2016 4 9 A ERIMEAFFRCERMZFHO Sep. 2016
#33% #5H Journal of Chongqing Normal University (Natural Science) Vol. 33 No. 5

DOI:10. 11721/¢qnuj20160532

MERELLFARGEFHNEVEFRZTSEEWHELRR

TEMK', E—R', FARRE?
(1. SMMEK% B S5% %0, 5t 550025; 2. mER¥ B¥ 5% 1%k, BY 650091

WE:vaflAmANE SN ER. AHTHEAREEFARGER NS L ER TS EANMEANHNEFERN T2 4
U RE (HOH) RSB ZREA LB E, %EHEE S8 Lyapunov i 3, 4 1% B A B #F 09 — M — 3
B R R T AR SR (H ) W (Hy) o (H) R ST B s BB R X2 — i T L — Bl B 1Y,

KR A B KR E] B R E A E M2 s Lyapunov # 30

RESES:0175.2 AR E R A XEHS:1672-6693(2016)05-0080-05

1 & HiR

WEJE IS AE AR A 0 A7 7 8 L R TR 2 A S PR A X, B K SOl T e (R AR I R R
it v M R AR A A5 e R AR D SCERLO I SE T R AN A I ROEE B R AR A AR FIA  ERE E  R AR
A

22 (D) =a, () —b, (Wexp{x (@)} —c; (Dexply() ) —h, (Dult),
v =a, () — by, (Dexp{x ()} —c, (Dexpl{y(®)} —h, (Do),
ur (D) =—p, (Dul)+q (Dexp{x(D)},
o2 (1) =—p, (Do) +q, (Dexp{y(D},

R FAM TP AW RN, H 2 ()5 v @ 53 53R R Al B R 78 ¢ B 2000 77 b Fp R A . a, (o) s
a, (1) SRR AR AN AL 77 SR TR 3,0, (0 s ¢ (O TR WA 4% 9 B IR L0, (0 5 ¢ (1)
TR P A Xk Xk 5 Al B 5 4 03 BB () vm%ﬁ#’*%m—‘z%,h (6) 5 hy (O I3 RN PERN LB w () s o)X A
A R 277 S AR ARG A B DT R . R G AR RS DA Oy R R AR R O R . AR SCHE SCRRLO T Rl |
25 FR G0 (1) A HE ) 300 Ak %) A A M — M 0 — S0 i A 1k

WRABRBE: (H) a0 b;(1) s i () s hi (1) s pi(1) s qi () s i=1,2 JERER T L AAE A S R 30 ok %, B X
LM i=1.2.4.

QD)

0 < arsa,(OH<<aM,0 < br<<b,(H<HY,0 < r<<c,(H=<cV,
0<<hr<<h; (D<h},0<py<<p, (O<p!,0<qr <q.(D=<q),
X B f’"—mgf(t)}, f‘;”:%l?{f(t)}o
N 2 AR SRR SR 5 B
513 1 R CHD AL MRS (D BN #E (e (0 v s uwl)y o))" HBIH AR
,lim sup{ax (1) }<<x” ,}Lm sup{y()1<<y”, }Lm supflu(D) ) <<u”, }Lr{l sup{v(t) ) <v",

M__m M__ m M " M "
+ v a b7 v Az C3 «_qre . _qre
/\I:F'I - - U — U — °

o pt ri

xRS EHE:2015-11-27 &= H#:2016-05-04 [ %% H KR R 18] : 2016-07-13  14:00
FBETE : HRK A REF IS (No. 11526063) 5 5 M 4 Bl AR I 4 (No. By FHE ] #£[201572026) s St M E #HH T A REFEFFR T H (No.
A KY[2015]482)
TEE /A T, B, B8 058 Oy i AW 8F  E-mail : 18275352729 @ 163, com; 18 18 1 & : Jé — ., A #0#% . E-mail : ypanggy @ outlook.
com

P & H AR e 41k - http://www. cnki. net/kems/detail/50. 1165. N. 20160713, 1400. 002. html



%5 TEAM, 0B RZ A Rl ok B S A By LR 81

313 21 R (HD B, 3E— R (Ho) : af — Ve’ —hYu" =0, ay —bYe —hYo" >0 5. W &S

(DN (D vy ule) s o))" HR L .
Ili)r({l inf{x(t)} =x. ,Ihm inf{y()} =y, ,Ihm inf{u(t)} =u. ,rllm inf{v()}=v
m__ M y" M m__ M _x g M_ m oz, m oy,

o :ln(al ch eby hi'u j’y% :ln(az b ecy hy v j’ u :q;l“/l o :%o

5138 3% REAE TXSXS EAFAE Lyapunov BBV (¢, X, Y) I F oI &4

Dallz—y|O<V@.X. V<b(|z—y])a.bEK. K={aECR",R"): a(0)=0, H a JEWHEE};

2) |V, Xo Y=V, X, YO <L X=X, o+ Y=Y, |, Hd L>0 Nk

3) DTVAGL X Y)<<—cV(t, X, Y) , i ¢ >0, —cER",

A IR R G COAFEAE— N (e (D) oy () su () yo(1)) €S, Hip S R — A58, W & 58 (1) A ME— 4 45 J5 19
it (e () oy u(e)v(®)) €S, HILHEE i if 2 —3iE e n .

2 EEHER

IE Q=) y@) yult) y0()): () y() v u() yo(O)JER G (D BIE S HIE Q FERG (DAL,

EE D D (H) oW 0 RIEZ £ RS (D 2 — A SRR I i .

B BT @ (00,0 sc; () sh; (O s pi () 5qi (1) yi=1,2 FAZWAR T b (9 HE 5 A pR 5, M AELEE S (T, ). 24
n—>colif A T,—>co, ffifs,

a;+T)D=>a, ()b, G+T,)=>b,(1) sc; ¢+T,)=>c; (1),
hiGt+T)D=>h, (), p: (t+T,)—>p;(t),q;t+T,)—>q: (1),
HUGIE 1 RG] BE 2 0, XHME R e >0 /778 ¢ € T A XHME RN (>0 B
. —e<<a(D<x" fe,y. —e<y(OD<y" te,u. —e<<u(D<u” +e,v. —e<v(D<v" +e,

L, (O=2G+T,) 3, (O=y&+T,)u, (D) =uCt+T,) v, () =00+ T,)  WXHT R m € NT FELE R L
P52, () :n=m) Ay, (D :n=m ) Aw, (O cn=m) s (v, () cn=m ) AR EATERFR T F AR A BRIX [ AU
ST, BRI, WS TR e M {2, (O :n=m ) v, (O in=mb s {u, (O cn=m by {0, (D) sn=m)

PG AT 2" (D.y" (D su (0" () Y n—>colif  XF € T A

2, D=2 (), D>y ) su, (OD—=>u” () sv, (D—=>v" (1),
Gk () sy O u” (D 0" O BRGNS FEX t€ T HHA .
. —e<a(OD<x" Fe.y. —e<y(O<y" +e,
., —e<u(O<u” te,v. —e<v(HO<v" te,
BT e MEBNIESR .2 e>0BF . <" (DO<zx",y. <y O<y Ju.<u O<u" ,v.<v (O<v",
Tk
T2 R GE (1) I — S0 AR A ARE S I i 0 A A T e
EE 2 R MH), (H) W #f— 2 Hi% . (Hy) >0, —cER", Hrr,
c=min{P; ,Q,; ),
P, = brer 4207+ cmEr b p g e — p ML (DM (EY) 2 A bM MEMEM - pMp MeM |-
OY2(ED Y MEVEM YR YEN + (g} (&) ]—gYeN,
Q; =hy+2py+pprarsy — LR HoVRYEN +cMn YN+ (py) ] — ¢l G j=1.2,i7))
N R 5 (D A7 AEME— B R A (o (0 .y () L u () o (D) € QL H LR R g B —E0iiE 2 e .
ER HMEHE1LALREOAHRB @y ul) o)W R Y€ T I LA
<z, <x(O<zx" ,0<y. <yO<y ,0<u., <u@®<u" ,0<v. <v()<v",
W a0 <AL [y | <A [u@ | <A, [o@ | <A LHP A =max{z. .2 } A, =max{y. .y }. A, =
max{u. »u" } A, =max{v, ,v" |,
SHE R (2 () 5 y () su() o)) € R E XL
| () sy () sult) sole)) | :fg?‘x(t) ‘ +?g$ v () | Jr?g? lu(e) | Jr?g? o) |,



82 FERFREAFFHEARFHK htp://www. cqnuj. cn % 33 %

B X=()y@) s ul) o)D) FY=(ZT @), y(),u(t) o)) R (DBFAF A | X|<C. |Y[<C,

b c= A,
i1
HIERARF(DRIRB AL .
22 (D =a, () —b (Dexpl{a(@®)} —c;Wexp{y(}—h, (Dult),
V() =a, () —by (Dexpla(t) ) —c, (Dexp{y()} —h, (Dv(L),
ur (D) =—p, Dult)+q (Dexpl{a(D)},
v () =—p, (Dv() +q, (Dexp{y(D},
22 =a, () — b, (Dexplx (D} —ci (Wexp{y) ) —h (Dult),
YD) =a, () — by, (Dexp{x ()} —c, (Dexpl{y(@) ) —h, (Dov(t),
wr () =—p Oul)+q (Dexp{x(D},
V() =—p, (Dv() +q, (Dexp{y()},
T TXOXQ FE X Lyapunov PREL:
Vi, X, Y)=~(@) =)+ (@ =3+ (u(@) —ul))*+ (u(@) —v))?,

(2)

| X—Y| =sup |2 ()—x () | Jr?él? |y — () | Jr?g? lu(t) —ule) | +71€J$ | o) —o() |
| X—Y]. =<§g?<x<z>—z<z>>2>%+<zqu<y<z>—§<z>>Z>%+<§g¥<u<z>—a<z>>2>%+<§g$<v<z>—5<z>>2>%
SRR MAFER L C . >0,C,=>0, 18 C | X—Y[<|X—Y].<C [ X—Y|. WA
CX—Y|D*<VG. X Y)<(C | X—Y|)?.
Ba()=CH() () =C5 () W F B 3 A9 51 DI .
BEAN S X =y () sy () sy () 501 (D)) Y1 = (D) sy (O s uy (0 0, (D) A
V. X, YY)V, X, . YD I =@ =2+ () —y@))*+ (u() —u())* + (o) —v())* —
(D=2 =3 D=3 (D) — (i (O —u; (D) — (o, (D=0 (D) < | (2 (D) —2(D)) — (2 (D) — 2, D) |+
[ (v =3 ()= (3 (D=3 O+ | ) —u())? — (uy () —uy, (D)2 |+
| (o() =) — (o, (D=0, ) [<UxD |+ 2@+ o [+ 2, ) D[ (2 —2() = (x (D) —x, (1)) |+
Uy I+ 1y 1+ Ty O+ 13 @O D () —5@)) — (3 () — 3 () |+
HuoO [ Flu T+ w O+ wy (D DT () —u(e)) — Cuy (1) —uy () |+
o [+ 0@ [+ o (O 4o, (0O D | (@) —0()) — (o, (1) —v, (1)) | <
L{Uz—x, O+ Iy =y O+ ul)—u, (D] + o) —0v, (D ])+
Uz —x |+ ly@—3 @O+ lu@—u O+ o@—o D =L{ | X=X, | + Y=Y, [l |},
Hop L=4max{A A, Ay Ay, XRUTIH 3 M 5&MH D WL,
ARG (DMRTE Ve, XY 4 B S5
D'V, X, Y)=[2x()—x()+pu) (@) —x@))*J(x (1) —x())*+
2D =y + (D) (@) =y (v —y @) >+ 2@ —ul)) +p(0) (w() —u())* J(u() —u))*+
[2Co() — o)) +p() Co(e) —o())* ] (u(t) —o())*, (3)
RAEEILIEW, (D) =x() —x2() W, (1) =y@)—3y(@) W3 () =u(t) —u(t) W, (@) =v(t)—0v(t) M
Vi, X, Y) = Wi) + Wi) + Wil + Wi,
TR ATAE R D VA, X Y) =V, +V, +V,+V,  Hj .,
Vi=02W, O +pu(oOWE @) W), V,=2W, () +pu(OW2 () W2 (1),
V,=02W, () +u(OWFD W), V,=2W, () +u(OWF (D)W@),
F I v E HAS
exp{a(t) ) —exp{x (D))= W (x()—x()), exply(@®)} —exply(®)}=(y@)—y()),
Hr g (ONAT expla g exp{x () Z L& WA T exply(O 15 exply (o)} ZIA, T (2) AT A5 Ny



%5 TEAM, 0B RZ A Rl ok B S A By LR 83

W) =—b,(DEDW, () —c, (DEWW, () —h (HOW4(8),
W2 () =—b, (DEWW (1) —c, (DEWW, (1) —hy (DWW, (2)
W) =—p, (DWW, (D) +q, (OW, (1),
W) =—p,(OW, (1) +q, (HOW, (D),
ny .
Vi=02W, O +puOWE @ W@ =[2W, () +p() (—b, (DE W, (1) —c, (DEWDW, (1) —h, (DWW, (1)) ] X
(b (DE W, ()=, (DEWW, () —hy (DWW (1)) = (u()bi (1) E (1) —2b, ()& ()W (1) +
2 OEDE WD) +p(OR (OWE (D) + 2o, (D, (DEWE ) —c, (DEWNHW (DWW, (1) +
2 ey (Dh (DE DWW, (DOW 3 (D) + 2 b (D hy (DE (@) —h (OIW, (DWW, (1)<
LM YD (8D —2nT &Y IWE () + 1M (D2 (ED W5 () + M (RYD)*WE () +
[0 e gl el — v gy JOWE (0 + W3 () + e Y& (W3 () +WE () + (MDY AYEN —ht) (Wi (D) +WE ()
V,=02W, () +p(OW2 () W2 () =[2W, () +p () (= b, (D& (DOW 1 (1) — ¢, (D& OW, (1) —hy, (DWW, () ] X
(b, (DEWW, (1) —c, (DEWDW (1) —hy, (DW (D))= (u(DbT(DE () —26,(DE WHWT (D) +
pDct OEWWE () +p(Ohi (OWE (@) +2u(0)by (e (D& (D& (D) —c (D& W)W (DOW, (1) +
2 ey (Dh (DEWDW, (DOW 3 (D)2 b, (DR (DE (@) —h (OIW (DWW, (1)<
LMY EY)* — 2Ry EVIW T (1) + 1M (D2 (&YW 5 () + M (RYD)* W () + [ pMb Y e eV & —
& YW () +W3 () e Y (W () +WE ) + G RYEY —ht) (W () + W)
V,=02W, @) +p(OWs @) Wi ()=
L2W, () +p (D (= pr (DWW () +q (D& (DOW, () J(— pi (DWW () +q, (D& (DOW, (1) =
1@ (DEWWI WD +2(q (DEW) — (D) p (Dq (DE@NHW (DWW (1) + (u(D) pi (D) —2p, U)W (D
M AP ENDTWI D)+ (Y& — " pr gt &) (Wi () +Wi (D)) + (M (pY)—2p1O Wi,
Vi=02W, O +pu(oOW ) W) =
L2W, (D) +pu(D (—p, (DWW, (D) +q, (D EDOW, (D) J(— p, (DWW, (1) +q, (DE(DOW, (1)) =
1w @ (DEWWE () +2(q, (D& () —u() py (D q (DE@IW, (DOW , (1) + (u() p3 (1) —2p, GOW] (1)<
M ED WL (D) + (@Y & — " pyar &) (Wi () W)+ (M(py) —2p Wi,
ﬁkﬁ.
D'V, X, Y=V, +V, +V,+V <WI(O[—by & — 207 & —cv & —hy —p" prai & +p™M by (6 +
by e 8 0 R & (DT (D A0 &S bR+ ()7 (6D ") g el T+
Wi [ =t =258 —by &l —hy —p" pr gy & + M (D (& +0 e & + V' h &' +
(A2 ED oY e e+ R e + () (@D + g e JHWE (O [ —hy —2pt —p" piqrér +
P D BRI WO L—hy —2py —p" py gy &+ M (D" +
AThYE TR E (PN g8 ] < — V(L. XY
AL Wl 2 5 1B 3 1 254 3D LIRS (1) A ME— 1 1 (1 M JE) 30 g L O FL b A 2 — o s R e 1Y . ik
o P 2 ATAS R T A RS
Wit 1l B a @, b, c;(Ds hi(t)s pi(1)y ¢ () i=1,2 FWHR T YR R o6 80, 3 — 4 B
(Hy) ~ (H) BT . R S8 (D) A7 Ml — 9 1E 19 JR I A, LI A 2 — B08T E F2 0 19
W T RH—BF5, W T=R &, RGE (D AR
NI (O=N:([a,()—=b, (ON, () —c, (ON, () —h, (Dult)],
N =N, La, () —b, (DON, (1) —c, (ON, (1) —hy (Do) ],
W (D=—p Du®)+q (DN, (),
o (D) =—p, (Dv()F+q, N, (),
M T=Z W, /G (DATER
N, ¢+D=N,Wexpla (1) =0, (ON, (@) —c, (DN, () —h, (Dul)},
N, (t+1)=N, (W expl{a, (1) —b, ()N, (1) —c; (WON, (1) —h, (Dv() ),
Au)=—p, (Du)+q N, (),
Av(t)=—p, (1) +q, ()N, (1),

4)

(5



84 Journal of Chongqing Normal University (Natural Science)

http://www. cqnuj. cn Vol. 33 No. 5

IR 2 R CHD ~ (H ) AL AR ST (4) L (5) A7 E— 9 IE A ME J&) 300 A%, EL 3ok A~ 488 Jo) 300 At J2 — B30 ik A2

D]

WIL 3 B a (O, b,y () hi (1) pi()y ¢ )y i=1,2 E0Fr T IR0 H I RE, #— PRk
(H)~(H)O S, MRS (D), (5O)FME—9IE R 7, H b2 —20 it En.

S 23k

[1] Yuan R,Hong J. The existence of almost periodic solutions
for a class of differential equations with Piece-wise constant
argument [J]. Nonlinear Anal TAM,1997(28) :1439-1450.

[2] Meisters G H. On almost periodic solutions of a class of
differential equations [J]. Proc Amer Math Soc,1996(10) :
113-119.

[3] Zhang S. Existence of almost periodic solution for differ-
ence systems [J]. Ann Diff Equs,2000(16) :184-206.

[4] Aloso A I,Hong J L,Obaya R. Almostperi-odic type solu-
tions of differential equations with piecewise constant argu-
ment via almost periodic type sequences[J]. Appl Math
Lett,2000(13):131-137.

[5] Zhang T W,Li Y K, Ye Y. Persistence and almost periodic
solutions for a discrete fish modelwith feedback control[ J].
Commun Nonlinear Sci Numer Simul, 2011 (16): 1564-
1573.

[6] Chen X X. Almost-periodic solutions of a delay population

equation with feedback control[ J]. Nonlinear Nanl RWA,
2007(8) :62-72.

[7] Wang Z, Li Y K. Almost periodic solutions of a discrete
mutualism model with feedback controls[ J]. Discrete Dy-
nam Nat Soci, 2010, Article ID 286031,18 pages.

[8] Li Y K, Yang L,Zhang H T. Permanence and uniformly as-
ymptotical stability of almost periodic solutions for a sin-
gle-species model with feedback control on time scales[J].
Asian European Journal of Mathematics, 2014, 7 (1):
1450004.

(9] T AR, 20 B, I i) ROBE bl A 5 i 425 1 A9 A ok BB 1 52

G R AE S AT LT ). IS 2 22 4 . A AR
2006,33(2):103-107.
Ding Y L,Li Y K, Analysis on permanence of competitive
model of enterprise cluster with feedback control on time
scales[ ] ]. Joumal of Chongqing Normal University: Natural
Science,2006,33(2):103-107.

Almost Periodic Solutions of Competitive Model of Enterprise Cluster with

Feedback Control on Time Scales

DING Yanlin', PANG Yicheng', LI Yongkun®
(1. Mathematics and Statistics Department, Guizhou University of Finance and Economics, Guiyang 550025
2. Mathematics and Statistics Department, Yunnan University, Kunming 650091, China)
Abstract: In this paper, firstly using the property of almost periodic function, some sufficient conditions to guarantee the existence
of almost periodic solution of competitive model of enterprise cluster with feedback control on time scales is obtained: suppose that
the condition (H;) and (H,) are fulfilled, there is a almost periodic solution of the system. And then by constructing the Lyapunov
function, some conditions to ensure the uniqueness and uniformly asymptotical stability of almost periodic solution is got: suppose
that the conditions (H,), (H;). (H;) are satisfied, the almost periodic solution is unique and uniformly asymptotical stability.

Key words: enterprise cluster; feedback control; time scales; almost periodic solution; Lypunov function
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