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1 Ú ó

Ã�Daì�ä´d�þ�.Daì!:Ú
ÄÕ�¤��«g|�!©Ùª�äXÚ, §8ê
âæ8!êâ?n±9êâDÑu�N [1]. duÃ
�Daì�ä3�¯!�¸!)Ô!���è!
�Ï$Ñ±9�m&¢�+�äk2��A^d
� [2], ÏdÉ�
<��4�'5. ��Ê·O�
XÚ¥��«;.A^ [3],Ã�Daì�äÏL�
þÜÝ3iÿ«�S�Daì!:5Â8CX«
�S�a�é��&E, ¿ÏLõa´dÏ&��
ªòêâD4�ÄÕ, ÄÕKKIé5g�ä¥�
�!:�êâ?1©ÛÚ?n. Daì!:Ï~æ
^>³ø>, ¿��iÿ«�S��¸��'��
� (XÔ|!4/�), ù²~¬��Daì!:d
u>
UþÉ���Ï
��½¢ï. Ïd, k�
�!:Uþî­{N
Ã�Daì�ä�í2A
^, @oXÛ�OÑUþp���ä´Ta�äï
Ä¥¤¡����­�¯K [4].

�
JpÃ�Daì�äUþ�|^�Ç, <
��ï
�
±Uþ�Ç�����ä´d�Æ,
Ta�ÆÏ~�) LEACH �Æ [5]!PEGASIS �

Æ [6] ±9 PEDAP �Æ [7] �. LEACH �Æ�Ä�
g´´Äk±g|���ª�ÅÀJ�ä¥Ü©
Daì!:��qÞ, ��qÞ®à�qS¤k¤

!:Â8�&E¿ux�ÄÕ. PEGASIS �Æ
�A:´ÏLò�ä¥¤kDaì!:�E¤�
^ó5�Ì~��ÄÕÏ&�!:êþ, ù3Or
&EàÜUå�Ó��ü$
z�Ó�Uþ�Ñ.
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d	, Kalpakis � [8] ©OJÑ
�«�ê5y)û
�YÚ�«éuª)û�Y5ü$�ä¥Daì
!:�Uþ�Ñ. Liang � [9] Kïá
�«Ï^�
UÑêâæ8¤��Æ, ÏL���Ý/O\Da
ì!:�&Eæ8þ5��~�!:UÑ!ò�
�ä)·±Ï�8�.
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w�c�­�. 8c, <�Ì�ÏL�Eõ­CX
�ä½O\ó�!:êþ5Jp��Ã�Daì
�ä�N�5, ¿JÑ
A«N�Ån [10−12], ù

Ån�,U
Or�ä�N�5, �%ü$

XÚ��N5U, ±�uK�
�ä�Æ·. �X
E,�änØ�×�uÐ [13], <�ïÄuyÃI
Ý�äÏ~äkér�N�5 [14], ÏdÄuE,
�änØ5&?Ã�Daì�ä�N�Ånm©
É�<��­À. Zhang[15] Äu²;ÃIÝ�ä�
)¤5K, JÑ
�«U?�Ã�Daì�äüz
�., ¿©Û
Tüz�.�|ôÂUå. Hawick
� [16] Kæ^�­.�ä�.ïÄ
Ã�Daì
�ä�N�5¯K, �Ñ
�­.A��Ú\�U

Jp�ä�N�5U�(Ø. ,
, þãüö�
Ñ
Ã�Daì�äõa�ªÏ&�A:, ¿��
vkNyÑ!:�{Uþé�ä5U�K�. Zhu
� [17] /ÏuE,�änØ, ¿�âÃ�Daì!
:�Uþ±9ëÏÝJÑ
ü«�äüz�., 3
dÄ:þ©Û
�.�N�5U, ,
T�.@�
?¿��Daì!:CX«�S�Ù¦!:ê8
�½ØC, ùw,�¢S�¹ØÎ. Chen � [18] �
ï
�«äkÃIÝA5�Û�­.üz�., ±
d5¼��r�N�5U, �T�.¥¬ÑyÜ©
qÞ!:PkLõë>��¹, ùò��ù
qÞ
!:ÏUþé¯Ñ¦
L@k�.

�©3þãïÄ�Ä:þ, Äu�ÅirÅ
n [19], JÑ�«#�qmÿÀüz�.. Tüz�
.äkXeA:: 1) �
Jp���ä�Uþ�
Ç, üz�.¥#\\!:�`kë��ûu�ä
¥®kqÞ!:��{Uþ�; 2)�
)ûÏ!:
ÝL�
��Uþé¯Ñ¦�¯K, üz�.é!
:Ý���?1��. Tüz�.éqÞ!:�©
Ù�¸vkAÏ�¦, Ïd�2�A^u�«�5
�ÜÝ¿�±õa�ª?1Ï&�Ã�Daì�
ä. ,	, �éÃ�Daì�ä¤¡���5�î
��S�%�, �©?Ø
Tüz�.þ�¾Ó�
¼üÑ [20], ¿�Ñ�«#��Åir�¼Ån. ï
ÄL², �©¤Jüz�.�Ý©ÙäkÃIÝA
5, ¿�Ý©Ù¥�­�y��!:��Ý�½�
�O�
²w~f, ùØ=Or
�äÿÀ�N�
5, 
��U
�±���äUþ�Ä�²ï, l

Jp
�ä�­½5Ú��5. ïÄ�uy, 8
I�¼Ú�©�Ñ��¼ÅnU
k����ä

¥¾Ó�DÂ, �¼�J²w`u�Å�¼ÚÙ<
�¼. duØI�
)�ä��Û&E, �©¤J
�¼Ånäk2��A^cµ. ��, ÏL�ý¢
�é¤�(Ø?1
�y.

2 qmÿÀüz�.

�Ã�Daì�ä|��¤±� [1],�ä¥D
aì!:��Ü©UþÑò�^5DÑêâ, Ïd,
�±b�3qmÿÀüz�L§¥, z�qÞ!:
��{Uþ�±ØC. �Ä�qÞ!:Uþ�k�
5é�ïÃ�Daì�ä�­�5 [18,21], 3�©
JÑ�qmÿÀüz�.¥, Äk±qÞ!:Uþ
���ïá#ë����ä�â, =Uþ�p�!
:�ÀJpé��U5��; Ùg, �
��qÞ
!:PkLõ�ë>, �½?Û��qÞ!: j �
U�ë�Ø�L§���Ý kj,max, 
 kj,max ��
�K�ûuT!:��{Uþ Ej . - kmax �?¿
��qÞ!:äk��Uþ Emax �U
ë��>
ê, =!:���Ý�½�� kmax, l
�� [17]

kj,max =
Ej

Emax
kmax. (1)

�æ^�'q)¤�{ [22] 3�5�ÜÝ�Ã
�Daì�ä¥)¤þ!©Ù�qÞ!:, Äu�
Åir�g�, �Ñ�©JÑ�qmÿÀüzÅ�
Xe:

1) Ð©z: À�ÄÕÚ§��ØqÞ!:
� m0 �!:��Ð©:, ¿�¦ÄÕ�§�ü
ü�ë.

2) �ÅÀ�Ù¥��qÞ!:���Åir
�å©:.

3) ir�z�Ú, iröir��cqÞ!
: i ��Ø!: j �VÇ Πi→j �ûuT!:��
cUþ� Ej ±9§�ë�Ý kj :

Πi→j =
Ej∑

l∈Λi

El
·
(
1 − kj

kj,max

)
, (2)

(2) ª¥ Λi �qÞ!: i ���, ��qÞ!: j

�IP (e j ®²�IPL, KlT!:ÑuUY
1r), ­EirL§�� m(m 6 m0) �ØÓ�q
Þ!:�IP. I�Ö¿`²�´irL§�U¬
3�Ó�ü�!:�m­E?1õg,�
\¯�
ä�)¤, �±é­Egê?1�½.

090202-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 9 (2012) 090202

4) ��#qÞ!:V\��ä¥, ¿� m �
�IP�qÞ!:ïá#�ë�.

5) Ì��1 2)—4) Ú���ä¥¤kqÞ!
:Ñ��pë�.

lþãüzÅ���, ���qÞ!: j ��
{Uþ����, §�À¥ïá#ë���U5�
¬'��, �´ù«�U5¬�XT!:�Ý��
�Ý'� kj/kj,max �O�
~�, �§�ë�Ý
������, T!:�IP�VÇ� 0, =Ø¬2
g�ë�. Ïd, TüzÅ�U
�±���ä¥
!:Uþ�Ä�²ï, l
�±k�;�Ü©!:
ÏUþL@Ñ¦
é¯k�.

