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LAMPIRAN 
 

Lampiran 1. Titik ekuilibrium non endemik dan endemik model 

penyebaran penyakit meningitis. 
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Lampiran 2. Analisis Sensitivitas menggunakan software Maple 
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Lampiran 3. Penentuan persamaan bifurkasi 
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Lampiran 4. Sintax simulasi bifurkasi dengan nilai parameter 𝜷  

 

(𝜷 = 𝟎. 𝟐) 
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Lampiran 5. Sintax simulasi untuk grafik  
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Lampiran 6. Penjabaran untuk Untuk Memperoleh Persamaan (4.37) 
𝜔𝑖𝐴

∗ + 𝛿𝑐∗ − (𝜇 + 𝛼 + 𝜒)𝑖𝑠
∗ = 0 

 ⟺ 𝜔 (
 𝑎𝑏𝑑𝑗Λ𝑖𝑠

∗+𝑑𝜓𝑗(𝑖𝑠
∗)2[𝑏𝜒𝜏2+𝑎𝜒(1−𝜏

2
)+𝜎𝜒𝜏2]

𝑎𝑏𝑑𝑓𝜇+𝑓𝑖𝑠
∗(𝑎𝑏𝑑𝛽−𝜓𝑏𝜖𝛽𝜏1−𝜓𝜎𝜖𝛽𝜏1)

) +

𝛿 (
 𝑎𝑏Λ𝛽𝜏1𝑖𝑠

∗+𝜓𝛽𝜏1(𝑖𝑠
∗)2[𝑏𝜒𝜏2+𝑎𝜒(1−𝜏

2
)+𝜎𝜒𝜏2]

𝑎𝑏𝑑𝜇+𝑖𝑠
∗(𝑎𝑏𝑑𝛽−𝜓𝑏𝜖𝛽𝜏1−𝜓𝜎𝜖𝛽𝜏1)

) − (𝜇 + 𝛼 + 𝜒)𝑖𝑠
∗

= 0  

 ⟺  
 𝑎𝑏𝑑𝑗𝜔Λ𝑖𝑠

∗+𝑑𝜔𝜓𝑗(𝑖𝑠
∗)

2
[𝑏𝜒𝜏2+𝑎𝜒(1−𝜏2)+𝜎𝜒𝜏2]

𝑎𝑏𝑑𝑓𝜇+𝑓𝑖𝑠
∗(𝑎𝑏𝑑𝛽−𝜓𝑏𝜖𝛽𝜏1−𝜓𝜎𝜖𝛽𝜏1)

+

 𝑎𝑏Λ𝛿𝛽𝜏1𝑖𝑠
∗+𝜓𝛿𝛽𝜏1(𝑖𝑠

∗)
2
[𝑏𝜒𝜏2+𝑎𝜒(1−𝜏2)+𝜎𝜒𝜏2]

𝑎𝑏𝑑𝜇+𝑖𝑠
∗(𝑎𝑏𝑑𝛽−𝜓𝑏𝜖𝛽𝜏1−𝜓𝜎𝜖𝛽𝜏1)

− (𝜇 + 𝛼 + 𝜒)𝑖𝑠
∗ = 0  

 ⟺
 𝑎𝑏𝑑𝑗𝜔Λ𝑖𝑠

∗+𝑑𝜔𝜓𝑗(𝑖𝑠
∗)2[𝑏𝜒𝜏2+𝑎𝜒(1−𝜏

2
)+𝜎𝜒𝜏2]

𝑎𝑏𝑑𝑓𝜇+𝑓𝑖𝑠
∗(𝑎𝑏𝑑𝛽−𝜓𝑏𝜖𝛽𝜏1−𝜓𝜎𝜖𝛽𝜏1)

+

 𝑎𝑏𝑓Λ𝛿𝛽𝜏1𝐼𝑠
∗+𝑓𝜓𝛿𝛽𝜏1(𝐼𝑠

∗)2[𝑏𝜒𝜏2+𝑎𝜒(1−𝜏
2
)+𝜎𝜒𝜏2]

𝑎𝑏𝑑𝑓𝜇+𝑓𝐼𝑠
∗(𝑎𝑏𝑑𝛽−𝜓𝑏𝜖𝛽𝜏1−𝜓𝜎𝜖𝛽𝜏1)

−

𝑎𝑏𝑑𝑓𝜇+𝑓𝑖𝑠
∗(𝑎𝑏𝑑𝛽−𝜓𝑏𝜖𝛽𝜏1−𝜓𝜎𝜖𝛽𝜏1)

𝑎𝑏𝑑𝑓𝜇+𝑓𝑖𝑠
∗(𝑎𝑏𝑑𝛽−𝜓𝑏𝜖𝛽𝜏1−𝜓𝜎𝜖𝛽𝜏1)

(𝜇 + 𝛼 + 𝜒)𝑖𝑠
∗

= 0  
 

misalakan 𝑔 = (𝜇 + 𝛼 + 𝜒), maka diperoleh: 

⟺
 𝑎𝑏𝑑𝑗𝜔𝛬𝑖𝑠

∗+𝑑𝜔𝜓𝑗(𝑖𝑠
∗)2[𝑏𝜒𝜏2+𝑎𝜒(1−𝜏

2
)+𝜎𝜒𝜏2]

𝑎𝑏𝑑𝑓𝜇+𝑓𝑖𝑠
∗(𝑎𝑏𝑑𝛽−𝜓𝑏𝜖𝛽𝜏1−𝜓𝜎𝜖𝛽𝜏1)

+

 𝑎𝑏𝑓𝛬𝛿𝛽𝜏1𝑖𝑠
∗+𝑓𝜓𝛿𝛽𝜏1(𝑖𝑠

∗)2[𝑏𝜒𝜏2+𝑎𝜒(1−𝜏
2
)+𝜎𝜒𝜏2]

𝑎𝑏𝑑𝑓𝜇+𝑓𝑖𝑠
∗(𝑎𝑏𝑑𝛽−𝜓𝑏𝜖𝛽𝜏1−𝜓𝜎𝜖𝛽𝜏1)

−

𝑎𝑏𝑑𝑓ℎ𝜇+𝑓ℎ𝑖𝑠
∗(𝑎𝑏𝑑𝛽−𝜓𝑏𝜖𝛽𝜏1−𝜓𝜎𝜖𝛽𝜏1)

𝑎𝑏𝑑𝑓𝜇+𝑓𝑖𝑠
∗(𝑎𝑏𝑑𝛽−𝜓𝑏𝜖𝛽𝜏1−𝜓𝜎𝜖𝛽𝜏1)

𝑖𝑠
∗

= 0  

 ⟺  𝑎𝑏𝑑𝑗𝜔Λ𝑖𝑠
∗ + 𝑑𝜔𝜓𝑗(𝑖𝑠

∗)2[𝑏𝜒𝜏2 + 𝑎𝜒(1 − 𝜏
2
) + 𝜎𝜒𝜏2] +  𝑎𝑏𝑓Λ𝛿𝛽𝜏1𝑖𝑠

∗ +

𝑓𝜓𝛿𝛽𝜏1(𝑖𝑠
∗)2[𝑏𝜒𝜏2 + 𝑎𝜒(1 − 𝜏

2
) + 𝜎𝜒𝜏2] − (𝑎𝑏𝑑𝑓𝑔𝜇 + 𝑓𝑔𝑖𝑠

∗(𝑎𝑏𝑑𝛽 −

𝜓𝑏𝜖𝛽𝜏1 − 𝜓𝜎𝜖𝛽𝜏1)) 𝑖𝑠
∗ = 0   

 ⟺ (𝑏𝑑𝜔𝜓𝑗𝜒𝜏2 + 𝑎𝑑𝜔𝜓𝑗𝜒(1 − 𝜏2) + 𝑑𝜔𝜓𝑗𝜎𝜒𝜏2 + 𝑏𝑓𝜓𝛿𝛽𝜏1𝜒𝜏2

+ 𝑎𝑓𝜓𝛿𝛽𝜏1𝜒(1 − 𝜏2) + 𝑓𝜓𝛿𝛽𝜏1𝜎𝜒𝜏2  + 𝑓𝑔𝜓𝑏𝜖𝛽𝜏1

+ 𝑓𝑔𝜓𝜎𝜖𝛽𝜏1 − 𝑎𝑏𝑑𝑓𝑔𝛽) [𝑖𝑠
∗]2

+ (𝑎𝑏𝑑𝑗𝜔Λ +  𝑎𝑏𝑓Λ𝛿𝛽𝜏1 − 𝑎𝑏𝑑𝑓𝑔𝜇) 𝑖𝑠
∗ = 0 (4.37) 



88 
 

 


