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5HFHLYHG�-XQH���������
7KH� FKHPLFDO�PHFKDQLFDO� SROLVKLQJ� RI� VDSSKLUH� ZLWK� �������� ����
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RULHQWDWLRQV�DW�XVH�RI�DTXHRXV�VXVSHQVLRQ�RI�VLOLFD�DV�D�SROLVKLQJ�PHDQV�KDV�EHHQ�VWXGLHG�
,W� KDV� EHHQ� HVWDEOLVKHG� WKDW� WKH� SROLVKLQJ� UHPRYDO� UDWH� DQG� RSWLFDO� TXDOLW\� RI� VDSSKLUH
VXUIDFH�GHSHQGV�RQ�LWV�FU\VWDO�RULHQWDWLRQ�DQG�D�GHYLDWLRQ�DQJOH�RI�WKH�JHRPHWULFDO�VDPSOH
VXUIDFH� IURP� FU\VWDOORJUDSKLF� SODQH�� 6DSSKLUH� VDPSOHV� ZLWK� DQ� RSWLFDO� VXUIDFH� TXDOLW\
����������� E\� 86$� 0,/�2������� VWDQGDUG� DQG� D� URXJKQHVV� 5D�a��Ü��c� KDYH� EHHQREWDLQHG�
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���,QURGXFWLRQ
6DSSKLUH� LV� XVHG� ZLGHO\� DV� D� FRQVWUXF�

WLRQDO� PDWHULDO� LQ� PDQ\� ERWK� VFLHQFH� DQG
SUDFWLFDO� DSSOLFDWLRQV�� LQ� SDUWLFXODU�� LQ�PL�
FURHOHFWURQLFV�DQG�RSWLFV�IRU�PDQXIDFWXULQJ
RI�LQWHJUDWHG�PLFURFLUFXLWV�EDVHG�RQ�VLOLFRQ�
RQ�VDSSKLUH� VWUXFWXUHV�� DV� VXEVWUDWHV� IRU
JDOOLXP�QLWULGH�DQG� LQGLXP�QLWULGH�ILOPV� LQ
SUHSDUDWLRQ� RI� OLJKW� HPLWWLQJ� GLRGHV�� 6DS�
SKLUH� VXEVWUDWHV� ZLWK� GLIIHUHQW� FU\VWDO�
ORJUDSKLF� RULHQWDWLRQV� DUH� XVHG� WR� REWDLQ
HSLWD[LDO�ILOPV��7KH� �������SODQH� LV�XVHG�WR
SURGXFH� OLJKW� HPLWWLQJ� GLRGHV�� ZKHUHDV� IRU
�VLOLFRQ�RQ�VDSSKLUH�� VWUXFWXUHV�� ����

BB
��� RQH

LV� XVHG�� +LJK� WHFKQLFDO� UHTXLUHPHQWV� DUH
PDGH� WR� WKH� VXEVWUDWH� IXQFWLRQDO� VXUIDFH
VXFK� DV� ODFN� RI� GHIHFW� QHDU�VXUIDFH� OD\HU�
URXJKQHVV� OHYHO� 5D���c�� IODWQHVV� /d��PP�WKH�VXUIDFH�VKRXOG�EH�PLUURU�SROLVKHG��RSWL�
FDO� VXUIDFH� TXDOLW\� ������ E\� 86$� 0,/���

������ VWDQGDUG�� KLJK� DFFXUDF\� RI� VXUIDFH
RULHQWDWLRQ�

7KH�XVH�RI�FKHPLFDO�PHFKDQLFDO�SROLVKLQJ
�&03��DV�WKH�ILQLVK�VXUIDFH�WUHDWPHQW�WHFK�
QRORJ\� SURYLGHV� KLJK�TXDOLW\� VXUIDFHV� RI
VRPH� PDWHULDOV� VXFK� DV� VHPLFRQGXFWRUV�
FU\VWDOV��JODVVHV��SODVWLFV�>����@��7KLV�SROLVK�
LQJ� WHFKQLTXH� KDV� VRPH� DGYDQWDJHV� RYHU
RWKHU� RQHV�� ,W� SURYLGHV�KLJK�RSWLFDO� TXDOLW\
VXUIDFHV�ZLWKRXW�VXUIDFH�GHIHFWV��KLJK�PDWH�
ULDO�UHPRYDO�UDWH��KLJK�HIILFLHQF\�DORQJ�ZLWK
ORZ�PDQXIDFWXULQJ�FRVWV��7KH�VDSSKLUH�&03
XVXDOO\� LV� FDUULHG� RXW� XVLQJ� DTXHRXV� VLOLFD
VXVSHQVLRQ� DV� WKH� SROLVKLQJ� PHDQV� >����@�
+RZHYHU�� VDSSKLUH� LV�KLJKO\�ZHDU��DQG�FRU�
URVLRQ�UHVLVWDQW� GXH� WR� LWV� KLJK� FKHPLFDO
DQG� WKHUPDO� VWDELOLW\� DQG� KDUGQHVV�� WKHUH�
IRUH�� LWV� SROLVKLQJ� LV� D� FRPSOLFDWHG� WDVN�
7KH�&03�PHFKDQLVP�FRPELQHV� LQWHUGHSHQG�
HQW� FKHPLFDO� DQG� PHFKDQLFDO� SURFHVVHV
ZKLFK�DUH�SRRUO\�VWXGLHG�WR�GDWH��0RUHRYHU�
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WKH� SROLVKLQJ� SURFHVV� GHSHQGV� KHDYLO\� RQ
FU\VWDOORJUDSKLF� RULHQWDWLRQV� RI� WKH� DUWLFOH
VXUIDFH��,Q�OLWHUDWXUH��WKHUH�DUH�RQO\�GLVHP�
ERGLHG� DQG� SRRUO\� FRPSDUDEOH� H[SHULPHQWDO
GDWD� RQ� WKH�PDWWHU� >����@�� 7KH� &03� FRQGL�
WLRQV� DQG� WKH� UHVXOWV� REWDLQHG� E\� DOO� WKH
DXWKRUV� DUH� GLIIHUHQW� EHFDXVH� WKH\� DUH� GH�
ILQHG�E\�QXPHURXV�LQGLYLGXDO�WUHDWPHQW�SD�
UDPHWHUV�VXFK�DV�WKH�GHVLJQ�DQG�PDWHULDO�RI
SROLVKLQJ� GHYLFHV�� WHFKQRORJLFDO� UHJLPHQ�
WKH� SROLVKLQJ� PL[� FRPSRVLWLRQ�� DV� ZHOO� DV
WKH� VWUXFWXUDO� SHUIHFWLRQ� RI� FU\VWDOV� EHLQJ
SROLVKHG��2EWDLQLQJ�RI�WKH�VXUIDFH�ZLWK�KLJK
SDUDPHWHUV�RI�RSWLFDO�TXDOLW\�DQG�URXJKQHVV
LV�FRPSOLFDWHG�ZKHQ�WKH��VXUIDFH�DUHD�WR�EH
WUHDWHG�LQFUHDVHV�

7KH� DLP� RI� WKH� SUHVHQW� ZRUN�ZDV� WR� UH�
YHDO� WKH� UHJXODULWLHV� LQ� WKH� LQIOXHQFH� RI
&03�SDUDPHWHUV�RQ�SROLVKLQJ�UDWH�DQG�VXU�
IDFH� RSWLFDO� TXDOLW\� RI� VDSSKLUH� DUWLFOHV� GH�
SHQGLQJ� RQ� WKHLU� FU\VWDOORJUDSKLF� RULHQWD�
WLRQV� DQG� GHYLDWLRQ� DQJOHV� IURP� WKRVH�� DV
ZHOO�DV�WR�GHYHORS�WKH�FRPSOH[�RI�SROLVKLQJ
WHFKQRORJLFDO�FRQGLWLRQV�QHFHVVDU\�WR�PDQX�
IDFWXUH� VDSSKLUH� VXEVWUDWHV� ZLWK� UHTXLUHG
WHFKQLFDO�SDUDPHWHUV�

���([SHULPHQWDO
7KH� VDSSKLUH� &03� ZDV� GRQH� XVLQJ� D

�&DPHUWRQ����'���� SROLVKLQJ� PDFKLQH
�/XJDQVN���GHYHORSHG�E\�,QVWLWXWH�IRU�6LQJOH
&U\VWDOV�� 1$6� RI� 8NUDLQH�� 7KH� SROLVKLQJ
SDG� GLDPHWHU�ZDV� ����PP�� LWV� VXUIDFH�ZDV
FRYHUHG�E\�NDSURQ�IDEULF��7KH�SROLVKLQJ�ZDV
FDUULHG� RXW� DW� UHJXODWHG� SUHVVXUH� RI� WKH
VDPSOH� WR�SDG�SUHVVLQJ�3� IURP�������XS� WR
������03D��WKH�SROLVKLQJ�SDG�URWDWLRQ�VSHHG
��� USP� DQG� IUHTXHQF\� RI� GULYLQJ� KROGHU
GRXEOH�RVFLOODWLRQV����PLQÜ���6LOLFD��$HURVLO�
����� VSHFLILF� VXUIDFH� DUHD� ���� P��J�� DQG
GHLRQL]HG� ZDWHU� LQ� SURSRUWLRQ� ����� ZHUH
XVHG� WR� SUHSDUH� WKH� SROLVKLQJ� VXVSHQVLRQ�
7KH� VXVSHQVLRQ� ZDV� KRPRJHQL]HG� XVLQJ� D
PHFKDQLFDO�VWLUUHU��7KH�SROLVKHU�DQG�SROLVK�
LQJ� VROXWLRQ� WHPSHUDWXUH� ZDV� NHSW� LQ� WKH
UDQJH� RI� ��� WR� ���&� r����&� E\� PHDQV� RI
WKHUPDO�FRQWURO�XQLW��7KH�H[SHULPHQWDO�VDP�
SOHV� �GLDPHWHU� ��� PP�� WKLFNQHVV� ���� PP�
ZLWK� FU\VWDOORJUDSKLF� RULHQWDWLRQV� �������
����

BB
���� ����

BB
��� DQG� GHYLDWLRQ� DQJOHV� M �c�

���� ��� ZHUH�PDGH� RI� VDSSKLUH� RI� ��������
SXULW\� DQG� KLJK� VWUXFWXUDO� SHUIHFWLRQ�
JURZQ� E\� KRUL]RQWDOO\� � GLUHFWLRQDO� FU\VWDO�
OL]DWLRQ� DFFRUGLQJ� WR� WHFKQRORJ\� GHYHORSHG
LQ� ,QVWLWXWH� IRU� 6LQJOH� &U\VWDOV�� 7KH
PHFKDQRFKHPLFDO� SROLVKLQJ� RI� WKH� VDPSOHV
ZDV� FDUULHG� RXW� RQ� D� VSHFLDO� IDFH�SODWH�
ZKLFK� SURYLGHG� LQGHSHQGHQW� VLPXOWDQHRXV

WUHDWPHQW� RI� WKUHH� VDPSOHV� XQGHU� VLPLODU
FRQGLWLRQV�

)RU�TXDQWLWDWLYH�HVWLPDWLRQ�RI�&03�HIIL�
FLHQF\�� WKH� VDSSKLUH� UHPRYDO� UDWH� 9� ZDV
XVHG� PHDVXUHG� E\� WKH� VDPSOH� PDVV� ORVV
XVLQJ� DQ� �$[LV� $1*� ���&�� DQDO\WLFDO� EDO�
DQFH�DQG�ZDV�FDOFXODWHG�DV��

9� � �'PUSG�W�

ZKHUH�'P� LV� WKH�PDVV� ORVV��U�� VDSSKLUH� GHQ�
VLW\� ������J�FP���� W�� WKH� SROLVKLQJ� GXUDWLRQ�
G��WKH�VDPSOH�GLDPHWHU��7R�HQKDQFH�WKH�PDVV
ORVV� PHDVXULQJ� DFFXUDF\� RI� ZHLJKW� ORVV�� QRW
DEVROXWH� PDVV� EXW� WKH� PDVV� GLIIHUHQFH� EH�
WZHHQ�WKH�H[SHULPHQWDO�VDPSOH�DQG�UHIHUHQFH
RQH� ZDV� GHWHUPLQHG� DW� HYHU\� PHDVXUHPHQW�
7KH� UHIHUHQFH� VDPSOH� ZDV� SUHSDUHG� RI� VDS�
SKLUH� RI� WKH� VDPH� VL]H� DQG� PDVV� DQG� OHIW
XQFKDQJHG�GXULQJ� WKH� LQYHVWLJDWLRQ��7KH�XVH
RI� UHIHUHQFH� VDPSOH� PDGH� LW� SRVVLEOH� WR� LQ�
FUHDVH� WKH�PDVV� ORVV�PHDVXUHPHQW�UHSURGXFL�
ELOLW\�DQG�SURYLGHG�WKH�PHDVXUHPHQW�DFFXUDF\
RI�r����PJ��ZKDW�FRUUHVSRQGV�WKLFNQHVV�YDUL�
DWLRQ� E\� r���c� IRU� RXU� VDPSOHV�� 7KH� VWUXF�
WXUDO� SHUIHFWLRQ� RI� QHDU�VXUIDFH� OD\HU� ZDV
VWXGLHG� XVLQJ� WKH� WULSOH�FU\VWDO� KLJK� UHVROX�
WLRQ� ;�UD\� GLIIUDFWRPHWU\� >�@�� 7KH� RSWLFDO
TXDOLW\�DQG�URXJKQHVV�RI�VDSSKLUH�ZDV�HYDOX�
DWHG�XVLQJ�D�0,,���RSWLFDO�PLFURVFRSH�DQG�DQ
6ROYHU� 3��+� 352� DWRPLF�IRUFH� PLFURVFRSH
�$)0���5XVVLD���

���5HVXOWV�DQG�GLVFXVVLRQ
)LJ���� SUHVHQWV� WKH� SROLVKLQJ� WLPH� GH�

SHQGHQFH� RI� VDSSKLUH� UHPRYDO� UDWH� DW� &03
RI� VDPSOHV� ZLWK� GLIIHUHQW� FU\VWDOORJUDSKLF
RULHQWDWLRQV� WKH� VDPSOHV� EHLQJ� SUHOLPLQDU\
PHFKDQLFDOO\�SROLVKHG�XVLQJ�WKH�$&0������
GLDPRQG� SDVWH��� $W� WKH� LQLWLDO� VWDJH�� WKH

)LJ�����5HPRYDO�UDWH�DV�D�IXQFWLRQ�RI�SROLVK�
LQJ�WLPH��M �c��7 ���&��3 ������03D��
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)XQFWLRQDO�PDWHULDOV������������� ���



PDWHULDO�UHPRYDO�UDWH� LV�KLJKHU�DQG�WKHQ� LW
GHFUHDVHV� WR� FHUWDLQ� FRQVWDQW� YDOXHV�� 6XFK
FKDUDFWHU�RI�WKH�FXUYHV�FDQ�EH�H[SODLQHG�E\
SUHVHQVH� RI� D� GHIHFW� QHDU�VXUIDFH� OD\HU
IRUPHG� GXULQJ� WKH� PHFKDQLFDO� SROLVKLQJ
�03�� >�@�� 7KH� &03� UDWH� EHFRPHV� FRQVWDQW
DQG� WLPH�LQGHSHQGHQW� DIWHU� UHPRYDO� RI� WKLV
OD\HU�� )RU� IXUWKHU� LQYHVWLJDWLRQV�� WKH� VDP�
SOHV� ZHUH� XVHG� ZKHUH� WKH� GHIHFW� QHDU�VXU�
IDFH�OD\HU�KDV�EHHQ�UHPRYHG�E\�SUHOLPLQDU\
&03�

7KH� PD[LPXP� UHPRYDO� UDWH� LV� REVHUYHG
IRU� �������FU\VWDOORJUDSKLF�SODQH��WKH�PLQL�
PXP�� IRU� ����

BB
��� RQH��6XFK� UHODWLRQVKLS�EH�

WZHHQ� WKH� UDWHV� LV� NHSW� GXULQJ� WKH� ZKROH
SURFHVV� RI� VDPSOH� WUHDWPHQW�� 7KH� UHPRYDO
UDWH�DQLVRWURS\�REVHUYHG�DW�SROLVKLQJ�RI�GLI�
IHUHQW� SODQHV� LV� GXH� WR� WKH� DQLVRWURS\� RI
VDSSKLUH�SK\VLFRFKHPLFDO�SURSHUWLHV�>�@�

,Q� OLWHUDWXUH�� WKHUH� DUH� VHYHUDO� DVVXPS�
WLRQV�FRQFHUQLQJ�WKH�FDXVHV�RI�FRUURVLRQ�UH�
VLVWDQFH�DQLVRWURS\�RI�VDSSKLUH�VXUIDFH��7KH
DXWKRUV� >�@� SD\� DWWHQWLRQ� WR� WKH� QDWXUH� RI
DWRPLF� ERQGV� RI� FU\VWDOORJUDSKLF� SODQHV�
WKHLU�HOHFWURQ�VWUXFWXUH�DQG�HQHUJ\��FRQVLG�
HULQJ�WKH�QXPEHU�RI�GDQJOLQJ�ERQG�SHU�XQLW
VXUIDFH� DV� DQ� DSSUR[LPDWH�PHDVXUH� RI� VXU�
IDFH�HQHUJ\��7KH�PD[LPXP�QXPEHU�RI�VXFK
ERQGV�KDV��������SODQH��WKDW�FDXVHV�LWV�PD[L�
PXP� VXUIDFH� DFWLYLW\�� $OVR� RQO\� LQ� ������
SODQH�� WKH� IODW� JULGV� RI� DOXPLQLXP� DQG� R[\�
JHQ� DWRPV� OD\� LQ� WKH� $O±$O±2±$O±$O±2� VH�
TXHQFH��7KH�$O±$O�ERQG�LV�ZHDNHU�WKDQ�$O±2
RQH�� WKDW� LV� ZK\� LWV� EUHDNGRZQ� HQHUJ\� LV
PLQLPDO�

7KH�GDWD� RQ�PHFKQLFDO� DQG� FKHPLFDO�PH�
FKDQLFDO�SROLVKLQJ�UHPRYDO�UDWHV�DORQJ�ZLWK
WKH�PLFURKDUGQHVV�YDOXHV�IRU�GLIIHUHQW�FU\V�
WDOORJUDSKLF� VDSSKLUH� SODQHV� DUH� SUHVHQWHG
LQ� WKH� 7DEOH�� ,W� LV� VHHQ� WKDW� WKH� &03� UDWH
GRHV� QRW� FRUUHODWH� ZLWK� 03� GDWD� IRU� WKH
VDPH� VDPSOHV�� IRU� ����

BB
���� WKH� &03� UDWH� LV

PLQLPXP�� ZKLOH� WKH� 03� UDWH� LV� PD[LPDO�
7KHUH�LV�DOVR�QR�FRUUHODWLRQ�ZLWK�WKH�RI�PL�
FURKDUGQHVV� YDOXHV� IRU� WKHVH� SODQHV�� 7KLV
VKRZV� REYLRXVO\� WKDW� WKH� QDWXUH� RI� FKHPL�
FDO�PHFKDQLFDO� SROLVKLQJ� SURFHVV� FDQQRW� EH
GHVFULEHG� IURP� WKH� SXUHO\� PHFKDQLF� VWDQG�
SRLQW�� LW� LQFOXGHV� D� PRUH� FRPSOH[� PHFKD�

QLVP��$OVR�WKH�IDFW�WKDW�VLOLFRQ�GLR[LGH�ZLWK
0RKV� KDUGQHVV� RI� �� PD\� UHPRYH� VDSSKLUH
OD\HU�ZLWK� WKH� KDUGQHVV� LV� �� >�@� LV� KDUG� WR
EH�H[SODLQHG��7KH�PHFKDQLVP�RI�WKLV�SURFHVV
LV� QRW� FRPSOHWHO\� FOHDUHG� XS� WLOO� QRZ�� 7KH
DXWKRUV�PHQWLRQHG�DVVXPH�WKDW�DQ�XOWUDWKLQ
K\GUDWHG� $O2�2+�� OD\HU� LV� IRUPHG� DW� WKH
������� SODQH� RQO\�� 7KH� 0RKV� KDUGQHVV� RI
$O2�2+�� LV� ���Ü��� WKHUHIRUH�� WKLV� OD\HU� FDQ
EH� UHPRYHG� DW� DEUDVLYH� WUHDWPHQW� E\� 6L2�SDUWLFOHV�� 7KHQ� UHJHQHUDWLRQ� RI� K\GUDWHG
OD\HU� RFFXUV� DQG� WKH� SROLVKLQJ� SURFHVV� FRQ�
WLQXHV��

7KH� VWXG\� UHVXOWV� RI� WKH� &03� UHPRYDO
UDWH� IRU� �������� ����

BB
���� ����

BB
��� SODQHV� ZLWK

GHYLDWLRQ� DQJOHV� RI� JHRPHWULF� VXUIDFH� IURP
FU\VWDOORJUDSKLF� SODQH�M �c�� ���� ��� DUH� SUH�
VHQWHG� LQ�)LJ�����7KH�DQJXODU�DQLVRWURS\�RI
UHPRYDO�UDWH�LV�REVHUYHG�IRU�DOO�SODQHV��,W�LV
PRVW�SURQRXQFHG�IRU��������SODQH�ZKHUH�WKH
UDWH� LQFUHDVHV� DOPRVW� WKUHH� WLPHV� DW� GHYLD�
WLRQ� RQ� ���� $� ORZHU� DQJXODU� DQLVRWURS\� RF�
FXUV�IRU�����

BB
���DQG�����

BB
���SODQHV��E\�D�IDF�

WRU�RI���DQG�������UHVSHFWLYHO\���
3HUKDSV� WKH� LQFUHDVH� RI� UHPRYDO� UDWH

ZLWK� FKDQJH� LQ� M� LV� FDXVHG� E\� LQFUHDVLQJ
DPRXQW� RI� H[WHQGHG� VXUIDFH�GHIHFWV�� ,Q� WKH
VLWHV�ZKHUH�WKH�GHIHFWV�H[LW�WR�D�VXUIDFH��WKH
SRVLWLRQ� RI� VXUIDFH� DWRPV� GRHV� QRW� FRUUH�
VSRQG� WR� WKH� PLQLPXP� IUHH� HQHUJ\�� $V� D
UHVXOW��WKH�VXUIDFH�DUHDV�ZLWK�H[FHVV�VXUIDFH
HQHUJ\� LQWHUDFW� FKHPLFDOO\� DQG� SK\VLFDOO\
ZLWK� FRPSRQHQWV� RI� SROLVKLQJ� VXVSHQVLRQ

)LJ����� 'HYLDWLRQ� DQJOH� M� GHSHQGHQFH� RI� WKH
UHPRYDO�UDWH��7 ���&��3 ������03D��

7DEOH��0HFKDQLFDO� �03��DQG�FKHPLFDO�PHFKDQLFDO�SROLVKLQJ� �&03��UHPRYDO�UDWHV�DQG�PLFURKDUG�
QHVV�IRU�GLIIHUHQW�FU\VWDOORJUDSKLF�VDSSKLUH�SODQHV

&U\VWDOORJUDSKLF�SODQH 5HPRYDO�UDWH��03��
PP�KU

5HPRYDO�UDWH��&03��
PP�KU

0LFURKDUGQHVV� >�@��*3D

������ ����� ����� �����
����

BB
�� ����� ����� �����

����
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PRUH� DFWLYHO\�� 7KH� &03� SURFHVV� LQ� VXFK
SODFHV� LV�PRUH� HIILFLHQW�� ZKLOH� SROLVKLQJ� RI
WKH�VDPSOHV�ZLWK�VPDOO�GHYLDWLRQ�DQJOHV�GH�
PDQGV�PRUH�WLPH��

7KH� LQFUHDVH� RI� UHPRYDO� UDWH� DW� LQFUHDV�
LQJ� VDPSOH� SUHVVLQJ� SUHVVXUH� HYLGHQFHV� WKH
SUHVHQFH� RI� PHFKDQLFDO� FRPSRQHQW� LQ� WKH
&03�SURFHVV��)LJ�����D���7KH�VDPSOH�VXUIDFH
TXDOLW\� LV� FRQVLGHUDEO\� LPSURYHG� LQ� WKLV
FDVH�� 7KH� SUHVVXUH� GHSHQGHQFH� RI� WKH� &03
UHPRYDO� UDWH� ZDV� VWXGLHG� LQ� >��@�� WRR�� ,Q
RXU� SROLVKLQJ� FRQGLWLRQV��ZH� VXFFHHG� WR� RE�
WDLQ� VLPLODU� UHPRYDO� UDWHV� DW� �Ü�� WLPHV
ORZHU�SUHVVXUHV��7KH�UHVXOWV�REWDLQHG�DUH�RI
D� FRQVLGHUDEOH� SUDFWLFDO� YDOXH� EHFDXVH� WKH
KLJK� SUHVVLQJ� SUHVVXUHV� UHVXOWV� XVXDOO\� LQ
YLEUDWLRQV�� WR� HOLPLQDWH� WKH� ODWWHU�� PRUH
FRPSOH[� DQG� KLJK�SULFHG� SROLVKLQJ� HTXLS�
PHQW�LV�UHTXLUHG�

7KH� WUDYHUVH� VSHHG� RI� WKH� VDPSOH� EHLQJ
SROLVKHG�UHODWLYHO\�WR�WKH�SROLVKLQJ�SDG�FRQ�
VLGHUDEO\� LQIOXHQFHV� WKH� SROLVKLQJ� HIIL�
FLHQF\��,W�LV�VSHFLILHG�E\�VHYHUDO�SDUDPHWHUV�
SROLVKLQJ�SDG�URWDWLRQ�VSHHG��WKH�RVFLOODWLRQ
VSHHG�RI�GULYLQJ�KROGHU�DQG�WKH�VDPSOH�SRVL�
WLRQ�RQ�WKH�GULYLQJ�KROGHU��,W�LV�HVWDEOLVKHG

WKDW� DW� LQFUHDVH� RI� WUDYHUVH� VSHHG� �LQ� WKLV
H[SHULPHQW��WKH�SROLVKHU�SDG�URWDWLRQ�VSHHG
LQFUHDVHV�� RWKHU� WZR� SDUDPHWHUV� EHLQJ
IL[HG���WKH�&03�UHPRYDO�UDWH�LQFUHDVHV�WRR�
EXW� DIWHU� DWWDLQPHQW� RI� D� FHUWDLQ� PD[LPDO
YDOXH� LW� VWDUWV� WR� GHFUHDVH� �)LJ����� E��� 7KH
RSWLPXP� WUDYHUVH� VSHHG� GHSHQGV� RQ� WKH
SUHVVLQJ�SUHVVXUH�DQG�RQ�WKH�SROLVKLQJ�VXV�
SHQVLRQ�YLVFRVLW\��7KH�GHSHQGHQFH�FKDUDFWHU
LV� LGHQWLFDO� IRU� VDPSOHV� RI� DOO� RULHQWDWLRQV
DQG�GHYLDWLRQ�DQJOHV��WKH�PD[LPXP�SRVLWLRQ
EHLQJ� GLVSODFHG� RQO\�� 3HUKDSV� LW� LV� FDXVHG
E\� K\GURG\QDPLF� HIIHFW� ZKLFK� UHVXOWV� LQ� D
ZRUVHQHG�PHFKDQLFDO� FRQWDFW� RI� WKH� VDPSOH
ZLWK�SROLVKHU�DW�D�KLJK�WUDYHUVH�VSHHG��

$V� WKH� SROLVKLQJ� WHPSHUDWXUH� ULVHV�� WKH
UHPRYDO� UDWH� JURZV�� WKDW� HYLGHQFHV� LQGL�
UHFWO\� D� FKHPLFDO� FRPSRQHQW� LQ� WKH�PHFKD�
QLVP�RI�DEUDVLYH�VXEVWUDWH�LQWHUDFWLRQ�DW�WKH
VDSSKLUH�&03�E\�VLOLFD��)LJ�����

7KH� UHPRYDO� RI� GLVWRUWHG� QHDU�VXUIDFH
OD\HU��IRUPHG�DW�SUHYLRXV�VWDJH�RI�GLDPRQG�
DEUDVLYH�VDSSKLUH�03��DIWHU�&03�WUHDWPHQW
ZDV� FRQILUPHG� E\� H[DPLQDWLRQ� RI� WKH� QHDU�
VXUIDFH�OD\HU�VWUXFWXUDO�SHUIHFWLRQ�E\�WULSOH�
FU\VWDO� KLJK� UHVROXWLRQ� ;�UD\� GLIIUDF�
WRPHWU\�� 7KH� IRUPDWLRQ� RI� WKH� DUHDV� ZLWK
LQFUHDVHG� GLVORFDWLRQ� GHQVLW\� LQ� WKH� QHDU�
VXUIDFH� OD\HUV� GXH� WR� WKH� VDPSOH� WUHDWPHQW
ZDV� IL[HG� VWHSZLVH� E\� FKDQJH� RI� LQWHJUDO
UHIOHFWLRQ� SRZHU� ZKHQ� UHPRYLQJ� RI� GHIHFW
OD\HU�E\�&03��,W� LV�VKRZQ�WKDW�SUHVHQFH�RI
GHIHFW� WH[WXUHG� VXUIDFH� OD\HU�UHVXOWV� LQ� WKH
URFNLQJ� FXUYH� H[WHQVLRQ� RI� GLIIUDFWLRQ� UH�
IOHFWLRQ�DQG�LQ�LWV�LQWHJUDO�SRZHU�LQFUHDVLQJ
�)LJ����� FXUYHV� ���� $IWHU� WKH� &03�� WKH
KDOIZLGWK� RI� URFNLQJ� FXUYH� E� UHGXFHV� E\� D
IDFWRU� RI� �Ü�� �)LJ����� FXUYHV���� DQG�PDNHV
����DQG�����DQJXODU�VHFRQGV�IRU� �������DQG
����

BB
��� SODQHV�� UHVSHFWLYHO\�� 7KH� ;�UD\� H[�

DPLQDWLRQV� KDYH� VKRZQ� WKDW� WKH� GLVWRUWHG
OD\HU� WKLFNQHVV� DIWHU� 03� PD\� DWWDLQ� ���Ü
����PP�

)LJ����� 3ROLVKLQJ� WHPSHUDWXUH� GHSHQGHQFH� RI
WKH�UHPRYDO�UDWH��3 ������03D��

)LJ�����5HPRYDO� UDWH�DV�D� IXQFWLRQ�RI��DSSOL�
FDWLRQ�SUHVVXUH� �D��DQG�WKH�SROLVKLQJ�SDG�UR�
WDWLRQ�VSHHG��E���7 ���&��
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)LJ����� 7KH� GLIIUDFWLRQ� UHIOHFWLRQ� FXUYH� VKDSH� IRU� VDSSKLUH� ������� SODQH� �D�� DQG� ����
BB
��� SODQH� �E�

�DIWHU�03�����DQG�&03������
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7R�VHOHFW�WKH�RSWLPXP�FRQGLWLRQV�RI�VDS�
SKLUH�&03��WKH�WRSRJUDSKLF�VXUIDFH�VWXGLHV
FKDUDFWHUL]LQJ�WKH�RSWLFDO�SXULW\�DQG�URXJK�
QHVV� ZHUH� FDUULHG� RXW� EHVLGHV� TXDQWLWDWLYH
FKDUDFWHULVWLFV�RI�WKH�SURFHVV�GHVFULELQJ�WKH
QHDU�VXUIDFH�OD\HU�UHPRYDO�UDWH��$W�LQFUHDV�
LQJ�GHYLDWLRQ�DQJOH�M� IURP�FU\VWDOORJUDSKLF
SODQH�� D� JHQHUDO� WUHQG� WR� VXUIDFH� TXDOLW\
LPSURYHPHQW� DQG� GHFUHDVH� RI� URXJKQHVV� LV
REVHUYHG�� $W� M ���� IRU� DOO� FU\VWDOORJUDSKLF
SODQHV�DIWHU���K��RI�&03��7 ���&��3 ������03D�
WKH�VXUIDFH�FKDUDFWHUL]HV�E\�FODVV�RI�RSWLFDO
TXDOLW\� ����������� DFFRUGLQJ� WR�86$�0,/�
2������� VWDQGDUG�� 7KH� URXJKQHVV� DWWDLQV
WKH� YDOXHV� 5D�a��Ü��c�� $W� UHGXFWLRQ� RI� M�WKH�SROLVKHG�VXUIDFH�TXDOLW\�EHFRPHV�ZRUVH�
WKH� RSWLFDO� TXDOLW\� GRHV� QRW� H[FHHG� YDOXHV
������� URXJKQHVV� LV� 5D�|���y����c�� 7KHVXUIDFH�VWXGLHV�DW�GLIIHUHQW�&03�VWDJHV�KDV
UHYHDOHG�WKDW�PRUH�VFUDWFKHV�DUH�REVHUYHG�DW
������� VDSSKLUH� VXUIDFH�� $� SDUWLFXODUO\
ZRUVHQHG�VXUIDFH�TXDOLW\�DSSHDUV�DW�ORZ�GH�
YLDWLRQ� DQJOHV�� WKH� JULG� RI� VFUDWFKHV� DQG
GDPDJHV� ZLWK� 5D�|����y����c� UHPDLQLQJDIWHU� &03� �)LJ������ 7KH� VWXG\� RI� ������
SODQH� WRSRJUDSK\� ZLWK� M �c� DW� GLIIHUHQW
&03� FRQGLWLRQV� �WHPSHUDWXUH�� SUHVVXUH�
WUDYHUVH� VSHHG� RI� SROLVKHU� SDG�� KDV� VKRZQ
WKDW� WKHVH� SDUDPHWHUV� YDULDWLRQ� GRHV� QRW
VLJQLILFDQWO\�LQIOXHQFH�WKH�VXUIDFH�TXDOLW\�

([DPLQDWLRQ� RI� WKH� �������c� VDPSOH� VXU�
IDFH�DW�GLIIHUHQW�&03�VWDJHV�KDV�VKRZQ�WKDW
HWFKLQJ�RI�GLDPRQG�DEUDVLYH�VFUDWFKHV�WDNHV
SODFH�LQLWLDOO\��7KH�QDUURZ�VFUDWFKHV�EHFRPH
ZLGHU� DQG� PRUH� YLVLEOH�� 7KHQ� WKH\� DUH� IL�
QDOO\� SROLVKHG� DQG� WKHLU� UHOLHI� EHFRPH
VPRRWK�� )XUWKHU�� WKH\� GLVDSSHDU�� QHZ� RQHV
DULVH�� UHSHDWLQJ� WKH� HYROXWLRQ� RI� WKH� GLVDS�
SHDUHG�RQHV��7KXV��D�FHUWDLQ�G\QDPLFDO�FRQ�
FHQWUDWLRQ� RI� VFUDWFKHV� LV� UHWDLQHG� RQ� WKH
VXUIDFH��ZKLFK�GRHV�QRW�FKDQJH�RYHU�D� ORQJ
WLPH�� 7KH� GHVFULEHG� HIIHFW� LV� QRW� REVHUYHG
RQ� RWKHU� FU\VWDOORJUDSKLF� SODQHV�� 1HZ
VFUDWFKHV� DOVR� DULVH� DQG� GLVDSSHDU� WKHUHRQ�
EXW� WKH� HWFKLQJ� HIIHFW� �ZRUVHQLQJ� VLJQLIL�
FDQWO\� WKH� VXUIDFH� RSWLFDO� SXULW\� DQG� LWV
URXJKQHVV�� LV� QRW� REVHUYHG��3HUKDSV� WKLV� LV
GXH� WR� REVHUYHG� KLJKHU� DQJXODU� DQLVRWURS\

RI� UHPRYDO� UDWH� IRU� ������� SODQH� WKDQ� IRU
����

BB
��� DQG� ����

BB
��� �VHH� )LJ������ 5HDOO\�� WKH

UHOLHI�RI�PHFKDQLFDOO\�SROLVKHG�VXUIDFH�FRQ�
VLVWLQJ�RI�VFUDWFKHV�DQG�GLJV�UHDOL]HV�VHW�RI
GLVRULHQWDWLRQ� DQJOHV� ZKHUH� WKH� UHPRYDO
UDWH�DQLVRWURS\�H[LVWV��2EYLRXVO\�WKH�FRQGL�
WLRQV�RI�KLJK�DQJXODU�DQLVRWURS\�RI�UHPRYDO
UDWH�FDQ�LPLWDWH�WKH�VHOHFWLYH�HWFKLQJ�HIIHFW�

���&RQFOXVLRQ
7KXV�� WKH� &03� RI� VDSSKLUH� ZLWK� GLIIHU�

HQW�FU\VWDOORJUDSKLF�RULHQWDWLRQV�DQG�GHYLD�
WLRQ� DQJOHV� KDV� VWXGLHG�� 7KH� UHPRYDO� UDWH
DQLVRWURS\� LV� IRXQG�� WKH� UHPRYDO� UDWH� LV
PD[LPXP� IRU� ������� SODQH� DQG� PLQLPXP
IRU� ����

BB
��� SODQH�� LW� LQFUHDVHV� ZLWK� LQFUHDV�

LQJ� M� DQJOH�� 'HSHQGHQFHV� RI� WKH� &03� UH�
PRYDO�UDWH�RQ�WKH�SROLVKLQJ�VOXUU\�WHPSHUD�
WXUH�� VDPSOH� SUHVVLQJ� SUHVVXUH�� WUDYHUVH
VSHHG�RI�SROLVKLQJ�SDG�DUH�GHWHUPLQHG��$V�D
UHVXOW� RI� GHYHORSHG� &03� WHFKQRORJ\�� VDS�
SKLUH� VDPSOHV� KDYH� EHHQ� REWDLQHG� ZLWK� WKH
RSWLFDO� VXUIDFH�TXDOLW\������Ü�����E\�86$
0,/�2������� VWDQGDUG� DW� WKH� URXJKQHVV�5Da��Ü���c� �IRU�M ����� 7KH� RSWLFDO� SURSHUWLHV
DQG� VXUIDFH� TXDOLW\� KDYH� EHHQ� IRXQG� WR
ZRUVHQ�DW�UHGXFWLRQ�RI�GHYLDWLRQ�DQJOH��WKDW
LV�ZK\�IXUWKHU�GHYHORSPHQW�RI�&03�WHFKQRO�
RJ\�LV�QHHGHG�

5HIHUHQFHV
� ���<�1DPED�� 1�2KQLVKL�� 6�<RVKLGD� HW� DO��� $QQ�

&,53�������������������
� ���)�.ORFNH��5�=XQNH��$QQ��&,53�����������������
� ���(�3URFKQRZ��'�)�(GZDUGV��$SSO��2SW�����������

�������
� ���8NUDLQLDQ�3DW��������������
� ���+�=KX�� /�$�7HVVDURWR�� 5�6DELD��$SSO��6XUI��6FL��

����������������
� ���<LQ]KHQ�:DQJ��6KLOLDQJ�/LX��*XDQOLDQJ�3HQJ�

-��&U\VW��*URZWK������������������
� ���9�)�7NDFKHQNR��0�$�5RP��$�$�%DELFKHQNR�HW

DO���3ULERU\�7HNKQ��(NVSHU�����������������
� ���9�)�7NDFKHQNR�� 9�0�3X]LNRY�� $�<�'DQNR� HW

DO���)XQFWLRQDO�0DWHULDOV�����������������
� ���(�5�'REURYLQVND\D�� /�$�/LWYLQRY�� 9�9�3LVK�

FKLN�� (QF\FORSHGLD� RI� 6DSSKLUH�� ,6&� 3XEO��
.KDUNLY��������>LQ�5XVVLDQ@�

����2�:HLV��$SSO��2SW�������������������
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