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Abstract

A mathematical model of HIV dynamics is used to describe the interaction between the virus and
the host cell, study the mathematical model of dynamic change of human immunodeficiency virus
(HIV) virus. One of the main features of this model is that it contains an escape phase of the infec-
tion unit, a phase in which infected T cells have not yet begun to produce new viruses, using the
fractional differential equation stability theory, build a model of four Linear differential equation.
First, we consider that the model is meaningful only if non-negative solutions and positive solu-
tions exist, and discuss the existence of fractional ordinary differential equation positive solutions.
Secondly, the fractional order is introduced into the model of HIV infected CD4+T cells. Through
analysis, the existence of positive solution and the asymptotic stability of equilibrium point are
obtained. Finally, MATLAB is used to carry out numerical simulation to provide a more complete
System dynamics, and also verify the correctness of the model results.

Keywords

HIV Model, Lyapunov Function, Equilibrium Point, Stability

AHREM ER R HIVIR B ATE 2 M

&R, KL L

'WTTIHTESERE, PU)I TR
PPYLITTE R, DU EE
Email: 527689319@qqg.com

WekE HiA: 202047 H25H; A HEM: 20204F8H10H; &4 HiH: 20204F8H17H

R

HE
HIVIR B3 2B A R A TR RSN F A R RAEEM, FFRARE RGNS HIV)RE

EF|H: RESE, BRER. BRI BN HIv BRI RGETERT I SRR R, 2020, 9(8): 1192-1199.
DOI: 10.12677/aam.2020.98139


http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2020.98139
https://doi.org/10.12677/aam.2020.98139
http://www.hanspub.org

KB, HE5%k

HMBFZUHBARE IMERF— AN ZEMER, B8 —MBRRE A REm B, RRBRMTHR
FWARTFIE=AFR RN B, AR M TEREEER, By — AR EREE RS TTRA R
FIRR, B, BRRMAFEEENERFENEL TAERL o B e 752 ERKAF
AEVERE. K, #B08E S AHIVERECD4 THRKREL, @4, B35 28 IERFEEAT
f RAE R R A . REEBIMATLABEATHER, AT N EMTBN RS 1%, R
TR RER .

Xiin
HIVAEZL, LyapunovE%I, PR, REM

Copyright © 2020 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/

[SHOM

1. 5|8
1.1. fARE =R

SR R SEENRGR A —MME AL Qe BIR D BIR AR T R, d 5 52 38— R 5 B 2
AL QYR . A RGNS . SRR AR FR (1] 0] DABR MR A — & R B AR e . AEAR N B3R B IR
REL R REAE 7 IR AT A HE . LR B R =AM WA 2 BUE & AT 1, R AT AR
SR HIV B8 RAER AT R, AR N M. 8055, RSN Iuss—EME, 7/t
TG NI . MR BERME R ARA M S R A2 FIBPE T RS R, BRI G SS Hk
ISR = 25 o (HEETEBEA KB RICE T IS AT 52 T, B 2F 15%~30%1 HIV, ik
s — PRSI AR RGBT 5B AL B, 22 AN S AE 3 Wi 3 A2 4 06 0 1) 22 e ad i
7 BEFLMR TR )R R S0 e deds T —1AR[2].

1.2. ERSMRATRER

2007 FERongZ5 AW 7T T HIV-1 YL IE AR [ HE T

& pa(t)v()—dx (i) + Sw(1),

dr 1)

B x(e)  p(r) + wi(e) FIv(e) 52 BB RO THIHL . 7 e i e 2 i 5 s 5

TR . bFRR B BRI LD, B (1) v(r) TR IR RO R R, dem Tt
7 R S 0 5 L 03 A R L

TSR, APEUN BB R R — 2K, R R R SR R, A
7 52 EH Leiblilz (5 160 AEHE . 43 SUM BT ) & S PR 0. REAEAT TR U9

DOI: 10.12677/aam.2020.98139 1193 IR Esid


https://doi.org/10.12677/aam.2020.98139
http://creativecommons.org/licenses/by/4.0/

XEBFF, BEE

1.2. BB EEENX

TATEEE T Rong % A[3]F /411 HIV-1 W858 17 = MBS (1) . HARY H e = Wit = I [A] A2 4L,
ITAT IR AN 2 R . BAESERRSLIed, HFRATEEMIARE T AEER 22D, BHRELE
AR A — R R AR R, MR m AT . DR, 75 SRR (1) _E 2% fe — N BT kR B B
TXANP B ) BT AT R RO AR R (12

ASLHI N HIV YL CD4™ T 41 AR -

Bx(t)v(t)

Cltav 1)
ny:¢w(t) a t),

—ay
Diw= ﬂli(;)vv(gg) —(5+ n +¢)w(t),

Div= O'y(t)—yv(t),

Dix=A4

—yx(t)+ 5w(t),

2

x(0)=x,>0, »(0)=y,>0, w(0)=w, >0, v(0)=v, >0, H 0 <& <IFRIRTTREMEL L7 x(r)
voy(e) s ow(e) Bl () 3 AR R ARIEGCDA” TN A7 PR LA . 36 39 Ffy Bk 2 0 3 10 3 25
MR IFHOA T RREX S 28, FRATIE A ARIRGLCDA” THR AN 2%,  p R/RCD4" TR B 2R5E
T3 T Bx(1)v(1)/1+av(t) Tt FECDA” THMURAHIVI A LR, Hih g RieR, S8 ¢ Fonfrik
TR B SR G20 M0 AR A A DR A N R A, XA DU p BB TS, DY FIRCaputo y [ i)
HBTFEL

AbT W8 B B O A M 2 AR Y, T BB f % A M B4 P AR R S . R, FRATMR R SZ IR LA
(T35 5 1/ g KT BAE T W63 B BE A M B 75 i 1/ o B U A L, o (IR ZIET. . S8 o IR
PR AR EERESE,  y R RN SRR . IENAE[4] P T AR, 7R BE L R 415 S A0 i
PRI H, —H 70 Ak Tk B B 2 IR AL 4 0 ] DA B2 B S2 BLRIRES o FERERL (), B ouAg ARk
B B AT Be VRS2 0 AR IR G S i 2

2. HEAFRY. EXABERNTESEEN
2.1. SESHEE L

SEH2.1 BkeR, RELf(x)eL (0,7),T>0, NWEE f(x) ¥ « BrRiemann-Liouville7» B 35> &

SUN:
S (x)= ﬁ] (=t (1) G)
BREL £ (x) B « Bt Riemann-Liouville 73 885 #0E X -
. dy i 1 dY: k-1
D)= ] g ()= r(n_,()(aj Jln ! r(ow @

Hrpp =[K]+1
B £ (x) B9 & B Caputo 73 B S H0E M-
d

e B I e P (G RO )

dx

DOI: 10.12677/aam.2020.98139 1194 IR Esid


https://doi.org/10.12677/aam.2020.98139

KB, HE5%k

ﬁqﬂnz[/chl

T £ (), S (0), £ (0), - BREASEBR, BT LLEE F R HE 2.3,
SR 2.2 ¥ CT[0,T] & F I x () ML, Horh x(¢) B9 B x,x,,x, e C[0,T], AT 7 £
x(t)eC[0,T], HIEHUE XS] F:

4
Il Sl 1)

23 WHIRE A= (a,), » BliNEEn =(a,)

4x1

4
A= mlalel|aij|, ||77|| = max|aij| o
P

2.2. HBEHARME

TEHD AS M B TERRAZAE HLIE—, i35, x(0) 1 p(r) WA x N E R
UERY 56, UEMIEEfULE RY R IEAR M. BBALQ)A
DIx|_ =i+ow(1)20,

x=

ny|y:0 =gw(t) >0,
),

D7
o -

va| L= oy(1)20,

it f (x) € Cla.b] D) f (x) € Clab] . 0<x <1,
D f(x) 20, Vxe(ab), Witvre(ab], f(x)=f(a);

x=

#DIf(x)_ <0, vxe(ab), Wi vxe(ab], f(x)<f(a)
AR Q) RIMRAE RY T, JE— 20
px(t)v (1)

Dfx = A-
K 1+av(r)

* “Vtot

- ,ux(t) + 5w(t)

Hepx,, =x+y, HEGR CDA T MMAAEMIETIRT ARET, Ga>dH:
DF ﬂ_ﬂx(t)v(t)_ x(t)

v 1+av(t)

ke Tk .
23, BT HONFEN
JE RGBT ATATIG3) . B ZRSCER 6]/ 77725, T AR A B AR 0N
N (Mf;ijf;am ’
ST, B Q)E W T
SEH 23 X T RE(2), HREIHAEIRIAYIE R DL 5 15 3 DL RSP R

DOI: 10.12677/aam.2020.98139 1195 IR Esid


https://doi.org/10.12677/aam.2020.98139

XEBFF, BEE

N TR Q)BT i, AR SCHR[ 75T | %, 4
Dlx|_ =A+sw(1)=0,

x=|

ny|y:0 =gw(t)=0,

px(1)v(1)

|W:0 1+av(t)

va| W= oy(1)=0,

D!'w) =

TR (), AT R, Ha=0, WA

E,(0,0,0,0), E, =[i,o,0,oj, E, =[o,ﬁ,o,1j, E, =(i,o,1,o],
H a H

Fax0, WHTHME =(x',)"wv).
(1) R R, <1, WIAEAEARB GV 25

£(0,0,0,0), E, =(i,0,o,oj, E, :(O,E,O,lj, E, ={i,0,1,0}
JZ a JZ

@) WRR,>1, WEEBRRETHSE =(x " w.),
o

ﬁ%(u%}m,Wﬂ%mo

Q)%¢ow,%@ﬁg:@ﬁﬂwyﬂﬂmﬁﬁ©%%%o
th LT R AR T 3

¥ v B AN BTk fa vy 45 2]

. A b . . A ( 1)
X = , Yy ==w, w =——1-—|,
UR, 0 n+¢ R,
FrLA Ry > 1, WA G G2 T4 i E° =(x*,y*,w*,v*) o
3. TR REMES R
3.1. TREBLEHNEERENY
YERNHES, 1Z XKW S T REQ)FFIERIT A R, JEH e E R IEATH RS BA @0
ER(2), TiFEMIfR E =(x*,y*,w*,v*)%?ﬁﬁiﬂﬁ‘]?@fﬁo
B, TETE MR RS E B  — N R KR Ry > 1, XK T KRR ME QiR B A
HEL ]SS 3 SCIL R AL 8], X T R, KT B or Hi A58 At ] B A7 A A% Guii A% #8) 2 2 1) . Bk R, =1
THE AN T RAT IR A RIRAR R Z W — AR IENERATE ZERERP, XABEAQBIREN . WER
R, >1, IBAAFAE—AME— G, Bl —ANE B 34 E*=(x*,y*,w*,v*)’ H

DOI: 10.12677/aam.2020.98139 1196 IR Esid


https://doi.org/10.12677/aam.2020.98139

KB, HE5%k

x'= A y*=£w* w*——}L (I—L] v*=o-—¢w*,

CwR,) T 0T p+el R ) oy
EX i, ATEHWR R, <1, WA LmE iR RiEr. Bk, #BLE R G RN K1

ER 3.1 WR R, <1, WATWHEETH E°/E R 22 /i g m.
UEBA 8 A JR 2 A U 5% pR 2
L(t)=(x—x0 —x° lnio)+

X

2(u+rir¢)xo'[(x"‘0)+WJ2 +—(5+n+¢)y+W+—a(5+ﬂ+¢)v

¢ op
How R WHEINC, ER R L WINAREANML W(x°,0,0,0)=0, Hfx'=4/u.
RO, R, <1, XFH x,y,w,v>0#H dW/de <0 . Kk, TCHETHE E° ZREro]. Hit
—&, dW/dt=0, Hx=x"Fw=v=0. & MEEETRRKOSAEE
E={(x,y,w,v)eR4:dW(x,y,w,v)/dt=0}={(x,y,w,v)eR4:x=x0,y20,w=0,v=0}
MBI YA TS M = {EO} , MR LaSalle AR SBR[ 10], T 85 T £ & 2 R e e 1.

