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Abstract

In this paper, a single species biological invasion model with convection diffusion reaction type is
studied by using the square generalized harmonic function perturbation method. The approx-
imate expression of the limit cycle solution of the system is obtained, and the relationship be-
tween the limit cycle amplitudes and the control parameters is also obtained. Based on this rela-
tionship, the limit cycle amplitudes of the system under different parameters are predicted. By
comparing the results calculated by this method with the numerical results, the effectiveness and
reliability of the results are verified. The medium and long-term prediction of the population den-
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sity development of a class of species and the effective control of Hopf bifurcation behavior are
realized, which provides a new idea and reference method for the analytical and quantitative
study of Hopf bifurcation of a class of infinite dimensional dynamic systems.
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1. 518

B MBS 5 A R 1A SR, TR RSy B A H AR RS S BT BRI B e =
Mo BHTHTR ISR A S sh A A 1 B R AT DB W B FRE R A . 1088 4F, AR
1E (BBRER) FH “VFiL” i “HRE 287 [1], KLt —MEmEEA, 25, EPEER
Wik e, T 1974 FFEEF A — TSR 2] .

TR E R AR — N AR R ) ST 03], R BT SR 5P R SRR 18] AAR
M S EAER, @ @B S A ROR T AR S IR, AR BT R A s R R
R AR H . Bk, PR FE TS T E N AR Z 3 B, 2010 4F, Spiegler 5idE
E AR YE— 53 75 3 W o BT T T S N RR SR R] 5 500 1 28 B A PR A9 3 R M PR B2 B (4] 2010 4=,
Basu SR T —RMA TGRS J1F IS, @5 Wi ot T R AR Hopf 43 2 F 45 0y 7%
i, ] BRI A AR B ) AT N AR [5]; 2011 4E, Touboul 253 I 4 22 B () SR i 2 B H S5 4
BN RYE S 3 M A0 T 3 B ELAE S R B Bl ) R E R RS R [6] ;. 2013 4F, R SCHE ST A
A ki BORN ) Gomportz RS /) A BORBTT, 5B RGAAAE IR ISEE, 12450 RITEN MR
BT UG A= D A R e AR A7, IS AR ) B R AR AL T AT S (0 SRR AR HE (7] 2016 4, AT FR ST
FU T Lk 5 3 DR B s AR R B R BN ) AR AL, R RS ELEN ) R G N A B, £33 T R i ke
H AR TSR B Sk 530 B 7 A [ B 20 0 S A B SR AR AR B)) ) R 78 4y A1 [8]: 2018 4F, AR
SR E o TR 7, WAL T R kPN 5 Ik AR DA B 5 A SRR Bl ) AR R
eI 85 HLBERT 5 AEBERT Bk oh AR SRS R, SRAS T LR RGP K AL R RE LR AT R ) 2% A
SER, NS YIRS R B A P B A B A T R FE R B NE 9] [10]. 2019 4F, Duan AT —HKEA
HETZ RS 5 FETE SR AE RS S R o @ XHRRAE T R /00T, He T IE PR e v, Rk
I IEVE N2 280, 1837 R Hopf 20 2 45 SR [11]. 2019 4F, B0t 7 — R BB NH 1 =21
BN B AR 1B 1 AT R, PR T B ISP AR AE ME— MR AT 7% P4 a0 )R AR E
AL Hopf 73 25 789 26 F[12] o T WL, RERPEESN 77 5B HEAT HE S 1 20 AT 72 A4 T AR ) 2502 T ) 44 e
M2 —. HTRESEMFE ) FHRARAELIE RS, NAlEERAAEE RIS . K, Hopf
oy ARV ) R GBI AR ) J1AT N, R B FUNET SRR AN PR A A PR ER 0 ) . Y R GRS
A RN P — XA B ARE, R ESHOR A mf e ey, I — g S HER, R4
W AT o H— i R AR IE T = AR A 2% . IRk, Hopf 43 72 10 UK 78 R B Bl 0 2R K () 47
R
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Petrovskii S &5 37 [ LR BRI 3 L I B 7D AR5 8 T R EIE RS A0 Allee 280N (52 IRI[13], AT HI4D
T UTRER -
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P (A2 D0 S WUy (<L) .

oT
Hrbu FoRMBEE R, K RRMBKEAES, U, Allee BNMIERE, o NREL A RBERERNIK
PRI T XSRS, A RRIEAERE . K AT IR e AR e

aK?
D

u=%, t=TaK? x=X ¥))

