%39 5% 5H FRIAKRFFRARHAFIR) 2022 410 H
Vol.39 No.5 J Chongqing Technol & Business Univ(Nat Sci Ed) Oct. 2022

doi; 10. 16055/j. issn. 1672-058X. 2022. 0005. 010

E T SIR & 3 m# BYpY B FE 30 78 12 1% 6 A 55 Wi 53 4

T, BRiEH

(ERTRIRS Bes 55T, K 400067)

W OE A B AR R R B K (COVID-19) JE H 6945 45 | 1 538 13 35 02 B 47 B 30 R A g ko o 2
B R sm Adi ey SIR B 0w FHEA, AABETEEREAMNSAKEE, X EBAIFRIENLREMN,, 2
SR — B3k A% B Matlab 340 5 € A BAL AR AR 34T SIR AR BL A Fe FRM | & HLEP IR 35 5% B AL
#2021 55 A 8 B A& 46T BT A RA B A3 R # R, & AR 100 d A¥FLS B
IR AL BT L E A KRR L RF R EEAAmE B 1.617 AR S TR GEMF LG YR, &
SEAMNIE G om B F 69 SIR RN AL AR @ S ATIR G RRE A R P R B R R E A F
T5% , % JeH ZARI RN AP 5 B 51K 95% , F T VAR SABEK o 8 B 15 5 e il it K AF I E T %

WA R SE R B R B E T AR AT R AT

KABIA : COVID-19;SIR 45 % 5h A AL AL Fn ; BEAR S0 Bt I

FESZES.0175 XHERPRERD A

0 5l

[l

IR EEAT 4 ( Corona Virus Disease , COVID—
19) TRIFR BT e il 58, TE JgUP & 42 BRFE R0 A= i 42
QAT R A R P A AL A T L, D) A% R 4 2%, AT 552
RIS NBCEE | 1A 25 11 2% 31X FR AR 3 G
FRTFRI A )R, M 2019 AREIETE 2k 245,
TR A 2R B 142 6 T Hrh,
FET R ik 335 TN, HS HARYS . BlE B
U 2R AL R R AR E R DCE I, T E
OFNBAT I A0 PN R 14 58 7 A 28 vhik 2 3 ok
BT EEG I, T BE G0 X 7 b g =R
T, Wb s S WA SR SRR AR, ™ i R Ak
PGB BRI AL DA 4

BB Rt 0 A e S i W W 1 < S SRR R —
TR E—A B R, R T 2020 5

%5 B H#9.2021-06-25 ;18 [E HH#H:2021-09-13.

NXERS:1672-058X(2022)05-0070-08

— B B R B e, 8 a4 BR BT OE IR B Bl A E
JE RABENE Bl 5% 11,2021 4E 40 B[ R B et A H B b
FRBIEE 1 TR, WX R, Y R e
55 B 45 BOR RERAT 71 B8 128 0 P ot o ERS SR A 28
ANGif, ZRDIRERE 3 T B EE T e I A AR R
REIVAE S 54, B H B e B AL B AN B0 ak 30 7461 LA
L #RE 2021 455 A 30 H YR A 2 800
T FHXT 2021 AE9IH9 1 000 J7 ARG | 64. 2% )8 T2
SRR YL 101 A I T Ao X B R I I
T 542 B s 1 T 2 2 8, TR AR T e 3 175 18 B 5% v T
B3 AT ASEAL , X0 T e TR SR 3 R R R AR NG B 4
B HA — 2SR L,

1 ERERIE

TR 98 e — ol phy SEE AR 2 51 A 14 T
FIRTZm 2851 & 199 OO 2 BRI A 3R T

E&WMB . 47Nt &Rl S 05T i H 58 Bh (KFJJ2019008) .
TEZ @Iy THH(1988—) , 3, ZRART A I, it W &850 i 5%



