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5 H VX P H Q � / D P RG HOL]D FLxR Q G H S UR EOHP D V HQ P HFxD Q LFD G H r X LG R V FX D Q G R OD YHORFLG D G

G HO r X LG R HV HOHYD G D UHVX OWD FR P S OLFD G D G HELG R D OD D SD ULFLxR Q G H LQ HVWD ELOLG D G HV HQ
OD VR OX FLxR Q Q X P xHULFD D O HP S OHD U HVTX HP D V FR Q YHQ FLR Q D OHV ED VD G R V HQ HO 0 xHWRG R G H

( OHP HQ WR V ) LQ LWR V FR Q SR Q G HUD FLxR Q G H WLSR * D OHUNLQ � ( Q HVWH D UWxuFX OR VH UHYLVD Q
EUHYHP HQ WH OD V FD X VD V TX H R ULJLQ D Q OD D SD ULFLxR Q G H HVWD V R VFLOD FLR Q HV HQ OD VR OX FLxR Q

Q X P xHULFD � VH UHYLVD Q OD V WxHFQ LFD V G H HVWD ELOL]D FLxR Q SD UD S UR EOHP D V G H WUD Q VSR UWH FR Q
FR Q YHFFLxR Q G R P LQ D Q WH� \ VH S UHVHQ WD X Q D IR UP X OD FLxR Q Q X P xHULFD ED VD G D HQ HO P xHWRG R G H

HOHP HQ WR V q Q LWR V FR Q X Q HVTX HP D G H WLSR 3 HWUR Y�* D OHUNLQ � S UR SR Q LxHQ G R VH X Q D WxHFQ LFD

SD UD OD G HWHUP LQ D FLxR Q G H OR V SD UxD P HWUR V G H HVWD ELOL]D FLxR Q SD UD S UR EOHP D V HQ X Q D � G R V \
WUHV G LP HQ VLR Q HV�
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/D UHVROXFLxRQ QXPxHULFD GH SUREOHPDV HQ PHFxDQLFD GH rXLGRV SUHVHQWD JUDQGHV
GLqFXOWDGHV HVSHFLDOPHQWH FXDQGR OD YHORFLGDG FRQ OD TXH VH PXHYH HO rXLGR HV HOHYDGD�
(O HPSOHR GH XQD GH ODV WxHFQLFDV PxDV SRWHQWHV \ PxDV DPSOLDPHQWH H[WHQGLGDV SDUD OD
UHVROXFLxRQ GH SUREOHPDV HQ PHFxDQLFD FRPSXWDFLRQDO FRPR HV HO 0xHWRGR GH ORV (OHPHQWRV
)LQLWRV� TXH KD VLGR DSOLFDGR FRQ xH[LWR D XQD LQQXPHUDEOH FDQWLGDG GH SUREOHPDV
SUxDFWLFRV HQ LQJHQLHUxuD� SUHVHQWD VLQ HPEDUJR VHULRV LQFRQYHQLHQWHV FXDQGR VH UHVXHOYHQ
SUREOHPDV GH rXLGRV FRQ FRQYHFFLxRQ LPSRUWDQWH� �� � (VWRV SUREOHPDV VH PDQLqHVWDQ VREUH
WRGR HQ OD DSDULFLxRQ GH IXHUWHV RVFLODFLRQHV HQ OD VROXFLxRQ QXPxHULFD HQ FLHUWDV ]RQDV GHO
GRPLQLR�
3DUD LQLFLDU HO HVWXGLR GH ODV FODYHV TXH GHWHUPLQDQ HVWH FRPSRUWDPLHQWR� VH DERUGD

HO DQxDOLVLV GH OD HFXDFLxRQ GHO WUDQVSRUWH SRU FRQYHFFLxRQ�GLIXVLxRQ� TXH SXHGH LQWHUSUHWDUVH
FRPR OD YHUVLxR Q OLQ HD O GH ODV HFXDFLRQHV TXH ULJHQ HO PRYLPLHQWR GH XQ rXLGR �HFXDFLRQHV
GH 1DYLHU�6WRNHV� � 'H HVWD IRUPD� HV SRVLEOH HVWXGLDU GH IRUPD PxDV VHQFLOOD ODV UD]RQHV
TXH GHVGH XQ SXQWR GH YLVWD QXPxHULFR GLqFXOWDQ OD UHVROXFLxRQ GH HVWH WLSR GH SUREOHPDV�
SXHVWR TXH VH VHSDUDQ HO FDUxDFWHU QR OLQHDO GH OD HFXDFLxRQ \ HO FDUxDFWHU RVFLODWRULR� (V
SUHFLVDPHQWH HVWH xXOWLPR HO DVSHFWR TXH PxDV FRPSOLFD OD UHVROXFLxRQ GH ODV HFXDFLRQHV GH
1DYLHU 6WRNHV�
(Q HVWH DUWxuFXOR VH UHYLVDQ HQ SULPHU OXJDU ODV FDXVDV TXH PRWLYDQ OD DSDULFLxRQ GH

HVWH WLSR GH RVFLODFLRQHV HQ OD VROXFLxRQ QXPxHULFD GH OD HFXDFLxRQ GHO WUDQVSRUWH� \ VH
UHSDVDQ ODV GLVWLQWDV IRUPXODFLRQHV DOWHUQDWLYDV D OD GH *DOHUNLQ SDUD WUDWDU HVWH WLSR GH
SUREOHPDV� $GHPxDV� VH SURSRQGUxD XQD PHWRGRORJxuD SDUD OD HYDOXDFLxRQ GH ORV SDUxDPHWURV
GH HVWDELOL]DFLxRQ TXH SUHFLVDQ HVWDV IRUPXODFLRQHV DOWHUQDWLYDV� �� �
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(Q ORV IHQxRPHQRV GH WUDQVSRUWH HQ XQ PHGLR rXLGR HVWxDQ SUHVHQWHV GRV PHFDQLVPRV
IxuVLFRV FODUDPHQWH GLIHUHQFLDGRV� (O SULPHUR GH HVWRV PHFDQLVPRV VH SXHGH FRQVWDWDU
IxDFLOPHQWH UHDOL]DQGR XQ VHQFLOOR H[SHULPHQWR FRQVLVWHQWH HQ LQWURGXFLU XQDV JRWDV GH
WLQWD HQ XQ rXLGR HQ UHSRVR� HQ HO TXH VH SXHGH REVHUYDU FxRPR OD WLQWD VH H[SDQGH D
WUDYxHV GHO OxuTXLGR FRPR UHVXOWDGR GHO PRYLPLHQWR LQWHUPROHFXODU GH ODV SDUWxuFXODV GH
DPEDV VXVWDQFLDV� (VWH IHQRPHQR VH GHQRPLQD G LIX VLxR Q � \ HVWxD GHVFULWR SRU OD HFXDFLxRQ
SDUDExROLFD
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GRQGH � HV OD LQFxRJQLWD WUDQVSRUWDGD \ .............. HV HO WHQVRU GH GLIXVLYLGDGHV GHO PHGLR�
(O VHJXQGR PHFDQLVPR TXH LQWHUYLHQH HQ ORV IHQxRPHQRV GH WUDQVSRUWH DSDUHFH FXDQGR

HO rXLGR HVWxD HQ PRYLPLHQWR� FXDOTXLHU VXVWDQFLD TXH VH LQWURGX]FD HQ HO OxuTXLGR HV
DUUDVWUDGD SRU xHVWH HQ XQ SURFHVR TXH VH GHQRPLQD FR Q YHFFLxR Q �
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(Q DXVHQFLD GH GLIXVLxRQ� HO FXHUSR LQWURGXFLGR HQ HO rXLGR VHUxD DUUDVWUDGR SRU HO rXMR
�YHU qJ� �� � SXGLHQGR FDUDFWHUL]DUVH HVWH PRYLPLHQWR SDUD XQ SUREOHPD XQLGLPHQVLRQDO
PHGLDQWH OD HFXDFLxRQ GH RQGDV �SUREOHPD KLSHUExROLFR� �
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GRQGH F HV OD FHOHULG D G R YHORFLGDG GHO PRYLPLHQWR GHO rXLGR�

) LJ � � �� 1DWXUDOH]D GLIXVLYD \ FRQYHFWLYD GHO WUDQVSRUWH

6H HQWLHQGH SRU WDQWR OD LPSRUWDQFLD GH DPERV PHFDQLVPRV HQ ORV SURFHVRV GH
WUDQVSRUWH GH FXDOTXLHU VXVWDQFLD� /D SUHHPLQHQFLD GH XQR X RWUR VHUxD OD TXH GHqQLUxD
ODV FDUDFWHUxuVWLFDV GHO SURFHVR�
3URFHGHPRV D FRQWLQXDFLxRQ D REWHQHU OD H[SUHVLxRQ TXH ULJH DPERV SURFHVRV

FRQMXQWDPHQWH \ TXH GHqQH SRU WDQWR OD HFXDFLxRQ GLIHUHQFLDO HPSOHDGD SDUD HO HVWXGLR
GH SUREOHPDV GH WUDQVSRUWH� 3DUD HOOR HV QHFHVDULR REWHQHU SULPHUDPHQWH OD HFX D FLxR Q

G H HTX LOLEULR R S ULQ FLS LR G H FR Q VHUYD FLxR Q � 6HJxXQ HVWH SULQFLSLR� OD GLVPLQXFLxRQ �R
LQFUHPHQWR� GH XQD GHWHUPLQDGD VXVWDQFLD HQ HO LQWHULRU GH XQ GRPLQLR o HV LJXDO DO
rXMR QHWR TTTTTTTTTTTTTT DrXHQWH �R HrXHQWH� GH GLFKD VXVWDQFLD D WUDYxHV GHO FRQWRUQR c� 'H HVWD
IRUPD� VH WLHQH =
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&RPR VH SXHGH REVHUYDU� OD SULPHUD GH ODV LQWHJUDOHV GH ��� FRQWLHQH OD G HULYD G D WR WD O
GH OD PDJQLWXG � � � (Q XQ VLVWHPD GH UHIHUHQFLD HX OHULD Q R � HVWD GHULYDGD WRWDO VH SXHGH
H[SUHVDU� �DVXPLHQGR � FRQVWDQWH� FRPR
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(O WxHUPLQR XXXXXXXXXXXXXX cUUUUUUUUUUUUUU � UHSUHVHQWD OD FRQYHFFLxRQ GH OD FRQFHQWUDFLxRQ GH XQD GHWHUPLQDGD
VXVWDQFLD �R GH FXDOTXLHU RWUD PDJQLWXG HVFDODU� D WUDYxHV GH OD FRUULHQWH GH XQ rXLGR GH
YHORFLGDG XXXXXXXXXXXXXX \ FRQVWLWXLUxD OD FRPSRQHQWH FRQYHFWLYD HQ OD HFXDFLxRQ GLIHUHQFLDO TXH ULJH
ORV IHQxRPHQRV GH WUDQVSRUWH�
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3RU RWUD SDUWH� OD DSOLFDFLxRQ GHO 7HRUHPD GH *DXVV GH OD GLYHUJHQFLD D OD VHJXQGD GH
ODV LQWHJUDOHV GH ��� FRQGXFH D =
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/D HFXDFLxRQ FRQVWLWXWLYD TXH UHODFLRQD HO rXMR FRQ OD FRQFHQWUDFLxRQ YLHQH GDGD� SRU
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(Q HO FDVR GH TXH HO PHGLR VH SXHGD FRQVLGHUDU LVxR WUR SR � HVWH WHQVRU VH H[SUHVD HQ
WxHUPLQRV GH XQD GLIXVLYLGDG HVFDODU N GH IRUPD TXH

..............  N ,,,,,,,,,,,,,, � ���

6L VH VXVWLWX\H ��� HQ ��� \ VH DFHSWD TXH HO LQWHJUDQGR GHqQLGR HQ ��� HV FRQWLQXR
SDUD WRGRV ORV SXQWRV GHO GRPLQLR o� VH REWLHQH qQDOPHQWH OD HFXDFLxRQ JHQHUDO TXH ULJH
ORV SURFHVRV GH WUDQVSRUWH SRU FRQYHFFLxRQ�GLIXVLxRQ
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3DUD LOXVWUDU OD GREOH QDWXUDOH]D GHO IHQxRPHQR GHVGH XQ SXQWR GH YLVWD PDWHPxDWLFR�
DQDOL]DUHPRV OD HFXDFLxRQ ��� SDUD HO FDVR GH XQ SUREOHPD XQLGLPHQVLRQDO HQ HO TXH HO
PHGLR HV LVxRWURSR \ KRPRJxHQHR�
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6L VH GHQRPLQD O \ X � D XQD ORQJLWXG \ YHORFLGDG FDUDFWHUxuVWLFDV GHO GRPLQLR� HQWRQFHV
�  O X � HV XQD HVFDOD GH WLHPSR FDUDFWHUxuVWLFD GHO SUREOHPD� 'H HVWD IRUPD� VH SXHGHQ
GHqQLU ODV PDJQLWXGHV DGLPHQVLRQDOHV
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6XVWLWX\HQGR HVWDV UHODFLRQHV HQ OD HFXDFLxRQ ��� \ VLPSOLqFDQGR� VH REWLHQH
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/RV YDORUHV GHO QxXPHUR GH 3xHFOHW SDUD XQ SUREOHPD GDGR GHWHUPLQDQ HO
FRPSRUWDPLHQWR GHO SURFHVR� $Vxu� SDUD YDORUHV HOHYDGRV GHO QxXPHUR GH 3xHFOHW� OD
HFXDFLxRQ ���� WLHQGH DVLQWxRWLFDPHQWH D OD HFXDFLxRQ GH RQGDV HQ WDQWR TXH D PHGLGD
TXH HO QxXPHUR GH 3xHFOHW VH KDFH PHQRU� �L�H� � D PHGLGD TXH ORV IHQxRPHQRV GLIXVLYRV
YDQ DGTXLULHQGR PxDV LPSRUWDQFLD IUHQWH D ORV FRQYHFWLYRV� OOHJDPRV DO RWUR H[WUHPR GHO
FRPSRUWDPLHQWR GHO IHQxRPHQR�
&RPR YHUHPRV PxDV DGHODQWH� HVWD GREOH QDWXUDOH]D GHO WUDQVSRUWH� HVWD FR P SHWLFLxR Q

HQWUH ORV WxHUPLQRV FRQYHFWLYRV \ GLIXVLYRV HV OD YHUGDGHUD FDXVD GHO PDO IXQFLRQDPLHQWR
GH ORV HVTXHPDV FRQYHQFLRQDOHV GH UHVROXFLxRQ QXPxHULFD GH OD HFXDFLxRQ GHO WUDQVSRUWH� �

� ) 2 5 0 8 / $ & , x2 1 9 $ 5 ,$ & ,2 1 $ / ' ( / 3 5 2 % / ( 0 $

� �� $ S U R [ LP D F LxR Q Q X P xH U LF D P H G LD Q WH H O 0 xH WR G R G H ( OH P H Q WR V ) LQ LWR V F R Q
S R Q G H U D F LxR Q WLS R * D OH U N LQ

$ FRQWLQXDFLxRQ VH REWHQGUxD OD H[SUHVLxRQ YDULDFLRQDO GHO SUREOHPD GH WUDQVSRUWH
GHqQLGR SRU OD HFXDFLxRQ ��� \ SRU XQDV FRQGLFLRQHV LQLFLDOHV \ GH FRQWRUQR�
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VLHQGR o HO GRPLQLR HQ HO TXH VH HVWXGLD HO IHQxRPHQR� c� OD SDUWH GHO FRQWRUQR GHO
GRPLQLR HQ GRQGH VH SUHVFULEHQ YDORUHV GH OD IXQFLxRQ � � \ c� OD SDUWH GHO FRQWRUQR HQ
GRQGH VH SUHVFULEHQ YDORUHV GH rXMR� YHULqFxDQGRVH QHFHVDULDPHQWH TXH

c� > c�  c � c� ? c�  � � ����

GRQGH c HV HO FRQWRUQR GH o� (Q HO SUREOHPD SODQWHDGR HQ ���� � � � � D \ r VRQ HQ JHQHUDO
IXQFLRQHV R GDWRV FRQRFLGRV TXH SXHGHQ GHSHQGHU GH OD SRVLFLxRQ \ GHO WLHPSR�
8QD IRUPXODFLxRQ YDULDFLRQDO GHO SUREOHPD ���� SXHGH IRUPXODUVH GHO PRGR VLJXLHQWH�

GHWHUPLQDU OD IXQFLxRQ � WDO TXH HO SUREOHPD GH FRQWRUQR ���� VH VDWLVIDJD HQ HO VHQWLGR
GH UHVLGXRV SRQGHUDGRV� HV GHFLU� TXH VH YHULqTXH
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SDUD WRGDV ODV IXQFLRQHV Z \ Z c�
GH XQD GHWHUPLQDGD FODVH GHqQLGDV HQ o \ c�

� � /D
DSOLFDFLxRQ GHO WHRUHPD GH OD GLYHUJHQFLD� SHUPLWH REWLHQHU XQD IRUPD GxHELO GH HVWD
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H[SUHVLxRQ YDULDFLRQDO�
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8QD YH] REWHQLGD OD IRUPD GxHELO� VH GHqQH XQD DSUR[LPDFLxRQ GLVFUHWD D OD VROXFLxRQ
GHO SUREOHPD� 3DUD HOOR� VH UHDOL]D XQD SDUWLFLxRQ GHO GRPLQLR o HQ H HOHPHQWRV
o� > o� > o� > ��� > oH GH IRUPD TXH oL ? oM  �� VL L � M � 'H HVWH PRGR� VH
REWLHQH XQD DSUR[LPDFLxRQ oK DO GRPLQLR o� $ FRQWLQXDFLxRQ VH GHqQH XQD DSUR[LPDFLxRQ
D OD VROXFLxRQ PHGLDQWH XQD EDVH GH IXQFLRQHV GH IRUPD S M GH FDUxDFWHU ORFDO GH PRGR TXH

� { a� �[ �W�  
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3RU xXOWLPR� OD HOHFFLxRQ GH Q IXQFLRQHV GH WHVW Z L SHUPLWH REWHQHU XQ VLVWHPD GH Q

HFXDFLRQHV FRQ Q LQFxRJQLWDV� TXH FRQVWLWX\H OD DSUR[LPDFLxRQ GLVFUHWD DO SUREOHPD ���� �
(Q SRQGHUDFLRQHV GH WLSR *DOHUNLQ� HO HVSDFLR IXQFLRQDO GH ODV IXQFLRQHV GH WHVW HV HO
PLVPR TXH HO GH ODV IXQFLRQHV GH IRUPD� HV GHFLU� S M  Z M � M  ��Q � 'H HVWH PRGR� OD
GLVFUHWL]DFLxRQ GHO GRPLQLR� GH VX FRQWRUQR \ GH OD IXQFLxRQ LQFxRJQLWD � UHGXFH OD IRUPD
YDULDFLRQDO ���� DO VLJXLHQWH VLVWHPD GH HFXDFLRQHV GLIHUHQFLDOHV OLQHDOHV�
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SDUD L�M  ������Q

/DV H[SUHVLRQHV ���� \ ���� GHqQHQ OD DSUR[LPDFLxRQ D XQ SUREOHPD GH WUDQVSRUWH
PHGLDQWH HO 0xHWRGR GH ORV (OHPHQWRV )LQLWRV HPSOHDQGR XQD SRQGHUDFLxRQ FRQYHQFLRQDO
GH WLSR *DOHUNLQ� &RPR VH YHUxD HV SUHFLVDPHQWH HVWD SRQGHUDFLxRQ OD TXH KDFH TXH� HQ
SUHVHQFLD GH FRQYHFFLxRQ LPSRUWDQWH� VH REWHQJDQ DSUR[LPDFLRQHV D OD VROXFLxRQ GH WLSR
RVFLODWRULR�
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� �� & D X VD V G H O F R P S R U WD P LH Q WR R VF LOD WR U LR

(Q OD ELEOLRJUDIxuD� �� VH GHPXHVWUD TXH HQ SUHVHQFLD GH FRQYHFFLxRQ HOHYDGD� HO HVTXHPD
QXPxHULFR REWHQLGR PHGLDQWH XQD SRQGHUDFLxRQ GH *DOHUNLQ HV LQFDSD] GH UHSURGXFLU FRQ
H[DFWLWXG WDQWR OD IUHFX HQ FLD FRPR OD D P S OLWX G GH XQD GHWHUPLQDGD IXQFLxRQ SURSLD GH
OD VROXFLxRQ DQDOxuWLFD FRQRFLGD GH XQ SUREOHPD GDGR� $O KDEODU GH DPSOLWXG \ GH IDVH�
SDUHFH FODUR TXH DOJxXQ PRPHQWR GHEHQ DSDUHFHU XQD VHULH GH YD OR UHV S UR S LR V FR P S OHMR V
TXH VRQ ORV FDXVDQWHV GH HVWDV GLVWRUVLRQHV� $ FRQWLQXDFLxRQ VH SUHVHQWD XQ HMHPSOR�

FRQ HO qQ GH H[SOLFDU OD DSDULFLxRQ GH HVWRV DXWRYDORUHV FRPSOHMRV \ VX UHSHUFXVLxRQ HQ OD
UHVROXFLxRQ GHO SUREOHPD�
6L VH SODQWHD OD LQWHJUDFLxRQ GHO VLVWHPD GHqQLGR HQ ���� PHGLDQWH XQ HVTXHPD GH

LQWHJUDFLxRQ WHPSRUDO GH GLIHUHQFLDV KDFLD GHODQWH� VH REWLHQH�
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TXH� GHQRPLQDQGR WM  W \ WM��  W � dW� VH SXHGH UHHVFULELU GH OD IRUPD VLJXLHQWH�
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3DUD VLPSOLqFDU HO DQxDOLVLV VH FRQVLGHUDUxD OD HFXDFLxRQ GLIHQFLDO KRPRJxHQHD� KDFLHQGR
FFFFFFFFFFFFFF  � � 'H HVWD IRUPD� VH SXHGH FRQVWDWDU TXH OD VROXFLxRQ HQ XQ WLHPSR M � � VH REWLHQH
D SDUWLU GH OD VROXFLxRQ HQ XQ WLHPSR M HVFDODGD SRU HO IDFWRU

