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Abstract

With the socio-economic development, the demand for sheep meat products is increasing day by
day, the scale of sheep farming is expanding, and the difficulty factor of sheep disease prevention
work is getting more and more severe. At present, the sheep farming industry in China is still
threatened by brucellosis. Since the amount of sheep farming and the price of sheep meat are di-
rectly related, and the price of sheep meat and the supply and demand of sheep meat are directly
related, this paper adds two variables, the price of sheep meat and the amount of sheep meat market
inventory, when considering the influence of brucellosis on sheep farming and then establishes a
mathematical model, gives the basic regeneration number of the model, the disease-free equili-
brium point and the positive equilibrium point and discusses respectively. The stability of the
model was discussed. Three control measures were then added to the infectious disease model,
namely, reducing contact between susceptible and infected sheep; increasing the culling of in-
fected sheep; and reducing brucellosis emissions to the environment; thus establishing the control
model. The objective function was established with the aim of minimizing farmers’ losses, and the
most favorable control strategy for farmers was sought. The theoretical results of the optimal
control strategy were derived using the Pontryagin principle of minimal values. The model is nu-
merically simulated with the live weight price of Henan sheep and the cumulative number of hu-
man brucellosis cases. Finally, the three controls mentioned above were combined to give seven
different strategies. It was shown that compared to the single control strategy and dual control
strategy, the simultaneous implementation of the three measures was the least lossy for farmers,
with the lowest control cost, number of sheep diseases and brucellosis concentration in the envi-
ronment, so the recommendation to farmers in this paper is that the combined implementation of
the above three measures is the most beneficial.
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di, oH di, oH di, oH
A T3 (T)=0, 2=-""2(T)=0, —2=-"1(T)=0
dt oS (M) dt ol %(T) dt aw%()
dl, oH di, oH
o 2(T)=0, B5=—""2(T)=0
dt op «(T) dt oM A(T)

T RAREAIAL (0,05 ) PSR H OOBRIR, BOEEERIT R O =0, 1-1.23

T Eh R €[0,1], KILEH]:
u = min{l, max{om}}

B,
u, = min{l, max{o, AN }}
BZ

5. H{EIEH

DAV R 44 N B EAT AL, 43 I 2016~2021 SFE7R] R 2 135 B AN A% AT 2016~2020 A JR) A€ [ B 7 1) 2
TRV BOIAT TR, DAIGAEAS Y () A& EE e, 38 iy Tl A 68 QB8 1) R
5.1. BN EEIE

TR (1) FH T BRSNS A T 2 8 6, 0, > I B R A E GE R4 27180 (A2 B sA R
BRI ) [28], 1331 2016~2021 -3 B4 FHERFRUEN 19,260,000 Sk, 2016 SEREA JT s 27.6278
JG, FTLAN(0)=19260000 , p(0)=27.6278. & X P(t) AL ERISER K, & X P(t) AL M ER

s, #Hd—ngé(D—bep—ﬂ—Wj, ] A B
dt 1+p

min Z[P(t)— p(t)]

2016~2021 4F [\ SEFRNFE Bt W& 1, 1EH MATLAB, SRR/ Zfefliit, S2150EI A4 L2
il £=70.28, $=127x10"°, u=1.242, LI 1 ka2 X A FH MCMC J572: &~ B4l 10000 YK
95%E fE X 8], W SR T SEhris .

Table 1. Actual data for Henan 2016~2021, sheep price data from the National Agricultural Cost-Effectiveness Data Com-
pilation published by China Statistics Press

%= 1. AR 2016~2021 FERUSERREUIE, ENMREUERBPESITHMAAHRN (ERKZTRERARZETELE)

A TR A R
2016 27.6278
2017 28.1194
2018 28.7192
2019 30.7458
2020 34.2792
2021 36.1654
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Figure 1. Fitting results of sheep prices in Henan
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5.2. REABHEREFRRITHRGIEE

BRI TR S & RIS ZRR BRI 28 8, B, B, B, BREWIUHEEN
S(0)=18238868, 1(0)=1021132, W (0)=78240, p(0)=27.6278, M (0)=8296000, S, (0)=8852559 ,
1,(0)=3993, Hir&HA:

min LY (1) -y (0)]

SEARY () o A AT FC T SRR LR,y (t) 9 A A5 R R RO FR i BB 1. 8 y(0) = 3993 JF
Hy(t) iﬁ&%: BS.1+BSW .

5 EIREHUAIE, 2016~2020 EHISEPR N ERIEE WK 2, 2/ MATLAB, K&/ —3fhit, 15
B T BB A ERMSHUY B, =74x10", B,=92x10", B =164x10", B, =172x10".

JLE 2 FR SR e B XA MCMC 5% s 548 10,000 WRE5 IR 1K) 95% EAS X 8], (il SR
10T N & B Sbr RG] BT S80E 4% 3.

R Q)T ZH# R CRILE 3. LT IS B RS FEA L RO R) =1.6338 > 1, BLIN A S
£ ETHEHHE, IR KO RS I, R O B R L SRR A IS R R R

Table 2. Actual data for Henan 2016~2020, human brucellosis data from the National Disease Notification Surveillance
System (NNDSS)

5% 2. g 2016~2020 FEHUSERREIE, ABHERERHIENRBEREFRIBIRIEN RS (NNDSS)

Aty N Tl A 68 F R 95 151 4 N A ER B 2R 1 14
2016 3993 3993
2017 2526 5519
2018 1031 7550
2019 2212 9762
2020 3110 12,872
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Figure 2. Fitting results for cumulative human morbidity in Henan
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Table 3. Parameter values and sources
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ZH
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= S o o U >»

~ =

B
B
Bn
P
An
dy

{21
38.5
26
0.024
7695000
11213000
412
70.28
1.27e—06
1.242
0.0002
0.052
0.00036
7.4e-11
9.2e-11
1.64e-10
1.72e-10
652981
0.0068
0.4
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Figure 3. Numerical results for scenario A. (a) Graph of changes in the number of infected sheep, (b) Graph of changes in
the number of Brucella abortus in the environment, (c) Graph of farmer losses, and (d) Graph of changes in control terms
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Figure 4. Numerical results for scenario B. (a) Plot of changes in the number of infected sheep, (b) Plot of changes in the
number of Brucella abortus in the environment, (c) Plot of farmer losses, (d) Plot of changes in control terms for strategy 4,
(e) Plot of changes in control terms for strategy 5, and (f) Plot of changes in control terms for strategy 6
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Figure 5. Numerical results for scenario C. (a) Graph of changes in the number of infected sheep, (b) Graph of changes in
the number of Brucella abortus in the environment, (c) Graph of farmer losses, and (d) Graph of changes in control terms
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