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8VLQJ� WKH�SUHFLVLRQ� WHFKQLTXH� RI� WULSOH�FU\VWDO�;�UD\�GLIIUDFWRPHWU\�� WKH� VWUXFWXUH�RI

GHIHFW� SDUWV� KDV� EHHQ� VWXGLHG� LQ� ODUJH�VL]H� VDSSKLUH� FU\VWDOV� JURZQ� E\� WKH� KRUL]RQWDO
GLUHFWHG�FU\VWDOOL]DWLRQ�LQ�UHGXFLQJ�JDV�PHGLD��7KH�RSWLFDO�SRODUL]DWLRQ�DQDO\VLV�KDV�VKRZQ
WKDW� WKH� FRQRVFRSLF� SDWWHUQ� VKDSH� DQG� FRORU� VSHFWUXP� DUH� GLVWRUWHG� LQ� WKDW� UHJLRQ� DQG
RSWLFDO�LQKRPRJHQHLWLHV�DUH�SUHVHQW�DV�D�VWULDWH�VWUXFWXUH��,Q�WKH�ILUVW�FDVH��WKH�UHVSRQVLEOH
GHIHFWV�KDYH�EHHQ�HVWDEOLVKHG�WR�EH�WKH�VPDOO�DQJOH�GLVORFDWLRQ�WZLVWLQJ�ERXQGDULHV�RI�WKH
PLFUR�EORFNV�ZLWK�GLVRULHQWDWLRQ�DQJOHV�RI�����WR���DQJXODU�PLQXWHV��LQ�WKH�VHFRQG�RQH��WKH
PDFUR�EORFNV�ZLWK� WXUQLQJ� DQJOHV� XS� WR� VHYHUDO� GHJUHHV�� ([SHULPHQWDO� UHVXOWV� KDYH� EHHQ
SUHVHQWHG�PDNLQJ� LW�SRVVLEOH�WR�HVWDEOLVK�WKH�QDWXUH�DQG�IRUPDWLRQ�NLQHWLFV�RI�WKH�VPDOO�
DQJOH� DQG� ODUJH�DQJOH� GLVRULHQWDWLRQV� EHWZHHQ� WKH� PLFUR�� DQG� PDFUR�EORFNV� GXULQJ� WKH
FU\VWDO�JURZWK�DQG�DQQHDOLQJ�
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7R�XVH�WKH�VDSSKLUH�RI��������EDVLV�RULHQ�
WDWLRQ� LQ� WKH� PRGHUQ� RSWLFV� DQG� RSWRHOHF�
WURQLFV�� WKH�PDWHULDO� VKRXOG�SURYLGH� D�KLJK
DQG� KRPRJHQHRXV� VWUXFWXUH� SHUIHFWLRQ� WKDW
LV�GHILQHG��DPRQJ�RWKHU�IDFWRUV��E\�WKH�RUL�
HQWDWLRQ�� GHQVLW\�� W\SH� DQG� GLVWULEXWLRQ
FKDUDFWHU�RI�GLVORFDWLRQV�ERWK�LQ�WKH�FU\VWDO
YROXPH� DQG� VXUIDFH� OD\HU�� %HVLGHV� RI� WKH
LPSURYHPHQWV�LQ�FU\VWDO�JURZWK�WHFKQRORJ\�
WKH� QRQ�GHVWUXFWLYH� TXDOLW\� FRQWURO� RI� WKH
EODQNV� LV� WR� EH� GHYHORSHG�� $Q� H[SUHVV
PHWKRG�IRU�WKH�FU\VWDO�TXDOLW\�GLDJQRVWLFV�LV
WKH� RSWLFDO� SRODUL]DWLRQ� PHWKRG� PDNLQJ� LW
SRVVLEOH� WR� UHYHDO� WKH� SUHVHQFH� RI� PDFUR�

EORFNV�� WZLQV�� VPDOO�DQJOH� ERXQGDULHV
�6$%V�� DQG� HYHQ� PLFUR�VWUHVVHV� DURXQG� WKH
ERXQGDULHV� RI�PRVDLF� EORFNV� DQG� LQGLYLGXDO
GLVORFDWLRQV� >�@�� :KHQ� XVLQJ� WKH� PHWKRG�
WKH� PDLQ� WDVN� LV� WR� LGHQWLI\� UHOLDEO\� WKH
GHIHFWV� FDXVLQJ�WKH�REVHUYHG� LQKRPRJHQHLW\
LQ�WKH�SRODUL]DWLRQ�RSWLFDO�SDWWHUQ��7KH�SUH�
FLVLRQ� WULSOH�FU\VWDO� ;�UD\� GLIIUDFWRPHWU\
�7;'�� >����@�SURYLGHV� VXEVWDQWLDOO\�ZLGHQHG
SRWHQWLDOLWLHV� LQ� WKH� VWUXFWXUH� SHUIHFWLRQ
VWXGLHV� RI� VDSSKLUH� FU\VWDOV� DQG� PDNHV� LW
SRVVLEOH�WR� LGHQWLI\�WKH�VWUXFWXUH�GLVWRUWLRQ
FKDUDFWHU� LQ� WKH� FU\VWDO� GHIHFW� SDUWV� UH�
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YHDOHG�E\�WKH�SUHOLPLQDU\�TXDOLWDWLYH�RSWLFDO
SRODUL]DWLRQ�DQDO\VLV�
,Q� WKLV�ZRUN�� WKH�7;'�PHWKRG�KDV� EHHQ

XVHG� WR� VWXG\� WKH� VWUXFWXUH� SHUIHFWLRQ� RI
ODUJH�VL]H� VDSSKLUH� FU\VWDOV
����u���u���PP��VL]H��JURZQ�E\�+'&�WHFK�
QLTXH�LQ�UHGXFLQJ�JDV�PHGLD�
$Q�H[SHULPHQWDO�FU\VWDO�ZLWK�WKH�VXUIDFH

FU\VWDOORJUDSKLF� RULHQWDWLRQ� ^����`� ZDV
JURZQ� DORQJ� WKH� >���

BB
�@� GLUHFWLRQ� E\� WKH

KRUL]RQWDO� GLUHFWHG� FU\VWDOOL]DWLRQ� �+'&�
WHFKQLTXH�XVLQJ�D�VWDQGDUG�JURZWK�XQLW�DQG
D� KLJK� SXULW\� UDZ� PDWHULDO� �WKH� FKDUDF�
WHULVWLF� LPSXULW\� FRQFHQWUDWLRQ� EHLQJ� OHVV
WKDQ����SSP���8VLQJ�WKH�H[SUHVV�RSWLFDO�SR�
ODUL]DWLRQ�DQDO\VLV��GHIHFW�SDUWV�LQ�WKH�FU\V�
WDO� ZHUH� UHYHDOHG� DQG� WZR� FXELF� VDPSOHV
���u��u���PP��� ZHUH� FXW� RXW� ZLWK� IDFHV
RULHQWHG� DV� ^����`�� ^���

BB
�`�� DQG� ^���

BB
�`�

%HLQJ� FRQVLGHUHG� LQ� WKH� WUDQVPLWWHG� SRODU�
L]HG�OLJKW�RI�>����@�GLUHFWLRQ��WKH�ILUVW�VDP�
SOH� H[KLELWHG� WKH� FRQRVFRSLF� SDWWHUQ� VKDSH
DQG� FRORU� VSHFWUXP� GLVWRUWLRQV� �IURP� KHUH
RQ��FRQWRUWLRQV��ZKLOH�WKH�VHFRQG�RQH��RSWL�
FDO� LQKRPRJHQHLWLHV� YLVLEOH� DV� D� VWULDWHG
VWUXFWXUH� �)LJ���E�� F��� 7KH� VDPSOHV� VWXGLHG
ZHUH� RULHQWHG� ZLWK� WKH� FU\VWDOORJUDSKLF
SODQHV� EHLQJ� DOLJQHG� WR� ZLWKLQ� r����� DQG
WUHDWHG� �SODQDU� ODSSLQJ� E\� ERXQG� DEUDVLYH�
WKLQ�ODSSLQJ�E\�ERURQ�FDUELGH�SRZGHUV��PH�
FKDQLFDO� DQG� FKHPLFDO� SROLVKLQJ��� 7KH
WUHDWHG� VXUIDFH� URXJKQHVV� 5$� ZDV� DERXW���c�� WKXV� GRLQJ� QRW� LQIOXHQFH� WKH� UHVXOWV
RI� ;�UD\� GLIIUDFWLRQ� PHDVXUHPHQWV� FDUULHG
RXW�XVLQJ�DQ�XQLYHUVDO�WULSOH�FU\VWDO�GLIIUDF�
WRPHWHU�LQ�&X�.D��UDGLDWLRQ�>�@�7KH� VWUXFWXUH� SHUIHFWLRQ� ZDV� FKDUDF�
WHUL]HG� E\� WKH� IROORZLQJ� SDUDPHWHUV�� WKH
GLIIUDFWLRQ� URFNLQJ� FXUYH� VKDSH� �5&6��� WKH
5&� DQJXODU� SRVLWLRQ� �4��� WKH� IXOO� ZLGWK� DW
KDOI�PD[LPXP��):+0���E���WKH�LQWHJUDO�UH�
IOHFWLRQ�SRZHU��,5���7KH�PHDVXUHPHQWV�ZHUH
FDUULHG�RXW�IRU�WULSOH�SODQHV��^����`��^���

BB
�`�

DQG�^���
BB
�`�DOO�WKH�JHRPHWULF�VXUIDFHV�RI�WKH

VDPSOH� EHLQJ� XVHG� �)LJ���D��� ^����`� �WKH
FU\VWDO� KHDG� DQG� ERWWRP�� ZLWK� VFDQQLQJ
DORQJ�WKH�>���

BB
�@�DQG�>���

BB
�@�GLUHFWLRQV��SDU�

DOOHO�DQG�SHUSHQGLFXODU�WR�WKH�JURZWK�GLUHF�
WLRQ�� UHVSHFWLYHO\��� ^���

BB
�`�� WKH� SODQHV� SHU�

SHQGLFXODU� WR� WKH� JURZWK� GLUHFWLRQ� �QHDUHU
WR� DQG� IDUWKHU� IURP� WKH� VHHG��� ZLWK� VFDQ�
QLQJ�DORQJ�WKH�>����@�DQG�>���

BB
�@�GLUHFWLRQV

�IURP� WKH� FU\VWDO� VXUIDFH� WR� ERWWRP� DQG
IURP� WKH� FU\VWDO� FHQWHU� WR� WKH� SHULSKHU\�
UHVSHFWLYHO\��� ^���

BB
�`�� WKH� SODQHV� SDUDOOHO� WR

WKH�VLGH�VXUIDFH�QHDUHU�WR�WKH�FU\VWDO�FHQWHU
DQG� SHULSKHU\�� ZLWK� VFDQQLQJ� DORQJ� WKH
>����@�DQG�>���

BB
�@�GLUHFWLRQV��IURP�WKH�FU\V�

WDO� VXUIDFH� WR� ERWWRP� DQG� SDUDOOHO� WR� WKH
JURZWK� GLUHFWLRQ�� UHVSHFWLYHO\��� 7KH� VDPSOH
VFDQQLQJ� �/�VFDQQLQJ�� ZLWK� UHVSHFW� WR� WKH
LQFLGHQW� PRQRFKURPDWLF� ;�UD\� EHDP� SUR�
YLGHG� WKH� VWUXFWXUH� SHUIHFWLRQ� FKDUDF�
WHULVWLFV� RYHU� WKH� FU\VWDO� FURVV�VHFWLRQ�ZLWK
SDUDPHWHUV� E�/��� ,5�/��� 'G�G�/�� DQG� HYDOX�
DWLRQ�RI�WKH�SHUIHFWLRQ�GHJUHH�RI�WKH�FU\VWDO
YROXPH�� 7KH� EBB�/��� ,

B
H[S5 �/�� YDOXHV� DYHUDJHG

RYHU� ��� PHDVXUHPHQWV� DUH� SUHVHQWHG� LQ
7DEOH���� 7KH� ORFDO� SDUWV� RI� WKH� VDPSOHV
ZKHUH� FRQWRUWLRQV� DQG� VWULDWHG� VWUXFWXUH
ZHUH�REVHUYHG�LQ�SRODUL]HG�OLJKW�ZHUH�H[DP�
LQHG� LQ� PRUH� GHWDLO�� 'HWHUPLQHG� ZHUH� WKH
WULSOH� FRPSRQHQWV� RI� WKH� WXUQ� DQJOH�� WKH
PLFUR� �PDFUR�� EORFN� VL]H� �FURVV�VHFWLRQ�� DV
ZHOO� DV� WKH� VWUXFWXUH� SHUIHFWLRQ� LQVLGH� RI
WKH�PDFUR�EORFNV�
:KHQ�JURZLQJ� WKH� H[SHULPHQWDO� FU\VWDO�

WKH�RSWLPXP�VSDWLDO�RULHQWDWLRQ��^����`�VXU�
IDFH�� >���

BB
�@� JURZWK� GLUHFWLRQ�� ^���

BB
�`� VLGH

VXUIDFH��� WKH� VHHG� VKDSH� DQG� VL]H� DQG� WKH
JURZWK�FRQGLWLRQV�ZHUH�VHOHFWHG��WKXV�DYRLG�
LQJ� WKH� LQKHULWDQFH� RI� WKH� VHHG� VWUXFWXUH
GHIHFWV� DQG� GLVORFDWLRQV�� 7KH� ;�UD\� H[DPL�
QDWLRQ� RI� VXFK� FU\VWDOV� KDYH� VKRZQ� WKDW� WKH
GLVORFDWLRQV� DUH� ORFDWHG� PDLQO\� DW� DQ� DQJOH
QHDU����� WR�WKH�JURZWK�GLUHFWLRQ�DQG�WKH� LQ�
KHULWDQFH�FRHIILFLHQW�WKHUHRI�WHQGV�WR�]HUR�>�@�
7KH�GLVORFDWLRQ�JHQHUDWLRQ�LQ�VLQJOH�FU\V�

WDO� JURZQ�IURP�PHOW� DUH�GXH�PDLQO\� WR� WKH

)LJ�����2SWLFDO� SRODUL]DWLRQ�SLFWXUHV� RI� WKH�GHIHFW� SDUWV� LQ� ^����`� RULHQWHG� VDSSKLUH��JHQHUDO�YLHZ
�D���FRQWRUWLRQV��E���VWULDWH�VWUXFWXUH��F��

9�)�7NDFKHQNR�HW�DO����6WXG\�RI�QDWXUH�RI�VRPH�GHIHFWV���

��� )XQFWLRQDO�PDWHULDOV�������������



SODVWLF� VWUDLQV� UHVXOWLQJ� IURP� WKH� WKHUPRH�
ODVWLF� VWUHVVHV� EHKLQG� WKH� FU\VWDOOL]DWLRQ
IURQW� �&)��DQG�VXEVHTXHQW�HYROXWLRQ�RI�GLV�
ORFDWLRQ� VWUXFWXUHV� GXULQJ� WKH� JURZWK�DQ�
QHDOLQJ� LQ�KLJK� WHPSHUDWXUH�JUDGLHQWV��7KH
UHVLGXDO� VWUHVV� YDOXHV� DQG� GLVWULEXWLRQ� GH�
SHQG�ERWK�RQ�WKH�WKHUPRHODVWLF�ILHOG�FKDUDF�
WHU�DQG�RQ�WKH�SODVWLF�IHDWXUHV�RI�WKH�FU\VWDO
EHLQJ�JURZQ��,Q�LV�WR�QRWH�WKDW�WKH�GLVWULEX�
WLRQ�NLQG�DQG�FKDUDFWHU�RI�GLVORFDWLRQ�VWUXF�
WXUHV� DSSHDULQJ� DW� WKH� FU\VWDO� JURZWK�DQ�
QHDOLQJ� PHW� WKH� VDPH� UHJXODULWLHV� DV� WKRVH
LQ�WKH�FDVH�RI�FU\VWDO�SODVWLF�VWUDLQV�>�@��7KH
;�UD\�H[DPLQDWLRQV�>�@�FRQILUP�WKH�SUHVHQFH
RI� HGJH�� VFUHZ�� KHOLFRLGDO� GLVORFDWLRQ� VWUXF�
WXUHV�LQ�WKH�+'&�JURZQ�VDSSKLUH�FU\VWDOV�
&RQVLGHUDWLRQ�RI�5&6V�IRU�YDULRXV�SODQHV

LQ� YDULRXV� FU\VWDOORJUDSKLF� GLUHFWLRQV� KDV
UHYHDOHG� WKH� 5&� EOXUULQJ� �7DEOH���� GXH
PDLQO\� WR� WKH� SUHVHQFH� RI� RUGHUHG� GLVORFD�
WLRQ�VWUXFWXUHV�ZKLFK�PD\�IRUP�ODWHU��XQGHU
KLJK�WHPSHUDWXUH�DQQHDOLQJ�GXULQJ�WKH�FU\V�
WDO�JURZWK��FKDUDFWHULVWLF�SRO\JRQDO�ERXQGD�
ULHV�ZLWK�VPDOO� WXUQ�DQJOHV� ���WR��cc��ZKLFK
JLYH� ULVH� D� VSOLWWLQJ� LQ�5&� ��� WR� ��� SHDNV�
ZKHQ� WKH� VDPSOH� LV� WXUQHG� QHDU� WR� WKH
%UDJJ�V� UHIOHFWLRQ� DQJOH� �WKH� VZLQJLQJ
PHWKRG���)LJ���D�VKRZV�D�W\SLFDO�5&�IRU�WKH
^�����`� UHIOHFWLRQ�� 7KH�5&� VSOLWWLQJ� DW� WKH
KDOI�ZLGWK� E�a���cc� LQWR� ��� SHDNV� LV� GXH
PDLQO\�WR�WKH�SUHVHQFH�RI�SRO\JRQDO�ERXQGD�
ULHV� ZLWK� WKH� GLVRULHQWDWLRQ� DQJOHV� '4|�cc�
.QRZLQJ� WKH� %XUJHUV� YHFWRU� YDOXH
���������Ü��PP���WKH�GLVORFDWLRQ�VSDFLQJ� O� 
E�'4�FDQ�EH�HVWLPDWHG�WR�EH�RI�DERXW����PP�
.QRZLQJ�WKH�EHDP�FURVV�VHFWLRQ�DW�WKH�VDP�
SOH�XQGHU� VWXG\�DQG� WKH�QXPEHU� RI� WKH�5&

