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UHVSHFWLYHO\�� DUH LPSRUWDQW EHFDXVH RI WKHLU FRQWULEXWLRQV WR WKH QDWXUDO UDGLDWLRQ GRVH DQG

UHOHDVH LQWR WKH HQYLURQPHQW IURP WHFKQRORJLFDOO\�HQKDQFHG VRXUFHV� 0HWKRGV IRU

GHWHUPLQDWLRQ RI
���

3E DQG RI
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3R DUH GHVFULEHG� %RWK UDGLRQXFOLGHV ZHUH GHWHUPLQHG LQ

ZDWHUV DQG LQ DLU ILOWHU VDPSOHV� 7KH SURFHGXUH IRU GHWHUPLQDWLRQ RI
���

3E LQFOXGHV GLWKL]RQH

H[WUDFWLRQ IRU WKH VHSDUDWLRQ RI OHDG IURP WKH PDWUL[ DQG SUHFLSLWDWLRQ RI 3E&U2� ZLWK

.�&U�2� IURP ZHDN DFHWLF DFLG PHGLD� $IWHU ZDLWLQJ IRU UDGLRFKHPLFDO HTXLOLEULXP WR EH UH�

HVWDEOLVKHG EHWZHHQ
���

3E DQG LWV GDXJKWHU
���

%L �DW OHDVW �� GD\V�� WKH DFWLYLW\ RI
���

%L ZDV

PHDVXUHG RQ D JDV IORZ SURSRUWLRQDO EHWD FRXQWHU� 7KH PHWKRG IRU GHWHUPLQDWLRQ RI
���

3R LV

EDVHG RQ VSRQWDQHRXV GHSRVLWLRQ RI SRORQLXP UDGLRLVRWRSHV RQ D FRSSHU SODQFKHW DQG

PHDVXUHPHQW E\ DOSKD VSHFWURPHWU\� %RWK PHWKRGV ZHUH RSWLPLVHG XVLQJ
���

3R DQG
���

3E

WUDFHUV� $ SURFHGXUH IRU SUHSDUDWLRQ RI
���

3E WUDFHU WKDW LQYROYHV SXUJLQJ RI WKRULXP QLWUDWH

VROXWLRQ ZLWK QLWURJHQ ZDV GHYHORSHG�

,QWURGXFWLRQ

���3E�DQG����3R�DUH�PHPEHUV�RI�WKH�XUDQLXP�UDGLXP�GHFD\�FKDLQ�����3E�KDV�D�KDOI�

OLIH�RI������\HDUV�DQG�LV�D�EHWD�HPLWWHU��,WV�GDXJKWHU����%L�LV�DOVR�D�EHWD�HPLWWHU��,WV�JUDQG�

GDXJKWHU����3R�LV�DQ�DOSKD�HPLWWHU��ZLWK�D�KDOI�OLIH�RI�������GD\V�ZKLFK�GHFD\V�IXUWKHU�WR

VWDEOH����3E�����3E��JE���o����%L��E���o����3R��D��o����3E��VWDEOH��

,Q� DUHDV� ZKHUH� XUDQLXP� LV� PLQHG� DQG� H[WUDFWHG�� ���3E� DQG� ���3R� PD\� DFFXPXODWH� LQ

WDLOLQJV� DQG� UXQ�RII�� UHVXOWLQJ� LQ� KLJKHU� FRQFHQWUDWLRQV� LQ� WKH� ELRVSKHUH�� %HVLGHV� WKLV�

VRPH� DQWKURSRJHQLF� VRXUFHV� H[LVW�� DVVRFLDWHG� ZLWK� SKRVSKDWH� IHUWLOLVHUV�� IRVVLO� IXHO

EXUQLQJ� SRZHU� SODQWV�� OHDG� SURGXFWLRQ�� FHPHQW� PDQXIDFWXUH� DQG� IDOORXW� IURP� QXFOHDU

ZHDSRQ� WHVWV��+LJK� OHYHOV� RI� ���3R�DUH� DOVR�NQRZQ� WR�RFFXU�QDWXUDOO\� LQ�GHHS�VHD� ILVK�

VKHOO�ILVK�DQG�UHLQGHHU�RU�FDULERX�PHDW��

7KH�QDWXUDO�QXFOLGHV����3E�����%L�DQG����3R��ZKLFK�RULJLQDWH�LQ�WKH�HPDQDWLRQ�RI�WKH

UDUH�JDV�QXFOLGH����5Q�IURP�ODQG�VXUIDFHV��DUH�RI�JUHDW�LPSRUWDQFH�����5Q�LV�D�QREOH�JDV�

GLIIXVLQJ� WKURXJK� ILVVXUHV� WR� DTXLIHU� OD\HUV�� ZKHUH� LWV� ORQJ�OLYHG� SURGXFWV� FDQ� EH

GLVVROYHG�� 7KHVH� UDGLRQXFOLGHV� DUH� LPSRUWDQW� FRPSRQHQWV� RI� WKH� QDWXUDO� UDGLDWLRQ
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H[SRVXUH��$FFRUGLQJ�WR�GRVH�IDFWRUV�JLYHQ�E\�,&53�3XEOLFDWLRQ�������YHU\�ORZ�OLPLWV�IRU

