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1.1 EERHRAEFRNHFERD
1976 4, 3 C.W.Clark Z{E (Mathematical Bioeconomics: The Optimal Management of Renewal
Resources) HYFZM, FATIFIRBFFEA . AROlk T R LR G B IR ). A5 rb 5 34 By i6 35 e 45 il 0 B i il
LU
da/dt=ay—bx—ax,
dy/dt=cx—dy—By,
Horps o RoREFRER R y RoARMAEMBEE R o R H BRI A3 o RonF 48 3] i 4E
MIFAR A b R d 5350 2R 3 U 2 AR FRUAE 1Y H AR BE T 585 o Fl B 40 S 3 75 3 L 401 4 ] R AF 1 A% B
R, — B, B (D AT R R IR AR A,
1) i LA A T B B M B A A
de/dt=f(x, y)—ax,
{dy/dt:g(‘r, y) =By
Her, f(xy y)s glas v NESREL BUFBR (2 R . il 3 diy 7 U2 i 2eili A, X B R HE
A T AT G AR G5 e 5l % F a0 2, WX A7 OR RE R B KR L, & T R AARECE
AR, BOPR O A= Y B ih R
2) Y B2 R TR R BOR Al A 3 HU i He i Al
FEAM v 3 i R RS OR FOR A A 3 U J7 vk, DS S04 3 U8 19 B Y. S g sy T AT A
ERCERR .

Q)

(2)

da/dt=f(x, y),
dy/dt=g(x, y)+p,
Hop: o o FRWEE; y XA RFWERE; P Oy RECRY . SR GO HE &, mEfaefhr
e,
o B T A YL I L o B T DA% G A R b BE A L A R R e RE A5
T P B e A R T T R A R D S A A TR AR (4.
3) 3% SE 5 RO 5 A ST A B AR FH B2 A
dS/dt=aS—pSI—*S,
dI/dt =pBSI—01+*kS,
Horb: S RoRFIAYBE s T RoxHe 5 1Y % L
W A ARl A T T 2R W AR 25T K E U, (HR WK 25 . AN BRI A S R K L, N
A 2 U ST A A LAY AR R O K R IR S B TR R L XA, U R
(A REHERR R R X —Z WG, R, I 2000 4FFF b AT 50 #2161 5 B 220 Jok b 668 43 O B A g
T4 Mol 3 HU 255 By iR i L.
1.2 BEEMZBRMREHAR “BYRRENESHE” HHFERE
TE PR A Ep A0 (2) AN RE A% AR 4 by 40 38 P s 0 e 245 119 05 X008 K o DA B 4 3R 3k i 2 74 =X, 52 7 W
AHE AT, T A T IR RDPK sl T R BRIV P A R L b 2 Ao T B [ S I 2
AR 24 1 — PR R ANR

(3

(4

df/d[: ) ( T )

dl/d 1p<1 y)}v Zikf’
= X s

y YgRx, y 5)

Axr = —ax
Ay=—Py
KEAy=y (@ )=y, dr=a G )=z @), Hf: o FRPFERBEEE; v FRBAFRRESE; « &£
AP R A 2 — B I « WE — R 2y, (R4 AR FE IR RN (1 —a)x , BUAERIIES BN
(1—=B)y» XH 0<Ca, <71, FATWITE T BIRL(5) /Y J& 0 A A A VE AR E M o st 2 2% K3 1R s il
U TG A 24 (1 R AR E R A
.« 2 .

} , t=kt.
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1.2.1 [ 5 I 200 B0 R B B i 3 e iy O v
M%7 — 5 5 A A RS RT DU Bl R PE — 0 e, (H R RO R R Sl R PR BT Y
Ao IR IR AR 2P S Sy B TR AR W B n T, BRSSP R OR FOR R R Oy 2, DL BE
il 5 HOCRCRE Y B TR 8 R A ) R T 22 K e ) — AR B AR AN
da/dt=p(x, y)
dy/dt=q(x, y)
Ax =0
Ay=T
Hrp: o R FRWEE; v AR KRBIEE; « HEGFRY, S8 B E o, BBCRBmEE R T.
AT 5t Q% 3% o HR 0 S0 48750 3 T oK M A R R R
AL, FRATWOETE 1R (6) 1Y J] 109 A 1 A7 70 PR AAS e 1 o 3 0 KA T e sl o) 3 1R SRR
R 1 5 B AR R AT
1.2.2 [T B 220 45 J00s 2 1) 2 s
HT T 7 AT T R e 1T EL o A A £ G LA oR v RE 0 L, DOE RO R . T RLIS E)
i) HL ) H .

}7 Zik‘[v
(6)
}, t=krt.

ds/dt =as —fBsi

di /dt = Bsi —0i

As=—ds

Ai =ds
Hore s FoRFERIEE ; « RRMHENEEL: o, 8. 0 HIER o HEFRERR,; BRREILHR;
0 hRBE RIS T R,

WEFE T REEL (7)1 J S0 ik 00 A A P ARG P o U gl 2 R 3 o A o] S o R O 2 Y 5 A
PAERL AR,

BT 5E I 20 ok b R GERESE “HE R HOE R R AR, AT R T — R AR . e T IL R
WO, XM R T E NS TR R G IRATR A kS, RME AR EZ AR
A FRBIVERE R H, BRI RSB ARG A RS, SR SEBR AR TG b, HUR AR R I )AL A R AL
TE WA KA A A R RRAS A R PR R I 2 G R 2 ) A DT R AR SRR N T A N R 2
At AV 2] LA

Bl1 2014 4F, NEEHBIFNIEZ A ALY W O FIEZ “SoR0” RERE, RAEmBM 100 77
B PHE AT A5 JTE . R CRERET RR R, R 1 700 2T A, BESTH
KA 700 J1ot, XFELG 1996 4 KA it —k, HHEE 18 4R )5 2 o ML SR A=

B2 2019 48, FRE RS AL ST ROk R R AE. FH RV R AL I T AR LT &R
Ao E, FHRGUER R EKGa . BEE A AR, 20w AR B b, BRIV A SR A=
R 3 I A Ty 5 R o o 24 47 o) 3 g I

DA b 794> 051 - 158 B A S5 e ST 1 [ I 220 Kk e R GE I Y R o O I 2R IR B R R A N
Ry, DG, A b ZEE AR R R A RS F ) A AR A,

N T ARG AS TR R, FRATTE S RS R o O B, RIRHE 5 B R RS AN AR AR I
HOR AR R I ]

1.3 KEKRBEPREHAR “EURHEAENESHRE"

PEAERE . NTTAR . AR MR TG AR 12 SRR el DX AR N7 bk B3 7, Vil A A R B TR
ARMOY B L2 SHERY WS, WK RE” AR E. S, AT T RAK
h S 1 R B (semi-continuous dynamic system, SCDS) Y ik vtk 25 B i i il 3 1 &2 507

T e R R 2 SR B e 000 R G DA S 0 B R AR
W, FATTZ B B0y O B E MEBRIE . X SE T — WS Kk eIk 25 S iR ) 3h ) R GE R BRS.

}’ t¢k'['7
7
}9 t=kr.
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2 “REZHNES” BB SHRATENEIL

T EF UL IRATE AT AR, B oy R e M e 5 P S 3N ) R G Be L Ak BEOS Y IX )
5% . H ODE(ordinary differential equation) 78 “# 1o Jr @ PEBRIE ™, XN, K ELS 8 )1 R
Gi RIS SCDS Fw. %P (2 y) M Q(x, v) HES R, & AR AT.

WA 7 FE CODE) (R 4N R .

de/dt=P(x, y),
{dy/dtQ(I, y).
X I 2 1% 82 5 )1 R G5 (SCDS) B BEA B R AN R .
dx (t)/dt=P (x, )
dy (t)/dt=Q(x+ v)
' =a(x, y)
yI=B@s y)
He, (. »MHER . A =2 ). y =y )T, HP(x. v). Qla, 3), ala, yFIPx,
ORI R G2 R A LE R BT, A (s y)C R® RIRPKIEE. XF TRk FAEE — 2 (2, y) €A,
Wit I. RP—>R*PE LK
2T =I(z)=(a(xs> ) B(xs y))=(x -y )ER",
2 TR = B — AN Ko L
2.1 HMEZEBEHEX

EX 1 Hsr T (ODE) Lk B (K 1

WA, )y it HS%n LA AWM ODE REMIL, #HE—EMNE T ZHENS5HLn ZF— 8
B, f(A, TO=B, ll AB REF HiX ODE &G0 — “H kB,

EX 2 SRS (SCDS K 1 314k B (A 2)

M RBkehgE, N MM, SAHE A A B SCDS R b # M TR f(A, 1), BTE
— M E 25 XS ke M KRR T —SA, Xl EA KB E R R L E—5 B,
SCDS Wy BT 1 LB R # o TR B A A B ikt A B.

TR K F A, HTESKMEMZEZE e SHE N MEZ T2 C, Coy e,

}, (s yV)EA(x, ¥),
(8)

}7 (1’5 y)eA(.Tv y)

Rn A1
M
A r«'
. . N
B 4
(a) ODE#h 2k BtAa4, (b) k4 B
B1 ODEfEETEE B2 SCDSH | MERTEE

22 FEHEHMEX

FEX 3 ODECH 4y 7 ) I 4k e 85 (B 3)

WAL )Mt EHZn B A ODE REMML, HfE—EMNEZEXTESL» EER—H0,
PLO RERHEARR, O AR A BAFR3HIR0 0. aofla, XHE, IACKH A MEAEA, SLA
ODE JG 4k R %N £ (A) =a, —a.

EX 4 SCDSCEEZZ N RGO B 1 )54k eki (K 4

FEB 1 B AB IAHEE N b PR R, i A BhrNa,. 5B Wb, BB HA B 15
ki, A B 1S4k (A)=b—a.

TR B 1B AB 5% N THEH 2458 .

o« 4 .
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& 4 SCDS j54k &

Bl 3 ODE J34# % #1

2.3 FEHEHENX
ODE CH 4y 7 F) J& W ik (B R 21O

TE X 50
% AB Bt ODE REMEILLEE, 24 A=

B B}, BLZeBr AB 22 i g L, RIS 4k R %K
fo(A)=0. FP(x, H Q(x, y) NiELET
R, W ODE RS9 5 # L o b il k.

(b) A HI4E

RS S 303 it o by A BRI
SCDSCE#E L 8 1 & 50 Bir 1 (a) BB
5 ODE(ER&oHE)ANETER

X 6

JE 9 fit
P AB WTESFR N SCDS R4 sh & By, 24
A=B B}, By 1 BB A b 1 B, Bl 4k% F. (A)=0. WK 6 P,

A1
1 M M
B A N B A v
(a) Hrifh ek B (b) B 1E % (o) Hrifh ek B (d) By VR 8
Bo M1EAYETIER

2.4 FEHERSE

2.4.1  ODECH 47 #8) JE W g L %S
L N, 75
Dt L AME— 5 A BB R R 7E L SR I I

2)id L WAE— 5 B WYBLEOK IS R FRTE L BN ER

M L Ay BAc gy B2 30T ™ DD JE 0 A, AL 7 BEOR.
2.4.2  SCDSCEEZLE J1 R 50 B 1 8 B A 0 7 2

BB A A CHEY 1A, W T A ZE T NB N A —

B 7 ODE FEHifE L
M BHAENM 1 LB BB, SB MEBEN A WAED, WFKA A BTN 1 B, W

Kl 8 .
E 8RBT 1 JEIAfE A A R R LR m 33 444, WIFREY 1 A A A, ARz b 1 5130 .
B 8Ce) BB 1 JE I i Bt . R B T AR E AR A AL AL A FRAR ™ P B R BRI B 1R 0 A

(o) B P 88 i T I 1 D S A

(a) Bl 30T I P o 1 4 (b) =l B 1e] 42E30T Fr) W LR S0 A
8 FEHEMANREH 1 BHRE

B A

(@21
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2.5 FBHMHNEEN
2.5.1  JEIBRAE A AR F A8 0 5 Ak pR AR
2.5.1.1  ODECH 43 75 &) JA 3 fife 0 4778 1R 1 2 10 ) 4k ok B30
EHE 1P FELYVILE OA FRIMAF/ES A M B, 16 OA F#EESTAFRR, A O A B By
FRAMR 00 a M by s A R B B 4k R 505 B1h £ CA) >0 Al
Fo(BY<<0, WIAAAEJE I, anisl 9 s,
2.5.1.2 SCDS CYELZ 1 R250 B 1 7 EE A 2 W5 &
B2 AEMEN FAEESA. B AKF S,
N B@ESABIRR, WA WFHS A, ABMES%SNB . mo mmasiEwgmn1 DHR
A MR a, B ARERO, A
FO(AY<<0, fU(B)>0,
M A 5B ZEMFE—HC, ALY C)=0, BIFFER 1AM
fip C L2230 0 R 10 FR.
2.5.2  JAMWIRAEAEMEAY Bendixon R L
2.5.2.1 ODE CH 43 7 F) JA i B A7 7E 1 1Y Bendixon Pk
EX 7 B G WAbh R L&D, fp i R, ¥ il 2 4
Bl AR B MO AL S, MATRARGARLS WL ¥ g0 wmenhaswn 1 58
X3 G SRR G N, I8 G RFETE 2 G807 5, T 3A 35
G Fkh ODE & %1% Bendixon ¥, WiE 11 frs.
EIHE 3% ODE &% Bendixon PRI N S IETE ODE J& 1 f#.
2.5.2.2  SCDS CR#EZg) ) Z40) W ) AE7EPE 1Y Bendixon PR3k
EX 8YT i 12 fR, FAE—AH X G, Hrr
DCD R lkhfE2 B, AB HAHSE LB ;
DA T AL B (H LBt BO 546 B CD M AB 48— H £ S 1AM IX I G i Lk
D RGO MM T RL S FLR S 3L, BRIKPZeB CD 4, ¥l X3 G M8 m G 1
DI G NATEAER GV 5
NI G Fr SCDS & 4211 Bendixon ¥,

X\_/ 4 B

N

E 11 ODE Bendixon ¥R i3 12 SCDS Bendixon IR

EIE 47 SCDS R4 Bendixon ¥k G U AFFE SCDS RS W B 1 J& 1 .
2.6 ODE #1 SCDS W EBEBHFEE 5 X
2.6.1 ODE CH /77 #) A48 K [\ 15 7 5210 5 X

1)ODE [l 15 %1

ODE CE Mo H BT LAAER A O NES, N BN, N WA REL ML . fE—%
T, LA L v DGR R — 8 ik, WK 13 fios, Kb, LT +N+L - hFEmEL.

2)ODE [fl 15 4> %

ICHS O 55 SN WHELON HLWZ AN B, BRRELEB AB RS &7 1 M BT,

e G e
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O W E RS, a4
i1 Bendixon MR IRAF7E Bl L8 45050, 1Y
MR, anE 14 FoR.
2.6.2 SCDSCFiEZ: 5 )1 250 [Fl fi
BN ) 15 53 3¢
ZE01 R B SCDS &4, (9K
B H S R 4 A

9

Hr, 2 RoRFANEYWE R, GlOEROEE; v BonaiceE M kg, B M=
{((xs W]lx=h, y=0}, N HHE. N={(x, y)|lx=h+r, y=0}.

1)SCDS [l i 1+

SCDS R4t (D sy 7 B A1 BA M AST A H MR, b H ¥, R M. B
HWARRENRLL ShkEMEZTH A, HWBEMRLL 5HENZTTH B, EHEYH
fkoh S8 8. 5 A Bkop S IEL A B, Xk, HL ABL™ H ¥R —4> “SCDS FfEHL”. K 15

2)SCDS [l 45 43 %

TE Y MU kv S H B KB s R 0B <<p
HpB—p <1, X FhkohZ506, ., £ A FknprHH

MAD, X HL DBL"H t#l—" 5, L

FE VX PR3 P B A Y A S, 3k B SRy

Bendixon M3k, KL H N AFLE SCDS B 1 Ji # H

it W 16 TR e

27 BREHMBESS B 15 SCDS FEH B 16 SCDS AEHSX

2.7.1 ODE (H#s ) Rms 7m0 L

1) ODE 15 #1

ODECH 57 Jr ) M V-1 AP A AT . W R AR, NORIN, S, N A& L) M
Ly NoWW& AL, L, , fE— &M TReMEL, 5L MH%EE:, i BB L 5L, %4,
XEEMIE R T — A, N.L, L N, Ly L, BI85 ODE 4581, id Ay v, . G 17 FR.

2)ODE 1543 %

BRIy v, NAME—IRT R (27, y " ) WEREE M. BEID v, FE—E W T, L
S, WL, ML 5 x=
x " BE RSN A B, it
Y7 1 Al f ., fE AB £ B b
YyormEmA A, LR ARE
5, XM B — 4> Bendixon ¥
B, PR B SN A T A R O RR
. i 18 fs.

