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,QWURGXF W L RQ
6NHOHWDO�PXVFOH�KDV�DQ�LPSUHVVLYH�FDSDFLW\�WR�UHJHQHUDWH�
IROORZLQJ�GDPDJH��7KLV�LV�PHGLDWHG�E\�PXVFOH�SUHFXUVRU�
�VWHP�� FHOOV� �FDOOHG� VDWHOOLWH� FHOOV���ZKLFK� OLH� EHWZHHQ� WKH�
SODVPD�PHPEUDQH�RI�D�PXVFOH�ÀEUH�DQG�WKH�VXUURXQGLQJ�
EDVDO�ODPLQD��������2QFH�DFWLYDWHG��VDWHOOLWH�FHOOV�SUROLIHUDWH�
DQG�PLJUDWH�WR�WKH�GDPDJHG�DUHD�RI�WKH�PXVFOH��GLIIHUHQWLDWH�
DQG�IXVH� WR� IRUP�QHZ�PXVFOH�ÀEUHV� �����+RZHYHU��ZKHQ�
D� WUDXPDWLF� LQMXU\� UHVXOWV� LQ�D� VLJQLÀFDQW� ORVV�RI�PXVFOH��
WKH�QDWXUDO�UHSDLU�SURFHVVHV�DUH�XQDEOH�WR�EULGJH�WKH�JDS�
EHWZHHQ�WKH�UHPDLQLQJ�WLVVXH��OHDGLQJ�WR�WKH�DFFXPXODWLRQ�
RI� VFDU� WLVVXH�� FRVPHWLF� GHIRUPLW\� DQG� D� ORVV� RI� PXVFOH�
IXQFWLRQ��&XUUHQW� WUHDWPHQW� RSWLRQV�� VXFK� DV� DXWRORJRXV�
PXVFOH� JUDIWV�� LQYROYH� VLJQLÀFDQW� GRQRU� VLWH� PRUELGLW\�
DQG�PD\�QRW� EH� DSSOLFDEOH� WR� WKH� UHSDLU� RI� ORDG�EHDULQJ�
PXVFOHV��$�SURPLVLQJ� DOWHUQDWLYH� DSSURDFK� LV� WKH�XVH�RI�
UHJHQHUDWLYH�PHGLFLQH�DQG�WLVVXH�HQJLQHHULQJ�WR�HQKDQFH�
WKH�UHSDLU�DQG�UHSODFHPHQW�RI�GDPDJHG�PXVFOH�����

6NH O H WD O �0XV F O H � 7 L V VXH � (QJ LQHHU LQJ
7LVVXH� HQJLQHHULQJ� DLPV� WR� XVH� SURJHQLWRU� FHOOV� LQ�
FRPELQDWLRQ� ZLWK� WKUHH�GLPHQVLRQDO� ��'�� VFDIIROGV� WR�
UHSDLU��UHSODFH�DQG�UHVWRUH�WKH�HVVHQWLDO�IXQFWLRQV�RI�ORVW�RU�
GDPDJHG�WLVVXH������,Q�EURDG�WHUPV��WLVVXH�HQJLQHHULQJ�FDQ�
EH�VHSDUDWHG�LQWR�LQ�YLWUR�DQG�LQ�YLYR�DSSURDFKHV��7DEOH����
,Q� YLWUR� VNHOHWDO� PXVFOH� WLVVXH� HQJLQHHULQJ� LQYROYHV�
XVLQJ�SDWLHQW�VWHP�FHOOV��H�J���DXWRORJRXV�VDWHOOLWH�FHOOV�� WR�

FRQVWUXFW�RU�JURZ�D�PXVFOH�JUDIW�LQ�WKH�ODERUDWRU\��ZKLFK�
LV� WKHQ� WUDQVSODQWHG� LQWR� WKH� SDWLHQW·V� PXVFOH�� ,Q� YLYR�
WLVVXH�HQJLQHHULQJ�UHIHUV�WR�ZKHQ�WKH�QHZ�PXVFOH�WLVVXH�LV�
JURZQ�LQ�VLWX��DQG�FDQ�EH�IXUWKHU�VXEGLYLGHG�LQWR�¶FHOOV�SOXV�
VFDIIROG·�DQG�¶VFDIIROG�RQO\·�DSSURDFKHV��7KH�ÀUVW�PHWKRG�
LQYROYHV� VHHGLQJ� P\RJHQLF� FHOOV� RQWR� D� VFDIIROG� LQ� YLWUR�
DQG�WUDQVSODQWLQJ�WKH�FHOO�ODGHQ�VFDIIROG�LQWR�WKH�SDWLHQW·V�
GDPDJHG�WLVVXH��$OWHUQDWLYHO\��WKH�VFDIIROG�RQO\�DSSURDFK�
LQYROYHV� WUDQVSODQWLQJ� FHOO�IUHH� PDWHULDO� LQWR� WKH� WLVVXH�
DQG�DOORZLQJ� WKH�SDWLHQW·V�HQGRJHQRXV�P\RJHQLF�FHOOV� WR�
PLJUDWH��SUROLIHUDWH�DQG�GLIIHUHQWLDWH�XVLQJ�WKH�ELRVFDIIROG�
DV�D�WHPSODWH�WR�SURGXFH�QHZ�PXVFOH�
,Q�YLWUR�SURGXFWLRQ�DQG� WUDQVSODQWDWLRQ�RI�PXVFOH� WLVVXH�
KDV� D� QXPEHU� RI� WHFKQLFDO� FKDOOHQJHV�� WKH� PRVW� REYLRXV�
EHLQJ� KRZ� WR� DFKLHYH� DSSURSULDWH� YDVFXODULVDWLRQ� DQG�
LQQHUYDWLRQ�RI� WKH� WUDQVSODQWHG� WLVVXH�FRQVWUXFW��:KHWKHU�
FXOWXUHG� P\RJHQLF� FHOOV� DWWDFKHG� WR� D� VFDIIROG� ZLOO� EH�
VXEMHFWHG� WR� WKH� VDPH� UDSLG� DQG� PDVVLYH� GHDWK� WKDW�
RFFXUV�ZKHQ� FXOWXUHG�P\REODVWV� DUH� WUDQVSODQWHG� LQ� YLYR�
DOVR� QHHGV� WR� EH� DGGUHVVHG�� )XUWKHUPRUH�� LW� KDV� SURYHQ�
GLIÀFXOW� WR�JURZ�PXVFOH� LQ� WKH� ODERUDWRU\� WKDW� LV� FDSDEOH�
RI�JHQHUDWLQJ�VLJQLÀFDQW�OHYHOV�RI�WHQVLRQ��$V�WKH�SULQFLSDO�
IXQFWLRQ�RI�VNHOHWDO�PXVFOH�LV�WR�JHQHUDWH�DFWLYH�IRUFH��WKLV�
LV�DQ�LPSRUWDQW�FKDUDFWHULVWLF�RI�DQ\�HQJLQHHUHG�PXVFOH������
)RU� WKHVH� UHDVRQV�� DWWHQWLRQ� LQ� UHFHQW�\HDUV�KDV� WXUQHG�
WR� LQ� YLYR� WLVVXH� HQJLQHHULQJ� DQG� WKH� GHYHORSPHQW� RI�
ELRFRPSDWLEOH� VFDIIROGV�ZKLFK�� RQFH� LQVHUWHG�� JXLGH� WKH�
JURZWK� DQG� GLIIHUHQWLDWLRQ� RI� FHOOV� WR� UHSDLU� GDPDJHG�
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�6FKRRO�RI�%LRPHGLFDO�6FLHQFHV��&XUWLQ�+HDOWK�,QQRYDWLRQ�5HVHDUFK�,QVWLWXWH�

&XUWLQ�8QLYHUVLW\�RI�7HFKQRORJ\��3HUWK��:$�����
�6FKRRO�RI�$QDWRP\�DQG�+XPDQ�%LRORJ\��8QLYHUVLW\�RI�:HVWHUQ�$XVWUDOLD��3HUWK��:$�����

&RUUHVSRQGLQJ�DXWKRU��PLUDQGD�JURXQGV#XZD�HGX�DX

7DEOH����,Q�YLWUR�YHUVXV�LQ�YLYR�VNHOHWDO�PXVFOH�WLVVXH�HQJLQHHULQJ�

*UDIW��FHOOV�DQG�VFDIIROG�

3URFHVV
��� 'HYHORS�DSSURSULDWH�

IXQFWLRQDOLVHG�VFDIIROG
��� +DUYHVW�VWHP�FHOOV�IURP�

PXVFOH�ELRSV\
��� 6HHG�FHOOV�RQ�VFDIIROG
��� *HQHUDWH�D�PXVFOH�JUDIW
��� ,PSODQW�JUDIW�LQ�

GDPDJHG�PXVFOH
��� *UDIWHG�PXVFOH�DVVLVWV�

UHVLGHQW�FHOOV�LQ�UHSDLU

&HOOV�DQG�VFDIIROG

3URFHVV
��� 'HYHORS�DSSURSULDWH�

IXQFWLRQDOLVHG�VFDIIROG
��� +DUYHVW�VWHP�FHOOV�

IURP�PXVFOH�ELRSV\
��� 6HHG�FHOOV�RQ�VFDIIROG
��� ,PSODQW�VFDIIROG�LQ�

GDPDJHG�PXVFOH
��� ,PSODQWHG�FHOOV�DQG�

WLVVXH�UHVLGHQW�FHOOV�
UHJHQHUDWH�PXVFOH

6FDIIROG�RQO\

3URFHVV
��� 'HYHORS�DSSURSULDWH�

IXQFWLRQDOLVHG�VFDIIROG�
WR�VWLPXODWH�RSWLPDO�
P\RJHQLF�UHVSRQVH

��� ,PSODQW�VFDIIROG�LQ�
GDPDJHG�PXVFOH

��� 7LVVXH�UHVLGHQW�PXVFOH�
FHOOV�DUH�VWLPXODWHG�WR�
UHJHQHUDWH�PXVFOH

,Q�YLWUR ,Q�YLYR
7LVVXH�(QJLQHHULQJ

PXVFOH�WLVVXH��7KHVH�VFDIIROGV�
SURYLGH� VXSSRUW� WR� WKH�
GHYHORSLQJ� PXVFOH� DQG�
UHJHQHUDWLRQ� RFFXUV� HQWLUHO\�
LQ� YLYR�� VR� YDVFXODULVDWLRQ�
DQG� LQQHUYDWLRQ� GHYHORS� DV�
GLUHFWHG� E\� WKH� WLVVXH� LWVHOI��
7KLV� DSSURDFK� DOVR� DYRLGV�
SRWHQWLDO�SUREOHPV�DVVRFLDWHG�
ZLWK� VXUYLYDO�RI� WUDQVSODQWHG�
FXOWXUHG�FHOOV�
7KH�RYHUDOO�DLP�RI�D�VNHOHWDO�
PXVFOH�VSHFLÀF� VFDIIROG� LV� WR�
FUHDWH�DQ�DUWLÀFLDO�QLFKH��ZKLFK�
DOORZV� WKH� QDWXUDO� SURFHVVHV�
RI� VWHP� FHOO� DFWLYDWLRQ��
SUROLIHUDWLRQ�� GLIIHUHQWLDWLRQ�
DQG� VHOI�UHQHZDO� WR� RFFXU��
,Q� WKHLU� QRUPDO� ELRORJLFDO�
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HQYLURQPHQW��VDWHOOLWH�FHOOV�DUH�LQÁXHQFHG�E\�D�FRPELQDWLRQ�
RI� VLJQDOV� ²� LQFOXGLQJ� WKRVH� IURP� WKH� KRVW� PXVFOH� ÀEUH��
WKH�FLUFXODWRU\�V\VWHP�DQG�WKH�H[WUDFHOOXODU�PDWUL[��(&0��
����� 2SWLPDO� VNHOHWDO� PXVFOH� WLVVXH� HQJLQHHULQJ� ZLOO�
RQO\�EH�DFKLHYHG�ZKHQ�LW� LV�SRVVLEOH� WR�GHYHORS�DUWLÀFLDO��
�'� PLFURHQYLURQPHQWV� WKDW� UHFDSLWXODWH� WKH� QDWXUDO�
HQYLURQPHQW��DW�OHDVW�WR�VRPH�H[WHQW�
�
6FDI IROGV � LQ�6NHOHWDO �0XVFOH�7LVVXH�(QJLQHHULQJ
)LQGLQJ� D� VXLWDEOH� PDWUL[� WR� VXSSRUW� VNHOHWDO� PXVFOH�
WLVVXH� HQJLQHHULQJ� UHPDLQV� RQH� RI� WKH� PDLQ� REVWDFOHV�
WR� VXFFHVV�� $Q� LGHDO� VNHOHWDO� PXVFOH� VFDIIROG� VKRXOG� EH�
ELRFRPSDWLEOH�� ELRGHJUDGDEOH� �SURGXFLQJ� QRQ�WR[LF�
GHJUDGDWLRQ� SURGXFWV��� SRURXV� DQG� KDYH� WKH� FRUUHFW�
EDODQFH� RI� VWDELOLW\� DQG� HODVWLFLW\� ������� 6FDIIROGV� VKRXOG�
DOVR�PLPLF�WKH�(&0�RI�VNHOHWDO�PXVFOH��WKHUHE\�LQFUHDVLQJ�
WKH�SUREDELOLW\�WKDW�VXUURXQGLQJ�FHOOV�ZLOO�EH�VWLPXODWHG�
WR�SUROLIHUDWH��PLJUDWH�DQG�GLIIHUHQWLDWH�WR�SURGXFH�QHZ��
IXQFWLRQDO�WLVVXH������
&XUUHQWO\��WKHUH�DUH�OLPLWHG�PDWHULDOV�DYDLODEOH�WKDW�PHHW�
WKH�FULWHULD�DERYH�DQG�DUH�DOVR�HDV\�WR�PDQXIDFWXUH� LQWR�
D�VXLWDEOH�FRQVWUXFW��$�UDQJH�RI�ELRGHJUDGDEOH�DQG�QRQ�
ELRGHJUDGDEOH�PDWHULDOV�KDYH�EHHQ�GHYHORSHG�DQG�WHVWHG�
LQ�VNHOHWDO�PXVFOH�WLVVXH�HQJLQHHULQJ�DSSOLFDWLRQV��7KHVH�
LQFOXGH� QDWXUDO� PDWHULDOV� VXFK� DV� FROODJHQ�� ÀEURQHFWLQ��
HODVWLQ��ÀEULQ��K\DOXURQLQ�DQG�ODPLQLQ������,Q�DGGLWLRQ�WR�
WKHVH� SXULÀHG� QDWXUDO� SURGXFWV�� KHWHURJHQHRXV� QDWXUDO�
(&0� VXFK� DV� WKDW� GHULYHG� IURP� GH�FHOOXODULVHG� SRUFLQH�
VPDOO�LQWHVWLQDO�VXEPXFRVD�KDV�EHHQ�XVHG�WR�UHSDLU�PXVFOH�
GHIHFWV�LQ�DEGRPLQDO�ZDOO�DQG�ORDG�EHDULQJ�VNHOHWDO�PXVFOH�
ZLWK�VRPH�VXFFHVV� ���������6\QWKHWLF�PDWHULDOV� WKDW�KDYH�
EHHQ�LQYHVWLJDWHG�LQ�VNHOHWDO�PXVFOH�DSSOLFDWLRQV�LQFOXGH�
VLOLFRQHV�DQG�SRO\PHUV��H�J���SRO\ODFWLF�DFLG��SRO\JO\FROLF�
DFLG� DQG� SRO\FDSURODFWRQH�� DQG� WKHLU� FRSRO\PHUV� �H�J���
SRO\�ODFWLGH�FR�JO\FROLGH����������
1DWXUDO�VFDIIROGV�KDYH�D�QXPEHU�RI�DGYDQWDJHV�RYHU�WKHLU�
V\QWKHWLF�FRXQWHUSDUWV��VXFK�DV�WKHLU�H[FHOOHQW�SK\VLRORJLFDO�
DFWLYLWLHV��PHFKDQLFDO�SURSHUWLHV�VLPLODU�WR�QDWXUDO�WLVVXHV�
DQG� ELRGHJUDGDELOLW\�� ,Q� WKH� FDVH� RI� VPDOO� LQWHVWLQDO�
VXEPXFRVD� VFDIIROGV�� WKHVH� DOVR� UHWDLQ� D� SURSRUWLRQ� RI�
WKHLU� QDWXUDOO\� RFFXULQJ� ELRDFWLYH� PROHFXOHV�� VXFK� DV�
JURZWK� IDFWRUV� DQG� F\WRNLQHV�� +RZHYHU�� GLVDGYDQWDJHV�
LQFOXGH�WKH�ULVN�RI� LQIHFWLRQ�DQG�DQWLJHQLFLW\�IURP�XVLQJ�
DQLPDO�GHULYHG�SURGXFWV��D�SRWHQWLDOO\�XQVWDEOH�PDWHULDO�
VXSSO\� DQG� WKH� FRVW� RI� SURGXFWLRQ�� 6\QWKHWLF� SRO\PHUV��
RQ� WKH� RWKHU� KDQG�� FDQ� EH� PDQXIDFWXUHG� UHSURGXFLEO\�
DQG�FKHDSO\��+RZHYHU��WKH\�ODFN�FHOO�UHFRJQLWLRQ�VLJQDOV�
DQG�GR�QRW�VXSSRUW�RSWLPDO�FHOO�DGKHVLRQ��PLJUDWLRQ�DQG�
SUROLIHUDWLRQ�ZLWKRXW�VRPH�IRUP�RI�FKHPLFDO�PRGLÀFDWLRQ��
7KXV��WKH�EHVW�DSSURDFK�LV�OLNHO\�WR�EH�WKH�XVH�RI�V\QWKHWLF�
PDWHULDOV�PRGLÀHG� WR� FRQWDLQ� FHOO� UHFRJQLWLRQ� VLWHV� DQG�
ELQGLQJ� VLWHV� IRU� DSSURSULDWH� JURZWK� IDFWRUV� DQG� RWKHU�
ELRDFWLYH�PROHFXOHV�

, QYH V W L JD W LQJ �&H O O � 6 FD I I R OG � ,Q WHUDF W L RQ V
$OWKRXJK� WKH� XOWLPDWH� VXFFHVV� RI� D� VNHOHWDO� PXVFOH�
VFDIIROG�OLHV�LQ�LWV�DELOLW\�WR�VXSSRUW�JURZWK�DQG�UHSDLU� LQ�
YLYR��PXFK�ZRUN� UHPDLQV� WR� EH� GRQH� LQ� YLWUR� WR� GHYHORS�
WKH� RSWLPDO� DUWLÀFLDO� QLFKH�� 7KXV�� UHFHQW� PHWKRGRORJLFDO�

DGYDQFHV�LQ�VNHOHWDO�PXVFOH�WLVVXH�HQJLQHHULQJ��LQ�DGGLWLRQ�
WR� LQFUHDVLQJO\� VRSKLVWLFDWHG� VFDIIROG� GHVLJQ�� LQFOXGH� LQ�
YLWUR� WHFKQLTXHV� VXFK� DV� WKH� GHYHORSPHQW� RI� VHUXP�IUHH�
FXOWXUH�� VHQVLWLYH� PHWKRGV� WR� PHDVXUH� FHOO� SUROLIHUDWLRQ��
GLIIHUHQWLDWLRQ� DQG� IRUFH� JHQHUDWLRQ�� DQG� WKH� DELOLW\� WR�
REVHUYH�FHOO�VFDIIROG�LQWHUDFWLRQV�DW�D�PROHFXODU�OHYHO���

6HUXP�IUHH�FXOWXUH
(VWDEOLVKHG� WLVVXH� FXOWXUH� WHFKQLTXHV� XVH� IRHWDO� ERYLQH�
DQG�KRUVH�VHUD�WR�SURPRWH�SUROLIHUDWLRQ�DQG�GLIIHUHQWLDWLRQ�
RI�P\REODVWV��UHVSHFWLYHO\��+RZHYHU��WKHVH�VHUD�SURYLGH�DQ�
XQGHÀQHG�PL[WXUH�RI�JURZWK�IDFWRUV��%\�JURZLQJ�FHOOV�LQ�D�
FRPSOHWHO\�GHÀQHG��VHUXP�IUHH�V\VWHP��DQG�VXSSOHPHQWLQJ�
ZLWK� NQRZQ� TXDQWLWLHV� RI� VSHFLÀF� JURZWK� IDFWRUV�� LW� LV�
SRVVLEOH� WR� DQDO\VH� WKH� HIIHFW� RI� VSHFLÀF�(&0�PROHFXOHV��
F\WRNLQHV� DQG� JURZWK� IDFWRUV� RQ� P\REODVW� JURZWK� DQG�
GLIIHUHQWLDWLRQ��

4XDQWLWDWLYH�5HDO�WLPH�3RO\PHUDVH�&KDLQ�5HDFWLRQ
&HOO� SUROLIHUDWLRQ� LV� URXWLQHO\� DVVHVVHG� XVLQJ� D� YDULHW\�
RI�PHWDEROLF� DQG�'1$�EDVHG�DVVD\V�� 6LPLODUO\��P\REODVW�
GLIIHUHQWLDWLRQ� FDQ� EH� DVVHVVHG� YLD� PHDVXULQJ� OHYHOV� RI�
FUHDWLQH� NLQDVH�� RU� E\� FRXQWLQJ� GLIIHUHQWLDWHG� P\RWXEHV�
YHUVXV� XQGLIIHUHQWLDWHG� P\REODVWV�� ZKLFK� FDQ� EH�
GLVWLQJXLVKHG� E\� LPPXQRVWDLQLQJ� �GLIIHUHQWLDWLRQ� LQGH[���
5HFHQWO\�� WKHVH� DSSURDFKHV� KDYH� EHHQ� FRPSOHPHQWHG� E\�
T57�3&5�RI�JHQH�PDUNHUV�IRU�P\REODVW�SUROLIHUDWLRQ�DQG�
GLIIHUHQWLDWLRQ��VXFK�DV�LQVXOLQ�OLNH�JURZWK�IDFWRU����VNHOHWDO�
PXVFOH� DOSKD� �� DFWLQ�� P\RJHQLQ� DQG� HPEU\RQLF� VNHOHWDO�
PXVFOH�P\RVLQ�KHDY\�FKDLQ���������7KH�HDUO\�PHDVXUHPHQW�
RI� GLIIHUHQWLDWLRQ� YLD� WKHVH� 3&5� PDUNHUV� LQFUHDVHV� WKH�
VHQVLWLYLW\�ZLWK�ZKLFK�ZH�FDQ�DVVHVV�WKH�HIÀFDF\�RI�QRYHO�
VFDIIROGV�DQG�FHOO�JURZWK�FRQGLWLRQV�

$WRPLF�)RUFH�0LFURVFRS\
9LVXDOLVDWLRQ� RI� �'� FHOO�VFDIIROG� LQWHUDFWLRQV� SUHVHQWV�
D� FKDOOHQJH� WR� WKH� VWDQGDUG� OLJKW� DQG� FRQIRFDO� VFDQQLQJ�
PLFURVFRS\� PHWKRGV� PRVW� RIWHQ� XVHG� E\� FHOO� ELRORJLVWV��
,Q�IDFW��WR�EHWWHU�XQGHUVWDQG�WKH�UROH�RI�VFDIIROGV�LQ�PXVFOH�
UHSDLU� DQG� UHJHQHUDWLRQ�� LW� LV� LPSRUWDQW� WR� HOXFLGDWH� WKH�
�'�XOWUDVWUXFWXUH�RI� WKHVH�PDWHULDOV�� DV�ZHOO� DV�PDS� FHOO�
VFDIIROG� LQWHUDFWLRQV� DW� QDQRPHWUH� OHYHOV�� )RU� GHFDGHV��
HOHFWURQ� PLFURVFRS\� �(0�� KDV� EHHQ� XVHG� WR� YLVXDOLVH�
VXFK�XOWUDVWUXFWXUH��EXW� URXWLQH�(0�PHWKRGV� LUUHYHUVLEO\�
GHQDWXUH�ELRPROHFXOHV�GXULQJ�ERWK�VSHFLPHQ�SUHSDUDWLRQ�
�KDUVK�FKHPLFDO�À[DWLRQ�SURFHGXUHV��DQG�LPDJLQJ��HOHFWURQ�
EHDP�LQWHUDFWLRQV��������
$WRPLF� IRUFH� PLFURVFRS\�� DQ� DOWHUQDWLYH� WR� (0�� ZDV�
LQYHQWHG� LQ� WKH� PLG�����V�� $WRPLF� IRUFH� PLFURVFRSHV�
�$)0V��EHORQJ�WR�D�FODVV�RI�VFDQQLQJ�SUREH�PLFURVFRSHV�WKDW�
UHFRUG�LQWHUDFWLRQV�EHWZHHQ�D�SUREH�DQG�D�VXUIDFH��$�W\SLFDO�
$)0�FRQVLVWV�RI�D�VLOLFRQ�RU�VLOLFRQ�QLWULGH�FDQWLOHYHU�ZLWK�
D�VKDUS�WLS��SUREH��DW�WKH�HQG�WR�VFDQ�D�VSHFLPHQ�VXUIDFH��
:KHQ� WKH� WLS� VFDQV� WKH� VXUIDFH�� PROHFXODU� LQWHUDFWLRQV�
EHWZHHQ� WKH� WLS�DQG� WKH�VXUIDFH�FDXVH�D�GHÁHFWLRQ� LQ� WKH�
FDQWLOHYHU�ZKLFK�LV�PHDVXUHG�E\�DQ�DUUD\�RI�SKRWRGLRGHV��
6LQFH�$)0V�RSHUDWH�LQ�SK\VLRORJLFDOO\�DSSURSULDWH�VROXWLRQ�
FRQGLWLRQV�DQG�SHUIRUP�TXDQWLWDWLYH��QRQ�GHVWUXFWLYH��KLJK�
UHVROXWLRQ� LPDJLQJ� ������ WKH\� KDYH� REYLRXV� DGYDQWDJHV�
RYHU�(0��
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)LJ�����$WRPLF�IRUFH�PLFURJUDSKV�RI�&�&���P\REODVWV�VKRZLQJ�WKH�
GLIIHUHQFH�LQ�VKDSH�DQG�VL]H�RI�WKH�WZR�SRSXODWLRQV�RI�FHOOV�
�$��XQGLIIHUHQWLDWHG�P\REODVWV��%��GLIIHUHQWLDWHG�P\REODVWV�

$ %

$WRPLF�IRUFH�PLFURVFRS\�FDQ�EH�XVHG�WR�FKDUDFWHULVH�WKH�
WRSRJUDSK\�RI�ERWK�V\QWKHWLF�DQG�QDWXUDO�VFDIIROG�PDWHULDOV��
DQG�WKH�LQWHUDFWLRQ�RI�FHOOV�ZLWK�WKHVH�VFDIIROGV�������)LJ������
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