�, b dW% b � $ � � ����

&RQ HO qQ GH DQDOL]DU OD HYROXFLxRQ WHPSRUDO GH OD VROXFLxRQ � HV SUHFLVR GHqQLU XQD
QRUPD SDUD GLFKR IDFWRU� TXH SXHGH KDFHUVH D SDUWLU GH ORV DXWRYDORUHV GH OD PDWUL]
% b � $ � � (O HVWXGLR \ HO GHVDUUROOR FRPSOHWR GH HVWH DQxDOLVLV HV EDVWDQWH FRPSOHMR SRU
OR TXH QR VH SUHVHQWDUxD HQ HVWH DUWxuFXOR �SXHGH HQFRQWUDUVH HQ ODV UHIHUHQFLDV� �� GH OD
ELEOLRJUDIxuD� � QR REVWDQWH� D FRQWLQXDFLxRQ VH PRVWUDUxD HQ XQ HMHPSOR TXH� HQ FRQGLFLRQHV
GH FRQYHFFLxRQ HOHYDGD� ORV DXWRYDORUHV GH HVWD PDWUL] SXHGHQ OOHJDU D VHU FRPSOHMRV� SRU
OR TXH OD VROXFLxRQ QXPxHULFD REWHQLGD PHGLDQWH OD SRQGHUDFLxRQ GH *DOHUNLQ SUHVHQWDUxD
RVFLODFLRQHV HVSxXUHDV� 3DUD HOOR� FRQVLGHUDUHPRV XQ SUREOHPD XQLGLPHQVLRQDO HQ HO TXH
VH GLVFUHWL]D HO GRPLQLR FRQ HOHPHQWRV OLQHDOHV GH GRV QRGRV GH WDPDaQR K � REWHQLxHQGRVH
ODV VLJXLHQWHV H[SUHVLRQHV SDUD ODV PDWULFHV HOHPHQWDOHV GHqQLGDV HQ ���� �
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6L VH SUHVFLQGH GHO FxDOFXOR GH HVWDGRV WUDQVLWRULRV \ VH SODQWHD GLUHFWDPHQWH HO HVWDGR
HVWDFLRQDULR� ODV PDWULFHV HOHPHQWDOHV GHqQLGDV HQ ���� FRQGXFHQ DO VLJXLHQWH VLVWHPD GH
HFXDFLRQHV OLQHDOHV�
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&RPR VH DSUHFLD� OD PDWUL] GH ULJLGH] GHO VLVWHPD ���� HV HO UHVXOWDGR GH HQVDPEODU
ODV FRPSRQHQWHV FRQYHFWLYD \ GLIXVLYD GH OD PDWUL] HOHPHQWDO $$$$$$$$$$$$$$ GHqQLGD HQ ���� � /D
FRPSRQHQWH FRQYHFWLYD SURSRUFLRQD XQD PDWUL] DQWLPxHWULFD� FRQ PXFKRV HOHPHQWRV QXORV
HQ OD GLDJRQDO SULQFLSDO� TXH HV OD UHVSRQVDEOH GH OD DSDULFLxRQ GH DXWRYDORUHV FRPSOHMRV
HQ OD PDWUL] GH ULJLGH] GHO VLVWHPD VL HV LPSRUWDQWH OD FRQYHFFLxRQ IUHQWH D OD GLIXVLxRQ�
(VWD FLUFXQVWDQFLD VH LOXVWUD HQ ORV VLJXLHQWHV FDVRV FRUUHVSRQGLHQWHV D XQD PDOOD GH
� HOHPHQWRV OLQHDOHV� GHWHUPLQDQGR ORV YDORUHV SURSLRV SDUD GRV QxXPHURV GH 3xHFOHW
GLVWLQWRV�
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1xRWHVH TXH� D OD YLVWD GH OD H[SUHVLxRQ ���� � XQD IRUPD GH HVWDELOL]DU HO SUREOHPD �L� H� �
GDU PxDV SHVR D OD FRPSRQHQWH GLIXVLYD IUHQWH D OD FRQYHFWLYD� HV UHDOL]DU XQ PDOODGR PxDV
qQR� REWHQLxHQGRVH GH HVWH PRGR XQ WDPDaQR GH HOHPHQWR K PxDV SHTXHaQR TXH DXPHQWDUxD OD
LPSRUWDQFLD GH OD FRPSRQHQWH VLPxHWULFD GH OD PDWUL] GH ULJLGH] JOREDO� (Q SUREOHPDV HQ
GRV \ WUHV GLPHQVLRQHV HV REYLR TXH HVWD RSHUDFLxRQ UHSUHVHQWDUxuD XQ HQRUPH LQFUHPHQWR
GHO FRVWH FRPSXWDFLRQDO� 3RU HOOR� VH KDQ SURSXHVWR GLYHUVDV IRUPXODFLRQHV TXH WUDWDQ GH
REWHQHU HVTXHPDV QXPxHULFRV PxDV HVWDEOHV� SODQWHDQGR SRQGHUDFLRQHV GLVWLQWDV D ODV GH
WLSR *DOHUNLQ FRQ HO qQ GH GDU PxDV SHVR D OD SDUWH GLIXVLYD GH ODV PDWULFHV HOHPHQWDOHV�
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/D YxuD SDUD LQWHQWDU VROXFLRQDU ORV SUREOHPDV TXH VH KDQ YLVWR KDVWD DKRUD HV OD
GH XWLOL]DU IRUPXODFLRQHV YDULDFLRQDOHV GLVWLQWDV D OD GH *DOHUNLQ SDUD OD UHVROXFLxRQ
GH OD HFXDFLxRQ GHO WUDQVSRUWH� 0XFKRV DXWRUHV KDQ LQYHVWLJDGR VREUH HVWH DVSHFWR
HQ ORV xXOWLPRV DaQRV \ VH KDQ HQXQFLDGR YDULDV IRUPXODFLRQHV DOWHUQDWLYDV� TXH HQ
UHDOLGDG SUHVHQWDQ JUDQGHV VLPLOLWXGHV HQWUH Vxu� (QWUH DOJXQDV GH HVWDV IRUPXODFLRQHV
VH HQFXHQWUDQ ODV GH 6 WUHD P OLQ H 8 S Z LQ G � 3 HWUR Y�* D OHUNLQ �6 8 3 * � � � 6 SD FH�WLP H
* D OHUNLQ � OHD VW�VTX D UHV �6 7 �* / 6 � � � �& K D UD FWHULVWLF * D OHUNLQ 0 HWK RG �& * � � � � 6 X EJULG

6 FD OH 0 HWK RG �6 * 6 � � � \ 7 D \OR U�* D OHUNLQ 0 HWK RG �7 * � � � � (VHQFLDOPHQWH� WRGRV HVWRV
PxHWRGRV FRQVLVWHQ HQ OD DGLFLxRQ GH XQ WxHUPLQR HVWDELOL]DGRU D OD IRUPXODFLxRQ GH WLSR
*DOHUNLQ� 'H HVWD IRUPD� D OD H[SUHVLxRQ YDULDFLRQDO GHO SUREOHPD GHqQLGD HQ ����
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VLHQGR 3 �Z K � XQ RSHUDGRU DSOLFDGR DO HVSDFLR IXQFLRQDO Z K GH ODV IXQFLRQHV GH WHVW� �

XQ SDUxDPHWUR FRQ GLPHQVLRQHV WHPSRUDOHV \ 5 �S K � HO UHVLGXR GH OD HFXDFLxRQ GLIHUHQFLDO
D UHVROYHU DO DSUR[LPDU OD VROXFLxRQ � PHGLDQWH XQ FRQMXQWR GH IXQFLRQHV GH SUXHED S K
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(VWH SODQWHDPLHQWR HV HO SXQWR GH SDUWLGD GH ORV PxHWRGRV DQWHV HQXQFLDGRV� (Q HO
FDVR GH ODV IRUPXODFLRQHV GH 3HWURY�*DOHUNLQ� VH LQWURGXFH HVWH WxHUPLQR HVWDELOL]DGRU
PHGLDQWH OD DGLFLxRQ GH XQ VHVJR D ODV IXQFLRQHV GH WHVW HQ HO VHQWLGR FRQWUDULR DO GH ODV
OxuQHDV GH FRUULHQWH� $Vxu� SDUD XQ HOHPHQWR XQLGLPHQVLRQDO GH � QRGRV� VH GHqQHQ ODV
IXQFLRQHV GH WHVW Z L�} � D SDUWLU GH ODV GH IRUPD S L�} � GH OD VLJXLHQWH PDQHUD �YHU qJXUD
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) LJ � � �� )XQFLRQHV GH SUXHED OLQHDOHV D WUR]RV \ IXQFLRQHV GH WHVW VHVJD G D V FXDGUxDWLFDV
HPSOHDGDV HQ IRUPXODFLRQHV 3HWURY�*DOHUNLQ

GRQGH p HV XQ IDFWRU GH HVFDOD TXH GHWHUPLQD OD PDJQLWXG GHO VHVJR DSOLFDGD �SD UxD P HWUR

X S Z LQ G � �

/D GHWHUPLQDFLxRQ GH ORV YDORUHV TXH WLHQHQ TXH DGRSWDU HVWRV SDUxDPHWURV HQ IXQFLxRQ
GH OD YHORFLGDG GHO rXLGR HV SUHFLVDPHQWH XQD GH ODV FXHVWLRQHV DELHUWDV GHQWUR GH HVWH
xDPELWR� $Vxu� ORV PxHWRGRV SURSXHVWRV SDUD VX HYDOXDFLxRQ FRQVLVWHQ HQWUH RWUDV HQ WxHFQLFDV
WDQ GLVWLQWDV FRPR OD LPSRVLFLxRQ GH VROXFLRQHV QRGDOHV H[DFWDV D SDUWLU GHO FRQRFLPLHQWR
GH VROXFLRQHV DQDOxuWLFDV� �� �� � R ELHQ HQ OD LPSRVLFLxRQ GH XQD UHGXFFLxRQ HQ ODV RVFLODFLRQHV
DO FRPSDUDU ORV UHVXOWDGRV REWHQLGRV FRQ XQD PDOOD SREUH \ XQD PDOOD PHMRUDGD R XQD
VROXFLxRQ VXDYL]DGD� � �

$ FRQWLQXDFLxRQ SUHVHQWDUHPRV XQD QXHYD PHWRGRORJxuD SDUD OD GHWHUPLQDFLxRQ GH HVWH
WLSR GH SDUxDPHWURV GH HVWDELOL]DFLxRQ EDVxDQGRQRV HQ XQ DQxDOLVLV GH DXWRYDORUHV GH ODV
PDWULFHV HOHPHQWDOHV� VHJxXQ ODV LGHDV H[SXHVWDV DQWHULRUPHQWH� $QWHV GH SDVDU DO
GHVDUUROOR GH OD PHWRGRORJxuD SURSXHVWD� FRPSUREDUHPRV FxRPR LQWURGXFLU XQ VHVJR HQ ODV
IXQFLRQHV GH WHVW HQ HO VHQWLGR FRQWUDULR DO GH ODV OxuQHDV GH FRUULHQWH SURGXFH XQ HIHFWR
HVWDELOL]DGRU HQ ODV PDWULFHV GH ULJLGH] HOHPHQWDOHV� $Vxu� VL VH DQDOL]D SRU VLPSOLFLGDG HO
FDVR GH HOHPHQWRV XQLGLPHQVLRQDOHV OLQHDOHV� HPSOHDQGR ODV IXQFLRQHV GH WHVW GHqQLGDV
HQ ���� � VH REWLHQH XQD H[SUHVLxRQ SDUD HO VLVWHPD GH HFXDFLRQHV GLIHUHQFLDOHV UHVXOWDQWH
GH GLVFUHWL]DU HO SUREOHPD PHGLDQWH HO 0�(�)� GH OD IRUPD� �
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(O DQxDOLVLV GH ODV PDWULFHV HOHPHQWDOHV DVRFLDGDV D OD FRQWULEXFLxRQ FXDGUxDWLFD E% � F$ �
\ F$ � HV GH HVSHFLDO LQWHUxHV SDUD FRPSUHQGHU FxRPR HVWH PxHWRGR HVWDELOL]D HO SUREOHPD�
/DV H[SUHVLRQHV GH HVWDV PDWULFHV HOHPHQWDOHV VRQ

E% H s >EELM @ H  K

��

�b � �
b � �

z
� ����

F$ H
� s >ED �LM @ H  �

�

�
� b �

b � �

z
� ����

F$ H
� s >ED �LM @ H  ��������������� ����

2EVxHUYHVH TXH OD PDWUL] HOHPHQWDO ���� HV XQD QXHYD DSRUWDFLxRQ FRQYHFWLYD DO
WxHUPLQR UHFRJLGR HQ ���� � \ HV XQD PDWUL] VLPxHWULFD� TXH WHQGHUxD D HVWDELOL]DU OD PDWUL]
DQWLPxHWULFD ���� FXDQWR PxDV DOWR VHD HO YDORU GHO SDUxDPHWUR p � $VLPLVPR� OD QXHYD
DSRUWDFLxRQ GLIXVLYD GDGD SRU ���� HV QXOD� OR FXDO WDPELxHQ UHVXOWD YHQWDMRVR� SXHVWR
TXH QR VH PRGLqFD OD PDWUL] VLPxHWULFD TXH \D DSDUHFxuD HQ ���� � (V FRQYHQLHQWH UHVDOWDU
TXH HVWH DQxDOLVLV VH SXHGH UHDOL]DU WDPELxHQ� �� SDUD HOHPHQWRV GH RUGHQ VXSHULRU \ HQ
GRV \ WUHV GLPHQVLRQHV� REWHQLxHQGRVH FRQFOXVLRQHV DQxDORJDV� 3RU HOOR� QXHVWUR REMHWLYR
YD D FRQVLVWLU HQ HO GHVDUUROOR GH IRUPXODFLRQHV QXPxHULFDV TXH FRQGX]FDQ D HVTXHPDV
QXPxHULFRV HVWDEOHV PHGLDQWH OD FRQYHQLHQWH SRQGHUDFLxRQ GH ODV PDWULFHV HOHPHQWDOHV
GLIXVLYDV \ FRQYHFWLYDV� \ FRQFUHWDPHQWH HQ OD GHWHUPLQDFLxRQ GH HVWRV SDUxDPHWURV GH
HVWDELOL]DFLxRQ�

� ) 8 1 ' $ 0 ( 1 7 2 ' ( / 0 x( 7 2 ' 2 ' ( ' ( 7 ( 5 0 ,1 $ & , x2 1 ' ( 3 $ 5 x$ 0 ( �
7 5 2 6 ' ( ( 6 7 $ % ,/ ,= $ & , x2 1 4 8 ( 6 ( 3 5 2 3 2 1 (

/RV HOHPHQWRV $ LM GH OD PDWUL] GH ULJLGH] ���� SUHVFLQGLHQGR GH ODV LQWHJUDOHV
DVRFLDGDV D OD LPSRVLFLxRQ GH XQ rXMR HQ ORV FRQWRUQRV� VRQ
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&RPR VH SXHGH DSUHFLDU� FDGD PDWUL] GH ULJLGH] HOHPHQWDO HVWxD FRPSXHVWD SRU
OD DSRUWDFLxRQ GH XQ WxHUPLQR GH QDWXUDOH]D FRQYHFWLYD� TXH SURSRUFLRQD PDWULFHV
HOHPHQWDOHV DQWLPxHWULFDV� \ GH XQ WxHUPLQR GH QDWXUDOH]D GLIXVLYD� TXH SURSRUFLRQD
PDWULFHV HOHPHQWDOHV VLPxHWULFDV� 6H KD YLVWR TXH FXDQGR OD DSRUWDFLxRQ FRQYHFWLYD HV
PX\ LPSRUWDQWH �DVRFLDGD D QxXPHURV GH 3xHFOHW HOHYDGRV� � OD PDWUL] GH ULJLGH] HOHPHQWDO
SXHGH SUHVHQWDU DXWRYDORUHV FRPSOHMRV� TXH VH LUxDQ HQVDPEODQGR HQ OD PDWUL] GH ULJLGH]
JOREDO� RULJLQDQGR GH HVWH PRGR XQ SUREOHPD PDO FRQGLFLRQDGR TXH WHQGUxD FRQ VHJXULGDG
XQ FDUxDFWHU RVFLODWRULR�
3DUD VROXFLRQDU HVWH SUREOHPD VH UHFXUUH D IRUPXODFLRQHV FRPR OD GH 3HWURY�*DOHUNLQ�

TXH PRGLqFDQ HO HVSDFLR IXQFLRQDO GH ODV IXQFLRQHV GH WHVW� LQWURGXFLxHQGROHV XQ VHVJR
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FRQWUDFRUULHQWH SDUD HVWDELOL]DU HVWDV PDWULFHV DQWLPxHWULFDV DVRFLDGDV D OD FRQYHFFLxRQ�
WDO \ FRPR VH KD YLVWR HQ ODV HFXDFLRQHV ���� ����� � /D FXHVWLxRQ HV DKRUD GHWHUPLQDU OD
FXDQWxuD GH HVWH VHVJR�

(O IXQGDPHQWR GHO PxHWRGR TXH SURSRQHPRV HV HO VLJXLHQWH� HQ XQD SULPHUD
DSUR[LPDFLxRQ HO FxDOFXOR GH ODV PDWULFHV HOHPHQWDOHV VH UHDOL]D DVLJQDQGR XQ YDORU QXOR
DO SDUxDPHWUR R SDUxDPHWURV GH HVWDELOL]DFLxRQ� FRQ OR TXH HQ UHDOLGDG VH HVWxD DSOLFDQGR
XQ PxHWRGR GH *DOHUNLQ� 8QD YH] KHFKR HVWR� VH UHDOL]D HO FxDOFXOR R OD HVWLPDFLxRQ GHO
FRQMXQWR GH DXWRYDORUHV I z LJ GH FDGD PDWUL] GH ULJLGH] HOHPHQWDO $$$$$$$$$$$$$$ H \ VH FRPSUXHED
VL VRQ FRPSOHMRV� (Q WDO FDVR� SDUD ORV HOHPHQWRV HQ ORV TXH WRGRV ORV YDORUHV SURSLRV
VHDQ UHDOHV� HO YDORU GH ORV SDUxDPHWURV GH HVWDELOL]DFLxRQ VHUxD QXOR� 3RU HO FRQWUDULR� VL
HVWR QR VH YHULqFD HQWRQFHV VH GHWHUPLQD XQ YDORU GH ORV SDUxDPHWURV GH HVWDELOL]DFLxRQ
WDO TXH KDJD TXH ORV DXWRYDORUHV GH GLFKDV PDWULFHV GH ULJLGH] HOHPHQWDOHV GHMHQ GH VHU
FRPSOHMRV� (V GHFLU� VH SUHWHQGH HQFRQWUDU�

I p H J  , P I z L >$$$$$$$$$$$$$$ H @ J  �� L  ������Q � H � ����

VLHQGR I p H J HO FRQMXQWR GH ORV SDUxDPHWURV GH HVWDELOL]DFLxRQ GH XQ GHWHUPLQDGR HOHPHQWR�
(Q HVWH SXQWR HV FRQYHQLHQWH UHVDOWDU XQD FDUDFWHUxuVWLFD LPSRUWDQWH GH HVWD

PHWRGRORJxuD GH FxDOFXOR� UHVXOWD WRWDOPHQWH JHQHUDO SDUD SUREOHPDV HQ XQD� GRV H LQFOXVR
WUHV GLPHQVLRQHV� 1R FDOFXOD ORV SDUxDPHWURV PHGLDQWH SURFHGLPLHQWRV GH WLSR KHXUxuVWLFR�
\ QR GHSHQGH GH VL HQ HO SUREOHPD TXH VH SUHWHQGH UHVROYHU H[LVWHQ IXHQWHV LQWHUQDV�
WxHUPLQRV UHDFWLYRV� HWF� (V SRU WDQWR XQD PHWRGRORJxuD JHQHUDO� FRQFHSWXDOPHQWH VHQFLOOD�
TXH FRQGXFH D OD HVWDELOL]DFLxRQ GHO HVTXHPD QXPxHULFR D SDUWLU GHO DQxDOLVLV GH ODV PDWULFHV
HOHPHQWDOHV GH OD GLVFUHWL]DFLxRQ HQ HOHPHQWRV qQLWRV GHO SUREOHPD�
(Q OD DFWXDOLGDG ORV DXWRUHV HVWDPRV GHVDUUROODQGR XQD PHWRGRORJxuD SDUD OD

GHWHUPLQDFLxRQ� D SDUWLU GH OD LQIRUPDFLxRQ GH ORV YDORUHV SURSLRV� GH ORV SDUxDPHWURV GH
HVWDELOL]DFLxRQ SDUD SUREOHPDV ELGLPHQVLRQDOHV \ WULGLPHQVLRQDOHV� KDELHQGR REWHQLGR \D
UHVXOWDGRV PX\ SURPHWHGRUHV HQ SUREOHPDV XQLGLPHQVLRQDOHV� \ HQ ORV ELGLPHQVLRQDOHV
HVWXGLDGRV KDVWD HO PRPHQWR� � $ FRQWLQXDFLxRQ VH SUHVHQWD XQ HMHPSOR GH DSOLFDFLxRQ HQ HO
TXH VH RIUHFHQ ORV UHVXOWDGRV REWHQLGRV SDUD OD UHVROXFLxRQ GH XQ SUREOHPD GH WUDQVSRUWH
XQLGLPHQVLRQDO FRQYHFWLYDPHQWH GRPLQDQWH�

� ( - ( 0 3 / 2 ' ( $ 3 / ,& $ & , x2 1

$ FRQWLQXDFLxRQ SUHVHQWDPRV ORV UHVXOWDGRV REWHQLGRV SDUD OD VROXFLxRQ GHO SUREOHPD
XQLGLPHQVLRQDO GHqQLGR SRU �YHU qJXUD �� �

# �

# W
� X

# �

# [
 N

# ��

# [ �
� � � [ � / ����

� ���  � � �
# �

# [
�/ �  K >� / b � �/ � @ ����

��



&�$� )LJXHURD� ,� &RORPLQDV� *� 0RVTXHLUD� )� 1DYDUULQD \ 0� &DVWHOHLUR

) LJ � � �� 'RPLQLR \ FRQGLFLRQHV GH FRQWRUQR GHO SUREOHPD XQLGLPHQVLRQDO UHVXHOWR

/RV SDUxDPHWURV GH OD GLVFUHWL]DFLxRQ HOHJLGD SDUD OD VROXFLxRQ GH HVWH SUREOHPD VRQ�

1xXPHUR GH HOHPHQWRV  �� 1xXPHUR GH QRGRV SRU HOHPHQWR  �

� �  ����� � /  ����� K  ��� 'LIXVLYLGDG N  �����

$VLPLVPR� HQ HO GRPLQLR VH FRQVLGHUD XQ FDPSR GH YHORFLGDGHV FX\R SHUqO VH
UHSUHVHQWD D FRQWLQXDFLxRQ�

) LJ � � �� 3HUqO GH YHORFLGDGHV SDUD HO SUREOHPD GHqQLGR HQ ���� \ ����

(VWH SHUqO GH YHORFLGDGHV SURSRUFLRQD OD VLJXLHQWH GLVWULEXFLxRQ GH QxXPHURV GH 3xHFOHW
HOHPHQWDOHV� TXH� FRPR VH SXHGH DSUHFLDU� UHVXOWDQ DO qQDO GHO GRPLQLR PX\ HOHYDGRV�

7 D E OD � � 'LVWULEXFLxRQ GH QxXPHURV GH 3xHFOHW SDUD HO GRPLQLR GH OD )LJ� �
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$ FRQWLQXDFLxRQ SUHVHQWDPRV ORV UHVXOWDGRV REWHQLGRV FRQ GLVWLQWDV IRUPXODFLRQHV�
FRPSDUxDQGRORV FRQ OD VROXFLxRQ 
H[DFWD
 GHO SUREOHPD� 3DUD REWHQHU OD VROXFLxRQ 
H[DFWD

VH KD XWLOL]DGR XQD PDOOD PX\ qQD ����� HOHPHQWRV� � FRQ SRQGHUDFLxRQ FRQYHQFLRQDO WLSR
*DOHUNLQ�

� � � 3 R Q G HUD FLxR Q G H * D OHUNLQ � 0 D OOD G H � � HOHP HQ WR V OLQ HD OHV�

) LJ � � �� 6ROXFLxRQ H[DFWD YHUVX V VROXFLxRQ WLSR *DOHUNLQ

&RPR VH SXHGH DSUHFLDU� ODV RVFLODFLRQHV HQ OD VROXFLxRQ GH WLSR *DOHUNLQ VRQ
PX\ HOHYDGDV� WDO \ FRPR HUD GH HVSHUDU� /D DSUR[LPDFLxRQ D OD VROXFLxRQ UHVXOWD
WUHPHQGDPHQWH SREUH�

�� � 3 R Q G HUD FLxR Q G H 3 HWUR Y�* D OHUNLQ FR Q G HWHUP LQ D FLxR Q FOxD VLFD G H SD UxD P HWUR V� 0 D OOD

G H � � HOHP HQ WR V OLQ HD OHV�

$ FRQWLQXDFLxRQ SUHVHQWDPRV ORV UHVXOWDGRV REWHQLGRV HPSOHDQGR XQD IRUPXODFLxRQ GH
WLSR 3HWURY *DOHUNLQ� SDUD HOHPHQWRV OLQHDOHV GH GRV QRGRV VHJxXQ ODV H[SUHVLRQHV ���� \
���� � 8Q SDUxDPHWUR GH HVWDELOL]DFLxRQ FOxDVLFR UHFRJLGR HQ OD ELEOLRJUDIxuD� SDUD HVWH WLSR
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GH HOHPHQWRV HV

p  FRWK�r � b �

r
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HQ GRQGH
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) LJ � � �� 6ROXFLxRQ H[DFWD YHUVX V VROXFLxRQ WLSR 3HWURY *DOHUNLQ FRQ GHWHUPLQDFLxRQ
FRQYHQFLRQDO GH SDUxDPHWURV

6H SXHGH DSUHFLDU TXH OD PHMRUxuD GH UHVXOWDGRV FRQ UHVSHFWR D OD IRUPXODFLxRQ GH
*DOHUNLQ HV PX\ FRQVLGHUDEOH� (O SDUxDPHWUR GH HVWDELOL]DFLxRQ GHqQLGR HQ ���� VH REWLHQH
FRPR UHVXOWDGR GH LPSRQHU TXH ODV HFXDFLRQHV QRGDOHV TXH SURSRUFLRQD HO HVTXHPD
GLVFUHWR REWHQLGR PHGLDQWH HO PxHWRGR GH HOHPHQWRV qQLWRV WHQJDQ HUURU GH WUXQFDPLHQWR
QXOR HQ ORV QRGRV� �
3DVDPRV D FRQWLQXDFLxRQ D HVWDELOL]DU HO SUREOHPD PHGLDQWH HO PxHWRGR DTXxu SURSXHVWR�
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�� � 3 R Q G HUD FLxR Q G H 3 HWUR Y�* D OHUNLQ FR Q G HWHUP LQ D FLxR Q G H SD UxD P HWUR V S UR S X HVWD �
0 D OOD G H � � HOHP HQ WR V FX D G UxD WLFR V�

/D HVWDELOL]DFLxRQ VH KD UHDOL]DGR HQ HVWH FDVR HPSOHDQGR HOHPHQWRV FXDGUxDWLFRV GH
WUHV QRGRV� 6H KDQ GHqQLGR VxROR �� HOHPHQWRV SDUD GLVSRQHU GHO PLVPR QxXPHUR WRWDO GH
QRGRV HQ OD PDOOD SDUD SRGHU FRPSDUDU UHVXOWDGRV� /DV IXQFLRQHV GH IRUPD \ GH WHVW
HPSOHDGDV HQ HVWH FDVR VRQ�
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Z ��} �  
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$ FRQWLQXDFLxRQ VH PXHVWUDQ ORV YDORUHV GHO FRHqFLHQWH p GH HVWDELOL]DFLxRQ �qJXUD ��
FDOFXODGR VHJxXQ HO PxHWRGR SURSXHVWR HQ FDGD HOHPHQWR GHO GRPLQLR� DVxu FRPR OD VROXFLxRQ
QXPxHULFD REWHQLGD FRQ HVWD WxHFQLFD �qJXUD �� �

) LJ � � �� 3DUxDPHWUR HVWDELOL]DGR p SDUD FDGD HOHPHQWR GHO GRPLQLR
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) LJ � � �� 6ROXFLxRQ H[DFWD YHUVX V VROXFLxRQ WLSR 3HWURY *DOHUNLQ FRQ GHWHUPLQDFLxRQ GH
SDUxDPHWURV SURSXHVWD

&RPR VH SXHGH REVHUYDU� ORV UHVXOWDGRV REWHQLGRV VRQ LJXDOHV R PHMRUHV TXH ORV
FDOFXODGRV FRQ OD IRUPXODFLxRQ FRQYHQFLRQDO GH 3HWURY�*DOHUNLQ �qJXUD �� � (O JUDGR
GH DPRUWLJXDPLHQWR GH ODV RVFLODFLRQHV HV QRWDEOH� \ VH SXHGH FRPSUREDU HQ OD qJXUD �
TXH HO YDORU GHO SDUxDPHWUR GH HVWDELOL]DFLxRQ p HV PxDV HOHYDGR D PHGLGD TXH OD YHORFLGDG
HQ HO GRPLQLR HV PD\RU� FRPR HUD GH HVSHUDU� /D YHQWDMD GH HVWD SURSXHVWD HV TXH
OD GHWHUPLQDFLxRQ GH ORV SDUxDPHWURV GH HVWDELOL]DFLxRQ QR GHSHQGH GH QLQJxXQ PxHWRGR
KHXUxuVWLFR QL GH ORV WxHUPLQRV TXH FRPSRQHQ OD HFXDFLxRQ GLIHUHQFLDO GHO SUREOHPD� VLQR
TXH VH REWLHQHQ GHO DQxDOLVLV GH ODV PDWULFHV HOHPHQWDOHV GH OD GLVFUHWL]DFLxRQ�

� & 2 1 & / 8 6 ,2 1 ( 6

(Q HVWH DUWxuFXOR VH KD SUHVHQWDGR XQD QXHYD PHWRGRORJxuD SDUD HO FxDOFXOR GH ORV
SDUxDPHWURV GH HVWDELOL]DFLxRQ TXH LQWHUYLHQHQ HQ IRUPXODFLRQHV GH 3HWURY�*DOHUNLQ� /D
GHWHUPLQDFLxRQ GH HVWRV SDUxDPHWURV VH UHDOL]D D SDUWLU GH XQ DQxDOLVLV GH ORV DXWRYDORUHV
GH ODV PDWULFHV HOHPHQWDOHV GH OD PDOOD GH HOHPHQWRV qQLWRV� 'H HVWD IRUPD� SDUWLHQGR
xXQLFDPHQWH GH OD LQIRUPDFLxRQ TXH DSRUWDQ HVWDV PDWULFHV� VH EXVFD HO SDUxDPHWUR R
SDUxDPHWURV GH HVWDELOL]DFLxRQ TXH FRQVLJDQ TXH QR H[LVWDQ DXWRYDORUHV FRPSOHMRV�
(VWD IRUPD GH HYDOXDU ORV SDUxDPHWURV UHVXOWD WRWDOPHQWH JHQHUDO \ HV DSOLFDEOH SRU
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WDQWR D HOHPHQWRV GH GLVWLQWR RUGHQ \ D SUREOHPDV HQ XQD� GRV \ WUHV GLPHQVLRQHV�
3HQVDPRV TXH SRU HVWH PRWLYR SXHGH UHVXOWDU XQ PxHWRGR LQWHUHVDQWH SDUD OD HVWLPDFLxRQ
GH HVWRV SDUxDPHWURV� SXHVWR TXH QR SDUWH GH QLQJxXQ UD]RQDPLHQWR GH WLSR KHXUxuVWLFR
QL SUHFLVD GH XQ VXDYL]DGR H[WHUQR GH OD VROXFLxRQ LQGHSHQGLHQWH GHO SURSLR SURFHVR GH
FxDOFXOR� (Q HVWH PxHWRGR� HO YDORU GH ORV SDUxDPHWURV VH GHWHUPLQD D PHGLGD TXH VH FDOFXOD
\ HQVDPEOD FDGD PDWUL] GH ULJLGH] HOHPHQWDO�

/RV UHVXOWDGRV REWHQLGRV HQ SUREOHPDV XQLGLPHQVLRQDOHV VRQ H[FHOHQWHV \ SHUPLWHQ
HVSHUDU XQ EXHQ IXQFLRQDPLHQWR GHO PxHWRGR SDUD SUREOHPDV HQ XQ QxXPHUR PD\RU GH
GLPHQVLRQHV� � � (Q OD DFWXDOLGDG� SDUD SUREOHPDV HQ GRV \ WUHV GLPHQVLRQHV HO FRVWH
FRPSXWDFLRQDO GHO PxHWRGR SURSXHVWR SXHGH VHU HOHYDGR� GDGR TXH VH UHTXLHUH HO DQxDOLVLV
GH ORV DXWRYDORUHV GH WRGDV ODV PDWULFHV HOHPHQWDOHV GH OD GLVFUHWL]DFLxRQ� 1R REVWDQWH�
HV SRVLEOH FRQVHJXLU UHGXFFLRQHV LPSRUWDQWHV GHO HVIXHU]R GH FxDOFXOR PHGLDQWH HO HPSOHR
GH WxHFQLFDV �HQ HVWRV PRPHQWRV HQ IDVH GH GHVDUUROOR� GH REWHQFLxRQ GH ORV SDUxDPHWURV
GH HVWDELOL]DFLxRQ D SDUWLU GH OD LQIRUPDFLxRQ REWHQLGD SUHYLDPHQWH HQ ]RQDV GHO GRPLQLR
GHO SUREOHPD HQ ODV TXH H[LVWD XQD FRQYHFFLxRQ GHO PLVPR RUGHQ GH PDJQLWXG� \ D SDUWLU
GH OD HVWLPDFLxRQ GH ORV YDORUHV SURSLRV GH ODV PDWULFHV HOHPHQWDOHV�

5 ( ) ( 5 ( 1 & ,$ 6

>� @ +HLQULFK -�&� DQG =LHNLHZLF] 2�&� ������ � 7 K H ) LQ LWH ( OHP HQ W 0 HWK RG D Q G

X S Z LQ G LQ J
 WHFK Q LTX HV LQ WK H Q X P HULFD O VR OX WLR Q R I FR Q YHFWLYH G R P LQ D WHG r R Z

S UR EOHP V� )LQLWH (OHPHQW 0HWKRGV IRU &RQYHFWLRQ 'RPLQDWHG )ORZV� +XJKHV� 7�-�5�
�(G� � � 7KH $PHULFDQ 6RFLHW\ RI 0HFKDQLFDO (QJLQHHUV� SS ��������

>�@ &DUH\ &�)� ������ � $ Q D Q D O\VLV R I VWD ELOLW\ D Q G R VFLOOD WLR Q V LQ FR Q YHFWLR Q �G Lp X VLR Q

FR P S X WD WLR Q V� )LQLWH (OHPHQW 0HWKRGV IRU &RQYHFWLRQ 'RPLQDWHG )ORZV� +XJKHV�
7�-�5� �(G�� � 7KH $PHULFDQ 6RFLHW\ RI 0HFKDQLFDO (QJLQHHUV� SS ������

>�@ +HLQULFK -�&� DQG =LHNLHZLF] 2�&� ������ � 4 X D G UD WLF ) LQ LWH ( OHP HQ W 6 FK HP HV IR U
WZ R �G LP HQ VLR Q D O & R Q YHFWLYH�7 UD Q VSR UW 3 UR EOHP V� ,QWHUQDWLRQDO -RXUQDO IRU 1XPHULFDO
0HWKRGV LQ (QJLQHHULQJ� 9RO� �� � ����������

>�@ +HLQULFK -�&� ������ � 2 Q 4 X D G UD WLF ( OHP HQ WV LQ ) LQ LWH ( OHP HQ W 6 R OX WLR Q V R I 6 WHD G \�

6 WD WH & R Q YHFWLR Q �' Lp X VLR Q ( TX D WLR Q � ,QWHUQDWLRQDO -RXUQDO IRU 1XPHULFDO 0HWKRGV
LQ (QJLQHHULQJ� 9RO� ��� ����������

>�@ )ULW] -� ������ � 3 D UWLD O ' LIHUHQ WLD O ( TX D WLR Q V� 6SULQJHU�9HUODJ�

>�@ &RGLQD 5� ������ � ' X HV IR UP X OD FLR Q V Q X P wHULTX HV SHU D O S UR EOHP D G H r X [
LQ FR P S UHVVLEOH � 7HVLQD GH (VSHFLDOLGDG� 8QLYHUVLWDW 3ROLWwHFQLFD GH &DWDOXQ\D�

>�@ &DUH\ *� )� DQG 2GHQ -� 7� ������ � ) LQ LWH ( OHP HQ WV� ) OX LG 0 HFK D Q LFV� 9 R OX P H 9 ,�
3UHQWLFH�+DOO�

>�@ )LJXHURD &�$� � &RORPLQDV ,� ������ � $ S OLFD FLxR Q G HO 0 xHWRG R G H OR V ( OHP HQ WR V ) LQ LWR V

HQ S UR EOHP D V G H P HFxD Q LFD G H r X LG R V� HVWX G LR � UHVR OX FLxR Q \ WxHFQ LFD V G H HVWD ELOL]D FLxR Q
G H OD HFX D FLxR Q G HO WUD Q VSR UWH SR U FR Q YHFFLxR Q �G LIX VLxR Q � 5HVHDUFK 5HSRUW� (76,&&3�
8QLYHUVLGDG GH /D &RUXaQD�
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>�@ %URRNV $�1� DQG +XJKHV 7�-�5� ������ � 6 WUHD P OLQ H 8 S Z LQ G � 3 HWUR Y�* D OHUNLQ

IR UP X OD WLR Q V IR U FR Q YHFWLYH G R P LQ D WHG r R Z V Z LWK SD UWLFX OD U HP S K D VLV R Q WK H
LQ FR P S UHVVLEOH 1 D YLHU�6 WR NHV HTX D WLR Q V� &RPSXWHU 0HWKRGV LQ $SSOLHG 0HFKDQLFV
DQG (QJLQHHULQJ� ��� ��������

>��@ +XJKHV 7�-�5� � )UDQFD /�3� DQG +XOEHUW *�0� ������ � $ Q HZ q Q LWH HOHP HQ W

IR UP X OD WLR Q IR U FR P S X WD WLR Q D O r X LG G \Q D P LFV� 9 ,,,� 7 K H * D OHUNLQ � OHD VW VTX D UHV

P HWK RG IR U D G YHFWLYH�G Lp X VLYH HTX D WLR Q V � &RPSXWHU 0HWKRGV LQ $SSOLHG 0HFKDQLFV
DQG (QJLQHHULQJ� ��� ��������

>�� @ =LHNLHZLF] 2�&� DQG &RGLQD 5� ������ � $ JHQ HUD O D OJR ULWK P IR U FR P S UHVVLEOH D Q G
LQ FR P S UHVVLEOH r R Z � 3 D UW ,� WK H VS OLW� FK D UD FWHULVWLF ED VHG VFK HP H � ,QWHUQDWLRQDO
-RXUQDO IRU 1XPHULFDO 0HWKRGV LQ )OXLGV� ��� ��������

>��@ 7�-�5� +XJKHV ������ � 0 X OWLVFD OH 3 K HQ R P HQ D � * UHHQ
V IX Q WLR Q �WK H ' LULFK OHW�WR �

1 HZ P D Q IR UP X OD WLR Q � VX EJULG VFD OH P RG HOV� EX EEOHV� D Q G WK H R ULJLQ V R I VWD ELOL]HG
IR UP X OD WLR Q V� &RPSXWHU 0HWKRGV LQ $SSOLHG 0HFKDQLFV DQG (QJLQHHULQJ� ���� ����
��� �

>��@ 'RQHD -� ������ � $ 7 D \OR U�* D OHUNLQ 0 HWK RG IR U & R Q YHFWLR Q 7 UD Q VSR UW 3 UR EOHP V�
,QWHUQDWLRQDO -RXUQDO IRU 1XPHULFDO 0HWKRGV LQ (QJLQHHULQJ� 9RO� ��� ��������

>��@ &RGLQD 5� ������ � & R P SD ULVR Q R I 6 R P H ) LQ LWH ( OHP HQ W 0 HWK RG V IR U 6 R OYLQ J WK H
' Lp X VLR Q �& R Q YHFWLR Q �5 HD FWLR Q ( TX D WLR Q � 3XEOLFDWLRQ &,01( 1R� ����

>��@ 2aQDWH (� ������ � ' HULYD WLR Q R I VWD ELOL]HG HTX D WLR Q V IR U Q X P HULFD O VR OX WLR Q R I
D G YHFWLYH�G Lp X VLYH WUD Q VSR UW D Q G r X LG r R Z S UR EOHP V� &RPSXWHU 0HWKRGV LQ $SSOLHG
0HFKDQLFV DQG (QJLQHHULQJ� ��� � ��������

>��@ )LJXHURD &�$� � &RORPLQDV ,� � ,JOHVLDV *� � $FLQDV -� � 1DYDUULQD )� \ &DVWHOHLUR 0�
������ � $ S OLFD FLxR Q G H X Q D IR UP X OD FLxR Q Q X P xHULFD G H HOHP HQ WR V q Q LWR V SD UD HO HVWX G LR
G H WUD Q VSR UWH FR Q YHFWLYR HQ ]R Q D V SR UWX D ULD V� $FWDV GHO ?,9 &RQJUHVR VREUH 0xHWRGRV
1XPxHULFRV \ VXV $SOLFDFLRQHV� � 6(01,� 6HYLOOD�
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