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1 Ú ó

3 v à � Ô n ¥, N õ � � 5 y � Ñ � ±
^ Frenkel-Kontorova(FK) �.5£ã [1−5]. �Þ
Æ�ïÄ��±5Ñ´ÔnÆ.Úó§.��
�K, 3é�N�Þy��¯õ)º¥, FK �.É
��5�õ�'5, Ï�§�±¦<��N´n)
B��ÞÆ [6,7] �Ån. B��ÞÆ´l�f!©
f(�Ñu, �	B�ºÝ�L¡Ú.¡©f�m
�ÞÆ�1�, æ^�nØ©ÛÃãÌ�´O�Å
©fÄåÆ�[ [8−10] Eâ. FK �. [2] �Ð´^
5£ã �¥%NC�¬�(�. §£ã�´?u
±Ï	³¥��fó, ��Ä�C��fm��p
�^Ú�fó�$Ä�� (�Ñ�f�î� £).
��T�.��2��A^, ~X: ^uïÄ�l
f�N [11]!ü@f [12]!9D� [13−15]!áN3
¬NL¡�ü�f� [16]!�ª>|¥�>Ö�Ý
Å (CDW)[17] Ú�Þ [5,18−20] ��. �8c��, ®
kNõ'u�� FK �.�ïÄ [13,19,21−25], �

ïÄ�ý¢�ÔnXÚ, r�� FK �.í2��
���~7��.

��±5, <�éÄ.äk(½±Ï� FK �
.éa,�, ~X, Ä.´��/é¡Ún�/
é¡ [26−33]. 3ý¢�ÔnXÚ¥, e�Ä.ä

k�E,�(�, �Ä.³kA�ØÓ�4��
Ú4�� [34,35], ù�, IO FK �.¥�{ü�
u³Ø2·Ü, Ïd, 3�[¥, ·�æ^pd¼
ê��Å²£U\��Ä. [36] B���ù«�
¦. ©¥·�Ì�ïÄ3��ÃS�¬�¥�f
�$Ä1�. ê��[¥, ·�Ø�Ä.5Ú§
ÝéXÚ�K�, ��Ä?¿���fÉ��C
�ÚgC��l��f��^ [37], ©O�éú
Ý (commensurate) (b/a = 1) ÚØúÝ (incommen-

surate)
(

b/a =
√

5 + 1
2

(golden mean)
)

ü«�¹ï

ÄÃSÄ.éXÚ·�Þå�K�.

2 � .

�
�Ð/�[ý¢�ÔnXÚ, ·�3�©
¥æ^��pd¼ê (Gaussian functions) ��Å²
£U\/ª�� FK �.¥�Ä.¼ê, Ù/ªX
e [36]:

Vsub(r) =
M×N∑
i,j=1

2Ulb exp
[
−

(
x′ − ib + qRi

lb

)2

−
(y′ − jb + qRj

lb

)2
]
,

U Ú l ©OL«pdÅ��ÌÚ°Ý; Ri, Rj ´3

* I[g,�ÆÄ7 (1OÒ: 10875098) ÚÜ����Æ�EM#ó§Ä7 (1OÒ: NWNU-KJCXGC-03-48) ]Ï��K.

† E-mail: duanws@nwnu.edu.cn

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

130501-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 13 (2012) 130501

«m (−1, 1) S?¿���ü�ê| (i = 0, M − 1;
j = 0, N − 1); b L«Ä.�±Ï; q ´�mpd¼
êÃS©Ù�\�Ïf (0 6 q < 1), Ù¥, q = 0 L
«5K���/¬�, q 6= 0 L«�fü�Ø5K
�²¡¬�. Ï~, þeü�¬�m�3���Ü
� (misfit angle) θ, ù�, Ä.³U��:

Vsub(r)

=
M×N∑
i,j=1

2Ulb exp
[
−

(x cos θ − y sin θ − ib + qRi

lb

)2

−
(x sin θ + y cos θ − jb + qRj

lb

)2
]
,

3þ�, éu?¿�f (xi,j , yi,j), ·�=�Ä§�
�C�ÚgC��l��fm��p�^, �fm
��^³æ^{ü�{�/ª [37]:

Vint =
∑
i,j

K

2
[(xi,j − xm,n − a)2

+ (yi,j − ym,n − a)2].

K Ú a ©OL«³��5XêÚþ�¬�~ê [38].
1 (m,n) ��f� £´ rm,n(xm,n, ym,n),

÷ve¡�$Ä�§

Mr̈m,n + γṙm,n = Fext −∇(Vsub + Vint), (1)

M ´ � f � � þ, γ L « � � Å ¢ { Z X
ê (γ = 0.7), Fext = (Fext cos α, Fext sinα) ´�
\�1 (m,n) ��f�	°Äå, Fext ´	°Äå,
α ´	°Äå Fext � x ¶�Y�.

æ^Ãþjz, �z��f��þÑ´ M = 1,
¿æ^o�9� - ¥©{¦)�§ (1), �
?Øþ
��f�$Ä�¹, ½Âþ��f�²þ�Ý

〈v〉 =
1

M × N

M,N∑
i,j=1

〈ṙi,j〉,

ùp 〈v〉 L«é�m�²þ. 3ê��[¥, æ^±
Ï5>.^� xM+1 = x1+Ma Ú yN+1 = y1+Na

(M = 10, N = 10).

3 ê��[(J�©Û

e¡·�©OïÄÄ.3úÝÚØúÝ�¹
eéXÚ·�Þå Fs �K�.

3.1 úúúÝÝÝ (b/a = 1) ���¹¹¹

ã (1) £ã
þ��f�²þ�Ý v̄ �	°Ä

å Fext �Cz�. Ð©��þ�²¡�z��f
þ!/©Ù3e�±Ï³²., þ��¤k�f7
L÷Ó����Ñe�Ä.³�³^, =�\�þ
��	°Äå Fext 7Lv
���±�Ñù�³
^é�f�åP, þ��f²¡âU�éue�Ä
.u)�é$Ä. �[(Jw«, e	.°Äå$
u,��.��, ·�uyþ��f�²þ�Ý�
", ù�þ��f?u·�G�; ��, þ��f�
²þ�ÝØ�", =þ��f3	.°Äå��^
em©�é$Ä, ·�¡Tz��XÚ���·�
Þå Fs({¡·�Þå) . Ó�·�lã¥�±w
Ñ, 	°Äå÷ØÓ�� α �^uþ��f�, X
Ú¤É�·�Þå Fs �ØÓ, =XÚ·�Þå�
	°Äå���� α k'. 3©z [37] ¥����
q�(Ø.

ã 1 þ��f�²þ�Ý�	°Äå�Cz� (�.ëê:
U = 1, K = 1, q = 0, θ = 0◦)

·�lã 2(a)—(d) ¥�±�Ù/*	�kS
Ä.�ÃSÄ.éXÚ·�Þå�K�. ã 2(a)
Ú (b) £ã
 q = 0 �XÚ�·�Þå (Fs) � α �
�Cz�. ã 2(a) L«³^pÝ U = 1, ØÓ��
Ü� θ éXÚ·�Þå�K�.θ = 0◦ (=þeü�
�¬�����) �, ·�Þå'u	°Äå Fext

���� α äkpÝé¡5, é¡¶ α = 45◦, ù´
Ï�·�ÀJ�Ä.Úþ��f�ü�Ñ´��
/é¡���.θ = 20◦ (=þeü��¬���Ø
��) �, þ�²¡�z��fØ�Ñ©Ùue�
±Ï³².. d�, �Ñe�Ä.åP¤^�	°
Äå� θ = 0◦ ��, �·�Þå Fs ~�. ¿�, ·
�Þå'u α ��é¡5É�»�. ã 2(b) L«³
^pÝ U = 0.25 �, ØÓ��Ü� θ éXÚ·�Þ
å�K�, �[(JL², ³^�pÝ U ��, ·�
Þå Fs ��.
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ã 2 éuØÓ� q �, ·�Þå Fs � α ��Cz� (q = 0(ã (a), (b); q = 0.5 (ã (c), (d))

ã 2(c) Ú (d), £ã
 q = 0.5 �XÚ�·�Þ
å (Fs) � α ��Cz�¹. � q = 0.5 �, �m /
pd¼ê�m��ÅU\, ¦Ä.³���³²©
ÙØþ! (=Ä.Ø2äk��/é¡5), þ�²
¡�z��fØUþ!©Ù3e�Ä.³².. d
�, ÃS³²é�f�åP�ukS².é�f�
åP, = q = 0.5 �XÚ�·�Þå Fs �u q = 0
�XÚ�·�Þå. ¿�lã¥��[(JéN´
�Ñ: ³^pÝ��, Ä.é·�Þå Fs �K�Ò
�²w.

úÝ�¹e, �k3þeü�¬�m��Ü
� θ = 0◦ �, 3ÃSÄ.þ�)�·�Þå Fs ²
w$ukSÄ.þ�·�Þå Fs. ¿�3Ù¦ëê
�Ó�, �Ü� θ = 0◦ ��·�Þå��.

3.2 ØØØúúúÝÝÝ
(b

a
=

1

2
(
√

5 + 1)
)

���¹¹¹

ã 3(a)—(d) £ ã 
 3 Ø � Ý (b/a =
(
√

5 + 1)/2) �¹e, Ä.éXÚ·�Þå�K�.
ã 3(a), (b) £ã
3 q = 0(=5K���/é¡)
�, XÚ·�Þå (Fs) �X	°Äå α ��Cz
�. l�[(J�±²wwÑ, Ø�Ý�¹e, ÃS
Ý q Ú�Ü� θ éXÚ·�ÞåK���, ¿�·
�Þå Fs Øé¡, ²w�uúÝ�¹. Ø�Ý�¹
e, þ�²¡�z��fØUþ!�©Ùue�±

Ï³²., d�, �Ñe�Ä.åP¤^�	°Ä
å²w�uúÝ�¹. ã 3(c), (d) £ã
 q = 0.5
�, XÚ·�Þå (Fs) �X	°Äå α ��Cz
�. �[(Jw«, Ø�Ý�¹e, ÃSÝ q éXÚ
·�Þå (Fs) �K���.

ÃSÝ q Ì�K�Ä.³ /�Cz: q = 0
�, Ä.³´±Ï5é¡�; q = 0.5 �, Ä.³Øé
¡. Xã 3, Ø�Ý�¹e, ÃSÝ q éXÚ·�Þ
å (Fs) �K���. ·����ü�L¡·��>
�, 7,?uUþ�$�²ïG�, �[w«, XJ
þe�¬�?uØúÝ�¹�, @o�>L¡�U
þG��Ù�é �Ã', =é°Ä�fu)$Ä
�·�Þå Fs K�Ø²w.

4 ( Ø

/Ïu FK �., ïÄ	°Äå�^e���
j{ZXÚ¥, Ä.�ÃS5éXÚ·�Þå Fs

�K�. ïÄ(JL²: (1) ÃSÄ.\�Ïf q �
�3, éúÝXÚ�·�Þå Fs K��²w, q > 0
�, XÚ·�Þå Fs ²w~�; (2) XÚØúÝ�,
XÚN´Ñy�dw (·�Þå Fs �é�~$),
q éXÚ·�Þå Fs �K�Ø²w; ¿�3úÝ
XÚ¥� � θ Ø�"�, ��¦XÚN´Ñy
�dw.
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ã 3 éuØÓ� q �, ·�Þå Fs � α ��Cz� (q = 0 (ã (a), (b)); q = 0.5(ã (c), (d)))
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Abstract
In order to better simulate a real model which can be realized in experiment, we study a two-dimensional(2D) Frenkel-

Kontorova(FK) model driven by the disordered substrate potential which is charactered by the sum of identical Gaussian functions.
Commensurate and incommensurate interfaces are discussed. In the paper, we mainly analyse the mechanism of friction, and the
effects of static friction force on the disordered substrate potential.
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