%54

T, % 2T SIR A& 3o B AL b9 B0 37 78 % 1 R % e A 71

FlF, TR 5 d WAL PERGR  BOERZAN 2%
~4% ABIX R — A EHER R E o BEE E 2 E
BRI, Kl vl e 2 b s . AN SCOHs R HIA% G s 5l
T3 R XT B E B S 1 () S e i AT A, AR
YUl IR e T 1760 47 R TR R AL 5 4
WY SIS Hamer #2571 B I i) 14 350 R 92 14 46 45
U217 42 Kermack F1 Mckendrick ™ 41 %) BEE g
3. T 815 SIR BB 2FKR Susceptible-Infected-
Recovered , Rl 5 J&3 (Susceptible ) A5 o BYME R4 B Yy
WYL (Infected) |, JBYL \HE XA B HIMER B %
KR (Recovered ) , B IR AHFEA Syie P B4 8 1k
PR G, SIR AL Qe g Jy AL )z T
SRAS™ R AF, SCHk[ 4] 6F R IERL I SIR
BRUHEAT G, SCHR [ 5 ] fE1L 58 SEIR 15 32 Y 1Y
Lty b, X TR T G B 4028 T TR A 14 1
R 5 A AR AR 7Y a5 PR T T Ze il
AR BIRTT A58 T &S, R HET SIR B
W%z JEIFATHE Y SEIR, SIRD, SIRV %5 % Yed5 5 1) 2%
AL

B X il 28 S 1 A VE 2278 0 T AH R Y
WESESCHR . SCHR 7 ] 3d 3 e L 5E Y SIR AR NT H7 oid
PENGESGEAT O I HT ; SCHR [ 8 1 41 R >R B4 il 1
BT SEIR AR AP il i J STR-YN AR 47 il
JE BRI SRR T G BN, 3 MATLAB 47 5 3500
Bk ) e el #e AR I R M A3 M B AL Al 5 SC
BR[O 13d A B AE 3 A ]9 B T R 315 55, K 4fs
GRS 53 Hb DXCRE 5 B5CH , B XA [R5 S X A8 7R 24
HEAT T E AT X 3 B IE T B9 B s AT T I
D BN R 2 8 R AR O HL IR B A Tt 5
25 AR BT AR A s 1] BT LU AL 52
SIR FLR RIVA] HEAT AL

WA TR 532 R T A AR R R B e i 56
PEATEEAE I SCHR 13 ] AT, AT 425 K P
WA T BIRRIE Al T 7 950 % 1 Ik ] 0 5L A
AH 3R] 14 ) ARG SEIR #EAY 5 i 2021 4F 1 H
25 H Z Y A AT BBt il 28 1) BEAS HE A 50 i A
LU ] LSTM A5 A kA7 004 B0 S ik
(157, B X AR SEIR #ERIYEAT 3R A 43 HT ,
KA 53T VR B 2 SO RE 1 W 5 SCIR 21 ]
FF A BIEF s 2 (ARIMA ) B8R JE 301012
(LSTM) ff1 22 [ 4% 0 00 0 53 A BELI 5 SCik [ 22 ] iz
SEIR G2 BRI A Z B & 1 E S8, 455 LSTM A
BRSPS AT 255 S0, 72 2 K00k 11 D T SE 0

T PR S

A LLE ), K2 BOCHERTE R A SIR #2450t
RGBSR, B = — i B AR I, A 3
56 B br R 5 i 0 Al AR R 1T R N i, SOk
[ 47 RISCHR[ 237 % i FH e A% — PR 5 3005 X 2003 4F
kB % S FR G O 1R AT T R 4 A, REOR i B
FE RAT 0% 0736 5 SIR BB AR 45 A %t
B RE R UEAT B B A TIUI B o M, oA T figk B RE AR
Foft B B A9 B A B Xt 4 N 261 1658 | BF 9T LA B
HERENE ), 35 SIR Bl g 2 A5 B i 47 92 15
T, 5L PR Sy B R R I S SRR AE A S5 B AN A 0T
H—E RN,

5238 it 7. H A o EIOR e 2 B e i, -4l
FH s — 2 35 500 SR A s o T R B0 BT e, %o ik
Tk AT, 1 AR B R R B AT LA
TIOLRENE AE 34, SR 5 45 A B RE 24 S ke 4 i )
SR SRR IR R PENG K S AT I S B A S B
PETE I B 5% ) Ji I 45 4 B JEE 24 R I O o
SIR L, JI W7 ERE LABRAT i ) S FPRe i, B A 5k
TR A28 It I RSF A 28 7 0 38 B X I A 8 1 A 3k
PRAP SR B I ACRE I 8 S DL A T, 5 A
LA R R Y B YA R

