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���,QWURGXFWLRQ
1XPHURXV� LQYHVWLJDWLRQV� SHUIRUPHG� GXU�

LQJ� UHFHQW� IHZ� \HDUV� KDYH� EHHQ� DLPHG� DW
REWDLQLQJ��DFWLYH�ODVHU�PHGLD�RQ�WKH�EDVH�RI
SRO\PHUV�� FRPSRVLWH� VRO�JHO� JODVVHV� DQG� VLO�
LFD�JHOV�ZLWK�LQFRUSRUDWHG�OXPLQRSKRUHV�>�Ü
��@�� 7KHVH� VWXGLHV� DUH� WRSLFDO� GXH� WR� VLP�
SOLFLW\�RI�WKH�XVH�RI�VXFK�NLQG�RI�PDWULFHV�

DV�ZHOO�DV�WR�WKH�SRVVLELOLW\�RI�GHYHORSPHQW
RI�K\EULG�VWUXFWXUHV�IRU�RSWLFV�DQG�VSHFWURV�
FRS\��7KH�VROLG�VWDWH�PDWULFHV�ZLWK�G\H�KDYH
EHHQ� XVHG� WR� FUHDWH� WXQDEOH� ODVHUV�� OLJKW
JXLGHV�DQG�DFWLYH�HOHPHQWV�IRU�QRQOLQHDU�RS�
WLFV�DQG�SKRWRQLFV�>����������@��7KXV��VSHFLDO
DWWHQWLRQ�KDV� EHHQ�SDLG� WR� WKH� REWDLQLQJ�RI
FRPSRVLWH� PDWHULDOV� E\� WKH� VRO�JHO� PHWKRG

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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DQG�WR�VWXGLHV�RI�VXFK�PDWHULDOV�>�Ü�@��7KH
VRO�JHO� PHWKRG� PDNHV� LW� SRVVLEOH� WR� REWDLQ
RQH��RU�PDQ\�FRPSRQHQW�JODVVHV�DW�WHPSHUD�
WXUHV� ORZHU� WKDQ� WKH�PHOWLQJ�SRLQW��DV�ZHOO
DV�WR�FUHDWH�K\EULG�PDWHULDOV�RQ�WKH�EDVH�RI
RUJDQLF�DQG�LQRUJDQLF�FRPSRQHQWV��7KH�PD�
WULFHV�EDVHG�RQ�VLOLFD�DUH�SURPLVLQJ� IRU� WKH
XVH� DV� RI� RSWLFDO� PHGLD�� VLQFH� LQ� LQRUJDQLF
PDWULFHV� WKH� SKRWRVWDELOLW\� RI� LQFRUSRUDWHG
G\HV� LV� PXFK� KLJKHU� � LQ� FRPSDULVRQ� ZLWK
WKDW�LQ�SRO\PHULF�HQYLURQPHQW�>��@��7KH�G\H
UKRGDPLQ� �*� �5K�*�� LQ� � 6L2��PDWUL[� DQ�QHDOHG� DW� ����&� >��@� SRVVHVVHV� KLJK� SKRWR�
VWDELOLW\� LQ�FRPSDULVRQ�ZLWK�5K�*� HWK\OHQH
JO\FROH�VROXWLRQ�XVHG�DV�DQ�DGGLWLYH�IRU�G\H
ODVHUV�

7KH� FODVVLFDO� SURFHVV� RI� SUHSDULQJ� �6L2�PDWULFHV� LQFOXGHV� � K\GURO\VLV� DQG� SRO\FRQ�
GHQVDWLRQ� RI� WHWUDPHWKR[\�� RU� WHWUDHWKR[\�
VLODQHV� � >����������@�� 7KLV� SURFHVV� OHDGV� WR
WKH� IRUPDWLRQ� RI� JHO� ZKLFK�� DIWHU� GU\LQJ�
IRUPV� [HURJHO� ZLWK� QDQRPHWULF� SRUHV� >�@�
2UJDQLF� G\HV� FDQ�EH� LQFRUSRUDWHG� ERWK� LQWR
WKH�PDWUL[�DW�WKH�VWDJH�RI�JHO�IRUPDWLRQ�>��
��@��RU�LQWR�WKH�VROLG�JODVVHV�REWDLQHG�DIWHU
[HURJHO� DQQHDOLQJ� >�����@�� $Q� DGYDQWDJH� RI
LQWURGXFWLRQ�RI�OXPLQHVFHQW�G\HV�LQWR�VROV�LV
WKHLU�XQLIRUP�GLVWULEXWLRQ� LQ� LQRUJDQLF� VRO�
JHO�PDWULFHV�����

,Q� WKH� SUHVHQW� ZRUN�� WKH� LQIOXHQFH� RI
+12��DFLG�FRQFHQWUDWLRQ�RQ�WKH�REWDLQLQJ�RIWUDQVSDUHQW� VLOLFD� PDWULFHV� RQ� WKH� EDVH� RI
WHWUDHWKR[\VLODQH� �7(26�� E\� WKH� VRO�JHO
PHWKRG� ZDV� VWXGLHG�� 6SHFLDO� DWWHQWLRQ� ZDV
SDLG� WR� WKH� GHFUHDVH� RI� WKH� DVVRFLDWLRQ� RI
5K�*�G\H�PROHFXOHV� LQ� WKH�SURFHVV�RI� WKHLU
LQFRUSRUDWLRQ�LQWR�WKH�VLOLFD�JHO�QHWZRUN�

���([SHULPHQWDO
$V� LQLWLDO� UHDJHQWV� IRU� VLOLFD� JHO� V\QWKH�

VLV�� ZH� XVHG� WHWUDHWKR[\VLODQH� �7(26�
$OGULFK���DGGLWLRQDOO\�SXULILHG�HWKDQRO�� IRU�
PDPLGH� �)$�� $OGULFK�� DQG� WZLFH� GLVWLOOHG
ZDWHU��$W� WKH� VWDJH� RI� VRO� SUHSDUDWLRQ�� WKH
HWKDQRO� VROXWLRQ� RI�5K�*� �$OGULFK�� ZDV� LQ�
WURGXFHG� LQWR� WKH� VDPSOHV� DV� D� OXPLQHVFHQW
DGGLWLYH�

7KH� VRO�JHO� PDWULFHV� ZHUH� SUHSDUHG� E\
DFLG�FDWDO\]HG� K\GURO\VLV� DQG� FRQGHQVDWLRQ
RI�7(26��ZKLFK�ZDV�GLVVROYHG� LQ�D�PL[WXUH
RI�HWKDQRO��ZDWHU�DQG�+12��DFLG��+12��DFLGZDV� DGGHG� WR� DOO� WKH� VDPSOHV� DV� D� UHDFWLRQ
FDWDO\VW��ZLWK�)$�LQWURGXFHG�LQWR�VRPH�VDP�
SOHV�DV�D�GU\LQJ�FRQWURO�FKHPLFDO�DGGLWLYH��

7KH� PL[WXUH� 7(26�HWKDQRO� �5K�*��
+12��+�2�)$��RU�WKH�RQH�ZLWKRXW�)$��ZDVDJLWDWHG� GXULQJ� WZR� KRXUV� LQ� D� PDJQHWLF
PL[HU�� 7KHQ� WKH� REWDLQHG� VRO� ZDV� SRXUHG
LQWR� SODVWLF� FXYHWWHV� RU� WXEHV�� ZKLFK� ZHUH

KHUPHWLFDOO\�VHDOHG�DQG�NHSW�WLOO�WKH�IRUPD�
WLRQ� RI� WKH� JHO�� $IWHUZDUGV� WKH� VDPSOHV
ZHUH� ZLWKGUDZQ� DQG� GULHG� GXULQJ� �Ü
�� ZHHNV� DW� ���&� DQG� WKHQ� DW� ���&� IRU
��GD\V��$IWHU�GU\LQJ��WKH�VDPSOHV�GHFUHDVHG
LQ� YROXPH� E\� ��Ü��� WLPHV� ZLWK� WKH� FRUUH�
VSRQGLQJ� ULVH� RI� WKH� G\H� FRQFHQWUDWLRQ�
7KXV�� WKH� VRO�JHO� PDWULFHV� RQ� WKH� EDVH� RI
6L2��ZLWK� LQFRUSRUDWHG�PROHFXOHV� RI� �5K�*G\H�ZHUH�REWDLQHG�XVLQJ�)$�DQG�ZLWKRXW�WKH
ODWWHU��)LJ������

7KH�DEVRUSWLRQ�VSHFWUD�RI�DOO�WKH�VDPSOHV
ZHUH� UHFRUGHG� XVLQJ� D� /DPEGD� ��� �3HUNLQ�
(OPHU��86$��VSHFWURSKRWRPHWHU�LQ�WKH�VSHF�
WUDO� UDQJH� ���Ü����� QP�� WKH� OXPLQHVFHQFH
VSHFWUD� ZHUH� PHDVXUHG� E\� D� )OXRUR0D[��
�+RULED� -RELQ�<XRQ��86$�� VSHFWURSKRWRPH�
WHU��7KH�VL]H�RI�6L2��QDQRSDUWLFOHV� IRUPLQJWKH� [HURJHO� VWUXFWXUH� ZDV� FKHFNHG� RQ� D
WUDQVPLVVLRQ� HOHFWURQ� PLFURVFRSH� �7(0�
������,W�ZDV�VKRZQ�WKDW�WKH�VNHOHWRQ�RI�WKH
[HURJHOV� �REWDLQHG�ZLWKRXW�)$�DQG�GULHG�DW
����&�� ZDV� IRUPHG� E\� a�Ü�� QP� SDUWLFOHV
WRXFKLQJ�HDFK�RWKHU��)LJ������

���5HVXOWV�DQG�GLVFXVVLRQ
7KH� SURFHVV� RI� VDPSOH� JHODWLRQ� GLUHFWO\

GHSHQGV� RQ� WKH�PRODU� UDWLR� RI� WKH�PL[WXUH
RI� 7(26�� ZDWHU�� DFLG�� HWKDQRO�� DQG� RQ� WKH
DGGLWLRQ�RI�GU\LQJ�FRQWURO�FKHPLFDO�DGGLWLYH
VXFK� DV� )$�� 7KH� VRO�JHO� SURFHVV� LQFOXGHG
7(26� K\GURO\VLV� DQG� SRO\FRQGHQVDWLRQ� LQ
WKH�SUHVHQFH�RI�+12��DFLG�XVHG�DV�D�FDWDO\VW>�������@��9LVXDOO\�WUDQVSDUHQW�JHOV�EDVHG�RQ
6L2�� ZHUH� REWDLQHG� IRU� Q�+12������PROH7(26��UDWLR�UDQJLQJ�EHWZHHQ������DQG������
7KXV��ZLWK� WKH� LQFUHDVH�RI�WKH�DFLG�FRQWHQW
WKH� JHODWLRQ� WLPH� GHFUHDVHV� �)LJ����� GXH� WR
KLJK� UDWHV� RI� K\GURO\VLV� DQG� FRQGHQVDWLRQ
>��@�� :KHQ� WKH� UDWLR� Q�+12������PROH

)LJ����6L2��PDWULFHV�ZLWK�5K�*�G\H�SUHSDUHG
E\� VRO�JHO� PHWKRG�� ZLWK� )$�� �������Ü��PROH
5K�*���PROH� 7(26�� �D��� ZLWKRXW� )$�
������Ü�PROH�5K�*���PROH�7(26���E��

��� )XQFWLRQDO�PDWHULDOV�������������



7(26�� �������� WKH� JHODWLRQ� WLPH� ZDV� WKH
ORQJHVW�� VLQFH� DW� ORZ� DFLG� FRQWHQW� WKH� UDWH
RI� FRQGHQVDWLRQ� DQG� SRO\PHUL]DWLRQ� ZDV
YHU\� ORZ�� ,Q� WKH� FDVH� ZKHQ� WKH� FRQWHQW� RI
+12��ZDV�OHVV�WKDQ������PROH�SHU���PROH�RI7(26�� WKH� REWDLQHG� VLOLFD� JHOV� ZHUH� OHVV
WUDQVSDUHQW�� $W� ORZ� PRODU� UDWLR
Q�+12������ PROH� 7(26�� WKH� FDWDO\VW� TXDQ�WLW\�ZDV�LQVXIILFLHQW��WKHUHIRUH�WKH�K\GURO\�
VLV�DQG�FRQGHQVDWLRQ�SURFHHGHG�LQFRPSOHWHO\
>��@�� $W� WKH� ULVH� RI� +12�� FRQWHQW� XS� WR�����PROH� SHU� ��PROH� RI�7(26� DQG�KLJKHU�
WKH� FUDFNLQJ� UHVLVWDQFH� RI� WKH� [HURJHOV� LQ
WKH� SURFHVV� RI� GU\LQJ� �DW� ���&� DQG� ����&�
GHFUHDVHG�� 7KLV� LV� UHODWHG� WR� WKH� IDFW� WKDW
WKH� SURFHVVHV� RI� K\GURO\VLV�� SRO\FRQGHQVD�
WLRQ� DQG� SRO\PHUL]DWLRQ� OHDG� WR� WKH� IRUPD�
WLRQ�RI�KLJKO\�FURVV�OLQNHG�VWUXFWXUHV�SURQH
WR�FRPSUHVVLRQ�FUDFNLQJ�>��@��

,W� ZDV� IRXQG� WKDW� ZLWK� WKH� ULVH� RI� WKH
WHPSHUDWXUH� XS� WR� ���&� WKH� JHODWLRQ� WLPH
GHFUHDVHG��EXW�WKH�WUDQVSDUHQF\�RI�WKH�VDP�
SOHV� ZRUVHQHG� GXH� WR� SUREDEOH� DJJUHJDWLRQ
RI� WKH� VLOLFD� JHO� SDUWLFOHV�� $Q� HVVHQWLDO� GH�
FUHDVH� RI� WKH� JHODWLRQ� WLPH� DOVR� RFFXUUHG
WKURXJK�WKH�DGGLWLRQ�RI�)$��7KH�PHFKDQLVP
RI� WKH� DFWLRQ� RI� )$� LV� EDVHG� RQ� VLPSOH� UH�
PRYDO� RI�ZDWHU� IURP� WKH� VXUIDFH� RI� � �6L2�VLOLFD�JHO�SDUWLFOHV��6XFK�D�SURFHVV�RI�HOLPL�
QDWLRQ�RI�ZDWHU�DGVRUEHG�E\�D�ODUJH�QXPEHU
RI� {6L±2+� ERQGV� RQ� WKH� JHO� VXUIDFH� LV
FDXVHG�E\�WKH�IRUPDWLRQ�RI�K\GURJHQ�ERQGV
LQ�WKH�V\VWHP��6L2±+±2+��>����@��0RUHRYHU�� WKH�GXUDWLRQ�RI�6L2�� VRO� JHOD�WLRQ�FDQ�EH�VKRUWHQHG�E\�WKH�DGGLWLRQ�RI�WKH
G\H� 5K�*� DW� WKH� VWDJH� RI� JHO� IRUPDWLRQ�
7KXV��WKH�LQWURGXFWLRQ�RI�PRUH�FRQFHQWUDWHG
G\H� VROXWLRQV� IDYRUV� WKH� IRUPDWLRQ� RI� WKH
JHO� QHWZRUN� DQG� VHSDUDWLRQ� RI� PRLVWXUH
IURP� WKH� VDPSOHV� LQ� WKH� SURFHVV� RI� JHO
IRUPDWLRQ�� 7KH� VDPSOHV� EHFRPH� XQLIRUPO\
FRORUHG�

:KHQ�WKH�FRQFHQWUDWLRQ�RI�5K�*� LQ�VLOLFD
VRO�FKDQJHV�IURP��������Ü��0�WR��������Ü��0�
WKH� YDOXH� RI� DEVRUSWLRQ� LQFUHDVHV� OLQHDUO\

