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Abstract

In this paper, we consider the two-species stochastic predator-prey model under sub-
linear space. We investigate the existence of global positive solution, boundedness
of solution and the stability of system. To obtain the related theorem, some basic
knowledge and properties of G-Brownian motion will be cited which are similar to
classical Brown motion actually. And all the discussions are under the locally Lips-

chitz condition.
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1. 5|

AR, AEVBCEARA T AR R S OS] TR 2 R A AEY S KT
Pl M Volterra MLotka # H MR 5, - AR VR 2 A0 5K R LB A5 21 T TS, 2a(t)
Ay (t) 70 A2 BN B 8 AR R AL, W20 R 8 P — A R T AR A T

o — plry () — ayy (£ — ara(t)y]

dy yl—ra(t) + az1(t)r — aa(t)y)

(1)

Horry (t) Frg(t) R s HAH EE A IR, a1 () Mlag(t) Fm 38 1% BEHIZ) R EL
aro(t) AT ER T HIHIRE, Mag (¢) R E R T HEHEM IR ()
Mag;(t) ZEXAERL = (0,+00), 1,j=1,2 LA FIELR L. ZRGCLB/R) ZHT [1-5], K
THAREIFE AN, R AT A e M40 789 BB AIE

HH T30 S AR Hh 2 52 B & S AR I IR R B ok S AR S RGBS AT N, AT B
MR AN 8, R IZ AR BIBENL R A (6], Rudnicki [7] K PRI R0 A5 K FBE AL 3h 50
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ALotka-Volterra & TR, FHARKZIINIE L T AN IR BERE, T 2453 7 a0 N HrpsE iy,

9t — glo dW} + 02dWE + (o — By — px)]
W= ylprdW! + podW? + (= + bz — vy)]

Hew! FIw? & WA ML I Wienerid #2.  RudnickifE H G UL N UERH 7% R GUE I0A % 1
BEALE LRl 8T — AN AN A8 25 B 5 3% 81 Fokker-Planck 7 F255U 8T — A i, FHee b, i
oA B s B AT FIBE WL B DR IEZAS 204, TR e AR m i, oI AR oy (8)dB;(t) RAli v s,
oi(t) ARRMFE BB, (t) NS, T IR0 S 32 o % B K e, JRATAT LUK, (¢) B
Hri(t) + o (t)dB;(t), 1820 PR
{dx — 2[r1(t) — an ()7 — ar(D)y)dt + o1 ()zd By (1) o)
dy = y[—ra2(t) + a21(t)z — a2 (t)y]dt + o2(t)ydBa(t)

Cheng [8)WFFC 1 RS0 (2) AR EVE, 1l 4 =) I igf FX) A7 £ e — PR RN AR A S Liw [9]3E— P BF T
TARBR ARG APERUR L 1 FHE DL R SRR E P

H5E, BLSAEE b v 2 MR B A 780 1 AN e M, a0 IEZS 0 Al f (B AN 2 A 5 AN
e k. W SN AR PE AR RIS, 20 - [10JE 5L 1 G- 3 B2 RAR N2 P BE LA 73 2L i
BHEG- 1L G- S 5. XA BB AE MR AT E P, AL 1] AN i Bl 7 7
FEME R Ry A 2 7 EEE . Ah, B (1)@ 7 G-ABssh iRk fTe A, Mikdewa
o FERZNEIIE T, G-Ai Wiz sh BA A ia s & 5 HIRAG-1IE80 10, B —IRTE R —1
ANHE MEE R B B A MNP R g B DA 7T G-A1 R3S 3 3Kl A BE AL AE MR B A BRI 3 3
AE B0 4 A A2 25 R ST A4

S SFe G- WIE Z) YR B LIS 75 72 (GSDE) B S 7 B A HOERE [12) [13] [14) X.Lit
407 GSDEs % 3{LyapunovZfF, Y Ren 5t T Ikl 4 77 REAR 48 Mok st M FIpBh AE RS 2 e, DA
o G- BHE BN WA AR 04 L IBEHLAE & RGBT MESE, 2240, Aoy (0)dBl(t) k%
TR, OB, (1) NG-AGHHZEE), B M BER i SRR R 2 o, B

dx = x[r1(t) — a1 (t)x — ar2(t)yldt + hi(t)d(B1)¢ + 01(t)zdB; (1)
dy = y[—ra(t) + az1 (t)x — age(t)yldt + ho(t)d(Bs)s + o9 (t)xd B (t)

Horh ByMIBy NG-Ai Wiz 8, — 07 22020 | G-A1 WIS 2l 51 143 1) AN 52 1k

2. TR

FEARAT, AT AL B A SC RN AT 2598 [10]. Q AR 1 1 4 1 S AR ok K 2 1),
wo=0. X Tw e Q, #B(w):=w N NbELTE, B(Q)AQ L Borelftl. & X

Lip(Q) := ¢(Bi,, ..., B:,),n>1,0<t < ... <t, < 00,0 € Cyuip(R™),
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HACy 1 (R R TE XAERD™ b HIA F—ELipschitz i85 bR B A U5
SE SURENE IR HG - ST — R,

G(4) = § sup 1r[AQ),

QEeX

Hy c stR2—MHFMMAE. TRITLMEQ, Lip(Q)) EMIEMXKG-HE: X45Ee € Lip(Q)
HAMEA T
g = @(BtlaBtz _Bt17"'7Btn —Btnil),o S tl S e < t'n,

7E X
E[¢] == u1(0,0),

HrFu,(0,0) € RIBW NEEERE: Xk =n,..., 1, up = up(t,z;20, ..., 20 1) HHESE(21,...,701_1) €
R0 T (¢, ) IR B, 5 X AE[tr_1, tr) x R ERIG- AT FERIfR:

a k
“ _G(D:)=0
DA N
wp(te, 321, .o, 1) = kg1 (b, T3 21, -+, Tp—1, T),
HAupr = (t, 2501, 00 1,2) = (X1, Ty, m). FERBIEHEE] T, Aa#ESEFE(B)is0

—NG- fifizzh. FETK, FATG B IREIEIEMELE T (1) —L85E L.
QNG EES, HNEAEQE B SE oK BT R i — N2t 25 ). FRATMIR L HIE 2 T ik %
G
(1) XS F B, c € H;
(25X eH, W|X|eH

ENX 2.1 —NMREHEPLPERZ L AN E ETAH LG ZHE: H— R, #HL:

e« BiM: ZX <Y, WE[X]<E[Y].

o RFEHM: HceR, E[=

o KTAubk: XY € H, E[X +Y] <E[X] +E[Y].
o EFKM: A >0, EAX] = AE[X]

MR =JC(Q, H, E) N — MR R = [hl,

RN 2.2 AR BB 2 10 (Q, H, E) L8 ds AVEAL(B,) 150 A G-F BB H), 4o BA -

2. (B,)49 ¥ E—H%ﬂ&; Bpatt,s > 0, Biis — BB, BB, # A3 F A bon c
NZ{*’O S tl >~ ... S tn S t, Bt+s —Btzﬂ?\.:l_.'a—_(Btl,Btz,...,Btn),
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3. limt_>0 E[‘Bt‘g]t71 =0
LLE Q) NS - ||, == E[| - P17 FLip(Q)BISE &AL XA € [0,00), TRfiTH 01 F &

e O i=waiwEQ;

o ;= B();

o LO(Q): B(S)-AT ¥y S bR 402 [

LO(S2,): B(SY)- AT I P ST 86 K 2

By(Q): LO(Q) T4 R BB A AE; By() := By(Q) N LO(Q);
o Cy(Q): By(Q)H MIELSBRELAAR; Cy () := Cy(Q) N LO(Q);

TN G- BRI E LML () FKEILO(Q), e Wi —A EHIEE]:

E[X] := sup EF[X], X € L°(Q),

PePg
HorhPg & %€ CAE(Q, B(Y)) Lo —7T T ik Al % 55 5 i M5 00 2 R 1% BB AEL, (Q) £ 5G-
BE[| 8, MWMERTEETRLE(Q) E—8 T2 0] BUE B2 BE % Pg (1) Choquet 75 £ 9

C(A) := sup P(A), A € B(Q),

PePg

HIEESIN T “HAER” (q.s.) KIS

EX 2.3 £6A€B(Q), £C(A) =0, MNHKRAARE, KMNAF—NERAMLAR T, W RLE
HIE VISR AR o

SFG—AT >0, LLERXED, T/ NERFEGA = {t1,...,tn},0=1t < ... <ty =T.Xf
SEip > 1, RO ERMF RS ST MEeraE G, ..ty = A, il

N—-1
m(w) = Z &5(@) 1t ;101 (1)
j=0
Horhg € LB(0),5 = 0,..., N — TR & 5E M. X W 85l F2 i 4 & R oAME(0,T). X e
MEC(0,T), TATAT LA 558 SCH ST G- A WIiZ 3 (I Bochner 4 LR 45 -

N-1

/0 n@)dt = 3 &) (tyr — )

j=

N-1

t —
/ T]SdBS = Z é‘j(Btj+1 - Btj)
0 —

7=0
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X5 E HIp > 1, 1EI04L

T s
Illasz o = (E [ / |m|pdt])
0

T, ME,T)ie ML (0, T) 58 &AL 231,
ALK, Borel-Cantelli 5| E Al Markov AN %% A5 Choquet 25 5 AT _E HHEEAK IH AL [15].

5138 1 (Markov % X )s 252 89p > 0, 4 X € LO(Q)#HRE[|X|P] < co. MiFa > 0,8

E[X ]

(X > a) < ==

5138 2 (Borel-Cantelli51 32) { A, }nen C B(Q)i#H 2

i C(A,) < oo.

Mlimsup,,_, . A, A — I,

EX 2.4 b&p>1, &AVME((0,T))AML([0,T)) % T TRy T H&Z M, -

1 1/p
(e[ ]
il = (2 [

VERE, WA My € M2(0,T), {FAERTHRESHE I X A ERL € [0,7], BHO(X, -
X,| #0) =0 [16].
EX 2.5 322 p > 1, ARMALEAENE FME(0,T), 4 R G E—AMLT LT KGERF {0, men 5
ZARBR, 1#1F

nLio.r.ar) € MF([0,T]),¥m € N.

513 3 (B-D-GR%¥ X) [17xn € ME([0,T]), TAARF XN z: %&Ep > 0, F & FRALAR
TpaC, >0, 4%

/ Nud By

0

E[sup

0<s<t

3. = RIEMEIEEM
XIn4ERENLIR 5 5 72
Xi=x+ /tf(s,Xs)ds—l— /tf(s,Xs)d<B,B>s,O <t<T,q.s. (4)

Hrhe e RMAYIE, (B,B) = ((B',B%)); j=12,..a9BRIJT 25, B —F LipschitzE 4L 5%
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(Hl) Xﬂ‘p 2 2%”1} S Rna f('vx)a hij('a‘r)agj('ax) € Mf([O,T],Rn),Z,] = ]-a s ad-
(H2) REf, hRlgK T o—FLipschitzi£ 4L, i.eXI®At € [0, Tz, 2’ e R*, H

[f(t,z) = f(&,2)] + [|h(t, z) — h(t, 2)[| + [lg(t, 2) + g(t, )| < Cple — 2

Horp || - || 95EFE U Hilbert-Schmidt Y 3L

FEAC, FAMEE AT BRI RECN K TS e R, IF B Fa, o' (88 y,y)e
Bo(R) :=a: |a] < R J&¥#Lipschitzi&E 4k, [FR, AT TR %
B 1 AR e i &KV € CH2([0,T] x RY), 1£1%

inf inf V(¢ z) = c0,asR — 0,
|z|>R t€[0,T]

HHAEFKCLy >0, AN, 2)€[0,T) xR, A
EV(t,!IJ) < CLYV(tax)v
AV LR ARG HET, 2T

LV(t,x) = 0V + 0p V¥ + G (0 V - (W9 + WYY 4 02,V - ghig)d )

Th v i,j=1

SI3B 4 M ENEAELHRZX € MU0, T;R)F= AV € CH2([0,T] x R"), &AMA(V,X) €
ME([0,T);8%), Vp > 1, HF

N9V, X) = 0w V(, X)W (-, X))+ W7 (-, X))+ 02, V(5 X )g" (-, X)g" (-, X.).

xhx?

TEARTL, BAMRE RS (3) M RERA TN, 25 IE IR L8 2003 2 7 Lipschitz 2 .

EIE 3.1 1B IX B 3 Lipschitz & A= B X 1R 2o AR 4, SHAEFE#E(z0,10) € Ry x Ry, &
G (3R A f— 0 A Bfifg.s..
JUEAR 3.1 )84T 24

()

du(t) = J,‘[Tl (t) — a11<t)eu(t) — alg(t)e”(t)]dt + hl (t)d<Bl>t + g1 (t)l‘dBl (t)
dv(t) = y[—ro(t) + a1 (t)e™® — ag(t)e’D]dt + hy(t)d(Bs), + oo (t)xd By (t)

B, (5)8 R RGH R LipschitzF . Bk, EEL R G (2o,y0) € RY, BEE——
AN BEB (u(t),v(t), t € [0,7.), FPr AR T Bk, WitoAK, #F5 0, e 0)RE%(3)
Ay — B IERE, AR (20, yo)-

ZER EAER A B, RMAFTIEHT, = c0,q.5. Tmg > 15 KAEF 0, Y0 T[1/mo, mo).
FHEAES M > my, & XAFE

Tm = inf{t € [0,7.);min{z(t),y(t)} < % or maz{z(t),y(t)} > m},
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Ainf) = c0. K, MAM — 00, T ABF#EE, 70 = liMn_oo Ty Too < Te G.5. 42 F AEIL
PToo =00 q.5., WAHT, =00 q.s.FBLIFTHL >0, (x(t),y(t)) € R% ¢.s.

A TIERIZ LW, RMNEZL—ACTLHHHV :R2 - Ry,
V(z,y) =ci(x —1—logz) +co(y — 1 —logy)
e, N F Ho BMT A HI R AR HHK, BA
u—1—log(u)>0o0nu>0
m>me and T > 0AFEFH. B0<t< 1, AT, S FHHV i8R G-Iton X, 132
TNATm e
V(X7 Y) = V(ﬂﬁo,yo) +/ (Cl - ;)Ul(t)del(t)
0
TATm o TNATm 1 1
+/ (er — )zl (t) — an ()2 — ara(t)y)dt +/ [(er = Dy + 4] dBy),
0 z 0 x T

. /0 TW(CQ_C;)@ (OydBa(t) + /O ””(02_j)y(—m(t)+a21(t>x_a22<t>y>dt

4 /OTATM [(CQ ~ %)hzy + ;i] d(Bz):
(6)

ER R IR, EERIREFXTAE A

T/\‘rm

V(X,Y) = V(zo,y0) Y)dt

o\

+

TNATm, TNATm o
/ 01 - — 01( ).fL'dBl(t) +/ (CQ — ?)Ug(t)yng(t)
0 0
T/\Tm TATm o o
/0 01 - *)hlx 72 } d(B1): +/0 [(Cz - E)hzy + 7 d(Ba);

+
T/\Tm TNATm
-/ V,a))dt - / G (V) dr
0 0
T
:/ LV(X,Y)1p.,d
0
T
+/ CciT — — 0'1 )x]l[o.,— dB1 / (CQ - — 0'2 ) (t)]l[o,Tm]dBQ(t)
0
T
+/ C1 - h1$ + } ]]-[O,Tm]d<Bl>t +/ {(02 - g)hﬂ/‘f‘ y 11[0 Tm] <B2>
0

/OT (n(V,2)) Lyo.r,, dt — /G (V,y)) Lo, dt
(7)

T (a1 = Po()ade(cr — )oa(t)yX Tt %k, FIB 5 A X Toy— K Lipschitzi£ %, TATUAK

ﬁ
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R, MAEED 22, (60— D)o (DL, (2 — 2)oa(Oy(D) Lo, € MP(0,T]) [17]. TR, RGH
235]

E [ /0 T(c1 - i)al(t)m[o,m]dBl(t)] =0

B|[ “(eam ) )y(0) Lo, AB(0)] =0

B—rrd@, WEEp>1, n(V,z)4n(V,y) € MF([0,T];R), LXAT n(V,z) Lo, 50V, y) 10, €
MP([0,T];R). B3, i [18]k T/

- T }
c c
E / (1= Dw+ 5 T d(Br)e - / G (n(V,)) Lo rdt| <0
LJo T 4 0 i

T T 7
C C
E / |:(CQ — 5)h2y + yzi| ]l[Oy'rm]d<B2>t - / G (W(Vv y)) ﬂ[oﬂ'm]dt S 0
0 0 i

WTRRL, HANA
B T T AT,
]EV(XT/\TmayT/\Tm) S V($an0) +E / LV(X7Y)dt:|
LJO
T T AT
< V(xo,y0) +E / CryV(t, Jf,y)dt]
L/ O

r prTATH
< V(xo,90) + E / CLYV(xt/\rmayt/\rm)dt]
LJo

B9 Gronwall 4% X [10], 52

EV (X1, Yoar,) < V(xo, yo)e™ T

ETE, HENMoen <T, 2V BLEXrpr, o Ypr, T —TF FTmiH L. ité=min{c, e}, T

&

V(X (7, ), Y (1, ) > & [(k 1 +log %) A (% 1+ log k)]

Et, T ALFE
V(l’o, yo)ecLYT Z IE []]-{ngT} ((U)V (X(T’NHW)J Y(Tm,W))]
> C{w: 7on S THV (X (7, ), Y (T, w))

> C({w : 7 < T} [(1<;—1+10g;)A(]1€ _ 1—|—logk)}
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—;E':-CF]ITMSTP%Tm < T%ﬁ?’ﬁi&"f&o /1'\771 — OO%]‘
lim C{w: 7, <T} =0

m—r o0

A
C{re <T} =0

RAT > 0~4EZ, KT AT H
C{To =00} = 1. q.5.

TRIAERMZAT EAGEY, BAER, LA EE— R Hg.s.

4. FiEAR 4%

FEACT, AT 16 RGN WA RbE 9600 THE I, 0 FhRie:

_( 2[r(®#) = an(t)r — ai2(t)y]
fb29) = <ym<t> Tan (b - a22<t>y])’
B ha(t)x (o1 (t)x

R 2 21 >0, HEF KK AT
[f(t,2,y) = F(t,2, 912V At 2, y) = h(t, 2’y )PV gt 2,y) — gt 2, y) P < Ki(|(2,9) — (¢, 9)]%)
E¥t >0, (z,9) B2, y) € R, [(z,9)| V()] < 1.
BiE 3 BEFHKcy, co,p > 28 REV (¢, 2, y)1EF
al(z,y)P <Vt x,y) < eol(z, )
FH, LV(t,x,y) < CryV(t,z,y)
FIR 4.1 FBEABILIRE, ARARG(3)RBER R, ie.,
Jim sup (. y)el” < (o, uo)l”

JERR 4.1 = LAz et
7 = inf{t : |(z(t),y(t))| > k},t >0
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eVt x,y) B A G-Ito "~ X, LFeh—MEETHR, TAH
d (eEtV(t, x, y)) = V(z,y)eedt + eV, (x,y)x[r1(t) — a11(t)z — ar2(t)y)dt
+ e“Va(, y)or (t)xd By (t) + eV, (2, y) ha (t)zd(By ),
1
+ §eEtVazy(x7 y)O’%.’L’Qd<B1>t
+ eV (2, y)y[—r2(t) + az (t)z — az(t)y]dt + e o(t)ydBi (t)

1
+ V(@ y)ha(t)yd(Ba)e + Se" Vi (@, y)o3y°d(Ba)e

MOEI T AR5, 72

tATE
€E(t/\7k)v(mt/\‘rk7yt/\7'k> = V(.Z'(), Z/O) + / eESLV(‘r7 y)dS + Mto
0
tATE tATE (9)
+ / e V,o1(8)xdB (s) +/ eV, 09(s)ydBs(s)
0 0

xob
tATE 1 tATE
MY :/ Vehixd(By): + 2/ e Vyyoix*d(By),
0 0
tATE tATE
+ / Vyhy$d<B2>t + 5 / eESVy$U§y2d<B2>t
0 0
tATE tATE
/ e*G (n(V,z))ds / e“G (n(V,y)) ds
0 0
Rl

tATY tATE
/ e LV (z,y)ds </ e“CryV(x,y)ds
’ Ot/\Tk
S/ e“Cryca|(z,y)|’ds
0
AR [18], MO —/A~G-$ko 3+ (9)XIRG-HZE, T L4335
Ee"™ ey (2, y)inm, [P < Be ™V (z,y)

tATE B
< cal(zo yo)| + / e“ECLyca(z, ). [Pds
0

F0T
o L ELAT, CQCLY AT o €S
B cr| (2. 9)unn < ol )P + 2 [ Bes (o)l
1 0

B3t GronwdINF X, A

_ caC
Eeeuwkcl‘(xay)t/\rklp S 02|($0,y0)|p€ QCILYt
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ok — o0, B

c2CLy —e)t

C
E‘(xay>t|p < Cﬁ|<$0,y0)|p€( c1
1

HXE = 7CQSILY 5 'f‘%"élj

. = G2
P < 2 p
tlggo sup E|(z, y)|" < ‘. [(z0,Y0)]

TRARZ AT EAE L A2,

5. FAEM

BJa— /PR T, Sees HRE R e
EX 5.1 Xo@ENEFTMEA(X,Y)s = (z,y), (v,y) € RZGGSDE(3)# %, KAMARF RAIAEA -

(i) prfaE,p >0, e X3t HAe > 0, AA LS > 0, 1£4F

sup sup E[|X Y |P] < ¢
[(z,y)|<d t=2s

(il) #riEpMAa, do R it R pHhAa e
I_E[|Xf’(m’y)|p] —0,as t — o0;
(iii) PN A&, R AEFHCANGH L
E[|X; V7] < C|(z, y)Pe ).

e, Hp =2, WANBRERGETT Gk, 4880 185,

SI3B 5 ([18),%325.5) Bk A EHKV (t,z,y) € CH2([0,00) x REVEIF 3BT A 69t > 0, HEF
%’(Cl > 0, Co > Og\p > O, /l%/i

Cl‘(x»y”p < V(t7xay) < 02|($7y)|p
ny,

(a) f&ApiAEE, %
LV <0,

(b) AP IS HALE, W RBLEN > OIFHFTH (1, 2,y) € CH2([0, 00) x R?),

LV(t,z,y) < =AV(t,z,y).

BUAE, FA% H GHESE T 48 Bk g AR O E 2
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EIE 5.1 FEHLATRMHAL(3):

(a) h(t,z,y), f(t,z,y)Rg(t,z,y)it % B3R Lipschitz 54 ;
(b) f(tv (:L’,y)) = h(tv (‘Tvy)) = g(tv (l’,y)) =0

(c) Mt >0, AEFHK > 01217

2 [ry(t) —a11 (t)z—ar2()y]+ 4> [—r2(t) +az1 () z—as2 (t)y]Vhia® + hay® Vol z’ +03y° < K(2*+y?)

Jo R R GBI A FHPNALE, p> 0, IR FIA (z,y) € R2,
E[IX; ) < (e, y)Pre )

2PN >0, A
A
Jim sup — log(l(w,y)l) <-—<0, ¢gs,
p

X B A AL R A F AR By,

ERA 5.1 Rk —Akbk, AMEEs = 089WHe F(|(z, )] +6)?BRAG-Iton X, Theitdim e
N,

P P
2 2

(Iz)e* +6)* = (I(z,Y)m—1|* +9)

+ / p (z,y)ul* + 6) T [xz(rl —an® — apy) + Yy (—ry + anz — aggy)] du
t

+/_f(< D +0) % oadBiw + [ p (@l +8)F oufdBaw

m—1

t

[ p (@ =0T B+ [ p (@ +8)'T by,
p (G y)l+ )7 odyd(Ba)a
[ =2 (@)l + )T oed(By),

p (I y)ul* +0) = of2d(By).

[ 2= ()P +0)F Poiad(By).
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W EAF(c), BANA
()l +6)" = @2 +92 , +0)E + /

m—1
t
<
m—1

re®) [ o () +) +

t

pK (|(z,

ya
2

t

< (a2 +yh +0)t ~|—cl/

m—1

+/T:1 (@,y)u* +0)7 o dBl(u)+/

HEber > ORBUERM Fndp K A58 % %, nREnk®E, dREdEGTH N5,

® B-D-GAF X, T A7 2]

E sup
m—1<t<m

< BE [( /m mp (1@ y)ul® + )"

VAR

t
E[ i ‘/ p (@)l +6)T oaydBa(u)
m—1<t<m |Jm—1

<o([

HHB >0, >0 B, HEF
|: sup ‘/
m—1<t<m

|: sup ’/
m—1<t<m

CB > 047

< C4E

< CgE ( sup

m—1<t<m

m

(12, y)ul? + ) /

m—1

(|(:r: Y)u |2—|—5) =2 o12%d B, (u) +
225 e(d) + el d)p — )] (. )uf? +0)  d

(I(z,y)ul® +6)" d

/_1p(( Va2 +0) T * 01 22dBy (u)

P (I, y)ul® +6)"

(2, 9)ul? +0) 7 oay?dBa(u)

(2, 9)u? +0) T o12%dB) (u)

</m—1 (1@, y)ul* +6)" % (072° + 02y2)2du>

B
2

Y)ul>+06)% d

/"f_lpu

Y2 +8)7 oay?dBs(u)

E
2

2
2

t

agy ng( )

p (@ y)ul +6)*

m—1

(10)

T A,

|

—9 3
|z - oy - x|2du>

|

: Y
ly - o2 - y|°du

|

|

1
2

PE (@l +)" du) 1
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B —7 @, B YoungR ¥ X, HAE AR B BUEARA T oy 9% Re it 2

|

[ sup ]/ (. 9)u? +6)" oay?dBau)

m—1<t<m

[ sup ‘/ )al? —1—5) 0156 2dB (u)
m—1<t<m

] (11)

E sup (|(z,y)>+9)" +cp2KIE[/7:1((:U,y)t|2+6)gdt]

1
2 m—1<t<m

B A (|(z,y)d)? + 0) S BAL A £, HAVT UEBEN AP € Py T MHEF [f (@)l +0)* } i
J Fubini< 32 ;

E [/m"; (EXEEE dt} < /m";fE [(|(x,y)t|2 +0)* dt}

m (12)
< max{1,2’z’1}/ (E|(m,y)t|p + 5%> dt
m—1

W (10)-(12)89 45, HATTAE—F IS

B[ sw iwok] <B[ s (war o]
m—1<t<m m—1<t<m

t b
cl/ (|(z,y)ul® +6) % du
m—1

|

1- £ P m = P
+2E[ sup (|<x,y>t|2+5)2]+C2p2f<max{1,22-1} / (Bl )l + 0% ) at
m—1

m—1<t<m

<E[(@ sl +0)f]+E| sup

m—1<t<m

<E [(|(x,y)m_1|2 + 5)%} + max{1, 2’2)1}/ (E|(x,y)t]p + ﬁ) dt
m—1
1- B P m = P
+SE [ sup (|2, )l +6)2] +c2p2Kmax{1,2zl}/ (Bl y)ol? + 6% ) at
2 m—1<t<m m—1

A g,
B[ sup (|<x,y>t|2+5)ﬂ

1
2 m—1<t<m

< B (@)l + )]+ maxir, 257 [

m—1

m

(El(z, y)il + 8% ) at

+ 02p2KmaX{1,2%_1} (I_E|(x,y)t\p + 5%) dt
m—1

S max{1,2§_1} (El(ﬂf, y)m71|p + 6%> + max{l, 25_1}/ <]E|(J,‘7y)t|p + 5%) dt

m—1

+ CQpQKmax{1,251}/ (E|(x,y)t\p + 5%) dt
m—1
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E[ sup (|<x,y>t|2+5>g]<2max{1,25—1}ﬁ|<x,y>m1"+C3 | Bl e+ &t
m—1

m—1<t<m

H ey > 0Fch > 0ORBUERH Toy, cofept F 4. 460 — 0, B4 HpMAA < 89RL, T AF 3

B sw [wa)l| <E| sw (o +0)]

m—1<t<m m—1<t<m
< 2max{1,25 "1 C|(x, y),[Pe ™D 4 03/ C|(x,y)|Pe Mdt
m—1

S 6467)\(777,71)

H P oy KoV BE Ty, oy, CRath (g, yo). & T RETE B Markov " F X, iE&ee (0,)), A

—A(m—1)
" e—(A—e)(m—l)} < G = e

C{ sup ‘(%y)gmo’%) e (A —e)(m—1)

m+1<t<m
B,
o0
ZC{ sup  |(z,y):|" > e(’\e)(ml)} < 00

m— 1<t<m

® Borel-Cantelli5| 3, #4148 Hw,q.s., AAENy := No(w) EF3m > No(w)Fet € [m — 1,m],
Le—0,m — oo,

A=¢€)(m—1)

o ([, )l) = oz (i) < 20

B LT A R A 2 R

6- IL,\Q:I:

b5 G-Aii B2 S fE AR MR A E A 38 OIGBR B BRI 7E,  3RAT DR AT a2 g R PR A (R B AL SR

ENT. 15 T G-Ai B3E 50 (10977 22 AN H E PEAN 2 R AN e 1, AT I B e 1t 221 ) A 45 M 7

TR TR E A B 2 FIWriZ R GAER R GAAAEME . R, HATE DB TTIX

M B) MR SR AR E . AU/ T GSDESs, AHKHIt0 AL RIte 5. ATRUREL, X

S Egm M s RA ML b, e b, ATEEh R 2 Bk B E M T C-A s, HiE,

G- ﬁ‘ﬁﬁﬁf_iﬁ*Wxﬂ%?ﬁiﬁﬁﬁ&fﬁ%ﬁﬂﬁﬁﬁﬁ/\ﬂﬁﬁ G-Aii 118 Bl ) 2 FE B A A 4% G B 1 1 5
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