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Abstract

The paper establishes a fishing pulse control model in a polluted environment, taking into account
the absorption of pollutants by fish and their subsequent mortality. Additionally, the objective
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function incorporates the extra cost of dealing with contaminated fish, and theoretical analysis is
conducted using the optimal impulse control principle to determine the optimal capture time and
corresponding population level. Finally, numerical simulation is employed to validate the conclu-
sions.

Keywords

Impulse Model, Environmental Pollution, Fishery Capture, Optimal Control

Copyright © 2024 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. 5|

A5 S N H 23389 B H B Z O Ph i, W RS AR R B EAS B T bR 2 i ik
N o FRE UM AR B E 1 [ S 225 A R A s B bm o n D x m] A SR UREAT I8 2 (0 A B
FEVFZ 24+ 00 RO [ L, AT SRR BRI B P AR R [1] [2] [BPRSEBUIX— A AR, SCHR[4]45
T KIS RGeS OGS . Blaquiere T+ 1997 AN AR Kb i o> i AR ZE &, 193] T ALK
PR R B [5]. AR SR E B, R [GINERSFMEVIN, M T — Logistic 57, iz I m ik
PRSI, PRI 1O TR A kb e BRI R, R BRI AT TR A R DLk e RN 221 DA K
FARLIH IR T o SRR, 227170 A A S RE SR 27 5 Bkl D7 AR 45 5 B A, e 25 A R
PRk R P ] R BRAG H TEAE BE R SRS B R 2R W et ) i DI K o S o KRS [8] [O]0 T W ES RGMA
TR BRI AT T B Ak M, NERRGRITS A N RS R g T ER R =
VEN N A AAF B BB 2 —,  Jfilb BEEHE 4 PRV Bl N A4 AT . AL AR . ik
WP BAT e fmAER T, WRNEGHIPRMEN, MY AR, HZAEK. 2R, T
B W g AR SR 2 AR IR, SRRy G5 I ™ . Rl 2023 4 7 H HA
AR B 5 KAV E G, ARG Qe H 2™ IR . X —8HN, WlEis Jr s i ir a2,
A R e RGBSR R S v ) i A £ FLA B PR e[ 10]-[16] RO AL A il v, KPR o3 7 W v [ 5 4
Jik b T A 5 SN R GERIAE B, AR/ R& TS et T4 H AR R B e R, BT, A T A
FEVSYIREL T, FAREEAE Logistic HEIC Y BEIFAE PRI, ASCoE BTG Ge s xl T NI B 2 [
I G, 15 e SBURR R A FFEABISL T ILR, M55 e o (i B35 75 EAMT AL P 52 75
BRI RA . IS P SR e R 42 ) B, e s i ERAT i 8 K A i I ik 457 P 220 A B AR KT ) ¢
WK, R AT & B B 1 3 .

2. {RBVEN
BB R BE LA AT DB AP L TR Logistic BURLALER, 2 BULA:
ﬂﬂﬂﬂwwbmﬂﬂ}

dt K

)

DOI: 10.12677/aam.2024.135236 2477 I3RS


https://doi.org/10.12677/aam.2024.135236
http://creativecommons.org/licenses/by/4.0/

R, KR

e, N (t) FoRif(a] t i ifdy s S SRR, No FRonifly h  RIVTaR AR, N, >0, r RoRifig
BRA PN KR (AR BT R), KRR BRI RN R . L2 Blis e, mRRHG
BTN, S EURERFEABLT LS
VRIS 435 e B Il AR A Dy
dN (t N (t
d—t():rN (t)(l—T()]—¢N(t),
N(0)=N,.

O]

Horbr g FoRn B ZIG RBOER . EISAEWE T, MRS N2 K M AR M i, falikh

A BB A
dN(t) N
T _rN(t)[l " j SN (1), t=r, -
AN (t)=—-EN((t), t=1,,
N (0) = N,.

Hrb, o ORI 2, E RO BRI AR

RIS B I ) B R RO 7R R, DAUERIZR Gl . 5 R8 i R BRI ) 7 B A4
HFRIEIRAS , VIR 5275 e » Ui AN BE 3275 S B0 S 5 AT Y ATA M R ReAS DU A2 B e A 22 5 ) (A
PN — S

W (T) = #(1EN ()~ CEN (5, )~ )~ [T RN (t)dt ,

Hobt R R AR AR, e [0 MK, p=OMZOR IR, =1 F A
R, | FRAMBEN, C TR RIS R KB, Co FRHAT B & ok . Vb s
V (Noys,N () =W (T), 7 (i FAE AR BRION, B PE AR V IR AH M.

