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Raten (z.B. Hospitalisierungsrate, Sterberate, …)

krankte, Hospitalisierungen, Todesfälle, …) 



Auffrischungsimpfung wird beispielsweise mit einer „oder“

…).



–

𝑁௔ , ܽ ∈{0,1, … } ܯ ,௜ݒ ݅ = {1, … , ௜ݒ{ܯ = ,௜ݐ) ,௜ݎ ݁⃗௜ , ܿ௜) ∈ ℝ+ × [0,1] × ௜ݒ.[0,1] %௜ݎ௜100ݐ ݁⃗௜ ݁⃗௜ =(݁௜௜, ݁௜௦, ݁௜ℎ, ݁௜ௗ) ∈ [0,1]4
• ݅ …
• ݏ …
• ℎ …
• ݀ … ݁௜௜ ≤ ݁௜௦ ≤ ݁௜ℎ ≤ ݁௜ௗ ,௜ݒ ݅ = {1, … , ߙ⃗{ܯ = ,௜ߙ) ,௦ߙ ℎߙ , (ௗߙ ௜ߙ ≥ ௦ߙ ≥ ℎߙ ≥ ௗܿ௜ߙ

ଓ⃗(ݐ) = (݅௜(ݐ), ݅௦(ݐ), ݅ℎ(ݐ), ݅ௗ(ݐ))ݐ ∈ [0, ∞]
ܯ ௜݇ݐ ∈ {݅, ,ݏ ℎ, ݀} 0ݐ ≔ 0݅௞௜+ ≔ lim௧→௧೔+ ݅௞(ݐ௜) = ݅௞(ݐ௜) ݅௞௜− ≔ lim௧→௧೔− ݅௞(ݐ௜) ݅௞0+ = 0



݅௞(ܽ) = {݅௞௜−1+ exp ݐ)௞ߙ−) − ((௜−1ݐ , ݐ ∈ ,௜−1ݐ] ,[௜ݐ ݅ ≤ +௞ெ݅ܯ exp(−ߙ௞(ݐ − ,((ெݐ ݐ ≥ ,ெݐ  
݅௞௜−: = ݅௞௜−1+ exp (−ߙ௞(ݐ௜ − :+௜−1))݅௞௜ݐ = ݅௞௜− + (1 − ݅௞௜−)ݎ௜݁௜௞ .

݅௞௜− 1 − ݅௞௜− ௜݁ݎ ௜௞(1 − ݅௜௞)݁௜௞ݎ௜

∀ܽ ∈ {0,1, … }, ݇ ∈ {݅, ,ݏ ℎ, ݀}:  ݅௔௞,௔௩௚: = ∫ ݅௞(ݐ)௔+1
௔ ,ݐ݀

ܽ ݇∀݇ ∈ {݅, ,ݏ ℎ, ݀}: ܲ(Immun gegen ݇|ܲerson hat Alter ܽ) = ݅௔௞,௔௩௚.

݅௞,௔௩௚ ≔ ∑ ݅௔௞,௔௩௚𝑁௔∞௔=0∑ 𝑁௔∞௔=0
∀݇ ∈ {݅, ,ݏ ℎ, ݀}: ܲ(Immun gegen ݇) = ݅௞,௔௩௚.

,௟ߣ ݈ ∈{1, … , {ܮ ௜ߣ∑ = 1݈
௜ݎ⃗ = ,௜,1ݎ) … , (௜,௅ݎ



ܮ ௜,௟ݒ = ,௜ݐ) ௜,௟ݎ , ݁⃗௜, ܿ௜)݅௔,௟௞,௔௩௚
݅௔௞,௔௩௚ = ௟݅௔,௟௞,௔௩௚ߣ∑

ߣ = (0.5,0.5)
• 1⃗⃗⃗ݎ ⃗ = (0.5,0.5), 2⃗⃗⃗⃗ݎ = (0.5,0.5)
• 1⃗⃗⃗ݎ ⃗ = (1.0,0.0), 2⃗⃗⃗⃗ݎ = (1.0,0.0)
• 1⃗⃗⃗ݎ ⃗ = (1.0,0.0), 2⃗⃗⃗⃗ݎ = (0.0,1.0)

ܱ0,௔ℎ ௔ܱ = (1 −݅௔ℎ,௔௩௚) ௔ܱ0 – (1 − ݅௔ℎ,௔௩௚)

•
•
•

(ݐ)̇ܵ = (ݐ)ܫ(ݐ)ܵߚ− + (ݐ)1ܴߜ − (ݐ̇)ܫ,(ݐ)ܵߢ = (ݐ)ܫ(ݐ)ܵߚ − (ݐ)ܴ̇,(ݐ)ܫߛ = (ݐ)ܫߛ − (ݐ)ܸ̇,(ݐ)1ܴߜ = (ݐ)ܵߢ − ,ܵ(ݐ)2ܸߜ ,ܫ ܴ, ܸ
ܵ + ܫ + ܴ + ܸ = 1. ߚ 1ߜߛ 2ߜ ߢ



ܫ > 0
ܵ(∞) = ߚߛ , (∞)ܫ = ߛ1ߜ + 1ߜ ((1 − (ߚߛ − (2ߜߚߛߢ ,

ܴ(∞) = ߛߛ + 1ߜ ((1 − (ߚߛ − (2ߜߚߛߢ ,    ܸ(∞) =  .2ߜߚߛߢ
ܴ0 = ఉఊܣ ≔ ߛ1ߜ + 1ߜ , ܤ ≔ ܴ0ܴ0 − (∞)ܫ, 1 ܸ(∞)

(∞)ܫ = ܣ ܤ1) − ܸ(∞))  .(∞)ܸܣ
݊(∞) ≔ (∞)ܫ(∞)ܵߚ = ߚ ߚߛ (∞)ܫ = (∞)ܫߛ = ܣߛ ܤ1) − ܸ(∞)).

݊0(∞) = ߛ  ஺஻  
݊(∞) = max (0, ݊0(∞) − ((∞)ܸܣߛ =  ݊0(∞)max (0,1 − (∞)0݊(∞)ܸܣߛ ) = ݊0(∞)max (0,1 − .((∞)ܸܤ

1 − (∞)ܸܤ < 0 ܸ(∞) > 1஻
ܵ(∞) = 2ߜ2ߜ + ߢ , (∞)ܫ = 0, ܴ(∞) = 0, ܸ(∞) = 2ߜߢ + ,ߢ
ܤ = ோ0ோ0−1ܤ ܣ 1ߜ

(1 − ܸ(∞))(1 − ܸ(∞))



݊(∞) = ݊0(∞)max (0,1 − ((∞)ܸܤ = ݊0(∞)(1 − ܸ(∞)) max (0,1 − 1((∞)ܸܤ − ܸ(∞) .
1−஻௏(∞)1−௏(∞)

௔ܸ(∞) ܽ ݊௔(∞), ݊௔,0(∞)
݊௔(∞) = ݊௔,0(∞)(1 − ௔ܸ(∞)) max (0,1 − 1((∞)ܸܤ − ܸ(∞)݇ ∈ ,ݏ} ℎ, ݀}௔ܸ௞(∞) ݇௔ܸ(∞)௔ܸ௞(∞) − ௔ܸ(∞)݋௔௞ ௔,0௞݋ ݇߶௔

௔௞݋ ≔ ߶௔݊௔ (1 − ( ௔ܸ௞(∞) − ௔ܸ(∞)))= ߶௔݊௔0(1 − ௔ܸ(∞)) max (0,1 − 1((∞)ܸܤ − ܸ(∞) (1 − ( ௔ܸ௞(∞) − ௔ܸ(∞)))= ௔,0௞݋ (1 − ௔ܸ(∞)) max (0,1 − 1((∞)ܸܤ − ܸ(∞) (1 − ( ௔ܸ௞(∞) − ௔ܸ(∞))).
ܸ(∞) = ݅௜,௔௩௚, ௔ܸ(∞) = ݅௔௔௩௚,௜, und ௔ܸ௞(∞) = ݅௔௔௩௚,௞.ܤ = ோ0ோ0−1 ܴ0 (∞)ܸܤ > ܤ0 ܴ0ܴ0

௔,0௞݋ ݇ ∈ ,ݏ} ℎ, ݀}
௔ܱ−,௞

௔ܱ−,௞ = 365.25𝑁௔݋௔௞ = 365.25𝑁௔݋௔,0௞ (1 − ݅௔௔௩௚,௜) max (0,1 − ௔௩௚,௜)1݅ܤ − ݅௔௩௚,௜ (1 − (݅௔௔௩௚,௞ − ݅௔௔௩௚,௜))݅௔௔௩௚,௜ = 0





 ܱ̂௔−,௞ܱ̂௔௞ ܱ⃗⃗̂−, ܱ⃗⃗̂ ܱ⃗⃗̂− ⋅ ܶ =  ܱ⃗⃗̂ܶ 101⋅1022 101
ܶ

௜஼ݒ௔,0௞݋ , ݅ ∈ {1, … , {஼ܯ ௜ூݒ , ݅ ∈ {1, … , ூ}௔ܱ௞,஼ܯ  ௔ܱ௞,ூ ݇ ∈ ,ݏ} ℎ, ݀}

• ௔ܱ௠ ≔ ௔ܱ௦ − ௔ܱ−,ℎ
௔ܱℎ

• ௔ℎܦ ≔ ௔ܱℎ ⋅ ݀௔ℎ,௔௩௚ ݀௔ℎ,௔௩௚ܽ
• ௔ℎܥ = ௔ℎܦ ⋅ ܿ௔ℎ,௔௩௚  ܿ௔ℎ,௔௩௚
• ௔௠ܥ ≔ ௔ܱ௠ ⋅ ܿ௔௠,௔௩௚ ܿ௔௠,௔௩௚
• ௔௦ܦ ≔ ௔ܱ௦ ⋅ ݀௔௦,௔௩௚ ⋅ ௔ݓ , ݀௔௦,௔௩௚ ௔ܽݓ
• ௔௦ܥ = ௔௦ܦ ⋅ ܿ௔௦,௔௩௚ ⋅ 57 ܿ௔௦,௔௩௚ ܽ
• ௔ௗܥ = ௔ܱௗ ⋅ ܿ௔ௗ,௔௩௚ ܿ௔௠,௔௩௚
• ௔௜ܫ = 𝑁௔ ∑ (௜௜∈{1,…,ெ}: ௧೔∈[ೌ,ೌ+1ݎ

gezahlte Impfungen, Kinderimpfprogramm, …) separat durchgeführt wird.
• ௔௜ܥ = 𝑁௔ ∑ ௜ݎ ⋅ ܿ௜௜∈{1,…,ெ}: ௧೔∈[ೌ,ೌ+1)


