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3DUWLFOHV�LQ�WKH�DWPRVSKHUH��ZKLFK�UDQJH�LQ�VL]H�IURP�DERXW�RQH�KDOI�PLOOLPHWHU
�WKH� VL]H� RI� VDQG� RU� GUL]]OH�� GRZQ� WR� PROHFXODU� GLPHQVLRQV�� DUH� PDGH� XS� RI� DQ
DPD]LQJ�YDULHW\�RI�PDWHULDOV�DQG�GLVFUHWH�REMHFWV�WKDW�PD\�FRQVLVW�RI�HLWKHU�VROLGV�RU
OLTXLG� GURSOHWV���$� QXPEHU� RI� WHUPV� DUH� FRPPRQO\� XVHG� WR� GHVFULEH� DWPRVSKHULF
SDUWLFOHV�� WKH� PRUH LPSRUWDQW� RI� WKHVH� DUH� VXPPDUL]HG� LQ� 7DEOH� ������ 3DUWLFOHV
DERXQG� LQ� WKH� DWPRVSKHUH�� (YHQ� WKH� $UFWLF�� UHPRWH� IURP� VRXUFHV� RI� LQGXVWULDO
SROOXWLRQ��LV�DIIOLFWHG�ZLWK� DQ� ³$UFWLF�+D]H´� RI� DLUERUQH� SDUWLFOHV� IURP�2FWREHU� WR
0D\� HDFK� \HDU��3DUWLFXODWHV� LV� D� WHUP� WKDW� KDV� FRPH� WR� VWDQG� IRU� SDUWLFOHV� LQ� WKH
DWPRVSKHUH�� DOWKRXJK� SDUWLFXODWH� PDWWHU� RU� VLPSO\� SDUWLFOHV�� LV� SUHIHUUHG� XVDJH�

7DEOH��������,PSRUWDQW�7HUPV�'HVFULELQJ�$WPRVSKHULF�3DUWLFOHV

7HUP����������������������� 0HDQLQJ

$HURVRO &ROORLGDO�VL]HG�DWPRVSKHULF�SDUWLFOH

&RQGHQVDWLRQ�DHURVRO )RUPHG�E\�FRQGHQVDWLRQ�RI�YDSRUV�RU�UHDFWLRQV�RI�JDVHV

'LVSHUVLRQ�DHURVRO )RUPHG� E\� JULQGLQJ� RI� VROLGV�� DWRPL]DWLRQ� RI� OLTXLGV�� RU
��GLVSHUVLRQ�RI�GXVWV

)RJ 7HUP�GHQRWLQJ�KLJK�OHYHO�RI�ZDWHU�GURSOHWV

+D]H 'HQRWHV� GHFUHDVHG� YLVLELOLW\� GXH� WR� WKH� SUHVHQFH� RI
��SDUWLFOHV

0LVWV /LTXLG�SDUWLFOHV�

6PRNH 3DUWLFOHV�IRUPHG�E\�LQFRPSOHWH�FRPEXVWLRQ�RI�IXHO
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3DUWLFXODWH� PDWWHU� PDNHV� XS� WKH� PRVW� YLVLEOH� DQG� REYLRXV� IRUP� RI� DLU� SROOXWLRQ�
$WPRVSKHULF�DHURVROV�DUH�VROLG�RU�OLTXLG�SDUWLFOHV�VPDOOHU�WKDQ������P�LQ�GLDPHWHU�
3ROOXWDQW�SDUWLFOHV�LQ�WKH�������WR�����P�UDQJH�DUH�FRPPRQO\� VXVSHQGHG� LQ� WKH� DLU
QHDU�VRXUFHV�RI�SROOXWLRQ�VXFK�DV�WKH�XUEDQ�DWPRVSKHUH��LQGXVWULDO�SODQWV��KLJKZD\V�
DQG�SRZHU�SODQWV�

9HU\� VPDOO�� VROLG� SDUWLFOHV� LQFOXGH� FDUERQ� EODFN�� VLOYHU� LRGLGH�� FRPEXVWLRQ
QXFOHL��DQG�VHD�VDOW QXFOHL� �VHH� )LJXUH� ������� /DUJHU� SDUWLFOHV� LQFOXGH� FHPHQW� GXVW�
ZLQG�EORZQ�VRLO�GXVW��IRXQGU\�GXVW��DQG�SXOYHUL]HG� FRDO�� /LTXLG� SDUWLFXODWH�PDWWHU�
PLVW�� LQFOXGHV� UDLQGURSV�� IRJ�� DQG� VXOIXULF� DFLG� PLVW�� � 3DUWLFXODWH� PDWWHU� PD\� EH
RUJDQLF�RU�LQRUJDQLF��ERWK�W\SHV�DUH�YHU\�LPSRUWDQW�DWPRVSKHULF�FRQWDPLQDQWV��

)LJXUH�������%XUVWLQJ�EXEEOHV�LQ�VHDZDWHU�IRUP�VPDOO�OLTXLG�DHURVRO�SDUWLFOHV��(YDSRUDWLRQ�RI�ZDWHU
IURP�DHURVRO�SDUWLFOHV�UHVXOWV�LQ�WKH�IRUPDWLRQ�RI�VPDOO�VROLG�SDUWLFOHV�RI�VHD�VDOW�QXFOHL�

6RPH�SDUWLFOHV�DUH�RI�ELRORJLFDO�RULJLQ��VXFK�DV�YLUXVHV��EDFWHULD��EDFWHULDO�VSRUHV�
IXQJDO�VSRUHV��DQG�SROOHQ��,Q�DGGLWLRQ�WR�RUJDQLF�PDWHULDOV��RUJDQLVPV�PD\�FRQWULEXWH
WR� VXOIDWH� SDUWLFXODWH� PDWWHU� LQ� WKH� DWPRVSKHUH�� 0DULQH� ELRORJLFDO� VRXUFHV� PD\
FRQWULEXWH�VLJQLILFDQWO\�WR�DWPRVSKHULF�DHURVROV���%LRJHQLF�PDWHULDOV�UHDFWLQJ�LQ�DQG
RQ�WKH�VXUIDFH� RI� VHD�VDOW� DHURVROV� SURGXFH� VRPH� VLJQLILFDQW� DWPRVSKHULF� FKHPLFDO
VSHFLHV�� VXFK� DV� KDORJHQ� UDGLFDOV�� DQG� LQ� VR� GRLQJ� LQIOXHQFH� F\FOHV� LQYROYLQJ
DWPRVSKHULF�VXOIXU��QLWURJHQ��DQG�R[LGDQWV��

$V� GLVFXVVHG� ODWHU� LQ� WKLV� FKDSWHU�� SDUWLFXODWH� PDWWHU� RULJLQDWHV� IURP� D� ZLGH
YDULHW\� RI� VRXUFHV� DQG� SURFHVVHV�� UDQJLQJ� IURP� VLPSOH� JULQGLQJ� RI� EXON� PDWWHU� WR
FRPSOLFDWHG�FKHPLFDO�RU�ELRFKHPLFDO�V\QWKHVHV��7KH�HIIHFWV�RI�SDUWLFXODWH�PDWWHU�DUH
DOVR�ZLGHO\�YDULHG��3RVVLEOH�HIIHFWV�RQ�FOLPDWH�DUH�GLVFXVVHG�LQ�&KDSWHU�����(LWKHU�E\
LWVHOI�� RU� LQ� FRPELQDWLRQ� ZLWK� JDVHRXV� SROOXWDQWV�� SDUWLFXODWH� PDWWHU� PD\� EH
GHWULPHQWDO�WR�KXPDQ� KHDOWK��$WPRVSKHULF� SDUWLFOHV�PD\� GDPDJH�PDWHULDOV�� UHGXFH
YLVLELOLW\��DQG�FDXVH�XQGHVLUDEOH�HVWKHWLF�HIIHFWV��,W�LV�QRZ�UHFRJQL]HG�WKDW�YHU\�VPDOO
SDUWLFOHV�KDYH�D�SDUWLFXODUO\�KLJK�SRWHQWLDO�IRU�KDUP��LQFOXGLQJ�DGYHUVH�KHDOWK�HIIHFWV�
,Q�QHZ�DPELHQW�DLU�TXDOLW\�VWDQGDUGV�IRU�SDUWLFXODWH�PDWWHU�LVVXHG�LQ� -XO\� ������ WKH
8�� 6�� (QYLURQPHQWDO� 3URWHFWLRQ�$JHQF\� UHJXODWHG� SDUWLFOHV� ���� �P� LQ� GLDPHWHU� RU
OHVV�IRU�WKH�ILUVW�WLPH�

)RU�WKH�PRVW�SDUW��DHURVROV� FRQVLVW� RI� FDUERQDFHRXV�PDWHULDO��PHWDO� R[LGHV� DQG
JODVVHV�� GLVVROYHG� LRQLF� VSHFLHV� �HOHFWURO\WHV��� DQG� LRQLF� VROLGV�� 7KH� SUHGRPLQDQW
FRQVWLWXHQWV�DUH�FDUERQDFHRXV�PDWHULDO��ZDWHU��VXOIDWH�� QLWUDWH�� DPPRQLXP� QLWURJHQ�
DQG�VLOLFRQ��7KH�FRPSRVLWLRQ�RI�DHURVRO�SDUWLFOHV�YDULHV�VLJQLILFDQWO\�ZLWK�VL]H�� 7KH
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YHU\�VPDOO�SDUWLFOHV�WHQG�WR�EH�DFLGLF�DQG�RIWHQ� RULJLQDWH� IURP� JDVHV�� VXFK� DV� IURP
WKH� FRQYHUVLRQ� RI� 62�� WR� +�62��� /DUJHU� SDUWLFOHV� WHQG� WR� FRQVLVW� RI� PDWHULDOV
JHQHUDWHG�PHFKDQLFDOO\�� VXFK� DV� E\� WKH� JULQGLQJ� RI� OLPHVWRQH�� DQG� KDYH� D� JUHDWHU
WHQGHQF\�WR�EH�EDVLF�
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$V�VKRZQ�LQ�)LJXUH�������DWPRVSKHULF�SDUWLFOHV�XQGHJR�D�QXPEHU RI�SURFHVVHV�LQ
WKH�DWPRVSKHUH��6PDOO�FROORLGDO�SDUWLFOHV�DUH�VXEMHFW�WR�GLIIXVLRQ�SURFHVVHV ��6PDOOHU
SDUWLFOHV� FRDJXODWH� WRJHWKHU� WR� IRUP� ODUJHU� SDUWLFOHV�� 6HGLPHQWDWLRQ� RU� GU\
GHSRVLWLRQ� RI� SDUWLFOHV�� ZKLFK� KDYH� RIWHQ� UHDFKHG� VXIILFLHQW� VL]H� WR� VHWWOH� E\
FRDJXODWLRQ�� LV� RQH� RI� WZR� PDMRU� PHFKDQLVPV� IRU� SDUWLFOH� UHPRYDO� IURP� WKH
DWPRVSKHUH��7KH�RWKHU�LV�VFDYHQJLQJ�E\�UDLQGURSV�DQG�RWKHU�IRUPV� RI� SUHFLSLWDWLRQ�
3DUWLFOHV�DOVR�UHDFW�ZLWK�DWPRVSKHULF�JDVHV�

&RQGHQVDWLRQ�RI�DWPRVSKHULF
ZDWHU�DQG�RWKHU�YDSRUV

)LJXUH�������3URFHVVHV�WKDW�SDUWLFOHV�XQGHUJR�LQ�WKH�DWPRVSKHUH�

3DUWLFOH�VL]H�XVXDOO\�H[SUHVVHV�WKH�GLDPHWHU�RI�D�SDUWLFOH��WKRXJK�VRPHWLPHV�LW�LV
XVHG�WR�GHQRWH�WKH�UDGLXV��7KH�UDWH�DW�ZKLFK�D�SDUWLFOH�VHWWOHV�LV�D�IXQFWLRQ�RI�SDUWLFOH
GLDPHWHU�DQG�GHQVLW\��7KH�VHWWOLQJ�UDWH�LV�LPSRUWDQW�LQ�GHWHUPLQLQJ�WKH�HIIHFW� RI� WKH
SDUWLFOH�LQ�WKH�DWPRVSKHUH��)RU�VSKHULFDO�SDUWLFOHV�JUHDWHU�WKDQ�DSSUR[LPDWHO\� �� �P
LQ�GLDPHWHU��6WRNHV¶�ODZ�DSSOLHV�

Ⴎ�� �� JG��Ⴒ� � Ⴒ�� ��������
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ZKHUH�Ⴎ�LV�WKH�VHWWOLQJ�YHORFLW\�LQ�FP�VHF��J�LV�WKH�DFFHOHUDWLRQ�RI�JUDYLW\�LQ�FP�VHF��
Ⴒ��LV�WKH�GHQVLW\�RI�WKH�SDUWLFOH�LQ�J�FP����Ⴒ��LV�WKH�GHQVLW\�RI�DLU�LQ�J�FP���DQG�Ⴈ�LV
WKH�YLVFRVLW\�RI�DLU�LQ�SRLVH�� 6WRNHV¶� ODZ� FDQ� DOVR� EH� XVHG� WR� H[SUHVV� WKH� HIIHFWLYH
GLDPHWHU� RI� DQ� LUUHJXODU� QRQVSKHULFDO� SDUWLFOH�� 7KHVH� DUH� FDOOHG� 6WRNHV� GLDPHWHUV
�DHURG\QDPLF�GLDPHWHUV��DQG� DUH� QRUPDOO\� WKH� RQHV� JLYHQ�ZKHQ� SDUWLFOH� GLDPHWHUV
DUH�H[SUHVVHG�� )XUWKHUPRUH�� VLQFH� WKH� GHQVLW\� RI� D� SDUWLFOH� LV� RIWHQ� QRW� NQRZQ�� DQ
DUELWUDU\�GHQVLW\�RI���J�FP��LV�FRQYHQWLRQDOO\�DVVLJQHG�WR�Ⴒ���ZKHQ�WKLV�LV�GRQH��WKH
GLDPHWHU� FDOFXODWHG� IURP� (TXDWLRQ� ������� LV� FDOOHG� WKH� UHGXFHG� VHGLPHQWDWLRQ
GLDPHWHU�

6L]H�DQG�6HWWOLQJ�RI�$WPRVSKHULF�3DUWLFOHV

0RVW�NLQGV�RI�DHURVRO�SDUWLFOHV�KDYH�XQNQRZQ�GLDPHWHUV�DQG�GHQVLWLHV�DQG�RFFXU
RYHU�D�UDQJH�RI�VL]HV��)RU�VXFK�SDUWLFOHV��WKH�WHUP�PDVV�PHGLDQ� GLDPHWHU� �00'�
PD\� EH� XVHG� WR� GHVFULEH� DHURG\QDPLFDOO\� HTXLYDOHQW� VSKHUHV� KDYLQJ� DQ� DVVLJQHG
GHQVLW\�RI���J�FP���DW�D�����PDVV�FROOHFWLRQ�HIILFLHQF\��DV�GHWHUPLQHG�LQ�VDPSOLQJ
GHYLFHV� FDOLEUDWHG�ZLWK� VSKHULFDO� DHURVRO� SDUWLFOHV� KDYLQJ� D� NQRZQ�� XQLIRUP� VL]H�
�3RO\VW\UHQH� ODWH[� LV� FRPPRQO\� XVHG� DV� D� PDWHULDO� IRU� WKH� SUHSDUDWLRQ� RI� VXFK
VWDQGDUG�DHURVROV���7KH�GHWHUPLQDWLRQ�RI�00'�LV�DFFRPSOLVKHG�E\�SORWWLQJ�WKH� ORJ
RI�SDUWLFOH�VL]H�DV�D�IXQFWLRQ�RI�WKH�SHUFHQWDJH�RI�SDUWLFOHV�VPDOOHU�WKDQ�WKH�JLYHQ�VL]H
RQ�D�SUREDELOLW\�VFDOH� 7ZR�VXFK�SORWV�DUH�VKRZQ�LQ�)LJXUH�������,W�LV�VHHQ�IURP�WKH
SORW�WKDW�SDUWLFOHV� RI� DHURVRO�;� KDYH� D�PDVV�PHGLDQ� GLDPHWHU� RI� ���� �P� �RUGLQDWH
FRUUHVSRQGLQJ�WR�����RQ�WKH�DEVFLVVD���,Q�WKH�FDVH�RI�DHURVRO�<��OLQHDU�H[WUDSRODWLRQ
WR�VL]HV�EHORZ�WKH�ORZHU�PHDVXUDEOH�VL]H�OLPLW�RI�DERXW� ���� �P� JLYHV� DQ� HVWLPDWHG
YDOXH�RI������P�IRU�WKH�00'��

;�SDUWLFOHV

<�SDUWLFOHV
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3HUFHQWDJH�RI�PDVV�OHVV�WKDQ�VSHFLILHG�GLDPHWHU
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)LJXUH�������3DUWLFOH�VL]H�GLVWULEXWLRQ�IRU�SDUWLFOHV�RI�;��00'� ������P��DQG�<��00'� ������P��
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7KH� VHWWOLQJ� FKDUDFWHULVWLFV� RI� SDUWLFOHV� VPDOOHU� WKDQ� DERXW� �� �P� LQ� GLDPHWHU
GHYLDWH�IURP�6WRNHV¶�/DZ�EHFDXVH�WKH�VHWWOLQJ�SDUWLFOHV�³VOLS�EHWZHHQ´�DLU�PROHFXOHV�
([WUHPHO\�VPDOO�SDUWLFOHV� DUH� VXEMHFW� WR�%URZQLDQ�PRWLRQ� UHVXOWLQJ� IURP� UDQGRP
PRYHPHQW�GXH�WR�FROOLVLRQV�ZLWK�DLU�PROHFXOHV�DQG�GR�QRW�REH\�6WRNHV¶�/DZ��'HYL�
DWLRQV�DUH�DOVR�REVHUYHG�IRU�SDUWLFOHV�DERYH� ��� �P� LQ� GLDPHWHU� EHFDXVH� WKH\� VHWWOH
UDSLGO\�DQG�JHQHUDWH�WXUEXOHQFH�DV�WKH\�IDOO�

����� 3+<6,&$/�352&(66(6�)25�3$57,&/(�)250$7,21

'LVSHUVLRQ� DHURVROV�� VXFK� DV� GXVWV�� IRUPHG� IURP� WKH� GLVLQWHJUDWLRQ� RI� ODUJHU
SDUWLFOHV�DUH�XVXDOO\�DERYH����P� LQ� VL]H�� 7\SLFDO� SURFHVVHV� IRU� IRUPLQJ� GLVSHUVLRQ
DHURVROV�LQFOXGH�HYROXWLRQ�RI�GXVW�IURP�FRDO�JULQGLQJ��IRUPDWLRQ�RI�VSUD\�LQ�FRROLQJ
WRZHUV��DQG�EORZLQJ�RI�GLUW�IURP�GU\�VRLO�

0DQ\� GLVSHUVLRQ� DHURVROV� RULJLQDWH� IURP� QDWXUDO� VRXUFHV� VXFK� DV� VHD� VSUD\�
ZLQGEORZQ� GXVW�� DQG� YROFDQLF� GXVW�� +RZHYHU�� D� YDVW� YDULHW\� RI� KXPDQ� DFWLYLWLHV
EUHDN� XS�PDWHULDO� DQG� GLVSHUVH� LW� WR� WKH� DWPRVSKHUH�� ³$OO� WHUUDLQ´� YHKLFOHV� FKXUQ
DFURVV� GHVHUW� ODQGV�� FRDWLQJ� IUDJLOH� GHVHUW� SODQWV� ZLWK� OD\HUV� RI� GLVSHUVHG� GXVW�
4XDUULHV�DQG�URFN�FUXVKHUV�VSHZ�RXW�SOXPHV�RI�JURXQG�URFN��&XOWLYDWLRQ�RI�ODQG�KDV
PDGH�LW�PXFK�PRUH�VXVFHSWLEOH�WR�GXVW�SURGXFLQJ�ZLQG�HURVLRQ�

+RZHYHU��VLQFH�PXFK�PRUH�HQHUJ\�LV�UHTXLUHG�WR�EUHDN�PDWHULDO�GRZQ�LQWR�VPDOO
SDUWLFOHV� WKDQ� LV� UHTXLUHG� IRU� RU� UHOHDVHG� E\� WKH� V\QWKHVLV� RI� SDUWLFOHV� WKURXJK
FKHPLFDO�V\QWKHVLV�RU�WKH�DGKHVLRQ�RI�VPDOOHU�SDUWLFOHV��PRVW�GLVSHUVLRQ�DHURVROV�DUH
UHODWLYHO\� ODUJH�� /DUJHU� SDUWLFOHV� WHQG� WR� KDYH� IHZHU� KDUPIXO� HIIHFWV� WKDQ� VPDOOHU
RQHV��$V�H[DPSOHV��ODUJHU�SDUWLFOHV�DUH�OHVV�UHVSLUDEOH�LQ�WKDW�WKH\�GR� QRW� SHQHWUDWH
VR� IDU� LQWR� WKH� OXQJV� DV� VPDOOHU� RQHV�� DQG� ODUJHU� SDUWLFOHV� DUH� UHODWLYHO\� HDVLHU� WR
UHPRYH�IURP�DLU�SROOXWLRQ�HIIOXHQW�VRXUFHV�

+XJH� YROFDQLF� HUXSWLRQV� FDQ� FDXVH� KLJKO\� HOHYDWHG� OHYHOV� RI� SDUWLFOHV� LQ� WKH
DWPRVSKHUH��7KHVH�FDQ�EH�IURP�WKH�SK\VLFDO�SURFHVV�RI�VLPSO\�EORZLQJ�DV�PXFK� DV
VHYHUDO� FXELF� NLORPHWHUV� RI� YROFDQLF� GXVW� DV� KLJK� DV� WKH� VWUDWRVSKHUH� DQG� WKURXJK
FKHPLFDO� SURFHVVHV�� XVXDOO\� LQYROYLQJ� WKH� SURGXFWLRQ� RI� VXOIXULF� DFLG� DQG� VXOIDWHV
IURP�YROFDQLF�62��DQG�+�6��$�VWXG\�RI�WKH������HUXSWLRQ�RI�(O�&KLFKRQ�YROFDQR�LQ
0H[LFR�VKRZHG�WKDW�YROFDQLF�JODVV��VRGLXP�FKORULGH�� DQG� VXOIDWH� IURP� WKH� YROFDQR
ZHUH� GHSRVLWHG� LQ� VQRZ� LQ� *UHHQODQG��� 7KH� -XQH� ���� ����� HUXSWLRQ� RI� 0RXQW
3LQDWXER�LQ�WKH�3KLOLSSLQHV�FDXVHG�SHUFHSWLEOH�SHUWXUEDWLRQV�LQ� (DUWK¶V� DWPRVSKHULF
VRODU�DQG�LQIUDUHG�UDGLDWLRQ�WUDQVPLVVLRQ��

����� &+(0,&$/�352&(66(6�)25�3$57,&/(�)250$7,21

&KHPLFDO� SURFHVVHV� LQ� WKH� DWPRVSKHUH� FRQYHUW� ODUJH� TXDQWLWLHV� RI� DWPRVSKHULF
JDVHV�WR� SDUWLFXODWH�PDWWHU��$PRQJ� WKH� FKHPLFDO� VSHFLHV�PRVW� UHVSRQVLEOH� IRU� WKLV
FRQYHUVLRQ� DUH� WKH� RUJDQLF� SROOXWDQWV� DQG� QLWURJHQ� R[LGHV� WKDW� FDXVH� IRUPDWLRQ� RI
R]RQH�DQG�SKRWRFKHPLFDO�VPRJ��VHH�&KDSWHU�����LQ�WKH�WURSRVSKHUH���7R� DQ� H[WHQW�
WKHUHIRUH�� FRQWURO� RI� K\GURFDUERQ� DQG� 12[� HPLVVLRQV� WR� UHGXFH� VPRJ� ZLOO� DOVR
FXUWDLO�DWPRVSKHULF�SDUWLFXODWH�PDWWHU�SROOXWLRQ�

$�PDMRU�IUDFWLRQ�RI�DPELHQW� SDUWLFXODWH�PDWWHU� DULVHV� IURP� DWPRVSKHULF� JDV�WR�
SDUWLFOH�FRQYHUVLRQ���$WWHPSWV�WR�UHGXFH�SDUWLFXODWH�PDWWHU�OHYHOV� UHTXLUH� FRQWURO� RI
WKH�VDPH�RUJDQLF�DQG�QLWURJHQ�R[LGH��12[�� HPLVVLRQV� WKDW� DUH� SUHFXUVRUV� WR� XUEDQ
DQG�UHJLRQDO�R]RQH�IRUPDWLRQ�
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0RVW� FKHPLFDO� SURFHVVHV� WKDW� SURGXFH� SDUWLFOHV� DUH� FRPEXVWLRQ� SURFHVVHV�
LQFOXGLQJ�IRVVLO�IXHO�ILUHG�SRZHU�SODQWV��LQFLQHUDWRUV��KRPH�IXUQDFHV��ILUHSODFHV��DQG
VWRYHV��FHPHQW�NLOQV��LQWHUQDO�FRPEXVWLRQ�HQJLQHV��IRUHVW��EUXVK��DQG�JUDVV�ILUHV��DQG
DFWLYH�YROFDQRHV�� 3DUWLFOHV� IURP� FRPEXVWLRQ� VRXUFHV� WHQG� WR� RFFXU� LQ� D� VL]H� UDQJH
EHORZ����P��6XFK�YHU\�VPDOO� SDUWLFOHV� DUH� SDUWLFXODUO\� LPSRUWDQW� EHFDXVH� WKH\� DUH
PRVW�UHDGLO\�FDUULHG�LQWR� WKH� DOYHROL� RI� OXQJV� �VHH� SXOPRQDU\� URXWH� RI� H[SRVXUH� WR
WR[LFDQWV� LQ� &KDSWHU� ���� DQG� WKH\� DUH� OLNHO\� WR� EH� HQULFKHG� LQ� PRUH� KD]DUGRXV
FRQVWLWXHQWV�� VXFK� DV� WR[LF� KHDY\�PHWDOV� DQG� DUVHQLF�� 7KH� ODWWHU� FKDUDFWHULVWLF� FDQ
HQDEOH�XVH�RI�VPDOO�SDUWLFOH�DQDO\VLV�IRU�WUDFNLQJ�VRXUFHV�RI�SDUWLFXODWH�SROOXWDQWV�

,QRUJDQLF�3DUWLFOHV

0HWDO�R[LGHV�FRQVWLWXWH�D�PDMRU� FODVV� RI� LQRUJDQLF� SDUWLFOHV� LQ� WKH� DWPRVSKHUH�
7KHVH� DUH� IRUPHG� ZKHQHYHU� IXHOV� FRQWDLQLQJ� PHWDOV� DUH� EXUQHG�� )RU� H[DPSOH�
SDUWLFXODWH�LURQ�R[LGH�LV�IRUPHG�GXULQJ�WKH�FRPEXVWLRQ�RI�S\ULWH�FRQWDLQLQJ�FRDO�

�)H6�������2� ȝ ��)H�2�������62�� ��������

2UJDQLF� YDQDGLXP� LQ� UHVLGXDO� IXHO� RLO� LV� FRQYHUWHG� WR� SDUWLFXODWH� YDQDGLXP� R[LGH�
3DUW� RI� WKH� FDOFLXP� FDUERQDWH� LQ� WKH� DVK� IUDFWLRQ� RI� FRDO� LV� FRQYHUWHG� WR� FDOFLXP
R[LGH�DQG�LV�HPLWWHG�LQWR�WKH�DWPRVSKHUH�WKURXJK�WKH�VWDFN�

&D&2������KHDW��ȝ ��&D2�����&2�� ��������

$�FRPPRQ�SURFHVV�IRU�WKH�IRUPDWLRQ�RI�DHURVRO�PLVWV�LQYROYHV�WKH�R[LGDWLRQ� RI
DWPRVSKHULF� VXOIXU� GLR[LGH� WR� VXOIXULF� DFLG�� D� K\JURVFRSLF� VXEVWDQFH� WKDW� DFFXPX�
ODWHV�DWPRVSKHULF�ZDWHU�WR�IRUP�VPDOO�OLTXLG�GURSOHWV�

�62������2�������+�2��ȝ ���+�62�� ��������

,Q� WKH� SUHVHQFH� RI� EDVLF� DLU� SROOXWDQWV�� VXFK� DV� DPPRQLD� RU� FDOFLXP� R[LGH�� WKH
VXOIXULF�DFLG�UHDFWV�WR�IRUP�VDOWV�

+�62��GURSOHW�������1+��J���ȝ ���1+���62���GURSOHW�� ��������

+�62��GURSOHW�������&D2�V���ȝ ��&D62���GURSOHW������+�2 ��������

8QGHU�ORZ�KXPLGLW\�FRQGLWLRQV�ZDWHU�LV�ORVW�IURP�WKHVH�GURSOHWV�DQG�D�VROLG�DHURVRO
LV�IRUPHG�

7KH�SUHFHGLQJ�H[DPSOHV�VKRZ� VHYHUDO�ZD\V� LQ�ZKLFK� VROLG� RU� OLTXLG� LQRUJDQLF
DHURVROV� DUH� IRUPHG� E\� FKHPLFDO� UHDFWLRQV�� 6XFK� UHDFWLRQV� FRQVWLWXWH� DQ� LPSRUWDQW
JHQHUDO�SURFHVV�IRU�WKH�IRUPDWLRQ�RI�DHURVROV��SDUWLFXODUO\�WKH�VPDOOHU�SDUWLFOHV�

2UJDQLF�3DUWLFOHV

$� VLJQLILFDQW� SRUWLRQ� RI� RUJDQLF� SDUWLFXODWH� PDWWHU� LV� SURGXFHG� E\� LQWHUQDO
FRPEXVWLRQ�HQJLQHV�LQ�FRPSOLFDWHG�SURFHVVHV�WKDW� LQYROYH� S\URV\QWKHVLV� DQG� QLWUR�
JHQRXV� FRPSRXQGV�� 7KHVH� SURGXFWV� PD\� LQFOXGH� QLWURJHQ�FRQWDLQLQJ� FRPSRXQGV
DQG� R[LGL]HG� K\GURFDUERQ� SRO\PHUV�� /XEULFDWLQJ� RLO� DQG� LWV� DGGLWLYHV� PD\� DOVR
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FRQWULEXWH� WR� RUJDQLF� SDUWLFXODWH�PDWWHU��$� VWXG\� RI� SDUWLFXODWH� PDWWHU� HPLWWHG� E\
JDVROLQH�DXWR�HQJLQHV��ZLWK�DQG�ZLWKRXW�FDWDO\VWV��DQG�GLHVHO�WUXFN�HQJLQHV�PHDVXUHG
PRUH� WKDQ� ���� FRPSRXQGV� TXDQWLWDWLYHO\���$PRQJ� WKH� SURPLQHQW� FODVVHV� RI� FRP�
SRXQGV� IRXQG� ZHUH� Q�DONDQHV�� Q�DONDQRLF� DFLGV�� EHQ]DOGHK\GHV�� EHQ]RLF� DFLGV�
D]DQDSKWKDOHQHV��SRO\F\FOLF�DURPDWLF�K\GURFDUERQV�� R[\JHQDWHG� 3$+V�� SHQWDF\FOLF
WULWHUSDQHV�� DQG� VWHUDQHV� �WKH� ODVW� WZR� FODVVHV� RI� K\GURFDUERQV� DUH� PXOWLULQJHG
FRPSRXQGV�FKDUDFWHULVWLF�RI�SHWUROHXP�WKDW�HQWHU�H[KDXVW�JDVHV�IURP�OXEULFDWLQJ�RLO��

3$+�6\QWKHVLV

7KH�RUJDQLF�SDUWLFOHV�RI�JUHDWHVW�FRQFHUQ�DUH�3$+�K\GURFDUERQV��ZKLFK� FRQVLVW
RI�FRQGHQVHG�ULQJ�DURPDWLF��DU\O��PROHFXOHV��7KH�PRVW�RIWHQ�FLWHG�H[DPSOH�RI�D�3$+
FRPSRXQG�LV�EHQ]R�D�S\UHQH��D�FRPSRXQG�WKDW�WKH�ERG\�FDQ�PHWDEROL]H�WR�D�FDUFLQR�
JHQLF�IRUP�

%HQ]R�D�S\UHQH

3$+V� PD\� EH� V\QWKHVL]HG� IURP� VDWXUDWHG� K\GURFDUERQV� XQGHU� R[\JHQ�GHILFLHQW
FRQGLWLRQV��+\GURFDUERQV�ZLWK�YHU\�ORZ�PROHFXODU�PDVVHV��LQFOXGLQJ�HYHQ�PHWKDQH�
PD\� DFW� DV� SUHFXUVRUV� IRU� WKH� SRO\F\FOLF� DURPDWLF� FRPSRXQGV�� /RZ�PRODU�PDVV
K\GURFDUERQV�IRUP�3$+V�E\�S\URV\QWKHVLV��7KLV�KDSSHQV� DW� WHPSHUDWXUHV� H[FHHG�
LQJ� DSSUR[LPDWHO\� ���Û&� DW�ZKLFK� FDUERQ�K\GURJHQ� DQG� FDUERQ�FDUERQ� ERQGV� DUH
EURNHQ�WR�IRUP�IUHH�UDGLFDOV��7KHVH�UDGLFDOV�XQGHUJR�GHK\GURJHQDWLRQ�DQG� FRPELQH
FKHPLFDOO\�WR�IRUP�DU\O� ULQJ� VWUXFWXUHV�ZKLFK� DUH� UHVLVWDQW� WR� WKHUPDO� GHJUDGDWLRQ�
7KH�EDVLF�SURFHVV�IRU�WKH�IRUPDWLRQ�RI� VXFK� ULQJV� IURP� S\URV\QWKHVLV� VWDUWLQJ�ZLWK
HWKDQH�LV�

& &

+

+

+

+

+ +

&

&

&
&+

+
&

+
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+

+

+

+

+ +
3RO\F\FOLF�DURPDWLF
K\GURFDUERQV

�+
KHDW

�+
KHDW

ZKLFK� UHVXOWV� LQ� WKH� IRUPDWLRQ� RI� VWDEOH� 3$+� VWUXFWXUHV�� 7KH� WHQGHQF\� RI
K\GURFDUERQV� WR� IRUP� 3$+V� E\� S\URV\QWKHVLV� YDULHV� LQ� WKH� RUGHU� DURPDWLFV� !
F\FORROHILQV�!�ROHILQV�!�SDUDIILQV��7KH�H[LVWLQJ�ULQJ�VWUXFWXUH�RI�F\FOLF�FRPSRXQGV�LV
FRQGXFLYH�WR�3$+�IRUPDWLRQ��8QVDWXUDWHG�FRPSRXQGV�DUH� HVSHFLDOO\� VXVFHSWLEOH� WR
WKH�DGGLWLRQ�UHDFWLRQV�LQYROYHG�LQ�3$+�IRUPDWLRQ�

3RO\F\FOLF�DURPDWLF�FRPSRXQGV�PD\�EH�IRUPHG�IURP�KLJKHU� DONDQHV� SUHVHQW� LQ
IXHOV�DQG�SODQW�PDWHULDOV�E\�WKH�SURFHVV�RI�S\URO\VLV��WKH�³FUDFNLQJ´�RI�RUJDQLF�FRP�
SRXQGV�WR�IRUP�VPDOOHU�DQG�OHVV�VWDEOH�PROHFXOHV�DQG�UDGLFDOV�
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����� 7+(�&20326,7,21�2)�,125*$1,&�3$57,&/(6

)LJXUH� ����� LOOXVWUDWHV� WKH� EDVLF� IDFWRUV� UHVSRQVLEOH� IRU WKH� FRPSRVLWLRQ� RI
LQRUJDQLF�SDUWLFXODWH�PDWWHU��,Q�JHQHUDO��WKH�SURSRUWLRQV�RI�HOHPHQWV� LQ� DWPRVSKHULF
SDUWLFXODWH�PDWWHU�UHIOHFW�UHODWLYH�DEXQGDQFHV�RI�HOHPHQWV�LQ�WKH�SDUHQW�PDWHULDO�

7KH�VRXUFH�RI�SDUWLFXODWH�PDWWHU�LV�UHIOHFWHG�LQ�LWV�HOHPHQWDO�FRPSRVLWRQ��WDNLQJ
LQWR� FRQVLGHUDWLRQ� FKHPLFDO� UHDFWLRQV� WKDW� PD\� FKDQJH� WKH� FRPSRVLWLRQ�� )RU
H[DPSOH�� SDUWLFXODWH�PDWWHU� ODUJHO\� IURP� DQ� RFHDQ� VSUD\� RULJLQ� LQ� D� FRDVWDO� DUHD
UHFHLYLQJ�VXOIXU�GLR[LGH� SROOXWLRQ�PD\� VKRZ� DQRPDORXVO\� KLJK� VXOIDWH� DQG� FRUUHV�
SRQGLQJ� ORZ� FKORULGH� FRQWHQW�� 7KH� VXOIDWH� FRPHV� IURP� DWPRVSKHULF� R[LGDWLRQ� RI
VXOIXU� GLR[LGH� WR� IRUP� QRQYRODWLOH� LRQLF� VXOIDWH��ZKHUHDV� VRPH� FKORULGH� RULJLQDOO\
IURP�WKH�1D&O�LQ�WKH�VHDZDWHU�PD\�EH�ORVW�IURP�WKH�VROLG�DHURVRO�DV�YRODWLOH�+&O�

�62�������2��������+�2���ȝ ���+�62� ��������

+�62��������1D&O�SDUWLFXODWH����ȝ ��1D�62��SDUWLFXODWH�������+&O���� ��������

)LJXUH��������6RPH�RI�WKH�FRPSRQHQWV�RI�LQRUJDQLF�SDUWLFXODWH�PDWWHU�DQG�WKHLU�RULJLQV�
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�$FLGV�RWKHU�WKDQ�VXOIXULF�DFLG�FDQ�DOVR�EH�LQYROYHG�LQ�WKH�PRGLILFDWLRQ� RI� VHD�
VDOW�SDUWLFOHV��$Q�H[DPLQDWLRQ�ZLWK�DQ�HOHFWURQ�PLFURVFRSH�HTXLSSHG�ZLWK�DQ�;�UD\
HPLVVLRQ� DQDO\]HU� RI� VHD�VDOW� SDUWLFOHV� WDNHQ� DW� 7VXNXED�� -DSDQ�� ��� NP� IURP� WKH
3DFLILF� &RDVW�� VKRZHG� D� PDUNHG� GHILFLHQF\� RI� FKORULGH��� 7KLV� ZDV� DWWULEXWHG
SULPDULO\�WR�UHDFWLRQ�ZLWK�SROOXWDQW�QLWULF�DFLG�DV�LQGLFDWHG�E\�KLJK�OHYHOV�RI�QLWUDWH�LQ
WKH� VDPSOHV�� 7KH� SUHVHQFH� RI� VLJQLILFDQW� OHYHOV� RI� ]LQF� LQ� WKH� SDUWLFOHV� LQGLFDWHG
FRQWDPLQDWLRQ� IURP� SROOXWLRQ� VRXUFHV�� 7KH� FKHPLFDO� FRPSRVLWLRQ� RI� DWPRVSKHULF
SDUWLFXODWH�PDWWHU�LV�TXLWH�GLYHUVH��$PRQJ� WKH� FRQVWLWXHQWV� RI� LQRUJDQLF� SDUWLFXODWH
PDWWHU�IRXQG�LQ�SROOXWHG�DWPRVSKHUHV�DUH�VDOWV�� R[LGHV�� QLWURJHQ� FRPSRXQGV�� VXOIXU
FRPSRXQGV��YDULRXV�PHWDOV��DQG�UDGLRQXFOLGHV��,Q�FRDVWDO�DUHDV�VRGLXP�DQG�FKORULQH
JHW�LQWR�DWPRVSKHULF�SDUWLFOHV� DV� VRGLXP� FKORULGH� IURP� VHD� VSUD\�� 7KH�PDMRU� WUDFH
HOHPHQWV� WKDW� W\SLFDOO\� RFFXU� DW� OHYHOV� DERYH� �� �J�P�� LQ� SDUWLFXODWH� PDWWHU� DUH
DOXPLQXP��FDOFLXP��FDUERQ��LURQ��SRWDVVLXP��VRGLXP��DQG�VLOLFRQ��QRWH�WKDW�PRVW� RI
WKHVH� WHQG� WR� RULJLQDWH� IURP� WHUUHVWULDO� VRXUFHV�� /HVVHU� TXDQWLWLHV� RI� FRSSHU�� OHDG�
WLWDQLXP��DQG�]LQF��DQG�HYHQ�ORZHU�OHYHOV�RI�DQWLPRQ\��EHU\OOLXP��ELVPXWK��FDGPLXP�
FREDOW�� FKURPLXP�� FHVLXP�� OLWKLXP�� PDQJDQHVH�� QLFNHO�� UXELGLXP�� VHOHQLXP�
VWURQWLXP�� DQG� YDQDGLXP� DUH� FRPPRQO\� REVHUYHG�� 7KH� OLNHO\� VRXUFHV� RI� VRPH� RI
WKHVH�HOHPHQWV�DUH�JLYHQ�EHORZ��

� $O��)H��&D��6L���6RLO�HURVLRQ��URFN�GXVW��FRDO�FRPEXVWLRQ

� &���,QFRPSOHWH�FRPEXVWLRQ�RI�FDUERQDFHRXV�IXHOV

� 1D�� &O�� � 0DULQH� DHURVROV�� FKORULGH� IURP� LQFLQHUDWLRQ� RI� RUJDQRKDOLGH
SRO\PHU�ZDVWHV

� 6E��6H���9HU\�YRODWLOH�HOHPHQWV��SRVVLEO\�IURP�WKH�FRPEXVWLRQ�RI�RLO��FRDO�
RU�UHIXVH

� 9�� � &RPEXVWLRQ� RI� UHVLGXDO� SHWUROHXP� �SUHVHQW� DW� YHU\� KLJK� OHYHOV� LQ
UHVLGXHV�IURP�9HQH]XHODQ�FUXGH�RLO��

� =Q���7HQGV�WR�RFFXU�LQ�VPDOO�SDUWLFOHV��SUREDEO\�IURP�FRPEXVWLRQ

� 3E���&RPEXVWLRQ�RI�OHDGHG�IXHOV�DQG�ZDVWHV�FRQWDLQLQJ�OHDG

3DUWLFXODWH�FDUERQ�DV�VRRW��FDUERQ�EODFN��FRNH��DQG�JUDSKLWH�RULJLQDWHV�IURP�DXWR
DQG� WUXFN� H[KDXVWV�� KHDWLQJ� IXUQDFHV�� LQFLQHUDWRUV�� SRZHU� SODQWV�� DQG� VWHHO� DQG
IRXQGU\� RSHUDWLRQV�� DQG� FRPSRVHV� RQH� RI� WKH� PRUH� YLVLEOH� DQG� WURXEOHVRPH
SDUWLFXODWH�DLU�SROOXWDQWV��%HFDXVH�RI�LWV�JRRG�DGVRUEHQW�SURSHUWLHV��FDUERQ�FDQ�EH� D
FDUULHU�RI�JDVHRXV�DQG�RWKHU�SDUWLFXODWH� SROOXWDQWV�� 3DUWLFXODWH� FDUERQ� VXUIDFHV�PD\
FDWDO\]H� VRPH� KHWHURJHQHRXV� DWPRVSKHULF� UHDFWLRQV�� LQFOXGLQJ� WKH� LPSRUWDQW
FRQYHUVLRQ�RI�62��WR�VXOIDWH�

)O\�$VK

0XFK�RI�WKH�PLQHUDO�SDUWLFXODWH�PDWWHU�LQ�D�SROOXWHG�DWPRVSKHUH�LV�LQ�WKH�IRUP�RI
R[LGHV�DQG�RWKHU�FRPSRXQGV�SURGXFHG�GXULQJ�WKH�FRPEXVWLRQ�RI�KLJK�DVK�IRVVLO�IXHO�
0XFK�RI�WKH�PLQHUDO�PDWWHU�LQ�IRVVLO�IXHOV�VXFK�DV�FRDO�RU�OLJQLWH�LV�FRQYHUWHG�GXULQJ
FRPEXVWLRQ�WR�D�IXVHG��JODVV\�ERWWRP�DVK�ZKLFK�SUHVHQWV�QR�DLU�SROOXWLRQ�SUREOHPV�
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6PDOOHU� SDUWLFOHV� RI� IO\� DVK� HQWHU� IXUQDFH� IOXHV� DQG� DUH� HIILFLHQWO\� FROOHFWHG� LQ� D
SURSHUO\�HTXLSSHG�VWDFN�V\VWHP��+RZHYHU�� VRPH� IO\� DVK� HVFDSHV� WKURXJK� WKH� VWDFN
DQG�HQWHUV�WKH�DWPRVSKHUH��8QIRUWXQDWHO\��WKH�IO\�DVK�WKXV�UHOHDVHG�WHQGV� WR� FRQVLVW
RI�VPDOOHU�SDUWLFOHV�WKDW�GR�WKH�PRVW�GDPDJH�WR�KXPDQ�KHDOWK��SODQWV��DQG�YLVLELOLW\�

7KH�FRPSRVLWLRQ�RI�IO\�DVK�YDULHV�ZLGHO\��GHSHQGLQJ�XSRQ�WKH�IXHO��7KH�SUHGRP�
LQDQW�FRQVWLWXHQWV�DUH�R[LGHV�RI�DOXPLQXP��FDOFLXP��LURQ��DQG�VLOLFRQ��2WKHU�HOHPHQWV
WKDW�RFFXU � LQ� IO\� DVK� DUH�PDJQHVLXP�� VXOIXU�� WLWDQLXP�� SKRVSKRUXV�� SRWDVVLXP�� DQG
VRGLXP��(OHPHQWDO�FDUERQ��VRRW��FDUERQ�EODFN��LV�D�VLJQLILFDQW�IO\�DVK�FRQVWLWXHQW�

7KH� VL]H� RI� IO\� DVK� SDUWLFOHV� LV� D� YHU\� LPSRUWDQW� IDFWRU� LQ� GHWHUPLQLQJ� WKHLU
UHPRYDO�IURP�VWDFN� JDV� DQG� WKHLU� DELOLW\� WR� HQWHU� WKH� ERG\� WKURXJK� WKH� UHVSLUDWRU\
WUDFW�� )O\� DVK� IURP� FRDO�ILUHG� XWLOLW\� ERLOHUV� KDV� VKRZQ� D� ELPRGDO� �WZR� SHDN�
GLVWULEXWLRQ� RI� VL]H�� ZLWK� D� SHDN� DW� DERXW� ���� �P� DV� LOOXVWUDWHG� LQ� )LJXUH ������

$OWKRXJK�RQO\�DERXW�������RI�WKH�WRWDO�IO\�DVK�PDVV�LV�LQ�WKH�VPDOOHU�VL]H�IUDFWLRQ��LW
LQFOXGHV�WKH�YDVW�PDMRULW\�RI�WKH�WRWDO�QXPEHU�RI�SDUWLFOHV�DQG�SDUWLFOH�VXUIDFH�DUHD�
6XEPLFURPHWHU�SDUWLFOHV�SUREDEO\�UHVXOW�IURP� D� YRODWLOL]DWLRQ�FRQGHQVDWLRQ� SURFHVV
GXULQJ�FRPEXVWLRQ��DV�UHIOHFWHG�LQ�D�KLJKHU�FRQFHQWUDWLRQ�RI�PRUH�YRODWLOH�HOHPHQWV
VXFK� DV�$V�� 6E�� +J�� DQG� =Q�� )XUWKHUPRUH�� WKH� YHU\� VPDOO� SDUWLFOHV� DUH� WKH� PRVW
GLIILFXOW�WR�UHPRYH�E\�HOHFWURVWDWLF�SUHFLSLWDWRUV�DQG�EDJ�KRXVHV��VHH�6HFWLRQ��������

����

����

����

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

3DUWLFOH�GLDPHWHU��G���P

)LJXUH�������*HQHUDO� DSSHDUDQFH� RI� SDUWLFOH�VL]H� GLVWULEXWLRQ� LQ� FRDO�ILUHG� SRZHU� SODQW� DVK�� 7KH
GDWD�DUH�JLYHQ�RQ�GLIIHUHQWLDO�PDVV�FRRUGLQDWHV��ZKHUH�0�LV�WKH�PDVV��VR� WKDW� WKH� DUHD� XQGHU� WKH
FXUYH�LQ�D�JLYHQ�VL]H�UDQJH�LV�WKH�PDVV�RI�WKH�SDUWLFOHV�LQ�WKDW�VL]H�UDQJH�

$VEHVWRV

$VEHVWRV� LV� WKH� QDPH� JLYHQ� WR� D� JURXS� RI� ILEURXV� VLOLFDWH� PLQHUDOV�� W\SLFDOO\
WKRVH�RI�WKH�VHUSHQWLQH�JURXS��DSSUR[LPDWH�IRUPXOD�0J�3�6L�2���2+����7KH� WHQVLOH
VWUHQJWK��IOH[LELOLW\��DQG�QRQIODPPDELOLW\�RI�DVEHVWRV�KDYH�OHG�WR�PDQ\�XVHV�LQFOXG�
LQJ� VWUXFWXUDO�PDWHULDOV�� EUDNH� OLQLQJV�� LQVXODWLRQ�� DQG� SLSH� PDQXIDFWXUH� ,Q� �����
��������PHWULF�WRQV�RI�DVEHVWRV�ZHUH�XVHG�LQ�WKH�8�6��%\������DQQXDO�FRQVXPSWLRQ
KDG� GURSSHG� WR� ������� PHWULF� WRQV�� PRVW� RI� LW� XVHG� IRU� EUDNH� OLQLQJV� DQG� SDGV�
URRILQJ�SURGXFWV��FHPHQW�DVEHVWRV�SLSH��JDVNHWV��KHDW�UHVLVWDQW�SDFNLQJ��DQG�VSHFLDOW\
SDSHUV��,Q�������WKH�8�6��(QYLURQPHQWDO� 3URWHFWLRQ�$JHQF\� DQQRXQFHG� UHJXODWLRQV
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WKDW�SKDVHG�RXW�PRVW�XVHV�RI�DVEHVWRV�E\������
$VEHVWRV� LV� RI� FRQFHUQ� DV� DQ� DLU� SROOXWDQW� EHFDXVH�ZKHQ� LQKDOHG� LW�PD\� FDXVH

DVEHVWRVLV��D�SQHXPRQLD�FRQGLWLRQ���PHVRWKHOLRPD� �WXPRU� RI� WKH�PHVRWKHOLDO� WLVVXH
OLQLQJ�WKH�FKHVW�FDYLW\�DGMDFHQW�WR� WKH� OXQJV��� DQG� EURQFKRJHQLF� FDUFLQRPD� �FDQFHU
RULJLQDWLQJ�ZLWK�WKH�DLU�SDVVDJHV�LQ�WKH�OXQJV���7KHUHIRUH��XVHV�RI�DVEHVWRV�KDYH�EHHQ
VHYHUHO\� FXUWDLOHG� DQG�ZLGHVSUHDG� SURJUDPV� KDYH� EHHQ� XQGHUWDNHQ� WR� UHPRYH� WKH
PDWHULDO�IURP�EXLOGLQJV�

����� 72;,&�0(7$/6�

6RPH� RI� WKH� PHWDOV� IRXQG� SUHGRPLQDQWO\� DV� SDUWLFXODWH� PDWWHU� LQ� SROOXWHG
DWPRVSKHUHV� DUH� NQRZQ� WR� EH� KD]DUGRXV� WR� KXPDQ� KHDOWK�� $OO� RI� WKHVH� H[FHSW
EHU\OOLXP�DUH�VR�FDOOHG�³KHDY\�PHWDOV�´�/HDG�LV�WKH�WR[LF�PHWDO�RI�JUHDWHVW�FRQFHUQ�LQ
WKH� XUEDQ� DWPRVSKHUH� EHFDXVH� LW� FRPHV� FORVHVW� WR� EHLQJ� SUHVHQW� DW� D� WR[LF� OHYHO�
PHUFXU\� UDQNV� VHFRQG��2WKHUV� LQFOXGH� EHU\OOLXP�� FDGPLXP�� FKURPLXP�� YDQDGLXP�
QLFNHO��DQG�DUVHQLF��D�PHWDOORLG��

$WPRVSKHULF�0HUFXU\

$WPRVSKHULF� PHUFXU\� LV� RI� FRQFHUQ� EHFDXVH� RI� LWV� WR[LFLW\�� YRODWLOLW\�� DQG
PRELOLW\��6RPH�DWPRVSKHULF�PHUFXU\�LV�DVVRFLDWHG�ZLWK�SDUWLFXODWH�PDWWHU��0XFK�RI
WKH�PHUFXU\�HQWHULQJ�WKH�DWPRVSKHUH�GRHV�VR�DV�YRODWLOH�HOHPHQWDO�PHUFXU\�IURP�FRDO
FRPEXVWLRQ� DQG� YROFDQRHV�� 9RODWLOH� RUJDQRPHUFXU\� FRPSRXQGV� VXFK� DV
GLPHWK\OPHUFXU\���&+���+J��DQG�PRQRPHWK\OPHUFXU\�VDOWV��VXFK� DV�&+�+J%U�� DUH
DOVR�HQFRXQWHUHG�LQ�WKH�DWPRVSKHUH�

$WPRVSKHULF�/HDG

:LWK�WKH�UHGXFWLRQ�RI� OHDGHG� IXHOV�� DWPRVSKHULF� OHDG� LV� RI� OHVV� FRQFHUQ� WKDQ� LW
XVHG� WR� EH�� +RZHYHU�� GXULQJ� WKH� GHFDGHV� WKDW� OHDGHG� JDVROLQH� FRQWDLQLQJ
WHWUDHWK\OOHDG�ZDV� WKH� SUHGRPLQDQW� DXWRPRWLYH� IXHO�� SDUWLFXODWH� OHDG� KDOLGHV� ZHUH
HPLWWHG� LQ� ODUJH� TXDQWLWLHV�� 7KLV� RFFXUV� WKURXJK� WKH� DFWLRQ� RI� GLFKORURHWKDQH� DQG
GLEURPRHWKDQH�DGGHG�DV�KDORJHQDWHG�VFDYHQJHUV�WR�SUHYHQW�WKH�DFFXPXODWLRQ�RI�OHDG
R[LGHV�LQVLGH�HQJLQHV��7KH�OHDG�KDOLGHV�IRUPHG�

3E�&�+��������2������KDORJHQDWHG�VFDYHQJHUV��ȝ ��&2������+�2�����
3E&O������3E&O%U�����3E%U� �XQEDODQFHG� ��������

DUH� YRODWLOH� HQRXJK� WR� H[LW� WKURXJK� WKH� H[KDXVW� V\VWHP� EXW� FRQGHQVH� LQ� WKH� DLU� WR
IRUP�SDUWLFOHV��'XULQJ�WKH�SHULRG�RI�SHDN�XVDJH�RI�OHDGHG�JDVROLQH�LQ�WKH�HDUO\�����V�
DERXW���������WRQV�RI�OHDG�ZHUH�HQWHULQJ�WKH�DWPRVSKHUH�HDFK�\HDU�E\�WKLV�URXWH� LQ
WKH�8�6�

$WPRVSKHULF�%HU\OOLXP

2QO\�DERXW�����PHWULF�WRQV�RI�EHU\OOLXP�DUH�XVHG�HDFK�\HDU�LQ� WKH�8�6�� IRU� WKH
IRUPXODWLRQ� RI� VSHFLDOW\� DOOR\V� XVHG� LQ� HOHFWULFDO� HTXLSPHQW�� HOHFWURQLF� LQVWUX�
PHQWDWLRQ��VSDFH�JHDU��DQG�QXFOHDU�UHDFWRU�FRPSRQHQWV��VR�WKDW�GLVWULEXWLRQ�RI�EHU\O�
OLXP� LV� E\� QR� PHDQV� FRPSDUDEOH� WR� WKDW� RI� RWKHU� WR[LF� PHWDOV� VXFK� DV� OHDG� RU
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PHUFXU\�� +RZHYHU�� EHFDXVH� RI� LWV� ³KLJK� WHFK´� DSSOLFDWLRQV�� FRQVXPSWLRQ� RI
EHU\OOLXP�PD\�LQFUHDVH�LQ�WKH�IXWXUH�

'XULQJ�WKH�����V�DQG�����V��WKH�WR[LFLW\�RI�EHU\OOLXP�DQG�EHU\OOLXP�FRPSRXQGV
EHFDPH�ZLGHO\�UHFRJQL]HG��LW�KDV�WKH�ORZHVW�DOORZDEOH�OLPLW�LQ�WKH�DWPRVSKHUH�RI�DOO
WKH�HOHPHQWV��2QH�RI�WKH�PDLQ�UHVXOWV�RI�WKH�UHFRJQLWLRQ�RI�EHU\OOLXP�WR[LFLW\�KD]DUGV
ZDV�WKH�HOLPLQDWLRQ�RI�WKLV�HOHPHQW�IURP�SKRVSKRUV��FRDWLQJV�ZKLFK�SURGXFH�YLVLEOH
OLJKW�IURP�XOWUDYLROHW�OLJKW��LQ�IOXRUHVFHQW�ODPSV�

����� 5$',2$&7,9(�3$57,&/(6

6RPH�RI�WKH�UDGLRDFWLYLW\�GHWHFWHG�LQ�DWPRVSKHULF�SDUWLFOHV� LV� RI� QDWXUDO� RULJLQ�
7KLV� DFWLYLW\� LQFOXGHV� WKDW� SURGXFHG� ZKHQ� FRVPLF� UD\V� DFW� RQ� QXFOHL� LQ� WKH
DWPRVSKHUH�WR�SURGXFH�UDGLRQXFOLGHV��LQFOXGLQJ��%H�� ��%H�� ��&�� ��&O�� �+�� ��1D����3�
DQG���3��$�VLJQLILFDQW�QDWXUDO�VRXUFH�RI�UDGLRQXFOLGHV�LQ�WKH�DWPRVSKHUH�LV�UDGRQ��D
QREOH�JDV�SURGXFW�RI�UDGLXP�GHFD\��5DGRQ�PD\�HQWHU�WKH�DWPRVSKHUH�DV�HLWKHU�RI�WZR
LVRWRSHV�����5Q��KDOI�OLIH�����GD\V��DQG����5Q��KDOI�OLIH������VHFRQGV���%RWK�DUH�DOSKD
HPLWWHUV�LQ�GHFD\�FKDLQV�WKDW�WHUPLQDWH�ZLWK�VWDEOH�LVRWRSHV�RI�OHDG��7KH�LQLWLDO�GHFD\
SURGXFWV�����3R�DQG����3R��DUH�QRQJDVHRXV�DQG�DGKHUH�UHDGLO\�WR�DWPRVSKHULF�SDUWLFX�
ODWH�PDWWHU�

7KH�FDWDVWURSKLF������PHOWGRZQ�DQG�ILUH�DW�WKH�&KHUQRE\O�QXFOHDU�UHDFWRU�LQ�WKH
IRUPHU�6RYLHW�8QLRQ�VSUHDG�ODUJH�TXDQWLWLHV�RI�UDGLRDFWLYH�PDWHULDOV�RYHU�D�ZLGH�DUHD
RI�(XURSH��0XFK�RI�WKLV�UDGLRDFWLYLW\�ZDV�LQ�WKH�IRUP�RI�SDUWLFOHV���

2QH� RI� WKH�PRUH� VHULRXV� SUREOHPV� LQ� FRQQHFWLRQ� ZLWK� UDGRQ� LV� WKDW� RI� UDGLR�
DFWLYLW\�RULJLQDWLQJ�IURP�XUDQLXP�PLQH�WDLOLQJV�WKDW�KDYH�EHHQ�XVHG�LQ�VRPH�DUHDV�DV
EDFNILOO��VRLO�FRQGLWLRQHU��DQG�D� EDVH� IRU� EXLOGLQJ� IRXQGDWLRQV��5DGRQ� SURGXFHG� E\
WKH� GHFD\� RI� UDGLXP� H[XGHV� IURP� IRXQGDWLRQV� DQG� ZDOOV� FRQVWUXFWHG� RQ� WDLOLQJV�
+LJKHU�WKDQ�QRUPDO�OHYHOV�RI�UDGLRDFWLYLW\�KDYH�EHHQ�IRXQG�LQ�VRPH�VWUXFWXUHV�LQ�WKH
FLW\� RI� *UDQG� -XQFWLRQ�� &RORUDGR�� ZKHUH� XUDQLXP� PLOO� WDLOLQJV� KDYH� EHHQ� XVHG
H[WHQVLYHO\�LQ�FRQVWUXFWLRQ��6RPH�PHGLFDO�DXWKRULWLHV�KDYH�VXJJHVWHG�WKDW�WKH�UDWH�RI
ELUWK�GHIHFWV�DQG�LQIDQW�FDQFHU�LQ�DUHDV�ZKHUH�XUDQLXP�PLOO�WDLOLQJV�KDYH�EHHQ�XVHG
LQ�UHVLGHQWLDO�FRQVWUXFWLRQ�DUH�VLJQLILFDQWO\�KLJKHU� WKDQ� QRUPDO�� 7KH� FRPEXVWLRQ� RI
IRVVLO�IXHOV�LQWURGXFHV�UDGLRDFWLYLW\�LQWR�WKH�DWPRVSKHUH�LQ�WKH�IRUP�RI�UDGLRQXFOLGHV
FRQWDLQHG� LQ� IO\� DVK�� /DUJH� FRDO�ILUHG� SRZHU� SODQWV� ODFNLQJ� DVK�FRQWURO� HTXLSPHQW
PD\�LQWURGXFH�XS�WR�VHYHUDO�KXQGUHG�PLOOLFXULHV�RI�UDGLRQXFOLGHV�LQWR�WKH�DWPRVSKHUH
HDFK�\HDU��IDU�PRUH�WKDQ�HLWKHU�DQ�HTXLYDOHQW�QXFOHDU�RU�RLO�ILUHG�SRZHU�SODQW�

7KH�UDGLRDFWLYH�QREOH�JDV���.U��KDOI�OLIH������ \HDUV�� LV� HPLWWHG� LQWR� WKH� DWPRV�
SKHUH�E\�WKH�RSHUDWLRQ�RI�QXFOHDU�UHDFWRUV�DQG�WKH�SURFHVVLQJ�RI�VSHQW�UHDFWRU�IXHOV�
,Q�JHQHUDO��RWKHU�UDGLRQXFOLGHV�SURGXFHG�E\�UHDFWRU�RSHUDWLRQ� DUH� HLWKHU� FKHPLFDOO\
UHDFWLYH�DQG�FDQ�EH�UHPRYHG�IURP�WKH�UHDFWRU�HIIOXHQW��RU�KDYH�VXFK�VKRUW�KDOI�OLYHV
WKDW� D� VKRUW� WLPH� GHOD\� SULRU� WR� HPLVVLRQ� SUHYHQWV� WKHLU� OHDYLQJ� WKH� UHDFWRU�
:LGHSUHDG�XVH�RI�ILVVLRQ�SRZHU�ZLOO�LQHYLWDEO\�UHVXOW�LQ�DQ�LQFUHDVHG�OHYHO�RI���.U�LQ
WKH� DWPRVSKHUH�� )RUWXQDWHO\�� ELRWD� FDQQRW� FRQFHQWUDWH� WKLV� FKHPLFDOO\� XQUHDFWLYH
HOHPHQW�

7KH� DERYH�JURXQG� GHWRQDWLRQ� RI� QXFOHDU� ZHDSRQV� FDQ� DGG� ODUJH� DPRXQWV� RI
UDGLRDFWLYH�SDUWLFXODWH�PDWWHU�WR�WKH�DWPRVSKHUH��$PRQJ�WKH�UDGLRLVRWRSHV�WKDW�KDYH
EHHQ�GHWHFWHG�LQ�UDLQIDOO�FROOHFWHG�DIWHU�DWPRVSKHULF�QXFOHDU�ZHDSRQ� GHWRQDWLRQ� DUH
��<�� ���&H�� ���&H�� ���1G�� ���3P�� ���3P�� ���6P�� ���6P�� ���(X�� ���(X�� ��6U�� ��6U�
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���P&G�����P7H�����,�����7H��DQG����%D���1RWH�WKDW�³P´�GHQRWHV�D�PHWDVWDEOH�VWDWH�WKDW
GHFD\V�E\�JDPPD�UD\�HPLVVLRQ�WR�DQ�LVRWRSH�RI�WKH�VDPH�HOHPHQW���7KH�UDWH�RI�WUDYHO
RI� UDGLRDFWLYH� SDUWLFOHV� WKURXJK� WKH� DWPRVSKHUH� LV� D� IXQFWLRQ� RI� SDUWLFOH� VL]H�
$SSUHFLDEOH�IUDFWLRQDWLRQ�RI�QXFOHDU�GHEULV�LV�REVHUYHG�EHFDXVH�RI�GLIIHUHQFHV�LQ�WKH
UDWHV�DW�ZKLFK�WKH�YDULRXV�GHEULV�FRQVWLWXHQWV�PRYH�WKURXJK�WKH�DWPRVSKHUH�

����� 7+(�&20326,7,21�2)�25*$1,&�3$57,&/(6

2UJDQLF� DWPRVSKHULF� SDUWLFOHV� RFFXU� LQ� D� ZLGH� YDULHW\� RI� FRPSRXQGV�� )RU
DQDO\VLV��VXFK�SDUWLFOHV�FDQ�EH�FROOHFWHG�RQWR�D�ILOWHU��H[WUDFWHG�ZLWK�RUJDQLF�VROYHQWV�
IUDFWLRQDWHG� LQWR� QHXWUDO�� DFLG�� DQG� EDVLF� JURXSV�� DQG� DQDO\]HG� IRU� VSHFLILF
FRQVWLWXHQWV�E\�FKURPDWRJUDSK\�DQG�PDVV�VSHFWURPHWU\��7KH�QHXWUDO�JURXS�FRQWDLQV
SUHGRPLQDQWO\� K\GURFDUERQV�� LQFOXGLQJ� DOLSKDWLF�� DURPDWLF�� DQG� R[\JHQDWHG
IUDFWLRQV��7KH�DOLSKDWLF�IUDFWLRQ��RI�WKH�QHXWUDO�JURXS�FRQWDLQV�D�KLJK� SHUFHQWDJH� RI
ORQJ�FKDLQ� K\GURFDUERQV�� SUHGRPLQDQWO\� WKRVH� ZLWK� ������ FDUERQ� DWRPV�� 7KHVH
UHODWLYHO\� XQUHDFWLYH� FRPSRXQGV� DUH� QRW� SDUWLFXODUO\� WR[LF� DQG� GR� QRW� SDUWLFLSDWH
VWURQJO\�LQ�DWPRVSKHULF�FKHPLFDO�UHDFWLRQV��7KH�DURPDWLF�IUDFWLRQ��KRZHYHU��FRQWDLQV
FDUFLQRJHQLF� SRO\F\FOLF� DURPDWLF� K\GURFDUERQV�� ZKLFK� DUH� GLVFXVVHG� EHORZ�
$OGHK\GHV�� NHWRQHV�� HSR[LGHV�� SHUR[LGHV�� HVWHUV�� TXLQRQHV�� DQG� ODFWRQHV� DUH� IRXQG
DPRQJ�WKH�R[\JHQDWHG�QHXWUDO�FRPSRQHQWV��VRPH�RI�ZKLFK�PD\�EH�PXWDJHQLF�RU�FDU�
FLQRJHQLF��7KH�DFLGLF�JURXS�FRQWDLQV�ORQJ�FKDLQ�IDWW\�DFLGV�DQG�QRQYRODWLOH�SKHQROV�
$PRQJ�WKH�DFLGV�UHFRYHUHG�IURP�DLU�SROOXWDQW�SDUWLFXODWH�PDWWHU�DUH�ODXULF��P\ULVWLF�
SDOPLWLF��VWHDULF��EHKHQLF��ROHLF��DQG�OLQROHLF�DFLGV��7KH�EDVLF�JURXS�FRQVLVWV�ODUJHO\
RI�DONDOLQH�1�KHWHURF\FOLF�K\GURFDUERQV�VXFK�DV�DFULGLQH�

$FULGLQH
1

3RO\F\FOLF�$URPDWLF�+\GURFDUERQV

3RO\F\FOLF� DURPDWLF� K\GURFDUERQV� �3$+�� LQ� DWPRVSKHULF� SDUWLFOHV� KDYH
UHFHLYHG�D�JUHDW�GHDO�RI�DWWHQWLRQ�EHFDXVH�RI�WKH�NQRZQ�FDUFLQRJHQLF�HIIHFWV�RI�VRPH
RI�WKHVH�FRPSRXQGV��ZKLFK�DUH�GLVFXVVHG�LQ�JUHDWHU�GHWDLO�LQ�&KDSWHU�����3URPLQHQW
DPRQJ� WKHVH� FRPSRXQGV� DUH� EHQ]R�D�S\UHQH�� EHQ]�D�DQWKUDFHQH�� FKU\VHQH�� EHQ]R�
�H�S\UHQH�� EHQ]�H�DFHSKHQDQWKU\OHQH�� EHQ]R�M�IOXRUDQWKHQH�� DQG� LQGHQRO�� 6RPH
UHSUHVHQWDWLYH�VWUXFWXUHV�RI�3$+�FRPSRXQGV�DUH�JLYHQ�EHORZ�

%HQ]R�M�IOXRUDQWKHQH&KU\VHQH%HQ]R�D�S\UHQH

(OHYDWHG�OHYHOV�RI� 3$+� FRPSRXQGV� RI� XS� WR� DERXW� ��� �J�P�� DUH� IRXQG� LQ� WKH
DWPRVSKHUH��(OHYDWHG�OHYHOV�RI�3$+V�DUH�PRVW�OLNHO\�WR�EH� HQFRXQWHUHG� LQ� SROOXWHG
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XUEDQ�DWPRVSKHUHV��DQG�LQ�WKH�YLFLQLW\�RI�QDWXUDO�ILUHV�VXFK�DV�IRUHVW�DQG�SUDLULH�ILUHV�
&RDO� IXUQDFH� VWDFN� JDV� PD\� FRQWDLQ� RYHU� ����� �J�P�� RI� 3$+� FRPSRXQGV�� DQG
FLJDUHWWH�VPRNH�DOPRVW������J�P��

$WPRVSKHULF�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV�DUH�IRXQG�DOPRVW� H[FOXVLYHO\� LQ
WKH� VROLG� SKDVH�� ODUJHO\� VRUEHG� WR� VRRW� SDUWLFOHV�� 6RRW� LWVHOI� LV� D� KLJKO\� FRQGHQVHG
SURGXFW�RI�3$+V��6RRW�FRQWDLQV��±���K\GURJHQ�DQG��±����R[\JHQ��WKH�ODWWHU�GXH�WR
SDUWLDO�VXUIDFH�R[LGDWLRQ��%HQ]R�D�S\UHQH�DGVRUEHG�RQ�VRRW� GLVDSSHDUV� YHU\� UDSLGO\
LQ�WKH�SUHVHQFH�RI�OLJKW�\LHOGLQJ�R[\JHQDWHG�SURGXFWV��WKH�ODUJH� VXUIDFH� DUHD� RI� WKH
SDUWLFOH� FRQWULEXWHV� WR� WKH� KLJK� UDWH� RI� UHDFWLRQ�� 2[LGDWLRQ� SURGXFWV� RI� EHQ]R�D��
S\UHQH� LQFOXGH� HSR[LGHV�� TXLQRQHV�� SKHQROV�� DOGHK\GHV�� DQG� FDUER[\OLF� DFLGV� DV
LOOXVWUDWHG�E\�WKH�FRPSRVLWH�VWUXFWXUHV�VKRZQ�EHORZ�

5LQJ�FOHDYDJH ^2`

2

2+

&
2

+

&

^2`

2

2

2

2+

4XLQRQH

(SR[LGH
$OGHK\GH

&DUER[\OLF
DFLG

3KHQROLF�2+

&DUERQDFHRXV�3DUWLFOHV�IURP�'LHVHO�(QJLQHV

'LHVHO�HQJLQHV�HPLW�VLJQLILFDQW�OHYHOV� RI� FDUERQDFHRXV� SDUWLFOHV����$OWKRXJK� DQ
DSSUHFLDEOH�IUDFWLRQ�RI�WKHVH�SDUWLFOHV�KDYH�DHURG\QDPLF�GLDPHWHUV� OHVV� WKDQ� �� �P�
WKH\�PD\�H[LVW�DV�DJJUHJDWHV�RI�VHYHUDO�WKRXVDQG�VPDOOHU�SDUWLFOHV�LQ� FOXVWHUV� XS� WR
��� �P� LQ� GLDPHWHU�� 7KLV� SDUWLFXODWH� PDWWHU� FRQVLVWV� ODUJHO\� RI� HOHPHQWDO� FDUERQ�
DOWKRXJK�DV�PXFK�DV�����RI�WKH�SDUWLFOH�PDVV�FRQVLVWV�RI�RUJDQLF�H[WUDFWDEOH�K\GUR�
FDUERQV� DQG� K\GURFDUERQ� GHULYDWLYHV� LQFOXGLQJ� RUJDQRVXOIXU� DQG� RUJDQRQLWURJHQ
FRPSRXQGV��

����� ())(&76�2)�3$57,&/(6

$WPRVSKHULF� SDUWLFOHV� KDYH� QXPHURXV� HIIHFWV�� 7KH� PRVW� REYLRXV� RI� WKHVH� LV
UHGXFWLRQ� DQG� GLVWRUWLRQ� RI� YLVLELOLW\�� 7KH\� SURYLGH� DFWLYH� VXUIDFHV� XSRQ� ZKLFK
KHWHURJHQHRXV�DWPRVSKHULF�FKHPLFDO�UHDFWLRQV�FDQ�RFFXU��DQG�QXFOHDWLRQ�ERGLHV� IRU
WKH� FRQGHQVDWLRQ� RI� DWPRVSKHULF�ZDWHU� YDSRU�� WKHUHE\� H[HUWLQJ� D� VLJQLILFDQW� LQIOX�
HQFH�XSRQ�ZHDWKHU�DQG�DLU�SROOXWLRQ�SKHQRPHQD�

7KH�PRVW� YLVLEOH� HIIHFWV� RI� DHURVRO� SDUWLFOHV� XSRQ� DLU� TXDOLW\� UHVXOW� IURP� WKHLU
RSWLFDO�HIIHFWV��3DUWLFOHV� VPDOOHU� WKDQ� DERXW� ���� �P� LQ� GLDPHWHU� VFDWWHU� OLJKW�PXFK
OLNH� PROHFXOHV�� WKDW� LV�� 5D\OHLJK� VFDWWHULQJ�� *HQHUDOO\�� VXFK� SDUWLFOHV� KDYH� DQ
LQVLJQLILFDQW� HIIHFW� XSRQ� YLVLELOLW\� LQ� WKH� DWPRVSKHUH�� 7KH� OLJKW�VFDWWHULQJ� DQG
LQWHUFHSWLQJ�SURSHUWLHV�RI�SDUWLFOHV�ODUJHU�WKDQ����P�DUH�DSSUR[LPDWHO\�SURSRUWLRQDO
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WR�WKH�SDUWLFOHV¶�FURVV�VHFWLRQDO�DUHDV��3DUWLFOHV�RI������P�±����P�FDXVH�LQWHUIHUHQFH
SKHQRPHQD� EHFDXVH� WKH\� DUH� DERXW� WKH� VDPH� GLPHQVLRQV� DV� WKH� ZDYHOHQJWKV� RI
YLVLEOH�OLJKW��VR�WKHLU�OLJKW�VFDWWHULQJ�SURSHUWLHV�DUH�HVSHFLDOO\�VLJQLILFDQW���

$WPRVSKHULF�SDUWLFOHV�LQKDOHG�WKURXJK�WKH�UHVSLUDWRU\�WUDFW�PD\� GDPDJH� KHDOWK�
5HODWLYHO\� ODUJH� SDUWLFOHV� DUH� OLNHO\� WR� EH� UHWDLQHG� LQ� WKH� QDVDO� FDYLW\� DQG� LQ� WKH
SKDU\Q[��ZKHUHDV�YHU\�VPDOO�SDUWLFOHV�DUH�OLNHO\�WR�UHDFK�WKH�OXQJV�DQG�EH�UHWDLQHG�E\
WKHP�� 7KH� UHVSLUDWRU\� V\VWHP� SRVVHVVHV� PHFKDQLVPV� IRU� WKH� H[SXOVRQ� RI� LQKDOHG
SDUWLFOHV��,Q�WKH�FLOLDWHG�UHJLRQ�RI�WKH�UHVSLUDWRU\�V\VWHP��SDUWLFOHV�DUH�FDUULHG�DV�IDU
DV�WKH�HQWUDQFH�WR�WKH�JDVWURLQWHVWLQDO�WUDFW�E\�D�IORZ�RI�PXFXV��0DFURSKDJHV�LQ�WKH
QRQFLOLDWHG�SXOPRQDU\�UHJLRQV�FDUU\�SDUWLFOHV�WR�WKH�FLOLDWHG�UHJLRQ�

7KH�UHVSLUDWRU\�V\VWHP�PD\�EH�GDPDJHG�GLUHFWO\�E\�SDUWLFXODWH�PDWWHU�WKDW�HQWHUV
WKH� EORRG� V\VWHP� RU� O\PSK� V\VWHP� WKURXJK� WKH� OXQJV�� ,Q� DGGLWLRQ�� WKH� SDUWLFXODWH
PDWHULDO� RU� VROXEOH� FRPSRQHQWV� RI� LW�PD\� EH� WUDQVSRUWHG� WR� RUJDQV� VRPH� GLVWDQFH
IURP�WKH�OXQJV�DQG�KDYH�D�GHWULPHQWDO�HIIHFW�RQ�WKHVH�RUJDQV��3DUWLFOHV�FOHDUHG�IURP
WKH�UHVSLUDWRU\�WUDFW�DUH�WR�D�ODUJH�H[WHQW�VZDOORZHG�LQWR�WKH�JDVWURLQWHVWLQDO�WUDFW�

$�VWURQJ�FRUUHODWLRQ�KDV�EHHQ�IRXQG�EHWZHHQ�LQFUHDVHV�LQ�WKH�GDLO\�PRUWDOLW\�UDWH
DQG�DFXWH�HSLVRGHV�RI�DLU�SROOXWLRQ��,Q�VXFK� FDVHV�� KLJK� OHYHOV� RI� SDUWLFXODWH�PDWWHU
DUH�DFFRPSDQLHG�E\�HOHYDWHG�FRQFHQWUDWLRQV�RI�62��DQG�RWKHU�SROOXWDQWV��VR�WKDW�DQ\
FRQFOXVLRQV�PXVW�EH�GUDZQ�ZLWK�FDXWLRQ�

������ :$7(5�$6�3$57,&8/$7(�0$77(5

'URSOHWV� RI�ZDWHU� DUH� YHU\�ZLGHVSUHDG� LQ� WKH� DWPRVSKHUH�� $OWKRXJK� D� QDWXUDO
SKHQRPHQRQ��VXFK�GURSOHWV�FDQ�KDYH�VLJQLILFDQW�DQG�VRPHWLPHV�KDUPIXO�HIIHFWV��7KH
PRVW� LPSRUWDQW� VXFK� FRQVHTXHQFH� LV� UHGXFWLRQ� RI� YLVLELOLW\�� ZLWK� DFFRPSDQ\LQJ
GHWULPHQWDO�HIIHFWV�RQ�GULYLQJ��IO\LQJ��DQG�ERDW�QDYLJDWLRQ��:DWHU�GURSOHWV�LQ�IRJ�DFW
DV�FDUULHUV�RI�SROOXWDQWV��7KH�PRVW�LPSRUWDQW�RI�WKHVH�DUH�VROXWLRQV�RI�FRUURVLYH�VDOWV�
SDUWLFXODUO\� DPPRQLXP� QLWUDWHV� DQG� VXOIDWHV�� DQG� VROXWLRQV� RI� VWURQJ� DFLGV�� $V
GLVFXVVHG� LQ� &KDSWHU� ���� 6HFWLRQ� ������ WKH� S+� RI� ZDWHU� LQ� DFLGLF� PLVW� GURSOHWV
FROOHFWHG�GXULQJ�D�/RV�$QJHOHV�DFLGLF�IRJ�KDV�EHHQ�DV�ORZ�DV������IDU�EHORZ�WKDW�RI
DFLGLF�SUHFLSLWDWLRQ��6XFK�DFLGLF�PLVW�FDQ�EH�HVSHFLDOO\�GDPDJLQJ�WR� WKH� UHVSLUDWRU\
WUDFW�EHFDXVH�LW�LV�YHU\�SHQHWUDWLQJ�

$UJXDEO\� WKH�PRVW� VLJQLILFDQW� HIIHFW� RI�ZDWHU� GURSOHWV� LQ� WKH� DWPRVSKHUH� LV� DV
DTXDWLF�PHGLD�LQ�ZKLFK�LPSRUWDQW�DWPRVSKHULF�FKHPLFDO�SURFHVVHV�RFFXU��7KH�VLQJOH
PRVW�VLJQLILFDQW�VXFK�SURFHVV�PD\�ZHOO�EH�WKH�R[LGDWLRQ�RI�6�,9��VSHFLHV�WR�VXOIXULF
DFLG�DQG�VXOIDWH�VDOWV��7KH�6�,9��VSHFLHV� VR� R[LGL]HG� LQFOXGH� 62��DT���+62�

�
�� DQG

62�
����$QRWKHU�LPSRUWDQW�R[LGDWLRQ�WKDW�WDNHV�SODFH�LQ�DWPRVSKHULF�ZDWHU�GURSOHWV�LV

WKH�R[LGDWLRQ�RI�DOGHK\GHV�WR�RUJDQLF�FDUER[\OLF�DFLGV�
7KH�K\GUR[\O�UDGLFDO��+2���LV�YHU\�LPSRUWDQW�LQ�LQLWLDWLQJ�DWPRVSKHULF�R[LGDWLRQ

UHDFWLRQV� VXFK� DV� WKRVH� QRWHG� DERYH�� +\GUR[\O� UDGLFDO� DV� +2�� FDQ� HQWHU� ZDWHU
GURSOHWV�IURP�WKH�JDV�SKDVH�DWPRVSKHUH��LW�FDQ�EH�SURGXFHG�LQ�ZDWHU�GURSOHWV�SKRWR�
FKHPLFDOO\��RU�LW�FDQ�EH�JHQHUDWHG�IURP�+�2��DQG�

�2�
��UDGLFDO�LRQ��ZKLFK�GLVVROYH�LQ

ZDWHU�IURP�WKH�JDV�SKDVH�DQG�WKHQ�SURGXFH�+2��E\�VROXWLRQ�FKHPLFDO�UHDFWLRQ�
+�2����

�2�
� ȝ ���+2����2����2+

���� ���������

6HYHUDO�VROXWHV�FDQ�UHDFW�SKRWRFKHPLFDOO\�LQ�DTXHRXV�VROXWLRQ��DV�RSSRVHG�WR�WKH
JDV�SKDVH��WR�SURGXFH�K\GUR[\O�UDGLFDO��2QH�RI�WKHVH�LV�K\GURJHQ�SHUR[LGH�
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+�2��DT����KႮ ȝ ����+2��DT���� ���������

1LWULWH� DV�12�
�� RU� �+12��� QLWUDWH� �12�

���� DQG� LURQ�,,,�� DV� )H�2+����DT�� FDQ� DOVR
UHDFW�SKRWRFKHPLFDOO\�LQ�DTXHRXV�VROXWLRQ�WR�SURGXFH�+2���,W�KDV�EHHQ�REVHUYHG�WKDW
XOWUDYLROHW� UDGLDWLRQ� DW� �O�� QP� DQG� VLPXODWHG� VXQOLJKW� FDQ� UHDFW� WR� SURGXFH� +2�
UDGLFDO�LQ�DXWKHQWLF�VDPSOHV�RI�ZDWHU�FROOHFWHG�IURP�FORXG�DQG�IRJ�VRXUFHV����%DVHG
RQ�WKH�UHVXOWV�RI�WKLV�VWXG\�DQG�UHODWHG�LQYHVWLJDWLRQV��LW�PD\� EH� FRQFOXGHG� WKDW� WKH
DTXHRXV�SKDVH� IRUPDWLRQ� RI� K\GUR[\O� UDGLFDO� LV� DQ� LPSRUWDQW�� DQG� LQ� VRPH� FDVHV
GRPLQDQW� PHDQV� E\� ZKLFK� WKLV� NH\� DWPRVSKHULF� R[LGDQW� LV� LQWURGXFHG� LQWR
DWPRVSKHULF�ZDWHU�GURSOHWV�

,URQ�LV�DQ�LQRUJDQLF�VROXWH�RI�SDUWLFXODU�LPSRUWDQFH�LQ�DWPRVSKHULF�ZDWHU��7KLV�LV
EHFDXVH�RI�WKH�SDUWLFLSDWLRQ�RI�LURQ�,,,��LQ�WKH�DWPRVSKHULF�R[LGDWLRQ�RI�VXOIXU�,9��WR
VXOIXU�9,�²WKDW� LV�� WKH� FRQYHUVLRQ� RI� 62��DT���+62�

��� DQG� 62�
��� WR� VXOIDWHV� DQG

+�62��������

������ &21752/�2)�3$57,&8/$7(�(0,66,216

7KH�UHPRYDO�RI�SDUWLFXODWH�PDWWHU�IURP�JDV�VWUHDPV�LV�WKH�PRVW�ZLGHO\�SUDFWLFHG
PHDQV�RI�DLU�SROOXWLRQ�FRQWURO��$� QXPEHU� RI� GHYLFHV� KDYH� EHHQ� GHYHORSHG� IRU� WKLV
SXUSRVH�ZKLFK�GLIIHU�ZLGHO\�LQ�HIIHFWLYHQHVV��FRPSOH[LW\��DQG�FRVW��7KH�VHOHFWLRQ�RI
D�SDUWLFOH�UHPRYDO�V\VWHP�IRU�D�JDVHRXV�ZDVWH�VWUHDP�GHSHQGV�XSRQ�WKH�SDUWLFOH�ORDG�
LQJ��QDWXUH�RI�SDUWLFOHV��VL]H�GLVWULEXWLRQ���DQG�W\SH�RI�JDV�VFUXEELQJ�V\VWHP�XVHG�

3DUWLFOH�5HPRYDO�E\�6HGLPHQWDWLRQ�DQG�,QHUWLD

7KH�VLPSOHVW�PHDQV�RI�SDUWLFXODWH�PDWWHU�UHPRYDO�LV�VHGLPHQWDWLRQ��D� SKHQRP�
HQRQ� WKDW� RFFXUV� FRQWLQXRXVO\� LQ� QDWXUH�� *UDYLWDWLRQDO� VHWWOLQJ� FKDPEHUV� PD\� EH
HPSOR\HG�IRU�WKH�UHPRYDO�RI�SDUWLFOHV�IURP�JDV�VWUHDPV�E\�VLPSO\�VHWWOLQJ�XQGHU�WKH
LQIOXHQFH�RI�JUDYLW\��7KHVH�FKDPEHUV�WDNH�XS�ODUJH�DPRXQWV�RI�VSDFH�DQG� KDYH� ORZ
FROOHFWLRQ�HIILFLHQFLHV��SDUWLFXODUO\�IRU�VPDOO�SDUWLFOHV�

*UDYLWDWLRQDO�VHWWOLQJ�RI�SDUWLFOHV�LV�HQKDQFHG� E\� LQFUHDVHG� SDUWLFOH� VL]H��ZKLFK
RFFXUV�VSRQWDQHRXVO\�E\�FRDJXODWLRQ��7KXV��RYHU�WLPH��WKH�VL]HV�RI�SDUWLFOHV�LQFUHDVH
DQG� WKH� QXPEHU� RI� SDUWLFOHV� GHFUHDVHV� LQ� D� PDVV� RI� DLU� WKDW� FRQWDLQV� SDUWLFOHV�
%URZQLDQ�PRWLRQ�RI�SDUWLFOHV�OHVV�WKDQ�DERXW������P�LQ�VL]H�LV�SULPDULO\�UHVSRQVLEOH
IRU�WKHLU�FRQWDFW��HQDEOLQJ�FRDJXODWLRQ�WR�RFFXU��3DUWLFOHV�JUHDWHU�WKDQ�DERXW������P
LQ� UDGLXV� GR� QRW� GLIIXVH� DSSUHFLDEO\� DQG� VHUYH� SULPDULO\� DV� UHFHSWRUV� RI� VPDOOHU
SDUWLFOHV�

,QHUWLDO�PHFKDQLVPV�DUH�HIIHFWLYH�IRU�SDUWLFOH�UHPRYDO��7KHVH�GHSHQG�XSRQ�WKH
IDFW�WKDW�WKH�UDGLXV�RI�WKH�SDWK�RI�D�SDUWLFOH�LQ�D�UDSLGO\�PRYLQJ��FXUYLQJ�DLU�VWUHDP�LV
ODUJHU�WKDQ�WKH�SDWK�RI�WKH�VWUHDP�DV�D�ZKROH��7KHUHIRUH��ZKHQ�D�JDV�VWUHDP�LV�VSXQ
E\�YDQHV��D�IDQ��RU�D�WDQJHQWLDO�JDV�LQOHW��WKH�SDUWLFXODWH�PDWWHU�PD\�EH�FROOHFWHG�RQ�D
VHSDUDWRU�ZDOO�EHFDXVH�WKH�SDUWLFOHV�DUH�IRUFHG�RXWZDUG�E\�FHQWULIXJDO�IRUFH��'HYLFHV
XWLOL]LQJ�WKLV�PRGH�RI�RSHUDWLRQ�DUH�FDOOHG�GU\�FHQWULIXJDO�FROOHFWRUV��F\FORQHV��

3DUWLFOH�ILOWUDWLRQ

)DEULF�ILOWHUV��DV�WKHLU�QDPH�LPSOLHV��FRQVLVW�RI�IDEULFV�WKDW�DOORZ�WKH�SDVVDJH�RI
JDV�EXW�UHWDLQ�SDUWLFXODWH�PDWWHU��7KHVH�DUH�XVHG�WR�FROOHFW�GXVW�LQ�EDJV�FRQWDLQHG�LQ
VWUXFWXUHV�FDOOHG�EDJKRXVHV��3HULRGLFDOO\�� WKH� IDEULF� FRPSRVLQJ� WKH� ILOWHU� LV� VKDNHQ
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WR�UHPRYH�WKH�SDUWLFOHV�DQG�WR�UHGXFH�EDFN�SUHVVXUH�WR�DFFHSWDEOH�OHYHOV�� 7\SLFDOO\�
WKH� EDJ� LV� LQ� D� WXEXODU� FRQILJXUDWLRQ� DV� VKRZQ� LQ� )LJXUH ������ 1XPHURXV� RWKHU
FRQILJXUDWLRQV� DUH� SRVVLEOH��&ROOHFWHG� SDUWLFXODWH�PDWWHU� LV� UHPRYHG� IURP� EDJV� E\
PHFKDQLFDO�DJLWDWLRQ��EORZLQJ�DLU�RQ�WKH�IDEULF��RU�UDSLG� H[SDQVLRQ� DQG� FRQWUDFWLRQ
RI�WKH�EDJV�

&ROOHFWHG�SDUWLFXODWH
PDWWHU

3HULRGLF�VKDNLQJ

)DEULF�EDJ

&OHDQVHG�JDV

([KDXVW�JDV�FRQ�
WDLQLQJ�SDUWLFOHV

)LJXUH��������%DJKRXVH�FROOHFWLRQ�RI�SDUWLFXODWH�HPLVVLRQV�

$OWKRXJK�VLPSOH��EDJKRXVHV�DUH�JHQHUDOO\� HIIHFWLYH� LQ� UHPRYLQJ� SDUWLFOHV� IURP
H[KDXVW� JDV�� 3DUWLFOHV� DV� VPDOO� DV� ����� �P� LQ� GLDPHWHU� DUH� UHPRYHG�� DQG� UHPRYDO
HIILFLHQF\�LV�UHODWLYHO\�KLJK�IRU�SDUWLFOHV�GRZQ�WR������P�LQ�GLDPHWHU��$LGHG�E\�WKH
GHYHORSPHQW�RI�PHFKDQLFDOO\�VWURQJ��KHDW�UHVLVWDQW�IDEULFV�IURP�ZKLFK�WKH�EDJV� DUH
IDEULFDWHG��EDJKRXVH�LQVWDOODWLRQV�KDYH�LQFUHDVHG�VLJQLILFDQWO\�LQ�WKH�HIIRUW�WR�FRQWURO
SDUWLFXODWH�HPLVVLRQV�

6FUXEEHUV

$� YHQWXUL� VFUXEEHU� SDVVHV� JDV� WKURXJK� D� GHYLFH� ZKLFK� OHDGV� WKH� JDV� VWUHDP
WKURXJK�D�FRQYHUJLQJ�VHFWLRQ��WKURDW��DQG�GLYHUJLQJ VHFWLRQ�DV�VKRZQ�LQ�)LJXUH������
,QMHFWLRQ�RI�WKH� VFUXEELQJ� OLTXLG� DW� ULJKW� DQJOHV� WR� LQFRPLQJ� JDV� EUHDNV� WKH� OLTXLG
LQWR� YHU\� VPDOO� GURSOHWV�� ZKLFK� DUH� LGHDO� IRU� VFDYHQJLQJ� SDUWLFOHV� IURP� WKH� JDV
VWUHDP�� ,Q� WKH� UHGXFHG�SUHVVXUH� �H[SDQGLQJ� DQG�� WKHUHIRUH�� FRROLQJ�� UHJLRQ� RI� WKH
YHQWXUL��VRPH�FRQGHQVDWLRQ�FDQ�RFFXU�RI�YDSRU�IURP�OLTXLG�LQLWLDOO\�HYDSRUDWHG�LQ�WKH
JHQHUDOO\�KRW�ZDVWH�JDV��DGGLQJ�WR�WKH�VFUXEELQJ�HIILFLHQF\��,Q�DGGLWLRQ�WR�UHPRYLQJ
SDUWLFOHV��YHQWXULV�PD\�VHUYH�DV�TXHQFKHUV�WR�FRRO�H[KDXVW�JDV��DQG�DV�VFUXEEHUV�IRU
SROOXWDQW�JDVHV�

,RQL]LQJ�ZHW� VFUXEEHUV�SODFH�DQ�HOHFWULFDO�FKDUJH�RQ�SDUWLFOHV�XSVWUHDP�IURP�D
ZHW� VFUXEEHU�� /DUJHU� SDUWLFOHV� DQG� VRPH� JDVHRXV� FRQWDPLQDQWV� DUH� UHPRYHG� E\
VFUXEELQJ�DFWLRQ��6PDOOHU�SDUWLFOHV�WHQG�WR�LQGXFH�RSSRVLWH�FKDUJHV�LQ�ZDWHU�GURSOHWV
LQ� WKH� VFUXEEHU� DQG� LQ� LWV� SDFNLQJ� PDWHULDO� DQG� DUH� UHPRYHG� E\� DWWUDFWLRQ� RI� WKH
RSSRVLWH�FKDUJHV�
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*DV�WR�EH�FOHDQHG

7KURDW

6FUXEEHU

)LJXUH��������9HQWXUL�VFUXEEHU�

(OHFWURVWDWLF�5HPRYDO

$HURVRO� SDUWLFOHV� PD\� DFTXLUH� HOHFWULFDO� FKDUJHV�� ,Q� DQ� HOHFWULF� ILHOG�� VXFK
SDUWLFOHV�DUH�VXEMHFWHG�WR�D�IRUFH��)��G\QHV���JLYHQ�E\

)�� ��(T ���������

ZKHUH�(�LV�WKH�YROWDJH�JUDGLHQW��VWDWYROW�FP��DQG�T�LV�WKH�HOHFWURVWDWLF�FKDUJH�RQ�WKH
SDUWLFOH� �LQ� HVX��� 7KLV� SKHQRPHQRQ� KDV� EHHQ� ZLGHO\� XVHG� LQ� KLJKO\� HIILFLHQW
HOHFWURVWDWLF SUHFLSLWDWRUV� DV VKRZQ LQ )LJXUH�������7KH�SDUWLFOHV�DFTXLUH�D�FKDUJH

3RVLWLYH
�JURXQGHG�
VXUIDFH

*DV�FRQWDLQV
SDUWLFOHV

6LGH�YLHZ

�������WR
�������YROWV

�

�

�

�

�

�

�

�

�

&KDUJHG
SDUWLFOHV

7RS�YLHZ

1HJDWLYH
�GLVFKDUJH�
HOHFWURGH

�

)LJXUH�������6FKHPDWLF�GLDJUDP�RI�DQ�HOHFWURVWDWLF�SUHFLSLWDWRU
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ZKHQ�WKH�JDV�VWUHDP�LV�SDVVHG�WKURXJK�D�KLJK�YROWDJH��GLUHFW�FXUUHQW�FRURQD��%HFDXVH
RI�WKH�FKDUJH��WKH�SDUWLFOHV�DUH�DWWUDFWHG�WR�D�JURXQGHG�VXUIDFH�IURP�ZKLFK�WKH\�PD\
EH�ODWHU�UHPRYHG��2]RQH�PD\�EH�SURGXFHG�E\�WKH�FRURQD�GLVFKDUJH��6LPLODU�GHYLFHV
XVHG�DV�KRXVHKROG�GXVW�FROOHFWRUV�PD\�SURGXFH�WR[LF�R]RQH�LI�QRW�RSHUDWHG�SURSHUO\�

/,7(5$785(�&,7('

�� +DUULVRQ��5R\�0�� DQG�5HQH�9DQ�*ULHNHQ�� (GV���$WPRVSKHULF� 3DUWLFOHV�� :LOH\�
&KLFKHVWHU��8�.�������

�� 0DWWKLDV�0DVHU�� 6DELQH�� 0DUWLQD� .UDPHU�� -XWWD� %ULQNPDQQ�� DQG� :LOKHOP
6FKQHLGHU��³$�&RQWULEXWLRQ�RI�3ULPDU\�%LRORJLFDO�$HURVRO�3DUWLFOHV�DV�,QVROXEOH
&RPSRQHQW�WR�WKH�$WPRVSKHULF�$HURVRO�RYHU�WKH�6RXWK�$WODQWLF�2FHDQ�� -RXUQDO
RI�$HURVRO�6FLHQFH������6��6���������

�� $QGUHDH�� 0HLQUDW� 2�� DQG� 3DXO� -�� &UXW]HQ�� ³$WPRVSKHULF� $HURVROV�
%LRJHRFKHPLFDO� 6RXUFHV� DQG�5ROH� LQ�$WPRVSKHULF�&KHPLVWU\�´� 6FLHQFH�� �����
�������������

�� =LHOLQVNL��*UHJRU\�$��� -DFN�(��'LEE��4LQ]KDR�<DQJ�� 3DXO�$��0D\HZVNL�� 6DOOLH
:KLWORZ��0DUN�6��7ZLFNOHU��DQG�0DUN�6��*HUPDQL��³$VVHVVPHQW�RI�WKH�5HFRUG�RI
WKH� ����� (O� &KLFKRQ� (UXSWLRQ� DV� 3UHVHUYHG� LQ� *UHHQODQG� 6QRZ�´� -RXUQDO� RI
*HRSK\VLFDO�5HVHDUFK��������������������������

�� 6WHQFKLNRY��*HRUJL\�/���,QJR�.LUFKQHU��$ODQ�5RERFN��+DQV�)��*UDI��-XDQ�&DUORV
$QWXQD��5��*��*UDLQJHU��$O\Q�/DPEHUW��DQG�/DUU\�7KRPDVRQ��³5DGLDWLYH�)RUFLQJ
IURP� WKH� ����� 0RXQW� 3LQDWXER� 9ROFDQLF� (UXSWLRQ�´� -RXUQDO� RI� *HRSK\VLFDO
5HVHDUFK��������������������������

�� 0HQJ�� =��� '�� 'DEGXE�� DQG� -RKQ� +�� 6HLQIHOG�� ³&KHPLFDO� &RXSOLQJ� EHWZHHQ
$WPRVSKHULF�2]RQH�DQG�3DUWLFXODWH�0DWWHU�´��6FLHQFH����������������������

�� 5RJJH��:ROIJDQJ��)���/\QQ�0��+LOGHPDQQ��0RQLFD�$��0D]XUHN��*OHQ�5��&DVV�
DQG�%HUQG�5�� 7�� 6LPRQHOW�� ³6RXUFHV� RI� )LQH�2UJDQLF�$HURVRO�� � ���1RQ�FDWDO\VW
DQG� &DWDO\VW�(TXLSSHG� $XWRPRELOHV� DQG� +HDY\� 'XW\� 'LHVHO� 7UXFNV�´
(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\���������������������

�� 5RWK��%HDWH�DQG�.LNXR�2NGDGD��³2Q�WKH�0RGLILFDWLRQ�RI�6HD�6DOW�3DUWLFOHV�LQ�WKH
&RDVWDO�$WPRVSKHUH�´�$WPRVSKHULF�(QYLURQPHQW����������±������������

�� 0F(OUR\�� 0�� :��� 5�� &�� &DUU�� '�� 6�� (QVRU�� DQG� *�� 5�� 0DUNRZVNL�� ³6L]H
'LVWULEXWLRQ�RI�)LQH�3DUWLFOHV�IURP�&RDO�&RPEXVWLRQ�´�6FLHQFH������� ������� ���
���

��� 3ROODQHQ��5R\�� ,OND�9DONDPD�� DQG�+DUUL� 7RLYRQHQ�� ³7UDQVSRUW� RI� 5DGLRDFWLYH
3DUWLFOHV� IURP� WKH�&KHUQRE\O�$FFLGHQW�´�$WPRVSKHULF� (QYLURQPHQW������ �����
������������

��� 0RUDZVND�� /LGLD�� 1HYLOOH� '�� %RILQJHU�� /DGLVODZ� .RFLV�� DQG� $OZHOO
1ZDQNZRDOD�� ³6XEPLFURPHWHU� DQG� 6XSHUPLFURPHWHU� 3DUWLFOHV� IURP� 'LHVHO
9HKLFOH� (PLVVLRQV�´� (QYLURQPHQWDO� 6FLHQFH� DQG� 7HFKQRORJ\�� ���� ���������
�������
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��� )DXVW��%UXFH�&���DQG�-RKQ�0��$OOHQ��³$TXHRXV�3KDVH�3KRWRFKHPLFDO�)RUPDWLRQ
RI�+\GUR[\O�5DGLFDO�LQ�$XWKHQWLF�&ORXGZDWHUV�DQG� )RJZDWHUV�´�(QYLURQPHQWDO
6FLHQFH�DQG�7HFKQRORJ\ ���������������������

6833/(0(17$5<�5()(5(1&(6

$LU�4XDOLW\�&ULWHULD�IRU�3DUWLFXODWH�0DWWHU��1DWLRQDO�$LU�3ROOXWLRQ�&RQWURO�$GPLQ�
LVWUDWLRQ�3XEOLFDWLRQ�1R��$3����������

%ULPEOHFRPEH�� 3HWHU�� $LU� &RPSRVLWLRQ� DQG� &KHPLVWU\�� �QG� HG��� &DPEULGJH
8QLYHUVLW\�3UHVV��&DPEULGJH��8�.��������

%RWNLQ��'DQLHO�%���(G���&KDQJLQJ�WKH�*OREDO�(QYLURQPHQW���3HUVSHFWLYHV�RQ�+XPDQ
,QYROYHPHQW��$FDGHPLF�3UHVV��6DQ�'LHJR��&$�������

&RQWURO� 7HFKQLTXHV� IRU� 3DUWLFXODWH� $LU� 3ROOXWDQWV��1DWLRQDO�$LU� 3ROOXWLRQ� &RQWURO
$GPLQLVWUDWLRQ�3XEOLFDWLRQ�1R��$3����������

G¶$OPHLGD��*XLOODXPH�$���3HWHU�.RHSNH��DQG�(ULF�3��6KHWWOH��$WPRVSKHULF�$HURVROV�
'HHSDN��+DPSWRQ��9$�������

*|W]��*���(��0pD]DUyV� DQG�*��9DOL��$WPRVSKHULF� 3DUWLFOHV� DQG�1XFOHL��$NDGpPLDL
.LDGy��%XGDSHVW�������

+LQGV��:��&���$HURVRO�7HFKQRORJ\��-RKQ�:LOH\�DQG�6RQV��1HZ�<RUN�������

.QHLS��7�� -��� DQG� 3�� -�� /LR\�� (GV��� $HURVROV�� � $QWKURSRJHQLF� DQG�1DWXUDO� 6RXUFHV
DQG�7UDQVSRUW��1HZ�<RUN�$FDGHP\�RI�6FLHQFHV��1HZ�<RUN�������

6HLQIHOG�� -RKQ�+���$WPRVSKHULF�&KHPLVWU\� DQG�3K\VLFV�� -RKQ�:LOH\�	�6RQV�� ,QF��
1HZ�<RUN�������

:LOOHNH�� .ODXV�� DQG� 3DXO� $�� %DURQ�� (GV��� $HURVRO� 0HDVXUHPHQW�� � 3ULQFLSOHV�
7HFKQLTXHV��DQG�$SSOLFDWLRQV��9DQ�1RVWUDQG�5HLQKROG��1HZ�<RUN�������

48(67,216�$1'�352%/(06

�� 7KH�PD[LPXP�HOHFWULFDO�FKDUJH�WKDW�DQ�DWPRVSKHULF�SDUWLFOH�PD\�DWWDLQ�LQ�GU\�DLU
LV�DERXW���HVX�FP���:KHUH�WKH�FKDUJH�RI�DQ�HOHFWURQ�LV������[�O����� HVX�� HTXDO� WR
WKH�HOHPHQWDU\�TXDQWXP�RI�HOHFWULFLW\� �WKH� FKDUJH� RQ� �� HOHFWURQ� RU� SURWRQ��� KRZ
PDQ\�HOHFWURQV�SHU�VTXDUH�FHQWLPHWHU�RI�VXUIDFH�DUHD�LV�WKLV"

�� )RU� VPDOO� FKDUJHG� SDUWLFOHV�� WKRVH� WKDW� DUH� ���� �P� RU� OHVV� LQ� VL]H�� DQ� DYHUDJH
FKDUJH�RI������[�O�����HVX��LV�QRUPDOO\�DVVXPHG�IRU�WKH�ZKROH�SDUWLFOH��:KDW�LV�WKH
VXUIDFH�FKDUJH�LQ�HVX�FP��IRU�D�FKDUJHG�VSKHULFDO�SDUWLFOH�ZLWK�D�UDGLXV�RI������P"

�� :KDW�LV�WKH�VHWWOLQJ�YHORFLW\�RI�D�SDUWLFOH�KDYLQJ�D�6WRNHV�GLDPHWHU�RI�����P�DQG�D
GHQVLW\�RI���J�FP��LQ�DLU�DW������DWP�SUHVVXUH�DQG��Û&�WHPSHUDWXUH"��7KH�YLVFRVLW\
RI�DLU�DW��Û&�LV�������PLFURSRLVH��7KH�GHQVLW\�RI�DLU�XQGHU�WKHVH�FRQGLWLRQV�LV�����
J�/��
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