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A 7 T8 BT THR G2 TR 95 30 ) T B4 B A 4 R 2

x=z+ (y —a)x,
y=1-by -« (1)
zZ=—x —cz,
Hirp o ARy AHRETR 2 MIHIEEG o > 0 NEEE R b > 0 NIRNEEE A, ¢ I
i RS AR, Y ¢ — b — abe < OB, @RS (1) FAEME— P15 M, (0,1/6,0)
Moo —b-abe > 0N, RRRLE(1) F71E 3 DA My (0,1/6,0), M, ,( +./6,, (1 +ac)/c,
F . J0,/¢)  Hrh 0, = (¢ = b — abe) /c XSV S AR EMEIT
(A) Me-b-—abe <O VFEBEMRX=x,Y=y- 1/b,Z =z, R (1)ZH
X=(1/b-a)X + Z + XY,
Y=-bY - X, (2)
Z=-X-cZ.
Zead AR AR, AT A M, AR (0,0,0) 7T DU R G0 (2) T g 2R ML R S8 B A
(A+b)[A +(c+a-1/b)A+1+ac—-¢/b] =0
() 3 NMFIEHZ— A, == b A, B A, B 4 FPiEN
O 1 c—-b-abe <0, c+a-1/b>0, WA, <0,A, <0, N\ifi M, EFaERIL.
B2 c-b-abc <0,c+a-1/b <0, A, > 0,A; > O,MWMOI%@AJ—I—'\.
T3 c—b-abe=0, WA, =0,A, == (¢ +a— 1/b), MILHF AT FSY 3 FEDL
(1) Me > 18,4, == (¢ +a - 1/b) < O, HTuO LA, P 5 M, JRF e ;
(i) 250 <c < 1WAy == (c+a~-1/b) > 0, P M, FARSU BT E -7 A5
(@) 24 ¢ =1 5, IEBLGMEE, RV M, &bk 07
B4 c-b-abe <0,c+a-1/b=0, M -1 <c< 1, ANTA, =iv/1-¢, A, =
- im,%‘iéﬁ(l) TE-A 55 M, A Hopf 7372,
(B) He—-b-abc=0,0 <c < 10 M, BATREVFHES ;S c—b—abe > 0 M, JBF
FE A LY M, M, TESETH L bet + b7 = 2ab’c® + (2ab -2 - 3b%)e + 3b = O, RGi(1) H
PRAY o0 A T L S 8 0 = 0.9,b = 0.2,c = 1.2, W50 R[3,1,5], ¢t € [0,10 000]
B, ARG (1) =K (E 1),
SCHR[3TXF RGE (1) 5IALER S ], AER 5 R oKk 38— e S i o, 75 8 LAUF 8
RS
x=z+(y-a)x,
y=1-by -2 +k(y-y(t-1,)),
Z=—X —CzZ.

TEMCEERR -, SCRR[ 4 ) 7ESE BT T oK 3N — A~ IR B 15t -
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x=z+(y—a)x +k(x—x(t-7,)),

y=1-by -2t +hy(y —y(t - 7,)), (3)

Z=—X —cz.

B RE(1)RYME (1 e [0,10000])
Fig. 1 The phase diagram for system (1) (¢ € [0,10 000])
TATVHIEY ¢ - b - abe < O B, M(0,1/b,0) JEEARSG (1) — A FH .
AR SORE 5 TR RS HE 3G I — B S5t

x=z+(y-—a)y +k(x-x(t-7(1))),
F=1—by -2 +h(y —y(t —7(1))), (4)
t=—x—cz+h(z -2t -7(1))),

TR M, W RGE(4) W PA 05 TS RS T R 50 2T 150 AR SO 1 A8 4k .
X, =x,
X, =y - 1/b, (5)
X, =z.

TRERG(4)¥h
X, =(/b-a)X, + X, + X X, +k,(X, =X, (¢t =7(1))),
X, ==bX, - X2 +k,(X, - X,(t —7(1))), (6)
X, ==X, —cX; +ky(X, - X;(t —7(1))),

W ZRGE(4) HFH a5 My MRLTRGE(6) BFHE 0(0,0,0) iE—20 4, 34T IEARE A i A6
BB IEBE ¢ R P ARTUR R, AR AR A

{P(O$T(t) <7, )=c,, oh
P(r, <7(t) <71,)=1-¢,,
Hrh T,=T.
E BEALZE R CAnF .
@(t)={ , 0s7(1) <7, (8)
0, T, <7(t) <7,.

G G R ] i ok o 4 il R 4
X=AX +f(X) +c,K(X -X(t-7,(1))) +
(1-¢c)K(X-X(t-7,(1))) +(C - )K(X(t —7,(1)) —
X(t-7,(8))), t=0,1t#1,, (9)
X(t])=BX(t,) + NR(X(t, —7(1,))), t=t,, k=1,2,-,
X(s)=¢&(s), sel[-7,0],
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Hor X = (X, ,X,,X)", 0 <t, <t, <= <t, <=, lim_t, =00, X(t;])=X(1,), A
/b-a 0 1 XX, k, 0 0
A= o0 b 0 |, f(X)=|-X>|,K=[0 k O],
-1 0 -c 0 0 0 &

SIE 1Y I AER
D'v(t) <-av(t) +b[v(t)],, LFE L,
v(t,) < aw(t,) +bLo(t)],,
Hrp () =0,[v(t,) ], =sup, ..., v(s), [v(t;) ], =sup, ..., v(s), v(t) JEFRTHE] ¢ FELE
(BT Bkt 2 e, k=12, Kb 20 e, L 0 =1, <1, <1, < - <1, <1, <,V
M lim, t, = o AR
1)a > b =0;
2) 1, —t,, >, Ho s > 1, IFHMAEFEy >0, M > 0 i
PPy P e’ < Me,
Hrp, =max{1l,a, +be"" }, MA > 0T =a - be' [ME—fiF,
ny
v(t) < M[v(0)] e ",
JH,# 0 =sup,_,11,a, + b}, WFH
v(t) < O[v(0) ], e AeAD/G Ty >,
RIS 2 SR SR T
LIDI=(1d;1),,,, HTD=(d),.;ic Z HEREEBA RIS ; TR,

2 E g R

EIE 1 BRI E XA HAT SRS h 2| h(X) | <H| X1,V X e R.[AIHK
BEAFAEPN IEE m, F1 m, 15
~A-A"-2K ¢K (1-c¢)K

b = m,I 0 >0, (10)
* m,I
JfFH.
(CH) A, (@) > A, [(m +m,)K] = 0;

(C2) fF1E S8 > 1, ffif5 inf,_,(t, —1,_,) > 87,8°7 > In(pe’”) ,IJFH A > In(pe'™)/(87),
Hp =max,_, {1,a +be""} ,a =sup, 24 (B/B,), b, =sup,2A, (HN;NH) , A > 0 & A
=a - be" PIME—ff, Hba=A, (D), b=A,,[(m +m)K].

MRS (9) B Z i 2 42 R Rl 2 1.

UERA % Lyapunov R4

V=lXx]|"
FIHT K S2XS DL ot b it B AR AE R - 2oy <2 + 97, A
D'V=X"(A+A")X +2X"f(X) +2c, X' K(X - X(t - 7,(1))) +
2(1 =) X'K(X - X(t - 7,(1))) =
X'(A+A" +2K)X - 2¢, X'KX(t - 7,(1)) -

max

max
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2(1 = ¢ )X'"KX(t —7,(1)) . (11)
i
X
=Xt -7,(1)) |,
X(t —7,(1))
lFS)
DV==0"® +m X" (t —7,())X(t = 7,(t)) +m,X"(t —7,(t))X(t —7,(1)) <
~A(PLE) + (my +my) [ V(1) ], <
A (DY) + (m, +m) [ V()] . (12)
n—Ji, A
V(’*‘/f):XT(t/C)X(t/C) =
[(BX(t;) +aM(X(t; —7(t,)))]"[BX(t;) + M(X(t; —7(1,)))] <
20, (BB V(1) + 2, (HNNH)[V(1,)], =
a V() +b,[ V() ], . (13)
HAAE (C2) AXERSE] p*t' e < pe?e™0 | T i Bk p i AN 250
IX[°<p | X |zt mern/embo t =1, =0
OPUER] T RGE(9) BE 4 Jdh B e 1.
3 T

Bl1 ERG(9)H, ®a=12,b=0095,c=02, ¢ =095 7, =055 =158 1,
inf,_,(t, —t,,) =12, 7 =0.75,

0.03 0 0 001 O 0
= 0 005 O |,H=| 0 002 0 |,
0 0 0.02 0 0 0.03
0.002 1 0 0 0.035 0 0
B, = 0 0.001 1 0 ,K=] 0 0.015 0o |,
0 0 0.001 2 0 0 0.025
- 0.147 4 0 1
A= 0 - 0.5 0 ,
-1 0 -0.2
0.224 8 0 0 0.033 3 0 0 0.001 8 0 0
0 0.97 0 0 0.014 2 0 0 0.000 75 0
0 0 0.35 0 0 0.023 8 0 0 0.001 25
0.0333 0 0 m, 0 0 0 0 0
D = 0 0.014 2 0 0 m, 0 0 0 0
0 0 0.023 8 0 0 m, 0 0 0
0.001 8 0 0 0 0 0 m, 0 0
0 0.000 75 0 0 0 0 0 m, 0
0 0 0.001 25 0 0 0 0 0 m,
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I E IR B 2 A A SE L (10) 12173 MATLAB LMI T HAH , 711§ m, =0.1,m,
=02, UMa=A,.(®)=0.0917,b=(m, +m,)A_(K)=0.0105 MNifiia >b > 0.5 (C1)
W2 oR A A = a - be'” 2 A =0.080 8. 4015 p = 1, NIELTIE inf, _,(1, —t,_,) >
87,81 > In(pe*) ,FFH A =0.080 8 > 0.050 9 =1In(pe’™) /(87) BIEA(C2) i e T
FERL T, REE(9) B EMR R4 R Ta TR 1.

4 45 R iE

2 SCHR[ 6-17 ] H— S 5 B AL I I A &, AR SCHIFSE T — 2 MR R PV 19 &2 4% 4 il R B2 1)
B 143, 3824 i Wk e ) B -5 ik g DA S MR IS BT 4 05, 3R A% T BRI SRS BE T 1)
S A SR AR B e, IR B S B IR UE T 9k A T AT M S G B AR (1)
5 15 M, XTI RSE(6) RS, T3k, k,  ky PG R RSG5 (6) IR S AR 4
JriFa e (H AR SO A 4 i ik o 5 O R — R W Bk o IRD B, RRAS (T 42 2 & Al R 0 P e aA B 42 )m)
FeERaE |, XS BR ) EURAT — o B L 48 5 SRR SR A T A T AT LUR H — R 514
it 1 s s /A 3 B e 20 B 2 4 o o ) o R A I o T B Rk o i 8
LTk RGR IR,

gt A SOVEE B0 B R T G 2 B 2018 4F B K gk AR AE DI I R 15 H
(201814389083 ) ; Ji #B Ui i 2% B 2019 4F E K 9¢ K 2% 4 A1 %7 &)k I 2% 31 %) 5 H
(201914389037 ) ¥ A< 3C (1) %% B,

max

2% 3k ( References)

(1] D2, TR RS R R G0 2 IR NS 52 R 2 EWF R (D[] N HEC#
Ji%#, 2001, 22(11) ; 1119-1128.( MA Junhai, CHEN Yushu. Study for the bifurcation topologi-
cal structure and the global complicated character of a kind of nonlinear finance system(I)[ J].
Applied Mathematics and Mechanics, 2001, 22(11): 1119-1128.(in Chinese) )

(2] E%EfE, BT KLl SR RS0 RN 5 2R AR D[ J]. W HECEEM
J1%, 2001, 22(12) : 1236-1242.( MA Junhai, CHEN Yushu. Study for the bifurcation topologi-
cal structure and the global complicated character of a kind of non-linear finance system(Il)
[J]. Applied Mathematics and Mechanics, 2001, 22(12) ; 1236-1242.(in Chinese) )

[3] ZHANG R Y. Bifurcation analysis for a kind of nonlinear finance system with delayed feedback
and its application to control of chaos[ J]. Journal of Applied Mathematics, 2012, 2012
316390.

[4] PYRAGAS K. Continuous control of chaos by self-controlling feedback[ J]. Physics Letters A,
1992, 170(6) : 421-429.

[5] CHEN W C. Dynamics and control of a financial system with time-delayed feedbacks[ J |. Cha-
os, Solitons & Fractals, 2008, 37(4) . 1198-1207.

(6] WL, VUL, SFRHEN. —JS& PRPIEIR S5t 4 R G MR E R T [ I 1. TLAR R 2224k ( HARFL
ZEfR) , 2011, 32(2) : 241-244.( YAO Hongxing, PAN Hong, QI Lili. Global exponential stabili-
ty of a financial system with impulses and time-delayed feedbacks| J|. Journal of Jiangsu U-
niversity (Science Edition) , 2011, 32(2) . 241-244.(in Chinese) )

[7] RAO R F, ZHONG S M, WANG X R. Delay-dependent exponential stability for Markovian

jumping stochastic Cohen-Grossberg neural networks with p-Laplace diffusion and partially



ELAB AL IR S 15 4 i 22 0 1 ok o s il 1415

[11]

[12]

[13]

[14]

[15]

[16]

[17]

known transition rates via a differential inequality [ J |. Advances in Difference Equations,
2013, 2013, 183.

