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��f
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1 Ú ó

3p§9ØàC¥, %Äá�äkûÐ�9D
�5, ¿�>�Ë�ÚEÜË�$, ¤�IS9Ø
àC¢�æ¥ Èì�ÄÀá���. ,
�¾!
��p�fSê�', %Äá�Ø=äkp�zÆ
@¡Ç [1,2] 
�äkér��¢3Uå [3]. ù
"
:î­K�
%Äá�?�Ú�A^, ¦ÙcµV
� [4,5]. ��Ñù
Øv, I�n)��fÚ�$
�p�^Ån. Äu�N-EnØ� TRIM §Sé
Ð/£ã
�f�m��p�^ [6,7], ®²���
«ÊH�óä�A^uïÄ�¢3ÚzÆ@¡¯
K [8,9]. �´DÚ�ÄuüN-ECq�nØÃ{
éÐ/£ã$U-E¯K [10,11], AO3àCC�
� ÇìNC [12].

©fÄåÆ�{�±éÐ/�[$Uâf�
p-EL§ [13], Ito �æ^?U�� Brenner ³ [14]

©OïÄ
ü�$U��fñÂü��$ [15,16] 9
$U��fëYñÂõ��$ [17]. �[(JL²:
���f±ØÓUþ\��, %�âfm�-E

L§�©�áN!��ÚBß; \���f�áN
�, ��$ü�¥�%�f/¤]!�; ��f�
õ��$-E, Ñy���áy�, �Ôõ�óG
(�, �k�þ��fáN3�Ô¥. �´, ¢�u
ÿ���A�Ôõ� CHX gdÄ, ��[(JØ
Î. Sun �< [11,18] ïÄ
$U��f��$ü�
m-E, ©Û
%�âf-EL§¥�Uþ��Ú
UþD4. (Juy, Ù-EL§¥yE,�õN
�A, üN-ECqnØ����. �´, du Sun
�<�ïÄé��ü��$, ¦�¿��Ä�$�
��$��m��§�p�^, �.E,I�?�
Ú�õ.
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�:
/ªü�, /¤ sp2 �, 
%�U ABAB
½ ABC (��Oü�|¤. �S%%�fdr�
d�(Ü; �mdf��uå�±. Brenner ³ [19]

�±éÐ/£ã%�XÚ�r�d��^. d
u Brenner ³æ^
�ä�», §vk�¹�$�
��$��m�f��uå. Ito �<JÑ
£ã
�$�mf��§�p�^��²�³¼ê [14],
§�±éÐ�£ã�$�æÒ(�. 3 Sun �
<muÑ�©fÄåÆ§S�Ä:þ, ·�\\

 Ito �<JÑ��²�³¦��§S�±�\
��/£ã�$¬N. �ó��´ÄuT§SÐ

ã 1 �[«¿ã

m�. Ï~, Uþ3�$���$��m�D4L
§´��Î¦þ?�L§. 
duO�þ��Ï,
©fÄåÆ�{�[��mº�=���B¦þ
?. Ïdî��5ù©fÄåÆ�{ØU
��
�£ãù�L§. �´²�[uy, ²L 50.0 fs �
áNu�$��$1U��f�ÄUÑ®²ÑÑ
¦, 
Bß�$����$1U��f®²Ø2�
�$�kUþD4. 3d�mãSæ^©fÄåÆ
�{�[$1U��f��$��UþD4´�
1�. ·�æ^ NVE Xn£ãdL§, =3�[L
§¥�[��fê!NÈ!oUþ�±ØC; zg
\�Ñ´Õá�, vk\O�A. �©ÀJ��$
¬Ndo���� 19.68 Å × 21.30 Å �Ã"��
�$L�¤. z��$L�¹k 160 �%�f, �
$Lmål� 3.35 Å, Uì ABAB (��Oü�.
ã 1 �Ñ
�[«¿ã. �$L²1u X-Y ²¡,
¿3 X-Y ����±Ï>.^�, âf3 Z ��
Ã�å^�. %�âfm����^�� 1.8 Å. Ï
d, ��f±pu1���$L 2.0 Å�ål��
$¬NñÂ, ù�3�[�Ð©��\���fØ
¬��$�u)�^. \���f�Ð© XY �

I´�ÅÀ½�. \���f��Ý� (0, 0, v0),

Ù¥ v0 =
√

2Ek
H/mH, Ek

H �\���f�Ð©Ä
U, mH ���f��þ. \���f�Ð©ÄU�
�� 1.0—50.0 eV. �g�[��mÚ�� 0.005 fs,
�$¬N�Ð©§Ý� 300 K, %�f�Ð©�Ý
d Maxwell-Boltzmann ©Ù�ÅÄ�. �
��Ú
O�(J, éuz«��f\�ÄU��¹, �ó
�­E�[
 400 g.

3 �[(J9©Û

3.1 áááNNNÚÚÚ���������UUUþþþ������

���f±ØÓ�Uþ\��$¬N�, ��
f��$¬N�m�-E�±©�þL¡áN!
��!SÜáNÚBßo�L§, ù���fÚü
��$�-EL§´�aq�. ²LÚO²þ, ã 2
�Ñ
ØÓL§�u)VÇ�\�Uþ�m�'
X. lã¥�±w�: �\�Uþ�u 5.0 eV �,
þL¡áNÓÌ�/  (Ì�/ ´�,L§u
)VÇpu 45.0%); �\�Uþ3 5.0—17.0 eV �
�S�, ��ÓÌ�/ ; �\�Uþ�L 17.0 eV
�, SÜáNÓÌ�/ ; ���f�\�Uþ�
� 25.0 eV ½ö�p�, ��fk�½�VÇBß
�$�.

ã 2 ØÓ\�Uþe, �L§�u)VÇ

�
ïÄ�§�p�^�K�, ·�òõ��
$�[êâ�ü��$�[êâ?1
'�. Ø�
�[��$�ü�	, ü��$�[�O��.�
õ��$�[�O��.���Ó. u)�L§�
Ì�Uþ���L� 1. '�uy: þL¡áNL
§�Uþ��¿vkCz; ��L§�Uþ���
ÿ°.
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L 1 ��f��$-E�, u)VÇ�u 45.0%��L§�Uþ��

þL¡áN/eV ��/eV SÜáN/eV Bß/eV

õ��$ 1.0 < Ek
H < 5.0 5.0 6 Ek

H 6 17.0 Ek
H > 17.0

ü��$ 1.0 < Ek
H < 5.0 5.0 6 Ek

H 6 15.0 Ek
H > 15.0

ã 3 �\���fþL¡áNÇ�\�U
þCz�'�­�. lã¥�±w�: �Uþ�
u 3.0 eV �, þL¡áNÇ�X\�UþO�
�
úO�, ��Ñy��¸�; �Uþ3 3.0—10.0 eV
�, þL¡áNÇ×�eü; �Uþ�u 10.0 eV �,
þL¡áNÇ�ú~�, ¿�ÑyeZ��¸�.
'�ü��$�õ��$��[(J��: �$�
�m��§�p�^¿�UC1�¸�� �, Ñ
3 3.0 eV �m; ��Ä�§�p�^�, þL¡á
NÇ3Uþ� 10.0 eV, 14.0 eV Ú 18.0 eV ?�Ñy
���¸�, �Ø�Ä�§�p�^�, þL¡á
NÇ=3Uþ� 11.0 eV Ú 20.0 eV ?Ñy�¸�.
ã 4 �\���f��Ç�'�­�. �±w�:
�Uþ�u 3.0 eV �, ��Ç�X\�UþO�

~�, ��3 3.0 eV ?Ñy��4��; �Uþ
3 3.0—6.0 eV �, ��Ç×�O\, ¿�3 6.0 eV
?Ñy��¸�; �Uþpu 6.0 eV �, ��Çm
©eü. '�ü��$�õ��$��[(J�
�: �§�p�^vkUC��Ç�¸� �; �
\�Uþ$u 20.0 eV �, �§�p�^é��Ç
K�é�, �´�\�Uþpu 20.0 eV �, �§
�p�^wÍO\
��f���VÇ, ~X�
\�Uþ� 45.0 eV �, ��ÇO\
 21.0%; ��
Ç3 14.0 eV ?Ñy
����1�¸�. �\�
��f�Uþé��, 1���$�/Cé�, 1
�!1n!o��$é1���$��§�p�
^�Òé�, ¤±é��Ç�K�é�; �´�X
��f\�Uþ�O\, 1���$�/C�¬O
\, 5g1�!n!o��$��§�p�^�Ò
O�, é��Ç�K��ÒO\.

ã 3 ØÓ\�Uþe, ��f�ü��$Úõ��$áN�VÇ

ã 4 ØÓ\�Uþe, ��f�ü��$Úõ��$���VÇ

3.2 ������fff333���$$$���¥¥¥���UUUþþþDDD444

ÏLO����$L�UþCz, �±��
3 50.0 fs S��fÚ�$m�UþD4&E. �
£ã�B, Ú\ëê C1, C2, C3, C4 5£ã��
f�Uþ3ØÓ�$�SD4L§. Ù¥ C1, C2,
C3, C4 ©OL«1�!�!n!o��$L�
UþCz���f�Ð©\�Uþ�'�. ã 5
�Ñ
 C1, C2, C3, C4 �X��fÐ©\�U�
Cz­�. ���f��$áN�, ��f�o
Uþ¬C�K�, Ïd¬Ñy'��u 1.0 ��
¹. � 1.0 < Ek

H 64.0 eV �, C1 > 1.0. 3dU
þ��S, þL¡áNL§ÓÌ�/ , 65.0%±
þ���fáNu1���$L�þL¡ (�
ã 2), �Ü©�UþD4�1���$, �k�
u 1.5%� U þ D 4 � 1 � ! n ! o � � $ L.
� 4.0 < Ek

H < 20.0 eV �, C1 ��Øäeü. ù
´du��f���L§ÓÌ�/ , 40.0%±
þ���f��$�� (�ã 4), ¿��òÜ©
UþD4�
1���$L; Ó�SÜáNÇ�
m©O\, áNu�$�SÜ�\���fØ=
�1���$Lu)�^, ��1���$Lu
)�^, ��f�Uþk�Ü©D4�1���
$L. � Ek

H > 20.0 eV, C1 ���úC�, �X
��f�\�UþO\, SÜáNL§ÓÌ�/
 . áNu�$�SÜ���f¬�õ��$L
u)�^, Ï
�±òUþD4�Ù¦��$L.
� Ek

H > 9.0 eV �, C2 m©wÍO\, d�\��
�fk 24.5%�VÇáNu�$SÜ¿�1���
$u)�^. � Ek

H > 28.0 eV �, C2 > C1, ùL²
D4�1���$L�UþpuD4�1���.
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� Ek
H < 10.0 eV �, C3 ���K�, C4 �ÑyK

�y�. ù`²: ¦+�§�p�^�~f, §�(
K�XUþ3�$L��$L�m�UþD4.

ã 5 �$L�UþCz���f�\�Uþ�'��X
\�Uþ�Cz­� (Ù¥ C1, C2, C3, C4 ©OL«1�!
�!n!o��$L�UþCz�\���f�Uþ'�)

ã 6 ��f\��ÝVÇ©Ù (\��Ý�K�L«��
f���½öáNu�$��þL¡)

ã 6 �Ñ
\�Uþ©O� 10.0 eV, 20.0 eV,
30.0 eV ����f\��Ý©Ù. � Ek

H � 10.0 eV
�, �Ý©ÙÑyü�4��, ©OéAuål�
©�$�þL¡ 1.0 Å?Ú1���$L�1��
�$L�¥m �. � Ek

H � 20.0 eV, 30.0 eV �,
VÇ©ÙÑy
 3 �¸�. ùn�¸�� �©O
éAu��$�mY�¥m �. �Ä���f�
�$L��d�p�^´UþD4�k���{,
ã 6 �éÐ�)ºã 5 �(J. ÏLé'ã 6 Ú
ã 5 �±w�: Uþ�D4��Ú��f�\��
Ý���'.

�
�*�Ð«Uþ3��f��$L�m
�D4L§, ã 7 �Ñ��¢~. 3d~f¥, �
�f�\�Uþ� 25.0 eV. �±w�: 3c 5.0 fs
S, ��f�UþD4�1���$L, ,���
fBL1���$L, m©�1���$Lu)á
§�p�^, 2²L 7.0 fs �, ��fBL1���

$L, m©�1n��$LD4Uþ, 2²L 5.0 fs
�, ��f�1n��$��L, UY�1���
$Lu)�^. ²L1n��$L�üg���,
��f�ªáNu1���$L�eL¡. 3dL
§¥, du��f¿vk�1o��$L�)r�
�á§�p�^, ¤±1o��$L�Uþ�O\

 0.3 eV. dUþ´�$���$��m��§�
p�^�(J. 3��f����$L�UþD4
L§¥, o´kò�Ü©UþD4��$L, ,�
2l�$L¥�r�Ü©fâD4�Uþ, ùy�
3��f�ü��$L��p�^��[¥�Ó
�Ñy [11]. ��5¿�´: 45.0 fs ±�, 1���
$�Uþdu��f3ÙeL¡��Ä��)�
��Cz. ù2gL²·�æ^ 50.0 fs ��mºÝ
�[��f��$L�UþD4L§´�1�.

ã 7 \���f�Uþ� 25.0 eV �, ���$�UþCz

4 ( Ø

�©æ^©fÄåÆ�{, ïÄ
$1U��
f�o�Ã"��$L�-EL§. �ü��$L
��[(J'�, ��Xe(Ø:

1. u)VÇ�u 45.0%�þL¡áNL§�
Uþ��vkUC, 
u)VÇ�u 45.0%���
L§�Uþ��C°.

2. �§�p�^¿vkUCþL¡áNL§
Ú��L§�¸� �. �\�Uþpu 20.0 eV
�, �§�p�^wÍO\
��f���VÇ,
¿���L§3 14.0 eV ?Ñy����1�¸�.

3. ���fUþpu 28.0 eV �, 1Uâf�
UþD4�1���$L�'D4�1���$
L��. �m�f�§�p�^K�X�$L��
$L�m�UþD4.

4. U þ � D 4 � � � � � f \ � � Ý '
X��.
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Molecular dynamics simulation of energy exchanges
between single hydrogen and graphite(001)∗
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Abstract

Molecular dynamics simulation is applied to the investigation of energy exchanges between single hydrogen and graphite (001).

In addition to energy transfer efficiency, in this paper we analyse various kinds of possible processes, which are the absorption on the

upside graphite surface, reflection, absorption on the downside graphite surface and penetration, during the course of a hydrogen atom

bombarding the crystalline graphite containing four graphene sheets. The simulation results show that the interlayer interaction has a

big influence on the reflection, especially when the incident energy is larger than 20.0 eV. The reflection coefficient increases evidently

compared with that in single graphene sheet case. If the incident hydrogen has a kinetic energy more than 25.0 eV, it can penetrate

the four- sheet graphite at some striking locations. When the incident energy is larger than 28.0 eV, the energy transferring to the first

graphene sheet is more than to the second graphene sheet. These results will be helpful for understanding the chemical erosion of

carbon based materials and the tritium retention occurring in fusion devices.

Keywords: plasma facing materials, molecular dynamics simulation method, graphite
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