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$JUDGHFLPHQWRV

$JUDGHzFR D WRGRV TXH PH DMXGDUDP FRP R VHX DSRLR H VXDV VXJHVWaRHV� HQWUH
RV TXDLV QaDR SRVVR GHL[DU GH FLWDU PHX RULHQWDGRU� PHX FR�RULHQWDGRU� PLQKD
QRLYD H PHXV DPLJRV 6uHUJLR H 1HLVH� $JUDGHzFR DR 1&(� SHOR DSRLR nQDQFHLUR�
DRV IXQFLRQuDULRV GD VHFUHWDULD SHOD DMXGD HP WRGDV DV RFDVLaRHV H D '(86�
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5HVXPR

$ DULWPuHWLFD IX]]\� EDVHDGD QR SULQFurSLR GD H[WHQVaDR GH =DGHK� uH DSUHVHQ�
WDGD FRPR XPD IHUUDPHQWD SDUD UHVROYHU SUREOHPDV GH WUDQVPLVVaDR GH FDORU
FRP SDUADPHWURV GR PDWHULDO LQFHUWRV� 2V QuXPHURV IX]]\ VaDR LQWURGX]LGRV� H
RV GLIHUHQWHV FRQFHLWRV SDUD H[HFXWDU D LQFHUWH]D GRV SDUADPHWURV VaDR GLVFXWL�
GRV� &RPR H[HPSOR� XP SUREOHPD GH WUDQVPLVVaDR GH FDORU uH FRQVLGHUDGR H R
0uHWRGR GH (OHPHQWRV )LQLWRV uH XWLOL]DGR� $ DSOLFDzFaDR GLUHWD GD DULWPuHWLFD
IX]]\ tDV WuHFQLFDV WUDGLFLRQDLV SDUD D UHVROXzFaDR QXPuHULFD GH SUREOHPDV GH
HQJHQKDULD� HQWUHWDQWR� WUD] FRQVLJR DOJXQV SUREOHPDV TXH D WRUQDP� DOJX�
PDV YH]HV� LPSUDWLFuDYHO� 1R FRQWUDVWH DR XVR GH QuXPHURV H[FOXVLYDPHQWH
FULVS�SUHFLVRV�� RV UHVXOWDGRV SDUD RV FuDOFXORV LQFOXLQGR QuXPHURV IX]]\� GHSHQ�
GHQGR GD WuHFQLFD DSOLFDGD SDUD HQFRQWUDU D VROXzFaDR� DSUHVHQWDP XP DXPHQWR
FRQVLGHUuDYHO GD LQFHUWH]D LQLFLDOPHQWH FRQVLGHUDGD� $V LQFHUWH]DV H[SUHVVDV
QRV GLIHUHQWHV UHVXOWDGRV GR FuDOFXOR VaDR HQWaDR EuDVLFDPHQWH DXPHQWDGDV� ,VWR
RFRUUH SRUTXH� SRU XP ODGR� WHP�VH D LQFHUWH]D FDXVDGD SHOD SUHVHQzFD GRV
SDUADPHWURV FRP YDORU IX]]\ H� SRU RXWUR ODGR� XPD LQFHUWH]D DGLFLRQDO� LQGH�
VHMuDYHO uH FULDGD DUWLnFLDOPHQWH SHOD SUuRSULD WuHFQLFD XWLOL]DGD SDUD HQFRQWUDU
D VROXzFaDR� (VWH HIHLWR IX]]\�HVSHFurnFR GH LQFHUWH]DV DUWLnFLDLV uH GLVFXWLGR H
DOJXQV FRQFHLWRV SDUD UHGXzFaDR GH WDO LQFHUWH]D VaDR DSUHVHQWDGRV�

LLL



6XPuDULR

,QWURGXzFaDR �
� (TXDzFaDR GR FDORU FRP WUDQVIRUPDzFaDR PLFUR�HVWUXWXUDO �
��� (TXDzFaDR GR &DORU � � � � � � � � � � � � � � � � � � � � � � � � � �
��� 7UDQVIRUPDzFaDR 0DUWHQVurWLFD � � � � � � � � � � � � � � � � � � � �

����� $ (VWUXWXUD &ULVWDOLQD GD 0DUWHQVLWD � � � � � � � � � � �
����� $ 7AHPSHUD GRV $zFRV � � � � � � � � � � � � � � � � � � � �
����� &uDOFXOR GD )UDzFaDR 7UDQVIRUPDGD � � � � � � � � � � � � �

��� )RUPXODzFaDR )RUWH H )UDFD GR 3UREOHPD � � � � � � � � � � � � � �
����� )RUPXODzFaDR )RUWH � � � � � � � � � � � � � � � � � � � � � �
����� )RUPXODzFaDR )UDFD � � � � � � � � � � � � � � � � � � � � � �
����� ([LVWAHQFLD H 8QLFLGDGH GH 6ROXzFaDR � � � � � � � � � � � � ��

��� )RUPXODzFaDR GH *DOHUNLQ � � � � � � � � � � � � � � � � � � � � � ��
��� 2 0uHWRGR GH (OHPHQWRV )LQLWRV � � � � � � � � � � � � � � � � � ��

����� 'LVFUHWL]DzFaDR GR 'RPurQLR � � � � � � � � � � � � � � � � ��
����� )RUPXODzFaDR 0DWULFLDO � � � � � � � � � � � � � � � � � � � ��

� 1uXPHURV 'LIXVRV
�)X]]\ 1XPEHUV� ��
��� 1uXPHUR 'LIXVR � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� ,QFHUWH]D 'LIXVD � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� $ULWPuHWLFD )X]]\ � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 3ULQFurSLR GD ([WHQVaDR � � � � � � � � � � � � � � � � � � ��
����� 5HSUHVHQWDzFaDR GH 1uXPHUR )X]]\ SRU ,QWHUYDORV

�7uHFQLFD GRV $OID�FRUWHV� � � � � � � � � � � � � � � � � � ��
����� $ULWPuHWLFD LQWHUYDODU � � � � � � � � � � � � � � � � � � � ��
����� $ULWPuHWLFD )X]]\ � � � � � � � � � � � � � � � � � � � � � ��
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� ,PSOHPHQWzFaDR &RPSXWDFLRQDO ��
��� $OJRUurWPRV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� $UTXLYR GH GDGRV�FSS � � � � � � � � � � � � � � � � � � � ��
����� 2 DOJRUurWPR GR SURJUDPD SULQFLSDO � � � � � � � � � � � ��

��� 0uHWRGR 7UDSH]RLGDO *HQHUDOL]DGR � � � � � � � � � � � � � � � � ��
����� $OJRULWPR � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� (VWDELOLGDGH � � � � � � � � � � � � � � � � � � � � � � � � ��

� 5HVXOWDGRV 1XPuHULFRV &ULVS ��
��� $QuDOLVH (VWDFLRQuDULD � � � � � � � � � � � � � � � � � � � � � � � ��

����� ([HPSOR FRP 7HPSHUDWXUD 3UHVFULWD � � � � � � � � � � ��
����� ([HPSOR FRP )OX[R GH &DORU � � � � � � � � � � � � � � ��

��� $QuDOLVH 7UDQVLHQWH � � � � � � � � � � � � � � � � � � � � � � � � ��
����� ([HPSOR FRP 7HPSHUDWXUD 3UHVFULWD � � � � � � � � � � ��
����� ([HPSOR FRP )OX[R GH &DORU � � � � � � � � � � � � � � ��

� 5HVXOWDGRV 1XPuHULFRV )X]]\ ��
��� $QuDOLVH (VWDFLRQuDULD � � � � � � � � � � � � � � � � � � � � � � � ��

����� ([HPSOR GR 5HDWRU� � � � � � � � � � � � � � � � � � � � ��
����� 5HVXOWDGR� ([DWR RX &RPELQDWRULDO � � � � � � � � � � � ��
����� 5HVXOWDGR� $ULWuHWLFD )X]]\ � � � � � � � � � � � � � � � � ��
����� 5HVXOWDGR� 0DQLSXODzFaDR $OJuHEULFD GR 6LVWHPD RX .

)RUD GD ,QWHJUDO � � � � � � � � � � � � � � � � � � � � � � ��
����� 5HVXOWDGR� 3UuH�&RQGLFLRQDPHQWR GR 6LVWHPD � � � � � � ��
����� &RPSDUDzFaDR GRV 5HVXOWDGRV � � � � � � � � � � � � � � � ��

��� $QuDOLVH 7UDQVLHQWH � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 5HVXOWDGR� ([DWR RX &RPELQDWRULDO � � � � � � � � � � � ��

� &RQFOXVaDR ��
%LEOLRJUDnD ��
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,QWURGXzFaDR
$ERUGDJHQV WUDGLFLRQDLV GD UHVROXzFaDR QXPuHULFD GH HTXDzFaRHV GLIHUHQFLDLV

SDUFLDLV DVVXPHP TXH WRGRV RV GDGRV GR SUREOHPD� HP SDUWLFXODU RV GDGRV
GR PDWHULDO� VaDR FRQKHFLGRV FRP SUHFLVaDR� 3RUuHP� QD SUuDWLFD� D PDLRULD GRV
SUREOHPDV SRVVXL DOJXP WLSR GH LPSUHFLVaDR TXH� SRU LVVR� GHYH VHU FRQVLGHUDGD
SHORV PRGHORV PDWHPuDWLFRV� REWHQGR DVVLP UHVXOWDGRV UHSUHVHQWDWLYRV GH WRGR
R HVSHFWUR SRVVurYHO GH UHVXOWDGRV�
+uD WUAHV DERUGDJHQV IXQGDPHQWDLV GHVHQYROYLGDV SDUD WUDWDU PDWHPDWLFD�

PHQWH LQFHUWH]DV� WHRULD GDV SUREDELOLGDGHV� PDWHPuDWLFD LQWHUYDODU H WHRULD
GDV SRVVLELOLGDGHV� HVWD uXOWLPD EDVHDGD QD WHRULD GRV FRQMXQWRV GLIXVRV� GH�
VHQYROYLGD SRU /RWn $� =DGHK HP �����
$ DERUGDJHP GD LQFHUWH]D SHOD WHRULD GDV SUREDELOLGDGHV FRQVLGHUD RV GD�

GRV GR PDWHULDO PRGHODGRV SRU IXQzFaDR GH GHQVLGDGH GH SUREDELOLGDGH� TXH QD
PDLRULD GRV PuHWRGRV GH DQuDOLVH WHP YDORUHV GLIHUHQWHV GH ]HUR SRUuHP SHTXHQRV
HP TXDVH WRGR R LQWHUYDOR GH YDORUHV GHSHQGHQWHV� $VVLP� WRGR UHVXOWDGR uH
SRVVurYHO� PHVPR TXH FRP XPD SHTXHQD FKDQFH GH RFRUUAHQFLD� 3RUuHP� D XWL�
OL]DzFaDR GH SUREDELOLGDGHV PXLWR SHTXHQDV IRUQHFH UHVXOWDGRV SRXFR SUHFLVRV
�08+$11$ HW DO� ������
1R FDVR GH PDWHPuDWLFD LQWHUYDODU� XP LQWHUYDOR uH XWLOL]DGR SDUD UHSUH�

VHQWDU XPD YDULuDYHO GR SUREOHPD� $VVLP� RV UHVXOWDGRV WDPEuHP VaDR UHSUH�
VHQWDGRV SRU GRLV QuXPHURV TXH UHSUHVHQWDP R LQWHUYDOR GH YDORUHV SRVVurYHLV
SDUD D VDurGD� SRUuHP QaDR IRUQHFH LQIRUPDzFaRHV DGLFLRQDLV VREUH R UHVXOWDGR QR
LQWHULRU GR LQWHUYDOR �$<'(0,5 H *81$<� ������
1RV uXOWLPRV DQRV� RV QuXPHURV GLIXVRV �IX]]\ QXPEHUV� WAHP VLGR XWL�

OL]DGRV QD PRGHODJHP GH LQFHUWH]DV GH QDWXUH]D QaDR�HVWRFuDVWLFDV� RX VHMD�
DTXHODV JHUDGDV SRU LPSUHFLVaDR �7$:$% H 1225� ������ WDQWR GRV GDGRV
GR PDWHULDO TXDQWR GR FDUUHJDPHQWR H GD SUuRSULD JHRPHWULD GR SUREOHPD
�08+$11$ H 08//(1� ������ $ WHRULD GRV FRQMXQWRV GLIXVRV �IX]]\� H
VXD OuRJLFD RIHUHFHP� DVVLP� XPD QRYD DERUGDJHP QD DQuDOLVH QXPuHULFD GH
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HTXDzFaRHV GLIHUHQFLDLV SDUFLDLV� SULQFLSDOPHQWH HP DSOLFDzFaRHV UHDLV GH HQJHQ�
KDULD� TXDQGR QaDR uH SRVVurYHO GHWHUPLQDU FRP SUHFLVaDR DV FDUDFWHUurVWLFDV IurVLFDV
GR PDWHULDO FRQVLGHUDGR�
&RPR H[HPSOR� DV WHQVaRHV UHVLGXDLV JHUDGDV QR WUDWDPHQWR WuHUPLFR GH

WAHPSHUD GH SHzFDV GH DzFR GHSHQGHP IRUWHPHQWH GRV YuDULRV WLSRV GH WUDQV�
IRUPDzFaRHV PHWDOuXUJLFDV TXH RFRUUHP QR PDWHULDO GXUDQWH R SURFHVVR� TXH
SRU VXD YH]� GHSHQGHP H LQoXHQFLDP D GLVWULEXLzFaDR GH WHPSHUDWXUD� 'H�
YLGR tD IDOWD GH GDGRV H[SHULPHQWDLV H tD OLPLWDzFaDR GD WHFQRORJLD� PXLWRV GRV
SDUADPHWURV GR PDWHULDO HQYROYLGRV QR FuDOFXOR GD GLVWULEXLzFaDR GH WHPSHUDWXUD
QaDR SRGHP VHU GHWHUPLQDGRV RX HVWLPDGRV FRP VXnFLHQWH H[DWLGaDR RX FRQn�
DELOLGDGH �7$:$% H 1225� ������ $VVLP� QD DQuDOLVH H VLPXODzFaDR QXPuHULFD
GD WAHPSHUD GH DzFRV D LQFOXVaDR GH LQFHUWH]DV QRV GDGRV GR PDWHULDO SHUPLWH
DYDOLDU RV HIHLWRV GD YDULDzFaDR GRV SDUADPHWURV GR PDWHULDO VREUH D GLVWULEXLzFaDR
GH WHPSHUDWXUD�
1R GHVHQYROYLPHQWR GD SUHVHQWH GLVVHUWDzFaDR GH PHVWUDGR XWLOL]RX�VH R

PuHWRGR GH HOHPHQWRV nQLWRV SDUD HQFRQWUDU XPD VROXzFaDR SDUD XP SUREOHPD
GH FDORU� FXMRV SDUADPHWURV IurVLFRV GR PDWHULDO VaDR FRQVLGHUDGRV FRPR QuXPHURV
GLIXVRV�
5HVROYH�VH� HQWaDR� QXPHULFDPHQWH R SUREOHPD GR FDORU HVWDFLRQuDULR H R

SUREOHPD GR FDORU WUDQVLHQWH H OLQHDU� FRQVLGHUDQGR LQFHUWH]D QaDR�HVWRFuDVWLFD
QDV SURSULHGDGHV WHUPR�IurVLFDV GR PDWHULDO �FRQGXWLYLGDGH WuHUPLFD N� FDSDFL�
GDGH WuHUPLFD F H FRHnFLHQWH GH WUDQVIHUAHQFLD GH FDORU K� FRQVLGHUDGRV FRQ�
VWDQWHV�� 1aDR VHUuD FRQVLGHUDGD D GHSHQGAHQFLD GRV SDUADPHWURV GR PDWHULDO
HP UHODzFaDR tD IUDzFaDR WUDQVIRUPDGD H tD WHPSHUDWXUD�
3HOR IDWR GH VH FRQVLGHUDU WDLV LQFHUWH]DV� SRGH�VH HVSHUDU TXH HVWH HV�

WXGR YHQKD FRQWULEXLU FRP UHVXOWDGRV QXPuHULFRV FRQnuDYHLV H FRQFOXVaDR VREUH
R PHOKRU PRGR GH DERUGDU LQFHUWH]D GLIXVD GRV SDUADPHWURV GR PDWHULDO FRQ�
VLGHUDQGR R SUREOHPD HVWXGDGR�
$ SDUWLU GHVWD LQLFLDWLYD� RX VHMD� FRP D FRQFOXVaDR GD UHVROXzFaDR GR SUR�

EOHPD WuHPLFR� SUHWHQGH�VH TXH HVWH HVWXGR VHMD XWLOL]DGR HP SHVTXLVDV SRVWHUL�
RUHV YLVDQGR R FuDOFXOR GDV WHQVaRHV UHVLGXDLV JHUDGDV HP SURFHVVRV GH WAHPSHUD
GH DzFRV�

�



&DSurWXOR �
(TXDzFaDR GR FDORU FRP
WUDQVIRUPDzFaDR PLFUR�HVWUXWXUDO
1HVWH FDSurWXOR GHVHQYROYH�VH XP HVWXGR VREUH D IRUPXODzFaDR QXPuHULFD GR

SUREOHPD HVWXGDGR� 3ULPHLUDPHQWH� QD VHzFaDR ���� DSUHVHQWD�VH D HTXDzFaDR
SDUDEuROLFD FRQVLGHUDGD� FDUDFWHUL]DGD SHOR SUREOHPD GR FDORU WUDQVLHQWH H
OLQHDU� (P VHJXLGD� QD VHzFaDR ���� YAH�VH XPD H[SOLFDzFaDR UHVXPLGD VREUH FRPR
VH GuD D WUDQVIRUPDzFaDR PLFUR�HVWUXWXUDO HP SURFHVVRV GH WAHPSHUDV GH DzFRV�
FRP XPD PDLRU DWHQzFaDR tD WUDQVIRUPDzFaDR PDUWHQVurWLFD� 1D VHzFaDR ���� VaDR
HVWXGDGDV DV IRUPXODzFaRHV IRUWH H IUDFD� DV FRQGLzFaRHV SDUD H[LVWAHQFLD H XQLFL�
GDGH GH VROXzFaDR SDUD DOJXQV WLSRV GH FRQGLzFaRHV GH IURQWHLUD H VXD LQoXAHQFLD
QD REWHQzFaDR GR VLVWHPD OLQHDU� 1D VHzFaDR ��� DSUHVHQWD�VH D IRUPXODzFaDR GH
*DOHUNLQ H SRU nP� QD VHzFaDR ���� uH IHLWD XPD GHPRQVWUDzFaDR GH FRPR FKHJDU
D IRUPXODzFaDR PDWULFLDO D VHU LPSOHPHQWDGD XWLOL]DQGR�VH GR 0uHWRGR GH (OH�
PHQWRV )LQLWRV�

��� (TXDzFaDR GR &DORU
&RQVLGHUD�VH D JHUDzFaDR GH FDORU GHYLGR D WUDQVIRUPDzFaRHV GD PLFUR�HVWUXWXUD

H REWuHP�VH D HTXDzFaDR GR FDORU GDGD SRU�
|F qt �/0z0 � GLY b�T  �� �����

FRP DV SURSULHGDGHV WuHUPLFDV VDWLVID]HQGR tD UHJUD GD PLVWXUD GRV JDVHV� RX
VHMD�
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F  z$F$ � z0FP
N  z$N$ � z0NP

RQGH | UHSUHVHQWD D GHQVLGDGH GR PDWHULDO� N$ H N0 DV FRQGXWLYLGDGHV WuHUPLFDV
H F$ H F0 DV FDSDFLGDGHV WuHUPLFDV GRV FRQVWLWXLQWHV DXVWHQLWD H PDUWHQ�
VLWD� /0 R FDORU ODWHQWH GD WUDQVIRUPDzFaDR PDUWHQVurWLFD� z$ H z0 DV IUDzFaRHV
GH DXVWHQLWD H PDUWHQVLWD H b�T R oX[R GH FDORU GDGD SHOD /HL GH )RXULHUb�T  bN b�J � RQGH b�J uH R JUDGLHQWH GH WHPSHUDWXUD�

��� 7UDQVIRUPDzFaDR 0DUWHQVurWLFD
1HVWD VHzFaDR uH DSUHVHQWDGR XP HVWXGR VREUH D WUDQVIRUPDzFaDR GH DXVWHQLWD

HP PDUWHQVLWD� 1D VXEVHzFaDR ����� uH YLVWD XPD SHTXHPD DERUGDJHP VREUH R
HVWXGR GD HVWUXWXUD FULVWDOLQD GD PDUWHQVLWD� 3RVWHULRUPHQWH� QD VHzFaDR �����
uH DSUHVHQWDGR XP HVWXGR VREUH D WAHPSHUD GRV DzFRV H SRU nP� QD VHzFaDR ������
uH IHLWR XP HVWXGR VREUH R FuDOFXOR GD IUDzFaDR GH PDUWHQVLWD WUDQVIRUPDGD�
4XDQGR XPD SHzFD GH DzFR uH DTXHFLGD SRU WHPSR VXnFLHQWH DWuH DWLQJLU XPD

GHWHUPLQDGD WHPSHUDWXUD� VXD PLFUR�HVWUXWXUD uH DOWHUDGD SDUD XPD IRUPD
HVWuDYHO� GHQRPLQDGD DXVWHQLWD RX IHUUR�o� IRUQHFHQGR tD SHzFD PDOHDELOLGDGH H
GXFWLOLGDGH QHFHVVuDULDV D SURFHVVRV GH IDEULFDzFaDR�
8P GHVVHV SURFHVVRV� D WAHPSHUD� FRQVLVWH QD UHGXzFaDR� PXLWDV YH]HV EUXV�

FD� GD WHPSHUDWXUD GD SHzFD WHQGR FRPR REMHWLYR SULQFLSDO RFDVLRQDU D UHDzFaDR
PDUWHQVurWLFD� RX VHMD� D WUDQVIRUPDzFaDR GH DXVWHQLWD HP PDUWHQVLWD� HVWD
uXOWLPD PDLV GXUD� UHVLVWHQWH H QaDR�GuXFWLO�
$V OLJDV GH IHUUR�QurTXHO� HP SDUWLFXODU� VaDR GH DOWD WHPSHUDELOLGDGH� RX

VHMD� D WUDQVIRUPDzFaDR DXVWHQLWD�PDUWHQVLWD RFRUUH PHVPR SDUD WD[DV GH UHV�
IULDPHQWR SHTXHQDV� 3RU LVVR� QHVWH WUDEDOKR VHUuD FRQVLGHUDGR TXH HVWH PHWDO�
DR VHU WUDWDGR WHUPLFDPHQWH SRU WAHPSHUD� JHUD LGHDOPHQWH PDUWHQVLWD�

����� $ (VWUXWXUD &ULVWDOLQD GD 0DUWHQVLWD
(P OLJDV GH IHUUR�QurTXHO� R UHWLFXODGR PDUWHQVurWLFR uH FuXELFR GH FRUSR FHQ�

WUDGR �&&&�� DR FRQWUuDULR GD DXVWHQLWD� TXH uH FuXELFD GH IDFH FHQWUDGD �&)&��
(VWD WUDQVIRUPDzFaDR GH &)& HP &&& IRL H[SOLFDGD HP ���� SRU (� &� %DLQ
TXH VXJHULX TXH XP UHWLFXODGR &&& SRGHULD VHU REWLGR GH XPD HVWUXWXUD &)&
SRU PHLR GH XPD FRPSUHVVaDR SDUDOHOD DR HL[R F� YHUWLFDO� H GH XPD H[SDQVaDR

�



QRV GRLV HL[RV D� QR SODQR [\� GD HVWUXWXUD FULVWDOLQD� $ )LJXUD ��� UHSUHVHQWD
XPD HVWUXWXUD &)&� TXH SRGH VHU FRQVLGHUDGD XPD HVWUXWXUD WHWUDJRQDO GH
FRUSR FHQWUDGR� TXH VRIUHULD D GLVWRUzFaDR GH %DLQ� FRQYHUWHQGR�VH HP &&&�

)LJXUD ���� �D� FuHOXOD WHWUDJRQDO GH FRUSR FHQWUDGR QD HVWUXWXUD FuXELFD GH
IDFH FHQWUDGD� �E� WHWUDJRQDO GH FRUSR FHQWUDGR H �F� FuXELFD GH FRUSR FHQWUDGR
DSuRV GLVWRUzFaDR GH %DLQ� OLJD IHUUR�QurTXHO� �7(,;(,5$� �����

3RUuHP� D QDWXUH]D GRV PHFDQLVPRV DWARPLFRV TXH FRQYHUWHP XPD HVWUX�
WXUD FULVWDOLQD HP RXWUD QaDR uH FRQKHFLGD� :HFKVOHU� /LHEHUPDQ H 5HDG
PRVWUDUDP TXH DV FDUDFWHUurVWLFDV FULVWDORJUuDnFDV GDV WUDQVIRUPDzFaRHV PDUWHQ�
VurWLFDV SRGHP VHU H[SOLFDGDV HP WHUPRV GH WUAHV GHIRUPDzFaRHV EuDVLFDV� XPD GLV�
WRUzFaDR GH %DLQ� XPD GHIRUPDzFaDR SRU FLVDOKDPHQWR H XPD URWDzFaDR GR UHWLFX�
ODGR WUDQVIRUPDGR �7(,;(,5$� ������

����� $ 7AHPSHUD GRV $zFRV
1R WUDWDPHQWR WuHUPLFR SDUD IRUPDzFaDR GD PDUWHQVLWD� D WAHPSHUD� R PHWDO

uH DTXHFLGR QR FDPSR DXVWHQurWLFR H� D VHJXLU� UHVIULDGR DWuH D WHPSHUDWXUD
DPELHQWH QXPD WD[D DOWD R VXnFLHQWH SDUD HYLWDU D IRUPDzFaDR GH IHUULWD H FH�
PHQWLWD HP DOWDV WHPSHUDWXUDV� WD[D HVWD TXH GHSHQGH GR WLSR GH WUDWDPHQWR�
WDPDQKR H IRUPD GD DPRVWUD�
1R FDVR GRV DzFRV�OLJD� FRPR R DzFR ���� DEDL[R� DV UHDzFaRHV EDLQurWLFD H

SHUOurWLFD QaDR VH VXSHUSaRHP� H FRQVLGHUD�VH TXH D IUDzFaDR GH DXVWHQLWD QaDR
WUDQVIRUPDGD WUDQVIRUPD�VH HP PDUWHQVLWD TXDQGR UHVIULDGR DWuH D WHPSHU�
DWXUD DPELHQWH� 1D nJXUD ��� YAH�VH DV FXUYDV GH WUDQVIRUPDzFaDR LVRWuHUPLFD
GH XP DzFR HXWHWuRLGH H GR DzFR �����

�



)LJXUD ���� &XUYD GH WUDQVIRUPDzFaDR LVRWuHUPLFD� �D� DzFR HXWHWuRLGH� �E� DzFR
���� �7(,;(,5$� �����
1D nJXUD ��� YAH�VH XP GLDJUDPD GH UHVIULDPHQWR FRQWurQXR GH XP DzFR

HXWHWuRLGH� PRVWUDQGR D WD[D GH UHVIULDPHQWR PurQLPD �&50� SDUD D IRUPDzFaDR
GH ���� GH PDUWHQVLWD� FRP WHPSHUDWXUD LQLFLDO GH ���p&�

)LJXUD ���� &XUYD &77 GH XP DzFR HXWHWuRLGH �7(,;(,5$� �����

����� &uDOFXOR GD )UDzFaDR 7UDQVIRUPDGD
&RPR YLVWR QD VHzFaDR ������ QR GHFRUUHU GD WAHPSHUD GH XPD SHzFD GH IHUUR�

QurTXHO XPD HVWUXWXUD GH IDVH VLPSOHV� D DXVWHQLWD� WUDQVIRUPD�VH LGHDOPHQWH
HP PDUWHQVLWD� 1R FDVR GH SHzFDV GH DzFRV DR FDUERQR� D DXVWHQLWD WUDQVIRUPD�
VH LGHDOPHQWH HP SHUOLWD� EDLQLWD H PDUWHQVLWD� GHSHQGHQGR GR WHPSR GH
WUDQVIRUPDzFaDR GD WHPSHUDWXUD H GD WD[D GH UHVIULDPHQWR�

�



$V IUDzFaRHV YROXPuHWULFDV GDV IDVHV WUDQVIRUPDGDV VaDR GHWHUPLQDGDV SHOD
H[SUHVVaDR GH $YUDPL �7(,;(,5$� ������ DVVXPLQGR�VH YuDOLGR R SULQFurSLR GD
DGLWLYLGDGH� GDGR JHQHULFDPHQWH SRU�

z  �b HbEWQ
$ IUDzFaDR YROXPuHWULFD GD PDUWHQVLWD� FXMD IRUPDzFaDR uH DGLIXVLRQDO� uH GDGD

SHOD HTXDzFaDR HPSurULFD GH .RLVWLQHU H 0DUEXUJHU �7(,;(,5$� �����
z0�t�  �b Hb������0Vbt�� t � 0V

RQGH 06 uH D WHPSHUDWXUD GH LQurFLR GD WUDQVIRUPDzFaDR PDUWHQVurWLFD� $OuHP
GLVVR� R SULQFurSLR GD DGLWLYLGDGH IRUQHFH D IUDzFaDR YROXPuHWULFD GD DXVWHQLWD
UHWLGD�

��� )RUPXODzFaDR )RUWH H )UDFD GR 3UREOHPD
1HVWD VHzFaDR VaDR DSUHVHQWDGDV DV IRUPXODzFaRHV IRUWH H IUDFD� DVVLP FRPR DV

GHPRQVWUDzFaRHV GH H[LVWAHQFLD H XQLFLGDGH GD VROXzFaDR GR SUREOHPD HVWXGDGR�

����� )RUPXODzFaDR )RUWH
�,� 'DGDV DV IXQzFaRHV I � ld @�� 7 > b� ,5� J � bJ d @�� 7 > b� ,5 H R oX[R

K GDGR SRU K � bK d @�� 7 > b� ,5� GHVHMD�VH HQFRQWUDU XPD VROXzFaDR t GDGD
SRU t � ld @�� 7 > b� ,5 VDWLVID]HQGR D VHJXLQWH HTXDzFaDR

�!!!!!!!!!�
!!!!!!!!!�

TL�L � | F t�W  I� HP ld @�� 7 >�
t  J� HP bJ d @�� 7 >�
bTLQL  K� HP bK d @�� 7 >�
t�[� ��  t��[�� �[ � l

�����

RQGH T GDGR SHOD OHL GH )RXULHU� TL  b.LMtM� VHQGR .LM  .LM�[� R WHQVRU GH
FRQGXWLYLGDGH WuHUPLFD GR PDWHULDO�

�



����� )RUPXODzFaDR )UDFD
�,,� 6HMDP +  It � +��l�� t�[� W�  J�[� W� HP bJJ FRPR R HVSDzFR

GDV VROXzFaRHV DSUR[LPDGDV H 9  IZ � +��l�� Z  � HP bJJ FRPR R
HVSDzFR GDV IXQzFaRHV WHVWHV� $ IRUPXODzFaDR IUDFD GR SUREOHPD uH GHVFULWD GD
VHJXLQWH IRUPD�
'DGRV I � ld @�� 7 > b� ,5� J � bJ d @�� 7 > b� ,5 H K � bKd @�� 7 > b� ,5�

HQFRQWUDU t�[� W� � + WDO TXH
b
=
l
Z�L TL Gl�

=
l
Z | F t�W Gl  

=
l
Z I Gl�

=
bK

Z K Gb� � Z � 9

2 WHRUHPD VHJXLQWH HVWDEHOHFH XPD UHODzFaDR HQWUH DV GXDV IRUPXODzFaRHV�
7KHRUHP � �(TXLYDOAHQFLD GH 6ROXzFaDR�� 6XSRQKDPRV TXH DV IXQzFaRHV VH�
MDP VXnFLHQWHPHQWH UHJXODUHV� (QWaDR RV SUREOHPDV �,� H �,,� VaDR HTXLYDOHQWHV�
'HPRQVWUDzFaDR�
�,� � �,,�� 6HMD t � + D VROXzFaDR GR SUREOHPD �,� H FRQVLGHUH Z � 9 � 0XO�
WLSOLFDQGR D SULPHLUD HTXDzFaDR GH �,� SRU Z� LQWHJUDQGR HP l H XVDQGR R
WHRUHPD GD GLYHUJAHQFLD�

=
l
Z #
#[L

�
b.LM

#t
#[M

�
Gl  b

=
l
#Z
#[L

�
b.LM

#t
#[M

�
Gl�

=
b
Z
�
b.LM

#t
#[M

�
QLGb

=
l
Z #

#[L TL Gl  b
=
l
#Z
#[L TL Gl�

=
b
Z TL QL Gb �����

RQGH uH XVDGR TXH TL  b.LM
#t
#[M � DVVLP� SRGH�VH FRQFOXLU TXH

=
l
#Z
#[L

�
.LM

#t
#[M

�
�
=
l
Z | F #t

#W Gl  
=
l
Z I Gl�

=
bK

Z K Gb

RQGH uH XVDGR TXH TLQL  
�
b.LM

#t
#[M

�
QL  K�[� HP bK � TXH Z  � HP bJ

H TXH #t
#W  t�W � 3RUWDQWR� t uH VROXzFaDR GR SUREOHPD �,,��

�



�,,� � �,�� 6HMD t � + D VROXzFaDR GR SUREOHPD �,� H FRQVLGHUH Z � 9 � 'R
SUREOHPD �,,� WHPRV

�  
=
l
Z�L TL Glb

=
l
Z | F t�W Gl�

=
l
Z I Gl�

=
bK

Z K Gb
8VDQGR ����� QR SULPHLUR WHUPR� REWHP�VH

=
l
#Z
#[L TL Gl  b

=
l
Z #

#[L TL Gl�
=
b
Z TL QL Gb

/RJR�

�  b
=
l
Z #

#[L TL Gl�
=
b
Z TL QL Gb b

=
l
Z | F t�W Gl�

=
l
Z I Gl�

=
bK

Z K Gb

DVVLP� SRGHPRV HVFUHYHU TXH

�  
=
l
Z
�
b #TL

#[L
b | F t�W � I

�
Gl�

=
bK

Z �TL QL � K� Gb
'HnQLQGR�

m  b #TL
#[L

b | F t�W � I  b #
#[L

�
b .LM

#t
#[M

�
b | F t�W � I HP l�

n  TL QL � K HP bK�
$VVLP� Z � . uH VROXzFaDR GR SUREOHPD VH m  � H n  � � 'H IDWR� VHMD
Z  m �� RQGH
L� � ! � HP l�
LL� �  � HP b�
LLL� � uH VXnFLHQWHPHQWH UHJXODU�

1HVWDV FRQGLzFaRHV Z � 9  I Z�[� � Z � +�� Z  � HP bJ J �
$OuHP GLVVR�

�  
=
l
Z m Gl�

=
bK

Z n Gb  
=
l
� m� Gl

�



'HVGH TXH � ! � HP l� HQWaDR m  � HP l� 3RU RXWUR ODGR� WRPDQGR HP
SDUWLFXODU� Z  n 
� RQGH
L� 
 ! � HP l�
LL� 
  � HP b�
LLL� 
 uH VXnFLHQWHPHQWH VXDYH�

1HVWDV FRQGLzFaRHV Z � 9  I Z�[� � Z � +�� Z  � HP bJ J �
'HVGH TXH m  ��

�  
=
bK

Z n Gb  
=
bK


 n� Gb
/RJR� QHFHVVuDULDPHQWH� n  � HP bK� &RPR m  � H n  �� HQWaDR�

#
#[L

�
b.LM

#t
#[M

�
� | F t�W  I HP l�

b
�
b.LM

#t
#[M

�
QL  K HP bK�

3RUWDQWR Z uH VROXzFaDR GR SUREOHPD �,�� &RQFOXL�VH� HQWaDR D HTXLYDOAHQFLD GH
VROXzFaDR HQWUH RV SUREOHPDV �,� H �,,�� VH D VROXzFaDR uH VXnFLHQWHPHQWH UHJXODU�

����� ([LVWAHQFLD H 8QLFLGDGH GH 6ROXzFaDR
0RVWUD�VH D H[LVWAHQFLD H D XQLFLGDGH GD VROXzFaDR IUDFD GR SUREOHPD�,,��

TXDQGR RV GDGRV LQLFLDLV I� K H J VaDR UHJXODUHV� &RQVLGHUH

D�Z� t�  
=
l
#Z
#[L .LM

#t
#[M Gl� �����

�Z� | F t�W�  
=
l
Z | F #t

#W Gl� �����

�Z� I�  
=
l
Z I Gl �����

H
�Z�K�b  

=
bK

Z K Gb �����
'HVVD IRUPD� D IRUPXODzFaDR IUDFD SRGH VHU HVFULWD SRU

��



D�Z� t� � �Z� | F t�W�  �Z� I� � �Z�K�b� �����
3RU KLSuRWHVH� D PDWUL] GH FRQGXWLYLGDGH .LM uH VLPuHWULFD H GHnQLGD SRVLWLYD�
&RQVLGHUH D QRUPD GR VXEHVSDzFR 9 GH +��l� GDGD SRU

N Z N�9  
=
l
M UZ M� Gl�

3RGH�VH PRVWUDU TXH QR VXEHVSDzFR 9 � DV QRUPDV N � N9 H N � N+��l� VaDR HTXLY�
DOHQWHV� $ VHJXLU� PRVWUD�VH TXH D IRUPD ELOLQHDU D � 9 d 9 b� ,5 VDWLVID]
DV FRQGLzFaRHV GH /D[�0LOJUDP�
L� D�Z� t�  D�t�Z� SRLV .LM uH VLPuHWULFD�
LL� MD�Z� t�M  M��Z� t��9 M � &NZN9 NtN9 �

$VVLP� MD�Z� t�MNtN � &NZN9 � D��� �� uH FRQWurQXD HP 9 �

LLL� MD�Z�Z�M  
=
l
#Z
#[L .LM #Z

#[M w &
=
l

nnnnn
#Z
#[L

nnnnn
�
 &NZN�9 �

SRLV� SRU KLSuRWHVH� .LM uH GHnQLGD SRVLWLYD�
$VVLP� D��� �� uH FRHUFLYD HP 9 � 3RU RXWUR ODGR� D DSOLFDzFaDR OLQHDU

Z � 9 �b� �Z� I� � �Z�K�b � ,5
uH FRQWurQXD SDUD K � +��l� H I � /��l��
'H IDWR� GR 7HRUHPD GR 7UDzFR� WHPRV TXH R WUDzFR GH K� TXH SRGH VHU

HVFULWR SRU �o p K� � /��b�� VDWLVID]
=
l
Z I Gl�

=
bK

Z K Gb � NZN/��b�NIN/��b� � No p ZN/��b�No p KN/��b�

� NZN+��l��NIN/��l� � No p KN/��b�� � &NZN+��l��
&RPR D � 9 d 9 b� ,5 uH XPD IRUPD ELOLQHDU� FRQWurQXD H FRHUFLYD QR HVSDzFR
GH +��l� H I uH XPD IXQzFaDR FRQWurQXD� SHOR 7HRUHPD GH /D[�0LOJUDP� H[LVWH
XPD uXQLFD VROXzFaDR Z � 9� TXDQGR I � /��l�� K � +��l� H J � /��l��

��



��� )RUPXODzFaDR GH *DOHUNLQ
6HMDP +K | + H 9 K | 9 VXEHVSDzFRV GH GLPHQVaDR nQLWD GRV HVSDzFRV GH

+LOEHUW + H 9� &RQVLGHUH RV HOHPHQWRV tK � +K VDWLVID]HQGR D FRQGLzFaDR
tK  YK � JK� �����

RQGH YK � 9 K H JK uH XPD IXQzFaDR TXH VDWLVID] D FRQGLzFaDR GH IURQWHLUD GH t� RX
VHMD�

JK�[�  J�[�� � [ � bJ�
1HVWDV FRQGLzFaRHV� WHPRV

tK�[�  YK�[� � JK�[�  J�[�� � [ � bJ�
$ IRUPXODzFaDR YDULDFLRQDO uH GDGD SRU

D�Z� t� � �Z� | F t�W�  �Z� I� � �Z� K�b� �Z � 9� ������
$V IXQzFaRHV YK � 9 K VaDR HP JHUDO� IXQzFaRHV OLQHDUHV SRU SDUWHV� $VVLP� SDUD

GRPurQLRV HP JHUDO� D IURQWHLUD #l GH l SRGH QaDR FRLQFLGLU FRP D IURQWHLUD
DSUR[LPDGD bK� 5HVWULQJLQGR D IRUPXODzFaDR ������ DRV VXEHVSDzFRV 9 K H +K�
WHPRV

D�ZK� tK� � �ZK� | F t�WK�  �ZK� I� � �ZK� K�b�
�ZK� | F t�[� ���  �ZK� | F t��� �ZK � 9 K�

3RU ����� H �ZK � 9 K�

D�ZK� YK���ZK� |FY�WK�  �ZK� I���ZK� K�bb�ZK� |FJ�WK�bD�ZK� JK�� ������
3RGH�VH HQWaDR IRUPXODU R SUREOHPD GHVFULWR QD VXEVHzFaDR ������

��� 2 0uHWRGR GH (OHPHQWRV )LQLWRV
2 PuHWRGR GH HOHPHQWRV nQLWRV FRQVLVWH HP GLYLGLU XP XP GRPurQLR l HP

YuDULDV SDUWHV PHQRUHV lH� FKDPDGDV GH HOHPHQWRV nQLWRV� GH PDQHLUD TXH
VH SRVVD DQDOLVDU FDGD HOHPHQWR GHVWH GRPurQLR H D SDUWLU GLVWR SRGH�VH ID]HU
XPD DQuDOLVH FRPSOHWD GR GRPurQLR FRPR XP WRGR�

��



����� 'LVFUHWL]DzFaDR GR 'RPurQLR
&RQVLGHUH XPD SDUWLzFaDR GR GRPurQLR l HP VXEUHJLaRHV lH� GH WDO IRUPD D

VDWLVID]HU DV VHJXLQWHV FRQGLzFaRHV�

l  
�
#
1HO>
H �
lH

�
$
R

H lH ? lN  �� VH H � N�

RQGH 1HO uH R QuXPHUR WRWDO GH HOHPHQWRV� 1D SDUWLzFaDR GR GRPurQLR VaDR GHnQLGRV
RV QuRV JOREDLV $� $  �� �� ��� 1QR� RQGH 1QR uH R QuXPHUR WRWDO GH QuRV GD
PDOKD�
$V VXEUHJLaRHV QHVWH FDVR ELGLPHQVLRQDO� VaDR UHWADQJXORV� FRQVLVWLQGR HP �

QuRV ORFDLV SDUD FDGD HOHPHQWR nQLWR lH�

&RQVWUXzFaDR GD PDOKD
3DUD D JHUDzFaDR GD PDOKD FRQVLGHUD�VH QR GRurQLR l XP UHWADQJXOR GD IRUPD

�D� E�d�F� G�� 2V HOHPHQWRV nQLWRV lH TXH VHUaDR UHSUHVHQWDGRV SRU H� WDPEuHP
VHUaDR UHWADQJXORV� 3DUD REWHU RV HOHPHQWRV UHWDQJXODUHV EDVWD VXEGLYLGLU RV
LQWHUYDORV >D� E@ H >F� G@ H ID]HU R SURGXWR FDUWHVLDQR� $ JHUDzFaDR GD PDOKD uH
IHLWD SHOR SURJUDPD 0WRRO� TXH uH R SURJUDPD TXH QaDR VuR JHUD D PDOKD GH
HOHPHQWRV nQLWRV PDV JHUD WDPEuHP WRGRV RV GDGRV GH HQWUDGD QHFHVVuDULRV�
$ VHJXLU� YAH�VH QD nJXUD ���� XPD PDOKD GH HOHPHQWRV nQLWRV UHWDQJXODUHV

FRP � HOHPHQWRV nQLWRV H �� QuRV JOREDLV�

)LJXUD ���� 0DOKD GH (OHPHQWRV )LQLWRV 5HWDQJXODUHV�

1D PDOKD GD nJXUD DQWHULRU SRGH�VH REVHUYDU TXH R QuXPHUR GH HOHPHQWRV
QD GLUHzFaDR [ uH � H VHUuD FKDPDGR GH 1HO[ H� DQDORJDPHQWH� R QuXPHUR GH

��



HOHPHQWRV QD GLUHzFaDR \ GH 1HO\� 3RUWDQWR� QD nJXUD DQWHULRU WHPRV� 1HO[  
� H 1HO\  ��
*HUDGD D PDOKD GH HOHPHQWRV nQLWRV� WRUQD�VH QHFHVVuDULR FULDU DOJXPDV

VXEURWLQDV TXH SRVVDP LGHQWLnFDU� FDOFXODU H DUPD]HQDU DOJXQV GDGRV LQGLV�
SHQVuDYHLV SDUD D UHVROXzFaDRGR SUREOHPD�

6XEURWLQDV GR 3URJUDPD�

q 1uR *OREDO �� 3RVLzFaDR� 1R3RV
(VWD VXEURWLQD LGHQWLnFD D SRVLzFaDR �L� M� GR QuR JOREDO $� REHGHFHQGR D

HQXPHUDzFaDR VXFHVVLYD KRUL]RQWDO GD VHJXLQWH IRUPD�
�L� M�  1R3RV�$��

RQGH
L  UHVWR GD GLYLVaDR GH �$b �� SRU �1HO[ � ���

M  TXRFLHQWH GD GLYLVaDR GH �$b �� SRU �1HO[ � ���

q 3RVLzFaDR �� 1uR *OREDO� 3RV1R
(VWD ID] R SURFHVVR LQYHUVR GD DQWHULRU� RX VHMD� GDGD D SRVLzFaDR LGHQWLnFD�

VH R QuR JOREDO $�
$  3RV1R�L� M��

DWUDYuHV GD UHODzFaDR�
$  M�1HO[� �� � L� ��

q (OHPHQWR �� 3RVLzFaDR� (OP3RV
3DUD FDGD HOHPHQWR H� WHPRV � QuRV JOREDLV� 3DUD LGHQWLnFuD�OR uH VXnFLHQWH

FRQKHFHU D SRVLzFaDR DSHQDV GR PHQRU QuR JOREDO GR HOHPHQWR H� GDGR SHOD
UHODFaDR�

��



�L� M�  (OP3RV�H��
RQGH

L  UHVWR GD GLYLVaDR GH �Hb ��SRU 1HO[�
L  TXRFLHQWH GD GLYLVaDR GH �Hb ��SRU 1HO[�

q 1uR /RFDO �� 1uR *OREDO� 1R/*
$ VXEURWLQD 1R/* LGHQWLnFD RV QuRV ORFDLV D  �� �� �� � GH FDGD HOHPHQWR

FRP RV QuRV JOREDLV $ GD PDOKD�
$  1R/*�D� H�

GD VHJXLQWH IRUPD�
'DGR XP HOHPHQWR H� R SULPHLUR SDVVR uH LGHQWLnFDU VXD SRVLzFaDR DWUDYuHV

GD VXEURWLQD DQWHULRU�
6DEHPRV TXH� QD SRVLzFaDR �L� M� H[LVWH XP QuR JOREDO $ TXH UHSUHVHQWD R

HOHPHQWR H� 2 QuR JOREDO $ VHUuD HQWaDR R SULPHLUR QuR ORFDO GR HOHPHQWR H�
$VVLP�

D  �� �L� M��
D  �� �L� �� M��
D  �� �L� �� M � ���
D  �� �L� M � ���

H JHRPHWULFDPHQWH� WHPRV�

)LJXUD ���� 'LVSRVLzFaDR GRV QuRV ORFDLV GH XP HOHPHQWR H�

��



&RP D SRVLzFaDR LGHQWLnFDGD� R QuR $ SRGH VHU HQFRQWUDGR SHOD IXQzFaDR
3RV1R�

q 1uXPHUR GH (TXDzFaRHV GR 6LVWHPD� (T1R
$OJXQV QuRV JOREDLV SRGHP WHU VHXV YDORUHV SUHVFULWRV� RX VHMD� D VROXzFaDR

t$  t�$� SRGH VHU FRQKHFLGD GHYLGR tDV FRQGLzFaRHV GH IURQWHLUD� $VVLP�
SDUD HVWHV QuRV QaDR uH QHFHVVuDULR JHUDU HTXDzFaRHV QR VLVWHPD� 'HVVD IRUPD� D
VXEURWLQD (T1R LGHQWLnFD R QuR JOREDO $ FRP D VXD FRUUHVSRQGHQWH HTXDzFaDR
HTQ>$@ QR VLVWHPD H R QuXPHUR WRWDO GH HTXDzFaRHV 1HT GR VLVWHPD� $VVLP�
WHPRV

,  HTQ>$@�
RQGH ,  �� ����1HT� 3RU FRQYAHQLHQFLD� SDUD RV QuRV RQGH RV YDORUHV VaDR SUH�
VFULWRV� WRPDPRV ,  �� u( FODUR TXH R QuXPHUR GH HTXDzFaRHV uH PHQRU RX LJXDO
DR QuXPHUR GH QuRV JOREDLV� 1HT�1QR�

q &RQGLzFaRHV GH )URQWHLUD� &RQG)URQW
3DUD FDGD QuR JOREDO $� VaDR LQWURGX]LGDV DV FRQGLzFaRHV GH IURQWHLUD GR WLSR

'LULFKOHW H GR WLSR 1HXPDQQ� 1DV FRQGLzFaRHV GH IURQWHLUD GR WLSR 'LULFKOHW D
VROXzFaDR t$  t�$� uH SUHVFULWD QR QuR� HQTXDQWR TXH QD IURQWHLUD GH 1HXPDQQ
D GHULYDGD QRUPDO GH t�[� QR QuR $ uH SUHVFULWD� &RPR YLPRV DQWHULRUPHQWH� R
QuXPHUR GH HTXDzFaRHV GR VLVWHPD OLQHDU GHSHQGH GR WLSR GH FRQGLzFaDR GH IURQ�
WHLUD� RV QuRV JOREDLV GD PDOKD VaDR FODVVLnFDGRV SRU WLSR �W\S� GD VHJXLQWH
IRUPD�
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�� QuR $ QaDR SHUWHQFH tD IURQWHLUD�
�� D VROXzFaDR t�$� uH SUHVFULWD�
�� D GHULYDGD GD VROXzFaDR #t #[ uH SUHVFULWD�
�� D GHULYDGD GD VROXzFaDR #t #\ uH SUHVFULWD�

q &RQVWUXzFaDR GR 6LVWHPD /LQHDU
$ FRQVWUXzFaDR GR VLVWHPD OLQHDU SRGH VHU IHLWD VHJXLQGR D IRUPXODzFaDR PD�

WULFLDO GHVFULWD QD VHzFaDR VHJXLQWH�
��



����� )RUPXODzFaDR 0DWULFLDO
$ SDUWLU GD IRUPXODzFaDR GH *DOHUNLQ� GLVFUHWL]DQGR R GRPurQLR SHOR PuHWRGR

GH HOHPHQWRV nQLWRV GHVFULWR QD VHzFaDR DQWHULRU� SRGH�VH HQWaDR IRUPXODU R
VHJXLQWH SUREOHPD�

3UREOHPD $SUR[LPDGR�
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t���  0b� 1HO$Q � tH� tHL  �
L� | F t��lH b �
L� JK� �lH
$ VROXzFaDR GR VLVWHPD OLQHDU GH RUGHP PdP� SHUPLWLUuD FDOFXODU D VROXzFaDR

QXPuHULFD tK � 9 K GR SUREOHPD DSUR[LPDGR� &RPR tK � 9 K uH XPD VROXzFaDR
DSUR[LPDGD GD VROXzFaDR t � +� HQWaDR VH P uH JUDQGH� PHOKRU VHUuD D VROXzFaDR
DSUR[LPDGD� 3RU RXWUR ODGR� DV PDWUL]HV . H0 GR VLVWHPD OLQHDU DXPHQWDP
TXDGUDWLFDPHQWH� R TXH VLJQLnFD FXVWR RSHUDFLRQDO� 1HVWH DVSHFWR� uH HQWaDR
LQWURGX]LGR R PuHWRGR GH HOHPHQWRV nQLWRV TXH� DWUDYuHV GH XPD HVFROKD FRQ�
YHQLHQWH GD EDVH I
�� ���� 
PJ GH 9 K� WRUQDUuD DV PDWUL]HV . H 0 GR VLVWHPD
HP PDWUL]HV GH EDQGD H HP JHUDO GH IuDFLO UHVROXzFaDR �/,8 H 5,1&21� ������
3DUD UHVROYHU R SUREOHPD PDWULFLDO ������ DFLPD GHVFULWR� XWLOL]RX�VH SUL�

PHLUDPHQWH R PuHWRGR WUDSH]RLGDO JHQHUDOL]DGR SDUD SUREOHPDV OLQHDUHV �+8�
*+(6� ����� HVWXGDGR QD VHzFaDR ��� GHVWH WUDEDOKR�
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&DSurWXOR �
1uXPHURV 'LIXVRV
�)X]]\ 1XPEHUV�
1HVWH FDSurWXOR GHVHQYROYH�VH XP HVWXGR VREUH RV QuXPHURV GLIXVRV H VXDV

RSHUDzFaRHV DULWLPuHWLFDV EuDVLFDV� (P SULPHLUR OXJDU� QD VHzFaDR ���� uH IHLWR XP
HVWXGR VREUH R TXH YHP D VHU XP QuXPHUR GLIXVR H FRPR SRGH�VH UHSUHVHQWDU WDO
QuXPHUR QD IRUPD GH IXQzFaDR H WDPEuHP FRPR nFDULD VXD UHSUHVHQWDzFaDR JUuDnFD�
1D VHzFaDR ���� PRVWUD�VH FRPR XP QuXPHUR GLIXVR SRGH UHSUHVHQWDU LQFHUWH]DV
QaDR�HVWRFuDVWLFDV H RV GLIHUHQWHV WLSRV GH QuXPHURV FRP VXDV UHSUHVHQWDzFaRHV
JUuDnFDV� )LQDOL]DQGR HVWH FDSurWXOR� QD VHzFaDR ���� ID]�VH XP HVWXGR VREUH D
DULWPuHWLFD GRV QuXPHURV GLIXVRV PRVWUDQGR DV GXDV IRUPDV H[LVWHQWHV SDUD
RSHUDzFaRHV DULWPuHWLFDV FRP WDLV QuXPHURV�

��� 1uXPHUR 'LIXVR
6HJXQGR +DQVV H :LOOQHU ������� EDVLFDPHQWH� RV QuXPHURV GLIXVRV �IX]]\�

SRGHP VHU FRQVLGHUDGRV FRPR XPD FODVVH HVSHFLDO GRV FRQMXQWRV GLIXVRV �IX]]\�
TXH PRVWUDP DOJXPDV SURSULHGDGHV HVSHFurnFDV� 2V SUuRSULRV FRQMXQWRV GLIX�
VRV �IX]]\� UHVXOWDP GH XPD JHQHUDOL]DzFaDR GH FRQMXQWRV FRQYHQFLRQDLV� SHU�
PLWLQGR TXH RV HOHPHQWRV GH XP FRQMXQWR XQLYHUVR QaDR VRPHQWH SHUWHQzFDP
RX QaDR SHUWHQzFDP D XP FRQMXQWR HVSHFurnFR� PDV WDPEuHP SHUWHQzFDP DR FRQ�
MXQWR SRU XP GHWHUPLQDGR JUDX� $VVLP� RV FRQMXQWRV GLIXVRV �IX]]\� SRGHP
VHU H[SUHVVRV SHORV HOHPHQWRV [ GH XP FRQMXQWR XQLYHUVR l FRP XP GHWHUPL�
QDGR JUDX GH SHUWLQAHQFLD x�[� � >�� �@� TXH SRGH VHU UHSUHVHQWDGR SRU XPD
IXQzFaDR� 2V HOHPHQWRV [ TXH SHUWHQFHP DRV FRQMXQWRV FRQYHQFLRQDLV SRVVXHP
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JUDX GH SHUWLQAHQFLD ]HUR RX XP� RX VHMD� x�[� � I�� �J�
&RP EDVH QLVWR� LQWHUYDORV IHFKDGRV

>D� E@  I[M D � [ � EJ �����
H QuXPHURV UHDLV

F  I[M [  FJ �����
SRGHP VHU FRQVLGHUDGRV FRPR VXEFRQMXQWRV FRQYHQFLRQDLV GR FRQMXQWR XQL�
YHUVR ,5 H SRGHP WDPEuHP VHU H[SUHVVRV SRU
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�� VHQaDR �����

FXMDV IXQzFaRHV GH SHUWLQAHQFLD x�[� � I�� �J SRGHP VHU UHSUHVHQWDGDV JUDnFD�
PHQWH FRPR PRVWUD D nJXUD ��� D VHJXLU�

)LJXUD ���� ,QWHUYDOR IHFKDGR >D� E@� QuXPHUR UHDO �FULVS� F H XP QuXPHUR IX]]\
GD IRUPD JDXVVLDQD FRP YDORU PuHGLR P H[SUHVVR SRU VXD IXQzFaDR GH SHU�
WLQAHQFLD�
8P QuXPHUR IX]]\ uH GHnQLGR FRPR XP FRQMXQWR IX]]\ FRQYH[R VREUH R

FRQMXQWR XQLYHUVR ,5 SRU PHLR GH XPD IXQzFaDR GH SHUWLQAHQFLD x�[� � >�� �@�
RQGH x�[�  � uH YHUGDGHLUR VRPHQWH SDUD XP uXQLFR YDORU [  P � ,5� &RPR
H[HPSOR� RV QuXPHURV IX]]\ VLPuHWULFRV GD IRUPD JDXVVLDQD VaDR GHnQLGRV SHOD
IXQzFaDR GH SHUWLQAHQFLD
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RQGH P H } GHQRWDP� UHVSHFWLYDPHQWH� R YDORU PuHGLR H D DPSOLWXGH GD GLV�
WULEXLzFaDR JDXVVLDQD �nJXUD �����

��� ,QFHUWH]D 'LIXVD
([LVWHP GLIHUHQWHV WLSRV GH DERUGDJHQV SDUD DV IXQzFaRHV GH SHUWLQAHQFLD�

VHQGR PDLV XVDGDV DV IXQzFaRHV WUDSH]RLGDLV� JDXVVLDQDV H WULDQJXODUHV�
8PD IXQzFaDR WUDSH]RLGDO GH SHUWLQAHQFLD uH GHnQLGD SRU TXDWUR SDUADPHWURV

ID� E� F� GJ GD VHJXLQWH IRUPD�

WUDSH]RLGDO�[ � D� E� F� G�  
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2 DVSHFWR GD IXQzFaDR uH GHWHUPLQDGR SHOD HVFROKD GRV SDUADPHWURV D� E� F
H G� $ nJXUD ��� VHJXLQWH LOXVWUD XP H[HPSOR GH XPD IXQzFaDR WUDSH]RLGDO GH
SHUWLQAHQFLD GDGD SRU WUDSH]RLGDO�[ � ��� ��� ��� ����

)LJXUD ���� 1uXPHUR GLIXVR UHSUHVHQWDGR SRU VXD IXQzFaDR WUDSH]RLGDO GH SHU�
WLQAHQFLD�
8PD IXQzFaDR GH SHUWLQAHQFLD JDXVVLDQD uH GHnQLGD SRU GRLV SDUADPHWURV GD

VHJXLQWH IRUPD�

��



x�[�  Hb �[bP��
�}�

RQGH P H } GHQRWDP R FHQWUR H D DPSOLWXGH GD IXQzFaDR UHVSHFWLYDPHQWH�
3RGH�VH FRQWURODU R DVSHFWR GD IXQzFaDR DMXVWDQGR R SDUADPHWUR }� 8P SHTXHQR
} JHUD XPD IXQzFaDR GH SHUWLQAHQFLD FRP XPD SHTXHQD DPSOLWXGH� HQTXDQWR TXH
XP JUDQGH } QRV FRQGX] D XPD IXQzFaDR GH SHUWLQAHQFLD FRP XPD DPSOLWXGH
PDLRU�
$ nJXUD ��� VHJXLQWH LOXVWUD XP H[HPSOR GH XPD IXQzFaDR JDXVVLDQD GH

SHUWLQAHQFLD GDGD SRU JDXVVLDQD�[ � ��� ����

)LJXUD ���� 1uXPHUR GLIXVR UHSUHVHQWDGR SRU VXD IXQzFaDR JDXVVLDQD GH SHU�
WLQAHQFLD�
2V QuXPHURV IX]]\ WULDQJXODUHV VaDR RV PDLV FRPXPHQWH XWLOL]DGRV HP GL�

YHUVRV SUREOHPDV GH HQJHQKDULD SRU WHU VXDV IXQzFaRHV GH SHUWLQAHQFLD GHnQLGDV
SRU IXQzFaRHV OLQHDUHV� R TXH IDFLOLWD D DULWPuHWLFD GH WDLV QuXPHURV�
8PD IXQzFaDR WULDQJXODU GH SHUWLQAHQFLD uH GHnQLGD SRU WUAHV SDUADPHWURV D� E

H F GD VHJXLQWH IRUPD�

WULDQJXODU�[ � D� E� F�  
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2 DVSHFWR GD IXQzFaDR uH GHWHUPLQDGR SHOD HVFROKD GRV SDUADPHWURV D� E H
F� $ nJXUD ��� VHJXLQWH LOXVWUD XP H[HPSOR GH XPD IXQzFaDR WULDQJXODU GH
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SHUWLQAHQFLD GDGD SRU WULDQJXODU�[ � ��� ��� ����

)LJXUD ���� 1uXPHUR GLIXVR UHSUHVHQWDGR SRU VXD IXQzFaDR WULDQJXODU GH SHU�
WLQAHQFLD�
$OJXQV WUDEDOKRV� FRPR 0XKDQQD H 0XOOHQ ������� XPD YH] WHQGR GHnQLGD

D IXQzFaDR GH SHUWLQAHQFLD SDUD XP GDGR GR SUREOHPD� PRGHODP R QuXPHUR
IX]]\ HP WHUPRV GH LQWHUYDORV GH FRQnDQzFD $m GHnQLGR SRU XP SDUADPHWUR
m� m � >�� �@� 2 QuXPHUR GLIXVR uH HQWaDR GHnQLGR SHOR LQWHUYDOR GH FRQnDQzFD
GDGR SRU $m  I[ x�[� w mJ� 'HVVH PRGR D DULWPuHWLFD IX]]\ UHVWULQJH�VH D
RSHUDzFaRHV FRP LQWHUYDORV� 8PD DERUGDJHP EDVWDQWH DWXDO SDUD WDLV QuXPHURV
uH D GRV QuXPHURV IX]]\ GLVFUHWRV� REWLGRV D SDUWLU GH XPD GLVFUHWL]DzFaDR GH
XP QuXPHUR IX]]\ QD VXD UHSUHVHQWDzFaDR JDXVVLDQD� 6HJXQGR +DQVV H :LOOQHU
������� D IXQzFaDR GH SHUWLQAHQFLD uH GLVFUHWL]DGD VXEGLYLGLQGR D DEVFLVVD RX D
RUGHQDGD HP LQWHUYDORV GH FRPSULPHQWR LJXDLV� $ nJXUD ��� D VHJXLU PRVWUD
XPD GLVFUHWL]DzFaDR GH XP QuXPHUR IX]]\�

)LJXUD ���� 'LVFUHWL]DzFaDR GH XP QuXPHUR GLIXVR QD IRUPD JDXVVLDQD�

1D UHSUHVHQWDzFaDR DFLPD� D uH XP QuXPHUR IX]]\ JDXVVLDQR H xD�[� uH D IXQzFaDR
GH SHUWLQAHQFLD� $ VHTXAHQFLD GRV SRQWRV IRUPDP R QuXPHUR IX]]\ GLVFUHWR H
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cx  � Q uH R FRPSULPHQWR GDV VXEGLYLVaRHV IHLWDV QD RUGHQDGD� FRQVLGHUDQGR
Q R QuXPHUR GH GLYLVaRHV�
&RPR YLVWR DFLPD� KuD GLYHUVDV SRVVLELOLGDGHV GH DERUGDJHP GD LQFHUWH]D

HP UHVROXzFaDR QXPuHULFD GH HTXDzFaRHV GLIHUHQFLDLV SDUFLDLV� $R ORQJR GR GH�
VHQYROYLPHQWR GHVWH WUDEDOKR IRL HVFROKLGD D IRUPD WULDQJXODU� SRLV SRVVXL
IXQzFaRHV OLQH� DUHV GH SHUWLQAHQFLD� IRUPD HVWD TXH IRUQHFH PHOKRUHV UHVXOWDGRV
SDUD D HTXDzFaDR FRQVLGHUDGD�

��� $ULWPuHWLFD )X]]\
3DUD GHnQLU RSHUDzFaRHV DULWPuHWLFDV FRP RV QuXPHURV IX]]\� GRLV FRQFHLWRV

SRGHP VHU DSOLFDGRV� 3RU XP ODGR� R SULQFurSLR GD H[WHQVaDR GH =DGHK GH
DFRUGR FRP (T� ����� SRGH VHU DSOLFDGR� HVWHQGHQGR DVVLP� SDUD RV RSHUDQGRV
IX]]\ D DYDOLDzFaDR GH IXQzFaRHV DULWPuHWLFDV UHDLV� 3RU RXWUR ODGR� RV QuXPHURV
IX]]\ SRGHP VH GHFRPSRU HP FRQMXQWRV GH LQWHUYDORV SDUD JUDXV GLIHUHQWHV
GH SHUWLQAHQFLD� DWUDYuHV GH XPD WuHFQLFD FKDPDGD GH WuHFQLFD GRV DOID�FRUWHV�
'HVVD IRUPD� D DULWPuHWLFD SDUD QuXPHURV IX]]\ SRGH VHU UHGX]LGD tD DULWPuHWLFD
GH LQWHUYDORV� &RPR FLWDGR DFLPD� SDUD TXH VH SRVVD GHnQLU RSHUDzFaRHV DULW�
PuHWLFDV FRP RV QuXPHURV IX]]\� GRLV FRQFHLWRV SRGHP VHU DSOLFDGRV�

����� 3ULQFurSLR GD ([WHQVaDR
2 SULQFurSLR GD H[WHQVaDR GH =DGHK� GH DFRUGR FRP (T� ������ SRGH VHU

DSOLFDGR� R TXH SHUPLWH D DYDOLDzFaDR GH IXQzFaRHV UHDLV FRP YDULuDYHLV IX]]\�
([SOLFLWDPHQWH� VH xD H xE IRUHP QuXPHURV IX]]\ GHnQLGRV SHODV IXQzFaRHV GH
SHUWLQAHQFLD xxD�[�� [ � ,5 H xxE�\�� \ � ,5� R UHVXOWDGR GD RSHUDzFaDR ELQuDULD

xF  I�xD�xE� �����
SDUD XPD IXQzFaDR DUELWUuDULD I uH GHWHUPLQDGR SRU�

xxF�]�  VXS PLQIxxD�[�� xxE�\�J �����
&RPR H[HPSOR� FRQVLGHUDQGR xD H xE GRLV QuXPHURV IX]]\ GHnQLGRV SRU

xD  I��� �� ��� �� � �� �� � �� �� � �J
xE  I��� ��� � ��� �� � ��J

VXD VRPD uH GHWHUPLQDGD GR VHJXLQWH PRGR�
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xF  I�xD�xE�  I��� ��� VXS���� ��� ��� ���� VXS���� ��� ��� ��� ��� ����
VXS���� ��� � ���� VXS���� ��� ��� ��� ��� ��� VXS���� ��� ��� ���� ��� ��J
2EVHUYD�VH TXH IRUDP VRPDGRV FDGD XP GRV QuXPHURV �UHSUHVHQWDGRV GH�

SRLV GDV EDUUDV� GH xE FRP WRGRV RV QuXPHURV GH xD� WRPDQGR R PurQLPR HQ�
WUH VXDV SRVVLELOLGDGHV �UHSUHVHQWDGRV DQWHV GDV EDUUDV�� 'HYH�VH WRPDU R
VXSUHPR �PuD[LPR� GDV SRVVLELOLGDGHV �UHSUHVHQWDGRV DQWHV GDV EDUUDV�� FRPR
GHnQLGR QD HTXDzFaDR����� DFLPD� $VVLP WHP�VH

xF  I�xD�xE�  I��� ��� ��� ��� ��� ��� � ��� ��� ��� ��� ��� ��� ��J

����� 5HSUHVHQWDzFaDR GH 1uXPHUR )X]]\ SRU ,QWHUYDORV
�7uHFQLFD GRV $OID�FRUWHV�

2V QuXPHURV IX]]\ SRGHP VHU UHSUHVHQWDGRV SRU PHLR GH LQWHUYDORV� GHQRPL�
QDGRV LQWHUYDORV GH FRQnDQzFD� $VVLP� D DULWPuHWLFD SDUD HVVH WLSR GH QuXPHUR
IX]]\ SRGH VHU UHGX]LGD tD DULWPuHWLFD GH LQWHUYDORV� TXH uH XWLOL]DGD QHVWH WUD�
EDOKR� 6DEHPRV TXH XP QuXPHUR GLIXVR SRGH VHU UHSUHVHQWDGR GH GLYHUVDV
IRUPDV� FRPR YLVWR QD VHzFaDR ���� (QWUH RXWUDV� GHVWDFDPRV DV VHJXLQWHV IRU�
PDV� IRUPD JDXVVLDQD� IRUPD WUDSH]RLGDO H IRUPD WULDQJXODU� 1HVWH WUDEDOKR�
XWLOL]DUDP�VH QuXPHURV GLIXVRV QD IRUPD WULDQJXODU� SRLV VXDV IXQzFaRHV GH SHU�
WLQAHQFLD VaDR OLQHDUHV H LVWR WRUQD PDLV IuDFLO D LPSOHPHQWDzFaDR FRPSXWDFLRQDO�
7RPDQGR XP QuXPHUR GLIXVR QD IRUPD WULDQJXODU GDGD QD )LJXUD ���� HVWH
nFD GHnQLGR SRU PHLR GH WUAHV SDUADPHWURV� FRPR YLVWR DQWHULRUPHQWH� RX VHMD�
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)LJXUD ���� 1uXPHUR GLIXVR xD UHSUHVHQWDGR SRU VXD IXQzFaDR WULDQJXODU GH SHU�
WLQAHQFLD�

8P DOID�FRUWH uH XP LQWHUYDOR IHFKDGR GHnQLGR SRU GRLV YDORUHV REWLGRV
SDUD [ TXDQGR VH ID] xD�[�  m� H VHUYH SDUD GHnQLU R LQWHUYDOR GH FRQnDQzFD
TXDQGR VH ID] m LJXDO D XP GHWHUPLQDGR YDORU SHUWHQFHQWH DR LQWHUYDOR >�� �@�
8WLOL]DQGR D WuHFQLFD GRV DOID�FRUWHV REWuHP�VH RV LQWHUYDORV GH FRQnDQzFD� FRPR
PRVWUDGR QD nJXUD D VHJXLU� 9AH�VH VHLV DOID�FRUWHV� FRUUHVSRQGHQWHV DRV JUDXV
GH SHUWLQAHQFLD �� ���� �������� ��� H �� GHnQLQGR� DVVLP� VHLV LQWHUYDORV GH
FRQnDQzFD� YLVWRV QD nJXUD ����

)LJXUD ���� 1uXPHUR GLIXVR xD FRP VHLV DOID�FRUWHV H RV VHLV LQWHUYDORV� GH , D
9,� UHSUHVHQWDGRV DEDL[R GR JUuDnFR�

1R H[HPSOR DFLPD XWLOL]RX�VH VHLV DOID�FRUWHV� R TXH ID] FRP TXH D
DULW� PuHWLFD IX]]\ nTXH UHVXPLGD D DULWPuHWLFD GHVWHV VHLV LQWHUYDORV FULDGRV�
FRPR DSUHVHQWDGR D VHJXLU�
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����� $ULWPuHWLFD LQWHUYDODU
&RQVLGHUDQGR e FRPR VHQGR XPD GDV TXDWUR RSHUDzFaRHV DULWPuHWLFDV EuDVLFDV�

HQWaDR� >D� E@e>F� G@  I[e\M D � [ � E H F � \ � GJ �08+$11$ H 08//(1�
������ 1R FDVR GD GLYLVaDR� HVWD QaDR HVWuD GHnQLGD TXDQGR � � >F� G@� 'HVVD
IRUPD SRGH�VH GL]HU TXH DV RSHUDzFaRHV DULWPuHWLFDV SDUD LQWHUYDORV IHFKDGRV
VaDR�

q >D� E@ � >F� G@  >D� F� E� G@
q >D� E@b >F� G@  >Db G� Eb F@
q >D� E@�>F� G@  >PLQ�DF� DG� EF� EG��PD[�DF� DG� EF� EG�@  
q >D� E@ >F� G@  >D� F@�>� F� � G@  >PLQ�D F� D G� E F� E G��PD[�D F� D G� E F� E G�@
FRP �  � >F� G@

2V H[HPSORV D VHJXLU LOXVWUDP HVVDV GHnQLzFaRHV�
q >�� �@ � >�� �@  >� � �� � � �@  >�� ��@
q >�� �@b >�� �@  >�b �� �b �@  >b�� �@
q >�� �@�>�� �@  >PLQ����� ���� ���� �����PD[����� ���� ���� ����@  >�� ��@
q >�� �@ >�� �@  >PLQ�� �� � �� � �� � ���PD[�� �� � �� � �� � ��@  >�� �@

����� $ULWPuHWLFD )X]]\
&RQVLGHUH $ H % QuXPHURV GLIXVRV FRP XP FHUWR QuXPHUR GH DOID�FRUWHV�

&RQVLGHUH DLQGD TXH $m H %m VaDR RV LQWHUYDORV JHUDGRV QRV QuXPHURV GLIXVRV
$ H % SRU XP GRV DOID�FRUWHV� FRP m � >�� �@� 'HVVD IRUPD� SRGHPRV GHnQLU
D DULWPuHWLFD IX]]\ GD VHJXLQWH IRUPD�

q �$ e%�m  $m e%m  I[ e \M �[� \� � $m d%mJ� FRP m � >�� �@
2X VHMD�

q $ e%  >
m�>���@

�$ e%�m
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3DUD TXH VHMDP HIHWXDGDV WDLV RSHUDzFaRHV uH QHFHVVuDULR TXH $ H % WHQKDP
IXQzFaRHV FRQWurQXDV GH SHUWLQAHQFLD H� TXDQGR R RSHUDGRU e uH LJXDO GLYLVaDR
GHYHPRV WHU �  � %m� � m � >�� �@�
$VVLP WHPRV GHnQLGD D DULWPuHWLFD IX]]\ SRU PHLR GDV TXDWUR RSHUDzFaRHV

GHnQLGDV SDUD D DULWPuHWLFD GH LQWHUYDORV� $ VHJXLU� WAHP�VH DOJXQV H[HPSORV
TXH SRGHP LOXVWUDU D UHIHULGD DULWPuHWLFD�
&RQVLGHUH RV QuXPHURV GLIXVRV VHJXLQWHV�
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$ H % SRGHP VHU UHSUHVHQWDGRV JUDnFDPHQWH SRU�

)LJXUD ���� 1uXPHURV GLIXVRV $ H %�
6HQGR DVVLP� VHXV DOID�FRUWHV SRVVXHP RV VHJXLQWHV DVSHFWRV JHUDLV�
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$m  >�mb �� �b �m@ H %m  >�m� �� �b �m@
'HVWD IRUPD� D DULWPuHWLFD IX]]\ GRV QuXPHURV IX]]\ $ H % UHVXPH�VH D DULW�
PuHWLFD GRV LQWHUYDORV $m H %m DFLPD� REWLGRV FRP D WuHFQLFD GRV DOID�FRUWHV�
3RUWDQWR�

$m �%m  �$�%�m
8WLOL]DQGR D DULWPuHWLFD GH LQWHUYDORV GHnQLGD DQWHULRUPHQWH� WHP�VH�

$m �%m  >�mb � � �m� �� �b �m� �b �m@� $m �%m  >�m� �b �m@
'HVWD IRUPD� WHP�VH TXH�
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3DUD D VXEWUDzFaDR GH QuXPHURV GLIXVRV R SURFHGLPHQWR uH DQuDORJR DR GHVFULWR
DFLPD� SRUuHP REVHUYDQGR DV UHJUDV SDUD VXEWUDzFaDR GD DULWPuHWLFD LQWHUYDODU
YLVWDV QD VHzFaDR ������ $R FRQWUuDULR GD VRPD H GD VXEWUDzFaDR� R SURGXWR H D
GLYLVaDR QaDR UHVXOWDP QHFHVVDULDPHQWH HP QuXPHURV IX]]\ WULDQJXODUHV� FRPR
SRGH VHU YLVWR QDV nJXUDV D VHJXLU�
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)LJXUD ���� 1uXPHURV GLIXVRV $ H %� MXQWDPHQWH FRP R QuXPHUR GLIXVR VRPD
$ � %�

)LJXUD ����� 1uXPHURV GLIXVRV $ H %� MXQWDPHQWH FRP R QuXPHUR GLIXVR VXE�
WUDzFaDR $ � %�
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)LJXUD ����� 1uXPHURV GLIXVRV $ H %� MXQWDPHQWH FRP R QuXPHUR GLIXVR PXO�
WLSOLFDzFaDR $ � %�

)LJXUD ����� 1uXPHURV GLIXVRV $ H %� MXQWDPHQWH FRP R QuXPHUR GLIXVR GLYLVaDR
$�%�
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&DSurWXOR �
,PSOHPHQWzFaDR &RPSXWDFLRQDO
1HVWH FDSurWXOR VHUuD GHVFULWR� QD VHzFaDR ���� FRPR uH R DVSuHFWR JHUDO GR DO�

JRUurWPR TXH UHVROYH FDGD XPD GDV HWDSDV GR SUREOHPD HVWXGDGR� 3RVWHULRU�
PHQWH YAH�VH� QD VHzFaDR ���� XPD H[SOLFDzFaDR GR PuHRGR WUDSH]RLGDO JHQHUDOL]DGR�
TXH uH XVDGR SDUD UHVROXzFaDR GR SUREOHPD WUDQVLHQWH� DVVLP FRPR D VXD HVWD�
ELOLGDGH�

��� $OJRUurWPRV
2 SURJUDPD FRPSXWDFLRQDO TXH UHVROYH R SUREOHPD GDGR uH FRPSRVWR SRU

XP SURJUDPD SULQFLSDO FKDPDGR FDORU IX]]\�FSS� TXH FRQWuHP R FRUSR SULQFL�
SDO GR SURJUDPD� H DOJXQV RXWURV SURJUDPDV VHFXQGuDULRV TXH FRQWuHP IXQzFaRHV
TXH VaDR FKDPDGDV SHOR SURJUDPD SULQFLSDO QR GHFXUVR GD UHVROXzFaDR GR SURE�
OHPD� 6aDR HOHV� $UTXLYR GH GDGRV�FSS� $EUH DUTXLYR GH GDGRV�FSS� *ULG�FSS�
7\SHGHI�FSS� )OX[R�FSS H SRU uXOWLPR� 6ROYHU�FSS� 1DV VXEVHzFaRHV VHJXLQWHV
DSUHVHQWD�VH R DOJRUurWPR SULQFLSDO GR SURJUDPD TXH UHVROYH R SUREOHPD HVWX�
GDGR�

����� $UTXLYR GH GDGRV�FSS
(VWH DUTXLYR FRQWuHP WRGRV RV GDGRV GH HQWUDGD QHFHVVuDULRV SDUD UHVROXzFaDR

GR SUREOHPD� 6HJXH XP H[HPSOR GH FRPR uH R FRUSR GHVWH DUTXLYR TXH uH
JHUDGR SRU XP RXWUR SURJUDPD FKDPDGR 0WRRO GHVHQYROYLGR QD 3RQWLIurFLD
8QLYHUVLGDGH &DWuROLFD GR 5LR GH -DQHLUR� $ VHJXLU SRGH�VH REVHUYDU XP
GHVWHV DUTXLYRV GH HQWUDGD JHUDGR SHOR 0WRRO�
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�/2$'�&$6(�12'$/�7(03(5$785(
�
�� ������
�� ������
�� ������
�/2$'�&$6(�/,1(�+($7�&219(&7,21�81,)250
�
�� �� �� ����� ������
�� �� �� ����� ������
1HVWH H[HPSOR WHP�VH XPD PDOKD GH HOHPHQWRV nQLWRV UHWDQJXODUHV GH ��

HOHPHQWRV H �� QuRV FRP VXDV FRRUGHQDGDV� (P VHJXLGD WHP�VH GDGRV FRPR�
R SDUADPHWUR GR PuHWRGR WUDSH]RLGDO JHQHUDOL]DGR� D WHPSHUDWXUD LQLFLDO QRV
QuRV� R QuXPHUR GH SDVVRV GH WHPSR� R SDVVR GH WHPSR� R SDVVR GH WHPSR TXH
VHUuD LPSUHVVR� R QuXPHUR GH PDWHULDLV FRQVLGHUDGRV QD DQuDOLVH� D FRQGXWLYL�
GDGH WuHUPLFD� R FDORU HVSHFurnFR� D GHQVLGDGH H D JHUDzFaDR LQWHUQD GH FDORU
GR PDWHULDO� 7HP�VH DLQGD� QD VHTXAHQFLD� D WHPSHUDWXUD GH LQurFLR GD WUDQV�
IRUPDzFaDR GH DXVWHQLWD HP PDUWHQVLWD� RV QuRV DVVRFLDGRV D FDGD HOHPHQWR GD
PDOKD H� SRU nP� DV FRQGLzFaRHV GH FRQWRUQR FRPR WHPSHUDWXUD SUHVFULWD H
oX[R GH FDORU�

����� 2 DOJRUurWPR GR SURJUDPD SULQFLSDO
2 DOJRULWPR TXH UHVROYH R SUREOHPD FRQVLVWH QRV VHJXLQWHV SDVVRV�
�� $EUH DUTXLYR GH GDGRV�
(VWD URWLQD FRQVLVWH HP DEULU XP DUTXLYR FXMR QRPH uH $UTXLYR GH GD�
GRV�FSS H DUPD]HQDU DV LQIRUPDzFaRHV FRPR D PDOKD GH HOHPHQWRV nQL�
WRV FRP DV FRRUGHQDGDV GH FDGD XP GRV QuRV� RV YDORUHV UHODWLYRV tDV
FRQGLzFaRHV GH IURQWHLUD� RV SDUADPHWURV GR PDWHULDO� D WHPSHUDWXUD LQL�
FLDO GRV QuRV GD PDOKD H DVVLP SRU GLDQWH� FDGD XPD HP VXD UHVSHFWLYD
YDULuDYHO�

�� $ PRWDJHP GDV PDWUL]HV JOREDLV uH IHLWD SRU WUAHV IXQzFaRHV�
0RQWD.� 0RQWD0 H 0RQWD)�
�D� 0RQWD.�
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$ URWLQD 0RQWD. FRQVLVWH HP�
3DUD H  ������1HO�
L� /RFDO.�H��
$ URWLQD /RFDO.�H�� SRU VXD YH]� FDOFXOD D PDWUL] ORFDO .HDEDWUDYuHV GD VHJXLQWH IRUPXODzFaDR�
3DUD D  ��������

3DUD E  ��������
.HDE  

=
lH
�U
D�7 N �U
E�Gl �����

RQGH 
D H 
E VaDR IXQzFaRHV GH LQWHUSRODzFaDR ORFDLV �5,1&21 H
/,8� ������

LL� 0RQWD+�H� .HDE��$ URWLQD 0RQWD+�H� .HDE�� SRU VXD YH]� YHULnFD VH R HOHPHQWRH HP TXHVWaDR SRVVXL FRQYH[aDR�oX[R GH FDORU� HP DOJXPD GDV
VXDV DUHVWDV� 6H SRVVXLU� LQFOXL WDO FRQYH[aDR QD PDWUL] ORFDO
GR HOHPHQWR H GD VHJXLQWH IRUPD�
q ,GHQWLnFD D DUHVWD FRP FRQYH[aDR�
q &DOFXOD R GHWHUPLQDQWH GR -DFRELDQR GH � GLPHQVaDR DWUDYuHV
GD VHJXLQWH IuRUPXOD�

'HW -  
T�[� b [��� � �\� b \���

� �����
RQGH �[�� \�� H �[�� \�� VaDR� UHVSHFWLYDPHQWH� DV FRRUGH�
QDGDV GR �R H GR �R QuRV GD DUHVWD HP TXHVWaDR�

q &DOFXOD �
D��G H �
E��G� IXQzFaRHV GH LQWHUSRODzFaDR GH � GL�PHQVaDR SDUD R SULPHLUR SRQWR GH *DXVV�
q &DOFXOD 3+: DWUDYuHV GD VHJXLQWH IuRUPXOD�

3+:  �
D��G � 'HW - � SHVR GH *DXVV � KW � �
E��G
RQGH KW uH R FRHnFLHQWH GH WUDQVIHUAHQFLD GH FDORU GR PDWH�
ULDO FRQVLGHUDGR�
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q &DOFXOD D QRYD PDWUL] ORFDO .HDE GD VHJXLQWH IRUPD�
.HDE  .HDE � 3+: �����

q &DOFXOD �
D��G H �
E��G� IXQzFaRHV GH LQWHUSRODzFaDR GH � GL�PHQVaDR SDUD R VHJXQGR SRQWR GH *DXVV�
q &DOFXOD XP QRYR 3+: DWUDYuHV GD VHJXLQWH IuRUPXOD�

3+:  �
D��G � 'HW - � SHVR GH *DXVV � KW � �
E��G
RQGH KW uH R FRHnFLHQWH GH WUDQVIHUAHQFLD GH FDORU GR PDWH�
ULDO FRQVLGHUDGR�

q &DOFXOD D QRYD PDWUL] ORFDO .HDE GD VHJXLQWH IRUPD�
.HDE  .HDE � 3+: �����

0RQWDGDV WRGDV DV PDWUL]HV ORFDLV .HDE SRGH�VH PRQWDU� DJRUD DPDWUL] JOREDO . DWUDYuHV GD IRUPXODzFaDR PDWULFLDO DEDL[R �YHU VHzFaDR
�������

.  1HO$Q � .HDE
�E� 0RQWD0�

$ URWLQD 0RQWD0 FRQVLVWH HP�
3DUD H  ������1HO�
L� /RFDO0�H��
$ URWLQD /RFDO0�H�� SRU VXD YH]� FDOFXOD D PDWUL] ORFDO 0HDEDWUDYuHV GD VHJXLQWH IRUPXODzFaDR�
3DUD D  ��������
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0RQWDGDV WRGDV DV PDWUL]HV ORFDLV 0HDE SRGH�VH PRQWDU� DJRUD DPDWUL] JOREDO0 DWUDYuHV GD IRUPXODzFaDR PDWULFLDO DEDL[R �YHU VHzFaDR
�������

0  1HO$Q � 0HDE
�F� 0RQWD)�

$ URWLQD 0RQWD) FRQVLVWH HP�
3DUD H  ������1HO�
L� /RFDO)�H��
$ URWLQD /RFDO)�H�� SRU VXD YH]� FDOFXOD D PDWUL] ORFDO .HDEDWUDYuHV GD VHJXLQWH IRUPXODzFaDR�
3DUD D  ��������

) HD  I HD � KHD b J�WHD b JHD �����
RQGH I HD � KHD� J�WHD H JHD SRGHP VHU FDOFXODGRV GD VHJXLQWH IRUPD�
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LL� 0RQWD+�H� )HD��$ URWLQD 0RQWD+�H� )HD�� SRU VXD YH]� YHULnFD VH R HOHPHQWRH HP TXHVWaDR SRVVXL FRQYH[aDR�oX[R GH FDORU� HP DOJXPD GDV
VXDV DUHVWDV� 6H SRVVXLU� LQFOXL WDO FRQYH[aDR QR YHWRU ORFDO GR
HOHPHQWR H GD VHJXLQWH IRUPD�
q ,GHQWLnFD D DUHVWD FRP FRQYH[aDR�
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q &DOFXOD R GHWHUPLQDQWH GR -DFRELDQR GH � GLPHQVaDR DWUDYuHV
GD VHJXLQWH IuRUPXOD�

'HW -  
T�[� b [��� � �\� b \���

� ������
RQGH �[�� \�� H �[�� \�� VaDR� UHVSHFWLYDPHQWH� DV FRRUGH�
QDGDV GR �R H GR �R QuRV GD DUHVWD HP TXHVWaDR�

q &DOFXOD �
D��G H �
E��G� IXQzFaRHV GH LQWHUSRODzFaDR GH � GL�PHQVaDR SDUD R SULPHLUR SRQWR GH *DXVV�
q &DOFXOD 3+: DWUDYuHV GD VHJXLQWH IuRUPXOD�

3+:  �
D��G � 'HW - � SHVR GH *DXVV � KW � 7� � �
E��G
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����� (VWDELOLGDGH
)DUHPRV DOJXQV FRPHQWuDULRV VREUH D HVWDELOLGDGH GD IDPurOLD GH PuHWRGRV�

VHP QR HQWDQWR GHPRQVWUuD�ORV� 2V GHWDOKHV GDV GHPRQVWUDzFaRHV SRGHP VHU
HQFRQWUDGDV HP +XJKHV �������
�L� 6H m w � �� HQWaDR R PuHWRGR WUDSH]RLGDO JHQHUDOL]DGR uH LQFRQGLFLRQDO�
PHQWH HVWuDYHO� RX VHMD� QaDR H[LVWH TXDOTXHU UHVWULzFaDR DR SDVVR GH WHPSR cW�
�LL� 6H m � � �� HQWaDR R PuHWRGR WUDSH]RLGDO JHQHUDOL]DGR uH FRQGLFLRQDOPHQWH
HVWuDYHO� RX VHMD� R SDVVR GH WHPSR cW GHYH VDWLVID]HU D VHJXLQWH FRQGLzFaDR�
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(P SDUWLFXODU� SDUD D HTXDzFaDR GR FDORU� R SDVVR cW GHYH VDWLVID]HU D
FRQGLzFaDR GH TXH cW � FK�� RQGH F uH XPD FRQVWDQWH H K uH R SDVVR QR HVSDzFR�
1RWH TXH HVVD FRQGLzFaDR uH EDVWDQWH UHVWULWLYD� SRLV cW uH PXLWR SHTXHQR SDUD
YDORUHV GH K �� ��
'HVVD IRUPD SRGHPRV FRQFOXLU TXH R 0uHWRGR GH (XOOHU �m  �� uH FRQGL�

FLRQDOPHQWH HVWuDYHO H R 0uHWRGR GH &UDQN�1LFROVRQ �m  � �� uH LQFRQGLFLRQDO�
PHQWH HVWuDYHO�
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&DSurWXOR �
5HVXOWDGRV 1XPuHULFRV &ULVS

1HVWD VHzFaDR VHUaDR DSUHVHQWDGRV DOJXQV UHVXOWDGRV QXPuHULFRV FULVS� RX
VHMD� HSUHVHQWD�VH DTXL� RV UHVXOWDGRV GH DOJXQV H[HPSORV DLQGD VHP FRQVLGH�
UDU LQFHUWH]D QRV SDUADPHWURV GR PDWHULDO� 2 PRWLYR GD DSUHVHQWDzFaDR GHVWHV
UHVXOWDGRV VH GuD SRU GRLV PRWLYRV SULQFLSDLV� (P SULPHLUR OXJDU� WHU XPD
EDVH SDUD XPD SRVWHULRU FRPSDUDzFaDR FRP RV UHVXOWDGRV IX]]\� TXH uH D SULQ�
FLSDO SURSRVWD GHVGH WUDEDOKR� (P VHJXQGR OXJDU� SDUD TXH VHMD IHLWD XPD
FRPSDUDzFaDR FRP RV UHVXOWDGRV HQFRQWUDGRV QD OLWHUDWXUD SDUD RV PHVPRV
H[HPSORV� RX VHMD� SDUD YHULnFDzFaDR GD YDOLGDGH GDV UHVSRVWDV HQFRQWUDGDV�

��� $QuDOLVH (VWDFLRQuDULD
$TXL YDPRV DSUHVHQWDU XP H[HPSOR GH DQuDOLVH� SRU HOHPHQWRV nQLWRV� GH

SUREOHPDV GH WUDQVPLVVaDR GH FDORU HP PDWHULDLV LVRWUuRSLFRV�

����� ([HPSOR FRP 7HPSHUDWXUD 3UHVFULWD
q ([HPSOR ��
(VWH H[HPSOR WUDWD GR SUREOHPD GD WUDQVPLVVaDR GH FDORU SRU FRQGXzFaDR HP

UHJLPH HVWDFLRQuDULR� FRP JHUDzFaDR LQWHUQD GH FDORU� &RQVLGHUD�VH XP UHDWRU
VXEPHUVR FXMR QuXFOHR uH FRQVWLWXurGR GH XP QuXPHUR GH SODFDV YHUWLFDLV GH
FRPSULPHQWR �/� ,QLFLDOPHQWH R VLVWHPD SRVVXL WHPSHUDWXUD XQLIRUPH 7��
$VVXPH�VH TXH D HQHUJLD LQWHUQD FRQVWDQWH X��� uH JHUDGD XQLIRUPHPHQWH QHV�
WDV SODFDV� &RQVLGHUD�VH XPD WHPSHUDWXUD FRQVWDQWH H LJXDO D ������R. QD
ERUGD GH FRQWDWR GD SODFD FRP R PHLR H K  � QDV GHPDLV ERUGDV� RX VHMD�
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WHPSHUDWXUD SUHVFULWD QD ERUGD GH FRQWDWR FRP R PHLR H oX[R GH FDORU LJXDO D
]HUR QDV RXWUDV WUAHV ERUGDV� $ WHPSHUDWXUD GR oXLGR SHUPDQHFH FRQVWDQWH H D
HVSHVVXUD GDV SODFDV uH SHTXHQD TXDQGR FRPSDUDGD FRP DV RXWUDV GLPHQVaRHV�
$VVLP� VH RV HIHLWRV GH ERUGD VaDR GHVSUH]DGRV� D WUDQVIHUAHQFLD GH FDORU

SRGH VHU FRQVLGHUDGD XQLGLPHQVLRQDO �7(,;(,5$� ������
8WLOL]DQGR�VH 7�  ���� ��R.� /  ��� �PP� X���  ����� �: P�� F  

���� �- .J�.� |  ����� �.J P� � .  ��� �: P�. FRPR GDGRV GH HQ�
WUDGD H XPD PDOKD GH HOHPHQWRV nQLWRV FRP �� QuRV� �� HOHPHQWRV LVRSDUDPuH�
WULFRV 4� �)LJXUD �����

)LJXUD ���� 0DOKD GH HOHPHQWRV nQLWRV SDUD R H[HPSOR ��
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1uR &RRUG��[� \� 7HPSHUDWXUD
� ���������� ��������� ����������
� ���������� ��������� ����������
� ���������� ��������� ����������
� ���������� ��������� ����������
� ���������� ��������� ����������
� ���������� ��������� ����������
� ���������� ��������� ����������
� ���������� ��������� ����������
� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������

��



�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������
�� ���������� ��������� ����������

7DEHOD ���� 7HPSHUDWXUDV FDOFXODGDV SDUD FDGD QuR GD PDOKD GR H[HPSOR ��

q ([HPSOR ��
(VWH H[HPSOR WUDWD GR SUREOHPD GD WUDQVPLVVaDR GH FDORU SRU FRQGXzFaDR HP

UHJLPH HVWDFLRQuDULR� VHP JHUDzFaDR LQWHUQD GH FDORU� &RQVLGHUD�VH XPD SODFD
KRUL]RQWDO GH DOWXUD / H FRPSULPHQWR �/� ,QLFLDOPHQWH R VLVWHPD SRVVXL
WHPSHUDWXUD XQLIRUPH 7�� &RQVLGHUD�VH XPD WHPSHUDWXUD FRQVWDQWH H LJXDO
D ���p. QD ERUGD GH FRQWDWR GD SODFD FRP R PHLR VXSHULRU H GH ��R. QD
ERUGD GH FRQWDWR FRP R PHLR LQIHULRU� &RQVLGHUD�VH DLQGD oX[R GH FDORU
K  � QDV ERUGDV ODWHUDLV� $VVLP� VH RV HIHLWRV GH ERUGD VaDR GHVSUH]DGRV�
D WUDQVIHUAHQFLD GH FDORU SRGH VHU FRQVLGHUDGD XQLGLPHQVLRQDO H QD GLUHzFaDR
YHUWLFDO�
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)LJXUD ���� 0DOKD GH HOHPHQWRV nQLWRV SDUD R H[HPSOR ��

REWuHP�VH DV GLVWULEXLzFaRHV GH WHPSHUDWXUD PRVWUDGDV QD WDEHOD ��� SDUD RV
QuRV GD ERUGD GLUHLWD�
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7DEHOD ���� 7HPSHUDWXUDV FDOFXODGDV SDUD FDGD QuR GD ERUGD GLUHLWD GD PDOKD
GR H[HPSOR ��

����� ([HPSOR FRP )OX[R GH &DORU
q ([HPSOR ��
(VWH H[HPSOR WUDWD GR SUREOHPD GD WUDQVPLVVaDR GH FDORU SRU FRQGXzFaDR HP

UHJLPH HVWDFLRQuDULR� FRP JHUDzFaDR LQWHUQD GH FDORU� &RQVLGHUD�VH XP UHDWRU
VXEPHUVR FXMR QuXFOHR uH FRQVWLWXurGR GH XP QuXPHUR GH SODFDV YHUWLFDLV GH
FRPSULPHQWR �/� ,QLFLDOPHQWH R VLVWHPD SRVVXL WHPSHUDWXUD XQLIRUPH 7��
$VVXPH�VH TXH D HQHUJLD LQWHUQD FRQVWDQWH X��� uH JHUDGD XQLIRUPHPHQWH QHVWDV
SODFDV� &RQVLGHUD�VH XP oX[R GH FDORU QD ERUGD GH FRQWDWR GD SODFD FRP
R oXLGR� FXMR FRHnFLHQWH GH WUDQVIHUAHQFLD GH FDORU K� &RQVLGHUD�VH DLQGD
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oX[R GH FDORU K  � QDV GHPDLV ERUGDV� $ WHPSHUDWXUD GR oXLGR SHUPDQHFH
FRQVWDQWH H D HVSHVVXUD GDV SODFDV uH SHTXHQD TXDQGR FRPSDUDGD FRP DV
RXWUDV GLPHQVaRHV�
$VVLP� VH RV HIHLWRV GH ERUGD VaDR GHVSUH]DGRV� D WUDQVIHUAHQFLD GH FDORU

SRGH VHU FRQVLGHUDGD XQLGLPHQVLRQDO �7(,;(,5$� ������
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7DEHOD ���� 7HPSHUDWXUDV FDOFXODGDV SDUD FDGD QuR GD PDOKD GR H[HPSOR ��
3DUD TXH RV UHVXOWDGRV HQFRQWUDGRV SDUD R SUREOHPD DFLPD SXGHVVHP

VHU DFHLWRV� URGRX�VH R PHVPR SUREOHPD FRQVLGHUDQGR R FRHnFLHQWH GH WUDQV�
IHUAHQFLD GH FDORU K FRPR VHQGR XP QuXPHUR PXLWR JUDQGH H HQFRQWURX�VH
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UHVXOWDGRV LGAHQWLFRV DRV UHVXOWDGRV HQFRQWUDGRV TXDQGR FRQVLGHURX�VH D WHP�
SHUDWXUD SUHVFULWD� 2X VHMD� VH R FRHnFLHQWH GH WUDQVIHUAHQFLD GH FDORU WHQGH
SDUD LQnQLWR� HQWaDR� D WHPSHUDWXUD QD ERUGD GH FRQWDWR FRP R PHLR SRGH VHU
FRQVLGHUDGD SUHVFULWD H RV UHVXOWDGRV HQFRQWUDGRV GHYHP VHU QHFHVVuDULDPHQWH
LJXDLV� R TXH IRL FRPSURYDGR QHVWH WUDEDOKR SDUD HVWH H[HPSOR�

��� $QuDOLVH 7UDQVLHQWH
$TXL VaDR DSUHVHQWDGRV DOJXQV H[HPSORV GH DQuDOLVH� SRU HOHPHQWRV nQLWRV�

GH SUREOHPDV GH WUDQVPLVVaDR GH FDORU HP PDWHULDLV LVRWUuRSLFRV� DSUHVHQWDQGR
WDO DQuDOLVH WuHUPLFD HP UHJLPH WUDQVLHQWH� RX VHMD� uH IHLWD DQuDOLVH GDV WHPSH�
UDWXUDV HQFRQWUDGDV D FDGD SDVVR GH WHPSR� DWuH DWLQJLU HTXLOurEULR WuHUPLFR�

����� ([HPSOR FRP 7HPSHUDWXUD 3UHVFULWD
q ([HPSOR ��
(VWH H[HPSOR WUDWD GR SUREOHPD GD WUDQVPLVVaDR GH FDORU SRU FRQGXzFaDR

HP UHJLPH WUDQVLHQWH� FRP JHUDzFaDR LQWHUQD GH FDORU� &RQVLGHUD�VH XP UHDWRU
VXEPHUVR FXMR QuXFOHR uH FRQVWLWXurGR GH XP QuXPHUR GH SODFDV YHUWLFDLV GH
FRPSULPHQWR �/� ,QLFLDOPHQWH R VLVWHPD SRVVXL WHPSHUDWXUD XQLIRUPH 7��
$VVXPH�VH TXH D HQHUJLD LQWHUQD FRQVWDQWH X��� uH JHUDGD XQLIRUPHPHQWH QHV�
WDV SODFDV� &RQVLGHUD�VH XPD WHPSHUDWXUD FRQVWDQWH H LJXDO D ������R. QD
ERUGD GH FRQWDWR GD SODFD FRP R PHLR H K  � QDV GHPDLV ERUGDV� RX VHMD�
WHPSHUDWXUD SUHVFULWD QD ERUGD GH FRQWDWR FRP R PHLR H oX[R GH FDORU LJXDO
D ]HUR QDV RXWUDV WUAHV ERUGDV� $ WHPSHUDWXUD GR oXLGR SHUPDQHFH FRQVWDQWH
H D HVSHVVXUD GDV SODFDV uH SHTXHQD TXDQGR FRPSDUDGD FRPD DV RXWUDV GL�
PHQVaRHV�
$VVLP� VH RV HIHLWRV GH ERUGD VaDR GHVSUH]DGRV� D WUDQVIHUAHQFLD GH FDORU

SRGH VHU DVVXPLGD FRPR XQLGLPHQVLRQDO�7(,;(,5$� ������
$ VROXzFaDR GHVWH SUREOHPD� DVVXPLQGR�VH XP FRHnFLHQWH GH WUDQVIHUAHQFLD

GH FDORU HOHYDGR �K � ��� UHVXOWD QD VHJXLQWH GLVWULEXLzFaDR GH FDORU �$53$&,�
������
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FRQGXWLYLGDGH WuHUPLFD� D GHQVLGDGH H D FDSDFLGDGH WuHUPLFD GR PHLR H wQ/ uH
GDGR SRU wQ/  ��Q� ��{ �� Q  �� �� �� ��� �
8WLOL]DQGR�VH� HQWaDR� 7�  ���� ��R.� /  ��� �PP� X���  ����� �: P��

F  ���� �- .J�.� |  ����� �.J P� H N  ��� �: P�. FRPR GDGRV
GH HQWUDGD H XPD PDOKD GH HOHPHQWRV nQLWRV FRP �� QuRV� �� HOHPHQWRV
LVRSDUDPuHWULFRV 4� �nJXUD ����� REWuHP�VH DV GLVWULEXLzFaRHVGH WHPSHUDWXUD
PRVWUDGDV QD nJXUD �� MXQWDPHQWH FRP D VROXzFaDR DQDOurWLFD FRUUHVSRQGHQWH
SDUD GLIHUHQWHV LQVWDQWHV�

)LJXUD ���� 0DOKD GH HOHPHQWRV nQLWRV SDUD R H[HPSOR ��

)LJXUD ���� 6ROXzFaDR QXPuHULFD H DQDOurWLFD SDUD RV QuRV FHQWUDLV� REWLGD QHVWH
WUDEDOKR�
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3DUD HVWD DQuDOLVH XWLOL]RX�VH D LPSOHPHQWDzFaDR GD IRUPD�9 �+8*+(6�
����� GR PuHWRGR WUDSH]RLGDO JHQHUDOL]DGR� FRP SDUADPHWUR GH FRORFDzFaDR m  
�� � FRPR IRUPD GH JDUDQWLU D HVWDELOLGDGH GR DOJRULWPR GH LQWHJUDzFaDR QR
WHPSR� 2 LQFUHPHQWR GH WHPSR cW  �V IRL HVFROKLGR GH PRGR D DWHQGHU DRV
UHTXLVLWRV GH FRQYHUJAHQFLD GR PuHWRGR� 3DUD TXH VH SRVVD YDOLGDU RV UHVXOWDGRV
REWLGRV� IRL LQWURGX]LGR� H PRVWUDGR QD nJXUD ������ R UHVXOWDGR REWLGR SDUD
R PHVPR SUREOHPD SRU 7HL[HLUD �������

)LJXUD ���� 6ROXzFaDR QXPuHULFD H DQDOurWLFD REWLGD SRU 7HL[HLUD �������

����� ([HPSOR FRP )OX[R GH &DORU
q ([HPSOR�
(VWH H[HPSOR WUDWD GR SUREOHPD GD WUDQVPLVVaDR GH FDORU SRU FRQGXzFaDR

HP UHJLPH WUDQVLHQWH� FRP JHUDzFaDR LQWHUQD GH FDORU� &RQVLGHUD�VH XP UHDWRU
VXEPHUVR FXMR QuXFOHR uH FRQVWLWXurGR GH XP QuXPHUR GH SODFDV YHUWLFDLV GH
FRPSULPHQWR �/� ,QLFLDOPHQWH R VLVWHPD SRVVXL WHPSHUDWXUD XQLIRUPH 7��
$VVXPH�VH TXH D HQHUJLD LQWHUQD FRQVWDQWH X��� uH JHUDGD XQLIRUPHPHQWH QHVWDV
SODFDV� 2 FRHnFLHQWH GH WUDQVIHUAHQFLD GH FDORU HQWUH DV SODFDV H R oXLGR uH

��



GDGR SRU K� $ WHPSHUDWXUD GR oXLGR SHUPDQHFH FRQVWDQWH H D HVSHVVXUD GDV
SODFDV uH SHTXHQD TXDQGR FRPSDUDGD FRPD DV RXWUDV GLPHQVaRHV�
$VVLP� VH RV HIHLWRV GH ERUGD VaDR GHVSUH]DGRV� D WUDQVIHUAHQFLD GH FDORU

SRGH VHU DVVXPLGD FRPR XQLGLPHQVLRQDO�7(,;(,5$� ������
8WLOL]DQGR�VH� HQWaDR� 7�  ���� ��R.� /  ��� �PP� X���  ����� �: P��

F  ���� �- .J�.� K  ����� �� |  ����� �.J P� H N  ��� �: P�. FRPR
GDGRV GH HQWUDGD H XPD PDOKD GH HOHPHQWRV nQLWRV FRP �� QuRV� � HOHPHQWRV
LVRSDUDPuHWULFRV 4� �nJXUD ����� REWuHP�VH DV GLVWULEXLzFaRHV GH WHPSHUDWXUD
PRVWUDGDV QD nJXUD ����

)LJXUD ���� 0DOKD GH HOHPHQWRV nQLWRV SDUD R H[HPSOR GDGR�

)LJXUD ���� 6ROXzFaDR QXPuHULFD REWLGD QHVWH WUDEDOKR SDUD R SUREOHPD GR
UHDWRU FRP oX[R GH FDORU HP FRPSDUDzFaDR FRP D VROXzFaDR QXPuHULFD REWLGD
QHVWH WUDEDOKR SDUD R SUREOHPD GR UHDWRU FRP WHPSHUDWXUD SUHVFULWD�

��



3DUD HVWD DQuDOLVH XWLOL]RX�VH D LPSOHPHQWDzFaDR GD IRUPD�9 �+8*+(6�
����� GR PuHWRGR WUDSH]RLGDO JHQHUDOL]DGR� FRP SDUADPHWUR GH FRORFDzFaDR m  
�� � FRPR IRUPD GH JDUDQWLU D HVWDELOLGDGH GR DOJRULWPR GH LQWHJUDzFaDR QR
WHPSR� FRPR YLVWR QD VXEVHzFaDR ������ 2 LQFUHPHQWR GH WHPSR cW  �V IRL
HVFROKLGR GH PRGR D DWHQGHU DRV UHTXLVLWRV GH FRQYHUJAHQFLD GR PuHWRGR�
3DUD TXH RV UHVXOWDGRV HQFRQWUDGRV SDUD R SUREOHPD DFLPD SXGHVVHP

VHU DFHLWRV� URGRX�VH R PHVPR SUREOHPD FRQVLGHUDQGR R FRHnFLHQWH GH WUDQV�
IHUAHQFLD GH FDORU K FRPR VHQGR XP QuXPHUR PXLWR JUDQGH H HQFRQWURX�VH
UHVXOWDGRV LGAHQWLFRV DRV UHVXOWDGRV HQFRQWUDGRV TXDQGR FRQVLGHURX�VH D WHP�
SHUDWXUD SUHVFULWD� 2X VHMD� VH R FRHnFLHQWH GH WUDQVIHUAHQFLD GH FDORU WHQGH
SDUD LQnQLWR� HQWaDR� D WHPSHUDWXUD QD ERUGD GH FRQWDWR FRP R PHLR SRGH VHU
FRQVLGHUDGD SUHVFULWD H RV UHVXOWDGRV HQFRQWUDGRV GHYHP VHU QHFHVVuDULDPHQWH
LJXDLV� R TXH IRL FRPSURYDGR QHVWH WUDEDOKR SDUD HVWH H[HPSOR�

��



&DSurWXOR �
5HVXOWDGRV 1XPuHULFRV )X]]\

4XDQGR FRQVLGHUD�VH LQFHUWH]D GR WLSR IX]]\ QRV SDUADPHWURV GR PDWH�
ULDO GR SUREOHPD HVWXGDGR REWuHP�VH UHVXOWDGRV PDLV FRQnuDYHLV� SRLV WHP�VH
UHVXOWDGRV UHSUHVHQWDWLYRV GH WRGD D JDPD GH UHVXOWDGRV SRVVurYHLV� 3RUuHP�
XWLOL]DQGR�VH GD DULWPuHWLFD IX]]\ QRUPDO� GHnQLGD SRU =DGHK� RFRUUH XPD
SURSDJDzFaDR GD LQFHUWH]D� H DOuHP GHVWH IDWR� uH JHUDGR� QR GHFXUVR GD UHVR�
OXzFaDR GR SUREOHPD� XPD LQFHUWH]D DUWLnFLDO� SURYHQLHQWH GDV RSHUDzFaRHV DULW�
PuHWLFDV HQWUH QuXPHURV GLIXVRV� (VWH IDWR� DXPHQWD D LQFHUWH]D GH IRUPD QaDR
PXLWR DJUDGuDYHO SRLV� GHSHQGHQGR GR QuXPHUR GH RSHUDzFaRHV DULWPuHWLFDV FRP
QuXPHURV GLIXVRV� RV UHVXOWDGRV WRUQDQ�VH LQFRPSDWurYHLV FRP DTXHOHV TXH VH
TXHU REWHU GH IDWR� (VWH SUREOHPD VH WRUQD DLQGD PDLV JUDYH TXDQGR UHVROYH�VH
R SUREOHPD HP UHJLPH WUDQVLHQWH� SRLV QHVWH� R SUREOHPD uH UHVROYLGR LQuXPHUDV
YH]HV� XPD YH] SDUD FDGD SDVVR GH WHPSR� H D VROXzFaDR GR SDVVR GH WHPSR
DWXDO GHSHQGH GD VROXzFaDR GR SDVVR GH WHPSR DQWHULRU�
&RP R LQWXLWR GH UHGX]LU HVWD LQFHUWH]D DUWLnFLDO JHUDGD QR GHFXUVR GD

UHVR�OXzFaDR GR SUREOHPD� TXDWUR WuHFQLFDV IRUDP XWLOL]DGDV� 6aDR HODV�

L� 5HVXOWDGR ([DWR RX &RPELQDWRULDO�
5HVROYH�VH R SUREOHPD GH IRUPD D REWHU XP UHVXOWDGR TXH VHUuD FKDPDGR
GH UHVXOWDGR H[DWR� SRLV FRQVLGHUD�VH LQFHUWH]D GLIXVD GR WLSR WULDQJXODU H D
WuHFQLFD GRV DOID�FRUWHV� TXH SRU VXD YH] GLVFUHWL]D WDO QuXPHUR WUDQVIRUPDQGR�
R HP XP FHUWR QuXPHUR GH LQWHUYDORV UHDLV >[H� [G@� 2 TXH HVWH PuHWRGR SURSaRH
uH TXH R SUREOHPD VHMD UHVROYLGR �1 YH]HV SDUD TXH VH REWHQKD�VH WRGDV DV
FRPELQDzFaRHV SRVVurYHLV HQWUH RV H[WUHPRV GRV LQWHUYDORV JHUDGRV SHOD WuHFQLFD
GRV DOID�FRUWHV QRV 1 SDUADPHWURV GLIXVRV�

��



LL� $ULWPuHWLFD )X]]\�
5HVROYH�VH R SUREOHPD� MuD FRP D LQFHUWH]D LQVHULGD QRV SDUADPHWURV� XWLOL]DQGR�
VH GD DUWPuHWLFD IX]]\� GHnQLGD SRU =DGHK� YLVWD QD VHzFaDR ��� H� QHVWH FDVR�
HQFRQWUD�VH XP DXPHQWR GD LQFHUWH]D GHYLGR DR QuXPHUR GH RSHUDzFaRHV H[LV�
WHQWHV HQWUH QuXPHURV GLIXVRV�

LLL� 0DQLSXODzFaDR $OJuHEULFD GR 6LVWHPD RX . )RUD GD ,QWHJUDO�
5HVROYH�VH R SUREOHPD UHWLUDQGR�VH D FRQVWDQWH .� FRQGXWLYLGDGH WuHUPLFD�
GD LQWHJUDO SULQFLSDO SDUD TXH VH SRVVD HYLWDU RSHUDzFaRHV GHVQHFHVVuDULDV HQWUH
QuXPHURV GLIXVRV�

LY� 3UuH�FRQGLFLRQDPHQWR GR 6LVWHPD /LQHDU�
5HVROYH�VH R SUREOHPD XWLOL]DQGR XPD WuHFQLFD FKDPDGD GH SUuH�FRQGLFLRQDPHQWR�
TXH FRQVLVWH HP UHVROYHU XP VLVWHPD OLQHDU $[  E SHOR 0uHWRGR GH (OLPLQDzFaDR
GH *DXVV SUuH�FRQGLFLRQDQGR D PDWUL] $�
3RU nP� uH IHLWD XPD FRPSDUDzFaDR GRV UHVXOWDGRV REWLGRV SDUD TXH VH SRVVD

UHVSRQGHU TXDO GHYH VHU D WuHFQLFD XWLOL]DGD SDUD UHVROYHU SUREOHPDV FRP LQ�
FHUWH]D GR WLSR IX]]\ LQVHULGD QRV SDUADPHWURV GR PDWHULDO GH PDQHLUD TXH VH
REWHQKD RV PHOKRUHV UHVXOWDGRV�

��� $QuDOLVH (VWDFLRQuDULD
1HVWH VHzFaDR PRVWUD�VH D UHVROXzFaDR H RV UHVXOWDGRV REWLGRV SDUD R SUREOHPD

GDGR D SDUWLU GH XP H[HPSOR� TXH uH FKDPDGR GH H[HPSOR GR UHDWRU�

����� ([HPSOR GR 5HDWRU�
(VWH uH XP H[HPSOR GH DQuDOLVH� SRU HOHPHQWRV nQLWRV� GH XP SUREOHPD

GH WUDQVPLVVaDR GH FDORU HP PDWHULDLV LVRWUuRSLFRV� DSUHVHQWDQGR WDO DQuDOLVH
WuHUPLFD DSHQDV SDUD R SUREOHPD HVWDFLRQuDULR� RX VHMD� DQDOLVDP�VH DV WHP�
SHUDWXUDV HQFRQWUDGDV GHSRLV GR HTXLOuLEULR WuHUPLFR�
(VWH H[HPSOR WUDWD GR SUREOHPD GD WUDQVPLVVaDR GH FDORU SRU FRQGXzFaDR HP

UHJLPH HVWDFLRQuDULR� FRP JHUDzFaDR LQWHUQD GH FDORU� &RQVLGHUD�VH XP UHDWRU
VXEPHUVR FXMR QuXFOHR uH FRQVWLWXuLGR GH XP QuXPHUR GH SODFDV YHUWLFDLV GH

��



FRPSULPHQWR �/� ,QLFLDOPHQWH R VLVWHPD SRVVXL WHPSHUDWXUD XQLIRUPH 7��
$VVXPH�VH TXH D HQHUJLD LQWHUQD FRQVWDQWH X��� uH JHUDGD XQLIRUPHPHQWH QHVWDV
SODFDV� &RQVLGHUD�VH XPD WHPSHUDWXUD FRQVWDQWH H LJXDO D ������R. QD ERUGD
GH FRQWDWR GD SODFD FRP R PHLR H K  � QDV GHPDLV ERUGDV� RX VHMD� WHPSH�
UDWXUD SUHVFULWD QD ERUGD GH FRQWDWR FRP R PHLR H oX[R GH FDORU LJXDO D ]HUR
QDV RXWUDV WUAHV ERUGDV� $ WHPSHUDWXUD GR oXLGR SHUPDQHFH FRQVWDQWH H D
HVSHVVXUD GDV SODFDV uH SHTXHQD TXDQGR FRPSDUDGD FRP DV RXWUDV GLPHQVaRHV�
$VVLP� VH RV HIHLWRV GH ERUGD VaDR GHVSUH]DGRV� D WUDQVIHUAHQFLD GH FDORU

SRGH VHU FRQVLGHUDGD XQLGLPHQVLRQDO �7(,;(,5$� ������
8WLOL]DQGR�VH 7�  ���� ��R.� /  ��� �PP� X���  ����� �: P��

F  ���� �- .JR.� |  ����� �.J P� H .  ��� �: PR. FRPR GDGRV GH
HQWUDGD H XPD PDOKD GH HOHPHQWRV nQLWRV FRP �� QuRV� � HOHPHQWRV LVRSDUDPuH�
WULFRV 4� �)LJXUD ����� UHVROYH�VH R SUREOHPD QDV VXEVHzFaRHV VHJXLQWHV XWLOL]DQ�
GR�VH GDV WuHFQLFDV FLWDGDV DFLPD QD VHzFaDR ����

)LJXUD ���� 0DOKD GH HOHPHQWRV nQLWRV SDUD R H[HPSOR GR UHDWRU�

3RGH�VH REVHUYDU TXH QHVWH H[HPSOR WRGRV RV SDUADPHWURV GR PDWHULDO VaDR
UHDLV�FULVS�� 3DUD TXH VH WHQKD HQWaDR DR PHQRV XP GRV SDUADPHWURV IX]]\� IRL
LQFOXLGD XPD LQFHUWH]D GLIXVD QD FRQGXWLYLGDGH WuHUPFD.� &RP LVVR� . GHL[D
GH VHU R QuXPHUR UHDO .  ��� �: PR. H WRUQD�VH R QuXPHUR GLIXVR PXLWR
SUuR[LPR GH ��� �: PR. GDGR SHOD IXQzFaDR WULDQJXODU GH SHUWLQAHQFLD VHJXLQWH�
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( UHSUHVHQWDGR JUDnFDPHQWH SHOD nJXUD ����

)LJXUD ���� &RQGXWLYLGDGH WuHUPLFD . UHSUHVHQWDGD SRU VXD IXQzFaDR WULDQJXODU
GH SHUWLQAHQFLD�
'HVWD IRUPD� SRGH�VH VH PRVWUDU FRPR D LQFHUWH]D� LQFOXLGD QRV SDUADPHWURV

GR PDWHULDO� QRV FRQGX] D UHVXOWDGRV PDLV FRQnuDYHLV�

����� 5HVXOWDGR� ([DWR RX &RPELQDWRULDO
1HVWD VXEVHzFaDR R SUREOHPD GR UHDWRU GHVFULWR QD VXEVHzFaDR ����� uH UH�

VROYLGR XWLOL]DQGR�VH GH XPD WuHFQLFD TXH FRQGX] D XP UHVXOWDGR FKDPDGR GH
UHVXOWDGR H[DWR �7$:$% H 1225� ������
&RPR SARGH VHU YLVWR QD VXEVHzFaDR ������ XP QuXPHUR GLIXVR SRGH VHU GLV�

FUHWL]DGR� HP LQWHUYDORV UHDLV� DWUDYuHV GD WuHFQLFD GRV DOID�FRUWHV� RQGH FDGD
DOID GHWHUPLQD XP LQWHUYDOR >[H� [G@ GH SHUWLQAHQFLD m� FRP m � >�� �@� 6HQGR
DVVLP� HVWD WuHFQLFD� TXH SURSaRH R UHVXOWDGR H[DWR� uH GHVFULWD SRU 7DZDE H
1RRU HP ���� H FRQVLVWH HP URGDU R SURJUDPD �1 YH]HV SDUD FDGD DOID�FRUWH�
RQGH 1 uH R QuXPHUR GH SDUADPHWURV FRQVLGHUDGRV IX]]\ QR SUREOHPD� ,VWR
SRGH VHU REVHUYDGR QR H[HPSOR DEDL[R�
&RQVLGHUH GRLV SDUADPHWURV IX]]\� [ H \� 7HP�VH� HQWaDR� SDUD FDGD DOID�

FRUWH� GRLV LQWHUYDORV� XP SDUD R SULPHLUR SDUADPHWUR >[H� [G@ H RXWUR SDUD R
VHJXQGR >\H� \G@� $VVLP� SDUD TXH VH WHQKD WRGDV DV FRPELQDzFaRHV SRVVurYHLV
HQWUH RV H[WUHPRV GHVWHV LQWHUYDORV� GHYH�VH URGDU R SURJUDPD RSHUDQGR [H
FRP \H� [H FRP \G� [G FRP \H H [G FRP \G� 2X VHMD� ��  � YH]HV�
&RP LVVR� R LQWHUYDOR UHVXOWDQWH >]H� ]G@ SDUD HVWH DOID�FRUWH uH GDGR SRU�
>]H� ]G@  >PLQ IWRGDV DV FRPELQDzFaRHVJ�PD[ IWRGDV DV FRPELQDzFaRHVJ@
'HVWD IRUPD� FRPR R H[HPSOR GDGR FRQVLGHUD DSHQDV XP SDUADPHWUR IX]]\�

GHYH�VH UHVROYHU R SUREOHPD URGDQGR R SURJUDPD ��  � YH]HV SDUD FDGD DOID�
FRUWH H FRPR D LQFHUWH]D uH GR WLSR WULDQJXODU� FRQVLGHUD�VH DTXL� DSHQDV GRLV

��



DOID�FRUWHV� XP SDUD m  ��� H RXWUR SDUD m  ���� (VWHV uXOWLPRV� VXnFLHQWHV
SDUD GHWHUPLQDU XPD UHVSRVWD IX]]\ WDPEuHP GR WLSR WULDQJXODU�
8WLOL]DQGR RV GDGRV GR H[HPSOR GR UHDWRU� GHVFULWRV QD VXEVHzFaDR ������ D

PDOKD GH HOHPHQWRV nQLWRV GD nJXUD ��� H D WuHFQLFD GHVFULWD DFLPD� UHVROYH�VH
R SUREOHPD H REWuHP�VH RV UHVXOWDGRV SUHVHQWHV QD WDEHOD ����
1uR &RRUGHQDGD 7HPSHUDWXUD 7HPSHUDWXUD 7HPSHUDWXUD

�[� \� m  ��� m  ��� m  ���
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
�� ���������� ��������� ���������� ���������� ����������
�� ���������� ��������� ���������� ���������� ����������
�� ���������� ��������� ���������� ���������� ����������

7DEHOD ���� 7HPSHUDWXUDV FDOFXODGDV SDUD FDGD QuR GD PDOKD GR H[HPSOR GR
UHDWRU�
$ nJXUD ��� VHJXLQWH LOXVWUD D WHPSHUDWXUD IX]]\ UHVXOWDQWH GR QuR � GD

PDOKD GD nJXUD ���� UHSUHVHQWDGD SHOR QuXPHUR GLIXVR QD VXD IRUPD WULDQJXODU�

��



)LJXUD ���� 7HPSHUDWXUD GLIXVD H[DWD FDOFXODGD SDUD R QuR � GD PDOKD�

9DQWDJHQV� (VWD WuHFQLFD IRUQHFH UHVXOWDGRV EDVWDQWH SUHFLVRV H FRQnuDYHLV�
SRLV QaDR XWLOL]D GD DULWPuHWLFD IX]]\� SURSRVWD SRU =DGHK HP ����� TXH SRU
VXD YH]� JHUD XPD LQFHUWH]D DUWLnFLDO�
'HVYDQWDJHQV� 2 FXVWR FRPSXWDFLRQDO uH HOHYDGR� YLVWR TXH GHYH�VH UHVROYHU R
SUREOHPD �1 YH]HV SDUD FDGD DOID�FRUWH�

����� 5HVXOWDGR� $ULWuHWLFD )X]]\
5HVROYHU R SUREOHPD GHVFULWR QD VXEVHzFaDR ����� XWLOL]DQGR D DULWPuHWLFD

IX]]\ YLVWD QD VHzFaDR ����=$'(+� ������ FRQVLVWH HP UHVROYHU R SUREOHPD
FRQVLGHUDQGR WRGRV RV QuXPHURV HQYROYLGRV QR SUREOHPD FRPR VHQGR QuXPHURV
GLIXVRV� 'HYH VHU REVHUYDGR TXH� FRPR WRGRV RV QuXPHURV HQYROYLGRV QR SUR�
EOHPD VaDR QuXPHURV GLIXVRV� WRGDV DV YDULuDYHLV WDPEuHP VHUaDR GLIXVDV H� FRQVH�
TXHQWHPHQWH� REWHUHPRV UHVXOWDGRV WDPEuHP GLIXVRV� R TXH uH D SURSRVWD GHVWH
WUDEDOKR�
&RP LVVR� WRGRV RV QuXPHURV TXH VaDR UHDLV FRQWLQXDP VHQGR UHDLV� SRUuHP

VaDR UHSUHVHQWDGRV H DUPD]HQDGRV FRPR VH IRVVHP QuXPHURV GLIXVRV� $ nJXUD
VHJXLQWH TXH DSUHVHQWD GRLV QuXPHURV QD IRUPD GLIXVD� XP UHDO H RXWUR GLIXVR�
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)LJXUD ���� �D� 1uXPHUR UHDO D UHSUHVHQWDGR QD IRUPD IX]]\� �E� 1uXPHUR
GLIXVR D�� SUuR[LPR GH D� UHSUHVHQWDGR QD IRUPD IX]]\�

3RGH�VH REVHUYDU TXH R TXDQGR XP QuXPHUR UHDO D uH UHSUHVHQWDGR SRU
XP QuXPHUR GLIXVR D� WRGRV RV DOID�FRUWHV VaDR LQWHUYDORV TXH� QD YHUGDGH QaDR
UHSUHVHQWDP LQWHUYDORV UHDLV PDV VLP� QuXPHURV UHDLV� 'HVVD IRUPD� WRGR
DOID�FRUWH� SDUD m � >�� �@� uH XP LQWHUYDOR� GR WLSR >D� D@� TXH UHSUHVHQWD R
QuXPHUR UHDO D� 2X VHMD� VH� SRU XP ODGR� XP QuXPHUR GLIXVR D� WHP YDORUHV GH
SHUWLQAHQFLD YDULDQGR GH � D � SDUD GLIHUHQWHV LQWHUYDORV� GHVGH >Db \� D� \@�
GH SHUWLQAHQFLD �� DWuH >D� D@� GH SHUWLQAHQFLD �� SRU RXWUR ODGR� XP QuXPHUR UHDO
D WHP YDORUHV GH SHUWLQAHQFLD WDPEuHP YDULDQGR GH � D �� SRUuHP� SDUD XP
uXQLFR LQWHUYDOR >D� D@� TXH UHSUHVHQWD QD YHUGDGH R QuXPHUR UHDO D�
3DUD RSHUDU DUWPuHWLFDPHQWH FRP WDLV QuXPHURV QR GHFXUVR GD UHVROXzFaDR

GR SUREOHPD� GHYH�VH XVDU D DULWPuHWLFD IX]]\� (VWDV RSHUDzFaRHV DULWPuHWLFDV
SRGHP VHU IHLWDV XWLOL]DQGR R SULQFurSLR GD H[WHQVaDR� YLVWR QD VXEVHzFaDR ������
RX XWLOL]DQGR D WuHFQLFD GRV DOID�FRUWHV� TXH FRQVLVWH HP GLVFUHWL]DU XP QuXPHUR
GLIXVR HP LQWHUYDORV GH SHUWLQAHQFLD YDULDQGR GH � D �� FRPR YLVWR QD VHzFaDR
������ 8WLOL]DQGR�VH GHVWD uXOWLPD� D DULWPuHWLFD IX]]\ UHVXPH�VH D DULWPuHWLFD
GH LQWHUYDORV� FRPR YLVWR QDV VXEVHzFaRHV ����� H ������
8WLOL]DQGR RV GDGRV GR H[HPSOR GR UHDWRU� GHVFULWRV QD VXEVHzFaDR ������ D

PDOKD GH HOHPHQWRV nQLWRV GD nJXUD ��� H D WuHFQLFD GHVFULWD DFLPD� UHVROYH�VH
R SUREOHPD REWuHP�VH RV UHVXOWDGRV FRQVWDQWHV QD WDEHOD ����
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1uR &RRUGHQDGD 7HPSHUDWXUD 7HPSHUDWXUD 7HPSHUDWXUD
�[� \� m  ��� m  ��� m  ���
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� ���������� ��������� ���������� ���������� ����������
�� ���������� ��������� ���������� ���������� ����������
�� ���������� ��������� ���������� ���������� ����������
�� ���������� ��������� ���������� ���������� ����������

7DEHOD ���� 7HPSHUDWXUDV FDOFXODGDV SDUD FDGD QuR GD PDOKD GR H[HPSOR GR
UHDWRU�
$ nJXUD ��� DEDL[R LOXVWUD D WHPSHUDWXUD IX]]\ UHVXOWDQWH GR QuR � GD

PDOKD GD nJXUD ���� UHSUHVHQWDGD SHOR QuXPHUR GLIXVR QD VXD IRUPD WULDQJXODU�

)LJXUD ���� 7HPSHUDWXUD GLIXVD FDOFXODGD SHOD WuHFQLFD $ULWPuHWLFD )X]]\ SDUD
R QuR � GD PDOKD�

9DQWDJHQV� &XVWR FRPSXWDFLRQDO SHTXHQR YLVWR TXH R SURJUDPD URGD XPD
��



uXQLFD YH]� LQGHSHQGHQWH GR QuXPHUR GH SDUADPHWURV FRQVLGHUDGRV IX]]\�
'HVYDQWDJHQV� 2 IDWR GH VH XWLOL]DU D DULWPuHWLFD IX]]\� GHnQLGD SRU =DGHK HP
���� H YLVWD QD VHzFaDR ���� ID] FRP TXH KDMD� QD UHVSRVWD nQDO GR SUREOHPD� XP
DXPHQWR VLJQLnFDWLYR GD LQFHUWH]D LQLFLDOPHQWH FRQVLGHUDGD� $XPHQWR HVWH�
SURYHQLHQWH GDV RSHUDzFaRHV DULWPuHWLFDV HQWUH QuXPHURV GLIXVRV� ,VWR RFRUUH SRU
TXH TXDQGR GRLV QuXPHURV GLIXVRV VaDR RSHUDGRV� HQFRQWUD�VH FRPR UHVSRVWD
SDUD HVWD RSHUDzFaDR� QD JUDQGH PDLRULD GRV FDVRV� XP QuXPHUR GLIXVR FRP
XPD LQFHUWH]D PDLRU GR TXH FDGD XPD GDV LQFHUWH]DV GRV QuXPHURV GLIXVRV
RSHUDGRV�
&RQVLGHUH R VHJXLQWH H[HPSOR�

>�� �@b >�� �@  >b�� �@
1HVWH H[HPSOR SRGH�VH REVHUYDU TXH DV GXDV SDUFHODV GD VXEWUDzFaDR WAHP

LQFHUWH]DV FRP LQWHUYDORV GH � XQLGDGHV� SRUuHP R UHVXOWDGR GD VXEWUDzFaDR WHP
XPD LQFHUWH]D FRP LQWHUYDOR GH � XQLGDGHV� (VWH uH XP H[HPSOR GH LQFHUWH]D
DUWLnFLDO JHUDGD SHOD RSHUDzFaDR DULWPuHWLFD HQWUH QuXPHURV GLIXVRV�
$R WHUPLQDU HVWD HWDSD GR WUDEDOKR� SHUFHEH�VH TXH DLQGD QaDR IRL HQ�

FRQWUDGD XPD WuHFQLFD TXH DSUHVHQWH UHVXOWDGRV H[SUHVVLYRV� RX VHMD� VHP LQ�
FHUWH]D DUWLnFLDO LQFOXLGD� H TXH XWLOL]DVVH D DULWPuHWLFD IX]]\ GH IDWR� TXH SRU
VXD YH]� UHGX] R FXVWR FRPSXWDFLRQDO HYLWDQGR TXH R SURJUDPD VHMD URGDGR
YuDULDV YH]HV�
&RP D QHFHVVLGDGH GH HQFRQWUDU XP FRQVHQVR HQWUH HVWDV GXDV YHUWHQWHV�

FXVWR FRPSXWDFLRQDO EDL[R H UHVXOWDGRV FRQnuDYHLV� EXVFRX�VH WuHFQLFDV TXH
SXGHVVHP UHVROYHU R SUREOHPD XWLOL]DQGR D DULWPuHWLFD IX]]\ SRUuHP� WHQWDQGR
UHGX]LU DR PuD[LPR D LQFHUWH]D DUWLnFLDO JHUDGD SRU HVWD DULWPuHWLFD� 1DV GXDV
VXEVHzFaRHV VHJXLQWHV DSUHVHQWDP�VH GXDV WuHFQLFDV XWLOL]DGDV FRP R LQWXLWR GH
UHGX]LU D LQFHUWH]D DUWLnFLDO JHUDGD SHOR JUDQGH QuXPHUR GH RSHUDzFaRHV HQWUH
QuXPHURV GLIXVRV�

����� 5HVXOWDGR� 0DQLSXODzFaDR $OJuHEULFD GR 6LVWHPD
RX . )RUD GD ,QWHJUDO

1HVWD VXEVHzFaDR R SUREOHPD uH UHVROYLGR DLQGD XWLOL]DQGR D DULWPuHWLFD
IX]]\� SRUuHP IRL LPSOHPHQWDGD XPD WuHFQLFD TXH FRQVLVWH UHGX]LU R QuXPHUR
GH RSHUDzFaRHV HQWUH QuXPHURV GLIXVRV� SRLV TXDQWR PHQRU IRU R QuXPHUR GH

��



RSHUDzFaRHV DULW�PuHWLFDV HQWUH QuXPHURV GLIXVRV� PHQRU VHUuD D LQFHUWH]D DUWLn�
FLDO LQFOXLGD QD UHVSRVWD nQDO GR SUREOHPD HVWXGDGR�
$VVLP� D WuHFQLFD GH PDQLSXODzFaDR GR VLVWHPD� FRQVLVWH HP UHWLUDU D FRQGX�

WLYLGDGH WuHUPLFD� TXH uH R SDUADPHWUR TXH WUD] FRQVLJR D LQFHUWH]D LQLFLDOPHQWH
FRQVLGHUDGD� GD LQWHJUDO SULQFLSDO GR SUREOHPD GR FDORU� GHL[DQGR GHQWUR
GHVWD LQWHJUDO XPD PDWUL] DSHQDV GH QuXPHURV UHDLV�
'HVFUHYH�VH� PDLV GHWDOKDGDPHQWH� D VHJXLU� R SURFHGLPHQWR FLWDGR DFLPD�
5HWRPDQGR D IRUPXODzFaDR GR SUREOHPD� GHVFULWD QD VXEVHzFaDR ����� QD QD

HTXDzFaDR SDUD SUREOHPDV HVWDFLRQuDULRV ������� WHP�VH�
. t  )�
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'HVWD IRUPD� SRGH�VH HQWaDR HVFUHYHU TXH�
.H  ��. �H

H FRQVHTXHQWHPHQWH TXH�
.  ��. ��

6XEVWLWXLQGR QR VLVWHPD OLQHDU� WHP�VH�
��. � &  )�

3RU nP� R VLVWHPD OLQHDU nFD GD VHJXLQWH IRUPD�

. � &  �
N � )

8WLOL]DQGR�VH GHVWH SURFHVVR� HYLWD�VH XP JUDQGH QuXPHUR GH RSHUDzFaRHV
TXH VHULDP UHDOL]DGDV FRP � TXH uH R SDUADPHWUR IX]]\ GR SUREOHPD H� FRQ�
VHTXHQWHPHQWH� HYLWD�VH D LQFHUWH]D DUWLnFLDO SURYRFDGD SRU WDLV RSHUDzFaRHV�
&RP LVVR� HQFRQWUDP�VH UHVXOWDGRV FRP LQFHUWH]D DUWLnFLDO UHGX]LGD� GH IRUPD
FRQVLGHUuDYHO� H SRUWDQWR� GH PDLRU FRQnDELOLGDGH�
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8WLOL]DQGR RV GDGRV GR H[HPSOR GR UHDWRU� GHVFULWRV QD VXEVHzFaDR ������ D
PDOKD GH HOHPHQWRV nQLWRV GD nJXUD ��� H D WuHFQLFD GHVFULWD DFLPD� UHVROYH�VH
R SUREOHPD REWuHP�VH RV VHJXLQWHV UHVXOWDGRV�
1uR &RRUGHQDGD 7HPSHUDWXUD 7HPSHUDWXUD 7HPSHUDWXUD

�[� \� m  ��� m  ��� m  ���
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
�� ���������� ��������� ���������� ���������� ����������
�� ���������� ��������� ���������� ���������� ����������
�� ���������� ��������� ���������� ���������� ����������

7DEHOD ���� 7HPSHUDWXUDV FDOFXODGDV SDUD FDGD QuR GD PDOKD GR H[HPSOR GR
UHDWRU�
$ nJXUD ��� VHJXLQWH LOXVWUD D WHPSHUDWXUD IX]]\ UHVXOWDQWH GR QuR � GD

PDOKD GD nJXUD ���� UHSUHVHQWDGD SHOR QuXPHUR GLIXVR QD VXD IRUPD WULDQJX�
ODU�

��



)LJXUD ���� 7HPSHUDWXUD GLIXVD FDOFXODGD SHOD WuHFQLFD GH PDQLSXODzFaDR GR
VLVWHPD SDUD R QuR � GD PDOKD�

9DQWDJHQV� &XVWR FRPSXWDFLRQDO SHTXHQR YLVWR TXH R SURJUDPD URGD XPD
uXQFD YH] H UHVXOWDGRV FRQnuDYHLV� YLVWR TXH D LQFHUWH]D DUWLnFLDO LQFOXLGD QRV
UHVXOWDGRV uH PurQLPD�
'HVYDQWDJHQV� 6uR SuRGH VHU XWLOL]DGR HP SUREOHPDV HVWDFLRQuDULRV� RX VHMD�
HP SUREOHPDV TXH UHFDHP HP VLVWHPDV GR WLSR . t  ) �

����� 5HVXOWDGR� 3UuH�&RQGLFLRQDPHQWR GR 6LVWHPD
(VWD WuHFQLFD IRL LPSOHPHQWDGD FRP R LQWXLWR GH UHGX]LU D LQFHUWH]D DUWL�

nFLDO H WDPEuHP SHOD QHFHVVLGDGH GH VH FRQVHJXLU DOFDQzFDU XPD WuHFQLFD HIH�
WLYD SDUD D UHVROXzFaDR GR SUREOHPD WUDQVLHQWH MuD TXH D WuHFQLFD XWLOL]DGD QD
VXEVHzFaDR DQWHULRU QaDR SRGH VHU DSOLFDGD DR SUREOHPD WUDQVLHQWH� 6HJXQGR
3HUHLUD ������ HVWD WuHFQLFD IXQFLRQD EHP SDUD SUREOHPDV TXH UHFDHP HP XP
VLVWHPD GH GH RUGHP PHQRU RX LJXDO D ��� 1D VHzFaDR ���� ID]�VH XP FRPHQWuDULR
VREUH D XWLOL]DzFaDR GHVWD WuHFQLFD HP SUREOHPDV WUDQVLHQWHV�
6DEH�VH TXH XP VLVWHPD OLQHDU GR WLSR $[  E SRGH VHU UHVROYLGR SHOR

IDWRUDzFaDR /8 GD PDWUL] $ GD VHJXLQWH IRUPD�
$[  E� $  /8� /8[  E� /\  E� 8[  \

��



'DGR R VLVWHPD OLQHDU $[  E� VDEH�VH TXH RV HOHPHQWRV GDV PDWUL]HV GR
VLVWHPD VaDR LQWHUYDORV UHIHUHQWHV D FDGD m�FRUWH FRQVLGHUDGR� $VVLP� D WuHFQLFD
GR 3UuH�FRQGLFLRQDPHQWR GR VLVWHPD SRGH VHU UHVXPLGD tD VHJXLQWH VHT�XAHQFLD
�3(5(,5$� ������

q 3DVVR �� &DOFXOD PDWUL] GRV SRQWRV PuHGLRV� z$�
2QGH FDGD z$LM uH R SRQWR PuHGLR GR LQWHUYDOR TXH GHnQH R m�FRUWH�

q 3DVVR �� &DOFXOD D LQYHUVD GD PDUL] GRV SRQWRV PuHGLRV� z$b��
q 3DVVR �� 3UHFRQGLFLRQD D PDWUL] $ FRP z$b�� REWHQGR� z$b�$[  z$b�E�
q 3DVVR �� 5HDOL]D D GHFRPSRVLzFaDR /8 GR VLVWHPD SUHFRQGLFLRQDGR�
q 3DVVR �� &DOFXOD R YHWRU \ �/\  z$b�E� SHOD VXEVWLWXLzFaDR SDUD IUHQWH�
q 3DVVR �� &DOFXOD R YHWRU GH VROXzFaRHV [ �8[  \� SRU UHWURVXEVWLWXLzFaDR�
8WLOL]DQGR RV GDGRV GR H[HPSOR GR UHDWRU� GHVFULWRV QD VXEVHzFaDR ������ D

PDOKD GH HOHPHQWRV nQLWRV GD nJXUD ��� H D WuHFQLFD GHVFULWD DFLPD� UHVROYH�VH
R SUREOHPD H REWuHP�VH RV VHJXLQWHV UHVXOWDGRV�

1uR &RRUGHQDGD 7HPSHUDWXUD 7HPSHUDWXUD 7HPSHUDWXUD
�[� \� m  ��� m  ��� m  ���

� ���������� ��������� ���������� ���������� ����������
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� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
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� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
� ���������� ��������� ���������� ���������� ����������
�� ���������� ��������� ���������� ���������� ����������
�� ���������� ��������� ���������� ���������� ����������
�� ���������� ��������� ���������� ���������� ����������

7DEHOD ���� 7HPSHUDWXUDV FDOFXODGDV SDUD FDGD QuR GD PDOKD GR H[HPSOR GR
UHDWRU�
$ nJXUD ��� VHJXLQWH LOXVWUD D WHPSHUDWXUD IX]]\ UHVXOWDQWH GR QuR � GD

PDOKD GD nJXUD ���� UHSUHVHQWDGD SHOR QuXPHUR GLIXVR QD VXD IRUPD WULDQJXODU�

)LJXUD ���� 7HPSHUDWXUD GLIXVD FDOFXODGD SHOD WuHFQLFD GR 3UuH�
&RQGLFLRQDPHQWR GR 6LVWHPD SDUD R QuR � GD PDOKD�

9DQWDJHQV� &XVWR FRPSXWDFLRQDO SHTXHQR YLVWR TXH R SURJUDPD URGD XPD
uXQLFD YH]� LQGHSHQGHQWH GR QuXPHUR GH SDUADPHWURV FRQVLGHUDGRV IX]]\�
'HVYDQWDJHQV� (VWD WuHFQLFD QaDR IXQFLRQD EHP TXDQGR R VLWHPD OLQHDU D VHU
UHVROYLGR WHP QuXPHUR GH HTXDzFaRHV PDLRU TXH �� �3(5(,5$� ������ R TXH MuD uH
XP OLPLWDGRU � $OuHP GLVWR� RV UHVXOWDGRV HQFRQWUDGRV DLQGD DSUHVHQWDP XPD
JUDQGH FDUJD GH LQFHUWH]D DUWLnFLDO JHUDGD SHOR QuXPHUR GH RSHUDzFaRHV HQWUH
QuXPHURV GLIXVRV� RX VHMD� QaDR uH PXLWR HnFD] QR TXH GL] UHVSHLWR D UHGXzFaDR GD
LQFHUWH]D DUWLnFLDO QR H[HPSOR GR UHDWRU�

��



����� &RPSDUDzFaDR GRV 5HVXOWDGRV
2V JUuDnFRV VHJXLQWHV PRVWUDP XPD FRPSDUDzFaDR GRV UHVXOWDGRV REWLGRV

SDUD FDGD XPD GDV WuHFQLFDV DSUHVHQWDGDV DFLPD� 3RGH�VH REVHUYDU QHVWHV
JUuDnFRV TXH D DULWPuHWLFD IX]]\ QRUPDO UHDOPHQWH WUD] XPD LQFHUWH]D DUWLnFLDO
LQFOXLGD H DLQGD TXH� GDV WuHFQLFDV XWLOL]DGDV SDUD D UHGXzFaDR GHVWD LQFHUWH]D
DUWLnFLDO� D TXH DSUHVHQWD RV PHOKRUHV uH D &RPELQDWRULDO� VHJXLGD SHOD WuHFQLFD
TXH XWLOL]D . IRUD GD LQWHJUDO� $LQGD uH REVHUYDGR TXH� SDUD R WUDWDPHQWR H
UHGXzFaDR GHVWD LQFHUWH]D DUWLnFLDO� D WuHFQLFD GR 3UuH�&RQGLFLRQDPHQWR GR VLV�
WHPD� QaDR DSUHVHQWD UHVXOWDGRV PXLWR H[SUHVVLYRV�

)LJXUD ���� 5HVXOWDGR IX]]\ FRP R PuHWRGR EDVHDGR QD DULWPuHWLFD IX]]\ H
FRP R SUuH�SURFHVVDPHQWR GD PDWUL] GH FRQGXWLYLGDGH

)LJXUD ���� 5HVXOWDGR IX]]\ FRP R PuHWRGR FRPELQDWRULDO H FRP D PDQLS�
XODzFaDR DOJuHEULFD GR VLVWHPD OLQHDU�

��



)LJXUD ����� *UuDnFR GH FRPSDUDzFaDR GRV UHVXOWDGRV REWLGRV SDUD DV GLIHUHQWHV
WuHFQLFDV GH WUDWDPHQWR H UHGXzFaDR GDV LQFHUWH]DV DUWLnFLDLV�

��� $QuDOLVH 7UDQVLHQWH
$TXL VaDR DSUHVHQWDGRV H[HPSORV GH DQuDOLVH� SRU HOHPHQWRV nQLWRV� GH SUR�

EOHPDV GH WUDQVPLVVaDR GH FDORU HP PDWHULDLV LVRWUuRSLFRV� DSUHVHQWDQGR WDO
DQuDOLVH WuHUPLFD HP UHJLPH WUDQVLHQWH� RX VHMD� uH IHLWD DQuDOLVH GDV WHPSHUDWXUDV
HQFRQWUDGDV D FDGD SDVVR GH WHPSR� DWuH DWLQJLU HTXLOurEULR WuHUPLFR�
3DUD R SUREOHPD WUDQVLHQWH� D XWLOL]DzFaDR GD $ULWPuHWLFD )X]]\ IRUQHFHX

UHVXOWDGRV QaDR DFHLWuDYHLV� SRLV D LQFOXVaDR GD LQFHUWH]D DUWLnDO QRV UHVXOWDGRV
REWLGRV WRUQD�VH XP SUREOHPD DLQGD PDLV JUDYH� XPD YH] TXH VaDR UHVROYLGRV
YuDULRV VLVWHPDV OLQHDUHV� GRLV SDUD FDGD SDVVR GH WHPSR� 3RGH�VH FRQFOXLU
HQWaDR� TXH D XWLOL]DzFaDR GD $ULWPuHWLFD )X]]\� GHnQLGD SRU =DGHK HP ����� QaDR
IXQFLRQD EHP SDUD SUREOHPDV WUDQVLHQWHV� YLVWR TXH R DXPHQWR GD LQFHUWH]D
QRV UHVXOWDGRV uH H[RUELWDQWH�
6HJXQGR 3HUHLUD ������� D XWLOL]DzFaDR GD WuHFQLFD GR 3UuH�FRQGLFLRQDPHQWR

IXQFLRQD EHP SDUD SUREOHPDV WUDQVLHQWHV GHVGH TXH R VLVWHPD D VHU UHVROYLGR
VHMD GH RUGHP PHQRU RX LJXDO D ��� 3RUuHP� D XWLOL]DzFaDR GHVWD WuHFQLFD SDUD
D UHVOXzFaDR GR SUREOHPD GR UHDWRU WUDQVLHQWH� QHVWH WUDEDOKR� QaDR DSUHVHQ�
WRX ERQV UHVXOWDGRV� 6uR DSUHVHQWRX UHVXOWDGRV DFHLWuDYHLV SDUD RV WUAHV SDVVRV
GH WHPSR LQLFLDLV� $ SDUWLU GR TXDUWR SDVVR GH WHPSR RV UHVXOWDGRV IRJHP
GDTXLOR TXH VH HVSHUD� RX VHMD� D SDUWLU GR TXDUWR SDVVR D LQFOXVaDR GH LQ�
FHUWH]D DUWLnFLDO FRPSURPHWH RV UHVXOWDGRV REWLGRV� 3RU HVWH PRWLYR� HVWD
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WuHFQLFD QaDR IRL XWLOL]DGD SDUD R SUREOHPD GH WAHPSHUD GH DzFR� MuD TXH HVWH uH
XP SUREOHPD GH PDLRU FRPSOH[LGDGH TXH R GR UHDWRU�
$ SDUWLU GRV UHVXOWDGRV REWLGRV SDUD DV GLIHUHQWHV WuHFQLFDV XWLOL]DGDV QR

SUREOHPD HVWDFLRQuDULR� YLVWDV QD VHzFaDR ���� SARGH�VH FRQFOXLU TXH DV WuHFQLFDV
TXH DSUHVHQWDUDP RV PHOKRUHV UHVXOWDGRV IRUDP D &RPELQDWRULDO H D TXH XWL�
OL]D D 0DQLSXODzFaDR $OJuHEULFD GR 6LVWHPD� 3RUuHP� SDUD SUREOHPDV WUDQVLHQWHV
D IRUPXODzFaDR PDWULFLDO GR SUREOHPD QaDR SHUPLWH D XWLOL]DzFaDR GD WuHFQLFD TXH
XVD D 0DQLSXODzFaDR $OJuHEULFD GR 6LVWHPD H SRU LVVR� D WuHFQLFD XWLOL]DGD SDUD
D UHVROXzFaDR GR SUREOHPD WUDQVLHQWH IRL D &RPELQDWRULDO TXH� SRU VXD YH]�
IRUQHFH RV UHVXOWDGRV PDLV SUHFLVRV�

����� 5HVXOWDGR� ([DWR RX &RPELQDWRULDO
([HPSOR ��
(VWH H[HPSOR WUDWD GR SUREOHPD GD WUDQVPLVVaDR GH FDORU SRU FRQGXzFaDR

HP UHJLPH WUDQVLHQWH� FRP JHUDzFaDR LQWHUQD GH FDORU� &RQVLGHUD�VH XP UHDWRU
VXEPHUVR FXMR QuXFOHR uH FRQVWLWXurGR GH XP QuXPHUR GH SODFDV YHUWLFDLV GH
FRPSULPHQWR �/� ,QLFLDOPHQWH R VLVWHPD SRVVXL WHPSHUDWXUD XQLIRUPH 7��
$VVXPH�VH TXH D HQHUJLD LQWHUQD FRQVWDQWH X��� uH JHUDGD XQLIRUPHPHQWH QHVWDV
SODFDV� 2 FRH�nFLHQWH GH WUDQVIHUAHQFLD GH FDORU HQWUH DV SODFDV H R oXLGR uH
GDGR SRU K H FRQVLGHUD�VH K  � QDV GHPDLV ERUGDV� RX VHMD� oX[R GH FDORU
GLIHUHQWH GH ]HUR QD ERUGD GH FRQWDWR FRP R PHLR H LJXDO D ]HUR QDV RXWUDV
WUAHV ERUGDV� $ WHPSHUDWXUD GR oXLGR SHUPDQHFH FRQVWDQWH H D HVSHVVXUD GDV
SODFDV uH SHTXHQD TXDQGR FRPSDUDGD FRP DV RXWUDV GLPHQVaRHV�
$VVLP� VH RV HIHLWRV GH ERUGD VaDR GHVSUH]DGRV� D WUDQVIHUAHQFLD GH FDORU

SRGH VHU DVVXPLGD FRPR XQLGLPHQVLRQDO�7(,;(,5$� ������
$ VROXzFaDR GHVWH SUREOHPD� DVVXPLQGR�VH XP FRHnFLHQWH GH WUDQVIHUAHQFLD

GH FDORU HOHYDGR �K � ��� UHVXOWD QD VHJXLQWH GLVWULEXLzFaDR GH FDORU �$53$&,�
������
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8WLOL]DQGR�VH 7�  ���� ��R .� /  ��� �PP� X���  ����� �: P�� F  
���� � - .JR.� |  ����� �.J P� H N  ��� �: P�. FRPR GDGRV GH HQ�
WUDGD H XPD PDOKD GH HOHPHQWRV nQLWRV FRP �� QuRV� � HOHPHQWRV LVRSDUDPuHWUL�
FRV 4� �nJXUD ������ REWuHP�VH UHVXOWDGRV TXH VHUaDR PRVWUDGRV GH IRUPD FRQ�
YHQLHQWH QDV WDEHODV H JUuDnFRV VHJXLQWHV�

)LJXUD ����� 0DOKD GH HOHPHQWRV nQLWRV SDUD R H[HPSOR ��

3ULPHLUDPHQWH� DFRPSDQKD�VH DV GLVWULEXLzFaRHV GH WHPSHUDWXUDV GLIXVDV�
DR ORQJR GR WHPSR� SDUD R QuR � GD PDOKD GH HOHPHQWRV GD nJXUD �����

7HPSR GHFRUULGR 7HPSHUDWXUD 7HPSHUDWXUD 7HPSHUDWXUD
�HP VHJXQGRV� m  ��� m  ��� m  ���
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7DEHOD ���� 7HPSHUDWXUDV FDOFXODGDV SDUD R QuR � HP FDGD SDVVR GH WHPSR
DWuH �� VHJXQGRV GH DQuDOLVH�
3RGH�VH REVHUYDU TXH XWLOL]DQGR�VH GHVVD WuHFQLFD� QaDR KuD QRV UHVXOWDGRV�

LQFHUWH]D DUWLnFLDO� RX VHMD� RV UHVXOWDGRV FRUUHVSRQGHP H[DWDPHQWH tD LQ�
FHUWH]D LQFOXLGD QRV GDGRV GH HQWUDGD�
1D nJXUD VHJXLQWH� SRGH�VH YHU D WHPSHUDWXUD GLIXVD WULDQJXODU HQFRQ�

WUDGD SDUD R QuR � QD PDOKD GD nJXUD �����

)LJXUD ����� 7HPSHUDWXUD GLIXVD FDOFXODGD SHOD WuHFQLFD &RPELQDWRULDO HP
UHJLPH WUDQVLHQWH SDUD R QuR � GD PDOKD�

��



3DUD HVWD DQuDOLVH XWLOL]RX�VH D LPSOHPHQWDzFaDR GD IRUPD�9 �+8*+(6�
����� GR PuHWRGR WUDSH]RLGDO JHQHUDOL]DGR� FRP SDUADPHWUR GH FRORFDzFaDR m  
�� � FRPR IRUPD GH JDUDQWLU D HVWDELOLGDGH GR DOJRULWPR GH LQWHJUDzFaDR QR
WHPSR� YLVWR QD VXEVHzFaDR������ 2 LQFUHPHQWR GH WHPSR cW  �V IRL HVFROKLGR
GH PRGR D DWHQGHU RV UHTXLVLWRV GH FRQYHUJAHQFLD GR PuHWRGR�

([HPSOR ��
2 VHJXQGR H[HPSOR WUDWD GD WAHPSHUD GH XP FLOLQGUR GH DzFR 6&0��� GH

��PP GH GLADPHWUR� UHVIULDGR HP uDJXD D ��R& SRU ��V� FXMD WHPSHUDWXUD
LQLFLDO uH GH ���R&� $ FRQGXWLYLGDGH WuHUPLFD uH UHSUHVHQWDGD SRU XP QuXPHUR
IX]]\ WULDQJXODU GDGR SRU ����d ��b�� ����d ��b�� ���d ��b�� FDO PP�V�R&�
8WLOL]RX�VH 7�  ��R&� /  ��� � PP� F  �� �� FDO J�R&� |  �� �� d

��b� J PP� H 06  ���R&� $ LQFOXVaDR GH LQFHUWH]D QR PRGHOR QXPuHULFR
IRL UHDOL]DGD XWLOL]DQGR�VH R PuHWRGR FRPELQDWRULDO� $ )LJ� ���� H D )LJ�
���� DSUHVHQWDP� UHVSHFWLYDPHQWH� D HYROXzFaDR GD WHPSHUDWXUD QR FHQWUR H QD
ERUGD GR FLOLQGUR� FRQVLGHUDQGR RV m�FRUWHV � H �� DR ORQJR GH ��V GH DQuDOLVH�
$ )LJ� ���� DSUHVHQWD D FRQFHQWUDzFaDR GH PDUWHQVLWD WUDQVIRUPDGD DSuRV ��V
GH DQuDOLVH QD VXSHUIurFLH GH FRQWDWR FRP D uDJXD�

)LJXUD ����� 5HVXOWDGR IX]]\ FRP R PuHWRGR FRPELQDWRULDO QR FHQWUR GR FLOLQ�
GUR� m�FRUWHV � H ��
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)LJXUD ����� 5HVXOWDGR IX]]\ FRP R PuHWRGR FRPELQDWRULDO QD ERUGD GR FLOLQ�
GUR� m�FRUWHV � H ��

)LJXUD ����� &RQFHQWUDzFaDR GH PDUWHQVLWD DSuRV ��V GH DQuDOLVH� UHVXOWDGR IX]]\
FRP R PuHWRGR FRPELQDWRULDO QD ERUGD GR FLOLQGUR� m�FRUWHV � H ��
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&DSurWXOR �
&RQFOXVaDR
(VWXGRV TXH HQYROYDP QuXPHURV IX]]\ H UHVROXzFaDR QXPuHULFD GH HTXDzFaRHV

GLIHUHQFLDLV WLYHUDP LQurFLR QD GuHFDGD GH ��� H DLQGD VaDR XP WHPD SURPLVVRU
H FRP PXLWDV TXHVWaRHV HP DEHUWR� SULQFLSDOPHQWH QR TXH GL] UHVSHLWR tD UH�
VROXzFaDR GH VLVWHPDV OLQHDUHV� 2 GHVHQYROYLPHQWR GH PuHWRGRV TXH HYLWDP D
SURSDJDzFaDR GD LQFHUWH]D DR ORQJR GRV FuDOFXORV SHUPLWLULDP HIHWXDU DQuDOLVHV
WUDQVLHQWHV H QaDR�OLQHDUHV� FULDQGR IHUUDPHQWDV SRGHURVDV QD DQuDOLVH GH SUR�
EOHPDV UHDLV GD LQGuXVWULD� QRWDGDPHQWH DTXHOHV FXMRV SDUADPHWURV GR PDWHULDO
QaDR VaDR FRQKHFLGRV GH IRUPD H[DWD�
1HVWH WUDEDOKR IRUDP DSUHVHQWDGDV DOJXPDV DERUGDJHQV GH LQFHUWH]D� PR�

GHODGD SRU PHLR GH QuXPHURV IX]]\� QD UHVROXzFaDR GR SUREOHPD GR FDORU� &RPR
FLWDGR QD OLWHUDWXUD H FRQnUPDGR QRV UHVXOWDGRV DSUHVHQWDGRV QD VXEVHzFaDR
������ D VLPSOHV LQFOXVaDR GDV RSHUDzFaRHV DULWPuHWLFDV IX]]\ QR PRGHOR QXPuHULFR
LQVHUH LQFHUWH]DV DUWLnFLDLV� LQYLDELOL]DQGR VXD XWLOL]DzFaDR� DSHVDU GD IDFLOLGDGH
GH LPSOHPHQWDzFaDR�
2 SUuH�FRQGLFLRQDPHQWR GD PDWUL] GR VLVWHPD OLQHDU REWLGR QD IRUPXODzFaDR

PDWULFLDO IRUQHFH UHVXOWDGRV DFHLWuDYHLV SDUD R SUREOHPD HVWDFLRQuDULR� VXEVHzFaDR
������ 3RUuHP QaDR WHP D PHVPD HnFLAHQFLD SDUD R SUREOHPD WUDQVLHQWH� UH�
GX]LQGR D LQFHUWH]D DUWLnFLDO DSHQDV QRV WUAHV SULPHLURV SDVVRV GH WHPSR�
FRPR YLVWR QD VHzFaDR ���� $OuHP GLVVR� XPD RXWUD GHVYDQWDJHP UHVLGH QR IDWR
GH VHU DSURSULDGR DSHQDV SDUD VLVWHPDV SHTXHQRV� TXDQGR FRPSDUDGRV FRP
DTXHOHV QHFHVVuDULRV SDUD VH REWHU ERQV UHVXOWDGRV QXPuHULFRV QD VLPXODzFaDR GD
WAHPSHUD GH SHzFDV GH DzFR�
3DUD R H[HPSOR GR FuDOFXOR GD GLVWULEXLzFaDR GH WHPSHUDWXUD QR UHJLPH

HVWDFLRQuDULR �H[HPSOR GR UHDWRU GD VXEVHzFaDR ������� D PDQLSXODzFaDR DOJuHEULFD
GR VLVWHPD� OHYDQGR D YDULuDYHO IX]]\ SDUD R ODGR GLUHLWR GD HTXDzFaDR� VXEVHzFaDR
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������ IRL D TXH PHOKRU UHVXOWDGR IRUQHFHX TXDQGR FRPSDUDGR FRP R PuHWRGR
FRPELQDWRULDO� VXEVHzFaDR ������ (VWH uXOWLPR� DSHVDU GH IRUQHFHU R FRQVLGHUDGR
UHVXOWDGR H[DWR IX]]\� WUuDV D GHVYDQWDJHP GH� FDVR KDMD PXLWRV SDUADPHWURV
UHSUHVHQWDGRV SRU QuXPHURV IX]]\� DXPHQWDU R FXVWR FRPSXWDFLRQDO GD VLPX�
ODzFaDR QXPuHULFD�
)LFDP FRPR VXJHVWaRHV SDUD WUDEDOKRV H SHVTXLVDV IXWXUDV HIHWXDU XP HV�

WXGR VREUH D PRQWDJHP GD PDWUL] GH FRQGXWLYLGDGH GR VLVWHPD VHJXQGR D
nORGRnD (OHPHQW %\ (OHPHQW �(%(�� SHUPLWLQGR XPD PDLRU OLEHUGDGH QD
PDQLSXODzFaDR GRV SDUADPHWURV IX]]\ QR VLVWHPD GH HTXDzFaRHV DOJuHEULFDV H D
LPSOHPHQWDzFaDR GD LQFHUWH]D IX]]\ QR FuDOFXOR GH GHVORFDPHQWRV H WHQVaRHV GH
SHzFDV GH DzFR VXEPHWLGDV D YDULDzFaRHV GH WHPSHUDWXUD� YLVDQGR FDOFXODU DV
WHQVaRHV UHVLGXDLV JHUDGDV GXUDQWH D WAHPSHUD GH SHzFDV GH DzFR�
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q $53$&,� 9� 6�� ���� � &RQGXFWLRQ +HDW 7UDQVIHU� :HVOH\ 3XEO� &R�
q $<'(0,5� $�� *�81$<� '�� ���� � 7KH IX]]\ nQLWH HOHPHQW VWUHVV
DQDO\VLV RI DGKHVLYH�ERQGHG VLQJOH ODS MRLQWV� 7XUNLVK -� (QJ� (QY�
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q &22.� 5� '�� 0$/.86� '� 6� H 3/(6+$� 0� (�� ���� � &RQFHSWV
DQG $SSOLFDWLRQV RI )LQLWH (OHPHQW $QDO\VLV� -RKQ :LOH\ H 6RQV� ���
S�

q +$16(1� (� 5�� ���� � 7KH KXOO RI SUHFRQGLWLRQHG LQWHUYDO OLQHDU HTXD�
WLRQV 5HOLDEOH &RPSXWLQJ� YRO �� SS �������

q +$166� 0�� :,//1(5� .�� ���� � 2Q XVLQJ IX]]\ DULWKPHWLF WR VROYH
SUREOHPV ZLWK XQFHUWDLQ PRGHO SDUDPHWHUV � ,QWHUQDWLRQDO &ROORTXLXP
RQ 1XPHULFDO 0RGHOOLQJ RI 8QFHUWDLQWLHV� SS ������

q +8*+(6� 7� -� 5�� ���� � 7KH )LQLWH (OHPHQW 0HWKRG� OLQHDU VWDWLF
DQG G\QDPLF nQLWH HOHPHQW DQDO\VLV� 3UHQWLFH�+DOO ,QWHUQDWLRQDO (GL�
WLRQV

q +8*+(6� 7� -� 5�� ���� � 8QFRQGLWLRQDOO\ 6WDEOH $OJRULWKPV IRU 1RQ�
OLQHDU +HDW &RQGXFWLRQ� &RPSXWHU 0HWKRGV LQ $SSOLHG 0HFKDQLFV DQG
(QJLQHHULQJ� Y� ��� SS ��������

q 08+$11$� 5� /�� 08//(1� 5� /�� ����� )RUPXODWLRQ RI IX]]\ nQLWH�
HOHPHQW PHWKRGV IRU VROLG PHFKDQLFV SUREOHPV� &RPSXWHU�$LGHG &LYLO
DQG ,QIUDVWUXFWXUH (QJLQHHULQJ� YRO ��� SS ��������
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q 3(5(,5$� 6� &� $�� ���� � 7UDWDPHQWR GH LQFHUWH]DV HP PRGHODJHQV
GH EDFLDV� 7HVH GH GRXWRUDGR� &233(�8)5-�

q 5,1&21� 0� $�� /,8� ,�6+,+� ���� � ,QWURGXzFaDR DR 0uHWRGR GH (OH�
PHQWRV )LQLWRV � $QuDOLVH H $SOLFDzFaDR � ,0�8)5-� �

q 7$:$%� .� $�� 1225� $� .�� ���� � 8QFHUWDLQW\ DQDO\VLV RI ZHOGLQJ
UHVLGXDO VWUHVV nHOGV� &RPSXWHU PHWKRGV LQ DSSOLHG PHFKDQLFV DQG
HQJLQHHULQJ� YRO ���� SS ��������

q 7(,;(,5$� 0� *�� ���� � $QuDOLVH QXPuHULFD SRU HOHPHQWRV nQLWRV GH
WHQVaRHV UHVLGXDLV JHUDGDV SRU PXGDQzFD GH IDVH HP DzFRV WUDWDGRV WHUPL�
FDPHQWH� 7HVH GH GRXWRUDGR� '(&�38&�5LR� �� S�

q 9$1 9/$&.� /� +�� ���� � 3ULQFuLSLRV GH &LAHQFLDV GRV 0DWHULDLV� (G�
LWRUD (GJDUG %O�XFKHU /7'$� ��� S�
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