32. BRATHONLRREM
R KRBT IR P 8 BT A R fe e . G AL, IER BT AR e e e B 3.2,
EH 32 R, >1, Wi

n+¢
1<R, <1+——,
Ry o

I ME— IR G- E7 75 R N2 2 R i A2 e 1
UEH € X4 R v R B 1] L:{(x,y,w,v)eR4 :x,y,w,v>0}—>Ro XA
L(x,y,w,v)=(x—x* —x" 1ni*j+ﬁx—*"*(y_y* _y lnl*J
x ( y

1+av*)¢w*

T [ MUSY | B (S

2u+n+g
+—ﬂx*v* (v—v* - lni*)
(1+av*)0'y* v
WR px" —ow 20 WAFTH x,y,w,v>0 #s2 dL/dr <0 . FL, ZERKTFHE L E RIBEW, A
dL/de =0, W x=x",y =y, w=w'v=2 BOL, HARKMAELE|(x,p,w,v)e R :dL/dt = 0} S Ak
{E} o BRI, SZIRFAT S B R A RWHEREE ), 24 R, > 1 I, LaSalle AN JFUHE12] 758 T I0AIF .
4. BUEEW 4.1 KB, THABESEEN
FEIX R4y, HFIMATLABEUEMRURIGIE REEQ) i s b idin e te. Wik, $2%8¢=054d",
n=07d", y=18d", ¥HEFKMHFE A1=10'ml"-d"'; /u=100d; B=1.5x10°ml-d"; l/a=1d;
0=2000d", WHEAFAK R =0.0628 <1 FAHME x(0)=10°ml™", »(0)=0, w(0)=0, v(0)=10"ml"
o HIMATLAESM-HHMTHUER., 158 REMMRIETOIRE, RFIOH PSR e REnataen, wiEl.
FEE, W AANFRYME, 153 RGMMIETEIRS, KRR P72 A /Enn e m. wiE 2.
FAEBAU T

DOI: 10.12677/aam.2020.98139 1197 IR Esid


https://doi.org/10.12677/aam.2020.98139

XEBFF, BEE

x10

< s < x

| | |
0 100 200 300 400 500 600
Days

Figure 1. Global asymptotic stability of (2) disease-free equilibrium
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Figure 2. Global asymptotic stability of the endemic equilibrium of the system (2)
B 2. Rt AR EREEmLRE

5. 45RiE

AR T FELE R, B, @O A HIV RYE CD4T T 40 HI 0 U s 5 18, iE B A
FPAEIEME . FLUR, UF B T JO B R B YL P4 o5 A S T I AR R 70 73 2% 1R o TR P18 AU 4 IR A B M4 1
TURGSEFRRIIFA, IR NREE AR K 8 2 vE R e 2, mT AR B 2 B 1l
TEREAFAEHORNT 1| B2 R En, HAERESGEAENBEN T, HEH PS4 R fae
(7, PATHAAE B LR A IR T 11 4 SR e MR I S EUE VS BB LU FRAT T 26 A B R B I 2K . s b, AT
T SERUE R, RIS Y HIV G A AR R, B R A R AR E .

DOI: 10.12677/aam.2020.98139 1198 IR Esid


https://doi.org/10.12677/aam.2020.98139

KB, HE5%k

T B%S

T5 H %5 & X2018053

SE

(1]
(2]
(3]

[4]

(3]

(6]

[7]

(8]

[12]

I, BRI LIERRAR]. P EFE X ERIT, 2010, 26(47): 6-10.

PRI, JiaaoR, FI9EY, BT, RAEAE SLUERAH IS HIIRRIAT IR ()], TG EE 2%, 2018(9): 204-210.

Bairagi, N. and Adak, D. (2016) Role of Precautionary Measures in HIV Epidemics: A Mathematical Assessment. In-
ternational Journal of Biomathematics, 9, 307-331. https://doi.org/10.1142/S1793524516500960

Anderson, R.M. (1998) The Role of Mathematical Models in the Study of HIV Transmission and the Epidemiology of
AIDS. Journal of Acquired Immune Deficiency Syndromes, No. 5, 241-256.

May, R.M., Anderson, R.M. and Irwin, M.E. (1988) The Transmission Dynamics of Human Immunodeficiency Virus
(HIV). Philosophical Transactions of the Royal Society B: Biological Sciences, 321, 565-607.
https://doi.org/10.1098/rstb.1988.0108

Cai, L.M. and Wu, J.G. (2009) Analysis of an HIV/AIDS Treatment Model with a Noninear Incidence. Chaos, Solitons
& Fractals, 41, 175-182. https://doi.org/10.1016/j.chaos.2007.11.023

Mukandavire, Z., Chiyaka, C., Garira, W., ef al. (2009) Mathematical Analysis of a Sexstructured HIV/AIDS Model
with a Discrete Time Delay. Nonlinear Analysis: Theory, Methods & Applications, 71, 1082-1093.
https://doi.org/10.1016/j.na.2008.11.026

Muldowney, J.S. (1984) Dichotomies and Asymptotic Behaviour for Linear Differential Systems. Transactions of the
American Mathematical Society, 283, 465-484. https://doi.org/10.1090/S0002-9947-1984-0737880-1

Perelson, A.S. and Nelson, P.W. (1999) Mathematical Analysis of HIV-1 Dynamics in Vivo. SIAM Review, 41, 33-44.
https://doi.org/10.1137/S0036144598335107

Perelson, A.S. (2002) Modelling Viral and Immune System Dynamics. Nature Reviews Immunology, 2, 28-36.
https://doi.org/10.1038/nri700

Rong, L., Gilchrist, M.A., Feng, Z. and Perelson, A.S. (2007) Modeling within-Host HIV-1 Dynamics and the Evolu-
tion of Drug Resistance: Tradeoffs between Viralenzyme Function and Drug Susceptibility. Journal of Theoretical Bi-
ology, 247, 804-818. https://doi.org/10.1016/].jtbi.2007.04.014

Korobeinikov, A. (2004) Global Properties of Basic Virus Dynamics Models. Bulletin of Mathematical Biology, 66,
879-883. https://doi.org/10.1016/j.bulm.2004.02.001

DOI: 10.12677/aam.2020.98139 1199 IR Esid


https://doi.org/10.12677/aam.2020.98139
https://doi.org/10.1142/S1793524516500960
https://doi.org/10.1098/rstb.1988.0108
https://doi.org/10.1016/j.chaos.2007.11.023
https://doi.org/10.1016/j.na.2008.11.026
https://doi.org/10.1090/S0002-9947-1984-0737880-1
https://doi.org/10.1137/S0036144598335107
https://doi.org/10.1038/nri700
https://doi.org/10.1016/j.jtbi.2007.04.014
https://doi.org/10.1016/j.bulm.2004.02.001

	Study on the Stability of HIV Model with Escape Stage
	Abstract
	Keywords
	具有逃逸阶段的HIV模型的稳定性研究
	摘  要
	关键词
	1. 引言
	1.1. 研究背景
	1.2. 国内外研究成果
	1.2. 模型的建立及其意义

	2. 模型有界性、基本再生数和平衡点存在性
	2.1. 分数阶导数的定义
	2.2. 模型的有界性
	2.3. 模型平衡点的存在性

	3. 平衡点的稳定性分析
	3.1. 无病毒平衡的全局稳定性
	3.2. 感染平衡点的全局稳定性

	4. 数值模拟4.1纸型、页边距与版式
	5. 结束语
	项目编号
	参考文献

