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1HVWH FDSurWXOR SUHWHQGHPRV H[SRU GH PDQHLUD VXVFLQWD XPD URWD SDUD

FKHJDUPRV tDV HTXDzFaRHV KLGURGLQADPLFDV� SDUWLQGR GH XP SRQWR GH YLVWD

TXDVH PLFURVFuRSLFR� 1aDR HVWDPRV� QR HQWDQWR� QRV SURSRQGR D PRVWUDU

ULJRURVDPHQWH WRGRV RV GHWDOKHV DOJuHEULFRV FRP WRGDV DV VXDV FRPSOLFDzFaRHV�

PDV PRVWUDU RV SULQFLSDLV SDVVRV H HTXDzFaRHV FRP VXDV UHVSHFWLYDV

LQWHUSUHWDzFaRHV IurVLFDV� 'HVFULzFaRHV PDLV GHWDOKDGDV VaDR HQFRQWUDGDV QDV

UHIHUAHQFLDV FLWDGDV QD VHT�XAHQFLD�

��� 2 3UREOHPD 0HFADQLFR (VWDWurVWLFR

([SOLFDU R FRPSRUWDPHQWR PDFURVFuRSLFR GH XP VLVWHPD HP WHUPRV

GD GLQADPLFD PLFURVFuRSLFD GDV SDUWurFXODV TXH R FRPSaRHP FRQVWLWXL R

SULQFLSDO REMHWLYR GD PHFADQLFD HVWDWurVWLFD� 2V VLVWHPDV FRQVWLWXurGRV GH

PXLWDV SDUWurFXODV SRGHP VHU HVWXGDGRV HP YuDULRV QurYHLV GH GHWDOKDPHQWR�

GHSHQGHQGR GH TXDLV LQIRUPDzFaRHV HVWDPRV LQWHUHVVDGRV HP REWHU� 3RU

H[HPSOR� DR HVWXGDUPRV XP JuDV SRGHPRV GHVFUHYAH�OR DR QurYHO KLGURGLQADPLFR�

VH HVWDPRV LQWHUHVVDGRV HP GHVFUHYHU RV SURFHVVRV GH oX[R GDV TXDQWLGDGHV

FRQVHUYDGDV� 6H HVWDPRV LQWHUHVVDGRV HP LQIRUPDzFaRHV PDLV GHWDOKDGDV�

WDLV FRPR GH IXQzFaRHV GLVWULEXLzFaDR� FRHnFLHQWHV GH WUDQVSRUWHV� HWF� GHYHPRV

HVWXGuD�OR DR QurYHO GH WHRULDV FLQuHWLFDV� DV TXDLV WAHP SRU EDVH D HTXDzFaDR

GH %ROW]PDQQ �TXH WHP VXD YHUVaDR DGDSWDGD DR HVWXGR GH VLVWHPDV

JUDQXODUHV���� $OuHP GLVVR� VH HVWDPRV LQWHUHVVDGRV HP SURFHVVRV HP XPD

HVFDOD DLQGD PHQRU� WDLV FRPR RV SURFHVVRV TXH RFRUUHP GXUDQWH RV HQFRQWURV

HQWUH GXDV PROuHFXODV� HQWaDR WHUHPRV TXH HVWXGDU DV HTXDzFaRHV GH PRYLPHQWR

DR QurYHO PLFURVFuRSLFR� QHVWH FDVR DV HTXDzFaRHV EuDVLFDV GHYHP VHU DV HTXDzFaRHV

GH +DPLOWRQ RX D HTXDzFaDR GH /LRXYLOOH �TXH OKH uH HTXLYDOHQWH� SDUD VLVWHPDV

FOuDVVLFRV� RX D HTXDzFaDR GH 6FKU�RGLQJHU� QR FDVR TXADQWLFR�

2 PHFDQLVPR SHOR TXDO SDVVDPRV GDV HTXDzFaRHV PLFURVFuRSLRFDV SDUD DV

HTXDzFaRHV FLQuHWLFDV H SRU VXD YH] tDV HTXDzFaRHV KLGURGLQADPLFDV FRQVWLWXL XPD

WDUHID GD PHFADQLFD HVWDWurVWLFD GH QaDR HTXLOurEULR�

$ VHJXLU IDUHPRV XPD EUHYH GHVFULzFaDR GD GLQADPLFD GDV FROLVaRHV

HQWUH RV JUaDRV� (PERUD QaDR VHMD SURSULDPHQWH HVWH R FDPLQKR SRU QuRV

VHJXLGR� DFUHGLWDPRV TXH LVWR VHUuD uXWLO SDUD HVFODUHFHU PHOKRU D TXHVWaDR GD

LQHODVWLFLGDGH GR VLVWHPD� FRPR HOD LQoXHQFLD QD GLQADPLFD GR PHVPR H D
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GLnFXOGDGH GH WUDWDUPRV R SUREOHPD GHVVH SRQWR GH YLVWD�

��� $ GLQADPLFD GDV &ROLVaRHV

'HYLGR tD JUDQGH LUUHJXODULGDGH� TXDQWR tD IRUPD H WDPDQKR GRV JUaDRV

TXH FRPSaRHP XP 6*� TXH WUD]HP FRQVLJR JUDQGHV FRPSOLFDzFaRHV SDUD

HVWXGRV WHuRULFRV� uH FRPXP ID]HUPRV VLPSOLnFDzFaRHV D nP GH IDFLOLWDU XPD

IRUPXODzFaDR PLFURVFuRSLFD� 1R PRGHOR TXH XWLOL]DUHPRV FRQVLGHUD�VH XP

VLVWHPD FRQVWLWXurGR GH JUaDRV SHUIHLWDPHQWH SROLGRV H LGAHQWLFRV� (PERUD HVVDV

VLPSOLnFDzFaRHV SDUHzFDP H[DJHUDGDV� DLQGD DVVLP FRQVHJXLUHPRV H[WUDLU PXLWDV

LQIRUPDzFaRHV IurVLFDV LPSRUWDQWHV�

'R SRQWR GH YLVWD PLFURVFuRSLFR� DR QurYHO GD GLQADPLFD GDV FROLVaRHV HQWUH

RV JUaDRV� R TXH WHPRV VaDR FROLVaRHV LQHOuDVWLFDV� &RQVLGHUHPRV GRLV JUaDRV L H M�

GH PDVVD PL  PM  P� LGAHQWLFRV� FRP YHORFLGDGHV LQLFLDLV �DQWHV GD FROLVaDR�

YL H YM H YHORFLGDGHV nQDLV �GHSRLV GD FROLVaDR� Y
�
L H Y

�
M UHVSHFWLYDPHQWH

D � FRPR

PRVWUD D nJXUD ������

&RPR cWFRO ~ �� R PRPHQWR OLQHDU VH FRQVHUYD� 3RUWDQWR�

Y�L � Y�M  YL � YM � �����

(VFUHYDPRV D YHORFLGDGH UHODWLYD HQWUH RV GRLV JUaDRV HP FRPSRQHQWHV

SHUSHQGLFXODU H SDUDOHOD� UHODWLYDPHQWH DR YHWRU XQLWuDULR AQLM� GHnQLGR SRU�

AQLM s UM b UL

MUM b ULM� �����

TXH HVWuD QD GLUHzFaDR GD UHWD TXH XQH RV FHQWURV GH PDVVD GRV JUaDRV HP

FRQVLGHUDzFaDR� QR LQVWDQWH GD FROLVaDR YHMD nJ� ������

YL b YM  �YL b YM�N � �YL b YM�"� �����

RQGH DV FRPSRQHQWHV VaDR GDGDV SRU�

�YL b YM�N  >AQLM c �YL b YM�@AQLM �����

H

�YL b YM�"  YL b YM b >AQLM c �YM b YL�@AQLM � �����

Du( LPSRUWDQWH GHVWDFDU TXH PHVPR VH QaDR WLYuHVVHPRV GLWR TXDLV IRUDP DV YHORFLGDGHV
LQLFLDLV H nQDLV GRV JUaDRV� SRGHUurDPRV LQIHUL�ODV GD nJXUD ����� DR ID]HUPRV D LQYHUVaDR
WHPSRUDO� OHPEUDQGR TXH QXPD FROLVaDR LQHOuDVWLFD DV YHORFLGDGHV SuRV FROLVLRQDLV WHQGHP D
nFDU SDUDOHODV� H R LQYHUVR MDPDLV VHUuD YLVWR� ,VWR QRV UHPHWH D XP IDWR PXLWR SHFXOLDU SDUD
RV VLVWHPDV GLVVLSDWLYRV TXH RV ID]� PDLV XPD YH]� GLIHULU GRV VLVWHPDV XVXDLV� (QTXDQWR
TXH QRV VLVWHPDV HOuDVWLFRV� QR QurYHO GD GLQADPLFD GDV FROLVaRHV RV SURFHVVRV VaDR UHYHUVurYHLV H D
LUUHYHUVLELOLGDGH VuR DSDUHFH FRPR XP HIHLWR FROHWLYR� QR QurYHO PDFURVuRSLFR� DTXL R VLVWHPD
MuD DSUHVHQWD LUUHYHUVLELOLGDGH QR QurYHO GD GLQADPLFD GDV FROLVaRHV�
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)LJXUD ���� 5HSUHVHQWDzFaDR HVTXHPuDWLFD GH XPD FROLVaDR HQWUH GRLV JUaDRV�

j,in̂i

j

)LJXUD ���� 5HSUHVHQWDzFaDR HVTXHPuDWLFD GH GRLV JUaDRV QR LQVWDQWH GD FROLVaDR�
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'HnQH�VH R FRHnFLHQWH GH UHVWLWXLzFaDR UDGLDO U FRPR�

�Y�L b Y�M�N  bU�YL b YM�N� �����

GHVVH PRGR SRGHPRV HVFUHYHU�

�Y�L b Y�M�  b�� � U�>AQLM c �YL b YM�@AQLM � �YL b YM�� �����

$ FRPSRQHQWH SHUSHQGLFXODU SHUPDQHFH LQDOWHUDGD�

�Y�L b Y�M�"  �YL b YM�"� �����

8WLOL]DQGR D HTXDzFaDR ����� ���� H ����� SRGHPRV HVFUHYHU DV YHORFLGDGHV nQDLV

GDV SDUWurFXODV HP WHUPRV GDV LQLFLDLV H GR FRHnFLHQWH GH UHVWLWXLzFaDR�

Y�L  YL b �� � U�

�
>AQLM c �YL b YM�@AQLM �����

H

Y�M  YM �
�� � U�

�
>AQLM c �YL b YM�@AQLM � ������

$ SHUGD GH HQHUJLD SRU FROLVaDR uH� SRUWDQWR� D YDULDzFaDR GD HQHUJLD FLQuHWLFD

GHYLGD tD FROLVaDR� GDGD SRU�

c(  b�
�
P>�YL b YM� c AQLM@

��� b U��� ������

u( LPSRUWDQWH GHVWDFDU TXH R FRHnFLHQWH GH UHVWLWXLzFaDR� HP JHUDO�

GHSHQGH GD YHORFLGDGH UHODWLYD SUuH�FROLVLRQDO��^���

$ GHSHQGAHQFLD GR FRHnFLHQWH GH UHVWLWXLzFaDR FRP D YHORFLGDGH UHODWLYD

GRV JUaDRV� QXPD SULPHLUD DSUR[LPDzFaDR uH GD IRUPD U  �bmY
� �
UHO �YHU UHI� ����

FRUUHVSRQGHQGR D IULFzFaDR GR WLSR YLVFRHOuDVWLFD SDUD FROLVaRHV TXDVH HVWuDWLFDV�

1HVWH PRGHOR D UHOD[DzFaDR GH HQHUJLD YLD IARQRQV DFRQWHFH HP XPD HVFDOD GH

WHPSR UuDSLGD HP FRPSDUDzFaDR FRP R WHPSR GH FROLVaDR������ 1RV PRGHORV

XVXDLV GH VLVWHPDV JUDQXODUHV R FRHnFLHQWH GH UHVWLWXLzFaDR uH FRQVLGHUDGR FRPR

XPD FRQVWDQWH�

$ GHVFULzFaDR GH XP VLVWHPD FRP XP JUDQGH QuXPHUR GH SDUWurFXODV�

GLUHWDPHQWH HP WHUPRV GH TXDQWLGDGHV YHWRULDLV� FRPR DV YHORFLGDGHV GDV

SDUWurFXODV� uH PXLWR FRPSOLFDGD� $OuHP GLVVR� D GHSHQGAHQFLD GDV YHORFLGDGHV

SUuH�FROLVLRQDLV QRV FRHnFLHQWHV GH UHVWLWXLzFaDR uH EDVWDQWH FRPSOH[D� H�

SRUWDQWR� LQWURGX] DLQGD PDLV GLnFXOGDGHV� u(� SRUWDQWR� QHFHVVuDULR

GHVHQYROYHU PRGHORV GH SRWHQFLDLV TXH FRQWHQKDP DV LQIRUPDzFaRHV VREUH DV

LQWHUDzFaRHV HQWUH DV SDUWurFXODV� $VVLP GHYHPRV ODQzFDU PaDR GR IRUPDOLVPR

FDQARQLFR SDUD GHVFUHYHU R VLVWHPD�
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��� )RUPXODzFaDR &DQARQLFD

8PD IRUPXODzFaDR PLFURVFuRSLFD� QR IRUPDOLVPR FDQARQLFR� GHYH FRQVWLWXLU

GH XP +DPLOWRQLDQR TXH OHYD HP FRQWD WRGRV RV JUDXV GH OLEHUGDGH GR

VLVWHPD� 'HnQDPRV DV QRWDzFaRHV U1 s IULJ H S1 s ISLJ �L  �� � � � � 1�� SDUD
DV FRRUGHQDGDV GH SRVLzFaDR H PRPHQWRV OLQHDUHV GRV JUaDRV UHVSHFWLYDPHQWH H

z1 s IzLJ H {1 s I{LJ VaDR DV FRRUGHQDGDV GH SRVLzFaDR H PRPHQWRV OLQHDUHV
�DWARPLFRV� LQWHUQRV DRV JUaDRV�

8P WDO +DPLOWRQLDQR uH FRPSRVWR GH XP WHUPR +7 � TXH GHSHQGH DSHQDV

GDV FRRUGHQDGDV JUDQXODUHV� U1 H S1 � XP WHUPR +, � TXH GHSHQGH DSHQDV GDV

FRRUGHQDGDV LQWHUQDV z1 H {1 H XP WHUPR GH DFRSODPHQWR HQWUH HVVHV JUDXV

GH OLEHUGDGH ��U1 � z1 ��

+  +7 �U
1 �S1 � �+,�z

1 � {1� � ��U1 � z1 �� ������

RQGH�

+7 �U
1 �S1 �  

S1 c S1
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1 � {1 �  
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�

��U1 � z1 �  
�

�

1;
L�M �

��UL�M � zL � zM ��

2QGH S1 c S1 s 31
L � S

�
L GHQRWD R SURGXWR HVFDODU�

1R QurYHO GH WHRULDV FLQuHWLFDV� HVWDPRV JHUDOPHQWH LQWHUHVVDGRV QD

HYROXzFaDR GD IXQzFaDR GLVWULEXLzFaDR WRWDO |�;7 �;, � W� GR VLVWHPD� RQGH

|�;7 �;, � W�G;7 G;, uH D SUREDELOLGDGH GH HQFRQWUDU R VLVWHPD QXP HVWDGR

HP TXH VXDV FRRUGHQDGDV HVWHMDP GHQWUR GR KLSHUYROXPH �G;7 G;,�� FHQWUDGR

QR SRQWR �;7 �;,�� QR LQVWDQWH W� RQGH ;7 s �U1�S1� H ;, s �{1 � z1 �� $

HYROXzFaDR WHPSRUDO GH | uH GDGD SHOR SDUAHQWHVH GH 3RLVVRQ

#|

#W
 I+� |J ������

TXH QD IRUPD GH RSHUDGRU VH HVFUHYH

#|

#W
 A/|� ������

RQGH A/ uH R RSHUDGRU GH /LRXYLOOH� (VWH RSHUDGRU uH GDGR SRU�

A/  A/7 � A/, � A/�� ������

RQGH A/7 � A/, H A/� VaDR RV RSHUDGRUHV GH /LRXYLOOH DVVRFLDGRV DRV

JUDXV GH OLEHUGDGH WUDQVODFLRQDLV� LQWHUQRV� H DR WHUPR GH DFRSODPHQWR�

UHVSHFWLYDPHQWH� (VWHV VaDR GDGRV SRU�
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A/7  bS
1

P
c UU1 �UU18 �U

1 � c US1 � ������

A/,  b{1

x
c Uz1 �Uz19 �z

1 � c U{1 � ������

A/�  UU1� c US1 �Uz1� c U{1 � ������

5HVROYHU D HTXDzFaDR GH /LRXYLOOH ������ OHYDQGR HP FRQWD WRGRV HVVHV

JUDXV GH OLEHUGDGH WRUQD�VH uH LPSRVVurYHO� GHYLGR DR JUDQGH QuXPHUR GH

SDUWurFXODV HQYROYLGDV� 1R HQWDQWR� HVWDPRV LQWHUHVVDGRV DSHQDV QD GLQADPLFD

GRV JUDXV GH OLEHUGDGH WUDQVODFLRQDLV� RX VHMD� TXHUHPRV HQFRQWUDU XPD

IXQzFaDR GH GLVWULEXLzFaDR GH SUREDELOLGDGHV UHGX]LGD : �;7 � W�� DSHQDV SDUD

RV JUDXV GH OLEHUGDGH H[WHUQRV� GDGD SRU�

: �;7 � W�  
=

G;,|�;7 �;, � W�� ������

2 IDWR GH TXH RV JUDXV GH OLEHUGDGH LQWHUQRV VHUHP PXLWR PDLV UuDSLGRV

GR TXH RV H[WHUQRV� H SRUWDQWR WHUHP XP WHPSR GH UHOD[DzFaDR PXLWR PHQRU TXH

HVWHV uXOWLPRV� SHUPLWH�QRV FRQVLGHUuD�ORV FRPR HVWDQGR VHPSUH QR HTXLOurEULR�

D XPD WHPSHUDWXUD 7 � u( FRPR VH R VLVWHPD IRVVH FRQVWLWXurGRV DSHQDV SHORV

JUDXV JUDQXODUHV GH OLEHUGDGH H HVWLYHVVH HP FRQWDWR FRP XP EDQKR WuHUPLFR�

VHQGR RV JUDXV GH OLEHUGDGH GR EDQKR WuHUPLFR RV SUuRSULRV JUDXV LQWHUQRV�

$QDORJDPHQWH DR TXH uH IHLWR QD HOLPLQDzFaDR GRV JUDXV GH OLEHUGDGH GR EDQKR

WuHUPLFR SDUD R FDVR GH XPD SDUWurFXOD EURZQLDQD��� XWLOL]DQGR DV WuHFQLFDV

GH RSHUDGRUHV GH SURMHzFaDR� 6FKRnHOG H 2SSHQKHLP� HOLPLQDUDP RV JUDXV GH

OLEHUGDGH LQWHUQRV� SDUD XP VLVWHPD JUDQXODU GLOXurGR� REWHQGR XPD HTXDzFaDR

GH )RNNHU�3ODQFN SDUD D HYROXzFaDR WHPSRUDOE GH : �

B: �;7 � W�  

���b 1;
L �

SL

P
c UUL �
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UUL�8 � ��U�� c USL
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� �USM bUSN�
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SM b SN
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DFLPD� n  � N%7 � VHQGR 7 D WHPSHUDWXUD GRV JUDXV LQWHUQRV GH OLEHUGDGH�

TXH uH FRQVLGHUDGD DSUR[LPDGDPHQWH FRQVWDQWH� ��U� uH XP SRWHQFLDO PuHGLR

TXH WUD] FRQVLJR DV LQIRUPDzFaRHV GDV LQWHUDzFaRHV GXUDQWH DV FROLVaRHV� H

oMN  
= �

�
G~
=

G;, a|�GUUMN�MN� H
�/,�Uz1

�cU
{1
�~ �GUUMN�MN�� ������

VHQGR a|  a|�;, � W� D IXQzFaDR GLVWULEXLzFaDR FRQGLFLRQDO SDUD RV JUDXV LQWHUQRV
��

2V WHUPRV QR LQWHJUDQGR DFLPD DFHQWXDGR FRP �E� VaDR GHnQLGRV FRPR�
E$  $b K$L

E0DLV UHFHQWHPHQWH� 3UROHRQ H 0RUJDGR�� JHQHUDOL]DUDP HVWD IRUPD SDUD R FDVR GH XP
HVWDGR HVWDFLRQuDULR HP SUHVHQzFD GH XP PHFDQLVPR GH LQMHzFaDR GH HQHUJLD�
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FRP

K$L s
=

G;, a|$�

(PERUD D HTXDzFaDR ������ VHMD UD]RDYHOPHQWH FRPSOLFDGD� SRGHPRV IDFLOPHQWH

LGHQWLnFDU VHXV WHUPRV� R SULPHLUR WHUPR uH XP WHUPR GH oX[R QR HVSDzFR GDV

FRRUGHQDGDV� R VHJXQGR uH XP WHUPR GH oX[R QR HVSDzFR GH PRPHQWR H R

uXOWLPR WHUPR uH XP WHUPR GLVVLSDWLYR GHYLGR tD WUDQVIHUAHQFLD GH HQHUJLD SDUD

RV JUDXV GH OLEHUGDGH LQWHUQRV� u( FODUR TXH oMN uH XP FRHnFLHQWH GH WUDQVSRUWH

GLVVLSDWLYR� TXH JHUDUuD R FRHnFLHQWH GH UHVWLWXLzFaDR GHSHQGHQWH GD YHORFLGDGH

UHODWLYD�

$ HTXDzFaDR GH )RNNHU�3ODQFN �HT� ����� QRV GuD D HYROXzFaDR WHPSRUDO SDUD

D GLVWULEXLzFaDR GH SUREDELOLGDGH JUDQXODU� 3UHFLVDPRV LQWHJUuD�OD QDV YDULuDYHLV

;Q�� � � �;1 � D nP GH REWHU D HYROXzFaDR WHPSRUDO SDUD DV GLVWULEXLzFaRHV

I �Q��U1 �S1 � W�� ,VWR uH IHLWR YLD KLHUDUTXLD�� %%*.<�

'HnQDPRV D GLVWULEXLzFaDR UHGX]LGD SRU�
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RQGH ;L s bUUL8H[W H )LP  bUUL

3
P� L��LP � aXLP�� $V HTXDzFaRHV GD

KLHUDUTXLD VaDR XP XP FRQMXQWR GH HTXDzFaRHV DFRSODGDV� TXH� HP SULQFurSLR�

SUHFLVDPRV VDEHU WRGD D KLHUDUTXLD� QR HQWDQWR� PuHWRGRV GH H[SDQVaDR HP

HVFDODV GH WHPSR SHUPLWH GHVDFRSOuD�ODV������ REWHQGR DV HVFDODV GH WHPSR

HP TXH RV IHQARPHQRV RFRUUHP �YHMD QDV UHIHUAHQFLDV FLWDGDV DQWHULRUPHQWH��

2 REMHWLYR uH GHULYDU D SDUWLU GDV HTXDzFaRHV GD KLHUDUTXLD DV HTXDzFaRHV

KLGURGLQADPLFDV GR VLVWHPD�
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��� +LGURGLQADPLFD

8PD YH] HQFRQWUDGD D KLHUDUTXLD SDUD DV DV IXQzFaRHV GH GLVWULEXLzFaDR�

GHnQHP�VH DV YDULuDYHLV KLGURGLQADPLFDV PDFURVFuRSLFDV TXH GHVFUHYHUaDR R

VLVWHPD�
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�
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=
GSSI�U�S� W� ������

7J�U� W�  
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�QP

=
GS �SbPX�� I �U�S� W�� ������

RQGH I s I ��� uH D GLVWULEXLzFaDR tD XPD SDUWurFXOD� Q s Q�U� W� uH D GHQVLGDGH HP

QuXPHUR GH SDUWurFXODV� 7J D WHPSHUDWXUD JUDQXODU H X uH R oX[R
F�

$V HTXDzFaRHV tDV TXDLV HVVDV YDULuDYHLV REHGHFHP VaDR DV HTXDzFaRHV GH

1DYLHU�6WRNHV PRGLnFDGDV������
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RQGH s H w7 VaDR RV FRHnFLHQWHV GH IULFzFaDR �YLVFRVLGDGH� H GH WUDQVSRUWH GH

HQHUJLD �FRQGXWLYLGDGH WuHUPLFD� UHVSHFWLYDPHQWH� TXH VaDR IXQzFaRHV GD SRVLzFaDR

H GD WHPSHUDWXUD��� 2 WHUPR '�7J� GDGR SRU�

'�7J�  b'N�Q�7 � �J � ������

RQGH N� uH XPD FRQVWDQWH TXH GHSHQGH GDV SURSULHGDGHV PDWHULDLV GRV JUaDRV�

uH GHYLGR tD LQHODVWLFLGDGH GDV FROLVaRHV JUDQXODUHV� 2 H[SRHQWH � � GD HTXDzFaDR

DFLPD OHYD HP FRQWD D GHSHQGAHQFLD GR FRHnFLHQWH GH UHVWLWXLzFaDR QD YHORFLGDGH

UHODWLYD HQWUH GRLV JUaDRV � (VVH H[SRHQWH WHP YDORU � � SDUD R FDVR GR

FRHnFLHQWH GH UHVWLWXLzFaDR VHU FRQVWDQWH� TXH FDUDFWHUL]D D OHL GH +Dm �HT�

����� �YHMD UHI� �������

$V HTXDzFaRHV ������ H ������ H[SUHVVDP D FRQVHUYDzFaDR GD PDVVD H GR

PRPHQWR H D HTXDzFaDR ������ uH XPD HTXDzFaDR GH FRQWLQXLGDGH SDUD D HQHUJLD

FRP XP WHUPR GLVVLSDWLYR �uXOWLPR� TXH IXQFLRQD FRPR XP VRUYHGRXUR GH

HQHUJLD� GHYLGR tD LQHODVWLFLGDGH GR VLVWHPD� &RPR MuD WHPRV PHQFLRQDGR

IDUHPRV GRUDYDQWH D DSUR[LPDzFaDR 7J � N%7 �

$ nP GH HVWXGDU R FRPSRUWDPHQWR WHPSRUDO GD WHPSHUDWXUD JUDQXODU�

FRQVLGHUHPRV XP VLVWHPD KRPRJAHQHR� 1HVWH FDVR D HTXDzFaDR ������ WRUQD�VH�

F
Q H X VaDR FRQVHUYDGRV PDV 7J QaDR uH� GHYLGR tD LQHODVWLFLGDGH GR VLVWHPD�
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uH XP WHPSR FDUDFWHUurVWLFR GR VLVWHPD� ([SDQGLQGR D HT� ������ SDUD W � ~

DWuH D SULPHLUD RUGHP WHPRV�

7J��W�  
Wb

�

�r
�
�
'N�Q�

s �

�
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2 SULPHLUR WHUPR� z Wb� �� uH XP WHUPR LUUHYHUVurYHO� HQTXDQWR TXH R VHJXQGR uH

XP WHUPR GH PHPuRULD TXH GHSHQGH GD WHPSHUDWXUD LQLFLDO PDV TXH GHFUHVFH

UDSLGDPHQWH� 3DUD R FDVR GR FRHnFLHQWH GH UHVWLWXLzFaDR FRQVWDQWH D OHL GH +Dm

uH GDGD SRU 7J z Wb�� u( HVVH GHFDLPHQWR QD HQHUJLD GR VLVWHPD TXH FDXVD R

FKDPDGR FRODSVR LQHOuDVWLFR� $ VHJXLU PRVWUDUHPRV XP VLPSOHV PRGHOR TXH

GHVFUHYH R FRPSRUWDPHQWR WHPSRUDO GH XP JuDV JUDQXODU UXPR DR FRODSVR

LQHOuDVWLFR�

��� 0RGHOR 6LPSOHV GH *uDV *UDQXODU

8P UHVXOWDGR�� VXUSUHHQGHQWH SRGH VHU REWLGR SRU XP VLPSOHV PRGHOR

GH JuDV JUDQXODU VXEPHWLGR tD FRQGLzFaDR GH FRQWRUQR PuRYHO WLSR SLVWaDR�

&RQVLGHUHPRV GRLV VLVWHPDV JUDQXODUHV LGAHQWLFRV� FRQnQDGRV XP HP FDGD ODGR

GH XP FLOLQGUR UHWDQJXODU GH FRPSULPHQWR �/ H uDUHD $� 2V GRLV VLVWHPDV VaDR

VHSDUDGRV SRU XP SLVWaDR PDVVLYR H PuRYHO� &DGD VLVWHPD FRQWuHP 1� JUaDRV

�YHMD nJ� ����� 6XSRQKDPRV TXH R VLVWHPD VHMD VHPSUH XQLIRUPH� 2V JUaDRV

FROLGHP LQHODVWLFDPHQWH FRP R SLVWaDR H FRP DV SDUHGHV GR FLOLQGUR� 6XSRQGR�

DLQGD� TXH R DWULWR GR SLVWaDR FRP DV SDUHGHV GR FLOLQGUR IDzFD FRP TXH D

YHORFLGDGH GR FLOLQGUR VHMD SURSRUFLRQDO tD GLIHUHQzFD GH SUHVVaDR HQWUH RV GRLV

ODGRV GD FDL[D WHPRV�

G[

GW
 br�S� b S��  bs�Q�7� b Q�7��� ������

RQGH [ uH D SRVLzFaDR GR SLVWaDR� Q� H Q� VaDR DV GHQVLGDGHV JUDQXODUHV H 7� H

7� VaDR DV WHPSHUDWXUDV JUDQXODUHV� $V SUHVVaRHV S��� VaDR SURSRUFLRQDLV
�� D

Q���7���� $V GHQVLGDGHV VaDR�
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2 WUDEDOKR UHDOL]DGR SHOR SLVWaDR HP FDGD ODGR GD FDL[D uH�

G:�  bS�$G[� ������

G:�  S�$G[� ������

$ UHGXzFaDR QD HQHUJLD WRWDO GR VLVWHPD GHYLGD tD LQHODVWLFLGDGH GDV FROLVaRHV uH

SURSRUFLRQDO D Q7
�

� � 3RGHPRV HQWaDR HVFUHYHU DV H[SUHVVaRHV SDUD DV YDULDzFaRHV

GD HQHUJLD WRWDO �(���  1�7���� GH FDGD ODGR GD FDL[D�
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$ H[SUHVVaDR SDUD D YHORFLGDGH GR SLVWaDR VHUuD GDGD SRU�
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$V HTV ����������� VaDR DV HTXDzFaRHV IXQGDPHQWDLV SDUD HVWH PRGHOR� 2V

SDUADPHWURV o H n VaDR DV WD[DV GH GLVVLSDzFaDR H PRELOLGDGH UHVSHFWLYDPHQWH�

����� 6ROXzFaDR $QDOurWLFD

8WLOL]DUHPRV R PuHWRGR GH HVFDOD SDUD HVWXGDU DV HTV ����������� SDUD W

JUDQGH RX SUuR[LPR DR FRODSVR� $V FRQGLzFaRHV LQLFLDLV VaDR 7��W  �� ! 7��W  

��� ,VWR IDUuD FRPR TXH R VLVWHPD � VHMD FRPSULPLGR� $V GXDV SRVVLELOLGDGHV

VaDR� R SLVWaDR VH GHVORFD DWuH XPD GLVWADQFLD nQLWD GD SDUHGH tD GLUHLWD H SuDUD

HP DOJXP OXJDU QD UHJLaDR � � [ � / GHYLGR DR DWULWR� D RXWUD uH R SLVWaDR
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FRPSULPLU WRGR R JuDV tD GLUHLWD �DJORPHUDzFaDR�� (VVHV FRPSRUWDPHQWRV VHUaDR

