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'LVVHUWDomR� DSUHVHQWDGD� SDUD� R�
FXPSULPHQWR� SDUFLDO� GDV� H[LJrQFLDV�
SDUD� REWHQomR� GR� WtWXOR� GH� 0HVWUH� HP�
%LRTXtPLFD� SHOD� 8QLYHUVLGDGH� )HGHUDO�
GH�3HUQDPEXFR
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$R�PHX�SDL��,Q�PHPRULDQ��-RVp�$XJXVWR��GHGLFR�D�PLQKD�YLWyULD�



$*5$'(&,0(1726
'XUDQWH� R� FDPLQKR� GH� XP� FXUVR� HQFRQWUDPRV� GLYHUVDV� GLILFXOGDGHV�� e� QHVVHV�

PRPHQWRV�TXH�UHFRUUHPRV�D�DMXGD�GH�DPLJRV��FROHJDV�H�IDPLOLDUHV��$�HVWDV�SHVVRDV�TXH�
DGPLUR�� SUH]R� H� WHQKR� FDULQKR�� Vy� WHQKR� D� DJUDGHFHU� SRU� WHU� WLGR� R� SULYLOpJLR� GH� WHU�
FRQWDWR�FRP�HODV���

$�'HXV��SRU�VXD�SUHVHQoD�IRUWH�HP�DOJXQV�PRPHQWRV�GH�IUDTXH]D��FREULQGR�PH�
FRP�VHX�PDQWR�GH�DPRU���

¬�3URID��'UD��1HUHLGH�0DJDOKmHV�TXH�PH�DSRLRX��HVWDQGR�H[FHSFLRQDOPHQWH�HP�
WRGRV�RV�PRPHQWRV�PH�RULHQWDQGR��3DODYUDV�QmR� VmR� VXILFLHQWHV�SDUD� H[SUHVVDU�PLQKD�
VLQFHUD�JUDWLGmR�

¬V�3URIDV��'UDV��7HUH]D�&RUUHLD�H�/XDQD�&RHOKR�DJUDGHoR�DV� VXDV�FRQVWUXWLYDV�
GLVFXVV}HV�

¬�PLQKD�PmH�� TXH�PH� HQFDPLQKRX� GHVGH� RV� SULPHLURV� SDVVRV� GH�PLQKD� YLGD��
FRQGX]LQGR�PH�FRP�DPRU�H�FRUDJHP��PRVWUDQGR�TXH�GHYHPRV�SHUVHJXLU�RV�VRQKRV��

$� /XFLDQD�� PLQKD� LUPm�� SVLFyORJD�� SRU� ID]HU� SDUWH� GRV� TXH�PH� HQFRUDMDUDP� H�
LQFHQWLYDUDP� QHVWD�PLQKD� HVWUDGD�� MXQWDPHQWH� FRP�PHXV� GRLV� VREULQKRV�&DPLOOLQKD� H�
0DUFHOOLQKR�TXH�DQLPDUDP�PHXV�HVWXGRV�

¬�PLQKD�WLD�5LWD�SHOR�FDULQKR�H�SHOR�HQRUPH�DSRLR�
¬�PLQKD�DYy�/~FLD��TXH�LQ~PHUDV�YH]HV�UH]RX�SHOD�PLQKD�SD]�H�SHUVHYHUDQoD�
$�'DQLHOO\��PLQKD�QDPRUDGD��SHOD�VXD�FRPSUHHQVmR�H�SDUWLFLSDomR��DSRLDQGR�PH�

H�VHPSUH�PH�LQFHQWLYDQGR�D�FRQWLQXDU�
¬V�3URIDV��1RrPLD�6DQWRV�H�6LOHQH�1DVFLPHQWR��TXH�VHP�HODV�QmR�VHULD�SRVVtYHO�

D�UHDOL]DomR�GRV�WHVWHV�WXPRUDLV�
$� &DUPHOLWD� &DYDOFDQWL� H� 0DULR� 0HOR� -~QLRU� SHOD� VXD� DPL]DGH� H� DMXGD� QDV�

DQiOLVHV�KLVWRSDWROyJLFDV�
$RV� HVWDJLiULRV� 5REVRQ� GD� 6LOYD� H� 5LFDUGR� &RUGHLUR� TXH� PXLWR� PH� DMXGDUDP�

QHVWD�SHVTXLVD�
$R�3URI��6DPXHO�'DQLHO�SHODV�IRWRV�FRQFHGLGDV�HP�VHX�ODERUDWyULR�
$RV� DPLJRV� GR� /,.$� 5RVHDQH�� 6LPRQH�� +HUFtOLD�� -DTXHOLQH�� 'D\VH�� $JHQRU��

0DUFHOD��'DQLHOH��*LYDQLOGR��/XFLDQD��5DTXHO��,DQ�H�$OH[DQGUH�
$RV� PHXV� DPLJRV� GD� WXUPD� GH� PHVWUDGR� 9DO�� *UDoD�� )OiYLD�� +HEHUW\�� 6pUJLR��

1DGHMGD��-DQDtQD��6tOYLD��.LG�SHOD�DPL]DGH�H�SRU�WRGR�DSRLR�H�LQFHQWLYR�
$RV� IXQFLRQiULRV� GR� 'HSDUWDPHQWR� GH� %LRTXtPLFD�� HP� HVSHFLDO� 0DULD� 5HLV��

0LURQ�H�1HLGH�
$R�&13T�H�&$3(6�&2)(&8%�SHOR�DSRLR�H�VXSRUWH�SDUD�UHDOL]DomR�GHVWD�WHVH�
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2�SUHVHQWH�WUDEDOKR�LQYHVWLJD�R�SHUILO�GH�FLQpWLFD�GH�OLEHUDomR�LQ�YLWUR H�DWLYLGDGH�
DQWLWXPRUDO� LQ� YLYR GRV� OLSRVVRPDV� FRQWHQGR� OHFWLQD� GH� &UDW\OLD� PROOLV �&UD��� 2V�
OLSRVVRPDV�IRUDP�SUHSDUDGRV�GH�DFRUGR�FRP�R�PpWRGR�GH�IRUPDomR�GH�ILOPHV�ILQRV��8P�
HVWXGR� SUpYLR� IRL� UHDOL]DGR� SDUD� DYDOLDU� R� HIHLWR� GDV� FRQGLo}HV� GH� SUHSDUDomR� GRV�
OLSRVVRPDV� QD� DWLYLGDGH� KHPDJOXWLQDQWH� GD� &UD�� $� FDUDFWHUL]DomR� ItVLFR�TXtPLFD� H�
HVWDELOLGDGH� D� ORQJR�SUD]R� GH� OLSRVVRPDV� FRQWHQGR�&UD� IRUDP� WDPEpP� UHDOL]DGRV��2V�
OLSRVVRPDV�VHOHFLRQDGRV�IRUDP�FRPSRVWRV�GH�IRVIDWLGLOFROLQD���FROHVWHURO�H�HVWHDULODPLQD�
QD� SURSRUomR�PRODU� GH� ������� 2V� HQVDLRV� GD� FLQpWLFD� LQ� YLWUR� GD�&UD� HQFDSVXODGD� HP�
OLSRVVRPDV� IRUDP� UHDOL]DGRV� SHOD� WpFQLFD� GH� XOWUDILOWUDomR�XOWUDFHQWULIXJDomR�� $�
DWLYLGDGH� DQWLWXPRUDO� GH� &UD�OLSRVVRPDV� IRL� LQYHVWLJDGD� FRQWUD� R� 6DUFRPD������ 2V�
DQLPDLV�IRUDP�WUDWDGRV�FRP�OLSRVVRPDV�FRQWHQGR�&UD�H�DV�DQiOLVHV�KLVWRSDWROyJLFDV�GR�
WXPRU�� ItJDGR� H� ULQV� IRUDP� DYDOLDGRV� DSyV� R� WUDWDPHQWR��2V� UHVXOWDGRV� GHPRQVWUDUDP�
TXH� OLSRVVRPDV� FRQWHQGR &UD� FRQVHJXLUDP� XPD� WD[D� GH� HQFDSVXODomR� GH� ���� H� XPD�
LQLELomR�GR�WXPRU�GH������$�DQiOLVH�KLVWRSDWROyJLFD�UHYHORX�TXH�D�HQFDSVXODomR�GD�&UD�
HP� OLSRVVRPDV�SURWHJH�R� ItJDGR�H�RV� ULQV�GR� LQILOWUDGR� OLQIRFLWiULR�H� UHGX]�DV�iUHDV�GH�
QHFURVH�QRV�WXPRUHV�WUDWDGRV��$�HQFDSVXODomR�GD�&UD�OHFWLQD�HP�OLSRVVRPDV�p��SRUWDQWR��
RIHUHFLGD� FRPR� XPD� SRVVLELOLGDGH� SDUD� UHGX]LU� D� WR[LFLGDGH� WHFLGXDO� H� DXPHQWDU� D�
DWLYLGDGH�DQWLWXPRUDO�GD�SURWHtQD�
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7KH� SUHVHQW� ZRUN� LQYHVWLJDWHV� WKH� LQ� YLWUR NLQHWLF� SURILOH DQG� WKH� LQ� YLYR
DQWLWXPRUDO� DFWLYLW\� RI� OLSRVRPHV� FRQWDLQLQJ� &UDW\OLD� PROOLV OHFWLQ� �&UD��� /LSRVRPHV�
ZHUH� SUHSDUHG� DFFRUGLQJ� WR� WKH� WKLQ� ILOP� IRUPHG� PHWKRG�� $� SUHYLRXV� VWXG\� ZDV�
XQGHUWDNHQ� WR� HYDOXDWH� WKH� HIIHFW� RI� OLSRVRPHV� SUHSDUDWLRQ� FRQGLWLRQV� RQ� &UD�
KHPPDJOXWLQDWLQJ�DFWLYLW\��3K\VLFRFKHPLFDO�FKDUDFWHUL]DWLRQ�DQG� ORQJ�WHUP�VWDELOLW\�RI�
&UD�ORDGHG� OLSRVRPHV� ZHUH� DOVR� FDUULHG� RXW�� /LSRVRPHV� VHOHFWHG� ZHUH� FRPSRVHG� RI�
SKRVSKDWLG\OFKROLQH� ��FKROHVWHURO�DQG�VWHDU\ODPLQH� LQ� WKH�PRODU� UDWLR�RI�������� ,Q�YLWUR
NLQHWLFV�DVVD\V�RI�HQFDSVXODWHG�&UD�ZHUH�SHUIRUPHG�E\�XOWUDILOWUDWLRQ�XOWUDFHQWULIXJDWLRQ�
WHFKQLTXH�� &UD� DQWLWXPRUDO� DFWLYLW\� ZDV� LQYHVWLJDWHG� DJDLQVW� 6DUFRPD������ $QLPDOV�
ZHUH� WUHDWHG� ZLWK� &UD�ORDGHG� OLSRVRPHV� DQG� KLVWRSDWRORJLFDO� DQDO\VLV� RI� WXPRU�� OLYHU
DQG� NLGQH\V� ZHUH� FDUULHG� RXW� DIWHU� WUHDWPHQW�� 5HVXOWV� GHPRQVWUDWHG� WKDW� &UD�ORDGHG�
OLSRVRPHV�DFKLHYH�����HQFDSVXODWLRQ�UDWLR�DQG�����WXPRU�LQKLELWLRQ��+LVWRSDWKRORJLFDO�
DQDO\VLV� UHYHDOHG� WKDW� HQFDSVXODWLRQ� RI� &UD� LQWR� OLSRVRPHV� SURWHFWV� OLYHU� DQG� NLGQH\�
IURP� OLPSKRFLWDU\� LQILOWUDWLRQ� DQG� UHGXFHV� QHFURVLV� DUHDV� RQ� WUHDWHG� WXPRUV��
(QFDSVXODWLRQ� RI�&UD� OHFWLQ� LQWR� OLSRVRPHV� LV�� WKHUHIRUH�� RIIHUHG� DV� DQ� LVVXH� WR� UHGXFH�
WLVVXH�WR[LFLW\�DQG�LPSURYH�DQWLWXPRUDO�DFWLYLW\�RI�VXFK�SURWHLQ�
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2V�IRVIROLStGLRV�VmR�VXEVWkQFLDV�RUJkQLFDV�ROHRVDV�RX�JRUGXURVDV��LQVRO~YHLV�HP�
iJXD��H[WUDtGDV�GDV�FpOXODV�H�WHFLGRV�SRU�VROYHQWHV�QmR�SRODUHV�FRPR�R�FORURIyUPLR�RX�R�
pWHU�� 2V� IRVIROLStGLRV�PDLV� DEXQGDQWHV� VmR� DV� JRUGXUDV� RX� WULDFLOJOLFHUyLV�� TXH� VmR� RV�
SULQFLSDLV� FRPEXVWtYHLV� GD� PDLRULD� GRV� RUJDQLVPRV� H� DV� IRUPDV� PDLV� LPSRUWDQWHV� GH�
DUPD]HQDPHQWR�GH�HQHUJLD�TXtPLFD��/HKQLQJHU�HW�DO���������

([LVWHP� YiULDV� FODVVHV� GH� IRVIROLStGLRV� �7DEHOD� ��� H� FDGD� XPD� SRVVXL� IXQo}HV�
ELROyJLFDV�HVSHFtILFDV� HQWUHWDQWR�R�LQWHUHVVH�GHVWH�HVWXGR�VH�YROWD�SDUD�XPD�RXWUD�FODVVH�
GH� IRVIROLStGLRV�� RV� IRVIROLStGLRV� SRODUHV�� TXH� VmR� RV� SULQFLSDLV� FRPSRQHQWHV� GDV�
PHPEUDQDV�FHOXODUHV��)DWWDO�HW�DO���������

7DEHOD���± 3ULQFLSDLV�IRVIROLStGLRV��DJUXSDGRV�GH�DFRUGR�FRP�D HVWUXWXUD�TXtPLFD�
�)DWWDO�HW�DO���������

7ULDFLOJOLFHUyLV
&HUDV
)RVIRJOLFHUtGHRV

)RVIDWLGLOHWDQRODPLQD
)RVIDWLGLOFROLQD
)RVIDWLGLOVHULQD
)RVIDWLGLOLQRVLWRO
&DUGLROLSLQD

(VILQJRIRVIROLStGLRV
(VILQJRPLHOLQD
&HUHEURVtGHRV
*DQJOLRVtGHRV

(VWHUyLV�H�VHXV eVWHUHV�GH�ÈFLGRV�*UD[RV

2V� IRVIROLStGLRV� SRODUHV� VmR� DQILSiWLFRV� �PROpFXOD� TXH� SRVVXL� XPD� SRUomR�
KLGURIyELFD�H�XPD�SRUomR�KLGURItOLFD��RQGH�HP�VLVWHPDV�DTXRVRV�HOHV�HVSRQWDQHDPHQWH�
VH� GLVSHUVDP� IRUPDQGR� PLFHODV�� QD� TXDO� D� RULHQWDomR� GH� VXDV� UHJL}HV� KLGURIyELFD� H�
KLGURItOLFD�GLUHFLRQD�VHX�SRVLFLRQDPHQWR�QDV�ELFDPDGDV�GH�PHPEUDQD�

�����6LVWHPDV�)RVIROLStGLR�ÈJXD
(P� SUHVHQoD� GD� iJXD� XP� JUDQGH� Q~PHUR� GH� DQILItOLFRV� VH� RUJDQL]D�

HVSRQWDQHDPHQWH��HQWUH�HOHV�HVWmR�RV�JOLFHURIRVIROLStGLR��HVILQJRIRVIROLStGLRV H�HVWHUyLV�
�/HKQLQJHU� HW� DO��� ������� 4XDQGR� GLVSHUVRV� HP� iJXD�� HVWHV� IRVIROLStGLRV� IRUPDP�
DJUHJDGRV�PLFURVFySLFRV��DV�PROpFXODV�GLVS}HP�VH�MXQWDV��FRP�DV�SRUo}HV�KLGURIyELFDV�
HP� FRQWDWR� XPDV� FRP� DV� RXWUDV�� H� VHXV� JUXSRV� KLGURItOLFRV� LQWHUDJLQGR� FRP� D� iJXD
FLUFXQGDQWH��(VWD�FRQIRUPDomR� UHGX]�D�TXDQWLGDGH�GH� VXSHUItFLH�KLGURIyELFD�H[SRVWD�j�



iJXD�� $V� LQWHUDo}HV� KLGURIyELFDV� HQWUH� DV� PROpFXODV� OLStGLFDV� IRUQHFHP� XPD� IRUoD�
WHUPRGLQkPLFD� SDUD� D� IRUPDomR� H�PDQXWHQomR� GDV� YHVtFXODV� �/HKQLQJHU� HW� DO��� �������
'HSHQGHQGR�GH�FRQGLo}HV�SUHFLVDV�H�GD�QDWXUH]D�GRV�IRVIROLStGLRV�XWLOL]DGRV�WUrV� WLSRV�
GH�DJUHJDGRV�OLStGLFRV�SRGHP�VH�IRUPDU�TXDQGR�IRVIROLStGLRV�DQILItOLFRV�VmR�PLVWXUDGRV�
FRP�iJXD��VmR�HOHV�
! 0LFHODV�� IRVIROLStGLR� SRODUHV� TXDQGR� HP� VLVWHPDV� DTXRVRV� HVSRQWDQHDPHQWH� VH�
GLVSHUVDP� IRUPDQGR�PLFHODV�� RQGH� DV� FDXGDV� KLGURFDUERQDGDV� GRV� IRVIROLStGLRV� ILFDP�
SURWHJLGRV�GR�DPELHQWH�DTXRVR�H�DV�FDEHoDV�KLGURItOLFDV��HOHWULFDPHQWH�FDUUHJDGDV��VmR�
H[SRVWDV� QD� VXSHUItFLH� YROWDGDV� SDUD� R�PHLR� DTXRVR� �)LJ�� ��� �/HKQLQJHU�HW� DO��� �������
7DLV� PLFHODV� SRGHP� FRQWHU� PLOKDUHV� GH� PROpFXODV� GH� IRVIROLStGLRV�� 2V� IRVIROLStGLRV�
SRODUHV� WDPEpP� VH� HVSDOKDP� HVSRQWDQHDPHQWH� QD� VXSHUItFLH� GDV� VROXo}HV� DTXRVDV�
IRUPDQGR�XPD�PRQRFDPDGD��1HVWH�VLVWHPD��DV�FDXGDV�KLGURFDUERQDGDV�VmR�H[SRVWDV�DR�
DU�� HYLWDQGR� GHVWD� IRUPD� D� iJXD�� H� DV� FDEHoDV� KLGURItOLFDV� VH� HVWHQGHP� QD� IDVH� SRODU�
DTXRVD�

)LJXUD���± (VWUXWXUDV�OLStGLFDV��PLFHODV��ELFDPDGDV�H�OLSRVVRPDV�
�KWWS���ZZZ�FX�OX�ODEH[W�UFPV�FSSH�PHPEUDQH�PDQDOLSL�KWPO��

! %LFDPDGDV�� RV� IRVIROLStGLRV� SRODUHV� WDPEpP� IRUPDP�� UiSLGD� H� HVSRQWDQHDPHQWH��
ELFDPDGDV� PXLWR� ILQDV� TXH� VHSDUDP� GRLV� FRPSDUWLPHQWRV� DTXRVRV� �)LJ�� ���� 1HVWDV�
HVWUXWXUDV��DV�FDXGDV�KLGURFDUERQDGDV�GDV�PROpFXODV�GRV�IRVIROLStGLRV�VH�HVWHQGHP�SDUD�
R�LQWHULRU�GDV�GXDV�VXSHUItFLHV��IRUPDQGR�XPD�EDVH�LQWHUQD�KLGURFDUERQDGD��H�DV�FDEHoDV�
KLGURItOLFDV�VH�YROWDP�SDUD�IRUD��HVWHQGHQGR�VH�SDUD�DV�IDVHV�DTXRVDV��$V�ELFDPDGDV�GH�
IRVIROLStGLR� WrP� FHUFD� GH� �� D� �� QP� GH� HVSHVVXUD�� GHSHQGHQGR� GD� QDWXUH]D� GRV� iFLGRV�
JUD[RV�QRV�IRVIROLStGLR��(ODV�VmR�IOXLGDV��QmR�UtJLGDV�H�PXLWR�IOH[tYHLV��$V�ELFDPDGDV�GH�
IRVIROLStGLR� SRGHP� WDPEpP� VHU� IRUPDGDV� HP� SHTXHQDV� DEHUWXUDV� VHSDUDQGR� GRLV�
FRPSDUWLPHQWRV�DTXRVRV��/HKQLQJHU�HW�DO���������

0LFHOD
/LSRVVRPD

%LFDPDGD



! /LSRVVRPDV�� QR� ODERUDWyULR�� WDLV� ELFDPDGDV� VmR� IDFLOPHQWH� IRUPDGDV�� DJLWDQGR�VH�
FRP�DOWD�IUHT�rQFLD�RV�IRVIROLStGLRV�HP�VXVSHQV}HV�DTXRVDV��XP�SURFHVVR�TXH�UHVXOWD�QD�
IRUPDomR� GRV� OLSRVVRPDV� �)LJ�� ���� YHVtFXODV� IHFKDGDV�� IRUPDGDV� SRU� XPD� ELFDPDGD�
FRQWtQXD�GH�IRVIROLStGLRV��/HKQLQJHU�HW�DO���������

7DLV� ELFDPDGDV� H� RV� OLSRVVRPDV� WrP� VLGR� HVWXGDGRV� LQWHQVDPHQWH�� SRLV� VXDV�
SURSULHGDGHV�VmR�PXLWR�VHPHOKDQWHV�jTXHODV�GDV�PHPEUDQDV�QDWXUDLV��3RU�H[HPSOR��DV�
ELFDPDGDV� GH� IRVIROLStGLRV� H� DV�PHPEUDQDV� QDWXUDLV� SRVVXHP� DOWD� UHVLVWrQFLD� HOpWULFD��
HODV�SHUPLWHP�TXH�D�iJXD�SDVVH�IDFLOPHQWH��PDV�QmR�SHUPLWHP�D�SDVVDJHP�GH�FiWLRQV�RX�
kQLRQV�

$V�ELFDPDGDV�VmR�HVWUXWXUDV�PDLV� UtJLGDV�TXH�DV�PLFHODV��HPERUD�DPERV�VHMDP�
VLVWHPDV� DOWDPHQWH� GLQkPLFRV�� KDYHQGR� FRQVWDQWHV� LQWHUFkPELRV� HQWUH� RV� PRQ{PHURV�
IRVIROLStGLFRV�HP�VROXomR�H�DTXHOHV�TXH�ID]HP�SDUWH�GD�HVWUXWXUD��(VWD�ULJLGH]�SRGH�VHU�
DYDOLDGD�SHOR� WHPSR�GH� WURFD�GH�PRQ{PHURV�HQWUH�RV�DJUHJDGRV�H�D� VROXomR��TXH�p�GD�
RUGHP� GH� PLOL�VHJXQGRV� SDUD� PLFHODV� H� YiULDV� KRUDV� SDUD� ELFDPDGDV� GH� IRVIROLStGLR�
�5LGRXW�HW�DO���������

�����)RVIROLStGLR�H�0HPEUDQD�3ODVPiWLFD
$�SDUWLU�GRV�UHVXOWDGRV�TXtPLFRV��GDV�HYLGrQFLDV�GD�PLFURVFRSLD�HOHWU{QLFD�H�GD�

VHPHOKDQoD� QDV� SURSULHGDGHV� GDV� PHPEUDQDV� QDWXUDLV� FRP� DV� ELFDPDGDV� GH�
IRVIROLStGLRV�VLQWpWLFRV��6LQJHU�H�1LFKROVRQ��������SRVWXODUDP�XPD�WHRULD�XQLILFDGRUD�GD�
HVWUXWXUD�GH�PHPEUDQD�FKDPDGD�GH�PRGHOR�GR�PRVDLFR�IOXLGR��)LJ������'H�DFRUGR�FRP�
R�PRGHOR�GH�PRVDLFR�IOXLGR�GH�6LQJHU�H�1LFKROVRQ��D�PDWUL]�GD�PHPEUDQD�ELROyJLFD�p�
XPD� ELFDPDGD� GH� JOLFRIRVIROLStGLRV� QD� TXDO� SURWHtQDV� HVWmR� LQFRUSRUDGDV� HP� VXD�
VXSHUItFLH�RX�HP�VHX�LQWHULRU��6LQJHU�H�1LFKROVRQ��������

)LJXUD���± 0HPEUDQD�3ODVPiWLFD��0RVDLFR�)OXLGR���KWWS���QWUL�WDPXN�HGX�KRPHSDJH�
QWUL�OHFWXUHV�SURWHLQ�PHPEUDQHV�KWPO��

$� PHPEUDQD� DJH� FRPR� XPD� EDUUHLUD� VHPLSHUPHiYHO�� (VWD� SHUPHDELOLGDGH�
SDVVLYD�GHSHQGH�GR�JUDX�GH�RUJDQL]DomR�GD�ELFDPDGD��R�TXDO�GHSHQGH�GR�FRPSULPHQWR�
GD� FDGHLD� KLGURFDUERQDGD� GRV IRVIROLStGLRV�� SRVLomR� H� Q~PHUR� GH� GXSODV� OLJDo}HV��
TXDQWLGDGH�GH�FROHVWHURO��SURWHtQDV�H�WHPSHUDWXUD��)HQGOHU���������2�PRGHOR�GH�PRVDLFR�



IOXLGR�SURS}H�TXH�DV�SURWHtQDV�LQWHJUDLV�GD�PHPEUDQD�SRVVXDP�JUXSRV�GH�DPLQRiFLGRV�
KLGURIyELFRV� QD� VXD� VXSHUItFLH�� R TXH� IRUoDULD� WDLV� SURWHtQDV� D� VH� ³GLVVROYHUHP´� QD�
SRUomR� KLGURIyELFD� FHQWUDO� GD� ELFDPDGD�� 3RU� RXWUR� ODGR�� R� PRGHOR� SURS}H� TXH� DV�
SURWHtQDV� SHULIpULFDV� RX� H[WUtQVHFDV� GDV� PHPEUDQDV� WHQKDP� HVVHQFLDOPHQWH� RV� VHXV�
JUXSRV�KLGURItOLFRV�QD�VXD�VXSHUItFLH��OLJDGRV�SRU�DWUDomR�HOHWURVWiWLFD�jV�FDEHoDV�SRODUHV�
HOHWULFDPHQWH� FDUUHJDGDV� GRV� IRVIROLStGLRV� GD� ELFDPDGD�� $V� SURWHtQDV� LQWHJUDLV� GD�
PHPEUDQD�� TXH� LQFOXHP�DV� HQ]LPDV� H�RV� VLVWHPDV�GH� WUDQVSRUWH�� VmR� LQDWLYDV� D�PHQRV�
TXH� VHMDP� FRORFDGDV� GHQWUR� GD� EDVH� KLGURIyELFD� GD� ELFDPDGD�� R� TXH� SURGX]� D�
FRQIRUPDomR�WULGLPHQVLRQDO�DSURSULDGD�SDUD�D�VXD�DWLYLGDGH��)HQGOHU��������

���/,326620$6
$WULEXL�VH� D�:HLVVPDQ� ������� R� WHUPR� OLSRVVRPD� �GR� JUHJR� OLSRV� �JRUGXUD���

VRPD� �FRUSR���PXLWR�HPERUD��H�FRP�D�DQWHFHGrQFLD�GH�DSHQDV�DOJXQV�PHVHV��%DQJKDP�
Mi�RV� WLYHVVH�SURGX]LGR�H[SHULPHQWDOPHQWH��3ULVWD��HW�DO����������2�'U��$OHF�%DQJKDP��
QR� LQtFLR� GRV� DQRV� ���� HP� &DPEULGJH�� HVWXGRX� D� KLGUDWDomR� GH� ILOPHV� OLStGLFRV�
GHSRVLWDGRV�QDV�SDUHGHV�GH�XP�IUDVFR�GH�YLGUR��H�REVHUYRX�TXH�PROpFXODV� OLStGLFDV�VH�
RUJDQL]DYDP� HP� ELFDPDGDV� GH� PDQHLUD� D� IRUPDU� HVWUXWXUDV� YHVLFXODUHV�� FRP� XP�
FRPSDUWLPHQWR� DTXRVR� QR� VHX� LQWHULRU�� 7DLV� HVWUXWXUDV� PLFURVFySLFDV� IRUDP�
GHQRPLQDGDV�GH�OLSRVVRPDV��/DVLF��������

$�LPSRUWkQFLD�GH�OLSRVVRPDV�FRPR�PRGHOR�GH�PHPEUDQDV�ELROyJLFDV�GHULYD�GR�
IDWR�GH�TXH�HOHV�VmR�FRQVWLWXtGRV�SRU�HOHPHQWRV�FDSD]HV�GH�IRUPDU�ELFDPDGD�LGrQWLFD�j�
PHPEUDQD� QDWXUDO��$� VLPLODULGDGH� HQWUH� OLSRVVRPDV� H�PHPEUDQDV� ELROyJLFDV� SRGH� VHU�
DXPHQWDGD�SRU�PRGLILFDo}HV�TXtPLFDV�QD�PHPEUDQD�GRV�OLSRVVRPDV��SRVVLELOLWDQGR�VXD�
H[SORUDomR� HP� iUHDV� FRPR� GLUHFLRQDPHQWR� GH� IiUPDFRV� �*UHJRULDGLV�� ������ &KRQQ� H�
&XOOLV�� ������ RX� PRGXODomR� LPXQH� LQ� YLYR H� LQ� YLWUR �0H\HQEXUJ� HW� DO��� ������� $�
KDELOLGDGH�GH�LPLWDU�D�FRQGXWD�GDV�PHPEUDQDV�ELROyJLFDV�SHOR�PHVPR�FDPLQKR WRUQD�RV�
OLSRVVRPDV� VHJXURV� H� HILFD]HV� FRPR� YHtFXORV� SDUD� DSOLFDomR� WHUDSrXWLFD� �)RUVVHQ� H�
:LOOLV���������2�PDLRU� LQWHUHVVH�GH�OLSRVVRPDV�FRPR�FDUUHDGRUHV�GH�PHGLFDPHQWRV�RX�
VXEVWkQFLDV� ELRORJLFDPHQWH� DWLYDV�� FRQVLVWH� QD� FDSDFLGDGH� GH� LQFRUSRUDomR� WDQWR� GH�
DJHQWHV� OLSRItOLFRV�� QD� PHPEUDQD� IRVIROLStGLFD� �,ZDPRWR� H� 6XQDPRWR�� ������� TXDQWR�
FRPSRVWRV� KLGURItOLFRV�� QD� FDYLGDGH� DTXRVD� �%UDQGO� H� *UHJRULDGLV�� ������ RX� HVSDoRV�
LQWHUODPHODUHV�

/LSRVVRPDV�VmR�SHTXHQDV�YHVtFXODV�HVIpULFDV�FRP�GLkPHWURV�YDULDQGR�GH�DOJXQV�
QDQ{PHWURV� D� SRXFRV�PLFURPHWURV� �VHPSUH� !� ��QP��� FRQVWLWXtGRV� SULQFLSDOPHQWH� SRU�
IRVIROLStGLR�H�RXWURV�FRPSRQHQWHV�GD�PHPEUDQD�FHOXODU��RV�TXDLV��TXDQGR�HP�SUHVHQoD�
GD� iJXD�� RULJLQDP� FDPDGDV� PROHFXODUHV� GXSODV� TXH�� SRU� VXD� YH]�� IRUPDP� HVWUXWXUDV�
PRQR�RX�SROLFRPSDUWLPHQWDLV��3ULVWD�HW�DO���������



8PD�GHILQLomR�PDLV�GHWDOKDGD�GLVWLQJXH�HQWUH�YHVtFXODV�JUDQGHV�H�SHTXHQDV�QR�
TXH� VH� SRGH� FKDPDU� GH� FODVVLILFDomR� GRV� OLSRVVRPDV� �3XLVLHX[�� ������ 6FDUSD� HW� DO��
������
! /LSRVVRPDV� 0XOWLODPHODUHV� �0/9� ± 0XOWLODPHOODU� 9HVLFOHV�� � VmR� OLSRVVRPDV�
IRUPDGRV�SRU�YiULDV�ELFDPDGDV�FRQFrQWULFDV��LQWHUFDODGDV�SRU�FRPSDUWLPHQWRV�DTXRVRV��
6HX�GLkPHWUR�p�YDULiYHO�GH�DFRUGR�FRP�R�Q~PHUR�GH�ODPHODV��SRGHQGR�LU�GH�����D������
QP��
! /LSRVVRPDV� *UDQGHV� 8QLODPHODUHV� �/89� ± /DUJH� 8QLODPHOODU� 9HVLFOHV�� � VmR�
WDPEpP�FRQVWLWXtGRV�SRU�DSHQDV�XPD�ELFDPDGD��PDV�FRP�XPD�JUDQGH�FDYLGDGH�DTXRVD��
6HX�GLkPHWUR�YDULD�GH�����D������QP�
! /LSRVVRPDV�3HTXHQRV�8QLODPHODUHV� �689�± 6PDOO�8QLODPHOODU�9HVLFOHV��� VmR�RV�
PHQRUHV�OLSRVVRPDV�SRVVtYHLV�GH�VHUHP�REWLGRV��FRQVWLWXtGRV�SRU�DSHQDV�XPD�ELFDPDGD�
FRPR�PHPEUDQD�H�XP�SHTXHQR�FRPSDUWLPHQWR�DTXRVR��6HX�GLkPHWUR�YDULD�GH����D����
QP�

7DEHOD���± &ODVVLILFDomR�GH�/LSRVVRPDV��GLkPHWURV�PpGLRV�H�YROXPH�VXVFHSWtYHO�GH�
PLFURHQFDSVXODomR��/DVLF�������

7LSRV�GH /LSRVVRPDV 'LkPHWUR
�QP�

9ROXPH�(QFDSVXODGR�
�PO�PJ�GH�IRVIROLStGLR�

689 ���± �� ���
/89 ����± ���� ����
0/9 �������� ���

:HLQHU�HW�DO� �������DLQGD�GHVFUHYHP�RXWURV�WUrV�WLSRV�GH�OLSRVVRPDV�
! /LSRVVRPDV� REWLGRV� SRU� HYDSRUDomR� HP� IDVH� UHYHUVD� �5HYHUVH� 3KDVH� (YDSRUDWLRQ��
5(9��� VmR�OLSRVVRPDV�GR�WLSR�/89��FRP�GLkPHWUR�PpGLR�GH�����QP�
! /LSRVVRPDV� REWLGRV� SRU� H[WUXVmR� HP�XPD� FpOXOD� GH�SUHVVmR� ³)UHQFK�3UHVVXUH�&HOO´�
�)UHQFK�3UHVVXUH�9HVLFOHV��)39��� VmR�OLSRVVRPDV�GR�WLSR�689��FRP�GLkPHWUR�PpGLR�
GH��� QP�
! /LSRVVRPDV� REWLGRV� SRU� LQMHomR� GH� pWHU� �(WKHU� ,QMHFWLRQ� 9HVLFOHV�� (,9�� � VmR�
WDPEpP�GR�WLSR�689��FRP�GLkPHWUR�PpGLR�GH����QP�
�����$SOLFDo}HV

1DV�~OWLPDV�GpFDGDV��QXPHURVRV�HVWXGRV�GHPRQVWUDUDP�TXH�D�GLVWULEXLomR�GH�XP�
IiUPDFR� QR� RUJDQLVPR� SRGH� VHU PRGLILFDGD� SHOR� XVR� GH� YHWRUHV� PHGLFDPHQWRVRV�
FRORLGDLV�RX�SDUWtFXODV�SROLPpULFDV��(VWHV�FDUUHDGRUHV�SURWHJHP�FHUWRV�SULQFtSLRV�DWLYRV�
OiEHLV�GD�GHJUDGDomR�H�RX�LQDWLYDomR�SHOR�VXFR�JiVWULFR��PHOKRUDP�D�ELRGLVSRQLELOLGDGH�
SRU�DXPHQWR�GD�SHQHWUDomR�FHOXODU GH�VXEVWkQFLDV�KLGUyILODV�H�SURSRUFLRQDP�D�OLEHUDomR�
GH� IiUPDFRV� QR� VtWLR� GH� DomR� GHVHMDGR� �yUJmR�� WHFLGR� RX� FpOXOD��� HOLPLQDQGR� RX�



PLQLPL]DQGR� RV� HIHLWRV� FRODWHUDLV� TXH� QRUPDOPHQWH� DFRPSDQKDP� D� WHUDSrXWLFD�
FRQYHQFLRQDO� �1HZ�� ������ /DVLF�� ������ 9LGDO�� ������� $� FRPSUHHQVmR� GRV� SURFHVVRV�
ItVLFRV�H�TXtPLFRV�H�GRV�SDUkPHWURV�TXH�GHWHUPLQDP�D�HVWDELOLGDGH�H�R�FRPSRUWDPHQWR�
GDV�ELFDPDGDV�IRVIROLStGLFDV�p�GH�IXQGDPHQWDO� LPSRUWkQFLD�QR�HVWXGR�GRV�PHFDQLVPRV�
ELROyJLFRV�� VXDV�GLVIXQo}HV�H�DLQGD�QR�SURFHVVR�GH�HYROXomR�GD�YLGD��$V�SURSULHGDGHV�
ItVLFR�TXtPLFDV� WrP� GHPRQVWUDGR� DIHWDU� VLJQLILFDQWHPHQWH� D� HVWDELOLGDGH� H�
IDUPDFRFLQpWLFD�GH�OLSRVVRPDV��6HQLRU��������

$OpP� GH� VHX� SDSHO� QD� FRPSUHHQVmR� GDV� EDVHV� TXtPLFDV� H� ItVLFDV� GD� YLGD�� RV�
OLSRVVRPDV� VmR� LPSRUWDQWHV� HP� YiULDV� H� GLIHUHQWHV� iUHDV� GD� FLrQFLD� H� WHFQRORJLD�� (P�
SHVTXLVD�EiVLFD��ELRItVLFD�H�HP�ItVLFR�TXtPLFD�RV�OLSRVVRPDV�VmR�XVDGRV�FRPR�VLVWHPDV�
PRGHOR�SDUD�R�HVWXGR�GH�ELRPHPEUDQDV�H�VXDV�SURSULHGDGHV�WDLV�FRPR�SHUPHDELOLGDGH�
HP� IXQomR� GD� FRPSRVLomR� TXtPLFD� GD�PHPEUDQD�� SUHVHQoD� GH� YiULDV�PROpFXODV�tRQV��
IXVmR� GH� PHPEUDQDV�FpOXODV�� HWF�� �/DVLF�� ������� /LSRVVRPDV� WrP� VLGR� XVDGRV� FRPR�
YHtFXORV� SDUD� HVWDELOL]DomR� GH� IiUPDFRV�� YHQFHQGR� EDUUHLUDV� SDUD� D� FDSWDomR� FHOXODU� H�
WHFLGXDO�� H� SDUD� GLUHFLRQDPHQWR� GH� VHXV� FRQWH~GRV� SDUD� VtWLRV� HVSHFtILFRV� LQ� YLYR
�)RUVVHQ� H� :LOOLV�� ������� (P� ELRTXtPLFD�� RV� OLSRVVRPDV� SRVVLELOLWDP� DRV� FLHQWLVWDV�
UHFRQVWLWXLU� H� LQYHVWLJDU� SURWHtQDV� GH� PHPEUDQD� HP� XP� DPELHQWH� EHP� GHILQLGR� TXH�
PLPHWL]D�ILHOPHQWH�R�QDWXUDO��/DVLF��������

/LSRVVRPDV�VmR WDPEpP�XVDGRV�FRPR�VXSRUWH�SDUD�FDWDOLVDGRUHV��HVSHFLDOPHQWH�
SDUWtFXODV� VHPLFRQGXWRUDV� H� HP� DSOLFDo}HV� WDLV� FRPR� IRWRFRQYHUVmR� GD� HQHUJLD� VRODU�
�/DVLF�� ������� 0XLWDV� VmR� DV� DSOLFDo}HV� FOtQLFDV� GRV� OLSRVVRPDV�� SUHWHQGHQGR�VH� HP�
JHUDO�DWLQJLU�HVSHFLILFDPHQWH�XP�DOYR�WHUDSrXWLFR��VHMD�HOH�yUJmR��WHFLGR�RX�FpOXOD��R�TXH�
SRGH�SHUPLWLU�UHGXomR�SRVROyJLFD�H�GLPLQXLomR�PDLV�RX�PHQRV�DFHQWXDGD�GD�WR[LFLGDGH��
$VVLP�� HPSUHJDP�VH� OLSRVVRPDV� SDUD� YHLFXODU� DJHQWHV� FLWRVWiWLFRV�� DQWL�YtULFRV��
DQWLSDUDVLWiULRV�� KRUP{QLRV� GLYHUVRV�� DQWLI~QJLFRV�� HQ]LPDV�� YDFLQDV� H�� DWp�� PDWHULDO�
JHQpWLFR��*UHJRULDGLV��������$QWLPLVLDULV��������3ULVWD�HW�DO����������2V�OLSRVVRPDV�WrP�
VLGR� FRQVLGHUDGRV� XPD� HQRUPH� SURPHVVD� SDUD� VHUHP� XVDGRV� FRPR� FDUUHDGRUHV�
IDUPDFrXWLFRV� LQ� YLYR H� R� FDPLQKR� D� VHU� VHJXLGR� p� D� SUiWLFD� FOtQLFD� �7RUFKLOLQ� HW� DO���
������

/LSRVVRPDV� WDPEpP� WrP� VXD� XWLOLGDGH� QDV� LQG~VWULDV� DOLPHQWtFLD� H� FRVPpWLFD��
WRUQDQGR�SRVVtYHO� WUDQVIRUPDU�PROpFXODV�QmR�KLGURVVRO~YHLV�HP�IRUPXODo}HV�j�EDVH�GH�
iJXD�FRP�OLSRVVRPDV��1R�FDPSR�GDV�DSOLFDo}HV�IDUPDFrXWLFDV�YiULRV�SURGXWRV�HVWmR�VRE�
LQYHVWLJDomR�� LQFOXLQGR� LPXQRPRGXODGRUHV�� DJHQWHV� GLDJQyVWLFRV� H� WHUDSrXWLFRV� SDUD�
FkQFHU�� DQWLELyWLFRV�� SURGXWRV� RIWiOPLFRV�� DQWLDVPiWLFRV�� DQWLI~QJLFRV�� YDFLQDV��
SURPRWRUHV� GR� FUHVFLPHQWR� FDSLODU� H� SURWHWRUHV� JiVWULFRV� �/DVLF�� ������� 6XEVWkQFLDV�
HPLQHQWHPHQWH�Wy[LFDV��FRPR�D�DQIRWHULFLQD�%�H�D�QLVWDWLQD��DQWLI~QJLFRV���GHULYDGDV�GR�
DQWLP{QLR� SHQWDYDOHQWH� �DQWLSDUDVLWiULRV� XVDGRV�� SRU� H[HPSOR�� QR� WUDWDPHQWR� GD�
/HLVKPDQLRVH��� GR[RUUXELFLQD� H�GDXQRUUXELFLQD� �FLWRVWiWLFRV� FDUGLRWy[LFRV��� YLGDUDELQD�



�DQWL�YLUDO�FRP�FHUWD�HVSHFLILFLGDGH�SDUD�R�YtUXV�GD�KHSDWLWH�%���WrP�VLGR�XWLOL]DGRV�HP�
OLSRVVRPDV�� DR� ODGR� GH� DQWLELyWLFRV�� FRPR� D� JHQWDPLFLQD� H� D� DPSLFLOLQD� �WHUDSrXWLFD�
FHOXODU� ORFDOL]DGD��� SURGXWRV� GH� UDGLRFRQWUDVWH�� FRPR� ���ËQGLR�� H� PXUDPLOWULSHSWtGHR�
�DWLYDGRU�GH�PDFUyIDJRV�WXPRULFLGDV��HWF����3ULVWD�HW�DO����������

2V� VLVWHPDV� FRORLGDLV� GH� OLEHUDomR� FRQWURODGD� GH� GURJDV� RIHUHFHP� GLYHUVDV�
YDQWDJHQV� FRP� UHODomR� jV� IRUPDV� GH� GRVDJHQV� FRQYHQFLRQDLV�� GHYLGR� DR� UHGX]LGR�
WDPDQKR�GDV�SDUWtFXODV��DV�SUHSDUDo}HV�FRORLGDLV�SUHVWDP�VH�j�DGPLQLVWUDomR�SDUHQWHUDO�
H�SRGHP�VHU�~WHLV�SDUD�OLEHUDomR�FRQWURODGD�GR�SULQFtSLR�DWLYR�HP�yUJmRV�HVSHFtILFRV�RX�
VtWLRV�DOYRV�GR�RUJDQLVPR��2�GLUHFLRQDPHQWR�GD�VXEVWkQFLD�ELRORJLFDPHQWH�DWLYD DR�VtWLR�
GH�DomR�GHVHMDGR�SRGHUi�QmR�VRPHQWH�PHOKRUDU�D�HILFLrQFLD� WHUDSrXWLFD��FRPR�WDPEpP�
SHUPLWLU�D�UHGXomR�GD�TXDQWLGDGH�GH�GURJD�D�VHU�DGPLQLVWUDGD�SDUD�REWHQomR�GD�UHVSRVWD�
�0DJHQKHLQ�H�%HQLWD��������6FKXEHU�H�)ULVFK���������$V�YDQWDJHQV�GD�HQFDSVXODomR�HP�
OLSRVVRPDV�SRGHP�VHU�FODVVLILFDGDV�HP�TXDWUR�FDWHJRULDV�

! 6ROXELOL]DomR�GR�IiUPDFR�
! /LEHUDomR�FRQWURODGD�
! &DSWXUD�SHOR�VLVWHPD�UHWtFXOR�HQGRWHOLDO�
! 9HWRUL]DomR�D�VtWLRV�HVSHFtILFRV�
$V� SULQFLSDLV� GHVYDQWDJHQV� GR� SRQWR� GH� YLVWD� IDUPDFROyJLFR VmR� XP� SRVVtYHO�

H[WUDYDVDPHQWR�� UHPRomR� SHODV� FpOXODV� GR� VLVWHPD� UHWtFXOR� HQGRWHOLDO� �QR� FDVR� GH� D
FDSWXUD� QmR� VHU� IDYRUiYHO��� GHJUDGDomR� QR� WUDWR� JDVWUR� LQWHVWLQDO�� H� GR� SRQWR� GH� YLVWD�
WHFQROyJLFR�HVWDELOLGDGH��UHSURGXWLELOLGDGH�H�SURGXomR�HP�ODUJD�HVFDOD��/DVLF���������

2V� IRVIROLStGLRV� HVWmR� SUHVHQWHV� QDV� PHPEUDQDV� H� VmR� DWLYRV� HP� LQWHUIDFHV�
DTXRVDV�� GLPLQXLQGR� D� WHQVmR� VXSHUILFLDO� GH� VXSHUItFLHV� DTXRVDV�� SRVVXLQGR�
FDUDFWHUtVWLFD� HVWUXWXUDO� ~QLFD� FRP� GLVWLQWDV� UHJL}HV� KLGURIyELFD� H� KLGURItOLFD�
�DQILSiWLFDV���(VWUXWXUDOPHQWH�DV�GXDV�UHJL}HV�VmR�DSHQDV�XPD�SHTXHQD�GDV�SURSULHGDGHV�
~QLFDV� GDV� GXDV� UHJL}HV� TXH� VmR� GLVWLQWDPHQWH� VHSDUDGDV� �+DLU�� ������� 'HYLGR� jV�
FDUDFWHUtVWLFDV� GRV� VHXV� FRQVWLWXLQWHV� DV� PHPEUDQDV� GRV� OLSRVVRPDV� VmR� PHPEUDQDV�
VHPLSHUPHiYHLV�� DVVLP� FRPR� DV�PHPEUDQDV� FHOXODUHV�� DWUDYpV� GRV� TXDLV� D� GLIXVmR� GH�
PROpFXODV�H�tRQV�YDULD�FRQVLGHUDYHOPHQWH��3UyWRQV�H�tRQV�KLGUR[LOD�FUX]DP�D�PHPEUDQD�
FRP� FHUWD� UDSLGH]�� SRVVLYHOPHQWH� FRPR� UHVXOWDGR� GD� WUDQVIHUrQFLD� GH� SRQWHV� GH�
KLGURJrQLR�HQWUH�DV�PROpFXODV�GH�iJXD��HQTXDQWR�TXH��tRQV�VyGLR�H�SRWiVVLR�DWUDYHVVDP�D�
PHPEUDQD�PXLWR�OHQWDPHQWH��DVVLP�FRPR�kQLRQV�FORUHWR�H�QLWULWR��3DUD�PROpFXODV�FRP�
DOWD� VROXELOLGDGH� HP�DPERV�RV�PHLRV�RUJkQLFR�H�DTXRVR��XPD�PHPEUDQD� IRVIROLStGLFD�
UHSUHVHQWD�XPD�EDUUHLUD�EDVWDQWH�WrQXH��SRU�RXWUR�ODGR��VROXWRV�SRODUHV�FRPR�D�JOLFRVH��H�
FRPSRVWRV�GH�DOWR�SHVR�PROHFXODU�SDVVDP�DWUDYpV�GD�PHPEUDQD�PXLWR�OHQWDPHQWH�

8PD�GLIHUHQoD�QD�FRQFHQWUDomR�GH�VROXWR�HQWUH�RV�GRLV�ODGRV�GD�PHPEUDQD�SRGH�
JHUDU�XPD�SUHVVmR�RVPyWLFD�D�TXDO� OHYDUi DR�DF~PXOR�GH�PROpFXODV�GH�iJXD��SRU�VHU�D�
HVSpFLH�GH�GLIXVmR�PDLV�UiSLGD��HP�XP�GRV�ODGRV��3RGHQGR�HP�DOJXQV�FDVRV��TXDQGR�D�



FRQFHQWUDomR�GR� WDPSmR� IRU� LQIHULRU�D�FRQFHQWUDomR� LQWUD�OLSRVVRPDO�� D�SUHVVmR�JHUDGD�
VHU� VXILFLHQWH� SDUD� URPSHU� D�PHPEUDQD� FRPSOHWDPHQWH�� OHYDQGR� j� SHUGD� WRWDO� GH� VHX�
FRQWH~GR� QD� IDVH� H[WHUQD�� DSyV� R� TXH� RV� IUDJPHQWRV� GD� ELFDPDGD� YROWDP� D� VH� XQLU�
IRUPDQGR�QRYDV�YHVtFXODV��1HZ��������

�����0pWRGRV�GH�3UHSDUDomR
2� SRQWR� FKDYH� D� VHU� DOFDQoDGR� QD� SUHSDUDomR� GH� OLSRVVRPDV� p� IRUPDU�

HVSRQWDQHDPHQWH� PHPEUDQDV� FRPR� UHVXOWDGR� GH� LQWHUDo}HV� GHVIDYRUiYHLV� HQWUH�
IRVIROLStGLR�H�iJXD��1R�HQWDQWR��D�rQIDVH�QD�IDEULFDomR�GH�OLSRVVRPDV�QmR�p�D�IRUPDomR�
GH� PHPEUDQDV� GH� PRGR� DOHDWyULR�� PDV� REWHU� PHPEUDQDV� TXH� IRUPHP� YHVtFXODV� GH�
HVWUXWXUD� H� WDPDQKR� FRUUHWRV�� H� HQFDSVXODU� IiUPDFRV� RX� VXEVWkQFLDV� ELRORJLFDPHQWH�
DWLYDV�FRP�DOWD�HILFLrQFLD��1HZ���������2V�PpWRGRV�GH�SUHSDUDomR�GRV�OLSRVVRPDV�VmR�
QXPHURVRV� H� OHYDP�D� IRUPDomR�GH�YiULRV� WLSRV�GH�YHVtFXODV�TXH�GLIHUHP�HQWUH� VL� SHOR�
WDPDQKR��HVWUXWXUD�H�FDSDFLGDGH�GH�HQFDSVXODomR��'H�DFRUGR�FRP�R�PpWRGR�XWLOL]DGR�p�
SRVVtYHO�REWHU�YHVtFXODV�GR�WLSR�PXOWL�RX�XQLODPHODUHV��)DWWDO�HW�DO���������

(P�VHX� DUWLJR�GH� UHYLVmR� VREUH�R�PHFDQLVPR�GH� IRUPDomR�GDV�YHVtFXODV��/DVLF�
������� UHVVDOWD�D� LQIOXrQFLD�GD�HQHUJLD�VREUH�D� IRUPDomR�GRV�YiULRV� WLSRV�GH�YHVtFXODV��
'HYLGR� j� SHTXHQD� HQHUJLD� QHFHVViULD�� 0/9� IRUPDP�VH� HVSRQWDQHDPHQWH� TXDQGR� R�
ILOPH�IRVIROLStGLFR�p�KLGUDWDGR�HP�H[FHVVR�GH�iJXD�RX�WDPSmR��(QWUHWDQWR��/89�H�689�
SRVVXHP�PDLRU� HQHUJLD� OLYUH�� H��SRUWDQWR�GHYH�KDYHU�D�GLVVLSDomR�GH�DOJXPD� IRUPD�GH�
HQHUJLD�QR�VLVWHPD�SDUD�REWr�ORV�

7RGRV� RV� PpWRGRV� GH� SUHSDUDomR� GRV� OLSRVVRPDV� HQYROYHP� DOJXPDV� HWDSDV�
VHPHOKDQWHV��/DVLF���������)LJ�����TXH�VmR�

�� 'LVVROXomR�GRV�IRVIROLStGLRV�HP�XP�VROYHQWH�RUJkQLFR�
�� (YDSRUDomR�GR�VROYHQWH�RUJkQLFR�
�� 'LVSHUVmR�GRV�IRVIROLStGLRV�VHFRV�HP�XPD�VROXomR�DTXRVD�
�� 'LVVROXomR� GD� VXEVWkQFLD� D� HQFDSVXODU� QD� VROXomR� RUJkQLFD� RX� QD� VROXomR�

DTXRVD��HP�IXQomR�GH�VHX�HTXLOtEULR�KLGUyILOR�OLSyILOR�
�� (OLPLQDomR�GDV� VXEVWkQFLDV�QmR�HQFDSVXODGDV�DWUDYpV�GH� WpFQLFDV�GH�VHSDUDomR��

ILOWUDomR�HP�JHO��GLiOLVH��FHQWULIXJDomR�
�� $QiOLVH�GR�SURGXWR�ILQDO�

$V� FDUDFWHUtVWLFDV� TXH� PDLV� UHIOHWHP� DV� YDULDo}HV� GHFRUUHQWHV� GRV� GLIHUHQWHV�
PpWRGRV� VmR� DTXHODV� UHODFLRQDGDV� D� HQFDSVXODomR� GH� VXEVWkQFLDV� SHODV� YHVtFXODV�� $�
HILFiFLD�GH�HQFDSVXODomR�SRGH�VHU�H[SUHVVD�GH�YiULDV�PDQHLUDV��)DWWDO�HW�DO���������

! $� SRUFHQWDJHP� RX� WD[D� GH� HQFDSVXODomR� FRUUHVSRQGH� j� SURSRUomR� GH� VROXWR�
DVVRFLDGD�DRV�OLSRVVRPDV�HP�UHODomR�j�TXDQWLGDGH�LQLFLDOPHQWH�HQFRQWUDGD�QR�PHLR�

! $� PDVVD� GH� VXEVWkQFLD� HQFDSVXODGD� SRU� XQLGDGH� GH� PDVVD� GH� IRVIROLStGLR�
FRUUHVSRQGH�j�TXDQWLGDGH�GH�VROXWR�HQFDSVXODGR��PJ�PRO�RX�HP�PJ�PJ��



! 2� YROXPH� DTXRVR� HQFDSVXODGR� FRUUHVSRQGH� DR� YROXPH� RX� j� PDVVD� GH� IDVH�
DTXRVD�HQFDSVXODGD�SRU�XQLGDGH�GH�PDVVD�GH�IRVIROLStGLR��PO�PPRO��

2V�SULQFLSDLV�PpWRGRV�GH�SUHSDUDo}HV�GH�OLSRVVRPDV�H�VXDV�FDUDFWHUtVWLFDV�HVWmR�
FLWDGRV�QD�7DEHOD���

)LJXUD���± (WDSDV�FRPXQV�D�WRGRV�RV�PpWRGRV�GH�SUHSDUDomR�GH�OLSRVVRPDV��1HZ��
������



7DEHOD���± 3ULQFLSDLV�FDUDFWHUtVWLFDV�GRV�GLIHUHQWHV�PpWRGRV�GH�SUHSDUDomR�GH�
OLSRVVRPDV��)DWWDO�HW�DO���������+DXVHU��������

0pWRGR�GH�
3UHSDUDomR

(VWUXWXUD (ILFiFLD�GH�
(QFDSVXODomR�

���
9DQWDJHQV 'HVYDQWDJHQV

+LGUDWDomR�GH�
ILOPH�OLStGLFR

0/9 ���� 6LPSOHV��UiSLGR %DL[DV�WD[DV�GH�
HQFDSVXODomR��WDPDQKR�

KHWHURJrQHR��QmR�DGDSWiYHO�
j�SURGXomR�LQGXVWULDO�

([WUXVmR�SRU�
³)UHQFK�3UHVVXUH�

&HOO´
689 ���� 6LPSOHV��UHSURGXWtYHO��QmR�

DJUHVVLYD��SHUPLWH�XWLOL]DU�
FRQFHQWUDo}HV�HOHYDGDV�GH�
IRVIROLStGLRV��DOWDV�WD[DV�GH�
HQFDSVXODomR��DGDSWiYHO�j�

LQG~VWULD

'LItFLO�PDQXWHQomR�GR�
DSDUHOKR��QHFHVVLWD�GH�

SUHSDUDomR�SUpYLD�GH�0/9��
EDL[RV�YROXPHV�GH�
HQFDSVXODomR�

([WUXVmR�SRU�ILOWURV�
GH�SROLFDUERQDWR ���PP��689

����D��PP�
0/9

��± ��
�����

5iSLGR�H�UHSURGXWtYHO��
WDPDQKR�KRPRJrQHR��SHUPLWH�
XWLOL]DU�DOWDV�FRQFHQWUDo}HV�GH�
IRVIROLStGLRV��DOWDV�WD[DV�GH�
HQFDSVXODomR��OLSRVVRPDV�GH�
GLIHUHQWHV�WDPDQKR�GH�DFRUGR�

FRP�R�ILOWUR�XWLOL]DGR�

1HFHVVLWD�GD�SUHSDUDomR�
SUpYLD�GH�0/9��~WLO�DSHQDV�
SDUD�SHTXHQRV�YROXPHV�

0LFURIOXLGL]DomR 689 ���� 3HUPLWH�REWHU�DOWDV�WD[DV�GH�
HQFDSVXODomR��DGDSWiYHO�j�

SURGXomR�LQGXVWULDO�
'LItFLO�PDQXWHQomR�GR�
DSDUHOKR�UHTXHU�D�

SUHSDUDomR�SUpYLD�GH�0/9�
,QMHomR�GH�HWDQRO 689 ��� 7DPDQKR�KRPRJrQHR��

VLPSOHV��UiSLGR��DGDSWiYHO�j�
LQG~VWULD�

7D[D�GH�HQFDSVXODomR�
EDL[D�

(YDSRUDomR�GH�IDVH�
UHYHUVD

/89 ����� 9ROXPH�H�WD[D GH�
HQFDSVXODomR�HOHYDGRV�

0DWHULDLV�H[SRVWRV�D�XOWUD�
VRQV�H�VROYHQWHV��7pFQLFD�
FRPSOH[D��OLPLWH�GH�
VROXELOLGDGH�GRV�

IRVIROLStGLRV�QD�IDVH�
RUJkQLFD��QmR�DGDSWiYHO�j�

LQG~VWULD�
,QIXVmR�GH�pWHU /89 � 9ROXPH�GH�HQFDSVXODomR�

HOHYDGR��DGDSWiYHO�j�SURGXomR�
LQGXVWULDO�

7D[D�GH�HQFDSVXODomR�
EDL[D��PDWHULDLV�H[SRVWRV�D�
VROYHQWHV�H�D�WHPSHUDWXUD�

HOHYDGDV��WDPDQKR�
KHWHURJrQHR�

/LRILOL]DomR���
5HLGUDWDomR

0/9 ����� 7D[D�GH�HQFDSVXODomR�HOHYDGD��
VLPSOHV�H�QmR�DJUHVVLYR��
DGDSWiYHO�j�SURGXomR�

LQGXVWULDO��SHUPLWH�FRQVHUYDU�D�
SUHSDUDomR�

7DPDQKR�KHWHURJrQHR��
QHFHVVLWD�D�SUHSDUDomR�

SUpYLD�GH�689�

&RQJHODPHQWR���
'HVFRQJHODPHQWR�

�689�
/89 ����� 3URFHVVR�VLPSOHV�H�UiSLGR� 5HTXHU�D�SUHSDUDomR�SUpYLD�

GH�689��GLItFLO�GH�UHDOL]DU�
HP�SUHVHQoD�GH�

IRVIROLStGLR�QHXWURV��H�GH�
DOWDV�FRQFHQWUDo}HV�GH�tRQV�
RX�GH�FiWLRQV�GLYDOHQWHV�

&RQJHODPHQWR���
'HVFRQJHODPHQWR�

�0/9�
0/9 ����� 7D[D�GH�HQFDSVXODomR�HOHYDGD��

SURFHVVR�UiSLGR�
1HFHVVLWD�GH�SUHSDUDomR�

SUHYLD�GH�689
5HPRomR�GR�
GHWHUJHQWH

/89
689

��
��

7DPDQKR�KRPRJrQHR��
FRQGLo}HV�GH�HQFDSVXODomR�

EUDQGDV�
7D[D�GH�HQFDSVXODomR�

JHUDOPHQWH�EDL[D��SURFHVVR�
GHPRUDGR��GLILFXOGDGHV�QD�
HOLPLQDomR�GR�GHWHUJHQWH�



�����(VWDELOLGDGH�GRV�/LSRVVRPDV
$� HVWDELOLGDGH� GH� XP� SURGXWR� IDUPDFrXWLFR� p� GHILQLGD� FRPR� D� FDSDFLGDGH� GH�

XPD� IRUPXODomR�SHUPDQHFHU�GHQWUR�GH�FHUWRV� OLPLWHV�HVWDEHOHFLGRV�HP�UHODomR�jV� VXDV�
FDUDFWHUtVWLFDV�TXtPLFDV�� ItVLFDV�H�PLFURELROyJLFDV��8P�HVWXGR�GD�HVWDELOLGDGH�FRQVLVWH�
JHQHULFDPHQWH�GH�GXDV�SDUWHV�

�� &DUDFWHUL]DU�D�SUHSDUDomR�
�� (VWDELOLGDGH�GR�SURGXWR�GXUDQWH�R�DUPD]HQDPHQWR�
(P� VHX� WUDEDOKR� 0DLHUKRIHU� ������� SXEOLFRX� XP� SURWRFROR� GHVHQYROYLGR� SRU�

:HLQHU�� TXH� YLVD� SURYDU� D� HVWDELOLGDGH� GRV� OLSRVVRPDV�� 6HJXQGR� HVWH� SURWRFROR��
SUHSDUDomR�GHYH�VHU�VXEPHWLGD�jV�VHJXLQWHV�VLWXDo}HV�

�� 8P�PrV�D����&�
�� 8P�PrV�D���&�
�� 6HLV�PHVHV�D����&�
�� 'H����D����PHVHV�j�WHPSHUDWXUD�DPELHQWH�
�� 'H����D����PHVHV�D�GLYHUVRV�JUDXV�GH�XPLGDGH�H�LQWHQVLGDGH�GH�OX]�
�� 'RLV�RX�WUrV�FLFORV�GH�³FRQJHODPHQWR�GHVFRQJHODPHQWR´����&�� ���&��
�� 6HLV�D�RLWR�FLFORV�GH�³DTXHFLPHQWR�UHVIULDPHQWR´����&�� ���&�����KRUDV�D�FDGD�

WHPSHUDWXUD��
�� 'H����D����KRUDV�HP�XP�DJLWDGRU�D����FLFORV�PLQXWR�

(P� FDGD� XP� D� GHVWDV� VLWXDo}HV�� p� LPSRUWDQWH� REVHUYDU� RV� VHJXLQWHV� GDGRV� �'H�
2OLYHLUD�3RQWHV�HW�DO���������

�� 2EVHUYDo}HV�YLVXDLV�H�PLFURVFySLFDV��YHULILFDomR�GH�IORFXODo}HV��HWF�
�� 3HUILO�GH�WDPDQKR�GDV�SDUWtFXODV�
�� 3HUILO�UHROyJLFR�
�� (VWDELOLGDGH�TXtPLFD�
�� 3HUGD�GH�PDWHULDO�HQFDSVXODGR�

�����8WLOLGDGH�WHUDSrXWLFD�GRV�OLSRVVRPDV
2V� OLSRVVRPDV� WrP� PRVWUDGR� XP� JUDQGH� SRWHQFLDO� FRPR� VLVWHPDV� SDUD� D�

DGPLQLVWUDomR�GH�IiUPDFRV��8PD�JUDQGH�YDULHGDGH�GH�PROpFXODV��LQFOXLQGR�SHSWtGHRV�H�
SURWHtQDV�� WHP� VLGR� LQFRUSRUDGD� D� OLSRVVRPDV�� RV� TXDLV� SRGHP� VHU� DGPLQLVWUDGRV� SRU�
GLIHUHQWHV� YLDV� �:HLQHU� HW� DO��� ������� 6HJXQGR� 0DLHUKRIHU� ������� D� XWLOL]DomR� GH�
OLSRVVRPDV� FRPR� WUDQVSRUWDGRUHV� SDUD� D� OLEHUDomR� FRQWURODGD� DSUHVHQWD� DV VHJXLQWHV�
YDQWDJHQV�

�� 2V�OLSRVVRPDV�SRGHP�VHU�SURJUDPDGRV�SDUD�D�OLEHUDomR�FRQWURODGD�GH�IiUPDFRV�
GXUDQWH�XP�SHUtRGR�SURORQJDGR�GH�WHPSR�



�� 2V� OLSRVVRPDV� WrP� XP� D� WHQGrQFLD� QDWXUDO� D� OLJDU�VH� D� GHWHUPLQDGRV� WLSRV� GH�
WHFLGRV�H�FpOXODV�

�� 2V� OLSRVVRPDV� VmR� TXLPLFDPHQWH� VLPLODUHV� D� RXWUDV� FpOXODV� TXH� FLUFXODP� QR�
VDQJXH�� GH� PRGR� TXH� VmR� ELRORJLFDPHQWH� FRPSDWtYHLV� FRP� RXWUDV� FpOXODV� H�
WDPEpP�IiFHLV�GH�VHUHP�PHWDEROL]DGRV�SHOR�RUJDQLVPR�

�� 2V� OLSRVVRPDV� FRQMXJDGRV� FRP�DQWLFRUSRV� VH� OLJDP�jV�FpOXODV�DOYR�FRP�PDLRU�
DYLGH]�TXH�D�IRUPD�VRO~YHO�GHVWHV�PHVPRV�DQWLFRUSRV�

�� 2V�OLSRVVRPDV�VH�DSUHVHQWDP�FRPR�XP�PpWRGR�~WLO�SDUD�SURWHJHU�SURGXWRV�OiEHLV�
ELRORJLFDPHQWH� DWLYRV�� FRPR� SURWHtQDV� H� SHSWtGHRV�� IUHQWH� j� VXD� LQDWLYDomR� RX�
GHJUDGDomR�QR�RUJDQLVPR�
/LSRVVRPDV� FRQMXJDGRV� D� SURWHtQDV� VmR� PXLWR� XWLOL]DGRV� FRPR� YHWRUHV� GH�

IiUPDFRV�� SULQFLSDOPHQWH� SRU� FDXVD� GR� VHX� SRWHQFLDO� XVR� FRPR� VLVWHPD� GH� OLEHUDomR�
FRQWURODGD� GH� GURJDV� H� DSOLFDomR� QD� iUHD� GH� GLDJQyVWLFR� �.RPSHOOD� H� /HH�� ������
<DPD]DNL� HW� DO�� ������ %HQGDV� HW� DO��� ������� &RPR� H[HPSOR� FOiVVLFR� GH� SURWHtQDV�
FRQMXJDGDV�D�OLSRVVRPDV��WHPRV�RV�DQWLFRUSRV��PXLWR�HPERUD�D�WpFQLFD�GH�FRQMXJDomR�GH�
SURWHtQDV�D�OLSRVVRPDV�SRVVD�VHU�DSOLFDGD�D�GLYHUVDV�RXWUDV�SURWHtQDV�WDLV�FRPR��SURWHtQD�
$�GH�6WDSK\ORFRFFXV�DXUHXV��OHFWLQDV�GH�SODQWDV�H�HQ]LPDV��1HZ��������

*UDQGHV� HVIRUoRV� WrP�VLGR� IHLWRV�SDUD�GHVHQYROYHU� IRUPXODo}HV�TXH�SRVVXDP�D�
FDSDFLGDGH� GH�PDQWHU� D� HVWDELOLGDGH�GDV�SURWHtQDV� H�SURORQJDU� VXD� DWLYLGDGH�ELROyJLFD�
DSyV�D�DSOLFDomR��0H\HQEXUJ�HW�DO���������

2� FRQFHLWR� GH� XPD� ³FiSVXOD� PiJLFD´�� TXH� VHULD� XP� OLSRVVRPD� FRP� DOWD�
VHOHWLYLGDGH�SHORV�WHFLGRV�GRHQWHV��DXPHQWDQGR�H[FHSFLRQDOPHQWH�D�HILFiFLD�GR�IiUPDFR�
H�HOLPLQDQGR�VHXV�HIHLWRV�FRODWHUDLV�QmR�SDUHFH�VHU�WmR�VLPSOHV�GH�DOFDQoDU��SHOR�PHQRV�
QmR�p�HVWD�D�H[SHFWDWLYD�SDUD�XP�IXWXUR�SUy[LPR��(QWUHWDQWR��VHP�G~YLGD�RV�OLSRVVRPDV�
DXPHQWDP� D� HILFLrQFLD� GRV� WUDWDPHQWRV� HP� YiULRV� FDVRV� �/DVLF�� ������� 1R� HQWDQWR��
DOJXPDV�SUHSDUDo}HV�GH� OLSRVVRPDV� WrP�XP�WHPSR�GH�FLUFXODomR�QR�VDQJXH�GLPLQXtGR�
GHYLGR�j�UiSLGD�FDSWDomR�SHOR�6LVWHPD�5HWtFXOR�(QGRWHOLDO��65(���'DOHNH�HW�DO���������
0H\HQEXUJ� HW� DO��� ������� GHYLGR� DR� UHFRQKHFLPHQWR� GRV� OLSRVVRPDV� SHOR� 6LVWHPD�
,PXQROyJLFR�H�VXD�UHPRomR�GD�FLUFXODomR�DWUDYpV�GD�OLJDomR�FRP�DV�RSVRQLQDV�H�DomR�GR
6LVWHPD�&RPSOHPHQWR��OHYDQGR�D�VXD�FDSWXUD�H�SRVWHULRU�OLVH��3DUD�WRUQi�ORV�³LQYLVtYHLV´�
jV�FpOXODV�IDJRFLWiULDV�UHFREUH�VH�RV�OLSRVVRPDV�FRP�SROtPHURV��7RUFKLOLQ�HW�DO����������
GHQRPLQDGRV� OLSRVVRPDV� 6WHDOWK��� /LSRVVRPDV� GHVWH� WLSR� PRVWUDUDP�VH� FDSD]HV� GH�
DXPHQWDU�D�PHLD�YLGD�SODVPiWLFD�HP�DWp����YH]HV��DOpP�GH�SRVVXtUHP�D�FDSDFLGDGH�GH�
IXQFLRQDU� FRPR�PLFURUHVHUYDWyULRV� GR� IiUPDFR� QD� FLUFXODomR�� SRVVLELOLWDQGR� UHGX]LU� D�
IUHT�rQFLD�GH�GRVHV��:RRGOH�HW�DO���������

3DUD�D�DGPLQLVWUDomR�GH�PHGLFDPHQWRV�KLGURItOLFRV�HP�OLSRVVRPDV�p�FRQYHQLHQWH�
HVFROKHU� OLSRVVRPDV� XQLODPHODUHV�� QRV� TXDLV� D� FDYLGDGH� DTXRVD� p� VLJQLILFDQWHPHQWH�
PDLRU�� 3DUD� R� WUDQVSRUWH� GH� IiUPDFRV� KLGURIyELFRV�� TXH� VH� LQFOXHP� QD� SDUHGH�



IRVIROLStGLFD� GR� OLSRVVRPD�� D� SUHVHQoD� GH� YiULDV� PHPEUDQDV� �OLSRVVRPDV�
PXOWLODPHODUHV�� SHUPLWH� DGPLQLVWUDU� D� VXEVWkQFLD DWLYD� HP� PDLRU� TXDQWLGDGH� �/DVLF��
������

�������9LDV�GH�$GPLQLVWUDomR
$V� DSOLFDo}HV� WHUDSrXWLFDV� GRV� OLSRVVRPDV� XWLOL]DP� TXDVH� WRGDV� DV� YLDV� GH�

DGPLQLVWUDomR��$�YLD�GH� DGPLQLVWUDomR�PDLV� IUHT�HQWH� p� D� LQMHomR� LQWUDYHQRVD��3RGHP�
WDPEpP� VHU� DGPLQLVWUDGRV� SHODV� YLDV� LQWUDDUWHULDO�� VXEFXWkQHD�� LQWUDPXVFXODU�� RUDO��
WySLFD� RX� QDVDO� �/DVLF�� ������� ,QIHOL]PHQWH�� RV� XVRV� FOtQLFRV� GH� OLSRVVRPDV� TXH� VmR�
QRUPDOPHQWH� DGPLQLVWUDGRV� LQWUDYHQRVDPHQWH� SRVVXHP� DOJXQV� SUREOHPDV��$� LQWHUDomR�
GH�OLSRVVRPDV�FRP�OLSRSURWHtQDV�GH�DOWD�GHQVLGDGH�WHP�DXPHQWDGR�D�SHUPHDELOLGDGH�GRV�
OLSRVVRPDV� TXH� SRGH� OHYDU� D� XPD� OLEHUDomR� SUHPDWXUD� GRV� VROXWRV� HQFDSVXODGRV�
�*UHJRULDGLV��������/DVLF��������
7LSRV�GH�DSOLFDo}HV�
! ,QWUDYHQRVD��0DLHUKRIHU��������
! ,QWUDSHULWRQHDO��0DLHUKRIHU��������
! 6XEFXWkQHD��'HYLVVDJXHW�HW�DO���������
! 7ySLFD��/DVLF�DQG�0HUWLQ��������
! 2UDO��0DLHUKRIHU��������
! 1DVDO��0DLHUKRIHU��������
! ,QWUDPXVFXODU��$UURZVPLWK��������
! ,QWUDOLQIiWLFD��'HYLVVDJXHW�DQG�3XLVHX[��������
! ,QWUD�DUWLFXODU��'HYLVVDJXHW�DQG�3XLVHX[��������

�������,QWHUDomR�/LSRVVRPD�&pOXOD
$� LQWHUDomR� OLSRVVRPD�FpOXOD� GHSHQGH� GH� YDULDGRV� IDWRUHV�� FRPR� D� GLPHQVmR��

FRPSRVLomR� H� FDUJD� HOpWULFD�GDV�YHVtFXODV�� WDO� FRPR�GDV�FDUDFWHUtVWLFDV�HVSHFtILFDV�GDV�
FpOXODV� H�� DLQGD�� GDV�SURSULHGDGHV� ItVLFR�TXtPLFDV�GR� IiUPDFR�YHWRUL]DGR��$JUXSDP�VH�
HP�TXDWUR�SURFHVVRV�R�VLVWHPD�GH�DERUGDJHP�GRV�OLSRVVRPDV�jV�FpOXODV��1HZ��������
! $GVRUomR�� R�OLSRVVRPD�p�IL[DGR�QD�FpOXOD��IRUoDV�ItVLFDV�GH�DWUDomR��HVWDEHOHFLPHQWR�
GH� OLJDo}HV� HQWUH� D� PHPEUDQD� GDV� YHVtFXODV� H� UHFHSWRUHV� FHOXODUHV�� HWF��� OLEHUWDQGR�
OHQWDPHQWH�SDUD�R�HVSDoR�H[WUDFHOXODU�R�VHX�FRQWH~GR�TXH�YDL�SHQHWUDQGR�QD�FpOXOD�
! (QGRFLWRVH�� SURFHVVR�SHOR�TXDO�DV�FpOXODV�LQWHULRUL]DP�YDULDGRV�SURGXWRV��FRPR�RV�
SUySULRV� DOLPHQWRV� TXH� QHFHVVLWDP�� 6mR� RV� PRQyFLWRV�� PDFUyIDJRV� H� RXWUDV� FpOXODV�
EUDQFDV� VDQJ�tQHDV� TXH� SURPRYHP�D� HQGRFLWRVH� GRV� OLSRVVRPDV�� RV� TXDLV� VmR� IL[DGRV�
HP� HVWUXWXUDV� YDFXRODUHV�� GLWDV� IDJRVVRPDV�� Vy� GHSRLV� GLVVR� KDYHQGR� OLEHUDomR� GRV�
IiUPDFRV� TXH� YHLFXODP��$� FDSWDomR� GDV� SDUWtFXODV� SHORV�PDFUyIDJRV� p� GHSHQGHQWH� GR�
WDPDQKR�GD�YHVtFXOD�



! 7UDQVIHUrQFLD�/LStGLFD�� SDVVDJHP�GH�IRVIROLStGLRV�DWUDYpV�GDV�PHPEUDQDV�FHOXODUHV��
SDUHFHQGR� TXH� QR� SURFHVVR� LQWHUYpP� XPD� SURWHtQD�� Mi� TXH� HVWH� p� LQWHUURPSLGR� SHOD�
SUHVHQoD� GH� WULSVLQD�� &RPR� VH� FRPSUHHQGH�� SRU� HVWH� SURFHVVR� QmR� Ki� TXDOTXHU�
WUDQVIHUrQFLD�GD�SDUWH�DTXRVD�OLSRVV{PLFD�SDUD�D�FpOXOD��PDV�HP�FRPSHQVDomR�D�PDLRULD�
GRV�IiUPDFRV�OLSyILORV�WUDQVLWD�OLYUHPHQWH�
! )XVmR�� QHVWH� SURFHVVR� RV� IRVIROLStGLRV� GRV� OLSRVVRPDV� IXQGHP�VH� j�PHPEUDQD�� H�
SDVVDP� D� ID]HU� SDUWH� GD� PHVPD�� $GPLWH�VH� TXH� UDUDPHQWH� RFRUUD� LQ� YLYR�� D� QmR� VHU�
TXDQGR�RV�OLSRVVRPDV�FRQWHQKDP�VXEVWkQFLDV�IXVRJrQLFDV�QD�VXD�FRPSRVLomR��FRPR�DV�
DVVRFLDo}HV�GH�IRVIROLStGLR�DRV�SROLHWLOHQRJOLFyLV��1HZ��������

���/(&7,1$6
2�WHUPR�³OHFWLQD´��GR�ODWLP�OHJHUH��SHJDU��HVFROKHU��IRL�SULPHLUR�HPSUHJDGR�SRU�

%R\G� H� 6KDSOHLJK�� HP� ������ SDUD� GHVFUHYHU� DJOXWLQLQDV� JUXSR� VDQJ�tQHR�HVSHFtILFDV�
HQFRQWUDGDV� HP� VHPHQWHV� H� RXWUDV� SDUWHV� GH� GHWHUPLQDGDV� SODQWDV�� $WXDOPHQWH�� HVVH�
WHUPR� VH� UHIHUH� D� XPD� FODVVH� GH� SURWHtQDV� GH� RULJHP� QmR� LPXQROyJLFD�� ODUJDPHQWH�
GLVWULEXtGDV� QD� QDWXUH]D� SRGHQGR� RULJLQDU�VH� GH� SODQWDV� H� EDFWpULDV� TXH� DJOXWLQDP�
FpOXODV��SUHFLSLWDP�SROLVVDFDUtGHRV�RX�JOLFRFRQMXJDGRV��/LHQHU�HW�DO���������H�SRVVXLQGR�
HVWUXWXUDV� VLPLODUHV�RX�GLVWLQWDV� �&RUUHLD� H�&RHOKR�� ������7DYDUHV�HW� DO��� ������� H� TXH�
UHFRQKHFHP� FDUERLGUDWRV� OLYUHV� RX� OLJDGRV� D� VXSHUItFLHV� FHOXODUHV� DWUDYpV� GH� VtWLRV� GH�
OLJDomR� QRV� TXDLV� D� KLGURIRELFLGDGH� p� D� SULQFLSDO� IRUoD� GH� LQWHUDomR� �.HQQHG\� HW� DO��
������

$V� OHFWLQDV� VmR� PXOWLYDOHQWHV�� SRVVXLQGR� GRLV� RX� PDLV� VtWLRV� GH� OLJDomR� SDUD�
Do~FDU� SURPRYHQGR� DJOXWLQDomR� GH� FpOXODV� DQLPDLV� H� GH� SODQWDV� H� SUHFLSLWDomR� GH�
SROLVVDFDUtGHRV�� JOLFRSURWHtQDV�� SHSWLGRJOLFDQRV�� iFLGR� WHLFyLFR�� JOLFRIRVIROLStGLRV�� HWF��
$� HVSHFLILFLGDGH� GDV� OHFWLQDV� p� GHILQLGD� SHOR�PRQRVVDFDUtGHR� RX� ROLJRVVDFDUtGHR� TXH�
LQLEH�DV�UHDo}HV�GH�SUHFLSLWDomR�RX�DJOXWLQDomR�LQGX]LGDV�SRU�OHFWLQDV��.RPSHOOD�H�/HH��
������� 9iULDV� FHQWHQDV� GH� OHFWLQDV� GHPRQVWUDUDP�� DWUDYpV� GH� DQiOLVHV� GHWDOKDGDV�� TXH�
HODV�VmR�XP�JUXSR�JUDQGH�H�KHWHURJrQHR�GH�SURWHtQDV�TXH�GLIHUHP�IRUWHPHQWH�TXDQWR�j�
HVSHFLILFLGDGH�DRV�FDUERLGUDWRV��HVWUXWXUD�PROHFXODU�H�DWLYLGDGH�ELROyJLFD��9DQ�'DPPH�
HW�DO���������

2�LQtFLR�GD�SHVTXLVD�GH�OHFWLQDV�DQLPDLV�SRGH�SURYDYHOPHQWH�WHU�VH�LQLFLDGR�SRU�
YROWD� GH� ������ FRP� D� REVHUYDomR� GD� FRDJXODomR� VDQJXtQHD� SHOR� YHQHQR� GH� FREUD�
�<DPD]DNL�HW�DO����������2V�HVWXGRV�GH�OHFWLQDV� WLYHUDP�PDLRU�LQWHUHVVH�HP�������SHOD�
YHULILFDomR�GH�TXH�D�SURWHtQD�GH�3KDVHROXV�YXOJDULV �3+$�± ILWRKHPDJOXWLQLQD��HVWLPXOD�
OLQIyFLWRV�� UHVXOWDQGR� HP� GLYLVmR� PLWyWLFD�� H� GD� DJOXWLQLQD� GH� 7ULWLFXP� YXOJDULV�� GR�
JHUPH� GH� WULJR�� DJOXWLQDU� PDLV� LQWHQVDPHQWH� FpOXODV� WUDQVIRUPDGDV� GR� TXH� QRUPDLV�
�6KDURQ�H�/LV���������



&RP� D� GHVFREHUWD� GH� ,QEDU� H� 6DFKV� ������� GH� TXH� D� OHFWLQD� GH� &DQDYDOLD�
HQVLIRUPLV�� &RQFDQDYDOLQD� $ �&RQ� $��� WDPEpP� DJOXWLQDYD� SUHIHUHQFLDOPHQWH� FpOXODV�
PDOLJQDV��p�TXH�DV�OHFWLQDV�WLYHUDP�XP�LPSXOVR�QD�VXD�DSOLFDomR�

$V� SURWHtQDV� YHJHWDLV� FRP� DWLYLGDGH� KHPDJOXWLQDQWH� IRUDP�� ORJR� GH� LQtFLR��
GHQRPLQDGDV�GH� DJOXWLQLQDV�� KHPDJOXWLQLQDV�� ILWRDJOXWLQLQDV�� ILWRKHPDJOXWLQLQDV� �$OOHQ�
H� %ULOOLDQW�� ������� DSHVDU� GH� WHU� VLGR� SURSRVWR� SRU�%R\G� H� 6KDOSOHLJK� ������� R� WHUPR�
³OHFWLQD´� jV� SURWHtQDV� FRP� HVWUXWXUDV� GLYHUVDV� H� FRP� D� FDUDFWHUtVWLFD� FRPXP� GH�
VHOHWLYLGDGH� QD� LQWHUDomR� GH� FDUERLGUDWRV�� (P� DQLPDLV�� DV� OHFWLQDV� GH� PHPEUDQDV�
SDUHFHP� SDUWLFLSDU� QD� HQGRFLWRVH� H� QD� WUDQVORFDomR� LQWUDFHOXODU� GH� JOLFRSURWHtQDV�
�$VKZHHO� H� +DUIRUG�� ������� QD� OLJDomR� GH� EDFWpULDV� D� FpOXODV� HSLWHOLDLV� �$VKNHQD]L� H�
0LUHOPDQ��������H�QD�UHJXODomR�GD�PLJUDomR�H�DGHVmR�FHOXODU��*DELXV�HW�DO�� �������3DUD�
DV� OHFWLQDV� VRO~YHLV� GH� YHUWHEUDGRV�� IRL� SURSRVWD� XPD� IXQomR� FRPXP�� D� GH� OLJDU�
JOLFRQMXJDGRV�SUHVHQWHV�HP�FpOXODV��.HQQHG\�HW�DO���������%DURQGHV���������$�SULPHLUD�
OHFWLQD� D� VHU� SXULILFDGD� IRL� D� FRQFDQDYDOLQD� $� �&RP� $��� H[WUDtGD� GD� &DQDYDOLD�
HQVLIRUPLV �IHLMmR� GH� SRUFR��� TXH� p� XPD� GDV� PDLV� DPSODPHQWH� DYDOLDGDV� HP� VXDV�
FDUDFWHUtVWLFDV�H�DSOLFDo}HV��&RUUHLD�H�&RHOKR��������

1R�%UDVLO��PDLV� SUHFLVDPHQWH� QR� HVWDGR� GH�3HUQDPEXFR�� XPD� OHFWLQD� WHP� VLGR�
SXULILFDGD� H� SDUFLDOPHQWH� FDUDFWHUL]DGD� D� SDUWLU� GH� VHPHQWHV� GH� XPD� SODQWD� QDWLYD� GR�
1RUGHVWH� EUDVLOHLUR� GH� &UDW\OLD� PROOLV� �IHLMmR� FDPDUDWX�� �)LJ�� ���� TXH� p� XPD� SODQWD�
OHJXPLQRVD� QDWLYD� GD� UHJLmR� VHPL�iULGD� GH� 3HUQDPEXFR�� SHUWHQFHQWH� j� IDPtOLD�
3KDVHROHDH�� VXEIDPtOLD�'LRFOLQDH�� D� TXDO� DEUDQJH� R� JrQHUR�&DQDYDOLD�� ERWDQLFDPHQWH�
UHODFLRQDGD� D�&UDW\OLD PROOLV �&RUUHLD� H�&RHOKR�� �������(VWD� OHFWLQD�� GHQRPLQDGD�&UD�
OHFWLQD�� p� IRUWHPHQWH� LQLELGD� SRU� PHWLO� D�'�PDQRVtGHR� H� FRQIRUPH�� SRUWDQWR� FRP� D�
FODVVH� GH� OHFWLQDV� OLJDQWHV� GH� JOLFRVH�PDQRVH�� VLPLODU� DV� LVRODGDV� GD� &DQDYDOLD�
HQVLIRUPLV �&RQFDQDYDOLQD�$��&RQ�$��H�/HQV�FXOLQDULV �OHFWLQD�GH�OHQWLOKD���/LPD�HW�DO���
�������&UD�SRVVXL�IRUWH�OLJDomR�SDUD�WHFLGRV�KXPDQRV�FRP�FkQFHU��SDUWLFXODUPHQWH�SDUD�
DTXHOHV�GH�JOkQGXODV�PDPiULDV��~WHUR�H�FpUHEUR��%HOWUmR�HW�DO���������

)LJXUD���± )RWRJUDILD�GR�IHLMmR�&DPDUDWX



(VWXGRV�SRU�&ULVWDORJUDILD�H�5DLRV�;�UHYHODUDP�GXDV�GLIHUHQWHV�IRUPDV�GH�FULVWDO�
GD�&UD��7DYDUHV�HW�DO����������2�PRGHOR�GR�PRQ{PHUR�GH�&UD�,VR���FRQVWLWXtGR�D�SDUWLU�
GH�HVWXGRV�FULVWDORJUiILFRV�GD�&UD�HVWmR�UHSUHVHQWDGRV�QD�)LJXUD���

&UD� H� &RQ� $� GLIHUHP� HP� PXLWRV� DVSHFWRV�� &DUDFWHUtVWLFDV� HVWUXWXUDLV� SRU�
FURPDWRJUDILD� OtTXLGD� GH� UiSLGD� UHVROXomR� GH� SURWHtQDV� H� SRU� FURPDWRJUDILD� OtTXLGD�GH�
DOWD� SUHVVmR� PRVWURX� TXH� HVWDV� GXDV� OHFWLQDV� WrP� GLIHUHQWHV� SDGU}HV� GH� HOXLo}HV� H�
GLIHUHQWHV� OLJDo}HV�HVSHFtILFDV�SDUD� WXPRUHV�KXPDQRV�EHQLJQRV�H�PDOLJQRV��7DYDUHV�HW�
DO���������

)LJXUD���± 0RGHOR�GH�PRQ{PHUR�GH�&UD�&RP����D]XO��H�&RP�$��DPDUHOR��
�KWWS���ZHEHQOLJQH�FHUPDY�FQUV�IU�OHFWLQHV���

$� FDUDFWHUL]DomR� ItVLFR�TXtPLFD� GH� OHFWLQDV� p� LPSRUWDQWH� SDUD� H[SOLFDU� VHX�
FRPSRUWDPHQWR� HP� GLIHUHQWHV� SURSULHGDGHV� ELROyJLFDV� �6RX]D� HW� DO��� ������� $�
HVWDELOLGDGH� H� LQWHJULGDGH� HVWUXWXUDO� GH� SURWHtQDV� ROLJRPpULFDV� VmR� GHWHUPLQDGDV� SRU�
VXDV� LQWHUDo}HV� LQWHU� H� LQWUDFDGHLDV�� /HFWLQDV� GH� OHJXPHV� SRGHP� VHUYLU� FRPR� XP�
H[FHOHQWH� VLVWHPD� PRGHOR� SDUD� HVWXGRV� GH� GHVGREUDPHQWR� GH� SURWHtQDV� GLPpULFDV� H�
WHWUDPpULFDV�� H� R� HIHLWR�GD�ROLJRPHUL]DomR�QD� VXD� HVWDELOLGDGH�H� LQWHJULGDGH�HVWUXWXUDO��
/HFWLQDV� GH� OHJXPHV� VmR� VLPLODUHV� QDV� VXDV� HVWUXWXUDV� SULPiULD�� VHFXQGiULD� H� WHUFLiULD�
�6ULQLYDV�HW�DO���������

�����&ODVVLILFDomR
(P� IXQomR� GD� FDSDFLGDGH� GH� LQWHUDJLU� FRP� FDUERLGUDWRV�� DV� OHFWLQDV� IRUDP�

FODVVLILFDGDV�HP�HVSHFtILFDV�H�QmR�HVSHFtILFDV��$�HVSHFLILFLGDGH�GD�OHFWLQD�p�GHILQLGD�HP�
WHUPRV� GR�PRQRVVDFDUtGHR� TXH� DSUHVHQWD�PDLRU� DomR� LQLELWyULD�� 3RU� H[LVWLUHP� SODQWDV�
TXH�SRVVXHP�GXDV�RX�PDLV�OHFWLQDV�TXH�GLIHUHP�QD�HVSHFLILFLGDGH��6KDURQ�H�/LV��������
GHQRPLQDUDP� HVWDV� OHFWLQDV GH� LVROHFWLQDV� TXH� VmR� GHILQLGDV� FRPR� XP� JUXSR� GH�
SURWHtQDV� LQWLPDPHQWH� UHODFLRQDGDV�� UHVXOWDQWHV�GD� H[SUHVVmR�GH�GLIHUHQWHV�JHQHV�� FRP�
HVWUXWXUDV�VHPHOKDQWHV�HP�XPD�PHVPD�HVSpFLH��H�DSUHVHQWDP�IRUPDV�PROHFXODUHV�FRP�



PRELOLGDGH� HOHWURIRUpWLFD� GLIHUHQWH�� 2 WHUPR� LVRIRUPD� IRL� SURSRVWR� SDUD� OHFWLQDV�
SHUWHQFHQWHV� j�PHVPD� HVSpFLH�� FXMD� KHWHURJHQHLGDGH� GH� RULJHP� JHQpWLFD� QmR� IRL� EHP�
GHILQLGD��3DLYD�H�&RHOKR���������$SHVDU�GH�PXLWDV�SODQWDV�SRVVXtUHP�XPD�OHFWLQD�FRP�
HVSHFLILFLGDGH�SDUD�XP�~QLFR�FDUERLGUDWR�� VmR�FRQKHFLGDV�SODQWDV�TXH�FRQWpP�GXDV�RX�
PDLV� OHFWLQDV� FRP� HVSHFLILFLGDGH� SDUD� Do~FDUHV� GLIHUHQWHV�� SRU� H[HPSOR�� 8OH[�
HXURSDHXV��%DQGHLUDHD�VLPSOLFLIROLD��'LRFOHD�OHKPDQL�H�6DPEXFXV�QLJUD �9DQ�'DPPH�
HW�DO���������3HUH]��������

�����2FRUUrQFLD
$V� OHFWLQDV� HVWmR� SUHVHQWHV� HP� GLYHUVRV� RUJDQLVPRV�� DOpP� GDV� SODQWDV�� GHVGH�

EDFWpULDV� DWp� YHUWHEUDGRV� VXSHULRUHV� �6KDURQ� H� /LV� ������� QD� TXDO� VXD� SUHVHQoD� QD�
QDWXUH]D� p� DPSOD� H� FUHVFHQWH�� FRP� GLVWULEXLomR� YDULDGD�� VHQGR� HQFRQWUDGD� QRV� VHUHV�
XQLFHOXODUHV� �<DPDJXFKL�� HW� DO��� ������ H� QRV� VHUHV� SOXULFHOXODUHV� DQLPDLV� �<H� H� 1J��
������ H� YHJHWDLV� �&RHOKR� H� GD� 6LOYD�� ������� 6HQGR� HVVDV� SURWHtQDV� H[WUDtGDV�
SULQFLSDOPHQWH� GH� VHPHQWHV� GH� OHJXPLQRVDV�� PXLWDV� IDPtOLDV� GH� SODQWDV� Mi� IRUDP�
HVWXGDGDV�H�FDUDFWHUL]DGDV� �%KDWWDFKDU\\D�HW�DO�� ������5LQGHUOH�HW�DO�� ������6KDURQ�H�
/LV�������*HJJ�HW�DO�� ������<DPDJXFKL�HW�DO�� �������(QWUH�DV�OHFWLQDV�GH�SODQWDV�PDLV�
HVWXGDGDV� H� FDUDFWHUL]DGDV� HVWmR� LQFOXtGRV�� 3KDVHROXV� YXOJDULV �3+$��� &DQDYDOLD�
HQVLIRUPLV �FRP�$���3KRVSKRFDUSXLV� WHWUDJRQROREXV �:%/���7ULWLFXP�YXOJDUH �:*$��
H�/\FRSHUVLFRQ�HVFXOHQWXP �OHFWLQD�GR�WRPDWH���.RPSHOOD�H�/HH��������

�����)XQomR�H�3DSHO�)LVLROyJLFR
$V� OHFWLQDV� GH� SODQWDV� UHFHEHP� DWHQomR� SDUWLFXODU� GHYLGR� D� VXD� DSOLFDomR�

SRWHQFLDO� HP� XPD� H[WHQVD� JDPD� GH� SHVTXLVDV�PpGLFDV� H� ELROyJLFDV�� RX� VHMD�� HODV� VmR�
XWLOL]DGDV� SDUD� H[SORUDU� VXSHUItFLHV� FHOXODUHV�� OLJDQGR�VH� j� SRUomR� FDUERLGUDWR� GH�
JOLFRSURWHtQDV� RX� JOLFRIRVIROLStGLRV� TXH� VH� SURMHWDP� GD� FpOXOD� �8HQR� H� /LP�� ������
6DUNDU� HW� DO�� ������� $LQGD� SRU� VXD� YHUVDWLOLGDGH�� DV� OHFWLQDV� WrP� VLGR� XVDGDV� SDUD�
WLSDJHP�GH�FpOXODV�YHUPHOKDV�GR�VDQJXH��6DNDNLEDUD�HW�DO�� ������.KDQJ�HW�DO�� �������
FRPR� DJHQWHV� PLWRJrQLFRV� �5\GHU� HW� DO�� ������ $RNL� HW� DO�� ������� H� SDUD� GHWHFWDU�
DOWHUDo}HV�GXUDQWH� WUDQVIRUPDo}HV�FHOXODUHV��:DONHU��������5HPDQL�HW�DO�� �������DOpP�
GH�UHFHEHU�SDUWLFXODU�DWHQomR�GHYLGR�j�VXD�SRWHQFLDO�DSOLFDomR�HP�XPD�DPSOD�IDL[D�GH�
DQiOLVHV�ODERUDWRULDLV�H�TXtPLFDV��6DUNDU�HW�DO��������5\GHU�HW�DO����������HODV�SRVVXHP�
HVSHFLILFLGDGH� GLIHUHQWHV� D� FDUERLGUDWRV� H� VmR� IDFLOPHQWH� LPRELOL]DGDV� HP� VXSRUWHV�
LQHUWHV��'HODQJKH�HW�DO���������6DUNDU�HW�DO��������

(P�SODQWDV��D�SULQFLSDO�KLSyWHVH�p�GH�TXH�OHFWLQDV�VHUYLULDP�FRPR�PHGLDGRUHV�GH�
VLPELRVH� HQWUH� DV� SODQWDV� H� RV� PLFURUJDQLVPRV� IL[DGRUHV� GH� QLWURJrQLR� H� SODQWDV�
OHJXPLQRVDV� �'D]]R� H� 7UXFKHW�� ������� DOpP� GH� TXH� DV� OHFWLQDV� WHULDP� XP� SDSHO� GH�
GHIHVD� FRQWUD� ILWRSDWyJHQRV�� HYLWDQGR� D� LQYDVmR� GH� SDUDVLWDV� PLFURELDQRV� QDV� SODQWDV�



�0LVKNLQG� HW� DO�� ������ %URHNDHUW� HW� DO�� ������� H� SURWHomR� FRQWUD� SUHGDGRUHV�� FRPR�
LQVHWRV� H� DQLPDLV�� H� DUPD]HQDJHP� GH� SURWHtQDV� �3RQFKHO� H� ,UDFKH�� ������� 1RV�
PLFURUJDQLVPRV��DV�OHFWLQDV�IDULDP�D�OLJDomR�FRP�D�FpOXOD�KRVSHGHLUD�H�DWXDULDP�FRPR�
GHWHUPLQDQWHV� GH� UHFRQKHFLPHQWR� HP� SURFHVVRV� LPXQROyJLFRV�� IDJRFLWRVH� H� DGHVmR�
FHOXODU� �3RQFKHO� H� ,UDFKH�� ������� (P� DQLPDLV�� HYLGrQFLDV� VXJHUHP� TXH� OHFWLQDV�
SDUWLFLSHP� GR� PHFDQLVPR� GH� HQGRFLWRVH� H� WUDQVSRUWH� YHWRULDO� GH� LQWUDFHOXODU� GH�
JOLFRSURWHtQDV�� DSRSWRVH�� GHIHVD� FRQWUD� PLFURUJDQLVPRV�� QD� UHJXODomR� GD� PLJUDomR� H�
DGHVmR� FHOXODU�� QD� OLJDomR� GH� EDFWpULDV� jV� FpOXODV� HSLWHOLDLV� H� GH� TXH� DV� OHFWLQDV�
IXQFLRQHP�FRPR�XP�WLSR�GH�UHFHSWRU��3RQFKHO�H�,UDFKH��������

�����0HFDQLVPR�GH�DomR
/HFWLQDV� VmR� SURWHtQDV� YHUViWHLV� ODUJDPHQWH� GLVWULEXtGDV�� TXH� SRGHP� OLJDU�

HVWUXWXUDV� GH� FDUERLGUDWRV� SUHVHQWHV� HP� ROLJRVVDFDUtGHRV�� JOLFRSURWHtQDV� RX�
JOLFRFRQMXJDGRV��6KDURQ�H�/LV���������1DV�OHFWLQDV��RV�VtWLRV�GH�OLJDomR�D�FDUERLGUDWRV��
SURPRYHP�R� UHFRQKHFLPHQWR�GH�FDUERLGUDWRV� OLJDQWH�HVSHFtILFR�� VH�FRPELQDQGR�D�HVWH�
GH�DFRUGR�FRP�R�PRGHOR�FKDYH�IHFKDGXUD��.HQQHG\�HW�DO����������$V�OHFWLQDV ID]HP�XVR�
GH� XPD� VpULH� GH� GLYHUVDV� LQWHUDo}HV� TXtPLFDV� IUDFDV� SDUD� SURGX]LU� UHFRQKHFLPHQWR�
DOWDPHQWH� VHOHWLYR� D� VHXV� FDUERLGUDWRV� OLJDGRV� D� XPD� VXSHUItFLH� �6KDUPD� H� 6XUROLD��
������� (VWD� LQWHUDomR� IUDFD� HQWUH� D� OHFWLQD� H� R� FDUERLGUDWR� DXPHQWD� WDQWR� D� DILQLGDGH�
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�������PDUFDGRUHV�GH�WHFLGRV�WXPRUDLV��%HOWUmR�HW�DO����������HQWUH�PXLWRV�RXWURV�
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VXFHVVR� GD� OLEHUDomR�GHVWDV�PROpFXODV�GHSHQGHUi�GR�6LVWHPD�GH�/LEHUDomR�&RQWURODGD�
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�� 'HWHUPLQDU� D� WR[LFLGDGH� H� DWLYLGDGH� DQWLWXPRUDO� HP� FDPXQGRQJRV� GRV�
OLSRVVRPDV�FRQWHQGR�OHFWLQD�
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�� 2EWHU�OLSRVVRPDV�FRQWHQGR�OHFWLQD�GH�&UDW\OLD�PROOLV�
�� (VWDEHOHFHU� D� HVWDELOLGDGH� ItVLFR�TXtPLFD�GRV�&UD�OLSRVVRPDV� IUHQWH� D� WHVWHV�GH�

HQYHOKHFLPHQWR�DFHOHUDGR�H�HP�ORQJR�SUD]R�
�� (VWDEHOHFHU� D� FLQpWLFD� GH� OLEHUDomR� LQ� YLWUR GD� OHFWLQD� HQFDSVXODGD� QRV�

OLSRVVRPDV�
�� 'HWHUPLQDU� D� DWLYLGDGH� DQWLWXPRUDO� GRV� &UD�OLSRVVRPDV� FRQWUD� R� 6DUFRPD� ����

HP�FDPXQGRQJRV�
�� $QDOLVDU�D�KLVWRSDWRORJLD�GR�WXPRU��ItJDGR��EDoR�H�ULQV�GH�DQLPDLV�QmR�WUDWDGRV�H�

WUDWDGRV�FRP�D�&UD�OLYUH�H�&UD�OLSRVVRPDV�
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7KH�KDHPDJJOXWLQDWLQJ��+$��DFWLYLW\�RI�&UDW\OLD�PROOLV OHFWLQ��&UD��ZDV�HYDOXDWHG�DQG�
WKH� LQIOXHQFH� RI� XOWUDVRXQG� DQG�PHFKDQLFDO� DJLWDWLRQ� RQ� LWV� DFWLYLW\�ZDV� H[DPLQHG�� ,Q�
YLWUR� UHOHDVH� SURILOH� DQG� WKH� DQWLWXPRU� DFWLYLW\� RI� &UD� ORDGHG�OLSRVRPHV� ZHUH� DOVR�
LQYHVWLJDWHG�� /LSRVRPHV� ZHUH� REWDLQHG� DFFRUGLQJ� WR� WKH� OLSLG� WKLQ� ILOP� PHWKRG��
3K\VLFRFKHPLFDO�FKDUDFWHUL]DWLRQ�DQG�ORQJ�WHUP�VWDELOLW\�RI�&UD�ORDGHG�OLSRVRPHV�ZHUH�
FDUULHG�RXW��,Q�YLWUR�UHOHDVH�DVVD\V�ZHUH�SHUIRUPHG�E\�XOWUDILOWUDWLRQ�XOWUDFHQWULIXJDWLRQ�
WHFKQLTXH�� $QWLWXPRU� DFWLYLW\� RI� &UD� ORDGHG�OLSRVRPHV� ZDV� LQYHVWLJDWHG� DJDLQVW�
6DUFRPD�����LQ�6ZLVV�PLFH��7KH�WUHDWPHQW�ZDV�LQWUDSHULWRQHDOO\�SHUIRUPHG����PJ�NJ�RI�
ERG\� ZHLJKW�GD\�� IRU� �� GD\V�� +LVWRSDWKRORJLFDO� DQDO\VLV� RI� WXPRU�� OLYHU�� VSOHHQ� DQG�
NLGQH\V�ZHUH�FDUULHG�RXW DIWHU�DQLPDO�WUHDWPHQW��5HVXOWV�VKRZHG�WKDW�&UD�+$�DFWLYLW\�LV�
DIIHFWHG� XQGHU� XOWUDVRXQG� DJLWDWLRQ��+RZHYHU�� &UD�ZDV� VXFFHVVIXOO\� HQFDSVXODWHG� LQWR�
OLSRVRPHV�DQG�WKH�DFWLYLW\�RI�WKH�OHFWLQ�ZDV�SUHVHUYHG�GHVSLWH�WKH�XVH�RI�XOWUDVRXQGV�LQ�
WKH� OLSRVRPH�SUHSDUDWLRQ��/\RSKLOL]HG�&UD� ORDGHG�OLSRVRPHV�ZHUH�SURGXFHG�ZLWK����
HQFDSVXODWLRQ� UDWLR� ����� PJ�PO�� DQG� D� WXPRU� LQKLELWLRQ� RI� ��� ZDV� DFKLHYHG�� 7KH�
HQFDSVXODWLRQ� RI� &UD� SURPRWHG� D� GHFUHDVH� RQ� LWV� WLVVXH� WR[LFLW\� DQG� LPSURYHG� LWV�
DQWLWXPRU� DFWLYLW\�� 3DUWLFXODUO\�� KLVWRSDWKRORJLFDO� DQDO\VLV� UHYHDOHG� WKDW� WKH� WUHDWPHQW�
ZLWK�&UD�ORDGHG�OLSRVRPHV�SUHYHQWHG�&UD�F\WRWR[LFLW\�RQ�OLYHU�DQG�NLGQH\�RI�DQLPDOV�
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/HFWLQV� DUH� FDUERK\GUDWH�ELQGLQJ� SURWHLQV� RI� QRQ�LPPXQH� RULJLQ� IURP�
PLFURRUJDQLVPV��DQLPDOV�RU�SODQWV��7KH\�DUH�PXOWLYDOHQW�PROHFXOHV��SRVVHVVLQJ� WZR�RU�
PRUH� VXJDU�ELQGLQJ� VLWHV� IRU� DJJOXWLQDWLQJ� FHOOV�� DQG� IRU�SUHFLSLWDWLQJ�SRO\VDFFKDULGHV��
JO\FRSURWHLQV�� SHSWLGRJO\FDQV�� WHLFKRLF� DFLGV�� DQG� JO\FROLSLGV� �/LHQHU� DQG� 6KDURQ��
�������2UGLQDULO\��WZR�DSSURDFKHV�KDYH�EHHQ�DSSOLHG�WR�LQWURGXFH�SURWHLQV�LQ�WKHUDS\��,Q�
WKH� ILUVW FDVH�� WKH� SURWHLQ� LWVHOI� SUHVHQWV� ELRORJLFDO� DFWLYLW\� DQG� LW� FDQ�EH� HQFDSVXODWHG�
LQWR� OLSRVRPHV� �0H\HU� HW� DO��� ������� *HQHUDOO\�� OHFWLQV� SUHVHQW� DQWLWXPRU� DFWLYLW\�
SRVVLEO\� PHGLDWHG� E\� DQ� LPPXQRPRGXODWRU\� DFWLRQ� �:DQJ� HW� DO��� ������ +DDV� HW� DO���
������ .DUD]DNL� HW� DO��� ������ 7LPRVKHQNR� HW� DO��� ������� 2Q� WKH� RWKHU� KDQG�� SURWHLQV��
VSHFLILFDOO\� OHFWLQV�� FRXOG� DOVR� EH� ELQGLQJ� DW� WKH� VXUIDFH� RI� QDQRGLVSRVLWLYHV� IRU� VLWH�
VSHFLILF�GUXJ�WDUJHWLQJ��%HQGDV�HW�DO���������)RUVHQ�DQG�:LOOLV��������:LUWK�HW�DO���������
<DPD]DNL�HW�DO���������.RPSHOD�DQG�/HH��������

&UDW\OLD�PROOLV�OHFWLQ��&UD��EHORQJV�WR�WKH�PDQQRVH�JOXFRVH�ELQGLQJ�FODVV�RI�OHFWLQV�
DQG� KDV� EHHQ� SXULILHG� DQG� FKDUDFWHUL]HG� IURP� WKH VHHGV� RI� D� SODQW� �&DPDUDWX� EHDQ��
QDWLYH� WR� 1RUWKHDVW� RI� %UD]LO� �&RUUHLD� DQG� &RHOKR�� ������� ,W� ZDV� IRXQG� WR� EH� UDWKHU�
VLPLODU� WR� &RQFDQDYDOLQ� $� �&RQ� $��� D� ZHOO�FKDUDFWHUL]HG� OHFWLQ� IURP� &DQDYDOLD�
HQVLIRUPLV�� &UD� VKRZHG� VWURQJ� ELQGLQJ� WR� KXPDQ� PDOLJQDQW� FDQFHURXV� WLVVXHV��
SDUWLFXODUO\� WR� WKRVH� IURP� PDPPDU\� JODQGV�� XWHUXV� DQG� EUDLQ� �%HOWUmR� HW� DO��� ������
1HYHUWKHOHVV�� LW� SUHVHQWHG� F\WRWR[LFLW\� DJDLQVW� +HS��� FHOOV� DQG� KHSDWRWR[LFLW\�
�XQSXEOLVKHG�GDWD���

%HDULQJ� LQ� PLQG� D� SRWHQWLDO� DSSOLFDWLRQ� RI� &UD� LQ� WKH� ILHOG� RI� SKDUPDFHXWLFDO�
QDQRWHFKQRORJ\�� HLWKHU� DV� DQ� DFWLYH� DJHQW� RU� DV� D� VXUIDFH� ELQGLQJ�PROHFXOH� IRU� GUXJ�
WDUJHWLQJ�� SUHYLRXV� VWXGLHV� RQ� WKH�&UD� EHKDYLRU� DW� WKH� DLU�ZDWHU� LQWHUIDFH�ZHUH� FDUULHG�
RXW� XVLQJ� VXUIDFH� WHQVLRQ�PHDVXUHPHQWV� �%DV]NLQ� HW� DO��� ������ 7KH� DELOLW\� RI� &UD� WR�
SHQHWUDWH� LQWR� SKRVSKROLSLG�PRQROD\HUV� �/LSRLG� (����� ���� SKRVSKDWLG\OFKROLQH� DQG�
(SLNXURQ� ������ ������ SKRVSKDWLG\OFKROLQH�� ZDV� GHPRQVWUDWHG�� .LQHWLFV� RI� &UD�
LQWHUIDFLDO� DGVRUSWLRQ� DQG� OHFWLQ�OLSLG� LQWHUDFWLRQV� GDWD� UHYHDOHG� WKDW� &UD� LV� D� UDWKHU�
VWDEOH�SURWHLQ��ZKLFK�H[KLELWV�W\SLFDO�SURWHLQ�DGVRUSWLRQ�SDWWHUQV�

7KH� VXFFHVVIXO� XVH� RI� QHZ� ELRDFWLYH� SURWHLQV� LQ�PHGLFDO� WKHUDS\� GHSHQGV� RQ� WKH�
GHYHORSPHQW� RI� GUXJ� GHOLYHU\� V\VWHPV� WR� RYHUFRPH� VWDELOLW\� GUDZEDFNV� UHODWHG� ZLWK�
WKHVH�PDFURPROHFXOHV��3URWHLQV�DQG�SHSWLGHV�LQWUDYHQRXV�RU�VXEFXWDQHRXV�DGPLQLVWHUHG�
DUH�UDSLGO\�FOHDUHG�IURP�WKH�FLUFXODWLRQ��UHTXLULQJ�WKHUHIRUH�WR�EH�IUHTXHQWO\�LQMHFWHG�LQ�



RUGHU� WR� PDLQWDLQ� WKHUDSHXWLF� OHYHOV� LQ� WKH� EORRG�� 3KDUPDFHXWLFDO� QDQRWHFKQRORJ\� RI�
FROORLGDO�GUXJ�FDUULHUV��HVSHFLDOO\�OLSRVRPHV��DUH�SDUWLFXODUO\�XVHIXO�IRU�IRUPXODWLQJ�QHZ�
GUXJ� GHULYHG� IURP� ELRWHFKQRORJ\� �SHSWLGHV�� SURWHLQV�� JHQHV� DQG� ROLJRQXFOHRWLGHV��
EHFDXVH� WKH\� FDQ� SURYLGH� GUXJ� VDIHNHHSLQJ� IURP� GHJUDGDWLRQ� LQ� ELRORJLFDO� IOXLGV� DQG�
SURPRWH�WKHLU�SHQHWUDWLRQ�LQWR�FHOOV��%DUUDW��������

'LVVHPLQDWHG� QHRSODVLF� GLVHDVH� DQG� GHYHORSPHQW� RI� GUXJ� UHVLVWDQFH� UHPDLQ� WKH�
PDMRU� FRPSOLFDWLRQV� RI� FDQFHU�� XOWLPDWHO\� OHDGLQJ� WR� WUHDWPHQW� IDLOXUHV�� 7KH� XVH� RI�
OLSRVRPHV� LQ� FDQFHU� WKHUDS\� KDV� EHHQ� UHFRPPHQGDWRU\� GXH� WR� WKHLU� DGYDQWDJH� RI�
H[WUDYDVDWLRQV� DW� VLWHV� RI� DFWLYH� WXPRU� JURZWK� �*DELXV� HW� DO��� ������ 0RUH� UHFHQWO\��
LQWUDSHULWRQHDO� DGPLQLVWUDWLRQ� KDV� EHHQ� VKRZQ� WR� SURORQJ� WKH� EORRG� FLUFXODWLRQ� RI�
OLSRVRPHV�FDXVHG�E\�WKHLU�VORZ�DEVRUSWLRQ�IURP�WKH�DEGRPLQDO�FDYLW\��)XUWKHUPRUH��WKH�
VORZ�FOHDUDQFH�RI�OLSRVRPH�IURP�WKLV�FDYLW\�SURORQJHG�WKH�FRQWDFW�EHWZHHQ�WXPRU�FHOOV�
DQG�WKH�HQFDSVXODWHG�GUXJ��DQG�SURPRWHG�DQ�LQFUHDVH�LQ�WKH�DQWLWXPRU�DFWLYLW\��6DG]XOD�
HW�DO���������

%DVHG� RQ� SUHYLRXV� DYDLODEOH� ILJXUHV� DERXW� &UD� VXUIDFH� SURSHUWLHV� DQG� ELRORJLFDO�
DFWLYLW\��WKH�FXUUHQW�VWXG\�KDV�EHHQ�XQGHUWDNHQ�WR�IXUWKHU�LQYHVWLJDWH�WKH�HIILFDF\�RI�&UD�
HQFDSVXODWLRQ� LQWR� OLSRVRPHV� RQ� LWV� DQWLWXPRU� DFWLYLW\�� 7KH� LQIOXHQFH� RI� OLSRVRPH�
SUHSDUDWLRQ� PHWKRGV� RQ� WKH� VWDELOLW\� RI� &UD� ZDV� FRQVLGHUHG� WKURXJK� WKH�
KDHPDJJOXWLQDWLQJ��+$� DFWLYLW\�DVVD\��)XUWKHUPRUH��WKH�LQ�YLWUR�UHOHDVH�SURILOH�DQG�WKH�
LQ�YLYR�DQWLWXPRU�DFWLYLW\�RI�&UD�ORDGHG�OLSRVRPHV�DJDLQVW�6DUFRPD�����ZHUH�HYDOXDWHG�

���0DWHULDOV�DQG�0HWKRGV

�����0DWHULDOV

6R\D� SKRVSKDWLG\OFKROLQH� �(SLNXURQ� ����� ZDV� REWDLQHG� IURP� /XFDV� 0H\HU�
�+DPEXUJ��*HUPDQ\��� &KROHVWHURO�� VWHDU\ODPLQH�� WKUHDORVH� DQG� ERYLQH� VHUXP� DOEXPLQ�
�%6$�� ZHUH� SXUFKDVHG� IURP� 6LJPD� �6DLQW� /RXLV�� 86$��� &KORURIRUP�� PHWKDQRO��
SRWDVVLXP� SKRVSKDWH�� VRGLXP� K\GUR[LGH� DQG� DOO DQDO\WLFDO� JUDGH� UHDJHQWV� ZHUH�
SXUFKDVHG�IURP�0HUFN��'�VVHOGRUI��*HUPDQ\���&UDW\OLD�PROOLV�OHFWLQ��&UD��ZDV�SXULILHG�
IURP� VHHGV� RI� &UDW\OLD� PROOLV� 0DUW�� �&DPDUDWX� EHDQ�� VHHGV� DQG� FKDUDFWHUL]HG� DW� WKH�
*O\FRSURWHLQ� /DERUDWRU\� IURP� WKH� )HGHUDO� 8QLYHUVLW\� RI� 3HUQDPEXFR�� %UD]LO� �&RUUHLD�
DQG�&RHOKR��������



�����0HWKRGV

�������(YDOXDWLRQ�RI�&UD�VWDELOLW\�DIWHU�H[SRVXUH�WR�XOWUDVRXQG�DQG�PHFKDQLFDO�DJLWDWLRQ
$� SUHOLPLQDU\� DVVD\� ZDV� SHUIRUPHG� WR� DVFHUWDLQ� WKH� HIIHFW� RI� XOWUDVRXQGV� DQG�

PHFKDQLFDO� DJLWDWLRQ� RQ� &UD� +$� DFWLYLW\� XVLQJ� JOXWDUDOGHK\GH�WUHDWHG� UDEELW�
HU\WKURF\WHV�� &UD� VDPSOHV� ���� �O�� ZHUH� WZR� IROG� VHULDOO\� GLOXWHG� LQ� �����0�1D&O�� LQ�
PLFURWLWHU� SODWHV�� 5DEELW� HU\WKURF\WH� VXVSHQVLRQ� ������ Y�Y LQ� ����� 0� 1D&O�� ��� �O��
SUHYLRXVO\� WUHDWHG� ZLWK� JOXWDUDOGHK\GH� ����� ZDV� DGGHG� DQG� WKH� WLWHU� ZDV� UHDG� DIWHU������
���PLQXWHV��&RUUHLD�DQG�&RHOKR�������� $�SRVLWLYH�FRQWURO DVVD\�ZDV�SHUIRUPHG�XVLQJ�
FDUERK\GUDWH�ELQGLQJ�VSHFLILF�WR�&UD��JOXFRVH�RU�PDQQRVH��LQ�PLFURWLWUH�SODWHV��,QLWLDOO\��
���� �O� RI� D� VROXWLRQ� FRQWDLQLQJ� HLWKHU� FDUERK\GUDWH� ����� P0�� LQ� ���� P0� VRGLXP�
FKORULGH�ZDV�PL[HG�ZLWK������O�RI�OHFWLQ�SUHSDUDWLRQ�����J�PO�� 7KHQ��WKH�LQKLELWLRQ�RI�
WKH�&UD�+D�DFWLYLW\�ZDV�YHULILHG�DW�WKH�LGHQWLFDO�FRQGLWLRQV�IRU�WKH�GHWHUPLQDWLRQ�RI�&UD�
+$�DFWLYLW\�

�������)RUPXODWLRQ�RI &UD�ORDGHG�OLSRVRPHV

/LSRVRPHV�ZHUH�REWDLQHG�DFFRUGLQJ�WR�D�UHSURJUDPPHG�YHUVLRQ�RI�WKH�$PVHOHQ�DQG�
FR�ZRUNHUV�PHWKRG��������EDVHG�RQ�D�OLSLG�ILOP�IRUPHG�E\�HYDSRUDWLRQ�RI�VROYHQWV�IURP�
D� SKRVSKROLSLG� RUJDQLF� VROXWLRQ�� 3RVLWLYH� VXUIDFH� FKDUJHG� OLSRVRPHV�ZHUH�SUHSDUHG� DV�
IROORZLQJ��,QLWLDOO\� WKH�OLSLG�FRQVWLWXHQWV��VR\EHDQ�SKRVSKDWLG\OFKROLQH��FKROHVWHURO�DQG�
VWHDU\ODPLQH� �������� ��� PPRO� /LSLGV���� PO� EXIIHUHG� VROXWLRQ�� ZHUH� GLVVROYHG� LQ�
FKORURIRUP�PHWKDQRO� ���� �Y�Y�� XQGHU�PRGHUDWH�PDJQHWLF� DJLWDWLRQ� ����PLQ���7KHQ�� WKH�
RUJDQLF� VROXWLRQ� ZDV� VXEPLWWHG� WR� HYDSRUDWLRQ� XQGHU� UHGXFHG� SUHVVXUH� ���� PLQ� DW���������
��� r �q&�� DQG� DJLWDWLRQ� DW� ���� USP� WR� UHPRYH� VROYHQWV�� 7KH� GULHG� OLSLG� ILOP� ZDV�
K\GUDWHG� WKURXJK� WKH� DGGLWLRQ� RI� DQ� DTXHRXV� SKDVH� ���� PO�� FRQVLVWHG� RI� SKRVSKDWH�
EXIIHUHG�VROXWLRQ��S+������FRQWDLQLQJ������Z�Y��WKUHDORVH�DQG�&UD�DW�����PJ�PO��OHDGLQJ�
WR� PXOWLODPHOODU� YHVLFOH� �0/9�� IRUPDWLRQ�� 7KH� VXVSHQVLRQ� ZDV� WKHQ� NHSW� XQGHU�
PDJQHWLF�DJLWDWLRQ�����PLQ���/DUJH�XQLODPHOODU�YHVLFOHV��/89��ZHUH�REWDLQHG�E\�0/9�
XOWUDVRQLFDWLRQ�DW�����:�ZLWK����F\FOHV�VHF�GXULQJ�����VHF��)LQDOO\� WKH� VXVSHQVLRQ�RI�
OLSRVRPHV�ZDV�O\RSKLOL]HG��)766�6\VWHP��86$��XVLQJ�WKUHDORVH�DV�FU\RSURWHFWRU�



������� 3K\VLFRFKHPLFDO� FKDUDFWHUL]DWLRQ� DQG� VWDELOLW\� DVVHVVPHQW� RI� &UD�ORDGHG�
OLSRVRPHV

7KH� SK\VLFRFKHPLFDO� DQDO\VLV� RI� OLSRVRPHV� ZDV� FDUULHG� RXW� LPPHGLDWHO\� DIWHU�
SUHSDUDWLRQ�DQG�WKHQ�DW�UHJXODU�WLPH�LQWHUYDOV��6HYHUDO�IHDWXUHV�VXFK�DV�PDFURVFRSLF�DQG�
PLFURVFRSLF� DVSHFWV�� PRUSKRORJLFDO� H[DPLQDWLRQ�� S+� FKDQJHV� DQG� HQFDSVXODWLRQ� UDWLR�
ZHUH�DQDO\]HG��7KH�PHDQ�GLDPHWHU� VL]H�RI�YHVLFOHV�ZDV�GHWHUPLQHG�E\� OLJKW�VFDWWHULQJ�
VSHFWURVFRS\� XVLQJ� D� QDQRVL]HU� �10'��� &RXOWHU�� 86$���0RUSKRORJLFDO� SURSHUWLHV� RI�
&UD�ORDGHG�OLSRVRPHV�ZHUH�DQDO\]HG�E\�VFDQQLQJ�HOHFWURQLF�PLFURVFRS\��6(0��

)RUPXODWHG� OLSRVRPHV� ZHUH� VXEPLWWHG� WR� ERWK� DFFHOHUDWHG� DQG� ORQJ�WHUP� VWDELOLW\�
WHVWV�DLPLQJ�WR�VWDWH�WKH�IRUPXODWLRQ�GXUDELOLW\��$FFHOHUDWHG�VWDELOLW\�WHVWLQJ�KDV�WKH�DLP�
RI�VXEPLWWLQJ�SUHSDUDWLRQV�WR�VWUHVVHG�FRQGLWLRQV�LQ�RUGHU�WR�VLPXODWH�SURFHVVHV�VXFK�DV�
VWHULOL]DWLRQ�� WUDQVSRUW� DQG� VWRUDJH�� /LSRVRPHV� ZHUH� VXEMHFWHG� WR� FHQWULIXJDWLRQ��������
������USP�PLQ�IRU���KRXU���PHFKDQLFDO�VWUHVV������VWURNHV�PLQ�DW����&�GXULQJ����K��DQG�
IUHH]H�WKDZLQJ�F\FOHV�����K�DW�±���&�r ��&�DQG���K�DW����&r ��&���/RQJ�WHUP�VWDELOLW\�
RI�OLSRVRPH�VXVSHQVLRQV�ZDV�H[DPLQHG�IRU�VDPSOHV�VWRUHG�DW���r ��&��3K\VLFRFKHPLFDO�
SURSHUWLHV�RI�SUHSDUDWLRQV�ZHUH�HYDOXDWHG�DW���������������DQG����GD\V�RU�XQWLO�LQVWDELOLW\�
VLJQV�

/HFWLQ�ZDV�TXDQWLILHG�E\�WKH�3HWHUVRQ�/RZU\�FRORULPHWULF�PHWKRG��3HWHUVRQ�������
XVLQJ 89�VSHFWURVFRS\�DW�����QP��7KLV�PHWKRG�ZDV�FKRVHQ�WR�DYRLG�OLSLG�LQWHUIHUHQFH�
LQ� WKH� SURWHLQ� DVVD\�� 7KH %6$� ZDV� XVHG� DV� D� VWDQGDUG� SURWHLQ� WR� GHULYH� FDOLEUDWLRQ�
FXUYHV�DW�FRQFHQWUDWLRQV�UDQJLQJ�IURP����WR������PJ�PO�

7KH�HQFDSVXODWLRQ�UDWLR�RI�OHFWLQ�LQWR OLSRVRPHV�ZDV�GHWHUPLQHG�DIWHU�XOWUDILOWUDWLRQ��
XOWUDFHQWULIXJDWLRQ� DW� �������� J� XVLQJ� XOWUDIUHH� XQLWV� �0LOOLSRUH�� 86$��� 7KH� &UD�
FRQFHQWUDWLRQ� LQ� WKH� VXSHUQDWDQW�ZDV� GHWHUPLQHG� DV� SUHYLRXVO\� GHVFULEHG� DQG� WKH� &UD�
HQFDSVXODWLRQ� UDWLR�ZDV� WKHQ� FDOFXODWHG� RQ� WKH� EDVLV� RI� WKH� WRWDO� &UD� FRQWHQW� LQWR� WKH�
OLSRVRPH�IRUPXODWLRQ�

�������,Q�YLWUR�UHOHDVH�SURILOH�RI�&UD�ORDGHG�OLSRVRPHV

,Q�YLWUR�UHOHDVH�DVVD\V�ZHUH�SHUIRUPHG�DV�IROORZLQJ����PO�RI�&UD�ORDGHG�OLSRVRPHV�
�����PO�PO��ZHUH� GLUHFWO\� SODFHG� LQWR� ���PO� RI� D S+� ���� SKRVSKDWH� EXIIHUHG� VROXWLRQ�
KROGLQJ� VLQN� FRQGLWLRQV� $OLTXRWV� ��� PO�� RI� H[SHULPHQWDO� PHGLXP� ZHUH� FROOHFWHG� DW�



SUHGHWHUPLQHG WLPH� LQWHUYDOV� ���� ���� ���� ���� ���� ���� ���� ����� ���� DQG� ����PLQXWHV���
FHQWULIXJHG� ���������J��XVLQJ�8OWUDIUHH� ILOWUDWLRQ�XQLWV� �0LOOLSRUH��86$� DQG� WKH�&UD�
FRQFHQWUDWLRQ� LQ� VXSHUQDWDQW�ZDV� GHWHUPLQHG� DV� DOUHDG\� GHVFULEHG��7KH� YROXPH�RI� WKH�
UHFHSWRU� PHGLXP� ZDV� UHSODFHG� ZLWK� EXIIHUHG� VROXWLRQ� DIWHU� HDFK� VDPSOH� ZLWKGUDZV��
.LQHWLF�H[SHULPHQWV�ZHUH�SHUIRUPHG�LQ�WULSOLFDWH�

�������$QWLWXPRU�DFWLYLW\�RI�&UD�ORDGHG�OLSRVRPHV

6WXGLHV�ZHUH�FDUULHG�RXW�LQ�6ZLVV�DOELQR�PDOH�PLFH�DLPLQJ�WR�ORRN�LQWR�WKH�LQ�YLYR
DQWLWXPRU� DFWLYLW\� RI� &UD� ORDGHG�OLSRVRPHV� DJDLQVW� 6DUFRPD������ 7XPRU� DVF\WLF� FHOOV�
ZHUH� GLOXWHG� WR� ����u ��� FHOOV�PO�ZLWK� SKRVSKDWH�EXIIHUHG� VDOLQH� DQG� VXEFXWDQHRXVO\�
LQMHFWHG�LQ�WKH�LQJXLQDO�DUHD�RI�PLFH��)RXU�JURXSV�RI����DQLPDOV �ERG\�ZHLJKW�������J��
������ GD\V� ROG��ZHUH� UDQGRPL]HG� WUHDWHG�ZLWK� L�S�� LQMHFWLRQV� RI� IUHH�&UD� VROXWLRQ� DQG�
&UD� ORDGHG�OLSRVRPHV� ��� PJ�NJ�GD\� IRU� VHYHQ� GD\V�� DIWHU� ��� KRXUV� RI� LQRFXODWLRQ� RI�
WXPRU� FHOOV�� 7KH� FRQWURO� JURXSV�ZHUH� WUHDWHG�ZLWK� SKRVSKDWH�EXIIHUHG� VDOLQH� �S+������
DQG�HPSW\�OLSRVRPHV�GDLO\�IRU�VHYHQ�GD\V��$IWHU�WKH�WUHDWPHQW��DQLPDOV�ZHUH�VDFULILFHG�
DQG� VROLG� WXPRUV� ZHUH� H[FLVHG� DQG� ZHLJKHG�� 7XPRU� LQKLELWLRQ� ZDV� H[SUHVVHG� DV� WKH�
PHDQ� RI� ERG\� ZHLJKWV� RI� WXPRU� IRU� WKH� WUHDWHG� DQLPDO� JURXS� �7�� LQ� FRPSDULVRQ� WR�
XQWUHDWHG�FRQWURO�JURXS��&���7KH�WXPRU�LQKLELWLRQ�DFWLYLW\�ZDV�WKHQ�FDOFXODWHG�DFFRUGLQJ�
WR����7XPRU� LQKLELWLRQ� �>�&�± 7��&@�u �����:DQJ�HW�DO����������$QLPDO�H[SHULPHQWV�
ZHUH�SHUIRUPHG�DFFRUGLQJ�WR�WKH�1DWLRQDO�&DQFHU�,QVWLWXWH��1&,��SURWRFRO��*HUDQ�HW�DO���
������ZLWK�WKH�DSSURYDO�RI�WKH�(WKLF�&RPPLWWHH�IRU�$QLPDO�([SHULPHQWDO�$VVD\V�RI�WKH�
)HGHUDO�8QLYHUVLW\�RI�3HUQDPEXFR��%UD]LO�

������ +LVWRSDWKRORJLFDO�DQDO\VLV

6DUFRPD� ���� DQG� DQLPDO� RUJDQV� �OLYHU�� VSOHHQ� DQG� NLGQH\V�� ZHUH� VXEPLWWHG� WR�
KLVWRORJLFDO� DQDO\VLV� DIWHU� WUHDWPHQW�� 7LVVXHV�ZHUH� SUHVHUYHG� LQ� D� ���� �Y�Y�� EXIIHUHG�
IRUPDOLQ� VROXWLRQ� XQWLO� SDUDIILQ� LQFOXVLRQV�� 6OLFHV� RI� VDPSOH� WLVVXHV� ��� PP�� ZHUH�
SUHSDUHG� DQG� D� IL[DWLRQ� ZLWK� KDHPDWR[\OLQ� DQG� HRVLQ� VWDLQLQJ� ZDV� GHYHORSHG� EHIRUH�
RSWLFDO�PLFURVFRS\�H[DPLQDWLRQ��2O\PSXV�%+����-DSDQ��



���5HVXOWV�DQG�'LVFXVVLRQ

�����6WDELOLW\�RI�&UD�DIWHU�H[SRVXUH�WR�XOWUDVRXQG�DQG�PHFKDQLFDO�DJLWDWLRQ

7KH�LQIOXHQFH�RI�WKH�H[SRVXUH�WLPH�RI�XOWUDVRQLF�DJLWDWLRQ�DQG�PHFKDQLFDO�VWUHVV�
RQ�&UD�+$�DFWLYLW\��H[SUHVVHG�DV�ORJDULWKPLF�YDOXHV��ZDV�HYDOXDWHG�DV�VKRZQ�LQ�7DEOH�
���$V�GHSLFWHG��D�WLPH�HIIHFW�UHVSRQVH�RI�+$�DFWLYLW\�DIWHU�VXEPLVVLRQ�RI�&UD�WR�VWUHVVIXO�
FRQGLWLRQV� VXFK� DV� ORQJ� XOWUDVRXQG� H[SRVLWLRQ� �t ���� VHF�� DQG� PHFKDQLFDO� DJLWDWLRQ������
�t ���K��ZDV�REVHUYHG��$�UHGXFWLRQ�RQ�&UD�+$�DFWLYLW\�DIWHU�VRQLFDWLRQ�GXULQJ�����VHF�
ZDV�YHULILHG��+RZHYHU��QR�IXUWKHU�DOWHUDWLRQ�ZDV�GHWHFWHG�IRU�ORQJHU�WLPH�RI�XOWUDVRXQG�
H[SRVXUH�� 'HVSLWH� WKH� VPDOO� QXPHULFDO� GLIIHUHQFH� EHWZHHQ� +$� DFWLYLW\� YDOXHV�� LW� LV�
ZRUWKZKLOH� WR� EHDU� LQ� PLQG� WKDW� HDFK� ���� ORJ�XQLWV� FRUUHVSRQGV� WR� WKH� GRXEOH�
FRQFHQWUDWLRQ�UHTXLUHG�WR�SURPRWH�WKH�VDPH�OHFWLQ�+$�DFWLYLW\��

,Q� WKH�LQKLELWLRQ�RI�+$�DFWLYLW\�WULDO��WKH�DJJOXWLQDWLRQ�RI�UDEELW�HU\WKURF\WHV�E\�
&UD� ZDV� HQWLUHO\� LQKLELWHG� E\� JOXFRVH� RU� PDQQRVH� DW� WKH� PLQLPXP� FRQFHQWUDWLRQ� RI�����
���� P0�� UHVSHFWLYHO\�� VKRZLQJ� WKDW� WKH� OHFWLQ� +$� DFWLYLW\� ZDV� EORFNHG� GXH� WR� WKH�
ELQGLQJ�RI�&UD�WR�LWV�VSHFLILF�VXJDUV��7KHUHIRUH��UHVXOWV�VKRZHG�WKDW�+$�DFWLYLW\�RI�&UD�
LQ�EXIIHUHG�VROXWLRQ�LV�DIIHFWHG�XQGHU�XOWUDVRXQG�H[SRVXUH��

�����3UHSDUDWLRQ�RI�&UD�ORDGHG�OLSRVRPHV

2SWLPL]DWLRQ�VWXGLHV�ZHUH�SHUIRUPHG�YDU\LQJ�WKH�IRUPXODWLRQ�SDUDPHWHUV�DLPLQJ�WR�
REWDLQ�VWDEOH�OLSRVRPH�SUHSDUDWLRQV�FRQWDLQLQJ�HQFDSVXODWHG�&UD��,Q�RUGHU�WR�DYRLG�DXWR�
R[LGDWLRQ�DQG�K\GURO\VLV�RI�SKRVSKROLSLGV�DQG�WR�PDLQWDLQ�WKH�RSWLPDO�S+�UDQJH��IURP�
���� WR� ����� IRU� &UD� VWDELOLW\�� D� S+� ���� SKRVSKDWH� EXIIHUHG� VROXWLRQ� ZDV� FKRVHQ� DV�
DTXHRXV�SKDVH��6HYHUDO�EDWFKHV�RI�VXUIDFH�SRVLWLYHO\�FKDUJHG�OLSRVRPHV�FRQWDLQLQJ�&UD�
DW�GLIIHUHQW�FRQFHQWUDWLRQV�ZHUH�GHYHORSHG�DQG�HYDOXDWHG�DFFRUGLQJ�WR�WKHLU�DFFHOHUDWHG�
DQG�ORQJ�WHUP�VWDELOLW\��

,Q� WKH�SUHVHQW�ZRUN�� WKUHDORVH�ZDV�VXFFHVVIXO�XVHG�DV�FU\RSURWHFWRU��,Q�IDFW��VWDEOH�
O\RSKLOL]HG� SUHSDUDWLRQ� RI� &UD� ORDGHG�OLSRVRPHV� ZHUH� REWDLQHG�� ZKLFK� UHPDLQHG�
VWDELOL]HG�IRU�RYHU�WZR \HDUV��7KH�PRUSKRORJ\�RI�O\RSKLOL]HG�&UD�ORDGHG�OLSRVRPHV�ZDV�
DQDO\]HG� DIWHU� K\GUDWLRQ� E\� 6(0�� � 1R� FKDQJHV� LQ� WKH� VKDSH� DQG� SDUWLFOH� VL]H� ZHUH�
REVHUYHG� DIWHU� K\GUDWLRQ� RI� O\RSKLOL]HG� OLSRVRPHV�� 7KHVH� UHVXOWV� FRUURERUDWHG� WKRVH�
RQHV� SUHYLRXVO\� UHSRUWHG� E\� %HQGDV� DQG� FROOHDJXHV� ������� 7KH\� LQYHVWLJDWHG� WKH�



FU\RSURWHFWLYH� DFWLYLW\� RI� FDUERK\GUDWHV� RQ� IUHH]H�WKDZHG� DQG� O\RSKLOL]HG� OLSRVRPHV�
DQG� VKRZHG� WKDW� WKH� FU\RSURWHFWLRQ� LV� GXH� WR� WKHLU� DELOLW\� WR� GLUHFWO\� LQWHUDFW�ZLWK� WKH�
K\GUDWLRQ� VLWH� RI� SKRVSKROLSLGV� PLPLF� WKH� SUHVHQFH� RI� ZDWHU�� $GGLWLRQDOO\�� WKH\�
VSHFXODWH�WKH�SURWHFWLYH�DELOLW\�RI�VXJDUV�LV�DOVR�PDQLIHVWHG�LQ�SUHYHQWLQJ�WKH�LQFUHDVH RI�
JHO�WR�IOXLG�SKDVH�WUDQVLWLRQ�WHPSHUDWXUH�DVVRFLDWHG�ZLWK�GHK\GUDWLRQ�RI�SKRVSKROLSLGV�

&UD� VROXWLRQ� +$� DFWLYLW\� LQ� VROXWLRQ� ZDV� DIIHFWHG� E\� XOWUDVRXQG� H[SRVLWLRQ��
KRZHYHU� WKH� HQWUDSPHQW� RI� &UD� LQWR� OLSRVRPHV� SUHVHUYHG� LWV� +$� DFWLYLW\� GHVSLWH� WKH�
OLSRVRPH� SUHSDUDWLRQ� LQYROYHG� D� VRQLFDWLRQ� VWHS��$�KLJKO\� HIILFLHQW�&UD� HQFDSVXODWLRQ�
������LQWR�OLSRVRPHV�ZDV�DFKLHYHG�IRU�DQ�LQLWLDO�FRQFHQWUDWLRQ�RI�����PJ�PO��7KH &UD�
HQFDSVXODWLRQ� UDWLR�ZDV� UHPDUNDEOH� FRQVLGHULQJ� WKDW�&UD� ORDGHG�OLSRVRPHV� DUH� VXUIDFH�
SRVLWLYHO\� FKDUJHG�� ZKLFK� JHQHUDOO\� SURPRWHG� D� ORZ� SURWHLQ� HQFDSVXODWLRQ� UDWLR� DV�
UHSRUWHG� SUHYLRXVO\� �9DQ� 6ORRWHQ� HW� DO��� ������ $FWXDOO\�� DXWKRUV� IRXQG� D� YHU\� ORZ�
DVVRFLDWLRQ� HIILFLHQF\� RI� ��� IRU� LQWHUIHURQ�J ZLWK� OLSRVRPHV� FRQVLVWHG� RI� HJJ�
SKRVSKDWLG\OFKROLQH� DQG� VWHDU\ODPLQH�� 0RUHRYHU�� RXU� UHVXOWV� DUH� LQ� FRQIRUPLW\� ZLWK�
WKRVH� UHSRUWHG� E\� 0H\HU� DQG� FROOHDJXHV� ������� HYHQ� WKRXJK� LQWHUIHURQ�J ORDGHG�
OLSRVRPHV DUH�VXUIDFH�QHJDWLYHO\�FKDUJHG��,Q�IDFW��WKH\�IRXQG�����HQFDSVXODWLRQ�UDWLR�RI�
JUDQXORF\WH�FRORQ\�VWLPXODWLQJ�IDFWRU��UK*�&6)����PJ�PO��LQWR�OLSRVRPHV�SUHSDUHG�ZLWK�
D� PL[WXUH� RI� ��� P0� RI� OLSLGV� �GLP\ULVWR\OSKRVSKDWLG\OJO\FHURO�� GLVWHDUR\O�
SKRVSKDWLG\OFKROLQH� DQG� FKROHVWHURO�� E\� XVLQJ WKH� PHWKRG� RI� OLSLG� ILOP� K\GUDWLRQ�
IROORZHG�E\�IUHH]H�WKDZ�F\FOHV�

����� 3K\VLFRFKHPLFDO� FKDUDFWHUL]DWLRQ� DQG� VWDELOLW\� DVVHVVPHQW� RI� &UD�ORDGHG�
OLSRVRPHV

:LWKRXW� H[FHSWLRQ� &UD�ORDGHG� OLSRVRPH� IRUPXODWLRQV� SUHVHQWHG� DQ� LQLWLDO� VLPLODU�
PDFURVFRSLF� DVSHFW� RI� IOXLG� FROORLGDO� \HOORZLVK� VXVSHQVLRQ�� UDQJLQJ� IURP� RSDTXH� WR�
FOHDU��ZLWK�D�EOXLVK�KXH�UHIOHFW��7KLV�ODVW�SURSHUW\�ZDV�WDNHQ�IRU�JUDQWHG�DV�D�SUHOLPLQDU\�
HYLGHQFH� IRU� WKH� IRUPDWLRQ� RI� VWDEOH� QDQRPHWULF� OLSRVRPHV�� 7KLV� SKHQRPHQRQ� ZDV�
YHULILHG� E\� GHWHUPLQLQJ� WKH� YHVLFOH� VL]H� GLVWULEXWLRQ� ZKHUH� ODUJH� XQLODPHOODU� YHVLFOHV�
ZHUH�REVHUYHG�ZLWK�D�PHDQ�GLDPHWHU�RI����������QP��7KH�6(0�PRUSKRORJLFDO�DQDO\VLV�
VKRZHG�VSKHULFDO�VKDSHG�DQG�ZHOO�GLVSHUVHG�YHVLFOHV�

/LSRVRPH� VXVSHQVLRQV� ZHUH� VXEPLWWHG� WR� PHFKDQLFDO� UHVLVWDQFH� WHVWLQJ�� ,W� ZDV�
REVHUYHG� WKDW� SUHSDUDWLRQV� VXSSOLHG� VWDELOLW\� WR� WKH WUDQVSRUW� VLPXODWLRQ� WHVW� E\�



PHFKDQLFDO� DJLWDWLRQ��/LSRVRPHV� UHPDLQHG� VWDELOL]HG�ZLWKRXW�QRWLFHG�SK\VLFRFKHPLFDO�
FKDQJHV� DIWHU� FHQWULIXJDWLRQ� RU� XQGHU� IUHH]H�WKDZ� F\FOHV�� 7KH� IRUPXODWLRQV� SUHVHQWHG�
WKH� VDPH�PDFURVFRSLF�DVSHFW�DQG�KROG� VWDELOLW\�HYHQ�DIWHU WKH� VL[WK� IUHH]H�WKDZ�F\FOH��
7KHVH�UHVXOWV�DUH�LQ�DJUHHPHQW�ZLWK�WKRVH�SUHYLRXVO\�UHSRUWHG��3RQWHV�HW�DO���������

7KH� VWDELOLW\� RI� OLSRVRPH� VXVSHQVLRQV� VWRUHG� DW� ��r ��&�ZDV�PDLQWDLQHG� IRU� RYHU����
���PRQWKV��$IWHU�WKLV�WHUP�WKH�VXVSHQVLRQ�RI�OLSRVRPHV�SUHVHQWHG�LQVWDELOLW\�VLJQV�VXFK�
DV�FUHDPLQJ��OLSLGLF�DJJUHJDWHV�DQG�ORVV�RI�SURWHLQ�FRQWHQW��$�VOLJKW�JUDGXDO�GHFUHDVH�LQ�
S+� YDOXHV� ZDV� REVHUYHG� IURP� ����� WR� ����� RYHU� D� SHULRG� RI� ��� GD\V� IRU� OLSRVRPH�
VXVSHQVLRQ� VWRUHG� DW� ��&� �� ��&�� 7KLV� PLJKW� LQGLFDWH� D� VORZ� OLSLG� GHJUDGDWLRQ� WKDW�
LQGXFHG�IDWW\�DFLG�IRUPDWLRQ��3RQWHV�DQG�FR�ZRUNHUV������� KDYH�DOUHDG\�VKRZQ�WKDW�WKH�
PDLQ� GHJUDGDWLRQ� SDWKZD\� IRU� D� OLSLGLF�PHGLXP� OHDGV� WR� WKH� IRUPDWLRQ� RI� IDWW\� DFLGV��
LQWHUIHULQJ�LQ�WKH�HOHFWULFDO�FRQGXFWLYLW\�DQG�JUDGXDOO\�UHGXFLQJ�WKH�S+�RI�SUHSDUDWLRQV��

7KH� DGMXVWPHQW� RI� WKH� LQLWLDO� S+� PLQLPL]HV� WKH� SKRVSKROLSLG� K\GURO\VLV� UDWH��
$OWKRXJK� VXFK� DQ� LVVXH� KDG� XVXDOO\� EHHQ� XVHG� WR� FRQWURO� S+� YDULDWLRQ� RI� OLSRVRPH�
VXVSHQVLRQV�� WKLV�ZDV�QRW�YHULILHG� LQ� WKH�FDVH�RI�&UD�ORDGHG�OLSRVRPHV��7KH�SKRVSKDWH�
EXIIHUHG�VROXWLRQ�FKRVHQ�DV�DTXHRXV�SKDVH�ZDV�QRW�HQRXJK�WR�SUHYHQW�WKH�S+�GHFUHDVH�
RI� OLSRVRPH� VXVSHQVLRQ� XQGHU� VWRUDJH� FRQGLWLRQV�� 2Q� WKH� FRQWUDU\�� O\RSKLOL]HG� &UD�
ORDGHG�OLSRVRPHV� SUHVHQWHG� QR� S+� DOWHUDWLRQV� DIWHU� UHGLVSHUVLRQ�� 7KH\� DOVR� UHPDLQHG�
VWDELOL]HG�IRU�RYHU�WZR�\HDUV�DQG�HQFDSVXODWHG�&UD�SUHVHUYHG�LWV�+$�DFWLYLW\�

�����,Q�YLWUR�UHOHDVH�SURILOH�RI�&UD�ORDGHG�OLSRVRPHV

7KH�UHOHDVH�RI�&UD� ORDGHG�OLSRVRPHV� LV�GHSLFWHG�LQ�)LJ�����&UD�UHOHDVH�SURILOH�ZDV�
W\SHFDVW� IRU� WKH� PDMRULW\ RI� GUXJ� NLQHWLFV� IURP� QDQRFROORLGDO� V\VWHPV�� ZKLFK� SUHVHQW
WZR� GLIIHUHQW� VWHSV�� $Q� LQLWLDO� EXUVW� RI� &UD� UHOHDVHG� ������ ZDV� DWWDLQLQJ� DW� WKH� ILUVW�������
���PLQXWHV� RI� WKH� NLQHWLF� SURFHVV��7KLV� EXUVW� HIIHFW�ZDV� SUREDEO\� GXH� QRW� RQO\� WR� WKH�
SUHVHQFH� RI� QRQ�HQWUDSSHG� &UD� �a��� ��� LQ� WKH� UHOHDVH� PHGLXP�� EXW� DOVR� EHFDXVH� RI�
DGVRUEHG�&UD�DW� WKH�VXUIDFH�RI� OLSRVRPHV��$�IDVW�&UD�UHOHDVH�IURP�OLSRVRPHV�ZDV�WKHQ�
REVHUYHG� LQ� YLHZ� RI� WKH� HVFDSLQJ� WHQGHQF\� RI� WKH� OHFWLQ� WR� WKH� LQFXEDWLRQ� PHGLXP��
ZKLFK� KDV� ORZ� &UD� FRQFHQWUDWLRQ�� 7KHUHIRUH�� D� VHFRQG� VWDJH� ZDV� VXFFHHGLQJ� E\� D�
JUDGXDO�UHOHDVH�DWWDLQLQJ�WR�����ZLWKLQ�WZR�KRXUV�RI�WKH�UHOHDVH�H[SHULPHQW�



�����$QWLWXPRU�DFWLYLW\�RI�&UD�ORDGHG�OLSRVRPHV�

,Q�WKH�FXUUHQW�ZRUN�WKH�HIIHFW�RI�LQWUDSHULWRQHDO�DGPLQLVWUDWLRQ�RI�&UD�ORDGHG�OLSRVRPHV�
RQ� WKH� WXPRU� LQKLELWLRQ� RI� 6DUFRPD� ����EHDULQJ�PLFH�ZDV� H[DPLQHG� �)LJ�� ���� 7XPRU�
DWWDLQHG�D�UHPDUNDEOH�VKULQNDJH�XQGHU�&UD�WUHDWPHQW��ZKLFK�UHIOHFW�DQ�DQWLWXPRU�DFWLRQ�
RI� WKH� OHFWLQ� 0HDVXUHPHQWV� RI� WXPRU� ZHLJKW� IRU� H[SHULPHQWDO� DQLPDO� JURXSV� ZHUH�
GHSLFWHG� LQ� )LJ�� �D�� $� EURDG GDWD� GLVSHUVLRQ� ZDV� REVHUYHG�� HVSHFLDOO\� LQ� WKH� FRQWURO�
JURXS�� 7KLV� GLVFUHSDQF\� FDQ� EH� H[SODLQHG� E\� WKH� LQGLYLGXDO� DQLPDO� UHVSRQVH� WR� WKH�
LPSODQWHG�WXPRU��+RZHYHU��WKH�WUHDWPHQW�ZLWK�&UD�ORDGHG�OLSRVRPHV�SURPRWHG�D�PXFK�
XQLIRUP� UHVSRQVH�ZLWK� WXPRU�ZHLJKWV� UDQJLQJ� IURP� ������ WR� ������ J� �6�'�� ������� $�
GUDPDWLF�VKULQNDJH�RI�6DUFRPD���������� RFFXUUHG�LQ�UHVSRQVH�WR�WKH�DGPLQLVWUDWLRQ�RI�
&UD�ORDGHG�OLSRVRPHV��)LJ���E���$���� LPSURYHPHQW�RQ�WXPRU�LQKLELWLRQ�ZDV�DFKLHYHG�
ZLWK� WKH� HQFDSVXODWLRQ� RI�&UD� LQWR� OLSRVRPHV� UHODWHG� WR� D� IUHH�&UD� VROXWLRQ� WUHDWPHQW��
8QH[SHFWHG��D�VPDOO�WXPRU�LQKLELWLRQ�RI �� ZDV�YHULILHG�IRU�WKH�WUHDWPHQW�ZLWK�HPSW\�
OLSRVRPHV�� 7KLV� HIIHFW� FRXOG� EH� FUHGLWHG� WR� VRPH� VFDWWHULQJ� RI� LQGLYLGXDO� UHVSRQVH� RU�
HYHQ�WR� WKH�VWLPXODWLRQ�RI� WKH�LPPXQH�DQLPDO�UHVSRQVH�E\�OLSRVRPHV�DFWLQJ�DV�IRUHLJQ�
ERGLHV��7KH�PLFH�ERG\�ZHLJKW�GLPLQLVKLQJ�ZDV�PRUH�SURQRXQFHG�ZLWK�WKH�WUHDWPHQW�RI�
&UD�ORDGHG�OLSRVRPHV��)LJ���F���ZKLFK�FRUURERUDWH�WKH�&UD�DQWLWXPRU�DFWLYLW\�

$�SRWHQW�DQWLWXPRU�DFWLYLW\� ��������RI� WKH�OHFWLQ�H[WUDFWHG�IURP�R\VWHU�PXVKURRP�
3OHRURWXV�RVWHUDWXV�ZDV�REVHUYHG�DJDLQVW�6DUFRPD�����DIWHU�D� ORQJ� WUHDWPHQW�ZLWK�����
PJ�NJ� ERG\�ZHLJKW�GD\� IRU ��� GD\V� �:DQJ� HW� DO��� ������� ,Q� FRQWUDVW�� DQ� LQKLELWLRQ� RI�
RQO\� ��� RI�6DUFRPD�����ZDV� DFKLHYHG� IRU� WKH� WUHDWPHQW�ZLWK� IUHH�&UD� VROXWLRQ� DW� D�
GRVH�RI��PJ�NJ�ERG\�ZHLJKW�GD\ IRU���GD\V��7KLV�ORZHU�&UD�DFWLYLW\�ZDV�SUREDEO\�GXH�
WR�D�GHILFLHQW�VWLPXODWLRQ�RI�WKH�LPPXQRV\VWHP�GXULQJ�VXFK�D�VKRUW�SHULRG�RI�WLPH�

%DVHG� RQ� WKH OLWHUDWXUH� �*DELXV� HW� DO��� ������ 7LPRVKHQNR� HW� DO��� ������ WKH�
PHFKDQLVP�RI� WKH�&UD�DQWLWXPRU�DFWLYLW\�FDQ�EH� VSHFXODWHG�DV�DQ�VWLPXODWLQJ HIIHFW�RI�
WKH�OHFWLQ�RQ�WKH�DQLPDO�LPPXQH�V\VWHP��$FWXDOO\��LW�ZDV�UHSRUWHG�WKDW�SODQW�OHFWLQV�VXFK�
DV� 9LVFXP� DOEXP� DJJOXWLQLQ� �9$$�� 0LVWOHWRH� OHFWLQ�� DQG� 1�1¶�GLDFHW\OFKLWRELRVH�
ELQGLQJ� OHFWLQ� IURP� 8UWLFD� GLRLFD� DUH� DEOH WR� DIIHFW� WKH� IXQFWLRQDO� DFWLYLW\� RI� FHOOV�
VXSSRVHGO\� LQYROYHG� LQ� DQWLWXPRU� LPPXQLW\ �+DMWR� HW� DO��� ������� 7KH� 9$$�
GHPRQVWUDWHG�WR�VXSSUHVV�JURZWK�DQG�H[WHQW�RI�WXPRU�FRORQL]DWLRQ�ZKHQ�DGPLQLVWHUHG�LQ�
VPDOO� GRVHV�� ZKLFK� FDQ� DOVR� DIIHFW� OHYHOV� RI� F\WRNLQHV� DQG� DFXWH� SKDVH� UHDFWDQWV� LQ�
FDQFHU�SDWLHQWV��0RUH�UHFHQWO\��LW�ZDV�SURYHG�WKDW�9$$�SURPRWHG�D�VLJQLILFDQW�LQFUHDVH�
LQ�WKH�QXPEHU�RI�PDFURSKDJHV�DQG�D�UHGXFWLRQ�RQ�PHODQRPD�FHOOV�LQ�PLFH�OXQJV�RI�DQG�



DOVR��&'�� DQG�&'�� WK\PRF\WHV�ZHUH� LQFUHDVHG� �0HQJV� HW� DO��� ������� � ,Q� ODWH�\HDUV��
LPPXQH� VWLPXODWLQJ� HIIHFWV� RI� FHUWDLQ� OHFWLQV� KDYH� EHLQJ� WKH� IRFXV� RI FRQVLGHUDEOH�
LQWHUHVW�IRU�DSSOLFDWLRQ�LQ�FDQFHU�ELRWKHUDS\��DOWHUQDWLYH�PHGLFLQH�� ,Q�YLWUR��D�JDODFWRVH�
VSHFLILF�OHFWLQ�IURP�9LVFXP�DOEXP�KDV�EHHQ�UHSRUWHG�WR�XSUHJXODWH�WKH�JHQH�H[SUHVVLRQ�
DQG�VHFUHWLRQ�RI�SUR�LQIODPPDWRU\�F\WRNLQHV�LQFOXGLQJ�LQWHUOHXNLQ��,/����D��,/���E��,/�
��� ,/����� WXPRU QHFURVLV� IDFWRU� �71)��D�� LQWHUIHURQ� �,)1��J�� DQG� JUDQXORF\WH�
PDFURSKDJH�FRORQ\�VWLPXODWLQJ�IDFWRU��*0�&6)��E\�KXPDQ�OHXFRF\WHV��7LPRVKHQNR�HW�
DO���������

,Q� VSLWH� RI� WKH� UHGXFWLRQ� RI� &UD� KDHPDJJOXWLQDWLQJ� DFWLYLW\� DIWHU� VXEPLVVLRQ� WR�
XOWUDVRXQG�H[SRVLWLRQ��&UD�HQFDSVXODWHG�LQWR�OLSRVRPHV�PLJKW�SUHVHUYH�LWV�FRQIRUPDWLRQ�
DQG� SURPRWHG� D� VLJQLILFDQW� DQWLWXPRU� DFWLYLW\� DJDLQVW� 6DUFRPD� ����� DOWKRXJK�� WKH�
SUHFLVH�&UD�DFWLRQ�PHFKDQLVP�UHPDLQHG�VRPHZKDW�PLVXQGHUVWRRG�DW�WKH�SUHVHQW�WLPH�

�����+LVWRSDWKRORJLFDO�$QDO\VLV

7KH�KLVWRSDWKRORJLFDO�DQDO\VLV�RI�6DUFRPD������)LJ�����UHYHDOHG�WKDW�WKH�WUHDWPHQW�
RI�DQLPDOV�ZLWK�&UD� ORDGHG�OLSRVRPHV�SURPRWHG�D� UHGXFWLRQ�RQ� WKH�GHQVLW\�RI� WXPRUDO�
FHOOV� �)LJ�� �F���$V� D� FRQVHTXHQFH�� WKH�&UD� WR[LFLW\�ZDV� UHGXFHG� LQ� FRPSDULVRQ� WR� WKH�
FRQWURO� JURXS� �)LJ�� �D� DQG� WKH� WUHDWPHQW� ZLWK� IUHH� &UD� VROXWLRQ� �)LJ�� �E��� 7KH�
RFFXUUHQFH�RI�ILEURVLV��H[WHQVLYH�QHFURVLV�DUHDV DQG�DQ�DSSDUHQW�SUROLIHUDWLRQ�RI�WXPRUDO�
FHOOV�ZHUH�REVHUYHG��

$�KHSDWRWR[LFLW\�RI�&UD�ZDV�DOVR�UHYHDOHG�DV�D�UHVXOW�RI� O\PSKRF\WH�LQILOWUDWLRQ�LQ�
OLYHU� RI� DQLPDOV� WUHDWHG� ZLWK� IUHH� &UD� VROXWLRQ� �)LJ�� ���� ,Q� FRQWUDVW�� QR� DEQRUPDOLWLHV�
ZHUH�REVHUYHG� LQ� OLYHU� IRU� WKH� WUHDWPHQW�ZLWK�&UD�ORDGHG� OLSRVRPHV��FRUURERUDWLQJ� WKH�
DELOLW\�RI�OLSRVRPHV�WR�GLPLQLVK &UD�F\WRWR[LFLW\��,Q�HIIHFW��QR�PRUSKRORJLFDO�DOWHUDWLRQV�
ZHUH�QRWLFHG RQ�VSOHHQ�DQG�NLGQH\V�DIWHU�WUHDWPHQW�ZLWK�&UD�ORDGHG�OLSRVRPHV�

���&RQFOXVLRQV

5HVXOWV�GHPRQVWUDWHG�WKDW�&UD�KDHPPDJOXWLQDWLQJ�DFWLYLW\�ZDV�PRGLILHG�XQGHU�ORQJ�
WLPH�RI�H[SRVXUH�WR�XOWUDVRXQG�DQG�PHFKDQLFDO�VWUHVV��+RZHYHU��WKH�HQWUDSPHQW�RI�&UD�
LQWR� OLSRVRPHV� ZDV� DEOH� WR� SUHVHUYH� +$� DFWLYLW\� GHVSLWH� WKH� OLSRVRPH� SUHSDUDWLRQ�
LQYROYHG� D� VRQLFDWLRQ� VWHS�� /\RSKLOL]HG &UD� ORDGHG�OLSRVRPHV� ZHUH� REWDLQHG� ZLWK�
VSKHULFDO�VKDSHG�YHVLFOHV��ZKLFK�PDLQWDLQHG� WKHLU�VWDELOLW\�RYHU� WZR�\HDUV�ZKHQ�VWRUHG�



DW���&��$�KLJKO\�HIILFLHQW�&UD�HQFDSVXODWLRQ� LQWR� VXUIDFH�SRVLWLYHO\�FKDUJHG� OLSRVRPHV�
ZDV� DFKLHYHG�� ,Q� VLQN� FRQGLWLRQV�� WKH� LQ� YLWUR� UHOHDVH� SURILOH� RI�&UD� ORDGHG�OLSRVRPHV�
ZDV� VXEVWDQWLDOO\� IDVWHU�� FRQVLGHULQJ� WKDW� RYHU� WKDQ� ���� RI� WKH� &UD� FRQWHQW� ZDV
GHOLYHUHG� GXULQJ� WKH� WZR� KRXUV� RI� WKH� UHOHDVH� SURFHVV� +RZHYHU� WKH� HQFDSVXODWLRQ� RI�
&UD� LQWR�OLSRVRPHV�SURPRWHG�DQ�LPSURYHPHQW�RQ�LWV� LQ�YLYR�DQWLWXPRU�DFWLYLW\ DJDLQVW�
6DUFRPD� ���� LQ� UHODWLRQ� WR� IUHH� &UD� VROXWLRQ�� )XUWKHUPRUH�� KLVWRSDWKRORJLFDO� DQDO\VLV
UHYHDOHG�WKDW�&UD�HQFDSVXODWLRQ�LQWR�OLSRVRPHV�SURPRWHG�D�UHGXFWLRQ�RI�LWV�WR[LF�HIIHFW�
RQ�OLYHU��VSOHHQ�DQG�NLGQH\V��$FKLHYHPHQWV�KHUHLQ�DOORZ�K\SRWKHVL]LQJ�WKDW�&UD�ORDGHG�
OLSRVRPHV�PLJKW� KDYH� DQWLWXPRU� HIIHFW� E\� VWLPXODWLQJ� WKH� LPPXQH� V\VWHP� RI� DQLPDOV
DQG� RIIHU� D� SRWHQWLDO� QHZ� WKHUDSHXWLF� LVVXH� WR� EH� H[SORLWHG� DV� DQ� DGMXYDQW� DJHQW� IRU�
FDQFHU�WKHUDS\�

$FNQRZOHGJHPHQWV

7KLV�ZRUN� UHFHLYHG�SDUWLDO� VXSSRUW� IURP� WKH�%UD]LOLDQ�)UHQFK�&$3(6�&2)(&8%�
DJUHHPHQW� �8)3(�8QLYHUVLWp� 3$5,6�6XG� ;,�� *UDQW� �� ��������� 7KH� DXWKRUV� DUH� DOVR�
JUDWHIXO� IRU� WKH� SDUWLDO� VXSSRUW� IURP� WKH�%UD]LOLDQ�1DWLRQDO�&RXQFLO� IRU� 6FLHQWLILF� DQG�
7HFKQRORJLFDO� 'HYHORSPHQW� �&13T��� XQGHU� *UDQW� �� ������������� DQG� IHOORZVKLSV��
$XWKRUV� DOVR�ZLVK� WR� WKDQN�0UV�� &DUPHOLWD� /��%��&DYDOFDQWL� DQG�0U��0DULR�5��0HOR�
-XQLRU�IRU�WKHLU�YDOXDEOH�WHFKQLFDO�DVVLVWDQFH�RQ�WKH�KLVWRSDWKRORJLFDO�DQDO\VLV�



5HIHUHQFHV

$PVHOHQ�� 6��� *DEL]RQG�� $��� %DUHQKRO]�� <��� ������ 2SWLPL]DWLRQ� DQG� XSVFDOLQJ� RI�����
GR[RUXELFLQ�FRQWDLQLQJ� OLSRVRPHV� IRU� FOLQLFDO� XVH�� $P�� 3KDUP��$VVRF�� ���� �����
�����

%DUUDW��*��0���������7KHUDSHXWLF�DSSOLFDWLRQV�RI�FROORLGDO�GUXJ�FDUULHUV��3KDUP��6FL�	�
7HFKQRO��7RGD\��� ��������

%DV]NLQ�� $��� %RLVVRQDGH��0�0��� 6DQWRV�0DJDOKmHV�� 1�6��� &DUYDOKR� -U��� /�%��� &RUUHLD��
0�7�6���&RHOKR��/�&�%�%��� ������&UDW\OLD�PROOLV� OHFWLQ�DW� WKH�DLU�DTXHRXV� VROXWLRQ�
LQWHUIDFH�� DGVRUSWLRQ� DQG� OHFWLQ�OLSLG� LQWHUDFWLRQV�� &ROORLGV� 6XUI�� %�� %LRLQWHUIDFHV�
������������

%HOWUmR��(�,�&���&RUUHLD��0�7�6���6LOYD��-�)���&RHOKR��/�&�&�%���������%LQGLQJ�HYDOXDWLRQ�
RI� LVRIRUP� �� IURP� &UDW\OLD� PROOLV� OHFWLQ� WR� KXPDQ� PDPPDU\� WLVVXHV�� $SSO��
%LRFKHP��%LRWHFKQRO��������������

%HQGDV�� *��� 9RJHO�� -��� %DNRZVNL�� 8��� .UDXVH�� $��� 0�OOHU�� -��� 5RWKH�� 8��� ������ $�
OLSRVRPH�EDVHG� PRGHO� V\VWHP� IRU� WKH� VLPXODWLRQ� RI� OHFWLQ�LQGXFHG� FHOO� DGKHVLRQ��
%LRFKLP��%LRSK\V��$FWD����������������

&RUUHLD�� 0�7�6��� &RHOKR�� /�&�%�%��� ������ 3XULILFDWLRQ� RI� JOXFRVH�PDQQRVH� VSHFLILF�
OHFWLQ�� LVRIRUP� �� IURP� VHHGV� RI� &UDW\OLD� PROOLV� 0DUW�� �FDPDUDWX� EHDQ��� $SSO��
%LRFKHP��%LRWHFKQRO��������������

)RUVVHQ�� (���:LOOLV��0��� ������ /LJDQG±WDUJHWHG� OLSRVRPHV��$GY��'UXJ�'HOLY��5HY�� �����
���±����

*DELXV�� +�-��� *DELXV�� 6��� -RVKL�� 6�6��� .RFK�� %��� 6FKURHGHU�� 0��� 0DQ]NH�� :�0���
:HVWHUKDXVHQ�� � 0��� ������ )URP� LOO�GHILQHG� H[WUDFWV� WR� WKH� LPPXQRPRGXODWRU\�
OHFWLQ��ZLOO�WKHUH�EH�D�UHDVRQ�IRU�RQFRORJLFDO�DSSOLFDWLRQ�RI�0LVWOHWRH"�3ODQWD�0HG��
��������

*HUDQ��5��,���*UHHQEHUJ��1��+���0DFGRQDOG��0��0���6FKXPDFKHU��$��0���$EERWW��%��-���
������3URWRFROV�IRU�VFUHHQLQJ�FKHPLFDO�DJHQWV�DQG�QDWXUDO�SURGXFWV�DJDLQVW�DQLPDO�
DQG�RWKHU�ELRORJLFDO�V\VWHPV����HGLWLRQ��&DQFHU�&KHPRWKHUDS\�5HSRUWV�����3DUW�,,,��
��

+DDV�� +��� )DOFRQH�� )�+��� 6FKUDPP�� *��� +DLVFK�� .��� *LEEV�� %�)��� .ODXFNH�� -���
3|SSHOPDQQ��0���%HFNHU��:��0���*DELXV��+��-���6FKDDN��0���������'LHWDU\�OHFWLQV�
FDQ� LQGXFH� LQ� YLWUR� UHOHDVH� RI� ,/��� DQG� ,/���� IURP� KXPDQ� EDVRSKLOV�� (XU�� -��
,PPXQRO��������������



+DMWR�� 7��� +RVWDQVND�� .���:HEHU�� .��� =LQNH�� +��� )LVFKHU�� -���0HQJV�� 8��� /HQW]HQ�� +���
6DOOHU�� 5��� ������ (IIHFW� RI� D� UHFRPELQDQW� OHFWLQ��9LVFXP�DOEXP�DJJOXWLQLQ� RQ� WKH�
VHFUHWLRQ� RI� LQWHUOHXNLQ���� LQ� FXOWXUHG KXPDQ�SHULSKHUDO� EORRG�PRQRQXFOHDU� FHOOV�
DQG�RQ�1.�FHOO�PHGLDWHG�F\WRWR[LFLW\�RI� UDW�VSOHQRF\WHV� LQ�YLWUR�DQG�LQ�YLYR��1DW��
,PPXQ������������

.DUDVDNL��<���7VXNDPRWR��6���0L]XVDNL��.���6XJLXUD��7���*RWRK��6���������$�*DUOLF�OHFWLQ�
H[HUWHG� DQ� DQWLWXPRU� DFWLYLW\� DQG� LQGXFHG� DSRSWRVLV� LQ� KXPDQ� WXPRU� FHOOV�� )RRG�
5HV��,QW�����������

.RPSHOOD��8�%���/HH��9�+�/��� ������'HOLYHU\� V\VWHPV� IRU� SHQHWUDWLRQ� HQKDQFHPHQW�RI�
SHSWLGH�DQG�SURWHLQ�GUXJV��GHVLJQ�FRQVLGHUDWLRQV��$GY��'UXJ�'HOLY��5HY���������±
����

/LHQHU�� ,�(�� 6KDURQ�� 1��� *ROGVWHLQ�� ,�-�� �(GV���� �����7KH� OHFWLQV�� 3URSHUWLHV�� IXQFWLRQV�
DQG�DSSOLFDWLRQV�RQ�ELRORJ\�PHGLFLQH��$FDGHPLF�SUHVV��2UODQGR��)/�

0HQJV�� 8��� :HEHU�� .��� 6FKZDU]�� 7��� +RVWDQVND�� .��� +DMWR�� 7��� ������ $QWLPHWDVWDWLF�
HIIHFW�RI�D�VWDQGDUGL]HG�0LVWOHWRH�SUHSDUDWLRQ�RQ�%���PHODQRPD�FHOOV�LQ�PLFH��(XU��
-��&DQFHU�����6���

0H\HU�� -���:KLWFRPE��/���&ROOLQV��'���������(IILFLHQW�HQFDSVXODWLRQ�RI�SURWHLQV�ZLWKLQ�
OLSRVRPHV� IRU� VORZ� UHOHDVH� LQ� YLYR�� %LRFKHP�� %LRSK\V�� 5HV� &RPPXQ�� ����� ����
����

3HWHUVRQ�� *�/��� ������ $� VLPSOLILFDWLRQ� RI� WKH� SURWHLQ� DVVD\� PHWKRG� RI� /RZU\� HW� DO��
ZKLFK�LV�PRUH�JHQHUDOO\�DSSOLFDEOH��$QDO��%LRFKHP�������������

3RQWHV�� $�&�2��� &DHWDQR�� 0�1�3��� � 6DQWRV�0DJDOKmHV�� 1�6��� ������ 3K\VLFRFKHPLFDO�
FKDUDFWHUL]DWLRQ� DQG� DQWLPLFURELDO� DFWLYLW\� RI� %HQ]DWKLQH� 3HQLFLOOLQ� *� OLSRVRPHV��
6�7�3��3KDUPD�6FL�������������

6DG]XND��<���+LURWD��6���6RQREH��7���������,QWUDSHULWRQHDO�DGPLQLVWUDWLRQ�RI�GR[RUXELFLQ�
HQFDSVXODWHG�OLSRVRPHV�DJDLQVW�SHULWRQHDO�GLVVHPLQDWLRQ��7R[LFRO��/HWW�������������

7LPRVKHQNR��$�9���/DQ��<���*DELXV�+�-���/DOD�3�.���������,PPXQRWKHUDS\�RI�&�+�+H-�
PDPPDU\�DGHQRFDUFLQRPD�ZLWK�LQWHUOHXNLQ����PLVWOHWRH�OHFWLQ�RU�WKHLU�FRPELQDWLRQ��
HIIHFWV�RQ�WXPRU�JURZWK��FDSLOODU\�OHDNDJH�DQG�QLWULF�R[LGH��12��SURGXFWLRQ��(XU��-��
&DQFHU���������������

9DQ 6ORRWHQ��0�/���%RHUPDQ��2���5RPRUHQ��.���.HGDU��(���&URPPHOLQ��'�-�$���6WRUQ��
*��� ������ /LSRVRPHV� DV� VXVWDLQHG� UHOHDVH� V\VWHP� IRU� KXPDQ� LQWHUIHURQ�J��
%LRSKDUPDFHXWLFDO�DVSHFWV��%LRFKLP��%LRSK\V��$FWD���������������



:DQJ��+�;���*DR��-���1J��7�%���������$�QHZ�OHFWLQ�ZLWK�KLJKO\�SRWHQW�DQWLKHSDWRPD�DQG�
DQWLVDUFRPD� DFWLYLWLHV� IURP� WKH� R\VWHU� PXVKURRP� 3OHRURWXV� RVWHUDWXV�� %LRFKHP��
%LRSK\V��5HV��&RPPXQ���������������

:DQJ�� +�;��� 1J�� 7�%��� /LX�� :�.��� 2RL�� 9�(�&��� &KDQJ�� 6�7��� ������ ,VRODWLRQ� DQG�
FKDUDFWHUL]DWLRQ� RI� WZR� GLVWLQFW� OHFWLQV� ZLWK� DQWLSUROLIHUDWLYH� DFWLYLW\� IURP� WKH�
FXOWXUHG�P\FHOLD�RI�WKH�PXVKURRP�7ULFKRORPD�PRQJROLFXP��-��3HSWLGH�3URWHLQ�5HV��
������������

:LUWK�� 0��� +DPLOWRQ�� *��� *DERU�� )�� ������ /HFWLQ�PHGLDWHG� GUXJ� WDUJHWLQJ��
TXDQWLILFDWLRQ� RI� ELQGLQJ� DQG� LQWHUQDOL]DWLRQ� RI� :KHDW� JHUP� DJJOXWLQLQ� DQG�
6RODQXP�WXEHURVXP�OHFWLQ�XVLQJ�&DFR���DQG�+7����FHOOV��-��'UXJ�7DUJHW�����������

<DPD]DNL�� 1��� .RMLPD�� 6��� %RYLQ�� 1�9��� $QGUp�� 6��� *DELXV�� 6��� *DELXV�� +�±-��� ������
(QGRJHQRXV� OHFWLQV� DV� WDUJHWV� IRU� GUXJ� GHOLYHU\��$GY��'UXJ�'HOLY��5HY�� ���� ���±
����



7DEOH����
(IIHFWV� RI� XOWUDVRQLF� DJLWDWLRQ� DQG� PHFKDQLFDO� VWUHVV� RQ� WKH� &UD�
KDHPDJJOXWLQDWLQJ �+$��DFWLYLW\

8OWUDVRQLF�DJLWDWLRQ
�&RQWLQXRXV������:�SRZHU�

0HFKDQLFDO�VWUHVV�
�����VWURNHV�PLQ�

7LPH�RI�
H[SRVXUH �����VHF� �����VHF� �����VHF� ����K� ����K�
+$�DFWLYLW\
�/RJ� ���� ���� ���� ���� ����
>&UD@�QJ�PO ���� ���� ���� ���� ����
>&UD@� �FRQFHQWUDWLRQ�RI�&UD�FRUUHVSRQGLQJ�WR�WKH�KDHPDJJOXWLQDWLQJ��+$��DFWLYLW\



/LVW�RI�&DSWLRQV

)LJXUH����,Q�YLWUR�UHOHDVH�SURILOH�RI�&UD�ORDGHG�OLSRVRPHV����PO������PJ�PO��LQ�S+�����
SKRVSKDWH� EXIIHUHG� VROXWLRQ� ���� PO�� DW� ��q&� XVLQJ� XOWUDILOWUDWLRQ�XOWUDFHQWULIXJDWLRQ�
WHFKQLTXH�

)LJXUH����(YDOXDWLRQ�RI�WKH�HIIHFW�RI�IUHH�&UDW\OLD�PROOLV�OHFWLQ��&UD��LQ�VROXWLRQ�DQG�&UD�
ORDGHG�OLSRVRPHV� RQ� WKH� LQKLELWLRQ� RI� PLFH�EHDULQJ� 6DUFRPD� ���� ��u��� LQRFXODWHG�
FHOOV�DQLPDO���$QLPDO� WUHDWPHQW�UHJLPHQV�DUH�SHUIRUPHG�DV�IROORZLQJ����PJ�NJ�GD\�IRU�
��GD\V�����DQLPDOV�JURXS���&RQWURO�UHFHLYHG�VDOLQH�VROXWLRQ��JURXS�����HPSW\�OLSRVRPHV�
�JURXS�����IUHH�&UD�VROXWLRQ��JURXS�����DQG�&UD�ORDGHG�OLSRVRPHV��JURXS�����&UD�DFWLYLW\�
ZDV�DVVHVVHG�RQ��7XPRU�ZHLJKW�VFDWWHULQJ�GLDJUDP��D���WXPRU�LQKLELWLRQ�LQ�FRPSDULVRQ�
ZLWK�WKH�FRQWURO�JURXS��E���DQG�ERG\�ZHLJKW�RI�WUHDWHG�DQLPDOV��F���

)LJXUH����0RUSKRORJLFDO�DVSHFW�RI�6DUFRPD�����DIWHU�WUHDWPHQWV�ZLWK�IUHH�&UD�VROXWLRQ�
DQG� &UD�ORDGHG� OLSRVRPHV�� VKRZLQJ� D� QRUPDO� SUROLIHUDWLRQ� RI� FHOOV� IRU� WKH� FRQWURO�
DQLPDO� JURXS� �D��� D� GHFUHDVH� RQ� FHOOXODU� GHQVLW\� IRU� WKH� WUHDWPHQW� ZLWK� &UD� ORDGHG�
OLSRVRPHV��E��DQG�WKH�SUHVHQFH�RI�QHFURVLV�DUHDV�IRU�IUHH�&UD�VROXWLRQ��F���0DJQLILFDWLRQ�
����u���$UURZV�VKRZ�QHFURVLV�DUHDV�

)LJXUH� ��� +LVWRSDWKRORJLFDO� DVSHFW� RI� OLYHU� RI� DQLPDOV� WUHDWHG�ZLWK� IUHH�&UD� VROXWLRQ��
$UURZV�LQGLFDWH�IRFDO�O\PSKRFLWDU\�LQILOWUDWLRQ��0DJQLILFDWLRQ�����u��
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&21&/86®(6

$V� DQiOLVHV� GRV� UHVXOWDGRV� REWLGRV� QD� UHDOL]DomR� GHVWD� GLVVHUWDomR� SHUPLWHP�
HODERUDU�DV�VHJXLQWHV�FRQFOXV}HV�

�� 2V�HQVDLRV�SUHOLPLQDUHV�GHPRQVWUDUDP�TXH�D�&UD�QmR�PDQWHYH�VXD�HVWDELOLGDGH�
DYDOLDGD�SHOD�DWLYLGDGH�KHPDJOXWLQDQWH�TXDQGR�VXEPHWLGD�D�FRQGLo}HV�DJUHVVLYDV�
GD�SUHSDUDomR�H�FDUDFWHUL]DomR�GH�OLSRVVRPDV��XOWUD�VRQV�H�HVWUHVVH�PHFkQLFR��

�� /LSRVVRPDV�689�HVWiYHLV�FRPSRVWRV�GH����PRO�GH�IRVIROLStGLR�>3&��&+�H�6$�
�������@�FRQWHQGR�&UD�HQFDSVXODGD�QD�FRQFHQWUDomR�GH�����J�PO�IRUDP�REWLGRV�
SHOR�PpWRGR�GH�UHGLVSHUVmR�GH�ILOPH�OLStGLFR�VHJXLGR�GH�XOWUD�VRP�

�� 8PD�WD[D�GH�HQFDSVXODomR�GH�����GH�&UD�QRV�OLSRVVRPDV�IRL�GHWHUPLQDGD�
�� /LSRVVRPDV� FRQWHQGR� &UD� DSUHVHQWDUDP� XPD� IRUPD� HVIpULFD� H� PDQWHYH� VXD�

HVWDELOLGDGH�SRU�PDLV�GH���DQR�TXDQGR�DUPD]HQDGRV�D���&�
�� 2� HVWXGR� GD� FLQpWLFD� LQ� YLWUR SHUPLWLX� HVWLPDU� D� WD[D� GH� OLEHUDomR� GD�&UD� GDV�

IRUPXODo}HV� GH� OLSRVVRPDV�� $� OLEHUDomR� GH� OLSRVVRPDV� IRL� VXEVWDQFLDOPHQWH�
UiSLGD��FRQVLGHUDQGR�TXH�PDLV�GH�����GH�&UD�IRL�OLEHUDGD�GXUDQWH�RV�SULPHLURV�
���PLQXWRV� GR� SURFHVVR� GD� FLQpWLFD�GH� OLEHUDomR��(VWHV� VLVWHPDV�PRVWUDP�XPD�
OLEHUDomR�GH�&UD�HP�GXDV�KRUDV�

�� $� DWLYLGDGH� DQWLWXPRUDO� GD� &UD� HQFDSVXODGD� ������ GHPRQVWURX� XP� SRWHQFLDO�
LQLELomR�GR�6DUFRPD�����GH�����HP�UHODomR�D�&UD�OLYUH�������

�� $V� DQiOLVHV� KLVWRSDWROyJLFDV� REVHUYDUDP� XPD� UHGXomR� GRV� HIHLWRV� Wy[LFRV�
SURYRFDGRV�SHOD�&UD�OLYUH�TXDQGR�D�PHVPD�IRL�DGPLQLVWUDGD�SRU�XP�VLVWHPD�GH�
OLEHUDomR�FRQWURODGD�

�� $� HQFDSVXODomR� GD� &UD� HP� OLSRVVRPDV� SRWHQFLDOL]D� D� DWLYLGDGH� DQWLWXPRUDO� H�
GLPLQXL�D�WR[LFLGDGH�

�� 2V�DFKDGRV�GHVWH�HVWXGR�VXJHUHP�&UD�OLSRVVRPDV�FRPR�XPD�QRYD�SRVVLELOLGDGH�
WHUDSrXWLFD��GHYLGR�D�VXD�HVWDELOLGDGH�H�DWLYLGDGH�DQWLWXPRUDO�


