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Abstract

The purpose of this research was to develop and analyze the stability of the effect of
vaccination rates for hepatitis B mathematical models. by using the analysis method according to the
standard method to study the balance point Study the stability of the equilibrium point. Analytical
Answers by studying the vaccination rate in mathematical models and numerical solutions The research

found that The disease-free equilibrium and the diseased equilibrium were Local Asymptotically Stable

and the infection level was R = and the vaccination rate was a factor affecting the
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mathematical model. If a population at risk of infection has a large number of vaccinations, this will

reduce the spread of the disease.

Keywords: mathematical model, hepatitis B virus, vaccination
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3 MBATEImLUUdrdnmans msaszdiuuudntindtansidunsiasginuisuinsgiu
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URNGHI mesziumsAndelaalds Next Generation Method mmauiisiiassiuazdnauldaiiay
1n&3% Numerical Analysis FEmsaelul
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3.1.1 MsvvauwAvasAsil iunsmusunvesAAsTiuaztasine Ui T ILIuTSs
vin Tnenisldimadianisduiitnsndsuansyradneuaess(t),1(c), R () sedveuiunainsi (nvarian
Region) agflutisdnuiuai
3.1.2 gaauna Wunamgeaugasiiunisieedaauniseeyiuslidadureaduuuds
a dR

a Y o ¢ ds v Ao & . e .
AtaA1anslivnAuaug Ao — =0,— = 0,— =0 AldA1gnauqanliiidelsa (Disease Free Equilibrium
d At dt

point: £y) Tunsdifilifinafiaigelsn lnefuunld £ (s.1R) = £ (N.0,0) uazazldagaaunaiianisuns
J¥UIVRLTBLsA (Endemic Equilibrium point: E,) lunsfinfinnsszuinveiolsa lnafmuali 1-0, 9l
* vk &
E1 (S,I,R) =E1 (S ,I ,R )
3.1.3 nsmAszRUNISRae AszRunmsindeiduatadendieniliauaiuisavinliay

nauidesisdudunuiauluginianwidiisey Ingldisnms Next Generation Method lngdnnsaunis

a o \a v dX dl | a _« -1\ = a & L a

deouwuslidudulugy — = F(x)-v(x) wWenie Ry 20 Lun3ng p(FV ) TousEnsevgilaed
dt

a & & a o v A a & A a e v S a i = = ' =
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91n Rate of change = Rate inflow - Rate outflow agla

F(X) = BN — HS — ¢SI — MS + ¢SI — PI - MI + PI + HS — MR

. r N
JUU — = BN - MS - MI - MR
dt
e S=N,I=0,R=0
. dN
azld  — = BN-MN-M(©0)-M(0)
dt
dN
T _BN-MN
dt
dN
— =(B-M)N
dt

WAPNN N AzAITLHe B=M
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dt dt dt
0 = BN — HS — ¢SI — MS
0 = ¢SI—PI— MI
0=PI+HS—MR

wld o BN (@
H+®I+M
e BN (¢) - H(P+M)—M (P+M) 5)
- o(P+M)
*  PI+HS
Ro=—5 (6)

1.1.1) msnynsugaitlifilsa E,
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A A udle A Wusdnwaizianiy (Eigen Values) uay L, fiowmindiendnuaivunn 3 x 3 fail

H-M ON 0 H-M-\A ON 0
Jop=| ¢l ¢N-P-M 0 ,JO—M3= 0 ON-P-M-A 0
H P -M 0 P -M -

det(Jg — 1) = (-M-2) (H-M-2)(@N-P-M-2)
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S I R ,
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E; =(S.1.R ") el det(J1 —M3) 0 tilovAn A dlo A [Wuednvaziany (Eigen Values) uag 15 fiawm
Sndlondnwaluunn 3 x3  §eil
* *
H-®I - M dS 0 H-®I -M-A dS 0
* *
J1= dI dS-P-M O J1—7»I3= DI OS-P-M-A 0
H P -M H P -M-A
xz—x(qJS—P—MJrH—q)I*—M—) (H—(DI*—M)(QDS—P M)
det(J; ~Ml3) = (-M - 1) - + -

AL+ B Toedi A=¢S—P—M+H—¢I*—M,B=H oI —M(¢S-P-M)

A—\IA2—4B o —AiVA2—4B<O

Tae?
2

awld 0=22-

A+ \/A2 —4B
2 2
1.2) MImesziunsAnde (Rg)

N1INIATZAUNITAALIMIAT Spectral Radius 999 FV_1 1neld Next Generation Method @ l@
-1 =
P9 F(X) Lhay

Dy =
3 2

1naun15 (1) - (3) Agldum3ndlugy g:F(X)_V(X) \#l evA1 Spectral Radius FV

v(x) lhnayiiudees (Partial Derivative) Aail

. c’iXi

R
Wo Fx) AouvsndvesdUieiiindu wag vx) Ao wsndvesUlsniidsuaniugainngunileludn

nauvildlasfinnsandszdumsinide R, il
0 ~BN +HS + ®SI + MS
F(X)=| ®SI|,V(X)= PI+MI
0 ~PI-HS+ MR
[0 0 o0 H+OI+M @S 0
i F(E)=|®l @S 0|, V(E)=| 0  P+M 0
L0 0 0 -H P M
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0 0 0 H+M ®N 0|
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0 0 0 “H P M|
P+M 0 0 0 0 P+M
P M |-H M “H -P
ON o] [H+M 0| |[H+M oN
M(V(Eo)):
P M |-H M |-H -P
ON 0 [H+M 0 [H+M oN
P+M 0 0 0 0 P+M
M2ZMP 0 HP+HM M2MP 0 HP+HM
M=|dNM MZ+H (-PH-PM)H®N)|,C=|-ONM MZ+H —(~PH-PM)(HON)
0 0  M2+HP+HM+MP 0 0  M2+HP+HM+MP
P+M 0 2
detV=H+M M =H+M(P+M)M =H+M" (P+M)

| H+® 0 -H |
V' (E,)=| ®S P+M -P|lx—
( 0) 0 0 M XH+M2(P+M)

Wansaun p [FV_I (Eo )}

0 0 0 0 0 0
_ 1
axld o[ (Eg)]=|0 (@N)(P+M) 0|x—y |y (@N)(P+M)
0 0 o| H+M (P+M) H+M2(P+M)
0 0 0
. ®N
FVv (E,)|=—+
p[ ( 0)] H+ M2
v & o i . -1 = v -1 ON v
FAUU ATUIUNIAT Spectral Radius V83 FV (EO) W ULNUAA Y pI:FV (EO )] =— 2zl
H+M
q)N v & PRy N A A (I)N a o &
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