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�Ä�ä!:��Å£Ä, Äu²þ|nØJÑ��£Ä�¸e�ä¾ÓDÂ�êÆ�., |^�©ÄåÆX
ÚnØïÄ
¾ÓDÂ1�. ïÄL², �¾ÓÄ�2)ê R0 6 1 �, �ä¥¾ÓÅì�Ø, XÚ�Ã¾Ó²ï:
�Ûì?­½; � R0 > 1 �, �ä¥¾Ó±Y�3, XÚ�/�¾²ï:�Ûì?­½. ÏL�ý�y
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1 Ú ó

y¢­.¥)Ô¾Ó (X6a¾Ó, �; (Se-
vere Acute Respiratory Syndromes, SARS) ¾Ó) 3
<+¥DÂ, O�Å¾Ó3pé�þ�E, Ñ�8
a��ä¥�¾ÓDÂ1�. Cc5, �XE,�
änØ�uÐ, ÄuE,�änØ, ïÄ¾ÓDÂ
1�ÚDÂ�.A5É�
2�'5 [1−14]. ©
z [1—6] ïÄ
ÃIÝ�äþ�¾ÓDÂ�.�
¯K; ©z [7—9] ©Û
DÂx0!DÂò´!Ø
���¼�Ï�é¾ÓDÂ�K�; ©z [10,11]
ïÄ
É��ä¥���¾ÓDÂÇ�¾ÓDÂ
1�; ©z [12—14] ïÄ
�ä!:�¼üÑ9Ù
é¾ÓDÂ1��K��.

3¾ÓDÂïÄL§¥, <�JÑ
õ«¾
Ó D Â � ., Ù ¥ � ): SI (susceptible-infected)
� . [1], SIS (susceptible-infected-susceptible)
� . [7], SIR (susceptible-infected-removed) �
. [10], SEIR(susceptible-exposed-infected-removed)
�. [11] �. 3 SI Ú SIS �.¥, �ä¥�z�!

:?uü«�U�G�: ´a/G� S Úa/G
� I. SI �.¥, ´a/!:a/¾Ó�ØU�£
�, ª�?ua/G�, 
 SIS �.¥, ´a/!:
a/¾Ó���£�, �£��2g�£�´a
/G�. 3 SIR �.¥, �ä¥�z�!:?un
«�U�G�: ´a/G� S, a/G� I Ú�¼
G� R. ´a/!:a/¾Ó�, ��£�¿¼�
ª��¼Uå, Ø¬�2ga/. 3 SEIR �.¥,
�ä¥�z�!:?uo«�U�G�: ´a/
G� (èxG�) S, �³G� (dÏG�) E, a/G
� I Ú�¼G� R. SEIR �.´3 SIR �.�Ä:
þO\dÏÏG�, =´a/!:�a/�, k?
\dÏG� (Øäka/Uå), dÏÏL�, !:
?\a/G� (äka/Uå), a/!:���£
�, òª�äk�¼Uå, Ø¬�2ga/. SEIR
�.·Üu£ã¾Óa/äk²wdÏÏ�¾Ó
DÂL§.

þãïÄ�õÄu·��ä, =¾ÓDÂL§
¥, !:�m�ë�´�½�, ��Ñ!:m�A
Ûål. 
y¢¥éõ�ä�!:´£Ä�, ÙA
Û�»k�. w,, ¾Ó3ù«£Ä!:�m�D
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Â�!:�m�AÛål���', 
�É!:�
£Ä�ª!!:�Ý�Ï��K�. ~X, éõD
/5;¾�3Cål�<+�mD/. 3£Äõa
©|Ã��ä (=£Ä Ad Hoc �ä) ¥, �äUÁ
�DÂÉ£Ä��Ï&�»��� [15], ÏL7ß
�ÆDÂ�ÃÅ¾Ó��k3 10—30 m �S�±
DÂ [16]. Ïd, ïÄ£Ä�¸e�¾ÓDÂ1�ä
k­��y¢¿Â. ©z [17, 18] ïÄ
!:±�
½VÇ�ÛÜ�Å£ÄÚ#N�Ü©!:��å
l$Ä�¹e� SIR ¾ÓDÂ�., ¿©Û
�å
l$Ä!:'Ç��é¾ÓDÂ1��K�. �©
z¥��Ä
!:£Ä�, ÿÀ(�­½�!:�
m�¾ÓDÂ, �Ñ
£ÄL§¥, !:]m�>
é¾ÓDÂ�K�. ©z [19] l©fÄåÆ��Ý
ïÄ
!:£ÄL§¥]m�>e� SIS ¾ÓD
Â�., ïá
¾ÓDÂ�!:�Ý, $Ä�ÝÚ
a/�m�Ï��¼ê'X. ©z [20] ïÄ
 Ad
Hoc �ä¥!:£ÄL§¥]m�>e� sir �ä
UÁ�.. �©z [19, 20] þb�!:�©f��
±Y$ÄÚ “-E”, !:]m�>=�a/¾Ó,
ùw,Ø�ÎÜý¢��ä�¸.

y¢­.¥, £Ä�¸e��ä!:Qk$Ä
L§, �k�é·�L§. 3$ÄL§¥, du!
:�m��>�má, ¾Ó�DÂÇ¬�$, 3·
�L§¥, du!:�m�>�m�, ¾ÓDÂÇ
¬�p. �©�Äù«�ÎÜ¢S�£Ä�¸, ï
Ä�a¾ÓäkdÏÏ!�¼!:äk���¼
Uå��ä¾ÓDÂ1�. Äu SEIR �., JÑ�
�£Ä�¸e��ä SEIRS (susceptible-exposed-
infected-removed-susceptible) ¾ Ó D Â ê Æ � ..
l�©ÄåÆXÚ��Ý©Û¾Ó�DÂ5ÆÚ
¾ÓDÂ´Ä�Ø�D/�.A5, |^e��
)¤Ý
�{, ¦�¾ÓÄ�2)ê R0, ïÄX
Ú²ï:��3^�ÚXÚ3²ï:��Ûì?
­½5.

2 £Ä�¸e�ä SEIRS ¾ÓDÂ�.

��ä¥k� N �!:, ù
!:��Å©
�3÷v±Ï>.^�� L × L ���²¡þ (!
:²þ�Ý�L«� ρ = N/L2), ¤k!:±�
Ó�Ý3T²¡þ�Å$Ä. �z��mÚ!:
Ñ�¹��£ÄL§Ú£Ä���é·�L§,
·�L§¥�äÿÀ(�­½©½Â!:$Ä�

êÆ�. [17,21] �

xi(t + 1) =xi(t) + v cos θi(t),

yi(t + 1) =yi(t) + v sin θi(t),

θi(t) =ϕi. (1)

Ù¥, xi(t), yi(t) ©O� t �mÚ!: i 3��²¡
þ�î�IÚp�I, ϕi ´«m [−π,π] Sþ!©
Ù� N �Õá��ÅCþ, v ´!:�$Ä�Ý.

ò�ä¥!:G�©�´a/G� S!�³
G� E!a/G� I Ú�¼G� R o«. ?¿�m
Ú, z�!:Ñ?uùo«G���. ^ S(t), E(t),
I(t) Ú R(t) ©OL« t �mÚ?u´aG�!�
³G�!a/G�Ú�¼G�!:�êþ, w,
k�ª N = S(t) + E(t) + I(t) + R(t) ¤á. �¤
k!:�Ï&�»þ� r, =@�?uÏ&�»S
�!:�m´�>�. ���G�� S �!:3 t

� t + 1 �mÚ, $ÄL§¥Ù]m�>�G�� I
�!:ê� NIv(t), �äÿÀ(�­½�, Ù�>
�G�� I �!:ê� NIr(t); ,b�]m�>¥
¾Ó�DÂÇ� λ1, �äÿÀ(�­½�, ¾ÓD
ÂÇ� λ2, � λ2 > λ1. K t � t + 1 �mÚ, T!:
�a/�VÇ β(t + 1) �L«�

β(t + 1) =(1 − (1 − λ1)NIv (t))

+ (1 − (1 − λ2)NIr (t))

−
(
1 − (1 − λ1)NIv (t)

)
×

(
1 − (1 − λ2)NIr (t)

)
. (2)

duÐ©��!:��Å©�3 L × L �
�²¡þ, �z��mÚ, !:±�Ó��Ý�
Å$Ä, Ïd, �±@�3?¿�mÚ, !:3²
¡ L × L þ�±©��þ!5, �÷vþ!·Üb
`. K NIv(t) Ú NIr(t) �©OL«�

NIv(t) =
2rvρI(t)

N
=

2rvI(t)
L2

, (3)

NIr(t) =
πr2ρI(t)

N
=
πr2I(t)

L2
. (4)

ò (3) Ú (4) ª�\ (2) ª, ¿^�Vúª?1Ð
m (� λ1 < λ2 ¿ 1), �Ñp��, z{��

β(t + 1) = (2λ1rv + λ2πr
2)I(t)/L2. (5)

,b�ü��mÚS, ?u¾ÓdÏÏ!:�u¾
Ç� γ, K 1/γ L«u¾±Ï; u¾!:¼��¼U
å
xE�VÇ� ω, K 1/ω L«xE±Ï; xE
!:���¼Uå�VÇ� b, K 1/b L«�¼±
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Ï. ëê γ, ω, b þ��K~ê. ¾ÓDÂL§¥, !
:�G�=�Xã 1 ¤«.

�âþã©ÛÚ¾ÓDÂL§¥!:G��
=�'X, ïá£Ä�¸e��ä¾ÓDÂêÆ�
.�

Ṡ(t) = − (2λ1rv + λ2πr
2)S(t)I(t)/L2 + bR(t),

Ė(t) =(2λ1rv + λ2πr
2)S(t)I(t)/L2 − γE(t),

İ(t) =γE(t) − ωI(t),

Ṙ(t) =ωI(t) − bR(t). (6)

ã 1 �ä!:G�=�ã

3 XÚ­½5ïÄ

3.1 DDDÂÂÂKKK������²²²ïïï:::������333555

du N = S(t) + E(t) + I(t) + R(t), Ïd R(t)
�^ R(t) = N−S(t)−E(t)−I(t) L«. âd, 3ï
ÄXÚ�²ï:9Ù­½5�, �òo�XÚ (6)
ªü�n�XÚ�Ä, ü���XÚ�.L«�

Ṡ(t) = − (2λ1rv + λ2πr
2)S(t)I(t)/L2

+ b(N − S(t) − E(t) − I(t)),

Ė(t) =(2λ1rv + λ2πr
2)S(t)I(t)/L2 − γE(t),

İ(t) =γE(t) − ωI(t). (7)

w,, T =
{
(S,E, I) ∈ R3

+|S(t) + E(t) + I(t) 6 N
}

�XÚ (7) ª��ØC8, XÚ (7) ªok²ï
: P 0 = (N, 0, 0), d²ï:¡�XÚ�Ã¾Ó²ï
:. A^©z [22] ¥�e��)¤Ý
�{, ��
�XÚ (7) ª�¾ÓÄ�2)ê R0, Xeª¤«:

R0 =
(2λ1rv + λ2πr

2)N
ωL2

=
(2λ1rv + λ2πr

2)ρ
ω

. (8)

R0 = 1 ¡�¾ÓDÂK�.
� R0 > 1 �, X Ú (7) ª � k , � ² ï

: P ∗ = (S∗, E∗, I∗), Ù¥ S∗ =
ωL2

2λ1rv + λ2πr2
,

E∗ = ωI∗/γ, I∗ =
γbN

bγ + bω + γω

(
1 − 1

R0

)
. ²ï

: P ∗ �¡�/�¾²ï:.
½n 1 XÚ (7) ªokÃ¾Ó²ï: P 0;

� R0 > 1 �, XÚ (7) ªØ
kÃ¾Ó²ï: P 0

	, �k�/�¾²ï: P ∗.

3.2 ²²²ïïï:::���­­­½½½555

½n 2 � R0 6 1 �, ²ï: P 0 ´�Ûì?
­½�, � R0 > 1 �, ²ï: P 0 ´Ø­½�.

y ² À J o æ Ê ì Å ¼ ê L = E(t) +
I(t)(du E(t), I(t) �K, ��T¼ê��½¼
ê), K L̇ = Ė(t) + İ(t) 6 I(t)ω(R0 − 1). ´�,
� R0 6 1, K L̇ 6 0, ���=� I(t) = 0 �,
L̇ = 0. Ïd, {(S,E, I) ∈ T : L̇ = 0} ���;
�ØC8� {P 0}, d.i�ØC8½n�, ²ï
: P 0 ´�Ûì?­½�. XÚ (7) ª3²ï: P 0

?� Jacobian Ý
�

J(P 0) =


−b −b −(2λ1rv + λ2πr

2)N/L2 − b

0 −γ (2λ1rv + λ2πr
2)N/L2

0 γ −ω

 .

� R0 > 1 �, Ý
 J(P 0) k�A����, ¤
±²ï: P0 ´Ø­½�.

½ n 3 � R0 > 1 �, ² ï : P ∗ =
(S∗, E∗, I∗) ´ÛÜì?­½�.

y ² X Ú (7) ª 3 / � ¾ ² ï : P ∗ =
(S∗, E∗, I∗) ?� Jacobian Ý
�

J(P ∗) =


−(2λ1rv + λ2πr

2)I∗/L2 − b −b −(2λ1rv + λ2πr
2)S∗/L2 − b

(2λ1rv + λ2πr
2)I∗/L2 −γ (2λ1rv + λ2πr

2)S∗/L2

0 γ −ω

 .

Ý
 J(P ∗) �A�õ�ª�
z3 + m1z

2 + m2z + m3 = 0. (9)

Ù¥

m1 =(2λ1rv + λ2πr
2)I∗/L2 + b + γ + ω,
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m2 =(ω + γ)((2λ1rv + λ2πr
2)I∗/L2 + b) + γω − γ(2λ1rv + λ2πr

2)S∗/L2 + b(2λ1rv + λ2πr
2)I∗/L2,

m3 =γω((2λ1rv + λ2πr
2)I∗/L2 + b) + b(ω + γ)(2λ1rv + λ2πr

2)I∗/L2 − bγ(2λ1rv + λ2πr
2)S∗/L2.

w, m1 > 0, m2 > 0, m3 > 0, m1m2 − m3 > 0. �â Routh-Hurwitz ­½�â, ��/�¾²ï: P ∗ ´Û
Üì?­½�.

½n 4 � R0 > 1 �, ²ï: P ∗ = (S∗, E∗, I∗) 3��ØC8 T SÜ T (= T − {(S,E, I)|I = 0}) ´
�Ûì?­½�.

y² aqu©z [23, 24] ¥�y²�{, - x = (S,E, I), XÚ (7) ª��þ/ªL«� f(x), KX

Ú (7) ªÏ^)� Jacobian Ý
 J =
∂f

∂x
�

J =


−(2λ1rv + λ2πr

2)I(t)/L2 − b −b −(2λ1rv + λ2πr
2)S(t)/L2 − b

(2λ1rv + λ2πr
2)I(t)/L2 −γ (2λ1rv + λ2πr

2)S(t)/L2

0 γ −ω

 .

Ù�g\{EÜÝ
 J [2] [25,26] �

J [2] =


−(2λ1rv + λ2πr

2)
I(t)
L2

− b − γ (2λ1rv + λ2πr
2)

S(t)
L2

(2λ1rv + λ2πr
2)

S(t)
L2

+ b

γ −(2λ1rv + λ2πr
2)I(t)/L2 − b − ω −b

0 (2λ1rv + λ2πr
2)I(t)/L2 −γ − ω

 .

½Â¼ê P (x) = (S,E, I) = diag
{

1,
E

I
,
E

I

}
, ^ f L«XÚ (7) ª��þ|, Pf L« P ÷X�þ| f �

���ê, K

PfP−1 =diag
{

0,
I

E

(
E

I

)
f

,
I

E

(
E

I

)
f

}
= diag

{
0,

Ė

E
− İ

I
,

Ė

E
− İ

I

}
.

½ÂÝ
 B = PfP−1 + PJ [2]P−1 �©¬/ª� [23,24] B =

B11 B12

B21 B22

 ,

Ù¥

B11 =
[
−(2λ1rv + λ2πr

2)I(t)/L2 − b − γ
]
,

B12 =
[
((2λ1rv + λ2πr

2)S(t)/L2)
I

E
((2λ1rv + λ2πr

2)S(t)/L2 + b)
I

E

]
,

B21 =

Eγ/I

0

 ,

B22 =


Ė

E
− İ

I
− (2λ1rv + λ2πr

2)I(t)/L2 − b − ω −b

(2λ1rv + λ2πr
2)I(t)/L2 Ė

E
− İ

I
− γ − ω

 .

� z = (u, v, w) ∈ R3 �m, ½Â R3 �m��«�ê ‖(u, v, w)‖ = max{|u|, |v| + |w|}, - µ L«d�ê
� Lozinskii ÿÝ, K µ(B) 6 sup(g1, g2), Ù¥ g1 = µ1(B11) + ‖B12‖, g2 = ‖B21‖ + µ1(B22), µ1 ´'u l1

�þ�ê� Lozinskii ÿÝ, O�úª� [23],

µ1(A) = lim
h→0+

‖I + hA‖1 − 1
h

= max
j

Re ajj +
∑
i,i 6=j

|aij |

 , (10)
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Ô n Æ � Acta Phys. Sin. Vol. 61, No. 11 (2012) 110205

‖B12‖ Ú ‖B21‖ ´�Au l1 �þ�ê�Ý
�ê,
O�úª� [27]

‖A‖1 = max
16j6n

n∑
i=1

|aij |. (11)

© O O � µ1(B11), ‖B12‖, ‖B21‖ Ú µ1(B22).
K µ1(B11) = −(2λ1rv + λ2πr

2)I(t)/L2 − b − γ,

‖B12‖ = ((2λ1rv+λ2πr
2)S(t)/L2+b)

I

E
, ‖B21‖ =

Eγ

I
, µ1(B22) =

E′

E
− I ′

I
− ω + max{−b, b − γ}.

lXÚ (7) ª�1�!1n��§��
(2λ1rv + λ2πr

2)SI

L2E
=

E′

E
+ γ, (12)

Ú
Eγ

I
=

I ′

I
+ ω. (13)

Ïd,

g1 = − (2λ1rv + λ2πr
2)I/L2 − b − γ

+ ((2λ1rv + λ2πr
2)S/L2 + b)

I

E

= − (2λ1rv + λ2πr
2)I/L2 − b +

E′

E
+

bI

E
,

(14)

g2 =
Eγ

I
+

Ė

E
− İ

I
− ω + max{−b, b − γ}

=
Ė

E
+ max{−b, b − γ}. (15)

d (14) Ú (15) ª��

µ(B) 6max
(
− (2λ1rv + λ2πr

2)I/L2 − b +
Ė

E

+
bI

E
,
Ė

E
+ max{−b, b − γ}

)
. (16)

du R0 > 1, XÚ (7) ª3 T ¥´��±È�, ¾
Ó±Y3,��Y²�þ, Ïd�3~ê c > 0,
T > 0, ¦� t > T �, E(t) > c, I(t) > c. ½Â b =

min
{γ

2
,
c(2λ1rv + λ2πr

2)
L2

}
, K� t > T Ú b < b

�, k −b > b−γ Ú
bI

E
− (2λ1rv+λ2πr

2)I/L2 < 0

¤á. K

µ(B) 6 Ė

E
− b. (17)

éu t > T ÚÐ�� (S(0), E(0), I(0)) ∈ K(K ´
;�áÂ8) �XÚ (7) ª�z��),

1
t

∫ t

0

µ(B)ds

61
t

∫ T

0

µ(B)ds +
1
t

ln
E(t)
E(T )

− b̄
t − T

t

6−b

2
< 0.

K

q̄2 = lim
t→∞

sup sup
x0∈K

1
t

∫ t

0

µ(B)ds < 0. (18)

d©z [23] �½n 3.3 ��, /�¾²ï: P ∗ =
(S∗, E∗, I∗) 3 T þ´�Ûì?­½�.

4 DÂK�©Û�ê��ý

nØ®y², ¾Ó�Ä�2)ê R0 = 1 �¾
Ó´Ä�Ø�K�, =� R0 6 1 �, �ä¥�¾
Ó�ª¬�Ø, XÚ�Ûì?­½3Ã¾Ó²ï
: P 0; � R0 > 1, �ä¥�¾Ó¬±Y�3, XÚ
�Ûì?­½3/�¾²ï: P ∗. �
�ynØ
©Û��(5, ·�l±en��¡?1
DÂK
�©Û�ê��ý.

4.1 !!!:::ÏÏÏ&&&���»»» r ���CCCzzz

- R0 =
(2λ1rv + λ2πr

2)N
ωL2

= 1, �±��'

u!:Ï&�»�¾ÓDÂK� rc =
1

λ2π

(
−

λ1v +
√

(λ2
1v

2 + λ2πωL2)/N
)

, = � r 6 rc �,

R0 6 1, �â½n 2, �ä¥�¾Ó¬�Ø, XÚ
�Ûì?­½3Ã¾Ó²ï: P 0; � r > rc �,
R0 > 1, �â½n 4, �ä¥�¾Ó¬±Y�3, X
Ú­½3/�¾²ï: P ∗.

�ýëê©O� N = 1000, L = 10, v = 1,
b = 0.1, γ = 0.8, ω = 0.5, λ1 = 0.02, λ2 = 0.1.
K rc = 0.3403, XÚG�Ð� S(0) = 800, E(0) =
0, I(0) = 200, R(0) = 0, r �ØÓ����ý(J
Xã 2 ¤«.

� r = 0.1 < rc Ú r = 0.3 < rc �, d±
þ©Û��, XÚA�Ûì?­½3Ã¾Ó²ï
: P 0(1000, 0, 0), lã 2(a) Úã 2(b) ��, �ý(
J�nØ©Û��©

� r = 0.5 > rc Ú r = 1 > rc �, d±þ©
Û��, XÚA©O�Ûì?­½3/�¾²ï
: P ∗(507, 46, 74) Ú P ∗(141, 81, 130), lã 2(c) Ú
ã 2(d) ��, �ý(J�nØ©Û��. ,	, l
ã 2 ��ý(J��±wÑ, �X!:Ï&�»�
O\, ¾Ó�u��U5O�, ¾Ó�DÂ5�O
\.
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ã 2 ØÓÏ&�»��ý(J (a) r = 0.1; (b) r = 0.3; (c) r = 0.5; (d) r = 1

4.2 !!!:::���ÝÝÝ ρ ���CCCzzz

- R0 =
(2λ1rv + λ2πr

2)N
ωL2

=

(2λ1rv + λ2πr
2)ρ

ω
= 1, � ± � � ' u ! : �

Ý ρ �¾ÓDÂK� ρc =
ω

(2λ1rv + λ2πr2)
. =

� ρ 6 ρc �, R0 6 1, �â½n 2, �ä¥�¾
Ó�Ø, XÚ�Ûì?­½3Ã¾Ó²ï: P 0;

� ρ > ρc �, R0 > 1, �â½n 4, �ä¥�¾Ó¬
±Y�3, XÚ­½3/�¾²ï: P ∗.

�ýëê©O� N = 1000, v = 1, b = 0.1,
γ = 0.8, ω = 0.5, r = 0.5, λ1 = 0.02, λ2 = 0.1,
K ρc = 5.0741, XÚG�Ð� S(0) = 800, E(0) =
0, I(0) = 200, R(0) = 0. ©O� L = 25, 15, 10, 5,
éA� ρ = N/L2 = 1.6, 4.4, 10, 40, �ý(JX
ã 3 ¤«.

ã 3 ØÓ!:�Ý��ý(J (a) ρ = 1.6; (b) ρ = 4.4; (c) ρ = 10; (d) ρ = 40

110205-6
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� ρ = 1.6 < ρc Ú ρ = 4.4 < ρc �, d±
þ©Û��, XÚA�Ûì?­½3Ã¾Ó²ï
: P 0(1000, 0, 0), lã 3(a) Úã 3(b) ��, �ý(
J�nØ©Û��.

� ρ = 10 > ρc Ú ρ = 40 > ρc, d±þ©
Û��, XÚA©O�Ûì?­½3/�¾²ï
: P ∗(507, 46, 74) Ú P ∗(127, 82, 132), lã 3(c) Ú
ã 3(d) ��, �ý(J�nØ©Û��. ,	, l
ã 3 ��ý(J��±wÑ, �X!:�Ý ρ �O
\, ¾Ó�u��U5O�, ¾Ó�DÂ5�O\.

4.3 !!!:::£££ÄÄÄ���ÝÝÝ v ���CCCzzz

Ï� v > 0, �
λ2πr

2N

ωL2
> 1 �, �� R0 =

(2λ1rv + λ2πr
2)N

ωL2
> λ2πr

2N

ωL2
> 1. �â½n 4 �

�, ÃØ v �?Û�K�, �ä¥¾ÓÑ¬±Y�
3, XÚ�Ûì?­½3 P ∗ ²ï:, = v ��Ø

K�¾Ó´Äl�ä¥�Ø. �
λ2πr

2N

ωL2
< 1 �,

- R0 = 1, K��'u!:£Ä�Ý�¾ÓDÂ

K� vc =
ωL2

2rλ1N

(
1 − λ2πr

2N

ωL2

)
. =� v 6 vc �,

K R0 6 1, �â½n 2 ��, XÚò�Ûì?­½
3²ï: P 0; � v > vc �, R0 > 1, �â½n 4 �

�, XÚò�Ûì?­½3 P ∗ ²ï:.
À � � ý ë ê © O � N = 1000, L = 10,

r = 0.5, b = 0.1, γ = 0.8, ω = 0.5, λ1 = 0.01,

λ2 = 0.1, K
λ2πr

2N

ωL2
= 1.5708 > 1. d±þ©

Û��, v �?Û��, XÚÑò�Ûì?­½
3 P ∗. �XÚG�Ð�� S(0) = 800, E(0) = 0,
I(0) = 200, R(0) = 0, !:£Ä�Ý©O� v = 0.1
Ú v = 10 �, XÚA©O�Ûì?­½3²ï
: P ∗(629, 35, 56) Ú P ∗(280, 68, 109). Ù�ý(J
©OXã 4(a) Úã 4(b) ¤«. w,, �ý(J�n
Ø©Û��. ,	, lã 4(a) Úã 4(b) ��±wÑ,
Ù¦ëê����¹e, !:�$Ä�ÝO�, ¾
Ó�DÂ5�òO\.

À � � ý ë ê © O � N = 1000, L = 15,
r = 0.5, b = 0.1, γ = 0.8, ω = 0.5, λ1 = 0.01,

λ2 = 0.1, K
λ2πr

2N

ωL2
= 0.6981 < 1. d±þ©

Û�, �3'u!:£Ä�Ý�¾ÓDÂK� vc,
� vc = 3.3964. �XÚG�Ð�� S(0) = 800,
E(0) = 0, I(0) = 200, R(0) = 0, !:£Ä�Ý©O
� v = 2 < vc Ú v = 8 > vc �, XÚA©O�Ûì
?­½3²ï: P 0(1000, 0, 0) Ú P ∗(710, 27, 44).
Ù�ý(J©OXã 4(c) Úã 4(d) ¤«. w,, �
ý(J�nØ©Û��.

ã 4 ØÓ£Ä�Ý��ý(J (a) v = 0.1; (b) v = 10; (c) v = 2; (d) v = 8
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5 ( Ø

�©ïÄ
£Ä�¸e��ä¾ÓDÂ¯K,
JÑ
��£Ä�¸e��ä SEIRS ¾ÓDÂ�
.. |^e��)¤Ý
��{, ¦�¾ÓÄ�
2)ê R0, l�©ÄåÆXÚ�*:, ïÄ
X
Ú²ï:��359XÚ²ï:��Ûì?­½
5. nØ©ÛL², XÚo�3�Ã¾Ó²ï:,

� R0 > 1 �, XÚ��3�/�¾²ï:. nØ�
y²� R0 6 1 �, �ä¥�¾Ó�ª�Ø, XÚ�
Ûì?­½3Ã¾Ó²ï:, � R0 > 1 �, �ä¥
�¾Ó±Y�3, XÚ�Ûì?­½3/�¾²ï
:. ��Äu R0 ?Ø
'u!:Ï&�»!!:
�ÝÚ!:£Ä�Ý�¾ÓDÂK�¯K, ¿�ý
�y
¤�(Ø��(5. �©�ïÄ�ý�Ú�
�£Ä�¸e��ä¾ÓDÂJø
nØÄ:.
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Abstract
In this paper, considering the random motion of nodes, we propose an epidemic spreading model on network of mobile envi-

ronment based on the mean-filed theory. Using the theory of differential dynamical system, the behaviors of epidemic spreading are
further analyzed. It is shown that if R0 6 1, the epidemic always dies out and the disease-free equilibrium is globally asymptotically
stable; and if R0 > 1, the epidemic is uniformly persistent and the endemic equilibrium is globally asymptotically stable. Numerical
simulations are given to validate the results of theoretical analysis.
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