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HV XQD PDWUL] GH WDPDaQR N d N FRQ XQ VuROR HOHPHQWR QR QXOR�

(Q ORV YHFWRUHV [ \ G VH FRQVLGHUD XQD SDUWLFLuRQ SRU EORTXHV DFRUGH FRQ OD UHDOL]DGD

HQ OD PDWUL] GH FRHnFLHQWHV $� HV GHFLU
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/D LGHD FHQWUDO HQ TXH VH EDVD HVWH PuHWRGR FRQVLVWH HQ SURFHGHU GH IRUPD VLPXOWuDQHD

HQ ORV GLVWLQWRV EORTXHV GH OD SDUWLFLuRQ ����� D OD HOLPLQDFLuRQ GH ORV HOHPHQWRV VLWXDGRV

SRU HQFLPD \ SRU GHEDMR GH OD GLDJRQDO SULQFLSDO GH OD PDWUL] GH FRHnFLHQWHV� UHDOL]DQ�

GR ODV RSRUWXQDV DFWXDOL]DFLRQHV HQ ORV HOHPHQWRV GH $ DIHFWDGRV HQ FDGD SDVR� KDVWD

WUDQVIRUPDU $ HQ XQD PDWUL] GLDJRQDO� $O PLVPR WLHPSR VH UHDOL]D XQD DFWXDOL]DFLuRQ

VREUH ORV HOHPHQWRV GHO YHFWRU GH WuHUPLQRV LQGHSHQGLHQWHV TXH UHVXOWHQ DIHFWDGRV SRU ODV

RSHUDFLRQHV VREUH OD PDWUL] GH FRHnFLHQWHV�

(O PuHWRGR VH SXHGH UHVXPLU HQ ORV VLJXLHQWHV SDVRV�
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� 6H UHDOL]D VREUH OD PDWUL] $ \ ORV YHFWRUHV [�G OD SDUWLFLuRQ ������

� 6H DQXODQ ORV HOHPHQWRV VXEGLDJRQDOHV GH ORV EORTXHV GLDJRQDOHV� HVWH SURFHVR KDFH

TXH HQ ORV EORTXHV VXEGLDJRQDOHV DSDUH]FDQ QXHYRV HOHPHQWRV QR QXORV HQ ODV FR�

OXPQDV LN�uHVLPDV� SDUD L  �� �� � � � � S b �� HOHPHQWRV TXH VH GHQRWDQ SRU IM� FRQ

M  N � �� N � �� � � � � Q�

� 6H DQXODQ ORV HOHPHQWRV VXSHUGLDJRQDOHV GH ORV EORTXHV GLDJRQDOHV VDOYR ORV VLWXDGRV

HQ ODV FROXPQDV LN^uHVLPDV� SDUD L  �� �� � � � � S b �� \ ORV HOHPHQWRV QR QXORV GH

ORV EORTXHV VXSHUGLDJRQDOHV� HVWR KDFH TXH HQ ODV FROXPQDV LN^uHVLPDV� SDUD L  

�� �� � � � � S� DSDUH]FDQ QXHYRV HOHPHQWRV QR QXORV TXH VH GHQRWDQ SRU JM� FRQ M  

�� �� � � � � Qb ��

� (Q FDGD EORTXH VXEGLDJRQDO VH DQXODQ ORV HOHPHQWRV IM� VLWXDGRV SRU GHEDMR GH OD

GLDJRQDO SULQFLSDO� REWHQLHQGR DVur XQD PDWUL] WULDQJXODU VXSHULRU�

� /D PDWUL] $ VH GLDJRQDOL]D DQXODQGR ORV HOHPHQWRV SRU HQFLPD GH OD GLDJRQDO SULQ�

FLSDO \ VH REWLHQH OD VROXFLuRQ GH IRUPD LQPHGLDWD�

$ FRQWLQXDFLuRQ VH GDUuD XQD GHVFULSFLuRQ PuDV GHWDOODGD GHO PuHWRGR HQ JHQHUDO \ VH LUuD

DSOLFDQGR DO FDVR SDUWLFXODU HQ TXH Q  �� \ S  �� YuHDVH OD nJXUD ����

,QLFLDOPHQWH HQ FDGD EORTXH $L� SDUD L  �� �� � � � � S b �� VH HOLPLQDQ ORV HOHPHQWRV

VLWXDGRV SRU GHEDMR GH OD GLDJRQDO SULQFLSDO� 6H UHDOL]DQ ODV VLJXLHQWHV RSHUDFLRQHV�
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)LJXUD ���� 0DWUL] GH FRHnFLHQWHV SDUD HO FDVR Q  ���

'HVSXuHV GH HVWH SDVR LQLFLDO� OD PDWUL] GH FRHnFLHQWHV GHO FDVR SDUWLFXODU WLHQH OD IRUPD

TXH VH PXHVWUD HQ OD nJXUD ����

1uRWHVH TXH HQ HVWH SULPHU SDVR DSDUHFHQ QXHYRV HOHPHQWRV QR QXORV ILN�M� SDUD L  

�� �� � � � � Sb � \ M  �� �� � � � � N� HQ ODV FROXPQDV LN�uHVLPDV�

(Q VHJXQGR OXJDU� HQ FDGD EORTXH GLDJRQDO� VH DQXODQ ORV HOHPHQWRV VXSHUGLDJRQDOHV

H[FHSWR ORV TXH VH HQFXHQWUDQ HQ ODV FROXPQDV LN�uHVLPDV� SDUD L  �� �� � � � � S b �� 6H

UHDOL]DQ ODV VLJXLHQWHV RSHUDFLRQHV�

q SDUD L  �� �� � � � � Sb ��

J�L���Nb� � E�L���Nb��
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)LJXUD ���� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH OD HOLPLQDFLuRQ

GH ORV HOHPHQWRV VLWXDGRV SRU GHEDMR GH OD GLDJRQDO SULQFLSDO� SDUD HO FDVR Q  ���

q SDUD L  �� �� � � � � Sb � \ M  �� �� � � � � N b ��
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q SDUD L  �� �� � � � � Sb � \ M  �� �� � � � � N b ��

I�L���NbM � I�L���NbM b E�L���NbMI�L���N��bM�

/D nJXUD ��� PXHVWUD OD IRUPD HQ TXH TXHGD OD PDWUL] WUDV OD UHDOL]DFLuRQ GH HVWDV RSHUD�

FLRQHV�

$ FRQWLQXDFLuRQ� SDUD L  �� �� � � � � Sb �� VH DQXODQ ORV HOHPHQWRV ELN TXH VH HQFXHQWUDQ

HQ ODV FROXPQDV �LN����uHVLPDV �HQ OD nJXUD ��� VRQ ORV HOHPHQWRV UHPDUFDGRV�� 1uRWHVH TXH

SDUD DQXODU HVWRV HOHPHQWRV GHEHQ UHDOL]DUVH RSHUDFLRQHV HOHPHQWDOHV HQ ODV TXH LQWHUYLHQHQ

HOHPHQWRV TXH QR VH HQFXHQWUDQ HQ OD PLVPD nOD GH OD SDUWLFLuRQ �HQ HO VHQWLGR GH TXH ORV



��� 'HVFULSFLuRQ GHO PuHWRGR ���

$  

m
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNt

D� J�

D� J�

D� J�

D� E�

I� D� J�

I� D� J�

I� D� J�

I� D� E�

I� D� J�

I�� D�� J��

I�� D�� J��

I�� D�� E��

I�� D�� J��

I�� D�� J��

I�� D�� J��

I�� D��

u
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU{

)LJXUD ���� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH OD HOLPLQDFLuRQ

ORV HOHPHQWRV VLWXDGRV SRU HQFLPD GH OD GLDJRQDO SULQFLSDO� SDUD HO FDVR Q  ���

VXEurQGLFHV GH ORV EORTXHV &L� $L� \ %L FRLQFLGHQ � \D TXH SDUD HOLPLQDU HO HOHPHQWR ELN� TXH

VH HQFXHQWUD HQ ORV EORTXHV &Lb�� $Lb�� %Lb�� VH HIHFWuXDQ RSHUDFLRQHV HQ ODV TXH LQWHUYLHQHQ

HOHPHQWRV GH OD nOD �LN � ���uHVLPD \ HVWD nOD IRUPD SDUWH GH ORV EORTXHV &L� $L� %L�

/DV RSHUDFLRQHV TXH VH OOHYDQ D FDER VRQ� SDUD L  �� �� � � � � Sb ��

ELN � ELN
DLN��
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$SDUHFHQ DVur QXHYRV HOHPHQWRV JLN HQ ODV FROXPQDV �L���N�uHVLPDV� SDUD L  �� �� � � � � Sb��

/D nJXUD ��� PXHVWUD OD IRUPD HQ TXH TXHGD OD PDWUL] GHO HMHPSOR XQD YH] DQXODGRV

ORV HOHPHQWRV E�� E� \ E��� ORV QXHYRV HOHPHQWRV JM KDQ VLGR UHPDUFDGRV�

3DUD DQXODU ELN� SDUD L  �� �� � � � � S b �� XWLOL]DQGR ODV H[SUHVLRQHV ������ VH QHFHVL�
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)LJXUD ���� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH DQXODU ORV HOH�

PHQWRV E�� E� \ E��� SDUD HO FDVR Q  ���

WDQ HOHPHQWRV TXH VH HQFXHQWUDQ HQ OD nOD �LN � ���uHVLPD� HVWR VXSRQH XQD GLnFXOWDG DO

SDUDOHOL]DU HO PuHWRGR \D TXH ORV HOHPHQWRV LPSOLFDGRV VH HQFXHQWUDQ HQ SURFHVDGRUHV GLV�

WLQWRV� OR TXH REOLJD D HIHFWXDU XQD FRPXQLFDFLuRQ HQWUH ORV SURFHVDGRUHV SDUD DFWXDOL]DU

ORV HOHPHQWRV HQ XQR GH HOORV \� XQD YH] DFWXDOL]DGRV� YROYHUORV D HQYLDU DO SURFHVDGRU

RULJHQ�

(O VLJXLHQWH SDVR FRQVLVWH HQ OD HOLPLQDFLuRQ �HQ FDGD XQR GH ORV EORTXHV GLDJRQDOHV

FRUUHVSRQGLHQWHV� GH ORV HOHPHQWRV ILN�M� SDUD L  �� �� � � � � Sb � \ M  �� �� � � � � N� FRQVL�

JXLHQGR GH HVWH PRGR TXH OD PDWUL] GH FRHnFLHQWHV VHD WULDQJXODU VXSHULRU� 3DUD HOLPLQDU

HVWRV HOHPHQWRV VH UHDOL]DQ ODV VLJXLHQWHV RSHUDFLRQHV
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)LJXUD ���� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH DQXODU ORV HOH�

PHQWRV I�L�M � FRQ L  �� �� � \ M  �� �� �� �� SDUD HO FDVR Q  ���

nJXUD ����

$KRUD uXQLFDPHQWH TXHGDQ HOHPHQWRV QR QXORV IXHUD GH OD GLDJRQDO SULQFLSDO HQ ODV

FROXPQDV LN�uHVLPDV� FRQ L  �� �� � � � � S� 3DUD DQXODUORV VH UHDOL]DQ ODV VLJXLHQWHV RSHUD�

FLRQHV�
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)LJXUD ���� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH DQXODU ORV HOH�

PHQWRV J�L�M � FRQ L  �� �� �� � \ M  �� �� �� SDUD HO FDVR Q  ���

&RQYLHQH DFODUDU TXH �HQ SULQFLSLR� HO SURFHVR GH HOLPLQDFLuRQ GH HVWRV HOHPHQWRV QR

SXHGH HIHFWXDUVH VLPXOWuDQHDPHQWH HQ WRGRV ORV EORTXHV GLDJRQDOHV �\ SRU HQGH HQ SDUDOHOR�

\D TXH DO UHDOL]DU ODV RSHUDFLRQHV HOHPHQWDOHV QHFHVDULDV DSDUHFHUurDQ QXHYRV HOHPHQWRV QR

QXORV� SRU HOOR HO SURFHVR GH HOLPLQDFLuRQ FRPLHQ]D FRQ JQb� \ nQDOL]D FRQ J�� /D PDWUL]

nQDO HV GLDJRQDO \ OD VROXFLuRQ VH REWLHQH GH IRUPD LQPHGLDWD PHGLDQWH

[L  
GL

DL
� L  �� �� � � � � Q�

(Q ODV nJXUD ��� VH PXHVWUD FuRPR TXHGDUurD OD PDWUL] $ GHO HMHPSOR VL VH DQXODQ

VLPXOWuDQHDPHQWH ORV HOHPHQWRV J�L�M� FRQ L  �� �� �� � \ M  �� �� � �UHPDUFDGRV HQ OD

nJXUD ���� \ HQ OD nJXUD ��� FuRPR TXHGDUurD OD PDWUL] $ VL� D FRQWLQXDFLuRQ� VH HOLPLQDQ ORV

QXHYRV HOHPHQWRV QR QXORV �� TXH DSDUHFHQ HQ OD nJXUD ����
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)LJXUD ���� 7UDQVIRUPDFLuRQ GH OD PDWUL] GH FRHnFLHQWHV GHVSXuHV GH HOLPLQDU ORV

QXHYRV HOHPHQWRV QR QXORV� SDUD HO FDVR Q  ���

��� 3DUDOHOL]DFLuRQ GHO PuHWRGR

3DUD SDUDOHOL]DU HO PuHWRGR VH FRQVLGHUD TXH S HV HO QuXPHUR GH SURFHVDGRUHV \ VH DVLJQD

D FDGD XQR GH ORV SURFHVDGRUHV 3L� SDUD L  �� �� � � � � Sb �� ORV EORTXHV &L� $L� %L \ GL GH

OD SDUWLFLuRQ GHO VLVWHPD ����� GDGD HQ OD H[SUHVLuRQ ������ &RPR \D VH KD FRPHQWDGR

HQ OD VHFFLuRQ ��� HO PuHWRGR SUHVHQWD GLnFXOWDGHV SDUD VX SDUDOHOL]DFLuRQ D OD KRUD GH

HOLPLQDU ORV HOHPHQWRV LQWHUSURFHVDGRUHV ELN TXH VH HQFXHQWUDQ HQ ODV nODV LN�uHVLPDV� SDUD

L  �� �� � � � � Sb�� VX DQXODFLuRQ REOLJD D HIHFWXDU XQ SDVR GH FRPXQLFDFLuRQ \ DFWXDOL]DFLuRQ

GH ORV HOHPHQWRV TXH UHVXOWDQ PRGLnFDGRV� $VLPLVPR� OD HOLPLQDFLuRQ HQ SDUDOHOR GH ORV

HOHPHQWRV JLN �WDPELuHQ VLWXDGRV HQ ODV nODV LN�uHVLPDV�� SDUD L  �� �� � � � � Sb �� SUHVHQWD

XQD GLnFXOWDG TXH VHUuD HVWXGLDGD HQ HVWD VHFFLuRQ�

(O VLJXLHQWH DOJRULWPR GHVFULEH OD IRUPD GH SDUDOHOL]DU HO PuHWRGR�
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$OJRULWPR ��� 0uHWRGR GH ODV SDUWLFLRQHV GH :DQJ HQ SDUDOHOR�

3DVR �

6H FRQVLGHUD HQ HO VLVWHPD ����� OD SDUWLFLuRQ GDGD HQ OD H[SUHVLuRQ ����� \ VH DVLJQD DO

SURFHVDGRU 3� ORV EORTXHV $�� %� \ G�� DO SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb �� ORV EORTXHV

&L� $L� %L \ GL \� nQDOPHQWH� DO SURFHVDGRU 3Sb� ORV EORTXHV &Sb�� $Sb�� \ GSb��

3DVR �

&DGD SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb �� DQXOD ORV HOHPHQWRV VXEGLDJRQDOHV \ VXSHU�

GLDJRQDOHV �H[FHSWR E�L���Nb�� GHO EORTXH $L \ UHDOL]D ODV RSRUWXQDV DFWXDOL]DFLRQHV HQ HO UHVWR

GH EORTXHV�

3DVR �

&DGD SURFHVDGRU 3L� SDUD L  Sb�� Sb�� � � � � �� FRPXQLFD DO SURFHVDGRU 3Lb� ORV HOHPHQWRV

QHFHVDULRV SDUD TXH HVWH uXOWLPR DQXOH HO HOHPHQWR ELN \ DFWXDOLFH ORV HOHPHQWRV DIHFWDGRV�

3DVR �

&DGD SURFHVDGRU 3Lb�� SDUD L  �� �� � � � � Sb �� FRPXQLFD DO SURFHVDGRU 3L ORV HOHPHQWRV

QHFHVDULRV SDUD TXH HVWH uXOWLPR DQXOH ORV HOHPHQWRV IM� FRQ M  LN � �� LN � �� � � � � �L� ��N�

TXH KDQ DSDUHFLGR HQ ORV EORTXHV &L \ DFWXDOLFH ORV HOHPHQWRV DIHFWDGRV�

3DVR �

&DGD SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb � FRPXQLFD DO SURFHVDGRU 3� ORV YDORUHV DFWXD�

OL]DGRV GH ORV EORTXHV $L� %L \ GL \ HO SURFHVDGRU 3Sb� FRPXQLFD D 3� ORV YDORUHV DFWXDOL]DGRV

GH ORV EORTXHV $Sb� \ GSb�� (O SURFHVDGRU 3� DQXOD ORV HOHPHQWRV VXSHUGLDJRQDOHV JM� SDUD

M  Qb �� Qb �� � � � � �� GH OD PDWUL] $ \ REWLHQH OD VROXFLuRQ GHO VLVWHPD GH IRUPD LQPHGLDWD

\D TXH $ HV GLDJRQDO�

(O SDVR � GHO DOJRULWPR ��� SXHGH VHU SDUDOHOL]DGR WRPDQGR ORV HOHPHQWRV TXH VH

HQFXHQWUDQ HQ ODV nODV LQWHUSURFHVDGRUHV \ IRUPDQGR XQ VLVWHPD DX[LOLDU

+ x[  xG� �����

FX\D VROXFLuRQ� HQ FDGD SURFHVDGRU� SHUPLWH REWHQHU D FDGD SURFHVDGRU HO UHVWR GH FRPSR�



��� 3DUDOHOL]DFLuRQ GHO PuHWRGR ���

QHQWHV GH VX VROXFLuRQ SDUFLDO�

(Q HO VLJXLHQWH HMHPSOR VH YD D REWHQHU HO VLVWHPD DX[LOLDU ����� \ D GHVFULELU OD IRUPD

GH REWHQHU OD VROXFLuRQ SDUFLDO� HQ HO FDVR SDUWLFXODU HQ TXH Q  �� \ S  �� $ FRQWLQXDFLuRQ

VH HVWXGLDUuD HO FDVR JHQHUDO�

(MHPSOR ��� 6H SDUWH LQLFLDOPHQWH GH OD PDWUL] GH OD nJXUD ������ HQ OD TXH ORV uXQLFRV

HOHPHQWRV TXH VH HQFXHQWUDQ IXHUD GH OD GLDJRQDO SULQFLSDO HVWuDQ HQ ODV FROXPQDV LN�uHVLPDV�

SDUD L  �� �� � � � � �� (O VLVWHPD DX[LOLDU ����� WLHQH OD IRUPD
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���������
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1uRWHVH TXH+ HV XQD PDWUL] FXDGUDGD WULGLDJRQDO GH WDPDaQR S��  � FRQ OD FDUDFWHUurVWLFD

