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+LJK�VWUXFWXUH�SHUIHFWLRQ�VDSSKLUH�VLQJOH
FU\VWDOV� RI� EDVDO� FU\VWDOORJUDSKLF� RULHQWD�
WLRQ� ^����`� DUH� XVHG� ZLGHO\� DV� GHSRVLWLRQ
VXEVWUDWHV�WR�SURYLGH�DUWLFOHV�IRU�RSWLFV��PL�
FURHOHFWURQLFV� DQG� TXDQWXP� HQJLQHHULQJ�� LQ
SDUWLFXODU��HSLWD[LDO�JDOOLXP�QLWULGH�ILOPV�LQ
/('� SURGXFWLRQ�� 7KH� VXEVWUDWH� VXUIDFH
VKRXOG� PHW� UDWKHU� KDUG� UHTXLUHPHQWV�
QDPHO\�� WKH� URXJKQHVV� 5Dd���� QP�� RSWLFDOSXULW\� FODVV� 3� ������ VKDSH� DFFXUDF\� RQ� �
LQFK�GLDPHWHU��ZHGJH�PP��VDJ�PP��>�@��+RZ�
HYHU�� WKHUH� DUH� YHU\� VFDUFH� OLWHUDWXUH� GDWD
RQ�WKH�VWUXFWXUH�SHUIHFWLRQ�LQ�WKH�QHDU�VXU�
IDFH� OD\HU� RI� ILQLVKHG� FU\VWDO�� 7KH� URFNLQJ
FXUYH�KDOI�ZLGWK�E�REWDLQHG�XVLQJ�D�GRXEOH�
FU\VWDO�;�UD\�GLIIUDFWRPHWHU�LQ�FRSSHU�HPLV�
VLRQ�IRU�^����`�UHIOHFWLRQ�DIWHU�FKHPLFDO�ILQ�
LVKLQJ� LV� UHSRUWHG� WR� EH� ��� WR� ��� DQJXODU
VHFRQGV�>�@��7KH�VDPH�E�YDOXH�LV�UHSRUWHG�LQ
DV� PHDVXUHG� XVLQJ� D� GLIIUDFWRPHWHU� ZLWK
IRXUIROG� UHIOHFWLRQ� IURP� D�*H�� ^���`�PRQR�
FKURPDWRU�
7KRVH�SDUDPHWHU�YDOXHV�DUH�DWWDLQDEOH�LQ

VDSSKLUH� VLQJOH� FU\VWDOV� JURZQ� XVLQJ� KRUL�
]RQWDO� GLUHFWLRQDO� FU\VWDOOL]DWLRQ� �+'&�� LQ
UHGXFLQJ� DWPRVSKHUH� >�@� &]RFKUDOVNL� DQG

.\URSRXORV� >�@� WHFKQLTXHV� DQG� ILQLVKHG
XVLQJ�SROLVKLQJ�FROORLGDO�VLOLFRQ�GLR[LGH�VXV�
SHQVLRQ�PDGH�RI�$HURVLO����� �WKH�6L2��SDU�WLFOH�VL]H�����c���6XFK�D�FKHPLFDO�WUHDWPHQW
SURYLGHV� WKH� UHPRYDO� RI� GLVWRUWHG� VXUIDFH
OD\HU� IRUPHG�GXH� WR�PDFKLQLQJ�E\�GLDPRQG
DEUDVLYH� PDWHULDOV�� +RZHYHU�� WKHUH� DUH� QR
OLWHUDWXUH�GDWD�FRQFHUQLQJ�WKH�GLVWRUWHG�VXU�
IDFH� OD\HU� WKLFNQHVV�� GHIHFWQHVV� LQ� WKDW
OD\HU� DV�ZHOO�DV� WKH� VWUXFWXUH�SHUIHFWLRQ�RI
WKH� VXUIDFH� OD\HU� DIWHU� FKHPLFDO� ILQLVKLQJ
DQG� WKHUPDO� DQQHDOLQJ�� 7KH� PDLQ� FKDUDF�
WHULVWLFV� RI� WKH� VXEVWUDWH� VXUIDFH� DUH� QRZ
REWDLQHG� E\� WKH� URXJKQHVV� PHDVXUHPHQWV
XVLQJ�DQ�DWRPLF�IRUFH�PLFURVFRSH�>�@�
:H� KDYH� XVHG� WKH� WULSOH�FU\VWDO� ;�UD\

GLIIUDFWRPHWU\� �7;'�� >����@� WR� VWXG\� WKH
VWUXFWXUH� SHUIHFWLRQ� RI� VLQJOH� FU\VWDOV
JURZQ� XVLQJ� +'&�� &]RFKUDOVNL� DQG� .\UR�
SRXORV�WHFKQLTXHV�DQG�WKH�VXUIDFH� OD\HUV�RI
WKH� FU\VWDOV� DIWHU� PHFKDQLFDO� WUHDWPHQW
�07�� XVLQJ� $60� ������ DEUDVLYH�� FKHPLFDO
ILQLVKLQJ� �&)��XVLQJ�$HURVLO������DQG�KLJK�
WHPSHUDWXUH�DQQHDOLQJ�
7KH� VWUXFWXUH� SHUIHFWLRQ� GHJUHH� RI� WKH

JURZQ�FU\VWDOV�DQG�WKH�WUHDWHG�VXUIDFH�OD\HU
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ZDV�FKDUDFWHUL]HG�E\�WKH�GLIIUDFWLRQ�URFNLQJ
FXUYH� VKDSH� �5&6��� WKH� IXOO� ZLGWK� RI� KDOI
PD[LPXP� �):+0�� �E��� WKH� FXUYH�ZLGWK� DW
KHLJKW� FRUUHVSRQGLQJ� WR� �����RI� ,PD[� �Ec��DQG� WKH� LQWHJUDO� UHIODFWLRQ�SRZHU�,5��7KRVH
SDUDPHWHUV� ZHUH� PHDVXUHG� E\� 7;'� LQ� &X
.D� HPLVVLRQ� IRU� GLIIHUHQW� UHIOHFWLRQ� RUGHUV
�������� �������� LQ� WKH� %UDJJ� UHIOHFWLRQ� JH�
RPHWU\� DQG� ^���

BB
�`�� ^���

BB
�`�� ^���

BB
�`� LQ� WKH

%UDJJ�/DXH� JHRPHWU\� DW� WUDQVPLVVLRQ
WKURXJK� WKH� EXON� RI� WKH� VDPSOH� XQGHU
VWXG\�� WKH� '5&6� EHLQJ� UHFRUGHG� IRU� WKH
/DXH�DQG�DQRPDORXV�WUDQVPLWWHG��%RKUPDQ�
UHIOHFWLRQ�� 7KH� VDPSOH� ZDV� VFDQQHG� DW
����PP� VFDQ� VWHS�ZLWK� UHVSHFW� WR� WKH� LQFL�
GHQW�;�UD\�EHDP��WKXV�PDNLQJ�LW�SRVVLEOH�WR
MXGJH�WKH�VWUXFWXUH�SHUIHFWLRQ�RI�WKH�FU\VWDO
EXON� DQG� VXUIDFH�� )URP� ODUJH
����u���u���PP��� VDSSKLUH� FU\VWDOV� JURZQ
XVLQJ�+'&�>�@�DQG�������PP��K� �����PP�
RQHV� JURZQ� E\� &]RFKUDOVNL�� ���� DQG� �� PP
WKLFN� GLVFV� RI� ������ PP� DQG� ������PP
ZHUH� FXW� RXW� RULHQWHG� LQ� WKH� FU\VWDO�
ORJUDSKLF�SODQH�^����`�WR�ZLWKLQ���c�DQG�WKH
VLGH� FXW� RULHQWHG� LQ� ^���

BB
�`� WR� ZLWKLQ� ��c�

7KH� FXW� GLVFV� ZHUH�PDFKLQHG� DQG�PHFKDQL�
FDOO\� ILQLVKHG� XVLQJ� $60� ������ DEUDVLYH�
WKHQ�ILQLVKHG�FKHPLFDOO\�XVLQJ�FROORLGDO�VLOL�
FRQ� GLR[LGH� SROLVKLQJ� VXVSHQVLRQ�� 7KH� GLV�
WRUWHG�VXUIDFH�OD\HU�IRUPHG�GXH�WR�PHFKDQL�
FDO�ILQLVK�ZDV�UHPRYHG�LQ�VWHS�E\�VWHS�PDQ�
QHU��7R�PRQLWRU� WKH� UHPRYHG� OD\HU� DQG� WKH
UHPRYDO� UDWH�� WKH� VDPSOH� XQGHU� WUHDWPHQW
ZDV�ZHLJKHG�WR�ZLWKLQ�����PJ��7KLV�PHWKRG
SURYLGHV� WKH�UHPRYHG� OD\HU� WKLFNQHVV�PRQL�
WRULQJ� DW� DQ� HUURU� RI� r����� QP� DQG
r����� QP� IRU� ������ PP� DQG� ������PP
GLVFV��UHVSHFWLYHO\�

7KH�UHPRYDO�UDWH�DW�WKH�&)�ZDV�VRPHZKDW
KLJKHU�DW�WKH�LQLWLDO�VWDJH�DQG�WKHQ�DWWDLQHG�D
FRQVWDQW� YDOXH� RI� DERXW� ����Ü��PJ�PLQ� SHU
��FP�� VXUIDFH�� ,W� LV� WR� QRWH� WKDW� VXFK� D
UHPRYDO� UDWH� LV� W\SLFDO� RI� WKH� WUHDWHG� VXU�
IDFH�RULHQWHG� LQ� ^����`�SODQH�WR�ZLWKLQ���c�
:KHQ� WKH� GHYLDWLRQ� DWWDLQHG� VHYHUDO� GH�
JUHHV��WKH�UHPRYDO�UDWH�RI�WKH�GLVWRUWHG�VXU�
IDFH�OD\HU�LQFUHDVHG�E\�D�IDFWRU�RI���WR����
$IWHU� PHFKDQLFDO� ILQLVKLQJ� ZLWK� $60

������ DEUDVLYH�� D� GLDPRQG� EDFNJURXQG� LV
UHPDLQHG� DW� WKH� VDPSOH� VXUIDFH�� WKH� GLVF
EHFRPHV� FXUYHG� DV� ZHOO� DV� D� GLVWRUWHG� VXU�
IDFH�OD\HU�LV�SUHVHQW�UHVXOWLQJ�LQ�EURDGHQHG
WKH� IXOO� ZLGWK� RI� KDOI� PD[LPXP� E� DQG� LQ�
FUHDVHG�LQWHJUDO�UHIOHFWLRQ�SRZHU�,5��)LJ����
7DEOH�����8VLQJ�WKH�PHWKRG�GHVFULEHG�LQ�>�@�
WKH�GLVWRUWHG�OD\HU�KDV�EHHQ�HVWLPDWHG�WR�EH
DERXW� �� PP� WKLFN� WH[WXUHG� SRO\FU\VWDOOLQH
OD\HU�� 7KH� HUURUV� LQ� WKH� GHWHUPLQHG� LQWHQ�
VLW\�RI�WKH�LQFLGHQW�;�UD\�EHDP��LQWHQVLW\�LQ
WKH�%UDJJ�UHIOHFWLRQ�PD[LPXP��LQWHJUDO�UH�
IOHFWLRQ�SRZHU��GLIIUDFWLRQ�UHIOHFWLRQ�FXUYH�
WDNLQJ� LQWR� DFFRXQW� WKH� G\QDPLFDO� VFDWWHU�
LQJ�HIIHFWV�LQ�SHUIHFW�VDSSKLUH�FU\VWDOV��KLQ�
GHU� WKH� FRUUHFW� PHDVXUHPHQWV� RI� WKH� GLV�
WRUWHG� OD\HU� WKLFNQHVV� RI� t��PP� XVLQJ� WKH
PHWKRG� >�@�� 7KH� 5&6�� WKH� URFNLQJ� FXUYH
KDOI�ZLGWK�E

BB
�ZLGWK�DW������RI�,PD[�E

BB
c��LQWH�

JUDO�UHIOHFWLRQ�SRZHU�,5
BBB
�IRU�GLIIHUHQW�UHIOHF�

WLRQV� DQG� GLIIHUHQW� PHDVXUHPHQW� JHRPHWU\
KDYH� EHHQ� IRXQG� WR� EH� PRUH� VHQVLWLYH� SD�
UDPHWHUV� WKDW� FKDUDFWHUL]H� WKH�GLVWRUWHG� VXU�
IDFH�OD\HU��,Q�)LJ�����SUHVHQWHG�DUH�GLIIUDFWLRQ
URFNLQJ� FXUYHV� IRU� ������� DQG� �������� VDS�
SKLUH�UHIOHFWLRQV�PHDVXUHG�E\�7;'�LQ�WKH��Q�
Q��ÜP��PRGH�LQ�&X.D��HPLVVLRQ�IRU�D�VDPSOHPHFKDQLFDOO\� ILQLVKHG�XVLQJ�$60�������DQG
WKHQ�ILQLVKHG�FKHPLFDOO\�LQ�FROORLGDO�VLOLFD�VROX�

)LJ�����'LIIUDFWLRQ� UHIOHFWLRQ� FXUYH� �7;'��&X�.D��HPLVVLRQ��� ^����`� �D�� DQG� ^�����`� �E�� UHIOHFWLRQVDIWHU�FKHPLFDO��FXUYHV����DQG�PHFKDQLFDO�����ILQLVKLQJ�
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WLRQ� ZLWK� WKH� UHPRYDO� RI� DQ� DERXW� �� PP
VXUIDFH�OD\HU��FXUYH����
,W� LV� VHHQ� IURP� )LJ���� WKDW�� LQ� VSLWH� RI

PHFKDQLFDO� ILQLVKLQJ�� WKH� VDPSOHV� VKRZ� D
FRQVLGHUDEOH� FKDQJH� LQ�'5&6�� WKH� LQWHQVLW\
LQ�'5&�PD[LPXP��E�DQG�E

BB
c�DV�ZHOO�DV�LQ�,5�

$� VLPLODU� GHSHQGHQFH� LV� REVHUYHG� DOVR� IRU
^����`� UHIOHFWLRQ� �VHH� )LJ���D� DQG� 7DEOH����
WKRXJK� WKH� PRQRFKURPDWLF� EHDP� FURVV�VHF�
WLRQ�DW�WKH�VDPSOH�LV�LQFUHDVHG�WZLFH�DQG�WKH
%UDJJ� DQJOHV� RI� LQFLGHQFH� IRU� WKH� VHFRQG
FU\VWDO�PRQRFKURPDWRU��T0� ��������DQG�WKHVDPSOH� �T� �������� DUH� TXLWH� GLIIHUHQW�� 7KH
FRPSDUDEOH�E� DQG�5&6�YDOXHV� IRU� WKH� ������
DQG���������UHIOHFWLRQV�EHFRPH�DWWDLQDEOH�GXH
WR� WKH�GHYHORSHG�7;'�GHVLJQ� >�@�DQG� WKH� VH�
OHFWHG�H[SHULPHQWDO�JHRPHWU\��Q��Q��ÜP���)RU
GRXEOH�FU\VWDO� GLIIUDFWRPHWHUV�� DQG� HYHQ
ZKHQ� IRXU� UHIOHFWLRQV� IURP� WKH� PRQRFKUR�
PDWRU�� WKH� H[SHULPHQWDO� URFN� KDOI�ZLGWKV
H[FHHG� WZLFH� RXU� UHVXOWV�� WKDW� LV� GXH� WR� D
FRQVLGHUDEOH� FRQWULEXWLRQ� IRUP� WKH� LQVWUX�
PHQWDO�'5&�EOXUULQJ�IDFWRU�>�@�
7KH� VWXGLHG� VDPSOHV� PHFKDQLFDOO\� ILQ�

LVKHG�ZLWK�$60�������DEUDVLYH�DQG�H[KLELW�
LQJ� WKH� GLVWRUWHG� VXUIDFH� OD\HU�� GLDPRQG
EDFNJURXQG�� VXUIDFH� FXUYDWXUH�� WKH� URXJK�
QHVV�5D��DQG�3������RSWLFDO� WUHDWPHQW�FODVVZHUH�WKHQ�VXEMHFWHG�WR�VWHS�E\�VWHS�FKHPLFDO
ILQLVKLQJ�� $IWHU� HDFK� FKHPLFDO� WUHDWPHQW
VWHS�� WKH� 7;'� SDWWHUQV� RI� '5&� IRU� ������
DQG���������ZHUH�UHFRUGHG�LQ����SRLQWV��WKH
VDPSOHV� ZHUH� VFDQQHG� DW� ���� PP� VWHSV�
7KHQ��WKH�DYHUDJHG�SDUDPHWHUV�E��E

BB
c�DQG�,5

BBB
ZHUH� SORWWHG� DV� IXQFWLRQV� RI� WKH� UHPRYHG
GLVWRUWHG� OD\HU� WKLFNQHVV�'W� �)LJ���D�� E�� F��
1R� FKDQJHV� LQ� WKH� GHSHQGHQFHV� SORWWHG� DUH
VHHQ� DIWHU� DQ� DERXW� ���� PP� WKLFN� OD\HU� LV
UHPRYHG�� $OO� WKH� FKHPLFDO� UHPRYDO� VWHSV
ZHUH�FDUULHG�RXW�IRU�WKH�VDPH�VDPSOH�ZLWK�D
FHUWDLQ� GHQVLW\� RI� JURZWK� GLVORFDWLRQV�� WKH
VDPSOH� EHLQJ� VFDQQHG� DORQJ� WKH� JURZWK� GL�
UHFWLRQ� >���

BB
�@�� ,W� LV� WR� QRWH� WKDW� WKH� 5&6

SDUDPHWHUV� E
BB
�'W��� E

BB
c�'W��� DQG� ,5

BBB
�'W�� FKDUDF�

WHUL]H� WKH� VWUXFWXUH� SHUIHFWLRQ� QRW� RQO\� RI
WKH� VXUIDFH� OD\HU� EXW� DOVR� RI� WKH� FU\VWDO
EXON�� +RZHYHU�� WKH� EHKDYLRU� FKDUDFWHU� RI
E
BB
�'W��� E

BB
c�'W��� DQG� ,5

BBB
�'W�� LV� UHPDLQHG� DW� WKH

FKHPLFDO� WUHDWPHQW� RI� VDSSKLUH� FU\VWDOV
JURZQ�W�GLIIHUHQW�LQLWLDO�GLVORFDWLRQ�GHQVLWLHV
�VHH� 7DEOH����� WKDW� LV�� DIWHU� WKH� PHFKDQLFDO
WUHDWPHQW�ZLWK�$60�������DEUDVLYH��LW�LV�VXI�
ILFLHQW�WR�UHPRYH�WKH�DERXW�����PP�WKLFN�GLV�
WRUWHG� VXUIDFH� OD\HU� WR� DWWDLQ� WKH� VWUXFWXUH
SHUIHFWLRQ�W\SLFDO�RI�WKH�JURZQ�FU\VWDO�EXON�
7KH� DEVHQFH� RI� WKH� GLVWRUWHG� VXUIDFH

OD\HU� DIWHU� UHPRYDO� RI� 'W�a�����PP� E\� WKH
FKHPLFDO� ILQLVKLQJ� LV� FRQILUPHG� GLUHFWO\� E\

WKH�'5&6�SDUDPHWHUV�E
BB
��E
BB
c�DQG�,5

BBB
�PHDVXUHG

LQ� WKH� /DXH� DQG� %RKUPDQQ� JHRPHWULHV� IRU
^���

BB
�`�DQG�^���

BB
�`�UHIOHFWLRQV�DQG�IRU�������

DQG� �������� RQHV� LQ� WKH� UHIOHFWLRQ� %UDJJ
JHRPHWU\�DV�ZHOO�DV�E\�WKH�GDWD�REWDLQHG�DW
D�GLVORFDWLRQ�IUHH�DUHD�RI�WKH�FU\VWDO�ZLWK�WKH
GLVWRUWHG�OD\HU�UHPRYHG�E\�FKHPLFDO�SROLVKLQJ
LQ�.+62��PHOW�DW�����&��VHH�7DEOH��� ,W� LV� WRQRWH� WKDW� LW� LV� MXVW� EDVDO� RULHQWDWLRQ� VDS�
SKLUH� RI� �� DQG� ���� PP� WKLFNQHVV� WKDW� LV
XVHG� DV� WKH� VXEVWUDWH�� LQ� WKRVH� FDVHV�� PW

)LJ����� E
BB
� �D��� E

BB
c� �E�� DQG� ,5

BBB
� �F�� FKDQJHV� DW

OD\HU�E\�OD\HU� FKHPLFDO� UHPRYDO� RI� WKH� GLV�
WRUWHG� VXUIDFH� OD\HU� �'W� WKLFN�� IRU� ������� UH�
IOHFWLRQ�
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YDOXHV�DUH�������DQG�������UHVSHFWLYHO\��P�LV
WKH� QRUPDO� SKRWRHOHFWULF� DEVRUSWLRQ� FRHIIL�
FLHQW�� LQ� &X� .D�� HPLVVLRQ�� 7KDW� WKLFNQHVVYDOXHV�DUH�RSWLPDO� WR� VWXG\� WKH�EXON�VWUXF�
WXUH�SHUIHFWLRQ�LQ�WKH�SUHVHQFH�RI�;�UD\�G\�
QDPLF� VFDWWHULQJ� �WKH� %RKUPDQQ� HIIHFW��
7KH�DQRPDORXV�WUDQVPLVVLRQ�LWVHOI�HYLGHQFHV
D� KLJK� VWUXFWXUH� SHUIHFWLRQ� RI� WKH� FU\VWDOV
VWXGLHG� KDYLQJ� WKH� GLVORFDWLRQ� GHQVLW\
Ud����FPÜ��� 7KH� VLPLODULW\� RI� E� YDOXHV� RE�
WDLQHG�LQ�WKH�%UDJJ�UHIOHFWLRQ�JHRPHWU\�DQG
LQ�WKH�/DXH�DQG�%RKUPDQQ�WUDQVPLVVLRQ�JH�
RPHWULHV�IRU�FKHPLFDOO�ILQLVKHG�VDPSOHV�HYL�
GHQFHV� WKH� DEVHQFH� RI� GLVWRUWLRQV� LQ� WKH
FU\VWDO� VXUIDFH� OD\HU� �7DEOH����� $Q� DGGL�
WLRQDO�DQQHDOLQJ��DW������&�LQ�DLU�IRU����K�
RI� VDPSOHV� ILQLVKHG� ZLWK�$60� ������ DEUD�
VLYH�UHVXOWV�LQ�UHPRYDO�RI�WKH�GLVF�FXUYDWXUH
DQG�WKH�GLVORFDWLRQ�GHQVLW\�UHGXFWLRQ�LQ�WKH
VXUIDFH�OD\HU�WKDW�LV�HYLGHQFHV�E\�UHGXFWLRQ
RI�E

BB
�'W���E

BB
c�'W���DQG�,5

BBB
�'W���7KH�DQQHDOLQJ�RI

WKRVH�VDPSOHV�DW�DERXW������&�LQ�D�UHGXFLQJ
DWPRVSKHUH� IRU� ��� K� UHVXOWV� LQ� WKHUPDO
HWFKLQJ�RI�WKH�FU\VWDO�VXUIDFH�DQG�IRUPDWLRQ
RI� RUGHUHG� GLVORFDWLRQ� VWUXFWXUHV� FDXVLQJ
WKH�VPDOO�DQJOH�URWDWLRQV�DQG�WKH�'5&�EOXU�
ULQJ��1R�DQRPDORXV�;�UD\�WUDQVPLVVLRQ�KDV
EHHQ�REVHUYHG� IRU� WKH� VDPSOHV� ILQLVKHG�PH�
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