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Abstract Since the small~world effect and scale™ free properties have been found the research of camplex network has de-
veloped rapidly over the past few years and its use in the power system also becanes the research focus of many scholars A
detailed overview of the current camplex nework in power system and the progress of its application are discussed based on the

blackoutmodel of power system, the self ~organized critical state the vulnerability assessment of transn ission lnes as well
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as the snall~world model Fially the summarization and expectation of the existing problems of canplex nework in power

system and the future development trends are given

Key words canplex network blackoutmodel self~organized critical state vulnerability small world

hEASES. M7 TEIRIRE. A XEHS . 1003—6954(2009)02—0028 —05

L9 1 AR BB P RGN T — AR
By 5 228 2250, WA M AR FUBERY B,
H1 2 Gy R TR T i A 6 3 K X del e % A
R, JEAESE, [ AN ) R R A T S UREK
b S s e Y, X G A T R
L iz was AN IF N P ORN K N RN SR
(A AT B A7 0 3 BT A 122 o RS e B A 4R LI
%7 5 2 2 G B (4 ST 56 3 R 14 % 4 AL B
EHOREZ B A R aE U, Filk, BERAGM
A2 YR L X ERL ) 2 G 4 A I R A T
5 LMRIEH ) RGE M 22 R8 E58 1T,

H 2040 604ERE £ 5% K ErdosFl Renyi
{2 ERBENLERAE ), 8 2 2B 15— H 2 5
REER TSR RN R Z 6, E4M
CERFSR 0 PO AT . 90 46 0 L AT M R L P90 2% 1Y T
FROAIL A | P00 245 B4 ) 8 B L 100 2% b g A TR 4 1A
T T 24 2 g R 5 P . T 4% (¥ 38 A 31 9 25 Lo 4 [
B, M 2044 70, SOSEATT 44, B 2Rk RIS A BT 52
SRR R ORI B ) 2 1 8 Je R SRS A
e, 7EE bR IR T ARl 2 5 5 2 R A B 5T
a1 TR 2 2 R 4 R SR B S AR Lkt B 2 5y
HETE . H RO I (1S20080113506594)

o 28,

SMBHITELCEBETIRZ AR 2, BIM
Fe—ASRAR AR KRS R GE B AT i A
Ul i T i R S 1 R T U IR 2% 4 kAT £k
A R AL IR e R 2k P 2%, &2
AR L B D HAR At T — A2 A AT ST i
M 2R8I f BRI AT AT L B T 2% A B TN
REUR AR M 28 1 52 P RS I 28 1 [ 14 5
TR RNBRAR R (5 AU AL

L ARG E 5 M Rt

L1 BAMERERHE

HORR R PRt 8 R R 4.,
“RYUIEARNE AR m B S I BRI R S
1T TT 2 18] R R A AR R R AR BRI T A At
TP (emerge )M 22 98 SR VE IR, 2540 5 80 ) %47
Syt B A R GRS M A T
FER) RGEERRYRE, AR T R 5 @R R4
T OMEA YRR, S22 AR Bh h RN ER R FEARE S
E‘& [8‘-"]o

R RGN R RS HE RS
i (DR RGERA KRB G R, DAL



9 3255 2
20094F 4 A

I AHEAR
Sichuan E lectric Pover Technology

Vol 32 No 2
ApE , 2009

NG ELTRA R T — AN CHURE Y R 2%, HL
HREWT S ALRE, AT 0 B A G (2)%
7 FhL 0 1 2 R 1 B R T A e, SR R A
A4 R A SR W25 S 05 B
O(N). SIFRZ Ry B B 5 e e R Bk B0 A
90 25 1) JE R L A B S5 A U 3E 58 A BERL {5 51 B
A PTE R R AE LA B BLLE A RIFSE 3 W 3 73 R A 28
FUA R /IR (3N SR8 T B
52 7RME, SRR AR AR R FAL R B R A
WA A S S AR e R G (T LA B i A
TESEMA T REHR ), B 4 B AR S R & NE S )
TN WO S B BT N R A (4 M A
A2 5 Jebk 5 2 r ) I 2 7 2 )R — ANk
AR B 8 AT 2%, AER ) AR — e R 2k
AR

55 Z ) WA I 23 A PP B O 2 S
12 L T B R LI A B AL R S 2 4 1 R AR e Y
— Ao " RTEG RGBS
TS —ARBOT FRERS A BERl b DURHS 05 ELAY TE R,
X RGHEATES T, ST ELAE RN 53 ) 2
GO A L & R G B AT N T A
WS SRR B A R REIB R R GV IR BT H
FEdE . TR 32 ) 22 4 SRR T Ll R SIS AT
AT 43T R 2 T LA ARG TR N 43 L ) B G Y
SRR N fe e B LB, X R R 3
BEEALBE LA B 8 o R 5 2 B AT v ) R G
FRL S T A L B TRT AL BT Sk 437 EE e e A
Fe Atz e B HLER R 4 SR PR
L2 EBRAYIRMLE R

B 03 2 W24 RS X F U HE 4007 B SE L e
o T AL AR N 5 R e R ) R G T R
FUn FRR R &, (DR R ER B (hE
R 110 kV D) B, bR mMEZE 115 kWL L),
AR R AN S A R L (2)F A
PR TCEE R 1 S BB ST R P A T L R
B KT s (3T A WAL K T 1 FoAL i, AR
F BT A TS RO B E SR AR (4)
SIHFEFTIHEERL, AR R AL (N A
FIZ D ), (MR i oy ) B PR, S RE s W IR
—AEA NAS S K S i TORUTG ] (0 7 B 22 S
B A3E o X AU R (R AT n X LR EE 40 1
wil,

L3 ENESEEMBLENILMHITESH

(1) FAERAAKE LE—MZK T 5T
AR RS diE SO ERGX AT A Y B
FEREARIT AL SR, R ITR Y sORT Y S5 A B B oK
FEME BITT R EZ M S R R IE RS AR K L

1
n(n—1)5

(2) RERH C.MBHRERE CRLTIHEK
B W8T AR — N EESE, M,
BT R RERYTRR N

C, = a /b,

A a MEEB DA W =AEMNEG b A

BRI i =Tl L BRI R

L= d;

c=1X¢

()T RUBERL DY B RO AR E B Y

(4)77 A EL BN 19 A B BOR R 1 B 2%
TR ALY 5 DU R T e R AR 2R Y

(O)EREENEL BL et YN BURAR LR M 2
P A HILYY 55 DA 1 i T S B A 20 ) IR

LA_EZHCERRE VR Bt H ) 55 52 e M 28 (i LA 1
FHRE U ERAES AP MR R MR R T R R
RAMERT R EZOT TN A, BETCHR MAFAER Z 2%
s ABCRAIES KUY 22 AR TR 452 R R et s A1 55
AR - DT 463 725 P 19X ) 2 0 Jeg - TR R A 7Y
*xF ",

2 BHRMEIRAEHR ) RS is

2 1 EiPEER

T 3 T AR ] P A L I A S R g B e
SIRTAT AR I BAR RO AR B OBEE TS R (B
ARSI C 8 S S O £ 1| b e S TR G AN i
5 S ) S A s s i L DO R R AR P ) T T
T an 1996 45 5 [ G 30 L I K452 | 2003 4R ) 35
IR | 20034F py B E S Bk p 2 1,

FHEEW TR T AT % B CASCADE #
TR USSR D) > R I T P B R LR 1

.29



5 S2EAH ZH
20094 4 A

N AHEAR
Sichuan E lectric Pover Technology

Vol 32 No 2
Apr, 2009

f% (H idden Failure fE7 o, FEF 17 VI R AN 2T
WY ManchesterBiZ] A1 T B S MR 1
OPA KR "4 4 i 00 Sfe M40 FRL ) 2R 95 3 il
BEFIRAEH . Hrh. CASCADE#ELR — iR %
BEAY, T B BRI T T — B 0 R R B
T R AR AR B3 DA L I It P R R AT LB T DA 2K
B ) R G 7 R A R e 5 B0 3 0 2 o
M ancheste {87 57 & F L ) R GEAC T A AL, A DI
P AT 7 R 2 R A MIs 17772 AL
W) R G B R R

HATCAETCT) | R R S SR A 4
FECRAIF 75025 FEAT AV ) I Bl B A 6 1 L0
Zim AL A OPA BRAY, B i R %5 18 A 1)
X 22 G0 REM » ST AN 5 UL I e A T SR I R ek
., SRR vp A ] 25 R A FE e IR H R DA M
NGRS 1 28 B R X BEARALEL H 22 18 T RS
2.2 IptFRARE

TEXT B FHF NS AT FE R W auSSFE AT
LO9BAEALH T /M (Small— workd )P 25 B0 1,
W atiS[A] B 56 90E 1 3 [ 75 & H R 2 — A/ A
?ﬁ [301a

NS R O TR A ) B/ NVERAE B AR K BE AN v
R R Fr I X R B 1% 175 6 1) HE I B T B4 1
M. XEHT R RERES N LR
JE FRIE B AR AR TR A TR A B A0 TR T RRAIE %
RN WA P 28 AR R TR RO, /A R 2%
FEEL KA TR BRI TE Y ) 5 BT AL 1 0 38 55 R0 RE 1318
BBl R o T A Y A D) P99 2 RN BRI X 285, Sk [31]
PR TR /DA VAR G R Y e O e 55 Y DAL
RGNS, H SRR T R B F N AT A B bR AR
PR 0] 8T, FEBR R SE AR Tk RE v, 78055
JET L I MERL B B e DA R B P R A L e
S PEVEAG IR Y ] A2 38 PR S T oK AT Y SR A AN B
WA SE

H AT O A 227 10 L X 2 % () AL ERF R0 R 22 )
LR PRURER ZREC R, B 2 BHATVE 0 2R % O AL fifE
WIZE N T — A AUTC ) B 26 3K A BE RE ARSI 1 FR
P g /N FUAREARY L INTTT A2 20 D90 4% 1 /N 5 ) e P sk g
iz FTER Mg,
2 3 SERAVNESSIEIEM

Xt HL 7 2R G e 55 PE 0 A — B S AR R

. 30,

S ELA b, B RGP o L R AR
B, AR A T A RGe AT ahas 704, X Fh
IIMTITERHOBEARAY . T4 R G Hfe 55 6 1L 2] T R4
MIPER ., S b, A S PRSI R M BT A
A N TE AS AR, — B E Tk SR R I g 44
BEF=AEIRZIRY M, SRR [32 1A T b S 3 $h
ZER P AR eSS E . STk [ 33 TR Ak 56 i 9 i
BHOREAT TR, R S A AE R D
TIRRESS T R S EBOCB A Az, STk [34]
IR A NS AR s A L O S R 5 A o S B A 15
ARSI, 45 HH A ORI L RO Y 5 2 717 ) ZE DR IIE R XY
ESE P [ I X e e 4 A 4 3 e B IR 1 1

— HAER HHR ) R SIS T A TG
HE BRI B TR, ITRAMRIER SN 24
EIBAT, BAT BN AR N T A
A BCHEA T OB ZRBR A AR IR . SRR [ 35 Dy P P4l
LR R TR X 2R G HAS 2 A S T A2 R 45 e 55
FERRVE AR T ELAMENGE 55 B AR AR AR AN LR & I 55 L 4R
b, BET 2 H —Phiay vE LB e 55 BEVRAL 71k . 10Tk
A NG SR MRS AR AT A TS W T 45 R R R
FERUMEEIRE . AR ) 4 T o) AR 0 R S
IR EE BRI . AR A A R P Ak
OB A D Eh 2 4x AR S 80 i o s O R T
JRyERAZ B AR AR » ST 19 R A FAILY A A AT
RO BB T s M R B, R PIZRAR AR
ML T BAMENE 55 B Te bR R . X B AMAETE bR AR AT
TIH—EALRE, 152 25 & M 55 FE AR AT

H T 508 TR R A M A 52 2% i ife
SYEREAR 0 FE 0 I 28 B R AN LR BRAE I 28 A £
gl b T B MRS TR S T o R i T W
2R TR, AT SR A A P PR AR
P28 A RAAE S B LSRRI 250 R 0 28 4 T R
I ATAT RS 25 R 2R e SRR Ty e e 55 PR 1) D
R ERTT RN A,
24 ImREHRN

19874F, E[E B rookhaven [E 5 55 56 % {12 50 55
AP T BAHZUEH M (Self ~Organized Criticality)
B R N S AR BN ) R B AT N
HL) RS AR R AL T IR ARSI ZERU N3
B R EBUR Y BRI S, H AR
e PR P M T B2 B SR B R A5 R B R AE
NIRRT NFEM AR TRAZ —,



9 3255 2
20094F 4 A

JIII::Rpa s 3 S
Sichuan E lectric Pover Technology

Vol 32, No 2
ApE , 2009

A ALEFRE T, — N FHEZG R
THEFAZ, BALRIGFAYEME SR AL, s
NARG R TRERARTERRES, T REEAHA
e 2 BER Z AR A EAE L BT AU —
Pobiles S 2 AR S R RS

SCik [37 M i ) R e A RS AL A i R
UDHERIRI ) T S FEEAT 128 BE . B D BT A B 2K
AT HER A R EAVE B VD1, SAfr g I Bl — e AP
SfE N RGN IR ENYDHEREAL I BE
JEVPRLA AW 51 RN SFRY S A — 4 SN
FUIRAS ) B ) RGEAE AT AR SE 3G K A i B o — 2 25
KAEHBAER =B S, EYHEY CHERIT A
5O e B R AR GEAT S B A A S R AR AL Y
J7 . MTRARGM S Hilh A S RSB RTH RS
RZS, Uik [38 W =22 R, i R
HEL O K 452 R IR T 0 B TRNERT T D R R
152 F LR 5 T4 2 Tl ) 0 AR DA R A5 L LA 7
ATH) I3 TP YERFAL SR T RAER LR AT LU B 4R
I FPERBE AN AR A I AT, 458 Hustf AL
BE—2L U T AR X FE ) R R A5 e A T T Y
AIfE. SCHR [39 PdESL 1A T 3SR L % 18 BEU
BERp P A B B R JF A IZ AR e
WIET 10T At TR AL T B AL IR S
AEEe, AT T AEE DL R GE R AR E B R A
RIS, KB AR G DBk SO A A s B B g AR R
P NG

WNSRAENS FIWT ) R ST ATIEAL T IR 5 B LR
A AP AT LR BUE I D3R 12% 2 S L e ha 2 2
7. SR H ETBCA B A 18 bR A1 2R GE R 7 i F
HLD RSl A A A LURTS J T 52 e 26 (s AR
A B EE AR R BT 28 7 45 i MU RAT 452 LA
RERAR, — BHBRE AT, WARFIEL T IRAH
HARTS, HEXFINEREREW I (TR
WA iR, Rl & T &I 250 B 4
PSR . BEA D FIWT B AL FARAS RO 1],
PRI A RO FIWT H R IR A B HLURES, I
FEXFRRAS ™ RGBT 2 B R AT

3 Hie Ry

HARE IR B A 25 JLAR Y A J At A0 1
B A BRI AR fE R 7 RGP i iz

AIBIFSE, (ELAE H I R A T 8B AL T2 28 B BE FER K
RIS RSERPIFA . X BT LA
BRI,

(L)% 7% o 28 BRLIR W 32 F1 S ) P ) 2R 8 Bl
RER SRR RN RRPRESWBEIIER A L
2% 0 2% PRVR B JEERR Y SO R

(2)RERTFEN 7 B ALV 2 5L B o & 2R
— SRR ORI (BB S R GEVERY 7 15
P 28 254k TOIHERS BT ERSEL,

(3 )RR 19 R 2% 4 1) B 4 94 A T 4 o B0 R e
RGP 24k, AR 10 H RTED R A /MR A2
Mz .

(4REE B RGBT, B Z bk 2%
Z (B AR S 54 ALY, IR At

SE

[1] Bt JRS BT S5 3011 <8 14K b F )
AT L R R B A SN [ 0] R A 2003, 27
(10), 8—12.

(2] H{Es. BN Shpire. 200348 [ B 115 i 3 i 8
% [J] BARGATME, 2004, 28(3), 1—5.

[3] Dobson I Carreras B A, Lynch VE etal- Complex sys-
tem s analysis of series of blackouts cascading failure crit-
icality and self— organization [C]// 9thBulk Power Sys-
tem Dynam ics and Control VI Cortina d Ampezzo Tialy
2004. 438 —451

[4] Benjamin A- Carreras David E Newman lan Dobso—n et
al Evidence for self—organized criticality in a tine series
of electric power system blackouts[ J]- IEEE Trans Circuits
and System, 2004, 51(9), 1733 —1740.

[5] Dobson I Carreras B A, Lynch V E etal An iitialmodel
for canplex dynamics in electric power system blackouts
[cy/ Proceedings of 34 th Hawaii Intemational Conference
on System Sciences Maui Hawaii January 2001, 710 —
718

[6] PExd s A Rényi on the evolution of random gmaphs
[J]- Publ Math LnstHumg Acad Sci 1960.

(7] 7 Wi - /L X428 - iR 52 Zp e ) AU AN 2ot 52
W 2% ZRGERBETE [ ] BHE AR, 2004, (2), 912 64.

[8] ®—F, XISHE, THA, BREEN], # ol £ KA
GARVEN R E VBRI [J] RO RGE L H
H a4, 2007, 1(19), 1—7.

(9] MBfE. HARFESRETR [J] 622N
1999, 2(2), 1—7.

[10] SKETH. 572 R 5% 558 AARERA [J] 5 A
R, 2001, 16(4), 25—29.

.. 31,



5 3265 2 m il g A Vol 52 No 2
20094F 4 A Sichuan E lectric Pover Technology Apr > 2009
[11] oAb, G osA, AR5 ME - o 26 i ) A/ R MR A ference System Sciences Maui Hawaii Jan 3 —6, 2001,
teg st [ B &g A sk, 2004, 28(15), 21— 710—718
24. [27] B A Carreras VE Lyneh ML Saehtjen et al M odeling
[12] FR¥gd . XK, EA- S22 MBI AE B ST PR blackout dynamic in Power Transm ission networks with
N5 [ 1] HE 4 77, 2007, 5(35), 1—6. sinPlestruel re 34 thH aw aiiln tema tiona IC on fereneeon
[13] EPsk4E, BROUPL, BAEEE, 5. L0 «8 14” K{5 L 3 System Sciences Maui Hawaii Jan 2001
R A LA B B W B 201 [ J] B R oA, 2003, 27 [28] B A Carreras VE Lyneh IDobson etal Dynamics criti-
(10), 1—5. cality and self~ organization in A mode for blackouts in
[14] XUKZ, EF- NEE A ESH 8 M4 mifEE 1] Power tmnsnission systms 35t Hawaii Intemational
LB A, 2004, 28(8), 15—20, 50. Conference Systems Sciences M aui Hawaii Jan 2002
[15] FEfEA. S BrE X KR L H AN [ 1] R [29] Watts D J Stiogatz SH Collective Dynam ics of “ Small
A, 2008, 27(11), 1—5, 12, world” Networks Nature 1998, 393(4), 440 —442.
[16] B2 . SSmEe & W K I AR 458 e B iy Je RS 7R [30] Watts D J Small worlds— The Dynam ics of Networks Be-
[J] # M A, 2003, 27(9), 3—6. ween Ordered Randanness Princeton (NJ): Pr ess
[17] Dobsonl CarrerasBA; NewmanDE A loading dependent 1998.
model of probabilistic cascading failure Probability in [31] T HH, §FFF. JF /Mt R MR R AL H 99 i 55 P
the Engineering and Infomational Sciences 2005 19 PHEEYE [T B RS H 3hfk, 2006, 30(8), 7—10,
(D, 15—32 40.
[18] Dobsonl BACarreras VLynch et al Complex systems an [32] Reka Albert Istvan A lbert Gray I Nakarado Stmctural
alysis of series of blackouts cascading failure criticality vulnerability of the North American power grid[ J]- Phys
and self~organization Bulk Power System Dynam ic sand Rev E 2004, 69, 025103,
Control Vi, Augus22 —27, 2004, Cortinad AmPezzo It- [33] RekaKinney Paolo Crcitti Reka A lbert et al Modeling
aly cascading failures in the North American power grid[ J]-
[197 Phadeke A G ThompJo. ExPose hidden failures to Prevent Eus Phys J B, 2005 (46), 101—107.
cascading outages IEEE Camputer Application in power [34] T A, 8P R/ A 30 MR A4 TR e IR0 i 55 1
1996. 9(3), 20—23 VEA [ ) o b BL TR 2 4R 2005, 25 (BT ), 118 —
[20] BaeK. James S Thop A stochastic study of hidden fail- 122.
ure n Power systan Protection Decision Support Sys~ [35] foimy MgA= 4, sk 5 . BT 55 22 0 245 B 1) 4 P 4%
tems 1999, (24), 259 =268 FERESS B IEAL 5 iE (1] B R g a sh k. 2008 32
[21] Chen } Thowp JS Dobsonl Cascading dynamic and m iti- (4). 1—5
gation assessment n Power system distuibances via hidden [36] Bak P. Chen K- Self— organized criticality[ J]- Scientific
failire model Interactional Joumal Electrical Power and American 1991, 264 (1), 26 —33.
Energy Systems 2005, 27 (4), 318 —326. [37] Dobson I Carreras B A, Lynch V E etal An initialmodel
[22] Z=HE)R. T, B8 % 5 B AR s for camplex dynamics in electric power system blackouts
PERE A H P I BT R [ 1] BRI AR, 2004, 28 [C] Proceedings of the 34th Hawaii Intemational Confer-
(13); 2731 ence on System Sciences Maui Hawaii 2001 (2), 710—
[23] skfiex sk (R4 5 8 SR R AN AR & A 718
W ri ) G2 A BT AEIRE ) [ ] A B AR AL AR 244l 2004, 24 [38] ®H—%K L& THEAR BHhRGRERN A AR
(7). 1-6 RIL [J] wREA. 2005 29(15), 15
[24] RiosM A, Kirsehen DS Jayaweera D, et al Value of se- [39] SR MG Has HESRERRELAN RS
curity; modeling tine dependent Phenamena and weather B H AL AR [J] 0 E L TR 54, 2007, 27
conditions IEEE Trans Power Systems 2002 17 (3), (25), 1—5
543 —548 EEEN.
[25] Kirsehen D S Jayaweera D, Nedie D P, et al A Probabi- H ZE (198, 5 . MEHTEHLHEAANLE
listic indicator of system stress IEEE Trans Power Sys- BREZRLERLNRGFPEA,
fems 2004, 19(3)), 1650 —1657. X Rgk (1962—), 4, M F K. HLFTO AL ZA%D
[26] Dobsonl Carreras B A Lynch V E etal An initialmodel MitEER R . SRLAK® FAEANNL,

for canplex dynam ics in Electric Power system blackouts

Proceedings of the 34 th Annual Hawaii Antinational Con-

o 32

YeFE B H. 2008 —12—15)



