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$JUDGHoR�D�'HXV�TXH�PH�DEULX�DV�SRUWDV�H�PH�PRVWURX�RV�FDPLQKRV�D�VHUHP�VHJXLGRV�

QDV�KRUDV�GLItFHLV� PH�GDQGR�VDEHGRULD�H�SDFLrQFLD�SDUD�HQIUHQWDU�DV�EDUUHLUDV�

(P� VHJXLGD� DJUDGHoR�PHXV� SDLV�� 5REHUWR� H� -DQGLUD�� TXH� LQYHVWLUDP� HP�PLP� GHVGH�

FULDQoD� GHL[DQGR VHXV� VRQKRV� SDUD� WUiV� SDUD� DSRVWDUHP� QRV� PHXV�� 3HOD� HGXFDomR� TXH� PH�

GHUDP��SHOD�FRQILDQoD��HQVLQDPHQWRV�H SRU�VHPSUH�HVWDUHP�DR�PHX�ODGR��PH�DMXGDQGR�H�PH�

FRQIRUWDQGR��

7DPEpP� WHQKR�TXH�DJUDGHFHU�PLQKD�TXHULGD� LUPm��9DQHVVD��TXH� VHPSUH�PH�DMXGD� H�

DSRLD�HP WRGRV�RV�PRPHQWRV��PLQKD�JUDQGH�DPLJD��FRP�TXHP�VHL�TXH�VHPSUH�SRVVR�FRQWDU�

$JUDGHoR� DR� PHX� RULHQWDGRU�� 3URI�� 'U�� 0DUFHOR� &DUYDOKR� 0LQKRWR� 7HL[HLUD�� SHOD�

RSRUWXQLGDGH� HP GHVHQYROYHU HVWH� WUDEDOKR� H� SRU� HQULTXHFHU�PHXV� FRQKHFLPHQWRV� FRP� VXD�

YDVWD�VDEHGRULD��

$R� 3URIHVVRU� 'U�� -HDQ� 0DUFRV� GH� 6RX]D� 5LEHLUR� PHX� DJUDGHFLPHQWR� SHORV�

HQVLQDPHQWRV H�DSRLR��

$RV�SURIHVVRUHV�GR�/DERUDWyULR�GH�&RQWUROH�TXH�GLUHWD�RX�LQGLUHWDPHQWH�DX[LOLDUDP�QR�

GHVHQYROYLPHQWR�GR�WUDEDOKR�

$RV�FROHJDV�GH�ODERUDWyULR�SHOR�DX[tOLR�QR�GHFRUUHU�GR�WUDEDOKR�

$R ,)63�± &kPSXV 3UHVLGHQWH�(SLWiFLR�SHOR�DSRLR�H DX[tOLR� HP�HVSHFLDO�DRV�FROHJDV�

GD�iUHD�GD�,QG~VWULD�SHODV�YDOLRVDV�FRQWULEXLo}HV�

¬ 8QLYHUVLGDGH�(VWDGXDO�3DXOLVWD�³-~OLR�GH�0HVTXLWD�)LOKR´��&kPSXV�GH�,OKD�6ROWHLUD�

H� D� &RRUGHQDomR� GH� $SHUIHLoRDPHQWR� GH� 3HVVRDO� GH� 1tYHO� 6XSHULRU� � %UDVLO� �&$3(6�� �

&yGLJR�GH�)LQDQFLDPHQWR�����SHOR�DSRLR�
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$ WHVH DSUHVHQWD� D� DQiOLVH�GH�XPD� WpFQLFD�GH� FRQWUROH�SDUD� R� DFLRQDPHQWR�GH�XP�PRWRU�GH�
LQGXomR� WULIiVLFR� �0,7�� FRP� URWRU� JDLROD� GH� HVTXLOR� � XWLOL]DQGR� FRQWURODGRUHV� UREXVWRV�
FKDYHDGRV FXMD� UHJUD� GH� FRPXWDomR� FRQVLGHUD� D� PLQLPL]DomR GD� GHULYDGD� GD� IXQomR� GH�
/\DSXQRY� GR� WLSR� TXDGUiWLFD� 2V� FRQWURODGRUHV� VmR� SURMHWDGRV� DWUDYpV� GH� IHUUDPHQWDV�
PDWHPiWLFDV�� GHQRPLQDGDV� GH 'HVLJXDOGDGH�0DWULFLDLV� /LQHDUHV� �/0,V��� HP� LQJOrV�� /LQHDU�
0DWUL[� ,QHTXDOLWLHV��FRQVLGHUDQGR LQFHUWH]DV�SDUDPpWULFDV�H�RX IDOKDV�QD�SODQWD��$WUDYpV�GDV�
HTXDo}HV�GLQkPLFDV�FRP FRQWUROH�YHWRULDO�H RULHQWDomR�SHOR�IOX[R�GR�URWRU�IRL�UHSUHVHQWDGR�R�
PRGHOR� HP� YDULiYHLV� GH� HVWDGR� H� XWLOL]DGR� R� VRIWZDUH 0DWODE�6LPXOLQN� FRP� RV� VROYHUV GH�
UHVROXomR� PDWHPiWLFD� <DOPLS� H� 6HGXPL� $QDOLVRX�VH� R� FRPSRUWDPHQWR� GRV� FRQWURODGRUHV�
UREXVWRV� FKDYHDGRV� FRPSDUDWLYDPHQWH� DRV� FRQWURODGRUHV� UREXVWRV HYLGHQFLDQGR�VH D�
VXSHULRULGDGH� GRV FRQWURODGRUHV FKDYHDGRV DWUDYpV� GDV� UHVSRVWDV� GLQkPLFDV� GR� 0,7�� 1D�
VHTXrQFLD�IRL�GHVHQYROYLGR�R�SURMHWR�GH�FRQWURODGRUHV�FKDYHDGRV�SDUD�R�DFLRQDPHQWR�GR�0,7�
FRP�LQFHUWH]DV�SDUDPpWULFDV�H�RX�IDOKDV�FRQVLGHUDQGR�XPD�UHJLmR�GH�RSHUDomR �UHJLmR QD TXDO�
JDUDQWH�VH�TXH�DV�WUDMHWyULDV�GR�YHWRU�GH�HVWDGR�SHUPDQHoDP�HP�VHX�LQWHULRU�� VHQGR�HVWH�XP�
GLIHUHQFLDO GR�WUDEDOKR��SRU�QmR�SRVVXLU�QD�OLWHUDWXUD�SHVTXLVDV FRP�HVWH�FRQFHLWR�DSOLFDGR QR�
DFLRQDPHQWR� GR�0,7�� $OpP� GLVWR�� IRL� FRQVLGHUDGD D� H[LVWrQFLD� GD� VDWXUDomR� QD� HQWUDGD� GH�
FRQWUROH� FRP� R� REMHWLYR� GH� H[SORUDU� D� SRVVLELOLGDGH� GH� FRQWULEXLomR� GR� FRQWUROH� FKDYHDGR�
IUHQWH� D� OLPLWDomR� QD� HQWUDGD� GH� FRQWUROH�� 3RU� ILP�� HIHWXRX�VH� D�PRGHODJHP� IX]]\� 7DNDJL�
6XJHQR��76��GR�PRWRU�GH�LQGXomR�WULIiVLFR� GHILQLQGR�RV�PRGHORV�ORFDLV� H�IRUDP�SURMHWDGRV
FRQWURODGRUHV� FKDYHDGRV� FRQVLGHUDQGR� LQFHUWH]D� SDUDPpWULFD� H�RX� IDOKD�QR� VLVWHPD�� VHQGR�R�
PRGHOR�IX]]\�YiOLGR�SDUD�XPD�GHWHUPLQDGD UHJLmR�GH�RSHUDomR� VXMHLWR�j VDWXUDomR�QD�HQWUDGD�
GH� FRQWUROH� H� FRP UHMHLomR DR� WRUTXH�GH� FDUJD� DWUDYpV�GR�GHVHPSHQKR +�� $�XWLOL]DomR�GD�
PRGHODJHP�IX]]\�76�FRQVLGHUDQGR� LQFHUWH]D�SDUDPpWULFD�H�RX� IDOKD�HVWUXWXUDO�� VDWXUDomR�QR
VLQDO�GH�FRQWUROH�H�GHVHPSHQKR�+��p�RXWUD�FRQWULEXLomR�GR�WUDEDOKR��SRLV��PRGHORV�IX]]\�76�
IRUDP SRXFR� H[SORUDGRV� QR� FRQWUROH� GH� PiTXLQDV� GH� LQGXomR� 7RGDV� DV� DQiOLVHV� GH
GHVHPSHQKR�GR�VLVWHPD�IRUDP�GHVHQYROYLGDV�QR�VRIWZDUH0DWODE�6LPXOLQN�

3DODYUDV�FKDYH�� &RQWUROH� UREXVWR FKDYHDGR� 'HVLJXDOGDGHV PDWULFLDLV� OLQHDUHV�� )X]]\�
7DNDJL�6XJHQR��0RWRU�GH�LQGXomR WULIiVLFR�
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7KH� WKHVLV� SUHVHQWV� WKH� DQDO\VLV� RI� D� FRQWURO� WHFKQLTXH� IRU� WKH� DFWLYDWLRQ� RI� D� WKUHH�SKDVH�
LQGXFWLRQ�PRWRU�ZLWK�VTXLUUHO�FDJH�URWRU��0,7��XVLQJ�UREXVW�VZLWFKHG�FRQWUROOHUV�WKDW�FKRRVH�D�
JDLQ� IURP� WKH� VWDWH� YHFWRU� IHHGEDFN� FRQWUROOHU� EHORQJLQJ� WR� D� VHW� RI� NQRZQ� JDLQV�� E\�
PLQLPL]LQJ�WKH�GHULYDWLYH�RI�WKH�TXDGUDWLF�/\DSXQRY�IXQFWLRQ��7KH�GHVLJQHG�FRQWUROOHUV�XVHG�
WKH� WHFKQLTXH� RI� /LQHDU� 0DWUL[� ,QHTXDOLWLHV� �/0,V��� FRQVLGHULQJ� GLIIHUHQW� SDUDPHWULF�
XQFHUWDLQWLHV� DQG�RU� IDXOWV� LQ� WKH� SODQW��7KURXJK� WKH� G\QDPLF� HTXDWLRQV�ZLWK� YHFWRU� FRQWURO�
DQG�RULHQWDWLRQ�E\�WKH�URWRU�IORZ��WKH�PRGHO�ZDV�UHSUHVHQWHG�LQ�VWDWH�YDULDEOHV�DQG�XVLQJ�WKH�
0DWODE�6LPXOLQN�VRIWZDUH�ZLWK�WKH�PDWKHPDWLFDO�UHVROXWLRQ�VROYHUV��<DOPLS�DQG�6HGXPL��WKH�
EHKDYLRU� RI� WKH� UREXVW� VZLWFKHG� FRQWUROOHUV FRPSDUHG� WR� WKH� UREXVW� FRQWUROOHUV� VKRZLQJ� WKH�
VXSHULRULW\�RI�VZLWFKHG�FRQWUROOHUV��,Q�WKH�VHTXHQFH��WKH�SURMHFW�RI�VZLWFKHG�FRQWUROOHUV�IRU�WKH�
DFWLYDWLRQ�RI�WKH�0,7�ZDV�GHYHORSHG�ZLWK�SDUDPHWULF�XQFHUWDLQWLHV�DQG�RU�IDLOXUHV�FRQVLGHULQJ�
D�UHJLRQ�RI�RSHUDWLRQ �UHJLRQ�LQ�ZKLFK�LW�LV�JXDUDQWHHG�WKDW�WKH�WUDMHFWRULHV�RI�WKH�VWDWH�YHFWRU�
UHPDLQ�LQVLGH�� ,W�LV�D�GLIIHUHQWLDO�RI�WKH�ZRUN��IRU�QRW�KDYLQJ�LQ�WKH�OLWHUDWXUH�UHVHDUFKHV�ZLWK�
WKLV�FRQFHSW�DSSOLHG�LQ�WKH�DFWLYDWLRQ�RI�WKH�0,7��,Q�DGGLWLRQ��WKH�H[LVWHQFH�RI�VDWXUDWLRQ�DW�WKH�
FRQWURO� LQSXW� ZDV� FRQVLGHUHG�� DQRWKHU� UHOHYDQW� WRSLF�� EHFDXVH� WKHUH� H[LVW IHZ� VWXGLHV� WKDW�
DGGUHVV� WKLV� OLPLWDWLRQ�� )LQDOO\�� 7DNDJL� 6XJHQR� �76�� IX]]\� PRGHOLQJ� RI� WKH� WKUHH�SKDVH�
LQGXFWLRQ� PRWRU� ZDV� SHUIRUPHG�� GHILQLQJ� WKH� ORFDO� PRGHOV�� DQG� VZLWFKHG� FRQWUROOHUV� ZHUH�
GHVLJQHG�FRQVLGHULQJ�SDUDPHWULF�XQFHUWDLQW\�DQG�RU�V\VWHP�IDLOXUH��ZLWK�WKH�IX]]\�PRGHO�YDOLG�
IRU�D�JLYHQ�UHJLRQ�RI�RSHUDWLRQ��VXEMHFW�WR�VDWXUDWLRQ�DW�WKH�FRQWURO�LQSXW�DQG�ZLWK�WKH�UHMHFWLRQ�
RI� WKH� ORDG� WRUTXH� WKURXJK� WKH�+��SHUIRUPDQFH��7KH�XVH�RI�76�IX]]\�PRGHOLQJ�FRQVLGHULQJ�
SDUDPHWULF� XQFHUWDLQW\� DQG�RU� VWUXFWXUDO� IDLOXUH�� VDWXUDWLRQ� LQ� WKH� FRQWURO� VLJQDO� DQG� +��
SHUIRUPDQFH�LV�DQRWKHU�FRQWULEXWLRQ�RI�WKH�ZRUN� EHFDXVH IX]]\�76�PRGHOV�KDYH�EHHQ�VWXGLHG�
E\� IHZ� UHVHDUFKHUV�� $OO� V\VWHP� SHUIRUPDQFH� DQDO\]HV� ZHUH� GHYHORSHG� XVLQJ� WKH�
0DWODE�6LPXOLQN�VRIWZDUH�

.H\ZRUGV�� 5REXVW� VZLWFKHG� FRQWURO�� /LQHDU� PDWUL[� LQHTXDOLWLHV� �/0,V��� )X]]\� 7DNDJL�
6XJHQR��7KUHH�SKDVH�LQGXFWLRQ�PRWRU�
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ܣ 0DWUL]�GR�VLVWHPDא� �୬౮ ൈ ୬౮

ሻߙሺܣ 0DWUL]�GR�VLVWHPD�FRP�LQFHUWH]DV א �୬౮ ൈ ୬౮

ሻߙመሺܣ 0DWUL]�H[SDQGLGD�GR�VLVWHPD�FRP�DomR�LQWHJUDO�H�LQFHUWH]DV

෠ܤ 0DWUL]�GH�HQWUDGD�H[SDQGLGD�GR�VLVWHPD�FRP�DomR�LQWHJUDO

௠ܤ &RHILFLHQWH�GH�DWULWR�YLVFRVR

ܤ 0DWUL]�GH�HQWUDGDא� �୬౮ ൈ ୬౫

଴ܤ 0DWUL]�DX[LOLDU

௪ܤ 0DWUL]�UHODFLRQDGD�j�DWXDomR�GR�GLVW~UELR�GR�VLVWHPDא� �୬౮ ൈ ଵ

௪෢ܤ 0DWUL]� H[SDQGLGD� GR� VLVWHPD� FRP� DomR� LQWHJUDO� UHODFLRQDGD� j� DWXDomR� GR�

GLVW~UELR�GR�VLVWHPD

G &RRUGHQDGD�GH�HL[R�GLUHWR

࣠ &RQMXQWR�FRPSRVWR SRU�PDWUL]HV�GLDJRQDLV

௤ܨ (OHPHQWR�GH�࣠א�� �୬౫ ൈ ୬౫

௤ܨ
ି (OHPHQWR�GH�࣠א�� �୬౫ ൈ ୬౫��	୯

ି ൌ � െ 	୯

௜ܪ 0DWUL]�UHODFLRQDGD�D�OHL�GH FRQWUROH�FKDYHDGD

݅ௗ௦
௘ &RPSRQHQWH�GH�HL[R�GLUHWR�GD�FRUUHQWH�GR�HVWDWRU�QD�UHIHUrQFLD�VtQFURQD�JLUDQWH

݅ௗ௦
௘ כ 5HIHUrQFLD� GD� FRPSRQHQWH� GD� FRUUHQWH� GH� HL[R� GLUHWR� QD� UHIHUrQFLD� VtQFURQD�

JLUDQWH

݅௤௦
௘ &RPSRQHQWH� GH� HL[R� GH� TXDGUDWXUD� GD� FRUUHQWH� GR� HVWDWRU� QD� UHIHUrQFLD�

VtQFURQD�JLUDQWH

݅௥ &RUUHQWH�GRV�HQURODPHQWRV�GR�URWRU

݅௦ &RUUHQWH�GRV�HQURODPHQWRV�GR�HVWDWRU

ܬ 0RPHQWR�GH�LQpUFLD

ܭ &RQWURODGRU�FRP�JDQKR�~QLFRא� �୬౫ ൈ ୬౮

௥ܭ &RQMXQWR�GH�SROLWRSRV�GR�VLVWHPD

௧ܭ &RQVWDQWH�GH�WRUTXH

ఙܭ &RQWURODGRU�FRP�JDQKRV�FKDYHDGRVא� �୬౫ ൈ ୬౮

௠ܮ ,QGXWkQFLD�P~WXD

௥ܮ ,QGXWkQFLD�SUySULD�GR�URWRU

௦ܮ ,QGXWkQFLD�SUySULD�GR�HVWDWRU

௝ܯ 0DWUL]א� �୬౫ ൈ ୬౮ FRP�� א �୰



௥ܯ ,QGXWkQFLD�P~WXD�HQWUH�GRLV�HQURODPHQWRV�GR�URWRU

௦ܯ ,QGXWkQFLD�P~WXD�HQWUH�GRLV�HQURODPHQWRV�GR�HVWDWRU

௦௥ܯ ,QGXWkQFLD�P~WXD�GRV�HQURODPHQWRV�GR�HVWDWRU�FRP�RV�HQURODPHQWRV�GR�URWRU

௝ܰ 0DWUL]א� �୬౫ ൈ ୬౮ FRP�� א �୰

ܲ 0DWUL]�VLPpWULFD�SRVLWLYD�GHILQLGDא� �୬౮ ൈ ୬౮

௠ܲ 1~PHUR�GH�SDUHV�GH�SRORV

T &RRUGHQDGD�GR�HL[R�GH�TXDGUDWXUD

ܳఫതതത 0DWUL]�VLPpWULFD�DX[LOLDU��� א �୰

ܳ௝ 0DWUL]�VLPpWULFDא� �୬౮ ൈ ୬౮

ܴ௥ 5HVLVWrQFLD�GR�URWRU

ܴ௦ 5HVLVWrQFLD�GR�HVWDWRU

ݎ 1~PHUR�GH�SROLWRSRV�GR�VLVWHPD

ݏ 1~PHUR�GH�SDUkPHWURV�LQFHUWRV�GLVWLQWRV�SUHVHQWHV�QR�VLVWHPD

ܵሺߚǡ ǡݎ ሻߠ 5HJLmR�GR�SODQR�FRPSOH[R��SRUFHQWDJHP�GH�RYHUVKRRW��WHPSR�GH�SLFR�H�WHPSR�

GH�HVWDEHOHFLPHQWR�

௅ܶ 7RUTXH�GH�FDUJDא� �୬౭

௘ܶ 7RUTXH�HOHWURPDJQpWLFR

ሻݐሺݑ (QWUDGD�GH�FRQWUROHא� �୬౫

ௗܸ௦
௘ &RPSRQHQWH�GH�HL[R�GLUHWR�GD�WHQVmR�GR�HVWDWRU�QD�UHIHUrQFLD�VtQFURQD�JLUDQWH

௤ܸ௦
௘ &RPSRQHQWH�GH�HL[R�GH�TXDGUDWXUD�GD�WHQVmR�GR�HVWDWRU�QD�UHIHUrQFLD�VtQFURQD�

JLUDQWH

௦ܸ 7HQVmR�GRV�HQURODPHQWRV�GR�HVWDWRU

ሻݐሺݔ 9HWRU�GH�HVWDGR� א �୬౮

ሻݐොሺݔ 9HWRU�GH�HVWDGR�H[SDQGLGR�GR�VLVWHPD�FRP�DomR�LQWHJUDO

ܼ 0DWUL]�VLPpWULFD�SRVLWLYD�GHILQLGDא� �୬౫ ൈ ୬౮

ܼ௜ 0DWUL]�VLPpWULFDא� �୬౮ ൈ ୬౮

ܼఙ 0DWUL]HV�VLPpWULFDV�SRVLWLYDV�GHILQLGDVא� �୬౫ ൈ ୬౮

߱௘ 9HORFLGDGH�HOpWULFD�GR�HVWDWRU

߱௥ 9HORFLGDGH�PHFkQLFD�GR�URWRU

߱௥
כ 5HIHUrQFLD�GH�YHORFLGDGH�PHFkQLFD�GR�URWRU

ܹ 0DWUL]�VLPpWULFD�SRVLWLYD�GHILQLGDא� �୬౫ ൈ ୬౮

׎ 3DUkPHWUR�TXH�GHILQH�RV�OLPLWHV�GDV�UHVWULo}HV�ItVLFDV�FRUUHVSRQGHQWHV�D�UHJLmR�

GH�RSHUDomR



ௗ௥׎
௘ &RPSRQHQWH�GH�HL[R�GLUHWR�GR�IOX[R�GR�URWRU�QD�UHIHUrQFLD�VtQFURQD�JLUDQWH

௤௥׎
௘ &RPSRQHQWH� GH� HL[R� GH� TXDGUDWXUD� GR� IOX[R� GR� URWRU� QD� UHIHUrQFLD� VtQFURQD�

JLUDQWH

ௗ௥׎
௘ כ 5HIHUrQFLD� GD� FRPSRQHQWH� GH� HL[R� GLUHWR� GR� IOX[R� GR� URWRU� QD� UHIHUrQFLD�

VtQFURQD�JLUDQWH�

௦׎ )OX[R�GRV�HQURODPHQWRV�GR�HVWDWRU

߬௥ &RQVWDQWH�GH�WHPSR�GR�URWRU

߬௦ &RQVWDQWH�GH�WHPSR�GR�HVWDWRU

ߪ &RHILFLHQWH�GH�GLVSHUVmR

௜ߙ 3HVR�QRUPDOL]DGR�GH�FDGD�PRGHOR�ORFDO�GR�VLVWHPD

ߚ 7D[D�GH�GHFDLPHQWR

௘௟௜௣ߚ &RQVWDQWH�SRVLWLYD�FRUUHVSRQGHQWH�D�H[SDQVmR�GR�HOLSVRLGH

ࣦ൫ܮ௝൯ 5HJLmR�GH�VDWXUDomR

ࣟሺܲǡ ሻߣ &RQMXQWR�HOLSVRLGDO

ɂ 'LVW~UELR� GH� HQHUJLD� OLPLWDGD�� FRQVWDQWH� SRVLWLYD�� VHQGR� HVWD� FRQVLGHUDGD� R�

YDORU�OLPLWDQWH�GR�WRUTXH

଴ߝ 3DUkPHWUR�UHODFLRQDGR�j�FRQGLomR�LQLFLDO

ሻ൯ݐ௟ሺݖ௜௟൫ߤ )XQomR�GH�SHUWLQrQFLD�HP�WHUPRV�GH�YDULiYHLV�LQFHUWDV�H�RX�GHVFRQKHFLGRV

᫜ 5HVWULomR�GD�QRUPD��ஶ

ߠ 'HVORFDPHQWR�DQJXODU

ߩ 3DUkPHWUR�TXH�GHILQH�R�OLPLWH�GD�VDWXUDomR
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2V� PRWRUHV� GH� LQGXomR� WULIiVLFRV� �0,7�� VmR� XVDGRV� HP� PXLWRV� VHWRUHV� LQGXVWULDLV��

VHQGR�R�SULQFLSDO�HOHPHQWR�GH�FRQYHUVmR�GH�HQHUJLD�HOpWULFD�HP�PHFkQLFD���2�0,7�p�R�PRWRU�

PDLV� YHQGLGR�� GHYLGR� VXDV� FDUDFWHUtVWLFDV� GH� EDL[R� FXVWR�� UREXVWH]� H� DOWD� HILFLrQFLD�

�3(5(6$'$�� 721,(//,�� 025,&,�� ������ *2('7(/�� ������ %/$1&+,1,� HW� DO��� �����

'$/,/$�HW�DO���������63<52328/26��0,7521,.$6��������6,1*+�HW�DO����������$OpP�

GDV�DSOLFDo}HV�URWLQHLUDV�RXWUDV�HVWmR�VHQGR�GHVHQYROYLGDV��FRPR�SRU�H[HPSOR��D�XWLOL]DomR�QD�

WUDomR� GH� EDUFRV �63<52328/26�� 0,7521,.$6�� ������ H YHtFXORV� HOpWULFRV

�$28$28'$��&+$'/,��%28.+1,)(5��������

1RV�SDtVHV�GHVHQYROYLGRV�PDLV�GD�PHWDGH�GR�WRWDO�GD�HQHUJLD�SURGX]LGD�p�FRQYHUWLGD�

HP�HQHUJLD PHFkQLFD�DWUDYpV�GH PRWRUHV�HOpWULFRV��1R�%UDVLO��R�VHWRU�LQGXVWULDO�p�UHVSRQViYHO�

SRU�����GR�FRQVXPR DQXDO�GH�HQHUJLD��'HQWUR�GHVWH�VHWRU��RQGH�Ki�PDLRU�GHPDQGD�GH�HQHUJLD�

HOpWULFD�� RV� PRWRUHV VmR� UHVSRQViYHLV� SRU� DSUR[LPDGDPHQWH� ���� GHVWH� FRQVXPR� (QWUH� RV�

YiULRV� WLSRV� GH� PRWRUHV�� R� PRWRU� GH� LQGXomR� RSHUD� HP� ���� GRV� VLVWHPDV� GH� DFLRQDPHQWR�

LQGXVWULDO �$==2/,1�� ������ 380$�� ������ $FUHGLWD�VH� TXH� DWXDOPHQWH� DXPHQWRX� D�

SRUFHQWDJHP�GH�XWLOL]DomR�GR�0,7�GHYLGR�DV�VXDV�QRYDV�DSOLFDo}HV��

'XUDQWH� PXLWRV� DQRV�� JUDQGH� SDUWH� GDV� WDUHIDV� HQYROYLGDV� QRV� SURFHVVRV� SURGXWLYRV�

RSHUDYDP�HP�YHORFLGDGHV� DSUR[LPDGDPHQWH� FRQVWDQWHV�� QmR�QHFHVVLWDQGR�QHQKXPD�DomR�GH�

FRQWUROH� VREUH� RV� PRWRUHV� RX� DFLRQDPHQWRV�� WDLV� FRPR� GH� SRVLomR�� YHORFLGDGH� RX� WRUTXH

�/(21+$5'������������� ������

$Wp� D� GpFDGD� GH� ���� DV� WDUHIDV� TXH� H[LJLDP� DFLRQDPHQWRV� GH� YHORFLGDGH� YDULiYHO��

FRQWUROH�UiSLGR�H�SUHFLVR�GD�SRVLomR�RX�GD�YHORFLGDGH�XWLOL]DYDP�VRPHQWH�PRWRUHV�GH�FRUUHQWH�

FRQWtQXD�� SRU� SRVVXtUHP� XP� GHVDFRSODPHQWR� HQWUH� R� FRQWUROH� GH� IOX[R� �HVWDEHOHFLGR� SHOD�

FRUUHQWH�GH�FDPSR��H�R�FRQWUROH�GH�WRUTXH��HVWDEHOHFLGR�SHOD�FRUUHQWH�GH�DUPDGXUD�� (VWH�IDWR�

IDFLOLWD� R� FRQWUROH� LQGHSHQGHQWH� GD� YHORFLGDGH� H� GR� WRUTXH� SRVVLELOLWDQGR� XP� ERP�

GHVHPSHQKR�GLQkPLFR�GR�DFLRQDPHQWR��$==2/,1���������

2V�0,7V�VXEVWLWXtUDP�RV�PRWRUHV�GH� �FRUUHQWH�FRQWtQXD��GHYLGR�DR�VHX�PHQRU�SUHoR��

PHQRU� Q~PHUR� GH� PDQXWHQo}HV� SDUD� R� PHVPR� QtYHO� GH� SRWrQFLD�� � PHQRU� SHVR� H� PHQRU�

WDPDQKR �9$6��������$==2/,1��������

$V� HVWUDWpJLDV� GH� FRQWUROH� QR� DFLRQDPHQWR� GR� 0,7� YDULDP� GH� DFRUGR� FRP� VXD�

DSOLFDomR�� VHQGR�HVWDV� LQH[LVWHQWHV �PDOKD�DEHUWD��� VLPSOLILFDGDV�RX�FRP�JUDQGHV�H[LJrQFLDV�

GLQkPLFDV�



��

$�SULPHLUD�HVWUDWpJLD�GH�FRQWUROH� IRL�R�FRQWUROH� HVFDODU��TXH�FRQWUROD� D�DPSOLWXGH�GD�

WHQVmR� H� D� IUHTXrQFLD�� GH� PDQHLUD� SURSRUFLRQDO�� FRP� R� REMHWLYR� GH� D� PDQWHU� R� IOX[R� GD�

PiTXLQD� FRQVWDQWH�� &RP� HVWD� HVWUDWpJLD� GH� FRQWUROH�� D� YHORFLGDGH� p�PRQLWRUDGD� D� SDUWLU� GD�

IUHTXrQFLD�HOpWULFD��SURFXUDQGR�PDQWHU�FRQVWDQWH�D�UHODomR�WHQVmR�IUHTXrQFLD��9�)���

$� WHQVmR�GD�PiTXLQD�FRQWUROD�R� IOX[R�H�D� IUHTXrQFLD� 2 HVFRUUHJDPHQWR� FRQWUROD�RV�

YDORUHV� GH� WRUTXH� &RQWXGR�� R� IOX[R� H� R� WRUTXH� VmR� IXQo}HV� GD� IUHTXrQFLD� H� GD� WHQVmR��

FRQVHTXHQWHPHQWH��p�LPSRVVtYHO�DMXVWDU�VRPHQWH�XP�YDORU�VHP�DIHWDU�R�RXWUR �%26(���������

'HVWD� IRUPD�� RV� DFLRQDPHQWRV� EDVHDGRV� QHVWD� WpFQLFD� GH� FRQWUROH� QmR� FRQVHJXHP�

DWLQJLU� GHVHPSHQKRV� GLQkPLFRV� LJXDLV� RX� VXSHULRUHV� DRV� GRV�PRWRUHV� GH� FRUUHQWH� FRQWtQXD�

GHYLGR� D� HVWH� DFRSODPHQWR��(VWH� WLSR� GH� FRQWUROH� p� DSOLFDGR�TXDQGR�QmR� Ki� QHFHVVLGDGH� GH�

UHVSRVWDV�UiSLGDV�D�FRPDQGRV�GH�WRUTXH�H�YHORFLGDGH��

$OJXQV� HVWXGRV� IRUDP GHVHQYROYLGRV�XWLOL]DQGR� HVWD� WpFQLFD�� FRPR�SRU� H[HPSOR� HP

0XWKRVHOYDQ��'DVK�H�6RPDVXQGDUDP��������H 6XHWDNH��6LOYD�H�*RHGWHO��������������

2�DFLRQDPHQWR�GR�0,7�GH�IRUPD�VHPHOKDQWH�DR�GR�PRWRU�GH�FRUUHQWH�FRQWtQXD��EDVHLD�

VH�QD�WHRULD�GH�FRQWUROH�YHWRULDO�GHVHQYROYLGD�SHORV�WUDEDOKRV�GH�+DVVH��UHDOL]DGR�HP�������H�

GH�%ODVFKNH�HP�������QRV�TXDLV RFRUUH�R�GHVDFRSODPHQWR�GR�IOX[R�H�GR�WRUTXH��/(21+$5'��

������������������%26(��������������

(VWH FRQWUROH� EDVHLD�VH� QD� UHSUHVHQWDomR� GDV� HTXDo}HV� HOHWURPDJQpWLFDV� GD�PiTXLQD�

HP�XP�VLVWHPD�GH�FRRUGHQDGDV GLUHWR�H�TXDGUDWXUD��GT���FRP�HL[R�GLUHWR��G��DOLQKDGR�FRP�R�

YHWRU�GH�IOX[R��3RUWDQWR��VH�ID]�QHFHVViULR�R�FRQKHFLPHQWR�GD�SRVLomR�GR�YHWRU�IOX[R�SDUD�D�

RULHQWDomR� GR� VLVWHPD� GH� FRRUGHQDGDV� GT�� 2� FRQWUROH� p� HIHWXDGR� PHGLDQWH� YDULDo}HV�

LQGHSHQGHQWHV� GDV� FRUUHQWHV� UHVSRQViYHLV� SHOR� FDPSR� H� SHOR� FRQMXJDGR�� 1R� HL[R� GLUHWR� D�

FRUUHQWH� p� UHVSRQViYHO� SHOR� FDPSR�� QR� HL[R� HP� TXDGUDWXUD� D� FRUUHQWH� p� UHVSRQViYHO� SHOR�

WRUTXH��DQDORJDPHQWH�DR�PRWRU�GH�FRUUHQWH�FRQWtQXD��.5,6+0$1��������

3RUWDQWR��D�FRPSRQHQWH�GH�HL[R�GLUHWR�GD�FRUUHQWH��TXDQGR�DOWHUDGD��LQIOXHQFLD�DSHQDV�

QR�IOX[R��QmR�FDXVDQGR�LPSDFWR�QR�WRUTXH��H�D�FRPSRQHQWH�GH�HL[R�HP�TXDGUDWXUD�GD�FRUUHQWH�

WHP�LQIOXrQFLD�H[FOXVLYDPHQWH VREUH�R�WRUTXH��QmR�DOWHUDQGR�R�IOX[R��%26(��������

2�FRQWUROH�YHWRULDO�p�VHQVtYHO�jV�YDULDo}HV GRV�SDUkPHWURV�GD�PiTXLQD��'HVWD�PDQHLUD��

R�FRQKHFLPHQWR�GH�WRGRV�RV�SDUkPHWURV�HOpWULFRV�VmR�GH�VXPD�LPSRUWkQFLD�SDUD�D�UHDOL]DomR�

GR�FRQWUROH�YHWRULDO��2/,9(,5$��������

$�HYROXomR�GRV�PLFURSURFHVVDGRUHV�H�GRV�VLVWHPDV�GH�SRWrQFLD��DOLDGRV�FRP�WHRULDV�GH�

FRQWUROH� SURSRUFLRQDUDP� R� DXPHQWR� GDV� DSOLFDo}HV� GR� DFLRQDPHQWR� GR� 0,7� FRP� FRQWUROH�

YHWRULDO��FRPR�SRU�H[HPSOR�� LOXVWUDGDV�HP &KDQJ�HW�DO�� �������H�5RPHUR��6HURQ�H�'H�'RQi�

��������
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$OpP� GR� FRQWUROH� YHWRULDO� H[LVWHP RV� FRQWUROHV� 'LUHWR� GH� 7RUTXH� �'LUHFW� 7RUTXH�

&RQWURO�� '7&�� H� $XWRFRQWUROH� 'LUHWR� �'LUHFW� 6HOI� &RQWURO�� '6&��� $WUDYpV� GR� '7&� RX� GR�

'6&�� RV� YDORUHV� GD� DPSOLWXGH� GR� IOX[R� PDJQpWLFR� H� GR� WRUTXH� HOHWURPDJQpWLFR� VmR�

FRQWURODGRV�GH�XPD�IRUPD�VHSDUDGD�H�GLUHWD��DWUDYpV�GH�XPD�VHOHomR�DGHTXDGD�GD�HQWUDGD�HP�

FRQGXomR� GRV� LQWHUUXSWRUHV� GH� SRWrQFLD� GR� LQYHUVRU� �7$.$+$6+,�� 12*8&+,�� ������

%8-$��&$6$'(,��6(55$��������%8-$��&$6$'(,��6(55$��������=,'$1,�HW�DO���������

0$548(6�� ������ 380$�� 6*8$5(=,� ),/+2�� 5833(57�� ������ 3$7(/� HW� DO��� ������

=+$2�HW�DO���������

2� DYDQoR� GRV� HVWXGRV� QHVWDV� WpFQLFDV� SRVVLELOLWDUDP� D� XWLOL]DomR� GH� QRYRV�

FRQWURODGRUHV��FRPR�

x FRQWURODGRUHV�FRP�PRGRV�GHVOL]DQWHV��FRPR�H[HPSOR��SRGH�VH�HQFRQWUDU�QDV�SHVTXLVDV�

GHVHQYROYLGDV� SRU� +D]]DE�� %RXVVHUKDQH� H� 6LFDUG� �������� -DPRXVVL� HW� DO�� �������

0DVXPSRRU��<DJKREL�H�.KDQHVDU��������

x UHGHV�QHXUDLV��HP 2JX]�H�0HKPHW��������

x QHXUR� IX]]\�� GH� DFRUGR� FRP 5LJDWRV� ��������'RXLUL�� %HOJKD]L� H� &KHUNDRXL� �����D���

'RXLUL��%HOJKD]L�H�&KHUNDRXL������E���9DKHGL��=DULI�H�.DODW������D���9DKHGL��=DULI�H�

.DODW������E��

x FRQWURODGRUHV� UREXVWRV�� REVHUYD�VH� HP 3UHSDLQ�� 3RVWOHWKZDLWH� H� %HQFKDLE� �������

'DOLOD�HW�DO����������+HGMDU��%RXFKHU�H�'XPXU���������0RDYHQL�H�.KRUVKLGL��������

x RXWURV��FRPR�R�WUDEDOKR�HODERUDGR�SRU %ODQFKLQL�HW�DO���������

'H� XPD�PDQHLUD� JHUDO�� D H[HFXomR� GR� FRQWUROH� GH� SRVLomR�� YHORFLGDGH� H� WRUTXH� GR�

PRWRU� GH� LQGXomR� WULIiVLFR� XWLOL]D� RV� FRQWURODGRUHV� SURSRUFLRQDO� LQWHJUDO� �3,��� SURSRUFLRQDO�

GHULYDWLYR��3'��H�SURSRUFLRQDO�LQWHJUDO�GHULYDWLYR��3,'���RV�TXDLV�VmR�ODUJDPHQWH�HPSUHJDGRV�

H�SRVVXHP�HILFLrQFLD�FRQKHFLGD��+22�HW�DO���������

6HJXQGR�%DKORXO�HW�DO����������%DKORXO�HW�DO� �������H�&KHQ�HW�DO��������� R�SURMHWR�GR�

DFLRQDPHQWR�GR�0,7�p�GHVHQYROYLGR�FRQVLGHUDQGR�RV SDUkPHWURV�QRPLQDLV�GD�PiTXLQD� 1R�

HQWDQWR��HVWHV�SDUkPHWURV�PXGDP��DOpP�GR�TXH��DOJXQV�QmR�VmR�GLVSRQtYHLV�SDUD�PHGLomR��

2V� VLVWHPDV� GH� FRQWUROH� DWHQGHP� DV� H[SHFWDWLYDV� GR� SURMHWLVWD� TXDQGR� R� PRGHOR�

GLQkPLFR�XWLOL]DGR�SDUD� R� GHVHQYROYLPHQWR� GR� SURMHWR� p� SUHFLVR� 3RUpP�� QD� JUDQGH�PDLRULD�

GRV� FDVRV�� XP� PRGHOR� TXH� FRQVLGHUH� WRGDV� DV� SDUWLFXODULGDGHV� GR� SURFHVVR� p� GH� GLItFLO�

REWHQomR� $OpP� GLVWR�� DV� LQFHUWH]DV� GHFRUUHQWHV� GD� LPSUHFLVmR� GRV� YDORUHV� GR� FRQMXQWR��

MXQWDPHQWH�� FRP� DV� SHUWXUEDo}HV� LQHUHQWHV� DRV� SURFHVVRV� JHUDP� SUREOHPDV� QR� FRQWUROH� GR�

VLVWHPD� HP� PDOKD� IHFKDGD� H WDPEpP�� SRGHP� QmR� JDUDQWLU� D� HVWDELOLGDGH� GR� VLVWHPD�
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�2/,9(,5$�� ������.5,6+0$1�� ������ 75$1*%$(.�� ������%21,9(172� HW� DO��� ������

&+(1�HW�DO���������62/7$13285��.+22%$1� 1,.1$0��������*8(=0,/�HW�DO���������

(VWDV� FDUDFWHUtVWLFDV� RFRUUHP� QR 0,7� SRLV�� HOH� SRVVXL� XPD� FRPSOH[D� HVWUXWXUD�

PDJQpWLFD�TXH�LPS}H�XP�HOHYDGR�DFRSODPHQWR�HQWUH�R�IOX[R�H�R�WRUTXH�HOHWURPDJQpWLFR��VHXV�

SDUkPHWURV� PXGDP� FRQIRUPH� VXD� RSHUDomR�� DOpP� GR� TXH�� DOJXPDV� YDULiYHLV� GR� URWRU� VmR�

LQDFHVVtYHLV�� GLILFXOWDQGR� R� FRQWUROH� GD� YHORFLGDGH� H� GR� WRUTXH �3(5(6$'$�� 721,(//,��

025,&,��������-$02866,�HW�DO���������=$$)285, HW�DO��������

'H�DFRUGR�FRP�6ROWDQSRXU��.KRREDQ�H�1LNQDP��������DV�LQFHUWH]DV�SDUDPpWULFDV�QR�

0,7�VmR�PXLWR�GLItFHLV�GH�VHUHP�PHQVXUDGDV�

'HYLGR� jV� LQFHUWH]DV� SDUDPpWULFDV� H� IDOKDV� QR� HTXLSDPHQWR� R� FRQWUROH� SUHFLVR� GHVWD�

PiTXLQD�QmR�p�VLPSOHV��%/$1&+,1,�HW�DO���������$05$1(�HW�DO���������

$V�IDOKDV�DFDUUHWDP�D�SDUDGD�GR�0,7�H��FRQVHTXHQWHPHQWH��D SDUDOLVDomR�GD�SURGXomR�

H� SRVVtYHLV SHUGDV� ILQDQFHLUDV� �6,1*+� HW� DO��� ������ $OpP� GLVWR�� DFDUUHWDP� SUREOHPDV� QD�

RSHUDomR�� YLGH SRU� H[HPSOR�� FRUUHQWHV� H� WHQV}HV� GHVHTXLOLEUDGDV�� SXOVDo}HV� QR� WRUTXH� H�

YHORFLGDGH��SHUGD�GH�HILFLrQFLD��DTXHFLPHQWR�H[FHVVLYR�H�DXPHQWR�GH�SHUGDV�HOpWULFDV��9$6��

������ %21,9(172� HW� DO��� ������ 63<52328/26� 0,7521,.$6�� ������ =,1$� HW� DO���

������ $28$28'$�� &+$'/,�� %28.+1,)(5�� ������ =,1$� HW� DO��� ������ 5(=$(,��

.+2652:-(5',�� ������ 0(5$%(7�� %$+,� '5,&,�� ������ *8(=0,/� HW� DO��� ������

%281(0(85�� &+(0$&+(0$�� (66281%28/,�� ������ *8(=0,/� HW� DO��� ������

*8(=0,/�HW�DO���������/$<$',�HW�DO���������<(7*,1��������

$� RFRUUrQFLD� GH� IDOKDV� SRGH� FDXVDU� DWp� LQVWDELOLGDGH� GR� VLVWHPD�� DVVLP� VHQGR�� p�

QHFHVViULR� TXH� R� DFLRQDPHQWR� XWLOL]H� XP� FRQWURODGRU� TXH� FRPSHQVH� RV� HIHLWRV� GDV� IDOKDV� H�

JDUDQWD D� FRQILDELOLGDGH� H� D� HVWDELOLGDGH� GR� VLVWHPD� FRP� XP� GHVHPSHQKR� DFHLWiYHO�

�7$5%285,(&+��7851(5��������%(7,1�HW�DO���������+22�HW�DO���������.$1'8.85,��

������*8(=0,/�HW�DO���������

6HJXQGR� 5H]DHL� H� .KRVURZMHUGL� �������� DV� IDOKDV� SRGHP� SURGX]LU�� DXPHQWR� GD�

SXOVDomR�GR�WRUTXH��GLPLQXLomR�GR�WRUTXH�HOHWURPDJQpWLFR��DXPHQWR�GDV�SHUGDV�H�UHGXomR�GD�

HILFLrQFLD�

(P <RXVVHI�HW�DO���������H�&DR�H�:DQJ���������DV�IDOKDV�JHUDOPHQWH�FDXVDP�JUDQGH�

LQWHUUXSomR�QRV� VLVWHPDV�SUiWLFRV�H�HVVDV�SRGHP�VHU� LQWHUPLWHQWHV��RX�VHMD��SHUPDQHFHP�HP�

YLJRU� SRU� XP� SHUtRGR� OLPLWDGR� GH� WHPSR� H� SRGHP� VH� UHFXSHUDU� VHP� TXDOTXHU� LQWHUYHQomR�

'HVWD�IRUPD��R VLVWHPD�GH�FRQWUROH�GHYH�DWXDU�UDSLGDPHQWH�SDUD�HYLWDU�GDQRV�QD�VHJXUDQoD�H�

QD�FRQILDELOLGDGH�GR�VLVWHPD�



��

'H� DFRUGR� FRP $OORXFKH� HW� DO�� ������� 7DEEDFKH� HW� DO�� �������� 6S\URSRXORV� H�

0LWURQLNDV���������$JXLOHUD�HW�DO�� ��������5H]DHL�H�.KRVURZMHUGL���������5NKLVVL�NDPPRXQ�

HW�DO���������H�/D\DGL�HW�DO�������� DV�SULQFLSDLV�IDOKDV�GR�PRWRU�GH�LQGXomR�WULIiVLFR�VmR�

D�� IDOKDV� QR� HVWDWRU� ± UHVXOWDP� HP� FLUFXLWRV� DEHUWRV� RX� FXUWRV� HP� XP� RX� PDLV�

HQURODPHQWRV�GR�HVWDWRU�

E��IDOKDV�QD�EDUUD�RX�QR�DQHO�GD�H[WUHPLGDGH�GR�URWRU�

F��LUUHJXODULGDGHV�GR�HQWUHIHUUR��H[FHQWULFLGDGH��

G��IDOKDV�QRV�URODPHQWRV H�PDQFDLV�

2V� GHIHLWRV� QR� HVWDWRU� HVWmR� UHODFLRQDGRV� FRP� D� LVRODomR� GR� HQURODPHQWR�� LVWR� p�

GHFRUUHQWH� GH� HQYHOKHFLPHQWR� GD� ILDomR�� FRQWDPLQDomR�� XPLGDGH�� DOWD� YLEUDomR�� H[FHVVR� GD

WHPSHUDWXUD� RSHUDFLRQDO�� YHQWLODomR� LQDGHTXDGD�� WHQVmR� LQDGHTXDGD� H� VREUHFDUJD� SHUVLVWHQWH�

�7$91(5�HW�DO���������.+$/$)� +$,'(5��������=+$1*�HW�DO���������63<52328/26��

0,7521,.$6��������'5,&,� %$+,� 0(5$%(7��������0(5$%(7� %$+,� '5,&,��������

*8(=0,/�HW�DO����������

1R� URWRU� DV� IDOKDV� HVWmR� UHODFLRQDGDV� FRP� TXHEUD� GH� EDUUDV� H�RX� QR� DQHO� GH� FXUWR�

FLUFXLWR�� VHQGR� HVWHV� SURYHQLHQWHV� GH� WHQV}HV� WpUPLFDV�� PHFkQLFDV�� PDJQpWLFDV�� UHVLGXDLV��

GLQkPLFDV�H�DPELHQWDLV��.+$/$)� +$,'(5��������=+$1*�HW�DO���������63<52328/26��

0,7521,.$6��������'5,&,� %$+,� 0(5$%(7��������7$/+$28,�HW�DO�����������

$OpP�GDV� IDOKDV� UHODWDGDV� DQWHULRUPHQWH� H[LVWH�R�SUREOHPD�GD�H[FHQWULFLGDGH�� VHQGR�

HVWD�GLYLGLGD�HP�HVWiWLFD�H�GLQkPLFD��DV�TXDLV�HVWmR�UHODFLRQDGDV�FRP�R�GHVDOLQKDPHQWR�HQWUH�

R� FHQWUR� GR� URWRU� H� R� FHQWUR� URWDFLRQDO�� $V� SULQFLSDLV� FDXVDV� SDUD� D� H[FHQWULFLGDGH� VmR��

SRVLFLRQDPHQWR� LQFRUUHWR� GR� HVWDWRU� RX� GR� URWRU�� RYDOL]DomR� GR� Q~FOHR� GR� HVWDWRU��

GHVDOLQKDPHQWR�GRV�URODPHQWRV��GHVDOLQKDPHQWR�GR�URWRU��YLEUDomR�H�GHVJDVWH�GRV�URODPHQWRV�

H�RX�PDQFDLV��8PD�H[FHQWULFLGDGH�HP� WRUQR�GH�����p�DGPLVVtYHO� �1$1',� 72/,<$7� /,��

������

$� GDQLILFDomR� GR� PDQFDO� H� D� TXHEUD� GRV� URODPHQWRV� VmR� GHFRUUHQWHV� GH� WHQV}HV�

WpUPLFDV�� PHFkQLFDV�� FRQWDPLQDomR�� FRUURVmR�� LQVWDODomR� H� OXEULILFDomR� LQDGHTXDGD�

DFDUUHWDQGR� SXOVDomR� QR� WRUTXH� H� QD� YHORFLGDGH�� GLPLQXLQGR� D� HILFLrQFLD� GR� HTXLSDPHQWR�

�=+28� +$%(7/(5� +$5/(<�� ������.+$/$)� +$,'(5�� ������ =+$1*� HW� DO��� ������

63<52328/26� 0,7521,.$6��������*/2:$&=����������

$OpP�GDV�IDOKDV�QR�HTXLSDPHQWR��SRGHP�RFRUUHU�GDQRV�QR�VLVWHPD�GH�DFLRQDPHQWR�H�

GH�DTXLVLomR�GH�GDGRV��FRPR�IDOKDV�QRV�VHQVRUHV� �HQFRGHUV ySWLFRV�� WDFRJHUDGRUHV�� VHQVRUHV�

GH� FRUUHQWH H WHQVmR��� WHQGR� JUDQGH� LPSRUWkQFLD� H� LQIOXrQFLD� QR� GHVHPSHQKR� GR� FRQWUROH�



��

�$//28&+(�HW� DO��� ������7$%%$&+(�HW� DO��� ������=,1$�HW� DO��� ������%2852*$28,��

6(7+20��%(/.+2'-$��������<2866()�HW�DO���������

6HJXQGR� 7DEEDFKH� HW� DO�� �������� $JXLOHUD� HW� DO�� �������� 9HUUHOOL� HW� DO�� ������� H�

5NKLVVL�.DPPRXQ� HW� DO�� �������� R� PDX� IXQFLRQDPHQWR� GHVVHV� FRPSRQHQWHV� SRGH� SURGX]LU�

FRQVHTXrQFLDV� FUtWLFDV� QR� GHVHPSHQKR� GR�0,7�� 1RUPDOPHQWH�� RV� VHQVRUHV� SHUWHQFHQWHV� DR�

DFLRQDPHQWR� GR� 0,7�� VHQVRUHV� GH� WHQVmR�� FRUUHQWH� H� YHORFLGDGH� GR� URWRU�� WUDEDOKDP� VRE�

PXLWRV�HVWUHVVHV�GH�GLIHUHQWHV�RULJHQV��WpUPLFR��HOpWULFR��PHFkQLFR�H�DPELHQWDO���TXH�DIHWDP�

VHULDPHQWH�D�VXD�GXUDELOLGDGH�H�LQWHUIHUHP�QR�ERP�IXQFLRQDPHQWR�GR�VLVWHPD��$//28&+(�

HW� DO��� ������ %2852*$28,�� 6(7+20�� %(/.+2'-$�� ������ <2866()� HW� DO��� ������

5.+,66,�.$00281�HW�DO���������

$V�IDOKDV�QRV�VHQVRUHV�SRGHP�DFDUUHWDU�XPD�HOHYDomR�QRV�YDORUHV�GH�FRUUHQWH�H�WHQVmR�

SRGHQGR� FDXVDU� GDQRV� DR� HTXLSDPHQWR� 3RU� HVWH�PRWLYR�� HVWHV� YDORUHV� GHYHP� VHU� OLPLWDGRV�

�75$1*%$(.�� ������ 025(12�9$/(1=8(/$�� 6$17,%Èf(=�� ������ +22� HW� DO���

������*8(=0,/ HW�DO���������

6HJXQGR�%RXQHPHXU��&KHPDFKHPD�H�(VVRXQERXOL��������RV�WUDEDOKRV�TXH�FRQVLGHUDP�

IDOKDV� QmR� DERUGDP� RFRUUrQFLD� VLPXOWkQHDV�� FRPR� IDOKD� QR� DWXDGRU� H� QR� VHQVRU�� GHYLGR� j�

FRPSOH[LGDGH�GH�DQiOLVH��

6HJXQGR�7DEEDFKH�HW�DO�� �������H�5NKLVVL�.DPPRXQ HW�DO�� ��������RV�DFLRQDPHQWRV�

HOpWULFRV� WROHUDQWHV� D� IDOKDV� QRV� VHQVRUHV� JDQKDUDP� LPSRUWkQFLD� GHYLGR� DR� DXPHQWR� GH�

DSOLFDo}HV�FRP�SURSXOVmR�HOpWULFD�H D�QHFHVVLGDGH GD�TXDOLGDGH�GRV�VLQDLV�PHGLGRV�

$OpP�GD�UHGXomR�GR�GHVHPSHQKR�GHFRUUHQWH�GDV�IDOKDV��WrP�VH�WDPEpP�D�GHJUDGDomR

GRV� UHTXLVLWRV� GH� SURMHWR� GR� VLVWHPD� GH� FRQWUROH RFDVLRQDGD SHODV LQFHUWH]DV��$V� LQFHUWH]DV�

SDUDPpWULFDV� VmR� LQHUHQWHV� DR� HTXLSDPHQWR�� SRLV�� GXUDQWH� D� VXD� RSHUDomR� VHXV� SDUkPHWURV�

YDULDP� GH� DFRUGR� FRP� D� WHPSHUDWXUD�� XPLGDGH�� YHORFLGDGH�� WHPSR� GH� RSHUDomR��

HQYHOKHFLPHQWR� GR� PDWHULDO� H� RXWUDV� FDXVDV� �9$6�� ������ 257(*$�� (63,126$�� ������

75$1*%$(.�� ������ %21,9(172� HW� DO��� ������ $==2/,1�� ������ %/$1&+,1,� HW� DO���

������-$02866,�HW�DO���������62/7$13285��.+22%$1��1,.1$0��������

$�UHVLVWrQFLD�GR�URWRU�YDULD�GXUDQWH R�IXQFLRQDPHQWR�GR�0,7 H��VHJXQGR�:LW��2UWHJD�H�

0DUHHOV� �������� R� FRQWUROH� GD� YHORFLGDGH� SURSRVWR� SDUD� R� HTXLSDPHQWR�� VXEPHWLGR� D� XP

WRUTXH�GH�FDUJD�FRQVWDQWH�p�JOREDOPHQWH�DVVLQWRWLFDPHQWH�HVWiYHO�GHVGH�TXH�D� UHVLVWrQFLD�GR�

URWRU� VHMD H[DWDPHQWH� FRQKHFLGD�� $OpP� GLVVR�� WRGRV� RV� VLQDLV� GR� VLVWHPD� SHUPDQHFHP�

XQLIRUPHPHQWH� OLPLWDGRV� VH� R� YDORU� HVWLPDGR� GD� UHVLVWrQFLD� GR� URWRU� HVWLYHU� SUy[LPR� R�

VXILFLHQWH�GR�YDORU�UHDO�GR�HTXLSDPHQWR��2�VLVWHPD�VH�WRUQD�LQVWiYHO�VH�D�UHVLVWrQFLD�GR�URWRU�



��

IRU� VXSHUHVWLPDGD� 2X� VHMD�� R� YDORU� GD� UHVLVWrQFLD� GR� URWRU� p� XP� SDUkPHWUR� FUtWLFR� QR�

GHVHPSHQKR�GR�VLVWHPD��

$�YDULDomR�GD�UHVLVWrQFLD�GR�URWRU�LPSDFWD�HQRUPHPHQWH�R�GHVHPSHQKR�GH�FRQWUROH�H�

SRGH� OHYDU� D� GHJUDGDomR� GR� UDVWUHDPHQWR� GH� YHORFLGDGH� H� HUURV� GH� HVWLPDWLYD� HP� UHJLPH�

SHUPDQHQWH�H�GXUDQWH�R�WUDQVLWyULR��%$+/28/�HW�DO���������

$� GHWHUPLQDomR� GD� UHVLVWrQFLD� GR� URWRU� p� FUXFLDO� SDUD� D� RULHQWDomR� GH� FDPSR� H� R�

FRQVHTXHQWH�GHVDFRSODPHQWR��0$5,12�HW�DO���������

6HJXQGR�5H]DHL�H�.KRVURZMHUGL��������RV�SURMHWRV�GH�FRQWURODGRUHV�GHYHP�FRQVLGHUDU�

XPD�YDULDomR�PtQLPD�GH�����QD�UHVLVWrQFLD�GR�URWRU�

$�FRQVWDQWH�GH�WHPSR�GR�URWRU�WDPEpP�p�XP�SDUkPHWUR�FUtWLFR�SDUD�R�DFLRQDPHQWR�GR�

0,7�� SRLV�� HVWi� UHODFLRQDGD� WDPEpP� FRP� D� LQGXWkQFLD� GR� URWRU �%$=$1(//$�

5(*,1$772������� ������

$OpP� GHVWHV� SDUkPHWURV�� R� WRUTXH� GH� FDUJD� H� D� UHVLVWrQFLD� GR� HVWDWRU� WDPEpP� VmR�

FUtWLFRV �0$5,12��720(,��9(55(//,������� &+(1 HW�DO�� �������

(P 7UDRUp��/HRQ�H�*OXPLQHDX��������H�0DULQR��7RPHL�H�9HUUHOOL� ��������HP�EDL[DV�

YHORFLGDGHV��R�SDUkPHWUR�PDLV� LPSDFWDQWH p�D� UHVLVWrQFLD�GR�HVWDWRU��SRLV��YDULDo}HV�GH�����

HP�EDL[DV�YHORFLGDGHV��SRGHP OHYDU�R�VLVWHPD�j�LQVWDELOLGDGH�

6HJXQGR�7UDQJEDHN��������RV�YDORUHV�GDV�UHVLVWrQFLDV�GR�URWRU�H�GR�HVWDWRU�VmR�GLItFHLV�

GH�VHUHP�REWLGDV�FRP�SUHFLVmR GXUDQWH�R�IXQFLRQDPHQWR� 3RUpP��GLIHUHQWHPHQWH�GD�UHVLVWrQFLD�

GR�URWRU��D�UHVLVWrQFLD�GR�HVWDWRU�SRVVXL�XPD�PHQRU�YDULDomR�GXUDQWH�VXD�RSHUDomR��GHYLGR�j�

WHPSHUDWXUD��SRU�SRVVXLU�XPD�PHOKRU�YHQWLODomR��

(P� JUDQGH� SDUWH� GRV� WUDEDOKRV� GHVHQYROYLGRV� H[LVWH� D� SUHRFXSDomR� FRP� UHODomR� j�

YDULDomR�LQFHUWH]D� SDUDPpWULFD�� 3RUpP�� HP� FDGD� FDVR p� FRQVLGHUDGD XPD� SRUFHQWDJHP� GH�

LPSDFWR�GHVWHV�SDUkPHWURV��

1R� WUDEDOKR�0DULQR��7RPHL� H�9HUUHOOL� ������� IRL� DGRWDGD�XPD�YDULDomR� GH�����QRV�

YDORUHV� GDV� UHVLVWrQFLDV�� (P� WUDEDOKR� PDLV� UHFHQWH�� DGRWRX�VH XPD� YDULDomR� GH� ����� QD�

UHVLVWrQFLD�GR�URWRU��0$5,12��720(,��9(55(//,��������

(P� 0DVXPSRRU�� <DJKREL� H� .KDQHVDU� �������� FRQVLGHURX�VH� ���� GH� LQFHUWH]D� QD�

UHVLVWrQFLD�GR�URWRU�H�����QR�WRUTXH�GH�FDUJD��

(P�3UHSDLQ��3RVWOHWKZDLWH�H�%HQFKDLE������� IRL�SURSRVWR TXH�D� UHVLVWrQFLD�GR�URWRU�

YDULD�HP�����H�R�WRUTXH�GH�FDUJD�HP�����

(P� &KHQ� HW� DO�� ������� IRL� HIHWXDGD XPD� DQiOLVH� GDV� LQIOXrQFLDV� SDUDPpWULFDV� QR�

UHQGLPHQWR�GR�DFLRQDPHQWR��DOpP�GH�DSUHVHQWDU�RV�FDVRV�GH�LQVWDELOLGDGH��



��

$VVLP� VHQGR�� ILFD� FODUR� TXH� D LGHQWLILFDomR� SDUDPpWULFD� p� LPSUHVFLQGtYHO� SDUD� D�

REWHQomR� GH� XP� ERP� GHVHPSHQKR� GLQkPLFR� �0$5,12� HW� DO��� ������ &+(1� HW� DO��� ������

5(=$(,��.+2652:-(5',��������/$<$',�HW�DO���������

$OpP�GRV�IDWRV�GLVFULPLQDGRV�DQWHULRUPHQWH��GXUDQWH�D�YLGD�~WLO GR�PRWRU��p�QHFHVViULR�

R� GHVHQYROYLPHQWR� GH� LQWHUYHQo}HV� SDUD� PDQWr�OR HP� ERDV� FRQGLo}HV�� 6HJXQGR� %D]XUWR��

4XLVSH� H�0HQGR]D� �������� D� RFRUUrQFLD� GH� LQWHUYHQo}HV� QR� HTXLSDPHQWR� SDUD�PDQXWHQomR�

�UHFRQGLFLRQDPHQWR��UHGX]�HP�DSUR[LPDGDPHQWH����D�HILFLrQFLD�FRP UHODomR�DR�UHQGLPHQWR�

REWLGR�HP�IiEULFD��

$SyV� R� UHFRQGLFLRQDPHQWR�� DOpP� GD� SHUGD� GH� HILFLrQFLD�� RFRUUH XP� DXPHQWR� GDV�

YDULDo}HV�LQFHUWH]DV�SDUDPpWULFDV�DIHWDQGR�R�DFLRQDPHQWR�H�R�GHVHPSHQKR�GR�0,7�

6HJXQGR� 9LHLUD� �������� R� DXPHQWR� QDV� LQFHUWH]DV� GRV� SDUkPHWURV� GR� HTXLSDPHQWR�

HVWmR� UHODFLRQDGRV� D� XPD� IDOWD� GH� SDGURQL]DomR� QR� SURFHGLPHQWR� GH� UHFRQGLFLRQDPHQWR� GH�

PRWRUHV�HQWUH�DV�HPSUHVDV��SRLV��PXLWDV�HIHWXDP�R�VHUYLoR�GH�PDQHLUD�DOWDPHQWH�QRFLYD��FRPR�

SRU�H[HPSOR��DTXHFLPHQWRV� LQDGHTXDGRV�H�VXEVWLWXLomR�GH FREUH�SRU�DOXPtQLR�VHP�D�FRUUHWD�

UHDGHTXDomR� GR� GLkPHWUR� GR� FRQGXWRU�� $OpP� GLVWR�� ���� GDV� HPSUHVDV� SHVTXLVDGDV� TXH�

HIHWXDP�RV�VHUYLoRV�GH�UHFRQGLFLRQDPHQWR�QmR� WUHLQDP�VHXV�IXQFLRQiULRV��RX�VHMD��HVWHV�QmR�

SRVVXHP�XPD�TXDOLILFDomR�DGHTXDGD�SDUD�R�GHVHQYROYLPHQWR�GR�VHUYLoR�

$VVLP� VHQGR�� DSyV� R� UHFRQGLFLRQDPHQWR� GRV� PRWRUHV� p� QHFHVViULD D� H[HFXomR� GH�

DMXVWHV�QR�VLVWHPD�GH�FRQWUROH�SDUD�REWHQomR�GH XP�ERP�GHVHPSHQKR�GLQkPLFR��

$�TXHVWmR� GRV�0,7V� UHFRQGLFLRQDGRV� p� LPSDFWDQWH�� SRLV�� VHJXQGR�9LHLUD� �������� QR�

DQR�GH�������R� WRWDO� GH�PRWRUHV� WULIiVLFRV� UHFRQGLFLRQDGRV� IRL�GD�RUGHP�GH�����PLOK}HV�GH�

XQLGDGHV��GH�XP� WRWDO� LQVWDODGR�GH����PLOK}HV��RX�VHMD������GRV�0,7V� LQVWDODGRV�QR�%UDVLO�

IRUDP�UHFRQGLFLRQDGRV�

$OpP�GDV�LQFHUWH]DV�YDULDo}HV�SDUDPpWULFDV�H� IDOKDV�GR�HTXLSDPHQWR�H�GR�VLVWHPD�GH�

DFLRQDPHQWR�� WrP�VH� D� QHFHVVLGDGH� GH� OLPLWDU� RV� VLQDLV� GH� FRUUHQWH� H� WHQVmR�� SDUD� TXH� QmR�

RFRUUD�VREUHFRUUHQWH�H�RX�VREUHWHQVmR�QR�FRQMXQWR��(VWD�OLPLWDomR�FRQVWLWXL�XPD�VDWXUDomR�QR�

DFLRQDPHQWR�GR�0,7�H�HVWD�QmR�p�FRQVLGHUDGD QRV�SURMHWRV�GRV�FRQWURODGRUHV��75$1*%$(.��

������

$�VDWXUDomR�GR�DWXDGRU�p�XP�IHQ{PHQR�SUHVHQWH�HP�VLVWHPDV�GH�FRQWUROH��VHQGR�HVWH��

FDXVDGR� SRU� UHVWULo}HV� GH� VXD� FDSDFLGDGH� GH� VDtGD�� 2� SURMHWR� GH� FRQWUROH� FRQVLGHUDQGR� D�

VDWXUDomR� GR� DWXDGRU� p� FRPSOH[R� 3RUpP�� VH� QmR� IRU� FRQVLGHUDGR� QR� SURMHWR�� SRGH� OHYDU� j

SHUGD� GR� GHVHPSHQKR�� RYHUVKRRW�� WHPSR� GH� HVWDELOL]DomR� LQDGHTXDGR� H� DWp� SHUGD� GH�

HVWDELOLGDGH� �7$5%285,(&+�� 7851(5�� ������ 025(12�9$/(1=8(/$��

6$17,%Èf(=��������*$2�HW�DO���������+22�HW�DO����������



��

$�VDWXUDomR�QR�VLQDO�GH�FRQWUROH�GR�0,7�p�GHVHQYROYLGD�LQVHULQGR�XP�EORFR�VDWXUDGRU��

H� HVWD� PHWRGRORJLD� p� PXLWR� XWLOL]DGD� QD� OLWHUDWXUD� H� HP� GLYHUVDV� DSOLFDo}HV� LQGXVWULDLV��

$ERUGDJHQV� GH� FRQWUROH� TXH� FRQVLGHUHP� D� VDWXUDomR� QR� SURMHWR� GR� FRQWURODGRU� VmR�

HPSUHJDGDV�HP�SRXFRV�WUDEDOKRV�FRPR��SRU�H[HPSOR��HP�&KDQJ�HW�DO����������%ODQFKLQL�HW�DO��

�������H�=KDR�HW�DO���������

'HYLGR�D�WRGRV�RV�IDWRV�GHVFULWRV��GLYHUVRV�HVWXGRV�GH�FRQWURODGRUHV�SDUD�DFLRQDPHQWR�

GR�0,7 REMHWLYDP�PHOKRUDU�R�FRPSRUWDPHQWR�GLQkPLFR�GR�FRQMXQWR��FRP�R�LQWXLWR�GH�REWHU

PHOKRUHV GHVHPSHQKRV�� WROHUDQWH�jV�YDULDo}HV�LQFHUWH]DV�SDUDPpWULFDV��YDULDo}HV�QR�PRGHOR��

WROHUDQWH� D� IDOKDV� H� SHUWXUEDo}HV� GH� FDUJDV �3(5(6$'$�� 721,(//,�� 025,&,�� ������

%(+$/�HW�DO���������%21,9(172�HW�DO���������%/$1&+,1,�HW�DO��������� -$02866,�HW�

DO���������62/7$13285��.+22%$1��1,.1$0��������+22�HW�DO�������� *8(=0,/�HW�

DO�������� *8(=0,/�HW�DO���������

$VVLP�VHQGR��Ki�QHFHVVLGDGH�FRQVWDQWH�GH�SHVTXLVDU�QRYDV�DERUGDJHQV�GH�RWLPL]DomR�H�

FRQWUROH� TXH� SRVVDP� VHU� HILFLHQWHPHQWH� DSOLFDGDV� QRV� SURFHVVRV� SDUD� REWHQomR� GH� ERDV�

UHVSRVWDV� FRQWULEXLQGR� SDUD� D� PHOKRUDULD� GD� HILFLrQFLD�� SURGXWLYLGDGH� H� QD� UHGXomR� GR�

FRQVXPR� GH� HQHUJLD� HOpWULFD� �5(*,1$772�� ������ *2('7(/�� ������ %/$1&+,1,� HW� DO���

������

6HJXQGR� %DKORXO� HW� DO�� ������� PHVPR� FRP�PXLWDV� SHVTXLVDV� GHVHQYROYLGDV� FRP� R�

0,7� DLQGD� H[LVWH� PXLWRV� GHVDILRV� SDUD� DSOLFDo}HV� GH� HQJHQKDULD� GHYLGR� DR� DXPHQWR� GD�

GHPDQGD�LQGXVWULDO�H�D�H[LJrQFLD�GH�DOWRV�QtYHLV�GH�GHVHPSHQKR �UREXVWH]��

(P� YLVWD� GLVWR�� HVWH� WUDEDOKR� WHP� R� LQWXLWR� GH� FRQWULEXLU� FRP� HVWD� DQiOLVH�

GHVHQYROYHQGR� XP� HVWXGR� GD� WpFQLFD� GH� FRQWURODGRUHV� FKDYHDGRV� QR� DFLRQDPHQWR� GR�0,7��

HQJOREDQGR� LQFHUWH]DV�YDULDo}HV� SDUDPpWULFDV�� IDOKDV�� VDWXUDomR� QR� VLQDO� GH� FRQWUROH� H�

SHUWXUEDo}HV�GH�FDUJD�

$�LGpLD�GD�XWLOL]DomR�GH�VLVWHPDV�FKDYHDGRV�p�SURMHWDU�XPD�HVWUDWpJLD�GH�FKDYHDPHQWR�

DGHTXDGD� TXH� VHOHFLRQD� D� FDGD� LQVWDQWH� GH� WHPSR� XP� VXEVLVWHPD� GLQkPLFR� GHQWUH� XP�

GHWHUPLQDGR�Q~PHUR�GH�VXEVLVWHPDV�GLVSRQtYHLV��(VWH�FRQWUROH�FKDYHDGR�p�SURMHWDGR�GH�IRUPD�

TXH� DLQGD� DVVHJXUH� D� HVWDELOLGDGH� DVVLQWyWLFD� FRP� D� JDUDQWLD� GH� GHVHPSHQKR� DGHTXDGR�

PHVPR�QD�SUHVHQoD�GH LQFHUWH]DV�SDUDPpWULFDV�H�IDOKDV�QR�VLVWHPD �'(&$5/2�HW�DO���������

$�WpFQLFD�GH�FRQWUROH�FKDYHDGR� Mi�IRL HPSUHJDGD�HP�GLYHUVRV�WUDEDOKRV�FRP�JUDQGHV�

FRQWULEXLo}HV��SRU�JDUDQWLU�D�HVWDELOLGDGH�H�R�GHVHPSHQKR�GR�VLVWHPD��FRPR�SRU�H[HPSOR�HP�

7DQDND�� ,ZDVDNL� H� :DQJ� �������� *HURPHO� H� &RODQHUL� �������� &DUGLP� �������� *HURPHO� H�

'HDHFWR� �������� 'HDHFWR� HW� DO� ������� 'HDHFWR�� *HURPHO� H� 'DDIRX]� ������� %X]DFKHUR�

��������6RX]D�HW�DO����������'HDHFWR�H�6DQWRV��������H�RXWURV��
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2�FKDYHDPHQWR�GH�FRQWURODGRUHV�QRUPDOPHQWH�IRUQHFH�XP�PHOKRU�GHVHPSHQKR�SDUD�R�

VLVWHPD�FRQWURODGR� GHYLGR�j�SRVVLELOLGDGH�GH�FDGD�FRQWURODGRU�JHUDU�XPD�PHOKRU�UHVSRVWD�HP�

FDGD�FRQGLomR�RSHUDFLRQDO��

2�FKDYHDPHQWR�GH�FRQWURODGRUHV�DSOLFDGR�QR�0,7�IRL�XWLOL]DGR�HP�SRXFRV WUDEDOKRV��

SRU� H[HPSOR��'LDOOR��%HQERX]LG� H�0DNRXI� ������� H�%HQERX]LG��'LDOOR� H�=HUDRXOLD� ��������

1HVWHV HVWXGRV� RFRUUH� R� FKDYHDPHQWR� GH� GLIHUHQWHV� PHWRGRORJLDV� �FRQWURODGRU� YHWRULDO�

LQGLUHWR�� FRQWUROH� YHWRULDO� VHQVRUOHVV H� FRQWUROH� HVFDODU�� TXH� VmR� HVFROKLGDV� DWUDYpV� GH� XPD�

HVWUDWpJLD� GH� GHFLVmR� GH� FRQWUROH� GHILQLGR� SRU� XP� VLVWHPD� GH� GHWHFomR� GH� IDOKDV VHP� D�

JDUDQWLD�PDWHPiWLFD�GH�HVWDELOLGDGH�QR�VLVWHPD�GH�WURFD�GRV�FRQWURODGRUHV�

$�PHWRGRORJLD� DSUHVHQWDGD QHVWH� WUDEDOKR� GLIHUH� GD� XWLOL]DGD HP�'LDOOR��%HQERX]LG� H�

0DNRXI��������H�%HQERX]LG��'LDOOR�H�=HUDRXOLD���������SRLV��HOD�QmR�PXGD�D�WpFQLFD�GH�FRQWUROH�

$VVLP� VHQGR�� REMHWLYD�VH� QHVWD� WHVH IRUQHFHU� PHOKRUHV� UHVXOWDGRV� H� FRP� PHQRV�

FRQVHUYDGRULVPRV GRV�TXH�RV�REWLGRV�H�SXEOLFDGRV�HP�2UWXQKR�HW�DO�������D���2UWXQKR�HW�DO��

�����E��� 2UWXQKR� HW� DO�� �������� 2UWXQKR� HW� DO�� �����D�� H� 2UWXQKR� HW� DO�� �����E��� SRLV�� QRV�

DUWLJRV� SXEOLFDGRV�� RV� FRQWURODGRUHV� SURMHWDGRV� SRVVXHP�DSHQDV� XP�JDQKR� H�� QHVWD� WHVH�� RV�

FRQWURODGRUHV� SURMHWDGRV� VmR� FKDYHDGRV� FRP� PDLV� GH� XP� JDQKR� QR� FRQWURODGRU�� 3RUWDQWR��

REMHWLYD�VH FRODERUDU FRP� DV� SHVTXLVDV� GH� DFLRQDPHQWRV� GH� PRWRUHV� GH� LQGXomR� WULIiVLFR�

REWHQGR�ERDV�UHVSRVWDV�GLQkPLFDV�GR�VLVWHPD�FRQVLGHUDQGR�XPD�UHJLmR�GH�RSHUDomR�GR�0,7��

VDWXUDomR� QR� VLQDO� GH� FRQWUROH�� FRQWURODGRU� FKDYHDGR�� LQFHUWH]DV� SDUDPpWULFDV�� IDOKDV��

SHUWXUEDomR�GH�FDUJD�H�JDUDQWLD�GH�HVWDELOLGDGH�GR�FRQMXQWR�

$�WHVH IRL GLYLGLGD GD�VHJXLQWH�IRUPD�

1R�&DStWXOR� ��� HIHWXRX�VH� XPD� EUHYH� UHYLVmR� GD� OLWHUDWXUD� LQIRUPDQGR� RV� SULQFLSDLV�

SUREOHPDV�TXH�RFRUUHP�QR�PRWRU�GH�LQGXomR�WULIiVLFR�FRP�URWRU�JDLROD�GH�HVTXLOR��

1R�&DStWXOR� �� UHODWRX�VH� D�PRGHODJHP�GR�PRWRU�GH� LQGXomR� WULIiVLFR� DSUHVHQWDQGR�

VXDV�HTXDo}HV�GLQkPLFDV�SDUD�REWHQomR�GR�VLVWHPD�HP�YDULiYHLV�GH�HVWDGR�

1R� &DStWXOR� �� p� GHVHQYROYLGD� D� PRGHODJHP� GR� PRWRU� GH� LQGXomR� WULIiVLFR VHQGR�

HIHWXDGR�R�SURMHWR�GH�FRQWURODGRUHV�UREXVWRV�FRP�UHDOLPHQWDomR�GDV�YDULiYHLV�GH�HVWDGR��H�R

SURMHWR�GH�VLVWHPD�GH�FRQWUROH� UREXVWR�FKDYHDGR�FRP�UHDOLPHQWDomR�GDV�YDULiYHLV�GH�HVWDGR

DSOLFDGR�QR�DFLRQDPHQWR�GR�0,7�FRP�LQFHUWH]DV�SDUDPpWULFDV H�IDOKDV��XWLOL]DQGR�/0,V�VHP�D�

QHFHVVLGDGH� GR� PRQLWRUDPHQWR� GR� VLVWHPD� SDUD� D� GHWHFomR� H� LVRODPHQWR GD� IDOKD�� SRLV� R�

FRQWURODGRU�DWXD�SDUD�R�IRUQHFLPHQWR GR�PHOKRU�GHVHPSHQKR�GR�FRQMXQWR�

1R�&DStWXOR����VmR�DSUHVHQWDGRV�RV�SURMHWRV�GRV�VLVWHPDV�GH�FRQWUROH H�UHVXOWDGRV�GH�

VLPXODomR� DWUDYpV� GRV� VRIWZDUHV 0DWODE�6LPXOLQN�� RV� TXDLV� IRUDP� HODERUDGRV XWLOL]DQGR�

/0,V� TXH� OHYDP� HP� FRQWD� D� VDWXUDomR GR� VLQDO� GH� FRQWUROH� YLVDQGR� HYLWDU� D� VREUHWHQVmR� H�
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VREUHFRUUHQWH� GR� FRQMXQWR�� PDQWHQGR� DV� YDULiYHLV� GH� HVWDGR� GHQWUR� GH� XPD� UHJLmR� GH�

RSHUDomR� JDUDQWLQGR� D� HVWDELOLGDGH� PHVPR� FRP� D� RFRUUrQFLD� GH� IDOKDV� H�RX� LQFHUWH]DV�

SDUDPpWULFDV�QR�VLVWHPD� GLDQWH�GH�SHUWXUEDo}HV�GH�FDUJD�

1R� &DStWXOR� ��� p� GHVHQYROYLGD� D� PRGHODJHP� )X]]\� 7DNDJL� 6XJHQR� GR� PRWRU� GH�

LQGXomR�WULIiVLFR�H VmR�DSUHVHQWDGRV RV SURMHWRV GH FRQWURODGRUHV FKDYHDGRV��XWLOL]DQGR�/0,V�

FRQVLGHUDQGR XPD� UHJLmR� GH� RSHUDomR� GR� HTXLSDPHQWR� TXH� JDUDQWH D� HVWDELOLGDGH� JOREDO�

DVVLQWyWLFD� GR VLVWHPD�� LQFHUWH]D� SDUDPpWULFD�� VDWXUDomR� QR� VLQDO� GH� FRQWUROH H� UHMHLomR� DR�

GLVW~UELR� $WUDYpV� GH� UHVXOWDGRV� GH� VLPXODomR YHULILFD�VH� R� FRPSRUWDPHQWR GR� VLVWHPD

FRQWURODGR��

3RU� ILP�� HIHWXD�VH� XPD� FRQFOXVmR� GR� WUDEDOKR� DSUHVHQWDQGR� SURSRVWDV� SDUD� R�

GHVHQYROYLPHQWR�GH� IXWXUDV�SHVTXLVDV��DWUDYpV�GH�QRYDV�IHUUDPHQWDV�H�HVWUXWXUDV�TXH�SRGHP�

VHU� GHVHQYROYLGDV�� DSHUIHLoRDGDV� RX� DFUHVFHQWDGDV� QR� HVWXGR�� SRVVLELOLWDQGR�� GHVWD� IRUPD�� D�

PHOKRULD�GR�DFLRQDPHQWR�GR�0,7�H�QRYDV�DSOLFDo}HV��



��

� 02'(/2 '2�02725�'(�,1'8d­2�75,)È6,&2 �0,7�

3DUD�R�GHVHQYROYLPHQWR�GRV�HVWXGRV� YLVDQGR�PHOKRUDU�D�GLQkPLFD�GR�VLVWHPD� VH�ID]�

QHFHVViULR� FRQKHFHU� VHX�PRGHOR�PDWHPiWLFR�� 3RUWDQWR�� R� FDStWXOR� DSUHVHQWD� DV� LQIRUPDo}HV�

SULPRUGLDLV��DV�TXDLV��IRUDP�EDVHDGDV�QDV�UHIHUrQFLDV��%26(������D� %26(������E� 3$/0$��

������%26(� ����� .5,6+0$1��������/(21+$5'� ����� 0$548(6��������2=3,1(&,�

72/%(57�� ����� %26(�� ������ 5(*,1$772�� ������ 0$548(6�� ������ $%8�58%�

,4%$/��*8=,16.,� ������%$5%,������� .5$86(� :$6<1&58&.� 68&+2))� ������

%,0�������� 0DLV�LQIRUPDo}HV�SRGHP�VHU�REWLGDV�QDV�OLWHUDWXUDV�

$� PiTXLQD� GH� LQGXomR� WULIiVLFD� FRP� URWRU� JDLROD� GH� HVTXLOR� SRGH� VHU� FRQVLGHUDGD

VLPpWULFD��DSUHVHQWDQGR�HVWUXWXUDV�VLPpWULFDV�FLOtQGULFDV� WDQWR�QR�HVWDWRU�TXDQWR�QR�URWRU��2V�

HQURODPHQWRV�GR�HVWDWRU�� FRQIRUPH�YHULILFD�VH�QD�)LJXUD���� VmR� LJXDLV� HQWUH� VL� H� LJXDOPHQWH�

GHIDVDGRV��FRQIRUPH�DV�FRQVLGHUDo}HV�DSUHVHQWDGDV�D�VHJXLU��

)LJXUD � ±0iTXLQD�GH�LQGXomR�VLPpWULFD�WULIiVLFD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU��EDVHDGR�HP��%26(��������

௦ଵܮ ൌ ௦ଶܮ ൌ ௦ଷܮ ൌ ௦ܮ ĺ�,QGXWkQFLD�SUySULD�GR�HVWDWRU�

௥ଵܮ ൌ ௥ଶܮ ൌ ௥ଷܮ ൌ ௥ܮ ĺ�,QGXWkQFLD�SUySULD�GR�URWRU�

ܴ௦ଵ ൌ ܴ௦ଶ ൌ ܴ௦ଷ ൌ ܴ௦ ĺ�5HVLVWrQFLD�GR�HVWDWRU�

ܴ௥ଵ ൌ ܴ௥ଶ ൌ ܴ௥ଷ ൌ ܴ௥ ĺ�5HVLVWrQFLD�GR�URWRU�

௦ଵଶܯ ൌ ௦ଶଷܯ ൌ ௦ଵଷܯ ൌ ௦ܯ ĺ�,QGXWkQFLD�P~WXD�HQWUH�GRLV�HQURODPHQWRV�GR�HVWDWRU�

௥ଵଶܯ ൌ ௥ଶଷܯ ൌ ௥ଵଷܯ ൌ ௥ܯ ĺ�,QGXWkQFLD�P~WXD�HQWUH�GRLV�HQURODPHQWRV�GR�URWRU�
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௦ଵ௥ଵܯ ൌ ௦ଶ௥ଶܯ ൌ ௦ଷ௥ଷܯ ൌ ௦௥Ǥܯ ��� ߠ ĺ� ,QGXWkQFLD� P~WXD GRV HQURODPHQWRV ��� �� H� �� GR�

HVWDWRU�FRP�RV HQURODPHQWRV �����H���GR�URWRU��UHVSHFWLYDPHQWH�

௦ଵ௥ଶܯ ൌ ௦ଶ௥ଷܯ ൌ ௦ଷ௥ଵܯ ൌ ௦௥Ǥܯ ��� ቀߠ ൅
ଶగ

ଷ
ቁĺ�,QGXWkQFLD�P~WXD GRV HQURODPHQWRV �����H���

GR�HVWDWRU�FRP�RV HQURODPHQWRV �����H���GR�URWRU��UHVSHFWLYDPHQWH�

௦ଵ௥ଷܯ ൌ ௦ଶ௥ଵܯ ൌ ௦ଷ௥ଶܯ ൌ ௦௥Ǥܯ ��� ቀߠ ൅
ସగ

ଷ
ቁĺ�,QGXWkQFLD�P~WXD GRV HQURODPHQWRV �����H���

GR�HVWDWRU�FRP�RV HQURODPHQWRV �����H���GR�URWRU��UHVSHFWLYDPHQWH�

௦ଵǢ׎ ௦ଶǢ׎ ௦ଷ׎ ĺ�)OX[RV GRV HQURODPHQWRV �����H���GR�HVWDWRU��UHVSHFWLYDPHQWH�

݅௦ଵǢ ݅௦ଶǢ ݅௦ଷ ĺ�&RUUHQWHV GRV HQURODPHQWRV �����H���GR�HVWDWRU��UHVSHFWLYDPHQWH�

݅௥ଵǢ ݅௥ଶǢ ݅௥ଷ ĺ�&RUUHQWHV GRV HQURODPHQWRV �����H���GR�URWRU��UHVSHFWLYDPHQWH�

݅௦ଵǢ ݅௦ଶǢ ݅௦ଷ ĺ�&RUUHQWHV�GRV�HQURODPHQWRV������H���GR�HVWDWRU��UHVSHFWLYDPHQWH�

௦ܸଵǢ ௦ܸଶǢ ௦ܸଷ ĺ�7HQV}HV�GRV�HQURODPHQWRV������H���GR�HVWDWRU��UHVSHFWLYDPHQWH�

�ĺ�'HVORFDPHQWR�DQJXODUߠ

$WUDYpV� GDV� FRQVLGHUDo}HV� DSUHVHQWDGDV� DQWHULRUPHQWH�� REWpP�VH� R PRGHOR� DEF� GR�

0,7�� R� TXDO SRVVXL� SURGXWRV� GH� FRUUHQWHV� QD� HTXDomR� GR� WRUTXH�� GD� YHORFLGDGH� DQJXODU� GR�

URWRU� QD� HTXDomR� GDV� WHQV}HV�� $OpP� GLVVR�� � D LQGXWkQFLD� P~WXD� HVWDWRU�URWRU� YDULD� FRP� D�

SRVLomR�GR�HL[R��

$� FRPSOH[LGDGH� GHVWH� PRGHOR� GLILFXOWD� D� H[HFXomR� GH� DQiOLVHV� $VVLP� VHQGR� p�

QHFHVViULD XPD�RXWUD�DERUGDJHP��GHVHQYROYLGD�DWUDYpV�GH�XPD�PXGDQoD�GH�YDULiYHLV�REWHQGR�

R�PRGHOR�GT �YDULiYHLV�QRV�HL[RV�GLUHWR�H TXDGUDWXUD��

$WUDYpV� GD� DSOLFDomR� GD� WUDQVIRUPDomR� GH� FRRUGHQDGDV� DSOLFDGD� DR� PRGHOR� DEF� VH�

REWpP� R� PRGHOR� GR� 0,7 QR� VLVWHPD� GH� FRRUGHQDGDV GT�� (VWH� QRYR� PRGHOR� SRVVLELOLWD� D�

GLDJRQDOL]DomR� GDV� PDWUL]HV� GH� LQGXWkQFLDV� H� REWHQomR� GD� WHQVmR�� FRUUHQWH�� RX� IOX[R�

FRQFDWHQDGR� HP� XPD� UHIHUrQFLD� DUELWUiULD�� $VVLP�� R� IOX[R� SURGX]LGR� SHODV� FRUUHQWHV�

FRUUHVSRQGHQWHV� D� XP� GDGR� HL[R� GR� VLVWHPD� GH� FRRUGHQDGDV� DUELWUiULR� QmR� LQIOXHQFLD� RV�

GHPDLV�HL[RV�GHVWH�VLVWHPD��RX�VHMD��RV�IOX[RV�QRV�HL[RV HP�G H T�HVWmR�GHVDFRSODGRV��

$�SDUWLU�GR�GHVHQYROYLPHQWR�GD�WUDQVIRUPDomR�GH�HL[RV�REWrP�VH�R�PRGHOR�GLQkPLFR��

QmR� OLQHDU �GHYLGR� R� SURGXWR� GDV� FRUUHQWHV� H� IOX[RV� QD� H[SUHVVmR� GR� WRUTXH�� GR� 0,7� QR�

UHIHUHQFLDO�VtQFURQR�GT��DSUHVHQWDGR�HP���� D���� �9$6��������0$548(6��������

݀

ݐ݀
݅ௗ௦
௘ ൌ െ൬

ͳ

Ǥߪ ߬௦
൅
ͳ െ ߪ

Ǥߪ ߬௥
൰ ݅ௗ௦

௘ ൅ ߱௘ ݅௤௦
௘ ൅

௠ܮ
ߪ ௦ܮ ௥ܮ ߬௥

ௗ௥׎
௘ ൅

߱௥ ௠ܮ ܲ

ߪ ௦ܮ ௥ܮ
௤௥׎
௘ ൅

ͳ

ߪ ௦ܮ
ௗܸ௦
௘ ǡ ���



��

���݀

ݐ݀
݅௤௦
௘ ൌ െ߱௘ ݅ௗ௦

௘ െ ൬
ͳ

ߪ ߬௦
൅
ͳ െ ߪ

ߪ ߬௥
൰ ݅௤௦

௘ െ
߱௥ ௠ܮ ܲ

ߪ ௦ܮ ௥ܮ
ௗ௥׎
௘ ൅

௠ܮ
ߪ ௦ܮ ௥ܮ ߬௥

௤௥׎
௘ ൅

ͳ

ߪ ௦ܮ
௤ܸ௦
௘ ǡ

݀

ݐ݀
ௗ௥׎
௘ ൌ

௠ܮ
߬௥

݅ௗ௦
௘ െ

ͳ

߬௥
ௗ௥׎
௘ ൅ ሺ߱௘ െ ܲ ߱௥ሻ ௤௥׎

௘ ǡ

݀

ݐ݀
௤௥׎
௘ ൌ

௠ܮ
߬௥

݅௤௦
௘ െ ሺ߱௘ െ ܲ ߱௥ሻ ௗ௥׎

௘ െ
ͳ

߬௥
௤௥׎
௘ ǡ

݀

ݐ݀
߱௥ ൌ

ܲ

ܬ

௠ܮ
௥ܮ

൫݅௤௦
௘ ௗ௥׎

௘ െ ݅ௗ௦
௘ ௤௥׎

௘ ൯ െ
ܤ

ܬ
߱௥ െ

௅ܶ

ܬ
Ǥ

2V�SDUkPHWURV�DSUHVHQWDGRV�HP ��� D���� SRVVXHP�RV�VHJXLQWHV�VLJQLILFDGRV�

݅ௗ௦
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PDWUL]� GH� HQWUDGD�� ܣ D� PDWUL]� GR� VLVWHPD�� FRP� ܣ א ܴ௡ೣ ൈ ௡ೣ H� ௪ܤ א ܴ௡ೣ ൈ ଵ D� PDWUL]�

UHODFLRQDGD j�DWXDomR�GR GLVW~UELR�GR�VLVWHPD�

$WUDYpV� GDV� H[SUHVV}HV� ����� D� ������ QRV� SUy[LPRV� FDStWXORV�� VHUmR� DSUHVHQWDGRV� RV�

SURMHWRV�GRV�FRQWURODGRUHV�SDUD�R�DFLRQDPHQWR�GR�VLVWHPD��

1D� )LJXUD� �� p� DSUHVHQWDGR� R� GLDJUDPD� GH� EORFRV� VLPSOLILFDGR� GR� DFLRQDPHQWR� GR�

PRWRU�GH�LQGXomR�WULIiVLFR�

)LJXUD���± 'LDJUDPD�GH�EORFRV�GR�DFLRQDPHQWR�GR�0,7�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

����

����



��
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SRVVLELOLWDP�R�SURMHWR�GH�VLVWHPDV�GH�FRQWUROH�XWLOL]DQGR�WpFQLFDV�GH�FRQWUROH�QmR�OLQHDU�����D�

����RX�WpFQLFDV�GH�FRQWUROH�OLQHDU�DWUDYpV�GR�PRGHOR�VLPSOLILFDGR������D������



��

� 352-(72� '(� &21752/$'25(6� 52%86726� (� &+$9($'26� 3$5$�
$&,21$0(172�'2�0,7

1HVWH�FDStWXOR�VHUi�GHVHQYROYLGR�R�SURMHWR�GH�FRQWURODGRUHV�UREXVWRV�H�FRQWURODGRUHV�

FKDYHDGRV� SDUD� R� DFLRQDPHQWR� GR� PRWRU� GH� LQGXomR� WULIiVLFR�� 2EMHWLYD�VH� LOXVWUDU� RV�

EHQHItFLRV�GD�XWLOL]DomR�GRV�FRQWURODGRUHV�FKDYHDGRV�FRPSDUDWLYDPHQWH�FRP�RV�FRQWURODGRUHV�

UREXVWRV��DPERV�FRP�UHDOLPHQWDomR�GRV�HVWDGRV�YLD�/0,��FRQVLGHUDQGR�DV�PHVPDV�FRQGLo}HV�

GH�RSHUDomR�

2V� VLVWHPDV� GH� FRQWUROH� TXH� XWLOL]DP� R� FKDYHDPHQWR� VmR� XPD� LPSRUWDQWH� iUHD� GH�

HVWXGRV�H�YHP�GHVSHUWDQGR�R�LQWHUHVVH�GH�GLYHUVRV�SHVTXLVDGRUHV� SRU�SURSRUFLRQDU�R�FRQWUROH�

GH� VLVWHPDV� OLQHDUHV�� VLVWHPDV� FRP� IDOKDV� HVWUXWXUDLV�� VLVWHPDV� FRP� IDOKDV� HP� VHQVRUHV� H�

VLVWHPDV�QmR�OLQHDUHV��6HJXQGR�6FKDUODX���������HVWD�PHWRGRORJLD�SRVVXL�XP�Q~PHUR�ILQLWR�GH�

VXEVLVWHPDV�H�XPD�OyJLFD�WHPSRUDO�RX�DVVRFLDGD DR�HVWDGR�TXH�FRRUGHQD�R�FKDYHDPHQWR�HQWUH�

HOHV��VHQGR�TXH��FDGD�XP�GHVWHV�DSUHVHQWD�SURSULHGDGHV�H�HVWUXWXUDV�GLIHUHQWHV�

$� FRPXWDomR� HQWUH� RV� FRQWURODGRUHV� GR� VLVWHPD� FKDYHDGR� SRGH� VHU� FODVVLILFDGD HP�

FRPXWDomR�GHSHQGHQWH�GH�HVWDGRV��R�VLQDO�GH�FKDYHDPHQWR�YDL�PXGDU�GH�DFRUGR�FRP�R�YDORU�

GRV�HVWDGRV���GHSHQGHQWH�GR�WHPSR��VLVWHPDV�QRV�TXDLV�D�PXGDQoD�GR�VLQDO�GH�FRQWUROH�RFRUUH�

DSyV�XP�GHWHUPLQDGR� WHPSR���DXW{QRPD��VLVWHPD�QR�TXDO�QmR�H[LVWH�FRQWUROH�GLUHWR�VREUH�R�

VLQDO� GH� FRPXWDomR�� RX� FRQWURODGD� �VLVWHPD� RQGH� R� VLQDO� GH� FKDYHDPHQWR� p� LPSRVWR� SDUD�

DWLQJLU� XP� FRPSRUWDPHQWR� GHVHMDGR�� �/,%(5=21�� ������� 0DLRUHV� GHWDOKHV� GHVWD� WpFQLFD�

VHUmR�DSUHVHQWDGRV�QR�GHFRUUHU�GR�FDStWXOR�

2� GHVHQYROYLPHQWR� GH� SURMHWRV� GH� FRQWURODGRUHV� UREXVWRV� FRPSDUDWLYDPHQWH� DRV�

FRQWURODGRUHV� FKDYHDGRV� p� HIHWXDGR�YLVDQGR� HYLGHQFLDU� TXDO� GDV� WpFQLFDV� SRVVLELOLWD�PHOKRU�

UHVSRVWD�SDUD�R�DFLRQDPHQWR�GR�VLVWHPD��

$OJXQV� UHVXOWDGRV� GRV� FRQWURODGRUHV� UREXVWRV� DSUHVHQWDGRV� QHVWH� FDStWXOR� IRUDP�

SXEOLFDGRV�HP�FRQJUHVVRV�QDFLRQDLV UHFHQWHV��VHQGR�HVWHV��2UWXQKR�HW�DO�������D���2UWXQKR�HW�

DO�������E��H�2UWXQKR�HW�DO����������

&RQVLGHUDQGR� R� VLVWHPD� ����� TXH� QmR� SRVVXL� LQFHUWH]DV� SDUDPpWULFDV� GHILQH�VH� R�

VLVWHPD�FRP�LQFHUWH]DV�SROLWySLFDV������HP TXH�DGRWD�VH D�QmR�H[LVWrQFLD�GH GLVW~UELR�

ሻݐሶሺݔ ൌ ሻߙሺܣ ሻݐሺݔ ൅ ܤ ሻǤݐሺݑ

VHQGRݔ�ሺݐሻ א ܴ௡ೣ R�YHWRU�GH�HVWDGRݑ��ሺݐሻ א ܴ௡ೠ D�HQWUDGD�GH�FRQWUROH��FRPܤ� א ܴ௡ೣ ൈ ௡ೠ D�

PDWUL]�GH�HQWUDGDV��$�PDWUL]ܣ�ሺߙሻ p�GDGD�HP������
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TXDOݎ�� א ܰ Hݎ� ൌ ʹ௦��$�YDULiYHOݏ���XWLOL]DGD�SDUD�REWHUݎ� XVDGR�SDUD�GHILQLU�D�PDWUL]ܣ��ሺߙሻ

HP�������UHSUHVHQWD�R�Q~PHUR�GH�SDUkPHWURV�LQFHUWRV�GLVWLQWRV�SUHVHQWHV�QR�VLVWHPD��

2�SURMHWR�GRV�FRQWURODGRUHV�DGPLWLX TXH�WRGDV�DV�YDULiYHLV�GH�HVWDGR�HVWmR�GLVSRQtYHLV�

SDUD�UHDOLPHQWDomR�

����&21752/$'25�52%8672�9,$�/0,V

$� OHL� GH� FRQWUROH� XWLOL]DGD� SDUD� R� GHVHQYROYLPHQWR� GR� FRQWURODGRU� UREXVWR� p�

DSUHVHQWDGD�HP�������%2<' HW�DO���������

ሻݐሺݑ ൌ െܭ ሻǡݐሺݔ ܭ א ܴ௡ೣ ൈ ௡ೠǤ

6XEVWLWXLQGR������HP������H�HIHWXDQGR�XPD�PDQLSXODomR�DOJpEULFD��REWpP�VH�R�VLVWHPD�

UHDOLPHQWDGR��H�GHILQH�VH�D�QRYD�PDWUL]�GR�VLVWHPD DSUHVHQWDGD�HP������
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ேܣ
் ܲ ൅ ܲ ேܣ ൏ ͲǢ ܲ ൌ ்ܲ ൐ ͲǤ

6XEVWLWXLQGR������HP������H�HIHWXDQGR�XPD�PXOWLSOLFDomR�GH�ܲିଵ GR� ODGR�HVTXHUGR�H�

GLUHLWR�GD�H[SUHVVmR�REWpP� VH������

ܲିଵ ሻ்ߙሺܣ െ ܲିଵ ்ܭ ்ܤ ൅ ሻߙሺܣ ܲିଵ െ ܤ ܭ ܲିଵ ൏ ͲǢ ܲ ൐ ͲǤ

����

����

����

����

����



��

$WUDYpV�GH�XPD�DOWHUDomR�GH�YDULiYHLV�ܲିଵ ൌ ܹ FRP�ܹ ൐ Ͳ H�FRQVLGHUDQGR�TXH�ܼ ൌ

ܭ ܹ REWrP�VH�DV H[SUHVV}HV �����H������SDUD�R�VLVWHPD�FRP�LQFHUWH]DV�SROLWySLFDV�

ܹ ሻ்ߙሺܣ െ ்ܼ ்ܤ ൅ ሻߙሺܣ ܹ െ ܤ ܼ ൏ ͲǢ ܹ ൌ ்ܹ ൐ Ͳǡ

ܭ ൌ ܼ ܹିଵǤ

7HRUHPD� � �%(5186628� 3(5(6� *(520(/�� ������� 2 VLVWHPD� FRP� LQFHUWH]DV�

SROLWySLFDV���������� p�TXDGUDWLFDPHQWH�HVWDELOL]iYHO�VH��H�VRPHQWH�VH��H[LVWLUHP XPD�PDWUL]�

VLPpWULFD�SRVLWLYD�GHILQLGD�ܹ H�ܼ א ܴ௡ೠ ൈ ௡ೣ WDLV�TXH� ����� VHMD� VDWLVIHLWD� $�H[SUHVVmR� �����

VHQGR�IDFWtYHO��SDUD�WRGR�݅ א �௥ܭ HQWmR R JDQKR�GR FRQWURODGRU�GR�VLVWHPD�p�REWLGR�DWUDYpV�

GH�������

ܹ ௜ܣ
் െ ்ܼ ்ܤ ൅ ௜ܣ ܹ െ ܤ ܼ ൏ ͲǢ ܹ ൌ ்ܹ ൐ ͲǤ

e�RSRUWXQR�PHQFLRQDU�TXH�DV�/0,V�GHVFULWDV�HP������VmR�HTXLYDOHQWHV�jV�/0,V�GDGDV�

HP������

0DLRUHV�GHWDOKHV�VREUH�DV�FRQGLo}HV�GH�HVWDELOLGDGH�TXDGUiWLFD�GR�VLVWHPD�SRGHP�VHU�

YLVWDV�HP�%HUQXVVRX��3HUHV�H�*HURPHO��������

����&21752/$'25�52%8672�&+$9($'2�9,$�/0,V

$� HVWUXWXUD� GR� FRQWURODGRU� FKDYHDGR� p� XPD� YDULDomR� GD� PHWRGRORJLD� DSUHVHQWDGD�

DQWHULRUPHQWH�� SRVVLELOLWDQGR� R� IXQFLRQDPHQWR� GR� VLVWHPD� FRP� XP� FRQWURODGRU� FRQVWLWXtGR�

SRU� GLIHUHQWHV� JDQKRV� TXH� DWXDP� HP� GHWHUPLQDGDV� FRQGLo}HV� GR� SURFHVVR�� 1R� WUDEDOKR� GH�

6RX]D��������DSUHVHQWD�VH�XPD�OHL�GH�FRQWUROH�FKDYHDGD�GHSHQGHQWH�GDV�YDULiYHLV�GH�HVWDGR��

VHQGR�HVWD�XWLOL]DGD�QR�GHVHQYROYLPHQWR�GHVWH�FDStWXOR��

(VVD OHL�GH�FRQWUROH�HVFROKH�XP�JDQKR�HP�XP�FRQMXQWR�GH�JDQKRV�SRU�PHLR�GH�XPD�OHL�

GH� FKDYHDPHQWR� TXH� UHWRUQD� R� PHQRU� YDORU� GD� GHULYDGD� WHPSRUDO� GD� IXQomR� GH� /\DSXQRY�

TXDGUiWLFD��628=$��������

,OXVWUDGR� QD� )LJXUD� � XP� VLVWHPD� GH� FRQWUROH� FKDYHDGR�� VHQGR� HVWH� VXMHLWR� D� OHL� GH�

FRQWUROH�FKDYHDGD UHSUHVHQWDGD�HP������H������

����

����

����



��

)LJXUD���± 'LDJUDPD�GH�EORFRV�GD�HVWUXWXUD�GH�FRQWUROH�FKDYHDGD

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU��DGDSWDGR�GH�'HDHFWR��*HURPHO�H�'DDIRX]�������

ሻݐሺݑ ൌ െܭఙ ሻǡݐሺݔ ఙܭ א ܴ௡ೠ ൈ ௡ೣǡ

ሻߙሺܭ ൌ ෍ܭ௜

௥

௜ୀଵ

ǡ ௜ܭ א ܴ௡ೠ ൈ ௡ೣǡ ݅ א ௥ǡܭ

ఙܭ ൌ ሾܭଵǡ ଶǡܭ ଷǡܭ ǥ ǡ ௥ሿǤܭ

6XEVWLWXLQGR ����� HP� ����� H� GHILQLQGR� XPD� QRYD� YDULiYHOܣ�ௌ � REWpP�VH� R� VLVWHPD�

UHDOLPHQWDGR������

ሻݐሶሺݔ ൌ ௌܣ ሻǡݐሺݔ
ௌܣ ൌ ሻߙሺܣ െ ܤ ఙǤܭ

$SOLFDQGR�HP������D�WHRULD�GH�FRQWUROH�GH�/\DSXQRY�REWrP�VH �����H������

ௌܣ
்ܲ ൅ ௌܣܲ ൏ ͲǢ ܲ ൐ Ͳǡ

ܲିଵܣሺߙሻ் െ ܲିଵ ఙܭ
்
்ܤ ൅ ሻܲିଵߙሺܣ െ ܤ ఙܭ ܲ

ିଵ ൏ ͲǢ ܲ ൌ ்ܲ ൐ ͲǤ

'HVHQYROYHQGR� XPD� PXGDQoD GH� YDULiYHLV�ܲିଵ ൌ ܹ FRP�ܹ ൐ Ͳ H� DGRWDQGR�ܼఙ ൌ

ఙܭ ܹ REWrP�VH������H������

ሻ்ߙሺܣܹ െ ܼఙ
்ܤ் ൅ ሻܹߙሺܣ െ ܤ ܼఙ ൏ ͲǢ ܹ ൐ Ͳǡ
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ఙܭ ൌ ܼఙܹ
ିଵǤ

'HILQLomR����628=$�HW�DO����������2 FRQWURODGRU�FKDYHDGR������p�GHILQLGR�SRU������

ߪ ൌ ௜݊݅݉݃ݎܽ א ௄ೝ ௜ܪ ൌ ௜݊݅݉݃ݎܽ א ௄ೝ ሼെݔሺݐሻ
் ܲ ܤ ௜ܭ ሻሽǡݐሺݔ ݅ א ௥Ǥܭ

3DUD�XP�GHWHUPLQDGR�LQVWDQWH�GH�WHPSRݐ���D�OHL�GH�FKDYHDPHQWR�SRGH�VHU�REWLGD�SHOR�

FDOFXOR� GHܪ�௜�� SDUD� WRGR�݅ א ��௥ܭ GHSRLV� GHWHUPLQDQGRߪ� GH� ����� H� HQWmR D� OHL� GH� FRQWUROH�

������ TXH� WRUQD� R� SRQWR� GH� HTXLOtEULRݔ� ൌ Ͳ GR� VLVWHPD� ������ JOREDOPHQWH� DVVLQWRWLFDPHQWH�

HVWiYHO��

0DLRUHV�GHWDOKHV�SRGHP�VHU�YLVWRV�HP�6RX]D�HW�DO���������

7HRUHPD� � �628=$�� �������2 SRQWR� GH� HTXLOtEULR� GR� VLVWHPD� FRP� LQFHUWH]DV SROLWySLFDV�

�����H������FRP�D�OHL�GH�FRQWUROH�FKDYHDGD������H������p�JOREDOPHQWH�DVVLQWRWLFDPHQWH�HVWiYHO�

HPݔ� ൌ Ͳ� VH� H[LVWLUHP� XPD�PDWUL]� VLPpWULFD� SRVLWLYD� GHILQLGD�ܹ H�PDWUL]HV�ܼ௜ א ܴ௡ೠ ൈ ௡ೣ��

SDUD�WRGR�݅ א �௥��WDLV�TXHܭ

௜ܣܹ
் െ ܼ௜

் ்ܤ ൅ ௜ܣ ܹ െ ܤ ܼ௜ ൏ ͲǢ ܹ ൐ Ͳǡ

௜ܭ ൌ ܼ௜ ܹ
ିଵǤ

&RP� ����� VHQGR� IDFWtYHO�� SDUD�݅ א ௥ܭ �� HQFRQWUD�VH� RV� JDQKRV� GR� FRQWURODGRU� SRU�

PHLR GH������

9LGH�6RX]D�HW�DO���������SDUD�SURYD�GR�7HRUHPD���

����&21752/$'25�52%8672�&20�7$;$�'(�'(&$,0(172 9,$�/0,V

1RV� SURMHWRV� GH� FRQWUROH� GHYH�VH� DVVHJXUDU� D� HVWDELOLGDGH� GR� VLVWHPD� HP� PDOKD�

IHFKDGD� H�� HP� PXLWRV� FDVRV�� RXWURV� tQGLFHV� GHYHP� VHU� VDWLVIHLWRV FRP� R� LQWXLWR� GH� REWHU�

UHVSRVWD�FRP�GLQkPLFD�DGHTXDGD�

$�WD[D�GH�GHFDLPHQWR�p�XP�FULWpULR�LPSRUWDQWH�QR�SURMHWR�GH�FRQWURODGRUHV��SRLV�HVWH�

SDUkPHWUR VH�UHODFLRQD�FRP�D�YHORFLGDGH�GH�FRQYHUJrQFLD�GDV�YDULiYHLV�GH�HVWDGR�GR�VLVWHPD�

����
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����

����



��

&RQVLGHUDQGR�R�VLVWHPD�������D�WD[D�GH�GHFDLPHQWR�p�GHILQLGD�FRPR�D�PDLRU�FRQVWDQWH�

SRVLWLYDߚ� �� WDO� TXH� ����� VHMD� VDWLVIHLWD� SDUD� WRGDV� DV� WUDMHWyULDVݔ�ሺݐሻ� ݐ ൐ Ͳ �%2<'� HW� DO���

������

݈݅݉
௧ ՜ஶ

݁ఉ௧ԡݔሺݐሻԡ ൌ ͲǤ

7HRUHPD�� �%2<'�HW�DO����������2 SRQWR�GH�HTXLOtEULRݔ� ൌ Ͳ GR�VLVWHPD������H������FRP�D�

OHL� GH� FRQWUROH� ����� VHUi� JOREDOPHQWH� DVVLQWRWLFDPHQWH� HVWiYHO� H� FRP� WD[D� GH� GHFDLPHQWR�

PDLRU�RX� LJXDO�Dߚ�� VH� H[LVWLUHP XP�HVFDODUߚ� ൐ Ͳ�� XPD�PDWUL]�ܼ א ܴ௡ೠ ൈ ௡ೣ H�XPD�PDWUL]�

VLPpWULFD�SRVLWLYD�GHILQLGD�ܹ א ܴ௡ೠ ൈ ௡ೣ WDLV TXH������VHMD�VDWLVIHLWD�

௜ܣܹ
் െ ்ܤ்ܼ ൅ ௜ܣ ܹ െ ܤ ܼ ൅ ʹ ߚ ܹ ൏ Ͳǡܹ ൌ ்ܹ ൐ Ͳǡ ݅ ൌ ͳǡ ʹǡ ǥ ǡ Ǥݎ

4XDQGR������IRU�IDFWtYHO�R�JDQKR�GR�FRQWURODGRU������p�GDGR�SRU������

ܭ ൌ ܼ ܹିଵǤ

����&21752/$'25�52%8672�&+$9($'2�&20�7$;$�'(�'(&$,0(172�9,$�
/0,V

1R�VLVWHPD�FRP�FRQWURODGRU�FKDYHDGR�D LQVHUomR�GD�WD[D�GH�GHFDLPHQWR�FRPR�FULWpULR�

GH�GHVHPSHQKR�SRVVLELOLWD�D�PHOKRULD�QD�GLQkPLFD�GR�VLVWHPD��$ XWLOL]DomR�GHVWH�SDUkPHWUR�p�

GHVHQYROYLGD XWLOL]DQGR�R�7HRUHPD���

7HRUHPD� � �628=$� ������ 2 SRQWR� GH� HTXLOtEULR� ݔ ൌ Ͳ GR� VLVWHPD� FRP� LQFHUWH]DV�

SROLWySLFDV� ���� H� ������ FRP� D� OHL� GH� FRQWUROH� GDGD� SRU� ����� H� ����� p� JOREDOPHQWH�

DVVLQWRWLFDPHQWH� HVWiYHO�� FRP� WD[D� GH� GHFDLPHQWR� PDLRU� RX� LJXDO� Dߚ� �� VH� H[LVWLUHP XPD�

PDWUL]�VLPpWULFD�SRVLWLYD�GHILQLGD�ܹ H�PDWUL]HV�ܼ௜ א ܴ௡ೠ ൈ ௡ೣ��WDLV�TXH��SDUD�WRGR�݅ǡ ݆ א ௥ǡܭ

DV�/0,V������VHMDP�IDFWtYHLV�

ܹ ௜ܣ
் െ ܼ௜

் ்ܤ ൅ ௜ܣ ܹ െ ܤ ܼ௜ ൅ ʹ ߚ ܹ ൏ ͲǢ ܹ ൐ Ͳǡ
൫ܣ௜ ൅ ௝൯ܹܣ ൅ܹሺܣ௜ ൅ ௝ሻܣ

் െ ܤ ௝ܼ െ ܤ ܼ௜ െ ܼ௜
் ்ܤ െ ௝ܼ

் ்ܤ ൅ Ͷ ߚ ܹ ൑ Ͳǡ ݅ ൏ ݆Ǥ

4XDQGR� DV� /0,V� ����� VmR IDFWtYHLV� REWrP�VH� RV� JDQKRV� GR� FRQWURODGRU� DWUDYpV� GH�

�����
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௜ܭ ൌ ܼ௜ ܹ
ିଵǡ ݅ א ௥Ǥܭ

����&21752/$'25�52%8672�&20�'�(67$%,/,'$'(�9,$�/0,V

2EMHWLYDQGR�REWHU�PHOKRUHV�FRQGLo}HV�GH�GHVHPSHQKR�DORFDP�VH�RV�SRORV�GR�VLVWHPD�

HP�XPD�GDGD� UHJLmR�GR�SODQR�FRPSOH[R��YLVDQGR� REWHU�YDORUHV� DGHTXDGRV�SDUD R� WHPSR�GH�

HVWDEHOHFLPHQWR��WHPSR�GH�SLFR H�D�SRUFHQWDJHP�GH�RYHUVKRRW��'HVWD�IRUPD��HVWH�PpWRGR�GH�

SURMHWR�p�~WLO�QD�EXVFD�GH XPD�UHVSRVWD�WUDQVLWyULD�VDWLVIDWyULD��

e�GHILQLGD XPD�UHJLmR�GR�SODQR�FRPSOH[R�ܵሺߚǡ ǡݎ �ሻߠ UHSUHVHQWDGD�QD�)LJXUD��� HP�TXH�

RV� SRORV� ݔ േ ݕ݆ �� VDWLVIDoDP�� ݔ ൏ െߚ ൏ Ͳ �� ȁݔ േ ȁݕ݆ ൏ ݎ �� ሻߠሺ݊ܽݐ ݔ ൏ െȁݕȁ �� 4XDQGR� RV�

DXWRYDORUHV� GR� VLVWHPD SHUWHQFHP� D� UHJLmR� ܵሺߚǡ ǡݎ ሻߠ �� R� VLVWHPD� SRVVXL� XPD� WD[D� GH�

GHFDLPHQWR� ߚ PtQLPD� H� VH� IRU� GH� VHJXQGD� RUGHP� VmR� DVVHJXUDGRV� XP FRHILFLHQWH� GH�

DPRUWHFLPHQWR� ߬ ൌ ݏ݋ܿ ߠ PtQLPR� H� IUHTXrQFLD� DPRUWHFLGD� ௗݓ ൌ ݎ Ǥ ݊݁ݏ ߠ Pi[LPD�

�&+,/$/,� *$+,1(7��������$6681d­2��$1'5($� 7(,;(,5$��������

)LJXUD�� ± 5HJLmR�ܵሺߚǡ ǡݎ ሻ��SDUD�DORFDomR�GRVߠ DXWRYDORUHV�

)RQWH��$GDSWDGR�GH�&KLODOL�HW�DO���������

7HRUHPD�� �&+,/$/,��*$+,1(7�������� 2 VLVWHPD����� H�������FRP�D�OHL�GH�FRQWUROH������

SRVVXL�SRORV�QD�UHJLmR�ܵ VH�H[LVWLUHP XPD�PDWUL]�VLPpWULFD�GHILQLGD�SRVLWLYD�ܹ H�XPD�PDWUL]�

ܼ WDLV�TXH�DV�FRQGLo}HV�GHVFULWDV�HP������D������VHMDP�VDWLVIHLWDV�

ሻܹߙሺܣ ൅ܹܣሺߙሻ் െ ܼܤ െ ்ܤ்ܼ ൅ ʹ ߚ ܹ ൏ Ͳǡ

௜ܹܣ ൅ܹܣ௜
் െ ܤ ܼ െ ்ܤ்ܼ ൅ ʹ ߚ ܹ ൏ Ͳǡ

����
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൤
െݎ ܹ ሻܹߙሺܣ െ ܼܤ

ሻ்ߙሺܣܹ െ ்ܤ்ܼ െݎ ܹ
൨ ൏ Ͳǡ

൤
െݎ ܹ ௜ܣ ܹ െ ܼܤ

௜ܣܹ
் െ ்ܤ்ܼ െݎ ܹ

൨ ൏ Ͳǡ

ܹ ൐ Ͳǡ

൤
݊݁ݏ ߠ ሺܣሺߙሻܹ ൅ܹܣሺߙሻ் െ ܤ ܼ െ ሻ்ܤ்ܼ ݏ݋ܿ ߠ ሺܣሺߙሻ ܹ െܹܣሺߙሻ் െ ܼܤ ൅ ሻ்ܤ்ܼ

ݏ݋ܿ ߠ ሺܹܣሺߙሻ் െ ሻܹߙሺܣ െ ்ܤ்ܼ ൅ ܤ ܼ ሻ ݊݁ݏ ߠ ሺܹܣሺߙሻ் ൅ ሻܹߙሺܣ െ ்ܤ்ܼ െ ሻܼܤ
൨ ൏ Ͳǡ

ቈ
݊݁ݏ ߠ ൫ܣ௜ܹ ൅ܹܣ௜

் െ ܼܤ െ ൯்ܤ்ܼ ݏ݋ܿ ߠ ൫ܣ௜ܹ െܹܣ௜
் െ ܼܤ ൅ ൯்ܤ்ܼ

ݏ݋ܿ ߠ ൫ܹܣ௜
் െ ௜ܹܣ െ ்ܤ்ܼ ൅ ܤ ܼ ൯ ݊݁ݏ ߠ ൫ܹܣ௜

் ൅ ௜ܹܣ െ ்ܤ்ܼ െ ൯ܼܤ
቉ ൏ ͲǤ

4XDQGR�DV /0,V����� D����� VmR VDWLVIHLWDV�R�FiOFXOR�GR�FRQWURODGRU�p�IHLWR�DWUDYpV�GH�

�����

ܭ ൌ ܼ ܹିଵǤ

����&21752/$'25�52%8672�&+$9($'2�&20�'�(67$%,/,'$'(�9,$�/0,V

,JXDOPHQWH� DR� DSUHVHQWDGR� QD� VXEVHomR� ����� IRL� GHVHQYROYLGD D� PHWRGRORJLD� GH�

FRQWUROH� FKDYHDGR� FRP� '�HVWDELOLGDGH� REMHWLYDQGR� REWHU� XP� PHOKRU� GHVHPSHQKR� QR�

DFLRQDPHQWR� GR�0,7� 2 7HRUHPD� � DSUHVHQWD� R� SURMHWR� GR� FRQWURODGRU� FKDYHDGR� FRP� '�

HVWDELOLGDGH�

7HRUHPD�� �6,/9$� ������ $ OHL�GH�FRQWUROH�FKDYHDGD������H������WRUQD�R�SRQWR�GH�HTXLOtEULR�

ݔ ൌ Ͳ GR� VLVWHPD� FRP� LQFHUWH]DV� SROLWySLFDV� ����� H� ����� DVVLQWRWLFDPHQWH� HVWiYHO�� SRVVXL�

SRORV� QD� UHJLmR�ܵ VH� H[LVWLUHP� XPD�PDWUL]� VLPpWULFD� GHILQLGD� SRVLWLYD�ܹ H�PDWUL]HV�ܼ௜��݅ א

�����௥��VH�R�VLVWHPD�DWHQGHU�R�FRQMXQWR�GH�/0,Vܭ D�������VHQGR�TXH�DV PDWUL]HV GRV JDQKRV

GH�UHDOLPHQWDomR�VmR�REWLGDV D�SDUWLU�GH������

௜ܣ ܹ ൅ܹܣ௜
் െ ܤ ܼ௜ െ ܼ௜

் ்ܤ ൅ ʹ ߚ ܹ ൏ Ͳǡ

൤
െݎ ܹ ௜ܣ ܹ െ ܤ ܼ௜

௜ܣܹ
் െ ܼ௜

்ܤ் െݎ ܹ
൨ ൏ Ͳǡ

����

����

����

����

����



��

����ቈ
݊݁ݏ ߠ ሺܣ௜ܹ ൅ܹܣ௜

் െ ௜ܼܤ െ ܼ௜
ሻ்ܤ் ݏ݋ܿ ߠ ሺܣ௜ܹ െܹܣ௜

் െ ௜ܼܤ ൅ ܼ௜
ሻ்ܤ்

ݏ݋ܿ ߠ ሺܹܣ௜
் െ ௜ܹܣ െ ܼ௜

்ܤ் ൅ ௜ܼܤ ሻ ݊݁ݏ ߠ ሺܹܣ௜
் ൅ ௜ܹܣ െ ܼ௜

்ܤ் െ ௜ሻܼܤ
቉ ൏ Ͳǡ

ܹ ൐ Ͳǡ

௜ܭ ൌ ܼ௜ ܹ
ିଵǡ ݅ א ௥Ǥܭ

$�H[SUHVVmR �����DVVHJXUD�DV�FRQGLo}HV�GR�7HRUHPD����$GLFLRQDOPHQWH��p�DVVHJXUDGR

SHOR�7HRUHPD�� TXH�RV�SRORV�GRV�VXEVLVWHPDV�ሺܣ௜ െ ௜ሻܭܤ SHUWHQFHP�D�UHJLmR�ܵሺߚǡ ǡݎ ሻߠ SDUD�

WRGR�݅ א �௥ܭ

����352-(72�'26�&21752/$'25(6

2V� SURMHWRV� GRV� FRQWURODGRUHV� DSUHVHQWDGRV� QHVWH� FDStWXOR IRUDP� GHVHQYROYLGRV�

XWLOL]DQGR�RV�SDUkPHWURV�GR�PRWRU�GH�LQGXomR�WULIiVLFR�DSUHVHQWDGRV�HP &KDQJ�HW�DO����������

(VWH� DUWLJR� IRL� HVFROKLGR� GHYLGR� RV� DXWRUHV� WHUHP� XWLOL]DGR� XPD� DERUGDJHP� YLD� /0,V� H�

FRQVLGHUDGR� QR� SURMHWR� VDWXUDomR� QR� VLQDO� GH� FRQWUROH�� VHQGR� D� VDWXUDomR� XPD� IHUUDPHQWD�

DERUGDGD�QR�GHFRUUHU�GHVWD�WHVH��$�SRWrQFLD�� WHQVmR�H�FRUUHQWH QRPLQDLV GR�0,7�VmR GH�����

:�� ���� 9�� ���� $�� YHORFLGDGH� GH� ����� 530 H RV� GDGRV� QHFHVViULRV� SDUD� R� SURMHWR� VmR�

DSUHVHQWDGRV QD�7DEHOD���

7DEHOD���± 'DGRV�GR�0RWRU�GH�,QGXomR�7ULIiVLFR�
'DGRV�GR�PRWRU 9DORUHV

5HVLVWrQFLD�GR�(VWDWRU��࢙ࡾሻ ����Pȍ
5HVLVWrQFLD�GR�5RWRU��࢘ࡾሻ ����Pȍ
,QGXWkQFLD�GR�(VWDWRU��࢙ࡸሻ ������P+
,QGXWkQFLD�GR�5RWRU��࢘ࡸሻ ������P+
,QGXWkQFLD�0~WXD��࢓ࡸ� ������P+

1~PHUR�GH�3DUHV�GH�3ROR�GR�0RWRU��ࡼ� �
0RPHQWR�GH�,QpUFLD��ࡶሻ �����.J�P�

&RHILFLHQWH�GH�$WULWR�9LVFRVR��࡮ሻ ��������� 1�P�UDG
)OX[R GR�5RWRU��࢘ࢊ׎

ࢋ �� �����:E
7RUTXH�GH�FDUJD��ࡸࢀ� ��1�P

&RHILFLHQWH�GH�GLVSHUVmR��࣌� ������������

)RQWH���&+$1*�HW�DO���������

2� FRQWUROH� GH� YHORFLGDGH� H� GR� IOX[R� GR� URWRU� QR� DFLRQDPHQWR� GR�PRWRU� GH� LQGXomR�

WULIiVLFR��DSUHVHQWDGRV�HP������D�������SRVVXL�VLQDLV�GH�UHIHUrQFLD� 3RUWDQWR��FRQIRUPH�2JDWD�
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�������� GHVHQYROYH�VH� XPD� H[SDQVmR� GR� YHWRU� GH� HVWDGR�� LQVHULQGR� D� DomR� LQWHJUDO�� FRPR�

GHVFULWR�HP �����D������
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VHQGR�

ௗ௥׎
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ሺݐሻĺ�UHIHUrQFLD�GR�IOX[R�GH�HL[R�GLUHWR�GR�URWRU�

߱௥
�ሻĺ�UHIHUrQFLD�GH�YHORFLGDGH�GR�URWRUݐሺכ

଴ܤ ՜ PDWUL]�DX[LOLDU�

'H� DFRUGR� FRP� D� DQiOLVH� GD� OLWHUDWXUD� FRQVWDWDP�VH� DOJXQV� SRQWRV� FUtWLFRV� SDUD� R�

FRQWUROH� GR�0,7�� $VVLP� VHQGR�� IRL� FRQVLGHUDGR� TXH D� UHVLVWrQFLD� GR� HVWDWRU�� D� YHORFLGDGH�

HOpWULFD� GR� HVWDWRU� H� D� FRQVWDQWH� GH� WHPSR� GR� URWRU�� VmR� SDUkPHWURV� LQFHUWRV� GR� VLVWHPD��

3RUWDQWR�� REWHYH�VH� XP�PRGHOR� SROLWySLFR� GHVFULWR� HP� ����� H� ����� FRP� RLWR� YpUWLFHV�� ݏ� ൌ

͵Ǣ ݎ ൌ ʹ௦ ൌ ͺሻ SDUD�D�IRUPDomR�GR�SROLWRSR�

$� FDVFD� FRQYH[D� GR� SROLWRSR� IRL� SURMHWDGD� FRQVLGHUDQGR� D� YHORFLGDGH� HOpWULFD� GR�

HVWDWRU�RSHUDQGR�QD�IDL[D��߱௘௠௜௡ ൌ െͷͳͲ UDG�V�H�߱௘௠௔௫ ൌ ͷͳͲ UDG�V� FRQIRUPH�DGRWDGR�HP�

&KDQJ�HW�DO��������� D�FRQVWDQWH�GH�WHPSR�GR�URWRU�FRP������GH�YDULDomR��߬௥௠௜௡
ൌ ͶͶǡͶ͸ ݏ݉
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H� ߬௥௠௔௫
ൌ ͳ͵͵ǡ͵ͻ ݏ݉ �� H� D� UHVLVWrQFLD� GR� HVWDWRU� YDULDQGR� HP ��� �ܴ௦௠௜௡

ൌ ͲǡͶ͹ͳ π H�

ܴ௦௠௔௫
ൌ Ͳǡ͹ͺ͸ π��

$�FRQVWDQWH�GH�WHPSR�GR�URWRU�IRL�FRQVLGHUDGD�FRP�XPD�DOWD�WD[D�GH�YDULDomR GHYLGR�D

LQWHUIHUrQFLD� TXH� HOD� DFDUUHWD� QD� RSHUDomR� GR� HTXLSDPHQWR�� RX� VHMD�� UHGXomR� GD� HILFLrQFLD�

GLQkPLFD� -i��R YDORU�GH�����GH�YDULDomR�QD�UHVLVWrQFLD�GR�HVWDWRU�IRL�DGRWDGR GHYLGR�HVWD�WD[D��

FRPSUHHQGHU�D�IDL[D�GH�RSHUDomR�GR�0,7��1R�WUDEDOKR�GH�&KHQ�HW�DO���������p�GHVHQYROYLGD�

XPD�DQiOLVH�VREUH�D�YDULDomR�GRV�SDUkPHWURV�GR�0,7��SRGHQGR�VH�YHULILFDU�R�LPSDFWR�GHVWDV�

DOWHUDo}HV�QR�VLVWHPD�

$VVLP��GHILQLGR�DV�LQFHUWH]DV�H�VHXV�UHVSHFWLYRV�OLPLWHV�H�FRP�RV�YDORUHV�GD�7DEHOD����

IRUDP�SURMHWDGRV�RV�FRQWURODGRUHV�XWLOL]DQGR�R�VRIWZDUH 0DWODE�6LPXOLQN�MXQWDPHQWH�FRP�RV�

WRROER[HV�� <DOPLS� �/2)%(5*�� ������ H� 6HGXPL� �67850�� ������� 2V� YDORUHV� GRV�PRGHORV�

ORFDLV�VmR�DSUHVHQWDGRV�QD�7DEHOD���

7DEHOD���± 9pUWLFHV�GR�SROLWRSR�
(OHPHQWRV�
GRV�YpUWLFHV

9pUWLFH�
�

9pUWLFH�
�

9pUWLFH�
�

9pUWLFH�
�

9pUWLFH�
�

9pUWLFH�
�

9pUWLFH�
�

9pUWLFH�
�
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૚૟ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
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૛૝ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૛૞ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૛૟ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૜૚ࢇ ͳǡͶ͹ ͲǡͶͻ ͳǡͶ͹ ͲǡͶͻ ͳǡͶ͹ ͲǡͶͻ ͳǡͶ͹ ͲǡͶͻ
૜૛ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૜૜ࢇ െʹʹǡͶͺ െ͹ǡͶͻ െʹʹǡͶͺ െ͹ǡͶͻ െʹʹǡͶͺ െ͹ǡͶͻ െʹʹǡͶͺ െ͹ǡͶͻ
૜૝ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૜૞ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૜૟ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૝૚ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૝૛ࢇ ͷͻǡ͸ͳ ͷͻǡ͸ͳ ͷͻǡ͸ͳ ͷͻǡ͸ͳ ͷͻǡ͸ͳ ͷͻǡ͸ͳ ͷͻǡ͸ͳ ͷͻǡ͸ͳ
૝૜ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
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૝૞ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
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૞૞ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
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૞૟ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૟૚ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૟૛ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૟૜ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૟૝ࢇ ͳ ͳ ͳ ͳ ͳ ͳ ͳ ͳ
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૟૟ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

������3URMHWR�GR�FRQWURODGRU�UREXVWR�H�UREXVWR�FKDYHDGR�YLD�/0,V

%DVHDQGR�VH�QRV�7HRUHPDV���H���IRUDP�REWLGDV�RV�JDQKRV�GRV�FRQWURODGRUHV�UREXVWRV�

������ FKDYHDGR� ����� H� VXDV�� UHVSHFWLYDV��PDWUL]HV� SRVLWLYDV� GHILQLGDV� VLPpWULFDV�ܲ GDGDV� HP�
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െ͵ǡͷͺǤ ͳͲିଵଶ ͳͳǡ͵ͳǤ ͳͲିଵଶ െͳͷǡ͵͹Ǥ ͳͲିଵଶ

Ͷ͹ǡʹͷǤ ͳͲିଵଶ כ כ

െͳͳǡͶ͵Ǥ ͳͲିଵଶ ͻͲǡͻ͵Ǥ ͳͲିଵଶ כ

ͳͺǡͺͲǤ ͳͲିଵଶ െʹǡͻͻǤ ͳͲିଵଶ Ͷ͹ǡʹͻǤ ͳͲିଵଶے
ۑ
ۑ
ۑ
ۑ
ۑ
ې

Ǥ

������ 3URMHWR� GR� FRQWURODGRU� UREXVWR� H� UREXVWR� FKDYHDGR� FRP� WD[D�GH� GHFDLPHQWR� YLD�
/0,V

$�SDUWLU�GR�7HRUHPD�� H�FRQVLGHUDQGR�D�WD[D�GH�GHFDLPHQWRߚ�� ൌ ͳ� FRQIRUPH�DGRWDGR�

HP�&KDQJ�HW�DO��������� IRL�REWLGR�R�JDQKR�GR�FRQWURODGRU�UREXVWR������H�D�PDWUL]�VLPpWULFD�

SRVLWLYD�GHILQLGD�ܲ ������

ܭ ൌ ൤
ͷǡͳͲ െͳǡͳ͸Ǥ ͳͲିଷ ͳǡͶͺǤ ͳͲଷ

െͳǡ͸ʹǤ ͳͲିଷ ͶǡͶ͸ െ͵ͻ͸ǡͲͶǤ ͳͲିଷ
െͳͷ͹ǡͺͳǤ ͳͲି଺ ͶͲǡ͹ʹǤ ͳͲଷ െͳ͹͸ǡʹǤ ͳͲି଺

͸ͶͲǡͳ͸Ǥ ͳͲିଷ െͻǡͳͻ ͹ʹͲǡʹͻǤ ͳͲିଷ
൨ǡ

ܲ ൌ

ۏ
ێ
ێ
ێ
ێ
ۍ

͸ͶͶǡͺʹ כ כ

െͳʹ͹ǡͲʹǤ ͳͲିଷ ͶͺͳǡͶͳ כ

ͳʹͺǡͶͺǤ ͳͲଷ െ͵ͷǡͷ͵ ͷ͸ǡͶ͵Ǥ ͳͲ଺

כ כ כ
כ כ כ
כ כ כ

െͳͷǡ͵ͺǤ ͳͲିଷ Ͷ͸ǡ͵ʹ െͷǡʹͳ

͵ǡͳ͵Ǥ ͳͲ଺ െ͹Ͷͻǡ͹ͳ ͳǡͺͳǤ ͳͲଽ

െͳ͹ǡʹʹǤ ͳͲିଷ ͷʹǡͳͶ െͷǡͺʹ

ʹͲͲǡ͵ͳ כ כ

െʹ͸ͶǡͲͲ ͳ͹ͺǡ͸ͺǤ ͳͲଽ כ
ʹʹͷǡͳͻ െʹͻʹǡ͵ͷ ʹͷ͵ǡͺ͵ے

ۑ
ۑ
ۑ
ۑ
ې

Ǥ

8WLOL]DQGR�R�7HRUHPD�� SURMHWRX�VH�RV�JDQKRV�GR FRQWURODGRU�UREXVWR�FKDYHDGR�FRP

WD[D� GH� GHFDLPHQWR� XQLWiULD GDGD� HP ������ QR� TXDO� REWHYH�VH D� PDWUL]� VLPpWULFD� SRVLWLYD�

GHILQLGD�ܲ GHVFULWD�HP �����

௦ଵܭ ൌ ൤
െͳǡ͹ͺ െ͵ͳ͵ǡ͵ͳǤ ͳͲିଷ ʹͳǡͷͶ

ʹǡͲͲ െʹ͸ͲǡͺͺǤ ͳͲିଷ ͻ͸͸ǡʹͻ

ͳǡͳͲ ͳǡͺͺ ʹǡͷͳ
ͳǡ͵ʹ െ͵ʹǡ͵ͻ ʹǡͺͻ

൨ǡ

௦ଶܭ ൌ ൤
െͺͺ͸ǡͳͲǤ ͳͲିଷ െͺǡͲͺǤ ͳͲିଷ ͹ǡͳͳ

ͳǡͺͺ െʹ͸ͳǡͶͶǤ ͳͲିଷ ͵ʹͲǡͳͲ
ͳǡʹͳ ͺͻͻǡͺ͵Ǥ ͳͲିଷ ʹǡ͹͸
ͳǡ͵ͷ െ͵ͷǡʹͺ ʹǡͺͺ

൨ǡ

௦ଷܭ ൌ ൤
െͳǡ͹ͺ െ͸ͳͷǡͻͻǤ ͳͲିଷ ʹͳǡͻ͵

െͳǡͷ͹ െʹ͸͸ǡͳͺǤ ͳͲିଷ െͻ͸ͷǡʹ͸

െͳǡͶʹ ʹǡ͸͵ െ͵ǡʹͺ
ͳǡͶ͸ ͶʹǡͶʹ ͵ǡͲͺ

൨ǡ

௦ସܭ ൌ ൤
െͺͺʹǡͶͶǤ ͳͲିଷ െ͵Ͳͻǡ͸ͶǤ ͳͲିଷ ͹ǡͶͺ

െͳǡ͹ʹ െʹ͸͸ǡͷ͵Ǥ ͳͲିଷ െ͵ͳͻǡͷ͸

െͳǡ͵ͷ ͳǡ͸ʹ െ͵ǡͲͷ
ͳǡͶ͸ ͵ͻǡͳͶ ͵ǡͲͺ

൨ǡ

௦ହܭ ൌ ൤
െʹǡͲͻ െ͵ͳͷǡͻͺǤ ͳͲିଷ ʹͳǡͷͷ

ʹǡͲͳ െͷ͸ʹǡͳ͹Ǥ ͳͲିଷ ͻ͸͸ǡ͵Ͳ

ͳǡͳͲ ͳǡͻͺ ʹǡͷͲ
ͳǡ͵ͷ െ͵ʹǡ͵͵ ʹǡͻͲ

൨ǡ

௦଺ܭ ൌ ൤
െͳǡͳͻ െͳ͵ǡ͹͸Ǥ ͳͲିଷ ͹ǡͳͳ

ͳǡͺͺ െͷ͸ͳǡͻ͹Ǥ ͳͲିଷ ͵ʹͲǡͳͲ
ͳǡʹͳ ͻ͹ͷǡͳͳǤ ͳͲିଷ ʹǡ͹Ͷ
ͳǡ͵ͷ െ͵ͷǡʹ͹ ʹǡͺͻ

൨ǡ

௦଻ܭ ൌ ൤
െʹǡͲͻ െ͸ͳͻǡ͵͹Ǥ ͳͲିଷ ʹͳǡͻͶ

െͳǡͷ͹ െͷ͸͹ǡ͵͸Ǥ ͳͲିଷ െͻ͸ͷǡʹ͸

െͳǡͶͷ ʹǡ͹Ͷ െ͵ǡʹͺ
ͳǡͶ͹ ͶʹǡͶ͸ ͵ǡͳͲ

൨ǡ

����

����

����



��

௦଼ܭ ൌ ൤
െͳǡͳͻ െ͵ͳͲǡ͵͸Ǥ ͳͲିଷ ͹ǡͶͻ

െͳǡ͹ʹ െͷ͸͹ǡ͸͹Ǥ ͳͲିଷ െ͵ͳͻǡͷ͸

െͳǡ͵Ͷ ͳǡ͹Ͳ െ͵ǡͲͶ
ͳǡͶ͸ ͵ͻǡͳͻ ͵ǡͲͺ

൨ǡ

ܲ ൌ

ۏ
ێ
ێ
ێ
ێ
ێ
ۍ

ʹǡʹʹǤ ͳͲିଵଶ כ כ

െ͵ǡ͸ʹǤ ͳͲିଵହ Ͷǡͺ͸Ǥ ͳͲିଵଶ כ

ͶǡʹͺǤ ͳͲିଵଶ െʹͺ͵ǡ͹͸Ǥ ͳͲିଵହ ͵ͳǡ͸ͻǤ ͳͲିଵଶ

כ כ כ
כ כ כ
כ כ כ

͹ͺǡͲ͹Ǥ ͳͲିଵହ ͳǡͺͲǤ ͳͲିଵଶ ͳǡͶͲǤ ͳͲିଵଶ

ͷͲǡ͹ͳǤ ͳͲିଵଶ െͷ͸ͶǡͻͶǤ ͳͲିଵହ ͳͶͶǡ͹͵Ǥ ͳͲିଵଶ

ͳ͵ͶǡʹͶǤ ͳͲିଵହ ͶǡͲ͹Ǥ ͳͲିଵଶ ʹǡͺ͹Ǥ ͳͲିଵଶ

ͳ͸ǡͶ͸Ǥ ͳͲିଵଶ כ כ

͵ǡͲʹǤ ͳͲିଵଶ ͳǡͶͷǤ ͳͲିଽ כ

͵ͶǡͻʹǤ ͳͲିଵଶ ͷǡͷͺǤ ͳͲିଵଶ ͺʹǡ͹ʹǤ ͳͲିଵଶے
ۑ
ۑ
ۑ
ۑ
ۑ
ې

Ǥ

������3URMHWR�GR�FRQWURODGRU�UREXVWR�H�UREXVWR�FKDYHDGR�FRP�'�HVWDELOLGDGH YLD�/0,V

1HVWH� LWHP��GHILQLUDP�VH� WUrV� FULWpULRV�SDUD� D� FRQIHFomR�GD� UHJLmR�ܵሺߚǡ ǡݎ �ሻߠ ߚ ൌ ͳ��

ݎ ൌ ͳͳͻͲ Hߠ� ൌ ͶͲι�� $WHQWDU� TXH� HVWHV� YDORUHV� VmR� HVWLSXODGRV� SHOR� SURMHWLVWD� EXVFDQGR� D�

DORFDomR� GRV� SRORV� HP� XPD� UHJLmR� TXH� SURSRUFLRQH� XPD� PHOKRU� UHVSRVWD� H� TXH� DWHQGD D�

IDFWLELOLGDGH� GR� VLVWHPD �SRUFHQWDJHP� GH� RYHUVKRRW�� WHPSR� GH� SLFR H� WHPSR� GH�

HVWDEHOHFLPHQWR���

$� SDUWLU� GD� GHILQLomR� GD� UHJLmR�� GRV� PRGHORV� ORFDLV� H� GR� 7HRUHPD� � SURMHWRX�VH� R

JDQKR�GR FRQWURODGRU�UREXVWR������H�REWHYH�VH�D�PDWUL] VLPpWULFD�SRVLWLYD�GHILQLGD������

ܭ ൌ ൤
͸ǡ͸͸ ͳͶǡʹʹǤ ͳͲି଺ ͳǡ͹ͲǤ ͳͲଷ

െ͸͸ǡͷͻǤ ͳͲି଺ ͸ǡ͵ͳ െͶͲǡͲͶǤ ͳͲିଷ
െͳͷǡ͸ʹǤ ͳͲି଺ ͵ǡͶͳǤ ͳͲଷ െͳͺǡ͵Ǥ ͳͲି଺

ͳǡͶ͸ െ͹ͺǡͳͻǤ ͳͲିଷ ͳǡͷͺ
൨ǡ

ܲ ൌ

ۏ
ێ
ێ
ێ
ێ
ێ
ۍ

ʹǡͳ͸Ǥ ͳͲଷ כ כ

െͶ͸ͶǡͳͲǤ ͳͲି଺ ͳǡͻͻǤ ͳͲଷ כ

͸Ͳͳǡ͵ͳǤ ͳͲଷ െͳʹǡͲͻ Ͷͷ͸ǡͳ͵Ǥ ͳͲ଺

כ כ כ
כ כ כ
כ כ כ

െ͹ǡ͹ʹǤ ͳͲିଷ Ͷͻ͸ǡʹ͹ െ͹ǡͶͺ

ͳǡʹͶǤ ͳͲ଺ െͳͺǡͲͻ ͳǡͳͳǤ ͳͲଽ

െͺǡͲ͵Ǥ ͳͲିଷ ͷͶ͵ǡʹ͵ െͺǡ͵Ͷ

Ͷǡͺ͸Ǥ ͳͲଷ כ כ

െ͹ʹǡ͸͸ ͺ͸ǡͳͳǤ ͳͲଽ כ

ͷǡ͵͹Ǥ ͳͲଷ െͻͻǡͲͲ ͹ǡ͹ͺǤ ͳͲଷے
ۑ
ۑ
ۑ
ۑ
ۑ
ې

Ǥ

8WLOL]DQGR RV� PRGHORV� ORFDLV� H� R� 7HRUHPD� � SURMHWRX�VH� R� FRQWURODGRU� UREXVWR�

FKDYHDGR� ����� H� REWHYH�VH� D� PDWUL]� VLPpWULFD� SRVLWLYD� GHILQLGD� ������ 3DUD� R� FRQWURODGRU�

FKDYHDGR� IRL� SRVVtYHO� HVFROKHU� XPD� UHJLmR� GH� RSHUDomR� PHQRU� GR� TXH� D� XWLOL]DGD� QR�

FRQWURODGRU� UREXVWR�� VHQGR�� D� UHJLmR�ܵሺߚǡ ǡݎ ��ሻߠ ߚ� ൌ ͳݎ�� ൌ ͶͲ Hߠ� ൌ ͶͲι�� (VWH� IDWR�PRVWUD�

XPD� YDQWDJHP� GR� SURMHWR� FRP� FRQWUROH� FKDYHDGR TXH� SRVVXL� PDLRU� iUHD� IDFWtYHO�

FRPSDUDWLYDPHQWH�DR�FRQWURODGRU�FRP�~QLFR�JDQKR�

௦ଵܭ ൌ ൤
െͳǡ͸ͷ െ͵ǡͶ͵ ʹͳǡ͸Ͷ

͵ǡͶ͵ െͳ͹ͲǡͺͷǤ ͳͲିଷ ͻ͸ͺǡͻ͵
െ͵ǡͻ͹Ǥ ͳͲିଷ ͶǡͶͻ െͷǡͻ͵Ǥ ͳͲିଷ

ͷͶǡʹͷǤ ͳͲିଷ െͳʹǡͺʹǤ ͳͲିଷ ͸ͺǡ͸͵Ǥ ͳͲିଷ
൨ǡ

௦ଶܭ ൌ ൤
െ͸͹ͻǡͻͺǤ ͳͲିଷ െ͵ǡͶ͵ ͹ǡ͸ʹ

͵ǡͶ͵ െͳ͹ͲǡͺʹǤ ͳͲିଷ ͵ʹʹǡͻ͹

െ͸ǡͲʹǤ ͳͲିଷ ͷǡͶ͸ െͺǡͶͺǤ ͳͲିଷ

ͷͶǡͳͻǤ ͳͲିଷ െͳ͸ǡͻͶǤ ͳͲିଷ ͸ͺǡͷ͹Ǥ ͳͲିଷ
൨ǡ

����

����

����

����



��

௦ଷܭ ൌ ൤
െͳǡ͸ͷ ͵ǡͶʹ ʹͳǡ͸Ͷ

െ͵ǡͶ͵ െͳ͹Ͳǡͺ͵Ǥ ͳͲିଷ െͻ͸ͺǡͻͶ
െ͵ǡͻͺǤ ͳͲିଷ ͶǡͷͲ െͷǡͻͶǤ ͳͲିଷ

ͷͶǡʹͶǤ ͳͲିଷ െͳʹǡͺͷǤ ͳͲିଷ ͸ͺǡ͸ʹǤ ͳͲିଷ
൨ǡ

௦ସܭ ൌ ൤
െ͸͹ͻǡ͹͵Ǥ ͳͲିଷ ͵ǡͶʹ ͹ǡ͸ʹ

െ͵ǡͶ͵ െͳ͹ͲǡͺʹǤ ͳͲିଷ െ͵ʹʹǡͻͺ

െͷǡͻͺǤ ͳͲିଷ ͷǡͶ͹ െͺǡͶͷǤ ͳͲିଷ

ͷͶǡʹͲǤ ͳͲିଷ െͳ͸ǡͲͺǤ ͳͲିଷ ͸ͺǡͷͺǤ ͳͲିଷ
൨ǡ

௦ହܭ ൌ ൤
െͳǡͻ͸ െ͵ǡͶ͵ ʹͳǡ͸Ͷ

͵ǡͶ͵ െͶͺͷǡ͵ͷǤ ͳͲିଷ ͻ͸ͺǡͻ͵
െ͵ǡͻͺǤ ͳͲିଷ ͶǡͷͲ െͷǡͻͶǤ ͳͲିଷ

ͷͶǡʹ͵Ǥ ͳͲିଷ െͳʹǡͻͺǤ ͳͲିଷ ͸ͺǡ͸ʹǤ ͳͲିଷ
൨ǡ

௦଺ܭ ൌ ൤
െͻͻͶǡͷ͵Ǥ ͳͲିଷ െ͵ǡͶ͵ ͹ǡ͸ʹ

͵ǡͶ͵ െͶͺͷǡ͵͵Ǥ ͳͲିଷ ͵ʹʹǡͻ͹

െͷǡͻͺǤ ͳͲିଷ ͷǡͶ͸ െͺǡͶͶǤ ͳͲିଷ

ͷͶǡͳͻǤ ͳͲିଷ െͳ͸ǡͷͷǤ ͳͲିଷ ͸ͺǡͷ͹Ǥ ͳͲିଷ
൨ǡ

௦଻ܭ ൌ ൤
െͳǡͻ͸ ͵ǡͶʹ ʹͳǡ͸ͷ

െ͵ǡͶ͵ െͶͺͷǡ͵ͷǤ ͳͲିଷ െͻ͸ͺǡͻͶ
െͶǡͲͳǤ ͳͲିଷ Ͷǡͷʹ െͷǡͻͻǤ ͳͲିଷ

ͷͶǡʹ͵Ǥ ͳͲିଷ െͳʹǡͻ͸Ǥ ͳͲିଷ ͸ͺǡ͸ʹǤ ͳͲିଷ
൨ǡ

௦଼ܭ ൌ ൤
െͻͻͶǡͶͳǤ ͳͲିଷ ͵ǡͶʹ ͹ǡ͸ʹ

െ͵ǡͶ͵ െͶͺͷǡ͵ʹǤ ͳͲିଷ െ͵ʹʹǡͻͺ

െͷǡͻ͹Ǥ ͳͲିଷ ͷǡͶ͹ െͺǡͶͶǤ ͳͲିଷ

ͷͶǡͳͻǤ ͳͲିଷ െͳ͸ǡͳͻǤ ͳͲିଷ ͸ͺǡͷ͹Ǥ ͳͲିଷ
൨ǡ

ܲ ൌ

ۏ
ێ
ێ
ێ
ێ
ێ
ۍ
ͶͳǡͲ͹Ǥ ͳͲିଵଶ כ כ

െͳʹͻǡͷͻǤ ͳͲିଵହ ͳͲͺǡͺͶǤ ͳͲିଵଶ כ

͹͵ǡͺͺǤ ͳͲିଵଶ െͷͷͶǡͶͻǤ ͳͲିଵହ ʹ͹͵ǡʹ͵Ǥ ͳͲିଵଶ

כ כ כ
כ כ כ
כ כ כ

െͺͳͶǡ͵ͳǤ ͳͲିଵହ ʹ͸ǡ͸ͻǤ ͳͲିଵଶ െ͸ʹ͵ǡͲͷǤ ͳͲିଵହ

ͺͺ͵ǡ͹ͻǤ ͳͲିଵଶ െʹǡͳʹǤ ͳͲିଵଶ ʹǡͲ͹Ǥ ͳͲିଽ

െͳǡʹͲǤ ͳͲିଵଶ ͵͸ǡͳͶǤ ͳͲିଵଶ െͳǡͺͷǤ ͳͲିଵଶ

ͳ͹ǡ͵ͷǤ ͳͲିଵଶ כ כ

െͳ͸ǡʹͺǤ ͳͲିଵଶ ʹ͵ǡ͹͵Ǥ ͳͲିଽ כ

ʹʹǡͶͶǤ ͳͲିଵଶ െ͵ʹǡʹͲǤ ͳͲିଵଶ ͷͳǡͺ͵Ǥ ͳͲିଵଶے
ۑ
ۑ
ۑ
ۑ
ۑ
ې

Ǥ

����$1È/,6(�'26�&21752/$'25(6

$�SDUWLU�GRV�JDQKRV GRV�FRQWURODGRUHV�SURMHWDGRV�HIHWXRX�VH�D�VLPXODomR�XWLOL]DQGR�R�

VRIWZDUH 0DWODE�6LPXOLQN� SDUD� D� YHULILFDomR� GR� FRPSRUWDPHQWR� GLQkPLFR� GR� DFLRQDPHQWR��

3DUD� LVWR�� IRUDP� FRQVLGHUDGDV� FRPR� FRQGLo}HV LQLFLDLV DV� FRUUHQWHV� GR� HL[R� GLUHWR� H� HP�

TXDGUDWXUD�HP�����$��R�IOX[R�GR�URWRU�HP���P:E��D�YHORFLGDGH�GR�PRWRU�HP���UDG�V��R�HUUR�GR�

IOX[R�GR�URWRU�HP�������:E�H�R�HUUR�GH�YHORFLGDGH�GR�URWRU�HP�����UDG�V��

$OpP� GLVWR�� SDUD� R� DFLRQDPHQWR� GR�PRWRU� GH� LQGXomR� DGRWRX�VH� XPD� UHIHUrQFLD� GH�

YHORFLGDGH�FRQVWDQWH�HP�����UDG�V�H�XP�IOX[R�GR�URWRU�HP�����:E��VHQGR�VLPXODGR�R�VLVWHPD�

QR� SHUtRGR� GH� WULQWD� VHJXQGRV�� 1R� LQVWDQWH� GH� TXLQ]H� VHJXQGRV� DSOLFRX�VH� XP� GHJUDX� GH�

WRUTXH�QRPLQDO�

1D� )LJXUD� �� DSUHVHQWDP�VH� RV� FRPSRUWDPHQWRV� GD� YHORFLGDGH� GR� URWRU� SDUD� RV�

FRQWURODGRUHV� UREXVWR� H� UREXVWR� FKDYHDGR� YLD� /0,�� j� HVTXHUGD�� RV� FRQWURODGRUHV� UREXVWR� H�

UREXVWR�FKDYHDGR�FRP�WD[D�GH�GHFDLPHQWR��QR�FHQWUR�� �H�RV�FRQWURODGRUHV� UREXVWR�H� UREXVWR�

FKDYHDGR� FRP�'�HVWDELOLGDGH�� j� GLUHLWD��1DV� )LJXUDV� �� H� �� DSUHVHQWDP�VH� R� WUDQVLWyULR� QRV�

LQVWDQWHV�GH�SDUWLGD�H�DSOLFDomR�GH�FDUJD��UHVSHFWLYDPHQWH�

$QDOLVDQGR�VH� DV� )LJXUDV� ��� �� H� �� p� SRVVtYHO� YHULILFDU� TXH� R� FRQWURODGRU� FKDYHDGR��

FRPSDUDWLYDPHQWH�DR�UREXVWR��SURSRUFLRQRX�XPD�UHVSRVWD�PDLV�DGHTXDGD��(VWH�IDWR�ILFD�PXLWR�

SHUFHSWtYHO�QRV�FRQWURODGRUHV�TXH�QmR�FRQVLGHUDUDP�QHQKXP�FULWpULR�GH�GHVHPSHQKR��SRLV��R�

����



��

FRQWURODGRU� FKDYHDGR� VHJXLX� D� UHIHUrQFLD�GH�YHORFLGDGH�HQTXDQWR�R� FRQWURODGRU� UREXVWR��QR�

LQVWDQWH�DQDOLVDGR��QmR�DWLQJLX�R�YDORU�VROLFLWDGR�

)LJXUD�� ± 9HORFLGDGH�GR�PRWRU�± UHIHUrQFLD�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD�� ± 9HORFLGDGH�GR�PRWRU�± WUDQVLWyULR QD�SDUWLGD�± UHIHUrQFLD�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�



��

2EVHUYD�VH�TXH�R�FRQWURODGRU�UREXVWR�������QR�SHUtRGR�GH�WHPSR�DQDOLVDGR�QmR�DWLQJLX�

R�UHJLPH�SHUPDQHQWH��HQTXDQWR�TXH�R�FRQWURODGRU�FKDYHDGR�FRQVHJXLX�VHJXLU�D�UHIHUrQFLD�GH�

YHORFLGDGH�HVWLSXODGD�

)LJXUD�� ± 9HORFLGDGH�GR�PRWRU�± WUDQVLWyULR QR�LQVWDQWH�GH�DSOLFDomR�GR�WRUTXH�GH�FDUJD�±

UHIHUrQFLD�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

$QDOLVDQGR� RV� UHVXOWDGRV� GRV� FRQWURODGRUHV� SURMHWDGRV� FRP� FULWpULR� GH� WHPSR� GH�

GHFDLPHQWR��HYLGHQFLD�VH�TXH�R�FRQWURODGRU�FKDYHDGR�WDPEpP�WHYH�FRPSRUWDPHQWR�PHOKRU�GR�

TXH� R� UREXVWR�� &RQVLGHUDQGR� RV� FRQWURODGRUHV� FRP� SURMHWR� EDVHDGR� HP� '�HVWDELOLGDGH�� DV�

UHVSRVWDV�IRUDP�VLPLODUHV�

$QDOLVDQGR� FRP� PDLV� GHWDOKHV� D� )LJXUD� � p� SRVVtYHO� DILUPDU� TXH� RV� FRQWURODGRUHV�

FKDYHDGRV� WLYHUDP� XPD� ERD� UHMHLomR� DR� GLVW~UELR� GH� FDUJD� DSOLFDGR� QR� LQVWDQWH� GH� TXLQ]H�

VHJXQGRV��

&RQVLGHUDQGR�XPD�UHIHUrQFLD�GH�YHORFLGDGH�YDULiYHO�DSOLFDGD�DR�VLVWHPD� WDPEpP�VH�

WHYH� XP� PHOKRU� FRPSRUWDPHQWR� XWLOL]DQGR� RV� FRQWURODGRUHV� FKDYHDGRV�� FRPR� VH� SRGH�

YHULILFDU�QDV�)LJXUDV�� H����

$� UHIHUrQFLD� GH� YHORFLGDGH� IRL� FRQVLGHUDGD� VHQGR� XPD� UDPSD� GH� �� D� ���� UDG�V� QR�

WHPSR� GH� �� VHJXQGRV�� PDQWHQGR�VH� FRQVWDQWH� DWp� �� VHJXQGRV�� VRIUHQGR� XPD� UHYHUVmR�

LQVWDQWkQHD� GH� ���� UDG�V� SDUD� ����� UDG�V�� ILFDQGR� FRQVWDQWH� HP� ����� UDG�V� DWp� �� VHJXQGRV��

$SyV��D�UHIHUrQFLD�IRL�GH������UDG�V�SDUD�����UDG�V�QR�LQWHUYDOR�GH�WHPSR�GH���DWp���VHJXQGRV��



��

PDQWHQGR�VH�IL[D�QHVWH�YDORU�DWp����VHJXQGRV��1HVWH� LQVWDQWH��D� UHIHUrQFLD�IRL� UHGX]LGD�SDUD�

����UDG�V�DWp�R�LQVWDQWH�GH����VHJXQGRV��HP�TXH��WRUQRX�VH����UDG�V�DWp�R�ILQDO�GD�VLPXODomR�

$�)LJXUD�� PRVWUD�XP�]RRP QR�LQVWDQWH�GD�DSOLFDomR�GR�GHJUDX�GH�FDUJD�

)LJXUD�� ± 9HORFLGDGH�GR�PRWRU�± UHIHUrQFLD�YDULiYHO�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD�� ± 9HORFLGDGH�GR�PRWRU�± ]RRP QR�LQVWDQWH�GH�DSOLFDomR�GR�WRUTXH�GH�FDUJD�±

UHIHUrQFLD�YDULiYHO�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�



��

$V�)LJXUDV��� H��� DSUHVHQWDP�RV�VLQDLV�GR�IOX[R�PDJQpWLFR�GR�URWRU�SDUD�D�FRQGLomR�

GH�YHORFLGDGH�FRQVWDQWH�H�YDULiYHO�� UHVSHFWLYDPHQWH��VHQGR�R�VLQDO�GH�UHIHUrQFLD�GH�����:E�

9HULILFD�VH�TXH�D� UHVSRVWD�GRV�FRQWURODGRUHV�UREXVWRV�FRP�HVWDELOLGDGH�H�'�HVWDELOLGDGH�QmR�

DWLQJHP�R�UHJLPH�SHUPDQHQWH�QR�SHUtRGR�GH WHPSR�DQDOLVDGR��VHQGR�HVWH�SHUtRGR�PDLRU�TXH�

���VHJXQGRV�

)LJXUD��� ± )OX[R�GR�PRWRU�± YHORFLGDGH�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± )OX[R�GR�PRWRU�± YHORFLGDGH�YDULiYHO�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�



��

3RGH�VH�YHULILFDU�TXH�R�IOX[R�PDJQpWLFR�DWLQJH�YDORUHV�PDLRUHV�GR�TXH�D�UHIHUrQFLD�GH�

����:E�� (VWH� IDWR�� QmR� RFRUUHULD� QD� SUiWLFD� GHYLGR� D� H[LVWrQFLD� GD� VDWXUDomR�PDJQpWLFD� GR�

Q~FOHR�� 3RUWDQWR�� DQDOLVDQGR� RV� FRPSRUWDPHQWRV� GRV� FRQWURODGRUHV� FKDYHDGRV� p� LPSRUWDQWH�

XWLOL]DU�VH�PHFDQLVPRV�TXH�PLQLPL]HP�R�YDORU�GR�IOX[R�PDJQpWLFR�SDUD�TXH�QmR�RFRUUD�XPD�

UHGXomR�GH�HILFLrQFLD�GR�VLVWHPD�GH�FRQWUROH�

9HULILFDQGR�RV�FDVRV�FRP�YHORFLGDGH�FRQVWDQWH�H�YDULiYHO�SHUFHEH�VH�TXH�DV�PHOKRUHV�

UHVSRVWDV� IRUDP� REWLGDV� FRQVLGHUDQGR� D� WD[D� GH� GHFDLPHQWR�� 1RV� RXWURV� FRQWURODGRUHV� RV�

YDORUHV� GR� IOX[R� QmR� VHJXLUDP� SDUD� R� YDORU� VROLFLWDGR�� SRUpP�� RV� FRQWURODGRUHV� FKDYHDGRV�

WLYHUDP�XP�FRPSRUWDPHQWR�PDLV�SUy[LPR�GD�UHIHUrQFLD�FRPSDUDWLYDPHQWH DRV�FRQWURODGRUHV�

UREXVWRV�

1DV� )LJXUDV� ��� H� ��� VmR� DSUHVHQWDGDV� DV� UHVSRVWDV� GDV� FRUUHQWHV� GR� HL[R� GLUHWR�

FRQVLGHUDQGR�R�VLQDO�GH� UHIHUrQFLD�GH�YHORFLGDGH�FRQVWDQWH� H�YDULiYHO�SDUD�RV� FRQWURODGRUHV�

UREXVWRV�H�FKDYHDGRV� 1DV�)LJXUDV����H����PRVWUDP�VH�DV� UHVSRVWDV�GD�FRUUHQWH�GR�HL[R�HP�

TXDGUDWXUD�SDUD�YHORFLGDGH�FRQVWDQWH�H�YHORFLGDGH�YDULiYHO��UHVSHFWLYDPHQWH�

)LJXUD��� ± &RUUHQWH�GR�HL[R�GLUHWR�± YHORFLGDGH�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

&RQVWDWD�VH� TXH� DV� PDJQLWXGHV� GD� FRUUHQWH� GH� HL[R� GLUHWR� ILFDUDP� HP� YDORUHV�

DGHTXDGRV�UHVSHLWDQGR�RV�OLPLWHV�GR�FRQYHUVRU�&&�&$�

'D�PHVPD� IRUPD�� D� FRUUHQWH� GR� HL[R� GH� TXDGUDWXUD� WDPEpP� ILFRX�GHQWUR� GH� YDORUHV�

DFHLWiYHLV�SDUD�R�DFLRQDPHQWR�PHVPR�GXUDQWH�R�SHUtRGR�GH�DSOLFDomR�GH�FDUJD�QRPLQDO�



��

)LJXUD��� ± &RUUHQWH�GR�HL[R�GLUHWR�± YHORFLGDGH�YDULiYHO�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± &RUUHQWH�GR�HL[R�GH�TXDGUDWXUD�± YHORFLGDGH�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

1DV� )LJXUDV� ��� H� ��� DSUHVHQWDP�VH� D� WHQVmR� GR� HL[R� GLUHWR� SDUD� D� UHIHUrQFLD� GH�

YHORFLGDGH�FRQVWDQWH�H�YDULiYHO��

&RQVWDWD�VH��QDV�)LJXUDV����D����� �TXH�RV�FRQWURODGRUHV�FRP�'�HVWDELOLGDGH�SRVVXHP�

XPD� PHQRU� PDJQLWXGH� GR� VLQDO� GH� FRQWUROH�� (VWH� IDWR� p� H[WUHPDPHQWH� LQWHUHVVDQWH� SDUD�



��

LPSOHPHQWDomR�HP�EDQFDGD��SRUpP��PHVPR�QRV�RXWURV�FRQWURODGRUHV��RV�QtYHLV�GH�WHQVmR�VmR�

VDWLVIDWyULRV��3RUpP��p�QHFHVViULR�XWLOL]DU�PHFDQLVPRV�TXH�HYLWHP�VREUHWHQV}HV�QR�0,7��

$V�WHQV}HV�GR�HL[R�GH�TXDGUDWXUD�VmR�DSUHVHQWDGDV�QDV�)LJXUDV����H����SDUD�UHIHUrQFLD�

GH�YHORFLGDGH�FRQVWDQWH�H�YDULiYHO��UHVSHFWLYDPHQWH�

)LJXUD��� ± &RUUHQWH�GR�HL[R�GH�TXDGUDWXUD�± YHORFLGDGH�YDULiYHO�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± 7HQVmR�GR�HL[R�GLUHWR�± YHORFLGDGH�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�



��

)LJXUD��� ± 7HQVmR�GR�HL[R�GLUHWR�± YHORFLGDGH�YDULiYHO�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± 7HQVmR�GR�HL[R�GH�TXDGUDWXUD�± YHORFLGDGH�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

$QDOLVDQGR� HVWH� VLQDO� GH� FRQWUROH� FRQVWDWD�VH� TXH� D�PDJQLWXGH� p� HOHYDGD� HP� DOJXQV�

LQVWDQWHV�� LVWR�SRGH�DFDUUHWDU�SUREOHPDV�HP�LPSOHPHQWDo}HV�SUiWLFDV�VH�QmR�IRU�FRQVLGHUDGR�

H�RX�DGRWDGR�FRQGLo}HV�SDUD�OLPLWDU�HVWH�VLQDO�



��

)LJXUD��� ± 7HQVmR�GR�HL[R�GH�TXDGUDWXUD�± YHORFLGDGH�YDULiYHO�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

e� LPSRUWDQWH� UHVVDOWDU� TXH� RXWUDV� IDOKDV� H�RX� LQFHUWH]DV� SDUDPpWULFDV� SRGHP� VHU�

FRQVLGHUDGDV�QR�GHVHQYROYLPHQWR�GR�SURMHWR�YLVDQGR� WRUQDU�R� DFLRQDPHQWR�GR�VLVWHPD�PDLV�

UREXVWR��FRPR�SRU�H[HPSOR��IDOKD�QR�URODPHQWR�

3RU� ILP�� QDV� )LJXUDV� �� H� �� DSUHVHQWDP�VH� RV� VLQDLV� GH� FKDYHDPHQWR� GRV�

FRQWURODGRUHV�SDUD�RV�VLQDLV�GH�UHIHUrQFLD�GH�YHORFLGDGH�FRQVWDQWH�H�YDULiYHO�

)LJXUD��� ± &KDYHDPHQWR�HQWUH�RV�FRQWURODGRUHV�± YHORFLGDGH�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�



��

)LJXUD��� ± &KDYHDPHQWR�HQWUH�RV�FRQWURODGRUHV�± YHORFLGDGH�YDULiYHO�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

9HULILFD�VH� TXH� R� FRQWURODGRU� FRP� FULWpULR� GH� '�HVWDELOLGDGH� p� TXH� PHQRV� FKDYHLD�

HQWUH�RV�RLWR�SRVVtYHLV�JDQKRV��

3DUD� UHIHUrQFLD� GH� YHORFLGDGH� FRQVWDQWH� H� VHP� WRUTXH� GH� FDUJD� R� FKDYHDPHQWR� GRV�

JDQKRV�GRV�FRQWURODGRUHV�FKDYHDGR�H�FKDYHDGR�FRP�WD[D�GH�GHFDLPHQWR�p�LQWHQVR�H�LVWR�SRGH�

VHU�SUHMXGLFLDO�

(P� XPD� DQiOLVH� JHUDO� SRGH�VH� DILUPDU� TXH� RV� FRQWURODGRUHV� WLYHUDP� ERQV�

FRPSRUWDPHQWRV� QR� DFLRQDPHQWR� GR� PRWRU� GH� LQGXomR� WULIiVLFR� H�� FRPR� R� REMHWLYR� GRV�

VLVWHPDV�GH�DFLRQDPHQWR�VmR�FRQWURODU�D�YHORFLGDGH�FRP�YDULDomR�GR�VLQDO�GH�UHIHUrQFLD��WrP�

VH�TXH�RV�FRQWURODGRUHV�FKDYHDGRV�SURSRUFLRQDUDP�XPD�PHOKRU�UHVSRVWD�WHPSRUDO�GR�TXH�RV�

FRQWURODGRUHV�UREXVWRV��VHQGR�HVWH�IDWR��D�SULQFLSDO�FRQWULEXLomR�GHVWH�FDStWXOR�

2V� UHVXOWDGRV� REWLGRV� FRP� RV� FRQWURODGRUHV� FKDYHDGRV� DSUHVHQWDGRV� QHVWH� FDStWXOR��

VmR�LPSRUWDQWHV��SRU SRVVLELOLWDUHP D�XWLOL]DomR�GH�XPD�WpFQLFD�GLIHUHQWH�SDUD�R�DFLRQDPHQWR�

GR�0,7�FRQVLGHUDQGR�LQFHUWH]DV�QR�SURMHWR��$OpP�GR�TXH��DV�/0,V��XWLOL]DGDV�SDUD�R�SURMHWR�

GRV�FRQWURODGRUHV�VmR�VLPSOHV�H��PHVPR�DVVLP��SRVVLELOLWDUDP�ERQV�UHVXOWDGRV�

0HOKRUHV� UHVSRVWDV� VmR� SRVVtYHLV� GH� VHUHP� REWLGDV� XWLOL]DQGR� PDLRUHV� YDORUHV� QRV�

FULWpULRV�GH�GHVHPSHQKR��SRUpP��GHYH�VH�DWHQWDU�DRV�YDORUHV�GRV�JDQKRV�GRV�FRQWURODGRUHV�H�

GDV� UHVSRVWDV� GRV� VLQDLV� GH� FRQWUROH� YLVDQGR� UHVSHLWDU� RV� OLPLWHV� ItVLFRV� GR� KDUGZDUH H�

VRIWZDUH SDUD�LPSOHPHQWDo}HV�SUiWLFDV�

$V�LQFHUWH]DV�H�IDOKDV�VmR�FRPXQV QR�DFLRQDPHQWR�GRV�0,7V�H�SURMHWDU�FRQWURODGRUHV�

TXH� DWHQGDP� HVWDV� FRQGLo}HV� SRVVLELOLWDP WRUQDU� R� VLVWHPD�PDLV� UREXVWR�� 3HQVDQGR� HP� XP�



��

SURFHVVR�LQGXVWULDO�LVWR�p�GH�H[WUHPD�LPSRUWkQFLD��SRLV�UHGX]LUi�DV�KRUDV�GH�PiTXLQDV�SDUDGDV�

GHYLGR� jV PDQXWHQo}HV� FRUUHWLYDV�� SRGHQGR� WHU� XPD�SURGXomR�FRQWtQXD� H�XPD�SURJUDPDomR�

DGHTXDGD�SDUD�R�GHVHQYROYLPHQWR�GH�LQWHUYHQo}HV�QRV�HTXLSDPHQWRV�

'RV�WUrV�FRQWURODGRUHV�UREXVWRV�FKDYHDGRV�GHVHQYROYLGRV�R�TXH�XWLOL]RX�R�FULWpULR�GD�

WD[D� GH� GHFDLPHQWR� SURGX]LX� ERQV� UHVXOWDGRV� H� XWLOL]D� XPD� PHQRU� TXDQWLGDGH� GH� /0,V�

FRPSDUDWLYDPHQWH FRP� R� FRQWURODGRU� FRP�'�HVWDELOLGDGH� 3RU� HVWH�PRWLYR�� VHUmR HIHWXDGDV

FRPSDUDo}HV�GHVWH�FRQWURODGRU�FRP�RV�UHVXOWDGRV�REWLGRV�QR WUDEDOKR�GH�&KDQJ�HW�DO ��������

SDUD� HYLGHQFLDU� DV ERDV� SHUVSHFWLYDV� GH� XWLOL]DomR� GRV� FRQWURODGRUHV� FKDYHDGRV� SDUD� R�

DFLRQDPHQWR�GR�0,7�

���� $1È/,6(� '2� &21752/$'25� &+$9($'2� &20� 7$;$� '(� '(&$,0(172�
&203$5$7,9$0(17(�&20�26�5(68/7$'26�'(�&+$1*�HW�DO��������

1R� WUDEDOKR� GH� &KDQJ� HW� DO�� �������� IRL� SURMHWDGR� XP� FRQWURODGRU� GH� YHORFLGDGH�

UREXVWR� FRP� UHDOLPHQWDomR� GH� HVWDGRV�ሺݑ ൌ െܭ ሻሻݐොሺݔ FRP� D� LQWHJUDO� GR� HUUR� DWUDYpV� GH�

/0,V�� 2� FRQWURODGRU� FRQVLGHURX LQFHUWH]D� QD� YHORFLGDGH� HOpWULFD� GR� HVWDWRU� WD[D� GH�

GHFDLPHQWR� XQLWiULD�� VDWXUDomR� QR� VLQDO� GH� FRQWUROH� H� GHVHPSHQKR� +�� (OH� HIHWXRX�

FRPSDUDo}HV�GRV JDQKRV GRV�FRQWURODGRUHV�FRP�H�VHP�R�GHVHPSHQKR +��

3ULPHLUDPHQWH��XWLOL]DQGR�RV�YDORUHV�GR�FRQWURODGRU�FKDYHDGR�FRP�WD[D�GH�GHFDLPHQWR�

DSUHVHQWDGR� HP� ����� IRL� GHVHQYROYLGD D� VLPXODomR XWLOL]DQGR� XP� VLQDO� GH� UHIHUrQFLD� GH�

YHORFLGDGH� YDULiYHO� H� VHP� FDUJD�� $� )LJXUD� �� DSUHVHQWD� DV� IRUPDV� GH� RQGD� GR� IOX[R�

PDJQpWLFR�� VXSHULRU� j� HVTXHUGD��YHORFLGDGH�GR� URWRU�� VXSHULRU�GLUHLWD�� WHQVmR�GR�HL[R�GLUHWR��

LQIHULRU�HVTXHUGD�H�WHQVmR�GR�HL[R�GH�TXDGUDWXUD��LQIHULRU�GLUHLWD��1D�)LJXUD�����DSUHVHQWDP�VH�

RV�PHVPRV�UHVXOWDGRV��SRUpP��FRP�FDUJD�QRPLQDO�DSOLFDGD�QR�0,7�

$QDOLVDQGR�DV�UHVSRVWDV�REWLGDV��WHP�VH�TXH�D�WHQVmR�GR�HL[R�GH�TXDGUDWXUD�SRVVXL�XPD�

PDJQLWXGH�PDLV�HOHYDGD�GR�TXH�D�REWLGD� HP�&KDQJ�HW�DO�� �������� HQTXDQWR�RV�RXWURV� VLQDLV�

SRVVXHP�UHVSRVWDV�EHP�VLPLODUHV�FRP�UHODomR�D�PDJQLWXGH��

1DV�)LJXUDV����D����HIHWXRX�VH�D�VLPXODomR�GR�VLVWHPD��FRQVLGHUDQGR�XPD�UHIHUrQFLD�

GH�YHORFLGDGH�FRQVWDQWH���������������H�����UDG�V��H�FRP�FDUJD�QRPLQDO�DSOLFDGD�QR�LQVWDQWH�

GH�TXDWUR�D�VHWH�VHJXQGRV�

(YLGHQFLD�VH� TXH� SDUD� UHIHUrQFLDV� GH� YHORFLGDGHV� PDLV� HOHYDGDV� R� FRQWURODGRU�

FKDYHDGR� SURSRVWR� QHVWH� WUDEDOKR� WHYH� XP� FRPSRUWDPHQWR� UD]RiYHO�� FRPSDUDWLYDPHQWH� DV�

UHVSRVWDV� DSUHVHQWDGDV� QR� WUDEDOKR� GH� &KDQJ� HW� DO�� ������� TXH� SRVVXL� PDLV� FULWpULRV� GH�

GHVHPSHQKR��)LJXUDV����H����



��

)LJXUD��� ± &RQWURODGRU�FKDYHDGR�FRP�WD[D�GH�GHFDLPHQWR�FRP�VLQDO�GH�UHIHUrQFLD�GH�

YHORFLGDGH�YDULiYHO�H�VHP�FDUJD�DSOLFDGD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± &RQWURODGRU�FKDYHDGR�FRP�WD[D�GH�GHFDLPHQWR�FRP�VLQDO�GH�UHIHUrQFLD�GH�

YHORFLGDGH�YDULiYHO�H�FRP�FDUJD�DSOLFDGD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

1RV�LQVWDQWHV�TXH�RFRUUHX�D�DSOLFDomR�GD�FDUJD��D�SHUGD�GH�YHORFLGDGH�IRL�SUy[LPD��SRU�

H[HPSOR�� SDUD� UHIHUrQFLD� GH� YHORFLGDGH� GH� ���� UDG�V�� D� YHORFLGDGH� DWLQJLX� R� YDORU� GH� ����

UDG�V��HQTXDQWR�HP�&KDQJ�HW�DO���������DWLQJLX�����UDG�V��



��

)LJXUD��� ± &RQWURODGRU�FKDYHDGR�FRP�WD[D�GH�GHFDLPHQWR�FRP�VLQDO�GH�UHIHUrQFLD�GH�

YHORFLGDGH�FRQVWDQWH����� UDG�V��H�FRP�FDUJD�DSOLFDGD�HQWUH���H���VHJXQGRV�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± &RQWURODGRU�FKDYHDGR�FRP�WD[D�GH�GHFDLPHQWR�FRP�VLQDO�GH�UHIHUrQFLD�GH�

YHORFLGDGH�FRQVWDQWH����� UDG�V��H�FRP�FDUJD�DSOLFDGD�HQWUH���H���VHJXQGRV�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

3RU� RXWUR� ODGR�� TXDQGR� D� UHIHUrQFLD� GH� YHORFLGDGH� p� EDL[D� R� FRPSRUWDPHQWR� GR�

FRQWURODGRU�DSUHVHQWDGR�HP�&KDQJ�HW�DO ������� WHYH�XP�PHOKRU�GHVHPSHQKR��3RU�H[HPSOR��



��

SDUD� UHIHUrQFLD� GH� ���� UDG�V� DR� DSOLFDU� R� WRUTXH� GH� FDUJD� j� YHORFLGDGH� DWLQJLX� R� YDORU� GH� ��

UDG�V��HQTXDQWR�QR�WUDEDOKR�IRL�GH������UDG�V�

)LJXUD��� ± &RQWURODGRU�FKDYHDGR�FRP�WD[D�GH�GHFDLPHQWR�FRP�VLQDO�GH�UHIHUrQFLD�GH�

YHORFLGDGH�FRQVWDQWH�����UDG�V��H�FRP�FDUJD�DSOLFDGD�HQWUH���H���VHJXQGRV�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± &RQWURODGRU�FKDYHDGR�FRP�WD[D�GH�GHFDLPHQWR�FRP�VLQDO�GH�UHIHUrQFLD�GH�

YHORFLGDGH�FRQVWDQWH������UDG�V��H�FRP�FDUJD�DSOLFDGD�HQWUH���H���VHJXQGRV�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�



��

'HYH�VH� UHVVDOWDU� TXH� QHVWH� WUDEDOKR� IRL� FRQVLGHUDGD� XPD� LQFHUWH]D� GH ���� QD�

UHVLVWrQFLD�GR�HVWDWRU��HQTXDQWR�HP�&KDQJ�HW�DO���������QmR�IRL�FRQVLGHUDGR��

$� LQFHUWH]D� QD� UHVLVWrQFLD� GR� HVWDWRU� DWLQJH� HQRUPHPHQWH� D� GLQkPLFD� GR� 0,7� HP�

EDL[DV�YHORFLGDGHV�

&RP� UHODomR� jV� RXWUDV� YDULiYHLV� DSUHVHQWDGDV� XPD� DWHQomR� GHYH� VHU� WRPDGD FRP�

UHODomR� j� WHQVmR� GR� HL[R� HP� TXDGUDWXUD� TXH� DWLQJLX� HP� GHWHUPLQDGRV� LQVWDQWHV�PDJQLWXGHV�

HOHYDGDV��GLIHUHQWHPHQWH�GR�WUDEDOKR�DQDOLVDGR��

6DOLHQWD�VH�TXH�R�SURMHWR�GR�FRQWURODGRU�FKDYHDGR�FRQVLGHURX�XPD�LQFHUWH]D�GH������

QD�FRQVWDQWH�GH�WHPSR�GR�URWRU� VHQGR�HVWD�D�JUDQGH�LQIOXHQFLDGRUD�QD�PDJQLWXGH�GR�VLQDO�GH�

FRQWUROH��D�TXDO�QmR�IRL�DERUGDGD�QD�OLWHUDWXUD�HP�DQiOLVH�

3RU� ILP�� SRGH�VH� DILUPDU� TXH� DV� UHVSRVWDV� REWLGDV� QHVWH� WUDEDOKR� IRUDP� EHP�

VDWLVIDWyULDV�� SRLV�� VHJXLUDP D� UHIHUrQFLD� GH� YHORFLGDGH� H� IOX[R� FRPSDUDWLYDPHQWH� DRV�

DSUHVHQWDGRV� QD� OLWHUDWXUD�� VHQGR� TXH�� QHVWH� IRL� FRQVLGHUDGR� WUrV� LQFHUWH]DV� SDUDPpWULFDV�

�FRQVWDQWH� GH� WHPSR� GR� URWRU�± ������ UHVLVWrQFLD� GR� HVWDWRU�± ����� YHORFLGDGH� HOpWULFD� GR�

HVWDWRU�߱௘௠௜௡ ൌ െͷͳͲ UDG�V� H�߱௘௠௔௫ ൌ ͷͳͲ UDG�V��� HQTXDQWR� TXH� QR� WUDEDOKR� GH�&KDQJ� HW�

DO���������DGRWRX�VH�DSHQDV�D�YDULDomR�QD�YHORFLGDGH�HOpWULFD�GR�HVWDWRU�

$OpP�GLVWR��HP�&KDQJ�HW�DO���������IRL�SURMHWDGR�R�FRQWURODGRU�FRP�UHDOLPHQWDomR�GH�

HVWDGRV�UREXVWR�FRQVLGHUDQGR�VDWXUDomR QR�VLQDO�GH�FRQWUROH��IDWRU�LPSDFWDQWH�SDUD�OLPLWDomR�

GD�PDJQLWXGH�GR�VLQDO��H�R�FULWpULR�GH�GHVHPSHQKR�+���VHQGR�HVWH�LPSRUWDQWH�SDUD�D�PHOKRULD�

j�UHMHLomR�DR�GLVW~UELR��

$WUDYpV�GD�DQiOLVH�GHVHQYROYLGD�SRGH�VH�DILUPDU�TXH�R�FRQWURODGRU�FKDYHDGR�PHVPR�

VHP�R�FULWpULR�+��WHYH�XPD�UHMHLomR�DR�GLVW~UELR��HP�DOWDV�YHORFLGDGHV��PHOKRU�

'HYH�VH�QRWDU�D�H[LVWrQFLD�GH�FKDWWHULQJ�FRP�R�XVR�GRV�FRQWURODGRUHV�FKDYHDGRV��(VWH�

IDWR� SRGH� VHU� XP� LQFRQYHQLHQWH� QD� DSOLFDomR� GHVWHV� FRQWURODGRUHV�� 3RUpP�� H[LVWH� XP�

SURFHGLPHQWR� SDUD� VXDYL]DU� RX� HOLPLQDU� R� FKDWWHULQJ��PDV� FRP� HOH� R� VLVWHPD� QmR� WHQGH� DR�

SRQWR�GH�HTXLOtEULR��PDV ILFD�SUy[LPR�GHOH��

3RUWDQWR�� RV� FRQWURODGRUHV� FKDYHDGRV� DSUHVHQWDGRV QHVWH� FDStWXOR SRGHP UHVXOWDU� HP�

XPD� PHOKRUD� GH� HILFLrQFLD� GLQkPLFD� QR� DFLRQDPHQWR� GR� 0,7�� SRUpP�� GLItFLHLV� GH� VHUHP�

LPSOHPHQWDGRV�QD�SUiWLFD�VHP�FRQVLGHUDU�RXWURV�FULWpULRV�GH�GHVHPSHQKR�

1RV�SUy[LPRV�FDStWXORV�VHUmR�DSUHVHQWDGRV�UHVXOWDGRV�GH�DSOLFDo}HV�GH�FRQWURODGRUHV�

FKDYHDGRV�QR�FRQWUROH�GR�0,7��FRQVLGHUDQGR�D�H[LVWrQFLD�GH�VDWXUDomR�QR�VLQDO�GH�FRQWUROH�H�

SURMHWR�EDVHDGR�QR�FULWpULR�+��



��

� 352-(72� '(� &21752/$'25� &+$9($'2� &216,'(5$1'2�
,1&(57(=$6� 3$5$0e75,&$6�� )$/+$6�� 6$785$d­2� 1$� (175$'$�
'(�&21752/(�(�'(),1,d­2�'(�5(*,­2�'(�23(5$d­2

$WUDYpV�GR�PRGHOR�HP�YDULiYHLV�GH�HVWDGR�GR�0,7�DSUHVHQWDGR�QR�&DStWXOR���������D�

����� H� XWLOL]DQGR� D� IHUUDPHQWD� GH� /0,V� IRL GHVHQYROYLGR� QHVWH� FDStWXOR� R� SURMHWR� GH�

FRQWURODGRUHV� FKDYHDGRV� FRQVLGHUDQGR� VDWXUDomR� QR� VLQDO� GH� FRQWUROH�� UHJLmR� GH� RSHUDomR��

IDOKDV�H�RX�LQFHUWH]DV�SDUDPpWULFDV�QD�SODQWD��

'D� PHVPD� IRUPD� TXH� DSUHVHQWDGR� QR� &DStWXOR� ��� R� SURMHWR� IRL� GHVHQYROYLGR� QR�

VRIWZDUH 0DWODE�6LPXOLQN� XWLOL]DQGR� RV� WRROER[ 6HGXPL� H� <DOPLS� H� DV� DQiOLVHV� GH�

GHVHPSHQKR�GRV�FRQWURODGRUHV�IRUDP�UHDOL]DGDV�QR�6LPXOLQN�

(VWH�FDStWXOR�p�XPD�FRQWLQXLGDGH�GR�WUDEDOKR�DSUHVHQWDGR�HP�XP�FRQJUHVVR�2UWXQKR�

HW�DO�������D���QR�TXDO�SURMHWRX�VH�XP�FRQWURODGRU�UREXVWR�FRP�VDWXUDomR�QR�VLQDO�GH�FRQWUROH�

H�QHVWH�SURMHWD�VH�FRQWURODGRU�FKDYHDGR�

'DGR R�VLVWHPD�DSUHVHQWDGR�HP����� D�������HIHWXRX�VH�XPD�LQFOXVmR�GD VDWXUDomR�QR�

VLQDO�GH�FRQWUROH��VHQGR�TXH�HVWD�OLPLWDomR�QR�VLQDO�GH�FRQWUROH��VDWXUDomR� IRL FRQVLGHUDGD�QR�

SURMHWR�GRV�FRQWURODGRUHV� 3RU�HVWH�PRWLYR�R�VLVWHPD�VHUi�DJRUD�DSUHVHQWDGR�FRPR�������VHQGR�

D�VDWXUDomR�GHVFULWD�HP������

෢ݔ݀

ݐ݀
ሺݐሻ ൌ ሻߙመሺܣ ሻݐොሺݔ ൅ ሻߙ෠ሺܤ ሻ൯ݐሺݑ൫ݐܽݏ ൅ ௪෢ܤ ௅ܶሺݐሻǡ

ሻ൯ݐሺݑ൫ݐܽݏ ൌ ൦

ሻ൯ݐଵሺݑ൫ݐܽݏ

ڭ

ݐܽݏ ቀݑ௡ೠሺݐሻቁ

൪ א ܴ௡ೠǡ

ݐܽݏ ൫ݑ௞ሺݐሻ൯ ൌ ቐ

െߩ௞ǡ ݁ݏ ሻݐ௞ሺݑ ൏ െߩ௞
ሻǡݐ௞ሺݑ ݁ݏ ȁݑ௞ሺݐሻȁ ൑ ௞ߩ
௞ǡߩ ݁ݏ ሻݐ௞ሺݑ ൐ ௞ߩ

ቑ ǡ ׊ ݇ א ௡ೠǡܭ ௡ೠܭ ൌ ሼͳǡ ʹǡ ǥ ǡ ݊௨ሽǤ

VHQGRݔ�ොሺݐሻ א ܴ௡ೣ R�YHWRU�GH�HVWDGRݑ��ሺݐሻ א ܴ௡ೠ D�HQWUDGD�GH�FRQWUROH��FRPܤ�෠ א ܴ௡ೣ ൈ ௡ೠ D�

PDWUL]� GH� HQWUDGD�� መܣ D� PDWUL]� GR� VLVWHPD�� FRP� መܣ א ܴ௡ೣ ௫ ௡ೣ H� ௪ܤ א ܴ௡ೣ ൈ ଵ D� PDWUL]�

UHODFLRQDGD j�DWXDomR�GR�GLVW~UELR�GR�VLVWHPD�

'HILQLGR� R� VLVWHPD� HP� YDULiYHLV� GH� HVWDGR� HVWDEHOHFH�VH� D� OHL� GH� FRQWUROH� FKDYHDGD

�����DSUHVHQWDGD QD 'HILQLomR���

'HILQLomR�� �628=$�HW�DO����������'HILQH�VH�D�QRYD�OHL�GH�FRQWUROH�FKDYHDGD������

����

����



��

ሻݐሺݑ ൌ െܭఙ ሻǡݐොሺݔ ఙܭ א ܴ௡ೠ ൈ ௡ೣǡ

ሻݐሺݑ ൌ ሻݐఙሺݑ ൌ െܭఙ ሻǡݐොሺݔ ߪ ൌ ݅݉݃ݎܽ ௝݊ א ௄ೝ ൛ݔොሺݐሻ
் ܳఫ
തതത ሻൟǤݐොሺݔ

HP�TXH��ܳఫ
തതത p�XPD�PDWUL]�VLPpWULFD�DX[LOLDU��VHQGR��݆ א ��௥ܭ

2X� VHMD�� SDUD� XP� GDGR� LQVWDQWH� � GH� WHPSR�� D� OHL� GH� FRQWUROH� FKDYHDGD� ����� WRUQD� R�

SRQWR�GH�HTXLOtEULR GR�VLVWHPD������ TXDQGR� ௅ܶሺݐሻ ൌ Ͳ��JOREDOPHQWH�DVVLQWRWLFDPHQWH�HVWiYHO��

0DLV�GHWDOKHV�SRGHP�VHU�YLVWRV�HP�6RX]D�HW�DO���������

&RQIRUPH�HYLGHQFLDGR�QRV�FDStWXORV�DQWHULRUHV��R�0,7 SRVVXL�LQFHUWH]DV�SDUDPpWULFDV

H IDOKDV�� DVVLP�� D� RSHUDomR� GR� DFLRQDPHQWR� GR� PRWRU� GHSHQGH� GH� YDULiYHLV� TXH� SRGHP�

DFDUUHWDU� D� LQVWDELOLGDGH� GR� VLVWHPD�� 3RUWDQWR�� FRP� R� LQWXLWR� GH� HOLPLQDU� RX� PLQLPL]DU� RV�

SUREOHPDV� GHFRUUHQWHV� GDV� IDOKDV� H� GDV� LQFHUWH]DV� SDUDPpWULFDV�� GHILQH�VH� XPD� UHJLmR� GH�

RSHUDomR�� QD� TXDO� DV� YDULiYHLV� GH� HVWDGR� SHUPDQHFHUmR� QHVWH� FRQMXQWR GDGD XPD� FRQGLomR�

LQLFLDO SDUD�WRGRݐ� ൒ Ͳ�

'HILQLomR� � �&$2� /,1�� ������� 'HILQH�VH� HP� XP� GRPtQLR� GH� DWUDomR� SUHYLDPHQWH�

HVSHFLILFDGR��D�UHJLmR�GH�RSHUDomR������

߯ ൌ ൜ݔොሺݐሻ א ܴ௡ೣǣ ȁ࣬௛ ሻȁݐሺݔ ൑ ௛ǡ׎ ݄ א ௡೛ǡܭ ௡೛ܭ ൌ ሼͳǡʹǡ ǥ ǡ ሽൠǤ݌

VHQGR ࣬ ൌ ሾ࣬ଵ
் ࣬ଶ

் ǥ ࣬௣
்ሿ் א ܴ௣ ൈ ௡ೣ H׎� ൌ ሾ׎ଵ ଶ׎ ǥ ௣ሿ׎

் א ܴ௣ VmR�FRQKHFLGRV�

$�REWHQomR� GD� UHJLmR� GH� RSHUDomR� ����� p� GHVHQYROYLGD� GHWHUPLQDQGR�VH� XPD� UHJLmR�

LQYDULDQWH��GH�WDO�IRUPD�TXH� SDUD�WRGD�FRQGLomR�LQLFLDO�GDGD�TXH�HVWLYHU�FRQWLGD�QR�HOLSVRLGH��

R�YHWRU�GH�HVWDGR�SHUPDQHoD�QD�UHJLmR�GH�RSHUDomR�SDUD�WRGR�� ൒ Ͳ���

$�SDUWLU�GLVWR��DSUHVHQWD�VH�R�HOLSVRLGH������QD 'HILQLomR����TXH�SRVVXL�FRPR�FDQGLGDWD�

D�IXQomR�GH /\DSXQRY�TXDGUiWLFD�D�H[SUHVVmR������

ܸ൫ݔොሺݐሻ൯ ൌ ሻ்ܲݐොሺݔ ሻǤݐොሺݔ

VHQGR� TXH�ܲ א ܴ௡ೣ ൈ ௡ೣ p� XPD�PDWUL]� VLPpWULFD� GHILQLGD� SRVLWLYD�� 3DUD� XPD� GDGD� FRQVWDQWH�

SRVLWLYDߣ���GHILQH�VH�R�FRQMXQWR�HOLSVRLGDO������

'HILQLomR � �&$2� /,1���������'HILQH�VH�R�HOLSVRLGH �����

����

����

����



��

ࣟሺܲǡ ሻߣ ൌ ሼݔොሺݐሻ א ܴ௡ೣǣ ሻ்ܲݐොሺݔ ሻݐොሺݔ ൑ ሽǡߣ

R� HOLSVRLGH�ࣟሺܲǡ ሻߣ p� GLWR� FRQVWUXWLYDPHQWH� LQYDULDQWH� SDUD� R� VLVWHPD� ����� VH� ሶܸ ൫ݔොሺݐሻ൯ ൌ

ʹ ሻ்ܲݐොሺݔ ሻݐොሺݔሻߙመሺܣൣ ൅ ሻ൯൧ݐሺݑ൫ݐܽݏ෠ܤ ൑ Ͳ SDUD�WRGRݔ�ොሺݐሻ א ࣟሺܲǡ ሻߣ �$/9(6�HW�DO���������

$SyV� D� DSUHVHQWDomR� GD� UHJLmR� GH� RSHUDomR� GR� VLVWHPD� H� GR� HOLSVRLGH� HIHWXD�VH� D�

DQiOLVH�GD�UHJLmR�GH�VDWXUDomR�DSUHVHQWDGD�QD 'HILQLomR���

'HILQLomR� � �&$2�� /,1�� ������� 6HMDP DV� PDWUL]HV�ࣦ൫ܮ௝൯ ൌ ௝ሺଵሻܮൣ
் ௝ሺଶሻܮ

் ǥ ௝ሺ௡௨ሻܮ
்൧

்
א

ܴ௡ೠ ൈ ௡ೣǡ ݆ א ௥ܭ H� ߩ ൌ ଵߩൣ ଶߩ ǥ ௡ೠ൧ߩ
்
א ܴ௡ೠ � p� XP� YHWRU� FRQKHFLGR�� ௟ߩ ൐ Ͳǡ ݈ א

௡ೠǡܭ ௡ೠܭ ൌ ሼͳǡ ʹǡ ǥ ǡ ݊௨ሽ��(QWmR� GHILQH�VH�R�FRQMXQWR������

ࣦ൫ܮ௝൯ ൌ ൛ݔොሺݐሻ א ܴ௡ೣǣ หܮ௝ሺ௟ሻݔሺݐሻห ൑ ௟ǡߩ ݆ א ௥ǡܭ ݈ א ௡ೠൟǤܭ

'HILQLGDV D� UHJLmR� GH� RSHUDomR�� R� FRQMXQWR� HOLSVRLGDO� H� D� UHJLmR� GH� VDWXUDomR��

DSUHVHQWD�VH�RV�/HPDV�� H�� TXH�UHODFLRQDP�HVWDV� UHJL}HV�IRUQHFHQGR�FRQGLo}HV�QHFHVViULDV�

SDUD�XPD�HVWDU�FRQWLGD�QD�RXWUD�

/HPD� � �%2<'�HW� DO��� ����� +8� /,1� &+(1������� $/9(6 HW� DO�� ����E�� $�SDUWLU� GDV�

'HILQLo}HV � H� ��� HVWDEHOHFH�VH� � ������ TXH� UHSUHVHQWD� D� FRQGLomR� SDUD� R� HOLSVRLGH� HVWDU�

FRQWLGR�QD�UHJLmR�GH�RSHUDomR�

ቈ
௛׎

ଶିߣଵ ܴሺ௛ሻܺ

ܴܺሺ௛ሻ
் ܺ

቉ ൒ Ͳǡ

'DGRV RV�FRQMXQWRV�߯ H�ࣟሺܲǡ ሻ��D�FRQGLomR�ࣟሺܲǡߣ ሻߣ ؿ ߯ p�DVVHJXUDGD�VH������IRU�VDWLVIHLWD�

SDUD�WRGR�݄ א ௡೛��VHQGR�ܺܭ ൌ ܲିଵ�

/HPD� � �%2<'� HW� DO��� ����� +8�� /,1�� &+(1�� ����� $/9(6 HW� DO�� �������$� SDUWLU GDV�

'HILQLo}HV � H����DSUHVHQWD�VH������TXH�IRUQHFH�XPD�FRQGLomR�VXILFLHQWH�WDO�TXH��VH�VDWLVIHLWD��

DVVHJXUD�TXH�R�HOLSVRLGH������HVWi�FRQWLGR�QD�UHJLmR�GH�VDWXUDomR������

ቈ
௟ߩ

ଶିߣଵ ௝ܰሺ௟ሻ

௝ܰሺ௟ሻ
் ܺ

቉ ൒ Ͳǡ

����

����

����

����



��

����

'DGRV RV� FRQMXQWRV�ࣟሺܲǡ ሻߣ H�ࣦ൫ܮ௝൯�� D� FRQGLomR�ࣟሺܲǡ ሻߣ ؿ ࣦ൫ܮ௝൯ p� DVVHJXUDGD� VH� ����� IRU�

VDWLVIHLWD�SDUD�WRGR�݆ א ௥��݈ܭ א ௡ೠ��VHQGR�ܺܭ ൌ ܲିଵ H� ௝ܰሺ௟ሻ ൌ �௝ሺ௟ሻܺܮ

$WUDYpV�GDV�'HILQLo}HV���D�� H�GRV�/HPDV���H�� DSUHVHQWDUDP�VH�D�UHJLmR�GH�RSHUDomR�

GR� VLVWHPD�� R� HOLSVRLGH� H D UHJLmR� GH� VDWXUDomR�� DOpP� GLVWR�� HVWDEHOHFHUDP�VH� DV� FRQGLo}HV�

QHFHVViULDV�SDUD�ࣟሺܲǡ ሻߣ ؿ ߯ H�ࣟሺܲǡ ሻߣ ؿ ࣦ൫ܮ௝൯��

&RP�R� LQWXLWR� GH� GHVHQYROYHU� R FRQWURODGRU� FKDYHDGR�TXH� JDUDQWD� D� HVWDELOLGDGH� GR�

VLVWHPD� FRP�WD[D�GH�GHFDLPHQWR�VHOHFLRQDGD� DSUHVHQWD�VH�D 'HILQLomR � TXH�p�XP�LPSRUWDQWH�

UHVXOWDGR�SDUD�R�UHVWDQWH�GR�WUDEDOKR�

'HILQLomR� � �&$2��/,1�������� 6HMD�࣠ XP�FRQMXQWR� FRPSRVWR�SRU�PDWUL]HV�GLDJRQDLVܨ�௤ א

ܴ௡ೠ ൈ ௡ೠݍ�� א ଶ೙ೠܭ ൌ ሼͳǡǥ ǡ ʹ௡ೠሽ ��FXMRV�HOHPHQWRV�GDV�GLDJRQDLV�VmR���RX��� $VVLP�VHQGR��

SRU�H[HPSOR�SDUD�݊௨ ൌ ʹ��REWpP�VH������

࣠ ൌ ቄܨଵ ൌ ቂ
ͳ Ͳ
Ͳ ͳ

ቃ ǡ ଶܨ ൌ ቂ
ͳ Ͳ
Ͳ Ͳ

ቃ ǡ ଷܨ ൌ ቂ
Ͳ Ͳ
Ͳ ͳ

ቃ ǡ ସܨ ൌ ቂ
Ͳ Ͳ
Ͳ Ͳ

ቃቅǡ

HP� TXH� SDUD� WRGRݍ� א ଶ೙ೠܭ ௤ܨ��
ି GHQRWD� R� HOHPHQWR� GH�࣠ DVVRFLDGR� FRPܨ�௤ �� WDO� TXHܨ�௤

ି ൌ

ܫ െ ��௤ܨ

$VVLP� VHQGR�� D� SDUWLU� GDV� GHILQLo}HV� DQWHULRUHV� p� SRVVtYHO� DQDOLVDU� D� HVWDELOLGDGH� GR�

VLVWHPD�DWUDYpV�GR�7HRUHPD���

7HRUHPD� � �$/9(6� HW� DO��� ����E���&RQVLGHUDQGR� R� VLVWHPD� ���� H� ����� H XPD� UHJLmR� GH�

RSHUDomR ሻݐොሺݔ א ߯ �� ݐ ൒ Ͳ GDGD HP� ������ QD TXDO�݊௣ א ܴ௡ೠ � ׎ א ܴ௣ H�࣬ א ܴ௣ ൈ ௡ೣ VmR�

FRQKHFLGRV�� $VVXPH�VH D� H[LVWrQFLD� GH PDWUL]� VLPpWULFD� SRVLWLYD� GHILQLGD�ܺ א ܴ௡ೣ ൈ ௡ೣ �� DV�

PDWUL]HV� VLPpWULFDV�ܼ௜ǡ ܳ௝ א ܴ௡ೣ ൈ ௡ೣ �� DV� PDWUL]HVܯ�௝ǡ ௝ܰ א ܴ௡ೠ ൈ ௡ೣ �� FRP� ݅ ݁ ݆ א ௥ܭ H� XP�

HVFDODUߚ� ൐ Ͳ��FRUUHVSRQGHQWH�D�WD[D�GH�GHFDLPHQWR��GHILQH�VH������

௝ܯ௤ܨ෠௜ൣെܤ ൅ ௤ܨ
ି

௝ܰ൧ ൅ ൣെܨ௤ܯ௝ ൅ ௤ܨ
ି

௝ܰ൧
்
෠௜ܤ

்
െ ܼ௜ െ ܳ௝ ൑ Ͳǡ

መ௜ܣܺ
் ൅ መ௜ܺܣ ൅ ܼ௜ ൅ ܳ௜ ൅ ܺߚʹ ൏ Ͳǡ

ቈ
௛׎

ଶିߣଵ ܴሺ௛ሻܺ

ܴܺሺ௛ሻ
் ܺ

቉ ൒ Ͳǡ

ቈ
௟ߩ

ଶିߣଵ ௝ܰሺ௟ሻ

௝ܰሺ௟ሻ
் ܺ

቉ ൒ Ͳǡ

SDUD� WRGR� ݅ǡ ݆ א ௥ܭ �� ݍ א ଶ೙ೠܭ �� ݄ א ௡೛ܭ �� ݈ א ௡ೠܭ �� ௤ܨ א ࣠ �� ௤ܨ
ି ൌ ܫ െ ௤ǡܨ ௤ܨ

ି א ࣠ ��ܴ א

ܴ௣ ൈ ௡ೣ �� ׎ א ܴ௣ �� ߣ ൐ Ͳ � R� SRQWR� GH� HTXLOtEULR� ݔ ൌ Ͳ GH� ����� H� ����� VHMD� ORFDOPHQWH�

����
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DVVLQWRWLFDPHQWH�HVWiYHO�FRP�WD[D�GH�GHFDLPHQWR PDLRU�RX�LJXDO�Dߚ�� ߚ ൒ Ͳߩ�� א ܴ௡ೠ�� ௝ܰሺ௟ሻ ൌ

௝ሺ௟ሻܺܮ H�ࣦ൫ܮ௝൯ א ܴ௡ೠ ൈ ௡ೣ � $V� /0,V� ����� VHQGR� IDFWtYHLV� JDUDQWHP� TXH ሺࣟሺܲǡ ሻߣ ؿ ߯ሻ H�

ሺࣟሺܲǡ ሻߣ ؿ ࣦ൫ܮ௝൯ሻ FRP� D� OHL� GH� FRQWUROH� FKDYHDGD� ������ VHQGR� TXH� ܲ ൌ ܺିଵ �� തܳ௜ ൌ

ܺିଵ ܳ௜ ܺ
ିଵ H�RV�JDQKRV�GRV�FRQWURODGRUHV�VHUmR�LJXDLV�Dܭ�௝ ൌ ௝ܯ ܺ

ିଵ�

3URYD��$GRWDQGR�FRPR�FDQGLGDWD�D�IXQomR�GH�/\DSXQRY�ܸ൫ݔොሺݐሻ൯ ൌ ሻ்ܲݐොሺݔ ሻ��ܲݐොሺݔ ൌ ்ܲ א

ܴ௡ೣ ൈ ௡ೣ��ܲ ൐ Ͳ�� SDUD� R� VLVWHPD� ����� H� ����� FRP� D� OHL� GH� FRQWUROH� FKDYHDGD ������ REWrP�VH�

�����

ሶܸ ൫ݔොሺݐሻ൯ ൌ ᓃ෠ሺݐሻ்ܲ ሻݐොሺݔ ൅ ሻ்ܲݐොሺݔ ᓃ෠ሺݐሻǡ

ሶܸ ൫ݔොሺݐሻ൯ ൌ ሻ்ܲߙመሺܣሻ்ൣݐොሺݔ ൅ ሻݐොሺݔሻ൧ߙመሺܣܲ ൅ ሻ൯ݐොሺݔఙܭ൫െݐܽݏ
்
ሻݐොሺݔሻ்ܲߙ෠ሺܤ

൅ ሻ൯Ǥݐොሺݔఙܭ൫െݐܽݏሻߙ෠ሺܤሻ்ܲݐොሺݔ

&RQVLGHUDQGRݔ�ොሺݐሻ א ࣦ൫ܮ௝൯��GHILQLGR�HP�������SDUD�TXDOTXHU�݆ א ��௥ܭ HQWmRݔ�ොሺݐሻ א

ࣦሺܮఙሻ Hݐܽݏ�൫െܭఙ ��ሻ൯ݐොሺݔ VHJXQGR�&DR� H� /LQ� �������� SRGHP� VHU� GHVFULWRV� SHOD� FRPELQDomR�

FRQYH[D������

ሻ൯ݐොሺݔఙܭ൫െݐܽݏ ൌ ෍ߜ௤ൣܨ௤൫െܭఙݔොሺݐሻ൯ ൅ ௤ܨ
ି൫ܮఙݔොሺݐሻ൯൧ǡ

ଶ೙ೠ

௤ୀଵ

VHQGRߪ� א ௤ܨ��௥ܭ א ௤ܨ��࣠
ି א ௤ߜ��࣠ ൒ Ͳ H�σ ௤ߜ

ଶ೙ೠ
௤ୀଵ ൌ ͳ��3RUWDQWR��

ሶܸ ൫ݔොሺݐሻ൯ ൌ ሻ்ܲߙመሺܣሻ்ൣݐොሺݔ ൅ ሻݐොሺݔሻ൧ߙመሺܣܲ

൅ ቐ෍ߜ௤ൣܨ௤൫െܭఙݔොሺݐሻ൯ ൅ ௤ܨ
ି൫ܮఙݔොሺݐሻ൯൧

ଶ೙ೠ

௤ୀଵ

ቑ

்

ሻݐොሺݔሻ்ܲߙ෠ሺܤ

൅ ሻ൯ݐොሺݔఙܭ௤൫െܨ௤ൣߜሻቐ෍ߙ෠ሺܤሻ்ܲݐොሺݔ ൅ ௤ܨ
ି൫ܮఙݔොሺݐሻ൯൧

ଶ೙ೠ

௤ୀଵ

ቑǤ

'H�������H[LVWHP�PDWUL]HV�VLPpWULFDV� ҧܼ௜ H� തܳ௝ TXH�VDWLVID]HP �����
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௝ܭ௤ܨ෠௜ൣെܤܲ ൅ ௤ܨ
௝൧ܮି ൅ ൣെܨ௤ܭ௝ ൅ ௤ܨ

௝൧ܮି
்
෠௜ܤ

்
ܲ ൑ ҧܼ

௜ ൅ തܳ
௝ǡ

SDUD�WRGR�݅ א ௤ܨ��௥ܭ א ࣠ Hܨ�௤
ି א ࣠��(QWmR�FRQVLGHUDQGR�D�PXGDQoD�GH�YDULiYHLV��݆ ൌ ߪ �

ൣെܨ௤ܭఙ ൅ ௤ܨ
ఙ൧ܮି

்
෠௜ܤ

்
ܲ ൅ ఙܭ௤ܨ෠௜ൣെܤܲ ൅ ௤ܨ

ఙ൧ܮି ൑ ܼపഥ ൅ തܳ
ఙǡ

SDUD�WRGR�݅ א ௤ܨ��௥ܭ א ࣠ Hܨ�௤
ି א ࣠�

(IHWXDQGR�D�PXOWLSOLFDomR�GH�������SRUߙ�௜��HP�TXHߙ�௜ ൒ Ͳ��σ ௜ߙ
௥
௜ୀଵ ൌ ͳ��VRPDQGR�݅ ൌ

ͳ DWpݎ� H� PXOWLSOLFDQGR� R� UHVXOWDGRߣ�௤ ௤ߣ�� ൒ Ͳ �� σ ௤ߣ ൌ ͳଶ೙ೠ
௤ୀଵ �� H� VRPDQGRݍ� ൌ ͳ DWp�ʹ௡ೠ H�

FRQVLGHUDQGR�������

ሻߙመሺܣ ൌ ෍ߙ௜

௥

௜ୀଵ

መ௜ǡܣ መ௜ܣ א ܴ௡ೣ ൈ ௡ೣǡ ሻߙ෠ሺܤ ൌ ෍ߙ௜

௥

௜ୀଵ

෠௜ǡܤ ෠௜ܤ א ܴ௡ೠ ൈ ௡ೣǡ

௜ߙ ൒ Ͳǡ෍ߙ௜

௥

௜ୀଵ

ൌ ͳǡ ߙ ൌ ሾߙଵǡ ଶǡߙ ǥ ǡ ௥ሿߙ
்ǡ ݅ א ௥Ǥܭ

GHVHQYROYHQGR�D�VXEVWLWXLomR��REWpP�VH�������

෍ߣ௤

ଶ೙ೠ

௤ୀଵ

ቄൣെܨ௤ܭఙ ൅ ௤ܨ
ఙ൧ܮି

்
ሻ்ܲߙ෠ሺܤ ൅ ఙܭ௤ܨሻൣെߙ෠ሺܤܲ ൅ ௤ܨ

ఙ൧ቅܮି ൑ ҧܼሺߙሻ ൅ തܳ
ఙǡ

VHQGR� ҧܼሺߙሻ ൌ σ ௜Ǥߙ ܼపഥ
௥
௜ୀଵ ��

$�SDUWLU�GD�OHL�GH�FRQWUROH������WrP�VH�������

ሻ்ݐොሺݔ തܳఙ ሻݐොሺݔ ൌ ݉݅ ௝݊ א ௄ೝ ൛ ሻݐොሺݔ
் ܳఫ
തതത ሻൟݐොሺݔ ൑ ෍ߙ௜

௥

௜ୀଵ

ሻ்ݐොሺݔ ܳఫ
തതത ሻݐොሺݔ ൌ ሻ்ݐොሺݔ തܳሺߙሻ ሻǤݐොሺݔ

3RUWDQWR��GH�������H�������REWrP�VH�������

ሶܸ ൫ݔොሺݐሻ൯ ൑ ሻ்ܲߙመሺܣሻ்ൣݐොሺݔ ൅ ሻߙመሺܣܲ ൅ ҧܼሺߙሻ ൅ തܳሺߙሻ൧ݔොሺݐሻǤ
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3DUD� TXH� D� WD[D� GH� GHFDLPHQWR� VHMD� PDLRU� RX� LJXDOߚ� p� VXILFLHQWH� TXH� ሶܸ ൫ݔොሺݐሻ൯ ൑

െʹ ߚ ܸሺݔොሺݐሻሻ��&RQVHTXHQWHPHQWH��REWrP�VH�������

መ௜ܣ
்
ܲ ൅ መ௜ܣܲ ൅ ܼపഥ ൅ ܳప

ഥ ൅ ʹ ߚ ܲ ൏ ͲǤ

3RU� ILP�� SUH� H� SRV�PXOWLSOLFDQGR� ����� H� ������ SRU�ܲିଵ�� H� HIHWXDQGR� DV�PXGDQoDV� GH�

YDULiYHLV�ܺ ൌ ܲିଵ ௝ܩ�� ൌ ௝ܮ ܺ ௝ܯ�� ൌ ௝ܭ ܺ ��ܼ௜ ൌ ܺ ҧܼ
௜ ܺ H�ܳ௜ ൌ ܺ തܳ

௜ ܺ H� FRQVLGHUDQGR� RV�

/HPDV���H����REWrP�VH������Ƒ

3RUWDQWR�� DV� /0,V� GHVFULWDV� HP� ����� JDUDQWHP� TXH� ࣟሺܲǡ ሻߣ ؿ ࣦ൫ܮ௝൯ FRQGLomR�

VXILFLHQWH� SDUD� ����� VHU� YHUGDGHLUR��ࣟሺܲǡ ሻߣ ؿ ߯ �� FRQGLomR� VXILFLHQWH� SDUD� TXH� TXDOTXHU�

WUDMHWyULD�GR�VLVWHPD��FRP�FRQGLomR�LQLFLDO�SHUWHQFHQWH�DR�HOLSVRLGH��HVWHMD�UHVWULWD�QD�UHJLmR�GH�

RSHUDomR�H�FRP�WD[D�GH�GHFDLPHQWR�PDLRU�RX�LJXDO�Dߚ� SDUDݐ� ൐ Ͳ� (QWmR��FRPR�R�HOLSVRLGH�p�

XP�FRQMXQWR�SRVLWLYDPHQWH�LQYDULDQWH��%/$1&+,1,��������SDUD�R�VLVWHPD�HP�PDOKD�IHFKDGD��

HVWD� p� XPD� FRQGLomR� VXILFLHQWH� SDUD� TXH� WRGD� WUDMHWyULD� LQLFLDGD� FRP� ሺͲሻݔ א ࣟሺܲǡ ሻߣ

SHUPDQHoD�HP�߯��RX�VHMD� QmR�GHL[H�R�FRQMXQWR�ࣟሺܲǡ ሻߣ ؿ ߯�

&RUROiULR� � �$/9(6� HW� DO��� ����E��� &RQVLGHUDQGR� R� VLVWHPD� ����� � FRP� ሻߙ෠ሺܤ VHQGR�

FRQVWDQWH� ሻߙ෠ሺܤ ൌ ෠ܤ � DV�GXDV�SULPHLUDV�/0,V�HP������GR�7HRUHPD�� GHYHP�VHU�VXEVWLWXtGDV�

SRU��������UHVSHFWLYDPHQWH�

௝ܯ௤ܨ෠ൣെܤ ൅ ௤ܨ
ି

௝ܰ൧ ൅ ൣെܨ௤ܯ௝ ൅ ௤ܨ
ି

௝ܰ൧
்
෠்ܤ െ ෡ܳ

݆ ൑ Ͳǡ

መ௜ܣܺ
் ൅ መ௜ܺܣ ൅ ෠ܳ

௜ ൅ ʹ ߚ ܺ ൏ ͲǤ

VHQGR ෠ܳ
௝ א ܴ௡ೣ ൈ ௡ೣ SDUD�WRGR�݆ א �௥��VHQGRܭ തܳ௜ ൌ ܺିଵ ෠ܳ

௜ ܺ
ିଵ�

2� REMHWLYR� GRV� FRQWURODGRUHV� p� UHVWULQJLU� R� YHWRU� GH� HVWDGR� GHQWUR� GR� FRQMXQWR�

HOLSVRLGDO�� &RQVHTXHQWHPHQWH�� p� LPSRUWDQWH� TXH� HVWH� FRQMXQWR� SRVVXD� R� PDLRU� YROXPH�

SRVVtYHO� SRVVLELOLWDQGR�TXH�D�WUDMHWyULD�GR�YHWRU�GH�HVWDGR�RSHUH�HP�JUDQGH�SDUWH�GD�UHJLmR�GH�

RSHUDomR�� GHILQLGD� HP� ������ 3DUD� LVWR�� XWLOL]D�VH� D� 'HILQLomR� �� TXH� SRVVLELOLWD� H[SDQGLU� R�

YROXPH�GR�HOLSVRLGH�

'HILQLomR� � �/((� HW� DO��� ������� 2� FRQMXQWR� HOLSVRLGDO� SRGH� VHU� H[SDQGLGR� LQVHULQGR� D�

UHVWULomR� ൛ݔ א ܴ௡ೣǣ ݔ்ݔ ൑ ௘௟௜௣ൟߚ ؿ ࣟሺܲǡ ͳሻ �� HP� TXH� ௘௟௜௣ߚ p� XPD� FRQVWDQWH� SRVLWLYD��

DWUDYpV�GD�/0,�������

�����

�����
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�����൤ߚ௘௟௜௣
ିଵܫ כ

ܫ ܺ
൨ ൒ ͲǤ

$VVLP�VHQGR��DV�GHILQLo}HV�DSUHVHQWDGDV�DQWHULRUPHQWH��SRVVLELOLWDP�TXH�R�FRQWURODGRU�

UHVWULQMD�R�YHWRU�GH�HVWDGR�GHQWUR�GH�XP�FRQMXQWR�HOLSVRLGDO��3RUWDQWR��p�LPSRUWDQWH�TXH�HVWH�

FRQMXQWR�SRVVXD�R�PDLRU�YROXPH�SRVVtYHO��SHUPLWLQGR�TXH�D�WUDMHWyULD�GR�YHWRU�GH�HVWDGR�RSHUH�

HP�JUDQGH�SDUWH�RX�QR�WRGR��GHQWUR�GD�UHJLmR�GH�RSHUDomR������

7DEHOD�� ± 9pUWLFHV�GR�SROLWRSR�
(OHPHQWRV�
GRV�YpUWLFHV

9pUWLFH�
�

9pUWLFH�
�

9pUWLFH�
�

9pUWLFH�
�

9pUWLFH�
�

9pUWLFH�
�

9pUWLFH�
�

9pUWLFH�
�

૚૚ࢇ െʹʹͲǡ͹Ͳ െͳ͵͹ǡ͹ͺ െʹʹͲǡ͹Ͳ െͳ͵͹ǡ͹ͺ െʹͺ͸ǡͳͷ െʹͲ͵ǡʹʹ െʹͺ͸ǡͳͷ െʹͲ͵ǡʹʹ
૚૛ࢇ െͷͳͲ െͷͳͲ ͷͳͲ ͷͳͲ െͷͳͲ െͷͳͲ ͷͳͲ ͷͳͲ
૚૜ࢇ ʹͶͶʹ ͳͳ͹͸ ʹͶͶʹ ͳͳ͹͸ ʹͶͶʹ ͳͳ͹͸ ʹͶͶʹ ͳͳ͹͸
૚૝ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૚૞ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૚૟ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૛૚ࢇ ͷͳͲ ͷͳͲ െͷͳͲ െͷͳͲ ͷͳͲ ͷͳͲ െͷͳͲ െͷͳͲ
૛૛ࢇ െ͸Ͳǡ͹͹ െ͸Ͳǡ͹͹ െ͸Ͳǡ͹͹ െ͸Ͳǡ͹͹ െͳʹ͸ǡʹʹ െͳʹ͸ǡʹʹ െͳʹ͸ǡʹʹ െͳʹ͸ǡʹʹ
૛૜ࢇ ͳͳͲ͹ͻ͵ ͷ͵͵ͶͶ െͳͳͲ͹ͻ͵ െͷ͵͵ͶͶ ͳͳͲ͹ͻ͵ ͷ͵͵ͶͶ െͳͳͲ͹ͻ͵ െͷ͵͵ͶͶ
૛૝ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૛૞ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૛૟ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૜૚ࢇ ͳǡͳ͵ ͲǡͷͶ ͳǡͳ͵ ͲǡͷͶ ͳǡͳ͵ ͲǡͷͶ ͳǡͳ͵ ͲǡͷͶ
૜૛ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૜૜ࢇ െͳ͹ǡʹͻ െͺǡ͵ʹ െͳ͹ǡʹͻ െͺǡ͵ʹ െͳ͹ǡʹͻ െͺǡ͵ʹ െͳ͹ǡʹͻ െͺǡ͵ʹ
૜૝ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૜૞ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૜૟ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૝૚ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૝૛ࢇ ͷͻǡ͸ͳ ͷͻǡ͸ͳ ͷͻǡ͸ͳ ͷͻǡ͸ͳ ͷͻǡ͸ͳ ͷͻǡ͸ͳ ͷͻǡ͸ͳ ͷͻǡ͸ͳ
૝૜ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૝૝ࢇ െͳǡͳͳ െͳǡͳͳ െͳǡͳͳ െͳǡͳͳ െͳǡͳͳ െͳǡͳͳ െͳǡͳͳ െͳǡͳͳ
૝૞ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૝૟ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
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DSOLFDomR�H�UHWLUDGD�GH�FDUJD�QRV�LQVWDQWHV�GH���H���VHJXQGRV��UHVSHFWLYDPHQWH��VHQGR�R�WHPSR�

GH�VLPXODomR�GH�GH]�VHJXQGRV�

1DV�)LJXUDV��� D��� DSUHVHQWDP�VH�DV�UHVSRVWDV�GRV�JDQKRV�GR�FRQWURODGRU�FKDYHDGR�

FRQVLGHUDQGR� WUrV� LQFHUWH]DV�� j� HVTXHUGD�� D� UHVSRVWD� GR� FRQWURODGRU� FRP� GHVHPSHQKR� +��

�������QR�PHLR��H�D�UHVSRVWD�GR�FRQWURODGRU�UREXVWR��������j�GLUHLWD��

$WUDYpV� GD� DQiOLVH� GDV� ILJXUDV� FRQVWDWD�VH� TXH� D� UHVSRVWD� REWLGD� SDUD� R� FRQWURODGRU�

FKDYHDGR�IRL�PDLV�UiSLGD�TXH�RV�RXWURV�FRQWURODGRUHV��VHQGR�TXH�HVWH�IDWR�HUD�HVSHUDGR�GHYLGR�

R�SURMHWR�GR�FRQWURODGRU�SRVVXLU�PDLRU�WD[D�GH�GHFDLPHQWR�

$OpP�GLVWR��D�LQIOXrQFLD�QRV�LQVWDQWHV�GH�DSOLFDomR�H�D�UHWLUDGD�GH�FDUJD�IRUDP�PHQRV�

LPSDFWDQWHV� QR� FRQWURODGRU� FRP� GHVHPSHQKR� +��� SULQFLSDOPHQWH� FRP� UHIHUrQFLD� GH�

YHORFLGDGH� HOHYDGD�� VHQGR� HVWH� IDWR� WDPEpP� HVSHUDGR� GHYLGR� D� HVWH� FULWpULR� SRVVXLU� ERD�

UHMHLomR�DR�GLVW~UELR��(P�EDL[DV�YHORFLGDGHV��RFRUUH�XPD�PDLRU�LQIOXrQFLD�FRP�D�DSOLFDomR�GH�

GHJUDX�GH�FDUJD�QRPLQDO����1�P��



��

)LJXUD��� ± 9HORFLGDGH�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± 9HORFLGDGH�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

8P�IDWR�EHP�LQWHUHVVDQWH��REWLGR�QDV�DQiOLVHV�IRL�R�ERP�GHVHPSHQKR�GH�UDVWUHDPHQWR�

GD� UHIHUrQFLD� HP�EDL[DV� YHORFLGDGHV�� HYLGHQFLDGR� FRP�RV� JDQKRV� GR� FRQWURODGRU� FKDYHDGR��

(VWH� IDWR�� Mi�PRVWUD�XP�EHQHItFLR�SDUD� HVWD� WpFQLFD�GH� FRQWUROH� FRPSDUDWLYD�DV�RXWUDV��3RLV��

SHOD�DQiOLVH�GD�OLWHUDWXUD��R�FRQWUROH�GH�UDVWUHDPHQWR�HP�EDL[DV�YHORFLGDGHV�p�PXLWR�GLItFLO�

$OpP�GLVWR��GHYH�VH�UHVVDOWDU�TXH�QD�PHWRGRORJLD�GH�FRQWUROH�FKDYHDGR�IRL�FRQVLGHUDGD�

D� LQFHUWH]D�QD�UHVLVWrQFLD�GR�HVWDWRU��HVWH� IDWR�� LPSDFWD�VLJQLILFDWLYDPHQWH�R�UDVWUHDPHQWR�GH�

UHIHUrQFLD� HP�EDL[DV�YHORFLGDGHV� H��PHVPR� FRP�HVWH� IDWR�� R�GHVHPSHQKR�REWLGR�QD� DQiOLVH�

GHVWH�FRQWURODGRU�IRL�PHOKRU���



��

$OpP�GR�UDVWUHDPHQWR�HP�EDL[DV�YHORFLGDGHV��VH�REVHUYD�TXH�QDV�RXWUDV�PHWRGRORJLDV�

GH� FRQWUROH� RFRUUHX� XP� RYHUVKRRW QD� SDUWLGD�� VLWXDomR� TXH� QmR� RFRUUHX� FRP� R� FRQWURODGRU�

FKDYHDGR�

)LJXUD��� ± 9HORFLGDGH�GR�PRWRU�± UHIHUrQFLD����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± 9HORFLGDGH�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

(P� VXPD�� REVHUYDQGR� DSHQDV� D� UHVSRVWD� GD� YHORFLGDGH� FRP� UHIHUrQFLD� FRQVWDQWH�

SHUFHEH�VH�JUDQGHV�EHQHItFLRV�GD�WpFQLFD�GH�FRQWUROH�FKDYHDGR��GLDQWH�GDV�RXWUDV�WRSRORJLDV��

$SHQDV��GHYH�VH�PHOKRUDU�D�UHMHLomR�QRV�LQVWDQWHV�GH�DSOLFDomR�GH�FDUJD��FRPR�SRU�H[HPSOR��

LQVHULU�R�FULWpULR�GH�GHVHPSHQKR�+���



��

1DV�)LJXUDV����D����DSUHVHQWD�VH�DV�UHVSRVWDV�REWLGDV�GR�IOX[R�PDJQpWLFR��6HQGR�QHVWH�

FRQVLGHUDGR�XPD�UHIHUrQFLD�GH�����:E�

1D�DQiOLVH�GR�IOX[R�FRQVWDWD�VH�TXH�R�FRQWURODGRU�FKDYHDGR�WHYH�PHOKRU�GHVHPSHQKR�

TXH�DV�RXWUDV�WpFQLFDV��SRLV��QR�LQVWDQWH�GD�SDUWLGD��DWLQJLX�UDSLGDPHQWH�D�UHIHUrQFLD�VROLFLWDGD�

VHP� RYHUVKRRW�� 'XUDQWH� WRGR� R� SHUtRGR� GH� DQiOLVH�� REWHYH�VH� yWLPR� UDVWUHDPHQWR� GH�

UHIHUrQFLD��PHVPR�QRV�LQVWDQWHV�GH�DSOLFDomR�H�UHWLUDGD�GH�FDUJD��VXD�UHVSRVWD�IRL�PHOKRU�GR�

TXH�R�FRQWURODGRU�FRP�GHVHPSHQKR�+��SURMHWDGR�QR�WUDEDOKR�GH�&KDQJ�HW�DO���������

)LJXUD��� ± )OX[R�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± )OX[R�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�



��

)LJXUD��� ± )OX[R�GR�PRWRU�± UHIHUrQFLD����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± )OX[R�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

(VWD� FDUDFWHUtVWLFD� p� LPSRUWDQWH�� SRLV�� QR� SURMHWR� GR� FRQWURODGRU� FKDYHDGR� IRL�

FRQVLGHUDGD� D� LQFHUWH]D� QD� FRQVWDQWH�GH� WHPSR�GR� URWRU�� VHQGR�TXH�HVWD� LQIOXHQFLD�QR� IOX[R�

PDJQpWLFR� H��PHVPR� DVVLP�� R� GHVHPSHQKR� GR� FRQWURODGRU� FKDYHDGR� IRL� VXSHULRU� DV� RXWUDV�

WpFQLFDV�

1DV�)LJXUDV����D�����DSUHVHQWDP�VH�DV� UHVSRVWDV�GD�FRUUHQWH�QR�HL[R�GLUHWR�GR�URWRU��

'D�UHYLVmR�GD�OLWHUDWXUD�VDEH�VH��GD�WHRULD�GH�FRQWUROH�YHWRULDO��TXH�D�FRUUHQWH�GR�HL[R�GLUHWR�p�

UHVSRQViYHO� SHOR� FDPSR�� RX� VHMD�� IOX[R�PDJQpWLFR��$VVLP� VHQGR�� FRPR� REVHUYDGR�� R� IOX[R�

PDJQpWLFR�WHYH�yWLPR�GHVHPSHQKR�QD�DQiOLVH�GHVHQYROYLGD��FRQVHTXHQWHPHQWH��D�UHVSRVWD�GD�



��

FRUUHQWH�GR�HL[R�GLUHWR�VHUi�ERD�GXUDQWH�WRGD�D�VLPXODomR��HP�EDL[DV�H�DOWDV�YHORFLGDGHV��DOpP�

GH�SRVVXLU�H[FHOHQWH�GHVDFRSODPHQWR��RX�UHMHLomR�GR�WRUTXH�GH�FDUJD��

)LJXUD��� ± &RUUHQWH�GR�HL[R�GLUHWR�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± &RUUHQWH�GR�HL[R�GLUHWR�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

1DV�)LJXUDV����D�����DSUHVHQWDP�VH�DV�UHVSRVWDV�GD�FRUUHQWH�GH�HL[R�GH�TXDGUDWXUD�GR�

PRWRU��1HODV�� FRPR� HUD� GH� VH� HVSHUDU�� SHOD� DQiOLVH� GD� OLWHUDWXUD�� VH� REVHUYD� D� LQIOXrQFLD� GD�

DSOLFDomR� H� UHWLUDGD� GR� GHJUDX� GH� FDUJD� ��� 1�P�� QRV� LQVWDQWHV� GH� �� D� �� VHJXQGRV��

UHVSHFWLYDPHQWH�



��

)LJXUD��� ± &RUUHQWH�GR�HL[R�GLUHWR�GR�PRWRU�± UHIHUrQFLD����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± &RUUHQWH�GR�HL[R�GLUHWR�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

$V�UHVSRVWDV�VmR�VLPLODUHV�QDV�WUrV�WpFQLFDV�DQDOLVDGDV��RFRUUHQGR�OHYHV�GLIHUHQoDV�QD�

PDJQLWXGH�GD�FRUUHQWH�QRV�LQVWDQWHV�GH�SDUWLGD���DSOLFDomR�H�UHWLUDGD�GH�FDUJD��2EVHUYD�VH�XPD�

PDLRU� PDJQLWXGH� GD� FRUUHQWH� QD� WpFQLFD� GH� FRQWUROH� FKDYHDGD� FRPSDUDWLYDPHQWH� DV� RXWUDV�

WRSRORJLDV�GHYLGR�HVWH�SURMHWR�FRQWHPSODU�PDLV�LQFHUWH]DV�TXH�RV�RXWURV��FRPR�SRU�H[HPSOR��D�

LQFHUWH]D�QD�UHVLVWrQFLD�GR�HVWDWRU�H�QD�FRQVWDQWH�GH�WHPSR�GR�URWRU�

(VWDV� LQFHUWH]DV� LPSDFWDP� QRV� YDORUHV� GDV� FRUUHQWHV� H� WHQV}HV� SRGHQGR� DFDUUHWDU�

SUREOHPDV�QR�DFLRQDPHQWR��1R�SURMHWR� IRL�FRQVLGHUDGR������GH� LQFHUWH]D�QD�UHVLVWrQFLD�GR�
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HVWDWRU� H� ����QD� FRQVWDQWH� GH� WHPSR� GR� URWRU��$VVLP� VHQGR�� DV�PDJQLWXGHV� GH� FRUUHQWHV� H�

WHQV}HV�WHQGHP�D�VHU�PDLV�HOHYDGDV��FRPSDUDWLYDPHQWH�DRV�RXWURV�FRQWURODGRUHV�

)LJXUD��� ± &RUUHQWH�GR�HL[R�GH�TXDGUDWXUD�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± &RUUHQWH�GR�HL[R�GH�TXDGUDWXUD�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

3HQVDQGR�DSHQDV�HP�PDJQLWXGH��HVWH�IDWR�SRGH�VHU�XP�LQFRQYHQLHQWH��SRUpP��GHYH�VH�

OHPEUDU�GD�UHYLVmR�GD�OLWHUDWXUD�TXH�FLWD�D�RFRUUrQFLD�GH�IDOKDV�H�RX�LQFHUWH]DV�SDUDPpWULFDV�QR�

0,7�� FRPR� URWLQD�� (VWDV� LQIOXHQFLDP� QR� GHVHPSHQKR� GLQkPLFR� GR� VLVWHPD� FRQWURODGR� H�

FRQIRUPH�UHODWDGR�DQWHULRUPHQWH��RFDVLRQDP�RSHUDo}HV�LQDGHTXDGDV�HP�HTXLSDPHQWRV�H��HP�



��

DOJXQV� FDVRV�� LQVWDELOLGDGH�� RFDVLRQDQGR� SHUGDV� GH� SURGXomR� SDUDGDV� GH� PiTXLQDV� H��

FRQVHTXHQWHPHQWH��SHUGDV�ILQDQFHLUDV���

)LJXUD��� ± &RUUHQWH�GR�HL[R�GH�TXDGUDWXUD�GR�PRWRU�± UHIHUrQFLD����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± &RUUHQWH�GR�HL[R�GH�TXDGUDWXUD�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

'HYLGR� j� H[LVWrQFLD� GHVWHV� LQFRQYHQLHQWHV�� R� SURMHWR� GR� FRQWURODGRU� FKDYHDGR��

FRQVLGHURX� HP� VXD� DERUGDJHP�� R� FRQFHLWR� GH� UHJLmR� GH� RSHUDomR ������ RX� VHMD�� FRP� HOD�

JDUDQWH�VH� TXH� RV� YDORUHV� GDV� FRUUHQWHV� GR� HL[R� GLUHWR� H� GH� TXDGUDWXUD�� IOX[R�PDJQpWLFR� H�

YHORFLGDGH�HVWDUmR�GHQWUR�GD�UHJLmR�HVWDEHOHFLGD�



��

(VWH�FRQFHLWR�Mi�p�XWLOL]DGR�HP�SHVTXLVDV��SRUpP��GD�DQiOLVH�GHVHQYROYLGD�QD�OLWHUDWXUD��

D�FRQVLGHUDomR�GH�XPD�UHJLmR�GH�RSHUDomR�SDUD�R�FRQWUROH�GH�PiTXLQDV�HOpWULFDV��DLQGD�QmR�IRL�

DERUGDGR��VHQGR�HVWH�WUDEDOKR�LQRYDGRU�

$VVLP� VHQGR�� FRQIRUPH� HVWDEHOHFLGR� QR� SURMHWR�� R� YDORU� Pi[LPR� SHUPLWLGR� SDUD� D�

FRUUHQWH� IRL� GH� �� $�� VHQGR� SRVVtYHO� REVHUYDU� TXH� HP� QHQKXP� LQVWDQWH� HVWD�PDJQLWXGH� IRL�

DWLQJLGD� 2�YDORU�GH����$�IRL�HVWDEHOHFLGR�SDUD�R�GHVHQYROYLPHQWR�GR�SURMHWR��SRLV��D�FRUUHQWH�

HP�XP�DFLRQDPHQWR�FRP�SDUWLGD�GLUHWD�SRVVXL�XPD�HOHYDomR�GH�DWp�WUrV�YH]HV�R�YDORU�QRPLQDO�

GR� HTXLSDPHQWR� H�� DVVLP� VHQGR�� DGRWRX�VH� XP� YDORU� GH� TXDVH� GXDV� YH]HV� R� QRPLQDO� FRPR�

OLPLWDQWH�SDUD�D�UHJLmR�GH�RSHUDomR�GR�0,7�

$OpP�GLVWR��VDOLHQWD�VH�TXH�FDVR�RFRUUD�DOJXPD�IDOKD�RX�PXGDQoD�SDUDPpWULFD�GXUDQWH�

D�RSHUDomR�GRV�FRQWURODGRUHV�DQDOLVDGRV��D�WpFQLFD�SURSRVWD�QHVWH�WUDEDOKR�JDUDQWLUi�XP�ERP�

GHVHPSHQKR� GH� FRQWUROH� PDQWHQGR� RV� QtYHLV� GH� WHQVmR� H� FRUUHQWH� GHQWUR� GD� UHJLmR� GH�

RSHUDomR��IDWR�HVWH�TXH�QmR�DFRQWHFHUi�QRV�FRQWURODGRUHV�GR�WUDEDOKR�GH�&KDQJ�HW�DO���������

1D� H[LVWrQFLD� GH� IDOKDV� H�RX� YDULDo}HV� SDUDPpWULFDV�� RV� FRQWURODGRUHV� SURSRVWRV� HP�

&KDQJ�HW�DO���������SRGHUmR�FRQWURODU�R�VLVWHPD�FRP�XP�FXVWR�GH�VREUHFRUUHQWH�VREUHWHQVmR�

DWp�D�TXHLPD�GR�0,7�H�RX�GR�VLVWHPD�GH�DFLRQDPHQWR�

&RP� UHODomR� D� VREUHWHQVmR�� p� SRVVtYHO� GH� VH� HYLWDU� XWLOL]DQGR� VDWXUDGRUHV�� FRQIRUPH�

REVHUYDGR�QD� UHYLVmR� GD� OLWHUDWXUD��2V� SURMHWRV� GH� FRQWURODGRUHV� SDUD� DV�PiTXLQDV� HOpWULFDV�

UDUDPHQWH�FRQVLGHUDP�D�VDWXUDomR�QR�VLQDO�GH�FRQWUROH��VHQGR�LQVHULGR�XP�EORFR�VDWXUDGRU��2X�

VHMD�� R� VLVWHPD� GH� FRQWUROH� SRGH� H[LJLU� XPD� UHVSRVWD� HOHYDGD� SDUD� R� FRQWUROH� GR� FRQMXQWR��

SRUpP�� LVWR� QmR� DFRQWHFHUi� GHYLGR� R� EORFR� VDWXUDGRU�� DVVLP� VHQGR�� SRGH� DFRQWHFHU� GH� QmR�

RFRUUHU�R�FRQWUROH�GR�VLVWHPD�GHYLGR�D�OLPLWDomR�GR�VLQDO�GH�FRQWUROH�SHOR�EORFR��

3RU�HVWH�PRWLYR��D�FRQVLGHUDomR�GD�VDWXUDomR�QR�SURMHWR�GH�FRQWUROH�p�SULPRUGLDO�SDUD�D�

ERD� HILFLrQFLD� GR� DFLRQDPHQWR�� (VWH� IDWR�� IRL� SUHSRQGHUDQWH� SDUD� D� HVFROKD� GR� WUDEDOKR� GH�

&KDQJ�HW�DO���������

1DV�)LJXUDV����D����REVHUYD�VH�DV�UHVSRVWDV�REWLGDV�SDUD�D�WHQVmR�GR�HL[R�GLUHWR�H��QDV�

)LJXUDV����D�����DV�UHVSRVWDV�GD�WHQVmR�GR�HL[R�HP�TXDGUDWXUD�

1DV�UHVSRVWDV�GDV�WHQV}HV�FRQVWDWD�VH�TXH�HP�QHQKXP�PRPHQWR�RV�YDORUHV�DWLQJLUDP�R�

Pi[LPR� HVWDEHOHFLGR� SHOR� VDWXUDGRU� TXH� p� GH� ���� 9�� $WHQWDU� TXH� R� YDORU� GH� ���� 9� GH�

VDWXUDomR�IRL�R�PHVPR�DGRWDGR�QR�WUDEDOKR�GH�&KDQJ�HW�DO���������

9HULILFD�VH� QDV� UHVSRVWDV� GDV� WHQV}HV�� SULQFLSDOPHQWH� HP� YHORFLGDGHV�PHQRUHV�� XPD�

YDULDomR�GR�YDORU�GD�WHQVmR�QD�WpFQLFD�GH�FRQWUROH�FKDYHDGR��HVWH�IDWR��p�HVSHUDGR�GHYLGR�DRV�

RLWR�SRVVtYHLV�JDQKRV�GH�DWXDomR�GR�FRQWURODGRU�SURMHWDGR�������
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1DV�)LJXUDV����D�����YHULILFD�VH�D�DWXDomR�GRV�FRQWURODGRUHV�QDV�GLIHUHQWHV�UHIHUrQFLDV�

GH�YHORFLGDGH�HVWDEHOHFLGDV�QR�SURMHWR�

9LVDQGR� XPD� PHOKRU� YHULILFDomR� GD� PHWRGRORJLD� GH� FRQWUROH� DSUHVHQWDGD� QHVWH�

FDStWXOR�� GHVHQYROYHX�VH� D� DQiOLVH� GR� FRQWURODGRU� FRPSDUDWLYDPHQWH� DRV� FRQWURODGRUHV�

SURMHWDGRV�SRU�&KDQJ�HW�DO�� �������FRQVLGHUDQGR�XPD�UHIHUrQFLD�GH�YHORFLGDGH�YDULiYHO�VHP�

QHQKXPD�FDUJD�H��GHSRLV��FRP�D�PHVPD�UHIHUrQFLD��FRQVLGHUDQGR�FDUJD�QRPLQDO�DSOLFDGD�QR�

HTXLSDPHQWR�

)LJXUD��� ± 7HQVmR�GR�HL[R�GLUHWR�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± 7HQVmR�GR�HL[R�GLUHWR�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�
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)LJXUD��� ± 7HQVmR�GR�HL[R�GLUHWR�GR�PRWRU�± UHIHUrQFLD����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± 7HQVmR�GR�HL[R�GLUHWR�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

1DV� )LJXUDV� ��� D� ���� DSUHVHQWDP�VH� DV� UHVSRVWDV� REWLGDV� FRQVLGHUDQGR� UHIHUrQFLD�

YDULiYHO�GH�YHORFLGDGH�

1DV� )LJXUDV� ��� H� ��� p� SRVVtYHO� REVHUYDU� R� ERP� GHVHPSHQKR� GRV� FRQWURODGRUHV�

FKDYHDGR�H�+��QR�UDVWUHDPHQWR�GD�YHORFLGDGH��3RU�RXWUR�ODGR��R�FRQWURODGRU�UREXVWR�QmR�WHYH��

$OpP� GLVWR�� VDOLHQWD�VH� TXH� HP� DPEDV� DQiOLVHV� R� FRPSRUWDPHQWR� REWLGR� SHOR� FRQWURODGRU�

FKDYHDGR�IRL�PDLV�VDWLVIDWyULR�GR�TXH�R�FRQWURODGRU�FRP�GHVHPSHQKR�+���

&RQIRUPH� REVHUYDGR� DQWHULRUPHQWH�� R� FRQWURODGRU� FKDYHDGR� WHYH� XP� GHVHPSHQKR�

PHQRV� HILFLHQWH� GR� TXH� R� FRQWURODGRU� +��� QRV� LQVWDQWHV� GH� DSOLFDomR� H� UHWLUDGD� GH� FDUJD�
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FRQVLGHUDQGR� XPD� UHIHUrQFLD� IL[D� GH� YHORFLGDGH�� SRUpP�� VDOLHQWD�VH� TXH� DV� DSOLFDo}HV� FRP�

HVWH�SHUILO�VmR�PHQRV�XWLOL]DGDV��

)LJXUD��� ± 7HQVmR�GR�HL[R�GH�TXDGUDWXUD�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± 7HQVmR�GR�HL[R�GH�TXDGUDWXUD�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

1D�JUDQGH�PDLRULD�GDV�DSOLFDo}HV�GRV�0,7V��D�UHIHUrQFLD�GH�YHORFLGDGH�p�YDULiYHO�FRP�

XPD�PXGDQoD�JUDGXDO�GD�FDUJD�RX�WRUTXH�IL[R��RX�VHMD��FDUDFWHUtVWLFDV�LJXDLV�DV�DSUHVHQWDGDV�

QDV� )LJXUDV� ��� H� ���� 3RUWDQWR�� � HYLGHQFLD�VH� PDLV� XPD� YDQWDJHP� GR� FRQWURODGRU� SURSRVWR�

QHVWH�FDStWXOR�



��

)LJXUD��� ± 7HQVmR�GR�HL[R�GH�TXDGUDWXUD�GR�PRWRU�± UHIHUrQFLD����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± 7HQVmR�GR�HL[R�GH�TXDGUDWXUD�GR�PRWRU�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

1D�)LJXUD����H�����DSUHVHQWDP�VH�DV�UHVSRVWDV�GRV�IOX[RV�PDJQpWLFRV�SDUD�UHIHUrQFLD�

GH�YHORFLGDGH�YDULiYHO�VHP�H�FRP�FDUJD�DSOLFDGD��UHVSHFWLYDPHQWH�

(P�DPEDV� UHVSRVWDV�RV� FRQWURODGRUHV� VHJXLUDP�D� UHIHUrQFLD� IL[D�GR� IOX[R�PDJQpWLFR�

HP�����:E� WHQGR�VXWLV�YDULDo}HV�QRV� LQVWDQWHV�GH�YDULDomR�GH�YHORFLGDGH��RX�VHMD�� WRGRV�RV�

FRQWURODGRUHV�SRVVXHP�GHVDFRSODPHQWR�HQWUH�WRUTXH�H�YHORFLGDGH�DGHTXDGR��'HYH�VH�DWHQWDU�

DSHQDV�XP�SHTXHQR�RYHUVKRRW QR�FRQWURODGRU�UREXVWR�QR�LQVWDQWH�GD�SDUWLGD�



��

)LJXUD��� ± $WXDomR�GRV�FRQWURODGRUHV�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± $WXDomR�GRV�FRQWURODGRUHV�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± $WXDomR�GRV�FRQWURODGRUHV�± UHIHUrQFLD����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�



��

)LJXUD��� ± $WXDomR�GRV�FRQWURODGRUHV�± UHIHUrQFLD�����UDG�V�FRQVWDQWH�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± 9HORFLGDGH�GR�PRWRU�± UHIHUrQFLD�YDULiYHO�VHP�FDUJD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

1DV� )LJXUDV� ��� H� ��� HVWmR� DV� UHVSRVWDV� GD� FRUUHQWH� GR� HL[R� GLUHWR� SDUD� UHIHUrQFLD�

YDULiYHO�GH�YHORFLGDGH�H��FRPR�HUD�GH�VH�HVSHUDU�VHX�FRPSRUWDPHQWR�VH�PDQWHYH�SUDWLFDPHQWH�

HVWiYHO� VHJXLQGR�D� UHIHUrQFLD� FRQVWDQWH�GH� IOX[R�HVWDEHOHFLGD��QmR� VRIUHQGR� LQWHUIHUrQFLD�GD�

DOWHUDomR�GD�YHORFLGDGH��1HVWD�DQiOLVH�FRQVWDWD�VH�RYHUVKRRW QR�PRPHQWR�GH�SDUWLGD�SDUD�RV�

FRQWURODGRUHV�SURMHWDGRV�HP�&KDQJ�HW�DO���������

1DV�)LJXUDV����H�����DSUHVHQWDP�VH�DV�UHVSRVWDV�GD�FRUUHQWH�GR�HL[R�GH�TXDGUDWXUD��QDV�

TXDLV�REWLYHUDP�VH�ERDV�UHVSRVWDV�SDUD�RV�WUrV�FRQWURODGRUHV��9HULILFD�VH�FODUDPHQWH�R�SHUILO�

GD� UHIHUrQFLD� GH� YHORFLGDGH� HVWDEHOHFLGD� QD� DQiOLVH� HIHWXDGD�� &RQIRUPH� Mi� UHODWDGR�

DQWHULRUPHQWH�� D� PDJQLWXGH� GDV� FRUUHQWHV�� REWLGDV� FRP� R� FRQWURODGRU� FKDYHDGR�� VH�

PDQWLYHUDP�GHQWUR�GRV�OLPLWHV�HVWDEHOHFLGRV�SHOD�UHJLmR�GH�RSHUDomR�



��

)LJXUD��� ± 9HORFLGDGH�GR�PRWRU�± UHIHUrQFLD�YDULiYHO�FRP�FDUJD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± )OX[R�GR�PRWRU�± UHIHUrQFLD�YDULiYHO�VHP�FDUJD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

1DV�)LJXUDV����H�����DSUHVHQWDP�VH�DV�UHVSRVWDV�GDV�WHQV}HV�GR�HL[R�GLUHWR�GR�PRWRU�H�

QDV�)LJXUDV����H����DV�UHVSRVWDV�GDV�WHQV}HV�QR�HL[R�HP�TXDGUDWXUD��(P�WRGDV�DV�VLWXDo}HV�DV�

PDJQLWXGHV� VH� PDQWLYHUDP� GHQWUR� GR� YDORU� HVWLSXODGR� SHOR� VDWXUDGRU�� FRPSURYDQGR� D�

HILFLrQFLD�GRV�SURMHWRV�GRV�FRQWURODGRUHV�TXH� LPSHGHP�D�H[LVWrQFLD�GH�XP�VLQDO�GH�FRQWUROH�

HOHYDGR�

3RU� ILP�� QDV� )LJXUDV� ��� H� ��� DSUHVHQWD�VH� D� DWXDomR� GRV� JDQKRV� GR� FRQWURODGRU�

SURMHWDGR��1HVWDV�p�SRVVtYHO�FRQVWDWDU�TXH�FRP�UHIHUrQFLD�YDULiYHO�GH�YHORFLGDGH�RFRUUH�XPD�



��

PDLRU� PXGDQoD� HQWUH� RV� JDQKRV�� SRLV�� EXVFD�VH� SURSRUFLRQDU� DR� VLVWHPD� XP� PHOKRU�

GHVHPSHQKR��

)LJXUD��� ± )OX[R�GR�PRWRU�± UHIHUrQFLD�YDULiYHO�FRP�FDUJD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± &RUUHQWH�GR�HL[R�GLUHWR�GR�PRWRU�± UHIHUrQFLD�YDULiYHO�VHP�FDUJD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

2V� GRLV� WHVWHV� SRVVLELOLWDUDP� FRQVWDWDU� TXH� RV� SURMHWRV� GRV� FRQWURODGRUHV�

GHVHQYROYLGRV�XWLOL]DQGR�/0,V��FRP�WD[D�GH�GHFDLPHQWR�� OLPLWDomR�GD�UHJLmR�GH�RSHUDomR�H�

VDWXUDomR�GR�VLQDO�GH�FRQWUROH�JHUDUDP�H[FHOHQWHV�UHVSRVWDV�SDUD�R�DFLRQDPHQWR�GR�PRWRU�GH�

LQGXomR��



��

$�PHWRGRORJLD� FRQVLGHURX�XPD� UHJLmR�GH�RSHUDomR�H� VDWXUDomR�GR� VLQDO�GH� FRQWUROH��

YLVDQGR� QmR� RFRUUHU� VREUHWHQV}HV� H�RX� VREUHFRUUHQWHV� QR� DFLRQDPHQWR�� IDWR� HVWH� LQRYDGRU�

QHVWD�iUHD�GH�DFRUGR�FRP�D�DQiOLVH�GHVHQYROYLGD�QD�OLWHUDWXUD�

)LJXUD��� ± &RUUHQWH�GR�HL[R�GLUHWR�GR�PRWRU�± UHIHUrQFLD�YDULiYHO�FRP�FDUJD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± &RUUHQWH�GR�HL[R�GH�TXDGUDWXUD�GR�PRWRU�± UHIHUrQFLD�YDULiYHO�VHP�FDUJD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

1D�PHWRGRORJLD�XWLOL]DGD�QmR�IRL�XVDGR�XP�EORFR�VDWXUDGRU�QR�VLQDO�GH�FRQWUROH�FRPR�

QDV�GLYHUVDV�SHVTXLVDV�H��VLP��GHVHQYROYLGR�XP�SURMHWR�FRP�/0,V�TXH�FRQVLGHUD�D�VDWXUDomR�

GR� VLQDO�� SRUWDQWR�� PDLV� HILFLHQWH�� SRLV� R� FRQWUROH� Mi� IRUQHFH� XP� VLQDO� GHQWUR� GD� IDL[D� GH�



��

DWXDomR� GR� VLVWHPD�� VHQGR� HVWD� XPD� GDV� FRQWULEXLo}HV� GHVWH� FDStWXOR� H� FRQWLQXLGDGH� GR�

WUDEDOKR�2UWXQKR�HW�DO�������D��

)LJXUD��� ± &RUUHQWH�GR�HL[R�GH�TXDGUDWXUD�GR�PRWRU�± UHIHUrQFLD�YDULiYHO�FRP�FDUJD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± 7HQVmR�GR�HL[R�GLUHWR�GR�PRWRU�± UHIHUrQFLD�YDULiYHO�VHP�FDUJD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

3RGH�VH� DILUPDU� TXH� HVWD� p� XPD� JUDQGH� IHUUDPHQWD� TXH� SRVVLELOLWD� ERDV� GLQkPLFDV�

PHVPR� FRP� LQFHUWH]DV� H�RX� IDOKDV� QRV� SDUkPHWURV� GR� HTXLSDPHQWR�� SURSRUFLRQDQGR� XPD�

PHOKRULD�QDV�GLIHUHQWHV�LPSOHPHQWDo}HV�



��

)LJXUD��� ± 7HQVmR�GR�HL[R�GLUHWR�GR�PRWRU�± UHIHUrQFLD�YDULiYHO�FRP�FDUJD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± 7HQVmR�GR�HL[R�GH�TXDGUDWXUD�GR�PRWRU�± UHIHUrQFLD�YDULiYHO�VHP�FDUJD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

$VVLP� VHQGR�� IRL� SRVVtYHO� FRQVWDWDU� TXH� D� WpFQLFD� GH� FRQWUROH� FKDYHDGD� SRVVLELOLWRX�

ERP� GHVHPSHQKR� GLQkPLFR� FRP� D� XWLOL]DomR� GH� FULWpULRV� GH� GHVHPSHQKR� HILFD]HV� TXDQWR� D�

OLPLWDomR�GR�VLQDO�GR�DWXDGRU�H�FRQVLGHUDomR�GH�XPD�UHJLmR�GH�RSHUDomR�QD�TXDO�DV�YDULiYHLV�

GH�HVWDGR�HVWDUmR�SUHVHQWHV�JDUDQWLQGR�D�HVWDELOLGDGH�GR�FRQMXQWR�H�LPSHGLQGR�VREUHWHQV}HV�H�

VREUHFRUUHQWHV�



��

)LJXUD��� ± 7HQVmR�GR�HL[R�GH�TXDGUDWXUD�GR�PRWRU�± UHIHUrQFLD�YDULiYHO�FRP�FDUJD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± $WXDomR�GRV�FRQWURODGRUHV�± UHIHUrQFLD�YDULiYHO�VHP�FDUJD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± $WXDomR�GRV�FRQWURODGRUHV�± UHIHUrQFLD�YDULiYHO�FRP�FDUJD�

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�



��

� 352-(72� '2� &21752/$'25� &+$9($'2� 3$5$� 2� 0,7�
&216,'(5$1'2�6$785$d­2�12�6,1$/�'(�&21752/(��,1&(57(=$6�
3$5$0e75,&$6�(�72/(5$17(�$�',67Ò5%,2�'(�&$5*$�87,/,=$1'2�
02'(/2�)8==<�76

0XLWDV� SHVTXLVDV� VmR� UHDOL]DGDV� YLVDQGR� RWLPL]DU� D� FRQILDELOLGDGH�� HVWDELOLGDGH� H�

GHVHPSHQKR�GH�VLVWHPDV�GH�FRQWUROH�HP�PDOKD�IHFKDGD�HP�FRQGLo}HV�GH�RSHUDomR�QRUPDLV�RX�

QD�SUHVHQoD�GH�IDOKDV��5(=$(,��.+2652:-(5',��������

2� DXPHQWR� GD� FRPSOH[LGDGH� H� D� H[LJrQFLD� GH� FULWpULRV� GH� SURMHWR� PDLV� UHVWULWLYRV�

SURSRUFLRQDUDP� D� XWLOL]DomR� GRV� PRGHORV� IX]]\� TXH� JHUDP� XPD� UHVSRVWD� GH� FRQWUROH�

LQWHUHVVDQWH��VHQGR�HVWD�XPD�H[FHOHQWH�IHUUDPHQWD��SRU�SRGHU�HVWLPDU�RV�HVWDGRV�H�RX�FRQWURODU�

R�VLVWHPD��$&(9('2��*,5$/'2��*,5$/'2��������=,1$�HW�DO���������

5HFHQWHPHQWH��WpFQLFDV�IX]]\�WrP�VLGR�XWLOL]DGDV�FRP�JUDQGH�VXFHVVR�QD�PRGHODJHP�H�

FRQWUROH� GH� PRWRUHV� GH� LQGXomR�� (QWUH� RV� YiULRV� PpWRGRV� GH� PRGHODJHP� IX]]\�� R� IX]]\�

7DNDJL� 6XJHQR��76��p�FRQVLGHUDGR�XPD�IHUUDPHQWD�SRSXODU�H�SRGHURVD�QD�GHVFULomR�H[DWD�RX�

DSUR[LPDGD GH� XP� VLVWHPD� FRPSOH[R� QmR� OLQHDU�� 'HYLGR� DV� YDQWDJHQV� H� LPSRUWkQFLD� GHVWD�

IHUUDPHQWD�QHVWH�FDStWXOR�VHUi�XWLOL]DGD�D�PRGHODJHP�IX]]\�76�MXQWDPHQWH�FRP�D�PHWRGRORJLD�

GH�FRQWUROH�FKDYHDGR�H�UHVWULo}HV�GH�GHVHPSHQKR�

$�LGHLD�EiVLFD�GHVVD�DERUGDJHP�p�GHFRPSRU�R�PRGHOR�GR�VLVWHPD�QmR�OLQHDU�HP�XPD�

VpULH� GH� PRGHORV� OLQHDUHV� HQYROYHQGR� IXQo}HV� GH� SRQGHUDomR� QmR� OLQHDUHV�� $V� IXQo}HV� GH�

SRQGHUDomR� YHULILFDP� D� SURSULHGDGH� GD� VRPD� FRQYH[D�� 2� PRGHOR� IX]]\� 76� HTXLYDOHQWH�

GHVFUHYH�R�FRPSRUWDPHQWR�GLQkPLFR�GR�VLVWHPD��$&(9('2��*,5$/'2��*,5$/'2��������

$//28&+(�HW�DO���������$//28&+(�HW�DO���������$//28&+(�HW�DO���������=,1$�HW�DO���

������<2866()�HW�DO���������=,1$�HW�DO����������

(VVH� WLSR� GH� PRGHOR� p� GHVFULWR� SRU� XP� JUXSR� GH� UHJUDV� 6(�(17­2� IX]]\V� TXH�

GHVFUHYHP�DV�UHODo}HV�GH�VDtGD�H�HQWUDGD�ORFDLV�GR�VLVWHPD�QmR�OLQHDU�RULJLQDO��$�LGHLD�EiVLFD�p�

GHFRPSRU�R�PRGHOR�GH�XP�VLVWHPD�QmR�OLQHDU�HP�XP�FRQMXQWR�GH� VXEVLVWHPDV�OLQHDUHV�FRP�

IXQo}HV�GH�SRQGHUDomR� QmR� OLQHDU� DVVRFLDGDV� �+$0028',�HW� DO��� ������(67(9(6��������

&$5',0���������

6HJXQGR�+DPPRXGL�HW�DO�� ������ D�FRPSHQVDomR�GLVWULEXtGD�SDUDOHOD� �3'&��RIHUHFH�

XP�SURFHGLPHQWR�SDUD�SURMHWDU�XP�FRQWURODGRU�IX]]\�SDUD XP�GHWHUPLQDGR�PRGHOR�IX]]\�76��

$�LGHLD�SULQFLSDO�GD�WpFQLFD�3'&�p�D�SDUWLomR�GH�XPD�GLQkPLFD�GH�VLVWHPD�QmR�OLQHDU�HP�XP�

Q~PHUR� GH� VXEVLVWHPDV� OLQHDUHV�� SURMHWDU� XP� Q~PHUR� GH� FRQWURODGRUHV� ORFDLV� SDUD� FDGD�

VXEVLVWHPD� OLQHDU� H�� ILQDOPHQWH�� JHUDU� R� FRQWURODGRU� JHUDO� SHOD� PLVWXUD� IX]]\� GH� WDLV�

FRQWURODGRUHV�ORFDLV�



��

$�PHWRGRORJLD� IX]]\�76� SRGH� VHU� HPSUHJDGD� SDUD� R� FRQWUROH� GR� VLVWHPD� H� WDPEpP�

SDUD�D�REVHUYDomR�GH�HVWDGRV��3RU�HVWH�PRWLYR��DSUHVHQWD�VH�D�VHJXLU��XPD�DQiOLVH�GD�OLWHUDWXUD�

(P� %DKORXO� HW� DO�� ������� p� SURSRVWR� XP� REVHUYDGRU� TXH� FRQVLVWH� HP� PLQLPL]DU� D�

VHQVLELOLGDGH�GHYLGR�j LQFHUWH]D�GD�UHVLVWrQFLD�GR�URWRU� JDUDQWLQGR�XP�GHVHPSHQKR�GLQkPLFR��

GR� REVHUYDGRU� HVSHFLILFDGR� DWUDYpV� GD� DQiOLVH� GH� '�HVWDELOLGDGH� VHQGR DV� FRQGLo}HV� GH�

SURMHWR�IRUPXODGDV�DWUDYpV�GH�/0,V�

1R� WUDEDOKR� GH�%DKORXO� HW� DO�� ������� IRL� SURSRVWR� XP� REVHUYDGRU� DGDSWDWLYR� 76� GH�

RUGHP�FRPSOHWD�TXH�HVWLPD�D�YHORFLGDGH�GR�URWRU�H�RV�HVWDGRV�GR�0,7��2�WRUTXH�GH�FDUJD�IRL�

FRQVLGHUDGR�FRPR�GHVFRQKHFLGR��GLVW~UELR�H[WHUQR���2�GHVHPSHQKR�GLQkPLFR GR�REVHUYDGRU�

76� IRL� REWLGR XWLOL]DQGR� XP� SURMHWR� EDVHDGR� HP�'�HVWDELOLGDGH� YLD� /0,�� 8PD� YHULILFDomR�

H[SHULPHQWDO�IRL�UHDOL]DGD�SDUD�FRQILUPDU�VXD�SRWHQFLDOLGDGH�

2� DUWLJR� GH� %DKORXO� HW� DO�� ������ SURS{V� XP� REVHUYDGRU� IX]]\� 76�� QR� UHIHUHQFLDO�

VtQFURQR��GR�IOX[R�GH�FDPSR�GR�URWRU� (IHWXRX�VH�XPD DQiOLVH�GH�HVWDELOLGDGH�H�'�HVWDELOLGDGH�

SDUD� REWHU DOJXQV� GHVHPSHQKRV� GLQkPLFRV� GR REVHUYDGRU�� VHQGR� TXH� VHXV� JDQKRV� VmR�

FDOFXODGRV� XVDQGR� /0,�� $WUDYpV� GH� XP� H[HPSOR� QXPpULFR� IRL� PRVWUDGD D� HILFiFLD� GRV�

UHVXOWDGRV�SURSRVWRV�

(P�$OORXFKH�HW�DO�������� IRL�GHVHQYROYLGD XPD�HVWLPDWLYD�VLPXOWkQHD�GH�HVWDGR�H�GH�

IDOKD� QR� VHQVRU� XVDQGR� XP� REVHUYDGRU� IX]]\� 76�� $V� FRQGLo}HV� GD� FRQYHUJrQFLD� GR�

REVHUYDGRU� VmR� IRUPXODGDV� HP� WHUPRV� /0,V�� $WUDYpV� GH� UHVXOWDGRV� GH� VLPXODomR� H�

H[SHULPHQWDLV� GHVWDFD�VH�D�HILFiFLD�GR�REVHUYDGRU�SURSRVWR�QR�SURMHWR�

1R� WUDEDOKR�GH�$OORXFKH�HW� DO�� ������ IRL�SURMHWDGR�XP�FRQWURODGRU�GH� UDVWUHDPHQWR�

IX]]\�76�FRP�tQGLFH�GH�GHVHPSHQKR +��EDVHDGR�HP�XP��REVHUYDGRU�IX]]\�UHVSRQViYHO�SRU�

HVWLPDU�RV�HVWDGRV�GR�0,7�XWLOL]DQGR�/0,V�FRP�XPD�DomR�LQWHJUDGRUD��REMHWLYDQGR�UHGX]LU�R�

HUUR�GH�UDVWUHDPHQWR�H�JDUDQWLU�D�UHMHLomR�GH�SHUWXUEDomR�GR�WRUTXH�GH�FDUJD��6mR�DSUHVHQWDGRV�

UHVXOWDGRV�GH�VLPXODo}HV�H�H[SHULPHQWDLV��)RL�FRQVLGHUDGR�TXH�R�VLQDO�GH�UHIHUrQFLD�p�VXDYH�H�

OLPLWDGR�� R� GLVW~UELR� H[WHUQR� �WRUTXH� GH� FDUJD�� p� OLPLWDGR�� DV� FRUUHQWHV� GR� HVWDWRU� H� D�

YHORFLGDGH�GR�URWRU�VmR�PHQVXUiYHLV�H�R�IOX[R�GR�URWRU�QmR�SRGH�VHU�PHGLGR��2EWHYH�VH�RLWR�

FRQWURODGRUHV�H�HVWLPDGRUHV�GH�HVWDGRV�SDUD�R�GHVHQYROYLPHQWR�GR�VLVWHPD�GH�FRQWUROH��VHQGR�

FRQVLGHUDGR�SDUD�GHILQLU�R�VHWRU�GH�QmR�OLQHDULGDGHV�DV�FRUUHQWHV�GR�HVWDWRU�QR�HL[RV�GLUHWR�H�

HP�TXDGUDWXUD�H�D�YHORFLGDGH�GR�PRWRU��

(P�$]LPL��1HNRXL� H� )DNKDULDQ� ������� IRL� SURMHWDGR� XP� FRQWURODGRU� SDUD� UDVWUHDU� H�

DWHQXDU�DV�SHUWXUEDo}HV�GD�YHORFLGDGH�H�WRUTXH��SDUD�XP�VLVWHPD�0,02�QmR�OLQHDU�GH�XP�0,7�

LQFHUWR�XVDQGR�FRPR�tQGLFH�GH�GHVHPSHQKR�D�QRUPD�+��QR�PRGHOR�IX]]\�76�GR�PRWRU��1R�

PpWRGR�SURSRVWR��D�SODQWD�QmR�OLQHDU�p�UHSUHVHQWDGD�SRU�XP PRGHOR�IX]]\�76��2�PRGHOR�IX]]\�



��

p�GHVFULWR�SRU�UHJUDV�6(�(17­2 IX]]\�TXH�UHSUHVHQWDP�UHODo}HV�ORFDLV�GH�HQWUDGD�VDtGD�GR�

VLVWHPD��3DUD�FDGD�VXEVLVWHPD�OLQHDU��XP�FRQWURODGRU�GH�UHDOLPHQWDomR�GH�VDtGD�+��UREXVWR�

FRP� SRVLFLRQDPHQWR� GH� SROR� IRL� SURMHWDGR� YLD� /0,�� $� WpFQLFD� GH� 3'&� IRL� XWLOL]DGD� SDUD�

SURMHWDU�R�FRQWURODGRU�SDUD�WRGR�R�VLVWHPD��2�PRGHOR�IX]]\�JHUDO�GR�VLVWHPD�p�REWLGR�SHOR�XVR�

GD�VRPD�SRQGHUDGD�GR�VLVWHPD�OLQHDU�ORFDO��$WUDYpV�GH�VLPXODo}HV�RV�UHVXOWDGRV�PRVWUDP�TXH�

R�PpWRGR�SURSRVWR�SRGH�HIHWLYDPHQWH�DWHQGHU�DRV�UHTXLVLWRV�GH�GHVHPSHQKR��FRPR�UREXVWH]��

ERDV�UHVSRVWDV�GH�UHMHLomR�GH�SHUWXUEDomR�GH�FDUJD��ERDV�UHVSRVWDV�GH�UDVWUHDPHQWR�H�UiSLGDV�

UHVSRVWDV�WUDQVLWyULDV�

%RXE]L]L� HW� DO�� ������� GHVHQYROYHUDP� XP� FRQWURODGRU� IX]]\� 76� SDUD� PHOKRUDU� R�

GHVHPSHQKR� GD�PiTXLQD��8WLOL]DQGR� DV� HTXDo}HV� HP� HVSDoR� GH� HVWDGR� QDV� FRRUGHQDGDV� GR�

HL[R� GLUHWR� H� GR� HL[R� HP� TXDGUDWXUD� �GT�� FRP� RULHQWDomR� GR� IOX[R� GR� URWRU� IRL� HIHWXDGR� R�

SURMHWR�GR�FRQWURODGRU��1HVWH�WUDEDOKR� HIHWXRX�VH�XPD�FRPELQDomR�GR�VLVWHPD�IX]]\�7DNDJL�

6XJHQR� FRP� WpFQLFDV� EDFNVWHSSLQJ�� $WUDYpV� GH� UHVXOWDGRV� GH� VLPXODomR� QR� DPELHQWH�

0DWODE�6LPXOLQN� VmR�DSUHVHQWDGRV� DV� DQiOLVHV�GHVHQYROYLGDV��&RP�D�PHVPD�PHWRGRORJLD�R�

WUDEDOKR�GH�*OHQQ�H�6QHKD� ������� LPSOHPHQWD�XP�FRQWURODGRU�7DNDJL�6XJHQR�H� DWUDYpV�GH�

VLPXODo}HV� HIHWXD�FRPSDUDo}HV�FRP�R�FRQWUROH�FOiVVLFR�3,�

(P�=LQD HW�DO�������� IRL�SURMHWDGR�XP�FRQWURODGRU�GH�UDVWUHDPHQWR�IX]]\�76�EDVHDGR�

HP�XP�REVHUYDGRU� IX]]\�76�SDUD� DFLRQDPHQWR� GR�PRWRU�GH� LQGXomR�REMHWLYDQGR�JDUDQWLU�R�

GHVHPSHQKR�+���$WUDYpV�GH�XPD�~QLFD�HWDSD��RV�JDQKRV�GR�FRQWURODGRU�H�GR�REVHUYDGRU�VmR�

REWLGRV��WRUQDQGR�PHQRV�FRQVHUYDGRUDV�DV�FRQGLo}HV�GH�HVWDELOLGDGH��$WUDYpV�GH�UHVXOWDGRV�GH�

VLPXODomR�GHPRQVWUD�VH�D�HILFiFLD�GR�SURMHWR�

2�WUDEDOKR�GH�$OORXFKH�HW�DO����������HVWXGRX�R�SUREOHPD�GH�UDVWUHDPHQWR�DSOLFDGR�D�

XP� DFLRQDPHQWR� GH� PRWRU� GH� LQGXomR� RULHQWDGR� D� FDPSR XVDQGR� D� DERUGDJHP� IX]]\� 76��

3ULPHLUR��XP�PRGHOR�IX]]\�DXPHQWDGR� IRL�FRQVWUXtGR�SHOR� UHDJUXSDPHQWR�GR�PRGHOR�IX]]\�

76�GR�PRWRU�GH�LQGXomR��XP�REVHUYDGRU�IX]]\�H�R�PRGHOR�GH�UHIHUrQFLD�76��(P�VHJXLGD��XP�

FRQWURODGRU� GH� UDVWUHDPHQWR� FRP� GHVHPSHQKR� +�� EDVHDGR� QR� REVHUYDGRU� IX]]\� IRL�

GHVHQYROYLGR��2�FRQWURODGRU�76�SURSRVWR� p�GLQkPLFR�H� WHP�D�FDUDFWHUtVWLFD�GH�VHU�DMXVWiYHO�

DWUDYpV� GD� LQVHUomR� GDV� IXQo}HV� GH� SRQGHUDomR� QmR� OLQHDUHV� DVVRFLDGDV� D� FDGD� FRQWURODGRU�

ORFDO�� $� IRUPD� GD� OHL� GH� FRQWUROH� IX]]\� SURMHWDGD� p� VHPHOKDQWH� jV� WpFQLFDV� GH� FRQWUROH� GH�

FRPSHQVDomR�GLVWULEXtGD�SDUDOHOD�3'&��H[FHWR�TXH�R�FRQWURODGRU� IX]]\�SURSRVWR�p�H[SUHVVR�

FRP�HUUR�GH�UDVWUHDPHQWR��2�PRGHOR�IX]]\�76�p�XVDGR�SDUD�UHSUHVHQWDU�R�PRWRU�GH�LQGXomR�

SRU�XP�FRQMXQWR�GH�PRGHORV�GH�HVSDoR�GH HVWDGRV�ORFDLV�TXH�VmR�LQWHUSRODGRV�SRU�IXQo}HV�QmR�

OLQHDUHV��$OpP�GLVVR��R�SUREOHPD�GH�SURMHWR�GH�FRQWUROH�GH�UDVWUHDPHQWR�p�GHVHQYROYLGR�YLD�

/0,�� $� HVWDELOLGDGH� GR� VLVWHPD� GH� PDOKD� IHFKDGD� IX]]\� IRL� DQDOLVDGD� XVDQGR� D� WHRULD� GH�
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/\DSXQRY��$�HILFiFLD�GR�FRQWURODGRU�SURSRVWR�H�GR�REVHUYDGRU�IX]]\�IRL�GHPRQVWUDGD�DWUDYpV�

GH�VLPXODo}HV�QXPpULFDV�H�UHVXOWDGRV�H[SHULPHQWDLV��

1R�WUDEDOKR�GH�=LQD�HW�DO�������� IRL�GHVHQYROYLGR�XP�FRQWUROH�IX]]\�WROHUDQWH�D�IDOKDV�

SDUD� UDVWUHDPHQWR� GRV� HVWDGRV� GR� PRWRU� GH� LQGXomR YLVDQGR� JDUDQWLU� D� HVWDELOLGDGH� H� D�

RSHUDomR� VHJXUD�� DIHWDGR� SRU� GLVW~ELRV� H[WHUQRV� H� IDOKDV� GR� VHQVRU�� 2� PRGHOR� IX]]\� 76 p�

XVDGR�SDUD�UHSUHVHQWDU��R�0,7��3DUD�JDUDQWLU�R�GHVHPSHQKR�GH�UDVWUHDPHQWR��XP�REVHUYDGRU�

IX]]\� p� XVDGR� SDUD� HVWLPDU� VLPXOWDQHDPHQWH R� HVWDGR� GR� VLVWHPD� H� D� IDOKD� GR� VHQVRU�� $�

FRQGLomR�GH�HVWDELOLGDGH�IRL�SURSRVWD�HP�WHUPRV�GH�/0,V��$WUDYpV�GH�UHVXOWDGRV�GH�VLPXODomR�

GHPRQVWUD�VH�D�HILFiFLD�GR�SURMHWR�

(P�=LQD� HW� DO�� ������� IRL� HVWXGDGR� R� GHVHPSHQKR� GR� FRQWURODGRU� WROHUDQWH� D� IDOKDV�

FRP�UHDOLPHQWDomR�GH�HVWDGRV�DSOLFDGR�QR�PRWRU�GH�LQGXomR�FRP�PRGHODJHP�76�SDUD�JDUDQWLU�

D�HVWDELOLGDGH�H�R�IXQFLRQDPHQWR�HP�VHJXUDQoD�GR�DFLRQDPHQWR�PHVPR�FRQVLGHUDQGR�IDOKD�QR�

VHQVRU�GH�YHORFLGDGH��8P�REVHUYDGRU�IX]]\�IRL�SURMHWDGR�SDUD�IRUQHFHU�D�HVWLPDWLYD�GR�HVWDGR�

GR�VLVWHPD�H�GD�IDOKD�GR�VHQVRU�

(P�$OORXFKH� HW� DO�� ������ IRL� DSUHVHQWDGR� XP� FRQWUROH� IX]]\� 76� WROHUDQWH� D� IDOKDV�

SDUD�DFLRQDPHQWR�GR�0,7�FDSD]�GH�FRPSHQVDU�R�HIHLWR�GDV�IDOKDV�GR�VHQVRU��$�OHL�GH�FRQWUROH�

SURSRVWD� EDVHLD�VH� QRV�PRGHORV� IX]]\ 76�� )RL� GHVHQYROYLGR� XP� REVHUYDGRU� IX]]\� 76� SDUD�

HVWLPDU�VLPXOWDQHDPHQWH�RV�HVWDGRV�GR�VLVWHPD�H�R�VLQDO�GH�IDOKD�XVDQGR�D�HQWUDGD�FRQKHFLGD�H�

D�PHGLomR�GD�VDtGD��2V�JDQKRV�GR�FRQWURODGRU� IX]]\�TXH�VDWLVID]HP�R�GHVHPSHQKR�+��VmR�

GHWHUPLQDGRV� XVDQGR� /0,�� $WUDYpV� GH� UHVXOWDGRV� GH� VLPXODomR� H� H[SHULPHQWDLV� REWHYH�VH�

ERP�GHVHPSHQKR�GH�UDVWUHDPHQWR��DSHVDU�GD�SUHVHQoD�GH�IDOKDV�QR�VHQVRU�

(P�+DPPRXGL�HW�DO�������� IRL�DERUGDGD D�PHWRGRORJLD�76�SDUD�DSUR[LPDU�R�VLVWHPD�

QmR�OLQHDU�GR�PRWRU�GH�LQGXomR��DWUDYpV�GHOH��IRL�GHVHQYROYLGR�R�SURMHWR�GH�FRQWUROH�XWLOL]DQGR�

R� HVTXHPD�3'&��8P�REVHUYDGRU� IX]]\� IRL� SURMHWDGR� LQGHSHQGHQWHPHQWH� GR� FRQWURODGRU� GH�

DFRUGR�FRP�D�SURSULHGDGH�GH�VHSDUDomR��2�UHJXODGRU�IX]]\�H�R�REVHUYDGRU�IX]]\�VmR�EDVHDGRV�

QR�WHRUHPD�GR�YDORU�PpGLR�GLIHUHQFLDO��VHXV�JDQKRV�IRUDP�UHVROYLGRV�FRPSXWDFLRQDOPHQWH�D�

SDUWLU�GH�FULWpULRV�GH�HVWDELOLGDGH�IRUPXODGRV�YLD�/0,��$�HVWDELOLGDGH�GR�VLVWHPD�GH�FRQWUROH�

JOREDO��LQFOXLQGR�R�FRQWURODGRU�H�R�REVHUYDGRU�VmR�JDUDQWLGRV��$WUDYpV�GH�VLPXODo}HV�YDOLGD�

VH�D�DERUGDJHP�SURSRVWD�

$OpP�GHVWHV��SRGH�VH�FLWDU�$RXDRXGD��&KDGOL�H�%RXNKQLIHU���������QHVWH�DSUHVHQWD�VH�

XP� FRQWURODGRU� WROHUDQWH� D� IDOKDV� QR� VHQVRU� GH� YHORFLGDGH� SDUD� DFLRQDPHQWR� GR� 0,7�

PRGHODGR�SHOD�PHWRGRORJLD�76�SDUD�XWLOL]DomR�HP�XP�YHtFXOR�HOpWULFR�
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&RQVWDWD�VH�TXH�D�PHWRGRORJLD�GH�PRGHODJHP�XWLOL]DQGR�RV�FRQFHLWRV�GD�WpFQLFD�IX]]\�

7DNDJL� 6XJHQR� �76�� HVWi� VHQGR� LPSOHPHQWDGD� SDUD� R� DFLRQDPHQWR� GR� PRWRU� GH� LQGXomR�

WULIiVLFR��WDQWR�SDUD�VHU�XWLOL]DGR�FRPR�REVHUYDGRU�GH�HVWDGRV�H�RX�FRQWUROH�GR�VLVWHPD�

$� DERUGDJHP� IX]]\� 76� p� SRGHURVD� QD� PRGHODJHP�� FRQWUROH� H� REVHUYDomR� GDV�

PiTXLQDV�HOpWULFDV�JUDoDV�j�VXD�VLPSOLFLGDGH�H�FDSDFLGDGH�GH�GHVFUHYHU�XPD�JUDQGH�FODVVH�GH�

VLVWHPDV� QmR� OLQHDUHV� SRU� PLVWXUD� IX]]\� GH� WRGRV� RV� PRGHORV� ORFDLV� OLQHDUHV� �$&(9('2��

*,5$/'2��*,5$/'2��������$//28&+(�HW�DO���������%$+/28/�HW�DO���������=,1$�HW�

DO��� ������ =,1$� HW� DO��� ������ $//28&+(� HW� DO��� ������ $28$28'$�� &+$'/,��

%28.+1,)(5��������=,1$�HW�DO���������=+$2�HW�DO���������=,1$�HW�DO���������

3RUpP�� VHJXQGR� =LQD� HW� DO�� �������� R� SUREOHPD� GH� FRQWUROH� GH� UDVWUHDPHQWR� SDUD�

PRGHORV�IX]]\�76�GHIHLWXRVRV�IRL�HVWXGDGR�SRU�SRXFRV�WUDEDOKRV� $OpP�GLVWR��VHJXQGR�=KDR�

HW�DO���������H�=LQD�HW�DO����������R�FRQWUROH�HILFLHQWH�GR�0,7�p�XP�SUREOHPD�GHVDILDGRU�

$OpP� GRV� GLYHUVRV� SURFHVVRV� LQGXVWULDLV� TXH� RV� 0,7V� VmR� DSOLFDGRV�� WrP�VH� XPD�

GHPDQGD� FUHVFHQWH� QD� HOHWULILFDomR� GRV� VLVWHPD� GH� WUDomR�� VHQGR� TXH� LVWR� SRVVLELOLWDUi� XP�

JUDQGH� DXPHQWR� QR� Q~PHUR� GH� DSOLFDo}HV� GR� 0,7� �=,1$� HW� DO��� ������� $OJXQV� WUDEDOKRV�

DSUHVHQWDP� DQiOLVHV� SDUD� HVWDV� DSOLFDo}HV�� GHQWUH� HOHV�� SRGH�VH� FLWDU�/RSH]�7RULELR�� 3DWWRQ��

'DOH\���������+X��<LQ�H�+RUL���������0DULQR�HW�DO����������6S\URSRXORV�H�0LWURQLNDV���������

$RXDRXGD�� %RXDUDU� H� %RXKDOL� �������� $RXDRXGD� HW� DO�� �������� $RXDRXGD�� &KDGOL� H�

%RXNKQLIHU��������H�3RPSRQL HW�DO���������

3RU� HVWH� PRWLYR�� HVWH� FDStWXOR DERUGD UHVXOWDGRV GH� VLPXODomR SDUD� R� FRQWUROH� GH�

YHORFLGDGH�GR�0,7�FRQVLGHUDQGR�R�PRGHOR�IX]]\�76�FRP�LQFHUWH]DV�SDUDPpWULFDV��UHJLmR�GH�

RSHUDomR��VDWXUDomR�QR�VLQDO�GH�FRQWUROH�H�WROHUkQFLD�DR�GLVW~UELR��

1R�FDStWXOR�VHUmR XWLOL]DGRV FRQWURODGRUHV FKDYHDGRV SDUD�R�DFLRQDPHQWR�GR�VLVWHPD�

VHQGR�DQDOLVDGR�R�FRPSRUWDPHQWR�GR�FRQMXQWR�DWUDYpV�GH�UHVXOWDGRV�GH�VLPXODomR�QR�VRIWZDUH

0DWODE�6LPXOLQN�� 6DOLHQWD�VH� TXH� D� PHWRGRORJLD� GH� FRQWUROH� DSUHVHQWDGD� QR� WH[WR� YLVD�

FRODERUDU� FRP� DV� SHVTXLVDV� Mi� GHVHQYROYLGDV� SURSRUFLRQDQGR� XPD� DERUGDJHP� GLIHUHQWH�

XWLOL]DQGR�D� IHUUDPHQWD�/0,� VHP�D�QHFHVVLGDGH�GH�HQFRQWUDU�DV� IXQo}HV�GH�SHUWLQrQFLD�TXH�

VmR�QmR�OLQHDUHV�H�GHVFRQKHFLGDV�GHYLGR�jV�LQFHUWH]DV�SDUDPpWULFDV�GR�0,7��

$� LGHLD�GD�XWLOL]DomR�GH� VLVWHPDV� FKDYHDGRV� p�SURMHWDU�XPD�HVWUDWpJLD�GH� FRPXWDomR�

DGHTXDGD� TXH� VHOHFLRQD� D� FDGD� LQVWDQWH� GH� WHPSR� XP� VXEVLVWHPD� GLQkPLFR� GHQWUH� XP�

GHWHUPLQDGR�Q~PHUR�GH� VXEVLVWHPDV�GLVSRQtYHLV� H� DLQGD� DVVHJXUH� D� HVWDELOLGDGH�DVVLQWyWLFD�

GR�SRQWR�GH�HTXLOtEULR�FRP�D�JDUDQWLD�GH�GHVHPSHQKR�DGHTXDGR��'(&$5/2�HW DO���������
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$�REWHQomR�GR�PRGHOR�IX]]\�76�GR�0,7�p�GHVHQYROYLGD�D�SDUWLU�GH�����D������3DUD�LVWR��

GHILQH�VH�LQLFLDOPHQWH�R�YHWRU�GH�HVWDGR������� (P�VHJXLGD��HIHWXDQGR�D�VXEVWLWXLomR�GH�����HP�

����H�����REWpP�VH�R�FRQMXQWR�GH�H[SUHVV}HV�������D�������
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ܴ௡ೣ ൈ ௡ೢܥ�� א ܴ௡೤ ൈ ௡ೣܦ�� א ܴ௡೤ ൈ ௡ೠ Hܩ� א ܴ௡೤ ൈ ௡ೢ�

8WLOL]DQGR�RV�FRQFHLWRV�GD�PHWRGRORJLD�GH�FRQWUROH�IX]]\�76�GHVFUHYH�VH�R�PRGHOR�D�

VHU� FRQWURODGR SRU� ������ (P� TXH� ݅ א ௥ܭ �� ݈ א ௤ܭ �� ௜௟ߤ p� R� FRQMXQWR� IX]]\� GD� UHJUD� ݅

FRUUHVSRQGHQWH�Dݖ�௟ሺݐሻ H ሻǡݐଵሺݖ ǥ ǡ ሻݐ௤ሺݖ VmR�DV�YDULiYHLV�SUHPLVVDV�

ܽݎܴ݃݁ ݅ǣ ܵ݁ ሻݐଵሺݖ ± ௜௟ߤ ݁ ǥ ሻݐ௤ሺݖ ± ௜௤ǡߤ ǣ݋ ݐ݊݁

ሶݔ ሺݐሻ ൌ ௜ܣ ሻݐሺݔ ൅ ௜ܤ ሻ൯ݐሺݑ൫ݐܽݏ ൅ ௪௜ܤ ௅ܶሺݐሻǡ

ሻݐሺݕ ൌ ௜ܥ ሻݐሺݔ ൅ ௜ܦ ሻ൯ݐሺݑ൫ݐܽݏ ൅ ௜ܩ ௅ܶሺݐሻǤ

$VVLP�VHQGR��R�PRGHOR�SRGH�VHU�UHHVFULWR�FRPR������ H��������6HQGRߤ�௜௟൫݈ݖሺݐሻ൯ ൒ Ͳ D�

IXQomR�GH�SHUWLQrQFLD�HP�WHUPRV�GH�YDULiYHLV�LQFHUWDV�H�RX�GHVFRQKHFLGRV��FRUUHVSRQGHQWH�DR�

FRQMXQWR�IX]]\ߤ�௜௟�
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HP�6RX]D�HW�DO���������

$� SDUWLU� GD� OHL� GH� FRQWUROH� FKDYHDGD� ������ R� VLVWHPD� UHDOLPHQWDGR� SRGH� VHU� HVFULWR�

FRPR������ H�������
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1DV� SUy[LPDV� VHo}HV� YHULILFDU�VH�i� TXH� R� REMHWLYR� GRV� FRQWURODGRUHV� p� UHVWULQJLU� R�

YHWRU� GH� HVWDGR� GHQWUR� GR� FRQMXQWR� HOLSVRLGDO� &RQVHTXHQWHPHQWH�� p� LPSRUWDQWH� TXH� HVWH�

FRQMXQWR�SRVVXD�R�PDLRU�YROXPH�SRVVtYHO� SRVVLELOLWDQGR�TXH D� WUDMHWyULD� GR�YHWRU�GH� HVWDGR�

RSHUH� HP� JUDQGH� SDUWH� GD� UHJLmR� GH� RSHUDomR� GHILQLGD� HP� ������ 3DUD� LVWR�� XWLOL]D�VH� D�

'HILQLomR�� TXH�SRVVLELOLWD�H[SDQGLU�R�YROXPH�GR�HOLSVRLGH�

����&21752/$'25�&+$9($'2�&216,'(5$1'2�',67Ò5%,2�(;7(512�18/2

'HILQLGR�R�PRGHOR�IX]]\�76�H�WHQGR�FRPR�SUHPLVVD�DV�'HILQLo}HV � D�� H�RV�/HPDV��

H ��� FRUUHVSRQGHQWHV� j UHJLmR�GH�RSHUDomR�H� VDWXUDomR�� HOLSVRLGH� H� DV� FRQGLo}HV�QHFHVViULDV�

SDUD� R� HOLSVRLGH� HVWDU� FRQWLGR� QD� UHJLmR� GH� RSHUDomR�ሺࣟሺ�ǡ ɉሻ ؿ ɖሻ H� FRQWLGR� QD� UHJLmR� GH�

VDWXUDomR�ሺࣟሺ�ǡ ɉሻ ؿ ࣦ൫�୨൯ሻ� p�SRVVtYHO�GHVHQYROYHU�D� HVWUDWpJLD�GH�FRQWUROH�FKDYHDGR�FRP�

UHDOLPHQWDomR�GH�HVWDGRV��

3DUD�LVWR�DSUHVHQWD�VH�R�7HRUHPD����HP�TXH�DWUDYpV�GD�UHSUHVHQWDomR�GR�VLVWHPD�76�HP�

XPD�GHWHUPLQDGD�UHJLmR�GR�HVSDoR�GH�HVWDGRV�JDUDQWH�VH�TXH�R�HVWDGR�GR�VLVWHPD�SHUPDQHFH

QD�UHJLmR�HVWDEHOHFLGD��D�HVWDELOLGDGH ORFDO��FRP�WD[D�GH�GHFDLPHQWR HVSHFtILFD� SDUD R�VLVWHPD�
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LQFHUWR��FRP�IXQo}HV GH�SHUWLQrQFLD�LQFHUWDV�H�PRGHORV�ORFDLV�FRQKHFLGRV��H�FRP�VDWXUDomR�QR�

DWXDGRU�

7HRUHPD� � �$/9(6 HW� DO��� ����D�� ����E��$/9(6���������&RQVLGHUDQGR�R� VLVWHPD� ����� H�

DVVXPLQGR� D� H[LVWrQFLD� GD� PDWUL]� VLPpWULFD� SRVLWLYD� GHILQLGD�ܺ א ܴ௡ೣ ൈ ௡ೣ �� DV PDWUL]HV�

VLPpWULFDV ܼ௜ǡ ܳ௜ א ܴ௡ೣ ൈ ௡ೣ� DV PDWUL]HVܯ௝ǡ ௝ܰ א ܴ௡ೠ ൈ ௡ೣ��FRP�݅ ݁ ݆ א ௥ܭ H XP�HVFDODUߚ� ൐
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$V� /0,V� ������ VHQGR� IDFWtYHLV� JDUDQWHP� TXH ሺࣟሺܲǡ ሻߣ ؿ ߯ሻ H�ሺࣟሺܲǡ ሻߣ ؿ ࣦ൫ܮ௝൯ሻ

FRP�D� OHL� GH� FRQWUROH� FKDYHDGD� ������� VHQGR� TXH�ܲ ൌ ܺିଵ�� തܳ௜ ൌ ܺିଵ ܳ௜ ܺ
ିଵ H� RV� JDQKRV�

GRV�FRQWURODGRUHV�VHUmR�LJXDLV�Dܭ�௝ ൌ ௝ܯ ܺ
ିଵ��$VVLP�SDUDݐ�� ൒ Ͳ��D�RULJHP�p�XP�SRQWR�GH�

HTXLOtEULR�ORFDOPHQWH�DVVLQWRWLFDPHQWH�HVWiYHO GR�VLVWHPD�QmR�OLQHDU�FRP�WD[D�GH�GHFDLPHQWR�

PDLRU� RX� LJXDOߚ� �� VHQGR� R� HOLSVRLGH� ࣟሺܲǡ ሻߣ �� XP� FRQMXQWR� SRVLWLYDPHQWH� LQYDULDQWH� GR�

GRPtQLR�GH�DWUDomR�

&RQVHTXHQWHPHQWH��VH�[ሺͲሻ SHUWHQFH�DR�FRQMXQWR�ࣟሺ�ǡ ɉሻ��HQWmR�WRGDV�DV�WUDMHWyULDV�GH�

ݐ��ሻݐሺݔ ൐ Ͳ�� LUmR�SHUPDQHFHU�GHQWUR�GHVWH�FRQMXQWR� 0DLRUHV�GHWDOKHV�SRGHP�VHU�REWLGRV�HP�

$OYHV��������
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1HVWD VHomR�DSUHVHQWD�VH�R�FRQWURODGRU�FKDYHDGR�FRP�UHVWULomR�GD�UHJLmR�GH�RSHUDomR�

����� FRQWURODGR� SHOD� OHL� FKDYHDGD� ������ H� FRP� UHVWULomR� GD� QRUPDܪ�ஶ DSOLFDGR� QR�PRGHOR�

IX]]\�76�HP�YDULiYHLV�GH�HVWDGR������ FRP�IXQo}HV�GH�SHUWLQrQFLD�GHVFRQKHFLGDV�
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$� UHVWULomR�GD�QRUPDܪ�ஶ SRVVLELOLWD�XPD� UHMHLomR�DR�GLVW~UELR�GH� FDUJD�� VHQGR ௅ܶሺݐሻ

FRQVLGHUDGR� XP� GLVW~UELR� GH� HQHUJLD� OLPLWDGD� FRP ɂ XPD� FRQVWDQWH� SRVLWLYD�� VHQGR� HVWD

FRQVLGHUDGD�R�YDORU�OLPLWDQWH�GR�WRUTXH��FRQIRUPH�������
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$� QRUPDܪ�ஶ p� FRQVLGHUDGD� HP� GLYHUVRV� WUDEDOKRV� SDUD� UHMHLomR� GH� GLVW~UELR� HP�

DFLRQDPHQWRV GH�PiTXLQDV�HOpWULFDV��FRPR�SRU�H[HPSOR��&KDQJ�HW�DO����������$OORXFKH�HW�DO��

��������$OORXFKH�HW�DO�� �������� =LQD�HW DO�� ��������$OORXFKH�HW�DO�� ��������+DPPRXGL�HW�DO��

��������$RXDRXGD��&KDGOL�H�%RXNKQLIHU��������H�RXWURV��FRP�R�LQWXLWR�GH�DWHQXDU�RV�HIHLWRV�GH�

GLVW~UELRV� 3RUpP��QmR�YHULILFD�VH�QHVWHV�D�JDUDQWLD�TXH�R�YHWRU�GH�HVWDGR�SHUPDQHFHUi�GHQWUR�

GH�XPD�UHJLmR�GH�RSHUDomR��VHQGR��SRUWDQWR��XP�GLIHUHQFLDO�GRV�UHVXOWDGRV�DSUHVHQWDGRV�QHVWH�

FDStWXOR�

2�VLVWHPD�GH�FRQWUROH�HVFROKH�XP�JDQKR�GR�FRQWURODGRU�GH�UHDOLPHQWDomR�GR�YHWRU�GH�

HVWDGR��TXH�SHUWHQFH�D�XP�FRQMXQWR�GH�JDQKRV�FRQKHFLGRV�TXH�PLQLPL]D�D�GHULYDGD�GD�IXQomR�

GH�/\DSXQRY�GR� WLSR�TXDGUiWLFD��JDUDQWLQGR�XP�GHVHPSHQKR�+��DR�VLVWHPD�UHDOLPHQWDGR�H�

DVVHJXUDQGR� TXH� DV� WUDMHWyULDV� GR� YHWRU� GH� HVWDGR� SHPDQHoDP� GHQWUR� GH� XPD� UHJLmR� GH�

RSHUDomR�QD�TXDO�R�PRGHOR�IX]]\�76�p�YiOLGR�

8WLOL]DQGR�RV�FRQFHLWRV�DSUHVHQWDGRV QDV�'HILQLomR�� D�� H�RV�/HPDV�� H ���QRV�TXDLV�

IRUDP� GHILQLGRV� D� UHJLmR� GH� RSHUDomR� GR� VLVWHPD�� R� HOLSVRLGH�� D� UHJLmR� GH� VDWXUDomR�� DV�

FRQGLo}HV�QHFHVViULDV�SDUD�R�HOLSVRLGH�HVWDU�FRQWLGR�QD�UHJLmR�GH�RSHUDomR�ሺࣟሺܲǡ ሻߣ ؿ ߯ሻ��GR�

HOLSVRLGH�HVWDU�FRQWLGR�QD UHJLmR�GH�VDWXUDomR�ሺࣟሺܲǡ ሻߣ ؿ ࣦ൫ܮ௝൯ሻ��D�OHL�GH�FKDYHDPHQWR�������

H�R�FXVWR�JDUDQWLGR�GD QRUPDܪ�ஶ �������GHILQH�VH�R�7HRUHPD���

7HRUHPD� � �2/,9(,5$� ������� &RQVLGHUDQGR� D� UHJLmR� GH� RSHUDomR� ������ R� VLVWHPD�

UHSUHVHQWDGR�SRU������ H�R�WRUTXH�GH�FDUJD�OLPLWDGR�UHSUHVHQWDGR�SRU�������H�DVVXPLQGR�D�

H[LVWrQFLD�GD�PDWUL]�VLPpWULFD�SRVLWLYD�GHILQLGD�ܺ א ܴ௡ೣ ൈ ௡ೣ��DV�PDWUL]HV�VLPpWULFDV�ܼ௜ǡ ܳ௜ א

ܴ௡ೣ ൈ ௡ೣ��DV�PDWUL]HVܯ�௝ǡ ௝ܰ א ܴ௡ೠ ൈ ௡ೣ��FRP�݅ ݁ ݆ א ߚ�௥��XP�HVFDODUܭ ൐ Ͳ��FRUUHVSRQGHQWH�D�

WD[D�GH�GHFDLPHQWR� XP�HVFDODUߤ� ൐ Ͳ Hߣ� ൌ ଴ߝ ൅ ߮ିଵߝ� GHILQH�VH�������
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3RUWDQWR�� FRQVLGHUDQGR�R� WRUTXH�GH� FDUJD�QXOR�SDUDݐ�� ൒ Ͳ�� D�RULJHP�p�XP�SRQWR�GH�

HTXLOtEULR�ORFDOPHQWH�DVVLQWRWLFDPHQWH�HVWiYHO�GR�VLVWHPD�QmR�OLQHDU�FRP�WD[D�GH�GHFDLPHQWR�

PDLRU�RX�LJXDOߚ���VHQGR�R�HOLSVRLGH��ࣟሺܲǡ ଴ߝ ൅ ߮ିଵ �ሻ��XP�FRQMXQWR�SRVLWLYDPHQWH�LQYDULDQWHߝ

GR� GRPtQLR� GH� DWUDomR�� FRQVHTXHQWHPHQWH�� VHݔ�ሺͲሻ SHUWHQFH� DR� FRQMXQWR�ࣟሺܲǡ ଴ߝ ൅ ߮ିଵ ��ሻߝ

HQWmR�WRGDV�DV�WUDMHWyULDV�GHݔ�ሺݐሻݐ�� ൐ Ͳ��LUmR�SHUPDQHFHU�GHQWUR�GHVWH�FRQMXQWR��

3DUD�R�WRUTXH�GH�FDUJD�GLIHUHQWH�GH�]HUR�H�OLPLWDGR��SHUWHQFHQWH�D�᫜ ������
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OLQHDUHV��SRLV��VHJXQGR�7DQLJXFKL�HW�DO����������R�Q~PHUR�GH�PRGHORV�ORFDLV�HVWi�GLUHWDPHQWH�

UHODFLRQDGR� DR� Q~PHUR� GH� IXQo}HV QmR� OLQHDUHV� ������� $VVLP� VHQGR�� R� SURMHWR� IRL�

GHVHQYROYLGR�FRQVLGHUDQGR�RLWR�PRGHORV�ORFDLV��VHQGR�TXH�
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$�7DEHOD�� FRQWpP�RV�GDGRV�OLPLWHV�GDV�YDULiYHLV�GR�0,7�H�D�7DEHOD�� DSUHVHQWD�RV�

GDGRV� GR�PRWRU� GH� LQGXomR� WULIiVLFR� XWLOL]DGR� SDUD� R� SURMHWR� GRV� FRQWURODGRUHV�� VHQGR� VXD�

SRWrQFLD�GH�����N: FRP�WHQVmR�GH����9�H����+]�

1HVWH� FDStWXOR� IRUDP XWLOL]DGRV RXWURV� GDGRV� SDUD� R� PRWRU� GH� LQGXomR�� SRLV� DVVLP��

SRVVLELOLWD�VH�FRQVWDWDU�D�XWLOL]DomR�GD�WpFQLFD�HP�GLIHUHQWHV�PiTXLQDV�H�SHUPLWH�GHVWD�IRUPD

XPD�FRPSDUDomR�GH�UHVXOWDGRV��FRP�SHVTXLVDV�SUHVHQWHV�QD�OLWHUDWXUD��TXH�XWLOL]DUDP�D�PHVPD�

PRGHODJHP�

7DEHOD�� ± 9DORUHV�OLPLWHV�GDV�YDULiYHLV�SUHPLVVDV�

9DULiYHO�SUHPLVVD 9DORUHV
࢔࢏࢓̴࣓࢘ � ����UDG�V�
࢞ࢇ࢓̴࣓࢘ ����UDG�V
࢔࢏࢓̴࢙ࢊ࢏
ࢋ � ��$
࢞ࢇ࢓̴࢙ࢊ࢏
ࢋ ��$
࢔࢏࢓̴࢙ࢗ࢏
ࢋ � ��$
࢞ࢇ࢓̴࢙ࢗ࢏
ࢋ ��$

)RQWH���$//28&+(�HW�DO���������

7DEHOD�� ± 'DGRV�GR�0RWRU�GH�,QGXomR�7ULIiVLFR�
'DGRV�GR�PRWRU 9DORUHV

5HVLVWrQFLD�GR�(VWDWRU��࢙ࡾሻ �����ȍ
5HVLVWrQFLD�GR�5RWRU��࢘ࡾሻ ����� ȍ
,QGXWkQFLD�GR�(VWDWRU��࢙ࡸሻ ����� +
,QGXWkQFLD�GR�5RWRU��࢘ࡸሻ ����� +
,QGXWkQFLD�0~WXD��࢓ࡸ� ����� +

1~PHUR�GH�3DUHV�GH�3ROR�GR�0RWRU��ࡼ� �
0RPHQWR�GH�,QpUFLD��ࡶሻ �������.J�P�

&RHILFLHQWH�GH�$WULWR�9LVFRVR��࡮ሻ ������1�P�UDG
)OX[R�1RPLQDO�GR�5RWRU��࢘ࢊ׎

ࢋ �� ��:E
7RUTXH�GH�FDUJD��ࡸࢀ� ��1�P
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�FRUUHQWHV� H� IOX[RV� GRV� HL[RV� GLUHWRV� H� GH� TXDGUDWXUD��� VHQGR� R� YHWRU ׎ ൌ

ሾͶͲͲͲ ͶͲͲͲ ͳͶ ͳͶሿ்�� &RQVLGHURX�VH� RV� GRLV� VLQDLV� GH� HQWUDGD� VDWXUDGRV� FRP� R� YHWRU�
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૚૚ࢇ െ͹ͶͲͳǡʹ െ͹ͶͲͳǡʹ െ͹ͶͲͳǡʹ െ͹ͶͲͳǡʹ െ͹ͶͲͳǡʹ െ͹ͶͲͳǡʹ െ͹ͶͲͳǡʹ െ͹ͶͲͳǡʹ
૚૛ࢇ െͶʹͷǡ͹͹ ͵͹Ͷǡʹ െͶʹͷǡ͹͹ ͵͹Ͷǡʹ െ͵͹Ͷǡʹ Ͷʹͷǡ͹͹ െ͵͹Ͷǡʹ Ͷʹͷǡ͹͹
૚૜ࢇ Ͷͷͷͷǡͷ Ͷͷͷͷǡͷ Ͷͷͷͷǡͷ Ͷͷͷͷǡͷ Ͷͷͷͷǡͷ Ͷͷͷͷǡͷ Ͷͷͷͷǡͷ Ͷͷͷͷǡͷ
૚૝ࢇ െͳͻͻ͹ͺ͹ ͳͻͻ͹ͺ͹ǡͻ െͳͻͻ͹ͺ͹ ͳͻͻ͹ͺ͹ǡͻ െͳͻͻ͹ͺ͹ ͳͻͻ͹ͺ͹ǡͻ െͳͻͻ͹ͺ͹ ͳͻͻ͹ͺ͹ǡͻ
૚૞ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૛૚ࢇ Ͷʹͷǡ͹͹ െ͵͹Ͷǡʹ Ͷʹͷǡ͹͹ െ͵͹Ͷǡʹ ͵͹Ͷǡʹ െͶʹͷǡ͹͹ ͵͹Ͷǡʹ െͶʹͷǡ͹͹
૛૛ࢇ െ͹ͶͲͳǡʹ െ͹ͶͲͳǡʹ െ͹ͶͲͳǡʹ െ͹ͶͲͳǡʹ െ͹ͶͲͳǡʹ െ͹ͶͲͳǡʹ െ͹ͶͲͳǡʹ െ͹ͶͲͳǡʹ
૛૜ࢇ ͳͻͻ͹ͺ͹ǡͻ െͳͻͻ͹ͺ͹ ͳͻͻ͹ͺ͹ǡͻ െͳͻͻ͹ͺ͹ ͳͻͻ͹ͺ͹ǡͻ െͳͻͻ͹ͺ͹ ͳͻͻ͹ͺ͹ǡͻ െͳͻͻ͹ͺ͹
૛૝ࢇ Ͷͷͷͷǡͷ Ͷͷͷͷǡͷ Ͷͷͷͷǡͷ Ͷͷͷͷǡͷ Ͷͷͷͷǡͷ Ͷͷͷͷǡͷ Ͷͷͷͷǡͷ Ͷͷͷͷǡͷ
૛૞ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૜૚ࢇ Ͷǡʹ Ͷǡʹ Ͷǡʹ Ͷǡʹ Ͷǡʹ Ͷǡʹ Ͷǡʹ Ͷǡʹ
૜૛ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૜૜ࢇ െͻǡͳ െͻǡͳ െͻǡͳ െͻǡͳ െͻǡͳ െͻǡͳ െͻǡͳ െͻǡͳ
૜૝ࢇ െʹͷǡ͹ െʹͷǡ͹ െʹͷǡ͹ െʹͷǡ͹ ʹͷǡ͹ ʹͷǡ͹ ʹͷǡ͹ ʹͷǡ͹
૜૞ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૝૚ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૝૛ࢇ Ͷǡʹ Ͷǡʹ Ͷǡʹ Ͷǡʹ Ͷǡʹ Ͷǡʹ Ͷǡʹ Ͷǡʹ
૝૜ࢇ ʹͷǡ͹ ʹͷǡ͹ ʹͷǡ͹ ʹͷǡ͹ െʹͷǡ͹ െʹͷǡ͹ െʹͷǡ͹ െʹͷǡ͹
૝૝ࢇ െͻǡͳ െͻǡͳ െͻǡͳ െͻǡͳ െͻǡͳ െͻǡͳ െͻǡͳ െͻǡͳ
૝૞ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૞૚ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૞૛ࢇ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ Ͳ
૞૜ࢇ െͶͲͺ͸ǡͻ െͶͲͺ͸ǡͻ െͶͲͺ͸ǡͻ െͶͲͺ͸ǡͻ ͶͲͺ͸ǡͻ ͶͲͺ͸ǡͻ ͶͲͺ͸ǡͻ ͶͲͺ͸ǡͻ
૞૝ࢇ ͶͲͺ͸ǡͻ ͶͲͺ͸ǡͻ െͶͲͺ͸ǡͻ െͶͲͺ͸ǡͻ ͶͲͺ͸ǡͻ ͶͲͺ͸ǡͻ െͶͲͺ͸ǡͻ െͶͲͺ͸ǡͻ
૞૞ࢇ െͲǡ͵Ͷͳ െͲǡ͵Ͷͳ െͲǡ͵Ͷͳ െͲǡ͵Ͷͳ െͲǡ͵Ͷͳ െͲǡ͵Ͷͳ െͲǡ͵Ͷͳ െͲǡ͵Ͷͳ

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

'HILQLGRV� RV� SDUkPHWURV�� HVWDEHOHFHQGRߚ� ൌ ʹ H� XWLOL]DQGR� DV� /0,V� ������ H� �������

7HRUHPD����VDWXUDomR�QR�VLQDO�GH�FRQWUROH��SURMHWRX�VH�R�FRQWURODGRU�SDUD�RLWR�PRGHORV�ORFDLV��

VHQGR� VHXV� YDORUHV� DSUHVHQWDGRV� HP� ������� $V� PDWUL]HV� VLPpWULFDV� QHFHVViULDV� SDUD� R�

GHVHQYROYLPHQWR�GD�OHL�GH�FKDYHDPHQWR�������VmR�PRVWUDGDV�HP�������H�D�PDWUL]�VLPpWULFD�ܲ

HP�������

ଵܭ ൌ ൤
െͳǡͷͻ ͳͲǡ͹ͶǤͳͲିଷ

െ͹ǡ͵ͳǤͳͲିଷ െͳǡͺ͵

͵ǡͲͳ െ͸ǡ͹ʹ ͳ͹͸ǡ͸ʹǤ ͳͲି଺

ͷǡͳ͹ ͶǡͶͲ െʹͶͺǡͻͲǤ ͳͲି଺
൨ǡ

ଶܭ ൌ ൤
െͳǡ͹ͷ െͺǡͳͲǤ ͳͲିଷ

ͻǡͺͲǤ ͳͲିଷ െʹǡʹͲ

͵ǡ͹͸ ͷǡ͵Ͳ െʹͶͳǡ͵ͷǤ ͳͲି଺

െͶǡ͸͸ ʹǡʹͷ ʹ͹ʹǡͺ͹Ǥ ͳͲି଺
൨ǡ

ଷܭ ൌ ൤
െͳǡ͹Ͷ ͸ǡͲ͵Ǥ ͳͲିଷ

െͷǡͲͷǤ ͳͲିଷ െʹǡͳͷ

͵ǡ͸ʹ െͷǡͲ͸ ʹͻͻǡͻ͹Ǥ ͳͲି଺

Ͷǡͻͷ ͵ǡͲ͸ െ͵ͺͻǡͶͲǤ ͳͲି଺
൨ǡ

ସܭ ൌ ൤
െͳǡ͹͵ െ͹ǡͶͷǤ ͳͲିଷ

ͳͳǡͳ͹Ǥ ͳͲିଷ െʹǡʹͳ
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൨ǡ
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ଵ ൌ

ۏ
ێ
ێ
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ͳ͵ͳǡͶ͸Ǥ ͳͲିଽ ͸ǡͳ͹Ǥ ͳͲି଺

െʹǡͳ͵Ǥ ͳͲଷ כ כ
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െʹǡͳʹǤ ͳͲଷ כ כ
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െ͵͹ǡ͹ʹǤ ͳͲିଷ െ͵ǡ͹ͺ

െ͹ǡͷͻ ʹͻǡͲͲ ʹǡͶʹǤ ͳͲି଺

െͷͳǡͺͻ െ͹ǡͲͷ െͳ͵ͺǡͳͺǤ ͳͲି଺
൨ǡ

ଵସܭ ൌ ൤
െ͵ǡͻͺ െʹͳǡ͹ͲǤ ͳͲିଷ

ʹͲǡͺͻǤ ͳͲିଷ െ͵ǡ͹ͷ

െ͹ǡͺͳ െʹͺǡͻʹ െͶͳǡ͹͸Ǥ ͳͲି଺

ͶͲǡͺͺ െͳͳͲǡͶͶ ͻͶǡ͹ͳǤ ͳͲି଺
൨ǡ

ଵହܭ ൌ ൤
െͶǡͳ͵ ʹ͸ǡͺ͸Ǥ ͳͲିଷ

െʹͻǡͲ͸Ǥ ͳͲିଷ െ͵ǡ͸͵

െͶǡͷͻ ͵Ͷǡ͹ͺ െʹͲͺǡʹͳǤ ͳͲି଺

െͶ͸ǡͳ͵ െ͸ǡͲ͹ െͻ͵ǡͲͺǤ ͳͲି଺
൨ǡ
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ଵ଺ܭ ൌ ൤
െͶǡʹͳ െ͵ͳǡͷͻǤ ͳͲିଷ

ͷ͵ǡͷ͸Ǥ ͳͲିଷ െ͵ǡ͹Ͷ

െͶǡ͵ʹ െͷʹǡͲͷ ͳ͹ͷǡͷͲǤ ͳͲି଺

ͺʹǡͻ͸ െʹǡͶ͵ ͳ͵͵ǡͷͶǤ ͳͲି଺
൨ǡ

തܳ
ଵ ൌ

ۏ
ێ
ێ
ێ
ۍ
െͳ͹ǡͶ͸Ǥ ͳͲିଷ כ

ͳǡ͵ͺǤ ͳͲିଷ െͳͷǡ͹ͷǤ ͳͲିଷ
כ כ כ
כ כ כ

െʹ͵ǡ͸͵ ʹǡͷͻ

െ͹͵ͳǡͳͻǤ ͳͲିଷ െʹʹǡͻͳ

െ͸͸Ͷǡ͸͸Ǥ ͳͲି଺ ͷǡͺͷǤ ͳͲି଺

െ͵ʹǡͷͳǤ ͳͲଷ כ כ

͵ͳǡʹͻ െ͵Ͷǡʹ͹Ǥ ͳͲଷ כ

െͳǡͳʹǤ ͳͲିଷ ͺǡ͹ͳǤ ͳͲିଷ െͳͺǡ͸͵Ǥ ͳͲିଽے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଶ ൌ

ۏ
ێ
ێ
ێ
ۍ
െͳ͹ǡͶ͸Ǥ ͳͲିଷ כ

ͳǡ͵͹Ǥ ͳͲିଷ െͳͷǡ͹ͷǤ ͳͲିଷ
כ כ כ
כ כ כ

െʹ͵ǡ͸ͷ ʹǡͷͶ

െ͸ͻͳǡͳʹǤ ͳͲିଷ െʹʹǡͺͻ

െ͸ͳͷǡͳͷǤ ͳͲିଽ ͸ǡͲͲǤ ͳͲି଺

െ͵ʹǡͷͶǤ ͳͲଷ כ כ

͵Ͳǡͳʹ െ͵ͶǡʹͷǤ ͳͲଷ כ

െͳǡͳʹǤ ͳͲିଷ ͺǡ͹ͳǤ ͳͲିଷ െͳͺǡ͸ͳǤ ͳͲିଽے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଷ ൌ

ۏ
ێ
ێ
ێ
ۍ
െͳ͹ǡͷͳǤ ͳͲିଷ כ

ͳǡ͵͹Ǥ ͳͲିଷ െͳͷǡ͹ʹǤ ͳͲିଷ
כ כ כ
כ כ כ

െʹ͵ǡ͸͹ ʹǡͷͺ

െ͹ʹ͹ǡͻ͸Ǥ ͳͲିଷ െʹʹǡͺ͵

െͶͻͳǡͺ͹Ǥ ͳͲିଽ ͷǡͺͳǤ ͳͲି଺

െ͵ʹǡͷ͸Ǥ ͳͲଷ כ כ

͵ʹǡͲͶ െ͵ͶǡͳͶǤ ͳͲଷ כ

െͳǡͳʹǤ ͳͲିଷ ͺǡ͸ͻǤ ͳͲିଷ െͳͺǡ͸ͺǤ ͳͲିଽے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ସ ൌ

ۏ
ێ
ێ
ێ
ۍ
െͳ͹ǡͶͺǤ ͳͲିଷ כ

ͳǡ͵ͺǤ ͳͲିଷ െͳͷǡͷͻǤ ͳͲିଷ
כ כ כ
כ כ כ

െʹ͵ǡ͸Ͷ ʹǡͷͶ

െ͸͹ͻǡ͸͹Ǥ ͳͲିଷ െʹʹǡ͸͵

െ͹ͻͻǡͻͲǤ ͳͲିଽ ͷǡͻͲǤ ͳͲି଺

െ͵ʹǡͷ͵Ǥ ͳͲଷ כ כ

͵ͳǡͻͲ െ͵͵ǡͺͷǤ ͳͲଷ כ

െͳǡͳʹǤ ͳͲିଷ ͺǡ͸ͳǤ ͳͲିଷ െͳͺǡ͸ͷǤ ͳͲିଽے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ହ ൌ

ۏ
ێ
ێ
ێ
ۍ
െͳ͹ǡͶ͹Ǥ ͳͲିଷ כ

ͳǡ͵ͺǤ ͳͲିଷ െͳͷǡ͹ͷǤ ͳͲିଷ
כ כ כ
כ כ כ

െʹ͵ǡ͸͸ ʹǡͷͻ

െ͹ʹ͹ǡͻͲǤ ͳͲିଷ െʹʹǡͺͺ

െ͸͵ͶǡͳʹǤ ͳͲିଽ ͸ǡͲͳǤ ͳͲି଺

െ͵ʹǡͷͷǤ ͳͲଷ כ כ

͵ͳǡͻͲ െ͵Ͷǡʹ͵Ǥ ͳͲଷ כ

െͳǡͳʹǤ ͳͲିଷ ͺǡ͹ͳǤ ͳͲିଷ െͳͺǡͺʹǤ ͳͲିଽے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
଺ ൌ

ۏ
ێ
ێ
ێ
ۍ
െͳ͹ǡͶ͹Ǥ ͳͲିଷ כ

ͳǡ͵͹Ǥ ͳͲିଷ െͳͷǡ͹ͻǤ ͳͲିଷ
כ כ כ
כ כ כ

െʹ͵ǡ͸͵ ʹǡͷͶ

െ͸ͺͻǡͺͺǤ ͳͲିଷ െʹʹǡͻʹ

െͷͺͶǡ͹ͶǤ ͳͲିଽ ͷǡͺͶǤ ͳͲି଺

െ͵ʹǡͷͲǤ ͳͲଷ כ כ

͵ͳǡͺ͹ െ͵ͶǡʹͻǤ ͳͲଷ כ

െͳǡͳʹǤ ͳͲିଷ ͺǡ͹ʹǤ ͳͲିଷ െͳͺǡͺͳǤ ͳͲିଽے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
଻ ൌ

ۏ
ێ
ێ
ێ
ۍ
െͳ͹ǡͶͶǤ ͳͲିଷ כ

ͳǡ͵ͺǤ ͳͲିଷ െͳͷǡ͹ͺǤ ͳͲିଷ
כ כ כ
כ כ כ

െʹ͵ǡ͸͵ ʹǡͷͺ

െ͹ʹ͵ǡͻʹǤ ͳͲିଷ െʹʹǡͺͷ

െͶͷͺǡ͹ͲǤ ͳͲିଽ ͷǡͻ͹Ǥ ͳͲି଺

െ͵ʹǡͷͳǤ ͳͲଷ כ כ

͵ʹǡͻ͸ െ͵Ͷǡͳ͹Ǥ ͳͲଷ כ

െͳǡͳʹǤ ͳͲିଷ ͺǡ͸ͻǤ ͳͲିଷ െͳͺǡ͸͵Ǥ ͳͲିଽے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
଼ ൌ

ۏ
ێ
ێ
ێ
ۍ
െͳ͹ǡͶͷǤ ͳͲିଷ כ

ͳǡ͵͹Ǥ ͳͲିଷ െͳͷǡͷͻǤ ͳͲିଷ
כ כ כ
כ כ כ

െʹ͵ǡ͸Ͷ ʹǡͷͶ

െ͸ͺͳǡͳ͵Ǥ ͳͲିଷ െʹʹǡ͸͸

െ͹͸͹ǡʹͲǤ ͳͲିଽ ͷǡ͹ͶǤ ͳͲି଺

െ͵ʹǡͷ͵Ǥ ͳͲଷ כ כ

͵ͳǡͻͳ െ͵͵ǡͺͻǤ ͳͲଷ כ

െͳǡͳʹǤ ͳͲିଷ ͺǡ͸ʹǤ ͳͲିଷ െͳͺǡ͹ͳǤ ͳͲିଽے
ۑ
ۑ
ۑ
ې

ǡ



���

തܳ
ଽ ൌ

ۏ
ێ
ێ
ێ
ۍ
െͳ͹ǡͶͻǤ ͳͲିଷ כ

ͳǡ͵ͺǤ ͳͲିଷ െͳ͸ǡͲͲǤ ͳͲିଷ
כ כ כ
כ כ כ

െʹ͵ǡ͸ͷ ʹǡ͸Ͳ

െ͹͵͹ǡͻ͵Ǥ ͳͲିଷ െʹ͵ǡʹ͹

െ͸ͷͺǡ͹ͷǤ ͳͲିଽ ͷǡͻͶǤ ͳͲି଺

െ͵ʹǡͷ͵Ǥ ͳͲଷ כ כ

͵ͷǡʹ͵ െ͵ͶǡͺͳǤ ͳͲଷ כ

െͳǡͳʹǤ ͳͲିଷ ͺǡͺͷǤ ͳͲିଷ െͳͺǡ͸͹Ǥ ͳͲିଽے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଵ଴ ൌ

ۏ
ێ
ێ
ێ
ۍ
െͳ͹ǡ͵͵Ǥ ͳͲିଷ כ

ͳǡ͵͵Ǥ ͳͲିଷ െͳͷǡͻͻǤ ͳͲିଷ
כ כ כ
כ כ כ

െʹ͵ǡͶ͵ ʹǡͷͲ

െ͹ͲͶǡͲͳǤ ͳͲିଷ െʹ͵ǡʹͷ

െ͸Ͳͺǡ͹͹Ǥ ͳͲିଽ െ͸ǡͳͲǤ ͳͲି଺

െ͵ʹǡʹ͵Ǥ ͳͲଷ כ כ

ʹͻǡͶʹ െ͵Ͷǡ͹ͺǤ ͳͲଷ כ

െͳǡͳͲǤ ͳͲିଷ ͺǡͺͷǤ ͳͲିଷ െͳͺǡ͹ͻǤ ͳͲିଽے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଵଵ ൌ

ۏ
ێ
ێ
ێ
ۍ
െͳ͹ǡͷʹǤ ͳͲିଷ כ

ͳǡ͵͸Ǥ ͳͲିଷ െͳͷǡͷʹǤ ͳͲିଷ
כ כ כ
כ כ כ

െʹ͵ǡ͸Ͷ ʹǡ͸Ͳ

െ͹͸ʹǡʹͻǤ ͳͲିଷ െʹʹǡͷ͸Ǥ ͳͲିଷ

െͶ͸ͷǡͲͺǤ ͳͲିଽ ͷǡ͹͵Ǥ ͳͲି଺

െ͵ʹǡͷͳǤ ͳͲଷ כ כ

͵ͶǡͶͶ െ͵͵ǡ͹͸Ǥ ͳͲଷ כ

െͳǡͳʹǤ ͳͲିଷ ͺǡͷͻǤ ͳͲିଷ െͳͺǡ͸ͻǤ ͳͲିଽے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଵଶ ൌ

ۏ
ێ
ێ
ێ
ۍ
െͳ͹ǡ͵ͲǤ ͳͲିଷ כ

ͳǡ͵ͷǤ ͳͲିଷ െͳͷǡͷ͸Ǥ ͳͲିଷ
כ כ כ
כ כ כ

െʹ͵ǡ͵ͻ ʹǡͷͲ

െ͸͹ͲǡͻͶǤ ͳͲିଷ െʹʹǡ͸ͳ

െ͹ͻͻǡͲͲǤ ͳͲିଽ ͷǡͻͲǤ ͳͲି଺

െ͵ʹǡͳͺǤ ͳͲଷ כ כ

͵ͳǡͺͳ െ͵͵ǡͺʹǤ ͳͲଷ כ

െͳǡͳͲǤ ͳͲିଷ ͺǡ͸ͳǤ ͳͲିଷ െͳͺǡ͹ͲǤ ͳͲିଽے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଵଷ ൌ

ۏ
ێ
ێ
ێ
ۍ
െͳ͹ǡ͵ͲǤ ͳͲିଷ כ

ͳǡ͵͸Ǥ ͳͲିଷ െͳͷǡͻ͹Ǥ ͳͲିଷ
כ כ כ
כ כ כ

െʹ͵ǡ͵ͺ ʹǡͷͺ

െ͹Ͷ͵ǡͷ͸Ǥ ͳͲିଷ െʹ͵ǡʹͷ

െ͸ͳ͹ǡʹͺǤ ͳͲିଽ ͸ǡͳʹǤ ͳͲି଺

െ͵ʹǡͳ͸Ǥ ͳͲଷ כ כ

͵Ͷǡʹͷ െ͵Ͷǡ͹ͻǤ ͳͲଷ כ

െͳǡͳͳǤ ͳͲିଷ ͺǡͺͷǤ ͳͲିଷ െͳͺǡͺͺǤ ͳͲିଽے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଵସ ൌ

ۏ
ێ
ێ
ێ
ۍ
െͳ͹ǡ͵ʹǤ ͳͲିଷ כ

ͳǡ͵͵Ǥ ͳͲିଷ െͳ͸ǡͲʹǤ ͳͲିଷ
כ כ כ
כ כ כ

െʹ͵ǡͶ͵ ʹǡͷͳ

െ͹Ͳ͵ǡͳͲǤ ͳͲିଷ െʹ͵ǡʹ͹

െͷ͹ͺǡͻ͵Ǥ ͳͲିଽ ͷǡͻʹǤ ͳͲି଺

െ͵ʹǡʹ͵Ǥ ͳͲଷ כ כ

͵ǡʹͶ െ͵ͶǡͺͲǤ ͳͲଷ כ

െͳǡͳͳǤ ͳͲିଷ ͺǡͺͷǤ ͳͲିଷ െͳͺǡͺʹǤ ͳͲିଽے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଵହ ൌ

ۏ
ێ
ێ
ێ
ۍ
െͳ͹ǡ͵ͳǤ ͳͲିଷ כ

ͳǡ͵͸Ǥ ͳͲିଷ െͳͷǡͷ͸Ǥ ͳͲିଷ
כ כ כ
כ כ כ

െʹ͵ǡͶͷ ʹǡͷ͹

െ͹͵͵ǡ͵ͻǤ ͳͲିଷ െʹʹǡ͸ʹ

െͶͶͲǡͷͺǤ ͳͲିଽ ͷǡͻʹǤ ͳͲି଺

െ͵ʹǡʹ͸Ǥ ͳͲଷ כ כ

ʹͻǡͳͳ െ͵͵ǡͺ͵Ǥ ͳͲଷ כ

െͳǡͳͳǤ ͳͲିଷ ͺǡ͸ͳǤ ͳͲିଷ െͳͺǡ͸͹Ǥ ͳͲିଽے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଵ଺ ൌ

ۏ
ێ
ێ
ێ
ۍ
െͳ͸ǡͻͻǤ ͳͲିଷ כ

ͳǡ͵ͲǤ ͳͲିଷ െͳͷǡ͸ͶǤ ͳͲିଷ
כ כ כ
כ כ כ

െʹʹǡͻ͹ ʹǡͶʹ

െ͸͸͹ǡͳͺǤ ͳͲିଷ െʹʹǡ͹Ͷ

െ͹ͷͻǡͺ͸Ǥ ͳͲିଽ ͷǡ͹͸Ǥ ͳͲି଺

െ͵ͳǡ͸ͳǤ ͳͲଷ כ כ

͵ͳǡͶͳ െ͵ͶǡͲʹǤ ͳͲଷ כ

െͳǡͲͻǤ ͳͲିଷ ͺǡ͸ͷǤ ͳͲିଷ െͳͺǡͺ͵Ǥ ͳͲିଽے
ۑ
ۑ
ۑ
ې

ǡ

ܲ ൌ

ۏ
ێ
ێ
ێ
ۍ

ͳǡ͹ͷǤ ͳͲି଺ כ

ͳʹ͸ǡͻͺǤ ͳͲିଵଶ ͳǡ͸͹Ǥ ͳͲି଺
כ כ כ
כ כ כ

͵ǡͺͺǤ ͳͲି଺ െͶʹͷǡͷͺǤ ͳͲିଽ

ͳͳͷǡ͹͵Ǥ ͳͲିଽ ͵ǡͷ͹Ǥ ͳͲି଺

െ͵͸ͺǡͷͳǤ ͳͲିଵହ െ͹ͻͶǡ͸ͷǤ ͳͲିଵହ

ͷǡ͵ͷǤ ͳͲିଷ כ כ

െʹǡ͸ͲǤ ͳͲି଺ ͷǡ͵ͷǤ ͳͲିଷ כ

ͳͺ͵ǡ͵ʹǤ ͳͲିଵଶ െͳǡ͵͸Ǥ ͳͲିଽ ͵ǡ͸ͲǤ ͳͲିଽے
ۑ
ۑ
ۑ
ې

Ǥ
�����
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ଵܭ ൌ ൤
െͳǡͺ͵ െ͵ͷ͸ǡ͸ͲǤͳͲିଷ

ͷͷͶǡͺͷǤͳͲିଷ െͳǡͻͲ

ͶͲͲǡͲͻ െͺͲǡͷͺ െͳǡ͵ͳǤ ͳͲିଷ

͹͹ǡͺͶ ͵͹ͺǡͻʹ ͳǡ͹ͶǤ ͳͲିଷ
൨ǡ

ଶܭ ൌ ൤
െͳǡͶͻ ͶʹʹǡͻͶǤ ͳͲିଷ

െͷ͹ͶǡͳͲǤ ͳͲିଷ െͳǡͶ͸

͵ͻͷǡͲͻ ͹͸ǡͳʹ െͳǡͷʹǤ ͳͲିଷ

െ͹͵ǡͳͲ ͵͹ͷǡͻͷ ʹǡʹ͸Ǥ ͳͲିଷ
൨ǡ

ଷܭ ൌ ൤
െͳǡͶ͵ െͳͻʹǡ͵ͶǤ ͳͲିଷ

ͳ͹ͺǡͶʹǤ ͳͲିଷ െͳǡͻͶ

ͶͲͲǡͷͻ െ͹͹ǡͳ͸ െͺͶ͸ǡͻͻǤ ͳͲି଺

ͺͲǡͺͺ ͵ͻͲǡʹͺ െͳǡʹ͵Ǥ ͳͲିଷ
൨ǡ

ସܭ ൌ ൤
െͳǡ͹ʹ ͷͶ͹ǡ͸ͺǤ ͳͲିଷ

െʹ͹ͻǡͳͲǤ ͳͲିଷ െͳǡͶͳ

Ͷͳ͹ǡͻʹ ͺͳǡ͹Ͳ െʹǡͲͳǤ ͳͲିଷ

െ͹ͳǡͺͶ ͵͸ͷǡͶͶ െͺͷʹǡʹ͹Ǥ ͳͲି଺
൨ǡ

ହܭ ൌ ൤
െͳǡ͹Ͳ െʹͷͶǡ͸͹Ǥ ͳͲିଷ

ʹͶʹǡͲ͹Ǥ ͳͲିଷ െͳǡ͸ͻ

ͶͳͲǡͷͻ െͺͳǡͳͺ ͳǡͷͳǤ ͳͲିଷ

ͺͲǡͺͺ ͶͲ͵ǡ͵ʹ ʹǡʹ͵Ǥ ͳͲିଷ
൨ǡ

଺ܭ ൌ ൤
െͳǡͳͲ ͶͶͺǡͻͲǤ ͳͲିଷ

െ͵͹ʹǡͳͺǤ ͳͲିଷ െͳǡ͹͹

͵ͺͻǡ͵ͷ ͹ͳǡʹͶ ͳǡ͵͹Ǥ ͳͲିଷ

െͺͲǡʹ͸ ͵ͻ͹ǡͺ͸ ͳǡ͹ͺǤ ͳͲିଷ
൨ǡ

଻ܭ ൌ ൤
െͳǡ͵͹ െͶʹ͹ǡ͵ʹǤ ͳͲିଷ

ͷͶͳǡͲͺǤ ͳͲିଷ െͳǡ͸͹

͵ͺ͸ǡ͸ͺ െ͹͵ǡͷͳ ʹǡͲ͸Ǥ ͳͲିଷ

͹͹ǡͲ͹ ͵ͺͶǡͲͺ െ͹ͻʹǡ͸ͳǤ ͳͲି଺
൨ǡ

଼ܭ ൌ ൤
െͳǡ͸͹ ʹ͸ͳǡʹ͸Ǥ ͳͲିଷ

െʹͲͲǡͲʹǤ ͳͲିଷ െͳǡͷͻ

ͶͷʹǡͶͻ ͺͺǡͲͶ ͺͲ͵ǡͶ͵Ǥ ͳͲି଺

െ͹͹ǡͷͳ ͵ͻͳǡ͵ʹ െͳǡʹͷǤ ͳͲିଷ
൨ǡ

ଽܭ ൌ ൤
െͳǡ͵ͳ െʹͷ͵ǡ͸ͺǤͳͲିଷ

ͻͺͳǡͷͺǤͳͲିଷ െͻͲ͸ǡͲͲǤ ͳͲିଷ
͵ͺͶǡͳ͸ െͺ͸ǡͻͻ െͳǡͶͷǤ ͳͲିଷ

ͺͲǡͷ͹ ͵͹ʹǡͷͳ ͳǡ͹͸Ǥ ͳͲିଷ
൨ǡ

ଵ଴ܭ ൌ ൤
െͷͶͳǡͶ͵Ǥ ͳͲିଷ ͳʹ͵ǡ͸͵Ǥ ͳͲିଷ

െͷͲͻǡͺͺǤ ͳͲିଷ െͳǡͳ͵

͵Ͷ͹ǡ͹Ͷ ͹ͳǡ͵Ͳ െͳǡ͸ͷǤ ͳͲିଷ

െ͹ͷǡͲ͸ ͵͵ͶǡͲͷ ʹǡ͵ͷǤ ͳͲିଷ
൨ǡ

ଵଵܭ ൌ ൤
െͳǡͷ͹ െ͸ͳ͹ǡͳͶǤ ͳͲିଷ

ͷͲͶǡͳͷǤ ͳͲିଷ െͻͺͲǡ͵ͷǤ ͳͲିଷ
Ͷʹͺǡͻͻ െͻͻǡͺͷ െͺ͵Ͳǡ͹ʹǤ ͳͲି଺

͹ͷǡͷͺ ͵Ͷͷǡ͹ͻ െͳǡͷʹǤ ͳͲିଷ
൨ǡ

ଵଶܭ ൌ ൤
െͳǡͳͳ ͸Ͳ͵ǡͷͳǤ ͳͲିଷ

ͳͶͶǡʹ͵Ǥ ͳͲିଷ െ͸ʹͷǡ͸ͶǤ ͳͲିଷ
͵ͷͷǡͶͷ ͹ͻǡͲ͹ െʹǡʹͳǤ ͳͲିଷ

െ͹ʹǡͷʹ ͵Ͷͺǡ͹͵ െͻ͹ͺǡͺͺǤ ͳͲି଺
൨ǡ

ଵଷܭ ൌ ൤
െͳǡʹͺ െ͸ͺͺǡʹʹǤ ͳͲିଷ

͹ͶͲǡͶͷǤ ͳͲିଷ െͺ͸ͷǡ͸ͺǤ ͳͲିଷ
͵ͻͶǡͲͳ െͺͻǡͶͷ ͳǡͷ͵Ǥ ͳͲିଷ

͹Ͷǡ͸͵ ͵ͶͶǡ͹ͳ ʹǡ͵ͺǤ ͳͲିଷ
൨ǡ

ଵସܭ ൌ ൤
െ͵ʹͷǡͶͻǤ ͳͲିଷ ͷʹͶǡͲ͸Ǥ ͳͲିଷ

െʹ͸͵ǡͻ͸Ǥ ͳͲିଷ െͳǡ͸ͷ

͵͹ͷǡͷʹ ͹Ͷǡͷͳ ͳǡͷͶǤ ͳͲିଷ

െͺͳǡͻͶ ͵ͶͲǡͻ͸ ͳǡ͹͸Ǥ ͳͲିଷ
൨ǡ

ଵହܭ ൌ ൤
െ͵͸ͷǡͲͷǤ ͳͲିଷ െ͸͹ͷǡ͸ͳǤ ͳͲିଷ

ͷʹͺǡ͵ͻǤ ͳͲିଷ െ͹ͳͶǡͺ͵Ǥ ͳͲିଷ
͵ͻʹǡͲͷ െ͹ͺǡʹͲ ʹǡʹ͵Ǥ ͳͲିଷ

͹ͲǡͶͶ ͵͵ͲǡͳͲ െͻ͹ʹǡͺͳǤ ͳͲି଺
൨ǡ

ଵ଺ܭ ൌ ൤
െͺͲͷǡͳͻǤ ͳͲିଷ ʹǡͳ͵Ǥ ͳͲିଷ

െͷͶʹǡ͵ͶǤ ͳͲିଷ െͳǡ͹͵

͵͵ͻǡʹʹ ͹ʹǡͷͲ ͻͷͲǡ͵ʹǤ ͳͲି଺

െͻ͵ǡͳͺ ͵ͻʹǡ͹ͳ െͳǡ͵ͶǤ ͳͲିଷ
൨ǡ

തܳ
ଵ ൌ

ۏ
ێ
ێ
ێ
ۍ
ͳͺͻǡ͸ͻǤ ͳͲି଺ כ

െʹǡͷͺǤ ͳͲି଺ ͳ͹ͻǡͷͶǤ ͳͲି଺
כ כ כ
כ כ כ

െ͹͸ǡ͸ͺǤ ͳͲି଺ െͻʹͳǡʹͷǤ ͳͲି଺

ͻͶ͹ǡͻͳǤ ͳͲି଺ െͳͶ͸ǡʹͳǤ ͳͲି଺

͵Ͷǡ͸͹Ǥ ͳͲିଽ െ͵ͺǡ͸ͺǤ ͳͲିଽ

ͳǡ͸ͳǤ ͳͲିଷ כ כ

ͺ͸͹ǡ͸͵Ǥ ͳͲି଺ ͸ͷͻǡͶͻǤ ͳͲି଺ כ

ʹǡͷʹǤ ͳͲି଺ െʹǡͺͳǤ ͳͲି଺ ͶͲͶǡ͵ͷǤ ͳͲିଵଶے
ۑ
ۑ
ۑ
ې

ǡ

�����

�����



���

തܳ
ଶ ൌ

ۏ
ێ
ێ
ێ
ۍ
ͳ͹ͻǡͻͷǤ ͳͲି଺ כ

͵ǡʹͶǤ ͳͲି଺ ͳ͸ͺǡͺͳǤ ͳͲି଺
כ כ כ
כ כ כ

െͳͲͳǡ͵ͲǤ ͳͲି଺ ʹǡ͵ͺǤ ͳͲିଷ

െʹǡͶͻǤ ͳͲିଷ െͳͷͺǡ͹ͻǤ ͳͲି଺

ͶͳǡͲͶǤ ͳͲିଽ െͷͲǡ͵ͲǤ ͳͲିଽ

ͺʹ͹ǡʹ͸Ǥ ͳͲି଺ כ כ

െ͹͵ͺǡͶͳǤ ͳͲି଺ Ͷ͸͵ǡ͹ʹǤ ͳͲି଺ כ

͵ǡͳ͹Ǥ ͳͲି଺ െ͵ǡͷ͵Ǥ ͳͲି଺ ͶͲʹǡ͹ʹǤ ͳͲିଵଶے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଷ ൌ

ۏ
ێ
ێ
ێ
ۍ
ͳͺͳǡͷ͸Ǥ ͳͲି଺ כ

െͳ͸Ͷǡ͵ͺǤ ͳͲିଽ ͳͺ͸ǡͷͲǤ ͳͲି଺
כ כ כ
כ כ כ

െͳͳ͵ǡͺͷǤ ͳͲି଺ െͻͻʹǡͷͶǤ ͳͲି଺

ͺ͸Ͳǡ͵ʹǤ ͳͲି଺ െͳͳʹǡ͵ʹǤ ͳͲି଺

ʹ͵ǡͺʹǤ ͳͲିଽ ͵͵ǡ͸͸Ǥ ͳͲିଽ

ͳǡͻͷǤ ͳͲିଷ כ כ

ͶͶͺǡͻͷǤ ͳͲି଺ ʹǡͷͲǤ ͳͲି଺ כ

ͳǡ͹͸Ǥ ͳͲି଺ ͵ǡ͸͸Ǥ ͳͲି଺ ͶͳͲǡͶͻǤ ͳͲିଵଶے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ସ ൌ

ۏ
ێ
ێ
ێ
ۍ
ͳͻ͵ǡͳͷǤ ͳͲି଺ כ

͵ͺͻǡ͵ͲǤ ͳͲିଽ ͳ͸ͷǡͶͶǤ ͳͲି଺
כ כ כ
כ כ כ

െͳͳ͹ǡͷͻǤ ͳͲି଺ ʹǡ͵ͷǤ ͳͲିଷ

െʹǡ͸͵Ǥ ͳͲିଷ െͳ͵ͻǡʹͺǤ ͳͲି଺

ͷͳǡͶʹǤ ͳͲିଽ ʹͶǡͲͺǤ ͳͲିଽ

ͻͶͲǡͳʹǤ ͳͲି଺ כ כ

െͷ͸ͻǡͷͻǤ ͳͲି଺ ͳǡʹ͸Ǥ ͳͲିଷ כ

͵ǡͻͷǤ ͳͲି଺ ʹǡͻͶǤ ͳͲି଺ ͶͲͺǡͻ͸Ǥ ͳͲିଵଶے
ۑ
ۑ
ۑ
ې

�

തܳ
ହ ൌ

ۏ
ێ
ێ
ێ
ۍ
ͳͻͳǡ͸͵Ǥ ͳͲି଺ כ

ʹǡͲ͵Ǥ ͳͲି଺ ͳͺ͸ǡͳͺǤ ͳͲି଺
כ כ כ
כ כ כ

െͳʹͳǡͻͶǤ ͳͲି଺ െͻͻ͸ǡ͵͹Ǥ ͳͲି଺

ͻͷͶǡͷͻǤ ͳͲି଺ െͺ͹ǡͺͷǤ ͳͲି଺

െ͵͵ǡͳͶǤ ͳͲିଽ െͶͺǡͺ͸Ǥ ͳͲିଽ

ʹǡͲʹǤ ͳͲିଷ כ כ

െͳǡͲ͸Ǥ ͳͲିଷ ͳǡͲͲǤ ͳͲିଷ כ

െ͵ǡͷ͹Ǥ ͳͲି଺ െ͵ǡͷʹǤ ͳͲି଺ ͶͲʹǡͺͳǤ ͳͲିଵଶے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
଺ ൌ

ۏ
ێ
ێ
ێ
ۍ
ͳ͸ͺǡͲʹǤ ͳͲି଺ כ

െͶͳͳǡ͸͸Ǥ ͳͲିଽ ͳͺͷǡͷ͹Ǥ ͳͲି଺
כ כ כ
כ כ כ

െͳͷͶǡͶͻǤ ͳͲି଺ ʹǡͷͷǤ ͳͲିଷ

െʹǡ͵ͺǤ ͳͲିଷ െͳͲʹǡͲͳǤ ͳͲି଺

െʹͺǡͺͳǤ ͳͲିଽ െ͵ͺǡ͹ʹǤ ͳͲିଽ

ʹǡͶͻǤ ͳͲିଷ כ כ

െͳǡʹ͵Ǥ ͳͲିଷ െͳǡ͸ͷǤ ͳͲିଷ כ

െʹǡͻͳǤ ͳͲି଺ െʹǡͺͳǤ ͳͲି଺ ͶͲͶǡʹͶǤ ͳͲିଵଶے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
଻ ൌ

ۏ
ێ
ێ
ێ
ۍ
ͳ͹ͶǡͲʹǤ ͳͲି଺ כ

െͻͷͲǡ͸ͺǤ ͳͲିଽ ͳ͹͹ǡͳͲǤ ͳͲି଺
כ כ כ
כ כ כ

െͳͲͶǡ͵ͶǤ ͳͲି଺ െͻͲ͵ǡͷʹǤ ͳͲି଺

͹͹͹ǡʹͺǤ ͳͲି଺ െͳ͵͸ǡ͹ͷǤ ͳͲି଺

െͶͷǡͺ͵Ǥ ͳͲିଽ ʹ͵ǡͷ͸Ǥ ͳͲିଽ

ʹǡ͵ͷǤ ͳͲିଷ כ כ

െͻ͸ͺǡʹͳǤ ͳͲି଺ െͺͺ͹ǡͶͻǤ ͳͲି଺ כ

െͶǡ͵͵Ǥ ͳͲି଺ ʹǡͻ͵Ǥ ͳͲି଺ ͶͲͺǡͺ͸Ǥ ͳͲିଵଶے
ۑ
ۑ
ۑ
ې

�

തܳ
଼ ൌ

ۏ
ێ
ێ
ێ
ۍ
ʹͲ͹ǡʹ͸Ǥ ͳͲି଺ כ

ʹǡͷͺǤ ͳͲି଺ ͳ͹ͻǡͶʹǤ ͳͲି଺
כ כ כ
כ כ כ

െͻͷǡʹͶǤ ͳͲି଺ ʹǡͶͺǤ ͳͲିଷ

െʹǡ͹ͺǤ ͳͲିଷ െͳ͵͵ǡͺ͸Ǥ ͳͲି଺

െͳ͸ǡͲͺǤ ͳͲିଽ ͵ͶǡͲͶǤ ͳͲିଽ

ͷͺʹǡͻ͸Ǥ ͳͲି଺ כ כ

െʹǡͳ͵Ǥ ͳͲିଷ ʹǡͶͷǤ ͳͲିଷ כ

െʹǡͳͶǤ ͳͲି଺ ͵ǡ͸ͶǤ ͳͲି଺ ͶͳͲǡͶ͵Ǥ ͳͲିଵଶے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଽ ൌ

ۏ
ێ
ێ
ێ
ۍ
ͳͻ͵ǡͳʹǤ ͳͲି଺ כ

െͷͲͷǡͳͻǤ ͳͲିଽ ͳ͸ͻǡͺ͸Ǥ ͳͲି଺
כ כ כ
כ כ כ

Ͷ͹͸ǡͺͷǤ ͳͲି଺ െͻͳͳǡ͹ʹǤ ͳͲି଺

ͳǡͲ͹Ǥ ͳͲିଷ ͵͸ʹǡʹ͹Ǥ ͳͲି଺

͵͹ǡ͹͵Ǥ ͳͲିଽ െ͵ͻǡͲͻǤ ͳͲିଽ

െ͸ǡͶͺǤ ͳͲିଷ כ כ

ͳǡ͸ͷǤ ͳͲିଷ െ͸ǡ͸ͻǤ ͳͲିଷ כ

ʹǡ͹ͺǤ ͳͲି଺ െʹǡͺͻǤ ͳͲି଺ ͶͲ͵ǡ͹ͺǤ ͳͲିଵଶے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଵ଴ ൌ

ۏ
ێ
ێ
ێ
ۍ
ͳͷͺǡͶ͵Ǥ ͳͲି଺ כ

ͳǡͷ͸Ǥ ͳͲି଺ ͳ͸ͳǡͲ͸Ǥ ͳͲି଺
כ כ כ
כ כ כ

͵ͳ͹ǡͻ͸Ǥ ͳͲି଺ ʹǡ͵ͻǤ ͳͲିଷ

െʹǡ͵ͶǤ ͳͲିଷ ͵ͳ͹ǡͻͻǤ ͳͲି଺

Ͷ͵ǡʹ͵Ǥ ͳͲିଽ െͷʹǡͺ͸Ǥ ͳͲିଽ

െ͹ǡͲͶǤ ͳͲିଷ כ כ

െʹͻͷǡ͵ʹǤ ͳͲି଺ െͳͲǡͲͶǤ ͳͲିଷ כ

͵ǡʹ͹Ǥ ͳͲି଺ െ͵ǡ͹͹Ǥ ͳͲି଺ ͶͲͳǡ͹ͶǤ ͳͲିଵଶے
ۑ
ۑ
ۑ
ې

ǡ



���

തܳ
ଵଵ ൌ

ۏ
ێ
ێ
ێ
ۍ
ʹͳͺǡͷ͸Ǥ ͳͲି଺ כ

ͳǡͻ͹Ǥ ͳͲି଺ ͳ͸ʹǡͳ͸Ǥ ͳͲି଺
כ כ כ
כ כ כ

ͷ͵ͶǡʹͻǤ ͳͲି଺ െͺͳ͹ǡͻʹǤ ͳͲି଺

ͳǡ͵͹Ǥ ͳͲିଷ ͵͸ͷǡ͸͸Ǥ ͳͲି଺

ʹ͵ǡͶʹǤ ͳͲିଽ ͵ͻǡͲ͵Ǥ ͳͲିଽ

െ͹ǡ͹ͲǤ ͳͲିଷ כ כ

ʹǡͺͳǤ ͳͲିଷ െ͵ǡͲͳǤ ͳͲିଷ כ

ͳǡͺͷǤ ͳͲି଺ ͵ǡͺͻǤ ͳͲି଺ ͶͳͲǡͷͻǤ ͳͲିଵଶے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଵଶ ൌ

ۏ
ێ
ێ
ێ
ۍ
ͳ͹ʹǡ͸͹Ǥ ͳͲି଺ כ

െͳǡͶͳǤ ͳͲି଺ ͳͷͻǡͷͺǤ ͳͲି଺
כ כ כ
כ כ כ

͵ͷʹǡʹ͹Ǥ ͳͲି଺ ʹǡ͵ͷǤ ͳͲିଷ

െʹǡͷͳǤ ͳͲିଷ ͵Ͷͳǡʹ͹Ǥ ͳͲି଺

ͷ͸ǡͲ͸Ǥ ͳͲିଽ ʹ͸ǡʹͲǤ ͳͲିଽ

െ͹ǡͳ͵Ǥ ͳͲିଷ כ כ

െ͹ͷͷǡͺ͵Ǥ ͳͲି଺ െͺǡͶͳǤ ͳͲିଷ כ

ͶǡʹʹǤ ͳͲି଺ ͵ǡͲʹǤ ͳͲି଺ ͶͲͺǡ͸ͺǤ ͳͲିଵଶے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଵଷ ൌ

ۏ
ێ
ێ
ێ
ۍ
ͳͻͷǡʹͷǤ ͳͲି଺ כ

ʹǡ͹ͶǤ ͳͲି଺ ͳͷͺǡʹ͵Ǥ ͳͲି଺
כ כ כ
כ כ כ

ͶͶͷǡͲͳǤ ͳͲି଺ െ͹͹ͺǡͷͻǤ ͳͲି଺

ͳǡͳͲǤ ͳͲିଷ ͵ͷ͵ǡ͹ͺǤ ͳͲି଺

െ͵͵ǡ͹͵Ǥ ͳͲିଽ െͷʹǡ͸ͶǤ ͳͲିଽ

െ͹ǡ͹͹Ǥ ͳͲିଷ כ כ

͸͸ͳǡͺ͹Ǥ ͳͲି଺ െͷǡ͸ͷǤ ͳͲିଷ כ

െ͵ǡ͸ͷǤ ͳͲି଺ െ͵ǡ͹ͶǤ ͳͲି଺ ͶͲͳǡͺ͹Ǥ ͳͲିଵଶے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଵସ ൌ

ۏ
ێ
ێ
ێ
ۍ
ͳ͸ʹǡ͵ͺǤ ͳͲି଺ כ

െ͹͸ͶǡͲͷǤ ͳͲିଽ ͳ͹͹ǡͷͻǤ ͳͲି଺
כ כ כ
כ כ כ

͵ͳͲǡ͸ͲǤ ͳͲି଺ ʹǡͷ͸Ǥ ͳͲିଷ

െʹǡ͵ͻǤ ͳͲିଷ Ͷͳ͹ǡͳͳǤ ͳͲି଺

െ͵ʹǡͶͻǤ ͳͲିଽ െ͵ͺǡͻͲǤ ͳͲିଽ

െͷǡʹʹǤ ͳͲିଷ כ כ

െͶͺͷǡʹͲǤ ͳͲି଺ െͳͲǡͳͳǤ ͳͲିଷ כ

െ͵ǡͳ͹Ǥ ͳͲି଺ െʹǡͺͺǤ ͳͲି଺ ͶͲ͵ǡ͸͸Ǥ ͳͲିଵଶے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଵହ ൌ

ۏ
ێ
ێ
ێ
ۍ
ͳ͹ͳǡͳͻǤ ͳͲି଺ כ

െͳ͹ͳǡͷͻǤ ͳͲିଽ ͳͶͻǡͺͷǤ ͳͲି଺
כ כ כ
כ כ כ

͵ͺͷǡʹͳǤ ͳͲି଺ െ͸ͻʹǡ͵͵Ǥ ͳͲି଺

ͺʹ͵ǡͷ͵Ǥ ͳͲି଺ ʹ͹ͳǡͺͺǤ ͳͲି଺

െͶͻǡʹ͸Ǥ ͳͲିଽ ʹ͸ǡ͸ͺǤ ͳͲିଽ

െ͹ǡͺͻǤ ͳͲିଷ כ כ

ͺͻǡͳͻǤ ͳͲି଺ െͻǡ͹͸Ǥ ͳͲିଷ כ

െͶǡ͸ͳǤ ͳͲି଺ ͵ǡͲ͵Ǥ ͳͲି଺ ͶͲͺǡͷͻǤ ͳͲିଵଶے
ۑ
ۑ
ۑ
ې

ǡ

തܳ
ଵ଺ ൌ

ۏ
ێ
ێ
ێ
ۍ
ͳ͸ͳǡͲ͵Ǥ ͳͲି଺ כ

ͷͺǡͳͺǤ ͳͲିଽ ʹͲͳǡͶͶǤ ͳͲି଺
כ כ כ
כ כ כ

͵ͳʹǡ͸ͶǤ ͳͲି଺ ʹǡͺ͵Ǥ ͳͲିଷ

െʹǡ͵ͺǤ ͳͲିଷ ͷͲͺǡͲ͸Ǥ ͳͲି଺

െͳͺǡ͸ͳǤ ͳͲିଽ ͵͸ǡͳͲǤ ͳͲିଽ

െ͵ǡʹ͵Ǥ ͳͲିଷ כ כ

͵ͲʹǡͶͷǤ ͳͲି଺ െͺǡͻͷǤ ͳͲିଷ כ

െʹǡʹ͹Ǥ ͳͲି଺ ͵ǡͺͻǤ ͳͲି଺ ͶͳͲǡ͹ͳǤ ͳͲିଵଶے
ۑ
ۑ
ۑ
ې

ǡ

ܲ ൌ

ۏ
ێ
ێ
ێ
ێ
ۍ Ͷ͹ǡͺͻǤ ͳͲെͻ כ

െ͵ͻǡͻʹǤ ͳͲെͳʹ Ͷ͹ǡ͹ͷǤ ͳͲെͻ
כ כ כ
כ כ כ

͵ǡʹʹǤ ͳͲെ͸ ͹ͺͻǡ͵ʹǤ ͳͲെͳʹ

െʹʹͷǡͷͺǤ ͳͲെͳʹ ͵ǡʹ͵Ǥ ͳͲെ͸

ͳͻǡ͸ͺǤ ͳͲെͳͷ ͵ǡͷͲǤ ͳͲെͳʹ

ͷǡͷ͵Ǥ ͳͲെ͵ כ כ

െͳ͸ͳǡͳ͵Ǥ ͳͲെͻ ͷǡͷͲǤ ͳͲെ͵ כ

͵ͻǡ͵ͻǤ ͳͲെͳʹ ͸ǡͺ͹Ǥ ͳͲെͻ ͺ͸ͷǡ͹͹Ǥ ͳͲെͳʹے
ۑ
ۑ
ۑ
ۑ
ې

Ǥ
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1D�VHomR�DQWHULRU�IRUDP�GHILQLGRV RV�SDUkPHWURV�GR�HTXLSDPHQWR��RV�YDORUHV�Pi[LPRV�

H� PtQLPRV� GDV� YDULiYHLV� SUHPLVVDV� H� DWUDYpV� GD� UHVROXomR� GDV� /0,V�� IRUDP� REWLGRV RV�

FRQWURODGRUHV�

�����



���

$VVLP�VHQGR��XWLOL]DQGR�R�VRIWZDUH 0DWODE�6LPXOLQN�GHVHQYROYHX�VH�D�VLPXODomR�GRV�

PRGHORV� SDUD� RV� FRQWURODGRUHV� FRP� VDWXUDomR� QR� VLQDO� GH� FRQWUROH� ������ H� ������ H� FRP�

UHVWULomR�QD�QRUPD�+��H�VDWXUDomR�QR�VLQDO�GH�FRQWUROH ������H�������

1D� )LJXUD� �� DSUHVHQWD�VH� D� UHVSRVWD� GD� YHORFLGDGH� GR� HTXLSDPHQWR� FRP� VLQDO� GH�

UHIHUrQFLD� FRQVWDQWH� HP� ���� UDG�V� QR� SHUtRGR�GH� ��� VHJXQGRV��1R� LQVWDQWH� GH� ��� VHJXQGRV�

DSOLFRX�VH�XP�GHJUDX�GH�FDUJD����1�P��

)LJXUD��� ± 9HORFLGDGH�GR�PRWRU�SDUD�RV�FRQWURODGRUHV�FRP�VDWXUDomR�QR�VLQDO�GH�FRQWUROH����

PRGHORV�������H����PRGHORV�������

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

(YLGHQFLD�VH�TXH�D�YHORFLGDGH�WHYH�XPD�ERD�UHVSRVWD�VHJXLQGR�D�UHIHUrQFLD�GR�VLQDO�H��

DSyV�D�DSOLFDomR�GR�GHJUDX�XQLWiULR�GH�FDUJD�FRQVWDWD�VH�XPD�TXHGD�GD�YHORFLGDGH�H�SRVWHULRU�

DFRPSDQKDPHQWR�GD�UHIHUrQFLD�

$OpP� GLVWR�� p� SRVVtYHO� FRQVWDWDU� TXH� HP� DPERV� PRGHORV� DV� UHVSRVWDV� IRUDP� EHP�

VHPHOKDQWHV��RX�VHMD��D�LQFHUWH]D�QD�FRQVWDQWH�GH�WHPSR�GR�URWRU�IRL�FRPSHQVDGD�SHOR�VLVWHPD�

GH�FRQWUROH�

1D�)LJXUD�����DSUHVHQWD�VH�D�UHVSRVWD�GRV�PRGHORV�SDUD�RV�FRQWURODGRUHV�FRP�UHVWULomR�

QD�QRUPD�+��H�VDWXUDomR�QR�VLQDO�GH�FRQWUROH��RX�VHMD��FRQWURODGRUHV�������H�������

&RQVWDWD�VH�TXH�D�UHVWULomR�QD�QRUPD�+��SRVVLELOLWRX�XPD�PHOKRU�UHMHLomR�DR�GLVW~UELR�

GR� WRUTXH�� SRLV�� D� YHORFLGDGH�� DSyV� D� DSOLFDomR� GR� GHJUDX� XQLWiULR�� DWLQJLX� R� YDORU� GH� �����

UDG�V�� DSUR[LPDGDPHQWH�� HQTXDQWR� TXH� QRV� FRQWURODGRUHV� VHP� D� UHVWULomR� GD� QRUPD� D�

YHORFLGDGH�DWLQJLX�R�YDORU�GH����UDG�V��FRQIRUPH�YHULILFD�VH�QD�)LJXUD����



���

)LJXUD��� ± 9HORFLGDGH�GR�PRWRU�SDUD�RV�FRQWURODGRUHV�FRP�UHVWULomR�GD�QRUPD�+��H�

VDWXUDomR�QR�VLQDO�GH�FRQWUROH����PRGHORV�������H����PRGHORV�������

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

3DUD�RV�TXDWUR�FRQMXQWRV�GH�FRQWURODGRUHV�DQDOLVDGRV��)LJXUDV��� H�����YHULILFD�VH�TXH�

D�YHORFLGDGH�GR�0,7�GHPRUD�SDUD� DWLQJLU�R�YDORU�GH� UHIHUrQFLD�VROLFLWDGR��(VWH� IDWR�� p� UXLP�

FRPSDUDWLYDPHQWH�DRV�UHVXOWDGRV�REWLGRV�HP�$OORXFKH�HW�DO���������

3RUpP�� GHYH�VH� VDOLHQWDU� TXH� DR� DGRWDU� D� UHJLmR� GH� RSHUDomR� GR� PRGHOR� IX]]\� 76�

JDUDQWH�VH�TXH�DV�YDULiYHLV�GH�HVWDGR�HVWDUmR�GXUDQWH�WRGD�D�DSOLFDomR�GHQWUR�GHVWD�UHJLmR��IDWR�

HVWH�TXH�QmR�DFRQWHFH�FRP�RV�UHVXOWDGRV�SUHVHQWHV�QD�OLWHUDWXUD�

2�GHVHQYROYLPHQWR�GR�PRGHOR�IX]]\�76�FRQVLGHUD�RV�YDORUHV�Pi[LPRV�H�PtQLPRV�GDV�

YDULiYHLV� SUHPLVVDV�� SRUpP�� VHP� FRQVLGHUDU� D� UHJLmR� GH� RSHUDomR�� FRQIRUPH� DV� SHVTXLVDV�

UHDOL]DGDV�� QmR� H[LVWH� JDUDQWLD� GH� TXH� HVWHV� OLPLWHV� �PtQLPRV� H� Pi[LPRV� GDV� YDULiYHLV�

SUHPLVVDV��VHUmR�UHVSHLWDGRV�

1D�)LJXUD��� DSUHVHQWDP�VH�DV�UHVSRVWDV�GRV�IOX[RV�GRV�HL[RV�GLUHWR�H�HP�TXDGUDWXUD�

SDUD�RV�FRQWURODGRUHV�FRP�VDWXUDomR�QR�VLQDO�GH�FRQWUROH����PRGHORV���������GR�ODGR�HVTXHUGR�

H��GR� ODGR�GLUHLWR� DV� UHVSRVWDV�GRV�IOX[RV�GRV�HL[RV�GLUHWRV�H�HP�TXDGUDWXUD�GR�0,7 SDUD�R�

FRQWURODGRU������� ���PRGHORV��2�VLQDO�GH�UHIHUrQFLD�GR�IOX[R�GR�HL[R�GLUHWR�IRL�FRQVLGHUDGR �

:E�

3DUD�PHOKRU�YLVXDOL]DomR�GD� UHVSRVWD�DSUHVHQWDGD�QD�)LJXUD����� HIHWXRX�VH�XP�]RRP

QR�LQVWDQWH�GH�SDUWLGD�GR�HTXLSDPHQWR��VHQGR�HVWD�DSUHVHQWDGD�QD�)LJXUD����

$V� UHVSRVWDV� DSUHVHQWDGDV� QDV� )LJXUDV� �� H� �� DSUHVHQWDP� SRXFD� LQIOXrQFLD� GD�

YDULDomR�GD�FRQVWDQWH�GH�WHPSR�GR�URWRU�QR�VLQDO�GR�IOX[R��IDWR�HVWH�LPSRUWDQWH��SRLV��LOXVWUD�

ERD�UREXVWH] GR�VLVWHPD�GH�FRQWUROH�SDUD�HVWD�LQFHUWH]D�



���

)LJXUD��� ± )OX[R�GR�PRWRU�SDUD�RV�FRQWURODGRUHV�FRP�VDWXUDomR�QR�VLQDO�GH�FRQWUROH����

PRGHORV�������H����PRGHORV�������

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± =RRP GR�IOX[R�GR�PRWRU�SDUD�RV�FRQWURODGRUHV�FRP�VDWXUDomR�QR�VLQDO�GH�

FRQWUROH����PRGHORV�������H����PRGHORV�������

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

1DV� )LJXUDV� �� H� �� DSUHVHQWDP�VH� DV� UHVSRVWDV� GRV� IOX[RV� GRV� HL[RV� GLUHWR� H� HP�

TXDGUDWXUD�SDUD�RV�FRQWURODGRUHV�FRP�UHVWULomR�QD�QRUPD�+��H�VDWXUDomR�QR�VLQDO�GH�FRQWUROH��

��PRGHORV���������GR�ODGR�HVTXHUGR�H�����PRGHORV���������GR�ODGR�GLUHLWR�



���

)LJXUD��� ± )OX[R�GR�PRWRU�SDUD�RV�FRQWURODGRUHV�FRP�UHVWULomR�GD�QRUPD�+��H�VDWXUDomR�QR�

VLQDO�GH�FRQWUROH����PRGHORV�������H����PRGHORV�������

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± )OX[R�GR�PRWRU�SDUD�RV�FRQWURODGRUHV�FRP�UHVWULomR�GD�QRUPD�+��H�VDWXUDomR�QR�

VLQDO�GH�FRQWUROH����PRGHORV�������H����PRGHORV�������

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

&RQVWDWD�VH�TXH�R�IOX[R�GR�HL[R�GLUHWR�VHJXLX�D�UHIHUrQFLD�GHVHMDGD�H�TXH�R�YDORU�GR�

IOX[R�GR�HL[R�HP�TXDGUDWXUD�VH�PDQWHYH�HP�]HUR�

6DOLHQWD�VH�TXH�D�LQFHUWH]D�QD�FRQVWDQWH�GH�WHPSR�GR�URWRU�LQIOXHQFLD�QD�RULHQWDomR�GR�

IOX[R�H��FRPR�VH�REVHUYD��RV�FRQWURODGRUHV�SURMHWDGRV�WLYHUDP�XPD�H[FHOHQWH�UHMHLomR�



���

1D )LJXUD��� DSUHVHQWDP�VH�DV� UHVSRVWDV�GDV� WHQV}HV GR�HL[R�GLUHWR�H�HP�TXDGUDWXUD�

SDUD�RV�FRQWURODGRUHV�FRP�VDWXUDomR�QR�VLQDO�GH�FRQWUROH����PRGHORV� �������j�HVTXHUGD� H����

PRGHORV� �������j�GLUHLWD� 1D�)LJXUD��� DSUHVHQWD�VH�R�UHJLPH�WUDQVLWyULR GD�UHVSRVWD�GR�VLQDO�

GH�FRQWUROH�

)LJXUD��� ± 7HQV}HV GR�PRWRU�SDUD�RV�FRQWURODGRUHV�FRP�VDWXUDomR�QR�VLQDO�GH�FRQWUROH����

PRGHORV�������H����PRGHORV�������

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± 7HQV}HV GR�PRWRU�SDUD�RV�FRQWURODGRUHV�FRP�VDWXUDomR�QR�VLQDO�GH�FRQWUROH����

PRGHORV�������H����PRGHORV�������

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�



���

1DV� )LJXUDV� �� H� �� DSUHVHQWDP�VH� DV� UHVSRVWDV� GDV� WHQV}HV GR� HL[R� GLUHWR� H� HP�

TXDGUDWXUD�SDUD�RV�FRQWURODGRUHV�FRP�UHVWULomR�QD�QRUPD�+��H�VDWXUDomR�QR�VLQDO�GH�FRQWUROH��

��PRGHORV���������j�HVTXHUGD��H����PRGHORV���������j�GLUHLWD�

)LJXUD��� ± 7HQV}HV GR�PRWRU�SDUD�RV�FRQWURODGRUHV�FRP�UHVWULomR�GD�QRUPD�+��H�VDWXUDomR�

QR�VLQDO�GH�FRQWUROH����PRGHORV�������H����PRGHORV�������

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

)LJXUD��� ± 7HQV}HV GR�PRWRU�SDUD�RV�FRQWURODGRUHV�FRP�UHVWULomR�GD�QRUPD�+��H�VDWXUDomR�

QR�VLQDO�GH�FRQWUROH����PRGHORV�������H����PRGHORV�������

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�



���

$QDOLVDQGR�DV�UHVSRVWDV�GDV�WHQV}HV��FRQVWDWD�VH�TXH�RV�VLQDLV�PDWLYHUDP�VH�GHQWUR�GRV�

OLPLWHV� HVWDEHOHFLGRV� QR� SURMHWR� QmR� RFRUUHQGR� VREUHWHQV}HV� QRV� PRPHQWRV� GH� SDUWLGD� H�

DSOLFDomR�GR�GHJUDX�GH�FDUJD�

$OpP�GLVWR��HYLGHQFLD�VH�TXH�RV�FRQWURODGRUHV�FRP�UHVWULomR�QD�QRUPD�+��H�VDWXUDomR�

QR� VLQDO� GH� FRQWUROH� WLYHUDP�PDLRUHV�PDJQLWXGHV� FRPSDUDWLYDPHQWH� DRV� UHVXOWDGRV� REWLGRV�

VHP�D�UHVWULomR�GD�QRUPD�

3RU�ILP��DSUHVHQWDP�VH�DV�UHVSRVWDV�GR�FKDYHDPHQWR�GRV�VLVWHPDV�GH�FRQWUROH�SDUD�RV�

FRQWURODGRUHV� FRP� VDWXUDomR� QR� VLQDO� GH� FRQWUROH ��PRGHORV� ORFDLV� ������� j� HVTXHUGD�� H� ���

PRGHORV�ORFDLV��������j�GLUHLWD��)LJXUD����

)LJXUD��� ± &KDYHDPHQWR�GRV�FRQWURODGRUHV�FRP�VDWXUDomR�QR�VLQDO�GH�FRQWUROH����PRGHORV�

������H����PRGHORV��������

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

&RQVWDWD�VH�D�RSHUDomR�GRV�FRQWURODGRUHV�HYLGHQFLDQGR�VHXV�FKDYHDPHQWRV��VHQGR�TXH�

QR� SHUtRGR� DQDOLVDGR�� HP� DR� PHQRV� XP� LQVWDQWH� R� FRQWURODGRU� IRL� DFLRQDGR�� $SHQDV� R�

FRQWURODGRUܭ�ହ QR�VLVWHPD�FRP���PRGHORV�QmR�IRL�DFLRQDGR�

1D�)LJXUD�����DSUHVHQWDP�VH�RV FRQWURODGRUHV�FRP�UHVWULomR�QD�QRUPD�+��H�VDWXUDomR�

QR� VLQDO� GH� FRQWUROH� FRP���PRGHORV� ORFDLV� ������� j� HVTXHUGD�� H� ���PRGHORV� ORFDLV� ������� j�

GLUHLWD�

2� FRQWURODGRU� FRP� UHVWULomR� GD� QRUPD� +�� H� VDWXUDomR� QR� VLQDO� GH� FRQWUROH� SDUD� R�

VLVWHPD� FRP� ���PRGHORV� ORFDLV� WHYH� R� FRQMXQWRܭ�ଽ Dܭ�ଵ଺ DFLRQDGRV� QmR� RFRUUHQGR� QHQKXP�

DFLRQDPHQWR�QRV�FRQWURODGRUHVܭ�ଵ D଼ܭ��



���

)LJXUD��� ± &KDYHDPHQWR�GRV�FRQWURODGRUHV�FRP�UHVWULomR�GD�QRUPD�+��H�VDWXUDomR�QR�VLQDO�

GH�FRQWUROH����PRGHORV�������H����PRGHORV�������

)RQWH��(ODERUDomR�GR�SUySULR�DXWRU�

2� HVWXGR� GHVHQYROYLGR� QHVWH� FDStWXOR� YLVRX� FRODERUDU� FRP� DV� GLYHUVDV� SHVTXLVDV�

GHVHQYROYLGDV� SDUD� R� DFLRQDPHQWR� GR� PRWRU� GH� LQGXomR�� REWHQGR�VH� QHVWH� FRQGLo}HV�

LPSRUWDQWHV�SDUD�R�GHVHQYROYLPHQWR�GH�IXWXURV�WUDEDOKRV� FRPR�SRU�H[HPSOR��D�GHILQLomR�GD�

UHJLmR�GH�RSHUDomR��IDWR�HVWH�LQRYDGRU�QR�DFLRQDPHQWR�GR�0,7�FRP�PRGHORV�IX]]\�7DNDJL�

6XJHQR� 6DOLHQWD�VH�D�LPSRUWkQFLD�QR�HVWXGR��FRP�GHVHQYROYLPHQWR�GH�QRYRV�HQVDLRV�

2XWUD�FRQWULEXLomR�LPSRUWDQWH�GHVWH�FDStWXOR�IRL�D�XWLOL]DomR�GD�VDWXUDomR�QR�VLQDO�GH�

FRQWUROH�GXUDQWH�R�SURMHWR��IDWR�HVWH��SRXTXtVVLPR�H[SORUDGR�QR�DFLRQDPHQWR�GR�0,7�

$OpP� GLVWR�� D� XWLOL]DomR� GH� FRQWURODGRUHV� FKDYHDGRV� SRVVLELOLWD� D� FRQVLGHUDomR� GH�

LQFHUWH]DV�QR�PRGHOR�76�VHP�WHU�D�QHFHVVLGDGH�GH�REWHQomR�GDV�IXQo}HV�GH�SRQGHUDomR�

&RQIRUPH�Mi�DSUHVHQWDGR�H�VDOLHQWDGR�HP�=LQD�HW�DO����������=LQD�HW�DO���������H�=KDR�

HW� DO�� �������� R� SUREOHPD� GR� DFLRQDPHQWR� GR�0,7� SDUD�PRGHORV� IX]]\� 76� GHIHLWXRVRV� IRL�

HVWXGDGR�SRU�SRXFRV�WUDEDOKRV�VHQGR�HVWH�XP�SUREOHPD�GHVDILDGRU�

(P� $RXDRXGD�� &KDGOL� H� %RXNKQLIHU� ������� VDOLHQWD�VH� TXH� R� GHVHQYROYLPHQWR� GH�

FRQWURODGRUHV�WROHUDQWH�D�IDOKDV�H�TXH�FRQVLGHUHP�LQFHUWH]DV�SDUDPpWULFDV�QR�DFLRQDPHQWR�GR�

0,7�FRP�PRGHORV�IX]]\�76�p�FRPSOLFDGR��

3RUWDQWR��R�FDStWXOR�GHVHQYROYHX�XP�HVWXGR�DSOLFDGR�QR�0,7�FRP�QRYDV� IHUUDPHQWDV�

HQULTXHFHQGR�H�FRODERUDQGR�FRP�DV�SHVTXLVDV�QD�iUHD�



���

� &21&/86­2

2� PRWRU� GH� LQGXomR� WULIiVLFR� p� XP� HTXLSDPHQWR� H[WUHPDPHQWH� LPSRUWDQWH� QRV�

SURFHVVRV� LQGXVWULDLV� H� FRQWLQXDPHQWH� DXPHQWD�VH� VXDV� DSOLFDo}HV�� GHYLGR� j VXD� UREXVWH]��

PHQRU� YROXPH�� PHQRU� QHFHVVLGDGH� GH� PDQXWHQo}HV� H� HWF�� 3RUpP�� VHX� VLVWHPD� GH� FRQWUROH�

UHTXHU� R GHVDFRSODPHQWR� GR� IOX[R� GR� URWRU� H� SDUD� LVWR� p� QHFHVViULR� R� FRQKHFLPHQWR� GRV�

SDUkPHWURV�GR�0,7�

2V� SDUkPHWURV� GR� 0,7 VH� DOWHUDP GXUDQWH� D� RSHUDomR GHYLGR� D GLYHUVRV� IDWRUHV��

DFDUUHWDQGR� GHVWD� IRUPD�� XPD� LPSUHFLVmR� H� FRQVHFXWLYDPHQWH�� HUURV� GH� FRQWUROH�� SDUDGD� GR�

HTXLSDPHQWR H�RX�SURFHVVR�

$OpP� GLVVR�� RV� GLIHUHQWHV� SURFHVVRV� DFLRQDGRV� SHOR� PRWRU� GH� LQGXomR� WULIiVLFR�

QHFHVVLWDP� GD� PRGLILFDomR� GD� YHORFLGDGH� GR� HTXLSDPHQWR� H� FRQVWDQWHPHQWH� RFRUUHP�

YDULDo}HV�GH�FDUJD TXH�DIHWDP�R�GHVHPSHQKR�GR�VLVWHPD�

$VVLP�VHQGR��GLIHUHQWHV�SHVTXLVDV�VmR�GHVHQYROYLGDV�YLVDQGR�WRUQDU�R�DFLRQDPHQWR�GR�

0,7 PDLV� UREXVWR� jV� GLIHUHQWHV� LQFHUWH]DV� SDUDPpWULFDV� H� IDOKDV� HVWUXWXUDLV�� WRUQDQGR R�

VLVWHPD�GH�FRQWUROH�PDLV�FRQILiYHO��FRP�PHOKRUHV�GLQkPLFDV�H�LQVHQVtYHLV�DV�YDULDo}HV�

3RUWDQWR��HVWH�WUDEDOKR�HVWXGRX�D�XWLOL]DomR�GH�FRQWURODGRUHV�FKDYHDGRV� UREXVWR��FRP�

WD[D�GH�GHFDLPHQWR�H�'�HVWDELOLGDGH�XWLOL]DQGR�'HVLJXDOGDGHV�0DWULFLDLV�/LQHDUHV��/0,V��QR�

DFLRQDPHQWR�GR�0,7� FRP�LQFHUWH]DV�SDUDPpWULFDV�H�RX�IDOKDV� YHULILFDQGR�VHX�GHVHPSHQKR�

FRPSDUDWLYDPHQWH� DRV� FRQWURODGRUHV� UREXVWRV� VHP� FKDYHDPHQWR�� VHQGR� SRVVtYHO� HYLGHQFLDU�

XPD� PHOKRU� GLQkPLFD� VHJXLQGR� D� UHIHUrQFLD� GH� YHORFLGDGH� HVWDEHOHFLGD�� FRQVWDQWH� RX�

YDULiYHO��HP�XP�PHQRU�WHPSR H�PHQRV�VXVFHSWtYHO D�YDULDo}HV�GR�WRUTXH�GH�FDUJD�

(YLGHQFLDGR� R� PHOKRU� GHVHPSHQKR� GRV� FRQWURODGRUHV� FKDYHDGRV� FRPSDUDWLYDPHQWH�

DRV� FRQWURODGRUHV� UREXVWRV� SURMHWRX�VH� FRQWURODGRUHV� FKDYHDGRV� FRQVLGHUDQGR� LQFHUWH]DV� QD�

SODQWD�DGRWDQGR�XPD� UHJLmR�GH�RSHUDomR�j�TXDO�JDUDQWH�TXH� WRGDV� DV� WUDMHWyULDV�GR�YHWRU�GH�

HVWDGR�HVWHMDP�FRQWLGDV��(VWH�IDWR��p�UHOHYDQWH�H�LQRYDGRU�QDV�DSOLFDo}HV�FRP�DFLRQDPHQWR�GR�

PRWRU�GH�LQGXomR�WULIiVLFR��$OpP�GLVVR��IRL�FRQVLGHUDGR�QR�SURMHWR�GDV�/0,V�D�H[LVWrQFLD�GH�

VDWXUDomR�QR�VLQDO�GH�FRQWUROH��VHQGR�D�PHWRGRORJLD�DGRWDGD�GLIHUHQWH GD�WpFQLFD�XWLOL]DGD�QD�

OLWHUDWXUD��LQVHUomR�GH�XP�EORFR�VDWXUDGRU�QR�VLQDO�GH�FRQWUROH���

$V�DQiOLVHV�GHVHQYROYLGDV�QR�VRIWZDUH 6LPXOLQN�SDUD�DV�FRQGLo}HV�H�PRWRU�XWLOL]DGR��

FRQVWDWDUDP�TXH�D�WpFQLFD�GH�FRQWUROH�IRL�HILFLHQWH�H��PHVPR�FRP�D�SUHVHQoD�GH�WUrV�LQFHUWH]DV�

SDUDPpWULFDV� H�RX� IDOKDV� REWLYHUDP�VH� UHVXOWDGRV� PHOKRUHV� GR� TXH� RV� DSUHVHQWDGRV� QD�

OLWHUDWXUD�
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3RU�ILP��IRL�DQDOLVDGR�H�SURMHWDGR�FRQWURODGRUHV�UREXVWRV�SDUD�R�PRGHOR�IX]]\�7DNDJL�

6XJHQR�GR�PRWRU�GH�LQGXomR�WULIiVLFR�FRQVLGHUDQGR�LQFHUWH]D�QD�FRQVWDQWH�GH�WHPSR�GR�URWRU��

VHQGR�R�PRGHOR�IX]]\�YiOLGR�SDUD�XPD�GHWHUPLQDGD�UHJLmR�GH�RSHUDomR��FRP�D�FRQVLGHUDomR�

GD�H[LVWrQFLD�GH�VDWXUDomR�QD�HQWUDGD�GH�FRQWUROH�H�UHMHLomR�DR�WRUTXH�GH�FDUJD�

2V�UHVXOWDGRV�REWLGRV�QDV�DQiOLVHV�GHVHQYROYLGDV�FRP�R�PRGHOR�IX]]\�QmR�PHOKRURX�D�

GLQkPLFD�GR�0,7�FRPSDUDWLYDPHQWH� DRV� UHVXOWDGRV�SUHVHQWHV�QD� OLWHUDWXUD��SRUpP��FRQWULEXL�

FRP�DV�SHVTXLVDV�GHVHQYROYLGDV�SRU�FRQVLGHUDU�D�H[LVWrQFLD�GD�VDWXUDomR�QR�VLQDO�GH�FRQWUROH�H�

GH�XPD�UHJLmR�GH�RSHUDomR�TXH�JDUDQWH�R�IXQFLRQDPHQWR�GR�VLVWHPD��(VWH�IDWR��QmR�p�JDUDQWLGR�

QRV� GLYHUVRV� WUDEDOKRV� SUHVHQWHV� QD� OLWHUDWXUD� H�� SRU� LVWR�� SRVVXHP� PHOKRUHV� UHVSRVWDV�

GLQkPLFDV� 3RUpP��GHSHQGHQGR�GD�YDULDomR�GRV�SDUkPHWURV�GR�HTXLSDPHQWR��WRUTXH�GH�FDUJD�

H�RX�RFRUUrQFLD�GH�IDOKDV�R�VLVWHPD� SRGH�VH�WRUQDU�LQVWiYHO�

$OpP� GLVVR�� YHULILFRX�VH� TXH� DR� HOLPLQDU� D� UHJLmR� GH� RSHUDomR� GR� SURMHWR� GR�

FRQWURODGRU� SDUD�R�PRGHOR�IX]]\�76� REWHYH�VH�yWLPDV�UHVSRVWDV��3RUWDQWR��QRYRV�HVWXGRV�H�

DQiOLVHV�XWLOL]DQGR�HVWH�PRGHOR�FRP D�WpFQLFD�GH�FRQWUROH�FKDYHDGR�VmR�LPSRUWDQWHV�

$� XWLOL]DomR� GD�PRGHODJHP� IX]]\�76� FRQVLGHUDQGR� LQFHUWH]D� SDUDPpWULFD� H�RX� IDOKD�

HVWUXWXUDO�� VDWXUDomR� QR� VLQDO� GH� FRQWUROH� H� FULWpULR� GH�GHVHPSHQKR�+��� MXQWDPHQWH� FRP� D�

FRQVLGHUDomR�GH�XPD�UHJLmR�GH�RSHUDomR�H�VDWXUDomR�GR�VLQDO�GH�FRQWUROH�XWLOL]DQGR�D�WpFQLFD�

GH�FRQWUROH�FKDYHDGR�QR�DFLRQDPHQWR�GR�0,7 VmR�RXWUDV�FRQWULEXLo}HV GR�WUDEDOKR�

$OpP� GLVWR�� D� XWLOL]DomR� GH� FRQWURODGRUHV� FKDYHDGRV� WDPEpP� UHSUHVHQWD� XPD�

FRQWULEXLomR��SRLV�SURSRUFLRQD�PHOKRUHV�GLQkPLFDV�FRPSDUDWLYDPHQWH�DR�FRQWURODGRU�UREXVWR�

GH�~QLFR�JDQKR�

����3(563(&7,9$6�)8785$6�

$�VHJXLU� VHJXH�XPD�EUHYH�VXJHVWmR�GH�SRVVtYHLV�WUDEDOKRV�GH�SHVTXLVD�

x 'HVHQYROYHU�XPD�EDQFDGD SDUD� HQVDLRV�GH FRQWURODGRUHV� FKDYHDGRV�QR�DFLRQDPHQWR�GR�

0,7�

x 'HVHQYROYHU�XP�SURWyWLSR�GH�DFLRQDPHQWR�GR�0,7�HP�XP�YHtFXOR�HOpWULFR�SRVVLELOLWDQGR�

WHVWHV�GH�GLIHUHQWHV�PHWRGRORJLDV�GH�FRQWUROH�

x ([WUDSRODU�D�DQiOLVH�GRV�FRQWURODGRUHV�FKDYHDGRV�SDUD�R�PRGHOR�IX]]\ 7DNDJL�6XJHQR�GR�

0,7� FRQVLGHUDQGR� PDLV� LQFHUWH]DV� �FRQVWDQWH� GH� WHPSR� GR� HVWDWRU�� H� IDOKDV� �DWXDGRU��

VHQVRUHV�GH�FRUUHQWH�H�YHORFLGDGH���SRVVLELOLWDQGR�XPD�H[FHOHQWH�UHMHLomR�DV�YDULDo}HV�GH�

UHIHUrQFLD�GH�YHORFLGDGH�H DV�PXGDQoDV�GR�WRUTXH�GH�FDUJD�



���

x &RQVLGHUDU�QR PRGHOR�GR�0,7�R�WRUTXH�GH�FDUJD�FRPR�LQFHUWH]D�SDUDPpWULFD�DR�LQYpV�GH�

XP�GLVW~UELR�

x 8WLOL]DU�WpFQLFDV�GH�FRQWUROH�TXH�SRVVLELOLWHP�D�VXDYL]DomR�GR�FKDWHUULQJ�

x $QDOLVDU� R� VLVWHPD� GH� FRQWUROH� FKDYHDGR� FRP� UHDOLPHQWDomR� GH� VDtGD� FRQVLGHUDQGR�

LQFHUWH]DV� SDUDPpWULFDV�� IDOKDV� HVWUXWXUDLV�� UHJLmR� GH� RSHUDomR�� VDWXUDomR� QR� VLQDO� GH�

FRQWUROH�H�UHMHLomR�DR�WRUTXH�GH�FDUJD�

x ([SDQGLU� R� VLVWHPD� GH� FRQWUROH� FRP� UHDOLPHQWDomR� GH� VDtGD� SDUD�PRGHORV GLVFUHWRV� QR�

WHPSR�

����38%/,&$d®(6�
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