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6SLURWHWUDPDW� �637�� >FLV�������� GLPHWKO\SKHQ\O��
��PHWKR[\���R[R���D]DVSLUR>���@GHF���HQ���\O�
HWK\O� FDUERQDWH@� LV� D� QRYHO� NHWR�HQRO� DQG� DQ
HIIHFWLYH� WHWUDPLF� DFLG�EDVHG� LQVHFWLFLGH� >��� �@��
WKDW� FDQ� EH� XVHG� LQ� DJULFXOWXUDO� SURGXFWV� DQG�
YDULRXV� SHVW� LQVHFWV� FRQWDLQLQJ� S\UHWKURLGV��
RUJDQRSKRVSKDWHV�� QHRQLFRWLQRLGV�� LQVHFW� JURZWK�
UHJXODWRUV�� DQG� FDUEDPDWHV� >���@�� 6HOHFWLYHO\��
DFWLRQ�RI�673� LV� LQ WKH� LQVHFW�QHUYRXV� V\VWHP�E\�
LQKLELWLQJ� QLFRWLQLF� DFHW\OFKROLQH� UHFHLYHUV� >�@��
$OVR�� ZKHQ� 637� RSHUDWHV� DV� OLSLG� ELRV\QWKHVLV�
LQKLELWRUV�� LW� FDQ� EH� GHFUHDVHG� IHFXQGLW\� DQG�
IHUWLOLW\� XQWLO� LQJHVWHG� RUDOO\� E\� LPPDWXUH� OLIH�
VWDJH� IRUPV� RI� VXFNLQJ� SHVWV� >�@� DQG� OHDGLQJ� WR�
GHDWK� RI� MXYHQLOH� LQVHFWV� VXFK� DV� ZKLWHIOLHV��
DSKLGV�� SV\OOLGV�� DQG� VFDOHV� ZLWKLQ� �� WR� ��� GD\V�
DIWHU� DSSOLFDWLRQ� >�@�� $SSOLFDWLRQ� RI� 637� LV�
LGHQWLILHG� ZLWK� DFWLYH� RYHU� D� EURDG� WHPSHUDWXUH�
UDQJH�� KDV� H[FHOOHQW� SKRWRVWDELOLW\� DQG� JRRG�
UHVLGXDO�DFWLYLW\�DQG�GRHV�QRW�KDUP�FURSV�>�@��7KH�
RXWFRPHV�DUH�JLYHQ�WKDW�637�KDV�KLJKO\�IDYRUDEOH�
WR[LFRORJLFDO� DQG� HFRWR[LFRORJLFDO� SURILOH� >�@��
$GGLWLRQDOO\�� 637� LV� LQFOXGHG� LQ� WKH� GHVFULSWLRQ�
IRU� LPSOHPHQW� DQG� ULVN� HYDOXDWLRQ� SXUSRVHV� LQ�
SULPDU\�FURSV��7KHUHIRUH��LW�LV�VWLOO�QHFHVVDU\�WKDW�
VHQVLWLYH� DQG� VHOHFWLYH� PHWKRGV� WR� EH� GHYHORSHG�
IRU�WKH�H[WUDFWLRQ�DQG�GHWHUPLQDWLRQ�RI�637�
,RQLF� OLTXLGV� �,/V��DUH� VDOWV�FRPSRVHG�RI�RUJDQLF�
FDWLRQV�DQG�YDULRXV�DQLRQV�ZLWK�WKH�PHOWLQJ�SRLQW�
ORZHU� WKDQ� ���� �&�� 7KH� DSSOLFDWLRQ� RI� ,/V� LQ�

DQDO\WLFDO� FKHPLVWU\�� HVSHFLDOO\� WR� VHSDUDWLRQ�
ILHOGV�� LV� YDOXDEOH� EHFDXVH� WKHVH� VROYHQWV� KDYH�
SURSHUWLHV� LQFOXGLQJ� QHJOLJLEOH� YDSRU� SUHVVXUH��
JRRG� WKHUPDO� VWDELOLW\�� WXQDEOH� YLVFRVLW\� DQG�
PLVFLELOLW\� ZLWK� ZDWHU� DQG� RUJDQLF� VROYHQWV�� DV�
ZHOO� DV JRRG� H[WUDFWDELOLW\� IRU� YDULRXV� RUJDQLF�
FRPSRXQGV�� ,/V� KDYH� EHHQ� XVHG� DV�
HQYLURQPHQWDOO\� IULHQGO\� VROYHQWV� IRU� JUHHQ�
FKHPLVWU\�� DQG� WKH\� DUH� JRRG� VXEVWLWXWHV� IRU�
YRODWLOH� DQG� IODPPDEOH�RUJDQLF� VROYHQWV� >�@��7KH�
ZDWHU�PLVFLELOLW\� RI� ,/� LRQV� FDQ� EH� RUGHUHG� 7KH�
VHOHFW� RI� DQLRQ� KDV� WKH� JUHDWHVW� HIIHFW� RQ�
FRQWUROOLQJ� K\GURSKRELFLW\� >��@�� ([WUD� W\SHV� RI�
UHDFWLRQV�KDYH�EHHQ�GRQH�LQ�,/V�>��@��7KH�HDUOLHVW�
UHSRUWV� RQ� ,/V�ZHUH� WKH� HYDOXDWLRQ� RI� WKH� DQLRQV�
SURSHUWLHV� RI� KH[DIOXRURSKRVSKDWH� �>3)�@Ā���
WHWUDIOXRURERUDWH� �>%)�@Ā�� >��@�� KDORDOXPLQDWH�
�>$O&O�@Ā�� >��@�� ELV�WULIOXRURPHWKDQHVXOIRQ\O�
LPLGH� �>17I�@Ā�� DQG� SHUIOXRURDON\OSKRVSKDWH�
�>)$3@Ā�� >��@�� ,W� KDV� EHHQ� GHPRQVWUDWHG� WKDW� ��
DON\O���PHWK\OLPLGD]ROLXP� FDWLRQ� EDVHG� RQ�
�>3)�@Ā�� DQG� �>%)�@Ā�� H[KLELWV� VLPLODU� SURSHUWLHV�
ZKLFK� DUH�RIWHQ� VWLOO� DEVRUE�PRLVWXUH� WKDW� FDXVHG�
WR�FKDQJH�WKH�SK\VLFDO�DQG�FKHPLFDO�SURSHUWLHV�RI�
WKH� OLTXLGV� >���� ��@��ZKLOH� �>$O&O�@Ā�� LV� VHQVLWLYH�
WR� PRLVWXUH� DQG� �>17I�@Ā�� RU� �>)$3@Ā�� OHVV�
PRLVWXUH� VHQVLWLYH� WKDQ� WKH� RWKHUV� >��@�� &DUGD±
%URFK� HW� DO�� GHPRQVWUDWHG� WKDW� ��EXW\O���
PHWK\OLPLGD]ROLXP�KH[DIOXRURSKRVSKDWH�>%0,0@
>3)�@�LV�D�W\SLFDO�H[DPSOH�RI�D�URRP�WHPSHUDWXUH�
,/� IRUPLQJ� D� ELSKDVLF� OLTXLG� V\VWHP� ZLWK� ZDWHU�

,RQLF�/LTXLG�%DVHG�'LVSHUVLYH�/LTXLG�/LTXLG�0LFURH[WUDFWLRQ�
&RXSOHG�ZLWK�+LJK�3HUIRUPDQFH�/LTXLG�&KURPDWRJUDSK\�IRU�WKH�
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5HFHLYHG��� -DQXDU\ ���� $FFHSWHG���� 0DUFK ����
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$EVWUDFW
,Q�WKLV�VWXG\��D�VLPSOH�DQG�VHQVLWLYH�PHWKRG�ZDV�GHYHORSHG�IRU�SUH�FRQFHQWUDWLRQ�RI�VSLURWHWUDPDW��637��XVLQJ�WKH�
LRQLF� OLTXLG�EDVHG� GLVSHUVLYH� OLTXLG�OLTXLG� PLFURH[WUDFWLRQ�� $IWHU� H[WUDFWLQJ� RI� 637� LQWR� ��EXW\O���
PHWK\OLPLGD]ROLXP� KH[DIOXRURSKRVSKDWH �LRQLF� OLTXLG��� WKH� LQVHFWLFLGH� ZDV� LQMHFWHG� LQWR� +3/&� V\VWHP� IRU�
GHWHUPLQLQJ��8QGHU�WKH�RSWLPXP�FRQGLWLRQV��WKH�GHYHORSHG�PHWKRG�SURYLGHG�D�OLQHDULW\�LQ�WKH�UDQJH�RI�����±����
�J�P/�� ZLWK�5�  ���������DQG�DOVR�HQULFKPHQW�IDFWRU�ZDV������7KH�GHWHFWLRQ�OLPLW�DQG�UHODWLYH�VWDQGDUG�GHYLDWLRQ�
RI� WKH� GHYHORSHG� PHWKRG� ZHUH� ����� �J� P/�� DQG� ������ UHVSHFWLYHO\�� 7KH� SURSRVHG� PHWKRG� ZDV� VXFFHVVIXOO\�
DSSOLHG� WR� WKH�SUH�FRQFHQWUDWLRQ�DQG�GHWHUPLQDWLRQ�RI�637� LQ� VSLNHG�ZDWHU� VDPSOHV�ZLWK�PHDQ� UHFRYHULHV������
������

.H\ZRUGV
6SLURWHWUDPDW��,RQLF�/LTXLG��'LVSHUVLYH�/LTXLG�/LTXLG�0LFURH[WUDFWLRQ��+3/&��:DWHU�6DPSOH�
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>��@��7KH�XQLTXH�SURSHUWLHV�RI�>%0,0@>3)�@�ZDV�
UHSRUWHG� E\� XVLQJ� LQ� D� ZLGH� UDQJH� RI�
VWRLFKLRPHWULF��DV�ZHOO�DV�FDWDO\WLF�UHDFWLRQV�>��@��
)XUWKHUPRUH�� LPLGD]ROLXP� VDOWV� RI� >3)�@Ā RU�
>%)�@Ā�DUH�VXLWHG�IRU� OLTXLG±OLTXLG�H[WUDFWLRQ�DQG�
PLFURH[WUDFWLRQ�SURFHVVHV�>������@�
'LVSHUVLYH� OLTXLG�OLTXLG� PLFURH[WUDFWLRQ� �'//0
(��LV�D�QRYHO�WHFKQLTXH IRU�H[WUDFWLRQ�RI�DQDO\WHV�
IURP� DTXHRXV� VROXWLRQV�� $VVDGL� HW�� DO��
GHPRQVWUDWHG� WKDW� '//0(� LV� D� IDVW� DQG� VLPSOH�
SUH�FRQFHQWUDWLRQ�PLFURH[WUDFWLRQ� WHFKQLTXH� IRU�
DQDO\VLV� RI� YDULRXV� VDPSOHV� >�����@�� 5HFHQWO\��
3DVWRU�%HOGD� HW�� DO�� HYDOXDWHG� SHVWLFLGHV� LQ� VRLOV�
E\�'//0(�FRXSOHG�ZLWK� OLTXLG� FKURPDWRJUDSK\�
DQG� WDQGHP� PDVV� VSHFWURPHWU\� >��@�� 7KH�
FRPELQDWLRQ� RI� ,/� ZLWK� '//0(� SURYLGHV� WKH�
DGGLWLRQDO� DGYDQWDJHV� RI� SURGXFLQJ� GLUHFWO\� WKH�
DQDO\VLV��H[WUDFWV�E\�+3/&�ZKLOH�DYRLGLQJ�WKH�XVH�
RI� WR[LF� FKORULQDWHG� VROYHQWV� >�����@�� $FFRUGLQJ�
WR� WKH� SHUIRUPHG� VWXGLHV�� +3/&� FDQ� EH� PRUH�
SUDFWLFDO� LQWHUHVW� IRU� GHWHUPLQDWLRQ� RI� 637� >��±
��@�� $V� D� UHVXOW�� IROORZLQJ� WKLV� VWUDWHJ\�� D� QHZ�
PHWKRG� XVLQJ�'//0(� WHFKQLTXH� FRPELQHG�ZLWK�
+3/&� ZDV� GHYHORSHG� IRU� SUH�FRQFHQWUDWLRQ� DQG�
GHWHUPLQDWLRQ� RI� 637�� LQ� SUHVHQW� ZRUN�� +HUHLQ��
>%0,0@>3)�@� SOD\HG� WKH� UROH� RI� D� H[WUDFWLQJ�
VROYHQW�IRU�WKH�SUH�FRQFHQWUDWLRQ�DQG�H[WUDFWLRQ�RI�
637� IURP� DTXHRXV� VROXWLRQV� DQG� WKHQ�� 637�
FRQWDLQLQJ�,/�ZDV�LQMHFWHG�LQWR�+3/&�V\VWHP�IRU�
PHDVXUHPHQW�� )LQDOO\�� WKH� GHYHORSHG� VDPSOH�
SUHSDUDWLRQ� WHFKQLTXH�ZDV�DSSOLHG�IRU�D� VHOHFWLYH�
SUH�FRQFHQWUDWLRQ�H[WUDFWLRQ� RI� 637� IURP�
DJULFXOWXUDO� ZDWHU� VDPSOHV�� 7KH� QRYHOW\� RI� WKH�
SUHVHQW�UHVHDUFK�GHDOV�ZLWK�WKH�DQDO\VLV�RI�637�LQ�
ZDWHU�VDPSOHV�ZLWK�VLJQLILFDQW�DGYDQWDJHV�VXFK�DV�
H[WUDFWLRQ� WLPH�� HQULFKPHQW� IDFWRU�� YROXPH� RI�
XVHG� ,/� ����� �/��� DQG� IDVW� GHWHUPLQDWLRQ� E\�
+3/&��7KH�GHYHORSHG�PLFURH[WUDFWLRQ�SURFHGXUH�
ZDV� DOVR� VLPSOHU� WKDQ� FRQYHQWLRQDO� H[WUDFWLRQ�
WHFKQLTXHV�

���(;3(5,0(17$/
�����+3/&�DSSDUDWXV�DQG�FRQGLWLRQV
7KH�+3/&� V\VWHP� �:DWHUV�PRGHO� ���(�� 8�6�$��
XVHG� HTXLSSHG� ZLWK� D� KHOLXP� GHJDVVLQJ� IDFLOLW\��
DXWR�LQMHFWRU� �5KHRG\QH� PRGHO�� ����L� 8�6�$��
ZLWK� ����/� ORRS�� D�%RQGDSDN� &�� FROXPQ�
�:DWHUV�� ,UHODQG�� >���� î� ���� PP� LG�� ���� ȝP�
SDUWLFOH�VL]H@�DQG�89�9LV�������ZDWHUV��GHWHFWRU��
7KH� PRELOH� SKDVH� FRQVLVWHG� RI� ������ ��Y�Y��
DFHWRQLWULOH� LQ�ZDWHU� ZDV� XVHG� LQ� WKLV� VWXG\��7KH�
SUHSDUHG� PRELOH� SKDVH� ZDV� ILOWHUHG� XVLQJ� 37)(�
PHPEUDQH� ILOWHU� DQG� 6XSRU����� �0RGHO� :DWHUV�
&RUSRUDWLRQ��8�6�$��� ,W�ZDV�SXPSHG� LVRFUDWLFDOO\�
DW�D� IORZ�UDWH�RI�����P/�PLQ��� 7KH�GHWHFWRU�ZDV�
XWLOL]HG� DW� ���� QP�� 6DPSOHV� ZHUH� LQMHFWHG� YLD� D�
PRGHO� 0LOOH[�/&5� �,UHODQG�� V\ULQJH� ORDGLQJ�
VDPSOH�LQMHFWRU��������P���

�����0DWHULDOV�DQG�UHDJHQWV
637� ������ ZDV� REWDLQHG� IURP� $OGULFK�
�6WHLQKHLP��*HUPDQ\���6WDQGDUG�VWRFN�VROXWLRQ�RI�
637� ���� �J� P/���� ZDV� SUHSDUHG� E\� GLVVROYLQJ�
DSSURSULDWH� DPRXQW� RI� 637� LQ� PL[WXUH� �������
�Y�Y�� RI� DFHWRQLWULOH� DQG� ZDWHU� DV� VROYHQW��
$FHWRQLWULOH� DQG� PHWKDQRO� VROYHQWV� ZLWK� +3/&�
JUDGH�ZHUH�SXUFKDVHG�IURP�0HUFN��>%0,0@>3)�@�
ZDV� VXSSOLHG� IURP� $OGULFK�� $OO� PDWHULDOV XVHG�
ZHUH� RI� DQDO\WLFDO�UHDJHQW� JUDGH� DQG� DOVR� WKH�
GHLRQL]HG� ZDWHU� ZDV� XVHG� WKURXJKRXW� WKH�
H[SHULPHQWV�� $JULFXOWXUDO� ZDWHU� VDPSOHV� ZHUH�
FROOHFWHG� IURP� WKH� ORFDO� DUHD� RI� ILURR]DEDG� RI�
,UDQ��

�����'//0(�SURFHGXUH�
$� ����� P/� RI� GHLRQL]HG� ZDWHU� FRQWDLQLQJ� �� �J�
P/�� 637��S+������ZDV�SODFHG�LQ�D�JODVV�WHVW�WXEH�
ZLWK�FRQLFDO�ERWWRP������P/�DFHWRQH��DV�GLVSHUVHU�
VROYHQW�� FRQWDLQLQJ� ��� �/� >%0,0@>3)�@� �DV�
H[WUDFWLQJ� VROYHQW�� ZDV� LQMHFWHG� TXLFNO\� XVLQJ� D�
V\ULQJH�LQWR�D�VDPSOH�VROXWLRQ��$�FORXG\�VROXWLRQ�
ZDV�UDSLGO\�IRUPHG�WKDW�PXVW�EH�VWDEOHG�IRU�D�IHZ�
PLQ��$IWHU�FHQWULIXJDWLRQ�DW������USP�IRU����PLQ��
WKH�,/�ULFK�SKDVH�ZDV�VHGLPHQWHG�DW�WKH�WHVW�WXEH��
7KHQ��WKH�XSSHU�DTXHRXV�SKDVH�ZDV�UHPRYHG�ZLWK�
D� V\ULQJH� DQG� ,/� SKDVH� ZDV� VHSDUDWHG� DQG�
GLVVROYHG� LQ� ���� P/� RI� DFHWRQLWULOH�� )LQDOO\�� WKH�
REWDLQHG� PL[WXUH� ZDV� LQMHFWHG� LQWR� WKH� +3/&�
V\VWHP�IRU�637�PHDVXUHPHQW�

���5(68/7�$1'�',6&866,21�
�����+3/&�2SWLPL]DWLRQ
'XH� WR� WKH� FKHPLFDOO\� VWUXFWXUH� RI� 637�
SDUWLFXODUO\� UHJDUGLQJ� LWV� DURPDWLF��
FKURPDWRJUDSK\� FROXPQ� DQG� DQDO\VLV� FRQGLWLRQV�
VKRXOG�EH�LQYHVWLJDWHG�DQG�RSWLPL]HG�HYHQ�WKRXJK�
LWV� UHWHQWLRQ� DQG� VHSDUDWLRQ� LV� SRVVLEOH� ZLWK�
UHYHUVH� SKDVH� FROXPQ�� 7KH� VHSDUDWLRQ� \LHOG� ZDV�
GHSHQGHG� RQ� WKH� DELOLW\� RI� D� FROXPQ� WR� VHSDUDWH�
WKH� 637�� ,QWHQVLW\� RI� 637� WUDQVLWLRQV� DW� WHVWHG�
�%RQGDSDN &�� FROXPQ� ZDV� KLJKHU� WKDQ� 1RYD�
3DN� &���� 6\PPHWU\� &���� )LQHSDN� 6,/� &����
5HSURVLO�&��� DQG�=RUED[��(FOLSVH�;'%� �GDWD� QRW�
VKRZQ��� 7KXV�� WKH� �%RQGDSDN� &�� FROXPQ� ZDV�
XVHG� WR� REWDLQ� WKH� EHWWHU� VHSDUDWLRQ�� 7KH� W\SLFDO�
FKURPDWRJUDP� RI� 637� LQ� DJULFXOWXUH� ZDWHU� DV D�
UHDO� VDPSOH� �EHIRUH� DQG� DIWHU� VSLNLQJ�� XVLQJ�
�%RQGDSDN� &�� FROXPQ� ZDV� VKRZQ� LQ� )LJ� ���
0RGLILFDWLRQ�RI�WKH�PRELOH�SKDVH�GHOLYHUHG�WR�WKH�
FROXPQ� DQG� LWV� SURSRUWLRQ� ZHUH� IRXQG� WR� EH� WKH�
PRVW� LPSRUWDQW� IDFWRU�� ,Q� SURSRVHG� PHWKRG��
YDULRXV�PRELOH�SKDVH� FRPSRVLWLRQV� �DFHWRQLWULOH±
ZDWHU�DQG�PHWKDQRO±ZDWHU��ZHUH�LQYHVWLJDWHG�DQG�
HYDOXDWHG��)LQDOO\��637�ZDV�ZHOO� VHSDUDWHG�XVLQJ�
DFHWRQLWULOH±ZDWHU�FRQVLVWHG�RI���������Y�Y�� LQ�D�
IORZ�UDWH�����P/�PLQ����
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)LJ���� &KURPDWRJUDP�RI�637�LQ�DJULFXOWXUH�ZDWHU�DV�D�
UHDO VDPSOH��EHIRUH��D��DQG�DIWHU��E��VSLNLQJ�

�����2SWLPL]DWLRQ�RI�WKH�H[SHULPHQWDO�SDUDPHWHUV�
IRU�'//0(
7KH� IDFWRUV� LQIOXHQFLQJ� WKH� PLFURH[WUDFWLRQ�
HIILFLHQF\� RI� 637� LQFOXGLQJ�� H[WUDFWLRQ� DQG�
GLVSHUVHU� VROYHQW� �W\SH� DQG� YROXPH��� H[WUDFWLRQ�
DQG� FHQWULIXJDWLRQ� WLPH�� S+� DQG� WKH� GLOXHQW�
VROYHQW� YROXPH� ZHUH� VWXGLHG�� DQG� WKH� RSWLPL]HG�
H[SHULPHQWDO�FRQGLWLRQV�ZHUH�HVWDEOLVKHG��

������� (IIHFW� RI� WKH� GLVSHUVHU� VROYHQW� �W\SH� DQG�
YROXPH�
7KH�GLVSHUVHU� VROYHQW� VKRXOG�EH�PLVFLEOH� LQ�ERWK�
ZDWHU�VDPSOH�DQG�H[WUDFWLRQ�VROYHQW��,W�DOVR�KDV�WR�
GLVSHUVH� WKH� H[WUDFWLRQ� VROYHQW� LQ� ZDWHU� VDPSOH��
7KHVH� DUH� LPSRUWDQW� FKDUDFWHULVWLFV� IRU� FKRRVLQJ�
WKH� GLVSHUVLYH� VROYHQW�� )XUWKHUPRUH�� WKH�
FRPELQDWLRQ� RI� GLVSHUVLYH� DQG� H[WUDFWLRQ� VROYHQW�
KDV�D�NH\�UROH�RQ�'//0(�WHFKQLTXH��
$FHWRQH�� DFHWRQLWULOH� DQG� PHWKDQRO� KDYH� EHHQ�
DSSOLHG� LQ� WKH� PRVW� UHSRUWHG� SURFHGXUHV� RI�
'//0(� IRU� GLIIHUHQW� DQDO\WHV�� ,Q� WKLV� VWXG\��
UHVXOWV�VKRZHG�WKDW�DFHWRQH�ZDV�WKH�EHVW�GLVSHUVHU�
VROYHQW� LQ�GHYHORSLQJ� WKH�'//0(� IRU�637�IURP�
ZDWHU�VDPSOHV��
2SWLPL]DWLRQ�RI�YROXPH�RI�WKH�GLVSHUVLQJ�VROYHQW�
SHUIRUPHG� LQ� IXUWKHU� VWHS�� 7KLV� IDFWRU� FDQ� DIIHFW�
RQ� IRUPDWLRQ� RI� GLVSHUVLRQ� SURFHVV�� ,Q� WKH�
IROORZLQJ�� YDULRXV� YROXPHV� RI� DFHWRQH� ������ �����
���������DQG�����P/��FRQWDLQLQJ�H[WUDFWLQJ�VROYHQW�
���� �/�� ZHUH� DGGHG� WR� DTXHRXV� VDPSOH� 7KHQ��
'//0(� DQG� GHWHUPLQLQJ� ZLWK� +3/&� V\VWHP�
ZHUH� PDGH�� 7KH� UHVXOWV� VKRZHG� VLJQLILFDQW�
GHSHQGHQFH� RI� H[WUDFWLRQ� RQ� WKH� GLVSHUVLQJ�
VROYHQW� YROXPH�� 7KH� EHVW� H[WUDFWLRQ� HIILFLHQF\�
�UHFRYHU\�� ZDV� REWDLQHG� IRU� ���� P/� RI� DFHWRQH��
7KH�ZHDN�UHFRYHULHV�IRU�ORZHU�GLVSHUVLQJ�VROYHQW�
YROXPHV� FDQ� EH� UHODWHG� WR� IRUP� RI� XQVWDEOH�
GLVSHUVLRQ�� ,QFUHDVLQJ� VROXELOLW\�RI� >%0,0@>3)�@�
DV� WKH� H[WUDFWLQJ� VROYHQW� LQ� KLJK� YROXPHV� �!����

P/�� RI� DFHWRQH� OHDG� WR� UHGXFH� WKH� UHFRYHU\�
UHVXOWV�� 7KHUHIRUH�� ���� P/� ZDV� VHOHFWHG� DV� WKH�
RSWLPXP�YROXPH�RI�DFHWRQH�IRU�REWDLQLQJ�WKH�EHVW�
H[WUDFWLRQ�UHFRYHU\��

�������([WUDFWLRQ�WLPH
([WUDFWLRQ�WLPH�LV�DQ�HIIHFWLYH�IDFWRU�IRU�REWDLQLQJ�
D�FRPSOHWH�DQG�IDVW�H[WUDFWLRQ��+HUHLQ��H[WUDFWLRQ�
WLPH� LV� GHILQHG� DV� WKH� WLPH� LQWHUYDO� EHWZHHQ� WKH�
LQMHFWLRQ� RI� WKH PL[WXUH� RI� GLVSHUVHU� VROYHQW� DQG�
H[WUDFWLRQ� VROYHQW� LQWR� WKH� DTXHRXV� VROXWLRQ� DQG�
VWDUWLQJ� WR� FHQWULIXJH�� 6KRUW� H[WUDFWLRQ� WLPH� LV� D�
VLJQLILFDQW� DGYDQWDJH� RI�'//0(� WHFKQLTXH�� )LJ�
�� VKRZHG� WKH� HIIHFW� RI� H[WUDFWLRQ� WLPH� RYHU� WKH�
UDQJH�RI��±��PLQ�LQ�WKH�UHFRYHU\�UHVXOWV��,W�LV�VHHQ�
WKDW� WUDQVIHU� RI� 637� IURP� DTXHRXV� SKDVH� LQWR� ,/�
SKDVH� UHDFKHG� HTXLOLEULXP� VWDWH� TXLFNO\� DIWHU� ��
PLQ��DQG�WKHQ�ZHUH�FRQVWDQW��7KLV�WLPH�ZDV�VKRUW�
DQG�DOVR�HQRXJK�IRU�UDSLG�DQG�FRPSOHWH�H[WUDFWLRQ�
E\� ,/�'//0(��$FFRUGLQJO\�� H[WUDFWLRQ� WLPH�����
PLQ�ZDV�XVHG�IRU�IXUWKHU�H[SHULPHQWV��

)LJ���� (IIHFW�RI�H[WUDFWLRQ�WLPH�RQ�H[WUDFWLRQ�UHFRYHU\�
RI�637�

�������&HQWULIXJDWLRQ�WLPH
$IWHU� RSWLPL]LQJ� WKH� H[WUDFWLRQ� WLPH�� WKH�
FHQWULIXJDWLRQ�WLPH�ZDV�H[DPLQHG�LQ�WKH�UDQJH�RI�
�±��� PLQ� DW� ����� USP�� 'XULQJ� WKLV� SURFHVV��
>%0,0@>3)�@� ZDV� GHSRVLWHG� DW� WKH� ERWWRP� RI�
FRQLFDO� WHVW� WXEH�� 7KH� H[WUDFWLRQ� HIILFLHQF\�
LQFUHDVHG�XS� WR����PLQ�DQG� WKHQ�� WKH� VHGLPHQWHG�
SKDVH� KDG� QRW� REYLRXVO\� LQFUHDVLQJ�� +HQFH�� IRU�
VDYLQJ� WLPH� RI� H[WUDFWLRQ� SURFHVV�� ��� PLQ� ZDV�
VHOHFWHG�DV�WKH�RSWLPXP�FHQWULIXJDWLRQ�WLPH�

�������9ROXPH�RI�%0,0>3)�@�H[WUDFWLRQ�VROYHQW�
7KH� H[WUDFWLQJ� VROYHQWV�PXVW� KDYH� ORZ� VROXELOLW\�
LQ� ZDWHU� DQG� SRWHQWLDO� IRU� H[WUDFWLQJ� DQDO\WHV�
>%0,0@>3)�@� KDV� EHHQ� XVHG� DV� DQ� H[WUDFWLQJ�
VROYHQW� LQ� H[WUDFWLRQ� SURFHVV�� &DSDELOLW\�� ZDWHU�
LPPLVFLELOLW\�� K\GURSKRELFLW\� DQG� YLVFRVLW\� DUH�
WKH�PDLQ�DGYDQWDJHV�RI� LW� IRU�VHSDUDWLRQ�DQG�SUH�
FRQFHQWUDWLRQ� SXUSRVHV� >���� ��@�� 7KH� YROXPH� RI�
>%0,0@>3)�@�DV�WKH�H[WUDFWLQJ�VROYHQW��VLPLODU�WR�
WKH� YROXPH� RI� GLVSHUVLRQ� VROYHQW�� LV� DQRWKHU�
LPSRUWDQW� IDFWRU� WKDW� VKRXOG� EH� RSWLPL]HG��
9DULRXV� YROXPHV� RI� >%0,0@>3)�@� LQFOXGLQJ��
������ ������ ������ ������� ������ �/� RI� ,/� ZHUH�
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DGGHG� LQWR� ����� P/� RI� VDPSOH� VROXWLRQV� IRU� WKH�
H[WUDFWLRQ� RI� 637�� DFFRUGLQJ� WR� WKH� JHQHUDO�
SURFHGXUH� DQG� RSWLPL]HG� FRQGLWLRQV� WKDW� ZHUH�
REWDLQHG�LQ�SUHYLRXV�VWHSV��7KH�GHSHQGHQFH�FXUYH�
�)LJ� ���ZLWK�PD[LPXP�UHFRYHU\�DW�����/�SURYHG�
WKH� HIIHFW� RI� H[WUDFWLQJ� VROYHQW� YROXPH� RQ� WKH�
UHFRYHU\� RI� 637�� ,Q� VPDOOHU� YROXPHV� WKDQ� �����
�/�� DQDO\WH� WUDQVIHU� LQWR� H[WUDFWLQJ� VROYHQW� ZDV�
QRW�FRPSOHWH�DQG�VLQFH�WKH�ODUJHU�YROXPHV�GLG�QRW�
OHDG� WR� PRUH� H[WUDFWLRQ�� WKHUHIRUH�� ����� �/� RI�
>%0,0@>3)�@� ZDV� XVHG� LQ� IXUWKHU� H[SHULPHQWV��
7KH� ORZ� YROXPH� RI� H[WUDFWLRQ� VROYHQW� LQ� WKH�
SUHVHQW�ZRUN�LV�DQ�DGYDQWDJH�WKDW�FDQ�LQFUHDVH�WKH�
HQULFKPHQW�IDFWRU�

)LJ�� �� (IIHFW� RI� >%0,0@>3)�@� YROXPH� RQ� H[WUDFWLRQ�
UHFRYHU\�RI�637��

�������S+�RI�WKH�637�VROXWLRQ
7KH�RSWLPXP�S+�RI�637�VROXWLRQ�IRU�WKH�'//0(�
SURFHGXUH� LV�EDVHG�RQ� WKH�FKHPLFDO�QDWXUH�RI� WKH�
DQDO\WH�� 6LQFH� 637� LV� D� EDVLF� FRPSRXQG�� WKH�
EHWWHU� UHFRYHU\� ZDV� H[SHFWHG� DW� EDVLF� S+�� DW�
ZKLFK� LW� LV� QRQ�LRQL]HG�� 7KH� HIIHFW� RI� S+� ZDV�
VWXGLHG� LQ� UDQJH� RI� �±��� ZKLFK� H[SRVHG� WR� WKH�
H[WUDFWLRQ� SURFHGXUH� DW� WKH� VDPH� FRQGLWLRQV��
$FFRUGLQJ� WR� WKH� REWDLQHG� UHVXOWV� ZKLFK�
LOOXVWUDWHG� LQ� )LJ� ��� WKH� KLJKHVW� 637� H[WUDFWLRQ�
HIILFLHQF\�WR�LQWHUDFW�DQG�WUDQVIHU�WR�>%0,0@>3)�@�
SKDVH�ZDV�REVHUYHG�DW�S+������7KH�ORZ�H[WUDFWLRQ�
UHFRYHULHV� ZHUH� SUREDEO\� GXH� WR� IRUPDWLRQ� D�
LRQL]HG� FRPSRXQG� EHFDXVH� RI� WKH� UHDFWLRQ� RI�
SURWRQ�ZLWK� SDLU� HOHFWURQV� RQ� 637� �LQ� WKH� DFLGLF�
S+V��DQG�DOVR�WKH�GHJUDGDWLRQ�RI� IRUPHG�PLFHOOH�
�LQ�WKH�EDVLF�S+V���7KHUHIRUH��IXUWKHU�VWXGLHV�ZHUH�
SHUIRUPHG�DW�S+�����

)LJ���� (IIHFW�RI�S+�RQ�H[WUDFWLRQ�UHFRYHU\�RI�637���

�������(IIHFW�RI�WKH�YROXPH�RI�GLOXHQW�VROYHQW
7KH� PDLQ� FULWHULRQ� IRU� VHOHFWLRQ� RI� WKH� GLOXHQW�
VROYHQW� LV� FRPSDWLELOLW\� ZLWK� PRELOH� SKDVH IRU�
LQMHFWLRQ� LQWR� +3/&� V\VWHP� DQG� WR� REWDLQ� WKH�
V\PPHWULF� SHDNV�� 'LIIHUHQW� YROXPHV� RI�
DFHWRQLWULOH� ������� ����� ����� ����� ���� DQG� ����P/��
FRQWDLQLQJ� ,/�ULFK� RI� 637� ZDV� LQMHFWHG� LQWR�
+3/&�V\VWHP��$FFRUGLQJ� WR� WKH�REWDLQHG�UHVXOWV��
WKH� PD[LPXP� H[WUDFWLRQ� HIILFLHQF\� �QHDU� WR�
������ ZDV� DFKLHYHG� DW� ���� P/� RI� DFHWRQLWULOH��
'XH� WR� GLOXWLRQ�� WKH� H[WUDFWLRQ� HIILFLHQF\� RI�
GHYHORSHG�PHWKRG� IRU�637�DQDO\VLV� GHFUHDVHG� LQ�
WKH� KLJKHU� YROXPHV� RI� ���� P/�� 7KHUHIRUH�� WKLV�
YROXPH� ZDV� VHOHFWHG� DV� WKH� RSWLPXP� YDOXH� RI�
GLOXHQW�VROYHQW�DQG�DOVR�WR�UHGXFH�FRVW��

����� $QDO\WLFDO� SHUIRUPDQFH� RI� WKH� SURSRVHG�
PHWKRG
)RU�YDOLGDWLQJ�RI� WKH�SURSRVHG�PHWKRG�� OLQHDULW\��
DFFXUDF\�� SUHFLVLRQ� DQG� OLPLW� RI� GHWHFWLRQ� ZHUH�
GHWHUPLQHG�� 8QGHU� WKH� RSWLPL]HG� FRQGLWLRQV�� WKH�
FDOLEUDWLRQ� FXUYH� ZDV� GUDZQ� IRU� H[WUDFWLQJ�
GLIIHUHQW�FRQFHQWUDWLRQV�RI�637������±�����J�P/�

��� IURP�DTXHRXV�VROXWLRQV� LQWR� >%0,0@>3)�@�DQG�
LQMHFWLQJ� WKH� 637�FRQWDLQLQJ� ,/� LQWR� +3/&�
V\VWHP�� 7KH� OLQHDU� UHODWLRQVKLS� EHWZHHQ� 637�
FRQFHQWUDWLRQ� DQG SHDN� DUHD� �<�  � ������ ;� ��
�������� ; � 637� FRQFHQWUDWLRQ� DV� �J� P/���� LV�
UHYHDOHG� ZKRVH� FRUUHODWLRQ� FRHIILFLHQW� �5ð�� LV�
��������,Q�RUGHU�WR�FDOFXODWH�WKH�HQULFKPHQW�IDFWRU�
DQG�H[WUDFWLRQ�UHFRYHU\������HTXDWLRQV�����DQG�����
ZHUH�XVHG�
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ZKHUH�()��&VHG DQG�&� DUH� WKH�HQULFKPHQW�IDFWRU��
WKH�DQDO\WH�FRQFHQWUDWLRQ�LQ�VHGLPHQW�DQG�DTXHRXV�
VDPSOHV��LQLWLDO���UHVSHFWLYHO\��&VHG ZDV�FDOFXODWHG�
IURP�WKH�FDOLEUDWLRQ�FXUYH�RI� LQVHFWLFLGH�VWDQGDUG�
VROXWLRQ�LQ�WKH�DSSOLFDEOH�FRQFHQWUDWLRQ�UDQJH�
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ZKHUH�5���9VHG�� 9DT�� DUH� WKH� H[WUDFWLRQ� UHFRYHU\�
����� WKH� YROXPH� RI� WKH� VHGLPHQW� SKDVH� DQG� WKH�
YROXPH�RI�DTXHRXV�VDPSOH��UHVSHFWLYHO\�
7KH� HQULFKPHQW� IDFWRU� ZDV� FDOFXODWHG� EDVHG� RQ�
WKH� HTXDWLRQ� ���� WKDW� ZDV� IRXQG� WR� EH� ����� 7KH�
OLPLW� RI� GHWHFWLRQ� �/2'�� GHILQHG� DV� �6E�P� �6E LV�
WKH� VWDQGDUG� GHYLDWLRQ� RI� WKH� EODQN� DQG�P� LV� WKH�
VORSH�RI�WKH�FDOLEUDWLRQ�FXUYH��WKDW�ZDV�FDOFXODWHG�
WR�EH�������J�P/����7KH�SUHFLVLRQ�RI�PHWKRG�ZDV�
UHSRUWHG�DV�UHODWLYH�VWDQGDUG�GHYLDWLRQ��56'������
UHSOLFDWH�GHWHUPLQDWLRQV�RI�UHWHQWLRQ�WLPH�DQG�WKH�
SHDN�DUHD�ZHUH�FDOFXODWHG�DQG�IRXQG�WR�EH�����DQG�
������UHVSHFWLYHO\�

�����0HDVXUHPHQW�RI�637�LQ�UHDO�VDPSOHV
7KH� DFFXUDF\� DQG� DSSOLFDELOLW\� RI� SURSRVHG�
PHWKRG� ZHUH� HYDOXDWHG� WR� GHWHUPLQH� 637� LQ�



,UDQLDQ�-RXUQDO�RI�$QDO\WLFDO�&KHPLVWU\ � ������������ _ ��

DJULFXOWXUDO� ZDWHU�� :DWHU� VDPSOHV� VSLNHG� ZLWK�
637�DW�FRQFHQWUDWLRQ�OHYHOV�RI�����DQG������J�P/�

� ZHUH� DQDO\]HG� XVLQJ� WKH� SUHVHQWHG� PHWKRG� IRU�
DQDO\WH� H[WUDFWLRQ� DQG� GHWHUPLQDWLRQ�� )RU� HDFK�
VDPSOH��DQDO\VLV�ZDV�UHSHDWHG�IRU�ILYH�WLPHV��7KH�
UHVXOWV� ZHUH� DYHUDJHG� DQG� UHSRUWHG� DV� PHDQ� ��
VWDQGDUG� GHYLDWLRQV� �6'��� 5HFRYHU\� YDOXHV� ZHUH�
FDOFXODWHG�DQG�OLVWHG�LQ�7DEOH����5HVXOWV�LQGLFDWHG�
WKDW� SURSRVHG� ,/±'//0(±+3/&� IRU� WKH� SUH�
FRQFHQWUDWLRQ�DQG�TXDQWLILFDWLRQ�RI�637�LQ� WHVWHG�
ZDWHU� VDPSOHV� ZHUH� VDWLVIDFWRU\� �ZLWKLQ� ����±
�������

7DEOH����$QDO\VLV�RI�637�LQ�D�ZDWHU�VDPSOH�XVLQJ�WKH�
,/�'//0(�+3/&�SURSRVHG�PHWKRG�

6DPSOH
$GGHG�
��J�P/���

)RXQG����
��J�P/���

5HFRYHU\
���

$JULFXOWXUDO�
ZDWHU��ZHOO�

� � �
���� ����������� ����
���� ����������� ����

0HDQ���VWDQGDUG�GHYLDWLRQ��Q� ��

,Q� DGGLWLRQ�� WKH� DFFXUDF\� DQG� SUHFLVLRQ� RI� WKH�
SURSRVHG�PHWKRG�ZHUH�FRPSDUHG�ZLWK�WR�WKRVH�RI�
RWKHU� SXEOLVKHG� PHWKRGV� XVHG� IRU� WKH� 637�
DQDO\VLV�LQ�GLIIHUHQW�VDPSOHV��7DEOH�����$FFRUGLQJ�
WR� WKLV�7DEOH�� WKH�SURSRVHG�PHWKRG�SUHVHQWHG� WKH�
VDWLVIDFWRU\� UHVXOWV� WKDW� DUH� EHWWHU� RU� FRPSDUDEOH�
WR� RWKHU� UHSRUWHG� PHWKRGV� >��� ���� �����@�� 7KH�
PHWKRG� FDQ� EH� HDVLO\� DGRSWHG� IRU� DQDO\VLV� RI�
VSLURWHWUDPDW� LQ� RWKHU� PDWULFHV� IRU� SHVWLFLGH�
UHVLGXH�DQDO\VLV�

���&21&/86,21
7KLV� SDSHU� GHVFULEHV� D� QHZ� PHWKRG� IRU� SUH�
FRQFHQWUDWRQ�H[WUDFWLRQ� DQG� TXDQWLILFDWLRQ� RI�
637�� 7R� DFKLHYH� WKH� JRDO� RI� WKLV� ZRUN�� DQ�
LQWHJUDWLYH� DQG� PXOWLGLVFLSOLQDU\� DSSURDFK� KDV�
EHHQ� VXFFHVVIXOO\� DSSOLHG� LQYROYLQJ�� XVLQJ� ,/� DV�
H[WUDFWLQJ� VROYHQW� DW� '//0(� �VDPSOH�
SUHSDUDWLRQ�� DQG� WKH� GHYHORSPHQW� RI� +3/&� IRU�

DQDO\WH�GHWHUPLQLQJ��7KH�/2'�DQG�RWKHU� DVSHFWV�
RI�PHWKRG�SHUIRUPDQFH�ZHUH�JRRG��5HJDUGLQJ�WKH�
REWDLQHG� UHVXOWV�� WKH� GHYHORSHG� PHWKRG� LQ� WKLV�
ZRUN�FRXOG�EH�FRQVLGHUHG�DV�DQ�DOWHUQDWLYH�IRU�WKH�
DQDO\VLV RI�ZDWHU�VDPSOHV�IRU�637�

$&.12:/('*(0(176�
7KH� DXWKRUV� DUH� WKDQNIXO� WR� WKH� ,VODPLF� $]DG�
8QLYHUVLW\�� <D]G� EUDQFK� IRU� WKH� VXSSRUW� RI� WKLV�
ZRUN��

5()(5(1&(6
>�@ (� %U�FN��$�(OEHUW��5� )LVFKHU��6� .UXHJHU��-�

.�KQKROG�� $�0�� .OXHNHQ�� 5� 1DXHQ�� -�)��
1LHEHV�� 8�� 5HFNPDQ�� -�-�� 6FKQRUEDFK�� 5�
6WHIIHQV� DQG� ;� YDQ� :DHWHUPHXOHQ��
0RYHQWR��� DQ� LQQRYDWLYH� DPELPRELOH�
LQVHFWLFLGH� IRU� VXFNLQJ� LQVHFW� SHVW� FRQWURO� LQ�
DJULFXOWXUH�� ELRORJLFDO� SURILOH� DQG� ILHOG�
SHUIRUPDQFH�� &URS� 3URW� �� ������� ���±
����

>�@ 6� 9HPXUL�� &� 5DR� DQG� 6� 6ZDUXSD��
'LVVLSDWLRQ�RI�VSLURWHWUDPDW�DQG�LPLGDFORSULG�
LQ� JUDSHV� DQG� VRLO�� -� 0XOWL� (QJ�� 6FL��
7HFKQRO� �����������������

>�@ 6�:DQJ��<�� =KDQJ��;�<DQJ��:��;LH� DQG�4��
:X�� 5HVLVWDQFH� 0RQLWRULQJ� IRU� HLJKW�
,QVHFWLFLGHV� RQ� WKH� VZHHWSRWDWR� ZKLWHIO\�
�+HPLSWHUD��$OH\URGLGDH�� LQ�&KLQD�� -��(FRQ��
(QWRPRO� ��� ���������������

>�@ 0�� $KPDG�� 0�,�� $ULI� DQG� 0�� 1DYHHG��
'\QDPLFV� RI� UHVLVWDQFH� WR� RUJDQRSKRVSKDWH�
DQG� FDUEDPDWH� LQVHFWLFLGHV� LQ� WKH� FRWWRQ�
ZKLWHIO\� EHPLVLD� WDEDFL� �+HPLSWHUD��
$OH\URGLGDH�� IURP� 3DNLVWDQ�� -� 3HVW�� 6FL� ���
���������������

>�@ <�� *RQJ�� ;�� 6KL�� 1�� 'HVQHX[� DQG� ;�� *DR��
(IIHFWV� RI� VSLURWHWUDPDW� WUHDWPHQWV� RQ�
IHFXQGLW\�DQG�FDUER[\OHVWHUDVH�H[SUHVVLRQ�RI�
$SKLV� JRVV\SLL� *ORYHU�� (FRWR[LFRORJ\ ���
���������������

7DEOH����&RPSDULVRQ�RI�DFFXUDF\�DQG�SUHFLVLRQ�RI�WKH�SURSRVHG�,/�'//0(�+3/&�PHWKRG�ZLWK�RWKHU�SUHVHQWHG�PHWKRGV�
IRU�637�GHWHUPLQDWLRQ�LQ�GLIIHUHQW�VDPSOHV�

0HWKRG 5HFRYHU\���� 56'���� 6DPSOH 5HI�
+3/&�
�D�//(�

���������
���������

�����
�����

9HJHWDEOHV
6RLO

�

E�/&�06
�F�48&K(56�

���������� ������ )UXLWV�DQG�YHJHWDEOHV ��

G+3/&��48(&K(56� ���������
���������

�����
�����

0DQJR
&DEEDJH

��

/&�06��48(&K(56� ���������� ������ 3LVWDFKLR ��
/&�06�06��4X(&K(56�H�63(� ���������� ����� 6SLQDFLD�ROHUDFHD�/���

VRLO�DQG�ZDWHU
��

I�,/�'//0(�+3/& ��������� ��� $JULFXOWXUDO�ZDWHU 7KLV�ZRUN
D /LTXLG�OLTXLG�H[WUDFWLRQ��E�/LTXLG�FKURPDWRJUDSK\�0DVV VSHFWURPHWU\� F 4XLFN��(DV\��&KHDS��(IIHFWLYH��5XJJHG��DQG�
6DIH� G +LJK�SHUIRUPDQFH�OLTXLG�FKURPDWRJUDSK\��H 6ROLG�SKDVH�H[WUDFWLRQ��I ,RQLF�OLTXLG�GLVSHUVLYH�OLTXLG�OLTXLG�
PLFURH[WUDFWLRQ�
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>�@ $�� (OEHUW�� 8�� (EELQJKDXV�.LQWVFKHU�� &��
(UGHOHQ�� 5�� 1DXHQ� DQG� +�� 6FKQRUEDFK�� 7KH�
ELRORJLFDO� SURILOH� RI� WKLDFORSULG�D� QHZ�
FKORURQLFRWLQ\O� LQVHFWLFLGH�� 3IODQ]HQ�
1DFKULFK�%D\HU ������������������

>�@ 5��1DXHQ��8��5HFNPDQQ��-��7KRP]LN�DQG�:��
7KLHOHUW�� %LRORJLFDO� SURILOH� RI� VSLURWHWUDPDW�
�0RYHQWR��±D� QHZ� WZR�ZD\� V\VWHPLF�
�DPELPRELOH��LQVHFWLFLGH�DJDLQVW�VXFNLQJ�SHVW�
VSHFLHV��%D\HU� &URS�� 6FL�� -� ��� ������� ����
����

>�@ %�� 6LQJK�� .�� 0DQGDO�� 6�.�� 6DKRR�� 8��
%KDUGZDM� DQG� 5�6�� %DWWX�� 'HYHORSPHQW� DQG�
YDOLGDWLRQ� RI� DQ� +3/&� PHWKRG� IRU�
GHWHUPLQDWLRQ� RI� VSLURWHWUDPDW� DQG�
VSLURWHWUDPDW� FLV� HQRO� LQ� YDULRXV� YHJHWDEOHV�
DQG�VRLO��-��$2$&�,QWHU� ������������������

>�@ -��/LX��-�$��-RQVVRQ�DQG�*��-LDQJ��$SSOLFDWLRQ�
RI� LRQLF� OLTXLGV� LQ� DQDO\WLFDO� FKHPLVWU\��
7U$&� 7UHQGV�$QDO��&KHP� ����������������

>��@5�� 6KHOGRQ�� &DWDO\WLF� UHDFWLRQV� LQ� LRQLF�
OLTXLGV�� &KHP�� &RPPXQ� ��� ������� �����
�����

>��@3�� %RQKRWH��$�3��'LDV��1�� 3DSDJHRUJLRX��.��
.DO\DQDVXQGDUDP� DQG� 0�� *UlW]HO��
+\GURSKRELF�� KLJKO\� FRQGXFWLYH� DPELHQW�
WHPSHUDWXUH� PROWHQ� VDOWV�� ,QRUJ� &KHP� ���
���������������

>��@3�� :DVVHUVFKHLG� DQG� :�� .HLP�� ,RQLF�
OLTXLGV²QHZ�³VROXWLRQV´�IRU�WUDQVLWLRQ�PHWDO�
FDWDO\VLV��$QJHZ��&KHP�� ,QW��(GLW� �� �������
����������

>��@ -�6��:LONHV�� -�$�� /HYLVN\�� 5�$��:LOVRQ� DQG�
&�/�� +XVVH\�� 'LDON\OLPLGD]ROLXP�
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