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3DODEUDV�&ODYH��&RQFHQWUDFLyQ�GH�WHQVLRQHV��PDWHULDOHV FRPSXHVWRV��ODPLQDGRV�
5HVXPHQ�� (Q� ORV� ~OWLPRV� DxRV�� D� QLYHO� LQWHUQDFLRQDO�� VH� HVWi� H[WHQGLHQGR� HO� XVR� GH� PDWHULDOHV
FRPSXHVWRV��R�&RPSRVLWHV���(VWRV�PDWHULDOHV�HVWiQ�IRUPDGRV�SRU�OD�FRPELQDFLyQ�GH�XQ�PDWHULDO�EDVH�
OODPDGR�PDWUL]��FRQ�RWUR�FRPSXHVWR�SRU�ILEUDV�GH�DOWD�UHVLVWHQFLD��TXH�SXHGHQ�HVWDU�GLVWULEXLGDV�HQ�XQD
R�YDULDV�GLUHFFLRQHV��/D�PDWUL]�SXHGH�VHU�PHWiOLFD��FHUiPLFD�R�XQD�UHVLQD�\�ODV�ILEUDV�PiV�FRPXQHV�GH
FDUERQR�� YLGULR� R� DUDPLGD�� 'HVGH� HO� SXQWR� GH� YLVWD� GH� OD� GXUDELOLGDG�� VH� SXHGH� DVHJXUDU� TXH�� HQ
DPELHQWHV� DJUHVLYRV�� HVWRV� PDWHULDOHV� WLHQHQ� XQ� PHMRU� GHVHPSHxR� TXH� ORV� PDWHULDOHV� WUDGLFLRQDOHV�
(VWDV� YHQWDMDV�� HQWUH� RWUDV� WDOHV� FRPR� GXFWLOLGDG�� DOWD� UHVLVWHQFLD� HQ� OD� GLUHFFLyQ� GH� OD� ILEUD�� EXHQ
FRPSRUWDPLHQWR�IUHQWH�DO�IXHJR�\�SHVR�UHGXFLGR��KDQ�IDYRUHFLGR�OD�GLIXVLyQ�GH�VX�XVR�
3RU� HVWRV� PRWLYRV�� UHVXOWD� QHFHVDULR� UHDOL]DU� HVWXGLRV� VREUH� HOHPHQWRV� HVWUXFWXUDOHV� UHDOL]DGRV� FRQ
HVWRV�PDWHULDOHV��(Q�HVWH�WUDEDMR�VH�DQDOL]D�HO�FDVR�GH� OD�FRQFHQWUDFLyQ�GH�WHQVLRQHV��TXH�HV�XQ� WHPD
EDVWDQWH� HVWXGLDGR� HQ� SLH]DV� GH� PDWHULDOHV� KRPRJpQHRV�� FRPR� HO� DFHUR�� SHUR� QR� GH� PDWHULDOHV
DQLVyWURSRV��FRPR�OR�VRQ�ORV�PDWHULDOHV�FRPSXHVWRV�
(Q� HVWD� SXEOLFDFLyQ� VH� SUHVHQWDQ� ORV� UHVXOWDGRV� REWHQLGRV� HQ� XQ� HVWXGLR� FRPSXWDFLRQDO� GHO
FRPSRUWDPLHQWR�PHFiQLFR�GH�XQD�SLH]D�UHDOL]DGD�FRQ�PDWHULDOHV�FRPSXHVWRV�\�VRPHWLGD�D�HVIXHU]RV
D[LOHV��6H�DQDOL]D�OD�FRQFHQWUDFLyQ�GH�WHQVLRQHV�SURGXFLGD�SRU�OD�SUHVHQFLD�GH�XQD�HQWDOOD��HQ�IXQFLyQ
GHO� WDPDxR� GH� OD� PLVPD�� GH� OD� GLUHFFLyQ� GH� ODV� ILEUDV� UHVLVWHQWHV�� GH� OD� FDQWLGDG� GH� OiPLQDV� \� OD
GLVSRVLFLyQ�GH�pVWDV��GHWHUPLQiQGRVH�ORV�UHVSHFWLYRV�)DFWRUHV�GH�&RQFHQWUDFLyQ�GH�7HQVLRQHV �
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���,1752'8&&,Ï1
/D� SUHVHQFLD� GH� LUUHJXODULGDGHV� HQ� OD� JHRPHWUtD� GH� XQD� SLH]D� HVWUXFWXUDO�� WDOHV� FRPR

RULILFLRV�� HQWDOODV� R� FXDOTXLHU� FDPELR� EUXVFR� GH� VHFFLyQ� SURGXFH� XQD� ORFDOL]DFLyQ� GH
WHQVLRQHV�� FRQRFLGD� FRPR� FRQFHQWUDFLyQ� GH� WHQVLRQHV� \� HYDOXDGD� D� WUDYpV� GHO� )DFWRU� GH
&RQFHQWUDFLyQ�GH�7HQVLRQHV��WDPELpQ�FRQRFLGR�FRPR�6&)��SRU�VXV�VLJODV�HQ�LQJOpV�

(VWH�WHPD��HQ�SODFDV�GH�PDWHULDOHV�LVyWURSRV��KD�VLGR�HVWXGLDGR�SRU�PXFKRV�DXWRUHV�GHVGH
HO�DxR�������HQ�TXH�.LUVFK�UHVXHOYH�HO�SUREOHPD�SDUD�HO�FDVR�GH��SODFDV�LQILQLWDV��KDVWD�OOHJDU�D
OD�SXEOLFDFLyQ�GH�PDQXDOHV�FRQ�QXPHURVDV�JHRPHWUtDV�\�VROLFLWDFLRQHV��3HWHUVRQ��������

(Q�HO�FDVR�GH�PDWHULDOHV�DQLVyWURSRV��/HNKQLWVNLL��������UHVXHOYH�DQDOtWLFDPHQWH�HO�FDVR�GH
SODFD�LQILQLWD�FRQ�XQ�RULILFLR�FLUFXODU�H[LVWLHQGR�DVLPLVPR�XQD�YDULHGDG�GH�SXEOLFDFLRQHV�TXH
DQDOL]DQ��SRU�HMHPSOR��HO�SUREOHPD�HQ�SODFDV�RUWyWURSDV�SDUD�GLVWLQWDV�UHODFLRQHV�GH�0yGXORV
GH�(ODVWLFLGDG�\�WDPDxRV�GH�RULILFLR��0Dt]�HW��DO����������R�OD�LQIOXHQFLD�GHO�ODUJR�GH�OD�SLH]D
HQ�HO�)DFWRU�GH�&RQFHQWUDFLyQ�GH�7HQVLRQHV��6iQFKH]�DQG�7UR\DQL��������

(Q� HO� SUHVHQWH� WUDEDMR� VH� DQDOL]DQ�� SODFDV� UHDOL]DGDV� HQ� XQD� VROD� OiPLQD� GH� GLVWLQWRV
PDWHULDOHV�FRPSXHVWRV�\�HPSOHDQGR�GLVWLQWRV�ODPLQDGRV�GH�XQ�PLVPR�PDWHULDO�

/D�JHRPHWUtD�GHO�PRGHOR�HVWXGLDGR�HV�OD�TXH�VH�SUHVHQWD HQ�OD�)LJXUD����3DUD�OD�UHVROXFLyQ
GH�ORV�SUREOHPDV�SURSXHVWRV�VH�XWLOL]y�HO�VRIWZDUH�)OH[3'(���������(VWH�VRIWZDUH��SHUPLWH�DO
XVXDULR�GHVFULELU�OD�JHRPHWUtD�GH�OD�SLH]D��SODQWHDU�PDWHPiWLFDPHQWH�HO�VLVWHPD�GH�HFXDFLRQHV
GLIHUHQFLDOHV��ODV�FRQGLFLRQHV�GH�ERUGH�TXH�ULJHQ�DO�SUREOHPD�\�WRGDV�ODV�HFXDFLRQHV�DX[LOLDUHV
QHFHVDULDV�� 3RVWHULRUPHQWH�� HQ� IRUPD� DXWRPiWLFD� VH� UHDOL]D� HO� PDOODGR� GHO�PRGHOR� SDUD� VHU
UHVXHOWR�FRQ�HO�0pWRGR�GH�ORV�(OHPHQWRV�)LQLWRV�\�SUHVHQWD� ORV� UHVXOWDGRV�HQ� IRUPD�JUiILFD�
(Q� ODV�PDOODV� VH� XWLOL]DURQ� HOHPHQWRV� WULDQJXODUHV�� (O� VRIZDUH� JHQHUD� XQD� SULPHUD�PDOOD� \
OXHJR�OD�YD�UHILQDQGR�KDVWD�FRQVHJXLU�TXH�HO�HUURU�VHD�PHQRU�TXH�HO�SURSXHVWR�SRU�HO�XVXDULR�
3DUD� HVWH� WUDEDMR� VH� ILMy� FRPR� HUURU� OtPLWH� HO� YDORU� ���� \D� TXH� FRQ� HO� PLVPR� VH� REWLHQHQ
UHVXOWDGRV� HVWDEOHV�� HQ� WLHPSRV� GH� FiOFXOR� DGHFXDGRV�� /D� YDOLGDFLyQ� GH� UHVXOWDGRV� HQ� ODV
OiPLQDV� VLPSOHV� VH� UHDOL]y� FRQ� HO� VRIWZDUH� $/*25� ������� \� VH� XVy� HO� SURJUDPD� &$'(&
�%DUEHUR��������SDUD�WUDEDMDU�FRQ�ODPLQDGRV�
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)LJXUD����(VTXHPD�GHO�PRGHOR�HVWUXFWXUDO�DQDOL]DGR
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8QD�OiPLQD�GH�PDWHULDO�FRPSXHVWR�HVWi�IRUPDGD�SRU�XQD�PDWUL]��JHQHUDOPHQWH�XQD�UHVLQD

HSR[L��\�XQ�UHIXHU]R�GH�ILEUDV�GH�FDUERQR��GH�YLGULR�X�RWUDV��GLVSXHVWDV�HQ�XQD�GLUHFFLyQ��6H
FRQVLGHUD� HO� FRPSRUWDPLHQWR� GHO� PDWHULDO� GH� OD� OiPLQD� FRPR� OLQHDOPHQWH� HOiVWLFR�
RULJLQDOPHQWH� OLEUH� GH� WHQVLRQHV� \� PDFURVFySLFDPHQWH� KRPRJpQHR� \� RUWyWURSR�� /DV
SURSLHGDGHV� HOiVWLFDV� GH� HVWDV� OiPLQDV� GHSHQGHQ� GH� ODV� SURSLHGDGHV� GH� ORV� PDWHULDOHV
FRQVWLWX\HQWHV�\�GH�ODV�SURSRUFLRQHV�GH�ORV�PLVPRV�HQ�OD�IRUPDFLyQ�GHO�FRPSXHVWR�\�SXHGHQ
VHU� REWHQLGDV� D� SDUWLU� GH� H[SUHVLRQHV� FOiVLFDV� GH� OD� PHFiQLFD� GH� PDWHULDOHV�� GDWRV
H[SHULPHQWDOHV�\�RWURV�PpWRGRV�DQDOtWLFRV�\�R�VHPLHPStULFRV��%DUEHUR��������-RQHV��������
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&RQRFLGDV� ODV� SURSLHGDGHV� HOiVWLFDV� �( �� �( �� ��* �� ��X �� WHQLHQGR� HQ� FXHQWD� ODV� UHODFLRQHV
HQWUH�0yGXORV�GH�(ODVWLFLGDG�\�&RHILFLHQWHV�GH�3RLVVRQ� �� ��

� �( (
X X HQ�ODV�GRV�GLUHFFLRQHV��TXH

FDGD�XQD�GH�HVWDV�OiPLQDV�HV�RUWRWUySLFD�HQ�VX�SURSLR�VLVWHPD�GH�FRRUGHQDGDV��PDWHULDO��\�TXH
HO�FRPSRUWDPLHQWR�PHFiQLFR��SXHGH�VHU�FRQVLGHUDGR�FRPR�XQ�(VWDGR�3ODQR�GH�7HQVLRQHV���VH
REWLHQHQ�ODV�HFXDFLRQHV�QHFHVDULDV�SDUD�UHVROYHU�HO�SUREOHPD�GH�HODVWLFLGDG�ELGLPHQVLRQDO�

/DV� 5HODFLRQHV� &RQVWLWXWLYDV� HQWUH� WHQVLRQHV� \� GHIRUPDFLRQHV� HQ� HO� VLVWHPD� GH
FRRUGHQDGDV�PDWHULDO���YLHQHQ�H[SUHVDGDV�SRU��%DUEHUR��������-RQHV��������
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6L� ODV� ILEUDV� QR� HVWiQ� RULHQWDGDV� HQ� OD� GLUHFFLyQ� GHO� HVIXHU]R�� ORV� HMHV� ORFDOHV� HVWDUiQ
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VH�REWLHQHQ�ORV�HVWDGRV�GH�WHQVLRQHV�\�GHIRUPDFLRQHV�GHO�PRGHOR��SDUD�ORV�FDVRV�HVWXGLDGRV�
6H�WUDEDMy�FRQ�XQD�SODFD�FRQ�UHODFLyQ�GH�ODGRV� �$�+ ��\�FRQ�UHODFLRQHV�GH�WDPDxR�GH�OD

HQWDOOD��GLiPHWUR��G�+ ������������������������\�����
(O�)DFWRU�GH�&RQFHQWUDFLyQ�GH�7HQVLRQHV�VH�REWXYR�HQ�FDGD�FDVR�XWLOL]DQGR�

�

Q
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V ���

GRQGH� �V FRUUHVSRQGH�D�OD�WHQVLyQ�HQ�XQ�SXQWR�GHO�ERUGH�GH�OD�HQWDOOD�\� QV D�OD�WHQVLyQ�HQ�HO
PLVPR�SXQWR�SDUD�OD�SODFD�VLQ�HQWDOOD��3DXO�DQG�5DR��������

/D� )LJXUD� �� PXHVWUD� HO� )DFWRU� GH� &RQFHQWUDFLyQ� GH� 7HQVLRQHV� SDUD� GLVWLQWRV� PDWHULDOHV
FRPSXHVWRV�HQ�XQD� OiPLQD� FRQ� ODV� ILEUDV�RULHQWDGDV� HQ� OD�PLVPD�GLUHFFLyQ�GHO�HVIXHU]R��(Q
HVWH�FDVR�� OD� WHQVLyQ� �V FRUUHVSRQGH�D� OD� WHQVLyQ�Pi[LPD�GH� WUDFFLyQ�TXH� VH�SURGXFH� HQ� ORV
ERUGHV� GH� OD� HQWDOOD� VREUH� HO� GLiPHWUR� QRUPDO� D� OD� GLUHFFLyQ� GH� OD� FDUJD�� /DV� SURSLHGDGHV
HOiVWLFDV�GH�ORV�PDWHULDOHV�XVDGRV�HQ�HVWH�WUDEDMR�VH�PXHVWUDQ�HQ�OD�7DEOD���
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acero AS4/3501-6 carbon/epoxi T300/5208 carbon/epoxi

