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�L  ������Q b �� � $KRUD QR HV GLIxuFLO FRPSUREDU TXH� SRQLHQGR� �
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5  * b � �M � L� ��� ���LM �U ULM LM

ODV HFXDFLRQHV ������ VH WUDQVIRUPDQ HQ

Q b�� ;G [ [ # 5L L LM
� * �P � P �  P � �M � L� ��� ���L Q M��G W # [U LLQ M �

\ DQxDORJDV HQ \ \ ] � KDELHQGR GHVFDUWDGR ORV xDSLFHV� 3DUD H[SOLFDU HO VLJQLq�

FDGR GLQxDPLFR GH HVWDV HFXDFLRQHV ODV HVFULELUHPRV HQ GHWDOOH SDUD HO FDVR

SDUWLFXODU GH XQ VLVWHPD GH WUHV FXHUSRV �Q  �� �

�G [ [ # 5� � � �
� * �P � P �  P �� � ���G W # [U �� �

�G \ \ # 5� � � �
� * �P � P �  P � ������� � ���G W U # \ �� �

�G ] ] # 5� � � �
� * �P � P �  P �� � ���G W # ]U �� �

�G [ [ # 5� � � �
� * �P � P �  P �� � ���G W # [U �� �

�G \ \ # 5� � � �
� * �P � P �  P � ������� � ���G W # \U �� �

�G ] ] # 5� � � �
� * �P � P �  P �� � ���G W U # ] �� �

FRQ w x
� [ [ � \ \ � ] ]L M L M L M

5  5  * b � �M � L� � ������� � � � �U U� � � �

6L OD PDVD P IXHUD QXOD� ODV HFXDFLRQHV ������ VHUxuDQ LQGHSHQGLHQWHV GH�

ODV ������ \� FRPR YHUHPRV HQ HO FDSxuWXOR VLJXLHQWH� SRGUxuDQ VHU LQWHJUDGDV

FRPSOHWDPHQWH SDUD GHVFULELU HO PRYLPLHQWR GH P UHVSHFWR GH P � 6L OD� �

PDVD P QR IXHUD QXOD SHUR Vxu SHTXHaQD VH SRGUxuD� HQ SULPHUD DSUR[LPDFLxRQ��

GHVSUHFLDU ORV VHJXQGRV PLHPEURV GH ODV HFXDFLRQHV H LQWHJUDUODV FRPSOHWD�

PHQWH� (Q XQ SDVR VLJXLHQWH VH SXHGHQ HVWXGLDU ODV YDULDFLRQHV R S H U WX U E D �

F LR Q H V GHO PRYLPLHQWR REWHQLGR HQ SULPHUD DSUR[LPDFLxRQ� 3RU HVWD UD]xRQ
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OD IXQFLxRQ 5 HV GHQRPLQDGD IX Q F LxR Q S H U WX U E D G R U D � (Q HVWD IXQFLxRQ HOLM

SULPHU WxHUPLQR GHO VHJXQGR PLHPEUR UHSUHVHQWD OD DFHOHUDFLxRQ TXH FDXVD P �

VREUH P � \ HO VHJXQGR WxHUPLQR UHSUHVHQWD OD DFHOHUDFLxRQ FDXVDGD SRU P� �

VREUH HO FXHUSR FHQWUDO P ��
7UDQVqULHQGR HO RULJHQ GH FRRUGHQDGDV D XQR GH ORV FXHUSRV VH HOLPLQDQ

GHO SUREOHPD VHLV LQFxRJQLWDV �R VHD ODV FRRUGHQDGDV \ YHORFLGDGHV GH GLFKR

FXHUSR� � 8WLOL]DQGR SURFHGLPLHQWRV DQxDORJRV D ORV XVDGRV HQ VHFFLRQHV DQ�

WHULRUHV� VH SXHGH GHPRVWUDU TXH ODV HFXDFLRQHV ������ GHO PRYLPLHQWR FRQ

UHVSHFWR DO FXHUSR P DGPLWHQ WUHV LQWHJUDOHV GH ODV xDUHDV \ XQD LQWHJUDO GHQ

OD HQHUJxuD TXH WUDQVFULELPRV D FRQWLQXDFLxRQ��YHU >�� @ � &DS� ,,,� �

� �� ,Q WH J U D OH V G H O 0 R Y LP LH Q WR 5 H OD WLY R

,Q WHJUD OHV G H OD V $ UHD V

;
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P Q L M

;
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� P P >�\ b \ � � B] b B] � b �] b ] � � B\ b B\ � @  & 0L M L M L M L M L M �

P Q L M

;
P �] B[ b [ B] � ������L L L L L

L ; ;�
� P P >�] b ] � � B[ b B[ � b �[ b [ � � B] b B] � @  & 0 �L M L M L M L M L M �

P Q L M

GRQGH L \ M LQGLFDQ WRGRV ORV SDUHV GH QxXPHURV GH � D Q b � FRQ M � L�3
P L

L0  � � \ & �& \ & VRQ FRQVWDQWHV�� � �P Q
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,Q WHJUD O G H OD ( Q HUJxuD

� �u v; ; P L� � �P B[ � B\ � B] b �0 * P � 8 ������L QL L L U LL LK L; ;� � � �� P P � B[ b B[ � � � B\ b B\ � � � B] b B] �  �K 0L M L M L M L M
P Q L M

FRQ K FRQVWDQWH�
(VWDV LQWHJUDOHV SHUPLWHQ HOLPLQDU GHO SUREOHPD RWUDV FXDWUR LQFxRJQLWDV�

(OODV VXHOHQ XVDUVH WDPELxHQ SDUD REWHQHU XQD LGHD DSUR[LPDGD GH ORV HUURUHV

TXH LQHYLWDEOHPHQWH VH SUHVHQWDQ HQ ODV FRRUGHQDGDV \ YHORFLGDGHV REWHQLGDV

HQ OD VROXFLxRQ QXPxHULFD GH ODV HFXDFLRQHV GH PRYLPLHQWR� 6LQ HPEDUJR� HO

HIHFWR GH GLFKRV HUURUHV HV DWHQXDGR SRU FDQFHODFLRQHV GHELGR D VLPHWUxuDV HQ

ODV IxRUPXODV \ D OD PXOWLSOLFDFLxRQ SRU ODV PDVDV SODQHWDULDV TXH VRQ SHTXHaQDV

FRPSDUDGDV FRQ OD GHO 6RO�
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& D S xuWX OR �

( O 3 UR E OH P D G H OR V ' R V
& X H U S R V

(VWH SUREOHPD WHxRULFR WLHQH OD LPSRUWDQFLD IXQGDPHQWDO GH VHU UHVROXEOH

SRU FRPSOHWR HQ IRUPD DQDOxuWLFD \ SRU RWUD SDUWH GH SHUPLWLU LQWURGXFLU XQ
FRQMXQWR GH S D U xD P H WU R V R U E LWD OH V TXH OXHJR VRQ GH XVR FRUULHQWH HQ FDVL

WRGRV ORV SUREOHPDV GH OD 0HFxDQLFD &HOHVWH�

� �� ( F X D F LR Q H V G H O 0 R Y LP LH Q WR

7UDWDUHPRV DTXxu HO FDVR GH GRV FXHUSRV TXH SXHGDQ FRQVLGHUDUVH FRPR SXQWRV

GH PDVDV P \ P � TXH HVWxDQ VRODPHQWH VXM HWRV D VX DWUDFFLxRQ PXWXD GH�

DFXHUGR D OD OH\ GH 1HZWRQ� $SOLFDQGR ������ � \ SXHVWR TXH QR H[LVWHQ HQ

HVWH FDVR SHUWXUEDFLRQHV� ODV HFXDFLRQHV GHO PRYLPLHQWR GH P UHVSHFWR GH

P VRQ�

�G [ { [
�  ��

� �G W U
�G \ { \
�  �� ���� �

� �G W U
�G ] { ]
�  ��

� �G W U

GRQGH [ � \ \ ] VRQ ODV FRRUGHQDGDV GH P FRQ UHVSHFWR D XQ VLVWHPD FRQ

RULJHQ HQ P VLHQGR�
� � � �U  [ � \ � ] �����

��
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\

{  * �P � P � � ������

(O VLVWHPD ���� � GH WUHV HFXDFLRQHV GH VHJXQGR RUGHQ SXHGH HYLGHQWHPHQWH

UHGXFLUVH D XQ VLVWHPD HTXLYDOHQWH GH VHLV HFXDFLRQHV GH SULPHU RUGHQ GH OD

IRUPD

G [ G B[ { [
 B[ �  b

�G W G W U
G \ G B\ { \

 B\ �  b �����
�G W G W U

G ] G B] { ]
 B] �  b �

�G W G W U

HQ ODV LQFxRJQLWDV [ � \ � ] � B[ � B\ � B] � 6H REWLHQHQ IxDFLOPHQWH WUHV LQWHJUDOHV GH

xDUHDV

[ B\ b \ B[  & �

\ B] b ] B\  & ������

] B[ b [ B]  & ��

\ OD LQWHJUDO GH OD HQHUJxuD

�{� � �B[ � B\ � B]  � & ������
U

VLHQGR & �& �& \ & FRQVWDQWHV DUELWUDULDV� (Q OD VHFFLxRQ VLJXLHQWH PHGLDQ�� � � �

WH HVWDV LQWHJUDOHV VH UHGXFH HO QxXPHUR GH LQFxRJQLWDV \ VH UHVXHOYH FRPSOHWD�

PHQWH HO SUREOHPD� /DV OH\HV GH .HSOHU VH GHGXFHQ FRPR FRQVHFXHQFLDV GH

OD OH\ GH 1HZWRQ�

� �� 6 R OX F LxR Q G H O 3 U R E OH P D G H G R V & X H US R V

0XOWLSOLFDQGR ODV HFXDFLRQHV ����� SRU ] �[ H \ UHVSHFWLYDPHQWH \ VXPDQGR

VH REWLHQH

& ] � & [ � & \  ��� � �

TXH HV OD HFXDFLxRQ GH XQ SODQR TXH SDVD SRU HO RULJHQ� HVWH UHVXOWDGR SUH�

FLVDPHQWH HVWxD FRQWHQLGR HQ HO HQXQFLDGR GH OD SULPHUD OH\ GH .HSOHU� (O

SODQR GHO PRYLPLHQWR XVXDOPHQWH HV GHqQLGR SRU VX LQ F OLQ D F LxR Q L FRQ UH�

VSHFWR DO SODQR GH FRRUGHQDGDV �[ �\ � \ SRU HO xDQJXOR o� GHQRPLQDGR OR Q �

J LWX G G H O Q R G R � TXH OD LQWHUVHFFLxRQ GH DPERV SODQRV IRUPD FRQ HO HM H [
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)LJXUD ��� � 2UELWD HOxuSWLFD HQ HO HVSDFLR

�YHU )LJXUD ���� � 6L VH FRQVLGHUD XQ YHFWRU K SHUSHQGLFXODU DO SODQR GH

PRYLPLHQWR FX\D PDJQLWXG VHD LJXDO DO GREOH GH OD YHORFLGDG DUHDO �R GHO

PRPHQWR DQJXODU� WHQHPRV T
� � �K  & � & � & ������ � �

VLHQGR

&  K FRV L��

&  K VHQ L VHQ o� ������

&  b K VHQ L FRV o��

VXV SUR\HFFLRQHV VREUH ORV WUHV SODQRV GH UHIHUHQFLD�

$KRUD� SXHVWR TXH OD xRUELWD VH HQFXHQWUD HQ XQ GHWHUPLQDGR SODQR� VH

SXHGH HOHJLU HO VLVWHPD GH FRRUGHQDGDV HQ PRGR TXH ORV HM HV [ H \ HVWxHQ HQ

GLFKR SODQR \ VHD ] s �� $Vxu ODV HFXDFLRQHV GH PRYLPLHQWR VH UHGXFHQ D XQ
VLVWHPD GH FXDUWR RUGHQ FRQ LQWHJUDOHV GH xDUHD \ GH HQHUJxuD

[ B\ b \ B[  K �����
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�{� �B[ � B\  � & �&  FR Q VWD Q WH �� ������� �
U

(VWDV LQWHJUDOHV� H[SUHVDGDV HQ FRRUGHQDGDV SRODUHV� DGTXLHUHQ ODV IRUPDV

G w�U  K ������
G Ww x w x� �G U G w �{�� U  � & � �������

G W G W U

UHVSHFWLYDPHQWH� (QWUH HOODV VH SXHGH HOLPLQDU HO WLHPSR \ GHVSXxHV GH XQD
LQWHJUDFLxRQ VH REWLHQH OD UHODFLxRQ

KTU  �&  FRQVWDQWH�� �������
�{ {b & � FRV�w b & �� ��K K

6L DKRUD SRQHPRV

�K
S  

{
�K & ��H  � � ������

�{

�  & b ~ ��

UHVXOWD qQDOPHQWH
S

U  � ������
� � H FRV�w b � �

TXH HV OD HFXDFLxRQ GH XQD VHFFLxRQ FxRQLFD� /D VHJXQGD OH\ GH .HSOHU HV XQ

FDVR SDUWLFXODU GH HVWH UHVXOWDGR PxDV JHQHUDO REWHQLGR GH OD DSOLFDFLxRQ GH OD

OH\ GH 1HZWRQ� 1RWDPRV TXH OD HFXDFLxRQ ������ VH SXHGH HVFULELU HQ OD IRUPD

�{�9 b  & ��
U

GRQGH 9 HV OD YHORFLGDG \ U OD GLVWDQFLD DO RULJHQ HQ XQ FLHUWR LQVWDQWH� GH

OD HFXDFLxRQ ������ VH GHGXFH TXH OD xRUELWD VHUxD

�{�HOLSVH �H � �� FXDQGR 9 b � �
U
�{�SDUxDEROD �H  �� FXDQGR 9 b  � ������
U
�{�KLSxHUEROD �H ! �� FXDQGR 9 b ! ��
U
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� �� � ( OHP HQ WR V G H X Q D 2 UE LWD ( OxuS WLFD ��

&DGD FDVR UHTXLHUH XQ WUDWDPLHQWR HVSHFLDO SHUR HQ HVWH FDSxuWXOR FRQVLGHUD�

UHPRV VRODPHQWH HO FDVR HOxuSWLFR� 0xDV DGHODQWH VH GHVFULELUxD FxRPR VH SXHGHQ

WUDWDU ORV WUHV FDVRV GH XQD xXQLFD PDQHUD PHGLDQWH OD LQWURGXFFLxRQ GH ODVc d
�OODPDGDV Y D U LD E OH V X Q LY H U VD OH V � (Q OD xRUELWD HOxuSWLFD HV S  D � b H

GRQGH D \ H VRQ HO VHPLHM H PD\RU \ OD H[FHQWULFLGDG� \D GHqQLGRV HQ HO
{&DSxuWXOR �� \ SRU RWUD SDUWH GH ������ VH GHGXFH TXH &  b � GH GRQGH� D

UHVXOWD w x
� ��9  { b � ������
U D

S
7DPELHQ� GH OD SULPHUD HFXDFLxRQ ������ UHVXOWD K  { S � \ GH ODV GHqQLFLRQHVS� ~ D E � ~GHO SULPHU FDSxuWXOR UHVXOWD WDPELHQ K   D S D GRQGH 3 HV HO3 3
SHUxuRGR GHO PRYLPLHQWR HOxuSWLFR� (OLPLQDQGR K HQWUH HVWDV GRV H[SUHVLRQHV
VH GHGXFH OD UHODFLxRQ

�D {
 � ������

� �3 �~

/DV H[SUHVLRQHV ������ \ ������ VLJQLqFDQ TXH HO VHPLHM H PD\RU D \ HO SHUxuRGR

3 VRQ FRQVWDQWHV TXH GHSHQGHQ VROR GH OD PDJQLWXG GH OD YHORFLGDG 9 HQ

HO LQVWDQWH HQ TXH HO FXHUSR VH HQFXHQWUD D OD GLVWDQFLD U GHO RULJHQ� 3RU

RWUD SDUWH OD H[FHQWULFLGDG� OD LQFOLQDFLxRQ \ HO QRGR GHSHQGHQ GH OD GLUHFFLxRQ

GH 9 D GLFKR LQVWDQWH� 5HFRUGDQGR OD GHqQLFLxRQ ����� GH { VH SXHGH SRQHUu v
P{  * P � � � 6L P HV OD PDVD GH XQ SODQHWD \ P OD GHO 6RO� OD� �P �

P b�UHODFLxRQ HV VLHPSUH PHQRU TXH �� � SRU WDQWR { \ OD UHODFLxRQ ������ VRQP �

DSUR[LPDGDPHQWH FRQVWDQWHV GH DFXHUGR D OD �D� /H\ GH .HSOHU� )LQDOPHQWH

GH DFXHUGR D OD GHqQLFLxRQ �� ��� GHO PRYLPLHQWR PHGLR Q OD UHODFLxRQ ������ VH

SXHGH HVFULELU HQ OD IRUPD
� �Q D  { � ������

� �� ( OH P H Q WR V G H X Q D 2 U E LWD ( OxuS WLF D

8QD YH] HOHJLGR XQ VLVWHPD GH UHIHUHQFLD >[ �\ �] @ �YHU )LJXUD ��� � � HO SODQR

GH XQD xRUELWD TXHGD GHqQLGR SRU OD / R Q J LWX G G H O 1 R G R �o� \ SRU OD

,Q F OLQ D F LxR Q �L� � /D SRVLFLxRQ GH OD HOLSVH HQ GLFKR SODQR VH GHqQH SRU WHQHU

XQ IRFR HQ HO RULJHQ \ SRU HO $ U J X P H Q WR G H O 3 H U LF H Q WU R �� � � TXH HV HO

xDQJXOR HQWUH OD OxuQHD GH LQWHUVHFFLxRQ HQWUH HO SODQR GH OD xRUELWD \ HO SODQR

�[ �\ � � \ HO HM H PD\RU GH OD HOLSVH� /D IRUPD \ HO WDPDaQR GH OD HOLSVH VH

GHqQHQ SRU OD ( [ F H Q WU LF LG D G �H � \ HO 6 H P LH MH 0 D \ R U �D � UHVSHFWLYDPHQWH�

)LQDOPHQWH OD SRVLFLxRQ GHO FXHUSR P HQ VX xRUELWD D XQ FLHUWR LQVWDQWH W VH

SRGUxD GHWHUPLQDU� FRPR YHUHPRV� VL VH FRQRFH HO LQVWDQWH 7 GH VX SDVDM H SRU
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XQ SXQWR GDGR �XVXDOPHQWH HO SHULFHQWUR� � 3DUD xR U E LWD V K H OLR F xH Q WU LF D V

HO SODQR GH UHIHUHQFLD �[ �\ � VH WRPD HQ FRLQFLGHQFLD FRQ OD ( F OxuS WLF D TXH

HV HO SODQR GH PRYLPLHQWR GH OD 7LHUUD DOUHGHGRU GHO 6RO� (O HMH ] VH GLULJH

KDFLD HO SROR QRUWH GH OD HFOxuSWLFD \ HO HM H [ FRLQFLGH FRQ OD LQWHUVHFFLxRQ HQWUH

OD HFOxuSWLFD \ HO SODQR SDUDOHOR DO HFXDGRU WHUUHVWUH� GHQRPLQDGD G LU H F F LxR Q

G H O S X Q WR Y H U Q D O �r � � 3DUD xRUELWDV JHRFxHQWULFDV HO SODQR �[ �\ � XVXDOPHQWH

FRLQFLGH FRQ HO HFXDGRU WHUUHVWUH� HO HMH ] VH GLULJH KDFLD HO SROR QRUWH GH OD

7LHUUD \ HO HM H [ WDPELHQ FRLQFLGH FRQ OD GLUHFFLxRQ GHO SXQWR YHUQDO� 7DQWR

OD HFOxuSWLFD FRPR HO HFXDGRU QR HVWxDQ qMRV HQ HO HVSDFLR VLQR TXH VH PXHYHQ

SRU ORV IHQxRPHQRV GH S U H F H VLxR Q \ Q X WD F LxR Q � 3RU HVWD UD]xRQ ORV SODQRV

GH UHIHUHQFLD VH WRPDQ HQ FRLQFLGHQFLD FRQ XQD FLHUWD IHFKD� XVXDOPHQWH DO

FRPLHQ]R R OD PLWDG GHO VLJOR FRUULHQWH� (Q OD VHFFLxRQ VLJXLHQWH WUDWDUHPRV

OD GHWHUPLQDFLxRQ GH OD SRVLFLxRQ HQ OD xRUELWD SDUD XQ LQVWDQWH W GDGR�

� �� / D V 7 U H V $ Q R P D OxuD V \ OD ( F X D F LxR Q G H . H S OH U

3DUD GHqQLU OD SRVLFLxRQ GHO SODQHWD 3 HQ VX xRUELWD SRGHPRV XVDU HO U D G LR

Y H F WR U U \ OD D Q R P D OxuD Y H U G D G H U D Y \D GHqQLGRV HQ HO &DSxuWXOR � � 'H

DFXHUGR D ORV UHVXOWDGRV GH OD VHFFLxRQ ����� ODV LQWHJUDOHV GH ODV xDUHDV \ GH OD

HQHUJxuD SXHGHQ H[SUHVDUVH HQ OD IRUPD

TG Y� �U  { D �� b H � �
G Ww x w x w x� �G U G Y � ��� U  { b �

G W G W U D

G YUHVSHFWLYDPHQWH� (OLPLQDQGR \ WHQLHQGR HQ FXHQWD ������ VH REWLHQHG W

U G USQ G W  � ������
� � �D D H b �D b U �

3DUD LQWHJUDU HVWD HFXDFLxRQ VH SXHGH LQWURGXFLU XQD YDULDEOH DX[LOLDU ( WDO

TXH�

D b U  D H FRV ( � ������

GH GRQGH UHVXOWD
Q G W  �� b H FRV ( �G ( � ������

,QWHJUDQGR� VH REWLHQH qQDOPHQWH

Q �W b 7 �  ( b H VHQ ( � ������

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D



� �� � / D V 7 UHV $ Q R P D OxuD V \ OD ( FX D FLxR Q G H . HS OHU ��

)LJXUD ���� $QRPDOxuDV ([FxHQWULFD \ 9HUGDGHUD HQ OD 2UELWD (OxuSWLFD

GRQGH 7 HV XQD FRQVWDQWH GH LQWHJUDFLxRQ 'H DFXHUGR D FRQRFLGDV SURSLHGDGHV

JHRPxHWULFDV GH OD HOLSVH� OD YDULDEOH ( HV HO xDQJXOR LQGLFDGR HQ OD )LJXUD �����

\ VH GHQRPLQD D Q R P D OxuD H [ F xH Q WU LF D G H OD xR U E LWD � 6L W  7 UHVXOWD (  �

\ 7 HV HO LQVWDQWH FRUUHVSRQGLHQWH DO SDVDMH GHO RE M HWR SRU VX 3 H U LF H Q WU R �

OD FDQWLGDG Q �W b 7 � HV HO xDQJXOR TXH GHVFULELUxuD HO UDGLR YHFWRU JLUDQGR FRQ

OD YHORFLGDG DQJXODU PHGLD Q � 8VXDOPHQWH VH LQGLFD FRQ 0 \ VH GHQRPLQD

$ Q R P D OxuD 0 H G LD \ SRU WDQWR

0  Q �W b 7 �  ( b H VHQ ( � ������

(VWD HV OD OODPDGD ( F X D F LxR Q G H . H S OH U TXH HV WUDVFHQGHQWH HQ ( \ VH
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3  �FRV � VHQ o � VHQ � FRV o FRV L� VHQ t]

� VHQ � VHQ L FRV t

4  �b VHQ � VHQ o � FRV � FRV o FRV L� VHQ t]

� FRV � VHQ L FRV t

5  b FRV o VHQ L VHQ t � FRV L FRV t�]

(VWDV H[SUHVLRQHV FRQVWLWX\HQ ORV F R VH Q R V G LU H F WR U H V TXH YLQFXODQ ORV

VLVWHPDV GH UHIHUHQFLD EDVDGRV HQ ORV SODQRV RUELWDO \ HFXDWRULDO� 7LHQHQ

LQWHUHVDQWHV SURSLHGDGHV JHRPxHWULFDV TXH VH SXHGHQ FRQVXOWDU HQ HO &DSxuWXOR

� GH >�@ � (Q SDUWLFXODU� VL VH GHVHD REWHQHU ORV FRVHQRV GLUHFWRUHV HQWUH ORV

VLVWHPDV RUELWDO \ HFOxuSWLFR� EDVWDUxD FRQ DSOLFDU ODV PLVPDV H[SUHVLRQHV FRQ

t  ��

(V LQWHUHVDQWH REVHUYDU TXH ODV IxRUPXODV ������ � SXHGHQ WUDQVIRUPDUVH

DSOLFDQGR ODV H[SUHVLRQHV ������ \ VH REWLHQH

U  $ �FRV ( b H � � % VHQ ( ������HF
D Q

BU  �b $ VHQ ( � % FRV ( � � ������HF
U
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GRQGH

S
�$  D 3 � %  D � b H 4 � ������

� �� & xD OF X OR G H OR V H OH P H Q WR V R U E LWD OH V

1RV SURSRQHPRV DTXxu WUDWDU OD FXHVWLRQ RSXHVWD D OD GH OD VHFFLxRQ DQWHULRU�

YDOH GHFLU� ' D G D OD SR VLFLxR Q �[�\�]� \ OD YHORFLG D G � B[ � B\ � B] � SD UD X Q LQ VWD Q WH

G D G R W� G HWHUP LQ D U OR V HOHP HQ WR V G H VX FR UUHVSR Q G LHQ WH xR U E LWD N H S OH U LD Q D �

1 R V FHaQ LUHP R V VLHP S UH D O FD VR G H X Q D xR UELWD HOxuS WLFD Q R SHUWX UED G D � / R V

HOHP HQ WR V D � H \ 7 VR Q P D JQ LWX G HV HVFD OD UHV TX H Q R G HSHQ G HQ G HO VLVWHP D G H

UHIHUHQ FLD � P LHQ WUD V TX H OR V HOHP HQ WR V G H R ULHQ WD FLxR Q L�o \ � Vxu G HSHQ G HQ \

HQ HVWH FD VR D VX P LP R V HO VLVWHP D HFX D WR ULD O SD UD OR V G D WR V� \ HO VLVWHP D G H

OD HFOxuS WLFD SD UD OR V WUHV xX OWLP R V�

(Q SULPHU OXJDU VH GHEH FDOFXODU

� � � �U  [ � \ � ]
� � � �9  B[ � B\ � B]

U BU  [ B[ � \ B\ � ] B] �

'H OD HFXDFLxRQ ������ VH REWLHQH DKRUD HO VHP LHMH P D \R U

U
D  � ������

�9� b U {

3RU RWUD SDUWH� GH OD VHFFLxRQ ����� VH SXHGHQ REWHQHU ODV H[SUHVLRQHV

U BU
H VHQ (   Q X P ������

�

�D
U

H FRV (  � b  G H Q � ������
D

GH GRQGH UHVXOWDQ OD H[FHQ WULFLG D G

S
� �H  Q X P � G H Q ������

\ OD D Q R P D OxuD H[FxHQ WULFD

w x
Q X P

(  DUFWDQ � ������
G HQ
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$SOLFDQGR OD HFXDFLxRQ GH .HSOHU VH REWLHQH OD D Q R P D OxuD P HG LD

0  ( b H VHQ ( � ������

GH GRQGH VH REWLHQH qQDOPHQWH HO LQ VWD Q WH G H SD VD MH SR U HO SHULK HOLR

0
7  W b � ������

Q

S
b�GRQGH Q  { D �

1RV IDOWD DKRUD GHWHUPLQDU ORV HOHPHQWRV DQJXODUHV L�o \ � � 3DUD HOOR

REVHUYDPRV TXH KDELHQGR GHWHUPLQDGR OD DQRPDOxuD H[FxHQWULFD ( VH SXHGH

REWHQHU GH ������ � ������ \ ������ ODV IxRUPXODV

�D
�D 3  $  U FRV ( b BU D VHQ ( ������HF HF

U
�D
�E4  %  U VHQ ( � BU D �FRV ( b H � � ������HF HF

U

FRQ S
�E  D � b H �

/XHJR GH ODV IxRUPXODV ������ VH REWLHQH

VHQ L VHQ �  b 3 VHQ t � 3 FRV t ������\ ]

VHQ L FRV �  b 4 VHQ t � 4 FRV�t ������\ ]

TXH SHUPLWHQ FDOFXODU L \ � � DGHPxDV

3 FRV � b 4 VHQ �\ \
VHQ o  ������

FRV t
FRV o  3 FRV � b 4 VHQ � � ������[ [

TXH SHUPLWHQ FDOXODU o�

� �� �� ( MH P S OR V

/RV VLJXLHQWHV HM HPSORV GH DSOLFDFLxRQ SUxDFWLFD SXHGHQ VHUYLU GH LOXVWUDFLxRQ

GH DOJXQRV GH ORV FRQFHSWRV GHVDUUROODGRV HQ xHVWH \ HO DQWHULRU FDSxuWXOR�

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D



� �� � & xD OFX OR G H OR V HOHP HQ WR V R UE LWD OHV ��

9 H OR F LG D G G H ( VF D S H

3DUD TXH XQ REMHWR PDWHULDO LPSXOVDGR GHVGH OD VXSHUqFLH GH OD 7LHUUD KDFLD

HO HVSDFLR XOWUDWHUUHVWUH ORJUH HVFDSDU D OD DWUDFFLxRQ JUDYLWDWRULD WHUUHVWUH
GHEH HVWDU DQLPDGR GH XQD YHORFLGDG LQLFLDO Y � GHVGH OD VXSHUqFLH GH OD�

7LHUUD� TXH VH SXHGH GHWHUPLQDU� DVXPLHQGR TXH HO IUHQDGR SRU IULFFLxRQ FRQ

OD DWPxRVIHUD VHD GHVSUHFLDEOH� GHO PRGR VLJXLHQWH�

4XH HO RE M HWR HVFDSH VLJQLqFD TXH VX xRUELWD JHRFxHQWULFD GHEH VHU DELHUWD�

HV GHFLU SDUDExROLFD R KLSHUExROLFD� \ VH GHGXFH GH ODV IxRUPXODV ������ TXH GHEH

VHU

�{�Y b w �� ������� U �

GRQGH U HV HO UDGLR GH OD 7LHUUD��

&RQVLGHUDQGR DKRUD XQ PRYLPLHQWR YHUWLFDO� ODV HFXDFLRQHV ���� � VH UH�

GXFHQ D OD WHUFHUD HQ OD IRUPD

{
J  � ������� �U �

GRQGH J HV OD DFHOHUDFLxRQ GH OD JUDYHGDG HQ OD VXSHUqFLH GH OD 7LHUUD� 6H�

GHGXFH qQDOPHQWH TXH OD YHORFLGDG GH HVFDSH GHEH VHU

S
Y w �J U � ������� � �

3RU HM HPSOR� SDUD XQ SXQWR HQ HO (FXDGRU WHUUHVWUH GRQGH J  �
. P . P������� \ U  ��������. P UHVXOWD Y � w ������ ��� VHJVHJ

'H OD PLVPD PDQHUD VH SXHGH GHGXFLU OD YHORFLGDG GH HVFDSH FRUUHVSRQ�

GLHQWH D OD /XQD R D ORV SODQHWDV� (VWD FXHVWLxRQ WLHQH XQ LQWHUxHV FRVPROxRJLFR

SRU OD SUHVHQFLD HQ OD 7LHUUD GH PHWHRULWRV TXH VH SUHVXPH SXHGHQ KDEHU

HVFDSDGR GH OD VXSHUqFLH GH OD /XQD R GHO SODQHWD 0DUWH�

6 D WxH OLWH J H R VLQ F U xR Q LF R

/RV VDWxHOLWHV TXH VH XVDQ SDUD ODV FRPXQLFDFLRQHV UHFRUUHQ XQD xRUELWD FLU�

FXODU� HQ HO SODQR HFXDWRULDO � FRQ XQD YHORFLGDG DQJXODU o LJXDO D OD GH OD
� ~URWDFLxRQ GH OD 7LHUUD� HV GHFLU o  � 6H WUDWD GH GHWHUPLQDU HO UDGLR� � � � � VHJ

U GH GLFKD xRUELWD�
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3RU OD OH\ GH OD JUDYLWDFLxRQ WHQHPRV TXH HQ OD VXSHUqFLH GH OD 7LHUUD \ D

OD GLVWDQFLD U VH YHULqFD

0 P
P J  * ������� �U �

0 P
P J  * �

�U

UHVSHFWLYDPHQWH� GH GRQGH UHVXOWD

�U �J  J � ������� �U

/D DFHOHUDFLxRQ FHQWUxuSHWD J GHEH VHU LJXDO \ RSXHVWD D OD DFHOHUDFLxRQ FHQ�
�WUxuIXJD J  o U � GH GRQGH UHVXOWD qQDOPHQWHFI

�U ��U  J � ������� �o

$SOLFDQGR YDORUHV QXPxHULFRV UHVXOWD

U  ����� .P

\ OD DOWLWXG

D OW  U b �������� .P  �������� .P�

'H HVWD PDQHUD HO VDWxHOLWH GHEH SHUPDQHFHU VREUH OD YHUWLFDO GH XQ OXJDU

JHRJUxDqFR XELFDGR HQ HO SODQR HFXDWRULDO GH OD 7LHUUD� 6LQ HPEDUJR HO VDWxHOLWH

WLHQGH D VDOLU JUDGXDOPHQWH GH GLFKD SRVLFLxRQ GHELGR D TXH VX xRUELWD VH

DOWHUD SRU HVWDU VRPHWLGR D IXHU]DV SHUWXUEDWRULDV WDOHV FRPR ODV DWUDFFLRQHV

JUDYLWDWRULDV GHO 6RO \ GH OD /XQD� XQ HIHFWR GH UHVRQDQFLD SRU OD IRUPD QR

HVIxHULFD GH OD 7LHUUD \ OD SUHVLxRQ GH OD UDGLDFLxRQ VRODU� 3RU HVWDV UD]RQHV VH

GHEHQ DSOLFDU SHULxRGLFDPHQWH FRUUHFFLRQHV D OD xRUELWD GHO VDWxHOLWH� xHVWDV VH

ORJUDQ PHGLDQWH LPSXOVRV GH UHDFFLxRQ GH XQ JDV DO HVFDSDU D LQWHUYDORV FRUWRV

GH XQ GHSxRVLWR� TXH VH HQFXHQWUD HQ HO VDWxHOLWH� DOPDFHQDGR D SUHVLxRQ HOHYDGD�

(Q ORV WUHV FDSxuWXORV VLJXLHQWHV VH GHVFULEHQ ODV WHRUxuDV SHUWXUEDWRULDV HQ

JHQHUDO \ WDPELxHQ HQ HO FDVR SDUWLFXODU GH ORV VDWxHOLWHV DUWLqFLDOHV�

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D
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3 H UWX U E D F LR Q H V� 0 xH WR G R V
* H R P xH WULF R V \ $ S U R [ LP D G R V

� �� 9 D U LD F LxR Q G H OR V ( OH P H Q WR V 2 UE LWD OH V

(Q HO FDSxuWXOR � KHPRV YLVWR TXH VL GRV FXHUSRV HVIxHULFRV VH PXHYHQ EDMR OD LQ�

rXHQFLD GH VXV DWUDFFLRQHV PXWXDV � LGHDOPHQWH FDGD XQR GHVFULEH XQD FXUYD

FxRQLFD FRQ UHVSHFWR DO RWUR� 3HUR HQ OD UHDOLGDG VLHPSUH H[LVWHQ RWUDV IXHU]DV

TXH FDXVDQ PRGLqFDFLRQHV� R S H U WX U E D F LR Q H V � HQ HVH PRYLPLHQWR LGHDO� (V�

WDV IXHU]DV SXHGHQ RULJLQDUVH� SRU HM HPSOR� SRU OD SUHVHQFLD GH RWURV FXHUSRV

R SRU OD DFFLxRQ GH XQ PHGLR UHVLVWHQWH� $XQ VL ORV GRV FXHUSRV SXGLHUDQ

FRQVLGHUDUVH FRPR DLVODGRV� TXHGDUxuD HO KHFKR GH TXH HOORV QR IXHUDQ SHUIHF�
WDPHQWH HVIxHULFRV \ KRPRJxHQHRV� /DV SHUWXUEDFLRQHV VH SXHGHQ GHVFULELU GH

GRV PDQHUDV� XQD PDQHUD FRQVLVWH HQ GHqQLU ODV SHUWXUEDFLRQHV HQ WxHUPLQRV

GH ODV GLIHUHQFLDV� D FDGD LQVWDQWH W� HQWUH ODV FRRUGHQDGDV FDUWHVLDQDV [ �\ �]

GHO FXHUSR HQ OD WUD\HFWRULD LGHDO \ ODV FRRUGHQDGDV [ �\ �] UHVXOWDQWHV GH ODS S S

DFFLxRQ GH ODV IXHU]DV SHUWXUEDGRUDV� (VDV GLIHUHQFLDV SXHGHQ HVWDEOHFHUVH SRU

HO WUDWDPLHQWR DQDOxuWLFR R ELHQ FRPSXWDFLRQDO GH ODV HFXDFLRQHV GLIHUHQFLDOHV

GHO PRYLPLHQWR� FRPR YHUHPRV PxDV DGHODQWH�

2WUD PDQHUD FRQVLVWH HQ OD GHQRPLQDGD 9 D U LD F LxR Q G H OR V ( OH P H Q WR V

TXH FRQVWD GH OR VLJXLHQWH �YHU )LJXUD ����� � � 6XSRQJDPRV TXH XQ FXHUSR 3

VXM HWR VROR D OD DWUDFFLxRQ GH RWUR FXHUSR 6 VH SUR\HFWD HQ XQ SXQWR $ FRQ�

XQD YHORFLGDG LQLFLDO 9 � LGHDOPHQWH GHEH PRYHUVH VREUH XQD FxRQLFD & � 6L� �

GHVSXxHV GH XQ LQWHUYDOR GH WLHPSR d W� FXDQGR HO FXHUSR 3 VH HQFXHQWUD HQ

XQ SXQWR $ � DFWxXD XQD IXHU]D ) � DGTXLHUH RWUD YHORFLGDG 9 \ FRPLHQ]D D� � �

PRYHUVH VREUH RWUD FxRQLFD & \ DVxu VXFHVLYDPHQWH� 6L ORV LQWHUYDORV VXFHVLYRV�

��
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)LJXUD ��� � (VTXHPD GH ODV SHUWXUEDFLRQHV HQ XQD xRUELWD HOxuSWLFD

GH WLHPSR VH DFRUWDQ \ WLHQGHQ D FHUR WHQGUHPRV HQ HO OxuPLWH XQD IXHU]D

SHUWXUEDGRUD TXH FDPELD FRQWLQXDPHQWH \ OD xRUELWD GH 3 VHUxD XQD FxRQLFD

TXH WDPELHQ FDPELD HQ IRUPD FRQWLQXD� (VD FxRQLFD YDULDEOH HV WDQJHQWH D OD

xRUELWD UHDO HQ FDGD SXQWR GH xHVWD� 3DUD GHVFULELU HO PRYLPLHQWR UHDO VH SXHGH

XVDU D FDGD LQVWDQWH OD F xR Q LF D R VF X OD G R U D TXH HV WDQJHQWH D OD xRUELWD UHDO

HQ HO SXQWR GH FRQWDFWR� (Q HVWH FDVR ODV SHUWXUEDFLRQHV VHUxDQ ODV GLIHUHQ�

FLDV HQWUH ORV HOHPHQWRV GH ODV FxRQLFDV RVFXODGRUDV HQ HO SXQWR GH SDUWLGD

$ \ HQ XQ SXQWR SRVWHULRU GDGR� (Q HVWH FDSxuWXOR GHVFULELUHPRV ODV SHU��

WXUEDFLRQHV HQ ORV HOHPHQWRV GH XQD xRUELWD PHGLDQWH PxHWRGRV JHRPxHWULFRV

VLPSOHV� DOJXQRV GH ORV FXDOHV \D KDExuDQ VLGR XVDGRV SRU 1HZWRQ� 1XHVWURV
UHVXOWDGRV VHUxDQ VROR FXDOLWDWLYRV R DSUR[LPDGRV� SHUR HOORV VHUxDQ GH D\XGD

YDOLRVD FXDQGR HQWUHPRV HQ XQ FDSxuWXOR SRVWHULRU HQ ODV FRPSOHM LGDGHV GH OD

VROXFLxRQ DQDOxuWLFD GHO SUREOHPD� $VXPDPRV TXH XQ FXHUSR VH PXHYH DOUHGH�

GRU GH RWUR TXH OR DWUDH GH DFXHUGR D OD OH\ GH 1HZWRQ \ FRQVLGHUHPRV XQD

IXHU]D SHUWXUEDGRUD TXH VH SXHGH GHVFRPSRQHU HQ WUHV FRPSRQHQWHV UHFWDQ�

JXODUHV HQ GLUHFFLRQHV FRLQFLGHQWHV FRQ XQD WHUQD GHUHFKD � /D F R P S R Q H Q WH

R U WR J R Q D O : HV SHUSHQGLFXODU DO SODQR RUELWDO \ HV SRVLWLYD FXDQGR VX VHQ�

WLGR DSXQWD DO SROR QRUWH GH OD H F OLS WLF D �YHU &DS���� /D F R P S R Q H Q WH

WD Q J H Q F LD O 7 HV FRLQFLGHQWH FRQ OD WDQJHQWH D OD xRUELWD \ GH VLJQR SRVLWLYR

FXDQGR DFWxXD HQ HO VHQWLGR GHO PRYLPLHQWR� /D F R P S R Q H Q WH Q R U P D O 1 HV

SHUSHQGLFXODU D OD WDQJHQWH HQ HO SODQR RUELWDO \ HV SRVLWLYD FXDQGR DFWxXD HQ
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)LJXUD ���� 3HUWXUEDFLRQHV GHO QRGR DVFHQGHQWH \ OD LQFOLQDFLxRQ

HO VHQWLGR GH OD FRQFDYLGDG GH OD xRUELWD� &RQVLGHUHPRV DKRUD VHSDUDGDPHQWH

ORV HIHFWRV GH ODV WUHV FRPSRQHQWHV�

$ � / D F R P S R Q H Q WH R U WR J R Q D O

(VWD FRPSRQHQWH DIHFWD VRODPHQWH ORV HOHPHQWRV o H L TXH GHqQHQ HO

SODQR RUELWDO \ QR DIHFWD ORV HOHPHQWRV D R H TXH GHqQHQ HO WDPDaQR \ IRUPD

GH OD xRUELWD� $O YDULDU o WDPELxHQ VH DIHFWD LQGLUHFWDPHQWH HO DUJXPHQWR GHO

SHULFHQWUR � SRU UD]RQHV SXUDPHQWH JHRPxHWULFDV�
&RQVLGHUHPRV SRU HM HPSOR HO FDVR VLJXLHQWH �YHU )LJXUD ����� � �

6HDQ o H L HO QRGR DVFHQGHQWH \ OD LQFOLQDFLxRQ GH XQD xRUELWD FRQ UHVSHFWR� �

D FLHUWR SODQR [ �\ HQ XQ FLHUWR LQVWDQWH W � $ XQ LQVWDQWH W � FXDQGR HO� �

FXHUSR VH HQFXHQWUD HQ XQ SXQWR 3 DFWxXD XQD IXHU]D SRVLWLYD : FRPR VH� �

LQGLFD HQ OD qJXUD� (O FXHUSR VH PRYHUxD D RWUR SXQWR 3 \ ORV QXHYRV QRGR�

H LQFOLQDFLxRQ VHUxDQ o H L UHVSHFWLYDPHQWH� 6XSRQJDPRV DKRUD TXH HQ HO� �

SXQWR 3 DFWxXD XQD QXHYD IXHU]D : QHJDWLYD� SRU OR TXH ORV QXHYRV QRGR H� �

LQFOLQDFLxRQ VHUxDQ o H L \ VL : IXHUD DQWLVLPxHWULFD GH : � OD LQFOLQDFLxRQ VH� � � �

UHVWLWXLUxuD DO YDORU LQLFLDO L � (VWH HMHPSOR UHSUHVHQWD HQ IRUPD HVTXHPxDWLFD�

OR TXH RFXUUH HQ HO PRYLPLHQWR GH XQ VDWxHOLWH DUWLqFLDO SUxR[LPR D OD 7LHUUD�

(Q HIHFWR� VL OD 7LHUUD IXHUD XQ FXHUSR SHUIHFWDPHQWH HVIxHULFR \ KRPRJxHQHR
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)LJXUD ���� $QxDOLVLV GH ODV SHUWXUEDFLRQHV HQ o H L

QR VH SURGXFLUxuDQ ODV SHUWXUEDFLRQHV GHVFULSWDV� (Q FDPELR HO * H R LG H �YHU

&DS���� SXHGH FRQVLGHUDUVH FRPR OD VXPD GH XQD PDVD HVIxHULFD PxDV RWUD

PDVD DFXPXODGD HQ HO (FXDGRU FX\D DWUDFFLxRQ JUDYLWDWRULD VREUH HO VDWxHOLWH

FRQVWLWX\H ODV IXHU]DV : \ : FRQVLGHUDGDV HQ HO HM HPSOR� 3RU HVWD FDXVD� �

OD LQFOLQDFLxRQ GHO VDWxHOLWH VXIUH XQD S H U WX U E D F LxR Q S H U LxR G LF D \ HO QRGR XQD

S H U WX U E D F LxR Q VH F X OD U � HV GHFLU SURJUHVLYD FRQ UHVSHFWR DO WLHPSR� (Q HO

FDVR UHDO GH XQ VDWxHOLWH SUxR[LPR D OD 7LHUUD HO QRGR SXHGH H[SHULPHQWDU XQ
JLUR FRPSOHWR GH ��� JUDGRV HQ HO WxHUPLQR DSUR[LPDGR GH XQD VHPDQD�

(VWH DQxDOLVLV VH SXHGH UHSHWLU HQ IRUPD VLVWHPxDWLFD DVXPLHQGR XQD IXHU]D

SHUWXUEDGRUD SRVLWLYD DFWXDQGR VXFHVLYDPHQWH HQ FXDWUR FXDGUDQWHV GH OD xRU�
{ELWD GHOLPLWDGRV SRU OD OxuQ H D G H OR V Q R G R V �o �o � \ OD OxuQHD SHUSHQGLFXODU� �

$ % FRPR VH LQGLFD HQ OD )LJXUD ����� �

'H HVWH DQxDOLVLV VH SXHGH DUULEDU D ODV VLJXLHQWHV FRQFOXVLRQHV�

(O HIHFWR LQVWDQWxDQHR GH XQD SHUWXUEDFLxRQ RUWRJRQDO SRVLWLYD : VREUH OD

SRVLFLxRQ GHO QRGR HV GH XQ DYDQFH HQ OD GLUHFFLxRQ GHO PRYLPLHQWR FXDQGR DF�
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WxXD HQ ORV FXDGUDQWHV , \ ,,� \ GH XQ UHWURFHVR FXDQGR DFWxXD HQ ORV FXDGUDQWHV

,,, \ ,9� /D LQFOLQDFLxRQ VXIUH XQ DXPHQWR HQ ORV FXDGUDQWHV , \ ,9 \ XQD

GLVPLQXFLxRQ HQ ORV FXDGUDQWHV ,, \ ,,,� )LQDOPHQWH� FXDQGR HO QRGR H[SHUL�

PHQWD XQ LQFUHPHQWR do HO DUJXPHQWR GHO SHULFHQWUR VXIUH XQ LQFUHPHQWR

d�  �do FRV L SRU UD]RQHV SXUDPHQWH JHRPxHWULFDV �QR GLQxDPLFDV� �
5HFRUGHPRV TXH HVWRV UHVXOWDGRV FRUUHVSRQGHQ D XQD IXHU]D SHUWXUEDGRUD

: SRVLWLYD� XQD SHUWXUEDFLxRQ QHJDWLYD SURGXFLUxD ORV HIHFWRV FRQWUDULRV D ORV

TXH DFDEDPRV GH GHVFULELU�

(V LQWHUHVDQWH QRWDU TXH HQ HO FDVR GH XQ VDWxHOLWH DUWLqFLDO HO GHVSOD]D�

PLHQWR VHFXODU GHO QRGR GHSHQGH� FRPR PRVWUDUHPRV HQ HO FDSxuWXOR VLJXLHQWH�

GHO FRVHQR GH OD LQFOLQDFLxRQ \ GH OD PDJQLWXG GH OD IXHU]D SHUWXUEDWRULD TXH

GHSHQGH GH OD DOWLWXG FRQ UHVSHFWR DO JHRLGH� &RPR HMHPSOR LOXVWUDWLYR VH

SXHGH FRQVLGHUDU� HQ HO SUR\HFWR GH XQD xRUELWD VDWHOLWDULD� OD SRVLELOLGDG GH

HOHJLU DGHFXDGDPHQWH OD LQFOLQDFLxRQ \ HO WDPDaQR GH OD xRUELWD SDUD TXH HO

PRYLPLHQWR GHO QRGR RFXUUD HQ PRGR GH DVHJXUDU XQD FLHUWD SHULRGLFLGDG

GH SDVDM H GHO VDWxHOLWH VREUH XQD ]RQD JHRJUxDqFD SUHGHWHUPLQDGD R ELHQ SDUD

TXH GLFKR GHVSOD]DPLHQWR RFXUUD HQ VLQFURQLVPR FRQ HO PRYLPLHQWR DQXDO
GHO 6RO�

% � / D F R P S R Q H Q WH WD Q J H Q F LD O

(O HIHFWR GH XQD IXHU]D LQVWDQWxDQHD WDQJHQFLDO 7 QR DOWHUD OD GLVWDQFLD

U DO IRFR� 6L HV SRVLWLYD DXPHQWDUxD OD PDJQLWXG GH OD YHORFLGDG 9 FRPR VH

SXHGH GHGXFLU GH OD HFXDFLxRQ GH OD HQHUJxuDw x
� ��9  { b �
U D

\ WDPELxHQ GH OD GHULYDGD SDUFLDO

�# 9 �D 9 # 9
 �

# 7 { # 7

'H HVWD xXOWLPD VH GHGXFH WDPELxHQ TXH HO HIHFWR VHUxD PxD[LPR HQ HO SHULFHQWUR

GRQGH 9 DOFDQ]D VX YDORU PxD[LPR� 8QD FRPSRQHQWH WDQJHQFLDO QHJDWLYD RE�

YLDPHQWH WHQGUxD HO HIHFWR RSXHVWR UHGXFLHQGR OD PDJQLWXG GHO VHPLHM H PD\RU

D � 'H DFXHUGR D XQD SURSLHGDG FRQRFLGD GH OD HOLSVH VH VDEH TXH

U � U  �D� �

�YHU qJXUD ����� � �

Fo & R P LVLxR Q 1 D FLR Q D O G H $ FWLYLG D G HV ( VSD FLD OHV � � � � �
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)LJXUD ���� $QxDOLVLV GH ODV SHUWXUEDFLRQHV SRU XQD IXHU]D WDQJHQFLDO

'HELGR D XQD IXHU]D WDQJHQFLDO SRVLWLYD 7 HO VHPLHMH PD\RU D DXPHQWD

SHUR HO UDGLR YHFWRU U QR FDPELD� OXHJR OD GLVWDQFLD U DO VHJXQGR IRFR FUHFH� �
�\ xHVWH SDVD D OD QXHYD SRVLFLxRQ ) � 'H HVWH PRGR OD OxuQHD TXH FRQWLHQH�

D DPERV IRFRV� GHQRPLQDGD OxuQ H D G H xD S VLG H V � URWD KDFLD DGHODQWH OR FXDO

RFXUUH GXUDQWH OD SULPHUD PHGLD UHYROXFLxRQ �3 0 $ � � 'XUDQWH OD VHJXQGD�

PHGLD UHYROXFLxRQ �$ 0 3 � RFXUUH HO IHQxRPHQR RSXHVWR GH PRGR TXH OD OxuQHD�

GH xDSVLGHV RVFLOD SHULxRGLFDPHQWH�&XDQGR HO FXHUSR HVWxD HQ HO SHULFHQWUR OD

OxuQHD GH xDSVLGHV QR URWD SHUR OD GLVWDQFLD ) HQWUH ORV IRFRV ) \) VH� � � �

LQFUHPHQWD HQ XQD FDQWLGDG LJXDO DO LQFUHPHQWR dD GHO HM H PD\RU� $QWHV GH

TXH RFXUUD OD SHUWXUEDFLxRQ OD H[FHQWULFLGDG SXHGH H[SUHVDUVH SRU HO FRFLHQWH

) � �
H  �

�D

\ GHVSXxHV GH OD SHUWXUEDFLxRQ OD QXHYD H[FHQWULFLGDG VHUxD

d D �� �) � dD� � � ) ��H   H ! H �� d D ��D � dD � �� � D

HV GHFLU TXH OD H[FHQWULFLGDG KDEUxD FUHFLGR� )LQDOPHQWH� FXDQGR HO FXHUSR

HVWxD HQ HO DSRFHQWUR HO HMH PD\RU VH LQFUHPHQWD \ OD GLVWDQFLD HQWUH IRFRV

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D



� �� � 9 D ULD FLxR Q G H OR V ( OHP HQ WR V 2 UE LWD OHV ��

GLVPLQX\H GH OD PLVPD FDQWLGDG GH PRGR TXH OD H[FHQWULFLGDG WDPELxHQ GLV�

PLQX\H SXHVWR TXH WHQHPRV

d D �� b) b dD� � � ) ��H   H � H �� d D ��D � dD � �� � D

(V LQWHUHVDQWH QRWDU TXH XQ VDWxHOLWH DUWLqFLDO GH OD 7LHUUD HVWxD VRPHWLGR

HQ VX PRYLPLHQWR D OD UHVLVWHQFLD DWPRVIxHULFD TXH FRQVWLWX\H XQD IXHU]D
SHUWXUEDGRUD WDQJHQFLDO QHJDWLYD SURSRUFLRQDO D OD GHQVLGDG DWPRVIxHULFD \

DO FXDGUDGR GH OD YHORFLGDG� 6X PDJQLWXG \ SRU WDQWR VXV HIHFWRV VHUxDQ

PD\RUHV HQ HO SHULJHR TXH HQ HO DSRJHR� \ HO UHVXOWDGR VHUxD XQ GHFUHFLPLHQWR

FRQWLQXR WDQWR GHO HMH PD\RU FRPR GH OD H[FHQWULFLGDG� (VWR SHUPLWH KDFHU

FxDOFXORV SDUD XQD GHWHUPLQDFLxRQ DSUR[LPDGD GH OD GXUDFLxRQ �OLIH WLP H � GH XQ

VDWxHOLWH KDVWD TXH VX xRUELWD VH WRUQD FLUFXODU \ VH GHVWUX\H SRU IURWDPLHQWR

FRQ ODV FDSDV PxDV EDMDV GH OD DWPxRVIHUD�

&RPR HMHPSOR LOXVWUDWLYR FRQVLGHUDUHPRV HO SRVLFLRQDPLHQWR GH XQ VDWxH�

OLWH JHRHVWDFLRQDULR HQ XQD xRUELWD HFXDWRULDO FLUFXODU D XQD DOWLWXG GH DSUR[L�

PDGDPHQWH �����NP� /D WxHFQLFD XVDGD FRQVLVWH HQ ODQ]DU SULPHUR HO VDWxHOLWH

D XQD xRUELWD HOxuSWLFD FRQ XQ DSRJHR FHUFDQR D OD DOWLWXG LQGLFDGD� /XHJR VH

SUDFWLFD XQD VHULH GH LPSXOVRV HQ HO DSRJHR FRQ XQ PRWRU D FRPEXVWLEOH

OxuTXLGR� ORV LPSXOVRV YDQ WUDQVqULHQGR HO VDWxHOLWH D VXFHVLYDV xRUELWDV LQWHUPH�

GLDV GHO PLVPR DSRJHR \ FRQ SHULJHRV FDGD YH] PxDV DOWRV KDVWD PX\ FHUFD GH

OD xRUELWD FLUFXODU GHqQLWLYD� (O SRVLFLRQDPLHQWR qQDO VH ORJUD HQ EDVH D XQD

VXFHVLxRQ GH SHTXHaQDV PDQLREUDV� 7RGD OD RSHUDFLxRQ GHSHQGH REYLDPHQWH GHO

WLSR GH ODQ]DGRU LQLFLDO XVDGR� \ GHO HTXLSDPLHQWR SURSLR GHO VDWxHOLWH�

& � / D F R P S R Q H Q WH Q R U P D O

8QD IXHU]D LQVWDQWxDQHD HQ OD GLUHFFLxRQ QRUPDO D OD xRUELWD QR DIHFWD DO HM H

PD\RU� 8QD FRPSRQHQWH QRUPDO SRVLWLYD RFDVLRQD XQ JLUR GH OD WDQJHQWH D

OD xRUELWD KDFLD HO LQWHULRU GH OD PLVPD� 'H HVWH KHFKR \ GH OD SURSLHGDG GH

TXH ORV UDGLRV YHFWRUHV GHO FXHUSR KDFLD ORV IRFRV IRUPDQ xDQJXORV LJXDOHV FRQ

OD WDQJHQWH� UHVXOWD TXH OD OxuQHD GH xDSVLGHV URWD HQ XQD X RWUD GLUHFFLxRQ TXH

GHSHQGH GH OD SRVLFLxRQ GHO FXHUSR HQ OD xRUELWD� 7DPELxHQ VH SXHGH GHPRVWUDU

TXH OD PDJQLWXG GH OD H[FHQWULFLGDG HV DIHFWDGD SRU HVWD FRPSRQHQWH� 3DUD

PD\RUHV GHWDOOHV UHPLWLPRV DO OHFWRU D OD REUD GH )�5�0RXOWRQ FLWDGD HQ OD

ELEOLRJUDIxuD� 'H GLFKD REUD UHSURGXFLPRV XQ UHVXPHQ GH ORV HIHFWRV SULQ�

FLSDOHV GH ODV WUHV FRPSRQHQWHV SHUWXUEDGRUDV VXSXHVWDPHQWH SRVLWLYDV� VL

IXHUDQ QHJDWLYDV ORV HIHFWRV VHUxuDQ RSXHVWRV D ORV LQGLFDGRV HQ OD WDEOD�

Fo & R P LVLxR Q 1 D FLR Q D O G H $ FWLYLG D G HV ( VSD FLD OHV � � � � �
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5(680(1 '( /26 ()(&726 '( /$6 75(6 &20321(17(6

2572*21$/(6 '( 81$ )8(5=$ 3(5785%$'25$ 62%5( 81$

25%,7$ (/,37,&$ �YHU qJXUDV�

(OHPHQWRV &RPSRQHQWHV

RUELWDOHV �: �7 �1

$YDQFH HQ HO SULPHU

12'26 \ VHJXQGR FXDGUDQWH� � �

UHWURFHVR HQ HO WHUFHU

\ FXDUWR FXDGUDQWH

&UHFH HQ HO SULPHU \

,1&/,1$&,21 FXDUWR FXDGUDQWH� GH� � �

FUHFH HQ HO VHJXQGR

\ WHUFHU FXDGUDQWH

(-( 0$<25 � 6LHPSUH FUHFH �

(IHFWR LQGLUHFWR 3ULPHUD PLWDG (Q HO LQWHUYDOR

$36,'(6 SRU FDPELRV HQ GH XQD UHYROX� 1 3 1 DGHODQWH� �

ORV QRGRV FLxRQ DGHODQWH \ \ HQ 1 $ 1� �

VHJXQGD DWUxDV DWUxDV

(Q HO DUFR (Q 3 0 $�

0 3 0 GHFUHFH \� �

(;&(175,&,� � FUHFH \ HQ $ 0 3�

'$' HQ 0 $ 0 FUHFH� �

GHFUHFH
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& D S xuWX OR �

3 H UWX U E D F LR Q H V� 9 D U LD F LxR Q
G H OR V ( OH P H Q WR V 2 U E LWD OH V

� �� ( F X D F LR Q H V G H / D J UD Q J H

(Q HO &DSxuWXOR DQWHULRU KHPRV DSOLFDGR HO PxHWRGR GH OD YDULDFLxRQ GH ORV

HOHPHQWRV HQ XQ PRGR JHRPxHWULFR DSUR[LPDGR� $KRUD GHVDUUROODUHPRV OD

PLVPD LGHD HQ XQ PRGR DQDOxuWLFR ULJXURVR FRPR IXH KHFKR SRU HO PDWHPxDWLFR

LWDOLDQR - R VH S K �/ R X LV / D J U D Q J H � 3DUD VLPSOLqFDU HO FRQFHSWR FRQVLGHUD�

UHPRV HO PRYLPLHQWR GH XQ SODQHWD 3 UHODWLYR DO 6RO \ SHUWXUEDGR SRU OD�

DWUDFFLxRQ GH RWUR SODQHWD 3 FX\DV HFXDFLRQHV GLIHUHQFLDOHV GH VHJXQGR RUGHQ�

KHPRV REWHQLGR HQ HO &DSxuWXOR �� (OODV SXHGHQ WUDQVIRUPDUVH HQ XQ VLVWHPD

HTXLYDOHQWH GH HFXDFLRQHV GH SULPHU RUGHQ GH OD IRUPD

G [ G B[ [ # 5� � � � �b B[  � � {  P� � ��G W G W # [U ��

G \ G B\ \ # 5� � � � �b B\  � � {  P ���� �� � ��G W G W U # \ ��

G ] G B] ] # 5� � � � �b B]  � � {  P� � ��G W G W # ]U ��

FRQ {  * �P � P � \ HFXDFLRQHV DQxDORJDV SDUD HO SODQHWD 3 � (Q HO &DSxu�� � � �

WXOR � KHPRV GHVSUHFLDGR ORV VHJXQGRV PLHPEURV GH ODV VHJXQGDV HFXDFLRQHV�

R VHD TXH GHVSUHFLDPRV ODV SHUWXUEDFLRQHV RFDVLRQDGDV SRU HO VHJXQGR SOD�

QHWD� \ SXGLPRV DVxu LQWHJUDU FRPSOHWDPHQWH HO SUREOHPD� 6DEHPRV GH DOOxu

TXH ODV FRRUGHQDGDV \ FRPSRQHQWHV GH OD YHORFLGDG SXHGHQ H[SUHVDUVH FRPR

��



�� & D SxuWX OR � � 3 HUWX UE D FLR Q HV� 9 D ULD FLxR Q G H OR V ( OHP HQ WR V 2 UE LWD OHV

IXQFLRQHV FRQRFLGDV GHO WLHPSR \ GH VHLV FRQVWDQWHV GH LQWHJUDFLxRQ TXH GH�

QRPLQDPRV ORV HOHPHQWRV GH OD xRUELWD� 3RGHPRV HVFULELU HQ JHQHUDO

[  I �F �F �F �F �F �F �W� B[  w �F �F �F �F �F �F �W�� � � � � � � � � � � � � �

\  J �F �F �F �F �F �F �W� B\  � �F �F �F �F �F �F �W� ������ � � � � � � � � � � � � �

]  K �F �F �F �F �F �F �W� B]  � �F �F �F �F �F �F �W��� � � � � � � � � � � � � �

\ H[SUHVLRQHV VLPLODUHV SDUD [ � \ � ] � B[ � B\ \ B] � /D LGHD GHO PxHWRGR GH� � � � � �

/DJUDQJH FRQVLVWH HQ UHHPSOD]DU HVWDV H[SUHVLRQHV HQ ORV VLVWHPDV ����� FRQ�

VLGHUDQGR DKRUD D F � � � �F FRPR YDULDEOHV LQFxRJQLWDV TXH GHVHDPRV GHWHUPLQDU� �

FRPR IXQFLRQHV GHO WLHPSR� 'HVGH XQ SXQWR GH YLVWD DQDOxuWLFR ODV H[SUHVLRQHV

����� FRQVWLWX\HQ VLPSOHPHQWH XQ FDPELR GH ODV YDULDEOHV [ � \ � ] � B[ � B\ �� � � � �

B] D ODV YDULDEOHV QXHYDV F � � � � �F � 6L VH SXGLHUD HQFRQWUDU HVWDV xXOWLPDV FRPR� � �

IXQFLRQHV GHO WLHPSR TXHGDUxuD FRPSOHWDPHQWH UHVXHOWR HO SUREOHPD GH ORV

PRYLPLHQWRV SODQHWDULRV� SXHVWR TXH D FDGD LQVWDQWH VH SRGUxuD SDVDU GH ORV

HOHPHQWRV LQVWDQWxDQHRV� X RVFXODGRUHV� D ODV FRRUGHQDGDV \ YHORFLGDGHV SRU

ODV IxRUPXODV ����� � 5HHPSOD]DQGR ODV IxRUPXODV ����� HQ ����� UHVXOWDQ ODV
H[SUHVLRQHV

�;# [ # [ G F� � Lb B[ �  ��
# W # F G WLL �

�����
�;# B[ [ # B[ G F # 5� � � L � �

� { �  P ��# W U # F G W # [� L �L �

# [ # B[� �\ VLPLODUHV SDUD \ \ ] � 3RU GHqQLFLxRQ ODV GHULYDGDV SDUFLDOHV \# W # W
BG [ G [� �VRQ ODV GHULYDGDV WRWDOHV \ � UHVSHFWLYDPHQWH� VL WUDQVLWRULDPHQWH VHG W G W

FRQVLGHUDQ D F �����F FRPR FRQVWDQWHV� \ DQxDORJDPHQWH SDUD ODV YDULDEOHV \� �
# [ # B[ [� � �\ ] � (Q WDO FDVR ODV H[SUHVLRQHV b B[ \ � { � \ DQxDORJDV SDUD \ \ ] �� �# W # W U�

VRQ QXODV SXHV [ � B[ � HWFxHWHUD� VRQ VROXFLRQHV GH ODV HFXDFLRQHV GHO SUREOHPD� �

GH GRV FXHUSRV� /XHJR UHVXOWD

� �; ;# [ G F # B[ # 5� L � � �
 �  P �

# F G W # F # [L L �L � L �

� �; ;# \ G F # B\ # 5� L � � �
 �  P ������

# F G W # F # \L L �L � L �

� �; ;# ] G F # B] # 5� L � � �
 �  P ��

# F G W # F # ]L L �L � L �
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� �� � ( FX D FLR Q HV G H / D J UD Q J H ��

G FL(VWH HV XQ VLVWHPD GH VHLV HFXDFLRQHV OLQHDOHV HQ ODV VHLV LQFxRJQLWDV G W
�L ��� � � ��� � 3DUD HO VHJXQGR SODQHWD 3 VH SXHGH REWHQHU XQ VLVWHPD GH�

HFXDFLRQHV VLPLODUHV� (V SRVLEOH UHVROYHU HVWH VLVWHPD D FRQGLFLxRQ GH TXH HO

GHWHUPLQDQWH GHO VLVWHPD QR VHD QXOR� HQ UHDOLGDG GLFKR GHWHUPLQDQWH HV HO

-DFRELDQR GH OD WUDQVIRUPDFLxRQ ����� \ QR SXHGH DQXODUVH VL ODV IXQFLRQHV LQ�
YROXFUDGDV VRQ LQGHSHQGLHQWHV� DGHPxDV \D KHPRV YLVWR HQ HO WUDWDPLHQWR GHO

SUREOHPD GH GRV FXHUSRV TXH ODV FRQVWDQWHV F D F SXHGHQ VLHPSUH REWHQHUVH� �

GH XQD PDQHUD xXQLFD FXDQGR VH GDQ ORV YDORUHV GH [ �\ �] � B[ � B\ � B] �� � � � � �

3DUD IDFLOLWDU OD UHVROXFLxRQ GHO VLVWHPD� /DJUDQJH HIHFWXxR OD VLJXLHQWH

WUDQVIRUPDFLxRQ� PXOWLSOLFxR ODV VXFHVLYDV HFXDFLRQHV ����� SRU ORV IDFWRUHV
# B\ # \# B[ # B] # [ # ]� �� � � �b � b � b � � � UHVSHFWLYDPHQWH \ ODV VXPxR� /XHJR UHSLWLxR# F # F # F # F # F # F� � � � � �

OD RSHUDFLxRQ XVDQGR FDGD XQD GH ODV LQFxRJQLWDV F � \ HO UHVXOWDGR IXH HOL

VLJXLHQWH

�; G F # 5L � �
>F �F @  P� L �

G W # F�L �

�; G F # 5L � �
>F �F @  P ������ L �

G W # F�L �
��������������������������������������

�; G F # 5L � �
>F �F @  P� L �

G W # F�L �

GRQGH

# [ # B[ # B[ # [ # \ # B\ # B\ # \ # ] # B] # B] # ]� � � � � � � � � � � �
>F �F @  b � b � b � �����L M

# F # F # F # F # F # F # F # F # F # F # F # FL M L M L M L M L M L M

(VWDV H[SUHVLRQHV VH GHQRPLQDQ & 2 5 & + ( 7 ( 6 ' ( / $ * 5 $ 1 * ( � 3R�
VHHQ LQWHUHVDQWHV SURSLHGDGHV TXH ORV KDFHQ PX\ xXWLOHV HVSHFLDOPHQWH HQ ODV

WHRUxuDV SHUWXUEDWRULDV� VLQ HPEDUJR VX GHVFULSFLxRQ \ FxDOFXOR HVFDSD D ORV

OxuPLWHV GH HVWD REUD� (Q ORV OLEURV GH 0RXOWRQ �&DS�;� \ 6PDUW�&DS��� VH

SXHGHQ HQFRQWUDU GHWDOOHV VREUH VX FRPSXWDFLxRQ HQ WxHUPLQRV GH ORV HOHPHQWRV

RUELWDOHV HOxuSWLFRV� &XDQGR GLFKRV HOHPHQWRV VRQ� HO VHPLHM H PD\RU �D � � OD

H[FHQWULFLGDG �H � � OD LQFOLQDFLxRQ �L� � OD ORQJLWXG GHO QRGR DVFHQGHQWH �o� � HO

DUJXPHQWR GHO SHULFHQWUR �� � \ OD DQRPDOxuD PHGLD GH OD xHSRFD �� � GHqQLGD

HQ HO &DSxuWXOR � GH HVWD REUD� HV SRVLEOH� GHVSXxHV GH UHVROYHU HO VLVWHPD

����� � REWHQHU ODV VLJXLHQWHV ( & 8 $ & ,2 1 ( 6 ' ( / $ * 5 $ 1 * ( � TXH GDQ

OD YDULDFLxRQ HQ HO WLHPSR GH WRGRV ORV HOHPHQWRV RUELWDOHV SRU FDXVD GH ODV

SHUWXUEDFLRQHV GH RWURV FXHUSRV�

Fo & R P LVLxR Q 1 D FLR Q D O G H $ FWLYLG D G HV ( VSD FLD OHV � � � � �



�� & D SxuWX OR � � 3 HUWX UE D FLR Q HV� 9 D ULD FLxR Q G H OR V ( OHP HQ WR V 2 UE LWD OHV

G D �P # 5� � �
 

G W Q D # � Sc d
� �G H P � b H # 5 P � b H # 5� � � � � �

 b
� �G W Q D H # � Q D H # �

G L P FRV L # 5 P # 5� � � � � �S S b
� � � �G W # � # oQ D � b H VHQ L Q D � b H VHQ L

�����

Go P # 5� � �S 
� �G W # LQ D � b H VHQ L S

�G � P FRV L # 5 P � b H # 5� � � � � �S b b
�� �G W # L Q D H # HQ D � b H VHQ Lc d

�G � P � b H # 5 �P # 5� � � � � �
 b b

�G W Q D H # H Q D # D

&XDQGR VH XVDQ RWURV HOHPHQWRV RUELWDOHV VH SXHGHQ HVWDEOHFHU GH OD PLVPD

PDQHUD ODV FRUUHVSRQGLHQWHV HFXDFLRQHV GH /DJUDQJH�

(O FDVR HQ TXH OD IXHU]D SHUWXUEDGRUD HVWxD GDGD SRU WUHV FRPSRQHQWHV

RUWRJRQDOHV HV LPSRUWDQWH�8VXDOPHQWH HOODV VRQ� OD FRPSRQHQWH ?RUWRJRQDO�

: QRUPDO DO SODQR LQVWDQWxDQHR GH OD xRUELWD� OD FRPSRQHQWH ?UDGLDO� 5

DFWXDQGR HQ HO UDGLR YHFWRU \ SRVLWLYD FXDQGR WLHQH GLUHFFLxRQ FRQWUDULD DO

FXHUSR FHQWUDO� OD FRPSRQHQWH 6 SHUSHQGLFXODU D 5 HQ HO SODQR LQVWDQWxD�
pQHR GH OD xRUELWD \ IRUPDQGR XQ xDQJXOR PHQRU TXH �� FRQ OD GLUHFFLxRQ GHO

PRYLPLHQWR� (V LQWHUHVDQWH QRWDU TXH VH SXHGH GHPRVWUDU TXH HVDV FRPSR�

QHQWHV VH UHODFLRQDQ FRQ ODV TXH KHPRV XVDGR HQ HO &DSxuWXOR DQWHULRU SRU ODV

VLJXLHQWHV IxRUPXODV�

� � H FRV Y H VHQ YS S6  7 � 1
� �� � H � �H FRV Y � � H � �H FRV Y

�����

H VHQ Y � � H FRV YS S5  7 b 1
� �� � H � �H FRV Y � � H � �H FRV Y

�OD FRPSRQHQWH : VLJXH VLHQGR OD PLVPD� � $KRUD� VL GHQRPLQDPRV FRQ
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&RQVLGHUHPRV DKRUD OD HFXDFLxRQ ����� FRUUHVSRQGLHQWH DO QRGR DVFHQ�

GHQWH� TXH SXHGH HVFULELUVH HQ OD IRUPD

Go # 5� � �
 P $ � ������� �

G W # L�

GRQGH T� �$  � b H VHQ L � ������� ���Q D� �

$KRUD OD H[SUHVLxRQ L  DUFWDQ r DSDUHFH HQ DPERV FRHqFLHQWHV F \ & GH OD� �

HFXDFLxRQ ������ � OXHJR

� z; ;Go # F # &�
 $ P FRV w � FRV w � ������� � �

G W # L # L

$SOLFDQGR GH QXHYR OD HFXDFLxRQ ������ WHQHPRV

; ;# F � # &�� �
o  o � $ P FRV�w �W � $ P VHQ w � ������� � � � � �� # L M Q � M Q # L� � � �

TXH SXHGH HVFULELUVH HQ OD IRUPD FRQFLVD

�� �
o  o � z W � 7�3�� ������� �
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� �� � 3 HUWX UE D FLR Q HV G H 3 ULP HU 2 UG HQ ��

GRQGH z HV XQ FRHqFLHQWH FRQVWDQWH�

6H SXHGH GHPRVWUDU TXH SDUD ORV HOHPHQWRV � � L \ H ORV UHVXOWDGRV VRQ� � �

DQxDORJRV D ������ �

(O xXOWLPR HOHPHQWR � SUHVHQWD XQ FDVR HVSHFLDO� (Q HIHFWR� OD xXOWLPD

HFXDFLxRQ ����� VH SXHGH HVFULELU HQ OD IRUPDc d
�G � P � b H # 5 �P # 5� � � � � �� b b � � �������G W # H Q D # DQ D H � � �� ��

�P # 5 G Q� � �b �
Q D # Q G D� � �

GRQGH OD GHULYDGD SDUFLDO HQ SDUxHQWHVLV LQGLFD TXH OD GHULYDGD VH WRPD VxROR

FXDQGR HO SDUxDPHWUR DSDUHFH H[SOxuFLWDPHQWH� /RV GRV SULPHURV WxHUPLQRV

RFDVLRQDUxDQ H[SUHVLRQHV FRPR ������ � SHUR HO WHUFHUR VHUxD

�P # 5 G Q �P W # 5 G Q� � � � � � �
 � ������

Q D # Q G D Q D # � G D� � � � � � �

'H DFXHUGR D OD HFXDFLxRQ ������ � HVWH WxHUPLQR GDUxD OXJDU D XQD VHULH GH

WHUPLQRV SHULxRGLFRV GH DPSOLWXGHV FUHFLHQWHV FRQ HO WLHPSR� OR FXDO WUDHUxD

LQFRQYHQLHQWHV SDUD YDORUHV JUDQGHV GH W� 3DUD HYLWDU HVWH LQFRQYHQLHQWH

REVHUYDPRV TXH SRU OD HFXDFLxRQ ������ SRGHPRV HVFULELU

�P # 5 G Q G Q� � � �
 W � ������

Q D # Q G D G W� � � �

\ OD HFXDFLxRQ ���� WRPD OD IRUPD

G � G Q
� W  } � ������

G W G W

GRQGH } UHSUHVHQWD ORV GRV SULPHURV WxHUPLQRV GHO VHJXQGR PLHPEUR GH �����
�,QWURGXFLPRV DKRUD XQ QXHYR HOHPHQWR � SRU OD H[SUHVLxRQ�

�G � G � G Q� ��  � W � ������
G W G W G W

(QWRQFHV
�G � �  } � ������

G W

H LQWHJUDQGR VH REWLHQH SDUD HVWH HOHPHQWR XQD H[SUHVLxRQ VLPLODU D ������ �
�(O VLJQLqFDGR GH HVWH QXHYR HOHPHQWR � HV HO VLJXLHQWH� 3RGHPRV HVFULELU�

������ HQ OD IRUPD
�G � G � G Q W� ��  � b Q � �������

G W G W G W
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�� & D SxuWX OR � � 3 HUWX UE D FLR Q HV� 9 D ULD FLxR Q G H OR V ( OHP HQ WR V 2 UE LWD OHV

R VHD
�G � G � G Q W� �� � Q  � � �������

G W G W G W

H LQWHJUDQGR VH REWLHQH

= W
�� � Q G W  � � Q W  0 � ������� � � ��

(V IxDFLO YHU TXH
# 5 # 5� � � �

 � �������# � # �� �

OXHJR OD IRUPD GH ODV HFXDFLRQHV ����� QR FDPELD \ OD xXOWLPD SDVD D VHU

c d w x� �G � P � b H # 5 �P # 5� � � � � �� b b � �������G W # H Q D # DQ D H� � � � � ��

� �� 3 H U WX UE D F LR Q H V VH F X OD U H V� G H S H UxuR G R F R U WR \

G H S H UxuR G R OD U J R

(Q OD H[SUHVLxRQ ������ HO WxHUPLQR z W VH GHQRPLQD S H U WX U E D F LxR Q VH F X OD U � 6L

HO FRHqFLHQWH HV SRVLWLYR R QHJDWLYR HO HOHPHQWR TXH WLHQH XQD SHUWXUEDFLxRQ

VHFXODU FUHFHUxD R GHFUHFHUxD FRQWLQXDPHQWH� +HPRV HQFRQWUDGR TXH WRGRV ORV

HOHPHQWRV� H[FHSWR HO VHPLHM H PD\RU� WLHQHQ WxHUPLQRV VHFXODUHV� (VWH UHVXO�

WDGR HV YxDOLGR FXDQGR VH FRQVLGHUDQ VROR SHUWXUEDFLRQHV GH SULPHU RUGHQ HQ

ODV PDVDV� HOOR FRQVWLWX\H HO SULPHU WHRUHPD VREUH OD HVWDELOLGDG GHO VLVWHPD
VRODU \ IXH GHPRVWUDGR SRU /DSODFH� 3RLVVRQ GHPRVWUxR TXH FXDQGR VH FRQ�

VLGHUDQ ODV SHUWXUEDFLRQHV GH VHJXQGR RUGHQ QR KD\ WxHUPLQRV VHFXODUHV HQ

ORV VHPLHM HV PD\RUHV� SHUR Vxu DSDUHFHQ WxHUPLQRV GH OD IRUPD W VHQ ' � GRQGH
� �' GHSHQGH GHO WLHPSR� 'H OD UHODFLxRQ Q D  { VH FRQFOX\H TXH QR H[LVWHQ

SHUWXUEDFLRQHV VHFXODUHV GH SULPHU RUGHQ HQ ORV PRYLPLHQWRV PHGLRV GH ORV

SODQHWDV�

8Q PLHPEUR GH OD VXPD GH WxHUPLQRV SHULxRGLFRV HQ OD HFXDFLxRQ ������

SXHGH HVFULELUVH HQ OD IRUPD

P '�
VHQ >�M Q � M Q � W � T @ � ������� � � �

M Q � M Q� � � �

GRQGH

T  M � � M � � M o � M o � N � � N � � ������� � � � � � � � � � � �
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� �� � 3 HUWX UE D FLR Q HV VHFX OD UHV� G H S HUxuR G R FR UWR \ G H S HUxuR G R OD UJ R ��

\ ' WLHQH XQ FLHUWR RUGHQ GH PDJQLWXG FRQ UHVSHFWR D H � H � r \ r � 8Q� � � �

WxHUPLQR FRPR ������ HQ TXH M Q � M Q QR WHQJD PDJQLWXG SHTXHaQD FRUUHV�� � � �

SRQGH D XQD S H U WX U E D F LxR Q G H S H UxuR G R F R U WR SXHVWR TXH GLFKR SHUxuRGR

YDOH
�~

7  � ������
M Q � M Q� � � �

\ WHQHPRV OD UHODFLxRQ
� M M� �
 � � ������

7 7 7� �

6L OD FDQWLGDG M Q � M Q QR HV PX\ SHTXHaQD� HO SHUxuRGR 7 QR HV PX\ JUDQGH�� � � �

SRU HOOR HO QRPEUH GH HVWD SHUWXUEDFLxRQ� 'H OD HFXDFLxRQ ������ � YHPRV TXH

HO RUGHQ GH PDJQLWXG GH 7 HV HQ JHQHUDO HO PLVPR TXH HO GH 7 R 7 �� �

3RU HM HPSOR� HQ HO FDVR GH 6DWXUQR \ -xXSLWHU� WHQHPRV

SDUD -xXSLWHU 7  ����� DaQRV��

SDUD 6DWXUQR 7  ����� DaQRV��

HQWRQFHV
SDUD M  � \ M  � 7  ���� DaQRV�� �

SDUD M  � \ M  b � 7  ����� DaQRV�� �

SDUD M  � \ M  � 7  ���� DaQRV�� �

(Q JHQHUDO� FXDQWR PxDV JUDQGH VHD M Q � M Q � PxDV FRUWR VHUxD HO SHUxuRGR� � � �

GH OD SHUWXUEDFLxRQ FRUUHVSRQGLHQWH \ PxDV SHTXHaQR HO FRHqFLHQWH

P '�
7  � ������

M Q � M Q� � � �

/DV S H U WX U E D F LR Q H V G H S H UxuR G R OD U J R VH GHEHQ D OD FRPPHQVXUDELOL�
GDG DSUR[LPDGD GH ORV PRYLPLHQWRV PHGLRV Q \ Q � (Q HIHFWR� VL OD UHODFLxRQ� �

MQ �� SXHGH VHU H[SUHVDGD DSUR[LPDGDPHQWH SRU OD UHODFLxRQ � HQWRQFHV HO YDORUQ M� �

GH OD H[SUHVLxRQ M Q � M Q HV PX\ SHTXHaQR� 3RU FRQVLJXLHQWH� HO SHUxuRGR� � � �
P '� �7 HV ODUJR \ HO FRHqFLHQWH HV JUDQGH� 3RU HM HPSOR� SDUD -xXSLWHU \M Q � M Q� � � �

6DWXUQR� ORV PRYLPLHQWRV PHGLRV VRQ

�� ��Q  ��� ��� GxuD Q  ��� ��� GxuD�� �

/D FRPELQDFLxRQ FRQ M  b �� M  �� GD� �

��M Q � M Q  � ��� GxuD�� � � �

TXH FRUUHVSRQGH D XQ SHUxuRGR LJXDO D �� YHFHV HO GH -xXSLWHU� DSUR[LPDGD�

PHQWH ��� DaQRV� 6H SXHGH SUREDU TXH OD DPSOLWXG GH OD SHUWXUEDFLxRQ HV

DSUR[LPDGDPHQWH ��� YHFHV PD\RU TXH OD GH SHUxuRGR FRUWR TXH FRUUHVSRQGH

D OD FRPELQDFLxRQ M  �� M  ��� �
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& D S xuWX OR �

( F X D F LR Q H V & D Q xR Q LF D V

� �� ,Q WU R G X F F LxR Q

6H GLFH TXH XQ VLVWHPD GH HFXDFLRQHV GLIHUHQFLDOHV GH SULPHU RUGHQ HV FDQxR�

QLFR R KDPLOWRQLDQR FXDQGR WLHQH OD IRUPD

G ; # k G < # k
 �  b � ���� �

G W # < G W # ;

GRQGH ; H < VRQ FRQMXQWRV GH YDULDEOHV [ H \ UHVSHFWLYDPHQWH� \ k HV XQDL L

IXQFLxRQ GH GLFKDV YDULDEOHV TXH VH GHQRPLQD HO + D P LOWR Q LD Q R GHO VLVWHPD�

$ FRQWLQXDFLxRQ GLVFXWLUHPRV HVWH WLSR GH HFXDFLRQHV HQ IRUPD FRQFLVD \

HVSHFLDOPHQWH UHODFLRQDGD FRQ VXV SURSLHGDGHV \ DSOLFDFLRQHV HQ OD WHRUxuD GH

ORV PRYLPLHQWRV GH REMHWRV QDWXUDOHV \ DUWLqFLDOHV HQ HO VLVWHPD VRODU� 3DUD

H[SRVLFLRQHV PxDV FRPSOHWDV HO OHFWRU SXHGH UHIHULUVH D OD VLJXLHQWH ELEOLRJUD�

IxuD�

)�7LVVHUDQG ������ 9RO� ,� ,QWURGXFFLxRQ \ &DSxuWXOR ,;� �

:�0�6PDUW ������ &DSxuWXORV � \ �� �

+�*ROGVWHLQ ������ &DSxuWXORV ��� \ �� �

'�%URXZHU� *�0�&OHPHQFH ������ &DSxuWXOR ;9,,� �

��



�� & D SxuWX OR � � ( FX D FLR Q HV & D Q xR Q LFD V

� �� ( F X D F LR Q H V G H / D J UD Q J H

&RQVLGHUHPRV Q SXQWRV PDVD TXH WLHQHQ �Q FRRUGHQDGDV FDUWHVLDQDV [ �\ �] �L L L

\ VXSRQJDPRV TXH GLFKDV FRRUGHQDGDV SXHGHQ H[SUHVDUVH FRPR IXQFLRQHV GHO

WLHPSR \ GH N YDULDEOHV LQGHSHQGLHQWHV� HV GHFLU

[  [ �T �����T �W�L L � N

\  \ �T �����T �W� �����L L � N

]  ] �T �����T �W� �L L � N

/DV N YDULDEOHV LQGHSHQGLHQWHV T �����T VH GHQRPLQDQ F R R U G H Q D G D V J H �� N

Q H U D OL] D G D V R F R R U G H Q D G D V OD J U D Q J LD Q D V � 'HULYDQGR FRQ UHVSHFWR DO

WLHPSR� WHQHPRV
N;G [ # [ # [ G TL L L U

 � �����
G W # W # T G WUU  �

R ELHQ
N;# [ # [L L

B[  � BT � �����L U
# W # T UU  �

GRQGH BT VH GHQRPLQDQ Y H OR F LG D G H V J H Q H U D OL] D G D V �U

6HD DKRUD 7 OD H Q H U JxuD F LQ xH WLF D G H O VLVWH P D GRQGH;
� � ��7  P � B[ � B\ � B] � � �����L L L L

L

TXH HQ IXQFLxRQ GH ODV FRRUGHQDGDV \ YHORFLGDGHV JHQHUDOL]DGDV VHUxD GH OD

IRUPD ; ; ; ;
�7  $ BT � � % BT BT � & BT � ' � �����U U V U V U UU

U U V U

R ELHQ

7  7 � 7 � 7 � ������ � �

GRQGH 7 HV XQD IXQFLxRQ FXDGUxDWLFD KRPRJxHQHD � 7 XQD IXQFLxRQ OLQHDO KR�� �

PRJxHQHD GH ODV YHORFLGDGHV JHQHUDOL]DGDV \ 7 XQD IXQFLxRQ LQGHSHQGLHQWH GH�

ODV PLVPDV� /D IXQFLxRQ GH IXHU]DV 8 LQWURGXFLGD HQ HO FDSxuWXOR � SHUPLWxuD

HVFULELU ODV HFXDFLRQHV GH PRYLPLHQWR GH Q SXQWRV PDVD HQ OD IRUPD

# 8
P �[  L L

# [ L

# 8
P �\  L L

# \ L

# 8
P �]  �L L

# ] L
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� �� � ( FX D FLR Q HV G H / D J UD Q J H ��

/D IXQFLxRQ 8 VROR GHSHQGH GH ODV FRRUGHQDGDV \ VH SXHGH GHPRVWUDU TXH

GHVSXxHV GH OD WUDQVIRUPDFLxRQ ����� ODV HFXDFLRQHV GH PRYLPLHQWR WRPDQ OD

IRUPD
# 7G # 7 # 8# BTU b  � �����
G W # T # TU U

\ VH GHQRPLQDQ ( F X D F LR Q H V G H O P R Y LP LH Q WR G H / D J U D Q J H H Q F R R U G H �

Q D G D V J H Q H U D OL] D G D V �

(V LQWHUHVDQWH QRWDU TXH OD H[SUHVLxRQ

N; # 8
G :  s TU

# T UU  �

HV HO WUDEDMR UHDOL]DGR SRU WRGDV ODV IXHU]DV GHO VLVWHPD HQ XQ GHVSOD]DPLHQWR

LQVWDQWxDQHR GH FRPSRQHQWHV �s T �����s T � � (VWRV GHVSOD]DPLHQWRV SXHGHQ� N

QR VHU HQWHUDPHQWH DUELWUDULRV VLQR TXH HO VLVWHPD GH SXQWRV PDVD SXHGH

HVWDU VXMHWR D Y xuQ F X OR V TXH OLPLWDQ VXV PRYLPLHQWRV� /DV FRQGLFLRQHV GH ORV

YxuQFXORV SXHGHQ H[SUHVDUVH SRU HFXDFLRQHV TXH LPSOLFDQ ODV FRRUGHQDGDV GH

Q SXQWRV PDVD \ WDPELHQ HO WLHPSR� GH OD IRUPD

I �[ �\ �] �����[ �\ �] � W� � �����U � � � Q Q Q

GRQGH U  ������N �

(VWDV H[SUHVLRQHV VH GHqQHQ FRPR Y xuQ F X OR V K R OxR Q R P R V \ VH SXHGH HOL�

PLQDU N GH ODV �Q FRRUGHQDGDV� HO VLVWHPD VH GLFH SRVHHU �Q b N J U D G R V

G H OLE H U WD G TXHGDQGR GHqQLGRV VXV PRYLPLHQWRV SRU �Q b N FRRUGHQDGDV

JHQHUDOL]DGDV LQGHSHQGLHQWHV� (M HPSORV VLPSOHV GH YxuQFXORV KROxRQRPRV VRQ

ORV GH XQ VLVWHPD UxuJLGR GH SXQWRV PDVD GH SRVLFLRQHV UHODWLYDV LQYDULDEOHV

R FXDQGR ORV SXQWRV SXHGHQ GHVSOD]DUVH VREUH FXUYDV R VXSHUqFLHV SUHqMDGDV

FRPR HQ HO FDVR GH XQ SxHQGXOR HVIxHULFR� /RV YxuQFXORV VH GHQRPLQDQ Q R

K R OxR Q R P R V FXDQGR ODV HFXDFLRQHV TXH ORV GHqQHQ LQYROXFUDQ GHULYDGDV GH

ODV FRRUGHQDGDV \ QR VRQ LQWHJUDEOHV� 8Q HMHPSOR WxuSLFR OR FRQVWLWX\H HO

PRYLPLHQWR GH XQ FXHUSR UxuJLGR TXH UXHGD VLQ GHVOL]DU VREUH XQD VXSHUqFLH�

(Q HO FDVR GH TXH OD IXQFLxRQ 8 QR GHSHQGD GH ODV YHORFLGDGHV \ SRU WDQWR
# 8  �� VL LQWURGXFLPRV OD IXQFLxRQ# BTU

/  7 � 8 � ������

ODV HFXDFLRQHV GH /DJUDQJH VH WUDQVIRUPDQ HQ

# /G # /# BTU  � ������
G W # TU
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�� & D SxuWX OR � � ( FX D FLR Q HV & D Q xR Q LFD V

/D IXQFLxRQ / VH GHQRPLQD ) X Q F LxR Q / D J U D Q J LD Q D R 3 R WH Q F LD O & LQ xH WLF R �

&XDQGR / QR GHSHQGH H[SOxuFLWDPHQWH GH W HV IxDFLO GHPRVWUDU TXH

w xN;G / # /
 BT � ������U

G W # BT UU  �

GH GRQGH UHVXOWD OD ,Q WH J U D O G H OD H Q H U JxuD

w xN; # /
BT b /  K � ������U
# BTUU  �

FRQ K  FRQVWDQWH� )LQDOPHQWH VL /  7 b 9 GRQGH 7 HV OD HQHUJxuD FLQxHWLFD�

FXDGUxDWLFD \ KRPRJxHQHD HQ ODV YHORFLGDGHV BT \ 9 � OD HQHUJxuD SRWHQFLDO GH�U

SHQGLHQWH VROR GH ODV FRRUGHQDGDV T UHVXOWD +  7 � 9 �U

� �� ( F X D F LR Q H V & D Q xR Q LF D V R + D P LOWR Q LD Q D V

&RQVLGHUHPRV XQ FRQMXQWR GH Q QXHYDV YDULDEOHV S � GHQRPLQDGDV P R P H Q WR V

J H Q H U D OL] D G R V \ GHqQLGDV SRU ODV HFXDFLRQHV

# /
S  � ������U

# BTU

FRQ U  ��������Q � (VWDV YDULDEOHV WHQGUxDQ H[SUHVLRQHV OLQHDOHV HQ ODV YDULD�

EOHV BT GH OD IRUPD
Q;

S  D BT � F � ������U U L L U

L �

GRQGH ODV D \ F VRQ IXQFLRQHV FRQRFLGDV GH ODV T \ GH W� ,QYHUVDPHQWH VHU L U L

SXHGHQ REWHQHU ODV BT FRPR IXQFLRQHV OLQHDOHV GH ORV PRPHQWRV� BT  BT �T �S �W�L L L

\ 7 FRQYHUWLUVH WDPELxHQ HQ IXQFLxRQ GH ODV T �S \ W� )LQDOPHQWH LQWURGXFLHQGRL U

OD IXQFLxRQ

+ �T �S �W�  7 b 7 b 8 � ������� �

HV SRVLEOH GHPRVWUDU TXH ODV HFXDFLRQHV GH PRYLPLHQWR WRPDQ OD IRUPD

# + �T �S �W� # + �T �S �W�
BT  BS  � ������L L

# S # TL L

(VWDV VRQ ODV ( F X D F LR Q H V & D Q xR Q LF D V G H + D P LOWR Q � GRQGH SRU EUHYHGDG

T \ S UHSUHVHQWDQ ORV FRQMXQWRV T \ S UHVSHFWLYDPHQWH� 6L OD WUDQVIRUPDFLxRQL L

����� QR GHSHQGH GHO WLHPSR W WDPSRFR OD IXQFLxRQ 7 FRQWHQGUxD HO WLHPSR
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� �� � 7 HR UxuD 3 HUWX UE D WR ULD G H + D P LOWR Q �- D FR E L ��

H[SOxuFLWDPHQWH GH GRQGH UHVXOWD 7  7 \ +  + �T �S � � $SOLFDQGR �������

UHVXOWD ; ;G + # + # +
 BT � BS  �� ������L L

G W # T # SL LL L

OXHJR

+  7 b 8  FRQVWDQWH� ������

GRQGH + HV OD HQHUJxuD WRWDO� 7 HV OD HQHUJxuD FLQxHWLFD \ 8 OD HQHUJxuD SRWHQ�

FLDO� (Q OD IRUPD /DJUDQJLDQD ODV HFXDFLRQHV GH PRYLPLHQWR VRQ Q HFXDFLRQHV

GLIHUHQFLDOHV GH VHJXQGR RUGHQ HQ ODV LQFxRJQLWDV T D T � (Q OD IRUPD +DPLOWR�� Q

QLDQD FRQVWLWX\HQ XQ VLVWHPD GH �Q HFXDFLRQHV GLIHUHQFLDOHV GH SULPHU RUGHQ

HQ ODV LQFxRJQLWDV T D T \ S D S �� Q � Q

� �� 7 H R UxuD 3 H UWX U E D WR U LD G H + D P LOWR Q �- D F R E L

/D VROXFLxRQ GHO VLVWHPD KDPLOWRQLDQR ������ SXHGH REWHQHUVH SRU PHGLR GHO

VLJXLHQWH 7 H R U H P D G H - D F R E L� 6HD 6 �T �p �W� XQD VR OX FLxR Q FR P S OHWD GH ODL L

HFXDFLxRQ w x
# 6 # 6

� + T � �W  �� ������
# W # T

# 6GRQGH FDGD S KD VLGR UHHPSOD]DGR SRU XQ WxHUPLQR FRUUHVSRQGLHQWH \L # TL
GRQGH 6 HVWxD H[SUHVDGD FRPR IXQFLxRQ GH W� GH T �����T \ GH N FRQVWDQWHV� N

LQGHSHQGLHQWHV GH LQWHJUDFLxRQ p � (QWRQFHV ODV HFXDFLRQHVL

# 6 # 6
 q  S � ������L L

# p # TL L

GRQGH ODV q VRQ FRQVWDQWHV� FRQWLHQHQ OD VROXFLxRQ GH ODV HFXDFLRQHV ������ �L

/RV VLJXLHQWHV FDVRV LOXVWUDWLYRV VRQ LPSRUWDQWHV�

� � / D IX Q FLxR Q + HV LQ G HSHQ G LHQ WH G H W� (Q HVWH FDVR + HV XQD FRQVWDQWH

TXH LQGLFDUHPRV FRQ p \ OD HFXDFLxRQ ������ VH UHGXFH D�

# 6
 b p � �������

# W

OXHJR

6  b p W � 6 � ������� �

GRQGH 6 QR GHSHQGH H[SOxuFLWDPHQWH GH W��

Fo & R P LVLxR Q 1 D FLR Q D O G H $ FWLYLG D G HV ( VSD FLD OHV � � � � �



�� & D SxuWX OR � � ( FX D FLR Q HV & D Q xR Q LFD V

�� / D IX Q FLxR Q + HV LQ G HSHQ G LHQ WH G H X Q D G H OD V FRR UG HQ D G D V T � 7HQHPRVM

# +
BS  b  �� ������M

# TM

OXHJR S  p  FRQVWDQWH \M M

# 6
 p � ������M

# T M

\ qQDOPHQWH

6  p T � 6 � ������M M �

GRQGH 6 HV LQGHSHQGLHQWH GH T �� M

�� / D IX Q FLxR Q + HV LQ G HSHQ G LHQ WH G H T \ G H W� (Q HVWH FDVR UHVXOWDM

6  b p W � p T � 6 ������� M M �

FRQ 6 LQGHSHQGLHQWH GH T \ GH W�� M

$ FRQWLQXDFLxRQ GHVFULELUHPRV VXVFLQWDPHQWH FxRPR VH SXHGH DSOLFDU OD

WHRUxuD GH +DPLOWRQ�-DFREL DO SUREOHPD GH ODV SHUWXUEDFLRQHV� $VXPLPRV HQ

SULPHU OXJDU TXH OD IXQFLxRQ +DPLOWRQLDQD SXHGH HVFULELUVH HQ OD IRUPD

+  + � �+ b + �  + b + � ������� � � �

5HVROYLHQGR HO VLVWHPD FDQxRQLFR

# + # +� �
BT  BS  b � ������L L

# S # TL L

SRU HO PxHWRGR GH +DPLOWRQ�-DFREL VH GHEHUxD REWHQHU XQD VROXFLxRQ 6 �T �p �W�

GH OD HFXDFLxRQ
# 6 # 6

� + �T � �W�  �� �������
# W # T

/XHJR� OD VROXFLxRQ GH ������ VHUxD GH OD IRUPD

# 6 �T �p �W� # 6 �T �p �W�
q  S  � ������U U

# p # TU U

GH GRQGH VH REWHQGUxD

T  T �p �q �W�� S  S �p �q �W�� ������L L L L
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� �� � 7 HR UxuD 3 HUWX UE D WR ULD G H + D P LOWR Q �- D FR E L ��

3RU EUHYHGDG UHSUHVHQWDPRV SRU p \ q ORV FRQMXQWRV p \ q � $KRUD SDUDL L

UHVROYHU HO VLVWHPD
# + # +

BT  BS  b � ������L L
# S # TL L

GRQGH +  + b + � VH SXHGH DSOLFDU HO PxHWRGR GH OD YDULDFLxRQ GH ORV� �

SDUxDPHWURV GH /DJUDQJH� 3DUD HOOR VH GHEH LQWURGXFLU HQ + ODV VROXFLRQHV

������ GH ������ \ UHVROYHU ������ DVXPLHQGR TXH ODV p \ q QR VRQ FRQVWDQ�L L

WHV� (QWRQFHV VH SXHGH GHPRVWUDU TXH HOODV GHEHQ VDWLVIDFHU HO VLVWHPD GH

HFXDFLRQHV
# + # +� �BBp  q  b ������L L
# q # pL L

TXH GH QXHYR WLHQH OD IRUPD FDQxRQLFD� 2EYLDPHQWH HO SURFHVR SXHGH UHSHWLUVH

UHVROYLHQGR HO VLVWHPD ������ FRQ XQD QXHYD IXQFLxRQ KDPLOWRQLDQD WRPDGD

FRPR XQD SDUWH FRQYHQLHQWH GH + ��
(Q HO FDVR GHO SUREOHPD GH GRV FXHUSRV SHUWXUEDGR WHQHPRV

[ # 5
�[ � {  

�U # [
\ # 5

�\ � {  
�U # \

] # 5
�] � {  �

�U # ]

(QWRQFHV SRGHPRV HVFULELU u v{ � � � �8  � 5 � 7  B[ � B\ � B] � ������
U �

{$KRUD H[SUHVHPRV 8 HQ OD IRUPD 8  8 � 5 FRQ 8  � 3RQLHQGR� � U
+  7 b 8 � HO VLVWHPD� �

# + # +� �
BT  BS  b � ������L L

# S # TL L

FRUUHVSRQGH DO SUREOHPD GH GRV FXHUSRV QR SHUWXUEDGR TXH SXHGH VHU UHVXHOWR

FRPSOHWDPHQWH� FRPR YHUHPRV PxDV DGHODQWH� SRU HO PxHWRGR GH GH +DPLOWRQ�

-DFREL� 5HVXOWD HQWRQFHV

T  T �W�p �q � S  S �W�p �q �� ������L L L L

GRQGH p DQG q VRQ FRQVWDQWHV GH LQWHJUDFLxRQ TXH SXHGHQ VHU ORV HOHPHQWRV

GH XQD xRUELWD� 3DUD UHVROYHU HO VLVWHPD

# + # +
BT  BS  b � ������L L

# S # TL L
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�� & D SxuWX OR � � ( FX D FLR Q HV & D Q xR Q LFD V

GRQGH +  + b 5 � TXH FRUUHVSRQGH DO SUREOHPD GHO PRYLPLHQWR SHUWXU��

EDGR� DVXPLPRV TXH p \ q VRQ DKRUD YDULDEOHV TXH SXHGHQ REWHQHUVH FRPR

IXQFLRQHV GHO WLHPSR UHVROYLHQGR HO VLVWHPD FDQxRQLFR

# 5 # 5BBp  q  b � ������L L
# q # pL L

(O SURFHVR SXHGH LWHUDUVH H[SUHVDQGR OD IXQFLxRQ SHUWXUEDGRUD HQ OD IRUPD

5  5 � 5 � 5 � ���� 3ULPHUR VH GHEH UHVROYHU HO VLVWHPD ������ � OXHJR HO� � �

VLVWHPD
# 5 # 5� �B� Bp �  �q �  b ������L � L �

# �q � # �p �L � L �

WHQGUxD XQD VROXFLxRQ GH OD IRUPD

�p �  �p � �W��p � ��q � �L � L � L � L �

�q �  �q � �W��p � ��q � ��L � L � L � L �

GRQGH �p � \ �q � VRQ YDULDEOHV D REWHQHUVH FRPR VROXFLRQHV GH RWUR VLVWHPDL � L �

FDQxRQLFR FX\R +DPLOWRQLDQR VHUxD LJXDO D 5 � 5 � /D RSHUDFLxRQ FRQWLQxXD� �

GH HVWD PDQHUD KDVWD DJRWDU WRGRV ORV WxHUPLQRV 5 �5 ���� GH 5 � (VWH HV HO� �

PxHWRGR VHJXLGR SRU 'HODXQD\ HQ VX IDPRVD WHRUxuD GH OD /XQD�

� �� 6 R OX F LxR Q G H O S U R E OH P D G H G R V F X H US R V S R U H O

P xH WR G R G H + D P LOWR Q �- D F R E L

&RQVLGHUHPRV ODV FRRUGHQDGDV FDUWHVLDQDV �[ �\ �] � GH XQ FXHUSR GH PDVD P

TXH VH PXHYH FRQ UHVSHFWR D RWUR FXHUSR GH PDVD P VLWXDGR HQ HO RULJHQ��

&RQVLGHUHPRV WDPELxHQ HO UDGLR YHFWRU U \ ODV FRUGHQDGDV HVIxHULFDV z \ w WDOHV

TXH VHDQ

[  U FRV z FRV w

\  U VHQ z FRV w ������

]  U VHQ w �

3RU HM HPSOR� HQ HO FDVR GHO PRYLPLHQWR KHOLRFxHQWULFR GH XQ SODQHWD HO

SODQR IXQGDPHQWDO GH UHIHUHQFLD VHUxuD OD HFOxuSWLFD� HO xDQJXOR z OD ORQJLWXG

HFOxuSWLFD� PHGLGD GHVGH HO SXQWR YHUQDO� \ w OD ODWLWXG HFOxuSWLFD� (Q HO FDVR

GHO PRYLPLHQWR JHRFxHQWULFR GH XQ VDWxHOLWH DUWLqFLDO HO SODQR IXQGDPHQWDO GH

UHIHUHQFLD HV HO HFXDGRU� HO xDQJXOR z OD DVFHQFLxRQ UHFWD \ w OD GHFOLQDFLxRQ�

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D



� �� � 6 R OX FLxR Q S R U HO P xHWR G R G H + D P LOWR Q �- D FR E L ��

6DEHPRV TXH ODV HFXDFLRQHV GH PRYLPLHQWR VRQ

# 8 # 8 # 8� � �
�[  � �\  � �]  � ������

# [ # \ # ]

GRQGH
* �P � P � {�

8   � �������
U U

1R QRV SURSRQHPRV OD UHVROXFLxRQ FRPSOHWD GH HVWDV HFXDFLRQHV SDUD OR

FXDO UHPLWLPRV DO OHFWRU D OD REUD :�0�6PDUW �FDS�,;� FLWDGD HQ OD ELEOLRJUD�

IxuD� 6ROR HVWDPRV LQWHUHVDGRV HQ HQFRQWUDU OD UHODFLxRQ HQWUH ODV FRQVWDQWHV GH

LQWHJUDFLxRQ GH OD IRUPD FDQxRQLFD GH HVWDV HFXDFLRQHV \ ORV HOHPHQWRV RUELWDOHV

FRUULHQWHV�

7RPDUHPRV FRPR FRRUGHQDGDV JHQHUDOL]DGDV ODV VLJXLHQWHV�

T  U� T  z � T  w � ������� � �

7HQHPRV DKRUD OD HQHUJxuD FLQxHWLFD

u v u v� �� � � � � � � � �B B7  B[ � B\ � B]  BU � U FRV w z � U w � ������
� �

/RV PRPHQWRV VH GHqQHQ SRU

# 7
S   BU�

# BU
# 7 � � BS   U FRV w z ������� B# z
# 7 � BS   U w �� B# w

GH GRQGH UHVXOWD � �
� �� S S� �� �7  S � FRV w � � ������� � �� U U

\ OD IXQFLxRQ GH +DPLOWRQ HV � �
� �� S S {� �� �+ �T �S �  S � FRV w � b � ������� � �� U U U

$KRUD SXHGH IRUPDUVH OD HFXDFLxRQ GH +DPLOWRQ�-DFREL� �w x w x w x� � �# 6 � # 6 � # 6 � # 6 {
� � � b  �� ������

� � �# W � # U U FRV w # z U # w U
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�� & D SxuWX OR � � ( FX D FLR Q HV & D Q xR Q LFD V

3XHVWR TXH W \ z QR DSDUHFHQ H[SOxuFLWDPHQWH HQ + SRQHPRV

6  b p W � p z � 6 �U�w �� ������� � �

GRQGH p \ p VRQ FRQVWDQWHV� 5HPSOD]DQGR HQ ������ UHVXOWD� �

� �� � �# 6 # 6 p �� ��p U � �{ U b U  � � ������� �# U # w FRV w

(VWD HFXDFLxRQ GH +DPLOWRQ�-DFREL TXHGD VHSDUDGD HQ GRV SDUWHV� XQD GHSHQ�

GLHQWH VROR GH U \ RWUD VROR GH w � GH PRGR TXH SRGHPRV HVFULELU

�6 �U�w �  6 �U � � 6 �w � ������� �

FDVR HQ HO FXDO OD LJXDOGDG ������ HV SRVLEOH VROR VL DPERV PLHPEURV VRQ
�LJXDOHV D XQD FLHUWD FRQVWDQWH TXH OODPDUHPRV p � /XHJR�

# 6 �� � � �U � � b �p U b �{ U � p  �� �
# U

�# 6 p� �� �� � �  �p ���# w FRV w

\

= U� S G U� �6  �p U � �{ U b p � ������� � �
UU�= �w S p ��

6  p b G w � ������� � �FRV w�

6  b p W � p z � 6 �U � � 6 �w �� ������� � � �

/RV OxuPLWHV GH ODV LQWHJUDOHV VH GHEHQ HVWDEOHFHU SRU ODV FRQGLFLRQHV IxuVLFDV

GHO SUREOHPD \ HQ SULPHU OXJDU GHEHQ DVHJXUDU TXH ORV UDGLFDQGRV QR VHDQ

QHJDWLYRV� (Q HO FDVR GH XQD xRUELWD HOxuSWLFD U GHEH YDULDU HQWUH XQ PxuQLPR

U �HQ HO SHULFHQWUR� \ XQ PxD[LPR U �HQ HO DSRFHQWUR� � 3RU XQD SURSLHGDG� �

FRQRFLGD GH ODV UDxuFHV \ FRHqFLHQWHV GH XQ SROLQRPLR WHQHPRV

�{ �p ��
U � U  b � U U  b � ������� � � �

p �p� �

\ SRU RWUD SDUWH GHEH VHU

U  D �� b H � � U  D �� � H �� ������� �
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� �� � 6 R OX FLxR Q S R U HO P xHWR G R G H + D P LOWR Q �- D FR E L ��

GH GRQGH UHVXOWDQ ORV YDORUHV GH ODV FRQVWDQWHV GH LQWHJUDFLxRQ

T{
�p  b � p  { D �� b H �� ������� �

�D

/DV FRRUGHQDGDV �U�z �w � SDUD XQ LQVWDQWH W UHVXOWDQ GH ODV H[SUHVLRQHV

# 6 # 6 # 6
 q �  q �  q � ������� � �

# p # p # p� � �

\ WHQLHQGR HQ FXHQWD ������

# 6 �U ��b W �  q ��
# p �

# 6 �w ��
z �  q �������

# p �

# 6 �U � # 6 �w �� �
�  q ��

# p # p� �

� �$KRUD� SRQLHQGR SRU DEUHYLDU \  �p U � �{ U b p � UHVXOWD GH ������� �

Sw x= U \U G U # U �b W � b � ������S
\ # p UU ��

3DUD U  U HV W  � � LQVWDQWH GH SDVDMH SRU HO SHULFHQWUR� \ SRU VHU QXORV�

HO VHJXQGR \ WHUFHU WxHUPLQR GH ���� UHVXOWD

q  b � � �������

�p� �3RQLHQGR SRU DEUHYLDU ]  p b � UHVXOWD GH ������ \ ������� �FR V w

= w SG w
z b p ] � ������� �FRV w�

(O UDGLFDQGR ] GHEHU QXOR R SRVLWLYR \ SRU RWUD SDUWH HO PxD[LPR YDORU GH w

HV LJXDO D OD LQFOLQDFXxRQ L GH OD xRUELWD� GH GRQGH VH GHGXFH

�p ��p b  �� ������� �FRV L

R VHD T
�p  { D �� b H � FRV L� �������
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�� & D SxuWX OR � � ( FX D FLR Q HV & D Q xR Q LFD V

3RU RWUD SDUWH� SDUD w  � HV z  o � ORQJLWXG GHO QRGR� � OXHJR

q  o �������

)LQDOPHQWH� GH ������ WHQHPRV
Sw x= =w U \G w G U # U �Sp b p b  q � ������S� � �

] U \ # p U� U ��

3DUD U  U HV \  � \ SRU WDQWR HO VHJXQGR \ WHUFHU WHUPLQR GHO SULPHU�

PLHPEUR VRQ QXORV� WHQLHQGR HQ FXHQWD ������ VH SXHGH LQWHJUDU HO SULPHU

WxHUPLQR \ UHVXOWD w x
VHQ w

,  DUFVHQ � �������
VHQ L

(V IxDFLO YHU TXH , HV HO xDQJXOR X GHVGH HO QRGR DVFHQGHQWH KDVWD OD SRVLFLxRQ�

GHO FXHUSR HQ VX xRUELWD TXH VH GHQRPLQD HO D U J X P H Q WR G H OD OD WLWX G �

&XDQGR U  U HO FXHUSR SDVD SRU HO SHULFHQWUR� OXHJR X HV HO DUJXPHQWR GHO�

SHULFHQWUR� TXH KHPRV GHQRPLQDGR FRQ OD OHWUD � � (Q HVWH FDVR ORV WxHUPLQRV
VHJXQGR \ WHUFHUR VRQ QXORV \ UHVXOWD q  � � (Q UHVXPHQ� ODV FRQVWDQWHV�

GH LQWHJUDFLxRQ HQ HO FDVR GH XQD xRUELWD HOxuSWLFD WLHQHQ� HQ WxHUPLQRV GH ORV

HOHPHQWRV RUELWDOHV� ORV VLJQLqFDGRV VLJXLHQWHV�

{
p  b � q  b �� �

�DT
�p  { D �� b H � � q  � ������� �T
�p  { D �� b H � FRV L� q  o�� �

� �� 7 U D Q VIR U P D F LR Q H V G H F R Q WD F WR \ Y D U LD E OH V G H

' H OD X Q D \

&RQVLGHUHPRV XQ VLVWHPD GH YDULDEOHV T \ S TXH VDWLVIDFHQ XQ VLVWHPD GHL L

HFXDFLRQHV FDQxRQLFDV FRPR ���� � XQD WUDQVIRUPDFLxRQ DUELWUDULD D QXHYDV

YDULDEOHV 4 �3 GHqQLGD HQ JHQHUDO SRUL L

T  T �4 �3 �W�L L L L

S  S �4 �3 �W�� ������L L L L

FRQGXFLUxuD D XQ QXHYR VLVWHPD GH HFXDFLRQHV HQ ODV QXHYDV YDULDEOHV TXH

JHQHUDOPHQWH QR WHQGUxuD OD IRUPD FDQxRQLFD� (Q FDPELR VH GLFH TXH ������ UH�

SUHVHQWD XQD WU D Q VIR U P D F LxR Q F D Q xR Q LF D FXDQGR ODV QXHYDV YDULDEOHV VDWLV�
�IDFHQ XQ VLVWHPD FDQxRQLFR FRQ XQD QXHYD IXQFLxRQ KDPLOWRQLDQD + �4 �3 �W� �
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� �� � 7 UD Q VIR UP D FLR Q HV G H FR Q WD FWR \ YD ULD E OHV G H ' HOD X Q D \ ��

6XSRQJDPRV TXH H[LVWH XQD IXQFLxRQ ) �T �4 �W� WDO TXHL L; ;
S G T b 3 G 4  G ) � ������L L L L

L L

VLHQGR G ) XQD GLIHUHQFLDO WRWDO FRQ UHVSHFWR D ODV T \ 4 � HVWH FDVR VHL L

GHQRPLQD XQD WU D Q VIR U P D F LxR Q G H F R Q WD F WR \ VH SXHGH GHPRVWUDU TXH OD

WUDQVIRUPDFLxRQ HV FDQxRQLFD \ TXH OD QXHYD IXQFLxRQ KDPLOWRQLDQD YLHQH GDGD

SRU OD HFXDFLxRQ
# )

+  + �T �S �W� � G W� �������
# T �4 �W

GRQGH T �S �4 UHSUHVHQWDQ ORV FRQMXQWRV T �S �4 UHVSHFWLYDPHQWH� 6L UHVROYH�L L L

PRV HO SUREOHPD GHO PRYLPLHQWR QR SHUWXUEDGR� FRQ HO KDPLOWRQLDQR + � OD�

VROXFLxRQ YLHQH GDGD SRU ������ GRQGH p \ q UHSUHVHQWDQ FRQMXQWRV GH FRQV�

WDQWHV� $SOLFDQGR HO PxHWRGR GH OD YDULDFLxRQ GH ODV FRQVWDQWHV SDUD HO FDVR

GHO PRYLPLHQWR SHUWXUEDGR� OD HFXDFLxRQ ������ GHqQH XQD WUDQVIRUPDFLxRQ GH

FRQWDFWR� (Q HIHFWR� VL LGHQWLqFDPRV ODV 4 FRQ ODV p \ ODV b 3 FRQ ODV qL L L L

WHQHPRV

; ; ; ;
S G T b 3 G 4  S G T � q G pL L L L L L L L

L L L L; # 6 # 6
 G T � G p  G 6 � ������L L

# T # pL LL

GRQGH 6 HV OD VROXFLxRQ GH OD HFXDFLxRQ GH +DPLOWRQ�-DFREL

# 6 # 6
� + �T � �W�  �� �������

# W # T

/XHJR OD HFXDFLxRQ ������ GHqQH XQD WUDQVIRUPDFLxRQ GH FRQWDFWR GRQGH OD IXQ�

FLxRQ ) HV SUHFLVDPHQWH 6 � (O QXHYR +DPLOWRQLDQR� GH DFXHUGR D OD HFXDFLxRQ

������ � HV
# 6�+  + �  + b +  +  5 � ������� �
# W

\ HO QXHYR VLVWHPD KDPLOWRQLDQR HV

# 5 # 5BBp  � q  b � ������L L
# q # pL L

/DV QXHYDV YDULDEOHV VH UHODFLRQDQ FRQ ORV HOHPHQWRV HOxuSWLFRV SRU ODV HFXD�

FLRQHV ������ �
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�� & D SxuWX OR � � ( FX D FLR Q HV & D Q xR Q LFD V

'HODXQD\ HQ VX WHRUxuD GHO PRYLPLHQWR GH OD /XQD LQWURGXMR XQ FRQMXQWR

GH YDULDEOHV FDQxRQLFDV TXH VH SXHGHQ GHqQLU FRPR VLJXH�

T
/  �{ � D � O  Q �W � q ��S

�*  p  / � b H � J  q  � ������� �

+  p  * FRV L� K  q  o� �

(IHFWXDQGR HVWD WUDQVIRUPDFLxRQ HQ ODV HFXDFLRQHV GH YDULDFLxRQ GH ORV HOHPHQ�

WRV VH HQFXHQWUD TXH ORV FRUFKHWHV >� �/ @ � >� �* @ \ >o�+ @ VRQ LJXDOHV D ��� ORV

FRUFKHWHV >/ �� @ � >* �� @ \ >+ �o@ VRQ LJXDOHV D b � \ ORV UHVWDQWHV FRUFKHWHV VRQ
QXORV� (Q FRQVHFXHQFLD ODV HFXDFLRQHV GH YDULDFLxRQ SDVDQ D IRUPDU HO VLVWHPD

KDPLOWRQLDQR

� �G / # 5 G O # 5
  b
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+DPLOWRQLDQD DO FDVR GH ORV VDWxHOLWHV DUWLqFLDOHV HVFDSD D ORV OxuPLWHV GH OD

SUHVHQWH GLVFXVLxRQ� &RQYLHQH FRQVXOWDU HO DUWxuFXOR GH '�%URXZHU �>�@ � \ HO

OLEUR GH '�%URXZHU \ *�0�&OHPHQFH �>�@ � �

� �� ( IH F WR V G H OD U H VLVWH Q F LD D WP R VIxH U LF D

8VXDOPHQWH VH DVXPH TXH OD DWPxRVIHUD RSRQH DO PRYLPLHQWR GH XQ VDWxHOLWH

DUWLqFLDO GH OD 7LHUUD XQD IXHU]D SRU XQLGDG GH PDVD GHO VDWxHOLWH TXH SXHGH

H[SUHVDUVH HQ OD IRUPD
� �'  & $ � Y � ������'
�P

GRQGH

&  FRHqFLHQWH DGLPHQVLRQDGR DHURGLQxDPLFR GH UHVLVWHQFLD DWPRVIxHULFD'

$  xDUHD GH OD VHFFLxRQ WUDQVYHUVDO GHO VDWxHOLWH

�  GHQVLGDG DWPRVIxHULFD

Y  YHFWRU YHORFLGDG GHO VDWxHOLWH UHODWLYD D OD DWPxRVIHUD

P  PDVD GHO VDWxHOLWH�
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� �� � ( IHFWR V G H OD UHVLVWHQ FLD D WP R VIxHULFD ��

/D IXHU]D ' HV XQ YHFWRU RSXHVWR D OD YHORFLGDG Y � 3DUD HVWXGLDU ORV

HIHFWRV GH HVWD IXHU]D VREUH ORV HOHPHQWRV GH XQD xRUELWD VH SXHGHQ XWLOL]DU

ODV HFXDFLRQHV GH *DXVV ������ � GRQGH OD IXHU]D SHUWXUEDGRUD VH LQWURGXFH

SRU VXV WUHV FRPSRQHQWHV� : � QRUPDO DO SODQR RUELWDO� 5 � HQ GLUHFFLxRQ GHO

UDGLR YHFWRU� \ 6 � QRUPDO DO UDGLR YHFWRU HQ HO SODQR RUELWDO� (V QHFHVDULR
GLVWLQJXLU GRV FDVRV�

& $ 6 2 ,� 6 H G HVS UHFLD HO HIHFWR G H OD UR WD FLxR Q G H OD D WP xR VIHUD �

(Q HVWH FDVR OD YHORFLGDG Y GHO VDWxHOLWH UHODWLYD D OD DWPxRVIHUD HV WDQJHQ�

FLDO D OD xRUELWD \ OD IXHU]D SHUWXUEDGRUD HV 7  b ' PLHQWUDV TXH :  ��

8VDQGR DKRUD ODV IxRUPXODV ����� FRQ 7  b ' \ 1  � VH WUDQVIRUPDQ ODV
HFXDFLRQHV ������ HQ ODV VLJXLHQWHV�

S
�G D b � � � H � �H FRV YS '

�G W Q � b HS
�G H b � � b H �FRV Y � H �S '
�G W Q D � � H � �H FRV Y

G L
 � ������

G W
Go

 �
G W S

�G � b � � b H VHQ YS '
�G W Q D H � � H � �H FRV Y

� �G � ��� b H � �� � H � H FRV Y � VHQ YS � �
�G W Q D H �� � H FRV Y � � � H � �H FRV Y

6H YH GH LQPHGLDWR TXH o H L QR VXIUHQ SHUWXUEDFLRQHV \ TXH HV VLHPSUH
G D � �� �� 'HELGR D OD UHODFLxRQ Q D  { VH GHGXFH TXH� SDUDGxRM LFDPHQWH�G W
HO IUHQDGR DWPRVIxHULFR DXPHQWD OD YHORFLGDG DQJXODU PHGLD GHO VDWxHOLWH TXH

GHVFULEH XQD HVSLUDO KDFLD OD 7LHUUD KDVWD GHVWUXLUVH SRU IULFFLxRQ FRQ ODV FDSDV

PxDV GHQVDV GH OD DWPxRVIHUD�

$QWHV GH UHHPSOD]DU OD IXHU]D ' HQ ODV HFXDFLRQHV ������ SRU VX H[SUHVLxRQ

������ � UHFRUGDUHPRV ODV VLJXLHQWHV IxRUPXODV GHO FDSxuWXOR ��
S

U  
� � HFR V YSG Y�U  * S ������

G W w x u v� � {� �9  { b  � � H � �H FRV Y �
U D S
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�� & D SxuWX OR � � 2 UE LWD V G H OR V 6 D WxHOLWHV $ UWLq FLD OHV

7DPELxHQ DVXPDPRV SRU HO PRPHQWR TXH OD GHQVLGDG DWPRVIxHULFD SXHGD
bXH[SUHVDUVH SRU �  r U GRQGH r HV XQD FRQVWDQWH \ X XQ QxXPHUR HQWHUR

FRQYHQLHQWHPHQWH HOHJLGR� (Q HO FDVR GH XQ VDWxHOLWH DUWLqFLDO� HVWD HV XQD VLP�

SOLqFDFLxRQ TXH VROR IDFLOLWD OD UHVROXFLxRQ PDWHPxDWLFD GHO SUREOHPD� 9DORUHV

PxDV UHDOLVWDV GH � HQ SXQWRV GHWHUPLQDGRV GH OD DWPxRVIHUD VH REWLHQHQ PHGL�
DQWH PRGHORV DWPRVIxHULFRV TXH GHSHQGHQ HVHQFLDOPHQWH GHO rXMR GH HQHUJxuD

VRODU PHGLGR HQ DOJXQDV GH ODV UDGLDFLRQHV GHFLPxHWULFDV GHO HVSHFWUR �SUHIH�

UHQWHPHQWH �� FP R ���� FP GH ORQJLWXG GH RQGD� \ H[SUHVDGR HQ XQLGDGHV
b� �GH ������ ZDWWV SRU PHWUR FXDGUDGR SRU FLFOR SRU VHJXQGR�

/XHJR� GHVSXxHV GH DOJXQDV WUDQVIRUPDFLRQHV� VH REWLHQH

�u v� G D �K � X b�� b � � H � H FRV Y �� � H FRV Y �
�D G Y � b H

�u vG H � Xb�� b �K �FRV Y � H � � � H � �H FRV Y �� � H FRV Y � ������
G Y

�u vG � � X b��H  b �K VHQ Y � � H � �H FRV Y �� � H FRV Y �
G Y

FRQ
& $ r'

K  � ������
X b��P S

KDELHQGR H[FOXLGR GH OD GLVFXVLxRQ SRU HO PRPHQWR HO HOHPHQWR � � $KRUD

SRGHPRV LQWHJUDU HVWDV H[SUHVLRQHV FRQVLGHUDQGR ORV HOHPHQWRV HOxuSWLFRV GHO

VHJXQGR PLHPEUR FRPR DSUR[LPDGDPHQWH FRQVWDQWHV� $QWHV GH KDFHUOR RE�
G �VHUYDPRV VLQ HPEDUJR TXH OD H[SUHVLxRQ GH H WRPD YDORUHV LJXDOHV SHUR GHG Y

VLJQR FRQWUDULR SDUD Y \ �~ b Y � HVWR VLJQLqFD TXH GHVSXxHV GH XQD UHYROX�

FLxRQ � WHQGUxD GH QXHYR VX YDORU SULPLWLYR R HQ RWUDV SDODEUDV � QR WLHQH
SHUWXUEDFLRQHV VHFXODUHV VLQR VROR ODV GH SHUxuRGR FRUWR�

3RU RWUD SDUWH ODV H[SUHVLRQHV GHO VHJXQGR PLHPEUR SXHGHQ GHVDUUROODUVH
HQ VHULHV GH )RXULHU FRPR VLJXH�

�u v
� X b��� � H � �H FRV Y �� � H FRV Y �  $ � $ FRV Y � $ FRV �Y� ��� ������� � �

GRQGH = �u v~� � X b��$  � � H � �H FRV Y �� � H FRV Y � G Y�
~ �

������= �u v~� � X b��$  � � H � �H FRV Y �� � H FRV Y � FRV Y G Y�
~ �
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� �� � ( IHFWR V G H OD UHVLVWHQ FLD D WP R VIxHULFD ��

HWFxHWHUD�

(QWRQFHV UHVXOWD Q u vG D �D K � b $ � � H��G Y � b H K u v L R
��$ H � $ � � H � �H$ � H $ FRV Y � ���� � � �� w x �

G H � �
 b �K $ H � $ � $ � H $ � $ FRV Y � ��� �� � � � �

G Y � �

H LQWHJUDQGR REWHQHPRV

s D  s D � s DV S

������

s H  s H � s H �V S

GRQGH K u v L�D K �s D  b $ � � H � $ H YV � ��� b H

������� z
�

s H  b �K $ H � $ YV � �
�

VRQ SHUWXUEDFLRQHV VHFXODUHV \K u v L�D K �s D  b $ � � H � �H$ � H$ VHQ Y � ���S � � ��� b H

������w x
�

s H  b �K $ � H $ � $ VHQ Y � ���S � � �
�

VRQ SHUWXUEDFLRQHV GH SHUxuRGR FRUWR� 'H ODV HFXDFLRQHV ������ YHPRV TXH $ �

HV VLHPSUH XQD FDQWLGDG SRVLWLYD� GHVSXxHV GH XQD LQWHJUDFLxRQ SRU SDUWHV \
SRQLHQGR

�u vb
� X b��)  � � H � �H FRV Y �� � H FRV Y �� K u vL

� �)  � � H FRV Y � �X b �� � � H � �H FRV Y VHQ Y ��

$ SXHGH HVFULELUVH FRPR� = ~�H
$  ) d ) G Y � ������� � �

~ �

TXH VHUxD SRVLWLYD VL X w �� (Q HVH FDVR s D \ s H VHUxDQ QHJDWLYDV� HV GHFLUV V

TXH HO VHP LHMH P D \R U \ OD H[FHQ WULFLG D G G HFUHFHUxD Q FR Q VWD Q WHP HQ WH �
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�� & D SxuWX OR � � 2 UE LWD V G H OR V 6 D WxHOLWHV $ UWLq FLD OHV

& $ 6 2 ,,� 1 R VH G HVS UHFLD HO HIHFWR G H OD UR WD FLxR Q G H OD D WP xR VIHUD �

2EYLDPHQWH� HQ HVWH FDVR OD YHORFLGDG GHO VDWxHOLWH FRQ UHVSHFWR D OD DWPxRV�

IHUD QR HV WDQJHQFLDO D OD xRUELWD \ SRU WDQWR ORV WUHV FRPSRQHQWHV : �5 �6 GH

OD IXHU]D SHUWXUEDGRUD VRQ GLVWLQWRV GH FHUR� &XDQWLWDWLYDPHQWH HVWH FDVR QR

GLqHUH GHPDVLDGR GHO & $ 6 2 ,� SHUR ODV IxRUPXODV VH YXHOYHQ FRPSOLFDGDV� 6H
SXHGHQ WUDWDU VLPLODUPHQWH DO FDVR DQWHULRU SHUR VROR GDUHPRV XQ UHVXPHQ

GH OD WHRUxuD \ VXV UHVXOWDGRV SULQFLSDOHV�

6L � HV OD YHORFLGDG DQJXODU GH URWDFLxRQ GH OD DWPxRVIHUD DOUHGHGRU GHV

OD 7LHUUD� HV SRVLEOH GHPRVWUDU TXH OD YHORFLGDG GHO VDWxHOLWH UHODWLYD D OD

DWPxRVIHUD WLHQH SRU FRPSRQHQWHV

9  � U VHQ L FRV�� � Y �V:

G Y
9  U b � U6 V

G W
G U

9  �5
G W

(Q HO FDVR XVXDO HO FRFLHQWH �  Q HV GHO RUGHQ GH � ��� 'HVSUHFLDQGR WxHUPLQRVV
� � � �DIHFWDGRV SRU IDFWRUHV FRPR ��  Q � VHQ L \ ��  Q � H OD YHORFLGDG 9 SXHGHV V

H[SUHVDUVH HQ OD IRUPD

��w x w x w x
��{ � � H FRV ( � b H FRV (

9  � b G ������
D � b H FRV ( � � H FRV (

GRQGH ( HV OD DQRPDOxuD H[FxHQWULFD \

� �V �G  �� b H � FRV L� ������
Q �

6H SXHGH GHGXFLU TXH ORV FRPSRQHQWHV GH OD UHVLVWHQFLD DWPRVIxHULFD SRU

XQLGDG GH PDVD GHO VDWxHOLWH VRQ

��� b H FRV ( � G (
:  b E� D � VHQ L FRV�� � Y �9V

Q G W
G (

5  E� D H 9 VHQ ( ������
G W� �

�
� �� b H FRV ( ��
�6  E� D �� b H � 9 � b G �

�� b H

GRQGH G  & $  �P � 5HHPSOD]DQGR HVWDV H[SUHVLRQHV HQ ������ H LQWHJUDQGR'

VH REWLHQHQ ODV GLIHUHQWHV SHUWXUEDFLRQHV GH WRGRV ORV HOHPHQWRV� /RV UHVXO�

WDGRV SXHGHQ UHVXPLUVH FRPR VLJXH� /D URWDFLxRQ GH OD DWPxRVIHUD HQ HO PLVPR
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� �� � ( IHFWR V G H OD UHVLVWHQ FLD D WP R VIxHULFD ��

VHQWLGR TXH HO VDWxHOLWH UHWDUGD OD GLVPLQXFLxRQ GHO VHPLHM H PD\RU \ GH OD H[FHQ�

WULFLGDG� /D LQFOLQDFLxRQ GHFUHFH HQ IRUPD VHFXODU \ HO QRGR UHWURFHGH D XQD

YHORFLGDG SURSRUFLRQDO D VHQ �� PLHQWUDV TXH HQ HO & $ 6 2 , OD LQFOLQDFLxRQ \

HO QRGR QR VXIUxuDQ SHUWXUEDFLRQHV�(O DUJXPHQWR GHO SHULJHR� � � DXPHQWD HQ

OD PLVPD SURSRUFLxRQ TXH HO QRGR PXOWLSOLFDGD SRU FRV L� /D DQRPDOxuD PHGLD
GH OD xHSRFD� � � QR SUHVHQWD SHUWXUEDFLRQHV VHFXODUHV�

� �� �� 3 H UxuR G R G H O 0 R Y LP LH Q WR \ ' H Q VLG D G $ WP R VIxH ULF D

6L UHHPSOD]DPRV ODV H[SUHVLRQHV ������ HQ ������ REWHQHPRV SDUD OD YDULDFLxRQ

GHO VHPLHM H PD\RU GH OD xRUELWD OD H[SUHVLxRQ

� w x�
�G D �� � H FRV ( � � b H FRV ( G (� b �E� D � b G � ������
�G W � � H FRV ( G W��� b H FRV ( �

'H DTXxu VH SXHGH REWHQHU OD YDULDFLxRQ �GHFUHFLPLHQWR� BD HQ HO VHPLHMH PD\RUV

GXUDQWH HO SHUxuRGR 3 GH XQD UHYROXFLxRQ FRPSOHWD GHO VDWxHOLWH� SRU OD H[SUHVLxRQ

� w x= �� � ~
��ED �� � H FRV ( � � b H FRV (

BD  b � � b G G ( � ������V �
3 � � H FRV (� ��� b H FRV ( �

6L GXUDQWH HO WLHPSR GH XQD UHYROXFLxRQ VH SXHGHQ FRQVLGHUDU FRPR FRQVWDQWHV
�S �B �ORV HOHPHQWRV RUELWDOHV VH SXHGH REWHQHU OD UHODFLxRQ 3  { D BD GRQGHV V�

� �{  D  3 � 'HVSXxHV GH DOJXQDV WUDQVIRUPDFLRQHV VH REWLHQH qQDOPHQWH

= �� ~� & $ >� � �� � G � �� b G �H FRV ( @'�B S3  b �� b G � D � G ( � ������V � �� P � b H FRV (�

6L VH FRQRFHQ ORV HOHPHQWRV RUELWDOHV HQ FLHUWR PRPHQWR \ VH DVXPH TXH

OD GHQVLGDG DWPRVIxHULFD HV XQD IXQFLxRQ FRQRFLGD GH ODV FRRUGHQDGDV HQ

FXDOTXLHU SXQWR� VH SXHGH HYDOXDU QXPxHULFDPHQWH OD LQWHJUDO HQ ������ \
BFDOFXODU HO YDORU GH 3 SDUD FRPSDUDUOR FRQ XQ YDORU REVHUYDGR�V

/D LPSRUWDQFLD UHDO GH HVWD H[SUHVLxRQ HV TXH HOOD SHUPLWH FDOFXODU OD

GHQVLGDG DWPRVIxHULFD D FLHUWD DOWXUD VREUH OD VXSHUqFLH WHUUHVWUH FXDQGR VH
BFRQRFHQ ORV HOHPHQWRV GH OD xRUELWD \ OD YDULDFLxRQ 3 GHO SHUxuRGR HQ XQD UHYROX�V

FLxRQ� 8Q SURFHGLPLHQWR XVXDO FRQVLVWH HQ DVXPLU TXH OD GHQVLGDG DWPRVIxHULFD

SXHGH UHSUHVHQWDUVH ELHQ SRU XQD IXQFLxRQ GH OD IRUPD

c ]

+�  � H � �������
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�� & D SxuWX OR � � 2 UE LWD V G H OR V 6 D WxHOLWHV $ UWLq FLD OHV

GRQGH

�  GHQVLGDG HQ HO SHULJHR�

]  DOWXUD GHO VDWxHOLWH VREUH HO SHULJHR

 D H �� b FRV ( �
+  IDFWRU FRQVWDQWH GHQRPLQDGR H VF D OD G H D OWX U D

GH OD GHQVLGDG DWPRVIxHULFD�

6L VH SRQH

D H
F  ������

(
�\  F�� b FRV ( �� ������

UHVXOWD
�b\�  � H � �������

/RV HIHFWRV GH OD UHVLVWHQFLD DWPRVIxHULFD VREUH XQ VDWxHOLWH FX\D H[FHQW�

ULFLGDG QR VHD PX\ SHTXHaQD� WDO TXH VHD SRU HM HPSOR F ! �� VH FRQFHQWUDQ
�VROR HQ XQD UHJLxRQ FHUFDQD DO SHULJHR� $OOxu HO YDORU GH ( VH UHGXFH H \ WDP�

ELxHQ UHVXOWD SHTXHaQR� 3RU WDQWR HO LQWHJUDQGR HQ OD HFXDFLxRQ ������ SXHGH
�GHVDUUROODUVH HQ XQD VHULH GH SRWHQFLDV GH \ TXH� LQWHJUDGD WxHUPLQR D WxHU�

PLQR FRQGXFH D XQD H[SUHVLxRQ TXH UHSUHVHQWD DGHFXDGDPHQWH OD UHODFLxRQ
BHQWUH 3 \� � 6L OD H[FHQWULFLGDG HV SHTXHaQD� WDO TXH F VHD PHQRU TXH �� ODV �

UHVLVWHQFLD DWPRVIxHULFD UHVXOWD VHQVLEOH D OR ODUJR GH WRGD OD xRUELWD� TXH HV

FDVL FLUFXODU� \ WDPELxHQ VH SXHGH REWHQHU XQD VHULH FRQYHUJHQWH HQ SRWHQFLDV
GH H � ([SUHVLRQHV GHWDOODGDV VH SXHGHQ HQFRQWUDU HQ HO &DSxuWXOR � GH OD REUD

GH 7�(�6WHUQH >��@ �

� �� ( IH F WR V G H OD 3 U H VLxR Q G H OD 5 D G LD F LxR Q 6 R OD U

/D H[LVWHQFLD GH OD IXHU]D TXH XQD UDGLDFLxRQ FXDOTXLHUD HMHUFH VREUH XQ FXHUSR

HQ HO FXDO LQFLGH� FRPR VH VDEH� VH SXHGH SUREDU H[SHULPHQWDOPHQWH� WDPELxHQ

UHVXOWD WHxRULFDPHQWH GH ODV FRQRFLGDV H F X D F LR Q H V G H 0 D [ Z H OO UHIHUHQWHV

D OD SURSDJDFLxRQ GH OD HQHUJxuD UDGLDQWH� /D PDJQLWXG GH OD DFHOHUDFLxRQ

SURYRFDGD SRU OD OX] GHO 6RO DO LQFLGLU VREUH XQ FXHUSR GH PDVD P \ VHFFLxRQ

WUDQVYHUVDO 6 HV
,  F

$  . � ������
P  6
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� �� � ( IHFWR V G H OD 3 UHVLxR Q G H OD 5 D G LD FLxR Q 6 R OD U ��

�GRQGH , HV HO ) OX MR G H ( Q H U JxuD 6 R OD U �HQ FD O�FP �P LQ � \ F HV OD YHORFLGDG

GH OD OX]� /D FRQVWDQWH . GHSHQGH GH ORV FRHqFLHQWHV GH DEVRUFLxRQ \ UHrH[LxRQ

GH OD VXSHUqFLH VREUH OD TXH DFWxXD OD OX] \ SXHGH YDULDU HQWUH ORV OxuPLWHV �

\ �� (Q HO FDVR GH VHU GLFKD VXSHUqFLH GH IRUPD HVIxHULFD \ SHUIHFWDPHQWH

HVSHFXODU� HO YDORU GH . HV LJXDO D � �

-�+�3R\QWLQJ IXxH HO SULPHUR HQ FRQVLGHUDU WHxRULFDPHQWH HO HIHFWR GH OD

SUHVLxRQ GH OD OX] GHO 6RO VREUH OD WUD\HFWRULD GH ORV PHWHRULWRV HQ HO VLV�

WHPD VRODU �>��@ � � 'LFKD WHRUxuD IXH OXHJR UHqQDGD GHVGH HO SXQWR GH YLVWD

GH OD WHRUxuD GH OD UHODWLYLGDG SRU +�3�5REHUWVRQ �>��@ � � UD]xRQ SRU OD FXDO HO

IHQxRPHQR VH GHQRPLQD DFWXDOPHQWH ( IH F WR G H 3 R \ Q WLQ J �5 R E H U WVR Q �

(O HIHFWR GH OD SUHVLxRQ GH OD UDGLDFLxRQ VRODU VREUH XQ VDWxHOLWH GH OD 7LHUUD

IXH HVWXGLDGR HQ ���� SRU 5�:�3DUNLQVRQ� +�0�-RQHV H ,� ,�6KDSLUR >��@ FRQ

DSOLFDFLxRQ SDUWLFXODU DO GHQRPLQDGR H [ S H U LP H Q WR : H VW�) R U G � (Q HVWH

H[SHULPHQWR VH WUDWDED GH FUHDU XQ FLQWXUxRQ GH SHTXHaQRV GLSRORV R DODP�

EUHV qQRV GH FREUH GH GRV SXOJDGDV GH ODUJR JLUDQGR HQ XQ SODQR SRODU D

����. P GH DOWLWXG� (VWH FLQWXUxRQ VHUYLUxuD SDUD UHrHMDU RQGDV GH UDGLR HQ�

WUH GRV HVWDFLRQHV GLVWDQWHV� (Q HVWH FDVR VH HQFRQWUxR TXH ODV xRUELWDV GH

GLFKRV GLSRORV VHUxuDQ IXHUWHPHQWH DIHFWDGDV SRU OD SUHVLxRQ GH OD OX] VRODU�
(VWH HIHFWR SXHGH WDPELxHQ PDQLIHVWDUVH HQ FXDOTXLHU VDWxHOLWH HQ HO TXH OD

UHODFLxRQ PDVD�VXSHUqFLH �P�V� VHD VXqFLHQWHPHQWH SHTXHaQD� 3RU HMHPSOR�

HQ HO FDVR GHO VDWxHOLWH QRUWHDPHULFDQR 9DQJXDUG , HQ HO TXH GLFKD UHODFLxRQ
�HUD GHO RUGHQ GH ���J  FP � VH KD HQFRQWUDGR WHxRULFDPHQWH \ OXHJR FRQqU�

PDGR SRU ODV REVHUYDFLRQHV XQD SHUWXUEDFLxRQ SHULxRGLFD GHO RUGHQ GH �. P

GH ��� GxuDV GH SHUxuRGR� HQ OD DOWXUD GHO SHULJHR� 3HUR GRQGH HO IHQxRPHQR VH

PDQLIHVWxR GH OD PDQHUD PxDV QRWDEOH IXH HQ HO FDVR GHO VDWxHOLWH (FKR ,� (VWH

FRQVLVWxuD HQ XQD HVIHUD GH WHOD SOxDVWLFD GH ��P GH GLxDPHWUR VLHQGR OD UHODFLxRQ
b� �P  V  �� J  FP � /D xRUELWD HUD SUxDFWLFDPHQWH FLUFXODU FRQ ����. P GH DO�
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/RV FRHqFLHQWHV J VH FDOFXODQ SRU ODV PLVPDV IxRUPXODV TXH I � SHUR UHHP�L L

SOD]DQGR OD FRPSRQHQWH GH OD SHUWXUEDFLxRQ �3 � \ VXV GHULYDGDV SRU ODU �

FRPSRQHQWH �3 � \ VXV GHULYDGDV� (Q HO FxDOFXOR GH J VH GHEH UHHPSOD]DUY � �

HO SULPHU WxHUPLQR GHO VHJXQGR PLHPEUR GH I SRU HO FRHqFLHQWH D �� �
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/RV FRHqFLHQWHV K VH FDOFXODQ SRU ODV PLVPDV IxRUPXODV TXH I SHUR UHP�L L

SOD]DQGR OD FRPSRQHQWH GH OD SHUWXUEDFLxRQ �3 � \ VXV GHULYDGDV SRU ODU �

FRPSRQHQWH �3 � \ VXV GHULYDGDV� (Q HO FxDOFXOR GH K VH GHEH HOLPLQDU HOJ � �

SULPHU WxHUPLQR GHO VHJXQGR PLHPEUR GH I ��
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� � /RV FRHqFLHQWHV I �J �K GHSHQGHQ GH ORV LQYDULDQWHV ORFDOHV \ GH ORVL L L ���
B �FRPSRQHQWHV GH ORV YHFWRUHV 3 �3 �3 � HQ ODV GLUHFFLRQHV GHqQLGDV3� � � �

SRU ORV YHFWRUHV GH SRVLFLxRQ� YHORFLGDG \ PRPHQWR DQJXODU FRUUHVSRQ�

GLHQWHV DO LQVWDQWH LQLFLDO W � (O YHFWRU 3 VH SXHGH FDOFXODU� SRU HM HP�� �

SOR� SRU OD IxRUPXOD ������ � \ VXV GHULYDGDV VH SXHGHQ FDOFXODU DQDOxuWL�

FDPHQWH R ELHQ SRU IxRUPXODV GH GLIHUHQFLDFLxRQ QXPxHULFD� $ SHVDU GH
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HVWH HVIXHU]R DGLFLRQDO� HO PxHWRGR KD GHPRVWUDGR VHU HqFLHQWH� SRU VX

DGDSWDFLxRQ DO SUREOHPD� FRPSDUDGR FRQ PxHWRGRV FRQYHQFLRQDOHV GH

LQWHJUDFLxRQ QXPxHULFD GH HFXDFLRQHV GLIHUHQFLDOHV RUGLQDULDV�

�� 3DUD HO FxDOFXOR GH HIHPxHULGHV GH XQ FXHUSR SHUWXUEDGR FRUUHVSRQGLHQ�

WHV D LQVWDQWHV VXFHVLYRV W  W � Q Z FRQ Q  ������� SXHGH RSHUDUVHQ �

GH GRV PDQHUDV GLIHUHQWHV� 3ULPHUR� SDUD HO FxDOFXOR FRUUHVSRQGLHQWH DO

LQVWDQWH W XVDU FRPR LQVWDQWH LQLFLDO ORV UHVXOWDGRV FRUUHVSRQGLHQWHV DOM

LQVWDQWH DQWHULRU W � 6HJXQGR� XVDU SDUD WRGRV ORV LQVWDQWHV ORV GDWRVMb�

FRUUHVSRQGLHQWHV D W � (Q HO SULPHU FDVR �  Z HV VXqFLHQWHPHQWH SH��

TXHaQR SDUD KDFHU GHVSUHFLDEOH HO HUURU GH WUXQFDPLHQWR GH ODV VHULHV GH

6WXPSp� 3RU RWUD SDUWH HVWR H[LJH FDOFXODU D FDGD SDVR QXHYRV YDORUHV

GH ORV LQYDULDQWHV ORFDOHV \ GH OD SHUWXUEDFLxRQ 3 \ VXV GHULYDGDV� (Q

HO VHJXQGR FDVR HO YDORU GH �  M Z FUHFH \ SXHGH GHJUDGDU OD SUHFLVLxRQ
GH ORV UHVXOWDGRV�

� �� ) R U P X OD F LxR Q 8 Q LY H U VD O G H O 3 UR E OH P D G H

1 & X H U S R V

(VWH SUREOHPD VH UHqHUH DO PRYLPLHQWR GH 1 b � FXHUSRV UHODWLYR DO GH PDVD
PD\RU 0 � /DV HFXDFLRQHV GLIHUHQFLDOHV GH PRYLPLHQWR VRQ GH OD IRUPD� �
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FRQ L  ��1 b � � u � M \ GRQGH � LQGLFD HO PxRGXOR GHO YHFWRU U b U � 6L VHML M L

FRQVLGHUD SDUD HO L�xHVLPR FXHUSR HO YDORU GHO S VHX G R WLHP SR � GDGR SRULS
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FRQ �  �W b W � � OD HFXDFLxRQ ������ UHVXOWD�
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(Q UHVXPHQ� HO SURFHGLPLHQWR GH FxDOFXOR SURSXHVWR SDUD HO SUREOHPD GH GRV

FXHUSRV SHUWXUEDGR SXHGH DSOLFDUVH VLQ YDULDFLRQHV IRUPDOHV D OD UHVROXFLxRQ
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GH ������ � /XHJR� HO SUREOHPD GH 1 FXHUSRV SXHGH UHVROYHUVH DSOLFDQGR OD

IRUPXODFLxRQ XQLYHUVDO SDUD FDGD XQR GH ORV 1�� FXHUSRV DWHQGLHQGR DO FRU�

UHVSRQGLHQWH YDORU GHO SVHXGRWLHPSR � �L
(Q OD SXEOLFDFLxRQ >��@ VH GDQ WRGRV ORV GHWDOOHV GH FxDOFXOR UHODWLYRV D

HVWH SUREOHPD� 7DPELxHQ VH SUHVHQWD HO HVWXGLR WHxRULFR GH OD SURSDJDFLxRQ GH
HUURUHV VLVWHPxDWLFRV \ GH OD HVWDELOLGDG GHO PxHWRGR� 6H HQWLHQGH TXH XQ

PxHWRGR HV HVWDEOH FXDQGR ORV HUURUHV HQ ORV GDWRV LQLFLDOHV \ ORV GH WUXQ�

FDPLHQWR VH SURSDJDQ HQ HO FxDOFXOR HQ IRUPD DFRWDGD \ WLHQGHQ D DQXODUVH

FXDQGR ORV LQWHUYDORV � GH WLHPSR WLHQGHQ D FHUR� (Q EDVH D XQ HVWXGLRL

EDVDGR HQ ORV SUHFHSWRV FOxDVLFRV GH OD OLWHUDWXUD VH GHPXHVWUD TXH HO PxHWRGR

GH 6WXPSp SDUD HO FDVR QR SHUWXUEDGR HV HVWDEOH \ TXH HO PxHWRGR H[WHQGLGR

DO SUREOHPD SHUWXUEDGR HV LJXDOPHQWH HVWDEOH� 6H GHPXHVWUD WDPELxHQ TXH XQ

VXESURGXFWR GHO PxHWRGR HV OD REWHQFLxRQ GH OD P D WUL] G H WUD Q VLFLxR Q G H HVWD G R

TXH VH HPSOHD HQ OD FRUUHFFLxRQ GLIHUHQFLDO GH xRUELWDV \ TXH DTXxu VH HPSOHD

SDUD XQD HVWLPDFLxRQ FRUUHFWD GH ORV HUURUHV JOREDOHV� �9HU WDPELxHQ >��@ � �

� �� 0 xH WR G R V J H Q H U D OH V S D UD ( F X D F LR Q H V ' LIH U H Q �

F LD OH V 2 UG LQ D U LD V

/RV SUREOHPDV TXH KHPRV FRQVLGHUDGR KDVWD DKRUD UHVSRQGHQ D OD IRUPD
JHQHUDO
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3RU HM HPSOR ODV HFXDFLRQHV GH PRYLPLHQWR GH XQD xRUELWD HOxuSWLFD VH

