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�
�� ,QWURGXFWLRQ
7KH� VWUXFWXUHV� RI� PLUURU� QXFOHL� �QXFOHL� ZLWK� WKH�VDPH
PDVV� QXPEHU� DQG� WKH�QXPEHU�RI�SURWRQV�LQ�RQH�RI�WKHP
HTXDOV� WKH� QXPEHU� RI� QHXWURQV� LQ�WKH�RWKHU��DUH�DOPRVW
LGHQWLFDO�� H[FHSW� IRU� WKH� VPDOO� HIIHFWV�GXH�WR�&RXORPE
LQWHUDFWLRQ� ZKHUH� WKH� V\PPHWU\� LV� EHLQJ� EURNHQ�� 7KH
VWXG\� RI� WKLV� V\PPHWU\� EUHDNLQJ� UHYHDOV� GHWDLOV�RI�WKH
QXFOHDU� VWUXFWXUH�� 7KLV� VKLIW�LQ�PLUURU�V\PPHWU\�ZLOO�EH
REVHUYHG� PRVWO\� DV�D�IXQFWLRQ�RI�VSLQ�ZKHUH�WKH�SURWRQV
DQG�RU� QHXWURQV�UHDUUDQJH�WKHPVHOYHV�LQ�QHZ�VKHOO�PRGHO
RUELWV� DQG� KHQFH� FDXVH� FKDQJHV� LQ� &RXORPE� HQHUJ\
GLIIHUHQFHV�� 7KHVH� HIIHFWV�� NQRZQ� DV� &RXORPE
'LVSODFHPHQW� (QHUJLHV��&'(����KDYH�EHHQ�WKH�VXEMHFW�RI
VHYHUDO� VWXGLHV� LQ� QXFOHDU� VWUXFWXUH� SK\VLFV�� ,Q� WZR
H[SHULPHQWV� DW� WKH� EHJLQQLQJV� RI� WKH� ��¶V�� WKH�PLUURU
SDLUV� ��0Q� �� ��&U� DQG� ��&U� �� ��9� ZHUH� VWXGLHG�DQG�DQ
LQWHUHVWLQJ� EUHDNLQJ� � LQ� WKH� PLUURU� V\PPHWU\� ZDV
REVHUYHG�DV�D�IXQFWLRQ�RI�VSLQ�>���@�

8S� WR� QRZ�� WKH� KLJK�VSLQ�VWXG\�RI�WKH�PLUURU�QXFOHL
KDV� XVHG� VWDEOH� EHDP�WDUJHW� FRPELQDWLRQV�� 6LQFH� WKH
SURGXFWLRQ� RI� KHDYLHU� PLUURU� QXFOHL� UHTXLUHV� WKH
IRUPDWLRQ� RI�D�FRPSRXQG�QXFOHXV�ZKLFK�PXVW�EH�IXUWKHU
DZD\� IURP� WKH� OLQH� RI� VWDELOLW\�� RQH� ZD\�WR�VROYH�WKLV
SUREOHP� LV� XVLQJ� D� QHXWURQ�GHILFLHQW� UDGLRDFWLYH� LRQ
EHDP� �5,%���1HZ�FRPELQDWLRQV�RI�FROOLGLQJ�V\VWHPV�FDQ

DOORZ� IRU� PRUH� V\VWHPDWLF� VWXGLHV� RI� WKH� UHDFWLRQ
PHFKDQLVPV� DQG� VWUXFWXUDO� HIIHFWV� �VXFK� DV� QXFOHDU
VKDSH�� DV� D� IXQFWLRQ� RI� SURWRQ�RU�QHXWURQ�QXPEHU��7KH
ODUJH� DYDLODEOH� UDQJH� LQ� =� DQG� 1�ZLOO�EH�DQ�LPSRUWDQW
DVSHFW�LQ�WKH�VWXG\�RI�VXFK�UHDFWLRQV�
,Q� WKLV� ZD\� RQH� FDQ�LQFUHDVH�WKH�FURVV�VHFWLRQ�RI�PRUH
QHXWURQ�GHILFLHQW� QXFOHL�LQ�FRPSDULVRQ�ZLWK�UHDFWLRQV�E\
VWDEOH� EHDPV�� 7KH� ILUVW� WHVW� RI� D� IXVLRQ�HYDSRUDWLRQ
FRPSRXQG� QXFOHXV� E\� D�UDGLRDFWLYH�LRQ�EHDP�ZDV�GRQH
DW� WKH� /RXYDLQ�OD�1HXYH� ODERUDWRU\�� %HOJLXP��ZLWK�WKH
DLPV� RI� VWXG\LQJ�WKH�HIIHFWV�RI�&'(�LQ�WKH�PLUURU�QXFOHL
��&R�����1L��DQG�REWDLQLQJ�LQIRUPDWLRQ�RQ�WKH�SUREOHPV�WR
EH� IDFHG� LQ� XVLQJ� D� UDGLRDFWLYH� EHDP� IRU� QXFOHDU
VSHFWURVFRS\�� � $V� PHQWLRQHG� DERYH�� WKLV�H[SHULPHQWDO
ZRUN� ZDV� GRQH� DW� /RXYDLQ�OD�1HXYH� DQG�VRPH�UHVXOWV
ZHUH� SXEOLVKHG� EHIRUH� >���@�� 6RPH�RI�WKH�H[SHULPHQWDO
GHWDLOV� DUH� JLYHQ� KHUH� DJDLQ� IRU� WKH�LQIRUPDWLRQ�RI�WKH
UHDGHUV�RI�WKLV�MRXUQDO�

���7KH�([SHULPHQW
$� UDGLRDFWLYH� ��1H� EHDP� ZDV� SURGXFHG�DW�/RXYDLQ�OD�
1HXYH� DFFHOHUDWRU� ODERUDWRU\� LQ� D� WZR�VWDJH� SURFHVV
XVLQJ� WKH� ,VRWRSH� 6HSDUDWRU� 2Q�/LQH� �,62/�� PHWKRG
>���@�� )LJXUH� � VKRZV� D� VFKHPDWLF� RXWOLQH� RI� WKH
H[SHULPHQWDO�VHW�XS��XVHG�LQ�WKH��SUHVHQW��ZRUN���,QLWLDOO\�
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)LJXUH����6FKHPDWLF�GLDJUDP�RI�WKH�H[SHULPHQWDO�OD\RXW�
WKH� &<&/21(� �� F\FORWURQ�SURGXFHG��� 0H9 SURWRQV
ZLWK� D� EHDP� FXUUHQW�RI���� P$�ZKLFK�ERPEDUGV�D�WKLFN
/LWKLXP� )OXRULGH�WDUJHW�WR�SURGXFH�WKH�UDGLRDFWLYH�DWRPV
YLD�WKH��� )��S�Q����1H�UHDFWLRQ� 7KH�WDUJHW�ZDV�PHOWHG�E\
WKH� EHDP� �PHOWLQJ� SRLQW����� .��DQG�ZDV�HQFORVHG�LQ�D
JUDSKLWH� F\OLQGHU� ZKLFK LVRODWHG� WKH�KRW�WDUJHW�PDWHULDO
IURP� WKH� FROG� FRSSHU� KROGHU�� 7KH���1H�QXFOHL�GLIIXVHG
RXW� RI� WKH� F\OLQGHU� WKURXJK� WKH� KRW� FDUERQ� ZLQGRZ�
7KHVH� UDGLRDFWLYH� DWRPV�� DV� ZHOO� DV� D�ODUJH�QXPEHU�RI
VWDEOH� ��)� LVREDULF� FRQWDPLQDQWV�� ZHUH�WKHQ�WXUQHG�LQWR
SRVLWLYH� LRQV�LQ�DQ�(OHFWURQ�&\FORWURQ�5HVRQDQFH��(&5�
LRQ� VRXUFH� DQG� LQMHFWHG� LQWR� D� VHFRQG� F\FORWURQ
DFFHOHUDWRU�QDPHG�&<&/21(��VHH�ILJXUH����

7R� DFKLHYH� D� KLJK� LVRWRSLF�SXULW\�LQ�WKH�ILQDO�EHDP�
&<&/21(� ZDV�WXQHG�DV�D�PDVV�VSHFWURPHWHU�VR�WKDW�WKH
LQWHQVLW\� RI WKH���)�FRQWDPLQDQWV�ZDV�UHGXFHG�IDU�EHORZ
�OHVV� WKDQ� � SDUW� LQ������WKH�UDGLRDFWLYH�EHDP�LQWHQVLW\
DIWHU�DFFHOHUDWLRQ��8VLQJ�WKLV�PHWKRG��EHDPV�RI�XS�WR����
SS$� � �� ��� ;���� SDUWLFOHV�SHU�VHFRQG��RI����1H��� ZHUH
DFFHOHUDWHG� WR� ILQDO� EHDP�HQHUJ\�RI��� 0H9��7KH�EHDP
ZDV� SXOVHG� WR� SURYLGH� EHDP�EXUVWV�VHSDUDWHG�E\��� QV�
7KLV� EHDP� SXOVLQJ� ZDV� LQYDOXDEOH�LQ�WKH�VXEWUDFWLRQ�RI
UDQGRP� HYHQWV� �VHH�EHORZ���7KH�EHDP�ZDV�LQFLGHQW�RQ�D
��� PJ�FP� WKLFN ��&D�WDUJHW�ZKLFK�ZDV�SUHSDUHG�DQG
NHSW� LQ� YDFXXP� EHIRUH� � XVH�DQG�WKHQ�WUDQVIHUUHG�WR�WKH
FKDPEHU�� 7KLV� ZDV� LPSRUWDQW� WR� DYRLG� R[\JHQ
FRQWDPLQDWLRQ�RI�WKH�WDUJHW��7KH�FHQWHU�RI�PDVV�HQHUJ\�RI
WKH� EHDP� RI� ���� 0H9�ZDV�DERYH�WKH�&RXORPE�EDUULHU
IRU� WKLV� UHDFWLRQ� DOORZLQJ� IXVLRQ�HYDSRUDWLRQ� W\SH
UHDFWLRQV�

*DPPD�UD\V ZHUH� LGHQWLILHG� IURP� UHVLGXDO� QXFOHL
IRUPHG� LQ� WKH� ��1H� �� ��&D�UHDFWLRQ�XVLQJ�DQ�DUUD\�RI��
7(66$� �7RWDO� (QHUJ\� 6XSSUHVVLRQ�6KLHOG�$UUD\��VW\OH
*H� GHWHFWRUV� >�@� ZLWK� HIILFLHQFLHV� EHWZHHQ� ���� DQG
����� UHODWLYH� WR� D� �� PP�;��� PP�1D,�GHWHFWRU�DW���
FP�

7KH� *H� GHWHFWRUV� ZHUH� SODFHG� LQ� WKH� EDFNZDUG
KHPLVSKHUH� EHFDXVH� WKH� IRUZDUG� KHPLVSKHUH� ZDV
H[SHFWHG� WR�EH�VZDPSHG�ZLWK�VFDWWHUHG�UDGLRDFWLYH�EHDP
SDUWLFOHV�� HYHQ�ZKHQ�XVLQJ�WKLQ�WDUJHWV��7KH�*H�GHWHFWRUV
ZHUH� VXSSRUWHG� LQ� D� IUDPHZRUN�VXFK�WKDW�WKUHH�RI�WKHP
ZHUH� DW� ��q ZKLOH�WKH�RWKHUV�ZHUH�DW����q WR�WKH�EHDP
GLUHFWLRQ�� �7R�UHGXFH�WKH�DPRXQW�RI���� NH9�DQQLKLODWLRQ

UDGLDWLRQ� REVHUYHG�LQ�WKH�*H�GHWHFWRUV�IURP�WKH�GHFD\�RI
WKH� EHDP� SDUWLFOHV� �7KH� ��1H� QXFOHL� GHFD\� YLD� � E �

HPLVVLRQ� WR� �� )� QXFOHL� �ZLWK�D�OLIHWLPH�RI��� VHFRQGV��
WKH� GHWHFWRUV� ZHUH� FROOLPDWHG� WRZDUGV� WKH�WDUJHW�DQG��
FP�RI�3E�VKLHOGLQJ�ZDV�SODFHG�DURXQG�DOO�RI�WKH�GHWHFWRUV
DQG� EHDP� FROOLPDWRUV�� 7KH� EHDP� VWRS�ZDV�� P�EHKLQG
WKH� WDUJHW� SRVLWLRQ� DQG�ZHOO�VKLHOGHG�ZLWK�D�ZDOO�RI�OHDG
EULFNV�

7KH�PLFUR�VWULS�VLOLFRQ�GHWHFWRUV�NQRZQ�DV�WKH�/('$
�/RXYDLQ�(GLQEXUJK� 'HWHFWRU� $UUD\�� >�@�� ZKLFK� KDG
EHHQ� SODFHG� LQ�WKH�IRUZDUG�GLUHFWLRQ�ZHUH�XVHG�WR�GHWHFW
HYDSRUDWHG� SURWRQ� DQG�DOSKD�SDUWLFOHV�IURP�WKH�UHDFWLRQ�
7KH� KLJK�JUDQXODULW\�RI�WKLV�GHYLFH�DQG�LWV�WKLFNQHVV�����
PP�� SURYLGHG� LQIRUPDWLRQ� RQ�PXOWLSOH�FKDUJHG�SDUWLFOH
HYHQWV� 7KH�JHRPHWULF�HIILFLHQF\�RI�WKH�/('$��DUUD\�IRU
GHWHFWLQJ� LQGLYLGXDO� SURWRQV� DQG� DOSKD�SDUWLFOHV� ZDV
DSSUR[LPDWHO\� ����DQG�ZDV�HVVHQWLDOO\�LQVHQVLWLYH�WR��E
DQG� � J UDGLDWLRQV�SURGXFHG�LQ�WKH�UHDFWLRQ��$V�VKRZQ�LQ
ILJXUH� ��� WKH�VLOLFRQ�GHWHFWRUV�ZHUH�LQ�HLJKW�VHFWRUV�LQ�DQ
RFWDJRQDO� VKDSH�� 7KH� DFWLYH� DUHD� RI� WKLV� JHRPHWU\� LV
GLYLGHG� LQWR� ��� LQGHSHQGHQW�GHWHFWRU�HOHPHQWV�DQG�WKLV
KDV� WKH� DGYDQWDJH� RI� SRVLWLRQ� UHVROXWLRQ�� KLJK� GDWD
WKURXJKSXW� DQG� KLJK� PXOWLSOLFLW\� HYHQW� GHWHFWLRQ��7KLV
GHWHFWRU� DUUD\�ZDV�FRYHUHG�E\�D�UHWUDFWDEOH����� PJ�FP�

$O� IRLO� ZKLFK� VWRSSHG� WKH� VFDWWHUHG� EHDP�SDUWLFOHV��$
FKDPEHU� KRXVHG� DOO� WKH� FRPSRQHQWV� �H[FHSW� WKH� *H
GHWHFWRUV��LQ�D�KLJK�YDFXXP��a��� ;����� PEDU��

���'DWD�$QDO\VLV�DQG�([SHULPHQWDO�5HVXOWV
7KH� UDZ�VLQJOHV�VSHFWUXP�IURP�WKH�JDPPD�UD\�GHWHFWRUV�
PHDVXUHG� LQ� WKH� UHDFWLRQ�LV�VKRZQ�LQ�ILJXUH��D��'HVSLWH
WKH� FROOLPDWLQJ� RI� WKH� *H� GHWHFWRUV� WRZDUGV�WKH�WDUJHW
DQG� WKH� � FP� RI� 3E� VKLHOGLQJ�DURXQG�DOO�GHWHFWRUV�DQG
EHDP� FROOLPDWRUV�� WKH� VLQJOHV� VSHFWUXP� LV� WRWDOO\
GRPLQDWHG� E\� ��� NH9� DQQLKLODWLRQ� JDPPD�UD\V� �WKH
DFWLYLW\� RI����1H�ZDV��� 0%T��L�H���� PLOOLRQ���� NH9��J�
UD\V� SHU� VHFRQG��� 6LQFH� WKH� EHDP�VWRS�ZDV�� P�IDUWKHU
DQG� ZHOO� VKLHOGHG�� WKH� ��� NH9� SHDN� PXVW� DOPRVW
FHUWDLQO\� KDYH� EHHQ� GXH� WR� WKH� VFDWWHUHG� EHDP� WKDW
VWRSSHG� LQ� WKH� UHJLRQ�RI�WKH�WDUJHW��7KLV���� NH9�GXH�WR
DQQLKLODWLRQ�RI�DQ�HOHFWURQ�SRVLWURQ�SDLU�LV�PRVWO\�VHHQ�LQ
RSSRVLWH�GHWHFWRU�SDLUV��,W�KDV�EHHQ�VKRZQ�WKDW�WKH�UDWH�RI



