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�©Ûú�E,�ä�ÿÀ5�, �©±�®½�~, À���� 2010 c 7 ���®�½ (14 «!2 {)

� 1165 ^ú��´Ú 9618 �ú�Õ:���êâ, $^E,�änØ�ïåÄu��Õ:�k�\�E,�
ä�.. T�{±ú�Õ:��!:, ��Õ:�m�ú��´��>, ¦��äQäkE,�ä�ÿÀ5�
Ó�!: (Õ:) qäk²(�/n�I. é�ä¥!:Ý!:rÝ!rÝ©Ù!²þ�á´»!àaXê�
5��©Ûw«, ú�E,�ä�ÝÚ:rÝ©Ù4�Øþ, �ä¥c 5%Úc 10%!:�\OrÝ©Ù©O�
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ë�Ú�ä¥'�!:�/¤. '�!:3ØÓ�
�ä¥��¡�ÍÝ!:!¥%!:!Hub !:
�, 3�.�äX Internet�ä!�x��ä!Ü
�'X�ä!�Ï�ä¥, '�!:éu�±�ä
õU!K��ä�Ç�¡�'­�. XÛÏé�ä
¥�'�!:E´ïÄ���J:. ©z [15] ï
Ä
 Internet�ä¥ Hub !:�|�A�, �ó�
=�uÚO!:m�>ê. 
3ú��ä¥, �ä
qäkgC�A5, ú��ä��´Ä�¢N, K
Ö3�äþDÂLyÑÄ�5Ú�Å5, Ó�3,
��ãqLyÑ²w���5. Ñ1ö��äk�
U5, Ua�±��¸¿�Ñ�A, Ï
�äqä
kg|�!g·A�Uå. �ä�DÑ�ÇÂ�õ
«Ï�K�. pgl�ïÄ
ú��ä�ÃIÝ5,
�Ñ
Äu²ï�6�g�Ïéú��ä Hub !
:�ÐÚ�Y [16], ���
�½¤J. �©A^«
1Øå©Û, Ú\” Ðö�{” &?
�ä¥üaØ
ÓK�Ï��'�!:�J��{, ?�ÚÚ\#
�ÚOëê5Ýþù
5�.

ú�XÚ3¢½�Ï¥Ã¦å�
�~­�
��^, ïÄú��äé¢½�Ïäk­��y¢
¿Â. ±�®½�~, �®½¡È 16411 km2, Ù¥
½«¡È 1368 km2. ��� 2010 c, �®½~4<
��� 2200 �<, <��Ý 1341 </km2, �®ú
��ä�Õ:êþ, �´��, F�6þ, þäk;
.�L5. �©±�®½ú��´ÚÕ:�~�ï

E,�ä�., ÚO
!:Ý, :rÝ, rÝ©Ù,
²þ�á´»,�ä�», àaXê��õ��I.
¿(Üú�E,�äg�A:, ?Ø
�ä¥'�
!:�J�, ¦^«1Øå©Û, JÑ�Ä
¢½
´�E,5K�e�d3´P×!:; ÏL “Ðö”
�{, J�«�f�ä�¥%!:. l'�!:\
Ã, lJp�ä°�5!`z�äUå��ÝJÑ
ú��ä�`z�Y.

2 ú�E,�ä��ï

2.1 ���®®®½½½úúú������´́́ÄÄÄ���êêêâââ

ú��´kÙg�A:, 1¨�´É�u¢S
¢½�´�Ï�, Ê�Õ:éuÓ�^�´�þe
1��UÑy�É. Ïd�©3êâï¥�n�,
éz^ú��´Uì¢S�¹©�þ1Úe1 (�
�UìS�Ú	�) ©O?n. éuú��ØÓ�
|�!¯�À�ØÓ��´. ò�ÓÕ¶À�Ó�

Õ:, �ÑØÓ�´Ê� ���O. �©¦^�
êâ� 2010 c 7 ��®�½ (14 «!2 {) ú��
´ 1165 ^Úú�Õ: 9618 �.

2.2 ÄÄÄuuu������ÕÕÕ:::������äää���...���ïïï���ªªª

�â±þú�Õ:Ú�´êâ, �©ïáåÄ
u��Õ:�ú�E,�ä�.. ÿÀ¥�XeÄ
�b�:

1) òú�Õ:À�E,�ä¥�!:, ��Õ
:�m�ú��´��>, >þ����üÕ:
mÏL�ú��´^ê, ���äÄ��k�\
��ä;

2) eü���Õ: A, B m, k�4�´þ1
�gëY²L A, B, KÀ A � B k�^>ë�, e
T�´e1��gëY²L B, A KÓ�À B � A
k�^>ë�;

3) Ø�Äu�ªÇ!�.!1�êþ!¦d
��É!�Õm�ål,Àz^ú��´äk�Ó
�$ÑUå, 3��Õ:m�)�Ó��­.

ã 1 Äu��Õ:��®ú�E,�ä�.«¿ã

±ú�Õ:�!:, ïá�Äu��Õ:��
ä�.äkXeA:: 1)�ä!:äk²(��m
 �Ú/n�I; 2)É¢½�´��, ��Õ:ª
�ä�Cug,/¤�´�(�; 3)�ä¥ü�!
:¤Uë��>�ê8É�Ôn�mÏ����,
l
¬K���ä�Ý©Ù; 4) Õ: (!:) m��
§ë�I��Ä�mål!¤�Ú�´|^�Ç,
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ù�A5��K�Xú��ä��­.1�.

�ª�ï���Õ:ªE,�ä�.k!
: 9618 �, > 57008 ^, ���ä�.«¿ãX
ã 1 ¤«, ã¥:��ä¥�!:, ë��L�ä
¥�>.

3 ú�E,�ä�ÿÀ5���'A
�ïÄ

�©¤ïá�ú�E,�ä�>äk��5,
!:Ý©�\ÝÚÑÝ, \Ý´�dÙ¦!:ë�
T!:�>ê, ÑÝ´�T!:ë�Ù¦!:�>
ê. �ä¥Ø�êÏ�Ï+���ÏÚå�!:Ñ
\ÝØ�, ý�õê!:�ë\�ëÑ´���,
Ïd±!:�ÑÝ���©�ïÄé�,©¥¤Ú
OÚ�Ñ�Ýþ�ÑÝ.

3.1 ÝÝÝ!!!rrrÝÝÝ���rrrÝÝÝ©©©ÙÙÙ

éuÃ�E,�ä, !:ÝL«��!:�Ù
¦!:�ë�>ê. ��Õ:ª�ä�¤�´\�
E,�ä, �Ñ>þ���, ÚO!:�Ý; ��\
��ä�.�Ä�, ò�­ë��O�¥, éA�
��´!:rÝ. �©©Oé!:Ý!rÝ�rÝ
©Ù�
ïÄ.

3.1.1 �ä�Ý
éu��Õ:ª�äþ?¿!: i, ÙÝ� ki

�N
Õ: i �����ú�Õ:êþ, =�Ñ!
:më�þ���, �'5ë���. ki ���`
²!:äk�p�ëÏÝ. 3¢S/n�mþäk
�Ð��Ï^�, ��U´¢Sú��ä¥�ÍÝ
½�¦Õ. �©ú�E,�ä¥!:ÝÚOXL 1
¤«, Ù¥k 5 �!:ÑÝ� 0, Ì�´duª:�
2gu��å:Cz��, XÜ���Õ.

L 1 �®ú�E,�ä!:ÝêüSÚOL

!:Ý 0 1 2 3 4 5 6 7 8 9 10

!:ê 5 804 5095 1227 1036 547 360 209 116 70 54

¤Ó'~/% < 0.1 8.4 53.0 12.8 10.8 5.7 3.7 2.2 1.2 0.7 0.6

!:Ý 11 12 13 14 15 16 17 18 19 20 21

!:ê 29 24 14 11 6 2 4 2 1 1 1

¤Ó'~/% 0.3 0.2 0.1 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1

L 2 �®ú��ä¥Ü©pÝ�Õ:9Ùë�Ý

SÒ Õ¶ Ý SÒ Õ¶ Ý SÒ Õ¶ Ý SÒ Õ¶ Ý

1 �®ÜÕ 21 14 Ï²��´�À 15 27 úx 14 40 x[B 13

2 ^ÂÀ�x�� 20 15 À�� 15 28 ê@xÜ 14 41 o¨Õ 13

3 8pxÀ 19 16 ��²xÜ 15 29 �à 13 42 ���Ü 13

4 n�x 18 17 ��� 15 30 » E 13 43 ¢c9LÕ 12

5 n�x (/c) 18 18 c� 14 31 ��B 13 44 V³x� 12

6 ���¢ 17 19 �²Ü' 14 32 ��ð�Õ 13 45 "®s	Ü« 12

7 H{& 17 20 ��B 14 33 7� 13 46 A~ 12

8 (B�� 17 21 p�A 14 34 ÄÑÅ| 13 47 ��{�� 12

9 8px�p 17 22 ox 14 35 û�Ü� 13 48 ¢c£9*Õ 12

10 ²�B 16 23 Àº�Æ 14 36 ·SB 13 49 �B 12

11 Â©�Ü 16 24 û��' 14 37 û��B 13 50 ÀB 12

12 �²H�� 15 25 �²H� 14 38 2S�S 13

13 �²À' 15 26 �®ÕÀ 14 39 2S�� 13

©Û�Ñ�®½ú�E,�ä¥!:�Ý�
p� 21, þ�� 2.96, `²²þ 1 �Õ:� 3 �Õ
���ë. Ý�3 5 ±e�!:Ó�oê 84.9%, `

²��!:©Ù4�Øþ, �Ü©!:ÝÑ'��,
4�ê!:u�X­��ë��^, Ý�3 10 ±
þ�Õ:=Óoê� 1%, òÝ��p� 50 �Õ:
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�Ñ (L 2). lT©Û(J�±w�L 2 ¥�)

�®ÜÕ!8px!�®Õ!ÄÑÅ|!o¨�,
þ´c´!ú´!Ê�­��$Õ:, Ù¦Ì�´
/c�¦Õ,½¥%«Ú±>�«�Ï�éu��
:. du!:Ý3ú�E,�ä¥'5uë���,
ù
Õ:�õ�LyÑ�´Ï�5Ð, ´�u��
/n`³, Ï
���õ±>Õ:�)éX.

3.1.2 !:rÝ
�Ä\��ä>�k��­, ò:rÝ si ½Â

� [17]

si =
∑
j∈Ni

wij . (1)

ò:rÝ©Ù P (s) ½Â�

p(s) =
si

N
, (2)

Ù¥, N L«¤k!:rÝ�oÚ. ò!:UrÝ
��3ã¥±ØÓ¡È�:L«, ��!:rÝ3
E,�ä�.¥�«¿ã (ã 2).

!:rÝ�ÚO(JXL 3 ¤«. §3ú�E
,�ä¥�õ�£ã
!:�m�'é§Ý, Q�

Ä
!:m�ë� (���ëÕ:êþ), q�Ä

>��­ (��Õ:m�´Ï1�Ý). :rÝ!r
Ý©Ù��KL«¢Sú��´Ï1�Ý�p, «
1Ú$ÑUå�r, éA¢Sú��ä¥�
<

6Ä�8!�¦8¥�|¤.

ã 2 !:rÝ3E,�ä�.¥�«¿ã

L 3 �®ú�E,�ä!:rÝêüSÚOL

!:rÝ 0 1 2 3 4 · · · 30 31 32 33 34

!:ê 5 692 3875 196 1401 · · · 35 7 37 21 24

¤Ó'~/% 0.05 7.19 40.29 2.04 14.57 · · · 0.36 0.07 0.38 0.22 0.25

!:rÝ 35 36 37 38 39 · · · 73 75 84 85 90

!:ê 14 23 8 23 3 · · · 2 2 1 1 1

¤Ó'~/% 0.15 0.24 0.08 0.24 0.03 · · · 0.02 0.02 0.01 0.01 0.01

L 4 �®ú��ä¥Ü©prÝ�Õ:9ÙrÝ

SÒ Õ¶ rÝ SÒ Õ¶ rÝ SÒ Õ¶ rÝ SÒ Õ¶ rÝ

1 8px�p 90 14 4[�xÜ 66 27 7Ç	xÀ 61 40 ÄÔ	 57

2 ^ÂÀ�x�� 85 15 �,�åÕ 65 28 Ütà 61 41 u[	 56

3 �*¢ 84 16 ��/ 64 29 �ìxÀ 61 42 �Æm 56

4 �[B 75 17 g[�Ó 64 30 �²H�� 60 43 2w~ 56

5 8pxH 75 18 ��²xÜ 64 31 ��ExÜ 60 44 úx 56

6 n�x 73 19 ®^´wÑ�A 63 32 �à 60 45 Y¹ 56

7 7ºH´ 73 20 8pxÀ 63 33 7Ç	xÜ 59 46 ò�Hè	 56

8 û�Ü� 72 21 n�x (/c) 63 34 �à 59 47 ~Rð�Õ 55

9 ·SB 70 22 ¢f 62 35 Ï²��´�À 59 48 » E 54

10 �®ÜÕ 69 23 Àº�Æ 62 36 ÜÛ 58 49 ê@xÀ 54

11 �²À' 68 24 PúSÛ 62 37 �xÜ 58 50 æ��� 54

12 úÌ«H 68 25 ¢f��H� 62 38 ûBf 58

13 �êx 68 26 S�xÜ 62 39 ²�«�� 57
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©Û���®½ú��ä¥!:rÝ�p�
�
 90, þ�� 6.77, `²²þ 1 �Õ:�k 7 ^
�´²L. �Ä�z�Õ:²þ� 3 �Õ:�ë,
�±�Ñ3ü���Õ:m²þrÝ� 2, =kü
^�´�øÀJ. rÝ3 10 �±e�!:Ó�o
ê 82.7%, rÝ�p� 1%�!:rÝþ3 45 ±þ,
©Ù4ÙØþ. Ó�ò©Û(J¥rÝ�p� 50
�Õ:�Ñ (L 4).

3.1.3 rÝ©Ù
�ä!:rÝ�\ÈrÝ©Ù'XXã 3 ¤

«. 3��Õ:ªú�E,�ä� 9618 �!:¥,
c 10%!:�:rÝ���, \ÈrÝ©Ù��

 43.02%; 
c 5%�!:�\ÈrÝ©ÙÒ®�
� 22.43%. dd�±wÑ, ù
!:3��ú�
E,�ä¥é�±�ä�ëÏ5±9÷v$ÑU
å�¡u�
��^. :rÝ3 5 ±e�!:k
� 6168, Óo!:ê� 64.13%, 
\ÈrÝ©Ù=
� 22.47%, `²�Ü©�!:3�ä¥�´���
�Õ:, 3ùa!:Ñy�¦�VÇ��, �é�
6���, �ù
Õ:�äk­�¿Â, §���
Jp
ú��ä�CX��ÚCX�Ý, O\Ñ1
�B|5.

0
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L
P
↼S
↽/
%

S

ã 3 ú�E,�ärÝÚ\OrÝ©Ù'X

O � : r Ý � : r Ý ü S ü � Sê R �
éê, 3 V éê� I ¥ | ^ � 5 £ 8 � � �
§ y = −0.8985x + 8.7297, £8Xê R2 = 0.9,
`²��Õ:ªú�E,�ä�NþÑl�Æ©
Ù, Xã 4 ¤«.

é:rÝ�\ÈrÝ©Ù�Véê, Xã 5 ¤
«. |^�5£8���§ y = −0.4489x+0.2878,
£8Xê R2 = 0.719, Ïd:rÝ�rÝ©Ù�´
Ñl�Æ©Ù�.

ÏL±þ©Û, Äu��Õ:��®ú�E,
�ä�:rÝ�ü�Sê!\ÈrÝ©ÙÑÑl
�Æ©Ù, äkÃIÝ�äA:. `²«úÌ�6
Ï!©6!=�Øå�!:��ä¥4�Ü©!
:, Ny
ú��ä�E,5ÚS3ÄåÆ��
A�.

R2 = 0.900

0

1
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5

0 2 4 6 8 10

lo
g
 S

log R

ã 4 :rÝ�üSêVéêÑ:ã

R2=0.719
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lo
g
 L

P
↼S

↽

log S 

ã 5 :rÝ�\ÈrÝ©ÙVéêÑ:ã

3.2 «««111ØØØååå©©©ÛÛÛ

c©ïÄ¥�Ñ�L 2 �L 4 ¥!:�üS
u)
��Cz. ùÌ�´du!:Ý�!:rÝ
©O'5u�äE,5�ØÓ�¡. !:Ý'5u
´�Ï�5, �L¢S�´�Ï�B|§Ý; !:
rÝ3ú�E,�ä¥K�'5u�6þ, =$Ñ
KÖ. éu�6þ�, $ÑKú­�Õ:¬LyÑ
�p�!:rÝ. é'�±uy�Ü©n�S�Ï
�ÏB|��5Ð
Ñy3L 2 ¥�!:vk3
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L 4 ¥Ñy. L 2 ¥Ù¦�
!:X�®Õ!ÄÑ
Å|!o¨!À���, 3L 4 ¥�þ�Ñy, Ì
��Ï´ù
/:�õ�d/c!;���ª5
÷v$åI¦. ù�<y
c©é!:Ý�!:r
Ý¤'5��äE,5ØÓ�¡�©Û.

duú�E,�ääk²(�ïÄé�, 
Ù
ë���÷u¢½´�, 3ù«�¹e, �m´k
��, ´�Ø�U�¿ë�. ïá!:m��§ë
�  �GÑép�¤�, Ïdò´�«1Uå�
ÄÙ¥JÑ�a'�!:�J�.

ÏLc©©Û, L 4 �éuL 2 ¥#Ñy��

!:AcÙ�±'5, ùa!:¤�L�ÕLy
Ñp$åI¦, �du/n^� (¢½´�) ��
Ï, Õ:Ï�5�U¿Ø�Ð, ��8��´Øå
N´�)P×; ½´�¥��, Ø´©ÑØå, �´
���E¤
��Øå. �Ä´�E,5éú�E
,�äE¤�K�, �±^!:rÝ�!:Ý�'
�5Lyú�E,�ä¥´�é�´�«1Øå.

«1Øå CC �½Â�

CCi = ki/si. (3)

ú�E,�ä´±¢½´��1N, «1Øå©
ÛNy
ú�E,�ä�¢½´����m�E
,'é5. ò«1Øå�p� 50 �!:�Ñ, X
L 5 ¤«. du�ä!:�ú�Õ:, äk²(�
/n �Ú�I, ÏLòÕ:���¢S/n�m
¥ (ã 6), �±uy: l/n �w, ù
!:õ 
uÊ�	, Ly
�®±>9«{�½«m�;�
éX; lI¦©Ûw, Ù¥�¹
¯õ�Ê�	Ø
4�½¬zF �u4¤�ó�/:�Ñ1I¦.
l«1�´�w, ùaú��´Ì��÷uë�3
½«�±>«{�ÌZ�!¢½¯�´�. ùa$
åI¦oþ�, Cz¯, ¸�p,´N´E¤P×�
)�!:. !:�«1Øål�½§Ýþ�N
Ñ
1I¦!´�ï�Ú¢½]
©Ù (Ø4!Ò�)
�nÜÏ��ú�E,�ä�5�E,5�Ly
ÚS3ÄåÆA�.

L 5 �®ú��ä¥Ü©«1Øå�p�Õ:

SÒ Õ¶ «1Øå SÒ Õ¶ «1Øå

1 �µì»�Õ 24.5 26 ~RçûÛ 12.5

2 /c°J	ÕÜ 20 27 ¢f 12.4

3 r	 19 28 æ� 12.25

4 "ÚxÀ 18.5 29 �M 12

5 9�Ò 18 30 9�Ò�� 12

6 /æ± 18 31 �Y� 12

7 ^Âú´©Û 17 32 �²[	 12

8 ¡fBÀ� 17 33 �¼ 12

9 �8l 17 34 àH� 12

10 ÚÂà| 16 35 ²�Ü� 12

11 ¢f��H� 15.5 36 S[B 12

12 �è´�� 15.3 37 ¥�´� 12

13 ��ñ 14 38 ®Ü�l� 12

14 Úä« 14 39 9�s	 11.7

15 á·* 14 40 ÄÔ	 8.1

16 ����Û 14 41 ìà´Ü� 11.3

17 �u 14 42 Y¹ 11.2

18 s	�«H� 14 43 2w~ 9.3

19 ��ó¬ 14 44 SuxÜ 11

20 Úä«�Ñ¤ 14 45 ò�l¥ 11

21 �²~ 14 46 H¸U 11

22 �¢�$ 14 47 ±�~ 11

23 �²~>� 14 48 �ôú	 11

24 �²	À� 13 49 9�� 11

25 Ï²Ü�´�À 10.4 50 �ì�� 11
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ã 6 �®ú��äÜ©«1Øå�p�Õ:©Ùã

3.3 «««���¥¥¥%%%!!!:::

3ú�E,�ä¥, ��!:�ÑÖ��´k
��, K�´k��. Ó��Ï¬É��´©?!
1�!û��!¢½5y�õ�¡K�,¦�ÏL
yÑ/�5. 3ú�E,�ä¥Ly��ä¥�
U�3õ���f�ä, �6þ3z�f�äþ®
8, ®8�f�ä�,�½,A�!:þ, 2dT
!:þ�ëÏ¢yf�äm�§�6�DÑ. ùa
!:¤�Ù n ��S�ÍÝ, ��'�!:¿«1

ý�õê$å. �'ïÄ�L²�ä'�!:�
�uë�äk��ë��!:
Ø´Ù¦'�!
:, äk�pü½�A�, '�!:ÏL`kë�
@
ë����!:5O�, ±¼��ä�r�°
�5 [18]. âd, �©¦^�«Äu “Ðö” �«�
¥%!:�{±Ïéùa'�!::

1)Äk�â�ä¥!:�Ý��A!:D�;

2) !:l'§Ý�$��Ø¥ “Ðö” Ý;

3) “Jf” (:�Ý�Ù��Ø!:UÝ�©
�Ðö.

Uìd�{­#©�Ý��!:Ý�NyÑ
ã���É5, �p���
 2507.2, 
üS�!
n �Ý���� 831.1 Ú 769.3, �N©ÙÚOX
L 6.

ÏLòc 50 �Õ:��3/ãþ, Ù¥Ê�
S�Õ:Xã 7 ¤«, ã¥(Ò�LJ��Ý�p
�!:. �±w� 50 �Õ:¥ 24 �©Ùuo�±
S, ¿�¥yÑ÷���´©Ùª³, ��þk 4
�Õ:, n�þ 8 �Õ:, o�þ 4 �, ����´
�éu�®ú��äk­��K�. d	�õ!:
8¥3¢½�ÀÜÚ�Ü, ¿÷I�ò�, Ì��
Õ:8¥©Ùu°DÚ��ü«, ù��®Ì��
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p�è��8«Ú<�Ø4«©Ù��. ,	k 9
�!:©Ù3/cÕ�� 500 m S, /cé¢½ú
��ä��5äk²w�Uõ�^. Ny
¢½Ø

Ó«�õUy©!�´©?!<��Ýéú�E
,�ä���K�.

L 6 “Ðö” {©��!:Ý�©ÙÚOL

!:Ý K = 0 0 < k 6 10 10 < k 6 50 50 < k 6 100 k > 100

!:ê 6898 1864 633 121 102

¤Ó'~/% 71.72 19.38 6.58 1.26 1.06

Ý©Ù/% 0 14.36 25.78 14.71 45.16

ã 7 �®½ú�E,�äÊ�S«�¥%!:©Ùã

3.4 ²²²þþþ���ááá´́́»»»���ÝÝÝ

�á´»L«l,!:Ñu�,�!:�L
§¥²{>ê����^´»,�ä�²þ�á´
»��ä¥¤k!:üüm�á´»�²þ�. 3
Äu��Õ:��ä�.¥, �NÑú��ä¥?
¿ü�Õ:�m²þkõ��Õ:,´µdú��
ä�.B|5���­���I. �âO�, �ä
�²þ�á´»� 15.425, =½¬Ñ1²þI�¦
� 15 Õ=���8�/. �äLyÑ�­.��

äA�.

,��ëê�ä�» D L«E,�ä¥¤k
�á´»¥����. éÄu��Õ:�ú�E,
�ä, �» D �A
¦��gÑ1�U¦���õ
Õê, ´�ä¥��«4��¹, äk�½ë�¿
Â. ²O��ä¥��ål D = 76. du�gïÄ
êâ���¹�®±>3S� 14 « 2 {, �åÕ
:mål�U�Lzúp,�ä�» D = 76 �´
�±�É�. �,, éuù«4à�¹, 3¢S�¹
eÄ�Ø¬u).
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3.5 àààaaaXXXêêê

àaXê©Û�±£OÑ�ä¥��8ÚD
Õ«�, �NÑ�C!:�m�8ì5�, l
u
y�Û�©Ù�ªÚêâm��p'X. é�ä
¥��!: i �Ù¦ ki �!:ëÏ, ¡ù ki �!
:�!: i ��Ø. ù ki �!:m�õ�Uk ki

(ki − 1)/2 ^ë>. 
ù ki �!:�m¢S�3
�>ê E1(i) ÚnØþ�õ�U�3�>ê ki

(ki − 1)/2 �'½Â�!: i �àaXê

Ci =
2Ei

ki(ki − 1)
. (4)

���ä G �àaXê C ½Â�¤k!: i �à
aXê�²þ�

C =
1
N

∑
i∈G

Ci. (5)

!:àaXê�p$, �l�½¿Âþ�N
T!
:3�ä¥�Ì�/ . àaXê´�éÃ�ã

ó�, Ï�§ïÄ´!:�Ø�m�ë�;�§Ý,
ÏdØ7�Ä>���. éuk�ã, òÙ�¤Ã
�ã5?n. �äàaXê�, `²!:�NC�
�!:ë�;�Ý�p, =¢SÕ:�ú��´�
�8. 3�
�6þ��/«, Õ:�àaXê�
�, �Bu½¬¦�. O����®ú�E,�ä
�àaXê� 0.12, �é�$, `²�ä��DÕ,
�k���uÐ�m.

3.6 ���äää���`̀̀zzz

ú��ä�­½5´I�)û�'�¯K�
�, �ä�ÛÜ�æ¬O\�äÙ¦Ü©�Kú,
cÙ´'�!:ÚpKÖ!:, §���æ4k�
U�����ä��$. �ä(�é�ÏP×9Ù
DÂäk���K� [19], ú��ä�N�­½5
duÙÃIÝ5LyÑ�É�5
�3°�5Ú
yf5. ��¡Ly�é�ä!:�ÅP×�°�
5, ,��¡'�!:��P×XØ9�)ûk�
UE¤���ä��$, Ï
�ääk “Q­½q
yf” �A5. '�!:éu���ä�ëÏ5ä
k�'­���^, Ny
ú��ä�E,5ÚS
3ÄåÆA�. �'©z�y¢, Jp'�!:�
Uå,´Jp���äUå�­�\Ã: [20,21].

éu«1Øåp�!:, {ü�Om�´, O
\u�ªÇ  ØUk�Jp$1Uå,$���
�ÏP×. Ó�Õ:m�´�ÝL��¬��ú�

�üè�ÿ?ÑÕ�G¹. ù
Ñ¬ü$�´$1
�Ç. l��þù�I�\rù
/«´�ï�.
lE,�ä��Ý�Ä, �'©z�Ñ
©«�¥
%Õ:,¦�5d��!:«ú�ó�dA�p�
ë��!:�Ó�¤, ±ù«{ü�ö��ªé�
ä�(�?1����6Ä,¦��ä�ÓÚUå
��wÍ�Or [22]. Ïd©Ñ�kü�Õ:, m�
z��m�á#Õ:, òÊ��ú��´\±©6,
�o?ÑÕ�S, ~�ú��?Õüè�ÿ, Or
�ä$ÑUå.

éu«�¥%!:, ©z [18] �JÑ'�!
:ÏL`kë�@
ë����!:5O�, ±
¼��ä�r�°�5. 3@�p¸Ïm8�ú
�;^�, ¢SþOr
´�Uå, ïÆæ^ “�
Õ¯�”!“;�” ��ª, ïá¢½±>Ø¬«�
½S�¦Õ:������´, =��3�äþï
á���!:m�§ë�5`z�ä��­.5,
Jp�Ç, 9��z�6, ~�3�äþ�$Ñ¥
=gê.

4 ?ØÚ(Ø

�©±�®�~ïá
��Õ:ªú�E,
�ä�., $^E,�ä�n?1©Û, �Ñ±e
(Ø:

1. ïÄ(JL²ú�E,�ä!:Ý9rÝ
©Ù4�Øþ, �Ü©!:ÝÚrÝÑ'��, 4
�ê!:u�X­��ë��^. rÝ�ü�¶
g!\ÈrÝ©Ù�'XþÑl�Æ©Ù,�ä¥
yÑÃIÝ�äA5, �N
ú��ä�E,5Ú
S3ÄåÆ��A�.

�®ú�E,�ä¥rÝüSc 10%�!:
\ÈrÝ©Ù�� 43.02%, 
üSc 5%�!:\
ÈrÝ©ÙÒ®�� 22.43%. �ä�»� 76,�ä
�²þ�á´»�Ý� 15.425, àaXê 0.12, �
®ú��ä5��éuþ�²�úpÑÖ��, �
k��uÐ�m.

2. ú�E,�ä¥, !:Ý�!:rÝüS�
mLyÑ�½��É5, ù«�É5l�½§Ýþ
�NÑ´���6Øå�m�gñ5. !:Ý�õ
�N´�u��/n`³; 
!:rÝK5­u�
6Øå.

3. ÏLú��ä�«1Øå©Û±9ÏL “Ð
ö” �{Ïé«�5�¥%!:, &?üaØÓK
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�Ï�'�!:�J��{. Ny
Ñ1I¦!
´�ï�!�´©?Ú¢½]
©Ù (Ø4!Ò
�)!<��Ý!¢½5y�nÜÏ�éú�E,
�ä¤�)�õ­K�.

4. l'�!:\Ã, ±`z�äUå�8�,
JÑJp'�!:$ÑUå, `zú��ä��1
üÑ, ��O\ú�Ñ1B$5Jøë�.

ú�XÚ´����E,�XÚ, �(Ü��
¢½��ÏNX5`ò/¤����E,�XÚ.
�©±�®ú��ä�~mÐ
ú�E,�äï

Ä, ©Û
ÿÀA�, &?
'�!:�J��{,
ÏLé«1ØåÚÐö�{¤���ÚO(J?
1©Û, uy(JÄ��NÑ3õ­¢½	ÜÏ�
K�e�ú�E,�ä�A�, @�T�{´�1
�, k��, ¿l`z'�!:��ÝJÑ
�ä
�`zïÆ. ��k�
¯Kvk��ïÄ, ~X
ØÓ�ä(���ä5�é«1Uå�K�, 3�
U5cJe��`DÑ�ä(�, ØÓÿÀA�±
9�ä5����é'�!: ��K�, Ñ´8
���\ïÄ�SN.
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Analysis on topological properties of Beijing urban
public transit based on complex network theory∗
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Abstract

To analyze the topological properties of Beijing public transport network, until July 2010, we have collected 1165 bus lines and

9618 bus stops of Beijing City (14 districts and 2 counties) as the sample data to build up a directed and weighted complex network

model based on neighboring stops by applying the complex network theory. In this model, bus stops are considered as nodes of the

complex network, while bus lines connecting two neighboring stops as edges. Consequently, the network has the topological properties

of a complex network and meanwhile the nodes (bus stops) have clear geographic coordinates. The complexity of Beijing public

transport is then verified through analyzing the topological properties of node degree, node strength, strength distribution, average

shortest path, clustering coefficient in the complex network. We find that the distributions of node degrees and node strengths are

extremely uneven and the cumulative strength distributions of the top 5% and 10% nodes reach 22.43% and 43.02% respectively. The

results also show that the node strength, ordinal number and cumulative strength distribution of the nodes all follow the power-law

distribution, showing the network characteristics of scale-free and small world. Some “key nodes” play an important role in network

connection. We find two kinds of “key nodes” by using high carrying pressure node analysis and extract regional central analysis. These

rules provide new references for optimizing the urban transport network, managing traffic congestion and planning and developing the

traffic.

Keywords: complex network, topological properties, urban public transit network

PACS: 05.90.+m, 01.75.+m

* Project supported by the Beijing Municipal Education Commission Science Research and Research Education Program (Grant No.
JD104910556), and the China Geological Survey Basic Investigative Research Projects (Grant No. 200415100002).

† E-mail: 3s@cugb.edu.com

190510-11


