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Summary

Rock nonlinear dynamics is becoming a new branch of rock mechanics and engineering, it is necessary to pay
more attention to open out the nonlinear mechanism of rock failure and to establish some effective research meth-
ods. This book is the summings — up of authors’ recent ten years researching jobs on rock nonlinear dynamics, it is
composed of nine chapters. The research status quo and prospect for rock nonlinear dynamics as well as complexity
of rock mechanics are introduced in chapter 1 and chapter 2. Chaotic features in rock nonlinear dynamics system
and describing methods are introduced in chapter 3. Fractal characteristics of rock fissure distribution as well as
correlative fractal dimension predicating method for rock dynamical behavior based on the time series are intro-
duced in chapter 4. Catastrophe describing methods for rock mechanics are brought forward in chapter 5. Self - or-
ganization behaviors and critical phenomena are discussed in chapter 6. The rationale and arithmetic of physical
cellular automaton i. e. PCA, the simulation achievements for inhomogeneous rock failure evolution, rheological
features as well as gas seepage are introduced in chapter 7. The achievements for applying nonlinear neural network
into rock mechanics are presented in chapter 8. A new kind of back analysis method based on inherit arithmetic for
identifying parameters of rock mechanics is put up in chapter 9.

This book can be referred by the scientists, technicians, teachers and students in college majoring in mining
engineering, mechanical engineering, hydroelectric engineering, metallurgical engineering, traffic, civil engi-
neering, etc. It can also be used for the graduate students’ teaching material.



on

PV
AY

, EEREARFONFY, TR EEZNEROMBZ —0 KNAKR LV, &

TRASHTHRERAE. WARMREW AR, ANEH LU, Z2X0CTFHHR
BEEMERWHEES, 2RI ARNGELES, FHTEK, RAREN
AEml, REBEMELME, FAHAZEENELYE, RAIZEFREZNX
EWER. W AKRETEEWMERERIE, REFRXEEFLESN I ¥E
MR, XM EANIXRENMERE, AFERARE, 2H. BLAR, &®
RBANIHEWEFREUT I FT ik, HRERNEF N ¥,

AHFHHIE, £1,2,4,5,6,7, SEREZRHET, F3 FTh
EHERE, FIOFHRAMES, X F1EN40, Al En /¥4
RIARFBEERTNG; Z2FRNEFNNFER . BARE ., BATHR 7 %
PMBEITEOANTERTTHAE, ARAERRTEFREFT HFFAE R
TXH; B3IFERERNANFREANBARERAER T EHAANGE; #4 %
ERANBTEZERBOF AN RERETHEFIINXRKIETREE H %
WAFATHN T s BSENBTERAFTRNREERT &, $6ENGFT
EENFFAARTHREGERAL: BT ENET 508N E AE DL 4y 2
THEHPPCAERLWEE, FEREHAREERAEN. REEF T A&
K BRENBTETAIHENEERUSD I FREARE L A FELMEAT
AT BROBNBTREREFREURBEEFNEFSRW T %, AHE—
EY, REAMMWEREEF N FIRPH LA, E/EHEAEFAN 4
WRATREZ THRE, BEERFALE R, WERHEM,

B#E. BE&E. Bifh. REN., TR, BEX, GHEEZSEMT K
BRI 2ENF LR IREFHBREAELGH., KEN., AHEFERE
EAFEERIRTH T TAARY; BANFLEHHHXARREN A
FislA, ERAFREGLBRRAGHMEALEEHNTN; BEXRER/BNERLLT
B (50804005, 50674063) FrE R ERA¥HEALF EFE (50534080) . # &
WO LRERGEHNELELRE” £4, WAL “FL¥EH BRIES
REFRLUREEAMELES WA BEAFTRUNK, Zh—FETEOR
#o

AHRBRNRAL T SERFRIENRE, RNELZFARIHELR



fRix, BAKH, HA - LFAAFE - SHEHEMRLAR, BhBEHLERL
“EEELMFNFML ERAFWHREGLE “RAETE" WER,
SIREBEAFREATHRE, A LA TURE, WEHFHRNIEF
HELSTRNERENEXRHTHR,

® %%
2007 £ EFH# &



T LT P PP 1
1.1 %E}]”—?—Azﬂ‘%%,"ﬁ%{%% .................................................................. 1
1.2 BGAERMFD HF R oo 2
1.3 Z2LGIEEEMIAHFRHIRIETE v 5
X G G 5

EANFRE T oo 8
2.1 BBATEHETREG E P e e 8
2.2 BGR HIHEEE Je e 42
2.3 BARAFERMAER GG E P 49
2.4 BAENFRAATE E b 58
o 2 G G 59

EANERBIER - 63
301 B E ARG i 63
3.2 WA 2 B E At AR PRI e 78
3.3 F I B AR AR e s 97
I - = 0 ) - 2 113
BRI R ve e e e e 117

EARADERBIGTEEEFUE oot e 120
O -4 i S L L T 120
4.2 TR R A B B S ceer e 120
4.3 FRREBEBBHEBGAEHEB DI evrrriiiii e 126
4.4 BoB e BE 5 ToaEAE 133
4.5 BRI 5B BT E A TR HL ccereerrereritae s 138
4.6 X%@'Tﬁ*&kféjézh\%%ﬁ ............................................................ 153
4.7 BRFTERBSFESTHAER 157
7EIE 1 B. B. Mandelbort A T -orveerreentiiiiiiiiiiiiiiiiiiiiiii i 161
VEIE 2 Fractal — 38 By R 7 coreerrermetniii e 162
FEIE3 QT R EEF IR oot 162

FEIE A DTHIE SR S everrreenrenerrrti e e e e e e e ee e e e e e e e aeeaee e e areraaan 164



8

T F SRR GRIE AR cooeeeeeeeererrern e e 168
5.1 A ATE I eeeveeeeseneee i nre e e 168
5.2 BAMSEEAEE KA TR REAA o 174
5.3 ABEE B ERETEAER e 178
5.4 BEAEEABG DM coeereerrnieere et 182
5.5 FEMRBS - AERETEFRAAER oo 188
R SR v ee oo ere e e 193

BT FPEE B LR veerveeee ettt 195
6.1 BABAKRS LB EIEHE oo 195
6.2 BARE G B ALLIPE e 199
6.3 RERE EARBIRIFACE B ZLLUE wovverrrreersreeninr et 217
6.4 BT A FUHBBINT «oorervrrrrrmrmmn 234
BR AL FCRR - veeee e n e 252

IR R IE TR EBIHL(PCA ) BB - oerrrrer e 255
7.1 S B FHAUEEKRKIEM ceoerrerrrer e 255
7.2 B LaRIRIEALE PCA B ARAEAD covei e 265
7.3 ULAEH R LA IRIRALES PCA BERL eeevrrrerrne et 272
7.4 AR B IIEACE B L E RN PCA AL o oevvreeeeremeeemminesssniaiiens 280
7.5 EBATATHE PCA BEEL -oovvrre e 287
7.6 AFHEAEEEAWEDIIFLNFHEA 204
7.7 BRMEAR P R ATIEAS PG LB AL A AR -oeeerereenere 296
7.8 A FPCAEZMAEREGEMT oo 303
BRAL SCRR + v e ree e e et et 307

B R AR ST T ooereererrrreer e 310
8.1 AVZMBEGAEBIPEAEIE overerrrrn 310
8.2 ZEAMXANZAORIHATZMBRBEEARR oo 313
8.3 BB TELATHAMBMBAEA oo 318
8.4 AEu)E AE BFHE FF) D RAP B A TRMAER  coovreerii 321
8.5 BEHEIFOVERBEESHAR v 324
8.6 ABAATMERNGAMBEMEBIRF] F ik oorerrrrrrrmra 328
8.7 AIEWE A HA LAV B T LBAR R T i weerreereereseinnieii 331
8.8 EBMATRTLAA B MBI I F ik roerrrrrerrerr 336

BRI TR e PRI 339



9 BEEEEEBHBEREIRIT - vrerererrrerrrs s 342

9.1
9.2
9.3

TEAE FLSEMEIR covvrnerernneserer et 342
E T CABIEL AFRIBIE corveeererrrrmrssreictie 353
BT RAE R PG AR B R T e 362
BrES LEANEAELERBOI e 369



1 4 g

1.1 BB FMREHEZLS

FOIERERA LTI BRX RMERZM T R BERKIN S #ERZ— H
M BRI AR RS A O I RREEIRS ), MR N RS 86 J1#05R
M1, FANGEEWRER NS TREMRBH NI . 20 ERMIE
BRI YBEINE T AENET T8, B—Uaa TR ST E
ftl, AIRREIBIHE R, SRKIUTESEA¥ERE S, BAEYRYE. SRRk, &
AVERAEGEFRE, FI, A0 0% R TS REERRNER . BA %R
A AEEABRYEN TRREPRIE | REMBIRR R EML, Ba ¥
REAFER S BREFER, BN TERMAPICRY . Gl Ki, AW, TRE,
R, EPF TREAGRMEESEE + TRIUR. BERZEARNHES, 21 s a %
R TS, BARMNNREHBRA R BEARREE R Z 20, KIEE ik R 50
R FE RS, BN R LR H R IR, BRI IR T R A A8 E e fdE Lk
o BANETHBERBMRE R T AN E#BMFRES . M5HE %6
ROEBRESN:

(1) maREABT, &0 FR BB /NR BRI R 08 KRB SR
o, AT TSR . KRB H T Bt i TR U RFRA R WE R A, 1% biy—
A RT RO A R R BE RN 2 RUBE IR, RIS T 3B S b e T M 22 ROBERRE R R HAR
FELR kS PRI R X T E T ST SR 4 T R Rk O

(2) IRENFEAEEEAFEREAREBRHR. SEAAE EHEAER. <. ®
SR, WHAMRR WA S EFE AR, JEXREE SRS, M
AL, FrSE . PR, RN . E R E BN, B
REPR . TR RE RGN H BN S BR 5 R B BRI AL, R
I K R R AR S A EIR AR R R BRI . RN, WA 1B Ak
WA AR AR E, By RS, RBRIEEEAEIE. EYOEEIE, Brk
HAWHEER S RA IR, RARGFETES R E . WHE S # R R
%

(3) BILBMENGWI, EAANFRBERER, B W, B, k25 tEn
HAHEEHSBEHARFRAPIRMER, SfF%REERT YR, KM =MEEE
A, Bafl (R) BMZILARRMMER AR B WK E R, BRBARN RN -

1



ARMASEE 8, BSEERN S - R () BRMBESN, EERPRN -#-K
(B EWBhRACETERE TR G /TS . FNBEABNESEmEFTERALKT,

(4) InsEAKAESFATRN S BRI R & A I RS RF M 52 1 4
K E AL S S R TM KR E, MR, ERILE. B, BREak, X
MY ILKRARSEAET . B RRBIR R MR RG50S ot B2 B R E R
W5 R,

(5) fnsga a1 RATEIE . KRBT A A A TR P KRG T 20 tHha 70 448,
FERDPRSERERATA . 7E/NEBEIE S, BEmE S T3 H/NE] 8%
T, BEFSURREELACR AR, RREA S BTN o

(6) NMSBRIBEAMHBITL. KYPPLIK, HABFEANFENEROETERFZ 5L
CERGWE"T . IRARFROERNRSHRE, RYE AL 2R R 5
WEMERFSHARGHE, BURILKEMTIGE, NN . YHEFBR H%s
BB LB AP A EhRIEE R, REBENN,

(7) EEME . B, KEMBHRESIEAR % PR, TR UERBEL.,
Rt ifa a6 TRARSBRE 2 AR . AA KRBT TR R FRRE ., 26
RKAFREIERM TR FRBE, UEER— 55N E G 155X,

1.2 2niEusbh$FRH4

L2.1 BURBMNFHEREHDNEERER

KRR, A7ELRERRAEM FMR TIF RS H RTINS, maepiRa).
A RS, it THRNRELE, HE, RN E BRI TR RAEAR -2
LR, EREREMZNERIEN 8, KUELELESENERRGRIER, 20
42 60 FERLUE, ERMAENEBUTNERERBAWIER, CBETAAREEW®R
B, AARZH 20 tHERSET ¥, SR RRISHESRES.,

