Advances in Applied Mathematics BF%Z£HEE, 2025, 14(8), 117-133 Hans X0
Published Online August 2025 in Hans. https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2025.148376

R iR BISIRAY— 1k

% K
P R A KA Ay B A B A, DU )1 AT

FTAR

Weks H . 202547120 FHBER: 20254F8 As5H; KA HEH: 20254F812H

wm B

PRI IR RARKI AT, I EAARERRBEGRATIE. AT R, — SRR
F R0 H R B2 L™ E R - R A RIR BTG  BOIR R B AR RN E T RAERNER .
FeRIR 3N 1 F BRI RIR AT AR T R e Bt A — M EE T i, ERXTEBEETEEET K
BRI TR SRIRRIESEEAER, P ERIRmERER. SHER. £H8R. s Es
AR, DA X AR Y B SR BT TR A o H I A RO R R 4% R AL G921 704 SI, SIR. SIRS. SEIR
WA, BEERIEN D AZETEMD TR MU TE. MEHHERARRE. RITREERE
FHFER—ADE, HENMABFMRBEH—AN0, AT BT HEEIR & R KRR AT T T
7T T AR R R, BT R B RERL, BEE MR YRR R RN, TR
EH SRR T EEMEYLERSER, FHUWREGRBHNAERMERE L. MAEZZH TR
FEYRSIRIZAL, 5 SIRIEALE F B2 020F B PUHT 2R AR 3B FBUBNE 2, X BB AT BB AN T
W, SHTEERIRRES MR — L R ERIH B .

XKiEid
feguh, SIREAY, B, ERWE

Some Research and Applications of the SIR
Model for Infectious Diseases

Yi Peng

Basic Department, Southwest Jiaotong University Hope College, Chengdu Sichuan

Received: Jul. 12, 2025; accepted: Aug. 5", 2025; published: Aug. 12", 2025

Abstract

Infectious diseases have always been the common enemy of humanity. They are characterized by
their epidemic nature, seasonality and locality. The spread of some malignant diseases even poses
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a serious threat to national security. Therefore, the prevention and control of infectious diseases
have become a major issue related to human health, national economy and people’s livelihood.
Infectious disease dynamics is an important method to theoretically and quantitatively study the
epidemic law of infectious diseases. Mathematicians have done a lot of research work in this area.
The basic mathematical model of infectious diseases, to study the transmission speed, spatial
range, transmission route, dynamic mechanism and other issues of infectious diseases, so as to
guide the effective prevention and control of infectious diseases. This paper mainly studies the
SIR Model for infectious diseases. It applies the SIR Model to the epidemic caused by the novel
coronavirus in Wuhan in 2020, conducts numerical simulation and prediction of the epidemic,
analyzes the development trend of the epidemic and provides some assistance in epidemic pre-
vention and control.
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AN TERRE BB B, XA B AR B R 2 e oK 1 5 N B B N B E AR, 1911 S —AN
FUIEFE S T FE R AL Y Ross 257, PRI A ARG 158 — i it DURER %342 . 8 7 1927 4, Kermack
H1 Mekendrick () TAE A& Gui Y B35 | HLhl, Al TR MO IX LN 1538 5 8 (S) e (DRI
B (R)=ANKS, FARYESD /1A MR RS T SIR AR YA, FEAHE R AR AT a3 AT 7 o
Fi, PR T BMEBS . HAEED RS NSRS T RME, RS T RE, G T KA
[6]o IXEEARRY K 22 23 BT & b AL B 1) — SO OB 2

2003 RN SARS i, ENAMNOBFRE NN T2 8 1A, it 2L G sh 1 # A,
F G 80 7125 7R X BEAT B M S S A 0 — AP EE B i, I I 5 VSRR T I (A R R
B, WFIES A T X A E T, X OISR TR T 25 . MR SARS FE IR 7T K
ZHCRHMZAE R SIR B8, SARS S MIAEREA LA MR EAERRIE. st 1t — ARG
BHEAZHAEYRS].