2 SIR RN N1 FIEBIF 2

2.1 #HBEE

RV AE ST RGN, WOZ R G BBV
WRAHS I N=S+I+R; S N 5 &8 NBG I/N g Jfe
FAER T b 0 AR A 53 1 ( Bernoulli ) KEHE
SR LUK /N 1R S i LR 2 1 AR, U
NONOIOR T2 TN P E PN @
o TR S (1) 1(1) /N (1) o 20 5 J ik
Yy ABI [RIFH B (1) 9 o B 220 s MRS IR 1 A
ERETREWE 1 PR,

BAH
N=S+I+R
o SI/N B1
\ 4 ¢
5 B HS BRI FHIRHR

E1 SIREEEEREE

Fig. 1 Transmission diagram of SIR model
SRR AT 40 B B R BN KL
N AL AR e 3 K R R 3 i B AR W o 8



7 FRIHAFERCERBFR)

%39 %

AR AR LA fhe e (B 3 P AL A
B 27 A, R 2 PR (B a4

FET- NHERRE BRI N AT e, T SR AT
AR D),

*x1 HFSiHEH
Table 1 Symbol description
o5 42 3L HoF 2 X

N M AR A EAL 1, TR R Je A AR

R, R EH R, t B 2 A T B A

«a AEIET RS R, 5 FRA M AL

B “HBRT R R, TR A Hh A

S, o B 7] By B AL r KA L TAMAA K 2 F 5 A=
S IR 5 i AR Y. ¢ BF ARG A AL G B B A i vt
S, TR 5 B A A k R A B AR

1, SRR T A d Py(1) B RGBT A S B A He )
L 5 I R e B AR P, BB BL R

E AR LERIE AL E T HEEGAS R MK EMTE R <] Bk EI A M A AR HE Ko H A
MR, B FERBEN D REKD B EEEHNIH B AR R A B H R A KA b REE LK),

AR AT LI Y SIR R H i 7 Rt
dS oSl
dt~ N

T ()

AL B I NS, D BRI D PR K, R R,
Shy BRI o6 1 pR K, SRR 1, B NBOT R R R ED
RN I A R R AR T R

o aS 1,
I(¢)'= N -B1,=0
oS, I,

=Bl

FH LT DAE 83 05 S BRAE S, = NB/aw Ak, I mT LA
K o BN B K ED NB/ o MR PETE IR R
2.2 HHESKIR

ENJE 2021-03-31—05-16 AYPENE 58k 3 2
- mEE SR RGNS TR L (CSSE) #2
Bt COVID-19 FHla FEAit g 5 EDRE 2021-03-31—05
-18 FEH LRI BK B Kaggle 054 COVID - 19

World Vaccination,

3 ETFEEZEIER SIR =225 F

3.1 RR-EEEXESEHREEKRBRMESH
E 2021 45 H 22 H, EIEE B2 9% 1] 2

% 2 600 J3 5], {H [ PRk 25 % BB BE B 5 42 B i 5 1%
T AN e, B EE B B Bl A | 4 T RER
O FAEGIIOK B 2 7R “ MG L AR Al 3, 30 A4~k
PeF o B L AR R ST R U )
S [P, AR e N U RIGEEA T R LU B4R /N
BENEERIARLE DB N=3 000 J7, 38 1 B RE I —A
I RENE B L SIR BRI TR

B2 T ok AdFH Matlab 11 oded5 BRECK i iR
SRR AR, R R o, B BRI, E
IHAE o, B B B I 37 B SC(E 5 T {8 22 [A] 7
5% 25707 RO AR AE S B AR eR BRI SR 25 1, X% 24
WARA TR BUR i, (545 B AR R AUE /MY o, B BT
Ty R m LA %

HHRE o, B TG FEDRE (1) B HEAS 2 R 34K
X(2):

aSt—llt—l
S=S ==
N
oS, 1,_, (2)
It_lt—l = N _Blt—l
RI_Rl—l :Blt—l

ik F Al W, S, -S,, Ml S, I /N VLR
R~=R,_, FI1_, W RZeME KR, TIx bk & ik
FPRERE LA (B 2 F 3) B2 RPR AR 2
Bo,BHITEE N ae[0.180 7,0.458 7],B e
[0.0533,0.097 1] .



%54

T, % 2T SIR A& 3o B AL b9 B0 37 78 % 1 R % e A 73

4e+05T

*
_3et05T
7
o
I
 2e+05 [
¥=0.053 3x
let05
let+06 2e+06 3e+06 4e+06
I,

2 B oEETN

Fig.2 Prediction of the range of parameter «

—1e+05

= —2et05]

\f

:IIL

I =3e+05f

oy Lo

=—0.458 7x .
—4et05[ 7 T
400 000 600 000 800 000 1 000 000 1 200 000

S, X1_/N
3 S EETN
Fig.3 Prediction of the range of parameter

L FAR sREUE I R

r=(8,,=S,)’+(1,~1,)*+(R,~R,)*
iz ] Matlab 1 fmincom PRECRTG AR M S EIA AN
a=0.272 5,8=0.071 2, RO A& fit
SPTINEE  IEXERSK 100 d AT B SR
SUE B TR, A 4 PR,

act

X107 x 107
op 2.0 _s
2.5 .= R, N ---S
s S . P = 1.5 s\ p
e < 1.0
*< 1.0 R ) .
05F 7 eeeo_ S, 0.5 e
Gl L TRiaiey 0 '
0 20 40 60 80 100 0 20 40 60 80 100
T T
x10° X107
5 _— 3.0 —R

4 z ---1, ---R cem T
PN 25 ) .-
35l 220 /
1L/ 15

0 3

0 20 40 60 80 100 0 20 40 60 80 100
T T

H4 EEEESETN
Fig.4 Prediction of epidemic data in India

T 4 TR AL RCR T B
5 P SO BRAE 2021 4R 5 A7 HE5 9 H
[, g Je AR BT R B N T, R TR IR T I, 5
B 212 AEOR 35 B AR AT 57 8 i N Kt 20T
BT PR U A R 200 d 4 EHE 25 40 R
MRENCINAGIE RPN

3.2 HESSWMRITHISTEEHIS AL

PR T R 1, Y o A e, R
BRI N B TE 34, Ha ke, AR08 R0 A=
1+R,, FUFHEHHS A= 0 2302 AN K- I 20t
B2 NI HE S A B BB ASRAG T R 802 N KA
HEHS B 22 IR IA 5 MK 6,

A 5 RTET 6 X LR i R E AT WL, AT B
PRI ROR B (B SE PR s M4 HOBTE 2 A
B e TR, BN 32202 h T LA
Had 30 75 AU BRIS 6 B, 75 B R e 55 1 =7
Z G A5t , 25 i BT A E R R A
J B[RS BEIT RGO I A B R T
X AZWN, FEIRZ BB ER IEZI0IT W
BEAERS AL X R AL TR BOGVEIESS . X FERI IR
R BEGAR BRI RS, RS R o B,
PRS7 R G ATt 2 A RS BR 3 B AR, X P17 T )
AR 5 FIE 6 HhR B RIS AN BN H T
TME,

x 107
301

_____ Fam B+ A A A S
— SRR HIAAS

5(; 1().() 1;3() 2I()()
T/
5 TMEDE Rit#is NE
Fig. 5 Prediction of the cumulative number of confirmed
cases in India
X 10/
5

- == - TR AT AR AL

— EFRATH AR

AH
w

== L ]

0 50 100 150 200
A

B 6 TuiED EHIEHIS AL

Fig. 6 Prediction of the number of newly diagnosed

people in India

H TR e 28 M A AN 0 S A, S R T



74 EFERIBAFFM(HLBFR)

%39 %

LI AL ot B T Y R N AT, A SR A
ANATRIRZS , MZA RS ANSE F T A iy EREE 5 HL
TR A H B SR 1) B B T 119 52 LI o 3 80
9L S BET

4 EIMANEHEZER SIR RE i
B Xt R

4.1 BEEERRE

B P E K R, B U S P A T
ST WO G R b A S TR A S e R R BRI
PET o W UOR R B 02— AR AR & BRI
TR BT REIR | N I 8 1 2 e I AT DU 25 J s
BN AR SRR RS | BEE o B 1) & 18 A
[E] AR RS 22 v — o 2 B, A8 1 TR 38 & (i A 7Y
) SR S A A S B SE PR X, TR A
JEHRIZR 2 IR B0 Z S N ik ) 52, IRk FHE
HHPEAT ™ 51 1 B BEAE S 58 X LA T 0 AL A
4.2 IEEIEST

I INABER R yS A g R e b b ()
B LS R — 2, N yS =k, BUGH 5 By 5 R 4N
THiR .
dS «SI

=" yS
de N Y

=2 (3)

X (3) A TEEAAR RN A R R (4)
aS,_ 1

t=1%1-1

S, = N _’yst—l +Sl—l

t

oS, 1, (4)
Il,= N _Blt—l+lf—l

t

R, =BI_,+yS,_,+R,_,
4.3 EEREEMER

HRYEED B 3T 50 d R 1 #E R £ 4, FH Rstudio
2l WO R (B 7)) IR AT 959% A X 1] A4 il £k
WA

a1 7 fros i A th S 3enr DLUREUR 3L
EIEEAR R H e A i = 15 7, 38 X
A JSURORE EE 11 F BIR ) 60 D8 82 155 18 7™ IR - B D
FERERT P TR, L T RS AL, AT LR
HH B R RV S SR ) B 22N 4 D 1Y 360

JIHI T RERIBAE R 100 207 7], B ATED B O 245 1+
SEE T ERIR I 4 i A P T R A Y R
Ko EDEEBURFERM 2021 4E5 A1 HEl6 H 15
H, M43 B85 3 4241t Covaxin F1 Covisshield FHFIEET]
it 5 862.9 Jr5, #2021 4FE 6 H A FA AT LA
PRI R SE 4 875.5 TRV, SFY Rk H
BRI R AR AL 150 J3 500, Br DA 130 09 B R 38
AR H R ABCEE 100 T35 200 J75, 100 75 %)
200 J7 X AN X R A A REDEE 13 {2 A F T
AR BN CREE R 3 000 7, A He s b | B Al 45
Kk H R YL RIAE 2.3 J7 8] 4.6 Ji 5, Kk
P& 3 T30 B T R

® 4e+06F
& 3e+06F

l_‘ﬁ ~ oo
R
g

:E et06| )

oy
o 2
@ 1e+06-

t/d
B 7 EDEE 2021-04-01—05-18 Z B HEMIER
Fig.7 2021-04-01—05-18 vaccination status in India

4.4 BEHEMENIEEST

o TR A 4 H L 30 0760 B i is o o
TENER BT R G, B T 167 55 BeA R
GEAW 2 [) AR b — 75 0 B 0w 3 e b i 1 )
WS, ST O THE B I BRI G SR A A SRR

P, (1) 925 BB R ANEGE SONEC N B T
R GR o T RELLARH L

o=

Losp,(1) (5 HWH) (5)

0

DL 3 3SR o Bl G H g BB 3 TR %
B, B £=30 000 f, 115 SIR BRI BBUE o At
0.250 2,k 0y =0.272 5,0,=0.250 2,P,(1)=k/N=3
Ji/3 000 J1=0. 1% R A (5) K1 6 =82, 1354
RIEARFRR(6)

010—0{1

=82xP, (1) (6)

o
HRAEZC(6) , 38 M I N AE H 4R 1 Bl AT R
YR (B 8) 5 H 5 BN 4N 3 5 3%, B k=
30 000, %% 15 B L 48R [ 10% , B I IR L 38 o =
0.250 2; 4B H 4G EP BEHE D 6 J7 39, Bl k =
60 000, J5 B YL R R BT B 16. 4% , BRI YL R



%5

T, % 2T SIR A& 3o B AL b9 B0 37 78 % 1 R % e A 75

a=~0.227 8; & H 4 ENEERERD 9 J7 SR, B k=
90 000, 5% 7 YL R R BUF R 24. 6% , R A R L %
a=0.205 5; 9% H 45 ENEE 4R 15 7 e, B k=
150 000, JH FEIERGe FRECT M 41% , R Lk e R
a=0.160 8.