20 fh42 60 FEAR, WRIFES M A AL SFEBZ M . Haken BPHFE™ . Thom M%
AP . Mandlebort*! {4} FE JL AT BRIE AR SR HE A, L H R 7E 1963 4, TESK Q%R
Lorenz'* FEA M R FMALAINT , BHSSAARMMEER, HERTIRL. AKLUS, B
TR : 1971 4 Ruelle M) Takens'”’ 32 Hi 2 X W 5| F ( Strange Attractor) [ 4 i,
1975 4 Li 1 York FFIA$R HIRMIZ 1T ; 1976 4F May " BF5T T — 4B 5, 7eix A5t
it - Feigenbaum'"' F 1978 4E % 8 T 5 4> 20 8 MR MBI N 8 28, MBI AT RAL
A, XE-EREH, BAERME N, 76X e S8 TS E Amold!
Smale!'! | Melnjkov!"! | Kolmogorov! ' | Moser! 3 e 22 {H BB, 20 40 80 4E4X LU
1T, AMIXHEMERBFE EEEFEH BHLLH (40 Lorenz R 45, Logistic &4, 2838 iy
Brusselor R4t) YL (0 Duffing #R3h . M/KKIWIRBIRE) |, THERYE A
¥ TRFERNSESMETEE,

FERE, MHAKBL" SREX D B, FREE| T2 0% R 1T RGH5.
2



ﬂ%ﬁ\WMM%WMETQ%H%@ﬁﬁﬁ&%H%ﬁmﬁK;ﬁﬁ%\ﬂﬁﬁmﬁ
KA BT R R AT TR RBE™ (1990) FEEIIELESN¥RMAR, 3
B EHE RS A FER T AR B FES] = B + k& JE . Grassberger 2020
(HM)%mTMH@N@?W*%W%%&%?%&%%%ﬁ%bthmwm
(1987) BFFE T LA B g ik i ] e 3 ) A, X FEIR M S oy A mEME L.

VK, ERANEEEEERSE Y, Ayt wEP VS, FRTEAR
BIES MRS, BUS T A B RE, E18 3R, Stephen Wolfram"™! 4 t i) 41
A S HLTE HEE B A i 2 A AR T E FF RS BIN A, 40 Bak F Tang™’ | Tto
0 Matsuzaki'™’ | S S MM ASHNERHRA THEBESBHAAKRREAR, ¥8
2 s 1 2H G AR A5 B TR A HEIR A AT e . IE4R Per Bak, Kan Chen'™ F i i B9R
BE, KREME/ERZS B RMEE GRS, EXFHRET, MEHEBEIECR
KM, X1 Haken BIHHEIS . Prigogine ) L BARE S B EARR, (ARFFRM H R
%oﬁﬁméﬂ,Eﬁﬁ%%ﬁ%ﬁ%ﬁi%ﬁﬁ%&%&ﬂo

W 2M4F5 4, Haken FHHREIEH TRARGEZBMIMERE XHEREH ERXRTFEAH
MAFENL, BERKDFRENEENRRES,

SR Y H 6 Mandlebort!"® @Il 37 i A JLAT IS FE AR R RV R =4 T E K#¥
M, HEEEXZ —ETHRERMHER LR BN ITEREE RFREHNE
BIEhR.

%} F 3 & 1) Logistic BLTH

X,y =K, ~p, (1-1)
W=3.57 ~4 B, BIRMEK, HFENEEFELEFFHE OMaMEUSEH, X
FRMA S BAME LA R A AR (CEREMM AL Z2—, ERNWK, Bl
WA EREE T —&, UOBEESRE TREERER, EMUATHRRS
WASME, i A TFRERNE (FMSREREX N ERIMIES), Packara™! (1980) ##
H T ) RS B H 1 TR B | F AR ZS M R T e, Takens'™) (1981) it AR, R
B R E ML R AESUE R, BT LAZIR D, ZEIBMKSFo XIRET e %5 Fr
AMBUERAE, R BRI T R R R RTIR S A A SR TS | FRRE

MHRE, BHHSEELEFRRNPOIREZ—, SZHEYXERONESF T
A% AR . HASMFERSEN . R, BEVEER S R, EMETE LA
N (WEEES) . o84, AgHEE (FBRR3IFIE), ASRERE
LWEEMTT, AR, BT, G A SIPLEEE TR, A X SE I a fE] 5 g
T8 E X EA T (BB Lyapunov 1550, 754, 5 EM%) KRB/ 2#E R ik
%,

PUR M F OB ARSR PE Bh  FR BON A RN Z —, SEREZ BRI
XE. BA (k) APIGTIREN “RiiiieS5HME. EFA¥F R0 HE=KEK
" MISCE, 1990 £ 5 A#EFEE Los Alamos BIF T HAEEE LWIEL MR # KK 10 4F
BHEERFARITIES, A 1983 F 11 AFENZEESBF “HX., REMBH A% %

3



RELHALUN, REXMIELUEROTIZRITMNARIL, AIXHEMSIEL M AR M
IWIRH#BEZ], BRFEHEE: E— D RBRNRMREEE A BRNEFFER, FFURE
RIEBFEK—E, REMHALEWHNAE T, BREA &7, E—RALBEET.
BPRRER, AkARIKEH, XEAF; BXASHE “% 1, BEF. BT
HEH R IR M

1.2.2 AREZMNNERRER

FEEL . R/ R BRSBTS, RS HRAER, HEENA
BlA AR BRAOHR LK, BT AR ENREER,

BRI . BREA 7 A7 W O AR S HEAT G0 3T 7 AT 400, BB T %
AR DA B R R SR SRR A BT Y fractal 48780 R US04 WU AMTAERY, H5R 7 S0 1AL
B 32 B F S AL BR A AR AE o (BB IRAME BB 9T LR B e A A A R G M 1
SR b, MRS (1994) REIHED TRIE Shid B b &5 E ST T i
0 WA, FIKEY (1995) XMTBHRZESN SRR RS, TR T MR St 74
TR BB AR T, AT T AT ARORIE . S5 MATREY:, JERi
THBIR TR TS, BT ENERE | SRR IR ) TR e T T B —
¥,

Huang Fl Turcotte'*"? (1990) 8 HFFid 28 MR FR BB HAEHY | % 51 T 4250 fy R vl
G, HEFET (1994) FESA AR (A RIS B 2 e B e P 8, %t T
— BN AR E SRS A —E W EIE ML HE L, EEE%L) (1997) 3 9RAE
Ttz shid 7 b e R G ] 51 Lyapunov 38347 HE TR, TMGEEI25 T A
WiEsh . #ERBLEE SRS, BNE N TS AR S RS I B
FHLH, BAEER L. FOEESDY (2000) R A4 AR M 4 0 4000 25T 78
EEREORAH 47 SR AR AT — S RIS, EESS (2000) S0 EBAEE
WA RIR M R AR R IS AT T HF5T. R ZE0Y (2000) Xitdktds s s
BRI SN J1 2 7 AT T 9, FE%H 80048 B B S AL HEAT TR, By T HUR R,
ZIUE (2000) MREEH ST MRHEELIER IS SRR, RIS A S R R
MSSMRFRE R MERGEAA LN, MR ESRRENNS, HEmRE e
IS O . RYETRZEY (2001) RBIEMSETN, BFST T s HUE & A 1Y
TRIEHE, SR T 7 — G A B R RSB8P TR TR b o b R R A O vk, 8EIED) (2001)
XK B TR B L R A TR A R R BEHEAT T4, TR (2002) S$7&JE
KEFREZERER BRI B P AR, BKE (BEY) S0 EBHRNMT, #iT
Lyapunov f ¥ 8 I, Fxt HIBMMES AT THIST, SEOSMPEDN . BRI
B2 RA MRS, 550, BEERE BEIARN Lyapunov 185 L 2 55 B 3047
K1BZ, RUMBEWER R Z ARSI BN E A RIS TS, X140
S (2003) ARYEMBEA RSO AR SR e B, R IR M R SO e, 2y
T R R M AR R, AT N M S B SR T — R B O W0 7 vk, 9 it A
(2005) THETMARATEAT H RILE AR EWMT B AR L, 34 H TRA Lya-
4



punov $EETE RN B TR, A I T A WAL T AR 3R St BT A R M B AR
PRI, BoL T AR LA LI A A TR I O

1.3 2GEEBRFHFHATER

B AEAERERE, AEAIESEIEBEL T LT A Br R

(1) FEAFIFSE BRI R, A 40 WS 1 R 38 i 8 B % LR B 45 1 B AL,
e A BB A ROBEME RV, IR REEA A 1 B 2

(2) WA B HLUGFRE L2270, BRHEM T B HAEAIEPHE
FRGFAL AR B, X T A RRIR M ZER R LA A T EE R X,

(3) MARGHMEGHAERT S, BF5ERE BT R 52 B A B Kz
s B PIRIEARE . MR ER, JYRLANRMEAREER, ERaRRERRELmES
Pl SEBRIE RN Koz shAE Ak 3 1 2447 it AT i E B M A

(4) JFREXH&IE AR Kz s AR Stk 3 1 2217 O B R B M R B ROBERIR 5T, O
BT AT e B IR A A Saa shil A id R AR B R KR BB AN, Al
PRABIR B iz B AR St 3h ) 2 I B AR &L

(5) MREERMEME, MiianBRELNYEIUR B3Il (PCA) Jik, Ak
N SR B Y v iR Y B

(6) Barathk. SR NESE . SR R HHAE

(7) FESFI MM MAER S =M, BATE A ¥R SHES,

2 % X W

(1] 2R . AN 5TIRAOFHEL (C]/PEAAN¥E5TIE%2SF LRFAKRSHRIE . i
Pl R HiRet, 2002; 1-3.
(2] ZERIL. AR RR I R R R (V] . A 5TR%IR, 1993, 12 (3): 286 -289.
(3] HFFma. EPERENEHA [M] . BREE, FF. Ju. FFhmit, 1986.
(4] EFmEER. BREZME [M] . BUE#8: WINEF L, 1986.
[5] Haken H. Advanced synergetics [ M] . Springer Verlag, Berjin'Hejdelberg, New York, 1983.
[6] Lorenz E N. Deterministic no periodic flow [J] .J Atoms Sci, 1963, 20: 130 -192.
[7] Ruelle D. Takens F. On the nature of turbulence [J] . Commun. Math. Phys. 1971, 20. 167 - 192.
(8] LiTY, York J A. Period three implies chaos [J] . Am Math Monthly, 1975.
[9] May R M. Simple Mathematical models with very complicated dynamics [J] . Nature, 1976, 261; 459 -
467.
[10] Feigenbaum M J. Quantitative universality for a class of non - linear transformations [ J] .J Stat
Phys. 1978, 19. 25 -52.
[11] Amold V I, Smale I. Mappings of the circumferences onto itself [J] . Amer Math Soc Transl, 1965, 2
(46): 213 —284.
[12] Smale S. Different morphisms with many period points [ M] .S S Caims: Princeton University
5



(13]
(14]
(15]
[16]
[17]
(18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
(28]
[29]
[30]
[31]
[32]
[33]
[34]
(35]
[36]

[37]

[38]
[39]

Press. 1963.

Melnjkov V K. On the stability of the center for time periodic perturbations [J] . Trans. Moscow Math. Soc,
1963, 12, 1-57.

Kolmogorov A N. Periodic movements with small change in the Hamilton function [J] . Akad Navk SSSR
Doklady, 1954.

Moser J. Stable and random motions in dynamical systems [J] . Princeton University Press, 1973.
Mandlebort B B . The fractal geometry of nature [J] . San Francisco, 1983.

RAEAR. o2, B, FRESIT. WREAHM [J] . WEEERE, 1983, 3 (5): 25-32.
IRERE, MK, RSB0 [T . WEEHRE, 1990, 10 (2). 316

M, MRk NIRKBMEERBEOZST [J] . PEBZE, 1987, 17 (6): 669.

REE . XTERBEFFIS [J] . ¥ 5%8., 1989, 4 (1): 22-27.

REE . IRMERF MR T R L AE B AR S BB O RL A . o E R 2 B BRI AR B 4R,
1993 198 -194.

Farmer ] D. Predicating a chaotic time series [J] . Phy Rev Lett, 1987, 59 (8). 845.

MRl . GRS B F S AT RERARAE [J] . JUE RS2, 1991, 27 (3): 358 -364.
MARL . KIBURAAEZS BB PAFS IR (] . BAHSRER, 1991, 14 (4): 440 - 446.
Fracdrich K. Estimating weather and climate predictability on tractor [J] .J Atoms Sci, 1989, 44. 7.
Grassberger P, Procaccia I. Dimensions and entropies of strange attractor from a fluctuating dynamics ap-
proach [J] . Phys Rev D, 1984, 13 (341) .

XA . HERRGAEAANRIERS (] [J] . shBRYEAHR, 1990, 33 (2): 144 -153.

Per Bak, Kan Chen. H#IAHIEFORA [J] . Bl2¥E, 1991 (5). 8 -16.

THOC, T, RIGHE . RREFHEE SN2 BRFE (J] . @M, 1989, 11 (3).
251 -258.

FHOC, B, dhikE, % KREZEIBRPOEMMEE [J] . hE¥IR, 1992, 14 (4):
393 -399.

HEXE, REA, TilE, 5. RENEEMAESEEBBIERPOEL (1] . #7578, 1992,
1 (4). 7-10.

¥, #iEA, 2T RESEI N7 A BREREHTE [J] . mERYE¥H|, 199, 33
(6): 647 —-656.

Stephen Wolfram. Statistical mechanics of cellular automata [J] . Rev. of Modern phys, 1983, 55 (3);
601 - 643.

Bak P, Tang C. Earthquakes as a self — organized critical phenomenon [J] .J G R, 1994 (BIl):. 635 -
637.

Ito K, Matsuzaki M. Earthquakes as self — organized critical phenomenon [J] .J G R, 1995(5) ;6853 —
6860.

oE, XA . RAWSFHUENAM KR ONE SR A PSR (1] . pEBRYEY S
«H. dbst. HEHARAE, 1992.

BN, % RAKEARNYAASARS . MEESENA [M] . 4. PEEH A% R,
1993.

Packara N H. Geometry from a time series [J] . Phys Rev Lett, 1980, 45 712.

Takens F. Detecting strange attractor in turbulence [J] . Lecture Notes in Math, 1983, 23. 151 - 157.



[40] 4. B SEMESEREY PO A SH . PBERRNE (M] . S8 hERRRE

HARAt, 1993

[41] BaFak, BRE. ARAGHICHIENRSFRISE [J] . HRFMR, 1993, 15 (4). 463 -
470.

[42] BEESR, BV . EABAEIBARRLAKEHEA [J] . AANESTREER, 1990, 9 (2):
100 - 107.

(43] BEZ . SAERIERPRRE (M] . JEa: BRTI SR, 1993.

[44] Chunan Tang, John A, Hudson, et - al. Rock failure instability and related aspects of earthquake mechan-
ics [M] . China Coal Industry Publishing House, 1993.

[45]) WHAIE, BREL. A (fractal) JUASHAKR [J] . J1f#R . 1998, 20 (3): 264 -271.

[46] WHRITE, BREL . HARMBRGN AU LA LR [J] . 1324, 1989, 12 (5):
613 -619.

[47) BAF . BEN¥FPNSTE [M] . #2: balkema Hifftkt, 1993.

(48] WEZE, FAZE. BT THRESSERFAZHIIS [J] . RILREER, 1994 (S) .

(49] EZE, FWE. B9 TREEMETRMIE [J] . FEEZEREHARER, 1995, 25 (32):
121 - 125.

[50] EREE, kK. S5 TREESEBRATHE (J] . AR¥5TR¥MR, 1996, 15(1):90 -
95

[51] HuangJ, Turcotte D L. Are earthquake and example of deterministic chaos? Geophys Res Lett, 1990, 17
(3): 223 -226.

(52] HE, %F. JAAEREEHITE Lyapunov FE [J] . KITHHFREBER, 1994, 11 (2): 49 -
66.

(53] EEE, K. WSSt REESN (1] . 5ES STHREH, 1997, 4 (3): 227 -
229.

[54] Ftak, B0, %. SGANERSEN X SRMFE (J] - BRREER (BRBE¥R),
2000, 23 (2): 56 -59.

[55] . RS E S RNEMEREKETNBBHE [J] . AAN%¥ 5 TRZ¥M, 2000, 19
(6). 813.

[56] Z=@gk, EX. HWABEESHMENRMIEERR [J] . BRFER, 2000, 25 (&) -
107 -111.

[57] 2ZWHE. AEARNREHASREIE [J] . BAaNEESTESER, 2000, 19 (4): 486 -492.

(58] HRUEWR, W—1L, % . shiURROIRIEAEB RBIIHR [J] . BR¥EMR, 2001, 26 (1): 26 -
30. -

[59] #hdE. B 3HEAKBHAREXHBATUERMERE (1] . HRFEHR, 2001, 26 (5): 520 -524.

[60] E#E, K8, %. KA ZEERR LR RMESH Lyapunoy FEHABR [J] . AL TR

248 2002, 24 (3): 356 -359. .
[61] X4, Fk, % . BEFMMIELERMER [J] . AA 0¥ 5TE¥E, 2003, 22 (3):
434 -437.

[62] #kby, Y FE, WA . WHAREEMRERM A E (J] . AANIF5TR¥R, 2005, 24
(16) : 2934 —2940.
[63) MERE. HEEEANFHER [J] . FERERBET, 2002, 6 (4): 256 -259.



2 BT

2.1 BEBENTREREE M

2.1.1 SRMEKAEBRERK

1. AARENX

BRER KA AT TIT & X HAR—MSJLRM A0 W — & F R4 TR
TYHRAEEGE, B0 REMREEE —E W B, 250 % i 5 VE R T R B IR 58 =
Y, ERMBMEMMENEEY R, MTA0EE O ENHEE ., TLBE . HEm
FWZYWEMER (FR2-1), HEA R0 YR, HEFRILRMEYE, AEER
BEH—FBULFT YR RE M B REHR . BT, HOREMME—FEIRMFREN F
R, HHARSEERAKER,

2. AAMERRHE A TR

1) &¥4E

AHRERAKCETIEBNEA, BREFEKSRBERT WITHR, RERHS
MEZAATLR, WRAKENTRTERE. B 8. 5. 1. &, 8%, Hb -84
HEEKAETRLHIRK, EEMARNER AT E 5% ~78%, EEKEH, 84k
RGP NMRME LY, R, BE. SERRON MRS, B, BEROIRER S, —RTE, B
“HEMHESRRT 5% WEK AR IS, NERE, WYE; B_EhESEN
52% ~65% HIERERRATHSE, MEINE. NKO%; B _EhESE/NT 52% 1
KEWRNWIES, WEXRE. BKA%,

EFEBTE RS RRRR R K BT AR, BI TR VR0 A R M R M b o A 4 B
WAER . MREKERTIES), BEELSITUBRBAL; WMRAR b ALTES L 5|
HREAVEEEL, WL W A,

2) UiE

TIBAERHAEE CE¥E. BRAEMBMERNITHE) EHELRL., #oh, &
iz, JURABESSERMIE AR . LR, RAVHFLTRE, TIRENEEYRRS N
BRI A ES Y o SR ATE & R RITR A KN 25 T8 B 5™, BG4 DL B 4 A 4
B, ®EE . BRBREREY. —BWs, BE. SRRENTTFARERL, BRELERIT
BamBEE/N. 7H5h, mTFRVIBFENEN, FIRESEA RN, XA
HA R 7 1 R AR B

REEFKASETHREERN 5% 22, BHERESHE HEIRE, T
8



MU % T ARERK 75% (FHBEE 2km) FJLF2FHEERE (FHEE 2km),
B THRANTARS B S R ANRAE IBRAERBKNAR, HmENTMEH EZHS
ERBER., RS, ARELHRBRLEH, TETEBAN ST Y B R w M,
BB TSR MBI E TR, MHSESE, BREFEREN, HHE
HRKHILER, FEEAEBREH, TRENHERE, [E5 BT YRR/ F
FE, TR NS . TUERARE" =2,

£2-1 ERLERHLEHEHRK

by g3l W/ (grem?) FLBREE/ % HiFE 3R/ MPa HUHLR B/ MPa

i b 2.6~2.7 1 200 ~300

HEH RS2 2.7~2.9 0.5 230 ~270 47
RRH 2.7~2.8 1 150 ~200
W A 2.1~2.5 5~30 35 ~ 100

AR i 1.9~2.4 7~25 35~170 1~2
ARE 2.2~2.4 2~20 15 ~ 140
Koz 2.5~2.8 0.5~2 70 ~200

B A %A 2.5~2.6 1-~2 100 ~270 4~7
WA 2.6~2.8 0.5~5 100 ~200

B8 B BRI B A /N BB R 1/16 ~2mm, X SRR K Lok 1B T RALZ4EF
KB aWE, 8B RBETELHEENDARLY, EFETYEAE., KAaMH
KA, ERREREYD, a5 50%, K2 -1 R,

BH2-1 AAEARLEE

HAERHERKNARE 1/16mm WABRER, TAUHLIT O RERESTY, B
BREAZERNAE., KASTY, XEFRHAY, BEEE. TAEIBEEET, &
5 25% :

AREUITBAMAZ A EEEATY, EHUTIBUE R 20% £ A,

3) BRUA

BRARERE ., RERZEREFASIANAAETPZIER . FE&
ES R R ARV E . EET YRS St AR REET i

9




