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LAMPIRAN 

 

Lampiran 1 Perhitungan Titik Kesetimbangan Endemi 

 

Titik kesetimbangan sistem persamaan (3.4) diperoleh jika 
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Dari persamaan (1.12) dapat dimisalkan bahwa        , 

sehingga persamaan tersebut menjadi 
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perhitungan yaitu 
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jika persamaan (3.4a), (3.4b) dan (3.4c) dijumlahkan maka didapat 

persamaan 

             (3.14) 

Nilai        disubsitusikan ke dalam persamaan (3.14) sehingga 

diperoleh 
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Lampiran 2  Perhitungan Matriks Generasi Selanjutnya 

 

Matriks   dan matriks   adalah 
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sehingga didapatkan 
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Lampiran 3 Perhitungan Lemma 2.1 untuk Matriks        
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Lampiran 4 Perhitungan Lemma 2.1 untuk Matriks        

 

Pada perhitungan ini dibagi menjadi dua kasus yaitu       

dan      . 
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             dan          maka       
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Lampiran 5    Listing Program RK4 Pada Simulasi Model 

 
function dy=SIQS(t,y); 
%nilai parameter : 
a=2; 
b=0.2; 
c=0.5; 
d=0.5; 
e=0.4; 
f=1.2; 
vd=0.1; 
ve=0.8; 
gamma=0.9; 
alpha=0.1; 
beta=0.7; 
R0=(beta+(1-ve)*(1-

vd)*gamma*alpha)/(c+d+ve*alpha+(1-ve)*vd*alpha); 

  
%model SIQS : 
dy(1)=a-((beta*y(1)*y(2))/(y(1)+y(2)))-

b*y(1)+d*y(2)+f*y(3)-alpha*y(1)+alpha*y(4)-

((gamma*(1-vd)*alpha*y(4)*y(5))/(y(4)+(1-

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)+alpha*y(1)-

((gamma*(1-vd)*alpha*y(1)*y(2))/(y(1)+(1-

vd)*y(2))); 

  
dy(2)=((beta*y(1)*y(2))/(y(1)+y(2)))-

(c+d+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)))-

(c+d+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)+ve*(1-vd)*alpha*y(2)+(ve*(1-

vd)*gamma*alpha*y(1)*y(2))/(y(1)+(1-vd)*y(2))-
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(e+f)*y(6); 
%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 
    k1=h*feval(SIQS,t(i),z(i,:)); 
    k2=h*feval(SIQS,t(i)+h/2,z(i,:)+k1/2); 
    k3=h*feval(SIQS,t(i)+h/2,z(i,:)+k2/2); 
    k4=h*feval(SIQS,t(i)+h,z(i,:)+k3); 
    z(i+1,:)=z(i,:)+(k1+2*k2+2*k3+k4)/6; 
end; 
%Program simulasi utama 

clear all; 
clc 
[t y]=RK4('SIQS',0,10000,[0.2 0.9 0.5 1 0 

0],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],4000); 
%[t y]=RK4('SIQS',0,1000,[0 2 3 1 2 0],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; 

  
R0=(beta+(1-ve)*(1-

vd)*gamma*alpha)/(c+d+ve*alpha+(1-ve)*vd*alpha) 
pi=c+d+ve*alpha+(1-ve)*vd*alpha; 
shi=pi*(R0-1); 
bebe=(shi-pi*(1-vd)-beta*vd); 
akar=sqrt(bebe^2+4*shi*pi*(1-vd)) 
m=(-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) 
Q=n*a/(b*m+c+e*n) 

  
figure(1); 
plot3(y(:,1),y(:,2),y(:,3),'LineWidth',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),Q(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),y(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),Q(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; 
N=1/h; 

  
a=2; 
b=0.2; 
c=0.5; 
d=0.5; 
e=0.4; 
f=1.2; 
vdd=0; 
ve=0.1; 
gamma=0.9; 
alpha=0.1; 
beta=0.7; 

  
for i=1:N+1 
vd(i)=vdd+(i-1)*h; 
R01=((1-ve)*(1-

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

ve)*vd(i)*alpha)); 
R02=beta/(c+d+ve*alpha+(1-ve)*vd(i)*alpha); 
R0=R01+R02; 

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

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

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

vd(i))*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); 
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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*, I*, Q*'); 
axis square 
legend('Susceptible','Infective','Quarantine'); 
%Pengaruh perubahan teta e atau pemeriksaan 

masuk 
clc 
clear all; 
h=0.1; 
N=1/h; 

  
a=2; 
b=0.2; 
c=0.5; 
d=0.5; 
e=0.4; 
f=1.2; 
vd=0.1; 
vee=0; 
gamma=0.9; 
alpha=0.1; 
beta=2; 

  

  
for i=1:N+1 
ve(i)=vee+(i-1)*h; 
R01=((1-ve(i))*(1-

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

ve(i))*vd*alpha)); 
R02=beta/(c+d+ve(i)*alpha+(1-ve(i))*vd*alpha); 
R0=R01+R02; 

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

  
bebe=(shi-pi*(1-vd)-beta*vd); 
akar=sqrt(bebe^2+4*shi*pi*(1-vd)); 
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m=(-bebe+akar)/2*shi; 
n=(vd*alpha+ve(i)*(1-vd)*alpha+(ve(i)*(1-

vd)*gamma*alpha*m)/(m+(1-vd)))/(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(ve,S,'g',ve,I,'r',ve,Q,'b'); 
xlabel('Theta e'); 
ylabel('S*, I*, Q*'); 
axis square 
legend('Susceptible','Infective','Quarantine'); 
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