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PDJQHWLF� ILHOG� HIIHFW� RQ� WKH� PLFURKDUGQHVV� RI� VLOLFRQ� FU\VWDOV� KDV� EHHQ� VWXGLHG�� ,W� LV
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)URP� WKH� YLHZSRLQW� RI� PRGHUQ� WKHRUHWL�
FDO�PRGHOV�� LW� LV� UHDVRQDEOH� WR� FRQVLGHU� WKH
PHFKDQLVP� RI� PDJQHWLF� ILHOG� HIIHFW� RQ� WKH
VHW� RI� PHFKDQLFDO�� HOHFWURSK\VLFDO�� DQG
SK\VLFRFKHPLFDO� SURSHUWLHV� RI� D� VROLG� ERG\
PDNLQJ� XVH� RI� WKH� VSLQ� H[FOXVLRQ� UHOHDVH
UDWKHU�WKDQ�RI�HQHUJ\�HIIHFW�FRQFHSWV��7KDW
SURFHVV� FDQ� EH� WUHDWHG� EDVLQJ� RQ� WKH� VSLQ
FKHPLVWU\� FRQFHSWV�� E\� DQDORJ\� ZLWK� WKH
VSLQ�GHSHQGHQW� FKHPLFDO� LQWHUDFWLRQV� >�@�
+RZHYHU�� LQ� WKLV� FDVH�� LW� LV� UHDVRQDEOH� WR
FRQVLGHU�WKH�VSLQ�GHSHQGHQW�UHDFWLRQV�LQ�WKH
GHIHFW�SDUDPDJQHWLF� LPSXULW\� V\VWHP� LQ�
VWHDG�RI�WKH�PROHFXODU�LQWHUDFWLRQV��7R�DQD�
O\]H� WKH� QXPHURXV� H[SHULPHQWDO� GDWD� RE�
WDLQHG� ZKHQ� VWXG\LQJ� ERWK� WKH� PDJQHWR�
SODVWLF� HIIHFWV� �03(�� �WKDW� PDQLIHVW
WKHPVHOYHV� DV� FKDQJHV� LQ� GLVORFDWLRQ� G\�
QDPLF� EHKDYLRU� LQ� D� PDJQHWLF� ILHOG�� DQG
PDJQHWR�PHFKDQLFDO�HIIHFWV��00(���WKDW�DUH
LQGLFDWHG�E\�WKH�FU\VWDO�PLFURKDUGQHVV�YDUL�
DWLRQV�GXH� WR�PDJQHWLF� DFWLRQ�� >�Ü�@�� FULWH�

ULD� DUH� QHFHVVDU\� ZKLFK� ZRXOG� FRQILUP� RU
GHQ\�WKH�VSLQ�DVVRFLDWHG�RULJLQ�RI�DQ\�PDJ�
QHWR�VHQVLWLYH� HIIHFW�� 7R� SURYH� ULJRURXVO\
WKH� LQIOXHQFH� RI� WKH� GHIHFW� VSLQV� RQ�PLFUR�
SODVWLF� DQG� PLFURPHFKDQLFDO� SURSHUWLHV� RI
VLOLFRQ� FU\VWDOV� WKDW� ZHUH� REVHUYHG� LQ� RXU
ZRUNV� >�Ü�@�� LQ� RXU� RSLQLRQ�� LW� ZDV� QHFHV�
VDU\� WR� SURYLGH� FRQGLWLRQV� IRU� VHOHFWLYH� LQ�
IOXHQFH�RQ�WKH�VSLQ�VWDWHV�LQ�SDLUV�RI�SDUDP�
DJQHWLF� SDUWLFOHV� WKDW� FRQVWLWXWH� WKH� SRLQW
GHIHFW� FRPSOH[HV� �3'&��� 6XFK� D� SRVVLELOLW\
LV� SURYLGHG� E\� D� PLFURZDYH� RU� VXSHUKLJK�
IUHTXHQF\� PDJQHWLF� ILHOG� �6+)�� %�� WKDW� LVFDSDEOH� RI� FKDQJH� WKH� PXOWLSOLFLW\� LQ� WKH
GHIHFW� SDLU� LI� LW� LV� DSSOLHG� SHUSHQGLFXODUO\
WR� WKH�FRQVWDQW�PDJQHWLF� ILHOG� �0)��%��EXWFDQQRW� DIIHFW� WKH� VSLQ� RULHQWDWLRQ� LI� WKH
6+)�ILHOG�LV�SDUDOOHO�WKH�LQGXFWLRQ�YHFWRU�RI
WKH� FRQVWDQW� 0)� �%�__%���� 6LPLODU� H[SHUL�PHQWDO� SURRIV� ZHUH� REWDLQHG� LQ� VWXGLHV� RQ
WKH� UHVRQDQFH� HIIHFW� RQ� WKH� PLFURKDUGQHVV
DQG�GLVORFDWLRQ�SDWK�LQ�DONDOL�KDOLGH�FU\VWDOV
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DQG� VLOLFRQ� RQHV� >�Ü�@��6R� WKH� VWXG\�RI�0)
LQIOXHQFH� RQ� PLFURPHFKDQLFDO� SURSHUWLHV� RI
LRQLF� FU\VWDOV�ZDV� UHVXOWHG� LQ� WKH� UHYHDOLQJ
RI�FU\VWDO�SODVWLFL]DWLRQ�GXH�WR�H[FLWDWLRQ�RI
HOHFWURQ� SDUDPDJQHWLF� UHVRQDQFH� �(35�� LQ
VWUXFWXUH� GHIHFWV� XQGHU� FURVVHG� FRQVWDQW
DQG� 6+)� PDJQHWLF� ILHOGV� >����@�� /DWHU�� WKH
UHVRQDQFH�LQIOXHQFH�RI�WKH�FRQVWDQW�0)�DQG
YDULDEOH� 6+)� FURVVHG� WKHUHZLWK� RQ� GLVORFD�
WLRQ�SDWKV� LQ� VLOLFRQ�VLQJOH� FU\VWDOV�ZDV�UH�
YHDOHG� >�@� WKDW� UHVXOWHG� LQ� WKH� FU\VWDO
VWUHQJWKHQLQJ�� 7KH� YDULDEOH� PDJQHWLF� ILHOG
IUHTXHQFLHV� FDXVLQJ� WKH� PD[LPXP� FKDQJHV
RI� WKH� FU\VWDO� VWUHQJWK� DQG� SODVWLFLW\� RE�
VHUYHG�LQ�>�Ü�@�FRUUHVSRQG�WR�WKH�UHVRQDQFH
IUHTXHQFLHV� RI� WUDQVLWLRQV� EHWZHHQ� WKH� =HH�
PDQ�VXEOHYHOV�LQ�SDUDPDJQHWLF�FRPSOH[HV�RI
SRLQW�GHIHFWV�RU�LQ�FRPSOH[HV�FRQVLVWLQJ�RI�D
SRLQW� GHIHFW� DQG� D�GLVORFDWLRQ��7KH� GLVORFD�
WLRQ�SDWK�PHDVXUHPHQWV�LQ�1D&O�DQG�6L�FU\V�
WDOV� >�Ü�@� PDNH� LW� SRVVLEOH� WR� UHFRUG� WKH
UDGLR�IUHTXHQF\�VSHFWUXP�RI�HOHFWURQ�WUDQVL�
WLRQV� LQ� WKH� VWUXFWXUH� GHIHFW� VXEV\VWHP�
7KXV�� WKH� (35� WKDW� VWLPXODWHV� FKDQJHV� LQ
WKH� FU\VWDO� PLFURSODVWLF� DQG� PLFURPHFKDQL�
FDO�FKDUDFWHULVWLFV�DOORZV�WR�DVVXPH�WKDW�WKH
SULPDU\� HOHPHQWDU\� SURFHVVHV� RI� PDJQHWR�
SODVWLF� DQG� PDJQHWR�PHFKDQLFDO� HIIHFWV� RE�
VHUYHG�LQ�>�Ü�@�DUH�VSLQ�GHSHQGHQW�SURFHVVHV
LQ�WKH�FU\VWDOV��7KLV�ZRUN� LV�DLPHG�DW�YHUL�
ILFDWLRQ� RI� VXJJHVWLRQV� FRQFHUQLQJ� WKH� VSLQ
QDWXUH�RI�00(�

7KH�SXUSRVH�RI�WKH�ZRUN�ZDV�WR�VWXG\�WKH
PLFURKDUGQHVV�YDULDWLRQ�RI�6L�VLQJOH�FU\VWDOV
IROORZLQJ� WKH� VLPXOWDQHRXV� H[SRVXUH� WR
FURVVHG� FRQVWDQW� DQG� PLFURZDYH� PDJQHWLF
ILHOGV� DW� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� 6+)
IUHTXHQF\�Q� DQG� WKH�FRQVWDQW�0)� LQGXFWLRQ
%�� PHHWLQJ� WKH� (35� FRQGLWLRQ� JP%%�� �KQZKHUH�P%� LV�%RKU�PDJQHWRQ��K��3ODQFN�FRQ�VWDQW��J�a����J�IDFWRU��7KXV�� WKH�H[SHULPHQ�
WDO� VFKHPH� ZDV� VLPLODU� WR� WKH� WUDGLWLRQDO
FRQGLWLRQV� RI� (35� VLJQDO� REVHUYDWLRQ�� WKDW
LV�� VLPLODU� WR� WKH� VWDQGDUG� SURFHGXUH� RI
(35� VSHFWUXP�PHDVXUHPHQW� H[FHSW� IRU� WKH
PLFURKDUGQHVV� UDWKHU� WKDQ� WKH� 6+)� SRZHU
DEVRUEHG�LQ�WKH�VDPSOH�ZDV�XVHG�DV�WKH�UHVR�
QDQFH�UHVSRQVH�

6LOLFRQ�VDPSOHV�JURZQ�E\�&]RFKUDOVNL�WHFK�
QLTXH�XQGHU�SKRVSKRUXV�RU�ERURQ�GRSLQJ�ZHUH
XVHG��7KH�VDPSOHV�ZHUH�SODFHG�LQWR�D�UHVRQD�
WRU� WKDW� ZDV� FRKHUHQW� ZLWK� D� PDJQHWURQ� DW
WKH� FRQVWDQW� IUHTXHQF\� Q� �������*+]� DQG
SRVLWLRQHG�EHWZHHQ�HOHFWURPDJQHW�SROHV��7KH
PDJQHWRUHVRQDQFH� HIIHFWV� ZHUH� VWXGLHG
XVLQJ�D�VWDQGDUG�;�UDQJH�UDGLRVSHFWURPHWHU
6(�;������ �5DGLRSDQ�� DW� WKH� PRGXODWLRQ
IUHTXHQF\� ����N+]�DQG� WKH� VZHHS� UDQJH� RI
WKH�FRQVWDQW�0)�%�������WR���N2H��7KH�VDP�

SOHV�ZHUH�H[SRVHG�LQ�FURVVHG�FRQVWDQW��DW�%�LQGXFWLRQ� YDOXH�� DQG� YDULDEOH� 6+)� �DW� %�LQGXFWLRQ� YDOXH�� ILHOGV� IRU� �� PLQ�� WKH� %�DQG� %�� YHFWRUV� ZHUH� SHUSHQGLFXODU� WR� RQHDQRWKHU�� 7KHQ� WKH� VDPSOHV� ZHUH� H[WUDFWHG
IURP� WKH� UHVRQDWRU� DQG� WKH� PLFURKDUGQHVV
ZDV� PHDVXUHG� XVLQJ� D� 307��� KDUGQHVV
WHVWHU�� 7KH� PLFURKDUGQHVV� PHDVXUHPHQWV
ZHUH� FDUULHG� RXW� IRU� UHIHUHQFH� VDPSOHV� QRW
WUHDWHG�LQ�0)��7KH�PLFURKDUGQHVV�PHDVXUH�
PHQW� HUURU� ZDV� DERXW� �� ��� :H� KDYH� RE�
VHUYHG�D�PLFURKDUGQHVV�UHGXFWLRQ�LQ�6L�FU\V�
WDOV� H[SRVHG� WR� UHVRQDQFH� FRQGLWLRQV�� 7KDW
UHGXFWLRQ� FDQ� EH� FODVVLILHG� DV� D� SHFXOLDU
PDJQHWR�PHFKDQLFDO�HIIHFW�

:H� KDYH� IRXQG� WKDW� WKH� 00(� DPRXQWV
DERXW������ LQ�Q�W\SH�6L� FU\VWDOV� �SKRVSKR�
UXV�GRSHG��DQG�DERXW������LQ�S�W\SH��ERURQ
GRSHG�� RQHV� �)LJV���D� DQG��E�� UHVSHFWLYHO\��
7KXV��D�PDJQHWR�PHFKDQLFDO�HIIHFW�KDV�EHHQ
UHYHDOHG� FRQVLVWLQJ� LQ� WKH� VWUHQJWK� UHGXF�
WLRQ�RI�6L�FU\VWDOV�GXH�WR�PDJQHWRUHVRQDQFH

)LJ����� 00(� UHOD[DWLRQ� LQ� 6L� VDPSOHV� DIWHU
PDJQHWRUHVRQDQFH� LQIOXHQFH� �D��DQG� DIWHU�DF�
WLRQ�RI�PLFURZDYH�8+)�PDJQHWLF�ILHOG��E���+�LV�WKH�PLFURKDUGQHVV�RI�WKH�LQLWLDO��UHIHUHQFH�
6L�VDPSOHV��+�LV�WKH�PLFURKDUGQHVV�RI�6L�VDP�
SOHV�VXEMHFWHG�WR�PDJQHWRUHVRQDQFH�LQIOXHQFH
RU� WKH� DFWLRQ� RI� PLFURZDYH� 8+)� PDJQHWLF
ILHOG��������Q�6L�FU\VWDOV��������S�6L�FU\VWDOV�
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LQ� FURVVHG� FRQVWDQW� DQG� 6+)� PDJQHWLF
ILHOGV��,W�LV�VHHQ�LQ�)LJV���D�DQG��E�WKDW�WKH
(35�H[FLWHG�00(� GRHV� QRW� UHOD[� GXULQJ� D
ORQJ� WLPH� �DERXW� ��� GD\V��� ,W� KDV� EHHQ
SRLQWHG�LQ�>�Ü�@�WKDW�XQGHU�FRQGLWLRQV�PHHW�
LQJ� WKH� UHVRQDQFH� FULWHULD�� WKH�PXWXDO� RUL�
HQWDWLRQ� RI� WKH� SDUWLFOH� VSLQV� YDULHV�� WKLV
RULHQWDWLRQ� GHILQHV� WKH� LQWHUDFWLRQ� SRVVLELO�
LW\� GXH� WR� 3DXOL�V� SURKLELWLRQ�� ,Q� RXU� VSH�
FLILF�FDVH��LW�FDQ�EH�DVVXPHG�WKH�PDWWHU�WKDW
WKH� PDWWHU� LV� RI� WKH� VSLQ� LQWHUDFWLRQ� DQG
VSLQ�RULHQWDWLRQ�FKDQJH�RI�GHIHFWV�IRUPLQJ�D
SRLQW�GHIHFW�FRPSOH[��7KH�UHVRQDQFH�H[FLWD�
WLRQ� LQ� VWUXFWXUH� GHIHFWV� LQ� FURVVHG� PDJ�
QHWLF� ILHOGV� PD\� JLYH� ULVH� WR� VSLQ� VLQJOHW�
WULSOHW�WUDQVLWLRQV�LQ�3'&V��IRU�H[DPSOH��LQ
6L2[� SUHFLSLWDWH� FRPSOH[HV�� 6XFK� VSLQ�GH�SHQGHQW� UHDFWLRQV� LQ� 3'&V� PD\� UHVXOW� LQ
GHFRPSRVLWLRQ�WKHUHRI��7KH�GHIHFW�VWUXFWXUH
PRGLILHG� GXH� WR� PDJQHWLF� LQIOXHQFH� FDXVHV
FKDQJHV� LQ� WKH� VWUXFWXUH�VHQVLWLYH� SURSHU�
WLHV�� IRU� H[DPSOH�� LQ� PLFURKDUGQHVV�� 7KXV�
WKH�(35�H[FLWDWLRQ�LQ�WKH�GHIHFW�VXEV\VWHP
PD\� EH� D�ZD\� WR� LQIOXHQFH� WKH� EHKDYLRU� RI
WKDW�VXEV\VWHP�DQG�WKH�SURFHVVHV�GHILQHG�E\
WKH�ODWWHU�>�Ü�@�

7R�FRQFOXGH��LW�LV�WR�QRWH�WKDW�WKH�HIIHFW
RI� WKH� PLFURZDYH� 6+)� ILHOG� RQO\� UHVXOWHG
DOVR�LQ�WKH�PLFURKDUGQHVV�YDULDWLRQV�LQ�VLOL�
FRQ� FU\VWDOV� �)LJ���F�� G��� ,W� LV� RI� LQWHUHVW
WKDW� DIWHU� WKH� 6+)� ILHOG� H[SRVXUH� LV� RYHU�
WKH� 00(� FDXVHG� E\� WKDW� H[SRVXUH� YDULHV
QRQ�PRQRWRQRXVO\� DQG� GRHV� QRW� UHOD[� IRU� D
ORQJ� WLPH� �DERXW� ��� GD\V��� VLPLODU� WR� WKH
(35�LQGXFHG�00(��$FFRUGLQJ� WR� OLWHUDWXUH
GDWD� >����@�� WKH� 6+)� ILHOG� LQGXFHV� WKH� VLQ�
JOHW�WULSOHW��6�7��FRQYHUVLRQ�LQ�VLQJOHW�SDLUV

IRUPHG�E\�WKH�GHIHFWV��%DVLQJ�RQ�>�@��LW�FDQ
EH� DVVXPHG� WKDW� LQ� WKH� SUHVHQFH� RI� D� FRQ�
VWDQW�0)��WKH�6+)�ILHOG�DPSOLILHV�LQGLUHFWO\
WKH� 6�7� WUDQVLWLRQ� LQWHQVLW\�� $V� QRWHG
DERYH�� WKH� LQWHUV\VWHP� FURVVLQJ� LQ� 3'&V
FDXVHV� WKH� EUHDNGRZQ� RI� FKHPLFDO� ERQGV� LQ
WKH� FRUUHVSRQGLQJ� FRPSOH[HV� �IRU� H[DPSOH�
LQ�6L2[�SUHFLSLWDWHV��DQG�VHWV�FRQGLWLRQV�IRUWKHLU�VXEVHTXHQW�PRGLILFDWLRQ��7KH�UXQQLQJ
RI� WKH� VSLQ�GHSHQGHQW� SURFHVVHV� PHQWLRQHG
UHVXOWV� LQ� IRUPDWLRQ� RI� D� �QHZ�� PRGLILHG
VWUXFWXUH� DQG� JLYHV� ULVH� WR� WKH� 00(�� 2XU
UHVXOWV� SURYH� WKDW� WKH� VWUXFWXUH� UHOD[DWLRQ
RI�PDJQHWR�VHQVLWLYH� FRPSOH[HV� FDXVLQJ� WKH
00(�LQ�VLOLFRQ�FU\VWDOV�LV�D�VSLQ�GHSHQGHQW
SURFHVV�

5HIHUHQFHV
� ���<D�%�=HOGRYLFK�� $�/�%XFKDFKHQNR�� (�/�)UDQ�

NHYLFK��8VS��)L]��1DXN����������������
� ���9�$�0DNDUD��/�3�6WHEOHQNR��1�<D�*RULG�NR�HW

DO���)L]��7YHUG��7HOD�����������������
� ���9�$�0DNDUD�� /�3�6WHEOHQNR�� <X�/�.ROFKHQNR

HW�DO���6ROLG�6WDWH�3KHQRPHQD�����Ü��������
�������

� ���9�$�0DNDUD�� /�3�6WHEOHQNR�� <X�/�.ROFKHQNR
HW� DO���0HWDOORIL]��1RYHLVK��7HNKQRO������� ����
�������

� ���5�%�0RUJXQRY�� 8VS��)L]��1DXN�� ����� ���
�������

� ���<X�,�*RORYLQ��)L]��7YHUG��7HOD�����������������
� ���<X�,�*RORYLQ�� 5�%�0RUJXQRY�� 9�(�,YDQRY� HW

DO���)L]��7YHUG��7HOD������������������
� ���<X�$�2VLS\DQ�� 5�%�0RUJXQRY�� $�$�%DVNDNRY

HW� DO��� 3LV±PD� =K��(NVSHU��7HRU��)L]��� ���� ���
�������

lÈ�Ó��º¯ËÏºÓÈÓ°ÓË�ÏÓËä��ÓËÓÓ«�}¯Ò°�Èã�m�}¯ËäÓ�

{�k�lÈ}È¯È��k�l��º�º¯�ãÒ®������v�ËãËÓ}º�k�l�z�¯Òã
}��v�l�sÈ�äËÓ}º������zºÏÈ¯�k�n�z¯ÈmË�	��i�q��º��«ãºm°	}Ò®��|��{��zº¹ãÈ}�

{Òm�ËÓº� äÈ�Ó��º¯ËÏºÓÈÓ°ÓÒ®� m¹ãÒm� �� ��
� ä�}¯º²mÒã	ºmº�º� ÓÈ�mÒ°º}º�È°�º�Óº�º
äÈ�Ó��Óº�º�¹ºã«�ÓÈ�ä�}¯º�mË¯��°�	�}¯Ò°�Èã�m�}¯ËäÓ�
��{°�ÈÓºmãËÓº���º���«�ÓÈ�mÒ°º}º�
�È°�º�Óº�º� ¹ºã«� mÒ}ãÒ}È¼� ÏäËÓ�ËÓÓ«� ä�}¯º�mË¯�º°���� «}È� ÓË� ¯ËãÈ}°�¼� �º� mÒ²��Óº�º
ÏÓÈ�ËÓÓ«�¹¯º�«�ºä��¯ÒmÈãº�º��È°���a��������~È¹¯º¹ºÓºmÈÓº�äË²ÈÓ�Ïä�mÒ«mãËÓÒ²�Á�ÏÒ��
ÓÒ²�ËÁË}��m�

9�$�0DNDUD�HW�DO����6LOLFRQ�FU\VWDO�VWUHQJWK����

��� )XQFWLRQDO�PDWHULDOV�������������


