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,QVWUXFFLRQHV� (O HVWXGLDQWH GHEHUi UHVROYHU &8$752 GH ORV RFKR HMHUFLFLRV SURSXHVWRV� 6L UHVXHOYH

PiV� VH FRUUHJLUiQ VROR ORV FXDWUR SULPHURV� /RV HMHUFLFLRV GHEHQ UHGDFWDUVH FRQ FODULGDG� GHWDOODGDPHQWH \

UD]RQDQGR ODV UHVSXHVWDV� 6H SRGUi XWLOL]DU FXDOTXLHU WLSR GH FDOFXODGRUD� &DGD HMHUFLFLR FRPSOHWR SXQWXDUi

�,� SXQWRV� 'XUDFLyQ GH OD SUXHED� � KRUD \ �� PLQXWRV�

�� D� >���� SXQWRV@ 'LVFXWH HO VLJXLHQWH VLVWHPD GH HFXDFLRQHV OLQHDOHV HQ IXQFLyQ GHO SDUiPHWUR D ∈ ℝ�⎧{⎨{⎩ [ +�\ +�] = D + �
D[ +] = �
[ +\ +�] = �

.
E� >���� SXQWRV@ 5HVXHOYH UD]RQDGDPHQWH HO VLVWHPD DQWHULRU SDUD D = �� VL HV SRVLEOH�

�� D� >��� SXQWRV@ (QFXHQWUD UD]RQDGDPHQWH HO YDORU GH D, E ∈ ℝ SDUD TXH OD IXQFLyQ

I([) = D[ + �
�[ + E

WHQJD XQD GLVFRQWLQXLGDG GH VDOWR LQILQLWR HQ [ = � \ WLHQGD D � FXDQGR [ ⟶ +∞�

E� >� SXQWR@ 5HVXHOYH OD VLJXLHQWH LQWHJUDO� ∫ [ ⋅ FRV(�[)G[.
�� D� >��� SXQWRV@ (VWXGLD OD FRQWLQXLGDG HQ ℝ GH OD IXQFLyQ

I([) = (�H[
�−� − �[ + ��) / ([� − �[) .

E� >� SXQWR@ 6HD HO GHWHUPLQDQWH ∣[ \ ]
D E F
� � �

∣ = �,
GRQGH [, \, ], D, E, F ∈ ℝ� &DOFXOD UD]RQDGDPHQWH �H LQGLFDQGR ODV SURSLHGDGHV GH ORV GHWHUPLQDQWHV TXH XWLOL]DV�
HO GHWHUPLQDQWH GH ∣ � � �

D − � E − � F − �
�[ �\ �]

∣ .
�� 6HD HO SXQWR $ = (�, �, �) \ HO SODQR ʌ ≡ [ + \ + ] = ��

D� >��� SXQWRV@ &DOFXOD OD UHFWD SHUSHQGLFXODU D ʌ \ TXH SDVD SRU $� ¢(Q TXp SXQWR VH FRUWDQ OD UHFWD \ HO SODQR"

E� >� SXQWR@ 2EWpQ HO SXQWR GH OD UHFWD DQWHULRU GLVWLQWR GH $ TXH GLVWD GH ʌ LJXDO TXH $� HV GHFLU� HO SXQWR VLPpWULFR
GH $ FRQ UHVSHFWR D ʌ�
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�� D� >� SXQWR@ 6HD HO SODQR ʌ ≡ [ − �\ + ] = � \ ORV SXQWRV $ = (�, �, −�) \ % = (�, �, �)� 2EWpQ HO SODQR
SHUSHQGLFXODU D ʌ \ TXH FRQWLHQH D $ \ %�

E� >��� SXQWRV@ &DOFXOD HO iUHD GH OD UHJLyQ GHOLPLWDGD SRU ODV IXQFLRQHV I([) = [� − �[ + � \ J([) = � − [�
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E� >� SXQWR@ (QXQFLD HO WHRUHPD GH %RO]DQR� 8WLOL]D HVWH WHRUHPD SDUD UD]RQDU TXH OD IXQFLyQ

I([) = (�H[ − �[ − �) / ([� + �)
FRUWD DO HMH GH DEVFLVDV DO PHQRV XQD YH]�

�� D� >��� SXQWRV@ 'HVSHMD OD PDWUL] ; GH OD HFXDFLyQ PDWULFLDO $ ⋅ ; + % = ;� VLHQGR ;� $ \ % PDWULFHV FXDGUDGDV
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$ = (� −�
� � ) ; % = (� �

� �) .
E� >� SXQWR@ 8Q SLORWR GH )yUPXOD � WLHQH XQD SUREDELOLGDG GHO �� � GH JDQDU XQD FDUUHUD FXDOTXLHUD� 6L SDUWLFLSD HQ

ODV SUy[LPDV � FDUUHUDV� ¢FXiO HV OD SUREDELOLGDG GH TXH JDQH DO PHQRV GRV"
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