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WHPSHUDWXUHV� DQG�PDJQHWRSODVWLFLW\� SRWHQWLDO� KDV� EHHQ� LQYHVWLJDWHG�� 6HYHUDO� WHUQDU\� DQG
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VLGHUDEO\� WKH� PDUWHQVLWLF� WUDQVIRUPDWLRQ� WHPSHUDWXUHV�� 6L� DQG� ,Q� DOOR\LQJ� GHFUHDVHV� WKH
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7HUQDU\�1L±0Q±*D�DOOR\V�>�Ü��DQG�PDQ\
RWKHUV@� DWWUDFW� D� KLJK� LQWHUHVW� GXULQJ� ODVW
\HDUV�GXH�WR�WKH�ODUJH�PDJQHWRHODVWLFLW\�DQG
WKH� PDJQHWLF� VKDSH� PHPRU\� HIIHFW� GLVFRY�
HUHG� LQ� VRPH� FRPSRVLWLRQV� RI� WKHVH� DOOR\V
KDYLQJ� WKH� IHUURPDJQHWLF� PDUWHQVLWH� �0
DQG��0�PRGXODWHG�FU\VWDO� ODWWLFH��VHH��H�J��
>�Ü�@���*RRG�SURVSHFWV�IRU�DSSOLFDWLRQV�VXFK
DV�PDJQHWLF�DQG�PDJQHWR�PHFKDQLFDO�DFWXD�
WRUV�DQG�VHQVRUV�KDYH�LQLWLDWHG�WKH�VHDUFK�RI

QHZ� DOOR\V� ZLWK� IHUURPDJQHWLF� PDUWHQVLWHV
ZKLFK� DUH� GHIRUPHG� E\� WKH�PDJQHWLF� ILHOG�
7KH� PDLQ� JRDO� RI� WKH� DOOR\LQJ� 1L±0Q±*D
FRPSRXQGV� LV� SULPDULO\� WR� ILQG� QHZ� IHUUR�
PDJQHWLF� PDUWHQVLWLF� FRPSRVLWLRQV� VKRZLQJ
WKH� PDJQHWLF� VKDSH� PHPRU\� �060��� $OVR�
WKHUH� KDYH� EHHQ� DWWHPSWV� WR� LQFUHDVH� WKH
060� VHUYLFH� WHPSHUDWXUHV� RI� WKHVH� DOOR\V�
+RZHYHU�� WKH� LQIRUPDWLRQ� DYDLODEOH� RI� WKH
TXDWHUQDU\� 1L±0Q±*D±;� DOOR\V� LV� VWLOO

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

)XQFWLRQDO�PDWHULDOV������������� ���



UDWKHU� OLPLWHG� >�Ü��@�� .RNRULQ� HW� DO�� >�@
IRXQG�RXW�WKDW�WKH�VXEVWLWXWLRQ�,Q�DWRPV�IRU
*D� UHVXOWV� LQ� LQFUHDVHG� ODWWLFH� SDUDPHWHUV�
DQG� WKLV�FDXVHV�D� ORZHUHG�&XULH�SRLQW� �7&��(IIHFW� RI� WKH� VL]H� IDFWRU� ZDV� REVHUYHG� LQ
1L�0Q*D[,Q�±[� V\VWHP� >�@�� $XWKRUV� KDYHVKRZQ�WKDW�WKH�VPDOOHU�XQLW�FHOO�YROXPH�UH�
VXOWV�LQ�DQ�LQFUHDVH�RI�PDUWHQVLWLF�WUDQVIRU�
PDWLRQ� WHPSHUDWXUH�� L�H�� LQ�FDVHV�ZKHUH�*D
LV� QRW� VXEVWLWXWHG� E\� WKH� ODUJHU� ,Q� DWRP�
+RZHYHU��/LX�HW�DO�� >�@�REVHUYHG�WKDW�ZKHQ
)H�KDYLQJ�VPDOOHU�LRQ�GLDPHWHU�KDYH�VXEVWL�
WXWHG� IRU� 0Q� RQHV�� WKH� FU\VWDO� ODWWLFH� SD�
UDPHWHUV�GHFUHDVH�� EXW�QRZ� WKH�PDUWHQVLWLF
WUDQVIRUPDWLRQ� WHPSHUDWXUH� LV� GHFUHDVHG�
WKH� WKHUPDO� K\VWHUHVLV� LQFUHDVHG� DQG� WKH
&XULH� SRLQW� UDLVHG�� ,Q� >��@��.KRYDLOR� HW� DO�
FRQWUROOHG� WKH� &XULH� WHPSHUDWXUH� E\� ,Q�� 9�
&R��RU�)H�DOOR\LQJ��DQG�LQ�>��@�WKH�LQIOXHQFH
RI�)H�DQG�&R� RQ�WKH�SKDVH�WUDQVIRUPDWLRQV
ZDV� VWXGLHG� LQ� PRUH� GHWDLO�� (IIHFW� RI� )H
DOOR\LQJ� LV� DOVR� VWXGLHG� LQ� GHWDLO� LQ� >��@�
7KH� VWXG\� >��@� ZDV� FDUULHG� RXW� ZLWK� D�1L�
ULFK� RII�VWRLKLRPHWULF� 1L±0Q±*D� FRPSRXQG
DOOR\HG�ZLWK�6L��&� RU�*H��$OVR�� LQ� >��@� WKH
FKDQJHV� LQ� WUDQVIRUPDWLRQ� WHPSHUDWXUHV
ZHUH�REVHUYHG�ZLWK�&R��&X��$O��6Q��DQG�*H
DOOR\LQJ�� WKDW� ZRUN� ZDV� FRQWLQXHG� ODWHU
ZLWK� UDUH� HDUWK� HOHPHQW� DOOR\LQJ� �1G�� 6P�
7E�� LQ� >��@��7KH�HIIHFWV�RI�VHOHFWHG�DOOR\LQJ
ZLWK�%L��3E��6Q��=Q� DQG�6L� RQ� SKDVH� WUDQV�
IRUPDWLRQ� DUH� FRPSDUHG� LQ� >��@��'HSHQGLQJ
RQ� WKH� DOOR\LQJ� FRPSRQHQW�� WKH� HIIHFWV� DUH
YDULHG�� WKH� ODWWLFH�YROXPH�JRW� VPDOOHU�ZLWK
6L�� %L�� 3E� DQG� =Q�� EXW� LQFUHDVHG� ZLWK� 6Q�
WUDQVIRUPDWLRQ� WHPSHUDWXUHV� GHFUHDVHG� WR
VRPH� H[WHQW� ZLWK� 3E� DQG� =Q�� UHPDUNDEO\
ZLWK� 6L� ZKLOH� ZLWK� 6Q� WKH� HIIHFW� LV� QHJOL�
JLEOH��ZLWK�%L�� WKH� WUDQVIRUPDWLRQ� WHPSHUD�
WXUHV� LQFUHDVHG�� WKH� &XULH� SRLQW� GHFUHDVHV
RQO\�ZLWK�%L��ZKLOH�ZLWK� RWKHU� HOHPHQWV�� LW
LQFUHDVHV�VOLJKWO\�

$Q� HPSLULFDO� FRUUHODWLRQ� EHWZHHQ� WKH
HOHFWURQ� FRQFHQWUDWLRQ� DQG� VWDELOLW\� RI� /��VWUXFWXUH� ZDV� UHSRUWHG� WR� MXVWLI\� WKH� K\�
SRWKHVLV�ZKHUH�WKH�H[SHULPHQWDO�DOOR\V�ZHUH
QRW� V\VWHPDWLFDOO\� VHOHFWHG� >��@�� ,Q� >�@��1L±
0Q±*D� DOOR\LQJ� E\� VXEVWLWXWLRQ� RI� 1L� IRU
0Q��*D��RU�ERWK�0Q�DQG�*D�ZHUH�SHUIRUPHG
WR� VWXG\� HDVLO\� WKH� HOHFWURQ� FRQFHQWUDWLRQ
GHSHQGHQFH� RQ� WKH� PDUWHQVLWLF� WUDQVIRUPD�
WLRQ� WHPSHUDWXUHV�� (IIHFW� RI� DOOR\LQJ� ZLWK
)H�ERWK�RQ�WKH�WUDQVIRUPDWLRQ�WHPSHUDWXUHV
FU\VWDO� VWUXFWXUH� DQG� WKH� HOHFWURQ� FRQFHQ�
WUDWLRQ� ZDV� V\VWHPDWLFDOO\� VWXGLHG� LQ� >��@
IRU� DOOR\V� FORVH� WR� WKH� QHDU�VWRLFKLRPHWULF
1L±0Q±*D�FRPSRVLWLRQV�

+RZHYHU�� WKH� SXEOLVKHG� UHVXOWV� FRQFHUQ�
LQJ� WKH� 1L±0Q±*D� DOOR\LQJ� HIIHFW� RQ� WKH

SKDVH�WUDQVIRUPDWLRQ�WHPSHUDWXUHV�DUH�VWLOO
LQVXIILFLHQW� IRU� PDNLQJ� FRQFOXVLRQV� RQ
WUHQGV� DQG� LQWHUUHODWLRQV� EHWZHHQ� YDOHQFH
HOHFWURQ� GHQVLW\� DQG� WKH� SKDVH� WUDQVIRUPD�
WLRQ�WHPSHUDWXUHV��,Q�WKLV�ZRUN��ZH�SUHVHQW
WKH� VWXG\� GDWD� RI� TXDWHUQDU\� 1L±0Q±*D
FRPSRVLWLRQV� DOOR\HG� ZLWK� 6L�� ,Q�� )H�� DQG
&R�� 2QH� SDUW� RI� WKH� ZRUN� FRQFHUQV� WKH� HI�
IHFW�RI�&R�DQG�)H�VXEVWLWXWLRQ�IRU�1L�ZKLOH
WKH�RWKHU�SDUW�GHDOV�ZLWK�WKH�6L�DQG� ,Q�VXE�
VWLWXWLRQ� IRU�*D�� 7KH� PDJQHWRSODVWLFLW\� RI
QHZ� PDJQHWLF� VKDSH� PHPRU\� TXDWHUQDU\
KLJK�WHPSHUDWXUH�DOOR\V�ZDV�H[DPLQHG�

7KH� DOOR\LQJ� HOHPHQWV� ZHUH� VHOHFWHG� DF�
FRUGLQJ� WR� WKHLU� DWRPLF� VL]H��ZLWK� FRYDOHQW
UDGLXV� VPDOOHU� RU� ODUJHU� WKDQ� WKRVH� RI� HOH�
PHQWV� EHLQJ� VXEVWLWXWHG��*D� RU�1L�� UHVSHF�
WLYHO\��7DEOH�����,Q�WKDW�ZD\��ZH�KDYH�VWXGLHG
WKUHH�JURXSV�RI�DOOR\V��7DEOHV�������DQG������L�
WHUQDU\�1L±0Q±*D�DOOR\V���LL��TXDWHUQDU\�DO�
OR\V�ZLWK�6L�RU� ,Q�SDUWLDOO\�VXEVWLWXWLQJ�IRU
*D�� DQG� �LLL�� TXDWHUQDU\� DOOR\V� ZLWK�&R� RU
)H� SDUWLDOO\� VXEVWLWXWLQJ� IRU�1L� RU�0Q��7KH
TXDWHUQDU\� PDWHULDOV� ZHUH� SUHSDUHG� XVLQJ
SXUH� 1L��0Q�� *D� DQG� PDVWHU� WHUQDU\� DOOR\
ZLWK� DGGLWLRQ� RI� WKH� DOOR\LQJ� HOHPHQWV�
3RO\FU\VWDOOLQH� ��� J� LQJRWV� RI� WKH� QRQ�
VWRLFKLRPHWULF�WHUQDU\�1L±0Q±*D�DOOR\V�DQG
TXDWHUQDU\�1L±0Q±*D±;��;� �6L�� ,Q��)H��&R�
FRPSRVLWLRQV�ZHUH�PHOWHG�LQ�DOXPLQD�%ULGJ�
PDQ� FUXFLEOHV� LQ� D� 7,0����� LQGXFWLRQ� IXU�
QDFH� XQGHU� $U�DWPRVSKHUH�� 6RPH� LQJRWV
ZHUH� SUHOLPLQDU\� SUHSDUHG� E\� DUF�PHOWLQJ
PHWKRG� ZLWK� TXLFN� FRROLQJ� RQ� D� PDVVLYH
FRSSHU� SODWH� DQG� WKHQ� UH�PHOWHG� LQ� WKH� LQ�
GXFWLRQ� IXUQDFH�� ,QJRWV� ZHUH� DQQHDOHG� DW
�����.� IRU� ���K� DQG� WKHUHDIWHU� DW������.
IRU� ��� K� LQ� HYDFXDWHG� TXDUW]� DPSRXOHV�
6SHFLPHQV�ZHUH� WKHQ� FXW�XVLQJ�D� ORZ�VSHHG
GLDPRQG� VDZ�� ZHW� JURXQG� DQG� HOHFWUR�
SROLVKHG� DW� DPELHQW� WHPSHUDWXUH� ZLWK
+�12����HWKDQRO� HOHFWURO\WH�� &KHPLFDO� FRP�SRVLWLRQV�ZHUH�GHWHUPLQHG�E\�DQ�HQHUJ\�GLV�

7DEOH���� 9DOHQFH� HOHFWURQV� �H��� DWRPLF� UD�
GLXV��5���FRYDOHQW�UDGLXV�

(OHPHQW $WRPLF
UDGLXV��c

9DOHQFH
HOHFWURQV��H

&RYDOHQW
UDGLXV��c

1L ����� �� ����
0Q ���� � ����
*D ����������� � ����
6L ������������ � ����
,Q ��������� � ����
&R ���� � ����
)H ���� � ����
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SHUVLYH� VSHFWURPHWHU� �('6�� FRQQHFWHG� WR� D
VFDQQLQJ� HOHFWURQ� PLFURVFRSH� �/(2�6(0�
DQG�XVLQJ�WKH�FKHPLFDO�DQDO\VLV�FDUULHG�RXW
ZLWK� D� IOXRUHVFHQW� VSHFWURVFRSH�� 7KH� &XULH
SRLQW�7&�DQG�WKH�PDUWHQVLWH�WUDQVIRUPDWLRQWHPSHUDWXUHV�0V��0I��$V��$I�ZHUH�PHDVXUHGLQ� WKH� WHPSHUDWXUH� UDQJH� Ü���í�����&
XVLQJ�WKH� ORZ�ILHOG�DF�PDJQHWLF�VXVFHSWLELO�
LW\� DQG� WKH� GLIIHUHQWLDO� VFDQQLQJ� FDORULPH�
WHU�/LQNDP������7KH�PRVW�SURPLVLQJ�FRPSR�
VLWLRQV� KDYLQJ� KLJKHU� PDUWHQVLWLF� WUDQVIRU�
PDWLRQ�WHPSHUDWXUHV�ZHUH�FKRVHQ�IRU�VLQJOH
FU\VWDO� JURZLQJ� XVLQJ� %ULGJPDQ� PHWKRG�
6LQJOH� FU\VWDO� VSHFLPHQV� ZHUH� WHVWHG� IRU
PDJQHWRSODVWLF� VWUDLQ� XVLQJ� KLJK�VHQVLWLYH
PDJQHWLF�GLODWRPHWHU�>��@�

7DEOH���VKRZV�WKH�FRPSRVLWLRQV�DQG�WUDQ�
VLWLRQ� WHPSHUDWXUHV� RI� WKH� PDVWHU� WHUQDU\
1L±0Q±*D� DOOR\V�� ZKLOH� LQ� 7DEOH���� SUH�
VHQWHG�DUH�WKRVH�TXDWHUQDU\�DOOR\V�LQ�ZKLFK
6L�RU�,Q�SDUWLDOO\�VXEVWLWXWH�SDUWLDOO\�IRU�*D�
)LJ���� VKRZV� VRPH� H[DPSOHV� RI� WKH� SKDVH
WUDQVIRUPDWLRQ� WHPSHUDWXUH� PHDVXUHPHQWV
IRU�VWXGLHG�DOOR\V��$FFRUGLQJ�WR�7DEOH����LQ�
FUHDVLQJ�6L�FRQWHQW��WKH�DWRPLF�DQG�FRYDOHQW
UDGLL� RI� 6L� DUH� VPDOOHU� WKDQ� WKRVH� RI� *D�
GHFUHDVHV�WHPSHUDWXUHV�RI�PDUWHQVLWLF�WUDQV�
IRUPDWLRQ� GUDVWLFDOO\� �6L��� DV� FRPSDUHG� WR
WKRVH� REWDLQHG� IRU� WHUQDU\� DOOR\V� KDYLQJ� D
FORVH�1L�0Q�UDWLR� �7DEOH����1R�����+RZHYHU�
WKH�GHFUHDVH�RI�WKH�WUDQVIRUPDWLRQ�WHPSHUD�
WXUH� LV� QRW� VR� GUDVWLF� IRU� DOOR\� ZLWK� LQ�
FUHDVHG� 1L� FRQWHQW� �7DEOH����� (IIHFW� RI� 6L

7DEOH����7HUQDU\�DOOR\�FRPSRVLWLRQV�DQG�SKDVH�WUDQVIRUPDWLRQ�WHPSHUDWXUHV

1R� 1L��DW� 0Q��DW� *D��DW� 7F���& 0V���& 0I����& $V���& $I���&
�� ���� ���� ���� �� ���� ���� ���� ����
�� ����� ����� ����� ��� �� ���� �� ��
�� ����� ����� ����� ��� �� �� �� ��
�� ���� ���� ���� �� �� �� �� ��
�� ���� ���� ���� �� �� �� �� ��
�� ���� �� ���� �� Ü��� Ü�� Ü��� Ü��

7DEOH���� � 4XDWHUQDU\� DOOR\� FRPSRVLWLRQ� DQG� SKDVH� WUDQVIRUPDWLRQ� WHPSHUDWXUHV�� $OOR\LQJ� HOH�
PHQWV�DGGHG�LQVWHDG�RI�*D�SDUWLDOO\
1R� 1L��DW� 0Q��DW� *D��DW� ; ;��DW� 7F���& 0V���& 0I���& $V���& $I���&�
6L� ����� ����� ����� 6L ���� ��� �� �� �� ��
6L� ����� ����� ����� 6L ���� ����� ���� Ü�� Ü��� ����
6L� ���� ���� ���� 6L � ���� ���� Ü��� ��� ����
6L� ����� ����� ����� 6L ��� ��� Ü��� Ü��� Ü��� Ü���
,Q� ����� ����� ����� ,Q ���� ���� ��� Ü���� Ü��� ��
,Q� ����� ������ ������ ,Q ���� ���� Ü�� �Ü��� �Ü��� Ü����

)LJ����� 6RPH� H[DPSOHV� RI� SKDVH� WUDQVIRUPD�
WLRQ� WHPSHUDWXUH� PHDVXUHPHQWV�� �D�� E\� ORZ
ILHOG�PDJQHWLF�VXVFHSWLELOLW\���E��E\�XVLQJ�GLI�
IHUHQWLDO�VFDQQLQJ�FDORULPHWHU�
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DGGLWLRQ�RQ�WKH�&XULH�SRLQW�LV�LQVLJQLILFDQW�
DQG� WR� H[SODLQ� WKLV�� PRUH� GHWDLOHG� FU\VWDO
VWUXFWXUH� LQYHVWLJDWLRQ� LV� QHHGHG� WR� FODULI\
HVSHFLDOO\� WKH� 0Q±0Q� GLVWDQFH�� 7KLV� GLV�
WDQFH� DIIHFWV� KHDYLO\� WKH� PDJQHWLF� SURSHU�
WLHV�DQG�WKH�&XULH�WHPSHUDWXUH��EHFDXVH�WKH
PDJQHWLF�PRPHQW�LV�FRQFHQWUDWHG�SUHIHUDEO\
RQ�0Q�DWRPV�LQ�1L±0Q±*D�EDVHG�DOOR\V��$G�
GLWLRQ� RI� ,Q�ZLWK� DWRPLF� DQG� FRYDOHQW� UDGLL
ODUJHU� WKDQ�*D� �7DEOH���� DOVR� GHFUHDVHV� WKH
PDUWHQVLWLF� WUDQVIRUPDWLRQ� WHPSHUDWXUHV
�7DEOH���� DV� FRPSDUHG� WR� WHUQDU\� DOOR\
�7DEOH����

7DEOH��� VXPPDULVHV� WKH� UHVXOW� IRU� RII�
VWRLFKLRPHWULF� TXDUWHUQDU\� DOOR\V�ZKHUH�&R
RU� )H� VXEVWLWXWH� SDUWLDOO\� IRU� 1L� �$OOR\V
&R��� &R��� )��� )���� 0Q� �$OOR\� )��� RU� *D
�$OOR\V�)���&R���� 6XEVWLWXWLRQ� RI�1L� E\�&R
�ODUJHU�DWRPLF�DQG�FRYDOHQW�UDGLV��LQFUHDVHV
WKH�&XULH� WHPSHUDWXUH� �7DEOH����&R����+RZ�
HYHU��1L�DWRPV�DUH�DOVR�SDUWLDOO\�VXEVWLWXWHG
E\�WKH�ODUJHU�*D�DWRPV��7KLV�UHVXOW�GRHV�QRW
FRQILUP� WKH�SRVVLEOH� FRUUHODWLRQ�RI� WKH� VL]H
RI� DOOR\LQJ� HOHPHQW� DQG� WKH�&XULH� WHPSHUD�
WXUH� >����@�� � +RZHYHU�� ZKHQ�*D� DWRPV� DUH
VXEVWLWXWHG� E\� &R� �PXFK� VPDOOHU� DWRPLF
VL]H���WKH�&XULH�WHPSHUDWXUH�LQFUHDVHV�GUDV�
WLFDOO\� �&R����DQG�WKLV�LV� LQ�DJUHHPHQW�ZLWK
REVHUYDWLRQV�LQ�>������@��(IIHFW�RI�)H�DOOR\�
LQJ� VHHPV� WR� GHSHQG� RQ� WKH� HOHPHQW� EHLQJ
VXEVWLWXWHG�� ,I� )H� VXEVWLWXWHV� IRU� *D�� WKH
PDUWHQVLWLF� WUDQVIRUPDWLRQ� WHPSHUDWXUH�GH�
FUHDVHV� �7DEOH���� $OOR\� )���� ,I� )H� VXEVWL�
WXWHV� IRU�0Q� �7DEOH���� )��� RU� SDUWLDOO\� IRU
*D� �7DEOH���� )���� DW� VOLJKWO\� LQFUHDVHG� 1L
FRQWHQW�� WKHUH� LV� D� FRQVLGHUDEOH� ULVH� LQ� WKH
PDUWHQVLWLF� WUDQVIRUPDWLRQ� WHPSHUDWXUH�
7KLV�UHVXOW�GRHV�QRW�FRQILUP�WKH�FRQFOXVLRQ
PDGH� LQ� >�@�� )H� VXEVWLWXWLRQ� IRU� 1L� RU� *D
VKLIWV�WKH�PDUWHQVLWLF�WUDQVIRUPDWLRQ�WR�WKH
ORZHU�WHPSHUDWXUHV� �7DEOH����)����+RZHYHU�
D� VPDOO� DPRXQW� RI�)H� DGGHG� LQVWHDG� RI�*D
DW� KLJKHU� 0Q� FRQWHQW� LQFUHDVHV� ERWK� WKH

&XULH� WHPSHUDWXUH� DQG� WKH� PDUWHQVLWLF
WUDQVIRUPDWLRQ� WHPSHUDWXUHV� �7DEOH���� )���
+RZHYHU�� ZKHQ� 0Q� LV� VXEVWLWXWHG� E\� WKH
VPDOOHU� )H�DWRPV�� WKH� PDJQHWLF� WUDQVLWLRQ
WHPSHUDWXUH� LQFUHDVHV� �7DEOH���� $OOR\V� )�
DQG�)�����7KLV�LV�LQ�DJUHHPHQW�ZLWK�>�@�

,W� LV� DVVXPHG� WKDW� WKH� YDOHQFH� HOHFWURQ
FRQFHQWUDWLRQ� SOD\V� DQ� LPSRUWDQW� UROH� LQ
VWDELOL]LQJ� +HXVOHU� /��� VWUXFWXUH�� GHILQLQJWKH�PDJQHWLF�RUGHU�DQG�DIIHFWLQJ� WKH�SKDVH
WUDQVIRUPDWLRQV� DQG� WKHLU� WHPSHUDWXUHV� LQ

7DEOH����7KH�FRPSRVLWLRQV�DQG�WUDQVLWLRQ�WHPSHUDWXUHV�RI�WKH�TXDWHUQDU\�DOOR\V�ZLWK�&R�RU�)H�

1R� 1L��DW� 0Q��DW� *D��DW� ; ;��DW� 7F���& 0V���& 0I���& $V���& $I���&�
&R� ����� ���� ����� &R ���� ��� Ü��� Ü�� Ü��� Ü���
&R� ����� ���� ����� &R ���� ��� Ü���� Ü���� Ü���� Ü����
&R� ����� ����� ����� &R ���� ����� ����� ��� ��� ��
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7DEOH����9DOHQFH�HOHFWURQ�GHQVLW\�SHU�DWRP
�H�D��DQG�UDWLR�RI�7F�0V
1R� $OOR\ ; ;��DW� 7F�0V�&
6L� 6L ���� ���� ������
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1L�0Q*D��0RUHRYHU��VRPH�DXWKRUV��VHH��H�J��>��@�� KDYH� FRQILUPHG� D� FRUUHODWLRQ� EHWZHHQ
WKH� LQFUHDVH�RI�WKH�YDOHQFH�HOHFWURQ�GHQVLW\
DQG� WKH�PDJQHWLF� DQG�PDUWHQVLWLF� WUDQVIRU�
PDWLRQ� WHPSHUDWXUHV� IRU� VRPH� WHUQDU\� RU
TXDWHUQDU\� RII�VWRLFKLPHWULF� 1L±0Q±*D� DO�
OR\V��:H� FKHFNHG� WKH� H[LVWHQFH� RI� SRVVLEOH
7&�0V� UDWLR� IRU� TXDWHUQDU\� DOOR\V� VWXGLHGLQ� WKLV� ZRUN�� 7KHVH� UHVXOWV� DUH� VKRZQ� LQ
7DEOH��� DQG� )LJ����� $FFRUGLQJ� WR� WKHVH� UH�
VXOWV��WKHUH�LV�QR�FOHDU�FRUUHODWLRQ�RI�7&�0VUDWLR� ZLWK� WKH� HOHFWURQ� FRQFHQWUDWLRQ� IRU
DQ\�JURXS�RI�WKH�VWXGLHG�TXDWHUQDU\�DOOR\V�
$Q\�FRPPRQ�WUHQG�IRU� WKH�DSSOLHG�DOOR\LQJ
HOHPHQWV�LQ�WKH�VWXGLHG�TXDWHUQDU\�FRPSRVL�
WLRQV�VHHPV�WR�EH�DEVHQW�

6RPH�RI� WKH� DOOR\V�ZHUH� VHOHFWHG� IRU� WKH
PDJQHWRSODVWLFLW\�WHVWLQJ��$OOR\V�)��DQG�)�
VKRZ� WKH� PDJQHWLF� ILHOG� LQGXFHG� VWUDLQ� DW
URRP� WHPSHUDWXUH� DQG� EHORZ� LW�� +RZHYHU�
WKH� UHVXOW� RI� PDJQHWRSODVWLFLW\� PHDVXUH�
PHQW� DW� ���&� REWDLQHG� IRU� WKH� $OOR\� )�
VHHPV�WR�EH�WKH�PRVW�LQWHUHVWLQJ�DQG�SURP�
LVLQJ� �)LJ������ $FFRUGLQJ� WR� WKH� ;�UD\� GLI�
IUDFWLRQ�SDWWHUQ�WKH�VWXGLHG�)�� VLQJOH� FU\V�
WDO�KDV�D�PL[HG�FU\VWDO�VWUXFWXUH�FRQVLVWLQJ
RI� WZR� PDUWHQVLWLF� SKDVHV�� WKH� QRQ�PRGX�
ODWHG� WHWUDJRQDO� DQG� WKH� ��OD\HUHG� PRGX�
ODWHG� PDUWHQVLWH�� $IWHU� WKH� ;�UD\� GLIIUDF�
WLRQ� VWXG\� RI� DOO� WKUHH� VLQJOH� FU\VWDO� VXU�
IDFHV�� LW� ZDV� FRQILUPHG� WKDW� DOVR� WKH
��OD\HUHG� PRGXODWHG� W\SH� RI� PDUWHQVLWH� LV
SUHVHQW�LQ�WKH�VWUXFWXUH�7KH�FR�H[LVWHQFH�RI
DOO� WKUHH�PDUWHQVLWH� W\SHV� DIIHFWV� WKH�PDJ�
QLWXGH�RI� WKH�PDJQHWLF� ILHOG� LQGXFHG�VWUDLQ
����Ü������� WKDW�ZDV� IRXQG� VR� IDU� RQO\� LQ
WKH� PRGXODWHG� W\SHV� RI� FU\VWDO� VWUXFWXUHV�
+RZHYHU�� WKH� WULJJHULQJ� PDJQHWLF� ILHOG
QHHGHG�IRU�WKH�PDJQHWLF�ILHOG�LQGXFHG�VWUDLQ
LV�UDWKHU�KLJK��DSSUR[LPDWHO\�����7�

7KXV�� WKH� HIIHFW� RI� 6L�� ,Q�� &R� DQG� )H
DOOR\LQJ� RI� WKH� RII�VWRLFKLRPHWULF� WHUQDU\
1L±0Q±*D�FRPSRXQGV�LV�VWXGLHG��,W�LV�IRXQG
WKDW� DOOR\LQJ� ZLWK� 6L� DQG� ,Q� GHFUHDVHV� WKH
PDUWHQVLWLF� WUDQVIRUPDWLRQ� WHPSHUDWXUHV�
$OOR\LQJ�ZLWK�&R� DIIHFWV� KHDYLO\� WKH� IHUUR�
PDJQHWLF� WUDQVIRUPDWLRQ� WHPSHUDWXUH� 7F�+RZHYHU�� WKH� HIIHFW� RI� )H� DGGLWLRQ� RQ� WKH
SKDVH� WUDQVIRUPDWLRQ� LV� PRUH� FRPSOH[� DQG
GHSHQGV�RQ�ZKLFK�HOHPHQW��1L��0Q�RU�*D��LURQ
LV�VXEVWLWXWHV�IRU��7KH�KLJK�WHPSHUDWXUH�FRP�
SRVLWLRQV� RI� TXDWHUQDU\� 1L±0Q±*D±)H� DOOR\V
DUH�IRXQG��:LWK�RQH�RI�WKHVH�DOOR\V��D�PDJ�
QHWRHODVWLF� VWUDLQ� RI� ���� �� LV� REWDLQHG� DW
���&�LQ�D�VLQJOH�FU\VWDOOLQH�VDPSOH��

$FNQRZOHGJHPHQWV�� 7KH� DXWKRUV� ZRXOG
OLNH� WR�DFNQRZOHGJH� WKH� IXQGLQJ�VXSSRUW�RI
WKH� $FDGHP\� RI� )LQODQG�� $XWKRUV� DOVR
JUHDWO\� DFNQRZOHGJH� WKH� VXSSRUW� RI� (XUR�
SHDQ� 2IILFH� RI� $LUVSDFH� 5HVHDUFK� 'LYLVLRQ
�(2$5'���67&8�SURMHFW�3������

5HIHUHQFHV
� ���9�9�0DUW\QRY�� 9�9�.RNRULQ�� -��3K\V��,,,

)UDQFH���������������
� ���-�3RQV�� 9�$�&KHUQHQNR�� 5�6DQWDPDUWD�� (�&H�

VDUL��$FWD�0DWHU�������������������
� ���;�-LQ�� 0�0DULRQL�� '�%RQR� HW� DO��� -��$SSO�

3K\V�������������������
� ���1�/DQVND��2�6RGHUEHUJ��$�6R]LQRY�HW�DO���$SSO�

3K\V�������������������
� ���.�8OODNNR��-�.�+XDQJ��&�.DQWQHU�HW�DO���$SSO�

3K\V��/HWW�������������������
� ���5�7LFNOH�� 5�'�-DPHV�� 7�6KLHOG� HW� DO��� ,(((

7UDQV��0DJQ�������������������
� ���$�6R]LQRY�� $�$�/LNKDFKHY�� 1�/DQVND�� .�8O�

ODNNR��$SSO��3K\V��/HWW�������������������
� ���9�9�.RNRULQ�� ,�$�2VLSHQNR�� 7�9�6KLULQD�

3K\V��0HW��0HWDOO������������������
� ���=�+�/LX�� :�*�=KDQJ�� :�+�:DQJ� HW� DO��� -�

$SSO��3K\V�������������������

)LJ�����7KH�PDJQHWLF�ILHOG�LQGXFHG�VWUDLQ�LQ�D
VLQJOH�FU\VWDO�RI�WKH�$OOR\�)��DW����&��)LJ����� 7KH� 7&�0V� UDWLR� YHUVXV� H�D� LQ� VH�OHFWHG�1L±0Q±*D±;�DOOR\V��;� �6L��,Q��&R��)H��
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����9�9�.KRYDLOR�� 9�$�&KHUQHQNR�� $�$�&KHUH�
FKXNLQ� HW� DO��� -�� 0DJQ�� 0DJQ�� 0DWHU�� ����
�����������

����9�9�.KRYDLOR�� 7�$EH�� 9�9�.ROHGRY� HW� DO���
$OOR\�0DW��7UDQV�������������������

����.�.RKR�� 2�6RGHUEHUJ�� 1�/DQVND� HW� DO���0DW�
6FL��(QJ��$����������������������

����;�/X�� ;�4�&KHQ�� /�;�4LX�� =�;�4LQ�� -��3K\V�
,9�)UDQFH������������������

����.�7VXFKL\D�� +�1DNDPXUD�� 0�8PHPRWR�
+�2KWVXND�� 7UDQV��0DWHU��5HV��6RF��-SQ��� ���
�����������

����.�7VXFKL\D�� $�7VXWVXPL�� +�2KWVXND�
0�8PHPRWR�� 0DW��6FL��(QJ��$�� ��������� ���
��������

����2�6RGHUEHUJ��.�.RKR��7�6DPPLHW�HW�DO���0DW�
6FL��(QJ��$�����������������������

����9�$�&KHUQHQNR��6FU��0DWHU������������������
����9�7�&KHUHSLQ�� 1�,�*ODYDWVND�� ,�1�*ODYDWVNL\�

9�*�*DYULOMXN�� 0HDVXU��6FL��7HFKQ��� ���� ���
����������
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