LAMPIRAN
Lampiran 1 Perhitungan Titik Kesetimbangan Endemi

Titik kesetimbangan sistem persamaan (3.4) diperoleh jika

$=1
BS1 y(1 —6,)aSI
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=B erdv i+ -6, -8l
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8,(1 — 0)aySI
+6,(1-0y)al + e~ a)ayST _

S+(1—06)I
2(1 —0y)aySI 2BSI
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0,(1—0,)aySI  2(1—0y)aySI 2BSI

6 0l + 6,(1 — 6,)al + . —

aal +0.(1 = 6a)al + S E = oA —6,1 S +1
+2(c+ ) + 0 al +0,(1 — 04)al
0.(1—0g)aySI

S+ -6
2(c + )1 + 26040l + 20,(1  O)al + e — baa¥S]
C da e d)& S+ (1 — Qd)l
2(1 = 6g)aySI  2BSI
S+A—=6) S+I

0.(1—-0)ay  (1—64)ay
d+06 0.(1—-06 I -
(c+d+6ia+06,( a)) +(5+(1_9d)1 S+A-6yI

- %)51 =0

(c+d + 6o+ (1 — 6,06, — (& ;iegl(l_—gzgzl)ay
+ 5‘%)51 =0

(c+d+8,a+(1—6,)850)] — ;iegfl__gjgl)ay (1.12)
+ %)51 =0

Dari persamaan (1.11) dapat dimisalkan,
n=c+d+0,a+(1-6,)0a, v=(1-06,)1-86y)ay.
sehingga persamaan (1.1) menjadi

_ ¥ P er =
i (s+(1—9d)1 \ s+1)SI =0

Y +1)+ B+ A —-0y)D)
M= sinera—eyn L0

2GS + DS+ (1 =8 — (S +1) + B(S + (1 = 6)D)ST

=0
nI(S?2+SI + (1 —0,)SI+ (1 —0,)1%) — (YS + I + BS
+B(1-6,)DSI =0

1(1S? + nSI + (1 = 8,)SI + (1 — 8,)12) — (S + YSI + BS?

+B(1=8)SDI =0
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mS? +nSI +n(1 — 0,)SI +n(1 — 8,)I1? —pS? — YSI — 5S?
—B(1—-06,)SDHI =0
nS2+nSI +n(1 — 0,)SI + n(1 — 0,)1? —PS? — PSI — BS?
—B(1—0,)SI=0
—1S%2 —nSI —n(1 — 60,)SI —n(1 — 6,)1% + PS? + YSI + BS?
+B(1—-0,)SI=0
B+Y—mS*+ @+ —-04) —n—(1-60)n)SI

—n(1- 812 =0
B+Y—mS2+ W+ —B0g—n— 1 =060)n)SI
—n(1—64)1* =0

B+Y-—mS*+ @+ -0 —n—A—-0)mSI (112
—n(1—=64)I* =0
Dari persamaan (1.12) dapat dimisalkan bahwa ¢ = +y —1n,
sehingga persamaan tersebut menjadi

ES2+(E—(1—-0,)n—BO,)SI —n(1—6,)1>=0. (1.13)

Persamaan (1.13) dimisalkan lagi untuk menyederhanakan
perhitungan yaitu

w=¢—(1-64)n— pby.
Akar dari persamaan (1.13) dengan mengabaikan nilai I* maka
didapat

- @)+ yw? + 48001 —6,)

2§
jadi §* = MI".
Nilai S* = MI* disubtitusikan ke persamaan (3.7c) didapat
0.,(1 —0)ayS*I* _
S*+(1_9d)1* _(€+f)Q—O

(e +)Q = Bgal* + 6,(1 — 6,) oy 2= 0a)ayS T
e fQ_ aa e a) S*+(1_9d)1*

ot +6,(1-6,) 4 90~ b)ayM
Q"= o7 Baa +0 VET YT A= eI

*? 1 _ 0e(1-0g)ayM
Dimisalkan N = P (Bga+6.(1—-64)a + M+(1-0)1" )
sehingga Q* = NI*

9da1* + 99(1 — Qd)al* +

*
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jika persamaan (3.4a), (3.4b) dan (3.4c) dijumlahkan maka didapat
persamaan

a—bS—cl—eQ =0 (3.14)
Nilai Q* = NI* disubsitusikan ke dalam persamaan (3.14) sehingga
diperoleh
a—bMI—cl—eNI=0
a=(bM+c+eN)I

a

“bMActeN
jadi titik kesetimbangan endeminya yaitu
E+ = (S*,I*, Q*,S*,I*, Q*)
dengan $* = M(————), Q* = N(

bM+c+eN

a ) I* = a
bM+c+eN’’ bM+c+eN
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Lampiran 2 Perhitungan Matriks Generasi Selanjutnya

Matriks k dan matriks y adalah

BS: L, (1—0,)(1—0,)yaS; 1,
S +L S, + (1 -6y,
0.(1—0y)yaS, I,
S; + (1 =601,
BS; I (1-604)A—0.)yaS, I
S, +1, S +A-6yL
0.(1 — 0)yasS, I
SS+A-6L

(c+d+a) —(1—-6,)1 —0yal,
—0qal; — 0,(1 —8,)al, + (e + )0,
(c+d+a)l,—(1-6,)1—-6yal,
—0qal, —0,(1 —0y)al; + (e + )Q,

Kedua matriks tersebut akan dibentuk matriks Jacobinya, yaitu

0f1(Ey) 0fi(Eo) 9fi(Eo) 0fi(Eo)
al, a0, ol 90,
0f2(Eo) 0f2(Eo) 9f2(Eo) 0f>(Eo)
al, 00, al, 00,
0f3(Eo) 9f3(Eo) 9f3(Eo) 0f3(Eo)
ol 00, ol a0,
0fa(Ey) 0fa(Eo)  fa(Eo) 0fa(Eo)
L 00, ol a0,

9y, (Eo) 0y1(Ep) 9y.1(Ey) 0y1(Ep)
oL 00, a1, 00Q;
0y,(Ey) 0y,(Eq) 9y,(Ep) 0y,(Eo)
oL 00, al, 00,
dy3(Eo) 0ys(Eq) 0ys(Ep) 0y3(Eo)
oL 00, a1, 00Q;
0y (Eq) 0y4(Eo) 0ya(Eq) 0y4(Ep)
oL 0, al, 00,




sehingga didapatkan

B 0 1-0)A—-06)ya 0
K= 0 0 0.(1—6,)ya 0
(1-6,)A=6)ya 0 B 0
0.(1— 0)ya 0 0 0
c+d+a 0 —-1-6,)1-6)a 0
y = —0qa e+f —6,(1—-6,)a 0
| -1-6,)0-6)a 0 c+d+a 0 f
—6,(1—06,)a 0 —0,a etf

Invers dari matriks Y

c+d+a 0 -1-6,)(1—-6y)a
det(Y) = (e + f) —0, e+f —0,(1—6,)
—-(1-6,)(1—-06,)a 0 ct+d+a

_ c+d+a -(1-6,)(1—-0ya
det(y)‘(e+f)(e+f)|—(1—ee)(1—ed)a Ny

det(Y) =(e+ f)*((c+d+a)(c+d+a)
—(—(1-0.)A-0)a)(=(1 = 0.)(1 = 04)a))
det(Y) = (e+ )*((c+d+a)®> — (1 —6,)%(1 — 0,)*a?)

Matriks adjoint Y

e+f —60.,(1-6ya 0
Ki;=| 0 ct+d+a 0 |=(e+/f)*(c+d+a)=0p
0 —0,4a et f
—Gda —93(1 ) Qd)a 0
Ki, =[-(1-6,)(1 -6y c+d+a 0
—0,(1—-0,)a —0,a e+f
- —Hda _96(1 —Hd)a
= (e -(1-6,)(1-6)a ct+d+a

=(e+f)(—Ozalc+d+a)—60,(1-6,)(1—0y)%a*>) =1
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04 e+f 0
Ki3s=|-(1-6,)(1-6y)a 0 0
—0,(1—-0,)a 0 e+f

=(e+ /)0~ (=(1-6.)1=0x)a)(e +f))
=(1-6)1-0a)(e+ ) =g

—0,a e+f —0.,(1-6y«a
Kis=|-(1-6,)(1 -6y 0 ct+d+a
_96‘(1 - Qd)a 0 —Gda
_ -(1-6,)(1—-6y)a c+d+a|
= (e+f)‘ —6,(1 - 6)a —0,a

=(+)0;1-6,)A-0)a’+(1—-0)(c+d+a)b.a)=¢

0 —(1-6,)1-0ya 0
KZ]. - 0 c + d +a 0 = 0
0 -0, e+ f
ct+d+a —-(1-6,)1-6,)a 0
Ky, =|-(1-6,)(1 -6y« c+d+a 0
—0,(1 -0, -0, e+f
_ ct+td+a —(1—96)(1—9d)a|
=CE+N|_1-6)a—-6a vy 0.0
=(e+f)(c+d+a) -~ (1-6,)*(1-0y)%a*) =v
c+d+a 0 0
K23 = —(1 — 96)(1 - Hd)a 0 0 =0
—0,(1-0,)«a 0 e+f
c+d+a 0 —-(1-6,)(1-06ya
Koy =|1-(1-6,)(1—-64)a O c+d+a =0
—99(1 — Hd)(l 0 —Qda
0 —-(1-6,)(1-6y)a 0
K31 = \|e +f _96(1 - Hd)a 0
0 —Hda e +f

= +O0~=(e+H=1=6)1~-04)a)
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=(e+/)?1-60)1-0)a=¢

ct+d+a —(1-6.)1—-6z)a 0
-0, —0,(1—-6y)a 0
—6,(1 -6y« —O4a e+f
ctd+a —(1-6,)(1-6y)a
XY +f)‘ —6,(1 - 8)a |
=(e+)((c+ d + @) (=0 (1 — b))
—(=040)(=(1 = 6.)(1 = O4)a))
=(+f)((c+d+a)d—0z)8.a—(1—6)(1—-64)05a%)=¢

K3, =

c+d+a 0 0
-0, et+f 0
—0,(1—06,)a 0 et+f
c+d+a
—(e+f)‘ —04a e+f|
=(e+f)*(c+d+a)=p

K33 =

ct+d+a 0 -(1-6,)(1-6,a
-0, e+ f —6,(1 -0y«
—0,(1—-6,)a 0 —0,a
ct+d+a —-(1-6,)(1—-0,)a

=€+ |_g,(1-0))a B4 |
=(e+fH(c+d+ a)(—0,a)

—(—(1-6.)(1 - 0z)a)(—8.(1 — O5)a))
=+ f)(—(c+d+a)fa—(1—-6,)(1-6,)%a%6,) =1

K3, =

0 —-(1-6,)(1—-64)a 0
Kpn=le+f —0.,(1—06,)a 0]=0
0 c+d+a 0

ct+d+a -1-6,)1—-6)a 0
K42 = _Hda _93(1 - Qd)(l 0
—-(1-6,)(1-6ya ct+d+a 0

=0
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ct+d+a 0 0
K43 = —Gda e +f 0] = 0
-1-6,)1-6,)a 0 0
ct+d+a 0 —-(1-6,)(1—-6,)a
Ky = —0,a e+f —0,(1 -6y«
—-(1-6,)1-6ya 0 ct+d+a
4 ct+d+a —(1—96)(1—9d)a|
=N _1-6,)0-0)a c+d+a

=(e+f)(c+d+a)*)—(1-6,)*(1—6y)%*a*>)=v

>
Il
ono
oxRc q
oo
G =N

KT =

MmN O
o oc O
QRO XR N
S oo o

Adj (V) =KT

1

ry-1
JadiY~! = o)

adj(¥)

det(Y) = (e+ f)*((c+d+a)> — (1 —6,)*(1 —0y)%a*) = (e + fu

e 0 ¢ O

-1 _ 1 T v x 0
(e+fHu\¢ 0 ¢ 0

€ 0 T v
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Q ¢

(e+fH (e+ fH 0
T 8 X ;
+ +
Y—l — (e gf)v (e _IE)f)v (e Qf)v (1)
(e+fH e+ fu
v Y Grp
(e+ i (e +
sehingga Matriks Generasi Selanjutnya yaitu
B 0 (1-6,)A—-0)ya 0
-1 _ 0 0 0,(1—0,)ya 0
P =1 (1= 00 - 6ya 0 g 0
0.(1—06,)ya 0 0 0
o g
vy B A
v 0
(e -:‘f)v (e + f)v (e -I_Qf)v (1)
0
(e"‘gf)v 0 (3+Tf)v e+ 1)
(e + fu (e+ fH
FY1
Bo+ (1 -0, —6,)yag Bs + (1 —04)(1 — 6,)yap
(e+ fHu (e+
¢6,(1 = 6)ya 0 00.(1 - 8a)ya 8
_ (e+f 0 (e + 0
0(1-0,)(A -0 ya+¢B 0 ¢(1—0,)1—06.)ya+op 1
(e + fHv q (e + v e+/)
00.(1 - 8,)ya ¢0.(1 — 0g)ya
(e+ (e + fHu
dimisalkan
5o Pt (1-6,)(1—6,)yas
™ (e + v

_Ble+td+a)+(1-6,)°(1—-6,)°a’y
C(c+d+a)2—(1-6,)%2(1—6,)%a?
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. (-6dva (1-6)%(1—0,)%,a%y

T e+ (c+d+a)2-(1-6,)%2(1—6,)%a?
yu® 0(1-6,)(1 -6 )ya+¢p

9 (e+
B —-6,)A—0g)a+ (1—-6.)(1—0)ay(c+d+a)
)\ (c+d+a)®2—(1-6,)%2(1—-6,)%a?

_00,(1-0,)ya (c+d+a)(1—06y)6.ay

e+flv  (c+d+a)2—(1-06,)2(1—0,)%a?

6 0 ® 0
1_|e 0 @ 0
KY==1o 0 s o

®» 0 £ 0

Kemudian dicari nilai eigen dari matriks KY 1 yaitu,

|[KY™1 —IA| =0
6—1 0 w 0
w 0 6—41 0
P 0 £ -1
60—A1 O w
(| ¢ -2 ¢ |=0
w 0 -4

N L
(6 =12 —w?) =0
(=D =) (=D +w0)=0
A2((6 - w)—2)((6+w)—21) =0

Ai2=0
Ag=6_(l)
/‘14=6+(U

Spectral radius dari dari matriks KY ! adalah § + w
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d+w

_Ble+d+a)+(1—-6,)°(1 - 6y)*a’y

C (c+d+a)2-(1-6,)21 - 6,)2a?

. pA—-06,)1—-60a+(1—-06,)A—-0yay(c+d+a)
(c+d+a)?—(1-06,)*2(1 —6,)*a?

Blc+d+a)+(1—-6,)(1—-6yay(c+d+a)
T (ctd+ta)?-(1-6,)%1-6,)%a?
B(L—6)(1 = 0g)a+ (1 =6.)*(1—60y)°a’y
(c+d+a)>—(1-06,)*(1—-06y)%a?

_(c+td+a)(B+(1—-06,)(1—-0y)ay)
YT Crd+a)?—(1-6,)%(1—-6y)%a?
(1-6.)A -6 a(B + (1—0.)(1—0y)ay)
(c+d+a)>—(1-6,)?2(1—0,)*a?

0+ w

d+w
_((c+d+a)+ (1 —-6.)(1—0z)a)(f + (1 —6,)(1—0)ay)
B (ct+d+a))—(1-06,)%2(1—-6,)*a?

_ p+(A-6.)1—-6yay
T (c+d+a)—-(1-6,)(1-6ya)

B+ (1—-6)(1—86y)ay
c+d+6,a+(1—-6,)0,a)
sehingga
_ B+(A-6.)1—6ay
T ct+d+0,a+(1-106,)60,40)

0+ w

d+tw=
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Lampiran 3 Perhitungan Lemma 2.1 untuk Matriks A, + B4

Ly =—-tr(J) >0atautr(J) <0
tr(J) = (aq; + az; + ass)

BI*? ya(l —64)2I"?
a;; = —b— - <0
(S*+1)% (S + 1 =0)I")?
pS*?
ayy = —(C +d+ Hea + (1 - Be)eda) + (S* + I*)Z

(1-6.)(A — 8a)yas™?
S*+ @A —-06)I)?
pada kompartemen infeksi model 3.1 dengan kondisi

BS BS? q y(1—6,)(1—06y)as
STl G+ T sta—6yl
(1—6,)(1 —8g)yas?

S+ 1 —-06,)D)?

BSI y(1=6,)(1 = 8,)asSI
- == #-5
ST] (c+d+0.,a+(1-6,)0,a) Sta—0p]
=0

BS Yy =6.)(1 —084)asS
2 (c+d+0,a+(1-8,)0.a)— =
s+ttt (1-6.)0q0) S+ (10l

BS |y —0.)(1—0z)asS
d+ 6,a + (1 - 6,)0,a) =
(et d+6ea+ (=000 = o+ o q g3

__(BS"  v(A-8.)( ~ ba)as S
22 = <5* +I° S+ (A -0I > (™ +1)?
(1= 6e)(1 = Ba)yas™
(S* + (1 — 0)I")?

a,, <0

ass =—(e+/f)<0

sehingga terbukti tr(J) = (ayq + ay, +as3) <0
2. L, =]1+]J2+]3>0

]3 = a22a33 > 0 kal’ena a22 < 0 dan a33 < 0
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J2 = aq1a33 — azq a3

]2=(e+f)<b+

ﬁl*z ya(l - ed)zl*z
GEYR G Bd)l*)2>
0.(1 — 0,)*yal?
IS+ @ - 6)1)?
LI ya(l —0,)%1*?
YR G ed)z*)2>
LI ya(l —0,)%1*?
+f < bt i T T A= a2
0,(1 — 6,)%yal*? >

]2=e<b+

(S + (1 —0y)1)?
3 LI ya(l—0,)*1*?
Ja=e <b HGEYO M GET ed)z*)Z)

BI?  ya(1—6,)(1—0,)I"?
i ( YD TR D
sehingga terbukti j, > 0

J1 = @110 — A31012 = (A11 + Az1)A2; — A1 (aq2 + ay3)
(a11 + az1)az; — azq(agz + azy)
(2 pI*2 _ ya(l- 0,)*1*>
(S*+1)2 (S*+1A—-6,)1")?
BI*? (1 —-6,)(1 - 6y)%yal™?
YR AN GET A IRE >(a22)
4 (d < BS*? __ya(d- 0,)S*?
1 (S*+ 192 (S* + (1 —0,)I*)2
ﬁS*Z
(§* +1*)?

+

—(c+d+6,a+(1—-6,)0,x) +

(1-6.)(1—6a)yas™
(S* + (1 — 09)I")? )
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L 0,(1 — 0,)?yal*?
= <—b — GETE Qd)l*)2> (azz)

—ay <—(c +60.a+(1—-6,)0,a)

ge(l _ Qd)yaS*z
S+ (1— ed)z*)2>

3 0,(1 — 0,)?*yal*?
- <b T ra- Gd)l*)2> (—az2)

+ay; ((c +0,a+(1—-6,)0,a)

96(1 - Hd)yaS*z
(S*+ (1 —-06,-)1")?
Karena —a,, > 0 dan a,; > 0 terbukti bahwa J; > 0

TerbuktijugaL, = J; +J, +J3 >0

3. L3 = —det())
det(J) = —eJ; — faza(ayy + az1 +azq) + faz(ar, + az;
+ as;)
= —eJ; — faz(—=b) + faz 1 (—c)
= —ef; — fb(—ay;) — faz(c)

Karena J; > 0, —a,, > 0 dan a,; > 0 terbukti det(J) < 0
sehingga L; = —det(J) > 0

LiLy — L3 = —a11(1 +J2 +J3) — az2(1 +J3) — azz(z2 + J3)
— Q11072033 T 1302103
—ay1(J; +J,+J3) >0Kkarenaay; < 0danj; +J, +J3 >0
—ay,(J; +J3) > 0 karenaa,, <0danj; +J3 >0
—asz3(J, +J3) > 0karenaasz; <0danj, + /3 >0
—a11052033 > 0 karena a;1,a;,,a33 <0
aq30,5,0a3, > 0 karena a,3,a,,as, > 0
sehingga terbukti bahwa L{L, — Lz > 0
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Lampiran 4 Perhitungan Lemma 2.1 untuk Matriks A; - B;

Pada perhitungan ini dibagi menjadi dua kasus yaitu a;; > 0
dan a21 < 0.

Kasus a1 > 0

1. Ly =—tr(J) > 0atautr(J) <0
ay, =—b—2a— Y32+, <—b—2—-y)a—P3I*2 <0
Ay = —(c+d+0.a+ (1 —6,)04a) + 352 — (1 = 6.)1,

A * (l_ed)yaS* *2 v
=~ (VsS" +grame) T ¥sS = (1= 6.)v;

X _(35* (1—6d)ya5*) Bs*? _ (1-8,)(1-8a)yas™?

S*+I* - S*+(1-0)I* (§*+1%)2 (S*+(1-0)1%)?
Bs* BS*? (1-0g)yas” (1-6.)(1-64)yas*?
karena S*+I* = (S*+1*)2 dan S*+(1-0)I* (S*+(1-0)1%)?
maka a,, < 0

ass =—(e+/f)<0
Sehingga terbukti tr(J) = (a;; + ay; + az3) <0

2. L =]1+J2+]3>0
J3 = ay,as3, karenaa,, < 0 dan az; < 0 maka J; >0
Jo = aj1a33 —aszqaq3 , karena aq; <0,a33 <0 dan a;53<0
maka J, > 0
J1 = 11023 — A21012 = (A11 + A21)022 — A21(A12 + Az2),
karena a,, <0,(a;; +az1) <0 dan a;; +a,, <0 maka
J1>0

3. L3 = —det(J) < O0atau det(J) >0
det(J) = —eJ; — fazz(ayy + az1 + azq) + faz (a2 + az,
+ azz)
=—eJ; — fay,,(—b — 2a) + fay;(—2¢, — 2a + 20,a — ¢)
= —eJ1 — fb(—ay;) — faz (29, — (1 — 04)2a —¢)
= —(911 + fb(az;y) + fay (2, + (1 — 64)2a + C)) <0
Terbukti bahwa det(J) > 0
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4. Lil, — L3 >0
LiLy — Ly = —ay1(J1 + ]2 +J3) — az(Uy +J3) —azs(, +J3)
— Q31077033 + 1302103
—ay1(J; +J,+J3) > 0karenaa,;; <0danj; +/J, + /3 >0
—a,,(J; +J3) > 0karenaa,, <0danj; + /3 >0
—asz3(J, +J3) > 0karenaaz; <0danj, + /3 >0
—a410,a33 > 0 Karena a;1,a,;,a33 <0
a13a31a3, > 0 Karena a;3,a,1,a3; > 0
Sehingga terbukti bahwa L{L, — L3 > 0

Kasus az; < 0

1. Ly =—tr(J) > 0atautr(J) <0
ay,=—b—2a— Y32+, <—-b—Q2—-y)a— P32 <0
Ay, = —(c+d+0,a+ (1—6,)0a)+ P35 — (1 —60.)9,

— _ * (1—9d))/a5* *2 _/
= — (¥sS" + 52Ss) + ¥sS™ — (1= 0.0

_ _(ES* (1—6d)ya5*) BS*2  (1-8,)(1-64)yas*?

S*+I*  S*+(1-0x)I* (§*+1%)2 (S*+(1-01%)?
BS* BS*? (1-6yas* _ (1-6.)(1-0)yas*?
karena S*+I* = (§*+1%)2 dan S*+(@1-0)1* (S*+(1-01%)?
maka a,, < 0

azs =—(e+f) <0
Sehingga terbukti tr(J) = (a;; + az; + az3) <0

2. Ly=]1+]2+]J3>0
J3 = ay,as3, karena a,, < 0 dan asz; < 0 maka J; > 0
Jo = aj1a33 —asqaq3 , karena a;; <0,a33 <0 dan a;3<0
maka J, > 0

J1 = a1102 — a1Q4, , , .
karena a,; < 0 atau a,, = (slj imz - (1—(§fi((11—99d))11:3125 <0.
04
B~ (1-6.)(1-0)%*va _ (1-6.)(1-0)ya (1-0a)ya
(S*+19)2 = (S*+(1-69)1)2 " +(1-01)2  (S*+(1-0)19)2%"
\ o _ 4 Bs7? (1-8)yas*?
sehingga nilai a;, —(d )(s*+1*)2 G r R > 0
B 1-04)ya

karena G S (S*+(1-0)1*)?
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a1 <0,a;, >0dana;ia,, > 0maka J; >0
Terbuktijuga L, = J; +J, + /3> 0

. L3 = —det(J) < 0 atau det(J) >0
det(J) = eJy — fazz(ai1 + az1 + asy) + faz(as; + az,
+ aszz)
= —eJy — fl(—azz)(b + 2a) — az,(c + 2a — 26,4a)]
= —ef; — fl(=az2)(b + 2a) — az1(c + 2(1 — 6)a)]
= _[6']1 + fl(=az2) (b + 2a) — ap,(c +2(1 - Qd)a’)]]
Karena a,, < 0 dan a,; < 0 sehingga
= _[311 + fl(—az2)(b + 2a) — azs(c + 2(1 — Qd)a’)]] <0
Terbukti bahwa —det(J) < 0

. LyL, — Ls
Lily — L3 = —a;1(1 + J2 +J3) — a2,y +J3) — azsUz +J3)
— 11032033 + A;13031033
—ay,(J; +J,+J3) >0karenaa,;; <0danj/; +/, + /5 >0
—a,,(J; +J3) > 0 karenaa,, <0danJ; + /3 >0
—as3(J, +J3) > 0karenaasz < 0danj, + /3 >0
—a410,,a33 > 0 Karena a,4,a,,,a33 < 0
aq30,10a3, > 0 karena a3 > 0dana,; <0,a3, <0
Sehingga terbukti bahwa L,;L, — L3 > 0
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Lampiran 5 Listing Program RK4 Pada Simulasi Model

function dy=SIQS(t,y);
%nilai parameter :
a=2;

= D %,O o
l—‘OOOO
[\)»AU‘IUTI\)
S, O .

vd= O g

ve=0.8;
gamma=0.9;
alpha=0.1;
beta=0.7;

RO= (beta+ (1-ve) * (1-
vd) *gamma*alpha) / (c+td+ve*alpha+ (1-ve) *vd*alpha) ;
Tmodel SIQS

dy (1)=a-((beta*y (1) *y(2))/ (v (
b*y (1) +d*y (2)+f*y(3)-alpha*y (
((gamma* (1-vd) *alpha*y (4) *y (5
vd) *y (5))) ;

dy (4) =a- ((beta*y (4) *y(5))/ (y(4)+y (5))) -
b*y (4)+d*y (5)+f*y(6)-alpha*y (4) +a1pha y(1l)-
((gamma* (1-vd) *alpha*y (1) *y (2) )/ (y (1) +(1-
vd) *y (2))) ;

1)+y(2))) -
1)+alpha v (4)-
))/ (y(4)+(1-

dy (2)=((beta*y (1) *y(2)) /(v (1) +y(2))) -
(ctd+alpha) *y (2) + (1-ve) * (1-vd) *alpha*y (5) + ( (1-
ve) * (1-vd) *gamma*alpha*y (4) *y (5)) / (y (4) + (1=
vd) *y (5)) ;

dy (5)=((beta*y(4) *y(5))/ (y(4)+y(5))) -
(ctd+alpha) *y (5) + (1-ve) * (1-vd) *alpha*y (2) + ( (1-
ve) * (1-vd) *gamma*alpha*y (1) *y(2) )/ (y (4) + (1-
vd) *y (2) ) ;

dy (3)=vd*alpha*y (2) +ve* (1-vd) *alpha*y (5) + (ve* (1-
vd) *gamma*alpha*y (4) *y (5)) / (y (4) + (1-vd) *y (5)) -
(e+f) *y (3);

dy (6)=vd*alpha*y (5) tve* (1-vd) *alpha*y (2) + (ve* (1-
vd) *gamma*alpha*y (1) *y(2)) / (y (1) +(1-vd) *y (2)) -
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(etf) *y (6) 7

$Perhitungan Solusi Persamaan dengan Metode RK4
function [t,z]=RK4(SIQS,a,b,za,M)

h=(b-a) /M;

t=a:h:b;

z=zeros (M+1, length(za)) ;

z (1, :)=za;

for i=1:M
kl=h*feval (SIQS,t (i), z (i :));
k2=h*feval (SIQS, t(i)+h/2,z (i, :)+k1l/2)
k3=h*feval (SIQS,t(i)+h/2,z (i, :)+k2/2)
k4=h*feval (SIQS,t (i) +h, z (i :)+k3),
z(i+1l,:)=z(i,:)+ (k1+2*k2+2*k3+k4)/6;
end;

%$Program simulasi utama

clear all;

clc

[t y]=RK4('SI0S',0,10000,[0.2 0.9 0.5 1 0O
0]1,40000) ;

$[t y]=RK4 ('SIQS',0,10000,[8°8 3 9.2 8],40000);
$[t y]=RK4 ('SIQS',0,1000,[0.2:0:4 6 0 2 13]1,4000)
%[t y]=RK4 ('SIQs',0,1000,[0 2 3 1 2 071,4000);
a=2;

b=0.2;

c=0.5;

d=0.5;

e=0.4;

£f=1.2;

vd=0.1;

ve=0.3;

gamma=0.9;

alpha=0.1;

beta=0.9803;

RO= (beta+ (1-ve) * (1-
vd) *gamma*alpha) / (c+d+ve*alpha+ (1-ve) *vd*alpha)
pi=ct+d+ve*alpha+ (1-ve) *vd*alpha;
shi=pi* (R0O-1);
bebe=(shi-pi* (1-vd) -beta*vd) ;
akar=sqrt (bebe”2+4*shi*pi* (1-vd))
= (-bebe+akar) /2*shi;
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n=(vd*alpha+ve* (1-vd) *alpha+ (ve* (1-
vd) *gamma*alpha*m) / (m+ (1-vd)) )/ (e+f);

S=m*a/ (b*m+c+e*n)
I=a/ (b*m+c+e*n)
O=n*a/ (b*m+c+e*n)

figure (1) ;
plot3(y(:,1),y(:,2),y(:,3),'LinewWwidth',2) ;

hold on

plot3(y(1,1),y(1,2),y(1,3),"'*g', 'LineWidth',5);
$plot3(y(1000,1),y(1000,2),y(1000,3),"*b', 'LineWid
th',5);

plot3(a/b,0,0, '*magenta', 'LineWidth', 5) ;
plot3(S,I,Q,"'*r', 'LineWidth',5);

hold off

hold on

xlabel ('Susceptible') ;

ylabel ('infective');

zlabel ('Quarantine') ;

legend ('Potret fase', 'Nilai awal
(S(0),I(0),0(0))",'Titik bebas penyakit
(S,I,Q)"','Titik endemi (S,I,Q)");

grid on

figure (2);

plot3(y(:,4),y(:,5),y(:,6), 'LineWidth',2);

hold on
plot3(y(1,4),y(1,5),v(1,6), " *g!, 'LineWidth',5);
$plot3 (y(1000,4),y(1000,5),y(1000,6), "*b', 'LineWid
th',5);

plot3(a/b,0,0, '*magenta', 'LineWidth', 5);
plot3(S,I,Q,"'*r!','LineWidth',5) ;

hold off

hold on

xlabel ('Susceptible') ;

ylabel ('infective') ;

zlabel ('Quarantine') ;

legend ('Potret fase', 'Nilai awal
(S(0),I(0),0(0))"','Titik bebas penyakit
(S,I,Q)"','Titik endemi (S,I,Q)");

grid on
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Lampiran 6 Listing Program pengaruh exit-entry screening

$Pengaruh perubahan teta d atau pemeriksaan
keluar

clc

clear all;

h=0.1;

for i=1:N+1

vd (i) =vdd+ (i-1) *h;

RO1=((1-ve) * (1-

vd (i) *gamma*alpha) / (ctd+ve*alpha+ (1-

ve) *vd (i) *alpha)) ;

R02=beta/ (ctd+ve*alpha+ (1-ve)*vd (i) *alpha) ;
RO=R0O1+R02;

pi=ct+d+tve*alpha+ (l-ve*vd (i) ) *alpha;
shi=pi* (R0-1) ;

)

bebe=(shi-pi* (1-vd(i))-beta*vd(i)) ;
(1)))s

akar=sqrt (bebe”2+4*shi*pi* (1-vd

m= (-bebe+akar) /2*shi;
n=(vd (i) *alpha+ve* (1-vd (1)) *alpha+ (ve* (1-
vd (1)) *gamma*alpha*m) / (m+ (1-vd(i)))) / (e+f);

S(i)=m*a/ (b*m+c+e*n) ;
I(i)=a/ (b*m+c+e*n);




Q(i)=n*a/ (b*m+c+e*n) ;

end

figure (1)

plot(vd,s,'g',vd,I,'r",vd,Q, 'b");

xlabel ('Theta d');

ylabel ('S*, I1*, QO*x');

axis square

legend ('Susceptible', 'Infective', 'Quarantine') ;

%$Pengaruh perubahan teta e atau pemeriksaan
masuk

clc

clear all;

h=0.1;

N=1/h;

for i=1:N+1

ve (i) =vee+ (i-1) *h;

RO1=((1-ve(i))*(1-
vd*gamma*alpha) / (c+d+ve (i) *alpha+ (1-

ve (1)) *vd*alpha)) ;

R02=beta/ (c+d+ve (i) *alpha+ (1-ve (i) ) *vd*alpha) ;
RO=R01+R02;

pi=c+d+ve (i) *alpha+ (1-ve (i) *vd) *alpha;
shi=pi* (RO-1) ;

bebe= (shi-pi* (1-vd)-beta*vd) ;
akar=sqrt (bebe”2+4*shi*pi* (1-vd)) ;
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