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6HPLFRQGXFWRUV� ZLWK� GLDPRQG� W\SH� ODW�
WLFH�DUH�XVHG�DV�IXQFWLRQDO�PDWHULDO�LQ�VROLG�
VWDWH� HOHFWURQLFV�� 7KH� SUREOHP� RI� JUHDW� LP�
SRUWDQFH� LV� KRZ� WR� SURYLGH�PHFKDQLFDO� DQG
UDGLDWLRQ� UHVLVWDQFH� RI� SURGXFWV�PDGH� IURP
WKHVH�PDWHULDOV��7R� VROYH� WKDW�SUREOHP�� WKH
SURIRXQG� SK\VLFDO� DQG� FKHPLFDO� SURFHVVHV
WDNLQJ�SODFH�LQ�WKH�VXEVWDQFH�XQGHU�LUUDGLD�
WLRQ� DUH� WR� EH� UHVHDUFKHG�� 7KH� VWXG\� RI
WKHVH� SURFHVVHV� LV� HVSHFLDOO\� XUJHQW� LQ� FDVH
RI�LUUDGLDWLRQ�E\�KLJK�HQHUJ\�SDUWLFOHV�ZLWK
ORZ� SHQHWUDWLQJ� DELOLW\�� 7KLV� LV� FRQQHFWHG
ERWK� ZLWK� QDQRWHFKQRORJLHV� GHYHORSPHQW� LQ
HOHFWURQLFV�DQG�KLJKHU�UHTXLUHPHQWV�WR�TXDO�
LW\�DQG�VXUIDFH�UDGLDWLRQ�VWDELOLW\��DQG�ZLWK
WKH� ZKROH� VSHFWUXP� RI� VHFRQGDU\� UDGLDWLRQ
HIIHFWV� LQFUHDVLQJ� WKH� GHSWK� RI� GDPDJHG
VXEVWDQFH�OD\HU�ZKLFK�KDYH�VWLOO�WR�EH�VWXG�
LHG�>����@�

:KHQ� LQYHVWLJDWLQJ� VHFRQGDU\� UDGLDWLRQ
HIIHFWV�LQ�VHPLFRQGXFWRUV��TXLWH�LQIRUPDWLYH
LV�D�VWXG\�RI�HOHFWULFDO�DQG�GLVVLSDWLYH�SURS�
HUWLHV� FRPELQDWLRQ�� (OHFWULFDO� UHVLVWDQFH� LV
UDWKHU� VHQVLWLYH� WR� WKH� DSSHDUDQFH� RI� QHZ
SRLQW�HIIHFWV��ZKLOH�LQWHUQDO�IULFWLRQ��,)��LQ�
IRUPV� XV� DERXW� FKDUJH� VWDWH� LQ� VWUXFWXUDO
GHIHFWV�� WKH� GDPDJH� DFFXPXODWLRQ� UDWH� DQG
IDWLJXH�VWUHQJWK�RI�WKH�PDWHULDO�DV�D�ZKROH
XQGHU� ORDGLQJ� RI� GLIIHUHQW� IUHTXHQFLHV� DQG
DPSOLWXGH�>�@�

7KH�IDFWRU�KLQGHULQJ�WKH�ZLGH�DSSOLFDWLRQ
RI� ,)� PHWKRG� WR� VHPLFRQGXFWRUV� ZLWK� GLD�
PRQG� W\SH� ODWWLFH� LV� WKH� KLJK� IUDJLOLW\
WKHUHRI� DQG� QHFHVVLW\� WR� VWUDLQ� UDWKHU� WKLQ
VDPSOHV� �LQ� FDVH� RI� ZHDN� SHQHWUDWLQJ� LUUD�
GLDWLRQ��7KLV� LV� HVSHFLDOO\� YDOLG� IRU� VLOLFRQ
ZKLFK� LV� KLJKO\� IUDJLOH�� 7KXV�� QHLWKHU� D
SUREOHP�RI�D�LUUDGLDWLRQ�LQIOXHQFH�RQ�VLOLFRQ
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PHFKDQLFDO� UHOD[DWLRQ� SURFHVVHV�� QRU� SURF�
HVVHV�RI�LQGXFWLYH�OLJKW�IOX[HV�LQ�YLVLEOH�DQG
LQIUDUHG�EDQGV�RI�HOHFWURPDJQHWLF� UDGLDWLRQ
VSHFWUXP�ZKHQ�SULPDULO\�NQRFNHG�RXW�DWRPV
DUH�EUDNHG�KDYH�EHHQ�VXIILFLHQWO\�VWXGLHG�WR
GDWH� >�@�� 6R�� WKH� DLP� RI� WKLV� ZRUN� ZDV� WR
VWXG\� HOHFWULFDO� DQG� GLVVLSDWLYH� SURSHUWLHV
RI� VLOLFRQ�VLQJOH�FU\VWDOV�DW�GLIIHUHQW�RULHQ�
WDWLRQV� LPPHGLDWHO\� LQ� WKH� FRXUVH�RI� LWV� LU�
UDGLDWLRQ�ZLWK�KLJK�HQHUJ\�D�SDUWLFOHV�

7KH�VWXG\�REMHFW�ZDV�KLJK�SXULW\�S��DQG
Q�6L�ZKLFK� LV�XVHG� IRU�HSLWD[LDO�JURZLQJ�RI
VLOLFRQ� ILOPV� LQ� LQWHJUDWHG� FLUFXLW� SURGXF�
WLRQ�� )RU� VDPSOHV� ZLWK� ERURQ� DGPL[WXUH
�S�6L�� 1%�!������FPÜ��� GLVORFDWLRQ� GHQVLW\
ZDV�1G� ����FPÜ�� �ZKHQ� VSHFLILF� HOHFWULFDO
UHVLVWDQFH� LV� U� �����2KP�FP��� )RU� VDPSOHV
ZLWK� DQWLPRQ\� DGPL[WXUH� �Q�6L�� 16E�!�����FPÜ����1G� �����FPÜ�� �HOHFWULFDO� UHVLV�
WDQFH� U� �������2KP�FP��� 2[\JHQ� FRQFHQ�
WUDWLRQV�12��ZHUH� DERXW� �����FPÜ�� LQ� ERWK
VDPSOH� W\SHV��6LOLFRQ� LQJRWV�ZHUH�JURZQ�E\
WKH�&]RFKUDOVN\�WHFKQLTXH��)URP�WKH�LQJRWV�
SODWHV� VKDSHG� DV�GLVNV�RI����r���PP�WKLFN�
QHVV��DQG����PP�GLDPHWHU�ZHUH�FXW�RXW�SHU�
SHQGLFXODUO\�WR�>���@�FU\VWDOORJUDSKLF�GLUHF�
WLRQ� XVLQJ� DQ� $OPD]��� PDFKLQH�� DQG� WKHQ
WKH� SODWHV� ZHUH� JURXQG� RQ� ERWK� VLGHV� DQG
SROLVKHG�� 7KH� GDPDJHG� OD\HU� ZDV� UHPRYHG
IURP�WKH�SODWH�VXUIDFH�E\�FKHPLFDO�DQG�PH�
FKDQLFDO�SROLVKLQJ��2EWDLQHG�SODWHV�KDG�PLU�
URU�OLNH� VXUIDFH� RI� ��WK� SXULW\� FODVV�� 7KH
VLQJOH� FU\VWDO� VDPSOHV� VKDSHG� DV� ��� WR
���PP� ORQJ� DQG� �Ü��PP�ZLGH� VWULSV�ZHUH
FXW� RXW� IURP� WKH� GLVFV� DORQJ� ����
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��!�GLUHFWLRQV�
7KH� ORZ� IUHTXHQF\� EHQGLQJ� YLEUDWLRQ

PHWKRG�>�@�ZDV�XVHG�WR�PHDVXUH�PHFKDQLFDO
GHFUHPHQW�� 6SHFLILF� HOHFWULFDO� UHVLVWDQFH� U
ZDV�GHWHUPLQHG�E\�IRXU�SUREH�PHWKRG��3OX�
WRQLXP� VRXUFHV� ZLWK� DFWLYLW\� RI� �������� WR
���������%T�ZHUH�SODFHG�SDUDOOHO�WR�WKH�VXU�
IDFHV� RI� WKH� VDPSOHV� WR� EH� ERPEDUGHG� E\
D�SDUWLFOHV�RI�DERXW����Ü����0H9�HQHUJ\�DW
WKH�GLVWDQFH�RI��Ü��PP�

$� W\SLFDO� ,)� DPSOLWXGH� GHSHQGHQFH
�$',)��FXUYH�IRU�Q�6L��6E���ZLWK�RULHQWDWLRQ
RI� QRUPDO� YROWDJH�V� __� ����

BB
!� SULRU� WR� LUUD�

GLDWLRQ� LV� JLYHQ� LQ� )LJ����� ,WV� JHQHUDO� YLHZ
FRUUHVSRQGV� WR� OLWHUDWXUH� GDWD� >����@��$V� WR
Q�6L� ��

BB
��!�� D� PRUH� FRPSOH[� QRQ�PRQRWR�

QRXV� PRWLRQ� RI� DPSOLWXGH� GHSHQGHQFH� KDV
EHHQ� UHYHDOHG� FRQWDLQLQJ� D� PD[LPXP�� ,WV
QDWXUH� ZLOO� EH� FRQVLGHUHG� HOVHZKHUH�� 7KLV
ZRUN�ZLOO�ORRN�DW�WKH�VLPSOHVW�FDVH��)LJ�����

([SHULPHQWDO� VWXGLHV� RI� GDPSLQJ� LPPHGL�
DWHO\�LQ�WKH�FRXUVH�RI�LUUDGLDWLRQ�ZLWK�D�SDUWLFOHV

DW� IOX[� GHQVLW\� ������SDUWLFOHV�� °PÜ��°Ü�� HYL�
GHQFH�D�VORSH�GHFUHDVH�RI�LQWHUQDO�IULFWLRQ�DP�
SOLWXGH� GHSHQGHQFH� �$',)�� �)LJ����� FXUYH� ���
7KH�GRVH� UDWH� LQFUHDVH�XS� WR���������°PÜ��VÜ�
KDV� FRQILUPHG� WKH� VDPH� WUHQG� RI�$',)� GH�
FUHDVH��)LJ�����FXUYH�����$V�$',)�LQ�VLOLFRQ
LV�H[SODLQHG�E\�DGPL[WXUH�GLVORFDWLRQ�LQWHU�
DFWLRQ� >����@�� WKH� WUHQG� WR� $',)� VORSH� GH�
FUHDVH� LV� DQ� HYLGHQFH� RI� IL[DWLRQ� �EORFNDJH�
RI� GLVORFDWLRQV� XQGHU� LUUDGLDWLRQ�� 7KH� VXE�
VWDQWLDO� DEVHQFH�RI�$',)�VKRZQ�E\�FXUYH��
SURYHV�D�VLJQLILFDQW�UHGXFWLRQ�RI�GLVORFDWLRQ
PRELOLW\�DQG�PDWHULDO�VWUHQJWKHQLQJ�

3UHOLPLQDU\�$',)�VWXGLHV�DW�ORDGLQJ�XQ�
ORDGLQJ�SULRU�WR�LUUDGLDWLRQ�KDYH�VKRZQ�WKDW
ZKHQ� WKH� DPSOLWXGH� GHFUHDVHV�� WKH� $',)
FXUYH�OLHV�KLJKHU��L�H��WKH�ZHOO�NQRZQ�GLUHFW
K\VWHUHVLV� LV� REVHUYHG� >����@�� +RZHYHU�
XQGHU�D�SDUWLFOH�EHDP��DV�LW�KDV�EHHQ�IRXQG�
WKH�GLUHFW�K\VWHUHVLV�FKDQJHV�WR�UHYHUVH�RQH
�)LJ������$QRPDORXV�FXUYHV�RI�WKLV�W\SH�FDQ
EH� IRXQG� LQ� VFLHQWLILF� OLWHUDWXUH� EXW� RQO\
VHOGRP�� $� VLPLODU� $',)� EHKDYLRU� LQ� DONDOL
KDOLGH� FU\VWDOV� >�@� KDV� EHHQ� H[SODLQHG� E\
FKDUJHG� GLVORFDWLRQV� EORFNDJH� E\� FDWLRQ� YD�
FDQF\� VXUURXQGLQJV� RI�'HE\H�+XHFNHO� W\SH�
7KXV�� WKH�$',)� VORSH� UHGXFWLRQ� DW� LQFUHDV�
LQJ�GRVH�UDWHV��D�FKDUDFWHULVWLF�UHYHUVH�K\V�
WHUHVLV� DOORZV� WR� VXJJHVW�� DORQJ� ZLWK� WKH
NQRZQ�OLWHUDWXUH�GDWD��D�IL[DWLRQ�RI�GLVORFD�
WLRQV� LQ� VLOLFRQ� DQG� LWV� VWUHQJWKHQLQJ�� SHU�
KDSV� GXH� WR� VZHHSLQJ� RI� UDGLDWLRQ�LQGXFHG
YDFDQFLHV�E\�FKDUJHG�GLVORFDWLRQV�

+HUH�� WKH�PRYHPHQW� RI� LQGLYLGXDO� GLVOR�
FDWLRQ� VHFWLRQV� DFFRUGLQJ� WR� WKH� NQRZQ
EHQGLQJ�PHFKDQLVP�E\�VPDOO�GLVWDQFHV�>�@�LV
REYLRXVO\� EORFNHG� WR� D� OHVVHU� GHJUHH�� WKXV
GHILQLQJ�D�VWDEOH��UDGLDWLRQ�UHVLVWDQW��VRPH�
ZKDW�LQFUHDVHG�,)�OHYHO�DW�VPDOO�DPSOLWXGHV
�)LJ�����

)LJ�����$',)�RI�Q�6L����!�VLQJOH�FU\VWDOV�SULRUWR�LUUDGLDWLRQ�����DQG�GXULQJ�LUUDGLDWLRQ�ZLWK
D�SDUWLFOHV��'RVH� UDWH��������°PÜ��VÜ�� ���� DQG
��������°PÜ��VÜ������
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7KH�VWXGLHV�RI�VSHFLILF�HOHFWULF�UHVLVWDQFH
FKDQJHV� DW� WKH� PRPHQWV� RI� RQVHW�� HQG�� DV
ZHOO� DV�GXULQJ� WKH� LUUDGLDWLRQ�SURFHVV� LQGL�
FDWHV� FRUUHFWQHVV� RI� WKH� DSSURDFK�EHLQJ� GH�
YHORSHG�� ,Q� WKH� FRXUVH� RI� LUUDGLDWLRQ�� WKH
HOHFWULF� UHVLVWDQFH� LQFUHDVHV� PRQRWRQRXVO\�
LQGLFDWLQJ� WKH� DFFXPXODWLRQ� RI� GHIHFWV� LQ
WKH�PDWHULDO��$W�WKH�PRPHQWV�RI�LUUDGLDWLRQ
RQVHW� DQG� HQG�� SUDFWLFDOO\� QR� VXEVWDQWLDO
FKDQJHV� RI� VSHFLILF� HOHFWULFDO� UHVLVWDQFH� U
DUH� REVHUYHG� LQ� VHPLFRQGXFWRU� ZLWK� HOHF�
WURQLF� FRQGXFWLYLW\�� 5HODWLYH� GHWHUPLQDWLRQ
HUURU� RI�U� LV�r�������$�GLIIHUHQW� VLWXDWLRQ
KDV� EHHQ� REVHUYHG� LQ� FDVH� RI� VLOLFRQ� ZLWK
KROH� FRQGXFWLYLW\� �)LJ������ $W� WKH� LUUDGLD�
WLRQ�RQVHW� DQG� HQG�� WKH� FRQGXFWLYLW\� MXPSV
KDYH� EHHQ� QRWLFHG�� $W� WKH�PRPHQW� RI� LUUD�
GLDWLRQ� FHVVDWLRQ�� WKRVH� MXPSV� ORRN� XQXVX�
DOO\��)LJ�����GDVKHG�OLQH�����

7KH� HOHFWULF� UHVLVWDQFH� GURSSHG� ILUVW� E\
DERXW� ���� �� GXULQJ� WKH� ILUVW� ��� VHFRQGV�
7KHQ� LW� UHVWRUHG� WR� WKH� RULJLQDO� YDOXH� DS�
SUR[LPDWHO\� LQ�����V��/DWHU��D�VORZHU�SURF�
HVV�ZHQW�RQ��(OHFWULFDO�UHVLVWDQFH�JUHZ�ZLWK
JUDGXDO� VORZLQJ� GRZQ� RI� JDLQ� UDWH�� EHFRP�
LQJ� SUDFWLFDOO\� FRQVWDQW� LQ� DERXW� ����� V
IURP�WKH�PRPHQW�RI�VRXUFH�UHPRYDO�

,W� LV� NQRZQ� WKDW� WKH� PDMRU� GLVORFDWLRQ
PRWLRQ� PHFKDQLVP� LQ� GHHS� SRWHQWLDO� UHOLHI
RI�3D\HUOV��WKDW�LV�FKDUDFWHULVWLF�RI�FU\VWDOV
ZLWK�GLDPRQG�W\SH�ODWWLFH��LV�WKHUPDOO\�DFWL�
YDWHG� JHQHUDWLRQ� RI� VLQJOH� EHQGV� IURP� WKH
VXUIDFH�DQG� WKHLU�GLIIXVLRQ�DORQJ� WKH�GLVOR�
FDWLRQ� VHJPHQW� >�@��$V� WKH� REWDLQHG� UHVXOWV
VKRZ�� WKLV� SURFHVV� LV� EORFNHG� E\� D�LUUDGLD�
WLRQ��0RUHRYHU��LW�LV�EORFNHG�LUUHYHUVLEO\��DV
DIWHU� D�LUUDGLDWLRQ� VRXUFH� UHPRYDO�� WKH
$',)� VORSH� LQFUHDVHG� �GLVORFDWLRQV� EHFDPH
PRUH� DFWLYH��� +RZHYHU�� LW� LV� WR� QRWH� WKDW
D�LUUDGLDWLRQ� VRXUFH�ZDV� ORFDWHG�RQ� WKH�RQH
VLGH� RI� WKH� VDPSOH� �)LJ������ ,Q� WKLV� FDVH�
RULJLQ� RI� EHQGV� VKRXOG� RFFXU� RQ� WKH� RWKHU
VLGH�RI�WKH�VDPSOH�DQG�QR�GLVORFDWLRQ�EORFN�

LQJ��GHFUHDVH�RI�$',)��ZRXOG�EH�QRWLFHG��RU
DW�OHDVW�LW�ZRXOG�EH�LQVLJQLILFDQW��

&RQVLGHULQJ�WKH�IDFW�WKDW�D�LUUDGLDWLRQ�KDV
D�ORZ�SHQHWUDWLQJ�FDSDELOLW\��DERXW��Ü��PP�DW
PHQWLRQHG�D�SDUWLFOH�HQHUJ\��DQG�FDQQRW�GL�
UHFWO\�EORFN�WKH�RULJLQ�RI�GLVORFDWLRQV�DW�WKH
UHYHUVH� VLGH� RI� WKH� VDPSOH� �K� �����PP��� LW
LV� QHFHVVDU\� WR� FODULI\� WKH� HIIHFW� PHFKD�
QLVP��

'XULQJ� VLOLFRQ� LUUDGLDWLRQ� ZLWK� D�SDUWL�
FOHV�>�@��LQWURGXFWLRQ�RI�RQH�����0H9�D�SDU�
WLFOH�SURGXFHV�DERXW�����0H9�DV�HOHFWURPDJ�
QHWLF� LUUDGLDWLRQ� LQ� QHDU� LQIUDUHG� VSHFWUDO
UDQJH�� 6LOLFRQ� LV� WUDQVSDUHQW� WR� LQIUDUHG
OLJKW� ZLWK� ZDYHOHQJWK� KLJKHU� WKDQ� �� PP�
7KXV�� D� IUDFWLRQ�RI�D�SDUWLFOH� HQHUJ\� LV� DE�
VRUEHG� LQ� WKH� VHPLFRQGXFWRU� VXUIDFH� OD\HU�
FUHDWLQJ� LUUHYHUVLEOH� VWUXFWXUDO� FKDQJHV
WKHUHLQ�� $QRWKHU� HQHUJ\� IUDFWLRQ� RI� WKH
SHQHWUDWHG� D�SDUWLFOH� LV� VSHQW� WR� JHQHUDWH
DQG�HPLW�HOHFWURPDJQHWLF�ZDYHV� LQ� LQIUDUHG
VSHFWUDO�UDQJH�

:KHQ� OLJKW� TXDQWXP� HQHUJ\� H[FHHGV
�����H9��EDQG�JDS�ZLGWK�LQ�VLOLFRQ�DW�����.
>�@��� JHQHUDWLRQ� RI� FKDUJH� FDUULHUV� GXH� WR
LRQL]DWLRQ�RI� VLOLFRQ�DWRPV� LQ�FDXVHG�E\� LQ�
WHUQDO�SKRWRHIIHFW��$ORQJ�ZLWK�WKDW��WKH�FDU�
ULHU�JHQHUDWLRQ�LV�PRUH�SUREDEOH�GXH�WR�LRQL�
]DWLRQ� RI� DGPL[WXUH� DWRPV� ORFDWHG� LQ� WKH
ODWWLFH�VLWHV��VLQFH�LW�UHTXLUHV�DQ�RUGHU�ORZHU
DFWLYDWLRQ�HQHUJ\�WKDQ�WKH�ZLGWK�RI�6L�EDQG
JDS�� 7KH� 6E� GRQRU� OHYHO� HQHUJ\� LV� RQO\
������ H9�� DQG�ERURQ� DWRP�DFFHSWRU� OHYHO� LV
������H9�>�@�

$FFRUGLQJ� WR� >�@�� GLVORFDWLRQV� LQ� Q�W\SH
FU\VWDOV� EHKDYH� DV� OLQHDU� QHJDWLYH� FKDUJH�
(OHFWURVWDWLF� LQWHUDFWLRQ� EHWZHHQ� LRQL]HG
DWRPV� UHVXOWLQJ� IURP� D�SDUWLFOHV� ERPEDUG�
PHQW� DQG� FKDUJHG� GLVORFDWLRQV� UHVXOWV� LQ
IRUPDWLRQ�RI�FRPSOH[HV�LQGHVWUXFWLEOH�LQ�WKH

)LJ����� 5HYHUVHG� $',)� K\VWHUHVLV� LQ
Q�6L����!� VLQJOH� FU\VWDOV�� REWDLQHG� XQGHU
D�SDUWLFOH�EHDP��������SDUWLFOHV�°PÜ��°Ü��� )LJ����� 'HSHQGHQFH� RI� VSHFLILF� HOHFWULF� UHVLV�

WDQFH� S� RQ� LUUDGLDWLRQ� WLPH� DQG� UHOD[DWLRQ
HIIHFWV�LQ�S�6L�����!�DW�GRVH�UDWH�������SDUWL�
FOHV�°PÜ��°Ü���U�� �U�DW�W� ����
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FRXUVH�RI�F\FOLF�VWUDLQLQJ��-XGJLQJ�IURP�WKH
WLPH�RI�FRQGXFWLYLW\�UHOD[DWLRQ��D�ORQJ�WHUP
UHOD[DWLRQ� RI� FDUULHUV� FRXOG� EH� VXJJHVWHG�
0RUHRYHU��Q�6L� LUUDGLDWLRQ� GRHV� QRW� FKDQJH
WKH� W\SH� RI� HQHUJ\� FDUULHUV�� FRQVHTXHQWO\�
WKHUH�DUH�QR�VLJQLILFDQW�FRQGXFWLYLW\�MXPSV�
(OHFWULF�UHVLVWDQFH�LQFUHDVH�GXULQJ�WKH�LUUD�
GLDWLRQ�SURFHVV�LV�REYLRXVO\�H[SODLQHG�E\�DF�
FXPXODWLRQ� RI� SRLQW� GHIHFWV� OLNH� GLVSODFHG
DWRPV�� DFWLYH� FHQWHUV�� GHIHFW� FOXVWHUV�� HWF�
3HFXOLDULWLHV�RI�FRQGXFWLYLW\�EHKDYLRU�DW�LU�
UDGLDWLRQ� FHVVDWLRQ� HYLGHQFH� WKH� IRUPDWLRQ
RI� YROXPH� GHIHFWV� IURP� HOHFWULFDOO\� DFWLYH
DGPL[WXUHV�ZKLFK� FDXVHV� VSDWLDO� VHSDUDWLRQ
RI�PDMRU� DQG�PLQRU� FDUULHUV�� LQ� DFFRUGDQFH
ZLWK� >�@�� 7KH� H[LVWHQFH� RI� VXFK� GHIHFWV� LV
FRQWUROOHG� E\� ORQJ�WHUP� UHOD[DWLRQ� ZLWK
FKDUDFWHULVWLF� WLPH� RI� D� WKRXVDQG� VHFRQGV
DQG�EHFRPHV�WKH�PDLQ�UHDVRQ�IRU�GLVORFDWLRQ
EORFNDJH� LQ� WKH� SURFHVV� RI� VPDOO�DPSOLWXGH
VWUDLQLQJ� DW� ,)� PHDVXUHPHQWV� ZKHQ� WKH
IOXFWXDWLRQ�SHULRG�LV�IUDFWLRQV�RI�D�VHFRQG�

$�FDUHIXO�DQDO\VLV�RI�WKH�REWDLQHG�UHVXOWV
RQ� HOHFWULFDO� UHVLVWDQFH� FKDQJH� DW� WKH� PR�
PHQWV�RI�LUUDGLDWLRQ�RQVHW�DQG�FHVVDWLRQ�IRU
VLOLFRQ�ZLWK�GLIIHUHQW� FRQGXFWLYLW\� W\SHV� DV
ZHOO� DV� GLIIHUHQFHV� EHWZHHQ� UHOD[DWLRQ� VHF�
WLRQV� LQ�Q�� DQG�S�6L� DIWHU� LUUDGLDWLRQ�FHVVD�
WLRQ� HQDEOHV� XV� WR� SURSRVH� D� PRGHO� RI� YRO�
XPH� GHIHFW� �FOXVWHU�� VWUXFWXUH� LQ� S�6L� ZLWK
FKDUJH� VHSDUDWLRQ�� VFKHPDWLFDOO\� VKRZQ� LQ
)LJ�����,Q�WKLV�PRGHO��WKH�FOXVWHU�HQYHORS�LV
IRUPHG� E\�PDMRU� FDUULHUV� �KROHV�� ZKLOH� WKH
FOXVWHU�QXFOHXV�LV�IRUPHG�E\�PLQRU�FDUULHUV
�HOHFWURQV��� 'XULQJ� D�SDUWLFOH� LUUDGLDWLRQ
SURFHVV�� WKH� VHFRQGDU\� LQIUDUHG� LUUDGLDWLRQ
JHQHUDWHV� �GXH� WR� SKRWRHIIHFW�� SKRWRHOHF�
WURQV��ZKLFK�UHFRPELQH�ZLWK�PDMRU�FDUULHUV
�KROHV��� 7KLV� GHFUHDVHV� FRQFHQWUDWLRQ� RI
PDMRU�FDUULHUV��KROHV��DQG�VXSSRUWV�D�PRGHU�
DWH� OHYHO� RI� HOHFWULFDO� UHVLVWDQFH�� 7KH� LUUD�
GLDWLRQ� FHVVDWLRQ� UHVXOWV� LQ� D� UDWKHU� VKDUS
GHFUHDVH� RI� HOHFWULFDO� UHVLVWDQFH� �TXLFN� UH�
OD[DWLRQ��DV�D�UHVXOW�RI�GHFUHDVH�RI�UHFRPEL�
QDWLRQ�SURFHVVHV� UROH�DQG� LQFUHDVH� LQ�PDMRU
FDUULHU�FRQFHQWUDWLRQ��)LJ�����GRWWHG�OLQH����

7KH�SUHVHQFH�DQG�FKDUDFWHU�RI� ORQJ�WHUP
UHOD[DWLRQ� IROORZLQJ� TXLFN� �UHFRPELQDWLRQ�
UHOD[DWLRQ�LV�DQ�HYLGHQFH�RI�WKH�IDFW�WKDW�LW
LV�MXVW�QHJDWLYH�FKDUJH�WKDW�DFFXPXODWHV�LQ�
VLGH�WKH�FOXVWHU��7KH�H[FHVVLYH�QRQ�EDODQFHG
IXQGDPHQWDO�FDUULHUV��KROHV��ORFDWHG�RXWVLGH
WKH� FOXVWHU� HQYHORSH� PXVW� SHQHWUDWH� LQWR
VWUDLQLQJ� DUHD� RYHUFRPLQJ� WKH� HOHFWURVWDWLF
SRWHQWLDO� EDUULHU� WR� UHWXUQ� WKH� V\VWHP� LQWR
EDODQFHG� VWDWH�� 7KH� KHLJKW� RI� WKLV� EDUULHU
ZLOO� GHILQH� WKH�UHOD[DWLRQ� WLPH�� ,W� LV� HVVHQ�
WLDO� WKDW� LQ� WKH�FRXUVH�RI� ORQJ�WHUP�UHOD[D�
WLRQ��WKH�HOHFWULFDO�UHVLVWDQFH�JURZV��)LJ����

DERYH� WKH� GRWWHG� OLQH� ���� VLQFH� WKH� FRQFHQ�
WUDWLRQ� RI� PDMRU� FDUULHUV� �KROHV�� JUDGXDOO\
JRHV� GRZQ� DV� WKH\� UHFRPELQH� ZLWK� FOXVWHU
QXFOHXV�HOHFWURQV��

7KXV��D�VWUHQJWKHQLQJ�LV�REVHUYHG�LPPH�
GLDWHO\�LQ�VLQJOH�VLOLFRQ�FU\VWDO�VDPSOHV�ZLWK
ORZ�GLVORFDWLRQ�GHQVLW\����Ü����FPÜ���ERP�
EDUGHG�ZLWK�D�SDUWLFOHV�ZKHQ�PHDVXULQJ�LQ�
WHUQDO�IULFWLRQ��7KH�VWUHQJWKHQLQJ�LQFUHDVHV
DV� WKH� GRVH� UDWH� ULVHV� XS� WR� ��������SDUWL�
FOHV��FP��F�� DQG� JUDGXDOO\� GLVDSSHDUV� ZKHQ
LUUDGLDWLRQ�LV�RYHU��7KH�VWUHQJWKHQLQJ�LV�DF�
FRPSDQLHG� E\� ZHDN� DQRUPDORXV� �UHYHUVHG�
K\VWHUHVLV� RI� GDPSLQJ� DPSOLWXGH� GHSHQG�
HQFH��$�PHFKDQLVP� RI� VWUHQJWKHQLQJ� HIIHFW
XQGHU� LUUDGLDWLRQ� KDV� EHHQ� SURSRVHG� EDVHG
RQ�EORFNDJH�RI�FKDUJHG�GLVORFDWLRQV�E\�DUHDV
RI� FKDUJH� VHSDUDWLRQ� DV� D� UHVXOW� RI� YROXPH
SKRWRHIIHFW� XQGHU� WKH� LQIOXHQFH� RI� D�LQ�
GXFHG� LQIUDUHG� LUUDGLDWLRQ� QHDU� VXUIDFH� WR
ZKLFK� VLOLFRQ� LV� WUDQVSDUHQW�� ,QYHVWLJDWLRQ
FRQFHUQLQJ� LQIOXHQFH� RI� D�SDUWLFOH� LUUDGLD�
WLRQ�RQVHW�DQG�HQG�PRPHQWV�RQ�VLOLFRQ�FRQ�
GXFWLYLW\� VKRZV� WKDW� WKLV� FRQGXFWLYLW\
FKDQJHV�LQ�WLPH��ZKLFK�LV�D�PDQLIHVWDWLRQ�RI
YROXPH� SKRWRHIIHFW� ZLWK�PHPRU\� HOHPHQWV�
3HFXOLDULWLHV� RI� HOHFWULFDO� UHVLVWDQFH� UHOD[D�
WLRQ� LQ�6L� ZLWK� GLIIHUHQW� FRQGXFWLYLW\� W\SH
DW� WKH�PRPHQWV� RI�D�SDUWLFOH� ERPEDUGPHQW
FHVVDWLRQ� VKRZ� WKDW� DUHDV� RI� UDGLDWLRQ�LQ�
GXFHG� GHYLDWLRQV� IRUPHG� GXULQJ� LUUDGLDWLRQ
DUH�FDXVHG�E\�VSDFH�VHSDUDWLRQ�RI�PDMRU�DQG
PLQRU�FDUULHUV�

)LJ����� 'LVWXUEDQFH� DUHDV� LQ� S�6L� SODWH� RI
WKLFNQHVV�K��
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