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5HFHLYHG�2FWREHU���������
7KH�SUHVHQW� LQWHUHVW� LQ�VPDOO� FRPSDFW�GLRGH�SXPSHG� ODVHUV�KDV�VXSSRUWHG�UHVHDUFK�RQ

QHZ�VROLG�VWDWH�ODVHU�V\VWHPV�EDVHG�RQ�QRQ�OLQHDU�FU\VWDOV��+LJK�TXDOLW\�/L1E2��ILEHU�VLQJOHFU\VWDOV� ZHUH� JURZQ� E\� PLFUR�SXOOLQJ� GRZQ� PHWKRG�� ,W� ZDV� IRXQG� LQGLUHFWO\� IURP� WKH
RSWLFDO�SURSHUWLHV�RI�WKH�/L1E2��ILEHU�VLQJOH�FU\VWDOV�WKDW�GRSLQJ�WKRVH�ZLWK�=Q2�LQFUHDVHVWKHLU� SKRWRUHIUDFWLYH� UHVLVWDQFH�� ,Q� DGGLWLRQ�� SKRWROXPLQHVFHQFH� SURSHUWLHV� GXH� WR� WKH
DGGLWLRQ�RI�1G�2��GRSDQW�KDYH�EHHQ�LQYHVWLJDWHG�
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/LWKLXP�QLREDWH�/1� �/L1E2���VLQJOH�FU\V�WDO� KDV� EHHQ� VWXGLHG� IRU� YDULRXV� LQGXVWULDO
DSSOLFDWLRQV�VXFK�DV�KRORJUDSKLF�VWRUDJH�GH�
YLFHV� >�@�� VROLG�VWDWH� ODVHUV� >�@� RU� RSWLFDO
ZDYHJXLGHV�>�@��+RZHYHU��RQH�VHULRXV�GLVDG�
YDQWDJH� RI�XQGRSHG�/L1E2�� �/1�� FU\VWDOV� LVWKH� SKRWRUHIUDFWLYH� HIIHFW� ZKLFK� RFFXUV
ZKHQ� WKH\� DUH� LUUDGLDWHG� ZLWK� KLJK�SRZHU
ODVHU� EHDPV�� ZKLFK� UHVWULFWV� WKHLU� XWLOL]D�
WLRQ� LQ� RSWLFDO� GHYLFH� DSSOLFDWLRQV�� 7KHUH�
IRUH��WKH�VXSSUHVVLRQ�RI�WKH�RSWLFDO�GDPDJH
LV�D�YHU\�LPSRUWDQW�REMHFWLYH�IRU�/L1E2��RS�WLFDO� GHYLFHV�� 7R� SURYLGH� DQ� HIIHFWLYH� VROX�
WLRQ�WR�WKLV�SUREOHP��WKH�SKRWRUHIUDFWLYH�UH�
VLVWDQFH� RI� WKH� /L1E2�� FU\VWDO� QHHGV� WR� EHLPSURYHG�E\�DGGLWLRQ�RI�=Q2�RU�0J2��+RZ�
HYHU��DV�ZLWK�XQGRSHG�/L1E2���D�GDUN�WUDFHLV� DOVR� LQGXFHG� LQ� 0J�GRSHG� /L1E2�� E\� DKLJK�SRZHU� ODVHU� EHDP� >�@�� 7KHUHIRUH�� 9RON

