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�� �5 !" �/" 251.%� 4�#�# 5#J.�61��7, $."% �21D
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U int
dd (r) = −2

3
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1− 2ν

1− ν
N(r)ΔΩ2

d, )Q-
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�!!#���

S �.�03����7/ )�- 1�1.��F �5�E/#2�= �/$ ���#D
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da (r, r

′) = −Kε(r, r′)ΔΩd. )8-

O#5% �21/# #$1.��#. �5�E/#2�= U int
da � .72 U1<D
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U int
da (r) = −Kε(r)ΔΩd −K

∂2ε(r)

∂r2
r2daΔΩd, )H-
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F = −����Ui =

= KΔΩd����
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2
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1− 2ν

1− ν
N(r)ΔΩd + ε(r) +

∂2ε(r)

∂r2
r2da
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υ = μF =
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kBT
×

×����
(
2

3

1− 2ν

1− ν
N(r)ΔΩ2

d+

+ε(r)ΔΩd +
∂2ε(r)

∂r2
r2daΔΩd

)
)>-
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∂r
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DK

kBT
×

×
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2
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1− 2ν

1− ν

∂N

∂r
ΔΩ2

d +
∂ε

∂r
ΔΩd +

∂3ε

∂r3
r2daΔΩd

)
−υ0N,
)L-
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Ua =
1

2
Kε2 (r) +

1

3
Kαε3 (r) +

1

4
Kβε4 (r) +

+Ka20
∂2ε (r)

∂r2
ε (r) , )v-

21 α, β q %#�!����" $.36�#�# ����./#��5/3j a0 q
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Φ = Ua +NUi − TS =
1

2
Kε2 (r) +

1

3
Kαε3 (r)

+
1

4
Kβε4 (r) +Ka20

∂2ε (r)

∂r2
ε (r)−

−1

3
K

1− 2ν

1− ν
N2(r)ΔΩ2

d −KN(r)ε(r)ΔΩd−

−KN(r)
∂2ε(r)

∂r2
r2daΔΩd − TS, )@A-

21 S q �3!�"�� 1��.#$�=�
M"%#."!���K" !$����2�#K1��7 σrr ≡ σ =

∂Φ
∂εrr

≡ ∂Φ
∂ε V@QW, #�."/�E/# �".�5 2 7 /10���C�#=

��$.3�" � �/$ ���#����< %."!�� �C��< /��.":�h

σ = Kε+Kαε2 +Kβε3 +Ka20
∂2ε

∂r2
−

−2

3
K

1− 2ν

1− ν
N
∂N

∂ε
ΔΩ2

d −KNΔΩd−

−K∂N

∂ε
ε(r)ΔΩd −K

∂N

∂ε

∂2ε(r)

∂r2
r2daΔΩd. )@@-

S 3/#�" .���#���" 21;#./#���#�# �� � ∂σ
∂r = 0

#�."/�E/# .���7��7 2 7 21;#./�:�=h

K
∂ε

∂r

(
1− ∂N

∂ε
ΔΩd

)
+Kα

∂
(
ε2
)

∂r
+

+Kβ
∂
(
ε3
)

∂r
+K

∂3ε

∂r3

(
a20 −

∂N

∂ε
r2daΔΩd

)
−

−K∂N

∂r

(
2

3

1− 2ν

1− ν

∂N

∂ε
ΔΩ2

d +ΔΩd

)
= 0. )@�-

��������	 
��
���� �	����� ���������� �� 	����������� ��� ����



�T &7)7j'- K	4	% U@A.- Z	 	% g'8,-�( Z	Z	% h'), 0	4	

9.12!���"/# %#�:1��.�:�F 2#/�K#% �� 21;#.D
/�:�F /��.":� 3 �"� 72�h

N(r) = N1(r) +N0, )@Q-

ε(r) = ε1(r) +N0ΔΩd, )@8-

21 N0 = − j
υ0
� S��% �q� �%�53E �� �1, G# $#��% 2#/�D

K#% �� K�"2%�!�4 5!3�3 $#�1.0�� %."!�� 3 ���! �D
2#% .#5$" 1��7 �� ���FC"/" �#��/" ��$.7/ 1�� 3
$.#�" 16�� !�#.#�"�

9�2!���"�K" )@Q- � )@8- 3 )L- �� )@�- 5 �.�03��D
��7/ �#�#, G# N1(r) << N0 �� $." r → R0 $#�"���
�"%#�3���"!4 3/#�" ∂N1

∂r = 0 �� ∂ε1
∂r = 0, #�."/�ED

/# .���7��7 2 7 N1(r) �� ε1(r)h

D
∂N1

∂r
−N0

DK

kBT
×

×
(
2

3

1− 2ν

1− ν

∂N1

∂r
ΔΩ2

d +
∂ε1
∂r

ΔΩd +
∂3ε1
∂r3

r2daΔΩd

)
= 0;

)@H-

K
∂ε1
∂r

(
1− ∂N1

∂ε1
ΔΩd

)
+Kα

(
2N0ΔΩd

∂ε1
∂r

+
∂
(
ε21
)

∂r

)
+

+Kβ

(
3 (N0ΔΩd)

2 ∂ε1
∂r

+ 3N0ΔΩd
∂
(
ε21
)

∂r
+
∂
(
ε31
)

∂r

)
+

+K
∂3ε1
∂r3

(
a20 −

∂N1

∂ε1
r2daΔΩd

)
−

−K∂N1

∂r

(
2

3

1− 2ν

1− ν

∂N1

∂ε1
ΔΩ2

d +ΔΩd

)
= 0. )@N-

9.#���1�.3���K" .���7��7 )@H-, #�."/�E/#h

N1 =
1

ΔΩd

N0/Nc

1− 2
3
1−2ν
1−ν N0

/
Nc

(
ε1 +

∂2ε1
∂r2

r2da

)
,

)@>-
21 Nc =

kBT
KΔΩ2

d
�

S��C1��7 %#�!����" N0 /#61 J3�" 5��<21�1 5
3/#�"h ∫

V

N(r)dV = Q, )@L-

21 V q #JBE/ �/$ ���#���#= /��.":�j Q q %� 4%�!�4
2#/�K#% 3 /��.":��

9�2!���"/# )@>- 3 )@N- �� #�."/�E/# .���7��7
2 7 21;#./�:�=, 7%1 $�! 7 ���1�.3����7 /#6�� 5�D
$"!��" 3 �"� 72�h

∂2ε1
∂r2

− aε1 + fε21 − cε31 = 0, )@v-

21

a =
1− 2γ − 2γ2 − 2 |α| kBTγ

KΔΩd(1+γ)
+ 3β

(
kBTγ

KΔΩd(1+γ)

)2
2r2da

(
γ2 + γ − a20

2r2da

) ;

f =
|α| − 3β kBTγ

KΔΩd(1+γ)

2r2da

(
γ2 + γ − a20

2r2
da

) ;

c =
β

2r2da

(
γ2 + γ − a20

2r2da

) ;
γ =

N0/Nc

1− 2
3
1−2ν
1−ν N0

/
Nc

.

U3� �.�0#���#, G# α � A, β � A V@QW�

�� #������� ���������� �� '� ��(� �����


r%G# $�.�/1�. γ $."</�E 5��C1��7 5 2��$�D

5#�3 0�γ�γc

(
γ= − 1

2 +
√

1
4 +

a20
2r2da

)
, �# ε1 = 0, �

N(r) = N0, �#J�# $.#:1!" !�/##.����5�:�= �1 ��2D
J3��F�4!7�

9." $1.1�"G1��� $�.�/1�.#/ γ %."�"C�#�#
5��C1��7 γ > γc $.#!�#.#�# #2�#.�2�"< .#5�B75#%
!��E �1!��<%"/ � �"�"%�E �#�"< $.#!�#.#�# �1#2�#D
.�2�"< !��:�#��.�"< !���� S� 16�# ��2 �1 "C"�"
$�.�/1�.� γ .#5�B75#% .���7��7 )@v- /��"/1 �"D
� 72h

ε1 (r) = ����ΔΩd
A

B+��(−√
ar)

, γc < γ < γc1

)�A-

ε1 (r) = ����ΔΩd
A

B+��(
√
ar)

, γc1 < γ < γc2 )�@-

ε1 (r) = ����ΔΩd
A

B+���
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