SHDNV�� ERWK� WKH� VSDFLQJ� RI� SRO\JRQDO� GLVOR�
FDWLRQ� ZDOOV� �DERXW� ��� PP� LQ� WKH� VDPSOHV
VWXGLHG�� DQG� WKH� GLVORFDWLRQ� GHQVLW\
�U�a�����FPÜ���FDQ�EH�HVWLPDWHG�
7KH� YDOXHV� RI� WKH� VDPH� RUGHU� ZHUH� RE�

WDLQHG� EDVLQJ� RQ� WKH� LQWHJUDO� UHIOHFWLRQ� FR�
HIILFLHQW� ,H[S5 �� ,Q� >�@�� WKH�,H[S5 �ZDV�PHDVXUHG
DV�D�IXQFWLRQ�RI�WKH�GLVORFDWLRQ�GHQVLW\�GHWHU�
PLQHG�E\�FKHPLFDO�HWFKLQJ��WKH�U�HUURU�EHLQJ
DERXW� ��� ���� 7KH� ,H[S5 � PHDVXUHPHQW� DW� DQ
HUURU�RI�DERXW�����RU�WKH�U�HVWLPDWLRQ�EDVLQJ
RQ� WKH� ,H[S5 �,G5� UDWLR� �ZKHUH� ,G5� LV� WKH� UHIOHF�
WDQFH� FDOFXODWHG� LQ� WKH� G\QDPLF� DSSUR[LPD�
WLRQ��
&RQVLGHUDWLRQ�RI�5&6��,H[S5 �DQG�E�SURYLGHV

HVWLPDWLRQ� QRW� RQO\� RI� WKHU� GLVORFDWLRQ� GHQ�
VLW\� EXW� DOVR� WKH� GLVWULEXWLRQ� FKDUDFWHU
WKHUHRI�LQ�YDULRXV�FU\VWDOORJUDSKLF�SODQHV�DQG
GLUHFWLRQV� RYHU� WKH� FU\VWDO� FURVV�VHFWLRQ��7KH
VWURQJHVW� 5&� EOXUULQJ� LV� REVHUYHG� ZKHQ� WKH
VDPSOH�LV�VFDQQHG�DORQJ�>���

BB
�@�GLUHFWLRQV�IRU

WKH�^�����`��^���
BB
�`�UHIOHFWLRQV�DQG�>����@�IRU

WKH� ^���
BB
�`�RQH� �7DEOH�����7KH�REVHUYHG�VOLJKW

LQFUHDVH�LQ�,5H[S��E\�DERXW�����IRU�WKH�FU\V�WDO� KHDG� DQG� E\� DERXW� ���� IRU� WKH� ERWWRP�
LQGLFDWHV�WKH�VDPH�UHODWLYH�GLVORFDWLRQ�GHQVLW\
ERWK�LQ�^����`�DQG�^���

BB
�`�SODQHV��+RZHYHU��LW

FDQ� EH� FRQFOXGHG� IURP� 5&6� WKDW� WKHUH� LV� D
PRUH� SURQRXQFHG� RUGHULQJ� RI� WKH� SRO\JRQDO
GLVORFDWLRQ� ERXQGDULHV� LQ� >���

BB
�@� IRU� ^����`

SODQH� DORQJ� WKH� >���
BB
�@� GLUHFWLRQ� DQG� IRU

^���
BB
�`�LQ�WKH�>����@�RQH��7DEOH�����7KXV��WKH

5&6�/��� E
BB
�/�� DQG� ,5�/�� YDOXHV� IRU� YDULRXV

FU\VWDOORJUDSKLF� SODQHV� ^����`�� ^���
BB
�`�� DQG

^���
BB
�`� DYHUDJHG� RYHU� ��� PHDVXUHPHQWV� LQ

7DEOH����6WUXFWXUH�SHUIHFWLRQ�FKDUDFWHULVWLFV�RI�WKH�VDSSKLUH�VDPSOH
1R� 5HIOHF�
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YDULRXV� GLUHFWLRQV� >���
BB
�@� DQG� >���

BB
�@� DQG

>����@� FKDUDFWHUL]H� FOHDUO\� WKH� FU\VWDO� VWUXF�
WXUH�SHUIHFWLRQ�ZLWKRXW�GHVWUR\LQJ��
:KHQ� VWXG\LQJ� WKH� FU\VWDO� ORFDO� UHJLRQV

ZKHUH� FRQWRUWLRQV� ZHUH� REVHUYHG� LQ� SRODU�
L]HG� OLJKW�� WKH� GHIHFW� VDPSOH� SDUW� ZDV
VFDQQHG�ZLWK� UHVSHFW� WR� WKH� LQFLGHQW�;�UD\
EHDP� RI� �u�����PP�� FURVV�VHFWLRQ� DW
����� PP� VWHSV�� $� SRLQW� QHDU� WKH� REVHUYHG
RSWLFDO� KRPRJHQHLW\� ZDV� VHOHFWHG� DV� WKH
VWDUWLQJ� RQH�� ,Q� )LJ����� SUHVHQWHG� DUH� 5&6
IURP� WKH� ^�����`� UHIOHFWLRQ� IRU� VFDQQLQJ
DORQJ� WKH� >���

BB
�@� GLUHFWLRQ� DFURVV� WKH� FRQ�

WRUWHG� UHJLRQ�� $V� LV� VHHQ� LQ� )LJ���D�� QHDU
WKH� FRQWRUWLRQ� WKH� 5&� RI� DERXW� ���� KDOI�
ZLGWK� �E�� LV� VSOLW� LQWR� ��� SHDNV�� WKDW� LQGL�
FDWHV� WKH� SUHVHQFH� RI� SRO\JRQDO� ERXQGDULHV
ZLWK� DERXW� �cc� GLVRULHQWDWLRQ� DQJOHV� DQG

DERXW� ��PP� ZDOO� VSDFLQJ�� :KHQ� WKH� ;�UD\
EHDP� KLWV� SDUWLDOO\� WKH� FRQWRUWHG� UHJLRQ�� D
5&� DV\PPHWU\� LV� REVHUYHG� �)LJ���E��� WKH� E
GLPLQXWLRQ�GRZQ�WR�DERXW���cc�DQG�WKH�VSOLW
QXPEHU� EHFRPHV� VPDOOHU�� $W� WKH� IXUWKHU
GLVSODFHPHQW�� D� VPDOO�DQJOH� PLFUR�EORFN
ERXQGDU\� LV� REVHUYHG� ZLWK� WKH� WXUQ� DQJOH
'4|��cc� DW� D�GLVWDQFH� RI������PP�IURP�WKH
VFDQ�VWDUW��)LJ���F���WKH�'4�LQFUHDVLQJ�XS�WR
��cc� DW� WKH� IXUWKHU� GLVSODFHPHQW� �)LJ�����
7KH� VHFRQG� FRPSRQHQW� RI� WKH� LQWHU�PLFUR�
EORFN� WXUQ� DWWDLQV� WKH� VDPH� YDOXH� DV� WKH
VDPSOH� LV� WXUQHG�DW����� LQ� LWV�SODQH��7KHUH
LV� DOVR� WKH� WKLUG� WXUQ� FRPSRQHQW� ZKHQ� WK
5&� LV�ZULWWHQ� IRU� WKH� ^����`� SODQH�PDNLQJ
���� DQJOH� ZLWK� WKH� ^����`� RQH�� 7KXV�� WKH
FRQWRUWLRQ� REVHUYHG� LQ� SRODUL]HG� OLJKW� LV

)LJ�����5RFNLQJ�FXUYH�VKDSH�� ^�����`�UHIOHFWLRQ��&X.D��UDGLDWLRQ��QHDU�D�FRQWRUWLRQ� �D���EHJLQQLQJRI�FRQWRUWLRQ��E���PLGGOH�RI�FRQWRUWLRQ��F��

)LJ����� 9DULDWLRQ� FKDUDFWHU� RI� WKH� GLVRULHQWDWLRQ� DQJOH� '4� EHWZHHQ� PLFUR�EORFNV� LQ� WKH� VDPSOH
VFDQQHG�DORQJ�>���
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FDXVHG� E\� WKH� VPDOO�DQJOH� WZLVWLQJ� GLVORFD�
WLRQ� ERXQGDU\� EHWZHHQ� WKH� PLFUR�EORFNV
ZLWK�GLVRULHQWDWLRQ�DQJOHV�RI���cc�WR�VHYHUDO
WHQV� RI� DQJXODU� VHFRQGV�� 7KH� VPDOO�DQJOH
WZLVWLQJ� ERXQGDULHV� DUH� REVHUYHG� DV� D� UXOH
ZLWKLQ� WKH� ZKROH� FU\VWDO� YROXPH�ZKHUH� WKH
GLVORFDWLRQ�GHQVLW\�Ut����FPÜ��
7KH� WZLVWLQJ� ERXQGDU\� LV� IRUPHG�PDLQO\

GXH�WR�WKH�SODVWLF�VWUDLQLQJ�SURFHVVHV�UHVXOW�
LQJ� IURP� UHOD[DWLRQ� RI� WKHUPRHODVWLF
VWUHVVHV�DW�WKH�&)�DQG�VXEVHTXHQW�HYROXWLRQ
RI�SDUWLDOO\�RUGHUHG�GLVORFDWLRQ�ZDOOV�RI�SR�
O\JRQDO� W\SH� GXULQJ� WKH� FU\VWDO� JURZWK�DQ�
QHDOLQJ�SURFHVV��,W�LV�WR�QRWH�WKDW�DV�D�FU\V�
WDO� LV� JURZQ� E\� WKH� +'&� WHFKQLTXH� DW� WKH
SXOOLQJ� VSHHG� XS� WR� �� PP�K�� WKH� JURZQ
FU\VWDO� LV� KROG� IRU� DERXW� ��� K� ZLWKLQ� WKH
KLJK�WHPSHUDWXUH� ]RQH� �!�����&�� DQG� WKHQ
IRU�PRUH�WKDQ����K�XQGHU�KLJK�WHPSHUDWXUH
JUDGLHQWV��,Q�WKRVH�FRQGLWLRQV��WKH�HYROXWLRQ
RI� GLVORFDWLRQ� DFFXPXODWLRQV� SURFHHGV� LQ�
WHQVHO\�DQG�UHVXOWV�DW�HQG�LQ�IRUPDWLRQ�RI�D
VPDOO�DQJOH� WZLVWLQJ� ERXQGDU\� RI� VHYHUDO
PLOOLPHWHUV�OHQJWK��$ORQJ�ZLWK�WKH�FRQWRUWLRQ
SDWWHUQV� �)LJ���E��� VWULDWLRQ� LV� REVHUYHG� LQ
VRPH� FU\VWDOV� XQGHU� SRODUL]HG� OLJKW� �)LJ�
�F�� WKDW� SRLQWV� WR� WKH�PDFUR�EORFN� IRUPD�
WLRQ��7KH�VDPSOH� VFDQQLQJ�ZLWK�UHVSHFW� WR
WKH�LQFLGHQW�PRQRFKURPDWLF�EHDP�PDNHV�LW
SRVVLEOH� WR� GHWHUPLQH� WKH� %UDJJ�V� UHIOHF�
WLRQ�DQJOH�� WKH�DQJXODU�GHIOHFWLRQ� DQG� WKH
PDFUR�EORFN� FURVV�VHFWLRQ�� 7KH� PHDVXUH�
PHQWV�ZHUH�GRQH�XVLQJ�WKH� ^�����`�UHIOHF�
WLRQ� ZKHQ� VFDQQLQJ� WKH� XSSHU� DQG� ORZHU
FU\VWDO�VXUIDFHV�DORQJ�WKH�>���
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GLUHFWLRQV� DQG� WKH� ^���
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�`� UHIOHFWLRQ� ZKHQ

VFDQQLQJ� WKH� VDPSOH� VXUIDFHV�SHUSHQGLFXODU
WR� WKH� JURZWK� GLUHFWLRQ� DORQJ� WKH� >����@
DQG�>���
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7KH�PHDVXUHG� DQJOHV� �4�� DQG� GLVRULHQWD�
WLRQ�DQJOHV��'4L��EHWZHHQ�WKH�FU\VWDO�VXUIDFHDQG�WKH��VW���QG��HWF��ERXQGDULHV�ZKHQ�VFDQ�

QLQJ� WKH� XSSHU� DQG� ORZHU� FU\VWDO� VXUIDFHV
DORQJ� WKH� >���

BB
�@� GLUHFWLRQ� DUH� SUHVHQWHG� LQ

7DEOH����7KH� WXUQ�DQJOHV�EHWZHHQ�WKH�PDFUR�
EORFNV�RI�DERXW���PP��FURVV�VHFWLRQ�DQG�VHY�
HUDO� FP� OHQJWK� DUH� VHHQ� WR� DPRXQW� �� WR� ���
7KH� YDULDWLRQ� FKDUDFWHU� RI� GLVRULHQWDWLRQ
DQJOH�EHWZHHQ�WKH�PDFUR�EORFNV�LQ�WKH�FU\V�
WDO� VHFWLRQ� DW� /|�� PP� LV� VKRZQ� LQ� )LJ����
1R� VXEVWDQWLDO� GLVWLQFWLRQV� KDYH� EHHQ� UH�
YHDOHG� LQ� WKH� GLPHQVLRQV� �FURVV�VHFWLRQV�
DQG�WKH�WXUQ�DQJOHV�LQ�WKH�XSSHU�DQG�ORZHU
FU\VWDO�SDUWV�DORQJ�WKH�>���

BB
�@�GLUHFWLRQ��7KH

PHDVXUHPHQWV� RI� WKH� VHFRQG� WXUQ� FRPSR�
QHQWV� IRU� WKH� VDPSOH� WXUQHG� E\� ���� DORQJ
WKH�>���
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�@�VKRZ�PXFK�VPDOOHU�GLVRULHQWDWLRQ

DQJOHV� EHWZHHQ� WKH� PDFUR�EORFNV� �XS� WR� �c�
ZKLOH�WKH�WKLUG�WXUQ�FRPSRQHQW�EHWZHHQ�WKH
PRVDLF� EORFNV� ZDV� PHDVXUHG� WR� EH� DERXW
'4PD[|��c�� 7KXV�� WKH� PD[LPXP� WXUQ� EH�WZHHQ� WKH� PDFUR�EORFNV� LV� REVHUYHG� DORQJ
>���
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�@� DQG� LV� ZHOO� VHHQ� LQ� SRODUL]HG� OLJKW

�)LJ���F���$W� WKH�VDPH�WLPH�� WKH�PDLQ�FU\V�
WDO� SDUW� WR� OHIW� DQG� WR� ULJKW� RI� WKH�PDFUR�
EORFN�UHJLRQ�VKRZV�DQ� LQVLJQLILFDQW�GLVWLQF�
WLRQ��'4|��c��
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7KH� DERXW� ��PP�ZLGH� UHJLRQ� FRQWDLQLQJ
PDFUR�EORFNV� ZLWK� ODUJH� WXUQ� DQJOHV� LV
IRUPHG� IRU� TXLWH� RWKHU� UHDVRQV� WKDQ� WKH
VPDOO�DQJOH� WZLVWLQJ� ERXQGDULHV�� 3HUKDSV
WKH� PDLQ� IRUPDWLRQ� FDXVH� RI� VXFK� PDFUR�
EORFNV� FRQVLVWV� LQ� ORFDO� GLVWRUWLRQV� RI� WHP�
SHUDWXUH�ILHOG�DW�WKH�&)�WKDW�PD\�UHVXOW�LQ
IRUPDWLRQ�RI�WULSOH�GLPHQVLRQDO�QXFOHL��GHQ�
GULWHV�� LQ� WKH�PHOW� LQ� IURQW� RI� &)� DQG� WKH
VXEVHTXHQW� JURZWK� WKHUHRI� WRJHWKHU� ZLWK
WKH�PDLQ�FU\VWDO�EXON��6XFK�ORFDO�&)�GLVWRU�
WLRQV�UHVXOW�LQ�WKDW�D�SDFNHW�RI�PDFUR�EORFNV
PD\� EH� IRUPHG� ZLWKLQ� WKH� JURZQ� FU\VWDO
EXON�� WKDW� SDFNHW� KDV� D� FHUWDLQ� ZLGWK�� LQ�
FOXGHV� D� FHUWDLQ� QXPEHU� RI� EORFNV� DQG� LV
H[WHQGHG� DV� D� UXOH� RYHU� WKH� ZKROH� FU\VWDO
OHQJWK�� 7KH� VWUXFWXUH� SHUIHFWLRQ� ZLWKLQ
VXFK� PDFUR�EORFNV� LV� FKDUDFWHUL]HG� E\� WKH
SUHVHQFH�RI�VPDOO�DQJOH�WZLVWLQJ�ERXQGDULHV
EHWZHHQ�PLFUR�EORFNV� DQG� DQ� LQFUHDVHG� GLV�
ORFDWLRQ�GHQVLW\�
7R�SUHSDUH�VXEVWUDWHV�VDWLVI\LQJ�WKH�SHU�

IRUPDQFH� UHTXLUHPHQWV� LQ� RSWRHOHFWURQLFV
DQG� PLFURHOHFWURQLFV�� VDSSKLUH� VKRXOG� KDYH
WKH� GLVORFDWLRQ� GHQVLW\� d����FPÜ��� FRQWDLQ
QHLWKHU� VPDOO�DQJOH� WZLVWLQJ� ERXQGDULHV� EH�
WZHHQ� EORFNV� QRU� EORFN� VWUXFWXUH�� 7KH� FXU�

UHQW� WHFKQRORJ\� \LHOGV� VXFK� PDWHULDO� LQ
DPRXQWV�RI����WR������RI�WKH�ZKROH�FU\VWDO
PDVV�� 7KH� LPSURYHPHQW� RI� WKH� GHIHFW�IUHH
PDWHULDO� \LHOG� VHHPV� WR� UHTXLUH� D� PRGHUQ�
L]DWLRQ� RI� WKH� JURZWK� XQLW� KHDW� DVVHPEOLHV
DQG� WUDQVLWLRQ� WR� PRUH� �VRIW�� FU\VWDO� DQ�
QHDOLQJ�FRQGLWLRQV�GXULQJ�LWV�JURZLQJ�
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