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&RURQDHOHFWUHWV�LV�XVHG�LQ�PDQ\�W\SHV�RI
HOHFWURQLF� DQG� RSWRHOHFWURQLF� HTXLSPHQW�
7KH\� DSSO\� DV� DFWLYH� HOHPHQWV� RI� HOHFWUHW
PLFURSKRQV��VHQVRUV�RI�SUHVVXUH��HOHFWURPH�
FKDQLFDO�WUDQVGXVHUV��DLU�ILOWHUV��GRVLPHWHUV�
'LIIHUHQW�NLQGV�RI��[HURJUDSK\�DUH�EDVHG�RQ
WKH� SKRWRGLVFKDUJH� RI� LQRUJDQLF� �6H��=Q2��DQG�RUJDQLF��SRO\YLQ\OFDUED]ROH�Û�39&��DQ�
WKUDFHQH�� FRURQDHOHFWUHW� OD\HUV�� 2Q� WKH
RWKHU� KDQG�� PHWKRG� RI� [HURJUDSK\� LV� YHU\
VXLWDEOH� WR� VWXG\� SKRWRHOHFWULFDO� SURSHUWLHV
RI� KLJK�UHVLVWHQFH�PDWHULDOV� DW� WKH� OLPLWLQJ
KLJK��XS�WR�������9�P��HOHFWULFDO�ILHOGV�>�@�

7KHUHIRUH�� LW� LV� YHU\� LPSRUWDQW� WR� GH�
YHORS� QHZ� SURFHGXUHV� IRU� LQYHVWLJDWLRQ� RI
FRURQDHOHFWUHWV� HOHFWURSK\VLFDO� SURSHUWLHV
DQG� SKRWR�� DQG� WKHUPRHOHFWUHWV� FRQQHFWHG
ZLWK�WKHP��6XFK�UHVHDUFK�LV�VXLWDEOH�WR�FDUU\
RXW� RQ� WKH�PRGHO� V\VWHPV� XVLQJ�ZHOO� NQRZQ
PDWHULDOV��QDPHO\�DQWKUDFHQH�RU�39&�

3URSHUWLHV�RI�FRURQDHOHFWUHWV�ZLWK�SODQH�
SDUDOOHO� FRQILJXUDWLRQ� �)LJ����� LV� XVXDOO\
VWXGLHG�E\�PHDVXULQJ�RI�WLPH�GHSHQGHQFH�RI
HOHFWUHW� SRWHQWLDO� GLIIHUHQFH� 9�W�� �9W�� 7KHYDOXH�RI�9W�LV�DQ�LQWHJUDO�FKDUDFWHULVWLF��DQGLW� GRHVQ�W� H[SODLQ� WKH� SURFHVVHV� LQ� HOHFWUHW

XQDPELJRXVO\�� 7KHUHIRUH�� 9W� GDWD� QHHGV� LQDGGLWLRQDO� LQIRUPDWLRQ� WKDW� FDQ�EH�UHFHLYHG
E\�WKH�PHDVXULQJ�RI�WKHUPR��RU�SKRWRVWLPX�
ODWHG� GHSRODUL]DWLRQ� FXUUHQWV�VHFWLRQDOL]D�
WLRQ�DQG�HW�DO��)DFWXDOO\��WKHVH�PHWKRGV�GH�
VWUR\�HOHFWUHW�VWDWH�

,Q�WKH�SURFHVV�RI�HOHFWUHW�VWDWH�UHOD[DWLRQ
WKH� GLVSODFHPHQW� RI� QRQHTXLOLEULXP� DQG
HTXLOLEULXP� FDUULHUV� OHDGV� WR� WKH� SDUWLDO
QHXWUDOL]DWLRQ� RI� VXUIDFH� FKDUJHV� V�� LQWUR�GXFHG�E\�HOHFWULFLW\��7KH�RWKHU�SDUW�RI� FDU�
ULHUV�LV�WUDSSHG�E\�GHHS�OHYHOV�LQ�WKH�YROXPH
RI�VDPSOHV�ZLWK�IRUPDWLRQ�RI�WKH�SHUVLVWHQW
LQWHUQDO� SRODUL]DWLRQ� Û� 3,3�� 7KH� ODVW� LV
FKDUDFWHUL]HG�E\�WKH�YDOXH�RI�LQWHUQDO�RSSR�
VLWH�HOHFWURPRWLYHV�IRUFH�RSSRVLWH�(0)
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�
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ZKHUH� U�[�� �UQ�[����US�[�� Û� WKH� WRWDO� GLV�
WULEXWLRQ� RI� ORFDOL]DWHG� HOHFWURQV� UQ�[�� DQG
KROHV� US�[��� 7KH� VHSDUDWLRQ� EHWZHHQ� �FHQ�WURLGV�� RI� WKLV� GLVWULEXWLRQ� �GI�W� DOORZV� WRGHVFULEH� 3,3� E\� VLPSOH� PRGHO�� LQ� ZKLFK

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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UQ�[�� DQG� US�[�� LV� UHSUHVHQWHG� E\� WZR� WKLQ
QHJDWLYH�DQG�SRVLWLYH�FKDUJH� OD\HUV�VIÜ�DQG
VI��SODFHG�RQ�GLVWDQFH�GI�IURP�RQH�WR�RWKHU�,W� LV� DVVXPHG� WKH� H[LVWLQJ� RI� WZR� LQILQLW
WKLQ� VXUIDFH� VSDFHG� FORVHO\� ORFNLQJ� OD\HUV�
6R�DOO�UHOD[HWLRQ�SURFHVV�FDQ�EH�GHVFULEHG�E\
(W� GHYHORSPHQW�� 7KHQ�� DFFRUGLQJ� WR� HOHF�
WURQHXWUDOLW\�FRQGLWLRQV�_VIÜ_� ��_VI�_� �VI�WKHYDOXH�RI�RSSRVLWH�(0)�PD\�EH�H[SUHVVHG�DV

(W� ����e�H�H��GI�W�VI�W� ���
(OHFWUHW�SRWHQWLDO�GLIIHUHQFH�FKDQJHV�DV

9W� �9�L���(W� ���
ZKHUH� 9�L� ����HH��'V�L� Û� LQLWLDO� SRWHQWLDO
DIWHU�L�WK�HOHFWUL]DWLRQ�

7KH�YDOXH�RI�SRWHQWLDO�FKDQJH�YHORFLW\�DW
WKH�SURFHVV�RI�UHOD[DWLRQ

9Wc� ����e�H�H�§©�GI�W�GVI�Wc����VI�W�GI�Wc·¹��� ���
LV�SURSRUWLRQDO�WR�WKH�WRWDO�LQWHUQDO�FXUUHQW
LQ� HOHFWUHW�� +LJK�UHVLVWDQFH� SKRWRVHPLFRQ�
GXFWRUHV�DUH�XVXDOO\�XVHG�LQ�[HURJUDSK\��6R
DW�URRP�WHPSHUDWXUH�ZH�FDQ�LJQRUH�WKH�FXU�
UHQWV�RI�HTXLOLEULXP�FDUULHUV�

7R�GLIIHUHQW�LQLWLDO�SRWHQWLDOV�9ºL�WKH�GLI�IHUHQW�LQLWLDO�YHORFLWLHV�RI�LW�FKDQJLQJ��9Wc�ºLLV� FRQIRUPHG� �)LJ���E�� FXUYH� ���� 2Q� WKH
RWKHU�KDQG��WR�HDFK�PRPHQW�RI�H[LWDWLRQ�RQ
WKH� VDPSOH� DIWHU� L�WK� HOHFWUL]DWLRQ� WKH� GH�
ILQLWLYLHV�YDOXHV�RI�SRWHQWLDO�9W�DQG�YHORFLW\RI�LW�FKDQJLQJ�9Wc�DUH�FRUUHVSRQGHG��)LJ���E�

FXUYH�����&RQVHTXHQWO\�WR�HDFK�RI�VSHFLILF�9WcWZR�PDJQLWXGHV�RI�SRWHQWLDO�DUH�FRUUHVSRQGHG
9ºL� ��'�e�H�H�VºL� ���

DQG
�9W�L� ����e�H�H��'VºL���GIWVIW�������� ���

6LQFH� WKH� SKRWRFXUUHQWV� LV� VLPLODU� LQ
ERWK�FDVHV��7KH�ILHOGV�LQ�WKH�VSDFH�RI�FDUULHU
JHQHUDWLRQ�DQG�WUDQVSRUW�LV�VLPLODU�WR�

)LJ����� 3KRWRHOHNWUHW� FKDUDFWHULVWLFV� RI� PHOW
JURZQ� DQWKUDFHQH� FU\VWDO�� 3RVLWLYH� FKDUJHG�
IUHH�VXUIDFH�LOOXPLQDWHG��'� ����PP��O� �����QP�
N� �����FPÜ��� ,� ������SKRWRQ�P�VÜ���� D� Û� WKH
IDPLO\� RI� YROW� GHFD\� FDUYHV� �9W�,� DW� WKH� GLI�IHUHQW� LQLWLDO� SRWHQWLDOV� 9�L� �� E� Û� LQLWLDO
SRLQWV� �9W���L� IURP� WKH� DOO� HOHPHQWV� RI� YROWGHFD\�IDPLO\�Û����FRQWLQXRXV�GLIIHUHQWLDWLRQ�RI
GHFD\� FXUYH� IURP� WKH� ODUJHVW� LQLWLDO� SRWHQWLDO
9�PD[ ����9�Û���� F�Û�NLQHWLFV� RI� SRODUL]D�
WLRQV� JHRPHWULFDO� SDUDPHWHU� �GI�W� EHKDYLRU�1HZO\� PDGH� FU\VWDO� DW� LQLWLDO� ILHOGV
)� �������9�P� DQG� �����9�P� PHDVXUHG� �
FXUYHV� �� DQG� ��� UHVSHFWLYHO\�� &U\VWDO� DIWHU
DQQHDOLQJ��)� �������9�P�Û���

)LJ����� 6FKHPDWLF� GLDJUDP� RI� H[SHULPHQW�
��Û�SKRWRVHPLFRQGXFWRU����Û�JUDXQGHG�HOHF�
WURG���c�Û�XSSHU�HOHFWURGH����Û�VHPLWUDQVSR�
UDQW� YLEUDWLQJ�UHHG� SUREH�� ��Û� DPSOLILHU�UH�
FRUGLQJ�V\VWHP����Û�VZLWFK�� HOHFWUL]DWLRQ�Û
�D���PHDVXUPHQW�Û��E��
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VºL� �VºPD[���VIW� ���
)URP����Ü����WKH�IROORZLQJ�UHODWLRQVKLS

�GI�W�e�'� ��9ºPD[���9W��e��9ºPD[���9ºL� ���
DOORZV�WR�GHWHUPLQH�WKH�YDOXH�RI�JHRPHWULFDO
SDUDPHWHU� LQ� WKH� SURFHVV� RI� FRQWLQXRXV� H[�
SRVXUH� E\� SKRWRDFWLYH� UDGLDWLRQ� RQ� WKH
VDPSOH�

6FKHPDWLF�GLDJUDP�RI�H[SHULPHQW�VKRZHG
RQ� )LJ����� 7KH� �QDWDWRULDO�� HOHFWURGH� �c� LV
XVHG�D�GHYLFH�ZLWK�WULWLXP�LRQL]HU� >�@��WKDW
DOORZV� WR� GHSRVLW� WKH� FORVHO\� PHDVXUHG
DPRXQWV� RI� SURGXFHG� LRQV� RQ� IUHH� VXUIDFH
�VZLWFK� �� LQ� SRVLWLRQ� �D��� RI� WKH� VDPSOH�
2QO\�LQ�IHZ�FDVHV�WKH�VFRURWURQ�ZLWK�QHHGOH
HOHFWURGH�ZDV�XVHG��'HWHUPLQDWLRQ�RI�SRWHQWLDO
GLIIHUHQFH� EHWZHHQ� WKH� VLGHV� RI� V\VWHP� ZDV
LPSOHPHQWHG�E\�LQGXFWLRQ�PHWKRG�ZLWK�YLEUDW�
LQJ�UHHG�SUREH����VZLWFK���LQ�SRVLWLRQ��E���>�@
DQG� UHFRUGLQJ� HTXLSPHQW� ��� 7KH� FDSDFLW\� EH�
WZHHQ�YLEUDWLQJ�UHHG�SUREH�DQG�IUHH�VXUIDFH�RI
WKH� V\VWHP�PXFK� OHVVHU� WKDQ� FDSDFLW\� RI� WKH
VDPSOH� LQ�DOO�FDVHV��'XH�WR�WKLV�IDFW�WKH�ILHOG
LQ�WKH�VDPSOH�GRHV�QRW�SHUWXUE��SUDFWLFDOO\�

$V� PRGHO� V\VWHP� ZH� KDYH� XVHG� WKH
PRQRFU\VWDOV� RI� DQWKUDFHQH� �KLJK�GHJUHH�RI
WKH�SXUH�Û�OLIHWLPH�RI�GHOD\HG�IOXRUHVFHQFH
WGI�|�������Ü�� V�� WKDW� ZDV� JURZQ� IURP� WKHPHOW�� DQG� ORZ� SXULQJ�Û� WGI�|�����Ü�� V��RE�WDLQHG� IURP� WKH� VROXWLRQ��� 7KH� FU\VWDOV� RI
VHFRQG�W\SH�KDYH�PRUH�SHUIHFW�VWUXFWXUH��,Q
ILUVW� FDVH� WKH�GHQVLW\� RI�QRQEDVLF� HGJH�GLV�
ORFDWLRQV� WKDW� DUH� SDUDOOHO� WR� °c� D[LV� RI� WKH
FU\VWDO��ZDV�DSSUR[LPHO\�����FPÜ��ZLWK�RXW
DQQHDOLQJ� ����� .�� ��� PLQ� �� DQG� RUGHU
������FPÜ�� DIWHU� LW�� ,Q� WKH� VHFRQG� FDVH� WKH
GHQVLW\� LV� WR�DSSUR[LPDWHO\�������FPÜ���'L�
UHFWLRQ� RI� HOHFWULF� ILHOG� FRLQFLGHV� ZLWK� Fc
D[LV� RI� WKH� FU\VWDO�� 7R� VXUIDFHV� SDUDOOHOLQJ
WR�DE�SODQH�WKLQ�QRQSKRWRFRQGXFWLYH�LQVXOD�
WRU� VSDFHUV� �0D\ODU�� ���P�� RQ� )LJ���� QRQ
KLJKOLJKW��ZDV�ILWWHG�VQXJJO\��7KHVH�VSDFHUV
DUH�WKH�EORFLQJ�OD\HUV��WKDW�SUHYHQW�XQGHVLU�
DEOH�LQMHFWLRQ�IURP�HOHFWURGH�LQWR�WKH�SKRWR�
FRQGXFWRU��2Q�RQH�RI�WKH�VSDFHUV�DOXPLQLXP
WKLQ� OD\HU� ZDV� HYDSRUDWHG� �ORZHU� HDUWKHG
HOHFWURGH��� $QRWKHU� VSDFHU� ZDV� IUHH�� 7KH
�QDWDWRULDO�� HOHFWURGH� LV� LQWHUDFWHG� ZLWK� LW
RU�VHPLWUDQVSDUHQW�YLEUDWLQJ�UHHG�SUREH�ZDV
ORFDWHG�DW�WKH�PHDVXUPHQWV�RI�SRWHQWLDO�

2Q� )LJ���D� WKH� IDPLO\� RI� UHOD[DWLRQ
FXUYHV� RI� HOHFWUHW� SRWHQWLDO� GLIIHUHQFH� 9WZDV�VKRZQ��7KDW�UHVXOWV�DUH�REWDLQHG�RQ�WKH
PHOW� JURZQ� DQWKUDFHQH� FU\VWDO� EHIRUH� DQ�
QHDOLQJ� DW� LUUDGLDWLRQ� E\� VWURQJ� DEVRUEDEOH
�GHSWK�RI�SHQHWUDWLRQ�|����PP��QRQSRODUL]HG

