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Dados recentes (Purucker et al., 2000), adquiridos pelo magnetómetro MAG-ER, 
transportado pela sonda Mars Global Surveyor (MGS), revelaram anomalias magnéticas muito 
intensas (>±500 nT a uma altitude normalizada de 200 Km) na superfície de Marte. As anomalias 
magnéticas têm grande extensão (à escala planetária) mas localizam-se quase exclusivamente na 
zona Sul da dicotomia hemisférica, nos terrenos mais antigos de idade Noaquiana e Hesperiana. 
A região onde as anomalias são mais intensas situa-se nas Terrae Sirenum e Cimmeria (TS-TC), 
centrada nas coordenadas 50°S, 180°E.

A geometria superficial das anomalias magnéticas nesta área mostra uma estrutura em bandas 
paralelas, de polaridades alternadas, simétricas em torno de um alinhamento de orientação EW 
localizado à latitude 50°S. Esta geometria é análoga à que, na Terra, se forma em zonas de rifte,

Para além da simetria de eixo EW existe uma outra, menos marcada, em torno de uma linha 
aproximadamente NS, localizada à longitude 180° E, aparentemente posterior.

A crosta da região TS-TC é interpretada como sendo maioritariamente de idade Noaquiana 
(>3600 Ma) (Scott e Tanaka, 1998). A era Noaquiana caracteriza-se por ter elevado grau de 
craterismo: mais de 25 crateras com diâmetro superior a 16 Km por 106 Km2.

A área sobre a qual o presente estudo se debruça com maior pormenor situa-se entre as 
latitudes 40°S e 60°S e as longitudes 160°E e 150°W, com altitudes médias superiores aos 2000 
m, densamente craterizado. É aqui que se situam as anomalias magnéticas mais intensas. A 
contagem de crateras nesta área – mais de 200 crateras com diâmetro superior a 16 Km por 106 
Km2 – permite datar a superfície como Noaquiano Inferior. O facto de as maiores crateras 
deformarem ou mesmo obliterarem as anomalias magnéticas mostra que a origem destas deverá 
ser procurada em processos de rifting (continental?) muito antigo, no Noaquiano Inferior, ou seja, 
nos primórdios da história geológica de Marte, há mais de 4200 Ma, ainda no período de 
diferenciação da crosta.

Por outro lado, esta área apresenta um denso registo de tectonismo. A tectónica da Terra 
Sirenum foi interpretada como sendo condicionada pelo extenso sistema de grabens que constitui 
as Sirenum Fossae (Anderson et al., 2001). Este é um dos vários sistemas de grabens que 
irradiam da região de Tharsis, todos caracterizados por um regime extensional de falhamento, 
sem componente de desligamento sensível. Todos os processos magmato-tectónicos relacionados 
com o empolamento da região de Tharsis têm sido associados com a ascensão diapírica de 
magmas num regime termodinâmico de tipo “hot-spot” (Wilson e Head, 2002) a partir do 
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Hesperiano Inferior (Scott e Tanaka, 1986). Note-se que os dados MAG-ER não revelaram 
magnetização das lavas de Tharsis, pelo que estas devem ter extruído quando o mecanismo de 
dínamo interno já estava extinto. A extrusão dessas lavas é posterior à implantação dos sistemas 
de grabens.

Na área limitada em estudo podem observar-se dois alinhamentos estruturais mais nítidos. A 
direcção N70°E, marcada por falhas sem desligamento visível, é a dominante. O outro 
alinhamento corresponde a um sistema de falhas com componente de desligamento, sendo 
visíveis falhas N30°W com movimento esquerdo, em particular nos bordos da cratera Copernicus 
onde chegam a apresentar movimentos horizontais da ordem dos 10 Km. Este sistema de falhas é 
posterior ao alinhamento dominante. O entrecruzamento das duas direcções tectónicas mais 
significativas produz uma topografia em “boxwork”, visível nas imagens MOLA (Mars Orbiter 
Laser Altimeter) da sonda MGS (MOLA Science Team, 2003).

O conjunto de dados analisados permite sugerir uma cronologia relativa para os eventos na 
região Terra Sirenum – Terra Cimmeria. Assim, sucessivamente:

1. Implantação em regime de tipo rifting das rochas que preservaram as anomalias 
magnéticas de orientação geral EW;

2. Evento distensivo de orientação geral NS;
3. Extinção do mecanismo de dínamo planetário;
4. Principais eventos de bombardeamento meteorítico Noaquiano;
5. Formação do sistema de grabens radiais a partir do empolamento diapírico de Tharsis, 

aqui marcados pela fracturação N70°E, a partir do Hesperiano Inferior;
6. Formação do sistema de falhas com componente de desligamento.
Embora não seja ainda possível datar com maior rigor este último sistema de falhas, ele é 

seguramente tardi-Hesperiano a Amazoniano, o que implica que, nesse período, Marte ainda teria 
uma tectónica activa.
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$�SURMHFW�IRU�PDJQHWLF�H[SORUDWLRQ�RQ�0DUV
$OYHV��(��,�
���$]HYHGR��-��0��
���$OWH�GD�9HLJD��1��0��
���)HUQDQGHV��9��$�
�

� H�LYR�DOYHV#QHWF�SW
� MD]HYHGR#FL�XF�SW

� QXQR�DOWGDYHLJD#PDLO�WHOHSDF�SW
� YHUDDIHUQDQGHV#\DKRR�FRP


 &HQWUR�GH�*HRItVLFD�GD�8QLYHUVLGDGH�GH�&RLPEUD��$Y��'U��'LDV�GD�6LOYD�����������&RLPEUD��3RUWXJDO

'RV�SODQHWDV�WHO~ULFRV�SULQFLSDLV�GR�6LVWHPD�6RODU��0HUF~ULR��9pQXV��D�7HUUD�H�0DUWH���DSHQDV�
GRLV� WrP� FDPSRV� PDJQpWLFRV� GLSRODUHV�� GH� RULJHP� LQWHUQD�� SURYDYHOPHQWH� JHUDGRV� SRU�
PHFDQLVPRV�DQiORJRV�GH�GtQDPR�QRV�VHXV�Q~FOHRV��0HUF~ULR�H�D�7HUUD��1D�7HUUD��DV�YDULDo}HV�GH�
ORQJR�SHUtRGR�GR�FDPSR�JHRPDJQpWLFR��LQFOXLQGR�DV�VXDV�LQYHUV}HV�FDyWLFDV��WrP�VLGR�UHJLVWDGDV�
QDV� URFKDV� VRE� D� IRUPD� GH� PDJQHWL]Do}HV� UHPDQHVFHQWHV�� SULQFLSDOPHQWH� SHORV� SURFHVVRV� GH�
PDJQHWL]DomR� WHUPR�UHPDQHVFHQWH� �GRPLQDQWH� QDV� URFKDV� tJQHDV�� H� PDJQHWL]DomR� GHWUtWLFD�
�GRPLQDQWH�QDV�URFKDV�VHGLPHQWDUHV��

)RL� FRP� VXUSUHVD�� SRUWDQWR�� TXH� VH� GHVFREULX� UHFHQWHPHQWH� �&RQQHUQH\� HW DO��� ������ TXH�
WDPEpP� VH� HQFRQWUDP� DQRPDOLDV�PDJQpWLFDV� QD� VXSHUItFLH� GH�0DUWH��2V� GDGRV� TXH� SHUPLWLUDP�
HVVD� GHVFREHUWD� IRUDP� DGTXLULGRV� SHOR�PDJQHWyPHWUR�0$*�(5�� WUDQVSRUWDGR� SHOD� VRQGD�0DUV�
*OREDO�6XUYH\RU��0*6���$�FDUWRJUDILD�GHVVDV�DQRPDOLDV�DSUHVHQWD UD]RiYHLV�VHPHOKDQoDV�FRP�D�
GDV� DQRPDOLDV� PDJQpWLFDV� WHUUHVWUHV�� QD� VXD� ]RQD� PDLV� LQWHQVD� �HQWUH� DV� 7HUUDH� &LPPHULD� H�
6LUHQXP���GLVS}HP�VH�HP�EDQGDV�SDUDOHODV�FRP�DOWHUQkQFLD�GH�SRODULGDGH��3XUXFNHU�HW�DO����������
$�SULQFLSDO�GLIHUHQoD�p�TXH�D�LQWHQVLGDGH GHVVDV�DQRPDOLDV�FKHJD�D�VHU�GXDV�RUGHQV�GH�JUDQGH]D�
PDLRU� TXH� QD� 7HUUD�� 2XWUR� DVSHFWR� LQWHUHVVDQWH�� H� TXH� GLIHUHQFLD� 0DUWH� GD� 7HUUD�� p� TXH�� DR�
FRQWUiULR� GR� QRVVR� SODQHWD�� p� QDV� ]RQDV� PDLV� DQWLJDV� TXH� VH� HQFRQWUDP� DV� DQRPDOLDV�� HP�
SDUWLFXODU� QRV� WHUUHQRV� IRUWHPHQWH� FUDWHUL]DGRV� GRV� SHUtRGRV� 1RDTXLDQR� H� +HVSHULDQR�� TXDVH�
VHPSUH�D�6XO�GD�GLFRWRPLD�KHPLVIpULFD�SODQHWiULD��(VWD�GLVSRVLomR�LQGLFD�TXH�0DUWH�WHUi�WLGR�XP�
GtQDPR�LQWHUQR�H��SURYDYHOPHQWH��XPD�WHFWyQLFD�DFWLYD�PDV�TXH�D�SHTXHQD�GLPHQVmR�GR�SODQHWD�
WHUi�OHYDGR�D�XP�DUUHIHFLPHQWR�SUHFRFH��SRU�DOWXUDV�GR�OLPLWH�WHPSRUDO�+HVSHULDQR�$PD]RQLDQR��
FRP�FRQVHTXHQWH�SDUDJHP�GR�GtQDPR�

2� FRQKHFLPHQWR� SRUPHQRUL]DGR� GDV� DQRPDOLDV� PDJQpWLFDV� GH� 0DUWH� UHYHVWH�VH� GD� PDLRU�
LPSRUWkQFLD��QmR�Vy�SDUD�R�FRQKHFLPHQWR�GD�KLVWyULD�JHROyJLFD�GR�SODQHWD�PDV�WDPEpP�SDUD�D�VXD�
FDUDFWHUL]DomR� H[RELROyJLFD� H�PHVPR� SDUD� D� VXD� IXWXUD� H[SORUDomR� KXPDQD��'H� IDFWR�� XP� GRV�
SULQFLSDLV� REVWiFXORV� DR� GHVHQYROYLPHQWR� GH� YLGD� QXP� SODQHWD� VmR� DV� UDGLDo}HV� HQHUJpWLFDV�
SURYHQLHQWHV�GR�YHQWR�VRODU��$�7HUUD�HVWi�SURWHJLGD�GHVVDV�UDGLDo}HV�SHOD�PDJQHWRVIHUD��6HUi�TXH�
DV� ]RQDV� GDV� DQRPDOLDV� PDJQpWLFDV� HP�0DUWH� SURGX]HP� FDPSRV� ORFDLV� VXILFLHQWHPHQWH� IRUWHV�
SDUD� SURWHJHU� DV� SXWDWLYDV� IRUPDV� GH� YLGD"� 6HUi� TXH� HVVHV� FDPSRV� VmR� EDVWDQWH� IRUWHV� SDUD�
SURWHJHU�IXWXURV�H[SORUDGRUHV�KXPDQRV"

2V� GDGRV� 0*6� QmR� VmR� EDVWDQWHV� SDUD� UHVSRQGHU� D� HVWDV� SHUJXQWDV�� (P� WHUPRV� GH�
VREUHYLYrQFLD�� p� PXLWR� GLIHUHQWH� SRVVXLUPRV� XPD� JUDQGH� iUHD� FRHUHQWHPHQWH� PDJQHWL]DGD� RX�
YiULDV� SHTXHQDV� iUHDV� �PHQRUHV� TXH� D� UHVROXomR� HVSDFLDO� GR� LQVWUXPHQWR�0$*�(5�� FRP� XPD�
UHVXOWDQWH�DSDUHQWHPHQWH�FRHUHQWH��$V�iUHDV�GH�0DUWH�HP�TXH�KDYHUi�PDLRU�SUREDELOLGDGH�GH�VH�
HQFRQWUDU� YLGD�� SDVVDGD� RX� SUHVHQWH�� VHUmR� DTXHODV� HP� TXH�� VLPXOWDQHDPHQWH�� KRXYHU� PDLRU�
GLVSRQLELOLGDGH�GH�iJXD�H�SURWHFomR�GDV�UDGLDo}HV��$OYHV�H�0DGHLUD���������$OpP�GLVVR��D�HVFROKD�
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GH� XP� ORFDO� ³SURWHJLGR´� SDUD� R� SRXVR� GH� PLVV}HV� WULSXODGDV� HYLWDULD� D� FRQVWUXomR� RX� R�
HVFDYDPHQWR�GH�DEULJRV�DQWL�UDGLDo}HV�

$� ~QLFD� VROXomR� SDUD� FRQKHFHU� HP� SRUPHQRU� D� JHRPHWULD� H� D� LQWHQVLGDGH� GDV� DQRPDOLDV�
PDJQpWLFDV�H�GDV�VXDV�IRQWHV�VHUi�UHDOL]DU�SHUILV�PDJQpWLFRV�QD�VXSHUItFLH�GR�SODQHWD��)RL�HVVD�D�
SURSRVWD�GR�SURMHFWR�0$*0$��D�0$JQHWLF�*UDGLRPHWHU�RQ�0$UV���FRRUGHQDGR�SHOR�&HQWUR�GH�
*HRItVLFD�GD�8QLYHUVLGDGH�GH�&RLPEUD��H�TXH� LQFOXL�XP�WRWDO�GH���� LQYHVWLJDGRUHV�GH�3RUWXJDO��
*Um�%UHWDQKD��(VSDQKD��)UDQoD��,WiOLD��5HS~EOLFD�&KHFD�H�6XtoD�

1XQFD�HVWHYH�XP�PDJQHWyPHWUR��QHP�IL[R��QD�VXSHUItFLH�PDUFLDQD��+i�DJRUD�D�RSRUWXQLGDGH�
GH� LQFOXLU� XP� VLVWHPD� PDJQHWRPpWULFR� QR� URYHU ([R0DUV� TXH� D� $JrQFLD� (VSDFLDO� (XURSHLD�
GHYHUi�HQYLDU�HP������SDUD�SRXVDU�QD�VXSHUItFLH�GH�0DUWH�H�Dt�UHDOL]DU�XP�SHUILO�FRP�SHOR�PHQRV�
��� .P� GH� H[WHQVmR� KRUL]RQWDO�� DPRVWUDQGR� SHULRGLFDPHQWH� URFKDV�� VRORV� H� DWPRVIHUD�� 2V�
REMHFWLYRV�GD�PLVVmR�([R0DUV�VmR�GRLV��³SURFXUDU�VLQDLV�GH�YLGD�SDVVDGD�H�SUHVHQWH�HP�0DUWH´�H�
³LGHQWLILFDU�SRVVtYHLV�ULVFRV�SDUD�KXPDQRV�QD�VXSHUItFLH´��*DUGLQL�HW�DO���������

2�VLVWHPD�TXH�SURSXVHPRV�IRL�XP�JUDGLyPHWUR�PDJQpWLFR��FRPSRVWR�SRU�GRLV�PDJQHWyPHWURV�
IOX[JDWH WULD[LDLV��ORFDOL]DGRV�QR�H[WHULRU�GR� URYHU D GXDV�DOWXUDV�VHSDUDGDV�SHOR�PHQRV���P��2V�
PDJQHWyPHWURV�WHUmR�SHVR�H�FRQVXPR�HOpFWULFR�PXLWR�EDL[RV�������J�������P:��H�QmR�REULJDUmR�
D�FRQVWUXLU�LQIUD�HVWUXWXUDV�HVSHFtILFDV��$�HVFROKD�GR�GLVSRVLWLYR�GXSOR�± JUDGLyPHWUR�± GHYHX�VH�
D� HVWH� DSUHVHQWDU� DV� VHJXLQWHV� YDQWDJHQV�� ��� UHGXQGkQFLD�� ��� RV� JUDGLHQWHV� ILOWUDP� D� YDULDomR�
GLXUQD�����SHUPLWHP�REWHU�GLUHFWDPHQWH�DV�DQRPDOLDV�UHVLGXDLV��ILOWUDGDV�GH�SRVVtYHLV�WHQGrQFLDV�
UHJLRQDLV�� ��� PHOKRUDP� D� VHQVLELOLGDGH� GR� LQVWUXPHQWR�� ��� PHOKRUDP� D� GLVFULPLQDomR� HQWUH
DQRPDOLDV�DGMDFHQWHV�����PHOKRUDP�D�HVWLPDWLYD�GD�SURIXQGLGDGH�GD�IRQWH�GD�DQRPDOLD��7HOIRUG�HW�
DO���������

$� UHDOL]DomR� GHVWH� SHUILO� PDJQpWLFR� VHUi� XPD� LPSRUWDQWH� IHUUDPHQWD� SDUD� PHOKRUDU� D�
FRPSUHHQVmR�GD�HYROXomR�JHROyJLFD�H�GR�SRWHQFLDO�H[RELROyJLFR�GH 0DUWH��$OpP�GLVVR��R�PXLWR�
EDL[R� FRQVXPR� HOpFWULFR� GRV� PDJQHWyPHWURV� 0$*0$� SHUPLWH� DQWHYHU� TXH� XP� GHOHV� SRVVD�
FRQWLQXDU� HP� VHUYLoR� FRPR� REVHUYDWyULR� PDJQpWLFR� IL[R� DWp� XP� DQR� GHSRLV� GH� RV� UHFXUVRV�
HQHUJpWLFRV�GR�URYHU Mi�QmR�SHUPLWLUHP�QHP�R�PRYLPHQWR�QHP D�RSHUDomR�GH�TXDOTXHU�GRV�RXWURV�
LQVWUXPHQWRV�
5HIHUrQFLDV
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3URF��6L[WK�,QW��&RQI��RQ�0DUV��3DVDGHQD��86$�� ,Q�SUHOX�
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&RQWURO�WHFWyQLFR�HQ�OD�VHGLPHQWDFLyQ�HQ�FXHQFDV�SLJJ\�EDFN��(MHPSORV�
GH�OD�]RQD�FHQWUDO�VXUSLUHQDLFD�

7HFWRQLF�FRQWUROV�RQ�VHGLPHQWDU\�WUHQGV��([DPSOHV�IURP�WKH�6RXWK�&HQWUDO�3\UHQHHV�
SLJJ\�EDFN�EDVLQV�

%HDPXG��(����*DUFpV��0����0XxR]��-��$����&DEUHUD��/��
� *UXS�GH�*HRGLQjPLFD�L�$QjOLVL�GH�&RQTXHV��8QLYHUVLWDW�GH�%DUFHORQD��/DERUDWRUL�GH�3DOHRPDJQHWLVPH�

�8%�&6,&�&,5,7���,QVWLWXW�GH�&LqQFLHV�GH�/D�7HUUD�-��$OPHUD �&6,&���6ROp�L�6DEDUtV�V�Q��������
%DUFHORQD��EHWEHDPXG#XE�HGX

� *UXS�GH�*HRGLQjPLFD�L�$QjOLVL�GH�&RQTXHV��8QLYHUVLWDW�GH�%DUFHORQD��)DFXOWDW�GH�*HRORJLD��&�0DUWt�L�
)UDQTXpV�V�Q��������%DUFHORQD��

La sedimentación sintectónica aluvial en regimenes compresivos está fuertemente 
influenciada por movimientos verticales diferenciales (subsidencia y levantamiento) y 
por cambios en los aportes sedimentarios, resultantes de las rápidas transformaciones en 
la topografía y red de drenaje. En este escenario, la progradación aluvial se suele 
interpretar como la respuesta sedimentaria a un incremento en el levantamiento 
tectónico y en la erosión del área fuente. La visión clásica que relaciona una 
progradación aluvial con una alta tasa de sedimentación, deriva probablemente de la 
escasez de dataciones precisas en materiales aluviales que permitan establecer con 
fiabilidad sus tasas de acumulación.

Los conglomerados de La Pobla de Segur (Rosell and Riba, 1966, Mellere, 1992) y
de la Sierra de Sis (Vincent, 1993) representan el relleno sinorogénico de cuencas 
piggy-back de la Zona Surpirenaica central durante el Eoceno medio-superior. Los 
datos magnetoestratigráficos de estos materiales (Fig. 1) ponen de manifiesto un 
considerable descenso de las tasas de sedimentación durante el Bartoniense (c18n), 
coincidiendo con una progradación de gravas a escala de cuenca. Bentham  (1992)
documenta también un descenso de las tasas de sedimentación para el mismo periodo en 
la zona de Mediano,  igualmente asociado a una progradación de los conglomerados de 
la Formación Escanilla. 

El levantamiento de las zonas internas de la cadena pirenaica durante este tiempo 
(Fitzgerald et al., 1999) garantizaba los aportes sedimentarios necesarios para mantener 
la acumulación de material en equilibrio con la subsidencia. Por lo tanto, una 
progradación aluvial, acompañada de un descenso en la tasa de acumulación, sugiere 
una disminución del espacio de acomodación como principal factor de control en las 
tasas de sedimentación, arquitectura sedimentaria y composición de los materiales. 
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)LJ���� &RUUHODFLyQ�PDJQHWRHVWUDWLJUiILFD�GH�ORV�FRQJORPHUDGRV�GH�OD�3REOD�GH�6HJXU�\�6LHUUD�GH�6LV�FRQ�
OD� (73*� �&DQGH� 	� .HQW�� ������� /D� VHULH� ³0HGLDQR� DUHD´� HVWi� FRPSXHVWD� SRU� ODV� VHULHV�
PDJQHWRHVWUDWLJUiILFDV�GH�0HGLDQR�\�(ULSRO��%HQWKDP����������E�� WDVDV�GH�VHGLPHQWDFLyQ�SDUD�ODV�VHULHV�
GH�/D�3REOD�GH�6HJXU�\�0HGLDQR��GHULYDGDV�GH OD�FRUUHODFLyQ�SURSXHVWD��
5HIHUHQFLDV

%HQWKDP��3�$�������� 7KH�WHFWRQR�VWUDWLJUDSKLF�GHYHORSPHQW�RI�WKH�ZHVWHUQ�REOLTXH�UDPS�RI�WKH�6RXWK �&HQWUDO�3\UHQHDQ�WKUXVW�
V\VWHP��1RUWKHUQ�6SDLQ�>3K'�7KHVLV�WKHVLV@��&DOLIRUQLD��8QLYHUVLW\�RI�6RXWKHUQ�&DOLIRUQLD�
&DQGH��6�&��DQG�.HQW��'�9�������� 5HYLVHG�FDOLEUDWLRQ�RI�WKH�JHRPDJQHWLF�SRODULW\�WLPH�VFDOH�IRU�WKH�/DWH�&UHWDFHRXV�DQG�
&HQR]RLF��-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��%��6ROLG�(DUWK�DQG�3ODQHWV������������� ������
)LW]JHUDOG��3�*���0XxR]��-�$���&RQH\��3�-�� DQG�%DOGZLQ��6�/��������� $V\PPHWULF�H[KXPDWLRQ�DFURVV�WKH�3\UHQHDQ�RURJHQ��
LPSOLFDWLRQV�IRU�WKH�WHFWRQLF�HYROXWLRQ�RI�D�FROOLVLRQDO�RURJHQ��(DUWK�DQG�3ODQHWDU\�6FLHQFH�/HWWHUV��Y�������S����� �����
0HOOHUH��'��������� ,�FRQJORPHUDWL�GL�3REOD�GH�6HJXU���6 WUDWLJUDILD�ILVLFD�H�UHOD]LRQL�WHWWRQLFD �VHGLPHQWD]LRQH�>7HVL�GL�GRWWRUDWR�LQ�
VFLHQ]H�GHOOD�WHUUD�WKHVLV@��3DGRYD��8QLYHUVLWD�GHJOL�VWXGL�GL�3DGRYD�
5RVHOO��-���DQG�5LED��2�������� 1RWD�VREUH�OD�GLVSRVLFLyQ�VHGLPHQWDULD�GH�ORV�FRQJORPHUDGRV�GH�3REOD�GH�6H JXU��SURYLQFLD�GH�
/pULGD���4XLQWR�&RQJUHVR�,QWHUQDFLRQDO�GH�(VWXGLRV�3LUHQDLFRV��-DFD �3DPSORQD��S�������
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9LQFHQW��6�-��������� )OXYLDO�SDOHRYDOOH\V�LQ�PRXQWDLQ�EHOWV��DQ�H[DPSOH�IURP�WKH�VRXWK�FHQWUDO�3\UHQHHV�>3K��'��WKHVLV@��/LYHUSRRO��
8QLYHUVLW\�RI�/LYHUSRRO
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Determinación de la magnetización remanente de las fuentes magnéticas en 
entornos volcánicos activos a partir del análisis y la modelización de las 

anomalías magnéticas y gravimétricas. Aplicación a la isla de Lanzarote.

(VWLPDWLRQ�RI�WKH�UHPDQHQW�PDJQHWL]DWLRQ�RI�PDJQHWLF�VRXUFHV�LQ�DFWLYH�YROFDQLF�HQYLURQPHQWV�
WKURXJK�WKH�DQDO\VLV�DQG�PRGHOOLQJ�RI�PDJQHWLF�DQG�JUDYLW\�DQRPDOLHV��$SOLFDWLRQ�WR�

/DQ]DURWH�LVODQG�
%ODQFR�0RQWHQHJUR��,����0RQWHVLQRV��)�*����*DUFtD��$����9LHLUD��5���

� 'HS��)tVLFD��8QLYHUVLGDG�GH�%XUJRV��(VFXHOD�3ROLWpFQLFD�6XSHULRU��F�9LOODGLHJR�V�Q��������%XUJRV��(VSDxD��
LEODQFR#XEX�HV

� ,QVWLWXWR�GH�$VWURQRPtD�\�*HRGHVLD��&6,&�8&0���)DFXOWDG�GH�&LHQFLDV�0DWHPiWLFDV��$Y��&RPSOXWHQVH�V�Q��������
0DGULG��IXHQ#LDJPDW��PDW�XFP�HV

� 'HS��9ROFDQRORJtD��0XVHR�1DFLRQDO�GH�&LHQFLDV�1DWXUDOHV��&6,&���-RVp�*XWLpUUH]�$EDVFDO����������0DGULG��
DOLFLDJ#PQFQ�FVLF�HV

8Q�PDSD�GH�DQRPDOtDV�PDJQpWLFDV�FRQVWLWX\H�HO�UHIOHMR�HQ�VXSHUILFLH�GH�ODV�KHWHURJHLGDGHV�HQ�
OD� PDJQHWL]DFLyQ� �UHPDQHQWH� H� LQGXFLGD�� GH� OD� FRUWH]D� WHUUHVWUH�� GLUHFWDPHQWH� OLJDGDV� D� ODV�
GLIHUHQWHV�HVWUXFWXUDV�SUHVHQWHV�HQ�HO�VXEVXHOR��3RU�HVWD�UD]yQ��OD�HODERUDFLyQ�GH�XQ�PRGHOR�GH�OD�
FRUWH]D� D� SDUWLU� GH� XQ� PDSD� GH� DQRPDOtDV� PDJQpWLFDV� SXHGH� DSRUWDU� LQIRUPDFLyQ� PX\� YDOLRVD�
DFHUFD�GH�GLFKDV�HVWUXFWXUDV��6LQ�HPEDUJR��HO�SUREOHPD�IXQGDPHQWDO�GH�HVWH�WLSR�GH�HVWXGLR�UDGLFD�
HQ� OD� QR� XQLFLGDG� GHO� SUREOHPD� LQYHUVR�� VHJ~Q� OD� FXDO� H[LVWHQ� LQILQLWDV� GLVWULEXFLRQHV� GH�
PDJQHWL]DFLyQ�TXH�SRGUtDQ�VHU�OD�IXHQWH�GH�ODV�DQRPDOtDV�REVHUYDGDV�HQ�VXSHUILFLH��(Q�HO�FDVR�GH�
ODV�iUHDV�YROFiQLFDV�DFWLYDV��VH�GD�DGHPiV�OD�FLUFXQVWDQFLD�GH�TXH�OD�UD]yQ�GH�.|HQLJVEHUJHU�GH�
ODV�URFDV�VXHOH�VHU�PXFKR�PD\RU�TXH�XQR��UD]yQ�SRU�OD�FXDO�OD�FRQWULEXFLyQ�IXQGDPHQWDO�DO�PDSD�
GH�DQRPDOtDV�PDJQpWLFDV�OD�SURGXFH�OD�PDJQHWL]DFLyQ�UHPDQHQWH�GH�ODV�URFDV�FX\D�GLUHFFLyQ�HV��
HQ�JHQHUDO��GHVFRQRFLGD��(Q�HO�SURFHVR�GH�PRGHOL]DFLyQ��SRU�WDQWR��ORV�SDUiPHWURV�D�HVWLPDU�VRQ��
SRU�XQ�ODGR�� OD�JHRPHWUtD�\�GLPHQVLRQHV�GH�ODV�IXHQWHV�\��SRU�RWUR��HO�PyGXOR�\�OD�GLUHFFLyQ�GHO�
YHFWRU� PDJQHWL]DFLyQ� WRWDO� TXH� FDUDFWHUL]D� D� FDGD� HVWUXFWXUD�� (Q� JHQHUDO�� OD� REWHQFLyQ� GH� XQ�
PRGHOR�JHROyJLFDPHQWH�UD]RQDEOH�VyOR�HV�SRVLEOH�FXDQGR�VH�FXHQWD�FRQ�LQIRUPDFLyQ�JHROyJLFD�\�
JHRItVLFD��JUDYLPpWULFD��VtVPLFD��HWF���FRQ�OD�TXH�DFRWDU�ODV�LQILQLWDV�VROXFLRQHV�

(O�PDSD�GH�DQRPDOtDV�PDJQpWLFDV�GH� OD� LVOD�GH�/DQ]DURWH��H[WUDtGR�GHO�YXHOR�DHURPDJQpWLFR�
GHO� DUFKLSLpODJR� FDQDULR� �6RFtDV� \�0p]FXD�� ������ UHYHOD� OD� SUHVHQFLD� GH� XQD� LQWHQVD� DQRPDOtD�
GLSRODU� VREUH� HVWD� LVOD�� OR� TXH� LPSOLFD� OD� H[LVWHQFLD� GH� XQD� JUDQ� HVWUXFWXUD� GLUHFWDPHQ WH�
PDJQHWL]DGD�FRPR�IXHQWH�PDJQpWLFD�SULQFLSDO��3RU�RWUR�ODGR��HO�PDSD�GH�DQRPDOtDV�GH�%RXJXHU�
GH� /DQ]DURWH� �&DPDFKR� HW� DO��� ������ UHYHOD� XQ� Pi[LPR� JUDYLPpWULFR� TXH� VH� FRUUHODFLRQD�
FODUDPHQWH� FRQ� HO� GLSROR� PDJQpWLFR�� \� FX\D� IXHQWH� HV� PRGHOL]DGD� SRU� HVWRV� PLVPRV� DXWRUHV�
PHGLDQWH� LQYHUVLyQ� �'�� GDQGR� FRPR� UHVXOWDGR� XQ� FXHUSR� SULVPiWLFR� TXH� VH� LGHQWLILFD� FRPR� HO�
Q~FOHR�LQWUXVLYR�HPSOD]DGR�GXUDQWH�ORV�SULPHURV�HVWDGtRV�GH�OD�JpQHVLV�GH�OD�LVOD�

$VXPLHQGR�OD�KLSyWHVLV�GH�TXH�GLFKR�FXHUSR�HV� WDPELpQ�HO�RULJHQ�GH�OD�DQRPDOtD�PDJQpWLFD�
GLSRODU�\��HQ�FRQVHFXHQFLD��TXH�OD�JHRPHWUtD�GH�OD�IXHQWH�HV�FRQRFLGD��HO�SURFHVR�GH�PRGHOL]DFLyQ�
PDJQpWLFD� VH� KD� HVWUXFWXUDGR� HQ� GRV� SDVRV�� ��� HVWLPDFLyQ� GH� OD� GLUHFFLyQ� GHO� YHFWRU�
PDJQHWL]DFLyQ�� ��� HVWLPDFLyQ� GH� OD� LQWHQVLGDG� GH� OD� PDJQHWL]DFLyQ�� 3DUD� OD� SULPHUD� SDUWH� HO�
SURFHGLPLHQWR�SURSXHVWR�FRQVLVWH�HQ�FDOFXODU�HO�PDSD�GH�SVHXGRJUDYHGDG�\�GH�DQRPDOtD�UHGXFLGD�
DO� SROR� SDUD� GLVWLQWRV� SDUHV� GH� YDORUHV� GH� GHFOLQDFLyQ� H� LQFOLQDFLyQ� GH� OD�PDJQHWL]DFLyQ�� &RQ�
HMHPSORV� VLQWpWLFRV� SXHGH� GHPRVWUDUVH� TXH� ORV� Pi[LPRV� GHO� JUDGLHQWH� KRUL]RQWDO� GH�
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SVHXGRJUDYHGDG� \� UHGXFFLyQ� DO� SROR� VHxDODQ� FRQ� EDVWDQWH� SUHFLVLyQ� HO� FRQWRUQR� GH� OD� IXHQWH��
VLHPSUH�TXH� OD� GLUHFFLyQ� DVLJQDGD� D� OD�PDJQHWL]DFLyQ� VHD� OD� UHDO��$Vt�� FRPSDUDQGR�HO� FRQWRUQR�
UHDO� GH� OD� IXHQWH FRQ� HO� UHVXOWDGR� GH� ODV� GLVWLQWDV� WUDQVIRUPDFLRQHV� GHO�PDSD� GH� DQRPDOtDV�� KD�
SRGLGR�HVWLPDUVH�OD�GLUHFFLyQ�GH�OD�PDJQHWL]DFLyQ�GH�HVWD�HVWUXFWXUD�DQyPDOD��8QD�YH]�REWHQLGD�
OD�GLUHFFLyQ�GH�OD�PDJQHWL]DFLyQ��HO�~OWLPR�SDVR�KD�FRQVLVWLGR�HQ�OD�GHWHUPLQDFLyQ� GHO�PyGXOR�GH�
GLFKR�YHFWRU��3DUD�HOOR�VH�KD�PRGHOL]DGR�OD�HVWUXFWXUD�HQ�����'�D�OR�ODUJR�GH�YDULRV�SHUILOHV�TXH�OD�
DWUDYLHVDQ��&RQVLGHUDQGR�FRPR�SDUiPHWURV�GH�HQWUDGD�OD�JHRPHWUtD�GH�OD�IXHQWH�\�OD�GLUHFFLyQ�GH�
OD�PDJQHWL]DFLyQ��VH�KD�REWHQLGR�HO�YDORU�GHO PyGXOR�GH�OD�PDJQHWL]DFLyQ�UHPDQHQWH�DMXVWDQGR�OD�
DQRPDOtD�REVHUYDGD��(VWH�SURFHGLPLHQWR�KD�SHUPLWLGR�REWHQHU�XQ�PRGHOR�PDJQpWLFR�UHDOLVWD�GHO�
Q~FOHR� PiILFR� GH� /DQ]DURWH�� DVt� FRPR� H[WUDHU� FRQFOXVLRQHV� H[WUDSRODEOHV� D� RWURV� HVWXGLRV�
VLPLODUHV�HQ�RWUDV�iUHDV�
5HIHUHQFLDV
&DPDFKR��$�*���0RQWHVLQRV��)�*���9LHLUD��5��DQG�$UQRVR��-���������0RGHOOLQJ�RI�FUXVWDO�DQRPDOLHV�RI�/DQ]DURWH��&DQDU\�,VODQGV��LQ�OLJKW�RI�
JUDYLW\�GDWD��*HRSK\V�� -��,QW���������������
6RFtDV��,��\�0p]FXD��-�������� /HYDQWDPLHQWR�DHURPDJQpWLFR�GHO�DUFKLSLpODJR�FDQDULR��,QVWLWXWR�*HRJUiILFR�1DFLRQDO��3XEOLFDFLyQ�7pFQLFD�Q������
���SS�
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$QiOLVLV�GHO�HIHFWR�GHO�FDOHQWDPLHQWR�VREUH�OD�UHPDQHQFLD�PDJQpWLFD�HQ�
H[SHULPHQWRV�GH�SDOHRLQWHQVLGDG

$QDO\VLV�RI�WKH�HIIHFW�RI�KHDWLQJ�RQ�PDJQHWLF�UHPDQHQFH�LQ�SDODHRLQWHQVLW\�H[SHULPHQWV
&DOYR�5DWKHUW��0����3UpYRW��0����3HUULQ��0��

�'SWR��GH�)tVLFD��8QLY��%XUJRV��$Y��GH�&DQWDEULD�V�Q��������%XUJRV��(�PDLO��PFDOYR#XEX�HV
�*pRSK\VLTXH��7HFWRQLTXH�HW�6HGLPHQWRORJLH��&156�80,,�������8��0RQWSHOOLHU�,,��)UDQFLD

��,QWURGXFFLyQ
(O� HVWXGLR� GH� OD� SDOHRLQWHQVLGDG� GHO� FDPSR� PDJQpWLFR� WHUUHVWUH� SUHVHQWD� PD\RUHV�

GLILFXOWDGHV� TXH� ODV� GHWHUPLQDFLRQHV� SDOHRPDJQpWLFDV� FOiVLFDV�� \D� TXH� GLFKD� PDJQLWXG� ± D�
GLIHUHQFLD� GH� OR� TXH� RFXUUH� FRQ� OD� GLUHFFLyQ� GHO� FDPSR�PDJQpWLFR� WHUUHVWUH� ± QR� VH�REWLHQH�
GLUHFWDPHQWH�GHO�YHFWRU�LPDQDFLyQ��0LHQWUDV�TXH�OD�GLUHFFLyQ�GH�OD�LPDQDFLyQ�HV��HQ�OD�PD\RU�
SDUWH� GH� ORV� FDVRV�� SUiFWLFDPHQWH� SDUDOHOD� D� OD� GHO� FDPSR� LPDQDGRU�� VX� PDJQLWXG� HV�
~QLFDPHQWH� SURSRUFLRQDO� D� OD� GH� pVWH�� GH� IRUPD� TXH�� FRQ� HO� ILQ� GH� REWHQHU� HO� YDORU� GH� OD�
SDOHRLQWHQVLGDG� VH� KDFH� QHFHVDULD� OD� UHDOL]DFLyQ� GH� H[SHULPHQWRV� GH� UHLPDQDFLyQ�� /RV�
PpWRGRV�GH�GHWHUPLQDFLyQ�GH� OD�SDOHRLQWHQVLGDG�TXH�FXHQWDQ�FRQ�XQ�IXQGDPHQWR�ItVLFR�PiV�
ULJXURVR�\�SURSRUFLRQDQ�ORV�UHVXOWDGRV�PiV�ILDEOHV��VRQ�ORV�EDVDGRV�HQ�HO�PpWRGR�RULJLQDO�GH�
7KHOOLHU��7KHOOLHU���������HQ�ORV�FXDOHV�OD�LQWHQVLGDG� GHO�FDPSR�PDJQpWLFR�LPDQDGRU�RULJLQDO�
VH�REWLHQH�HQ�HO�ODERUDWRULR�D�SDUWLU�GH�XQ�H[SHULPHQWR�GH�UHLPDQDFLyQ�WpUPLFD��

3RU�UHJOD�JHQHUDO��HQ�ORV�HVWXGLRV�GH�SDOHRLQWHQVLGDG�XQ�DPSOLR�SRUFHQWDMH�GH�ODV�PXHVWUDV�
QR� SURSRUFLRQD� UHVXOWDGRV� ILDEOHV�� 3RU� DxDGLGXUD�� OD� GLVSHUVLyQ� GH� ORV� UHVXOWDGRV� HV� PX\�
VXSHULRU� D� OD� TXH� VH� REVHUYD� HQ� ORV� UHVXOWDGRV� GLUHFFLRQDOHV� REWHQLGRV� HQ� H[SHULPHQWRV�
SDOHRPDJQpWLFRV��(O�SUREOHPD�UHVLGH�HQ�OD�GLILFXOWDG�GH�TXH�VH�FXPSODQ�WRGDV�ODV�FRQGLFLRQHV�
QHFHVDULDV�SDUD�XQD�GHWHUPLQDFLyQ FRUUHFWD�GH�OD�SDOHRLQWHQVLGDG�DEVROXWD���L��/D�UHPDQHQFLD�
SULPDULD�GH�XQD�URFD�GHEH�VHU�XQD�WHUPRUUHPDQHFLD��750����LL��ODV�PXHVWUDV�HVWXGLDGDV�GHEHQ�
REHGHFHU� ODV� OODPDGDV� OH\HV� GH� 7KHOOLHU� GH� UHFLSURFLGDG�� LQGHSHQGHQFLD� \� DGLWLYLGDG� GH�
WHUPRUUHPDQHQFLDV SDUFLDOHV� �S750�� DGTXLULGDV� HQ� LQWHUYDORV� GH� WHPSHUDWXUD� TXH� QR� VH�
VXSHUSRQJDQ��7KHOOLHU�\�7KHOOLHU��������\��LLL��ODV�PXHVWUDV�QR�GHEHQ�VXIULU�FDPELRV�TXtPLFRV��
PLQHUDOyJLFRV� R� ItVLFRV� GXUDQWH� ORV� FDOHQWDPLHQWRV� D� ORV� TXH� VRQ� VRPHWLGDV� GXUDQWH� ORV�
H[SHULPHQWRV��(O�SUHVHQWH�WUDEDMR�VH�OLPLWD�DO�DQiOLVLV�GH�HVWH�~OWLPR�DVSHFWR��

��,PDQDFLyQ�UHPDQHQWH�GH�FDOHQWDPLHQWR��+50�
&RQ�HO�ILQ�GH�LQYHVWLJDU�ODV�UD]RQHV�TXH�VXE\DFHQ�D�OD�GLILFXOWDG�GH�REWHQHU�HVWLPDFLRQHV�

ILDEOHV� GH� OD� SDOHRLQWHQVLGDG� PHGLDQWH� H[SHULPHQWRV� GH� WLSR� 7KHOOLHU�� VH� GLVHxR� XQ�
SURFHGLPLHQWR�HVSHFtILFR�SDUD�VX�GHWHUPLQDFLyQ��TXH�VH�DSOLFy�D�XQD�VHOHFFLyQ�GH�PXHVWUDV�GH�
��FRODGDV�GHO�YROFiQ�(WQD��FRUUHVSRQGLHQWHV�D� ODV�HUXSFLRQHV�GH������\�������&DOYR���������
$SDUWH�GH�OD�SDOHRLQWHQVLGDG��HVWH�SURFHGLPLHQWR�SHUPLWH�GHWHUPLQDU��HQWUH�RWUDV�PDJQLWXGHV��
OD� UHPDQHQFLD� DGTXLULGD� GHELGR� DO� FDOHQWDPLHQWR� GH� ODV� PXHVWUDV� GXUDQWH� HO� H[SHULPHQWR��
'XUDQWH�HO�FDOHQWDPLHQWR�HQ�XQ�FDPSR�GH�LQWHQVLGDG�GpELO��SXHGHQ�SURGXFLUVH��DO�PHQRV��WUHV�
WLSRV� GH� LPDQDFLyQ� UHPDQHQWH�� �L�� XQD� LPDQDFLyQ� WHUPRYLVFRVD� �7950��� DGTXLULGD� GXUDQWH�
ORV� LQWHUYDORV� GH� WLHPSR� HQ� ORV� FXDOHV� VH� PDQWLHQH� OD� WHPSHUDWXUD� FRQVWDQWH� HQWUH� HO�
FDOHQWDPLHQWR�\�HO�HQIULDPLHQWR���LL��XQD�LPDQDFLyQ�FULVWDOLQD�R�TXtPLFD��&50���GHELGR�D�OD�
FUHDFLyQ�GH�QXHYDV�IDVHV�PDJQpWLFDV�R�D�OD�DOWHUDFLyQ�GH�IDVHV�PDJQpWLFDV�SUHH[LVWHQWHV�\��LLL��



0$*,%(5�,,�± &RLPEUD��������GH�6HWHPEUR�GH�����

XQD� LPDQDFLyQ� WUDQVGRPLQLR� �7'50��� UHODFLRQDGD� FRQ� OD� UHHVWUXFWXUDFLyQ�� GXUDQWH� HO�
FDOHQWDPLHQWR��GH�OD�FRQILJXUDFLyQ�GH�GRPLQLRV�PDJQpWLFRV��0RRQ�\�0HUULO��������6KROSR�HW�
DO��� ������� /DV� UHPDQHQFLDV� SURGXFLGDV� SRU� HO� FDOHQWDPLHQWR� VH� GHQRPLQDUiQ�� GH� IRUPD�
JHQpULFD��+50��KHDWLQJ�UHPDQHQW�PDJQHWLVDWLRQ���(Q�HO�SUHVHQWH�WUDEDMR��HO�YDORU�GH�OD�+50�
VH�REWXYR�GH�GRV�IRUPDV�LQGHSHQGLHQWHV��3RU�XQD�SDUWH��HO�SURFHGLPLHQWR�GL VHxDGR�SHUPLWtD�VX�
GHWHUPLQDFLyQ�GLUHFWD��+50GLU���OD�FXDO�VH�OOHYy�D�FDER�HQ�WRGDV�ODV�PXHVWUDV��3RU�RWUD�SDUWH��
HQ�GHWHUPLQDGDV�PXHVWUDV�WDPELpQ�VH�FDOFXOy�GH�IRUPD�LQGLUHFWD�D�SDUWLU�GH�OD�GHVYLDFLyQ�GH�OD�
150�HQ�GLUHFFLyQ�GHO� FDPSR�DSOLFDGR� �+50LQG��� �&RH�HW� DO���������*RJXLWFKDLFKYLOL� HW� DO���
������� 'HELGR� D� ODV� FDUDFWHUtVWLFDV� GHO� H[SHULPHQWR�� PLHQWUDV� TXH� +50GLU UHIOHMD� OD� +50�
DGTXLULGD� D� XQD� GHWHUPLQDGD� WHPSHUDWXUD� 7L�� +50LQG�� UHSUHVHQWD� HO� HIHFWR� FXPXODWLYR� GHO�
FDOHQWDPLHQWR�D�7L \�GH�WRGRV�ORV�FDOHQWDPLHQWRV�SUHYLRV��

&RQVLGHUDPRV� TXH� OD� +50� REVHUYDGD� HQ� ODV� PXHVWUDV� GHO� (WQD� HVWXGLDGDV� QR� HV� XQD�
7950�� 'XUDQWH� HO� H[SHULPHQWR� GH� SDOHRLQWHQVLGDG�� HQ� OD� HWDSD� FRUUHVSRQGLHQWH� D� OD�
GHWHUPLQDFLyQ�GH�+50��ODV�PXHVWUDV�VH�FDOHQWDEDQ�KDVWD�XQD�WHPSHUDWXUD�7 L HQ�SUHVHQFLD�GH�
XQ� FDPSR� PDJQpWLFR� GH� ���7�� SHUPDQHFLHQGR� HQ� GLFKR� FDPSR� GXUDQWH� ��� PLQXWRV� D� 7L��
3RVWHULRUPHQWH��VH�DQXODED�HO�FDPSR��\�VH�PDQWHQtD�OD�PXHVWUD�GXUDQWH�RWURV����PLQXWRV�D�7 L��
DQWHV� GH� HQIULDUOD�� (VWH� SURFHGLPLHQWR� GHEHUtD� EDVWDU� SDUD� HOLPLQDU� OD� PD\RU� SDUWH� GH� XQD�
7950��(O�KHFKR�GH�TXH�OD�+50�\��OD�S750�SRVHDQ�LQWHQVLGDGHV�GH�XQ�RUGHQ�GH�PDJQLWXG�
FRPSDUDEOH�SDUHFH�FRQILUPDU�TXH�QR�VH�WUDWD�GH�XQD�7950�

/D�FRPSDUDFLyQ�GH�+50GLU \�+50LQG SHUPLWH�HVWDEOHFHU�VL�OD�LPDQDFLyQ�SURGXFLGD�SRU�HO�
FDOHQWDPLHQWR� HV� XQD� &50�� /D� &50� DGTXLULGD� D� XQD� WHPSHUDWXUD� 7L VyOR� VH� GHVLPDQD�
SDUFLDOPHQWH�HQ�ORV�FDOHQWDPLHQWRV�SRVWHULRUHV��GH�IRUPD�TXH�+50LQG��TXH�UHSUHVHQWD�HO�HIHFWR�
FXPXODWLYR�FRUUHVSRQGLHQWH�D�YDULDV�HWDSDV�GH�FDOHQWDPLHQWR��GHEHUtD�VHU�PD\RU�TXH� +50GLU��
TXH�UHIOHMD�OD�&50�DGTXLULGD�D�XQD�GHWHUPLQDGD�WHPSHUDWXUD��6LQ�HPEDUJR��HVWR�QR�VH�REVHUYD�
HQ�QLQJXQR�GH�ORV�FDVRV�HVWXGLDGRV��

3URSRQHPRV��SRU� WDQWR��TXH� OD�+50�REVHUYDGD�HV�XQD�7'50��DGTXLULGD�SUREDEOHPHQWH�
GXUDQWH� ORV� LQWHUYDORV� GH� WLHPSR� HQWUH HO� FDOHQWDPLHQWR� \� HO� HQIULDPLHQWR�� HQ� ORV� FXDOHV�� HQ�
SUHVHQFLD�GH�XQ�FDPSR�PDJQpWLFR�GH����7��VH�PDQWHQtD�OD�WHPSHUDWXUD�FRQVWDQWH��6HJ~Q�HVWD�
KLSyWHVLV�� VH� SURGXFH� XQD� UHRUJDQL]DFLyQ� GH� OD� HVWUXFWXUD� GH� GRPLQLRV� HQ� FDGD� QXHYR�
FDOHQWDPLHQWR��GHVWUX\HQGR�7'50V�DGTXLULGDV�SUHYLDPHQWH��GH�IRUPD�TXH�HO�YDORU�GH�+50GLU
GHEH� VHU� VLPLODU� DO� GH� +50LQG�� OR� FXDO� VH� KDOOD� HQ� FRQFRUGDQFLD� FRQ� ORV� UHVXOWDGRV�
H[SHULPHQWDOHV�� (VWD� KLSyWHVLV� VH� YH� UHIRU]DGD� SRU� OD� FRPSDUDFLyQ� GH� ORV� YDORUHV� REWHQLGRV�
SDUD�OD�+50�\�HO�OODPDGR�S750�WDLO ± OD�S750�QR�GHVLPDQDGD�D�OD�WHPSHUDWXUD�Pi[LPD�GH�
DGTXLVLFLyQ� GH� OD� PLVPD� ��� TXH� FRQVWLWX\H� XQD� FDUDFWHUtVWLFD� GH� ORV� JUDQRV� PXOWLGRPLQLR��
JXDUGDQGR�SRU�WDQWR��XQD�HVWUHFKD�UHODFLyQ�FRQ�ORV�FDPELRV�HQ�OD�HVWUXFWXUD�GH�GRPLQLRV���

5HIHUHQFLDV
&DOYR��0���3UpYRW��0��3HUULQ��0�� \�5LLVDJHU��-�� ������ ,QYHVWLJDWLQJ� WKH�UHDVRQV�IRU� WKH�IDLOXUH�RI�SDODHRLQWHQVLW\�H[SHULPHQWV��$�

VWXG\�RQ�KLVWRULFDO�ODYD�IORZV�IURP�0W��(WQD��*HRSK\V��-��,QW���������� ����
&RH��5�6���*URPPp��6��\��0DQNLQHQ��(�������� *HRPDJQHWLF�SDODHRLQWHQVLWHV�IURP�H[ FXUVLRQ�VHTXHQFHV�LQ�ODYDV�RQ�2DKX��+DZDLL��-��

*HRSK\V��5HV�����������������
*RJXLWFKDLFKYLOL�� $���3UpYRW��0���7KRPSVRQ�� �� -�� \�5REHUWV��1�� ������ $Q� DWWHPSW� WR� GHWHUPLQH� WKH� DEVROXWH� JHRPDJQHWLF� ILHOG�

LQWHQVLW\�LQ�6RXWKZHVWHUQ�,FHODQG�GXULQJ�WKH�*DXVV �0DWX\DPD�UHYHUVDO��3K\V��(DUWK�SODQHW��,QW���������� ����
0RRQ�7��\�0HUULO��5�7�������� $�QHZ�PHFKDQLVP�IRU�VWDEOH�UHPDQHQW�PDJQHWL]DWLRQ�DQG�RYHUSULQWLQJ�GXULQJ�ORQJ�PDJQHWLF�SRODULW\�

LQWHUYDOV��*HRSK\V��5HV��/HWW��������� �����
6KROSR��/�<���,YDQRY��9�$��\ %RULVRYD��*�3�������� 7KHUPRPDJQHWLF�HIIHFWV�RI�UHRUJDQL]DWLRQ�RI�GRPDLQ�VWUXFWXUH��,]YHVWL\D��(DUWK�

3K\VLFV��������������
7KHOOLHU��(�������� 6XU�O¶DLPDQWDWLRQ�GLWH�SHUPDQHQWH�GHV�EDVDOWV��&�5��$FDG��6FL����������� ������
7KHOOLHU��(��\�7KHOOLHU��2�������� 6XU�OtQWHQVLWp�GX�FKDPS�PDJQHWLTXH�WHUUHVWUH�GDQV�OH�SDVVp�KLVWRULTXH�HW�JHRORJLTXH��$QQ�*HRSK\V���

������������
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'LVWULEXFLyQ�GH�ODV�URWDFLRQHV�SDOHRPDJQpWLFDV�HQ�ORV�DQWLFOLQDOHV�GH�%ROWDxD�\�
$xLVFOR��3LULQHRV�&HQWUDOHV�

'LVWULEXFLyQ�GH�ODV�URWDFLRQHV�SDOHRPDJQpWLFDV�HQ�ORV�DQWLFOLQDOHV�GH�%ROWDxD�\�$xLVFOR�
�3LULQHRV�&HQWUDOHV�

)HUQiQGH]��2����%HDPXG��(����0XxR]��-�$����'LQDUpV�7XUHOO��-����3REOHW��-��

� *UXS�GH�*HRGLQjPLFD�L�$QjOLVL�GH�&RQTXHV��)DF��GH�*HRORJLD��8QLY��GH�%DUFHORQD���F�0DUWt�L�)UDQTXqV�V�Q��������
%DUFHORQD��(VSDxD��RIHUQDQG#JHR�XE�HV

� *UXS�GH�*HRGLQjPLFD�L�$QjOLVL�GH�&RQTXHV��/DE��GH�3DOHRPDJQHWLVPH��8%�&6,&���,QVW��-��$OPHUD��F��6ROp�L�
6DEDUtV�V�Q��������%DUFHORQD��(VSDxD��EHWEHDPXG#XE�HGX

� *UXS�GH�*HRGLQjPLFD�L�$QjOLVL�GH�&RQTXHV��)DF��GH�*HRORJLD��8QLY��GH�%DUFHORQD���F�0DUWt�L�)UDQTXqV�V�Q��������
%DUFHORQD��(VSDxD��MRVHS#JHR�XE�HV

� ,VWLWXWR 1D]LRQDOH�GL�*HRILVLFD�H�9XOFDQRORJLD��9LD�GH�9LJQD�0XUDWD������������5RPD��,WDOLD��GLQDUHV#LQJY�LW
� 'HSDUWDPHQWR�GH�*HRORJtD��8QLY��GH�2YLHGR���&DPSXV�GH�/ODPDTXLTXH��-HV~V�$ULDV�GH�9HODVFR�V�Q��������2YLHGR��

(VSDxD��MSREOHW#JHRO�XQLRYL�HV

/RV�DQWLFOLQDOHV�GH�$xLVFOR�\�%ROWDxD��MXQWR�FRQ�ORV�DQWLFOLQDOHV�GH�0HGLDQR�\�2OVyQ�IRUPDQ�
SDUWH�GH�XQ�FRQMXQWR�GH�DQWLFOLQDOHV�GH�RULHQWDFLyQ�1�6�TXH�DIHFWDQ�ORV�PDWHULDOHV�HRFHQRV�GH�OD�
FXHQFD�GH�$LQVD��)LJ������(VWRV�SOLHJXHV��GH�HGDG�OXWHFLHQVH�EDUWRQLHQVH��3REOHW�HW�DO���������6RWR�
\�&DVDV���������VH�KD\DQ�HQ�HO�EORTXH�VXSHULRU�GHO�FDEDOJDPLHQWR�GH�*DYDUQLH�6LHUUDV�([WHULRUHV��
\� HQ� HO� EORTXH� LQIHULRU� GHO� PDQWR� GHO� 0RQWVHF�3HxD�0RQWDxHVD�� $OJXQRV� DXWRUHV� KDQ� WUDWDGR�
HVWRV�SOLHJXHV�FRPR�HVWUXFWXUDV�GH�UDPSD�ODWHUDO�X�REOtFXD��H�J���+ROO�\�$QDVWDVLR���������FRPR�HO�
UHVXOWDGR� GH� GLIHUHQWHV� IDVHV� GH� SOHJDPLHQWR� �*DUULGR� 0HJtDV�� ������ R� LQFOXVR� FRPR�
FRQVHFXHQFLD�GHO�HPSOD]DPLHQWR�GHO�PDQWR�GHO�0RQWVHF�3HxD�0RQWDxHVD��6HJXUHW��������+ROO�\�
$QDVWDVLR��������

Los pliegues de orientación N-S de la cuenca de Aínsa junto con los de Sierras Exteriores han 
sido objeto de diversos estudios paleomagnéticos. Dinarés (1992) y Parés y Dinarés (1993) 
documentan rotaciones de eje vertical en sentido horario de entre 30º y 40º en la cuenca de Ainsa. 
Bentham (1992) detecta rotaciones horarias cercanas a los 30º en los sedimentos sintectónicos 
asociados al anticlinal de Mediano. Finalmente, Pueyo (2000) describe rotaciones horarias de 
hasta 40º en los pliegues N-S de las Sierras Exteriores, y constata que la edad de la rotación es 
bartoniense-priaboniense.

Se presenta un estudio que comprende datos de rotaciones de direcciones paleomagnéticas en 
los anticlinales de Añisclo y Boltaña, en el Pirineo central. Estos datos revelan una rotación 
horaria de hasta 80º en los materiales de la plataforma de edad cuisiense del anticlinal de Boltaña 
en la transversal del Río Ara, y que disminuye progresivamente hacia el norte hasta los 20º en su 
terminación septentrional. La misma distribución de rotaciones se observa a lo largo del anticlinal 
de Añisclo.
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Fig���� 0DSD�JHROyJLFR�GH�OD�]RQD�GH�HVWXGLR�FRQ�OD�SRVLFLyQ�GH�ODV�HVWDFLRQHV�GH�PXHVWUHR�
5HIHUHQFLDV

3DUpV��-��0��\�'LQDUqV�7XUHOO��-�������� 0DJQHWLF�IDEULF�LQ�WZR�VHGLPHQWDU\�URFN �W\SHV�IURP�WKH�6RXWKHUQ�3\UHQHHV��-��*HRPDJ��*HROHFWU� ����
��������
%HQWKDP��3��$�������� 7KH�WHFWRQR�VWUDWLJUDSKLF�GHYHORSPHQW�RI�WKH�ZHVWHUQ�REOLTXH�UDPS�RI�WKH�VRXWK �FHQWUDO�3\UHQHDQ�WKUXVW�V\WHP��1RUWKHUQ�
6SDLQ��3K'�WKHVLV��8QLY��RI�6RXWKHUQ�&DOLIRUQLD�
'LQDUpV�7XUHOO��-���������3DOHRPDJQHWLVPH�D�OHV�XQLWDWV�VXGSLULQHQTXHV�VXSHULRUV��,PSOLFDFLRQV�HVWUXFWXUDOV��3K'�WKHVLV��8QLY��GH�%DUFHORQD�
*DUULGR�0HJtDV��$�������� (VWXGLR�JHROyJLFR�\�UHODFLyQ�HQWUH�WHFWyQLFD�\�VHGLPHQWDFLyQ�GHO�6HFXQGDULR�\�7HUFLDULR�GH�OD YHUWLHQWH�PHULGLRQDO�
SLUHQDLFD�HQ�VX�]RQD�FHQWUDO��SURYLQFLDV�GH�+XHVFD�\�/pULGD��� 3K'�7KHVLV�WKHVLV��8QLY��GH�*UDQDGD�
+ROO��-��(��\�$QDVWDVLR��'��-�������� 3DOHRPDJQHWLFDOO\�GHULYHG�IROGLQJ�UDWHV��VRXWKHUQ�3\UHQHHV��6SDLQ�� *HRORJ\ ������������
+ROO��-��(��\�$QDVWDVLR��'��-�������� .LQHPDWLFV�DURXQG�D�ODUJH�VFDOH�REOLTXH�UDPS��VRXWKHUQ�3\UHQHHV��6SDLQ�� 7HFWRQLFV �����������������
3REOHW��-���0XxR]��-��$���7UDYp��$��\�6HUUD �.LHO��-�������� 4XDQWLI\LQJ�WKH�NLQHPDWLFV�RI�GHWDFKPHQW�IROGV�XVLQJ�WKUHH �GLPHQVLRQDO�JHRPHWU\��
$SSOLFDWLRQ�WR�WKH�0HGLDQR�DQWLFOLQH��3\UHQHHV��6SDLQ��� *HRORJLFDO�6RFLHW\�RI�$PHULFD�%XOOHWLQ ����������������
3XH\R��(�������� 5RWDFLRQHV�SDOHRPDJQpWLFDV�HQ�VLVWHPDV�GH�SOLHJXHV�\�FDEDOJDPLHQWRV��7LSRV��FDXVDV��VLJQLILFDGR�\�DSOLFDFLRQH V���(MHPSORV�GH�
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ODV�6LHUUDV�([WHULRUHV�\�&XHQFD�GH�-DFD��3LULQHR�$UDJRQpV���3K'�WKHVLV��8QLY��GH�=DUDJR]D�
6HJXUHW��0�������� (WXGH�WHFWRQLTXH�GHV�QDSSHV�HW�VHULHV�GHFROOHHV�GH�OD�SDUWLH�FHQWUDOH�GX�YHUVDQW�VXG�GHV�3\UHQHHV��3K'�WKHVLV��8QLY��GH�
0RQWSHOOLHU�
6RWR��5��\�&DVDV��$��0���������*HRPHWUtD�\�FLQHPiWLFD�GH�ODV�HVWUXFWXUDV�QRUWH �VXU�GH�OD�&XHQFD�GH�$tQVD��5HYLVWD�GH�OD�6RFLHGDG�*HROyJLFD�GH�
(VSDxD �����������������
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'DWRV�3DOHRPDJQHWLFRV�SUHOLPLQDUHV�GHO�3DOHR]RLFR�GH�2VVD�0RUHQD�
�6:�3HQtQVXOD�,EpULFD�

3UHOLPLQDU\�SDOHRPDJQHWLF�UHVXOWV�IURP�WKH�3DOHR]RLF�RI�2VVD�0RUHQD��6:�,EHULDQ�
3HQLQVXOD�

*DUFpV��0� ���(JXtOX]��/� � \�3DODFLRV��7� �
�*UXSR�GH�*HRGLQiPLFD�\�$QiOLVLV�GH�&XHQFD��8QLYHUVLGDG�GH�%DUFHORQD

�'HSDUWDPHQWR�GH�*HRGLQiPLFD��8QLYHUVLGDG�GHO�3DtV�9DVFR��$SWGR�������9LWRULD
�)DFXOWDG�GH�&LHQFLDV��8QLYHUVLGDG�GH�([WUHPDGXUD��(��������%DGDMR]

/D� =RQD� GH� 2VVD� 0RUHQD�� HQ� HO� 62� GHO� 0DFL]R� ,EpULFR�� HV� FRQRFLGD� SRU ODV�
QXPHURVDV� HYLGHQFLDV� VREUH� PDJPDWLVPR�� GHIRUPDFLyQ� \� PHWDPRUILVPR� GH� HGDG�
&DGRPLHQVH��(JXLOX]�HW�DO����������XQD�IDVH�RURJpQLFD�TXH�VH�GHVDUUROOy�HQWUH�����\�����
0D��\�TXH� WLHQH�VX�iUHD� WLSR�HQ�HO�PDFL]R�$UPRULFDQR��$�SHVDU�GH� OD�VXSHUSRVLFLyQ�GHO�
FLFOR�KHUFtQLFR�� OD� IDVH� FDGRPLHQVH� FXHQWD� FRQ� HYLGHQFLDV�JHRFURQROyJLFDV�GH�XQD� VHULH�
GH� HSLVRGLRV� WHFWyQLFRV� GH� HGDG� ���� D� ����0D�� DVRFLDGRV� D� OD� JHQHUDFLyQ� GH� XQ� DUFR�
YROFiQLFR�� H[WHQVLyQ� HQ� XQD� FXHQFD� GH� WUDV� DUFR�� LQYHUVLyQ� WHFWyQLFD� \� FRQVLJXLHQWH�
DFUHFLyQ� HQ� XQ� PDUJHQ� FRQWLQHQWDO� GH� WLSR� DQGLQR�� /D� GHIRUPDFLyQ� DVRFLDGD� DO� FLFOR�
KHUFtQLFR��HQWUH�����\�����0D���GLR�OXJDU�D�OD�UHDFWLYDFLyQ�GH�HVWUXFWXUDV�SUHYLDV��FRPR�OD�
]RQD�GH�VXWXUD�FDGRPLHQVH�GH� OD�EDQGD�GH�%DGDMR]�&RUGRED��\� WDPELpQ�D� OD�JHQHUDFLyQ�
GH QXHYDV�EDQGDV�GH�GHIRUPDFLyQ��FRPR�OD�]RQD�GH�VXWXUD�GH�%HMD�$FHEXFKHV��TXH�OLPLWD�
DO�62�FRQ� OD�=RQD�6XUSRUWXJXHVD��(O�PHWDPRUILVPR�UHJLRQDO�KHUFtQLFR�HV�HQ�JHQHUDO�GH�
EDMR�JUDGR��VL�ELHQ�H[LVWHQ�]RQDV�FRQ�DVRFLDFLRQHV�GH�DOWD�SUHVLRQ�\�GRPRV�WpUPLFRV�

(O PRGHOR� GH� HYROXFLyQ� SDOHRJHRJUiILFD� GH� OD� ]RQD� GH� 2VVD� 0RUHQD� GXUDQWH� HO�
3DOHR]RLFR� LQIHULRU� \� VX� SURFHVR� GH� DJUHJDFLyQ� FRQ� OD� ]RQD� FHQWURLEpULFD� QR� HVWi�
SUHIHFWDPHQWH�GHWHUPLQDGR��3DUWLHQGR�GH�OD�FRUUHODFLyQ�GH�GRPLQLRV�RURJpQLFRV�HQ�2VVD�
0RUHQD�FRQ�HO�PDFL]R�DUPRULFDQR�� ORV�PRGHORV�TXH�FRQVLGHUDQ�XQ�RUyJHQR�FDGRPLHQVH�
GH� WLSR� DQGLQR�� HORQJDGR� \� FRQ� XQ� PLVPD� SRODULGDG� HQ� OD� VXEGXFFLyQ�� SUHGLFHQ� JLURV�
KRUDULRV� HQ� OD�=RQD� GH�2VVD�0RUHQD�PX\� LPSRUWDQWHV� SUHYLRV� D� OD� IDVH�GH� FRPSUHVLyQ�
KHUFtQLFD��(JXLOX]�HW�DO���������

+DVWD� OD� IHFKD�QR�H[LVWHQ�GDWRV�SDOHRPDJQpWLFRV�TXH�SHUPLWDQ�OD�YHULILFDFLyQ�GH�ORV�
PRGHORV�GH�HYROXFLyQ�SDOHRJHRJUiILFD�GXUDQWH�HO�3DOHR]RLFR�LQIHULRU�HQ�2VVD�0RUHQD��(Q�
HO� SUHVHQWH� WUDEDMR� VH� SUHVHQWDQ� ORV� SULPHURV� UHVXOWDGRV� REWHQLGRV� HQ� GLVW LQWDV�
IRUPDFLRQHV� GHO� &iPEULFR� \� GHO� &DUERQtIHUR� GH� 2VVD� 0RUHQD�� 'DGD� OD� DXVHQFLD� GH�
HVWXGLRV� SUHYLRV� HQ� OD� ]RQD�� HO� SULPHU� REMHWLYR� GH� HVWH� WUDEDMR� IXH� OD� FDUDFWHUL]DFLyQ�
SDOHRPDJQpWLFD� GH� GLIHUHQWHV� XQLGDGHV�� WDQWR� tJQHDV� FRPR� VHGLPHQWDULDV� \�
YXOFDQRVHGLPHQWDULDV�� \� OD� FRQVLJXLHQWH� VHOHFFLyQ� GH� ]RQDV� \� OLWRORJtDV� IDYRUDEOHV�� (Q�
VHJXQGR� OXJDU�� VH� SHUVHJXtD� GHWHFWDU� SRVLEOHV� URWDFLRQHV� GH� HMH� YHUWLFDO� SUHYLDV� D� OD�
GHIRUPDFLyQ�KHUFtQLFD�FRQ�HO�ILQ�GH�WHVWDU�ORV�GLVWLQWRV�PRGHORV�JHRGLQiPLFRV�SURSXHVWRV�
SDUD�HVWD�]RQD�

/RV� UHVXOWDGRV� SUHOLPLQDUHV� LQGLFDQ� OD� H[LVWHQFLD� GH� XQD� UHPDJQHWL]DFLyQ� GH� HGDG�
FDUERQtIHUD�TXH�DIHFWD�D�QXPHURVDV�iUHDV�GRQGH�QR�H[LVWHQ�HYLGHQFLDV�GH�PHWDPRUILVPR�
KHUFtQLFR��(QWUH�HVWDV�VH�HQFXHQWUD�HO�JUDQLWR�GHO�&DVWLOOR��DO�6XU�GH�0RQHVWHU LR��%DGDMR]���
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WDQ� VROR� DIHFWDGR� ORFDOPHQWH� SRU� GHIRUPDFLyQ� IUiJLO�G~FWLO� HQ� UHODFLyQ� FRQ� OD� RURJHQLD�
KHUFtQLFD� �(JXtOX]� HW� DO��� ������� 7DPELpQ�� HQ� ODV� VHULHV� YXOFDQRVHGLPHQWDULDV� GHO�
&iPEULFR�\�&DUERQtIHUR�SUy[LPDV�D�=DIUD��HO�WHVW�GHO�SOLHJXH�LQGLFD�XQD�UHPDJQHWL]DFLyQ�
SRVWHULRU� DO� SOHJDPLHQWR� \� FRQFRUGDQWH� FRQ� XQD� GLUHFFLyQ� WDUGL�KHUFtQLFD�� (VWD� PLVPD�
GLUHFFLyQ�VH�HQFXHQWUD�HQ�XQLGDGHV�WDQ�DOHMDGDV�FRPR�ODV�FDOL]DV�GHO�&iPEULFR�,QIHULRU�GH�
OD� )P�� 6WR�'RPLQJR� �&yUGRED��� R� ODV� VHULHV� SHOtWLFDV� GH� OD�PLVPD� HGDG� HQ� OD�1DYD� GH�
5LFRPDOLOOR��=RQD�&HQWURLEpULFD��7ROHGR��

1R�REVWDQWH��QR�WRGRV�ORV�GDWRV�REWHQLGRV�VRQ�FRQFRUGDQWHV�FRQ�XQD�UHPDJQHWL]DFLyQ�
FDUERQtIHUD�JHQHUDOL]DGD��(Q�GRV�ORFDOLGDGHV�VH�KDQ�KDOODGR�GLUHFFLRQHV�SDOHRPDJQpWLFDV�
TXH� QR� FRUUHVSRQGHQ� FRQ� OD� UHIHUHQFLD� FDUERQtIHUD� QL� WDPSRFR� GH� HGDG� SRVWHULRU�
PHVR]RLFD� R� WHUFLDULD�� 8QD� GH� HVWDV� ORFDOLGDGHV� VH� HQFXHQWUD� HQ� OD� JUDQRGLRULWD� GH� ODV�
3DORPDV������0D���\�OD�RWUD�HQ�OD�XQLGDG�GH�&DOL]DV�GH�=DIUD��DO�6XU�GH�=DIUD��&iPEULFR�
LQIHULRU�PHGLR���+DVWD� HO�PRPHQWR�QR�KD� VLGR�SRVLEOH�GHWHUPLQDU� OD�HGDG� UHODWLYD�GH� OD�
PDJQHWL]DFLyQ� HQ� HVWDV� GRV� ORFDOLGDGHV�� 1R� REVWDQWH�� DPEDV� DSRUWDQ� XQD� SRVLFLyQ�
SDOHRODWLWXGLQDO� GH� ±���� \� ±����� UHVSHFWLYDPHQWH�� TXH� HV� HQ� SULQFLSLR� FRKHUHQWH� FRQ� OD�
SDOHRODWLWXG� HVWLPDGD� GH�$UPyULFD� \�*RQGZDQD� HQ� HO�&iPEULFR� ,QIHULRU� �YDQ� GHU�9RR��
������
5HIHUHQFLDV
(JXtOX]��/���*LO�,EDUJXFKL��ÈEDORV��%��\�$SUDL]��$�������� 6XSHUSRVHG�+HUFLQLDQ�DQG�&DGRPLDQ�RURJHQLF�F\FOHV�LQ�WKH�2VVD �0RUHQD�
]RQH�DQG�UHODWHG�DUHDV�RI�WKH�,EHULDQ�0DVVLI��*6$�%XO OHWLQ�������������������
(JXtOX]��/���$SUDL]��$��<�ÈEDORV��%�������� 6WUXFWXUH�RI�WKH�&DVWLOOR�JUDQLWH��VRXWKZHVW�6SDLQ��9DULVFDQ�GHIRUPDWLRQ�RI�D�ODWH�
&DGRPLDQ�SOXWRQ��7HFWRQLFV��������������������
9DQ�GHU�9RR��5�������� 3DOHRPDJQHWLVP�RI�WKH�$WODQWLF�� 7HWK\V�DQG�,DSHWXV�RFHDQV��&DPEULGJH�8QLY��3UHVV������SS�
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8QD�UHPDJQHWL]DFLyQ�FRQ�GRV�SRODULGDGHV�\�SUHYLD�DO�SOHJDPLHQWR�HQ�HO�
PDFL]R�GHO�&RWLHOOD��&UHWiFLFR�6XSHULRU��+XHVFD��3LULQHRV�&HQWUDOHV�

$�GXDO�SRODULW\�SUH�IROGLQJ�UHPDJQHWLVDWLRQ�LQ�WKH�&RWLHOOD�0DVVLI��/DWH�&UHWDFHRXV��6RXWK�
&HQWUDO�3\UHQHHV

*DUFpV� 0���*DUFtD�6HQ]��-��DQG�0XxR]���-�$�

*URXS�RI�*HRG\QDPLFV�DQG�%DVLQ�$QDO\VLV��)DFXOW\�RI�*HRORJ\��8QLYHUVLW\�RI�%DUFHORQD��&DPSXV�GH�3HGUDOEHV�
������%DUFHORQD��6SDLQ�

7KH�LQWHUQDO�VWUXFWXUH�RI�WKH�&RWLHOOD�PDVVLI�LQ�WKH�6RXWK�&HQWUDO�3\UHQHHV�FRQVWLWXW HV�DQ�
H[WUDRUGLQDU\� H[DPSOH� RI� H[WHQVLRQDO� OLVWULF� JURZWK� IDXOWV� ZKLFK� IRUPHG� DW� WKH� QRUWKHUQ�
,EHULDQ�ULIW�PDUJLQ�GXULQJ�WKH�ODWH�&UHWDFHRXV��6XEVHTXHQW�WHFWRQLF�LQYHUVLRQ�OHDG�WR�WKUXVWLQJ�
DQG�UHODWLYH�XSOLIW�RI�WKH�&RWLHOOD�8QLW��)XUWKHU�FRPSUHVVLRQ�GXULQJ�WKH�(RFHQH�UHVXOWHG�LQ�WKH�
WHFWRQLF� WUDQVSRUW� RI� WKH� &RWLHOOD� 8QLW� RQ� WRS� RI� D� VRXWKZDUGV� YHUJLQJ� WKLQ�VNLQQHG� WKUXVW�
V\VWHP��7KH�VXSHUSRVLWLRQ�RI�H[WHQVLRQDO�DQG�FRPSUHVVLRQDO�WHFWRQLFV�KDV�D�OHDG�WR�D�FRPSOH[�
SDWWHUQ�RI�GHIRUPDWLRQ�ZLWK�QRQ�KRUL]RQWDO IROG�D[LV�

$SSUR[LPDWHO\�����SDOHRPDJQHWLF�VDPSOHV�ZHUH�WDNHQ�IURP�WKH�V\Q�H[WHQVLRQ�FDUERQDWHV�
RI�WKH�$JXDV�6DOHQ]�)P�����VLWHV���DQG�WKHLU�RYHUO\LQJ�V\Q�FRPSUHVVLRQDO�XQLWV�RI�WKH�&DPSR�
%UHFFLD����VLWH��DQG�WKH�&DPSR�0DUOV�0EV����VLWHV���7KH�VHYHQ�VLWHV RI�WKH�&DPSR�PDUOV�ZHUH�
VDPSOHG� LQ� WZR�VWDFNHG�VWUXFWXUDO�XQLWV�� WKH�&RWLHOOD� WKUXVW�VKHHW����VLWHV��DQG�LWV�XQGHUO\LQJ�
0RQWH�3HUGLGR�WKUXVW�VKHHW�XQLW����VLWHV��

6DPSOHV�IURP�DOO����VLWHV�ZHUH�VWHSZLVH�7+�DQG�$)�GHPDJQHWLVHG��7KH�WZR�PHWKRGV�ZHUH�
DEOH� WR UHPRYH� D� VRIW� QRUWK� DQG� GRZQ� VHFRQGDU\� FRPSRQHQW� ZLWK� ERWK� ORZ� XQEORFNLQJ�
WHPSHUDWXUH�����q&��DQG�ORZ�FRHUFLYLW\�����P7���,VRODWLRQ�DQG�FRPSOHWH�GHPDJQHWLVDWLRQ�RI�
D� VWDEOH� &KDUDFWHULVWLF� 5HPDQHQW� 0DJQHWLVDWLRQ� �&K50�� ZDV� SRVVLEOH� LQ� WKH� PDMRULW\� RI�
VDPSOHV�� 8QVWDEOH� VSRULRXV� PDJQHWLVDWLRQV� DW� WHPSHUDWXUHV� DERYH� ���q&� ZHUH� UHODWLYHO\�
IUHTXHQW�LQ�VDPSOHV�IURP�WKH�0DUJDV�GH�&DPSR��DQG�VRPH�VLWHV�FRXOG�QRW�\LHOG�SDOHRPDJQHWLF�
UHVXOWV�� � 7KH� &K50� \LHOGV� PD[LPXP� XQEORFNLQJ� WHPSHUDWXUHV� RI� DERXW� ����&�� DQG� ORZ�
FRHUFLYLW\�������P7���,50�DQDO\VLV�VXSSRUWV�WKH�SUHVHQFH�RI�PDJQHWLWH�DV�WKH�RQO\�PDJQHWLF�
SKDVH�LQ�ERWK�WKH�$JXDV�6DOHQ]�)P��DQG�WKH�0DUJDV�GH�&DPSR�0E�

7KH�SDOHRPDJQHWLF�VLWHV�LQ�WKH�0DUJDV�GH�&DPSR�0E��KDYH�\LHOGHG�SUH�IROGLQJ�&K50����
RI� �� VLWHV� \LHOGHG� RQO\� UHYHUVHG� SRODULW\� DQG� �� RQO\� QRUPDO�� 2QH� VLWH� �(6���� \LHOGHG� ERWK�
QRUPDO����VDPSOHV��DQG�UHYHUVHG����VDPSOH��SRODULWLHV��$QQH[�)LJ���'���7KH�PHDQ�GLUHFWLRQV�
RI�ERWK� WKH� IRRWZDOO� ��� VLWHV�� DQG� WKH�KDQJLQJZDOO� ��� VLWHV�� RI� WKH�&RWLHOOD� WKUXVW� VKHHW�JLYH�
VLPLODU� UHVXOWV�� DQG� WKH� RYHUDOO�PHDQ� LQGLFDWHV� D� YHUWLFDO� D[LV� URWDWLRQ� RI� ���� FFZ��ZKLFK� LV�
FRKHUHQW� ZLWK� WKH� UHFRUGHG� URWDWLRQ� RI� \RXQJHU� (RFHQH� URFNV� WR� WKH� VRXWK� �'LQDUqV�7XUHOO��
�������

7KH�&K50�LQ�WKH�$JXDV�6DOHQ]�)P��LV�RI�UHYHUVHG�SRODULW\�LQ���RI ���VLWHV��$QQH[�7DEOH�
,�� �)LJ�� �$� 	� %��� ([FHSWLRQDOO\�� D� WKLUG� FRPSRQHQW� RI� DQWLSRGDO� QRUPDO� SRODULW\� FDQ� EH�
REVHUYHG�LQ�IHZ�VDPSOHV��7KH���VLWHV�RI�QRUPDO�SRODULW\�&K50�DUH�FOXVWHUHG�LQ�WKH�XSSHU�SDUW�
RI�WKH�$JXDV�6DOHQ]�)P��$PRQJ�WKHVH��(6����)LJ���&��LV�WKH�ROGHVW��DQG�KDV�IHZ�VDPSOHV�ZLWK�
DQ� LQWHUPHGLDWH� WHPSHUDWXUH� FRPSRQHQW� RI� UHYHUVHG� SRODULW\��7KH� VLWHV� RI� WKH�$JXDV�6DOHQ]�
)P�� GR� QRW� \LHOG� FRQVLVWHQW� SDOHRPDJQHWLF� GLUHFWLRQV� QHLWKHU� LQ� JHRJUDSKLF� FRRUGLQDWHV QRU�
DIWHU�FRUUHFWLRQ�IRU�EHGGLQJ�WLOW��,W�LV�FRQFOXGHG�WKDW�URFNV�ZHUH�UHPDJQHWLVHG�LQ�D�V\Q�IROGLQJ�
VWDJH�

8QIROGLQJ� WKH� $JXDV� 6DOHQ]� )P�� FDQ� QRW� EH� DFKLHYHG� E\� DSSO\LQJ� VLPSOH� EHGGLQJ� WLOW�
FRUUHFWLRQ��VLQFH� WKH�URFNV�ZHUH�DIIHFWHG�E\�QRQ�FRD[LDO�PXOWLSOH�GHIRUPDWLRQ��&RUUHFWLRQ�RI�
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SDOHRPDJQHWLF� GLUHFWLRQV� WR� SUH�IROGLQJ� FRRUGLQDWHV� QHHGV� D� VWHSZLVH� XQIROGLQJ� SURFHGXUH��
7KH� UHVXOWV� RI� D� VWHSZLVH� XQIROGLQJ� LQGLFDWH� WKDW�PDJQHWLVDWLRQ� RI� WKH�$JXDV� 6DOHQ]� )P� LV�
ROGHU� WKDQ� WKH� GHIRUPDWLRQ� RI� WKH� %UHFKD� GH� &DPSR�� WKDW� LV�� ROGHU� WKDQ� (DUO\� (RFHQH�
VRXWKZDUGV� WHFWRQLF� WUDQVSRUW� RI� WKH� &RWLHOOD� DQG� 0RQWH� 3HUGLGR� WKUXVW� VKHHWV�� 7KH� PHDQ�
SDOHRPDJQHWLF�GLUHFWLRQ�DIWHU�SDUWLDO�WHFWRQLF�FRUUHFWLRQ�UHFRUGV��DW�OHDVW��WKH�VDPH�FORFNZLVH�
URWDWLRQ�DV�WKH�\RXQJHU�0DUJDV�GH�&DPSR�0E�VLWHV�

$� FRUUHODWLRQ� H[LVWV� EHWZHHQ� PDJQHWLF� SRODULW\� DQG� EXULDO� GHSWK� LQ� D� ODWH� &UHWDFHRXV�
EDODQFHG� FURVV�VHFWLRQ�� UHYHUVHG� SRODULW\� VLWHV� LQ� GHHSHU� OHYHOV� DQG� QRUPDO� SRODULW\� VLWHV� DW�
VKDOORZ�EXULDO�OHYHOV��7KLV�SRODULW\�]RQDWLRQ�LV�FRKHUHQW�ZLWK�DQ�VFHQDULR�RI��EXULDO�GLDJHQHWLF�
UHPDJQHWLVDWLRQ�� &OD\� GLDJHQHVLV� LV� QRW� D� SODXVLEOH� PHFKDQLVP� EHFDXVH� FOD\� PLQHUDOV� DUH�
QHDUO\�DEVHQW�LQ�URFNV�RI�WKH�$JXDV�6DOHQ]�)P��;5'�DQDO\VLV�LQGLFDWHV��KRZHYHU��WKH�SUHVHQFH�
RI�S\ULWH��3\ULWH�LV�SDUWLFXODUO\�DEXQGDQW�LQ�VLWHV�$5����$5���DQG�(6����ZKLFK�KDYH�YHU\�KLJK�
150� LQWHQVLW\� DQG� UHYHUVHG� PDJQHWLVDWLRQ�� 5HSODFHPHQW� RI� S\ULWH� E\� PDJQHWLWH� LQ� WKH�
RUJDQLF�ULFK� � FDUERQDWHV� RI� WKH� $JXDV� 6DOHQ]� )P�� PD\� EH� D� IHDVLEOH� PHFKDQLVP� � IRU�
UHPDJQHWLVDWLRQ�RI�VLWHV�LQ�GHSWK�

7KH�RFFXUUHQFH�RI�VLWHV�ZLWK�GLIIHUHQW�SRODULWLHV�LQGLFDWHV�WKDW�WKH�UHPDJQHWLVDWLRQ�SURFHVV�
ZDV� D� WLPH� ODVWLQJ�SURFHVV�RU�� DOWHUQDWLYHO\�� WKDW� WKHUH�ZHUH� WZR�VXFFHHGLQJ� UHPDJQHWLVDWLRQ�
HYHQWV��7KH� WUDQVLWLRQ� IURP� UHYHUVHG� WR� QRUPDO� VLWHV� RFFXUV� FORVH� WR� VLWH�(6����ZKLFK�\LHOG�
ERWK� UHYHUVHG� DQG� QRUPDO� UHPDJQHWLVDWLRQ� �$QQH[� )LJ�� �� &��� ,W� LV� QRWLFHDEOH� WKDW� ZKHQ�
DQWLSRGDO�FRPSRQHQWV�RFFXU�VLPXOWDQHRXVO\�� WKH�QRUPDO�FRPSRQHQW� LV�GHWHFWHG�LQ� WKH�KLJKHU�
XQEORFNLQJ� WHPSHUDWXUH� LQWHUYDO��7KLV�PD\� VXJJHVWV� WKDW� WKH�QRUPDO�PDJQHWLVDWLRQ�ZDV� ILUVW�
DFTXLUHG� DQG� VXEVHTXHQWO\� UHYHUVHG�PDJQHWLVDWLRQ� RYHUSULQWHG� WKH� QRUPDO� FRPSRQHQW�� ,W� LV�
VSHFXODWHG�WKDW�WKH�QRUPDO�UHPDJQHWLVDWLRQ�ZDV�DFTXLUHG�DW�D�VKDOORZ�EXULDO�GHSWK�VRRQ�DIWHU�
GHSRVLWLRQ��DQG�FRHYDO�ZLWK�WKH�WHFWRQLF�LQYHUVLRQ�RI�WKH�&RWLHOOD�DQG�GHSRVLWLRQ� RI�WKH�%UHFKD�
GH� &DPSR� �ODWH� 6DQWRQLDQ��� 6XEVHTXHQW� EXULDO� GLDJHQHVLV� FDXVHG� SHUYDVLYH� UHYHUVHG� �ORZHU�
&DPSDQLDQ��UHPDJQHWLVDWLRQ�IRFXVHG�LQ�WKH�GHHSHU�OHYHOV�RI�WKH�&RWLHOOD�EDVLQ�LQILOO�

7KH� SDUWLFXODU� WHFWRQLF� DQG� GHSRVLWLRQDO� VHWWLQJ� RI� WKH� &RWLHOOD� %DVLQ�� ZLWK� YHU\� IDVW�
GHIRUPDWLRQ� DQG� VHGLPHQWDWLRQ� UDWHV�� KDV� PDGH� FRPSDWLEOH� HDUO\� �EXW� GHHS�� GLDJHQHWLF�
UHPDJQHWLVDWLRQ�DQG�LWV�V\Q�IROGLQJ�VLJQDWXUH��7KH�SDOHRPDJQHWLF�VLJQDWXUH�RI�WKH�FDUERQDWHV�
RI� WKH�$JXDV�6DOHQ]�)P� LV� D� UDUH� FDVH� RI� SUH�FRPSUHVVLRQ�� V\Q�IROGLQJ�� GXDO�SRODULW\�� HDUO\�
GLDJHQHWLF�PDJQHWLVDWLRQ�

$FNQRZOHGJPHQWV

7KLV�LV�D�FRQWULEXWLRQ�RI�WKH�5HVHDUFK�*URXS�RI��*HRGLQiPLFD�\�$QiOLVLV�GH�&XHQFD�������
6*5��������RI�WKH��&RPLVVLRQDW�GH�8QLYHUVLWDWV�L�5HFHUFD�GH�OD�*HQHUDOLWDW�GH�&DWDOXQ\D��

6XSSRUWHG� E\� SURMHFW� � 5(1� ����������&2����� RI� WKH� VSDQLVK�0LQLVWU\� RI� 6FLHQFH� DQG�
7HFKQRORJ\�
5HIHUHQFHV
'LQDUqV�7XUHOO��-�������� 3DOHRPDJQHWLVPH�D� OHV�8QLWDWV�6XGSLUHQHQTXHV�6XSHULRUV��,PSOLFDFLRQV�HVWUXFWXUDOV�� 3K'�7KHVLV��8QLYHUVLW\�RI�
%DUFHORQD�

*DUFtD�6HQ]��-HV~V�������� &XHQFDV�H[WHQVLYDV�GHO�&UHWiFLFR�,QIHULRU�HQ�ORV�3LULQHRV�&HQWUDOHV��)RUPDFLyQ�\�VXEVHFXHQWH�,QYHUVLyQ�� 3K'��
7KHVLV��8QLYHUVLW\�RI�%DUFHORQD�

0F&OD\��.���0XxR]��-�$���*DUFtD �6HQ]��-���LQ�SUHVV� ([WHQVLRQDO�5DIW�7HFWRQLFV��6SDQLVK�3\ UHQHHV��*HRORJ\�



3DOHRPDJQHWLVPR�GR�PDFLoR�GH�0RQFKLTXH��6XO�GH�3RUWXJDO���
LPSOLFDo}HV�WHFWyQLFDV

3DOHRPDJQHWLVP�RI��0RQFKLTXH�PDVVLI��6RXWK�3RUWXJDO���WHFWRQLF�LPSOLFDWLRQV
*RPHV��&�6�5���3HUHLUD��/�&�*�

'HSDUWDPHQWR�GH�&LrQFLDV�GD�7HUUD��H�&HQWUR�GH�*HRFLrQFLDV�GD�8QLYHUVLGDGH�GH�&RLPEUD��3RUWXJDO�

2�PDFLoR�GH�0RQFKLTXH��)LJ����HVWi�ORFDOL]DGR�QD�UHJLmR�6:�GD�=RQD�6XO�3RUWXJXHVD�
�/RW]H�� ������� ,QWUXLX� HP� URFKDV� GR� IO\VK� FDUEyQLFR� RQGH� SURGX]LX� XPD� DXUpROD� GH�
PHWDPRUILVPR� GH� FRQWDFWR�� 2FXSD� XPD� iUHD� DSUR[LPDGD� GH� ��� NP�� H� DSUHVHQWD� XPD�
IRUPD� PDLV� DORQJDGD� VHJXQGR� D� GLUHFomR� (�:�� FRP� HL[R� PDLRU� GH� FHUFD� GH� ��� NP� H�
PHQRU� GH� FHUFD� GH� �� NP�� e� FRQVWLWXtGR� HVVHQFLDOPHQWH� SRU� VLHQLWR� QHIHOtQLFR� ������ H�
DSUHVHQWD� XPD� LGDGH� UDGLRPpWULFD� GH� ��� �� �� 0D�� SHOR� PpWRGR� .�$U� �6WRUHWYHGW� HW�
DO��������

)LJ�� ± $�JHRORJLD�GR�PDFLoR�GH�0RQFKLTXH��VHJXQGR�*RQoDOYHV��������PRGLILFDGR��
2�PDFLoR�p�UHFRUWDGR�SRU�XP�VLVWHPD�GH�IUDFWXUDV�TXH�WrP�XPD�GLUHFomR�JHUDO�PpGLD�

1��(�H�HVWmR�EHP�H[SUHVVDV�QR�VHFWRU�RULHQWDO��e�VHFFLRQDGR�QD�SDUWH�RFLGHQWDO�SRU�XPD�
IDOKD�QRUWHDGD��)DOKD�GH�3RUWLPmR��TXH��DR�DWUDYHVVDU�R�PDFLoR��LQIOHFWH�SDUD�1:���(VWH�
ILFD��DVVLP��VHFFLRQDGR��JURVVR�PRGR��HP�WUrV�VHFWRUHV��)LJ�����VHFWRU�,�� �RFLGHQWDO���TXH�
HQJORED� � D� ]RQD� D� RHVWH� GD� )DOKD� GH� 3RUWLPmR�� VHFWRU� ,,� �FHQWUDO�� TXH� GHILQH� XPD� iUHD�
FHQWUR�QRUWH�GR�PDFLoR��H�R�VHFWRU�,,,���TXH�p�FRQVWLWXtGR�SHOD�UHJLmR�PDLV�RULHQWDO�

2V� SULPHLURV� GDGRV� SDOHRPDJQpWLFRV� REWLGRV� HP� DPRVWUDV�GR�PDFLoR�GH�0RQFKLTXH�
IRUDP�SXEOLFDGRV�HP������SRU�9DQ�GHU�9RR���'HVGH�HQWmR��WrP�YLQGR�D� VHU�DSUHVHQWDGRV�
PDLV�GDGRV�TXH�HVWmR�UHVXPLGRV�QD�7DEHOD���



7DEHOD��� 5HVXPR�GH�DOJXQV�UHVXOWDGRV�SDOHRPDJQpWLFRV�SXEOLFDGRV�VREUH�R�PDFLoR�GH�0RQFKLTXH
'LUHFomR 1 'HF����� ,QF����� .�� UHIHUrQFLD
� � ��� ��� ��� 9DQ�GHU�9RR�������
� �� ��� ��� ��� 6WRUHWYHGW��HW�DO��������
� �� ��� ����� ��� *RPHV�HW�DO� ������
� �� ����� ����� ��� *RPHV�	�6DQW¶2YDLD�������

2EVHUYDQGR� RV� GDGRV� GD� 7DEHOD� �� SRGHPRV� YHULILFDU� TXH� DV� GLUHFo}HV� �� H� �� VmR�
FRQFRUGDQWHV��$�GLUHFomR����HP�UHODomR�D����DSUHVHQWD�XPD�GLIHUHQoD�DQJXODU�GH����SDUD�
(VWH��5 ������FRP�û5� �������GH�DFRUGR�FRP�'HPDUHVW����������(VWDV�WUrV�GLUHFo}HV�IRUDP�
REWLGDV� D� SDUWLU� GR� HVWXGR� GH� DPRVWUDV� SHUWHQFHQWHV� DRV� VHFWRUHV� ,,� H� ,,,� GR�PDFLoR��$�
GLUHFomR����REWLGD�FRP�DPRVWUDV�GRV�VHFWRUHV�,�H�,,��DSUHVHQWD�XPD�GLIHUHQoD�DQJXODU�GH�
����� SDUD� 2HVWH� �5�  � ������ FRP� û5�  � ������ HP� UHODomR� j� GLUHFomR� ��� $� GLUHFomR� �� p�
GLVFRUGDQWH� GDV� DQWHULRUHV�� R� TXH� OHYDQWRX� D� KLSyWHVH� GH� R� VHFWRU� ,� DSUHVHQWDU� XPD�
GLUHFomR�GLVWLQWD� � �TXH�SRGHULD� UHVXOWDU�GH�DFo}HV� WHFWyQLFDV� UHJLRQDLV�DFWXDQWHV� VREUH�R�
PDFLoR�DSyV D�VXD�LPSODQWDomR��

)LJ���± 'LUHFo}HV�GR�YHFWRU�GHFOLQDomR�SDOHRPDJQpWLFD�QRV�WUrV�VHFWRUHV�GR�PDFLoR�GH�0RQFKLTXH�
3RU� HVVD� UD]mR�� SURFHGHX�VH� D� QRYD� DPRVWUDJHP� �)LJ����� GLVWULEXtGD�SRU�TXDWUR� VtWLRV�

�3LFRV�� 3HGUD� GD�&HUFD��&DUYDOKR� H�&DVDLV����� WRGRV�QR� VHFWRU� ,� GR�PDFLoR�� GH�RQGH� VH�
FROKHUDP� XP� WRWDO� GH� ��� DPRVWUDV�� 'HVWD� FROHFomR�� ��� IRUDP� GHVPDJQHWL]DGDV� SRU�
FDPSRV�PDJQpWLFRV�DOWHUQRV��DWp�����P7��$V�DPRVWUDV�IRUDP�PHGLGDV�H�GHVPDJQHWL]DGDV�
QR�/DERUDWyULR�GR�'HSDUWDPHQWR�GH�*HRFLrQFLDV�0DULQKDV� H�2UGHQDPHQWR�GR�7HUULWyULR�
GD�8QLYHUVLGDGH�GH�9LJR��2V�UHVXOWDGRV�REWLGRV�IRUDP�FRPSDUDGRV�FRP�DV�FRPSRQHQWHV�



Mi�FDOFXODGDV��SDUD�R�VHFWRU�,��HP�WUDEDOKRV�DQWHULRUHV��*RPHV���������H�D�PpGLD�FDOFXODGD�
p�GHF�LQF� ������������������. ��� ��������.� �����SDUD��1� ������(VWD�GLUHFomR�p��HP�UHODomR�D����DLQGD�PDLV�GLVFRUGDQWH�

$V� GLUHFo}HV� GR� YHFWRU� GHFOLQDomR� �)LJ����� REWLGDV� QRV� WUrV� VHFWRUHV� GR� PDFLoR��
SDUHFHP�VHU�GLIHUHQWHV��$�)DOKD�GH�3RUWLPmR��TXH�DWUDYHVVD�R�PDFLoR�VHJXQGR�D�GLUHFomR�
1:�6(�� FRQVWLWXL� R� OLPLWH� HVWH� GRV� YDORUHV�PDLV�GLVFRUGDQWHV�� REWLGRV�SUHFLVDPHQWH�QR�
VHFWRU� ,�� 2V� YDORUHV� GD� GHFOLQDomR� REWLGRV� QRV� VHFWRUHV� ,,� H� ,,,�� D� (VWH� GDTXHOD� IDOKD��
SDUHFHP�HVWDU�URGDGRV�QR�VHQWLGR�DQWL�KRUiULR��HP�UHODomR�DRV�GR�VHFWRU�,��H�RV�YDORUHV�GR�
VHFWRU�,,,�SDUHFHP�VHU��DLQGD��XP�SRXFR�PDLRUHV�GR�TXH�RV�GR�,,��HVWD�KLSyWHVH�HVWi�D�VHU�
DQDOLVDGD��� �6H�FRQVLGHUDUPRV�RV�YDORUHV�GRV�VHFWRUHV�,�H�,,,�HP�UHODomR�DRV�GR�VHFWRU�,,��
SDUHFH�KDYHU�XPD�URWDomR�VLPpWULFD�HP�UHODomR�j�SDUWH�FHQWUDO�

1mR� KDYHQGR� DUJXPHQWRV� SDUD� FRQVLGHUDU� UHJLVWRV� SDOHRPDJQpWLFRV� HP� PRPHQWRV�
GLIHUHQWHV��WHPRV�GH�UHFRQKHFHU�TXH�D�ILJXUD�OHYHPHQWH�VLJPRLGDO��GHVHQKDGD�SHODV�OLQKDV�
SHUSHQGLFXODUHV�jV�VXDV�GLUHFo}HV��p�SRVWHULRU���)LJ����

)LJ�� � 0RGHOR�GH�GHIRUPDomR�SyV�LPSODQWDomR�GR�PDFLoR�GH�0RQFKLTXH�



$�LQWUXVmR�SDUHFH�RFXSDU�R�HL[R�GH�XPD�HVWUXWXUD�DQWLFOLQDO�HP�TXH�D�GLUHFomR�PDLRU�
DSUHVHQWD�XPD�OHYH�URWDomR�QRV�H[WUHPRV��HVWH�H�RHVWH��2�H[WUHPR�HVWH�WHQGH�D�URGDU�SDUD�
1(��LVWR�p��QR�VHQWLGR�DQWL�KRUiULR��HQTXDQWR�R�H[WUHPR�RHVWH�LQIOHFWH�SDUD�6:��URGDQGR�
QR�VHQWLGR�KRUiULR�

(VWD�SRVVtYHO�GHIRUPDomR��SyV�LPSODQWDomR���QmR�p�IiFLO�GH�FRPSDWLELOL]DU�FRP�IDL[DV�
GH� GHIRUPDomR� �FLVDOKDPHQWR�� FRP� GLUHFomR� 1:�6(�� GLUHLWDV�� TXH� PDWHULDOL]DP� D�
GLUHFomR� GR� DOLQKDPHQWR� FRQMXQWR� 6LQWUD�6LQHV�0RQFKLTXH� �5LEHLUR� HW� DO�� ������ HP�
7HUULQKD� HW� DO��������� $� GLUHFomR� GD� VXSHUILFLH� D[LDO� GD� HVWUXWXUD� DQWLFOLQDO�� RQGH� VH�
LPSODQWRX�R�PDFLoR�GH�0RQFKLTXH��p�TXH�SRGH�KDUPRQL]DU�VH�GHQWUR�GH� IDL[DV�FUXVWDLV�
FRP�DTXHOD�GLUHFomR�1:�6(���)LJ����

)LJ��� � $�LQWHUSUHWDomR�WHFWRQR�HVWUXWXUDO�KDUPRQL]D�DV�RULHQWDo}HV�GR�DOLQKDPHQWR�GH�0RQFKLTXH�FRP�R�
DOLQKDPHQWR�GDV�JUDQGHV�GREUDV�GD�2UOD�VXO�3RUWXJXHVD�

$� GHIRUPDomR� VLJPRLGDO�� TXH� GHYH� VHJXLU�VH� j� LPSODQWDomR� GR� SOXWRQLWR�� SDUHFH�
KDUPRQL]DU�VH� PHOKRU� FRP� XPD� GHIRUPDomR� FRQWtQXD�� SRU� FLVDOKDPHQWR� HVTXHUGR�� GH�
EORFRV� FUXVWDLV��PDV� FRP� GLUHFomR� VLPpWULFD�� SDUD�1(�� TXH� SDUHFH� VHU� XPD� UHVSRVWD� DR�
DMXVWDPHQWR�GD�,EpULD���GHSRLV�GD�DEHUWXUD�GR�JROIR�GD�%LVFDLD�
$JUDGHFLPHQWRV� 2V� DXWRUHV� DJUDGHFHP� DR� 3URI�� 'RXWRU� 'DQLHO 5H\� DV� IDFLOLGDGHV� FRQFHGLGDV� QD� XWLOL]DomR� GR�
/DERUDWyULR�GH�3DOHRPDJQHWLVPR�GD�8QLYHUVLGDGH�GH�9LJR�
5HIHUrQFLDV
'HPDUHVW��+�+�������� (UURU�DQDO\VLV�IRU�WKH�GHWHUPLQDWLRQ�RI�WHFWRQLF�URWDWLRQ�IURP�SDOHRPDJQHWLF�GDWD��-�*HRSK\V��5HV������SS��
����� �����



*RPHV��&�6�5���/HLWH��,���6DQW¶2YDLD��+���0RQWHLUR��0��H�0RQWHQHJUR��-�������� $QiOLVH�GD�RULHQWDomR�GR�HOLSVyLGH�GD�
VXVFHSWLELOLGDGH�PDJQpWLFD�HP�URFKDV�GR�0DFLoR�GH�0RQFKLTXH��/LYUR�GH�5HVXPRV�GD����&RQIHUrQFLD�1DFLRQDO�GH�)tVLFD��)tVLFD ������
9LOD�5HDO��SS���������
*RPHV��&�6�5��H�+��6DQW¶2YDLD������� 0DUFDV�GH�SDOHRPDJQHWLVPR�QR�PDFLoR�GH�0RQFKLTXH�����&RQIHUrQFLD�GR�**(7� ± eYRUD��
������GH�2XWXEUR��SS����
*RQoDOYHV��)�������� 6XEVtGLRV�SDUD�R�FRQKHFLPHQWR�JHROyJLFR�GR�PDFLoR�HUXSWLYR�GH�0RQFKLTXH�� &RP��6HUY��*HRO��3RUWXJDO������
SS���������
/RW]H��)�������� 2EVHUYDFLRQHV�UHVSHFWR�D�OD�GLYLVLyQ�GH�ORV�YDULVFLGHV�GH�OD�0HVHWD�,EHULFD� � ,QVW�/�0DOODGD��3XEO�H[WUDQJHUDV�9RO�����
SS���������
6WRUHWYHGW�� .�0��� -�*�0LWFKHOO�� 0�&�$EUDQFKHV� DQG� 6�� 2IWHGDKO� � ����� $� QHZ� .LQHPDWLF� PRGHO� IRU� ,EHULD�� IXUWKHU�
SDODHRPDJQHWLF�DQG�LVRWRSLF�DJH�HYLGHQFH��3K\VLFV�RI�WKH�(DUWK�DQG�3ODQHWDU\�,QWHULRUV������SS���� �����
7HUULQKD��3���5�3�'LDV��$��5LEHLUR�	�-�&DEUDO� ������� 7KH�3RUWLPmR�)DXOW��$OJDUYH�%DVLQ��6RXWK�3RUWXJDO ��&RPXQ��,QVW�*HRO��H�
0LQHLUR�W�����SS���������
9DQ�GHU�9RR��5�������� 3DOHRPDJQHWLF�HYLGHQFH�IRU�WKH�URWDWLRQ�RI�WKH�,EHULDQ�3HQLQVXOD��7HFWRQRSK\VLFV���������SS��� ����



3DUkPHWURV�PDJQpWLFRV�GH�IROKDV�GH�iUYRUHV�H�QtYHLV�GH�SROXLomR�HP�
&RLPEUD

0DJQHWLF�SDUDPHWHUV�RI�WUHH�OHDYHV�DQG�SROOXWLRQ�OHYHOV�LQ�&RLPEUD
*RPHV��&�6�5����5H\��'�����5RFKD��$�/�)��

� 'HSDUWDPHQWR�GH�&LrQFLDV�GD�7HUUD��8QLYHUVLGDGH�GH�&RLPEUD������������3RUWXJDO��
URPXDOGR#FL�XF�SW�

� 'HSR��GH�;HRFLHQFLDV�0DULxDV�H�2UGHQDFLyQ�GR�7HUULWyULR�GD�8QLY��GH�9LJR��(VSDQKD�
� $JUXSDPHQWR�9HUWLFDO�)HUUHU�&RUUHLD��(%,�-,�3URIHVVRU�'RXWRU�)HUUHU�&RUUHLD

6mR� DSUHVHQWDGRV� RV� SULPHLURV� UHVXOWDGRV� GH� XP� HVWXGR�� DLQGD HP� GHVHQYROYLPHQWR�� QR�
TXDO� VH� DSOLFDP� RV� PpWRGRV� GR� PDJQHWLVPR� DPELHQWDO� D� HVWXGRV� GH� SROXLomR� HP� ]RQDV�
XUEDQDV�H�SHUL�XUEDQDV��(VWHV�PpWRGRV� WrP�YLQGR�D�VHU� WHVWDGRV��FRP�r[LWR��QRXWUDV�FLGDGHV�
FRPR��SRU�H[HPSOR��1RUZLFK��0DW]ND�H�0DKHU���������0DGULG�� 0F,QWRVK�HW�DO����������5RPD�
�0RUHQR� HW� DO��� ������ H� /HREHQ� �+DQHVFK� HW� DO��� ������� (VWHV� WUDEDOKRV� WrP� PRVWUDGR� D�
HILFiFLD�GRV�SDUkPHWURV�PDJQpWLFRV��PHGLGRV�HP�IROKDV�GH�iUYRUHV�GH�GLIHUHQWHV�HVSpFLHV��QD�
DYDOLDomR�� DLQGD� TXH� GH� IRUPD� LQGLUHFWD�� GH� GLIHU HQWHV� QtYHLV� GH� SROXLomR�� SURYRFDGD�
HVVHQFLDOPHQWH�SHOD�FLUFXODomR�DXWRPyYHO�PDV��WDPEpP��SHOD�DFWLYLGDGH�LQGXVWULDO�

$VVLP�� HVWH� HVWXGR� IRL� SODQLILFDGR� SDUD� R� SHUtPHWUR� XUEDQR� GD� FLGDGH� GH� &RLPEUD� H�
DUUHGRUHV� �HP� HVSHFLDO� D� iUHD� GH� 6RXVHODV��� FRP� XPD� SRSX ODomR� DSUR[LPDGD� GH� ���� ���
KDELWDQWHV�H�XP�HOHYDGR�PRYLPHQWR�DXWRPyYHO��HP�HVSHFLDO�HP�DOJXQV�SRQWRV�GD�FLGDGH��PDV�
SUDWLFDPHQWH�VHP�LQG~VWULD��H�YLVD�HVVHQFLDOPHQWH�

�HVFROKHU� XPD� RX� PDLV� HVSpFLHV� TXH� VH� HQFRQWUHP� EHP� UHSUHVHQWDGDV� QD� iUHD� GH�
LQWHUHVVH� H� VLPXOWDQHDPHQWH�� VHMDP� HILFD]HV� QD� FRQFHQWUDomR� GH� SRHLUDV�� HP� HVSHFLDO�
QDTXHODV�FRP�RULJHP�QD�DFWLYLGDGH�DQWUySLFD�

�FRQKHFHU�D�YDULDomR�GRV�SDUkPHWURV�PDJQpWLFRV�QD�iUHD�VHOHFFLRQDGD��HP�HVSHFLDO�GD�
VXVFHSWLELOLGDGH� PDJQpWLFD� H� GD� PDJQHWL]DomR� UHPDQHVFHQ WH� LVRWpUPLFD� D� �� 7HVOD�
�05,�7���

�YHULILFDU�D�SRVVLELOLGDGH�GH�GHWHFWDU�HYHQWXDO�FRQWULEXLomR�GD�IiEULFD�GH�FLPHQWR�GH�
6RXVHODV�

�DYDOLDU�D�HYROXomR�GRV�SDUkPHWURV�PDJQpWLFRV��PHGLGRV�QDV�IROKDV�DR� ORQJR�GR�VHX�
WHPSR�GH�YLGD�H�D�LQIOXrQFLD�GDV�YDULDo}HV�FOL PiWLFDV��HP�HVSHFLDO�GD�SUHFLSLWDomR�
3DUD�DPRVWUDJHP�VHOHFFLRQDUDP�VH�GRLV�WLSRV�GH�iUYRUHV��7LOLD�VS� H�3ODWDQXV�VS���GHYLGR�

DR� IDFWR�GH�DSUHVHQWDUHP�XPD�GLVWULEXLomR�HOHYDGD�QD�FLGDGH�H�DUUHGRUHV��VHUHP�iUYRUHV�GH�
IROKD� FDGXFD� H�� WDPEpP�� SRUTXH� DV� IROK DV� DSUHVHQWDP�XPD� iUHD� DGHTXDGD� H� FDSDFLGDGH� GH�
IXQFLRQDU�FRPR�FROHFWRUHV�GH�SRHLUDV��IROKDV�GH�SOiWDQR�Mi�WLQKDP�VLGR�REMHFWR�GH�HVWXGR��FRP�
ERQV�UHVXOWDGRV��HP�9LJR��SRU�3HUH] �*XHUUD�HW�DO����������$�GLVWULEXLomR�HVSDFLDO�GRV�VtWLRV�
DPRVWUDGRV� WHYH� FRPR� ILQDOLGDGHV�� ���� DEUDQJHU� D� PDLRU� iUHD� SRVVtYHO�� ���� SHUPLWLU� D�
FRPSDUDomR� GRV� YDORUHV� REWLGRV� SDUD� XP� H� RXWUR� GRV� JpQHURV� XWLOL]DGRV�� ���� YHULILFDU� D�
YDULDomR�WHPSRUDO�GRV�SDUkPHWURV������DYDOLDU�D�DFomR�GDV�YDULDo}HV�FOLPiWLFDV��HP�HVSHFLDO�GD�
SUHFLSLWDomR������FRPSDUDU�RV�YDORUHV��IXQomR�GD�GLVWkQFLD�jV�IRQWHV�GH�SROXLomR�

(P� FDGD� VtWLR� GH� DPRVWUDJHP� IRUDP� UHWLUDGDV� �� IROKDV�� DSUR[LPDGDPHQWH� GR� PHVPR�
WDPDQKR� H� FRP�R�PHVPR�JUDX�GH�GHVHQYROYLPHQWR� H� D�XPD�DOWXUD� HQWUH����� H���PHWURV�GR�
FKmR��'H�FDGD�IROKD�FRUWRX�VH�XP�UHFWkQJXOR�GH����SRU���FP��2V�WUrV�UHFWkQJXORV��REWLGRV�SRU�
VtWLR�� IRUDP�FRORFDGRV�HP�FDL[DV�FLOtQGULFDV��FRP�YROXPH�LQWHUQR�GH�����FP ����FRPSDWtYHLV�
FRP�DV�HVSHFLILFDo}HV�GRV�DSDUHOKRV�GH�PHGLGD�

$V� PHGLo}HV� IRUDP� HIHFWXDGDV� QR� /DERUDWyULR� GH 3DOHRPDJQHWLVPR�� 0DJQHWLVPR�
$PELHQWDO� H� $UTXHRPDJQHWLVPR� GR� 'HSR�� GH� ;HRFLHQFLDV� 0DULxDV� H� 2UGHQDFLyQ� GR�
7HUULWyULR�GD�8QLY��GH�9LJR��)RUDP�PHGLGDV�D�VXVFHSWLELOLGDGH�PDJQpWLFD�H�D�PDJQHWL]DomR�
UHPDQHVFHQWH� LVRWpUPLFD� D� �� 7HVOD� �05, �7�� HP� FHUFD� GH� ���� DPRVWUDV� �1 ������ 3DUD� DV�
DPRVWUDV�GD�~OWLPD�FROHFomR�IRUDP�LJXDOPHQWH�GHWHUPLQDGRV�RV�YDORUHV�GH�05, ����P7 H�05,�



���P7��SDUD�DYDOLDU�R�WLSR�GH�HVWUXWXUDV�PDJQpWLFDV�SUHVHQWH��3DUD�DOJXPDV�DPRVWUDV�REWLYHUDP �
VH�LJXDOPHQWH�DV�FXUYDV�GH�05,��DWp���7HVOD��$�VXVF HSWLELOLGDGH�PDJQpWLFD�IRL�PHGLGD�QXPD�
SRQWH� GH� VXVFHSWLELOLGDGH�%DUWLQJWRQ�06�� H� D�05,�QXP�PDJQHWyPHWUR� VSLQQHU�02/63,1�
0LQLVSLQ�H�RV�FDPSRV�IRUDP�DSOLFDGRV�FRP�XP�PDJQHWL]DGRU�GH�SXOVRV�0030��

2V� YDORUHV� GD� VXVFHSWLELOLGDGH� PDJQpWLFD� VmR�� HP� PpGLD�� PXLW R� EDL[RV�� &RQWXGR��
DSUHVHQWDP�XP�HOHYDGR�FRHILFLHQWH�GH�FRUUHODomR�OLQHDU�FRP�RV�YDORUHV�GD�05, �7 �U� �������
$VVLP��QD�LQWHUSUHWDomR�VHUmR�DQDOLVDGDV�HVVHQFLDOPHQWH�RV�YDORUHV�GH�05, �7 FXMRV�PtQLPR�H�
Pi[LPR��VmR�����P$P����DPRVWUD�GH�SOiWDQR��H����P$P�� �DPRVWUD�GH�WtOLD���REWLGRV�HP�9DOH�
GH�&DQDV�H�QD�]RQD�GR�&DOKDEp��UHVSHFWLYDPHQWH��4XDQGR�FRPSDUDGRV�RV�YDORUHV�GD�05,�GDV�
IROKDV�GH�SOiWDQR�H�GH�WtOLD��SDUD�R�PHVPR�VtWLR�GH�DPRVWUDJHP��YHULILFD �VH�TXH�DV�WtOLDV�VmR�
PDLV�HILFD]HV�FRPR�FROHFWRUDV�GH�SRHLUDV �QXPD�UHODomR��DSUR[LPDGD�GH������

([LVWHP� YDULDo}HV� HVSDFLDLV� GRV� YDORUHV� GD� 05,� TXH� HVWmR� FODUDPHQWH� DVVRFLDGDV� j�
LQWHQVLGDGH�GH�WUiILFR�H�j�H[SRVLomR�jV�VXEVWkQFLDV�OLEHUWDGDV��SRGH�PHVPR�DILUPDU �VH�TXH�D�
SULQFLSDO�IRQWH�GH�SROXLomR�GHWHFWDGD�p�D�DFWLY LGDGH�GRV�YHtFXORV�DXWRPyYHLV��

9HULILFD�VH� XP� DXPHQWR� GRV� YDORUHV�� SDUD� R� PHVPR� VtWLR�� GXUDQWH� R� SULPHLUR� PrV� GH�
PHGLomR�H[SRVLomR��-XOKR�GH������H�-XQKR�GH��������TXH�FRUUHVSRQGH�D�LQWHUYDORV�VHP�QtYHLV�
GH�SUHFLSLWDomR��HP�VHJXLGD�YHULILFD �VH��HP�PpGLD��XP�GHFUpVFLPR��DSyV�DV�SULPHLUDV�FKXYDV��
DWp�2XWXEUR� �QDV� DPRVWUDV�GH��������&RQWXGR�� D� iJXD�GD� FKXYD�QmR�p� WRWDOPHQWH� HILFD]�QD�
UHPRomR�GDV� SDUWtFXODV�PDJQpWLFDV�� FRPR� VH� SRGH� FRPSURYDU� DWUDYpV� GRV� GDGRV�� 3RU� RXWUR�
ODGR��DV�IROKDV�SDUHFHP�PDQWHU�D�FDSDFLG DGH�GH�IXQFLRQDU�FRPR�FROHFWRUHV�GH�SRHLUDV�PHVPR�
GXUDQWH� R� ,QYHUQR�� FRPR�PRVWUDP� RV� YDORUHV� REWLGRV� HP� DPRVWUDV� UHVLGXDLV� GH� -DQHLUR� GH�
�����

2V� VtWLRV� FRP�PDLRU�TXDQWLGDGH�GH�PDWHULDO�PDJQpWLFR�VmR� LJXDOPHQWH� VtWLRV�FRP�PXLWR�
PRYLPHQWR�DXWRPyYHO��GHVWDFDP�VH�DV�URWXQGDV�H�RV�FUX]DPHQWRV�

$V�FXUYDV�GH�05,�GHQXQFLDP�D�SUHVHQoD�GH�HVWUXWXUDV�IHUULPDJQpWLFDV��FRPR�D�PDJQHWLWH��
2V�YDORUHV�GD�UHODomR�05,±���P7�05,�7 RX�6����P7 �PpGLD� ������1� �����H�6����P7 �PpGLD� �
������1� �����VmR�OLJHLUDPHQWH�LQIHULRUHV�jTXHOHV�REWLGRV��SRU�H[HPSOR��SHOR�HVWXGR�HIHFWXDGR�
SDUD�DV�FLGDGHV�GH�/HREHQ��6 ����P7  �������+DQHVFK�HW�DO��������H�GH�5RPD��6����P7� ������H�
������0RUHQR�HW�DO����������UHVSHFWLYDPHQWH��&RQWXGR��SHOR�PHQRV�XPD�IUDFomR�VLJQLILFDWLYD�
GR� PDWHULDO� VHUi� PDJQHW LWH�� FRP� RULJHP� HP� SURFHVVRV� GD� DFWLYLGDGH� DXWRPyYHO�� GDGR� D�
YDULDomR� GRV� YDORUHV� GH� 05,�� TXDQGR� FRPSDUDGRV�� SRU� H[HPSOR�� RV� YDORUHV� UHODWLYRV� jV�
DPRVWUDV�GH�9DOH�GH�&DQDV��3DUTXH�QRV�DUUHGRUHV�GD�&LGDGH��FRP�RV�GH�VtWLRV�FRP�HOHYDGR�
WUiIHJR��S��H[��6��-RVp��D�$Y��(PtGLR�1DYDUUR��D�3UDoD�GD�5HS~EOLFD�H�D�$Y��6i�GD�%DQGHLUD�RX�
D�UXD�GR�3DGUmR���9HULILFRX�VH��DLQGD��TXH�TXDQWR�PHQRU�D�GLVWkQFLD�jV�YLDV�GH�FRPXQLFDomR��
PDLRU�WDPEpP�D�FRQFHQWUDomR�GH�PDWHULDO�PDJQpWLFR�
$JUDGHFLPHQWR��2V�DXWRUHV�DJUDGHFHP�D�FRQVXOWD�GRV�UHJLVWRV�GH�SUHFLSLWDomR��GXUDQWH�RV�DQRV�GH������H�������
GLVSRQLELOL]DGRV�SHOR�,QVWLWXWR�*HRItVLFR�GD�8QLYHUVLGDGH�GH�&RLPEUD�
(VWH�WUDEDOKR�IRL�GHVHQYROYLGR�QR�kPELWR�GR�&HQWUR�GH�*HRFLrQFLDV�GD�8QLYHUVLGDGH�GH�&RLPEUD�

%LEOLRJUDILD
0RUHQR��(���6DJQRWWL��/���'LQDUqV�7XUHOO��-���:LQNOHU��$���&DVWHOOD��$�������� %LRPRQLWRULQJ�RI�WUDIILF�DLU�SROOXWLRQ�LQ�5RPH�
XVLQJ�PDJQHWLF�SURSHUWLHV�RI�WUHH�OHDYHV�$WPRVSKHULF�(QYLURQPHQW���������� ������
0DW]ND��-���0DKHU��%�$�������� 0DJQHWLF�ELRPRQLWRULQJ�RI�URDGVLGH�WUHH�OHDYHV��LGHQWLILFDWLRQ�RI�VSDFLDO�DQG�WHPSRUDO�
YDULDWLRQV�LQ�YHKLFOH�GHULYHG�SDUWLFXODWHV��$WPRVSKHULF�(QYLURQPHQW���������� ������
3HUH]�*XHUUD��$���)HUQDQGH]�'DYLOD��$���0RKDPHG��.�-���5H\��'���5XELR�%���0pQGH]��*���(PLURJOX��6�������� 9LFXV�
PDJQHWRIROLD��*HRSK\VLFDO�5HVHDUFK�$EVWUDFWV��(*6��� ±$������
0&,QWRVK��*���3DFFDUG��0�*���2VHWH��0�/�������� 7KH�PDJQHWLF�SURSHUWLHV�RI�WUHH�OHDYHV��D�PHDVXUH�RI�XUEDQ�SROOXWLRQ��
0$*,%(5�,��/LYUR�GH�&RPXQLFDo}HV������%XUJRV�



&DUDFWHUL]DomR�PDJQpWLFD�GRV�PDWHULDLV�GD�HVFRPEUHLUD�H�GH�
GHSRVtPHWURV�GD�%DUUDJHP�9HOKD��8UJHLULoD��3RUWXJDO�&HQWUDO���

UHVXOWDGRV�SUHOLPLQDUHV�
0DJQHWLF�FKDUDFWHUL]DWLRQ�RI�GHSRVLPHWUHV�DQG�WDLOLQJV�IURP�%DUUDJHP�9HOKD�

�8UJHLULoD��3RUWXJDO�&HQWUDO���SUHOLPLQDU\�UHVXOWV

*RPHV�&�6�5����9LFHQWH�$��3����3HUHLUD��$�-�6�&����1HYHV�/�-�3�)����5H\�'���
� 'HSDUWDPHQWR�GH�&LrQFLDV�GD�7HUUD��8QLYHUVLGDGH�GH�&RLPEUD������������3RUWXJDO��

URPXDOGR#FL�XF�SW�� 'HSR��GH�;HRFLHQFLDV�0DULxDV�H�2UGHQDFLyQ�GR�7HUULWyULR�GD�8QLY��GH�9LJR��(VSDQKD�
$� DYDOLDomR� GRV� SDUkPHWURV� PDJQpWLFRV� GH� PDWHULDLV� JHROyJLFRV�� QR� kPELWR� GR�

PDJQHWLVPR�DPELHQWDO��WHP�SHUPLWLGR�D�HODERUDomR�GH�HVWXGRV�EDVWDQWH�GLYHUVLILFDGRV�
�7KRPSVRQ� H� 2OGILHOG�� ������ 'HNNHUV�� ������ 0DKHU� H� 7KRPSVRQ�� ������� 6mR�
DSUHVHQWDGRV� RV� SULPHLURV� UHVXOWDGRV� GH� XP� HVWXGR�� DLQGD� HP� GHVHQYROYLPHQWR�� QR�
TXDO� VH� DSOLFDP�RV�PpWRGRV�GR�PDJQHWLVPR�DPELHQWDO� j� FDUDFWHUL]DomR�GH�PDWHULDLV��
SURYHQLHQWHV�GD�H[SORUDomR�GH�XUkQLR��UHVtGXRV���DFXPXODGRV�DR�ORQJR�GH�FHUFD�GH����
DQRV� QD� GHVLJQDGD� HVFRPEUHLUD� GD� %DUUDJHP� 9HOKD� �8UJHLULoD��� (VWHV� PDWHULDLV��
SURYHQLHQWHV�GD�H[SORUDomR�GH� URFKDV�FRPR�JUDQLWRV��[LVWRV�H� ILO}HV� �HVVHQFLDOPHQWH�
GH�TXDUW]R�H�URFKDV�EiVLFDV��IRUDP�PRtGRV�D�������PP�H�WUDWDGRV�FRP�iFLGR�V~OIXULFR��
SDUD� H[WUDFomR� GR� XUkQLR�� 2� SUHVHQWH� HVWXGR� YLVD�� ���� FDUDFWHUL]DU� RV� PDWHULDLV� GD�
HVFRPEUHLUD�� UHODWLYDPHQWH� jV� VXDV� SURSULHGDGHV� PDJQpWLFDV�� ���� FRPSDUDU� RV�
SDUkPHWURV�PDJQpWLFRV�GDV�DPRVWUDV�GDV�HVFRPEUHLUDV�FRP�RV�GH�SRHLUDV�FROHFWDGDV�
HP� GHSRVtPHWURV�� QD� PHVPD� UHJLmR�� ���� DYDOLDU� D� YDULDomR� HVSDFLDO� H� WHPSRUDO� GR�
PDWHULDO� GRV� GHSRVtPHWURV�� ���� FRUUHODFLRQDU� RV� SDUkPHWURV� PDJQpWLFRV� FRP� R�
TXLPLVPR�GDV�PHVPDV�DPRVWUDV�

7UDEDOKRV� GH� FDUWRJUDILD� UDGLRPpWULFD� �GDGRV� QmR� SXEOLFDGRV�� VHUYLUDP�GH�EDVH� j�
VHOHFomR� GD� DPRVWUDJHP� GRV� PDWHULDLV� GD� HVFRPEUHLUD� XWLOL]DGD� QHVWH� HVWXGR�� &RP�
EDVH� QHVWD� LQIRUPDomR�� H� QR� kPELWR� GH� XP� HVWXGR� DPELHQWDO�PDLV� DODUJDGR� �(VWXGR�
'LUHFWRU� GDV� ÈUHDV� GH� 0LQpULRV� 5DGLRDFWLYRV��� IRUDP� FRORFDGRV� QXPD� iUHD� GH�
DSUR[LPDGDPHQWH� ��� .P�� TXH� LQFOXL D� HVFRPEUHLUD� GD� %DUUDJHP� 9HOKD�� ��
GHSRVtPHWURV�� 2V� PDWHULDLV� UHWLGRV� QRV� ILOWURV� GRV� GHSRVtPHWURV� IRUDP� LJXDOPHQWH�
REMHFWR�GH�DQiOLVH�

)RUDP�PHGLGDV����DPRVWUDV�GRV�PDWHULDLV�GDV�HVFRPEUHLUDV�H���DPRVWUDV��REWLGDV�D�
SDUWLU� GRV� GHSRVtPHWURV�� QHVWH� ~OWLPR� FDVR�� FRP� UHSHWLomR� WHPSRUDO� GD� DPRVWUDJHP�
QXP�GRV� ORFDLV� VHOHFFLRQDGRV��$V� DPRVWUDV� IRUDP�SUHYLDPHQWH� FRORFDGDV� HP�FDL[DV�
FLOtQGULFDV� �FRP� YROXPH� LQWHUQR� GH� ����FP���� $V� PHGLo}HV� IRUDP� HIHFWXDGDV� QR�
/DERUDWyULR� GH� 3DOHRPDJQHWLVPR�� 0DJQHWLVPR� $PELHQWDO� H� $UTXHRPDJQHWLVPR� GR�
'HSR��GH�;HRFLHQFLDV�0DULxDV�H�2UGHQDFLyQ�GR�7HUULWyULR�GD�8QLY��GH�9LJR��)RUDP�
PHGLGDV� D� VXVFHSWLELOLGDGH� PDJQpWLFD� �+I� H� /I�� H� D� PDJQHWL]DomR� UHPDQHVFHQWH�
LVRWpUPLFD� D� �� 7HVOD� �05,�7��� 2V� YDORUHV� GH�05,����P7 H� � � � � � � � 05,����P7 IRUDP��
LJXDOPHQWH�� GHWHUPLQDGRV�� EHP� FRPR� DV� FXUYDV� GH� 05,�� DWp� �� 7HVOD�� $�
VXVFHSWLELOLGDGH� PDJQpWLFD� IRL� PHGLGD� QXPD� SRQWH� GH� VXVFHSWLELOLGDGH� %DUWLQJWRQ�
06�� H� D 05,� QXP�PDJQHWyPHWUR� VSLQQHU�02/63,1�0LQLVSLQ� H� RV� FDPSRV� IRUDP�
DSOLFDGRV�FRP�XP�PDJQHWL]DGRU�GH�SXOVRV�0030��



3RGHPRV� YHULILFDU� TXH� VHUi� SRVVtYHO� REWHU� LJXDOPHQWH� XPD� FDUWRJUDILD� GD�
HVFRPEUHLUD�� FRP� EDVH� QRV� SDUkPHWURV�PDJQpWLFRV�� VmR� HVSHFLDOPHQWH� UHOHYDQWHV� RV�
YDORUHV�GD�VXVFHSWLELOLGDGH�PDJQpWLFD�H�RV�YDORUHV�GH�05,�D��7HVOD�TXH��FRPR�VHULD�
GH�HVSHUDU��DSUHVHQWDP�XP�HOHYDGR�FRHILFLHQWH�GH�FRUUHODomR�OLQHDU�HQWUH�VL��U� �������
(VWHV� YDORUHV� SHUPLWHP� XPD� FDUDFWHUL]DomR�� SRU� XP� ODGR�� GR� WLSR� GH� HVWUXWXUDV�
PDJQpWLFDV�SUHVHQWH��SRU�RXWUR��GD�VXD�TXDQWLGDGH�UHODWLYD��6mR��SRUpP��RV�YDORUHV�GH�
6±���P7 H� 6����P7� DTXHOHV� TXH� SHUPLWHP� HIHFWXDU� XPD� PHOKRU� FDUDFWHUL]DomR� GD�FRPSRVLomR�GD�IUDFomR�PDJQpWLFD�GR�PDWHULDO�GD�HVFRPEUHLUD��$VVLP��QXPD�SULPHLUD�
DQiOLVH�� GLVWLQJXHP�VH� GRLV� JUXSRV� GH� DPRVWUDV�� SUHGRPLQDQGR� QXP� HVWUXWXUDV�
IHUULPDJQpWLFDV�H��QR�RXWUR��DQWLIHUURPDJQpWLFDV��

2V� YDORUHV� REWLGRV� SDUD� R� PDWHULDO� GRV� GHSRVtPHWURV� SHUPLWHP� YHULILFDU� TXH� DV�
DPRVWUDV� VmR� XQLIRUPHV� UHODWLYDPHQWH� j� FRPSRVLomR� GD� IUDFomR� PDJQpWLFD�� TXH�
DSDUHQWD�VHU�GRPLQDGD�SRU�PDJQHWLWH��VH�DWHQGHUPRV�DRV�YDORUHV�GH�6����P7 H�6����P7��REVHUYDP�VH�YDULDo}HV�DSHQDV�HP�TXDQWLGDGH��IXQomR�GD�ORFDOL]DomR�GR�GHSRVtPHWUR�H�
GR�PrV�GH�H[SRVLomR�

2� SDGUmR� GH� YDORUHV� REWLGRV� SDUD� RV� PDWHULDLV� GD� HVFRPEUHLUD� SDUHFH� SRGHU�
MXVWLILFDU�VH�� HVVHQFLDOPHQWH�� SHOD� KHWHURJHQHLGDGH� FRPSRVLFLRQDO� GHVWD�� TXH�
LQFRUSRUD� PDWHULDLV� JUDQtWLFRV�� [LVWHQWRV� H� URFKDV� EiVLFDV� �SHOR� WLSR� GH� PDWHULDO�
RULJLQDO� H[SORUDGR��� QmR� VHQGR� GH� H[FOXLU� FRQWXGR�� D� SRVVLELOLGDGH� GH� RFRUUrQFLD�GH�
PLQHUDLV� DXWLJpQLFRV� H�RX� D� SRVVLELOLGDGH� GH� RFRUUrQFLD� GH�PDJQHWLWH� ELRJpQLFD��2V�
PDWHULDLV� TXH� FRPS}HP� D� HVFRPEUHLUD� GH� UHMHLWDGRV�� HP� HVSHFLDO� RV� PDLV� ILQRV��
PDQWrP��GXUDQWH�JUDQGH�SDUWH�GR�DQR��XPD�HOHYDGD�KXPLGDGH�H�XPD�FREHUWXUD�YHJHWDO�
GHVHQYROYLGD��PDV�DSUHVHQWDP�YDORUHV�GH�S+�PXLWR�EDL[RV�

4XDQWR� DR� PDWHULDO� GRV� GHSRVtPHWURV�� H� WHQGR� HP� DWHQomR� RV� SDUkPHWURV�
PDJQpWLFRV�� HVWH� GHYHUi� WHU� RULJHP� HVVHQFLDOPHQWH� HP� DFWLYLGDGH� DQWUySLFD�� R� TXH�
FRQFRUGD� FRP� D� LQWHUSUHWDomR� HIHFWXDGD� FRP�EDVH�QDV� DQiOLVHV�TXtPLFDV� �GDGRV�QmR�
SXEOLFDGRV��� $�PDJQHWLWH� SUHVHQWH� QR� PDWHULDO� GRV� GHSRVtPHWURV� SDUHFH� WHU�� QD� VXD�
TXDVH�WRWDOLGDGH��RULJHP�QR�WUiIHJR�URGRYLiULR��R�TXH�p�FRPSDWtYHO�FRP�D�UHDOLGDGH�GD�
iUHD� HP� HVWXGR�� TXH� LQFOXL� XPD� SRYRDomR� �8UJHLULoD�� H� p� DWUDYHVVDGD� SHOR�
,&���(1����� FRP� HOHYDGR� WUiIHJR�� 3DUD� XP� GRV� GHSRVtPHWURV� IRUDP� PHGLGRV�
PDWHULDLV� FROHFWDGRV� HP�'H]HPEUR� GH� ������ -DQHLUR� GH� ����� H� )HYHUHLUR� GH� ������
YHULILFDQGR�VH�XPD�GLPLQXLomR�GD�TXDQWLGDGH�GH�PDWHULDO�PDJQpWLFR�SUHVHQWH��&RPR�
VHULD� GH� HVSHUDU�� QR� HQWDQWR�� RV� YDORUHV� GH�05,� DSUHVHQWDP� XPD� FRUUHODomR� OLQHDU�
HOHYDGD� FRP� R� SHVR� GDV� DPRVWUDV� �U ������ SDUD� XP� QtYHO� GH� VLJQLILFkQFLD� GH� ������
(VWDV� YDULDo}HV� HVWmR� UHODFLRQDGDV�� HVVHQFLDOPHQWH�� FRP� RV� IDFWRUHV� FOLPiWLFRV�� HP�
HVSHFLDO�FRP�D�SUHFLSLWDomR�
$JUDGHFLPHQWRV�� 2V� DXWRUHV� DJUDGHFHP� j� ([0LQ� D� FRQVXOWD� GH� LQIRUPDomR� QmR� SXEOLFDGD�� (VWH� WUDEDOKR IRL�
GHVHQYROYLGR�QR�kPELWR�GR�&HQWUR�GH�*HRFLrQFLDV�GD�8QLYHUVLGDGH�GH�&RLPEUD�

5HIHUrQFLDV
'HNNHUV��0�-�������� (QYLURQPHQWDO�PDJQHWLVP��DQ�LQWURGXFWLRQ��*HRORJLH�HQ�0LMQERXZ��������� �����
0DKHU��%�$���7KRPSVRQ��5�������� 4XDWHUQDU\�&OLPDWHV��(QYLURQPHQWV�DQG�0DJQHWLVP��&DPEULGJH�8QLYHUVLW\�3UHVV�
7KRPSVRQ��5���2OGILHOG��)������� (QYLURQPHQWDO�0DJQHWLVP��$OOHQ�	�8QZLQ��/RQGRQ�



0$*,%(5�,,�± &RLPEUD��������GH�6HWHPEUR�GH�����

5HVXOWDGRV�SUHOLPLQDUHV�GH�DOWD�UHVROXFLyQ�GHO�HVWXGLR�PDJQpWLFR�GH�
VHGLPHQWRV�GH�OD�SODWDIRUPD�FRQWLQHQWDO�JDOOHJD

+LJK�UHVROXWLRQ�SUHOLPLQDU\�UHVXOWV�RI�WKH�PDJQHWLF�VWXG\�RI�VHGLPHQWV�IURP�WKH�JDOLFLDQ�
FRQWLQHQWDO�VKHOI�

0RKDPHG��.���5H\��'���5XELR��%���9LODV��)�
'SWR��GH�*HRFLHQFLDV�0DULQDV�\�2�7��)DFXOWDG�GH�&LHQFLDV��8QLYHUVLGDG�GH�9LJR��/DJRDV�±

0DUFRVHQGH���������9LJR��(VSDxD��NPRKDPHG#XYLJR�HV ��GDQLUH\#XYLJR�HV�
EUXELR#XYLJR�HV ��IYLODV#XYLJR�HV

(O� PDJQHWLVPR� DPELHQWDO� DSOLFDGR� D� VHGLPHQWRV� PDULQRV� UHFLHQWHV� KD� VLGR� XQD� GH� ODV�
OtQHDV�GH�LQYHVWLJDFLyQ�SULQFLSDOHV�GHO�JUXSR�GH�*HRORJtD�0DULQD�GH�OD�8QLYHUVLGDG�GH�9LJR��
/RV�SULPHURV�HVWXGLRV�DFHUFD�GH�OD�GLVWULEXFLyQ�VXSHUILFLDO�GH�OD�VXVFHSWLELOLGDG�PDJQpWLFD��HQ�
PHGLRV�GH�WUDQVLFLyQ�OOHYDURQ�D�OD�LQYHVWLJDFLyQ�GHO�UHVWR�GH�ODV�SURSLHGDGHV�PDJQpWLFDV�WDQWR�
HQ�VXSHUILFLH�FRPR�HQ�SURIXQGLGDG�D�ILQ�GH�FRQRFHU�HO�RULJHQ�GH�HVD�VHxDO�\�VX�HYROXFLyQ�

/DV�SULQFLSDOHV�FRQFOXVLRQHV�GH�HVWRV�WUDEDMRV�VRQ��D���OD�VHxDO�PDJQpWLFD�REVHUYDGD�HQ�ORV�
VHGLPHQWRV�VXSHUILFLDOHV�HV�XQD�IXQFLyQ�GHO�WDPDxR�GH�JUDQR��OD�FDQWLGDG�GH�PDWHULD�RUJiQLFD�
\� ODV� FRQGLFLRQHV� HQHUJpWLFDV�� E�� ORV� SURFHVRV� GH� GLDJpQHVLV� WHPSUDQD� VRQ� ORV� SULQFLSDOHV�
UHVSRQVDEOHV� GH� ODV� YDULDFLRQHV� HQ� ODV� SURSLHGDGHV� PDJQpWLFDV� FRQ� OD� SURIXQGLGDG�� F�� OD�
PDJQHWLWD� GRPLQD� OD� VHxDO� HQ� ORV�SULPHURV� FP��GH� VHGLPHQWR��'XUDQWH� OD�GHJUDGDFLyQ�GH� OD�
PDWHULD� RUJiQLFD� VH� GLVXHOYH� \� OD� JRHWLWD� UHVLGXDO� SDVD� D� VHU� OD� SULQFLSDO� UHVSRQVDEOH� GH� OD�
VHxDO� REVHUYDGD�� /D� SURIXQGLGDG� D� OD� TXH� RFXUUH� GHSHQGH� GH� ODV� FDUDFWHUtVWLFDV� UHGR[� HQ�
VXSHUILFLH��(O�PLQHUDO�GRPLQDQWH�HQ�ODV�FRQGLFLRQHV�DQy[LFDV�LQIUD\DFHQWHV�HV�GH�FRHUFLWLYLGDG�
PHGLD�� 6X� LGHQWLILFDFLyQ� HV� XQR� GH� ORV� REMHWLYRV� DFWXDOHV� GH� LQYHVWLJDFLyQ�� DXQTXH� SRGUtD�
WUDWDUVH�GH�DOJ~Q�RWUR�WLSR�GH�VXOIXUR�IHUULPDJQpWLFR�

(O�FUHFLHQWH�LQWHUpV�GHO�JUXSR�SRU�ORV�SURFHVRV�VHGLPHQWDULRV�GH�OD�SODWDIRUPD�FRQWLQHQWDO�
SHUPLWLy�REWHQHU����WHVWLJRV�GH�YLEUDFLyQ�GH�HVWD�]RQD�HQ�HO�DxR������

0DWHULDO�\�0pWRGRV
(Q� HVWH� WUDEDMR� VH� SUHVHQWDQ� ORV� UHVXOWDGRV� SUHOLPLQDUHV� GHO� HVWXGLR� GH� ORV� WHVWLJRV� GH�

YLEUDFLyQ� � =9���� \� HO� =9���� REWHQLGRV� HQ� OD� FDPSDxD� &2&$35,%$¶���� eVWRV� WHVWLJRV�
IXHURQ�REWHQLGRV�HQ�OD�SODWDIRUPD�FRQWLQHQWDO�DG\DFHQWH�D�OD�5tD�GH�9LJR��=9�����\�D�OD�5tD�
GH�3RQWHYHGUD��=9������6X�SRVLFLyQ�HV�������¶���´�1�������¶���´�:�\�������¶���´�1������¶���´�
:�UHVSHFWLYDPHQWH��/D�SURIXQGLGDG�GHO�PXHVWUHR�IXH�GH�DSUR[LPDGDPHQWH�����P�

/DV�FDUDFWHUtVWLFDV�OLWROyJLFDV�GH�ORV�WHVWLJRV�SHUPLWHQ�GLIHUHQFLDU�WUHV�WUDPRV�SULQFLSDOHV��
/D�VXSHULRU�VH�FRPSRQH�GH�DUHQDV�PX\�ILQDV�IDQJRVDV�GH�FRORU�YHUGH�ROLYD��%DMR�pVWD�H[LVWH�
XQD�]RQD�ULFD�HQ�JUDYDV�ELRFOiVWLFDV��)LQDOPHQWH�VH�REVHUYD�XQD�FDSD�GH�DUHQDV�PHGLDV�ILQDV�
GH�FRORU�JULViFHR�YHUGRVR��PX\�ELHQ�VHOHFFLRQDGDV�\�FRQ�ODPLQDFLyQ��

%DViQGRQRV�HQ�OD�H[SRVLFLyQ�GH�/DUUDVRDxD \�5REHUWV� ������ ORV� WHVWLJRV�VH�PXHVWUHDURQ�
FRQ�8�FKDQQHO� GH� ���� [� �� [� �� FP��6H� WRPDURQ�PXHVWUDV�GLVFUHWDV� FRQ� HO� ILQ�GH�YDOLGDU� ORV�
UHVXOWDGRV� GH� ORV� 8�FKDQQHO� \� FRPSHQVDU� ORV� HIHFWRV� GHO� VXDYL]DGR�� HVSHFLDOPHQWH� HQ� ORV�
ERUGHV�

mailto:mendez@uvigo.es
mailto:danirey@uvigo.es;
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6H�PLGLy� OD�N \� OD�GHVLPDQDFLyQ�$)�GH� OD�150��7UDV�HVWR�VH� LPSDUWLy�XQD�$50�HQ�XQ�
FDPSR�$)�GH�����P7�\�'&�GH����P7��6H�GHWHUPLQDURQ�ODV�FXUYDV�GH�,50�KDVWD�����P7��$�
FRQWLQXDFLyQ�VH�SURFHGLy�D�VX�GHVLPDQDFLyQ�$)�\�'&�HQ�HO�FDVR�GH�OD�,50��$GHPiV�VH�PLGLy�
OD�SpUGLGD�YLVFRVD�GH�,50�WUDV����K���,50��K��FRPR�DQiORJR�GH�OD�NIG��)XQN�HW�DO�� LQ�SUHVV���

5HVXOWDGRV�\�'LVFXVLyQ
/D�N��,50�\�$50�SUHVHQWDQ�ORV�PD\RUHV�YDORUHV�HQ�OD�SDUWH�VXSHULRU��)LJ�����DOFDQ]DQGR�

HO�Pi[LPR�HQ�WRUQR�D�������FP��%DMR�HVWD�]RQD�OD�LQWHQVLGDG�GH�OD�VHxDO�GHFUHFH��FRQ�XQ�SLFR�
VHFXQGDULR��PiV�HYLGHQWH�HQ�HO�WHVWLJR�=9�����$����FP�HQ�HO�WHVWLJR�=9����\�D����FP�HQ�HO�
=9���� VH� REVHUYD� RWUR� SLFR� GH� LQWHQVLGDG� PRGHUDGD�� /D� H[LVWHQFLD� GH� XQ� SLFR� GH�
FDUDFWHUtVWLFDV�VLPLODUHV�\D�VH�DSUHFLy�HQ�HO�WHVWLJR�&*3/������REWHQLGR�HQ�OD�PLVPD�]RQD�HQ�
HO�DxR�������(VWRV�SLFRV�VH�FRUUHVSRQGHQ�FRQ�PLQHUDORJtDV�GH�PHQRU�FRHUFLWLYLGDG�

$�PD\RU�SURIXQGLGDG�QR�VH�REVHUYDQ�PiV�SLFRV�GH�LQWHQVLGDG�FRPSDUDEOH��VDOYR�D�����FP�
HQ� HO� WHVWLJR� =9����� (VWH� SLFR� HV� HVSHFLDOPHQWH� QRWDEOH� HQ� HO� SHUILO� GH�$50�� (O� SHUILO� GH�
$50����,50��� VXJLHUH�TXH�OD�FDXVD�HV�XQD�GLVPLQXFLyQ�GHO�WDPDxR�GH�JUDQR

/D�N GHO�WHVWLJR�=9����SUHVHQWD���SLFRV�VLJQLILFDWLYRV�EDMR�HVWD�]RQD��(O�REVHUYDGR�HQWUH�
��� \� ��� FP� GH� SURIXQGLGDG� HV� HVSHFLDOPHQWH� LQWHQVR�� 6X� PDJQLWXG�� VLQ� HPEDUJR�� QR� VH�
FRUUHVSRQGH�FRQ�OD�GH�OD�,50�R�OD�$50��/D�GLVPLQXFLyQ�GHO�0')�GH�OD�,50�\�GH�OD�$50�
�VLQ�ILJXUD��\�HO�DXPHQWR�GH�OD�,50��K SRQHQ�GH�PDQLILHVWR�XQ�FDPELR�PDJQHWRPLQHUDOyJLFR�D�
HVWD�SURIXQGLGDG��/D�H[LVWHQFLD�GH�XQ�PDUFDGR�FDPELR�GH�OLWRORJtD�FRQILUPD�HVWD�KLSyWHVLV�
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&RQFOXVLRQHV
/D�SDUWH�VXSHULRU�GH�HVWRV�WHVWLJRV�SUHVHQWD�VLPLOLWXGHV�FRQ�ORV�WHVWLJRV�GHO�LQWHULRU�GH�ODV�

UtDV�� 3RU� WDQWR�� HO� FRPSRUWDPLHQWR� PDJQpWLFR� GH� HVWD� ]RQD� HV� SRVLEOH� TXH� VH� GHED� D� ORV�
SURFHVRV� GLDJHQpWLFRV� LPSOLFDGRV� HQ� OD� R[LGDFLyQ� GH� OD� PDWHULD� RUJiQLFD�� /RV� SLFRV�
REVHUYDGRV�D�PD\RUHV�SURIXQGLGDGHV�HVWiQ�UHODFLRQDGRV�FRQ�GLVPLQXFLRQHV�GH�FRHUFLWLYLGDG��
6X�FDUiFWHU�GHWUtWLFR�R�GLDJHQpWLFR�WRGDYtD�QHFHVLWD�VHU�GHPRVWUDGR��



0$*,%(5�,,�± &RLPEUD��������GH�6HWHPEUR�GH�����

5HIHUHQFLDV

)XQN��-��$��YRQ�'REHQHFN��7���5HLW]��$���HQ�SUHQVD� ,QWHJUDWHG�5RFN�0DJQHWLF�DQG�*HRFKHPLFDO�4XDWLILFDWLRQ�RI�5HGR[RPRUSKLF�,URQ�
0LQHUDO�'LDJHQHVLV�LQ�/DWH�4XDWHUQDU\�6HGLPHQWV�IURP�WKH�(FXDWRULDO�$WODQWLF ��(Q��:HIHU��*��0XOLW]D��6���5DWPH\HU��9���HQ�SUHQVD���7KH�
6RXWK�$WODQWLF�LQ�WKH�/DWH�4XDWHUQDU\��5HFRQVWUXFWLRQ�RI�0DWHULDO�%XGJHW�DQ G�&XUUHQW�6\VWHPV ��6SULQJHU�9HUODJ��%HUOLQ�+HLGHOEHUJ�
/DUUDVRDxD��-��&�� ��5REHUWV��$��3�������� (O�XVR�GH�³X�FKDQQHOV�HQ�SDOHRPDJQHWLVPR��IXQGDPHQWR��YHQWDMDV��SUREOHPDV�\�DSOLFDFLRQHV��
0$*,%(5�,��/LEUR�GH�FRPXQLFDFLRQHV ��S���



0$*,%(5�,,�± &RLPEUD��������GH�6HWHPEUR�GH�����

0DJQHWRHVWUDWLJUDItD�GH�OD�)RUPDFLyQ�7XGHOD��%DUGHQDV�5HDOHV�GH�
1DYDUUD��\�FDOLEUDFLyQ�GH�ODV�ELR]RQDV�GH�PDPtIHURV�5DPEOLHQVHV��0LRFHQR�

LQIHULRU���UHVXOWDGRV�LQLFLDOHV�
0DJQHWRVWUDWLJUDSKLF�FDOLEUDWLRQ�RI�5DPEOLDQ�PDPPDO�ELR]RQHV�LQ�WKH�HDUO\�0LRFHQH�

FRQWLQHQWDO�GHSRVLWV�RI�WKH�7XGHOD�)RUPDWLRQ��%DUGHQDV�5HDOHV�GH�1DYDUUD���LQLWLDO�UHVXOWV�
/DUUDVRDxD��-��&����
��*DUFpV��0�����0XUHODJD��;����%HDPXG��(���

���
 /DERUDWRUL�GH�3DOHRPDJQHWLVPH�8%�&6,&��,QVWLWXW�GH�&LqQFLHV�GH�OD�7HUUD��-DXPH�$OPHUD���&��6ROH L�
6DEDUtV�V�Q��������%DUFHORQD��H�PDLO�MFO�#VRF�VRWRQ�DF�XN�

� *UXSR�GH�*HRGLQiPLFD�\�$QiOLVLV�GH�&XHQFDV��)DFXOWDG�GH�*HRORJtD��8QLYHUVLGDG�GH�%DUFHORQD��&DPSXV�GH�
3HGUDOEHV��������%DUFHORQD

� 'HSDUWDPHQWR�GH�(VWUDWLJUDItD�\�3DOHRQWRORJtD��8QLYHUVLGDG�GHO�3DLV�9DVFR��$SWGR�������(�������%LOEDR

3HVH� D� ORV� DYDQFHV� UHDOL]DGRV� HQ� ORV� ~OWLPRV� DxRV�� HO� HVWDGR� DFWXDO� GH� OD� FURQRORJtD�
FRQWLQHQWDO� GHO� 1HyJHQR� HXURSHR� PXHVWUD� XQ� PDUFDGR� GpILFLW� HQ� HO� 0LRFHQR� LQIHULRU� \� HO�
WUiQVLWR�DO�0LRFHQR�PHGLR��(Q�SDUWLFXODU� XQR�GH�ORV�LQWHUYDORV�GH�WLHPSR�SHRU�FRQRFLGRV�HV�HO�
5DPEOLHQVH��FX\D�FDOLEUDFLyQ�HVWi�WRGDYtD�SRU�GHWHUPLQDU��(Q�OD�&XHQFD�GH�&DODWD\XG�'DURFD��
GRQGH�IXH�GHILQLGR�HO�5DPEOLHQVH��'DDPV�HW�DO����������VH�FXHQWD�FRQ�EXHQRV�UHJLVWURV�IyVLOHV�
SHUR�OD�DOWD�GHQVLGDG�GH�IUDFWXUDFLyQ�\�OD�IDOWD�GH�VHFFLRQHV�FRQWLQXDV�GLILFXOWDQ�OD�DSOLFDFLyQ�
GH�OD�PDJQHWRHVWUDWLJUDItD��$OFDOi�HW�DO����������(Q�HO�VHFWRU�FHQWUDO�GH�OD�FXHQFD�GHO�(EUR�VH�
FXHQWD�FRQ�EXHQRV�SHUILOHV�PDJQHWRHVWUDWLJUiILFRV�SHUR�QR�H[LVWHQ�\DFLPLHQWRV�IRVLOHV��3pUH]�
5LYDUpV�HW�DO����������(Q�RWUDV�UHJLRQHV��S�H��$OSHV���VH�FXHQWD�FRQ�GDWRV�ELRHVWUDWLJUiILFRV�\�
PDJQHWRHVWUDWLJUiILFRV SHUR� VX� EDMD� UHVROXFLyQ� QR� SHUPLWH� DILQDU� FRQ� GHWDOOH� OD� SRVLEOH�
FDOLEUDFLyQ� /RV�PDWHULDOHV�GH�RULJHQ�IOXYLDO�\�ODFXVWUH�GH�OD�)RUPDFLyQ�7XGHOD�FRQVWLWX\HQ�HO�
UHOOHQR�VHGLPHQWDULR�GH�OD�SDUWH�FHQWUDO�GH�OD�&XHQFD�GHO�(EUR�HQ�HO�0LRFHQR�LQIHULRU�\�PHGLR�
�a������0D���5HFLHQWHPHQWH��0XUHODJD��������KD�HVWXGLDGR�QXPHURVRV�\DFLPLHQWRV�GH�PDFUR�
\�PLFURPDPtIHURV� HQ� OD� SDUWH� EDVDO� GH GLFKD� IRUPDFLyQ�� TXH� LQFOXLUtD� ODV� ELR]RQDV�=�\�$�\�
DEDUFDUtD�� SRU� WDQWR�� WRGR� HO�5DPEOLHQVH� /D� SUHVHQFLD� GH� HVWRV� \DFLPLHQWRV� FRQYLHUWH� D� ODV�
%DUGHQDV� 5HDOHV� HQ� HO� OXJDU� LGyQHR� SDUD� OOHYDU� D� FDER� OD� GDWDFLyQ� \� FDOLEUDFLyQ� GH� ODV�
ELR]RQDV�5DPEOLHQVHV�� \D TXH� OD� FRQWLQXLGDG� \� FDOLGDG� GH� ORV� DIORUDPLHQWRV� HV� ySWLPD� \� HO�
FRPSRUWDPLHQWR� PDJQpWLFR� GH� ORV� PDWHULDOHV� D� HVWXGLDU� HV�� D� SULRUL�� H[FHOHQWH�� WDO� \� FRPR�
VXFHGH�FRQ�RWUDV�IRUPDFLRQHV�FRQWLQHQWDOHV�GH� OD�&XHQFD�GHO�(EUR��(Q�HVWi�FRPXQLFDFLyQ�VH�
SUHVHQWDUiQ�ORV�GDWRV�SUHOLPLQDUHV�REWHQLGRV�HQ�XQ�WRWDO�GH���SHUILOHV��TXH�IRUPDQ�XQD�VHFFLyQ�
FRPSXHVWD�GHO�5DPEOLHQVH�GH�XQRV�����P��GH�HVSHVRU�

5HIHUHQFLDV

$OFDOi��/�� HW�DO� ������ (O� UHJLVWUR� VHGLPHQWDULR�\� IDXQtVWLFR�GH� ODV� FXHQFDV�GH�&DODWD\XG �'DURFD�\�7HUXHO��(YROXFLyQ�SDOHRDPELHQWDO�\�
SDOHRFOLPiWLFD�GXUDQWH�HO�1HyJHQR��5HYLVWD�GH�OD�6RFLHGDG�*HRORJLFD�GH�(VSDxD������������ �����

'DDPV��5���)UHXGHQWKDO��0��\�$OYDUH] �6LHUUD��0�$�������� 5DPEOLDQ��D�QHZ�6WDJH�IRU�FRQWLQHQWDO�GHSRVLWV�RI�(DUO\�0LRFHQH�DJH��*HR O��
0LMQERZ��������������

0XUHODJD��;�� ������� (VWXGLR�GH� ODV� IDXQDV�GH�YHUWHEUDGRV�GHO�0LRFHQR� LQIHULRU� GH� ODV�%DUGHQDV�5HDOHV�GH�1DYDUUD�\�iUHDV�FROLQGDQWHV�
�&XHQFD�GHO�(EUR��1DYDUUD���7HVLV�'RFWRUDO��8QLYHUVLGDG�GHO�3DtV�9DVFR�����SS�

3pUH]�5LYDUpV�� -���*DUFpV��0���$UHQDV��&�� \�3DUGR��*�� ������ 0DJQHWRFURQRORJtD� GH� OD� 6LHUUD� GH�$OFXELHUUH��5HYLVWD� GH� OD� 6RFLHGDG�
*HROyJLFD�GH�(VSDxD�������������������



0$*,%(5�,,�± &RLPEUD��������GH�6HWHPEUR�GH�����

3URSLHGDGHV�PDJQpWLFDV�GH�VHGLPHQWRV�PDULQRV�GHO�0HGLWHUUiQHR�RULHQWDO�
�2'3�/HJ�������LPSOLFDFLRQHV�SDOHRFHDQRJUiILFDV�\�SDOHRFOLPiWLFDV

5RFN�PDJQHWLF�SURSHUWLHV�RI�HDVWHUQ�0HGLWHUUDQHDQ�VHGLPHQWV�UHFRYHUHG�GXULQJ�2'3�/HJ�
�����SDOHRFHDQRJUDSKLF�DQG�SDOHRFOLPDWLF�LPSOLFDWLRQV

/DUUDVRDxD��-��&����
��5REHUWV��$��3� ���5RKOLQJ��(��-�����:LQNOKRIHU��0�����:HKDXVHQ��5�����6WRQHU��-��6�����5LFKWHU��
&�����+D\HV��$� �

� 6FKRRO�RI�2FHDQ�DQG�(DUWK�6FLHQFH��6RXWKDPSWRQ�2FHDQRJUDSK\�&HQWUH��8QLYHUVLW\�RI�6RXWKDPSWRQ��
6RXWKDPSWRQ�62����=+��8.

� ,QVWLWXW�I�U�&KHPLH�XQG�%LRORJLH�GHV�0HHUHV��,&%0���&DUO�YRQ�2VVLHW]N\�8QLYHUVLWlW��2OGHQEXUJ�'�������
*HUPDQ\

� ,QVWLWXWH�RI�$UFWLF�DQG�$OSLQH�5HVHDUFK��,167$$5���8QLYHUVLW\�RI�&RORUDGR�
&DPSXV�%R[������%RXOGHU��&2�������������86$

� 2FHDQ�'ULOOLQJ�3URJUDP�������'LVFRYHU\�'ULYH��7H[DV�$�	�0�5HVHDUFK�3DUN��&ROOHJH�6WDWLRQ��7;�������
������86$�

��'HSDUWPHQW�RI�*HRORJ\��5R\DO�+ROORZD\��8QLYHUVLW\�RI�/RQGRQ��6XUUH\��7:���2(;��8.�

 /DERUDWRUL�GH�3DOHRPDJQHWLVPH�8%�&6,&��,QVWLWXW�GH�&LqQFLHV�GH�OD�7HUUD��-DXPH�$OPHUD���&��6ROH�L�6DEDUtV�

V�Q��������%DUFHORQD��(VSDxD��H�PDLO�MFO�#VRF�VRWRQ�DF�XN

/D�PLQHUDORJtD�PDJQpWLFD�GH� ORV�VHGLPHQWRV�GHSRVLWDGRV�HQ�HO�0HGLWHUUiQHR�RULHQWDO�HVWi�
UHODFLRQDGD� FRQ� ODV� FRQGLFLRQHV� GLDJHQpWLFDV� HQ� HO� PHGLR� VHGLPHQWDULR� FRPR� FRQ� ODV�
FRQGLFLRQHV�FOLPiWLFDV�HQ�ODV�]RQDV�FRQWLQHQWDOHV�DG\DFHQWHV��$Vt��OD�DFXPXODFLyQ�GH�PDWHULD�
RUJiQLFD� HQ� ORV� VDSURSHOHV� RULJLQD� OD� GLVROXFLyQ� GH� PLQHUDOHV� GH� EDMD� FRHUFLWLYLGDG� �H�J���
PDJQHWLWD�� \� OD� IRUPDFLyQ� GH� SLULWD� WDQWR� HQ� ORV� VDSURSHOHV� FRPR� HQ� ORV� VHGLPHQWRV�
LQIUD\DFHQWHV�� /D� SRVWHULRU� PRGLILFDFLyQ� GLDJHQpWLFD� GH� OD� PDWHULD� RUJiQLFD� FRQGLFLRQD� OD�
UHR[LGDFLyQ�GH�OD�SLULWD�\�OD�IRUPDFLyQ�GH�PDJQHWLWD��(VWRV�SURFHVRV�GLDJHQpWLFRV�GDQ�OXJDU�D�
XQD�SHFXOLDU�VHxDO�PDJQpWLFD� TXH�SXHGH�VHU�XWLOL]DGD�WDQWR�SDUD�LGHQWLILFDU�VDSURSHOHV�TXH�KDQ�
SDVDGR� GHVSDSHUFLELGRV� HQ� HO� UHJLVWUR� VHGLPHQWDULR� DO� R[LGDUVH� OD�PDWHULD� RUJiQLFD�RULJLQDO��
FRPR� SDUD� HYDOXDU� ODV� YDULDFLRQHV� WHPSRUDOHV� GH� ODV� FRQGLFLRQHV� VHGLPHQWDULDV� �H�J�� OD�
SURGXFWLYLGDG�RFHiQLFD�\�R[LJHQDFLyQ�GH�ODV�DJXDV�SURIXQGDV��TXH�FRQWURODQ�GLFKRV�SURFHVRV�
GLDJHQpWLFRV��

$� GLIHUHQFLD� GH� OD� PDJQHWLWD�� ORV� PLQHUDOHV� GH� DOWD� FRHUFLWLYLGDG� �KHPDWLWHV�� QR� VH� YHQ�
DIHFWDGRV� SRU� ORV� SURFHVRV� GLDJHQpWLFRV� \� SUHVHQWDQ� YDULDFLRQHV� GH� FRQFHQWUDFLyQ�
FRUUHODFLRQDEOHV� FRQ� FDPELRV� FOLPiWLFRV� �HVWDEOHFLGRV� D� SDUWLU� GH� GDWRV� JHRTXtPLFRV��� (Q�
FRQFUHWR�� OD� FRQFHQWUDFLyQ� GH� KHPDWLWHV� UHIOHMD� ODV� YDULDFLRQHV� HQ� OD� FDQWLGDG� GH� SROYR�
VDKDULDQR� DFXPXODGR� HQ� HO� 0HGLWHUUiQHR� RULHQWDO�� TXH� VH� UHODFLRQDQ� FRQ� ORV� FDPELRV�
FOLPiWLFRV�DFDHFLGRV�HQ�HO�QRUWH�GHO�6DKDUD�HQ�UHVSXHVWD�D�OD�SHQHWUDFLyQ�GHO�PRQ]yQ�DIULFDQR�

(Q�HVWD�FRPXQLFDFLyQ�VH�SUHVHQWDUiQ�FRQ�PiV�GHWDOOH� ORV�SULQFLSDOHV�UHVXOWDGRV�REWHQLGRV�
GHO� HVWXGLR�� UHDOL]DGR� D� SDUWLU� GH� SURSLHGDGHV� PDJQpWLFDV� GH� DOWD� UHVROXFLyQ� ��� FP�� ³X�
FKDQQHOV´��� GH� VRQGHRV�PDULQRV� SURFHGHQWHV� GHO�0HGLWHUUiQHR� RULHQWDO� �2'3�/HJ� ������ DVt�
FRPR�ODV�SULQFLSDOHV�LPSOLFDFLRQHV�SDOHRFOLPiWLFDV�\�SDOHRFHDQRJUiILFDV�TXH�GH�GLFKRV�GDWRV�
VH�GHULYDQ��



3DUkPHWURV�PDJQpWLFRV�GH�VRORV�QD�SHULIHULD�GH�&RLPEUD

/RXUHQoR��$����*RPHV��&����3UDWDV��-�� H�5H\��'��
�'HS�WR GH�&LrQFLDV�GD�7HUUD��8QLY��GH�&RLPEUD�� �'HS�WR GH�*HRFLrQFLDV�0DULQDV�\�2��7��8QLY��9LJR

$�iUHD�GH�HVWXGR��FRP�FHUFD�GH����.P���HQJORED�XPD�SDUWH�GD�SODQtFLH�DOXYLRQDU�GD�
PDUJHP� GLUHLWD� GR� ULR� 0RQGHJR�� RFXSDGD� HVVHQFLDOPHQWH� SRU� H[SORUDo}HV� DJUtFRODV��
6LWXD�VH� QD� SHULIHULD� GD� FLGDGH� GH� &RLPEUD�� FHQWUR� XUEDQR� GH� GLPHQVmR� PpGLD�� FRP�
FHUFD�GH�����PLO�KDELWDQWHV��7UDWD�VH�GH�XPD�]RQD�DSODQDGD��FRP�FRWDV�D�URQGDU�RV����
PHWURV��UDVJDGD�SRU�QXPHURVRV�FDQDLV�GH�GUHQDJHP�H�DWUDYHVVDGD�SHOD�HVWUDGD�(�1������
TXH� OLJD� &RLPEUD� j� FLGDGH� GD� )LJXHLUD� GD� )R]�� SHOD� DXWR�HVWUDGD� $�� H� DLQGD� RXWUDV�
HVWUDGDV� H� FDPLQKRV� VHFXQGiULRV�� 2� GHSyVLWR� DOXYLRQDU� p� KHWHURJpQHR�� FRP�
SUHGRPLQkQFLD� GH� DUHLDV� H� DUJLODV�� 2V� REMHFWLYRV� SULQFLSDLV� GR� WUDEDOKR� VmR�� D��
FDUDFWHUL]DU�RV� VRORV�GD�iUHD� VHOHFFLRQDGD��TXDQWR�jV�VXDV�SURSULHGDGHV�PDJQpWLFDV��E��
ID]HU� R� HVWXGR� GD� YDULDELOLGDGH� GRV� UHVXOWDGRV�� HP� IXQomR� GD� ORFDOL]DomR� HVSDFLDO� H��
YHULILFDU� VH� H[LVWH� DOJXPD� LQIOXrQFLD� GH� HYHQWXDLV� IRQWHV� SROXLGRUDV� DQWUySLFDV��
QRPHDGDPHQWH�GD�FLUFXODomR�DXWRPyYHO��F��FRPSDUDU�RV�SDUkPHWURV�PDJQpWLFRV�FRP�D�
FRQFHQWUDomR�HP�HOHPHQWRV�TXtPLFRV�FRPR�R�3E��=Q��&R��&U��&X�H�1L�

3URFHGHX�VH� j� DPRVWUDJHP� VHJXQGR� XPD�PDOKD� TXDGUDGD� GH� ���[���P�� H� WDPEpP�
HP�DOJXQV�RXWURV� ORFDLV�VHOHFFLRQDGRV��)RUDP�HIHFWXDGRV�GRLV�SHUILV��XP�WUDQVYHUVDO�j�
HVWUDGD�(1����� H� RXWUR� WUDQVYHUVDO� j� DXWR�HVWUDGD�$���¬� HQWUDGD� GH�&RLPEUD�� RQGH� R�
WUiIHJR� URGRYLiULR� VH� FRQFHQWUD� QDV� KRUDV� GH� SRQWD�� HIHFWXDUDP�VH� SHUILV� FRP�
HVSDoDPHQWR� �P�� 1R� WRWDO� IRUDP� HVWXGDGDV� ��� DPRVWUDV�� SUHYLDPHQWH� SUHSDUDGDV� QR�
/DERUDWyULR� GH� 6HGLPHQWRORJLD� GR� 'HS�WR GH� &LrQFLDV� GD� 7HUUD� GD� 8QLYHUVLGDGH� GH�
&RLPEUD�� $V� SURSULHGDGHV� PDJQpWLFDV� IRUDP� PHGLGDV� QR� /DERUDWyULR� GH�
3DOHRPDJQHWLVPR�� 0DJQHWLVPR� $PELHQWDO� H� $UTXHRPDJQHWLVPR� GR� 'HS� WR GH�
;HRFLHQFLDV� 0DULxDV� H� 2UGHQDFLyQ� GR� 7HUULWyULR� GD� 8QLY�� GH� 9LJR� H� LQFOXtUDP� D�
PHGLomR�GD� VXVFHSWLELOLGDGH�PDJQpWLFD� �HP�/)�H�+)���PHGLomR�GD�051��PHGLomR�GD�
05,�D�����P7� ����P7�����P7�H��7��3DUD�DOJXPDV�DPRVWUDV�REWLYHUDP�VH�LJXDOPHQWH�
DV�FXUYDV�GH�05,�DWp���7HVOD��$�VXVFHSWLELOLGDGH�PDJQpWLFD�IRL�PHGLGD�QXPD�SRQWH�GH�
VXVFHSWLELOLGDGH� %DUWLQJWRQ� 06�� H� D� 05,� QXP� PDJQHWyPHWUR� VSLQQHU� 02/63,1�
0LQLVSLQ� H� RV� FDPSRV� IRUDP� DSOLFDGRV� FRP� XP�PDJQHWL]DGRU� GH� LPSXOVRV�0030���
)RUDP�DLQGD�UHDOL]DGDV�DQiOLVHV�TXtPLFDV�FRPSOHPHQWDUHV�SDUD�R�3E��&R��&X��&U��=Q�H�
1L��SRU�HVSHFWURIRWRPHWULD�GH�DEVRUomR�DWyPLFD��3HUNLQ�(OPHU��������QR�/DERUDWyULR�GH�
7UDWDPHQWR�GH�0LQpULRV�GD�6HFomR�GH�0LQDV�GR�'HS�WR GH�&LrQFLDV�GD�7HUUD�GD�8QLY��GH�
&RLPEUD��

2V�YDORUHV�GD�VXVFHSWLELOLGDGH�PDJQpWLFD�VmR��HP�PpGLD��EDL[RV��PpG� ����PLQ� ����
PD[� ���� [� ���� 6�,��� H� DSUHVHQWDP�� FRPR� VHULD� GH� HVSHUDU�� FRUUHODomR� HOHYDGD� FRP�D�
05,� �7� �U ������ 'H� PRGR� JHUDO�� RV� YDORUHV� PDLV� HOHYDGRV� GD� VXVFHSWLELOLGDGH�
UHJLVWDUDP�VH� MXQWR� jV� OLQKDV� GH� iJXD� H� HVWUDGDV�� $� HOHYDGD� VXVFHSWLELOLGDGH� GH� VRORV�
MXQWR�D�HVWUDGDV�HVWi�GHVFULWD�HP�YiULRV�DXWRUHV��H�J .QDEE�HW�DO����������-XQWR�jV�OLQKDV�
GH�iJXD�� IDFWRUHV�FRPR�R� WUDQVSRUWH�GH� VHGLPHQWRV�FRQWHQGR�SDUWtFXODV�PDJQpWLFDV��GH�
RULJHP�DQWUySLFD�RX�GHWUtWLFD��TXH�HP�VLWXDomR�GH�FKHLDV�VH�GHSRVLWDP�SUHIHUHQFLDOPHQWH�
QDV� ]RQDV� PDLV� SUy[LPDV� GR� OHLWR�� SRGHP� MXVWLILFDU� RV� YDORUHV� HOHYDGRV� GD�
VXVFHSWLELOLGDGH�PDJQpWLFD��2�YDORU�PDLV�DOWR��SDUD�HVWH�SDUkPHWUR��IRL�UHJLVWDGR�MXQWR�j�
OLQKD�GD�&3�����[����6�,����2�SHUILO�UHDOL]DGR�QD�DXWR�HVWUDGD�H[LEH�RV�YDORUHV�Pi[LPRV�
GD� VXVFHSWLELOLGDGH� QRV� SULPHLURV� ��� FP� GH� VROR� TXH� ODGHLDP� D� IDL[D� GH� DVIDOWR��



REVHUYDQGR�VH� XP� GHFDLPHQWR� FRP� D� GLVWkQFLD�� GH� DFRUGR� FRP� HVWXGRV� VLPLODUHV�
�+RIIPDQQ� HW� DO��������� $� GLVWULEXLomR� HVSDFLDO� GRV� YDORUHV� GD� VXVFHSWLELOLGDGH�
PDJQpWLFD� UHYHOD�� DVVLP�� D� LQIOXrQFLD� GD� FLUFXODomR� DXWRPyYHO� QDV� SURSULHGDGHV�
PDJQpWLFDV�GRV�VRORV�DGMDFHQWHV�

$�05,��7�YDULD�GH�������D������ P$P�� �SDUD�D�DPRVWUD����FROKLGD�MXQWR�j�OLQKD�GD�
&3��� $V� FXUYDV� GH� DTXLVLomR� GH� 05,� DWp� �7�� LQGLFLDP� D� SUHVHQoD� GH� HVWUXWXUDV�
IHUULPDJQpWLFDV�� FRPR� D� PDJQHWLWH�PDJKHPLWH�� )RUDP� LJXDOPHQWH� FDOFXODGDV� DV� �6�
UDWLR��SDUD�05,�D�����P7�H�D�����P7��2V�YDORUHV�PpGLRV�VmR��UHVSHFWLYDPHQWH������H�
���� FRQILUPDQGR�D�SUHVHQoD�HVWUXWXUDV�IHUULPDJQpWLFDV�

2�FRQWH~GR�HP�PHWDLV�SHVDGRV�FRPR�R�3E��&U��&X��&R��1L�H�=Q�IRL�DQDOLVDGR�SDUD�XP�
FRQMXQWR� VHOHFFLRQDGR� GH� DPRVWUDV� �1 ����� 9HULILFD�VH� TXH� RV� WHRUHV� PpGLRV� HP�
FKXPER� ����PJ�.J��� QtTXHO� ����PJ�.J��� ]LQFR� �����PJ�.J��H�FREUH� ����PJ�.J�� VmR�
HOHYDGRV�� FRPSDUDWLYDPHQWH� FRP� RV� YDORUHV�PpGLRV� GH� IXQGR� SDUD� RV� VRORV�PXQGLDLV�
�5HLPDQQ� H�&DULWDW�� ������� R� TXH� SRGH� HVWDU� UHODFLRQDGR� FRP� D� SROXLomR� GHULYDGD� GR�
SUySULR� FHQWUR� XUEDQR� H� DLQGD� GD� H[LVWrQFLD� GDV� LQIUDHVWUXWXUDV� URGRYLiULDV� �WUiIHJR�
DXWRPyYHO� H� SDYLPHQWRV�� H�� QRV� FDVRV� GH� VRORV� DJUtFRODV�� FRP� D� XWLOL]DomR� GH�
IHUWLOL]DQWHV� H� SHVWLFLGDV�� $QDOLVRX�VH� DLQGD� D� FRUUHODomR� HQWUH� HVWHV� HOHPHQWRV� H� D
VXVFHSWLELOLGDGH�PDJQpWLFD� DV�FRUUHODo}HV�PDLV�HOHYDGDV�IRUDP�REVHUYDGDV�SDUD�R�&X�H�
3E������H�����UHVSHFWLYDPHQWH��VLJQLILFDWLYRV�SDUD�R�QtYHO�������
(VWH�WUDEDOKR�IRL�GHVHQYROYLGR�QR�kPELWR�GR�&HQWUR�GH�*HRFLrQFLDV�GD�8QLYHUVLGDGH�GH�&RLPEUD�

5HIHUrQFLDV
.QDE�0���+RIIPDQQ�9���$SSHO�(�� ������ 0DJQHWLF� VXVFHSWLELOLW\� DV� D� SUR[\� IRU�KHDY\�PHWDO� FRQWDPLQDWLRQ� LQ� URDGVLGH� VRLOV��
*HRORJLFD�&DUSDWKLFD������Q�����S�����
+RIIPDQQ�9���.QDE�0��H�$SSHO�( � ������0DJQHWLF�VXVFHSWLELOLW\�PDSSLQJ�RI�URDGVLGH�SROOXWLRQ��-��*HRFK��([SO����� ��SS���������
5HLPDQQ��&��H�&DULWDW��3�������� &KHPLFDO�HOHPHQWV�LQ�WKH�HQYLURQPHQW��6SULQJHU �9HUODJ�����S�
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3$/(20$*1(7,&�678'<�2)�7+(�)280�=*8,'�'<.(�
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3DOHQFLD��$��
��2VHWH��0�/����5XL]�0DUWtQH]��9�&����0F,QWRVK��*����-XOLYHUW��0����+DILG��$���
�'HSW��GH�*HRItVLFD��)DFXOWDG�GH�&�&�)tVLFDV��8QLYHUVLGDG�&RPSOXWHQVH��������0DGULG��6SDLQ�

�)DFXOWDW�GH�&LHQFLHV��8QLYHUVLWDW�$XWRQRPD�GH�%DUFHORQD�
�)DFXOWH�GHV�6FLHQFHV�HW�7HFKQLTXHV��8QLYHUVLWH�&DGL�$\\D��0DUUDNHFK�


DOL#ILV�XFP�HV �)D[����������������

7KH�)RXP�=JXLG�G\NH�LQ�0RURFFR�WRJHWKHU�ZLWK�WKH�0HVVHMDQD�G\NH�LQ�6SDLQ�DQG�VHYHUDO�
RWKHU�YROFDQLF�DQG�YROFDQR�VHGLPHQWDU\�VHULHV�ZLWKLQ�1RUWK�$IULFD��,EHULD�DQG�1RUWK�$PHULFD��
DUH� DVVRFLDWHG� ZLWK� D� PDJPDWLF� SURYLQFH� WKDW� LV� SUHVXPHG� WR� EH� UHODWHG� ZLWK� WKH� &HQWUDO�
$WODQWLF�ULIWLQJ�LQ�HDUO\�0HVR]RLF�WLPHV��>�@��7KH�)RXP�=JXLG�LV�D�QRUWKHDVW�WUHQGLQJ�GROHULWH�
G\NH� ORFDWHG� LQ� VRXWKHUQ�0RURFFR� �)LJ�����7KLV�G\NH�KDV�DQ�RYHUDOO� H[WHQVLRQ�RI�DERXW�����
.P�DQG�����P�ZLGH��WUDYHUVLQJ�WKH�+HUF\QLDQ�IROGHG�3UHFDPEULDQ�DQG�3DOHR]RLF�VWUDWD�RI�WKH�
$QWL�$WODV� DQG� LWVHOI� RYHUODLQ�E\�&UHWDFHRXV�EHGV�� >�@��7KH�)RXP�=JXLG�G\NH�ZDV�GDWHG�E\�
WKH� ��$U���$U� VWHS�KHDWLQJ� PHWKRG�� JLYLQJ� D� PHDQ� DJH� RI� �����r���� 0D� >�@�� 7KH� DXWKRUV�
FRQFOXGHG� WKDW� WKH� DJH�RI� WKH�HPSODFHPHQW�RI� WKLV�G\NH� LV�SUREDEO\�����0D��DV�ZHOO� DV� WKH�
0HVVHMDQD�G\NH��,EHULD��

)LJ�����2XWOLQH�JHRORJLFDO�PDS�RI�6RXWK�0RURFFR��VKRZLQJ�WKH�ORFDWLRQ�RI�WKH�)RXP�=JXLG�G\NH��

$� WRWDO� RI� ���� VDPSOHV� EHORQJ� WR� ��� GLIIHUHQW� VLWHV� RI� WKH� )RXP� =JXLG� G\NH� KDG� EHHQ�
FROOHFWHG�� 2QH� RU� WZR� PDJQHWLF� FRPSRQHQWV� ZHUH� REVHUYHG� ERWK� E\� $) DQG� WKHUPDO�
GHPDJQHWLVDWLRQ�� ZLWK� GLIIHUHQW� GHJUHHV� RI� RYHUODSSLQJ�� 7KH� PDJQHWLF� EHKDYLRXU� RI� SLORW�
VDPSOHV� LQGLFDWHV� WKDW� $)� GHPDJQHWLVDWLRQ� SURFHGXUH� ZDV� PRUH� HIIHFWLYH� WKDQ� WKHUPDO�
GHPDJQHWLVDWLRQ�LQ�LVRODWLQJ�WKH�&KDUDFWHULVWLF�5HPDQHQW�0DJQHWLVDWLRQ��&K50���

:KHQ�WKH�WZR�PDJQHWLF�FRPSRQHQWV�ZHUH�QRW�KLJKO\�RYHUODSSHG��WKH�ILUVW�RQH�ZDV�LVRODWHG�
EHWZHHQ����P7�DQG����P7��REWDLQLQJ�VFDWWHUHG�GLUHFWLRQV��7KH�VHFRQG�PDJQHWLF�FRPSRQHQW�
ZDV� DOZD\V� LVRODWHG� EHWZHHQ� ������ P7� DQG� ������ P7� DQG� SUHVHQWHG� QRUPDO� FOXVWHUHG�
SRODULWLHV� �&K50��� ,Q� WKHVH� FDVHV�� PDJQHWLF� FRPSRQHQWV� ZHUH� FDOFXODWHG� E\� 3ULQFLSDO�
&RPSRQHQW� $QDO\VLV�� :KHQ� WKH\� ZHUH� KLJKO\� RYHUODSSHG�� &K50� ZDV� FDOFXODWHG� XVLQJ�
UHPDJQHWL]DWLRQ�FLUFOHV�DQG� WKH�PHDQ�GLUHFWLRQ�ZDV�FDOFXODWHG�E\�*UHDW�&LUFOH�$QDO\VLV�DQG�
VRPHWLPHV�PL[LQJ� SODQHV� DQG� GLUHFWHG� OLQHV��7KH�PHGLDQ� GHVWUXFWLYH� ILHOGV� UDQJHG� EHWZHHQ�
�P7� DQG� ��P7�� 0D[LPXP� XQEORFNLQJ� WHPSHUDWXUH� UDQJHG� EHWZHHQ� ����&� WR� ��������&��
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&RQVLGHULQJ� DOO� WKHVH� PDJQHWLF� SURSHUWLHV�� WLWDQRPDJQHWLWHV� ZLWK� ORZ� WLWDQLXP� FRQWHQW� DUH�
OLNHO\�PDLQ�PDJQHWLF�PLQHUDOV�FDUU\LQJ�WKH�&K50�

,Q� VSLWH� RI� WKH� SUHVHQFH� RI� WZR� PDJQHWLF� FRPSRQHQWV�� LQ� DOO� WKH� VLWHV� D� ZHOO �JURXSHG�
&K50� GLUHFWLRQ� FRXOG� EH� REWDLQHG�� 7KH� &K50� SUHVHQWHG� DOZD\V� QRUPDO� SRODULW\��
&RQVLGHULQJ� WKDW� WKLV� SHULRG� LV� D� SHULRG� RI� PL[HG� SRODULW\�� SDOHRPDJQHWLF� UHVXOWV� FRXOG�
LQGLFDWH�WKDW�WKH�GLNH�LQWUXGHG�GXULQJ�D�EULHI�DQG�XQLTXH�PDJPDWLF�HSLVRGH�

9JSV�DYHUDJH�OHDGV�WR�D�ZHOO�GHILQHG�/RZHU�-XUDVVLF�3DOHRPDJPHWLF�3ROH��������0D��IRU�
WKH�$IULFDQ�3ODWH��ZLWK�YDOXHV�RI�3ODW �����1��3ORQJ ������( DQG�$�� ������

7KH�)RXP�=JXLG�3DOHRSROH�KDV�EHHQ�FRPSDUHG�ZLWK�D�VHOHFWLRQ�RI�-XUDVVLF�3DOHRSROHV�IRU�
WKH�$IULFD�3ODWH�>�@��DQG�ZLWK�WKH�3ROH�IRU� WKH�0HVVHMDQD�'\NH��,EHULDQ�3ODWH��>�@���WDEOH�����
7KH�SROH�FDOFXODWHG�IRU�WKH�)RXP�=JXLG LQ�WKLV�VWXG\�LV�FRQVLVWHQW�ZLWK�PRVW�RI�WKHP��)LJ����
LOOXVWUDWHV�WKH�VLPLODULW\�RI�WKH�3DOHRPDJQHWLF�3ROHV�IRU�WKH�$IULFDQ�3ODWH�DQG�WKH�,EHULDQ�3ODWH�
ZLWK� WKH� )RXP� =JXLG� 3DOHRSROH�� 7KH� VLPLOLWXGH� RI� WKH� $IULFDQ� SROH� ZLWK� WKH� ,EHULDQ� SROH�
PHDQV�WKDW�WKH�WZR�SODWHV�KDYH�XQGHUJRQH�TXLWH�SDUDOOHO�PRYHPHQWV�VLQFH�WKH�HDUO\�-XUDVVLF�

7DEOH����-XUDVVLF�3DOHRSROHV�IRU�WKH�$IULFD�3ODWH�>�@��0HVVHMDQD�'\NH�3ODOHRSROH�>�@�
1� �QXPEHU�RI�VLWHV��6ODW��6ORQJ �6LWH�ODWLWXGH�DQG�ORQJLWXGH��3ODW��3ORQJ  �3ROH�SRVLWLRQ��
. �HVWLPHWH�RI�)LVKHU�V�SUHFLVLRQ��SDUDPHWHU��$�� �VHPLDQJOH�RI�FRQH�����FRQILGHQFH�RI�WKH�PHDQ�SROH�

)LJ�����$IULFDQ�SDOHRPDJQHWLF�SROHV��>�@��0HVVHMDQD�'\NH�3ROH�>�@�DQG�)RXP�=JXLG�3ROH��WKLV�VWXG\��

5HIHUHQFHV�
>�@�6HEDL��$���)HUDXG��*���%HUWUDQG��+��DQG�+DQHV��-�������� ³��$U���$U GDWLQJ�DQG�JHRFKHPLVWU\�RI�WKROHLWLF�PDJPDWLV P�UHODWHG�WR�WKH�
HDUO\�RSHQLQJ�RI�WKH�FHQWUDO�DWODQWLF�ULIW´��(DUWK�DQG�3ODQHWDU\�6FLHQFH�/HWWHUV�
>�@�+DLOZRRG��(�$��DQG�0LWFKHOO��-�*�������� 3DOHRPDJQHWLF�DQG�UDGLRPHWULF�GDWLQJ�UHVXOWV�IURP�WKH�-XUDVVLF�LQWUXVLRQV�LQ�6RXWK�0RURFFR��
*HRSK\V��-�5��$VWUR��6RF��������������

5HI� 1 6ODW 6ORQJ 3ODW 3ORQJ . $�� $JH��0D��
>�@ � ����� ���� ���� ����� ���� ��� �����
>�@ �� ��� ���� �� ��� �� � ������
>�@ �� ����� ���� ���� ����� �� ��� ������
>�@ �� ��� ����� ���� ����� �� ��� �����
>�@ � ����� ���� ���� ����� ���� ��� �����
>�@ �� ���� ����� ���� ����� ��� ��� �����
>�@ �� ��� �� ���� ����� ���� ���� ������
>�@ �� �� ��� �� ���� ��� ��� ���

WKLV�VWXG\ �� ���� ����� ���� ����� ����� ��� �����

7KLV�VWXG\
)RXP�=JXLG

0HVVHMDQD
'\NH
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>�@�%HVVH��-��DQG�&RXUWLOORW��9��������� ³$SSDUHQW�DQG�WUXH�SRODU�ZDQGHU�DQG�WKH�*HRPHWU\�RI�WKH�PDJQHWLF�)LHOG�LQ�WKH�ODVW�����0LOOLRQ�
<HDUV´��-RXUQDO RI�*HRSK\V�5HVHDUFK��9RO�������1�� %����������GRL�������������-%�������������
>�@�3DOHQFLD��$���2VHWH��0�/���9HJDV��5���9LOODVDQWH��9�6LOYD��3���)RQVHFD��3�(�DQG�0LUDQGD��-�0�� ����� ´3DOHRPDJQHWLF�DQG�$06�VWXG\�
RI�WKH�VRXWKHUQ�SDUW�RI�0HVVHMDQD �3ODVHQFLD�G\NH´� (XURSHDQ�*HRSK\VLFDO�6RFLHW\��;;9�*HQHUDO�$VVHPEO\�
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1XHYRV�GDWRV�PDJQHWRHVWUDWLJUiILFRV�GHO�VHFWRU�&HQWUDO�GH�OD�&XHQFD�
GHO�(EUR��0LRFHQR�GH�ORV�0RQWHV�GH�&DVWHMyQ

1HZ�0DJQHWRVWUDWLJUDSKLF�GDWD�RI�WKH�&HQWUDO�VHFWRU�RI�WKH�(EUR�%DVLQ��0LRFHQH�RI�
WKH�0RQWHV�GH�&DVWHMRQ

3pUH]�5LYDUpV��)��-�����*DUFpV��0���� $UHQDV��&� ���3DUGR��*� �

� 'SWR��&LHQFLDV�GH�OD�7LHUUD��)DFXOWDG�GH�&LHQFLDV��8QLYHUVLGDG�GH�=DUDJR]D��3HGUR�&HUEXQD�����������
=DUDJR]D��6SDLQ��7HO������������������(�PDLO��SHUH]ULY#XQL]DU�HV

��*UXSR�GH�*HRGLQiPLFD�\�$QiOLVLV�GH�&XHQFD��)DFXOWDG�GH�*HRORJtD��8QLYHUVLWDW�GH�%DUFHORQD��&DPSXV�
GH�3HGUDOEHV��������%DUFHORQD�6SDLQ��(�PDLO��JDUFHV#QDWXUD�JHR�XE�HV�

(Q� HVWD� FRQWULEXFLyQ� VH� PXHVWUDQ� ORV� UHVXOWDGRV� GH� ORV� HVWXGLRV�
PDJQHWRHVWUDWLJUiILFRV� OOHYDGRV� D� FDER� HQ� ORV� 0RQWHV� GH� &DVWHMyQ� \� VH� SUHVHQWDQ�
DOJXQDV� LPSOLFDFLRQHV� HVWUDWLJUiILFDV� \� VHGLPHQWROyJLFDV� TXH� VH� GHVSUHQGHQ� GH� ORV�
PLVPRV��

'XUDQWH� HO�0LRFHQR�� ORV�0RQWHV� GH�&DVWHMyQ� FRQVWLWX\HURQ� XQ� iUHD� LPSRUWDQWH� GH�
VHGLPHQWDFLyQ� ODFXVWUH� \� DOXYLDO� HQ� HO� VHFWRU� FHQWUDO� GH� OD� &XHQFD� GHO� (EUR�� /D� WRWDO�
DXVHQFLD� GH� LQIRUPDFLyQ� FURQROyJLFD� HQ� HO� iUHD� \� OD� GHVFRQH[LyQ� ItVLFD� FRQ� RWURV�
DIORUDPLHQWRV� GHO� VHFWRU� GLILFXOWDQ� HQ� JUDQ� PHGLGD� FXDOTXLHU� LQWHQWR� GH� HVWXGLR� FRQ�
LPSOLFDFLyQ� WHPSRUDO��+DVWD�DKRUD�~QLFDPHQWH�VH�FRQWDED�FRQ� OD�FRUUHODFLyQ�FRQ�RWUDV�
iUHDV� GH� OD� FXHQFD�� UHDOL]DGD� SRU�$UHQDV� ������� \�$UHQDV� \�3DUGR� ������� D� SDUWLU� GHO�
DQiOLVLV�WHFWRVHGLPHQWDULR��(O�DQiOLVLV�WHFWRVHGLPHQWDULR��3DUGR�HW�DO���������VH�EDVD�HQ�
OD� VHPHMDQ]D� GH� OD� HYROXFLyQ� VHFXHQFLDO� GH� ODV� 8QLGDGHV� 7HFWRVHGLPHQWDULDV� �876��
UHFRQRFLGDV�ORFDOPHQWH�\�ODV�FDUDFWHUtVWLFDV�GH�ODV�UXSWXUDV�VHGLPHQWDULDV�GH�VXV�OtPLWHV��
8QD�GH�HVWDV�iUHDV�HV�OD�6LHUUD�GH�$OFXELHUUH��GRQGH�UHFLHQWHPHQWH�3pUH]�5LYDUpV�HW�DO��
������� KDQ� UHDOL]DGR� HVWXGLRV� PDJQHWRHVWUDWLJUiILFRV� TXH�� VHJ~Q� $UHQDV� ������� \�
$UHQDV�\�3DUGR� �������� FXEUHQ�XQ� UHJLVWUR�HTXLYDOHQWH�DO�GH� ODV�876�SUHVHQWHV�HQ� ORV�
0RQWHV�GH�&DVWHMyQ��/D�FRPSDUDFLyQ�GH�ODV�VHFFLRQHV�PDJQHWRHVWUDWLJUiILFDV�HQWUH�HVWRV�
GRV�UHOLHYHV�SHUPLWLUi�FRPSUREDU�VX�FRUUHODFLyQ�SUHYLD�

6H� KDQ�PXHVWUHDGR� GRV� VHFFLRQHV� HVWUDWLJUiILFDV� �&DVWLOOR� GH�6RUD�� 62�� \�(VWHEDQ��
(6��� 6H� KD� DSOLFDGR� XQ� LQWHUYDOR� GH� PXHVWUHR� GH� XQ� PHWUR� SRU� HVWDFLyQ�
DSUR[LPDGDPHQWH�� PHGLDQWH� HO� FXDO� VH� KDQ� SRGLGR� DQDOL]DU� XQ� WRWDO� GH� ����PXHVWUDV�
FLOtQGULFDV��/RV�PDWHULDOHV�HVWXGLDGRV�KDQ�VLGR�FDOL]DV��PDUJRVDV�R�DUHQRVDV�HQ�DOJXQRV�
FDVRV��� GRORPtDV�� PDUJDV� \� OXWLWDV� 7RGDV� ODV� PXHVWUDV� VH� KDQ� GHVPDJQHWL]DGR� SRU�
SURFHGLPLHQWRV�WpUPLFRV��/D�PD\RU�SDUWH�GH�ODV�PHGLGDV GH�OD�PDJQHWL]DFLyQ�UHPDQHQWH�
VH�KDQ�UHDOL]DGR�FRQ�XQ�PDJQHWyPHWUR��*�650����5�GH��*�(QWHUSULVHV��SDUD�HO�UHVWR�
VH� KD� XWLOL]DGR� XQ� PDJQHWyPHWUR� VXSHUFRQGXFWRU� GH� �� HMHV� *0���� GH� &ULRJHQLF�
&RQVXOWDQWV� /WG�� �/DERUDWRULR� GH� SDOHRPDJQHWLVPR� GH� %DUFHORQD��� /RV HQVD\RV� GH�
DGTXLVLFLyQ�GH�PDJQHWL]DFLyQ�UHPDQHQWH�LVRWHUPD��05,��\�GHVPDJQHWL]DFLyQ�SURJUHVLYD�
LQGLFDQ� TXH� ORV�PLQHUDOHV� SRUWDGRUHV� GH� OD�PDJQHWL]DFLyQ� UHPDQHQWH� VRQ�PDJQHWLWD� \�
KHPDWLWHV��(V�IUHFXHQWH�OD�SUHVHQFLD�GH�XQD�FRPSRQHQWH�YLVFRVD�GH�RULHQWDFLyQ DOHDWRULD��
DGTXLULGD� GXUDQWH� HO� PXHVWUHR� R� PDQLSXODFLyQ� GH� ODV� PXHVWUDV�� TXH� GHVDSDUHFH� DO�
H[SRQHU� ORV� HVSHFtPHQHV� D� ����&� �UDUDPHQWH� KDVWD� ����&��� (QWUH� ����� \� ����&� VH�
GHVPDJQHWL]D� XQD� VHJXQGD� FRPSRQHQWH�TXH�SUHVHQWD�RULHQWDFLRQHV� VLPLODUHV� DO� FDPSR�
PDJQpWLFR� DFWXDO�� /D� ~OWLPD� FRPSRQHQWH� FRQVWLWX\H� OD� 0DJQHWL]DFLyQ� 5HPDQHQWH�
&DUDFWHUtVWLFD� �05&�� TXH� SUHVHQWD� SRODULGDGHV� QRUPDOHV� H� LQYHUVDV�� 8QD� SDUWH� GH� ODV�
PXHVWUDV�QHFHVLWD�DOFDQ]DU�DO�PHQRV�����&�SDUD�GHVPDJQHWL]DUVH�FRPSOHWDPHQWH��2WUDV�
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QR�SLHUGHQ�VX�UHPDQHQFLD�KDVWD�PiV�GH�����&�
/D�VXFHVLyQ�PDJQHWRHVWUDWLJUiILFD�GH�ORV�0RQWHV�GH�&DVWHMyQ�HVWi�LQWHJUDGD�SRU����

PDJQHWR]RQDV�TXH�HTXLYDOHQ�D� ORV�FURQHV�GH� OD�*376�&�&U�D�&�$'Q��/D�FRUUHODFLyQ�
VXJHULGD� SRU� $UHQDV� ������� \� $UHQDV� \� 3DUGR� ������� TXHGD� FRQILUPDGD� SRU� OD�
FRPSDUDFLyQ�GH�ORV�SDWURQHV�PDJQpWLFRV�GH�0RQWHV�GH�&DVWHMyQ�\�6LHUUD�GH�$OFXELHUUH��
7DPELpQ� HV� SRVLEOH� DMXVWDU� OD� HGDG� DVLJQDGD� DO� OtPLWH� HQWUH� ODV� XQLGDGHV�
WHFWRVHGLPHQWDULDV� 7��7�� �3pUH]�5LYDUpV� HW� DO�� ������� SDVDQGR� GH� ������ �&�&Q��Q�� D�
������0D� �&�&Q��Q���(VWH� DMXVWH� LPSOLFD�� DGHPiV�� XQ� UHSODQWHDPLHQWR� HQ� OD� VLWXDFLyQ�
SURSXHVWD�SRU�$UHQDV��������\�$UHQDV�\�3DUGR��������SDUD�HO�OtPLWH�7��7��HQ�OD�VHFFLyQ�
GH�/DQDMD�� HQ� HO� iUHD�GH� OD�6LHUUD�GH�$OFXELHUUH��TXH�GHEH� VLWXDUVH�HVWUDWLJUiILFDPHQWH�
PiV�DOWR�

/D� FRPSDUDFLyQ� GH� ODV� VXFHVLRQHV� GH�0RQWHV� GH� &DVWHMyQ� \� 6LHUUD� GH� $OFXELHUUH�
PXHVWUD� TXH�� HQ�GLYHUVRV� LQWHUYDORV�� ODV� WDVDV�GH� VHGLPHQWDFLyQ�GH� HVWDV� iUHDV�YHFLQDV�
VRQ�VLPLODUHV��6LQ�HPEDUJR�HQ�RWURV�LQWHUYDORV�ODV�WDVDV�VRQ�QRWDEOHPHQWH�GLIHUHQ WHV��7DO�
HV� HO� FDVR� GH� ODV� VHFFLRQHV� GH�(VWHEDQ��(6� �0RQWHV�GH�&DVWHMyQ��\�6DQ�&DSUDVLR��6&�
�6LHUUD�GH�$OFXELHUUH��HQ�WRUQR�DO�FURQ�&�%Q��R�GH�ODV�VHFFLRQHV�GH�&DVWLOOR�GH�6RUD��62�
�0RQWHV�GH�&DVWHMyQ��\�/DQDMD��/1��6LHUUD�GH�$OFXELHUUH��HQ�WRUQR�DO�FURQ�&�&Q��3DUWH�
GH�HVWDV�GLVSDULGDGHV�SXHGHQ�VHU�H[SOLFDEOHV�SRU�GLIHUHQFLDV�GH�DPELHQWH�VHGLPHQWDULR��
PD\RUHV�WDVDV�SDUD�GHSyVLWRV�GHWUtWLFRV�GH�DEDQLFR�DOXYLDO��62��\�GH�LQIOXHQFLD�GHOWDLFD�
�6&�� \� PHQRUHV� SDUD� GHSyVLWRV� GH� FDOL]DV� \�PDUJDV� HQ� DPELHQWHV� ODFXVW UHV� �/1��� (Q�
FDPELR�� HQ� WRUQR� DO� FURQ� &�%Q��Q� ODV� GLIHUHQFLDV� HQWUH� (6� \� 6&� VH� GDQ� GHQWUR� GH�
DPELHQWHV� GH� VHGLPHQWDFLyQ� ODFXVWUH�� (Q� HVWH� FDVR�� HO� PRGHOR� GH� VHGLPHQWDFLyQ�
SURSXHVWR� SRU�$UHQDV� \� 3DUGR� ������� SDUD� ORV� VLVWHPDV� ODFXVWUHV�PLRFHQRV� GHO� VHFWRU�
FHQWUDO�GH�OD�&XHQFD�GHO�(EUR��H[SOLFD�DGHFXDGDPHQWH�OD�GLVSDULGDG�GH�WDVDV��(6��WDVDV�
PiV� DOWDV�� FRUUHVSRQGH� D� IDFLHV� ODFXVWUHV�PDUJLQDOHV� \� SDOXVWUHV� GH� VLWXDFLyQ� GH� QLYHO�
ODFXVWUH� DOWR� \� DJXDV� GXOFHV�� FRQ� DOWD� SURGXFWLYLGDG� ELROyJLFD��PLHQWUDV�TXH�6&� �WDVDV�
PHQRUHV�� UHJLVWUD� IDFLHV� ODFXVWUHV� PDUJLQDOHV� GH� QLYHO� EDMR� \� DJXDV� ELFDUERQDWDGDV�
VDOLQDV�� DVt� FRPR� IDFLHV� GH� OODQXUD� GH� EDUURV� FRQ� ERPEHR� HYDSRUtWLFR� DVRFLDGR��
FRUUHVSRQGLHQWHV�D�QLYHOHV�ODFXVWUHV�D~Q�PiV�EDMRV��FRQ�SUHFLSLWDFLyQ�GH�VXOIDWRV�

7UDEDMR�ILQDQFLDGR�SRU�HO�SUR\HFWR�3%��������&���GH�OD�'*(6

5HIHUHQFLDV
$UHQDV��&�������� 6HGLPHQWRORJtD�\�SDOHRJHRJUDItD�GHO�7HUFLDULR�GHO�PDUJHQ�SLUHQDLFR�\�VHFWRU�FHQWUDO�GH�OD�&XHQFD�GHO�(EUR�
�]RQD�DUDJRQHVD�RFFLGHQWDO� ��7HVLV�'RFWRUDO��8QLYHUVLGDG�GH�=DU DJR]D������
$UHQDV�� &�� \� 3DUGR�� *� ������ /DWHVW� 2OLJRFHQH�/DWH� 0LRFHQH� ODFXVWULQH� V\VWHP� RI� WKH� QRUWK �FHQWUDO� SDUW� RI� WKH� (EUR� %DVLQ�
�6SDLQ���VHGLPHQWDU\�IDFLHV�PRGHO�DQG�SDODHRJHRJUDSKLF�V\QWKHVLV��3DODHRJHRJU��3DODHRFOLPDW��3DODHRHFRO����������� �����
3DUGR��*���9LOOHQD��-��\�*RQ]iOH]��$� ������ &RQWULEXFLyQ�D�ORV�FRQFHSWRV�\�D�OD�DSOLFDFLyQ�GHO�DQiOLVLV�WHFWRVHGLPHQWDULR��5XSWXUDV�
\� XQLGDGHV� WHFWRVHGLPHQWDULDV� FRPR� IXQGDPHQWR�GH� FRUUHODFLRQHV� HVWUDWLJUiILFDV��(Q�� 'LYLVLyQ�GH�XQLGDGHV� HVWUDWLJUiILFDV� HQ HO�
DQiOLVLV�GH�FXHQFDV ��-��$��9HUD��HG���5HY��6RF��*HRO��(VSDxD�������� �����
$UHQDV��&��\�3DUGR��*�������� 1HRJHQH�ODFXVWULQH�GHSRVLWV�RI�WKH�QRUWK �FHQWUDO�(EUR�%DVLQ��QRUWKHDVWHUQ�6SDLQ��(Q�� /DNH�EDVLQV�
WKURXJWK�VSDFH�DQG� WLPH �(��+��*LHUORZVNL�.RUGHVFK \�.��5��.HOWV��HGV����$PHULFDQ�$VVRFLDWLRQ�RI�3HWUROHXP�*HRORJLVWV��6SHF��
9RO���6WXGLHV�LQ�*HRORJ\��������� �����
3pUH]�5LYDUpV�� )�-��*DUFpV�� 0��� $UHQDV�� &��� 3DUGR�� *�� ������ 0DJQHWRFURQRORJtD� GH� OD� VXFHVLyQ� PLRFHQD� GH� OD� 6LHUUD� GH�
$OFXELHUUH��VHFWRU�FHQW UDO�GH�OD�&XHQFD�GHO�(EUR���5HYLVWD�GH�OD�6RFLHGDG�*HROOyJLFD�GH�(VSDxD��������� �����
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6WDFNLQJ�RI�SDOHRPDJQHWLF�GDWD��DQ�REMHFWLYH�DSSURDFK�WR�WKH�&K50

3XH\R��(��/���
���)HLVFKO��7���6FKROJHU��5���0DXULWVFK��+��-�
,QVW��RI�*HRSK\VLFV��0RQWDQXQLYHUVLWlW��/HREHQ��3DOHRPDJQHWLF�/DERUDWRU\�*DPV��$XVWULD��XQDLP#XQL]DU�HV

�
��3UHVHQW�DGGUHVV� /DE��GHV�0pFDQLVPHV�GH�7UDQVIHUW�HQ�*pRORJLH��8QLYHUVLWp�3DXO�6DEDWLHU��7RXORXVH��)UDQFH

$� UHFHQWO\� GHYHORSHG� VRIWZDUH� IRU� 3&� LV� LQWURGXFHG� DV� D�SDOHRPDJQHWLF�GDWD�SURFHVVLQJ�
WRRO� WKDW� DOORZV� DSSO\LQJ� D�PRGLILHG� VWDFNLQJ� URXWLQH� �65�� DV� LW� RULJLQDOO\�ZDV�SURSRVHG�E\�
6FKHHSHUV�DQG�=LMGHUYHOG��������DQG�RIIHUV�VLJQLILFDQW�PHWKRGRORJLFDO� LPSURYHPHQWV�RQ�WKH�
RULJLQDO� WHFKQLTXH� ,Q� WKH� *DPVVWDFN� SURJUDP� WKH� VWDFNHG�VWHS� HUURU� DQG� PHDQ� FDQ� EH�
FDOFXODWHG�YLD� VSKHULFDO� VWDWLVWLFV�XVLQJ� D�)LVKHU� �������GLVWULEXWLRQ� �RULJLQDO� FKRLFH��RU� OLNH�
VWDQGDUG�HUURU��FRQVLGHULQJ�WKH�YHFWRU�LQWHQVLW\�LQ�D�QRUPDO�GLVWULEXWLRQ���%RWK�FKRLFHV�PD\�EH�
DOVR�PHUJHG��7KLV� WUHDWPHQW�GRHV�QRW�DVVXPH� WKH�KRPRJHQHLW\�RI� WKH�PDJQHWLF� LQWHQVLW\� IRU�
WKH� GLIIHUHQW� VDPSOHV� RQ� D� VLWH�� ZKLFK� FHUWDLQO\� LV� LQ� EHWWHU� DJUHHPHQW� ZLWK� WKH� QDWXUDO�
PDJQHWLF�UHVSRQVH�RI�WKH�URFNV�WR�WKH�H[WHUQDO�PDJQHWLF�ILHOG��)LJ������

XS196�����%XS196�����$XS196�����%XS196�����$XS196�����$XS196�����%XS196�����$XS196�����$XS196�����$XS196�����$

.|VVHQ�EHGV��+DJHQJHELUJH�
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��$ ��$
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)LJXUH��� $��,QGLYLGXDO�GHPDJQHWL]DWLRQ�GLDJUDPV�DW� WKH�VLWHV�96���DQG�96����&URVVHG�RXW�VDPSOHV�KDYH�QRW�
EHHQ� FRQVLGHUHG� LQ� WKH VWDFNHG� VDPSOHV� %�� 6WDFNHG� VDPSOHV� ZLWK� WKH�PDJQHWLF� LQWHQVLW\� GHFD\� FXUYH� DQG� WKH�
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GHULYHG�RUWKRJRQDO�GLDJUDP� IURP� WZR�SDOHRPDJQHWLF� VLWHV� ���� VDPSOHV�HDFK���&K50�GLUHFWLRQ�FDOFXODWHG�IURP�
WKH�VWDFNHG�GLDJUDP�DQG�WKHLU�FRPSDULVRQ�ZLWK�3&$�DQG�'&�PHDQ�DUH�SURMHFWHG�DOO�WRJHWKHU�LQ�WKH�VWHUHR�QHW�

7KH�SURJUDP�DOVR�DOORZV�WKH�FDOFXODWLRQ�RI�D�PHDQ��VWHS�E\�VWHS��RI�WKH�LQVWUXPHQWDO�HUURU�
�)LJ�� ���� ZKLFK� LPSOLHV� D� TXDOLWDWLYH� OLQN� DPRQJ� WKH� WKUHH� GLIIHUHQW� VWDWLVWLFDO� OHYHOV�
�PHDVXUHPHQWV�� VDPSOHV� DQG� VLWH��� $Q� LQWHUDFWLYH� VWDFNLQJ� PHQX� GLVSOD\V� FRPSOHWH�
LQVWUXPHQWDO�LQIRUPDWLRQ�DQG�SHUPLWV�WR�UHMHFW�DQRPDORXV�VWHSV��H�J��HUURQHRXV�PHDVXUHPHQWV��
RU�HYHQ�WR�VNLS�VSXULRXV�VDPSOHV�IURP�WKH�LQLWLDO�GDWD�VHW��LQ�FDVH�RI�WKH�WHFWRQLF�DQG�OLWKRORJLF�
KRPRJHQHLW\�LV�IDLOHG���6RPH�QDWXUDO�H[DPSOHV�IURP�WKH�1RUWKHUQ�&DOFDUHRXV�$OSV�DUH�VKRZQ���
7KH�&K50�ILWWHG�XVLQJ� FODVVLFDO�PHWKRGV� �SULQFLSDO� FRPSRQHQW� DQDO\VLV� >3&$��.LUVFKYLQN��
����@� DQG� GHPDJQHWL]DWLRQ� FLUFOHV� >'&�� %DLOH\� DQG� +DOOV�� ����@�� DUH� FRPSDUHG� ZLWK� WKH�
UHVXOWV GHULYHG�IURP�ILWWLQJ�WKH�&K50��3&$��GLUHFWO\�IURP�WKH�VWDFNHG�VDPSOH��*DPVVWDFN���
7KH�DQJXODU�GHSDUWXUHV�DPRQJ�WKH�GLIIHUHQW�UHVXOWV��3&$��'&�DQG�65��DUH�QRQ�VLJQLILFDQW�DQG�
WKHLU�FRQILGHQFH�FRQHV�DUH�RYHUODSSHG��)LJ������
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� ��� ��� ��� ��� ��� � ��� ��� ��� ��� ��� � ��� ��� ��� ��� ��� � ��� ��� ��� ��� ���
7���&� 7���&� 7���&� 7���&�

D �� ��(UURU E ��(UURU
0HDVXUHPHQW

)LJXUH��� &RPSDULVRQ�RI�GLIIHUHQW�VWDFNHG�HUURUV��*UD\�FLUFOHV�FRUUHVSRQG�WR�VLWH�96���DQG�WKH�EODFN�RQHV�WR�VLWH�
96��������� )LVKHULDQ� HUURU� �)LVKHU�� ������ IRU� D� JLYHQ� VWDFNHG� VWHS� �XQLW� YHFWRU� WUHDWPHQW����� HUURU�� UHODWLRQ�
EHWZHHQ� WKH� PHDQ� LQWHQVLW\� DQG� WKH� HUURU� LQWHQVLW\� IRU� D� JLYHQ� VWHS� �QRQ� XQLW� YHFWRU��� E�� DQJXODU� GLIIHUHQFH�
EHWZHHQ�WKH�PHDQ�DQG�LWV������FRQILGHQFH�FRQH�QRQ�XQLW�YHFWRU����HUURU�PHDVXUHPHQW��PHDQ�LQVWUXPHQWDO�HUURU�
�ILUVW�VWDWLVWLFDO�OHYHO��IRU�D�JLYHQ�VWHS�

7KH� PRGLILHG� VWDFNLQJ� PHWKRG� UXQ� E\� WKH� *DPVVWDFN� VRIWZDUH� LV� VR� SRZHUIXO� WKDW� LV�
SURSRVHG�DV�DQ�DXWRPDWLF��REMHFWLYH�DQG�SUHOLPLQDU\�PHWKRG�WR�REWDLQ�D�UHOLDEOH�DYHUDJHG�RXW�
GHPDJQHWL]DWLRQ�SDWK��GLDJUDP��IRU�D�VLQJOH�DQG�KRPRJHQHRXV�GDWD�VHW��VLWH��LQ�DQ\�URFN�W\SH�
DQG� QRW� RQO\� LQ� ZHDN� RU� YLVFRXV� VDPSOHV�� 7KH� ILOWHULQJ� RI� VSXULRXV� VWHSV� RU� LQFRQVLVWHQW�
VDPSOHV��ORVHV�WKH�REMHFWLYLW\�RI�WKH�DXWRPDWLF�PHWKRG�EXW�LW�LV�DQ�HIILFLHQW�ZD\�WR�FDOFXODWH�WR�
&K50�LQ�D�SDOHRPDJQHWLF�VLWH��:KHQ�WKH�TXDOLW\�RI�WKH�PHDVXUHPHQWV�DQG�WKH�QDWXUDO�VFDWWHU�
DUH�UHDVRQDEOH��HYDOXDWHG�E\�WKH�GLIIHUHQW�HUURU�WUHQGV���WKH�GLUHFWLRQV�ILWWHG�IURP�WKH�ILOWHUHG�
VWDFNHG�GLDJUDP�ZLOO�GLVSOD\�DQ�H[FHOOHQW�DSSURDFK�WR�WKH�&K50��,Q�WKH�VWXGLHG�H[DPSOHV��WKH�
FRPSDULVRQ�ZLWK�RWKHU�PHWKRGV��3&$�DQG�'&��VKRZ�DQJXODU�GHSDUWXUHV�EHOORZ������ZKLFK� LQ�
WXUQ� DUH� QRW� VWDWLVWLFDOO\� VLJQLILFDQW� LI� WKH� UHVSHFWLYH� FRQILGHQFH� DQJOHV� DUH� FRQVLGHUHG��
7KHUHIRUH� WKH�VWDFNLQJ� WHFKQLTXH�KDV� WKH�DGYDQWDJH��DJDLQVW�RWKHU� WLPH�FRQVXPLQJ�PHWKRGV��
RI� EHLQJ� D� YHU\� IDVW� DQG� UHOLDEOH� SUHOLPLQDU\� DQDO\VLV� IRU� ODUJH� GDWD� VHWV��7KH� SURJUDP� DOVR�
DOORZV� WKH�FRQYHUVLRQ�EHWZHHQ��*��IUHTXHQWO\�XVHG��DQG�´3DOGLU´� �8WUHFKW�� IRUPDWV��$6&,,��
H[WHQGLQJ�WKH�SRVVLELOLWLHV�WR�EH�DSSOLHG�WR�PRVW�SDOHRPDJQHWLF�ODERUDWRULHV�
5HIHUHQFHV
%DLOH\��5�&��DQG�+DOOV��+�&�� ������ (VWLPDWH�RI�FRQILGHQFH�LQ�SDOHRPDJQHWLF�GLUHFWLRQV�GHULYHG�IURP�PL[HG�UHPDJQHWL]DWLRQ�FLUFOH�DQG�

GLUHFW�REVHUYDWLRQDO�GDWD��-RXUQDO�RI�*HRSK\VLFV��������� ����
)LVKHU��5��$������� ��'LVSHUVLRQ�RQ�D�VSKHUH��3URF��5��6RF���$��������� � ����
.LUVFKYLQN��-�/�������� 7KH�OHDVW�VTXDUHV�OLQH�DQG�SODQH�DQG�WKH�DQDO\VLV�RI�WKH�SDOHRPDJQHWLF�GDWD��*HRSK\V��-��5��$VWURQ��6RF���������� �

����
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6FKHHSHUV��3�-�-���=LMGHUYHOG��-�'�$�������� 6WDFNLQJ�LQ�3DOHRPDJQHWLVP��$SSOLFDWLRQ�WR�PDULQH�VHGL PHQWV�ZLWK�ZHDN�150��*HRSK\VLFDO�
5HVHDUFK�/HWWHUV������������������



0$*,%(5�,,�± &RLPEUD��������GH�6HWHPEUR�GH�����

3DOHRPDJQHWLVPR�HQ�HO�&LQWXUyQ�9ROFiQLFR�7UDQV�0H[LFDQR��
,PSOLFDFLRQHV�7HFWyQLFDV�

3DOHRPDJQHWLVP�RQ�WKH�7UDQV�0H[LFDQ�9ROFDQLF�%HOW��7HFWRQLF�LPSOLFDWLRQV�
5XL]�0DUWtQH]��9�&����2VHWH��0�/��

���'SWR��*HRItVLFD��)DF��&&��)tVLFDV��8�&RPSOXWHQVH�GH�0DGULG���&LXGDG�8QLYHUVLWDULD�V�Q��������0DGULG��
(VWDGR�HVSDxRO��YFDUORV#ILV�XFP�HV

���'SWR��*HRItVLFD��)DF��&&��)tVLFDV��8�&RPSOXWHQVH�GH�0DGULG���&LXGDG�8QLYHUVLWDULD�V�Q��������0DGULG��
(VWDGR�HVSDxRO��PORVHWH#ILV�XFP�HV

6H�KDQ�PXHVWUHDGR�XQ�WRWDO�GH����VLWLRV�YROFiQLFRV�HQ�ORV�VHFWRUHV�FHQWUDO�\�RFFLGHQWDO�GHO�
&LQWXUyQ� 9ROFiQLFR� 7UDQV�0H[LFDQR� FRQ� REMHWR� GH� HYDOXDU� HVSDFLDO� \� WHPSRUDOPHQWH� OD�
H[LVWHQFLD�GH� URWDFLRQHV�GH�EORTXHV�FRUWLFDOHV�VREUH�HMHV�YHUWLFDOHV�HQ�HVWH�DUFR�YROFiQLFR��\�
FRPSOHWDU�DVt�HO�HVWXGLR�UHJLRQDO�FRPHQ]DGR�HQ�VX�VHFWRU�RULHQWDO��5XL]�0DUWtQH]�HW�DO���������
/D�HVWUDWHJLD�GH�PXHVWUHR��HQ�DQDORJtD�FRQ�HVWH�SULPHU�HVWXGLR��IXH�OD�GH�VHOHFFLRQDU�VLWLRV�FRQ�
GDWDFLRQHV� LVRWySLFDV� GLVSRQLEOHV� �)HUUDUL�� ������ R� FX\D� HGDG� SRGtD� FRUUHODFLRQDUVH�
JHROyJLFDPHQWH�D�ODV�pSRFDV�0LRFHQR�6XSHULRU��3OLRFHQR�R�&XDWHUQDULR��)LJ�����

)LJ��� /RFDOL]DFLyQ�GH�ORV�VLWLRV�PXHVWUHDGRV�HQ�ORV�VHFWRUHV�FHQWUDO�\�RFFLGHQWDO�GHO�&LQWXUyQ�9ROFiQLFR�7UDQV�
0H[LFDQR��GH�HGDGHV�0LRFHQR�6XSHULRU� 3OLRFHQR�\�&XDWHUQDULR��

/D� 0DJQHWL]DFLyQ� 5HPDQHQWH� 1DWXUDO� LQLFLDO� GH� ORV� VLWLRV� �FDGD� XQR� FRQ� HQWUH� �� \� ���
PXHVWUDV� LQGLYLGXDOPHQWH�RULHQWDGDV��SUHVHQWy�DOWD�GLVSHUVLyQ� �����GH�HOORV�FRQ�SDUiPHWURV�
GH� SUHFLVLyQ� N���� �)LVKHU�� �������� GHELGR� D� OD� H[LVWHQFLD� GH� UHPDJQHWL]DFLRQHV� SDUFLDOHV��
(VWDV� FRPSRQHQWHV� JHQHUDOPHQWH� ,50V� HVWiQ� LQGXFLGDV� SRU� OD� FDtGD� GH� UD\RV� �IiFLOPHQWH�
UHFRQRFLEOHV�SRU�VX�DQyPDOD�LQWHQVLGDG�GH�PDJQHWL]DFLyQ�� WUD\HFWRULDV�GLUHFFLRQDOHV�\�UDQJR�
GH�FRHUFLWLYLGDGHV���PLHQWUDV�TXH�HQ�RWURV FDVRV��D�MX]JDU�SRU�VX�ORFDOL]DFLyQ�JHRJUiILFD�\�VXV�
WHPSHUDWXUDV�GH�GHVEORTXHR�� HVWiQ� DVRFLDGDV� D�XQD�750�\�R�&50�RULJLQDGD�SRU�DOWHUDFLyQ�
KLGURWHUPDO�� (Q� �� VLWLRV�� QL� OD� GHVPDJQHWL]DFLyQ� SRU� FDPSRV� DOWHUQRV� GHFUHFLHQWHV� QL� OD�
WpUPLFD� IXHURQ� FDSDFHV� GH� GHVWUXLU� HVWDV� FRPSRQHQWHV� VHFXQGDULDV� \� GLVPLQXLU�
VLJQLILFDWLYDPHQWH�HVWD�GLVSHUVLyQ�LQLFLDO��GLUHFFLRQHV�PHGLDV��WUDV�OD�GHVPDJQHWL]DFLyQ�WRWDO��
FRQ� N���� D��!������ (Q� FDPELR�� HQ� ORV� RWURV� ��� VLWLRV�� DPERV� PpWRGRV� GH� GHVLPDQDFLyQ�
ORJUDURQ� DLVODU� OD� FRPSRQHQWH� FDUDFWHUtVWLFD� �&K50�� FRQ� OD� SUHFLVLyQ� VROLFLWDGD� SDUD� HVWH�
HVWXGLR�WHFWyQLFR��GLUHFFLRQHV�PHGLDV�FRQ�N!����D���������(VWDV�&K50V�VH�KDQ�GHWHUPLQDGR�
LQFOX\HQGR�DO�PHQRV�FLQFR�SXQWRV�GH� OD�GHVLPDQDFLyQ�SURJUHVLYD��\�KDQ�VLGR�FDOFXODGDV�SRU�
DQiOLVLV�GH�OD�FRPSRQHQWH�SULQFLSDO��.LUVFKYLQN��������\�SRU�DQiOLVLV�GH�FtUFXORV�Pi[LPRV��D�
YHFHV�FRPELQDQGR�HVWRV�FtUFXORV�FRQ�GLUHFFLRQHV�OLQHDOHV��0F)DGGHQ�	�0F(OKLQQ\���������(O�
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DQiOLVLV��HQ�PXHVWUDV�UHSUHVHQWDWLYDV�GH�FDGD�VLWLR��GH�ODV�WHPSHUDWXUDV�GH�GHVEORTXHR GH�,50V�
LQGXFLGDV�HQ�WUHV�HMHV�SHUSHQGLFXODUHV��/RZULH���������DVt�FRPR�HO�UDQJR�GH�VXV�SDUiPHWURV�GH�
KLVWpUHVLV� �'XQORS�� ������� VXJLHUH� TXH� ORV� SRUWDGRUHV� GH� HVWDV� &K50V� VRQ� PDJQHWLWDV� \�
WLWDQRPDJQHWLWDV�GH�DOWR�FRQWHQLGR�HQ�WLWDQLR��HQ�DOJXQRV�FDVRV� OLJHUDPHQWH�PDJKHPLWL]DGDV��
FRQ� GLIHUHQWHV� SURSRUFLRQHV� GH� PH]FOD� GH� HVWDGRV� PRQRGRPLQLR� \� PXOWLGRPLQLR�� 3DUD� HO�
DQiOLVLV� WHFWyQLFR� �)LJ�� ��� QR� VH� KDQ� LQFOXLGR� �� GLUHFFLRQHV� �FRQ� FRODWLWXGHV� GH� VXV�
FRUUHVSRQGLHQWHV� 9*3V� VXSHULRUHV� D� ����� TXH� VH� KDQ� FRQVLGHUDGR� FRPR� H[FXUVLRQHV� R�
WUDQVLFLRQHV� GH� SRODULGDG�GHO� FDPSR�JHRPDJQpWLFR��/RV���� VLWLRV� UHVWDQWHV� �TXH�SUHVHQWDURQ�
FRODWLWXGHV� GH� VXV� FRUUHVSRQGLHQWHV� 9*3V� LQIHULRUHV� D� ����� VH� KDQ� DJUXSDGR� GH� GLIHUHQWHV�
PDQHUDV� WDQWR� SRU� VHFWRUHV� JHRJUiILFRV� FRPR� HQ� IXQFLyQ� GH� VX� HGDG�� SDUD� HO� DQiOLVLV�
HVWDGtVWLFR� GH� VXV� GLUHFFLRQHV�PHGLDV�PHGLDQWH� SUXHEDV� GHO� WHVW� GH� LQYHUVLyQ� �0F)DGGHQ� \�
0F(OKLQQ\��������\�SDUD�FDOFXODU�ORV�SDUiPHWURV�GH�URWDFLyQ�\�DSODQDPLHQWR�GH�OD�LQFOLQDFLyQ�
FRQ� VXV� OtPLWHV� GH� FRQILDQ]D� �%HFN�� ������ 'HPDUHVW�� ������� FRPSDUDQGR� VXV� GLUHFFLRQHV�
PHGLDV� FRQ� ORV� SRORV� GH� UHIHUHQFLD� �%HVVH� \� &RXUWLOORW�� ������ SDUD� 1RUWH� $PpULFD� HVWDEOH�
�pSRFDV�0LRFHQR�6XSHULRU�\�3OLRFHQR��\�FRQ�HO�SROR�JHRJUiILFR��&XDWHUQDULR���/RV�UHVXOWDGRV�
GH� WRGRV� ORV�GLIHUHQWHV� DJUXSDPLHQWRV� �FRPELQDFLRQHV�GH� ORV� VHFWRUHV�FHQWUDO�R�\�RFFLGHQWDO�
HQ� IXQFLyQ� GH� VX� HGDG� 0LRFHQR� 6XSHULRU�� 3OLRFHQR� R� &XDWHUQDULR�� SUHVHQWDQ� 9*3V�
ILVKHULDQRV�� WHVWV� GH� LQYHUVLyQ� SRVLWLYRV�� VRQ� HVWDGtVWLFDPHQWH� LQGLVWLQJXLEOHV� SRU� VHFWRUHV� \�
SRU�HGDGHV��\�ORV�SDUiPHWURV�GH�URWDFLyQ�\�GH�DSODQDPLHQWR�GH�OD�LQFOLQDFLyQ�HVWiQ�GHQWUR�GH�
ORV�PiUJHQHV� GH� HUURU� �LQIHULRUHV� D� ����� SRU� OR� TXH� QR� DSR\DQ� URWDFLRQHV� FRUWLFDOHV� D� HVFDOD�
UHJLRQDO��GHWHFWDEOHV�SDOHRPDJQpWLFDPHQWH��SRVWHULRUHV�DO�0LRFHQR�VXSHULRU�
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)LJ��� ,]TXLHUGD��9*3V�GH�ORV�VLWLRV�GH�ORV�VHFWRUHV�FHQWUDO�\�RFFLGHQWDO�GHO�&LQWXUyQ�9ROFiQLFR�7UDQV�0H[LFDQR��
'HUHFKD��'LUHFFLRQHV�PHGLDV� GH� ORV� VLWLRV� GH� HGDG�0LRFHQR� 6XSHULRU� �0V��� 3OLRFHQR� �3�� \�&XDWHUQDULR� �&�� \�
SRORV�GH�UHIHUHQFLD�SDUD�1$�HVWDEOH��0��3��

5HIHUHQFLDV
%HFN�-U��0�(�������� 3DOHRPDJQHWLF�UHFRUG�RI�SODWH �PDUJLQ�WHFWRQLF�SURFHVVHV�DORQJ�WKH�ZHVWHUQ�HGJH�RI�1RUWK�$PHULFD�� -��*HRSK\V��5HV�
��������������
%HVVH��-��DQG�&RXUWLOORW��9�������� $SSDUHQW�DQG�WUXH�SRODU�ZDQGHU�DQG�WKH�*HRPHWU\�RI�WKH�PDJQHWLF�)LHOG�LQ�WKH�ODVW�����0LOOLRQ�<HDUV�� -��
*HRSK\V��5HV���YRO�������QR��E����������GRL�������������ME������
'HPDUHVW��+�+�������� (UURU�DQDO\VLV�IRU�WKH�GHWHUPLQDWLRQ�RI�WHFWRQLF�URWDWLRQ�IURP� SDOHRPDJQHWLF�GDWD��-��*HRSK\V��5HV����������������
'XQORS��'��-�������� 7KHRU\�DQG�DSSOLFDWLRQ�RI�WKH�'D\�SORW��0UV�0V YHUVXV�+FU�+F�����7KHRUHWLFDO�FXUYHV�DQG�WHVWV�XVLQJ�WLWDQRPDJQHWLWH�
GDWD��-��*HRSK\V��5HV�������%����������GRL�������������-%�������
)HUUDUL��/���/RSH]�0DUWLQH]��0���$JXLUUH �'tD]��*��DQG�&DUUDVFR�1XxH]��*�������� 6SDFH±WLPH�SDWWHUQV�RI�&HQR]RLF�DUF�YROFDQLVP�LQ�
FHQWUDO�0H[LFR��IURP�WKH�6LHUUD�0DGUH�2FFLGHQWDO�WR�WKH�0H[LFDQ�9ROFDQLF�%HOW�� �³'DWD�5HSRVLWRU\��&RPSLODWLRQ�RI�DJHV�RI�PDJPDW LF�URFNV�
LQ�FHQWUDO�0H[LFR´��*HRORJ\�����SS�����±�����
)LVKHU��5�$�������� ³'LVSHUVLRQ�RQ�D�VSKHUH´��3URF��5��6RF���/RQGRQ��$���������� �����
.LUVFKYLQN��-�/�������� 7KH�OHDVW�VTXDUHV�OLQH�DQG�SODQH�DQG�WKH�DQDO\VLV�RI�SDOHRPDJQWHLF�GDWD��*HRSK\V��-��5�� $VWURQ��6RF��������������
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/RZULH��:�� ������ ,GHQWLILFDWLRQ� RI� IHUURPDJQHWLF� PLQHUDOV� LQ� D� URFN� E\� FRHUFLW\� DQ� G� XQEORFNLQJ� WHPHUDWXUH� SURSHUWLHV�� *HRSK\VLFDO�
5HVHDUFK�/HWWHUV��������������
0F)DGGHQ�� 3�/��� DQG� 0F(OKLQQ\�� 0�:�� ������ 7KH� FRPELQHG� DQDO\VLV RI� UHPDJQHWL]DWLRQ� FLUFOHV� DQG� GLUHFW� REVHUYDWLRQV� LQ�
SDOHRPDJQHWLVP��(DUWK�3ODQHW��6FL��/HWW����������±����
0F)DGGHQ��3�/��DQG�0F(OKLQQ\��0�:��������� ³&ODVVLILFDWLRQ�RI�WKH�UHYHUVDO�WHVW�LQ�SDODHRPDJQHWLVP´��*HRSK\V��-��,QW���������� �����
5XL]�0DUWtQH]��9�&���2VHWH��0�/���9HJDV��5���1~xH] �$JXLODU��-�,���8UUXWLD�)XFXJDXFKL��-��\�7DUOLQJ��'�+���� ���� 3DODHRPDJQHWLVP�RI�
/DWH�0LRFHQH�WR�4XDWHUQDU\�YROFDQLFV�IURP�WKH�HDVWHUQ�VHJPHQW�RI�WKH�7UDQV �0H[LFDQ�9ROFDQLF�%HOW��7HFWRQRSK\VLFV��������� �����
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$QLVRWURSLD�GD�6XVFHSWLELOLGDGH�0DJQpWLFD�GH�JUDQLWRV�KHUFtQLFRV�
SRUWXJXHVHV��DOJXQV�H[HPSORV

$QLVRWURS\�RI�0DJQHWLF�6XVFHSWLELOLW\�RI�SRUWXJXHVH�KHUF\QLDQ�JUDQLWHV��VRPH�H[DPSOHV
6DQW¶2YDLD��+�� 	�1RURQKD��)��

� 'HSDUWDPHQWR�GH�*HRORJLD�GD�)DFXOGDGH�GH &LrQFLDV�GR�3RUWR�H�&HQWUR�GH�*HRORJLD�GD�8QLYHUVLGDGH�GR�
3RUWR��3UDoD�*RPHV�7HL[HLUD�����������3RUWR��3RUWXJDO��KVDQWRY#IF�XS�SW� 'HSDUWDPHQWR�GH�*HRORJLD�GD�)DFXOGDGH�GH�&LrQFLDV�GR�3RUWR�H�&HQWUR�GH�*HRORJLD�GD 8QLYHUVLGDGH�GR�
3RUWR��3UDoD�*RPHV�7HL[HLUD�����������3RUWR��3RUWXJDO��IPQRURQK#IF�XS�SW

,QWURGXomR
$� WpFQLFD� GD� DQLVRWURSLD� GD� VXVFHSWLELOLGDGH� PDJQpWLFD� �$60�� SHUPLWH� XP� HVWXGR�

VLVWHPiWLFR� GXP� PDFLoR� JUDQtWLFR�� SURSRUFLRQDQGR� GDGRV� GLUHFFLRQDLV� �IROLDomR� H� OLQHDomR�
PDJQpWLFD�� TXH� SRGHP� VHU� UHODFLRQDGRV� FRP� D� IROLDomR� H� D� OLQHDomR�PDJPiWLFD�� 3DUD� DOpP�
GLVVR��REWrP�VH� WDPEpP�SDUkPHWURV�TXDQWLWDWLYRV�TXH�HVWmR�UHODFLRQDGRV�FRP�D�FRPSRVLomR�
TXtPLFD�GDV�URFKDV�H�FRP�D�WD[D�GH�GHIRUPDomR�TXH�VRIUHUDP��1HVWH WUDEDOKR�DSUHVHQWDP�VH�
DOJXQV�H[HPSORV�GH�DSOLFDomR�GD�$60�D�DOJXQV�PDFLoRV�JUDQtWLFRV�SRUWXJXHVHV�FRP�YLVWD�j�
FDUDFWHUL]DomR�PDJQpWLFD� H� HVWUXWXUDO� GDV� URFKDV� TXH� RV� FRQVWLWXHP�� H� DVVLP�FRQWULEXLU� SDUD�
XP�PHOKRU�FRQKHFLPHQWR�JHROyJLFR�GHVVH�PDFLoRV�

(QTXDGUDPHQWR�JHROyJLFR
2V� PDFLoRV� FXMRV� UHVXOWDGRV� DSUHVHQWDPRV� LQFOXHP�VH� HP� WUrV� JUXSRV�� JUDQLWRV� SyV�

WHFWyQLFRV� H� JUDQLWRV� VLQWHFWyQLFRV� H� JUDQLWRV� VLQ� D� WDUGL�WHFWyQLFRV� UHODWLYDPHQWH� j� WHUFHLUD�
IDVH�GD�GHIRUPDomR�KHUFtQLFD�LQWUD�YHVWHIDOLDQD��1R�SULPHLUR�JUXSR��LQFOXHP�VH�RV�PDFLoRV�GH�
9LOD�3RXFD�GH�$JXLDU��93$���ÈJXDV�)ULDV��&KDYHV���/DYDGRUHV��*DLD���&DULD�H�9LOD�GD�3RQWH��
QR� VHJXQGR� JUXSR�� LQFOXHP�VH� RV� JUDQLWRV� GD� *UDOKHLUD�� 6HUDSLFRV� 0LQKHX� H� /DJRD� H� QR�
WHUFHLUR� JUXSR�� LQFOXL�VH� R�PDFLoR� GH� &DVWUR� 'DLUH� �)LJ�� ���� (VWHV�PDFLoRV� ORFDOL]DP�VH� QD�
=RQD�&HQWUR�,EpULFD��=&,�FRP�H[FHSomR�GH�JUDQLWR�GH�/DYDGRUHV�TXH�VH�ORFDOL]D�QD�IURQWHLUD�
GHVWD�]RQD�FRP�D�=RQD�2VVD�0RUHQD��=20��

2V� JUDQLWRV� GRV� PDFLoRV� GH� 93$�� ÈJ
ELRWtWLFRV� GH� JUDQXORPHWULD� YDULiYHO�� WR
JHRTXtPLFRV��2�JUDQLWR�GH�/DYDGRUHV�p�WDP
GH�PDJQHWLWH�TXH�HVWi�DXVHQWH�HP�WRGRV�RV�
)LJ�����/RFDOL]DomR�GRV�JUDQLWRV�HVWXGDGRV�
/HJHQGD���� 3yV�3DOHR]yLFR������*UDQLWyLGHV�KHUFtQLFRV����
*UDQLWRV� ELRWtWLFRV� SyV�WHFWyQLFRV�� �� *UDQLWRV� ELRWtWLFRV�
WDUGL�WHFWyQLFRV�� �� *UDQLWRV� GH� GXDV�PLFDV� VLQWHFWyQLFRV��
�� *UDQLWRV� ELRWtWLFRV� VLQWHFWyQLFRV�� ��&RPSOH[RV�
XOWUDEiVLFRV�� �� 5RFKDV� PHWDVVHGLPHQWDUHV� GH� LGDGH� GR�
&kPEULFR� DR� &DUERQtIHUR�� ��)DOKDV� �)HUUHLUD� HW� DO�� ������
PRGLILFDGR���
9LOD�3RXFD�GH�$JXLDU
¬JXDV�)ULDV��&KDYHV�
/DYDGRUHV
&DULD
9LOD�GD�3RQWH

XDV� )ULDV�� 9LOD� GD� 3RQWH
GRV� VHPHOKDQWHV� HP�
EpP�ELRWtWLFR�SRUILUyLGH�
RXWURV�JUDQLWRV HVWXGDGRV
&DVWUR�'DLUH
*UDOKHLUD��6HUDSLFRV��0LQKHX
H�/DJRD
� H &DULD� VmR� SRUILUyLGHV�
WHUPRV� PLQHUDOyJLFRV� H�
PDV�HYLGHQFLD�D�SUHVHQoD�
��2�FRPSOH[R�JUDQtWLFR�GH�



0$*,%(5�,,�± &RLPEUD��������GH�6HWHPEUR�GH�����

&DVWUR�'DLUH�p�FRQVWLWXtGR�SRU� IiFLHV�ELRWtWLFDV�SRUILUyLGHV�DVVLP�FRPR�SRU�JUDQLWRV�GH�GXDV�
PLFDV��2V�JUDQLWRV�GD�*UDOKHLUD��6HUDSLFRV��0LQKHX�H�/DJRD�VmR�GH�GXDV�PLFDV�H�DSUHVHQWDP�
PLQHUDORJLD�PXLWR�VHPHOKDQWH�

6XVFHSWLELOLGDGH�0DJQpWLFD�H�$QLVRWURSLD�0DJQpWLFD
&RP� H[FHSomR� GR� JUDQLWR� GH� /DYDGRUHV�� WRGRV� RV� RXWURV� JUDQLWRV� HVWXGDGRV� DSUHVHQWDP�

YDORUHV� GH� VXVFHSWLELOLGDGH� IUDFRV� �)LJ�� ��� HYLGHQFLDQGR�XP�FRPSRUWDPHQWR�SDUDPDJQpWLFR��
(VWH� FRPSRUWDPHQWR� p� GHYLGR� DR� IHUUR FRQWLGR� HP� VLOLFDWRV� FRPR� D� ELRWLWH�� e� QRWyULD� D�
GLIHUHQoD�HQWUH�YDORUHV�GH�VXVFHSWLELOLGDGH�PDJQpWLFD�GH�JUDQLWRV�FRP�GXDV�PLFDV�H�JUDQLWRV�
ELRWtWLFRV�� DSUHVHQWDQGR� HVWHV� ~OWLPRV� VHPSUH� YDORUHV� PpGLRV� VXSHULRUHV� D� ��� [���� 6,�� 1R�
FDVR� GH� /DYDGRUHV�� YDORUHV� GH� VXVFHSWLELOLGDGH� VXSHULRUHV� D� ���� 6,�� HYLGHQFLDP� R� VHX�
FRPSRUWDPHQWR�IHUURPDJQpWLFR�H�D�SUHVHQoD�GH�PDJQHWLWH�H�SHUPLWLUDP�LQFOXLU�HVWH�JUDQLWR�QR�
JUXSR�GRV�³PDJQHWLWH�W\SH´��R�TXH�WHP�LPSOLFDo}HV�SHWURJHQpWLFDV�LPSRUWDQWHV��0DUWLQV�HW�DO��
�������WDO�FRPR�IRL�GHILQLGR�SRU�,VKLDKDUD��������
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6XVFHSWLELOLGDGH�0DJQpWLFD�

�[�����6,�

3�

93$
ÈJXDV�)ULDV
9LOD�GD�3RQWH
&DULD
&'DLUH��IDFLHV��
PLFDV&'DLUH��IDFLHV
ELRWLW�*UDOKHLUD
0LQKHX�/DJRD
6HUDSLFRV

4XDQWR�j�DQLVRWURSLD�SDUDPDJQpWLFD��3SDUD���SDUD�RV�JUDQLWRV�SyV�WHFWyQLFRV�WHPRV�VHPSUH�
YDORUHV�GH�3SDUD� LQIHULRUHV�D�����1RV�JUDQLWRV�VLQ�D� WDUGLWHFWyQLFRV�RV�YDORUHV�GH�3SDUD�VmR�
VHPSUH� PDLV� HOHYDGRV� GHSHQGHQGR� GR� JUDX� GH� GHIRUPDomR� GRV� JUDQLWRV�� 1R� HQWDQWR� QD�
PDLRULD� GRV� JUDQLWRV� HVWXGDGRV� RV� ³IDEULF´� PDJQpWLFRV� VmR� HVVHQFLDOPHQWH� PDJPiWLFRV��
VRPHQWH�HP�FDVRV�HP�TXH�3SDUD�p�VXSHULRU�D����VH�REVHUYD�XPD�GHIRUPDomR�Mi�QXP�HVWDGR�
VyOLGR��R�TXH�SHUPLWH�D�FODVVLILFDomR�GHVWHV�JUDQLWRV�TXDQWR�DR�SHUtRGR�GH�LQVWDODomR�

'DGRV�PDJQHWR�HVWUXWXUDLV
2V�GDGRV�PDJQHWR�HVWUXWXUDLV�LQFOXHP�WUrV�WLSRV�GH�GDGRV��D�IRUPD�GR�HOLSVyLGH�GH�$60��

DV� OLQHDo}HV� H� DV� IROLDo}HV� PDJQpWLFDV�� 4XDQWR� DR� HOLSVyLGH� GH� $60�� YHULILFD�VH� TXH� QRV�
JUDQLWRV�SDUDPDJQpWLFRV�HVWXGDGRV�D� IRUPD�p�JHUDOPHQWH�DFKDWDGD�R�TXH�VH� UHODFLRQD�FRP�R�
IDFWR�GRV�PLQHUDLV�PDLV�DQLVRWUySLFRV��GR�SRQWR�GH�YLVWD�PDJQpWLFR��SUHVHQWHV�VHUHP�DV�PLFDV��
$V� PLFDV� DSUHVHQWDP� XPD� DQLVRWURSLD�PDJQHWRFULVWDOLQD� TXH� FRQGLFLRQD� XP� SODQR� GH� IiFLO�
PDJQHWL]DomR� TXH� FRLQFLGH� FRP� R� SODQR� GH� FOLYDJHP��$� RUJDQL]DomR� SODQDU� GRV� SODQRV� GH�
FOLYDJHP��HVVHQFLDOPHQWH�GD�ELRWLWH��FRQGLFLRQD�D�IRUPD�DFKDWDGD�GR�HOLSVyLGH�GH�$60�

1RV�JUDQLWRV�HVWXGDGRV�DV�IROLDo}HV�PDJQpWLFDV�WHQGHP�D�VHU�SDUDOHODV�DRV�FRQWRUQRV�GRV�
PDFLoRV��1RV�JUDQLWRV�GH�93$�H�ÈJXDV�)ULDV�VmR�SRXFR�LQFOLQDGDV��Mi�QRV�UHVWDQWHV�JUDQLWRV�
DSUHVHQWDP� SHQGRUHV� PDLV� HOHYDGRV�� UHODFLRQiYHLV� FRP� D� IRUPD� PDLV� ODPLQDU� RX� PDLV�

)LJ�� 6XVFHSWLELOLGDGH�
PDJQpWLFD�YHUVXV�DQLVRWURSLD�
SDUDPDJQpWLFD�



0$*,%(5�,,�± &RLPEUD��������GH�6HWHPEUR�GH�����

HQUDL]DGD� GRV� PDFLoRV� HVWXGDGRV�� $V OLQHDo}HV� PDJQpWLFDV� WrP� D]LPXWHV� JHUDOPHQWH�
SDUDOHOL]iYHLV� FRP� RV� DFLGHQWHV� DR� ORQJR� GRV� TXDLV� HVWHV� PDFLoRV� VH� LQWUXLUDP�� 3DUD� RV�
PDFLoRV� GH� 93$� �6DQW¶2YDLD� HW� DO�� ������ H� ÈJXDV� )ULDV� �6DQW¶2YDLD� HW� DO�� ����D�� Ki� XP�
SDUDOHOLVPR� HQWUH� DV� OLQHDo}HV� PDJQpWLFDV� H� D� IDOKD� 3HQDFRYD�5pJXD�9HULQ�� -i� HP� &DVWUR�
'DLUH�Ki�GXDV�IDPtOLDV�SULQFLSDLV��XPD�TXH�PDWHULDOL]D�XP�IOX[R�PDJPiWLFR�FRQWURODGR�SHOR�
6XOFR� '~ULFR�%HLUmR� H� RXWUD� TXH� PDWHULDOL]D� R� IOX[R� PDJPiWLFR� VHJXQGR� D� LQWHUVHFomR� GH�
HVWUXWXUDV� DQWLJDV� GR� 6XOFR� '~ULFR�%HLUmR� FRP� HVWUXWXUDV� PDLV� UHFHQWHV� DVVRFLDGDV� j� IDOKD�
3HQDFRYD�5pJXD�9HULQ� �6DQW¶2YDLD� HW� DO�� ����E��� 1R� JUDQLWR� GH� /DYDGRUHV� HQFRQWUDP�VH�
OLQHDo}HV�PpGLDV�SDUDOHOL]iYHLV�FRP�R�DFLGHQWH�3RUWR�&RLPEUD�%DGDMR]�&RUGRYD��TXH�PDUFD�
R� OLPLWH� HQWUH� D� =&,� H D� =20��1RV� JUDQLWRV� GH� ��PLFDV� GD� *UDOKHLUD�� 6HUDSLFRV�� /DJRD� H�
0LQKHX��UHJLVWDP�VH�OLQHDo}HV�PDJQpWLFDV�SDUDOHOL]iYHLV�FRP�D�HVWUXWXUDomR�'��

'LVFXVVmR
1RV� HVWXGRV� HIHFWXDGRV�� SURFHGHX�VH�� VHPSUH� TXH� SRVVtYHO�� D� XP� HVWXGR� SUpYLR� GRV�

PDFLoRV� TXH� HQJOREDVVH� FRQKHFLPHQWRV� JHROyJLFRV�� JHRTXtPLFRV�� SHWURJUiILFRV��
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