
 
 

UNIVERSIDAD NACIONAL AUTÓNOMA 
DE MÉXICO 

 
 

FACULTAD DE CIENCIAS 
 
 

SÍNTESIS DE COMPUESTOS NITROGENADOS POR 
RELÁMPAGOS EN UNA ATMÓSFERA DE LA TIERRA 
PRIMITIVA RICA EN METANO Y SU IMPACTO EN LA 

EVOLUCIÓN QUÍMICA 
 

T      E      S      I      S 
 
 
 

QUE PARA OBTENER EL TÍTULO DE: 
 

BIÓLOGA 
 
 
 

P     R     E     S    E     N    T    A     : 
 

KARINA FABIOLA NAVARRO ACEVES 
 

 
 
 

TUTORA 
 

DRA. TELMA GLORIA CASTRO ROMERO  
 
 

MÉXICO                                              2014 



 

UNAM – Dirección General de Bibliotecas 

Tesis Digitales 

Restricciones de uso 
  

DERECHOS RESERVADOS © 

PROHIBIDA SU REPRODUCCIÓN TOTAL O PARCIAL 
  

Todo el material contenido en esta tesis esta protegido por la Ley Federal 
del Derecho de Autor (LFDA) de los Estados Unidos Mexicanos (México). 

El uso de imágenes, fragmentos de videos, y demás material que sea 
objeto de protección de los derechos de autor, será exclusivamente para 
fines educativos e informativos y deberá citar la fuente donde la obtuvo 
mencionando el autor o autores. Cualquier uso distinto como el lucro, 
reproducción, edición o modificación, será perseguido y sancionado por el 
respectivo titular de los Derechos de Autor. 

 

  

 



 I 

 

FACULTAD DE CIENCIAS 
COMIT~ ACAD~MICO DE LA LICENCIATURA EN BIOLOGIA 

UNIDAD DE ENSEÑANZA 

VHIV~DAD NA~AL 
AVI'._ IX 

MDtlc:p 

ACT, MAURICIO AGUILAR GONZÁLEZ 
JEFE DE LA DIVISiÓN DE 
ESTUDIOS PROFESIONALES 
P R E S E N T E 

OFICIO No, FCIElCALB/U,E,/0284/14 

ASUNTO: Asignación de Jurado 

Por este medio, el Comité Académico de la Licenciatura en Biologfa informa a ustedes que el 
dra 11 de abril de 2014 aprobó que la alumna: 

Kanna Fabiola Navarro Aceves 

con número de cuenta 305562001 , presentara el trabajo titulado: 

Slntesis de compuestos nitrogenados por relámpagos en una atmósfera de la Tierra primitiva 
rica en metano y su impacto en la evolución qulmica 

como trabajo escrito correspondiente a la opción de Tesis . 

Asimismo, este comité informa 8 usted que el tutor y los sínodales autorizados para la 
dirección y revisión del trabajo arriba senalado son: 

Presidente: 

Vocal : 

Secretario: 
Tutor 
Suplente: 

Suplente: 

Dr. Arturo Carlos 1I Becerra Bracho 

Dra. Claudia Inés Rivera Cárdenas 

Dra. Tetms Gloria Castro Romero 

Dra. Oara Salcedo González 

Dr. Mayo Villagrán Muniz 

En consecuencia, este comité solicita a usted se entregue a la citada alumna la papelerta 
que conforme a la noonatividad aplicable, debe llenar, se proceda a la elaboración de los 
votos aprobatorios y se dé inicio al proceso de revisión de estudios correspondientes . 

ATENTAMENTE 
·POR MI RAZA HABLARÁ EL EspIRITU· 
Ciudad Universitaria, D. F., a 23 de abril 2014 
EL COORDINADOR UNIDAD DE ENSEÑANZA 

FACULTAD DE CIENCIAS 

II 
UNJD,\D DE ENSEiWI2'A 

ENllOLOGlA 



 II 

�

�

�

�

�

�

�

�

�

(O�SUHVHQWH�WUDEDMR�GH�WHVLV�VH�UHDOL]y�EDMR�OD�GLUHFFLyQ�GH� OD�'UD��7HOPD�*ORULD�&DVWUR�

5RPHUR��GLUHFWRUD�GHO�&HQWUR�GH�&LHQFLDV�GH� OD�$WPyVIHUD�GH� OD�81$0��(O� WUDEDMR�GH�

LQYHVWLJDFLyQ� VH� GHVDUUROOy� HQ� HO� /DERUDWRULR� GH� 4XtPLFD� GH� 3ODVPDV� \� (VWXGLRV�

3ODQHWDULRV�GHO� ,QVWLWXWR�GH�&LHQFLDV�1XFOHDUHV��GH� OD�8QLYHUVLGDG�1DFLRQDO�$XWyQRPD�

GH� 0p[LFR� D� FDUJR� GHO� 'U�� 5DIDHO� 1DYDUUR� *RQ]iOH]�� &RQ� HO� DSR\R� HFRQyPLFR� GHO�

FRQYHQLR� GH� FRODERUDFLyQ� ��������������9,,���� HQWUH� HO� &HQWUR� GH� OD� $WPyVIHUD� \� HO�

,QVWLWXWR�GH�&LHQFLDV�1XFOHDUHV���

�

�

�

�

�

�

�

�



 III 

'(',&$725,$�

�

$�PLV�SDSiV�SRU�HO�DPRU�\�DSR\R�LQFRQGLFLRQDO�TXH�VLHPSUH�PH�KDQ�GDGR���

�

$�PL�KHUPDQR�5DID�TXH�VLHPSUH�PH�KD�D\XGDGR�D�VHU�XQD�PHMRU�SHUVRQD�\�KD�VLGR�XQ�

PRGHOR�D�VHJXLU����

�

$�(XJHQLD��0HOL��(UQHVWR��$QDOH\V��&KDUORWWH��0DULDQQH��-RVp��0RQL��$UL��6RIL��0LFKHOOH��

$JXV�� .XPVX��0DU\� \� /L]HWW� TXH� VRQ� FRPR� KHUPDQRV� SDUD�PL�� JUDFLDV� SRU� WRGRV� ORV�

PRPHQWRV�TXH�KHPRV�SDVDGR���

�

$�PL�DEXHOLWD�&DUPHQ�SRU�HO�DPRU�TXH�PH�KD�GDGR�\�D�PLV�DEXHOLWRV�7HUHVLWD��-HV~V�\�

5DIDHO�SRUTXH�PH�JXVWDUtD�TXH�SXGLHUDQ�HVWDU�DTXt���

�

$�PLV�WtRV��HVSHFLDOPHQWH�D�PLV�WtRV�-DYLHU��$OHMDQGUR��&KXFKR��$OPD��'XOFH�\�7HUH�SRU�

WUDWDUPH�FRPR�VL�IXHUD�VX�KLMD���

�

$��PLV�SULPRV�\�VREULQRV�SRU�WRGR�OR�TXH�KHPRV�YLYLGR�MXQWRV����

�

$�PLV�DPLJRV�SRU�DFRPSDxDUPH�D�OR�ODUJR�GH�OD�FDUUHUD���

�

$�OD�IDPLOLD�.XUL�6DDG�SRU�KDFHUPH�VHQWLU�FRPR�XQD�LQWHJUDQWH�PiV�GH�VX�IDPLOLD��

�

$�'REE\���

�

�

�

�

�

�



 IV 

$*5$'(&,0,(1726�

�

$�PL�WXWRUD�OD�'UD��7HOPD�*ORULD�&DVWUR�5RPHUR��SRU�DSR\DUPH�HQ�HVWD�LQYHVWLJDFLyQ��

�

$O� 0�&�� -RVp� GH� OD� 5RVD� &DQDOHV�� D� OD� 4XtP�� 3DROD� 0ROLQD� 6HYLOOD�� \� D� WRGRV� ORV�

LQWHJUDQWHV�GHO�ODERUDWRULR�SRU�VLHPSUH�EULQGDUPH�VX�DSR\R�\�FRQVHMRV���

�

$� OD�WpFQLFD�0D\UD�(VWKHU�+DP�5H\HV�GHO� WDOOHU�GH�VRSODGR�GH�YLGULR�HQ�HO� ,QVWLWXWR�GH�

&LHQFLDV�1XFOHDUHV��SRU�VX�DSR\R�HQ�OD�SUHSDUDFLyQ�GH�PDWHULDO�GH�YLGULR�QHFHVDULD�SDUD�

HVWD�LQYHVWLJDFLyQ����

�

$� OD� XQLGDG� GH� GRFHQFLD� \� IRUPDFLyQ� GH� UHFXUVRV� KXPDQRV� GHO� ,QVWLWXWR� GH� &LHQFLDV�

1XFOHDUHV�� SRU� HO� DSR\R� HFRQyPLFR� SDUD� OD� SUHVHQWDFLyQ�GH�PL� WUDEDMR� HQ� FRQJUHVRV�

LQWHUQDFLRQDOHV���

�

$O� ,QVWLWXWR� GH� &LHQFLDV� 1XFOHDUHV� SRU� WRGDV� ODV� IDFLOLGDGHV� TXH� KH� UHFLELGR� FRPR�

HVWXGLDQWH�DVRFLDGR���

�

�

 



 V 

Ë1',&(�*(1(5$/�

��

5HVXPHQ� «««««««««««««««««««««««««««� ������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

&$3Ë78/2�812���,1752'8&&,Ï1� «««««««««««««««� ���

���� +LVWRULD�\�HYROXFLyQ�GH�OD�DWPyVIHUD�WHUUHVWUH� ««««««� ��

������ $WPyVIHUD�SULPDULD� «««««««««««««««� ��

������ $WPyVIHUD�VHFXQGDULD� ««««««««««««� ��

�������� $WPyVIHUD�YROFiQLFD� «««««««««� ��

�������� 'HVJDVDPLHQWR�SRU�LPSDFWR� ««««««� ��

�������� )RUPDFLyQ�GH�OD�/XQD� «««««««««� ��

�������� 'HVSXpV�GH�OD�IRUPDFLyQ�GH�OD�/XQD��««����������������

������ $WPyVIHUD�WHUUHVWUH�GHVSXpV�GH�OD�DSDULFLyQ�GH�OD�YLGD������������

������ $WPyVIHUD�WHUUHVWUH�DFWXDO��««««««««««««������������

���� 1LWUyJHQR�\�VX�LPSRUWDQFLD�HQ�OD�7LHUUD�SULPLWLYD��� ««««««������������

���� 7HRUtDV�\�H[SHULPHQWRV�UHDOL]DGRV�HQ�DWPyVIHUDV�VLPXODGDV�GH�

�OD�7LHUUD�SUHELyWLFD�GH�UHOHYDQFLD�SDUD�HO�SUR\HFWR�««««««������������

&$3Ë78/2�'26��+,3Ï7(6,6� ««««««««««««««««««������������

&$3Ë78/2�75(6��2%-(7,926� ««««««««««««««««««������������

����2EMHWLYR�*HQHUDO� «««««««««««««««««««««������������

����2EMHWLYRV�SDUWLFXODUHV� ««««««««««««««««««������������

&$3Ë78/2�&8$752��'(6$552//2�(;3(5,0(17$/� ««««««������������

����3UHSDUDFLyQ�GH�OD�DWPyVIHUD�VLPXODGD�GH�OD�7LHUUD�SULPLWLYD� «««������������

����6LVWHPD�GH�LUUDGLDFLyQ� «««««««««««««««««««���������



 VI 

����([SHULPHQWRV�UHDOL]DGRV�FRQ�OD�DWPyVIHUD�VLPXODGD�GH�OD��

7LHUUD�SULPLWLYD� ««««««««««««««««««««««����������

����$QiOLVLV�FXDOLWDWLYR� ««««««««««««««««««««««���������

����$QiOLVLV�FXDQWLWDWLYR�««««««««««««««««««««««����������

&$3Ë78/2�&,1&2��5(68/7$'26�<�',6&86,Ï1� ««««««««««���������

&$3Ë78/2�6(,6��&21&/86,21(6� ««««««««««««««««���������

&$3Ë78/2�6,(7(��3(563(&7,9$6� ««««««««««««««««���������

&$3Ë78/2�2&+2��5()(5(1&,$6� ««««««««««««««««��������

&$3Ë78/2�18(9(��$1(;26� «««««««««««««««««««��������

�

�

 



 1 

5(680(1�

�

/D� FRPSRVLFLyQ� DWPRVIpULFD� GH� OD� 7LHUUD� SULPLWLYD� QR� HV� WRWDOPHQWH�

FRQRFLGD��5HFLHQWHPHQWH�VH�KD�VXJHULGR�TXH�RFXUULy�XQ�LQWHPSHULVPR�UiSLGR�GH�OD�

FRUWH]D�WHUUHVWUH�� LQGXFLGR�SRU�OD�DOWD�WDVD�GH�FROLVLRQHV�GH�FRPHWDV��DVWHURLGHV�\�

HO� LPSDFWR� TXH� IRUPy� D� OD� /XQD�� %DMR� HVWDV� FRQGLFLRQHV� HO� GLy[LGR� GH� FDUERQR�

DWPRVIpULFR��&2���KDEUtD�VLGR�FDSWXUDGR�HQ�IRUPD�GH�FDUERQDWRV�HQ�OD�VXSHUILFLH��

3RU� FRQVLJXLHQWH�� OD� DWPyVIHUD� WHPSUDQD� GHELy� HVWDU� FRPSXHVWD� SULQFLSDOPHQWH�

SRU� QLWUyJHQR�PROHFXODU� �1���� FRQ� EDMDV� FRQFHQWUDFLRQHV� GH� GLy[LGR� GH� FDUERQR�

�PHQRUHV�DO� ������3DUD�SRGHU�SUHVHUYDU� OD�H[LVWHQFLD�GH�RFpDQRV��HV�QHFHVDULR�

FDOHQWDU�OD�DWPyVIHUD�FDVL�H[FOXVLYDPHQWH�FRQ�PHWDQR��&+����/DV�FRQFHQWUDFLRQHV�

SUHGLFKDV�GH�&+��HQ�OD�DWPyVIHUD�SULPLJHQLD�KDQ�YDULDGR�GH�SRFRV�SSP�D�PLOHV�GH�

SSP��(VWXGLRV�SUHYLRV�EDVDGRV�HQ�HVWDV�FRQGLFLRQHV�DWPRVIpULFDV�VXJLHUHQ�TXH�OD�

GHVFRPSRVLFLyQ� GHO� &+�� FRQWULEXLUtD� HQ� OD� SURGXFFLyQ� GH� FLDQXUR� GH� KLGUyJHQR�

�+&1�� FRQ� XQD� WDVD� GH� SURGXFFLyQ� GHO� RUGHQ� GH� ����� J� �1�� DQXDO��� HQ� XQD�

DWPyVIHUD� FRQIRUPDGD� SRU� ��� GH� &2�� \� ����� GH� &+��� &XDQGR� ORV� QLYHOHV�

DWPRVIpULFRV�GH�&2��GLVPLQX\HURQ�DO������SHUR�FRQ�QLYHOHV�GH������GH�&+��� OD�

WDVD�GH�SURGXFFLyQ�GH�+&1�DXPHQWy�D������J��1��DQXDO����(O�FLDQXUR�GH�KLGUyJHQR�

HV�XQD�PROpFXOD�SUHELyWLFD�LPSRUWDQWH�DO�FRQWULEXLU�D�OD�IRUPDFLyQ�GH�DPLQRiFLGRV��

SXULQDV� \� SLULPLGLQDV� QHFHVDULDV� SDUD� HO� RULJHQ� GH� OD� YLGD�� 1R� VH� FRQRFH� TXH�

LPSDFWR�SRGUtDQ�WHQHU�ORV�UHOiPSDJRV�HQ�OD�ILMDFLyQ�GH�QLWUyJHQR�QHFHVDULD�SDUD�HO�

RULJHQ�GH�OD�YLGD�FRQ�HVWDV�FRQGLFLRQHV�DWPRVIpULFDV���
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(Q� HVWH� WUDEDMR� VH� UHSRUWD� XQ� HVWXGLR� H[SHULPHQWDO� VREUH� ORV� SRVLEOHV�

HIHFWRV� GH� GHVFDUJDV� HOpFWULFDV� HQ� OD� VtQWHVLV� GH� FRPSXHVWRV� QLWURJHQDGRV�

GXUDQWH� OD�HYROXFLyQ�GH� OD�DWPyVIHUD� WHPSUDQD�GH� OD�7LHUUD��FRQ�FRQFHQWUDFLRQHV�

GH� �� D� ���� GH� &2��� �� D� ����� GH� &+�� HQ� QLWUyJHQR�� /RV� UHOiPSDJRV� IXHURQ�

VLPXODGRV�HQ�HO�ODERUDWRULR�XWLOL]DQGR�XQ�SODVPD�JHQHUDGR�SRU�XQ�OiVHU�SXOVDGR�GH�

1G�<$*���

�

/RV� UHVXOWDGRV� PXHVWUDQ� TXH� ORV� SULQFLSDOHV� SURGXFWRV� GH� ILMDFLyQ� GH�

QLWUyJHQR� SRU� UHOiPSDJRV� VRQ� HO� y[LGR� QtWULFR� �12��� y[LGR� QLWURVR� �1�2�� \� HO�

QLWURPHWDQR� �&+�12����$GHPiV�VH�GHPXHVWUD�TXH� OD�SURGXFFLyQ�GH�y[LGR�QtWULFR�

QR� GHSHQGH� GH� OD� FRQFHQWUDFLyQ� LQLFLDO� GH� &+�� \� TXH� VX� WDVD� GH� SURGXFFLyQ�

GLVPLQX\H�GH��u����J��1��DQXDO���D��u����J��1��DQXDO����HQ�DWPyVIHUDV�TXH�YDUtDQ�

GH� ��� D� ��� GH� &2��� UHVSHFWLYDPHQWH�� (O� y[LGR� QLWURVR� HV� SURGXFLGR� SRU�

UHOiPSDJRV�HQ�OD�DWPyVIHUD�WHUUHVWUH�DFWXDO��FRQ�R[tJHQR��SHUR�QR�VH�KD�GHWHFWDGR�

HQ�PH]FODV�GH�QLWUyJHQR�GLy[LGR�GH�FDUERQR�HQ�DXVHQFLD�GH�R[tJHQR��(VWH�HV�HO�

SULPHU� WUDEDMR� TXH� UHSRUWD� OD� SURGXFFLyQ� GH� QLWURPHWDQR� SRU� UHOiPSDJRV� HQ� OD�

DWPyVIHUD�SULPLWLYD���
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&$3Ë78/2�812�

�

�,1752'8&&,Ï1�

�

���� +LVWRULD�\�HYROXFLyQ�GH�OD�DWPyVIHUD�WHUUHVWUH�

 

$FWXDOPHQWH� OD�KLSyWHVLV�PiV�DFHSWDGD�VREUH� OD� IRUPDFLyQ�GHO�6LVWHPD�6RODU�

HV�OD�WHRUtD�QHEXODU��(Q�HVWD�WHRUtD��VH�HVWDEOHFH�TXH�XQD�QXEH�LQWHUHVWHODU�GH�JDV�

\�SROYR�VH�FRQGHQVy�GHELGR�D�OLEHUDFLyQ�GH�HQHUJtD�GH�OD�H[SORVLyQ�GH�XQD�HVWUHOOD�

�VXSHUQRYD�� FHUFDQD� �/XQLQH�� ������� (Q� HO� FHQWUR� GH� OD� QXEH�� DO� DXPHQWDU� OD�

WHPSHUDWXUD�\� OD�GHQVLGDG�VH�GHVHQFDGHQDURQ�UHDFFLRQHV�QXFOHDUHV�\� OD�HPLVLyQ�

GH� OX]�TXH�RULJLQDURQ�D�XQD�HVWUHOOD�� HO�6RO�� /D�PDVD�JDVHRVD� UHVWDQWH�FRQWLQXy�

PRYLpQGRVH� DOUHGHGRU� GH� OD� QXHYD� HVWUHOOD�� /D� FRQFHQWUDFLyQ� GH� SDUWtFXODV� \� HO�

HQIULDPLHQWR�6RODU� SURYRFy� TXH� OD�PDWHULD� VyOLGD� HQWUDUD� HQ� FROLVLyQ� \� VH� XQLHUD�

SDUD� IRUPDU� SODQHWRLGHV� GH� YDULRV� WDPDxRV� �DFUHFLyQ� SODQHWDULD��� (O� FRODSVR�

JUDYLWDFLRQDO�LQLFLy�KDFH���PLO�PLOORQHV�GH�DxRV�\�VX�IDVH�DFUHFLRQDO�GXUy�GHO�RUGHQ�

GH����PLOORQHV�GH�DxRV��'XUDQWH�HVWD�IDVH��ORV�SODQHWRLGHV�HVWXYLHURQ�FROLVLRQDQGR�

FRQVWDQWHPHQWH�� ORV�PiV�JUDQGHV�DWUDMHURQ�D� ORV�PiV�SHTXHxRV�KDVWD�DXPHQWDU�

VX� PDVD� OOHJDQGR� D� IRUPDU� SODQHWDV�� /RV� SODQHWDV� VH� GLYLGHQ� HQ� LQWHULRUHV� \�

H[WHULRUHV�� WRPDQGR� FRPR�SXQWR�GH� UHIHUHQFLD� OD� GLVWDQFLD� DO�6RO� \� VX� XELFDFLyQ�

FRQ� UHVSHFWR� D� OD� ]RQD� GH� DVWHURLGHV�� /RV� SODQHWDV� LQWHULRUHV� R� WHUUHVWUHV�

�0HUFXULR�� 9HQXV�� 7LHUUD� \� 0DUWH��� HVWiQ� FRQVWLWXLGRV� SRU� PDWHULDOHV� VyOLGRV� \�

Q~FOHRV�PHWiOLFRV�� \� HVWiQ� ORFDOL]DGRV�HQWUH� HO�6RO� \� OD� ]RQD�GH�DVWHURLGHV�� /RV�
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SODQHWDV�H[WHULRUHV�R�MRYLDQRV��-~SLWHU��6DWXUQR��8UDQR�\�1HSWXQR���HVWiQ�XELFDGRV�

PiV�DOOi�GH� ORV�DVWHURLGHV�\�HVWiQ� IRUPDGRV�SULQFLSDOPHQWH�SRU� JDVHV� �0FEULGH��

�������

�

�(O�SODQHWD�7LHUUD�VH�IRUPy�KDFH�DSUR[LPDGDPHQWH�����PLO�PLOORQHV�GH�DxRV��/D�

DWPyVIHUD�WHUUHVWUH�WXYR�XQ�RULJHQ��\�HYROXFLyQ�FRPSOHMD��SRU�OR�TXH�D�FRQWLQXDFLyQ�

VH�SUHVHQWD�XQD�EUHYH�GLVFXVLyQ�GH�FyPR�RFXUULy�D� OR� ODUJR�GHO�WLHPSR�JHROyJLFR�

�9HU�DQH[RV�$�\�%�����

�

������ $WPyVIHUD�SULPDULD��

�

/D�DWPyVIHUD�SULPDULD�GH� OD�7LHUUD�VH� IRUPy�GXUDQWH�HO�SHULRGR�DFUHFLRQDO�GHO�

SODQHWD�� \� HVWXYR� FRPSXHVWD� SRU� ORV� JDVHV� FDSWXUDGRV� JUDYLWDFLRQDOPHQWH� GH� OD�

QHEXORVD�6RODU�FRQ�XQD�FRPSRVLFLyQ�VLPLODU�D� ORV�HOHPHQWRV�TXtPLFRV�SUHVHQWHV�

HQ� HO� 6RO� \� -~SLWHU�� )XH� FDUDFWHUL]DGD� SULQFLSDOPHQWH� SRU� KLGUyJHQR� �+�� FRQ� XQ�

�������\�KHOLR� �+H��FRQ���������\�SHTXHxDV�FDQWLGDGHV�GH�R[tJHQR��2���������

FDUERQR� �&�� ������� QHyQ� �1H�� ������� QLWUyJHQR� �1�� ������ \� D]XIUH� �6�� �������

(VWRV� HOHPHQWRV� IRUPDUtDQ� XQD� DWPyVIHUD� FRPSXHVWD� SULQFLSDOPHQWH� SRU� JDVHV�

OLJHURV� FRPR� KLGUyJHQR� PROHFXODU� �+���� +H�� DJXD� �+�2��� PHWDQR� �&+���� 1H��

DPRQtDFR� �1+��� \� iFLGR� VXOIKtGULFR� �+�6�� �8UH\�� ������� (VWDV� DWPyVIHUDV� VRQ�

UHODWLYDPHQWH�FRPXQHV�\D�TXH�ODV�SUHVHQWDQ�ORV�SODQHWDV�MRYLDQRV���

�
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3DUD�HO� FDVR� GH� ORV� SODQHWDV� WHUUHVWUHV�� DO� GHVDSDUHFHU� OD� QHEXORVD�6RODU� VH�

HVFDSy� OD�DWPyVIHUD�SULPDULD��/D�SpUGLGD�GH�JDVHV�GH�XQD�DWPyVIHUD�DO� HVSDFLR�

�HVFDSH� DWPRVIpULFR�� Yi� D� GHSHQGHU� GH� OD� WHPSHUDWXUD� HQ� OD� DWPyVIHUD� \� OD�

YHORFLGDG�GH�HVFDSH�GHO� FXHUSR�SODQHWDULR��(Q�HO� FDVR�GH� ORV�SODQHWDV� MRYLDQRV��

HVWH�SURFHVR�HV�PHQRV�SUREDEOH� \D�TXH�DO� WHQHU�XQD�PDVD�PXFKR�PD\RU�\�XQD�

WHPSHUDWXUD� IUtD�� HO� HVFDSH� WpUPLFR� Yi� D� VHU� UHGXFLGR� �+D\DVKL� HW� DO��� ������� $�

SHVDU�GH�TXH�HO�HVFDSH�GH�XQD�DWPyVIHUD�GH�XQ�SODQHWD�GHO�WDPDxR�GH�OD�7LHUUD�HV�

GLItFLO�� Vt� VHUtD� SRVLEOH� DO� DXPHQWDU� ODV� YHORFLGDGHV� WpUPLFDV� GH� HVFDSH� GH� ORV�

JDVHV� SRU� PHGLR� GH� XQ� FKRTXH� GH� FRPHWDV�� DVWHURLGHV�� R� SODQHWDV� SHTXHxRV�

�=DKQOH�HW�DO�����������

�

/D� HYLGHQFLD� TXtPLFD� GH� XQD� DWPyVIHUD� SULPDULD� GH� OD� 7LHUUD� VH� EDVD� HQ� OD�

SUHVHQFLD�GHO�JDV�QHyQ�\D�TXH�pVWH�QR�VH�HVFDSD�GH�OD�DWPyVIHUD��QR�VH�SURGXFH�

SRU�GHFDLPLHQWR�UDGLRDFWLYR�\�QR�HV�LQFRUSRUDGR�HQ�FDQWLGDGHV�VLJQLILFDWLYDV�HQ�ODV�

URFDV�� 7RPDQGR� HQ� FRQVLGHUDFLyQ� TXH� HO� QHyQ� UHSUHVHQWD� HO� �������� GH� OD�

DWPyVIHUD� WHUUHVWUH� DFWXDO� FX\D�PDVD�HV�GH� ���u����J�� VH� SXHGH�HVWLPDU� TXH� OD�

DWPyVIHUD�SULPDULD�WXYR�XQD�PDVD�PHQRU�DO�����:DONHU����������

�

������ $WPyVIHUD�VHFXQGDULD�

�

'HELGR�DO�HVFDSH�GH� OD�DWPyVIHUD�SULPDULD�� OD�DWPyVIHUD�GH� OD�7LHUUD� WXYR�XQ�

RULJHQ�VHFXQGDULR��/D�DWPyVIHUD�VHFXQGDULD�GH�XQ�SODQHWD�HV�DTXHOOD�TXH�VH�IRUPy�

GHVSXpV�GHO�SHULRGR�GH�DFUHFLyQ� �����PLO�PLOORQHV�GH�DxRV��GXUDQWH� OD� IRUPDFLyQ�
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GHO� 6RO�� (VWH� WLSR� GH� DWPyVIHUD� HV� FDUDFWHUtVWLFD� GH� ORV� SODQHWDV� WHUUHVWUHV� \�

JHQHUDOPHQWH�HV�PiV�GHQVD�TXH�XQD�DWPyVIHUD�SULPDULD���

�

([LVWHQ� YDULDV� KLSyWHVLV� VREUH� FyPR� VXUJLy� OD� DWPyVIHUD� VHFXQGDULD�� SRU� XQ�

RULJHQ� YROFiQLFR�� GHVJDVDPLHQWR� SRU� LPSDFWR� \� OD� IRUPDFLyQ� GH� OD� /XQD�� � $�

FRQWLQXDFLyQ�VH�H[SOLFD�EUHYHPHQWH�FDGD�SURFHVR���

�

��������$WPyVIHUD�YROFiQLFD�

�

/D�LGHD�WUDGLFLRQDO�VREUH�HO�RULJHQ�GH�OD�DWPyVIHUD�VHFXQGDULD�GH�OD�7LHUUD�IXH�

SRU� XQ� GHVJDVDPLHQWR� YROFiQLFR� OHQWR� \� JUDGXDO�� ([LVWHQ� GRV� WHQGHQFLDV� VREUH�

FXiO�VHUtD� OD�FRPSRVLFLyQ�GH�ORV�JDVHV�YROFiQLFRV�SULPLWLYRV��/D�SULPHUD�VH�EDVD�

HQ�HO�PRGHOR�SURSXHVWR�SRU�8UH\� �������� HQ�GRQGH�VH�VXJLHUH�TXH� OD�DWPyVIHUD�

VHFXQGDULD� SURYRFDGD� SRU� OD� DFUHFLyQ� GH� OD� 7LHUUD� D� EDMDV� WHPSHUDWXUDV� VHUtD�

DOWDPHQWH� UHGXFWRUD� FRQ� XQD� FRPSRVLFLyQ� VLPLODU� D� OD� DWPyVIHUD� SULPDULD�� /D�

VHJXQGD��SURSRQH�TXH�OD�FRPSRVLFLyQ�GH�ORV�JDVHV�VHUtD�VLPLODU�D�OD�HPDQDGD�SRU�

ORV� YROFDQHV� PiV� SURIXQGRV� GHO� SODQHWD� FRPR� VRQ� ORV� +DZDLDQRV� �1DYDUUR�

*RQ]iOH]� HW� DO��� ������� /D� IXHQWH� DFWXDO� GH� JDVHV� YROFiQLFRV� HVWi� OLJHUDPHQWH�

UHGXFLGD�GHELGR�D�TXH�HO�PDQWR�QR�FRQWLHQH�PHWDOHV��SURYRFDQGR�XQD�DWPyVIHUD�

GH�+�2��&2��\�1��FRQ�SHTXHxDV�FDQWLGDGHV�GH�PRQy[LGR�GH�FDUERQR��&2��\�+��

�+ROODQG����������

�

�
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��������'HVJDVDPLHQWR�SRU�LPSDFWR��

�

(Q�HO�PRGHOR�GH�8UH\������VH�HQIDWL]D�OD�LPSRUWDQFLD�GH�XQ�GHVJDVDPLHQWR�SRU�

LPSDFWR�\�GH�ODV�UHDFFLRQHV�TXtPLFDV�TXH�RFXUUHQ�HQWUH�OD�DWPyVIHUD�\�ORV�FXHUSRV�

H[SXOVDGRV�� (VWRV� LPSDFWDGRUHV� LQFOX\HQ� PHWHRULWRV�� DVWHURLGHV� \� FRPHWDV� FRQ�

GLiPHWURV�PHQRUHV�D����NP�TXH�IRUPDEDQ�SDUWH�GH�ORV�GHVHFKRV�GH�IRUPDFLyQ�GHO�

6LVWHPD�6RODU�\�HVWDEDQ�HQ�FRQVWDQWH�FKRTXH�FRQ�OD�VXSHUILFLH�WHUUHVWUH��0RGHORV�

PiV� UHFLHQWHV� VREUH� OD� DFUHFLyQ�SODQHWDULD�� VXJLHUHQ�TXH�HO� LQWHULRU� WHUUHVWUH� HUD�

LQLFLDOPHQWH� FDOLHQWH� FRPR� FRQVHFXHQFLD� GH� ORV� HYHQWRV� GH� LPSDFWDGRUHV�� (O�

Q~FOHR�WHUUHVWUH�GHELy�GH�KDEHUVH�IRUPDGR�GH�PDQHUD�VLPXOWiQHD�FRQ�OD�DFUHFLyQ��

SRU�OR�WDQWR�HO�KLHUUR�PHWiOLFR�\�HO�QtTXHO�VH�UHPRYLHURQ�GHO�PDQWR�VXSHULRU��=DKQOH�

HW�DO�������������

�

6H�KD�HQFRQWUDGR�XQD�GLIHUHQFLD�HQ�OD�DEXQGDQFLD�GH�ORV�JDVHV�QREOHV�\�RWURV�

HOHPHQWRV� YROiWLOHV�� ORV� JDVHV� QREOHV� VRQ� PHQRV� DEXQGDQWHV� HQ� OD� 7LHUUD� D�

FRPSDUDFLyQ�FRQ�RWURV�HOHPHQWRV��(Q�HO�PRGHOR�GH�XQD�DWPyVIHUD�VHFXQGDULD��VH�

SODQWHD�TXH�OD�DWPyVIHUD�\�ORV�RFpDQRV�IXHURQ�SURGXFLGRV�SRU�UHDFFLRQHV�TXtPLFDV�

TXH� OLEHUDURQ� DJXD� \� JDVHV� GH� PDWHULDOHV� YROiWLOHV� FRQGHQVDGRV� GXUDQWH� R�

GHVSXpV� GH� OD� DFUHFLyQ� SODQHWDULD�� /RV� YROiWLOHV� TXtPLFDPHQWH� UHDFWLYRV� IXHURQ�

LQFRUSRUDGRV�D�JUDQRV�VyOLGRV�HQ�OD�DFUHFLyQ�GH�OD�7LHUUD��PLHQWUDV�TXH�ORV�JDVHV�

QREOHV� QR�� (VWRV� WLSRV� GH� JUDQRV� VH� SXHGHQ� HMHPSOLILFDU� SRU� ORV� PHWHRULWRV�

FRQGUtWLFRV� �FRQGUtWDV��� TXH� VRQ� PDWHULDO� SULPLWLYR� GH� OD� QHEXORVD� 6RODU� \�

JHQHUDOPHQWH� EORTXHV� TXH� FRQIRUPDQ� D� OD� 7LHUUD�� RWURV� DVWHURLGHV� URFRVRV��
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SODQHWDV� \� VDWpOLWHV�� (O�PDWHULDO� GH� ODV� FRQGUtWDV� SXGR� WHQHU� VROR� FRQWULEXFLRQHV�

PHQRUHV� D� ORV� YROiWLOHV� GH� OD� DWPyVIHUD� WHPSUDQD� WHUUHVWUH� \� ORV� RFpDQRV� � VLQ�

HPEDUJR�� ORV� FRPHWDV� SXGLHURQ� KDEHU� WHQLGR� XQ� HIHFWR� PD\RU�� �=DKQOH� HW� DO���

������� � /RV� FRPHWDV� VRQ� GHWULWXV� GHO� 6LVWHPD� 6RODU� ULFRV� HQ� DJXD� FRQJHODGD��

RUJiQLFRV�� &2��� &2��&+��� +�� \� 1+��� (Q� HO� SDVDGR� ODV� FROLVLRQHV� GH� FRPHWDV� \�

DVWHURLGHV�HUDQ�PiV�FRPXQHV�HQ�OD�VXSHUILFLH�WHUUHVWUH��SRU�OR�TXH�SXGLHURQ�KDEHU�

OLEHUDGR�DJXD�KDFLD�OD�DWPyVIHUD�TXH�DO�LUVH�HQIULDQGR�OD�7LHUUD�VH�FRQGHQVDUtD�HQ�

OD�VXSHUILFLH��(O�RFpDQR�WHUUHVWUH�WLHQH�DSUR[LPDGDPHQWH������NJ�GH�DJXD�PLHQWUDV�

TXH�XQ�FRPHWD� WLHQH������NJ��SRU� OR�TXH�VyOR�VH� UHTXHULUtDQ�����FRPHWDV�SDUD� OD�

IRUPDFLyQ�GH�RFpDQRV��/XQLQH���������

��

/D� DWPyVIHUD� HVWDUtD� GRPLQDGD� SRU� YDSRU� GH� DJXD�� &2�� \� 1��� /D� SUHVLyQ�

DWPRVIpULFD�GH�HVWD�DWPyVIHUD�VHUtD�GHO�RUGHQ�GH�PLOHV�GH�EDUHV��8QD�YH]�TXH�OD�

VXSHUILFLH� GHO� SODQHWD� VH� HQIULy�� HO� YDSRU� GH� DJXD� VH� FRQGHQVy� IRUPDQGR� ORV�

RFpDQRV�GHMDQGR�XQD�DWPyVIHUD�ULFD�HQ�GLy[LGR�GH�FDUERQR��$FWXDOPHQWH�OD�PD\RU�

SDUWH�GH�&2��VH�HQFXHQWUD�HQ�XQD�IRUPD�QR�YROiWLO�GH�URFDV�FDUERQDWDGDV��FDOL]D�\�

GRORPLWD���6t� WRGR�HO�&2��HVWXYLHUD�SUHVHQWH�HQ� OD�DWPyVIHUD� WHQGUtD�XQD�SUHVLyQ�

SDUFLDO�GH�������EDUHV��(VWH�&2���JUDGXDOPHQWH�VH�FRQYHUWLUtD�HQ�FDUERQDWRV�FRQ�

HO� LQWHPSHULVPR�GH� ODV� URFDV� UHGXFLpQGRVH� OD� SUHVLyQ�DWPRVIpULFD� GH�&2��KDVWD�

TXH� HO� QLWUyJHQR�PROHFXODU� IXHUD� HO� HOHPHQWR�PiV� DEXQGDQWH�� (VWR� SXGR� KDEHU�

RFXUULGR�JUDGXDOPHQWH�KDVWD�HO�LQLFLR�GHO�3URWHUR]RLFR�DSUR[LPDGDPHQWH�KDFH�����

PLO�PLOORQHV�GH�DxRV��=DKQOH�HW�DO�����������

�
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�������� )RUPDFLyQ�GH�OD�/XQD��

�

/D� DWPyVIHUD� VHFXQGDULD� GH� OD� 7LHUUD� HVWDED� HQ� SURFHVR� GH� GHVDUUROOR�

JUDFLDV�DO�GHVJDVDPLHQWR�YROFiQLFR�\�SRU� LPSDFWDGRUHV��VLQ�HPEDUJR��XQ�HYHQWR�

TXH�WXYR�FRQVHFXHQFLDV�FDWDVWUyILFDV�HQ�OD�DWPyVIHUD�IXH�HO�LPSDFWR�GH�XQ�SODQHWD�

GHO� WDPDxR� GH� 0DUWH� �7KHLD�� FRQ� OD� 7LHUUD�� (VWH� HYHQWR� RFXUULy� KDFH�

DSUR[LPDGDPHQWH� ���� D� ���� PLO� PLOORQHV� GH� DxRV�� GRQGH� OD� IXVLyQ� GH� pVWRV�

SODQHWDV� RULJLQy� D� OD� /XQD�� VDWpOLWH� QDWXUDO� GH� OD� 7LHUUD�� $O� KDEHUVH� GLIHUHQFLDGR�

SUHYLDPHQWH�DO�LPSDFWR�HO�Q~FOHR�LQWHUQR�GH�OD�7LHUUD��ORV�HOHPHQWRV�1L�\�)H�\D�QR�

HVWDEDQ� SUHVHQWHV� HQ� OD� FRUWH]D� WHUUHVWUH� SRU� OR� TXH� QR� IRUPDQ� SDUWH� GH� OD�

FRPSRVLFLyQ� OXQDU�� 'XUDQWH� HO� LPSDFWR� VROR� ORV� SULPHURV� ���� NP� GH� OD� 7LHUUD�

IXHURQ�GHUUHWLGRV�DOFDQ]DQGR�XQD� WHPSHUDWXUD� VXSHUILFLDO� VXSHULRU� D� ORV� ����q&��

(Q�HVWDV�FRQGLFLRQHV�OD�FRUWH]D�\�SDUWH�GHO�PDQWR�VXSHULRU�VH�KDEUtD�YRODWLOL]DGR��

IRUPDQGR� XQD� DWPyVIHUD� GH� GLy[LGR� GH� VLOLFLR� �6L2��� TXH� VH� KDEUtD� FRQGHQVDGR�

�����DxRV�GHVSXpV�GHO�LPSDFWR��$O�HQIULDUVH�HO�JDV��ORV�VLOLFDWRV�KDEUtDQ�FDtGR�D�OD�

VXSHUILFLH� HQ� IRUPD� GH� OOXYLD� GH� 6L2��� /RV� HOHPHQWRV� PiV� YROiWLOHV� HVWDUtDQ�

GLYLGLGRV�HQWUH�OD�DWPyVIHUD�\�HO�PDQWR�VHJ~Q�VX�VROXELOLGDG�HQ�ORV�VLOLFDWRV��GRQGH�

HO�+�2�\�HO�VXOIXUR�HVWDUtDQ�HQ�HO�PDQWR��PLHQWUDV�TXH�HO�&2��&2��\�RWURV�JDVHV�

HVWDUtDQ� HQ� OD� DWPyVIHUD�� 'HVSXpV� GHO� GHSyVLWR� GH� ORV� VLOLFDWRV�� OD� DWPyVIHUD�

HVWDUtD� GRPLQDGD� SULQFLSDOPHQWH� SRU� YDSRU� GH� DJXD�� 8QD� YH]� TXH� DOFDQ]y�

WHPSHUDWXUDV� VXSHUILFLDOHV� PiV� EDMDV�� WRGR� HO� YDSRU� GH� DJXD� VH� KDEUtD�

FRQGHQVDGR� UiSLGDPHQWH�SDUD� IRUPDU� ORV�RFpDQRV��/D�FLUFXODFLyQ�KLGURWpUPLFD�D�

WUDYpV�GH�ORV�RFpDQRV�D\XGy�D�TXH�VH�SUHFLSLWDUD�HO�&2��HQ�IRUPD�GH�FDUERQDWRV�
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GLVPLQX\HQGR�VX�FRQFHQWUDFLyQ�HQ�OD�DWPyVIHUD�GH�����EDUHV�D�����EDU�HQ�PHQRV�

GH����PLO�DxRV��GHMDQGR�FRPR�JDV�SULQFLSDO�GH�OD�DWPyVIHUD�DO�QLWUyJHQR�PROHFXODU�

�=DKQOH�HW�DO��� �������'HELGR�D�TXH�HO�1��HV�TXtPLFDPHQWH� LQHUWH�� QR�VROXEOH�HQ�

DJXD�� \� QR� FRQGHQVDEOH�� OD� PD\RUtD� GHO� 1�� GHVJDVLILFDGR� VH� DFXPXOy� HQ� OD�

DWPyVIHUD� D� OR� ODUJR� GHO� WLHPSR� JHROyJLFR� SDUD� FRQYHUWLUVH� HQ� HO� FRPSRQHQWH�

DWPRVIpULFR�PiV� LPSRUWDQWH� GHVSXpV�GH� OD� FRQGHQVDFLyQ�GH� YDSRU� GH�DJXD� \� OD�

IRUPDFLyQ�GH�ORV�FDUERQDWRV��6HLQIHOG�����������

�

�������� 'HVSXpV�GH�OD�IRUPDFLyQ�GH�OD�/XQD��

�

6LQ�OD�SUHVHQFLD�GH�&2��FRPR�SULQFLSDO�JDV�GH�HIHFWR�LQYHUQDGHUR��OD�VXSHUILFLH�

GH�OD�7LHUUD�HQ�HO�$UFDLFR�WHQGUtD�TXH�KDEHU�VLGR�H[WUHPDGDPHQWH�IUtD�GHELGR�D�OD�

SDUDGRMD� GHO� 6RO� MRYHQ� �6DJDQ� \� &KLED�� ������� (Q� HVWD� IDVH� HO� 6RO� VHULD� ����

PHQRV� OXPLQRVR�TXH�HO�DFWXDO��$O�HQFRQWUDUVH� OD�PD\RUtD�GHO�GLy[LGR�GH�FDUERQR�

WHUUHVWUH�HQ� IRUPD�GH�FDUERQDWRV�� OD� WHPSHUDWXUD�GHELy�GH�KDEHU�EDMDGR�D� ���q&�

SURYRFDQGR�TXH�ORV�RFpDQRV�HVWXYLHUDQ�FXELHUWRV�SRU�XQD�GHOJDGD�FDSD�GH�KLHOR��

6LQ�HPEDUJR��OD�HYLGHQFLD�GH�URFDV�TXH�FRQWLHQHQ�DJXD�OtTXLGD�KDFH������PLOORQHV�

GH� DxRV�� LQGLFD� OD� SUHVHQFLD� GH� RWURV� JDVHV� GH� HIHFWR� LQYHUQDGHUR� FRPR� SXGR�

KDEHU� VLGR� HO� PHWDQR� �/XQLQH�������� (O� PHWDQR� IXH� XQ� JDV� DEXQGDQWH� HQ� XQD�

DWPyVIHUD�DQy[LFD��\D�TXH�VX�WLHPSR�GH�UHVLGHQFLD�GHELy�GH�KDEHU�VLGR�GH�PiV�GH�

������� DxRV� �DFWXDO� ��� DxRV�� FRQ� XQD� GHVWUXFFLyQ� SULQFLSDOPHQWH� SRU� IRWROLVLV�

�������QP���(O�PHWDQR��FRQ�XQD�IXHQWH�FRPSDUDEOH�DO�IOXMR�PRGHUQR�GH�����u�����J�

�&+���DQXDO���TXH�SURGXFH�FRQFHQWUDFLRQHV�GH�PHWDQR�DWPRVIpULFR�GH�����������



 11 

SXGR�KDEHU�JHQHUDGR�PiV�GH������GH�&+��HQ�HO�SDVDGR��.DVWLQJ�HW�DO����������3RU�

OR�WDQWR�HO�PHWDQR�SXGR�WHQHU�XQ�HIHFWR�GH�FDOHQWDPLHQWR�LPSRUWDQWH�HQ�HO�FOLPD�GH�

OD�7LHUUD�SULPLWLYD�HYLWDQGR�XQD�JODFLDFLyQ��3DYORY�HW�DO���������7LDQ�HW�DO�����������

�

$O�ILQDOL]DU�HO�ERPEDUGHR�LQWHQVR�WDUGtR��OD�VXSHUILFLH�WHUUHVWUH�IXH�PiV�HVWDEOH�

SHUPLWLHQGR�TXH�VH�JHQHUDUDQ� ODV�FRQGLFLRQHV�DGHFXDGDV�SDUD� OD�DSDULFLyQ�GH� OD�

YLGD��/RV�FRPSXHVWRV�QHFHVDULRV�SDUD�HO�VXUJLPLHQWR�GH�ORV�SULPHURV�RUJDQLVPRV�

SXGLHURQ�KDEHUVH�GDGR�SRU� IXHQWHV� H[yJHQDV� �FRPHWDV� \�PHWHRULWRV�� \�R� SRU� VX�

VtQWHVLV� HQ� OD� VXSHUILFLH� WHUUHVWUH� SRU� GLIHUHQWHV� IXHQWHV� GH� HQHUJtD� FRPR� OX]�

XOWUDYLROHWD�\�UHOiPSDJRV��/XQLQH���������(VWR�VH�GLVFXWLUi�HQ�OD�VHFFLyQ�����

�

������ $WPyVIHUD�WHUUHVWUH�GHVSXpV�GH�OD�DSDULFLyQ�GH�OD�YLGD��

�

/RV� PLFURRUJDQLVPRV� KDQ� GHWHUPLQDGR� OD� FRPSRVLFLyQ� GH� OD� DWPyVIHUD�

WHUUHVWUH�GHVGH�HO�RULJHQ�GH�OD�YLGD��.DVWLQJ���������/DV�SULPHUDV�IRUPDV�GH�YLGD�

HUDQ� KHWHUyWURIDV�� TXH� REWHQtDQ� VX� IXHQWH� GH� HQHUJtD� SRU� OD� GHJUDGDFLyQ� GH� ORV�

FRPSXHVWRV�RUJiQLFRV�H[LVWHQWHV�HQ�HO�PHGLR�DPELHQWH��$O� UHGXFLUVH�HVWD� IXHQWH�

GH�DOLPHQWDFLyQ��VXUJLHURQ�QXHYDV�UXWDV�PHWDEyOLFDV�SHUPLWLHQGR�D�ORV�RUJDQLVPRV�

REWHQHU�VX�HQHUJtD�SRU�RWURV�PHGLRV��8Q�HMHPSOR��VRQ�ODV�EDFWHULDV�PHWDQyJHQDV�

DQDHUyELFDV� FRQ� WHQGHQFLD� WHUPRItOLFD� TXH� FRQYLHUWHQ� VXV� SURGXFWRV� GH�

IHUPHQWDFLyQ��IRUPDWR��DFHWDWR��ODFWDWR��D�PHWDQR���

�

�
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/D�UHDFFLyQ�GH�IHUPHQWDFLyQ�\�PHWDQRJpQHVLV�HV�OD�VLJXLHQWH���

�

��&+�2�o�&2����&+��

�

(VWH� SURFHVR�� GHELy� GH� VHU� LPSRUWDQWH� HQ� OD� 7LHUUD� SULPLWLYD� \D� TXH� ODV�

FRQFHQWUDFLRQHV�GH� R[tJHQR� GLVXHOWR� \� VXOIDWR� SURYRFDURQ� XQ�PHQRU� UHFLFODMH� GH�

PDWHULD� RUJiQLFD�� SRU� OD� UHVSLUDFLyQ� DHUyELFD� R� SRU� OD� UHGXFFLyQ� GH� VXOIDWR�

ELROyJLFR� �&DQILHOG�HW� DO��� ������� (Q� OD�7LHUUD� SULPLWLYD� DQy[LFD� ODV�PHWDQyJHQDV�

SXGLHURQ�KDEHU�VLGR�SURGXFWRUHV�SULPDULRV�GH�OD�PDWHULD�RUJiQLFD��(VWDV�EDFWHULDV�

XWLOL]DQ�DO��KLGUyJHQR�FRPR�VXVWUDWR�GHVFULWR�SRU�OD�UHDFFLyQ��

�

&2������+��o�&+�����+�2�

�

6LQ� HPEDUJR�� ODV� FRQFHQWUDFLRQHV� GH� +�� GHELHURQ� GH� KDEHU� FDtGR� FRQ� OD�

SUROLIHUDFLyQ� GH� ODV�PHWDQyJHQDV�� SRU� OR� TXH� RWURV� JDVHV� FRPR� HO� &2� SXGLHURQ�

KDEHU� VHUYLGR� FRPR� VXVWUDWR� ELROyJLFR� �0FNHH�� ������� $QWHV� GHO� DXPHQWR� GH�

R[tJHQR��HO�PHWDQR�SXGR�KDEHU�VLGR�SURGXFLGR�D�XQD�WDVD�TXH�H[FHGH�D�OD�DFWXDO�

SRU� IDFWRUHV� GH� ��� D� ����� (O� IOXMR� 6RODU� DFWXDO� HV� GH� �u����� IRWRQHV� FP��� V��� \�

FRUUHVSRQGH�D�XQD� WDVD�GH�GHVWUXFFLyQ�GH�PHWDQR�GH� ����u�����J� �&+���DQXDO���

�:DOWHU�HW�DO����������$XQTXH�HO�IOXMR�6RODU�(89��XOWUDYLROHWD�H[WUHPR��IXHUD�PXFKR�

PiV� DOWR� HQ� OD� 7LHUUD� SULPLWLYD�� HO� PHWDQR� GHELy� GH� KDEHUVH� FRQFHQWUDGR� HQ� OD�

DWPyVIHUD��(O� IDFWRU� TXH� OLPLWDED� OD�DEXQGDQFLD�GH�PHWDQR�HUD� OD� SURGXFFLyQ�GH�

EUXPD�RUJiQLFD�FXDQGR� OD�SURSRUFLyQ�GH�&+��&2��VH�H[FHGtD��(VWD�EUXPD�GHELy�
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GH� FUHDU� XQ� HIHFWR� DQWL�JDV� LQYHUQDGHUR� SURYRFDQGR� OD� GLVPLQXFLyQ� GH� OD�

7HPSHUDWXUD�� �(VWR�HV�SDUHFLGR�D� OR�TXH�RFXUUH�HQ� OD�DWPyVIHUD�DFWXDO�GH�7LWiQ��

DXQTXH�HQ�HVWH�FDVR�HO�PHWDQR�QR�HV�GH�RULJHQ�ELROyJLFR��3DYORY�HW�DO�����������

�

2WUD�FRQWULEXFLyQ�GUiVWLFD�HQ� OD�HYROXFLyQ�GH� OD�DWPyVIHUD� IXH� OD�DSDULFLyQ�GH�

EDFWHULDV� IRWRVLQWpWLFDV� �&ORXG�� ������� /D� UHDFFLyQ� GH� OD� IRWRVtQWHVLV� HV� OD�

VLJXLHQWH���

�

&2����+�2���KY�o�&+�2���2��

�

$� ODV�FLDQREDFWHULDV��DHUyELFDV� �\�DQDHUyELFDV� IDFXOWDWLYDV��VH� OHV�DWULEX\H�HO�

DXPHQWR� GH� R[tJHQR� DWPRVIpULFR� KDFH� ������ PLOORQHV� GH� DxRV� �+ROODQG�� �������

/DV� FLDQREDFWHULDV� VRQ� ORV� SULQFLSDOHV� RUJDQLVPRV� UHVSRQVDEOHV� GH� ILMDU� HO�

QLWUyJHQR�\�KDQ�WHQLGR�TXH�HYROXFLRQDU�PHFDQLVPRV�FRPSOHMRV�SDUD�SURWHJHU�D�OD�

HQ]LPD�QLWURJHQDVD�GHELGR�D�VX�VHQVLELOLGDG�DO�R[tJHQR��7\UHOO���������(O�DXPHQWR�

GH� R[tJHQR� DWPRVIpULFR� FRUUHVSRQGH� FRQ� OD� SULPHUD� JODFLDFLyQ� GRFXPHQWDGD� OR�

TXH�VXJLHUH�TXH�OD�JODFLDFLyQ�IXH�DFWLYDGD�FRQ�OD�GLVPLQXFLyQ�GH�&+��DWPRVIpULFR�

�3UDVDG�HW�DO�����������

�

������ $WPyVIHUD�WHUUHVWUH�DFWXDO��

�

� /D�DWPyVIHUD�WHUUHVWUH�DFWXDO�HVWi�SULQFLSDOPHQWH�FRPSXHVWD�SRU�ORV�JDVHV�

1�� ������� 2�� ������ \� � DUJyQ� ������ FX\DV� DEXQGDQFLDV� VRQ� FRQWURODGDV� VREUH�
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HVFDODV�GHO�WLHPSR�JHROyJLFR�SRU�OD�ELyVIHUD��FDSWDFLyQ�\�OLEHUDFLyQ�GH�PDWHULDO�HQ�

OD�FRUWH]D��\�HO�GHVJDVDPLHQWR�GHO� LQWHULRU�GHO�SODQHWD��9HU� WDEOD������(O�YDSRU�GH�

DJXD�HV�HO�VLJXLHQWH�FRPSRQHQWH�PiV�DEXQGDQWH��VH�HQFXHQWUD�SULQFLSDOPHQWH�HQ�

OD�DWPyVIHUD�EDMD�DOFDQ]DQGR�QLYHOHV�GH�KDVWD����HQ�GRQGH� OD�HYDSRUDFLyQ�\� OD�

SUHFLSLWDFLyQ� FRQWURODQ� VX�DEXQGDQFLD�� /RV� UHVWDQWHV� FRPSRQHQWHV�DWPRVIpULFRV��

ORV�JDVHV�WUD]D��DEDUFDQ�PHQRV�GHO����HQ�OD�DWPyVIHUD��(VWRV�JDVHV�WUD]D�MXHJDQ�

XQ� SDSHO� LPSRUWDQWH� HQ� HO� EDODQFH� UDGLDWLYR� WHUUHVWUH� \� HQ� ODV� SURSLHGDGHV�

TXtPLFDV� GH� OD� DWPyVIHUD�� /DV� DEXQGDQFLDV� GH� ORV� JDVHV� WUD]D� KDQ� FDPELDGR�

PXFKR�D�OR�ODUJR�GH�ORV�~OWLPRV�GRV�VLJORV��/D�SUHVHQFLD�GH�HVWDV�HVSHFLHV�SXHGH�

UDVWUHDUVH� GHVGH� SURFHVRV� JHROyJLFRV�� ELROyJLFRV�� TXtPLFRV� \� DQWURSRJpQLFRV�

�6HLQIHOG����������

�

(Q�OD�DFWXDOLGDG�� OD�FRPSRVLFLyQ�GH�OD�DWPyVIHUD�HVWi�FDPELDQGR�D�HVFDOD�

JOREDO�� /RV� JDVHV� GH� HIHFWR� LQYHUQDGHUR�� FRPR� HO� &2��� R]RQR� �2���� &+��� y[LGR�

QLWURVR� �1�2�� \� FRPSXHVWRV� KDORJHQDGRV�� KDQ� DXPHQWDGR� HQ� FRQFHQWUDFLyQ�

DFWXDQGR� FRPR� DLVODQWHV� WpUPLFRV� HQ� OD� DWPyVIHUD�� /D� DFWLYLGDG� KXPDQD� KD�

FDXVDGR�ORV�FDPELRV�UiSLGRV�HQ�ORV�JDVHV�WUD]D�D�OR�ODUJR�GH�ORV�~OWLPRV�����DxRV��

(VWR� VH� GHEH� SULQFLSDOPHQWH� D� OD� FRPEXVWLyQ� IyVLO� �FDUEyQ� \� SHWUyOHR�� SDUD� OD�

JHQHUDFLyQ�GH�HQHUJtD�\�DFWLYLGDGHV�LQGXVWULDOHV�\�DJUtFRODV��TXHPD�GH�ELRPDVD�\�

OD� GHIRUHVWDFLyQ�� 3DUD� HO� &2��� SRU� HMHPSOR�� ODV� IXHQWHV� VRQ� SULQFLSDOPHQWH� OD�

FRPEXVWLyQ�IyVLO�\�OD�GHIRUHVWDFLyQ�GH�ORV�WUySLFRV��PLHQWUDV�TXH�SDUD�HO�&+���VRQ�

HO�FXOWLYR�GH�DUUR]��OD�FUtD�GH�JDQDGR�\�ODV�IXJDV�GH�JDV�GXUDQWH�OD�UHFXSHUDFLyQ�GH�

FDUERQR��SHWUyOHR�\�JDV�QDWXUDO��6HLQIHOG���������

�
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7DEOD�����&RPSRVLFLyQ�DWPRVIpULFD�GHO�DLUH�VHFR��+D\QHV���������

�

&RPSRQHQWH� $EUHYLDFLyQ�TXtPLFD� 9ROXPHQ������

1LWUyJHQR� 1�� ������

2[tJHQR� 2�� ������

$UJyQÁ� $U� �����

'Ly[LGR�GH�FDUERQR� &2�� ������

1HyQÁ� 1H� �������

+HOLRÁ� +H� �������

+LGUyJHQR� +�� ��������

.ULSWyQÁ� .U� �������

;HQyQÁ� ;H� ���������

0HWDQR� &+�� �������

2]RQR�� 2�� ��������

�����������Á�*DV�LQHUWH�

�

�

����1LWUyJHQR�\�VX�LPSRUWDQFLD�HQ�OD�7LHUUD�SULPLWLYD����

�

/D�YLGD�UHTXLHUH�GH�GRV�WLSRV�GH�PDFURPROpFXODV��ODV�SURWHtQDV�\�ORV�iFLGRV�

QXFOHLFRV�� /DV� SURWHtQDV� WLHQHQ� XQD� IXQFLyQ� HVWUXFWXUDO� \� FDWDOL]DGRUD�� \� HVWiQ�

FRQIRUPDGDV�SRU�XQLGDGHV�OODPDGDV�DPLQRiFLGRV��/RV�iFLGRV�QXFOHLFRV�SUHVHUYDQ�

\� WUDQVPLWHQ� OD� LQIRUPDFLyQ� TXH� UHTXLHUHQ� ORV� VHUHV� YLYRV� SDUD� UHDOL]DU� VXV�

SURFHVRV�PHWDEyOLFRV�� (VWiQ� FRQVWLWXLGRV� SRU� EDVHV� SLULPtGLFDV� \� S~ULFDV� \� XQD�

PROpFXOD�GH�D]~FDU��TXH�MXQWR�FRQ�HO�IRVIDWR��XQHQ�D�ODV�EDVHV�D�OR�ODUJR�GHO�iFLGR�
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QXFOHLFR��(O�QLWUyJHQR�HV�XQ�HOHPHQWR�SUHVHQWH�WDQWR�HQ�ORV�DPLQRiFLGRV�FRPR�HQ�

ODV�EDVHV�QLWURJHQDGDV��SRU�OR�TXH�HV�LQGLVSHQVDEOH�SDUD�ORV�VHUHV�YLYRV�\�SRU�OR�

WDQWR�SDUD�HO�RULJHQ�GH�OD�YLGD��/HKQLQJHU����������

�

(O�QLWUyJHQR�VH�HQFXHQWUD�HQ� OD�DWPyVIHUD� WHUUHVWUH�HQ� IRUPD�GH�QLWUyJHQR�

PROHFXODU��1����6LQ�HPEDUJR��D�SHVDU�GH�HVWDU�GH�PDQHUD�H[WHQVD�HQ�OD�DWPyVIHUD��

QR�SXHGH�VHU�DVLPLODGR�SRU�ORV�PLFURRUJDQLVPRV�SDUD�OD�IRUPDFLyQ�GH�DPLQRiFLGRV�

\� EDVHV� QLWURJHQDGDV�� 'HELGR� D� HVWR� VH� UHTXLHUH� TXH� KD\D� XQD� ILMDFLyQ� GH�

QLWUyJHQR� GH� PDQHUD� ELyWLFD� R� SRU� SURFHVRV� ILVLFRTXtPLFRV�� /D� ILMDFLyQ� GH�

QLWUyJHQR��HV�HO�SURFHVR�GH�FRQYHUVLyQ�GHO�1��HQ�PROpFXODV�UHDFWLYDV�FRPR�iFLGR�

FLDQKtGULFR� �+&1��� DPRQtDFR� �1+��� X� y[LGRV� GH� QLWUyJHQR� �12[ � 12�12��� TXH�

VHUiQ�DVLPLODGRV�SRU� ORV�PLFURRUJDQLVPRV�SDUD�VX�SRVWHULRU� UHLQFRUSRUDFLyQ�D� OD�

DWPyVIHUD��&DUDELDV���������(O�FLFOR�GHO�QLWUyJHQR��)LJXUD������HV�FRQVLGHUDGR�XQR�

GH�ORV�FLFORV�ELRJHRTXtPLFRV�PiV�LPSRUWDQWHV�TXH�D\XGD�DO�HTXLOLEULR�GLQiPLFR�GH�

OD�ELyVIHUD� WHUUHVWUH� �&DOL[WR���������([LVWHQ��� IRUPDV�GH�ILMDFLyQ�GHO�QLWUyJHQR�� OD�

ELROyJLFD��DWPRVIpULFD�\�OD�LQGXVWULDO���

�

)LMDFLyQ�ELROyJLFD��(Q�HVWH�SURFHVR�HO�QLWUyJHQR�VHUi�LQFRUSRUDGR�DO�VXHOR�\�

DEVRUELGR� SRU� ORV�PLFURRUJDQLVPRV� DQWHV� GH� UHJUHVDU� GH� QXHYR� D� OD� DWPyVIHUD��

'HELGR�D�OD�HVWDELOLGDG�TXtPLFD�GHO�JDV�DWPRVIpULFR�GLQLWUyJHQR��1����VX�UHGXFFLyQ�

SDUD� IRUPDU�1+�� UHTXLHUH� XQ�JUDQ�DSRUWH� GH�HQHUJtD��(VWH� SURFHVR� HV� OOHYDGR�D�

FDER�SRU� SRFDV� HVSHFLHV� SURFDULyWLFDV� TXH� SRVHDQ� HO� FRPSOHMR� QLWURJHQDVD� TXH�

URPSD�D�OD�WULSOH�OLJDGXUD�GH�QLWUyJHQR��/DV�PiV�GHVWDFDGDV�VRQ�EDFWHULDV�GH�YLGD�

OLEUH��S��(M���$]RWREDFWHU�YLQHODQGLL�\�&ORVWULGLXP�SDVWHXULDQXP���ODV�FLDQREDFWHULDV�
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�S��(M���1RVWRF�PXVFRUXP�\�$QDEDHQD�D]ROODH��\�EDFWHULDV�VLPELyWLFDV��3RVWJDWH��

��������

�

�

)LJXUD�����&LFOR�ELRJHRTXtPLFR�GHO�QLWUyJHQR�

�

�

)LMDFLyQ�DWPRVIpULFD��(VWH�SURFHVR� ILVLFRTXtPLFR�VH�Yi�D� OOHYDU�D�FDER�SRU�

IXHQWHV�HQGyJHQDV�SULQFLSDOPHQWH�SRU�UHOiPSDJRV��/D�GHVFDUJD�GH�XQ�UHOiPSDJR�

SURGXFH� OD� HQHUJtD� QHFHVDULD� SDUD� URPSHU� OD� WULSOH� OLJDGXUD� GHO� QLWUyJHQR�

DWPRVIpULFR� FRQYLUWLpQGROR� HQ� iFLGR� QtWULFR� �+12���� (O� +12�� VH� GLVXHOYH� SRU� OD�

OOXYLD� \� VH� SUHFLSLWD� DO� VXHOR�� SRVWHULRUPHQWH� VHUi� DEVRUELGR� SRU� ODV� SODQWDV� D�

WUDYpV�GH�VXV�UDtFHV��3RVWJDWH���������

�
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)LMDFLyQ�LQGXVWULDO��(VWH�SURFHVR�ILVLFRTXtPLFR�VH�EDVD�HQ�HO�SULQFLSLR�+DEHU�

%RVK�� VLPLODU� D� OD� ILMDFLyQ� DWPRVIpULFD�� (O� QLWUyJHQR� MXQWR� FRQ� HO� KLGUyJHQR�

UHDFFLRQDQ�IRUPDQGR�DPRQtDFR��1+���(VWH�SURFHVR�HV�XWLOL]DGR�FRP~QPHQWH�SDUD�

OD�SURGXFFLyQ�GH�IHUWLOL]DQWHV�\�FRQWULEX\H�FRQ�����GHO�WRWDO�GHO�QLWUyJHQR�TXH�VH�

LQFRUSRUD�DO�VXHOR�HQ�WRGR�HO�SODQHWD��&DUDELDV���������

�

'HELGR�D�TXH�HO�QLWUyJHQR�HV�XQ�HOHPHQWR�HVHQFLDO�SDUD�ORV�VHUHV�YLYRV��HO�

HVWXGLR� GH� ODV� IXHQWHV� GH� QLWUyJHQR� HV� IXQGDPHQWDO� HQ� OD� TXtPLFD� SUHELyWLFD�� $O�

HVWXGLDU�ODV�FRQGLFLRQHV�DWPRVIpULFDV�GH�OD�7LHUUD�SULPLWLYD��QRV�SRGHPRV�GDU�XQD�

LGHD�GH�ORV�SURFHVRV�TXH�GLHURQ�OXJDU�D�OD�ILMDFLyQ�GH�QLWUyJHQR�DQWHV�GHO�RULJHQ�GH�

OD� YLGD��&RPR� VH�PHQFLRQy� SUHYLDPHQWH�� HO� QLWUyJHQR� VH� IRUPy� HQ� OD� DWPyVIHUD�

VHFXQGDULD���(Q�OD�WDEOD������VH�PXHVWUDQ�ODV�HVWLPDFLRQHV�GH�OD�WDVD�GH�ILMDFLyQ�GH�

QLWUyJHQR�HQ�OD�7LHUUD�SULPLWLYD�SDUD�XQD�DWPyVIHUD�ULFD�HQ�&2��t������6H�SXHGH�

REVHUYDU��TXH�OD�IXHQWH�PiV�LPSRUWDQWH�GH�QLWUyJHQR�ILMDGR�SDUD�OD�7LHUUD�SULPLWLYD�

VHUtDQ�ORV�UHOiPSDJRV�YROFiQLFRV��1DYDUUR�*RQ]iOH]��HW�DO�����������

�

�

�

�

�

�

�

�
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7DEOD� ����(VWLPDFLRQHV�HQ� RUGHQ� GH�PDJQLWXG� GH� OD� WDVD� GH� ILMDFLyQ� GH�QLWUyJHQR�HQ� OD�

7LHUUD�SULPLWLYD�SRU�IXHQWHV�HQGyJHQDV�\�H[yJHQDV��1DYDUUR�*RQ]iOH]�HW�DO�����������

�

)XHQWHV� )OXMR�

�-�DxR�����

(VSHFLHV�TXtPLFDV� 7DVD�

�J�DxR�����

�
([yJHQDV��

� � �

&RPHWDV� � +&1�1+��|�� ����

� � 2UJiQLFRV�FRPSOHMRV�GH�1� ����

3DUWtFXODV�GH�SROYR�
LQWHUSODQHWDULR�

� 2UJiQLFRV�FRPSOHMRV�GH�1� �����

(QGyJHQDV�� � � �

5D\RV�FyVPLFRV� ���[����� 12� ����������

7RUPHQWDV�
HOpFWULFDV��

� � �

��'HVFDUJDV�FRURQD� ���[����� 12��1�2� ����

��'HVFDUJDV�
UHOiPSDJR��

���[����� 12� �����

3OXPDV�SRVWLPSDFWR� ���[����� 12� �����

5D\RV�XOWUDYLROHWD� � � �

��O����QP� ���[����� ÈWRPRV�GH�1� t�����������

&DORU�YROFiQLFR� � � �

��6LVWHPDV�DpUHRV� � � 6LQ�ILMDFLyQ�

GH�1�

��6LVWHPDV�
KLGURWHUPDOHV�

� 1+�� �����������

5HOiPSDJRV�
YROFiQLFRV��

���[����� 12� �����������

�
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����7HRUtDV�\�H[SHULPHQWRV�UHDOL]DGRV�HQ�DWPyVIHUDV�VLPXODGDV�GH�OD�

7LHUUD�SUHELyWLFD�GH�UHOHYDQFLD�SDUD�HO�SUR\HFWR�

�

(Q�������6WDQOH\�0LOOHU�VLPXOy� OD�DWPyVIHUD�GH� OD�7LHUUD�SULPLWLYD�FRQ�XQD�

PH]FOD� GH� JDVHV�GH�&+���1+���+�� \� DJXD�� � $O� LQWURGXFLU� XQD� GHVFDUJD� HOpFWULFD�

SDUD� VLPXODU� XQ� UHOiPSDJR�� REVHUYy� OD� IRUPDFLyQ�GH� DPLQRiFLGRV� �0LOOHU�� �������

0iV� WDUGH� 0LOOHU� GHPRVWUy� TXH� HO� +&1� IRUPDGR� SRU� ODV� GHVFDUJDV� HOpFWULFDV��

KDEUtD� VLGR� HO� SUHFXUVRU� GH� ORV� DPLQRiFLGRV� D� WUDYpV� GH� OD� UHDFFLyQ� GH� 6WUHNHU�

�0LOOHU��������TXH�VH�PXHVWUD�D�FRQWLQXDFLyQ����

�

5&+2�����+&1�����1+���Æ�5���&+����1+�����&1�����+�2�

5���&+����1+�����&1����+�2�Æ�5�±�&+����1+�����&2�+����1+��

�

'HVSXpV� GHO� H[SHULPHQWR� GH� 0LOOHU�� HO� HVWXGLR� GHO� RULJHQ� GH� OD� YLGD� VH�

UHYROXFLRQy�KDVWD�VHU�XQD�FLHQFLD�H[SHULPHQWDO��6H�KDQ�UHDOL]DGR�XQ�JUDQ�Q~PHUR�

GH�H[SHULPHQWRV�FRQ�GLIHUHQWHV�DWPyVIHUDV�GH�OD�7LHUUD�SULPLWLYD��GRQGH�OD�IXHQWH�

GH� FDUERQR� FDPELD� GH� &+�� D� &2� \� ILQDOPHQWH� D� &2��� /RV� UHVXOWDGRV� GH� HVWDV�

LQYHVWLJDFLRQHV�VH�SXHGHQ� UHVXPLU�SRU�HO� WUDEDMR�GH�6WULEOLQJ�\�0LOOHU� �������� ORV�

FXDOHV�VH�PXHVWUDQ�HQ�OD�ILJXUD������(Q�GRQGH�VH�REVHUYD�OD�SURGXFFLyQ�GH�+&1�

SRU� UHOiPSDJRV� HQ� DWPyVIHUDV� GRPLQDGDV� SRU� &+��� &2� \� &2��� (Q� ORV�

H[SHULPHQWRV� VH�PDQWXYR� FRQVWDQWH� OD� SUHVLyQ� GH� 1�� ���� PEDU�� \� OD� IXHQWH� GH�

FDUERQR��&+���&2�R�&2��D����PEDU��YDULDQGR�VROR�OD��SUHVLyQ�GH�+���������PEDU���

/D�Pi[LPD�SURGXFFLyQ�GH�+&1�SRU�UHOiPSDJRV�RFXUUH�HQ�XQD�DWPyVIHUD�GH�&+����
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�

)LJXUD�����5HQGLPLHQWRV�H[SHULPHQWDOHV�GH�SURGXFFLyQ�GH�+&1�HQ�DWPyVIHUDV�GH�&+���

&2�\�&2��YDULDQGR�HO�FRQWHQLGR�GH�+��HQ�OD�PH]FOD��$GDSWDGR�GH�6WULEOLQJ�HW�DO����������

�

�

(V� LQWHUHVDQWH�KDFHU�QRWDU�TXH�OD�SURGXFFLyQ�GH�+&1��)LJXUD������HV�PiV�

HILFLHQWH�HQ�XQD�PH]FOD�GH�&+��HQ�DXVHQFLD�GH�+���$O�LQFOXLU�+���HO�UHQGLPLHQWR�GH�
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+&1�GLVPLQX\H��REWHQLpQGRVH�XQ�HIHFWR�LQKLELGRU��3RU�RWUR�ODGR��HO�UHQGLPLHQWR�GH�

+&1�HQ�XQD�DWPyVIHUD�GH�&2�HV�PXFKR�PHQRU�TXH�HQ�XQD�DWPyVIHUD�GH�&+���6LQ�

HPEDUJR�� VX� SURGXFFLyQ� VH� LQFUHPHQWD� FRQ� OD� SUHVHQFLD� GH� +�� HQ� OD� PH]FOD�

DWPRVIpULFD�KDVWD�OOHJDU�D�XQ�tQGLFH�Pi[LPR�GH��+��&2��$O�DXPHQWDU�HO�FRQWHQLGR�

GH�+��HQ� OD�PH]FOD��HO� UHQGLPLHQWR�GH�+&1�GLVPLQX\H�GH�PDQHUD�VLPLODU� DO�&+����

)LQDOPHQWH�� QR� VH� SURGXMR� +&1� HQ� XQD� DWPyVIHUD� GH� &2��� (O� +&1� VROR� VH�

SURGXFH�HQ�HVWD�DWPyVIHUD�VL�HO�FRQWHQLGR�GH�+��HV�PD\RU�R�LJXDO�TXH�HO�GH�&2���

$O�LJXDO�TXH�SDUD�ODV�DWPyVIHUDV�DQWHULRUHV��PXFKR�FRQWHQLGR�GH�+��HQ�OD�PH]FOD�

SURGXFH�XQ�HIHFWR�LQKLELGRU�HQ�OD�VtQWHVLV�GH�+&1��

�

/RV�H[SHULPHQWRV�GH�6WULEOLQJ�\�0LOOHU��������FRQ�&+���&2���+���\�&2����+��

VRQ� UHOHYDQWHV� SDUD� OD� DWPyVIHUD� GH� OD� 7LHUUD� SULPDULD� \�R� VHFXQGDULD� SRU�

GHVJDVDPLHQWR��(VWRV�H[SHULPHQWRV� WDPELpQ�IXHURQ� LPSRUWDQWHV�HQ�HO�PRGHOR�GH�

7LDQ�HW�DO�����������GRQGH�VH�SURSRQH�XQD�DWPyVIHUD�ULFD�HQ�&2��SHUR�FRQ�+��KDVWD�

HO������OD�FXDO�VHUtD�UHOHYDQWH�SDUD�OD�HWDSD�LQLFLDO�GHVSXpV�GH�OD�IRUPDFLyQ�GH�OD�

/XQD���

�

$O� GLVPLQXLU� OD� SURGXFFLyQ� GH� +&1� SRU� GHVFDUJDV� HOpFWULFDV�� VH� SURGXFH�

RWUR�FRPSXHVWR�QLWURJHQDGR��HO�y[LGR�QtWULFR� �12���FRPR�VH�PXHVWUD�HQ� OD� ILJXUD�

���� �&KDPHLGHV� \� :DONHU�� ������� (VWXGLRV� WHyULFRV� VREUH� OD� SURGXFFLyQ� GH�

FRPSXHVWRV� QLWURJHQDGRV� SRU� UHOiPSDJRV� VXJLHUH� TXH� HO� +&1� HV� HO� SURGXFWR�

SULQFLSDO�HQ�DWPyVIHUDV�FRQ�&+���SHUR�TXH�DO�LQFOXLU�R[LJHQR��&2��&2��\�2���HQ�OD�

PH]FOD��OD��SURGXFFLyQ�GH�+&1�GLVPLQX\H�\�HQ�FRQWUDVWH�VH�SURGXFH�HO�12��KDVWD�

OOHJDU�D�VHU�HO�SURGXFWR�SULQFLSDO�HQ�DWPyVIHUDV�GH�&2��X�2���&KDPHLGHV�\�:DONHU��
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�������(Q�HVWH�FiOFXOR�WHyULFR��VH�YDULy�OD�IUDFFLyQ�DWyPLFD�GH�FDUERQR�\�R[tJHQR�

HQ�OD�PH]FOD�FRQ�XQD�SUHVLyQ�GH�����PEDU�PDQWHQLHQGR�FRQVWDQWH�OD�SUHVLyQ�GH�1��

�����EDU��\�+��������EDU���

�

�

)LJXUD�����5HQGLPLHQWRV�WHyULFRV�GH�SURGXFFLyQ�GH�+&1�HQ�DWPyVIHUDV�GH�&+���&2��&2��

\�2���$GDSWDGR�GH�&KDPHLGHV�\�:DONHU���������

�

�

� /D� SURGXFFLyQ� H[SHULPHQWDO� GH� 12� HQ� DWPyVIHUDV� ULFDV� HQ� &2�� VH� KD�

GRFXPHQWDGR� HQ� H[SHULPHQWRV�� GRQGH� VH� VLPXOD� XQ� UHOiPSDJR� FRQ� GHVFDUJDV�

HOpFWULFDV��/HYLQH�DW�DO���������R�PHGLDQWH�XQ�OiVHU�SXOVDGR�GH�1G�<$*��1DYDUUR�

*RQ]iOH]�HW�DO��������D����(Q�DPERV�FDVRV��ORV�UHQGLPLHQWRV�GH�12�VRQ�VLPLODUHV�

LQGHSHQGLHQWHPHQWH�GH� OD� IXHQWH�GH�HQHUJtD�XWLOL]DGD�SDUD�VLPXODU�HO� UHOiPSDJR���
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/D� ILJXUD� ���� PXHVWUD� OD� YDULDFLyQ� HQ� OD� SURGXFFLyQ� GH� 12� HQ� IXQFLyQ� GH� OD�

FRQFHQWUDFLyQ�GH�&2��HQ�XQD�PH]FOD�JDVHRVD�ELQDULD�FRPSXHVWD�SRU�&2��\�1����(O�

UHQGLPLHQWR� GH� 12� HV� EDMR� �������PROpFXODV� -���� HQ� DWPyVIHUDV� GRPLQDGDV� SRU�

&2���!������ VLQ�HPEDUJR��DXPHQWD� UiSLGDPHQWH� �a�u�����PROpFXODV� -���� FRQ�XQ�

SRUFHQWDMH� PD\RU� GH� &2�� �t����� \� VH� PDQWLHQH� FRQVWDQWH� KDVWD�

DSUR[LPDGDPHQWH�������&2����$O�UHGXFLU�HO�FRQWHQLGR�GH�&2��HQ�OD�DWPyVIHUD��HO�

UHQGLPLHQWR�GH�12�VH�UHGXFH�VXEVWDQFLDOPHQWH��������PROpFXODV�-������

�

 
�

)LJXUD�����9DULDFLyQ�HQ�HO� UHQGLPLHQWR�GH�12�SRU� UHOiPSDJRV�HQ� IXQFLyQ�GH� OD� WDVD�GH�

PH]FODGR�GH�&2��HQ�XQD�PH]FOD�GH�&2��\�1���$GDSWDGR�GH�1DYDUUR�*RQ]iOH]�HW�DO��������

D���

� �
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/D� UiSLGD� GHVDSDULFLyQ� GHO� &2�� DWPRVIpULFR� ������� GHVSXpV� GHO� LPSDFWR�

TXH�IRUPy�D�OD�/XQD��FRQGXMR�D�XQD�GLVPLQXFLyQ�QRWDEOH�HQ�OD�SURGXFFLyQ�GH�12�

SRU�UHOiPSDJRV�FRQ�XQD�WDVD�PHQRU�D�������PROpFXODV�-����FRPR�VH�PXHVWUD�HQ�OD�

ILJXUD������ �6LQ�HPEDUJR��EDMR�HVWDV�FRQGLFLRQHV� OD� WHPSHUDWXUD�VXSHUILFLDO�GH� OD�

7LHUUD�VHUtD�PX\�EDMD�\� ORV�RFpDQRV�VH�FRQJHODUtDQ��3DUD�PDQWHQHU� OD�H[LVWHQFLD�

GH� RFpDQRV� VH� KD� SRVWXODGR� TXH� HVWR� VH� KDEUtD� HYLWDGR� FRQ� OD� SUHVHQFLD� GH�

PHWDQR�HQ�OD�DWPyVIHUD�FRQ�QLYHOHV�GH�SRFRV�SSP�D�PLOHV�SSP��7LDQ�HW�DO����������

1R�H[LVWHQ�H[SHULPHQWRV�R�PRGHORV� WHyULFRV�VREUH� OD�SURGXFFLyQ�GH�FRPSXHVWRV�

QLWURJHQDGRV� SRU� UHOiPSDJRV� HQ� DWPyVIHUDV� GRPLQDGDV� FRQ� 1��� SHTXHxDV�

FRQFHQWUDFLRQHV�GH�&2���������\�FRQFHQWUDFLRQHV�WUD]D�GH�&+���d���������

�

(Q�HVWD�LQYHVWLJDFLyQ��VH�H[SORUD�D�SDUWLU�GH�VLPXODFLRQHV�H[SHULPHQWDOHV�OD�

UHOHYDQFLD� TXH� SXGLHURQ� WHQHU� ORV� UHOiPSDJRV� HQ� OD� JHQHUDFLyQ� GH� FRPSXHVWRV�

QLWURJHQDGRV� GH� LPSRUWDQFLD� SUHELyWLFD� EDMR� ODV� FRQGLFLRQHV� DWPRVIpULFDV� GH� OD�

7LHUUD�SULPLWLYD�SRVWHULRU�DO�LPSDFWR�TXH�IRUPy�D�OD�/XQD���

�

�
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&$3Ë78/2�'26�

�

+,3Ï7(6,6�

�

(Q�HVWXGLRV�SUHYLRV�GH� OD�TXtPLFD�GH� UHOiPSDJRV�HQ� OD�7LHUUD�SULPLWLYD�VH�

KDQ�FRQVLGHUDGR�D�ORV�JDVHV�DWPRVIpULFRV�PiV�LPSRUWDQWHV��!����TXH�FRQWULEX\HQ�

HQ� OD� IRUPDFLyQ� GH� ORV� FRPSXHVWRV� QLWURJHQDGRV� QHFHVDULRV� SDUD� HO� RULJHQ� \�

HYROXFLyQ� GH� OD� YLGD�� /DV� DWPyVIHUDV� XWLOL]DGDV� KDQ� YDULDGR� GHVGH� IRUPDV� PX\�

UHGXFLGDV� �1+���&+��� SDVDQGR� SRU� IRUPDV� QHXWUDV� �1���� KDVWD� OOHJDU� D� R[LGDGDV�

�&2�� &2��� GH� QLWUyJHQR� \� FDUERQR�� +DVWD� HO�PRPHQWR� QR� VH� KD� H[SORUDGR� FXDO�

SRGUtD�VHU�OD�DSRUWDFLyQ�GH�HVSHFLHV�D�QLYHO�WUD]D�HQ�OD�IRUPDFLyQ�GH�FRPSXHVWRV�

QLWURJHQDGRV��(Q�HVWH� WUDEDMR��VH�HVWXGLy�FXiO�VHUtD� OD�FRQWULEXFLyQ�GH�SHTXHxDV�

FDQWLGDGHV�GH�PHWDQR� ��������HQ� XQD�DWPyVIHUD� VLPXODGD� GH� OD�7LHUUD�SULPLWLYD�

FRPSXHVWD�SRU�QLYHOHV�d����GH�&2��HQ�1����

�

6H� SODQWHD� FRPR� KLSyWHVLV� H[SHULPHQWDO� TXH� SHTXHxDV� FDQWLGDGHV� GH�

PHWDQR�SXHGHQ�FRQWULEXLU�HQ�OD�IRUPDFLyQ�GH�QXHYRV�FRPSXHVWRV�QLWURJHQDGRV�\�R�

FDPELDU�VXV�UHQGLPLHQWRV�HQ�XQD�DWPyVIHUD�VLPXODGD�GH�OD�7LHUUD�SULPLWLYD���

�

�

�

�
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�&$3Ë78/2�75(6�

�

2%-(7,926�

� �

����2EMHWLYR�*HQHUDO�

�

(VWXGLDU�OD�SURGXFFLyQ�GH�FRPSXHVWRV�QLWURJHQDGRV�SRU�UHOiPSDJRV�HQ�XQD�

DWPyVIHUD�VLPXODGD�GH�OD�7LHUUD�SULPLWLYD�FRPSXHVWD�SRU�QLWUyJHQR��1����GLy[LGR�GH�

FDUERQR��&2���\�SHTXHxDV�FDQWLGDGHV�GH�PHWDQR��&+�����

�

����2EMHWLYRV�3DUWLFXODUHV����

�

x� 'HWHUPLQDU� OD� QDWXUDOH]D� TXtPLFD� GH� ORV� FRPSXHVWRV� QLWURJHQDGRV�

JHQHUDGRV�HQ�XQD�DWPyVIHUD�VLPXODGD�GH�OD�7LHUUD�SULPLWLYD���

�

x� (VWXGLDU� ORV� UHQGLPLHQWRV� GH� ORV� FRPSXHVWRV� QLWURJHQDGRV� YDULDQGR� OD�

HQHUJtD�GH�SXOVR�XWLOL]DGR�SDUD�VLPXODU�ORV�UHOiPSDJRV��

�

x� $QDOL]DU� OD� SURGXFFLyQ� GH� ORV� FRPSXHVWRV� QLWURJHQDGRV� DO� YDULDU� OD�

FRPSRVLFLyQ�TXtPLFD�GH�ODV�DWPyVIHUDV�GH����D�����GH�&2��HQ�QLWUyJHQR�

PROHFXODU�HQ�SUHVHQFLD�GH�QLYHOHV�WUD]D�GH�&+�����D���������

�
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x� ,QWHUSUHWDU�HO�SDSHO�GH�HVWRV�FRPSXHVWRV�QLWURJHQDGRV�DQWHV�\�GHVSXpV�GHO�

RULJHQ�GH�OD�YLGD�\�VX�LPSDFWR�HQ�HO�DPELHQWH�GH�OD�7LHUUD�SULPLWLYD���
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&$3Ë78/2�&8$752�

�

'HVDUUROOR�([SHULPHQWDO��

�

����3UHSDUDFLyQ�GH�OD�DWPyVIHUD�VLPXODGD�GH�OD�7LHUUD�3ULPLWLYD�

�

/RV�JDVHV�TXH�VH�XWLOL]DURQ�SDUD� OD�SUHSDUDFLyQ�GH� OD�DWPyVIHUD�VLPXODGD�

GH� OD�7LHUUD� SULPLWLYD� IXHURQ�1���&2�� \�&+�� GH�DOWD� SXUH]D� ���������� ������� \�

�������� UHVSHFWLYDPHQWH��� DGTXLULGRV� GH� OD� FRPSDxtD� 3UD[DLU� GH� 0p[LFR�� /RV�

JDVHV� VH� HQFXHQWUDQ� FRQWHQLGRV� HQ� WDQTXHV� XELFDGRV� GHQWUR� GH� GRV� FXDUWRV�

HVSHFLDOHV�� VHSDUDGRV� GHO� ODERUDWRULR� SULQFLSDO�� �XQR� SDUD� JDVHV� FRPEXVWLEOHV� \�

Wy[LFRV�\�RWUR�SDUD�JDVHV�QR�Wy[LFRV���&DGD�WDQTXH�HVWi�FRQHFWDGR�D�XQ�UHJXODGRU�

GH�GRV�HWDSDV�FRQ�XQ�ILOWUR�GH� OtQHD��SDUD�SDUWtFXODV�PHQRUHV�D���PP���(VWH�ILOWUR�

HVWi�D�VX�YH]�XQLGR�D�OD�WXEHUtD�GH�DFHUR�LQR[LGDEOH�SRU�PHGLR�GH�OD�FXDO��IOX\H�HO�

JDV�KDFLD�HO�VLVWHPD�GH�PH]FODGR�HQ�GRQGH�VH�SUHSDUD�OD�DWPyVIHUD�VLPXODGD�GH�

OD�7LHUUD�SULPLWLYD��$O� ILQDO�GH�FDGD� OtQHD�H[LVWH�XQD�YiOYXOD� UHVWULFWRUD�GH� IOXMR� OD�

FXDO�LPSLGH�HO�UHWURFHVR�GHO�JDV�KDFLD�HO�WDQTXH�UHVSHFWLYR���

�

/D� DWPyVIHUD� VLPXODGD� VH� SUHSDUy� XWLOL]DQGR� XQD� PH]FODGRUD� GH� JDVHV�

PDUFD�/LQGH�)0�������HTXLSDGD�FRQ�XQ�PHGLGRU�GH�SUHVLyQ�2PHJD�'3������XQ�

PHGLGRU�GH�YDFtR�&RPELWUyQ�&0�����\�XQ�PHGLGRU�GH�WHPSHUDWXUD�2PHJD�'3�����

$GHPiV�FRQVWD�GH�RFKR�FDQDOHV�HOHFWUyQLFRV��ORV�FXDOHV�FRQWURODQ�\�PLGHQ�HO�IOXMR�

PiVLFR�GH�JDV�SRU�PHGLR�GH�FRQGXFWLYLGDG�WpUPLFD��&DGD�FDQDO�HV�XWLOL]DGR�SDUD�
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un gas específico y está conectado por medio de la tubería de acero con el tanque 

respectivo, con un flujo máximo por canal de 20 ml/min y un mínimo de 2 ml/min.  

 

La mezcla de gases es almacenada en un tanque cilíndrico (la bala) de 

acero inoxidable, previamente evacuado al vacío  (8.6u10-3 mbar), de 4 litros de 

capacidad en donde se expandió y terminó de mezclarse la atmósfera simulada 

hasta el momento de su uso (Figura 4.1). Posteriormente, se dejó terminar de 

mezclar por completo dicha atmósfera por 24 horas. Una vez mezclados los 

gases, pasan a través de un tubo de acero inoxidable con una válvula restrictora 

de flujo de seguridad que evita a la mezcla de gases regresar o cambiar de línea.  

 

 

Figura 4.1 Esquema del sistema de preparación de atmósferas simuladas y estándares de 

calibración.  
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(VWH�WDQTXH�FLOtQGULFR�HVWi�FRQHFWDGR�D�XQD�OtQHD�GH�YDFtR�D�WUDYpV�GH�XQD�

WXEHUtD�GH�DFHUR�LQR[LGDEOH��OD�FXDO�SDVD�SRU�XQD�YiOYXOD�QHXPiWLFD�\�OXHJR�SRU�XQ�

WUDQVGXFWRU�2PHJD�3;��������*9��TXH�PLGH�OD�SUHVLyQ�GHO�VLVWHPD��FRQHFWDGR�DO�

PHGLGRU�GH�SUHVLyQ�2PHJD�'3�������3RVWHULRUPHQWH� OD� WXEHUtD� HVWi�XQLGD�D�GRV�

YiOYXODV�GH� IOXMR�PLOLPpWULFR�1XSUR��������66��%05*�\�1XSUR�66��%05*��TXH�

FRQWURODQ�PDQXDOPHQWH�HO�IOXMR�GHO�WDQTXH�D�OD�OtQHD�GH�YDFtR��(O�JDV�IOX\H�GHVSXpV�

D� WUDYpV� GH� XQD� YiOYXOD� GH� OLEHUDFLyQ� TXH� RSHUD� D� ����� PEDU�� $UULED� GH� HVWD�

SUHVLyQ� VH� FLHUUDQ� ODV� YiOYXODV� QHXPiWLFDV� GHWHQLHQGR� HO� IOXMR� GH� ORV� JDVHV� \�

HYLWDQGR�FRQ�HVWR�OD�SRVLEOH�UXSWXUD�GH�OD�OtQHD�GH�YDFtR�� OR�TXH�SRGUtD�RFDVLRQDU�

XQ�DFFLGHQWH���

�

(Q�OD�OtQHD�GH�YDFtR�H[LVWHQ�GRV�GHWHFWRUHV��HO�SULPHUR�HV�GH�YDFtR�PHGLDQR�

�/H\EROG�75�����'1��.)�PRGHOR�������FRQ�ILODPHQWR�GH�WXQJVWHQR��TXH�GHWHFWD�

SUHVLRQHV�GH�KDVWD����u�����PEDU�PLHQWUDV�TXH�HO�VHJXQGR�HV�XQ�GHWHFWRU�GH�DOWD�

SUHVLyQ� �/H\EROG�',� �����PRGHOR� ������ FRQ� XQD� UHSURGXFLELOLGDG� GH� ������ TXH�

GHWHFWD� SUHVLRQHV� GH� ��PEDU� D� �����PEDU�� /D� SUHVLyQ� HV� OHtGD� D� WUDYpV� GH� XQ�

PHGLGRU� GH� SUHVLyQ� &20%,7521� &0� ���� TXH� WLHQH� XQ� VLVWHPD� /H\EROG� SDUD�

KDFHU� XQD� PHGLFLyQ� FRQWLQXD� GH� YDFtR� FRQWURODGR� SRU� XQ� PLFURSURFHVDGRU�� HO�

LQWHUYDOR�HQ�HO�TXH�RSHUD�HV�GH����u������PEDU�D������PEDU��(Q�OD�OtQHD�GH�YDFtR�

H[LVWHQ� OODYHV� GH� WHIOyQ� SDUD� DOWR� YDFtR� ODV� FXDOHV� HVWiQ� FRPSXHVWDV� SRU� WUHV�

HPSDTXHV��R�ULQJ�R�DURVHOOR���(VWDV� OODYHV�SHUPLWLHURQ�HO� OOHQDGR�\� OD�HYDFXDFLyQ�

GHO�UHDFWRU�XWLOL]DGR�DO�HQFRQWUDUVH�OD�OtQHD�FRQHFWDGD�SRU�PHGLR�GH�XQD�PDQJXHUD�

GH�DFHUR�LQR[LGDEOH�JUDGR�����D�XQD�ERPED�GH�YDFtR�GH�SDOHWDV�URWDWRULDV�GH�GRV�
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etapas (Alcatel modelo Pascal 2005 SD). Se utiliza acero que contenga molibdeno 

ya que le da mayor resistencia a productos corrosivos.  La bomba de vacío cuenta 

con velocidad de bombeo de 3.8 m3/h y una presión total de vacío de 2x10-3 mbar 

(Ver Figura 4.2). 

 

 

Figura 4.2 Línea de vacío conectada a un tanque cilíndrico (bala) donde se mezcla la 

atmósfera simulada de la Tierra primitiva.  
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4.2 Sistema de irradiación 

 

Los reactores que se utilizaron fueron matraces esféricos de vidrio Pyrex, 

de aproximadamente 1 litro de capacidad (figura 4.3) a que se les adaptó una llave 

de teflón para alto vacío. Esta llave estaba compuesta por tres empaques arosello 

de FETFE (fluoroelastómero de tetrafluoroetileno), la cual permitió la conexión del 

reactor con la línea de vacío o el sistema acoplado de análisis. Cada reactor se 

evacuó en la línea de vacío a 8.3u10-3 mbar antes de ser llenado, con la presión 

requerida de la mezcla gaseosa simuladora de la atmósfera de la Tierra primitiva. 

Posteriormente el reactor se colocó en la mesa óptica para ser irradiado, como lo 

ilustra la figura 4.3.  

 

 

Figura 4.3 Diagrama de arreglo experimental para la simulación de relámpagos.  
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(O� LQVWUXPHQWR� GH� LUUDGLDFLyQ� IXH� XQ� OiVHU� GH� HVWDGR� VyOLGR� GH� 1G�<$*�

�QHRGLPLR�LWULR�� DOXPLQLR�� JUDQDWH�� �6XUHOLWH� ,,���� &RQWLQXXP��� TXH� HPLWH� XQ� KD]�

SXOVDGR� GH� �� PP� GH� GLiPHWUR� FRQ� XQD� ORQJLWXG� GH� RQGD� GH� ����� PP� \� XQD�

GXUDFLyQ� GH� �� QV�� (VWH� WLSR� GH� OiVHU� SHUPLWH� YDULDU� GLIHUHQWHV� SDUiPHWURV� GH�

LUUDGLDFLyQ�FRPR�VRQ�OD�HQHUJtD�GH�SXOVR�GH���D����P-��OD�IUHFXHQFLD�GH�SXOVR�GH�

��D����+]�� OD�SRWHQFLD�GH�SXOVR�GH���D�����:DWWV�\�HO� WLHPSR�GH�LUUDGLDFLyQ��(VWH�

OiVHU� SURGXFH� XQ� SODVPD� GH� FRUWD� GXUDFLyQ� ��� ���� PV��� DOWDV� WHPSHUDWXUDV�

�t������q&��\�HOHYDGDV�SUHVLRQHV�TXH�JHQHUDQ�XQD�RQGD�GH�FKRTXH�DO�FRQWDFWR�

FRQ� OD�DWPyVIHUD�FLUFXQGDQWH��VLPXODQGR�DO� IHQyPHQR�TXH�RFXUUH�HQ�HO�FDQDO�GHO�

UHOiPSDJR��)LJXUD��������

�

�

)LJXUD�����3ODVPD�JHQHUDGR�HQ�HO�UHDFWRU�GH�OD�DWPyVIHUD�GH�OD�7LHUUD�SULPLWLYD�FRQ�HO�

OiVHU�GH�1G�<$*��
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(O�GHWHFWRU�GH�HQHUJtD�\�SRWHQFLD�HV�XQ�/DEPDVWHU�8OWLPD�GH�&RKHUHQW��DO�

FXDO� VH� OH� FRQHFWy� XQD� FDEH]D� GHWHFWRUD� GH� FHUiPLFD� PRGHOR� /0�3��� GH�

&RKHUHQW���

�
�

7DEOD������&DUDFWHUtVWLFDV�WpFQLFDV�GH�OD�FDEH]D�GHWHFWRUD�/0�3���&RKHUHQW���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

(O�KD]�GH� OiVHU�HV�GLUHFFLRQDGR�SRU�HVSHMRV�SODQRV�KDFLD�HO� UHDFWRU��3DUD�

UHDOL]DU�OD�GHWHUPLQDFLyQ�GH�OD�HQHUJtD�GHO�KD]��XQD�IUDFFLyQ�GH�OX]�VH�GHVYtD�SRU�

XQ� GLYLVRU� KDFLD� OD� SULPHUD� FDEH]D� GHWHFWRUD� �)LJXUD� ������ (O� UHVWR� GHO� KD]� VH�

HQIRFD�SRU�HO�OHQWH�SODQR�FRQYH[R����FP�GH�GLVWDQFLD�IRFDO��KDFLD�HO�UHDFWRU�GRQGH�

5HVSXHVWD�HVSHFWUDO� �����D����PP�

3UHFLVLyQ� r��������D������PP�

� r��������D����PP�

7DPDxR�GH�DSHUWXUD� �����PP�

3RWHQFLD�PHGLD�Pi[LPD� ���ZDWWV�

(QHUJtD�Pi[LPD�GH�SXOVR� ���-���PVHF�SXOVR�

� �����-����QVHF�SXOVR�

0i[LPD�GHQVLGDG�GH�HQHUJtD� �����-�FP��

0tQLPR�GH�HQHUJtD�D�JUDQ�HVFDOD� �P-�/0�����P-���)0�

5HVROXFLyQ�PtQLPD�GH�HQHUJtD� ����P-�

(QIULDPLHQWR� &RQYHFFLyQ�

7LSR�GH�VHQVRU� &ULVWDOLQR�SLURHOpFWULFR�

7DVD�GH�UHSHWLFLyQ�GH�SXOVR�Pi[LPR� ���SXOVR�SRU�VHJXQGR��SSV��

$QFKR�GH�SXOVR�Pi[LPR� ���PVHF�

(QHUJtD�Pi[LPD�GHWHFWDEOH� ����P-���/0������P-���)0�
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VH� SURGXFH� HO� SODVPD�� $� �� FP� GHO� UHDFWRU� VH� HQFXHQWUD� XQD� VHJXQGD� FDEH]D�

GHWHFWRUD�TXH�PLGH�OD�FDQWLGDG�GH�HQHUJtD�GHO�KD]�TXH�QR�HV�XWLOL]DGD��/D�HQHUJtD�

GLVLSDGD� �(G��GHQWUR�GHO� UHDFWRU� VH�GHWHUPLQD�SRU�PHGLR�GH� OD�GLIHUHQFLD�HQWUH� OD�

HQHUJtD�GHWHFWDGD�SRU�DPEDV�FDEH]DV��FRPR�VH�LOXVWUD�HQ�OD�ILJXUD�������

�

���� ([SHULPHQWRV� UHDOL]DGRV� FRQ� OD� DWPyVIHUD� VLPXODGD� GH� OD� 7LHUUD�

SULPLWLYD��

�

/RV�H[SHULPHQWRV� UHDOL]DGRV�FRQ� OD�DWPyVIHUD� VLPXODGD�GH� OD�7LHUUD�SULPLWLYD�

VH�OOHYDURQ�D�FDER�HQ���IDVHV���

�

)DVH� ��� (VWD� HWDSD� FRQVLVWLy� HQ� OD� LGHQWLILFDFLyQ� GH� ORV� FRPSXHVWRV�

QLWURJHQDGRV�JHQHUDGRV�DO�LUUDGLDU�XQD�PH]FOD�FRQ�DOWDV�FRQFHQWUDFLRQHV�GH�&2��

������ \�&+�� �������HQ�1�� FRQ�HO� REMHWLYR� GH�PD[LPL]DU� ORV� UHQGLPLHQWRV�GH� ORV�

SURGXFWRV��(VWD�PH]FOD�VH�LUUDGLy�FRQ�GLIHUHQWHV�WLHPSRV�GH�H[SRVLFLyQ�OiVHU��������

���������������\����PLQXWRV��FRQ�XQD�HQHUJtD�GH�SXOVR�GH�����P-�\�IUHFXHQFLD�GH�

���+]���

�

)DVH����3DUD�LGHQWLILFDU�FXiO�HUD�OD�HQHUJtD�ySWLPD�GHO�OiVHU�HQ�OD�SURGXFFLyQ�GH�

ORV�FRPSXHVWRV�QLWURJHQDGRV��VH�YDULy� OD�HQHUJtD�GH�SXOVR�GHO� OiVHU�GH�1G�<$*��

6H�SUHSDUy�XQD�DWPyVIHUD�VLPXODGD�GH�OD�7LHUUD�SULPLWLYD�FRQ�FRQFHQWUDFLRQHV�GH�

�����&+�������GH�&2��HQ�1���(O�UHDFWRU�IXH�OOHQDGR�D�XQD�SUHVLyQ�GH������PEDU��

(Q�HVWH�FDVR��VH�YDULy� OD�HQHUJtD�GLVLSDGD�SRU�SXOVR�GHO� ODVHU�GHVGH����P-������
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P-������P-������P-������P-������P-������P-�\�����P-��(O�WLHPSR�GH�LUUDGLDFLyQ�

IXH�GH����PLQXWRV��(Q� WRGRV� ORV�H[SHULPHQWRV�VH�HOLJLy� WUDEDMDU�D�XQD�IUHFXHQFLD�

GH� ��+]�� GHELGR� D� TXH� HQ� HVWH� YDORU� HO� HTXLSR� RSHUD� DO� Pi[LPR� HV� GHFLU�� VH�

SURGXFH�XQD�PD\RU�HQHUJtD�HQ�XQ�PHQRU�WLHPSR���

�

)DVH����(VWD�HWDSD�FRQVLVWLy�HQ�HVWXGLDU�OD�YDULDFLyQ�GH�ORV�UHQGLPLHQWRV�GH�ORV�

FRPSXHVWRV�QLWURJHQDGRV�HQ���WLSRV�GH�DWPyVIHUDV��(VWDV�DWPyVIHUDV�SUHVHQWDEDQ�

GLIHUHQWHV�FRQFHQWUDFLRQHV�GH�&+�����������\���������\�&2�����D������HQ�1���9HU�

DQH[R�&���6H� OOHQy�FDGD� UHDFWRU�FRQ� ODV�GLIHUHQWHV�DWPyVIHUDV�VLPXODGDV�D������

PEDU�\�FDGD�XQD�IXH�LUUDGLDGD�FRQ�YDULDFLRQHV�HQ�HO�WLHPSR�GH�H[SRVLFLyQ�DO�OiVHU�

����������������������\����PLQXWRV���/D�HQHUJtD�GLVLSDGD�SRU�SXOVR�IXH�GH�����P-�\�

OD�IUHFXHQFLD�GH�LUUDGLDFLyQ�GH����+]���

�

����$QiOLVLV�FXDOLWDWLYR�

�

/DV� LUUDGLDFLRQHV� WLSR� UHOiPSDJR� HQ� OD� DWPyVIHUD� VLPXODGD� GH� OD� 7LHUUD�

SULPLWLYD�JHQHUDQ�FRPSXHVWRV�JDVHRVRV�ORV�FXDOHV�VRQ�VXVFHSWLEOHV�GH�SRGHU�VHU�

VHSDUDGRV� H� LGHQWLILFDGRV� SRU� PpWRGRV� DFRSODGRV� GH� DQiOLVLV�� FRPR� OD�

FURPDWRJUDItD�GH�JDVHV�\�HVSHFWURPHWUtD�GH�PDVDV���

�

(O� VLVWHPD� GH� VHSDUDFLyQ� XWLOL]DGR� IXH�XQ� FURPDWyJUDIR� GH� JDVHV� �$JLOHQW�

7HFKQRORJLHV� ����$�*&�V\VWHP���(O� FXDO� FRQVWD� GH�XQ� VLVWHPD�GH� LQ\HFFLyQ�GH�

JDVHV�DXWRPiWLFR�GH���SXHUWRV��XQLGR�D�XQ�FLUFXLWR�GH� LQ\HFFLyQ�GH��PO�� FRQ�XQ�
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GLYLVRU�GH�IOXMR��(O�VLVWHPD�GH�LQWURGXFFLyQ�GH�PXHVWUD�GHO�FURPDWyJUDIR�GH�JDVHV�

VH�FDOLHQWD�D����q&��/D�FROXPQD�HV�XQ�&3�3RUDERQG4�FDSLODU�GH�VtOLFH�IXQGLGD�GH�

���PHWURV�GH�ORQJLWXG�SRU������PP�GH�GLiPHWUR�LQWHUQR�\�XQ�JURVRU�GH�SHOtFXOD�GH�

�� PP� �FRSRSROLPHUR� GH� HVWLUHQR�GLYLQLOEHQFHQR��� /D� VHSDUDFLyQ� VH� UHDOL]D�

PHGLDQWH�XQ�SURJUDPD�GH� WHPSHUDWXUD�HVWDEOHFLGR�FRPR�VLJXH�� LVRWHUPD�D���q&�

SRU� ��PLQXWRV�� XQD� UDPSD� GH� ��q&� SRU�PLQXWR� KDVWD� ���q&� \� OXHJR� LVRWHUPD� D�

���q&� KDVWD� FRPSOHWDU� XQ� WLHPSR� GH� DQiOLVLV� GH� ��� PLQ�� 6H� XWLOL]y� FRPR� JDV�

DFDUUHDGRU�HO�KHOLR��+H��JUDGR�FURPDWRJUiILFR��D�����PO�PLQ��SRU�OR�TXH�OD�UHODFLyQ�

GH� LQ\HFFLyQ� GH� IOXMR� HV� GH� ������� 6H� XWLOL]y� HVWH� JDV� GHELGR� D� VX� DOWD� SXUH]D�

����������� TXH� HV� LQHUWH�� WLHQH� XQD� EDMD� YLVFRVLGDG�� EDMR� SHVR�PROHFXODU�� EDMR�

FRHILFLHQWH� GH� GLIXVLyQ� \� VREUH� WRGR� XQ� DOWR� SRWHQFLDO� GH� LRQL]DFLyQ�� (O�

FURPDWyJUDIR�GH�JDVHV�HVWi�FRQHFWDGR�D�XQ�GHWHFWRU��TXH�HV�XQ�HVSHFWUyPHWUR�GH�

PDVDV��SRU�PHGLR�GH�XQD�LQWHUIDFH�TXH�VH�FDOLHQWD�D����q&���

�

(O� HVSHFWUyPHWUR� GH� PDVDV� HV� GH� WLSR� FXDGUXSROR� �$JLOHQW� 7HFKQRORJLHV�

����&� LQHUW�;/�(/�&,�06'�FRQ�XQ�GHWHFWRU�7ULSOH�$[LV��RSHUDGR�HQ�HO�PRGR�GH�

LPSDFWR� HOHFWUyQLFR� D� ��� H9�� FRQ� XQ� LQWHUYDOR� HVSHFWUDO� GH� ��� D� ����P�]� \� XQD�

UHVROXFLyQ�GH���XPD��/D� LGHQWLILFDFLyQ�GH� ORV�FRPSXHVWRV�VH�UHDOL]y�HQ�PRGR�GH�

EDUULGR�GH�PDVDV��6&$1��D�SDUWLU�GH� OD�FRPSDUDFLyQ�GH� ORV�HVSHFWURV�GH�PDVDV�

REWHQLGRV� FRQWUD� HVSHFWURV� FRQWHQLGRV� HQ� OD� ELEOLRWHFD� HOHFWUyQLFD� 1,67� �:LOH\�

������ $GHPiV�� VH� YHULILFD� SRU� PHGLR� GH� PHFDQLVPRV� GH� IUDJPHQWDFLyQ� TXH� OD�

HVWUXFWXUD� SURSXHVWD� SXHGD� SURGXFLU� ORV� LRQHV� PD\RULWDULRV� �P�]�� TXH� SURGXFHQ�

VHxDO�HQ�HO�HVSHFWUR�GH�PDVDV�GHO�FRPSXHVWR�HQ�FXHVWLyQ���
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����$QiOLVLV�FXDQWLWDWLYR��

�

3DUD� UHDOL]DU� HO� DQiOLVLV� FXDQWLWDWLYR� GH� ORV� JDVHV� REWHQLGRV� DO� LUUDGLDU� OD�

DWPyVIHUD�VLPXODGD�GH� OD�7LHUUD�SULPLWLYD�� VH� UHDOL]DURQ�FXUYDV�GH�FDOLEUDFLyQ�GH�

y[LGR�QtWULFR�\�y[LGR�QLWURVR���

�

3DUD�OD�UHDOL]DFLyQ�GH�ODV�FXUYDV�GH�FDOLEUDFLyQ�VH�XWLOL]DURQ���UHDFWRUHV�GH�EROD�

GH�3\UH[�FRQ�OODYH�GH�SDVR�SDUD�DOWR�YDFtR�PDUFD�$&(�*ODVV�FRQ�WDSyQ�GH�7HIOyQ�

\�DUR�VHOORV�GH�)(7)(�TXH�VHOOD�OD�VDOLGD�GHO�UHDFWRU�FRQ�WHIOyQ��PRGHOR�����������

R�)(7)(��PRGHOR������������3DUD�GLVWLQJXLU�FDGD�UHDFWRU�VH�QRPEUDURQ�$��%��&�\�

'��3DUD�GHWHUPLQDU�HO�YROXPHQ�GHO�UHDFWRU�XWLOL]DGR��VH�HYDFXy�GLFKR�UHDFWRU�HQ�OD�

OtQHD�GH�YDFtR�D��u�����PEDU�\�VH�SHVy�FRQ�XQD�EDODQ]D�DQDOtWLFD��PDUFD�2KDXV��

PRGHOR� *7���� FRQ� XQ� SUHFLVLyQ� GH� ����� J� \� FDSDFLGDG� Pi[LPD� GH� ���� J��

3RVWHULRUPHQWH�VH�OOHQy�SRU�PHGLR�GH�OD�OtQHD�GH�YDFtR�D������PEDU�FRQ�QLWUyJHQR�

�SXUH]D�GH���������3UD[DLU��\�VH�SHVy��/D�GLIHUHQFLD�GH�PDVDV�YD�D�VHU�LJXDO�D�OD�

PDVD�GHO�1��GHQWUR�GHO�UHDFWRU��FRQ�OR�TXH�HO�YROXPHQ�GH�GLFKR�UHDFWRU�VH�FDOFXOy�

FRQ� OD� HFXDFLyQ� GH� ORV� JDVHV� LGHDOHV� \� VH� REWXYR� XQ� YDORU� GH� YROXPHQ� LJXDO� D�

������r������OLWURV�D�XQD�WHPSHUDWXUD�GH���q&���

�

3DUD� OD� FXUYD� GH� FDOLEUDFLyQ� GH� y[LGR� QtWULFR� �12�� VH� XWLOL]DURQ� GRV�PH]FODV�

FHUWLILFDGDV�GH�HVWH�JDV�GH�����\������SSP��UHVSHFWLYDPHQWH�FRQ�XQ�EDODQFH�HQ�

QLWUyJHQR��3DUD�OD�PH]FOD�GH�����SSP�VH�UHDOL]DURQ�ODV�VLJXLHQWHV�GLOXFLRQHV�������

SSP�� ��� SSP�� ��� SSP�� ��� SSP� \� ���� SSP�� 3DUD� OD� PH]FOD� GH� ����� SSP� VH�
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KLFLHURQ� ODV� VLJXLHQWHV� GLOXFLRQHV�� ����� SSP�� ����� SSP�� ���� SSP�� ����� SSP� \�

�����SSP��(Q�WRGRV�ORV�FDVRV�VH�GLOX\y�FRQ�1���3XUH]D���������3UD[DLU���

�

3DUD� OD� UHDOL]DFLyQ�GH� OD� FXUYD�GH� FDOLEUDFLyQ�SDUD�HO� y[LGR�QLWURVR� �1�2��� VH�

XWLOL]y� XQD� PH]FOD� FHUWLILFDGD� GH� ����� SSP� FRQ� XQ� EDODQFH� HQ� QLWUyJHQR�� 6H�

UHDOL]DURQ�ODV�VLJXLHQWHV�GLOXFLRQHV������SSP������SSP������SSP�\������SSP���

�

(O�WDQTXH�FLOtQGULFR��EDOD��VH�OOHQy�FRQ�VXV�UHVSHFWLYDV�PH]FODV�GH�OD�FXDOHV�VH�

WRPDURQ�PXHVWUDV�D������PEDU������PEDU������PEDU�\�����PEDU��&DGD�PXHVWUD�

GH� 12� \� 1�2�� VH� LQ\HFWy� HQ� HO� VLVWHPD� DFRSODGR� GH� DQiOLVLV� \� VH� REWXYR� VX�

UHVSHFWLYR�FURPDWRJUDPD�FRQ�iUHDV�GH�SLFR�HVSHFtILFR�SDUD�FDGD�XQR��(O� WLHPSR�

GH� UHWHQFLyQ� SDUD� HO� y[LGR� QtWULFR� \� y[LGR� QLWURVR� IXH� GH� ������ \� ������

UHVSHFWLYDPHQWH��

�

� /D� ILJXUD� ���� PXHVWUD� OD� FXUYD� GH� FDOLEUDFLyQ� SDUD� HO� y[LGR� QtWULFR� HQ� XQ�

UDQJR�GH�FRQFHQWUDFLRQHV�GH���D������SSP��/RV�SXQWRV�HQ�FRORU�D]XO�PXHVWUDQ�ODV�

FRQFHQWUDFLRQHV�GH�12�TXH�VH�JHQHUDURQ�XWLOL]DQGR�XQD�PH]FOD�GH�����SSP�GH�

12�PLHQWUDV�TXH�ORV�SXQWRV�URMRV�VRQ�ORV�JHQHUDGRV�FRQ� OD�PH]FOD�GH������SSP�

GH�12�� 6H� SXHGH� REVHUYDU� XQD� H[FHOHQWH� FRUUHODFLyQ� HQWUH� ODV� FRQFHQWUDFLRQHV�

JHQHUDGDV�FRQ�ODV�GRV�PH]FODV��/D�OtQHD�QHJUD�VyOLGD�PXHVWUD�OD�UHJUHVLyQ�OLQHDO�

PLHQWUDV�TXH�ODV�OtQHDV�QR�FRQWLQXDV�PXHVWUDQ�HO�UDQJR�GH�FRQILDQ]D�GH�ORV�GDWRV�

DO� ����� (O� FRHILFLHQWH� GH� FRUUHODFLyQ� �5��� SDUD� OD� OtQHD� UHFWD� IXH� GH� ����� \� OD�
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SHQGLHQWH� IXH�GH������ �r�������u�����/D� WDEOD�����PXHVWUD� ORV�GDWRV�HVWDGtVWLFRV�

REWHQLGRV�SDUD�OD�FXUYD�GH�FDOLEUDFLyQ�GHO�y[LGR�QtWULFR��

�

�

)LJXUD�����&XUYD�GH�FDOLEUDFLyQ�GHO�y[LGR�QtWULFR����

�

�

�
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7DEOD������'DWRV�HVWDGtVWLFRV�SDUD�ODV�FXUYDV�GH�FDOLEUDFLyQ��

�

� 12� 1�2� &+�12��

3HQGLHQWH��P�� ����u���� ����u���� ����u����

2UGHQDGD�DO�RULJHQ�

�E��

�� �� ��

&RHILFLHQWH�GH�

FRUUHODFLyQ��5���

������ ������ ��

1R��'H�GDWRV� ��� ��� ��

1LYHO�GH�FRQILDQ]D� ���� ���� ��

*UDGRV�GH�OLEHUWDG�

�Q����

��� ��� ��

,QWHUYDOR�GH�

FRQILDQ]D�SDUD�OD�

SHQGLHQWH�

r���u���� r���u���� r���u����

/tPLWH�GH�GHWHFFLyQ�

�SSP��

��� ��� ��

/tPLWH�GH�GHWHFFLyQ�HV�GRV�YHFHV�HO�QLYHO�GH�UXLGR���

�

�

/D� ILJXUD� ����PXHVWUD� OD� FXUYD� GH� FDOLEUDFLyQ� SDUD� HO� y[LGR� QLWURVR� HQ� XQ�

UDQJR� GH� FRQFHQWUDFLRQHV� GH� ������� SSP�� 6H� SXHGH� REVHUYDU� XQD� H[FHOHQWH�

FRUUHODFLyQ�HQWUH�ODV�FRQFHQWUDFLRQHV�JHQHUDGDV��/D�OtQHD�QHJUD�VyOLGD�PXHVWUD�OD�

UHJUHVLyQ� OLQHDO� PLHQWUDV� TXH� ODV� OtQHDV� QR� FRQWLQXDV� PXHVWUDQ� HO� UDQJR� GH�

FRQILDQ]D�GH�ORV�GDWRV�DO������(O�FRHILFLHQWH�GH�FRUUHODFLyQ��5���SDUD�OD�OtQHD�UHFWD�

IXH�GH�������\� OD�SHQGLHQWH� IXH�GH� ����� �r�������u�����/D� WDEOD�����PXHVWUD� ORV�

GDWRV�HVWDGtVWLFRV�REWHQLGRV�SDUD�OD�FXUYD�GH�FDOLEUDFLyQ�GHO�y[LGR�QLWURVR���

�

�
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Figura 4.6 Curva de calibración del óxido nitroso.   

 

 

El corte transversal de ionización por impacto electrónico, denominado con 

el símbolo V, es una medida de la probabilidad que ocurra un proceso de 

ionización de un átomo o una molécula cuando interactúa con electrones 

generados por la fuente de ionización del espectrómetro de masas. Para el caso 

del óxido nítrico, una molécula compuesta por un átomo de nitrógeno y otra de 

oxígeno, este valor es de 2.807 Å2 (1 Å2 = 10-20  m2) a 70 eV (Afeefy et al., 2014). 

La distancia interatómica del NO es de 115 pm (picometro = 1 x 10-12 m) (Ver 

figura 4.7). Para el caso de óxido nitroso, una molécula compuesta de dos átomos 
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GH� QLWUyJHQR� \� XQ� iWRPR� GH� R[tJHQR�� OD� GLVWDQFLD� LQWHUDWyPLFD� HV� PD\RU�

FRUUHVSRQGLHQGR�D�XQ�YDORU�GH�������SP��9HU�ILJXUD��������$O�VHU�XQD�PROpFXOD�PiV�

JUDQGH�� VX� FRUWH� WUDQVYHUVDO� GH� LRQL]DFLyQ� SRU� LPSDFWR� HOHFWUyQLFR� HV� PD\RU�

FRUUHVSRQGLHQGR� D� XQ� YDORU� GH� ������ � c�� D� ��� H9� �$IHHI\�HW� DO��� ������� � 3RU� OR�

WDQWR�� OD� UHVSXHVWD�REWHQLGD�HQ�HO�HVSHFWUyPHWUR�GH�PDVDV�SDUD�HO�y[LGR�QLWURVR�

GHEH�VHU�SURSRUFLRQDOPHQWH�PD\RU�TXH�SDUD�HO�y[LGR�QtWULFR���

�

�

�

)LJXUD�����(VWUXFWXUDV�TXtPLFDV�GH��y[LGR�QtWULFR�\�QLWURVR��

�

�

6L�WRPDPRV�HO�FRFLHQWH�GH�ORV�FRUWHV�WUDQVYHUVDOHV�SRU�LPSDFWR�HOHFWUyQLFR�

�V��GH�y[LGR�QLWURVR�VREUH�y[LGR�QtWULFR�HO�UHVXOWDGR�HV�GH������

�

V1�2���V12� ��������������� �����

�
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(O�YDORU�REWHQLGR�H[SHULPHQWDOPHQWH�HQ�HO�HVSHFWUyPHWUR�GH�PDVDV�SDUD�OD�FXUYD�

GH�FDOLEUDFLyQ�GH�y[LGR�QLWURVR��P1�2��HQ�UHODFLyQ�FRQ�OD�GH�y[LGR�QtWULFR��P12��

IXH�GH���

�

P1�2���P12� �����u���������u����� ������

�

(VWH� FRFLHQWH� HV� PX\� SDUHFLGR� DO� UHVXOWDGR� HVSHUDGR� SRU� HO� FRUWH�

WUDQVYHUVDO� SRU� LPSDFWR� HOHFWUyQLFR�� 3RU� OR� TXH�� VL� QR� KXELpUDPRV� FRQWDGR� FRQ�

y[LGR�QLWURVR�HQ�HO� ODERUDWRULR�SDUD�FRQVWUXLU�VX�FXUYD�GH�FDOLEUDFLyQ�VROR�KXELHUD�

VLGR�QHFHVDULR�PXOWLSOLFDU�OD�FXUYD�GH�FDOLEUDFLyQ�REWHQLGD�SDUD�HO�y[LGR�QtWULFR�SRU�

HO�FRFLHQWH�V1�2�V12��

�

�P12��u��V1�2���V12�� �������u������u����������������� �����u����

�

(O�YDORU�REWHQLGR�H[SHULPHQWDOPHQWH� IXH�GH�����u�����XQ�YDORU�PX\�FHUFDQR�D� OR�

HVSHUDGR���

�

1R�VH�SXGR�UHDOL]DU�XQD�FXUYD�GH�FDOLEUDFLyQ�SDUD�HO�QLWURPHWDQR��&+�12����

\D�TXH�HV�XQ�OtTXLGR�FRQ�XQD�SUHVLyQ�GH�YDSRU�GH����PEDU�D�����q&�SRU�OR�TXH�DO�

LQ\HFWDUOR�DO�FURPDWyJUDIR�GH�JDVHV�\�HVSHFWUyPHWUR�GH�PDVDV��HO�HTXLSR�TXHGDED�

LPSUHJQDGR� SRU� HVWH� FRPSXHVWR� GXUDQWH� YDULRV� GtDV�� FRQWDPLQiQGROR�� (O�

QLWURPHWDQR�HV�XQD�PROpFXOD�PiV�JUDQGH�FRPSXHVWD�SRU�XQ�iWRPR�GH�QLWUyJHQR����

iWRPRV�GH�R[tJHQR����iWRPR�GH�FDUERQR�\���iWRPRV�GH�KLGUyJHQR��9HU�ILJXUD�������
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Por lo cual calculamos cual sería la respuesta de la curva de calibración de 

nitrometano tomando en consideración que el corte transversal de ionización por 

impacto electrónico para el nitrometano es de ~6.8(r15%) Å2 (Jiao et al., 2003): 

 

mCH3NO2 = (mNO) x (VCH3NO2 / VNO) = (1.26u104) u (6.8/2.807) = 3.05u104 

 

 

 

Figura 4.8 Estructura química de nitrometano. 
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/D�WDEOD�����UHVXPH�ORV�YDORUHV�FDOFXODGRV�SDUD�OD�SHQGLHQWH�GH�XQD�FXUYD�

GH�FDOLEUDFLyQ�KLSRWpWLFD�GH�QLWURPHWDQR�EDVDGR�HQ�OD�UHVSXHVWD�GH�12���

�

3DUD� FDOFXODU� HO� Q~PHUR� GH� PROpFXODV� �1P�� GH� y[LGRV� GH� QLWUyJHQR� �F��

VLQWHWL]DGDV� SRU� UHOiPSDJRV� VLPXODGRV� HQ� HO� ODERUDWRULR� XWLOL]DPRV� OD� VLJXLHQWH�

IRUPXOD��TXH�VH�EDVD�HQ�OD�HFXDFLyQ�GH�JDVHV�LGHDOHV�\�HO�Q~PHUR�GH�$YRJDGUR��

�

������������������������3�u�F�u�9�u�1$��

��������1P�F ����������������������������

�������������������������5�u�7��

(Q�GRQGH��

F ��Ï[LGRV�GH�QLWUyJHQR��12��1�2�\�&+�12���

1P �1~PHUR�GH�PROpFXODV�GHO�FRPSRQHQWH�F�

3 ��3UHVLyQ�WRWDO�GHO�UHDFWRU�������PEDU���

F �&RQFHQWUDFLyQ�GHO�FRPSRQHQWH��F�HQ�SSP��

9 �9ROXPHQ�GHO�UHDFWRU�XWLOL]DGR��������r������OLWURV��

1$ ���������u�����PROpFXODV�PRO��Q~PHUR�GH�$YRJDGUR���

5 �����������PEDU�u�/�u�PRO���u�.����FRQVWDQWH�GH�ORV�JDVHV�LGHDOHV��

7 �7HPSHUDWXUD�D�OD�FXDO�VH�UHDOL]D�HO�H[SHULPHQWR�HQ�.����q&�����������

�

�
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&$3Ë78/2�&,1&2�

�

�5(68/7$'26�<�',6&86,Ï1�

�

3DUD�XQD�PHMRU�GLVFXVLyQ�\�FRPSUHQVLyQ�GH�ORV�UHVXOWDGRV�VH�SUHVHQWDQ�HQ�

WUHV� HWDSDV�� /D� HWDSD� �� FRUUHVSRQGLy� D� OD� LGHQWLILFDFLyQ� GH� ORV� SURGXFWRV�

QLWURJHQDGRV�JHQHUDGRV�SRU� UHOiPSDJRV�HQ�XQD�DWPyVIHUD�VLPXODGD�GH� OD�7LHUUD�

SULPLWLYD��/D�HWDSD���FRQVLVWLy�HQ�OD�GHWHUPLQDFLyQ�GH�ORV�UHQGLPLHQWRV�Pi[LPRV�GH�

ORV� SURGXFWRV�QLWURJHQDGRV�JHQHUDGRV�� /D�HWDSD��� FRQVLVWLy� HQ� OD� GHWHUPLQDFLyQ�

GH�ORV�UHQGLPLHQWRV�HQHUJpWLFRV�GH�ORV�SURGXFWRV�QLWURJHQDGRV�HQ�DWPyVIHUDV�FRQ�

����������\������GH�&+���$�FRQWLQXDFLyQ�VH�GLVFXWH�FDGD�XQD��

�

(WDSD�,�

�

�� (Q� HVWD� HWDSD�� VH� LGHQWLILFDURQ� ORV� SURGXFWRV� JHQHUDGRV� SRU� GHVFDUJDV�

HOpFWULFDV�WLSR�UHOiPSDJR�HQ�XQD�DWPyVIHUD�GH�OD�7LHUUD�SULPLWLYD��'LFKD�DWPyVIHUD�

HVWXYR�FRPSXHVWD�SRU�����&2��������&+��HQ�QLWUyJHQR��D�OD�FXDO�VH�OH�HQIRFy�HO�

KD]� GH� OiVHU� SXOVDGR� GH� 1G�<$*� �ILJXUD� ������ (VWH� OiVHU� WHQtD� XQD� HQHUJtD� GH�

SXOVR� GH� ���� P-� OD� FXDO� JHQHUy� XQ� SODVPD� FDOLHQWH� FRQ� WHPSHUDWXUDV� GH�

DSUR[LPDGDPHQWH�������q&��6REUDO�HW�DO�����������

�

&RQ�HO� ILQ�GH�DFXPXODU�XQD�FDQWLGDG�VXILFLHQWH�GH�SURGXFWRV�\� IDFLOLWDU� ORV�

SURFHVRV� GH� LGHQWLILFDFLyQ� GH� OD� PXHVWUD�� OD� LUUDGLDFLyQ� GH� pVWD� IXH� SURORQJDGD�
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H[SRQLpQGRVH�FRQ�XQ�WLHPSR�WRWDO�GH����PLQXWRV��/D�PXHVWUD�IXH� LQ\HFWDGD�D�XQ�

VLVWHPD�GH�FURPDWRJUDItD�GH�JDVHV�DFRSODGR�D�XQ�HVSHFWUyPHWUR�GH�PDVDV�SDUD�

VX�DQiOLVLV��ILJXUD��������

�

�

�

)LJXUD�����6LVWHPD�H[SHULPHQWDO�SDUD�OD�VLPXODFLyQ�GH�UHOiPSDJRV�LQGXFLGR�SRU�XQ�OiVHU�

GH�1G�<$*��
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�

)LJXUD� ���� (TXLSR� DQDOtWLFR� FRPSXHVWR� SRU� XQ� FURPDWyJUDIR� GH� JDVHV� DFRSODGR� D� XQ�

HVSHFWUyPHWUR�GH�PDVDV�FRQ�YiOYXOD�DXWRPiWLFD�SDUD�HO�PXHVWUHR�GH�JDVHV��

�

�

/D�ILJXUD�����PXHVWUD�XQ�FURPDWRJUDPD�GH�LRQHV�WRWDOHV���������P�]��GH�XQ�

EODQFR�\�GH�OD�PXHVWUD�LUUDGLDGD��6H�SXHGH�REVHUYDU�OD�VHSDUDFLyQ�FURPDWRJUiILFD�

GH�GRV�SLFRV�SHUR�QR�VH�SXHGH�GLVWLQJXLU�QLQJXQD�GLIHUHQFLD�HQWUH�HO�EODQFR��$��\�OD�

PXHVWUD� LUUDGLDGD� �%��� 3RU� VXV� HVSHFWURV� GH� PDVDV�� HO� SLFR� �� FRQWLHQH�

SULQFLSDOPHQWH�QLWUyJHQR�PLHQWUDV�TXH�HO�SLFR�GRV�HVWi�FRPSXHVWR�SULQFLSDOPHQWH�

SRU�GLy[LGR�GH�FDUERQR��(O�SLFR����WLHQH�XQ�WLHPSR�GH�UHWHQFLyQ�GH�������PLQXWRV�

PLHQWUDV�TXH�HO�SLFR����HV�GH�������PLQXWRV��(VWRV�GRV�FRPSXHVWRV�VRQ�QXHVWUD�

PDWHULD�SULPD�TXH�FRQIRUPD�D�OD�DWPyVIHUD�VLPXODGD�GH�OD�7LHUUD�SULPLWLYD��7RGDV�

ODV�RWUDV�DWPyVIHUDV�LQYHVWLJDGDV�WXYLHURQ�HO�PLVPR�SDWUyQ�GH�VHSDUDFLyQ���
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�

�

)LJXUD� ���� &URPDWRJUDPD� GH� LRQHV� WRWDOHV� GH� XQD� DWPyVIHUD� FRQ� \� VLQ� LUUDGDFLyQ�

FRPSXHVWD�SRU�����&2��������&+��HQ�QLWUyJHQR��3LFR����1��\�&+��\�3LFR����&2����

�
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�

)LJXUD� ���� &URPDWRJUDPD� GH� LRQHV� VHOHFWLYRV� GH� XQD� DWPyVIHUD� FRQ� \� VLQ� LUUDGLDFLyQ�

FRPSXHVWD�SRU�����&2��������&+��HQ�QLWUyJHQR��3LFRV�����1������2������&+��\����&2���

/tQHDV��D]XO�����P�]���URMD�����P�]��\�YHUGH�����P�]���

�
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/D�ILJXUD�����PXHVWUD�XQ�FURPDWRJUDPD�GH�LRQHV�VHOHFWLYRV�SDUD� OD�PLVPD�

DWPyVIHUD������&2��������&+��HQ�QLWUyJHQR��XWLOL]DQGR�ORV�LRQHV�P�]��������\����

SDUD�XQ�EODQFR��$��\�SDUD�OD�PXHVWUD��%��H[SXHVWD�SRU����PLQXWRV�GH�LUUDGLDFLyQ��(O�

SLFR���FRUUHVSRQGH�D�QLWUyJHQR�PROHFXODU�XWLOL]DQGR�HO� LRQ�VHOHFWLYR�����PLHQWUDV�

TXH� HO� SLFR� �� HV� R[tJHQR�PROHFXODU� XWLOL]DQGR� HO� LRQ� VHOHFWLYR� ���� /D� DWPyVIHUD�

VLPXODGD�GH�OD�7LHUUD�SULPLWLYD�QR�FRQWLHQH�LQLFLDOPHQWH�R[tJHQR�PROHFXODU�\�HO�SLFR�

TXH�VH�REVHUYD�HQ�HO�EODQFR��$��VH�GHEH�D�SHTXHxDV�FRQFHQWUDFLRQHV�GH�DLUH�TXH�

HVWiQ�SUHVHQWHV�HQ�HO�JDV�DFDUUHDGRU�KHOLR��+H���&RPR�VH�SXHGH�REVHUYDU�HQ� OD�

SDUWH� %�� HO� SLFR� �� HV� VXEVWDQFLDOPHQWH�PiV� JUDQGH� TXH� HQ� HO� EODQFR� �$��� (VWH�

R[tJHQR�HV�JHQHUDGR�SRU�OD�GHVFRPSRVLFLyQ�GHO�GLy[LGR�GH�FDUERQR�D�PRQy[LGR�GH�

FDUERQR�� (O� SLFR� �� FRUUHVSRQGH� DO�PHWDQR� TXH� HVWi� SUHVHQWH� LQLFLDOPHQWH� HQ� OD�

DWPyVIHUD�VLPXODGD�FRQ�XQD�FRPSRVLFLyQ�GH��������

�

'HVSXpV�GH����PLQXWRV�GH�H[SRVLFLyQ�GH�OD�DWPyVIHUD�VLPXODGD�FRQ�HO�KD]�

GHO� OiVHU�� VH� SXHGH� REVHUYDU� HQ� OD� ILJXUD� ���� %� TXH� OD� LQWHQVLGDG� GHO� SLFR� ��

GLVPLQX\y�SRU�VX�GHVFRPSRVLFLyQ�HQ�HO�SODVPD��(O�SLFR���FRUUHVSRQGH�D�GLy[LGR�

GH�FDUERQR�\�VH�SXHGH�QRWDU�TXH�VX�UHVSXHVWD�HV�FRQVLVWHQWH�SDUD�ORV�LRQHV�P�]�

��� TXH� FRUUHVSRQGH� D� &2��� ��� TXH� FRUUHVSRQGH� D� PRQy[LGR� GH� FDUERQR� \� D�

R[tJHQR�DWyPLFR�TXH�FRUUHVSRQGH�DO�����(O�SLFR���WLHQH�XQ�WLHPSR�GH�UHWHQFLyQ�GH�

������PLQXWRV��HO�SLFR���GH�������PLQXWRV��HO�SLFR���HV�GH�������PLQXWRV�\�HO�SLFR�

�� GH� ������ PLQXWRV�� (O� PLVPR� FRPSRUWDPLHQWR� VH� REVHUYy� HQ� WRGDV� ODV� RWUDV�

DWPyVIHUDV� LQYHVWLJDGDV� FRQ� H[FHSFLyQ� GH� ODV� TXH� QR� FRQWHQtDQ� LQLFLDOPHQWH�

PHWDQR�HQ�GRQGH�HO�SLFR���QR�HVWXYR�SUHVHQWH���

�
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/D� ILJXUD� ���� PXHVWUD� ORV� HVSHFWURV� GH� PDVDV� GH� ORV� JDVHV� LQLFLDOHV�

SUHVHQWHV�HQ�OD�DWPyVIHUD�VLPXODGD�GH�OD�7LHUUD�SULPLWLYD�GH�����&2��������&+��

HQ� QLWUyJHQR�� 7DPELpQ� VH� FRPSDUD� ORV� HVSHFWURV� GH� PDVDV� SDUD� HVWRV�

FRPSXHVWRV� REWHQLGRV� HQ� OD� ELEOLRWHFD�GH� HVSHFWURPHWUtD� GH�PDVDV� GHO� ,QVWLWXWR�

1DFLRQDO�GH�(VWiQGDUHV�\�7HFQRORJtD��1,67��GH� ORV�(VWDGRV�8QLGRV�GH�$PpULFD��

(O�SRUFHQWDMH�GH�FRUUHODFLyQ�HQWUH�ORV�HVSHFWURV�GH�OD�PXHVWUD�XWLOL]DGD�\�ORV�GH�OD�

ELEOLRWHFD� VRQ� EDVWDQWH� EXHQRV� \� FRUUHVSRQGHQ� D� XQ� SRUFHQWDMH� GH� FRUUHODFLyQ�

PD\RU�DO�������

�

�

�

)LJXUD�����(VSHFWURV�GH�PDVD�GH� ORV�JDVHV�XWLOL]DGRV�HQ� OD�PH]FOD�GH�VLPXODFLyQ�GH� OD�

7LHUUD� SULPLWLYD� �)LJXUD� ������ (VSHFWURV� GH� PDVD� �D�� H[SHULPHQWDO� \� �E�� 1,67�� 3DQHO�

VXSHULRU�����1���SDQHO�LQWHUPHGLR�����&2���\�HO�LQIHULRU�����&+����
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(O� HVSHFWUyPHWUR� GH� PDVDV� ERPEDUGHD� OD� PXHVWUD� FRQ� HOHFWURQHV� TXH�

WLHQHQ� HQHUJtD� GH� ��� H9�� &XDQGR� XQ� HOHFWUyQ� FROLVLRQD� FRQ� XQD� PROpFXOD� GH�

GLy[LGR� GH� FDUERQR� VH� SURGXFHQ� LRQHV� SRVLWLYRV� �FDWLRQHV�� GH� DFXHUGR� D� OD�

VLJXLHQWH� VHFXHQFLD� GH� UHDFFLRQHV�� OD� HQHUJtD� GH� LRQL]DFLyQ� SDUD� FDGD� XQD� GH�

HVWDV�UHDFFLRQHV�VH�PXHVWUD�D�FRQWLQXDFLyQ��,WLNDZD����������

�

H�����&2���o��&2�
�������H��������������������������������H9��

�

H�����&2���o��&2��������2������H����������������������H9��

�

H�����&2���o��&2�������2�������H������������������������H9��

�

H�����&2���o��&��������2�
������H�������������������������H9��

�

(O�SLFR�EDVH�TXH�HV�HO�LRQ�SULQFLSDO�IXH�&2�
����������VHJXLGR�GH�&2����������\�

FRQ�PHQRUHV�FDQWLGDGHV�2����������\�&����������FRPR�VH�SXHGH�REVHUYDU�HQ�OD�

ILJXUD�������

�

� &XDQGR� XQ� HOHFWUyQ� FROLVLRQD� FRQ� XQD� PROpFXOD� GH� QLWUyJHQR� VH�

SURGXFHQ�FDWLRQHV�GH�DFXHUGR�D�OD�VLJXLHQWH�VHFXHQFLD�GH�UHDFFLRQHV��OD�HQHUJtD�

GH� LRQL]DFLyQ� SDUD� FDGD� XQD� GH� HVWDV� UHDFFLRQHV� VH� PXHVWUD� D� FRQWLQXDFLyQ�

�,WLNDZD����������

�
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H�����1���o��1�
�������H������������������������������������������H9��

�

H�����1���o��1��������1������H���������������������������������H9��

�

(O�SLFR�EDVH�GHO�HVSHFWUR�IXH�SULQFLSDOPHQWH�HO�LRQ�1�
���������VHJXLGR�SRU�1��

���������FRPR�VH�SXHGH�REVHUYDU�HQ�OD�ILJXUD������

�

(O� ERPEDUGHR� GH� HOHFWURQHV� FRQ�PHWDQR� SURGXFH� HO� LRQ�PROHFXODU�� &+�
���

FRQ�XQD�HQHUJtD� GH� LRQL]DFLyQ�GH������ H9� �/LX� \� 6FKHPDQVN\�� ������ HO� FXDO� VH�

IUDJPHQWD� SURGXFLHQGR� XQD� VHULH� GH� UDGLFDOHV� \� FDWLRQHV� GH� DFXHUGR� D� ODV�

VLJXLHQWHV�UHDFFLRQHV��/XQD�HW�DO����������

�

H�����&+���o��&+�
�������H����������������������������H9��

�
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�

&+�
���o���&+�����+��

�

&+���o���&������+�

�

&+��o���&�����+��

�

6RODPHQWH� ORV� FDWLRQHV� PD\RUHV� D� ��� P�]� IXHURQ� GHWHFWDGRV� SRU� HO�

HVSHFWUyPHWUR�GH�PDVDV���/DV�LQWHQVLGDGHV�UHSRUWDGDV�SRU�OD�ELEOLRWHFD�1,67�SDUD�

HO�PHWDQR�VRQ��&+�
����������&+�

�����������&+�
�����������&����������\�&���������

�$IHHI\�HW�DO����������FRPR�VH�SXHGH�REVHUYDU�HQ�OD�ILJXUD��������

�

/D�ILJXUD�����$�PXHVWUD�ORV�FURPDWRJUDPDV�GH�LRQ�VHOHFWLYR�XWLOL]DQGR�HO�LRQ�

���P�]�� HO� FXDO� HV� FDUDFWHUtVWLFR� SDUD� OD�GHWHFFLyQ�GH�y[LGRV�GH�QLWUyJHQR� �12[��

12��1�2�\�12����(O�FURPDWRJUDPD�GH�OD�ILJXUD�����PXHVWUD�OD�VHxDO�REWHQLGD�SDUD�

XQ�EODQFR�FRQVWLWXLGR�SRU�XQD�DWPyVIHUD�GH�����&2��������&+��HQ�QLWUyJHQR��6H�

SXHGH� REVHUYDU� OD� VHSDUDFLyQ� GH� GRV� SLFRV� FRQ� WLHPSR� GH� UHWHQFLyQ� GH� ������

PLQXWRV� SDUD� HO� SLFR� �� \� SDUD� HO� �� XQ� WLHPSR� GH� ������ PLQXWRV�� (O� SLFR� ��

FRUUHVSRQGH�D�SHTXHxDV�FDQWLGDGHV�GH�y[LGR�QtWULFR��12��JHQHUDGRV� LQ�VLWX�HQ�OD�

FiPDUD�GH�LRQL]DFLyQ�GHO�HVSHFWUyPHWUR�GH�PDVDV�SRU�OD�SUHVHQFLD�GH�DLUH��FRPR�

VH�PXHVWUD�HQ� OD� ILJXUD������(VWH�SLFR�QR� IXH�SRVLEOH�HOLPLQDUOR�SRU�FRPSOHWR�VLQ�

HPEDUJR�� QR� RFDVLRQy� QLQJ~Q� SUREOHPD� DQDOtWLFR� \D� TXH� HO� iUHD� GHO� EODQFR� IXH�
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UHVWDGD� GHO� YDORU� REWHQLGR� SRU� ODV� PXHVWUDV� LUUDGLDGDV�� /D� UHVSXHVWD� HQ� ODV�

PXHVWUDV�IXH�SRU�OR�PHQRV���YHFHV�PD\RU�TXH�OD�GHO�EODQFR����

�

�

)LJXUD������&URPDWRJUDPD�GH�LRQ�VHOHFWLYR����P�]��GH�XQD�DWPyVIHUD�FRQ�\�VLQ�LUUDGLDFLyQ�

FRPSXHVWD�SRU�����&2��������&+��HQ�QLWUyJHQR��3LFRV�����12�������&��2�JHQHUDGR�SRU�HO�

GLy[LGR�GH�FDUERQR��SLFR���GH�OD�ILJXUD����������1�2�\�HO�SLFR����&+�212�\�R�&+�12����
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(O�SLFR���GH�OD�ILJXUD�����SDQHO�$�FRUUHVSRQGH�D�XQ�LVyWRSR�GH�PRQy[LGR�GH�

FDUERQR�FX\D�P�]�HV�GH�������&��2��HO�FXDO�HV�JHQHUDGR�SRU�OD�IUDJPHQWDFLyQ�GHO�

GLy[LGR� GH� FDUERQR� �9HU� ILJXUD� ����� SDQHO� ���� /D� ILJXUD� ���� %� PXHVWUD� HO�

FURPDWRJUDPD�GH�LRQ�VHOHFWLYR�����P�]��SDUD�XQD�PXHVWUD�GH�����&2��������&+��

HQ�QLWUyJHQR�H[SXHVWD�D� UHOiPSDJRV�VLPXODGRV��JHQHUDGRV�FRQ�XQ�SXOVR�GH�����

P-�SRU����PLQXWRV��6H�SXHGH�REVHUYDU�FODUDPHQWH�TXH�HO�SLFR����FRUUHVSRQGLHQWH�

DO� R[LGR� QtWULFR� \� DXPHQWD� VXEVWDQFLDOPHQWH� HQ� LQWHQVLGDG� FRQ� UHVSHFWR� D� VX�

EODQFR��$SDUHFHQ�GRV�QXHYRV�SLFRV��HO�SLFR���FRQ�XQ�WLHPSR�GH�UHWHQFLyQ�GH�������

PLQXWRV� \� HO� SLFR� �� FRQ�XQ� WLHPSR�GH� �������PLQXWRV�� (O� SLFR� �� FRUUHVSRQGH�DO�

y[LGR� QLWURVR� PLHQWUDV� TXH� HO� SLFR� �� KD� VLGR� WHQWDWLYDPHQWH� LGHQWLILFDGR� FRPR�

QLWURPHWDQR��&+�12���R�PHWLO�QLWULWR� �&+�212���/RV� WLHPSRV�GH�UHWHQFLyQ�GH� ORV�

SLFRV���\���FRUUHVSRQGHQ�D�ORV�WLHPSRV�GH�UHWHQFLyQ�JHQHUDGRV�SRU�HVWiQGDUHV�GH�

y[LGR�QtWULFR�\�y[LGR�QLWURVR��UHVSHFWLYDPHQWH��

�

�
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�

)LJXUD� � ���� (VSHFWURV� GH� PDVDV� REWHQLGRV� GH� ORV� SLFRV� ��� �� GH� OD� ILJXUD� ���� HQ� XQD�

DWPyVIHUD� GH� ���� &2��� ����� &+�� HQ� QLWUyJHQR�� H[SXHVWD� D� ��� PLQ� GH� LUUDGLDFLyQ��

(VSHFWURV�GH�PDVD�HQ�SDQHO�D�H[SHULPHQWDO�\�E�1,67�SDUD�12�����\�1�2�������

�

�

/D�ILJXUD�����SDQHOHV��D�\��D�PXHVWUDQ�ORV�HVSHFWURV�GH�PDVDV�SUHVHQWHV�

HQ� OD� DWPyVIHUD� VLPXODGD� GH� OD� 7LHUUD� SULPLWLYD� GH� ���� &2��� ����� &+�� HQ�

QLWUyJHQR��ORV�FXDOHV�FRUUHVSRQGHQ�D�y[LGR�QtWULFR��12��\�y[LGR�QLWURVR��1�2���SLFR�

�� \� ��� UHVSHFWLYDPHQWH�� /D� PXHVWUD� VH� LUUDGLy� SRU� ��� PLQXWRV�� 7DPELpQ� VH�

FRPSDUDQ� ORV� HVSHFWURV� GH� PDVDV� �SDQHOHV� �E� \� �E�� SDUD� HO� 12� \� 1�2��

FRQVHFXWLYDPHQWH�� UHSRUWDGRV� SRU� OD� ELEOLRWHFD� GH� 1,67�� (O� SRUFHQWDMH� GH�

FRUUHODFLyQ�SDUD�HO�SLFR���IXH�EDMR�������GHELGR�D�TXH�HO�y[LGR�QtWULFR�FR�HOX\H�FRQ�

RWURV� JDVHV� FRPR� HO� PRQy[LGR� GH� FDUERQR� \� R[tJHQR� PROHFXODU� JHQHUDGRV� DO�

LUUDGLDU� OD� PXHVWUD�� DVt� FRPR� QLWUyJHQR� \� DUJyQ�� 3DUD� HO� FDVR� GHO� SLFR� �� HO�

0DVD�&DUJD��P�]�
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SRUFHQWDMH�GH�FRUUHODFLyQ�WDPSRFR�IXH�DGHFXDGR�������GHELGR�D�TXH�VX�HVSHFWUR�

HVWDED�VDWXUDGR�SRU�OD�VHxDO�GHO�GLy[LGR�GH�FDUERQR�HQ�OD�SDUWH�WHUPLQDO�GHO�SLFR���

�

&XDQGR� XQ� HOHFWUyQ� FROLVLRQD� FRQ� XQD� PROpFXOD� GH� y[LGR� QtWULFR� VH�

SURGXFHQ� ORV� FDWLRQHV� PRVWUDGRV� HQ� OD� VLJXLHQWH� VHFXHQFLD� GH� UHDFFLRQHV�� OD�

HQHUJtD� GH� LRQL]DFLyQ� SDUD� FDGD� XQD� GH� HVWDV� UHDFFLRQHV� VH� PXHVWUD� HQ� ORV�

SDUpQWHVLV��0DVXRND��������,JD�HW�DO�����������

�

H�����12��o��12�������H�������������������������������H9��

�

H�����12��o��2��������1������H������������������������H9��

�

H�����12��o��1��������2������H������������������������H9��

�

H�����12��o��12��������H��������������������������������H9��

�

(O�LRQ�SULQFLSDO�TXH�HV�HO�SLFR�EDVH��HV�HO�HVSHFWUR�GH�12����������VHJXLGR�GH�1��

��������1�����������\�2���������FRPR�VH�SXHGH�REVHUYDU�HQ�OD�ILJXUD�����SDQHO��E��

3DUD� HO� FDVR� GHO� HVSHFWUR� REWHQLGR� FRQ� OD� PXHVWUD� LUUDGLDGD� VROR� VH� SXGLHURQ�

GHWHFWDU�ORV�LRQHV����\����FRUUHVSRQGLHQWHV�SDUD��12��\�2���

�

&XDQGR� XQ� HOHFWUyQ� FROLVLRQD� FRQ� XQD� PROpFXOD� GH� y[LGR� QLWURVR� VH�

SURGXFHQ� ORV� FDWLRQHV� PRVWUDGRV� HQ� OD� VLJXLHQWH� VHFXHQFLD� GH� UHDFFLRQHV�� OD�
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HQHUJtD� GH� LRQL]DFLyQ� SDUD� FDGD� XQD� GH� HVWDV� UHDFFLRQHV� VH� PXHVWUD� HQ� ORV�

SDUpQWHVLV��0DVXRND��������,JD�HW�DO������������

�

H�����1�2��o��1�2�������H��������������������������������H9��

�

H�����1�2��o��2������1�������H���������������������������H9��

�

H�����1�2��o��12��������1������H������������������������H9��

�

H�����1�2��o��1�
��������2������H������������������������H9��

�

H�����1�2��o��1������12������H���������������������������H9��

�

(O� LRQ� SULQFLSDO� IXH� 1�2�� �������� VHJXLGR� SRU� 12�� �������� �� 1�� ������ ���� 1���

��������\��2����������FRPR�VH�SXHGH�REVHUYDU�HQ�OD�ILJXUD�����SDQHO��E��3DUD�HO�

FDVR�GHO�HVSHFWUR�REWHQLGR�FRQ�QXHVWUD�PXHVWUD�LUUDGLDGD�VH�GHWHFWDURQ�FDVL�WRGRV�

FRQ�H[FHSFLyQ�GH�1��TXH�FRUUHVSRQGH�DO�LRQ�����

�

/D� ILJXUD� ���� �D��PXHVWUD� HO� HVSHFWUR� GH�PDVDV� FRUUHVSRQGLHQWH�DO� SLFR� ��

JHQHUDGR�HQ�XQD�DWPyVIHUD�VLPXODGD�GH�OD�7LHUUD�SULPLWLYD�GH�����&2��������&+��

HQ�QLWUyJHQR�H[SXHVWD� D� XQD� LUUDGLDFLyQ�GH����PLQXWRV� FRQ�XQD�HQHUJtD� GH�����

P-��/D�PHMRU� LGHQWLILFDFLyQ�SDUD�HVWH�SLFR�FRUUHVSRQGH�D�QLWURPHWDQR� �&+�12����

YHU�HVSHFWUR��E���FRQ�XQ�SRUFHQWDMH�GH�FRUUHODFLyQ�GH��������8QR�HVSHUDUtD�TXH�HO�
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&+�12�� VH� IRUPDUi� D� SDUWLU� GHO� GLy[LGR� GH� QLWUyJHQR� �12���� 'DGR� TXH� QR� VH�

GHWHFWy�OD�IRUPDFLyQ�GH�12��HQ�ORV�H[SHULPHQWRV�UHDOL]DGRV��HV�GLItFLO�YLVXDOL]DU�D�

SULRUL�TXH�HO�SLFR���FRUUHVSRQGLHUD�D�&+�12���8Q� LVyPHUR�GHO�QLWURPHWDQR��HV�HO�

PHWLO�QLWULWR��&+�212���FX\R�HVSHFWUR�GH�PDVDV�GH�OD�ELEOLRWHFD�1,67�VH�PXHVWUD�

HQ� OD� ILJXUD� ���� �F��� 6X� SRUFHQWDMH� GH� FRUUHODFLyQ� FRQ� UHVSHFWR� D� OD�PXHVWUD� HV�

PHQRU� GHO� ���� VLQ� HPEDUJR�� VHUtD� PDV� IiFLO� GH� H[SOLFDU� OD� IRUPDFLyQ� GH� HVWH�

FRPSXHVWR�D�SDUWLU�GH�OD�UHDFFLyQ�GHO�&+�2�FRQ�HO�12��/D�FDOLGDG�GHO�HVSHFWUR�GH�

OD�ILJXUD������D��QR�HV�WDQ�EXHQD�GHELGR�D�TXH�HO�SURGXFWR�VH�JHQHUD�FRQ�PX\�SRFD�

DEXQGDQFLD���

�
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�

�

)LJXUD�����(VSHFWUR�GH�PDVDV��D��FRUUHVSRQGH�DO�SLFR���GH�OD�ILJXUD�����HQ�XQD�DWPyVIHUD�

GH�����&2��������&+��HQ�QLWUyJHQR�H[SXHVWD�D�LUUDGLDFLyQ�GH����PLQXWRV���/RV�HVSHFWURV�

GH� PDVDV� �E�� \� �F�� �1,67�� FRUUHVSRQGLHQWHV� SDUD� HO� &+�12�� \� HO� &+�212��

UHVSHFWLYDPHQWH���

�

�

(O� ERPEDUGHR� GH� HOHFWURQHV� FRQ� QLWURPHWDQR� SURGXFH� HO� LRQ� PROHFXODU��

&+�12�
��� FRQ� XQD� HQHUJtD� GH� LRQL]DFLyQ� GH� ����� H9� �.DQGHO�� ������ HO� FXDO�� VH�

� �� �� ��

�
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IUDJPHQWD� SURGXFLHQGR� XQD� VHULH� GH� UDGLFDOHV� \� FDWLRQHV� GH� DFXHUGR� D� ODV�

VLJXLHQWHV�UHDFFLRQHV��-LDR�HW�DO����������

�

H�����&+�12���o��&+�12�
�������H������������������������H9��

�

&+�12�
����o��12��������&+�2�

�

&+�12�
����o��12�

��������&+��

�

&+�12�
����o��&+�

��������12��

�

(O�LRQ�SULQFLSDO�IXH�12����������VHJXLGR�GH�&+�12�
���������&+�

���������\�&+�
��

������FRPR�VH�SXHGH�REVHUYDU�HQ�OD�ILJXUD������E����

�

� &RQ�HO�SURSyVLWR�GH�WHQHU�XQD�PHMRU�FDOLGDG�GH�ORV�HVSHFWURV�GH�PDVDV�GH�

ORV� SURGXFWRV� JHQHUDGRV�� VH� UHDOL]DURQ� XQD� VHULH� GH� H[SHULPHQWRV� HQ� GRQGH�

DXPHQWDPRV� VLJQLILFDWLYDPHQWH� HO� FRQWHQLGR� GH� PHWDQR�� GH� ����� D� ���� SDUD�

LQFUHPHQWDU�VX�UHQGLPLHQWR��6H�UHDOL]DURQ� ORV�H[SHULPHQWRV�HQ�XQD�DWPyVIHUD�GH�

����&2������&+��HQ�QLWUyJHQR��(Q�VX�WRWDOLGDG�VH�FRQFHQWUDURQ����UHDFWRUHV�TXH�

FRQWHQtDQ�OD�PH]FOD�LUUDGLDGD�D����PLQXWRV�FRQ�XQD�HQHUJtD�GH�SXOVR�GH�����P-��

3DUD� HOOR� ORV� JDVHV� XQD� YH]� LUUDGLDGRV� IXHURQ� FRQFHQWUDGRV� HQ� XQD� WUDPSD� GH�

DFHUR�LQR[LGDEOH�VXPHUJLGD�HQ�XQ�EDxR�GH�QLWUyJHQR�OtTXLGR�FX\D�WHPSHUDWXUD�HV�

GH�������q&��9HU�ILJXUD�������
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/D� WDEOD� ���� PXHVWUD� ORV� SXQWRV� GH� HEXOOLFLyQ� \� IXVLyQ� GH� ORV� y[LGRV� GH�

QLWUyJHQR�HVSHUDGRV��/DV�WHPSHUDWXUDV�GH�IXVLyQ�GH�HVWRV�FRPSXHVWRV�HVWiQ�SRU�

DUULED�GH�OD�WHPSHUDWXUD�GH�QLWUyJHQR�OtTXLGR�SRU�OR�FXDO�VL�HV�SRVLEOH�DWUDSDUORV�HQ�

OD� WUDPSD�� /RV� SURGXFWRV� IXHURQ� LQ\HFWDGRV� HQ� HO� HTXLSR� GH� FURPDWRJUDItD� GH�

JDVHV� \� HVSHFWURPHWUtD� GH� PDVDV�� 3DUD� HOLPLQDU� OD� SUHVHQFLD� GH� GLy[LGR� GH�

FDUERQR� GH� OD� DWPyVIHUD� XWLOL]DGD� VH� HPSOHy� XQ� FDUWXFKR� GH� VRVD� �1D2+��

SXOYHUL]DGD� SDUD� FRQYHUWLUOR� HQ� FDUERQDWR� \� GH� HVWD� PDQHUD� QR� LQWHUIHULU� HQ� OD�

FURPDWRJUDItD� �9HU� ILJXUD� ������� /RV� SURGXFWRV� REVHUYDGRV� IXHURQ� y[LGR� QtWULFR��

y[LGR�QLWURVR�\�QLWURPHWDQR��9HU�ILJXUD��������

�

�

�

)LJXUD�����%DxR�GH�QLWUyJHQR�OtTXLGR�SDUD�DWUDSDU�SURGXFWRV�JHQHUDGRV�SRU�H[SHULPHQWRV�

GH�UHOiPSDJRV�VLPXODGRV�HQ�WUDPSD�GH�DFHUR�LQR[LGDEOH���
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7DEOD�����3URSLHGDGHV�ItVLFDV�GH�ORV�SRVLEOHV�FRPSXHVWRV�QLWURJHQDGRV�JHQHUDGRV�HQ�ORV�

H[SHULPHQWRV��+D\QHV���������

�

&RPSRQHQWH� )RUPXOD� 3HVR�
PROHFXODU�
�J�PRO��

3XQWR�GH�
IXVLyQ��

�q&��

3XQWR�GH�
HEXOOLFLyQ�

�q&��

Ï[LGR�QtWULFR� 12� ������ ������� �������

Ï[LGR�QLWURVR�� 1�2� ������ ������ ������

'Ly[LGR�GH�QLWUyJHQR� 12�� ������ ������ �����

0HWLOQLWUtWR�� &+�212� ������ ������ ������

1LWURPHWDQR�� &+�12�� ������ ������ ������

�

�

�

)LJXUD� ����� 'LVSRVLWLYR� SDUD� OD� LQ\HFFLyQ� GHO� FRQFHQWUDGR� GH� OD� DWPyVIHUD� VLPXODGD�

FRQHFWDGR� D� XQD� WUDPSD� GH� VRVD� HQVDPEODGR� DO� SXHUWR� LQ\HFWRU� GHO� FURPDWyJUDIR� GH�

JDVHV���
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/RV� HVSHFWURV� REWHQLGRV� �)LJXUD� ������ SRU� HVWRV� H[SHULPHQWRV� IXHURQ� GH�

PX\�EXHQD�FDOLGDG�REWHQLpQGRVH�XQ�SRUFHQWDMH�GH�FRUUHODFLyQ�t����HQ�UHODFLyQ�D�

ORV� HVSHFWURV� GH� OD� ELEOLRWHFD� 1,67�� 3DUD� UDWLILFDU� TXH� HO� QLWURPHWDQR� HUD� HO�

SURGXFWR� JHQHUDGR� \� QR� PHWLO� QLWULWR� IXH� QHFHVDULR� DGTXLULU� XQD� PXHVWUD� GH�

QLWURPHWDQR � �� HO� FXDO� IXH� LQ\HFWDGR� DO� HTXLSR� GH� FURPDWRJUDItD� GH� JDVHV� \�

HVSHFWURPHWUtD�GH�PDVDV��(O�WLHPSR�GH�UHWHQFLyQ�GH�HVWD�PXHVWUD�GH�QLWURPHWDQR�

SXUR�IXH�GH��������PLQXWRV���

�

&DEH�GHVWDFDU�TXH�QR� IXH�SRVLEOH�FRQVHJXLU�FRPHUFLDOPHQWH�XQD�PXHVWUD�

GH� PHWLO� QLWULWR� GHELGR� D� VX� DOWD� UHDFWLYLGDG� \� H[SORVLYLGDG�� 6H� FRLQ\HFWy� HO�

FRQFHQWUDGR�GH� ORV�H[SHULPHQWRV�FRQ� ORV�YDSRUHV�GH�QLWURPHWDQR�� UHVXOWDQGR�HQ�

XQ� VROR� SLFR� SUHVHQWDQGR� XQ� DXPHQWR� GH� DOWXUD� FRQ� XQ� WLHPSR� GH� UHWHQFLyQ� GH�

�������PLQXWRV�� SRU� OR� TXH� VH� GHPXHVWUD� TXH� QXHVWUR� SURGXFWR� JHQHUDGR� HV� HO�

QLWURPHWDQR� \� TXHGD� GHVFDUWDGR� HO� PHWLO� QLWULWR�� 1R� IXH� QHFHVDULR� KDFHU� ODV�

FRLQ\HFFLRQHV�GH�HVWiQGDUHV�GH�12�\�1�2�FRQ�OD�PXHVWUD�FRQFHQWUDGD�\D�TXH�QR�

KDEtD�XQD�GXGD�GH�VX�LGHQWLILFDFLyQ�DO�REVHUYDU�VX�WLHPSR�GH�UHWHQFLyQ�\�HVSHFWUR�

GH�PDVDV���

�

                                                        
1 Dr. Luis D. Miranda del Instituto de Química de la UNAM facilitó la muestra de 
nitrometano puro (Reactivo ACS pureza t95%).  
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�

�

)LJXUD��������(VSHFWURV�GH�PDVDV�H[SHULPHQWDO�HQ�XQD�DWPyVIHUD�GH�����&2������&+��

HQ�QLWUyJHQR��H[SXHVWD����PLQ��(VSHFWUR�HQ�HO�SDQHO��D��12���E��1�2��\��F��&+�12����

�

�

)LQDOPHQWH�QR�SXGLPRV�REVHUYDU�OD�SUHVHQFLD�GH�GLy[LGR�GH�QLWUyJHQR��12���

GHELGR� D� TXH� VX� UHDFWLYLGDG� FRQ� HO� YDSRU� GH� DJXD� OR� FRQYLHUWH� UiSLGDPHQWH� HQ�

iFLGR�QtWULFR�TXHGDQGR�DWUDSDGR�HQ�OD�FROXPQD�FURPDWRJUiILFD��

�

� �� ��
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12����+�2�o�+12���

�

(O�iFLGR�QtWULFR��+12���QR�HV�VHSDUDGR�SRU� OD�FROXPQD�FURPDWRJUiILFD��1R�

REVWDQWH��QR�VH�SHUFLELy�VX�SUHVHQFLD�HQ�ORV�UHDFWRUHV�GHELGR�D�TXH�HO�12��HV�GH�

FRORU� FDIp� SDUGR� \� ORV� UHDFWRUHV� QR� WHQtDQ� HVWD� FRORUDFLyQ�� 1R� FRQWDPRV� HQ� HO�

ODERUDWRULR�FRQ�HVWiQGDU�GH�12��SRU� OR�TXH�VH� LUUDGLy�XQD�PXHVWUD�GH�DLUH�GH� OD�

&LXGDG�GH�0p[LFR�FRQ�HO�OiVHU�SRU����PLQXWRV�FRQ�XQD�HQHUJtD�GH�SXOVR�GH�����P-�

FRQ� OD� ILQDOLGDG�GH�VLQWHWL]DUOR��$O�WpUPLQR�GH� OD� LUUDGLDFLyQ�VH�REVHUYy�XQ�FDPELR�

GH� FRORU� HQ� HO� UHDFWRU� GH� LQFRORUR� D� FDIp� SDUGR� GHELGR� D� OD� IRUPDFLyQ� GH� 12��

VLPXODQGR� D� XQ� UHOiPSDJR� �ILJXUD� ������� (VWD� PXHVWUD� IXH� FRQGHQVDGD� HQ� OD�

WUDPSD� GH� QLWUyJHQR� OtTXLGR� H� LQ\HFWDGD� HQ� HO� FURPDWyJUDIR� GH� JDVHV� \�

HVSHFWUyPHWUR�GH�PDVDV��(O�SURGXFWR�HQFRQWUDGR�IXH�y[LGR�QtWULFR�\�QR�VH�REVHUYy�

OD� SUHVHQFLD� GH� GLy[LGR� GH� QLWUyJHQR�� FRPR� KD� VLGR� UHSRUWDGR� SRU� �5DKPDQ� \�

&RRUD\�� �������(VWRV� LQYHVWLJDGRUHV�PLGLHURQ� OD� SURGXFFLyQ�GH�12u� WRWDO� �12���

12���XWLOL]DQGR�XQ�HTXLSR�TXLPLROXPLQLVFHQWH���

�
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�

)LJXUD������5HDFWRUHV�FRQ�DLUH�VLQ�LUUDGLDU��ODGR�L]TXLHUGR��H�LUUDGLDGR��ODGR�GHUHFKR��FRQ�

HO�OiVHU�1G�<$*��

�

�

$� FRQWLQXDFLyQ� VH� GHVFULEHQ� FRPR� VH� FDOFXODURQ� ORV� UHQGLPLHQWRV� GH�

SURGXFFLyQ�GH�ORV�y[LGRV�GH�QLWUyJHQR�JHQHUDGRV�SRU�ORV�UHOiPSDJRV�VLPXODGRV�HQ�

OD� DWPyVIHUD� GH� OD� 7LHUUD� SULPLWLYD�� 3DUD� FDGD� DWPyVIHUD� VLPXODGD� VH� UHDOL]DURQ�

XQD� VHULH� GH� H[SHULPHQWRV� GRQGH� VH� LUUDGLy� GHVGH� �� KDVWD� ��� PLQXWRV� GH�

H[SRVLFLyQ�DO�OiVHU�FRQ�LQWHUYDORV�GH���PLQXWRV�D�XQD�HQHUJtD�GH�SXOVR�GH�����P-��

6H�FDOFXOy�OD�HQHUJtD�DEVRUELGD�SDUD�FDGD�H[SHULPHQWR�PXOWLSOLFDQGR�HO�WLHPSR�GH�

LUUDGLDFLyQ� SRU� OD� SRWHQFLD� GHO� OiVHU�� 3RVWHULRUPHQWH� ODV� PXHVWUDV� IXHURQ�

DQDOL]DGDV�SRU�FURPDWRJUDItD�GH�JDVHV�\�HVSHFWURPHWUtD�GH�PDVDV��/D�SURGXFFLyQ�

GH�ORV�y[LGRV�GH�QLWUyJHQR�HQ�Q~PHUR�GH�PROpFXODV�IXH�FDOFXODGD�GH�DFXHUGR�D�ODV�

FXUYDV�GH�FDOLEUDFLyQ�UHVXPLGDV�HQ�HO�FDStWXOR���GHO�GHVDUUROOR�H[SHULPHQWDO�HQ�OD�
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WDEOD� ����� 6H� JUDILFDURQ� ODV� SURGXFFLRQHV� GH� y[LGR� QtWULFR�� y[LGR� QLWURVR� \�

QLWURPHWDQR�HQ�Q~PHUR�GH�PROpFXODV�HQ�IXQFLyQ�GH�OD�HQHUJtD�DEVRUELGD� �-��SDUD�

FDGD�H[SHULPHQWR��9HU�ILJXUD���������

�

��

(WDSD�,,�

�

(Q�HVWD�HWDSD�VH�FDOFXODURQ�ORV�UHQGLPLHQWRV�GH�y[LGRV�GH�QLWUyJHQR�HQ�OD�

DWPyVIHUD�VLPXODGD�GH�OD�7LHUUD�3ULPLWLYD��(O�UHQGLPLHQWR�GH�SURGXFFLyQ��PROpFXOD�

-����GH�FDGD�XQR�GH�HVRV�y[LGRV�GH�QLWUyJHQR�IXH�GHWHUPLQDGR�SRU�OD�SHQGLHQWH�GH�

OD� UHFWD� REWHQLGD� D� WUDYpV� GHO� DMXVWH� SRU� PtQLPRV� FXDGUDGRV� �/tQHDV� VyOLGDV�

PRVWUDGDV�HQ�OD�ILJXUD��������6H�XWLOL]y�HO�SURJUDPD�GH�FyPSXWR�,JRU�����$��HO�FXDO�

VH�XVD�SDUD�DQiOLVLV�GH�GDWRV��SURFHVDPLHQWR�GH� LPiJHQHV�\�SURJUDPDFLyQ�SDUD�

JUiILFDV�GH�WLSR�FLHQWtILFR��(O�HUURU�HVWLPDGR�HQ�HO�FiOFXOR�GH�OD�UHFWD�SRU�UHJUHVLyQ�

OLQHDO�IXH�XWLOL]DGR�FRPR�HO�HUURU�GH�UHQGLPLHQWR�SDUD�FDGD�DWPyVIHUD�\�VH�PXHVWUD�

HQ�ODV�OtQHDV�SXQWHDGDV�GH�OD�ILJXUD�������3DUD�HO�FDVR�GHO�12�\�1�2�OD�WHQGHQFLD�

OLQHDO�RFXUULy�D�HQHUJtDV�PHQRUHV�GH������-��SRU� OR�TXH�VROR�VH�XVR�HO� LQWHUYDOR�

OLQHDO��FRPR�VH�PXHVWUD�HQ�ODV�OtQHDV�GLVFRQWLQXDV�GH�OD�ILJXUD��������

�

3DUD� HO� FDVR� GHO� QLWURPHWDQR� VH� REVHUYy� TXH� VX� WHQGHQFLD� OLQHDO� VH�

SUHVHQWDED�D�HQHUJtDV�EDMDV��������-��\�pVWH�UiSLGDPHQWH�VH�GHVFRPSRQtD��SRU�OR�

TXH�VX�UHQGLPLHQWR�VH�FDOFXOy�DMXVWDQGR�XQD�UHFWD�FRQ�ORV�SULPHURV�SXQWRV�R�ELHQ��

HQ�XQD� UHJUHVLyQ�SROLQRPLDO� REWHQLpQGRVH�HO� UHQGLPLHQWR� GH� OD� SDUWH� OLQHDO�GH� OD�
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FXUYD�� 3DUD� FDOFXODU� HO� HUURU� HQ� HO� UHQGLPLHQWR� GH� HVWD� DWPyVIHUD� VH� XWLOL]y� OD�

GHVYLDFLyQ� HVWiQGDU� REWHQLGD� GH� OD� SHQGLHQWH� GH� OD� SRUFLyQ� OLQHDO� �D�� GH� OtQHDV�

UHFWDV�R�SROLQRPLDOHV��9HU�DQH[R�'���

�

\� �D[��

�

\� �D[���E[���

�

\� �D[���E[����F[��
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�

)LJXUD������3URGXFFLyQ�GH�y[LGR�QtWULFR��12���y[LGR�QLWURVR��1�2��\�QLWURPHWDQR��&+�12���

HQ�IXQFLyQ�GH�OD�HQHUJtD��GHO�KD]�GHO�OiVHU����

�

�

6H� GHWHUPLQy� OD� HQHUJtD� GH� SXOVR� PiV� DGHFXDGD� SDUD� ORV� FRPSXHVWRV�

QLWURJHQDGRV��(O�OiVHU�GH�1G�<$*�WLHQH�OD�FDSDFLGDG�GH�YDULDU�OD�HQHUJtD�GH�SXOVR�

(QHUJtD��-�

� ���� ����

���

���H���

���H���

� ���� ����

���

���H���

���H���

� ���� ����

���

���H���

���H���
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��0
RO
pF
XO
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�

12

1�2

&+�12�

0LQLPRV�FXDGUDGRV�

(UURU��������

$MXVWH�QR�OLQHDO���������

Mínimos  
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GHVGH�XQRV�FXDQWRV�P-�KDVWD�����P-��/D�HQHUJtD�PtQLPD�SDUD�SURGXFLU�HO�SODVPD�

HQ� OD� DWPyVIHUD� VLPXODGD� GH� OD� 7LHUUD� SULPLWLYD� IXH� GH� ����P-� \� VH� UHDOL]y� XQD�

VHULH�GH�H[SHULPHQWRV�HQ�XQD�DWPyVIHUD�FRPSXHVWD�SRU������&2���������&+��HQ�

QLWUyJHQR�YDULDQGR� OD�HQHUJtD�GH�SXOVR�HQ� LQWHUYDORV�GH�DSUR[LPDGDPHQWH����P-�

SDUD�GHWHUPLQDU�HO�UHQGLPLHQWR�ySWLPR�GH�ORV�FRPSXHVWRV�JHQHUDGRV��6ROR�HQ�HVWD�

VHULH�GH�H[SHULPHQWRV�ODV�PXHVWUDV�IXHURQ�H[SXHVWDV�D�OD�LUUDGLDFLyQ�GHO�OiVHU�SRU�

���PLQXWRV��YHU�ILJXUD���������

�

6H�SXHGH�REVHUYDU�HQ�OD�ILJXUD������TXH�HO�UHQGLPLHQWR�GH�SURGXFFLyQ�SDUD�

HO�12�GHSHQGH�GUiVWLFDPHQWH�GH� OD�HQHUJtD� GH�SXOVR�GHO� OiVHU� REWHQLpQGRVH�XQ�

UHQGLPLHQWR�Pi[LPR�D�PHQRU�HQHUJtD��GLVPLQX\HQGR�GH�PDQHUD�H[SRQHQFLDO��3DUD�

HO�FDVR�GH�1�2�VH�HQFRQWUy�TXH�HO�UHQGLPLHQWR�QR�GHSHQGH�GH�OD�HQHUJtD�GH�SXOVR��

(VWH�FRPSRUWDPLHQWR�SRVLEOHPHQWH�VH�GHEH�D�TXH�HO�y[LGR�QLWURVR�VH�SURGXFH�HQ�

XQD�UHJLyQ�GLIHUHQWH�TXH�OD�GHO�y[LGR�QtWULFR��6H�KD�HQFRQWUDGR�TXH�HO�12�VH�IRUPD�

HQ�HO�LQWHULRU�GHO�SODVPD�PLHQWUDV�TXH�HO�1�2�SRVLEOHPHQWH�VH�JHQHUD�HQ�OD�SDUWH�

H[WHUQD�+LOO� HW� DO�� ������� 3DUD� HO� FDVR� GH� QLWURPHWDQR� VH� HQFRQWUy� TXH� HVWH� VH�

SURGXFH�FRQ�XQ�UHQGLPLHQWR�EDMR�D�PHQRU�HQHUJtD�GH�SXOVR�OOHJDQGR�D�REWHQHU�VX�

Pi[LPR� D� ���� P-� \� SRVWHULRUPHQWH� GLVPLQX\HQGR� KDVWD� WHQHU� XQ� UHQGLPLHQWR�

FRQVWDQWH�D�HQHUJtDV�t�����P-��

�

/D� JHQHUDFLyQ� GH� 12� SRU� UHOiPSDJRV� HQ� XQD� DWPyVIHUD� VLPXODGD� GH� OD�

7LHUUD�SULPLWLYD�\D�KDEtD� VLGR� UHSRUWDGR�HQ�HVWXGLRV� WHyULFRV�SRU�<XQJ� \�0F/UR\�

��������&KDPHLGHV�\�:DONHU��������\�HQ�HVWXGLRV�H[SHULPHQWDOHV�SRU�/HYLQH�HW�DO��
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������� \� 1DYDUUR�*RQ]iOH]� HW� DO�� �����D��� 7DPELpQ� KD� VLGR� UHSRUWDGR� SDUD�

GHVFDUJDV� FRURQD� HQ� HVWXGLRV� H[SHULPHQWDOHV� TXH� VLPXODQ� OD� DWPyVIHUD� GH� OD�

7LHUUD�SULPLWLYD�SRU�1QD�0YRQGR�HW�DO��������\���������(VWH�HV�HO�SULPHU�UHSRUWH�HQ�

OD�OLWHUDWXUD�GH�OD�JHQHUDFLyQ�GH��1�2�SRU�UHOiPSDJRV�DXQTXH�VX�SURGXFFLyQ�KDEtD�

VLGR�UHSRUWDGR�H[SHULPHQWDOPHQWH�HQ�GHVFDUJDV�FRURQD��1QD�0YRQGR�HW�DO���������

�������8QD� FRQWULEXFLyQ� LPSRUWDQWH� D�HVWH� WUDEDMR� HV�HO� KDOOD]JR�GH�&+�12��HQ�

XQD�DWPyVIHUD�VLPXODGD�GH�OD�7LHUUD�SULPLWLYD�FRQ�UHOiPSDJRV���

�

'HELGR� D� TXH� HO� UHQGLPLHQWR� GHO� y[LGR� QLWURVR� HV� LQGHSHQGLHQWH� GH� OD�

HQHUJtD�GH�SXOVR�GHO�OiVHU�\�HO�QLWURPHWDQR�WLHQH�XQ�UHQGLPLHQWR�Pi[LPR�D�����P-�

VH�GHFLGLy�WUDEDMDU�EDMR�HVWD�HQHUJtD�SDUD�WRGRV�ORV�H[SHULPHQWRV�SRVWHULRUHV���
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�

)LJXUD������9DULDFLyQ�GH�HQHUJtD�GH�SXOVR�GH�XQ�OiVHU�GH�1G�<$*�HQ�XQD�DWPyVIHUD�GH�OD�

7LHUUD�SULPLWLYD�FRPSXHVWD�SRU�����&2��������&+��HQ�QLWUyJHQR�SDUD�12��1�2�\�&+�12���

(QHUJtD�GHO�SXOVR���P-��

��� ��� ���

���[����

���[����

���[����

��� ��� ���

���[����

���[����
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(WDSD�,,,�

�

(Q�HVWD�SDUWH�VH� �FDOFXODURQ� ORV�UHQGLPLHQWRV�GH�SURGXFFLyQ�HQ�PROpFXODV�

-���SDUD�HO�12��1�2�\�&+�12��HQ�IXQFLyQ�GH� OD�FRPSRVLFLyQ�TXtPLFD�GH�&2�����

�����\�YDULDQGR�OD�FRPSRVLFLyQ�GH�&+�����������HQ�QLWUyJHQR��/RV�UHVXOWDGRV�VH�

SXHGHQ�REVHUYDU�HQ�OD�ILJXUD�������/RV�WULiQJXORV�D]XOHV��S��FRUUHVSRQGHQ�D�XQD�

DWPyVIHUD� TXH�QR� FRQWLHQH�PHWDQR�� ORV� FtUFXORV� YHUGHV� �z�� FRUUHVSRQGHQ�D�XQD�

DWPRVIHUD�GH�������GH�PHWDQR��\�ORV�WULiQJXORV�URMRV�LQYHUWLGRV��T��FRUUHVSRQGHQ�

D� OD� FRQFHQWUDFLyQ� PiV� DOWD� GH� PHWDQR� GH� ������ /RV� WULiQJXORV� QHJURV� �S��

FRUUHVSRQGHQ�D�XQ�HVWXGLR�SUHYLR�GH�XQD�DWPRVIHUD�OLEUH�GH�PHWDQR�TXH�FRQWHQtD�

&2��HQWUH���\������HQ�QLWUyJHQR��1DYDUUR�*RQ]iOH]�HW�DO�������D���3DUD�WRGDV�ODV�

JUiILFDV� HQ� OD� ILJXUD� ������ OD� OtQHD� QHJUD� VyOLGD� UHSUHVHQWD� OD� UHJUHVLyQ� OLQHDO�

PLHQWUDV�TXH�OD�OtQHD�SXQWHDGD�UHSUHVHQWD�HO�HUURU�FRQVLGHUDQGR�XQD�VLJPD��

�

(Q�OD�ILJXUD������VH�REVHUYD�TXH�OD�SURGXFFLyQ�GHO�12�HV�LQGHSHQGLHQWH�GH�

OD�SUHVHQFLD�GH�PHWDQR�REWHQLpQGRVH�XQD�EXHQD�FRUUHODFLyQ�FRQ�HO�HVWXGLR�SUHYLR�

UHDOL]DGR�SRU�1DYDUUR�*RQ]iOH]�HW�DO�������D���/D�SURGXFFLyQ�GH�12�DXPHQWD�GH�

PDQHUD�OLQHDO�HQ�IXQFLyQ�GH�OD�FRQFHQWUDFLyQ�GH�&2���(V�FRQYHQLHQWH�UHFDOFDU�TXH�

HVD�JUiILFD�HVWD�D�HVFDOD� ORJDUtWPLFD�SDUD� ORV� UHQGLPLHQWRV�GH�12��SRU� OR�TXH�HO�

FUHFLPLHQWR� QR� VH� YH� OLQHDO�� (VWDV� FXUYDV� IXHURQ� REWHQLGDV� XVDQGR� HO� SURJUDPD�

,JRU���

�

�
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(O�UHQGLPLHQWR�HQHUJpWLFR���5(���SDUD�12�HV��

�

5(�12��0ROpFXODV�-���� �����r����u����0ROpFXODV��&2�
���-���>&2������

�����r����u�����

�

� 3DUD�HO�1�2�VX�SURGXFFLyQ�DXPHQWD�OLJHUDPHQWH�FRQ�OD�SUHVHQFLD�GH�&2��\�

HV�LQGHSHQGLHQWH�D�OD�SURGXFFLyQ�GH�PHWDQR��(O�UHQGLPLHQWR�HQHUJpWLFR���5(���SDUD�

1�2�HV��

�

5(�1�2��0ROpFXODV�-���� �����r����u�����0ROpFXODV��&2�
����-���>&2������

�����r����u�����

�

1R�KXER�SURGXFFLyQ�GH�&+�12��HQ�XQD�DWPyVIHUD�FRQ�DXVHQFLD�GH�PHWDQR��

(Q� XQD� DWPyVIHUD� FRQ� ������ GH�PHWDQR� KXER� XQD� SURGXFFLyQ�Pi[LPD� HQ� XQD�

DWPyVIHUD� FRQ� ��� GH� &2�� \� UiSLGDPHQWH� VH� GLVPLQX\y� DO� LQFUHPHQWDU� OD�

FRQFHQWUDFLyQ� GH�&2�� GHVDSDUHFLHQGR� HQ� XQD� DWPyVIHUD� � t���GH�&2��� 3DUD� HO�

FDVR�GH�XQD�DWPyVIHUD�GH������GH�PHWDQR��VX�SURGXFFLyQ�DXPHQWD� OLJHUDPHQWH�

HQ�IXQFLyQ�GH�OD�FRQFHQWUDFLyQ�GH�&2����
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�

�

)LJXUD������ ,QIOXHQFLD�GH� OD�FRQFHQWUDFLyQ�GH�&2��HQ� ORV�UHQGLPLHQWRV�HQHUJpWLFRV�\� ODV�

WDVDV� GH� SURGXFFLyQ� GH� y[LGRV� GH� QLWUyJHQR�JHQHUDGRV� SRU� UHOiPSDJRV�� HQ� DWPyVIHUDV�

FRPSXHVWDV�SRU�����S����������z���\�������T��GH�&+��HQ�1���(VWXGLR�GH�XQD�DWPyVIHUD�

OLEUH�GH�PHWDQR��S��UHSRUWDGR�SRU�1DYDUUR�*RQ]iOH]�HW�DO��������D����
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(O�UHQGLPLHQWR�HQHUJpWLFR���5(���SDUD�&+�12��HV��

�

5(�&+�12���0ROpFXODV�-���� ������r�����u�����0ROpFXODV��&2�
����-����&2������������

�r����u�����

�

1R�VH�VDEH�FXDO�SXGR�VHU�OD�WDVD�GH�SURGXFFLyQ�GH�UHOiPSDJRV�HQ�OD�7LHUUD�

SULPLWLYD�� VXSRQLHQGR� TXH� HVWD� KD\D� VLGR� VLPLODU� D� OD� DFWXDO�� OD� HQHUJtD� WRWDO�

GLVLSDGD� SRU� WRGRV� ORV� UHOiPSDJRV� GH� PDQHUD� JOREDO� VHULD� GH� �[����� -� DxR���

�&K\ED�\�6DJDQ���������/D�ILJXUD������PXHVWUD�HQ�HO�HMH�GH�ODV�RUGHQDGDV��\��GHO�

ODGR�GHUHFKR�� OD� WDVD�GH�SURGXFFLyQ�GH�y[LGRV�GH�QLWUyJHQR� ��JUDPRV�SRU�DxR��� ��

SDUD� HO� y[LGR� QtWULFR�� y[LGR� QLWURVR� \� PHWDQR�� � HQ� IXQFLyQ� GH� OD� FRPSRVLFLyQ�

TXtPLFD�GH�&2����������\�YDULDQGR�OD�FRPSRVLFLyQ�GH�&+�����������HQ�QLWUyJHQR��

/D� WDVD� GH� SURGXFFLyQ� GH� 12� YDULy� GH� ���u���� D� ���u���� J� �1�� DQXDO��� HQ� XQD�

DWPyVIHUD�GH�������&2���3DUD�HO�FDVR�GH�1�2�YDULy�GH����u����D����u����J��1��

DQXDO���HQ�XQD�DWPyVIHUD�GH�������&2���PLHQWUDV�TXH�SDUD�HO�&+�12��YDULy�GH�

���u����D����u����J��1��DQXDO���HQ�XQD�DWPyVIHUD�GH������GH�PHWDQR���

�

� /RV� y[LGRV� GH� QLWUyJHQR� GHWHFWDGRV� VH� SXHGHQ� FODVLILFDU� HQ� FRPSXHVWRV�

HVWDEOHV� D� DOWDV� WHPSHUDWXUDV� �t����q&�� FRPR�HO�12� �7VDQJ� \�+HUUROQ�������� H�

LQHVWDEOHV� D� WHPSHUDWXUDV� t����q&� FRPR� HO� 1�2� �7VDQJ� \� +HUUROQ�� ������ \�

&+�12�� �=DVORQNR� HW� DO��� ������� OR� TXH� VXJLHUH� TXH� GHEH� KDEHU� GRV� UHJLRQHV�

ItVLFDV�GLIHUHQWHV�SDUD�VX� IRUPDFLyQ�HQ�HO� UHOiPSDJR��(Q�HO� LQWHULRU�GHO�FDQDO�GHO�

UHOiPSDJR� OD� WHPSHUDWXUD� DOFDQ]D� RUGHQHV� GH� ������q&� �6REUDO� HW� DO��� ������
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1DYDUUR�*RQ]iOH]�HW� DO��� ����E��� %DMR� HVWDV� FRQGLFLRQHV� OD� JHQHUDFLyQ�GH� y[LGR�

QtWULFR�VH�SXHGH�H[SOLFDU�SRU�OD�GLVRFLDFLyQ�GHO�GLy[LGR�GH�FDUERQR�FRQGXFLHQGR�D�

iWRPRV�GH�R[LJHQR�\�PRQy[LGR�GH�FDUERQR�GH�DFXHUGR�D�OD�VLJXLHQWH�UHDFFLyQ��

�

&2���ĺ��&2�����2��

�

/D�PD\RU�SDUWH�GH�ORV�iWRPRV�GH�R[tJHQR�UHDFFLRQDQ�FRQVLJR�PLVPR�SDUD�

IRUPDU�R[tJHQR�PROHFXODU��

�

2������2��ĺ��2����

�

8QD� IUDFFLyQ�GH�iWRPRV�GH�R[tJHQR� UHDFFLRQD� FRQ�HO� QLWUyJHQR�PROHFXODU�

SURGXFLHQGR�y[LGR�QtWULFR�\�XQ�iWRPR�GH�QLWUyJHQR��HO�FXDO�UHDFFLRQD�D�VX�YH]�FRQ�

XQD�PROpFXOD�GH�GLy[LGR�GH�FDUERQR�JHQHUDQGR�12�\�PRQy[LGR�GH�FDUERQR��GH�

DFXHUGR�D�ODV�VLJXLHQWHV�UHDFFLRQHV��

�

2������1���ĺ��12�����1�

�

1�����&2���ĺ��12�����&2�

�

)XHUD� GHO�SODVPD�HO�PHWDQR� VH�GLVRFLD�SRU� OD� RQGD�GH� FKRTXH�HQ� UDGLFDO�

&+��\�iWRPR�GH�KLGUyJHQR�FRPR�VH�LQGLFD�D�FRQWLQXDFLyQ���

�

&+����ĺ���&+�������+�
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(O�iWRPR�GH�KLGURJHQR�UHDFFLRQD�FRQ�PROpFXODV�GH�12�TXH�HVFDSDURQ�GHO�

LQWHULRU�GHO�FDQDO�GHO�UHOiPSDJR�SURGXFLHQGR�HO�iFLGR�QLWURVtOR��+12����

�

+������12��ĺ���+12�

�

(VWH� iFLGR� VH� GHVSURSRUFLRQD� JHQHUDQGR� DJXD� \� y[LGR� QLWURVR�� FRPR� VH�

REVHUYD��

�

+12�����+12��ĺ��+�2���1�2�

�

(O�UDGLFDO�&+��UHDFFLRQD�FRQ�HO�y[LGR�QtWULFR�SURGXFLHQGR�QLWURVRPHWDQR��XQ�

FRPSXHVWR�DOWDPHQWH�LQHVWDEOH��$GHQH\�HW�DO����������

�

&+������12��ĺ��&+�12�

�

(O� QLWURVRPHWDQR� UHDFFLRQD� D� VX� YH]� FRQ� HO� y[LGR� QtWULFR� SURGXFLHQGR� HO�

UDGLFDO�&+�2�\�y[LGR�QLWURVR��

�

&+�12�����12��ĺ��&+�2�����1�2�

�

(O�UDGLFDO�&+�2�UHDFFLRQD�FRQ�y[LGR�QtWULFR�JHQHUDQGR�PHWLO�QLWULWR��'HPRUH�

HW�DO����������

&+�2�����12��ĺ��&+�212��

�
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&RPR� VH� GLVFXWLy� SUHYLDPHQWH�� QR� VH�GHWHFWy� OD� IRUPDFLyQ� GH�PHWLOQLWUtWR��

VLQ�HPEDUJR��HO�PHWLOQLWUtWR�VH�UH�DUUHJOD�FRQYLUWLpQGRVH�HQ�QLWURPHWDQR��1JX\HQ�HW�

DO����������

�

&+�212�ĺ�&+�12��

�

$�FRQWLQXDFLyQ�VH�GLVFXWH�OD�LPSRUWDQFLD�GH�HVWRV�FRPSXHVWRV�QLWURJHQDGRV�

�12��&+�12��\�1�2���JHQHUDGRV�SRU�UHOiPSDJRV�SDUD�DQWHV�\�GHVSXpV�GHO�RULJHQ�

GH�OD�YLGD��

�

Ï;,'2�1Ë75,&2��

�

(O� 12� QR� VH� FRQVLGHUD� XQD� PROpFXOD� SUHELyWLFD� \D� TXH� QR� SDUWLFLSD�

GLUHFWDPHQWH�HQ�OD�VtQWHVLV�GH�FRPSXHVWRV�RUJiQLFRV�QHFHVDULRV�SDUD�HO�RULJHQ�GH�

OD� YLGD�� WDO� FRPR� DPLQRiFLGRV� \� EDVHV� QLWURJHQDGDV�� 6LQ� HPEDUJR�� HO� 12�

DWPRVIpULFR� SXHGH� UHDFFLRQDU� FRQ� iWRPRV� GH� KLGUyJHQR� JHQHUDGDV� SRU� OD�

IRWRGLVRFLDFLyQ�GHO�DJXD��.DVWLQJ��������IRUPDQGR�HO�iFLGR�QLWURVLOR��0DQFLQHOOL�HW�

DO���������GH�DFXHUGR�D�ODV�VLJXLHQWHV�UHDFFLRQHV��

�

+�2���KY��O������QP��ĺ�+���2+�

�

+����2+�ĺ�+�2���+�

�
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12���+��ĺ��+12�

�

(O�iFLGR�QLWURVLOR��+12��HV�PX\�VROXEOH�HQ�DJXD�SRU�OR�TXH�VH�GLVROYHUtD�HQ�

ODV� JRWDV� GH� OOXYLD� GH� ODV� WRUPHQWDV� DWPRVIpULFDV� WUDQVSRUWiQGROR� KDVWD� ORV�

RFpDQRV� GRQGH� TXHGDUtD� GLVXHOWR�� 8QD� YH]� HQ� HO� RFpDQR�� HO� iFLGR� QLWURVLOR� VH�

GHVFRPSRQGUtD�D�QLWULWRV��12�
����HO�FXDO�VHUtD�UHGXFLGR�KDVWD�DPRQtDFR��1+���SRU�

LRQHV� )H��� �6XPPHUV� \�&KDQJ�� ������ 6XPPHUV� \�.KDUH�� ������6XPPHUV�HW� DO���

�������

�

��)H�����12�
�������+��ĺ���)H�����1+������+�2�

�

(O� DPRQtDFR� Vt� HV� FRQVLGHUDGR� XQD� PROpFXOD� SUHELyWLFD� \� HV� XQ�

LQWHUPHGLDULR�SDUD�OD�VtQWHVLV�GH�DPLQRiFLGRV�\�EDVHV�QLWURJHQDGDV��2UJHO�\�0LOOHU��

������)R[�\�'RVH����������

�

�

�

�

�

�

�

�

�

�

�
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7DEOD� ���� (VWLPDFLRQHV� HQ� OD� SURGXFFLyQ� GH� FRPSXHVWRV� QLWURJHQDGRV� HQ� OD� 7LHUUD�

SULPLWLYD� HQ� DWPyVIHUDV� FRQ�d����&2�� �$GDSWDGR� GHVSXpV� GH�1DYDUUR�*RQ]iOH]�HW� DO���

��������

�

�&K\ED�\�6DJD���������1QD�0YRQGR�HW�DO����������7UDEDMR�DFWXDO��WHVLV�����7LDQ�HW�DO���

������h�%UDQGHV�HW�DO����������

�

�

� /D�WDEOD�����PXHVWUD�OD�SURGXFFLyQ�GH�FRPSXHVWRV�QLWURJHQDGRV�SRU�IXHQWHV�

H[yJHQDV� �FRPHWDV� \� SROYR� LQWHUSODQHWDULR�� \� HQGyJHQDV� �FRURQDV�� UHOiPSDJRV��

UDGLDFLyQ�89�\�VLVWHPDV�KLGURWHUPDOHV���'H�ODV�IXHQWHV�H[yJHQDV�� OD�FRQWULEXFLyQ�

)XHQWHV� )OXMR�

�-�DQXDO�����

(VSHFLHV�TXtPLFDV� 7DVD�

�J�DQXDO�����

�
([yJHQDV���

� � �

��&RPHWDV� � +&1�1+��|�� ����

� � 1��RUJiQLFRV�

FRPSOHMRV��

����

���

�3ROYR�LQWHUSODQHWDULR�

�

� �

1�RUJiQLFRV�

FRPSOHMRV��

�

�����

(QGyJHQDV�� � � �

��&RURQDV� ���[����� 12��1�2� �����

��5HOiPSDJRV�� ���[����� 12� �����������

��89��O����QP��� ���[����� +&1� �����

��6LVWHPDV�KLGURWHUPDOHV�h� � 1+�� ������������
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PiV� LPSRUWDQWH� VHUtD� HO� SROYR� LQWHUSODQHWDULR� GRQGH� VH� HVWLPD� XQD� WDVD� GH�

SURGXFFLyQ�GHO�RUGHQ�GH������J��1��DQXDO����/D�SURGXFFLyQ�GH�12�SRU�UHOiPSDJRV�

GHWHUPLQDGD� HQ� HVWH� WUDEDMR� HV� GH� ���� ±� ����� J� �1�� DQXDO���� VLHQGR� XQ� YDORU�

FRPSDUDEOH�FRQ�OD�IXHQWH�H[yJHQD��/D�SURGXFFLyQ�GH�12�SRU�GHVFDUJDV�FRURQD�QR�

HV� UHOHYDQWH� ������ J� �1�� DQXDO����� 8QD� IXHQWH� LPSRUWDQWH� GH� QLWUyJHQR� UHGXFLGR�

�1+���SURYHQGUtD�GH�YHQWLODV�KLGURWHUPDOHV��FRQ�XQD�WDVD�HVWLPDGD�GH�SURGXFFLyQ�

GH������������J��1��DQXDO����/D�IXHQWH�PiV�LPSRUWDQWH�GH�QLWUyJHQR�HV�OD�IRUPD�GH�

+&1� TXH� SURYLHQH� GH� OD� IRWROLVLV� GHO� PHWDQR� HVWUDWRVIpULFR� DFRSODGR� FRQ� HO�

ERPEHR�GH�iWRPRV�GH�QLWUyJHQR�GH�OD�SDUWH�DOWD�GH�OD�DWPyVIHUD�FRQ�XQD�WDVD�GH�

����� J� �1�� DQXDO��� �7LDQ�HW� DO��� �������6H�SXHGH� FRQFOXLU� TXH� XQD�DWPyVIHUD� FRQ�

QLYHOHV� GH�&2��PHQRUHV� TXH�HO� ����QR� FRQWULEX\H� GH�PDQHUD� LPSRUWDQWH� HQ�HO�

VXPLQLVWUR�GH�QLWUyJHQR�UHDFWLYR�QHFHVDULR�SDUD�HO�RULJHQ�GH�OD�YLGD��(VWH�QR�HV�HO�

FDVR�VL� OD�DWPyVIHUD�WXYLHUD�QLYHOHV�DOWRV�GH�&2���!�����GRQGH�OD�SURGXFFLyQ�GH�

y[LGR�QtWULFR�SRU�UHOiPSDJRV�VHULD�GH������J��1��DQXDO����1DYDUUR�*RQ]iOH]�HW�DO���

����D���

�

� �&RPR� VH� PHQFLRQR� DQWHULRUPHQWH� �6HFFLyQ� ������� H[LVWHQ� HVSHFLHV�

SURFDULyWLFDV�FDSDFHV�GH�ILMDU�HO�QLWUyJHQR�SRU�PHGLR�GH�OD�VLJXLHQWH�UHDFFLyQ���

�

1�����+�����H��o���1+����+���

�

6H�UHTXLHUH�OD�KLGUyOLVLV�GH����PROpFXODV�GH�$73�SDUD�WUDQVIHULU���HOHFWURQHV�

GHVGH� OD�GLQLWURJHQDVD�UHGXFWDVD�D� OD�GLQLWURJHQDVD�SDUD�IDFLOLWDU� OD� UHGXFFLyQ�GH�
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XQ�1��D�GRV�PROpFXODV�GH�1+��\�GRV�LRQHV�KLGURJHQR�D�XQD�PROpFXOD�GH�+���8QD�

YH]� TXH� VH� KD� VLQWHWL]DGR� HO� DPRQtDFR�� pVWH� VH� XWLOL]D� SDUD� OD� VtQWHVLV� GH�

FRPSXHVWRV�QLWURJHQDGRV��3RVWJDWH���������

�

$QWHV�GHO�VXUJLPLHQWR�GH�OD�KDELOLGDG�PLFURELDQD�SDUD�FRQYHUWLU�HO�QLWUyJHQR�

DWPRVIpULFR�HQ�DPRQtDFR��HO�VXPLQLVWUR�GH�QLWUyJHQR�DELyWLFR�SDUD�ORV�RUJDQLVPRV�

SULPLWLYRV�IXH�LPSRUWDQWH�SDUD��VX�VXSHUYLYHQFLD��1DYDUUR�*RQ]iOH]�HW�DO�������D���

/D�WDEOD�����PXHVWUD�TXH�OD�SURGXFFLyQ�GH�y[LGR�QtWULFR�QR�VHULD�UHOHYDQWH�SDUD�OD�

ELRWD� SULPLWLYD�� \D� TXH� OD� IXHQWH� PiV� LPSRUWDQWH� GH� QLWUyJHQR� VHULD� HO� iFLGR�

FLDQKtGULFR�SURYHQLHQWH�GH�OD�IRWR�GHVFRPSRVLFLyQ�GHO�PHWDQR��(O�DFLGR�FLDQKtGULFR�

HV�XQD�PROpFXOD�FODYH�SDUD�OD�VtQWHVLV�GH�DPLQRiFLGRV��SXULQDV�\�SLULPLGtQDV��SDUD�

IRUPDU�ORV�EORTXHV�HVWUXFWXUDOHV�GH�ODV�SURWHtQDV�\�iFLGRV�QXFOHLFRV��)HUULV�HW�DO���

�������3RU�RWUR�ODGR��HO�iFLGR�FLDQKtGULFR�VH�SXGR�KDEHU�KLGUROL]DGR�HQ�ORV�RFpDQRV�

FRQGXFLHQGR�D�OD�IRUPDFLyQ�GH�DPRQtDFR�GH�DFXHUGR�D�OD�VLJXLHQWH�UHDFFLyQ��

�

+&1����+�2�o�+&2�+���1+��

�

�(VWH� DPRQtDFR� SXGR� VHU� LQFRUSRUDGR� GLUHFWDPHQWH� SRU� ORV� RUJDQLVPRV� SDUD� OD�

VtQWHVLV�GH�FRPSXHVWRV�QLWURJHQDGRV���

�

� (O� iFLGR� FLDQKtGULFR� HV� Wy[LFR� SDUD� DOJXQRV� PLFURRUJDQLVPRV��

SDUWLFXODUPHQWH�DHUyELFRV��9HQQHVODQG�HW�DO����������(V�LQWHUHVDQWH�UHFDOFDU�TXH�OD�

HQ]LPD�QLWURJHQDVD�QR�HV�HVSHFtILFD�SDUD�HO�QLWUyJHQR�PROHFXODU��HO�FXDO�FRQVWD�GH�



 89 

XQD�WULSOH� OLJDGXUD�HQWUH� ORV�iWRPRV�GH�QLWUyJHQR��\D�TXH�SXHGH�UHGXFLU�XQD�JUDQ�

YDULHGDG�GH�WULSOHV�OLJDGXUDV��FRPR�OD�GHO�DFHWLOHQR��+�&����iFLGR�FLDQKtGULFR��D]LGD�

GH�KLGURJHQR� �+1���� y[LGR�QLWURVR� \�PRQy[LGR�GH� FDUERQR� �3RVWJDWH�� �������3RU�

HVWD�UD]yQ�VH�KD�VXJHULGR�TXH�OD�QLWURJHQDVD�SXGR�KDEHUVH�GHVDUUROODGR�FRPR�XQ�

PHFDQLVPR�SDUD�GHVWR[LILFDU�HO�iFLGR�FLDQKtGULFR�HQ�ORV�PLFURRUJDQLVPRV��.DVWLQJ�

\�6LHIHUW����������(VWD�LGHD�HV�FRQWUDULD�D�OD�VXJHULGD�SRU�1DYDUUR�*RQ]iOH]�HW�DO��

������� GRQGH� VH� SRVWXOD� TXH� OD� ILMDFLyQ� ELROyJLFD� GH� QLWUyJHQR� VXUJLy� FRPR�

UHVSXHVWD� D� FDPELRV� HQ� OD� FRPSRVLFLyQ� DWPRVIpULFD� �GLVPLQXFLyQ� GH� &2���

UHGXFLHQGR� OD� SURGXFFLyQ� GH� QLWUyJHQR� ILMDGR� DELyWLFDPHQWH� SRU� UHOiPSDJRV� GH�

�����D�����J��1��DQXDO�����

�

1,7520(7$12�

�

(O� QLWURPHWDQR�HV�HO� FRPSXHVWR� RUJiQLFR� QLWUR�PiV� VLPSOH� TXH�H[LVWH��(V�

DOWDPHQWH�VROXEOH�HQ�DJXD��SRU�OR�TXH�SXGR�WUDQVSRUWDUVH�IiFLOPHQWH�SRU�OD�OOXYLD�D�

ORV� RFpDQRV�� (V� XWLOL]DGR� HQ� TXtPLFD� RUJiQLFD� FRPR� XQ� LQWHUPHGLDULR� SDUD� OD�

VtQWHVLV�GH�XQD�YDULHGDG�GH�FRPSXHVWRV�RUJiQLFRV� �0RUULVRQ�\�%R\G���������6LQ�

HPEDUJR�� QR� VH� FRQRFH� QLQJXQD� UHDFFLyQ� TXH� OR� LQYROXFUH� FRPR� XQD� PROpFXOD�

SUHFXUVRUD�SDUD�ORV�FRQVWLWX\HQWHV�QHFHVDULRV�SDUD�OD�IRUPDFLyQ�GH�OD�YLGD��3RU�OR�

WDQWR� HVWH� HVWXGLR� DEUH� OD� SRVLELOLGDG� SDUD� HQFRQWUDU� VX� XWLOLGDG� HQ� TXtPLFD�

SUHELyWLFD���

�

� 8QD�YH]�DSDUHFLGD�OD�YLGD��HO�QLWURPHWDQR�SRGUtD�VHU�XWLOL]DGR�FRPR�IXHQWH�

GH�� FDUERQR�� QLWUyJHQR� \�R� HQHUJtD��&RPR� IXHQWH� GH� FDUERQR� \� GH�QLWUyJHQR�� QR�
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H[LVWH� QLQJ~Q� UHSRUWH� HQ� OD� OLWHUDWXUD� VREUH� VX� XVR� SRU� ORV�PLFURRUJDQLVPRV��1R�

REVWDQWH��HV�XQ�LQWHUPHGLDULR�FODYH�HQ�VtQWHVLV�RUJiQLFD�\D�TXH�VH�XWLOL]D�FRPR�XQD�

IXHQWH�GH�FDUERQR�SDUD�OD�VtQWHVLV�GH�XQD�JUDQ�YDULHGDG�GH�FRPSXHVWRV�RUJiQLFRV��

&RPR�IXHQWH�GH�HQHUJtD��HO�QLWURPHWDQR�SXHGH�VXIULU�FRPEXVWLyQ�HQ�DXVHQFLD�GH�

R[tJHQR�PROHFXODU�� OLEHUDQGR�XQD�JUDQ�FDQWLGDG�GH�HQHUJtD�TXtPLFD�DOPDFHQDGD��

/D�VLJXLHQWH�UHDFFLyQ�GHVFULEH�HVWH�SURFHVR��

�

��&+�12��o���&2�����+�2���+����1��

�

8Q� WUDEDMR� UHFLHQWH� UHSRUWD� TXH� ODV� EDFWHULDV� �3XVLOLPRQDV� VS��� � WLHQHQ� OD�

KDELOLGDG�GH�GHJUDGDU�HO�SHWUyOHR��HQ�DPELHQWHV�DFXiWLFRV�\�WHUUHVWUHV��XWLOL]DQGR�DO�

QLWURPHWDQR�FRPR�FRPEXVWLEOH�SDUD�OD�R[LGDFLyQ�GH�KLGURFDUEXURV��&��&�����/HH�HW�

DO��� ������� (VWD� R[LGDFLyQ� RFXUUH� HQ� XQ� DPELHQWH� DQDHUyELFR� SRU� OR� FXDO� SXGR�

KDEHU�RFXUULGR�HQ�OD�7LHUUD�DQWHV�GH�OD�DSDULFLyQ�GHO�R[tJHQR�DWPRVIpULFR���

�

Ï;,'2�1,75262�

�

�(O� y[LGR� QLWURVR� HV� XQ� JDV� JHQHUDGR� SRU� EDFWHULDV� GHQLWULILFDQWHV� FRPR�

SDUWH�GHO�FLFOR�ELROyJLFR�GHO�QLWUyJHQR��3RVWJDWH���������6X�SURGXFFLyQ�ELyWLFD�HV�

GH� �u����� J� �1�� DQXDO� ��� JHQHUDGR� SULQFLSDOPHQWH� HQ� ORV� VXHORV� �9HU� WDEOD� ������

PLHQWUDV� TXH� OD� DELyWLFD� HV� D� WUDYpV� GH� UHOiPSDJRV�� GRQGH� VH� HVWLPD� XQD�

SURGXFFLyQ� GH� �u���� J� �1�� DQXDO��� �7DEOD� ������ 'HELGR� D� TXH� OD� IXHQWH� ELyWLFD�

H[FHGH� SRU� �� yUGHQHV� GH�PDJQLWXG� D� VX� FRQWUDSDUWH� DELyWLFD�� VH� KD� VXJHULGR�DO�
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y[LGR� QLWURVR� FRPR� XQ� SRVLEOH� ELRPDUFDGRU� SDUD� OD� GHWHFFLyQ� GH� YLGD� HQ�

H[RSODQHWDV��6FDOOR�HW�DO���������5DXHU�HW�DO���������*UHQIHOO�HW�DO�����������

�

7DEOD�����)XHQWHV�ELyWLFDV�GH�SURGXFFLyQ��GH�1�2�HQ�OD�~OWLPD�GpFDGD��6HLQIHOG���������

�

)XHQWHV� 5DQJR�������

J��1��DQXDO���
3UREDEOH�������

J��1��DQXDO���

2FpDQRV� ������ ��

6XHORV�WURSLFDOHV�
�����%RVTXHV�K~PHGRV�

�����6DEDQD�VHFR�

�

����������

����������

�

��

��

6XHORV�WHPSODGRV�

�����%RVTXHV�

�����3DVWL]DOHV�

�

����������

����������

�

��

��

7RWDO�� ������� ��

�

�

�

�

�

�

�

�

�

�

�

�

�
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7DEOD�����)XHQWHV�DELyWLFDV�GH�SURGXFFLyQ�GH�1�2�HQ�OD�DWPyVIHUD��

�

)XHQWHV�
�

(QHUJtD��-�DQXDO�
���

5HQGLPLHQWR�������

PROpFXODV�-����
3URGXFFLyQ��
�����J��1��
DQXDO����

3ULPLWLYD� � � �

�����5HOiPSDJRV�� �[����� �������� a��

�����&RURQDV��

�

�[����� ���� �������

�

$FWXDO� � � �

�����5HOiPSDJRV��� �[����� �� �����

��&K\ED�\�6DJDQ���������7UDEDMR�DFWXDO��WHVLV�����1QD�0YRQGR�HW�DO����������

���/HYLQH�HW�DO���������

�

�

'XUDQWH� OD� FRQYHUVLyQ� GH� OD� DWPyVIHUD� WHUUHVWUH� SULPLWLYD� GH� DQy[LFD� D�

R[LJpQLFD�� ORV� RFpDQRV� GH� OD� 7LHUUD� SULPLWLYD� HVWXYLHURQ� HVWUDWLILFDGRV� HQ� GRV�

FDSDV��XQD�FDSD�SURIXQGD�FDUHQWH�GH�R[tJHQR�\�XQD�FDSD�VXSHUILFLDO�FRQ�R[tJHQR�

GLVXHOWR�� %DMR� HVWDV� FRQGLFLRQHV�� VH� HVSHFXOD� TXH� KXER� XQD� PD\RU� DFWLYLGDG�

PLFURELDQD�HQ�ODV�FDSDV�LQIHULRUHV�SURGXFLHQGR�XQD�GHVQLWULILFDFLyQ�PX\�DFWLYD�GHO�

QLWUyJHQR��JHQHUDQGR�QLYHOHV�GH�y[LGR�QLWURVR�HQ� OD�DWPyVIHUD� YHLQWH� YHFHV�PiV�

DOWRV�TXH�HQ�OD�DWPyVIHUD�DFWXDO��*UHQIHOO�HW�DO����������8Q�H[RSODQHWD�EDMR�HVWDV�

FRQGLFLRQHV� WHQGUtD� XQ� SRWHQFLDO� PD\RU� SDUD� GHWHFWDU� VX� DFWLYLGDG� PLFURELDQD�

XWLOL]DQGR�DO�y[LGR�QLWURVR�FRPR�ELRPDUFDGRU���

�

(O� y[LGR� QLWURVR� HV� LQHUWH� HQ� OD� WURSyVIHUD�� VX� GHVFRPSRVLFLyQ� VH� OOHYD� D�

FDER�HQ�OD�HVWUDWyVIHUD�FDWDOL]DGD�SRU�OD�OX]�XOWUDYLROHWD��IRWRVHQVLEOH��SRU�OR�TXH�QR�
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VH� FRQVLGHUD� XQ� ELRPDUFDGRU� WDQ� HILFD]� FRPR� HO� R]RQR� \� PHWDQR� �&KXUFKLOO� \�

.DVWLQJ���������)DOVRV�SRVLWLYRV�SDUD� OD�GHWHFFLyQ�GH�ELRVHxDOHV�HQ�H[RSODQHWDV�

SRGUtDQ� VHU� IXHQWHV� DELyWLFDV� TXH� JHQHUHQ� y[LGR� QLWURVR�� ([LVWH� XQ� HVWXGLR� TXH�

GHPXHVWUD� TXH� ODV� VROXFLRQHV� VDOLQDV� ULFDV� HQ� QLWULWRV� VRQ� GHVFRPSXHVWDV�

DELyWLFDPHQWH� HQ� SUHVHQFLD� GH� XQD� JUDQ� FDQWLGDG� GH� PLQHUDOHV� TXH� FRQWLHQHQ�

)H�,,��JHQHUDQGR�y[LGR�QLWURVR�HQ�VXHORV�IUtRV�FRPR�OD�$QWiUWLFD��6DPDUNLQ�HW�DO���

������� 1R� KD\� HVWLPDFLRQHV� GH� FXDO� SRGUtD� VHU� VX� FRQWULEXFLyQ� D� OD� SURGXFFLyQ�

DQXDO��VLQ�HPEDUJR��GHEH�VHU�SHTXHxD�\D�TXH�HV�UHJLRQDO��$QWiUWLFD���2WUD�IXHQWH�

DELyWLFD�GH�SURGXFFLyQ�GH�y[LGR�QLWURVR�HV�SRU�GHVFDUJDV�FRURQD��9HU�WDEOD�������OD�

FXDO� WHQGUtD� XQD� SURGXFFLyQ� �����u���� J� �1�� DQXDO��� �1QD� 0YRQGR� HW� DO��� ������

������� (Q� HVWD� WHVLV� VH� GHPXHVWUD� TXH� ORV� UHOiPSDJRV� SXGLHURQ� VHU� OD� IXHQWH�

DELyWLFD�PiV� LPSRUWDQWH� GH� JHQHUDFLyQ� GH� y[LGR� QLWURVR� FRQ� XQD� SURGXFFLyQ� GH�

���������u����J��1��DQXDO����3RU�OR�WDQWR�OD�SURGXFFLyQ�DELyWLFD�GH�1�2�HQ�OD�7LHUUD�

SULPLWLYD�HV����YHFHV�PD\RU�TXH�HQ�OD�DWPyVIHUD�DFWXDO��*UDFLDV�D�ORV�UHVXOWDGRV�

REWHQLGRV� HQ� HVWD� WHVLV� VH� HQFRQWUy� TXH� SDUD� HO� FDVR� GH� XQ� H[RSODQHWD� FRQ�

FDUDFWHUtVWLFDV� VLPLODUHV� D� OD�7LHUUD� SULPLWLYD� DQWHV� GH� OD� DSDULFLyQ� GH� OD� YLGD�� DO�

XWLOL]DU�DO�y[LGR�QLWURVR�FRPR�ELRPDUFDGRU�VH�SRGUtD� OOHJDU�D�XQ� IDOVR�SRVLWLYR�GH�

YLGD�� SRU� OR� TXH� VH� UHFRPHQGDUtD� SDUD� HVWXGLRV� IXWXURV� WRPDU� HQ� FXHQWD� HVWRV�

UHVXOWDGRV����

�

(O� y[LGR� QLWURVR� �1�2�� HV� XQ� JDV� GH� HIHFWR� LQYHUQDGHUR� FX\D� LPSRUWDQFLD�

UDGLFD�HQ�VX�DOWR�WLHPSR�GH�UHVLGHQFLD������r����DxRV��HQ�OD�DWPyVIHUD�DFWXDO��HVWR�

VH� GHEH� D� OD� SUHVHQFLD� GH� XQD� FDSD� GH� R]RQR� TXH� OR� SURWHJH� HQ� OD� WURSyVIHUD��
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*UDFLDV�D�VX�YLGD�ODUJD�VH�H[KLEHQ�FRQFHQWUDFLRQHV�PiV�R�PHQRV�XQLIRUPHV�D�OR�

ODUJR�GH� OD� WURSyVIHUD�� 7LHQH�XQD� FDSDFLGDG�GH�DEVRUFLyQ�GH� UDGLDFLyQ� LQIUDUURMD�

���� YHFHV� PD\RU� TXH� OD� GH� &2��� 3RU� OR� TXH� MXHJD� XQ� SDSHO� LPSRUWDQWH� HQ� OD�

PRGXODFLyQ� GH� OD� WHPSHUDWXUD� GH� QXHVWUR� SODQHWD� FRQ� OD� SUHVHQFLD� GH� YLGD�

�6HLQIHOG����������

�

'XUDQWH� HO� HyQ� 3URWHUR]RLFR� WRGR� SDUHFH� LQGLFDU� TXH� HO� FOLPD� HUD� FiOLGR�

EDViQGRVH�HQ�OD�DXVHQFLD�GH�JODFLDFLRQHV�GXUDQWH�������PLOORQHV�GH�DxRV��������

����PLOORQHV�GH�DxRV���&URZHOO���������(Q�HVWH�HyQ�RFXUULy�OR�TXH�VH�FRQRFH�FRPR�

OD� SDUDGRMD� GHO� 6RO� WHQXH� GRQGH� DO� LQLFLR� GHO� 3URWHUR]RLFR� OD� OXPLQRVLGDG� 6RODU�

YDULy�GHO�����D�XQ�����*RXJK���������(VWR�SXGR�KDEHU�VLGR�FRPSHQVDGR�JUDFLDV�

DO�HIHFWR� LQYHUQDGHUR�GHO�&2��\�GH�+�2��VXSRQLHQGR�TXH� ODV�FRQFHQWUDFLRQHV�GH�

&2�� IXHURQ� OR� VXILFLHQWHPHQWH� DOWDV�� ������� � �.DVWLQJ�� ������ 9RQ� 3DULV� HW� DO���

�������6LQ�HPEDUJR��GDWRV�GH�SDOHRVXHORV� �6KHOGRQ��������\�GH�FDOFLILFDFLyQ�GH�

FXELHUWDV�FLDQREDFWHULDQDV��.DK�\�5LGLQJ��������VXJLHUHQ�TXH�ODV�FRQFHQWUDFLRQHV�

GH�GLy[LGR�GH�FDUERQR�HQ� OD�DWPyVIHUD�HUDQ�GH����±������'DWRV�GH�IRUPDFLRQHV�

GH� KLHUUR� EDQGHDGD� VXJLHUHQ� QLYHOHV� DXQ�PiV� EDMRV� GH� &2�� HQ� HO� 3UHFiPEULFR�

�5RVLQJ�HW�DO�����������

�

$O� WRPDU�HVWR�HQ�FXHQWD��VH�QHFHVLWy�XQ�FDOHQWDPLHQWR�DGLFLRQDO�FRQ�RWURV�

JDVHV�GH�HIHFWR�LQYHUQDGHUR�R�GH�FDPELRV�HQ�HO�DOEHGR�SODQHWDULR�SDUD�PDQWHQHU�

HO� FOLPD� FiOLGR�� (O� PHWDQR� \D� KD� VLGR� FRQVLGHUDGR� FRPR� XQ� JDV� LPSRUWDQWH� GH�

HIHFWR� LQYHUQDGHUR� �6FKUDJ� HW� DO��� ������ 3DYORY� HW� DO��� ������ GXUDQWH� HO�

3URWHUR]RLFR�� 2WUR� JDV� SRWHQFLDOPHQWH� LPSRUWDQWH� KD� VLGR� HO� y[LGR� QLWURVR�
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�5REHUWVRQ�HW�DO��� ������� HVWRV� DXWRUHV� FRQVLGHUDQ�TXH� WDQWR�HO�PHWDQR� FRPR�HO�

y[LGR� QLWURVR� SXGLHURQ� FRQWULEXLU� GH� PDQHUD� LPSRUWDQWH� HQ� HO� FDOHQWDPLHQWR�

DWPRVIpULFR�FXDQGR�ORV�QLYHOHV�GH�R[tJHQR�HUDQ�EDMRV��6L�VH�FRQVLGHUD�XQD�7LHUUD�

FRQ�YLGD�PLFURELDQD�HQ�XQ�RFpDQR�HVWUDWLILFDGR� �DQy[LFR�DHUyELFR��TXH�JHQHUDUD�

���YHFHV�HO� IOXMR�ELROyJLFR�DFWXDO�GH�1�2��\�HQ�DXVHQFLD�GH�R[tJHQR�DWPRVIpULFR��

VH� SUHGLFH� TXH� OD� WHPSHUDWXUD� GH� OD� 7LHUUD� SULPLWLYD� HVWDUtD� SRU� DUULED� GH� OD�

WHPSHUDWXUD�GH�FRQJHODPLHQWR���q&��HQ�FRQFHQWUDFLRQHV�WDQ�EDMRV�GH�&2���FRPR�

������ �5REHUWVRQ�HW�DO��� �������(Q�DXVHQFLD� GH� YLGD�PLFURELDQD�HO� IOXMR� GH�1�2�

DELyWLFR�VHULD�GH���yUGHQHV�GH�PDJQLWXG�PHQRU�TXH�HO�IOXMR�ELROyJLFR�DFWXDO��SRU�OR�

TXH� HO� y[LGR� QLWURVR� JHQHUDGR� SRU� UHOiPSDJRV� HQ� OD� 7LHUUD� SULPLWLYD� QR� MXJy� XQ�

SDSHO�LPSRUWDQWH�FRPR�JDV�LQYHUQDGHUR���

�
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&$3Ë78/2�6(,6�

�

&21&/86,21(6�

�

x� (VWH� WUDEDMR� HV� SLRQHUR� \D� TXH� H[SORUD� OD� FRQWULEXFLyQ� GH� SHTXHxDV�

FDQWLGDGHV� GH� PHWDQR� �������� HQ� XQD� DWPyVIHUD� VLPXODGD� GH� OD� 7LHUUD�

SULPLWLYD�FRPSXHVWD�SRU�QLYHOHV�d����GH�GLy[LGR�GH�FDUERQR�HQ�QLWUyJHQR�

PROHFXODU��

�

x� /RV� FRPSXHVWRV� QLWURJHQDGRV� IRUPDGRV� HQ� OD� DWPyVIHUD� VLPXODGD� GH� OD�

7LHUUD� SULPLWLYD� SRU� UHOiPSDJRV� IXHURQ� VHSDUDGRV� SRU� FURPDWRJUDItD� GH�

JDVHV� H� LGHQWLILFDGRV� SRU� HVSHFWURPHWUtD� GH� PDVDV�� /RV� SURGXFWRV�

JHQHUDGRV� HQ� OD� DWPyVIHUD� VLPXODGD� IXHURQ� HO� y[LGR� QtWULFR� �12��� y[LGR�

QLWURVR��1�2��\�QLWURPHWDQR��&+�12����(O�HVWDGR�GH�R[LGDFLyQ�GHO�QLWUyJHQR�

YDULR�GH����HVWDGR�LQLFLDO��D�����1�2�������12��\�����&+�12����

�

x� (O� UHQGLPLHQWR� GHO� y[LGR� QtWULFR� GHSHQGH� GH� OD� HQHUJtD� GH� SXOVR� XWLOL]DGR�

SDUD� SURGXFLU� HO� UHOiPSDJR� VLPXODGR�� 6LHQGR� VX� UHQGLPLHQWR� Pi[LPR� D�

PHQRU�HQHUJtD�GH�SXOVR������P-���3DUD�HO�FDVR�GH�y[LGR�QtWURVR��H[LVWH�XQD�

SHTXHxD�GHSHQGHQFLD�GH�VX�UHQGLPLHQWR�HQ�IXQFLyQ�GH�OD�HQHUJtD�GH�SXOVR��

0LHQWUDV�TXH�SDUD�HO�QLWURPHWDQR�VX�UHQGLPLHQWR�Pi[LPR�VH�HQFRQWUy�D�����

P-�GH�SXOVR���

�
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x� 6H�HQFRQWUy�TXH�HO�UHQGLPLHQWR�GH�IRUPDFLyQ�SDUD�HO�y[LGR�QtWULFR�YDUtD�HQ�

IXQFLyQ�GH� OD� FRQFHQWUDFLyQ�GH�GLy[LGR�GH� FDUERQR�RVFLODQGR�GH��u����� D�

�u�����PROpFXODV� -��� HQ�DWPyVIHUDV� GH���D� ����&2���1R� VH�HQFRQWUy� XQ�

HIHFWR�HQ�OD�SUHVHQFLD�GH�FRQFHQWUDFLRQHV�WUD]D�GH�PHWDQR��6X�SURGXFFLyQ�

HQ�OD�7LHUUD�SULPLWLYD�VH�HVWLPD�TXH�IOXFWXy�HQWUH����u����J��1��DQXDO����

�

x� (O�UHQGLPLHQWR�GH�IRUPDFLyQ�GH�y[LGR�QLWURVR�QR�WXYR�XQ�HIHFWR�VLJQLILFDWLYR�

HQ�IXQFLyQ�GH�OD�FRQFHQWUDFLyQ�GH�GLy[LGR�GH�FDUERQR��YDULDQGR�GH��u�����D�

�u������PROpFXODV�-���HQ�DWPyVIHUDV�GH���D�����&2���$O�LJXDO�TXH�HO�y[LGR�

QtWULFR��QR�VH�HQFRQWUy�XQ�HIHFWR�HQ�OD�SUHVHQFLD�GH�FRQFHQWUDFLRQHV�WUD]D�

GH�PHWDQR��6X�SURGXFFLyQ�HQ�OD�7LHUUD�SULPLWLYD�VH�FDOFXOD�TXH�IXH�GH��u����

J��1��DQXDO����

�

x� (Q� HO� FDVR� GH� QLWURPHWDQR�� VX� UHQGLPLHQWR� GH� IRUPDFLyQ� GHSHQGLy�

QRWDEOHPHQWH�GH� OD�FRQFHQWUDFLyQ�GH�PHWDQR��GRQGH�QR�VH�JHQHUy�VL�HVWH�

QR�HVWDED�SUHVHQWH��3DUD�FRQFHQWUDFLRQHV�LQWHUPHGLDV�GH�PHWDQR����������

HO� QLWURPHWDQR� VROR� VH� IRUPy� HQ� FRQFHQWUDFLRQHV�PHQRUHV� TXH� DO� ��� GH�

&2��� 6LQ� HPEDUJR�� HQ� QLYHOHV� GH� ����� GH� PHWDQR� HO� UHQGLPLHQWR� GH�

IRUPDFLyQ�GH�QLWURPHWDQR�IXH�GH������u�����PROpFXODV�-����6X�SURGXFFLyQ�HQ�

OD�7LHUUD�SULPLWLYD�VH�FDOFXOD�IXH�GH��a����u����J��1��DQXDO����

�

x� (O�y[LGR�QtWULFR�SXGR�MXJDU�XQ�SDSHO�HQ�OD�VtQWHVLV�SUHELyWLFD�UHGXFLpQGRVH�D�

DPRQLDFR� HQ� SUHVHQFLD� GH� VDOHV� GH� KLHUUR� HQ� HO� RFpDQR� SULPLWLYR�� $� XQD�
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HVFDOD�JOREDO��ORV�UHOiPSDJRV�QR�FRQWULEX\HURQ�GH�PDQHUD�VXVWDQFLDO�HQ�OD�

ILMDFLyQ� DELyWLFD� GH� QLWUyJHQR� TXHGDQGR� VXSHUDGD� SRU� OD� VtQWHVLV� GH�

DPRQLDFR� HQ� YHQWLODV� KLGURWHUPDOHV�� DVt� FRPR�� GH� iFLGR� FLDQKtGULFR�

SURYHQLHQWH�GH�OD�IRWR�GHVFRPSRVLFLyQ�GH�PHWDQR��8QD�YH]�IRUPDGD�OD�YLGD��

QR� FRQWULEX\y� HQ� HO� VXPLQLVWUR� GH� QLWUyJHQR� QHFHVDULR� SDUD� VX�

VXSHUYLYHQFLD���

�

x� /RV� UHOiPSDJRV� FRQWULEX\HURQ� GH� PDQHUD� LPSRUWDQWH� HQ� OD� SURGXFFLyQ�

DELyWLFD� GH�y[LGR�QLWURVR��6H�HQFRQWUy� TXH�DO� VHU�XQ�ELRPDUFDGRU� QR�PX\�

HILFD]��VH�SXHGH�OOHJDU�D�REWHQHU�XQ�UHVXOWDGR�IDOVR�SRVLWLYR�HQ�OD�GHWHFFLyQ�

GH� YLGD� HQ� H[RSODQHWDV� HQ� GRQGH� QXHVWURV� UHVXOWDGRV� GHPXHVWUDQ� XQ�

SRVLEOH� RULJHQ� DELyWLFR�� (O� y[LGR� QLWURVR� HV� XQ� JDV� GH� HIHFWR� LQYHUQDGHUR�

PX\� SRWHQWH� SHUR� VH� HQFRQWUy� TXH� QR� FRQWULEX\y� VLJQLILFDWLYDPHQWH� HQ� HO�

FOLPD�GH�OD�7LHUUD�SULPLWLYD�HQ�DXVHQFLD�GH�YLGD���

�

x� (VWH�HV�HO�SULPHU�UHSRUWH�GH�OD�IRUPDFLyQ�GH�QLWURPHWDQR�SRU�UHOiPSDJRV�HQ�

DWPyVIHUDV� SODQHWDULDV�� 1R� VH� FRQRFH� FXiO� SRGUtD� VHU� VX� LPSRUWDQFLD� HQ��

TXtPLFD� SUHELyWLFD�� (V� XQ� LQWHUPHGLDULR� FODYH� HQ� OD� VtQWHVLV� GH� XQD� JUDQ�

YDULHGDG� GH� FRPSXHVWRV� RUJiQLFRV�� VLQ� HPEDUJR�� QR� VH� VDEH� FXiO� SRGUtD�

VHU�VX�FRQWULEXFLyQ�FRPR�IXHQWH�GH�FDUERQR�\�R�QLWUyJHQR�SDUD�OD�ELRVIHUD��

3XGR� MXJDU�XQ�SDSHO� LPSRUWDQWH�FRPR�IXHQWH�GH�HQHUJtD�SDUD� OD�R[LGDFLyQ�

GH�KLGURFDUEXURV�HQ�DXVHQFLD�GH�R[LJHQR�DWPRVIpULFR���
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&$3Ë78/2�6,(7(�

�

3(563(&7,9$6�

�

x� (Q� HVWH� WUDEDMR� GH� LQYHVWLJDFLyQ� VH� GHPRVWUy� TXH� OD� SUHVHQFLD� GH�

FRPSRQHQWHV�DWPRVIpULFRV�D�QLYHO� WUD]D�SXHGHQ� MXJDU�XQ�SDSHO� LPSRUWDQWH�

HQ� OD�TXtPLFD�GH� UHOiPSDJRV� WDQWR�SDUD� OD�DWPyVIHUD�SULPLWLYD��DFWXDO�\� OD�

GH� RWURV� SODQHWDV�� 3RU� OR� TXH� VHUtD� GHVHDEOH� H[SORUDU� HO� LPSDFWR� TXH�

WHQGUtDQ� ORV�FRPSXHVWRV�GH�D]XIUH�� FORUR��HWF���HQ� OD�SURGXFFLyQ�GH�JDVHV�

DWPRVIpULFRV���

�

x� (O� QLWURPHWDQR� IXH� XQ� SURGXFWR� JHQHUDGR� SRU� UHOiPSDJRV� HQ� OD� 7LHUUD�

SULPLWLYD��VLQ�HPEDUJR��VX� LPSRUWDQFLD�DELyWLFD�\�R�ELROyJLFD�QR�VH�FRQRFH��

'HELGR�D�HVWR�VH�VXJLHUH�H[SORUDU�PiV�VREUH�HO�WHPD���

�

x� /RV� UHOiPSDJRV� IXHURQ� XQD� IXHQWH� LPSRUWDQWH� GH� SURGXFFLyQ� GH� y[LGR�

QLWURVR�HQ�OD�7LHUUD�SULPLWLYD��6X�UHOHYDQFLD�DELyWLFD�HQ�HO�FLFOR�GHO�QLWUyJHQR�

QR� HV� FRQRFLGR�� 6X� SRVLEOH� LQWHUIHUHQFLD� FRPR� IXHQWH� DELyWLFD� HQ� OD�

GHWHFFLyQ�GH�YLGD�HQ�H[RSODQHWDV�GHEH�VHU�H[SORUDGD�FRQ�PDV�FXLGDGR���
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&$3Ë78/2�2&+2�

�

5()(5(1&,$6�

�

$GHQH\��3�'���%RXPD��:�-���5DGRP��/��\�5RGZHOO��:�5�� �������1LWURVRPHWKDQH�DQG� LWV�

QLWURQH� DQG� R[LPH� L[RPHUV�� $� WKHRUHWLFDO� VWXG\� RI� ����� DQG� ����� LQWUDPROHFXODU�

K\GURJHQ�VKLIWV��-��$P��&KHP��6RF�������������������

�

$IHHI\�� +�<�� \� /LHEPDQ�� -�)�� ������� 1HXWUDO� 7KHUPRFKHPLFDO� 'DWD� LQ� 1,67� FKHPLVWU\�

:HE%RRN��1,67�VWDQGDUG�UHIHUHQFH�GDWDEDVH�������

�

$IHHI\��+�<���/LHEPDQ��-�)��\�6WHLQ��6�(����������1HXWUDO�7KHUPRFKHPLFDO�'DWD�� LQ�1,67�

&KHPLVWU\�:HE%RRN��1,67�6WDQGDUG�5HIHUHQFH�'DWDEDVH�1XPEHU� ���� (GV�� 3�-��

/LQVWURP� DQG� :�*�� 0DOODUG�� 1DWLRQDO� ,QVWLWXWH� RI� 6WDQGDUGV� DQG� 7HFKQRORJ\��

*DLWKHUVEXUJ�0'���������KWWS���ZHEERRN�QLVW�JRY���

 

%UDQGHV�� -�$��� %RFWRU�� 1�=��� &RG\��*�'��� &RRSHU�� %�$��� +D]HQ�� 5�0�� \� <RGHU�� -U��� +�6��

�������$�ELRWLF�QLWURJHQ�UHGXFWLRQ�RQ�WKH�HDUO\�HDUWK��1DWXUH�����������������

�

&DOL[WR��5���+HUQDQGH]��9�'��\�+HUUHUD��1�� �������(FRORJtD�\�PHGLR�DPELHQWH��&HQJDJH�

/HDUQLQJ�(GLWRUHV�/DWLQRDPHULFD������SS���

�
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&DQILHOG�� '�(��� +DELFKW�� .�6�� \� 7KDPGUXS�� %�� ������� 7KH� DUFKHDQ� VXOIXU� F\FOH� DQG� WKH�

HDUO\�KLVWRU\�RI�DWPRVSKHULF�R[\JHQ��6FLHQFH���������������

�

&DUDELDV�� -�� ������� (FRORJtD� \� PHGLR� DPELHQWH� HQ� HO� VLJOR� ;;,�� 3HDUVRQ� (GXFDFLyQ��

0H[LFR�'�)��������SS���

�

&KDPHLGHV��:�1�� \�:DONHU�� -�&�*�� �������5DWHV� RI� IL[DWLRQ� E\� OLJKWQLQJ� RI� FDUERQ� DQG�

QLWURJHQ�LQ�SRVVLEOH�SULPLWLYH�DWPRVSKHUH��2ULJLQV�RI�/LIH����������������

�

&KXUFKLOO��'��\�.DVWLQJ��-���������1LWURXV�R[LGH�LQ�WKH�HDUO\�DWPRVSKHUH��D�PDUNHU�IRU�OLIH��

3URF�� &RQI�� ³'DUZLQ� DQG� $VWURQRP\�WKH� LQIUDUHG� VSDFH� LQWHUIHURPHWHU´��(6$� 63�

���������������

�

&K\ED��&��\�6DJDQ��&���������(OHFWULFDO�HQHUJ\�VRXUFHV�IRU�RUJDQLF�V\QWKHVLV�RQ�WKH�HDUO\�

(DUWK��2ULJLQV�/LIH�(YRO��%LRVSK�������������

�

&K\ED��&��\�6DJDQ��&�� �������(QGRJHQRXV�SURGXFWLRQ��H[RJHQRXV�GHOLYHU\�DQG� LPSDFW�

VKRFN� V\QWKHVLV� RI� RUJDQLF�PROHFXOHV�� DQ� LQYHQWRU\� IRU� WKH� RULJLQV� RI� OLIH��1DWXUH�

355�����������

�

&ORXG��3���������7KH�ELRVSKHUH��6FL��$P�����������������

�

&URZHOO��-�&�� �������3UH�PHVR]RLF� LFH�DJHV��7KHLU�EHDULQJ�RQ�XQGHUVWDQGLQJ�WKH�FOLPDWH�

V\VWHP��*HRO��6RF��$P��0HPRLUV���������������
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�

'H0RUH��:�%���6DQGHU��6�3���*ROGHQ��'�0���+DPSVRQ��5�)���.XU\OR��0�-���+RZDUG��&�-���

5DYLVKDQNDUD�� $�5��� .ROE�� &�(�� \� 0ROLQD�� 0�-�� ������� &KHPLFDO� NLQHWLFV� DQG�

SKRWRFKHPLFDO�GDWD�IRU�XVH�LQ�VWUDWRVSKHULF�PRGHOLQJ��(YDOXDWLRQ�QXPEHU�����-3/�

3XEOLFDWLRQ���������±������

�

)HUULV�� -�3���'RQQHU��'�%�� \� /RER��$�3�� �������&KHPLFDO� HYROXWLRQ�� ���� 3RVVLEOH� UROH� RI�

K\GURJHQ� F\DQLGH� LQ� FKHPLFDO� HYROXWLRQ�� 2OLJRPHUL]DWLRQ� DQG� FRQGHQVDWLRQ� RI�

K\GURJHQ�F\DQLGH��-��0RO��%LRO����������������

�

)R[��6�:��\�'RVH��.���������0ROHFXODU�HYROXWLRQ�DQG�WKH�RULJLQ�RI�OLIH��0DUFHO�'HNNHU�,1&��

1HZ�<RUN������SS���

�

*RXJK��'�2�� �������6RODU� LQWHULRU� VWUXFWXUH�DQG� OXPLQRVLW\� YDULDWLRQV��6RODU�3K\VLFV�����

��������

�

*UHQIHOO��-�/���*HEDXHUU��6���*RGROW��0���3DOF]\QVNL��.���5DXHU��+���6WRFN��-���9RQ�3DULV��3���

/HKPDQQ�� 5�� \� 6HOFLV�� )�� ������� 3RWHQWLDO� ELRVLJQDWXUHV� LQ� VXSHU� (DUWK�

DWPRVSKHUHV�,,��3KRWRFKHPLFDO�UHVSRQVH��$VWURELRO����������������

�

*UHQIHOO��-�/���*HEDXHUU��6���9RQ�3DULV��3���*RGROW��0���*HGHOW��3���3DW]HU��$�%�&���6WUDFNH��

%��\�5DXHU�+���������6HQVLWLYLW\�RI�ELRPDUNHUV�WR�FKDQJHV�LQ�FKHPLFDO�HPLVVLRQV�LQ�

WKH�(DUWK¶V�3URWHUR]RLF�DWPRVSKHUH��,FDUXV���������������

�
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+D\DVKL�� &��� 1DND]DZD�� .�� \� 0L]XQR�� +�� ������� (DUWK¶V� PHOWLQJ� GXH� WR� WKH� EODQNHWLQJ�

HIIHFW�RI�WKH�SULPRUGLDO�GHQVH�DWPRVSKHUH��(DUWK�SODQHW�6FL�/HWW��������������

�

+D\QHV��:�0���������&5&�+DQGERRN�RI�FKHPLVWU\�DQG�SK\VLFV����WK�HGLWLRQ���&5&�3UHVV��

,QF��%RFD�5DWRQ��)ORULGD���

�

+LOO��5�'���5LQNHU��5�*��\�&RXFRXYLQRV��$���������1LWURXV�R[LGH�SURGXFWLRQ�E\�OLJKWQLQJ��-��

*HRSK\V��5HV������������������

�

+ROODQG��+��'��������� LQ�3HWURORJLF�6WXGLHV��$�9ROXPH�WR�+RQRU�$�)��%XGGLQJWRQ��$�(�-��

(QJHO�HW�DO��(GV��*HRORJLFDO�6RFLHW\�RI�$PHULFD��:DVKLQJWRQ��'&�����������SS���

�

+ROODQG�� +�'�� �������(DUO\� OLIH� RQ� (DUWK�� 6�� %HQJVWRQ�� (G�� &ROXPELD�8QLY�� 3UHVV�� 1HZ�

<RUN�����������SS���

�

,JD��,���5DR��0�9�9�6��\�6ULYDVWDYD��6�.���������$EVROXWH�HOHFWURQ�LPSDFW�LRQL]DWLRQ�FURVV�

VHFWLRQV�IRU�1�2�DQG�12�IURP�WKUHVKROG�XS� WR�����H9��-��3K\V��5HV������������

������

�

,WLNDZD�� <�� ������� &URVV� VHFWLRQV� IRU� (OHFWURQ� &ROOLVLRQV� ZLWK� FDUERQ� GLR[LGH�� -�� 3K\V��

&KHP��5HI��'DWD��������������

�

,WLNDZD��<���������&URVV�VHFWLRQV�IRU�(OHFWURQ�&ROOLVLRQV�ZLWK�1LWURJHQ�PROHFXOHV��-��3K\V��

&KHP��5HI��'DWD������������
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�

-LDR��&�4���'H-RVHSK��&�$��\�*DUVFDGGHQ��$���������)RUPDWLRQ�RI�3RVLWLYH�DQG�1HJDWLYH�

LRQV�LQ�&+�12���-��3K\V��&KHP��$�����������������

.DK�� /�&��� \� 5LGLQJ�� 5�� ������� 0HVRSURWHUR]RLF� FDUERQ� GLR[LGH� OHYHOV� LQIHUUHG� IURP�

FDOFLILHG�F\DQREDFWHULDO��*HRORJ\���������������

�

.DQGHO��5��-���������$SSHDUDQFH�3RWHQWLDO�VWXGLHV��,,��1LWURPHWKDQH�� �-��&KHP��3K\V������

�������

�

.DVWLQJ��-�)��\�6LHIHUW��-�/���������7KH�QLWURJHQ�IL[��1DWXUH�������������

�

.DVWLQJ�� -�)�� \�'RQDKXH�7�0�� �������7KH�HYROXWLRQ� RI� DWPRVSKHULF� R]RQH�� -��*HRSK\V��

5HV�����������������

�

.DVWLQJ��-�)���������7KHRUHWLFDO�FRQVWUDLQWV�RQ�R[\JHQ�DQG�FDUERQ�GLR[LGH�FRQFHQWUDWLRQV�

LQ�WKH�3UHFDPEULDQ�DWPRVSKHUH��3UHFDPE��5HV����������������

�

.DVWLQJ��-�)���������7KH�ULVH�RI�DWPRVSKHULF�R[\JHQ��6FLHQFH����������������

�

.DVWLQJ�� -�)�� ������� /LIH� DQG� WKH� HYROXWLRQ� RI� (DUWK�V� DWPRVSKHUH��6FLHQFH������ �����

������

�

/HH��3���:DQJ��/��\�)HQJ��/���������&KDUDFWHUL]DWLRQ�RI�D�QRYHO�ULHVNH�W\SH�DONDQH�PRQR�

R[\JHQDVH�V\VWHP�\�SXVLOOLPRQDV�VS��6WUDLQ�7�����-��%DFWHU�����������������
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�

/HKQLQJHU��$�/���������3ULQFLSLRV�HQ�ELRTXtPLFD��(GLFLRQHV�2PHJD������SS��

�

/HYLQH�� -�6��� +XJKHV�� 5�(��� &KDPHLGHV�� :�5�� \� +RZHOO�� :�(�� ������� 1�2� DQG� &2�

SURGXFWLRQ�E\�HOHFWULF�GLVFKDUJHV��DWPRVSKHULF�LPSOLFDWLRQ��*HRSK\V��5HV��/HWW�����

����������

�

/HYLQH�� -�6��� *UHJRU\�� *�/��� +DUYH\�� *�$��� +RZHOO�� :�(��� %RUXFNL�� :�-�� \� 2UYLOOH�� 5�(��

�������3URGXFWLRQ�RI�QLWURJHQ�R[LGH�E\�OLJKWQLQJ�RQ�9HQXV��*HRSK\V��5HV��/HWW������

����������

�

/LX�� ;�� DQG� 6KHPDQVN\�'�� ������� $QDO\VLV� RI� HOHFWURQ� LPSDFW� LRQL]DWLRQ� SURSHUWLHV� RI�

PHWKDQH��-��3K\V��5HV�������$�������GRL�������������-$��������

�

/XQD�� +��� &DYDOFDQWL�� (�*��� 1LFNOHV�� -��� 6LJDXG�� 0�� \� 0RQWHQHJUR�� (�&�� ������� &+��

LRQL]DWLRQ� DQG� GLVVRFLDWLRQ� E\� SURWRQ� DQG� HOHFWURQ� LPSDFW�� -�� 3K\V�� %� ���� �����

�������

�

/XQLQH�� -�,�� ������� (DUWK�� HYROXWLRQ� RI� D� KDELWDEOH� ZRUOG�� &DPEULGJH� 8QLYHUVLW\� 3UHVV��

&DPEULGJH�8�.������SS��

�

0DQFLQHOOL�� 5�/�� \� 0F.D\�� &�3�� ������� 7KH� HYROXWLRQ� RI� QLWURJHQ� F\FOLQJ�� 2ULJLQV� /LIH�

(YROY��%LRVSK����������������

�
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0DVXRND��7���������6LQJOH�DQG�GRXEOH�SKRWRLRQL]DWLRQ�FURVV�VHFWLRQV�RI�QLWULF�R[LGH�12��

DQG�LRQLF�IUDJPHQWDWLRQ�RI�12��DQG�12����3K\V��5HY��$�����������������

�

0FEULGH�� 1�� ������� $Q� LQWURGXFWLRQ� WR� WKH� VRODU� V\VWHP�� &DPEULGJH� 8QLYHUVLW\� 3UHVV��

���SS���

�

0FNHH�-���������%LRTXtPLFD��/D�EDVH�PROHFXODU�GH�OD�YLGD��0F*UDZ�+LOO������SS���

�

0LOOHU��6�/���������$�SURGXFWLRQ�RI�$PLQR�$FLGV�XQGHU�SRVVLEOH�SULPLWLYH�(DUWK�FRQGLWLRQV��

6FLHQFH����������������

�

0LOOHU��6�/���������7KH�IRUPDWLRQ�RI�RUJDQLF�FRPSRXQGV�RQ�WKH�SULPLWLYH�(DUWK��$QQ��1<��

$FDG��6FL����������������

�

0RUULVVRQ��5�7��\�%R\G��5�1���������4XtPLFD�RUJiQLFD���WD�HGLFLyQ���3HDUVRQ�(GXFDFLRQ��

�����SS���

�

1DYDUUR�*RQ]iOH]�� 5��� 0ROLQD�� 0�-�� \� 0ROLQD�� /�7�� ������� 1LWURJHQ� IL[DWLRQ� E\� YROFDQLF�

OLJKWQLQJ�LQ�WKH�HDUO\�HDUWK��*HRSK\V��5HV��/HWW������������������

�

1DYDUUR�*RQ]iOH]�� 5��� 0ROLQD�� 0�-�� \� 0ROLQD�� /�7�� ������� 7KH� FKHPLVWU\� RI� $UFKHDQ�

YROFDQLQF�OLJKWQLQJ�LQ�7KH�5ROH�RI�5DGLDWLRQ�RQ�WKH�2ULJLQV�RI�/LIH���0�$NRED\DVKL��

)XMLL�\�5��1DYDUUR�*RQ]DOH]��(GLWRUHV���.\RWR�8QLYHUVLW\�SUHVV�����������

�
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1DYDUUR�*RQ]iOH]��5���0FND\��&�3��\�1QD�0YRQGR��'��������D��$�SRVVLEOH�QLWURJHQ�FULVLV�

IRU�DUFKDHQ�OLIH�GXH�WR�UHGXFHG�QLWURJHQ�IL[DWLRQ�E\�OLJKWQLQJ��1DWXUH��������������

�

1DYDUUR�*RQ]iOH]��5���9LOODJUDQ�0XQL]��0���6REUDO��+���0ROLQD��/�7���\�0ROLQD��0�-��������

E�� 7KH� SK\VLFDO� PHFKDQLVP� RI� QLWULF� R[LGH� IRUPDWLRQ� LQ� VLPXODWHG� OLJKWQLQJ�

*HRSK\V��5HV�/HWW�������������������

�

1QD� 0YRQGR�� '�� 1DYDUUR�*RQ]iOH]�� 5��� 0FND\�� &�3��� &ROO�� 3�� � \� 5DXOLQ�� )�� �������

3URGXFWLRQ� RI� QLWURJHQ� R[LGHV� E\� OLJKWQLQJ� DQG� FRURQDH� GLVFKDUJHV� LQ� VLPXODWHG�

HDUO\�(DUWK��9HQXV�DQG�0DUV�HQYLURQPHQWV��$GY��6SDFH�5HV�����������������

�

1QQD�0YRQGR��'���1DYDUUR�*RQ]iOH]��5��\�5DXOLQ��)���������1LWURJHQ�IL[DWLRQ�E\�FRURQD�

GLVFKDUJH�RQ�WKH�HDUO\�SUHFDPEULDQ�(DUWK��2ULJLQV�/LIH�(YRO��%LRVSK����������������

�

1JX\HQ��0�7���/H��+�7���+DMJDWR��%��\�9HV]SUHPL��7�,���������1LWURPHWKDQH�PHWKLO�QLWUDWH�

UHDUUDQJHPHQW��D�SHUVLVWHQW�GLFUHSDQF\�EHWZHHQ� WKHRU\�DQG�H[SHULPHQW��-��3K\V��

&KHP��$��������������

�

2UJHO��/�(��\�0LOOHU��6���������2ULJLQV�RI� OLIH�RQ�WKH�(DUWK��&RQFHSWV�RI�PRGHUQ�ELRORJ\���

(GLWRULDO�3UHQWLFH�+DOO������SS���

�

3DYORY��$�$��\�.DVWLQJ��-�)�� �������89�VKLHOGLQJ�RI�1+��DQG�2��E\�RUJDQLF�KD]HV� LQ� WKH�

$UFKHDQ�DWPRVSKHUH��-��*HRSK\V��5HV�������������������� �

�
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3DYORY��$�$���+XUWJHQ��0�7���.DVWLQJ��-�)���\�$UWKXU��0�$���������0HWKDQH��ULFK�3URWHUR]RLF�

DWPRVSKHUH"�*HRO��������������

�

3RVWJDWH�-���������1LWURJHQ�IL[DWLRQ��&DPEULGJH�8QLYHUVLW\�SUHVV�����SS���

�

3UDVVDG��1��\�5RVFRH��6�0���������(YLGHQFH�RI�DQR[LF�WR�R[LF�DWPRVSKHULF�FKDQJH�GXULQJ�

���������� *D� IURP� ORZHU� DQG� XSSHU� VXE�+RUDQLDQ� SDOHRVROV�� &DQDGD�� &DWHQD�

������������

�

5DKPDQ��0���\�&RRUD\��9�� �������12[�JHQHUDWLRQ� LQ� ODVHU�SURGXFHG�SODVPD� LQ�DLU�DV�D�

IXQFWLRQ�RI�GLVVLSDWHG�HQHUJ\��2SWLFV�/DVHU�7HFKQ���������������

�

5DXHU�+���*HEDXHU��6���3DULV��3�Y���&DEUHUD��-���*RGROW��0���*UHQIHOO��-�/���9HOX��$���&HOVLV��

)��� +HGHOW�� 3�� \� 6FKUHLHU�)�� ������� 3RWHQWLDO� ELRVLJQDWXUHV� LQ� VXSHU� (DUWK�

DWPRVSKHUHV� ,�� 6SHFWUDO� DSSHDUDQFH� RI� VXSHU�(DUWK¶V� DURXQG� 0� GZDUIV�� $VWURQ��

$VWURSK\V��$����������

�

5REHUWVRQ��$�/���5RDGW�-��+DOHY\�,��\�.DVWLQJ��-�)���������*UHHQKRXVH�ZDUPLQJ�E\�QLWURXV�

R[LGH�DQG�PHWKDQH�LQ�WKH�3URWHUR]RLF�(RQ��*HRELRO���������������

�

5RVLQJ�0���%LUG�'���6OHHS�1��\�%MHUUXP��&���������1R�FOLPDWH�SDUDGR[�XQGHU�WKH�IDLQW�HDUO\�

6XQ��1DWXUH����������������

�
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6DJDQ��&��\�&K\ED��&���������7KH�HDUO\�IDLQW�VXQ�SDUDGR[��RUJDQLF�VKLHOGLQJ�RI�XOWUDYLROHW�

ODELOH�JUHHQKRXVH�JDVHV��6FLHQFH������������������

6DPDUNLQ��9��$���0DGLJDQ��0�7���%RZOHV��0�:���&DVFLRWWL��.�/���3ULVFX��-�&���0F.D\��&�3���

\�-R\H��6�%����������$ELRWLF�QLWURXV�R[LGH�HPLVVLRQ�IURP�WKH�K\SHUVDOLQH�'RQ�-XDQ�

SRQG�LQ�$QWDUWLFD��1DWXUH�*HRVFLHQFH��������������

�

6FDOOR��-���.DOWHQHJHU��/���6HJXUD��$���)ULGOXQG�0���5LEDV��,���4XOLNRY��<�1���*UHQIHOO��-�/���

5DXHU�� +��� 2GHUW�� 3��� /HLW]LQJHU�� 0��� &HOVLV�� )��� .KRGDFKHQNR�� 0�/��� (LURD�� &���

.DVWLQJ�� -�� \� /DPPHU�� +�� ������� 0� VWDUV� DV� WDUJHWV� IRU� WHUUHVWULDO� H[RSODQHW�

VHDUFKHV�DQG�ELRVLJQDWXUH�GHWHFWLRQ��$VWURELRO��������������

�

6FKUDJ��'�3���%HUQHU��5�$���+RIIPDQ�3�)��\�+DOYHUVRQ��*�3��������2Q� WKH� LQLWLDWLRQ�RI�D�

VQRZEDOO� (DUWK�� *HRFKHPLVWU\� *HRSK\VLFV� *HRV\VWHPV� ���

GRL�������������JF��������

�

6HLQIHOG��-�+����������$WPRVSKHULF�FKHPLVWU\�DQG�SK\VLFV��:LOH\�,QWHUVFLHQFH������SS���

�

6KHOGRQ��1�'�� �������3UHFDPEULDQ�SDOHRVROV�DQG�DWPRVSKHULF�&2�� OHYHOV��3UHFDPEULDQ�

5HVHDUFK����������������

�

6REUDO�� +��� 9LOODJUiQ�0XQL]�� 0��� 1DYDUUR�*RQ]iOH]�� 5�� \� 5DJD�� $�&�� ������� 7HPSRUDO�

HYROXWLRQ�RI�WKH�VKRFN�ZDYH�DQG�KRW�FRUH�DLU�LQ�ODVHU�LQGXFHG�SODVPD��$SS��3K\V��

/HWW�����������������

�
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6WULEOLQJ��5��\�0LOOHU��6��/�� �������(QHUJ\�\LHOGV�IRU�K\GURJHQ�F\DQLGH�DQG�IRUPDOGHK\GH�

V\QWKHVHV��7KH�+&1�DQG�DPLQR�DFLG�FRQFHQWUDWLRQV�LQ�WKH�SULPLWLYH�RFHDQ��2ULJLQV�

RI�/LIH���������������

�

6XPPHUV��'�3��\�&KDQJ��6���������3UHELRWLF�DPPRQLD�IURP�UHGXFWLRQ�RI�QLWUDWH�E\�LURQ��,,��

RQ�WKH�HDUO\�(DUWK��1DWXUH���������������

�

6XPPHUV��'�3�� \�.KDUH��%�� �������1LWURJHQ� IL[DWLRQ�RQ�HDUO\�0DUV� DQG�RWKHU� WHUUHVWULDO�

SODQHWV�� H[SHULPHQWDO� GHPRQVWUDWLRQ� RI� DELRWLF� IL[DWLRQ� UHDFWLRQV� WR� QLWUDWHV� DQG�

QLWULWHV��$VWURELRO���������������

�

6XPPHUV��'�3���%DVD��5�&�%���.KDUH��%��\�5RGRQL��%���������$ELRWLF�QLWURJHQ�IL[DWLRQ�RQ�

WHUUHVWULDO�SODQHWV��5HGXFWLRQ�RI�12�WR�DPPRQLD�E\�)H6��$VWURELRO����������������

�

7LDQ�� )��� 7RRQ�� 2�%��� 3DYORY�� $�$�� \� 'H� 6WHUFN�� +�� ������� $� K\GURJHQ�ULFK� HDUO\� (DUWK�

DWPRVSKHUH��6FLHQFH������������������

�

7LDQ�� )��� .DVWLQJ�� -�)��� \� =DKQOH�� .�� ������� 5HYLVLWLQJ� +&1� IRUPDWLRQ� LQ� (DUWK¶V� HDUO\�

DWPRVSKHUH��(DUWK�3ODQHW��6FL��/HWW����������������

�

7VDQJ��:��\�+HUUROQ��-�7���������&KHPLFDO�NLQHWLF�GDWDEDVH�IRU�SURSHOODQW�FRPEXVWLRQ��,��

5HDFWLRQV� LQYROYLQJ�12��12���+12��+12���+&1�DQG�1�2�� -��3K\V��&KHP��5HI��

'DWD����������������

�
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7\UHOO�7�� �������7KH� UHODWLYH� LQIOXHQFHV�RI� QLWURJHQ�DQG�SKRVSKRUXV�RQ�RFHDQLF� SULPDU\�

SURGXFWLRQ��1DWXUH���������������

�

8UH\��+�&���������2Q�WKH�HDUO\�FKHPLFDO�KLVWRU\�RI�WKH�HDUWK�DQG�WKH�RULJLQ�RI�OLIH��3�1�$�6��

�86$���������������

�

9HQQHVODQG��%���&RQQ��(�(���.QRZOHV��&�-���:HVWOH\��-��\�:LVVLQJ��)�� �������&\DQLGH� LQ�

ELRORJ\��$FDGHPLF�SUHVV��/RQGRQ�����SS��

�

9RQ� 3DULV�� 3��� 5DXHU�+��� *UHQIHOO�-��� 3DW]HU�%��� +HGHOW�� 3��� 6WUDFNH�%��� 7UDXWPDQQ�7�� \�

6FKUHLU�� )�� ������� :DUPLQJ� WKH� HDUO\� HDUWK�&2�� UHFRQVLGHUHG�� 3ODQHWDU\� DQG�

6SDFH�6FLHQFH����������������

�

:DONHU��-�&�*���������(YROXWLRQ�RI�WKH�$WPRVSKHUH��0DFPLOODQ��1HZ�<RUN������SS���

�

:DOWHU�� )�0�� \� %DUU\�� &�� ������� ,Q� 7KH� VXQ� LQ� WLPH�� �6RQQHW�� &�3��� *LDPSDSD�� 0�6�� \�

0DWWKHZV��0�6���(GLWRUHV��8QLYHUVLW\�RI�$UL]RQD�3UHVV��7XFVRQ��$UL]RQD����������

SS���

�

<XQJ�� <�/��� \� 0F/UR\�0�%�� ������� )L[DWLRQ� RI� QLWURJHQ� LQ� WKH� SUHELRWLF� DWPRVSKHUH��

6FLHQFH�������������������

�

=DKQOH��.�-���$UQGW��1���&RFNHO��&���+DOOLGD\�$���1LVEHW��(���6HOVLV��)��\�6OHHS��1�1���������

(PHUJHQFH�RI�D�KDELWDEOH�SODQHW��6SDFH�6FL�5HY��������������



 112 

=DKQOH��.�-���6FKDHIHU��/��\�)HJOH\��%���������(DUWK¶V�HDUOLHVW�DWPRVSKHUHV��&ROG�6SULQJ�

+DUE�3HUVSHFW�%LRO�GRL����������FVKSHUVSHFW�D�������

�

=DVORQNR�� ,�6��� 3HWURY�� <�3�� \� 6PLUQRY�� 9�1�� ������� 7KHUPDO� GHFRPSRVLWLRQ� RI�

QLWURPHWKDQH�LQ�VKRFNZDYHV��WKH�HIIHFW�RI�SUHVVXUH�DQG�FROOLVLRQ�SDUWQHUV��.LQHWLFV��

&DWDO����������������
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&$3Ë78/2�18(9(�

�$1(;26��

$QH[R�$��7DEOD�(VWUDWLJUiILFD�,QWHUQDFLRQDO�GHO�������ZZZ�VWUDWLJUDSK\�RUJ��
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$QH[R�%��(VFDOD�GH�WLHPSR�UHOHYDQWH�SDUD�HO�SUR\HFWR���

�

 

�

�

�

�

�

�

�

+DGtFR�

Inicio del colapso de la Nebulosa Solar 

�

����

3
UH
FD
P
EU
LF
R

$UTXHDQR

3URWHUR]RLFR
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����

����

���

&RODSVR�GH�OD�1HEXORVD�6RODU�

)RUPDFLyQ�GH�OD�7LHUUD�
)RUPDFLyQ�GH�OD�/XQD�

)DXQD�(GLDFDUD�

&DSD�GH�R]RQR�

*UDQ�R[LGDFLyQ�

+DGtFR�
)RUPDFLyQ�GHO�Q~FOHR�

%RPEDUGHR�LQWHQVR�WDUGtR�
5RFDV�PHWDVHGLPHQWDULDV�

(VWURPDWROtWRV�
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$QH[R�&��7DEOD�GH�H[SHULPHQWRV�UHDOL]DGRV�HQ�HO�SUR\HFWR���

% CH4 %CO2 

0 0.8 

0 1.8 

0 3.8 

0 5.8 

0 7.8 

0 9.8 

0.01 1.2 

0.01 2.2 

0.01 4.2 

0.01 6.2 

0.01 8.2 

0.01 10.2 

0.1 1.0 

0.1 2.0 

0.1 4.0 

0.1 6.0 

0.1 8.0 

0.1 10.0 
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$QH[R� '�� 7DEOD� GH� FRHILFLHQWHV� OLQHDOHV� GH� OD� UHFWD� \� SROLQRPLRV� GH� VHJXQGR� \� WHUFHU�

RUGHQ� REWHQLGRV� SDUD� ORV� H[SHULPHQWRV� GH� QLWURPHWDQR� HQ� GLIHUHQWHV� DWPyVIHUDV�

VLPXODGDV�

�

��
&2��

5HFWD� ��2UGHQ� ��2UGHQ� 3URPHGLR� 'HVYLDFLyQ�
HVWiQGDU�

� �����&+�� � � � �
�� �� �� �� � �
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Abstract 

&DUERQ�GLR[LGH��&2���ZDV�WKH�PDLQ�DWPRVSKHULF�FRPSRQHQW�RI�WKH�HDUO\�(DUWK
V�
DWPRVSKHUH�DQG�H[HUWHG�D�NH\�UROH�LQ�FOLPDWH�E\�PDLQWDLQLQJ�D�K\GURVSKHUH�GXULQJ�D�
SULPLWLYH�IDLQW�6XQ�>�@��KRZHYHU��&2��ZDV�HYHQWXDOO\�UHPRYHG�IURP�WKH�DWPRVSKHUH�
E\�URFN�ZHDWKHULQJ�DQG�VHTXHVWHUHG�LQ�WKH�(DUWK
V�FUXVW�DQG�PDQWOH�>�@��1LWULF�R[LGH�
�12��ZDV�IL[HG�E\�OLJKWQLQJ�GLVFKDUJHV�DW�D�UDWH�RI��î�����PROHFXOHV�-���LQ�&2�����
�����ULFK�DWPRVSKHUHV�>�@��$V�WKH�OHYHOV�RI�DWPRVSKHULF�&2��GURSSHG�WR������WKH�
SURGXFWLRQ�UDWH�RI�12�E\�OLJKWQLQJ�UDSLGO\�GHFUHDVHG�WR��î�����PROHFXOHV�-���DQG�WKHQ�
VORZO\�GLPLQLVKHG�WR��î����PROHFXOHV�-���DW�&2��OHYHOV�RI�DERXW������>�@��,Q�RUGHU�WR�
PDLQWDLQ�WKH�H[LVWHQFH�RI�OLTXLG�ZDWHU�LQ�WKH�HDUO\�(DUWK��LW�LV�UHTXLUHG�WR�ZDUP�XS�WKH�
SODQHW�ZLWK�RWKHU�JUHHQKRXVH�JDVHV�VXFK�DV�PHWKDQH��&+���>�@��+HUH�ZH�UHSRUW�DQ�
H[SHULPHQWDO�VWXG\�RI�WKH�HIIHFWV�RI�OLJKWQLQJ�GLVFKDUJHV�RQ�WKH�QLWURJHQ�IL[DWLRQ�UDWH�
GXULQJ�WKH�HYROXWLRQ�RI�WKH�(DUWK
V�HDUO\�DWPRVSKHUH�IURP����WR�����SHUFHQW�RI�FDUERQ�
GLR[LGH�ZLWK�PHWKDQH�FRQFHQWUDWLRQV�IURP���WR�������SSP�LQ�PROHFXODU�QLWURJHQ��
/LJKWQLQJ�ZDV�VLPXODWHG�LQ�WKH�ODERUDWRU\�E\�D�SODVPD�JHQHUDWHG�ZLWK�D�SXOVHG�1G�
<$*�ODVHU�>�@��2XU�UHVXOWV�VKRZ�WKDW�WKH�SURGXFWLRQ�RI�12�E\�OLJKWQLQJ�LV�
LQGHSHQGHQW�RI�WKH�SUHVHQFH�RI�PHWKDQH�EXW�GURSV�IURP��î�����PROHFXOHV�-���LQ�����
&2��WR��î�����PROHFXOHV�-���LQ����&2���6XUSULVLQJO\��QLWURXV�R[LGH��1�2��LV�DOVR�
SURGXFHG�DW�D�UDWH�RI��î�����PROHFXOHV�-���LQGHSHQGHQW�RI�WKH�OHYHOV�RI�&+��DQG�&2���
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1�2�LV�SURGXFHG�E\�OLJKWQLQJ�LQ�WKH�FRQWHPSRUDQHRXV�R[\JHQDWHG�(DUWK
V�DWPRVSKHUH�
DW�D�FRPSDUDEOH�UDWH�RI����������î�����PROHFXOHV�-���>����@��EXW�ZDV�QRW�GHWHFWHG�LQ�
QLWURJHQ�FDUERQ�GLR[LGH�PL[WXUHV�LQ�WKH�DEVHQFH�RI�R[\JHQ�>�@��7KH�RQO\�SUHYLRXVO\�
UHSRUWHG�DELRWLF�V\QWKHVLV�RI�1�2�ZDV�E\�FRURQD�GLVFKDUJHV�LQ�ULFK�&2��DWPRVSKHUHV�
���������ZLWK�D�SURGXFWLRQ�UDWH�RI��î�����PROHFXOHV�-���>�@��KRZHYHU�DW�ORZHU�
&2���������OHYHOV��1�2�LV�QR�ORQJHU�SURGXFHG��7KHUHIRUH��OLJKWQLQJ�LQ�WKH�HDUO\�
(DUWK
V�DWPRVSKHUH�ZDV�WKH�PDLQ�VRXUFH�RI�1�2�LQ�QLWURJHQ�GRPLQDWHG�DWPRVSKHUHV��
1�2�LV�QRW�NQRZQ�WR�KDYH�SOD\HG�D�UROH�LQ�DELRWLF�V\QWKHVLV��,W�LV�QRW�LQFRUSRUDWHG�E\�
PLFURRUJDQLVPV��DQG�KHQFH�PD\�QRW�KDYH�KDG�D�UROH�LQ�WKH�VXSSO\�RI�UHDFWLYH�QLWURJHQ�
WR�WKH�ELRVSKHUH��+RZHYHU��LW�LV�D�SRZHUIXO�JUHHQKRXVH�JDV�DQG�PD\�KDYH�KDG�D�UROH�LQ�
ZDUPLQJ�XS�WKH�HDUO\�(DUWK
V�DWPRVSKHUH�>�@��/LJKWQLQJ�DFWLYLW\�LV�HQKDQFHG�LQ�D�
ZDUPHU�FOLPDWH�>�@�DQG�VR�WKH�SURGXFWLRQ�RI�1�2�E\�OLJKWQLQJ�PD\�KDYH�KDG�D�SRVLWLYH�
IHHGEDFN�LQ�LQFUHDVLQJ�OLJKWQLQJ�DFWLYLW\�UHVXOWLQJ�LQ�PRUH�1�2�SURGXFWLRQ��1�2�LV�
DOVR�SURGXFHG�E\�PLFURELDO�DFWLYLW\�DQG�KDV�EHHQ�VXJJHVWHG�DV�D�SRWHQWLDO�ELRVLJQDWXUH�
LQ�WKH�DWPRVSKHUHV�RI�H[WUDVRODU�SODQHWV�>�@��+HUH�ZH�VKRZ�WKDW�OLJKWQLQJ�FDQ�LQWHUIHUH�
ZLWK�WKH�UHPRWH�GHWHFWLRQ�RI�OLIH�XVLQJ�1�2�DV�D�ELRVLJQDWXUH��>�@�.DVWLQJ��-�)���������
6FLHQFH�����������>�@�1DYDUUR�*RQ]iOH]��5���HW�DO���������1DWXUH����������>�@�7LDQ��)���
HW�DO���������(DUWK�3ODQHW��6FL��/HWW������������>�@�/HYLQH��-�6��HW�DO���������*HRSK\V��
5HV��/HWW����������>�@�>�@�+LOO��5�'��HW�DO���������-��*HRSK\V��5HV������������>�@�1QD�
0YRQGR��'��HW�DO����������2ULJLQV�/LIH�(YRO��%LRVSK�����������>�@�5REHUVRQ��$�/��HW�
DO���*HRELRORJ\���������>�@�:LOOLDPV��(�5���������$WPRV��5HV�����������DQG�>�@�5DXHU��
+�6��HW�DO���$VWURQ��$VWURSK\V�������$�� 
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