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3¿S1<ÕÑL§¥, 1<Æ�éÕÑ�ÇkX­��K�. �©r-�Æ�üÑ�#�rÝ½Â�-�r
Ý.�
ïÄ-�rÝéÕÑ�Ç�K�, ÏL31<Æ�üÑ�#�VÇ¥Ú\-�rÝ, Äu��gÄÅ�.
ê�O�3ØÓ�1<�Ý, Ñ�°ÝeÕÑo�m�-�rÝCz�'X. (JL²: ¿S1<ÕÑL§¥, -�
rÝ�¬¦��s1�4ÙN´øò. �1<�Ý��Ñ�°��, Ñ\±:�ÕÑ�Ì�5�&E, �y1<�
�`�ö�#Æ�üÑ, �1<�Ý��Ñ�d��, Ñ\±;4�Ì�5�&E³�1<�s, ÑUJpÕÑ�
Ç. ��éÑØÓ^�e��áÕÑo�m�éA�`z-�rÝ,�Jp¿S1<ÕÑ�ÇJø��#�À�.

'�c: ��gÄÅ, 1<6, ÕÑÄåÆ, Æ�

PACS: 45.70.Vn, 05.65.+b, 05.70.Fh

1 Ú ó

CA�c5, 1<�ÏïÄ�­�5FÃwy,

1<ÄåÆ®²Úå
�Æ[��2�,�, Ø
=´Ï�1<ÄåÆ�ïÄäk)ûy¢¯K�
¿Â, Ó��Ï�1<ÄåÆ3ïÄL§¥Ñy

Nõk��y�, ~Xg|�!8+!\9v(!
¯=´ú!l¯1�� [1−6]. éõäk�L5�
�.�ïá±ïÄ1<ÄåÆ¯K, X�¬åÆ�
. [5]!�f6NåÆ�. [6,7]!^å�. [8] �. �
ëY5�ÄåÆ�.ØÓ, ��gÄÅ�.Ø´d
î�½Â��§½¼ê(½, 
´ÏL(½XÚ�
G�, �½�X��üz5K�¤ [9]. äk?n�
ª´u�5��ýO�ÚO��Ç`uÙ¦�Ï
6�.�­�A:. Ïd, ��gÄÅ�.3ïÄ
E,XÚ�¡�@�´�«�~k��óä, 8c,

<�®²ò��gÄÅÚ�fí�.2�A^u
1<�Ï�ïÄ [10−16].

Cc5, Æ�nØ3�¬!²L±9)��X
Ú�ïÄ¥��2��A^ [17]. Æ�nØ�ÏÙ

�1<6y¢A5éX;�, C531<ÄåÆï
Ä¥�É­À [2,10,11,16]. ¯¤±�, 1<6´õ�
�U�N|¤�EÜXÚ [18]. Ï~, 1<U�±k
|ug��÷¿��ª1r. ¤±, 3¿S1<Õ
ÑL§¥, du1<Æ��`�ö¼����ÂÃ,

;4�1<ék�UÏL��`�ö�#¦�g
��Æ�üÑ. �´3ØÓ©²5�e, 1<éü
Ñ�#kXØÓ�-�,©Ùrù«-�üÑ�#
�rÝ½�-�rÝ. ¤±, �

)-�rÝé
ÕÑ�Ç�K�, �©Äu��gÄÅ�., ÏL
31<Æ�üÑ�#�VÇ¥Ú\-�rÝé¿
S1<ÕÑÄåÆ?1ïÄ, �[3ØÓ�1<�
Ý, Ñ�°Ýe, ¿S1<ÕÑo�m�-�rÝ
�m�'X, ¿éÑ`z-�rÝ, �Jp¿S1
<ÕÑ�ÇJø��#�À�.

2 � .

2.1 ïïï ���

Xã 1 ¤« [16], �.ïá3����gÄÅ
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�Ä:þ, ¿S²¡�²þ©¤�/��, z��
�f�L����, z������½���1<
Óâ. ��f��Ú�, L«d�f®���1<
Óâ, 
��f�xÚ�, L«d�f��. b�Ñ
� udã�mþ�, ã¥�ü�1< A Ú B, 3
Ï Ñ��´�þÑy
�� C. 1< A Ú B Ò
¬¡�?\Ó���� C �Æ�, 
Æ�üÑ©
�;4½�s. XJ¦�Ñ;4, Ò¬ùØ���
Ú, ,�¦�¥�?¿��â¬?\��. XJ A

;4
 B �s, @o B ò��?\��. XJ¦�
Ñ�s, @o¦�òÏ�vk<�¿;4
ùØü
��Ú, ,�¦�¥�?¿��ò�|¿?\��.

é²w, XJ A ÀJ;4, @o B ��ZüÑÒ´
�s, Ï�3ù«�¹e B �±��?\��. X
J A ÀJ�s, @o B ��ZüÑ�´�s, Ï�
3ù«�¹e B �sâk?\���Å¬. ¤±,

ÃØ¿�éÃÀJÛ«üÑ, ,��1<��Zü
ÑÑ��s, @o, 1<�m�ªò¬?\�p�
s�G�. � A Ú B �p�s�, vk�N¬ÌÄ
kUCgC�üÑ, Ï��NkUCg��üÑò
¦gC�ÂÃü$. ·�5¿�, XJrÙ¥�ü
�Æ�1<w¤���N, 3�p�s��¹eü
�1<c?���f¤s¤��m��, �´, =
¦ü�1<ÑÀJ;4, ¦�¤s¤��m�Ø´
�á�.

�ü�1<±ØÓ�üÑ�¿�Ó����
�, �}öòk�U�`�ö�#g��Æ�ü
Ñ, ù���`�ö�#üÑ�VÇ^úªL«
� [19−23]

Wij =
1

1 + exp[−(Uj − Ui)/k]
,

Ù ¥ Wij �� } ö � � ` � ö � # ü Ñ � V
Ç, Ui ´ � } ö � Â Ã, Uj ´ ¼ � ö � Â Ã,

k(0 < k < ∞) ´�¸D(�, L«�n5ÀJ
rÝ, D(�É�¸Ï�K�
ØÉÂÃCz�K
� [19−24]. � k → ∞ �, Wij = 1/2 L«Æ��N
d�¸eØ¬éÂÃ?1n5�ä, �N�ÅÀJ
´Ä?1üÑ�#, � k → 0 �, Wij = 1, L«Æ
��N3d�¸eéÂÃ?1n5�ä, 3n5�
°Äe�N(½5/ÀJ��`�ö?1üÑ�
#.

�Ä�du1<3ØÓ�©²5�e�, 1<
éüÑ�#äkØÓ�-�rÝ, ±j±�<�©

1�
-�üÑ�#, ¤±3�}ö�#üÑ�V
Ç¥Ú\-�rÝ�, KüÑ�#�VÇ�

Wij =
1

1 + exp[−(Uj − Ui)/k]
(1 − ci),

Ù¥ ci(0 6 ci 6 1)�-�rÝ. 3�Ä k → 0 �
�¹e, � ci → 0 �, Wij = 1, =1<�N3d
�¸eéÂÃ?1n��ä, éüÑ�#vk-
��ò(½5/ÀJ��`�ö?1üÑ�#, 

� ci → 1 �, Wij = 0, =1<�N(½5/j±
Ð©Æ�üÑ. 3�Ä k → ∞ ��¹e, � ci → 0

�, Wij = 1/2, =1<�N3d�¸eéÂÃ?
1�n��ä, éüÑ�#vk-��ò�Å/
ÀJ��`�ö?1üÑ�#, 
� ci → 1 �,

Wij = 0, =1<�N(½5/ÀJj±Ð©üÑ.

�©ïÄ�¿S1<ÕÑL§, du;xÏ��K
�, 3vk©²5���¹e, ¦g�¼��pÂ
Ã�n5ghû½¦��Nò(½5/ÀJ��
`�ö?1üÑ�#, = k ªu".

B

CA

ã 1 1< A Ú B�?\�� C Æ� (�Ú�fL«®
�1<Óâ; xÚ�fL«�f��)
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ã 2 ¿S²¡�. (Nx �¿S�
 Ny �°, w�Ñ�
°Ý)

Xã 2 ¤« [16], ¿S²¡�²þ©¤�/�
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�, z��f�º�� 0.4 m × 0.4 m [25]. ¤±·�
½Â 0.4 m�ü �Ý. Nx�¿S��
 Ny �°,

Ñ� u²¡þ>.�¥
, w �Ñ�°Ý. Ï~,

1<�²þ1r�Ý� 1.0 m/s [25], =ÏL���
f¤I��m� 0.4 s, ¤±z���Ú� 0.4 s. ρ

�1<�Ý, pc �Ð©�s1<'~, T �¿S1
<ÕÑo�Ú, ±e¡�ÕÑo�m.

2.2 111rrr������

Xã 3 ¤« [16], ,��1<��I� (xi, yj),


Ñ�¥%�I� (xo, yo).

1) XJ xi 6 xo, yj 6 yo, @où�1<òÀ
J�I� (xi + 1, yj) ½ (xi, yj + 1) ���?\,

� xi + 1 6 xo, yi + 1 6 yo.

2) XJ xi > xo, yj 6 yo, @où�1<òÀ
J�I� (xi − 1, yj) ½ (xi, yj + 1) ���?\,

� xi − 1 > xo, yi + 1 6 yo.

y

x

↼xi↪ yj↽

↼xo↪ yo↽

ã 3 ¿S1<1r�� ((xi, yj )�1<��I; (xo, yo)

�Ñ�¥%�I)

2.3 111rrr555KKK

1) XJ���f®²���1<Óâ, Kd�
Ù¦�1<ØU?\T�f, 
´ÀJ����f
?\.

2) XJü�;41<Ó�ÀJ?\Ó���
�f, �Ñæ�;4üÑ, @o�p�;4òùØ
���Ú, ,�¦�¥�?¿��âU?\T��.

3) XJ��;41<Ú���s1<Ó�À
J?\Ó����f, @o�s1<ò��?\T
��.

4) XJü��s1<Ó�ÀJ?\Ó���
�f, Ï�Ã<;4¤±ùØü��Ú, ,�¦�
¥�?¿��âU��¿?\T��.

5) �ü�1<?uÆ�L§¥�, XJk��
#���fÑy3¦�Ù¥��1<Ï Ñ��
´�þ, @où�1<�òÓ�ÀJ?\T��f,


Ø´��±�5�Æ�.

6) Ñ�äk�A�°Ý, XJ��1<��Ñ
�, @où�1<òlXÚ¥íØ.

3 �[�?Ø

3.1 ���[[[©©©ÛÛÛ

3d�[Á�¥, ¿S²¡��� Nx = 100,

°� Ny = 100. �â�½�1<�Ý, 1<3¿S
Ð©�Å©Ù.�
~��[L§¥�Å5éÁ�
(J�K�, �©z�Á�?1 50 g¿éÕÑo
�m�²þ�. ²þÕÑo�m�

〈T 〉 =
1
N

N∑
i=1

Ti.

3.2 ---���rrrÝÝÝééé¿¿¿SSS111<<<666���ããã���KKK���

ã 4 �� Ñ � ° Ý� w = 10, 1 < � Ý
� ρ = 0.5, D(�� k = 0, Ð©�s1<'~
� pc = 0.1 �, 3o�ØÓ-�rÝe, ¿S1<
631 100 ��Ú���ã. çÚ�f�L�s1
<
�Ú�f�L;41<. Xã¤«, �X-�
rÝ�O�, �s1<�'~�é~�.

3.3 ---���rrrÝÝÝéééÕÕÕÑÑÑ���mmm���KKK���

ã 5��Ñ�°Ý©O� w = 10, w = 40, 1
<�Ý©O� ρ = 0.1, ρ = 0.8, D(�� k = 0

�, ÕÑo�m T �-�rÝ ci �Ð©�s1<
'~ pc Cz�n�ã. Xã¤«, -�rÝéÕ
Ño�mkXã��K�. '�ã 5(a) Ú (c) ��,

�1<�Ý� ρ = 0.1 �, ÕÑo�m�-�r
Ý�O�
O\. '�ã 5(b) Ú (d) ��, �1<
�Ý� ρ = 0.8 �, ÕÑo�m�-�rÝ�O�

~�.
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ã 4 ØÓ-�rÝe¿S1<631 100 ��Ú���ã (çÚ�f��s1<; �Ú�f�;41<; xÚ�f
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ã 6 ØÓ1<�ÝØÓÐ©�s'~, ØÓÑ�°ÝeÕÑo�m�-�rÝCz�'X­�

�
?�Ú&ÄÕÑo�m�-�rÝ�
' X, ã 6 � Ñ 
 � ¿ S 1 < � Ý� ρ = 0.1

Ú ρ = 0.8 �, ÕÑo�m�-�rÝCz�'
X­�. Xã¤«, �¿S1<�Ý��Ñ�°Ý
v
��, -�rÝ�~�²wk|u1<ÕÑ.

�´, �¿S1<�Ý��Ñ�°Ý��, -�r
Ý�O�k|u1<ÕÑ.

3.4 ¿¿¿SSS111<<<���ÝÝÝééé`̀̀zzz---���rrrÝÝÝ���KKK���

3�ý�[¥, -�rÝd 0 ÅìO�� 1, �
âéA�-�rÝí�Ñ¤I�¿S1<ÕÑo
�m, Ù¥éAÕÑo�m�á�L«�`z-�
rÝ oci.

ã 7 �� D ( � k = 0, Ñ � ° Ý © O
� w = 2, w = 10, w = 40, w = 80 �, `z-
�rÝ�1<�Ý�'X­�. Xã¤«, �Ñ�
�°Ý4Ù��, w = 2, `z-�rÝ�±3p ,

oci = 1, ù¿�XÑ�d���¹e, z�<Ñ-
�Æ�üÑ��#òk|u¿S1<ÕÑ. �Ñ�
�°Ý� w = 10 �, `z-�rÝd$ ×��
,�p , ù¿�X�1<�Ýé��, 1<��
`�ö�#üÑk|u¿S1<ÕÑ, 
�X1<

�Ý�O�, -�rÝ�O�Kk|u¿S1<Õ
Ñ. 3Ñ�°ÝO���½§Ý, w = 40 �, �X1
<�Ý�O�, `z-�rÝkeü
��úþ,.

3Ñ�°ÝO�� w = 80 �, `z-�rÝk�
úþ,
�×�eü¿�±3$ .
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ã 7 ØÓÑ�°Ýe`z-�rÝ�¿S1<�ÝC
z�'X­�

4 ( Ø

©ÙïÄ(ØXe:

1. Ï~¿S1<ÕÑL§¥, du;x�UÏ
��K�,©²1�É�n5%n�³�, = k → 0
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��¹e, 1<éüÑ�#�-�rÝ��, ò¬
��1<+N3n5�°Äe��`�ö�#Æ
�üÑ, ¦g�¼��pÂÃ�ghû½¦��s
1�4ÙN´øò, +N?\�p�s�G�.

2. k → 0 �, 3ØÓ�1<�ÝÚÑ�°Ýe,

`z-�rÝäkØÓ��, =ÕÑ�Ç�JpI
�·�é¢S�¹?1äN©Û. Ï~�¹e, �
1<�Ý�
Ñ�°��,·�I�5\±:�Õ
Ñ�Ì�5�&E, �y1<��`�ö�#Æ�

üÑ. ��1<�Ý�
Ñ�d��, 5\±;4
�Ì�5�&E³�1<�s, KUJpÕÑ�Ç.

©Ù3¿S1<ÕÑL§¥, ÏL31<Æ�
üÑ�#�VÇ¥Ú\-�rÝ,�Jp1<ÕÑ
�ÇJø
��#�À�. ïá�\�Cy¢�Õ
ÑL§1<Æ��.I�?�Ú��Ä��y, ¤
k�ù
ïÄò���1<ÕÑJøk|��Ï,

l
ü$�¬ã�����Í)· [16].
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Abstract

In the process of indoor pedestrian evacuation, the game between pedestrians greatly influence evacuation efficiency. In this paper,

we introduce the boycott strength into the updated game strategy coefficient in order to investigate the influence of boycott strength

on the evacuation efficiency. The relations between the evacuation time and boycott strength for different pedestrian densities and

exit widths are obtained by numerical simulations based on cellular automaton model. The results show that the vying behaviors are

extremely easy to spread and the crowd will turn into a vying state when the boycott strength is small. When the pedestrian density is

low and the exit is wide, we encourage the pedestrians to imitate the winners to update their game strategies via offering the information

about standardizing roles about rapid evacuation. When the pedestrian density is high and the exit is narrow, the information about

standardizing roles about avoiding to congestion is provided. Thus, the evacuation efficiency can be enhanced. Finally, the optimal

boycott strength corresponding to the shortest evacuation time in different conditions is yielded. Our study provides a new perspective

to enhance the efficiency of indoor pedestrian evacuation.
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