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�7a7f� (Si-DLC) ��LyÑ`É��ÞÆ5U, 3���íÚp§¥w«Ñ4$��ÞXêÚéÐ�
F�5, �´Nõ¢�L² Si-DLC ���Þ5UÉÙ7¹þ�K�é�. Ïd, �©æ^©fÄåÆ�[��{
©OïÄZ�ÞÚhdwü«�¹eØÓ7¹þ� Si-DLC ���ÞL§. w£(JL²Z�Þ� DLC �Ú�
7 DLC ��m)¤
��=£�, 
hdw�K�>.�. ÏdZ�Þ���Þå²w�uhdw���Þå. �
þV\7(¢Uü$ DLC ���Þå, �´7¹þ�u 20%�é DLC ���Þ1�A�ÃK�. Z�Þ�7¹þ
é=£�S��êþK�é�, =£�S CC �Ú CSi �ÑkO\�~�, w£(å�A�Ø¹ CSi �.

'�c: a7f���, ©fÄåÆ, �Þ, 7

PACS: 31.15.xv, 68.55.−a

1 Ú ó

a7f� (DLC) �����«`É��Nd
wJ, 3hdw�¸¥äk$�ÞåÚpF�5,

3L� 20 õc®²�2�A^�ó��hdwX
Ú¥ [1,2]. ,
, DLC æ�3hdw�ÞL§¥N
´øl��, ��
Ù?�Ú�A^ [2,3]. C5, Wu

�<uy3�Ó^�e�7� DLC (Si-DLC) æ�
'Ø�7� DLC æ�äk�$��ÞåÚ�Ð
�F�5U, éu�7 DLC æ�F�5U�O\
�3���`�7¹þ [4]. Papakonstantinou �<
�uy�7UUõ DLC ��3��Úp§e��
�5U [5]. Choi �<uy7¹þéÙ�Þå�K
�é�, �þV\7UUõ DLC ���Þ5U [6].

Ban �<uy�7 DLC ��3hdw�k$��
ÞXêÚÐ�F�5, X ��1>fUÌ©ÛL²
ù´du3dw�>«/¤
>.dw� [7].

Ýº�7 DLC �3hdw���Þ1�±
97¹þéÙ�K�éuù«��3ó�þ2�
¦^´�~'��. Ïd, �©¦^©fÄåÆ�
[ (MD) ��{5ïÄØÓ7¹þ (0—30%) e�

�7 DLC �3Z�ÞÚhdwü«^�e��Þ
1�. du·��ïÄ8�´7¹þ�K�, �

;�Ù¦�ÞBá� (X: g) �^�5�³¼ê
«a�õ�¯K, ¤±�ïÄ�ÞB DLC �Ú�
7 DLC ��m��ÞL§.

2 �[�{ÚL§

��Ñd 2048 �o�f|¤á�N���,

�â7¹þ (��fz©¹þ) �ØÓ5�'%Ú
7�fêþ, �Ý� 2.6 g/cm3, m©äkn�±Ï
5>.^�. æ^LKò»�©fÄåÆ�[�{
)¤Ã½/��7 DLC � [8], äNÚ½Xe: Ä
k3 NVT XneòNX�§Ýl 300 K ¯�,p
� 15000 K, ,�3T§Ýe��m (10 ps) �±, (
�7�fÚ%�f¿©Lz, �X±�ú�ò»�
Ý 1015 K/s e%� 1 K. Ùg3 NPT XneòNX
Øå~�� 0, ,�ò�e¡ 3 ��f�½, £� Z

���±Ï5>.^�, òNX§ÝJ,� 300 K,

��äkgdL¡�Ã½/�7 DLC �. ��,

ò DLC �Ú�7 DLC ��3�å/¤�ÞB. 3
hdw^�e, 3 DLC �Ú�7 DLC ��m�\
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��h©f (Xã 1 ¤«).

~§ 300 K ew£L§�©f�[�)ü�
Ú½. 1�Ú�\1L§, �½ew£¡�7 DLC

��en��f, ¦þw£¡ DLC ��þn��
f± 20 m/s ��Ý�e£Ä, �� DLC �Ú�
7 DLC �m��Øå�� 1 GPa. 1�Ú�w£L
§, �±w£¡�m�måØC, ¦þw£¡ DLC

��þn��f±�Ó��Ý÷ X ¶���£Ä.

ã 1 hdw� DLC �Ú�7 DLC �m�w£�.. (þw£
¡� DLC �, ew£¡��7 DLC �, 3 DLC �Ú�7 DLC
��m�\��h©f. 7�f�£Ú, %�f��Ú, ��f
�xÚ)

^O\�ä�»ëê� Tersoff ³¼ê [9,10]

5L� DLC �S!�7 DLC �S!±9 DLC

�Ú�7 DLC ��m��f�^, dwh��Ý
� 0.7 g/cm3, ^ OPLS ³¼êL�, dwh©f�
d 9 ^ C8H18 ©f|¤ [11]. éÜå|³¼ê^5
O��7 DLC ��fÚdwh©f�m��^.

�©¥¦^ SHAKE �{5�ådwh©f¥��
­�Ú�� [12].

3 (JÚ?Ø

·�3c��©Ù¥�[©Û
�7 DLC �
��*(�A5 [13], �©��Ñ�ÞÆ�'�
(J. ã 2(a) Úã 2(b) ©O�Ñ
 DLC �Ú�
7 DLC �m3Z�ÞÚhdw��Þå�w£�
m�Cz­�, éw,7¹þé�Þåk���K
�. Harrison �< [14−16] ¦^ MD �{u�
Z�
Þ^�e7f��ÚÃ½/%���ÞÚ��1
�. ¦��ïÄ¤J��´uy�f?� “�Ü” L

§. �©�[(J¥, �ÜL§�=Ñy3Z�Þ
^��, ü��m��ÞåÄkO\, ,�3w£
�m 160 ps �����­½�, Xã 2(a) ¤«. 

,��¡, hdw�, DLC �Ú�7 DLC ��m�
�Þå©ª3²ï�NCÅÄ, Xã 2(b) ¤«.

lã 2 �±O�ÑØÓ7¹þ�²þ�Þå
Ú �, Xã 3 ¤«. ùpI�`²�´éuZ�
Þ� DLC �Ú�7 DLC �NX, ·��O�w£
��²ï���Þå (= 160 ps �). Z�ÞÚhd
w�¹eÑ�±��, �þ�,7�f(¢Ñ�±
ü$ DLC ���Þå, �´7¹þ�u 20%±�
A�ØUUõ DLC ��Þ5U. �,3Ó�dw
^�e7¹þé�Þåk�½K�, �´37¹þ
�Ó�^�e, dw^�é�Þå�K���wÍ,

Z�Þ� DLC �Ú�7 DLC �m��Þå²w
�uhdw���Þå. �[(JÚ¢�êâ [1,2]

Ä�ÎÜ.

ã 2 �ÞåÚw£�m�Cz­� (a) Z�Þ; (b) hdw

��o¬Ñyã 2 Úã 3 �(J? ·�éw£
L§¥NX�©f�.?1
�[©Û, ã 4 �Ñ

w£(å�ØÓ7¹þ (l 0%(a) � 30%(e)) N
X��f�.. Z�Þ�¹e, duvkdwJ�
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3, �«7¹þe DLC �Ú�7 DLC ��mþ/
¤
=£�, Xã 4 ¥z|ã��ý¤«. ��, h
©f�3 (=hdw) �, �«7¹þeÑvk*	
�=£���3, 
ÑÑy
>.dw�, Xã 4

¥z|ã�mý¤«. ùÒ´hdw��Þå'Z
�Þ��Þå²w���Ï.

ã 5 ´Z�Þ�7¹þé=£�S�êþ�
w£�m�Cz­�. �Xw£�?1, =£�
S CC �Ú CSi �Øä/)¤Úä�. Ù¥, CC �
kÅìO�, ������~�, ��3��²ï
�NCÅÄ. CSi ��kO\�~�, �´k~��
"�ª³, ��=£�SA�Ø¹ CSi �. ù´d
u CC ��(ÜU�u CSi �, ¤±)¤� CSi �

�N´ä�. ,	, é'ã 3 Úã 5 �±wÑ, w£
(å�=£�S��oê�NX��Þå¤�'.

ã 3 ­½w£�ã�Þå�7¹þ�Cz­�

ã 4 DLC �Ú�7 DLC ��mw£L§��[�fã�. ew£¡�7¹þ©O� 0%, 3%, 10%, 20%Ú 30%. z|
ã��ýÚmý©OéAw£(å�Z�ÞÚhdw�(J
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ã 5 Z�Þe DLC �Ú�7 DLC �m=£�S��êþ��m�Cz­� ew£¡�7¹þ©O� (a) 0%; (b)
3%; (c) 10%; (d) 20%Ú (e) 30%

4 ( Ø

�©¦^©fÄåÆ�[�{©OïÄ
�
7 DLC �3Z�Þ (=Ãdw) Úhdwü«�¹
e��ÞÆ1�. DLC �Ú�7 DLC ��m�w
£(JL²: Z�Þ���Þå²w�uhdw�
��Þå. �Ï´Z�Þ� DLC �Ú�7 DLC �

�m)¤
��=£�, 
hdw�K�>.�.

Z�ÞÚhdwü«�¹e, �þV\7(¢Ñ
Uü$ DLC ���Þå, �´7¹þ�u 20%�
é DLC ���Þ1�A�ÃK�. Z�Þ�7¹
þé=£�S��êþK�é�, =£�S CC

�Ú CSi �ÑkO\�~�, w£(å�A�Ø
¹ CSi �.
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Abstract

Silicon-doped diamond-like carbon (Si-DLC) film is of significant interest for tribological effects, because it has a very low

friction coefficient and possesses the potential to improve wear performance in humid atmospheres and at high temperatures. Many

experimental results of the Si-DLC film show that its tribological property changes greatly with silicon content. In this paper, we

use molecular dynamics (MD) simulation to study sliding friction processes between DLC and Si-DLC films under dry friction and

oil-lubricated conditions separately. The results show that after sliding, a transfer film between the DLC and Si-DLC films is formed

under the dry friction condition. In contrast, a boundary lubrication layer is found under the oil-lubricated condition. Therefore the

friction forces on the dry friction condition are larger than those on the oil-lubricated condition. Small addition of silicon atoms can

reduce the friction force of DLC films indeed, but it has little effect to the friction force when the silicon content is larger than 20%.

There is a obvious effect of the silicon content on the bond number of transfer films under the dry friction condition, and CC bond and

CSi bond both first increase and then decrease, there is almost no little CSi bond at the end of the sliding.
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