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8PD�SUyWHVH�SURYLVyULD�FRVWXPD�VHU�XWLOL]DGD�GHVGH�D�SUHSDUDomR� LQLFLDO�GR�
GHQWH� DWp� TXH� D� SUyWHVH� GHILQLWLYD� VHMD� FRORFDGD� �*5$7721��'*��$148,/,12��
6$�� ������� $� XWLOL]DomR� GH� PDWHULDLV� WHPSRUiULRV� VHMD� HP� SUyWHVH� IL[D� RX�
UHPRYtYHO��p�GHVWLQDGD�D�PHOKRUDU�D�HVWpWLFD��D�IXQomR��H�D�HVWDELOL]DomR�SRU�XP�
SHUtRGR�OLPLWDGR�GH�WHPSR��SDUD�HQWmR�VHU�VXEVWLWXtGR�SRU�XPD�SUyWHVH�GHILQLWLYD��
0XLWDV� YH]HV�� HVVDV� SUyWHVHV� VmR� XVDGDV� SDUD� DX[LOLDU� QD� GHWHUPLQDomR� GD�
HILFiFLD� WHUDSrXWLFD� GH� XP� SODQR� GH� WUDWDPHQWR� HVSHFtILFR� RX� DLQGD� D� IRUPD�
H� IXQomR� GD� SUyWHVH� GHILQLWLYD� SODQHMDGD� �-� 35267+(7� '(17�� ������� $V�
H[LJrQFLDV� GHVWH� PDWHULDO� VmR� HVVHQFLDOPHQWH� DV� PHVPDV� GD� GHILQLWLYD�� H[FHWR�
TXDQGR�D� ORQJHYLGDGH�H�SRVVtYHO� D� VDWLVIDomR�GD� FRU� �6.852:��+0��1(9,16��
0�� ������� GHYHQGR� DVVLP� IRUQHFHU� SURWHomR� SXOSDU�� HVWDELOLGDGH� GLPHQVLRQDO��
PDQXWHQomR� GD� RFOXVmR�� IDFLOLGDGH� GH� KLJLHQL]DomR�� UHVLVWrQFLD�� UHWHQomR� H�
HVWpWLFD��6+,//,0*%85*�HW�DO��������

&RP�R�SDVVDU�GRV�DQRV��RV�DYDQoRV�HP�SHVTXLVDV�HP�PDWHULDLV�GHQWiULRV�
VHJXLGR�GR�DXPHQWR�GR�DSHOR�HVWpWLFR��IRUDP�GHVHQYROYLGRV�QRYRV�PDWHULDLV�FRP�
PHOKRUHV�SURSULHGDGHV�HVWpWLFDV��FRPR�SRU�H[HPSOR�D�UHVLQD�GXUDOD\���PDV�HVWD�
DLQGD�SRVVXL�OLPLWDo}HV��FRPR�SRU�H[HPSOR�TXDQWR�D�VXD�PDQLSXODomR��SHUPLWLQGR�
TXH�VHMDP�DOWHUDGDV�DV�SURSRUo}HV�PRQ{PHUR�SROtPHUR�

3HQVDQGR�QLVVR��YHP�VHQGR�ODQoDGRV�QR�PHUFDGR�PDWHULDLV�SURYLVyULRV�TXH�
HOLPLQDP�HUURV�QD�SURSRUomR�H�PDQLSXODomR�GRV�PHVPRV��0XLWDV�GHVWHV�XWLOL]DP�
D�UHVLQD�ELV�DFUtOLFD�TXH�VmR�PDWHULDLV�FRQYHQLHQWHV�SDUD�SUyWHVHV�SURYLVyULDV�SRU�
RIHUHFHUHP�VLVWHPDV�GH�IRUQHFLPHQWR�SRU�FDUWXFKR��R�TXH�SRGH�SHUPLWLU�PLVWXUDV�
PDLV�FRQVLVWHQWHV� �<281*��+0�HW�DO��������� ,QIHOL]PHQWH�D� OLWHUDWXUD�p�HVFDVVD�
VREUH�R�FRPSRUWDPHQWR�PHFkQLFR�H�ELROyJLFR�GHVWHV�PDWHULDLV��3RU�HVWD�UD]mR��R�
SUHVHQWH� WUDEDOKR� WHP�SRU�REMHWLYR�DQDOLVDU�ELRFRPSDWLELOLGDGH�H�FRPSRUWDPHQWR�
ItVLFR�PHFkQLFR�GH�FLQFR�GLIHUHQWHV�PDWHULDLV�GLVSRQtYHLV�QR�PHUFDGR�

���0(72'2/2*,$

3DUD� R� SUHVHQWH� HVWXGR� IRUDP� WHVWDGRV� GLIHUHQWHV� PDWHULDLV� WHPSRUiULRV��
HPSUHJDGRV�HP�SUyWHVH�GHQWiULD��3URWHPS70�,9�����0�(63(��3���5HYRWHN�/&��
�� *&� $PHULFD� �5��� 6\VWHPS� &	%� ,,�� �� ,YRFODU� 9LGDGHQW� �6��� $FFHVV� FURZQ�� ��
&HQWUL[��$&��H�'XUDOD\���'���



�����$�VRUomR�GH�iJXD�H�VROXELOLGDGH�
)RUDP� FRQIHFFLRQDGDV� DPRVWUDV� FLOtQGULFDV� QR� IRUPDWR� GH� GLVFRV� ��[�� PP���
Q ���� 2V� HVSpFLPHV� IRUDP� FRORFDGRV� HP� XP� ³GHVVHFDGRU´� FRQWHQGR� VtOLFD� H�
HQWmR� DUPD]HQDGRV� HP� HVWXID� D� ��� �� &�� $� PDVVD� GRV� FRUSRV� IRL� PHQVXUDGD�
UHSHWLGDPHQWH�HP�LQWHUYDORV�GH���K��DWp�D�HVWDELOL]DomR�GDV�PDVVDV��VHQGR�HVWDV�
FRQVLGHUDGDV� P��� $SyV� GHILQLomR� GD� P��� WRGRV� RV� HVSpFLPHV� VHUmR� FRORFDGRV�
HP�HSSHQGRUIV�FRQWHQGR��PO�GH�iJXD�GHVWLODGD��HP�VHJXLGD�IRUDP�DUPD]HQDGRV�
GHQWUR�GH�HVWXID�D������&��H�DSyV�XPD�VHPDQD�D�PDVVD�GH�WRGRV�RV�HVSpFLPHV�
IRUDP� PHQVXUDGRV� QRYDPHQWH� P��� (P� VHJXLGD�� RV� FRUSRV� GH� SURYD� VHUmR�
DUPD]HQDGRV�QRYDPHQWH�QR�³GHVVHFDGRU´�FRQWHQGR�VtOLFD��GHQWUR�GH�HVWXID�D����
��&��DILP�GH�VH�REWHU�XPD� WHUFHLUD�PDVVD�P���TXH� UHSUHVHQWD�D�PDVVD� ILQDO�GR�
HVSpFLPH�DSyV�R�IHQ{PHQR�GH�VROXELOLGDGH�OL[LYLDU�FRPSRQHQWHV�GR�PHVPR��$SyV�
D�HVWDELOL]DomR�GHVWD�PDVVD��D�P��GH�FDGD�FRUSR�GH�SURYD�VHUi�PHQVXUDGD�
�����*UDX�GH�FRQYHUVmR�

2�JUDX�GH�FRQYHUVmR��*&��GH�FDGD�PDWHULDO��Q ���IRL�DYDOLDGR�SRU�DSDUHOKR�
HVSHFWRIRW{PHWUR� XWLOL]DQGR� HVSHFWURVFRSLD� QR� LQIUDYHUPHOKR� SRU� WUDQVIRUPDGD�
GH� )RXULHU� �3UHVWLJH����� 6KLPDG]X�� SRU� PHLR� GH� GLVSRVLWLYR� GH� UHIOHWkQFLD� WRWDO�
DWHQXDGD��2�SHUFHQWXDO�GR�*&�IRL�FDOFXODGR�XWLOL]DQGR�WpFQLFD�GH�EDVHOLQH�D�SDUWLU�
GDV� LQWHQVLGDGHV� GH� DEVRUEkQFLD� GD� OLJDomR�& &�DOLIiWLFD� �����FP����� XWLOL]DQGR�
FRPR� UHIHUrQFLD� LQWHUQD� D� LQWHQVLGDGH� GD� OLJDomR� & &� DURPiWLFD� �����FP�����
DQWHV�H�GHSRLV�GD�IRWRDWLYDomR��025$(6�HW�DO����������)RUDP�XWLOL]DGDV�FR�DGLomR�
GH����YDUUHGXUDV�H�UHVROXomR�GH��FP���
�����5HVLVWrQFLD��IOH[XUDO�H�PyGXOR�GH�HODVWLFLGDGH

