WR� DVVHPEOH� LW� RQ� D
VWUDLJKW� RSWLFDO� EHQFK� �D� VWDQGDUG� ���Ü
����FP�RSWLFDO�EHQFK�SODFHG�RQ�D�ODERUDWRU\
EHQFK��� 7KH� VFKHPH� DOORZV� WXUQ� DUELWUDU\
WKH� SODQH� RI� EHDPV� FUHDWLQJ� LQWHUIHUHQFH
FRQVHUYLQJ�WKHLU�LQWHQVLWLHV�DORQJ�ZLWK�WXUQ
RI�ODVHU�EHDP�SRODUL]DWLRQ�SODQH��7KH�ODWWHU
LV�GRQH�E\�WXUQLQJ�WKH�ODVHU�RU�XVLQJ�D�KDOI�
ZDYH� FU\VWDO� SODWH�� 7KH� LQWHQVLW\� UDWLR� RI
WZR� EHDPV�PD\� EH� HDVLO\� FKDQJHG� E\� WXUQ�
LQJ�WKH�:3�RU�SRODUL]HU��7KLV�DOORZV�WR�H[�
WHQG� WKH� SUREOHP� RI� VHOI�GLIIUDFWLRQ� WR� UH�
VHDUFK� WKH� LQWHQVLW\�GLVWULEXWLRQ� LQ�GLIIUDF�
WLRQ� EHDPV� >�@�� 2QH� FDQ� FKDQJH� WKH
LQWHUIHUHQFH� SHULRG� ZLWKLQ� FHUWDLQ� OLPLWV
HLWKHU� FKDQJLQJ� WKH� GLVWDQFH� K� EHWZHHQ

EHDPV� DW� 6� GLVWDQFH� FKDQJH� RU� XVLQJ� WKH
OHQVHV�ZLWK�GLIIHUHQW�IRFDO�GLVWDQFHV�)��%RWK
RQH�GLPHQVLRQDO� DQG� WZR�GLPHQVLRQDO� JUDW�
LQJV�RI�PLFURQ�SHULRG�FDQ�EH�UHFRUGHG�LQ�WKH
UHFRUGLQJ�PHGLXP��)LQDOO\��WKH�VHOI�GLIIUDF�
WLRQ� HIIHFW� REVHUYHG� LQ� WKH� VFKHPH� FDQ� EH
XVHG� WR� GHWHFW� WKH� QRQOLQHDU� LQWHUDFWLRQ� RI
OLJKW�ZLWK�YDULRXV�PHGLD�>�@�
7KLV�ZRUN�KDV�EHHQ�VXSSRUWHG�FDUULHG�E\

6WDWH� )RXQGDWLRQ� IRU� )XQGDPHQWDO� 5H�
VHDUFKHV� RI�0LQLVWU\� RI� (GXFDWLRQ� DQG� 6FL�
HQFH�RI�8NUDLQH��8NUDLQLDQ�%HODUXVVLDQ�SUR�
MHFW��&RQWUDFW�)�������������

5HIHUHQFHV
� ���*�6�/DQGVEHUJ�� *HQHUDO� &RXUVH� RI� 3K\VLFV�

2SWLFV��1DXND��0RVFRZ��������>LQ�5XVVLDQ@�
� ���9�/�9LQHWVN\�� 1�9�.XNKWDUHY�� 6�*�2GRXORY�

0�6�6RVNLQ��8VS��)L]��1DXN�������������������
� ���9�&KXPDVK�� ,�&RMRFDUX�� (�)D]LR� HW� DO��� LQ�

3URJUHVV� LQ� 2SWLFV�� HG�� E\� (�:ROI�� (OVHYLHU
6FLHQFH��Y�����S��Ü����������

� ���,�=�,QGXWQ\L�� 0�7�.RVW\VKLQ�� 2�3�.DV\DUXP
HW� DO��� 3KRWRLQGXFHG� ,QWHUDFWLRQV� LQ� 0HWDO�
6HPLFRQGXFWRU� 6WUXFWXUHV�� 1DXNRYD� 'XPND�
.\LY��������>LQ�5XVVLDQ@�

� ���,�=�,QGXWQ\L�� $�9�6WURQVNL�� 6�$�.RVW\X�
NHYLWFK�HW�DO���2SWLF��(QJLQ�������������������

� ���&�-DPRLV�� 5�%�:HKUVSRKQ�� /�&�$QGUHDQL� HW
DO���LQ��3KRWRQLFV�DQG�1DQRVWUXFWXUHV�Û�)XQ�
GDPHQWDOV� DQG� $SSOLFDWLRQV�� Y���� S��Ü��
�������

� ���6XSHUVHQVLWLYH� /DVHU� 6SHFWURVFRS\�� HG�� E\
'�&O\GHJHU��0LU��0RVFRZ��������>LQ�5XVVLDQ@�
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