5 LTI R T DA B — BB S il VT

de—t(t): rN (t)[l—%]—qm (1), t=z,

AN (t)=—-EN(t), t=17, (4)
N(0)=N,,

V(Ny,5,N(-))= [T RN (t)dt - z(IEN (7, )~ CEN (7, ) - C,)-

3. IREI O
R (L) TEYIHEIRAS F IR

- (r_¢)K _(r_¢)K_No
N (t)= = c= N, o (5)
AR doe AL Bk ot ) SR B[S, AR ) S5 LAk e 8 e R AT AR AN B 0 FESR AP B 0,
f(EN(), =020 p(N () s Bk By, Mg (LN (), i=12 8 u(N(t) &om. B
FIRN:

DOI: 10.12677/aam.2024.135236 2478 I3RS


https://doi.org/10.12677/aam.2024.135236

R, KR

fo (LN ().u(N (1)) =R

9o (&N (1), #(N (1)) =~ UEN() CEN (1)-C),

f (6N (1),u(N (1)) =rN(t [ Nﬁq N (1), (6)
0, (&N (8), (N (t))) = —4EN (1).

.—'—»

() PR, 2 (1) =1, TR % BRI I, FTELA(T ) =0 . SHELM BB EON H (4N, 1),
ki R MO H (AN ) DA L 4 /M JE R T 79

(2 N) =2 1) (N0 40§, (4.0) = RN+ 2 (0 1o
He (AN, 1) = 2 (t) 9 (N, 1)+ 2, (t) 9, (N, ) =—u[ (1 ~C)EN —Cy + 2, (7, +0)EN | .
4. BB RIEH

T RS R AL REAT B DL AR o4 1) 73 A
HISCHR[17] 0 R BE AR B < A /M B A

d_ﬂa:_a_H:_R_zi(t)[r—Zr'f((t)}ﬂi(t)w—R—ﬂi(t)(rw—%(t)j’ )

—=(1-uE)A4 (7, +0)+u(C-1)E . (8)

ot N (1) A (L) R
HRE RN T3

LR,

dt r+ce™

fR LR 3 T RE VT A5 1

R 1 1 (c +re™" )2
21 (t) ) r ( r-— ¢) [C + re(r'¢)t - Cc+ re(r_¢)T j e(f—:ﬁ)t ’
(r-#)z \?
1 1 (c +re )
+0)= 0
Al +0)= r(r-¢) (C +re % ¢ yrel™oT ) A

DRI A Y v B A Tt IR e, DI AN 6 2 R SR T e W pR 4 Ho IR Mk ot 2 s 2 1 o Bt AT
e
F SCHR[S] T 513 1 i) A
min,, ., Hc(x*(t),y)z Hc(x*(tc),zz*(x*(t))) ,
T AREIXA A RS, BN
H. (2,N, 1) =—u[ (1 ~C)EN —Cy+ 2, (7, +0)EN |,

FITEAA BUR =F it

DOI: 10.12677/aam.2024.135236 2479 I3RS


https://doi.org/10.12677/aam.2024.135236

R, KR

1) #(1-C)EN-Cy+4,(r,+0)EN >0, M x=1;

2) #7(1-C)EN-Cy+ 4 (z,+0)EN <0, W £=0;
3) # (1 -C)EN-Cy+4,(z,+0)EN =0, uftiAE.
LR 52 SO 57
Q(z,,N)=(1-C)EN -C, + 4 (7, +0)EN ,
ZES=E
V, ={(z.,N (z,))19(z.. N (7)) > 0,D =[0,T]xR, |,
V, ={(z.N(z.))1Q(z, N(r )<0D [0.T]xR.},
Vs ={(z.. N (2.))12(,N(z,)) =0,D=[0,T]xR }.
Vi oA kR B A AL B X8 Vo RoR Tk i 87 A AR O XHK, - Vi Rom il 5150
HI AT (3) 15«

N (z, +0)=(1-E)N(z,) -
S R A A, B =2 (N) =1,
AR SCHR 5] 51 3 (i) 45 -
min,.,., H (2(z, +0),N"(z, +0),u)-min, H(4(z.),N"(z,),u)
_OH (N, u)
oN

n NN (V)

- RN*(TC+o)+(r—¢)ﬂj(rc+o)N*(rc+o)—%21(rc+0)N"(rc+o)2

—RN*(TC)—(V—¢)/71(TC)N*(Tc)+%ﬂi(7c)N*(rc)2
=0.

N(7,+0)=(1-E)N(z.), A4(7r.)=(1-uE)A(r,+0)+u(C-1)E,
(AW o=V AEIE G
~ERN" (. )+ (r =)N'(z.) = (r =) (1= E) A (7 + 0) +(C - 1)E N"(,)

——ﬂi(r +0)(1-E)*N"(z, )" + %[(1—E)ﬂi(rc+0)+(C—I)E]N*(TC)Z:O
CATIEEIEEE
ER+(C—I)E(r—¢)=%[(E—Ez)ﬂi(rc+0)+(C—I)E}N*(rc)o
TN (r,) = K[R+(C—1)(r ¢)] ~ K[R+(C—-1)(r-¢)]

T B)A(+0)+(©-N] A()-C- Na-E)]’

A2k MN A B U R R h 2k, %BZ&D%E‘&&@)E’J@#HME‘?HME MN #H%Z, H P 2RI sS7E X
WV, TR G 5T R 7, B 0B, e RO e 3 AT Rkl 57 T DA v R SRAS B s 2 U o BTG
I 7, s LA SR INE 2], X 7 (R R 7K T A e DL 3R KT o tn SR A h 22 5 i 26 MIN () 28 sV AE XS VL, Y

DOI: 10.12677/aam.2024.135236 2480 I3RS


https://doi.org/10.12677/aam.2024.135236

R, KR

T 7 IS AN 2 2 A Bk b 3t 997
BeRR, RBEMMIRZ], 4N (r,)=N(t) 55 F:
(c+re )(er¢)T glron

(c+rer W)e(r o’ el

(r-¢)

r(l1-g)RrR

BHE15).
(L-E)Rr? (e ) + (2ch— r?REe" " + crER )¢ ¥ + C[R+(r—¢)(C - 1)]
+Cr(r-¢)(C—1)e" " +rcERe" " =0
FifLh4 A=(1-E)Rr?, B=2Rrc—r?REe"”" +crER,
D=C*[R+(r-¢)(C—1)]+Cr(r-¢)(C—1)e" " +rcERe!"

Nc—n)(r—@—ﬁ[m “N(r-¢)]-

ks EHTM, FFA=B*-4AD>0, H _B;AJX SO P11 == I = W S s RO R S W LB EF I
e R
In -B++/B?—4AD
. 2A g ~B+VB?-4AD
° " r—¢ S 2A ’
23

4 (7, +0) = R ( 1 1 ; j(c+re)2°

r(r-g) c+r0 ctre" 0
¥ B A (v, +0) A Z, WITT LS A5 I AR ik 4 455 7K1
N*(T:)—K[R+ C-1)(r-¢)]

S r[(1-E)z+(C-1)]°

ZE L ATIR, BICLAGNHE LT e B
SEFR 1.1 GHTRIR(3), G0 BAE DL S E T
B++/B%?—4AD

1) A=B*-4AD>0, Ho=—"""">0,
2A
2) (r:, N*(r:)) SATA
DUASE Y (3)AF-AE e ALK e SR BT 221« RIAH L P e (LR 3R 7K N*(rc*) ,
In(—B+x/BZ—4ADJ

. 2A \ (T*)_K[R+(C—I)(r—¢)]

. r—¢ ’ “r[(a-E)z+(C-1)]"

Horr
A=(1-E)Rr*, B=2Rrc-r?REe" " +crER ,
D=C?[R+(r-¢)(C—1)]+Cr(r-¢)(C—1)e" " +rcERe"*"

DOI: 10.12677/aam.2024.135236 2481 I3RS


https://doi.org/10.12677/aam.2024.135236

RS, K5

,__R (1 o j(c+r0)2 y_ ~B+/B® —4AD
Tr(r=g)lcHro care™) 0 T 7 2A ’

5. BERHL

AT H B RS H B IR 45
X EELSR, GBS
r=02, $=001, N,=200, K=6000, T=50,
E=05, R=1, I=5, C=1, C,=1000,

£ MATLAB it 7 BUE RS 5 2] 1 1.

ML EHEIR

6000

5000 -
i

I
MN_—

T
|
}
|
|
|
|
4000 A:
|
= |
= 3000 [ |
|
|
|

2000 -

1000

Te

|
|
|
|
|
I . . | . . . . .
0 5 10 15 20 25 30 35 40 45 50
t

0

Figure 1. Optimal impulse control curve
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