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Dynamics of Stochastic Three Populations Model with

Partial-dvantage for Prey

FU Yingjie, WEI Chunjin, ZHANG Shuwen
(School of Science, Jimei University, Xiamen 361021, China)

Abstract: A stochastic three populations model with partial-advantage for prey was studied. Firstly, the ex-
istence and uniqueness of the positive global solution starting from the positive initial value and the mean
boundedness of the system were proved. Secondly, the sufficient conditions for the solution of population extinc-
tion and persistence in the mean were obtained, and the existence of stationary distribution under certain condi-
tions was proved. Finally, the theoretical results and numerical simulations showed that the population would
extinct as the enhancing of noise intensity, while the reductive speed of the population would slow down as the
weakening of noise intensity, and the population would be persistent.
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%, (1) = 2,(1) (ry = apx, (1) —ay(1)), (1)
y(t) = y(t) (rs =By(1)/(k +x,(1)))
Hrb x, (8) 00, (2) ,y(8) 0 BCERFEE », ,x, ,y 76 ¢ BREZRIEEE; r, > 0(i = 1,2,3) FRFIEERY Py EL1E
K& a, > 0,a, >0, B >0 3HIFRFREB LRI Y REG a), > 0 FRFIRE o, XIFHE x, 100 E R
B k> 0 R EH R AE,

SCHR (8] HXHE PR BT T AIESE . (BTESSCH gD, fETETF Z B HLBUE AR 1 R = 52 o 2R

PIRHBERASAE" ) . SRBEMEE SYEREARE KR AR SRR SN
SE, ARF AR A YRR REERAS AT 3k oo 57 B AP FABEREHLIN F, AR RS IR, g |
TR HAR R FE M, R, ASCE SN BAA S D Re v S i i BE LA £ — sy
dx(t) = x(t)(r, —a;,x(t) +by(t) —cz(t)/(1 +x(2)))dt + o,x(t)dB, (1),
dy(1) = y(£) (ry = any (1) )de + oyy(1)dB, (1), (2)
dz(t) = 2(t) (= d = azyz(t) + kex(t)/(1 +x(2)))dt + 032(1)dB; (1),
Hobs w (o) ,y (1) ,2(0) 23 nMCRMEE x,y, 2 76 ¢ NZIRYERE; r, > 00 = 1,2) 3 IRAFRE «,y YN L
WA d FoRPRE 2 IIBET23; ayy > 0,ay > 0,ay > 0 0 HIRIRMEERYREHRIZ 25 b > 0 Fonfh
BE y XIRORE x IRELRELG >0 BIEE, k>0 BEMEHEAE, ol (i =1,2,3) BHMSERE; B (1),
B, (1) ,By (1) & XAETE A MRS 28 o] A B0 ST AR HEAT BB 3,

X, BRI (2,717 2, P) AR, Hep (7] _ 202 E—A4 o - U H 2
WE M (AES:, 7, BHIAENENE) ., LR, = {(x,%,,%,) € R:x, >0,i =1,2,3},

{xl(t) =x,(8)(r; —ayx, (1) +a,%,(1)),

1 &R
BRI 2 —22 5 M T R, = {(a,,a,,,a,) € R"|a, >0,i =1,2,--,n} , u, =

ou/an = /o, (G0, = Tim [ fds, G0) T = Timsup [ fds ()L =

lilril+£nft_lf;f(s)dso
L' AR 1 ReRE =S ], 1 RATHL,
Ba(e) = (x,(2) 2, (1), %, (0)) (1 = 0) EREHLH T2
dx(t) = f(x(e),0)de + g(x(t),t)dB (1) (3)
Mg, Hffe £1(R" xR +,R") , g € ££(R" xR_,R™™) , B(1) J& n 4Ai Wiz,
EXA 1) ERRE () W limx(e) =0, a s, WA (1) RRLHY; 2) FAFE—NIE

BB, MR «(0 WL lim e [ ()ds = 1, a s, URME () EPHIREUERROO; 3) 170

—ANIERHCL, AR x(1) T Tim sups”! j’ox<s>dssz, a s, WIFMRE (1) RISV,

EIE 1M (fEEME—MEE ) B A (0) 1) ,g(x(t),0) KT x(e) WEEUTF M, 1) JBi
Lipschitz 25 4. f#4E ¢, > 0(k = 1,2,-) , 4% Va,y € R" H x|V |y|< k, A AL
flx,t) = fly,) |V |g(x,t) —g(y,0) |S e —y| oL 2) MK ZM: A1 c>0, 15
fx,t) [V | g(x,t) [Sc|l +]x]|, V(x,0) e R" xR, , WHIGRFZRM R x(0) =x, e R"IIRGE (3) 1
TEME— LR RERI# x(¢) ¢ e [0,7,) , Hif o, SR EEIHH]

FE2M (PEEAR)  Wa() (1 =0) BUELRER, HEES N de(e) = f(1)dt +g(1)dB, ,
Hhfe £1(R,,R") ,g e £2(R, ,R™™) . & V(x(1),t) € C*'(R" xR ;R) , W V(x(t) 1) H5RzEH
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R, HABEIL dV(x(e) ,0) = V. (x(t) ,0)de + V (x(t) ,0)du(t) +da" () V, (x(t) ,0)dx(1)/2
BIFE 11 HWa(t) e C(2x[0, +0)), WAH: 1) HHFELEE Tu, , Hi5:=TH, A

ma(n < -l x()ds s 3 BB) WL P RO S @< ) REH A
{(x(t)>* < W/ ,a.s. , Mo>

limx(z) =0,a.s., wu <O0;

I+

Moftm)ds + i(ﬁiBi(t)) oz, Hb B (1 <i<n) BEE, B4 (x(1)). =phg,a s .
Ué\X(w j\?lR’ F—A A6 Markov &8 F2 (R R [ 4ERRJLEAF 23 (8]) , Wl 2 0 T B AL A

dX (1) = b(X)dr + f‘,a,()OdB,(t) s VHOEBEN: A(x) = (a;(%)) ,a,(x) = i(aiu)a{(x)) o
513 20 ﬁﬂ%%ﬁ*&ﬁﬁlmu@ﬁrBQﬁﬁ%% UCR', ?ﬁﬁﬂﬂu?@}ﬁrzzll) F,fEU TR—

HHEE, K F o= f(x)u, +tr(A(x)u,) /2, BIEFIEIES M, ?V%Eiil(a,-j(x)fifj) =M[¢)P,xel,

£ e R ;) FELEARI U RIER ¢ BB V(n) | MEXHEREM x € R\ U, ALV <0, W Markov 3t
X)) TR u() . & g(-) HETME u ARG EE, WA FEN e B, &

PClim ([ e dn) = [ (o) =1

0, e " P
2) HAFHEIER Ty, 13 ¢ = TH, A Inx(t) = u -

2 EEHR

EE3 WTAEELERVIE (x(0),5(0),2(0)) e R, RE (2) FFEME—IFM (x(1),y(1),
2(t)) ,t =0, HUILELMER 1 #8E R T,

HERR SHMEEM >0, fEAH#. u = Inx,v = In y,w = Inz, MRS (2) BNRGE (4):

du = (r, = 07/2 = a, e" + be’ —ce*/(1 +e*))dt + o,dB, (1),

dv = (r, - 05/2 — aype')dt + 0,dB, (1), (4)

dw = (=d —03/2 — age’ + kee"/(1 +e"))dt + o,dB, (1),
HAAE (u(0),0(0) ,0(0)) = (In x(0),In y(0),In 2(0)) . HFRGE (4) WL Lipschitz i
Yh, MFGE (4) LM R (u() ,o(0) () o e [0,7,) , Forltr RARRgatiEl, (it 73]
(x(2) ,y(1),2(1)) = (", e &) 1 e [0,7,) BRE (2) EHIH (x(0),y(0),2(0)) &M FH
ME— T, TIER XM R AR, RSIEN 1, = 4o,

Lk >0 RS, [ (x(t) ,y(1),2(1)) € [1/ky,ky| x [1/ky k] x [1/ky ko], XNFALERIIE
Bhk=ky, EX—MERTFH . 7, =inflt € [0,7,):x(2) & (1/k,k) , 8Hy(t) & (1/k,k) , 8H
2(1) ¢ (1V/k,k) |

E X inf @ = +o0 (@RF—NTE)  BR, Yhooo b, 7 BRFLIEN, Hr, <7, , HiLf

T, :tljf‘i” , Hr, <7, as, BHIt, RFIEH 7, > o | a s
B r, Ao, WEAEHRT=0,ec (0,1) H—AEEk =k , 4
Plr, <T} =€, Vk=k (5)
T

EX—4C? @%&V:Riﬁfﬂ ,V(X) =(x -1 -Inx) +(y-1-Iny) +(z-1-1nz), IR,
VX)) (A X = (x(0) () ,2(2) ) ) EIEEREL,

FIAPEEA . dV(X) = LV(X)dt + (x = 1)0,dB, (1) + (y = 1)0,dB, (1) + (z = 1) o,dB, (1),
Hp  LV(X) = [ = (a,/72)8" + bxy = (a,/2)y"] + [ = (a,,/2)%° + (1, +a,)x —cxz/(1 +x) =1, +
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cz/(1 +x) +0/2 = (an/2)y" + (r, +ay —b)y =1, + 03/2 = aypz + apz —dz +d + kexz/ (1 +x) -
kes/(1+x) +07/2] o BCHLL(X) S0 VOO B BT T = (a1/2)0° + by — (an/2)y> BATHE,
BRI M, H - (a,/2)%" + (r, +a,)x —cxz/(1 +x) =1, +cz/(1 +x) +01/2 = (a,/2)y" + (1, +
Ay —b)y =1, +03/2 —apz + ayz —dz +d + kexz/(1 +x) —kez/(1 +x) + 032 AR, &R RIM,,
WIAETEIERECM = M, + M, , 15 LV(X) < M, + M, = M, LA dV(X) < Mdt + (x - 1)o,dB, (1) +

T AT

(5 = DosdB, (1) + (= = Doy dBy (1) . H6 LRI 0 F r, A 7B [ aven < [ i +

f":r(x — 1)o,dB,(1) + F:T(y ~ 1)o,dB, (1) + f”:T(Z ~ 1)yo,dB, (1), T 5 O

E(V(x(m, NT),y(7, NT),z(7, NT))) < V(xy,y,2) + M(7, NT) < V(x,,5,2,) + MT ,,

W, = {r, < T (k>k), Bzl (5) ATHIPW) =€, WXEER A € Q,, Ax(r,,4) ¢
(1/k,k) , By(7,,A) & (1/k,k) , Biz(7,,A) ¢ (1/k,k) , HV(x(7,),y(7,),2(1,)) = ((1/k) -
1 -In(1/k)) A (k-=1-1Ink) , K, A V(x,,y,,2) + MT = E(V(x(7, N T),y(7, N T),z2(7, N
7)) =E(ly, Vx(r, AT) ,y(r, NT),2(r, AT))) = e[ ((1/k) =1 -In(1/k)) A (k-1-Ink) ],
Horpa, 20 BHIERRREL 2 ko 4o, WA o > V(xg,y,,2) + MT = « FEOFE, WLy
T, = ®© , a s

FE4 WRX) = (x(t),y(2),z2(1)) BRSKE (2) WHEVIME (x(0),y(0),2(0)) € R WIf#,
MRS (2) e li?1>+s;1p E(x(t) +y(1) +2(t)) < H, Hp HE—NIEHEE,

MR EL V(x(t) ,y(1),2(0)) = a(t) +y(1) +2(2) , X e VX) (HFX = (x(2) ,y(1),2(0)))
i AT, B de'V(X) = e V(X)dt +e'dV(X) = e (V(X)dt +dV(X)) = e (V(X)) +rx —a,x° +
bxy —exz/(1 +x) + 1,y —ayy —dz +kexz/ (1 +x) —ayz )dt + €' (o,2dB, (1) + 0,ydB, (1) + 0,zdB,(1)) =
e'L(X)dt + e (o,xdB, (1) + o,ydB,(t) + 0,2dB, (1)) , HHF LX) = V(X) +rx —a,x° + bxy — cxz/
(1 +x) +r,y —any —dz + kexz/ (1 +x) —ayz (L(X) 2 V(X) WP EEET) . B LX) Z2HRW,
WAFFE— N EW B H, 15 L(X) < H, INTA de'V(X) < e'Hdt + ¢'(o,xdB, (1) + o,ydB, (1) +

ozdB, (1)), P 0 B ¢ BLAM 1R, J’detv<x> < j‘efﬂdt + j'etmdel(z) + ftefmyde(t) N
0 0 0 0

Dn)

[ eloadBy (o) , X ERFGIRME, A CEVO) - €V(0) < H(e' 1), FIAFIIERLL e JERbE
FRATAS Lim sup E(x (1) +y(1) +2(0)) < H, BVRG (2) WIMRRISEA R,

EHES M TRHLRMEI dy (1) = y(1) (r; = apy(0))de + oy (1) dB, (1), 1) #r, —03/2 >
0, W (y(t)), = (r, —03/2)/ay, H limt'Iny(1) =0,a.s;2) &r,-0./2 <0, W limy(t) =

0, as. .

MR XF Iny(¢) BHPEEAZ, Bdlny(t) = (r, —any —03/2)dt +0,dB, (1) , PO F] ¢ FH

= j dln y(¢) = f (r, — ayy — a3/2)dt + fadez(t) , BliIn y(¢) = In y(0) = (r, - 03/2)t -
0 0 0

o vt + 0B, (0) , FARINBRLL ¢4

t" Iny(t) =t Iny(0) + (r, —03/2) —t_lazzftydt +t'o,B, (1), (6)
0
321 [) SR BR A
lim: " Iny(t) = lim [t Iny(0) + (r, - 05/2) —t_lazzflydt +10,B,(1) ], (7)
>t I+ 0

BT limt" Iny(0) =0, WMIMEZE /N e, >0, FEE >0, Y =k B, H -¢ <
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" Iny(0) <& .%r, —03/2 >00f, B (6) A, Iny(t) =" Iny(0) + (r, —03/2) —tilazzj ydt +
0

t

t t
t"'o,B,(t) <1, —03/2 + & - t_lazzfoydt +1'0,B, (1) ,t " Iny(t) =1, —03/2 — &, — t"azzfoydt +

170, B, (1) o

HBIFE L ATHL, (y(0)) " < (r,—03/2+& )/ ay ,{y(1)).=(r,-03/2 -&)/a,, , & e,0, B
y(0))Y" < (ry—03/2)/ay, , {y(1)), = (r, —03/2)/ay , BN {y(t)), = (r, —03/2)/a,, , a.s. o X
,ligt_l B,(1) =0, Wzis bRt (7) % [léﬂt_l Iny(t) =0, a s 7,

M, —032<0, Tt ' Iny(t) <e +(r, —03/2) —t"anf;ydt +1'o,B, (1) , % e,—0, H
GIELINWES Eﬂy(t) =0a.s.,

¥Rl ERS A, Moy < 2r, B, FHE y () JRFFEELFR, (HIEM o, BWTHIR, K
oy >2r, B, BRE y(¢) FAEAFR KA, Fh HAT JT0R R 5 B X R A S AR O, Y W 7 i B /N
FORERTRRSEAEAE, T MRS ok BE ORI, FERRE K4

TE6 XTHILRLE (2), 2HEm=r -2 ,n=r,-02/2 ,g=d+0c2/2, WH: 1) %
m<0, n<0, WFHEE x(1),y(1),2(2) WKL, 2) FHm>0, n<0, 1) # kem —a,q >0, WIFPHE
x(t) VIFFELAEAT, FIHE 2(0) S5 FIGHFEREAE, FIRE v (1) K45, 1) 4 kem —ayq <O, WIRRHEE 2 (1)
SRR, FIEE v (1) ,2(0) K4ty 3) EHn>0 Hapm+bn>0, ke(apm +bn) —a, a,qg >0, T
m AHRIES, YRR y(0) FIFFEEAE, MBE (1) ,2(0) 59 FFRREAEAT

EBA 1) X Inwx(e),Iny(e),Inz(¢) BHPEAR, Adlnx(t) = (r, —ayx + by —cz/(1 +x) -
o1/2)dt + o dB, (t) , PRI 0 3] ¢ B,

Inx(t) ~Inx(0) = (r, —0%/2)t —a, [ xdt + 5[ ydi =] /(1 40t + 0B, (1), (8)
0 0 0
EELEE

In (1) = In y(0) = (r, = 03/2)1 = ap| ydt + 0,8, (1), (9)

t

Inz(t) —=Inz(0) = (-d —0'§/2)t —a33f zdt +kcj x/(1 +x)dt + 0,B,(1), (10)
0 0

HEHS IEHETTRL, X —03/2 <0, W limy(e) =0, as., HIRHIE y () KL, WIXHE

Bl e, >0, fE7EE, >0, 135>k B, A
-& <y(1) < &,, (11)

R (8) PIIARIERLL ¢ FFRE TG
t" Inx(t) =t Inx(0) + (r, - 07/2) —t‘la“flxdt +t"bf’ydt -
0 0

t-'cj;z/(l +x)dt + 10 ,B, (1), (12)
¥ Ligt" Inx(0) =0, HWMREX, MMEEN &, >0, FEEL >0, Y =k, 0, A
t —e; <t "'Inx(0) <e&,, (13)
= (1) Rl (13) A (12) JFiEms
"' Inx(t) e+ (r, —0./2) +be, - z’lal,f;xdt +1'0,B, (1), (14)

Yr, -0 /2 <0, HFHEEENMIe, >0,6, >0, fifde, + (r, —01/2) +be, <0 WML, N
HEIEE 1 A4S limx(e) =0, as., HRERE AR MR« (1) KGR, MXHMEERN &, >0, fF7E

t— 40
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ky >0 (152 1=k, B, 7
—e, =x(1) < g, (15)
B (10) PRILIEIBRLL ¢ BT, 46t .
t"'Inz(t) <t ' Inz(0) + (-d-03/2) - t’1a33f zde + z’lkcf xdt + 170 By (1), (16)
0 0

BT lime Inz(0) =0, WHEZ 5 >0, FLE ks >0, Y 1=k, 0, 4

—e; <t 'Inz(0) < &, (17)

t

o (15) Ak (17) ARARK (16) " 7 In2(1) < &5 - (d + 02/2) + kee, — t-l%f zdt +

t"'o B (1), WAFEE BN 6,50, e,—0, fif5 e - (d + 02/2) + kes, >— (d + 03/2) < 0 {57,
N AH51H# 1 Arfs Eﬂz(l) =0, as, RIFPRE2(0) KL,

2) H1) BUEMATAL, Y, - 05/2 < 0 R, limy(1) =0, RIANEE () K4a, I HXHMERE/IMY
£,>0, &,>0, X (8) H:t" Inx(t) < e + (r, - 01/2) + be, - t_'a“flxdt +1t'o,B, (1),

"' Inx(t) = -e, + (r, —0./2) - be, —t"a“f xdt +t7'o\B, (1) o Hr, —01/2 > 00, FFAEERE/N
0

e, >0, 6,50, He, +(r, —0./2) +be, >0H —e, + (r, —0:/2) —=be, >0 W7, HFIFE175.
(x(t)) " < —&y,/a,, + (r, —01/2)/a,, —bey/a,, ,{x(t)), =&/a, + (r, —a1/2)/a, +be,/a, %
e,—00, .00, H:(x(1))" < (r, —o1/2)/ay, , {x(1)), = (r, —01/2)/a,, , W {x(1)), = (r, -
o1/2)/ay a s, BUREE x(0) B FIRFREUEARR . WIXHER & >0, FAAE kg >0, 1529 1 =k B,

H(r, -01/2)/a, - & < tiljoxdt < (r, —01/2)/a, + &5 o MAER/NE &, >0, £,>0, B (10)
Het' Inz(t) <t Inz(0) + (-d-03/2) - t"a33J0zdt + t"kcJOxdt +17'0, B (1) <& - (d+03/2) +

ke((r, = a1/2)/a,, + &) —t"a33ftzdz +1'oyB,y (1) &

i) Y ke(r, —01/2) —a,(d +0:/2)]/(a,a) > 00, f7fE >0, &, >0, ffiff e, — (d +
03/2) +ke((ry, —01/2)/a,, +&,) >0, &2 e >0, &0, HGIF1H (z2(1)) " < [ke(r, —01/2) -
ay,(d +03/2)1/(ayas) , as., BIVFPEE 2(r) 55 FIFFEAEAE)

i) X [ke(r, —0772) —a,(d +0:/2)]/(a,a,) <O, f77E e,>0, ¢,>0, it e, - (d +
0:/2) +ke((r, —01/2)/a, +&,) <0, & e—0, ¢—0, HIIHE 15 Emz(t) =0, as , BIFpEE
2(1) KA,

3) MBS H, Hr, -03/2 >0, (y(1)), = (r, = 03/2) /ay, , MRy (0) SV IFREEAT
B, WIXHERER &, >0, fE7Ek, >0, 155 i=k, 0, A

M e < (- 032 ay + 8,0 (18)

Bl (8). 2 (13) . X (18) AAlL, 1 Inx(t) < & + (r, —07/2) +b((r, —03/2)/a,, +&,) -

t'lanfxdt +17'0\ B (1) o B [b(r,-03/2) +an(r, —01/2)]/(a,ay,) >00F, & 6,50, &0, H

()" = [b(r, =03/2) +ay(ry —01/2) 1/ (ayay) , BFREx(0) 25 FERFEEAAN . WXL
) ey >0, FETE kg >0, H15Y ¢ =k B}, A

t_ljtxdl S5 [b(rz —0’%/2) + ay(r - 0'?/2)]/((111(122) + &, (19)
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Bl (16) . X (17). =X (19) AT 7' Inz2(t) < &5 - (d +03/2) +ke{[b(r, —03/2) +ay,(r, -
a/2) 1/ (ayay) + &g} -1t aﬂf zdt + 170, By (1), 2 [ke(b(r, —03/2) +ay(r, —0./2)) —a,a,(d +

0:/2) 1/ (ayanay) > 00, & e,—0, g0, A (2(1))" = [ke(b(r, —03/2) +ay,(r, —07/2)) -
ayay(d +03/2) 1/ (ayapnay) , BFPEE 2(0) &35 FIIFFEAAFI
Wit2 HMEH6M3) M, Bn=r,-02>0 m=r,-0,/2<0  MWHREDb=00, Fhit
x() Ry Mn=r,-03/2>0 m=r,—0,/2 <0, WFIREO <b<-ay,(r,-0./2)/(r,-05/2)
B, MEx(e) Kéfi; Bn=r, -03/2>0 . m=r -0,/2 <0, WARED >-a,(r, —01/2)/
(r, = 03/2) B, FORE x (1) FFEEAEAT Iﬁﬂ%wﬁ’uﬁ%ﬁbﬁﬁﬁx(t) HISEI
EET WR2a,,d/ (ke —=d) <A+ JA +4a,,(A +a,) , HPA=br,/ay, +7, —a,,, Ha =
a, (1 +x") —cz" =b(1 +x7")/(2€) —c(k+ (1 +x7))/(2¢) >0,B =a, —b(1l +x")e/2 >0,
Y =ay(l +x7) —c(k+ (1 +x"))e/2 >0, 8 =06 " (1 +x")/2+0y " 2 +03z2" (1 +x7)/2 >0,
FFHRE: 8 < minfa(xa™)” ,B(y" ), y(z"), H (x7,y",2") BERS (2) WX FIEERS
IEP AT, WIBEALEAL (2) MEEEAEWIEAE (x(2) ,y (1) ,2(1)) AR n(-) , JFHE
p( ) BATmIE,
R BT 2a,,d/ (ke —d) <A+ . JA +4a,,(A +a,) , HPA =br,/ay, +1, —a, 5L, WY
ARG (2) MXSBAEEME RGPS, W (27 ,y " ,27) WERaN &0
rn=a,x” =by" +ez" /(1 +x7),
ro=apy’, (20)
—d = apz" —kex" /(1 +x7),

T

FTERREL V(X)) = (1 +x" ) (v —x" =2 In(a/x")) +(y =y =y "In(3/y")) + (1 +x" ) (z-2" -
2"In(z/z")) , BAR V(X) EIEEREL

WERE (2) WRERBEPLSY, dV(X) = (1 + 2" ) (x =2 ) [ (r;, = a;x + by —cz/(1 +x))dt +
o dB, (1) ] + (ox™ (1 +x")/2)dt + (y —=y* ) [ (r, —apy)dt +0,dB, (1) ] + (o3y™ /2)dt + (1 +x7) (z -
) (=d = ayz +kex/(1 +x))dt +0,dB, (1) ] + (032" (1 +x7)/2)de , ¥ (20) fRA AT,
dV(X) = LV(X)dt + (1 +x" ) (x —x" )0, dB,(t) + (y =y )o,dB, (1) + (1 +x7)(z-2z")o,dB,(1),
Hp IV(X) =—a, (1 +2")(x =2 ) +b(1L +2" ) (x =x" ) (y =y") v+ (1 +x°)/2 + (cz" (v =57 )" =
c(1+a" ) (=2 )(z=2")) /(1 +x) —an(y =y ) +00y /2 —ayuy(1 +x")(z=2") +he(x —x" ) (z-2")/
(1 +x) +o03z" (1 +x7)/2,

HTFAZERL (2" (x—x") —c(L +x ) (x =2 )(z-2"))/(1 +x) < (ez"(x —x")> +¢(1 +
) [w—x |z =2 )/ +x) Sez" (v —a" ) +e(lL+a") [x—a ||z -2 | AR be(x -2 ) (2 -
2 )/ (1 +x) <ke|x —x" ||z -2z" | BOL, H AL, x—x"||ly -y |S[(x-a" )2/ (2€) +
ey -y " )2] , [x —x" ||z -2" |S[(x=x7)/(2€) +e(z-2")"/2] , WA LV(X) <= (ay, (1 +x7) -
ez ) (w=x" ) +b(1+a")[(x =2")*/(2) +e(y =y ) /2] —apn(y =y ) —ayuy(1 +2")(z-2")" +
clk+(1+x")[(x-x")/(2€) +e(z-2")2] +ox" (1 +x")/2+05y /2 +03z" (1 +x7)/2 <
—a(x —x") =By =y ) —y(z-2")" +8, HPEH o B,y,60MHMN:a =a, (1 +x7) —cz" -
b(1 +x")/(2€) —c(hk+ (1 +x"))/(2€) ,B=a, —b(1 +x")e/2 ,y =ayu(1 +x") —c(hk+ (1 +
x*))e2, 8 =0x (1 +x" )2 +0y 2 +0:z" (1 +x°)/2 , 8 WES < minfa(x™)>,B(y ),
vz, MXAHEERIK a(x =2 ) +B(y =y ) +y(z -2")" = S TE R T, LB ZMBRIKA—2D
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WU, % UCR,, UR UM, WXTFEEN (x,y,2) e RE\NUK, #FLV <0,

x(t) x(r, —ayx + by —cz/(1 +x)) o,x(t)
AN, HAES (2), d y(t) | = y(ry, = ayy) de + 0 dB, (1) +
z(t) 2(=d - apz + kex/(1 +x)) 0
0 0 ox’ (1) 0 0
o,y(t) [dBy(1) + | 0 |dBy(¢) , WIRIHY BN A(x,y,z) = 0 a3y’ (1) 0 |
0 o3z(t) 0 0 )

Y (x,y,2) € URF, iEM = min{oix® (1) 05y (1) 052 (1) |, WM >0 HWEERIE = (€,,6,.6,) €

R, A Z (a,;£,&) = TCE + 0 E + ol E = M| P ITAN (x,y,2) e U, & e R, WGL, M5

B2 . BEHUBOR (2) MO4EEEEAT EREION (x(1) (1) .2(1)) TAETRAMT s +) . JFE ()
A it

3 BUEER
YRS R IR, X e 6 g R TEUE R,
Br =1,r, =1,d =0.1,a,, =1,ay, =0.2,a,; =0.5,a =0.3,b =0.5,¢ =0.5,k =1, FHH
ARG (2) WWILREN (0.4,0.3,0.2) , WA,
1) B0, =2,0,=1.50, =140, Wlm=r -01/2<0,n=r,-03/2<0, HEM6H1)
N, FEE () v (1) ,2(t) K4, WE 1,
0.7
0.6

05

6,
5»
41 |
| 0.4
3
2

A
/

A~ LK

-

(98]

x(t)
y(t)

‘ . o~
|/ | 03|
2| f J | 0.2}/
1 }1') [" \ 0.1
(Y. s M OMUA 0 WW
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
t t t
a) x(1) b) y(t) c) z(1)
UL R AR AR RS Q) 1, B2 AR AR L 0 A 1 A5 Y i
Notes : The color line represent the solution of system(2),and the black line represent the solution of the corresponding deterministic system.
1 RS (2)R KK #HE MEEEENEH(0.4,0.3,0.2) B 01=2,0,=1.5,05=1.4 T K& i&] ¥ 5| &

Fig.1 Sample path of system(2) and its corresponding deterministic system with initial value
(0.4,0.3,0.2) and 04=2,0,=1.5,05=1.4

2) ¥o, =0.04,0, =1.5,0, =0.01508f, Wm =r, —01/2>0,n=r,—05/2 <0, ke(r, -
01/2) —a,(d+03/2) >0, HEMSW2) F1, FBEx(e),2(0) FREAELE, FIBEy () K4, W2,

3) Yo, =0.0,0, =1.5,0, = LAWK, Wlm=r, —07/2>0 ,n=r, -03/2 <0, ke(r, —07/2) -
a,(d+03/2) <0, HEMSBY2) H, FEEx(e) FrEebfr, PBEy (1) ,2(r) K4, WK 3,

4) Yo, =0.38,0, =0.3,0, =0.070}, Wn=r, —03/2 >0, a,(r, —0./2) +b(r, —03/2) >
0, ke(ay(r, —0:/2) +b(r, —03/2)) —aya,(d+0:/2) >0, HEH6 K3) I, FEEx(r),y(1),
2(t) BYRFFEAAR, WE 4,

HE L, YGRS o o,,0, FPERE, SR =M () o(2) 2(0) RRME T K4 |
K2, o, NME, o, o, B/NE, FHEy(r) BTRLE, (HREFRE x(x) , 2(t) SRR, K3,
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oy, oy A, o BUNSE, FERE y(0) | 2(0) BT RS, EREMEE x(x) 2R84 K4, Hoy,
oy, oy FANE FREx () | y(1) | 2(0) MG, IFAFLE A, LRI, BEALIE S Rl
FEAAF 5 KA EE RN M, KRIBEVLIUSh 2 AR R 4,

x(t)

x(t)

x(t)

201 18- 0.65¢
18 16 0.60
16 14 0.55
14 12 050/
12 S]O 2 0.45
10 = ] T 0.40
8 6 0.35
o | 030
4 | ‘2‘}“ | 025 /
2y | 2/} N 0:20p |
0 10 20 30 40 50 60 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60
A 2 2
a) x(t) b) y(1) c) z(t)

YO R 0 i AT R GE(2) A, 0 € A QT LA T A A 2 PRS2 1Y
Notes : The color line represent the solution of system(2),and the black line represent the solution of the corresponding deterministic system.
B2 REQRMERKTEMEEENEHS(0.4,0.3,0.2)H 0,=0.04,0,=1.5,0:=0.015 T Ky & 1] F= 51l [&

Fig.2 Sample path of system(2) and its corresponding deterministic system with initial value
(0.4,0.3,0.2) and 04=0.04,0,=1.5,0,=0.015

r 151 0.71
\' 0.6

6
5
| /
4 0 05
0.4
3
2

y(t)
z(1)

0.3

m& o )

‘ 0
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
t t t

a) x(t) b) y(t) c) z(t)
UL R QIR AR R G Q2) B, 8 (0 L AR AR VL A 1 2 P A Y ) i
Notes : The color line represent the solution of system(2),and the black line represent the solution of the corresponding deterministic system.
3 RG(2)RAT T E AR ZEAIE H (0.4,0.3,0.2) B 5,=0.04,0,=1.5,05=1.4 Tt it i8] 5 51

Fig.3 Sample path of system(2)and its corresponding deterministic system with initial value
(0.4,0.3,0.2) and ¢=0.04,0,=1.5,05=1.4

9]

; 10
6 9
N \ i § HM |
I =5 T
o (L
0(1 20 40 60 80 100 0(; 0w e w0 i YN w0 e s 160
a) atc(t) b) ;-(t) . i(t)

O R (0 i AR R GE(2) R, B (0 LA A I A o PR A1 Y i
Notes : The color line represent the solution of system(2),and the black line represent the solution of the corresponding deterministic system.
B4 ZR%((2)RIEAKHEERE Y EH(0.4,0.3,0.2) B 04=0.38,0,=0.3,05=0.07 T i i i&] ¥ 5

Fig.4 Sample path of system(2) and its corresponding deterministic system with initial value
(0.4,0.3,0.2) and 04=0.38,0,=0.3,05:=0.07
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