�� 6�0RKDPPDGL ,-35�9RO�����1R���

)LJXUH����/D\RXW�RI�(GLQEXUJK�/('$�GHWHFWRU�DUUD\�

)LJXUH����7RWDO�J VLQJOHV�DQG�EDFNJURXQG�VXEWUDFWHG�VSHFWUD�
��� NH9� UDGLDWLRQ� EHWZHHQ� RSSRVLWH�SDLUV�LV�DERXW����
WLPHV� JUHDWHU� WKDQ� REVHUYHG�EHWZHHQ�DGMDFHQW�GHWHFWRUV
>�@�
$V� ILJXUH� � VKRZV�� E\� VRIWZDUH� JDWLQJ�RQ�WKH�LQ�EHDP
UHJLRQV� $� DQG� &� DQG� RXW�RI�EHDP� UHJLRQV� %� DQG� '
VHSDUDWHO\�� D� VXEWUDFWLRQ� RI� WKH�UDGLRDFWLYH�EDFNJURXQG
^�$�&���%�'�`� FDQ� EH� DFKLHYHG� JLYLQJ� D�VSHFWUXP�RI

WKH� SURPSW� JDPPD�UD\V� �WKH� WZR� SHDNV� LQ� WKH�ILJXUH�
ZKLFK� DUH� SURGXFHG� RQO\� LQ� WKH� IXVLRQ�HYDSRUDWLRQ
UHDFWLRQV�� 7KH� GRPLQDQW� ��� NH9� SHDN� LV� DOPRVW
FRPSOHWHO\� HOLPLQDWHG� DQG� WKH� XQVXSSUHVVHG� &RPSWRQ
HYHQWV� EHORZ� ��� NH9� DUH� UHPRYHG� �ILJXUH� �E��� ,Q
DGGLWLRQ� WR� WKH�UHPRYDO�RI�WKH���� NH9�JDPPD�UD\V��WKH
EDFNJURXQG�VXEWUDFWLRQ�KDV�DOVR�UHPRYHG�WKH��SHDNV��GXH
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)LJXUH� ��� 3XOVH�EHDP�RI�WKH�&\FORWURQ�VKRZLQJ�,Q�EHDP�UHJLRQV�$�DQG�&�DQG��RXW�RI�EHDP�UHJLRQV�%�DQG�'��7KH�WLPH
LQWHUYDO�EHWZHHQ�WKH�WZR�SHDNV�LV��� QV�

WR� WKH� UDGLRDFWLYLW\� WKDW� FRQWLQXHV� EHWZHHQ� EHDP
EXUVWV�>���@�

$� JDPPD�JDPPD� FRLQFLGHQFH�PHDQV�WKH�FDVFDGH�RI
UHODWHG� JDPPD�UD\� WUDQVLWLRQV� LQ� D� VSHFLILHG� H[FLWHG
QXFOHXV�� DQG� D� SDUWLFOH�JDPPD�FRLQFLGHQFH�LQGLFDWH�WKH
RFFXUUHQFH� RI� D� IXVLRQ�HYDSRUDWLRQ� UHDFWLRQ�� $Q\
JDPPD�UD\� DFWLYLW\� HPLWWHG� EHWZHHQ� EHDP� SXOVHV� RU
HYHQ� GXULQJ EHDP� SXOVHV� LQ� ZKLFK� QR� UHDFWLRQ� ZDV
LQGXFHG��VKRXOG�WKHUHIRUH�EH�GLVFULPLQDWHG�DJDLQVW�E\�WKH
/('$� GHWHFWRU� DUUD\� >���@�� 7KH� HIIHFWV� RI� � SDUWLFOH�
JDPPD� JDWLQJ�DUH�VKRZQ�LQ�ILJXUH����7KLV�UHTXLUHPHQW�LV
D�JRRG�WRRO�IRU�VHOHFWLQJ�UHDFWLRQ�JDPPD�UD\V�

���/HYHO�6FKHPHV�RI� ��&R����1L�1XFOHL
%\� XVLQJ� JDPPD�JDPPD� DQG� SDUWLFOH�JDPPD
FRLQFLGHQFHV�� ZH� ZHUH� DEOH� WR� ILQG�WKUHH�OLQHV�RI����&R
DQG� �RQH��OLQH�IRU����1L���:H��FRXOG�QRW�VHH�WKH����� NH9
OLQH� LQ� ��&R� ZKLFK�ZDV�UHSRUWHG�SUHYLRXVO\�LQ�UHI��>��@�
7ZR� SRLQW� DQJXODU�GLVWULEXWLRQV�ZHUH�XVHG�WR�LQIHU�OHYHO
VSLQV�� 7KLV� LQIRUPDWLRQ� LV� VXPPDUL]HG� LQ� WDEOH����7KH
GHFD\� VFKHPHV� RI� WKH�WZR�QXFOHL�DUH�VKRZQ�LQ�ILJXUH���
7KH� ���� NH9� OLQH� ZDV� DVVLJQHG� WR� ��1L� IURP� WKH
IROORZLQJ� LQIRUPDWLRQ��ILJXUH�����WKH�SHDN�LV�REVHUYHG�LQ
WKH� ��1H� EDFNJURXQG� VXEWUDFWHG�VLQJOHV�GDWD�EXW�QRW�WKH
��)� �VWDEOH� EHDP��LQGXFHG�UHDFWLRQ��ZLWKLQ�H[SHULPHQWDO
XQFHUWDLQWLHV� WKH� SHDN� KDV� D� WZR� FKDUJHG� SDUWLFOH� KLW
SUREDELOLW\� GLVWULEXWLRQ� LQ� /('$��DQG�WKH�HQHUJ\�RI�WKH
OLQH� LV�FORVH�WR�WKDW�REVHUYHG�IRU�WKH�DQDORJRXV�WUDQVLWLRQ
LQ�WKH���&R�PLUURU�QXFOHXV������ NH9��

���6XPPDU\�DQG�&RQFOXVLRQV
,W� KDV� EHHQ� GHPRQVWUDWHG� WKDW�QXFOHDU�KLJK�VSLQ�VWXGLHV
FDQ� EH� SHUIRUPHG� VXFFHVVIXOO\� ZLWK� D� UDGLRDFWLYH� LRQ
EHDP�� �,W�KDV�SURYHG�WR�GHDO�ZLWK�WKH�SDUWLFXODU SUREOHPV
LQWURGXFHG� E\�WKH�UDGLRDFWLYLW\�RI�WKH�EHDP�SDUWLFOHV�DQG
WKH� UHODWLYHO\� ORZ� EHDP� LQWHQVLW\� �DV� FRPSDUHG� ZLWK
VWDEOH� EHDPV���7KH�EHDP�SXOVLQJ�ZDV�WKH�PRVW�LPSRUWDQW
LQJUHGLHQW� IRU�SURGXFLQJ�KLJK�TXDOLW\�JDPPD�UD\�HQHUJ\
VSHFWUD�� &KDUJHG� SDUWLFOH� GHWHFWLRQ� SURYHG�WR�EH�D�YHU\
XVHIXO� RQ�OLQH� WRRO� IRU� LGHQWLI\LQJ� IXVLRQ�HYDSRUDWLRQ
JDPPD�UD\V�� 7KH�JUDQXODULW\�RI�WKH�/('$�DUUD\�DQG�WKH
FKRLFH� RI� WKHLU� WKLFNQHVV� ZHUH� ERWK� EHQHILFLDO�� 7KH
PRGHUDWH� WKLFNQHVV� RI� WKH� VLOLFRQ� GHWHFWRUV� DOORZHG
SURWRQV� WR� EH GLVWLQJXLVKHG� HIIHFWLYHO\� IURP� DOSKD
SDUWLFOHV�
7KH� SUHVHQW�H[SHULPHQW�KDV�SURYLGHG�WKUHH�\UDVW�VWDWHV�LQ
��&R� DQG� RQH�\UDVW�VWDWH�LQ���1L��7KH�V\PPHWU\�EUHDNLQJ
LQ� WKH� ILUVW� H[FLWHG� VWDWHV� RI� WKH�WZR�QXFOHL�LV�REYLRXV�
0RUH� WUDQVLWLRQ� OLQHV�LQ�WKH�WZR�QXFOHL�DUH�UHTXLUHG�IRU�D
GHWDLO� FRPSDULVRQ� DW� RWKHU�H[FLWHG�VWDWHV�DQG�VSLQV��7KH
LQFUHDVH� LQ� FRXQWLQJ� VWDWLVWLFV�UHTXLUHG�LQ�RUGHU�WR�VWXG\
QHZ� QXFOHDU�VWUXFWXUH�LQ�GHWDLO�VKRXOG�EH�DFKLHYDEOH�ZLWK
LPSURYHPHQWV� LQ� WKH� GHWHFWLRQ�V\VWHP��)RU�H[DPSOH��DQ
DUUD\� RI� �� *H� GHWHFWRUV� HDFK� ZLWK� D� ���� UHODWLYH
HIILFLHQF\� �DW� ���� NH9�� ZRXOG� JLYH� WZR� RUGHUV� RI
PDJQLWXGH� LQFUHDVH� LQ� WKH� JDPPD�JDPPD�DQG�JDPPD�
SDUWLFOH�FRLQFLGHQFHV�FRPSDUHG�WR�WKH�SUHVHQW�ZRUN�

7DEOH����(QHUJ\�DQG�VSLQ�YDOXHV�IRU�WKH�PLUURU�QXFOHL���&R�DQG���1L�
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$FNQRZOHGJPHQWV
,� DP� LQGHEWHG�WR�DOO�RI�P\�FROOHDJXHV�ZKR�KHOSHG�PH�RQ
WKH� /RXYDLQ�OD�1HXYH� H[SHULPHQW�� VSHFLDOO\� P\
FROOHDJXHV� DW� 6XUUH\� XQLYHUVLW\� �8.�� :�1�&DWIRUG��:

*HOOHWO\�� 3� +� 5HJDQ� DQG� 3� 0� :DONHU�� )LQDQFLDO
DVVLVWDQFH� E\� WKH� 0LQLVWU\� RI� 6FLHQFH�� 5HVHDUFK� DQG
7HFKQRORJ\�RI�,UDQ�LV�JUDWHIXOO\�DFNQRZOHGJHG�

5HIHUHQFHV
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�� -� $� &DPHURQ�� � :� *HOOHWO\��HW�DO����3K\V��5HY��&��
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�� +� *HLVVHO�� HW� DO��� $QQ�� 5HY�� 1XFO�� 3DUW�� 6FL�� ��
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�� 3�'DUTXHQQHV��HW�DO���3K\V��5HY��&�� �������5����

�� 3� -�1RODQ��HW�DO���1XFO��,QVWU��DQG�0HWK��$��� ������
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�� 7� 'DYLQVRQ�� $� &� 6KRWWHU�� HW� DO��� 1XFO��,QVWU��DQG
0HWK��$��� �����������

�� :� 1� &DWIRUG�� 6� 0RKDPPDGL�� HW� DO��� 1XFO��3K\V�
$��� ����������F�

�� :� 1 &DWIRUG��6�0RKDPPDGL��HW�DO���1XFO��,QVWU��DQG
0HWK��$��� �����������
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