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Fig. 1. The influence of o on the rejection mechanism
h(I)=rI/(14al).
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2) M R° > 1H Ry < 110}, Joid &5 P s Eo Xt

A Re=

A0 < 7 < B2 R HTERE R M7 > 7
Toik & T Eg M FUE, F 2, REE (2) T = 10
Fftir & 4= Hopf 4352 ;
3) i Ro > 11, Joitk & V- i Eo e AEUE Y.
42 EERITHEER prREESH
ARG (2) ATEVE ATV 5 By AL rHE ] L
HiFE R
— (my 4+ m2) S§ 0
(e
st (1+alf)? 0
. re B
m251 + m u

—AT

(Il)> +mq (m1 + TTLQ)IikST) =0. (17)

P11 = u+ My, po1 = UMy,

q11 = ms, qo1 = mg [(m1 +ma)I]) + u .
M =0t Ik (19) FHT

A+ (p11 + q11)A + po1 + qo1 = 0. (20)

Hrp

P11+ i1 = U+ My + ma,

po1 + qo1 = uma +mg [(m1 + ma)I7 + ul.
K ou,my,ma,ms, I >0, K, 25 mg > 00
P11+ qi1 > 0,po1 + qo1 > 0, FH bR /K 4 2K H 4 v A0
S AT R By 2 RIS E Y.

Mo >0, BTN =iw(w>0) & FE (19)
A—A, R HACA TR (19) 45

(iw)? + p11iw + por

— isin (w7)) = 0.

+ (g11iw + qo1) (cos(wT)
O3 B SR AR A
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{w2 — po1 = qu1w sin (wT) + gorcos(wT), 1)
priw = go1 sin (WT) — gr1weos(wT).
PP 7 HAE AR

W'+ (ply = 2p01 — aiy) W + Py — g5 = 0. (22)

LB T=w? fi=3 —2p0n—¢), fo=03— a4,
2T (22) T
H(T)=T?+ AT + fo =0, (23)
2
Hrb fi =u® +m3 —m3, fo= (umy)® — (mad)

(57)°

BIBE1 1) 45 fo >0, K (23) CIESEAR.

2) i fo <0, HFE (23) MEAH—PIESAR.
EW REo<s <Ao< <h,
u u
2

ﬂf% (m3:1)2 > (um3)2.
(5,) 2
ﬂﬁt,%j@:ummz_“wgl>o,muﬁ

1
” 2 (7713/1)2 wm 2
(umyg)” > 7(51*)2 > (umg)”.

e AT 18 ma? > ms?, A fL =u?+my?
—m3% > 0.

MBI SRR, 2 f, > 00, A fL >0,
PR, AR — 5 A KRR IE ] R 7 2 (23) A
IEAR, XEWRE AFTEw > 0T 2 X = w7 2
(19) By—M, WRLEBEIT R (19) AAATEER, 8
LV T ATV R By S R RS E 1Y . R B,
i fa <0, BRTCIE fL BUAERT, 5 (23) /047
TE— D IEAR, Waie il 5 7 (19) A — X 2 i AR
A = tHiwg™*.

ST

T = - <ar0005qm2((wé)z—Pm)—PuCIu(wg)z>

*

“o qo1? + Q112(w3)2
2
+ 2 k=012, (24)
0
o . ‘
Tﬁ?ﬂéﬂ%bg HIE IO, AR
T=T0

(d)\> _1_ B 2A +pu n Q1 T
dr A(A2 +priAdpor)  A(qiiA+qor) ( )\)'
25

LNIEE]

. { d(Re)) }
sign
dr S

0

sign @ - = sign Q B
£ dr =S8 dr )
T=75 A=iwg

= sign { Q(WS)Q + p11% — 2po1
= 2
(Po1 — (WS)Q) +P112(W6k)2
_ g’
qo1? + Q112(w6‘)2
M (21) 2, &

2
(po1 — (WS)Q) +p112(w§)2 =qo1> + Q112(w8)2-
A,
L
sign
+P11 — 2po1 — G5, }
2
q01 + q11 (w)

{ 2w
= sign
(wﬂﬂ)}>0

=sign{ ———
{ q(2)1 + q%l (wp

M, RGAE T = 75 BT A2 Hopf 73 XA
Zi BT, AT ISR 451

%ﬂf) )ﬁR0>1, m4>()ﬁij,m¥l
T = O I% 5 BAT - 5 B 2 il RS E 1Y

2) # Ro>1, ma>0, fo =057, WIEFE
TP 5 B TR I T > 0 #2 Rl fe e 1.

3) #F Ro>1, my>0, fo<O S, WY
T € [0, 7)), V% F ATV A By 2 R ER T AR E
B); Y7 > rg i, 7S AT A B AEE, R
HIRAT AT B AR T = 1o BT & 4 Hopfay 3.

5 BIEEM

Bl1 RS (2) b, S N = 0.5,
A= 08, v =04, v =05,0=0.1, u=0.25,
A =05 =08, 71 =04, 72 =05 0=0.1, u=
0.25, A =025, a =5, r=0.15, (k) = 8, i3 i 2
RS RBEARA B Ry = 0.625 < 1, R = 2.5 >
1.0, 7o = 10.4723, B, &G (2) AT =
M Eo = (1,0,0)7E 7 = 7oA &£ Hopf 4332, £X{HH

SERUNE 2 fi.
M 2(a) ATLLFE Hi: B IR HERS, S (1) k4
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T 1, I ()R @) TE, X EREEEES
R FH P 1) 88 B e OB e A8 2 HLAS R R A e gy, B
T 2N BR. IR, AL 2(b) v LA Bl A
RS, (B350 & A %5 B b T HEElk R A,
XM T 5 7R M2 rp DS Y SRR 4%. 1230
GARWIINA 4 R 2 2OV e e & AR Ak
5 2, AEARBUR SE IR BAT A R REEALS], #2x
SEOE FEM b IR R G, ABCT
KT W43 5 AR FEHRIERE, IR AEE T 4%
FE A R, a4 B BUN Hopf 43 3¢
G, AT LAAT R L S R BT R v AL ] ) PR AT DA
NI AT ) e S BRI B if 5 B RE TR IBOR
B2 A FEHFRIRE R r AR F R
WIEWR . 5, B Ry < 1INTEN, TERS (2)
R, ATESH N, = 0.5, M= 0.8, v, = 0.6, 75 =
05,0 = 0.1, u = 0.25, A=0.25, a =5, (k) =8,
rBIE N 0.05, 0.15, 0.25, 0.35, 15 T (¢) 7284k #
PN 3(a), HIKFE & Ry > 1ITELL, 2 N = 0.7,

A=025 a=>5 (k) =8, rfI{EN 0.05, 0.15, 0.25,
0.35, 3 I (t) 22 Abasiani&l 3(b).

M 3(a) AT LA 1, BEE I RS, T ()&
WiEE %, I HMEWE R r K, T B TR
JE I [R) Bk M, RIPRAE 3 r BOK, B TH T WY
MR e E Rz, R R, BRSSP
BT BEAT R, T AR B B AR [RIE, A
&l 3(b) AT LAE Y, BEEIRE A r BEIG R, T ()1
AR /)N, A BV SE Ay, IR a4 3 5 - Y
D R AT

Bl 3 A B LN HIRLN, o SHERE IR H
FURRERSZ . H S, BIE Ry < 1IENL: 7ER
45 (2) H, EEBEIN, = 0.5, M= 0.8, 7, = 0.4, 7o =
05,0=01,u=02 A4=02 (k)=8, 33«
H0, 3,5, 8, fHH I (1) MAELBEHEME 4(a), HIK
ZIE Ry > 1IIEM, & N = 0.7, A= 0.8, v
0.8, 7% =09,0 =01 u=04, A=04,(k) =8,
[FAEHL, B a R 0, 3, 5, 8, 31 T (t) A fkkassdn

A= 0.8, v, = 0.8, 75 = 0.9, 8 = 0.1, u = 0.25, &l 4(b).
1.2 1.2
(a) (b)
0.8 — S5(t) 0.8 — 5(t)
— I(¥) — I(t)
z — R(1) 2 — R()
n n
=1 g
A 04 A 04
[
0 O B A
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
t t
2 (a) 7=10.3; (b) 7 =10.5
Fig. 2. (a) 7 =10.3; (b) 7 =10.5.
0.10 0.5
2 (a) = (b)
= =
el el
= 2 04}
T T
8 = L
° T
Q (%)
5 B 0.3-/\
£ 2 I — r=0.05
< < — r=0.15
2 2 0.2 — r=025
2 2 — r=0.35
] ]
/~ o~
—0.02 : : 0.1 : : : :
0 50 100 150 0 40 80 120 160 200
t t
K3 (a) Ro<1;(b) Ro>1
Fig. 3. (a) Ro < 1;(b) Ro > 1.
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0.28
(b)
0.26
0.24
T o2
— a=0 — a=0
— a=3 0.20 — a=3
— a=5H \ — a=5
— a=8 0.18 1| —a=8
. L . . 0.16 |
60 80 100 0 50 100 150

Kl 4 (a) Ro<1;(b) Rp>1
Fig. 4. (a) Ro < 1;(b) Ro > 1.

Values of Ry

K5 AR A SRR r X FEA A H Ro BRI

Fig. 5. Influence of birth rate A and recover rate r on the basic productive number Ry .

MIEL 4(a) FTLAFE e BEE BRI AR, 1(t) &
] T2, I BLHEE I HIBUY o 3G K, 1 (1) BT
S P BSF T e A, gl 2 400 ) 20507 o P A v
VT TH T RS RS 4 =, AN R e R
i, IS AMEREE T P % T AR, BT
FoE BRI [RIEE, AL 4(b) AT LA Y, Bl
TR o B IEC, T(¢) B IEAE B, X 26 1 24
Ry > 1B, WM bl g, I8 4%&iw 5
)88 P P

B4 A FEERESE AR A FRE R r Xk
AR R sgm, JER S (2) PS8, =
0.5, A= 0.8, 7, = 0.7, 7% = 0.6, 6 = 0.1, u = 0.35,
a =2, (k) =8. WE Ry W ZE LS, Kl 5w,
Kl 5 RRTEARR M A3 A WK F T Ro HHL
B, MK 5(a) Hal LA BL: BEEVKE R r AW
K, FEARFAE Ry IE AW/, 49K E % r iz
WO R B —E RN, Ro/NT 1, WA IE
BRSNS, B AR AR, AR
AR Ro ({E AN R, ik 2 U AR 6 4 0
AR Ry BIEAHXEKER. B 5(Db) HiH T Ry <1

5 Ry > 10X A A58 A 5IRE 2R B EUEE
[, BB T30 5 A% 36 0 AT RS it ana ok &2 %
=3

Bl 5 FEARGIH, SEERSBE N = 0.5, = 0.5,
=04,v%=02,0=01,u=022 A=08,a=
2, = 0.55, (k) =8, il & HLit5 ] IA S LA
B Ry =0.9917, R* =0.9734, I R* < Ry < 1,

0.5

I
04} !
I

|
0.3} !

1(t)

o
‘ R"=0.9734

0.2k (&
i

I
0.1} |
I

0 ! 1 1 1 1 1 1
0.97 0.98 0.99 1.00 1.01  1.02 1.03 1.04
Ry

K6 Jmlsrst
Fig. 6. Backward branch.
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WS 3 450, IR A RS (2) RAFAERI T 5 5%
PP, BIRSE (2) SO 27E Ry = 1R AR 1
4332, ME 6 FiR.

6 %

ZEAH TR RETEAIL R RN 500 XAk 52 ) 445 22
B ARAEALG B, N T T RERAIL ] (4 s i
FAGRERIIR. R AR MRS AR T R H B R Y
BT AL Ry ; i KRB B RARIE S R S
BEAT A AR & F: 45 Ro > 1, RS (2) A
SRR B BRAT P s B A Ro=1Hb>0, &
gt (2) B S BAT PR B Ro=1Hb<0,
240 (2) NAFTEME— 19I5 5 AT VM5 88 By 4
Ro <1Hb>0, &% (2) AT AT VA 15
PRy <1Hb<0,A=0, &% (2) XIEAE P %
BRI S E S B A Ro<1Hb<0,A<0,
AR5 2) KRS BT S B A Ry < 1H
b<0,A<0, ZG (2) NBAET KA FH . 8
SR P8 1 Routh-Hurwitz FIHEA T T i
B VA R T A TV S R R AR e X
TCVET VM By, 240 < R° < 1H Ry < 11}, EgXt
TR T > 0AB SR EBEHE R E ;2 Ry > 11T,
By ARE; M Re > 1H Ry < 1B, EgfE T = 7ot}
KA Hopf 4y . X% T BAT VM &1 B,
Ro>1,my >0, fo>0, V%5 BAT V- 55 B X BT
AW 7> 0 & R W R E W 4 Ro> 1,
my >0, fo <0, in BAT V8 B e = g B &
A= Hopf 4332 feJi, 3B BUER, A SCIIE T 3
WA BT I AT ST T A B S BOG R [ 5210
WA r IR, 4 Ry < 10, I (t) & TREM
A RD R R B, 24 Ry > 1A, T () gk 3l
(R W (B ER /DN, 320 35 1R 36 O B B /N B2 B s ol
R, oK, 2 Ry < 1A, T (¢)#a TR Bt
B, SRR RNE, 24 Ry > LI, 1(t) FTAEIk 2 Ay
(B R KA r NI, JEARTEAE S Ry (AR
Wi/, 2SR R r B T KT K B — s R
W, Ro/INT 1, BEWRAE WK 5 e L T AH S,
Bl A AR AR, SEAR FEAE B0 Ry 1 (E AN T 14
K, Wi th AR 2R A 5 AR B ARSI Ry 22 IEAH G
KF; AT Ry < 15 Ry > TR A AEZE A
W r BB FL; S5k TR A 153 5L
() 2. 2T, AR SCEE AT T REE AL A %

IR S I 458 AR B RN, TEAR R TAE A
PE— 25 25 JEAN AT Jhy 2 5 R 25 i) S oA X ) 45
EREE A A RSN & P R S s
A,

S 30k
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Abstract

In this paper, we establish a susceptible-infected-removed (SIR) rumor spreading model based on the
influence of rumor-refuting mechanism and time delay on internet rumor spreading. The threshold R, of rumor
spreading is obtained by using the spectral radius method of regenerative matrix; the conditions for the
existence of rumor prevailing equilibrium point are given according to the quadratic function characteristics; the
local stability of rumor-free equilibrium point and rumor prevailing equilibrium point are established by using
eigenvalue theory and Routh-Hurwitz criterion; and the criterion for the occurrence of Hopf bifurcation is also
established. The numerical simulation results show that the information about refuting rumors, released by the
government and the media, can accelerate the convergence rate of rumors and reduce the maximum density of

rumor—spreaders .
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