e-glass/epoxi s-glass/epoxi Kevlar 149/epoxi

)LJXUD����)DFWRU�GH�&RQFHQWUDFLyQ�GH�7HQVLRQHV��SDUD� ��I  ��HQ�GLVWLQWRV�PDWHULDOHV

0DWHULDOHV��)LEUD�0DWUL] (��*3D� (���*3D� *�� �*3D� ��X
7���������&DUEyQ�(SR[L ��� ���� ���� ����
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6�JODVV�(SR[L �� ��� ��� ����
$FHUR ��� ��� ����� ����
.HYODU�����(SR[L �� ��� ��� ����

7DEOD����3URSLHGDGHV�GH�ORV�PDWHULDOHV�FRPSXHVWRV�XWLOL]DGRV

/D� )LJXUD� �D� PXHVWUD� OD� YDULDFLyQ� GHO� )DFWRU� GH� &RQFHQWUDFLyQ� GH� 7HQVLRQHV� SDUD� XQD
OiPLQD� GH� 6�JODVV�(SR[L�� FRQ� ILEUDV� RULHQWDGDV� HQ� iQJXORV� GH� ���� ����� ����� ���� \� ����� FRQ
UHVSHFWR�D� OD�GLUHFFLyQ�GH� OD� WHQVLyQ�DSOLFDGD��3RU�VX�SDUWH�� HQ� OD�)LJXUD��E�VH�SUHVHQWD�HVWD
PLVPD�YDULDFLyQ�SDUD�XQD�OiPLQD�7���������GH�&DUEyQ�(SR[L�
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D��6�*ODVV�(SR[L E��7���������&DUERQ�(SR[L

)LJXUD����)DFWRU�GH�&RQFHQWUDFLyQ�GH�7HQVLRQHV�SDUD�GLVWLQWDV�RULHQWDFLRQHV�GH�ODV�ILEUDV��UHVSHFWR�D�HMHV�JOREDOHV
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&RQ� OD� ILQDOLGDG� GH� YDOLGDU� OD� PHWRGRORJtD� SURSXHVWD� HQ� HVWH� WUDEDMR� VH� FDOFXODURQ� ORV
)DFWRUHV�GH�&RQFHQWUDFLyQ�GH�7HQVLRQHV�FRUUHVSRQGLHQWHV�D�XQD�SODFD�FRQ�XQ�RULILFLR�FHQWUDO�
TXH� HV� XQD� JHRPHWUtD� FOiVLFD� XWLOL]DGD� SDUD� OD� REWHQFLyQ� GHO� PLVPR�� ORJUDQGR� UHVXOWDGRV
FRLQFLGHQWHV�FRQ�ORV�GH�RWURV�DXWRUHV��0Dt]�HW��DO��������� WDO�FRPR�VH�PXHVWUD�HQ�OD�)LJXUD���
(Q�HVWH�FDVR�VH�XVy�XQ�PDWHULDO�RUWyWURSR�ILFWLFLR�FRQ� ��X  �����(��(� ����*����(�� �����\�iQJXOR
GH�RULHQWDFLyQ�GH�ODV�ILEUDV� ���I  ��(Q�OD�PLVPD�ILJXUD�VH�LQFOX\y�OD�FXUYD�TXH�FRUUHVSRQGH�D
OD� JHRPHWUtD� GH� LQWHUpV� HQ� QXHVWUR� WUDEDMR�� &RPR� VH� SXHGH� DSUHFLDU�� OD� GLIHUHQFLD� H[LVWHQWH
HQWUH�HVWDV�FXUYDV��GHQRWD�OD�IXHUWH�LQIOXHQFLD�TXH�WLHQH�OD�JHRPHWUtD�VREUH�HO�6&)�
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)LJXUD����,QIOXHQFLD�GH�OD�JHRPHWUtD�HQ�HO�)DFWRU�GH�&RQFHQWUDFLyQ�GH�7HQVLRQHV

���/$0,1$'26
/RV�PDWHULDOHV� FRPSXHVWRV� HVWiQ� IRUPDGRV� SRU� YDULDV� OiPLQDV� SHJDGDV� HQWUH� Vt� \� FX\DV

ILEUDV�VRQ�RULHQWDGDV�HQ�GLVWLQWDV�GLUHFFLRQHV��H[LVWLHQGR�WDQWRV�WLSRV�FRPR�VH�SXHGD�LPDJLQDU�
(Q� OD� WHRUtD� FOiVLFD� GH� SODFDV� FRQVWUXLGDV� FRQ� 0DWHULDOHV� &RPSXHVWRV� �%DUEHUR�� �����

-RQHV�� ������� VH� GHILQHQ� ODV� UHVXOWDQWHV� GH� WHQVLyQ� �)LJXUD� ��� HQ� HO� HVSHVRU� GH� FDGD� OiPLQD
FRPR�
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GRQGH� � �[ \ [\1 1 1 VRQ�IXHU]DV��SRU�XQLGDG�GH�ORQJLWXG��QRUPDOHV�\�WDQJHQFLDOHV��HQ�HO�SODQR�
�[ \9 9 VRQ�IXHU]DV�GH�FRUWH�SRU�XQLGDG�GH�ORQJLWXG�\� ��[ \ [\0 0 0 ORV�PRPHQWRV�GH�OD�SODFD�SRU
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&DEH�DFRWDU�TXH�HQWUH� ORV� ODPLQDGRV�PiV�XVDGRV�VH�HQFXHQWUDQ� ORV� ODPLQDGRV� VLPpWULFRV�
TXH�VRQ�DTXHOORV�TXH�SUHVHQWDQ�XQD�VLPHWUtD��WDQWR�JHRPpWULFD�FRPR�PDWHULDO��FRQ�UHVSHFWR�DO
SODQR�PHGLR�GHO�ODPLQDGR��6RQ�SDUWLFXODUPHQWH�XWLOL]DGRV��\D�TXH�QR�SUHVHQWDQ�DFRSODPLHQWR
H[WHQVLRQDO�IOH[LRQDO� � �LM%  �� \� SRU� OR� WDQWR� QR� VH� FXUYDQ� GXUDQWH� HO� SURFHVR� GH� � FXUDGR�
FXDQGR�VH�RULJLQDQ�HVIXHU]RV�GH�UHWUDFFLyQ�

7RGRV� ORV� ODPLQDGRV� DQDOL]DGRV� HQ� HO� SUHVHQWH� WUDEDMR� VRQ� GHO� WLSR�6�JODVV�(SR[L�� FX\DV
SURSLHGDGHV� VH� GHWDOODQ� HQ� OD� 7DEOD� ��� VRQ� VLPpWULFRV� \� DOJXQRV� GH� HOORV� VRQ� DGHPiV
EDODQFHDGRV��(VWRV�ODPLQDGRV�EDODQFHDGRV�SRVHHQ�SRU�FDGD�FDSD�FRQ�XQ�iQJXOR� I� RWUD�FDSD
FRQ�XQ�iQJXOR� I� ��\�SRU�FDGD�FDSD�FRQ�XQ�iQJXOR�GH����RWUD�GH������FRQ�HO�PLVPR�HVSHVRU�\
PDWHULDO��GH�WDO�PDQHUD�TXH� �� �� �$ $  �

�����/DPLQDGRV�&URVV�3O\
/RV�ODPLQDGRV�&URVV�3O\�VRQ�DTXHOORV�GRQGH�ODV� ILEUDV�HVWiQ�D�RULHQWDGDV�D�����\����� FRQ

UHVSHFWR� D� ORV� HMHV� JHQHUDOHV�� SRU� OR� TXH� 
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8QD�YH]�REWHQLGDV�ODV�GHIRUPDFLRQHV�GHO�SODQR�PHGLR��VH�SXHGHQ�FDOFXODU�ODV�WHQVLRQHV�HQ
FDGD�OiPLQD�PHGLDQWH�ODV�(FXDFLRQHV�����WHQLHQGR�HQ�FXHQWD�ODV�(FXDFLRQHV�����

3DUD�HO�FiOFXOR�GHO�)DFWRU�GH�&RQFHQWUDFLyQ�GH�7HQVLRQHV�OD�WHQVLyQ� �V GH�OD�H[SUHVLyQ����
FRUUHVSRQGH�D� OD�7HQVLyQ�GH�7UDFFLyQ� HQ�HO�SXQWR�GHO�ERUGH�GH� OD� HQWDOOD� VREUH� HO� GLiPHWUR
QRUPDO� D� OD� GLUHFFLyQ� GHO� HVIXHU]R�� /D� YDULDFLyQ� GH� GLFKR� )DFWRU� GH� &RQFHQWUDFLyQ� GH
7HQVLRQHV�FRQ�UHVSHFWR�D�OD�UHODFLyQ�G�+�VH�PXHVWUD�HQ�OD�)LJXUD���

���

���

���

���

���

���

���

��� ��� ��� ��� ��� ���
G�+

.

>����@V >���������@V >������@V ����� ������ ������� >�����������@>������������@ >�������@V

)LJXUD����)DFWRU�GH�&RQFHQWUDFLyQ�GH�7HQVLRQHV�HQ�/DPLQDGRV�&URVV�3O\�VLPpWULFRV

�����/DPLQDGRV�$QJOH�3O\
/RV� ODPLQDGR�$QJOH�3O\�HVWiQ� IRUPDGRV�SRU�SDUHV�GH� FDSDV�� FRQ� ILEUDV�RULHQWDGDV� D� I�� �

FRQ� UHVSHFWR� D� ORV� HMHV� JHQHUDOHV��6RQ� ODPLQDGRV�EDODQFHDGRV�SRU� OR� TXH� �� �� �$ $  \� VL
DGHPiV�VRQ�VLPpWULFRV� �LM%  ���SRU�OR�TXH��SDUD�HVIXHU]RV�HQ�HO�SODQR���ODV�HFXDFLRQHV�VRQ�ODV
PLVPDV�TXH�SDUD�ODPLQDGRV�&URVV�3O\�6LPpWULFRV�

(O�FiOFXOR�GHO�)DFWRU�GH�&RQFHQWUDFLyQ�GH�7HQVLRQHV�VH�UHDOL]y�FRQ�ODV�7HQVLRQHV�0i[LPDV
GH�7UDFFLyQ��/RV�UHVXOWDGRV�REWHQLGRV�SDUD�HVWRV�ODPLQDGRV�VH�PXHVWUDQ�HQ�OD�)LJXUD���
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>������@V >������@V >������@V

)LJXUD����/DPLQDGRV�$QJOH�3O\�VLPpWULFRV

���$1È/,6,6�'(�5(68/7$'26
&RPR� SXHGH� DSUHFLDUVH� HQ� OD� )LJXUD� ��� HO� )DFWRU� GH� &RQFHQWUDFLyQ� GH� 7HQVLRQHV� HQ� ODV

OiPLQDV�VLPSOHV�GH�0DWHULDOHV�&RPSXHVWRV��FRQ�ILEUDV�RULHQWDGDV�HQ�OD�GLUHFFLyQ�GHO�HVIXHU]R
HV��HQ�WRGRV�ORV�FDVRV��PiV�HOHYDGR�TXH�HQ�ORV�PDWHULDOHV� LVyWURSRV��3DUD�HO�FDVR�GH�5HVLQDV
(SR[L�FRQ�)LEUDV�GH�9LGULR�HVWH�DXPHQWR�HV�GHO�RUGHQ�GHO������SDUD�5HVLQDV�(SR[L�FRQ�)LEUDV
GH�&DUERQR�YDUtD� HQWUH� HO� �����\� HO� ����� \� SDUD� HO� FDVR� GH�5HVLQDV�(SR[L� FRQ�)LEUDV� GH
$UDPLGD�HO�DXPHQWR�OOHJD�DO��������(Q�HVWD�PLVPD�ILJXUD�SXHGH�YHUVH�TXH�HO�6&)�DXPHQWD�D
PHGLGD� TXH� VH� LQFUHPHQWD� OD� UHODFLyQ� GLiPHWUR� GH� OD� HQWDOOD�DQFKR� GH� OD� SODFD� �G�+��
PDQWHQLpQGRVH� ORV�SRUFHQWDMHV�DQWHV�PHQFLRQDGRV��(Q� WRGRV� ORV�FDVRV� OD� WHQVLyQ�Pi[LPD�VH
SURGXFH�HQ�HO�ERUGH�GH�OD�HQWDOOD��D�����FRQ�UHVSHFWR�D�OD�GLUHFFLyQ�GHO�HVIXHU]R�DSOLFDGR�

$QDOL]DQGR�OD�YDULDFLyQ�GHO�)DFWRU�GH�&RQFHQWUDFLyQ�GH�7HQVLRQHV��SDUD�OiPLQDV�FRQ�ILEUDV
RULHQWDGDV�XQ�iQJXOR� I� FRQ�UHVSHFWR�D�OD�GLUHFFLyQ�GHO�HVIXHU]R���SXHGH�YHUVH��HQ�OD�)LJXUD���
TXH� HVWD� UHODFLyQ� HV�Pi[LPD�SDUD� XQD� RULHQWDFLyQ� GH� ��� \�PtQLPD�SDUD� �����PDQWHQLpQGRVH
SDUD� ODV� RULHQWDFLRQHV� GH� ����� ���� \� ���� HQWUH� ODV� FXUYDV� DQWHV� PHQFLRQDGDV�� &RPR� SXHGH
REVHUYDUVH�� HO� 0DWHULDO� &RPSXHVWR� FRQ� )LEUDV� GH� &DUERQR� SUHVHQWD� HQ� JHQHUDO�
FRQFHQWUDFLRQHV�PiV�HOHYDGDV��TXH�HO�FRPSXHVWR�FRQ�)LEUDV�GH�9LGULR��3RU�RWUD�SDUWH��DO�YDULDU
HO� iQJXOR� GH� OD� ILEUD�� FRQ� UHVSHFWR� D� OD� GLUHFFLyQ� GHO� HVIXHU]R�� WDPELpQ� VH� FRUUHQ�� VREUH� HO
ERUGH�� ODV� WHQVLRQHV�PiV� DOWDV�� TXH� \D� QR� VH� HQFXHQWUDQ� D� ����� (Q� HVWD� ILJXUD� SXHGH� YHUVH
WDPELpQ�TXH�VL�ELHQ�SDUD�ODV�RULHQWDFLRQHV�GH����\������HO�6&)�DXPHQWD�FRQ�OD�UHODFLyQ�G�+��QR
VXFHGH�OR�PLVPR�SDUD�RWUDV�RULHQWDFLRQHV�GRQGH�WLHQGH�LQFOXVR�D�GLVPLQXLU��(VWH�IHQyPHQR�QR
RFXUUH�SDUD�OD�JHRPHWUtD�FOiVLFD��FRQ�HO�RULILFLR�FHQWUDO��PRGHOR�����WDO�FRPR�SXHGH�REVHUYDUVH
HQ�OD�)LJXUD���

(Q� ORV� ODPLQDGRV�&URVV�3O\� HVWXGLDGRV�� SXHGH� YHUVH� TXH� HO� )DFWRU� GH� &RQFHQWUDFLyQ� GH
7HQVLRQHV�DXPHQWD�FRQ� OD� UHODFLyQ�G�+�\�TXH�� WRGDV� ODV�FRQILJXUDFLRQHV� VH�PDQWLHQHQ�HQ� HO
LQWHUYDOR�FRPSUHQGLGR�HQWUH�ODV�FXUYDV�FRUUHVSRQGLHQWHV�D�OD�OiPLQD�VLPSOH�GH����\�OD�GH�����

/RV� ODPLQDGRV� EDODQFHDGRV� WDOHV� FRPR� >����@V�� >���������@V�� SUHVHQWDQ� WRGRV� OD� PLVPD
FXUYD��VLWXDGD�H[DFWDPHQWH�HQWUH�ODV�PHQFLRQDGDV�DQWHULRUPHQWH��PLHQWUDV�TXH�ORV�ODPLQDGRV
VLPpWULFRV�QR�EDODQFHDGRV�VH�DFHUFDQ�PiV�D�XQD�X�RWUD��GH�DFXHUGR�D�OD�FDQWLGDG�GH�OiPLQDV�GH
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FDGD�WLSR�TXH�SRVHHQ��3RU�HMHPSOR�>������@�VH�DFHUFD�D�OD�FXUYD�GH����\�>�������@�VH�DFHUFD�D�OD
GH�����

$VLPLVPR�� SXHGH� YHUVH� TXH� WRGRV� ORV� ODPLQDGRV� TXH� UHSLWHQ� XQD� VHFXHQFLD� FRPR�� SRU
HMHPSOR�� >�������@�\� >�������@V�FRPSDUWHQ� OD�PLVPD�FXUYD��7RGDV� ODV�FXUYDV�GH� OD�)LJXUD��
FRUUHVSRQGHQ�DO�)DFWRU�GH�&RQFHQWUDFLyQ�GH�7HQVLRQHV�GH�7UDFFLyQ��TXH�HV�SUiFWLFDPHQWH�HO
PLVPR�SDUD�ODV�GLVWLQWDV�FDSDV�DXQTXH�ODV�WHQVLRQHV��HYLGHQWHPHQWH�QR�OR�VRQ�

(Q�OD�)LJXUD����VH�PXHVWUDQ�ODV�FXUYDV�FRUUHVSRQGLHQWHV�D�/DPLQDGRV�$QJOH�3O\�6LPpWULFRV
>������@V�� >������@V� \� >������@V�� 6H� FRPSUREy� HQ� HO� WUDEDMR� TXH�� DO� LJXDO� TXH� HQ� HO� FDVR� GH
/DPLQDGRV�&URVV�3O\�� ORV�/DPLQDGRV�$QJOH�3O\�TXH� UHSLWHQ� HVWDV� VHFXHQFLDV� FRPSDUWHQ� ODV
PLVPDV�FXUYDV��SRU� OR�TXH�QR�VH� LQFRUSRUDURQ�VXV�JUiILFDV��$VLPLVPR�� VL�ELHQ� ODV� WHQVLRQHV
VRQ�GLIHUHQWHV�HQ�FDGD�FDSD��HO�)DFWRU�GH�&RQFHQWUDFLyQ�GH�7HQVLRQHV�HV�HO�PLVPR�

(Q� FXDQWR� DO� )DFWRU� GH� &RQFHQWUDFLyQ� GH� 7HQVLRQHV� GH� &RPSUHVLyQ�� FX\DV� JUiILFDV� QR
IXHURQ� LQFRUSRUDGDV� HQ� HO� SUHVHQWH� WUDEDMR�� KHPRV� REVHUYDGR� TXH�� HQ�/DPLQDGRV�$QJOH�3O\
>������@V� HV� VHPHMDQWH� DO� GH� 7UDFFLyQ�� HQ� ODPLQDGRV� >������@V� HV� XQ� ���� PHQRU� \� HQ
ODPLQDGRV� >������@V� HV� EDVWDQWH� PiV� HOHYDGR�� PLHQWUDV� TXH� HQ� ORV� ODPLQDGRV� &URVV�3O\
DOFDQ]D�yUGHQHV�GH�YDORUHV�OLJHUDPHQWH�VXSHULRUHV�D�ORV�GH�WUDFFLyQ��SRU�OR�FXDO�FRQVLGHUDPRV
TXH�HV�QHFHVDULR�WHQHUOR�HQ�FXHQWD��\D�TXH��VL�ELHQ�ODV�WHQVLRQHV�VXHOHQ�VHU�PHQRUHV��WDPELpQ
OR�HV�OD�UHVLVWHQFLD�GHO�PDWHULDO�
���&21&/86,21(6