OLJKW� RI� SRVLWLYH� FKDUJHG� IUHH� VXUIDFH�� 'H�
SHQGHQFHV� �9Wc�ºL� IURP� 9ºL� DQG� 9Wc� IURP� 9WREWDLQHG� IURP� GDWD� RQ� )LJ���D�� DUH� UHSUH�
VHQWHG� E\� FXUYHV��� DQG���� FRUUHVSRQGLQJO\�
RQ�)LJ���E��7KH�PDJQLWXGHV�RI� �GI�W�'� UHOD�WLRQ� FDOFXODWHG� E\� IRUPXOD� ���� VKRZ� WKH
FKDQJH� RI� JHRPHWULFDO� SDUDPHWHU� SRODULVD�
WLRQ� DW� WLPH� RI� VDPSOH� LOOXPLQDWLRQ� IRU� LQ�
LWLDO�SRWHQWLDOV�9º� �����9��)º� ���������9�P�DQG�9º� �����9� �)º� �������9�P� �� WKH\� DUHSUHVHQWHG� RQ� )LJ���E� �FXUYHV� �� DQG� ��� UH�
VSHFWLYHO\��

,Q� WKLV� H[SHULPHQW� SKRWRJHQHUDWLRQ� RI
IUHH� FKDUJH� FDUULHUV� LV� DWWULEXWHG� E\� QRQ�
RZQ� PHFKDQLVP� RI� WKH� LQWHUDFWLRQ� EHWZHHQ
VLQJOHW� H[LWRQV� DQG� VXUIDFH� DGGLWLRQV� FHQ�
WHUV� �DQWKUDFHQFH� SKRWRR[LGHV�� SUHGRPL�
QDQWO\��� :KHQ� KROHV� PRYH� WR� QHJDWLYH�
JUDXQGHG� HOHFWURGH�� XQGHU� LQIOXHQFH� RI� H[�
WHUQDO� FKDUJHV�VRL� ILHOG� HOHFWURQV� UHPDLQ� DWWKH� ERXQGDU\� RI� DQWKUDFHQH�PD\ODU� VHSDUD�
WLRQ�� 3DUW� RI� WKHP� LV� FDSWXUHG� RQ� GHHS
WUDSV�� )XUWKHU� WKH\� GRQ�W� KDYH� RZQ� FRQWUL�
EXWLRQ�LQ�JHQHUDO�SRWHQWLDO�9W�FKDQJLQJ��)RULQLWLDO� � PRPHQW� WKH� PHDQ� YDOXH� RI� FDUULHU
GLVSODVPHQW� XS� WR� D� FDSWXUH� FRLQFLGH� ZLWK
JHRPHWULFDO�SDUDPHWHU�RI�3,3

'Iº� �PFWS)º��� ���
ZKHUH�PF�Ü�KROHV�PRELOLW\�DORQJ�Fc�D[LV��WS�ÜWLPHOLIH� RI� IUHH� KROH� XS� WR� FDSWXUH�� )URP
)LJ���F�GDWHV� � LW� LV�IROORZHG��WKDW�WKH�YDOXH
RI�WS�GHFUHDVH�ZLWK�WKH�LQFUHDVLQJ�RI�HOHFWUL�FDO�ILHOG�)���)URP�DQRWKHU�KDQG��WKH�FU\VWDODQQHDOLQJ�OHDGV�WR�WKH�OLIHWLPH�LQFUHDVLQJ�DW
WKUHH� WLPHV� DSUR[LPDWHO\� �)LJ���F�Û� FXUYH
���� ,Q� SDSHU� >�@�ZDV� VKRZQ�� WKDW� WKLV� FKDU�
DFWHU� RI� FDUULHUV� EHKDYLRXU� LV� FRQQHFWHG