(VSpFLPHV� �Q ���� QR� IRUPDWR� GH� EDUUDV� GH� ��î�î�PP�� IRUDP�
FRQIHFFLRQDGRV� H� DUPD]HQDGRV� HP� iJXD� GHVWLODGD� D� ���&�� SRU� ��K�� H� HQWmR�
VXEPHWLGRV�DR� WHVWH�GH� IOH[mR�SRU���SRQWRV�HP�PiTXLQD�GH�HQVDLRV�PHFkQLFRV�
�'/����� (0,&�� 6mR� -RVp� GRV� 3LQKDLV�� 35�� %UDVLO�� j� YHORFLGDGH� GH� ���� PP�
PLQ�� XWLOL]DQGR� XPD� FpOXOD� GH� FDUJD� GH� ����1�� )RUDP� UHJLVWUDGDV� D� UHVLVWrQFLD�
j� IOH[mR�� PyGXOR� GH� IOH[mR� H� WUDEDOKR� GH� IUDWXUD� D� SDUWLU� GD� FXUYD� WHQVmR� î�
GHIRUPDomR�
�����'XUH]D

(VSpFLPHV� IUDWXUDGRV�QR� WHVWH�GH� IOH[mR� �Q ��� IRUDP�HPEXWLGRV�HP� UHVLQD�
HSy[L�H�SROLGRV�VRE�UHIULJHUDomR�FRP�OL[DV�6L&�JUDQXODomR�����H�������$�GXUH]D�
.QRRS� IRL�DYDOLDGD�HP�PLFURGXU{PHWUR�GLJLWDO� �)0������)XWXUH��7HFK��.DZDVDNL��
-DSmR�� DSOLFDQGR� FDUJD� GH� ��J� SRU� ��V�� &LQFR� OHLWXUDV� SRU� HVSpFLPH� IRUDP�
UHDOL]DGDV��H�D�PpGLD�GHVVDV�OHLWXUDV�UHJLVWUDGD�FRPR�R�Q~PHUR�GH�GXUH]D�.QRRS�
�NJI�PP���
�����%LRFRPSDWLELOLGDGH

3DUD� R� HQVDLR� GH� FLWRWR[LFLGDGH� IRL� XWLOL]DGD� D� OLQKDJHP� FHOXODU� GH�
TXHUDWLQyFLWRV� KXPDQRV� �+D&DW��� $SyV� ��K�� IRUDP� UHPRYLGRV� ����O� GR� PHLR�
GH� FXOWXUD� GH� FDGD� SRoR� H� DGLFLRQDGRV� ����O� GRV� HOXGDWRV� GH� FDGD� PDWHULDO�
�)(51$1'(=� HW� DO��� ������� $SyV� ��� KRUDV� IRL� UHDOL]DGD� D� UHPRomR� GRV�PHLRV�
FRP� RV� PDWHULDLV� WHVWHV� H� DGLFLRQDGRV� ���O� GH� 077� �VDO� WHWUD]ROLXP� >�������
GLPHWOWLD]RO���\O������GLIHQLOWHWUD]ROLXP� EURPHWR�� �6LJPD�$OGULFK�� GLOXtGRV� HP�
���� �O� GH� '0(0� HP� FDGD� SRoR� ��� PJ�P� 077��� $SyV� SHUtRGR� GH� LQFXEDomR�
VHP� OXPLQRVLGDGH�� D� VROXomR� FRQWHQGR� 077� GLOXtGR� HP� '0(0� IRL� DVSLUDGD� H�
VROXELOL]DGD�FRP�����O�GH�'LPHWLOVXOIy[LGR��'062��6\QWK���TXH�IRUDP�DGLFLRQDGRV�
D�FDGD�SRoR��

$V�SODFDV�IRUDP�OHYDGDV�D�XPD�PHVD�DJLWDGRUD��%LRPL[HU��76�����$�8'5/�
6KDNHU�� D� XPD� YHORFLGDGH� GH� ���� USP� SRU� ��� PLQXWRV�� 6XEVHTXHQWHPHQWH��
D� DEVRUEkQFLD� IRL� PHQVXUDGD� XVDQGR� XP� HVSHFWURIRW{PHWUR� �7HUPRSODWH�73�
5HDGHU��HP�XP�FRPSULPHQWR�GH�RQGD�GH����QP��
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3DUD�R�WHVWH�GH�YLDELOLGDGH�FHOXODU�GH����H���K���*UiILFR�����REVHUYD�VH�TXH�
HP���K��R�JUXSR�FRQWUROH�H�R��6��DSUHVHQWDUDP�HVWDWLVWLFDPHQWH�PDLRU�YLDELOLGDGH�
FHOXODU� H� �5�� DSUHVHQWRX� PHQRU� YLDELOLGDGH� FHOXODU�� (P� ��K�� �5�� DSUHVHQWRX�
HVWDWLVWLFDPHQWH� PHQRU� YLDELOLGDGH� FHOXODU�� $R� FRPSDUDU� R� PDWHULDO� QR� WHPSR��
R� ~QLFR� PDWHULDO� TXH� PDQWHYH�VH� FRQVWDQWH� IRL� R� �6��� 'HYLGR� DR� VLJLOR� TXH� RV�
IDEULFDQWHV�WHP�GD�FRPSRVLomR�GRV�PDWHULDLV��WRUQD�VH�GLItFLO�H[SOLFDU�R�SRUTXr�GR�
HIHLWR�FLWRWy[LFR��XPD�GDV�SRVVLELOLGDGH�SRGH�VHU�DWULEXtGR�DR�XVR�GRV�PRQ{PHURV�
QD�PDWUL]�RUJkQLFD��RX�PHVPR�DR�VLVWHPD�GH�LQLFLDomR�

�

����������

��*UiILFR����5HVLVWrQFLD�j�IOH[mR � ����������������������*UiILFR����0yGXOR�GH�HODVWLFLGDGH

3DUD� RV� UHVXOWDGRV� GH� UHVLVWrQFLD� j� IOH[mR� H� PyGXOR� GH� HODVWLFLGDGH�
�*UiILFRV� ������ SRGHPRV� YHU� TXH� �6��� �3�� H� �'�� DSUHVHQWDUDP� HVWDWLVWLFDPHQWH�
PDLRUHV� YDORUHV� TXH� R� �5��� 4XDQWR� DR� PyGXOR� GH� HODVWLFLGDGH�� �6�� DSUHVHQWRX�
HVWDWLVWLFDPHQWH�PDLRU�PyGXOR� GH� HODVWLFLGDGH� H� �5�� DSUHVHQWRX�PHQRU�PyGXOR��
8PD� GDV� KLSyWHVHV� SRVVtYHLV� SDUD� �5�� WHU� WLGR� R� PHQRU� GHVHPSHQKR�� SRGHULD�
HVWDU�QR�IDWR�GH�VHU�R�~QLFR�PDWHULDO�IRWRSROLPHUL]iYHO�
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/HWUDV�GLIHUHQWHV�LQGLFDP�GLIHUHQoD�HVWDWtVWLFD�VLJQLILFDQWH
3DUD� D� PLFURGXUH]D� �WDEHOD� ��� SRGHPRV� REVHUYDU� TXH� R� �6�� DSUHVHQWRX�

HVWDWLVWLFDPHQWH�PDLRU�GXUH]D�NQRRS�H�R��5��REWHYH�RV�PHQRUHV�YDORUHV�
3DUD�R�*UDX�GH�FRQYHUVmR�R��6��DSUHVHQWRX�HVWDWLVWLFDPHQWH�PHQRU�WD[D�GH�

FRQYHUVmR�H�R��5��WHYH�PDLRU�WD[D�GH�FRQYHUVmR��$�SRVVtYHO�H[SOLFDomR�VHULD�SRU�
VHU�XP�PDWHULDO�IRWRSROLPHUL]iYHO�

3DUD�RV�WHVWHV�GH�VRUomR�H�VROXELOLGDGH�R��5��DSUHVHQWRX�HVWDWLVWLFDPHQWH�
PDLRUHV� WD[DV� H� R� 6\VWHPS� WHYH� DV�PHQRUHV� SRUFHQWDJHQV� SDUD� DPERV� WHVWHV��
$� PDLRU� VROXELOLGDGH� GR� �5�� SRGHULD� LQGLFDU� XPD� OLEHUDomR� GH� PRQ{PHURV� QmR�
UHDJLGRV�R�TXH�SRGHULD�H[SOLFDU�RV�DFKDGRV�HQFRQWUDGRV�QD�FLWRWR[LGDGH��PHQRU�
YLDELOLGDGH�FHOXODU��

���&21&/86®(6

1DV�FRQFOXV}HV�R�DXWRU�GHYH�DSUHVHQWDU�REMHWLYDPHQWH�TXDO�D�LQRYDomR�&RP�
EDVH�QRV�UHVXOWDGRV�REWLGRV��SRGH�VH�FRQFOXLU�TXH�R�5HYRWHN�/&�IRL�R�PDWHULDO�TXH�
DSUHVHQWRX�D�PHQRU�ELRFRPSDWLELOLGDGH��H�R�3URWHPS�,9�DSUHVHQWRX�DV�PHOKRUHV�
FDUDFWHUtVWLFDV�ItVLFR�PHFkQLFDV�
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7KH�JORVVDU\�RI�SURVWKRGRQWLF�WHUPV��7KH�-RXUQDO�RI�SURVWKHWLF�GHQWLVWU\��8QLWHG�
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6.852:�� +�0��� 1(9,16� 0�� 7KH� UDWLRQDOH� RI� WKH� SUHSHULRGRQWDO� SURYLVLRQDO�
ELRORJLF�WULDO�UHVWRUDWLRQ��7KH�,QWHUQDWLRQDO�MRXUQDO�RI�SHULRGRQWLFV�	�UHVWRUDWLYH�
GHQWLVWU\��8QLWHG�RI�6WDWHV��Y�����Q�����S�������������
6+,//,1*%85*�� +�7��� +2%2�� 6�� :+,76(77�� /�'��� -$&2%,�� 5��� %5$&.(77��
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<281*��+�0���60,7+��&�7���025721��'��&RPSDUDWLYH�LQ�YLWUR�HYDOXDWLRQ�RI�WZR�
SURYLVLRQDO� UHVWRUDWLYH�PDWHULDOV��7KH�-RXUQDO�RI�SURVWKHWLF�GHQWLVWU\��8QLWHV�RI�
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025$(6��5�5���&255(5�62%5,1+2�/���6,1+25(7,��0$���3833,1�5217$1,��
50���2*/,$5,�� )�$��� 3,9$�� (�� /LJKW�DFWLYDWLRQ� RI� UHVLQ� FHPHQW� WKURXJK� FHUDPLF��
UHODWLRQVKLS�EHWZHHQ� LUUDGLDQFH� LQWHQVLW\�DQG�ERQG�VWUHQJWK�WR�GHQWLQ��-RXUQDO�RI�
%LRPHGLFDO�0DWHULDOV�5HVHDUFK�%�$SSOLHG�%LRPDWHULDOV��Y����S���������������
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$��� %8(12�� 0�� &\WRWR[LFLW\� DQG� JHQRWR[LFLW\� RI� VRGLXP� SHUFDUERQDWH�� D�
FRPSDULVRQ�ZLWK�EOHDFKLQJ�DJHQWV�FRPPRQO\�XVHG� LQ�GLVFRORXUHG�SXOSOHVV� WHHWK��
,QWHUQDWLRQDO�(QGRGRQWLF�-RXUQDO��Y�����S���������������


