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1 U ®IC
ROWA HRERRE ER B,

T = f(x) + e(b(z)n(t) + c(x)), =z e&R" (1)

SIT 0<e<ITHY, f,bc:R" > RYUICN#& (N >2) T, f(0),5(0),c(0) = 0%
2Db(0) =0 W TEDETB. iz, n(t) IZTIME0, HEHHBEEE R - RODA
N7 —EH Gauss BfEL 45

Eln®)] =0, Ent)n(t+ 1)) =r(r)

IHIT, (1) IZEGED D, (—o0,00) LTHNENTETHY, BEHEARI N LE BT
LOLTE. ZDLE, HILDEHE[3, 10]1&D), nt) RTVIT—RETHY, EBOH
RIBEH 6: R - RIZHL T

Jim 7 [ e(a(0)dt = Blon(0)] s

2729, TDE5IZ, RN IIREEHE R
z = f(z) (2)

PRRAZEEE R BAERT. /4, —BMEE> >z nlLIz r0)=1&0L, 3
HER 2) KBVWTEM z = 0 X WEHEBNT, ML ~HREZ) =y 7 BEr 5425
N 9%. HOHHBEEE (7)) IZNL T, n(t) HER 1 T Holder Bz 25 L5 7%, 1=0
KEITERM2ILILRETS (B2 2REL).

n(t) VREERZ BEBDOBE, R (1) OBDOAERIINL TIIEEIZEL OMENE X H
TWd. KT, Melnikov M7k [11] & MHEH D KIRHL BEIEASS I 2 M S HEEX

*AWSLIS IR (FREE 5121540124, 22540180, 25400168) DBIEE 213 -E DTH B .
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xh(t)

1: IR%E (A4)

Hh, AAABRELNARL NTWS. FRNZISESIINL TIETH (4, 11, 13], ¥EFAHKZ
AT RL TIESTHR [16, 17], —ARA0R FERRARZIBAIC L TIEXHR (8, 15] 2 SRRE L.
&4 DBAIZB VT, Melnikov BEH 5 WV IIMDL RIS BEALHETHILIZE-
T, DAAPEOEET S REBRODLNTWVWS. X5IZ, BEOT7O—FI2&Y, &
RILAERE & RO FHALEEE 2175 2 RTRY, THhTHh, XM BLU (9]
ILBWTHUONTWS. #EIE, A>0RMIBERLL, 0<e/VAK 1% cITEE
W2 T, A()ILBNT

rﬁ):nmx(l—%¥ﬁ), c(z) =0

LUABEIINRTS.

AETIE, R (1) OHO—BREZ FRAUEBRICEWTHR 1 THAARAKIPEL D
ZrERUTWS, XHR[18| DFEREBET S, Z ORI, EHRIB VT b(a)n(t) D
B8 o(2) TS & % ITIRD A A ABIROET 3 HERZBAL FRICHBRTHS. &K
AXNTWE 7 7O0—F X [9) D& D& BUTHZ A, 5T S Melnikov BIEOHH
RRERIGHEESRI NVTHAVS AT WS, #fls & IR DV TIEXHR (18] # 2
k. ¥/, EROES REEIZIZLRL s hY, BIROEBERNLBHEIZRCBOT
H5H, R (1) & BHOFRAUEBRHHEY BN R [5, 14] THERONT NS,

2 [IERE
HIHTRAREZEDIZ, TTROZELEZIRETS.
(A1) £(0),b(0),c(0) = 0> Db(0) = 0.

(A2) n(t) DA CHBEEK ~(r) IEHT, (—oo,00) LEWHIARETHY, C,a>0%
B2 EHE L TRAE BT,

1—r(r) <C|7|* (r—=0)

®iZ, r(0)=1Tdhd.
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€ (A1, EBDe> 01U Tr =00k (1) DEBMTH S - L % BT 3. [Fe
(A2)IC& 2T, n(t) IZMER 1| T Holder MAtL 25 (SCHR[2] D5 9.2 8% BHEEL).
FEHEBIR 2) ITHL TRDOZ L 2 RET S

(A3) HR z = 03B BURT, YOIV FHDI0) IERAS L CEDEAEE, *
NEN, neBE T ny M@ (ng + n, =n) F75.

(Ad) IRz = 0TI ) 2V BB 2" (1) 2B, limisioa™(t) = 0 DSRIT S
(51% 2H|EL).

IRE (A3) & (A4) IZR () BV TH,A s = 0M n, BL U n, RERES & U FRRT S
& WeBLU Wy, 2EL, ThENRESY =y I #iilic = 2 () Lo TRETS =
L2 ERTS.

FHEER (2) 1T T 3 2"(¢) T b)) DEHBER

£ =Df(z"(t))¢, €eR" (3)
EEXD. WL, € =i1) kR (3) DARLIRT,

lim z"(t) =0

t52o00
2T, EHBRER (3) ITHL TROZ L % FEd3 .
(A5) XN (B)ITBWVWT, ¢ =ih(t) L MUITHRARMBIGFEL V.
RRE (A5) &V, z=aP(t) IZMMIL 2HREZ Y =y ZBET, ZRB>T
dim(T,W§ N T, W) = 1

L2,

RiZ, FHAEER (1) 2 EX, W O 0%EE 525, 22 TOER O —RHA
Pz U TR [1) 2 2RE L.

Y, (Q,7,P)i2doT, 0=C(R,R)2EAZM, F% QD Borel 0 K, P% n(t)
DEWRTHTTRES N3 HERABEL 55 RREHL KT, EEOLIER [1] 15>
T, N1 AL, PREAERNG = {6 er, 6,: Q> Q, 2ROED IZEETS.

brw(7) = w(t + 1)
ZIT, weQBLUt,7cRTHSB. BHHIZ
(i) 8 = id;
(ii) 6,8, = 0,4, for t,7 € R:

(iii) 6P =P for t € R
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RN¥EHNE. 22T, id: Q- QIESE&THY , AEIPIEAc FIINUTIHPA) =
P9_,A) Iz&k > TEDLND.
D C D, CRRFEZY = 7Bl o (t) 2 BUEHE, T2,

D; > {«"t) |t e R}U{0}, j=1,2,

YL, x: R" 5> R#%, FEDz e RMIINHL T 0L x(z) <122

(z) = 1 for x € Dq;
=0 for z € R*\ D,

% W73 C &M bump L T5.
f@) = fl@)x(@), &z)=cl@)x(=), bz)="bz)x(z)
LBE, ROFEEXD.
& = f(z) + e(b(z)n(t) + &(z)) (4)

R (4) OBER, R D, CBEBZARLIE, FA(Q) OBELED.

525 NEMMAIRL T, R @) ZOPEDVWT CN RO KBEE HE—DFTD
[1]. we QUTHL T, MHRMH 2(0) = 2o € R & Wi TH—DDRIBIE z = ¢ (t,w)z0
Y RU, YA 7 VERE

(i) e(0,w) =id;
(i) pe(t + 7 w) = we(t,0,w)pe(T,w) for t,7 € R

% #7T, 0 LD CN BOKBHFRUHIER o (t,w) : R 5> R EEHTS. —HIT,
RERZE T(w) A
pe(t,w)Z(w) = Z(6w) as. forteR
BT E, o (tw) DESBRE VD . RE (ADIZEY £(0),b(0),c¢(0) =0THB 25,
I(w) = 0 EHBL 5.
UTFCIRRER1DHERE O, L RT. T8bb, Q, e FHDOP()=1TdH5.

3 METRRES Y —v J EDFE
EBLUE%®, ThTh, HEER (2 Dz=0I8F5MBLEREA
£ =Df(0)¢
N B EEB L UALERDTERMEL T5.
BE1wcQ LTd. AEDT > 0Tl TEBH {g;(w)}2_o PWFEL, T/

j=-00
Be>0lMUT, g€ W) - T,qw) + TI DL ¥, WBET Wy 0 0(e) BT, £
NEh, ROZKM% #HT ne B & O n, Kt CN ShEE, We (0) BEU W2 (w), PFE

5.



(ia) T € W2, (w) T3 T, t — co D& ¥ 15T @e(t, Ow)z — 0;
(ib) 2 € WE (W) IZHU T, t— —co D& ¥ EBIBIRIC o, (¢, 6,w)z — 0;

(i) Wei(w) i g i BL T,
(iiia) t+q € [ge(w) =T, qe(w) +T] DE X, k> jITML T Pe(t, 0w)W2 (w) C WE  (Bw);
(iiib) t+q € [gr(w) — T, qe(w) + T DL ¥, k<jlznlL T Pe(t, Q)W (w) C W2 (Biw);

(iv) e>0& we WITIREL 2V0H B EH6 > 012U T, CNWRBB RS, : E3xQ, — ER
XU, B x 4 — E;DBEIEL,

Wea(w) N Bs = {(s,u) € (Eg x E§) N Bs | u=hE (s,w)}

&
W, (w)NBs ={(s,u) € (Egx E§)NBs|s= h;‘,q(u,w)}
£78%. ZIZT, By CRUIESE hibk T2 ¥Z 50D n RIcEABkE KU, A28 (0,w) =

q
0 222 Dyh ,(0,w), Dyhl (0,w) = 6(c) THB. X5, R q(s,w) BE T A (u,w)
iE g IZBL TEfEDD, e sBL P uiRBL T OVNET, we QIZDO2WT—HAE

PRk BREEK k=1,... N)2673.

R 1 DFEBIIZSCRR (18] % 2R L. 22 Tik, Gauss BREDBIEIZ DT O H %
MR [12 RN NTVS, W2 (w) BT WE ()2, ZhTh, R(D)IIHTEt=g¢
KEITEPREL LU TRESHEL TR,

Weg(w) & WE (W) ARz £0IXBWTRETIEY, R (1) REHEMs =0 X9 %R
EOVZY BB (tw) 2 ETE. TabY,

Jim (t0) =0

ERE. W (w) & W2 (v) DREDVEWITHE L %, FESY =Y 7 B8 z.(t,w) I3
N THS &\,

BE 1L weMBEU+HHNI B e> 018U T, R (1) ZERBOBERFETZ ) =
7 @‘Liﬁ .Tg(t,W), ] S Z, % EZJ ’ tj((.d) < tj+1(w), lim]'_ﬂ:oo tj((U) = t+o0 % ﬁf: Tﬁ[‘ﬁﬁ”
{2 _AFEL T, zitw)ldt= (W) IZBEWT zh(0) D O(e) iEE% B BT 3.

B, EH 1O (18] 2 2EEL. 22 Tk, Melnikov D5EDT 70 —F
& Gauss ROV NVBIBIZ DWW T OHMKZFER [2, 7] B AVS AT WS, 8 1 DM
RA{t; (W)}, ERBDLe RIENU T t;(6w) = t;(w) —t, jE€Z, EWATES Iz
b N
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4 HhFAR

AEI1DESIZ6> 0% +HNIEY, Ma(0) % 0B 25 DM (1) L 75 &
5IRF. TEEHBWET, Ty <0< T, o(TF) € 0B B2t ¢ (I; T WHLT
(t) € By BRLTBEDLTEH. TOLF

T = 6(|logd])
L33, EH1DOERI {t;(w)}2 o "o,
Tin(w) —TW) > T =T;, jEL

BT LD ICEAF {1(w)}R . BB

j=—00

a={a;}2 ¥ a=1H5VE2 jeZ EHTRBILL, TRTOIDLSE
DEFLAEDESE D IlEoTHRT. 0: 2, > S 2 V7 ER

o(a)j = a1, JEZ
YU, RV INBIRG T, xZ 2 Lo X Z %
&(a,j) = (o(a),j +1)
Lk TRETS. Poy(w) = 0e(r01 () = 75(0), ) E B X,
Po(w) : (z,5) = (Pej(w)(2), 5 + 1)
b

FE 2. we L FHIIRe>0ITRHUT, PiwAiw) = Ajn(w) 2 M7z TREDI
BRFIA;(w) C R, j€Z, BFELT, RO RPKILT D .

Aw) 5 Aw)

gl |
Yo xZ —2 Ty xZ

ZIT, K e ZITHUT A W) RAIVE —VEET, Aw) = U2 _Aj(w) x {j} TH

), hy(a) k. BASIRDWNT —HC FIRESEREE 23, Aj(w) 2D T EANORMEER
LUT, h@;) = (hy(2), ) TH.

ST 0 [TAERERGE R E S ) = 7 EE (BIRIE, ST [6]) DERFIDBEIINT S LR
T, FBILSCRR (18] 2 BBE L. t = 7;(w) TBVT Aj(w) % iBBT 3 BUBEIIFLET, 4
AT WL THBUZIKET S .
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LoHEGROERAME RTAOIZ, ROFKUREBE ZI5 28HFRET Y Py VD
Duffing k&) 7% £X 5.

Ty =Ty, Zo=1, — 25+ e(zIn(t) — 6x33) (5)
ZZT, 6> 0 EHTHY, n(t) ZIFGME»D, v>0% EHE LT, BHCOHEEEK
r(7) = exp(=7|7|)

% B9 % EH Ornstein-Uhlenbeck 82L& 375 . ERRDRHCH [8, 9 THRL T W5.
n=2, ng=mn, =12 U TIRE (A1)-(AB) BHILL , FHZ, FEEENREZ Y = 7 Bk
RATHEZALND.

2 (t) = (£V2secht, Fv2secht tanh t)
FEIBEV22BEHTDIZLIZE>T, FEDI>0ITHNULT, 6> 08 +4/hI e
I, ARG TBVWTERBOMMIKFESZ Y =y JBENEFEL, BR1THAAERKRN
RZBDZ BRI NS,

SE X HA

[1] Arnold L 1998 Random Dynamical Systems (Berlin: Springer)

[2] Cramér H and Leadbetter M R 1967 Stationary and Related Stochastic Processes: Sample
Function Properties and Their Applications (New York: John Wiley and Sons)

[3] Grenander U 1981 Abstract Inference (New York: John Wiley and Sons)

[4] Guckenheimer J and Holmes P 1983 Nonlinear Oscillations, Dynamical Systems, and Bi-
furcations of Vector Fields (New York: Springer)

[5] Gundlach V M 2000 Random homoclinic dynamics International Conference on Differential
Equations (Berlin, 1999), Vol. 1 (River Edge, NJ: World Scientific) pp 12732

[6] Katok A and Hasselblatt B 1995 Introduction to the Modern Theory of Dynamical Systems
(Cambridge: Cambridge University Press)

[7] Leadbetter M R, Lindgren G and Rootzén H 1983 Extremes and Related Properties of
Random Sequences and Processes (New York: Springer)

[8] Lu K and Wang Q 2010 Chaos in differential equations driven by a nonautonomous force
Nonlinearity 23 2935-2975

[9] Lu K and Wang Q 2011 Chaotic behavior in differential equations driven by a Brownian
motion J. Differential Equations 251 2853-2895

[10] Maruyama G 1949 The harmonic analysis of stationary stochastic processes Mem. Fac.
Sci. Kyusyu Univ. A. 4 45-106

[11] Melnikov V K 1963 On the stability of a center for time-periodic perturbations Trans.
Moscow Math. Soc. 12 1-57

67



68

Nishio M 1967 On the extreme values of Gaussian processes Osaka J. Math. 4 313-326

Palmer K J 1984 Exponential dichotomies and transversal homoclinic points J. Differential
Equations 55 225-256

Simiu E 2002 Chaotic Transitions in Deterministic and Stochastic Dynamical Systems
(Princeton: Princeton University Press)

Stoffer D 1988 Transversal homoclinic points and hyperbolic sets for nonautonomous maps
& II Z. Angew. Math. Phys. 39 518-549; Z. Angew. Math. Phys. 39 783-812

Wiggins S 1992 Chaotic Transport in Dynamical Systems (New York: Springer)

Yagasaki K 1992 Chaotic dynamics of quasi-periodically forced oscillators detected by Mel-
nikov’s method SIAM J. Math. Anal. 23, 1230-1254

Yagasaki K Melnikov processes and chaos in randomly perturbed dynamical systems, in

preparation



