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'HELGR D OD HVSHFLDO HVWUXFWXUD GH OD PDWUL] 1 � VH WLHQH TXH HO SULPHU WuHUPLQR GH OD

VHULH ����� TXH DIHFWD D OD FRPSRQHQWH [L HVWuD HQ 1 Lb��'b�
G�� 1uRWHVH TXH ORV WuHUPLQRV

1 L�'b�
G�� 1 L���'b�

G�� � � � QR FRQWULEX\HQ HQ HO FuDOFXOR GH OD FRPSRQHQWH [L� PLHQWUDV

TXH ORV WuHUPLQRV 1 L���'b�
G�� 1 L���'b�

G�� � � � Vur� &RPR FRQVHFXHQFLD
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6L L � Qb L��� HO SULPHU WuHUPLQR GH OD VHULH ����� TXH DIHFWD D OD FRPSRQHQWH [L HVWuD

HQ 1 Lb��'b�G�� 5D]RQDQGR GH IRUPD DQuDORJD D OD GHO DSDUWDGR �L� VH WLHQH TXH
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3RU HO FRQWUDULR� VL L ! Q b L � � HO SULPHU WuHUPLQR GH OD VHULH ����� TXH DIHFWD D OD

FRPSRQHQWH [L HVWuD HQ 1QbL�'b�G�� $FWXDQGR FRPR HQ HO DSDUWDGR �LL� VH REWLHQH
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7HRUHPD ��� 6HD q ! � XQ QuXPHUR UHDO� P HO QuXPHUR GH HFXDFLRQHV TXH VH VRODSDQ DO

UHVROYHU HO VLVWHPD ����� PHGLDQWH HO PuHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV \ x XQD FRWD

VXSHULRU GH OD QRUPD LQnQLWR GH OD VROXFLuRQ GHO PLVPR� 6L
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HQWRQFHV HO HUURU FRPHWLGR DO DSOLFDU HO PuHWRGR HV PHQRU TXH q�

'HPRVWUDFLuRQ� 6H FRQVLGHUD HQ HO VLVWHPD ����� OD SDUWLFLuRQ HQ EORTXHV GDGD HQ OD

H[SUHVLuRQ ������ $ SDUWLU GH HOOD VH REWLHQH XQD QXHYD SDUWLFLuRQ DaQDGLHQGR �P nODV �UHVSHF�

WLYDPHQWH� FRPSRQHQWHV� D FDGD XQR GH ORV EORTXHV LQWHUPHGLRV GH OD PDWUL] GH FRHnFLHQWHV



��� 3UHFLVLuRQ GHO PuHWRGR ��

�UHVSHFWLYDPHQWH� YHFWRU GH WuHUPLQRV LQGHSHQGLHQWHV� \ P nODV �UHVSHFWLYDPHQWH� FRPSR�

QHQWHV� DO SULPHU \ uXOWLPR EORTXH GH OD PDWUL] GH FRHnFLHQWHV �UHVSHFWLYDPHQWH� YHFWRU

GH WuHUPLQRV LQGHSHQGLHQWHV�� &RPR FRQVHFXHQFLD� FDGD XQR GH ORV QXHYRV EORTXHV HVWuD

VRODSDGR FRQ VXV DG\DFHQWHV \ VH REWLHQH HO QXHYR FRQMXQWR GH VXEVLVWHPDV GDGR HQ OD

H[SUHVLuRQ ������

3DUD VLPSOLnFDU� VH UHGHnQH FXDOTXLHU VXEVLVWHPD A$LA[L  AGL FRPR A$A[  AG \ ORV urQGLFHV

GHO PLVPR GHVGH � KDVWD U� /D VLWXDFLuRQ GHO VXEVLVWHPD A$A[  AG HQ HO VLVWHPD JHQHUDO

WLHQH OD VLJXLHQWH IRUPD
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AFUb�A[Ub� � ADUb�A[Ub� � AEUb�A[U  AGUb�

AFUA[Ub� � ADUA[U � aEUa[U��  AGU

GRQGH aF� \ aEU VRQ ORV HOHPHQWRV RPLWLGRV GHO VLVWHPD JHQHUDO DO UHVROYHU HO VXEVLVWHPD
A$A[  AG� 1uRWHVH TXH aF�  � SDUD HO SULPHU VXEVLVWHPD \ aEU  � SDUD HO uXOWLPR�

6L [ HV OD VROXFLuRQ GHO VLVWHPD JHQHUDO� VH UHSUHVHQWD SRU [� D OD UHVWULFFLuRQ GH [ D ODV

YDULDEOHV GHO VXEVLVWHPD A$A[  AG� 6H SXHGH HVFULELU HQWRQFHV
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(O HUURU TXH VH FRPHWH DO WRPDU [� FRPR VROXFLuRQ GHO VXEVLVWHPD A$A[  AG YLHQH GHWHUPL�

QDGR SRU
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VLHQGR A[ HO YHFWRU VROXFLuRQ GHO PLVPR� &RPR
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FRPSRQHQWH GH H
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�� � 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV

GRQGH x HV XQD FRWD VXSHULRU GH N[N
�
\ DVur
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3RU RWUD SDUWH� DO VHU p ! �� VH FXPSOH TXH

� ! pb� ! pb� ! c c c ! pbU�

(Q HO uXOWLPR VXEVLVWHPD� ODVP SULPHUDV FRPSRQHQWHV GH H SURYLHQHQ GH HFXDFLRQHV GH

VRODSDPLHQWR� HQ ODV GHPuDV VH WLHQH OD VLJXLHQWH DFRWDFLuRQ� SDUD M  P� ��P� �� � � � � U�

MHMM �
pbM
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pbP
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(Q HO SULPHU VXEVLVWHPD ODVP uXOWLPDV HFXDFLRQHV VRQ GH VRODSDPLHQWR� /DV UbP SULPHUDV

FRPSRQHQWHV GH H FXPSOHQ
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FRQ M  �� �� � � � � U bP�

(Q ORV VXEVLVWHPDV LQWHUPHGLRV ODV P SULPHUDV \ uXOWLPDV HFXDFLRQHV VRQ GH VRODSD�

PLHQWR� /DV U b �P FRPSRQHQWHV LQWHUPHGLDV GHO YHFWRU GH HUURU HVWuDQ DFRWDGDV FRPR

VLJXH
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6L VH WRPD P GH PDQHUD TXH FXPSOD OD GHVLJXDOGDG ���� HQWRQFHV
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)LJXUD ���� 9DORU GH P HQ IXQFLuRQ GH p SDUD GLVWLQWRV YDORUHV GH q�

R VHD

pbP

�b pb�
� q�

OR TXH LPSOLFD� SRU ODV H[SUHVLRQHV ������� ������ \ ������� TXH HO HUURU FRPHWLGR HV PHQRU

TXH q�

3DUD FDGD VLVWHPD HQ SDUWLFXODU� GH ODV H[SUHVLRQHV ������ \ ������ VH SXHGH GHWHUPLQDU

P \ REWHQHU� DSOLFDQGR HO PuHWRGR� OD VROXFLuRQ [�

(Q OD nJXUD ��� VH PXHVWUD XQD JUuDnFD GH ORV GLIHUHQWHV YDORUHV GH P HQ IXQFLuRQ GH OD

GLDJRQDO GRPLQDQ]D p \ HO PuD[LPR HUURU SHUPLWLGR q� GRQGH x VH KD FDOFXODGR XWLOL]DQGR



�� � 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV
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q ��b�� �������� ������� ������� ������� �������

��b�� ���������� �������� ������� ������� �������

7DEOD ���� 5DQJR GH OD GLDJRQDO GRPLQDQ]D p GHSHQGLHQGR GHO PuD[LPR HUURU WROH�

UDGR q \ GHO QuXPHUR GH HFXDFLRQHV VRODSDGDV P�

OD H[SUHVLuRQ ������ SDUD HO FDVR FRQFUHWR

PD[
��L�Q

�nnnnnGL
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3DUD RWURV YDORUHV GH x VH REWLHQHQ JUuDnFDV FRQ IRUPDV VHPHMDQWHV D OD GH OD nJXUD ����

6H REVHUYD TXH SDUD YDORUHV GH OD GLDJRQDO GRPLQDQ]D QR PX\ SUuR[LPRV D �� VH REWLHQHQ

YDORUHV GH P SHTXHaQRV �DXPHQWDQGR HVWH YDORU FXDQWR PHQRU VHD HO HUURU q WROHUDGR� \ TXH

SDUD YDORUHV GH p SUuR[LPRV D � HO YDORU GH P FUHFH FRQ WHQGHQFLD D �� �SDUD p  ���� \

q  ��b�� VH REWLHQH P  ������ $GHPuDV� GLIHUHQWHV SDUHV �p� q� SURGXFHQ HO PLVPR YDORU

GH P� GHELGR D TXH HVWH SDUuDPHWUR HVWuD GHWHUPLQDGR SRU XQD IXQFLuRQ HQWHUD GH YDULDEOH

UHDO�

(Q OD WDEOD ��� VH PXHVWUD HO PurQLPR YDORU GH p QHFHVDULR SDUD QR VXSHUDU HO HUURU q�

GDGR XQ YDORU GH VRODSDPLHQWR P nMR�

��� 3DUDOHOL]DFLuRQ GHO PuHWRGR�

(VWH PuHWRGR HV IuDFLOPHQWH SDUDOHOL]DEOH SXHV EDVWD FRQ FRQVLGHUDU TXH S HV HO QuXPHUR GH

SURFHVDGRUHV �JHQHUDOPHQWH� ORV SURFHVDGRUHV VH UHSUHVHQWDUuDQ SRU 3L� SDUD

L  �� �� � � � � S b �� \ DVLJQDU D FDGD SURFHVDGRU OD VROXFLuRQ GH XQR GH ORV VXEVLVWHPDV

GDGRV HQ OD H[SUHVLuRQ ������ (O VLJXLHQWH DOJRULWPR GHVFULEH HVD WDUHD�



��� 3DUDOHOL]DFLuRQ GHO PuHWRGR� ��

$OJRULWPR ��� 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV HQ SDUDOHOR

3DVR �

6H FDOFXOD p FRQIRUPH D OD H[SUHVLuRQ ������ VH REWLHQH x PHGLDQWH OD H[SUHVLuRQ ������ \

XWLOL]DQGR OD H[SUHVLuRQ ������ VH GHWHUPLQD P�

3DVR �

$ SDUWLU GH P� VH DVLJQDQ D FDGD SURFHVDGRU ODV HFXDFLRQHV QHFHVDULDV SDUD REWHQHU OD

SDUWLFLuRQ VXSHUSXHVWD�

3DVR �

&DGD SURFHVDGRU UHVXHOYH HO VXEVLVWHPD FRUUHVSRQGLHQWH GDGR SRU OD H[SUHVLuRQ ������

3DVR �

(O YHFWRU VROXFLuRQ GHO VLVWHPD RULJLQDO VH REWLHQH WRPDQGR ODV N SULPHUDV FRPSRQHQWHV

GHO YHFWRU VROXFLuRQ GH A$�A[�  AG�� ODV N FRPSRQHQWHV FHQWUDOHV GH ORV YHFWRUHV VROXFLuRQ GH
A$LA[L  AGL� SDUD L  �� �� � � � � S b �� \ ODV N uXOWLPDV FRPSRQHQWHV GHO YHFWRU VROXFLuRQ GH
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EQ  F�  ��� 3RU OD IRUPD HQ TXH VH KD FRQVWUXLGR� UHVXOWD LQPHGLDWR TXH OD VROXFLuRQ GHO
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UHVSHFWLYDPHQWH� FX\DV VROXFLRQHV VRQ
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�� � 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV

FX\D VROXFLuRQ YLHQH GDGD SRU
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/D VROXFLuRQ GHO VLVWHPD RULJLQDO VH REWLHQH WRPDQGR ODV VHLV SULPHUDV FRPSRQHQWHV GH

A[�� ODV VHLV FRPSRQHQWHV FHQWUDOHV GH A[� \ A[� \ ODV VHLV uXOWLPDV FRPSRQHQWHV GH A[��

��� $OJRULWPRV %63

/D LPSOHPHQWDFLuRQ GHO DOJRULWPR ��� VHJuXQ HO PRGHOR %63 VH GHVFULEH HQ HO DOJR�

ULWPR ���� 6H VXSRQH TXH WDQWR OD PDWUL] GH FRHnFLHQWHV FRPR HO YHFWRU GH WuHUPLQRV

LQGHSHQGLHQWHV VH HQFXHQWUDQ HQ HO SURFHVDGRU SULQFLSDO 3��

$OJRULWPR ��� $OJRULWPR %63 GHO PuHWRGR 230 SDUD XQ VLVWHPD WULGLDJRQDO

6XSHUSDVR �

q (O SURFHVDGRU SULQFLSDO 3� FDOFXOD N  
Q

S
\ ORV SDUuDPHWURV p� x \P XVDQGR ODV H[SUHVLRQHV

������ ������ \ �������

q (O SURFHVDGRU 3� HQYurD DO SURFHVDGRU 3L� SDUD L  �� �� � � � � S b �� HO EORTXH A$L \ ODV

FRPSRQHQWHV GHO YHFWRU AG7� FRUUHVSRQGLHQWHV D OD SDUWLFLuRQ VXSHUSXHVWD�

q (O SURFHVDGRU 3� HQYurD HO YDORU GH P DO SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb ��



��� $OJRULWPRV %63 ��

6XSHUSDVR �

q 3DUD L  �� �� � � � � S b �� FDGD SURFHVDGRU 3L UHVXHOYH HO VXEVLVWHPD A$LA[L  AGL SRU

HOLPLQDFLuRQ *DXVVLDQD�

q 3DUD L  �� �� � � � � Sb �� HO SURFHVDGRU 3L FRPXQLFD DO SURFHVDGRU 3� ODV FRPSRQHQWHV

P� ��P� �� � � � �P� N GH A[L�

q (O SURFHVDGRU SULQFLSDO IRUPD OD VROXFLuRQ [ GHO VLVWHPD ������ KDFLHQGR�

p 3DUD M  �� �� � � � � N� OD FRPSRQHQWH M�uHVLPD GH [ LJXDO D OD FRPSRQHQWH M�uHVLPD

GH A[��

p 3DUD L  �� �� � � � � S b � \ M  �� �� � � � � N� OD FRPSRQHQWH �NL � M��uHVLPD GH [

LJXDO D OD FRPSRQHQWH �P� M��uHVLPD GH A[L�

3DUD REWHQHU HO FRVWH FRPSXWDFLRQDO GHO DOJRULWPR� VH FDOFXOD HO FRVWH GH FDGD XQR GH

ORV VXSHUSDVRV LQGLYLGXDOHV�

&RVWH GHO VXSHUSDVR �� (O FRVWH DULWPuHWLFR GH HVWH VXSHUSDVR YLHQH GHWHUPLQDGR

SRU HO FuDOFXOR HQ HO SURFHVDGRU SULQFLSDO GH ORV SDUuDPHWURV N� p� x \ P� /D REWHQFLuRQ

GH N UHTXLHUH XQD RSHUDFLuRQ� SDUD FDOFXODU OD GLDJRQDO GRPLQDQ]D VH QHFHVLWD UHDOL]DU �Q

RSHUDFLRQHV� SDUD HO FuDOFXOR GH x_GH DFXHUGR FRQ OD H[SUHVLuRQ ������_ VH QHFHVLWDQ Q��

RSHUDFLRQHV \ SDUD FDOFXODU P _PHGLDQWH ������_ � RSHUDFLRQHV DULWPuHWLFDV� 3RU WDQWR

HO FRVWH DULWPuHWLFR GH HVWH VXSHUSDVR HV �Q� ���

(Q FXDQWR DO FRVWH GH FRPXQLFDFLuRQ� HO SURFHVDGRU TXH PuDV FRPXQLFD HV HO SULQFLSDO

TXH HQYurD D 3L� SDUD L  �� �� � � � � Sb �� HO YDORU GH P� HO EORTXH A$L \ ODV FRPSRQHQWHV GHO

YHFWRU AGL� FRPXQLFD SRU WDQWR Sb � � >��N � �P� b �@�S b �� � ��N �P�b � HOHPHQWRV�

SRU OR TXH HO FRVWH WRWDO GHO VXSHUSDVR HV

�Q� �� � ��Qb �N b ��P� �PSb S� ��J � O� ������

&RVWH GHO VXSHUSDVR �� 5HVROYHU XQ VLVWHPD WULGLDJRQDO GH U HFXDFLRQHV PHGLDQWH

HO PuHWRGR GH HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV WULGLDJRQDOHV UHTXLHUH XQ WRWDO GH �Ub �

RSHUDFLRQHV� SRU OR TXH HO FRVWH DULWPuHWLFR GHO VXSHUSDVR HV ��N��P�b�� TXH FRUUHVSRQGH

DO QuXPHUR GH RSHUDFLRQHV UHDOL]DGDV SRU FXDOTXLHUD GH ORV SURFHVDGRUHV LQWHUPHGLRV�



�� � 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV

/RV SURFHVDGRUHV 3L� SDUD L  �� � � � � Sb �� FRPXQLFDQ N FRPSRQHQWHV GH VX VROXFLuRQ

SDUFLDO DO SURFHVDGRU SULQFLSDO� OR TXH VXSRQH XQ FRVWH GH FRPXQLFDFLuRQ N�S b ��� (Q

FRQVHFXHQFLD� HO FRVWH GHO VXSHUSDVR � HV

��N � ��Pb �� � �Qb N�J � O� ������

6XPDQGR ODV H[SUHVLRQHV ������ \ ������� VH REWLHQH TXH HO FRVWH WRWDO GHO DOJRULWPR HV

��Q� �N � ��P� �� � >�Qb �N b ��P� �PSb S� �@J � �O�

(O FuDOFXOR GH ORV SDUuDPHWURV p \ x UHTXLHUH �Q � � RSHUDFLRQHV� WDUHD TXH SXHGH

UHDOL]DUVH HQ SDUDOHOR� $XQTXH HVWR FRQOOHYD XQ DXPHQWR GHO QuXPHUR GH VXSHUSDVRV \ XQ

OLJHUR LQFUHPHQWR HQ HO QXPHUR GH FRPXQLFDFLRQHV� HQ PXFKRV FDVRV VXSRQH XQD UHGXFFLuRQ

HQ HO FRVWH WRWDO GHO DOJRULWPR�

3DUD L  �� �� � � � � Sb �� VH GHnQHQ
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HQWRQFHV

p  PLQ
��L�Sb�

IpLJ � ������

x  
PD[

��L�Sb�
IxLJ

�b pb�
� ������

(O VLJXLHQWH DOJRULWPR %63 PRGLnFD HO DOJRULWPR ��� SDUD UHDOL]DU HO FuDOFXOR GH p \ x

HQ SDUDOHOR�



��� $OJRULWPRV %63 ��

$OJRULWPR ��� $OJRULWPR %63 GHO PuHWRGR 230 SDUD XQ VLVWHPD WULGLDJRQDO� FRQ FuDOFXOR

GH p \ x HQ SDUDOHOR

6XSHUSDVR �

q (O SURFHVDGRU SULQFLSDO 3� FDOFXOD N  Q
S
�

q 3DUD L  �� �� � � � � Sb �� HO SURFHVDGRU 3� HQYurD D 3L ORV HOHPHQWRV FLN�M� DLN�M� ELN�M \

GLN�M� FRQ M  �� �� � � � � N� H[FHSWR EQ  ��

6XSHUSDVR �

q 3DUD L  �� �� � � � � S b �� 3L FDOFXOD pL \ xL GH DFXHUGR FRQ ODV H[SUHVLRQHV ������ \

�������

q 3DUD L  �� �� � � � � Sb �� 3L HQYurD D 3� ORV YDORUHV GH ORV SDUuDPHWURV pL \ xL�

6XSHUSDVR �

q (O SURFHVDGRU 3� FDOFXOD ORV SDUuDPHWURV p� x \ P KDFLHQGR XVR GH ODV H[SUHVLRQHV �������

������ \ �������

q 3DUD L  �� �� � � � � S b �� HO SURFHVDGRU SULQFLSDO 3� HQYurD D 3L ODV nODV M�uHVLPD \

�P� N � M��uHVLPD GH A$L \ AGL� FRQ M  �� �� � � � �P�

q (O SURFHVDGRU SULQFLSDO HQYurD D 3Sb� OD nOD M�uHVLPD GH A$Sb� \ AGSb�� FRQ M  �� �� � � � �P�

q 3DUD L  �� �� � � � � Sb �� HO SURFHVDGRU 3� HQYurD D 3L HO YDORU GH P�

6XSHUSDVR �

&RPR HO VXSHUSDVR � GHO DOJRULWPR ����

$O UHSDUWLU HO FuDOFXOR GH p \ x HQWUH S SURFHVDGRUHV� HO QuXPHUR GH RSHUDFLRQHV EDMD

GH �Q � � D �N � � \ HO FRVWH DULWPuHWLFR GH �Q � �N � ��P � � D ��N � ��P � �� VH KDQ

LQWURGXFLGR GRV VXSHUSDVRV PuDV� SRU OR TXH HO FRVWH GH VLQFURQL]DFLuRQ DXPHQWD GH �O D �O \



�� � 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV

VH KD LQFUHPHQWDGR OD FRPXQLFDFLuRQ HQ ��Sb �� HOHPHQWRV �\D TXH GHVGH ORV SURFHVDGRUHV

UHPRWRV VH HQYurD D 3� ORV SDUuDPHWURV pL \ xL�� HQ FRQVHFXHQFLD� HO FRVWH GH FRPXQLFDFLuRQ

YDOH

>�Qb �N b ��P� �PSb S� � � ��Sb ��@J  ��Qb �N b ��P� �PS� S�J�

$ FRQWLQXFDFLuRQ VH REWHQGUuD FRQ GHWDOOH HO FRVWH GHO DOJRULWPR ����

&RVWH GHO VXSHUSDVR �� /D REWHQFLuRQ GH N UHTXLHUH XQD RSHUDFLuRQ� &DGD SURFHVDGRU

UHFLEH GHO SULQFLSDO �N HOHPHQWRV� SRU OR TXH HO FRVWH GH FRPXQLFDFLuRQ HV >�N�Sb ��b �@J

\ HO FRVWH GHO VXSHUSDVR

� � ��Qb �N b ��J � O� ������

&RVWH GHO VXSHUSDVR �� (O FuDOFXOR GH pL HQ FXDOTXLHU SURFHVDGRU UHTXLHUH �N RSHUD�

FLRQHV PLHQWUDV TXH HO GH xL QHFHVLWD N RSHUDFLRQHV� &DGD SURFHVDGRU �H[FHSWR 3�� HQYurD

DO SURFHVDGRU SULQFLSDO ORV YDORUHV GH pL \ xL TXH HQ WRWDO UHFLEH ��S b �� HOHPHQWRV� HQ

FRQVHFXHQFLD HO FRVWH GHO VXSHUSDVR HV

�N � ��Sb ��J � O� ������

&RVWH GHO VXSHUSDVR �� (O SURFHVDGRU SULQFLSDO GHEH UHDOL]DU � RSHUDFLRQHV SDUD

FDOFXODU x \ � SDUD REWHQHU HO YDORU GH P SRU OR TXH HO FRVWH DULWPuHWLFR HV ��� (Q HVWH

VXSHUSDVR HO SURFHVDGRU TXH PuDV FRPXQLFD HV HO SULQFLSDO TXH WUDQVPLWH P D WRGRV ORV

SURFHVDGRUHV� HQYurD D 3Sb� OD FDQWLGDG GH �Pb� HOHPHQWRV \ D 3L� SDUD L  �� �� � � � � Sb��

XQ WRWDO GH �Pb� HOHPHQWRV� R VHD� FRPXQLFD Sb���Pb ����Pb���Sb�� HOHPHQWRV�

6H WLHQH SRU WDQWR HO VLJXLHQWH FRVWH SDUD HO VXSHUSDVR �

�� � �b��P� �PSb S� ��J � O� ������

&RVWH GHO VXSHUSDVR �� 3XHVWR TXH HVWH VXSHUSDVR FRLQFLGH FRQ HO VXSHUSDVR � GHO

DOJRULWPR ���� VX FRVWH YLHQH GDGR SRU OD H[SUHVLuRQ ������

/D VXPD GH ODV H[SUHVLRQHV ������� ������� ������ \ ������ GD FRPR UHVXOWDGR HO FRVWH

JOREDO GHO DOJRULWPR ���

���N � ��P� �� � ��Qb �N b ��P� �PS� S�J � �O� ������
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V S O J Q�
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�D� ,%0 63� VZLWFK

V S O J Q�

�
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� ����� ������ �

� ������ ������ �

�E� ,%0 63� HWKHUQHW

V S O J Q�

�

���� � �� ��� ��

� ���� ��� �

� ���� ��� �

� ���� ��� �

�F�&OXVWHU GH 3&
V

7DEOD ���� 9DORUHV GH SDUuDPHWURV %63�

��� 5HVXOWDGRV QXPuHULFRV

(Q HVWD VHFFLuRQ VH DQDOL]DQ ORV WLHPSRV SUHYLVWRV WHuRULFDPHQWH \ ORV WLHPSRV H[SHUL�

PHQWDOHV GH ORV DOJRULWPRV ��� \ ��� �D ORV TXH VH UHIHUHQFLDUuD HQ ODV WDEODV \ nJXUDV FRPR

230� \ 230� UHVSHFWLYDPHQWH�� /DV SUXHEDV H[SHULPHQWDOHV VH KDQ UHDOL]DGR HQ HO

,%0 63� \ HO FOXVWHU GH 3&
V FX\DV FDUDFWHUurVWLFDV VH KDQ GHVFULWR HQ OD VXEVHFFLuRQ ������

3RU FRPRGLGDG� HQ OD WDEOD ��� VH UHSLWHQ ORV SDUuDPHWURV REWHQLGRV SDUD HVDV PuDTXLQDV

TXH VH PXHVWUDQ HQ OD WDEOD ����

(O WLHPSR WHuRULFR VH KD REWHQLGR FRQVLGHUDQGR TXH HO WDPDaQR GH EORTXH GH ORV PHQVDMHV

TXH VH FRPXQLFDQ HQWUH ORV SURFHVDGRUHV HV N  
Q

S
\ TXH HO FRVWH GH FRPXQLFDFLuRQ GH XQD



�� � 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV

SDODEUD GH �� ELWV HV

J�N�  

�
Q�

�

N
� �

�
J��
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(Q ODV nJXUDV ����� ���� \ ���� VH PXHVWUD HO SRUFHQWDMH GH GHVYLDFLuRQ GHO WLHPSR

