
Ìîäåëü ýâîëþöèîííîé àäàïòàöèè â ñèñòåìàõ

Ëîòêè-Âîëüòåðû

Áðàòóñü Àëåêñàíäð Ñåðãååâè÷

1

Êîðóøêèíà Àíàñòàñèÿ Âÿ÷åñëàâîâíà

2

1

�îññèéñêèé óíèâåðñèòåò òðàíñïîðòà,

Ìîñêîâñêèé öåíòð �óíäàìåíòàëüíîé è ïðèêëàäíîé ìàòåìàòèêè Ì�Ó,

e-mail: alexander.bratus�yandex.ru

2

Ôàêóëüòåò âû÷èñëèòåëüíîé ìàòåìàòèêè è êèáåðíåòèêè Ì�Ó,

e-mail: akorushkina�yandex.ru

Ìîñêâà 02.11.2020

Èíñòèòóò âû÷èñëèòåëüíîé ìàòåìàòèêè �ÀÍ

Áðàòóñü À. Ñ, Êîðóøêèíà À. Â. 1 / 27



Íåâûðîæäåííûå ñèñòåìû Ëîòêè-Âîëüòåðû

dui (t)

dt
= ui(ri − (Au)i ), u ∈ R

n
+

ui (0) = u0i > 0, i = 1, 2, . . . , n,

ãäå

A = (aij), i , j = 1, 2, . . . , n, det(A) 6= 0

(Au)i =
n

∑

j=1

aijuj(t)

1 u(t; u0), u0 ∈ M ⊂ intR
n
+, ∀i ∃K > 0 :

lim
t→+∞

sup
i

u(t; u0) ≤ K

2 u0 ∈ intR
n
+, u

0
i ≥ δ > 0 ∀i , òîãäà

∃ε > 0 : lim
t→+∞

inf
i
u(t; u0) ≥ ε
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Íåîáõîäèìîå óñëîâèå íåâûðîæäåííîñòè

1 ∃! u = (u1, u2, . . . , un) ∈ R
n
+

Au = r , r = (r1, r2, . . . , rn)

Ïðè âûïîëíåíèè ýòèõ óñëîâèé:

lim
t→∞

1

t

∫ t

0

ui (t; u0)dt = ui , i = 1, 2, . . . n.

2

A = B + C ,

B � ïîëîæèòåëüíî îïðåäåëåíà,

B =
A+ AT

2
, C =

A− AT

2

B = BT , C = −CT .
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Ýâîëþöèîííîå èçìåíåíèå ëàíäøà�òà ïðèñïîñîáëåííîñòè

Ëàíäøà�ò ïðèñïîñîáëåííîñòè ñîñòîèò èç âåêòîðà

r = (r1, r2, . . . , rn) è ýëåìåíòîâ ìàòðèöû A.

r(εt), (aij(εt))
n
i ,j=1, 0 < ε << 1

dui(t; εt)

dt
= ui(t; εt)(ri (εt)− (A(εt)u(t; εt))i ),

i = 1, 2, . . . , n,

τ = εt.
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Óðàâíåíèå äèíàìèêè â ýâîëþöèîííîì âðåìåíè

ε
dui

(

τ

ε
; τ
)

dτ
= ui

(τ

ε
; τ
)(

ri(τ)−
(

A(τ)u
(τ

ε
; τ
))

i

)

,

ε → 0

r(τ) = (r1(τ), r2(τ), . . . , rn(τ))

A(τ)u(τ) = r(τ),

u(τ) = lim
ε→0

u
(τ

ε
; τ
)

r(τ) ∈ R , A(τ) ∈ M

R ⊂ R
n, M ⊂ R

n×n.
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Óïðàâëåíèå ïèùåâîé öåïüþ ïóòåì èçìåíåíèÿ

ïîêàçàòåëåé ñìåðòíîñòè

A =











a11 a12 0 . . . 0 0
−a21 a22 a23 . . . 0 0
.

.
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.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

0 0 0 . . . −an,n−1 ann











,

aij > 0, i , j = 1, . . . , n

r = (r1,−r2, . . . ,−rn), ri > 0, i = 1, 2, . . . , n.
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�àñøèðåíèå (ñîêðàùåíèå) êâîò íà äîáû÷ó âèäîâ 2, 3, . . . , n ñ

öåëüþ ìàêñèìèçàöèè �óíêöèîíàëà.

Sp(τ) =
n

∑

i=1

piui (τ) → max,

n
∑

k=2

rk(τ) ≤ R , R − onst.
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Îñíîâíàÿ òåîðåìà

A(τ)u(τ) = r(τ)

�àññìîòðèì óðàâíåíèå

AT (τ)v(τ) = P , P = (p1, p2, . . . , pn).

K+(K−) � ìíîæåñòâî èíäåêñîâ 2, 3, . . . , n, äëÿ êîòîðûõ

êîìïîíåíòû ðåøåíèÿ óðàâíåíèÿ èìåþò ïîëîæèòåëüíûå

(îòðèöàòåëüíûå) çíà÷åíèÿ.

