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/DVW�\HDUV��PXFK�DWWHQWLRQ�LV�SDLG�WR�GH�
YHORSPHQW� RI� QHZ�PDWHULDOV�ZLWK� SUH�VSHFL�
ILHG�QHFHVVDU\�SK\VLFDO�DQG�FKHPLFDO�FKDUDF�
WHULVWLFV��7KH�PRGLILFDWLRQ�RI�H[LVWLQJ� FRP�
SRXQGV� ZLWK� YDULRXV� LPSXULWLHV� LV� RI
SDUDPRXQW� LPSRUWDQFH� ZKHQ� GHVLJQLQJ
QRYHO�PDWHULDOV�ZLWK�FRQWUROOHG�XVHIXO�SURS�
HUWLHV��7KH�VWXG\�RI�IRUPDWLRQ�RI�VROLG�VROX�
WLRQV�ZLWK�DSDWLWH� VWUXFWXUH�DQG� WKHLU� FU\V�
WDOORJUDILF�SHFXOLDULWLHV�ZLOO�DOORZ�WR�H[WHQG
WKH�XVDJH�ILHOG�RI�WKH�DSDWLWH�VWUXFWXUH�FRP�
SRXQGV� �SKRVSKRUV��FDWDO\VWV��GLIIHUHQW�VHQ�
VRUV��HWF��>�Ü�@���DQG�DOVR�ZLOO�EH�SURPRWH�WR
IXUWKHU�GHYHORSPHQW�RI�LVRPRUSKLF�VXEVWLWX�
WLRQ� WKHRU\�� 7KLV�ZRUN� LV� DLPHG� DW� LQYHVWL�
JDWLRQ�RI�LVRPRUSKLF�VXEVWLWXWLRQV�RI�VDPDU�
LXP� IRU� VWURQWLXP� �6U���2+±o6P���� 2�±�
LQ�VWURQWLXP�K\GUR[RYDQDGDWH�
7KH� WLWOH� V\VWHP�ZDV� VWXGLHG�XVLQJ� VDP�

SOHV� ZLWK� [� ���� ������ ������ ������ �����
������ ������ ������ ������ ������ ������ �����
������������7KH� WHVW� VDPSOHV�ZHUH�SUHSDUHG
E\�VROXWLRQ�WKHUPRO\VLV��7KH�VWDUWLQJ�FKHPL�

FDOV� XVHG� ZHUH� 6U�12���� �DQDO\WLFDO� SXULW\JUDGH��� 6P�2�� �6P2±,� JUDGH�� DQG� 1+�92��FKHPLFDO� SXULW\� JUDGH��� 7KH� VROXWLRQV� IRU
V\QWKHVLV� ZHUH� SUHSDUHG� E\� GLVVROYLQJ
6U�12���� LQ� ZDWHU��6P�2�� ZDV� GLVVROYHG� LQPLQLPDO�DPRXQW�RI�QLWULF�DFLG��DQG�1+�92�ZDV� GLVVROYHG� LQ� ZDWHU� ZLWK� K\GURJHQ� SHU�
R[LGH�DGGHG��7KH�GU\�UHVLGXHV�DIWHU�FRQFHQ�
WUDWLQJ� WKH� VROXWLRQV� ZHUH� JURXQG� LQ� DQ
DJDWH� PRUWDU� DQG� FDOFLQHG� DW� WHPSHUDWXUH
LQFUHDVLQJ�IURP�����WR�����&�ZLWK�LQWHUPLW�
WHQW�JULQGLQJV�
7KH� VDPSOHV� REWDLQHG� ZHUH� VWXGLHG� E\

;�UD\� SRZGHU� GLIIUDFWLRQ�� ,5�VSHFWURVFRS\�
WKH� FU\VWDO� VWUXFWXUH� ZDV� UHILQHG� E\
5LHWYHOG�PHWKRG��7KH�SRZGHU�;�UD\�GLIIUDF�
WLRQ� H[SHULPHQWV� ZHUH� FDUULHG� RXW� XVLQJ� D
'521��� GLIIUDFWRPHWHU� LQ� WKH� FRQWLQXRXV
PRGH� XVLQJ� &X.D� UDGLDWLRQ�� 7KH� VFDQQLQJ
UDWH� ZDV� �Ü�� JUDG�PLQ� IRU� SKDVH� DQDO\VLV
DQG� ����� JUDG�PLQ� IRU� LQWHUSODQDU� VSDFLQJ
PHDVXUHPHQWV�� 7KH� XQLW� FHOO� SDUDPHWHUV
ZHUH�FDOFXODWHG�XVLQJ�WKH�OHDVW�VTXDUH�WHFK�
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QLTXH�� 7KH� FU\VWDO� VWUXFWXUH� ZDV� UHILQHG
XVLQJ� WKH� 5LHWYHOG� PHWKRG�� 7KH� PHDVXUH�
PHQWV� ZHUH� FDUULHG� RXW� LQ� WKH� VWHS� VFDQ
PRGH�LQ�WKH�UDQJH�RI������d�4d��������7KH
VWHS� VL]H� ZDV� ����� JUDG� �4�� WKH� H[SRVXUH
WLPH�SHU�SRLQW�ZDV����V��7KH�)8//352)��N
SURJUDP�SDFNDJH��YHUVLRQ������ZDV�XVHG� LQ
WKH� FDOFXODWLRQV�� 7KH� ,5�VSHFWUD� ZHUH� UH�
FRUGHG� DV� .%U� SHOOHWV� LQ� WKH� ZDYHQXPEHU
UDQJH�RI�����Ü����FPÜ��RQ�D�3HUNLQ�(OPHU
6SHFWUXP�%;�VSHFWURPHWHU�
$FFRUGLQJ� WR� WKH� ;3$� GDWD�� WKH

6U�±[6P[�92����2+��±[2[� V\VWHP� VDPSOHV
FDOFLQHG� DW� ����&� DUH� VLQJOH�SKDVH� RQHV
ZLWKLQ� WKH� UDQJH� ��[������ KDYLQJ� WKH
VWURQWLXP� K\GUR[RYDQDGDWH� VWUXFWXUH�� $W
KLJKHU�[��YDOXHV��WKH�SKDVHV�ZLWK�6U��92���DQG�6P�2��VWUXFWXUH�DUH�IRUPHG�DORQJ�ZLWKWKH� DSDWLWH� SKDVH�� 7KH� FDOFLQDWLRQ� RI� VDP�
SOHV�DW�D�WHPSHUDWXUH�H[FHHGLQJ�����&�GRHV
QRW�UHVXOW� LQ�H[SDQVLRQ�RI�KRPRJHQHRXV�UH�
JLRQ� RI� WKH� VWXGLHG� V\VWHP�� EXW� IDYRUV� WKH
GHFRPSRVLWLRQ� RI� WKH� DSDWLWH� VWUXFWXUH
SKDVH�LQWR�6U��92����DQG�6U2�>�@�7KH� D� DQG� F� ODWWLFH� SDUDPHWHUV� DQG� WKH
DSDWLWH�SKDVH�KH[DJRQDO�XQLW�FHOO�YROXPH�GH�
FUHDVH�JUDGXDOO\�LQ�WKH�KRPRJHQHRXV�UHJLRQ
�)LJ������7KLV�GHSHQGHQFH� LQGLFDWHV�WKDW�WKH
VLQJOH�SKDVH� VROLG� VROXWLRQV� DUH� IRUPHG��7KLV
IDFW� LV� GXH� WR� D� ODUJHU� LRQLF� UDGLXV� RI� 6U��
������c��DV�FRPSDUHG�WR�6P���������c��>�@��,Q
VSLWH� RI� WKH� IDFW� WKDW� WKH� VDPDULXP� LRQ� LV
VXEVWDQWLDOO\�OHVV�WKDQ�WKH�VWURQWLXP�RQH��WKH
YDULDWLRQV� LQ� WKH� XQLW� FHOO� SDUDPHWHUV� DUH
VPDOO�GXH�WR�WKH�VPDOO�VXEVWLWXWLRQ�OLPLWV��
7KH� KRPRJHQHRXV� UHJLRQ� KDV� EHHQ� DOVR

GHWHUPLQHG� E\� WKH� �GLVDSSHDULQJ� SKDVH�
PHWKRG�� 7KH� GHSHQGHQFH� RI� WKH� VWURQWLXP
RUWKRYDQDGDWH�OLQH�KNO�����UHIOHFWLRQ�LQWHQ�
VLW\� RQ� WKH� VROLG� VROXWLRQ� FRPSRVLWLRQ� ZDV
SORWWHG�� 7KLV� LV� LOOXVWUDWHG� LQ� )LJ����� 7KH
REWDLQHG� OLQH� FXWV� WKH� DEVFLVVD� D[LV� DW

