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ABSTRACT

This article is aimed to study the transmission of corona virus in which
exposed group can cause infection and a recovered individual can be
relapsed. The model is given by a system of stochastic differential
equations. Mathematical analysis shows that the dynamic of transmission
is determined by the basic reproduction Roand a threshold value Rs. For
Rs < 1 then the transmission goes extinct, while Ry > 1 then the
transmission remains. Differential operator and Lyapunov theory are
used to prove the stability and persistence of equilibria. Numerical
investigation is carried out to confirm the analytical results.

TOM TAT

Bai bdo nghién ciku sw lan truyén Virus ciim corona trong dé nhom i bénh
6 khad nang ldy nhiém va nhém binh phuc cé thé tai nhiém. Mé hinh cho
béi hé phirong trinh vi phdan ngau nhién. Phan tich todn hoc chi ra rang
déng luc cia si lan truyén dwoc quyét dinh bé’i s6 sinh san co s¢ Ro va
gid tri nguong Ro. Khi Ro< 1, su lan truyén tdt dan, con khi Ro > 1, sw
lan truyén van con trong cong dong. Todn tur vi phdn va ly thuyét ham
Lyapunov duwoc sir dung dé chirng minh tinh 6n dinh va bén viing ciia cdc
diém can b&ng. Khao sat s6 dwoc thuc hién dé khcfng dinh cho cdc két qua
Iy thuyét.

Trich dan: Nguyen Hiru Khanh va Nguyén Duong Phuong Thanh, 2020. M6 hinh ngiu nhién cho sy lan
truyén virus Corona. Tap chi Khoa hoc Truong Pai hoc Can Tho. 56(S6 chuyén dé: Khoa hoc tir

nhién)(1): 36-45.
1 GIGI THIEU

chimg ho hap cap tinh nang (SARS) va gay tir vong.

Virus corona la moét loaivirus thuéc phan
ho Coronavirinae trong ho Coronaviridae, theo bo
Nidovirales. Virus corona gay bénh & cac loai dong
vt ¢6 vi, bao g6m ca con nguoi va chim. O nguoi,
virus gdy nhiém trung duong hd hap thuong 13 nhe
nhung trong trudng hop it gip co thé gy tir vong.
Virus nay thuong gay ra cac triéu chirtng cam lanh
thong thuong, nhiém tring mili, xoang hoic ¢6 hong
va lay lan qua hét hoi, ho. Tuy nhién, n6 c6 thé dan
dén cac bénh ho hap nghiém trong hon vi dy nhu hoi
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Cubi nam 2019, mot loai virus corona chung méi
XUt hién & thanh phd Vi Han, tinh HO Béc, Trung
Qudc va lan truyén ra toan thé gi6i. Virus nay co dic
diém 1a nguoi u bénh co thé gay nhidm, nguoi khoi
bénh c6 thé bi tai nhiém, virus lan truyén véi toe do
rat nhanh nhung ty 1 tir vong lai khong cao 1im
(khodng 3%). Nghién ciru co ché lan truyén cua
virus corona la van dé ma moi nguoi hién nay dang
quan tam.
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M6 hinh toan hoc vé& s lan truyén virus dwoc bét
dau nghién ciru ndm 1911 bai Ross (dwoc gisi thiéu
lai trong Canning et al. (1999). Nam 2003, Neil
(2003) xay dung mo hinh dau tién cho sy lan truyén
cia virus cam. Fraser (2009) va Khanh (2014)
nghién ciru mo hinh lan truyén cam A (HINI).
Zhang (2017) phan tich mé hinh lan truyén virus voi
vaccine. Gan day, Khanh (2016) xét tinh 6n dinh cia
mo hinh virus ciim véi sy khang bénh. Rat nhiéu mo
hinh toan hoc cho su lan truyén virus dwoc dé xuét
theo cac dic tinh khac nhau cua tirng loai bénh va
tinh chét lan truyén. Driessche et al. (2002) gidi
thiéu phuwong phép hiru hiéu dé xac dinh sb sinh san
co s& Ro, mot nhan t6 quyét dinh cho sy lan truyén.

Tinh 6n dinh cua cac diém can bang 1a van dé
then chét dugc tap trung nghién ctu trong rat nhiéu
bai bao (Canning, 1999; Mao, 2007; Qiao va
Zhichun, 2017). Lic ban dau cac nha toan hoc chi
xét tinh 6n dinh dia phuong. Sau d6 dwoc phat trién
qua tinh 6n dinh toan cuc thong qua st dung phuong
phap ham Lyapunov va phuong phap hinh hoc (Li,
1995). Géan day mot sb tac gia quan tAm t6i tinh dn
dinh ngau nhién vi n6 cho ra két qua gan véi thuc té
hon (Lahrouz et al., 2011; Lei and Yang, 2016;
Zhang et al., 2017; Mohamed et al., 2018).

Bai bdo nay khao sat mo hinh ngau nhién cho sy
lan truyén virus corona. M hinh nay c6 tinh dac biét
1a ca thé 1 bénh co6 thé gay nhiém bénh, c4 thé hét
bénh c6 thé tai nhidm va téc do lan truyén virus ra
cong ddng rat nhanh chong. M6 hinh cho bai hé cac
phuong trinh vi phan ngiu nhién. Chiing t6i chi ra
nhan t6 xac dinh su lan truyén 1a sb sinh san co s¢
Ro va gi tri ngudng ngau nhién Rs. Khi Ro< 1, su
lan truyén tit dan, con khi Ro > 1, sy lan truyén van
con trong cong ddng. Toan tir vi phan va ham
Lyapunov 1a céng cu chinh dwoc sir dung trong cac
ching minh. Bai bao chitng minh sy ton tai va dang
diéu cua nghiém cua hé ngiu nhién. Khing dinh
duoc tinh 6n dinh va bén viing cula cac diém can
bang. Cac két qua Iy thuyét di giai thich dugc co ché
cia su lan truyén. Khao sat s bang phan mém
Mathematica di minh hoa cho cac két qua 1y thuyét.

2 CAU TRUC MO HINH
2.1 MS& hinh tit dinh

Xét su lan truyén cua virus cam corona trong
cong dong trong d6 nhom 1 bénh co kha ning lay
nhiém va nhom binh phuc c6 thé tai nhiém. Tong thé
véi s6 lugng A duoc chia thanh cac nhém: nhém cd
kha ning nhiém virus véi s lugng S(t), nhom G
bénh véi s6 luong E(t), nhom nhidm bénh véi sb
luong I(t) va nhom binh phuc véi s luong R(t).
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Y
Hinh 1: Biéu d6 dong cho md hinh
M6 hinh tat dinh cho béi hé cac phuong trinh vi
phan sau:
das
dt
dE
dt
di
dt
drR
dt

A= (BE + Bo1)S — uS

(BE+ Bo1)S = (y + u)E + &l
1)
yE—(a+8+e&+ pu)l

al — uR

trong do

A la sb lwong tong thé,

[y 1a ty 1& nhiém bénh gy nén tr nhém G bénh,

S, 1a ty 1& nhiém bénh gay nén tir nhém bi
nhiém,

v 1a ty I& phat bénh tir nhom 1 bénh,

& 1a ty 1& tai nhidm,

a la ty 1€ binh phuyc,

& 1a ty 1é chét vi bénh,

p 12 ty 18 chét ty nhién.

Gia str tong thé c6 s6 luong khong ddi A. Ta co
S(t) + E(t) + 1(t) + R(t) = A.

M6 hinh (1) dugc xét trén tap bat bién:
R% ={(S,E,I,R):$>0,E>0,1 >0,R>0}.

