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5HFHLYHG�$SULO��������
7KH�����Ü����PP�WKLFN�ILOPV�KDYH�EHHQ�REWDLQHG�IURP�*)(���JUDGH�KDIQLXP�WDUJHW�E\

PDJQHWURQ� VSXWWHULQJ� XVLQJ� DUJRQ� LRQV�� 3XULW\� RI� WKH� REWDLQHG� ILOPV� ZDV� FRQWUROOHG� E\
;�UD\� IOXRUHVFHQFH� VSHFWURVFRS\�� 7KH� VWUXFWXUH� RI� ILOPV� ZDV� H[SORUHG� E\� ;�UD\� GLIIUDF�
WRPHWU\�� 7KH� FRPSUHVVLRQ� UHVLGXDO� VWUHVVHV� LQ� WKH� DÜ+I� ILOPV� DQG� WKH� YDOXHV� RI� FU\VWDO
ODWWLFH�SHULRGV�KDYH�EHHQ�GHWHUPLQHG�E\�;�UD\�VWUDLQ�PHDVXUHPHQW�
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2QH�RI�WKH�LPSRUWDQW�DSSOLFDWLRQ�ILHOG�RI
KDIQLXP� ZDV� WKH� SURGXFWLRQ� RI� VSHFLDO� DO�
OR\V��SDUWLFXODUO\��UHIUDFWRU\�DQG�KLJK�PHOW�
LQJ� RQHV�� ZLWK� KDIQLXP� HLWKHU� DV� WKH� EDVLF
FRPSRQHQW� RU� DQ� DOOR\LQJ� GRSH�� 7KH� FRP�
PHUFLDOO\�SXUH�KDIQLXP�ZDV�FRQVLGHUHG�DV�D
SURPLVLQJ� FRQVWUXFWLRQ�PDWHULDO� IRU� FKHPL�
FDO� HQJLQHHULQJ� GXH� WR� KLJK� FKHPLFDO� DQG
WKHUPDO� UHVLVWDQFH�� 0RUHRYHU�� WKH� KLJK�
PHOWLQJ�KDIQLXP�FRPSRXQGV��R[LGH��FDUELGH�
QLWULGH�� DQG� IOXRULGH�� DUH� RI� JUHDW� LQWHUHVW
IRU� SUDFWLFDO� DSSOLFDWLRQV� >�@�� 7KH� QXFOHDU
SXUH�KDIQLXP�KDV�EHHQ�VXFFHVVIXOO\�XVHG�DV
D�QHXWURQ�DEVRUEHU�LQ�WKH�FRQWURO�V\VWHP�IRU
SURWHFWLRQ� RI� WKH� WKHUPDO� QHXWURQ� DWRPLF
UHDFWRUV�>�@�

+DIQLXP� EHORQJV� WR� UDUH� DQG� H[SHQVLYH
PDWHULDOV� ZLWK� D� FRPSOLFDWHG� SURGXFWLRQ
WHFKQRORJ\�� VR� LW� LV� UHDVRQDEOH� WR� XVH� WKLQ
HQRXJK� KDIQLXP� EDVHG� FRDWLQJV� XSRQ� OHVV
H[SHQVLYH� FRQVWUXFWLRQ� PDWHULDOV�� 8VXDOO\�
WKH�FRDWLQJV�DUH�SUHSDUHG�FKHPLFDOO\��E\�GH�

FRPSRVLWLRQ�RI�KDIQLXP�FKORULGH�FRPSRXQGV
DW� ���Ü�����&�� $SSOLFDWLRQ� RI� LRQ�SODVPD
WHFKQLTXHV� IRU� KDIQLXP� GHSRVLWLRQ� FRXOG
SURYLGH� D� VXEVWDQWLDOO\� LPSURYHG� FRDWLQJ
TXDOLW\�� ,Q� WKLV� FDVH�� WKH� PDLQ� DGYDQWDJHV
RI�WKH�LRQ�SODVPD�PHWKRG�DUH�UHDOL]HG��KLJK
GHSRVLWLRQ� UDWH�� JRRG� DGKHVLRQ� WR� WKH� VXE�
VWUDWH�� HQKDQFHG� FRQGHQVDWH�GHQVLW\�� D�SRV�
VLELOLW\�WR�IRUP�WKH�KLJK�TXDOLW\�FRDWLQJV�DW
ORZHU� VXEVWUDWH� WHPSHUDWXUHV� >�@�� 7KH� SXU�
SRVH� RI� WKH� ZRUN� ZDV� WR� SUHSDUH� WKH� KDI�
QLXP�ILOPV�DQG�WR�VWXG\�WKH�VWUXFWXUH��VXE�
VWUXFWXUH��DQG�VWUHVV�VWDWH�WKHUHRI�

)RU�SUHSDUDWLRQ�RI�KDIQLXP�ILOPV�RI�����
WR� ����PP� WKLFNQHVV�� WKH� PHWKRGV� RI� LRQLF
DQG� PDJQHWURQ� VSXWWHULQJ� RI� WKH� KDIQLXP
WDUJHW�E\�DUJRQ�LRQV�ZHUH�XVHG��$V�WKH�WDU�
JHW� PDWHULDO�� KDIQLXP� �*)(��� JUDGH�
�����ZW���SXULW\�ZLWK� LPSXULW\�FRQWHQW�RI
2��������� ZW���� )H|����Ü����� ZW���� DQG
=U� ����� ZW���� ZDV� XVHG�� $W� WKH� WDUJHW
VSXWWHULQJ�XVLQJ� DQ� LRQ�JXQ�ZLWK� D� VDGGOH�
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VKDSHG�HOHFWULFDO�ILHOG��WKH�ZRUNLQJ�JDV�SUHV�
VXUH� LQ� WKH� YDFXXP� FKDPEHU� ZDV� ����Ü��3D�
DQG� WKH� GHSRVLWLRQ� UDWH� GLG� QRW� H[FHHG
������QP�V��7KH�PDJQHWURQ�VSXWWHULQJ�ZDV
FDUULHG� RXW� XQGHU� ��Ü�����Ü�� 3D� SUHVVXUH
DQG�FRQGHQVDWLRQ�UDWH��Z�����Ü����QP�V��7R
UHGXFH� WKH� SDUWLDO� SUHVVXUH� RI� DFWLYH� JDVHV
LQ� WKH� YDFXXP� FKDPEHU�� DQ� DGGLWLRQDO� JHW�
WHU� SXPS� ZDV� XVHG�� 7KH� ILOPV� ZHUH� GHSRV�
LWHG� RQWR� VXEVWUDWHV� RI� IOXRURSKORJRSLWH
�)3�� PLFD�� VLOLFRQ� DQG� JODVV� FHUDPLFV� �*&�
LQ� WKH� VXEVWUDWH� WHPSHUDWXUH� ��V�� UDQJHIURP�����WR�����.��3ULRU�WR�WKH�ILOP�GHSR�
VLWLRQ�� WKH� VXEVWUDWHV� ZHUH� SUHOLPLQDU\
KHDWHG�DW�D�KLJKHU�WHPSHUDWXUH��7KH�SXULW\
RI� WKH� ILOPV� ZDV� FRQWUROOHG� E\� ;�UD\� IOXR�
UHVFHQFH� VSHFWURVFRS\� XVLQJ� D� 63587� XQLW
�8NUDLQH�� LQ� VLOYHU� DQRGH� UDGLDWLRQ�� 7KH
ILOP� WKLFNQHVV� ZDV� PHDVXUHG� E\� DQ� RSWLFDO
LQWHUIHURPHWHU� 0,,��� DQG� WKHQ� FDOFXODWHG
PRUH� SUHFLVHO\� E\� WKH� +I±.D� FKDUDFWHULVWLFOLQH� LQWHQVLW\� LQ� WKH� ;�UD\� IOXRUHVFHQFH
VSHFWUXP�

7KH�ILOP�VWUXFWXUH�ZDV�VWXGLHG�E\�;�UD\
GLIIUDFWLRQ�PHWKRG��7KH�PHDVXUHPHQWV�ZHUH
FDUULHG� RXW� XVLQJ� D� '521��� LQVWUXPHQW� LQ
WKH� ILOWHUHG� &X±.D� UDGLDWLRQ�� 7KH� SKDVHFRPSRVLWLRQ��WH[WXUH��DQG�VXEVWUXFWXUH�ZHUH
LQYHVWLJDWHG� E\� XVXDO� DQDO\VLV� RI� LQWHQVLW\�
SRVLWLRQV��DQG�SURILOH�VKDSHV�RI�WKH�GLIIUDF�
WLRQ� OLQHV� >����@�� 7KH� FDUG�LQGH[� RI� WKH� ,Q�
WHUQDWLRQDO�&HQWUH�IRU�'LIIUDFWLRQ�'DWD�ZDV
XVHG�WR�LGHQWLI\�WKH�GLIIUDFWLRQ�SDWWHUQ��7KH
WH[WXUH� VFDWWHULQJ� DQJOH� ZDV� GHILQHG� E\
�URFNLQJ� FXUYH�� PHDVXUHPHQWV�� 7KH� FRKHU�
HQFH�OHQJWK�DQG�WKH�PLFUR�VWUDLQ�OHYHOV�ZHUH
FDOFXODWHG� IURP� WKH� GLIIUDFWLRQ� PD[LPD
EURDGHQLQJ� E\� DSSUR[LPDWLRQ� PHWKRG�� 7KH
+DOO�JUDSKV�ZHUH�SORWWHG�IRU�WKUHH����O��UH�
IOHFWLRQ�RUGHUV�XVLQJ�&DXFK\�IXQFWLRQ�WR�GH�
VFULEH�WKH�GLIIUDFWLRQ� OLQH�VKDSH��7KH�UHVLG�
XDO� PDFUR�VWUHVV� LQ� DÜ+I� ILOPV� ZHUH� PHDV�
XUHG� E\� WKH� VSHFLDO� ;�UD\� WHQVRPHWU\
WHFKQLTXH� IRU� KH[DJRQDO� VLQJOH�FU\VWDOOLQH
DQG�KLJK�WH[WXUHG�VDPSOHV�>����@��7KH�REOLTXH
VFDQV� RI� ILYH� DÜ+I� UHIOHFWLRQV� ������� ������
�������������DQG�������SRVLWLRQHG�LQ�WKH�SUH�
FLVLRQ�DQJOH�UDQJH�ZHUH�GRQH�DW�WKH�FU\VWDO�
ORJUDSKLF� DQJOHV� \�� DQG� GLIIHUHQW� � WLOW� DQ�
JOHV�M�LQ�WKH�VDPSOH�SODQH��7KH�VWUHVV�DQDO\�
VLV� LV� UHGXFHG� WR� D� PXOWL�SDUDPHWHU
GHSHQGHQFH��
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ZKHUH� GKNO� LV� LQWHUSODQDU� GLVWDQFH� IRU� WKH�KNO�� UHIOHFWLRQ� PHDVXUHG� LQ� WKH� GLUHFWLRQ
VSHFLILHG�E\�M�DQG�\�DQJOHV��Dº��Fº��WKH�ODW�WLFH�SDUDPHWHUV�IRU�WKH�QRQ�VWUDLQHG�FU\VWDO�
V��� V��� V��� WKH� PDMRU� FRPSRQHQWV� RI� WKHVWUHVV� WHQVRU�� V���� V���� V���� V���� WKH� FRHIIL�FLHQWV�RI�WKH�FU\VWDO�HODVWLF�FRPSOLDQFH��,Q�WKH
FDVH�RI�DV\PPHWULF�ELD[LDO�VWUHVV�VWDWH��V�� ����WKH� WHFKQLTXH� SURYLGHV� WKH� LQGHSHQGHQW� GH�
WHUPLQDWLRQ� RI� WKH� UHVLGXDO� VWUHVVHV�V�� DQG
V��� DQG� WKH� ODWWLFH� SDUDPHWHUV� Dº� DQG� Fº�FRUUHVSRQGLQJ�WR�WKH�QRQ�VWUDLQHG�VWDWH��7KH
FDOFXODWLRQV�ZHUH�SHUIRUPHG�XVLQJ�WKH�VSHFLDO
VRIWZDUH� IRU� WKH� +RRN�*HHYHV� RSWLPL]DWLRQ�
,Q�WKH�FDOFXODWLRQV��WKH�HODVWLF�FRPSOLDQFH�FR�
HIILFLHQWV� IRU�DÜ+I�ZHUH�WDNHQ�IURP�>�@��7KH
WUHDWPHQW� RI� WKH� H[SHULPHQWDO� GLIIUDFWLRQ
SURILOHV� ZHUH� SHUIRUPHG� XVLQJ� WKH� RULJLQDO
VRIWZDUH��1HZ�SURILOH��

7KH�SKDVH�DQDO\VLV�KDV�VKRZQ�WKH�IRUPD�
WLRQ� RI� KDIQLXP� R[LGH� ZLWK� RUWKRUKRPELF
ODWWLFH� LQ� WKH� ILOPV� RI� ���� PP� WKLFNQHVV
GHSRVLWHG� XVLQJ� LRQ�VSXWWHULQJ� PHWKRG� DW
�V�  ����� z� LQGHSHQGHQW� RI� WKH� VXEVWUDWHW\SH�� $� W\SLFDO� GLIIUDFWLRQ� SDWWHUQ� LV� SUH�
VHQWHG� LQ� )LJ����� 7KH�+I2�� OLQHV� DUH� EURDGDQG� ORZ�LQWHQVH�� 7KLV� LQGLFDWHV� WKH� R[LGH
ILOPV�EHLQJ�QDQR�VWUXFWXUHG�ZLWK�FU\VWDOOLWH
VL]H� DERXW� �� QP�� 2[\JHQ� VDWXUDWLRQ� RI� WKH
ILOPV� LV� FDXVHG� E\� KDIQLXP� KLJK� UHDFWLYLW\�
DSSDUHQWO\�WKURXJK�R[\JHQ�FKHPLVRUSWLRQ�DW

)LJ����� 7KH� GLIIUDFWLRQ� SDWWHUQ� REWDLQHG� LQ
&X±.D� UDGLDWLRQ� IRU� WKH� +I2��)3� ILOP� SUH�SDUHG�E\�LRQ�VSXWWHULQJ�RI�KDIQLXP�WDUJHW��

$�6�9XV�HW�DO����6WUXFWXUH�DQG�VWUHVV�VWDWH�RI����
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WKH� JURZLQJ� ILOP� VXUIDFH� RU� DV� D� UHVXOW� RI
UHDFWLRQ� ZLWKLQ� WKH� FKDPEHU�� +LJK� R[\JHQ
FRQWHQW� LV� GXH� WR� ERWK� D� ORZ� GHSRVLWLRQ� UDWH
DQG�WKH�DEVHQFH�RI�WKH�ZRUNLQJ�JDV�DGGLWLRQDO
FOHDQLQJ�

7KH� TXDOLW\� RI� WKH� ILOPV� SUHSDUHG� XVLQJ
PDJQHWURQ� VSXWWHULQJ� ZDV� GHILQHG� PDLQO\
E\� WKH� VXEVWUDWH� PDWHULDO�� 7KH� FRQWLQXRXV
VPRRWK� ILOPV� ZHUH� IRUPHG� RQ� WKH� VLOLFRQ
DQG� JODVV� FHUDPLF� �*&�� VXUIDFHV�� 7KH� ILOPV
GHSRVLWHG� RQWR� IOXRURSKORJRSLWH� PLFD� ZHUH
IODNHG� SDUWLDOO\� IRUPLQJ� EXEEOHV�� FUDFNHG�
DQG� IHOO��+RZHYHU�� WKH� ILOP�SKDVH� FRPSRVL�
WLRQ�ZDV� WKH� VDPH�� LQGHSHQGHQW�RI� WKH� VXU�
IDFH�TXDOLW\��7KH�OLQHV�RI�DÜ+I�ZLWK�KH[DJR�
QDO� FORVH�SDFNHG� FU\VWDO� ODWWLFH� ZHUH� UH�
YHDOHG�LQ�WKH�GLIIUDFWLRQ�SDWWHUQV�RI�DOO�WKH
PDJQHWURQ�VSXWWHUHG� ILOPV� VWXGLHG�� 7KH
OLQHV�RI�+I2��R[LGH�ZHUH�DEVHQW��+HQFH��WKHDGGLWLRQDO�ZRUNLQJ�JDV�FOHDQLQJ�DW�WKH�PDJ�
QHWURQ�VSXWWHULQJ� VXSSUHVVHV� WKH�R[LGH� IRU�
PDWLRQ�

,Q� )LJ����� D� GLIIUDFWLRQ� SDWWHUQ� IRU� WKH
ILOP�GHSRVLWHG� RQWR� WKH� VLOLFRQ� VXEVWUDWH� DW
����z� LV� VKRZQ� DV� D� W\SLFDO� RQH� RI� DOO� WKH
PDJQHWURQ�VSXWWHUHG� ILOPV� VWXGLHG�� 7KH� LQ�
WHQVLW\�UDWLR�RI�DÜ+I� OLQHV�GLIIHUV� FRQVLGHU�
DEO\�IURP�WKH�UDWLRV�FKDUDFWHULVWLF�IRU�SRO\�
FU\VWDOOLQH�KDIQLXP�ZLWK�UDQGRP�FU\VWDOOLWH
RULHQWDWLRQ��7KH�LQWHQVLW\�RI�������DQG������
UHIOHFWLRQV� LV� VXEVWDQWLDOO\� KLJKHU� WKDQ� RI
RWKHU�OLQHV�UHYHDOHG����������������DQG�������
7KH� ������ UHIOHFWLRQ� URFNLQJ� FXUYH� ZLGWK
GRHV� QRW� H[FHHG� ��� GHJ� IRU� DOO� WKH� ILOPV�
5RWDWLRQ�RI�WKH�VDPSOHV�DERXW�WKH�QRUPDO�WR
WKH� ILOP� VXUIDFH� FDXVHV� QR� LQWHQVLW\� YDUL�
DWLRQV�ERWK�IRU�WKH�UHIOHFWLRQV�IURP�FU\VWDO�
ORJUDSKLF�SODQHV�SDUDOOHO�WR�WKH�VXUIDFH�DQG
IURP� REOLTXH� RQHV�� 7KLV� LQGLFDWHV� WKH� SUHV�
HQFH� RI� D[LDO� W\SH� WH[WXUH� ZLWK� >���@� D[LV
QRUPDO�WR�WKH�ILOP�VXUIDFH�

7KH�REOLTXH�GLIIUDFWLRQ�PHDVXUHPHQWV� LQ
WKH�DÜ+I�ILOPV�UHYHDO�WKH�UHVLGXDO�FRPSUHV�
VLYH�VWUHVVHV��DQG�WKH�FU\VWDO�ODWWLFH�SDUDPH�
WHUV�Èº�DQG�°º�IRU�QRQ�VWUHVVHG�VHFWLRQ�ZHUHGHWHUPLQHG�� 7KH� UHVLGXDO� VWUHVVHV� LQ� WKH
ILOPV� KDYH� EHHQ� IRXQG� WR� EH� V\PPHWULFDO
V�� �V��ZLWK�YDOXHV�RI�Ü����DQG�Ü����03ÈRQ�WKH�VLOLFRQ�DQG�JODVV�FHUDPLF�VXEVWUDWHV�
UHVSHFWLYHO\�� 1RWH� WKDW� WKH� VWUHVVHV� GXH� WR
WKH�WKHUPDO�H[SDQVLRQ�FRHIILFLHQW�GLIIHUHQFH
EHWZHHQ�WKH�ILOP�DQG�WKH�VXEVWUDWH�DUH�HVWL�
PDWHG� WR�EH� WHQVLOH� VWUHVVHV�RI�YDOXHV�����
DQG� ����03È�� UHVSHFWLYHO\�� ,W� FDQ� EH� FRQ�
FOXGHG� WKDW� LW� LV� MXVW� WKH� VR�FDOOHG� �VWUXF�
WXUH�VWUHVVHV��WKDW�FRQWULEXWH�PDLQO\�WR�WKH
ILOP�VWUHVV�VWDWH�>�@��2QH�RI�SRVVLEOH�UHDVRQV
IRU� WKH� VWUHVV� DULVLQJ�PD\�EH� WKH�VWUXFWXUH
GHQVLILFDWLRQ�GXH� WR�SRLQW�GHIHFW� DFFXPXOD�

WLRQ� DQG� UHGLVWULEXWLRQ� IROORZHG� E\� IRUPD�
WLRQ� RI� GLVORFDWLRQ� ORRSV�� 7KH� ODWWLFH� SD�
UDPHWHUV� FDOFXODWHG� IRU� WKH� KDIQLXP� ILOPV�
Èº� ��������� QP�� °º� ��������� QP� IRU+I�6L� V\VWHP�� DQG� Èº� ��������� QP�� °º� �������� QP� IRU� +I�*&�� H[FHHG� WKH� UHIHU�
HQFH�SDUDPHWHUV�IRU�WKH�EXON�SXUH�KDIQLXP
�ÈQ� ��������� QP� DQG� °Q� ���������QP>�@���$V� WKH�+I�*&� ILOPV�ZHUH� GHSRVLWHG� DW
ORZHU� UDWHV� WKDQ�+I�6L� RQHV�� D� FRPSDUDWLYH
DQDO\VLV� RI� WKH� UHVXOWV�DOORZV� WKH� IROORZLQJ
FRQFOXVLRQ��'XULQJ�WKH�JURZWK��WKH�FRQGHQ�
VDWH� FDSWXUHV� WKH�YDFXXP�FKDPEHU� UHVLGXDO
R[\JHQ��EXW� LWV�TXDQWLW\�LV�WRR�ORZ�WR�IRUP
DQ�R[LGH��VR��D�VROLG�VROXWLRQ�LV�IRUPHG�LQ�D
FRQFHQWUDWLRQ� WKDW� LQFUHDVHV� DV� WKH� GHSRVL�
WLRQ� UDWH� GHFUHDVHV�� $FFRUGLQJ� WR� HVWLPD�
WLRQV�� WKH� ODWWLFH� SDUDPHWHUV� REWDLQHG� KDYH
EHHQ� HVWLPDWHG� WR� FRUUHVSRQG� WR� WKH� GLV�
VROYHG�R[\JHQ�FRQFHQWUDWLRQ�d��DW���

$V� WKH� VXEVWUDWH� WHPSHUDWXUH� ULVHV� IURP
���� WR� ���� .�� DQG� WKH� ILOP� WKLFNQHVV� LQ�
FUHDVHV�IURP�������º�����PP��WKH�%UDJJ�UH�
IOHFWLRQV� EHFRPH� QDUURZHU� �E\� D� IDFWRU� RI
���� WR� ��� LQGLFDWLQJ� WKH� SHUIHFWLRQ� GHJUHH
LQFUHDVH� LQ� WKH� ILOPV�� 6R�� WKH� FRKHUHQW
OHQJWK�UHJLRQ�VL]H��&/5��HVWLPDWHG�IURP�WKH
������ UHIOHFWLRQ� XVLQJ� 6HO\DNRY�6FKHUUHU
HTXDWLRQ� VKRZV� WKH� LQFUHDVH� IURP����XS� WR
��� QP�� 7KH� UHILQHPHQW� RI� &/5� XVLQJ� DS�
SUR[LPDWLRQ� PHWKRG� WDNLQJ� LQWR� FRQVLGHUD�
WLRQ� WKH� PLFUR�VWUDLQ� FRQWULEXWLRQ� KDV
VKRZQ� WKDW� WKH� GLIIUDFWLRQ� OLQH� EURDGHQLQJ
FRXOG�QRW�EH�H[SODLQHG�RQO\�E\�WKH�WZR�IDF�
WRUV� Û� PLFUR�VWUDLQV� DQG� &/5�� 7KH� +DOO
SORWV� SUHVHQWHG� LQ� )LJ���� SDVV� WR� WKH� QHJD�
WLYH�SDUW�RI�WKH�RUGLQDWH�D[LV��7KLV�EHKDYLRU
LV�SRVVLEOH�� LI� WKHUH�DUH�GLVORFDWLRQ�ORRSV�LQ
WKH� VDPSOH�� ZKLFK� PDNH� DQRWKHU� VRXUFH� RI

)LJ�����7KH�GLIIUDFWLRQ�SDWWHUQ�REWDLQHG�LQ�&X±
.D�UDGLDWLRQ�IRU�WKH�DÜ+I�6L�ILOP�GHSRVLWHG�E\PDJQHWURQ�VSXWWHULQJ�RI�KDIQLXP�WDUJHW�
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ORQJ�UDQJH� ILHOGV� GLVSODFLQJ� WKH� DWRPV� RXW
RI� WKH�FU\VWDO� ODWWLFH� VLWHV�DQG�FRQWULEXWLQJ
DGGLWLRQDOO\�WR�WKH�GLIIUDFWLRQ�OLQH�EURDGHQ�
LQJ�� )RU� WKH� FU\VWDOV� KLJKO\� GLVWRUWHG� ERWK
E\� SDFNLQJ� GHIHFWV� DQG� GLVORFDWLRQ� ORRSV�
WKH� GLIIUDFWLRQ� SHDNV�ZHDNHQ�� EURDGHQ�� DQG
VKLIW� WKH� PRUH�� WKH� ODUJHU� DUH� WKH� GLIIUDF�
WLRQ� YHFWRUV� WKHUHRI� >��@�� 1RWH� WKDW� IRU
SRO\FU\VWDOOLQH�DQQHDOHG�DÜ+I��WKH�UHIOHFWLRQ
LQWHQVLW\�UDWLR�RI� ������� �������DQG� ������ LV
DSSUR[LPDWHO\� ��������� )RU� WKH� VDPSOHV
VWXGLHG� �)LJ������ WKH� H[SHULPHQWDO� LQWHQVLW\
UDWLR� LQGLFDWHV� ZHDNHQLQJ� WKH� KLJK� RUGHU
SHDNV�� 6R�� IRU� WKH� VDPSOH� 1R���� WKLV� LV� DO�
UHDG\� ��������� IRU� 1R���� ���������� IRU
1R����WKH�VHFRQG�RUGHU�SHDN�LV�ZHDNHQHG�E\
D� IDFWRU� RI� ��� ZKLOH� WKH� WKLUG� RUGHU� RQH
EHLQJ� DOPRVW� LQYLVLEOH�� 7KH� UHYHDOHG� IHD�
WXUHV� VXSSRUW� WKH�K\SRWKHVLV�DERXW� WKH�GLV�
ORFDWLRQ�ORRS�IRUPDWLRQ�

7KXV��WKH�DQDO\VLV�RI�GLIIUDFWLRQ�PD[LPD
SRVLWLRQV�� LQWHQVLWLHV�� DQG� ZLGWK� LQGLFDWHV
WKDW� WKH� ERPEDUGPHQW� RI� WKH� JURZLQJ� ILOP
UHVXOWV� LQ� WKH� FRQGHQVDWH� GHQVLILFDWLRQ� DQG
IRUPDWLRQ�RI�KLJK�FRPSUHVVLYH�VWUHVV�GXH�WR
IRUPDWLRQ�RI�WKH�VHFRQGDU\�LQWHUVWLWLDO�W\SH
FRQGHQVDWLRQ� GHIHFWV� >�����@�� 7KRVH� VWUHVVHV
PD\� EH� SDUWLDOO\� FRPSHQVDWHG� E\� WKH� LQWHU�
QDO� VWUHVVHV� RI� WKHUPDO� QDWXUH�� )RU� WKH
ILOPV� GHSRVLWHG� RQWR� WKH� VXEVWUDWHV� RI� WKH
V\QWKHWLF� PLFD�� IOXRURSKORJRSLWH�� WKH� WKHU�
PDO� VWUHVVHV� DUH� FRPSUHVVLYH�� 7KH� DGGLWLRQ
RI��VWUXFWXUDO��VWUHVVHV�WR�WKH�WKHUPDO�RQHV

UHVXOWV� LQ� RYHUFRPLQJ� ILOP�WR�VXEVWUDWH� FR�
KHVLRQ� OLPLW�� VR� WKH� ILOPV� DUH� IODNHG� DQG
SDUWLDOO\�EURNHQ�

7R� FRQFOXGH�� WKH� DÜ+I� ILOPV� FRQWDLQLQJ
XS�WR�����RI�R[\JHQ�LQ�VROLG�VROXWLRQ�KDYH
EHHQ� SUHSDUHG� XVLQJ� PDJQHWURQ� VSXWWHULQJ
RI� D� KDIQLXP� WDUJHW� RQWR� WKH� VXEVWUDWHV� RI
VLOLFRQ�� JODVV� FHUDPLF�� DQG�PLFD�� 7KH� ILOPV
VKRZ� DQ� D[LDO� W\SH� WH[WXUH�ZLWK� >���@� D[LV
QRUPDO� WR� WKH� ILOP� VXUIDFH� DQG� WKH� WH[WXUH
VFDWWHULQJ� DQJOH� HTXDO� RU� OHVV� ��� GHJUHHV�
8VLQJ�WKH�;�UD\�VWUDLQ�PHDVXUHPHQWV�LQ�WKH
DÜ+I� ILOPV�� WKH� UHVLGXDO� FRPSUHVVLYH
VWUHVVHV� KDYH� EHHQ� UHYHDOHG� ZKLFK� DUH� DQ
DOJHEUDLF� VXP� RI� WKH� WKHUPDO� VWUHVVHV
FDXVHG�E\�WKH�ILOP�VXEVWUDWH�V\VWHP�KHDWLQJ
DQG�WKH�VWUXFWXUDO�VWUHVVHV�GXH�WR�ERWK�ERP�
EDUGPHQW� RI� WKH� FRQGHQVDWH� E\� KLJK�HQHUJ\
SDUWLFOHV� GXULQJ� WKH� JURZWK� DQG� IRUPDWLRQ
RI� WKH� VHFRQGDU\� VWUXFWXUH� GHIHFWV�� L�H�� WKH
GLVORFDWLRQ�ORRSV�

5HIHUHQFHV
� ���/�1�.RPLVDURYD��+DIQLXP�DQG�LWV�0HWDOOXUJ\�

1DXND��0RVFRZ��������>LQ�5XVVLDQ@��
� ���9�'�5LVRYDQ\�� p�3�.ORFKNRY�� 9�%�3RQRPD�

UHQNR�� +DIQLXP� LQ� 1XFOHDU� (QJLQHHULQJ�
1,,$3��'LPLWURYJUDG��������>LQ�5XVVLDQ@�

� ���%�6�'DQLOLQ��$SSOLFDWLRQ� RI�/RZ�7HPSHUDWXUH
3ODVPD�IRU�7KLQ�)LOP�'HSRVLWLRQ��(QHUJRDWR�
PL]GDW��0RVFRZ��������>LQ�5XVVLDQ@�

� ���6�6�*RUHOLN��<X�$�6NDNRY��/�1��5DVWRUJX\HY�
;�UD\� DQG� (OHFWURQ�2SWLFDO� $QDO\VLV�� 0,6,6�
0RVFRZ��������>LQ�5XVVLDQ@�

� ���/�,�0LUNLQ��;�UD\�6WUXFWXUH�&RQWURO� RI�(QJL�
QHHULQJ� 0DWHULDOV�� 0DVKLQRVWURHQLH�� 0RVFRZ
�������>LQ�5XVVLDQ@�

� ���6�9�0DO\NKLQ�� $�7�3XJDFKRY�� p�1�5HVKHWQ\DN�
)XQFWLRQDO�0DWHULDOV��������������

� ���p�1�5HVKHWQ\DN��$�7�3XJDFKRY��6�9�0DO\NKLQ�
9�'�2YFKDUHQNR��)XQFWLRQDO�0DWHULDOV��������
�������

� ���/�$�6KXYDORY��k�k�8UXVRYVND\D��,�6�=KHOXGHY
HW� DO��� 7KH� 0RGHUQ� &U\VWDOORJUDSK\�� Y���
3K\VLFDO�3URSHUWLHV� RI�&U\VWDOV��1DXND��0RV�
FRZ��������>LQ�5XVVLDQ@�

� ���/�6�3DODWQLN�� 0�<D�)XNV�� 9�0�.RVHYLFK�� 7KH
)RUPDWLRQ� 0HFKDQLVP� DQG� 6XEVWUXFWXUH� RI
&RQGHQVHG� )LOPV�� 1DXND�� 0RVFRZ� ������� >LQ
5XVVLDQ@�

����0�$�.ULYRJOD]��7KHRU\�RI�;�UD\�DQG�7KHUPDO
1HXWURQ� 6FDWWHULQJ� LQ� 5HDO� &U\VWDOV�� 1DXND�
0RVFRZ��������>LQ�5XVVLDQ@�

����/�,�*ODGNLNK��6�9�0DO\NKLQ��k���3XJDFKHY�HW
DO���0HWDOORIL]LND�L�1RYH\VKLH�7HFKQRORJLL�����
���������

)LJ����� 7KH� +DOO� JUDSKV� SORWWHG� XVLQJ� DÜ+I
������� ������� ������ UHIOHFWLRQV� IRU� WKH� VDPSOHV
SUHSDUHG�XQGHU�GLIIHUHQW�GHSRVLWLRQ�FRQGLWLRQV�
�� Û� �V� ����� z�� Z� ����� QP�V�� �� Û� �V� 
����z��Z� ������QP�V���� Û� �V� �����z��Z� 
�����QP�V����Û��V� �����z��Z� ������QP�V�
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