/D�PHWRGRORJtD�GH�DQiOLVLV�DTXt�SUHVHQWDGD��HV�XQD�KHUUDPLHQWD�~WLO�SDUD�HO�DQiOLVLV�GH� OD
FRQFHQWUDFLyQ�GH�WHQVLRQHV�HQ�SLH]DV�UHDOL]DGDV�FRQ�PDWHULDOHV�FRPSXHVWRV�

(Q� HVWD� LQYHVWLJDFLyQ� VH� KD� REVHUYDGR� TXH� OD� SUREOHPiWLFD� GH� OD� FRQFHQWUDFLyQ� GH
WHQVLRQHV�� HV� PX\� FRPSOHMD� \� TXH� ORV� UHVXOWDGRV� GHSHQGHQ� PXFKR� GHO� WLSR� GH� PDWHULDOHV
HPSOHDGRV�� SRU� HOOR� ORV� UHVXOWDGRV� REWHQLGRV� SDUD� XQ� WLSR� GH� PDWHULDO� QR� FRQYLHQH
H[WUDSRODUORV�SDUD�RWURV�

$QDOL]DQGR�OR�DTXt�REWHQLGR�\�OD�ELEOLRJUDItD�FRQVXOWDGD��VH�SXHGH�GHFLU�TXH�HO�)DFWRU�GH
&RQFHQWUDFLyQ� GH� 7HQVLRQHV� HQ� 0DWHULDOHV� &RPSXHVWRV� GHSHQGH� HVWUHFKDPHQWH� GH� OD
JHRPHWUtD�GH�OD�SLH]D�

(O� YDORU� GHO� 6&)� QR� HV� XQ� YDORU� VXILFLHQWH�� SRU� Vt� VROR�� SDUD� OD� SUHGLFFLyQ� GH� IDOOD� HQ
ODPLQDGRV�
$*5$'(&,0,(1726

/RV� DXWRUHV� GHVHDQ� H[SUHVDU� VX� DJUDGHFLPLHQWR� DO� 'HSDUWDPHQWR� GH� ,QJHQLHUtD� \� D� OD
6HFUHWDUtD�*HQHUDO�GH�&LHQFLD�\�7HFQRORJtD�GH�OD�8QLYHUVLGDG�1DFLRQDO�GHO�6XU��SRU�HO�DSR\R
EULQGDGR�SDUD�HO�GHVDUUROOR�GH�HVWDV�LQYHVWLJDFLRQHV�
5()(5(1&,$6
5��(��3HWHUVRQ��6WUHVV�&RQFHQWUDWLRQ�)DFWRUV� -RKQ�:LOH\�������
6��*��/HNKQLWVNLL��$QLVRWURSLF�3ODWHV��*RUGRQ�DQG�%UHDFK�6FLHQFH�3XEOLVKHUV������
6�� 0DL]�� 5�� 5RVVL�� 3�� /DXUD�� '�� %DPELOO�� (IHFWRV� GH� OD� 2UWRWURStD� VREUH� HO� )DFWRU� GH

&RQFHQWUDFLyQ�GH�7HQVLRQHV��(1,()�������0HFiQLFD�&RPSXWDFLRQDO�������������������
0�� 6iQFKH]�� 1�� 7UR\DQL�� )DFWRU� WHyULFR� GH� FRQFHQWUDFLyQ� GH� HVIXHU]RV� HQ� SLH]DV� FRUWDV� GH

PDWHULDOHV�DQLVyWURSRV���(1,()�������0HFiQLFD�&RPSXWDFLRQDO����������������������
)OH[3'(�Y�������$�)OH[LEOH�6ROXWLRQ�6\VWHP�IRU�3DUWLDO�'LIIHUHQWLDO�(TXDWLRQV 3'(�6ROXWLRQV

,QF�������
$/*25� Y���� 3URIHVVLRQDO� 0HFK�9(�� 'RFXWHFK� /LQHDU� 6WUHVV� DQG� '\QDPLFV� 5HIHUHQFH

'LYLVLRQ��3LWWVEXUJ��3HQQV\OYDQLD�������
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(��-��%DUEHUR��&$'(&��&RPSXWHU�$LGHG�'HVLJQ�(QYLURQPHQW�IRU�&RPSRVLWHV������
(��-��%DUEHUR��,QWURGXFWLRQ�WR�&RPSRVLWH�0DWHULDOV�'HVLJQ��7D\ORU�DQG�)UDQFLV��,QF�������
5��0��-RQHV��0HFKDQLFV�RI�&RPSRVLWH�0DWHULDOV��7D\ORU�DQG�)UDQFLV��,QF�������
7�� .�� 3DXO�� .�� 0�� 5DR� )LQLWH� (OHPHQW� 6WUHVV� $QDO\VLV� RI� /DPLQDWHG� &RPSRVLWH� 3ODWHV
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