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U(r) = −α exp(−r/rD)/r ]^ \
U(r) = −V exp(−r2/r2
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k
f0 ;+-��b�k���=>5X�;'!5�/���5��$#h � K?�:� �/�W
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N qG�H 2o?;/��8+-��r�/�6g��%8��/;#&��r�58'!�! �5�/�6g��#& ;#&�!�$+-6�f; �/��!��d�r� �r���58'!/� ��� 0.>W(r;'!5�/���/� �=N?;5� 0L1��/0 0) HTP 6g"� ;#h:;�&/� ���90��r� ��V?n'XY� 0/� ��!/���d��X?;5� 0L��&s/� 0) HO0H ��'!�!W8.8'!/� ��	Q�5�W(%(��5�6�.j5��!:�/ HR�H 2�9����&?;�&:; ��!M	5�6g/0W(Le?���/�/�6g��%(�!:;��i8'!/0 0)1#& ;#&�!�$+-6t9��V?e5!:; 0)�/� ��$+3#& (:;6
F (t)

f*�$#h:; 154/;'$";'*:;M�/�6g=1+-�8+-��/��
t = 0

#& ;#&�!�$+D'49���%8�� ���#m)5e9��!:;�$L1��/� � N�;'!5�/���5��$#& 0) l x = 0, dx/dt = 0 \�?�:�)�u F = F0 exp(t/τ)
H` H�a '!=��! >r;'�#&9�r��&?;�&:;��/� ��4?n'!5!:;��/� 0)N5ed&'!Q���f05�r;'!k1'!b�k��$+D#m)K5�/�W(�!r� >Z� 0:; �/0?;r� �"��$#&%8��=,�!r�W(i�6J#	W(dv:���5���=>#&%8��r��8#&�!M�b

Ω = const
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2l
?;��W(d����1?;��W(dh' H ��#�#h:;�&?;��58'!�!M1W8#&�!��=�"� �5��8#&�!M19��!:;�VL1��/� 0)N�;'!5�/���5��$#& 0) H` H 2�9�r��&?;�&:; ��!M�r;'�#&9�r��&?;�h:;��/� ��N?n'!5!:;��/� 0)

p (z)
5�9��!:; ��!r���9�/���=y'!��+-�8#�Y	��r��

p = p0(ρ/ρ0)
n
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�5��&?;��/� ��	Q$'*?n'V"0 K?;5�W8.K�!�&:U%NQ$'*?n'V"��	�1?;5� 0L1�&/� � >�!�&:n'X#	9�r0 �5��&?;��/�/���=,+D'�#�#&��=N5��15�/���<�/��$+t9��!:;� HO0H*P /�W(�!r���/�/� ��gd�r;'!5� ��*'!Z� ���/�/�6g�
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U(x)
5�i!:; �Q� 1�!��"�%� X�8#&�*'!/���5�%� 

x = a
u��8\

U ′(a) = 0
f
U ′′(a) 6= 0 ]i(\

U ′(a) = 0
f
U ′′(a) = 0

f
U ′′′(a) 6= 0 ] 5(\ U (i)(a) = 0 (i = 1, ..., n− 1)

f
U (n)(a) 6= 0

H` H 2�9�r��&?;�h:; ��!MjY	��r;+-Wj9���5���r0.0/��8#&�! K/��$#mLX ;+D'!�$+-��=KLX 0?;%(�8#&�! >5e9��!:;�	�$)0L1�$#&�! >5eZ� 0:; �/0?;r� �"��$#&%(�8+x#&�8#&WV?���f05�r;'!k1'!b�k��$+D#m)K5���%�r�W(d#&5�����=}�8#& l ~nz||~g \1#K9��8#&�!�V)�/�/���=tW(dv:;��5���=t#&%8��r��8#&�!M�b Ω
H�P 6o#&���*'UW(����5�/0)}LX 0?;%(�8#h�� x5�9���%8�V)�k��$+D#m)x#&�8#&W$?;�N�;'!5�/;'

H
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x0(t)
";'�#&�! �Z�67/;'1W(";'�#&�!%(��f0/���#&�$?;���8Le'!k��$+|�!��"���%N�8#&�*'!/���5�%� �f(5�6gQ�58'!/�/����o?;��i8'!5!:;�&s/� ���+x%N9��!:;b

U(x)
+D'*:;��=N?;��i8'!5�%� 

δU(x)
H ��#�#h:;�&?;��58'!�!M19��� ;+-��/� ;+-�8#&�!MX9��!:;W("���/�/�6�.K����Q�WV:;MV�*'!�!��515�i!:; �Q� N�!��"�%� >�8#&�*'!/���5�%� H` H �D'�#�#&�!�V)�/� ���+-�hLe?;W>�!��"�%0'�+- ,9��V?;5��$#�'�?;5�W8.,+D'!�!�$+D'!�! �"���#&%� 0.U+D'*)��!/� �%(��5j�;'!5�/��

L l #&�����!5�����#&�!5�W(b�k� ���+D'�#�#&6 m
 

M
f�?�:; �/;'+D'*)��!/� �%8��5��V?; �/;'!%8��58'*)n\ H ��'!%e �Q$+-��/0)��!M8#m)X";'�#&�!���!6y%(�!:;��i8'!/� �=�f!�$#h:; X9��8+-�$#&�! ��!M�/;'�+D'�#�#&W

m
Q$'!�8)0?

q
f('	/;'�+D'�#�#&W

M
Q$'!��)0?

Q
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R
H` H ��'!%{ �Q�5��$#&�!/��;f
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(Rmax −Rmin)/Rmin
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R�H ��'�#&�! �Z;'>?;5� 0L1����#m)}5U9��!:;�
U(x) = U0/ ch

2(αx)
#j��/�����d� ��&=

E > U0
H-� '!=��! }5����$+�)}Q$'*?;���8LX%� }";'�#&�! �Z�6p9��� |?;5� 0L1��/� � }���

x = −∞
?;�

x = +∞
9��X#&�;'!5�/���/� �b�#h�X5����$+���/��$+x#&5���i��V?;/���d&��?;5� 0L���/� 0),#4����=KL1����/�����d� ���= H` HnP )�Q�%0'*)>LX 0?;%(�8#&�!MK�!��"����j5!?;�!:;Mj�8#& ,?;5�W8.>%8�8'!%0#& ;'*:;M�/�6�.N�!r�W(iK�;'*?; �W8#&��5

R1
 

R2 l R2 > R1
\g5KQ$'!Q���r���+��&Le?;W,/� ;+- H�a '!=��! 9�r��8Y	 0:�MX#&%(��r��8#&�! N >Q$'!5� ;#& ;+-�8#&�!M1r;'�#m.8�$?n'�LX 0?;%8�8#&�! 
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H
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g
���e5�6o#&���!6�f0i(\�W("��$#&�!MXQ$'!5� ;#& ;+-�8#&�!Me#& 0:;6J�$)0L��$#&�! 

g
���e5�6o#&���!6 H 
��;'!5�/� ��!Me����Q�W$:;M*�*'!�!6 H

` H�S :;�8#&%� �={#h:;��=�d&'!Q$'�/;'*.8�$?; ���#m)�5}90�!:;�
U(x) = αxβ

H 2�9����&?;�&:; ��!M}Q$'!%(��/y�;'�#&9����&?;�&:;��/� 0)��!���;+-�V?; �/;'�+- �"��$#&%� 0.�9;'!�;'�+-���!����55!?;�!:;M
x
9��� }�;'!Q&:; �"�/�6�.

β
5�#h:;W(";'!�K+-�V?;�&:� t 0?;�$'*:;M�/���d&�Ud&'!Q�' H 2�9����&?;�&:; ��!M3�!�!:;k� �/�W|#h:;�V) H �D'�#�#�+-���!�����!M3 �Q����!���;+- �"��$#&%� �=t  �Q��$.8���� �"��$#&%� �=>#h:;W(";'! H��'!5 H %('�Y H �o�p P�S
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m
+-�VL1���X?;5� �d&'!�!M8#m),9��K��%��0W(LX/0�8#&�! U�;'*?; �W8#�'

R
5K5������! �%('*:;M�/���=U90:;�8#&%8�8#&�! U5K9��!:;����)0L1�$#&�! H�� '!=��! UQ$'!%(��/?;5� 0L���/� 0)�f��$#h:; >���	%� �/����! �"��$#&%('*),��/�����d� 0)N5X/0 0LX/���=,�!��"�%8���;'!5�/;'

E = 2mgR
H` H;P <1'!r����;'*?; �W8#&�8+

R0
/;'*.8�$?; ���#m)>d&'!Q�+D'�#�#&��=

M
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