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N

N = V (t) + E(t) + I(t) + S(t)

I(t) E(t) V (t)

t S(t)



Γ = {(V,E, I, S) ∈ R |V + E + I + S = N}.

β β V (t)
N I(t)

Δt E V

ΔV E = β
V (t)

N
I(t)Δt.

dV

dt
= −fEV − ψ V + ϕS,

dE

dt
= fEV − (α+ ψ )E,

dI

dt
= αE − (γ + θ)I,

dS

dt
= μN + ψ V + ψ E + γI − ϕS.
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, x < xmin;

x−xmin
xM−xmin

, xmin < x < xM ;

, xM < x < xmax.
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, x < xmin;

x−xmin
xM−xmin

, xmin < x < xM ;

, xM < x < xmax.
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ψ −
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S E ψ

E ψ
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φ(x) = − − φ
xmax

x,

< φ <

x

ρ(x) =

⎧⎨
⎩

− |x−x̄|
δ , x ∈ [x̄− δ, x̄− δ];

, otherwise.

dV

dt
= φN − fEV − (ψ + φ)V − φ(E + I),

dE

dt
= fEV − (α+ ψ )E,

dI

dt
= αE − (γ + θ).
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= ,

dE

dt
= ,

dI

dt
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dE
dt =

E∗ = v∗ = α+ψ
βα N E∗ > E∗ =

πwf = (v∗, E∗, I∗) =
(

φ

ψ + φ
N, ,

)

E∗ >

πwe = (v∗, E∗, I∗)

=

⎛
⎝α(x) + ψ (x)

β(x)α(x)
N,

φ(x)− α(x)+ψ (x)
β(x)α(x) (ψ (x)− φ(x))

α(x) + ψ (x) + φ(x)
(

+ α(x)
γ(x)+θ

) , α(x)

γ(x) + θ
E∗

⎞
⎠

f (x) = α(x)φ(x)− α(x) + ψ (x)

β(x)
(ψ (x)− φ(x)) ,

f (x) = (γ(x) + θ)

(
α(x) + ψ (x) + φ(x)

(
+

α(x)

γ(x) + θ

))
.

f (x)N = f (x)



R =
αβφ

(ψ + φ)(α+ ψ )
,

R > R <

α = α(x), β = β(x), φ = φ(x), ψ = ψ (x), ψ = ψ (x)

R (x) =
α(x)β(x)φ(x)

(ψ (x) + φ(x))(α(x) + ψ (x))
.

maxR (x) <

ρ(x) R

Rf =
γ

[γ R (x), ]

Rf R >

[γ R (x)] γ R (x) ≤
μ

μ(A) = sup
x∈A

ρ(x), A ⊂ R,

Rf



ρ(x)

x̄+ δ < xmin

x̄+ δ ≤ xM x̄− δ > xmin

x̄− δ ≥ xM

Rf < (i)

x R (x) (ii)

H(λ) = [x′, xmax] = sup
x′≤x≤xmax

ρ(x)

x′ H(λ) [I(x, t)] H(λ) = μ{I(x, t) ≥ λ}
γ R (x) = λ

H(λ) =

⎧⎪⎪⎪⎨
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, ≤ λ ≤ γ R (x̄);

ρ(x′), γ R (x̄) ≤ λ ≤ γ R (x̄+ δ);

, γ R (x̄+ δ) < λ ≤ .

[γ R (x)] H δ >

H

R (x̄) < Rf < R (x̄+ δ).

(iii)

A(x̄)
< Rf <

A(x̄+ δ)



A(x̄) = (ψ (x̄) + φ(x̄)) (α(x̄) + ψ (x̄))

Rf >

R (x̄) < Rf < R (x̄+ δ)

x̂ R (x̄)

x̄ < x̂ < x̄+ δ

Rf = R (x̂) > R (x̄).
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