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2V ILOWURV QHEXORVRV WrP VLGR XWLOL]DGRV FRP VXFHVVR HP SURFHV�

VDPHQWR GH LPDJHQV� 2 XVR GDV WpFQLFDV QHEXORVDV IDFLOLWD R SUR�

MHWR GH ILOWURV ELGLPHQVLRQDLV� SRLV XP ILOWUR SDVVD D VHU HVSHFLIL�

FDGR DWUDYpV GH XPDV SRXFDV UHJUDV QHEXORVDV LQWXLWLYDV� 3RU

RXWUR ODGR� R HVSDoR GH HVFDOD WHP VLGR DPSODPHQWH XWLOL]DGR

SDUD OLGDU FRP R SUREOHPD GH PXOWL�UHVROXomR� 1R SUHVHQWH WUD�

EDOKR� SURSRPRV HVSHFLILFDU RV ILOWURV QHEXORVRV QR HVSDoR GH

HVFDOD� (VWD XQLmR GH GRLV FRQFHLWRV Mi FOiVVLFRV QD OLWHUDWXUD

SHUPLWH HVSHFLILFDU ILOWURV QHEXORVRV TXH GHSHQGHP GDV FDUDFWH�

UtVWLFDV GH XPD YL]LQKDQoD DPSOD� DR LQYpV GH VRPHQWH GDV FD�

UDFWHUtVWLFDV ORFDLV GH DOJXQV SRXFRV SL[HOV GH GLVWkQFLD� 2V FRQ�

FHLWRV SURSRVWRV IRUDP LPSOHPHQWDGRV H DSUHVHQWDPRV RV UHVXO�

WDGRV REWLGRV QD GHWHFomR PXOWL�HVFDOD GH DUHVWDV H QR PHOKRUD�

PHQWR GH FRQWUDVWH GDV H[WUHPLGDGHV GR QtYHO GH FLQ]D�

���,QWURGXomR

$ OyJLFD QHEXORVD� LQWURGX]LGD SRU =DGHK >���@ WHP VLGR WUDGLFLR�

QDOPHQWH XWLOL]DGD QDV WDUHIDV GH DOWR�QtYHO GH YLVmR FRPSXWDFLR�

QDO H UHFRQKHFLPHQWR GH SDGU}HV� &RPR XP H[HPSOR� /LX HW DO�

>�@ XWLOL]D D OyJLFD QHEXORVD SDUD R UHFRQKHFLPHQWR GH REMHWRV�

LQYDULDQWH SRU URWDomR� WUDQVODomR H HVFDOD�

0DLV UHFHQWHPHQWH� DV WpFQLFDV QHEXORVDV WDPEpP WrP VLGR XWLOL�

]DGDV FRP VXFHVVR SDUD FULDU GLYHUVDV FODVVHV GH ILOWURV QmR�

OLQHDUHV TXH SHUPLWHP UHDOL]DU DV WDUHIDV GH EDL[R�QtYHO GH SUR�

FHVVDPHQWR GH LPDJHP� 3RU H[HPSOR� SDUD DWHQXDU UXtGRV DR

PHVPR WHPSR HP TXH VH PDQWpP D QLWLGH] GDV ERUGDV >�@� QD

FULDomR GH ILOWURV GH SLOKD �¦VWDFN ILOWHUV§� QHEXORVRV >�@� SDUD

FULDU RSHUDGRUHV PRUIROyJLFRV QHEXORVRV >���@ H SDUD HPXODU

RSHUDGRUHV PRUIROyJLFRV >�@� 2 WUDEDOKR GH 5XVVR H 5DPSRQL

>��@ WUD] XP ERP UHVXPR GR XVR GDV WpFQLFDV QHEXORVDV QR SUR�

FHVVDPHQWR GH LPDJHP�

1RWRULDPHQWH� R XVR GDV WpFQLFDV QHEXORVDV IDFLOLWD R SURMHWR GH

ILOWURV ELGLPHQVLRQDLV� SRLV XP ILOWUR SDVVD D VHU GHVFULWR QR GR�

PtQLR HVSDFLDO DWUDYpV GH XPDV SRXFDV UHJUDV QHEXORVDV� TXH

SRGHP VHU FRPSUHHQGLGDV LQWXLWLYDPHQWH PHVPR SRU XP QmR�

HVSHFLDOLVWD HP SURFHVVDPHQWR GH LPDJHP�

3RU RXWUR ODGR� R HVSDoR GH HVFDOD IRL SURSRVWR RULJLQDOPHQWH SRU

:LWNLQV HP >��@ H DV VXDV SURSULHGDGHV PDLV LPSRUWDQWHV DSUH�

VHQWDGDV HP >��@� 'HVGH D VXD LQWURGXomR� D WHRULD GH HVSDoR GH

HVFDOD WHP VLGR DPSODPHQWH XWLOL]DGD HP SURFHVVDPHQWR GH LPD�

JHP SDUD OLGDU FRP R SUREOHPD GH PXOWL�UHVROXomR� MXQWDPHQWH

FRP D HVWUXWXUD GH SLUkPLGH >��@ H ¦ZDYHOHWV§ >��@� &RPR H[HP�

SORV GH DSOLFDo}HV� R HVSDoR GH HVFDOD p XWLOL]DGR SDUD GHWHFWDU

FDQWRV >��@ H UHFRQKHFHU REMHWRV >��@� 2 HVSDoR GH HVFDOD RULJL�

QDO XWLOL]D ILOWUR JDXVVLDQR H DV VXDV SULPHLUDV GHULYDGDV SDUD

JHUDU DV LPDJHQV HP GLIHUHQWHV HVFDODV� 5HFHQWHPHQWH� R XVR GRV

ILOWURV QmR�OLQHDUHV WrP VLGR SURSRVWR SDUD HVWD PHVPD WDUHID� SRU

H[HPSOR >��@ SURS}H R XVR GH RSHUDGRUHV PRUIROyJLFRV H DSUH�

VHQWD DV SURSULHGDGHV REWLGDV QHVWH ¦HVSDoR GH HVFDOD QmR�

OLQHDU§�

1R SUHVHQWH WUDEDOKR� SURSRPRV DSOLFDU RV ILOWURV QHEXORVRV QR

HVSDoR GH HVFDOD FRQYHQFLRQDO �JDXVVLDQR�� (VWD XQLmR GH GRLV

FRQFHLWRV Mi FOiVVLFRV QR SURFHVVDPHQWR GH LPDJHP� SHUPLWH

HVSHFLILFDU IDFLOPHQWH XPD DPSOD JDPD GH ILOWURV� $ FODVVH GH

RSHUDGRUHV QHEXORVRV WUDGLFLRQDLV SHUPLWH H[WUDLU DSHQDV FDUDFWH�

UtVWLFDV ORFDLV GH DOJXQV SRXFRV SL[HOV GH GLVWkQFLD� &RP R XVR GH

HVSDoR GH HVFDOD WRUQD�VH SRVVtYHO HVSHFLILFDU ILOWURV TXH GHSHQ�

GHP GH XPD YL]LQKDQoD DPSOD�

8P VLVWHPD FRPSXWDFLRQDO TXH LPSOHPHQWD RV FRQFHLWRV SUR�

SRVWRV QHVWH WUDEDOKR IRL GHVHQYROYLGR XWLOL]DQGR R SDUDGLJPD GH

RULHQWDomR D REMHWRV� (VWH VLVWHPD IRL DSOLFDGR QD GHWHFomR GH

DUHVWDV PXOWL�HVFDOD H QR PHOKRUDPHQWR GH FRQWUDVWH GDV H[WUHPL�

GDGHV GR QtYHO GH FLQ]D�

���)LOWURV�1HEXORVRV

'HILQLUHPRV R RSHUDGRU UHVWULWR j MDQHOD �:�RSHUDGRU� H GHVFUH�

YHUHPRV EUHYHPHQWH D HVWUXWXUD EiVLFD GR XP VLVWHPD HVSHFLDOLVWD

QHEXORVR SDUD HP VHJXLGD GHILQLU RV ILOWURV QHEXORVRV�

8PD LPDJHP HP QtYHO GH FLQ]D p QRUPDOPHQWH GHILQLGD FRPR

XPD IXQomR 4 N� > ��� @¯
� � �→ − � RQGH N p XP Q~PHUR LQWHLUR TXH

LQGLFD D TXDQWLGDGH GH QtYHLV GH FLQ]D GD LPDJHP 4� 2 VXSRUWH

GH XPD LPDJHP 4 p XP VXEFRQMXQWR ILQLWR �RUGLQDULDPHQWH UH�

WDQJXODU� GH ¯� RQGH D LPDJHP HVWi UHDOPHQWH GHILQLGD� 2 WDPD�

QKR GR VXSRUWH p R Q~PHUR GH SL[HOV GD LPDJHP� )RUD GR VXSRUWH�

FRQVLGHUD�VH TXH D LPDJHP HVWi SUHHQFKLGD FRP XPD FRU�GH�

IXQGR�

1HVWH WUDEDOKR� XWLOL]DUHPRV DV SDODYUDV ILOWUR H RSHUDGRU FRPR

VLQ{QLPRV� VLJQLILFDQGR XPD IXQomR TXH WUDQVIRUPD XPD LPDJHP

QXPD RXWUD� $ PDLRULD GRV RSHUDGRUHV XWLOL]DGRV QD SUiWLFD VmR

UHVWULWRV j MDQHOD� LVWR p� D FRU GH XP SL[HO GH VDtGD GHSHQGH GH

XPD YL]LQKDQoD GR SL[HO GH HQWUDGD FRUUHVSRQGHQWH� 3RU H[HP�

SOR� RV ILOWURV OLQHDUHV HVSDFLDLV� RV RSHUDGRUHV PRUIROyJLFRV� RV

ILOWURV GH SLOKD� RV ILOWURV EDVHDGRV QD HVWDWtVWLFD GH RUGHP� VmR

WRGRV UHVWULWRV j MDQHOD� 1D UHDOLGDGH� DOJXPDV WHRULDV SUHYrHP D

SRVVLELOLGDGH GH VH FULDU DOJXQV GRV RSHUDGRUHV DFLPD HQXPHUD�

GRV QmR UHVWULWRV j MDQHOD� PDV SRGHPRV GHVSUH]DU HVWHV FDVRV

SRLV GLILFLOPHQWH VmR XWLOL]DGRV QD SUiWLFD� 8P :�RSHUDGRU
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p GHILQLGR DWUDYpV GH XPD MDQHOD { }: = : :Z�� �� � :L ∈¯� H GH

XPD IXQomR FDUDFWHUtVWLFD ψ�> ��� @ > ��� @� � � �N N
Z− → − FRPR VH�
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,VWR p� XP :�RSHUDGRU p FRPSOHWDPHQWH FDUDFWHUL]DGR DWUDYpV GD

MDQHOD H GD IXQomR FDUDFWHUtVWLFD� 6DOYR UDUDV H[FHo}HV� RV RSHUD�

GRUHV QHEXORVRV XWLOL]DP XP VLVWHPD HVSHFLDOLVWD QHEXORVR SDUD

HVSHFLILFDU D VXD IXQomR FDUDFWHUtVWLFD� 2V RSHUDGRUHV PRUIROyJL�

FRV QHEXORVRV VmR DV H[FHo}HV PDLV LPSRUWDQWHV D HVWD UHJUD�

&RPR YHUHPRV� D HVSHFLILFDomR GR RSHUDGRU WRUQD�VH H[WUHPD�

PHQWH IiFLO H LQWXLWLYR XWLOL]DQGR XP VLVWHPD QHEXORVR�

2 QtYHO GH FLQ]D GH XP SL[HO �XP Q~PHUR LQWHLUR QR LQWHUYDOR

> ��� @� �N − � GHYH VHU FRQYHUWLGR SDUD XP Q~PHUR UHDO QR LQWHUYDOR

>���@ D ILP GH SRGHU DSOLFDU PDLV IDFLOPHQWH R VLVWHPD HVSHFLD�

OLVWD QHEXORVR� 3DUD LVVR� XWLOL]DUHPRV DV IXQo}HV GH

¦QRUPDOL]DomR§�
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H GH ¦GHVQRUPDOL]DomR§�
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8WLOL]DQGR DV IXQo}HV 1 H 1
��� SRGHPRV LPDJLQDU TXH DV LPDJHQV

HP QtYHO GH FLQ]D VHMDP IXQo}HV 4� > � @¯
� � �→ H VXSRU TXH D

IXQomR FDUDFWHUtVWLFD GH XP :�RSHUDGRU VHMD ψ�> � @ > � @� � � �Z → �

2V FRQMXQWRV QHEXORVRV VmR H[WHQV}HV GH FRQMXQWRV FOiVVLFRV�

'LIHUHQWHPHQWH GRV FRQMXQWRV FOiVVLFRV �WDPEpP FKDPDGRV QD

OLWHUDWXUD GH FRQMXQWRV FUHVSRV HP FRQWUDSRVLomR DRV FRQMXQWRV

QHEXORVRV� RQGH R JUDX GH SHUWLQrQFLD GH XP HOHPHQWR DR FRQ�

MXQWR p GR WLSR ¦VLP RX QmR§� RV FRQMXQWRV QHEXORVRV SHUPLWHP

SHUWLQrQFLDV SDUFLDLV� 'H IDWR� XP FRQMXQWR QHEXORVR ) GH XP

XQLYHUVR GH GLVFXUVR 8 p FDUDFWHUL]DGR SRU XPD IXQomR GH SHUWL�

QrQFLD µ
) 8� > � @→ � � � 3DUD FDGD [�8� µ) [� � LQGLFD R JUDX GH

SHUWLQrQFLD GH [ DR FRQMXQWR QHEXORVR )� 2 VXSRUWH GH ) p R

FRQMXQWR GH SRQWRV GH 8 RQGH µ) [� � p SRVLWLYR� 8P VLQJOHWRQ

QHEXORVR ) p XP FRQMXQWR QHEXORVR FXMR VXSRUWH p XP ~QLFR

SRQWR [ GH 8 H p GHQRWDGR SRU )  P�[�

3DUD IDFLOLWDU D FULDomR GH FRQMXQWRV QHEXORVRV� XWLOL]DUHPRV ¦IODW

IX]]\ QXPEHUV§� TXH VmR VXEFRQMXQWRV QHEXORVRV GH § GHILQLGRV

DWUDYpV GH XPD TXiGUXSOD GH Q~PHURV UHDLV P� d P� d P� d P��

GHQRWDGR SRU ))1�P�� P�� P�� P��� H DR TXDO HVWi DVVRFLDGD D

VHJXLQWH IXQomR GH SHUWLQrQFLD�
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3RU H[HPSOR� VHMDP WUrV IIQ©V�
GDUN  ))1������ �� �� �����

PHGLXP  ))1� �� ���� ���� ���

EULJKW  ))1� �� ���� ���� ��� ���

(QWmR �ILJXUD ���

µGDUN � � � ����� � ��= �

µPHGLXP� � � ����� � ��= H
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$R ORQJR GHVWH WUDEDOKR� XWLOL]DUHPRV SRQWR FRPR VtPEROR GHFL�
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GDUN PHGLXP EULJKW
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JUDX GH

SHUWLQrQFLD

QtYHO GH

FLQ]D

)LJ� �� ([HPSORV GH ¦IODW IX]]\ QXPEHUV§ WULDQJXODUHV�

2V FRQMXQWRV QHEXORVRV VmR DV FRPSRQHQWHV�FKDYHV GDV UHJUDV

QHEXORVDV� 6HMDP )� H )� GRLV VXEFRQMXQWRV QHEXORVRV GH §�

8PD UHJUD QHEXORVD p XPD DILUPDomR FRQGLFLRQDO QHEXORVD GD

IRUPD�
LI [ LV )� WKHQ \ LV )�� ���

1HVWD UHJUD� [ p XP Q~PHUR UHDO H \ p XP FRQMXQWR GH VLQJOHWRQV

QHEXORVRV� (VWD UHJUD VLJQLILFD�

�� &DOFXOH R JUDX GH SHUWLQrQFLD P GH [ DR )��

�� &DOFXOH R FHQWUR GH JUDYLGDGH Y GH )��

�� )DoD \m \ a P�Y�

3RU H[HPSOR� SDUD D UHJUD DEDL[R
LI [ LV PHGLXP WKHQ \ LV GDUN� ���

TXDQGR [ ����� R JUDX GH SHUWLQrQFLD GR [ DR PHGLXP p ���� 2

FHQWUR GH JUDYLGDGH GH GDUN p �� $VVLP� \ GHYH UHFHEHU R VLQJOH�

WRQ ������ $ UHJUD DFLPD SRGH VHU HVFULWD HTXLYDOHQWHPHQWH H[SOL�

FLWDQGR R FHQWUR GH JUDYLGDGH GR FRQMXQWR QHEXORVR GD FOiXVXOD

FRQVHTXHQWH�
LI [ LV PHGLXP WKHQ \ LV �� ���

1XPD UHJUD� SRGHP DSDUHFHU H[SUHVV}HV ERROHDQDV QHEXORVDV

FRQWHQGR RSHUDGRUHV ¦DQG§� ¦RU§ H�RX ¦QRW§� 1HVWH FDVR� GRLV

JUDXV SHUWLQrQFLD FRQFDWHQDGRV SHOR RSHUDGRU ¦DQG§ UHVXOWD QR

PHQRU GRV GRLV JUDXV� 2 RSHUDGRU ¦RU§ GHQRWD R PDLRU GRV JUDXV�

'H IRUPD VHPHOKDQWH� R RSHUDGRU ¦QRW§ GHQRWD XP PHQRV R JUDX

GH SHUWLQrQFLD�

8P VLVWHPD HVSHFLDOLVWD QHEXORVR XWLOL]D XPD FROHomR GH UHJUDV

QHEXORVDV FRP SHVRV FRPR XPD EDVH GH FRQKHFLPHQWR� ,VWR p�

XWLOL]DP�VH P UHJUDV QHEXORVDV FRP SHVRV S�� S������ S
P
SDUD

FRQVWUXLU XP PDSHDPHQWR GH Q YDULiYHLV GH HQWUDGD [�� [�� ���� [Q
SDUD XPD YDULiYHO GH VDtGD \� 3DUD XPD GDGD HQWUDGD GH Q Q~PH�

URV UHDLV� DV P UHJUDV IRUQHFHP XP FRQMXQWR GH P VLQJOHWRQV

^P��Y�� P��Y�� ��� PP�YP`� 2 SURFHVVR FKDPDGR GHIX]]LILFDomR GHYH

FRQYHUWHU HVVH FRQMXQWR GH VLQJOHWRQV QXP Q~PHUR UHDO� $ PpGLD

DULWPpWLFD SRQGHUDGD SHOR SHVR GD UHJUD p QRUPDOPHQWH XWLOL]DGD

SDUD HVWD ILQDOLGDGH�
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FRU GH IXQGR� FDVR FRQWU�

6H R SHVR GH XPD UHJUD p RPLWLGD �FRPR HP WRGRV RV H[HPSORV

PRVWUDGRV DWp DJRUD�� GHYH�VH DVVXPLU R SHVR XP�

8PD UHJUD FRP FOiXVXOD ¦HOVH§ HTXLYDOH D GXDV UHJUDV FRPSOH�

PHQWDUHV FRP R PHVPR SHVR� 3RU H[HPSOR�
LI [ LV )� ZHLJKW �

WKHQ \ LV )�

HOVH \ LV )�� ���

(TXLYDOH D�
LI [ LV )� ZHLJKW � WKHQ \ LV )��

LI QRW �[ LV )�� ZHLJKW � WKHQ \ LV )�� ���

'HVFUHYHPRV DFLPD R VLVWHPD HVSHFLDOLVWD QHEXORVR XWLOL]DGR

QHVWH WUDEDOKR� TXH FRUUHVSRQGH D XP VLVWHPD QHEXORVR ¦WtSLFR§�

'HYH�VH QRWDU� SRUpP� TXH PXLWRV VLVWHPDV QHEXORVRV DOWHUQDWL�

YRV WrP VLGR SURSRVWRV QD OLWHUDWXUD�

3DUD IDFLOLWDU D FRPSUHHQVmR� YDPRV LOXVWUDU R XVR GR VLVWHPD

HVSHFLDOLVWD QHEXORVR QD HVSHFLILFDomR GH ILOWURV ELGLPHQVLRQDLV

DWUDYpV GH DOJXQV H[HPSORV� 6HMDP�
:LQGRZ  > ������ ������ ������ ����� @�

%ODFN  ))1�����������

:KLWH  ))1���������� ���

$V VHJXLQWHV UHJUDV QHEXORVDV SRGHP VHU XWLOL]DGDV SDUD DXPHQ�

WDU R FRQWUDVWH�
LI [>�@ LV ZKLWH WKHQ \ LV �����

LI [>�@ LV EODFN WKHQ \ LV ����� ���

SRLV WRUQD XP SL[HO EUDQFR ¦PDLV EUDQFR§ H XP SL[HO SUHWR ¦PDLV

SUHWR§ �ILJXUDV � H ��� (VWDV GXDV UHJUDV SRGHP VHU VXEVWLWXtGDV

SHOD VHJXLQWH UHJUD�
LI [>�@ LV ZKLWH WKHQ \ LV ����

HOVH \ LV ����� ���

)LJ �� ¦/HQQD§� )LJ� �� DXPHQWR GH FRQWUDVWH�

$V VHJXLQWHV UHJUDV FRQVWUyHP XPD GLODWDomR WUDGLFLRQDO HP QtYHO

GH FLQ]D FRP HOHPHQWR HVWUXWXUDQWH SODQDU �u�� 3DUD XWLOL]DU XP

HOHPHQWR HVWUXWXUDQWH PDLRU� EDVWD FRQFDWHQDU PDLV SL[HOV GD

LPDJHP GH HQWUDGD SHOR RSHUDGRU ¦RU§� $ ILJXUD � PRVWUD GLODWD�

omR SRU XP HOHPHQWR HVWUXWXUDQWH SODQDU �u��
LI [>�@ LV ZKLWH RU [>�@ LV ZKLWH

WKHQ \ LV ZKLWH�

HOVH \ LV EODFN� ����

6LPSOHVPHQWH PXGDQGR ¦RU§ SRU ¦DQG§ REWHPRV XPD HURVmR�

3RU ILP� DV VHJXLQWHV UHJUDV HVSHFLILFDP XP ILOWUR VLPSOHV GHWHF�

WRU GH DUHVWDV �ILJXUD ���
YDULiYHO G�UHDO�

G mm DEV�[>�@�[>�@��DEV�[>�@�[>�@��

DEV�[>�@�[>�@��

LI G LV EODFN ZHLJKW � WKHQ \ LV ������

LI G LV ZKLWH ZHLJKW ��� WKHQ \ LV ������ ����

)LJ� �� 'LODWDomR �u�� )LJ� �� 'HWHFWRU GH DUHVWDV�

���(VSDoR�GH�(VFDOD

'DGD XPD LPDJHP 4�§ §
� → � R VHX HVSDoR GH HVFDOD

4 �� �§ § §
� × →+ p XPD LPDJHP WULGLPHQVLRQDO REWLGR DWUDYpV

GD FRQYROXomR�
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8VXDOPHQWH� D IXQomR J p XPD JDXVVLDQD GH GXDV YDULiYHLV �ILJXUD

���

J [ \
[ \

� � � � H[S
� �σ

πσ σ
= − +











�

� ��

� �

�

)LJ� �� )XQomR JDXVVLDQD GH � YDULiYHLV FRP V ��

2V WUDEDOKRV GH :LWNLQ� %DEDXG HW DO� >��� ��@ WUD]HP XPD VpULH

GH UD]}HV GH FRQYHQLrQFLDV SDUD D HVFROKD GD FRQYROXomR JDXV�

VLDQD� 2 HVSDoR GH HVFDOD DGLFLRQD XPD QRYD FRRUGHQDGD j LPD�

JHP� $OpP GDV FRRUGHQDGDV [ H \� DJRUD WHPRV XP QRYR SDUkPH�

WUR V TXH FDUDFWHUL]D R QtYHO GH UHVROXomR GD LPDJHP�

(YLGHQWHPHQWH� QD UHDOLGDGH HVWDPRV WUDEDOKDQGR FRP LPDJHQV

GLVFUHWDV� 'HVWD IRUPD� D LPDJHP 4 HVWi GHILQLGD HP ¯
�� DR LQYpV

GH HVWDU GHILQLGD HP §
�� H R VHX HVSDoR GH HVFDOD WDPEpP GHYH



VHU GLVFUHWR� 3RGHPRV GHILQLU R HVSDoR GH HVFDOD GLVFUHWR GD LPD�

JHP 4� GDGD XPD UHVROXomR LQLFLDO V
R
H XP SDUkPHWUR GH SDVVR O�

SDUD WRGR LQWHLUR Q!�� FRPR�
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&RP LVVR� R HVSDoR GH HVFDOD GLVFUHWD WRUQD�VH XPD VHT�rQFLD GH

LPDJHQV FRP UHVROXo}HV GLIHUHQWHV� RQGH R ��pVLPR TXDGUR p D

LPDJHP RULJLQDO� H RV TXDGURV VXEVHT�HQWHV VmR LPDJHQV FRP

UHVROXo}HV FDGD YH] PDLV JURVVHLUDV �PDLV ¦ERUUDGDV§� ILJXUD ���
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)LJ� �� (VSDoR GH HVFDOD GLVFUHWD FRP V
R
 ��� H O ��

���)LOWURV�1HEXORVRV�QR�(VSDoR�GH�(VFDOD

2V ILOWURV QHEXORVRV SRGHP VHU GLUHWDPHQWH DSOLFDGRV QR HVSDoR

GH HVFDOD� FRP UHVXOWDGRV LQWHUHVVDQWHV� 3RU H[HPSOR� VH R GH�

WHFWRU GH DUHVWDV QHEXORVR �VLVWHPD ��� p DSOLFDGR HP GLIHUHQWHV

TXDGURV GR HVSDoR GH HVFDOD GD LPDJHP GH ODJDUWR� REWHPRV XPD

VHT�rQFLD GH LPDJHQV FDGD YH] PHQRV VHQVtYHLV jV DUHVWDV ORFDLV

�ILJXUD ��� ,VWR SHUPLWH TXH R XVXiULR HVFROKD YLVXDOPHQWH XPD

UHVROXomR FRQYHQLHQWH SDUD D GHWHFomR GH DUHVWDV� GHFLGLQGR VH

HVWi LQWHUHVVDGR QDV DUHVWDV GRV SHTXHQRV GHWDOKHV RX VRPHQWH

QDV DUHVWDV GRV WUDoRV SULQFLSDLV GD LPDJHP�

3RUpP� UHVXOWDGRV DLQGD PDLV LQWHUHVVDQWHV SRGHP VHU REWLGRV

TXDQGR XP ILOWUR QHEXORVR p SURMHWDGR SDUD JHUDU VDtGD D SDUWLU

GDV LQIRUPDo}HV FRQWLGDV HP GLIHUHQWHV HVFDODV� 'HVFUHYHUHPRV

DTXL XPD WpFQLFD SDUD PHOKRUDU R FRQWUDVWH GDV H[WUHPLGDGHV GR

QtYHO GH FLQ]D�

$OJXPDV YH]HV� QmR FRQVHJXLPRV GLVWLQJXLU EHP RV GHWDOKHV GDV

UHJL}HV RQGH R QtYHO GH FLQ]D PpGLR p PXLWR HVFXUR RX PXLWR

FODUR� DSHVDU GH VHU SRVVtYHO REVHUYDU FRP EDVWDQWH QLWLGH] DV

GHPDLV UHJL}HV� (VWH SUREOHPD DFRQWHFH FRP D LPDJHP GH ODJDUWR

��D� H WDPEpP FRP D LPDJHP GD PRoD ��D� FXMD DPSOLDomR HQ�

FRQWUD�VH HP ��D�� 1D ILJXUD GR ODJDUWR� p GLItFLO REVHUYDU RV

GHWDOKHV GR SHVFRoR GR DQLPDO �PXLWR HVFXURV� DVVLP FRPR RV

GHWDOKHV GD SDUWH LOXPLQDGD GD SHGUD �PXLWR FODURV�� 1D ILJXUD GD

PRoD p GLItFLO YLVXDOL]DU RV GHWDOKHV GR OHQoR GD PRoD �PXLWR

HVFXURV� DVVLP FRPR RV GDV IORUHV EUDQFDV �PXLWR FODURV�� 1RWD�

PRV DTXL TXH D LPDJHP �D IRL REWLGD VLPSOHVPHQWH SURFHGHQGR j

HTXDOL]DomR FRQYHQFLRQDO GH KLVWRJUDPD� HQTXDQWR R KLVWRJUDPD

GD LPDJHP �D IRL PDQLSXODGR DUWLILFLDOPHQWH SDUD DFHQWXDU R

HIHLWR YLVXDO HP HVWXGR�
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)LJ� �� 'HWHFWRU GH DUHVWDV QHEXORVR QR HVSDoR GH HVFDOD�

$ ILOWUDJHP KRPRPyUILFD p QRUPDOPHQWH XWLOL]DGD HP VLWXDo}HV

VHPHOKDQWHV� 2 ILOWUR KRPRPyUILFR DVVXPH TXH D LQWHQVLGDGH GH

XP SL[HO 4�[� \� p R UHVXOWDGR GD PXOWLSOLFDomR GD LOXPLQDomR

,�[� \� SHOD UHIOHFWkQFLD 5�[� \��
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( SURFXUD� HP HVVrQFLD� GLPLQXLU D YDULDomR GR FRPSRQHQWH

,�[� \� DR ORQJR GD LPDJHP� ,VWR PHOKRUD D YLVLELOLGDGH WDQWR GDV

UHJL}HV GH VRPEUD TXDQWR GDV UHJL}HV H[FHVVLYDPHQWH LOXPLQD�

GDV� 2 ILOWUR KRPRPyUILFR FRQVHJXH GLVWLQJXLU YDULDomR GH LOXPL�

QDomR GD YDULDomR GH UHIOHFWkQFLD DVVXPLQGR TXH D LOXPLQDomR

GHYH YDULDU OHQWDPHQWH QR GRPtQLR HVSDFLDO �LVWR p� VmR FRPSR�

QHQWHV GH EDL[D IUHT�rQFLD� HQTXDQWR TXH D UHIOHFWkQFLD GHYH

YDULDU UDSLGDPHQWH� $V YDULDo}HV UiSLGDV GH QtYHO GH FLQ]D GDV

UHJL}HV GH VRPEUD VHUmR DPSOLILFDGDV H DV GDV UHJL}HV H[FHVVLYD�

PHQWH LOXPLQDGDV VHUmR DPRUWHFLGDV SHOR ILOWUR KRPRPyUILFR�

(VWH PRGHOR IXQFLRQD SHUIHLWDPHQWH QD ILJXUD GR ODJDUWR ��D��

RQGH DV UHJL}HV HVFXUDV H FODUDV VmR IRUPDGDV SHOD YDULDomR GR

FRPSRQHQWH GH LOXPLQDomR ,�[� \�� 2UD� SRUpP� QR FDVR GD ILJXUD

GD PRoD ��D�� QmR Ki PXGDQoD EUXVFD GH LOXPLQDomR ,�[� \� GR

OHQoR SDUD D IORU EUDQFD� PDV VLP Ki YDULDomR DFHQWXDGD GD UH�

IOHFWkQFLD 5�[� \�� 1HVWH H HP WRGRV RV FDVR VHPHOKDQWHV� R ILOWUR

KRPRPyUILFR QmR p DGTXDGR� SRLV TXHUHPRV TXH DV YDULDo}HV

UiSLGDV GH QtYHO GH FLQ]D VHMDP DPSOLILFDGDV WDQWR QD UHJLmR HV�

FXUD TXDQWR QD UHJLmR FODUD�
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)LJ� ��� 'HWDOKHV DPSOLDGRV GH OHQoR H GDV IORUHV�

8PD YDULDomR UiSLGD GH QtYHO GH FLQ]D SRGH VHU GHWHFWDGD FRPSD�

UDQGR R QtYHO GH FLQ]D GH XP SL[HO FRP R QtYHO PpGLR GRV SL[HOV

FLUFXQYL]LQKRV� ( HVWD YDULDomR SRGH VHU DPSOLDGD SHOR VHJXLQWH

VLVWHPD QHEXORVR�
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2EVHUYH TXH VH D FRU GD YL]LQKDQoD p LJXDO j FRU GR SL[HO �UHJUDV

� H ��� D VDtGD UHFHEH D SUySULD FRU GR SL[HO� &DVR VHMDP GLIHUHQ�

WHV �UHJUDV � H ��� D GLIHUHQoD HQWUH D YL]LQKDQoD H R SL[HO p DP�

SOLILFDGD� $ VXSHUItFLH JHUDGD SRU HVWDV UHJUDV SRGH VHU YLVXDOL]D�

GD QD ILJXUD ���

)LJ� ��� )XQomR JHUDGD SHODV UHJUDV QHEXORVDV SDUD DXPHQWDU

FRQWUDVWH GDV H[WUHPLGDGHV GR QtYHO GH FLQ]D�

3RUpP� VXUJH XPD SHUJXQWD� 4XDO p D PHOKRU HVFROKD SDUD R WD�

PDQKR GD YL]LQKDQoD" $FUHGLWDPRV TXH QHQKXPD HVFROKD VHMD

DGHTXDGD� ( R XVR GH HVSDoR GH HVFDOD SHUPLWH�QRV FRQWRUQDU R

SUREOHPD GH WHU GH HVFROKHU XP WDPDQKR GD YL]LQKDQoD� WUDED�

OKDQGR FRP GLIHUHQWHV WDPDQKRV GH YL]LQKDQoD� 3DUD LVVR� EDVWD

DSOLFDU UHSHWLGDPHQWH DV UHJUDV QHEXORVDV DFLPD SDUD YL]LQKDQoDV

FRP GLIHUHQWHV UHVROXo}HV V� IRUQHFLGDV SHOR HVSDoR GH HVFDOD

GLVFUHWR� 2V UHVXOWDGRV REWLGRV SRGHP VHU YLVWRV QDV ILJXUDV � H

���

���,PSOHPHQWDomR

2V FRQFHLWRV SURSRVWRV IRUDP LPSOHPHQWDGRV QD OLQJXDJHP &���

DSHVDU GH WHUPRV XWLOL]DGR XPD OLQJXDJHP VHPHOKDQWH D 3DVFDO

QDV GHVFULo}HV GRV VLVWHPDV QHEXORVRV SDUD PHOKRUDU D OHJLELOL�

GDGH� $ OLQJXDJHP &�� RIHUHFH XPD VpULH GH UHFXUVRV TXH SHU�

PLWHP LPSOHPHQWDU QDWXUDOPHQWH XP VLVWHPD QHEXORVR� XWLOL]DQ�

GR VRPHQWH RV UHFXUVRV GD OLQJXDJHP� VHP WHU TXH HVFUHYHU XP

FRPSLODGRU RX XP LQWHUSUHWDGRU GH VLVWHPD QHEXORVR� $VVLP� R

VLVWHPD � SDUD DXPHQWDU R FRQWUDVWH WRUQD�VH�
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2 FRPDQGR ILIHOVH VLJQLILFD ¦IX]]\ LI�HOVH§� 2 Q~PHUR � p R SHVR

GD UHJUD� (YLGHQWHPHQWH� R FRPDQGR DFLPD GHYH HVWDU GHQWUR GH

XP ODoR GXSOR TXH YDULD O H F� $ GLODWDomR �VLVWHPD ��� WRUQD�VH�
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$ YDULiYHO L GHQRWD R tQGLFH GH UHVROXomR GR HVSDoR GH HVFDOD

GLVFUHWR H RV FRPDQGRV DFLPD GHYHP HVWDU GHQWUR GH XP ODoR

WULSOR TXH YDULD L� O H F� $QWHV GH LQLFLDU R ODoR WULSOR� GHYHPRV

ID]HU
SL[��� QHLJ���� ����

SDUD TXH D VDtGD SDUD UHVROXomR V � VHMD LJXDO j HQWUDGD FRP

V ��

$ ELEOLRWHFD GH URWLQDV XWLOL]DGRV SDUD JHUDU RV H[HPSORV GHVWH

WUDEDOKR HQFRQWUD�VH HP KWWS���ZZZ�OSV�XVS�EU�aKDH� (V�

WDV URWLQDV HQFRQWUDP�VH QXP HVWiJLR DLQGD EDVWDQWH SUHOLPLQDU�

���&RQFOXVmR

1HVWH WUDEDOKR� LQWURGX]LPRV R XVR GH ILOWURV QHEXORVRV QR HVSD�

oR GH HVFDOD� (VWD XQLmR GH GRLV FRQFHLWRV Mi FOiVVLFRV QD OLWHUDWX�

UD GH SURFHVVDPHQWR GH LPDJHP SHUPLWH REWHU XPD FODVVH DPSOD

GH QRYRV ILOWURV� $ FODVVH GH RSHUDGRUHV QHEXORVRV WUDGLFLRQDLV

SHUPLWH H[WUDLU DSHQDV FDUDFWHUtVWLFDV ORFDLV GH DOJXQV SRXFRV

SL[HOV GH GLVWkQFLD� &RP R XVR GH HVSDoR GH HVFDOD� WRUQD�VH SRV�

VtYHO FRQVWUXLU ILOWURV QHEXORVRV TXH GHSHQGHP GH XPD YL]LQKDQ�

oD DPSOD� 2V FRQFHLWRV SURSRVWRV IRUDP LPSOHPHQWDGRV HP &��

H DOJXQV H[HPSORV GH XVR IRUDP PRVWUDGRV� $WXDOPHQWH� HVWDPRV

SHVTXLVDQGR RXWUDV DSOLFDo}HV SDUD RV ILOWURV QHEXORVRV QR HVSD�

oR GH HVFDOD�

���$JUDGHFLPHQWRV

2 DXWRU JRVWDULD GH DJUDGHFHU j )$3(63 SHOR DX[tOLR ILQDQFHLUR

UHFHELGR�

���5HIHUrQFLDV

>�@ /�$� =DGHK� ¦)X]]\ 6HWV�§ ,QIRUPDWLRQ DQG &RQWURO� YRO� ��

SS� �������� �����

>�@ /�$� =DGHK� ¦2XWOLQH RI D 1HZ $SSURDFK WR WKH $QDO\VLV RI

&RPSOH[ 6\VWHPV DQG 'HFLVLRQ 3URFHVVHV�§ ,((( 7� 6\VWHP

0DQ &\EHUQ�� YRO� 60&��� QR� �� SS� ������ �����

>�@ ;�)� /LX� 6�+� 7DQ� 9� 6ULQLYDVDQ� 6�+�2QJ� :�;� ;LH�

¦)X]]\ 3\UDPLG�%DVHG ,QYDULDQW 2EMHFW 5HFRJQLWLRQ�§
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