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7RGD\�� D� FRQVLGHUDEOH� DWWHQWLRQ� LV� JLYHQ
WR� VWXGLHV� RI� SK\VLFDO� SURSHUWLHV� RI� D�QRYHO
FODVV�RI�PHWDO�R[LGH�FRPSRXQGV��WKH�R[\JHQ�
GHILFLHQW� FREDOWLWHV� 5�±[$[&R2�±G� �5� �UDUHHDUWK�LRQ��$� �DONDOL�HDUWK�LRQ���d[d����7KH
LQWHUHVW� LQ� LQYHVWLJDWLRQ� RI� WKRVH�PDWHULDOV
ZDV� LQLWLDOO\� FDXVHG� E\� D� ODUJH� QHJDWLYH
PDJQHWRUHVLVWDQFH� LQ� /D�±[6U[&R2�±G� FRP�SRXQG� >�@�� $QRWKHU� SURSHUW\� RI� FREDOWLWHV�
WKH� KLJK� WKHUPDO� H�P�I� YDOXHV�� LV� DVFULEHG
XVXDOO\� WR� VWURQJ� HOHFWURQ� FRUUHODWLRQV�� EXW
LWV� QDWXUH� UHPDLQV� VWLOO� XQFOHDU� >�@�� +LJK
WKHUPDO� H�P�I�� ZHUH� UHSRUWHG� IRU� ERWK� XQ�
GRSHG�DQG�VWURQWLXP�GRSHG�/D&R2��>�@��7KHORZ�FRQGXFWLYLW\�YDOXHV�RI�WKRVH�FRPSRXQGV
PD\�KLQGHU� WKH�DSSOLFDWLRQ� WKHUHRI� LQ� WKHU�
PRHOHFWULF�FRQYHUWHUV��7KH�DGGLWLRQ�RI�VLOYHU
WR�FRPSOH[�R[LGHV�RI�RWKHU�WUDQVLWLRQ�PHWDOV
�FXSUDWHV� DQG� PDQJDQLWHV�� LV� NQRZQ� WR� HQ�
KDQFH� WKH� FRQGXFWLYLW\� >����@�� ,Q� WKRVH
FDVHV��VLOYHU�PD\�EH�SUHVHQW�ERWK�LQ�LRQL]HG
VWDWH� DQG� DV� PHWDOOLF� FOXVWHUV�� 7KRVH� FRP�
SRXQGV�� OLNH� FREDOWLWHV�� DUH� V\VWHPV� ZLWK
VWURQJ�LQWHUHOHFWURQ�FRUUHODWLRQV��7KH�SK\VL�

FDO�SURSHUWLHV�WKHUHRI�DUH�VLPLODU�WR�D�JUHDW
H[WHQW�� 7R� GDWH�� WKH� HIIHFW� RI� VLOYHU� RQ
SK\VLFDO� SKHQRPHQD� LQ� FREDOWLWHV� ZDV� QRW
VWXGLHG��7KH�DLP�RI�WKLV�ZRUN�ZDV�WR�VWXG\
WKH�FRQGXFWLYLW\�DQG�WKHUPDO�H�P�I��FKDQJHV
LQ�XQGRSHG�DQG�VWURQWLXP�GRSHG�ODQWKDQXP
FREDOWLWHV�FDXVHG�E\�VLOYHU�DGGLWLRQ�WKHUHWR�
7KH� FHUDPLF� VDPSOHV� RI� LQLWLDO

/D�±[6U[&R2�±G� FRPSRVLWLRQ� �[� ���� ����������� ZHUH� SUHSDUHG� XVLQJ� WKH� VWDQGDUG
VROLG�SKDVH�WHFKQLTXH��7KH�&R2��/D�2���DQG6U&2�� SRZGHUV� ZHUH� PL[HG� LQ� WKH
VWRLFKLRPHWULF� UDWLR� DQG� FRPSUHVVHG� DW
����03D��7KH� VLQWHULQJ�ZDV� FDUULHG� RXW� LQ
WKUHH� VWDJHG� IRU� �� K� HDFK�� DW� WHPSHUDWXUHV
����&������&��DQG������&��UHVSHFWLYHO\��WKH
VDPSOH�EHLQJ�VXEMHFWHG�WR�JULQGLQJ�DQG�FRP�
SUHVVLRQ� DIWHU� HDFK� VLQWHULQJ� VWDJH�� 7KH
VDPSOHV�ZHUH�VKDSHG�DV�����FP�ORQJ�UHFWDQ�
JXODU�SDUDOOHOHSLSHGV�RI����u�����FP��FURVV�
VHFWLRQ�� 7KH� $J� FRQWDLQLQJ� VDPSOHV� ZHUH
SUHSDUHG� LQ� D� VLPLODU�PDQQHU�� ZLWK�$J12�DGGLQJ� WR� WKH� LQLWLDO� SRZGHU� PL[WXUHV� LQ
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DPRXQWV� FRUUHVSRQGLQJ� WR� ��� ���� DQG
���PRO����$J�IRU�VDPSOHV�ZLWK�[� ���������
DQG�������UHVSHFWLYHO\�
7KH� 6HHEHFN� FRHIILFLHQW� IRU� WKH� FHUDPLFV

V\QWKHVL]HG�ZDV�GHWHUPLQHG�E\� WKH� LQWHJUDO
PHWKRG�ZLWK� FRSSHU� DV� D� UHIHUHQFH�� ,QGLXP
DSSOLHG�E\�XOWUDVRXQG�VROGHULQJ�ZDV�XVHG�DV
WKH� VROGHU� SURYLGLQJ� WKH� FHUDPLFV�FRSSHU
FRQWDFW��7KH� WKHUPDO� H�P�I��ZDV� LQGXFHG� LQ
WKH� ��� WR� ����&� WHPSHUDWXUH� UDQJH�� 7KH
FROG� MXQFWLRQ� ZDV� WKHUPDOO\� VWDELOL]HG� DW
���&�� 7KH� KRW� MXQFWLRQ� WHPSHUDWXUH� ZDV
PHDVXUHG� XVLQJ� D� FRSSHU�FRQVWDQWDQ� WKHU�
PRFRXSOH��7KH�UHVLVWLYH�PHDVXUHPHQWV�ZHUH
FDUULHG�RXW�E\�GF�IRXU�SUREH�WHFKQLTXH��7KH
PHDVXULQJ� FXUUHQW� ZDV� SDVVHG� DORQJ� WKH
VDPSOH�� 7KH� LQGLXP� FRQWDFWV� ZHUH� DSSOLHG
DORQJ� WKH� VDPSOH� ZLGWK� XVLQJ� WKH� XOWUD�
VRXQG� VROGHULQJ�� 7KH� GLVWDQFH� EHWZHHQ� WKH
SRWHQWLDO� OHDGV�ZDV� ���PP�� 7KH�PHDVXULQJ
FXUUHQW�GLG�QRW�H[FHHG����P$��$FFRUGLQJ�WR
;3$� GDWD�� WKH� VLOYHU�FRQWDLQLQJ� VDPSOHV
FRQVLVWHG� RI� D� VLQJOH� SKDVH� RI� SHURYVNLWH�
OLNH�FU\VWDO�VWUXFWXUH�ZLWK�UKRPERKHGULFDOO\
GLVWRUWHG�XQLW� FHOO� FKDUDFWHUL]HG�E\� WKH�FHOO
SDUDPHWHUV� D� �E� �������� QP�� F� 
��������QP�IRU�/D���$J���&R2�±G�DQG�D� �E� �������� QP�� F� ��������� QP� IRU
�/D����6U���������$J����&R2�±G�VDPSOHV�7KH� WHPSHUDWXUH� GHSHQGHQFHV� RI� VSHFLILF
HOHFWULF�UHVLVWDQFH�U�DQG�WKH�FKDQJHV�WKHUHLQ
GXH� WR� VLOYHU� DGGLWLRQ� WR� /D����6U����&R2�±GDQG� /D����6U����&R2�±G� DUH� SUHVHQWHG� LQ)LJV���� DQG� ��� UHVSHFWLYHO\�� 7KH� U�7�� GH�
SHQGHQFH� IRU� WKH� /D����6U����&R2�±G� VDPSOHLV� RI� VHPLFRQGXFWLQJ� FKDUDFWHU�� DV� [� LQ�
FUHDVHV�XS� WR�������WKH�WUDQVLWLRQ�WR�PHWDO�
OLF�FRQGXFWLYLW\�W\SH�WDNHV�SODFH��LQ�DJUHHPHQW
ZLWK� OLWHUDWXUH� GDWD� >�@�� 7KH� $J� DGGLWLRQ
FDXVHV�WKH�FRQGXFWLYLW\�LQFUHDVH�E\�D�IDFWRU�RI
��WR����LWV�FKDUDFWHU�UHPDLQLQJ�XQFKDQJHG��7KH
WHPSHUDWXUH� GHSHQGHQFHV� RI� VSHFLILF� WKHUPDO

H�P�I�� IRU� WKH� /D����6U����&R2�±G� DQG
�/D����6U���������$J����&R2�±G� FHUDPLFV� LV
VKRZQ�LQ�)LJ�����7KH�6HHEHFN�FRHIILFLHQW��6�
IRU� /D����6U����&R2�±G� VDPSOH� DPRXQWHG
����P9�.�DQG�ZDV� WHPSHUDWXUH�LQGHSHQGHQW
LQ� WKH� ��� WR� ����&� UDQJH�� 7KH� DGGLWLRQ� RI
���� $J� GLG� QRW� FDXVH� DQ\� FKDQJHV� LQ� 6
YDOXH��7KH�FKDUJH�FDUULHU�QDWXUH� �KROHV��UH�
PDLQHG� XQFKDQJHG� DW� $J� DGGLWLRQ� IRU� WKH
VDPSOHV� ZLWK� ERWK� PHWDOOLF� DQG� VHPLFRQ�
GXFWLQJ� FRQGXFWLYLW\� W\SHV�� 7KH� UHVLVWLYH
DQG� WKHUPRHOHFWULF� H[DPLQDWLRQ� UHVXOWV� IRU
WKH� /D���$J���&R2�±G� FHUDPLFV� ZHUH� VLPLODUWR�WKH�DERYH�RQHV��/D&R2��LV�ZHOO�NQRZQ�WREH� D� GLHOHFWULF� ZLWK� D� KLJK� 6HHEHFN� FRHIIL�
FLHQW� >�@�� $V� ���PRO����$J� ZHUH� DGGHG� WR
WKDW� FRPSRXQG�� WKH� FRQGXFWLYLW\� LQFUHDVHG
E\� VHYHUDO� RUGHUV� �XS� WR� YDOXHV� W\SLFDO� RI
VHPLFRQGXFWRUV��� WKH� KLJK� 6HHEHFN� FRHIIL�
FLHQW�EHLQJ�FRQVHUYHG�

)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� VSHFLILF
HOHFWULF� UHVLVWDQFH� IRU� /D����6U����&R2�±G� ���DQG��/D����6U���������$J����&R2�±G�����VDPSOHV� )LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� VSHFLILF
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)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� 6HHEHFN
FRHIILFLHQW� IRU� /D����6U����&R2�±G� ���� DQG
�/D����6U���������$J����&R2�±G�����VDPSOHV�
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7KXV�� WKH� DGGLWLRQ� RI� VLOYHU� WR� /D&R2�DQG�/D±6U±&R±2�FHUDPLFV�HQKDQFHV�WKHLU�WKHU�
PRHOHFWULF� SURSHUWLHV�� LQ� SDUWLFXODU�� WKH� HOHF�
WULF�UHVLVWDQFH�GHFUHDVHV�DQG�WKH�KLJK�WKHUPDO
HPI�YDOXHV�DUH�NHSW��7KH�FRQGXFWLYLW\�FKDUDF�

WHU� DQG� FKDUJH� FDUULHU� W\SH� UHPDLQ� XQ�
FKDQJHG�� 7KH� 6��U�YDOXH�IRU�/D���$J���&R2�±GDQG� �/D����6U���������$J����&R2�±G� VDPSOHV� DWURRP� WHPSHUDWXUH� LV� DERXW� ��Ü��:��P�.���
WKXV�EHLQJ�FORVH�WR�WKHUPRHOHFWULF�HIILFLHQF\
RI�PRGHUQ�WKHUPRHOHFWULF�PDWHULDOV��7KLV�RI�
IHUV�JRRG�SURVSHFWV�IRU�SUDFWLFDO�DSSOLFDWLRQ
RI�FREDOWLWHV�LQ�WKHUPRHOHFWULF�FRQYHUWHUV�
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)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� VSHFLILF
HOHFWULF�UHVLVWDQFH�DQG�6HHEHFN�FRHIILFLHQW�IRU
/D���$J���&R2�±G�FHUDPLFV�
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