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Abstract

In this paper, we propose a nutrient-phytoplankton model with asynchronous control. Based on
the geometry method of differential equation, we analyze dynamics of the model. Here we mainly
study the periodic solution when the positive equilibrium is greater than the critical value, and
discuss the existence of the order-1 periodic solution under different conditions by using succes-
sor functions. The results are helpful to provide some insights into further understanding the ef-
fects of asynchronous control on the nutrient-phytoplankton dynamics in freshwater ecosystem.
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TERKAEBRG T, RFEY —ENEEEEMAG, BRTEWES 8RR, @EHFINEaK
A KA S EE A YIRIE[1]. Mook, BB TER, FRIREY AR RISOR & — AR
o SR, JTESAE TR KRR, SRR N A R AR T E B ST RS A 2] [3].

BT IR 5 H s R R AN R 2RI IN, R AR 515 AR Tl i e oK i, S8R B
LB FRYRAEWIARKE P RER R, s 7K EE TR KR E B IR T I iR
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FRIE B[S [6] [7] 815 . Bk, #FFT A=kl K A A = .

1932 4, Bertalanffy 1 {2 FEUH BT 5 AV RGO AFAERI N BI[9], HUAASERILE ALY AR 8 R
HER R R K ARy )y o ITERAE, R R 2 IR St B0 A5 B SR 7 A A P 1 AR 23 A (R B A4S
AR, B, BRSNS FAEA10] [11]. § 8@ ISR 12] [13RIkehah /18 14] [15])%5. #£
VP2 UL, VR AR ERIR S AR AT REBEAS R ISR, AR BEY, R R AETER), T
FEUTK B 7% RGN AT T AR

kR 20 )% KRG EE S =2 BRiPRAETER @ %, Bkl & A AE AT AR 2, AR T RS Rk
M ARV 2 S RGER, v LLRIH B4 75 2 [16]-[25 1R FiER R G0 & 2B (% I 28748 1] Rt 0 4K
Xof s A kR R 20 ) KRG IR T RE SR . o, V2 R ik R AR AE [ 8 B 2020 ) R 5
BT T REBETL, antl el ikt 3l ) S BN 25X 30 ) AR 46 26] [27] [28] SRTH, EFXTABRGH M
— S e R, o P S AR PR A IR, AR L RS AR v BL T L [ s ) Ak vh T

&G, Flhnkaess], 3 i g IERI[29] [30] [31] [32]5.

Huppert 55 A\ [33]4&H T —A N-P SRR IR E 7= KB I A /K S 1) 3 7 5
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(1.1)

I 4510 RA, EFEMRR R, FTERENERDA. Wi, RA9ERMEE —E
IR K, A iR KA. FEMBERL K SEAE I, KSR 50 I8 I 2% FR I sl S R il — 2B A 5t
N-P R BN J1 5 PE R [34]-[39]0 25 TR 7 #2, ASCAERRL(L D) SEAl B3R T —R A
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dx
E:I—axy—ex,
d y#h,hy,

ly
— =&axy —my.
& y—my
Ax=-px,| h (1.2)
Ay =0. v
Ax=—-p,x.
P, }y=h2.
Ay =—qy.

ookt x(e) B p(e) S BINEFOK TRNFHEIE, 1NN RGTIE T, a TR, ¢ N
ERIGKE, & NI, m FIEIET 3, Bh NS, b NRRIGIE, 4IPS
BT Ay I, RIS, (A2 32 RO BN (1- py ) x Py o SRR 3 B 08, B
fE RIS IR, & PRI BN (1= p, )x A1 (1—q)hy . H pe(0,1) Hge(0,1).

RIS RIS, 165 M AR, R R B G5, M, X RGAT
EEANT IS, L.

2. EAEIR

X 2.0 [40] [41] VORI 72

dx

E= P(x,y),
(x,y) &M {x,y},

=0(x,y). 2.1)

v ﬂE syt

FATC R TTRE” 2. 1) T 5E SIS IR R “ B )1 22 RGE” RN~ IEE8LE) ) R 5t
A (Qf.0.M)  BATHUE RGBT VI U0 55 P ARELENK ISR L, PeQ=RI\M {x,y} . p FELLBGT,
p(M)=N, @ HAMKMBSS . XBEM{x,y} F1N{x,y} AR :{(x,y)e R? :xZO,yZO} S R 2R ER
MLk, M {x,y} RABKAEEE, N {x, y} BEAFEE.

FE 2.2 [2]15Q 1), AR N _EREST AR R, B BCHHEE N x Bl T 10 Q) 205 QIAEHRSF 0. VA e N
LA NARRET R A 55 Q WIE, 108 a. RBE R A4 MRS k KK EREZE N T 5
Ay KRR @ o WL A FRAE R A BB ke J5 4k s R BT F, (A) PRI SLA BB k JG 4RBR 3 F(A)=a, —a .

FIH 2.1 & F(A4)=0, WM 4 s RRPLR RGRIPT 1 I
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F(A4)-F(4,)<0, W A, A4, ZIFE A, H15 F(A4)=0, WRAEFIL 2.1, RGAAED 1.

3. NEDH

B, E( jﬁEEmgd ”j JLBUR(12) T 2, FLT DL = R i Ly = O,
e

ea am ax a

L ix=—t Li:y=0 o 2 y=h B . (xy)=¢(xh)=(0-p)xh) » 2= y=h B,

ea

(x.y)=0(x.h)=((1-p,)x.(1-q)h,), iCHKIEE y=hn AP, y=h AM, (1-q)h, IHEN.
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Figure 1. Track trend diagram on N
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Figure 2. Track trend diagram on P
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TEHZIEASE N Lo J51E N FEEW R F.G, 843 f(F)=f(G), Ho W5, o' (f(F))=¢"(f(G))-
AR, MBI F R R T — i, SR TR AN E BT &, LA f
B

BORH EIELNE

PR C=p(B)fE B=B,Abi&s:, Frlhve>0, 35>0, 4[B-B)|<5 i, fi|p(B)-p(B,) <z
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Zi ERnk, Hﬂ%ﬁ]‘ SN, > N NEZLR]— Bt

HEEE
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BRRBATR R PRI, w5, BT x" =(1-p)x, XMEE p, €(0.1), Zx—> 0N,
A x" =0k, 2 p NE AR, (EAHE N FAPER A A 4° RS ki P T 45 4%,
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h<(1=q)h, <h,
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31 ARG FEAEM — JE B .

UE): fP(ERL Be P, M3 A B RIS ki 4 PACT 53 B, 10 B, 1E A AN, Bl x, <x 0,
TRk ER, R0 B VBRI PSP B, B BT B MM ERRWIT: (a): x, =x,; (b):
Xy <Xp s (c): Xy > X l

(a): i—'lxgr =x, B/ ( 3), RIS B 5 BES, WA BB B N — .
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PR B,, T AL A A, X5 > xg o BT RKITEA, ?'JliﬁB* BRI x <y s FTELx L <.
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Figure 3. Track trend diagram with x , =x,
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Figure 6. The order-1 periodic solution of system (1.2)
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Figure 8. Track trend diagram with Xy <Xc
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