2.7.2 SCDS CE#L:sh 1RG0 5165 oy o
1)SCDS #1E%t

LL SCDS &R 4t (10) A ik 36 H] SCDS 515 #t

<
<

o0 N, L, L] N, o N, L L, N,
& 17 ODE BE#H E 18 ODE R8BS X
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de/dt=r(x—0) A —x/k)—qxy/(1+qghx)

dy/d (x—b)/(1+qhx) YT
= -
YT e (10)
Axr = —ax
s YT T
Ay=—Ly

Horprs o HEHEAER R vy IR EFREE R, SHAREY Allee 2500 HE K.

SCDS &4t (10) Wi o r FRAE AR 1 EAUAH 3 DMaF 8N, . N fI R, Ho N, . N, S, R Hi
FEFE L N IARTE S RN RS s RAHEGTE « i b N AT E 3 AP &8 T — 8
A, N ARESRLRMEL LT 8 B, FHR—DIkohS5p, . 15 A SRk AHSIELG & B, X
FERATEAZ B —DIRLN,AB NN, B FFR 59 SCDS 515 .

2)SCDS 515 43 %

SCDS S b & FHR B — kb S8 B TEX Ak S8R %8 (10) £ 46 — 4> SCDS 7 1 #ll
N,ABN N, , fEMEA I EIT S BI85 —S80 6 R 0<<8,<<B,» B — B <1.

XFFRK M SHEB A BBk ARSI D D STER A BA, mAEATLUE L, 7ELE L&Y
M m e AR R, LT PR SR T A4 B Bendixon PR3, UL 19.

¥y y

o\ 2 Y

=N

; ! e
N / S

D
Nl 2 O Nl X+ NZ

(a) SCDSRIE4r 1 (by SCDSHTE 43372

O

B 19 SCDSRBREHX
F: Darm R AENK & AD W 755 2) & s R fERK & T U5, R 2 Fa e M Al
2.8 Poincaré 9%
2.8.1 ODE CH #7377 ) R4t Poincaré 73 3¢
LA ODE F 58 (11) Jg {958 Ui 0] .
de/dt=—y—ex(x*+y*—1—e), 11>
dy/di=zx—ey(a*+y*—1—¢), Y
YERR A b5 B H 75«
dr/dt=—er (r*—1—¢), d0/dt=1.

Me=0Mm, (0, 0) FH.OEIE A, T WEP.OB— R 5 F 5 AZZE:QQ
HU— ANy >0 6, D AR RAS, [ rP=11+e HME—H o *
B PR BRER . RS A R AR BRER. WA 20 FTOR. &J
2.8.2 SCDS &4 Poincaré 4+ 3%

LI SCDS %5 (12) 46 Sk P B

da/dt=y N .,
, x<h, & 20 ODE %% Poincaré 4337
dy/dt=—x
4 (12)
x =—ah
}9 I:h,
y =by

ko de M ARG, AHE N 1 ZEERUNE S, W a B a=1 B8 Na, >1, WAAFEALE b, >1, (1B 1 4
Wit AB SR TFNEY 1 A, B A 508 B MM KL XEE, a, F1 0, ko eR BUUERFF AB SH B 1 A 3
it FLAWAIEY 1 FWI# CD SF10L. W LIIEW] AB RBUARATRER. I 21 Fix.
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(a)a=1, b=1 L7 (bya>1, b>1 FaEHF
21 SCDS &% Poincaré 432
29 PFHMREMENHEER
2.9.1 ODE CH 7 #) J8 1 g O BR 38 i e

RNV RN
de/de=f(x, ¥,

1
dy/di=g(x, y) (13)
R, WD i h4. 72 0 EEBR—S50, o O Mg D M4 on, LLO RIES, On N
Wi, T 7O Sk Os FAEESr B RIR A,
I3 FHAEIRLR On b P B 89 4838 (35 17 76 — 4 JF X JA] ) N
(0, €), fHELE O, ) WIEE—H A, iT A FFEZ%EEIIAE F(A)<0,
ML T oMEE (NFaE), K 22 s,
RIS FMAAT WAMAT. i || L2 <o,
(>0, W T REE COREE) R R,
2.9.2  SCDS 245 [l B30T 4 B 1 J 00 A 1 o 1k 22 MIRFMTEN
F & SCDS ik h & 4; .
dx/dt=P(x, y)
b < : ’
dy/dt=Q(x, y)} Yoy o
Axr = —ax o
Ayﬁy}’ Yo

¥ SCDS &4 (14) A — A Bl BB 1 W% 0. ¢ AW T, L g 23 . kb4 AB
MM A B W EREL. FIH A @ ya). By yu)WE— DU RG QDO LZ LD, .
da/dt=P(x, y)
dy/dt=Q(x, y)
de/dt=0b—a)nh/T=P,(x, y) . -
dy/dz:n(yq*yg)/T*Q (z. y>}mﬁﬁﬂﬂ(@$ML'
RGO WA T, Je—E ek n™ ek, el UA ik ODE R R “8 3h A br
7 ML, WA 24 PR, mﬁtﬁ%iuzzwmﬁ:
L 9p Q

R G RGO ERMAAL, LR |G+ Thdr < 0, WD, WELHE G .

HHAY n—olf, I',>I B T/n+T—T.
EIE 7V MBS EN ) R G (14) 5 A7 AL BN T ALY P Y 1 R O W8 T ) HAE D FiAf
TER X G PiEA

}%ﬁﬁﬁ%NL,

IP  2Q
(71'+(7y

<0,

TR 1 SR T AR E .
X T — BB RERR IS T AT A S O AT A 28 o P 1 R R AR E . A T — RSN, T 2%
« 9 .
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¥y
B
Tin
4 Loor
A
X
O a b

B 23 SMEEEmM 1 FRE B 24 I,FEHR

3 i fERERE LA B

3.1 ODE (%‘%&ﬁ?‘iﬁ)#&ﬁﬂﬁmﬁﬁ'ﬁ
EHE §(Dulac EH )™ AEREMXIR G H. A~ WKELETTHMESTRE B (2. y).

*(Bf>+*(Bg)4%T#%73, HATEARAT 7 X B E 25 7%, W ODE R4

de/dt=f(x. y),
{1/ e (15)

dy/dt=g(x, y)
AAEAEATAE T G PRy S5 A LR, 78 SCDS CGEIEZEEN 11 R 450) it A4S 2% (4 Dulac & L.
3.2 ODE (E#%718)MIRIRME—EEE
.41 Vonderpol TFEM — LR =+ /(@) a+a=0, HNHZEN RGN .
dy/dt=—x,
{dl‘/d[Zy—F(x),

(16)

,BQEF',F(JC)—J FCoda s T A&

Df(@)EC (—oo,+w), FFIE0_,<<0<<dy, Mo, <<x<<o W, f(2)<0; M <<, LK >0,
W, f(x)>0;
2YFEFE A>0, F(A)=F (—A)=0;
3 F (+ow) =408l F(—w)=—w
W ODE £ 4:(16) 4 M — HFa & E’JT&FEIT £ SCDS (i 22 8h 1 2280 W58 Hh i A A5 2 6 B i By 1 )]
0 foge 1y o — M L
3.3 ODE (ERMHAR)EBRANES MM EEMCED
FE 1900 4F H PR AR K S by Hilbert $2H T 23 ADNEE VS, R Ay KA FRREC: ) L
ODE CH o307 #) & 48
de/dt=X(x, y),
dy/dt=Y(x, y)

an

Fi, X(x, y) = Z ai;jx'y s Y(x, y)= E bijaty s (X(xs y)s Y(x, y)) B R P n R TI

i+j=0 i+j=0

A . Hilbert B9 16 MR MO RE QD WEA N W R/ LR Hn)Z£2P07 Hn) =7
T3 2 B8 (L7 W BRI (4 AR o7 25 gy 7
3.4 Petrovaki and Landis 7 I2

1959 4F, BTHT R K# KK Petrovaki B ALY 2% 4L Landis iEBA T . A READ S (X (2, v) »
Yz, y) & R ZREWA &Y (R R ZWMA M5 RE) W, H(2) =3, HZETE 1976 4F,
Petrovaki 9 2% 242 & SUABATAUE BT vh A A 1A B L BR 22080 E B 78 1979 4F 11 H 4R — A+
W T H(2)=4.
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4 SCDS(HFEZZNEZE)HNHFEMER

4.1 SCDS(HZEZTNNFRLE )M 2 &R
SCDSCHIELLS) 1 RGO A — Ll ki A 82 ODE RGEAHA M. BT 4 min
dr (t)/dt=P(x, y)
dy (1) /dt=Q (x . y)}’ ?
Axr = —ax

Ay =—Ly

as)

EX9 W2 kB

Bk ohdE M, M4 N, HAHE N ERYS A BRI S Kb 4
ZFRA A BKhES B, K SECH o). RAHSE LS B AW
MASMKMESL T H B, B kb EISA,, Kb SEEFER o, W
AA BB, A, FRABY 2 Lk B, WA 25.

WL AA BRI T, 4 B B HIBRIA T, WIFY 2 BB
AA BB, ARBENT, +T,. 25 B2H%R
4.2 SCDS(HEZEIMNEZG )M 2 F4E R

EX 10 By 2 J5 4k S By 2 S5k SAFRRNE A B 2 J54k50c k. F' (A)=A,.

TEME N E#STBIRER, WA A BB N a, A BIARAR Ha,, WA A BB 2 54k kBN .
F}'(A)y=a,—a.

EX 11 B2 Fm. WRF) (A)y=A=A, BHIF) (A)y=a,—a=0, WMl AA BB A KN 2
Jel 1 i

S50, By 2 JAWf# A A B BIAIRINT, +T,. WK 26 fix.

T FRBY 2 LR BE U & M 45 ODE £ 48 i B2 g 4% B A A
Ie] Jik o 2 000 ik ol £ X R B R 4% SCDS & 48 i B2k i 1 i Le 3
2%, WK 27.

DWW SRR SMERPIAN SR, T @A K, WK 27

DML GHER 13, WE 27(h);

WKL GHELH 3 Mg, WE 270 ; E 26 B2 EBRE

D FINEGHER 3 D2, 75—5A 1A, WE 27(dD.
M EFNIEMAR L, W E . A5 A HX 4 Mol AU DA O T LU= A By 2 J8 1 i

B A4
M B, 4 P M A
i k! ff { M
4 L I 7 I /
\ ! J J
% N N N
A el NS =7 N

O 4, B 4

B, 4

(b) — 22 &l (¢) =22 S & (d) P9 22 55

27 SCDS R % HIH &

EIE 9 AWK 2 AW, BB 1R E 28).

A M EARRE S (A)=b—a>>0, By 1 FIZLBE BB A,
MBI 1 Rk E S (B)=a—b>>0, AIt, A 5B ZE W%
TE—m C BB 14k B 71 (C) =0, FE7ERT 1 A 1A,

4.3 SCDS(¥EHEHMNZEL) HRFEMRMNEIE
T A S T SR A PR (14) , Ffil F R s— H R B 28 W1k 2 AR
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SEPRIEH AR A D 28 5 By~ By <<y 7. BREDN CHILEEHI RS,

DFKhHENy y =y " B, Jrfs 4, Pkob e e —48, By B sih & O A M2 30, &
R, DAl 3 o Al R R Al R LR

)X Pk R B Ar = —ax s Ay =—By FINLNEREL, AL MEAEILERE?
4.3.1 “XCHER ARG N3R5

A DA s B O P ) 9 S S T PR R e (EUR A VR 22 52 P IR i A A
RES DR Y. AN, 2015 474 007 ¥ [ 1] FATTHR X A — > [R] AL .

AL TR PN E . o — SR PR A T IR R, — A/ N AT R IR IR A .
Fr 010 9 R Rk B (PR i A D 1R /N O R BRI B b R ez, A Rl
PRI R 22 o SxEBUOKTT, AT M I b A9 £ i /D 28 O AR T, 30 IR Sawh 250 M R 3l 8 v 4 9 30 A
Y3 oK . SRE I A R B 7 0 A P T e

e DR SN B P o N RN Re B = =20 e = o S e e A 1 21 o M/ N ) R R N 7 e
Z/0r W7 BB AR E R NI IRATE L 1 LUR B e R —— WUl i R 5

da/dt =z (r —ax —by)
. O<h]<f<h2, h|<1‘(0)<hgy

dy/dt=y(x—m)(m,—x)
AJ‘:nlihl

}, Y (0)>0, x=h,, (19)
Ay=—py
AAT:hQ*?’Ig

}g l':h'_)y
Ay=fy

Horb: 2 (ORRFUAEWAE ¢ W29 BERE 5 y (0O RN AL ¢ I 20 1) % B
R CLO) PRI 1 A0 37 D0 AL A 0K 2 38 0 v 2 8 0 [ 42 ) (EL 0 AR (19) o LAY 7 B4 [ 42 ) T 52 v
PR BB AE B AR AL T . SR T3 A AR AL, FRATIMC T — 284007, 4520 T JE A 00 AR A v
MBI RZGEADA PR HE M, . 2=h FIM,: 2=h,, B—EGHPIHEN,: 2=n FIN,: 2=
Nys R, >0y =0, >h,.

HOLB RGBT R AR R AR T TR, M 4 M
DRI S R AR BRI DUBUE (10) % / e
i, FEHIAE LA A WO SO M, S F A A, BKhE] A Al
BN, L AL it A, B SIOPE M, 2T As A, I 0
WEIHIAE N, b A, LI 2. "N

EX 12 AU FE M RS (19) WLk B W A, R o
AALALALA, R SER T R 5 (19) BBk B N, N "

EX 13 BEAEHRE QD WSS EkmRE. HEN,
LSRR, A BER R as AR Na, . A BG4S R
Ay, BIGHEE (a1 ars A)=a,—a.

e WGBSR RE QADH WA K% M, f1 M, , A HAHE N, AN,

“KUh ¥ ARG RWIRAR A . BRGh T 2R 88 (19) B 1o 43 J R A8 AR 18T A X 38k, <o <<h, R
AEFEA S, BAEMBEN, FAEPIS A T B, FEMHEN, FESTABFR R, A BN a. B BT A b.

EIE 10 #4 A S B BG4k k50 504
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RERAR, Xty B “RUAERI RS BRI A AR 801 R E BRI # o iesd, R, I
WA, B RN L A, SRR R I TR, ORI A% s SRR o™ i, (5]
FEEAA R, RRE TS, EmE T AR, Xt — MR “XUh S R 5.

&% 3k

[1] Laksbmikantham V, Bainov D, Simeonov P. Theory of impulsive differential equations[ M]. Singaporfe: World
Scientific, 1989.

[2]Tang S, Chen L. Density-dependent birth rate, birth pulses and their population dynamic consequences[J]. Journal of
Mathematical Biology, 2002, 44(2): 185-199.

[3]sk52, 2. MBS AFE F RG] AFME, 2012, 6: 52-53.

[4]Lu Z H, Chen L. The effect of constant and pulse vaccination on SIR epidemic model with horizontal and vertical
transmission[ J]. Mathematical and Computer Modelling, 2002, 129 481-499.

[5]Tang S, Chen L. Global attractivity in a “food-limited” population model with impulsive effects[J]. Journal of
Mathematical Analysis and Applications, 2004, 292(1). 211-221.

[6]Tang S, Chen L. The periodic predator-prey Lotka-Volterra model with impulsive effect[ J]. Journal of Mechanics in
Medicine and Biology, 2002, 2(3): 1-30.

[7]Zhang H, Chen L, Nieto J J. A delayed epidemic model with stage-structure and pulses for pest management strategy
[J]. Nonlinear Analysis Real World Applications, 2008, 9(4): 1714-1726.

[8]Liu B, Teng Z, Chen L. Analysis of a predator-prey model with Holling II functional response concerning impulsive
control strategy[ ] . Journal of Computational and Applied Mathematics, 2006, 193(1): 347-362.

[9JEEE, 204, RZH. REFHEORFELSF LM w. #5 EKR4E, 2014

[10]Zhang S, Tan D, Chen L. Chaotic behavior of a chemostat model with Beddington-DeAngelis functional response and
periodically impulsive invasion chaos[]J]. Solitons &. Fractals, 2006, 29(2); 474-482.

[11]Pang G. Chen L. A delayed SIRS epidemic model with pulse vaccination[J]. Chaos. Solitons &. Fractals, 2007, 34
(5): 1629-1635.

[12]Liu X, Chen L. Global attractivity of positive periodic solutions for nonlinear impulsive systems[ ]J]. Nonlinear
Analysis, 2006, 65(10): 1843-1857.

[13]Gao S, Chen L, Nieto J J, et al. Analysis of a delayed epidemic model with pulse vaccination and saturation incidence
[JJ. Vaccine, 2006, 24(35-36): 6037-6045.

[14]s 235, &k, BEE. Ahsh A F[M] L. AF B, 2000.