X 10° RERES

X - BRI, A

4.0 .
3.5
3.0

f“ 25
2.0
15[

0.5f

1/
B8 BmHEEMERIFESFE

Fig. 8 Analysis chart of the sensitivity of vaccination rate

kg H A 15 T3 SO RN NS B 2 gl %
Je NECCW] R eAL P22, B3 150 K, JL
PR B I 2 B TR T 15 T7 X150
K=2 250 J3 3Bt ZENJE SIR R AR RS AY SN
U N=3 000 J7, RIGEMRAE 102 1 B R K290 2 250
J3/3 000 J1 =T75%m} s nl IREA S8l
4.5 BIBUGRERENENEEESE

MEEAMEYEL R <1 I ABYUR2TH R 24 Ry>1
I AL G R b R AT o R, e BT e
K3 S Ty HETE BN R, BIVEHT, B AL
TR o R SR N P, , G QT R,
ARK:(1-P,,)x Ry<1,

2021 4, — A ANEAE A BATE medRxiv W3 1
RARTREN 2019 43 B P 7575 v [ 2 Kk p AL
o Rl PRAFAE ) | BIF STy AN 25 R WA R A 4
RIGOLT B il R IE RN 3. 06% , I Ik T ™ &
ATEMFIRZEGAE (SARS)  (HAZ e 5 SARS 12,
HAAEYHL R, K5 3.77, Bl Ry KA K
3,77, I R LAAS B 1 O v w5 RO P, >
73. 47% , SHINERAAML . 75 B AT AR R 1
UL, H T 5820 A1 055 e 2 P A SR 3 3
79. 34% , Jit LLEN BE KA TG B8 92. 6% 1 N\ TS
B2 BB BN R B A2 A AY I 0, 5 08 i A AR 3
TR A —E L B B, v HeRh B 1 Rl
15 95% A RE ST AR R SR R e, DA I B RE B
IS H KRG PALRIEE v, 164 BT IR S RE 1 91

DU, SRR A S AR AR G 93 S5 B A 3L [ 03 1) A
LRI,

5 & g

BT I B R HE T S FE A A IR R R
i ad SIR & Y B 78 BIF 5 3 e il 48 %ot B B () 5 1),
T 495 08 BRAE 2021 4E 5 A 8 H 24T, BAE
AAe 100 d PR RRLE H BB HE 5 B, F 8 17 B
S THIR Y S5 G B E S BRI IE L, 5 R
BEM AR SIB BUAH, 5 REUR 10 PN B0 B 8 1 R A5 B %
G A ] i B ST A G B

BFRHE I BT R o B B 22 R IR &
yS =k [R5ENA , P AR AL i A E T R 2 A A0
S J A 0 A« L0 D R R 1 A5 B Ak
Tl PEE T RS K BUN T5% ; 2% JEAF R4 R H Z 1
SO, 2% T BOED BE R T 7 Rk LK L BT
95% Lk L HEARFERN AT LU ST A RO 1A G 08 Bt e 5 I
Je 8 S PO e B I AR AL Y RO e AR
RRECHK 73. 47% A LIXF EIREEIS I TR TE

£ 22 3Lk ( References) :

[1] DIETZ K. HEESTERBEEK. Daniel bernoulli’s epidem-
iological model revisited [ J ]. Math Biosci, 2002, 180;
1—21.

[2] HAMER W H. Epidemic disease in England[ J]. Lancet,
1906,167(4307) :733—739.

[3] KERMACK W O, MCKENDRICK A G. A Contributions
to the Mathematical Theory of Epidemics[ C]//
Proceedings of the Royal Society of London. Series A,
Containing Papers of a Mathematical and Physical
Character, 1927.

(4] B, 2% 0. LAt SARS B ey 54T,
AT R4 (A AARREAR) ,2004(3) :279—281.
LYU We, LI Hai-long. Establishment and fitting of Beijing
SARS mathematical model [ J ]. Journal of Liaoning Normal
University (Natural Science Edition) , 2004(3) ;:279—281.

[5] EUUE, WH— Wt 5% e s 5504 ].

TREEA2AR,2003,20( 7) :45—52,62.
WANG Yi-feng, TIAN Yi, YANG Qian, et al. Establi-
shment and analysis of the mathematical model of SARS[J].
Journal of Engineering Mathematics, 2003, 20(7):
45—52,62.

[6] ARTRE, FBIGELR, BNENE 55, SARS 14 H5 1t 5027 i 4 K%
S R[], TR, 2003,20(7) :29—34.



76

FRIWAFFRCEARFER)

%39 %

(7]

(8]

(9]

[10]

[11]

[12]

[13]

70U Yu-ting, ZHENG Xiao-lian, MIAO Xu-hui,et al. The
mathematics principles, prediction and control of SARS
propagation[ J]. Journal of Engineering Mathematics, 2003,
20(7) :29—34.

TVR. BT SIR ASEAYF) A7 BIR DX dul A 5 it 58 82 155 1 &
PrEAAU[T]. GEiT 53R ,2020(5) £ 15—20.

YIN Nan. Simulation of the spread of new coronary
pneumonia in a limited area based on the SIR Model[ J].
Statistics and Decision,2020(5) : 15—20.
TR, e, FHoRAR. BT A% YL AR Y 1) e Al R
FEREIRERT ST [T]. 558 Tl K4, 2020,34(6) .
68—76.

DING Mei-li, PENG Run-long, GUO Rong-wei. Research
on the spread of new coronary pneumonia based on
infectious disease model[ J]. Journal of Qilu University of
Technology ,2020,34(6) :68—76.

AN, F2EM, B, AF LT SEIR BT A4
R e 453 ) T 3 A [ ) ] T RHEOR 2227 41, 2020,
49(3) :369—374.

FAN Ru-guo, WANG Yi-bo, LUO Ming, et al. The
spread model of new coronary pneumonia based on SEIR
and analysis of inflection point prediction[ J]. Journal of
University of Electronic Science and Technology of China,
2020,49(3) :369—374.

HOW Y BT R4S BT BRI T B B A logistic
PRV SN S 2 e NI NN = = QS
1) ,2019,40(3) :257—262.

CAO Ya-dan, WEI Shun-xing, XU Gong-xian. Discrete
logistic dynamic model of Ebola epidemic and its
parameter identification [ J ]. Journal of Bohai University
( Natural Science Edition) ,2019,40(3) :257—262.
Kk, WA RKR S, 45, JE T SIRV SR SEAE G HIe 1Y
A TR 0 26 IR B T [T ], R HoE Al
2020,32(10) ;1847—1853.

ZHANG Qiang, CAO Jun-hai, SONG Tai-liang, et al.
Cascade failure analysis of equipment support network
based on SIRV virus transmission theory [ J ]. Journal of
System Simulation, 2020,32(10) ;1847—1853.

SR, k3P 5 T 2 R S W 1) R o ik A B T AR I
ST ARALR 224 (A SRR ,2020,41(9) -
1239—1243.

FU Qiang, YAO Yu. Modeling and analysis of new crown
pneumonia  epidemic  based on  multiple isolation
strategies[ J]. Journal of Northeastern University ( Natural
Science Edition) , 2020,41(9) :1239—1243.

LI Q, GUAN X H, WU P, et al. Early transmission

dynamics in Wuhan China, of novel coronavirus-infected

[14]

[15]

[17]

[18]

[21]

pneumonia[ J |]. The New England Journal of Medicine,
2020, 382(13) :1199—1207.

JEl XA A% 58 B0, 45 57 B SR 3 s 8 BEAS PR
B0 A T[] ob IR R 2 2R 5, 2020,20(3)
359—364.
ZHOU Tao,
Preliminary prediction of basic reproduction number of
COVID- 19 [ J]. Chinese Journal of Evidence-Based
Medicine, 2020, 20(3) :359—364.

BRI AT AT S B IR 7 I A% 9 1 o 5K
WIS BCR VAl S [ )], ERR A $e 2020,
50(6) :885—898.

HUANG Sen-zhong, PENG Zhi-xing, JIN Zhen. Research

LIU Quan—hui, YANG Zi-mo, et al.

on the control strategy of novel coronavirus pneumonia;
efficiency evaluation and recommendations[ J . Science in
China ; Mathematics ,2020,50(6) :885—898.

K. BT SIR AT COVID-19 BF5E[ D] 3 - Ll
FRR2~,2020.

ZHANG Ying. Research on COVID-19 based on SIR
model[ D]. Jinan;Shandong University, 2020.

WA, K SR, X PRES 4. BT I AE S H-SIR AR 1Y
COVID-19 BEME A FIFI [ T]. T RHER A=,
2020,49(3) :357—361.

YU Zhi, ZHANG Gui-qing, LIU Qing-zhen, et al.
Evaluation and prediction of COVID-19 epidemic based
on time-varying parameter-SIR model[ J]. Journal of
University of Electronic Science and Technology of China,
2020,49(3) :357—361.

PR 212 . STR A Y K HLAE 9 AR SRE AR 255 I ¢ 38 15 v 9
ML D], R« LI AR K2 ,2020.

XUE Run-sheng. SIR model and its application in the
novel coronavirus pneumonia  epidemic[ D]. Jinan;
Shandong University, 2020.

X, T, BE T SIR A% i 15 B ) 5 R 7 s 24
FIBFFE[)]. B TR 23], 2006, 20( 1) :32—35.
LUO Rong-gui, JIANG Tao. Research on technology
diffusion model based on SIR epidemic model [ J].
Chinese Journal of Management Engineering, 2006,
20(1) :32—35.

Wb 2R 1, RIS S, PRSI 4 37 Sk i % A% F A 34
RS 5 20 M ()], T3 HLRL 5T, 2021, 38 (7) -
2077—2080.

YANG Wei-hong, QIN Yang, WU Bing-bing. Modeling
COVID-19

and  analysis of  environment-aware
transmission [ J ]. Application Research of Computers,

2021,38(7) :2077—2080.
B, A B E L 5T ARIMA 5 LSTM ()37 56 i 46



%54 T, % 2T SIR A& 3o B AL b9 B0 37 78 % 1 R % e A 77

[17. &P HBFFT ,2021,38(7) :2017—2080. [23] F4F, B K. SARS S H AT SEUE A AN dii [ J]. bt
JING Nan,HU Yi,HAN Xi-shuang. Research on the trend K2R (BE2ERR) ,2003(S1) ;72—74.
of new coronary pneumonia network attention based on WANG Yi, ZHAO Xiao-fei. Empirical analysis and
ARIMA and LSTM[ J]. Chinese Safety Science Journal, prediction of SARS epidemic [ J]. Journal of Peking
2020,30(12) .37—42. University ( Medicine Edition) ,2003(S1) ;72—74.

[22] HF, R, EEH. HoEiREFEBmmss ], [24] Z=WF MERISEAIIM]. 28 . Jbat bRt s 553
B RGR,2021,16(3) :528—536. A i, 2010.
GAN Yu, WU Yu, WANG Jian-yong. Epdemics trend LI Xian—ping. Fundamentals of probability theory [ M ].
prediction model of COVID-19[ J]. CAAI Transactions on 2nd Edition. Beijing: Beijing Higher Education Press,
Intelligent Systems,2021,16(3) :528—536. 2010.

Influence Analysis of COVID-19 in India Based on SIR
Infectious Disease Model

DING Huang-yan, TIE Xi-yue

(School of Mathematics and Statistics, Chongqing Technology and
Business University, Chongqing 400067, China)

Abstract:In response to the spread of the novel coronavirus pneumonia ( COVID-19) in India, this paper
proposes to establish a SIR infectious disease dynamic model that determines the unknown parameters of the model
by setting the objective function and seeking the optimal solution. First, the parameter range is fitted by linear
regression, the objective function is set as the constraint condition, and the Runge-Kutta method is combined with
the Matlab software to determine the optimal solution of the parameter value, and the SIR model is fitted and
predicted. It is found that the inflection point of the epidemic in India will appear around May 8, 2021, and the
number of new daily and cumulative new cases in the future is derived based on the forecast data. Although new
cases will continue to appear in the next 100 days, the current epidemic situation has already subsided. Secondly,
considering the influence of the Indian variant virus B. 1. 617 and the current vaccination situation, a SIR
prediction model with vaccine influencing factors was established. Based on the vaccination sensitivity analysis, it
is simulated that the vaccination rate in India needs to reach about 75%, and considering the effective protection
rate, the vaccination rate needs to be as high as 95%, so that the herd immunity barrier can be established.
Finally, the vaccination rate was verified by the basic infection number, and the corresponding countermeasures
were analyzed for the impact of COVID-19.
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