GHULYHG� DFWLYLW\� FRQFHQWUDWLRQV� LQ� GULQNLQJ� ZDWHU� ZRXOG� EH� REWDLQHG�� LI� DOO� WKHVH

UDGLRQXFOLGHV� ZHUH� WDNHQ� LQWR� DFFRXQW�� 7KH� DEVRUEHG� GRVHV� IURP� WKH� ���3E� VXE�VHULHV

GHSHQG�PDLQO\�RQ�WKH�KLJKO\�HQHUJHWLF�DOSKD�SDUWLFOHV�RI����3R��DV�WKH�FRQWULEXWLRQ�IURP

WKH� EHWD� HPLVVLRQV� RI� ���3E� DQG� ���%L� DPRXQWV� WR� DERXW� ���� RI� WKH� WRWDO�� 7KH� DQQXDO

HIIHFWLYH�GRVH�HTXLYDOHQW�DULVLQJ�IURP�WKH�WRWDO�LQWDNH�RI����3E�����%L�DQG����3R�ZRXOG�EH

DERXW� ���� P6Y�� 7KLV� IDFW� GHPDQGV� UHOLDEOH� DQDO\WLFDO� WHFKQLTXHV� IRU� DQDO\VHV� RI

ELRVSKHULF�VDPSOHV�LQ�SRWHQWLDOO\�H[SRVHG�DUHDV��

3URFHGXUHV�ZKLFK�LQYROYH� WKH�VSRQWDQHRXV�GHSRVLWLRQ�RI� ���3R�IURP�DFLGLF�PHGLD

RQWR�D�OHVV�QREOH�PHWDO�VXFK�DV�&X��$J�RU�1L�DUH�FRPPRQO\�XVHG�IRU�WKH�LVRODWLRQ�RI�ERWK

WUDFH�DQG�PDFUROHYHOV��5DGLRFKHPLFDO�GHWHUPLQDWLRQ�RI����3E�LV�XVXDOO\�DFFRPSOLVKHG�E\

PHDVXULQJ�WKH�EHWD�DFWLYLW\�RI�LWV����%L�GDXJKWHU��(EPD[� ������0H9��RU�WKH�DOSKD�DFWLYLW\

RI�LWV����3R�JUDQGGDXJKWHU��(D  ������0H9��7KLV�LV�EHFDXVH�GLUHFW�GHWHUPLQDWLRQ�RI����3E

LV�GLIILFXOW�GXH�WR�LWV�ORZ�JDPPD�HQHUJ\��(J  �������0H9�RI�ORZ�DEXQGDQFH����������

DQG�WKH�ORZ�HQHUJ\�RI�LWV�EHWD�HPLVVLRQ��(EPD[� ������0H9���6LQFH�LW� LV�WKH�GDXJKWHU�RU

JUDQGGDXJKWHU� UDGLRQXFOLGH� WKDW� LV� LVRODWHG�DQG�TXDQWLWDWLYHO\�PHDVXUHG�� LW� LV�QHFHVVDU\

WR�NQRZ�WKH�GHJUHH�RI�HTXLOLEULXP�WKDW�H[LVWV�EHWZHHQ�WKH�SURJHQ\�DQG�LWV�SDUHQW����3E�

)RU� ���%L� �KDOI�OLIH� �����GD\V�� DQ� HTXLOLEULXP�RI�JUHDWHU� WKHQ� ���� LV� HVWDEOLVKHG� LQ� ��

GD\V��)RU� ���3R� �KDOI�OLIH�������GD\V��D�SHULRG�RI�RYHU�����PRQWKV� LV� UHTXLUHG� WR� UHDFK

����DQG� ���PRQWKV� WR� UHDFK� ���� LQJURZWK��'HVSLWH� WKH� IDFW� WKDW� DOSKD� VSHFWURVFRSLF

PHDVXUHPHQW�RI�WKH�LQ�JURZQ����3R��RIWHQ�XVLQJ����3R�DV�D�WUDFHU��FDQ�DFKLHYH�DQ�XOWUD�

ORZ� GHWHFWLRQ� OLPLW�� WKH� ORQJ� LQJURZWK� SHULRG� UHTXLUHG� WR� DFKLHYH� WKLV� PDNHV� LW� DQ

LPSUDFWLFDO� PHWKRG� ZKHQ� UDSLG� ORZ� OHYHO� PHDVXUHPHQWV� DUH� UHTXLUHG�� ,Q� WKHVH

FLUFXPVWDQFHV� D� SURFHGXUH� IRU� WKH� LVRODWLRQ� DQG�PHDVXUHPHQW� RI� WKH� ���%L� GDXJKWHU� LV

SUHIHUUHG��,Q�VHSDUDWLRQ�RI����3E��WKH�QDWXUDOO\�RFFXUULQJ�UDGLRWUDFHU����3E��KDOI�OLIH����K�

LV� RIWHQ� XVHG� WR� GHWHUPLQH� WKH� FKHPLFDO� \LHOG�� 3UHSDUDWLRQ� RI� SXUH� WUDFHU� ���3E� LV� YHU\

LPSRUWDQW��EHFDXVH� LPSXUH� WUDFHU�FRXOG�FRQWDPLQDWH� WKH� VDPSOH�ZLWK�EHWD� HPLWWHUV� WKDW

LQWHUIHUH� LQ� WKH�PHDVXUHPHQW� RI� ���%L� RQ� D� EHWD� FRXQWHU�� $�PHWKRG� IRU� SUHSDUDWLRQ� RI
���3E� WUDFHU� WKDW� LQFOXGHV� H[WUDFWLRQ� RI� WKRULXP� QLWUDWH� VROXWLRQ� ZLWK� GLWKL]RQH� LQ

FKORURIRUP�LV�NQRZQ������ 6PDOO�DPRXQWV�RI�RWKHU�UDGLRQXFOLGHV�IURP�WKH� WKRULXP�GHFD\
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FKDLQ� DUH� DOVR� H[WUDFWHG� PDNLQJ� WKH� ���3E� WUDFHU� LPSXUH�� 7KLV� SDSHU� GHVFULEHV� D

DOWHUQDWLYH�SURFHGXUH�IRU����3E�SUHSDUDWLRQ�

'HWHUPLQDWLRQ�RI����3E�DQG����3R�DFWLYLWLHV�LQ�ZDWHU�VDPSOHV�LQ�WKH�YLFLQLW\�RI�WKH

IRUPHU� XUDQLXP� PLQH� DW� äLURYVNL� YUK� LQ� 6ORYHQLD� LV� LPSRUWDQW� LQ� PRQLWRULQJ

HQYLURQPHQWDO�FRQWDPLQDWLRQ�DQG�HQVXULQJ�UDGLRHFRORJLFDO�SURWHFWLRQ��'HWHUPLQDWLRQ�RI

ERWK� UDGLRQXFOLGHV� LQ� WKH� ORFDO� VWUHDPV� 7RGUDãþLFD� DQG� %UHERYãþLFD� LV� D� SDUW� RI� WKH

HQYLURQPHQWDO�PRQLWRULQJ�SURJUDPPH��0HDVXUHPHQW�RI�WKH�DFWLYLWLHV�RI����3E�DQG����3R

LQ�DLU�ILOWHUV�IURP�WKH�âRãWDQM�WKHUPDO�SRZHU�SODQW�LV�DOVR�SUHVHQWHG�

([SHULPHQWDO

6DPSOHV

:DWHU�VDPSOHV�IRU����3E�DQG����3R�DQDO\VLV�ZHUH�FROOHFWHG�IURP�WKH�ORFDO�VWUHDPV

7RGUDãþLFD� DQG� %UHERYãþLFD�� 7KH� VDPSOHV� ZHUH� FROOHFWHG� HYHU\� GD\� DQG� LPPHGLDWHO\

DIWHU�VDPSOLQJ�VXEMHFWHG�WR�ILOWUDWLRQ�������PP��DQG�DFLGLILHG�E\�DGGLWLRQ�RI���P/�QLWULF

DFLG� SHU� OLWUH��:H� FDUULHG� RXW� DQDO\VLV� RI� ���3E� LQ� RQH�PRQWK� FRPSRVLWH� VDPSOHV� DQG
���3R�LQ�WKUHH�PRQWK�FRPSRVLWH�VDPSOHV�

$LU� ILOWHUV� ZHUH� FROOHFWHG� IURP� WKH� FKLPQH\V� �� DQG� �� RI� WKH� âRãWDQM� WKHUPDO

SRZHU�SODQW�

'HWHUPLQDWLRQ�RI�
���

3E

��� 5DGLRFKHPLFDO�VHSDUDWLRQ

7R�GHWHUPLQH�YHU\� ORZ�FRQFHQWUDWLRQV�RI����3E�LQ�ZDWHU�VDPSOHV� WKH� UDGLRQXFOLGH

VKRXOG�EH�ILUVW�FRQFHQWUDWHG�E\�HYDSRUDWLRQ����/�RI�ZDWHU�VDPSOH�ZDV�WDNHQ������PJ�3E��

�OHDG�FDUULHU��ZDV�DGGHG��WKH�VDPSOH�HYDSRUDWHG�WR�GU\QHVV�DQG�WKH�UHVLGXH�GLVVROYHG�LQ

������� P/� �� 0� K\GURFKORULF� DFLG�� 7ZR� DQDO\WLFDO� VWHSV� LQ� WKH� SURFHGXUH� IRU� WKH

GHWHUPLQDWLRQ�RI����3E�ZHUH�WKHQ�XVHG�

D�� GLWKL]RQH�H[WUDFWLRQ�IRU�WKH�VHSDUDWLRQ�RI�OHDG�

E�� SUHFLSLWDWLRQ�RI�3E&U2��ZLWK�.�&U�2��IURP�ZHDN�DFHWLF�DFLG�PHGLD�
�

�� P/� RI� �� 0� VROXWLRQ� RI� VRGLXP� FLWUDWH� WKDW� SUHYHQWV� WKH� SUHFLSLWDWLRQ� RI

K\GUR[LGHV� DQG� �� P/� RI� D� ���� VROXWLRQ� RI� SRWDVVLXP� F\DQLGH� WKDW� PDVNV� ,,� DQG� ,,,
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YDOHQW� LRQV�ZHUH� DGGHG�� S+�ZDV� DGMXVWHG� WR� �������ZLWK� DPPRQLD� VROXWLRQ��$IWHU� WKDW

