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&X,Q6H���D�&,6��RI�FKDONRS\ULWH�VWUXFWXUHDQG�LWV�VROLG�VROXWLRQV�LV�DPRQJ�VHPLFRQGXF�
WRU� PDWHULDOV� RI� JRRG� SURPLVH� LQ� GHYHORS�
PHQW� RI� WKLQ� ILOP� VRODU� FHOO� VWUXFWXUHV� DQG
FDQ� EH� XVHG� WR� PDNH� ORZ�FRVW� SKRWRYROWDLF
GHYLFHV� >�Ü�@�� 7KH� D�&,6� DGYDQWDJHV� � LQ�
FOXGH�KLJK� OLJKW�DEVRUSWLRQ�FRHIILFLHQW��VWD�
ELOLW\� RI� FKDUDFWHULVWLFV�� DQG� KLJK� FRQYHU�
VLRQ� HIILFLHQF\� DWWDLQLQJ� ��� ��� 7KHUH� DUH
RQO\�IHZ�ZRUNV�DLPHG�DW�RULHQWHG�JURZWK�RI
&X,Q6H��WKLQ�ILOPV��7KRVH�DUH�JURZQ�PDLQO\E\�PROHFXODU� EHDP� HSLWD[\� RQ� YDULRXV� VXE�
VWUDWHV� >�@�� 'LIIHUHQW� FU\VWDO� PRGLILFDWLRQV
RI�&X,Q6H�� SKDVH� DUH� UHYHDOHG� LQ� WKH� ILOPVVR� REWDLQHG�� WKH� ILOP� PLFURVWUXFWXUH� EHLQJ
FKDUDFWHUL]HG�E\�SUHVHQFH�RI�YDULRXV�GHIHFWV
�GLVORFDWLRQV�� QDQRWZLQV�� VWDFNLQJ� GHIHFWV�
DQWLSKDVH�ERXQGDULHV��

,Q�SDWLFXODU��WKHUH�LV�QR�FRPPRQ�RSLQLRQ
RQ�WKH�SUHVHQFH�RI�VWDEOH�SKDVHV�DQG�FU\VWDO
VWUXFWXUH� WKHUHRI� ZLWKLQ� WKH� FRQFHQWUDWLRQ

UDQJH� FRUUHVSRQGLQJ� WR� &X,Q�6H�� SKDVH
�E�&,6�� >�@�� RU� HLWKHU� H[LVWHQFH� RI� VHSDUDWH
QRQ�VWRLFKLRPHWULF� SKDVHV� KDYLQJ� D� EURDG
VROXELOLW\� UHJLRQ� RU� IRUPDWLRQ� RI� VWDFNV� RI
RUGHUHG� SKDVHV� KDYLQJ� D� UHODWLYHO\� QDUURZ
VWDELOLW\� LQWHUYDO� DUH� VXSSRVHG�� 6L[� FRP�
SRXQGV�DUH�UHFNRQHG�LQ�WKH�VSHFLILHG�FRQFHQ�
WUDWLRQ� UDQJH�� QDPHO\�� &X�,Q�6H��&X�,Q��6H���� &X�,Q�6H���� &X��,Q����6H���&X�,Q�6H���DQG�&X,Q�6H���7KH�UHFHQW�VWXGLHV>�@� FRQILUP� WKDW� WKH�&X,Q�6H�� SKDVH� KDV� D�GLVWRUWHG�� WHWUDJRQDO� ODWWLFH� FRQWDLQLQJ� D
KLJK� YDFDQF\� GHQVLW\� LQ� WKH� FDWLRQLF� VLWHV�
,Q� WKLV� ZRUN�� WR� VWXG\� WKH� &X,Q6H�� ILOPVWUXFWXUH� IRUPDWLRQ� DW� ORZ� VXEVWUDWH� WHP�
SHUDWXUH�� WKUHH�FRPSRQHQW� &X±,Q±6H� ILOPV
RI�YDULDEOH� FRPSRVLWLRQ�KDYH�EHHQ�SUHSDUHG
XVLQJ� WKH� 9HNVKLQVN\� WHFKQLTXH� >���@�� DQG
WKH� VWUXFWXUH� DQG� SKDVH� FRPSRVLWLRQ� KDYH
EHHQ�VWXGLHG��

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�

��� )XQFWLRQDO�PDWHULDOV�������������



7KH� &X±,Q±6H� ILOPV� ZHUH� SUHSDUHG� LQ� D
VWDQGDUG� 983��� YDFXXP� GHYLFH� LQ� ����Ü��3D
YDFXXP�RQ�������.&O�FU\VWDOV�DW��VXE� �����&�7KH�.&O�FU\VWDOV�ZHUH�SODFHG�RQ�D�ORQJ�VXE�
VWUDWH�� RQH� VLGH� RI� ZKLFK� ZDV� SRVLWLRQHG
ULJKW� RSSRVLWH� WR� WKH� HYDSRUDWRU� RI� FRSSHU
DQG�WKH�RWKHU�RQH�WR�WKH�LQGLXP�VHOHQLGH�FUX�
FLEOH��ERWK�DW�����PP�GLVWDQFH��7KH�HYDSRUD�
WLRQ�ZDV� GRQH� VLPXOWDQHRXVO\�� 7KLV� SURYLGHG
ILOPV� RI� YDULDEOH� FRPSRVLWLRQ� FKDQJLQJ� IURP
RQH� VSRW� WR� RWKHU�� VR� D� EURDG� VSHFWUXP� RI
FRPSRXQGV� RI� WKH� WHUQDU\� &X±,Q±6H� V\VWHP
ZDV�IRUPHG�DORQJ�WKH�VXEVWUDWH��7R�SUHSDUH
WKH�ILOPV��D����������SXULW\�,Q�6H��SRZGHUDQG� FRSSHU� ����������� SXULW\�� ZHUH� XVHG�
,QGLXP�VHOHQLGH�DQG�FRSSHU�ZHUH�HYDSRUDWHG
IURP� DOXQGXP� FUXFLEOH� DQG� PRO\EGHQXP
ERDW�� UHVSHFWLYHO\��7KH� VWUXFWXUH� RI� WKH� RE�
WDLQHG�VDPSOHV�ZDV�H[DPLQHG�XVLQJ�D�3(0�
���.�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRSH�

)LJ���ÈÜG� VKRZ� HOHFWURQ� GLIIUDFWLRQ� SDW�
WHUQV�WDNHQ�IURP�IRXU�UHJLRQV�RI�WKH�&X±,Q±6H
WKLQ�ILOP�RI�YDULDEOH�FRPSRVLWLRQ��7KH�HOHF�

WURQ� GLIIUDFWLRQ� SDWWHUQ� LQ� )LJ���È� ZDV
WDNHQ� IURP� WKH� VDPSOH� ORFDWHG� VWUDLJKW� LQ
IURQW�RI�FRSSHU�HYDSRUDWRU��ZKHUHDV�)LJ���G
LOOXVWUDWHV�WKH�SDWWHUQ�IURP�WKH�ILOP�JURZQ
LQ�IURQW�RI�D�FUXFLEOH�FRQWDLQLQJ�LQGLXP�VH�
OHQLGH�� )LJ���E�� F� LOOXVWUDWH� WKH� SDWWHUQV
IURP� LQWHUPHGLDWH� UHJLRQV�� $FFRUGLQJ� WR
WKHVH� SDWWHUQV�� LW� LV� SRVVLEOH� WR� WUDFH� WKH
YDULDWLRQ� RI� WKH� &X±,Q±6H� WKLQ� ILOP� SKDVH
FRPSRVLWLRQ�DQG�WR�FRPSDUH�WKHVH�GDWD�ZLWK
WKH� &X�6H±,Q�6H�� SVHXGR�ELQDU\� VHFWLRQ� RIWKH� WHUQDU\� &X±,Q±6H� SKDVH� GLDJUDP�� 7KH
PDLQ�OLQHV���������������������DQG�������RI�WKH
HOHFWURQ�GLIIUDFWLRQ�SDWWHUQ� LQ�)LJ���D� FRUUH�
VSRQG� WR� WZR� SKDVHV�� &X,Q6H�� �D�&,6�� DQG
&X,Q�6H�� �E�&,6��� 7KH� FU\VWDO� ODWWLFH� RI� WKH
E�&,6� SKDVH� LV� DOPRVW� LGHQWLFDO�ZLWK� WKH�D�
&,6� RQH� EXW� FRQWDLQV� RUGHUHG� YDFDQFLHV� LQ
WKH�FRSSHU�VXEODWWLFH��7KLV�SKDVH�LV�UHYHDOHG
E\� ZHDN� ������ DQG� ������ UHIOHFWLRQV� ZKLFK
DUH�QRW�DOORZHG�IRU�LGHDO�D�&,6�VWUXFWXUH��,Q
)LJ���E��WKRVH�UHIOHFWLRQV�RI�WKH�E�&,6�SKDVH

)LJ���DÜG��(OHFWURQ�GLIIUDFWLRQ�SDWWHUQV�IURP�IRXU�UHJLRQV�RI�D�&X±,Q±6H�ILOP�RI�YDULDEOH�FRPSRVLWLRQ�
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EHFRPH�PRUH�LQWHQVH��7KXV��WKH�ILUVW�UHJLRQ
FDQ�EH�VXSSRVHG�WR�FRUUHVSRQG�WR�D�PL[WXUH
RI�D�&,6���E�&,6�SKDVHV��ZKHUHDV�WKH�VHFRQG
RQH��WR�WKH�E�&,6�SKDVH�

,Q� )LJ���F�� DGGLWLRQDO� UHIOHFWLRQ� OLQHV� RI
������ DQG� ������ W\SHV� DWWULEXWHG� WR� J�&,6
DQG� ������DQG� ������ IRU� ,Q�6H��ZHUH�IRXQG�7KRVH� EHFRPH� PRUH� LQWHQVH� DQG� DGGLWLRQDO
UHIOHFWLRQV� IURP� WKRVH� SKDVHV� DUH� DOVR� UH�
YHDOHG� �)LJ���G��� 7KH� E�&,6� SKDVH� SUHVHUYHV
RQO\� VWURQJHVW� ������DQG� ������ UHIOHFWLRQV�� J�
&,6�KDV�D�KH[DJRQDO�ODWWLFH�DQG�JURZV�RQ�WKH
.&O� VXUIDFH� LQ� WKH� IROORZLQJ� RULHQWDWLRQ�
������� >���@� J�&,6� __� ������� >���@� DQG� >���@
.&O�

3HUKDSV� ,Q�6H�� LV� IRUPHG� GXH� WR� GHIL�FLHQF\�RI�6H�IRU�WKH�RI�,Q�6H��IRUPDWLRQ�)LJ���D�E� LOOXVWUDWHV� HOHFWURQ� PLFURVFRSLF
LPDJHV�RI�WZR�QHLJKERULQJ��VHFRQG�DQG�WKLUG�
UHJLRQV� RI� WKH� &X±,Q±6H� WKLQ� ILOP�� 7KH� E�
SKDVH�PLFURVWUXFWXUH� LV� VKRZQ� LQ�)LJ���D�� ,W
LV� VHHQ� WKDW� WKH� ILQH�FU\VWDOOLQH� ILOP� ZLWK
DERXW�����PP� VL]H� JUDLQV� LV� IRUPHG� RQ�.&O
VXUIDFH� DW� ����&�� 0DQ\� JUDLQV� RI� E�SKDVH
H[KLELW� D� VWULSSHG� FRQWUDVW� DQG� LWV� RULJLQD�
WLRQ� LV� GLVFXVVHG�EHORZ�� ,W�KDV� EHHQ� UHYHDOHG
WKDW� WKH� ILOP� FRQWDLQV� DW� OHDVW� WKUHH� SKDVHV�
E�&,6�� J�&,6�� DQG� ,Q�6H��� ZKLFK� JLYH� VWURQJ%UDJJ� UHIOHFWLRQV� �)LJ���E��� +RZHYHU�� WKH� E�
DQG� J�&,6� SKDVHV� FDQQRW� EH� UHVROYHG� LQ� WKH
HOHFWURQ� GLIIUDFWLRQ� LPDJH�� 7KH\� KDYH� D
VLPLODU� ILQH� FU\VWDOOLQH� VWUXFWXUH� DQG� WKH
SKDVHV� DUH� KDUGO\� LGHQWLILHG� HYHQ� LQ� 7(0
GDUN� ILHOG� PRGH� GXH� WR� FORVH� SRVLWLRQV� RI
GLIIUDFWLRQ�OLQHV��,Q�6H��FU\VWDOOLWHV�DUH�ZHOOGHILQHG��JUDLQ�VL]H�a��PP��DQG�WKHLU�GLIIUDF�
WLRQ�OLQHV�FRQWDLQ�D�QXPEHU�RI�GLVFUHWH�UH�
IOHFWLRQV�� ,Q� E�&,6� ILOPV� SUHSDUHG� LQ� RXU

