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q 2 TXH xH XP VLVWHPD GLQADPLFR "

x( XP SURFHVVR TXH HQYROYH WHPSR� 6LVWHPDV GLQADPLFRV HVWaDR SUHVHQWHV HP WXGR� SDGUaRHV

DWPRVIxHULFRV� SDGUaRHV HFRQARPLFRV �rXWXD}FaDR GR xuQGLFH 'RZ -RQHV RX 1LNHL� � HYROX}FaDR GH

SODQHWDV� UHD}FaRHV TXxuPLFDV� FUHVFLPHQWR GH VLVWHPDV ELROxRJLFRV� HWF� 1RV VLVWHPDV GLQADPLFRV�

EXVFD�VH SUHYHU D HYROX}FaDR GH XP SURFHVVR�

q &RQKHFHQGR�VH WRGRV RV GHWDOKHV GD KLVWxRULD SDVVDGD GR SURFHVVR� TXH HYROXL QR WHPSR�

SRGH�VH SUHYHU VHX FRPSRUWDPHQWR IXWXUR"

$OJXPDV YH]HV VLP� RXWUDV QaDR� $OJXQV VLVWHPDV QaDR SRGHP� FRPR DV SUHYLVaRHV GR WHPSR

RX DV rXWXD}FaRHV GH PHUFDGR� VHUHP SUHYLVWRV D ORQJR WHPSR�

4XDQGR RV VLVWHPDV SRGHP VHU SUHYLVxuYHLV" 4XDQGR LQYROYHP SRXFR SDUADPHWURV" 1D

UHDOLGDGH PHVPR RV VLVWHPDV PDLV VLPSOHV SRGHP WHU FRPSRUWDPHQWR UDQGARPLFR H VHUHP

LPSUHYLVxuYHLV� $ H[SOLFD}FaDR GLVVR HVWxD QD QR}FaDR GH FDRV PDWHPxDWLFR TXH DSDUHFH PHVPR QRV

VLVWHPDV GLQADPLFRV PDLV VLPSOHV�
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9HMDPRV XP VLVWHPD GLQADPLFR VLPSOHV� TXH xH PXLWR XVDGR HP HFRORJLD� VXSRQKD XPD

FROARQLD GH VHUHV YLYRV GH DSHQDV XPD HVSxHFLH FXMD SRSXOD}FaDR FUHVFH H GHFDL QR WHPSR GH

DFRUGR FRP R PHLR�DPELHQWH�

8P GRV PRGHORV PDLV VLPSOHV� GR FRPSRUWDPHQWR GHVWDV SRSXOD}FaRHV� XVDGR HP HFRORJLD

xH� VXSRQKD TXH VH PH}FD R QxXPHUR PxD[LPR GH LQGLYLGXRV D FDGD JHUD}FaDR� VH 3
Q
GHVFUHYHU D

SHUFHQWDJHP GD SRSXOD}FaDR QR qP GH FDGD JHUD}FaDR Q � FRPR SHUFHQWDJHP GH XP YDORU PxD[LPR�

RQGH � � 3 Q � � � HQWaDR D UHJUD GH FUHVFLPHQWR GHVWD SRSXOD}FaDR xH GDGD SHOD HTXD}FaDR ORJxuVWLFD�
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RQGH N xH XPD FRQVWDQWH TXH GHSHQGH GH FRQGL}FaRHV HFROxRJLFDV FRPR SUHGDGRUHV H TXDQWLGDGH

GH FRPLGD SUHVHQWH HWF� � � $VVLP� FRQKHFHQGR�VH D SRSXOD}FaDR DWXDO D SRSXOD}FaDR QD JHUD}FaDR

VHJXLQWH VHUxD DSHQDV IXQ}FaDR GD SRSXOD}FaDR QD JHUD}FaDR DWXDO� $ WDEHOD TXH VHJXH PRVWUD R

YDORU GH 3 Q �VHJXQGD OLQKD HP GLDQWH� SDUD YDORUHV YDULDGRV GH N �YDORUHV GD SULPHLUD OLQKD� �
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� � SDUD SHTXHQRV N R GHVWLQR GD SRSXOD}FaDR xH SUHYLVxuYHO �PRUWH� �N � ����

�� SDUD N  ������� RX ��� HOD WHQGH D VH HVWDELOL]DU DOFDQ}FDQGR XP YDORU GHqQLGR�

�� SDUD N ! �� FDGD N SURGX]LUxD XP UHVXOWDGR� 6H N  ��� HOD RVFLOD HQWUH � OLPLWHV ������

H ������ � 3DUD N  ��� HOD RVFLOD HQWUH � YDORUHV ������ � ������ ����� � ������ � 3DUD N  �

QaDR SRGH�VH REVHUYDU SDUD RQGH HOD RVFLOD� 8PD OHYH PXGDQ}FD QD SRSXOD}FaDR LQLFLDO GH ���

SDUD ��� IDUxD FRP TXH HOD WHQKD XP FRPSRUWDPHQWR LQWHLUDPHQWH UDQGARPLFR RX PRUUD

GHSRLV GH � JHUD}FaRHV�

�� SRGH�VH GL]HU TXH D SRVVLELOLGDGH GH SUHYHU�VH RX QaDR R SURFHVVR HVWxD OLJDGD D FRQVWDQWH

N � 3DUD FHUWRV YDORUHV R FUHVFLPHQWR GD SRSXOD}FaDR xH SUHYLVxuYHO HQTXDQWR TXH SDUD RXWURV

QaDR�

6H IRU IHLWR XP JUxDqFR� FRP HL[R KRUL]RQWDO LQGLFDQGR R YDORU GR SDUADPHWUR N � H R HL[R

YHUWLFDO LQGLFDQGR D SRSXOD}FaDR qQDO� SRGH�VH YHU PHOKRU D LQrXAHQFLD GH N QR FRPSRUWDPHQWR

GR VLVWHPD�
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) �[ �  N [ �� b [ �

H VXD UHSHWL}FaDR VHULD HVFULWD FRPR�

) �) �[ � �  ) �N [ �� b [ � �

&DGD LWHUD}FaDR SRGH VHU IHLWD QD VXD FDOFXODGRUD GH EROVR� &RQVLGHUH XPD IXQ}FaDR TXH XVD

VxR XPD WHFOD QD FDOFXODGRUD� �[ � �
S

[ �VHQ �[ ��H [ HWF� VH YRFAH ERWDU XP QxXPHUR TXDOTXHU H

DSHUWDU
S

[ � H UHSHWLU LVVR VXFHVVLYDPHQWH R TXH RFRUUHUxD " 6H 6 �[ �  
S

[ � H[SHULPHQWDQGR

DOJXQV YDORUHV LQLFLDLV WHUHPRV�

6
�� ������  �� 6

�� ������  ���� 6
�� ������  ��������

6 �� ������  � 6 �� ������  ���� 6 �� ������  ��������

6 �� ������  � 6 �� ������  ���� 6 �� ������  ��������

���

6
�� � ������  �������� 6

�� � ������  ������ 6
�� � ������  ������

2 PHVPR RFRUUHUUxD SDUD TXDOTXHU QxXPHUR �! � RX � � GHVGH TXH � �� TXH YRFAH EDWHU

FRPR YDORU LQLFLDO QD FDOFXODGRUD� R SURFHVVR WHQGHUxD VH P S U H SDUD R QxXPHUR XP � LQGLFD�VH�
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3UHYHU XP VLVWHPD xH � HQWaDR � SUHYHU VXDV xRUELWDV� 8PD xRUELWD xH H VWxD Y H O VH SHTXHQDV

PXGDQ}FDV QRV YDORUHV LQLFLDLV SURGX]HP UHVXOWDGRV VHPHOKDQWHV� �([HPSORV DV xRUELWDV GH
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,QIHOL]PHQWH DV xRUELWDV QaDR VaDR VHPSUH HVWxDYHLV� 0HVPR DOJXQV VLVWHPDV PXLWR VLP�

SOHV WAHP xRUELWDV TXH VaDR LQVWxDYHLV� 6H YDORUHV LQLFLDLV DUELWUDULDPHQWH SUxR[LPRV SURGX]LUaDR

xRUELWDV PXLWR GLIHUHQWHV R VLVWHPD xH GLWR 6(5 ,167 x$9(/� x25%,7$6 ,167 x$9(,6 SRGHP

WHU TXDOTXHU DSDUAHQFLD�

3RQWR q[R GH XP SURFHVVR LWHUDWLYR xH R SRQWR WDO TXH ) �[ �  [ � 3RU H[HPSOR QR VLVWHPD
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� � D xRUELWD GH � VHUxD VHPSUH � �TXH xH XP H[HPSOR GH 32172 ),;2� PDV HVWD xRUELWD

xH LQ VWxD Y H O� 8P SHTXHQR HUUR QD REWHQ}FaDR GR YDORU LQLFLDO� GH PRGR TXH [ � � � PDV [ ! ��
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FRPSOHWDPHQWH GLIHUHQWHV�

(QWHQGHU VH DV xRUELWDV VaDR H VWxD Y H LV R X LQ VWxD Y H LV DIHWD WRGD D SUHWHQ}FaDR GH SRGHU

SUHYHU RX QaDR R VLVWHPD� 2 FRQMXQWR GH SRQWRV FXMDV xRUELWDV VaDR LQVWxDYHLV VaDR FKDPDGRV GH

&21-81726 &$ x27,&26� &RQKHFHU HVWHV FRQMXQWRV FDxRWLFRV xH PXLWR LPSRUWDQWH� $xu xH TXH

HQWUDP DV IUDFWDLV QRV VLVWHPDV GLQADPLFRV� )5$&7$,6 6 a$2 26 &21-81726 &$ x27,&26

'26 6,67(0$6 ',1 A$0,&26� 2V FRQMXQWRV GH -XOLD H 0DQGHOEURW� VaDR FRQMXQWRV FDxRWLFRV

GDV IXQ}FaRHV ] � � F � RQGH ] H F VaDR QxXPHURV FRPSOH[RV
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7RGRV RV H[HPSORV DWxH DTXL IRUDP GH VLWHPDV GLQADPLFRV HP � GLUH}FaDR� 9HMDPRV XP

VLVWHPD �'� 8P VLVWHPD VLPSOHV xH R PDSD GH +xHQRQ �DVWUARQRPR IUDQFAHV TXH R HVWXGRX HP
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9HUxD XPD QxXYHP GH SRQWRV TXH IRUPDP XPD qJXUD� YDPRV FKDPxD�OD GH $� 3ORWH DV

������� xRUELWDV � ,7(5$ }& a2(6� GR YDORU LQLFLDO ����� � GH ��� ��� H GH RXWURV YDORUHV LQLFLDLV�

( YHUxD D PHVPD FRLVD SDUD TXDOTXHU YDORU LQLFLDO� (VWD qJXUD xH FKDPDGD GH $75$725� H xH

GLWD VHU XP DWUDWRU HVWUDQKR SRU QaDR VHU XP REMHWR VLPSOHV RX SHULxRGLFR $ qJXUD xH GH IDWR

XPD )5$&7$/� FRP R DWULEXWR TXH XPD IUDFWDO WHP GH QaDR VH VLPSOLqFDU FRP DPSOLD}FaRHV�
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TXH SURGX]HP D qJXUD H YRFAH QaDR FKHJDUxD D FRQFOXVaDR QHQKXPD� /LVWH � ��� H QaDR WHUaDR

QDGD� XPDV D YHU FRP DV RXWUDV� $V xRUELWDV VaDR GLVWLQWDV H FRPSOHWDPHQWH QaDR UHODFLRQxDYHLV�

2V IUDFWDLV IRUPDP RV FRQMXQWRV GH xRUELWDV FDxRWLFDV�
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�� )UDFWDLV VaDR GHFLVLYDPHQWH LQ Y H Q VaR H V P R G H U Q D V � �DSHVDU GD SULPHLUD FXUYD VHU GD