[15]Dong L, Chen L, Sun L, et al. Ultimate behavior of predator-prey system with constant harvesting of the prey
impulsively[ J]. Journal of Applied Mathematics and Computing, 2006, 22(1): 149-158.

[16]Liu Z, Chen L. Periodic solution of a two-species competitive system with toxicant and birth pulse[ J]. Chaos,
Solitons & Fractals, 2007, 32(5): 1703-1712.

[17]Meng X, Chen L, Cheng H. Two profitless delays for the SEIRS epidemic disease model with nonlinear incidence
and pulse vaccination[]]. Applied Mathematics and Computation, 2007, 186(1): 516-529.

[18]Sun S, Chen L. Existence of positive periodic solution of an impulsive delay Logistic model[ J]. Applied Mathematics
and Computation, 2007, 184(2): 617-623.

[19]Wang L. Liu Z, Jing H, et al. Impulsive diffusion in single species modell[J]. Chaos, Solitons & Fractals, 2007, 33
(4): 1213-1219.

[20]Wang F, Hao C., Chen L. Bifurcation and chaos in a Monod type food chain chemostat with pulsed input and
washoutl[J]. Chaos, Solitons & Fractals. 2007, 31(4). 826-839.

[21]Liu K, Chen L. Harvesting control for a stage-structured predator-prey modelwith Ivlev's functional response and

impulsive stocking on preyl[J]. Discrete Dynamics in Nature and Society, 2007, 1: 1-15.
. 13 .



R

FRRCIHFIERBING "HER ) XL R 2021 %3 A

P

[22]Shi R, Chen L. Stage-structured impulsive SI model for pest management[]]. Discrete Dynamics in Nature and
Society, 2007, 2007 1-11.

[23]Zhao Z. Li Y, Chen L. Bifurcation and chaos of biochemical reaction model with impulsive perturbations[]].
Nonlinear Dynamics, 2011, 63(4): 521-535.

(240 235, HFASFHRBEH L5 H[M]. 2 1. b A5 A, 2017

[25]7t F ik, %. MRZEH[M]. Eif. EifA$ 3R A, 1984,

[26]M 23, FREBEXELFH N ZHIUMRZA[T] RERFFROAAMFHR, 2011, 12: 1-9.

(27 235, “FER LN RA7EBREA]] 2A4IFEFIRFIR, 2013, 34(2) . 2-10.

[28]Wang T, Chen L. Nonlinear analysis of a microbial pesticide model with impulsive state feedback control[ ]J].
Nonlinear Dynamics, 2011, 65(1-2) . 1-10.

[29] Chen L. Liang X, Pei Y. The periodic solutions of the impulsive state feedback dynamical system []].
Communications in Mathematical Biology and Neuroscience, 2018, Article ID 14.

[30]Tian Y, Chen L, Kasperski A. Modelling and simulation of a continuous process with feedback control and pulse
feeding[J]. Computers & Chemical Engineering, 2010, 34(6): 976-984.

[31]Guo H. Chen L. Qualitative analysis of a variable yield chemostat with impulsive state feedback control[]J].
Mathematics and Computers in Simulation, 2009, 28(4): 299-309.

[32]Zhao Z, Wang T, Chen L. Dynamic analysis of a turbidostat model with the feedback control[J]. Communications in
Nonlinear Science and Numerical Simulation, 2010, 15(4) . 1028-1035.

[33]Wang T, Chen L. Nonlinear analysis of a microbial pesticide model with impulsive state feedback control[ J].
Nonlinear Dynamics, 2011, 65(1-2): 1-10.

[34]Tian Y, Sun K, Chen L. Studies on the dynamics of a continuous bioprocess with impulsive state feedback control
[J]. Chemical Engineering Journal, 2010, 157(2-3): 558-567.

[35]Li Z, Chen L, Liu Z. Periodic solution of a chemostat model with variable yield and impulsive state feedback control
[1]. Applied Mathematical Modelling, 2012, 36(3): 443-457.

[36 ] &F, T4, M2, REREFFBEOHAFEZRLEFHEIM] w. BAF B4, 2014

[37]Wei C, Chen L. Heteroclinic bifurcations of a prey-predator fishery model with impulsive harvesting[]]. International
Journal of Biomathematics, 2013, 6(5): ID 1350031 (15 pages).

[38]Zeng G, Chen L, Sun L. Existence of periodic solution of order one of planar impulsive autonomous system/[]].
Journal of Computational and Applied Mathematics. 2006, 186(2): 466-481.

[39]Huang M, Liu S, Song X, et al. Periodic solutions and homoclinic bifurcation of a predator-prey system with two
types of Harvesting[ J]. Nonlinear Dynamics, 2013, 73(1-2): 815-826.

[40]Zhang H, Jiao J» Chen L. Pest management through continuous and impulsive control strategies[]J]. Biosystems,
2007, 90(2): 350-361.

[41]Wei C, Chen L. Periodic solution of prey-predator model with beddington-DeAngelis functional response and
impulsive state feedback control[J]. Journal of Applied Mathematics, 2012, Article ID 607105.

[42]Huang M, Liu S, Song X, et al. Periodic solutions and homoclinic bifurcation of a predator-prey system with two
types of Harvesting[J]. Nonlinear Dynamics, 2013, 73(1-2);: 815-826.

[43]Dai C, Zhao M, Chen L. Homoclinic impulsive state feedback control of cheese Whey fermentation[ J]. International
Journal of Biomathematics, 2012, 5(6), ID 1250059 (19 pages).

[44]Pang G. Chen L. Periodic solution of the system with impulsive state feedback control[ J]. Nonlinear Dynamics.,
2014, 78(1) . 743-753.

[45]Wei C, Chen L. Heteroclinic bifurcations of a prey-predator fishery model with impulsive harvesting[ J]. International
Journal of Biomathematics, 2013, 6(5), ID 1350031 (15 pages).

[46]Wei C, Chen L. Homoclinic bifurcation of prey-predator model with impulsive state feedback control[ J]. Applied
Mathematics and Computation, 2014, 237(3): 282-292.

[47]Wei C, Chen L. Periodic solution and heteroclinic bifurcation in a predator-prey system with Allee effect and
impulsive harvesting[ J]. Nonlinear Dynamics, 2014, 76(2): 1109-1117.

[48]Deng M, Xue Yi. Statistical Analysis of " Small Profits, Quick Returns" [J]. Mathematical Modeling and Its

e 14



®10%% 184 o5 A R HoOm A Vol.10 No.1 Mar.2021

Applications, 2020, 9(1): 67-71.

[49]Guo H, Song X, Chen L. Qualitative analysis of a korean pine forest model with impulsive thinning measure[ J].
Applied Mathematics and Computation, 2014, 234(2) . 203-213.

[501Ji X, Yuan S, Chen L. A pest control model with state-dependent impulses [ J]. International Journal of
Biomathematics, 2015, 8(1), ID 1550009 (12 pages).

[51]Pang G, Chen L, Xu W, et al. A stage structure pest management model with impulsive state feedback control[J].
Communications in Nonlinear Science and Numerical Simulation, 2015, 23(1-3) . 78-88.

[52]Guo H, Chen L, Song X. Geometric properties of solution of a cylindrical dynamic system with impulsive state
feedback control[ J]. Nonlinear Analysis: Hybrid Systems, 2015, 15(1): 98-111.

[53]Guo H, Chen L, Song X. Qualitative analysis of impulsive state feedback control to an algae-fish system with
bistable property[J]. Applied Mathematics and Computation, 2015, 271(4): 905-922.
[54]Xu W, Chen L, Chen S, et al. An impulsive state feedback control model for releasing white-headed langurs in
captive to the wild[J]. Communications in Nonlinear Science and Numerical Simulation, 2016, 34(2): 199-209.
[55]Sun M, Liu Y, Liu S, et al. A novel method for analyzing the stability of periodic solution of impulsive state
feedback model[J]. Applied Mathematics and Computation, 2016, 273(2); 425-434.

[56]Zhang M, Song G, Chen L. A state feedback impulse model for computer worm control[ ] ]. Nonlinear Dynamics,
2016, 85: 1561-1569.

[57]Liu Q, Huang L, Chen L. A pest management model with state feedback control[ J]. Advances in Difference
Equations, 2016, 2016 292.

[58]Chen S, Xu W, Chen L, et al. A White-headed langurs impulsive state feedback control model with sparse effect and
continuous delay[J]. Commun Nonlinear Sci Numer Simulat, 2017, 50: 88-102.

[59]Zhang M, Chen L, Li Z. Homoclinic bifurcation of a state feedback impulsive controlled prey-predator system with
Holling-1I functional response[J]. Nonlinear Dynamics, 2019, 98: 929-942. DOI: 10.1007/s 11071-019- 052 35-8.

[60]Zhang M, Zhao Y, Chen L, et al. State feedback impulsive modeling and dynamic analysis of ecological balance in
aquaculture water with nutritional utilization rate[J]. Applied Mathematics and Computation, 2020, 373; 17.

[61]1Fu J, Chen L. Modelling and qualitative analysis of water hyacinth ecological system with two state-dependent
impulse controls[J]. Complexity, 2018, 2018: 1-16.

[62]Liu Q, Zhang M, Chen L. State feedback impulsive therapy to SIS model of animal infectious diseases[]]. Physica
A: Statistical Mechanics and its Applications, 2019, 516 222-232.

[63]M 235, MR, —RARMMRIAG A2 E B AKT] &5 FHH, 1979, 22(6): 751-758.

[64]Zhang M, Liu K, Chen L, et al. State feedback impulsive control of computer worm and virus with saturated
incidence[ J]. Mathematical Biosciences & Engineering, 2018, 15(6): 1465-1478.

[65]Huang M, Chen L, Song X. Stability of a convex order one periodic solution of unilateral asymptotic type[ J].
Nonlinear Dynamics, 2017, 90(2): 1-11. DOI: 10.1007/s11071-017-3647-2.

Modeling of Integrated Pest Control Drives the Rise of
"Semi-continuous Dynamical System Theory"

CHEN Lansun"*, CHENG Huidong®
(1.Academy of Mathematics and Systems Science, Chinese Academy of Sciences, Beijing 100190, China;
2.Minnan University of Science and Technology, Quanzhou, Fujian 362332, China;
3.College of Mathematics and Systems Science, Shandong University of Science and Technology,
Qingdao, Shandong 266590, China)
Abstract: Inspired by the mathematical model of integrated pest control, a series of studies on some related problems of
biological mathematics were carried out. Starting from actual problems., we have established the "ordinary differential
equation model" and the corresponding " periodic impulse control model" respectively; with the rise of the normalized

management of integrated pest control and the normalized control of environmental pollution, we established the "state
impulse feedback control system" model, referred to as "semi-continuous dynamic system model, put forward the related
concept of "semi-continuous dynamic system", created the basic theory, and made a systemic research, for example: the
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periodic solution of continuous dynamic system and the stability of periodic solutions, homoclinic orbits and homoclinic
branches, heteroclinic orbits and heteroclinic branches, and different concepts such as "bilateral control system" and its
decision theorem research; the corresponding theory and method of "semi-continuous dynamical system" are further
applied to some related problems in other aspects of biomathematics. Based on the mathematical model, this paper
summarizes the research process of biomathematics in recent ten years, and points out the problems to be solved in the
current research.

Key words: mathematical model; integrated pest control; impulsive state feedback control system; periodic solution;

stability; homoclinic orbit; homoclinic bifurcations
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