H[SHULPHQW�� ZH� FRXOG� LGHQWLI\� RQO\� RQH
SKDVH�ZLWK�D�WHWUDJRQDO�ODWWLFH�DQG�RQO\�WKH
VWULSSHG�FRQWUDVW�RQ�JUDLQV�HYLGHQFHV�D�SRV�
VLEOH� FRPSOH[� VWUXFWXUH� RI� WKDW� SKDVH�� 7KH
HOHFWURQ� GLIIUDFWLRQ� SDWWHUQ� RI� WKH� E�&,6
SKDVH� DQG� LWV� LQWHUSUHWDWLRQ� DUH� JLYHQ� LQ
)LJ���È�� E�� 7KH� VHW� RI� UHIOHFWLRQV� DQG� WKHLU
V\PPHWU\�KDYH�VKRZQ�D�SUHIHUUHG�HSLWD[LDO
RULHQWDWLRQ�
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>���@�GLUHFWLRQ�SDUDOOHO�WR�WKH�>���@�DQG�>��
BB
�@

.&O� VXEVWUDWH�� (DFK� ������ W\SH� UHIOHFWLRQ� RI
WKH�������HSLWD[LDO�RULHQWDWLRQ�VKRZV�FURVVOLNH
VWUHDNV�SDUDOOHO� WR�WKH� >���@�DQG� >��

BB
�@�GLUHF�

WLRQV�� :HDN� UHIOHFWLRQV� ���� �� DQG� ��� ��� DW
VWUHDNV�HQGV�DUH�QRW�DWWULEXWHG�WR�WKH������
VHFWLRQ�RI�WKH�UHFLSURFDO� ODWWLFH��6LPLODU�UH�
IOHFWLRQ� VHWV� FRQQHFWHG� ZLWK� ORQJ� VWUHDNV
ZHUH�DOVR�REVHUYHG�QHDU�������DQG�������GLI�
IUDFWLRQ�PD[LPD�� ,W� LV�ZHOO�NQRZQ�WKDW� WKH
W\SLFDO� GHIHFWV� RI� WKH� E�&,6� WHWUDJRQDO� ODW�
WLFH�DUH�WZLQV�DORQJ�������SODQHV��7KH�VLWHV
RI� UHFLSURFDO� ODWWLFH� IURP� WKHVH� WZLQV� DUH
QRW�JHWWLQJ�LQWR�������VHFWLRQ�RI�WKH�UHFLSUR�
FDO� ODWWLFH� RI� WKH� PDWUL[�� 7KH� UHIOHFWLRQV
IURP�WKH�WZLQV�DQG�GRXEOH�GLIIUDFWLRQ�VLWX�
DWHG�LQ�SODQHV�QHLJKERULQJ�WR�WKH� ������RQH
FDQ� EH� REVHUYHG� LQ� HOHFWURQ� GLIIUDFWLRQ� WR�
JHWKHU� ZLWK� WKRVH� IURP� WKH� PDWUL[� GXH� WR
LQVLJQLILFDQW�ILOP�EHQGLQJ��7KLV�VLWXDWLRQ�LV
ZHOO� NQRZQ� DQG� KDV� EHHQ� GLVFXVVHG� LQ� >��@

)LJ���D��E��6WUXFWXUHV�RI�WZR�QHLJKERULQJ�UHJLRQV�RI�WKH�&X±,Q±6H�ILOP�
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WR� H[SODLQ� VRPH� GLIIUDFWLRQ� SDWWHUQV� WDNHQ
IURP�WZLQQHG�FU\VWDOV�RI�$X�

,I� WKH� FU\VWDOOLWHV� DQG� WZLQQHG� ODPHOODV
FRQWDLQ� LUUHJXODUO\� DUUDQJHG� VWDFNLQJ
IDXOWV��D�ORQJ�GLIIXVH�VWUHDNV�QRUPDO�WR�WKH
WZLQQLQJ� DQG� ������ SODQHV� DSSHDU� LQ� WKH
HOHFWURQ� GLIIUDFWLRQ� SDWWHUQ�� ,W� LV� MXVW� VXFK
VWUHDNV� WKDW�DUH�VHHQ� LQ�)LJ���D�QHDU� ������
�������DQG�������UHIOHFWLRQV��7KXV��WKH�HOHF�
WURQ� GLIIUDFWLRQ� SDWWHUQ� WDNHQ� IURP� WKH� E�
&,6�HSLWD[LDO�FU\VWDOOLWHV�LQ�WKH�������RULHQ�
WDWLRQ�LQGLFDWHV�WKH�H[LVWHQFH�RI�PLFURWZLQV
DORQJ� ������ SODQHV�� 7KH� VWDFNLQJ� IDXOWV
DORQJ� WKH� ������ SODQHV� FDQ� DOVR� EH� FRQVLG�
HUHG� DV� WZLQV� RI� PRQRDWRPLF� WKLFNQHVV�
6RPH�PLFURWZLQV�KDYH�EHHQ�DOVR�UHYHDOHG�LQ
E�&,6� ILOPV� LQ� FU\VWDOOLWHV� RI� RWKHU� RULHQWD�
WLRQV�� )LJ���D� VKRZV� D� GDUN�ILHOG� LPDJH
XVLQJ� ���

BB
��� DQG� ���

BB
��
BB
�� UHIOHFWLRQV� IURP� E�

&,6� FU\VWDOOLWHV� LQ� WKH� ������ RULHQWDWLRQ� UR�
WDWHG� E\� ���� WR� RQH� DQRWKHU� DURXQG� WKH

>���@�.&O�D[LV�� ,Q�VXFK�FU\VWDOOLWHV��WKH�PL�
FURWZLQ�ODPHOODV�DUH�FOHDUO\�VHHQ��7KH�DQJOH
EHWZHHQ� WKH� ODPHOODV� LQ� URWDWHG� FU\VWDOOLWHV
LV������,W�LV�WKHVH�PLFURWZLQV�JURZQ�QRUPDO
WR� WKH� ILOP� VXUIDFH� WKDW� H[KLELW� D� VWULSSHG
FRQWUDVW� RQ� WKH� HOHFWURQ�GLIIUDFWLRQ� LPDJH
IURP�E�&,6�JUDLQV��

$QRWKHU� GLVWLQFWLYH� IHDWXUH� UHYHDOHG� DW
GLIIUDFWLRQ� SDWWHUQ� WDNHQ� IURP� HSLWD[LDO
FU\VWDOV� LV� WKH� DSSHDUDQFH� RI� ORQJ� FURVVOLNH
VWUHDNV�QHDU�WKH� ������W\SH�UHIOHFWLRQV��7KH
VWUHDNV� DUH� RULHQWHG� DORQJ� WKH� >���@� DQG
>���@� GLUHFWLRQV� RI� WKH� E�&,6� ODWWLFH�� 7KHVH
VWUHDNV�ZHUH� RQO\� REVHUYHG�QHDU� UHIOHFWLRQV
DOORZHG�IRU�E�&,6�SKDVH��FRQWDLQLQJ�RUGHUHG
&X� YDFDQFLHV�� DQG� QRW� DOORZHG� IRU� WKH� YD�
FDQF\�IUHH� D�&,6� SKDVH�� &RQVLGHULQJ� WKH
DERYH� PHQWLRQHG�� WKH� VWUHDNV� FDQ� EH� FRQ�
FOXGHG�WR�EH�GXH�WR�WZR�GLPHQVLRQDO�GHIHFWV
EHORQJLQJ� WR� FDWLRQ� VXEODWWLFH� RI�&X� DQG� ,Q
DWRPV�EXW�OHDYLQJ�6H�VXEODWWLFH�XQFKDQJHG�

)LJ�����(OHFWURQ�GLIIUDFWLRQ�SDWWHUQ�IURP�E�&,6�SKDVH��D��DQG�LWV�VFKHPDWLF�LQWHUSUHWDWLRQ��E��

)LJ�����7(0�GDUN�ILHOG�LPDJH�XVLQJ����
BB
���DQG����

BB
��
BB
��UHIOHFWLRQV�IURP�WKH�E�&,6�FU\VWDOOLWHV�LQ������

RULHQWDWLRQV� ZLWK� WZLQQHG� ODPHOODV� �D��� 7(0� GDUN�ILHOG� LPDJH� RI� GRPDLQV� GLYLGHG� E\� DQWLSKDVH
ERXQGDULHV�ZLWK�D�VWULSSHG�FRQWUDVW�DORQJ�WKH�>���@�DQG�>���@�GLUHFWLRQV��E��
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