SONG Q K, YAN H, ZHAO Z J, et al. Global exponential stability of impulsive complex-val-
ued neural networks with both asynchronous time-varying and continuously distributed delays
[J]. Neural Networks, 2016, 81: 1-10.

WANG L M, SONG Q K, LIU Y R, et al. Global asymptotic stability of impulsive fractional-or-
der complex-valued neural networks with time delay[ J |]. Neurocomputing, 2017, 243 49-59.
AR, VR, XU, ki i o A S5 O SRR B ih AR [ ). 4 B8 5 0 1
1999, 16(4) : 519-524.(YUE Dong, XU Shifan, LIU Yongqing. Differential inequality with de-
lay and impulse and its applications to design robust control [ J]. Control Theory Applica-
tions, 1999, 16(4) . 519-524.(in Chinese) )

KEw, REHh. WA IR R EM 2 M % R Eae et [ I]. BB 14, 2018, 39
(5): 584-591. (ZHANG Lei, SONG Qiankun. Global exponential stability of complex-valued
neural networks with proportional delays| J]. Applied Mathematics and Mechanics, 2018, 39
(5): 584-591.(in Chinese) )

Fo AT, RELH. A7 A BHE Y Clifford {8l 28 2% 19 2 R R e M [ T 1. I ) 2%
2017, 38(5) : 513-525.( SHU Hangi, SONG Qiankun. Global stability of Clifford-valued recur-
rent neural networks with mixed time-varying delays| J |. Applied Mathematics and Mechan-
ics, 2017, 38(5) : 513-525.(in Chinese) )

ZHANG X H, WU S L, LI K L. Delay-dependent exponential stability for impulsive Cohen-
Grossberg neural networks with time-varying delays and reaction-diffusion terms[J]. Com-
munications in Nonlinear Science and Numerical Simulation, 2011, 16(3) ; 1524-1532.
Ryl BE. BAZHE M XEEHEL M Lurie 6 REM S B4 FE LI, IIRE R
FRCARBIFERR) , 2007, 30(1) ; 27-30. (LI Kelin, ZENG Yi. Robust absolute stability of in-
terval nonlinear Lurie control systems with multi-delay|[ J]. Journal of Sichuan Normal Uni-
versity ( Natural Scicence) , 2007, 30(1) . 27-30.(in Chinese) )

LI K L, ZHANG X H, LI Z A. Global exponential stability of impulsive cellular neural networks
with time-varying and distributed delay[ J]. Chaos, Solitons & Fractals, 2009, 41(3) . 1427-
1434,

W, RITIE, REzH, S5, Il 20 I 25 LA AE 32 ) i RS AR [T, B R 2,
2018, 39(7) . 821-832.(ZENG Degiang, WU Kaiteng, SONG Qiankun, et al. State estimation
for delayed neural networks with stochastic sampled-data control[ J]. Applied Mathematics
and Mechanics, 2018, 39(7) : 821-832.(in Chinese) )

RAO Ruofeng. Global stability of a Markovian jumping chaotic financial system with partially
unknown transition rates under impulsive control involved in the positive interest rate[ J ].
Mathematics, 2019, 7(7) . 579.



1416 PFparse  BE M B % wEmde  EOF x| I

Impulse Control of Financial Systems With
Probabilistic Delay Feedback

AZI Aying', RAO Ruofeng'’, ZHAO Feng',
HUANG Hongyan', WANG Xue', LIU Hao'
(1. Department of Mathematics, Chengdu Normal University
Chengdu 611130, P.R.China;
2. Institute of Financial Mathematics, Chengdu Normal University,
Chengdu 611130, P.R.China)

Abstract: The global asymptotic stability of equilibrium points of impulsive financial systems
with probabilistic delays was studied. Firstly, through definition of the random variables on the
appropriate time-delay intervals, the mathematical model for the impulsive financial system
with probabilistic time delay was given. According to the characteristics of impulsive differential
inequalities, a simple and suitable Lyapunov function was constructed. By means of the impul-
sive differential inequality lemma, the technique of controlling impulse interval & impulse quan-
tity and the probabilistic time delay analysis, the global exponential stability of the equilibrium
point in the permissible category of large delays was obtained. Finally, the feasibility of the pro-
posed method and the advantages of probabilistic delay were verified with a numerical example.
In particular, the increase of the time delay allowable upper limit to the stability criterion enlar-

ges the practicability of the criterion.

Key words: probabilistic delay; impulsive differential inequality; Lyapunov function; MATLAB
LMI toolbox
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