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SDUHV� HOHFWURQHV�KXHFR� TXH� VXFHGDQ� HQ� HO�PDWHULDO� VHPLFRQGXFWRU�� 3RU� HOOR� OD� FRQGXFWLYLGDG� YDUtD� SRFR� KDVWD�
OOHJDU�D�WHPSHUDWXUDV�SUy[LPDV�D�WHPSHUDWXUD�DPELHQWH��GRQGH�OD�HQHUJtD�GH�OD�UHG�FULVWDOLQD�SHUPLWH�LQFUHPHQWDU�
OD�YHORFLGDG�GH�JHQHUDFLyQ�GH�FDUJD�OLEUH�OR�VXILFLHQWH�FRPR�SDUD�TXH�VH�PDQLILHVWH�FRQ�XQ�LQFUHPHQWR�DFXVDGR�
GH�OD�FRQGXFWLYLGDG�GHO�PDWHULDO�H[WUtQVHFR������

� � �

���&DOFXOHX�HO�FRUUHQW�TXH�FLUFXOD�SHU�OD�
UHVLVWqQFLD�GH��NΩΩΩΩ�HQ�HO�FLUFXLW�GH�OD�ILJXUD��
VXSRVDQW�XQD�WHQVLy�GH�FRO]H�SHU�DO�GtRGH�GH�
���9��L�XQD�UHVLVWqQFLD�GH���Ω.Ω.Ω.Ω.    
    
7.7.7.7.�&DOFXOD�OD�FRUULHQWH�TXH�FLUFXOD�SRU�OD�
UHVLVWHQFLD�GH��
�NΩ Ω Ω Ω HQ�HO�FLUFXLWR�GH�OD�ILJXUD��VXSRQLHQGR�XQD�
WHQVLyQ�GH�FRGR�SDUD�HO�GLRGR�GH�����9��\�XQD�
UHVLVWHQFLD�GH���Ω.Ω.Ω.Ω.�
�

�

�9�

���9�

�NΩ�

�NΩ�

�NΩ�

�Ω�

�

&RQVLGHUDQGR�FRUULHQWHV�GH�PDOODV�HQ�VHQWLGR�DQWLKRUDULR��YHU�ILJXUD��\�WHQLHQGR�HQ�
FXHQWD�OD�SRODULGDG�GH�OD�WHQVLyQ�GHO�GLRGR��DO�DSOLFDU�HO�PpWRGR�GH�ODV�PDOODV�WHQHPRV��

�

7��.��

�

�

σ 
�X
Q
LG
D
G
H
V
�D
UE
LW
UD
UL
D
V
��

��

��

��

��

��

-��

-��



������ 





−

=











−

−
���

�

-

-

������

���

�

�
��VLHQGR�OD�LQWHQVLGDG�EXVFDGD��, -��-���VHQWLGR�KDFLD�

DUULED� P$���
�����

�����

������

���

��������

��

-� ==

−
−

−
−

= ����� P$�
�����

�

������

���

����

���

- � ==

−
−

−−
= �

�
�������������������������������������������������������������������������������������������������������������3RU�OR�TXH�,� �����
P$�

�
��� D�� 'HILQH� HO� PRPHQWR� PDJQpWLFR� P

&
GH� XQD�

ERELQD�� E�� &DOFXOD� GLFKR� PRPHQWR� PDJQpWLFR�
SDUD� XQD� ERELQD� FLUFXODU� GH� UDGLR� ���� P�� ���
HVSLUDV�� VLWXDGDV� SDUDOHODV� DO� SODQR� ;<�� SRU� OD�
TXH� FLUFXOD� XQD� LQWHQVLGDG� GH� �� $��� VHQWLGR�
KRUDULR�� F�� 6L� VH� DSOLFD� XQ� FDPSR� PDJQpWLFR�

XQLIRUPH L%%
&&

= � � ¢4Xp� HIHFWR� WHQGUi� VREUH� OD�
ERELQD"�

D��'HILQHL[�HO�PRPHQW�PDJQqWLF�G
XQD�ERELQD��E��
&DOFXOD� WDO� PRPHQW�PDJQqWLF� SHU� D� XQD� ERELQD�
FLUFXODU� GH� UDGL� ���� P�� ��� HVSLUHV�� VLWXDGHV�
SDUDOÂOHOHV� DO� SOD� ;<�� SHU� OD� TXH� FLUFXOD� XQD�
LQWHQVLWDW�GH���$�DPE�VHQWLW�KRUDUL��F��6L�V
DSOLFD�

XQ� FDPS� PDJQqWLF� L%%
&&

= ¢TXLQ� HIHFWH� WLQGUj�
VREUH�OD�ERELQD"�

�
D�� 6H�GHILQH�HO�PRPHQWR�PDJQpWLFR� P

&
GH�XQD�ERELQD�FRPR�XQ�YHFWRU�FX\R�PyGXOR�HV�HO�SURGXFWR�

GHO� Q~PHUR� GH� HVSLUDV� SRU� OD� FRUULHQWH� TXH� FLUFXOD� SRU� OD� ERELQD� \� SRU� OD� VHFFLyQ� GH� FDGD� HVSLUD�� � /D�

GLUHFFLyQ�GH�GLFKR�YHFWRU�HV�SHUSHQGLFXODU�D�OD�VHFFLyQ�GH�OD�ERELQD��\�VHQWLGR�HO�LQGLFDGR�SRU�OD�FRUULHQWH�

VHJ~Q�OD�UHJOD�GH�OD�PDQR�GHUHFKD��

�

61,P
&&

= �

�

E�� ��
P$N���N�������P ⋅⋅π⋅−=⋅π−⋅⋅=

&&&
�

F�� /D�KDUi�JLUDU�KDVWD�TXH�TXHGH�VLWXDGD�HQ�HO�SODQR�<=��GH�PRGR�TXH�P
&
\� %
&
TXHGHQ�SDUDOHORV��

�

���(QXQFLD�HO�WHRUHPD�GH�$PSqUH�\�DSOtFDOR�
SDUD�FDOFXODU�HO�FDPSR�PDJQpWLFR�FUHDGR�SRU�
XQ�KLOR�UHFWLOtQHR�LQGHILQLGR�SRU�HO�TXH�FLUFXOD�
XQD�LQWHQVLGDG�,��D�XQD�GLVWDQFLD�U�GHO�KLOR��

(QXQFLD� HO� WHRUHPD� G
$PSqUH� L� DSOLFD
O� SHU� D�
FDOFXODU�HO�FDPS�PDJQqWLF�FUHDW�SHU�XQ�ILO�UHFWLOLQL�
LQGHILQLW� SHO� TXH� FLUFXOD� XQD� LQWHQVLWDW� ,�� D� XQD�
GLVWjQFLD�U�GHO�ILO��
�

� (O� WHRUHPD� GH� $PSqUH� GLFH� TXH� OD� FLUFXODFLyQ� GHO� FDPSR� PDJQpWLFR� D� OR� ODUJR� GH� XQD� FXUYD�

FHUUDGD�HV�LJXDO�DO�SURGXFWR�GH� �µ �SRU�OD�VXPD�DOJHEUDLFD�GH�WRGDV�ODV�FRUULHQWHV�TXH�DWUDYLHVDQ�FXDOTXLHU�

VXSHUILFLH�OLPLWDGD�SRU�OD�FXUYD�FHUUDGD��

�

� 6L� WRPDPRV�FRPR�FXUYD�FHUUDGD�XQD�FLUFXQIHUHQFLD�GH� UDGLR�U�SHUSHQGLFXODU�DO�KLOR� UHFWLOtQHR�\�

FX\R�FHQWUR�HVWp�VLWXDGR�HQ�HO�KLOR��HO�FDPSR�PDJQpWLFR�SURYRFDGR�SRU�HO�KLOR�HV��HQ�WRGR�SXQWR��WDQJHQWH�

D� OD� FLUFXQIHUHQFLD� GHILQLGDo�� SRU� OR� TXH� ODFLUFXODFLyQ� GHO� FDPSR� PDJQpWLFR� D� OR� ODUJR� GH� GLFKD�

FLUFXQIHUHQFLD�HV��

�

∫ ∫ ∫ π⋅==⋅=⋅ U�%GO%GO%OG%
&&

�

�

<�VHJ~Q�HO�WHRUHPD�GH�$PSqUH��

�

� � �
U�

,
%,U�% �

� ⋅π⋅
µ=⇒µ=π⋅ �

�



�

���3RU�XQ�FLUFXLWR�FRPSXHVWR�SRU�GRV�HOHPHQWRV�
SXURV�HQ�VHULH�DOLPHQWDGRV�SRU�XQD�IXHQWH�GH�
WHQVLyQ�
�X�W�� �����FRV�����W��������9��FLUFXOD�XQD�
LQWHQVLGDG�GH�FRUULHQWH�L��W�� ����FRV�����W��������$��
'HWHUPLQD�FXDOHV�VRQ�HVWRV�HOHPHQWRV�\�FDOFXOD�VXV�
YDORUHV��

3HU�XQ�FLUFXLW�FRPSRVW�SHU�GRV�HOHPHQWV�SXUV�HQ�
VqULH�DOLPHQWDWV�SHU�XQD�IRQW�GH�WHQVLy�
�X�W� �����FRV�����W��������9��FLUFXOD�XQD�
LQWHQVLWDW�GH�FRUUHQW�L�W�� ����FRV�����W��������$��
'HWHUPLQD�TXDOV�VyQ�DTXHVWV�HOHPHQWV�L�FDOFXOD�
HOV�VHXV�YDORUV��

�

�

(O�GHVIDVH�HQWUH�WHQVLyQ�H�LQWHQVLGDG�HV��� ���������LX −=−=ϕ−ϕ=ϕ �

� &RPR�HO�GHVIDVH�HV�QHJDWLYR��ORV�GRV�HOHPHQWRV�VRQ�XQD�UHVLVWHQFLD�\�XQ�FRQGHQVDGRU��

� Ω=== �
��

���

,

8
=

PD[

PD[ �

� �

� /XHJR��

�

� � Ω=−⋅=ϕ⋅= �������FRV��FRV=5 �

�

� \�

�

� )���
����VHQ������

�
&����VHQ���VHQ�=

&

�
;; F µ=

−⋅⋅
−=⇒−⋅=ϕ⋅=

ω
−=−= ��

�

�
�


