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FRQFHQWUDWLRQ� RI� FKDUJH� FDUULHUV�3�� �������FPÜ��� WKH�GHSWK� RI� WUDS� OHYHO� UHVSRQVLEOH� IRU
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7O*D6H�� VLQJOH� FU\VWDOV� DUH� W\SLFDO� OD\�HUHG�ZLGH�JDS�VHPLFRQGXFWRUV�WKDW�DUH�FKDU�
DFWHUL]HG�E\�WKH�ORZ�PRELOLW\�RI�FXUUHQW�FDU�
ULHV��6XFK�PDWHULDOV�DUH�YHU\�SURPLVLQJ�IRU
VROLG�VWDWH�HOHFWURQ�GHYLFHV��/D\HUHG�FU\VWDOV
XVXDOO\� FRQWDLQ� VWUXFWXUDO� GHIHFWV�� VXFK� DV
GLVORFDWLRQV� DQG� YDFDQFLHV�� 7KH� SUHVHQFH� RI
WKHVH� GHIHFWV� UHVXOWV� LQ� D� KLJK� GHQVLW\� RI
ORFDOL]HG�VWDWHV�QHDU�WKH�)HUPL�OHYHO��6WXG\�
LQJ� WKH� FKDUJH� WUDQVSRUW� SURFHVVHV� LQ� OD\�
HUHG� 7O*D6H�� VLQJOH� FU\VWDOV� XQGHU� GLUHFWDQG� DOWHUQDWLQJ� FXUUHQW� KDV� VKRZQ� WKDW� DW
ORZ� WHPSHUDWXUHV� �7�������.��DQG�IUHTXHQ�
FLHV�RI�Z��������+]��WKH�KRSSLQJ�FRQGXFWLY�
LW\� RQ� ORFDOL]HG�QHDU� WKH�)HUPL� OHYHO� VWDWHV
WDNHV�SODFH�WKHUHLQ�>�Ü�@�

,Q�VHPLFRQGXFWRUV�ZLWK�D�KLJK�GHQVLW\�RI
ORFDOL]HG�VWDWHV�LQ�WKH�YLFLQLW\�RI�WKH�)HUPL
OHYHO�� WKH� KRSSLQJ� FRQGXFWLYLW\� LQ� WKH� IRU�
ELGGHQ�EDQG�LQ�FRQVWDQW�HOHFWULF�ILHOG�DQG�DW
ORZ� WHPSHUDWXUHV� GRPLQDWHV� RYHU� WKH� FRQ�
GXFWLYLW\� FDXVHG�E\� WKHUPRDFWLYDWHG�FKDUJH

FDUULHV� LQ�DOORZHG�EDQG��+RZHYHU��QHDU�DQG
DERYH� WKH� URRP� WHPSHUDWXUH�� FKDUJH� WUDQV�
SRUW� LQ� VHPLFRQGXFWRUV� DW� D� GLUHFW� FXUUHQW
RFFXUV�PDLQO\�LQ�WKH�DOORZHG�EDQG��7KH�DLP
RI�WKH�ZRUN�ZDV�WKH� LQYHVWLJDWLRQ�RI�J�LUUD�
GLDWLRQ�HIIHFW�RQ�HOHFWURSK\VLFDO�SDUDPHWHUV
RI�7O*D6H��FU\VWDOV�7O*D6H�� VDPSOHV� IRU�PHDVXUHPHQWV�ZHUHREWDLQHG� IURP� PDVVLYH� VLQJOH� FU\VWDO� E\
VSOLWWLQJ� DORQJ� &�D[LV� RI� WKH� QDWXUDO� FOHDY�
DJH� DQG� ZHUH� ���� PP� WKLFN�� 7KH� 7O*D6H�VDPSOHV�IRUP�IODW�FDSDFLWRUV�ZLWK�SODQH�SHU�
SHQGLFXODU�WR�WKH�FU\VWDO�&�D[LV��7KH�FDSDFL�
WRU� SODWH� DUHD� ZDV� ����Ü��FP��� 7KH� RKPLF
FRQWDFWV� RI� VDPSOHV� ZHUH� PDGH� XVLQJ� $J
SDVWH�� 7KH� VDPSOHV�ZHUH� LUUDGLDWHG� RI�ZLWK
J�TXDQWD�� ����� 0H9� HQHUJ\� DQG� UDGLDWLRQ
VWUHDP� GHQVLW\� RI� ���������TXDQWV�FP�� DW
URRP�WHPSHUDWXUH�XVLQJ�D�5&,&$�������LQ�
VWDOODWLRQ��UDGLDWLRQ�FKHPLFDO�LQVWDOODWLRQ�RI
FRQWLQXRXV� DFWLRQ�� IURP� &R��� VRXUFH� ZLWK
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SKDVH� SRZHU� LQ� WKH� LUUDGLDWLRQ� ]RQH
a�����5�V��

,Q� WKH� )LJXUH�� FXUUHQW�YROWDJH� FKDUDF�
WHULVWLFV� �&9&�� DUH� SUHVHQWHG� IRU� $J±
7O*D6H�±$J�DW�URRP�WHPSHUDWXUH�EHIRUH�DQGDIWHU�J�LUUDGLDWLRQ��7KH�FXUYHV�FRXOG�EH�VXE�
GLYLGHG�LQWR�WKUHH�DUHDV��7KH�ILUVW�DUHD�LV�DQ
RKPLF� RQH�� WKH� VHFRQG� RQH� LV� �DUUHVWHU�
TXDGUDWLF�DUHD��DQG�WKH�WKLUG�RQH�LV�WKH�DUHD
RI�VKDUS�JURZWK��

7KH� WKHRU\� RI� VSDFH� FKDUJH� UHVWULFWHG
FXUUHQW� �6&5&�� ZDV� XVHG� WR� LQWHUSUHWH� WKH
H[SHULPHQWDO� UHVXOWV�� 7KH� FXUUHQW� LV� H[�
SUHVVHG�DV�>�@
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+HUH� H�� LV� WKH� GLHOHFWULF� FRQVWDQW�� H�� GL�HOHFWULF�SHUPLWWLYLW\�RI�WKH�FU\VWDO��T�� WUDS�
SLQJ� IDFWRU�� /�� WKH� FU\VWDO� WKLFNQHVV�� P�
FKDUJH�FDUULHU�PRELOLW\��9��WKH�DSSOLHG�HOHF�
WULF�YROWDJH��

'HWHUPLQHG�KDYH�EHHQ�WKH�IROORZLQJ�HOHF�
WULFDO�SDUDPHWHUV�IRU�WKH�VDPSOHV���

Û� EHIRUH� LUUDGLDWLRQ�� FRQFHQWUDWLRQ� RI
WUDSV� 1W� ����������FPÜ��� HTXLOLEULXP� FRQ�
FHQWUDWLRQ�RI�FKDUJH�FDUULHUV�LQ�WKH�DOORZHG
EDQG� 3�� �������FPÜ��� WKH� GHSWK� RI� WUDS
OHYHO� UHVSRQVLEOH� IRU� WKH� LQMHFWLRQ� FXUUHQW
(W� �������Ü��H9���Û�DIWHU� LUUDGLDWLRQ� DW�'J� ����N5��1W� �������FPÜ���3�� �������FPÜ���(W� �������Ü��H9�Û�DIWHU�LUUDGLDWLRQ�DW�'J� �����N5��1W� ���������FPÜ���3�� �������FPÜ���(W� �������Ü��H9��7KH�VWXGLHV�KDYH�VKRZQ�WKDW�WKH�LUUDGLD�
WLRQ� DW� ORZ� GRVHV� FDXVHV� D� OHVVHU� HOHFWULF
FRQGXFWLRQ� WKDQ� LQ� FU\VWDOV� LUUDGLDWHG� DW� D
KLJKHU� GRVH� DV� ZHOO� DV� LQ� QRQ�LUUDGLDWHG
FU\VWDOV�� 7KH� J�TXDQWD� FDQ� EH� VXSSRVHG� WR

FDXVH�DGGLWLRQDO�GHIHFWV��ZKLFK�UHVXOW�LQ�LQ�
FUHDVHG� FKDUJH� FDUULHU� FRQFHQWUDWLRQ� ZKLOH
WKH� LUUDGLDWLRQ� ZLWK� KLJKHU� GRVHV� GRHV� QRW
IRUP� QHZ� OD\HUV�� DQG� LQFUHDVHV� FRQFHQWUD�
WLRQ� RI� HOHFWULFDOO\� DFWLYDWHG� DWRPV� ZKLFK
FDQ�IRUP�WKH�DFFHSWRU�OHYHOV�
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)LJ�� &XUUHQW�YROWDJH� FKDUDFWHULVWLFV� DW� URRP
WHPSHUDWXUH� IRU� $JÜ7O*D6H�Ü$J� V\VWHP�
&XUYH���EHIRUH�LUUDGLDWLRQ��FXUYH���Û�LUUDGL�
DWHG� DW� ' ��N5�� FXUYH� �� Û� LUUDGLDWHG� DW
' ���N5�
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