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GHO� (VWDGR� GH� +LGDOJR�� &DUUHWHUD� 3DFKXFD�7XODQFLQJR� .P� ����� 3DFKXFD�
+LGDOJR�� 0p[LFR�� � &3� ������� &HQWUR� GH� ,QYHVWLJDFLyQ� GH� 0DWHULDOHV� \�
0HWDOXUJLD�� 7HO�� ������������� ([W�� ������ )D[� ������ H�PDLO��
YUH\HV#XDHK�UHGXDHK�P[�\�UH\HVFUX]��#\DKRR�FRP��� 'HSDUWDPHQWR� GH� 4XtPLFD�� 8QLYHUVLGDG� $XWyQRPD� 0HWURSROLWDQD�
,]WDSDODSD�� $Y�� 0LFKRDFiQ� \� OD� 3XUtVLPD�� &RO�� 9LFHQWLQD�� ,]WDSDODSD�� '�� )���
0p[LFR���&�3���������7HO�������������������H�PDLO��LJP#[DQXP�XDP�P[�
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$FWXDOPHQWH�� OD� LQGXVWULD� KLGURPHWDO~UJLFD� VH�HQIUHQWD�D� OD� UHFXSHUDFLyQ�GH�
PHWDOHV�SUHFLRVRV�D�SDUWLU�GH�\DFLPLHQWRV�FRQ�PX\�EDMRV�FRQWHQLGRV�GH�RUR�\�
SODWD�\�DOWRV�FRQWHQLGRV�GH�FREUH��OR�TXH�SURYRFD�OD�SUHVHQFLD�GH�FREUH�HQ�HO�
SURGXFWR� ILQDO�� GLVPLQX\HQGR� DVt� HO� YDORU� GH� ORV� PHWDOHV� SUHFLRVRV�
UHFXSHUDGRV��(Q�XQ�WUDEDMR�SUHYLR�����VH�KLFLHURQ�HVWXGLRV�IXQGDPHQWDOHV�GH�
OD� UHFXSHUDFLyQ� VHOHFWLYD� GH� RUR� \� SODWD�� DVt� FRPR� HO� XVR� GH� XQ� UHDFWRU�
HOHFWURTXtPLFR� )0���/&�� REWHQLHQGR� UHVXOWDGRV� SUHOLPLQDUHV� GH� HVWD�
DSOLFDFLyQ�� (Q� HVWH� WUDEDMR� GH� LQYHVWLJDFLyQ� VH� HVWXGLD� OD� LQIOXHQFLD� GHO�
SRWHQFLDO��HO�iUHD��OD�YHORFLGDG�OLQHDO�GH�IOXMR�\�OD�GHQVLGDG�GH�FRUULHQWH�HQ�HO�
GHSyVLWR�VHOHFWLYR�GH�$X�$J�SDUWLHQGR�GH�ORV�UHVXOWDGRV�GHO�WUDEDMR�SUHYLR���
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+\GURPHWDOXJ\�LQGXVWU\��QRZDGD\V��IURQWV�ZLWK�WKH�PHWDO�UHFRYHU\�IURP�RUHV�
ZLWK�YHU\� ORZ�FRQWHQWV�RI�JROG�DQG�VLOYHU�DQG�ZLWK�KLJK�FRQWHQWV�RI� FRSSHU��
SURYRNLQJ�FRSSHU�FRQWHQW�LQ�WKH�ILQDO�SURGXFW�DQG�GLPLQLVKLQJ�WKH�YDOXH�RI�WKH�
SUHFLRXV�PHWDOV��,Q�D�SUHYLRXV�ZRUN�����IXQGDPHQWDO�VWXGLHV�RI�WKH�VHOHFWLYH�
UHFRYHU\�RI�JROG�DQG�VLOYHU��ZHUH�FDUULHG�RXW�DV�WKH�XVH�RI�DQ�HOHFWURFKHPLFDO�
UHDFWRU�)0���/&��3UHOLPLQDU\�UHVXOWV�ZHUH�REWDLQHG�IURP�WKLV�DSSOLFDWLRQ��,Q�
WKLV�ZRUN�WKH�LQIOXHQFH�RI�WKH�SRWHQWLDO��WKH�DUHD�DQG�OLQHDU�IORZ�YHORFLW\�LQ�WKH�
VHOHFWLYH�GHSRVLW�RI�$X�$J��DUH�VWXGLHG��VWDUWLQJ�IURP�WKH�SUHYLRXV�UHVXOWV���
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/RV�PLQHUDOHV�FRQ�DOWRV�YDORUHV�GH�RUR�\�SODWD������J�WRQ���GH�RUR�\�������J�
WRQ��� GH� SODWD�� VRQ� GH� JUDQ� LPSRUWDQFLD� HQ� OD� LQGXVWULD� H[WUDFWLYD�� 6LQ�



HPEDUJR�� GHELGR� DO� HPSREUHFLPLHQWR� GH� HVWRV� PLQHUDOHV� ODV� VROXFLRQHV�
UHVXOWDQWHV� SURYHQLHQWHV� GH� ORV� SURFHVRV� GH� OL[LYLDFLyQ� WLHQHQ�
FRQFHQWUDFLRQHV�EDMDV�GH�PHWDOHV�SUHFLRVRV��FRQFHQWUDFLRQHV�GH�RUR�\�SODWD�
HQ�HO�RUGHQ�GH�����SSP��\�DOWRV�FRQWHQLGRV�GH�RWURV�LRQHV�PHWiOLFRV��FRPR�HO�
FREUH���3RU�HVWD�UD]yQ��OD�UHFXSHUDFLyQ�GH�RUR�\�SODWD�VH�YXHOYH�XQD�SUDFWLFD�
GLItFLO���
(O� GHSyVLWR� � HOHFWURTXtPLFR� GH�$X�,�� \�$J�,��� D� FRQFHQWUDFLRQHV� GLOXLGDV� HQ�
VROXFLRQHV�OL[LYLDQWHV�FLDQXUDGDV��HQ�HO�LQWHUYDOR�GH�FRQFHQWUDFLRQHV�GH�������
SSP�� KD� VLGR� DERUGDGR� UHFLHQWHPHQWH� ������� 6LQ� HPEDUJR�� OD� UHFXSHUDFLyQ�
HOHFWURTXtPLFD�GH�$X�,��\�$J�,��SUHVHQWHV�HQ�XQD�PLVPD�VROXFLyQ�FLDQXUDGD�
FRQ�XQ�DOWR�FRQWHQLGR�GH�&X�,��KD�UHFLELGR�SRFD�DWHQFLyQ��3RU�RWUD�SDUWH��ORV�
PpWRGRV� WUDGLFLRQDOHV�KLGURPHWDO~UJLFRV��XVDGRV�SDUD� UHFXSHUDU�RUR�\�SODWD�
GH�HVWDV�XOWLPDV�VROXFLRQHV�OL[LYLDQWHV�UHSUHVHQWD�XQ�DXPHQWR�HQ�HO�FRVWR�GH�
LQYHUVLyQ� SDUD� OD� LQGXVWULD� KLGURPHWDO~UJLFD�� GHELGR� D� TXH� LQYROXFUDQ� XQ�
Q~PHUR�PD\RU�GH�HWDSDV�GH�SURFHVR��(VWH�KHFKR��KDFH�TXH�HO��GHVDUUROOR�GH�
XQD�WHFQRORJtD�HILFLHQWH�SDUD�VHSDUDU�RUR�\�SODWD�GH�VROXFLRQHV�OL[LYLDQWHV�FRQ�
DOWR�FRQWHQLGR�GH�FREUH��VHD�HVSHFLDOPHQWH�DWUDFWLYD���
�
(Q� ORV� HVWXGLRV� SUHYLRV� D� HVWH� WUDEDMR� ������ VH� HQFRQWUy� TXH� VH� SXHGH�
GHSRVLWDU�VHOHFWLYDPHQWH�HO�RUR�\�OD�SODWD�VLQ�HO�GHSyVLWR�GH�FREUH��DGHPiV�VH�
KD� SURSXHVWR� ���� HO� XVR� GH� XQ� UHDFWRU� HOHFWURTXtPLFR� )0���/&� FRQ� XQ�
HOHFWURGR� �'♣�� (Q� HVWH� WUDEDMR�� VH� SDUWH� GH� ORV� UHVXOWDGRV� GH� ORV� HVWXGLRV�
SUHYLRV� ��������GRQGH�VH�VXSRQH�TXH�HO�9&�HV�PX\�VLPLODU�D�&DUEyQ�9tWUHR�
5HWLFXODGR� �59&�� DVt� FRPR� OR� KDFH� 6RVD� HQ� ������ SRU� OR� TXH� HVWD�
FRQILJXUDFLyQ� UHVXOWD� VHU� XQD� EXHQD� DOWHUQDWLYD� SDUD� UHFXSHUDU�
VHOHFWLYDPHQWH� RUR� \� SODWD�� 'H� HVWD� IRUPD�� VH� SODQWHD� UHDOL]DU� XQD�
RSWLPL]DFLyQ�GHO�VLVWHPD�GHWHUPLQDQGR�OD�LQIOXHQFLD�GHO�SRWHQFLDO��HO�iUHD�\�OD�
YHORFLGDG� OLQHDO� GH� IOXMR� HQ� HO� UHDFWRU� )0���/&�� )LQDOPHQWH�� VH� HYDO~D� OD�
HILFLHQFLD�GH�FRUULHQWH�HQ�HO�UHDFWRU�HQ�OD�UHFXSHUDFLyQ�GH�'RUH�D�SDUWLU�GH�OD�
VROXFLyQ�OL[LYLDQWH�LQGXVWULDO���
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�
(Q�HO�HVWXGLR�GH�OD�UHGXFFLyQ�VHOHFWLYD�GH�$X�,��\�$J�,��HQ�SUHVHQFLD�GH�XQD�
DOWR� FRQFHQWUDFLyQ� GH� &X�,�� VH� OOHYy� D� FDER� XVDQGR� XQD� VROXFLyQ� OL[LYLDQWH�
LQGXVWULDO� ���[�����0�$X�,�����[�����0�$J�,��\���[�����0�&X�,���HQ�XQ� UHDFWRU�
HOHFWURTXtPLFR� WLSR� SUHQVD�� )0���/&�� GRQGH� HO� FRPSDUWLPHQWR� FDWyGLFR� \�
DQyGLFR�HVWiQ� VHSDUDGRV�SRU�PHGLR�GH�XQD�PHPEUDQD�FDWLyQLFD�GH�1DILRQ�
1;����� (Q� HO� FRPSDUWLPHQWR� FDWyGLFR� VH� XWLOL]DURQ� � HOHFWURGRV� GH� &DUEyQ�
�����������������������������������������������������������
♣DOJXQRV�LQYHVWLJDGRUHV��������PRVWUDURQ�TXH�HO�XVR�GH�HOHFWURGRV�WULGLPHQVLRQDOHV���'��PHMRUD�OD��
WUDQVIRUPDFLyQ�HOHFWURTXtPLFD�FXDQGR�OD�VROXFLyQ�HOHFWURDFWLYD�HVWD�GLOXLGD�\�HO�WUDQVSRUWH�GH�PDVD�HV�
OD�HWDSD�TXH�OLPLWD�OD�FLQpWLFD�GHO�GHSyVLWR�HOHFWURTXtPLFR��



9tWUHR�5HWLFXODGR��59&��GH���SSL����SSL�\���SSL�GH�OD�(OHFWURV\QWKHVLV�&R��(O�
FRQWDFWR� HOpFWULFR� HQWUH� HO� HOHFWURGR� GH� 59&� \� HO� HTXLSR� GH� PRQLWRUHR� VH�
UHDOL]y�PHGLDQWH�OD�XQLyQ�GH�SODFDV�GH�FREUH�DO�HOHFWURGR�FRQ�XQ�SHJDPHQWR�
GH� FDUEyQ� FRQGXFWRU� �/HLW�&��� (Q� HO� FRPSDUWLPHQWR� DQyGLFR� VH� XWLOL]y� XQ�
HOHFWURGR�GH�$FHUR�,QR[LGDEOH�$�����3DUD�HO�IXQFLRQDPLHQWR�GH�HVWH�UHDFWRU�
HOHFWURTXtPLFR� VH� GLVHxy� \� FRQVWUX\y� XQ� VLVWHPD� KLGUiXOLFR� TXH� SHUPLWH�
WUDEDMDU�ODV�VROXFLRQHV�FLDQXUDGDV�GH�IRUPD�VHJXUD��ILJXUD�����6H�XVDURQ�GRV�
ERPEDV� FHQWUtIXJDV� PDUFD� &ROH� 3DOPHU� SDUD� PDQWHQHU� OD� UHFLUFXODFLyQ�
FRQVWDQWH�GH�OD�VROXFLyQ�OL[LYLDQWH�LQGXVWULDO�GHO�FiWRGR��HQ�HO�UDQJR�GH������WR�
�����P�V����\�OD�VROXFLyQ�FLDQXUDGD�GH�FREUH�GHO�iQRGR�������P�V������

�

� ��5 H D F WR U �( OH F WUR T X tP LF R �F R Q �P HP E UD Q D �F D WLy Q LF D
� ��& R Q WH Q H G R U �G H �D F U tO LF R ��F D S D F LG D G �� �/ ��S D UD �V R OX F Ly Q �H OH F WUR Ot W LF D �
� ��) OX MyP H WUR �� �� �D �� �/ P LQ � �

� ��% RP E D �F H Q WU tIX J D �G H �� �� �+ 3
� ��3 X H U WR �G H �P X H V WUH R ��

O tQ H D �G H �F LUF X OD F Ly Q �G H O�D Q R OLWR
OtQ H D �G H �F LUF X OD F Ly Q �G H O�F D WR OL WR

WX E H U tD �G H �WH I Oy Q �G H �� �� ´ ��� �P �
P D Q J X H UD �0 D V WH U I OH [ �� WH I Oy Q � �G H �� �� ´ ��� �P � �

�

� �
��

� �

� �

�
)LJXUD� ��� 'LDJUDPD� HVTXHPiWLFR� GHO� VLVWHPD� KLGUiXOLFR� GHO� SURFHVR� GH� HOHFWUROHFWUyOLVLV� GH� OD�
UHFXSHUDFLyQ�VHOHFWLYD�GH�RUR�\�SODWD�D�SDUWLU�GH�EDxRV�OL[LYLDQWHV�GH�FLDQXUR��
�
/D�YDULDFLyQ�GH�OD�FRQFHQWUDFLyQ��$X�,���$J�,��\�&X�,��GXUDQWH�OD�HOHFWUyOLVLV�IXH�
GHWHUPLQDGD�SRU�HVSHFWURVFRSLD�DGVRUFLyQ�GH�DWyPLFD�HQ�XQ�HTXLSR�9DULDQ�
PRGHOR�6SHFWU$$�����
/RV� H[SHULPHQWRV� GH� HOHFWUyOLVLV� VH� GH� GHVDUUROODURQ� D� SRWHQFLDO� FRQWURODGR�
HQ� HO� UDQJR� GH� ������ P9� WR� ������ P9� YV�� 6&(� VREUH� ORV� GLIHUHQWHV�
HOHFWURGRV�GH��59&��
(Q� OD� UHDOL]DFLyQ� GH� ODV� HOHFWUyOLVLV� VH� XWLOL]y� XQ� SRWHQFLRVWDWR� GH� PDUFD�
(*	*��PRGHOR�3$5&�����FX\D�SRWHQFLD�HV�GH�����:DWWV��(O�HTXLSR�3$5&�
����VH�FRQHFWD�D�XQD� IXHQWH�GH�SRGHU�.(3&2�FRQ�FDSDFLGDG�GH���$��/DV�
WpFQLFDV�XWLOL]DGDV�HQ�HO�3$5&�����VH�PDQHMDQ�D�WUDYpV�GHO�VRIWZDUH�0����
GH�OD�PLVPD�FRPSDxtD��

��
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9DULDFLyQ�GHO�SRWHQFLDO�VREUH�HO�59&�

�
/D�ILJXUD���PXHVWUD�OD�YDULDFLyQ�GH�OD�FRQFHQWUDFLyQ�QRUPDOL]DGD�GH�$X�&1�����OtQHDV�FRQWLQXDV�GHOJDGDV��D��E��F�\�G���$J�&1�����OtQHDV�FRQWLQXDV�JUXHVDV��D���E���F��\�G���\�&X�&1������OtQHDV�SXQWHDGDV��D���E����F���\�G����FRQ�UHVSHFWR�D�OD� FRQFHQWUDFLyQ� LQLFLDO�� &�W��&����� HQ� IXQFLyQ� GHO� WLHPSR� GH� HOHFWUyOLVLV��
FXDQGR�VH�LPSRQHQ�ORV�SRWHQFLDOHV�GH�������P9���ILJXUD���FXUYDV�D��D��\�D�����
������P9��ILJXUD���FXUYDV�E��E��\�E�����������P9��ILJXUD���FXUYDV�F��F��\�F����\�
������P9��ILJXUD����FXUYDV�G��G��\�G����VREUH�HO�HOHFWURGR�GH�59&�GH����SSL�
�iUHD����FP����/D�YHORFLGDG�GH�IOXMR�OLQHDO�GHO�FDWROLWR�HV��������PV�����
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�)LJXUD� �� 9DULDFLyQ� GH� ODV� FRQFHQWUDFLRQHV� QRUPDOL]DGDV� �FRQ� UHVSHFWR� D� OD� FRQFHQWUDFLyQ�
LQLFLDO����SSP� GH�&X�� ���SSP� GH� $J�� �SSP� GH� $X�� GH� ODV� HVSHFLHV� TXtPLFDV� GH� SODWD�� RUR� \� FREUH�
SUHVHQWHV�HQ�OD�VROXFLyQ�GH�OL[LYLDFLyQ�LQGXVWULDO��HQ�IXQFLyQ�GHO�WLHPSR�GH�HOHFWUyOLVLV��3HUILO�GH�$X�&1�����OtQHDV�FRQWLQXDV�GHOJDGDV���SHUILO�GH�$J�&1�����OtQHDV�FRQWLQXDV�JUXHVDV��\�SHUILO�GH�&X�&1������OtQHDV�SXQWHDGDV��� � D� SRWHQFLDOHV� GH� HOHFWUyOLVLV� LPSXHVWRV� GH� ±����� P9� YV� 6&(� �FXUYDV� D�� D�� \� D�������������������
������P9�YV�6&(��FXUYDV�E��E��\�E�����������P9�YV�6&(��FXUYDV�F��F��\�F����\�±�����P9�YV�6&(��FXUYDV�
G�� G�� \� G���� VREUH� XQ� HOHFWURGR� GH� 59&� GH� ��� SSL� �iUHD� ���FP��� \� XQD� YHORFLGDG� GHO� FDWyOLWR� GH������
�������PV����(Q�OD�ILJXUD���VH�REVHUYD�TXH�OD�YDULDFLyQ�GH�OD�FRQFHQWUDFLyQ�QRUPDOL]DGD�GH�
$X�&1���� \� $J�&1���� GLVPLQX\H� FRQ� UHVSHFWR� DO� WLHPSR� GH� HOHFWUyOLVLV�� SDUD�ORV�FXDWUR�SRWHQFLDOHV�LPSXHVWRV�VREUH�HO�HOHFWURGR�GH�59&��/D�YDULDFLyQ�GH�
OD�FRQFHQWUDFLyQ�QRUPDOL]DGD� WDQWR�SDUD�HO�$X�&1����FRPR�SDUD� OD�$J�&1����FRQ� HO� WLHPSR� GH� HOHFWUyOLVLV� HV� PX\� VLPLODU� FXDQGR� VH� LPSRQHQ� ORV�
SRWHQFLDOHV� �GH�������\� �����P9��ILJXUDV���FXUYDV�D��E��D��\�E���� OR�FXDO�VH�
DWULEX\H� D� ORV� SURFHVRV� GH� QXFOHDFLyQ� GHO� RUR� \� OD� SODWD� SUHGLFKRV� HQ� ORV�
HVWXGLRV�GH�OD�VROXFLyQ�OL[LYLDQWH�LQGXVWULDO�TXH�DQWHFHGHQ�D�HVWH�WUDEDMR��������
PLHQWUDV� TXH�HQ� ORV� SRWHQFLDOHV� GH� ������ \� �����P9�� OD� GLVPLQXFLyQ� GH� OD�
FRQFHQWUDFLyQ�QRUPDOL]DGD�WDQWR�GHO�$X�&1����FRPR�SDUD� OD�$J�&1����FRQ�HO�



WLHPSR�GH�HOHFWUyOLVLV�HV�PiV�LPSRUWDQWH�FRQIRUPH�HO�SRWHQFLDO�VH�KDFH�PiV�
QHJDWLYR��ILJXUD���FXUYDV�F��G��F��\�G����$Vt�PLVPR��HV�QHFHVDULR�QRWDU�TXH�OD�
GLVPLQXFLyQ� GH� OD� FRQFHQWUDFLyQ� QRUPDOL]DGD� GH�$J�&1���� HV�PD\RU� TXH� OD�FRQFHQWUDFLyQ� QRUPDOL]DGD� GH� $X�&1���� FXDQGR� VH� LPSRQH� HO� PLVPR�VREUHSRWHQFLDO� GH� GHSyVLWR� DO� HOHFWURGR� GH� 59&� �(LPSXHVWR�� (������ LQGLFDQGR�TXH� HO� VREUHSRWHQFLDO� GH� FULVWDOL]DFLyQ� MXHJD� XQ� SDSHO� PX\� LPSRUWDQWH� HQ�
HVWRV�PHGLRV��3RU�RWUD�SDUWH��OD�YDULDFLyQ�GH�OD�FRQFHQWUDFLyQ�QRUPDOL]DGD�GH�
&X�&1����� VH�PDQWLHQH� FRQVWDQWH�GXUDQWH� ORV�SULPHURV����PLQXWRV�SDUD� ORV�SRWHQFLDOHV�LPSXHVWRV�PHQRUHV�GH�������P9��ILJXUD���FXUYDV�D����E���\�F����\�
VyOR�SDUD�ORV�SULPHURV���PLQXWRV��FXDQGR�HO��SRWHQFLDO�LPSXHVWR�HV�GH�������
P9� �ILJXUD� �� FXUYD� G����� GHVSXpV� GH� HVWRV� WLHPSRV� VH� REVHUYD� XQD�
GLVPLQXFLyQ�GH� OD�FRQFHQWUDFLyQ�QRUPDOL]DGD�GH�&X�&1������ FRQ� UHVSHFWR�DO�WLHPSR� GH� HOHFWUyOLVLV�� 'H� HVWRV� UHVXOWDGRV� HV� SRVLEOH� HVWDEOHFHU� TXH� D�
WLHPSRV�GH�HOHFWUyOLVLV�PHQRUHV�D���PLQXWRV��OD�SUHGLFFLyQ�UHDOL]DGD�D�WUDYpV�
GHO�HVWXGLR�YROWDPSHURPpWULFR�VREUH�HO�HOHFWURGR�GH�9&�������VH�FXPSOH�SDUD�
HO�UHDFWRU�FRQ�HO�HOHFWURGR�GH�59&��HV�GHFLU�TXH�HV�SRVLEOH�UHGXFLU�$X�&1����\�$J�&1����� VLQ� TXH� HO� &X�&1����� VH� GHSRVLWH�� (VWH� KHFKR� YDOLGD� OD�
DSUR[LPDFLyQ�SURSXHVWD� LQLFLDOPHQWH�� VREUH� OD� VLPLOLWXG�HQWUH� ODV� VXSHUILFLHV�
GH�9&�\�59&��LQGLFDQGR�TXH�D�SHVDU�GH�WHQHU�XQD�VXSHUILFLH�DFWLYD�PD\RU�HQ�
HO�59&��ODV�FRQGLFLRQHV�HQHUJpWLFDV�GH�DPERV�PDWHULDOHV�VRQ�PX\�VLPLODUHV��
&RQIRUPH�HO�WLHPSR�GH�HOHFWUyOLVLV�DXPHQWD��OD�FRQFHQWUDFLyQ�QRUPDOL]DGD�GH�
$X�&1����\�$J�&1����GLVPLQX\H��SURYRFDQGR�XQD�GLVPLQXFLyQ�GHO�SRWHQFLDO�GH�GHSyVLWR� �OH\� GH� 1HUQVW��� HVWH� KHFKR�� MXQWR� FRQ� HO� GHVSOD]DPLHQWR� KDFLD�
YDORUHV�PHQRV�QHJDWLYRV�GHO�GHSyVLWR�GH�&X�&1�����VREUH�HO�FRGHSRVLWR�$X�$J��'25(��� IRUPDGD�HQ� ORV� WLHPSRV� LQLFLDOHV�GH�HOHFWUyOLVLV��SURYRFD�TXH�HO�
GHSyVLWR�GH�&X�&1�����D�SRWHQFLDOHV�PHQRV�QHJDWLYRV�TXH�HO�QHFHVDULR�SDUD�GHSRVLWDU� pVWH� VREUH� XQD� VXSHUILFLH� GH� 9&� ������P9�� y� ELHQ� VREUH� XQD�
VXSHUILFLH� FXELHUWD� SRU� XQD� SHTXHxD� FDQWLGDG� GH� FRGHSRVLWR� $X�$J� ��
����P9���

�
/D�WDEOD�,�PXHVWUD�OD�YDULDFLyQ�GHO�SRUFHQWDMH�GH�UHFXSHUDFLyQ�GH�RUR�\�SODWD��
FRQIRUPH�HO�SRWHQFLDO� VH�KDFH�PiV�QHJDWLYR��SDUD�XQ� WLHPSR�GH�HOHFWUyOLVLV�
KDVWD� GRQGH� OD� FRQFHQWUDFLyQ� QRUPDOL]DGD� GH� &X�&1����� QR� FDPELD�� (Q� OD�WDEOD�,�VH�REVHUYD�TXH�HQ�HO� LQWHUYDOR�GH�SRWHQFLDO�GH�������D�������P9��HO�
SRUFHQWDMH� GH� UHFXSHUDFLyQ� GH� RUR� \� SODWD� VH� LQFUHPHQWD� FRQIRUPH� HO�
SRWHQFLDO�VH�KDFH�PiV�QHJDWLYR��PLHQWUDV�TXH�HQ�HO�SRWHQFLDO�GH�������P9��HO�
SRUFHQWDMH�GH�UHFXSHUDFLyQ�GH�HVWRV�PHWDOHV��\�HO�WLHPSR�GH�HOHFWUyOLVLV�SDUD�
HO�FRGHSyVLWR�VHOHFWLYR��GLVPLQX\HQ�FRQ�UHVSHFWR�D� ORV�YDORUHV�REWHQLGRV�HQ�
HO�SRWHQFLDO�GH�������P9��/D�GLVPLQXFLyQ�GHO�SRUFHQWDMH�GH�UHFXSHUDFLyQ�GH�
RUR� \� SODWD� HV� DWULEXLGD� D� TXH� HQ� HO� SRWHQFLDO� GH� ������ P9�� FRPLHQ]D� HO�
GHSyVLWR�GH�FREUH�VREUH�SHTXHxDV�FDQWLGDGHV�GHO�FRGHSyVLWR�GH�$X�$J��3RU�
RWUD�SDUWH��VH�REVHUYD�TXH�HO�SRUFHQWDMH�GH�UHFXSHUDFLyQ�GH�SODWD��HQ�WRGRV�
ORV� SRWHQFLDOHV� LPSXHVWRV�� HV�PD\RU� TXH� HO� SRUFHQWDMH� GH� UHFXSHUDFLyQ� GH�
RUR�� (VWH� FRPSRUWDPLHQWR� SXHGH� VHU� DWULEXLGR� D� TXH� HO� SURFHVR� GH�
HOHFWURFULVWDOL]DFLyQ� GH� $X�&1���� HV� PXFKR� PiV� LPSRUWDQWH� TXH� HO� GH� OD�$J�&1�����SURYRFDQGR�TXH�HO�SRWHQFLDO�HQ�HO�TXH�VH�LQLFLD�H[SHULPHQWDOPHQWH�HO�GHSyVLWR�GH�$J�&1����VHD�PHQRV�QHJDWLYR�TXH�HO�GHO�$X�&1�����



�
7DEOD� ,�� ,QIOXHQFLD� GHO� SRWHQFLDO� LPSXHVWR� HQ� OD� UHFXSHUDFLyQ� GH� RUR� \� SODWD�� /D� HOHFWUyOLVLV� IXH�
GHVDUUROODGD�XWLOL]DQGR�XQ�HOHFWURGR�GH�59&�GH���SSL� �FRQ�iUHD�GH����FP��� \�XQD�YHORFLGDG�GH�
IOXMR� OLQHDO� GHO� FDWyOLWR� GH� ������� PV���� (O� WLHPSR� GH� HOHFWUyOLVLV� HV� HO� Pi[LPR� HQ� GRQGH� OD�
FRQFHQWUDFLyQ�GH�&X�&1�����QR�FDPELD��
��3RWHQFLDO
�P9�YV��6(&

7LHPSR�GH
HOHFWUyOLVLV

PLQ�

��GH
UHFXSHUDFLyQ
GH�$X�GH�OD
VROXFLyQ

��GH
UHFXSHUDFLyQ
GH�$J�GH�OD
VROXFLyQ

�5HODFLyQ
$J�$X
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(V� LPSRUWDQWH� QRWDU� TXH� HQ� HO� LQWHUYDOR� GH� SRWHQFLDO� GH� ������P9�D� ������
P9��OD�UHODFLyQ��SURPHGLR�TXH�KD\�HQWUH�HO�SRUFHQWDMH�GH�UHFXSHUDFLyQ�GH�OD�
SODWD�FRQ�UHVSHFWR�DO�GHO�RUR��$J�$X���HV�GH�����\�HV�VLPLODU��������D�OD�TXH�VH�
WLHQH�HQ�HO� SRWHQFLDO� GH� ������P9��(VWH� KHFKR�� LQGLFD�TXH�D� SDUWLU� GH�HVWD�
UHODFLyQ� GH� SODWD�RUR� GHSRVLWDGD�� WDQWR� OD� VXSHUILFLH� GH� 59&� FRPR� ODV�
FRQFHQWUDFLRQHV�HQ�OD�VROXFLyQ�GH�$X�&1����\�$J�&1����KDQ�VLGR�PRGLILFDGDV�GH� WDO� IRUPD�TXH�HO�&X�&1�����FRPLHQ]D�D�GHSRVLWDUVH� �YHU�PiV�DGHODQWH��\�SRU� HOOR�� HO� GHSyVLWR� VHOHFWLYR� GH� RUR� \� SODWD� GHSHQGH� GHO� WLHPSR� GH�
HOHFWUyOLVLV��
�
9DULDFLyQ�GHO�iUHD�GHO�59&�
�
8QD� GH� ODV� YDULDEOHV� LPSRUWDQWHV� D� FRQRFHU�� SDUD� SRGHU� JDUDQWL]DU� XQ�
SURFHVR� HOHFWURTXtPLFR�� HV� HO� iUHD� GHO� HOHFWURGR�� SULQFLSDOPHQWH� VL� HVWH�
SURFHVR�LQYROXFUD�LRQHV�PHWiOLFRV�FRQ�EDMDV�FRQFHQWUDFLRQHV��3RU�OR�FXDO��HV�
GH� VXPD� LPSRUWDQFLD� HVWXGLDU� OD� LQIOXHQFLD� GHO� iUHD� GHO� HOHFWURGR� XWLOL]DGR�
FRPR�FiWRGR��HQ�HO�GHSyVLWR�HOHFWURTXtPLFR�GH�RUR�\�SODWD��

/D� ILJXUD� �� PXHVWUD� HO� FDPELR� GH� OD� FRQFHQWUDFLyQ� QRUPDOL]DGD� GH�
$X�&1���� �OtQHDV� FRQWLQXDV� GHOJDGDV�� D�� E� \� F��� $J�&1���� �OtQHDV� FRQWLQXDV�JUXHVDV��D���E��\�F���\�&X�&1������OtQHDV�SXQWHDGDV��D����E���\�F����FRQ�UHVSHFWR�D�OD�FRQFHQWUDFLyQ�LQLFLDO��&�W��&�����HQ�IXQFLyQ�GHO�WLHPSR�GH�HOHFWUyOLVLV��(Q�
HVWD�HOHFWUyOLVLV�VH� LPSRQH�XQ�SRWHQFLDO�GH� �����P9��VREUH�XQ�HOHFWURGR�
GH�59&�GH����SSL��iUHD�����FP���ILJXUD���FXUYDV�D��D��\�D��������SSL��iUHD�����
FP���ILJXUD���FXUYDV�E��E��\�E����\���SSL��iUHD������FP���ILJXUD���FXUYDV�F��F��\�
F�����FRQ�XQD�YHORFLGDG�GH�IOXMR�OLQHDO�GHO�HOHFWUROLWR�GH��������PV�����
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�)LJXUD� �� 9DULDFLyQ� GH� ODV� FRQFHQWUDFLRQHV� QRUPDOL]DGDV� �FRQ� UHVSHFWR� D� OD� FRQFHQWUDFLyQ�
LQLFLDO����SSP� GH�&X�� ���SSP� GH� $J�� �SSP� GH� $X�� GH� ODV� HVSHFLHV� TXtPLFDV� GH� SODWD�� RUR� \� FREUH�
SUHVHQWHV� HQ� OD� VROXFLyQ� GH� OL[LYLDFLyQ� LQGXVWULDO�� HQ� IXQFLyQ� GHO� WLHPSR� GH� HOHFWUyOLVLV�� FXDQGR� VH�
LPSRQH� XQ� SRWHQFLDO� GH� ������P9� YV�6&(��3HUILO� GH�$X�&1���� �OtQHDV� FRQWLQXDV� GHOJDGDV��� SHUILO� GH�$J�&1���� �OtQHDV� FRQWLQXDV� JUXHVDV�� \� SHUILO� GH� &X�&1����� �OtQHDV� SXQWHDGDV��� D� GLIHUHQWHV� iUHDV� GH�HOHFWURGRV�GH�59&����SSL��iUHD����FP���FXUYDV�D��D��\�D�������SSL���iUHD����FP���FXUYDV�E��E��\��E����\��
��SSL��iUHD�����FP���FXUYDV�F��F��\�F�����6H�XWLOL]D�XQD�YHORFLGDG�GH�IOXMR�OLQHDO�GHO�FDWyOLWR�GH��������
PV�����
(Q�OD�ILJXUD����VH�REVHUYD�TXH�OD�YDULDFLyQ�GH�OD�FRQFHQWUDFLyQ�QRUPDOL]DGD�
GH� $X�&1���� \� $J�&1���� GLVPLQX\H� FRQ� UHVSHFWR� DO� WLHPSR� GH� HOHFWUyOLVLV��ILJXUD���FXUYDV�D��E�\�F��SDUD�HO�RUR�\��FXUYDV�D���E��\�F���SDUD�OD�SODWD��\�SDUD�
XQ� PLVPR� WLHPSR� GH� HOHFWUyOLVLV�� OD� GLVPLQXFLyQ� GH� OD� FRQFHQWUDFLyQ�
QRUPDOL]DGD� GH� HVWRV� PHWDOHV� DXPHQWD� FRQIRUPH� HO� iUHD� HOHFWURDFWLYD� VH�
LQFUHPHQWD��HOHFWURGRV�GH�59&�GH��������\���SSL�FRQ�XQD�iUHD�GH����������\�
�����FP��UHVSHFWLYDPHQWH���/D�YDULDFLyQ�GH�OD�FRQFHQWUDFLyQ�QRUPDOL]DGD�GH�
&X�,���HQ� ODV�HOHFWUyOLVLV�UHDOL]DGDV�VREUH� ORV�HOHFWURGRV�GH�59&�GH����\����
SSL� �iUHD�����\������ FP�� UHVSHFWLYDPHQWH�� VH�PDQWLHQH� FRQVWDQWH�GXUDQWH�
ORV�SULPHURV����PLQXWRV��ILJXUD���FXUYDV�E���\�F����\�GHVSXpV�GH�HVWH�WLHPSR�
VH�REVHUYD��XQD�GLVPLQXFLyQ�GH�pVWH�FRQ�UHVSHFWR�DO�WLHPSR�GH�HOHFWUyOLVLV��

�
(Q�OD�WDEOD�,,�VH�PXHVWUD�OD�YDULDFLyQ�GHO�SRUFHQWDMH�GH�UHFXSHUDFLyQ�GH�RUR�\�
SODWD�FRQIRUPH�HO�iUHD�GHO�HOHFWURGR�DXPHQWD��DO� LPSRQHU�XQ�SRWHQFLDO�GH� �
�����P9��SDUD�XQ�WLHPSR�GH�HOHFWUyOLVLV�GRQGH�OD�FRQFHQWUDFLyQ�QRUPDOL]DGD�
GH� &X�&1����� QR� FDPELD�� (Q� OD� WDEOD� �� VH� REVHUYD� TXH� HO� SRUFHQWDMH� GH�UHFXSHUDFLyQ� GH� RUR� FRPR� HO� SRUFHQWDMH� GH� UHFXSHUDFLyQ� GH� SODWD� VH�
LQFUHPHQWD�FRQIRUPH�VH�LQFUHPHQWD�HO�iUHD�GHO�HOHFWURGR��HVWH�LQFUHPHQWR�HV�
OLJHUDPHQWH�PD\RU� SDUD� HO� RUR� TXH� SDUD� OD� SODWD�� 6LQ� HPEDUJR�� HV� SRVLEOH�
REVHUYDU�TXH�HO�FREUH�HPSLH]D�D�GHSRVLWDUVH�FXDQGR�OD�UHODFLyQ�$J�$X�HV�GH�



�����VLQ�LPSRUWDU�HO�iUHD�GHO�HOHFWURGR�GH�59&��HVWD�UHODFLyQ�HV�OD�PLVPD�TXH�
OD� REWHQLGD� FXDQGR� VH� PRGLILFD� HO� SRWHQFLDO�� (VWH� KHFKR� LQGLFD� TXH� HO�
SDUiPHWUR�TXH�GHWHUPLQD�HO�GHSyVLWR�VHOHFWLYR�GH�$X�&1����\�$J�&1����HV� OD�FDQWLGDG�GHO�FRGHSyVLWR�$X�$J��\D�TXH�pVWH�HV�HO�TXH�PRGLILFD�HO�SRWHQFLDO�GH�
GHSyVLWR�GH�&X�&1�����HO�'25(���
7DEOD� ,,� ,QIOXHQFLD� GHO� iUHD� HQ� OD� UHFXSHUDFLyQ� GH� RUR� \� SODWD� \� OD� HILFLHQFLD� GH� FRUULHQWH� φ� H�� /D�
HOHFWUyOLVLV� IXH�GHVDUUROODGD�D�XQ�SRWHQFLDO�GH�������P9�YV�6&(�\�XQD�YHORFLGDG�GH�IOXMR� OLQHDO�GHO�
FDWyOLWR�GH��������PV����(O��WLHPSR�GH�HOHFWUyOLVLV�HV�HO�Pi[LPR�GRQGH�OD�FRQFHQWUDFLyQ�QRUPDOL]DGD�
GH�&X�&1�����QR�FDPELD���
��(OHFWURGR
GH�59&

����������SSL

7LHPSR�GH
(OHFWUyOLVLV

PLQ�
��
5HFXSHUDFLyQ
GH�$X

��
5HFXSHUDFLyQ
GH�$J

5HODFLyQ
$J�$X
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I�H�GHO
�$X�����

I�H�GH�OD�
$J������
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��
&RQVLGHUDQGR� TXH� ODV� FRQFHQWUDFLRQHV� GH� ODV� HVSHFLHV� HOHFWURDFWLYDV� GH�
$X�&1����\�$J�&1�����HQ�OD�VROXFLyQ�OL[LYLDQWH�LQGXVWULDO��VRQ��WDQ�SHTXHxDV����\���SSP�UHVSHFWLYDPHQWH���OD�GLVPLQXFLyQ�GH�OD�FRQFHQWUDFLyQ�QRUPDOL]DGD�GH�
$X�&1����\�$J�&1�����SXHGH�WDPELpQ�VHU�DWULEXLGD�DO�HIHFWR�GH�OD�WXUEXOHQFLD�TXH�VH�JHQHUD�HQ�ORV�HOHFWURGRV�WULGLPHQVLRQDOHV�FRQ�GLIHUHQWHV�SRURVLGDGHV��
DGHPiV�GHO�HIHFWR�GH�XQD�PD\RU�iUHD�HOHFWURDFWLYD��
(V� SRU� HOOR� TXH�� HQ� HO� HVWXGLR� GH� OD� YDULDFLyQ� GH� OD� YHORFLGDG� GH� IOXMR�� VH�
XWLOL]D� XQ� iUHD� GH� FRQWDFWR� PiV� SHTXHxD�� HQ� XQ� HOHFWURGR� GH� ��SSL� GH�
���FP�� �VLPLODU� DO� iUHD� GHO� HOHFWURGR� GH� ��SSL� XWLOL]D� DQWHULRUPHQWH� GH�
���FP��� \� XQ� WLHPSR� GH� HOHFWUyOLVLV� GH� ���PLQXWRV� GRQGH� OD� FRQFHQWUDFLyQ�
QRUPDOL]DGD�GH�FREUH�HV�FRQVWDQWH��(O� �iUHD�PiV�SHTXHxD�GHO�HOHFWURGR�GH�
���SSL��SHUPLWLUi�GHWHUPLQDU�HO�HIHFWR�GH�ODV�FRQGLFLRQHV�KLGURGLQiPLFDV�HQ�OD�
UHFXSHUDFLyQ�GH�RUR�\�SODWD��
�
9DULDFLyQ�GH�OD�YHORFLGDG�OLQHDO�GH�IOXMR��
�
8QD� � YH]� TXH� VH� KD� HVWDEOHFLGR� OD� LQIOXHQFLD� GHO� SRWHQFLDO� \� HO� iUHD� GHO�
HOHFWURGR� HQ� OD� UHFXSHUDFLyQ� GH� ODV� HVSHFLHV� HOHFWURDFWLYDV� GH� $X�&1���� \�$J�&1����� HV� LPSRUWDQWH� OD�HYDOXDFLyQ�GH� OD�FRQWULEXFLyQ�GH� OD�YHORFLGDG�GH�IOXMR�GH�OD�VROXFLyQ�OL[LYLDQWH�LQGXVWULDO��(VWH�HVWXGLR�HV�QHFHVDULR�\D�TXH�DOWDV�
YHORFLGDGHV�GH� IOXMR�� IDYRUHFHQ�DOWDV�GHQVLGDGHV�GH�FRUULHQWH��SHUR� WDPELpQ�
SURYRFDQ� IHQyPHQRV� GH� WXUEXOHQFLD�� OR� FXDO� SRGUtD� GDU� OXJDU� D� XQD�
GLVPLQXFLyQ� HQ� OD� FDQWLGDG� GHO� GHSyVLWR� GH� PHWDOHV� SRU� SUREOHPDV� GH�
DGKHUHQFLD�
/D�ILJXUD���PXHVWUD�HO�FDPELR�GH�OD�FRQFHQWUDFLyQ�QRUPDOL]DGD�GH�$X�&1�����OtQHDV� FRQWLQXDV� GHOJDGDV�� D�� E�� F�� G� \� H��� $J�&1���� � �OtQHDV� FRQWLQXDV�JUXHVDV��D���E���F���G��\�H���\�&X�&1������OtQHDV�SXQWHDGDV��D����FRQ�UHVSHFWR�D�OD� FRQFHQWUDFLyQ� LQLFLDO�� &�W��&����� HQ� IXQFLyQ� GHO� WLHPSR� GH� HOHFWUyOLVLV��



FXDQGR� VH� LPSRQH� XQ� SRWHQFLDO� GH� �����P9� VREUH� XQ� HOHFWURGR� GH�
59&�GH���SSL��iUHD�����FP���\�VH�UHDOL]D�OD�YDULDFLyQ�GH�OD�YHORFLGDG�OLQHDO�
GH�IOXMR�GH�OD�VROXFLyQ�OL[LYLDQWH�LQGXVWULDO�HQ�HO�LQWHUYDOR�GH������PV���D������
PV���� 6H� DQDOL]DQ� VRODPHQWH� WLHPSRV� GH� HOHFWUyOLVLV� HQ� GRQGH� OD�
FRQFHQWUDFLyQ�GH�&X�&1�����QR�VH�PRGLILFD�HQ�OD�VROXFLyQ���
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�)LJXUD� ��9DULDFLyQ� GH� ODV� FRQFHQWUDFLRQHV� QRUPDOL]DGDV� �FRQ� UHVSHFWR� D� OD� FRQFHQWUDFLyQ�
LQLFLDO����SSP� GH�&X�� ���SSP� GH� $J�� �SSP� GH� $X�� GH� ODV� HVSHFLHV� TXtPLFDV� GH� SODWD�� RUR� \� FREUH�
SUHVHQWHV� HQ� OD� VROXFLyQ� GH� OL[LYLDFLyQ� LQGXVWULDO�� HQ� IXQFLyQ� GHO� WLHPSR� GH� HOHFWUyOLVLV�� &XDQGR� VH�
LPSRQH�XQ�SRWHQFLDO�GH������P9�YV�6&(�VREUH�XQ�GH�HOHFWURGR�GH�59&�GH���SSL��iUHD�GH����FP����
3HUILO�GH�$X�&1�����OtQHDV�FRQWLQXDV�GHOJDGDV���SHUILO�GH�$J�&1�����OtQHDV�FRQWLQXDV�JUXHVDV��\�SHUILO�GH�&X�&1������OtQHDV�SXQWHDGDV���D�GLIHUHQWHV�YHORFLGDGHV�OLQHDOHV�GH�IOXMR�������PV����FXUYDV�D��D��\�D����������PV����FXUYDV�E��E��\�D�����������PV����FXUYDV�F��F��\�D����������PV����FXUYDV�G��G��\�D����\�������PV���
�FXUYDV�H��H��\�D������
(Q�OD�ILJXUD���VH�REVHUYD�TXH�OD�FRQFHQWUDFLyQ�QRUPDOL]DGD�GH�$X�&1����SDUD�XQ�PLVPR� WLHPSR� GH� HOHFWUyOLVLV� � GLVPLQX\H� FRQIRUPH� OD� YHORFLGDG� GH� IOXMR�
OLQHDO� VH� LQFUHPHQWD� �ILJXUD� �� FXUYDV� D�� E�� F�� G� \� H��� PLHQWUDV� TXH� OD�
FRQFHQWUDFLyQ� QRUPDOL]DGD� GH� &X�&1����� VH� PDQWLHQH� SUiFWLFDPHQWH�
FRQVWDQWH� GXUDQWH� HO� WLHPSR� GH� HOHFWUyOLVLV� FRQVLGHUDGR� HQ� HVWD� SDUWH� GHO�
HVWXGLR� �W ���PLQXWRV�� ILJXUD���FXUYD�D�����/D�FRQFHQWUDFLyQ�QRUPDOL]DGD�GH�
$J�&1����� D� SDUWLU� GH� �� PLQXWRV� GH� HOHFWUyOLVLV�� SUHVHQWD� HO� PLVPR�FRPSRUWDPLHQWR�TXH�GHO�RUR��GLVPLQX\H�SDUD�XQ�PLVPR�WLHPSR�GH�HOHFWUyOLVLV��
DO�LQFUHPHQWDUVH�OD�YHORFLGDG�GH�IOXMR�OLQHDO��ILJXUD���FXUYDV�D���E���F���G��\�H����
3RU�RWUD�SDUWH��HQ� OD� ILJXUD�VH�REVHUYD�TXH�SDUD� ODV�YHORFLGDGHV� OLQHDOHV�GH�
IOXMR�GH������PV���\������PV����OD�GLVPLQXFLyQ�GH�OD�FRQFHQWUDFLyQ�QRUPDOL]DGD�
GH�$J�&1����SUiFWLFDPHQWH�QR�FDPELD�HQ�HO�LQWHUYDOR�GH�WLHPSR�GH�HOHFWUyOLVLV�



GH���D���PLQXWRV��ILJXUD���FXUYDV�D��\�E����SUHVHQWDQGR�GH�HVWD�IRUPD�]RQDV�
HVWDQFDGDV�� ODV�FXDOHV�WLHQGHQ�D�GHVDSDUHFHU�DO� LQFUHPHQWDUVH� OD�YHORFLGDG�
OLQHDO�GH�IOXMR���

�
7DEOD�,,,�,QIOXHQFLD�GH�OD�YHORFLGDG�OLQHDO�GH�IOXMR�HQ�OD�UHFXSHUDFLyQ�GH�RUR�\�SODWD�\�OD�HILFLHQFLD�GH�
FRUULHQWH� φ 

H�� /D� HOHFWUyOLVLV� IXH� GHVDUUROODGD� HQ� XQ� SRWHQFLDO� GH� ������ P9� YV� 6&(� VREUH� XQ�
HOHFWURGR� GH� 59&� GH� ��� SSL� �FRQ� XQ� iUHD� GH� ���� FP���� SDUD� XQ� WLHPSR� GH� HOHFWUyOLVLV� GH� ���
PLQXWRV��GRQGH�OD�FRQFHQWUDFLyQ�QRUPDOL]DGD�GH�&X�&1�����QR�FDPELD���
9HORFLGDG
OLQHDO�GH
IOXMR
�X���P��V��

��GH
UHFXSHUDFLyQ
�GH��$X

�I�H�GHO�$X
���������

���GH
UHFXSHUDFLyQ
�GH��$J
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(Q�OD�WDEOD�,,,�VH�PXHVWUD�OD�YDULDFLyQ�GHO�SRUFHQWDMH�GH�UHFXSHUDFLyQ�GH�RUR�\�
SODWD�FRQIRUPH� OD�YHORFLGDG� OLQHDO�GH� IOXMR�DXPHQWD��DO� LPSRQHU�XQ�SRWHQFLDO�
GH�������P9�VREUH�XQ�HOHFWURGR�GH�59&�GH���SSL�FRQ�XQ�iUHD�GH����FP���
GXUDQWH�XQ�WLHPSR�GH�HOHFWUyOLVLV�GH����PLQXWRV��(Q�OD�WDEOD���VH�REVHUYD�TXH�
HO�SRUFHQWDMH�GH�UHFXSHUDFLyQ�GHO�RUR�\�GH�OD�SODWD��VH�LQFUHPHQWD�FRQIRUPH�
OD� YHORFLGDG� OLQHDO� GH� IOXMR� DXPHQWD�� (O� LQFUHPHQWR� HQ� OD� UHFXSHUDFLyQ� GH�
SODWD��DO�LQFUHPHQWDUVH�OD�YHORFLGDG�OLQHDO�GH�IOXMR��LQGLFD�TXH�ODV�FRQGLFLRQHV�
KLGURGLQiPLFDV� GH� OD� VROXFLyQ� OL[LYLDQWH� LQGXVWULDO� LQIOX\HQ� GH� PDQHUD� PiV�
LPSRUWDQWH�� HQ� OD� UHFXSHUDFLyQ�GH�HVWH�PHWDO�� TXH�HO� iUHD�HOHFWURDFWLYD��(V�
LPSRUWDQWH�KDFHU�QRWDU�TXH� OD� UHODFLyQ�$J�$X� �GHSRVLWDGD�D� OD�TXH�VH� OOHJD�
DQWHV� GH� TXH� VH� LQLFLH� HO� GHSyVLWR� GH� &X�&1������ HV� VLPLODU� D� OD� REWHQLGD�FXDQGR� VH� YDUtDQ� RWUDV� FRQGLFLRQHV� H[SHULPHQWDOHV� FRPR� HO� SRWHQFLDO� y� HO�
iUHD� GHO� HOHFWURGR� GH� 59&�� DVt� PLVPR�� SDUHFHUtD� TXH� HVWD� UHODFLyQ� HV�
OLJHUDPHQWH�PiV�JUDQGH�D�YHORFLGDGHV� OLQHDOHV�GH� IOXMR�PD\RUHV� �GHO�RUGHQ�
GH�������
&RQ� HO� ILQ� GH� FRUURERUDU� OR� GHVFULWR� HQ� HO� SiUUDIR� DQWHULRU� VH� FRPSDUDQ� ORV��
SRUFHQWDMHV� GH� UHFXSHUDFLyQ� GH� RUR� \� SODWD� SDUD� XQ� PLVPR� WLHPSR� GH�
HOHFWUyOLVLV�����PLQXWRV���FXDQGR�VH�XWLOL]DQ�GRV�HOHFWURGRV�GH�59&�GH����SSL�
\����SSL�FRQ�iUHDV��PX\�VLPLODUHV�����FP��\�����FP��UHVSHFWLYDPHQWH��\��HO�
PLVPR��IOXMR�YROXPpWULFR�GH�����OPLQ����SHUR�GLIHUHQWHV�YHORFLGDGHV�OLQHDOHV�GH�
IOXMR��������PV����SDUD�HO�59&�GH���SSL�\�����PV����SDUD�HO�59&�GH����SSL��
$O� FRPSDUDU� ORV� � SRUFHQWDMHV� GH� UHFXSHUDFLyQ� GH� RUR� \� SODWD�� HQ� ORV�
HOHFWURGRV�GH�����GH�OD�VHFFLyQ�GH�OD�YDULDFLyQ�GHO�iUHD��\����SSL��VH�REVHUYD�
HQ� HO� HOHFWURGR� GH� ��� SSL� XQ� LQFUHPHQWR� GH� WUHV� XQLGDGHV� SDUD� HO� RUR� �VH�
UHFXSHUD� XQ� ������ PLHQWUDV� TXH� SDUD� OD� SODWD� VH� WLHQH� XQ� LQFUHPHQWR� GRV�
XQLGDGHV� �VH� UHFXSHUD� XQ� ������ /R� GHVFULWR� DQWHULRUPHQWH� LQGLFD� TXH� HO�
DXPHQWR�TXH�VH�SUHVHQWD�HQ�HO�SRUFHQWDMH�GH�UHFXSHUDFLyQ�GH�RUR�\�SODWD�HV�



DWULEXLGR�D� ODV�FRQGLFLRQHV�KLGURGLQiPLFDV�GH� OD�VROXFLyQ� OL[LYDQWH� LQGXVWULDO�
�YHORFLGDG�OLQHDO�GH�IOXMR����
�
(YDOXDFLyQ�GH� OD�HILFLHQFLD�GH�FRUULHQWH� ��I� H��DVRFLDGDV�FRQ�HO� UHDFWRU�
)0���/&��
�
/RV�YDORUHV�GH�OD�HILFLHQFLD�GH�FRUULHQWH��φ�H��D�SDUWLU�GH�ORV�UHVXOWDGRV�GH�ORV�
HVWXGLRV� GH� iUHDV�� GH� OD� YDULDFLyQ� GH� OD� YHORFLGDG� OLQHDO� GH� IOXMR� υ� VRQ�
PRVWUDGRV�HQ�ODV��WDEODV���\���\�VRQ�FDOFXODGRV�D�WUDYpV�GH�OD�HFXDFLyQ����

�
φ
H� � �TQHF�T7��������������� � � � � � � ������������>�@�
�
'RQGH�TQHF�HV�OD�FDUJD�UHTXHULGD�SDUD�OOHYDU�D�FDER�HO�SURFHVR�GH�UHGXFFLyQ�X�R[LGDFLyQ�\�T7�HV�FDUJD�WRWDO�UHDO�FRQVXPLGD��HQ�HO�SURFHVR�HOHFWURTXtPLFR�UHDOL]DGR��
�
(Q� OD� WDEOD� ,,�VH�REVHUYD�TXH��D�XQD�YHORFLGDG� OLQHDO�GH� IOXMR�FRQVWDQWH�� �XQ�
DXPHQWR�HQ�HO�iUHD�GHO�HOHFWURGR�DXPHQWD�HO�SRUFHQWDMH�GH�UHFXSHUDFLyQ�GH�
RUR�\�SODWD�\�GLVPLQX\H�JUDGXDOPHQWH� OD�HILFLHQFLD�GH�FRUULHQWH�φ�H�GH�HVWRV�
PHWDOHV� FDGD� YH]� TXH� VH� LQFUHPHQWD� OD� VXSHUILFLH� GHO� HOHFWURGR� GH� 59&��
7DPELpQ��VH�REVHUYD�TXH�OD�HILFLHQFLD�GH�FRUULHQWH��φ�H�GHO�RUR�\�GH�OD�SODWD�
TXH� VH� REWLHQH� HV� PX\� EDMD�� (VWH� FRPSRUWDPLHQWR� SXHGH� DWULEXLUVH�
SULQFLSDOPHQWH�D�OD�UHGXFFLyQ�HO�DJXD��GH�WDO�IRUPD�TXH�XQD�JUDQ�SDUWH�GH�OD�
GHQVLGDG�GH� FRUULHQWH� TXH�SDVD� SRU� OD� FHOGD�HV� XWLOL]DGD� � HQ�HVWD� UHDFFLyQ�
VHFXQGDULD��
(V� LPSRUWDQWH� UHFRUGDU� TXH� OD� UHGXFFLyQ� GH� DJXD� VH� OOHYD� D� FDER�
FLQpWLFDPHQWH�GH�IRUPD�GLIHUHQWH�HQWUH�OD�VXSHUILFLH�GH�59&�OLEUH�GH�GHSyVLWR�
\� OD�VXSHUILFLH�FRQ� OD�DOHDFLyQ�$X�$J��'HELGR�D� OD�FDQWLGDG� WDQ�SHTXHxD�GH�
Q~FOHRV�GH�'25e�SUHVHQWHV�HQ�WRGD�OD�VXSHUILFLH�GH�59&��OD�FRQWULEXFLyQ�GH�
OD� GHQVLGDG�GH� OD� FRUULHQWH� DVRFLDGD�D� OD� UHGXFFLyQ�GH�DJXD� VREUH�HO�59&�
OLEUH� HV� PiV� LPSRUWDQWH�� HQ� OD� FRUULHQWH� WRWDO� TXH� SDVD� SRU� OD� FHOGD�� (VWR�
H[SOLFD� ODV�EDMDV�HILFLHQFLDV�GH�FRUULHQWH��φ�H�REWHQLGDV�SDUD�HO�GHSyVLWR�SRU�
VHSDUDGR�GH�$X�\�$J��DVt�FRPR�OD�GLVPLQXFLyQ�GH�pVWDV�FRQIRUPH�HO�iUHD�GH�
59&�DXPHQWD��
$QWH�HVWH�KHFKR��VH�KDFH�QHFHVDULR�HYDOXDU�OD�HILFLHQFLD�GH�FRUULHQWH��φ�H�GHO�
RUR�\�GH�OD�SODWD��D�SDUWLU�GH�ORV�HVWXGLRV�GH�OD�YHORFLGDG�OLQHDO�GH�IOXMR�υ��FRQ�
OD� ILQDOLGDG� GH� HVWDEOHFHU� VL� XQD� PRGLILFDFLyQ� GH� HVWDV� FRQGLFLRQHV�
RSHUDFLRQDOHV� �υ� y� M�� HQ� HO� UHDFWRU� )0���/&��� SHUPLWHQ� REWHQHU� XQD�PD\RU�
HILFLHQFLD�GH�FRUULHQWH��φ�H��HQ�OD�UHFXSHUDFLyQ�GH�RUR�\�SODWD��

�
(Q�OD�WDEOD�,,,�VH�REVHUYD�TXH��D�SDUWLU�GH�XQ�iUHD�FRQVWDQWH�GH����FP���XQ�
DXPHQWR� HQ� OD� YHORFLGDG� OLQHDO� GH� IOXMR� DXPHQWD� HO� SRUFHQWDMH� GH�
UHFXSHUDFLyQ�GH�RUR�\�SODWD��PLHQWUDV�TXH�OD�HILFLHQFLD�GH�FRUULHQWH��φ�H�SDUD�
HO�RUR�\�OD�SODWD�QR�SUHVHQWD�XQD�WHQGHQFLD�GHILQLGD��(VWR�VH�GHEH�D�TXH�HQ�
WRGRV�ORV�H[SHULPHQWRV�GH�OD�WDEOD���HO�iUHD�GHO�59&�HV�OD�PLVPD�\�D�SHVDU�
GH� TXH� OD� FDQWLGDG� GH� Q~FOHRV� GH� GRUp� DXPHQWD� FRQ� OD� YHORFLGDG� OLQHDO� GH�



IOXMR�� OD� UHGXFFLyQ�GHO� DJXD�HQ� OD� VXSHUILFLH� GH�59&� WLHQH�SUiFWLFDPHQWH� OD�
PLVPD�FRQWULEXFLyQ�HQ� OD�GHQVLGDG�GH� FRUULHQWH�TXH�SDVD�SRU� OD� FHOGD��$Vt�
PLVPR��ODV�EDMDV�HILFLHQFLDV�GH�FRUULHQWH��φ�H�REWHQLGDV�SDUD�OD�UHFXSHUDFLyQ�
GH�RUR�\�SODWD�SRGUtDQ�DVRFLDUVH�D�SUREOHPDV�GH�DGKHUHQFLD�GHO�FRGHSyVLWR�
$X�$J� HQ� HO� 59&�� VLQ� HPEDUJR�� HVWD� KLSyWHVLV� VH� GHVFDUWD� DO� REVHUYDU� HO�
DXPHQWR�GHO�SRUFHQWDMH�GH�UHFXSHUDFLyQ�WDQWR�GHO�RUR�FRPR�OD�SODWD�FRQIRUPH�
OD�YHORFLGDG�OLQHDO�GH�IOXMR�DXPHQWD���
/D�HYDOXDFLyQ�GH�OD�HILFLHQFLD�GH�FRUULHQWH��φ�H�PXHVWUD�TXH�D�SHVDU�GH�WHQHU��
LQFUHPHQWRV�HQ�HO�SRUFHQWDMH�GH�UHFXSHUDFLyQ�VHOHFWLYD�GHO�RUR�\�OD�SODWD��φ�H�
QR� DXPHQWD� PiV� GH� ������� SDUD� HO� RUR� \� GH� ������ SDUD� OD� SODWD�� (V�
LPSRUWDQWH�PHQFLRQDU�TXH�HO�YDORU�GH�OD�HILFLHQFLD�GH�FRUULHQWH��φ�H����������
SDUD� OD� HOHFWUyOLVLV� GH� �� SSP�GH� RUR�� REWHQLGD� HQ� HVWH� WUDEDMR� HV� VLPLODU� DO�
UHSRUWDGR�SRU�$��6WDYDUW�HW�DO�����SDUD�XQD�VROXFLyQ�FLDQXUDGD�FRQ��SSP�GH�
RUR����������(VWH�FRPSRUWDPLHQWR�FRQILUPD�HO�KHFKR�GH�TXH��OD�UHGXFFLyQ�HO�
DJXD� XWLOL]D� � XQD� JUDQ� SDUWH� GH� OD� GHQVLGDG� GH� FRUULHQWH� TXH� SDVD� SRU� OD�
FHOGD��

�
&21&/86,21(6�

(O�GHSyVLWR�HOHFWURTXtPLFR�GH�RUR�\�SODWD��VREUH�OD�VXSHUILFLH�GHO�HOHFWURGR�GH�
59&��PRGLILFD�ODV�SURSLHGDGHV�VXSHUILFLDOHV�GHO�PLVPR��GH�WDO�PDQHUD�TXH�HO�
GHSyVLWR�GH�&X�,���HQ�HO�LQWHUYDOR�GH�SRWHQFLDO�GH�������D�������P9�GHSHQGH�
GHO� WLHPSR�GH�HOHFWUyOLVLV��6H�SXHGH�HVWDEOHFH�TXH�D� WLHPSRV�GH�HOHFWUyOLVLV�
PHQRUHV� D� �� PLQXWRV�� OD� SUHGLFFLyQ� UHDOL]DGD� D� WUDYpV� GHO� ORV� HVWXGLRV�
YROWDPSHURPpWULFRV�TXH�DQWHFHGHQ�D�HVWH�WUDEDMR�������VREUH�HO�HOHFWURGR�GH�
9&�VH�FXPSOH�SDUD�HO�UHDFWRU�FRQ�HOHFWURGR�GH�59&��HV�GHFLU�TXH�HV�SRVLEOH�
UHGXFLU�$X�&1���� \�$J�&1���� VLQ� TXH� HO�&X�&1����� VH� GHSRVLWH��&RQIRUPH� HO�WLHPSR�GH�HOHFWUyOLVLV�DXPHQWD�� OD�FRQFHQWUDFLyQ�QRUPDOL]DGD�GH�$X�&1����\�$J�&1����GLVPLQX\H��OH\�GH�1HUQVW���HVWH�KHFKR�MXQWR�FRQ�HO�GHVSOD]DPLHQWR�KDFLD�YDORUHV�PHQRV�QHJDWLYRV�GHO�GHSyVLWR�GH�&X�&1����� VREUH� OD�DOHDFLyQ�$X�$J�� IRUPDGD� HQ� ORV� WLHPSRV� LQLFLDOHV� GH� HOHFWUyOLVLV�� SURYRFD� TXH� HO�
GHSyVLWR�GH�&X�&1������ VH� OOHYH�D� FDER�D�SRWHQFLDOHV�PHQRV�QHJDWLYRV�TXH�ORV�QHFHVDULRV�SDUD�GHSRVLWDUOR�HQ�VXSHUILFLHV�GH�9&�������P9��y�ELHQ�FRQ�
VXSHUILFLHV�GH�9&�FRQ�SHTXHxDV�FDQWLGDGHV�GH�OD�DOHDFLyQ�$X�$J�������P9���

�
/RV�HVWXGLRV�UHDOL]DGRV�D�OD�VROXFLyQ�OL[LYLDQWH�LQGXVWULDO�HQ�HO�UHDFWRU�)0���
/&�PRVWUDURQ�TXH�HO�LQFUHPHQWR�HQ�HO�SRWHQFLDO��HO�iUHD�GHO�HOHFWURGR�GH�59&�
\� OD� YHORFLGDG� OLQHDO� GH� IOXMR� �υ��� PHMRUDQ� HO� SRUFHQWDMH� GH� UHFXSHUDFLyQ�
VHOHFWLYD� GH� RUR� \� SODWD� �'RUp��� 6LQ� HPEDUJR�� H[LVWH� XQD� GHSHQGHQFLD� GHO�
GHSyVLWR� VLPXOWiQHR� GH� RUR� \� SODWD� VLQ� TXH� HO� FREUH� VH� GHSRVLWH� VREUH� HO�
HOHFWURGR� GH� 59&�� FRQ� UHVSHFWR� D� OD� UHODFLyQ� GHO� GHSyVLWR� SURPHGLR� GHO�
SRUFHQWDMH�GH�$J�$X�PHQRU�D������

�
(V�LPSRUWDQWH�PHQFLRQDU�TXH�GHVSXpV�GH�ORV����PLQXWRV�GH�HOHFWUyOLVLV��

ODV� FRQGLFLRQHV� HQHUJpWLFDV� HQ� OD� LQWHUIDVH� �FRQFHQWUDFLyQ� GH� ORV� LRQHV� HQ�



VROXFLyQ�\�FDQWLGDG�GH�GRUp��UHODFLyQ�$J�$X���VH�PRGLILFDQ�GH�WDO�PDQHUD�TXH�
HO�&X�&1�����HPSLH]D�D�GHSRVLWDUVH���

/DV�YDULDFLRQHV�GHO�iUHD�GHO�HOHFWURGR�\�OD�YHORFLGDG�GH�IOXMR��MXQWR�FRQ�
OD�LPSRVLFLyQ�GH�XQD�GHQVLGDG�GH�FRUULHQWH��PRVWUDURQ�TXH�D�SHVDU�GH�WHQHU��
LQFUHPHQWRV� HQ� HO� SRUFHQWDMH� GH� UHFXSHUDFLyQ� VHOHFWLYD� GH� RUR� \� SODWD�� OD�
HILFLHQFLD� GH� FRUULHQWH� �φH�� QR� DXPHQWD� PiV� GH� ������� SDUD� HO� RUR� \� GH�
������SDUD�OD�SODWD��GHELGR�D�TXH�XQD�JUDQ�SDUWH�GH�OD�GHQVLGDG�GH�FRUULHQWH�
TXH� SDVD� SRU� OD� FHOGD� OD� FRQVXPH� OD� UHGXFFLyQ� HO� DJXD�� OD� FXDO� HV� XQD�
UHDFFLyQ�VHFXQGDULD�GH�HVWH�SURFHVR��

� $*5$'(&,0,(1726�
/RV� DXWRUHV� H[SUHVDQ� VX� JUDWLWXG� D� � &21$&\7� �SUR\HFWR� � ������7�� \� D��
6HUYLFLRV�,QGXVWULDOHV�3HxROHV��0RQWHUUH\��0p[LFR��SRU�ILQDQFLDU�HVWH�WUDEDMR��
9�� 5H\HV�&UX]� DJUDGHFH� D� � &21$\7� \� 6HUYLFLRV� ,QGXVWULDOHV� 3HxROHV�
�0RQWHUUH\��0p[LFR��SRU�VX�EHFD�GH�'RFWRUDGR���� %,%/,2*5$),$�
��� 9�� (�� 5H\HV�� 0�� 7�� 2URSH]D�� ,�� *RQ]iOH]� DQG� &�� 3RQFH� GH� /HyQ�� ³�

(OHFWURFKHPLFDO� GHSRVLWLRQ� RI� VLOYHU� DQG� JROG� IURP� F\DQLGH� OHDFKLQJ�
VROXWLRQV´��+\GURPHWDOOXUJ\���������������

��� 9�� (�� 5H\HV�� 0�� 7�� 2URSH]D�� ,�� *RQ]iOH]� DQG� &�� 3RQFH� GH� /HyQ��
³(OHFWURFKHPLFDO� UHFRYHU\� RI� VLOYHU� IURP� F\DQLGH� OHDFKLQJ� VROXWLRQV´�� -��
$SSO��(OHFWURFKHP������������������

��� $��6WDYDUW��&��/HUR\�DQG�$��9DQ�/LHUGH��³3RWHQWLDO�XVH�RI�FDUERQ�IHOW�LQ�JROG�
KLGURPHWDOOXUJ\´��0LQHUDOV�(QJLQHHULQJ����������������

��� 9�� (�� 5H\HV�� 7HVLV� 0DHVWUtD� HQ� 4XtPLFD�� ³� (VWXGLR� 3UHOLPLQDU� SDUD�
(VWDEOHFHU� ODV�&RQGLFLRQHV�GH�2SHUDFLyQ�GH�XQ�5HDFWRU�7ULGLPHQVLRQDO��
SDUD� 5HFXSHUDU� 2UR� \� 3ODWD� GH� 'LVROXFLRQHV� 3URYHQLHQWHV� GH� OD�
/L[LYLDFLyQ�GH�0LQHUDOHV�FRQ�&LDQXUR´��8$0�,��0p[LFR����������

��� 9��(��5H\HV��0��7��2URSH]D�DQG�,��*RQ]iOH]��³(OHFWUR�UHFRYHU\�RI�JROG�DQG�
VLOYHU�IURP�D�F\DQLGH�OHDFKLQJ�VROXWLRQ�XVLQJ�D�)0���/&�UHDFWRU�ZLWK�59&�
FDWKRGH��0DVV�WUDQVSRUW�SKHQRPHQD´��6RPHWLGR�D�OD�(OHFWURFKLPLFD�$FWD��
�1RY���������

��� '�� 3OHWFKHU�� ,�� :K\WH�� )�� &�� :DOVK�� DQG� -�� 3�� 0LOOLQJWRQ�� ³5HWLFXODWHG�
YLWUHRXV�FDUERQ�FDWKRGHV�IRU�PHWDO�LRQ�UHPRYDO�IURP�SURFHVV�VWUHDPV�3DUW�
,��0DVV�WUDQVSRUW�VWXGLHV´��-��$SSO��(OHFWURFKHP�����������������

��� -��.��+DPPRQG��'��5RELQVRQ��&��-��%URZQ��'��3OHWFKHU�DQG�)��&��:DOVK��
�0DVV�7UDQVSRUW�6WXGLHV�LQ�)LOWHUSUHVV�0RQRSRODU��)0�7\SH��(OHFWURO\VHUV�
,,� �� /DERUDWRU\�6WXGLHV� LQ� WKH�)0���/&�5HDFWRU���'HFKHPD�0RQRJUDSKV�
YRO�����9&+�9HUODJVJHVHOOVFKDIW���������S�����

��� (OHFWURFKHPLVWU\�IRU�D�&OHDQHU�(QYLURQPHQW��(GLWHG�E\�'DYLG�*HQGHUV�DQG�
1RUPDQ� (LQEHUJ�� 7KH� (OHFWURV\QWHVLV� FR�� ,QF�� (DVW� $PKHUVW�� 1HZ� <RUN�
��������S����

��� &��-��%URZQ��'��3OHWFKHU��)��&��:DOVK��-��.��+DPPRQG�DQG�'��5RELQVRQ��
³6WXGLHV� RI� VSDFH�DYHUDJHG� PDVV� WUDQVSRUW� LQ� WKH� )0���/&� ODERUDWRU\�
HOHFWURO\VHU´��-��$SSO��(OHFWURFKHP����������������



����)�� &�� :DOVK�� $� )LUVW� &RXUVH� LQ� (OHFWURFKHPLFDO� (QJLQHHULQJ�� 7KH�
(OHFWURFKHPLFDO�&RQVXOWDQF\��(QJODQG����������S�����S������

����*LOEHUWR� &DUUHxR� $JXLOHUD�� 7HVLV� HQ� 4XtPLFD� ³&DUDFWHUL]DFLyQ� GH� XQD�
&HOGD� (OHFWURTXtPLFD� GH� )OXMR� &UX]DGR� FRQ� &iWRGR� GH� &DUEyQ� 9tWUHR�
5HWLFXODGR�HQ�OD�(OLPLQDFLyQ�\�5HFXSHUDFLyQ�GH�0HWDOHV�3HVDGRV´��8$0�
,��0p[LFR����������

����&��3RQFH�GH�/HyQ�DQG�'��3OHWFKHU��³7KH�LQIOXHQFH�RI�WKH�PHGLXP�RQ�3E�,,��
UHPRYDO�RQ�D���GLPHQVLRQDO�HOHFWURGH´��(OHFWURFKLP��$FWD������������������

����(�� 6RVD�� *�� &DUUHxR�� &�� 3RQFH� GH� /HyQ��0�7�� 2URSH]D��0��0RUDOHV�� ,��
*RQ]iOH]�DQG�1��%DWLQD��³/HDG�GHSRVLWLRQ�RQWR�IUDFWXUHG�YLWUHRXV�FDUERQ��
LQIOXHQFH�RI�HOHFWURFKHPLFDO�SUHWUHDWHG�HOHFWURGH´�$SSO��6XUIDFH�6FL�������
������������


