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ABSTRACT

This article studies a transmission of COVID-19 by fractal order
derivative. The transmission is decided by the basic reproduction number
Ro and the stability of equilibria. Local stability is determined by
eigenvalue method. Uniform asymptotically stability was proved by
Lyapunov function method and LaSalle’s invariance principle. We show
that for Ry < 1 then the free equilibrium is local stable and uniform
asympotic stable and for Ry > 1 then the endemic equilibrium is local
stable and uniform asympotic stable. Transcitical bifurcation is used to
explain the mechanism of the transmission. Numerical simulation is
carried out to verify theory results.

TOM TAT

Bai bao nghién ciru sy lan truyén ciia COVID-19 bang dao ham phan thit.
Sw lan truyen duoc quyet dinh boi 6 sinh san co ban Rova tinh 6n dinh
clia cdc diém can bang. Tinh on dinh dia phuong duoc xac dinh bang
phwong phap gia tri riéng. Tinh on dinh tiém cdn déu dwoc chig minh
bang phwong phap ham Lyapunov va nguyén Ly bat bién Lasalle. Chiing
16i chi ra rang khi Ro < 1 thi diém can bang tw do én dinh dia phuong va
tiém cén déu va khi Ro> 1 thi diém can bc%ng bénh én dinh dia phuong va
tiém cdn déu. Phén nhanh Transcitical dwoc dung dé gidi thich co ché ciia
su lan truyén. Mé phong sé dwoc thiee hién dé kiém chimg cdc két qua Iy
thuyet.

1. GIOI THIEU

Mo hinh toan hoc la cong cu hiéu qua dugc dung

Su bung nd cua dich bénh viém duong ho hap
cap do virus Corona, dic biét 1a COVID-19, 1a van
d& ma moi ngudi trén toan thé gidi dang quan tim
(Khan & Atangana, 2020). Nhiéu nhan té phuc tap
cua sy lan truyén do virus nay giy nén nhu ngudn
gbc cua virus, sy lan truyén véi toc dé nhanh chong,
¢6 nhiéu bién thé mai va chua c6 véc-xin dic chung
cho tt ca céac loai virus. Chinh vi vay viéc nghién
ctru mo hinh lan truyén virus COVID-19 1a van dé
quan trong can dugc nghién ctu.
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dé nghién cuu su lan truyén virus. Nam 1927,
Kermack and Mckendrick dé& xuit phuong phéap
nghién cttu bénh truyén nhiém béng cach dung h¢
phuong trinh vi phén. Sau do, nhiéu mé hinh tit dinh
vé sy lan truyén duogc nghién ciru theo cac dac tinh
clia virus va cac phuong phap tiép can (Khanh,
2016).

Gan day, dao ham phan thtr (Cip khong nguyén)
1a cong cu hiéu qua dugc nhidu nguoi st dung dé
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mé hinh héa céc bai toan thuc té nho vao sy md ta
chinh xac hon va thé hién thoi gian nhé cia qué trinh
mot cach chi tiét hon (Ahmed & Elgazzar, 2007;
Matignon, 1996; Sun et al., 2018). Pao ham phan
thtr cho ta toan bd thong tin ciia khoang thoi gian
nghién ciru va né duoc xem nhu chi sé nhé (memory
index). Delavari and Baleanu (2012) m¢ rong
phuong phap ham Lyapunov cho hé phan thir bang
cich dung cac bat dang thic Bihari va Bell-
Gronwall va chirng minh dinh 1i so sanh hé phan thu.
Leon (2015) m& rong ham Lyapunov dang Volterra
dé woc lwong dao ham Caputo cip « € (0,1) va dua
ra phuong  phéap 6n dinh tiém can déu. Pao ham
phan thir da dwoc dung cho rat nhiéu mé hinh lan
truyén bénh (Khan & Atangana, 2020; Sun et al.,
2018).

Bai b4o nay phén tich sy lan truyén cua COVID-
19 bang dao ham phan thir Caputo. Dic tinh ciia mé
hinh 1a sy lan truyén xay ra véi tbe d6 cao va co bién
phap céach ly. M6 hinh cho béi mét hé phuong trinh
vi phan phan thir phy thudc cic tham sb. Trong
nghién ciru ndy mo hinh dugc xét 1a thuan nhat, tic
1a cac tham s6 khong doi. Cac tham s6 thuc té co thé
nhan dugc qua thong ké trong cong dong. Dong luc
ctia mé hinh dwoc quyét dinh bai s6 sinh san co ban
Ro. Do tinh chat cia dao ham phan tht, ching toi
dung tinh 6n dinh tiém can déu thay cho tinh 6n dinh
toan cuc di duoc ding trude ddy cho cac diém can
bang. Tinh 6n dinh nay dugc chang minh bing
nguyén 1y bt bién LaSalle va phuong phap ham
Lyapunov. Ching tdi dung phan nhanh Transcitical
cung véi sy bién thién cua R theo cac tham sb dé
dura ra bién phap lam giam sy lan truyén. M6 phong
s6 dugc thyc hién bang cac phdn mém MatLab va
AUTO dé kiém chtng cac két qua 1y thuyét.

Phan con lai ctia bai bao dwoc sap xép trinh ty
nhu sau. Phan ké tiép, giéi thiéu vé dao ham phan
thir Caputo va cac két qua s& dugc str dung trong bai
b4o. Phan 3 trinh bay vé mé hinh va cac tinh chit.
Phan 4 nghién ctru vé tinh 6n dinh dia phuong cua
cac diém can bang. Phan 5 khao sat tinh 6n dinh tiém
can déu cua cac diém can bang. Phan 6 thyuc hién
viéc khéao sat s6 cho mé hinh. Phan 7 dé xuét bién
phap kiém soat sy lan truyén. Bai bao két thic véi
phan két luan.

2. PAO HAM CAPUTO VA CAC TINH
CHAT
) Phan nay gioi thiéu vé dao ham Caputo va mot
S0 tinh chat s€ sir dung trong bai bao.
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Pinh nghia 1. (Caputo, 2008) Choa>0,t>a
vaa,a,te R.Daoham phan thir Caputo cip o cua
ham f €C" cho béi

1 j (M (s)
F(n _ OL) " (t _ S)a+1—n

SDrf() =

trong do N—1<a<n neN,

Dinh nghia 2. (Li et al., 2009) Ham Mittag-
Leffler tong quat cho béi cong thic sau:

Fap (1) = Zf(ka+,b’)

trong do n-1<a<n. Ki

Ea (2)= Ea,l(z) .

Dinh li 1. (Diethelm, 2010) Cho 0 < o < 1 va
AeR. Nghiém cia bai toin gia tri bién

Dy y(x) = 2y(x) +a(X),

y ) =y§?, k=0,m-1,

trong d6 q e C[0,h] cho bai

higu

y(x) = yOE, (1x*) +a joxq(x —t)te e, (At%)dt |

Pinh li 2. (Leon, 2015) Cho x(t) 1a ham kha vi,
lién tuc va x(t) e R, . Khi d6 v6i mdi t > to ta co

¢ D (x(t)—x*—x*ln @j < [l

X*

X(t
e
x*eR,, Vae(0,1).

X*

Trong Qhén tiép theo ta xét phuong trinh vi phén
phén thir tong quat lién quan dén dao ham Caputo
sau day:

SDIX(t) = f(t,x(t), oe(0,1) 1)

v6i diéu kién ban dau x, = X(t;) .
Pinh li 3. (Matgnon, 1996) Diém cin bang x*

ctia hé Caputo (1) 6n dinh tiém can dia phuong néu
tat ca cac gia tri riéng A cia ma tran Jacobi tai x*

thoa diéu kien |arg(L) | > % :

Dinh li 4. (Dalavari, 2012) Cho x* 13 diém c4n
bang cua hé phan thir (1) va Q = RV 1a mién chua
x*. Giasir L:[0,00)— R 1a ham kha vi lién tuc sao
cho
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W, (X) < L(t, x(t)) <W,(X)
va
S DEL(, X(1)) < ~Wy(x)

véi moi o€ (0,1) va xeQ, trong do6 W, (X),
W, (x) va W;(x) la cac ham xac dinh duong lién tuc
trén Q. Khi d6 diém cén bang x* 6n dinh tiém can
déu trén Q.

3. MO HINH VA CAC TiNH CHAT

3.1. CAu triic ciia md hinh

_ Xét m6 hinh lan truyén COVID-19 trong cong
dong véi 4 nhoém sau day:

* (S) (susceptible group): nhom c6 kha nang bi
nhiém bénh.

* (1) (infected group): nhém bi nhiém bénh va co
kha ning lay nhiém sang nhém (S).

_* (Q) (quarantine group): nhém céch ly tir cac cd
thé ctia nhom (I).

* (R) (recovered group): nhom binh phuc tir cac
ca thé cua nhom (I) va (Q).

- Goi (1), I(t), Q(t) va R(t) lan luot 14 sb luong ca
thé ctia nhom (8S), (1), (Q) va (R) tai thoi diém t.

Ta xay dung mé hinh véi cac gia thiét sau day:
(H1) Céc cé thé bén ngoai di vao hé thong véi sb

luong A. Ty 1€ chét tu nhién trong cac nhom nhu
nhau va bang p.

(H2) Cac cé thé co kha nang bi nhiém trong nhom
(S) chuyén sang trang thai bi nhidm (1) véi xac
suat 1a .

(H3) Cac c4 thé bi nhiém dugc cach ly véi ty 18
7, cac ca thé bi cach ly dugc diéu tri va binh phuc
Vi ty 1€ 1a o va kha nang cac ca thé binh phuc nay
tré lai trang thai c6 kha nang bi nhiém véi ty Ié &.

(H4) Céc ca thé bi nhiém ciing c6 thé tu hét
nhiém do khang thé trong ngudi va tam thoi hét
bénh voi ty 1€ B.

Hinh 1. Biéu d6 dong cho hé
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Mb hinh lan truyén cho boi hé phuong trinh vi
phan phan thir nhu sau:

cDIS() = A-AS(R)I(t)+eR(t)—pS(t)
CDAI) = ASMIM) -(B+y+w)i()
CDMQ) = yI(D)—(a+wQ()

CDER(Y) = PBI()+aQ(t)— (e +pR(),

Vi cac tham s6 14 ty s6 chuyén tiép qua céc trang
thai va
SE)+ 1) +Q(t) +R(t) = N(t), Wt

trong d6 N(t) 1a tong s nguoi trong h¢ thong
(cong dong dang xét).

3.2. Mién bit bién

Dinh i sau ching minh mién bét bién cia hé (2).

e Dinh Ii 5. Tat ca céc thanh phan nghiém S(t),
I(t), Q(t) va R(t) cuia hé (2) bi chan trong mien

a={(5,1,Q,R):S,1,Q,R>0,S +1 +Q+Rs%}.
Ching minh. Tu hé (2) ta cod
SDEN() = A—u(S(t)+1(t) +Q(t) + R(t))
= A—uN(t).

Dung phép bién ddi Laplace va 4p dung Binh li
1,tacod

N(t) <N(O)E, (—pt”) + j; As“E, , (~us“)ds

1k kaka
(D ps™

= N(O)E, (—ut*) + j; AsY Mo o)

k=0

—A+Ea(—ut“)[N(0)——AJ
U s

Khi N(0)<%, vi E,(-ut")>0(xem E,trong

DPinh nghia 2) nén N(t) < é Suy ra
u

limsup,,, (S+1+Q+R)< T’j

Do d6, ta c6 mién bat bién cia hé (2) 1a
Q={(S,1,Q,R):S,1,Q,R>0,S +1 +Q+Rs%}.

3.3. Cic diém can bing

Toa d6 cua cac diém can béng la nghiém cua hé
ung véi vé phai cia (2) bang 0. Giai hé nay tim dugc
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hai diém cén bang trong hé toa do (S, I, Q, R) nhu
Sau:

Diém cén bang tu do Py (£,0,0,0).

Diém can bang bénh P1(S*, I*, Q*, R*), trong d6
S*>0,1*>0,Q*>0,R*>0va

gr_Brrru . _(e+m(a+ )G

A AF
Q*_y(a+y)G R*z(aﬁ+a7+ﬂ#)e
- aF EAF ’
Véi
G=AA—u(B+y+u), (3)

F=ula(B+e+y+u)+Pu+(c+u)y+u)] (4

Ta thy diém can bang tu do Po ludn ton tai Voi
moi gia tri cia cac tham s6. Khi
AA
Ro=——>—
u(P+y+u)
diém can bang dia phuong P; ton tai vai Ry > 1.
3.4. S6 sinh san co ban

>1, tacod G > 0. Diéu nay suy ra

Trong dich t& hoc, s6 sinh sdn co ban, ki hiéu Ro,
1a s6 truong hop nhiém bénh mai du kién duoc tao
ra truc tiép boi mot truedng hop nhiém bénh ban dau.
Day 1a gia tri ngudng cho biét sy lan truyén ton tai
hay khong trong cong dong. Chiing t6i ding phuwong
phap dugc d& xuat boi Driessche & Watmough
(2002) dé tim Ro.

M6 hinh (2) luén c¢6 diém cén bang ty do
Ry(%,0,0,0) . Cho x=(1,Q,S,R)". M6 hinh (2) c6

thé viét lai thanh

dx — —
—=F(x)-V(x),
K _F(0-v (0
trong do
ASI (ﬂ+;/+,u)l
— — -7l
F(X)z 0 ,V(X): /4 +(a+,u)Q
0 —A+ Sl —eR+ uS
0 -Bl-aQ+(e+u)R
Ta tim dugc
oR R
o oQ AA 0
F=l - —|=| 4 :
A I A
ol oQ
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V- ol 0Q _(ﬁ+7/+,u 0 j
ol oQ
1 0
Ve B+y+u
¥ 1

(B+y+u)(a+u) a+u

Ma tran thé hé thtt hai caa md hinh (2) 1

AA /4
FV &= u(Bry+u) Pry+u|
0 0

Ban kinh phdé cia ma tran FV' i

,0( FV *1> A

u(B+y+u)

(Driessche & Watmough, 2002), s6 sinh san co s&
cua hé (2) duoe tinh boi Ry = p(Fv *1) .Do d6

. Theo Pinh ly 2 trong

IA
Ro_ﬂ(ﬂ+7+ﬂ)'

ChaylakhiRo>1thi G=AA-u(B+y+u)>0
va diém can bang bénh Py ton tai.
4. TINH ON PINH PIA PHUONG CUA
CAC PIEM CAN BANG
4.1. Tinh on dinh dia phwong ciia diém cén
bang tw do

Tinh én dinh‘ dia phuong cua diém ’cén béng tu
do Po dugce tim bang phuong phap xét dau cac gia tri
riéng ctia ma tran Jacobi tai Po.

Dinh i 6. Diém can bang ty do Py 6n dinh dia
phuong khi Rg < 1 va khong 6n dinh khi Rg > 1.

Chizng minh. Ma tran Jacobi tai Py dugc cho
boi

AA
- -= ® &
i
AA
Jo,=| 0 7—(ﬁ+y+y) 0 0
0 14 —(0:+,u+a)) 0
0 B a —(e+u)

Gia tri riéng cia ma tran nay la

h=—p, Jo=—(e+u), ky=—(a+u)
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:ﬂA—y(ﬁ+)/+,u)EE
H H

Dé y 1a céc gia tri riéng A, 4, va 4, ludn am.

va A4,

Néu R, <1 thi G <0. Suy ra 4, <0. Truong hop
nay céc gid tri riéng A théa |arg(A) | > 4* nén theo
Dinh 1i 3 ta suy ra Po 6n dinh tiém can dia phuong.
Con khi Ro> 1 thi 4, >0 nén Py khong 6n dinh.
4.2. Tinh 6n dinh dia phwong ciia diém cin
bang bénh

Tinh 6n dinh dia phwong cua diém can bang dja
phuong dugc chiing minh boi tiéu chuin Routh-
Hurwitz.

Pinh li 7. Diém can bang bénh P; cua hé (2) 6n
dinh dia phuong trong Q khi R > 1.

Chizng minh. Ma tran Jacobi tai P; dugc cho
boi

“Al"—pu —AS ® €

A 0 0

P 0 y  —(a+tu+o) 0
0 B a —(e+p)

trong d6 K =AS"—(B+7+p).
Phuong trinh dic trung 13
A +a A’ +a,’adl+a, =0;
vai
8 = u(&+p)(a+u)x
[ a(B+e+y+u)+Bu+(e+u)(r+u)]L,
al:(£+,u)(a+,u)[,u+3,u2L+2,u(a+ﬂ+g+7/)L
+ (ﬂ+5(l+7)+a(ﬂ+g+7/)+)LJ,
a, =a(e+2u)+(26+3u)
+ (e+u)(a+u)(a+p+re+y+3u)L,

a,=a+e+3u+(e+u)(a+u)L,

G
trong do, L= E va F, G dugc cho trong phuong
trinh (3) va (4).
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Theo Ahmed & Elgazzar (2007) va tiéu chuén
Routh-Hurwitz, diém cén bang dia phuong Py 1a 6n
dinh tiém can dia phuong khi

a,>0, 3 >0, a, >0 va aa,a,—a’ —a,a >0.

Dé thay rang a, >0, a >0 va a, >0. Bang
cach sir dung phan mém Mathematica, diéu kién
a,a,a, —a’ —a,a; >0 nay thoa min khi Ro > 1.

4.3. Phan nhanh Transcitical

Sy thay d6i cua tinh 6n dinh dia phuong cia cac
diém can biang Py va Py c6 thé duoc giai thich boi
phan nhanh Transcritical. Trong 1y thuyét phan
nhéanh, Transcritical 1a sy phan nhanh dia phuong
ma tai d6 diém can bang co gia tri riéng véi phan
thuc bién thién qua gia tri 0. Trong phan nhanh nay,
mot diém can bang ton tai voi moi gia tri cua tham
s6 va khong bao gio bi triét tiéu. Diém can bang nay
hoan dbi tinh 6n dinh v6i diém can bang khéc tai gia
tri phan nhanh, noi ma chung gdp nhau.

Trong hé ta dang xét, diém cén bang tu do Po
ludn t6n tai. N6 6n dinh khi Ro < 1 va khong 6n dinh
khi Ro > 1. Hon nita, diém cén bang dia phuong Py
ton tai trong tredng hop Ro > 1 va no khong 6n dinh.
Néu ta gia str rang P; ciing ton tai khi Ro < 1, mic du
khong thuc té, thi sy phan nhanh trong mé hinh (2)
c6 thé xem nhu la moét dang phan nhanh
Transcritical tai Ro= 1.

5. ON PINH TIEM CAN PEU CUA CAC
PIEM CAN BANG

Trong phﬁn nay ta dung phuong phip ham
Lyapunov ket hop véi ket qua cua Dinh 1i 4 dé xac
dinh tinh 6n dinh tiém can déu cua cac diém can
bang.

Pinh 1i 8. Néu R, <1 thi diém can bang tu do
Po 6n dinh tiém can déu.

Cheng minh. Ta xay dung ham Lyapunov nhu
Sau:

S(t)
W (t)=| S-S, -5, InS— +1(t) +a,Q(t) + a,R(t),
0
(a+u)AA(1-R))
2R, (ay + B(a+u))
_ JA(-R)
? 2uR, (ay +pB(a+ ,u))

Theo Pinh 1i 2, ta c6

A
trong d6 S, =—, @, =
7

va a >0.
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Ol S o 03 o
£ DIW < (1_?()thth S+ D'l +a ¢ DIQ
+ 8, DR
= (1-A)(A- 281 +2R-15)
+ (ASI=(B+y+ ) +a(y1 —(a+u))Q
+ az(ﬁ|+aQ—(g+y)R)

= (1—765)(A+8R—ys)
+ [%—(ﬁ+7+ﬂ)+7a1+ﬂaz]|

+ (— (a+,u)a1+aa2)Q - a2(£+,u)R .
Vi —(y+ )ay +ad, =0 néntacod

EDPW < (1-A)(A+eR-u8)

+ [%—(ﬂww)waﬁﬂaz]l

- e+ yR.
Hon nira, ta co
1 AA
+fBa, =—= -1),
e pay ==5 2 (R 1)

/3+;/+y=ﬂ va uS<A
#Ry
Suy ra
AA AA
——(B+y+u)+ya+pa,=——(R,-1)<0
P (ﬂ V4 ,U) ra, + pa, Z,uRO(O )

va (l—AJ(A+gR—,uS)SO.
J78;
Do d6 ¢ D*W <0, Vt va DW =0 xayra

khi S =S, I;O,Q:Q, R =0. Do do6 theo Dinh li
4 ta suy ra diém can bang tu do P 6n dinh tiém can
déu khi Ro < 1.

Pinh 1i 9. Néu R, >1 thi diém can bang bénh Py
on dinh tiém can déu véi cac tham so thich hop.
Cheng minh. Xét ham Lyapunov

V(t) = [S—S*—S*Inij{l —I*—I*InLj
5% | *
R
+k1(Q—Q*—Q*In%J+k2(R—R*—R*Inﬁj,

trong do ki, ko > 0 thoa kyy+K,B+AS*<B+y+u,

el (e+p) <k, <k (l+1) va
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e(S*—R*) +k, (Bl *+aQ*—(a. +B)R*) <k, (1 *—Q*).
Theo dinh 1i 2, ta c6

CDV < (l—%)tcoD{*S +(1—'T*)5Dt°‘|
* o R* o
+kl(1—%jtht Q+k2(1—thth R
S*
= (l—?j(N—KSI +eR—pS)
+ (1—?}(7& —(B+y+wl)
: k{l—%}(yl—(aw)@)

+ Kk (1—%)([“ +aQ-(e+w)R).

Khai trién biéu thirc trén, st dung két qua S*, I*,
Q*, R* la nghiém cua h¢ (2) voi ve phdi bang 0 va
sau d6 rat gon ta nhan dugc bat dang thac sau:

£DV < (us*+xs*|*)(2—%—%j

+ (AS*—(B+y+p)+vk +Bky)I
+ (ak, — (o +p)k )Q+(e—(e+1)ky)R
+8(S*—R*) — (1 *~Q*)k, + (Bl *+aQ*—(a+B)R*)k, .

Tir tinh chét da chon cua ki, k, va bit ding thirc
V& trung binh cong ta suy ra SD*V <0, Vt va

¢ Df*V =0xay rakhi S=5*1=1*,Q=Q* R=R*.

Do d6 theo dinh 11 4 ta suy ra diém can bang bénh P,
on dinh tiém can déu khi R > 1.

6. KHAO SAT SO
6.1. Mé phéng mo hinh

Trong phan nay ta thuc hién mé phong sé cho hé
(2). B6i voi dao ham phan thir, chung t6i dung
phuong phap Adams-Bashforth-Mouton dugc hién
qua code fdel2 (Garrappa, 2010). Su hoi tu va tinh
chinh x4c ctia phuwong phép sé dugc trinh bay boi
Diethelm (2004). B6 tham s6 mé phong dwoc chon
phu hop véi sy lan truyén COVID-19.

Hinh 2 biéu dién cac thanh phan nghiém ctua mo
hinh (2) véi cp o € {0.7, 0.8, 0.9, 1.0} cho truong
hop Ro < 1. Bo tham sb dwoc chon nhur sau: A = 75,
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Hinh 3. Db thi cac thanh phan nghiém S(t), I(t), Q(t), R(t) cho trudng hgp Ro > 1

a=025=03,£=05 =085 1=02,u=
0.3. Ta tinh dugc Ry = 0.808 < 1. Truong hop nay,
diém cén bang ty do Py 6n dinh tiém can déu. Vi
diéu kién ban dau S(0) = 1.0, 1(0) = 0.5, Q(0) = 0,
R(0) = 0. Thanh phan nhiém bénh I(t) dan vé 0 khi t
— o0. Piéu nay cho thy su lan truyén tit dan trong
cong dong. Qua hinh 2 ta thay thanh phan | (ca Q va
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R) c6 gia tri giam khi cip dao ham o ting. Thanh
phan | tng véi a = 1 (truong hop dao ham thong
thuong) giam rat nhanh. Piéu nay khong phu hop
Im vi trong thuc té su lan truyén s& giam tir tir. Do
d6 dung dao ham cip o < 1 s& gan thuc té hon.

Hinh 3 v& c4c thanh phan nghiém cia mé hinh
(2) vai cap o € {0.5, 0.7, 0.9, 1.0} cho truong hop
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Ro > 1. Bo tham s dwoc chon nhu sau: A=75, a =
0.25, 4=0.2,£=05,y=08,1=0.85 n1=0.3.Ta
tinh dugc Ro = 6.451 > 1. Truong hop nay, diém can
bang bénh 6n dinh tiém can déu. Véi diéu kién ban
dau S(0) = 1.0, 1(0) = 0.5, Q(0) = 0, R(0) = 0. Thanh
phan nhiém bénh I(t) dan vé gia tri dwong khi t —
oo. Diéu nay cho thay sy lan truyén van con trong
cong ddng. Tir hinh 3 ta thdy thanh phan | (ca Q va
R) c6 gié tri ting khi cAp dao ham a tang. Khio =1
(dao ham thong thuong), thanh phan | tang trong
khoang thoi gian ngan va on dinh lién. Piéu nay
khong phii hop lam vi trong thyc té sy lan truyén
tang va sau khoang thoi gian dai méi bat dau on
dinh. Do d6 ding dao ham cip o < 1 s& gan thuc té
hon.
6.2. Phan nhanh Transcitical

Duing goi phan mém AUTO (Doedel et al., 2000)
ta ¢ thé phat hién phan nhanh Transcitical xay ra
trong mo hinh (2).

Cho A =100, ¢=0.35, f=0.015, £=0.25, y=
0.025, 1= 0.19 va cho tham s6 A thay d6i, ta thay
phan nhanh Transcritical xay ra tai A = 0.814. Biéu
dd phan nhanh truong hop nay cho trong Hinh 4.
Trong Hinh 4, dudng di qua cac nghiém 1,2 va 3 la
duong cua diém can bang tu do Po, con duorng qua
cac nghiém 4, 2 va 5 la duong cua dlem can bang
bénh P1. Buong lién nét thé hién tinh on dinh, con
duodng dut nét thé hién khong on dinh. Phan nhénh
Transcitical xay ra tai nghiém 2, twong ttng véi R =
1 va gia tri phan nhanh nhan dwoc la A = 0,814. Khi
A di qua gia tri nay thi Py chuyén tir 6n dinh sang
khéng 6n dinh, con Py tir khong 6n dinh chuyén sang
6n dinh.

0.08
2
Vi 3
(Y| AR SRR { SR SRS U SR ——— Y

“03% 085 10 15 20 25 30 35 40 45
Lambda

Hinh 4. Biéu d6 phin nhanh cia hé (2) theo A
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Cac phéan nhanh tuong ty cling nhén duoc khj
cho cac tham s6 khac thay doi (c6 dinh cac tham s6
con lai).

7. PIEU KHIEN SU LAN TRUYEN

Trong phan nay ta nghién ciru phuong phép diéu
chinh céc tham s6 gan bo gia tri phan nhanh dé sé
sinh san co s& Rg < 1, tirc 1a lam cho su lan truyén
virus giam dan trong cong dong.

S6 sinh san co s& cho bai cong thirc

AN
u(B+y+u)
Tacod
Ro(A) = Birin >0: Rg ting theo A,
R(')(y)=——/1A(ﬁ+y+ﬂ)2 <0: Rogiam theo y,
[u(B+y+u)]
Ro(B)=— AR ~<0: Ro giam theo B,
[1(B+y+m)]
Ro(7)=- A > <0: Rogiam theo y.
[u(B+y+w)]

Dung phan mém AUTO ta xac dinh dwoc bo gia
tri nhan nhanh (S, %, Ao, o) Gtng VGi Ry = 1. Véi
céc gia tri tham sé gan bo trén, dua vao tinh don diéu
cuia Ro ta c6 thé diéu chinh cac tham sb thich hop dé
¢6 Ro < 1, tirc 1a sy lan truyén dugc giam di.

8. KET LUAN

Bai bao di khao sat mé hinh lan truyén COVID-
19 véi cong cu dao ham phan thr Caputo. Mién co
thé cua nghiém, cac diém can béng va s6 sinh san co
s dugc xac dinh. Sy lan truyen virus dugc quyet
dinh béi tinh 6n dinh cia cac diém can bang va sb
sinh san co s¢ Ro. Chung t6i ching minh dugc khi
Ro < 1 thi sy lan truyén tat dan, con khi Ry > 1 thi su
lan truyén van con. Dya vao su bién thién ciia Ro
theo cac tham s6 va gi tri phan nhanh Transcitical
ta c6 thé diéu chinh cac tham sé dé su lan truyén
giam di. Khao sat s cho thiy dao ham phan tht cho
két qua chi tiét va thyc té hon vé su thay ddi cua cac
trang thai theo thoi gian.
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