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5HVXPR� $�PDLRULD� GRV� HVWXGRV� SDUD SURGXomR� GH� ILOPHV� j� EDVH� GH� SURWHtQDV� ID]� XVR GD� WpFQLFD�
FOiVVLFD GH� FDVWLQJ�� 1R� HQWDQWR�� HVWD� WpFQLFD� UHTXHU� WHPSRV� GH� VHFDJHP� UHODWLYDPHQWH� ORQJRV� H�
REWpP�ILOPHV�FRP�SHTXHQDV�GLPHQV}HV��R�TXH�WRUQD�HVVD�WpFQLFD�LPSUDWLFiYHO�HP�HVFDOD�LQGXVWULDO��
1HVWH�WUDEDOKR��SURSRPRV�HVWXGDU�XPD�IRUPXODomR�DGHTXDGD�SDUD�SURGX]LU�ILOPHV�ELRGHJUDGiYHLV GH�
JHODWLQD�HP�ODUJD�HVFDOD�SRU�FDVWLQJ�FRQWtQXR��EHP�FRPR�LQYHVWLJDU�R�HIHLWR�GD�DGLomR�GH�&1&V QDV�
SURSULHGDGHV� ItVLFDV� GRV� ILOPHV REWLGRV�� 2V� ILOPHV� GH� JHODWLQD�&1&V� SURGX]LGRV� SRU� FDVWLQJ�
FRQWtQXR�H[LELUDP�KRPRJHQHLGDGH�H�FRQWLQXLGDGH��H�DXVrQFLD�GH�IUDWXUDV�H�SDUWtFXODV�LQVRO~YHLV�QD�
VXSHUItFLH��$OpP�GLVVR��D�DGLomR�GH�����HP�PDVVD�GH�&1&V�DR�ELRQDQRFRPSyVLWR�GH�JHODWLQD�OHYRX�
D�XP�DXPHQWR�QR�DORQJDPHQWR�D�UXSWXUD�GH�������HP�FRPSDUDomR�FRP�R�SXUR�ILOPH�GH�JHODWLQD��2V�
UHVXOWDGRV�PRVWUDP�TXH�RV�ILOPHV�GH�JHODWLQD�&1&V�DSUHVHQWDP�XP�DOWR�GHVHPSHQKR��H�TXH�R�XVR�
GH�FDVWLQJ�FRQWtQXR�p�XP�PpWRGR�GH�SURFHVVDPHQWR�HP�ODUJD�HVFDOD�FRPSDWtYHO�SDUD�D�SURGXomR�GH�
ILOPHV�ELRGHJUDGiYHLV�D�SDUWLU�GH�JHODWLQD�

3DODYUDV�FKDYH� ELRGHJUDGiYHO��SURWHtQD��QDQRFULVWDLV�GH�FHOXORVH��FDVWLQJ�FRQWtQXR��VFDOH�XS��

5+(2/2*,&$/� 3523(57,(6� 2)� ),/0�)250,1*� 62/87,21� 2) *(/$7,1�
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$EVWUDFW� 0RVW� VWXGLHV� UHSRUW� WKH� SURGXFWLRQ� RI� SURWHLQ�EDVHG� ILOPV� XVLQJ� WKH� FODVVLFDO� FDVWLQJ�
WHFKQLTXH�� +RZHYHU�� WKLV� WHFKQLTXH� UHTXLUHV UHODWLYHO\� ORQJ� GU\LQJ� WLPHV DQG� REWDLQV� ILOPV� ZLWK�
VPDOO� GLPHQVLRQV�� ZKLFK�PDNH� WKLV� WHFKQLTXH� LPSUDFWLFDEOH� DW� LQGXVWULDO� VFDOH�� ,Q� WKLV� ZRUN�� ZH�
SURSRVH� WR� VWXG\� D� VXLWDEOH� IRUPXODWLRQ� WR� SURGXFH JHODWLQ�FHOOXORVH� QDQRFU\VWDOV�
ELRQDQRFRPSRVLWHV�DW� ODUJH�VFDOH�E\ FRQWLQXRXV�FDVWLQJ��DV�ZHOO�DV� WR� LQYHVWLJDWH� WKH�HIIHFW�RI� WKH�
DGGLWLRQ�RI�FHOOXORVH�QDQRFU\VWDOV�RQ�WKH�SK\VLFDO�SURSHUWLHV�RI�UHVXOWLQJ�ILOPV��*HODWLQ�&1&V ILOPV�
SURGXFHG� E\� FRQWLQXRXV� FDVWLQJ GLVSOD\HG� KDQGOH� DELOLW\�� KRPRJHQHLW\�� DQG� FRQWLQXLW\�� ZKHUHDV�
IUDFWXUHV�DQG� LQVROXEOH�SDUWLFOHV�RQ� WKHLU� VXUIDFH�ZHUH� DEVHQW��)XUWKHUPRUH�� WKH�DGGLWLRQ�RI�&1&V�
OHG� WR� D� PD[LPXP� HORQJDWLRQ� LQFUHDVH� RI� ����� IRU� ���� ZW�� &1&V� JHODWLQ� ELRQDQRFRPSRVLWH�
FRPSDUHG�WR�QHDW�JHODWLQ�ILOP��REWDLQHG�E\�FRQWLQXRXV�FDVWLQJ��7KH�UHVXOWV�VKRZ�QRW�RQO\�WKH�KLJK�
SHUIRUPDQFH�JHODWLQ�&1&V�EXW� WKH�XVH�RI�FRQWLQXRXV�FDVWLQJ�DV� ODUJH�VFDOH�FRPSDWLEOH�SURFHVVLQJ�
PHWKRG�IRU�SURGXFLQJ�ELRGHJUDGDEOH�ILOPV IURP�JHODWLQ��

.H\ZRUGV� ELRGHJUDGDEOH� SURWHLQ��FHOOXORVH�QDQRFU\VWDOV��FRQWLQXRXV�FDVWLQJ��VFDOH�XS�

���,QWURGXomR
$� XWLOL]DomR� GH� HPEDODJHQV� DR� ORQJR� GD� KLVWyULD� WURX[H� GLYHUVRV� EHQHItFLRV� SDUD� D�



���

KXPDQLGDGH�� FRQWULEXLQGR� GH� PDQHLUD� VLJQLILFDWLYD� SDUD� R� GHVHQYROYLPHQWR� GR� FRPpUFLR� H� R�
FUHVFLPHQWR�GDV�FLGDGHV���1R�HQWDQWR��VHX�XVR�GHVRUGHQDGR�SURGX]�XP�JUDQGH�YROXPH�GH�UHVtGXRV�
VyOLGRV��FXMR�GHVFDUWH� LQFRUUHWR�RX�QmR�SODQHMDGR��SRGH�JHUDU�XP� LPSDFWR�DPELHQWDO��$WXDOPHQWH��
XP� JUDQGH� Q~PHUR� GH� SHVTXLVDV� WHP� VH� FRQFHQWUDGR� QR� GHVHQYROYLPHQWR� GH� HPEDODJHQV�
ELRGHJUDGiYHLV� SDUD� WHQWDU� VROXFLRQDU� HVVH� SUREOHPD�1225%$.+6+�62/7$1,�� =(5$)$7��
6$%%$*+,��������6,/9$�HW�DO���������68.<$,�HW�DO��������

(PEDODJHQV� ELRGHJUDGiYHLV� SRGHP� VHU� SURGX]LGDV D� SDUWLU� GH� GLIHUHQWHV PDWpULDV�SULPDV��
VHQGR�DV�PDLV�XWLOL]DGDV�RV�SROLVVDFDUtGHRV��OLStGHRV�H�SURWHtQDV �;,(�HW�DO��������� $V�SURWHtQDV��QR�
HQWDQWR�� DSUHVHQWDP�YDQWDJHQV� FRPR PDLRU� SRWHQFLDO� GH� IRUPDomR�GH OLJDomR� LQWHUPROHFXODU� SRU�
PHLR� GH� OLJDo}HV� FRYDOHQWHV�� H� VXSHULRUHV� SURSULHGDGHV� GH� EDUUHLUDV� DR� R[LJrQLR� VXEVWkQFLDV�
DURPiWLFDV�H�yOHRV��TXDQGR�FRPSDUDGDV��SRU�H[HPSOR��DRV SROLVVDFDUtGHRV� �+266(,1,��*Ï0(=�
*8,//e1��������

(QWUH�DV�SULQFLSDLV�SURWHtQDV�GHVWDFD�VH�D�JHODWLQD��$�JHODWLQD�p�REWLGD�DWUDYpV�GD�GLVVRFLDomR�
WpUPLFD� RX� TXtPLFD� GDV� FDGHLDV� SROLSHSWtGLFDV� GR� FROiJHQR� �1,6+,1$5,� HW� DO��� ������
3$6&+2$/,&.�HW�DO���������6$1726�HW�DO��������� (VVD�PDFURPROpFXOD�DSUHVHQWD�SURSULHGDGHV�
FRPR DOWD�SURFHVVDELOLGDGH�H�H[FHOHQWH�FDSDFLGDGH GH�IRUPDomR�GH�ILOPH��DOpP�GH�VHU�DEXQGDQWH��GH�
EDL[R� FXVWR� H� ELRGHJUDGiYHO� �021'5$*21� HW� DO��� ������� 1R� HQWDQWR�� ILOPHV� GH� JHODWLQD VmR�
VHQVtYHLV�j�XPLGDGH�H�D�SHUPHDELOLGDGH�DR�YDSRU�GH�iJXD�� R�TXH� OLPLWD�D� VXD�DSOLFDomR� LQGXVWULDO�
�+266(,1,��*Ï0(=�*8,//e1��������

9iULDV�HVWUDWpJLDV�WHP�VLGR UHODWDGDV�QD�OLWHUDWXUD�SDUD�PHOKRUDU�DV�SURSULHGDGHV�ItVLFDV�GRV�
ILOPHV� GH� JHODWLQD��'HQWUH� HVVDV HVWUDWpJLDV� GHVWDFD�VH� R� XVR� GH� QDQRFULVWDLV� GH� FHOXORVH� �&1&V��
FRPR� FDUJDV� GH� UHIRUoR� SDUD� ILOPHV� SURWHLFRV� �68.<$,� HW� DO��� ������� 2V� &1&V� VmR� GRPtQLRV�
FULVWDOLQRV� GH� FHOXORVH� TXH� DSUHVHQWDP� DOWR PyGXOR� GH� HODVWLFLGDGH� �a� ���� �� ��� *3D�� H� DOWD�
UHVLVWrQFLD� j� WUDomR� �a� ����*3D��� DOpP� GLVVR�� VmR� REWLGRV� GH� IRQWHV� UHQRYiYHLV�� VmR� DEXQGDQWHV� H�
ELRGHJUDGiYHLV��*,&48(/�HW�DO����������

$�SURGXomR�GH� ILOPHV�GH�SURWHtQDV�JHUDOPHQWH p� UHDOL]DGD�SRU�PHLR�GR�PpWRGR�GH�FDVWLQJ�
FOiVVLFR��QR�TXDO�ILOPHV�VmR�REWLGRV�DWUDYpV�GD�HYDSRUDomR�GH�VROYHQWH�HP�HVWXIDV GH�FRQYHFomR��SRU�
SHUtRGRV�UHODWLYDPHQWH� ORQJRV��SRU�H[HPSOR����D����K���VHQGR�HVVD�D�SULQFLSDO�GHVYDQWDJHP�GHVVD�
WpFQLFD��WRUQDQGR�D LQYLiYHO�SDUD�D�SURGXomR�LQGXVWULDO�GH�ILOPHV�SURWHLFRV��2721,�HW�DO����������2
FDVWLQJ�FRQWtQXR p�XP�PpWRGR�DOWHUQDWLYR�SDUD�D�SURGXomR�HP�ODUJD�HVFDOD�GH�ILOPHV�ELRGHJUDGiYHLV
GH� IRQWH� UHQRYiYHLV�� 1HVWD� WpFQLFD�� D� VROXomR� GH� SROtPHUR� p� FRQWLQXDPHQWH� ODPLQDGD VREUH� XP�
VXEVWUDWR�HP�PRYLPHQWR�XVDQGR�XP GLVSRVLWLYR�GH�IDFD�GH�FRDWLQJ��GRFWRU�%ODGH���R�TXH�SHUPLWH�R�
ILQR� FRQWUROH GD� HVSHVVXUD� GD� OkPLQD� ~PLGD�� 1D� VHTXrQFLD�� D� VROXomR� ODPLQDGD� SDVVD� SRU� GXDV�
FkPHUDV�VHFDJHP�SRU�FRQYHFomR�GH�DU�FRP�WHPSHUDWXUDV FRQWURODGDV��2�ILOPH�p�REWLGR�QD�VDtGD�GD�
VHJXQGD� HVWXID� QR� HVWDGR� VHFR� H�� SRVWHULRUPHQWH�� p� ERELQDGR HP� URORV SDUD� VHU� DUPD]HQDGR�� $�
SULQFLSDO� YDQWDJHP�p�R�PHQRU� WHPSR�GH� VHFDJHP GR� ILOPH��GHYLGR� DR�XVR�GH� WHPSHUDWXUDV�PXLWR�
PDLV�DOWDV�GR�TXH�R�FDVWLQJ�FOiVVLFR H�R�H[FHOHQWH�FRQWUROH�GD�HVSHVVXUD�ILQDO�GR�ILOPH�

2� REMHWLYR� GHVWH� WUDEDOKR� IRL� GHWHUPLQDU� R� FRPSRUWDPHQWR� UHROyJLFR� GH� IRUPXODo}HV�
ILOPRJrQLFDV�YLVDQGR��DOFDQoDU�FRQGLo}HV�DGHTXDGDV�GH�IOX[R�H�D�ODPLQDomR�SDUD�SURGXomR�GH�ILOPH�
SURWHLFRV�SRU�FDVWLQJ�FRQWLQXR��EHP�FRPR�SURGX]LU� ILOPHV�GH�JHODWLQD�&1&V�H�DYDOLDU�R�HIHLWR�GH�
&1&V�QDV�SURSULHGDGHV�PHFkQLFDV�GRV�ILOPHV�REWLGRV�SHOR�PpWRGR�FDVWLQJ�FRQWtQXR�

���0DWHULDLV�H�0pWRGRV
����0DWHULDLV

*HODWLQD� ERYLQD� ���� %ORRP�� ��� PHVK�� WLSR� %�� QD� IRUPD� GH� Sy�� OLYUH� GH� SODVWLILFDQWHV� H�
DGLWLYRV�IRL�IRUQHFLGD SHOD�*HOFR�,QG~VWULD�H�&RPpUFLR �%UDVLO���1DQRFULVWDLV�GH�FHOXORVH�IRL�REWLGR�
GD�&HOOXIRUFH� �&DQDGi���*OLFHURO� IRL� REWLGR� GD� 6LJPD�$OGULFK� �(8$��� 7RGRV� RV� UHDJHQWHV� IRUDP�
XWLOL]DGRV� VHP� QHQKXPD� HWDSD� GH� SXULILFDomR�� 8WLOL]RX�VH� iJXD� GHLRQL]DGD� HP� WRGRV� RV�
H[SHULPHQWRV���



���

�����3UHSDUDomR�GDV�VROXo}HV�IRUPDGRUDV�GH�ILOPHV��6))�
$V� VXVSHQV}HV� GH� JHODWLQD� FRQWHQGR &1&V IRUDP� SUHSDUDGDV� GH� DFRUGR FRP� DV� HWDSDV�

VXJHULGDV�SRU�6DQWRV�HW�DO����������3DUD�VHOHFLRQDU�D PHOKRU�IRUPXODomR�D�VHU�XVDGD�QD�SURGXomR�GH�
ILOPHV�GH�JHODWLQD�SHOR�PpWRGR�GH�FDVWLQJ�FRQWLQXR��IRUDP�WHVWDGDV�6))�FRQWHQGR��������H�����HP�
PDVVD�GH�JHODWLQD�H�����HP�PDVVD�GH�JOLFHURO �HP�UHODomR�D�PDVVD�VHFD�GH�JHODWLQD���3DUD�R�HVWXGR�
GR� HIHLWR� GRV� &1&V� QDV� SURSULHGDGHV� ItVLFDV� GD� 6))�� IRUDP� SUHSDUDGDV TXDWUR� 6))� GH�
JHODWLQD�&1&V��QDV VHJXLQWHV�FRQFHQWUDo}HV��������������RX����� HP�PDVVD�GH�&1&V��HP�UHODomR�D�
PDVVD�VHFD�GH�JHODWLQD��H�����HP�PDVVD�GH�JOLFHURO��HP�UHODomR�D�PDVVD�VHFD�GH�JHODWLQD���

�����3UHSDUDomR�GH�ILOPH�ELRGHJUDGiYHLV�GH�JHODWLQD�&1&V SRU�FDVWLQJ�FRQWtQXR
$� 6)) IRL� GHSRVLWDGD� H� WUDQVIRUPDGD VREUH� XP VXEVWUDWR� GH� SROLpVWHU� �0\ODU�� 'X3RQW��

%UDVLO�� HP� XPD� HTXLSDPHQWR� GH� FDVWLQJ FRQWtQXR�� LPSOHPHQWDGR� HP� XQLGDGH� GH� FRDWLQJ .7)�6�
�:HUQHU 0DWKLV�$*��6XtoD���$�GLVWkQFLD�HQWUH�R�VXEVWUDWR�H�D�IDFD�GH�FRDWLQJ��XVDGD�SDUD�UHJXODU�D�
HVSHVVXUD�GD�OkPLQD�~PLGD�H�ODPLQDU D 6)) VREUH R�VXEVWUDWR��IRL�IL[DGD�HP������PP��$�YHORFLGDGH�
GR� WUDQVSRUWH H� DV� GXDV� FkPHUDV GH� VHFDJHP� IRUDP� DMXVWDGDV� HP� ����� P�PLQ�� H� ��� �&��
UHVSHFWLYDPHQWH�� 1D� VDtGD� GD� FkPDUD�� RV� ILOPHV� VHFRV� IRUDP� ERELQDGRV� DXWRPDWLFDPHQWH� H�
DUPD]HQDGRV�D�����85�H����������&��1HVVDV�FRQGLo}HV��R�SURFHVVR�GH�FDVWLQJ FRQWtQXD�p�FDSD]�GH�
SURGX]LU�DWp �� PHWURV�GH�ILOPHV�GH�JHODWLQD SRU�KRUD�

�����&DUDFWHUL]Do}HV
$� DQiOLVH� GH� YLVFRVLGDGH� HP� IXQomR� GD� WD[D� GH� FLVDOKDPHQWR� GH� 6))� FRQWHQGR� GLIHUHQWHV�

FRQFHQWUDo}HV� GH� JHODWLQD� IRL� UHDOL]DGD HP�XP� UH{PHWUR�3K\VLFD�0&5���� �$QWRQ�3DDU��ÈXVWULD��
XVDQGR JHRPHWULD�GH FLOLQGURV�FRQFrQWULFRV��$�WD[D�GH�FLVDOKDPHQWR�IRL�DXPHQWDGD�GH���SDUD�����V��

HP� ���PLQXWRV� H� RV� WHVWHV� IRUDP� UHDOL]DGRV� D� ��� �&� $V� SURSULHGDGHV� PHFkQLFDV� GRV� ILOPHV� GH�
JHODWLQD�&1&V� IRUDP� GHWHUPLQDGDV� GH� DFRUGR� FRP� D� $670� '������� �$670�� ������ HP XPD
PiTXLQD� XQLYHUVDO� GH� HQVDLRV�PHFkQLFRV��PRGHOR� '/����� � (0,&� (TXLSDPHQWRV� H� 6LVWHPDV� GH�
(QVDLR� /WGD�� HTXLSDGD� FRP� FpOXOD� GH� FDUJD� GH� ��� NJI� 2V� GDGRV� IRUDP� DQDOLVDGRV� SRU� PHLR� GD�
DQiOLVH� GH� YDULkQFLD� �$129$���2V� YDORUHV�PpGLRV� IRUDP� FRPSDUDGRV� SHOR� WHVWH� GH�7XNH\�� FRP�
QtYHO�GH�FRQILDQoD�GH������S �������

���5HVXOWDGRV�H�'LVFXVVmR
2�HVWXGR�GDV�SURSULHGDGHV�UHROyJLFDV�GH VXVSHQV}HV�IRUPDGRUDV�GH�ILOPHV��6))� p�GH�JUDQGH�

LPSRUWkQFLD� SDUD� D DYDOLDomR GD FDSDFLGDGH� GH� ODPLQDomR� H� GHWHUPLQDomR� GD� IRUPXODomR� PDLV�
DGHTXDGD�SDUD�SURGXomR�GH ILOPHV�SRU�FDVWLQJ�FRQWtQXR��$�)LJXUD��� DSUHVHQWD DV� FXUYDV�GH� IOX[R�
SDUD�6))�FRQWHQGR�GLIHUHQWHV�FRQFHQWUDo}HV�GH�JHODWLQD��7RGDV�DV�VROXo}HV�DQDOLVDGDV�DSUHVHQWDUDP
FRPSRUWDPHQWR� SVHXGRSOiVWLFR HP� IXQomR� GD� WD[D� GH� FLVDOKDPHQWR� DSOLFDGD�� 2� FRPSRUWDPHQWR�
SVHXGRSOiVWLFR�p�FRQVLGHUDGR�R�PDLV�DGHTXDGR�SDUD�SURGXomR�GH�ILOPHV�SRU�FDVWLQJ FRQWtQXR��XPD�
YH]�TXH�DV 6)) GHYHP�DSUHVHQWDU�EDL[D�YLVFRVLGDGH�VREUH�FLVDOKDPHQWR� SDUD�JDUDQWLU�FRQGLo}HV�GH�
IOX[R�DSURSULDGDV� VRE�D� OkPLQD�� H�YLVFRVLGDGHV�PDLV� HOHYDGDV� HP�EDL[DV� WHQV}HV�GH� FLVDOKDPHQWR�
JHUDGDV� LPHGLDWDPHQWH� DSyV� D� IDFD� GH� FRDWLQJ�� SDUD� PLQLPL]DU� IOX[R� LQGHVHMDGR� H� HIHLWRV� GH�
VHGLPHQWDomR��257,=�HW�DO����������&RPR�HVSHUDGR��R�DXPHQWR�QD�FRQFHQWUDomR�GH�JHODWLQD�OHYRX�D�
XP� DXPHQWR� QD� YLVFRVLGDGH� DSDUHQWH� GD 6))�� VHQGR� R� YDORU� SDUD� 6))� FRQWHQGR� ���� GH�
DSUR[LPDGDPHQWH�����3D�V��
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)LJXUD���9LVFRVLGDGH�DSDUHQWH GDV�6))�FRQWHQGR GLIHUHQWHV�FRQFHQWUDo}HV�GH�JHODWLQD��

1D�OLWHUDWXUD��JHUDOPHQWH�VmR�HQFRQWUDGRV�WUDEDOKRV�GH�ILOPHV�GH�JHODWLQD�REWLGRV�SRU�FDVWLQJ
SURGX]LGRV� XVDQGR� 6))� FRQWHQGR� d ���� HP� PDVVD� GH� JHODWLQD� �%+2:0,.� HW� DO��� ������
021'5$*21�HW�DO���������1,1*�HW�DO����������1R�HQWDQWR��SDUD�D�SURGXomR�GH�ILOPHV�GH�JHODWLQDV�
SHOR�PpWRGR�GH�FDVWLQJ�FRQWtQXR��HVWi�FRQFHQWUDomR�QmR�IRL�DGHTXDGD��SRLV�D�VXVSHQVmR�DSUHVHQWRX�
YLVFRVLGDGH�PXLWR� EDL[D� ����� 3D�V�� R� TXH� IDYRUHFHX� R� HVFRDPHQWR� GD� 6))� SDUD� IRUD� GR� VXEVWUDWR�
DQWHV�GH�VHU�ODPLQDGD�SHOD�D�IDFD�GH�FRDWLQJ��$OpP�GLVVR��))6�FRQWHQGR�����GH�JHODWLQD�DSUHVHQWRX�
YLVFRVLGDGH�PXLWR� HOHYDGD��QmR� VHQGR�SRVVtYHO� IRUPDU�XPD� OkPLQD�~PLGD�KRPRJrQHD�� UHVXOWDQGR�
HP� ILOPHV� GHVFRQWtQXRV�� -i� 6))� FRQWHQGR� ���� HP�PDVVD� GH� JHODWLQD�� H[LELX� YLVFRVLGDGH� �a����
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