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7KH� PDJQHWRUHVLVWDQFH� DQG� PDJQHWLF� VXVFHSWLELOLW\� �06�� RI� 6L±*H�%!� ZKLVNHUV� KDYH

EHHQ� GHWHUPLQHG� LQ� WKH� WHPSHUDWXUH� UDQJH� ���Ü����.� LQ�PDJQHWLF� ILHOGV� XS� WR� ���� DQG
����N2H��UHVSHFWLYHO\��7KH�UHVXOWV�REWDLQHG�VKRZ�WZR�SHFXOLDULWLHV��D�VXEVWDQWLDO�SDUDPDJ�
QHWLF� FRQWULEXWLRQ� WR� WKH�ZKLVNHU�06� DQG�PDJQHWL]DWLRQ��QRQ�OLQHDU�GHSHQGHQF\� RI�PDJ�
QHWL]DWLRQ� RQ� PDJQHWLF� ILHOG�� 7KHVH� IDFWV� LQGLFDWH� WKH� H[LVWHQFH� RI� DQWLIHUURPDJQHWLF
RUGHULQJ�LQ�WKH�ZKLVNHUV��7KH�PDJQHWL]DWLRQ�K\VWHUHVLV�UHDOO\�REVHUYHG�DW�����.�FRQILUPV
WKH�DERYH�VXSSRVLWLRQ��3RVVLEOH�UHDVRQV�RI�WKH�HIIHFW�UHYHDOHG�DUH�GLVFXVVHG���
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6L±*H�VROLG�VROXWLRQ�ZKLVNHUV�DUH�XVHG�DV
VHQVRUV� RI� YDULRXV� SK\VLFDO� SDUDPHWHUV
�WHPSHUDWXUH��SUHVVXUH��VWUDLQ��RSHUDWLQJ�LQ
ZLGH�UDQJH�RI� WHPSHUDWXUHV� LQFOXGLQJ�FU\R�
JHQLF� RQHV� >�@�� ,QYHVWLJDWLRQ� RI� PDJQHWLF
SURSHUWLHV�RI�WKH�ZKLVNHUV�LV�DQ�DFWXDO�WDVN
ERWK� IURP� SUDFWLFDO� DQG� IXQGDPHQWDO� SRLQW
RI�YLHZ��2Q�WKH�RQH�KDQG��WKH�ZKLVNHU�PDJ�
QHWLF� UHVSRQVH� GHWHUPLQHV� D� SRVVLELOLW\� RI
VHQVRU� DSSOLFDWLRQ� XQGHU� PDJQHWLF� ILHOGV�
2Q� WKH� RWKHU� KDQG�� LQYHVWLJDWLRQ� RI� PDJ�
QHWLF� VXVFHSWLELOLW\� �06�� DOORZV� WR� LPSURYH
NQRZOHGJH� DERXW� PDJQHWRUHVLVWDQFH� DQG
FRQGXFWLRQ� RI� WKH� FU\VWDOV�� WKHLU� EHKDYLRU
XQGHU� YDULRXV� H[WHUQDO� LQIOXHQFHV�� WKH� LQ�
WHUDFWLRQ�QDWXUH�RI�WKH�HIIHFWV��HWF��)LQDOO\�
WKH�ZKLVNHUV� DUH� RI� LQWHUHVW� GXH� WR� QXPHU�
RXV� VL]H� HIIHFWV�� $PRQJ� WKRVH�� WKHUH� LV� D
GHFUHDVH�RI� ODWWLFH�SDUDPHWHU�>�@��D�VKLIW�RI
HQHUJ\�EDQGV��OXPLQHVFHQFH�LQ�YLVLEOH�UDQJH
DULVLQJ�DW�GHFUHDVH�RI�WKH�ZKLVNHU�GLDPHWHU

GRZQ�WR�OHVV�WKDQ���PP�>�@��VL]H�GHSHQGHQFH
RI�PDJQHWLF�VXVFHSWLELOLW\�6L�ZKLVNHUV�ZKLFK
GLIIHUV�IURP�WKDW�RI�EXON�PDWHULDO�>�@��,W�LV
ZRUWK�WR�QRWH�WKDW�PDJQHWL]DWLRQ�VWXGLHV�RI
EXON� S±6L� ZHUH� FDUULHG� RXW� LQ� QXPHURXV
ZRUNV�� LQ� SDUWLFXODU�� LQ� >�Ü�@�� $XWKRUV� >�@
SURYLGHG� WKH� UHVXOWV� RI�PDJQHWLF� LQYHVWLJD�
WLRQV�RI�EXON�6L�GRSHG�ZLWK�%�LQ�ZLGH�UDQJHV
RI�LPSXULW\�FRQFHQWUDWLRQ��WHPSHUDWXUH�DQG
PDJQHWLF� ILHOG� VWUHQJWK�� ,Q� SDUWLFXODU�� LW
ZDV� VKRZQ� WKDW� PDJQHWLF� VXVFHSWLELOLW\� RI
KHDYLO\� GRSHG�6L� VDPSOHV� KDV� QHJDWLYH� VLJQ
DQG� GHSHQGV� KDUGO\� RQ� WHPSHUDWXUH� LQ� WKH
���Ü����.�UDQJH��7KH�PDJQHWLF�VXVFHSWLELO�
LW\�DQG�PDJQHWL]DWLRQ�RI�VWUDLQHG�6L�DQG�*H
VLQJOH�FU\VWDOV�ZHUH�VWXGLHG�LQ�>�@��ZKHUH�LW
ZDV�VKRZQ�WKDW�WKH�VWUDLQ�FKDQJHV�VXEVWDQ�
WLDOO\� PDJQHWL]DWLRQ� RI� WKH� PDWHULDO�� $V� D
UHVXOW�� ILHOG� GHSHQGHQFHV� RI� 06� DSSHDU�
ZKLFK�ZHUH�H[SODLQHG�E\�PDJQHWLF�RUGHULQJ
RI�FDUULHUV�ORFDOL]HG�RQ�FU\VWDO�GLVORFDWLRQV�
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0DJQHWL]DWLRQ�RI�VLOLFRQ�>�@�DQG�VLOLFRQ�JHU�
PDQLXP�>�@�ZKLVNHUV�ZDV�DOVR�VKRZQ�WR�GLI�
IHU� IURP� WKDW� RI� EXON�PDWHULDO�� ,Q� SDUWLFX�
ODU��WKH�GLDPDJQHWLF�VXVFHSWLELOLW\�YDOXH�IRU
ZKLVNHUV� LV� OHVV� WKDQ�06� RI� EXON�PDWHULDO�
ZKLFK�ZDV�H[SODLQHG�E\�H[LVWHQFH�RI�SDUDP�
DJQHWLF� FHQWHUV� WKHUHLQ� >����@�� +RZHYHU�
WKHVH� VWXGLHV� ZHUH� GRQH� RQO\� DW� URRP� WHP�
SHUDWXUHV�� ,Q� RUGHU� WR� VWXG\� WKH� QDWXUH� RI
PDJQHWLF�FHQWHUV� LQ�WKH�ZKLVNHUV�� LW� LV�QHF�
HVVDU\�WR�LQYHVWLJDWH�WKHLU�PDJQHWLF�SURSHU�
WLHV� DW� ORZ� WHPSHUDWXUHV�� 7KLV� ZRUN� GHDOV
ZLWK� VWXGLHV� RI� PDJQHWLF� SURSHUWLHV� RI
6L�±}*H}� �²� �����Ü������ ZKLVNHUV� ZLWK
ERURQ� FRQFHQWUDWLRQV� a��Ü��������°PÜ�� QHDU
WR� WKH� PHWDO�LQVXODWRU� WUDQVLWLRQ� �0,7�� LQ
WHPSHUDWXUH� UDQJH� RI� ���Ü���� .�� ,Q� SDU�
WLFXODU��WKH�PDJQHWRUHVLVWDQFH�DQG�PDJQHWLF
VXVFHSWLELOLW\� RI� WKH�ZKLVNHUV�ZHUH� LQYHVWL�
JDWHG�

6L±*H� ZKLVNHUV� ZHUH� JURZQ� E\� FKHPLFDO
WUDQVSRUW� UHDFWLRQ� LQ� D� VHDOHG� WXEH� >�@�� ,Q
TXDUW]� WXEH�� WKH� IROORZLQJ� PDWHULDOV� ZHUH
ORDGHG�� VLOLFRQ� DQG� JHUPDQLXP� DV� JURZWK
PDWHULDOV�� JROG� DV� WKH� JURZWK� LQLWLDWRU�
ERURQ� DV� WKH� GRSDQW� DQG� EURPLQH� DV� WKH
WUDQVSRUW� DJHQW��7HPSHUDWXUH�YDOXHV� LQ� WKH
HYDSRUDWLRQ� ]RQH� DQG� FU\VWDOOL]DWLRQ� ]RQH
ZHUH� �����&� DQG� ���Ü����&�� UHVSHFWLYHO\�
7KH� LQYHVWLJDWHG� ZKLVNHUV� KDYH� GLDPHWHUV
UDQJLQJ� IURP� ��� WR� ��� PP�� *H� FRQWHQW� LQ
6L�±[*H[� ZKLVNHUV� ZDV� FRQWUROOHG� E\�PLFUR�SUREH� DQDO\VLV� DQG� DPRXQWHG� ������ ZKLOH
ERURQ� FRQFHQWUDWLRQV� Q%� ZHUH� DERXW� ��Ü��������FPÜ��� 7R� FRQWURO� WKH� ZKLVNHU� FRQ�
WDPLQDWLRQ�� $XJHU� VSHFWURVFRS\� DQG� PDVV
VSHFWUDO�DQDO\VLV�ZDV�XVHG��7KH�DQDO\VLV�UH�
VXOWV�LQGLFDWH�WKH�DEVHQFH�RI�DQ\�LPSXULWLHV
LQ� WKH� ZKLVNHUV� ZLWK� FRQFHQWUDWLRQ� H[FHHG�
LQJ� �����FPÜ��� 7KH� ZKLVNHU� PDJQHWLF� VXV�
FHSWLELOLW\�ZDV�PHDVXUHG�E\�)DUDGD\�PHWKRG
>�@�LQ�PDJQHWLF�ILHOGV�����Ü�����N2H�LQ�WHP�
SHUDWXUH�UDQJH����Ü����.��%HIRUH�WKH�PHDV�
XUHPHQWV�� VDPSOHV� ZHUH� IRUPHG� IURP� WKH
ZKLVNHUV� XVLQJ� WKH� IROORZLQJ� ZD\�� 7KH
ZKLVNHUV� ZHUH� SDFNHG� LQ� F\OLQGULFDO� JODVV
WXEHV� RI� �� PP� GLDPHWHU� WKDW� ZHUH� WKHQ
ILOOHG� ZLWK� EHHVZD[�� $IWHU� WKDW�� WKH� JODVV
WXEH� ZDV� UHPRYHG� IURP� WKH� VDPSOHV�� 7KH
H[SHULPHQWDO� UHVXOWV� VKRZ� WKDW� PDJQHWLF
VXVFHSWLELOLW\� RI� EHHVZD[� LV� RQH� RUGHU� RI
PDJQLWXGH�ORZHU�WKDQ�WKDW�RI�WKH�ZKLVNHUV�
1HYHUWKHOHVV��WKH�GDWD�ZHUH�FRUUHFWHG�HYHU\
WLPH� IRU� WKH� PDJQHWLF� FRQWULEXWLRQ� IURP
EHHVZD[��7KH�PHDVXUHPHQW�HUURU�GLG�QRW�H[�
FHHG� �� ��� 7KH� ZKLVNHU� PDJQHWRUHVLVWDQFH
ZDV� PHDVXUHG� LQ� WHPSHUDWXUH� UDQJH� ���Ü
��� z� DW� PDJQHWLF� ILHOGV� RI� �� WR� ��� �
VWUHQJWK�

,QYHVWLJDWLRQV�RI�WKH�ZKLVNHU�PDJQHWRUH�
VLVWDQFH�VKRZ�WKDW�WKH�GHSHQGHQFH�RI�'5%�5RQ�PDJQHWLF� ILHOG� LQWHQVLW\�GLIIHUV�VXEVWDQ�
WLDOO\� IRU� WKH� VDPSOHV� ZLWK� YDULRXV� GRSDQW
FRQFHQWUDWLRQV�� ,Q� WKH� VDPSOHV�EHLQJ�DW� WKH
PHWDO�VLGH�RI�0,7�ZLWK�ERURQ�FRQFHQWUDWLRQ
��Ü��������°PÜ��� WKH� ILHOG� GHSHQGHQFH� RI
PDJQHWRUHVLVWDQFH� FDQ� EH� DSSUR[LPDWHG� E\
H[SRQHQWLDO� ODZ� '5%�5aH[S�%Q��� ZKHUH
Q� ������,Q�WKH�VDPSOHV�EHLQJ�DW�WKH�GLHOHF�
WULF� VLGH� RI� 0,7� ZLWK� ERURQ� FRQFHQWUDWLRQ
��Ü��������°PÜ��� TXDGUDWLF� GHSHQGHQFH� RI
PDJQHWRUHVLVWDQFH� RQ� PDJQHWLF� ILHOG� LQWHQ�
VLW\� '5%�5a%�� ZDV� REVHUYHG�� ,Q� W\SLFDOVHPLFRQGXFWRU� VDPSOHV� ZLWK� ERURQ� FRQFHQ�
WUDWLRQ� a�������FPÜ��� QHJDWLYH� PDJQHWRUH�
VLVWDQFH� �1l5�� �)LJ����� ZDV� REVHUYHG�� 7KH
105�YDOXH�DW��� ����z�DPRXQWHG�����
7KH� SUHVHQFH� RI� 105� LQ� VXFK� VDPSOHV

FDQ� EH� H[SODLQHG� E\� DULVLQJ� RI� DQWLIHUURPDJ�
QHWLF�H[FKDQJH�LQWHUDFWLRQ�GXULQJ�KRSSLQJ�FRQ�
GXFWLRQ�RI�KROHV��ZLWK�DFWLYDWLRQ�HQHUJ\�'p��RQ� GHORFDOL]HG� VWDWHV� RI� XSSHU�+DEEDUG� EDQG
>��@��7KH�WHPSHUDWXUH�LQFUHDVH����!����z��UH�
VXOWV� LQ� GHVWUXFWLRQ� RI� FRXSOHG� KROH� SDLUV
ZKLFK�UHVXOWV�LQ�GLVDSSHDUDQFH�RI�105�
7KH� UHVXOWV� RI� 6L����*H�����%!� ZKLVNHUVPDJQHWLF� VXVFHSWLELOLW\� PHDVXUHPHQWV�� LQ

SDUWLFXODU�� ILHOG� GHSHQGHQFHV� RI� 06�� IRU� FHU�
WDLQ� IL[HG� WHPSHUDWXUHV� ���� .�� ��� .� DQG
���� .�� DUH� SUHVHQWHG� LQ� )LJ����� 7KH� ZKLVNHU
PDJQHWLF� VXVFHSWLELOLW\� LV� VHHQ� WR� FKDQJH� WKH
VLJQ�DW�LQFUHDVH�RI�PDJQHWLF�ILHOG�DQG�VDWXUDWHV
LQ� WKH� ILHOG� H[FHHGLQJ� �� N2H� �7� �����.��� ,W
VKRXOG� EH� QRWHG� WKDW� WKH�ZKLVNHU�PDJQHWLF
VXVFHSWLELOLW\� GLIIHUV� VXEVWDQWLDOO\� IURP
EXON� 6L±*H� �F� �Ü��������Ü�� DW� URRP
WHPSHUDWXUH���7KH�GLIIHUHQFH�FRQVLVWV�LQ�WZR

)LJ����� 0DJQHWRUHVLVWDQFH� RI� 6L±*H� ZKLVNHU
ZLWK� ERURQ� FRQFHQWUDWLRQ� Q%� ��������°PÜ��
,QVHW�� WHPSHUDWXUH� GHSHQGHQFH� RI� WKH� ZKLVNHU
PDJQHWRUHVLVWDQFH���Ü������Ü�������Ü�����Ü�����
�Ü�������Ü�����Ü�������Ü�������Ü�����.�
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PDLQ� SRLQWV���L��WKH�VDWXUDWHG�YDOXH�F� �Ü������Ü
�� � IRU� WKH� ZKLVNHUV� LV� ORZHU� WKDQ� WKDW� RI
EXON� 6L±*H�� �LL�� VWURQJ� ILHOG� GHSHQGHQFH
F�+�� LV�REVHUYHG� LQ�WKH�ZKLVNHUV��ZKLFK�LQ�
GLFDWHV�WKH�SUHVHQFH�RI�PDJQHWLF�LQWHUDFWLRQ
EHWZHHQ�FHQWHUV�WKHUHLQ�
6LQFH� WKH� PDJQHWL]DWLRQ� LV� FRQQHFWHG

ZLWK� WKH� PDJQHWLF� VXVFHSWLELOLW\� E\� VLPSOH
UHODWLRQVKLS�0� �³FG+�� LW� LV� HDV\� WR� REWDLQ
WKH� FRUUHVSRQGLQJ� GHSHQGHQFHV� RI� 0�+��
7KH� UHVXOW� RI� VXFK� PDWKHPDWLFDO� WUDQVIRU�
PDWLRQ� DW� URRP� DQG� OLTXLG� QLWURJHQ� WHP�
SHUDWXUH� LV� SURYLGHG� LQ� )LJ����� 7KH� UHVXOWV
LQ�)LJ����DUH�OLNHO\�H[SODLQHG�E\�DSSHDUDQFH
RI�PDJQHWLF�RUGHULQJ�EHWZHHQ�WKH�FHQWHUV�LQ
FU\VWDOV� DW� ORZ� WHPSHUDWXUHV� >����@�� 7KLV� LV
DSSDUHQWO\�VXSSRUWHG�E\�REVHUYHG�K\VWHUHVLV
LQ�WKH�ILHOG�GHSHQGHQFH�RI�PDJQHWL]DWLRQ�0
DW� ���� .� ZLWK� FRHUFLYLW\� DERXW� �� N2H� �VHH
)LJ������

6L±*H�VROLG�VROXWLRQ�LV�D�GLDPDJQHWLF�PD�
WHULDO� ZLWK� FRQVWDQW� �LQGHSHQGHQW� RI� PDJ�
QHWLF�ILHOG�LQWHQVLW\��PDJQHWLF�VXVFHSWLELOLW\
YDOXH�DW�URRP�WHPSHUDWXUH��7KH�ZKLVNHU�06
SHFXOLDULWLHV�� LQ�SDUWLFXODU��DSSHDUDQFH�RI�D
SDUDPDJQHWLF� FRPSRQHQW� LQ� 06�� LQGLFDWH
WKH�SUHVHQFH�RI�SDUDPDJQHWLF�FHQWHUV�LQ�WKH
ZKLVNHUV�� 7KH� ILHOG� GHSHQGHQFHV� RI�F�+�� DV
ZHOO� DV�REVHUYHG�K\VWHUHVLV�DW� ORZ�WHPSHUD�
WXUH� FDQ� EH� H[SODLQHG� E\� PDJQHWLF�GRXEOHW
RU� H[FKDQJH� LQWHUDFWLRQ� EHWZHHQ� WKHVH� FHQ�
WHUV�LQ�WKH�FU\VWDOV�>��@�
7KH�DERYH�EHKDYLRU�RI�PDJQHWLF�VXVFHSWL�

ELOLW\�FDQ�EH�H[SODLQHG�E\�HLWKHU�LPSXULW\�RU
GHIHFWV� SUHVHQW� LQ� WKH� ZKLVNHUV�� /HW� WKHVH
WZR�SRVVLEOH�UHDVRQV�EH�FRQVLGHUHG�

6L±*H� ZKLVNHUV� ZHUH� GRSHG� GXULQJ� WKH
JURZWK�E\�%�DQG�$X�LPSXULWLHV��7KHVH�WZR�LP�
SXULWLHV�DUH�NQRZQ�WR�PDNH�GLDPDJQHWLF�FRQWUL�

EXWLRQ� WR� PDJQHWLF� VXVFHSWLELOLW\�� 7KH� RE�
VHUYHG�VDWXUDWLRQ�YDOXH�RI�F� �Ü������Ü���LQ�KLJK
PDJQHWLF�ILHOGV��)LJ������ZKLFK�LQFOXGHV�FRQ�
WULEXWLRQV�IURP�VLOLFRQ�ODWWLFH�DQG� LPSXULW\
VXEV\VWHP�� LV�VKLIWHG�WRZDUGV�SDUDPDJQHWLF
VLGH� DV� FRPSDUHG� WR� EXON� 6L±*H�� 7KLV� IDFW
LQGLFDWHV�WKH�H[LVWHQFH�RI�SDUDPDJQHWLF�FHQ�
WHUV�LQ�WKH�ZKLVNHUV�LQ�FRQFHQWUDWLRQV�H[FHHG�
LQJ�%� DQG�$X� RQHV��+RZHYHU�� WKH� UHVXOWV� RI
WKH� ZKLVNHU� LQYHVWLJDWLRQ� E\� PLFURSUREH
DQDO\VLV��&$0(%$;��VKRZ�WKDW�WKRVH�FRQWDLQ
RQO\� UHVLGXDO� �IRU� WKLV� DQDO\VLV�� FRQFHQWUD�
WLRQV� Q%a�������FPÜ��� 1R� FRQFHQWUDWLRQV� RI
RWKHUV� LPSXULWLHV� ZHUH� UHYHDOHG� LQ� WKH
ZKLVNHUV��7KH�DFFXUDF\�RI�PLFURSUREH�DQDO\�
VLV�LV�WRR�ORZ�IRU�VXFK�LQYHVWLJDWLRQV��7KHUH�
IRUH��ZH�FRQWUROOHG�WKH�ZKLVNHU�FRPSRVLWLRQ
E\�PDVV�VSHFWUDO�DQDO\VLV�DQG�GLG�QRW�HVWDE�
OLVK� DQ\� RWKHUV� LPSXULWLHV� LQ� WKH�ZKLVNHUV�
7KH� UHVXOWV� RI� WKH� ZKLVNHU� VXUIDFH� LQYHVWL�
JDWLRQ� E\� $XJHU�VSHFWURVFRS\� LQGLFDWH� WKH
H[LVWHQFH� RI� YHU\� WKLQ� �D� IHZ� QP�� GHQVH
OD\HU�RI�6L2��DV�ZHOO�DV�&�DQG�1�DWRPV��$OOWKHVH�PDWHULDOV�DUH�QRW�PDJQHWLF�LPSXULWLHV�
7KHUHIRUH�� WKH� REVHUYHG� EHKDYLRU� RI� WKH
ZKLVNHU� PDJQHWLF� VXVFHSWLELOLW\� FDQQRW� EH
H[SODLQHG�E\�LPSXULW\�FRQWULEXWLRQ�
$V� ZDV� VKRZQ� EHIRUH�� WKH� ZKLVNHU� LV

NQRZQ�WR�EH�D��KHWHURVWUXFWXUH��ZLWK�FU\V�
WDOOLQH� FRUH� RI� EXON� PDWHULDO� DQG� SRURXV
VKHOO� >��@��%HVLGHV��(35�GDWD�VKRZ�WKDW�SR�
URXV� VKHOO� FRQWDLQV� D� JUHDW� DPRXQW� RI� GDQ�
JOLQJ�ERQGV��([LVWHQFH�RI�GDQJOLQJ�ERQGV�LQ
SRURXV�HQYHORSH�RI�6L±*H�ZKLVNHUV�VHHPV�WR
EH� FRQVLVWHQW� ZLWK� D� GLIIHUHQFH� RI� WKH
ZKLVNHU� 06� IURP� WKDW� RI� EXON� PDWHULDO�
'DQJOLQJ� ERQGV� DUH� NQRZQ� WR� EH� SDUDPDJ�
QHWLF�FHQWHUV��7KHUHIRUH��WKHLU�H[LVWHQFH�H[�
SODLQV� LQ�JRRG�PDQQHU� WKH� VDWXUDWLRQ�YDOXH
RI� F� �Ü������Ü�� DW� KLJK� PDJQHWLF� ILHOGV

)LJ�����)LHOG�GHSHQGHQFHV�RI�PDJQHWLF�VXVFHS�
WLELOLW\� RI� 6L����*H�����%!� ZKLVNHUV� DW� IL[HGWHPSHUDWXUHV���Ü�����z����Ü����.����Ü�����.�

)LJ����� 0DJQHWL]DWLRQ� RI� 6L����*H�����%!ZKLVNHUV�IRU�FHUWDLQ�IL[HG�WHPSHUDWXUHV����Ü�����
��Ü������Ü�����.��
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�)LJ�����7� �����.���7KH�ILHOG�GHSHQGHQFH�RI
PDJQHWLF�VXVFHSWLELOLW\�LQGLFDWHV�DQ�LQWHUDF�
WLRQ�RI�GDQJOLQJ�ERQGV��5HDOO\��WKH�GDQJOLQJ
ERQGV�DUH� ORFDWHG� LQ� LQWHUVWLFHV��GLPHQVLRQV
RI� ZKLFK� DUH� VXEVWDQWLDOO\� OHVV� WKDQ� WKH
ZKLVNHU�GLDPHWHU��G|���Ü����QP���6XFK�GL�
PHQVLRQV� FDQ� EH� RI� DERXW� �Ü��� QP�� 6R�
WKHUH�DUH�DSSURSULDWH�GLVWDQFHV�IRU�PDJQHWLF
LQWHUDFWLRQ�RI�GDQJOLQJ�ERQGV� ORFDWHG� LQ�DQ
LQWHUVWLFH�
7R�GHWHUPLQH�WKH�QDWXUH�RI�SDUDPDJQHWLF

