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Abstract

In this paper, we consider a discrete Nicholson’s blowflies model with two delays. By constructing
suitable Lyapunov functional, a sufficient condition for the permanence and global attractivity of
the system is obtained. Numerical simulation shows the feasibility of our main results.

DERAEE

NESIH: RER, BHT, S R B Nicholson SRR KRE AR 42 RS PED]. REF Heyid
Ji€, 2021, 10(8): 2888-2896. DOI: 10.12677/aam.2021.108302


http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2021.108302
https://doi.org/10.12677/aam.2021.108302
http://www.hanspub.org

S
i
X
Bl

Keywords

Nicholson’s Blowflies Equation Model, Delay, Permanence, Global Attractivity

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

BT SRR R A K A IR A, (TR T AR Seas . R, AWRIEAEYE T, & 27 T AR 4k
I T AR 55T B8 . 20 T4 80 4EAR, Gurney [1]18VK3RH! T 44 ) Nicholson JMEHERY, )5,
7T Nicholson JF AR A R IR IE K&, FHORE] T — L REF L4558, W1 Chen [2]75 B 24N A5
JEMAPER AL, 32 H BT Y Nicholson A MERLRY, 152 7 1EJEIAMAZIEM — 27850 %4 Yang [3]0F
F T HA Z AR )T X Nicholson FEMEAREAL, FIH — 287 A5, UIEBH T2 AL 1 AT A IEMRASHE 2L
WS P47 55 s Wang [418F5T 1 — 38 HAT 2 ZeVEUSCIR U Nicholson S5 HY 1E AR & JA M IO AECE R AT 4R
Bl shtt: Berezansky [S]5F52 HH T — AN WSRO s (30 3 7 FRARARY, ST iy, 7ESTHR(6] [7] [8]+
T3] 7 IRV S A RS PERIA R R, R 4E RS W CHR[9] [10] [11] [12] [13].

FHXT SRR, SRR Z) ) A E R, 2 VLSRR SR 7 BT (1 7 SR R A 4
B OB AT HUE A . O% T B0 Nicholson #EAY 1F P47 AR5 1E 4 Js W 5 | A ARNUARE J0 400 T A 1)
TEEME R AR B S 255 J1 2 R A 3 T T 2 H e[ 14] [15] [16]. 4K, dTAF B BUsE A Ae s
AR ZIE RS E HEZR MBI, A2 22 (17] [18] [1914E H OGS e R B A B HUSE AL 1A ¢
b ARSCHEETSCHR[S], WA T — 2R A BGRIUSU B ECIE E YA Nicholson SEMEAAL fr4F A MEFI 42 =)
W51 1

2. &R
AR FE R A B WU ) Nicholson SRl 55 iUk 7Y

x(n+1)—x(n)=—a(n)x(n)+ﬂ(n)x(n—T)e_y(")x("_r)—h(n)x(n—a), 2.1
WIME R BN x(k)=p(k)>0,ke [—T*,OJ,T* = max{r,a} (2.2)
Sp, a(n) WO ABRICTITET R, ¢ VI, B(n) 2 n ARHH AR T ST 7= B0 R
{1, 1/y(n) N5 n RUABKF= SRR EIHIOFIEECR, h(n) N8 n RIOBGESE, o AR, WATHRSEE

GF AR R, IEROZAER S EE A, BQOFERE I, SN T — A E W2 R
h(n)x(n-o).

B, AV FAI&AEH,) (Ho) oL

(H) {a(n)},{ﬂ(n)},{)/(n)},{h(n)} #hfA FAEf T, H

O<a' <a"<1,0<p' <p',0<y <y, 0<h' <h" <1, a"+h" <I.
(Hy) FEFHNIETESJ, >d, >0, 15

d 2 p
I
aye

1
s Tu 2 1 T
7/11 u au

DOI: 10.12677/aam.2021.108302 2889 IR Esid


https://doi.org/10.12677/aam.2021.108302
http://creativecommons.org/licenses/by/4.0/

>

B %

He, XHEEE T {f(n)} s EX S =inf,_, f(k),f“ =sup;., f(k) o
5I# 2.1[20] #A4>0,y(0)>0, H
1) % y(n+1)< dp(n)+ B(n)n =12, , WAHEZ F#H k< n 4,
y(n)SAky(n—k)+§AiB(n—i—l),n=1,2,---.

R, M 4<1, BA LA MEF, N

limsup y(n) < iA

—_—

k-1
y(n)Z A"y(n—k)+ZAiB(n—i—l), n=12--

i=0

R, 2 4<1, BANHA m i, N

E

limsup y(n) >

n—om =

513 2.2 %7 x(n) RTFRQDEVIEKIFQ.2) FITES

N

»

limsupx(n)SM,Mz {?,
o aye

R

HEBA: WA FEQ2.1) A5
x(n+1) (l—a(n))x(n)—i-ﬂ(n)x(n —T)efy(")x("#) —h(n)x(n-o)

(1 -a (n))x(n) +p"x(n- z’)e*/x("fr).

IA

HRAR supue ™ =L, ATLAfRE

u>0 7/6
x(n+1) < (1-0(n))x(n)+ 2. 2.3)
ve
X 2.3), H5IEE 2.1 nfE
limsupx(n)< ’ZBHI v
n—>0 a 7/ e

iEEE .

18 23 [16] 4 S, ={pld, <p(k)<d, ke[~ ,0]},r =max{r,o} . HAITEQ)IEHEE S
peS, FIMEREM x(k)iH/e d, <x(k)<d, keZ .
3. BAMMERWS%E

EH 3.1 5 5%MH,), (H)HOL, A BAYVIEERE ¢ € S, FIRFQR.DRFFAR, MIAFEH B M, m>0,
{68 2 452 1) P TEA () 6 A2

m< liminfx(n) <lim supx(n) <M.

n—o n—>0

iEBH: W51 2.2, 57 2.3 A LAEF

DOI: 10.12677/aam.2021.108302 2890 IR Esid


https://doi.org/10.12677/aam.2021.108302

S
i
X
Bl

limsupx(n) <M = %, liminf x(n) > 0.
n—0o aye n—»o

ok, RFEMAELEE R B m 43 lim, ,, inf x(n)>m ,

S

&5

n = liminf x(n), G:min{g(n),g(M)}, g(x):xe_yux,

n—o

HATFEQ. D0 < a" <1 A LIS H|
— Timi x(0)+8'G), Ly AG | PG
ﬂ—},gmwlnfx(n)zl[ o j(l a ) +a” (1+h“)]_ u(1+hu),

mEG=g(n), Wi

> ﬂl 777’
a“(1+h”)
R
!
n ! In p

WRG=g(M), H24

St (1+h")
)
’liiroloinfx(n) > min " In o (fih“)’a“ (fi hu)Me;/"M dim.
WEEE,

EHL 3.2 FHHAMEH), (H)BOL, B y'm> 180, A BFYMERE @ € S, MRG0 1) 242 RS,
B RGLQ2. DT R x(n), y(n) A lim(x(n)—y(n)) =0.

{FEH: e 3.1 v[f5

m< liminfx(n) < limsupx(n) <M,m< liminfy(n) < limsupy(n) <M.

n—»00 n—>w0 n—x0

YRR/ NRIERE S e, fFE—NEEL n , FENESEr2n,,
m<x(n), y(n)<M, (3.1)

FH 448 e 3 n] DA 3
x(n)eix(") —y(n)efy(") = (1 - H(n))ef'g(") (x(n)—y(n)), x(n)<@(n)<y(n). (3.2)

&

w(n)=x(n)=y(n)+ 3 Bls+)(x(s)e 70 =y (s)e7 1) - S B(s+0)(x(s)-¥(5))

S=n—t1 S=n—o

DOI: 10.12677/aam.2021.108302 2891 IR Esid


https://doi.org/10.12677/aam.2021.108302

HIEAE SRR (n) = w? (n), T
AV (n)
=w (n + 1)— w? (n) = Aw(n)(w(n +1)+ w(n))

——(a(n) b)) (x(n) -y () + B 2) ()T — ()b
({2l o)) (x(n) - ) B ) )0y )
28 plsse)(x(0)e7 Py (5)e ) 2 5 k(o)) y(s))j

() () 2=a(m) (o)) )~ ()

+2(1—a(n)—h(n+0'))(x(n)—y(n))f((:::)) (7/(7!+T)x(n)e ) oy (nrg) p(n)e 7 ))
~2(a(n)+h(n+0c))(x(n)-y(n)) zlr f((j:;) (7(s+r)x(s)e M) _y (54 7) p(5)e 7O )) s

+('B(n +7) (7(}1 + T)x(n)eiy("”)x(") —-y(n+ T)y(n)e’y("”)y(") )J

y(n+7)

+2 f((:i:)) (}/(n +r)x(n)e_7("”)x(") —)/(n +r)y(n)e_7("”)y("))

» fESI;) (7(s+2)x(5)e 700 (s 2) p(s)e 00

n-1

+2(a(n)+h(n+G))(x(n)—y(n)) Z h(s+0)(x(s)—y(s))

_Zﬁ(n+r)

y(n+7) (7 (n+2)x(n)e )y (ns7) p(n)e 70

~S$Uh(s+0')(x(s)—y(s)).

