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ÏL�O1<1r��5N�¢�, ©Û
1<�1r��5A�. Ú\c?Xê!m�Xê!��Xê±9
K�?�Xê�é��gÄÅ (CA) Ä��.¥�=£VÇ?1?�, ïá
�Ä1<1r��5A�� CA 1<
�ý�.. �éT�.¥�1<+N, �â k- C��^�n, �ï1<E,�ä. ÏLO�Å�ý, �«
1<6�
Ý!�ÝÚ6þ�'X±9�ýL§¥Ñy�g|�y�. ?�Ú©Û�ýÑÑ�1<6Ä�ëêÚ1<E,�
äÌ�A�ëê, uyéÓ�1<6, Ù²þ�ÝÚ�ä²þ´»�Ýþ�X1<6G��UCCz. ��, ÏL
²þ´»�ÝÚ²þ�Ý�êâ[Ü, �Ñüö�m�3X�5K�''X�(Ø, =äk���ä²þ´»�Ý
�1<6äk�p�²þ�Ý.

'�c: 1r��5, ��gÄÅ, E,�ä, V�1<6

PACS: 45.70.Vn, 89.40.–a

1 Ú ó

1<1��E,5!�Å5¦�1<�Ï6
�ïÄ�ÅÄ�6E,, ù�r¦�5�õ�ï
Äö/ÏuÔn!O�ÅÃã5ïÄ1<�Ï
6 [1−3]. ��gÄÅ (CA) ´Cc5ZyÑ���
£ãE,1��)1<1���ýóä, §UÏL
üz5K��1<�N�1�, ¿ÏL�*1��
m��p�^�)÷*�8O1�.

NõïÄöÏL�Ä1<�ØÓ1�A5,

ïá
�« CA �.é1<6?1�ý [4−14]. X
©z [5] JÑ
�Ä1<�c$Ä����.;

©z [7, 8] ïá
�Ä1<��u�m1rA5
� CA �.;©z [12] ?Ø
1<e�Ú1r�U
¬���¤k�¹, ¿O�Ñ�«�¹e�ÀJV
Ç;©z [13] JÑ
Äu k- C��p�^� CA �
., �Ä k- C��^e�1<1r��ÀJ.

þãéõ�.Ù��´3&?1<e�Ú�
��¥�ü��£Ä�VÇ, ==£VÇ. 1<�

=£VÇQNy
1<$ÄA�, qé1<6g|
�y��ÑyåX��^ (X©�y�´1<3
$ÄL§¥ÀJ��Ú�mÀJVÇ�ØÓE¤
� [15]). Ïd, =£VÇ´A^ CA ?11<�ý�
'�ëê. �þã©z¥=£VÇ�(½  ´Ä
u�½�b�½nØ, X Blue � [6] @�1<3C
��ÀJ��ü^��VÇ�� 0.5. �h� [7] K
�Ä¥I1<m�5�A:, Ú\
m�Xê, ¿
?Ø
Xê�ØÓ����ý�¹. E,�ä´C
c5ïÄE,XÚ��óä��, ®2�A^u
�Ï [16−19]!�Æ!�¬Æ�+�. ÙØ%g�3
uÏL&?�*�N�¹Ä±9�*�N��p
�^5rº´L��N1�¿?�Ú�«��X
Ú÷*y��/¤Ån, �Ò´`E,�ä´e�
3�*�N�^�÷*�Ny�'XïÄ���
xù. yk��
1<�ý�.  ýu&?1
<6÷*ëê�'X±91<6üzL§¥Ñy
�g|�y�, X©�!¤�±9P×�, �"�
éy�/¤Ån��º. �,, �k½5�ïÄ�
Ñ1<6�g|�y�´d1<m���5�p
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�^Úå� [20]. �½þïÄ1<�NmÏL�
p�^üz��NA5�Å�I�/ÏuE,�
änØù�kå�ïÄóä. o�, A^E,�ä
nØïÄ1<6�±�Ä1<+Nù�E,XÚ
¥�*�N�E,�^'X±9÷*E,y�¿
�ª�«XÚ�üzÅ�!üz5ÆÚ�N1�.

