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7KH�GHYHORSPHQW�RI�WUDQVSDUHQW�FHUDPLFV
EDVHG� RQ� UHIUDFWRU\� R[LGHV�� LQ� SDUWLFXODU�
\WWULXP�DOXPLQXP�JDUQHW�<�$O�2����VXLWDEOHIRU� XVH� DV� DFWLYH� ODVHU� PDWULFHV�� LV� WR� EH
QRWHG�DPRQJ�WKH�PRVW�LPSRUWDQW�UHFHQW�DG�
YDQFHV� LQ� WKH� ILHOG� RI� QRYHO� PDWHULDOV� IRU
SKRWRQLFV�>�Ü�@��7KH�\WWULXP�DOXPLQXP�JDU�
QHW�FHUDPLFV�IRU�ODVHUV�LV�HVVHQWLDOO\�HTXLYD�
OHQW� WR� VLQJOH� FU\VWDOV� LQ� WKH� WUDQVSDUHQF\�
RSWLFDO� ORVVHV� DQG� WKH� VSHFWUDO� JHQHUDWLRQ
FKDUDFWHULVWLFV� >�@�� 7KH� DGYDQWDJHV� RI� WKH
RSWLFDO� FHUDPLFV� FRQVLVW� LQ� HQKDQFHG
SK\VLFR�PHFKDQLFDO� SURSHUWLHV�� WKH� SRVVLELO�
LW\� WR� WKH� DFWLYDWRU� LQWURGXFWLRQ� ZLWKLQ� D
ZLGHU� FRQFHQWUDWLRQ� UDQJH� DQG� LWV� KRPRJH�
QHRXV� GLVWULEXWLRQ�� 7KH� FHUDPLF� WHFKQROR�
JLHV� DUH� OHVV� H[SHQVLYH� DQG� LPSRVH� OHVV� UH�
VWULFWLRQV�RQ�WKH�DUWLFOH�VKDSH�DQG�VL]H�

$�JHQHUDO�SULQFLSOHV�LQ�WKH�RSWLFDO�FHUDP�
LFV� PDQXIDFWXULQJ� DUH� WKH� XVH� RI� ZHDNO\
DJJORPHUDWHG� QDQRVL]HG� KLJK�SXULW\� SRZ�
GHUV� DV� WKH� LQLWLDO�PDWHULDOV� DV�ZHOO� DV� WKH
KLJK�WHPSHUDWXUH� VLQWHULQJ� WHFKQLTXH�� 7KH
XVH� RI� ILQHO\� GLVSHUVHG� SRZGHUV� KDYLQJ� D
GHYHORSHG� IUHH� VXUIDFH� SURYLGHV� D� FRQVLGHU�
DEOH� DFWLYDWLRQ� RI� WKH� VROLG� SKDVH� LQWHUDF�
WLRQ�� EHFDXVH� WKH� VXUIDFH� DQG� JUDLQ�ERXQG�
DU\�GLIIXVLRQ�SURFHVVHV�SUHGRPLQDWH�LQ�VXFK
PDWHULDOV� RYHU� WKH� YROXPH� RQHV�� 7KH
QDQRVL]HG� SRZGHUV� DUH� PDQXIDFWXUHG� XVX�
DOO\� E\� UHODWLYHO\� LQH[SHQVLYH� �ZHW� FKHPLV�
WU\�� PHWKRGV� WKDW� GR� QRW� UHTXLUH� DQ\� VR�
SKLVWLFDWHG� HTXLSPHQW�� LQ� SDUWLFXODU�� E\
FKHPLFDO� FR�SUHFLSLWDWLRQ� >����@�� VRO�JHO� >�@
RU�K\GURWKHUPDO� >�@� WHFKQLTXHV��7KH�FKHPL�
FDO� FR�SUHFLSLWDWLRQ�� XQGHU� FHUWDLQ� UHDOL]D�
WLRQ� FRQGLWLRQV�� LV� EHOLHYHG� WR� EH� WKH� PRVW
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VLPSOH�� LQH[SHQVLYH�� DQG� SURVSHFWLYH� WHFK�
QLTXH� WR� REWDLQ� ILQH� SRZGHUV� RI� R[LGHV� DQG
FRPSRXQGV� WKHUHRI� SURYLGLQJ� WKH� GHYHORS�
PHQW� RI� FHUDPLFV� ZLWK� WKH� SUH�VSHFLILHG
VWUXFWXUH� DQG� SURSHUWLHV�� 9DU\LQJ� WKH� V\Q�
WKHVLV�FRQGLWLRQV�E\�XVHLQJ�RI�YDULRXV�LQLWLDO
VDOWV�DQG�SUHFLSLWDQWV��S+��WHPSHUDWXUH�DQG
PL[LQJ� LQWHQVLW\� RI� WKH� UHDFWLRQ� PL[WXUH�
WKH�SUHFLSLWDWH�DJLQJ�WHPSHUDWXUH�DQG�GXUD�
WLRQ� DQG� LWV� WKHUPDO� WUHDWPHQW� FRQGLWLRQV
LQWHQGHG�WR�REWDLQ�WKH�<$*�SKDVH��LW�LV�SRV�
VLEOH�WR�REWDLQ�QDQRVL]HG�SRZGHUV�RI�YDULRXV
SKDVH� FRPSRVLWLRQV�� SDUWLFOH� VL]HV�� GLVSHU�
VLW\�� DQG� DJJORPHUDWLRQ� GHJUHH�� 6LQFH� WKH
QDQRVL]HG� SDUWLFOHV� IRUP� ULJLG� WKUHH�GLPHQ�
VLRQDO�DJJORPHUDWHV��LW�LV�UDWKHU�GLIILFXOW�WR
FRPSDFW� WKHP� WR� REWDLQ� D� GHQVH� ZRUNSLHFH
VXLWDEOH� IRU� WKH� YDFXXP� VLQWHULQJ�� 7KH
LQWHU�DJJORPHUDWH� SRUHV� EHLQJ� IRUPHG� GXU�
LQJ�WKH�FRQVROLGDWLRQ�RI�VXFK�SRZGHUV�UHVXOW
LQ� WKH� UHVLGXDO� SRURVLW\� LQ� WKH� VLQWHUHG� FH�
UDPLFV�DQG�WKXV�KLQGHUV�WKH�PDQXIDFWXULQJ
RI� WUDQVSDUHQW� FHUDPLFV� WKDW� VKRXOG�KDYH� D
GHQVLW\�FORVH�WR�WKH�WKHRUHWLFDO�RQH�
7KH� SXUSRVH� RI� WKLV� ZRUN� ZDV� WR� REWDLQ

ZHDNO\� DJJORPHUDWHG� QDQRVL]HG� <$*� SRZ�
GHUV� FRQVLVWLQJ� RI� VSKHULFDO� SDUWLFOHV� VXLW�
DEOH�IRU�FRPSDFWLQJ��WR�UHYHDO�WKH�UHJXODUL�
WLHV�RI�WKH�SRZGHU�PRUSKRORJ\�HIIHFW�RQ�WKH
FRPSDFWLELOLW\� DQG� VLQWHUDELOLW\�� DQG� WR� RE�
WDLQ�WKH�<$*�WUDQVSDUHQW�FHUDPLFV�
7KH� QDQRVL]HG� JDUQHW� SRZGHUV� ZHUH� SUH�

SDUHG� E\� FR�SUHFLSLWDWLRQ� IURP� ����0� VROX�
WLRQV� RI� \WWULXP� DQG� DOXPLQXP� QLWUDWHV
�<�12����DQG�$O�12�����UHVSHFWLYHO\��ERWK�RIVSHFLDO�SXULW\�JUDGH���XVLQJ�DTXHRXV�DPPR�
QLD�K\GURFDUERQDWH��1+�+&2���FKHPLFDO�SX�ULW\� JUDGH��� 7KH� �UHYHUVH�� SUHFLSLWDWLRQ
WHFKQLTXH� ZDV� XVHG�� L�H��� WKH� QLWUDWH� VROX�
WLRQ� ZDV� DGGHG� GURSZLVH� WR� WKH� DPPRQLD
K\GURFDUERQDWH�RQH��VLQFH�WKDW�SUHFLSLWDWLRQ
VFKHPH�LV�SUHIHUDEOH�IRU�PXOWL�FDWLRQLF�FRP�
SRXQGV�� EHFDXVH� LW� SURYLGHV� DQ� HQKDQFHG
FKHPLFDO� KRPRJHQHLW\� RI� WKH� SUHFLSLWDWH�
WKDW� LV� WKH�JDUQHW�SUHFXUVRU��7KH�SUHFXUVRU
ZDV�KHDW�WUHDWHG�DW����Ü�����&�IRU���K�
7KH�GLIIHUHQWLDO�WKHUPDO��'7$��DQG�WKHU�

PRJUDYLPHWULF� �7*�� DQDO\VHV� ZHUH� FDUULHG
RXW� XVLQJ� D�020�4������ GHULYDWRJUDSK� LQ
DLU� ZLWKLQ� WHPSHUDWXUH� LQWHUYDO� RI� ��� WR
�����&� DW� WKH� KHDWLQJ� UDWH� RI� ��� GHJ�PLQ�
7R� WKH� ;�UD\� SKDVH� DQDO\VLV� �;3$�� LQ� &X
.D� HPLVVLRQ�� D� 6LHPHQV�'����� GLIIUDFWRPH�
WHU� ZDV� XVHG�� 7KH� SKDVHV� ZHUH� LGHQWLILHG
XVLQJ� WKH� 3')��� FDUG�ILOH� >�@� DQG� WKH�(9$
UHWULHYDO� V\VWHP� LQFOXGHG� LQ� WKH� GLIIUDF�
WRPHWHU�VRIWZDUH��7KH�GLODWRPHWULF�PHDVXUH�
PHQWV� ZHUH� GRQH� XVLQJ� D� 1HW]VFK� ���� ('
GLIIHUHQWLDO� GLODWRPHWHU� LQ� DLU� ZLWKLQ� WHP�

SHUDWXUH� LQWHUYDO� RI� ��� WR� �����&� DW� WKH
KHDWLQJ� UDWH� RI� ��� GHJ�PLQ�� 7KH� VXUIDFH
DUHD� RI� WKH� SRZGHUV� ZDV� PHDVXUHG� E\� WKH
%(7�PHWKRG��7KH�DYHUDJH�SDUWLFOH�GLDPHWHU
ZDV� FDOFXODWHG� IURP� WKH� UHODWLRQVKLS� G� 
.�6�U��ZKHUH�.� LV�WKH�SDUWLFOH�VKDSH�IDFWRU
HTXDO�WR���IRU�WKH�VSKHULFDO�DQG�FXELF�SDUWL�
FOHV��6�� WKH� VSHFLILF� VXUIDFH� DUHD��P��J�� U�
WKH� <�$O�2��� WKHRUHWLFDO� GHQVLW\� HTXDO� WR�����J�FP��� 7KH� SRZGHU� PRUSKRORJ\� ZDV
VWXGLHG�XVLQJ�D�WUDQVPLVVLRQ�HOHFWURQ�PLFUR�
VFRSH� 7(0����� DW� ���� 9� DFFHOHUDWLQJ� YROW�
DJH�� 3ULRU� WR� WKH� PLFURVFRSLF� H[DPLQDWLRQ�
WKH� SRZGHUV� ZHUH� VXEMHFWHG� WR� XOWUDVRQLF
WUHDWPHQW�XVLQJ�D�8='1�HPLWWHU�DW����N+]
IUHTXHQF\�IRU����V��,VRSURSDQRO�ZDV�XVHG�DV
WKH�ZRUNLQJ�PHGLXP�
7KH� <$*� SRZGHUV� ZHUH� FRPSDFWHG� LQWR

WDEOHWV� RI� ��� PP� LQ� GLDPHWHU� DQG� �� PP
KHLJKW�LQ�D�PHWDO�PRXOG�IRU�XQLD[LDO�SUHVV�
LQJ� ZLWKLQ� WKH� SUHVVXUH� UDQJH� RI� ��� WR
���� 03D� DV� ZHOO� DV� XVLQJ� FROG� LVRVWDWLF
SUHVVLQJ�XQGHU�����03D�SUHVVXUH��7KH�VDP�
SOH� GHQVLW\� ZDV� GHWHUPLQHG� E\� JHRPHWULF
SURFHGXUH�� 7KH� WDEOHWV� ZHUH� VLQWHUHG� LQ� DQ
LQGXFWLRQ� IXUQDFH� DW� ����� WR� �����&� IRU
��Ü���K� LQ�YDFXXP��WKH�PD[�UHVLGXDO�SUHV�
VXUH� EHLQJ� ��Ü�� 3D��� 7KH� FHUDPLF� PLFUR�
VWUXFWXUH� ZDV� H[DPLQHG� LQ� UHIOHFWHG� EHDPV
XVLQJ� D� -60�����/9� VFDQQLQJ� HOHFWURQ�PL�
FURVFRSH��6(0���7R�UHYHDO�WKH�JUDLQ�ERXQGD�
ULHV�� WKH� VDPSOHV� ZHUH� SROLVKHG� ZLWK� GLD�
PRQG�SDVWH�IROORZHG�E\�HWFKLQJ�ZLWK�RUWKR�
SKRVSKRULF� DFLG�� 7KH� FHUDPLFV� PHFKDQLFDO
SURSHUWLHV� �PLFURKDUGQHVV� DQG� IDLOXUH� YLV�
FRVLW\�� ZHUH� GHWHUPLQHG� E\�PLFUR�LQGHQWLRQ
XVLQJ�D�307���LQVWUXPHQW�DFFRUGLQJ�WR�WKH
VWDQGDUG�SURFHGXUH��7KH�PHDVXUHPHQW�HUURU
ZDV�����

)LJ�����5HVXOWV�RI�'7$�����DQG�7*�����RI�<$*
SUHFXUVRU� REWDLQHG� E\� FR�SUHFLSLWDWLRQ� RI� \W�
WULXP� DQG� DOXPLQXP� QLWUDWHV� ZLWK� DPPRQLD
K\GURFDUERQDWH�DQG�GULHG�DW�����&�

9�1�%DXPHU�HW�DO����7UDQVSDUHQW�FHUDPLFV�RI����

)XQFWLRQDO�PDWHULDOV������������� ���



7R�GHWHUPLQH� WKH� IRUPDWLRQ� WHPSHUDWXUH
RI�VLQJOH�SKDVH�<$*��WKH�SUHFXUVRU�GULHG�DW
����&�DV�ZHOO�DV�LWV�FDOFLQDWLRQ�SURGXFWV�DW
���Ü�����&�ZHUH�DQDO\]HG�E\�'7$��7*�DQG
;3$�� ,Q� WKH�7*� FXUYH� �)LJ������ D� FRQVLGHU�
DEOH�PDVV�ORVV��XS�WR�������ZDV�REVHUYHG�DW
WHPSHUDWXUH�XS�WR�����&�GXH�WR�UHPRYDO�RI
PROHFXODU�DQG�VWUXFWXUDOO\�ERXQG�ZDWHU�DQG
DPPRQLD� FDUERQDWH� UHVLGXHV�� 7KH� LQVLJQLIL�
FDQW� PDVV� ORVVHV� ��� DQG� �� ��� REVHUYHG� LQ
WKH�WHPSHUDWXUH�LQWHUYDOV�RI����Ü����&�DQG
���Ü����&��UHVSHFWLYHO\��DUH�GXH�WR�IXUWKHU

GHFRPSRVLWLRQ� RI� \WWULXP� DQG� DOXPLQXP
FRPSOH[�FDUERQDWHV�EHLQJ�LQ�DJUHHPHQW�ZLWK
>��@�� 7KH� H[RWKHUP� LQ� WKH� '7$� FXUYH� DW
����&�FRUUHVSRQGV�WR�IRUPDWLRQ�RQVHW�RI�WKH
<�$O�2���SKDVH�)LJ���� SUHVHQWV� WKH� GLIIUDFWLRQ� SDWWHUQV
IRU�<$*�SRZGHUV�REWDLQHG�E\�WKH�SUHFXUVRU
KHDW� WUHDWPHQW� DW� ����� ������ DQG� �����&�
7KH�<$*�SRZGHUV�FDOFLQHG�DW�D�WHPSHUDWXUH
ORZHU�WKDQ�����&�DUH�DPRUSKRXV��7KH�ZHDN
GLIIUDFWLRQ�SHDNV� LQ� WKH�GLIIUDFWLRQ�SDWWHUQ
IRU� WKH� SRZGHU� FDOFLQHG� DW� ����&� �)LJ���E�
HYLGHQFHV� WKH� FU\VWDOOL]DWLRQ� RQVHW� RI� WKH
DPRUSKRXV�SKDVH��7KH�GLIIUDFWLRQ�SDWWHUQ�RI
WKH� SRZGHU� FDOFLQHG� DW������&� �)LJ���F�� UH�
YHDOV�D�VHW�RI�UHIOHFWLRQV�WKDW�FRUUHVSRQGV�WR
WKH�FXELF�<�$O�2���PRGLILFDWLRQ��$V�WKH�FDO�FLQDWLRQ� WHPSHUDWXUH� ULVHV�� WKH� GLIIUDFWLRQ
SHDNV� EHFRPH� PRUH� DQG� PRUH� LQWHQVH� DQG
QDUURZ��WKXV�HYLGHQFLQJ�WKH�SDUWLFOH�VL]H�LQ�
FUHDVH�
7KH� PRUSKRORJLF� VWXG\� RI� WKH� SUHFXUVRU

DQG� <$*� SRZGHUV� �)LJ����� VKRZV� WKDW� WKH
SDUWLFOHV� REWDLQHG� DUH� HVVHQWLDOO\� VSKHULFDO
DQG� VWURQJO\� DJJORPHUDWHG�� 7KH� SUHFXUVRU
SDUWLFOHV� RI� DERXW� ��� WR� ��� QP� VL]H� IRUP
DJJORPHUDWHV� �VSKHULFDO�� WRR�� RI� XS� WR
����QP�VL]H�ZKLFK��LQ�WXUQ��IRUP�WKH�FRUDO�
VKDSHG� FRQJORPHUDWHV� DWWDLQLQJ� VHYHUDO�PL�
FURPHWHUV�LQ�VL]H���)LJ���D���7KH�DJJORPHUD�
WLRQ�RI�SUHFXUVRU�KDYLQJ�D�FRPSOH[�FRPSRVL�
WLRQ� 1+�$O<����&2������2+��� ����+�2� >�@
VHHPV� WR� UHVXOW� IURP� WKH� IRUPDWLRQ� RI� K\�
GURJHQ� ERQGV� EHWZHHQ� WKH� K\GUDWH� ZDWHU
PROHFXOHV�DV�ZHOO�DV� IURP�FRQVLGHUDEOH� FDS�
LOODU\�IRUFHV�DULVLQJ�GXULQJ�WKH�GU\LQJ��7KH
SUHFXUVRU�DJJORPHUDWLRQ�FDXVHV�WKH�DJJORP�
HUDWHG�VWDWH�RI�LWV�SURFHVVLQJ�SURGXFWV��WRR�
7KH� ULJLG�� KDUGO\� FUXVKDEOH� DJJORPHUDWHV
KLQGHU�FRQVLGHUDEO\�WKH�JDUQHW�SRZGHU�FRP�
SDFWLQJ�
7R� V\QWKHVL]H� WKH� JDUQHW� SKDVH� DQG� UH�

GXFH� WKH� DJJORPHUDWLRQ�� WKH� SUHFXUVRU� ZDV
KHDW� WUHDWHG� ZLWKLQ� ����� WR� �����&� UDQJH�

)LJ�����;�UD\� GLIIUDFWLRQ� SDWWHUQV� RI� WKH�<$*
SUHFXUVRU�DQG�SRZGHU�FDOFLQHG�IRU���K�DW�WHP�
SHUDWXUH���&��������D���������E��DQG�������F��

)LJ�����0RUSKRORJ\�RI�<$*�SRZGHU�V\QWKHVL]HG�DW�WHPSHUDWXUH���&��������D���������E��DQG�������F���7(0��
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$V�LW�IROORZV�IURP�WKH�GLODWRPHWULF�GDWD�IRU
<$*��)LJ���D��� WKH� LQLWLDO� FRPSDFWLQJ�VWDJH
RFFXUV�DW�WKRVH�WHPSHUDWXUHV��L�H���WKH�PDVV
WUDQVIHU� SURFHVVHV� DUH� DFWLYDWHG� GLUHFWHG� WR
UHGXFWLRQ�RI� WKH� V\VWHP�VXUIDFH� HQHUJ\��$V
D� UHVXOW� RI� WKH� VXUIDFH� GLIIXVLRQ� RI� DWRPV
WKDW�SUHGRPLQDWHV�DW�WKH�LQLWLDO�PDVV�WUDQV�
IHU� VWDJH�� WKH� VXUIDFH� HQHUJ\� RI� WKH� SDUWL�
FOHV� EHFRPHV� UHGXFHG� GXH� WR� HQODUJHPHQW
WKHUHRI�� 7KH� VXUIDFH� VWDWH� DQG�SDUWLFOH� VL]H
DIWHU�WKH�KHDW�WUHDWPHQW�ZDV�HVWLPDWHG�IURP
WKH� VXUIDFH� DUHD�� $V� WKH� FDOFLQDWLRQ� WHP�
SHUDWXUH� ZDV� LQFUHDVHG� IURP� ����� WR
�����&�� WKH� SDUWLFOH� VXUIDFH� DUHD� ZDV� UH�
GXFHG�IURP����WR���P��J��ZKLOH�WKH�DYHUDJH
VL]H� LQFUHDVLQJ� IURP���� WR� ����QP� �7DEOH��
$V� WKH� SDUWLFOH� VL]H� ZDV� LQFUHDVHG�� WKH� DJ�
JORPHUDWLRQ�H[WHQW�EHFDPH�UHGXFHG��VHH�)LJ�
�E��� EHFDXVH� WKH� VXUIDFH� LQWHUDFWLRQ� GURSV
VKDUSO\� DV� WKH� SDUWLFOHV� EHFRPH� HQODUJHG�
+RZHYHU��DW�WKH�KHDW�WUHDWPHQW�WHPSHUDWXUH
H[FHHGLQJ� �����&�� WKH� SDUWLFOHV� EHFRPH� DJ�
JUHJDWHG� ZLWK� IRUPDWLRQ� RI� FRQWDFW� QHFNV
�)LJ���F��� 7KH� DSSUHFLDEOH� FRPSDFWLRQ� RI
VDPSOHV� REVHUYHG� DW� D� IXUWKHU� WHPSHUDWXUH
HOHYDWLRQ��VHH�)LJ���D��HYLGHQFHV�DQ�LQFUHDVH

LQ� WKH� FRQWDFW� QHFN� DUHD� DFFRPSDQLHG� E\
UDSSURFKHPHQW�RI�WKH�SDUWLFOH�FHQWHUV��WKXV�
WKH� FDNH� UHTXLUHV� DQ� DGGLWLRQDO� JULQGLQJ
SULRU�WR�FRPSDFWLQJ�
7R� GHWHUPLQH� WKH� SRZGHU� PRUSKRORJ\

PRVW� VXLWDEOH� IRU� PDQXIDFWXULQJ� RI� KLJK
GHQVLW\� RSWLFDO� FHUDPLFV�� WKH� FRPSDFWLELOLW\
DQG� VLQWHUDELOLW\� RI� WKH� SRZGHU� ZHUH� VWXG�
LHG��7KRVH�SURSHUWLHV�GHSHQG�PDLQO\� RQ� WKH
SRZGHU� DJJORPHUDWLRQ� H[WHQW� DQG� VXUIDFH
DUHD�� )LJ���� SUHVHQWV� WKH� SORWWHG� GHSHQG�
HQFHV� RI� WKH� SUHVVLQJV� UHODWLYH� GHQVLW\� RQ
WKH�FRPSDFWLQJ�SUHVVXUH� �GU\�XQLD[LDO� FRP�
SDFWLRQ�� IRU�<$*�SRZGHUV� FDOFLQHG� DW�YDUL�
RXV� WHPSHUDWXUHV�� 7KH� FRPSDFWHG� VDPSOH
GHQVLW\�RI�WKH�SRZGHUV�FDOFLQHG�DW������DQG
�����&��SDUWLFOH�VL]H����DQG����QP��UHVSHF�
WLYHO\��ZDV�ORZ�DQG�GLG�QRW�H[FHHG������LQ
WKH�ZKROH�SUHVVXUH�UDQJH��$IWHU�KHDW� WUHDW�
PHQW� DW� ����Ü�����&� �WKH� SDUWLFOH� VL]H
EHLQJ� LQFUHDVHG� WR� ��Ü���� QP�� 7DEOH��� WKH
SRZGHU�FRPSDFWLELOLW\�ZDV� LQFUHDVHG�WR���Ü
��� ��� WKXV� FRQILUPLQJ� WKH� DERYH� FRQFOX�
VLRQV�RQ�WKH�DJJORPHUDWLRQ�UHGXFWLRQ�DW�WKH
SDUWLFOH�HQODUJHPHQW�
7R� VWXG\� WKH� <$*� SRZGHU� VLQWHUDELOLW\�

WKH�SRZGHUV�V\QWKHVL]HG�DW�YDULRXV�WHPSHUD�
WXUHV� ZHUH� H[DPLQHG� E\� GLODWRPHWU\
�)LJ������$V� WKH� LQLWLDO�KHDW�WUHDWPHQW�WHP�
SHUDWXUH�LQFUHDVHV��WKH�VLQWHULQJ�RQVHW�WHP�
SHUDWXUH� LV� VKLIWHG� WRZDUGV� KLJKHU� YDOXHV�
ZKLOH�WKH�VKULQNDJH�DW�VLQWHULQJ�LV�UHGXFHG�
7KH�<$*�SRZGHU� FDOFLQHG� DW� �����&� VKRZV
WKH� KLJKHVW� DFWLYLW\�� KRZHYHU�� LWV� LQWHQVH
VLQWHULQJ�UHVXOWV�RIWHQ�LQ�WKH�]RQH�LVRODWLRQ
HIIHFW� >��@� GXH� WR� LQKRPRJHQHRXV� VDPSOH
GHQVLILFDWLRQ� DQG�� LQ� VRPH� FDVHV�� LQ� FUDFN�
LQJ�� ,Q� WXUQ�� WKH�SRZGHU� WUHDWHG� DW������&
LV� VLQWHUHG� SRRUO\�� EHFDXVH� WKH� VXUIDFH� DQG
JUDLQ� ERXQGDU\� GLIIXVLRQ� PHFKDQLVPV� DUH
QRW�SUHGRPLQDQW�WKHUHLQ�GXH�WR�UHGXFHG�IUHH

)LJ�����6KULQNDJH�FXUYHV�RI�SUHVVLQJV�PDGH�RI
<$*�SRZGHU�V\QWKHVL]HG�DW�WHPSHUDWXUH���&��
�����������������������������DQG����������

7DEOH�� 6SHFLILF� VXUIDFH� DUHD� DQG� DYHUDJH
SDUWLFOH�VL]H�RI�<$*�SRZGHU�

6DPSOH
1R�

6\QWKHVLV
WHPS����&

6SHFLILF�VXUIDFH
DUHD��P��J

GDY��QP

� ��� �� ��
� ��� �� ��
� ��� �� ��
� ���� �� ��
� ���� �� ��
� ���� �� ��
� ���� � ���

)LJ����� 'HSHQGHQFHV� RI� <$*� SUHVVLQJV� UHOD�
WLYH�GHQVLW\�RQ�WKH�FRPSDFWLRQ�SUHVVXUH��<$*
SRZGHUV� ZHUH� V\QWKHVL]HG� DW� WHPSHUDWXUH
�R&������������������������������������������
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VXUIDFH��7KH�YROXPH�GLIIXVLRQ�PHFKDQLVP�RI
VLQWHULQJ�EHFRPHV�SUHGRPLQDQW�� WKH�YROXPH
GLIIXVLRQ� UDWH� LV� VHYHUDO� RUGHUV� ORZHU� WKDQ
WKH�VXUIDFH�DQG�JUDLQ�ERXQGDU\�RQHV��VR�WKH
FHUDPLF�JUDLQ�JURZWK�RYHUFRPHV�LWV�GHQVLI\�
LQJ��%DVLQJ�RQ�WKH�<$*�SRZGHU�FRPSDFWLELO�
LW\�DQG�GLODWRPHWULF�GDWD��WKH�RSWLPXP�VLQ�
WHULQJ� LV� SURYLGHG� E\� WKH� JDUQHW� SRZGHU
V\QWKHVL]HG�DW������&�ZLWK�WKH�DYHUDJH�SDU�
WLFOH�VL]H�RI����QP�
7KH�XQLD[LDO� FRPSDFWLRQ� FDXVHV� QRQ�XQL�

IRUP�PDWHULDO�GHQVLW\�GLVWULEXWLRQ�RYHU� WKH
SUHVVLQJ�YROXPH� DQG� LQWHUQDO� VWUHVVHV�� WKDW
LV�WKH�PRVW�FOHDUO\�SURQRXQFHG�DW�LQFUHDVLQJ
FRPSDFWLRQ� SUHVVXUH�� 7KDW� LV� ZK\� WDEOHWV
ILUVW� ZHUH� XQLD[LDOO\� FRPSDFWHG� XQGHU
��� 03D� SUHVVXUH� DQG� WKHQ� SRVW�FRPSDFWHG
LVRVWDWLFDOO\�DW�����03D�WR�SURYLGH�KRPRJH�
QHRXV� <$*� FRPSDFWV� IRU� WKH� IXUWKHU� YDF�
XXP�VLQWHULQJ��7KH�FRPSDFWV�KDG�D�GHQVLW\
DWWDLQLQJ���Ü�����RI�WKHRUHWLFDO�RQH�
7KH�FRPSDFWV�ZHUH�VLQWHUHG�LQ�YDFXXP�DW

����Ü�����&� IRU� ��Ü��� K�� 7KH� LQFUHDVLQJ
VLQWHULQJ� WHPSHUDWXUH� DQG� GXUDWLRQ� UHVXOWV
LQ�WKH�FHUDPLF�JUDLQ�VL]H�HQODUJHPHQW�IURP

��Ü���WR���Ü���PP�DQG�UHGXFHG�DPRXQW�RI
UHVLGXDO� SRUHV� �)LJ������ 7KH� SUHVHQFH� RI
FORVHG� SRUHV� QRW� RQO\� DW� WKH� JUDLQ� ERXQGD�
ULHV� EXW� DOVR� LQVLGH� WKH� JUDLQV� �)LJ���E�� LV
DVVRFLDWHG�OLNHO\�ZLWK�D�KLJK�KHDWLQJ�UDWH�RI
WKH� VDPSOH� EHLQJ� VLQWHUHG� DQG�� DV� D� FRQVH�
TXHQFH��ZLWK�D�IDVW�JURZWK�RI�FHUDPLF�JUDLQ
UHVXOWLQJ�LQ�WKH�SRUH�FDSWXUH��7KH�VLQWHULQJ
DW� �����&� IRU����K� UHVXOWV� LQ� IRUPDWLRQ�RI
WUDQVSDUHQW�<$*�FHUDPLFV�ZLWK�WKH�UHODWLYH
GHQVLW\�RI��������RI�WKHRUHWLFDO�RQH��)LJ����
DQG�WKH�WUDQVPLVVLRQ�IDFWRU�RI������LQ�WKH
���Ü����QP�ZDYHOHQJWK� UDQJH��7KH� FHUDP�
LFV� PLFURKDUGQHVV� YDOXH� LV�+P� ������*3D�WKH� IDLOXUH� YLVFRVLW\� .F� �����03D�P����
WKXV�H[FHHGLQJ�WKH�FRUUHVSRQGLQJ�YDOXHV�IRU
VLPLODU�FU\VWDOV�
7KXV�� VLQJOH�SKDVH� QDQRVL]HG� SRZGHUV� RI

\WWULXP�DOXPLQXP� JDUQHW� <�$O�2��� KDYHEHHQ� V\QWKHVL]HG� E\� FKHPLFDO� FR�SUHFLSLWD�
WLRQ� IROORZHG� E\� WKH� SUHFLSLWDWH� KHDW� WUHDW�
PHQW�� 7KH� FRPSDFWLELOLW\� RI� WKH� ILQHO\� GLV�
SHUVHG� SRZGHUV� KDV� EHHQ� VKRZQ� WR� GHSHQG
RQ� WKH� PRUSKRORJ\� DQG� DJJORPHUDWLRQ� H[�
WHQW�� DQG� WKH� VLQWHUDELOLW\�� RQ� WKH� VXUIDFH
DUHD� YDOXH� WKDW� GHILQHV� WKH� GLIIXVLRQ� SURF�
HVV� FKDUDFWHU� DQG� PHFKDQLVP�� ,W� KDV� EHHQ
IRXQG� WKDW� ZKHQ� KHDW� WUHDWPHQW� WHPSHUD�
WXUH�RI�WKH�<$*�SUHFXUVRU�LV�LQFUHDVHG�IURP
�����WR������&��WKH�SRZGHU�VXUIDFH�DUHD�LV
UHGXFHG�IURP����WR���P��J��DQG�WKH�DYHUDJH
SDUWLFOH� VL]H� LQFUHDVHV� IURP� ��� WR� ���� QP
GXH� WR� DFWLYDWLRQ� RI� WKH� VXUIDFH� DQG� JUDLQ
ERXQGDU\� GLIIXVLRQ�� WKXV� UHVXOWLQJ� LQ� WKH
UHGXFHG�DJJORPHUDWLRQ�H[WHQW��7KH�RSWLPXP
FRPELQDWLRQ� RI� FRPSDFWLELOLW\� DQG� VLQWHU�
DELOLW\�KDV�EHHQ�IRXQG�DW�WKH�<�$O�2���SRZ�GHU� ZLWK� WKH� DYHUDJH� JUDLQ� VL]H� RI� ��� QP
V\QWKHVL]HG� DW� �����&�� 7KH� FRPSDFWV� PDGH
RI� WKDW� SRZGHU� ZLWK� WKH� UHODWLYH� GHQVLW\
DERXW���Ü�����FDQ�EH�SUHSDUHG�E\�LVRVWDWLF
FRPSDFWLRQ�XQGHU�SUHVVXUHV�XS�WR�����03D�
8VLQJ� WKH� YDFXXP� VLQWHULQJ� DW� �����&�
WUDQVSDUHQW� <$*� FHUDPLFV� KDV� EHHQ� RE�

)LJ����� 0LFURSKRWRV� �6(0�� RI� <$*� FHUDPLFV
VWUXFWXUH� DIWHU� YDFXXP� VLQWHULQJ� DW� �����&
IRU����K��D��DQG�DW������&�IRU����K��E��

)LJ����� �� PP� WKLFN� <�$O�2��� FHUDPLFV� VLQ�WHUHG�LQ�YDFXXP�DW������&�IRU����K�
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WDLQHG� KDYLQJ� WKH� UHODWLYH� GHQVLW\� RI
�������RI�WKHRUHWLFDO�RQH�DQG�WKH�WUDQVPLV�
VLRQ� IDFWRU� RI� ����� LQ� WKH� YLVLEOH� VSHFWUDO
UDQJH�

$FNQRZOHGJPHQW�� $XWKRUV� DUH� WKDQNIXO
WR� 'U�� (�'RO]KHQNRYD� �,QVWLWXWH� IRU� 6LQJOH
&U\VWDOV���ZKR�FDUULHG�RXW�WKH�VWXGLHV�RI�<$*
FHUDPLFV�PHFKDQLFDO�SURSHUWLHV�

5HIHUHQFHV
� ���$�,�*XVHY�� $�$�5HPSHO�� 1DQRFU\VWDOOLQH� 0D�

WHULDOV�� )L]PDWOLW�� 0RVFRZ� ������� >LQ� 5XV�
VLDQ@�

� ���$�$�.DPLQVN\�� 0�0�$NFKXULQ�� 9�,�$OVKLWV�
1�8HGD��.ULVWDOORJUDILD�����������������

� ���6�/HH�� 6�.RFKDZDWWDQD�� *�/�0HVVLQJ�� -��$P�
&HUDP��6RF�������������������

� ���$�,NHVXH�� <�/�$XQJ�� 7�7DLUD�� $QQX��5HY�
0DWHU��5HV������������������

� ���-�/L��7�,NHJDPL��-�/HH�HW�DO���-��(XURSHDQ�&H�
UDPLF�6RFLHW\������������������

� ���;�/L�� +�/LX�� -�:DQJ�� +�&XL��0DWHULDOV� 6FL�
HQFH�DQG�(QJLQHHULQJ��$������������������

� ���&�/X�� +�+RQJ�� 5�-DJDQQDWKDQ�� -��0DWHU�
&KHP�������������������

� ���5�.DVX\D�� 7�,VREHD�� +�.XPDE�� -��$OOR\V
&RPS������Ü����������������

� ���3')���)XOO�)LOH�������,QW���&HQWUH�IRU�'LIIUDF�
WLRQ�'DWD��3HQQV\OYDQLD��86$��������

����-�5RGULJXH]�&DUYDMDO�� 7�5RLVQHO�� )XOO3URI���
DQG�:LQ3/275��1HZ�:LQGRZV����17�$SSOL�
FDWLRQV�IRU�'LIIUDFWLRQ��&RPPLVVLRQ�IRU�3RZ�
GHU� 'LIIUDFWLRQ�� ,QWHUQDWLRQDO� 8QLRQ� RI
&U\VWDOORJUDSK\��1HZVOHWWHU������������

����-L�*�/L�� 7�,NHJDPL�� -��+�/HH�� -��$P��&HUDP�
6RF������������������

����9�9�6NRURNKRG��$�9�5DJXO\D��1DQRVWUXFWXUHG
&HUDPLFV� DQG� 1DQRFRPSRVLWHV�� $GYDQFHV
DQG� 3URVSHFWV�� 3URJUHVVLYH� PDWHULDOV� DQG
WHFKQRORJLHV�� Y���� $NDGHPSHULRGLND�� .LHY
�������>LQ�5XVVLDQ@�
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