3 üz�.nØ©Û

3E,�änØ¥, !:Ý©Ù´���~­
��ÚOëþ, e¡/Ïu²þ|nØ5©Û�©
¤Jüz�.¥qÞ!:Ý�©Ù5Æ [23].

�½Ã�Daì�ä¥qÞ!:oê� N , ?
¿��qÞ!: i ��ÅÀ��irå©!:�V
Ç� p(i) = 1/N . e^ p(j) L«lqÞ!: i ir
�§��Ø!: j �VÇ, d��dúª�� [18]

p(j) =
p(j/i)p(i)

p(i/j)
, (3)

(3) ª¥�^�VÇ p(j/i) L«irö±qÞ!
: i ��å©!:, �Åir�§��ØqÞ!
: j �VÇ; Ón^�VÇ p(i/j) �¹Â´irö
±qÞ!: j ��å©!:, �Åir�T!:�
�ØqÞ!: i �VÇ. p(j/i) Ú p(i/j) L�ª©
O�

p(j/i) = Πi→j =
Ej∑

l∈Λi

El
·
(
1 − kj

kj,max

)
, (4)

p(i/j) = Πj→i =
Ei∑

l′∈Λj

El′
·
(
1 − ki

ki,max

)
, (5)

(5) ª¥ Λj L«qÞ!: j ���, þãüª¥
�

∑
l∈Λi

El Ú
∑

l′∈Λj

El′ �©OL«�

∑
l∈Λi

El = ki〈El〉, (6)

∑
l′∈Λj

El′ = kj〈El′〉, (7)

(6) ª¥ 〈El〉 L«qÞ!: i ��Ø!:äk�²
þUþ�, Ón (7) ª¥� 〈El′〉 L«qÞ!: j �

�Ø!:äk�Uþ²þ�. r (4)—(7) ª�\ (3)
ª��

p(j) =
kjEj〈El′〉
kiEi〈El〉N

·
1 − kjEmax

kmaxEj

1 − kiEmax
kmaxEi

=
kmaxEj − kjEmax

kmaxEi − kiEmax
· kj〈El′〉
Nki〈El〉

. (8)

d�©¤JqmÿÀüzÅn��, 3z��
�ÚÑòk��Pk m ^ë>�#qÞ!:\\
��ä, ÏdqmÿÀüz´��Ä�O��L§.
w,, 3z���Ú, qÞ!: j �Ý kj ò�X#
!:\\�ä¿��ë�
ØäO\. �½ kj �
��ëY.��Cþ, ¿�ÙCzÇ�'u p(j),
Äu²þ|nØ�� kj éAu�m t �CzÇ�

∂kj

∂t
= mp(j)

= m
kmaxEj − kjEmax

kmaxEi − kiEmax
· kj〈El′〉
Nki〈El〉

. (9)

�
 ï Ä¯K � � B � Ø � � � 5, ù p �
±b� [24]

Nki = N〈kj〉 =
∑

i

ki. (10)

eqÞ!: i 31 i ��Ú\\�ä, K t �
Ú�ä¥qÞ!:oê�N = m0 + t. éu���
��m�üzL§ (t → ∞), �qÞ!:Ý�oÚ
�L«�∑

i

ki = 2mt + m0 − 1 ≈ 2mt. (11)

(Ü (9)—(11) ª��
∂kj

∂t
=

kmaxEj − kjEmax

(m0 + t)kmaxEi − 2mtEmax

×(m0 + t)kj〈El′〉
2t〈El〉

, (12)

(12) ª�?�ÚC�
dkj

kj(kmaxEj − kjEmax)
=

(m0 + t)〈El′〉
2〈El〉

× dt

((m0 + t)kmaxEi − 2mtEmax)t
. (13)

)þã�©�§��

k−1
j (t) = (kmaxEj)−1

(
Emax + C−1

×
(

2mt

(m0 + t)kmaxEi − 2mtEmax

)−[f(E)]/2
)

,

(14)

090202-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 9 (2012) 090202

Ù¥

f(E) =
Ej〈El′〉
Ei〈El〉

. (15)

Ï~�¹e,�ä¥�qÞ!:�{Uþ��
U¬Ñlõ«ØÓ©Ù, Xþ!©Ù!�Æ©Ù±
9�ê©Ù� [17]. e÷vþ!©Ù, éu (15) ªK
k f(E) = 1. 3z���Ú, ���#qÞ!:\
\�Ñ���äïá m �ë�, dd��Ð©^
� kj(tj) = m, ¿�\ (14) ª�

kj(t)

=m

(
((m0 + t)kmaxEi − 2mEmaxtj)t
((m0 + t)kmaxEi − 2mEmaxt)tj

)f(E)/2

.

(16)

(16) ªL², Ã�Daì�ä¥¤kqÞ!:�
ÝÑ±�Ó��ª?1üz, =U�¼ê5KC
z, 
«OÒ´duØÓ!:��{Uþ±9\\
�ä�mØÓ, �¼ê��å��U�Ø�Ó. |
^ (16) ª��Ñ t �ÚqÞ!: j �Ý kj(t) �
u k �VÇ�

p(kj(t) < k) = p

(
tj >

(m0 + t)Eikmaxm
2/f(E)t

((m0 + t)Eikmax − 2mEmaxt)k2/f(E) + 2Emaxm1+2/f(E)t

)
. (17)

b�3�Ó��mm�S, #�qÞ!:�V\��ä¥, Ïd tj �VÇ©Ùäk~êVÇ�Ý

p(tj) =
1

m0 + t
(18)

r (18) ª�\ (17) ª��

p(kj(t) < k) = 1 − p

(
tj 6 (m0 + t)Eikmaxm

2/f(E)t

((m0 + t)Eikmax − 2mEmaxt)k2/f(E) + 2Emaxm1+2/f(E)t

)

= 1 − Eikmaxm
2/f(E)t

((m0 + t)Eikmax − 2mEmaxt)k2/f(E) + 2Emaxm1+2/f(E)t
. (19)

d (19) ª�)��©¤Jüz�.¥qÞ!:�Ý©Ù¼ê P (k)�

P (k) =
∂p(kj(t) < k)

∂k

=
2kmaxEi((m0 + t)Eikmax − 2mEmaxt)(mk)2/f(E)t

f(E)k
(
((m0 + t)Eikmax − 2mEmaxt)k2/f(E) + 2Emaxm1+2/f(E)t

)2 . (20)

� t → ∞ �, (20) ª�?�Úz{�

P (k) =
2kmaxEi(Eikmax − 2mEmax)(mk)2/f(E)

f(E)k
(
(Eikmax − 2mEmax)k2/f(E) + 2Emaxm1+2/f(E)

)2 . (21)

� kmax �', Emax Ú m ���Ï~��, Ï
d��Ñ (21) ª©1¥� 2Emaxm

1+2/f(E) �, d
�Tª�z{�

P (k) ≈ 2kmaxEim
2/f(E)

f(E)(kmaxEi − 2mEmax)kγ
, (22)

Ù¥�Ý©Ù�ê γ = 1+2/f(E). d (22) ª��,
�©¤JüzÅ�)¤��ä!:Ý©ÙäkÃ
IÝA5, ¿�É�
��Ý�½� kmax �K�,
ùL²Tüz�.Ø�N�5�r, 
��U
�
�!:Ý�Ã�O�, l
��
�±���äU
þÄ�²ï�8�. l (22) ª��±wÑ, Ý©Ù
�ê γ ��qÞ!:��{Uþk', 
��m t

±9ëê m þÃ'. duTüz�.éqÞ!:�
¢S©Ù�¸vkäN�¦, Ïd�2�A^u�
«����5�ÜÝ¿�±õa�ª?1Ï&�
Ã�Daì�ä.

4 �ý(J�?Ø

�!ÏL�ý¢�, l±eü��¡5?�Ú
©Û�©¤JqmÿÀüz�.�5U: 1) !:Ý
©Ù9Ùüz; 2) �¼üÑ. �ýL§¥À��ë
êXe: �ä¥�qÞ!:oê� N = 2000,�ä
Ð©!:ê m0 = 5, m ���©O� m = 2, 3, 4;
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�
`²!:��Ý�½éüz�.A5�K
�, kmax ���©O� kmax = 20, 40, 60, N , Ù
¥ kmax = N L«Ø�Ä kmax �K�, =é!:
Ý����Ø?1��; 3�ä�.üzL§¥�
½z�!:��{Uþ÷v [0.5, 1] �m�þ!©
Ù, ¿�!:��Uþ�� Emax = 1; 3?Ø¾Ó
��¼üÑ�, �Ñ
ØÓqÞ!:�m�3��
É [25], �½¤k!:3ü �ÚS�,��Ø!
:a/�VÇ=¾Ó�k�DÂÇþ� λ = 0.01;
3¾ÓDÂ�Ð©��, �ÅÀJ�ä¥���q
Þ!:��a/!:. ¤kêâþ��� 50 gÕ
á$1�²þ�.

4.1 ÝÝÝ©©©ÙÙÙ999ÙÙÙüüüzzz

ã 1 �Ñ
qmÿÀüz�.�Ý©Ù��
�Ý�½� kmax �m�'X, Ù¥ m = 3. lã 1
�±wÑ, � kmax ���Cz�, üz�.�!:
Ý©ÙÑäkÃIÝA5, ¿�Ý©Ù�ê γ ≈ 3,
ùL²�©¤Jüz�.äk�r�N�5, Ó�
��y
þãnØ©Û��(5. ã 1 �L², �
X kmax �~�, !:Ý©Ù¥�­�y����
²w~f, ù`²é!:���ë�Ý?1��
U
�Ì~��ä¥'�qÞ!:êþ, ü$

�ä��þ�§Ý, l
Or
�ä-�ÀJôÂ
�Uå.

ã 1 üz�.Ý©Ù P (k) � kmax �'Xã

ã 2 L²
qmÿÀüz�.�Ý©Ù� m

�Cz�¹, Ù¥ kmax = 20. lã 2 ��, �X m

���O�, !:Ý©Ù­���å�¬��O�,
�éÝ©Ù�êvkK�, Ïd�©¤Jüz�.
�ÃIÝA5�ëê mÃ'. ,
, m �����

ò¬K�üz�ä�DÕ§Ý, Ïd3�y�ää
k�rN�5�Ó�,�
¦üz�ä�ÿÀ(�
C�{ü, Ï~�±À���� m.

ã 3 w«
3��Ý�½� kmax ��ØÓ�
�¹e, qÞ!: i �Ý ki ��m t �üz'X,
Ù¥ m = 3. dã 3 ��, � t ���, ki �X t �
O�
O�. ,
, �XqmÿÀüz�?1, ��
���Ý�½� kmax �, ki ��ò�±ØC, ùÒ
�y
�äqÞ!:Ø¬Pk�õ�ë>, �Òé
Ð/;�
!:ÏUþé¯Ñ¦
L@k�, l

ò�
Ã�Daì�äXÚ�)·±Ï, Jp
X
Ú��N5U.

ã 2 üz�.Ý©Ù P (k) � m �Czã

ã 3 ki(t) ��m t �üz'X

4.2 ���¼¼¼üüüÑÑÑ

¾Ó��\á�mS¬¦��Ã�Daì�
ä¡�����x, ÏdXÛk�Aé¾Ó�ô
Â, l
�o'�!:�¤Ä��a�?Ö´Da
�ä¡��î­]Ô [26]. é�ä¢��¼´�«
���ä¾ÓDÂ�­��{ [27], !:����
¼, Ò¿�XÚ§��ë��>�íØ, l
�±
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�Ì~�¾Ó��UDÂå». 8c&?�õ��
¼üÑ�)�Å�¼ [28]!8I�¼ [29] ÚÙ<�
¼ [30]. e¡Äk©O?Øþãn«�¼üÑ3�
©¤Jüz�.þ��¼�J, ��Äu�Åir
ÅnJÑ�«#��¼üÑ. 3&?�¼üÑ�L
§¥, �©æ^�´ susceptible-infected (SI) ¾ÓD
Â�. [31]. 3 SI DÂ�.¥, �ä¥?Û��!
:Ñ?uXeü«�U�G�: ´/G� S, L«
!:Ø��¾Ó, �´U
�¾Óa/; a/G� I,
L«!:®²�¾Óa/, ¿�©ªäkD/5.
½Â3�� t,�ä¥a/!:�Ý� i(t), �¼!
:�Ý� f .

4.2.1 �Å�¼üÑ
�Å�¼´�«'�{ü��¼üÑ, TüÑ

���Å/l�ä¥À��½'~�!:?1�
¼, §éÝ��!: (�a/�ºx'�p) ÚÝ�
�!: (�a/�ºx'�$) ²�é�, =Ø�Ä
!:�`k^S.

ã 4 �Ñ
æ��Å�¼üÑ�,�ä¥ t �
�a/!:�Ý i(t) ��¼!:�Ý f �éA'
X, Ù¥ m = 3, kmax = 20. lã 4 �±wÑ, �
üz�ä¥=k�þ�qÞ!:�À�?1�¼
� (f = 0.02), ¾Ó�DÂ�ÇA�Øu)Cz. ù
`²3é�©¤Jqmüz�ä¢��Å�¼ü
Ñ�, ����{�¾Ó�DÂ*Ñ, A�I��
¼�ä¥¤k�qÞ!:. dd��, �Å�¼ü
Ñé�©¤Jqmüz�ä��^Ø�, �¼�J
��.

ã 4 æ��Å�¼��ä¥a/!:�Ý i(t) � f �éA'X

4.2.2 8I�¼üÑ
dþã��, �©¤Jqmüz�.�Ý©Ù

äkÃIÝA5, ÏdXJ�ä¥z�qÞ!:�

ÝÑ®�, �â�ä�Øþ!A5, ·��±¢�
kÀJ�8I�¼, =À��ä¥�þÝ���q
Þ!:?1�¼.

ã 5 £ã
¢�8I�¼üÑ�, qmüz�
ä¥ t ��a/!:�Ý i(t) ��¼!:�Ý f �
éA'X, Ù¥ m = 3, kmax = 20. ã 5 L², =¦
�ä¥��¼qÞ!:��Ý�� (f = 0.02), 8
I�¼�U
3¾ÓDÂ�ÐÏ�ãü$§3�
ä¥*Ñ��Ç, ¿�ù«ª³�X�¼!:�Ý
�O�
wÍO�. dd`²8I�¼üÑU
w
Íü$�ä¥�a/�qÞ!:êþ, l
�Ð/
��
¾Ó�DÂ.

ã 5 ¢�8I�¼��ä¥a/!:�Ý i(t) � f �éA'X

ã 6 æ^Ù<�¼��ä¥a/!:�Ý i(t) � f �éA'X

4.2.3 Ù<�¼üÑ
�,8I�¼üÑU¼��Ð��¼�J, �

§��3²w�":, =I�
)�ä��Û&E,
±BU
éÑÝ���'�!:?1�¼, 
ùé
u
��ØäCz�Ã�Daì�ä!Internet �
�.E,�ä5`w,´Øy¢�. e¡·�?Ø
Ù<�¼üÑ, T�{�Ä�g´´Äkl�ä¥
�ÅÀ��Ü©!:, ���¼ùÜ©!:��Ø
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!:. Ïd, ù«�¼üÑáu�«Û����{,
Ù8�3uéÑ�ä¥Ý���!:?1�¼, �
U
k�£;8I�¼¥I����ä�Û&E
�¯K.

ã 6 ¤«�æ^Ù<�¼üÑ�, t ��a/
!:�Ý i(t) ��¼!:�Ý f �éA'X, Ù
¥ m = 3, kmax = 20. dã 6 ��,�ä¥¾Ó�D
Â�Ç�X f �O�¿vk²wü$. é'ã 4 Ú
ã 6 ��, éu�©¤Jqmüz�ä, Ù<�¼
��¼�JÚ�Å�¼Ä���, ùw,�± ï
Ä���Ù<�¼üÑU
k���ÃIÝ�ä
¾ÓDÂ�(ØØÓ.

4.2.4 Äu�Åir��¼üÑ
�,¼�Ã�Daì�ä!Internet ��.E

,�ä��Û&E'�(J, ��Ýºù
�ä�
ÛÜ&E  '�N´, 'X�ä¥,
!:��
Ø!:Ý�&E [32,33]. Äud, �©|^�Åir
ÅnJÑ�«#��¼üÑ, TüÑ£ãXe:

1) l�ä¥�ÅÀJ��qÞ!:��ir
�å:;

2) ir�z�Ú, iröÑir��c!:�
�Ø!:¥Ý���!:, eT�Ø!:���¼,
K�¼T!:, ��lT!:UYir;

3) eT�Ø!:®²��¼, K�lT�Ø!
:UYir;

4) ­EirL§���ä¥�Ý� f �qÞ
!:��¼.

ã 7 £ã
æ��©JÑ��Åir�¼ü
Ñ�,�ä¥ t ��a/!:�Ý i(t) ��¼!:
�Ý f �éA'X, Ù¥ m = 3, kmax = 20. dã 7
��, �X f �O�,�ä¥�a/qÞ!:��
Ýò¬wÍ~�, ùL²�©¤J�¼üÑU
k
�³��ä¥¾Ó�DÂ*Ñ, Ù�ÏÒ3uTü
ÑU
À��ä¥Ý���!:5¢��¼. é'
ã 4!ã 6 Úã 7 ��, 3�ä�Û&E����

¹e, �Ù<�¼±9�Å�¼�', æ^�©J
Ñ��¼üÑU
¼��Ð��¼�J.

ã 7 æ��Åir�¼��ä¥a/!:�Ý i(t) � f �'Xã

5 ( Ø

E,�änØ�ïÄÃ�Daì�ä�N�
5Jø
#�g´. �©�éd!:�����ä
5Ueü�¯K, JÑ
�«#�qmÿÀüz�
.. T�.±Daì!:�{Uþ��ïáë��
�ä�â, ¿�é�ä¥!:Ý���?1
��.
²ïÄuy, Äk, Tüz�.)¤��ääkÃ
IÝ�ä�A5, ÏdU
¼��Ð�N�5U;
Ùg, T�.Ä�²ï
���ä�Uþ�Ñ, ;
�
!:L@�ÏUþé¯Ñ¦
k�, l
ò�

�ä�)·±Ï, Jp
�ä�5U. Tüz�
.éqÞ!:�¢S©Ù�¸vkäN�¦, �2
�A^u�«Ã�Daì�ä. ,	, duÃ�D
aì�ä¡�Xî��S�%�, �©/Ïu¤J
üz�.?Ø
¾Ó��'�¼üÑ, ¿JÑ
�
«#��Åir�¼Ån,·�uyÙ<�¼Ú�
Å�¼A�ØU
UC¾Ó�DÂ�Ç, �¼�J
��, 
�©¤J�¼ÅnÚ8I�¼`uþãü
«�¼üÑ, AO´�©¤J�¼üÑU
·^u
�Û&E����ä, Ïdäk�½�A^d�.

[1] Pottle G J, Kaiser W J 2000 Commun. ACM 43 51
[2] Akyildiz I F, Su W, Cayirci E 2002 IEEE Commun. Mag. 40 102
[3] Burrell J, Brooke T, Beckwith R 2004 IEEE Pervas. Comput. 3 38
[4] Madan R 2006 IEEE Trans. Wirel. Commun. 5 748
[5] Heinzelman W R, Kulik J, Balakrishnan H 1999 Proceedings of

the 5th Annual International Conference on Mobile Computing
and Networking New York, August 17—19, 1999 p174

[6] Lindsey S, Raghavendra C S 2002 Proceedings of the IEEE
Aerospace Conference Washington, March 9—16, 2002 p1125
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Study on a model of topology evolution of wireless
sensor networks among cluster heads and its

immunization∗
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Abstract

A new evolving network model based on complex network theory among the cluster heads is proposed to study the influence

of node failure on the performance of wireless sensor network. According to the proposed model, we discuss the virus immunization

strategies, and present a new immune mechanism. Theoretical analysis shows that such an evolving network not only has strong fault

tolerance, but also can effectively avoid node premature death caused by the rapid energy depletion. It is also found that if the global

network information is unknown, the proposed immunization strategies in this paper can obtain better immune effect than the random

immunization and acquaintance immunization strategies. The theoretical analysis is verified by numerical simulations.

Keywords: complex networks, wireless sensor networks, topology evolution, immunization strategies
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