[|������ZKLFK�FRQILUPV�WKH�FHOO�SDUDPHWHUV
YDULDWLRQV�
,5�VSHFWUD� ZHUH� PHDVXUHG� IRU� VDPSOHV

ZLWK�FRPSRVLWLRQV�O\LQJ�ZLWKLQ�WKH�KRPRJH�
QHRXV� UHJLRQ��7KH� K\GUR[\O� JURXS� SUHVHQFH
LQ� K\GUR[RYDQDGDWH� ZDV� GHWHUPLQHG� IURP
WKH� ,5� VSHFWUD� FRUUHVSRQGLQJ� WR� WRUVLRQDO
�����FPÜ��� DQG� VWUHWFKLQJ� ������ FPÜ��
PRGHV� RI� 2+�� JURXSV� >����@�� 7KH� VSHFWUD
KDYH�VKRZQ�WKH�DEVRUSWLRQ�EDQGV�DVFULEHG�WR
92��±�LRQ�YLEUDWLRQV��7KLV�IDFW�FRQILUPV�WKHSKDVH�DQDO\VLV�UHVXOWV�VKRZLQJ�IRUPDWLRQ�RI
D�SKDVH�ZLWK�DSDWLWH�VWUXFWXUH��)LJ������7KH
LQFUHDVLQJ�[�SUDFWLFDOO\�GRHV�QRW�DIIHFW�HLWKHU
WKH�LQWHQVLW\�RU�WKH�SRVLWLRQ�RI�WKH�92��±�LRQIXQGDPHQWDO� YLEUDWLRQV�� +RZHYHU�� WKH� WRU�
VLRQDO�EDQGV�DQG�VWUHWFKLQJ�EDQGV�RI�WKH�K\�
GUR[LGH� LRQ� FKDQJH� WKHLU� LQWHQVLWLHV�� ZKLFK
FRUUHVSRQGV� WR� WKH� VXJJHVWHG� VXEVWLWXWLRQ
VFKHPH�6U���2+±o6P���2�±�
7KH� UHILQHPHQW� RI� WKH� FU\VWDO� VWUXFWXUH

ZDV�FDUULHG�RXW�IRU�WKH�VWDUWLQJ�6U��92���2+DQG�IRU�D�VDPSOH�ZLWK�²� �������$V�WKH�VWDUW�
LQJ� PRGHO�� WKH� GDWD� IURP� >�@� IRU� FDOFLXP
K\GUR[\ODSDWLWH� �WKH�DSDWLWH�VWUXFWXUH�W\SH�
VSDFH� JURXS�c���P��ZHUH� XVHG��7KH� UHILQH�PHQW� ZDV� FDUULHG� RXW� IRU� ���� OLQHV� WR� WKH
IROORZLQJ� UHOLDELOLW\� IDFWRUV�� 5)� ������

)LJ����� 'HSHQGHQFH� RI� WKH� VWURQWLXP� RU�
WKRYDQDGDWH� OLQH�KNO����� UHIOHFWLRQ� LQWHQVLW\
YV��FRPSRVLWLRQ�
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5%UDJJ� ������� 5S� ������� 5:3� ������ DQGF�� �������7KLV� LV� W\SLFDO� YDOXHV� GLIIHUHQWL�
DWLQJ� LQ� WKH� ODVW� VLJQ�E\��Ü��XQLWV� IRU�GLI�
IHUHQW� VDPSOHV�� $V� LW� LV� REYLRXV� IURP� WKH
7DEOH�� D� FRQVLGHUDEOH� GHFUHDVH� RI� DYHUDJH
6U���±2+�2��VSDFLQJV�IURP�������WR�������c
DQG� 6U���±6U���� IURP� ������ WR� ������ c� LQ
VSLWH� RI� VPDOO� VXEVWLWXWLRQ� OLPLWV� �[� �����
FRUUHVSRQGV� WR� WKH�����PRO����VXEVWLWXWLRQ
RI� VDPDULXP� IRU� VWURQWLXP� DWRPV��� 7KLV� LV
GXH� WR� WKH� VXEVWLWXWLRQ� RI�2�±� IRU�2+±� LQ
WKH� VWUXFWXUH� FKDQQHOV� DQG� WKH� LQGXFHG� LQ�
FUHDVH� LQ� WKH� HOHFWURVWDWLF� LQWHUDFWLRQV� ZLWK
FDWLRQV�>�@��$W�WKH�VDPH�WLPH��D�VKRUWHQLQJ�RI
6U���±2�GLVWDQFHV�WDNHV�SODFH��%DVLQJ�RQ�WKLV
IDFW� DV� ZHOO� DV� RQ� LQIRUPDWLRQ� RI� SUHYLRXV
UHVHDUFKHV� >������@�� LW� LV�SRVVLEOH� WR� VD\� WKDW
WKH� VXEVWLWXWLRQ� RI� VDPDULXP� IRU� VWURQWLXP
RFFXU�PDLQO\�DW�WKH�6U����SRVLWLRQ�RI�QLQH�DSL�
FDO�FHOOV��
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