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∆𝑡 > 0
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𝑡𝑖+1 = 𝑡𝑖 + ∆𝑡, 

i = 0,1,2,3, ⋯ , 𝑛

𝐼𝑡1,𝐼𝑡2,⋯, 𝐼𝑡𝑛 

𝐼(𝑡) 

𝐼(𝑡)

https://esmed.org/MRA/mra


𝐼(𝑡)

𝑆(𝑡) 𝑅(𝑡)

𝐷(𝑡)

(a) (b)

(c) (d)

https://esmed.org/MRA/mra


(a) (b)

(c) (d)

https://esmed.org/MRA/mra


(a) (b)

(c) (d)

https://esmed.org/MRA/mra


 

 

(𝜏)

(𝜌)

(𝜑)

Total recovered

Total infected

Total deceased

Total infected

(𝜌 + 𝜑)

(𝜇) 
 

(𝜀)

(𝛿) 
 

https://esmed.org/MRA/mra


𝐼(𝑡)

(𝝉) (𝝆)

(𝝋)

(𝝉) (𝝆) (𝝋)

𝑑𝑆

𝑑𝑡

𝑑𝑅

𝑑𝑡
𝑑𝐷

𝑑𝑡

(𝜌 + 𝜑)

(
1

(𝜌+𝜑)
)

https://esmed.org/MRA/mra


𝑹𝟎

𝑆(𝑡) 𝑅(𝑡)

𝐷(𝑡) (𝑡)

(𝜏)

𝜌

𝜑

(𝜇)

(𝛿)

(𝜖)

https://esmed.org/MRA/mra


https://esmed.org/MRA/mra


 

 

 

 

 

 

 

 

 

 

 

 

https://esmed.org/MRA/mra
https://doi.org/10.1111/1469-0691.12308
https://doi.org/10.1001/jama.2020.8420
https://doi.org/10.1155/2020/8857346
https://doi.org/10.2196/19368
doi:https://doi.org/10.1038/s41598-021-95494-6
https://doi.org/10.1016/j.lanwpc.2021.100211
https://doi.org/10.1016/j.medine.2022.02.020
https://doi.org/10.1016/j.medine.2022.02.020
https://doi.org/10.1038/s41586-020-2554-8
https://doi.org/10.1016/j.imu.2023.101356


 

 

 

 

 

 

 

 

 

 

https://esmed.org/MRA/mra
https://doi.org/10.1186/s13054-021-03639-w
https://www.cdc.gov/coronavirus/2019-ncov/downloads/COVID19-symptoms.pdf#:~:text=Know%20the%20symptoms%20of%20COVID-19%2C%20which%20can%20include
https://www.cdc.gov/coronavirus/2019-ncov/downloads/COVID19-symptoms.pdf#:~:text=Know%20the%20symptoms%20of%20COVID-19%2C%20which%20can%20include
https://www.cdc.gov/coronavirus/2019-ncov/downloads/COVID19-symptoms.pdf#:~:text=Know%20the%20symptoms%20of%20COVID-19%2C%20which%20can%20include
https://www.cdc.gov/coronavirus/2019-ncov/downloads/COVID19-symptoms.pdf#:~:text=Know%20the%20symptoms%20of%20COVID-19%2C%20which%20can%20include
https://www.cdc.gov/coronavirus/2019-ncov/downloads/COVID19-symptoms.pdf#:~:text=Know%20the%20symptoms%20of%20COVID-19%2C%20which%20can%20include
Mathworld.wolfram.com
https://mathworld.wolfram.com/Runge-KuttaMethod.html
https://mathworld.wolfram.com/Runge-KuttaMethod.html
https://math.libretexts.org/Courses/Monroe_Community_College/MTH_225_Differential_Equations/3%3A_Numerical_Methods/3.3%3A_The_Runge-Kutta_Method
https://math.libretexts.org/Courses/Monroe_Community_College/MTH_225_Differential_Equations/3%3A_Numerical_Methods/3.3%3A_The_Runge-Kutta_Method
https://math.libretexts.org/Courses/Monroe_Community_College/MTH_225_Differential_Equations/3%3A_Numerical_Methods/3.3%3A_The_Runge-Kutta_Method
https://math.libretexts.org/Courses/Monroe_Community_College/MTH_225_Differential_Equations/3%3A_Numerical_Methods/3.3%3A_The_Runge-Kutta_Method
https://www.geeksforgeeks.org/runge-kutta-4th-order-method-solve-differential-equation/
https://www.geeksforgeeks.org/runge-kutta-4th-order-method-solve-differential-equation/
https://www.geeksforgeeks.org/runge-kutta-4th-order-method-solve-differential-equation/