YLUDGD GR VxHFXOR� VxR QRV xXOWLPRV � � D Q R V IRUDP UHFRQKHFLGDV GH XWLOLGDGH wD FLAHQFLD� �

�� $V IR UP D V ( X F OLG LD Q D V WAHP XPD RX SRXFDV GLPHQVaRHV FDUDFWHUxuVWLFDV �ODGR� UDLRV� HWF� �

TXH SRGHP VHU UHGX]LGDV RX YDULDGDV SRU HVFDODV� $V IRUPDV IUDFWDLV QaDR WAHP GLPHQVaRHV

FDUDFWHUxuVWLFDV� LQGHSHQGHP GH HVFDOD H� VaDR VHPSUH� DXWR�VHPHOKDQWHV�

�� $ JHRPHWULD (XFOLGLDQD RIHUHFH XPD GHVFUL}FaDR FRQFLVD H DGHTXDGD wD REMHWRV IHLWRV SHOR

KRPHP� PDV LQDGHTXDGD wD GHVFUL}FaDR GH IRUPDV GD QDWXUH]D� 8PD IxDEULFD FRP PxDTXLQDV

xH XPD IxDEULFD HVVHQFLDOPHQWH (XFOLGLDQD� RV RE MHWRV VaDR IDFLOPHQWH FRQWUXLGRV H GHVFULWRV�

2V REMHWRV IUDFWDLV VaDR FRPSOH[RV�

�� )RUPDV (XFOLGLDQDV WHP IxRUPXODV JHRPxHWULFDV VLPSOHV� )RUPDV IUDFWDLV VaDR UHVXOWDGRV

GH DOJRUxuWPRV UHFXUVLYRV GH FRQVWUX}FaDR H QHFHVVLWDP GH FRPSXWDGRUHV SDUD VXD UHSUH�

VHQWD}FaDR�

8 P H [ H P S OR � 9DPRV LOXVWUDU HVWDV GLIHUHQ}FDV XVDQGR XP GRV SULPHLURV P R Q VWU R V

PDWHPxDWLFRV� D FXUYD ?rRFR GH QHYH� GH 9RQ .RFK �SURSRVWD SHOD �D� YH] HP ����� � $ IRUPD

GH FRQVWUX}FaDR GD FXUYD xH D VHJXLQWH�

'HVHQKH XPD OLQKD H D GLYLGD HP � SDUWHV LJXDLV � FDGD SHGD}FR GH FRPSULPHQWR G xH

HVFDODGR GD UHWD RULJLQDO GH � G  � � e U � VHQGR U VHX FRPSULPHQWR LQLFLDO� � 'HSRLV ID}FD R

WHU}FR FHQWUDO GD UHWD VHU HQWaDR VXEVWLWXLGR SRU � SHGD}FRV GH WDPDQKR LGAHQWLFRV� 2 SURFHVVR

GHYH VHU UHSHWLGR LQqQLWDPHQWH� D FDGD QRYR HVWxDJLR� FDGD GHVHQKR VHUxD DFUHVFLGR GH XP

SHGD}FR TXH VHUxD ��� GR DQWHULRU H WHUHPRV � GHVWHV QRYRV SHGD}FRV�
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(XFOLGLDQDV� (VWD FXUYD WHP D PHVPD IRUPD HP TXDOTXHU TXH VHMD D HVFDOD GH REVHUYD}FaDR

�DXWR�VHPHOKDQ}FD� � 4XDOTXHU SHTXHQR GHWDOKH TXDQGR DPSOLDGR LUxD UHSURGX]LU XPD SRU}FaDR

PDLRU H[DWDPHQWH� $ FDGD HVWxDJLR GD FRQVWUX}FaDR R FRPSULPHQWR GD FXUYD FUHVFHUxD GH ��� HP

UHOD}FaDR DR FRPSULPHQWR DQWHULRU� 1R OLPLWH WHUHPRV XP F R P S U LP H Q WR LQ q Q LWR H P X P D
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8PD GDV QR}FaRHV PDLV LQWXLWLYRV GH GLPHQVaDR HVWxD DVVRFLDGD D HVFDOD H DXWR�VHPHOKDQ}FD�

8P REM HWR GH GLPHQVaDR � � XPD UHWD SRU H[HPSOR� VH GLYLGLGD HP 1 SDUWHV� FDGD SDUWH VHUxD

LGAHQWLFD D DQWHULRU PXOWLSOLFDGD SHOR IDWRU GH HVFDOD GH U  � 1 � H 1 d U
� UHFRQVWLWXLUxD R

REM HWR�

8P RE MHWR GH GXDV GLPHQVaRHV� SRU H[HPSOR XP TXDGUDGR� SRGH VHU GLYLGLGR HP 1 SDUWHV

LGAHQWLFDV� FDGD XPD VHUxD LGAHQWLFDV D RULJLQDO PXOWLSOLFDGR SRU XP IDWRU GH HVFDOD GH U  
S
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8P H[HPSOR �' � VH GLYLGR HP 1 SDUWHV LJXDLV� FDGD SDUWH VHUxD LJXDO D DQWHULRU PXOWL�
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S
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2 QxXPHUR TXH GHYH�VH HOHYDU U SDUD TXH� PXOWLSOLFDGR SRU 1 WHQKD�VH � � xH D GLPHQVaDR�
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1 d �U � '  �

1  
�

U '
 

w
�

U

x'

� OR J 1  ' d ORJ

w
�

U

x

� '  
ORJ 1

ORJ�� U �

8PD UHWD VH GLYLGLGD HP 1 SDUWHV� FDGD SDUWH
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