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6L]H�'HSHQGHQW�2SWLFDO�3URSHUWLHV�RI�6LOYHU�1DQRSDUWLFOHV�
6\QWKHVL]HG�IURP�)UXLW�([WUDFW�RI�0DOXV�SXPLOD

6DELWD�6KUHVWKD�
�DQG�6DUZHQGUD�$GKLNDUL�

�&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��.LUWLSXU��.DWKPDQGX��1HSDO��
�'HSDUWPHQW�RI�&KHPLVWU\��$PULW�&DPSXV��/DLQFKDXU��.DWKPDQGX��1HSDO�

(�PDLO��VKUHVWKDVDELWD#KRWPDLO�FRP�

$EVWUDFW�

6\QWKHVLV� RI� QDQRSDUWLFOHV� E\� JUHHQ�PHWKRG� LV� UHJDUGHG� DV� D� VDIH� DQG� QRQ�WR[LF� SURFHVV�� ZKHUHDV�
FRQYHQWLRQDO�V\QWKHVLV�SURGXFHV�WR[LF�VXEVWDQFH��,Q�WKLV�SDSHU����VLOYHU�QDQRSDUWLFOHV�ZDV�V\QWKHVL]HG�E\�
XVLQJ�IUXLW�H[DFW�RI�0DOXV�SXPLOD�DQG�FKDUDFWHUL]HG�E\�89�9,6��)7,5��DQG�('6�PHDVXUHPHQWV��3URJUHVV�
RI� WKH� UHDFWLRQ� KDV� EHHQ� PRQLWRUHG� E\� VXUIDFH� SODVPRQ� UHVRQDQFH� RI� $J13V�� 2SWLFDO� EDQG� JDS� ZDV�
FDOFXODWHG�IURP�89�9,6�DEVRUSWLRQ��,W�LV�IRXQG�WKDW�EDQG�JDS�GHFUHDVHV�ZLWK�LQFUHDVLQJ�WKH�UHDFWLRQ�WLPH�
VXJJHVWLQJ� LQFUHDVH� RI� VL]H� RI� QDQRSDUWLFOHV� ZLWK� UHDFWLRQ� WLPH�� � 7KH� ,5� VSHFWUXP� VKRZV� WKH� GLIIHUHQW�
ELRPROHFXOHV�UHVSRQVLEOH�IRU�UHGXFLQJ�WKH�VLOYHU�SUHFXUVRU�WR�VLOYHU��7KH�('6�GDWD�VKRZV�WKH�SUHVHQFH�RI�
PHWDOOLF�VLOYHU��

.H\ZRUGV��6LOYHU�QDQRSDUWLFOH��JUHHQ�PHWKRG��RSWLFDO�SURSHUWLHV�

,QWURGXFWLRQ�

1DQRWHFKQRORJ\� LV� D� EURDG� LQWHUGLVFLSOLQDU\� DUHD� RI� UHVHDUFK�� GHYHORSPHQW� DQG� LQGXVWULDO� DFWLYLW\�
ZKLFK�KDV�JURZQ�YHU\�UDSLGO\�DOO�RYHU� WKH�ZRUOG� IRU� WKH�ODVW�GHFDGH��0HWDOOLF�QDQRSDUWLFOHV�RI�GLIIHUHQW�
VKDSH� DQG� VL]H� DUH� H[SORUHG� IRU� YDULRXV� DSSOLFDWLRQV�� 6LOYHU� QDQRSDUWLFOHV� �$J13V�� DUH� YHU\� LPSRUWDQW�
DPRQJ�WKH�PRVW�ZLGHO\�XVHG�PHWDO�QDQRSDUWLFOHV���

6LOYHU�QDQRSDUWLFOHV�KDYH�DSSOLFDWLRQV� LQ� GLIIHUHQW� ILHOGV� VXFK�DV�� LQ�FRWWRQ� IDEULF�DV�DQ� DQWLEDFWHULDO�
WH[WLOH��� WR� PDNH� KLJKO\� VWUHWFKDEOH� HOHFWULF� FLUFXLWV��� WR� IDEULFDWH� WKH� WUDQVSDUHQW� FRQGXFWLQJ� ILOPV��� LQ�
WKHUDSHXWLF� DSSOLFDWLRQV��� LQ� QDQRPHGLFLQH��� FDWDO\VWV� ZKHQ� FRPELQHG� ZLWK� SRO\PHUV��� IRU� FOLQLFDO�
GLDJRVWLF���HWF��

7KH\� FDQ� EH� V\QWKHVL]HG� XVLQJ� GLIIHUHQW� PHWKRGV� LQFOXGLQJ� SK\VLFDO� DQG� FKHPLFDO� PHWKRGV�����
HOHFWURFKHPLFDO� UHGXFWLRQ���� SKRWRFKHPLFDO� UHGXFWLRQ���� KHDW� HYDSRUDWLRQ��� HWF�� 0RVW� RI� WKH� PHWKRGV�
UHSRUWHG� LQ� WKH� OLWHUDWXUH� LQYROYH� WKH� XVH� RI� WR[LF�� KD]DUGRXV� FKHPLFDOV� ZKLFK� PD\� SRVH� SRWHQWLDO�
HQYLURQPHQWDO� DQG� ELRORJLFDO� ULVNV�� %HFDXVH� RI� WKH� LQFUHDVLQJ� HQYLURQPHQWDO� FRQFHUQV� E\� FKHPLFDO�
V\QWKHVLV�URXWHV��DQ�HQYLURQPHQWDOO\�VXVWDLQDEOH�V\QWKHVLV�SURFHVV�KDV�OHG�WR�ELRPHWULF�DSSURDFKHV��ZKLFK�
UHIHUV�WR�DSSO\LQJ�ELRORJLFDO�SULQFLSOHV�LQ�PDWHULDOV�IRUPDWLRQ��

%LRORJLFDO�PHWKRGV� RI� QDQRSDUWLFOHV� V\QWKHVLV� XVLQJ�PLFURRUJDQLVPV�� HQ]\PHV�� IXQJXV�� SODQWV� RU� SODQW�
H[WUDFWV�KDYH�EHHQ�VXJJHVWHG�DV�SRVVLEOH�HFRIULHQGO\�DOWHUQDWLYHV�WR�FKHPLFDO�DQG�SK\VLFDO�PHWKRGV��$OVR��
WKH�SURFHVVHV�DUH�UHDGLO\�VFDODEOH�DQG�OHVV�H[SHQVLYH���


 &RUUHVSRQGLQJ�DXWKRU
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3ODQW� H[WUDFWV�PD\� DFW�ERWK� DV� UHGXFLQJ�DJHQWV� DQG� VWDELOL]LQJ� DJHQWV� LQ� WKH� V\QWKHVLV� RI� QDQRSDUWLFOHV��
'LIIHUHQW�SDUW�RI�WKH�SODQW�H[WUDFW�FDQ�EH�XVHG�IRU�V\QWKHVLV�RI�VLOYHU�QDQRSDUWLFOHV���VXFK�DV�OHDI�H[WUDFW�RI�
&DORWURSLV� JLJDQWHDQ����7HUPLQDOLD� FDWDSSD���� IORZHU� H[WUDFW� RI�5KRGRGHQGURQ� GDXULFXP��� &DORWURSLV�
SURFHUD����VHHG�H[WUDFW�RI�6\]\JLXP�FXPLQL����IUXLW�H[WUDFW�RI�(PEOLFD�2IILFLQDOLV����IUXLW�H[WUDFW�RI�0DOXV�
SXPLOD�IRU�DQWLEDFWHULDO�IRU�DQWLEDFWHULDO�VWXG\����HWF��

7KLV� SDSHU� UHSRUWV� WKH� V\QWKHVLV� RI� 6LOYHU� QDQRSDUWLFOHV� E\� XVLQJ� IUXLW� H[WUDFW� RI�0DOXV� SXPLOD� DQG�
VWXG\�RI�LWV�VL]H�GHSHQGHQW�RSWLFDO�SURSHUWLHV��

7KHUH� LV� JURZLQJ� LQWHUHVW� LQ� XWLOL]LQJ� WKH� RSWLFDO� SURSHUWLHV� RI� VLOYHU� QDQRSDUWLFOHV� DV� WKH� IXQFWLRQDO�
FRPSRQHQW�LQ�YDULRXV�SURGXFWV�DQG�VHQVRUV��6LOYHU�QDQRSDUWLFOHV�DUH�H[WUDRUGLQDULO\�HIILFLHQW�DW�DEVRUELQJ�
DQG�VFDWWHULQJ�OLJKW�DQG��XQOLNH�PDQ\�G\HV�DQG�SLJPHQWV��KDYH�D�FRORU�WKDW�GHSHQGV�XSRQ�WKH�VL]H�DQG�WKH�
VKDSH� RI� WKH� SDUWLFOH�� 7KH� VWURQJ� LQWHUDFWLRQ� RI� WKH� VLOYHU� QDQRSDUWLFOHV� ZLWK� OLJKW� RFFXUV� EHFDXVH� WKH�
FRQGXFWLRQ� HOHFWURQV� RQ� WKH� PHWDO� VXUIDFH� XQGHUJR� D� FROOHFWLYH� RVFLOODWLRQ� ZKHQ� H[FLWHG� E\� OLJKW� DW�
VSHFLILF�ZDYHOHQJWK� NQRZQ�DV� D� VXUIDFH�3ODVPRQ� UHVRQDQFH� �635��� WKLV� RVFLOODWLRQ� UHVXOWV� LQ� XQXVXDOO\�
VWURQJ�VFDWWHULQJ�DQG�DEVRUSWLRQ�SURSHUWLHV����

$� XQLTXH� SURSHUW\� RI� VSKHULFDO� VLOYHU� QDQRSDUWLFOHV� LV� WKDW� 6XUIDFH�3ODVPRQ�5HVRQDQFH� �635�� SHDN�
ZDYHOHQJWK�FDQ�EH�WXQHG�IURP�����QP��YLROHW�OLJKW��WR�����QP��JUHHQ�OLJKW��E\�FKDQJLQJ�WKH�SDUWLFOH�VL]H�
DQG�WKH�ORFDO�UHIUDFWLYH�LQGH[�QHDU�WKH�SDUWLFOH�VXUIDFH��(YHQ�ODUJHU�VKLIWV�RI�WKH�635�SHDN�ZDYHOHQJWK�RXW�
LQWR� WKH� LQIUDUHG� UHJLRQ� RI� WKH� HOHFWURPDJQHWLF� VSHFWUXP� FDQ� EH� DFKLHYHG� E\� SURGXFLQJ� VLOYHU�
QDQRSDUWLFOHV�ZLWK�URG�RU�SODWH�VKDSH����

([SHULPHQWDO�0HWKRGV�

3UHSDUDWLRQ�RI�([WUDFW�
7KH� H[WUDFWLRQ� RI� IUXLW�ZDV� GRQH� LQ�ZDWHU�� )RU� WKLV�� ���ௗJ� RI� WKH� VPDOO� SLHFHV� RI� DSSOHV�ZDV� SXW� LQ�

���ௗP/�RI�GHLRQL]HG�ZDWHU��ZKLFK�ZDV�KHDWHG�IRU���KRXU�DW�����&��7KHQ�ZKROH�PL[WXUH�ZDV�ILOWHUHG��7KHQ�
WKH�ILOWUDWH�ZDV�XVHG�DV�UHGXFLQJ�DJHQW�IRU�SUHSDUDWLRQ�RI�VLOYHU�QDQRSDUWLFOHV��

3UHSDUDWLRQ�RI�6LOYHU�1DQRSDUWLFOHV�
7KH�SUHSDUDWLRQ�RI�$J13V�ZDV�FDUULHG�RXW�E\�XVLQJ���ௗP/�RI� WKH�DSSOH�H[WUDFW� LQ����ௗP/�RI����ௗ0�

DTXHRXV�$J12��VROXWLRQ��7KH�PL[WXUH�ZDV�KHDWHG�ZLWK� VWLUULQJ� DW� ����&�DW� GLIIHUHQW� WLPH� LQWHUYDO�� 7KH�
89�9,6� VSHFWUXP� LV� XVHG� IRU� PRQLWRULQJ� WKH� IRUPDWLRQ� RI� QDQRSDUWLFOH�� 7KH� HOHFWURQLF� VSHFWUD� ZHUH�
UHFRUGHG� LQ� WLPH� LQWHUYDO�RI����PLQV�� ,QLWLDOO\�� LW�ZDV�FRORUOHVV�� DQG� WKHQ�FRORU�FKDQJHG� IURP�\HOORZ� WR�
ZLQH� UHG� DIWHU� RQH� KRXU� KHDWLQJ�� 89�9,6� VSHFWURVFRS\� ZDV� XVHG� WR� PRQLWRU� WKH� FRORU� FKDQJHV� RI� WKH�
PL[WXUH�DIWHU������������DQG����PLQXWHV��

&KDUDFWHUL]DWLRQ��

7KH� V\QWKHVL]HG� 6LOYHU� 1DQRVWUXFWXUH� ZDV� VWXGLHG� DQG� FKDUDFWHUL]HG� E\� GLIIHUHQW� VSHFWUDO� PHWKRGV��
89�9,6� VSHFWUD� LQ� VROXWLRQ� ZHUH� FDUULHG� RXW� LQ� 86%����� 3KRWRQLFV� LQ� UDQJH� ��������� QP�� ,5� ZDV�
UHFRUGHG� LQ� VROXWLRQ� IRUP� LQ� ,57UDFHU����� 6KLPDG]X�� LQ� UDQJH� ��������� FP���� (QHUJ\� GLVSHUVLYH�
VSHFWURVFRS\�PHDVXUHPHQW�ZDV�FDUULHG�RXW�LQ�('6�������

5HVXOWV�DQG�'LVFXVVLRQ�
)RUPDWLRQ�RI�6LOYHU�1DQRSDUWLFOHV�

7KH� IUXLW� H[WUDFW� DSSHDUV� WR�EH� D�SRWHQWLDO� VRXUFH� RI�ZDWHU�VROXEOH� K\GURFDUERQV�� SURWHLQV� WKRVH� DUH�
IRXQG�WR�EH�HIILFLHQW�UHGXFLQJ�DJHQW��



:KHQ� DSSOH� �0DOXV� SXPLOD� H[WUDFW� ZDV� DGGHG� WR� VLOYHU� QLWUDWH� VROXWLRQ��
FRORUOHVV�L��H�QR�IRUPDWLRQ�RI�VLOYHU�QDQRSDUWLFOHV��:KHQ�WKLV�ZDV�KHDWHG��WKH�FRORU�VWDUWV�WR�FKDQJH�DIWHU�
���PLQV��$IWHU����PLQV�FRORU�FKDQJH�WR�OLJKW�\HOORZ��ZKLFK�VKRZHG�WKDW�IRUPDWLRQ�RI�VLOYHU�QDQRSDUWLFOHV�
ZDV� VWDUWHG�� �7KH� FRORU�EHFDPH�GDUNHU� DQG�GDUNHU� DIWHU� ���PLQV��7KH� FKDQJH� LQ� FRORU� DW� GLIIHUHQW� WLPH�
LQWHUYDO�LV�GXH�WR�GLIIHUHQW�LQ�VL]H�RI�WKH�QDQRSDUWLFOHV��7KLV�ZDV�VWXGLHG�E\�89
HPSKDVL]HG� IURP�SUHYLRXV� VWXGLHV� WKDW� WKH�FRORU�RI�QDQRSDUWLFOH
SHDN��7KH�635�SHDN�LV�VWURQJ�IRU�QREOH�QDQRSDUWLFO
DQG�ZDYHOHQJWK�GHSHQGV�RQ�WKH�W\SH�RI�PHWDO��SDUWLFOH�VKDSH�DQG�
RI�VXUURXQGLQJ�PHGLXP�VKRZQ�WKHRUHWLFDOO\�E\�0LH�WKHRU\

)LJXUH����)RUPDWLRQ�RI�VLOYHU�QDQRSDUWLFOHV��D��R�PLQ��E�����PLQV��F�����PLQV��G����PLQV��H�����PLQV�

2SWLFDO�3URSHUWLHV�
)LJXUH� �� VKRZHG� WKH� 89�9,6� DEVRUSWLRQ� VSHFWUD� RI� VLOYHU� QDQRSDUWLFOHV�� 7KH� 89
UHYHDOHG� WKH� IRUPDWLRQ� RI� VLOYHU� QDQRSDUWLFOHV� E\� H[KLELWLQJ� WKH� W\SLFDO� 6XUIDFH� 3ODVPRQ� 5HVRQDQFH�
DEVRUSWLRQ�� 7KH� VSHFWUD� ZHUH� WDNHQ� DW� GLIIHUHQW� WLPH� LQWHUYDO� RI� UHDFWLRQ� WLPH�� )RXU� GLI
DEVRUSWLRQ�ZHUH� WDNHQ�DW� IRXU�GLIIHUHQW� LQWHUYDO�RI� UHDFWLRQ� WLPH��7KH\� DUH�DIWHU����PLQV��DIWHU����PLQV��
DIWHU����PLQV�DQG�DIWHU����PLQV���
7KH�VSHFWUD�VKRZHG�ȜPD[  �����QP�IRU�VDPSOH�DIWHU����PLQV��Ȝ
����QP�IRU�VDPSOH�DIWHU����PLQV��ȜPD[
WKDW� WKH�PD[LPXP�DEVRUEDQFH�ZDYHOHQJWKV��Ȝ
WLPH��7KLV�VKRZHG�WKDW�WKLV�UHG�VKLIWLQJ�PD\�GXH�WR�WKH�LQFUHDVLQJ�LQ�VL]H�RI�WKH�QDQRSDUWLFOHV�E\�LQFUHDVLQJ�WKH�
UHDFWLRQ� WLPH���� � 7KH� LQFUHDVH� LQ� VL]H� PD\� EH� GXH� WR� DJJORPHUDWLRQ� RI� $J� QDQRSDUWLFOHV� WR� IRUP� ODUJHU�
QDQRSDUWLFOHV�� �$� WDLO� LQ� WKH� ORQJHU�ZDYHOHQJWK� UHJLRQ�RI� WKH�DEVRUSWLRQ� V
VKDSH� GLVWULEXWLRQ� RI� WKH� $J� QDQRSDUWLFOHV�� 7KH� PD[LPXP� DEVRUEDQFH� ZDYHOHQJWK� LV� DVVRFLDWHG� ZLWK� WKH�
FRQGXFWLRQ�EDQG�HQHUJ\�DFFRUGLQJ�WR�

)LJXUH�����89�9,6�$EVRUSWLRQ�6SHFWUD�
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H[WUDFW� ZDV� DGGHG� WR� VLOYHU� QLWUDWH� VROXWLRQ�� LQLWLDOO\� WKH� VROXWLRQ� ZDV�
FRORUOHVV�L��H�QR�IRUPDWLRQ�RI�VLOYHU�QDQRSDUWLFOHV��:KHQ�WKLV�ZDV�KHDWHG��WKH�FRORU�VWDUWV�WR�FKDQJH�DIWHU�
���PLQV��$IWHU����PLQV�FRORU�FKDQJH�WR�OLJKW�\HOORZ��ZKLFK�VKRZHG�WKDW�IRUPDWLRQ�RI�VLOYHU�QDQRSDUWLFOHV�

H� FRORU�EHFDPH�GDUNHU� DQG�GDUNHU� DIWHU����PLQV��7KH� FKDQJH� LQ� FRORU� DW� GLIIHUHQW� WLPH�
LQWHUYDO�LV�GXH�WR�GLIIHUHQW�LQ�VL]H�RI�WKH�QDQRSDUWLFOHV��7KLV�ZDV�VWXGLHG�E\�89�9,6�VSHFWURVFRS\��
HPSKDVL]HG� IURP�SUHYLRXV� VWXGLHV� WKDW� WKH� FRORU� RI� QDQRSDUWLFOHV�RULJLQDWHV� IURP�H[FLWDWLRQ� RI� WKH�635�

��7KH�635�SHDN�LV�VWURQJ�IRU�QREOH�QDQRSDUWLFOHV�VXFK�DV�JROG�DQG�VLOYHU��7KH�EDQG�LQWHQVLW\�RI�635
W\SH�RI�PHWDO��SDUWLFOH�VKDSH�DQG�VL]H��FRPSRVLWLRQ�RI�GLHOHFWULF�FRQVWDQW

RI�VXUURXQGLQJ�PHGLXP�VKRZQ�WKHRUHWLFDOO\�E\�0LH�WKHRU\����

��)RUPDWLRQ�RI�VLOYHU�QDQRSDUWLFOHV��D��R�PLQ��E�����PLQV��F�����PLQV��G����PLQV��H�����PLQV�

DEVRUSWLRQ� VSHFWUD� RI� VLOYHU� QDQRSDUWLFOHV�� 7KH� 89�9,6� VSHFWURVFRS\�
UHYHDOHG� WKH� IRUPDWLRQ� RI� VLOYHU� QDQRSDUWLFOHV� E\� H[KLELWLQJ� WKH� W\SLFDO� 6XUIDFH� 3ODVPRQ� 5HVRQDQFH�
DEVRUSWLRQ�� 7KH� VSHFWUD� ZHUH� WDNHQ� DW� GLIIHUHQW� WLPH� LQWHUYDO� RI� UHDFWLRQ� WLPH�� )RXU� GLIIHUHQW� 89
DEVRUSWLRQ�ZHUH�WDNHQ�DW� IRXU�GLIIHUHQW� LQWHUYDO�RI�UHDFWLRQ� WLPH��7KH\�DUH�DIWHU����PLQV��DIWHU����PLQV��

 �����QP�IRU�VDPSOH�DIWHU����PLQV��ȜPD[  �����QP�IRU�VDPSOH�DIWHU����PLQV��Ȝ
PD[  �����QP�IRU�VDPSOH�DIWHU����PLQV��,W�LV�FOHDU�IURP�WKH�DEVRUSWLRQ�VSHFWUD�

WKDW� WKH�PD[LPXP�DEVRUEDQFH�ZDYHOHQJWKV��ȜPD[��UHG�VKLIWHG�IURP�����WR�����QP�E\� LQFUHDVLQJ�WKH�UHDFWLRQ�
LIWLQJ�PD\�GXH�WR�WKH�LQFUHDVLQJ�LQ�VL]H�RI�WKH�QDQRSDUWLFOHV�E\�LQFUHDVLQJ�WKH�

�� � 7KH� LQFUHDVH� LQ� VL]H� PD\� EH� GXH� WR� DJJORPHUDWLRQ� RI� $J� QDQRSDUWLFOHV� WR� IRUP� ODUJHU�
QDQRSDUWLFOHV�� �$� WDLO� LQ� WKH� ORQJHU�ZDYHOHQJWK� UHJLRQ�RI� WKH�DEVRUSWLRQ� VSHFWUD� FRUUHVSRQGV� WR� WKH� VL]H� DQG�
VKDSH� GLVWULEXWLRQ� RI� WKH� $J� QDQRSDUWLFOHV�� 7KH� PD[LPXP� DEVRUEDQFH� ZDYHOHQJWK� LV� DVVRFLDWHG� ZLWK� WKH�

TXDQWXP�WKHRU\�RI�PHWDO�QDQRSDUWLFOHV�������

6SHFWUD�RI�6LOYHU�1DQRSDUWLFOH�6DPSOHV��D��DIWHU����PLQV��E��DIWHU����PLQV�
�F��DIWHU����PLQV��G��DIWHU����PLQV

&KHP��6RF���9RO���������

LQLWLDOO\� WKH� VROXWLRQ� ZDV�
FRORUOHVV�L��H�QR�IRUPDWLRQ�RI�VLOYHU�QDQRSDUWLFOHV��:KHQ�WKLV�ZDV�KHDWHG��WKH�FRORU�VWDUWV�WR�FKDQJH�DIWHU�
���PLQV��$IWHU����PLQV�FRORU�FKDQJH�WR�OLJKW�\HOORZ��ZKLFK�VKRZHG�WKDW�IRUPDWLRQ�RI�VLOYHU�QDQRSDUWLFOHV�

H� FRORU�EHFDPH�GDUNHU� DQG�GDUNHU� DIWHU����PLQV��7KH� FKDQJH� LQ� FRORU� DW� GLIIHUHQW� WLPH�
9,6�VSHFWURVFRS\��,W�ZDV�

V�RULJLQDWHV� IURP�H[FLWDWLRQ�RI� WKH�635�
V�VXFK�DV�JROG�DQG�VLOYHU��7KH�EDQG�LQWHQVLW\�RI�635

GLHOHFWULF�FRQVWDQW

��)RUPDWLRQ�RI�VLOYHU�QDQRSDUWLFOHV��D��R�PLQ��E�����PLQV��F�����PLQV��G����PLQV��H�����PLQV�

9,6� VSHFWURVFRS\�
UHYHDOHG� WKH� IRUPDWLRQ� RI� VLOYHU� QDQRSDUWLFOHV� E\� H[KLELWLQJ� WKH� W\SLFDO� 6XUIDFH� 3ODVPRQ� 5HVRQDQFH�

IHUHQW� 89�9,6�
DEVRUSWLRQ�ZHUH�WDNHQ�DW� IRXU�GLIIHUHQW� LQWHUYDO�RI� UHDFWLRQ� WLPH��7KH\�DUH�DIWHU����PLQV��DIWHU����PLQV��

 �����QP�IRU�VDPSOH�DIWHU����PLQV��ȜPD[� �
 �����QP�IRU�VDPSOH�DIWHU����PLQV��,W�LV�FOHDU�IURP�WKH�DEVRUSWLRQ�VSHFWUD�

��UHG�VKLIWHG�IURP�����WR�����QP�E\�LQFUHDVLQJ�WKH�UHDFWLRQ�
LIWLQJ�PD\�GXH�WR�WKH�LQFUHDVLQJ�LQ�VL]H�RI�WKH�QDQRSDUWLFOHV�E\�LQFUHDVLQJ�WKH�

R IRUP ODUJHU
SHFWUD� FRUUHVSRQGV� WR� WKH� VL]H�DQG�

VKDSH� GLVWULEXWLRQ� RI� WKH� $J� QDQRSDUWLFOHV�� 7KH� PD[LPXP� DEVRUEDQFH� ZDYHOHQJWK� LV� DVVRFLDWHG� ZLWK� WKH�

RI�6LOYHU�1DQRSDUWLFOH�6DPSOHV��D��DIWHU����PLQV��E��DIWHU����PLQV�
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2SWLFDO�%DQG�*DS�6WXG\�

7KH�JDS�EHWZHHQ�YDOHQFH�EDQG�DQG�FRQGXFWLRQ�EDQG�LV�FDOOHG�EDQG�JDS��7KH�EDQG�JDS�LV�GLIIHUHQW�LQ�

FRQGXFWRU��VHPLFRQGXFWRU�DQG�LQVXODWRU��,Q�WKH�VDPH�PDWWHU�EDQG�JDS�LV�FKDQJHG�ZLWK�FKDQJH�LQ�VL]H��

7KH� EDQG� JDS� RI� VLOYHU�QDQRSDUWLFOHV�ZDV� FDOFXODWHG� IURP�DEVRUSWLRQ� VSHFWUD� DQG� E\� XVLQJ�(LQVWHLQ�

3KRWR�(QHUJ\�UHODWLRQ��

݃ܧ ൌ
݄�

ɉ���
(J� ��������Ȝ��H9��

7DEOH���VKRZHG�WKDW�WKH�EDQG�JDS�GHFUHDVLQJ�LQ�RUGHU�ZLWK�LQFUHDVLQJ�WKH�UHDFWLRQ�WLPH��7KLV�VKRZHG�
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