H[WUDFWLRQ�RI�OHDG�ZLWK�������P/�RI�D��������VROXWLRQ�RI�GLWKL]RQH�LQ�FKORURIRUP�ZDV

SHUIRUPHG��7KH�RUJDQLF�SKDVH�ZDV�WKHQ�HYDSRUDWHG�DQG�WKH�UHVLGXH�GLOXWHG�LQ����P/�RI

GLVWLOOHG�ZDWHU��7KHQ����PJ�RI�3E�� DQG���P/�RI� FRQFHQWUDWHG� DFHWLF� DFLG�ZHUH� DGGHG

DQG�WKH�S+�DGMXVWHG�WR�����ZLWK�DPPRQLD�VROXWLRQ��7KH�VROXWLRQ�ZDV�KHDWHG��DQG�3E&U2 �

SUHFLSLWDWHG�E\�DGGLWLRQ�RI���P/�RI��0�.�&U�2���7KH�SUHFLSLWDWH�ZDV� WKHQ�SODWHG�RQ�D

PHDVXULQJ�SODQFKHW�E\�FHQWULIXJDWLRQ��$IWHU�ZDLWLQJ�IRU�UDGLRFKHPLFDO�HTXLOLEULXP�WR�EH

UH�HVWDEOLVKHG� EHWZHHQ� ���3E� DQG� ���%L� �DW� OHDVW� ��� GD\V��� WKH� DFWLYLW\� RI� ���%L� EHWD

HPLVVLRQ� ZDV� PHDVXUHG� RQ� D� JDV� IORZ� SURSRUWLRQDO� EHWD� FRXQWHU� �%HUWKROG� 08/7,�

/2**(5�/%��������7KH�DFWLYLW\�RI����3E�ZDV�FDOFXODWHG�IURP�(TXDWLRQ���

V

W

%L

3E

9H

$
$

%L ����
 

��

�GHW
��� HK

O
�������������������������������������������������������������������������������(T���

$3E DFWLYLW\�RI����3E�LQ�VDPSOH�LQ�%T�P��

$%L DFWLYLW\�RI����%L�LQ�%T

O%L �����u�����V��

W WLPH�RI�WKH����%L�UHJURZWK��V�

K RYHUDOO�UHFRYHU\

HGHW� FRXQWLQJ�HIILFLHQF\

9V VDPSOH�YROXPH�LQ�P�

��� 3UHSDUDWLRQ�RI�
���

3E�WUDFHU

7R�GHWHUPLQH�WKH�RYHUDOO�UHFRYHU\��K��DQG�DOVR�WR�SHUIRUP�H[SHULPHQWV�WR�RSWLPLVH

WKH� UDGLRFKHPLFDO� SURFHGXUH� WKH� UDGLRDFWLYH� WUDFHU� ���3E� ZDV� XVHG�� (TXLSPHQW� IRU� LWV

SUHSDUDWLRQ�LV�SUHVHQWHG�LQ�)LJXUH���
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)LJXUH����(TXLSPHQW�IRU����3E�WUDFHU�SUHSDUDWLRQ�

7KH�ULJKW�KDQG�SDUW�RI� WKH�HTXLSPHQW�FRQWDLQHG�D� WKRULXP�QLWUDWH�VROXWLRQ� �����J

7K�12����LQ�����P/���7KLV�VROXWLRQ�ZDV�SXUJHG�E\�QLWURJHQ�IRU����KRXUV�DW�D�IORZ�UDWH

RI�DERXW����P/�PLQ�������5Q�WKDW�ZDV�UHPRYHG�IURP�WKH�VROXWLRQ�LV�D�VKRUW�OLYHG��KDOI�

OLIH� RI� ����� V��PHPEHU� RI� WKH� WKRULXP� GHFD\� FKDLQ� DQG� GHFD\V� YLD� LWV� GDXJKWHU� ���3R

IXUWKHU�WR����3E��7KH�OHIW�KDQG�SDUW�RI�HTXLSPHQW�ZDV�FRROHG�ZLWK�OLTXLG�QLWURJHQ�WR�WUDS

YRODWLOH����5Q��7KH�GHFD\�SURGXFW����3E�ZDV�FROOHFWHG�RQ�WKH�JODVV�ZDOOV�IURP�ZKLFK� LW

ZDV�ZDVKHG�ZLWK�D�����0�VROXWLRQ�RI�+&O�����3E�SUHSDUHG�LQ�WKLV�ZD\�ZDV�REVHUYHG�WR�EH

YHU\�SXUH��,WV�SXULW\�ZDV�FKHFNHG�XVLQJ�JDPPD�VSHFWURPHWU\�DQG�EHWD�FRXQWLQJ��$�ILOWHU

WR� WUDS� DQ\� SRVVLEOH� FDUU\�RYHU� RI� VSUD\� FRQWDLQLQJ� 7K�12���� ZDV� IRXQG� WR� EH

XQQHFHVVDU\��$IWHU�SUHSDUDWLRQ�RI����3E�WUDFHU�LWV�LQLWLDO�JDPPD�DFWLYLW\��(J�  �������NH9

����������(J�  �������NH9����������ZDV�PHDVXUHG�RQ�D�JDPPD�VSHFWURPHWHU�

��� 2SWLPLVDWLRQ�RI�H[SHULPHQWDO�SDUDPHWHUV

$V�PHQWLRQHG�DERYH�VRPH�SDUDPHWHUV�UHTXLUHG�LQ�WKH�SURFHGXUH�IRU�GHWHUPLQDWLRQ

RI����3E�ZHUH�GHWHUPLQHG�LQ�D�VHULHV�RI�H[SHULPHQWV�DQG�RSWLPLVHG�XVLQJ����3E�WUDFHU��:H

GHWHUPLQHG� WKH� RSWLPDO� WLPH� RI� H[WUDFWLRQ�� WKH� RYHUDOO� UHFRYHU\� DQG� WKH� H[SHULPHQWDO

VWRLFKLRPHWULF�IDFWRU�
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7KH�JUDYLPHWULF�\LHOG�RI�SUHFLSLWDWLRQ�� WKH�H[SHULPHQWDO� VWRLFKLRPHWULF� IDFWRU�DQG

WKH�RYHUDOO�UHFRYHU\�ZHUH�FDOFXODWHG�IURP�(TXDWLRQV���

7KH�JUDYLPHWULF�\LHOG�RI�SUHFLSLWDWLRQ�LV�GHWHUPLQHG�E\�ZHLJKLQJ�WKH�OHDG�FKURPDWH

SUHFLSLWDWH�� :H� SUHVXPHG� WKDW� OHDG� SUHFLSLWDWHV� RQO\� LQ� OHDG� FKURPDWH� IRUP� �EXW� VHH

EHORZ��

7KH� FKHPLFDO� \LHOG� RI� SUHFLSLWDWLRQ� LV� GHWHUPLQHG� XVLQJ� ���3E� WUDFHU�� $� NQRZQ

DPRXQW� RI� ���3E� WUDFHU�ZDV� DGGHG� WR� GHLRQLVHG�ZDWHU� WR� SHUIRUP� MXVW� WKH� SUHFLSLWDWLRQ

VWHS�� 7KH� JDPPD� DFWLYLW\� RI� ���3E� LQ� OHDG� FKURPDWH� IRUP� ZDV� PHDVXUHG� E\� JDPPD

VSHFWURPHWU\�� 7KH� FKHPLFDO� \LHOG� RI� SUHFLSLWDWLRQ� ZDV� WKHQ� FDOFXODWHG� DV� WKH� UDWLR

EHWZHHQ�WKH�DFWLYLW\�RI����3E�DGGHG�DQG�DFWLYLW\�RI����3E�IRXQG�LQ�OHDG�FKURPDWH�

7KH� RYHUDOO� UHFRYHU\� ZDV� FDOFXODWHG� DV� WKH� SURGXFW� RI� WKH� FKHPLFDO� \LHOG� RI

H[WUDFWLRQ�DQG�WKH�FKHPLFDO�\LHOG�RI�SUHFLSLWDWLRQ�

7KH�VWRLFKLRPHWULF�IDFWRU�LV�WKH�UDWLR�EHWZHHQ�WKH�PDVV�RI�3E�LQ�WKH�SUHFLSLWDWH�DQG

WKH�PDVV� RI� WKH� SUHFLSLWDWH�� ,I� OHDG�ZRXOG� SUHFLSLWDWH� RQO\� LQ� OHDG� FKURPDWH� IRUP�� WKH

VWRLFKLRPHWULF� IDFWRU� ZRXOG� EH� �������� $Q� H[SHULPHQWDO� VWRLFKLRPHWULF� IDFWRU� ZDV

GHWHUPLQHG� EHFDXVH� WKH� SUHFLSLWDWH� RI� OHDG� FKURPDWH� KDV� D� QRQVWRLFKLRPHWULF

FRPSRVLWLRQ��VLQFH�LW�DOVR�LQFOXGHV�FKURPDWH�LRQV�DQG�DW�S+�ORZHU�WKDQ���OHDG�GRHV�QRW

SUHFLSLWDWH�RQO\� LQ� WKH� IRUP�RI� OHDG� FKURPDWH�EXW� DOVR� LQ� WKH� IRUP�RI� OHDG�GLFKURPDWH�

1RQ�VWRLFKLRPHWU\�LV�GXH�WR�WKH�SUHVHQFH�RI�FKURPDWH�LRQV�DQG�OHDG�GLFKURPDWH�
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I H[SHULPHQWDO�VWRLFKLRPHWULF�IDFWRU
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��� (IILFLHQF\�RI�WKH�JDV�IORZ�SURSRUWLRQDO�FRXQWHU

7KH� FRXQWLQJ� HIILFLHQF\� RI� ���%L� RQ� WKH� EHWD� FRXQWHU� ZDV� GHWHUPLQHG� ZLWK� D� NQRZQ

DPRXQW� RI� VROLG� .&O� �������� �� ��.�� (E  � ����� NH9�� DQG� ZLWK�
���3E� VWDQGDUG

VROXWLRQ�HYDSRUDWHG�RQ�D�OHDG�FKURPDWH�SUHFLSLWDWH�����%L��(E� ������NH9��

'HWHUPLQDWLRQ�RI�
���

3R

��� 5DGLRFKHPLFDO�VHSDUDWLRQ

7KH�WUHDWPHQW�RI�D�ZDWHU�VDPSOH�LV�YHU\�VLPLODU�WR�WKH�WUHDWPHQW�RI�WKH�VDPSOH�IRU

GHWHUPLQDWLRQ�RI����3E��7KH�GLIIHUHQFH�LV�LQ�WKH�DPRXQW�RI�VDPSOH�����/��WKDW�ZDV�WDNHQ

DQG�LQ�WKH�DGGLWLRQ�RI����3R�WUDFHU�LQ�WKH�ILUVW�VWDJH��7R�VHSDUDWH�SRORQLXP��WKH�WHFKQLTXH

RI�VSRQWDQHRXV�GHSRVLWLRQ�RI�SRORQLXP�UDGLRLVRWRSHV�RQ�D�FRSSHU�SODQFKHW�IRU�IRXU�KRXUV

DW� ��q&� � DQG� S+� �� ZDV� SHUIRUPHG�� 7KH� HTXLSPHQW� IRU� VSRQWDQHRXV� GHSRVLWLRQ� RI

SRORQLXP�UDGLRLVRWRSHV� LV�SUHVHQWHG� LQ�)LJ����7KH� VDPSOH� VROXWLRQ�DIWHU� HYDSRUDWLRQ� WR

VPDOO�YROXPH��DGMXVWHG�WR�S+���ZLWK�K\GURFKORULF�DFLG��ZDV�SXW�LQWR�WKH�EHDNHU�WRJHWKHU

ZLWK� WKH� KROGHU� DQG� FRSSHU� SODQFKHW�� 7KH� VDPSOH� VROXWLRQ� DW� ��q&� PXVW� EH� VWLUUHG

FRQWLQXRXVO\�GXULQJ�VSRQWDQHRXV�GHSRVLWLRQ��

7KHQ�SRORQLXP�UDGLRLVRWRSHV�ZHUH�PHDVXUHG�E\�DOSKD�VSHFWURPHWU\��7HQQHOHF�7&

����DOSKD�VSHFWURPHWHU��DQG�WKH�DFWLYLW\�RI����3R�ZDV�FDOFXODWHG�IURP�(TXDWLRQ���

VFKHP

3R

3R
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$3R DFWLYLW\�RI����3R�LQ�ZDWHU�VDPSOH�LQ�%T�P��

$UHD3R SHDN�DUHD�IRU����3R��GHFD\�V�

7 WLPH�RI�PHDVXUHPHQW��V�

KFKHP \LHOG�RI����3R�WUDFHU

KGHW FRXQWLQJ�HIILFLHQF\

9V VDPSOH�YROXPH��P��
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)LJXUH����(TXLSPHQW�IRU�VSRQWDQHRXV�GHSRVLWLRQ�RI�SRORQLXP�UDGLRLVRWRSHV�

��� 2SWLPLVDWLRQ�RI�SODWLQJ�WLPH

)RU� RSWLPLVDWLRQ� RI� WKH� SURFHGXUH� IRU� WKH� GHWHUPLQDWLRQ� RI� ���3R� WKH� UDGLRDFWLYH

WUDFHU����3R�ZDV�XVHG�DQG�WKH�SODWLQJ�HIILFLHQF\�GHWHUPLQHG�DV�D�IXQFWLRQ�RI�WLPH�

��� 'HWHUPLQDWLRQ�RI�HIILFLHQF\�RI�DOSKD�GHWHFWRU

7KH�FRXQWLQJ�HIILFLHQF\�RI�WKH�D�GHWHFWRU�ZDV�GHWHUPLQHG�ZLWK�D�FDOLEUDWHG�VRXUFH

RI�����7K��(D �����NH9�����������

'HWHUPLQDWLRQ�RI�
���

3E�DQG�
���

3R�LQ�DLU�ILOWHUV

6DPSOHV�RI�DLU�ILOWHUV�ZHUH�OHDFKHG�IRU����KRXUV�LQ�D�VROXWLRQ�RI���0�K\GURFKORULF

DFLG� WRJHWKHU�ZLWK� OHDG�FDUULHU�DQG� ���3R� WUDFHU��7KH�VROXWLRQ�SUHSDUHG� LQ� WKLV�ZD\�ZDV

GLYLGHG� LQWR� WZR�HTXDO� SDUWV�� ,Q�RQH�SDUW� ���3E�ZDV�GHWHUPLQHG� DQG� LQ� WKH� VHFRQG�SDUW
���3R�ZDV�GHWHUPLQHG��XVLQJ�WKH�SURFHGXUHV�GHVFULEHG�DERYH�
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���

3R LQ HQYLURQPHQWDO VDPSOHV

���

5HVXOWV�DQG�GLVFXVVLRQ

'HWHUPLQDWLRQ�RI�
���

3E

7DEOH���VKRZV�UHVXOWV�REWDLQHG�IRU� WKH�\LHOG�RI� WKH� ILUVW�DQG�VHFRQG�H[WUDFWLRQ�RI

OHDG� E\� GLWKL]RQH� E\� ���3E� WUDFHU� H[SHULPHQWV�� ,Q� WKH� VHSDUDWLRQ� RI� 3E� E\� GLWKL]RQH

H[WUDFWLRQ�� LW� FDQ� EH� REVHUYHG� IURP� 7DEOH� �� WKDW� LQ� ��PLQXWH� DURXQG� ����� RI� OHDG� LV

H[WUDFWHG��(YHQ�LI�WKH� WLPH�RI�H[WUDFWLRQ�LV�H[WHQGHG��FKHPLFDO�\LHOGV�DUH�QRW�KLJKHU��$

VHFRQG�H[WUDFWLRQ�LV�WKXV�QRW�QHFHVVDU\��EHFDXVH�RQO\�DURXQG�DQ�DGGLWLRQDO�����RI�OHDG�LV

WKHQ�H[WUDFWHG�

7DEOH����<LHOG�RI�WKH�ILUVW�DQG�WKH�VHFRQG�H[WUDFWLRQ�DV�D�IXQFWLRQ�RI�H[WUDFWLRQ�WLPH�

7LPH�RI
H[WUDFWLRQ

<LHOG�RI�ILUVW�H[WUDFWLRQ����
�Q ��

<LHOG�RI�VHFRQG�H[WUDFWLRQ����
�Q ��

��PLQ �����r���� ����r����
��PLQ �����r���� ����r����
��PLQ �����r���� ����r����
��PLQ �����r���� ����r����

7DEOH� �� VKRZV� WKH� RYHUDOO� UHFRYHU\� DQG� WKH� H[SHULPHQWDO� VWRLFKLRPHWULF� IDFWRU

IRXQG�IRU� OHDG�FKURPDWH�SUHFLSLWDWLRQ��7KH�RYHUDOO� UHFRYHU\�ZDV�GHWHUPLQHG�DV�������

DQG�WKH�H[SHULPHQWDO�VWRLFKLRPHWULF�IDFWRU�ZDV�GHWHUPLQHG�DV�������

7DEOH����'HWHUPLQDWLRQ�RI�RYHUDOO�UHFRYHU\�DQG�H[SHULPHQWDO�VWRLFKLRPHWULF�IDFWRU�

&KHPLFDO�\LHOG�RI�H[WUDFWLRQ������KH�����Q ��� �����r����
&KHPLFDO�\LHOG�RI�SUHFLSLWDWLRQ�����KS �Q ��� �����r����

*UDYLPHWULF�\LHOG�RI�SUHFLSLWDWLRQ�����KJU���Q ��� ����r��
2YHUDOO�UHFRYHU\�����K��Q ��� �����r����

([SHULPHQWDO�VWRLFKLRPHWULF�IDFWRU�I��Q ��� ������r������

7KLV� SURFHGXUH� ZDV� WKHQ� YHULILHG� E\� WKH� VWDQGDUG� DGGLWLRQ� PHWKRG�� 7DS� ZDWHU

VDPSOHV��ZLWK�GLIIHUHQW�DPRXQWV�RI����3E�VWDQGDUG�DGGLWLRQ�ZHUH�SUHSDUHG��7KH�DFWLYLW\

RI� ���3E� LQ� WKH� VDPSOH�ZDV� IRXQG� WR�EH�����P%T��ZKLOH� WKH� VWDQGDUG� DGGLWLRQ�PHWKRG
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���3E�LV�UHOLDEOH�

7KH�FRXQWLQJ�HIILFLHQF\�RI�WKH�JDV�IORZ�SURSRUWLRQDO�FRXQWHU�GHWHUPLQHG�ZLWK�VROLG

.&O��IURP���.��DQG�E\����3E�VWDQGDUG�VROXWLRQ�ZDV��������DQG��������UHVSHFWLYHO\�

7KH�PLQLPXP�GHWHFWDEOH�DFWLYLW\��0'$��RI����3E�ZDV�GHWHUPLQHG�XVLQJ�WKH�&XUULH

HTXDWLRQ��
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HTXDWLRQ

6E WKH�VWDQGDUG�GHYLDWLRQ�RI�D�VHULHV�RI�FRXQWV�RI�DQ�DSSURSULDWH�EODQN�VDPSOH

HGHW FRXQWLQJ�HIILFLHQF\

KFKHP FKHPLFDO�UHFRYHU\

W FRXQWLQJ�WLPH�IRU�WKH�VDPSOH��V�

9 VDPSOH�YROXPH��P��

,Q� WKH� FDVH� RI� GHWHUPLQDWLRQ� RI� ���3E� LQ� ZDWHU� VDPSOHV� ZH� PDGH� D� VHULHV� RI� �

H[SHULPHQWV�ZLWK�EODQN�VDPSOHV�DQG�GHWHUPLQHG�WKH�0'$�DV�����r�����%T�P���ZKHQ���/

RI�ZDWHU�VDPSOH�ZDV�XVHG�

7DEOHV� �� DQG� �� VKRZ� UHVXOWV� IRU� WKH� DFWLYLW\� RI����3E� LQ�ZDWHU� VDPSOHV� IURP� WKH

7RGUDãþLFD�DQG�%UHERYãþLFD�VWUHDPV��\HDU�������DQG�DFWLYLWLHV�RI����3E�LQ�ZDWHU�VDPSOHV

IURP�ZHOOV�LQ�WKH�YLFLQLW\�RI�WKH�IRUPHU�äLURYVNL�YUK�XUDQLXP�PLQH�
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6DPSOH
7RGUDãþLFD

���3E
��%T�P���

%UHERYãþLFD
���3E

�%T�P���
� ���r�� ���r��
� ���r�� ���r��
� ���r�� ���r��
� ���r�� ���r��
� ���r�� ���r��
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)LJXUH����'LDJUDP� VKRZLQJ� DFWLYLWLHV� RI� ���3E� IRU�PRQWKO\� VDPSOHV� RI�7RGUDãþLFD� DQG
%UHERYãþLFD�VWUHDPV������

7DEOH� ���$FWLYLWLHV� RI� ���3E� LQ�ZHOOV� IURP� WKH� YLFLQLW\� RI� WKH� IRUPHU� XUDQLXP�PLQH� DW
äLURYVNL�YUK�

6DPSOH�RI�ZDWHU�IURP
ZHOO

���3E��%T�P���

%6��� ����r����
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7KH�UHVXOWV�RI�WKH�H[SHULPHQWV�WR�GHWHUPLQH�WKH�SODWLQJ�HIILFLHQF\�DV�D�IXQFWLRQ�RI

SODWLQJ� WLPH�DUH�VKRZQ� LQ�)LJ���� ,W�FDQ�EH�REVHUYHG� WKDW� WKH�FXUYH� UHDFKHV�D�SODWHDX�DW

DURXQG�����PLQ��$W�WKDW�WLPH�DURXQG������RI�SRORQLXP�UDGLRLVRWRSHV�DUH�GHSRVLWHG�

)LJXUH����3ODWLQJ�HIILFLHQF\�DV�D�IXQFWLRQ�RI�SODWLQJ�WLPH�LQ�VSRQWDQHRXV�GHSRVLWLRQ�RI�3R
UDGLRLVRWRSHV�RQ�D�&X�SODQFKHW�DW���q&��S+ ��

7KH�FRXQWLQJ�HIILFLHQF\�RI�WKH�D�GHWHFWRU�ZDV�IRXQG�WR�EH��������

)RU� GHWHUPLQDWLRQ� RI� ���3R� WKH� 0'$� ZDV� DOVR� GHWHUPLQHG� XVLQJ� WKH� &XUULH

HTXDWLRQ�� 7KH� DYHUDJH� RI� �� H[SHULPHQWV� ZLWK� EODQN� VDPSOHV� JDYH� D� YDOXH� RI� ������ r

������%T�P���LI����/�RI�ZDWHU�VDPSOH�ZHUH�XVHG�

7DEOH���VKRZV�UHVXOWV�IRU�WKH�DFWLYLW\�RI����3R�LQ�ZDWHU�VDPSOHV�RI�WKH�7RGUDãþþLFD

DQG�%UHERYãþLFD�VWUHDPV��\HDU�������

7DEOH����$FWLYLWLHV�RI����3R�LQ�VDPSOHV�RI�7RGUDãþLFD�DQG�%UHERYãþLFD�VWUHDPV������

6DPSOH
7RGUDãþLFD
�%T�P���
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�QG�TXDUWHU ����r���� ����r����
�UG TXDUWHU ����r���� ����r����
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WKH�7RGUDãþLFD�DQG�%UHERYãþLFD�VWUHDPV������

)LJ���VKRZV�DQ�DOSKD�VSHFWUXP�RI�SRORQLXP�UDGLRLVRWRSHV�VHSDUDWHG�IURP�D�ZDWHU

VDPSOH�� 7KH� VSHFWUXP� LV� UDGLRFKHPLFDOO\� SXUH�� WKH� SHDNV� RI� ���3R� DW� ����0H9� DQG� RI
���3R�WUDFHU�DW�����0H9�FDQ�EH�REVHUYHG�

)LJXUH����$OSKD� VSHFWUXP�RI� ���3R� LQ� VDPSOH� IURP� WKH�%UHERYãþLFD�� �UG� TXDUWHU�� �����
ZLWK����3R�WUDFHU�

'HWHUPLQDWLRQ�RI�
���

3E�DQG�
���

3R�LQ�DLU�ILOWHUV

%RWK� UDGLRQXFOLGHV�ZHUH� DOVR�GHWHUPLQHG� LQ� DLU� ILOWHUV� IURP� WZR� FKLPQH\V� RI� WKH

âRãWDQM�WKHUPDO�SRZHU�SODQW��,Q�7DEOH���WKH�UHVXOWV�DUH�SUHVHQWHG��7KH�FRDO�XVHG�E\�WKH

WKHUPDO� SRZHU� SODQW� FRQWDLQV� UHODWLYHO\� KLJK� DFWLYLWLHV� RI� QDWXUDOO\�RFFXUULQJ

UDGLRQXFOLGHV��SDUWLFXODUO\�XUDQLXP��a�����%T�NJ�����:KLOH�XUDQLXP�DQG�UDGLXP�UHPDLQ

LQ�WKH�DVK��SRORQLXP�DQG�OHDG��EHFDXVH�WKH\�DUH�YRODWLOH��DUH�UHOHDVHG�ZLWK�H[KDXVW�JDVHV

DQG� FRQWDPLQDWH� WKH� VXUURXQGLQJV�� ,W� FDQ� EH� REVHUYHG� WKDW� WKH� DFWLYLWLHV� RI� ���3E� DQG
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���3R� LQ� DLU� ILOWHUV� IURP� FKLPQH\� �� DUH� PXFK� ORZHU� WKDQ� WKH� DFWLYLWLHV� RI� WKHVH

UDGLRQXFOLGHV� GHWHUPLQHG� LQ� DLU� ILOWHUV� IURP� FKLPQH\� ��� 7KDW� LV� EHFDXVH� LQ� FKLPQH\� �

GHVXOSKXULVDWLRQ�SODQW� WR� FOHDQ� WKH� H[KDXVW� JDVHV� LV� LQVWDOOHG�� ,Q� WKLV� SURFHGXUH� GXVW� LV

DOVR�UHPRYHG�DQG�HQYLURQPHQWDO�FRQWDPLQDWLRQ�E\�YRODWLOH�UDGLRQXFOLGHV�LV�VXFFHVVIXOO\

UHGXFHG�

7DEOH����$FWLYLWLHV�RI����3E�DQG����3R�LQ�VDPSOHV�RI�DLU�ILOWHUV�IURP�FKLPQH\V���DQG���RI
WKH�âRãWDQM�WKHUPDO�SRZHU�SODQW�

6DPSOH

$LU
YROXPH
ILOWHUHG
�/�

'XVW
DPRXQW
�PJ�

���3E
��%T�NJ���

���3E
�P%T�P���

���3R
���%T�NJ���

���3R
�P%T�P���

)LOWHU�� ���� ���� �����r���� ���r�� �����r���� ���r��
�

)LOWHU�� ���� ���� �����r���� ���r�� �����r��� ���r��
)LOWHU�� ��� ���� �����r���� ����r��� �����r���� ����r��

�
)LOWHU�� ��� ���� �����r���� ����r��� �����r���� ����r��

&RQFOXVLRQV

'HWHUPLQDWLRQ�RI����3E�DQG����3R�LQ�WKH�7RGUDãþLFD�DQG�%UHERYãþLFD�VWUHDPV�LQ�WKH

YLFLQLW\�RI�WKH�XUDQLXP�PLQH�LV�SDUW�RI�WKH�UHJXODU�HQYLURQPHQWDO�PRQLWRULQJ�SURJUDPPH�

9DULDWLRQ�RI�DFWLYLWLHV�RI�ERWK�UDGLRQXFOLGHV� LV�D�FRQVHTXHQFH�RI� WKH�ZHDWKHU��UDLQIDOOV�

LQ�WKLV�UHJLRQ��(YHQ�LI�DFWLYLWLHV�LQ�VRPH�PRQWKO\�VDPSOHV�DUH�VRPHWLPHV�D�OLWWOH�KLJKHU�

WKHVH� OHYHOV�DUH�VWLOO�XQGHU� WKH�PD[LPDO�SHUPLWWHG�DFWLYLW\�IRU� ���3E� LQ�ZDWHUV��ZKLFK� LV

����%T�P����7KH�PD[LPDO�SHUPLWWHG�DFWLYLW\� IRU� ���3R� LQ�ZDWHUV� LV������%T�P����)URP

7DEOH� �� FDQ� EH� REVHUYHG� WKDW� WKH� DFWLYLWLHV� RI� ���3E� LQ� XQGHUJURXQG� ZDWHUV� DUH� YHU\

VLPLODU�WR�WKH�DFWLYLWLHV�LQ�VXUIDFH�ZDWHUV�

7KH�PHWKRG� GHYHORSHG� IRU� GHWHUPLQDWLRQ� RI� ���3E� LV� VHOHFWLYH� DQG� DFFXUDWH�� 7KH

RYHUDOO� UHFRYHU\� PHDVXUHG� XVLQJ� ���3E� LV� PRUH� WKDQ� ��� ��� 7KH� PLQLPXP� GHWHFWDEOH
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