SXHGHQ HVFULELU H[SOxuFLWDPHQWH HQ OD IRUPD
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(VWH VLVWHPD GH HFXDFLRQHV GH VHJXQGR RUGHQ SXHGH UHHPSOD]DUVH SRU

RWUR VLVWHPD HTXLYDOHQWH GH HFXDFLRQHV GH SULPHU RUGHQ FRQ GREOH QxXPHUR GH

LQFxRJQLWDV GH OD IRUPD
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LQGHSHQGLHQWH FRQ [ HQ OXJDU GH W \ FRQ xDSLFHV ODV GHULYDFLRQHV FRQ UHVSHFWR

D [ � &RQVLGHUDUHPRV HQWRQFHV OD HFXDFLxRQ JHQHUDO GH SULPHU RUGHQ

�\  I �[ �\ � ������

FRQ OD FRQGLFLRQ LQLFLDO \ �[ �  \ � (VWD IxRUPXOD UHSUHVHQWD LQGLVWLQWD�� �

PHQWH XQD HFXDFLxRQ xXQLFD R ELHQ XQ VLVWHPD� (Q HVWH VHJXQGR FDVR VLHQGR

\ \ I IXQFLRQHV YHFWRULDOHV� ORV SURFHGLPLHQWRV GH LQWHJUDFLxRQ QXPxHULFD TXH
GHVFULELUHPRV D FRQWLQXDFLxRQ GHEHUxDQ DSOLFDUVH FxuFOLFDPHQWH D WRGRV ORV FRP�

SRQHQWHV GHO VLVWHPD� 1RV OLPLWDUHPRV DTXxu D GDU ODV LGHDV ExDVLFDV \ GHVFULELU

DOJXQRV PxHWRGRV FOxDVLFRV SDUD HO WUDWDPLHQWR QXPxHULFR GH HFXDFLRQHV GLIH�

UHQFLDOHV RUGLQDULDV� /D ELEOLRJUDIxuD H[LVWHQWH HV LQPHQVD SHUR WDPELxHQ QRV

OLPLWDUHPRV D UHFRPHQGDU ORV OLEURV >��@ � >��@ \ >��@ \ ODV UHYLVWDV >��@ � >��@ \
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/RV PxHWRGRV GH LQWHJUDFLxRQ GH S D VR VLP S OH TXHGDQ FDUDFWHUL]DGRV SRU OD

IxRUPXOD
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(Q ORV PxHWRGRV GH S D VR P xX OWLS OH TXH FRQVLGHUDUHPRV PxDV DGHODQWH OD

IXQFLxRQ � SXHGH GHSHQGHU QR VROR GH ORV YDORUHV GH [ H \ � VLQR WDPELxHQ GHQ Q

YDORUHV SUHFHGHQWHV WDOHV FRPR [ �\ �[ �\ � HWF�Q b� Q b� Q b� Q b�

/D IXQFLxRQ � VH GHQRPLQD IX Q F LxR Q LQ F U H P H Q WD O \ HQ HO GHQRPLQDGR

P xH WR G R G H ( X OH U HV �  I � (VWH PxHWRGR HV PX\ SRFR XVDGR HQ ODV DSOLFD�

FLRQHV QXPxHULFDV GHELGR D VX HVFDVD SUHFLVLxRQ� (Q FDPELR WLHQH LPSRUWDQFLD

HQ HVSHFXODFLRQHV WHxRULFDV UHVSHFWR GH OD SURSDJDFLxRQ GH HUURUHV VLVWHPxDWLFRV

\ VREUH WRGR FRQVWLWX\H OD EDVH GH XQD GHPRVWUDFLxRQ GH ODV FRQGLFLRQHV SDUD

OD H[LVWHQFLD \ XQLFLGDG GH OD VROXFLxRQ HQ HFXDFLRQHV GLIHUHQFLDOHV RUGLQDULDV�
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(Q ORV PxHWRGRV GH SDVR VLPSOH VH WUDWD GH HOHJLU OD IXQFLxRQ � HQ PRGR TXH

VH SDUH]FD HQ OR SRVLEOH D d R HQ RWUDV SDODEUDV GLVPLQXLU HO H U U R U U H OD WLY R
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HVWH FDVR
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TXH PLGH HO HUURU SURSLR GHO PxHWRGR ������ HQ XQ SDVR GH LQWHJUDFLxRQ� 8 Qc d
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6H GHQRPLQD H U U R U G H WU X Q F D P LH Q WR J OR E D O H DO HUURU SURSDJDGR GHVSXxHVQ

GH Q SDVRV GH LQWHJUDFLxRQ HV GHFLU
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([LVWH XQ OODPDGD IxR U P X OD D VLQ WxR WLF D G H O H U U R U J OR E D O TXH SXHGH GHVFUL�

ELUVH GHO VLJXLHQWH PRGR� �YHU >��@ �&DS��� � 6H GHqQH SULPHUR XQD IX Q F LxR Q

G H O H U U R U H �[ � SRU OD HFXDFLxRQ GLIHUHQFLDO GH SULPHU RUGHQ
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�FRQ OD FRQGLFLxRQ LQLFLDO H ���  � \ J �[ �  I �[ �\ �[ � � � 6H GHPXHVWUD TXH HO\

HUURU JOREDO VDWLVIDFH OD IxRUPXOD u v
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FRQ OD FRQFOXVLxRQ GH TXH HQ XQ PxHWRGR GH RUGHQ S HO HUURU JOREDO HV GHO
SRUGHQ 2 �K � � 9HUHPRV PxDV DGHODQWH XQD DSOLFDFLxRQ GH HVWD IxRUPXOD HQ ORV

OODPDGRV P xH WR G R V G H H [ WU D S R OD F LxR Q D O OxuP LWH �

(O PxHWRGR GH OD IxRUPXOD GH 7D\ORU SXHGH VHU FRQYHQLHQWH HQ FLHUWRV FDVRV

SDUWLFXODUHV� SHUR HQ JHQHUDO WLHQH HO GHIHFWR GH TXH VL OD IXQFLxRQ I �[ �\ � HV

FRPSOLFDGD HO FxDOFXOR GH ODV VXFHVLYDV GHULYDGDV VH WRUQD PX\ FRPSOHMR H
LQHqFLHQWH� (Q FDPELR VH SXHGH UHFXUULU D XQ SURFHVR UHFXUVLYR TXH LOXVWUD�

UHPRV FRQ HO VLJXLHQWH SUREOHPD VHQFLOOR�
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FX\D VROXFLxRQ DQDOxuWLFD HV
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3DUD WUDWDU HO SUREOHPD HQ IRUPD QXPxHULFD DVXPLPRV TXH OD VROXFLxRQ GH

OD HFXDFLxRQ GLIHUHQFLDO SXHGD H[SUHVDUVH HQ OD IRUPD
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\ UHHPSOD]DQGR HQ OD HFXDFLxRQ GLIHUHQFLDO HVFULWD HQ OD IRUPD
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TXH SRU XQD WUDQVIRUPDFLxRQ VHQFLOOD VH GHPXHVWUD TXH HV HTXLYDOHQWH D OD

VROXFLxRQ DQDOxuWLFD GHO SUREOHPD�
/D LGHD HVHQFLDO GH HVWH HMHPSOR SXHGH DSOLFDUVH D OD U H VR OX F LxR Q S R U

VH U LH V U H F X U U H Q WH V G H O S U R E OH P D G H 1 F X H U S R V � (QWUH ORV DVWUxRQRPRV

xHVWH VXHOH GHQRPLQDUVH 0 H WR G R G H 6 WH p H Q VH Q SRU KDEHUOR DSOLFDGR HVWH

DXWRU D YDULRV SUREOHPDV GH HVWD FODVH HQ ����� 3DUD LOXVWUDU HO PxHWRGR�

FRQVLGHUDUHPRV HO PRYLPLHQWR KHOLRFxHQWULFR GH GRV FXHUSRV �1 �� HQ FX\R

FDVR ODV HFXDFLRQHV ������ WRPDQ OD IRUPD� �
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FRQ L  ���� �  ���� L � � � \ KDELHQGR DVXPLGR FRPR � N OD XQLGDG GH
WLHPSR GH PRGR TXH OD FRQVWDQWH GH OD JUDYLWDFLxRQ VH UHGXMR D OD XQLGDG�

$KRUD WUDQVIRUPDPRV HVWH VLVWHPD GH HFXDFLRQHV GH VHJXQGR RUGHQ D RWUR

HTXLYDOHQWH GH HFXDFLRQHV GH SULPHU RUGHQ LQWURGXFLHQGR YDULDEOHV DX[LOLDUHV

\ VXV UHVSHFWLYDV HFXDFLRQHV GLIHUHQFLDOHV FRPR VH LQGLFD D FRQWLQXDFLxRQ XVDQ�

GR OD QRWDFLxRQ FDUWHVLDQD�
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FHVR GH LQWHUSRODFLxRQ TXH VH VXHOH UHFRPHQGDU HV HO TXH HVWxD EDVDGR HQ XQ

DOJRULWPR LQWHUSRODWRULR GH $LWNHQ DXQTXH VH SXHGH WDPELxHQ REWHQHU EXHQRV

UHVXOWDGRV FRQ OD IxRUPXOD GH 1HZWRQ FRQ GLIHUHQFLDV GLYLGLGDV�

/D WHRUxuD GHWDOODGD \ ORV DVSHFWRV SUxDFWLFRV GH OD DSOLFDFLxRQ GH HVWRV

PxHWRGRV SXHGH FRQVXOWDUVH HQ >��@ �&DS��� >��@ �&DS�,,�� \ >��@ �&DS����

� �� �� ( VWLP D F LxR Q G H H UUR UH V J OR E D OH V

&RQVLGHUHPRV HO VLVWHPD GH HFXDFLRQHV GLIHUHQFLDOHV

�\  I�[ �\ �[ � � �������

\ �[ �  \ � �������� �

GRQGH \ \ I VRQ IXQFLRQHV YHFWRULDOHV H \ XQ YHFWRU FRQVWDQWH� 3RQLHQGR�

[  [ � Q K VXSRQJDPRV TXH SDUD UHVROYHU HO VLVWHPD VH XVD DOJXQ PxHWRGRQ �

GH GLIHUHQFLDV qQLWDV TXH DO FDER GH Q SDVRV GHEH SURGXFLU XQD DSUR[LPDFLxRQ

\ GH OD VROXFLxRQ YHUGDGHUD \ �[ � � /D GLIHUHQFLDQ Q

H  \ b \ �[ � �������Q Q Q

HV HO Y H F WR U G H H U U R U H V J OR E D OH V SURSDJDGRV HQ HVRV Q SDVRV�

6H GHEH QRWDU TXH HQ ULJRU HO FxDOFXOR QXPxHULFR HIHFWLYR SURGXFH UHVXOWDGRV

TXH LQGLFDUHPRV FRQ HO VxuPEROR a\ \ SRU WDQWR OD HFXDFLxRQ ������� SXHGHQ

HVFULELUVH HQ OD IRUPD

H  a\ b \ �[ �Q Q Q

 �a\ b \ � � �\ b \ �[ � �� �������Q Q Q Q

(O SULPHU SDUxHQWHVLV GHO VHJXQGR PLHPEUR FRUUHVSRQGH D ORV H U U R U H V D F X �

P X OD G R V S R U U H G R Q G H R V RFDVLRQDGRV SRUTXH HO QxXPHUR GH FLIUDV VLJQLqFDWL�

YDV FRQ TXH VH RSHUD HV qQLWR \ WDPELxHQ SRU HO SRVLEOH FxDOFXOR DSUR[LPDGR GH

IXQFLRQHV LQYROXFUDGDV HQ HO SUREOHPD TXH QR VRQ HQWHUDV R IUDFFLRQDULDV �SRU

HM HPSOR� IXQFLRQHV FLUFXODUHV R HOxuSWLFDV� � (O VHJXQGR SDUxHQWHVLV FRUUHVSRQGH

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D



� �� � 0 xHWR G R V J HQ HUD OHV S D UD ( FX D FLR Q HV ' LIHUHQ FLD OHV 2 UG LQ D ULD V ���

D ORV H U U R U H V D F X P X OD G R V S R U WU X Q F D P LH Q WR HQ OD UHSUHVHQWDFLxRQ GH ODV

HFXDFLRQHV GLIHUHQFLDOHV SRU IxRUPXODV DSUR[LPDGDV HQ GLIHUHQFLDV qQLWDV�

(Q ODV DSOLFDFLRQHV FLHQWxuqFDV \ WxHFQLFDV FRUULHQWHV VH DVXPH HPSxuULFD�

PHQWH TXH HIHFWXDU ORV FxDOFXORV FRQ XQ QxXPHUR DGHFXDGR GH FLIUDV VLJQLqFD�

WLYDV �SRU HM HPSOR HQ GREOH SUHFLVLxRQ� � HV VXqFLHQWH SDUD TXH ORV HUURUHV GH UH�

GRQGHR SURSDJDGRV VHDQ GHVSUHFLDEOHV FRPSDUDGRV FRQ ORV GH WUXQFDPLHQWR�

6LQ HPEDUJR H[LVWHQ WHRUxuDV TXH SHUPLWHQ REWHQHU UHVXOWDGRV MXVWLqFDEOHV

EDVDGRV HQ OD KLSxRWHVLV GH TXH ORV HUURUHV ORFDOHV GH UHGRQGHR REHGHFHQ D

XQD OH\ GHWHUPLQDGD GH GLVWULEXFLxRQ SUREDELOxuVWLFD �YHU >��@ � � GLFKRV UHVXOWD�

GRV VRQ DGHPxDV FRUURERUDGRV HQ ORV H[SHULPHQWRV FRPSXWDFLRQDOHV� ([LVWH

WRGDYxuD HO SUREOHPD DELHUWR GHO FRPSRUWDPLHQWR GH ORV HUURUHV GH UHGRQGHR

FXDQGR HO LQWHUYDOR FXELHUWR SRU OD LQWHJUDFLxRQ QXPxHULFD HV PX\ ODUJR� WDO

FRVD RFXUUH HQ HO HVWXGLR GH OD HYROXFLxRQ GLQxDPLFD GHO VLVWHPD VRODU HQ TXH

GLFKR LQWHUYDOR VH FXHQWD SRU PLOORQHV GH DaQRV�

(O DQxDOLVLV GHO FRPSRUWDPLHQWR GH ORV HUURUHV SURSDJDGRV GH WUXQFDPLHQWR

HVWxD VXVWHQWDGR� D GLIHUHQFLD GHO GH ORV HUURUHV GH UHGRQGHR� SRU WHRUxuDV FRP�

SOHWDV \ SURIXQGDV GHVDUUROODGDV SRU QXPHURVRV DXWRUHV GHVGH KDFH PXFKR

WLHPSR�

(O RE MHWLYR IXQGDPHQWDO DTXxu HV REWHQHU XQD EXHQD HVWLP D FLxR Q GH H \Q

GDU XQ FULWHULR TXH DVHJXUH OD YDOLGH] GH GLFKD HVWLPDFLxRQ� 6XEUD\DPRV DTXxu

OD SDODEUD HVWLPDFLxRQ SRUTXH QR VHUxuD GLIxuFLO REWHQHU XQD DFRWDFLxRQ VXSHULRU

GHO YDORU DEVROXWR GH GLFKRV HUURUHV� VLQ HPEDUJR HVDV DFRWDFLRQHV VXHOHQ VHU

GHPDVLDGR DOWDV \ GH SRFR YDORU HQ ODV DSOLFDFLRQHV�

'HVFULELUHPRV HQ OR TXH VLJXH GRV PxHWRGRV TXH SHUPLWHQ REWHQHU WDOHV

HVWLPDFLRQHV FRQ MXVWLqFDFLRQHV UD]RQDEOHV� 3DUD VLPSOLqFDU QXHVWUD H[SRVL�

FLxRQ QRV OLPLWDUHPRV DO FDVR GH XQ VLVWHPD GH HFXDFLRQHV GH SULPHU RUGHQ

�\  I �[ �\ �

\ �[ �  \ �� �

UHVXHOWR SRU XQ PxHWRGR GH SDVR VLPSOH

\  \ � K k �[ �\ � � �������Q � � Q Q Q

DVXPLHQGR TXH ORV HUURUHV GH UHGRQGHR VRQ GHVSUHFLDEOHV�

0 xH WR G R G H O WH VW U H Y H U VR

6XSRQJDPRV TXH VH UHDOL]D XQD LQWHJUDFLxRQ QXPxHULFD HQ XQ LQWHUYDOR
T�[ �[ � OOHJDQGR DO SXQWR [ FRQ XQ HUURU 2 �K � � /D IRUPD FRUULHQWH GHL I I

Fo & R P LVLxR Q 1 D FLR Q D O G H $ FWLYLG D G HV ( VSD FLD OHV � � � � �



��� & D SxuWX OR � � & xD OFX OR G H ( IHP xHULG HV

HIHFWXDU HO WHVW UHYHUVR FRQVLVWH HQ UHDOL]DU� D SDUWLU GH [ � XQD LQWHJUDFLxRQI

KDFLD DWUxDV KDVWD OOHJDU GH QXHYR D [ \ FRPSDUDU DOOxu ORV UHVXOWDGRV FRQL

ORV GDWRV LQLFLDOHV� /DV GLIHUHQFLDV VH FRQVLGHUDQ DFHSWDEOHV VL VRQ PHQRUHV

R LJXDOHV HQ YDORU DEVROXWR D XQ JUDGR GH SUHFLVLxRQ SUHqMDGR� (VWH PxHWRGR

HV FRPxXQPHQWH XVDGR VREUH XQD EDVH KHXUxuVWLFD� 6LQ HPEDUJR VH OH SXHGH

FRQIHULU PD\RU ULJRU HQ EDVH DO VLJXLHQWH

7 H R U H P D �>��@ �&DS���S�����

+ LS xR WHVLV �

( Q X Q LQ WHUYD OR [ � >D �E @ H[LVWHQ FR Q VWD Q WHV 1 w �� S w � \ K ! � WD OHV�

TX H HO HUUR U G H WUX Q FD P LHQ WR

SN k �[ �\ �[ � � K � b d�[ �\ �[ � � K �N � 1 K � �������

FR Q K � K ��
+ LS xR WHVLV �

6 HD \ X Q D VX FHVLxR Q G H YHFWR UHV TX H VD WLVID FHQ

\  v�

T\  \ � K >k �[ �\ � K � � K . w @ � �������Q � � Q Q Q Q

FR Q Q  ���������� [ � >D �E @ � G R Q G H . w �� T w � VR Q FR Q VWD Q WHV \ G R Q G H

OR V YHFWR UHV w VD WLVID FHQ N w N � ��Q Q

& R Q FOX VLxR Q � 3 D UD [ � >D �E @ \ K � KQ �K L
SbU TbUUN \ b \ �[ �N � K 1 K � . K ( �[ b D � � �������Q Q Q/� �

/ [H b�G R Q G H U  P LQ �S �T �� ( HV OD � IX Q FLxR Q G H / LS VFK LW]� FR Q R ( �[ �  / / /
# I LFX D Q G R / ! � R ( �[ �  [ FX D Q G R /  � \ / 
 N N �/ # \ M

3DUD DSOLFDU HVWH WHRUHPD VXSRQJDPRV DKRUD TXH HQ OD LQWHJUDFLxRQ GLUHFWD
THQ HO LQWHUYDOR �[ �[ � VH OOHJXH DO SXQWR [ FRQ XQ HUURU 2 �K � � 3DUD HVWLPDUL I I

GLFKR HUURU SRU HO WHVW UHYHUVR� VXSRQJDPRV UHDOL]DU OD LQWHJUDFLxRQ KDFLD [ L
TFRQ XQ PxHWRGR GH RUGHQ S SDUWLHQGR GHVGH [ FRQ XQ HUURU LQLFLDO 2 �K � � HQI

HVH FDVR HV DSOLFDEOH OD IxRUPXOD

T\  \ �[ � � K >k �[ �\ � K � � 2 �K � @ � �������Q b� Q Q Q

VLPLODU D ������� FRQ K � �� $SOLFDQGR OD IxRUPXOD ������� GHO WHRUHPD \

DVXPLHQGR TXH HQ HO SURFHVR UHYHUVR HO RUGHQ GHO PxHWRGR DSOLFDGR HV WDO

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D



� �� � 0 xHWR G R V J HQ HUD OHV S D UD ( FX D FLR Q HV ' LIHUHQ FLD OHV 2 UG LQ D ULD V ���

TXH S ! T � ORV HUURUHV GH VDOLGD HQ [ GH RUGHQ T � SUHYDOHFHUxDQ VREUH ORVI

DFXPXODGRV HQ [ GH RUGHQ S � (Q FRQVHFXHQFLD� HQ HO LQWHUYDOR [ � [ ORVL LI

HUURUHV JOREDOHV HQ HO WHVW UHYHUVR TXHGDUxDQ DSUR[LPDGDPHQWH FRQVWDQWHV H

LJXDOHV D ORV HUURUHV GH VDOLGD HQ [ � 3DUD GHWHUPLQDUORV EDVWDUxD FRQ UHVWDUI

GH ORV UHVXOWDGRV qQDOHV GHO SURFHVR UHYHUVR ORV GDWRV LQLFLDOHV HQ [ � (VWHL

PxHWRGR IXH GHVDUUROODGR \ DSOLFDGR FRQ UHVXOWDGRV VDWLVIDFWRULRV HQ YDULRV

SUREOHPDV >��@ �

0 xH WR G R G H O 3 U R E OH P D 9 H F LQ R

/D LGHD HVHQFLDO GH HVWH PxHWRGR HV OD VLJXLHQWH�

'HVSXxHV GH UHVROYHU QXPxHULFDPHQWH HO ? 3 UR EOHP D 2 ULJLQ D O� ������� �

������� VH SXHGH FRQVWUXLU RWUR VLVWHPD GH HFXDFLRQHV GLIHUHQFLDOHV� TXH GH�

QRPLQDUHPRV HO ? 3 U R E OH P D 9 H F LQ R � GH OD IRUPD

�]  ) �[ �] �[ � � �������

] �[ �  ] � �������� �

GH WDO PRGR TXH OD VROXFLxRQ H[DFWD ] �[ � VH FRQR]FD GH DQWHPDQR� \ SRU RWUD

SDUWH GLqHUD SRFR GH OD VROXFLxRQ QXPxHULFD REWHQLGD SDUD HO SUREOHPD RULJLQDO�

(VWH SUREOHPD YHFLQR SXHGH LQWHJUDUVH SRU HO PLVPR SURFHVR XVDGR SDUD

HO SUREOHPD RULJLQDO REWHQLxHQGRVH XQD VROXFLxRQ QXPxHULFD ] � FX\RV HUURUHVQ

JOREDOHV YDOHQ H[DFWDPHQWH

Z  ] b ] �[ � � �������Q Q Q

6L OD VROXFLxRQ QXPxHULFD GHO SUREOHPD YHFLQR VLJXH D FDGD SDVR GH FHUFD D

OD VROXFLxRQ QXPxHULFD GHO SUREOHPD RULJLQDO� VH SXHGH HVSHUDU TXH ORV HUURUHV

JOREDOHV HQ DPERV FDVRV WHQJDQ XQ FRPSRUWDPLHQWR PX\ VLPLODU FDVR HQ HO

FXDO VHUxuD OxuFLWR DGRSWDU Z FRPR XQD EXHQD DSUR[LPDFLxRQ GH H � (VWH HVQ Q

XQ UD]RQDPLHQWR KHXUxuVWLFR SHUR GDUHPRV HQVHJXLGD XQ FULWHULR TXH SHUPLWH

DVHJXUDU OD YDOLGH] GH OD DSUR[LPDFLxRQ H  Z �Q Q

(O SUREOHPD YHFLQR SXHGH FRQVWUXLUVH GH OD VLJXLHQWH PDQHUD� TXH QR

HV OD xXQLFD� 'HVSXxHV GH DSOLFDU HO SURFHVR QXPxHULFR GH LQWHJUDFLxRQ SRU 1

SDVRV GH XQ VLVWHPD GH 0 HFXDFLRQHV VH REWLHQHQ ODV VROXFLRQHV QXPxHULFDV

\ �L  ��������0 � Q  ����������1 � � TXH VRQ ODV FRPSRQHQWHV GH ORVLQ

YHFWRUHV \ � (V SRVLEOH KDOODU XQ FRQMXQWR GH IXQFLRQHV HPSxuULFDV 3 �[ � TXHQ L

SXHGHQ VHU SROLQRPLRV X RWUDV IXQFLRQHV VLPSOHV DMXVWDGDV SDUD LQWHUSRODU
�ORV YDORUHV QXPxHULFRV \ � (V IxDFLO REWHQHU HQWRQFHV ODV GHULYDGDV 3 �[ � \ VHLQ L

Fo & R P LVLxR Q 1 D FLR Q D O G H $ FWLYLG D G HV ( VSD FLD OHV � � � � �



��� & D SxuWX OR � � & xD OFX OR G H ( IHP xHULG HV

ODV SXHGH FRQVLGHUDU� MXQWR D ODV 3 �[ � � FRPR ODV FRPSRQHQWHV GH ORV YHFWRUHVL
�GH 0 GLPHQVLRQHV 3 �[ � \ 3 �[ � UHVSHFWLYDPHQWH�

3RQHPRV DKRUD

] �[ �  3 �[ � �������

) �[ �] �[ � �  I �[ �] �[ � � � ' �[ � � �������

GRQGH
�' �[ �  3 �[ � b I �[ �3 �[ � �� �������

TXH VH GHQRPLQD OD IX Q F LxR Q ' H IH F WR �

(O SUREOHPD YHFLQR WRPD OD IRUPD

�]  I �[ �] �[ � � � ' �[ � �������

] �[ �  3 �[ �� �������� �

FX\D VROXFLxRQ H[DFWD HV HYLGHQWHPHQWH ������� � (Q FRQVHFXHQFLD OD IxRUPXOD

������� SDUD HVWLPDU ORV HUURUHV VH WUDQVIRUPD HQ

Z  ] b 3 �[ �� �������Q Q Q

& R Q G LFLR Q HV G H YD OLG H] G H OD HVWLP D FLxR Q G H OR V HUUR UHV

(Q EDVH D OD WHRUxuD DVLQWxRWLFD GH OD SURSDJDFLxRQ GH HUURUHV GH WUXQ�

FDPLHQWR \D PHQFLRQDGD DQWHULRUPHQWH �YHU ������ \ ������ � � HV SRVLEOH GH�

PRVWUDU ODV VLJXLHQWHV FRQGLFLRQHV GH YDOLGH]�

& R Q G LFLxR Q VX q FLHQ WH SD UD TX H OR V HUUR UHV YHUG D G HUR V \ OR V HVWLP D G R V VHD Q
SD O P HQ R V G HO P LVP R R UG HQ G H P D JQ LWX G 2 �K �� HV TX H VH YHULq TX H HQ WRG R V

OR V SD VR V TX H r rSr rG ' �[ � |r r� 2 �K �� �| w �� �������r rSG [

R ELHQ
S S � �N K k �[ �\ � b ' �[ �N � 2 �K �� �������Q Q Q

(VWD xXOWLPD FRQGLFLxRQ HV OD PxDV IDFLO GH DSOLFDU \ VLJQLqFD TXH HQ WRGRV ORV
SSDVRV OD IXQFLxRQ ' �[ � FRLQFLGD KDVWD HO RUGHQ K FRQ HO HUURU GH WUXQFDPLHQWR

SORFDO K k �[ �\ � �Q Q

(Q HO FDVR GH TXH ORV HUURUHV JOREDOHV VH HVWLPHQ FRUUHFWDPHQWH� VXUJH

QDWXUDOPHQWH OD LGHD GH FRUUHJLU OD VROXFLxRQ QXPxHULFD VXVWUD\xHQGROH HO HUURU

HVWLPDGR� (VWH SURFHVR KD UHFLELGR HO QRPEUH GH & R U U H F F LxR Q S R U ' H IH F WR

�R VHD� HQ LQJOxHV� ' H IH F W & R U U H F WLR Q � �

6REUH HVWH PxHWRGR VH KD RULJLQDGR XQD SURIXVD OLWHUDWXUD TXH VH SXHGH

FRQVXOWDU HQ �>��@ � \ WDPELxHQ HQ�>��@ � � �>�� @ � \ �>�@ � �

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D



� �� � 0 xHWR G R V J HQ HUD OHV S D UD ( FX D FLR Q HV ' LIHUHQ FLD OHV 2 UG LQ D ULD V ���

� �� �� $ OJ X Q D V F R Q VLG H UD F LR Q H V J H Q H UD OH V

3DUD XQD H[SRVLFLxRQ H[KDXVWLYD GHO WHPD GH HVWH FDSxuWXOR VHUxuD QHFHVDULR

GHGLFDU SRU OR PHQRV XQ YROXPHQ HQWHUR� 3RU HVR QRV KHPRV OLPLWDGR D

H[SRQHU ODV LGHDV HVHQFLDOHV \ XQ UHVXPHQ GHVFULSWLYR GH ORV PxHWRGRV PxDV

XVXDOHV� /D HOHFFLxRQ GH XQ PxHWRGR SDUWLFXODU GHSHQGH IXQGDPHQWDOPHQWH

GH OD SUHFLVLxRQ UHTXHULGD HQ ORV UHVXOWDGRV \ WDO YH] GH ODV LQFOLQDFLRQHV

SHUVRQDOHV�

'H XQD PDQHUD JHQHUDO \ GH DFXHUGR D OD H[SHULHQFLD GH ORV DXWRUHV VH

SXHGH DFRQVHMDU OR VLJXLHQWH HQ OD HOHFFLxRQ GH XQ PxHWRGR�

6L OD SUHFLVLxRQ UHTXHULGD QR HV PX\ DOWD FRQYLHQHQ ORV PxHWRGRV GH SDVR

VLPSOH SRU VX rH[LELOLGDG HQ WRGDV ODV DSOLFDFLRQHV� \ HO PxHWRGR FOxDVLFR GH

5XQJH�.XWWD GH RUGHQ � HV UHFRPHQGDEOH�

3DUD PD\RU SUHFLVLxRQ FRQYLHQHQ ORV PxHWRGRV WLSR 5XQJH�.XWWD�)HKOEHUJ

HVSHFLDOPHQWH SRU OD SRVLELOLGDG TXH RIUHFHQ HQ WRGR LQVWDQWH GH DMXVWDU HO

WDPDaQR GHO SDVR SDUD UHVSRQGHU D XQD SUHFLVLxRQ SUHqMDGD�

/RV PxHWRGRV GH H[WUDSRODFLxRQ DO OxuPLWH VRQ UHFRPHQGDEOHV SRU VX JUDQ

HqFLHQFLD HQ WRGR VHQWLGR� VREUH WRGR HQ OD YHUVLxRQ GH %XOLUVFK \ 6WRHU� 6LQ

HPEDUJR VX DSOLFDFLxRQ SXHGH SUHVHQWDU LQFRQYHQLHQWHV FXDQGR ODV IXQFLRQHV

LQYROXFUDGDV WLHQHQ LUUHJXODULGDGHV R VLQJXODULGDGHV HQ HO LQWHUYDOR GH LQWH�

JUDFLxRQ�

/RV PxHWRGRV GH SDVR PxXOWLSOH WLHQHQ XQD PX\ ODUJD WUDGLFLxRQ KLVWxRULFD�

HVSHFLDOPHQWH SRU VX GHVDUUROOR \ DSOLFDFLRQHV HQ ORV SUREOHPDV DVWURQxRPL�

FRV� $FWXDOPHQWH� VDOYR HQ FDVRV PX\ HVSHFLDOHV� VH YDQ UHHPSOD]DQGR SRU

PxHWRGRV PRGHUQRV PxDV HqFLHQWHV�

Fo & R P LVLxR Q 1 D FLR Q D O G H $ FWLYLG D G HV ( VSD FLD OHV � � � � �
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& D S xuWX OR �

' H WH U P LQ D F LxR Q G H X Q D
2 U E LWD 3 UH OLP LQ D U

� �� ,Q WU R G X F F LxR Q

&RQVLGHUHPRV HQ HO SUREOHPD GH ORV GRV FXHUSRV XQ VLVWHPD GH UHIHUHQFLD

�[ �\ �] � FRQ RULJHQ HQ XQR GH ORV FXHUSRV 3 � \ DVXPDPRV TXH ORV HOHPHQWRV�

GH OD xRUELWD GHO RWUR FXHUSR 3 VHDQ ORV TXH KHPRV GHqQLGR SDUD XQD xRUELWD

HOxuSWLFD HQ HO &DSxuWXOR �� (Q EDVH D GLFKRV HOHPHQWRV \ SDUD XQ LQVWDQWH

FXDOTXLHUD� W VH SXHGHQ FDOFXODU ODV FRRUGHQDGDV FDUWHVLDQDV GH 3 FRPR VH KD

GHVFULSWR HQ OD VHFFLxRQ ����� � &RQVLGHUHPRV RWUR VLVWHPD GH UHIHUHQFLD �} �v �u �

SDUDOHOR DO SULPHUR� SHUR FRQ RULJHQ 2 HQ XQ SXQWR FX\DV FRRUGHQDGDV FRQ

UHVSHFWR D xHO VHDQ �; �< �= � \ UHVXOWD

}  [ b ;

v  \ b < ���� �

u  ] b = �

6L HQ OXJDU GH ODV FRRUGHQDGDV FDUWHVLDQDV VH XVDQ FRRUGHQDGDV HVIxHULFDV

�� �p �s � WHQHPRV

� FRV s FRV p  [ b ;

� FRV s VHQ p  \ b < �����

� VHQ s  ] b = �

3DUD HO FDVR GH OD xRUELWD KHOLRFxHQWULFD GH XQ SODQHWD R OD xRUELWD JHRFxHQ�

WULFD GH XQ VDWxHOLWH ODV IxRUPXODV ����� VRQ IRUPDOPHQWH ODV PLVPDV�

���



��� & D SxuWX OR � � ' HWHUP LQ D FLxR Q G H X Q D 2 UE LWD 3 UHOLP LQ D U

3DUD OD xRUELWD KHOLRFxHQWULFD HO RULJHQ 2 GHO VHJXQGR VLVWHPD GHEH WRPDUVH

HQ HO FHQWUR GH OD 7LHUUD� FDVR HQ HO FXDO p \ s VRQ OD OR Q J LWX G \ OD WLWX G

J H R F xH Q WU LF D V UHVSHFWLYDPHQWH GH 3 � VL �[ �\ � GHqQHQ HO SODQR GH OD HFOxuSWLFD

R ELHQ VRQ OD D VF H Q VLxR Q U H F WD \ OD G H F OLQ D F LxR Q GH 3 VL �[ �\ � GHqQHQ XQ

SODQR SDUDOHOR DO SODQR GHO HFXDGRU WHUUHVWUH �YHU &DS ��� �

3DUD OD xRUELWD JHRFxHQWULFD HO RULJHQ GHEH WRPDUVH HQ DOJXQ SXQWR GH OD

VXSHUqFLH GH OD 7LHUUD� SRU HM HPSOR HQ OD XELFDFLxRQ GH XQ REVHUYDWRULR�(Q

HVH FDVR p \ s VRQ OD D VF H Q VLxR Q U H F WD \ OD G H F OLQ D F LxR Q WR S R F xH Q WU LF D V GH

3 UHVSHFWLYDPHQWH�

(O PRYLPLHQWR DQXDO GH OD 7LHUUD UHVSHFWR GHO 6RO \ HO PRYLPLHQWR GLXU�

QR GH OD 7LHUUD FRQ UHVSHFWR D VX HM H GH URWDFLxRQ VH FRQRFHQ \� SRU OR WDQWR�

ODV FRRUGHQDGDV �; �< �= � SXHGHQ FRQVLGHUDUVH FRPR IXQFLRQHV GHO WLHPSR

FRQRFLGDV�

$KRUD� HQ EDVH D ODV UHODFLRQHV HVWDEOHFLGDV HQ HO &DSxuWXOR �� TXH YLQFXODQ

ODV FRRUGHQDGDV [ �\ �] FRQ ORV HOHPHQWRV RUELWDOHV \ WHQLHQGR HQ FXHQWD ODV

HFXDFLRQHV ����� � WHQGUHPRV HQ JHQHUDO

p  p �D �H�L�� �o�7 � W�

s  s �D �H �L�� �o�7 � W�� �����

&XDOTXLHU RE MHWR DVWURQxRPLFR VXqFLHQWHPHQWH EULOODQWH SXHGH VHU REVHU�

YDGR R IRWRJUDqDGR \ VXV FRRUGHQDGDV WRSRFxHQWULFDV SXHGHQ PHGLUVH� SRU

HM HPSOR� SRU FRPSDUDFLxRQ FRQ HVWUHOODV YHFLQDV FX\DV FRRUGHQDGDV VH FRQR�

FHQ� /XHJR ODV FRRUGHQDGDV WRSRFxHQWULFDV SXHGHQ FRUUHJLUVH \ UHGXFLUVH D

JHRFxHQWULFDV �F R U U H F F LxR Q S R U S D U D OD MH � � $VXPLHQGR TXH VH GLVSRQH GH

WUHV SDUHV GH YDORUHV REVHUYDGRV �p �s �L  ������ FRUUHVSRQGLHQWHV D WUHVL L

LQVWDQWHV W VH SXHGH HVWDEOHFHU VHLV HFXDFLRQHVL

p  p �D �H�L�� �o�7 � W �L L

s  s �D �H�L�� �o�7 � W �� �����L L

TXH VH SXHGHQ UHVROYHU SDUD REWHQHU ORV VHLV SDUxDPHWURV RUELWDOHV�

(V LPSRUWDQWH REVHUYDU TXH HQ HVWH SURFHVR VH DVXPH LPSOxuFLWDPHQWH

TXH ORV VHLV HOHPHQWRV RUELWDOHV VRQ FRQVWDQWHV R SUxDFWLFDPHQWH QR YDUxuDQ DO

PHQRV HQ HO LQWHUYDOR FXELHUWR SRU ODV WUHV REVHUYDFLRQHV� (Q FDVR FRQWUDULR

VH GHEHUxuDQ WRPDU HQ FXHQWD ODV SHUWXUEDFLRQHV GH XQD PDQHUD TXH OXHJR

GHVFULELUHPRV� HQ WRGR FDVR TXHGDQ GHWHUPLQDGRV ORV HOHPHQWRV RVFXODGRUHV

TXH FRUUHVSRQGHQ D FLHUWR LQVWDQWH W ��
1R H[LVWH RE MHFLxRQ WHxRULFD D OD VROXFLxRQ SURSXHVWD� SHUR ODV HFXDFLRQHV

VRQ DOWDPHQWH WUDVFHQGHQWHV \ FRPSOLFDGDV \ HO SURFHVR VH WRUQD EDVWDQWH

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D



� �� � ,Q WUR G X FFLxR Q ���

LPSUDFWLFDEOH� 3RU HVD UD]xRQ FRQYLHQH GHWHUPLQDU XQ VLVWHPD GH H OH P H Q WR V

LQ WH U P H G LR V GH ORV FXDOHV HV PxDV IxDFLO REWHQHU OXHJR ORV YDORUHV qQDOHV GH

ORV HOHPHQWRV�

3DUD OD GHWHUPLQDFLxRQ GH ODV xRUELWDV GH REMHWRV QDWXUDOHV FRPR SODQHWDV�

DVWHURLGHV R FRPHWDV� VH KDQ GHVDUUROODGR QXPHURVRV PxHWRGRV TXH� HQ JHQH�

UDO� SXHGHQ DJUXSDUVH HQ GRV FODVHV GHQRPLQDGDV 0 xH WR G R V / D S OD F LD Q R V

\ 0 xH WR G R V * D X VVLD Q R V � (Q DPERV FDVRV ORV GDWRV RULJLQDOHV VRQ ODV FR�

RUGHQDGDV HVIxHULFDV �p �s � REVHUYDGDV xRSWLFDPHQWH� TXH VH LQGLFDQ HQ ODVL L

IxRUPXODV ����� � (O RE MHWLYR HVHQFLDO HV OOHJDU D GHWHUPLQDU ORV YHFWRUHV GH

SRVLFLxRQ \ YHORFLGDG GHO RE MHWR FRUUHVSRQGLHQWHV D XQR GH ORV WUHV LQVWDQWHV

W � \ GH DOOxu PHGLDQWH HO SURFHVR GHVFULSWR HQ HO &DSxuWXOR � �VHFFLxRQ ����� �L

REWHQHU ORV VHLV HOHPHQWRV RUELWDOHV�

/RV SURFHVRV PDWHPxDWLFRV HQ ORV PxHWRGRV GH /DSODFH \ GH *DXVV� R HQ VXV

YDULDQWHV LQWURGXFLGDV SRU GLYHUVRV DXWRUHV� VRQ EDVWDQWH GLIHUHQWHV SHUR HQ

DPERV FDVRV RFXUUHQ SURFHVRV LWHUDWLYRV EDVDGRV HQ ORV VLJXLHQWHV FRQFHSWRV�

/D HFXDFLxRQ YHFWRULDO GHO SUREOHPD GH ORV GRV FXHUSRV HV

�G U {
 b U � �����

� �G W U

TXH VH SXHGH HVFULELU HQ OD IRUPD

�G U
 b X U � �����

�G �

S �KDELHQGR SXHVWR �  { �W b W � \ X  �� �U

/D VROXFLxRQ GH HVWH VLVWHPD GH HFXDFLRQHV GLIHUHQFLDOHV SXHGH REWHQHUVH

SRU XQD VHULH GH 7D\ORU GH OD IRUPD � �
� M; � G U MU �� �  U � � � ������ MM � G �
M � �

GRQGH REYLDPHQWH ORV VXExuQGLFHV � LQGLFDQ TXH U \ VXV GHULYDGDV VXFHVLYDV

GHEHQ WRPDUVH SDUD �  ��

7UDV DOJXQDV RSHUDFLRQHV OD VHULH SXHGH UHGXFLUVH D OD IRUPD� �
MG U

U �� �  I �� �U � J �� � � ������ MG �
�

GRQGH ODV IXQFLRQHV I �� � \ J �� � VH H[SUHVDQ FRPR VHULHV GH SRWHQFLDV HQ �

FX\RV FRHqFLHQWHV GHSHQGHQ GH OD IXQFLxRQ X \ VXV VXFHVLYDV GHULYDGDV FRUUHV�

SRQGLHQWHV D �  �� 8QD IRUPD PxDV VLPSOH \ YHQWDMRVD GHVGH XQ SXQWR GH

Fo & R P LVLxR Q 1 D FLR Q D O G H $ FWLYLG D G HV ( VSD FLD OHV � � � � �



��� & D SxuWX OR � � ' HWHUP LQ D FLxR Q G H X Q D 2 UE LWD 3 UHOLP LQ D U

YLVWD SUxDFWLFR IXH REWHQLGD SRU /DJUDQJH PHGLDQWH OD LQWURGXFFLxRQ GH GRV

IXQFLRQHV S \ T GHqQLGDV SRU ODV H[SUHVLRQHV

BU �U
S  �����

�U
�B BU �U b U X

T  � ������
�U

'H HVWD PDQHUD VH REWLHQHQ ODV VHULHV

u v� � �� � � � �I �� �  � b X � � X S � � �X T b ��X S � X �� � � � � � � ��� �� ��u v� � � �� �X S b �X S T b X S � � ��� ������� � � � �� �� u v� � �� � � � �J �� �  � b X � � X S � � �X T b ��X S � X �� � � � � � � �� � ���
� ��� ������

(Q �>��@ �&DS��� VH HQFXHQWUDQ HVWDV VHULHV GHVDUUROODGDV KDVWD OD RFWDYD

SRWHQFLD GH � �

6L VH FRQRFHQ ORV YDORUHV LQLFLDOHV GH SRVLFLxRQ \ YHORFLGDG VH SXHGHQ FDO�

FXODU PHGLDQWH ����� \ ������ ORV YDORUHV GH S \ T \ GHVSXxHV GH HYDOXDU ODV� �

VHULHV GH I \ J SDUD XQ YDORU GDGR GH � VH REWLHQH HO YHFWRU GH SRVLFLxRQ

BU  I U � J U � ������� �

3XHVWR TXH OD SRVLFLxRQ \ YHORFLGDG LQLFLDOHV VRQ FRQVWDQWHV �GDWRV� VH

SXHGH GHULYDU ������ \ REWHQHU HO YHFWRU YHORFLGDG

BB BU  I U � BJ U � ������� �

(VWDV VHULHV X RWUDV HTXLYDOHQWHV �YHU >�@ �&DS�,� VH XVDQ HQ DPERV WLSRV

GH PxHWRGRV DQWHV FLWDGRV� \ HV LPSRUWDQWH VDEHU SDUD TXxH PxD[LPR YDORU GH

� ODV VHULHV WLHQHQ YDORU SUxDFWLFR� (VH YDORU HV SURSRUFLRQDO D OD GLVWDQFLD

GHO IRFR DO SHULKHOLR�R SHULJHR� H LQYHUVDPHQWH SURSRUFLRQDO DO YDORU GH OD

H[FHQWULFLGDG� \ GHSHQGH WDPELxHQ GH OD SRVLFLxRQ GHO RE MHWR DVWURQxRPLFR HQ

VX xRUELWD DO LQVWDQWH �  �� (Q HO FDVR GH OD xRUELWD KHOLRFxHQWULFD GH XQ

DVWHURLGH FX\D GLVWDQFLD PHGLD DO 6RO HV GH ���� XQLGDGHV DVWURQxRPLFDV� TXH

HV XQ YDORU SURPHGLR SDUD HVRV RE MHWRV� \ FX\D H[FHQWULFLGDG QR H[FHGD

HO YDORU ���� TXH HV XQ YDORU UHODWLYDPHQWH DOWR� ODV VHULHV FRQYHUJHQ SDUD

XQ LQWHUYDOR � � ��� GxuDV� 6LQ HPEDUJR SDUD DVHJXUDU XQD FRQYHUJHQFLD

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D



� �� � ,Q WUR G X FFLxR Q ���

VXqFLHQWHPHQWH UxDSLGD SDUD HO FxDOFXOR� HO LQWHUYDOR QR GHEH VHU PD\RU GH ��

GxuDV�

(Q HO FDVR GH OD xRUELWD JHRFxHQWULFD GH XQ VDWxHOLWH DUWLqFLDO OD VLWXDFLxRQ

HV FRPSOHWDPHQWH GLVWLQWD� 1R H[LVWH QLQJxXQ YDORU UD]RQDEOH GHO LQWHUYDOR

TXH DVHJXUH XQD FRQYHUJHQFLD VXqFLHQWHPQWH UxDSLGD� 3RU HMHPSOR FXDQGR HO

LQWHUYDOR HV GHO RUGHQ GH DSHQDV �� PLQXWRV� HO HUURU GH WUXQFDPLHQWR GH ODV
�VHULHV KDVWD HO WxHUPLQR HQ � HV GHO RUGHQ GH XQD XQLGDG GH ORQJLWXG LJX D O D O

UD G LR HFX D WR ULD O G H OD 7 LHUUD  � � � � . P �

3RU HVWDV UD]RQHV ORV PxHWRGRV FOxDVLFRV SDUD HO FxDOFXOR GH XQD xRUELWD SUH�

OLPLQDU IXQFLRQDQ FRQ GLqFXOWDG R VRQ LQHqFLHQWHV HQ HO FDVR GH ORV VDWxHOLWHV

DUWLqFLDOHV� &RQYLHQH HQ HVH FDVR XVDU RWURV PxHWRGRV TXH LQYROXFUHQ QR VROR

REVHUYDFLRQHV DQJXODUHV VLQR WDPELxHQ RWURV GDWRV WDOHV FRPR OD GLVWDQFLD

WRSRFxHQWULFD REWHQLGD SRU UDGDU R OD YHORFLGDG UDGLDO REWHQLGD SRU HO HIHFWR

'RSSOHU GH XQD VHaQDO GH UDGLR HPLWLGD SRU HO VDWxHOLWH�

8QD GHVFULSFLxRQ FRPSOHWD GH ORV GLYHUVRV PxHWRGRV DSOLFDEOHV DO FxDOFXOR

GH XQD xRUELWD SUHOLPLQDU HVFDSD SRU VX H[WHQVLxRQ D ORV OxuPLWHV GH HVWD REUD \

SUHIHULPRV UHPLWLU DO OHFWRU D OD REUD PRQXPHQWDO GH 3�5�(VFREDO �>��@ � TXH

FRQWLHQH WRGRV ORV HOHPHQWRV QHFHVDULRV SDUD LQWURGXFLUVH HQ HVWD HVSHFLD�

OL]DGD GLVFLSOLQD� 7DPELxHQ HQ OD REUD GH 5�+�%DWWLQ �>�@ �&DS��� VH HQFXHQWUD

XQD H[SRVLFLxRQ TXH DSXQWD D ORV DVSHFWRV WHxRULFRV IXQGDPHQWDOHV GHO SUREOH�

PD HQWUDQGR PHQRV HQ ORV GHWDOOHV SUxDFWLFRV GH ODV DSOLFDFLRQHV�

3RU ODV UD]RQHV DSXQWDGDV PxDV DUULED� FXDQGR VH GLVSRQH GH ORV SDUxDPH�

WURV TXH GHqQHQ XQD xRUELWD SUHOLPLQDU HV LPSUHVFLQGLEOH� SDUD SRVWHULRUHV

DSOLFDFLRQHV� VRPHWHU GLFKRV SDUxDPHWURV D XQD FRUUHFFLxRQ EDVDGD HQ XQ

QxXPHUR PD\RU GH REVHUYDFLRQHV FXEULHQGR SHUxuRGRV PD\RUHV GH WLHPSR \

WHQLHQGR HQ FXHQWD ODV LQHYLWDEOHV SHUWXUEDFLRQHV TXH DIHFWDQ HO PRYLPLHQWR�

(VWH HV HO WHPD GHO SUxR[LPR &DSxuWXOR�

Fo & R P LVLxR Q 1 D FLR Q D O G H $ FWLYLG D G HV ( VSD FLD OHV � � � � �
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& D S xuWX OR � �

& R U U H F F LxR Q ' LIH UH Q F LD O G H
X Q D 2 U E LWD

� � �� ,Q WU R G X F F LxR Q

3DUD GHVFULELU OD LGHD HVHQFLDO GHO OODPDGR 0 xH WR G R G H * D X VV�1 H Z WR Q

FRQVLGHUDUHPRV HO FDVR SDUWLFXODU HQ TXH VH GLVSRQH GH SRVLFLRQHV DQJXODUHV

�p �s � REVHUYDGDV HQ GHWHUPLQDGRV LQVWDQWHV W� 6L VH GLVSRQH WDPELxHQ GHR R

YDORUHV DSUR[LPDGRV GH ORV HOHPHQWRV RUELWDOHV �D �H�L�o�� �� � TXH VH GHVHD

FRUUHJLU VDEHPRV� HQ EDVH D ODV IxRUPXODV GHVDUUROODGDV HQ HO &DSxuWXOR �� TXH

VH SXHGH REWHQHU SRVLFLRQHV �p �s � FDOFXODGDV SDUD ORV PLVPRV LQVWDQWHV� 2F F

VHD TXH SRGHPRV HVFULELU VLPExROLFDPHQWH

p  p �D �H�L�o�� �� � W�F

s  s �D �H �L�o�� �� � W� � ������F

R ELHQ HQ IRUPD PxDV FRQFLVD

p  p �H � W�F L

s  s �H � W� ������F L

L  ����������

GRQGH H UHSUHVHQWD FDGD XQR GH ORV VHLV HOHPHQWRV RUELWDOHV� 3RQJDPRVL

DKRUD

dp  p b pR F

ds  s b s ������R F

���



��� & D SxuWX OR � � � & R UUHFFLxR Q ' LIHUHQ FLD O G H X Q D 2 UE LWD

\ DVXPLHQGR TXH OD xRUELWD DSUR[LPDGD VHD VXqFLHQWHPHQWH EXHQD SDUD TXH
� ��dp � \ �ds � \ VXV SRWHQFLDV VXSHULRUHV VHDQ GHVSUHFLDEOHV� SRGHPRV HV�

FULELU

�; # p
dH  dpL

# H LL �

�; # s
dH  ds � ������L

# H LL �

6L VH KDQ KHFKR WUHV SDUHV GH REVHUYDFLRQHV VH SXHGH HVWDEOHFHU VHLV HFXD�

FLRQHV FRPR xHVWDV \ UHVROYHUODV SDUD REWHQHU ODV VHLV FDQWLGDGHV dH TXHL

SXHGHQ FRQVLGHUDUVH FRPR FRUUHFFLRQHV TXH HV SRVLEOH DSOLFDU D ORV UHVSHF�

WLYRV HOHPHQWRV H � HQ PRGR GH UHGXFLU ORV U H VLG X R V dp � ds GH ODV VHLVL

REVHUYDFLRQHV D FHUR�

(Q ORV FDVRV XVXDOHV VH GHEHQ VDWLVIDFHU ODV HFXDFLRQHV FRUUHVSRQGLHQWHV

D PXFKR PxDV TXH VHLV REVHUYDFLRQHV GH PRGR TXH VRQ PxDV ODV HFXDFLRQHV TXH

ODV LQFxRJQLWDV� (Q HO PxHWRGR GH *DXVV�1HZWRQ VH DSOLFD HO FULWHULR GH ORV

& X D G U D G R V 0 xuQ LP R V � TXH GHVFULELUHPRV PxDV DGHODQWH� PHGLDQWH HO FXDO VH

FDOFXOD XQD FRUUHFFLxRQ TXH UHGX]FD OD VXPD GH ORV FXDGUDGRV GH ORV UHVLGXRV

D XQ YDORU PxuQLPR� 8VXDOPHQWH ODV FRUUHFFLRQHV VH FDOFXODQ SDUD UHGXFLU D

XQ PxuQLPR OD VXPD GH ORV FXDGUDGRV GH ODV GLVWDQFLDV DQJXODUHV HQWUH ODV

SRVLFLRQHV REVHUYDGDV \ ODV FDOFXODGDV TXH UHVSRQGHQ D OD H[SUHVLxRQ

� � ��2 b & �  �FRV sdp � � �ds � � ������

(O SURFHVR SXHGH UHSHWLUVH SRU FRUUHFFLRQHV VXFHVLYDV KDVWD TXH ORV UHVLGXRV

TXHGHQ GHQWUR GHO RUGHQ GH ORV HUURUHV GH REVHUYDFLxRQ� /XHJR FRQVLGHUDUHPRV

XQD FRQGLFLxRQ DO PHQRV VXqFLHQWH SDUD TXH HVWH SURFHVR FRQYHUMD�

3DUD HQWUDU HQ PD\RUHV GHWDOOHV FRQVLGHUHPRV ODV IxRUPXODV GHVDUUROODGDV

HQ HO &DSxuWXOR �

[  � FRV s FRV p � ;

\  � FRV s VHQ p � < ������

]  � VHQ s � = �

VLHQGR HQ HVWH FDVR �[�\�]� ODV FRRUGHQDGDV JHRFxHQWULFDV GH XQ RE MHWR� �;�<�=�

ODV FRRUGHQDGDV JHRFxHQWULFDV GH OD HVWDFLxRQ GH REVHUYDFLxRQ� �p �s � ODV FRRUGH�

QDGDV REVHUYDGDV GHO RE M HWR \ � VX GLVWDQFLD DO PLVPR�'LIHUHQFLDQGR UHVXOWD

d[  FRV s FRV p d� b � FRV s VHQ p dp b � VHQ s FRV p ds � d;
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d\  FRV s VHQ p d� � � FRV s FRV p dp b � VHQ s VHQ p ds � d<������

d]  VHQ sd� � � FRV sds � d= �

8VXDOPHQWH VH DVXPH TXH ODV FRRUGHQDGDV GH OD HVWDFLxRQ GH REVHUYDFLxRQ

VRQ FRQRFLGDV \ SRU OR WDQWR d;  d<  d=  �� 6LQ HPEDUJR FDEH OD

DOWHUQDWLYD GH TXH OD xRUELWD VHD FRQRFLGD� FDVR HQ HO FXDO VH SXHGH UHVROYHU

HVWDV HFXDFLRQHV SDUD REWHQHU ODV FRUUHFFLRQHV d; �d< �d= \ FDOFXODU XQD

SRVLFLxRQ PxDV SUHFLVD GH OD HVWDFLxRQ GH REVHUYDFLxRQ� (VWD LGHD HVWxD HQ OD EDVH

GH XQ PxHWRGR SRGHURVR SDUD GHWHUPLQDU SRVLFLRQHV UHODWLYDV GH SXQWRV VREUH

OD VXSHUqFLH WHUUHVWUH� (Q HO FDVR GH FRQVLGHUDU FRQRFLGDV ODV FRRUGHQDGDV

GH OD HVWDFLxRQ VH REWLHQH HOLPLQDQGR ORV WxHUPLQRV HQ d�� � � �d[% &% &% & % &FRV sdp% & % &� �p �s �  �% & % &d\� % & # $% & ds# $
d]

GRQGH �p �s � HV OD PDWUL]� �
% &b VHQ p FRV p �% &

�p �s �  �% &# $
b FRV p VHQ s b VHQ p VHQ s FRV s

(Q OR TXH VLJXH FRQVLGHUDUHPRV HO FDVR GH XQD xRUELWD QR VXMHWD D SHUWXUED�

FLRQHV R ELHQ TXH ORV HIHFWRV GH xHVWDV VHDQ GHVSUHFLDEOHV HQ ORV FxDOFXORV� 0xDV

DGHODQWH FRQVLGHUDUHPRV HO FDVR GH XQD xRUELWD SHUWXUEDGD� 'H DFXHUGR D ODV

IxRUPXODV GHVDUUROODGDV HQ HO &DSxuWXOR � SRGHPRV HVFULELU HQ IRUPD VLPExROLFD

[  [ �H �L

\  \ �H � ������L

]  ] �H ��L

GRQGH [ �\ \ ] VRQ ODV FRRUGHQDGDV SDUD XQ LQVWDQWH W FDOFXODGDV FRQ ORV

HOHPHQWRV RUELWDOHV H FRUUHVSRQGLHQWHV D XQD xHSRFD LQLFLDO W � 6L GLFKRVL �

HOHPHQWRV H[SHULPHQWDQ FRUUHFFLRQHV dH REWHQHPRV SRU GLIHUHQFLDFLxRQL � �� � dH �% &d[ dH% &�% & % &d\  � �W �W�# $ � �% &�# � $d]
dH �

Fo & R P LVLxR Q 1 D FLR Q D O G H $ FWLYLG D G HV ( VSD FLD OHV � � � � �



��� & D SxuWX OR � � � & R UUHFFLxR Q ' LIHUHQ FLD O G H X Q D 2 UE LWD

GRQGH� VLPExROLFDPHQWH�

w x
# �[ �\ �] �

� �W �W�  � �������
# H L

TXH VH GHQRPLQD OD 0 D WU L] G H 7 U D Q VLF LxR Q G H O 3 U R E OH P D G H OR V ' R V

& X H U S R V �

)LQDOPHQWH UHVXOWD HO VLVWHPD OLQHDO GH ODV ( F X D F LR Q H V G H & R Q G LF LxR Q

TXH WLHQHQ OD IRUPD � �
dH � � �% &dH% &� FRV sdp� % &�p �s � � �W �W�  �� �% &� � ds�# $
dH �

(Q HVWDV HFXDFLRQHV ODV LQFxRJQLWDV VRQ ODV FRUUHFFLRQHV GH ORV HOHPHQWRV

RUELWDOHV� OD GLVWDQFLD � VH FDOFXOD FRQ OD xRUELWD DSUR[LPDGD TXH VH YD D FRUUH�

JLU \ ORV VHJXQGRV PLHPEURV GHSHQGHQ GH ODV GLIHUHQFLDV HQWUH ODV SRVLFLRQHV

DQJXODUHV REVHUYDGDV \ FDOFXODGDV� ([SUHVLRQHV GHWDOODGDV GH HVWDV HFXD�

FLRQHV VH SXHGHQ HQFRQWUDU HQ ORV WUDWDGRV FOxDVLFRV GH 5�7�&UDZIRUG �>��@ �
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DGHFXDGDV DO WUDWDPLHQWR FRPSXWDFLRQDO�
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FRUUHFFLxRQ GLIHUHQFLDO GH ODV FRRUGHQDGDV GH SRVLFLxRQ \ YHORFLGDG GRQGH OD

PDWUL] GH WUDQVLFLxRQ HV DKRUD� HQ IRUPD VLPExROLFD�

w x
# �[ �\ �] � B[ � B\ � B] �

� �W�W �  ��������
# �[ �\ �] � B[ � B\ � B] �� � � � � �

\ HO VLVWHPD GH HFXDFLRQHV GH FRQGLFLxRQ HV� �
d[ � � �% &d\% &� FRV sdp� % &�p �s � � �W �W�  �� �% &� � ds# � $
d B] �

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D



� � �� � & R UUHFFLxR Q ' LIHUHQ FLD O G H X Q D 2 UE LWD 3 HUWX UE D G D ���

(VWH SODQWHR SHUPLWH IRUPXODU GH XQD PDQHUD VHQFLOOD OD FRUUHFFLxRQ GL�

IHUHQFLDO PRGHUQD EDVDGD HQ PHGLFLRQHV GH GLVWDQFLD �UDQJH� \ YHORFLGDG
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IXQGDPHQWDO HQ HVWH SURFHVR GH FRUUHFFLxRQ GLIHUHQFLDO� (O SULPHUR HV FRQVL�

GHUDU HO FDVR UHDO GH OD FRUUHFFLxRQ GH XQD xRUELWD VXM HWD D SHUWXUEDFLRQHV�

(O VHJXQGR HV HO GH OD PHWRGRORJxuD QXPxHULFD GH HVWH SURFHVR LQFOX\HQGR DV�

SHFWRV GH OD VROXFLxRQ QXPxHULFD SRU HO FULWHULR GH ORV FXDGUDGRV PxuQLPRV GH

XQ VLVWHPD GH HFXDFLRQHV QR OLQHDOHV VREUHGHWHUPLQDGR� HV GHFLU FRQ PxDV

HFXDFLRQHV TXH LQFxRJQLWDV� *HQHUDOPHQWH HO SURFHVR GH FRUUHFFLxRQ GLIHUHQ�

FLDO VH SUDFWLFD HQ IRUPD LWHUDGD� HV GHFLU FRUULJLHQGR HQ FDGD LWHUDFLxRQ ORV

UHVXOWDGRV GH OD LWHUDFLxRQ DQWHULRU KDVWD TXH OD VXPD GH ORV FXDGUDGRV GH ORV

UHVLGXRV DOFDQFH XQ YDORU LQIHULRU D XQD WROHUDQFLD SUHqMDGD� (VWH SURFHVR QR

VLHPSUH FRQYHUJH \ GH ODV FRQGLFLRQHV SDUD TXH HOOR RFXUUD QRV RFXSDUHPRV

PxDV DGHODQWH�
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& R Q FOX VLxR Q

7&XDQGR OD PDWUL] QRUPDO $ $ QR HV VLQJXODU� OD VROXFLxRQ GH OD HFXDFLxRQ

�������
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HV xXQLFD \ UHGXFH OD QRUPD GH ORV UHVLGXRV D XQ PxuQLPR�

� � �� 6 R OX F LR Q H V D S UR [ LP D G D V G H O S UR F H VR G H F R U�

U H F F LxR Q

'DGD XQD PDWUL] UHFWDQJXODU $ GH P qODV \ Q FROXPQDV VH GHQRPLQD 3 VH X G R

,Q Y H U VD GH $ OD PDWUL] \ 7 b� 7$  �$ $ � $ � �������

FX\D IRUPD DSDUHFH HQ OD IxRUPXOD ������� GH OD VHFFLxRQ DQWHULRU� (Q HO FDVR

GH VHU P  Q � HV GHFLU TXH $ HV XQD PDWUL] FXDGUDGD� UHVXOWD HYLGHQWHPHQWH
\ b�$  $ � \ GH DKxu VX QRPEUH HQ HO FDVR JHQHUDO�

6REUH HVWH WHPD� \ HQ SDUWLFXODU VXV UHODFLRQHV FRQ ORV SURFHVRV GH FXDGUD�

GRV PxuQLPRV� H[LVWH XQD PX\ H[WHQVD OLWHUDWXUD GH OD FXDO FLWDUHPRV GRV

IXHQWHV TXH FRQVLGHUDPRV GH PD\RU DFFHVLELOLGDG�

?1XPHULFDO 5HFLSHV� �>��@ � &DS����

?0DWUL[ &RPSXWDWLRQV� �>��@ � &DS��� �

$ FRQWLQXDFLxRQ UHVXPLUHPRV ORV UHVXOWDGRV TXH FRQVLGHUDPRV PxDV LPSRU�

WDQWHV SDUD QXHVWUR WHPD�

6L VH WLHQH XQ VLVWHPD

$ [  E� �������

HO YHFWRU \A[  $ E �������

HV XQD VR OX FLxR Q D S UR [LP D G D P xuQ LP D GH ������� TXH VDWLVIDFH OD FRQGLFLxRQ
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6L OD PDWUL] $ WLHQH P qODV \ Q FROXPQDV �FRQ Q � P � \ VX UDQJR 5  Q �

OD VROXFLxRQ A[ HV xXQLFD�
7(Q HO FDVR TXH 5 � Q OD PDWUL] QRUPDO $ $ HV VLQJXODU \ OD VROXFLxRQ

A[ QR HV xXQLFD� (Q HVH FDVR VH SXHGH GHWHUPLQDU XQD VR OX FLxR Q D S UR [LP D G D

ExD VLFD [ WDO TXHE
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GRQGH [ WLHQH D OR VXPR 5 FRPSRQHQWHV QR QXODV�/D VROXFLxRQ [ VH SXHGHE E

H[SUHVDU HQ OD IRUPD
@[  $ E� �������E

@GRQGH $ HV XQD PDWUL] TXH VH REWLHQH GHO VLJXLHQWH PRGR�

6L HO UDQJR GH $ HV 5 VH SXHGHQ HOHJLU 5 FROXPQDV OLQHDOPHQWH LQGHSHQ�

GLHQWHV TXH IRUPHQ XQD VXEPDWUL] % � H[SUHVxDQGRVH $ HQ OD IRUPD GH GRV

PDWULFHV \X[WDSXHVWDV

$  �% �% �� ��������

GRQGH % HV OD PDWUL] IRUPDGD SRU ODV Q b 5 FROXPQDV GH $ TXH VRQ OLQHDO��

PHQWH GHSHQGLHQWHV GH ODV 5 FROXPQDV GH % �

$KRUD OD PDWUL] QRUPDO GH % QR HV VLQJXODU \ VH SXHGH FRQVWUXLU OD PDWUL]� �\%% &@$  �# $���

�

\ @GRQGH % HV OD SVHXGR LQYHUVD GH % � (VD PDWUL] $ WLHQH P FROXPQDV \ Q

qODV VLHQGR ODV xXOWLPDV Q b 5 qODV LGxHQWLFDPHQWH QXODV� 3RU WDQWR ORV xXOWLPRV

Q b 5 HOHPHQWRV GHO YHFWRU [ VRQ WDPELxHQ QXORV�E

(O DQxDOLVLV GH OD PDWUL] $ UHVSHFWR GH VX SRVLEOH VLQJXODULGDG SXHGH

KDFHUVH GLUHFWDPHQWH � SRU LQVSHFFLxRQ � FXDQGR HO QxXPHUR GH qODV \ FROXPQDV

QR HV PX\ JUDQGH� (Q FDVR FRQWUDULR H[LVWHQ YDULRV PxHWRGRV VLVWHPxDWLFRV

SDUD KDFHUOR� 1RV UHIHULUHPRV DTXxu VXVFLQWDPHQWH D XQR GH ORV DOJRULWPRV PxDV

HqFDFHV XVDGRV HQ OD DFWXDOLGDG� (O PxHWRGR VH EDVD HQ XQ WHRUHPD UHIHUHQWH

D OD G H VF R P S R VLF LxR Q G H X Q D P D WU L] S R U VX V Y D OR U H V VLQ J X OD U H V TXH VH

SXHGH HQXQFLDU GHO VLJXLHQWH PRGR�

8QD PDWUL] $ GH RUGHQ P d Q FRQ P w Q SXHGH GHVFRPSRQHUVH HQ XQ

SURGXFWR GH OD IRUPD

7$  8 �GLDJ�Z �Z �����Z � �9 � �������� � Q

GRQGH 8 \ 9 VRQ PDWULFHV� GH xRUGHQHV P d Q \ Q d Q � QRUPDOHV HQ HO VHQWLGR

GH TXH VXV FROXPQDV VRQ RUWRQRUPDOHV� \ ORV HOHPHQWRV GH OD PDWUL] GLDJRQDO

VRQ ORV OODPDGRV Y D OR U H V VLQ J X OD U H V TXH� FXDQGR XQD FROXPQD D GH $ HVM

GHSHQGLHQWH OLQHDO GH RWUDV FROXPQDV� HO FRUUHVSRQGLHQWH YDORU VLQJXODU Z M

VH DQXOD� (VWH UHVXOWDGR SHUPLWH REWHQHU XQ GLDJQxRVWLFR GH OD VLWXDFLxRQ \

RUJDQL]DU HO FxDOFXOR GH OD PDQHUD TXH KHPRV GHVFULSWR PxDV DUULED�

&RQYLHQH FLWDU DTXxu XQ LQIRUPH GH OD $JHQFLD (VSDFLDO $OHPDQD �'/5� �

HODERUDGR SRU 2�0RQWHQEUXFN \ 0�*�6XxDUH] >��@ � GRQGH VH GHVFULEH GHWD�

OODGDPHQWH XQD ELEOLRWHFD PRGXODU GH UXWLQDV )RUWUDQ HVSHFLDOL]DGD HQ OD
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HVWLPDFLxRQ SRU FXDGUDGRV PxuQLPRV GH ORV SDUxDPHWURV GH xRUELWDV GH REMHWRV

DUWLqFLDOHV� (VWD ELEOLRWHFD HVWxD GLVHaQDGD SDUD HO SURFHVDPLHQWR VHFXHQFLDO

GH ORV GDWRV� DVHJXUDU OD HVWDELOLGDG QXPxHULFD SDUD HO FDVR GH VLVWHPDV PDO

FRQGLFLRQDGRV� \ PLQLPL]DU ORV UHTXHULPLHQWRV GH PHPRULD FRPSXWDFLRQDO

SDUD SUREOHPDV GH JUDQGHV GLPHQVLRQHV� /D LPSOHPHQWDFLxRQ VH EDVD HQ HO

FRQFHSWR GH OD IDFWRUL]DFLxRQ 45 GH PDWULFHV XVDQGR HO SURFHGLPLHQWR GH

*LYHQV SRU PDWULFHV GH URWDFLxRQ�

� � �� ( IH F WR V G H OR V H UU R UH V G H R E VH U Y D F LxR Q

&RQVLGHUDUHPRV DTXxu VRODPHQWH ORV H U U R U H V D F F LG H Q WD OH V TXH SXHGHQ VHU

FRQVLGHUDGRV FRPR YDULDEOHV DOHDWRULDV SRU SURYHQLU GH QXPHURVDV FDXVDV

PDWHULDOHV LPSUHGHFLEOHV� 7DPELxHQ WLHQHQ HIHFWRV ORV H U U R U H V VLVWH P xD WLF R V

SURYHQLHQWHV GH XQD VROD FDXVD SHUR TXH GHEH VHU LQYHVWLJDGD VHSDUDGDPHQWH

SDUD VHU HOLPLQDGD�

/RV HUURUHV DFFLGHQWDOHV WLHQHQ PDJQLWXGHV YDULDEOHV \ SDUD VX HVWXGLR

SUREDELOxuVWLFR VH ORV SXHGH FRQVLGHUDU GLVWULEXLGRV HQ F OD VH V R F D WH J R UxuD V

SRU ORV YDORUHV GH GLFKDV PDJQLWXGHV� 8QD RUGHQDFLxRQ WDEXODU UHODFLRQDQGR

ODV FODVHV FRQ ODV FRUUHVSRQGLHQWHV IUHFXHQFLDV VH GHQRPLQD XQD G LVWU LE X F LxR Q

G H IU H F X H Q F LD V R WDPELxHQ XQD WD E OD G H S U R E D E LOLG D G H V G H IU H F X H Q F LD V �

5HSUHVHQWDQGR GLFKD WDEOD HQ IRUPD FDUWHVLDQD FRQ ODV PDJQLWXGHV GH ORV

HUURUHV HQ DEVFLVDV \ ODV UHVSHFWLYDV IUHFXHQFLDV HQ RUGHQDGDV UHVXOWD XQD

F X U Y D G H G LVWU LE X F LxR Q G H IU H F X H Q F LD V � 'LFKD FXUYD HQ HO FDVR GH ORV HU�

URUHV GH REVHUYDFLxRQ �VXSXHVWDPHQWH QR RULJLQDGRV HQ XQD FDXVD VLVWHPxDWLFD�

WLHQH JHQHUDOPHQWH IRUPD GH FDPSDQD DSUR[LPDGDPHQWH VLPxHWULFD FRQ UH�

VSHFWR D XQ HM H GH RUGHQDGDV SDVDQGR SRU HO HUURU FHUR� (VWR VLJQLqFD TXH

ORV HUURUHV QHJDWLYRV \ SRVLWLYRV RFXUUHQ FRQ LJXDO IUHFXHQFLD \ ORV HUURUHV

SUxR[LPRV D FHUR VRQ ORV PxDV QXPHURVRV� 'H DFXHUGR D OD WHRUxuD SURED�

ELOxuVWLFD XQD VXPD GH YDULDEOHV DOHDWRULDV� FDGD XQD FRQ VX FRUUHVSRQGLHQWH

GLVWULEXFLxRQ GH IUHFXHQFLDV� WLHQH XQD GLVWULEXFLxRQ GH IUHFXHQFLDV DSUR[LPDGD

DVLQWxRWLFDPHQWH SRU OD IXQFLxRQ u v
��b � � �
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VL ODV YDULDEOHV DOHDWRULDV VRQ LQGHSHQGLHQWHV HQWUH Vxu � (Q HVWD H[SUHVLxRQ

I �[ �G [ HV HO QxXPHUR GH FDVRV HQ TXH OD YDULDEOH DOHDWRULD WRPD XQ YDORU

HQWUH [ \ [ � G [ \ K VH GHQRPLQD HO P xR G X OR G H S U H F LVLxR Q � (VWD H[SUHVLxRQ

GHqQH PDWHPxDWLFDPHQWH XQD G LVWU LE X F LxR Q Q R U P D O R * D X VVLD Q D � (O xDUHD5� �EDMR OD FXUYD HV I �[ �G [  � FRPR FRUUHVSRQGH �b�
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(Q OXJDU GH K VH SXHGH LQWURGXFLU OD UDxu] FXDGUDGD GH OD PHGLD GH ORV

FXDGUDGRV GH OD YDULDEOH DOHDWRULD [ TXH VH GHQRPLQD G H VY xuR VWD Q G D U G �
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7DPELxHQ VH SXHGH GHPRVWUDU TXH GDGRV ORV YDORUHV Y GH Q YDULDEOHV DOHDWR�M

ULDV�
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GRQGH D HV OD PHGLD ?YHUGDGHUD� � TXH VH GHVFRQRFH \ HQ OD SUxDFWLFD VH VXVWL�

WX\H SRU OD PHGLD DULWPxHWLFD GH ODV Y �M
2WUR SDUxDPHWUR IUHFXHQWHPHQWH XVDGR HV HO ( U U R U 3 U R E D E OH R & X D U WLOR

TXH HV OD FDQWLGDG TXH� HQ PDJQLWXG DEVROXWD� H[FHGH D OD PLWDG GH ORV HUURUHV

\ HV H[FHGLGD SRU OD RWUD PLWDG� 6H SXHGH GHPRVWUDU TXH� HQ HO FDVR GH XQD

GLVWULEXFLxRQ QRUPDO� OD UHODFLxRQ GHO HUURU SUREDEOH� TXH LQGLFDUHPRV FRPR

H�S �� FRQ HO GHVYxuR VWDQGDUG � HV

H�S � ������� � �������

(Q HO FDVR GH TXH ODV PDJQLWXGHV PHGLGDV X REVHUYDGDV KD\DQ VLGR

REWHQLGDV FRQ GLIHUHQWHV JUDGRV GH SUHFLVLxRQ HV QHFHVDULR DIHFWDU D FDGD

HFXDFLxRQ GH FRQGLFLxRQ SRU XQ ID FWR U G H SHVR Z � \ HV SRVLEOH GHPRVWUDU TXHLS
VL FDGD HFXDFLxRQ VH PXOWLSOLFD SRU Z WRGDV ODV HFXDFLRQHV� HQ YLVWD GHL

ORV UHVXOWDGRV qQDOHV GHO SURFHVR� VH SXHGHQ WUDWDU FRPR VL HO SHVR FRPxXQ

D WRGDV IXHUD LJXDO D � � 0D\RUHV GHWDOOHV VREUH HVWD FXHVWLxRQ VH SXHGHQ

HQFRQWUDU HQ �>�@ � &DS�9,,,� � (V EXHQR DFODUDU TXH OD DGMXGLFDFLxRQ GH SHVRV

UHVSRQGH D UD]RQHV KHXUxuVWLFDV R VHD TXH GHSHQGHQ GH OD H[SHULHQFLD SHUVRQDO

GHO FDOFXOLVWD�

/D IRUPD FOxDVLFD GH HYDOXDU OD FDOLGDG GH XQD VROXFLxRQ SRU FXDGUDGRV

PxuxQL xPRV FRQVLVWH HQ GHWHUPLQDU HO H U U R U S U R E D E OH TXH DIHFWD D FDGD LQFxRJ�

QLWD� OR FXDO VH UHDOL]D GHO VLJXLHQWH PRGR�
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(VFULELPRV HQ IRUPD DEUHYLDGD HO VLVWHPD GH HFXDFLRQHV GH FRQGLFLxRQ

$ [  d� �������

GRQGH $ HV OD PDWUL] GH RUGHQ P d Q � [ HV HO YHFWRU GH ODV Q LQFxRJQLWDV

\ d HO YHFWRU GH ORV P UHVLGXRV GH REVHUYDFLxRQ PHQRV FxDOFXOR� /D VROXFLxRQ

GH FXDGUDGRV PxuQLPRV HVWxD GDGD SRU OD H[SUHVLxRQ ������� TXH HVFULELPRV

DEUHYLDGDPHQWH HQ OD IRUPD

A[  & T � �������

7 7GRQGH & HV OD LQYHUVD GH OD PDWUL] QRUPDO $ $ \ T HV HO YHFWRU $ d�

& HV OD PDWUL] FX\RV HOHPHQWRV QR GLDJRQDOHV & �FRQ M � L� FRQVWLWX\HQL�M

ODV FRYDULDQ]DV HQWUH ODV LQFxRJQLWDV [ \ [ � \ ORV HOHPHQWRV GLDJRQDOHV &L M LL
�VRQ ODV UHVSHFWYDV YDULDQ]DV � � )LQDOPHQWH HQ XQ VLVWHPD GH HFXDFLRQHV GHL

FRQGLFLxRQ FRQ P HFXDFLRQHV \ Q LQFxRJQLWDV �FRQ P ! Q � � UHVXHOWR SRU HO

SURFHVR GH FXDGUDGRV PxuQLPRV� HO HUURU SUREDEOH GH FDGD LQFxRJQLWD YHQGUxD

GDGR SRU OD IxRUPXOD

� �3 P �S YMM � M
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P b Q

GRQGH S VRQ ORV SHVRV \ Y ORV UHVLGXRV� DO UHHPSOD]DU HQ ODV HFXDFLRQHV GHM M

FRQGLFLxRQ ODV LQFxRJQLWDV FDOFXODGDV�

� � �� �� 8 Q H MH P S OR Q X P xH ULF R

(Q HO VLJXLHQWH HM HPSOR VH GDQ ORV GHWDOOHV GH OD VROXFLxRQ QXPxHULFD SRU FXDGUD�

GRV PxuQLPRV GH XQ VLVWHPD VREUHGHWHUPLQDGR GH HFXDFLRQHV OLQHDOHV�
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� � �� $ Q xD OLVLV \ 7 U D WD P LH Q WR G H OR V ' D WR V

/RV FRQFHSWRV HVHQFLDOHV TXH TXHUHPRV GHVFULELU SXHGHQ LOXVWUDUVH FRQ HO

VLJXLHQWH HM HPSOR VHQFLOOR�

&RQVLGHUHPRV XQ SODQR GHqQLGR SRU FRRUGHQDGDV �[ �\ � HQ HO FXDO VH

GDQ FRPR GDWRV XQD FROHFFLxRQ GH SXQWRV TXH PXHVWUDQ XQD FLHUWD WHQGHQFLD

UHFWLOxuQHD� 6H WUDWD HQ HVWH FDVR GH GHWHUPLQDU ORV SDUxDPHWURV D \ E TXH

GHqQHQ XQD OxuQHD UHFWD GH HFXDFLxRQ \  D � E[ TXH UHSUHVHQWH GHO PHMRU

PRGR SRVLEOH ORV SXQWRV GDGRV� SDUD OR FXDO VH SXHGH DSOLFDU HO FULWHULR
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��� & D SxuWX OR � � � & R UUHFFLxR Q ' LIHUHQ FLD O G H X Q D 2 UE LWD

GH ORV FXDGUDGRV PxuQLPRV� (Q HVWD RSHUDFLxRQ LQWHUHVD REWHQHU QR VROR ORV

SDUxDPHWURV D \ E VLQR WDPELxHQ XQD HVWLPDFLxRQ GH ORV HUURUHV TXH DIHFWDQ D

HVRV SDUxDPHWURV� \ WDPELxHQ XQD PHGLGD HVWDGxuVWLFD GH OD ERQGDG GHO DMXVWH

TXH SXHGH VHU HQ HVWH FDVR XQ GHVYxuR VWDQGDUG GH ORV UHVLGXRV GH PDJQLWXG

UD]RQDEOH� (V FRQRFLGR TXH OD SUHVHQFLD GH DOJXQRV SRFRV GDWRV TXH HVFDSHQ

QRWRULDPHQWH D OD PHQFLRQDGD WHQGHQFLD UHFWLOxuQHD �TXH SRU HVH PRWLYR VH

GHQRPLQDQ FRQ OD SDODEUH LQJOHVD ?RXWOLHUV� � DIHFWH OD RSHUDFLxRQ WRUQDQGR

LQH[DFWRV H LQxXWLOHV ORV UHVXOWDGRV�

7DPELxHQ SXHGH VHUYLU GH HM HPSOR OD FRUUHFFLxRQ GLIHUHQFLDO GH ORV SDUxDPH�

WURV GH XQD HOLSVH HQ HO SODQR �[ �\ � TXH KHPRV GHVFULSWR DQWHULRUPHQWH�

(V LPSRUWDQWH HQWRQFHV OD DSOLFDFLxRQ GH PxHWRGRV TXH HOLPLQHQ� R DO PHQRV

DWHQxXHQ� HVDV GLqFXOWDGHV�

/ X J D U H V Q R U P D OH V

(VWH UHFXUVR VXHOH DSOLFDUVH SUHYLDPHQWH D ORV SURFHVRV GH FRUUHFFLxRQ

GLIHUHQFLDO GH xRUELWDV� 3RU UD]RQHV IxuVLFDV R DVWURQxRPLFDV ODV REVHUYDFLRQHV

SXHGHQ FRQFHQWUDUVH D LQWHUYDORV GH WLHPSR VXFHVLYRV \ FRUWRV� \ SRU HVWD

UD]xRQ HQ FDGD LQWHUYDOR ODV HFXDFLRQHV GH FRQGLFLxRQ YDUxuDQ SRFR� (Q HVWH

FDVR VH SXHGH SURPHGLDU ORV UHVLGXRV 2�& GHO LQWHUYDOR \ IRUPDU XQD xXQLFD

HFXDFLxRQ GH FRQGLFLxRQ FRUUHVSRQGLHQWH DO LQVWDQWH PHGLR GHO LQWHUYDOR� /D

REVHUYDFLxRQ DVxu FRQVWUXLGD DUWLqFLDOPHQWH HV OR TXH VH GHQRPLQD XQ / X J D U

1 R U P D O� 8Q PRGR DOJR PxDV FRPSOLFDGR GH SURFHGHU FXDQGR ODV REVHUYD�

FLRQHV VRQ PX\ QXPHURVDV HV HO VLJXLHQWH� 3ULPHUR VH DMXVWD XQ SROLQRPLR

GH VHJXQGR R WHUFHU JUDGR TXH UHSUHVHQWH DSUR[LPDGDPHQWH ORV UHVLGXRV 2�&

\ FRQ ODV GLIHUHQFLDV UHVSHFWR DO SROLQRPLR VH GHWHUPLQD HO GHVYxuR VWDQGDUG

� � /XHJR VH HOLPLQD GHO FxDOFXOR DTXHOODV REVHUYDFLRQHV FX\D GLIHUHQFLD GHO

UHVLGXR UHVSHFWR DO SROLQRPLR HV LJXDO R PD\RU TXH �� TXH FRUUHVSRQGH HQ

OD FXUYD GH IUHFXHQFLDV GH *DXVV D XQD RUGHQDGD SUxDFWLFDPHQWH QXOD� 6H

UHSLWH OD RSHUDFLxRQ FRQ ORV UHVLGXRV QR HOLPLQDGRV \ qQDOPHQWH VH IRUPD XQD

xXQLFD HFXDFLxRQ GH FRQGLFLxRQ FDOFXODQGR FRQ HO QXHYR SROLQRPLR HO UHVLGXR

2�& FRUUHVSRQGLHQWH DO LQVWDQWH PHGLR GHO LQWHUYDOR�

(YLGHQWHPHQWH HVWRV SURFHGLPLHQWRV WLHQHQ XQD EDVH KHXUxuVWLFD \ VX DSOL�

FDFLxRQ GHSHQGH GH OD H[SHULHQFLD \ HO EXHQ MXLFLR GHO FDOFXOLVWD�

0 xH WR G R V U R E X VWR V

(Q HVWRV PxHWRGRV� D GLIHUHQFLD GH ORV PxHWRGRV EDVDGRV HQ OXJDUHV QRU�

PDOHV� QR VH HOLPLQDQ ORV GDWRV DIHFWDGRV SRU GHVYxuRV LPSRUWDQWHV VLQR TXH

VH WUDWD GH DWHQXDU VXV HIHFWRV SRU SURFHGLPLHQWRV DGHFXDGRV� $XQTXH HVWRV

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D



� � �� � $ Q xD OLVLV \ 7 UD WD P LHQ WR G H OR V ' D WR V ���

SURFHGLPLHQWRV WLHQHQ WDPELxHQ XQD EDVH HPSxuULFD H[LVWH XQD SURIXVD OLWHUD�

WXUD VREUH VXV DVSHFWRV WHxRULFRV HQ HO GRPLQLR GH OD (VWDGxuVWLFD $SOLFDGD�

3DUD LOXVWUDU ODV LGHDV GHVFULELPRV D FRQWLQXDFLxRQ XQ HMHPSOR VHQFLOOR GH VX

DSOLFDFLxRQ�

(Q HVWH FDVR VH WUDWD GH DVLJQDU SHVRV D ODV HFXDFLRQHV GH FRQGLFLxRQ HQ

IXQFLxRQ GH OD PDJQLWXG DEVROXWD GH ORV UHVSHFWLYRV UHVLGXRV PHGLDQWH ORV

VLJXLHQWHV SDVRV�

� � 6H FDOFXOD OD ?PHGLDQD� 0 TXH HV HO YDORU GHO PHGLR GH WRGRV ORV

UHVLGXRV d RUGHQDGRV HQ RUGHQ GH PDJQLWXG DEVROXWD �QxXPHUR GH UHVLGXRVL

LPSDU� R OD PHGLD DULWPxHWLFD GH ORV GRV UHVLGXRV GHO PHGLR �QxXPHUR GH UHVL�

GXRV SDU�

�� 6H FDOFXODQ ORV UHVLGXRV HVWDQGDUL]DGRV

dL
d  � �������VL

�

0GRQGH �  �� �� � �
�� 6H FDOFXODQ ORV UHVSHFWLYRV SHVRV

w �d �VL
Z  � �������L

dL

GRQGH w �X � SXHGH VHU XQD IXQFLxRQ HPSxuULFD FRPR OD VLJXLHQWH�
w �X �  ����� FXDQGR X ! �����

w �X �  X FXDQGR X � �����

w �X �  b ����� FXDQGR X � b �����
�� 6H PXOWLSOLFD FDGD HFXDFLxRQ SRU VX UHVSHFWLYR SHVR \ VH DSOLFD HQ IRUPD

LWHUDGD HO SURFHVR GH FXDGUDGRV PxuQLPRV UHSLWLHQGR DQWHV GH FDGD LWHUDFLxRQ

ORV SDVRV �� D �� �

�� &XDQGR VH KD DOFDQ]DGR OD PLQLPL]DFLxRQ GH ORV FXDGUDGRV GH ORV UH�

VLGXRV VH UHSLWHQ XQD YH] PxDV ORV SDVRV �� D �� FRQ XQD QXHYD IXQFLxRQ w

GHqQLGD SRU
w �X �  � FXDQGR MX M ! ����u v�c d�Xw �X �  X � b FXDQGR MX M � ����� �� �

(Q HVWH HM HPSOR VH XWLOL]D HO FULWHULR GH ORV FXDGUDGRV PxuQLPRV SHUR VH

DWHQxXD HO SRVLEOH HIHFWR GH OD SUHVHQFLD GH UHVLGXRV DLVODGRV JUDQGHV� XWL�

OL]DQGR HO SDUxDPHWUR HVWDGxuVWLFR GH OD PHGLDQD TXH HV SRFR VHQVLEOH D HVH

HIHFWR�

&DEH PHQFLRQDU XQ LQWHUHVDQWH DUWxuFXOR GH 5�/�%UDQKDP �>�@ � GRQGH SUH�

VHQWD ORV UHVXOWDGRV GH XQ HVWXGLR FRPSDUDWLYR GH YDULRV PxHWRGRV GH UHVROX�

Fo & R P LVLxR Q 1 D FLR Q D O G H $ FWLYLG D G HV ( VSD FLD OHV � � � � �



��� & D SxuWX OR � � � & R UUHFFLxR Q ' LIHUHQ FLD O G H X Q D 2 UE LWD

FLxRQ GH XQ VLVWHPD VREUHGHWHUPLQDGR GH HFXDFLRQHV OLQHDOHV HQ UHODFLxRQ DO

PxHWRGR GH FXDGUDGRV PxuQLPRV� 'LFKRV PxHWRGRV VRQ ORV VLJXLHQWHV�

D�( O P xHWRG R G H OR V S UR P HG LR V IXH SURSXHVWR SRU 7RELDV 0D\HU HQ HO VLJOR

;9,,,� FRQVLVWH HQ IRUPDU WDQWRV FRQMXQWRV GH HFXDFLRQHV FRPR HO QxXPHUR

GH LQFxRJQLWDV� REWHQHU OD VXPD GH ODV HFXDFLRQHV GH FDGD FRQMXQWR \ UHVROYHU

HO VLVWHPD DVxu IRUPDGR FRPR HFXDFLRQHV QRUPDOHV�

E�( O P xHWRG R G H & K HE\VK HY TXH FRQVLVWH HQ PLQLPL]DU HO PxD[LPR UHVLGXR

HQ YDORU DEVROXWR �PLQ�PD[� �

F�( O P xHWRG R G H OD VX P D P xuQ LP D SURSXHVWR D qQHV GHO VLJOR ;,; SRU

)�<�(GJHZRUWK >��@ TXH FRQVLVWH HQ PLQLPL]DU OD VXPD GH ORV YDORUHV DEVROX�

WRV GH ORV UHVLGXRV� ([LVWH XQ DOJRULWPR SDUD DSOLFDU HVWH FULWHULR EDVDGR HQ

XQD PRGLqFDFLxRQ GHO PxHWRGR VLPSOH[ GH SURJUDPDFLxRQ OLQHDO �>�@ � �

3DUD SUREDU HVWRV PxHWRGRV \ FRPSDUDUORV FRQ VROXFLRQHV SRU FXDGUDGRV

PxuQLPRV� VH UHVROYLxR HO SUREOHPD GH FRUUHJLU SRVLFLxRQ \ YHORFLGDG RVFXODGRUDV

GH DVWHURLGHV FRQ GDWRV GH REVHUYDFLRQHV DQJXODUHV� 6H SURExR FRQ GDWRV VLPX�

ODGRV D SDUWLU GH XQD xRUELWD FRQRFLGD \ WDPELxHQ FRQ GDWRV UHDOHV UHVROYLHQGR

���� HFXDFLRQHV GH FRQGLFLxRQ FRQ � LQFxRJQLWDV� /RV PxHWRGRV D� \ E� SUREDURQ

VHU SRFR DSURSLDGRV H LQHqFDFHV SDUD HVWRV SUREOHPDV� (Q FDPELR HO PxHWRGR

F� GHPRVWUxR WHQHU XQD HqFDFLD FRPSDUDEOH D OD GH ORV FXDGUDGRV PxuQLPRV� 6H

DUULExR D OD FRQFOXVLxRQ GH TXH FRQYLHQH REWHQHU FRQ HO PxHWRGR F� � SRFR VHQVLEOH

D ODV REVHUYDFLRQHV GLVFRUGDQWHV� XQD VROXFLxRQ SUHOLPLQDU TXH SXHGH VHUYLU

SDUD XQ qOWUDGR GH ORV GDWRV \ OXHJR FRUUHJLUOD FRQ HO PxHWRGR GH FXDGUDGRV

PxuQLPRV�
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& D S xuWX OR � �

6 LVWH P D V G H U H IH U H Q F LD \
P H G LF LxR Q G H O WLH P S R

� � �� ,Q WU R G X F F LxR Q

(Q HVWH FDSxuWXOR GHVFULELUHPRV DOJXQRV FRQFHSWRV TXH KHPRV YHQLGR XVDQGR

D OR ODUJR GH WRGD OD REUD \ FX\D GHqQLFLxRQ GHWDOODGD KXELHUD LQWHUUXPSLGR

HO KLOR GH OD H[SRVLFLxRQ� 7DOHV FRQFHSWRV VH UHqHUHQ HVSHFLDOPHQWH D ORV

VLVWHPDV GH UHIHUHQFLD \ WLSRV GH FRRUGHQDGDV PxDV XVXDOHV DVxu FRPR YDULRV

VLVWHPDV GH PHGLFLxRQ GHO WLHPSR� 3DUD HVWRV WHPDV OD ELEOLRJUDIxuD TXH VH

DFRQVHMD FRQVXOWDU HQ VXV DVSHFWRV PxDV FOxDVLFRV HV >�� @ � SDUD WUDWDPLHQWRV

PxDV PRGHUQRV HV >��@ \ OD LQIRUPDFLxRQ PxDV UHFLHQWH VH HQFRQWUDUxD HQ >��@ �

� � �� �� 6 LVWH P D V G H UH IH UH Q F LD

(VHQFLDOPHQWH XQ VLVWHPD GH UHIHUHQFLD VH FRPSRQH GH XQ S X Q WR R U LJ H Q \

GH XQ S OD Q R IX Q G D P H Q WD O G H U H IH U H Q F LD �

&RQ UHODFLxRQ DO SXQWR RULJHQ ORV VLVWHPDV GH LQWHUxHV HQ HVWD REUD VRQ�

6 LVWH P D 7 R S R F xH Q WU LF R FRQ HO RULJHQ HQ XQ SXQWR GH OD VXSHUqFLH GH OD

7LHUUD�

6 LVWH P D * H R F xH Q WU LF R FRQ HO RULJHQ HQ HO EDULFHQWUR GH OD 7LHUUD

6 LVWH P D + H OLR F xH Q WU LF R FRQ HO RULJHQ HQ HO EDULFHQWUR GHO 6RO�

&RQ UHODFLxRQ DO SODQR IXQGDPHQWDO GH UHIHUHQFLD ORV VLVWHPDV GH LQWHUxHV

VRQ �

+ R U L] R Q WD O FRQ HO SODQR SHUSHQGLFXODU D OD YHUWLFDO GH XQ OXJDU� LQGLFDGD

SRU OD GLUHFFLxRQ GH OD SORPDGD�

���



��� & D SxuWX OR � � � 6 LVWHP D V G H UHIHUHQ FLD \ P HG LFLxR Q G HO WLHP S R

( F X D WR U LD O FRQ HO SODQR SHUSHQGLFXODU DO HM H GH URWDFLxRQ GH OD 7LHUUD

TXH SDVD SRU HO EDULFHQWUR GH OD 7LHUUD�

( F OxuS WLF R FRQ HO SODQR HQ TXH VH PXHYH OD 7LHUUD HQ VX WUDVODFLxRQ DQXDO

HQ UHODFLxRQ DO 6RO�

(VWRV VLVWHPDV HVWxDQ DQLPDGRV GH GLYHUVRV PRYLPLHQWRV RFDVLRQDGRV SRU

ODV DWUDFFLRQHV JUDYLWDWRULDV GH ORV GHPxDV REMHWRV GHO VLVWHPD VRODU� UD]xRQ

SRU OD FXDO VH DGRSWDQ WRPDGRV HQ VX SRVLFLxRQ FRUUHVSRQGLHQWH D XQ LQVWDQWH

GDGR� JHQHUDOPHQWH DO FRPLHQ]R R D OD PLWDG GH FDGD VLJOR� VH FRQVLGHUD

DFWXDOPHQWH HO FRPLHQ]R GHO DaQR �����

(Q UHODFLxRQ D FDGD XQR GH HVWRV VLVWHPDV VH SXHGH GHqQLU OD SRVLFLxRQ

GH XQ REMHWR SRU VXV F R R U G H Q D G D V F D U WH VLD Q D V GHqQLGDV GH OD VLJXLHQWH

PDQHUD� (O HM H = HV RUWRJRQDO DO SODQR IXQGDPHQWDO \ ORV HM HV ; H < \DFHQ

REYLDPHQWH HQ GLFKR SODQR� (Q ORV VLVWHPDV (FXDWRULDO R (FOxuSWLFR� HO HMH ;

FRLQFLGH FRQ OD LQWHUVHFFLxRQ GH DPERV SODQRV IXQGDPHQWDOHV \ VX GLUHFFLxRQ

SRVLWLYD VH GLULJH KDFLD HO HTXLQRFFLR GH PDU]R TXH OXHJR GHqQLUHPRV�

8VXDOPHQWH SDUD LQGLFDU ODV FRRUGHQDGDV \ FRPSRQHQWHV GH OD YHORFLGDG

GH ORV RE MHWRV QDWXUDOHV GHO VLVWHPD VRODU VH XWLOL]D HO VLVWHPD KHOLRFxHQWULFR

HFXDWRULDO \ SDUD GHqQLU ORV HOHPHQWRV RUELWDOHV GH ORV PLVPRV VH XWLOL]D

HO VLVWHPD KHOLRFxHQWULFR HFOxuSWLFR� 3DUD ORV VDWxHOLWHV DUWLqFLDOHV VH XWLOL]D HO

VLVWHPD JHRFxHQWULFR HFXDWRULDO� &RQ HVWDV YDULDEOHV VH H[SUHVDQ ODV HFXDFLRQHV

GLIHUHQFLDOHV TXH SHUPLWHQ DQDOL]DU ORV PRYLPLHQWRV \ FRQVWUXLU ODV WDEODV GH

SRVLFLRQHV \ YHORFLGDGHV TXH DSDUHFHQ HQ ORV DOPDQDTXHV DVWURQxRPLFRV�

� � �� �� & R R UG H Q D G D V ( VIxH ULF D V

�9HU )LJXUD ������ �

(Q SULPHU OXJDU GHEHPRV GHqQLU XQD ( VIH U D & H OH VWH GH UDGLR XQLWDULR

FHQWUDGD HQ HO RULJHQ GH FRRUGHQDGDV� /DV LQWHUVHFFLRQHV GH ORV SODQRV HFXD�

WRULDO \ HFOxuSWLFR FRQ OD HVIHUD FHOHVWH VRQ FxuUFXORV PxD[LPRV� (VWRV VH LQ�

WHUVHFWDQ HQ GRV SXQWRV GLDPHWUDOPHQWH RSXHVWRV TXH VRQ ORV GHQRPLQDGRV

H T X LQ R F LR V � 7DO QRPEUH SURYLHQH GHO KHFKR TXH SRU OD WUDVODFLxRQ DQXDO GH

OD 7LHUUD OD LPDJHQ GHO 6RO SUR\HFWDGD VREUH OD HVIHUD FHOHVWH SDVD SRU GLFKRV

SXQWRV DSUR[LPDGDPHQWH HO �� GH PDU]R \ �� GH VHSWLHPEUH UHVSHFWLYDPHQWH�

(Q GLFKDV IHFKDV� SRU HVWDU HO 6RO XELFDGR VREUH HO HFXDGRU FHOHVWH� ODV GX�

UDFLRQHV GHO GxuD \ OD QRFKH VRQ LJXDOHV� (O HTXLQRFLR GH PDU]R VH GHQRPLQD

H T X LQ R F LR Y H U Q D O TXH VHaQDOD HO FRPLHQ]R GH OD SULPDYHUD HQ HO KHPLVIHULR

QRUWH� 6HaQDOD WDPELHQ HO VHQWLGR SRVLWLYR GH OD FRRUGHQDGD FDUWHVLDQD ; � (V

FRPxXQ LQGLFDU HO HTXLQRFFLR R SXQWR YHUQDO FRQ OD OHWUD JULHJD r SDUHFLGD DO

VxuPEROR GH OD FRQVWHODFLxRQ GH $ULHV GRQGH VH KDOODED XELFDGR GLFKR SXQWR�

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D



� � �� � ,Q WUR G X FFLxR Q ���

�$FWXDOPHQWH� SRU HO IHQxRPHQR GH OD S U H F H VLxR Q G H OR V H T X LQ R F F LR V � SRU

ODV SHUWXUEDFLRQHV GH RULJHQ JUDYLWDWRULR� HO SXQWR YHUQDO VH HQFXHQWUD HQ OD

FRQVWHODFLxRQ GH 3LVFLV� �

'DGR XQ SODQR TXH SDVD SRU HO FHQWUR GH OD HVIHUD FHOHVWH \ XQD SHUSHQ�

GLFXODU SRU HO RULJHQ GHqQH GRV SXQWRV GLDPHWUDOPHQWH RSXHVWRV TXH VRQ ORV

SRORV GHO FLUFXOR PxD[LPR FRUUHVSRQGLHQWH� 7DOHV VRQ� SRU HM HPSOR� ORV SR�

ORV QRUWH \ VXU GHO FxuUFXOR GHO HFXDGRU R ORV GH OD HFOxuSWLFD UHVSHFWLYDPHQWH�

/RV SRORV FRUUHVSRQGLHQWHV DO FxuUFXOR KRUL]RQWDO VRQ HO F H Q LW \ VX RSXHVWR

HO Q D G LU � REYLDPHQWH XQ FxuU F X OR P xD [ LP R Y H U WLF D O SDVD SRU HO FHQLW \ HO

QDGLU�

/RV VLVWHPDV GH FRRUGHQDGDV HVIxHULFDV GHqQHQ OD GLUHFFLxRQ GHO UDGLR YHFWRU

FRUUHVSRQGLHQWH D XQ RE MHWR FHOHVWH� /RV PxDV XVXDOHV VRQ ORV VLJXLHQWHV�

� � �� �� $ OWLWX G �R ( OH Y D F LxR Q � \ $ ] LP X W

(VWDV FRRUGHQDGDV VH UHqHUHQ DO SODQR KRUL]RQWDO� /D D OWLWX G HV HO xDQJXOR

GHO UDGLR YHFWRU FRQ HO SODQR KRUL]RQWDO \ VREUH OD HVIHUD FHOHVWH HV HO DUFR�

GHO FxuUFXOR YHUWLFDO� FRPSUHQGLGR GHVGH OD SUR\HFFLxRQ GHO RE MHWR VREUH OD

HVIHUD FHOHVWH� TXH LQGLFDUHPRV FRQ OD OHWUD 3 � KDVWD HO FxuUFXOR KRUL]RQWDO� /D
pG LVWD Q F LD F H Q LWD O HV HO FRPSOHPHQWR D �� GH OD DOWLWXG� (O D ] LP X W HV HO

xDQJXOR PHGLGR HQ HO SODQR KRUL]RQWDO� HQ HO VHQWLGR GH ODV DJXMDV GHO UHOR M �

GHVGH XQD GLUHFFLxRQ GH UHIHUHQFLD �XVXDOPHQWH HO QRUWH� KDVWD OD LQWHUVHFFLxRQ

FRQ HO SODQR YHUWLFDO TXH SDVD SRU HO SXQWR 3 �

7DPELxHQ FRQYLHQH GHqQLU DTXxu OD OD WLWX G D VWU R Q xR P LF D GH XQ OXJDU FRPR

HO xDQJXOR GH OD SHUSHQGLFXODU DO HFXDGRU FRQ UHVSHFWR DO SODQR KRUL]RQWDO HO

FXDO� REYLDPHQWH� HV LJXDO DO xDQJXOR GH OD YHUWLFDO GHO OXJDU FRQ UHVSHFWR DO

SODQR HFXDWRULDO�

� � �� �� $ VF H Q VLxR Q 5 H F WD \ ' H F OLQ D F LxR Q

(VWDV FRRUGHQDGDV VH UHqHUHQ DO SODQR HFXDWRULDO� 3ULPHUR GHqQLUHPRV FRPR

FxuU F X OR K R U D U LR D WRGR FxuUFXOR PxD[LPR TXH SDVD SRU ORV SRORV GHO HFXDGRU

\ HV SRU WDQWR SHUSHQGLFXODU DO SODQR HFXDWRULDO� /D D VF H Q VLxR Q U H F WD HV HO

xDQJXOR PHGLGR VREUH HO FxuUFXOR HFXDWRULDO KDFLD HO HVWH� GHVGH HO HTXLQRFFLR

YHUQDO KDVWD HO FxuUFXOR KRUDULR TXH SDVD SRU HO SXQWR 3 � /D G H F OLQ D F LxR Q HV

OD GLVWDQFLD DQJXODU PHGLGD VREUH HO FxuUFXOR KRUDULR GH 3 � GHVGH HO FxuUFXOR

HTXDWRULDO KDVWD 3 � /D DVFHQVLxRQ UHFWD SXHGH YDULDU HQWUH � \ �� KRUDV \ OD
p pGHFOLQDFLxRQ HQWUH � \ h �� VHJxXQ TXH HO SXQWR 3 HVWXYLHUD HQ HO KHPLVIHULR

QRUWH R HO VXG UHVSHFWLYDPHQWH�

Fo & R P LVLxR Q 1 D FLR Q D O G H $ FWLYLG D G HV ( VSD FLD OHV � � � � �



��� & D SxuWX OR � � � 6 LVWHP D V G H UHIHUHQ FLD \ P HG LFLxR Q G HO WLHP S R

� � �� �� / R Q J LWX G \ / D WLWX G & H OH VWH V

(VWDV FRRUGHQDGDV VH UHqHUHQ DO SODQR GH OD HFOxuSWLFD� /D OR Q J LWX G F H OH VWH

HV HO xDQJXOR PHGLGR VREUH HO FxuUFXOR GH OD HFOxuSWLFD GHVGH HO HTXLQRFFLR YHUQDO

KDFLD HO HVWH� KDVWD HO FxuUFXOR PxD[LPR TXH SDVD SRU ORV SRORV GH OD HFOxuSWLFD

\ SRU HO SXQWR 3 � /D OD WLWX G F H OH VWH HV HO xDQJXOR PHGLGR VREUH HO FxuUFXOR

PxD[LPR TXH SDVD SRU ORV SRORV GH OD HFOxuSWLFD \ SRU HO SXQWR 3 KDFLD HO QRUWH
pR HO VXG GHO SODQR GH OD HFOxuSWLFD� /D ORQJLWXG FHOHVWH SXHGH YDULDU HQWUH �

p p p\ ��� \ OD ODWLWXG FHOHVWH HQWUH � \ h �� �
(V LPSRUWDQWH WHQHU SUHVHQWH OD 2 E OLF X LG D G G H OD ( F OxuS WLF D � TXH HV HO

xDQJXOR HQWUH ORV SODQRV GH OD HFOxuSWLFD \ HO HFXDGRU \ VH GHVLJQD XVXDOPHQWH
p �FRQ OD OHWUD JULHJD t� 6X YDORU DSUR[LPDGR HV GH �� �� SHUR HV YDULDEOH SRU

ODV SHUWXUEDFLRQHV \ VX YDORU PxDV SUHFLVR SDUD GHWHUPLQDGD IHFKD VH KDOOD

HQ IxRUPXODV R WDEODV HQ HO ?$VWURQRPLFDO $OPDQDF� R HQ HO ?([SODQDWRU\

6XSOHPHQW WR WKH $VWURQRPLFDO $OPDQDF� �

� � �� �� ' H F OLQ D F LxR Q \ $ Q J X OR + R UD ULR

(O $QJXOR KRUDULR HV HO xDQJXOR GHO GLHGUR IRUPDGR SRU HO FxuUFXOR PHULGLDQR

�FxuUFXOR PxD[LPR YHUWLFDO FRQ OD RULHQWDFLxRQ 1RUWH�6XG� FRQ HO FxuUFXOR KRUDULR

TXH SDVD SRU HO SXQWR 3 � 6H WRPD FRPR SRVLWLYR HQ OD GLUHFFLxRQ 2HVWH�

6 xuP E R OR V X VX D OH V G H OD V F R R U G H Q D G D V H VIxH U LF D V

DOWLWXG  K D]LPXW  $

DVFHQVLxRQ UHFWD  p GHFOLQDFLxRQ  s

ORQJLWXG FHOHVWH  z ODWLWXG FHOHVWH  q

xDQJXOR KRUDULR  � ODWLWXG DVWURQxRPLFD  �

7RGDV HVWDV GHqQLFLRQHV VH UHVXPHQ H LOXVWUDQ JUxDqFDPHQWH HQ OD qJXUD

������ �

� � �� �� 7 UD Q VIR UP D F LR Q H V H Q WUH F R R UG H Q D G D V H VIxH ULF D V

(VWDV RSHUDFLRQHV SXHGHQ UHDOL]DUVH GH PDQHUD UHODWLYDPHQWH VHQFLOOD XWL�

OL]DQGR PDWULFHV GH URWDFLxRQ FRPR HQ HO VLJXLHQWH

( MH P S OR � 7UDQVIRUPDFLxRQ GH FRRUGHQDGDV HFXDWRULDOHV �p �s � D FRRUGH�

QDGDV HFOxuSWLFDV �z �q � �

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D



� � �� � ,Q WUR G X FFLxR Q ���

)LJXUD ���� � 6LVWHPDV GH UHIHUHQFLD

Fo & R P LVLxR Q 1 D FLR Q D O G H $ FWLYLG D G HV ( VSD FLD OHV � � � � �



��� & D SxuWX OR � � � 6 LVWHP D V G H UHIHUHQ FLD \ P HG LFLxR Q G HO WLHP S R

$VXPLHQGR XQD HVIHUD FHOHVWH GH UDGLR LJXDO D � ODV FRRUGHQDGDV FDUWH�

VLDQDV HFXDWRULDOHV \ HFOxuSWLFDV VRQ

;  FRV s FRV p�

<  FRV s VHQ p�

=  VHQ s�

\

;  FRV q FRV z�

<  FRV q VHQ z�

=  VHQ q�

UHVSHFWLYDPHQWH�

&RPR VH KD YLVWR HQ HO &DSxuWXOR � VH SXHGH SDVDU GH ODV FRRUGHQDGDV

FDUWHVLDQDV HFXDWRULDOHV D ODV HFOxuSWLFDV SRU XQD URWDFLxRQ GH xDQJXOR t DOUHGH�

GRU GHO HM H ; HQ OD IRUPD� � � � � �
; � � � ;� �% & % & % &
<  � FRV t VHQ t < �# $ # $ # $� �

= � b VHQ t FRV t =� �

5HHPSOD]DQGR ODV FRRUGHQDGDV FDUWHVLDQDV SRU VXV H[SUHVLRQHV HQ FRRU�

GHQDGDV HVIxHULFDV \ HIHFWXDQGR RSHUDFLRQHV UHVXOWD

FRV q FRV z  FRV s FRV p

FRV q VHQ z  FRV s VHQ p FRV t � VHQ s VHQ t

VHQ q  b FRV s VHQ p VHQ t � VHQ s FRV t�

GH GRQGH UHVXOWD VHQ q GH OD WHUFHUD HFXDFLxRQ� \ WDQ z � GHO FRFLHQWH GH ODV

GRV SULPHUDV HFXDFLRQHV�

$QxDORJDPHQWH VH SXHGHQ REWHQHU ODV IxRUPXODV

VHQ K  VHQ � VHQ s � FRV � FRV s FRV �

FRV s VHQ �
WDQ $  b �

VHQ s FRV � b FRV s VHQ � FRV �

TXH YLQFXODQ ODV FRRUGHQDGDV K \ $ UHIHULGDV DO SODQR KRUL]RQWDO FRQ ORV

GDWRV s � � \ � � (VWRV UHVXOWDGRV VH REWLHQHQ FRQ XQD URWDFLxRQ � DOUHGHGRU
�GHO HM H < �SHUSHQGLFXODU DO HFXDGRU� VHJXLGD GH RWUD URWDFLxRQ � DOUHGHGRU

�GH ; �SHUSHQGLFXODU DO FxuUFXOR KRUDULR TXH SDVD SRU 3 � �

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D
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� � �� 0 H G LG D G H O WLH P S R

3DUD HO HVWXGLR GHO PRYLPLHQWR GH ORV RE MHWRV DVWURQxRPLFRV HV IXQGDPHQWDO OD

PHGLFLxRQ SUHFLVD GHO WLHPSR� 8QD SUHPLVD IXQGDPHQWDO GH FXDOTXLHU VLVWHPD

GH PHGLGD GHO WLHPSR HV TXH H[LVWD XQD UHODFLxRQ ELXQxuYRFD HQWUH GLFKD PHGLGD

\ DOJxXQ IHQxRPHQR IxuVLFR REVHUYDEOH \ PHGLEOH HQ IRUPD FRQWLQXD� (Q HVWH FDVR

HO IHQxRPHQR QDWXUDOPHQWH XVDGR HV HO GH OD URWDFLxRQ GH OD 7LHUUD DVXPLHQGR

HQ SULQFLSLR TXH OD YHORFLGDG DQJXODU GH OD PLVPD HV FRQVWDQWH� (VWD URWDFLxRQ

VH SRQH GH PDQLqHVWR SRU HO PRYLPLHQWR DSDUHQWH� HQ VHQWLGR FRQWUDULR� GH

ORV GHPxDV RE MHWRV FHOHVWHV� \ HO WLHPSR UHVXOWD GH OD PHGLFLxRQ GHO WUxDQVLWR GH

ORV RE MHWRV FHOHVWHV SRU HO PHULGLDQR GH XQ OXJDU�

� � �� �� 7 LH P S R 8 Q LY H UVD O \ 7 LH P S R 6 LG xH UH R

'HVGH WLHPSRV UHPRWRV ORV RE MHWRV HOHJLGRV KDQ VLGR HO 6RO R ODV HVWUHOODV�

3RU HM HPSOR HO WLHPSR VH SXHGH PHGLU PHGLDQWH XQ U H OR M G H 6 R O SRU HO

GHVSOD]DPLHQWR GH OD VRPEUD GH XQ HVWLOHWH R JQRPRQ DUUR MDGD VREUH XQ

FXDGUDQWH JUDGXDGR� 3HUR HVWD HV XQD PHGLFLxRQ XVDEOH FXDQGR VH UHTXLHUH

SRFD SUHFLVLxRQ�

/DV SRVLFLRQHV GHO 6RO REVHUYDGDV FRQ LQVWUXPHQWRV DVWURQxRPLFRV GHEHQ

VHU FRUUHJLGDV HQ SULPHU OXJDU SRU OD SRVLFLxRQ WRSRFxHQWULFD GHO LQVWUXPHQWR

�& R U U H F F LxR Q S R U S D U D OD MH � \ SRU OD 5 H IU D F F LxR Q D WP R VIxH U LF D G H OD OX ]

GH GRQGH UHVXOWD OD 3 R VLF LxR Q $ S D U H Q WH G H O 6 R O FRPR VL IXHUD REVHUYDGR

GHVGH HO FHQWUR GH OD 7LHUUD� 7DPELxHQ GHEH FRQVLGHUDUVH HO IHQxRPHQR GH OD

$ E H U U D F LxR Q S OD Q H WD U LD GHELGD DO WUDVODGR GH OD 7LHUUD HQ VX xRUELWD \ VX

URWDFLxRQ GLXUQD� (VWR VH GHEH D TXH OD YHORFLGDG GH OD OX] QR HV LQqQLWD \

GHPRUD XQ WLHPSR HQ OOHJDU DO REVHUYDGRU �& R U U H F F LxR Q S R U WLH P S R OX ] � \

SRU RWUD SDUWH OD GLUHFFLxRQ DSDUHQWH QR FRLQFLGH FRQ OD GLUHFFLxRQ GH OD UHFWD

HQWUH HO REVHUYDGRU \ HO RE MHWR REVHUYDGR �3 R VLF LxR Q J H R P xH WU LF D � SDUD HO

PLVPR LQVWDQWH�

(O 7 LH P S R 6 R OD U $ S D U H Q WH HV OD PHGLGD GHO WLHPSR HQ FRUUHVSRQGHQFLD

DO xDQJXOR KRUDULR GHO 6RO DSDUHQWH� 3HUR HVWD PHGLFLxRQ SUHVHQWD LUUHJXODUL�

GDGHV D OR ODUJR GHO DaQR GHELGR WDQWR D OD REOLFXLGDG GH OD HFOxuSWLFD FRPR

D OD H[FHQWULFLGDG GH OD xRUELWD GH OD 7LHUUD� 7DPELxHQ GHEHQ FRQVLGHUDUVH

SHTXHaQDV LUUHJXODULGDGHV GHELGDV D YDULDFLRQHV HQ OD YHORFLGDG DQJXODU GH OD

URWDFLxRQ GH OD 7LHUUD D ODV TXH QRV UHIHULUHPRV OXHJR�

7UDGLFLRQDOPHQWH VH XVDQ GRV VLVWHPDV ULJXURVDPHQWH LQWHUFDPELDEOHV

TXH VRQ�

(O 7 LH P S R 6 R OD U 0 H G LR R 7 LH P S R 8 Q LY H U VD O� UHIHULGR DO PHULGLDQR
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GH *UHHQZLFK� �DEUHYLDGR HQ LQJOxHV FRPR 8 7 � � EDVDGR HQ HO PRYLPLHQWR

GLXUQR GH XQ 6RO qFWLFLR TXH VH GHVSOD]D KDFLD HO (VWH FRQ YHORFLGDG DQJXODU

FRQVWDQWH HQ HO (FXDGRU \ TXH YHULqFD GRV SDVDM HV FRQVHFXWLYRV SRU HO SXQWR

YHUQDO HQ HO PLVPR WLHPSR TXH HO 6RO DSDUHQWH� 'H HVWH PRGR HO ' xuD 6 R OD U

0 H G LR HV HO WLHPSR WUDQVFXUULGR HQWUH GRV SDVDM HV FRQVHFXWLYRV GHO 6RO qF�

WLFLR SRU HO PLVPR PHULGLDQR� \ FRQVWLWX\H XQD DSUR[LPDFLxRQ DO GxuD GHO 6RO

DSDUHQWH TXH HV LUUHJXODU HQ HO DaQR SRU ODV UD]RQHV DQWHGLFKDV� (VWH WLHPSR

VLUYH GH EDVH DO 7 LH P S R & LY LO SUHVHUYDGR SRU ORV UHOR M HV FRUULHQWHV FRQ ��

KRUDV GH GLIHUHQFLD� HV GHFLU TXH OD KRUD FHUR �R ��� HQ FLHUWR PHULGLDQR

FRUUHVSRQGH DO WUxDQVLWR GHO 6RO qFWLFLR SRU HO PHULGLDQR RSXHVWR�

(O 7 LH P S R 6 LG xH U H R �DEUHYLDGR HQ LQJOxHV FRPR 6 7 � � EDVDGR HQ HO

PRYLPLHQWR GLXUQR GH ODV HVWUHOODV� (Q OD SUxDFWLFD VH OR GHqQH SRU HO PRYL�

PLHQWR GLXUQR GHO SXQWR YHUQDO \ HO ' xuD 6 LG xH U H R HV HO WLHPSR WUDQVFXUULGR

HQWUH GRV SDVDM HV FRQVHFXWLYRV GHO SXQWR YHUQDO SRU HO PLVPR PHULGLDQR�

3DUD HVWDEOHFHU XQD UHODFLxRQ ULJXURVD HQWUH DPERV VLVWHPDV VH SURFHGH

GHO VLJXLHQWH PRGR�

(Q YLUWXG GHO PRYLPLHQWR DQXDO GHO VRO qFLWLFLR� HO GxuD VRODU PHGLR HV PxDV

ODUJR TXH HO GxuD VLGxHUHR� $O FDER GH XQ DaQR� FXDQGR HO VRO qFWLFLR YXHOYH D

FRLQFLGLU FRQ HO SXQWR YHUQDO HO WLHPSR WUDQVFXUULGR HTXLYDOH SRU XQD SDUWH

D �������� GxuDV VRODUHV PHGLRV \ SRU RWUD D �������� GxuDV VLGxHUHRV� 'H DTXxu

UHVXOWD TXH VL SRQHPRV

�
N  

��������
��N  �

��������

UHVXOWD

6 7  8 7 d �� � N �
�8 7  6 7 d �� b N ��

(Q UHVXPHQ 8 7 HV XQD PHGLGD GHO WLHPSR TXH FRUUHVSRQGH DSUR[LPDGD�

PHQWH DO PRYLPLHQWR PHGLR GHO 6RO YHUGDGHUR \ VLUYH GH EDVH SDUD ODV DF�

WLYLGDGHV WDQWR FLYLOHV FRPR DVWURQxRPLFDV� (VWH WLHPSR 8 7 HV GHqQLGR SRU

XQD IxRUPXOD PDWHPxDWLFD HQ IXQFLxRQ GHO 7LHPSR 6LGxHUHR 6 7 TXH D VX YH] VH

GHWHUPLQD SRU OD REVHUYDFLxRQ GH ODV HVWUHOODV HQ HO LQVWDQWH TXH FUX]DQ HQ

VX PRYLPLHQWR GLXUQR XQ GHWHUPLQDGR PHULGLDQR� (Q HIHFWR� HQ HVH LQVWDQWH

HO xDQJXOR KRUDULR GHO SXQWR YHUQDO� LJXDO SRU GHqQLFLxRQ DO 7LHPSR 6LGxHUHR�

HV WDPELxHQ LJXDO D OD DVFHQVLxRQ UHFWD GH OD HVWUHOOD� (VWH UHVXOWDGR VH GH�

QRPLQD 8 7 � \ GHEH VHU RE MHWR GH XQD SHTXHaQD FRUUHFFLxRQ GHELGR DO OODPDGR
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0 R Y LP LH Q WR G H O 3 R OR TXH DIHFWD OD SRVLFLxRQ JHRJUxDqFD GHO OXJDU GH ODV

REVHUYDFLRQHV� (O UHVXOWDGR qQDO VH GHQRPLQD LQGLVWLQWDPHQWH 8 7 � R 8 7 �

� � �� �� 7 LH P S R ( IH P xH ULG H V

'HVGH PHGLDGRV GHO VLJOR SDVDGR FRPHQ]xR D SRQHUVH HQ GXGD OD KLSxRWHVLV GH

OD FRQVWDQFLD GH OD YHORFLGDG GH URWDFLxRQ GH OD 7LHUUD� HVSHFLDOPHQWH SRU OD

GLYHUJHQFLD HQWUH SRVLFLRQHV REVHUYDGDV GH OD /XQD \ ODV FDOFXODGDV HQ EDVH D

OD WHRUxuD JUDYLWDWRULD� (VWDV GLYHUJHQFLDV VRQ HQ SDUWH DOHDWRULDV DWULEXLEOHV D

GHVSOD]DPLHQWRV LPSUHYLVLEOHV GH PDVDV HQ HO LQWHULRU GH OD 7LHUUD \ HQ SDUWH

VHFXODUHV SRU XQ HIHFWR GH IUHQDGR SRU UR]DPLHQWR HQ HO PRYLPLHQWR GH ODV

DJXDV HQ ODV PDUHDV RFHxDQLFDV� (Q FRQVHFXHQFLD VH LQWURGXMR� GHVGH �����

HO VLVWHPD TXH VH GHQRPLQD 7 LH P S R ( IH P xH U LG H V �HQ LQJOxHV ?(SKHPHULV

7LPH� �( 7 � �

(VWH WLHPSR VH GHqQH HQ EDVH DO YDORU GH OD YDULDEOH LQGHSHQGLHQWH HP�

SOHDGD HQ OD WHRUxuD JUDYLWDWRULD GH 1HZFRPE GHO PRYLPLHQWR KHOLRFxHQWULFR GH

OD 7LHUUD� 6HJxXQ OD WHRUxuD GH 1HZFRPE OD ORQJLWXG PHGLD GHO 6RO �/� �UHIHULGD

DO HTXLQRFFLR GH OD IHFKD UHVXOWD GH OD IxRUPXOD

p � �/  ��� �� ��� ��� � ���������� ���7 � �� ����7 � ��� �� �

GRQGH 7 HVWxD PHGLGR HQ VLJORV GH ����� GxuDV HIHPxHULGHV� /D XQLGDG IXQ�

GDPHQWDO GHO 7LHPSR (IHPxHULGHV HV HO $ aQ R 7 U xR S LF R HQ OD IHFKD LQLFLDO

7  ���� (QHUR �� �� KRUDV (7� � HO $aQR 7UxRSLFR HV HO LQWHUYDOR GH WLHPSRR
pHQ HO FXDO / DXPHQWD GH ��� � 3DUD GHqQLU HO VHJXQGR GH 7LHPSR (IHPxHULGHV

VH XWLOL]D FRQYHQFLRQDOPHQWH HO FRHqFLHQWH GHO WxHUPLQR OLQHDO GH OD IxRUPXOD

GH 1HZFRPE HQ PRGR GH REWHQHU HO QxXPHUR

��� d �� d �� d ����� d �����  �������������� ��� ���
������������

TXH HV HO QxXPHUR GH VHJXQGRV HIHPxHULGHV FRQWHQLGRV HQ HO DaQR WUxRSLFR GHqQLGR

PxDV DUULED� (Q RWUDV SDODEUDV HO VH J X Q G R H IH P xH U LG H V HV OD XQLGDG IXQ�

GDPHQWDO LQYDULDEOH� GHqQLGD FRQYHQFLRQDOPHQWH HQ ���� SRU HO ?&RPLWxH
�,QWHUQDWLRQDO GHV 3RLGV HW 0HVXUHV� � FRPR OD IUDFFLxRQ GHO $aQR� � � � � � � � �� � � �

7UxRSLFR�

3DUD UHGXFLU HO 7LHPSR 8QLYHUVDO D 7LHPSR (IHPxHULGHV VH OH GHEH VXPDU

XQD FRUUHFFLxRQ TXH VH REWLHQH GHO VLJXLHQWH PRGR� 6H GLVSRQH GH OD SRVLFLxRQ

REVHUYDGD GH XQ RE MHWR FHOHVWH FRUUHVSRQGLHQWH D XQ FLHUWR 7LHPSR 8QLYHUVDO

\ VH FDOFXOD SRU WHRUxuD FRQ HO DUJXPHQWR GH WLHPSR GH 1HZFRPE KDVWD ORJUDU

TXH DPEDV SRVLFLRQHV FRLQFLGDQ� OD GLIHUHQFLD HQWUH DPERV WLHPSRV HV OD

Fo & R P LVLxR Q 1 D FLR Q D O G H $ FWLYLG D G HV ( VSD FLD OHV � � � � �
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FRUUHFFLxRQ EXVFDGD� (O RE MHWR FHOHVWH UHFRPHQGDGR SDUD HVWD RSHUDFLxRQ HV

OD /XQD� 0DWHULDOPHQWH HO 7LHPSR (IHPxHULGHV HV PDQWHQLGR FRQ UHORM HV GH

PX\ DOWD SUHFLVLxRQ \ VH FRQWUROD VXV GLIHUHQFLDV FRQ HO WLHPSR PDUFDGR SRU

ODV UHYROXFLRQHV JHRFxHQWULFDV GH OD /XQD TXH VRQ GHO RUGHQ GH � D � VHJXQGRV

SRU VLJOR�/DV GLIHUHQFLDV FDOFXODGDV GH HVWD PDQHUD \ WDPELxHQ H[WUDSRODGDV

KDVWD HO DaQR ���� VH SXEOLFDQ DQXDOPHQWH HQ WDEODV HQ HO ?$VWURQRPLFDO

$OPDQDF� �

� � �� �� ( VF D OD V P R G H UQ D V G H 7 LH P S R

$FWXDOPHQWH VH DSOLFDQ RWUDV HVFDODV GH WLHPSR TXH GHVFULELUHPRV EUHYH�

PHQWH�([SOLFDFLRQHV GHWDOODGDV SXHGHQ HQFRQWUDUVH HQ HO ?([SODQDWRU\ 6X�

SOHPHQW WR WKH $VWURQRPLFDO $OPDQDF� �>��@ � � /D LGHD IXQGDPHQWDO HV UH�

SURGXFLU DSUR[LPDGDPHQWH ODV HVFDODV GH WLHPSR WUDGLFLRQDOHV GHULYDGDV GH

ORV PRYLPLHQWRV DVWURQxRPLFRV SHUR DKRUD UHJXODUL]DGDV SRU HVWDU EDVDGDV HQ

ODV IUHFXHQFLDV QDWXUDOHV GH HOHPHQWRV DWxRPLFRV HOHJLGRV HVSHFLDOPHQWH�

(Q )xuVLFD \ $VWURQRPxuD H[LVWHQ DFWXDOPHQWH FXDWUR VLVWHPDV GH PHGLFLxRQ

GHO 7LHPSR TXH SXHGHQ UHVXPLUVH FRPR VLJXH�

7 LH P S R $ WxR P LF R ,Q WH U Q D F LR Q D O�7 $ ,� �EDVDGR HQ HO FRQWHR GH FLFORV

GH XQD VHaQDO HOxHFWULFD GH DOWD IUHFXHQFLD PDQWHQLGD HQ UHVRQDQFLD FRQ XQD

WUDQVLFLxRQ DWxRPLFD� /D XQLGDG IXQGDPHQWDO GHO WLHPSR DWxRPLFR HV HO VH�

JXQGR GHO 6LVWHPD ,QWHUQDFLRQDO �6,� GHqQLGR FRPR OD GXUDFLxRQ GH � ��� ���

��� SHUxuRGRV GH OD UDGLDFLxRQ FRUUHVSRQGLHQWH D OD WUDQVLFLxRQ HQWUH GRV QLYHOHV

KLSHUqQRV GHO HVWDGR IXQGDPHQWDO GHO xDWRPR GH &HVLR�����

7 LH P S R 8 Q LY H U VD O� FX\D XQLGDG IXQGDPHQWDO FRUUHVSRQGH DO GxuD VRODU�

DIHFWDGR SRU HO PRYLPLHQWR UHODWLYR DQXDO GHO 6RO \ OD 7LHUUD� GHqQLGR DKRUD

HQ PRGR XQLIRUPH D SHVDU GH ODV YDULDFLRQHV HQ OD YHORFLGDG GH URWDFLxRQ GH

OD 7LHUUD�

7 LH P S R 6 LG xH U H R � FX\D XQLGDG IXQGDPHQWDO HV HO SHUxuRGR GH URWDFLxRQ

GH OD 7LHUUD FRQ UHVSHFWR D XQ SXQWR DSUR[LPDGDPHQWH qMR FRQ UHVSHFWR D

ODV HVWUHOODV�

7 LH P S R ' LQ xD P LF R � FX\D XQLGDG IXQGDPHQWDO VH EDVD HQ ORV PRYLPLHQ�

WRV GH OD /XQD� OD 7LHUUD \ ORV SODQHWDV� (VWH WLHPSR FRQVWLWX\H OD YDULDEOH

LQGHSHQGLHQWH HQ ODV HFXDFLRQHV GHO PRYLPLHQWR GH ORV FXHUSRV HQ HO VLVWHPD

VRODU� \ GH DFXHUGR D OD 7HRUxuD GH OD 5HODWLYLGDG GHSHQGH GHO VLVWHPD GH

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D
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UHIHUHQFLD XVDGR� 3RU HVR VH SXHGH GLVWLQJXLU HQWUH HO 7LHPSR 'LQxDPLFR

%DULFxHQWULFR �SRU HO EDULFHQWUR GHO VLVWHPD VRODU FRPR RULJHQ GH UHIHUHQFLD�

\ HO 7LHPSR 'LQxDPLFR 7HUUHVWUH� 'H DFXHUGR D OD WHRUxuD UHODWLYLVWD VH SXHGH

GHPRVWUDU TXH HQWUH DPEDV HVFDODV GH WLHPSR VROR H[LVWHQ GLIHUHQFLDV SHULxRGL�

FDV� 'HWDOOHV VREUH ODV GLVWLQWDV HVFDODV GH WLHPSR \ VXV UHODFLRQHV DVxu FRPR

GLYHUVDV IxRUPXODV \ WDEODV SDUD VXV DSOLFDFLRQHV SXHGHQ FRQVXOWDUVH HQ ?7+(

$6752120,&$/ $/0$1$&� TXH VH SXEOLFD DQXDOPHQWH \ HQ HO ?(;�

3/$1$725< 683/(0(17 )25 7+( $6752120,&$/ $/0$1$&�

>��@ \D FLWDGR DQWHULRUPHQWH

� � �� �� ' LVWULE X F LxR Q G H O 7 LH P S R

/D GHWHUPLQDFLxRQ GHO WLHPSR \ HO PDQWHQLPLHQWR GH XQ SDWUxRQ GH UHIHUHQFLD

HV LQGLVSHQVDEOH SDUD WRGDV ODV DFWLYLGDGHV� WDQWR FLYLOHV FRPR DVWURQxRPLFDV�

7UDGLFLRQDOPHQWH� HOOR VH KD UHDOL]DGR PHGLDQWH OD REVHUYDFLxRQ GHO SDVDM H GH

HVWUHOODV SRU HO PHULGLDQR GH XQ OXJDU SRU PHGLR GH LQVWUXPHQWRV xRSWLFRV

PRQWDGRV VREUH XQ HMH SHUSHQGLFXODU DO PHULGLDQR� (O WLHPSR GHWHUPLQDGR

GH HVD PDQHUD KD VHUYLGR SDUD FRQWURODU HO IXQFLRQDPLHQWR GH UHORM HV VWDQ�

GDUG TXH VLUYHQ D VX YH] GH SDWUxRQ� 3RU RWUD SDUWH HO WLHPSR VH GLVWULEX\H

PHGLDQWH VHaQDOHV GH UDGLR FRQ ODV TXH VH FRQWURODQ DFWLYLGDGHV FLYLOHV R DV�

WURQxRPLFDV \ HO IXQFLRQDPLHQWR GH RWURV UHOR M HV� 3DUD ODV DFWLYLGDGHV FLYLOHV

EDVWD FRQ HPLWLU VHaQDOHV FDUDFWHUxuVWLFDV GH UDGLR D LQWHUYDORV UHJXODUHV�

3DUD DFWLYLGDGHV TXH UHTXLHUHQ PD\RU SUHFLVLxRQ ODV IXHQWHV GH LQIRUPDFLxRQ

HVWxDQ EDVDGDV IXQGDPHQWDOPHQWH HQ HO HPSOHR GH UHOR MHV DWxRPLFRV GH PX\

DOWD UHJXODULGDG \ ODV VHaQDOHV TXH VH HPLWHQ SRU UDGLR OR KDFHQ HQ XQ VLVWHPD

DQxDORJR DO FxRGLJR 0RUVH GH SXQWRV \ UD\DV TXH VLUYHQ SDUD DWHQXDU HUURUHV GH

WUDQVPLVLxRQ \ UHFHSFLxRQ� (Q WUDQVPLVLRQHV GH DOWD IUHFXHQFLD SXHGHQ RFXUULU

GLVWRUVLRQHV SRU ORV GLIHUHQWHV FDPLQRV TXH GHEHQ UHFRUUHU ODV RQGDV GH UDGLR

D GLVWLQWRV OXJDUHV GH UHFHSFLxRQ� \ HQ FDGD OXJDU SXHGH KDEHU YDULDFLRQHV

FRQ ODV KRUDV GHO GxuD� 3DUD UHPHGLDU HVWRV HIHFWRV VH GHEHQ KDFHU SURPHGLRV

VREUH ORV GDWRV UHFLELGRV� (O PxHWRGR PxDV SUHFLVR DFWXDOPHQWH XVDGR HV HO

GHO 6 LVWH P D G H 3 R VLF LR Q D P LH Q WR * OR E D O� HQ LQJOxHV * OR E D O 3 R VLWLR Q LQ J

6 \ VWH P � �* 3 6 � � TXH GHVFULELUHPRV PxDV DGHODQWH�

/DV REVHUYDFLRQHV WUDGLFLRQDOHV GH SDVDMHV GH HVWUHOODV SRU HO PHULGLDQR

VLUYHQ DKRUD SDUD LQYHVWLJDU ODV YDULDFLRQHV HQ OD URWDFLxRQ GH OD 7LHUUD \ HO

P R YLP LHQ WR G HO SR OR WHUUHVWUH SRU HO GHVSOD]DPLHQWR GHO HMH GH URWDFLxRQ TXH

SURGXFH SHTXHaQRV FDPELRV HQ OD ODWLWXG GH XQ OXJDU�

(O WHPD GH HVWD VHFFLxRQ VH HQFXHQWUD H[WHQVD \ GHWDOODGDPHQWH WUDWDGR

HQ >��@ �&DS��� �
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� � �� �� & D OH Q G D ULR V

3RU UD]RQHV KLVWxRULFDV GH xuQGROH WDQWR FLYLO FRPR UHOLJLRVD VH KDQ XVDGR FD�

OHQGDULRV GH GLYHUVRV WLSRV EDVDGRV� DXQTXH QR VLHPSUH� HQ OD H[LVWHQFLD GH

FLFORV DVWURQxRPLFRV� 'LFKRV FLFORV VRQ HO GxuD� EDVDGR HQ OD URWDFLxRQ GH OD

7LHUUD� HO DaQR� EDVDGR HQ OD UHYROXFLxRQ GH OD 7LHUUD DOUHGHGRU GHO 6RO \ HO

PHV� EDVDGR HQ OD UHYROXFLxRQ GH OD /XQD DOUHGHGRU GH OD 7LHUUD� 'H DFXHUGR

D UHFLHQWHV HVWLPDFLRQHV DxXQ H[LVWHQ HQ HO PXQGR DOUHGHGRU GH FXDUHQWD WLSRV

GH FDOHQGDULRV�

$TXxu QRV UHIHULUHPRV D GRV FDOHQGDULRV XVDGRV DFWXDOPHQWH HQ IRUPD

SUxDFWLFDPHQWH XQLYHUVDO� HO & D OH Q G D U LR * U H J R U LD Q R SDUD XVRV FLYLOHV \

UHOLJLRVRV \ HO & D OH Q G D U LR - X OLD Q R SDUD XVRV DVWURQxRPLFRV�

&$/(1'$5,2 *5(*25,$12

(VWH FDOHQGDULR IXH LQVWLWXLGR HQ ���� SRU HO 3DSD *UHJRULR ;,,, EDVDGR

HQ PRGLqFDFLRQHV GHO GHQRPLQDGR FDOHQGDULR -XOLDQR XVDGR D SDUWLU GHO JR�

ELHUQR GHO HPSHUDGRU URPDQR -XOLR &xHVDU� 6X FDUDFWHUxuVWLFD HVHQFLDO HV HO

VLVWHPD GH LQWHUFDODFLxRQ TXH SHUPLWH DMXVWDU HO DaQR GHO FDOHQGDULR D OD GX�

UDFLxRQ GHO DaQR WUxRSLFR� HVWUHFKDPHQWH UHODFLRQDGR FRQ ODV IHFKDV HFOHVLxDVWLFDV

qMDGDV HQ EDVH DO FLFOR VRODU� 'LFKR VLVWHPD FRQVLVWH HQ LQWHUFDODU XQ GxuD �HO

�� GH IHEUHUR� HQ FDGD DaQR PxXOWLSOR GH FXDWUR �D aQ R E LVLH VWR � H[FHSWR HQ ORV

DaQRV GH FRPLHQ]R GH VLJOR� HVWRV xXOWLPRV� VL VRQ PxXOWLSORV GH ��� WDPELxHQ

VRQ ELVLHVWRV �SRU HM HPSOR HO DaQR ���� HV ELVLHVWR SHUR QR OR HV HO DaQR ����� �

6H ORJUD GH HVWD PDQHUD TXH HQ XQ SHUxuRGR GH ��� DaQRV OD GXUDFLxRQ PHGLD

GHO DaQR FDOHQGDULR VHD GH �������� GxuDV TXH GLqHUH GH OD GXUDFLxRQ GHO DaQR

WUxRSLFR GH �������� GxuDV� $O FDER GH ��� DaQRV OD GLIHUHQFLD DFXPXODGD VHUxuD

GH DOJXQDV KRUDV TXH HYHQWXDOPHQWH WHQGUxDQ TXH DMXVWDUVH�

(V LQWHUHVDQWH GHVWDFDU TXH HO FDOHQGDULR JUHJRULDQR VH KD LGR DGRSWDQGR

JUDGXDOPHQWH HQ GLYHUVRV SDxuVHV D OR ODUJR GH YDULRV VLJORV� SRU HM HPSOR HQ

7XUTXxuD \ HQ YDULRV SDLVHV HVODYRV� VH KD DGRSWDGR HQ ODV SULPHUDV GxHFDGDV

GHO VLJOR ;;�

&$/(1'$5,2 -8/,$12

(VWH FDOHQGDULR QR GHEH FRQIXQGLUVH FRQ HO FDOHQGDULR GHO PLVPR QRP�

EUH DGRSWDGR HQ HO LPSHULR URPDQR� )XH SURSXHVWR HQ HO VLJOR ;9, SRU HO

DVWUxRQRPR IUDQFHV -RVHSK -XVWXV 6FDOLJHU \ EDVDGR HQ HO &LFOR R 3HUxuRGR -X�

OLDQR GH ���� DaQRV FRPR SURGXFWR GH WUHV FLFORV FURQROxRJLFRV� HO FLFOR VRODU

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D
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GH �� DaQRV� HO FLFOR OXQDU GH �� DaQRV \ HO FLFOR URPDQR GH LQGLFFLxRQ GH ��

DaQRV� (O FLFOR VRODU HV HO PxuQLPR QxXPHUR GH DaQRV DO FDER GH ORV FXDOHV VH

UHSLWHQ ORV PLVPRV GxuDV GH OD VHPDQD SDUD ORV PLVPRV GxuDV GHO DaQR� (O FLFOR

OXQDU �R FLFOR GH 0HWRQ� HV HO GH ODV IDVHV GH OD OXQD TXH VH UHSLWHQ HQ IRUPD

FRPSOHWD ��� YHFHV FDGD O� DaQRV� (O FLFOR GH LQGLFFLxRQ GH �� DaQRV QR WLHQH

FDUxDFWHU DVWURQxRPLFR VLQR TXH HVWxD UHODFLRQDGR FRQ DFWLYLGDGHV FLYLOHV HQ OD

xHSRFD GH ORV URPDQRV� 6FDOLJHU HVWDEOHFLxR TXH HQ HO DaQR ���� $�&� �DQWHV GH

&ULVWR� ORV WUHV FLFORV FRPHQ]DEDQ VLPXOWxDQHDPHQWH�

/DV IHFKDV MXOLDQDV VH FXHQWDQ SRU HO QxXPHUR GH GxuDV WUDQVFXUULGRV GHVGH

GLFKR RULJHQ� 8QD IHFKD FXDOTXLHUD TXHGD qMDGD VLPSOHPHQWH SRU XQ QxXPHUR

SUHVFLQGLHQGR GH OD IHFKD GDGD SRU HO DaQR� PHV \ GxuD GHO FDOHQGDULR JUHJRULD�

QR� SRU HM HPSOR D OD IHFKD (QHUR � GH ���� GHO FDOHQGDULR JUHJRULDQR FRUUHV�

SRQGH OD IHFKD MXOLDQD �������� (Q HO ?$6752120,&$/ $/0$1$&� VH

HQFXHQWUDQ WDEODV TXH SHUPLWHQ SDVDU GH XQD D RWUD IHFKD�

9DULRV DXWRUHV KDQ SURSXHVWR IxRUPXODV SDUD UHDOL]DU HVWD RSHUDFLxRQ�

5HSURGXFLPRV D FRQWLQXDFLxRQ ODV IxRUPXODV GHGXFLGDV SRU +�)�)OLHJHO \

7K�&�9DQ )ODQGHUQ >��@ � (VWDV IxRUPXODV HVWxDQ DGDSWDGDV DO OHQJXDMH )25�

75$1 GH FRPSXWDFLxRQ GRQGH ODV OHWUDV ,� -� .� / \ 1 UHSUHVHQWDQ DXWRPxDWL�

FDPHQWH QxXPHURV HQWHURV \ GRQGH ,� -� . UHSUHVHQWDQ HO DaQR� HO PHV \ HO GxuD

UHVSHFWLYDPHQWH GH XQD IHFKD *UHJRULDQD \ -' OD FRUUHVSRQGLHQWH IHFKD -X�

OLDQD�

) xR UP X OD SD UD WUD Q VIR UP D U X Q D IHFK D * UHJR ULD Q D HQ - X OLD Q D

- ' �, �- �. �  . b ����� � ���� e �, � ���� � �- b ���  ��� �
���� e �- b � b �- b ���  �� e ��� �� b �
e ��, � ���� � �- b ���  ��� ����  �

6 X EUX WLQ D SD UD WUD Q VIR UP D U X Q D IHFK D - X OLD Q D HQ * UHJR ULD Q D

68%5287,1( '$7( �-'�,�-�.�
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(VWH FDOHQGDULR� SRU VX VLPSOLFLGDG LQGLFDGD PxDV DUULED� WLHQH YDULDV

YHQWDMDV HQ ODV DFWLYLGDGHV DVWURQxRPLFDV HVSHFLDOPHQWH FXDQGR VH XVDQ SUR�

JUDPDV GH FRPSXWDFLxRQ� SRU HM HPSOR� HO QxXPHUR GH GxuDV WUDQVFXUULGRV HQWUH

GRV IHFKDV GLVWDQWHV VH HVWDEOHFH SRU OD GLIHUHQFLD HQWUH ORV QxXPHURV FRUUHV�

SRQGLHQWHV D ODV GRV IHFKDV� 7DPELxHQ VLPSOLqFD HO SUREOHPD GH HVWDEOHFHU

FRUUHVSRQGHQFLDV HQWUH GLVWLQWRV FDOHQGDULRV�

� � �� 6 LVWH P D G H 3 R VLF LR Q D P LH Q WR * OR E D O

(VWH WHPD FRUUHVSRQGH DO SUHVHQWH FDSxuWXOR SRU XVDUVH HO VLVWHPD *36 SDUD

OD QDYHJDFLxRQ� SDUD OD WUDQVIHUHQFLD SUHFLVD GHO WLHPSR \ SDUD HO SRVL�

FLRQDPLHQWR JHRGxHWLFR GH SXQWRV HQ OD VXSHUqFLH WHUUHVWUH� 1RV GHWHQGUHPRV

DTXxu HQ ORV DVSHFWRV HVHQFLDOHV GHO VLVWHPD TXH FRQVWD GH XQ ?VHJPHQWR HV�

SDFLDO� \ RWUR ?VHJPHQWR XVXDULR� TXH SDVDPRV D GHVFULELU�

(O ?VHJPHQWR HVSDFLDO� FRQVLVWH HQ �� VDWxHOLWHV FLUFXODQGR HQ xRUELWDV D

����� NP GH DOWLWXG FRQ SHUxuRGRV GH �� KRUDV� ORV VDWxHOLWHV HVWxDQ HTXLHVSDFLD�

GRV HQ WUHV SODQRV RUELWDOHV FRQ LQFOLQDFLxRQ GH �� JUDGRV UHVSHFWR DO HFXDGRU�

&DGD VDWxHOLWH SXHGH HPLWLU RQGDV HQ GRV IUHFXHQFLDV GLVWLQWDV SDUD HOLPLQDU

HIHFWRV GH UHWDUGR SRU UHIUDFFLxRQ LRQRVIxHULFD � VREUH FDGD IUHFXHQFLD KD\ WUHV

PRGXODFLRQHV FRUUHVSRQGLHQWHV D RWURV WDQWRV FxRGLJRV� D VDEHU�

� � HO FxRGLJR ?'� FRQWHQLHQGR XQD HIHPxHULGHV FDOFXODGD GH SRVLFLxRQ GHO

VDWxHOLWH�

�� HO FxRGLJR ?&�$� GH DGTXLVLFLxRQ DSUR[LPDGD GHO VDWxHOLWH \

�� HO FxRGLJR ?3� VROR DFFHVLEOH SDUD XVRV PLOLWDUHV GH JUDQ SUHFLVLxRQ�

$GHPxDV� FDGD VDWxHOLWH WLHQH XQ UHORM PX\ SUHFLVR GH FHVLR R UXELGLR TXH

SURYHH HO WLHPSR \ SHUPLWH FRQWURODU ODV IUHFXHQFLDV GH UDGLR�

(O ?VHJPHQWR XVXDULR� FRQVLVWH HQ TXH FDGD XVXDULR HVWxD SURYLVWR GH XQ

?UHFHSWRU GH QDYHJDFLxRQ� � (VWH UHFHSWRU SXHGH HQ FXDOTXLHU LQVWDQWH ?YHU�

DO PHQRV FXDWUR VDWxHOLWHV \ DGTXLULU FDGD XQR FRQ VX SURSLR FxRGLJR ?&�$�

\ UHFLELU HO FxRGLJR ?'� FRQ OD SRVLFLxRQ GH FDGD VDWxHOLWH� &RQ HVWRV GDWRV

& 2 1 $ ( � % X HQ R V $ LUHV � $ UJHQ WLQ D
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VH SXHGHQ SODQWHDU FXDWUR HFXDFLRQHV FRQ FXDWUR LQFxRJQLWDV TXH VRQ ODV WUHV

FRRUGHQDGDV FDUWHVLDQDV \ HO WLHPSR GHO UHFHSWRU� FRQ HVWH xXOWLPR HO XVXDULR

FRQWUROD HO HUURU GH VX UHOR M UHODWLYR DO GHO VHJPHQWR HVSDFLDO PDQWHQLGR FRPR

SDWUxRQ�

3HUPDQHQWHPHQWH HVWxD GLVSRQLEOH XQ ?6HUYLFLR GH 3RVLFLRQDPLHQWR 6WDQ�

GDUG� SDUD GHWHUPLQDU HQ WLHPSR UHDO OD SRVLFLxRQ \ HO WLHPSR GH XQ XVXDULR

�SRU HM HPSOR GH XQ EDUFR R DYLxRQ QDYHJDQGR� FRQ HUURUHV SRVLEOHV GH ��� D

��� PHWURV \ GH ��� QDQRVHJXQGRV UHVSHFWLYDPHQWH� &RQ DFFHVR DO FxRGLJR

?3� HVWRV HUURUHV VH UHGXFLUxuDQ D OD GxHFLPD SDUWH� (Q HO FDVR GH UHDOL]DUVH OD

RSHUDFLxRQ VLPXOWxDQHDPHQWH SRU GRV XVXDULRV QR GHPDVLDGR GLVWDQWHV HQWUH

Vxu � OD SRVLFLxRQ UHODWLYD HQWUH DPERV WHQGUxuD HUURUHV SHTXHaQRV� GHO RUGHQ GH

FHQWxuPHWURV \ GH SRFRV QDQRVHJXQGRV� SXHVWR TXH HUURUHV DOHDWRULRV SURSLRV

GHO VLVWHPD WHQGUxuDQ HIHFWRV VLPLODUHV HQ DPERV XVXDULRV�

8QD GHVFULSFLxRQ GHWDOODGD GHO VLVWHPD VH HQFXHQWUD HQ >��@ � 3DUD HVWX�

GLRV H[KDXVWLYRV SXHGH FRQVXOWDUVH XQD REUD HQ GRV YROxXPHQHV HGLWDGD SRU

HO $PHULFDQ ,QVWLWXWH RI $HURQDXWLFV DQG $VWURQDXWLFV >�@ �

Fo & R P LVLxR Q 1 D FLR Q D O G H $ FWLYLG D G HV ( VSD FLD OHV � � � � �
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