GH TXH I�  ��

/D LGHD GH OD SDUDOHOL]DFLuRQ GHO PuHWRGR FRQVLVWH HQ TXH FDGD SURFHVDGRU UHFLED ORV

HOHPHQWRV QHFHVDULRV SDUD IRUPDU \ UHVROYHU HO VLVWHPD DX[LOLDU ����� \ DVur SRGHU VHJXLU

WUDEDMDQGR HQ SDUDOHOR SDUD REWHQHU HO UHVWR GH FRPSRQHQWHV GH VX VROXFLuRQ SDUFLDO�

(Q HO HMHPSOR� XQD YH] UHVXHOWR HQ FDGD SURFHVDGRU HO VLVWHPD DX[LOLDU ������� FDGD

SURFHVDGRU FRQRFH ODV FRPSRQHQWHV [�� [�� [�� [�� \ [�� \ GHEH SURFHGHU D REWHQHU HO UHVWR

GH FRPSRQHQWHV GH VX VROXFLuRQ SDUFLDO� 1uRWHVH TXH FDGD SURFHVDGRU GHEH FDOFXODU N b �

FRPSRQHQWHV GH VX VROXFLuRQ SDUFLDO D H[FHSFLuRQ GHO SULPHUR TXH VuROR QHFHVLWD FDOFXODU

N b � FRPSRQHQWHV� \D TXH [� KD VLGR REWHQLGD DO UHVROYHU HO VLVWHPD DX[LOLDU ������� 3RU

FRPRGLGDG HQ OD QRWDFLuRQ \ SXHVWR TXH QR VH DXPHQWD HO FRVWH FRPSXWDFLRQDO GHO PuHWRGR�

VH FRQVLGHUD TXH HO SURFHVDGRU 3� FDOFXOD HO PLVPR QuXPHUR GH FRPSRQHQWHV GH VX VROXFLuRQ

SDUFLDO TXH HO UHVWR�



��� � 0uHWRGR GH :DQJ

(O SURFHVDGRU 3� WLHQH HO VXEVLVWHPD

D�[� � J�[�  G�

D�[� � J�[�  G�

D�[� � J�[�  G�

D�[� � J�[�  G�

�!!!!! 
!!!!!�

\ FRQRFH ODV YDORUHV GH [� \ [� SRU OR TXH uXQLFDPHQWH GHEH FDOFXODU [�� [� \ [�� GH PDQHUD

TXH GHEH UHVROYHU HO VLVWHPD

D�[� � J�[�  G�

D�[� � J�[�  G�

D�[� � J�[�  G�

�!!! 
!!!�

�

'HVSHMDQGR ODV LQFuRJQLWDV [�� [� \ [� GHO VLVWHPD DQWHULRU VH WLHQH

[L  
�

DL

�GL b JL[�� � L  �� �� ��

(O SURFHVDGRU 3� WLHQH HO VXEVLVWHPD

I�[� � D�[� � J�[�  G�

I�[� � D�[� � J�[�  G�

I�[� � D�[� � J�[�  G�

I�[� � D�[� � J�[��  G�

�!!!!! 
!!!!!�

\ FRQRFH ORV YDORUHV GH [�� [� \ [�� SRU OR TXH� uXQLFDPHQWH� GHEH FDOFXODU [�� [� \ [�� GH

PDQHUD TXH GHEH UHVROYHU HO VLVWHPD

I�[� � D�[� � J�[�  G�

I�[� � D�[� � J�[�  G�

I�[� � D�[� � J�[�  G�

�!!! 
!!!�

�

'HVSHMDQGR ODV LQFuRJQLWDV [�� [� \ [� VH REWLHQH

[L  
�

DL

�GL b JL[� b IL[�� � L  �� �� ��



��� 3DUDOHOL]DFLuRQ GHO PuHWRGR ���

5D]RQDQGR GH LJXDO PDQHUD� VH REWLHQH HQ 3�

[L  
�

DL

�GL b JL[�� b IL[�� � L  �� ��� ���

\ HQ 3�

[L  
�

DL

�GL b JL[�� b IL[��� � L  ��� ��� ���

0HGLDQWH HVWD WuHFQLFD VH FRQVLJXH TXH HO SURFHVR GH FuDOFXOR GH ODV VROXFLRQHV VH UHDOLFH

HQ SDUDOHOR KDVWD HO nQDO GHO PLVPR�

6H SXHGH JHQHUDOL]DU HO UHVXOWDGR REWHQLGR HQ HO HMHPSOR ��� DO FDVR HQ TXH OD PDWUL] $

HV GH RUGHQ Q \ VH WUDEDMD FRQ S SURFHVDGRUHV� 6H VXSRQHQ UHDOL]DGDV HQ $ ODV RSHUDFLRQHV

HOHPHQWDOHV QHFHVDULDV SDUD TXH ORV uXQLFRV HOHPHQWRV GH $ TXH VH HQFXHQWUHQ IXHUD GH OD

GLDJRQDO SULQFLSDO HVWuHQ HQ ODV FROXPQDV LN�uHVLPDV� SDUD L  �� �� � � � � S �HVWR HV� OD PDWUL]

$ WLHQH XQD IRUPD VLPLODU D OD GH OD nJXUD ������ $KRUD� HO VLVWHPD ����� WLHQH OD IRUPD�
������������
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(O SURFHVDGRU 3� WLHQH HO VXEVLVWHPD

D�[� � J�[N  G�

D�[� � J�[N  G�
� � �
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���

DNb�[Nb� � JNb�[N  GNb�

DN[N � JN[�N  GN
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�

ORV YDORUHV GH [N \ [�N VRQ REWHQLGRV DO UHVROYHU HO VLVWHPD DX[LOLDU ����� SRU OR TXH

uXQLFDPHQWH GHEH FDOFXODU [M� SDUD M  �� �� � � � � N b �� GH PDQHUD TXH GHEH UHVROYHU HO



��� � 0uHWRGR GH :DQJ

VLVWHPD

D�[� � J�[N  G�

D�[� � J�[N  G�
� � �

���
���

DNb�[Nb� � JNb�[N  GNb�
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�

'HVSHMDQGR VH WLHQH

[M  
�

DM
�GM b JM[N� � SDUD M  �� �� � � � � N b ��

(O SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb �� WLHQH HO VXEVLVWHPD

ILN��[LN � DLN��[LN�� � JLN��[�L���N  GLN��

ILN��[LN � DLN��[LN�� � JLN��[�L���N  GLN��
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�
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�
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I�L���Nb�[LN � D�L���Nb�[�L���Nb� � J�L���Nb�[�L���N  G�L���Nb�

I�L���N[LN � D�L���N[�L���N � J�L���N[�L���N  G�L���N

[�������������
������������̀

�

ORV YDORUHV GH [LN� [�L���N \ [�L���N VRQ REWHQLGRV DO UHVROYHU HO VLVWHPD DX[LOLDU �����
SRU OR TXH uXQLFDPHQWH GHEH FDOFXODU [LN�M� SDUD M  �� �� � � � � N b �� GH PDQHUD TXH GHEH
UHVROYHU HO VLVWHPD

ILN��[LN � DLN��[LN�� � JLN��[�L���N  GLN��

ILN��[LN � DLN��[LN�� � JLN��[�L���N  GLN��
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I�L���Nb�[LN � D�L���Nb�[�L���Nb� � J�L���Nb�[�L���N  G�L���Nb�
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'HVSHMDQGR VH WLHQH

[LN�M  
�

DLN�M

b
GLN�M b JLN�M[�L���N b ILN�M[LN

c
� SDUD M  �� �� � � � � N b ��

(O SURFHVDGRU 3Sb� WLHQH HO VXEVLVWHPD

IQbN��[QbN � DQbN��[QbN�� � JQbN��[Q  GQbN��

IQbN��[QbN � DQbN��[QbN�� � JQbN��[Q  GQbN��
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IQb�[QbN � DQb�[Qb� � JQb�[Q  GQb�

IQ[QbN � DQ[Q  GQ
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��� $OJRULWPRV %63 ���

ORV YDORUHV GH [QbN \ [Q VRQ REWHQLGRV DO UHVROYHU HO VLVWHPD DX[LOLDU ����� SRU OR TXH
uXQLFDPHQWH GHEH FDOFXODU [QbN�M� SDUD M  �� �� � � � � N b �� GH PDQHUD TXH GHEH UHVROYHU
HO VLVWHPD

IQbN��[QbN � DQbN��[QbN�� � JQbN��[Q  GQbN��

IQbN��[QbN � DQbN��[QbN�� � JQbN��[Q  GQbN��
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�
�

�
�
�

�
�
�

�
�
�

IQb�[QbN � DQb�[Qb� � JQb�[Q  GQb�

[
�������
������̀

�

'HVSHMDQGR VH WLHQH

[QbN�M  
�

DQbN�M

�GQbN�M b JQbN�M[Q b IQbN�M[QbN� � SDUD M  �� �� � � � � N b ��

6L VH VXSRQH I�  I�  c c c  IN  �� VH SXHGH HVFULELU� SDUD L  �� �� � � � � Sb ��

[LN�M  
�

DLN�M

b
GLN�M b JLN�M[�L���N b ILN�M[LN

c
� FRQ M  �� �� � � � � N b �� ������

1uRWHVH TXH� XWLOL]DQGR ������ VH SXHGH SDVDU GH OD PDWUL] HQ OD IRUPD GH OD nJXUD

����� D OD REWHQFLuRQ GH OD VROXFLuRQ HQ FDGD SURFHVDGRU� 3DUD HOOR� HV QHFHVDULR XQ SDVR GH

FRPXQLFDFLuRQ HQ HO TXH FDGD SURFHVDGRU HQYurD D ORV GHPuDV ORV HOHPHQWRV QHFHVDULRV SDUD

TXH WRGRV SXHGDQ FRQVWUXLU HO VLVWHPD DX[LOLDU ������ HVWD FRPXQLFDFLuRQ GHEH UHDOL]DUVH

MXVWR GHVSXuHV GH OD HOLPLQDFLuRQ GH ORV HOHPHQWRV ELN� SDUD L  �� �� � � � � Sb�� OR TXH FRQOOHYD

OD DFWXDOL]DFLuRQ GH ORV HOHPHQWRV DLN� GLN \� SRU RWUD SDUWH� TXH VH JHQHUHQ ORV HOHPHQWRV

JLN�

��� $OJRULWPRV %63

(O VLJXLHQWH DOJRULWPR %63 UHFRJH ODV FDUDFWHUurVWLFDV GHO PuHWRGR H[SXHVWDV HQ OD VHFFLuRQ

����



��� � 0uHWRGR GH :DQJ

$OJRULWPR ��� 8Q DOJRULWPR %63 SDUD UHVROXFLuRQ GH VLVWHPDV WULGLDJRQDOHV EDVDGR HQ HO

PuHWRGR GH :DQJ�

6XSHUSDVR �

(O SURFHVDGRU 3� HQYurD DO SURFHVDGRU 3L� SDUD L  �� �� � � � � S b �� ORV HOHPHQWRV FLN�M�

DLN�M� ELN�M \ GLN�M� FRQ M  �� �� � � � � N� H[FHSWR EQ  ��

6XSHUSDVR �

q 3DUD L  �� �� � � � � Sb ��

p (O SURFHVDGRU 3L DQXOD ORV HOHPHQWRV FLN�M� SDUD M  �� �� � � � � N� XWLOL]DQGR OD

H[SUHVLuRQ ������

p (O SURFHVDGRU 3L DQXOD ORV HOHPHQWRV E�L���NbM� M  �� �� � � � � N b �� XWLOL]DQGR OD

H[SUHVLuRQ ������

q 3DUD L  �� �� � � � � S b �� HO SURFHVDGRU 3Lb� HQYurD DO SURFHVDGRU 3L ORV HOHPHQWRV DLN�

ELN \ GLN�

6XSHUSDVR �

q 3DUD L  �� �� � � � � Sb ��

p (O SURFHVDGRU 3Lb� DQXOD HO HOHPHQWR ELN�

p (O SURFHVDGRU 3L DFWXDOL]D ORV HOHPHQWRV DLN� GLN \ FDOFXOD HO HOHPHQWR JLN SRU PHGLR

GH ������

q (O SURFHVDGRU 3� FRPXQLFD DO UHVWR GH SURFHVDGRUHV ORV HOHPHQWRV D�� J� \ G��

q 3DUD L  �� �� � � � � Sb�� HO SURFHVDGRU 3L FRPXQLFD DO UHVWR GH SURFHVDGRUHV ORV HOHPHQWRV

DLN� JLN� GLN \ I�L���N�

q (O SURFHVDGRU 3Sb�� FRPXQLFD DO UHVWR GH SURFHVDGRUHV ORV HOHPHQWRV D�Sb��N� J�Sb��N�

G�Sb��N� ISN \ DSN�



��� $OJRULWPRV %63 ���

6XSHUSDVR �

q 3DUD L  �� �� � � � � Sb ��

p 3L FRQVWUX\H HO VLVWHPD DX[LOLDU ������ XWLOL]DQGR OD H[SUHVLuRQ �������

p 3L UHVXHOYH HO VLVWHPD DX[LOLDU ����� SRU HO PuHWRGR GH *DXVV�

p 3L FDOFXOD ODV FRPSRQHQWHV GH OD VROXFLuRQ TXH OH FRUUHVSRQGHQ XWLOL]DQGR OD H[SUH�

VLuRQ �������

q 3DUD L  �� �� � � � � Sb �� 3L HQYurD D 3� VX VROXFLuRQ SDUFLDO�

/D UHVROXFLuRQ GHO VLVWHPD DX[LOLDU HQ FDGD SURFHVDGRU HV XQD IDVH IXQGDPHQWDO GHO

DOJRULWPR ��� \D TXH SHUPLWH OD REWHQFLuRQ GH OD VROXFLuRQ GHO VLVWHPD ����� HQ SDUDOHOR� 6LQ

HPEDUJR� SUHVHQWD HO LQFRQYHQLHQWH GH TXH SDUD XQ QuXPHUR GH SURFHVDGRUHV DOWR HO RUGHQ

GHO VLVWHPD DX[LOLDU ����� HV JUDQGH \� DGHPuDV� GHEH UHVROYHUVH HO PLVPR VLVWHPD HQ WRGRV

ORV SURFHVDGRUHV DO PLVPR WLHPSR� OR TXH VXSRQH XQD SuHUGLGD GH HnFLHQFLD HQ HO PuHWRGR�

3RU HVWD UD]uRQ� HV LQWHUHVDQWH HQFRQWUDU XQD DOWHUQDWLYD D OD UHVROXFLuRQ GHO VLVWHPD �����

TXH SHUPLWD OD HOLPLQDFLuRQ HQ SDUDOHOR GH WRGRV ORV HOHPHQWRV H[WHULRUHV D OD GLDJRQDO

SULQFLSDO� HVSHFLDOPHQWH HQ ORV FDVRV HQ TXH HO QuXPHUR GH SURFHVDGRUHV HV DOWR�

6H VXSRQH TXH VH KDQ UHDOL]DGR ODV DQXODFLRQHV GH HOHPHQWRV GH OD PDWUL] GH FRHnFLHQWHV

RSRUWXQDV KDVWD REWHQHU XQD PDWUL] WULDQJXODU VXSHULRU FRQ IRUPD VLPLODU D OD GH OD

nJXUD ���� HVWR HV� IDOWD DSOLFDU HO SDVR � GHO DOJRULWPR ���� 3DUD SDUDOHOL]DU HO SDVR ��

VH UHDOL]D XQD PRGLnFDFLuRQ VREUH HO DOJRULWPR ��� FRQVLVWHQWH HQ OD FRPXQLFDFLuRQ GH FDGD

SURFHVDGRU 3L� SDUD L  �� �� � � � � S� D ORV SURFHVDGRUHV 3M� FRQ M  �� �� � � � � L b �� GH ORV

HOHPHQWRV JLN� D�L���N \ G�L���N \ DVur SRGHU SURFHGHU D DQXODU VLPXOWuDQHDPHQWH HQ WRGRV ORV

SURFHVDGRUHV ORV HOHPHQWRV VXSHUGLDJRQDOHV�

(O SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb �� DFWXDOL]D HO HOHPHQWR G�L���N D SDUWLU GH OD

UHODFLuRQ GH UHFXUUHQFLD

US  GQ�

UW  GWN b
JWN

D�W���N

UW���

�! 
!� SDUD W  Sb �� Sb �� � � � � �� ������



��� � 0uHWRGR GH :DQJ

\ GH ORV HOHPHQWRV UHFLELGRV GH ORV SURFHVDGRUHV 3M� SDUD M  L��� L��� � � � � Sb�� PHGLDQWH

OD VLJXLHQWH RSHUDFLuRQ HOHPHQWDO

G�L���N � G�L���N b
J�L���N

D�L���N

UL��� ������

8QD YH] DFWXDOL]DGR HVWH YDORU� HOLPLQD ORV HOHPHQWRV QR QXORV GH FDGD EORTXH GLDJRQDO \

DFWXDOL]D ORV FRUUHVSRQGLHQWHV YDORUHV GLN�M� SDUD M  �� �� � � � � Sb ��

(VWD HVWUDWHJLD HYLWD OD SuHUGLGD GH SDUDOHOLVPR HQ ORV FuDOFXORV nQDOHV� FRQGXFHQWHV D OD

GLDJRQDOL]DFLuRQ GH OD PDWUL]� \ DKRUUD XQ SDVR GH FRPXQLFDFLuRQ DO SURFHVDGRU SULQFLSDO�

(O DOJRULWPR ��� LPSOHPHQWD� VHJuXQ HO PRGHOR %63� HO PuHWRGR GH ODV SDUWLFLRQHV GH

:DQJ LQWURGXFLHQGR OD PRGLnFDFLuRQ TXH VXJLHUHQ ODV H[SUHVLRQHV ������ \ �������

$OJRULWPR ��� $OJRULWPR GH :DQJ PRGLnFDGR�

6XSHUSDVR �

$O LJXDO TXH HQ HO VXSHUSDVR � GHO DOJRULWPR ���� HO SURFHVDGRU 3� HQYurD DO SURFHVDGRU 3L�

SDUD L  �� �� � � � � Sb�� ORV HOHPHQWRV FLN�M� DLN�M� ELN�M \ GLN�M� FRQ M  �� �� � � � � N� H[FHSWR

EQ  ��

6XSHUSDVR �

&RPR HQ HO VXSHUSDVR � GHO DOJRULWPR ����

q 3DUD L  �� �� � � � � Sb ��

p (O SURFHVDGRU 3L DQXOD ORV HOHPHQWRV FLN�M� SDUD M  �� �� � � � � N� XWLOL]DQGR ������

p (O SURFHVDGRU 3L DQXOD ORV HOHPHQWRV E�L���NbM� SDUD M  �� �� � � � � Nb �� XWLOL]DQGR

������

q 3DUD L  �� �� � � � � S b �� HO SURFHVDGRU 3Lb� HQYurD DO SURFHVDGRU 3L ORV HOHPHQWRV DLN�

ELN \ GLN�

6XSHUSDVR �

3DUD L  �� �� � � � � Sb ��



��� $OJRULWPRV %63 ���

q (O SURFHVDGRU 3Lb� DQXOD HO HOHPHQWR ELN�

q (O SURFHVDGRU 3L DFWXDOL]D ORV HOHPHQWRV DLN� GLN \ FDOFXOD ORV HOHPHQWRV JLN� SRU PHGLR

GH OD H[SUHVLuRQ ������

q (O SURFHVDGRU 3L FRPXQLFD DO SURFHVDGRU 3Lb� ORV HOHPHQWRV DLN� GLN \D DFWXDOL]DGRV�

6XSHUSDVR �

3DUD L  �� �� � � � � Sb ��

q (O SURFHVDGRU 3L DQXOD ORV HOHPHQWRV ILN�M SDUD M  �� �� � � � � N�

q (O SURFHVDGRU 3L FRPXQLFD DO SURFHVDGRU 3M� VLHQGR M � L� ORV HOHPHQWRV JLN� D�L���N \

G�L���N�

6XSHUSDVR �

q 3DUD L  �� �� � � � � Sb ��

p (O SURFHVDGRU 3L DQXOD HO HOHPHQWR J�L���N \ DFWXDOL]D HO HOHPHQWR G�L���N GH DFXHUGR

FRQ ������ \ �������

p (O SURFHVDGRU 3L DQXOD ORV HOHPHQWRV JLN�M \ DFWXDOL]D ORV HOHPHQWRV GLN�M� SDUD

M  �� �� � � � � N b ��

q 3DUD L  �� �� � � � � Sb �� HO SURFHVDGRU 3L FDOFXOD

[LN�M  
GLN�M

DLN�M

� FRQ M  �� �� � � � � N�

q 3DUD L  �� �� � � � � Sb�� HO SURFHVDGRU 3L HQYurD VX VROXFLuRQ SDUFLDO DO SURFHVDGRU SULQFLSDO

3��



��� � 0uHWRGR GH :DQJ

��� &RVWH FRPSXWDFLRQDO GH ORV DOJRULWPRV EDVDGRV

HQ HO PuHWRGR GH :DQJ

(O FRVWH FRPSXWDFLRQDO GHO DOJRULWPR ��� VH REWLHQH VXPDQGR ORV FRVWHV LQGLYLGXDOHV

GH FDGD XQR GH VXV VXSHUSDVRV�

&RVWH GHO VXSHUSDVR �� (Q HVWH VXSHUSDVR VuROR H[LVWH FRPXQLFDFLuRQ GH HOHPHQWRV

GHVGH HO SURFHVDGRU SULQFLSDO DO UHVWR� FDGD SURFHVDGRU UHFLEH �N HOHPHQWRV GH 3� SRU OR

TXH HO QuXPHUR GH HOHPHQWRV FRPXQLFDGRV HV �N�Sb ��b �� (Q FRQVHFXHQFLD� HO FRVWH GHO

VXSHUSDVR HV

��Qb �N b ��J � O� ������

&RVWH GHO VXSHUSDVR �� (Q FDGD SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb �� HO QuXPHUR

GH RSHUDFLRQHV QHFHVDULDV SDUD DQXODU ORV HOHPHQWRV FLN�M \ DFWXDOL]DU ORV HOHPHQWRV GLN�M�

DLN�M \ ILN�M� FRQ M  �� �� � � � � N� HV ��Nb��� SDUD DQXODU ORV HOHPHQWRV E�L���NbM \ DFWXDOL]DU

ORV HOHPHQWRV J�L���NbM� G�L���NbM \ I�L���NbM� FRQ M  �� �� � � � � N b �� VH UHTXLHUHQ ��N b ��

RSHUDFLRQHV �YuHDQVH ODV H[SUHVLRQHV ����� \ ������� (Q FRQVHFXHQFLD� HO FRVWH DULWPuHWLFR

GHO VXSHUSDVR HV ��N b ���

&DGD SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb�� UHFLEH WUHV HOHPHQWRV GHO SURFHVDGRU 3Lb��

OR TXH VXSRQH XQ FRVWH GH FRPXQLFDFLuRQ �J� (O FRVWH WRWDO GHO VXSHUSDVR HV SRU WDQWR

��N b �� � �J � O� ������

&RVWH GHO VXSHUSDVR �� /D HOLPLQDFLuRQ GH ORV HOHPHQWRV ELN� SDUD L  �� �� � � � � Sb��

VXSRQH XQ WRWDO GH � RSHUDFLRQHV HQ FDGD XQR GH ORV SURFHVDGRUHV DFWLYRV� TXH FRUUHVSRQ�

GHQ D OD DFWXDOL]DFLuRQ GH ORV HOHPHQWRV DLN� GLN \ JLN�

(Q FXDQWR DO FRVWH GH FRPXQLFDFLuRQ� HO SURFHVDGRU SULQFLSDO FRPXQLFD � HOHPHQWRV D ORV

GHPuDV� ORV SURFHVDGRUHV FHQWUDOHV FRPXQLFDQ DO UHVWR � HOHPHQWRV \ HO uXOWLPR FRPXQLFD D

ORV RWURV SURFHVDGRUHV XQ WRWDO GH � HOHPHQWRV� 3RU WDQWR� HO SURFHVDGRU 3Sb� HV HO TXH PuDV

HOHPHQWRV HQYurD R UHFLEH \D TXH HQYurD ��Sb �� HOHPHQWRV \ UHFLEH � � ��Sb �� HOHPHQWRV�

(Q FRQVHFXHQFLD� HO FRVWH GHO VXSHUSDVR � HV

� � ��Sb ��J � O� ������



��� &RVWH FRPSXWDFLRQDO GH ORV DOJRULWPRV EDVDGRV HQ HO PuHWRGR GH :DQJ ���

&RVWH GHO VXSHUSDVR �� /D IRUPDFLuRQ GHO VLVWHPD DX[LOLDU ����� HQ FDGD SURFHVDGRU

QR SUHFLVD QLQJXQD RSHUDFLuRQ� VX UHVROXFLuRQ SRU HO PuHWRGR GH *DXVV QHFHVLWD XQ WRWDO GH

��S � �� b � RSHUDFLRQHV� \D TXH HO QuXPHUR GH HFXDFLRQHV HV S � �� \ HO FuDOFXOR GH FDGD

XQD GH ODV FRPSRQHQWHV UHVWDQWHV GH OD VROXFLuRQ SDUFLDO� XWLOL]DQGR OD H[SUHVLuRQ �������

UHTXLHUH XQ WRWDO GH � RSHUDFLRQHV SRU FDGD XQD GH ODV Nb� FRPSRQHQWHV� 'H HVWD IRUPD�

HO FRVWH DULWPuHWLFR GHO VXSHUSDVR HV ��S� ��b � � ��N b ��  �S� �N b ��

(Q HVWH VXSHUSDVR� FDGD SURFHVDGRU FRPXQLFD VX VROXFLuRQ SDUFLDO D 3�� SRU OR TXH HO

SURFHVDGRU SULQFLSDO UHFLEH XQ WRWDO GH QbN HOHPHQWRV� 6H WLHQH TXH HO FRVWH GHO VXSHUSDVR

� HV

�N � �Sb � � �Qb N�J � O� ������

6XPDQGR ODV H[SUHVLRQHV ������� ������� ������ \ ������ VH REWLHQH TXH HO FRVWH FRPSX�

WDFLRQDO GHO DOJRULWPR ��� HV

��N � �Sb �� � ��Qb �N � �Sb ��J � �O�

$ FRQWLQXDFLuRQ VH REWLHQH HO FRVWH FRPSXWDFLRQDO GHO DOJRULWPR ����

&RVWH GHO VXSHUSDVR �� (O FRVWH FRPSXWDFLRQDO GH HVWH VXSHUSDVR HV HO PLVPR TXH

HO GHO VXSHUSDVR � GHO DOJRULWPR ���� TXH HVWuD GDGR SRU OD H[SUHVLuRQ �������

&RVWH GHO VXSHUSDVR �� (O FRVWH HV HO PLVPR TXH HO GHO VXSHUSDVR � GHO DOJRULWPR

���� TXH HVWuD GDGR SRU OD H[SUHVLuRQ �������

&RVWH GHO VXSHUSDVR �� (Q HVWH VXSHUSDVR� SDUD L  �� �� � � � � S b �� HO SURFHVDGRU

3Lb� DQXOD HO HOHPHQWR ELN \ HO SURFHVDGRU 3L DFWXDOL]D ORV HOHPHQWRV DLN� GLN� JLN SDUD

OR TXH QHFHVLWD UHDOL]DU � RSHUDFLRQHV� $GHPuDV� 3L FRPXQLFD ORV HOHPHQWRV DLN� GLN� DO

SURFHVDGRU 3Lb�� OR TXH VXSRQH XQ FRVWH GH FRPXQLFDFLuRQ �J

(O FRVWH WRWDO GHO VXSHUSDVR � HV SRU WDQWR

� � �J � O� ������

&RVWH GHO VXSHUSDVR �� 3DUD HOLPLQDU HQ FDGD SURFHVDGRU 3L� SDUD L  �� �� � � � � Sb��

ORV HOHPHQWRV ILN�M� FRQ M  �� �� � � � � N� VH QHFHVLWDQ �N RSHUDFLRQHV DULWPuHWLFDV� (O



��� � 0uHWRGR GH :DQJ

FRVWH GH FRPXQLFDFLuRQ GH ORV HOHPHQWRV JLN� D�L���N \ G�L���N GHVGH HO SURFHVDGRU 3L� SDUD

L  �� �� � � � � Sb �� D ORV SURFHVDGRUHV 3M� VLHQGR M � L� HV ��Sb ��J \D TXH HO SURFHVDGRU

TXH PuDV HOHPHQWRV UHFLEH HV 3� �UHFLEH ��Sb �� HOHPHQWRV� \ HO SURFHVDGRU TXH PuDV HQYurD

HV 3Sb� �HQYurD ��Sb �� HOHPHQWRV�� (Q UHVXPHQ� HO FRVWH GHO VXSHUSDVR � HV

�N � ��Sb ��J � O� ������

&RVWH GHO VXSHUSDVR �� (Q HVWH VXSHUSDVR VH GLVWLQJXHQ YDULDV IDVHV HQ HO FuDOFXOR

DULWPuHWLFR� (Q SULPHU OXJDU� \ HQ WRGDV ODV IDVHV SDUD L  �� �� � � � � S b �� VH DQXODQ ORV

HOHPHQWRV J�L���N OR TXH FRQOOHYD OD DFWXDOL]DFLuRQ GH ORV HOHPHQWRV G�L���N� HO SURFHVDGRU TXH

PuDV RSHUDFLRQHV UHDOL]D HV 3� SXHV GHEH HIHFWXDU Sb � GLYLVLRQHV� Sb � SURGXFWRV \ Sb �

VXPDV SDUD DFWXDOL]DU HO HOHPHQWR GN� (Q VHJXQGR OXJDU� OD DQXODFLuRQ GH ORV HOHPHQWRV

JLN�M� FRQ M  �� �� � � � � N b �� VXSRQH ��N b �� RSHUDFLRQHV� )LQDOPHQWH� HO FuDOFXOR GH ODV

FRPSRQHQWHV [LN�M� FRQ M  �� �� � � � � N� GH OD VROXFLuRQ SDUFLDO HQ FDGD SURFHVDGRU UHTXLHUH

N GLYLVLRQHV� (Q FRQVHFXHQFLD� HO FRVWH DULWPuHWLFR WRWDO HV ��Sb�����Nb���N  �N��Sb�

RSHUDFLRQHV�

&RQ UHVSHFWR DO FRVWH GH FRPXQLFDFLuRQ� FDGD SURFHVDGRU HQYurD DO SURFHVDGRU SULQFLSDO

VX YHFWRU GH VROXFLRQHV SDUFLDOHV� HVWR HV N�Sb �� HOHPHQWRV�

(O FRVWH WRWDO GHO VXSHUSDVR � HV SRU WDQWR

��N � �Sb �� � �Qb N�J � O� ������

6XPDQGR ODV H[SUHVLRQHV ������� ������� ������� ������ \ ������ VH REWLHQH TXH HO FRVWH

WRWDO GHO DOJRULWPR HV

��N � �Sb �� � ��Qb �N � �S� ��J � �O�

1uRWHVH TXH OD LPSOHPHQWDFLuRQ GHO DOJRULWPR ��� UHTXLHUH XQ VXSHUSDVR PHQRV TXH HO

GHO DOJRULWPR ���� TXH HO FRVWH GH FRPXQLFDFLuRQ GHO DOJRULWPR ��� HV PD\RU TXH HO GHO

