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Ëîãèñòè÷åñêîå óðàâíåíèå ñ äèôôóçèåé (ÊÏÏ),
ìîäåëèðóþùåå ðàñïðîñòðàíåíèå ãåííîé âîëíû1,2

∂u

∂t
=
∂2u

∂x2
+ u[1− u]. (1)
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∂u(t, x)

∂t
= ∆u(t, x)+u(t, x)[1+αu(t, x)−(1+α(g ∗u)(t, x)] (2)

(g ∗ u)(t, x) =

t∫
−∞

∫
Ω

g(t − τ, x − y)u(τ, y)dydτ, (3)
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∂u

∂t
=
∂2u

∂x2
+ u[1− u(t − h, x)], (4)

u(t, x + T ) ≡ u(t, x), (5)

h = π/2 + εh1 0 < ε� 1 T � 1



u(t + h/k , x) = u(t, x)×

× exp

[ t+h/k∫
t

1

u(τ, x)

∂ 2u

∂x2
(τ, x)dτ +

(
h

k
−

t−h+h/k∫
t−h

u(τ, x)dτ

)]
.

Çàäàäèì óçëû xj = T (j − 1/2)/N , j = 1, . . . ,N . Äëÿ
ïåðåìåííûõ un,j = u(nh/k , xj) èìååì ñèñòåìó ðàçíîñòíûõ
óðàâíåíèé

un+1,j = un,j exp

[
d

(
un,j+1

un,j
+

un,j−1

un,j
− 2

)
+

h

k
(1− un−k,j)

]
,

j = 1, . . . ,N ,

ãäå n = 1, 2, . . . , d = hN2/(kT 2), un,0 = un,N , un,N+1 = un,1.
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Ðèñ. : Ïðîñòðàíñòâåííîå ðàñïðåäåëåíèå ðåøåíèÿ u(t, x) ïðè a)
T = 60, h = 1.6; b) T = 60, h = 1.8; c) T = 120, h = 1.6; d)
T = 120, h = 1.8
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∂u

∂t
=
∂2u

∂x2
+ u[1− u(t − h, x)], (6)

u(t, x + T ) ≡ u(t, x), (7)

h = π/2 + εh1 0 < ε� 1 T � 1

λ = −k2 − exp
(
−
(π

2
+ ε
)
λ
)
, k ∈ (−∞,∞). (8)

u(t, x) = 1+ε1/2
[
ξ(τ, y) exp(it)+ξ(τ, y) exp(−it)

]
+εu2(τ, y , t)+ε3/2u3(τ, y , t)+. . . ,

(9)
ãäå τ = εt, y = ε1/2x

∂ξ

∂τ
= δ

∂2ξ

∂y2
+ δξ + d |ξ|2ξ, (10)

δ = (4− 2πi)/(4 + π2), d = −2(3π − 2 + i(π + 6))/(20 + 5π2)



Òåîðåìà 5.
Ïóñòü óðàâíåíèå (10) èìååò îãðàíè÷åííîå ïðè τ → +∞ è
ïðè y → ±∞ ðåøåíèå ξ0(τ, y). Òîãäà óðàâíåíèå (6) èìååò
àñèìïòîòè÷åñêîå ïî íåâÿçêå ñ òî÷íîñòüþ äî O(ε3/2)
ðåøåíèå u(t, x , ε), äëÿ êîòîðîãî

u(t, x , ε) = 1 + ε1/2[ξ0(τ, y) exp(it) + ξ0(τ, y) exp(−it)]+

+ ε
[2− i

5
ξ2(τ, y) exp(2it) +

2 + i

5
ξ

2
(τ, y) exp(−2it)

]
+ O(ε3/2).
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u̇j =
uj+1 − 2uj + uj−1

(∆x)2
+
[
1−uj(t−h)

]
uj , j = 0, . . . ,N−1.

(11)
u−1(t) = uN(t) = 0

Íà÷àëüíûå óñëîâèÿ âûáèðàëèñü â âèäå ïðÿìîóãîëüíîãî
èìïóëüñà âûñîòû 0.1 è åäèíè÷íîé øèðèíû,
ðàñïîëîæåííîãî â öåíòðå îòðåçêà [a, b] äëÿ âñåõ
−h 6 t 6 0. Â ÷àñòíîñòè, äëÿ ñëó÷àÿ x ∈ [0, 1800]:

uj(t) =

{
0.1, åñëè j ∈ [89950, 90050],

0, èíà÷å,
(12)

ãäå t ∈ [−h, 0].
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Âèäåî 1,2,3,4


