
(OHFWURQLF�DQG�PDJQHWLF�SURSHUWLHV�RI�=Q6FU\VWDO�GRSHG�E\�0Q DQG�&X VXEVWLWXWLRQ�DWRPV
6�9�6\URW\XN��9�0�6KYHG

6HPLFRQGXFWRU�(OHFWURQLFV�'HSDUWPHQW��1DWLRQDO�8QLYHUVLW\��/YLY
3RO\WHFKQLF���������/YLY��8NUDLQH

5HFHLYHG�0D\���������
(OHFWURQLF�DQG�PDJQHWLF�SURSHUWLHV�RI�=Q6�FU\VWDO�GRSHG�E\�0Q�DQG�&X�DWRPV�KDYH�EHHQ

HYDOXDWHG�E\�PHDQV�RI�*UHHQ�V�IXQFWLRQ�PHWKRG��7KH�FDOFXODWHG�SDUWLDO�DQG�WRWDO�VSLQ�UH�
VROYHG� GHQVLWLHV� RI� HOHFWURQ� VWDWHV� SRLQW� WR� WKH� FUXFLDO� FKDQJHV� LQ� WKH� FU\VWDO� HOHFWURQLF
VWUXFWXUH� LQGXFHG� E\� 0Q� DQG� &X� VXEVWLWXWLRQ� DWRPV�� 7KH� FKDQJHV� DUH� UHODWHG� WR� DQ
DSSHDUDQFH�LQ�EDQG�JDS�WKH�QDUURZ�K\EULGL]HG�S��DQG�G�V\PPHWU\�]RQHV�ZKLFK�ZHUH�DEVHQW
LQ�=Q6�FU\VWDO��

�º�äË�º���Á�Ó}�ÒÒ��¯ÒÓÈ�¯È°°�Ò�ÈÓ©�ªãË}�¯ºÓÓ©Ë�Ò�äÈ�ÓÒ�Ó©Ë�°mº®°�mÈ�}¯Ò°�Èã�
ãÈ�=Q6��ãË�Ò¯ºmÈÓÓº�º�È�ºäÈäÒ�0Q�Ò�&X���ºã��ËÓÓ©Ë�¹È¯�ÒÈã	Ó©Ë�Ò�¹ºãÓ©Ë�°¹ÒÓ�¹º�
ã«¯ÒÏºmÈÓÓ©Ë�¹ãº�Óº°�Ò�ªãË}�¯ºÓÓ©²�°º°�º«ÓÒ®��}ÈÏ©mÈ
��ÓÈ�}º¯ËÓÓ�
�¹Ë¯Ë°�¯º®}�
ªãË}�¯ºÓÓº®�°�¯�}��¯©�}¯Ò°�ÈããÈ��º­�°ãºmãËÓÓ�
�È�ºäÈäÒ�ÏÈäË�ËÓÒ«�0Q�Ò�&X��jÏäËÓË�
ÓÒ«�°m«ÏÈÓ©�°�¹º«mãËÓÒËä�m�ÏÈ¹¯Ë�ËÓÓº®�ÏºÓË��Ï}Ò²��Ò­¯Ò�ÒÏºmÈÓÓ©²�ÏºÓ�¯��Ò�G�°ÒääË��
¯ÒÒ��º�°��°�m�
�Ò²�m�}¯Ò°�ÈããË�=Q6��

���,QWURGXFWLRQ
'LOXWHG�PDJQHWLF� VHPLFRQGXFWRUV� DWWUDFW

JUHDW�DWWHQWLRQ�RI�UHVHDUFKHV��VLQFH�WKH\�FDQ
EH� XVHG� LQ� VSLQWURQLFV�� LQWHJUDWHG� RSWRHOHF�
WURQLF� GHYLFHV�� DQG� QDQR�VWUXFWXUHG� TXDQ�
WXP� GHYLFHV� >�@�� =Q6�� D� W\SLFDO� ,,Ü9,� FRP�
SRXQG� VHPLFRQGXFWRU�� LV� D� SURPLVLQJ� KRVW
PDWHULDO� IRU� SURGXFLQJ� FRPPHUFLDO� OXPLQR�
SKRUV��,W�KDV�EHHQ�XVHG�DV�EDVH�PDWHULDO�IRU
FDWKRGH�UD\� WXEH� OXPLQHVFHQW� PDWHULDOV�� DV
HIILFLHQW� OXPLQRSKRU� LQ� IODW� SDQHO� GLVSOD\V�
LQ�WKLQ�ILOP�HOHFWUROXPLQHVFHQW�GHYLFHV��DQG
LQIUDUHG� ZLQGRZV� >�@�� ,,Ü9,� FRPSRXQGV
VKRZ� QRYHO� PDJQHWR�RSWLFDO� DQG� PDJQHWR�
WUDQVSRUW� SURSHUWLHV� LI� WKH� FDWLRQ� LV� SDUWO\
VXEVWLWXWHG� E\� 0Q� ZLWK� LWV� KDOI�ILOOHG� �G�
VKHOO��7KH�HIIHFWV�RI�GHIHFWV�RQ�SURSHUWLHV�RI
,,Ü9,� FU\VWDOV� DUH� GHVFULEHG� LQ� GHWDLO� LQ
ZRUNV� >���@�� 7KH� LPSRUWDQFH� RI� DFFRXQWLQJ
WKH� VXEVWLWXWLRQ�0Q� DQG�&X� � DWRPV� LQ�=Q6
KDV� EHHQ� JURXQGHG� LQ� ZRUN� >�@�� 7KHUHIRUH�
WKH�DLPV�RI�WKLV�SDSHU�DUH�WKH�IROORZLQJ����
WR�FDOFXODWH�SDUWLDO�DQG�WRWDO�HOHFWURQLF�GHQ�
VLWLHV� RI� VWDWHV� �'26�� LQ� FU\VWDO�=Q�±[0Q[6�

���WR�FDOFXODWH�SDUWLDO�DQG�WRWDO�'26�LQ�FU\V�
WDO�=Q�±[±\0Q[&X\6�����WR�HYDOXDWH�WKH�PDJ�QHWLF�PRPHQWV�RQ�DOO�WKH�DWRPV�LQ�D�FHOO��

���&DOFXODWLRQV
(OHFWURQLF�VWUXFWXUH�FDOFXODWLRQV�DUH�SHU�

IRUPHG�E\�PHDQV�RI� WKH�$NDL..5�SURJUDP
>�@�� 7KH� H[FKDQJH�FRUUHODWLRQ� SRWHQWLDO�
EDVHG� RQ� WKH� ORFDO� VSLQ�GHQVLW\� DSSUR[LPD�
WLRQ�ZLWK� WKH�SDUDPHWHUL]DWLRQ�E\�0RUX]]L�
-DQDFN�� DQG� :LOOLDPV� >�@�� KDV� EHHQ� XVHG
KHUH��7KH�N� LQWHJUDWLRQ�RYHU�%ULOORXLQ�]RQH
LV� SHUIRUPHG� XVLQJ� WKH� 0RQNKRUVW�3DFN
PHWKRG� >�@�� ZLWK� JULG� �u�u��� =Q6� KDV� WKH
]LQF�EOHQGH�FU\VWDO�VWUXFWXUH��DQG�WKH�ODWWLFH
FRQVWDQWV� LV� D� ��������c�� ,WHUDWLRQV� ZHUH
FRQWLQXHG� XQWLO� WKH� FRQYHUJHQFH� LQ� WKH� FDO�
FXODWLRQ�RI� WRWDO� HQHUJ\�RI�WKH�FU\VWDO�ZLWK
DQ�DFFXUDF\�RI���Ü��5\��6XFK�SUHFLVLRQ�ZDV
DFKLHYHG� LQ� DERXW� ���� LWHUDWLRQ� VWHSV�� 7KH
UHODWLYLVWLF�HIIHFWV�ZHUH�LQFOXGHG�ZLWKLQ�WKH
VFDODU� UHODWLYLVWLF� DSSUR[LPDWLRQ�� 7KH� GHQ�
VLW\� RI� HOHFWURQLF� VWDWHV� LV� HYDOXDWHG� IURP
(TXDWLRQ��
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ZKHUH� *� LV� WKH� UHWDUGHG� *UHHQ�V� IXQFWLRQ
>�@�� 2FWDKHGUDO� YDFDQF\� �9R�� LV� ORFDOL]HG� DW
WKH� LQWHUVWLWLDO� FRRUGLQDWHV� ������ ����� ����
DQG� WKH� WHWUDKHGUDO� RQH� �9W�� LV� VLWXDWHG� DW
WKH�SRLQW�����������������

���5HVXOWV�DQG�GLVFXVVLRQ
7DEOH�VKRZV� WKH� REWDLQHG� HOHFWURQLF� DQG

PDJQHWLF� SURSHUWLHV� RI� =Q�±[±\0Q[&X\6�ZKHUH� [� ������ LV� WKH� FRQFHQWUDWLRQ� RI�0Q
DWRPV� DQG� \� ������ RI� &X� DWRPV�� UHVSHF�
WLYHO\�� )URP� 7DEOH�LW� FDQ� EH� UHYHDOHG� WKDW
WKH� FU\VWDO� ZLWK� &X� LPSXULW\� LV� FKDUDF�
WHUL]HG�ZLWK� ORZHU� YDOXHV� RI� )HUPL� HQHUJ\�
FRPSDUHG� WR� WKH�FRUUHVSRQGLQJ�YDOXHV� IURP
WKH�ILUVW�FROXPQ�

)LJ����VKRZV�SDUWLDO�DQG�WRWDO�GHQVLW\�RI
HOHFWURQLF�VWDWHV�LQ�=Q6�FU\VWDO�ZLWK�VXEVWL�
WXWLRQ�LPSXULW\�RI�0Q��7KH�ILUVW�WZR�FXUYHV
GHPRQVWUDWH�WKDW�GXH�WR�WKH�0Q�LPSXULW\�LQ
EDQG�JDS�DULVLQJ�XQRFFXSLHG�QDUURZ�EDQG�S�
DQG� G�V\PPHWU\� ZLWK� VSLQ� GRZQ�� 7ZR� IXU�
WKHU�FXUYHV�VKRZ�WKH�QDUURZ�ILOOHG�EDQGV�RI
S��DQG�G�V\PPHWU\��ZLWK�VSLQ�XS�FDXVHG�E\
WKH� SUHVHQFH� RI� LPSXULW\�0Q�� ,W� VKRXOG� EH
QRWHG� WKDW� ILOOHG� ZLWK� HOHFWURQV� DQG� HPSW\
VWDWHV� DUH� QDUURZ� DQG� VWURQJO\� K\EULGL]HG�
7KH� WZR� KLJKHVW� FXUYHV� UHSUHVHQW� WKH� IXOO
�WRWDO��'26�IRU�VSLQ�GRZQ�DQG�VSLQ�XS��2E�
YLRXVO\��WKHVH�GHSHQGHQFLHV�ZHUH�FKDQJHG�LQ
WKH�EDQG�JDS�UHJLRQ�FDXVHG�E\�WKH�LQIOXHQFH

RI�0Q� LPSXULW\��+RZHYHU�� WKH� VWUXFWXUH� RI
WKH� PRGLILHG� '26� QRZ� FDQ� EH� HDVLO\� H[�
SODLQHG�E\�PHDQV�RI�WKH�SDUWLDO�'26�S��DQG
G�V\PPHWU\�

)LJ����GHSLFWV�WKH�GHQVLW\�RI�VWDWHV�LQ�WKH
FU\VWDO� =Q6� ZLWK� 0Q� DQG� &X� VXEVWLWXWLRQ
LPSXULWLHV�� $OO� FXUYHV� LQ� )LJ���� FRUUHVSRQG
WR�WKH�RULHQWDWLRQ�RI�VSLQ�GRZQ��&RPSDULQJ

)LJ����� 3DUWLDO� DQG� WRWDO� HOHFWURQLF� '26� LQ
FU\VWDO� =Q6� GRSHG� E\� 0Q� �������&X� ������
VXEVWLWXWLQJ�=Q��ZLWK�VSLQ�GRZQ�

)LJ�����3DUWLDO�DQG�WRWDO�HOHFWURQLF�'26�LQ�FU\V�
WDO�=Q6�GRSHG�ZLWK�0Q�������VXEVWLWXWLQJ�=Q��

7DEOH���� (OHFWURQLF� DQG� PDJQHWLF� SURSHU�
WLHV�RI�WKH�FU\VWDO�=Q�±[±\0Q[&X\6��+HUH�H)LV� WKH� )HUPL� HQHUJ\� �H9��� XS� PHDQV� VSLQ
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WKH� ILUVW� WZR� FXUYHV� �ERWWRP�� LQ�)LJ���� DQG
���ZH�FDQ�VHH�WKDW�WKH\�DUH�YLUWXDOO\�LGHQWL�
FDO� LQ� IRUP� DQG� GHVFULEH� WKH� XQRFFXSLHG
HOHFWURQ�VWDWHV��+RZHYHU��WKH�FRUUHVSRQGLQJ
FXUYHV� VKRZQ� LQ� )LJ���� DUH� VKLIWHG� WRZDUG
KLJKHU� HQHUJ\� YDOXHV�� 7ZR� IXUWKHU� FXUYHV
LQGLFDWH�WKH�SUHVHQFH�LQ�WKH�EDQG�JDS�S��DQG
G�VWDWHV� RI� &X�� ILOOHG� ZLWK� HOHFWURQV�� 7KH
KLJKHVW�FXUYH�LQ�)LJ����VKRZV�WKH�WRWDO�GHQ�
VLW\� RI� HOHFWURQLF� VWDWHV� ZLWK� VSLQ� GRZQ�
)RXU�FXUYHV�ORFDWHG�EHORZ�LQ�)LJ����LQGLFDWH
LPSOLFLWO\� WR� WKH� VWUXFWXUH� RI� WKH� IXOO� GHQ�
VLW\�RI�VWDWHV�

)LJ���� UHSUHVHQW� WKH� GHQVLW\� RI� VWDWHV� LQ
=Q6� FU\VWDO� ZLWK� 0Q� DQG� &X� VXEVWLWXWLRQ
LPSXULWLHV��ZLWK� VSLQ� XS��:H� VHH� WKDW� LQ� D
EDQG� JDS� WKH� 0Q�LQGXFHG� QDUURZ� ILOOHG
EDQGV�RI�S��DQG�G�V\PPHWU\�RFFXU��DQG�GXH
WR� &X� DWRPV� WKH� QDUURZ� ILOOHG� S�� DQG� G�
EDQGV�DULVH��,W�VKRXOG�EH�QRWHG�WKDW�WKH�SDU�
WLDO� GHQVLW\� RI� VWDWHV� RI�S�� DQG�G�V\PPHWU\
RI� 0Q� DWRPV� ZLWK� VSLQ� GRZQ� �)LJ����� DQG
VSLQ� XS� �)LJ����� VLJQLILFDQWO\� GLIIHUHQW� LQ
VKDSH� DQG� HQHUJ\� YDOXHV�� 7KLV� DV\PPHWU\
GLUHFWO\� LQGLFDWHV� WKH� SUHVHQFH� RI� VXEVWDQ�
WLDO�VSLQ�PDJQHWLF�PRPHQW�RQ�0Q�DWRP��,W�LV
DOVR�FRQILUPHG�E\�GDWD�LQ�7DEOH����$QG�YLVH
YHUVD�� WKH� SDUWLDO� GHQVLW\� RI� VWDWHV� S�� DQG
G�V\PPHWU\� RI� &X� DWRPV� ZLWK� VSLQ� GRZQ
�)LJ����� DQG� VSLQ� XS� �)LJ����� DUH� DOPRVW
LGHQWLFDO� LQ� VKDSH� DQG� HQHUJ\� YDOXHV�� 7KLV
IDFW�SRLQWV�GLUHFWO\�WR�D�VPDOO�VSLQ�SRODUL]D�
WLRQ� RI� HOHFWURQ� GHQVLW\� RI� &X� DWRPV� DQG

WKHUHIRUH� WR� VPDOO� FRQWULEXWLRQ� RI� FRSSHU
DWRPV� WR� WKH� YDOXH� RI� PDJQHWLF� PRPHQW�
&RQILUPDWLRQ�RI� WKLV� FRQFOXVLRQ� LV� DOVR� HYL�
GHQW�IURP�7DEOH�

���&RQFOXVLRQV
(OHFWURQLF�GHQVLW\� RI� VWDWHV� LQ�=Q6� FU\V�

WDO�ZLWK�0Q� DQG�&X� VXEVWLWXWLRQ� LPSXULWLHV
KDV� EHHQ� HYDOXDWHG��&RPSDULQJ�SDUWLDO�GHQ�
VLW\� RI� WKH� VWDWHV� RI� 0Q� DWRPV�� VKRZQ� LQ
)LJ���Ü��� ZH� KDYH� VHHQ� WKDW� WKH� DGGLWLRQDO
GRSLQJ� E\� &X� DWRPV� GRHV� QRW� FKDQJH� WKH
IRUP�RI�SDUWLDO�GHQVLW\�RI�WKH�VWDWHV� LQ� WKH
QDUURZ�EDQGV�� FDXVHG�E\�0Q� LPSXULW\��)LJ�
�� VKRZQ� XQRFFXSLHG� S�� DQG� G�EDQGV� RI�0Q
DWRPV�� DQG� ILOOHG� ZLWK� HOHFWURQV� LQ� S�� DQG
G�VWDWHV� RI� &X� DWRPV�� &RPSDULQJ� SDUWLDO
GHQVLW\� RI� WKH� VWDWHV� RI� FRSSHU� DWRPV�ZLWK
VSLQ�GRZQ��)LJ������DQG�VSLQ�XS��)LJ������ZH
KDYH� UHYHDOHG� WKDW� ILOOHG� QDUURZ� EDQGV� RI
S�� DQG� G�V\PPHWU\� DUH� FKDUDFWHUL]HG� E\
SUDFWLFDOO\� WKH� VDPH� GHSHQGHQFLHV�� DV� FRQ�
ILUPHG�E\�WKH�GDWD�LQ�7DEOH�VKRZLQJ�D�VPDOO
PDJQHWLF�PRPHQW�RQ�&X�DWRPV��2Q�WKH�FRQ�
WUDU\�� WKH� GHQVLWLHV� RI� WKH� VWDWHV� RQ� 0Q
DWRPV�� FRUUHVSRQGLQJ� RSSRVLWH� VSLQ�� DUH
UDGLFDOO\� GLIIHUHQW�� DQG� VR� WKH� FRQWULEXWLRQ
WR�WKH�PDJQHWLF�PRPHQW�RQ�0Q�DWRPV��7DEOH
��� LV� WKH� JUHDWHVW�� 6LPLODUO\�� FRQWULEXWLRQV
WR�WKH�PDJQHWLF�PRPHQW�RI�WKH�DWRPV�RI�=Q
DQG�6� DUH� VPDOO�� 7KH� FRUUHVSRQGLQJ� SDUWLDO
GHQVLW\�RI�WKH�VWDWHV�RQ�=Q�DQG�6�DWRPV�DUH
DOPRVW�LGHQWLFDO�IRU�ERWK�RULHQWDWLRQV�RI�WKH
VSLQV�� 7KH�'26� FXUYHV� �)LJ������ LQGXFHG� E\
0Q� DQG� &X� DWRPV�� ZLWK� VSLQ� XS�� GHPRQ�
VWUDWHG� WKH� QDUURZ� ILOOHG� EDQGV� RI� S�� DQG
G�V\PPHWU\��

:H� IRXQG� RXW� WKDW� WKH� YDOXH� RI� VSLQ
PDJQHWLF� PRPHQW� RI� 0Q� DWRP� LV� ZHOO
PDWFKHG�ZLWK�WKH�REWDLQHG�LQ�>�@�������P%���)URP�)LJ���Ü�� LW� FDQ�EH�FRQFOXGHG� WKDW
GHVFULSWLRQ� RI� WKH� NLQHWLF� SKHQRPHQD� LQ
VXFK�FU\VWDOV�FDQ�QRW�EH�SHUIRUPHG�ZLWKLQ
WKH� HIIHFWLYH� PDVV� DSSUR[LPDWLRQ�� 'LSROH
WUDQVLWLRQV� DUH� SRVVLEOH� EHWZHHQ� S�� DQG�G�
VWDWHV� RI�0Q� DQG�&X� DWRPV��7KHUHIRUH�� WKH
UHVXOWV� RI� WKLV� ZRUN� FDQ� EH� DSSOLHG� WR� H[�
SODLQ� WKH� QDWXUH� RI� WKH� SKRWRHOHFWURQ
VSHFWUD�>�@�

$FNQRZOHGJHPHQWV�� :H� WKDQN� 3URI�
+�$NDL��2VDND�8QLYHUVLW\��IRU�SURYLGLQJ�WKH
ODWHVW�YHUVLRQ�RI�WKH�SURJUDP�$NDL..5�
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)LJ����� 3DUWLDO� DQG� WRWDO� HOHFWURQLF� '26� LQ
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VXEVWLWXWLQJ�=Q��ZLWK�VSLQ�XS�
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$�5�2PHO�FKXN�� LQ�� $EVWU��� 9,,� ,QW��6FKRRO�
&RQI���$FWXDO� 3UREOHPV� RI� 6HPLFRQGXFWRU
3K\VLFV���6HSWHPEHU���Ü2FWREHU����������'UR�
KRE\FK��8NUDLQH���������S�����

� ���+�$NDL��3K\V��5HY��/HWW�������������������

� ���9�/�0RUX]]L��-�)�-DQDN��$�5�:LOOLDPV��&DOFX�
ODWHG� (OHFWURQLF� 3URSHUWLHV� RI� 0HWDOV�� 3HU�
JDPRQ��1HZ�<RUN���������

� ���+�-�0RQNKRUVW�� -�'�3DFN�� 3K\V��5HY��%�� ���
�������������

� ���+�(EHUW�� $� 6SLQ� 3RODUL]HG� 5HODWLYLVWLF� .RU�
ULQJD�.RKQ�5RVWRNHU� �635�..5�� &RGH� IRU
&DOFXODWLQJ�6ROLG�6WDWH�3URSHUWLHV��8QLYHUVLWDW
0XQFKHQ�� ������ 85/� KWWS���RO\PS�FXS�XQL�
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