DOJRULWPR ��� SDUD S ! � \ TXH SDUD S DOWR \ N QR PX\ JUDQGH� HO FRVWH DULWPuHWLFR GHO

SULPHU DOJRULWPR HV PD\RU TXH HQ HO DOJRULWPR ��� �SRU HMHPSOR� SDUD S  ��� \ Q  �����

HO DOJRULWPR ��� UHDOL]D ��� RSHUDFLRQHV PuDV TXH HO VHJXQGR DOJRULWPR��



��� 5HVXOWDGRV QXPuHULFRV ���

V S O J Q�

�

�� � ��� ��� ��

� ���� ��� ��

� ���� ���� ��

� ���� ���� ��

�D� ,%0 63� VZLWFK

V S O J Q�

�

�� � ��� ��� �

� ����� ����� �

� ����� ������ �

� ������ ������ �

�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

:$1*� \ :$1*� 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 :DQJ

SDODEUD GH �� ELWV HV

J�N�  

�
Q�

�

N
� �

�
J��

/RV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*�� KDQ VLGR LPSOHPHQWDGRV HQ )RUWUDQ XVDQGR

OD YHUVLuRQ Y��� GH OD OLEUHUurD %63/LE� VH KD JHQHUDQGR HO VLVWHPD ����� REWHQLHQGR DOHD�

WRULDPHQWH ORV HOHPHQWRV GH OD PDWUL] GH FRHnFLHQWHV $ \� SDUD VLPSOLnFDU� HOLJLHQGR HO

YHFWRU GH WuHUPLQRV LQGHSHQGLHQWHV G GH PDQHUD TXH OD VROXFLuRQ VHD [  >�� �� � � � � �@7 �

(Q ODV WDEODV ���� ���� ��� \ nJXUDV ���� ���� ���� VH PXHVWUDQ ORV WLHPSRV WHuRULFRV \

H[SHULPHQWDOHV� PHGLGRV HQ VHJXQGRV� GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*�� HQ

HO ,%0 63� XWLOL]DQGR VZLWFK�

(Q ODV WDEODV ���� ���� ��� \ nJXUDV ����� ����� ���� VH PXHVWUDQ ORV WLHPSRV WHuRULFRV

\ H[SHULPHQWDOHV� PHGLGRV HQ VHJXQGRV� GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*��

HQ HO ,%0 63� XWLOL]DQGR HWKHUQHW�

(Q ODV WDEODV ���� ���� ���� \ nJXUDV ����� ����� ���� VH PXHVWUDQ ORV WLHPSRV WHuRULFRV

\ H[SHULPHQWDOHV� PHGLGRV HQ VHJXQGRV� GH ORV DOJRULWPRV ��� �:$1*�� \ ��� �:$1*��

HQ HO FOXVWHU GH 3&
V�

/RV WLHPSRV KDQ VLGR REWHQLGRV SDUD GLIHUHQWHV WDPDaQRV GH OD PDWUL] GH FRHnFLHQWHV�

HQ HO ,%0 63� HO WDPDaQR YDUurD GHVGH ��� D ������ SDUD � \ � SURFHVDGRUHV \ GHVGH ��� D

������ SDUD � SURFHVDGRUHV� HQ HO FOXVWHU GH 3&
V HO WDPDaQR GH OD PDWUL] GH FRHnFLHQWHV

YDUurD GHVGH ��� D ����� SDUD � \ � SURFHVDGRUHV \ GHVGH ��� D ����� SDUD � SURFHVDGRUHV�

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

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

�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�



��� 5HVXOWDGRV QXPuHULFRV ���

3DUD ODV PuDTXLQDV HQ ODV TXH VH KDQ REWHQLGR UHVXOWDGRV H[SHULPHQWDOHV� HO DOJRULW�

PR ��� �:$1*�� HV VLHPSUH PuDV UuDSLGR TXH HO DOJRULWPR ��� �:$1*��� (VWR QR VXFHGH

FXDQGR HO QuXPHUR GH SURFHVDGRUHV HV JUDQGH� SRU HMHPSOR HQ XQ &5$< 7�' SDUD S  ���

HV PuDV UuDSLGR HO DOJRULWPR ��� �:$1*�� KDVWD WDPDaQRV GH VLVWHPD GH XQDV ����� HFXD�

FLRQHV� FRPR VH PXHVWUD HQ OD WDEOD ����� /RV WLHPSRV VH KDQ REWHQLGR HQ EDVH D ORV

SDUuDPHURV TXH VH PXHVWUDQ HQ OD WDEOD �����D�

(Q OD WDEOD ���� VH PXHVWUD HO VSHHG�XS \ OD HnFLHQFLD GH ORV DOJRULWPRV ��� �:$1*��

\ ��� �:$1*�� FRQ UHVSHFWR DO PuHWRGR GH HOLPLQDFLuRQ GH *DXVV SDUD VLVWHPDV WULGLDJR�

QDOHV� TXH HV HO PHMRU DOJRULWPR VHFXHQFLDO SDUD OD UHVROXFLuRQ GH VLVWHPDV WULGLDJRQDOHV�

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�

/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�(� 3RU FRPRGLGDG� HQ OD WDEOD ���� VH UHSLWHQ ORV YDORUHV GH ORV SDUuDPHWURV GH HVWDV

PuDTXLQDV TXH VH PXHVWUDQ HQ OD WDEOD ����� SDUD ODV PLVPDV VH REWLHQH HO VSHHG�XS \ OD

HnFLHQFLD TXH nJXUD HQ OD WDEOD ���� FRQVLGHUDQGR HO PLVPR WDPDaQR GH VLVWHPD TXH SDUD

OD WDEOD �����



��� � 0uHWRGR GH :DQJ

,%0 63� � SURFHVDGRUHV VZLWFK

:$1*� :$1*�

Q 7HuRULFR ([SHULPHQWDO 7HuRULFR ([SHULPHQWDO
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������ ������ ������ ������ ������

7DEOD ���� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �:$1*�� \ ���

�:$1*��� PHGLGRV HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH

VZLWFK� SDUD ��� � Q � �������
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)LJXUD ���� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �:$1*�� \

��� �:$1*�� HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH VZLWFK�



��� � 0uHWRGR GH :DQJ

,%0 63� � SURFHVDGRUHV VZLWFK

:$1*� :$1*�

Q 7HuRULFR ([SHULPHQWDO 7HuRULFR ([SHULPHQWDO
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7DEOD ���� 7LHPSRV WHuRULFRV \ H[SHULPHQWDOHV GH ORV DOJRULWPRV ��� �:$1*�� \

��� �:$1*��� PHGLGRV HQ XQ ,%0 63� FRQ � SURFHVDGRUHV LQWHUFRQHFWDGRV PHGLDQWH

VZLWFK� SDUD ��� � Q � �������
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