LRI JLAF R DU R R (il 2 BE (9], AN [H] P9 3t & 2 ) 4 [ Ty = thh 5t . AR IR RE TR, itk
BT — PP AR AN IR AL ) R BR(COVID-19), B KIRATHIHRHE, ©HAMERIREE R, HFEE
PRIRE R, BRI R B ATy O B2 P AR R 100, X HL By 728 17 Nt a2 1 1) B2t R R 14
R, 4 3E H 52 At R VF 2 B KA AL A AT a6 i N B0 B 35 A0 72 24k, R AN
W2 MR GRS, JE B BT 8T, P S TR pt s KA B
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Table 1. Epidemic data of Wuhan from January 14th to February 18th
#1. 1A 14A~2 A 1I8SARIVEE R

=i ISP (UN)] MAEHIZ(N) Bz (N) BE(N) ANON)
2020/1/14 12,326,500 34 41 7 1
2020/1/15 12,326,500 27 41 12 2
2020/1/16 12,326,500 28 45 15 2
2020/1/17 12,326,500 41 62 19 2
2020/1/18 12,326,500 94 121 24 3
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2020/1/19 12,326,500 169 198 25 4
2020/1/20 12,326,500 227 258 25 6
2020/1/23 12,326,500 441 495 31 23
2020/1/25 12,326,500 533 618 40 45
2020/1/26 12,326,500 593 698 42 63
2020/1/27 12,326,500 1463 1590 42 85
2020/1/28 12,326,500 1739 1905 62 104
2020/1/29 12,326,500 2063 2261 69 129
2020/1/30 12,326,500 2390 2639 90 159
2020/1/31 12,326,500 2897 3215 126 192
2020/2/1 12,326,500 3779 4109 106 224
2020/2/2 12,326,500 4687 5142 190 265
2020/2/3 12,326,500 5802 6384 269 313
2020/2/4 12,326,500 7686 8351 303 362
2020/2/5 12,326,500 9255 10,117 448 414
2020/2/6 12,326,500 10,613 11,618 527 478
2020/2/7 12,326,500 12,360 13,603 698 545
2020/2/8 12,326,500 13,497 14,982 877 608
2020/2/9 12,326,500 15,175 16,902 1046 681
2020/2/10 12,326,500 16,500 18,454 1206 748
2020/2/11 12,326,500 17,361 19,558 1377 820
2020/2/12 12,326,500 30,043 32,994 1915 1036
2020/2/13 12,326,500 33,033 35,991 1922 1036
2020/2/14 12,326,500 34,289 37,914 2502 1123
2020/2/16 12,326,500 36,385 41,152 3458 1309
2020/2/17 12,326,500 37,152 42,752 4219 1381
2020/2/18 12,326,500 38,007 44,412 4908 1497

BATEF AT BT LB, FFEIN C (1) Fom RitHHZ AL Bl

o RIHAIZ C(r): RGP RIS N) F.

o JBRHI(r) . MHREEHH CBAHIZN) S

o BBRFER(t): AR(t)=C(t)-1(t), B LRI NEORE LHTEGH .

© BEES(t): NS(t)=N-C(t).

o B DURONSAL, dn: 2020 4F 1 14 Hoye=0, JE%EHIH RBGEIE . B s 18] B 18] 6 b
At =ty =t MEEG AR HIIEK), PR TR AR XA SERr Az
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Table 2. Shows the epidemic data collated from January 14th to February 18th

2. 1814B~28 18 BB 1E 15 3IE

H t C(r) 1(1) R(t)=C(t)-1(1) S(1)=N-C(1)
2020/1/14 0 41 34 7 12,326,459
2020/1/15 1 41 27 14 12,326,459
2020/1/16 2 45 28 17 12,326,455
2020/1/17 3 62 41 21 12,326,438
2020/1/18 4 121 94 27 12,326,379
2020/1/19 5 198 169 29 12,326,302
2020/1/20 6 258 227 31 12,326,242
2020/1/23 9 495 441 54 12,326,005
2020/1/25 11 618 533 85 12,325,882
2020/1/26 12 698 593 105 12,325,802
2020/1/27 13 1590 1463 127 12,324,910
2020/1/28 14 1905 1739 166 12,324,595
2020/1/29 15 2261 2063 198 12,324,239
2020/1/30 16 2639 2390 249 12,323,861
2020/1/31 17 3215 2897 318 12,323,285

2020/2/1 18 4109 3779 330 12,322,391
2020/2/2 19 5142 4687 455 12,321,358
2020/2/3 20 6384 5802 582 12,320,116
2020/2/4 21 8351 7686 665 12,318,149
2020/2/5 22 10,117 9255 862 12,316,383
2020/2/6 23 11,618 10,613 1005 12,314,882
2020/2/7 24 13,603 12,360 1243 12,312,897
2020/2/8 25 14,982 13,497 1485 12,311,518
2020/2/9 26 16,902 15,175 1727 12,309,598
2020/2/10 27 18,454 16,500 1954 12,308,046
2020/2/11 28 19,558 17,361 2197 12,306,942
2020/2/12 29 32,994 30,043 2951 12,293,506
2020/2/13 30 35,991 33,033 2958 12,290,509
2020/2/14 31 37,914 34,289 3625 12,288,586
2020/2/16 33 41,152 36,385 4767 12,285,348
2020/2/17 34 42,752 37,152 5600 12,283,748
2020/2/18 35 44,412 38,007 6405 12,282,088
DOI: 10.12677/aam.2025.148376 122 J7 FH #dk e


https://doi.org/10.12677/aam.2025.148376

254

BFERIR TR, BEIS() . 1(1) R(1) SAFMOEREEY “WE 1-37 .

SHBZREARE (N)
12330000
12320000
12310000
12300000
12290000
12280000
12270000
12260000
12250000
P %Q\%\%\»\%\w\ RO
rﬁgb ﬁib r§§L rﬁgb (ﬁgb (§§L rEgL rﬁgv q;L rﬁ) rL @9 rﬁb rL 1§L (§§L régb qé}

Figure 1. The S (t) trend chart of susceptible populations from January 14th to February 18th, 2020
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Figure 2. The [/ (t) trend of the infected population from January 14th to February 18th, 2020
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Figure 3. The R(t) trend chart of the removed population from January 14th to February 18th, 2020
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Table 3. Segmented values of S and y,

3. gy, DERE

i+

L B AL
(1),

>

(In
(12)

(13)

XI5 i8] DX 18 {1, 2, ) At (R) B 7
2 [2,3) 1 0.6071 0.1429
3 [3,4) 1 0.4970 0.2857
4 [4, 5) 1 0.6309 0.0690
5 [5, 6) 1 0.3187 0.1657
6 6, 9) 3 0.3480 0.0338
7 [9, 11) 2 0.2938 0.0351
8 [11,12) 1 0.2821 0.1176
9 [12,13) 1 0.9330 0.2119
10 [13, 14) 1 0.2153 0.0267
11 [14, 15) 1 0.2086 0.0192
12 [15, 16) 1 0.2220 0.0253
13 (16, 17) 1 0.2421 0.0283
14 [17, 18) 1 0.3986 0.0038
15 [18,19) 1 0.4395 0.0379
16 [19, 20) 1 0.3836 0.0279
17 [20, 21) 1 0.5121 0.0143
18 [21,22) 1 0.3632 0.0296
19 [22,23) 1 0.3057 0.0165

DOI: 10.12677/aam.2025.148376

124


https://doi.org/10.12677/aam.2025.148376

254

20 [23,24) 1 0.2803 0.0233
21 [24, 25) 1 0.2233 0.0194
22 [25, 26) 1 0.2472 0.0132
23 [26,27) 1 0.1830 0.0102
24 [27,28) 1 0.0886 0.0032
25 [28,29) 1 0.1000 0.0002
26 [29, 30) 1 0.0779 0.0000
27 [30,31) 1 0.1045 0.0000
28 [31,33) 2 0.0736 0.0081
29 [33,34) 1 0.0483 0.0132
30 [34,35) 1 0.0478 0.0112
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Figure 4. Comparison chart of § (t) among susceptible populations from January 15th to February 18th, 2020
E4.20204 1 B 15 B~2 A 18 BHREAR S(1) xftLE

ik 0.9330), Jo A REIRARE 0.0478), ST it (an 345 (1)

DOI: 10.12677/aam.2025.148376

125

IS P He oyt

J&


https://doi.org/10.12677/aam.2025.148376

254

RERAFEIY)

45000
40000
35000
30000
25000
20000
15000
10000

5000

X WO W& ™
> \\x\\’\x\m\&\\,\w\x\%\'\,\m x\% \q/\x\%\ \"/\Q\rL Q\(" %\Q\%\»\ ¢
s S D v D S

— SRR (1) T 1)

Figure 5. Comparison chart of infected population 7 (t) from January 15th to February 18th, 2020
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Figure 6. Comparison chart of R(t) of the removed population from January 15th to February 18th, 2020
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Figure 7. Prediction of § (t) for the susceptible population from February 19th to March 14th, 2020
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Figure 8. Prediction of / (l‘) of the infected population from February 19th to March 14th, 2020
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Figure 9. Prediction of R(t) of the removed population from February 19 to March 14, 2020
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Table 4. The data of the observed and predicted values of § (t) , 1 (t) and R(t) respectively

=4 BBRS(). 1(1) R() AMESTNE IR

Data

2020/1/14
2020/1/15
2020/1/16
2020/1/17
2020/1/18
2020/1/19
2020/1/20
2020/1/23
2020/1/25
2020/1/26
2020/1/27
2020/1/28
2020/1/29
2020/1/30
2020/1/31
2020/2/1
2020/2/2
2020/2/3
2020/2/4
2020/2/5
2020/2/6
2020/2/7
2020/2/8
2020/2/9
2020/2/10
2020/2/11
2020/2/12
2020/2/13
2020/2/14
2020/2/16

2020/2/17

S(1)
12,326,459
12,326,459
12,326,455
12,326,438
12,326,379
12,326,302
12,326,242
12,324,905
12,324,382
12,324,302
12,322,910
12,322,595
12,322,239
12,321,861
12,321,285
12,320,391
12,319,358
12,318,116
12,316,349
12,314,383
12,312,882
12,310,897
12,309,118
12,307,098
12,305,046
12,303,042
12,292,506
12,291,509
12,287,625
12,291,348

12,287,748

T S (¢)

12,326,459
12,326,458
12,326,455
12,326,436
12,326,369
12,326,284
12,326,217
12,324,876
12,324,351
12,324,269
12,322,869
12,322,553
12,322,196
12,321,817
12,321,240
12,320,346
12,319,313
12,318,072
12,316,307
12,314,344
12,312,847
12,310,867
12,309,094
12,307,080
12,305,035
12,303,037
12,292,515
12,291,521
12,287,640
12,291,425

12,287,678

1(2)
34
27
28
41
94
169
227
441
533
593
1463
1739
2063
2390
2897
3779
4687
5802
7686
9255
10,613
12,360
13,497
15,175
16,500
17,361
30,043
33,033
34,289
36,385

37,152

i 1(7)
34
27
27.9
41.4
95
172.5
232.4
451.2
546.2
607.1
1429.40
1709.50
2037.70
2370.60
2885.30
3776.80
4695.30
5820.40
7711.50
9273.50
10615.50
12340.30
13463.80
15138.50
16468.70
17340.60
29872.30
33105.40
34322.50

36249.40

37134.70

R(?)
7
14
17
21
27
29
31
54
85
105
127
166
198
249
318
330
455
582
665
862
1005
1243
1485
1727
1954
2197
2951
2958
3589
4804

5600

U R()

20.6
25.9
28.1
303
529
82.8
102.7
131.6
170.5
204.3
256.6
329.7
342.9
467.7
595.6
678.2
874.1
1015.50
1250.70
1489.10
1727.40
1951.30
2191.40
2946.20
2965.60
3590.50
4875.10

5622.30
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2020/2/18 12,283,088 12,283,179 38,007 38215.20 6405 6305.60
2020/2/19 12,281,473 12,282,714 37,129 38,498 7898 6288
2020/2/20 12,281,154 12,282,230 37,398 38,781 7948 6489
2020/2/21 12,280,840 12,281,727 36,680 39,065 8980 6708
2020/2/22 12,280,299 12,281,205 36,174 39,351 10,027 6944
2020/2/23 12,280,299 12,280,663 36,163 39,639 10,038 7198
2020/2/24 12,279,429 12,280,102 34,691 39,928 12,380 7470
2020/2/25 12,279,059 12,279,520 33,563 40,219 13,878 7761
2020/2/26 12,278,676 12,278,918 32,392 40,512 15,432 8070
2020/2/27 12,278,363 12,278,295 30,179 40,806 17,958 8399
2020/2/28 12,277,943 12,277,651 28,836 41,102 19,721 8747

RIERATAT LIS S(¢)~ 1(r)~ R(z)
o BPNBEFSE ETE: 38215 - 41102(+7.55%) ;
o BERABIEK: 6306 —8747(+38.7%) ;
o BEAFAEMR =B/y~2.06>1 (EHEIET HD;
o BB 2 283~296 A