H(3.2). (3.3)A#5

DOI: 10.12677/aam.2021.108302 2892 IR Esid


https://doi.org/10.12677/aam.2021.108302

S
i
X
Bl

AV (n)

=—(a(n)+h(n+0))(2-a(n)~h(n+a))(x(n)-r(n))
+2(1-a(n)=h(n+))B(n+7)(1-0(n)y (n+7))e ") (x(n) - y(n))
+2(a(n)+h(n+o))(x (n)—y(n));Zlfﬂ(s+f)(1—6’(s)7(s+f))e‘)(‘Y’”“”)(X(S)—y(s))
+(B(n+0)(1-0(n) 7 (n+2))e ) (x(m) =y (m))) (3.4)

+2ﬂ(n+r)(l O(n)y (n+r))eig(")7("”)(x(n)—y(n))
Z B(s+7)(1=0(s)y (s +7))e " (x(s) =y (s))

sssss

n-1

+Z(a(n)+h(n+G))(x(n)—y(n)) Z h(s+0')(x(s)—y(s))

S=n—o

n-1

2 )(1-0n)7(n+6))e " ()= »(0)- s+ a)(x(6) ()
4 2ab < a® +b* B BG4
AV(n)S—(a(n)+h(n+a))(2—a(n)—h(n+0'))(x(n)—y(n))2
+2(1—a(n)—h(n+0))ﬁ( +7 ( - (n);/(n+r))efg(")7("”)(x(n)—y(n))2

1-60
+(a(n)+h(n+0')) i B(s+7 (1—9(s)7(s+r))e_g(s)7(“w)(x(n)—y(n))2
+(a(n)+h(n+0')) Zi ﬂ(s-H')(l—H(s);/(s+T))efe(s)y(ﬁr) (x(s)—y(s))2

+(B(nr2)(1-0(n) 7 (n+2))e "0 (x()- y(n)))
+B(n+7)(1-60(n)y(n +z’))ei§(")7("”)

'(éifﬂ(s + r)(l —0(s)y(s+ ,))efa(s»(m) (X(n)—y(n))2 35)

)
)

+ 8 B n1-06) (54 2)e " (x(6)-5(0)Y |
+(a(n)+h(n+0)) 5 (s+0)(x(n)-y(n))
(a(n)+hln+0)) & hlsea)(x(s)=r(s))

B+ 2)(1=0(n)(n+)e ) § () (x(n) - ()
# Bln+)(1=0(n)r () "0 h(5+0)(x(5) = (5))

s y'm>1, " + 1" <1, rr[lax)(l x)e <0, AEXB.5)EH

DOI: 10.12677/aam.2021.108302 2893 IR Esid


https://doi.org/10.12677/aam.2021.108302

S
m
=
a4

AV (n) < —(a(n)+h(n+0))(2-a(n)~h(n+o))(x(n)-y(n))
(a +h" )(2 a' —h" )(x(n)—y(n))z
S—é‘(x(n)—y(n))z.

WA g/ NI IR KL S > 0 15

/\

(o +h")(2-a" ~h") <0,
0
AV (n) <=5 (x(n)-y(n)). (3.6)
WAERGB.0) /AP M ny + 7 BN n W13
> (V(s+1) =V () $=5 X (x(s)=x(s)),

. , .
vxn+n+5;§(x@)-x@»zsvo%+1;
i |
3 (xl0)-eto)) <)

HIG. DAY (ny+7) A0, Hik

Y;i}x@)—xQDZSKL%;Il<+W,
2

5 (s(s)-x(o)) < LD

S5 W, tim (x(n)-y(n)) =0, B lim(x(n)-y(n))=0.

WEEE, ’Hw Hw
4. B
FRTIITE
x(n+1)=x(n) = =(0.5+0.01sin(v2n) ) x(n) +(2.79+0.01sin (v3n) (1) )
o (00 (0.2.40.015in2n ) x(n 1)
HIah 5% AT
x(~1)=14,x(0)=16
e,

DOI: 10.12677/aam.2021.108302 2894 IR Esid


https://doi.org/10.12677/aam.2021.108302

S
i
X
Bl

a"=051,a' =049, g =28, =278,y =0.83, ' =0.81, 1" =0.21,
B =019,M =225 m=156,a" +h" <1,y'm~126>1.

x(n+1) = x(n) ==(0.5+0.02sin(v2n) ) x(n) + (2.79+0.025in (v3n ) x (1 -1)

| (4.2)
‘e*(OA82+OAOZSmn)x(nfl)) _(0.2 +0.02sin «/En)x(n _ 1)
WIsa AN
x(—l) = l.3,x(0) =14
x(n+1)=x(n) ==(0.51+0.025in (v2n) ) ¢ (n) +(2.80-+0.02sin (V3n) ) ¢ (n 1)
| (4.3)
o s _(0.9140.025in /20 ) x (n 1)
LGRS
x(—l) = 1.5,x(0) =14
x(n+1)=x(n) ==(0.51+0.01sin(v2n) ) () + (2.80+0.02sin (V3n) ) x(n 1)
| (4.4)
. g {082+001sinm) (1) —(0.21+ 0.02sin ﬁn)x(n -1)
L cE S

x(—l) = l.3,x(0) =15

B, FRRFH L KMMH), Hy) (Hs), KIECHE 3.1 AEHE 32, RAG.1). (4.2). (4.3). (4.4)
(I x (n) RFFA B ARSI E 1).

1.5¢
1451

0 10 20 30 40 50 60 70 80 90 100
A IAln

Figure 1. Dynamic behavior of solutions of systems
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