�©�é±þ1<�.ïÄ�Øv, JÑ
�
«ÏLN��{(½�.ëê±½þz1<1r
��5A�� CA �., ��
T�.e�1<6
�Ý!�Ý±96þm�'X±9�.�ýL§
¥Ñy�g|�y�; �é�.¥�1<+N, �
â k- C��n?11<E,�äï�, &Ä�ä
(�A�ëê�1<6÷*ëêm�'X, ±�«
1<6E,XÚ¥�S35Æ.

2 1r��5A�

1<31rL§¥¬LyÑ�½���5, X
¥I1<��u�m1r, F�1<S.u��1
r [8]. �´du1r��5��3, 1<3ÀJ�
����1r��VÇ¿�XÄ��.¥b½´

þ��. �Ä�ù�:, �©Äu��¢�Úé'
¢��g�, �O
1<1r��5N�¢�, þ
z<+31r����5©Ù�¹, (½�.¥=
£VÇ©Ù, l¦�.U�O(/�[1<+N
�1rA5. Ó�, �
�N1<31r�Ø
k
c1!C���!�/���1�, �k��Ù¦
1<�1� (Ø�Ä�ò1�), ò CA �.���
lÄ��.� 3 �*Ð� 5 �, Xã 1 ¤«.

3

2

1

3 5

1

42

(a) (b)

ã 1 CA �.�� (a) Ä��.�����; (b) U?�.�
����

3N�¢�¥, �Ä1<e�Ú���� �
ÀJ, ��½
Xã 2 ¤«� 6 «�µ, ã¥çÚ
���L1<��, �Ú���LÙ¦1<, 1<
�UÀJ��kêiI«� �.�� � � � �� �� � �

�� �� � �� ��
� � �
� � �

� 	 � � 
 �
� � � � � �

ã 2 N�¤�� 6 ��µ (a) �ä1<���u =1r; (b) '�1<��u�m�´��1r; (c) '�1<´Äk��
Ù¦1<���5; (d) '�1<��u�m�´��1r; (e), (f) ��µ (d) /¤é'¢�, �ä1<�1Úm1��5´Ä
É�müýÙ¦1<êþõ��K�
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ò 6 ��µ�O¤¯ò/ª, éH®½�Ì�
�´���!»�Õ9ð�Õ�1<Ðm¯òN
�, �£Âk�¯ò 792 °, ¯òÐÚÚO(JX
L 1 ¤«.

L 1 ¯òN�ÚO(J (ü :%)

1- c¡ 2- mý 3- �ý 4- mcý 5- �cý

(a) 67.4 12.1 9.8 5.3 5.3

(b) – 37.6 26.9 23.9 11.7

(c) – – 56.8 – 43.2

(d) – – – 61.5 38.5

(e) – – – 22.9 77.1

(f) – – – 86.3 13.7

N�(JL²: 1<31r�äkr���8
�/��1r���5, 3 (a) �µe 1—5 þ��
Ù¦1<Ók�, 67.4%�1<E,ÀJ
�c1
r; 3 (b) � (d) ü«�¹�, ÀJ�m1r�<ê
þ��ÀJ��1r� 1.6 �. ù�(JL², 3¥
I1<+N¥¿Ø´¤k�1<Ñkm�5, �m
�5�<ê¤Ó'~��. Ó�, 1<�1r��
5´ÉÙ�müý1<êþ©Ù�K�, �Ò´`
1<�k���5N´Ï±�Ù¦1<©Ù�¹
UC, ù�±3 (d) � (e), (f) �(Jé'¥wÑ:

�1<mý�Ù¦1<ê��ý�õ�, ��u�
m1r�1<z©'l 61.5%~�� 22.9%; ��
/, mý<ê�u�ý�, 86.3%�1<Ly�m1
��5.

3 �.ïá

3.1 ���ÄÄÄ111rrr������555AAA������ CA ���...

1r��5A��nÜ�^û½
1<�Ø
Ó��$Ä�=£VÇ©Ù. �©ÏLÚ\c?X
ê!m�Xê!��XêÚK�?�Xêé CA

Ä��.¥�=£VÇ?1?�.

Äk, �.�½Â3���¹ W ×L ���/
���Ï�¥. W L«Ï�°Ýþ���ê8, L

L«Ï��Ýþ���ê8. z���3z��m
Ú�õ�U���1<Ók. Ó�, �é;.¥I
<, z���� 0.4 m×0.4 m 5L«ü�1<�Ó
/¡È. Ï��þ!e!�!mo�>.¥, þe
>.µ4, =1<ØUB�; �m>.Ì�ëÏ, =
m11<�m>.��±l�>.#?\Ï�

¥; Ón, �11<��>.��±lm>.2g
?\Ï�. b½¤k1<þÃ�ò1�.

3z��mÚS, 1<�±±�½�VÇ£
Ä��C� 5 ���¥�Ù¥ 1 � (Xã 3 ¤«).

e 5 ��C��Ñ�Ù¦1<Óâ, K1<�UÀ
J3�/��.� � � � � � � �� � � �� � � � �� � � � � � � � � � � � � � � �� � � � �� � � � � � � � �� � � �	 
 � 	 � �

ã 3 1<�=£VÇ«¿ã (a) m11<; (b) �11<;

ã¥ÀJVÇ p eIL«�C���1<¤3����é 
�'X

Ø�Ä1r��5A��, Äk�½1<e�
Ú����¥z�ü���Ð©VÇ� p0, K

p0 =


0 XJT���Óâ

1
n

XJT����
, (1)

ª¥, n L«��¥����ê.

3�Ä��5A��Ä:þ, ��ü���=
£VÇ©O� (±m11<�~, �11<O��
{aÓ) 

p1,0 = f ∗ p0,

p0,−1 = r ∗ p0,

p1,−1 = s ∗ r ∗ p0,

p1,1 = s ∗ p0,

p0,1 = p0,

(2)

ª ¥, c ? X ê f =
Na1

Na3

, m � X ê r =(
Nb2 + Nb4

Nb3 + Nb5

+
Nd4

Nd5

)
/2, ��Xê s =

Nc5

Nc3

. Na1

L«3 (a) �µeÀJ�� � 1 �1<z©',

Na3 , Nb2 , Nb3 ��¿Â� Na1 aÓ.

�Ä1<�müýÙ¦1<êþ©Ùé1<
��5�K�, �Ò´1<�k���u�m1r
½��1r�S.�fz�, æ^K�?�Xêé
=£VÇ?1?�. �müýÙ¦1<êþ©O´
�3�½�1<�À��ÚmÀ��S�1<ê.

À���½ÂXã 4 ¤« (M L«À��Ýþ�
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���ê)[13]. �
�

ã 4 1<À���«¿ã M = 5

�mý1<êþõu�ý1<êþ�, ?�X
ê� cr, cl, K



p0,−1 = cr ∗ r ∗ p0,

p1,−1 = cr ∗ s ∗ r ∗ p0,

p1,1 = cl ∗ s ∗ p0,

p0,1 = cl ∗ p,

(3)

cr =
Ne4

Nd4

, cl =
Ne5

Nd5

. ª¥, Ne4 , Nd4 , Ne5 , Nd5 �¿

Â� Na1 aÓ.

��ý1<êþõumý1<êþ�, ?�X
ê� c′r, c′l, K



p0,−1 = c′r ∗ r ∗ p0,

p1,−1 = c′r ∗ s ∗ r ∗ p0,

p1,1 = c′l ∗ s ∗ p0,

p0,1 = c′l ∗ p0,

(4)

c′r =
Nf4

Nd4

, c′l =
Nf5

Nd5

. ª¥, Nf4 , Nf5 �¿Â� Na1

aÓ.

òÀJVÇ?18�z?n:

p′1,0 =
p1,0∑

i>0,|j|61

pi,j
,

p′0,−1 =
p0,−1∑

i>0,|j|61

pi,j
,

p′1,−1 =
p1,−1∑

i>0,|j|61

pi,j
,

p′1,1 =
p1,1∑

i>0,|j|61

pi,j
,

p′0,1 =
p0,1∑

i>0,|j|61

pi,j
.

(5)

�.¥�Xê�âN�êâÚúªO�XL 2.

L 2 �.�Xê�L

c�Xê f 6.87

m�Xê r 1.60

��Xê s 0.76

K�?�Xê c
mý<ê�u�ý<ê cr = 0.37 cl = 2.00

�ý<ê�umý<ê c′r = 1.40 c′l = 0.36

3.2 111<<<EEE,,,���äää���ïïï

1<31rL§¥¬�±��1<u)�p
�^, ù�:lN�¥1<ÀJe�Ú��� �
É±�Ù¦1<©Ù�K��±wÑ5. 1<�
Nm��p�^nÜLy�1<6��NG�, �
´1<6u)g|�y�����Ï. �1<m�
�p�^'XJ±ÓP, Ó�ù«�p�^'X�
X1<�1rL§��u)Cz. Ïd, éuý¢
�1<6, �(½1<E,�äJÝé�. �©A
^ k- C��^�n, @�z�1<�N3û½Ù
g��$Ä1��ÉåÙ�C� 6 �Ù¦�NK
�, Ø´�Ù�½ål��S�¤k�Nu)�
p�^ [21], {z(½1<�N�m��p�^'
X. �1<À���S�1<êõu½�u 6 ��,

@�1<�åÙÔnål���Ù¥ 6 �1<�
3�p�^'X, Xã 5(a) ¤«; �À����1
<êØv 6 ��, K@�Ù�¤k1<k�p�^,

Xã 5(b) ¤«.

±�Ä��5A��U? CA �ý�.�Ä
:, òþã�.¥�1<���ä!:, 31<�
U k- C��n(½�k�p�^'X�Ù¦1<
mïá>, �â1<�Ùé�1<m�^��p5
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ã 5 1<C�(½�{«¿ã (a) À�S�1<êõu 6 <; (b) À�S�1<ê�u 6 <

±9 k- C��n��¦, b½>�5��V�>.

!:Ú>�Ó�¤
1<E,�ä, Xã 6 ¤«.

ÏLUC�.�ýëêÚ���ý?§�±
¼��«1<6e�1<E,�ä�'�êâ, �
)�ä(�A�ëê�. Ly�ä(�A�� 3

�Ì�ëê��ä²þ´»�Ý!Ý©ÙÚà
8Xê.

ã 6 1<E,�äÛÜ«¿ã

4 �ý©Û

4.1 ���ýýý|||µµµÚÚÚëëëêêê

|^�Ä1<��5A��U? CA �.?
1V�1<6�ý, �[1<3��°�W = 30,

�� L = 50 �Ï�¥�$Ä. Ï�¥�1<�Ý
�Ï�¥o<ê���oê�'�; ò1<�c�

Úmc�!�c� (�,3ü �mÚþ$Ä��
mål�

√
2, �38�/���1?ålE� 1)

���$Ä���Ý�� 1, ��!mý��$Ä
��Ý�½� 0 (�,3ü �mÚþ$Ä��m
ål� 1, �38�/���1?ål� 0), KÏ�
¥1<6�²þ�Ý´�Ý� 1 �1<êþÓo
1<êþ�z©'; 6þ�±ÏLÏ�S1<6²
þ�ÝÚ�Ý�¦ÈO���.

4.2 ggg|||���yyy���ÚÚÚÄÄÄ���ããã

�ýÐ©��, 1<±�½��Ý�Å©Ñ3
Ï�¥; �X�ý�?1, *ÿ1<6G��UC.

ã 7 w«
�Ý3 0.2, 0.4, 0.6 ��ýL§¥Ñy
�1<6G�. ã¥ùÚ�>L«Ï�>., 7Ú
�:�Lm11<, ÉÚ�:�L�11<.

�±w�, �X�ý�?1, 1<6G�¬Å
ìu)UC. 3 D = 0.2 Ú D = 0.4 �, 1<6lÐ
©�Å©ÙG�ÅìÑy©�. 3 D = 0.6 �, 1
<6l�Å©ÙG�Åì=C�P×G�. 1<6
G��UC´du�*þz�1<�N31rL
§¥, ¬�âgC�1r��5Ú±�1<��¹
ØäN�ÚÀJgC�1r��, ÷*þKLy�
1<6�g|�y�. ��éì, Ä��.¥du
1<�����1r�VÇ´�Ó�, ©ªØÑy
©�y�.

?�Ú©Û1<63���Ýe�²þ�Ý
Ú6þ. Ó�3 W = 30, L = 50, ©O� M = 5,

10, 20 �, |^�.�ýÑÑ�êâ, ±����
Ý - �Ý!�Ý - 6þ�, ©OXã 8 ¤«. �±

144501-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 14 (2012) 144501

wÑ, ²þ�Ýk�X�Ý�O\�úeü; ,
�, ��Ý�����.�, �� 0.50 �, �Ýâ,
eü. ù¿�X�Lù��Ý�, ��1<63$
ÄL§¥�U¬lgd6G�=C�P×6. �Ý

���L 0.53 �, ²þ�Ý��Ý�O�Åì
ü$� 0. 6þ��Cz²{
kO\!�â,e
ü!��Åìeü�L§. ù�1<6Ä�ã�C
zª³´��� [22].

� � � � � �
� � � � � �
� � � � � �

ã 7 ØÓ�Ýe�ýL§¥�1<6G� (a) Ð©G� (D = 0.20); (b) ©�G� (D = 0.20); (c) Ð©G� (D = 0.40);

(d) ©�G� (D = 0.40); (e) Ð©G� (D = 0.60); (f) P×G� (D = 0.60)

� � � � � � � � � � � � � � � ��� � �� � �� � �� � �� � � � � 	 
� � � 
� � � � � 	 
� � � 
� � �� � � � � � � � � � � � � � � ��� � � �� � � �� �  �� � � �� � � � � �
ã 8 Ä�ã (a) �Ý - ²þ�Ý�; (b) �Ý - 6þ�
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du3�ý�.¥, 1<6��Ý��½Â�
Ï�¥1<êþ�o��ê�'�, ù�ý¢1<
6��Ý½ÂØÓ, 3ò�.���1<6A5�
ý¢1<6�'�cI�é�Ý?1��. 3�.
¥, �1<�Ý�� D = 0.50, �âz�����
� 0.4 m×0.4 m, ���¤� 3.12 ped/m2 �, 1<6
��Ým©×�eü; �1<6�Ý�� D = 0.80

½ 0.90 �, �Ò´ 5.00 ½ 5.62 ped/m2 �, 1<6�
�ÝÄ�� 0. 3ù�:þ�©z [23] éý¢1<
6*	ïÄ���(ØéÎÜ, =�1<6�Ý�
u 3 ped/m2 �, 1<31rL§¥m©Ñyö�1
�, =�Uúú/��c¡�1<1r, 1<6�
Ý×�eü; �1<6�Ý�u 5 ped/m2 �, 1
<6��ÝÄ��Cu 0. dd��y
�.�Ü
n5.

4.3 ���äääAAA555ëëëêêê©©©ÛÛÛ

du31<E,�ä¥, @�1<�À�S�
�õ 6 �C�k�p�^'X, Ïd3Ï�¥�1
<�Ý�u 0.3 �,�ä¥!:Ý�²þ�3 3 N
CÅÄ; �1<�Ý�u 0.3 �,�ä¥!:�Ý
ÅÚ�C 6. �ä�+8Xê�k���Cz, Ä�
�73 0.48 NC. e¡Ì��7,�ëê —— ²
þ´»�ÝÐm�[?Ø.

²þ�Ý´Ly1<6��÷*�I, Äk
©Û²þ�Ý�1<6G��'X. �ýL§¥,

3�Ý� D = 0.1, 0.2, 0.3, 0.4, 0.5, 0.54 �, 1<6

l�Å©ÙG�=C�©�G�, ©OÑÑ1<6
?uùü�G����]�²þ�Ý, �A/, 1
<E,�äêâ�Ó�ÑÑ; 3 D = 0.6, 0.7, 0.8,

0.9 �, 1<6l�Å©ÙG��P×G�=z, K
©OÑÑùü�G�Ñy��]�²þ�Ý±9
T���1<E,�äêâ. ã 9 �z��Ý�
ý 10 g��z�G�éA�]�²þ�Ý�²þ
�. �±w�, 3Ó���Ýe, 1<6?u©�G
���²þ�Ý�pu�Å©ÙG���²þ�
Ý; P×G���²þ�Ý�u�Å©ÙG���
²þ�Ý, =Ó�1<6�²þ�Ý¬�X1<6
�G�UC.

� � � � � � � � � � � � � � � ��� � �� � �� � �� � �� � �
ã 9 ØÓ1<6G�e�²þ�Ý©Ùã

,�O�éA�1<6G�e�ä�²þ´
»�Ý, uy=¦3Ó��Ýe, éAuØÓ1<
6G���ä�²þ´»�ÝØÓ, Xã 10 ¤«.

� � � � � � � � � � � � � � � � � � � �� � �� � �� � �� � �� � �� � �	 � �	 � � � � � � � � 
 � � � � � � � 	 	 	 � � �� � 
 	 � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � � � 	 �
 �
 �
 �
 � 	 � � � 
 � � � � 
 � � � � 
 
 � � �
 � � � � 
 � � � 
 � � � � 
 � � �� �  � � 
ã 10 1<6ØÓG�e²þ´»�Ý©Ùã (a) �ÅG�Ú©�G�; (b) �ÅG�ÚP×G�

3Ó��Ýe, ?u�Å©ÙG��1<6�
�ä²þ´»�Ý�Ñ�u?u©�G���ä
²þ´»�Ý; ?u�Å©ÙG��1<6��ä

²þ´»�Ý��u?uP×G���ä²þ´
»�Ý. qdu1<6?u�Å©ÙG���²þ
�ÝÑ�u©�G���²þ�Ý, Ï?uP×
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G��1<6�²þ�Ý��u?u�Å©ÙG
��1<6. �Ä�éA1<6G�Cz�)�
²þ�ÝÚ²þ´»�ÝCz�ª³���5, ©
Û²þ�ÝÚ�ä²þ´»�Ým´Ä�3X,
«'X.

�
Ïéüöm�'X, ò1<6ØÓG�e
��²þ�ÝÚ²þ´»�Ýêâ?1[Ü, X
ã 11 ¤«.

dd��, 1<6�²þ�Ý�1<E,�ä
�²þ´»�Ý�5K�', =�X1<6²þ�
Ý�eü, 1<E,�ä�²þ´»�ÝC�. �
ä²þ´»�Ý´�ä¥?¿!:më��²þ

��>ê, äk��²þ´»�Ý��ä  ��
n� [24]. lù�:þ�±w�, äk���ä²þ
´»�Ý�1<6äk�p$1�Ç�(Ø´Ü
n�. 31<E,�ä¥, ²þ´»��Ý¿Â�
ü�k�p�^'X�1<�m¤²{�Ù¦1
<�ê. �²þ´»�Ý���, 1<+N¥�N
éX��;�, 1<�¼��¿©�&E±�Ñ�
`�1?ûü, l¦1<6�$1�Ç�p, ÷
*þKLy�²þ�Ý�Jp. ÏdJp1<�m
&E�p��Ï5éuUõ1<6�$1k��
�¿Â, |^ù�:�±JÑk�/Uõ1<��
ÚÚ�1<6�üÑ.

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

� � � 	 � � � � � � � � � � � �
 �
 �
 
 � � � � � � � � � � � � � � � � � � � � �� � � � � �  ! " � � � � � � � � � � � � � � � � ���� �� 	 � � � � � � � � � � � � # � $ � � �� � � � � �  ! � $ � � � �
� � � � � � � � � � � $ � $ # � � �� � � � � �  ! � $ � � � � � � � � � � $ � � � � % � � � � � % �� � � � � �  ! � $ � � � �& ' (

& ) ( & * (
& + (

ã 11 ²þ´»�ÝÚ²þ�Ý�5[Ü (a) 1<6�ÅG�e��Ý�²þ´»�Ý�'X; (b) 1<6©�G�e�²
þ�Ý�²þ´»�Ý�'X; (c) 1<6P×G�e�Ý�²þ´»�Ý�'X; (d) 1<6�P×G�e�Ý�²þ´»�
Ý�'X

5 ( Ø

�©æ^�Ä1<1r��5A����g
ÄÅ�.ÚE,�änØéV�1<6?1ïÄ.

ÏL�O1r��5N�¢�, ©Û1<1r��
5�A�, ¿Ú\
c?Xê!m�Xê!��X

ê±9K�?�XêéÄ� CA 1<�ý�.�
ÀJVÇ?1?�, ±½þz�Nù
A�. ÏL
�.�ý��
1<6��Ý - �Ý�Ú�Ý -

6þ�±9*ÿ�1<6�g|�y�.

Ó�, duT�.i�
Äu k- C��n�
1<E,�ä�., |Ü�.��ýêâ�^u
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nÜ©Û1<6G�!1<6Ä�ëêÚ1<E
,�äA�ëê�m�'X, &Ä1<6�S35
Æ. ïÄuy, éÓ�1<6, ?uØÓG��²þ
�ÝÚ�ä²þ´»�Ýþ¬u)Cz; ?�Ú
êâ[Ü©ÛL²1<�ä²þ´»�ÝÚ²þ
�Ý�m�3X�5K�'�'X. 3é1<E,
�ä´»²þ�Ý�¿Â?1©Û�, @�ÏL&
EJ«�ó§Jp1<m&E�p��Ï5, ±Ú
�1<�Ñ�`�1?üÑ, Jp1<6��N$

1�Ç.

I��Ñ�´, �©�(Ø�´�é�ýY~
�êâ©Û���, ¦+T�ý�.¿©�Ä
1
<�1rA�. �5�ïÄó�òÏL¢��{*
	�ý¢�1<m�p�^1�, ¼��´L��
'êâ, A^ù
êâ?1��\�1<E,�ä
ï�. ¿Ï�UòïÄ¤JA^u��Uõ1<�
�!ú�ïÓÔ!<+¹Ä|¤�S�5!Ó·
5�.
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Abstract

In this paper the experiment to study the features of pedestrians’ walking preference is designed. Then the cellular automata model

which considering pedestrians’ walking preference features is built, in which the forward-parameter, right-parameter, surpass-parameter

and the correction-parameters are included to mend the probability of the pedestrian getting to each neighboring cell. Based on this

model and k-nearest-neighbor interaction pattern, the complex network of pedestrians is modeled. The simulation results obtained

from the model well illustrate the density-speed curve and density-volume curve. Meanwhile the self-organization phenomena of the

bi-direction pedestrian flow can be observed from the model simulation. In the further analysis of the pedestrian flow’s basic parameter

and the main feature parameters of pedestrians’ complex network, it is found out that the average speed and the average path length are

changed with the state of the flow. Finally it can be concluded that there is a linear negative correlation between these two parameters

by fitting the data; in other words, pedestrian flow with shorter average-path length has a higher average speed.

Keywords: walking preference, cellar automata, complex network, bi-direction pedestrian flow
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