AT
U +(a, +au)u, =u, — fu+(1+ g)u’ -u’® (3)
e B=Uy /K, a,=AK ™ (aD)", a=2A(aD) " HEEMBEL Ths x F t Fm LA 2 A
[f]. Sheratt Z:7F SCHA[14] [15]%, FIFEUELESRIERTTE T %28 RGN0 Hopf 43 & A AT R . SCIR[L6]
FIFSCER[L7] (18RRI, THE T RAEQ) AT A& i, 38 T ZRGAF(E Hopf 77 1 5% A%
SCRR[AB1E L — MR AR B AR, SRAF T R B)ERFE S HORA NI — ARSI . A ORI AP J7
SCHER R BEEBE[19] [20], XEAEMINEEEGAT TR BT, RIS T Z ARG R R IR pFRIE K,
HAFRN T WIRIAYME SRS MR R R IZK R, MAFESET RGP AT I .
T IR TI0 25 SRS BB 45 AT LR, BOAIE R T VR A R R AT S
2. AT &R R BURRNE
AT EZN AR ITT S R B3N R AR TC IR 45 /7 R G i A it = B0 3R Rk — 38
HAMR - )N - 9 #(advection-diffusion-reaction) 5 84 [ PR 4E 5N 71 R 48, AL AN T H 35 77 12
u(&)+p(u)=5f(v.uu,) (4
Hero>0, vABHIZH. —KTE, Uo208, AZRM EXMREFE, (1246 A2 +0Ke, R
FIFTT T SCE B R Bl ARAFZ RGN UE . R R @) HAT I R IR R (&)
d
400 (prn)=0(0) )
HERG@)IREA W TR

u(e(£))=bcos’p+d (6)
HhdeR, bl ¥n ™A MR gL
b=b,+5b +-- (7
99 _ o (p)=
E—Q)((p)—d>0+§d)1+ @®)
i (6) °] LA Fe.:
U=Uy+&U +--- 9
Horr:
{uo =h, coszgo+d (10)
u,=b,cos’p (n=12,-)
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5° :cDO@(CDO us)+p(Uy)=0 (11)
d d d
S Dy — (DU )+ D, —(Doup )+ Py — (D u;
Od(p( 1U0)+ ld(p( ouo)+ Odgo( Oul) (12)
+p'(Ug)u, = f(v,uy, Dy ug)
62:d)oi((bzu6)+®21(¢>0u3)+®01(® uy)+® i((1) uy)
d(ﬁ d@ d¢ 0*2 ld{D 01
d , d N 1.,
+<D0E(q)1ul)+d>1£(®luo)+g (uo)u2+5g (up)uf (13)

=, (v,Up, @q Ug Uy + f (V,Ug, Dy ug ) (P Uy + Dy Ug)

HrpUu'=du/dp f/=0f Jou fi=0f Jou"
Hb, RMEN SR He, WG IEHE)T SGERR L BIFJT T SGE B R, SRR AR

BNMART 1. A T LR 1
u"+g(u)=0 (14)

HAME:
u(0)=e, u'(0)=¢g, (15)
Hrbe,e, eR. SIANMTFHAAIARLIER A2 H o(t) «

%%:¢wy ®(p+7)=D(p) (16)

¥ EIRARHARN T FE(14), APz R o I R R
d , 3
d)%(d)u )+9g(u)=0 17)
HoR FIEEFR RS, 9(U) AR iR s A I R R S BB A
u(¢&)=acos’p(&)+b
Hrbra,beR. #(14): ik R L FEIN 3L u' () = —2acos psing IR T2 H o B0, 7T AFFH]:

1, u(e)
S(@u ) =, 8 (u)du (18)
& bReh 0 =72, T
® g(u)du=0 (19)
a+b

Hrb, a+b T HIMEe . ©e,=0, MaMbard0)A2KE. (19):T13:

(D):\/2[V(a+b)—v(acosz(p+bﬂ oM e(n02152..) 20)

(v (o))’ 2
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Hv (u)= L:g(u)du, ®(0)=,/lg(a+b)/2a|, ®(z/2)=,|g(b)/2a]-
T BRDIR, BRI RRQL) G F I, BER R
u, =b, cos® p+d (21)
Hor
d
jbwd p(u)du=0 (22)

2 bg+d i d
D, (p) = f%mwmp?)u’ p£lr(n=0+142,)
(U () 2 (23)

®(0)=|p(b, +d)/2a], ®(7/2)=|p(d)/2a

B, R ERahfE. K2 Wb EI IR DL u) IO T o By, RIS
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@, (D1u62|zo :_[:) f (2%, @ ué)uédw—%(@o ué)z - p(uo)|z0 (24)
o

LRX@5)H M @, =0, p=x, A15:
[ 8 (4,u6, @0 UG Jug dp =0 (25)
LR@25)F Mg, =0, o=r/2, W15:
J?f(yMWQO%)%d¢+Qp(m+d):0 (26)
H{ALR@E5)H M @, =0, NAH:

[7F (1,05, ®4 U5 )ug dp— Dy, (ug)’ —%(cbous)z ~U;p(up) +byp(by +) =0 (27)
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TERIRIR SRR, by, b, d. Oy FI O KRS BRI @), kil dRMM. hT
(o) RFMFEL, NTEFREMTE, 4o, (o) BRATF M
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O, (@)= R =>"(p, cos2ng +q, sin 2ng) (28)
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HfMeN. %4
by+d
2 p(u)du wm
D, ()= ‘[bf’msz“’*d (2 ) =" (P, €0s2ng+ 0, sin 2ngp) (29)
(us () =

Horruy AEPrREE. #5K(22), ONAKEBO)E, 2~ MEARMSH b, M d RIEX, EKEwE
A (30) AT EATRIIC Y 1 (@ 5by,d) o PHILE, 30(26) 7T ALK 5 A

(@b, d)[ =0 (30)
¥ R RS R 23) B, BPRIRH by fld o K aREBO)RAX(27), 713
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=— 31
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I (30) RN (28), ATt
| ()~ 2 (@, up )7 ~b,p(uy ) cos(¢) +b, p(by +d)

_ 2b,
®, = o (32
W5, TTRE (A — s AU PR i v] Ik«
u(¢&)="hycos’ p(&)+b cos’ p(&)+d +O(52) (33)
U'(£) =2, [®g + D, Jcosp(£)sing (&) - 2b; [, + 5P, |cosp(&))sing(£) +0(57) (34)

RS IRIR B IR, FTRAR IR U, A1 @, , (ELRBEE RARM SR, 1512k s 7%,
SEAEENR, 1F e L E 2 0, RO R A I —IOL R % B R R . Tkl —
AN R ITERROA 2 o

3. — PRI EE N F R B R BRI

B RS0 (3)IEAT U R AT I AR

u(x,t)=u(¢&), &—->x—ct (36)
Horh e AT PBOR . BT 24, RGQA3) WA R E M R
U"(§)=pu(&)+(1+ p)u* (&) -u* (§) =(ay —c+au(&))u'(£) (35)
LR RS W R LIS e R B G s VR Y
u"-Bu+(1+p)u’ -u’ =5 (v, +a u)u’ (36)

HpRBEBHEERMN ERT, Z2H>0, vo=a,-c HEHISH. ZHEAE=AFES, HAEN
(u,u’)=(0,0),(1,0),(8,0) - HTRGMIHAFF, AL u> 0 W AIFESIL, IO T 50 (1,0) A
(B,0) . HEDHFH, BSHS=01F, F p>1, W (1,0) mH, (B,0) ¥R #0<p<1if, s
(8,0) AL, (1,0) MR ATTHEIBKZRY 5200, REEGIVFIEMRIAMFAT, LUK R IR
B SRR R. &

p(u)=-pu+(1+p)u’-u® (37)
f(v,uu,)=(v, +au)u’ (38)

RAK(@23)FK(3L), H2A(29) T IIERELM =10, EIH R by (FFRIEAA:
b, __4(2da,p, —da,p,)+4v,(2p, - p,) (39)

a,(4po+ P, —2p,— Ps)
Hep, N o, MR EIFRE, o, hR (244, a, v, ARG S FR5@3)BAL, BInRH b,
Aid. ¥b,, dFflo RN (B2)F(33)AI15:
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Figure 1. The phase portrait of system (3)
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FITEHL, LRI FTE PN AAAERRERIA . K EIRSHAUN(23). (24) (41). (42). (43), BURISRAGARERIA M-

X =0.3866c0s” p+0.8204+ 0 (&° ) (44)
92_ o, (p)+ 50, () +0(57) (45)
at o ¢ 1P
®, = 0.3375-0.0255c0s( 2¢) — 0.0044 cos (4¢) +0.0003cos (6¢) + HH (46)
®, = —0.0340sin (2¢) —0.0003sin (4¢) — 0.0001sin (6¢) — 0.00002sin (8¢) + HH (47)
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Figure 2. The limit cycle for system (3). (a) The evolution of limit cycle on u—u’ plane; (b)
(c) The evolution of limit cycle on &—u plane; (d) The phase portrait of limit cycle solution,
where — denotes the solution obtained by Runge-Kutta method; ----- denotes the present
solution (46)

2. RGQMMIRIR. (@) u-u TEEMMIEINELE; (0) () &—u LHIMRIGE
KE; (d) WMRIFMERIMEE, HA—3RR Runge-Kutta BTG #&; - RREXFfGZ
fi#(46)

Table 1. The comparisons of amplitude of limit cycles with different control
parameters for system (3)
#* 1. RHEQ)EFEIEHSH TR RIFIAEL R

Ve A Ay NN
1.00238 1.10000 1.10000 0%
1.00529 1.15000 1.15030 0.02608%
1.00934 1.20000 1.20070 0.05683%
1.01456 1.25000 1.25130 0.10400%
1.02098 1.30000 1.30240 0.18461%
1.02857 1.35000 1.35400 0.29629%
1.03715 1.40000 1.40660 0.47143%
1.04598 1.45000 1.46190 0.82069%
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