GHnQLGRV SHOR YDORV GH n� 1R SULPHLUR FDVR n SHTXHQR H QR VHJXQGR FDVR n

JUDQGH�

6ROXzFaDR VHP DJORPHUDzFaDR� [ILQDO � /

1HVWH FDVR [ILQDO � /� 6XSRQKDPRV TXH SDUD �W � �� DV YDULuDYHLV
WHQKDP RV VHJXLQWHV FRPSRUWDPHQWRV�

[  [ILQDO b$WbT�� ������
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7�  &WbT�� ������

RQGH RV H[SRHQWHV T�� T�� T� ! � H DV DPSOLWXGHV %�& ! �� 6XEVWLWXLQGR HVWDV
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6ROXzFaDR FRP IRUPDzFaDR GH DJORPHUDGR [ILQDO � /

3DUD HVWH FDVR� FRP n JUDQGH WHPRV DV VROXzFaRHV GR WLSR�

[  /b$�WI b W�T�� ������

7�  7�I �%�WI b W�T�� ������

7�  7�I � &�WI b W�T�� ������

RQGH QRYDPHQWH T�� T�� T� ! � H WI uH R LQVWDQWH GR FRODSVR�

1HVWH FDVR REWHPRV�
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RQGH 7I� uH R uXQLFR SDUADPHWUR OLYUH H 7I�  ��

1HVWH PRGHOR QaDR WHPRV R HIHLWR GH YROXPH H[FOXurGR GRV JUaDRV� SRU LVVR

R JuDV uH FRPSOHWDPHQWH FRPSULPLGR�

����� 5HVXOWDGRV 1XPuHULFRV

3DUD FRQnUPDU QRVVDV UHVXOWDGRV DQDOurWLFRV� LQWHJUDPRV QXPHULFDPHQWH

DV HTV� ������������ XWLOL]DQGR XP VLPSOHV PuHWRGR GH (XOHU� H YHULnFDPRV TXH

RV UHVXOWDGRV FRQFRUGDP EHP QRV OLPLWHV SURSRVWRV�

n 3HTXHQR

1HVWH FDVR XWLOL]DPRV FRPR YDORUHV LQLFLDLV� 7��W  ��  ��� ��

7��W  ��  �� �� [�W  ��  �� o  �� � DQG n  �� �� $ nJ� �����

PRVWUD RV UHVXOWDGRV HP H[FHOHQWH DFRUGR FRP RV UHVXOWDGRV DQDOurWLFRV�

n JUDQGH

1HVWH FDVR PDQWHPRV RV YDORUHV LQLFLDLV DQWHULRUHV FRP H[FHVVaDR GH n�

TXH DJRUD DVVXPH XP YDORU VHLV YH]HV PDLRU� n  �� �� $ nJ� ����� PRVWUD

RV UHVXOWDGRV SDUD HVWH FDVR TXH WDPEuHP HVWaDR HP H[FHOHQWH DFRUGR FRP RV

UHVXOWDGRV DQDOurWLFRV�

(VWH PRGHOR� HPERUD VLPSOHV� uH FDSD] GH PRVWUDU XP FRPSOHWR FRODSVR

LQHOuDVWLFR GHYLGR D GLVVLSDzFaDR LQWHUQD�
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1E-4

(a)

Y = A + B1 * X

Parameter Value Error
------------------------------------------------------------
A 0,66426 8,85704E-5
B1 -1,64513 3,02774E-5
------------------------------------------------------------

R-Square(COD) SD N P
------------------------------------------------------------
1 2,45639E-5 309 <0.0001
------------------------------------------------------------

T
1

1E-6

1E-5

(b)

Y = A + B1 * X

Parameter Value Error
------------------------------------------------------------
A -0,14135 2,93328E-4
B1 -1,74769 1,00763E-4
------------------------------------------------------------

R-Square(COD) SD N P
------------------------------------------------------------
1 1,06373E-4 360 <0.0001
------------------------------------------------------------

T
2

900 1000
0,0

0,5

1,0

(c)

L-x=a+btc

Chi^2 =  1.2069E-19
R^2 =  1
  
a 0.32298 ±6.2578E-7
b 0.6354 ±0.00013
c -0.60404 ±0.00004

L
-x

t

)LJXUD ���� &RPSRUWDPHQWR WurSLFR VHP DJORPHUDzFaDR� �o  �� �� n  �� ��� �D� 7��W�� �E�
7��W�� �F� / b [�W��
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0,000

0,002

0,004

(a)

Y = A + B * X

Parameter Value Error
------------------------------------------------------------
A 0,00337 5,6482E-8
B 5,74851E-5 3,38804E-8
------------------------------------------------------------

R SD N P
------------------------------------------------------------
0,99995 4,78018E-7 288 <0.0001
------------------------------------------------------------

T
1

0,00E+000

1,00E-009

2,00E-009

(b)

T
2
=a(t

f
-t-b)c

Chi^2 =  2.6738E-25
R^2 =  1
  
a 1.2323E-9 ±6.5182E-13
b -0.04552 ±0.00017
c 2.5 ±0

T
2

0 1 2
0,000000

0,000001

0,000002

(c)

L-x=a(t
f
-t-b)c

Chi^2 =  9.6801E-20
R^2 =  1
  
a 7.1812E-7 ±2.0355E-10
b -0.04751 ±0.00011
c 2.5 ±0L

-x

t
f
-t

)LJXUD ���� &RPSRUWDPHQWR WurSLFR FRP DJORPHUDzFaDR� �o  �� �� n  ����� �D� 7��W�� �E�
7��W�� �F� / b [�W��
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��� $QuDOLVH GH ,QVWDELOLGDGHV

9uDULRV DXWRUHV WAHP PRVWUDGR TXH� QXPD HVFDOD FRQYHQLHQWH� DV

HTXDzFaRHV KLGURGLQADPLFDV DSUHVHQWDP LQVWDELOLGDGHV OLQHDUHV��������� H TXH

PXLWRV IHQARPHQRV LQWHUHVVDQWHV REVHUYDGRV SRGHP HVWDU UHODFLRQDGRV D

HVVDV LQVWDELOLGDGHV� (PERUD R PRGHOR GH JuDV JUDQXODU FRP R TXDO

HVWDPRV WUDEDOKDQGR GLIHUH GRV PRGHORV XVXDOPHQWH HVWXGDGRVG� WDPEuHP

REVHUYDUHPRV LQVWDELOLGDGHV� $ QRYLGDGH uH TXH QR QRVVR FDVR DV LQVWDELOLGDGHV

DSDUHFHUaDR DSHQDV FRPR XP IHQARPHQR WUDQVLHQWH� $ nP GH DQDOLVDU

HVWDV LQVWDELOLGDGHV SURFHGHUHPRV GD PDQHLUD XVXDO� 'HnQDPRV XP HVWDGR

KRPRJAHQHR� �+6�� GHVFULWR SHODV YDULuDYHLV 7J  7��W�� Q  Q� H X  �� D

SDUWLU GR TXDO GHnQLUHPRV DV oXWXDzFaRHV

7J  7��W� � p7J�W� ������

Q  Q� � pQ�W� ������

X  pX ������

$V HTXDzFaRHV GH 1DYLHU�6WRFNHV OLQHDUL]DGDV VHUaDR HVFULWDV HQWaDR
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$ nP GH HOLPLQDU D GHSHQGAHQFLD WHPSRUDO QRV FRHnFLHQWHV GDV HTXDzFaRHV

OLQHDUL]DGDV DFLPD� %UH\�� SURSARV XPD PXGDQzFD GH HVFDOD HVSDzFR�WHPSRUDO

TXH GHL[D HVVHV FRHnFLHQWHV LQGHSHQGHQWHV GR WHPSR QHVVD QRYD HVFDOD� SDUD

R FDVR GH XP FRHnFLHQWH GH UHVWLWXLzFaDR FRQVWDQWH� 1HVVD QRYD HVFDOD R WHPSR

SDVVD D VHU FRQWDGR FRPR R QuXPHUR PuHGLR GH FROLVaRHV SDUD FDGD JUaDR� 1R

QRVVR FDVR HVVD PXGDQzFD QaDR HOLPLQD FRPSOHWDPHQWH D GHSHQGAHQFLD WHPSRUDO

GRV FRHnFLHQWHV� PDV WDPEuHP QaDR HQFRQWUDPRV QHQKXPD HVFDOD QD TXDO RV

FRHnFLHQWHV nFDP FRQVWDQWHV� R TXH PDLV WDUGH VHUuD MXVWLnFDGR� 3RUWDQWR�

XWLOL]DUHPRV D PHVPD HVFDOD XVDGD SRU %UH\� (VVDV QRYDV YDULuDYHLV VaDR

GHnQLGDV FRPR�

We  
�

�

= W

�
y+�W

��GW� ������

Ue  
�

�
y+�W�

�
P

7J

�� �
������

G1RV PRGHORV GH VLVWHPDV JUDQXODUHV PDLV FRPXPHQWH HVWXGDGRV R FRHnFLHQWH GH
UHVWLWXLzFaDR uH FRQVLGHUDGR FRQVWDQWH �LQGHSHQGHQWH GD YHORFLGDGH UHODWLYD GRV JUaDRV�� 2V
VLVWHPDV JUDQXODUHV VaDR XVXDOPHQWH HVWXGDGRV SRU PuHWRGRV GH WHRULD FLQuHWLFD��� 0'���
'60&��� HWF�
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SHUVLVWAHQFLD GDV oXWXDzFaRHV QR VLVWHPD GHSHQGH GR QuXPHUR GH RQGD N� LVWR uH�

SDUD N SHTXHQR DV oXWXDzFaRHV SHUVLVWLUaDR SRU PDLV WHPSR� H[FHWR SDUD N � ��

PDV� QHVWH FDVR� RV FRPSULPHQWRV GH RQGDV H[FHGHUaDR R WDPDQKR GR VLVWHPD

H DV oXWXDzFaRHV QaDR VHUaDR PDLV REVHUYDGDV� 3RGHPRV REVHUYDU SHODV HT� ������

����� TXH DV oXWXDzFaRHV FUHVFHP DWuH XP FHUWR WHPSR FUurWLFR WF � � N�� D SDUWLU
GR TXDO HODV FRPHzFDP D GHFUHVFHU�
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