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Introduction

In 1937 Kolmogorov, Petrovskii and Piskunov [1] proposed the logistic equation
with diffusion for simulate the propagation of genetically wave
ou 0%u
—— = 7 +ull—ul, 1
5 = Bz Tull —ul (1)
In the same year Fisher [2] published the article devoted to the analysis of a
similar equation.
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Introduction

Logistic equation generalization for simulation of population density distribution
with dependencies of spatial and time deviations was considered in [1-3].

% = Au(t,2) + ult, @)1 + ault,z) — (1 +alg+ w)(ta)]  (2)

and convolution has following form

(g %u)(t,z) = / / ot — 7.2 — yyu(r, y)dydr, 3)

—oo Q
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Logistic equation with a deviation of spatial variable

ou  0%u
E—@—i—u[l—u(t,w—h)] (4)

u(t,z) =w2t+z) s=2ttzx
w” — 2w + w[l —w(s — h)] =0, (5)

P(X\) = A% — 2\ — exp(—hA). (6)
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Logistic equation with a deviation of spatial variable

A2 — 2\ — exp(—hA) = 0,
2A — 2 — hexp(—hX) = 0.

A= —1.23141 h=h] ~1.12154

Lemma (1)

Quasipolynomial P(\) has one positive and two negative real roots at
0 < h < h} and only one positive real root at h > hj.

Lemma (2)

All roots of quasipolinom P()) lie in the left half-plane for 0 < h < h3, except
for one real positive root. Here hj — 2¢c0s (CV5+2) 3.72346, The pair
P 2 m P

A = +iwo of pure imaginary roots goes to the imaginary axis at h = hs and

wo = Vb5 — 2 &~ 0.48587.

S.V. Aleshin, S.D. Glyzin

Qu e structure of perturbations propagation process of the Fisher—Kolmogorov equation with a deviation of spatial variable



Logistic equation with a deviation of spatial variable

h=hi+pu 0<p<l1

w(s,p) =1+ /u(2(7) exp(iwos) + 2(7) exp(—iwos))+
+ pwi (s, 7) + 12 Pwa (s, )+ ..., T =ps,wi(s, )G =1,2) (8)

dz

L = oz + pilalz, 9)
2w3 (=1 + iwo)
tpg= 2~ 2
atwo P (iwo)
1 1
—— (9wl —w?—9 ( 2 o 2_7)
L= Brlion) ( wo (1 — wpy — 2iwo) + B (wg + 2iwo) i) )
5= wg + 2iwo

4UJ(2) + 4iwo + (UJ(Q) + 2iw0)2 '
wo ~ 0.136807 — 0.206607 1 ~ —0.04429 — 0.03664¢
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Logistic equation with a deviation of spatial variable

Lemma (3)

Let h =h5+ p and 0 < p < 1 then there exists o > 0 such that for all
0 < u < po equation (5) has dichotomous cycle which one-dimensional
unstable manifold and following asymptotic

v/ —Re (o) /Re (¢1) exp (iES(Im (¢o)Re (¢1)—Re (¢o)Im (¢1)) /Re (<P0)+i7>

and v — is an arbitrary constant, which determines the phase shift along the
cycle.
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Logistic equation with a deviation of spatial variable

u(t,z) =ult,z+T), T>0 (10)
2
& Ty ta—h), o(ta)=oltw ). (11)

v(t, ) = exp \exp iwz

A= —w’® — expiwh. (12)

h* =2.791544, w* = 0.88077. (13)
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Logistic equation with a deviation of spatial variable

T=2n/w* h=h"+¢

w(t,z,e) = 1+ euo(t, 7,x) + eur (t, 7, 2) + > us(t, 7, 2) + ..., (14)
and 7 = &t,
uo(t,7,x) = 2(7) exp (i(wot+w”x))+2(7) exp (—i(wot+w"z)), wo =sinw h".
L — gz +rlels, (15)
wo = iw” exp(—iw"h"),
o1 =2cosw h" (1 + exp(—iw h")) — (exp(—2iw k") + exp(iw h"))wa.
o ~ 0.5558 — 0.68337, 1 ~ —0.1701 4 0.59:.
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Logistic equation with a deviation of spatial variable

Let h = h™ + & then there exists 9 > 0 such that for all 0 < & < ¢ boundary
value problem (4), (10) has orbitally asymptotically stable cycle with following
asymptotic

v/ —Re (o) /Re (¢1) exp (iet(Im (¢o)Re (¢1) —Re (00)Im (1)) /Re (<P0)+i7)

and v — is an arbitrary constant, which determines the phase shift along the
cycle.
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Numerical analysis

Uj1 — 2uj +uj1
(Az)?
j=0,....,N—1, k= |h/Az]

’L'Lj = + [1 — uj,k]uj,

N=18-10° N=1.8-10°

0.1, if 5 € [89950, 90050],
u;(0) = .
0, otherwise.
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Wave propagation in logistic equation with spatial variable deviation h = 1.2
and cross-section t = 425
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Wave propagation in logistic equation with spatial variable deviation A = 3 and

cross-section t = 425
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Thank you for attention!
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