S sinh san co sd (tham khao Driessche, 2002 va
Khanh, 2016) xac dinh bai:

_ A(B(a+d+&)+ Poy) .
(o +0)(y + ) + eul

Ro

bé tim cac diém can bang ta giai hé véi cac biéu
thirc ve phai cua (1) bang 0. Ta tim dugc hai diém
can bang:

* Piém cén bang ty do PO(L; ,0,0,0);
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* Piém can bang bénh P*(S* E*, I* R¥)
trong d6 S*, E*, 1*, R*1a c4c nghiém duong ctia hé
phuong trinh da giai.

Béng cac phuwong phép ching minh tuong ty nhu
trong (Khanh, 2016) ta nhan duogc két qua sau:

e Ro < 1 thi diém can bang tu do Py 6n dinh toan
cuc va sy lan truyén tat dan ;

e Ro > 1 thi diém can bang bénh P* 6n dinh toan
cuc vai diéu kién xac dinh va sy lan truyén van con
trong cong dong.

2.2 M6 hinh ngiu nhién
2.2.1 Coso Iy thuyét
Xét hé ngau nhién d-chiéu

dX = f(t, X(@)dt+g(t, X(©))dBE)  @3)

trong d6 f (t,X) 1a ham trong RY xéc dinh trén

[to,+oo]><]Rd ; g(t,x) lamatrancap d xm; f,
g la cac ham Lipschitz dia phuong theo X, B(t) la qua
trinh Wiener tiéu chuan m-chiéu xac dinh trén khong
gian xac suat Q.

Ki hieu C*H(RY x[ty,+o0];IR,) 1a ho tat ca
cic ham khong am V(X,t)xac dinh trén
RY x [ty,+0] sao cho vi phan cap hai lién tuc theo
X va vi phan cdp 1 lién tuc theo t.

Ta dinh nghia toan tir vi phan sau:

2

o d o 1d 7
L=—+ X fit)—+— 2 [9° (xa(xDljj
ot i=l ;

ox;  2i,j=1 8Xi6Xj

Cho toan tor vi phidn L tac dong 1én ham
vV ec? (i@ [ty el R,) taco

LV (X, ) =V; (%, 1) + Vy (x, 1) F (X, 1)

1 T
+—trace[g (X, t)Vyy a(x, )],
2

oV

, o oV 5

trong do V;(x,t) =—, Vy(x,t) —( ) va
g t X OX. Bxd

oV

Vi = (axiaxj

XX

)dxd'

Theo cong thirc Itd néu X(t) € RY thi
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dV (x,t) = L(x,t)dt +Vy (x,t) g (x,)dB(t) .

¢ Dinh nghia
Diém can bang x = 0 caa hé (3) duoc goi 1a 6n
dinh mii hiu chic chan néu véi moi X, € RY thi

Iimsup%ln|x(t,x0)|< 0 h.c.c.

t—w

Cho qué trinh ngau nhién {X(t)}~o ta ki hiéu
1
(X); = —J. x(s)ds.
t 0

e B6 dé (Mohamed et al., 2018) Néu ton tai mot
ham xdc dinh duong | € C*H(RY x [ty,+oo];R,)
sao cho limsup(LV ), <0 thi nghiém tam thwong

t—w
cua (3) hoi tu mii hau chdc chan.
2.2.2 M0 hinh ngdu nhién
Bang cach lam nhidu cac tham s, mé hinh ngau
nhién dugc cho boi hé cac phuong trinh vi phan
ngau nhién sau:

dS = [A-(BE+po1)S - uS]dt+oySdBy

dE = [(BE+B1)S — (7 + W)E +£1]dt + 5pEdB,
dl = [yE-(a+6+e+u)l]dt+o3ldBs

dR = [al -uR]dt+o,RdBy,

&

trong d6 By, Bz, Bz va B4 la cac qua trinh Wiener.
Pinh li 1. Véi gid dau
(S(0), E(0), 1(0), R(0)) € K, hé (8) luon tdn tai duy

nhat nghiém (S(t), E(t), I (t), R(t)) trén khodng t > 0
Vi xdc suat 1.

tri  ban

Chirng minh

Vi céc h¢ 56 trong md hinh (4) lién tuc Lipschitz
dia phuong nén voi gia tri ban dau
(S(0),E(0),1(0),R(0)) eR? tn tai duy nhét
nghiem  (S(t),E(t), 1 (t),R(t)) khodng
te[0,7p), trong d6 7, la thoi gian bung nd
(explosion time).

trén

Pé chimg minh nghiém ton tai mét cdch todn cuc
ta sé chizng minh 7, = +00.
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Cho kyeN 1a s6 dia Ién sao cho

S(0),E(0),1(0).RO) (ko
k € N ta dinh nghia thoi gian ding

). Vi k=>kg,

tel0,7):8(0) ¢ (L k)
hay E(t) ¢ (£ .k)
hay 1(t)  (£.k)
hay R(t) ¢ (£ k)

7y = inf

Ta thdy 7, tang khi k — o. Dat 7., = lim 7,
k—o0
thi 7, <7, h.c.c.

Ta ching minh 7., = oo Néu nguoc lai, ton tai

hai hang s6 T> 0 va ¢ € (0,1) sao cho

P{r, <T}= e VoI k 2 kg 5)

Dinh nghia C?- ham V Z]Ri —)]Ri nhu sau:
S
V(S,E,1,R)=(S—c—cln>)
c

“Inl)+(R-1-

+(E-1-InE)+(l -

)
trong d6 ¢=— . Theo cong thuc It6 ta co

1y}
dV = LVdt+ (S —c)aqydB; + (E ~1)opdB,

+ (| —1)63dB3 + (R —l)U4dB4,

(1
+ [1
+ (1
+ (1

1 2 2 2 2
7CO'l+O'2+G3+O'4
2

trong do

[A=(BE+ Bo1)S - uS]

‘H (n\o

j[(ﬂlE +Bo)S — (y + i)l + &l |

[}/E (a+§+£+,u)|]

—\H m
~— N

;U\l—‘

InR),

39

Tdp 56, So chuyén dé: Khoa hoc ty nhién (2020)(1): 36-45

cA
= A-—+Cc(BE+ fol + )
S
S
—(ﬂlE+ﬂzl)E+(7+u)
|
—&—=0l—-y—
E |
|
+(a+d+e+u)—a—
R
1( 2. 2. 2 2)
+E CGl +09p +03 t0y
< A+c(B+u)+(cfy -0l
+(@+0+e+2u)

10 2 2 2 2
+7CO'1+62+O'3+O'4
2

. o
Vi c=— nén
2

)
LV A+ —(B1+m)+(a+06+e+2u)
B2

(2. 2 2 2\a
+ — CO’l +09 +t03 +0y4|= K.
2
Khi do
dV < Kdt + (S —c)oqdBy + (E —1)opdBy
+ (I =1)o3dBg + (R —1)o40By.
Ap dung cong thirc Itd va ky vong ta c¢6

EV(S(r AT),E(z AT), I(zg AT),R(z AT))

IA

V(S(0), E(0), 1(0), R(0))

T AT
+ E [ LV(S(u).E(u).1(u), R(u))du
0

V(5(0), E(0), 1(0), R(0)) + KT .

biat O ={w: 7 (@) <T} voi K =K. Theo (5)
taco P(Qy)=e, VK=K . Vi mdi @ ey tacod
S(zy AT,w) hoac E(zry AT,w) hodc I(zy AT,w)
hoic R(ri AT, w)bang k hodc 1/k . Tir d6

V(S(tg AT, @), E(rg AT, o),
I(zx AT, 0),R(zg AT, )
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1 )
k—-1-logk,——1+logk,k ——
k

> min ) P2 =Gy .
_ilogﬁyf_i—ilogﬁiz
B 5 k P By K
Do d6
V (S(0), E(0), 1(0), R(0))+ KT
IQkV(S(Tk AT, @), BE(rg AT, @), | >eG,

I(zx AT, @),R(z AT, ®))

trong do |Qk 12 ham ddc trung cta €2y . Cho k— oo
thi

V (S(0), E(0), 1(0), R(0)) + KT = + 0.