3.24. RO

Ty BN PN 25 SR b AT AR, G I NEAEA WD, JF HAE 2020 4E 2 19 HALG S
RN aE T TP AR, R UUSR G I NBOR T T8 . RIURA R FRATAT LA 8 &g A
A B, TR NBOA BN E AR RAE 19 HAS, 2R3 NBORERD, FR G AT A
HOREHE N, B AN ST 0. M, BATINE o vTLLEH, YA @ASET I AECRWIE N, /&
P NBOEHE T 0 I, I @ABET I A B 3 TP
4. &5

ASCHTR AL G SIR AEAY A% YL A rh fe 2 MRS, (E RS Y AP A — e K R PR A, &
TR —E PRI X A A% G (B R, Rl Py BT i SRS B A IR, (E R A )
T 2020 DG BHUE (BT TEANTII, a3 i I ol 7 7R e PRI 25 A 7 1O R 20 9 NI ¥ 7 45 5 Tt
AL TS5, (R NI SE, DR SRS R 2 P BRI ) AR B R ROE T SRt 1B, NG
42 Al e 15

SE 0k
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B3R : MEXEHENKH
import numpy as np
# B
dates =['2020/1/14', '2020/1/15', '2020/1/16', '2020/1/17', '2020/1/18', '2020/1/19', '2020/1/20",
'2020/1/23','2020/1/25', '2020/1/26', '2020/1/27','2020/1/28'", '2020/1/29', '2020/1/30',
'2020/1/31",'2020/2/1, '2020/2/2', '2020/2/3', '2020/2/4', '2020/2/5', '2020/2/6',
'2020/2/7','2020/2/8','2020/2/9', '2020/2/10', '2020/2/11", '2020/2/12', '2020/2/13",
'2020/2/14','2020/2/16', '2020/2/17', '2020/2/18']
cumulative_confirmed = [41,41,45,62,121,198,258,495,618,698,1590,1905,2261,2639,3215,4109,5142,
6384,8351,10117,11618,13603,14982,16902,18454,19558,32994,35991,37914,41152,42752,44412]
current_confirmed = [34,27,28,41,94,169,227,441,533,593,1463,1739,2063,2390,2897,3779,4687,
5802,7686,9255,10613,12360,13497,15175,16500,17361,30043,33033,34289,
36385,37152,38007]
N = 12326500
# 15 t,S,R
t values =[]
S values =]
I values =[]
R values =[]
for 1 in range(len(dates)):
C = cumulative confirmed]i]
I = current_confirmed][i]
R=C-1 #R(t)=C(t)-It)
S=N-C #S({t)=N-C()
t values.append(i) # {HHIAZELE, FIHEELIR ¢
S_values.append(S)
I values.append(I)
R_values.append(R)
# Khr t BTHMIZECLL A 14 B =0)
real t=10,1,2,3,4,5,6,9,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,33,34,35]
# THEAA XA beta i A1 gamma i
beta list =]
gamma_list =[]
intervals =[]
delta t list=1]
for i in range(len(real t)-1):
t i=real t[i]
t next =real t[i+1]
delta t=t next-t i
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S i=S wvalues][i]
[ i=1 values[i]
R i=R values[i]
S next=S values[it+1]
R next=R_values[it+1]
delta S=S next-S i
delta R=R next-R i
# 1H5 beta i Al gamma i
ifl i>0and S i>0:
beta i=-(delta S*N)/(S i*1I i*delta t)
gamma i=delta R/ (L i* delta t)
else: # 1 i=0 W RAEA, (H2AhbE
beta_i=np.nan
gamma_i =np.nan
beta_list.append(beta i)
gamma_list.append(gamma 1)
intervals.append((t_i, t next))
delta_t list.append(delta_t)
# AR
print("IX A& 5] 1| BEXE] [t t {i+1}) [ At i|B iy i")
for i in range(len(intervals)):
print(f"{i} | [{intervals[i][0]}, {intervals[i][1]}) | {delta t list[i]} | {beta list[i]:.4f} |
{gamma_list[i]:.4f}")
# f 4R
print("[X ARG 1] BFAIXE [t i, t {i+1}) At | B_i|y_i")
for i in range(len(intervals)):
print(f'{i} | [{intervals[i][0]}, {intervals[i][1]}) | {delta t list[i]} | {beta list[i]:.4f} |
{gamma_list[i]:.4f}")
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