)LJ����� 'HSHQGHQFH� RI� IUHH� FDUULHUV� OLIHWLPH
RQ� HOHFWULFDO� ILHOG� VWUHQJWK� )� ���x���9�P�1HZO\� PDGH� FU\VWDO� �� FXUYH� ��� FU\VWDO� DIWHU
DQQHDOLQJ�Û���
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ZLWK�FXUUHQW��IOH[LQJ��DORQJ�QRQEDVLF�GLVOR�
FDWLRQV� OLQHV�� 7KXV�� LQ� FXUUHQW� FRQGLWLRQV
IUHH� FDUULHUV� PRWLRQ� LV� LQ� WKH� QDWXUH� RI
TXDV\� RQH�GLPHQWLRQDO� DQLVRWURSLF� FKDUDF�
WHU�� 7KLV� DVVXPSWLRQ� LV� VXSSRUWHG� E\� FRP�
SDULVRQ� RI� FU\VWDOV� SURSHUWLHV� EHIRUH� DQG
DIWHU�DQQHDOLQJ��)RU� WKH�FU\VWDOV�EHIRUH�DQ�
QHDOLQJ� WKH� OLIHWLPH� GHSHQGV� RQ� WKH� ILHOG
VWUHQJWK� DV� W¯�a�)Ü����� $IWHU� DQQHDOLQJ� WKHGHQVLW\�RI�QRQEDVLF�GLVORFDWLRQV�GHFUHDVHV�DV
LQ����WLPHV�DSSUR[LPDWHO\��6LPXOWDQHRXVO\�
WKH� GHSHQGHQFH� RI� OLIHWLPH� IURP� WKH� ILHOG
GHFUHDV�LV�DV�W¯�a�)Ü������)LJ�����,Q� PRUH� SHUIHFW� FU\VWDOV�� WKDW� ZHUH
JURZQ� IURP� WKH� VROXWLRQ�� WKH� RQH�GLPHQ�
WLRQDO�HIIHFW�GLVDSSHDUHV��7KH�FRPSDULVRQ�RI
FXUYHV� �� DQG� �� �)LJ���F�� LQLWLDOV� SRLQWV� RI
�9Wc�R�� VKRZV�� WKDW� UHODWLRQ� �GI�W�'� GHFUHDVHVRQ� WKH� RUGHU� RI� PDJQLWXGH� DW� LQLWLDO� ILHOG
PRGHUDWLRQ� RQ� WHQ� WLPHV�� $W� )º� ��������� 9�P� LW� WDNHV� SODFH� WKH� UHODWLRQ
�GI�W�'� ������� DQG� IRU� )º� ���������9�PÜ���GI�W�'� �������7KXV��WKH�YDOXH�RI�OLIHWLPHLQ�FU\VWDOV�JURZQ�IURP�VROXWLRQ�LV�SUDFWLFDOO\
QRQ�GHSHQGHQW�IURP�HOHFWULFDO�ILHOG�VWUHQJWK�

,W� LV� LQWHUHVWLQJ�� WKDW� WKH� UHPRYDO� RI
DSSHU� �IURP� HOHFWURGV� �c� VLGH�� DUWLILFLDO
EORFNLQJ�OD\HU��OHDGV�WR�GHFUHDVLQJ�RI�LQLWLDO
FDUULHUV� GLVSODFHPHQW� LQ� WZR� WLPHV� �)LJ����
FXUYH� ���� ,Q� WKLV� FDVH� �GI�W�'� ������ RSSR�VLWH�WR������DW�WKH�SUHVHQFH�RI�XSSHU�EORFN�
LQJ�OD\HU��6LPXOWDQHRXVO\��LQLWLDO�YHORFLW\�RI
GHFD\�LV�LQ�WZR�WLPH�OHVV�DOVR��7KLV�HIIHFW�LV
SURGXFHG� E\� VPDOO� QRUPDO� FRPSRQHQW� RI
HOHFWULFDO�ILHOG�RQ�VXUIDFH��

2Q�WKH�EDVH�RI�REWDLQHG�UHVXOWV�LW�FDQ�EH
VXSSRVHG� WKH� IROORZLQJ�PHFKDQLVP�RI�RSSR�
VLWH�(0)�IRUPDWLRQ��(OHFWURQ�KROH�SDLUV�DUH
JHQHUDWHG� RQ� WKH� LUUDGLDWHG� FU\VWDO� VLGH� DW
WKH�SRVLWLYH�HOHFWURG��7KH�KROHV�PRYH�WR�RS�
SRVLWH� QHJDWLYH� HOHFWURG�� WKH\� DUH� FDSWXUHG
E\� WUDSV�� /RFDOL]HG� YROXPH� FKDUJH� LV� FUH�
DWHG�� 'XH� WR� LW� WKH� ILHOG� LV� GHFUHDVHG� LQ
WUDQVSRUW�UHJLRQ��$V�UHVXOW��IRU�WKH�FU\VWDOV
REWDLQHG� IURP�VROXWLRQ�� WKH�KROHV�GULIW� GLV�
SODFHPHQW� GHFUHDVHV� ZLWK� WKH� ILHOG� GLUHF�
WLRQ�� $V� FRQVHTXHQFH�� SRVLWLRQ� RI� FKDUJH
�FHQWURLG�� PRYH� WR� SRVLWLYH� HOHFWURGH�� )RU
WKH� FU\VWDOV� JURZQ� IURP� WKH� PHOW� WKH� GH�
FUHDVLQJ� RI� �GI�W�'� LV� QRW� QDWXUDOO\� RE�VHUYHG�� 7KH� HIILFLHQF\� RI� FKDUJH� FDUULHUV
JHQHUDWLRQ� RQ� LUUDGLDWLRQ� VLGH� RI� FU\VWDO� LV
GURSSHG�WRR��$W�WKH�OLPLW��ZKHQ�VI�#�VºL��WKHFDUULHUV�JHQHUDWLRQ�DQG�WUDQVSRUW�QHDU�SRVL�
WLYH�HOHFWURGH�DUH�VWRSSHG��,Q�WKH�UHJLRQ�EH�
WZHHQ� WKH� SRVLWLRQ� RI� KROHV� GLVWULEXWLRQ
�FHQWURLG��DQG�QHJDWLYH�HOHFWURGH��WKH�ILHOG
FKDQJLQJ�LV�VPDOO��6LPXOWDQHRXVO\��WKH�FRQ�
FHQWUDWLRQ� RI� ORFDOL]DWHG� KROHV� LQFUHDVHV�
7KHUHIRUH��WKH�QXPEHU�RI�KROHV�WKDW�DUH�UH�
OHDVHG� E\� WULSOHW� H[LWRQV�� LQFUHDVHV�� 7ULSOHW
H[LWRQV�DULVH�IURP�UHDEVRUSWLRQ�RI�SKRWRQV�
WKDW�DUH�HPLWWHG�E\� IOXRUHVFHQFH� IURP� LUUD�
GLDWHG�VLGH�RI�FU\VWDO�>�@��

2Q� )LJ��� WKH� GHSHQGHQFH� RI� LQLWLDO� VKLIW
PSWS� RQ� WKLFNQHVV� RI� VROXWLRQ� JURZQ� FU\VWDOVLQ� XQLW� ILHOG� LV� VKRZQ�� 7KH� REVHUYDEOH� LQ�
FUHDVH�PSWS�ZLWK�WKLFNQHVV�� LV�HYLGHQWO\�FRQ�QHFWHG�ZLWK�WKH�GHFUHDVH�RI�UROH�RI�WKH�QHDU
VXUIDFH� UHJLRQV� DERXQGHG� � E\� GHIHFWV�� � DW
FXUUHQWV�PRYH�LQ�WKLFN�FU\VWDOV����

7KLV� PHWKRGRORJ\� RI� WUHDWPHQW� GDWD� RI
FRURQDHOHFWUHWV� SKRWRGHFD\� DOORZV� WR� UHYHDO
WKH�QXPEHU�RI�VLJQLILFDQW�IHDWXUHV�LQ�SKRWR�
JHQHUDWLRQ�DQG�WUDQVSRUW�RI�FKDUJH�FDUULHUV
DW� LVVXH� PRGHO� V\VWHP�� 2EYLRXVO\�� WKLV� DS�

)LJ����� 'HSHQGHQFH� RI� LQLWLDO� VKLIW� RQ� WKLFN�
QHVV�RI�VROXWLRQ�JURZQ�FU\VWDOV�

)LJ�����'HSHQGHQFH�RI�3,3�JHRPHWULFDO�SDUDPH�
WHU��GI�W�'�RQ�LUUDGLDWLRQ�WLPH�W�LQ�VROXWLRQ�JURZQ
FU\VWDO��'� ����PP��O� �����QP��N� �����FPÜ
��� ,� ������ SKRWRQ�P�V��� )R� ���������9�P
Û�����)R� ����������9�P�Û���� XSSHU�EORFN�
LQJ�OD\HU�UHPRYHG��)R� ���������9�P�Û���
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SURDFK� FDQ� EH� DSSOLHG� IRU� QHZ� VOLJKWO\� LQ�
YHVWLJDWHG� KLJK�UHVLVWDQFH� PDWHULDOV�� SDU�
WLFXODUO\�SRO\PHUV�

5HIHUHQFHV
� ���(OHFWUHWV�� HG�� E\� *�0�6HVVOHU�� 6SULQJHU�9HU�

ODJ��%HUOLQ�+HLGHOEHUJ�1HZ�<RUN��������

� ���$�0�6SLFLQ��3ULE�7HFKQ�(NVS���¢���������������
� ���5�1�.X]PLQ��9�*�6\URP\DWQLNRY� HW� DO���0RO�

&U\VW��DQG�/LT��&U\VW�������������������
� ���9�$�%HQGHUVN\�� $�*�� /DYUXVKNR�� 3K\V�� 6ROLG

6WDWH������¢����������������

imÈ��Ò¹Ò�²È¯È}�Ë¯Ò°�Ò}�¯ºÏ¯«���}º¯ºÓºËãË}�¯Ë��m
c�s�z�Ï	äLÓ��p�{�lº}¯ÒÓ°	}È

{Òm�ËÓº�Áº�º¯ºÏ¯«�ÓL�²È¯È}�Ë¯Ò°�Ò}Ò�}º¯ºÓºËãË}�¯Ë��m��~È¹¯º¹ºÓºmÈÓº�¹¯º°���äº�
�Ëã	�¯ËãÈ}°È�L��Áº�º¹¯ºmL�ÓÒ²�}º¯ºÓºËãË}�¯Ë��m��¡«�äº�Ëã	�ÏÈ°ÓºmÈÓÈ�ÓÈ�¹¯Ò¹��ËÓÓL
¹¯º�Áº¯ä�mÈÓÓ«�mÓ��¯L�Ó	º��¹¯º�Òmº�Ë�°��|�¯ÒäÈÓº�mÒ¯ÈÏ��ã«��ËºäË�¯Ò�Óº�º�¹È¯ÈäË��
¯È���º�º¹Ò°�¼�¹¯º�Òmº�Ë�°��sÈ�¹L�°�ÈmL�Ë}°¹Ë¯ÒäËÓ�Èã	ÓÒ²��ÈÓÒ²�¯ºÏ¯È²ºmÈÓº�ËãË}�¯º�
¹ºã	ºm��®��ºm�ÒÓÓL�ÏÈãËÎÓº°�L��È°��ÎÒ��«�mLã	ÓÒ²�Óº°L�m�ÏÈ¯«�����L��mË¯�ÎËÓº���º��
È�È�Ò²� °�¯�}��¯ÓÒäÒ� �ËÁË}�ÈäÒ� }¯Ò°�ÈãÈ²� ÈÓ�¯È�ËÓ�� �¯ÈÓ°¹º¯�� �L¯º}� º�äºmãËÓÒ®
�²ÓLä�¯�²ºä��Ï�ºmÎ�ÓËÈÏÒ°ÓÒ²�}¯È®ºmÒ²��Ò°ãº}È�L®�

5�1�.X]PLQ��(�9�0RNU\QVND\D��7ZR�W\SHV�RI�FRURQDHOHNWU���

)XQFWLRQDO�PDWHULDOV������������� ���


