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Ìîäåëü äèíàìèêè íåàíòàãîíèñòè÷åñêèõ ïîïóëÿöèé

Ñèñòåìà íåëèíåéíûõ ïàðàáîëè÷åñêèõ óðàâíåíèé íà êîëüöåâîì àðåàëå:

∂wi

∂t
= −∂qi

∂x
+ ηiwif, f = 1− 1

Pm(x)

M∑
j=1

wm
j (x, t), (1)

qi = −
M∑
j=1

kij
∂wi

∂x
, i = 1, . . . ,M (2)

wi|t=0 = wi0(x), i = 1, . . . ,M, (3)

wi(0, t) = wi(a, t), kiw
′
i(0, t) = kiw

′
i(a, t), i = 1, . . . ,M. (4)

wi(x, t) � ïëîòíîñòü ðàñïðåäåëåíèÿ i-é ïîïóëÿöèè, x ∈ [0, a], t � âðåìÿ.

kij(x) � êîýôôèöèåíòû äèôôóçèè, ðàñ÷åòû ïðè kij(x) = kii, kij = 0, i 6= j,

ηi(x) � êîýôôèöèåíòû ðîñòà,

qi � ïîòîêè ïëîòíîñòåé,

P (x) � ïðîôèëü ïðåäåëüíîé ïëîòíîñòè (îáîáùåííûé ðåñóðñ),

m � ñòåïåíü íåîäíîðîäíîñòè. m = 1 � ëîãèñòè÷åñêèé çàêîí.
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Êîñèììåòðèÿ äëÿ ñèñòåìû äâóõ ïîïóëÿöèé

ẇ1 = k1w
′′
1 + η1(x)w1f ≡ ϕ, ( )̇ =

∂

∂t
( ), ( )

′
=

∂

∂x
( ), (5)

ẇ2 = k2w
′′
1 + η2(x)w2f ≡ ψ, f = 1− w1 + w2

P (x)
. (6)

Âåêòîðíîå ïîëå L = (k2w2,−k1w1) áóäåò êîñèììåòðèåé (5)�(6), åñëè

1) k1, k2, η1, η2 � êîíñòàíòû,

2) k2η1 = k1η2.

Óñëîâèå êîñèììåòðèè:

a∫
0

[ϕk2w2 − ψk1w1]dx = 0.

Êîñèììåòðèÿ ðàçðóøàåòñÿ ïðè η2 = η20 + εη21 sin(2πx/a). Ñåëåêòèâíàÿ ôóíêöèÿ:

S(w1, w2) = ε

a∫
0

w1w2

(
1− w1 + w2

P

)
(η∗2 + η∗1 sin(2πx/a)) dx,

ãäå η∗2 è η∗1 � çíà÷åíèÿ ïàðàìåòðîâ, ïðè êîòîðûõ ñèñòåìà îáëàäàåò ëèíåéíîé êîñèì-

ìåòðèåé (k2η
∗
1 = k1η

∗
2).
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Ìåòîä ïðÿìûõ

Äèñêðåòíûé àíàëîã óðàâíåíèé (xj = hj, h = a/n, j = 0, . . . , n):

ẇi,j = ki
wi,j−1 − 2wi,j + wi,j+1

h2
+ ηiwi,jfj , (7)

fj = 1− 1

P (xj)

M∑
s=1

ws,j , i = 1, . . . ,M, j = 1, . . . , n, (8)

Óñëîâèÿ ïåðèîäè÷íîñòè wi,n+1 = wi,1, wi,0 = wi,n, i = 1, . . . ,M.

Ñèñòåìà äèôôåðåíöèàëüíûõ óðàâíåíèé:

Ẏ = AY + F (Y ) ≡ Φ(Y ), F (Y ) = (η1Y1f1, . . . , ηMYMnfn),

Y = (w1,1, w1,2, . . . , w1,n, w2,1, . . . , wM,n),

A =


k1Â 0 . . . 0

. . . . . . . . . . . .

0 0 . . . kM Â

 .

Ìàòðèöà Â òðåõäèàãîíàëüíàÿ.

×èñëåííîå ðåøåíèå: ìåòîä Ðóíãå-Êóòòà 4 ïîðÿäêà, MATLAB.
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Âû÷èñëèòåëüíûå ýêñïåðèìåíòû

Îáîáùåííûé ðåñóðñ P (x) = 1− µ sin(2πx/a), µ = 0.4

M = 2, w1 = u, w2 = v, a = 1, k1 = k2 = 0.02, µ = 0.4

.

Ïîñòîÿííûå êîýôôèöèåíòû ðîñòà

η2 = 4,

1) η1 = 4 (u0 = v0), 2) η1 = 6, 3) η1 = 8, 4) η1 = 4 (u0 6= v0),

Sum � ñðåäíÿÿ ïëîòíîñòü ïîïóëÿöèé. Sumu =
1

a

n∑
k=0

ui, Sumv =
1

a

n∑
k=0

vi.
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Âëèÿíèå íà÷àëüíûõ äàííûõ

íà ôèíàëüíûå ïëîòíîñòè ïîïóëÿöèé (η1 = η2 = 4).

Sum � ñðåäíÿÿ ïëîòíîñòü ïîïóëÿöèé.
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Ôóíêöèÿ ðîñòà ïåðåìåííà ïî àðåàëó
u = k1u

′′ + η1uf, f = 1− (u+ v)/P (x),

v = k2v
′′ + η2vf,

η2 = η20 + η21 sin (2πx/a)

Óñëîâèå êîñèììåòðèè âûïîëíÿåòñÿ, åñëè η21 = 0.

Ïðîôèëè ôóíêöèé ðîñòà η1, η2 è P (x), η1 = 3, η20 = 16, η21 = 6, µ = 0.4, a = 1,

k1 = 0.02, k2 = 0.04.
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Íåîäíîðîäíûé ïàðàìåòð ðîñòà

η20 = 16

I � âûæèâàíèå

ïîïóëÿöèè u,

II � âûæèâàíèå

ïîïóëÿöèè v,

III � ñîñóùåñòâîâàíèå

îáåèõ

ïîïóëÿöèé

ôèíàëüíûå ðàñïðåäåëåíèÿ ïëîòíîñòè ïîïóëÿöèé u, v
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Êàðòû ðåæèìîâ äëÿ ïåðåìåííîãî êîýôôèöèåíòà ðîñòà η2

1 � Âûæèâàíèå u

2 � Âûæèâàíèå v

3 � Ñîñóùåñòâîâàíèå

ïîïóëÿöèé

k2 = 0.04, k1 = 0.02

k2 = 0.1, k1 = 0.02
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Êàðòû ðåæèìîâ äëÿ ôóíêöèè ðåñóðñà ñ äâóìÿ ìîäàìè

I � âûæèâàíèå

ïîïóëÿöèè u,

II � âûæèâàíèå

ïîïóëÿöèè v,

III � ñîñóùåñòâîâàíèå

îáåèõ

ïîïóëÿöèé

ôèíàëüíûå ðàñïðåäåëåíèÿ ïëîòíîñòè ïîïóëÿöèé u, v ïðè η1 = 8
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I � (u, 0), II � (0, v), III � (u,v).
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Ïåðåìåííîñòü êîýôôèöèåíòîâ ðîñòà ηi = ηi0 + ηi1 sin(2πx/a)

a = 1, k1 = 0.02, k2 = 0.04,

η1(x) = η10 + η11 sin(2πx),

η2(x) = η20 + η21 sin(2πx).

η20 = 16, η21 = 6

1) η11 = 0, 2) η11 = 0.4, 3) η11 = −0.1

Ïðîôèëè ôóíêöèé ðîñòà η1, η2

Ôèíàëüíûå ðàñïðåäåëåíèÿ ïîïóëÿöèé u, v.



Çàêëþ÷åíèå

1. Ðàçðàáîòàíà ÷èñëåííàÿ ñõåìà äëÿ ðàñ÷åòà äèíàìèêè íåàíòàãîíèñòè÷å-

ñêèõ ïîïóëÿöèé â êîëüöåâîì àðåàëå äëÿ èçó÷åíèÿ îñîáåííîñòåé ðîñòà è

ýâîëþöèè ïîïóëÿöèé ïðè ïðîñòðàíñòâåííîé íåîäíîðîäíîñòè �æèçíåííûõ

óñëîâèé�.

2. Â ÷èñëåííîì ýêñïåðèìåíòå ïðîàíàëèçèðîâàíî âëèÿíèå íåîäíîðîäíîé

ôóíêöèè ðîñòà íà ôîðìèðîâàíèå ñòàöèîíàðíûõ ðàñïðåäåëåíèé ïëîòíî-

ñòè ïîïóëÿöèé.

3.Íàéäåíû ñëó÷àè, ïðè êîòîðûõ áëèçêîðîäñòâåííûå ïîïóëÿöèè ìîãóò ñî-

ñóùåñòâîâàòü â îäíîé îáëàñòè è ñëó÷àè îðãàíèçàöèè ýêîëîãè÷åñêèõ íèø.
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