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Abstract

In this paper, a piecewise smooth SI pest control model with saturation incidence
rate is established, in order to draw the management strategy of chemical control
only when the number of susceptible pests reaches the economic threshold. Using
the qualitative analysis theory of Filippov system, the global dynamics of the model
in different thresholds and parameter ranges are analyzed, and the global stability
of endemic equilibrium and pseudo equilibrium is obtained. Particularly, when the
parameters and thresholds are properly selected, the two endemic equilibrium points
will be bi-stable. The research shows that increasing or decreasing the dosage of
pesticides can effectively control the number of pests and avoid economic losses under

different economic threshold ranges.
Keywords

Filippov, Global Stability, SI Model, Pest Control

Copyright (© 2023 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/

BY

1. 5|8

20194F, BXG E 250 At 23 35 45 30 Rk SCER Rt 5 N VAR 20304 Tl i3 K 28544 /e 47 #£20504F
FIERNTAL (1) T FREE H 25386 N 175 SRR B AR P T I EORBRAR. 35 HUE AR AE D (1 R 25 A
VEMD A 72 5 SR ™ B B I JE A FE ST 3 B HEAT YR B AT — B QT [ P A U L Ak 243 B RN A= )3
SERRATH F (0 77 36 AR b A FH 2% SRR A SR A B AN IR S5 AN R A P 97 96 1 5 =8 i R BBOR 8 A%
PP S a0 STk [2] TR T —RoR B AR i 1 A VR T A B B A R B R R R M T ik AR
VBl IR B AL X IR B BT V5 G 1A 380 2B R BORT B 2 5| i A H S, L SRt = 8 97 4 0 5 1R
1) AR 358 1, BT DA ARAF AR K ik .

N T ARG B I e O (1) B 6 ERUREAT VA BRI A A X W A T S LS A D R
BHE (IPMD (3] 4FERBEBELLFRE (BET) M RBEE I, % B BE L5 aEKF(EIL)
PATR 3 o 7 sA AT L3R A5 5 A 1) 28 57 300 2 10 L /36 ek 2D K] 4 1) 5 e Xof 345 353 5 K 1) 7 T8I 52 1) %ef

DOI: 10.12677/aam.2023.123118 1165 I FH# e


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.12677/aam.2023.123118

8

A2

TIPM SRWS,VF 2 535 (57 1 B A 3 HUR BEAT A 5T, a0 AN IE SR 1 1K) 5 JUA 3 [4-6). AA
K A R A ) B R A

S AR SCIR (7 b B L7 5 ke 3 5 2 g 5 s (S) e sh (1),
R 5 U 220 4 P R 57 B TR 55 o L 5 6 b, — L 5% s MR BURT, R
SLIP NG AR 1T, SRR (8] PR SR 5 5 B (B MR R T R LSS TR M e B T i
MR 2 R O B AL DR, ATl — AN R % 2L % R HIFilippov #5415 A HL
B 3750 9590 W7 4460 48 55 1 sh MR G T ET (35

2. BERIN B INEEIR
2.1. EHRIBSHER]

ARSI N BAT VAN 2 (1 2 B i A

S1
{ % :7"5_ 16‘061 _dS_T]Q1S, (21)

% = liS;I —(d+e)l +n(p—q)l,

Forb, S() NI (2) 73 3 22R By R E BN G 35 IR A I 20RO AP RERSCRE o ROR 5 IR R A2 56 B3R
A Qe dfle R T B HARFE T R BER AL T- 350 > 0 AWM H g Mgo 73030 i T W7
A BGTIHI A FAEAT 5l e B QY 3 SRR R R 3/ (0 B2 p o B9 2 B RETBOE R

) 0,8 < ET,
=1 1.8 BT,

EEHI R, BT 6 RE 32 6 B B s 24 5 B BB0E K TET WH R d77), 24 5 JiE du (i
TETH ARIE. 2 q = p — g0, AR ®r > d + ¢1.

AH(Z)=8(t)— ET,Z = (S,I)". A

T
Fi(Z) = (fu, fi2)" = [TS - % —ds, % —(d+e) I]
T
Fy(2) = (far, f2)" = [TS - Bli(:y)]] —dS — ¢, % —(d+e)I - ql}

FR41(2.1)) 7 5 RN N B Filippov &4t

Z._{ F (Z),Z € Gy 22

Fy(Z),Z € Gy

HhGy={Z€eR?:H(Z)<0},Go={z€ R :H(Z)>0}, A ={Z€eR?:H(Z)=0}
HNFRG(2.1)) T2

M T R A ESAE, A SO 18 R 48(1.1)Filippov & SC IR, HoE XnF:

DOI: 10.12677/aam.2023.123118 1166 I FH# e


https://doi.org/10.12677/aam.2023.123118

SR, A

EX2.1. & @ F & (S(1),1(1)E0, )64 F A R HF KBl (t),t,) LA #ELO < T <
+00), it A #4E FAES(0) = SoAeI(0) = Io, LA & T M HHN = \(t) : [0,T) — [0, 14 4F 3 JL-F
P 69t € [0,T) A

S,

{ 23
% = ﬁ_al (d+e)] +~ql,

AR L ARV B R AL (S (L), 1(t)) R B G ((2.1))iTAHEAE(S,, 1o ) 89 .
ENX2.2. FilippovF %u(2.1)F#5 % [9]

1) #F(2*) = 0,H (Z*) < 0% F5(Z*) = 0, H (Z*) > 0 Az, M Z* h 5 -F4 5

2) EF(Z*) =0,H (Z*) > 0RFy(Z*) = 0, H (Z*) < 0,0 Z* H & -F-H1 %
3) FAF(Z*) 4+ (1 = NFy(Z*) =0, H (Z*) =0, WARZ, Hth-Ffr &, &+

<HZ7F2>

M= k- Ry

2.2. FRANNEDH

(R H0, BT T AT RGN I1HATA.
XTF RS AT ARNR, = L T RGSAEE— AT T B, = (0,0), 81 Jacabian

5K B E, A E 4R, > 1H¢ﬁf~/\iﬁﬁf“%ﬁa = (S, ) = (ﬁ o oAt d>) Al
R, T F RS2 IR FAEFONR, = L A — N TH T A E, = (0,0),Eo i 4.
MRy > LI FEAEM T Ty = (S, I2) = (B,;f(tid‘iql) i)

WR2.3. KRRy > 1,F RASEG RAA £ E—H LA 49367 -F 8 By 4o R Ry > 1T
F GRS Gy R IR A Ao — #r AL 7 69 30 75 95 T B By
R, KT RS B R
ds _ _—BU-1)S

dt — (1+al)(1+aly)

dl _ B(S=S1)I+aBIi(S=S1)—aBlSi(I-1I1)
dt (14al)(1+aly)

F 8 F AL R R

‘/1:(1+04I1) <S—51—Slln5>+<I—Il—[11nII)

1 1

f%é‘]% = —af(I — 11)2 (m) < 0.ARYE Lasalla L JRIZ T3 B EG B3R A B #r i fa e .
eSO P P CE
S 1
%:(14—04]2) S—Sg—Sglnf + I—Ig—[glnf
S P
‘bdd% - _0(6 (I - 12)2 (m) S O, T’]—'f'%:'EQ/f}-GQ Ei&é\éliﬁiﬁ:%%/% ‘:‘

DOI: 10.12677/aam.2023.123118 1167 IV EE v


https://doi.org/10.12677/aam.2023.123118

JH:, ¥

3. IBESNNE D
FR P v AR 1 52 S BRATAT AR RIS, = {o € S| (H., Fy (2)) > 0, (H,, Fy (x)) < 0} Bf
(H,,Fy (z))>0=1<1;
(H,,F5(x)) <0=1>1,
HL < L3S, ={zeX|L<I<I,S=EFET}
HFilippovili TiE [ 1 RS0 (2.1) IS KITE R T FE N

. BET = 4B o @(d+e)—q(r—d)
I=al q1(1+0d_)[ . I=g(I). (3.1)

Lt =q (d+e)+q(r—d). &l =0,Fnrg(I) =0, EMHT

p(I)=—(gf+ ) I’ + (BET — €)1 =0 (3.2)
Rt 2524, (3.2) A AN
0 _ @ _ s - wBET
Q28 — a

T4 RGEATREATAE— NP £ Ep = [ET.T).
FEEAVEEIIO ¢ [, L)1

o (I) = Bth(r—d)[[gffxﬁ(r—jtég];d)—a—d)] — BquI1 (ET — 8)),

p (L) = Pulr—da)fT el —com) el — g, I, (ET - S5).

WS, < ET < S; B, A5 (1)) < 0,0 (1) > 0, HE SAFERH AT I € [Iy, L], T4 S Ep A7
TEAR 5 AT LA 5
< 0.

ey (BETq =€) (Bg+ af)
9(I%) = Baqi (g +aETq)

4. ERENNFESTH

N T ARIE R GE AR AE 1B AR AENE, ATV Ry > 1A 7 M Filippovif & JR 3 /1%
S HERR AT AT RE A AR BRI SR )5 T4 485 o 1) S R M ) EB A 5 MEAR 45 5 PT DAAE BRI AN B AR DL 143
FRGH 4 R BN )5 BT ETBUE RIS BrA w] 88 #9172 A7 72 P AAS 2 PR AN R BT BA 23 T 51
SMIBBLHEAT 18 ARG B R G4 R AR e P AT IR S HERR R GAFAE RO PRE.

SI384.1. RA(2. 1) BAEL I HREED, 6 IR

UERA. %Sy < ET < S0, h-FHr 8 F, B & BBt 2 X X ARG, H R 63X B kg
BLLEAGh-FH 5 Ep Suit, 2 SR A48 0230 5 iF AR LAY MR IR

DOI: 10.12677/aam.2023.123118 1168 I FH# e


https://doi.org/10.12677/aam.2023.123118

SR, A

LET > S8, & &% -FH 5 BEGEQ

o

AN

AR B0 R TR AL B KT i

S(ET, L) # BBk SIS, 4o 1(a)ff 7% 5 % BIPE, 4 B #4457 48 F & 5 Dk
23T BB 69 LR IR B A 5T VAR K AL 8 7 ok

S(ET, 1) X BT ABAY, B R A AS
B ET < Syif R 4 fe MR IR

20

18

I

[

[

I

181 I
I

14} '
|

12+ |

é

32 34 386

3.8

Figure 1. Schematic diagram of excluding limit cycle
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Figure 2. The system (2.1) is globally asymptotically stable in three cases: (a) ET = 6,(b) ET = 3 and (c)
ET = 0.5. Other parameters are r = 0.7,d = 0.3,q1 = 0.2,¢=0.3,5=0.3,6 =0.2,aa=0.5
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