H[SHULPHQWDO FRQ UHVSHFWR DO WHuRULFR HQ IXQFLuRQ GHO WDPDaQR GHO VLVWHPD��

/DV PD\RUHV GLIHUHQFLDV HQWUH HO WLHPSR SUHYLVWR \ HO H[SHULPHQWDO VH REWLHQHQ HQ ORV

VLVWHPDV GH WDPDaQR SHTXHaQR HQ ORV TXH� SRU OR JHQHUDO� VXHOH VHU PD\RU HO WLHPSR H[SHUL�

PHQWDO TXH HO WHuRULFR� $ PHGLGD TXH DXPHQWD HO WDPDaQR GH VLVWHPD HO WLHPSR REWHQLGR

H[SHULPHQWDOPHQWH VH DMXVWD PHMRU DO HVSHUDGR� SDUD WDPDaQRV JUDQGHV OD GHVYLDFLuRQ �VDOYR

DOJXQD H[FHSFLuRQ� RVFLOD HQWUH HO �� \ HO ���

(VWH FRPSRUWDPLHQWR REHGHFH DO DMXVWH WHuRULFR UHDOL]DGR� PHGLDQWH OD FXUYD GH 0LOOHU

GDGD SRU OD H[SUHVLuRQ ������ VREUH ORV YDORUHV H[SHULPHQWDOHV GHO FRVWH GH FRPXQLFDFLuRQ�

J�[�� GH XQD SDODEUD GH �� ELWV SDUD WDPDaQRV GH PHQVDMH [ \ SDWUuRQ GH FRPXQLFDFLuRQ WULG�

3RU HMHPSOR� SDUD HO ,%0 63� VZLWFK \ � SURFHVDGRUHV ORV YDORUHV H[SHULPHQWDOHV GH J�[�

SDUD WDPDaQRV GH PHQVDMH [ FRPSUHQGLGRV HQWUH �� \ ��� SDODEUDV HVWuD SRU HQFLPD GHO

FRVWH WHuRULFR� FRPR SXHGH REVHUYDUVH HQ ODV nJXUDV ���� \ ����� HQ OD SUuDFWLFD ORV WLHPSRV

REWHQLGRV SDUD YDORUHV GH Q FRPSUHQGLGRV HQWUH ��� \ ���� VRQ� PD\RUHV TXH ORV SUHYLVWRV�

FRPR SXHGH REVHUYDUVH HQ OD nJXUD ����D�� (Q HVWD nJXUD VH DSUHFLD� DGHPuDV� TXH SDUD

YDORUHV GH Q FRPSUHQGLGRV HQWUH ���� \ ���� HO WLHPSR REWHQLGR H[SHULPHQWDOPHQWH VXSHUD

DO SUHGLFKR �DXQTXH HQ PHQRU SURSRUFLuRQ TXH SDUD ORV WDPDaQRV FRPSUHQGLGRV HQWUH ���

\ ������ (Q HVWH KHFKR LQoX\HQ GRV IDFWRUHV�

q HO SULPHUR GHSHQGH GHO DMXVWH UHDOL]DGR PHGLDQWH OD FXUYD GH 0LOOHU� TXH SXHGH

YDULDU GHSHQGLHQGR GH OD HVWLPDFLuRQ GHO YDORU GH Q�

�

�

q HO VHJXQGR HVWuD UHODFLRQDGR FRQ OD SURSLD HVWUXFWXUD GHO DOJRULWPR \D TXH VH FRPX�

QLFDQ DOJXQRV PHQVDMHV GH WDPDaQR � SDODEUD GH �� ELWV \ HQ HO FuRPSXWR WHuRULFR VH

FRQVLGHUD TXH VX FRVWH HV HO PLVPR TXH HO GH HQYLDU XQD SDODEUD SDUD XQ EORTXH

GH WDPDaQR N� (O FRVWH SDUD WDPDaQR � HV PD\RU TXH SDUD WDPDaQR N \ DXQTXH WLHQH

SHVR HQ HO WLHPSR REWHQLGR SDUD WDPDaQRV GH VLVWHPD SHTXHaQRV HV LUUHOHYDQWH SDUD

WDPDaQRV GH VLVWHPD JUDQGHV�

(Q ODV WDEODV ����� ���� \ ���� VH PXHVWUD HO DOJRULWPR PuDV UuDSLGR GH ORV GRV� WHuRULFD \

�6H FRQVLGHUD TXH VL HO WLHPSR WHuRULFR HV ��� \ HO WLHPSR H[SHULPHQWDO HV ��� VH KD SURGXFLGR XQ ���

GH GHVYLDFLuRQ \ HQ FDPELR VL HO WLHPSR H[SHULPHQWDO HV ��� VH KD SURGXFLGR XQ b��� GH GHVYLDFLuRQ�

�/RV WDPDaQRV GH EORTXH HQYLDGRV SDUD XQ VLVWHPD GH WDPDaQR Q \ � SURFHVDGRUHV VRQ LJXDOHV D
Q

�
�
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H[SHULPHQWDOPHQWH� HQ FDGD XQD GH ODV PuDTXLQDV SDUD ORV GLVWLQWRV WDPDaQRV GH VLVWHPD�

6H REVHUYD TXH� SRU OR JHQHUDO� D SDUWLU GH ����� HFXDFLRQHV �H[FHSWR HQ HO ,%0 63�

VZLWFK� HV PuDV UuDSLGR HO DOJRULWPR ��� �230��� TXH UHDOL]D HO FuDOFXOR GH P HQ SDUDOHOR�

1R WLHQH PXFKR VHQWLGR HVWXGLDU HO VSHHG�XS �LQFUHPHQWR GH YHORFLGDG� FRQ UHVSHFWR

DO WLHPSR GH HMHFXFLuRQ GHO SURSLR DOJRULWPR HQ XQ SURFHVDGRU SRU TXH VH FRQRFH HO PHMRU

DOJRULWPR VHFXHQFLDO� HO PuHWRGR GH HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV WULGLDJRQDOHV� FX\R

FRVWH SDUD HO VLVWHPD GDGR SRU OD H[SUHVLuRQ ��� HV �Q b �� &RQ UHVSHFWR DO PuHWRGR GH

HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV WULGLDJRQDOHV VH REWLHQHQ ORV UHVXOWDGRV GH OD WDEOD

����� FRQVLGHUDQGR ORV WLHPSRV WHuRULFRV GH ORV VLVWHPDV GH WDPDaQR PuD[LPR GH ORV TXH VH

KDQ REWHQLGR UHVXOWDGRV H[SHULPHQWDOHV HQ FDGD XQD GH ODV PuDTXLQDV�



��� � 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV

,%0 63� HWKHUQHW

� SURFHVDGRUHV � SURFHVDGRUHV � SURFHVDGRUHV

Q 7HuRU� ([SHU� 7HuRU� ([SHU� Q 7HuRU� ([SHU�

��� 230� 230� 230� 230� ��� 230� 230�

��� 230� 230� 230� 230� ��� 230� 230�

��� 230� 230� 230� 230� ��� 230� 230�

���� 230� 230� 230� 230� ���� 230� 230�

���� 230� 230� 230� 230� ���� 230� 230�

���� 230� 230� 230� 230� ���� 230� 230�

���� 230� 230� 230� 230� ���� 230� 230�

����� 230� 230� 230� 230� ����� 230� 230�

����� 230� 230� 230� 230� ����� 230� 230�

����� 230� 230� 230� 230� ����� 230� 230�

������ 230� 230� 230� 230� ������ 230� 230�

������ 230� 230� 230� 230� ������ 230� 230�

������ 230� 230� 230� 230� ������ 230� 230�

7DEOD ����� $OJRULWPR PuDV UuDSLGR �WHuRULFD \ H[SHULPHQWDOPHQWH� HQWUH ORV DOJRULW�

PRV ��� �230�� \ ��� �230�� HQ XQ ,%0 63� HWKHUQHW�



��� 5HVXOWDGRV QXPuHULFRV ���

&OXVWHU GH 3&
V

� SURFHVDGRUHV � SURFHVDGRUHV � SURFHVDGRUHV

Q 7HuRU� ([SHU� 7HuRU� ([SHU� Q 7HuRU� ([SHU�

��� 230� 230� 230� 230� ��� 230� 230�

��� 230� 230� 230� 230� ��� 230� 230�

��� 230� 230� 230� 230� ��� 230� 230�

���� 230� 230� 230� 230� ���� 230� 230�

���� 230� 230� 230� 230� ���� 230� 230�

���� 230� 230� 230� 230� ���� 230� 230�

���� 230� 230� 230� 230� ���� 230� 230�

����� 230� 230� 230� 230� ����� 230� 230�

����� 230� 230� 230� 230� ����� 230� 230�

����� 230� 230� 230� 230� ����� 230� 230�

7DEOD ����� $OJRULWPR PuDV UuDSLGR �WHuRULFD \ H[SHULPHQWDOPHQWH� HQWUH ORV DOJRULW�

PRV ��� �230�� \ ��� �230�� HQ XQ FOXVWHU GH 3&
V�



��� � 0uHWRGR GH ODV SDUWLFLRQHV VXSHUSXHVWDV

,%0 63� VZLWFK

230� 230�

S 6S (S 6S (S

� ���� ������ ���� ������

� ���� ����� ���� �����

� ���� ����� ���� �����

�D� ,%0 63� VZLWFK

,%0 63� HWKHUQHW

230� 230�

S 6S (S 6S (S

� ���� ����� ���� �����

� ���� ����� ���� �����

� ���� ����� ���� �����

�E� ,%0 63� HWKHUQHW

&OXVWHU GH 3&
V

230� 230�

S 6S (S 6S (S

� ���� ������ ���� ������

� ���� ����� ���� ������

� ���� ����� ���� �����

�F�&OXVWHU GH 3&
V

7DEOD ����� 6SHHG�XS �6S� \ HnFLHQFLD �(S� GH ORV DOJRULWPRV ��� �230�� \ ���

�230�� HQ XQ ,%0 63� \ XQ FOXVWHU GH 3&
V�



��� 5HVXOWDGRV QXPuHULFRV ���

V S O J Q �

�

�� � �� ��� ��

� ��� ��� ��

� ��� ��� ��

� ��� ��� ��

�� ��� ��� ��

�� ��� ��� ��

�� ��� � ��

��� ��� ��� ��

��� ��� ��� ��

�D�&5$< 7�'

V S O J Q�

�

���� � �� ���� �

� ��� ���� ��

� ��� ���� ��

� ��� ���� ��

�� ��� ���� ��

�� ���� ���� ��

�E�&5$< 7�(

7DEOD ����� 9DORUHV GH SDUuDPHWURV %63�

/D HnFLHQFLD TXH VH REWLHQH QR HV PX\ EXHQD� \ HQ FDVR GHO ,%0 63� FRQ HWKHUQHW HV

SuHVLPD� VLQ GXGD XQ IDFWRU GHWHUPLQDQWH HV HO YDORU GH J� 3DUD RWUDV PuDTXLQDV FRQ PHQRU

YDORU GH J VH REWLHQH PHMRU HnFLHQFLD� FRPR HV HO FDVR GH XQ &5$< 7�' R XQ &5$< 7�(�
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