ZLWK� WKH� G\H� FRQFHQWUDWLRQ�� 7KH� PD[LPXP
RI� WKH� PRQRPHU� EDQG� RI� 5K�*� �6��o�6�WUDQVLWLRQ��LV�����QP��)LJ������6XFK�D�PD[L�
PXP�LV�DOVR�FKDUDFWHULVWLF�RI�5K�*�LQ�HWKD�
QRO� DQG� LQ� QHZO\� VROLGLILHG� JHO�� 7KHUH� LV
REVHUYHG�WKH�EOXH�VKLIW�RI���QP�IRU�WKH�DE�
VRUSWLRQ�PD[LPXP�RI�5K�*� LQ�6L2��PDWUL[GULHG�DW����&����

$W� D� ORZ� FRQWHQW� RI� WKH� OXPLQRSKRU
�������Ü�� 0� RI� 5K�*��� PROH� RI� 7(26�� LQ
)$�FRQWDLQLQJ�6L2��PDWUL[�WKH�OXPLQHVFHQFHEDQG� KDV� D� PD[LPXP� DW� ���� QP�� 7KH� LQ�
FUHDVH�RI� WKH�PRODU�UDWLR�5K�*�7(26� OHDGV
WR� WKH� UHG� VKLIW� RI� WKH� OXPLQHVFHQFH� SHDN
IROORZHG�E\� FRQFHQWUDWLRQ�TXHQFKLQJ� RI� WKH
OXPLQHVFHQFH� �)LJ����� >��@�� &KDUDFWHULV�
WLFDOO\�� WKH� ULVH� RI� WKH�5K�*� FRQFHQWUDWLRQ
LV�DFFRPSDQLHG�ZLWK�WKH�IRUPDWLRQ�RI�OXPL�
QHVFHQW�GLPHUV� >��@��+RZHYHU��ZLWK�IXUWKHU
LQFUHDVH� RI� WKLV� FRQFHQWUDWLRQ� QRQ�OXPLQHV�
FHQW� IOXRUHVFHQW� +�GLPHUV� PD\� DOVR� EH
IRUPHG���

7KH� PD[LPXP� RI�5K�*� OXPLQHVFHQFH� LQ
HWKDQRO� VROXWLRQ� �������Ü�� 0� 5K�*�� LV
����QP��)LJ������7KLV�LV�UHODWHG�WR�KLJK�FRQ�
FHQWUDWLRQ�RI� WKH�G\H� DQG�� FRQVHTXHQWO\�� WR
DVVRFLDWLRQ� RI� LWV� PROHFXOHV� >��Ü��@�� 7KH
ZLGHQLQJ� RI� WKH� OXPLQHVFHQFH� EDQG� LQ� WKH
ORQJ�ZDYHOHQJWK�UHJLRQ�DQG�WKH�VKLIW�RI�WKH
PD[LPXP�WR�����QP��6SHFWUXP���� LQ� VLOLFD
JHO� �������Ü��0�5K�*� LQ� VRO�� LV� FDXVHG� E\
WKH�IRUPDWLRQ�RI�G\H�DVVRFLDWHV�LQ�WKH�UHVLG�
XDO� PRLVWXUH� LQ� WKH� 6L2�� QHWZRUN�� $W� IXU�WKHU�GU\LQJ�RI�WKH�VDPSOH����ZHHNV��WKH�G\H
DVVRFLDWLRQ� GHFUHDVHV�� 7KH� OXPLQHVFHQFH
PD[LPXP� LV� VKLIWHG� WR� ���� QP� �6SHFWUXP
���� 'U\LQJ� RI� WKH� VDPSOH� DW� ���&� OHDGV� WR
WKH� VKLIW� RI� WKH� OXPLQHVFHQFH� PD[LPXP� WR
����QP��6SHFWUXP����

)LJ����'HSHQGHQFH�RI�WKH�JHODWLRQ�WLPH�RI�WKH
6L2��VROV�RQ�WKH�+12��7(26�PRODU�UDWLRV�DW���Å&��������Å&�����

)LJ����7(0�LPDJHV�RI�6L2��[HURJHOV��REWDLQHGZLWKRXW� )$� DQG� GULHG� DW� ���Å&�� DW� GLIIHUHQW
PDJQLILFDWLRQV�
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:LWK�WKH�LQFUHDVH�RI�WKH�FRQFHQWUDWLRQ�RI
LQFRUSRUDWHG�5K�*�PROHFXOHV�LQ�6L2��PDWUL[WKH� IRUPDWLRQ� RI� G\H� DVVRFLDWHV� EHFRPHV
PRUH� LQWHQVH�� 7KH� G\H� PROHFXOHV� PD\� EH
EXLOW� LQWR�WKH�VWUXFWXUHV�IRUPHG�E\�VLODQROH
�6L±2+�� DQG� VLOR[DQH� �6L±2±6L�� JURXSV��7KH
GHFUHDVH�RI� WKH�FRQFHQWUDWLRQ�RI� WKH�DVVRFL�
DWHV�LQ�WKH�VDPSOH�GXH�WR�GU\LQJ�DW����&�LV
FDXVHG� E\� WKH� UHPRYDO� RI� UHVLGXDO� ZDWHU
PROHFXOHV�IURP�WKH�PDWUL[��VLQFH�LQ�DTXHRXV
PHGLXP� 5K�*� G\H� IRUPV� GLPHUV� DQG� FRP�
SOH[�DVVRFLDWHV�>����������@��7KXV��WKH�OXPL�
QHVFHQFH� PD[LPXP� LV� FKDUDFWHUL]HG� E\� WKH
EOXH� VKLIW� �6SHFWUXP� ��� )LJ������ 7KH� LQWUR�
GXFWLRQ�RI�5K�*�LQWR�VLOLFD�PDWUL[��)LJ���E�
PD\� OHDG� WR� WKH� DSSHDUDQFH� RI� ERWK� WKH
PRQRPHU�IRUP�RI�WKH�G\H�DQG�LWV�DVVRFLDWHV�

���&RQFOXVLRQ�
7KH� SHUIRUPHG� LQYHVWLJDWLRQV� VKRZ� WKH

SRVVLELOLW\� WR� FUHDWH� D� OXPLQHVFHQW�PDWHULDO
RQ�WKH�EDVH�RI�VLOLFD�JHOV�DQG�5K�*�G\H��7KH
DEVRUSWLRQ� DQG� OXPLQHVFHQFH� VSHFWUD� RI� VLO�
LFD� JHO�PDWUL[�ZLWK� LQFRUSRUDWHG� G\H�PROH�
FXOHV� KDYH� EHHQ� VWXGLHG�� 7KH� ZLGHQLQJ� RI
WKH� OXPLQHVFHQFH� VSHFWUXP� RI� WKH� G\H�FRQ�
WDLQLQJ� VDPSOH� LQ� WKH� ORQJ�ZDYHOHQJWK� UH�
JLRQ� LV� UHODWHG� WR� WKH� IRUPDWLRQ� RI� WKH�G\H
DVVRFLDWHV� LQ� WKH� UHVLGXDO� DTXHRXV� PHGLXP
LQ� WKH� VLOLFD� JHO� QHWZRUN�� ,W� LV� VKRZQ� WKDW
ZKHQ�WKH�VLOLFD�JHO�LV�GULHG�DW����&��WKH�G\H
DVVRFLDWLRQ�GHFUHDVHV�GXH� WR� WUDSSLQJ�RI� LWV
PROHFXOHV� LQWR� WKH� VRO�JHO� PDWUL[� QHWZRUN�
7KLV� OHDGV�WR�WKH�EOXH�VKLIW�RI�WKH� OXPLQHV�
FHQFH�PD[LPXP�

$FNQRZOHGJHPHQW��7KH�DXWKRUV�DUH�JUDWH�
IXO� WR� 'U�2�0�9RYN� IRU� PHDVXUHPHQW� RI
7(0���

5HIHUHQFHV
� ���)�6DOLQ�� *�/H� 6DX[�� 3�*HRUJHV� HW� DO��� 2SW�

/HWW������������������
� ���0�6KDUPD�� '�0RKDQ�� 5�'�6LQJK� HW� DO��� 2SW�

0DWHU�������������������
� ���5�5HLVIHOG�� 7�6DUDLGDURY�� 2SWLFDO� 0DWHULDOV�

���������������
� ���1�1�.KLPLFK��*ODVV�3K\V��&KHP������������������
� ���1�1�.KLPLFK��*ODVV�3K\V��&KHPL������������������
� ���4�<�=KDQJ��:�;�4XH�� 6�%XGGKXGX� HW� DO��� -��

3K\V��&KHP��6ROLG������������������
� ���5�*YLVKL�� 8�1DUDQJ�� *�5XODQG� HW� DO��� $SSO�

2JDQRPHWDO��&KHP�������������������
� ���(�<DULY�� 6�6FKXOWKHLVV�� 7�6DUDLGDURY� HW� DO��

2SWLFDO�0DWHULDOV�����������������

)LJ����1RUPDOL]HG�YLVLEOH�VSHFWUD�RI�5K�*�LQ�
�������Ü��0�5K�*�HWKDQRO�VROXWLRQ�������������Ü��
0�5K�*� LQ�6L2�� JHO� ����� �������Ü��0�5K�*� LQ
6L2��JHO�������������Ü��PROH�GP��5K�*� LQ�6L2�[HURJHO�����

)LJ����/XPLQHVFHQFH�VSHFWUD�RI�5K�*�LQ�6L2�PDWUL[� ZLWK� )$� DW� Q�5K�*����PROH� 7(26�
UDWLR�� ������Ü�PROH� ����� �������Ü�PROH� ����
������Ü�PROH�������������Ü��PROH�������������Ü�
PROH� ����� �������Ü�� PROH� ����� 7KH� VDPSOHV
ZHUH�GULHG�DW���Å&��

)LJ���� /XPLQHVFHQFH� VSHFWUD� RI� �����Ü��0
5K�*�LQ�HWKDQRO�VROXWLRQ�����DQG�6L2��PDWUL[
ZLWK� ������Ü��PROH�5K�*���PROH� 7(26��� VLO�
LFD�JHO�ZLWKRXW�RI�)$�DIWHU���ZHHNV�GU\LQJ�DW
��Å&� ����� DIWHU� �� ZHHNV� GU\LQJ� DW� ��Å&� ����
DQG�6L2��[HURJHO�ZDV�GULHG�DW���Å&�����
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� ���7�6DUDLGDURY�� 5�5HLVIHOG��2SW�� /HWW��� ���� ���
��������

����5�5HLVIHOG��-���)OXRUHVFHQFH�����������������
����,�,�*DQLQD�� <X�1�9HOLNKRY�� 9�.�.ORFKNRY� HW

DO���1DQRVWUXNWXUQRH�0DWHULDORYHGHQ\H�������
��������

����7�$�%ODQN�� ,�,�*DQLQD�� <X�9�0DOXNLQ� HW� DO��
)XQFWLRQDO�0DWHULDOV�����������������

����-�%�%HQHGLFW��3�0�:DOODFH��3�-�5HLG��$GYDQ�
0DWHU��������������������

����$�3�5DR�� $�9�5DR�� 6FLHQ�� 7HFKQ�� $GYDQ�
0DWHU�����������������

����$�$QHGGD�� &�0�&DUERQDUR�� 5�&RUSLQR� HW� DO��
-��RI�1RQ�&U\VWDOOLQH�6ROLGV�������������������

����5�9RJHO��0�+DUYH\��*�(GZDUGV�HW�DO���0DFUR�
PROHFXOHV��������������������

����*�(�0DODVKNHYLFK��(�1�3RGGHQH]KQ\L��,�0�0HO�
QLFKHQNR�HW�DO���)L]LND�7YHUGRJR�7HOD���������
�������
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