FHQWHUV��ZH�KDYH�YHULILHG� WKH�&XULH� ODZ�� ,Q
SDUWLFXODU�� ZH� KDYH� SUHVHQWHG� WKH� WHPSHUD�
WXUH�GHSHQGHQFH�RI�PDJQHWL]DWLRQ�DV�D�IXQF�
WLRQ�RI�+�7� DW� IL[HG� WHPSHUDWXUHV� �)LJ�����
7KH� REWDLQHG� GDWD� IRU� WKUHH� WHPSHUDWXUHV
DUH�VHHQ�WR�ILW�QRW�WR�RQH�FXUYH�DV�LW�VKRXOG
EH� IRU� DQ� H[SOLFLWO\� SDUDPDJQHWLF� PDWHULDO
>��@��7KH�PDJQHWLF�FHQWHUV� FDQ�EH�VXSSRVHG
WR� DULVH� GXH� WR� LQWHUDFWLRQ� RI�PDJQHWLF� RU�
ELWDO�PRPHQWV�RI�GDQJOLQJ�ERQGV�ZLWK�GHOR�
FDOL]HG� LPSXULW\� VWDWHV� RI� XSSHU� +DEEDUG
EDQG� LQ� KHDYLO\� GRSHG� 6L±*H� ZLWK� ERURQ
FRQFHQWUDWLRQ� FORVH� WR� 0,7�� +HQFH�� VLPLODU
WR� DPRUSKRXV� VLOLFRQ� GRSHG�ZLWK� UDUH�HDUWK
LPSXULWLHV� >��@�� PDJQHWLF� SRODURQV� DUH
OLNHO\�IRUPHG�LQ�D�QDQRSRURXV�VKHOO�RI�KHDY�
LO\� GRSHG� ZKLVNHUV�� 6XFK� PDJQHWLF� VWDWHV
H[LVW� RQO\� DW� ORZ� WHPSHUDWXUH� ����Ü��� .�
DQG� DUH� EURNHQ� DW� LWV� HOHYDWLRQ�� 7KH� SUHV�
HQFH�RI�PDJQHWLF�SRODURQV�UHVXOWV�LQ�DULVLQJ
DQWLIHUURPDJQHWLF� H[FKDQJH� LQWHUDFWLRQ
>��@�� $V� D� UHVXOW�� WZR� WKLQJV� WDNH� SODFH�
GHYLDWLRQ� IURP�&XULH� ODZ�IRU�PDJQHWLF� VXV�
FHSWLELOLW\�DQG�H[LVWHQFH�RI�QHJDWLYH�PDJQH�
WRUHVLVWDQFH� LQ� WKH� LQYHVWLJDWHG� VDPSOHV�
+RZHYHU�� FRQILUPDWLRQ� RI� WKLV� DVVXPSWLRQ
DV� ZHOO� DV� GLVWLQFW� GHWHUPLQDWLRQ� RI� PDJ�
QHWLF�LQWHUDFWLRQ�QDWXUH�LQ�WKH�ZKLVNHUV�GH�
PDQGV�IXUWKHU�LQYHVWLJDWLRQV�
7R� FRQFOXGH�� WKH� PDJQHWRUHVLVWDQFH� DQG

PDJQHWL]DWLRQ� RI� 6L����*H�����%!� ZKLVNHUVKDV� EHHQ� PHDVXUHG� LQ� ZLGH� WHPSHUDWXUH
UDQJH� ���Ü���� .� LQ� PDJQHWLF� ILHOGV� XS� WR
���� DQG� �� N2H�� UHVSHFWLYHO\�� 7KH� H[SHUL�
PHQWDO�GDWD�RQ�PDJQHWL]DWLRQ�DQG�PDJQHWLF
VXVFHSWLELOLW\� LQGLFDWH� WKH� H[LVWHQFH� RI� VXE�
VWDQWLDO� PDJQHWLF� RUGHULQJ� LQ
6L����*H�����%!� ZKLVNHUV�� WKH�PDJQLWXGH� RIZKLFK� LQFUHDVHV�ZLWK� WHPSHUDWXUH� GHFUHDVH�
7KH� REVHUYHG� EHKDYLRU� RI� PDJQHWLF� SURSHU�
WLHV� LV�QRW� FRQQHFWHG�ZLWK� LPSXULW\�FRQWHQW

RI� WKH� ZKLVNHUV�� ([LVWHQFH� RI� GDQJOLQJ
ERQGV�LQ�SRURXV�HQYHORSH�RI�6L±*H�ZKLVNHUV
LV� OLNHO\� FRQVLVWHQW� ZLWK� D� 06� GLIIHUHQFH
EHWZHHQ�WKH�ZKLVNHUV�DQG�WKH�EXON�PDWHULDO�
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