HW� DO�� >�@� VXJJHVWHG� WKH� XVH� RI� =Q2� GRSHG
/L1E2�� DV� D� QHZ� SKRWRUHIUDFWLYH�UHVLVWDQWPDWHULDO�WKDW�GRHV�QRW�H[KLELW�WKH�GDUNHQLQJ
HIIHFW� XQGHU� LUUDGLDWLRQ� IURP� D� ODVHU� EHDP
ZLWK� LQWHQVLW\� RI� XS� WR� ����0:�FP��� $Q�
RWKHU�SRWHQWLDO�DSSOLFDWLRQ�RI�/1� LV� LQ�1G��
EDVHG�FRPSDFW�GLRGH�SXPSHG�VHOI�IUHTXHQF\�
GRXEOHG�ODVHUV�ZKLFK�HPLWV�JUHHQ�UDGLDWLRQ�
XVHIXO� IRU�DSSOLFDWLRQV� LQ�RSWLFDO�GDWD�VWRU�
DJH�� XQGHUVHD� LPDJLQJ�� GLDJQRVLV� LQ� PHGL�
FLQH�� H[FLWDWLRQ� VRXUFHV� WR� UHSODFH� LRQ� JDV
ODVHUV�IRU�VFLHQFH�DQG�SXPSLQJ�RI�SDUDPHW�
ULF�RVFLOODWRUV�DQG�DPSOLILHUV�>�@�

,Q� WKLV� ZRUN�� WKH� /L1E2��=Q� DQG
/L1E2��=Q�1G� ILEHU� VLQJOH� FU\VWDOV� ZHUH
JURZQ� E\� WKH� PLFUR�SXOOLQJ� GRZQ� �P�3'�
PHWKRG�� 7KH� JURZQ� FU\VWDOV� ZHUH� IUHH� RI
FUDFNV� DQG� KRPRJHQHRXV� GLVWULEXWLRQV� RI
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WKH� =Q2� DQG� 1G�2�� GRSDQW� FRQFHQWUDWLRQZHUH� REVHUYHG� E\� HOHFWURQ� SUREH� DQDO\VLV
�(30$���7KH�FKDQJH�RI�WKH�,5�WUDQVPLVVLRQ
VSHFWUD� DQG� SKRWROXPLQHVFHQFH� SURSHUWLHV
ZLWK�LQFUHDVH�RI�=Q2�DQG�1G�2��GRSDQW�FRQ�WHQWV�ZDV�LQYHVWLJDWHG�IRU�WKH�JURZQ�FU\VWDO
ILEHUV��

/L�&2��� 1E�2��� DQG� GRSDQWV� SRZGHUV� RI��������SXULW\�ZHUH�XVHG�DV�VWDUWLQJ�PDWH�
ULDOV��=Q�/1�DQG�=Q�1G�/1�ILEHU�VLQJOH�FU\V�
WDOV� ZHUH� JURZQ� XVLQJ� P�3'� PHWKRG�� 7KH
P�3'� PHWKRG� LV� GHVFULEHG� LQ� >�@� LQ� GHWDLO�
7KLV� PHWKRG� LV� FKDUDFWHUL]HG� E\� WKH� KLJK
SXOOLQJ� UDWH� DQG� WKH� ORZ� WKHUPDO� VWUDLQ
ZKLFK� GLIIHU� IURP� RWKHU� JURZWK� PHWKRGV
>�@��DQG�LW�LV�SRVVLEOH�WR�JURZ�VWRLFKLRPHWULF
VLQJOH� FU\VWDOV� IURP� LQFRQJUXHQW�PHOW� FRP�
SRVLWLRQ�>�@��7KH�JURZWK�FRQGLWLRQV�DUH�VXP�
PDUL]HG�LQ�7DEOH�

)LJ���� VKRZV�D� VFKHPDWLF�GLDJUDP�RI�WKH
P�3'� DSSDUDWXV�� 7KLV� JURZWK� HTXLSPHQW
FRQVLVWV� RI� D�3W� FUXFLEOH�GLUHFWO\�KHDWHG� UH�
VLVWLYHO\�� DQ� DIWHU�KHDWHU� PDGH� IURP� 3W
ZLUH�� DQ� DQQHDOLQJ� IXUQDFH�� DQG� D� FU\VWDO
ORZHULQJ�PHFKDQLVP�FRQWDLQLQJ�D�PLFUR�;�<
VWDJH�� 7KH� FU\VWDO� GLDPHWHU� ZDV� NHSW� FRQ�
VWDQW�E\�FRQWUROOLQJ�WKH�WHPSHUDWXUH�RI�WKH
FUXFLEOH�DQG�DIWHU�KHDWHU�GXULQJ�WKH�JURZWK
SURFHVV�

7KH� FRQFHQWUDWLRQV� LQ� WKH� ILEHU� VLQJOH
FU\VWDOV� ZHUH� GHWHUPLQHG� E\� (30$� �-(2/
-;$�����5�� DQG� WKH� GHIHFWV�ZHUH� REVHUYHG
E\� RSWLFDO�PLFURVFRS\��7KH� ,5� WUDQVPLVVLRQ
VSHFWUD� RI� WKH� FU\VWDOV�ZHUH� REWDLQHG�XVLQJ
D� )RXULHU� 7UDQVIRUP� ,QIUDUHG� VSHFWUR�
SKRWRPHWHU� �)7�,5�� %UXNHU� ,)6����6�� DW
URRP� WHPSHUDWXUH�� 7KH� 3/� VSHFWUD� ZHUH
PHDVXUHG�XVLQJ�D�ODVHU�5DPDQ�DQG�SKRWROX�
PLQHVFHQFH� VSHFWURPHWHU� �63(;� ������ DQG
3/� PHDVXUHPHQWV� ZHUH� GLYLGHG� LQWR� WKUHH
ZDYHOHQJWK�UDQJHV��

7KH� /L1E2��=Q� ILEHU� VLQJOH� FU\VWDOV� RIQHDU�VWRLFKLRPHWULF� DQG� FRQJUXHQW� FRPSRVL�
WLRQV� ZHUH� VXFFHVVIXOO\� JURZQ� E\� WKH� P�3'
PHWKRG�� 7KH� ILEHU� FU\VWDOV�ZHUH� ��a���PP
LQ�OHQJWK�DW�D�GLDPHWHU�RI����a����PP��7KH
JURZQ� FU\VWDOV� KDG� D� XQLIRUP� VKDSH� DQG
WKHLU� GLDPHWHU� ZDV� DOPRVW� FRQVWDQW�� 7KH
JURZQ� FU\VWDOV� ZHUH� WUDQVSDUHQW� DQG
FKDQJHG� IURP� FRORUOHVV� WR� \HOORZ� ZLWK� LQ�
FUHDVLQJ� =Q2� FRQFHQWUDWLRQ�� )LJ����D�� DQG
�E��VKRZV�WKH�GLVWULEXWLRQ�RI�WKH�=Q�FRQFHQ�
WUDWLRQ� LQ� =Q2� GRSHG� QHDU�VWRLFKLRPHWULF
DQG� FRQJUXHQW� /L1E2�� ILEHU� VLQJOH� FU\VWDOVDORQJ� WKH� JURZWK� F�D[LV�� 7KH� GLVWULEXWLRQV
RI� ��� �� DQG� �� PRO��� =Q2� LQ� WKH� QHDU�
VWRLFKLRPHWULF�/L1E2��FU\VWDOV�DUH�VKRZQ�LQ)LJ����D���ZKLOH�)LJ����E��VKRZV�WKH�FRPSRVL�
WLRQ� GLVWULEXWLRQ� RI� ��� �� DQG� ��PRO���=Q2
LQ� WKH� FRQJUXHQW� /L1E2�� FU\VWDOV�� 7KH
(30$�UHVXOWV�UHYHDOHG�WKDW�WKH�=Q2�FRQFHQ�
WUDWLRQ�ZDV�YHU\� VLPLODU� WR� WKH� LQLWLDO�PHOW
FRPSRVLWLRQ�� 7KLV� PHDQV� WKDW� YHU\� OLWWOH

)LJ�����6FKHPDWLF�GLDJUDP�RI�P�3'�DSSDUDWXV�

7DEOH��*URZWK�FRQGLWLRQV�RI�/1�=Q�DQG�/1�=Q�1G�ILEHU�VLQJOH�FU\VWDOV

6WDUWLQJ�PDWHULDOV /L�&2���1E�2���=Q2��1G�2�
6WRLFKLRPHWLF�FRPSRVLWLRQ��/L�&2��1E�2��=Q2� �������������������������
&RQJUXHQW�FRPSRVLWLRQ��/L�&2��1E�2��=Q2� �������������������������������������

=Q�1G�/1��/L�&2��1E�2��=Q2��1G�2�� �������������������������
&UXFLEOH 3W

1R]]OH�GLDPHWHU ����PP
3XOOLQJ�GRZQ�UDWH $YHUDJH�����PP�PLQ
3XOOLQJ�GRZQ�D[LV ����!
&U\VWDO�GLDPHWHU ���a����PP
$WPRVSKHUH $LU

+�-�/HH�HW�DO����2SWLFDO�SURSHUWLHV�RI����
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VHJUHJDWLRQ�RFFXUUHG�GXULQJ�FU\VWDO�JURZWK�
EHFDXVH� RI� WKH� UHVWULFWHG� FRQYHFWLRQ� LQ� WKH
PLFUR�QR]]OH�DQG�WKH�VKDSH�RI�WKH�IODW�VROLG�
OLTXLG�LQWHUIDFH��$�IODW�VROLG�OLTXLG�LQWHUIDFH
LV� HVWDEOLVKHG� ZLWK� D� PHQLVFXV� RI� QDUURZ
ZLGWK�DQG�WKH�VDPH�GLDPHWHU�DV�WKH�FU\VWDO
XQGHU� WKH�PLFUR�QR]]OH�� 7KH� D[LDO� WHPSHUD�
WXUH� JUDGLHQW� DW� WKH� VROLG�OLTXLG� LQWHUIDFH
ZDV�DERXW�����&�PP�DQG�ZDV�FRQWUROOHG�E\
DGMXVWLQJ� WKH� WHPSHUDWXUH� RI� WKH� 3W� DIWHU�
KHDWHU��7KH�FRQILJXUDWLRQ�RI�WKH�PLFUR�QR]�
]OH�DQG�DIWHU�KHDWHU�PDNHV�LW�HDV\�WR�FRQWURO
WKH� VKDSH� RI� WKH� IODW� OLTXLG�VROLG� LQWHUIDFH
DQG�LWV�WHPSHUDWXUH�>�@�

7KH� RSWLFDO� WUDQVPLVVLRQ� VSHFWUD� RI� WKH
FU\VWDOV� ZHUH� PHDVXUHG� XVLQJ� DQ� )7�,5
VSHFWURSKRWRPHWHU��)LJ����D��VKRZV� WKH�2+±
DEVRUSWLRQ� SHDNV� RI� WKH� QHDU�VWRLFKLRPHWULF
/L1E2�� ILEHU� VLQJOH� FU\VWDOV� REWDLQHG� E\DGGLQJ� ��� �� DQG� �� PRO��� =Q2�� 7KH� 2+±
DEVRUSWLRQ�SHDN�RI�WKH�XQGRSHG�/L1E2��FU\V�WDO�ZDV�ORFDWHG�DW������FPÜ��DQG�WKH�GRSLQJ
RI� WKH� /L1E2�� FU\VWDO� ZLWK� �� PRO��� =Q2
DSSHDUHG� RQO\� WR� FKDQJH� WKH� DEVRUSWLRQ
EDQG�LQWHQVLW\�ZLWKRXW�UHVXOWLQJ�LQ�DQ\�2+±
DEVRUSWLRQ�EDQG�VKLIW��2+±�DEVRUSWLRQ�EDQG�
�����FPÜ���� 7KH� 2+±� DEVRUSWLRQ� EDQGV� RI
WKH���DQG���PRO���GRSHG�/L1E2�� ILEHU� VLQ�

JOH� FU\VWDOV� ZHUH� VKLIWHG� WR� ����� DQG
�����FPÜ���UHVSHFWLYHO\��2Q�WKH�RWKHU�KDQG�
)LJ����E�� UHSUHVHQWV� WKH� 2+±� DEVRUSWLRQ
SHDNV� RI� WKH� FRQJUXHQW� /L1E2�� ILEHU� VLQJOHFU\VWDOV� ZLWK� ��� �� DQG� �� PRO��� =Q2�� 7KH
2+±�DEVRUSWLRQ�SHDNV�RI�WKH�XQGRSHG�DQG��
DQG���PRO���=Q2�GRSHG�/L1E2��ILEHU�VLQJOHFU\VWDOV� ZHUH� DOO� ORFDWHG� DW� DSSUR[LPDWHO\
�����FPÜ��� +RZHYHU�� LQ� WKH� FDVH� RI� WKH
�� PRO��� =Q2� GRSHG� /L1E2�� ILEHU� VLQJOHFU\VWDOV��WKH�2+±�DEVRUSWLRQ�SHDN�VKLIWHG�WR
�����FPÜ��

7KH� 2+±� DEVRUSWLRQ� SHDNV� ZHUH� FRQ�
ILUPHG� WR� EH� DOPRVW� VDPH� IRU� WKH� XQGRSHG
QHDU�VWRLFKLRPHWULF�/L1E2��������FPÜ���DQG
WKH� �� PRO��� GRSHG� WKH� FRQJUXHQW� /L1E2�������FPÜ����$V�D�UHVXOW�RI�WKLV�H[SHULPHQW�
WKH� QHDU�VWRLFKLRPHWULF� /L1E2�� ILEHU� VLQJOHFU\VWDOV� VKRZHG� WKH� EHWWHU� SKRWRUHIUDFWLYH
UHVLVWDQFH� WKDQ� WKH� FRQJUXHQW�/L1E2���7KLVSKHQRPHQRQ�SURYLGHV�FRQYLQFLQJ�SURRI�WKDW
WKH�=Q���LRQ�GRSDQW�LQLWLDOO\�HQWHUV�LQWR�WKH
/L� VLWHV� UDWKHU� WKDQ� WKH�1E� VLWHV�EHFDXVH�RI
WKH� FKDQJH� LQ� WKH� PLVILW� FRPSHQVDWLRQ� LQ
WKH� /L1E2�� FU\VWDO� >��@�� ,Q� WKH� QHDU�
VWRLFKLRPHWULF� /L1E2�� ILEHU� VLQJOH� FU\VWDO�=Q���LRQV�FDQ�RFFXS\�WKH�1E�VLWHV�DW�HYHQ�D
OLWWOH� DPRXQW� RI� =Q2� GRSDQW�� ZKLOH� =Q��

)LJ�����'LVWULEXWLRQ�RI�=Q2�FRQFHQWUDWLRQ�LQ�WKH
/L1E2�� ILEHU� VLQJOH� FU\VWDOV� DORQJ� WKH� JURZWKF�D[LV��D� �Ü�VWRLFKLRPHWULF�FU\VWDOV�GRSHG�6/1�
�Ü���PRO�������Ü���PRO��������Ü���PRO����
E�Ü�FRQJUXHQW�FU\VWDOV�GRSHG�&/1���Ü���PRO�
�����Ü���PRO��������Ü���PRO����

)LJ����� ,5�DEVRUSWLRQ�EDQG�RI�=Q2�GRSHG�Ü
D� � Ü� QHDUVWRLFKLRPHWULF� FU\VWDOV� GRSHG� 6/1�
�Ü�XQGRSHG���Ü���PRO�������Ü���PRO��������Ü
��PRO�����E�Ü�FRQJUXHQW�/L1E2�� ILEHU�VLQ�JOH� FU\VWDOV� GRSHG� &/1�� �Ü� XQGRSHG�� ��Ü
��PRO�������Ü���PRO��������Ü���PRO����
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LRQV� LQ� WKH� FRQJUXHQW� /L1E2�� ILEHU� VLQJOHFU\VWDO� FDQ� VXEVWLWXWH� IRU�1E� VLWHV� DW� RYHU
��PRO���=Q2�GRSLQJ�EHFDXVH�RI�WKH�FKDQJH
RI�PLVILW� FRPSHQVDWLRQ�� 7KH�=Q��� LRQV� VXE�
VWLWXWH�IRU�WKH�1E/L�LRQV�DQG�WKHQ��ZKHQ�WKH=Q2� GRSLQJ� OHYHO� H[FHHGV� WKH� WKUHVKROG
SRLQW�� H[WUD�=Q��� LRQV� VXEVWLWXWH� IRU�1E1E�7KH� =Q��� LRQV� ZKLFK� RFFXS\� WKH� 1E� VLWHV
IRUP� VWURQJO\� QHJDWLYHO\� FKDUJHG� �=Q1E��±LRQV� LQ�WKH�/L1E2��FU\VWDO��$V�D�UHVXOW�� WKHGHFUHDVHG�SRVLWLYH� LRQV�FDQ� LPSURYH�WKH�RS�
WLFDO� FRQGXFWLYLW\� RI� WKH� SKRWRHOHFWURQV�
7KLV� PHDQV� WKDW� WKH� 2+±� DEVRUSWLRQ� EDQG
VSHFWUD� FDQ� VKLIW� WR� D� KLJKHU� HQHUJ\� ZKHQ
WKH� QHJDWLYHO\� FKDUJHG� �=Q1E��±� LRQV� DUHIRUPHG�LQ�WKH�/L1E2��FU\VWDO��,W�LV�WKHUHIRUHWR�FRQFOXGH�WKDW�WKH�WKUHVKROG�OHYHOV�RI�=Q2
GRSLQJ�WKH�QHDU�VWRLFKLRPHWULF�DQG�WKH�FRQ�
JUXHQW� /L1E2�� ILEHU� VLQJOH� FU\VWDOV� ZHUHPHDVXUHG� WR� EH� RI� WKH� RUGHU� RI� �� DQG
��PRO����UHVSHFWLYHO\�

7KH� �� DQG� �� PRO��� =Q2� FR�GRSHG� /1�1G
ILEHU� VLQJOH� FU\VWDOV� RI� VWRLFKLRPHWULF� FRP�
SRVLWLRQ� ZHUH� VXFFHVVIXOO\� JURZQ� E\� P�3'
PHWKRG�� 7KH� FU\VWDOV� KDG� D� VL]H� RI
���a�� PP� LQ� GLDPHWHU� DQG� DERXW� ��� WR
���PP� LQ� OHQJWK�� 7KH� FU\VWDOV� ZHUH� WUDQV�
SDUHQW�DQG�EOXH��)LJ����D��VKRZV�D�3/�VSHF�
WUXP�RI�/1�1G�FR�GRSHG�ZLWK���DQG���PRO��
=Q2� VLQJOH� FU\VWDO� ILEHUV� LQ� WKH� UDQJH� RI
���Ü����QP��7KH�GRXEOH�VSHFWURPHWHU�WHFK�
QLTXH� ZDV� XVHG� WR� PHDVXUH� WKH� 3/� SURSHU�
WLHV� DW� URRP� WHPSHUDWXUH�� XVLQJ� DQ� $U�LRQ
ODVHU� DV� WKH� H[FLWLQJ� VRXUFH�� 7KH� H[FLWHG
1G��� LRQV� ZHUH� LQLWLDOO\� H[FLWHG� WR� XSSHU
HQHUJ\� OHYHO�DQG�WKHQ�GURSSHG�WR�WKH�PHWD�
VWDEOH�VWDWH��7KH�3/�LQWHQVLW\�IURP�WKH�VDP�
SOH� GRSHG� ZLWK� ��PRO���=Q2� ZDV� VWURQJHU
WKDQ�WKDW�RI�WKH�VDPSOH�GRSHG�ZLWK���PRO��
=Q2�DW�WKH�VDPH�ZDYHOHQJWK��7KH�VWURQJHVW
LQWHQVLW\�SHDN�ZDV�IRXQG�LQ�WKH�ZDYHOHQJWK
UDQJH� DURXQG� ���� QP�� 7KLV� SHDN� LV� GXH� WR
WKH� �)���o�,���� WUDQVLWLRQ�� )LJV����E�� DQG�F��VKRZ�3/�VSHFWUD�RI��/1�1G�VLQJOH�FU\VWDO
ILEHUV� FR�GRSHG� ZLWK� �� PRO��� =Q2� LQ� WKH
UDQJH� ����Ü����� DQG� ����Ü����� QP�� 7KH
VWURQJHVW� LQWHQVLW\� SHDNV� DUH� IRXQG� LQ� WKH
ZDYHOHQJWK� UDQJHV� DURXQG� ����� DQG
����� QP�� UHVSHFWLYHO\�� 7KH� SHDN� DURXQG
�����QP�LV�GXH� WR�WKH��)���o�,����� WUDQVL�WLRQ� DQG� WKDW� DURXQG� ����� QP�� WR� WKH
�)���o�,�����WUDQVLWLRQ�7KXV�XVLQJ� WKH� P�3'�PHWKRG�� /1�=Q� DQG
/1�=Q�1G�ILEHU�VLQJOH�FU\VWDOV�ZHUH�JURZQ�WR
FRQILUP�WKH�RSWLFDO�SURSHUWLHV��7KH�GLVWULEX�
WLRQ�RI�WKH�=Q2�FRQFHQWUDWLRQ�LQ�WKH�/L1E2�ILEHU�VLQJOH�FU\VWDOV�ZDV�KRPRJHQHRXV�DORQJ
WKH� JURZWK� F�D[LV�� 7KH� QHDU�VWRLFKLRPHWULF

/L1E2�� ILEHU� VLQJOH� FU\VWDOV� KDYH� VKRZQ� DEHWWHU� SKRWRUHIUDFWLYH� UHVLVWDQFH� WKDQ� WKH
FRQJUXHQW� /L1E2��� EHFDXVH� RI� WKH� DOPRVW
VDPH� 2+±� DEVRUSWLRQ� SHDNV� LQ� XQGRSHG
QHDU�VWRLFKLRPHWULF�DQG���PRO���GRSHG�FRQ�
JUXHQW� /L1E2�� ILEHU� VLQJOH� FU\VWDOV�� 7KHWKUHVKROG� OHYHOV� IRU� WKH� =Q2� GRSHG� QHDU�
VWRLFKLRPHWULF� DQG� FRQJUXHQW� /L1E2�� ILEHUVLQJOH� FU\VWDOV�ZHUH� FRQILUPHG� WR� EH� RI� WKH
RUGHU�RI���DQG���PRO����UHVSHFWLYHO\�

,Q� DGGLWLRQ�� WKH� 3/� VSHFWUD� RI
/L1E2��=Q�1G� ILEHU� FU\VWDOV� ZHUH� PHDVXUHGLQ� WKH� UDQJH� RI� ���Ü����� ����Ü����� DQG
����Ü����� QP�� 7KH� PRVW� LQWHQVH� SHDNV
ZHUH� DW� WKH� ZDYHOHQJWKV� DURXQG� ����� ����
DQG������QP�� WKHVH�SHDNV�EHLQJ�GXH�WR� WKH
�)���o�,������)���o�,�����DQG��)���o�,����WUDQVLWLRQ�� UHVSHFWLYHO\�� $OVR�� WKH� LQWHQVLW\
RI� 3/� IURP� WKH� JURZQ� FU\VWDOV� ZDV� LQ�
FUHDVHG�E\�DGGLWLRQ�RI�=Q2�
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