Diéu nay vo ly. Do d6 7,, = oo h.c.Cc. Vi vay ton

tai duy nhat nghiem (S(0), E(0), 1(0),R(0)) e R*
cua hé (4) trong khoang t > 0 va nghiém van con
trong R? véi xéc sudt 1. O

3 ON PINH MU HAU CHAC CHAN

H¢ (4) ludn c6 diém can bang Py %,o,o, 0).Ta
xét trén tap hop cac duong dan mau sau:

O ={weQ:S(t,w),E(t ),

I(t,o)Rt.w) e & t>0}p
trong d6 Q 1 khong gian xéc suat.

Tirdinhli 1 tathdy P(Q\®) = . Trong phan
tiép theo ta xét cac duwong dan mau han ché trén .

Pinh i 2. Néu (S(0),E(0),1(0),R(0)) e R?
thi S(t) < A , Wt >0 hau chdc chan (h.c.c).
y7,
Chieng minh
Véi duong dan trong @ ta co

_A
d(s—4

i (S -Dy—c(BE+ pI)S
7,

A
< —u(S-2).
Y7,
Do d6 S(O)<A.Suy ra S(t) < K véit>0.
7,

e Gid tri ngudng R, cua mo hinh (4)
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Dit my = Bi(a+&+u)+ Py,
my = B1& + Py (y + 1) . Ta dinh nghia ham
r:[0,1] — R nhu sau:

mym, (0'2u)2 + 03? 1- u)2
2[pimau + Sy (L-u)]

Ta thiy r 1a ham dwong va lién tuc. Do dé r ¢6
minimum, ki hiéu 1a f . D& thdy . > 0. Ta dinh
nghia gia tri ngudng:

_ABa+s+a)+ Bl
(e +0)(y + ) + el

r(u)=

e Dinh 1i 3. Néu R, <1 thi han ché trén @ cac
thanh phan E va | hgi tu mii vé 0 hau chdc chan.

Chitng minh
Ta dinh nghia cidc ham

Q(t) =mE(t) + myl (t) va W(t) =InQ(t).
Ta co

LW = %[(ﬂlE+ﬂ2I)S—(7+y)E+el]

+ &[yE—(a+g+,u)l]

Q

2 2

_E (m]_O'lEj +(m20'2|j
2 Q Q

E |

(ol el
n—o \ Q th n—oo \ Q t

bat e= lim va i= lim

limsup(LW); = my[(Be+ Bai)s—(y + p)e +&i]

t—oow

+ my[ye—(a+e+up)i .

- %[(mlo-le)z + (mz(fzi)z} :

Pat m=(a+ w)(y + p) + gu . Tién hanh wéc
luong va don gian ta nhan dugc

A
limsup(LW )¢ < my — (Bye + Boi)
t—o0 H

L1 2 2
m(pe + Boi) 2|:(mlale) +(myooi) ]

40
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Vi
2 2
(more)” + (moopi)
2 2
_ (mlale) +(m202|)
ﬂle + ﬂzl

va moi =1-me nén ta cd

(p1e + poi)

limsup(LW ) < éml(ﬂle + o)
t—o H

—m(pe+ B oi) —r(me)(pe + B o).
Do do

A
limsup(LW); < —my(Bje+ B i)
t—o0 H

—m(pie+ B oi) —k(pe+ foi)
= m(R, -1)(Be+p0oi)<0. O

e Dinh li4. Néu R <1 thi diém cdan bang bénh
tw do Pg én dinh mii hdu chdc chdn.

Chitng minh

Ta chtng minh biang phan ching.

Theo dinh li 3 ta thdy limE(t)=0va
t—o0
lim1(t) =0h.c.c. Ta gia st ton tai tap ®y < P
t—w

V6i P(®() > 0 sao cho trén @y thi
. A
lim {(——S(t))+R(t)}¢O. 5)
t—oowo| W

Theo trén va dinh nghia cua e va i thi trén @

tacoe=0h.c.cvai=0h.c.c. Tién hanh cic budc
twong ty nhu chirg minh trong dinh li 3, dat

QO:(A—S)+E+I+R Vél W0=|n(Q0).
)2
Ta dugc

lim sup(LWg )¢ < ,u(p+r)——(a4r) h.c.c,

t—>o0
A_g
trong d6 p = lim Lo va
n—o0 QO
th

. R
r= lim { —
n—>oo<Q0 >tn
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Do d6 limsup(LWg )¢ < 0. Vivay trén @ taphai
t—o

- A N

co lim (—szoh.c.c va lim R(t) =0 h.c.c.
t—o\ 4 t—o

Diéu nay mau thuin véi (5). Vay dinh li dugc ching

minh xong. O
e Nhén xét 1

Theo dinh Ii 4, khi R, <1, diém can bang tu
do Po 6n dinh mii hau chac chan. Khi d6 cac nghiém
cua (4) déu dan vé Po nén thanh phan nhiém bénh
I(t) — 0 khi t —o0. Do d6 su lan truyén virus tat dan.

4 DANG DPIEU ON PINH CHUNG
QUANH PIEM CAN BANG BENH

Hé tit dinh (1) luén c6 diém can bing
R (/—‘} ,0,0,0) . Khi Ry > 1 hé c6 thém diém can bang
P*(S* E* I* R*)

Pé thuan loi trong viéc chimg minh dinh 1i 5
dudi ddy ta dinh nghia mot s6 tham s sau:

26l *+pB,S*E* 2u+a

yE* €

(u+7)Q2u+a)

&

d2=/1+

Qu+7)Ru+«a) 2d3
+— d4 =—.
& il

e Dinh Ii 5. Cho (S(t),E(t),I(t),R(t)) /a
nghiém cua hé (4) véi gid tri ban dau
(S(0), E(0). 1(0),R(0)) € R va
P*(S* E* I* R*) 1a diém can bang bénh cia mo
hinh tat dinh (1). Néu R, >1va 2u>a thi
nghiém cua (5) thoa:

IltriswuptEf[(S(s) $¥2 + (E(s) — E*)?
+ (1(s) — 1) + (R(s) —R*)?|ds <

trong dé A =2min{udq,do, u,2u—a}va

M
A

2
M :(%) (ledl+0'§d2 +0§ +20'£)

1 .
+—d4(S*0'12 +2E*0'§ + 21 *0'5)
2



Tap chi Khoa hoc Trirong Pai hoc Can Tho

Chitng minh

Ta thiy diém can bang bénh P*(S* E*,I* R*) c6
cac toa do la nghiém khong tam thuong cua (1) va
thoa

A = uS*¥+uE*+(a+u)l ™

A = uS*+(a+u)E*—el™*
I*

H = a—.

R*
Ta xét ham sau
U(S,E,|,R) = U1+U2 +U3+U4
trong do
Up=[(S -5 +(E—E%+(I - 19+ R-RY?,

a+

U, =2 245 5%+ (E-ENP

&
Us =2(R-R%?
Uy =dg| s—5*-5*In—>
4 4 g

E
+2d4(E—E*—E*Inj.
E*

|
+ad4(l —1*—1 *Inj
I*

Taco

t t
JdU(s.E,1I,R) = [LUdu+H,
0 0

t

=f LU; + LU, + LUz + LUy, du+H,
0
trong do

t
H, = J.Z[(S—S*)+(E—E*)+(I —1%)].
0
. (6,SdBy (u) + o EdB, (U) + o5 1dB5 (u))

t
; jz‘“z“[(s ZS® (1= 1]
0 &
(6,508, (U) + oy EdB, (u))

t
+ Id4(S —S¥)oydB; +
0
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t
+ J-2d4(E —E*)0,dB, (u)

0
t

0
Tacod

t
+ Iad4(l —1%)030B5 (u) + [ 4(R—R*)o4dB, (u) .

0

LUp = 2[(S —S*) +(E—E*) + (I - 1]

LU,

LU4

LUy,

[=26(S = $*) — 1(E — E*) — (e + w1)(1 = 1%)]
+ (0252 +03E% +6212),

a+2
-2 #

[(S-S7%)
&
+ (I = I)L[-u(S - 5%)
- (r+u)(E-E*)+e(l - 1%)]
+ L2“(01232+o§E2),
£
= 4R -R¥[a(l —1*) - u(R-R¥)]
+264R2,

s*dy|2-> %
:/J B —
s s

S* * E*x
~dg| 1=~ |A(SE-S*EY)

—d4(1—ss*j/32(5| —S*1¥)

+ 2d4/(S - S*)(E - E¥)
|

+ 2d4(1—'jﬂ2(3| —S*| *5)

E* E
; 2d4g[1—j(l _.*j
E E*
1> |
+ ad4(l—|)(7E—yE*l*) .

Khi do

LU

= LU1+ LU2 +LU3+LU4
=~ 2udy(S - $%)? - 20, (E - E%?

~ 2a+ )1 — 192 — 2dg(S — S¥)(E — %)
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+ da(l = 1%)(R=R*) - 4u(R - R%)?
2.2

+ 0'1282d1+0'§E2d1+032|2
Udc luong biéu thirc trén ta duoc
LU < —2udy (S - 5%)% — 2d (E - E%)?
—2u(l —1%% Z 2024 - a)(R - R¥)?
Rt
+ (J (O'fd1+0'§d1+0'§ +20’§)
Y7
1 2 2 2
+7d4(8*61 +2E*62 +al *0'3).
2
Do d6
t t
fdu gf[—zudl(s—s*)z—2d2(E—E*)2
0 0
—2u(l —1%)? =22 —a)(R— R*)?

2
+ (—] (o2d, +02d, + 03 + 202)
U

—|—%d4(8*012 +2E*03 +al *03)|du + H,.

Ly ky vong va chi § E(H;) =0 ta nhan duoc
E[U(S(®). E@®), 1 (). R)]
< E[U(S(0),E(0), 1(0), R(0))]

t

+ Ef[—zudl(s—s*)2—2d2(E—E*)2
0

0

IN

A

- 2u(l —1%)2 — 2024 — a)(R—R¥? + M]du .
Tir d6
Eﬂzudl(S(u) — 592 1 2d (E(u) — E*)?
0
F2u(1(U) = 192 + 22 — a)(R(U) — R + M ]du

< E[U(S(0),E(0),1(0),R(0))] + Mt.

+20'4R + |_U4.
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Do do

t
Iimsup} Ef[Zpdl(S(u) — %% 4 2d, (E(u) — E¥)?

t—o0 0
+2u(1(u) — |*)2 +2(2p — a)(R(u) — R*)2 +M|du
<M.

Chon A =2min{ud;,dy, 1,2uu—c} ta nhan
duoc
1 t
limsup~ E [(S(r) —5%)2 1 (E(r) - E%)?
t—owo t o

+ (1)~ 197 +(R() —R9? |d7

<

M
-, O
A

e Nhén xét 2

Theo dinh li 5, v&i cac gia tri tham sé dugc lam
nhidu du bé, nghiém caa hé (4) rat gan vai diém can
bang bénh P* cia mé hinh tat dinh (1). Khi Ry > 1,
diém cén bang bénh P* cua hé tat dinh (1) on dinh
toan cuc va cac nghiém cua (4) dan vé P* khit — oo
nén thanh phan nhigm bénh I(t) dan vé I* > 0. Do
d6 su lan truyén virus van con trong cong dong.

5 KHAO SAT SO CHO MO HINH NGAU
NHIEN

Tronnghﬁn nay ta tién hanh khao sat s6 cho mo
hinh ngau nhién (4). Phan mém toan hoc
Mathematica dwoc sir dung cho khao sat.

5.1 Swlan truyén tat dan

Ta chon b tham s sau:

A=1,a=05 B =p=09,d=03, £=0.3,
Y:0.4, u:O.l, o1 :0.2, 09 =03 =04 =0.1.

Theo (2) ta xac dinh dugc s6 sinh san co s Ry =
0.3742 va suy ra R, =0.3921<1. Theo két qua cua

dinh i 4, diém can bang tw do Po 6n dinh mil hau
chac chan. Hinh 2 cho thdy thanh phan nhidm bénh
I(t) (dudng lién nét) dan vé 0 khi t —c0. Do d6 su
lan truyén virus tat dan.
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Hinh 2: Cac thanh phan nghiém ciia h¢ (4) trong trwdng hep su lan truyén tit dan
Theo (2) ta xac dinh dugc sd sinh san co s¢ Ro =
. A 1.755 > 1. Theo ket qua cia m6 hinh tat dinh (1),
Chon b¢ tham s6 sau: diém can bang bénh P* 6n dinh toan cuc. Lai theo
_ _ _ _ _ dinh 1i 4 thi cac nghiém cua hé (4) rat gén véi P*.
A=10=0. =0. =0.8, d=0.
=05 4=09, 5 =08,d=03 ¢ Do d6 thanh phan nhlem benhl(t)SedanVe I*> 0.
= 055, y = 05 p = 01, o0,=02, Vi vy su lan truyén virus van con trong hé thong.
Hinh 3 cho thay thanh phan nhiém bénh I(t) (duong
lién nét) dan vé gia tri dwong khi t —co.

5.2 Sw lan truyén vin con

o9 =03 =04 =0.1.

S.E.LR

e “" "‘.W

-
’
"‘"'Q;v"tﬂ'ui u t“‘ x
1 i i i 1 " 1 i i i 1
t

2 4 6 8 10 12
Hinh 3: Cic thanh phan nghiém cia hé (4) trong trudong hop sw lan truyén van con

6 KET LUAN hé tat dinh, tic 1a trén khoang R <1 chtt khong

Bai béo da trinh bay su ton tai va dang digu  Pphai khoang Ry < 1. Day 1a hién twong thuong thay
nghiém ciia md hinh ngdu nhién. Dinh 1i 4 cho thay truge day khi m6 phong mé hinh tat dinh nhung
su hoi tu dang mil cua nghiém hé (4) dén diém can khong giai thich dugc. Dinh 1i 5 cho ta phwong phap

bang ty do. Véi gid tri tham s6 lam nhidu di nhg, chi ra nghiém cia hé ngau nhién rat gan véi diém
tinh n dinh ctia diém can bing tu do Po nhan dugc ~ can bing bénh P* dé khing dinh sy lan truyén vin
& mién 16n hon gia tri cua s6 sinh san co sé Ro cua con. Toan tir vi phan cung v6i phuong phap ham

Lyapunov la céng cy hiéu qua giap cho viéc nghién

44



Tap chi Khoa hoc Trirong Pai hoc Can Tho

ctru mo hinh ngAu nhién. M6 hinh ngu nhién cho ta
cac két qua gan vai thuc té hon so véi mo hinh tat
dinh. Viéc khao sat mé hinh gitp cho cac nha quan
1y c6 bién phap han ché sy lan truyén virus bang
cach diéu chinh cic tham s sao cho R, <1.
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