Áðàòóñü À. Ñ, Êîðóøêèíà À. Â. 8 / 27



Îñíîâíàÿ òåîðåìà

Òåîðåìà

Åñëè ðåøåíèå v âñïîìîãàòåëüíîãî óðàâíåíèÿ ïðåäñòàâëÿåò

âåêòîð, êîìïîíåíòû êîòîðîãî èìåþò ðàçëè÷íûå çíàêè, òî

ìîæíî óâåëè÷èòü ñóììàðíóþ ÷èñëåííîñòü âèäîâ â

ñòàöèîíàðíîì ïîëîæåíèè ðàâíîâåñèÿ çà ñ÷åò óâåëè÷åíèÿ êâîò

íà äîáû÷ó âèäîâ èç ìíîæåñòâà K−
è óìåíüøåíèÿ êâîò íà

äîáû÷ó âèäîâ ñ íîìåðàìè K+
.
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�åçóëüòàòû ÷èñëåííîãî ìîäåëèðîâàíèÿ

Ïðèìåð 1

Êîëè÷åñòâî ïîïóëÿöèé n = 6.

A =

















1 5 0 0 0 0
−7 1 2 0 0 0
0 −3 1 4 0 0
0 0 −6 1 7 0
0 0 0 −8 2 8
0 0 0 0 −10 1

















,

r = (6,−1,−2,−1,−1,−1), P = (1, 1, 1, 1, 1, 1),

u(τ) ≥ δ = 0.05, 0.2 = m1 ≤ ri (τ) ≤ m2 = 3,

|δri | ≤ ε = 0.05, i = 2, . . . , 5.
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Ïðè äàííûõ óñëîâèÿõ:

K+ = {3, 5}, K− = {2, 4, 6}.

Ñóììàðíàÿ âçâåøåííàÿ ÷èñëåííîñòü âèäîâ ïðèáëèçèòåëüíî

óâåëè÷èëàñü íà 72%.
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Êîý��èöèåíòû ñìåðòíîñòè âèäîâ èç ìíîæåñòâà K+
.
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Êîý��èöèåíòû ñìåðòíîñòè âèäîâ èç ìíîæåñòâà K−
.
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Ïðèìåð 2

Êîëè÷åñòâî ïîïóëÿöèé n = 10.

A =

































1 4 0 0 0 0 0 0 0 0
−4 1 6 0 0 0 0 0 0 0
0 −7 1 5 0 0 0 0 0 0
0 0 −6 1 3 0 0 0 0 0
0 0 0 −8 1 6 0 0 0 0
0 0 0 0 −7 1 9 0 0 0
0 0 0 0 0 −2 1 3 0 0
0 0 0 0 0 0 −4 1 5 0
0 0 0 0 0 0 0 −2 1 9
0 0 0 0 0 0 0 0 −3 1

































,

r = (16,−1,−1,−1,−1,−1,−1,−1,−1,−2),

P = (10, 20, 30, 40, 50, 60, 10, 10, 10, 10),

u(τ) ≥ δ = 0.1, 0.2 = m1 ≤ ri (τ) ≤ m2 = 3,

|δri | ≤ ε = 0.1, i = 2, . . . , 10.
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Ïðè äàííûõ óñëîâèÿõ:

K+ = {2, 3, 4, 5, 7, 9}, K− = {6, 8, 10}.

Ñóììàðíàÿ âçâåøåííàÿ ÷èñëåííîñòü âèäîâ ïðèáëèçèòåëüíî

óâåëè÷èëàñü íà 10.1%.

Êðèòåðèàëüíàÿ �óíêöèÿ
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Êîý��èöèåíòû ñìåðòíîñòè âèäîâ èç ìíîæåñòâà K+
.

Áðàòóñü À. Ñ, Êîðóøêèíà À. Â. 16 / 27



Êîý��èöèåíòû ñìåðòíîñòè âèäîâ èç ìíîæåñòâà K−
.
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Óïðàâëåíèå ïèùåâîé öåïüþ çà ñ÷åò ìîäè�èêàöèè åå

ãðà�à

Ïóñòü âåêòîð r îñòàåòñÿ íåèçìåííûì,

QR = {A ∈ R
n×n |

∑n
i ,j=1

a2ij ≤ R2, R = onst}.
�àññìîòðèì ìàëûå âîçìóùåíèÿ ýëåìåíòîâ ìàòðèöû A ∈ QR ,

êîòîðûå ïåðåâîäÿò êëàññè÷åñêóþ ñèñòåìó ïèùåâîé öåïè â

ìîäè�èöèðîâàííóþ.

�ðà� ìîäè�èöèðîâàííîé ïèùåâîé öåïè.
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Óäòâåðæäåíèå

Ìîäè�èöèðîâàííàÿ ñèñòåìà ïèùåâîé öåïè îáåñïå÷èâàåò

áîëüøóþ ñóììàðíóþ ÷èñëåííîñòü âèäîâ â ñòàöèîíàðíîì

ïîëîæåíèè ðàâíîâåñèÿ ïî ñðàâíåíèþ ñ êëàññè÷åñêîé �îðìîé

ïèùåâîé öåïè, åñëè ëèíåéíàÿ �îðìà îò ïðèðàùåíèé ìàòðèöû A

L = −

n
∑

k=1

〈lk , u〉vk

ìîæåò ïðèíèìàòü ïîëîæèòåëüíîå çíà÷åíèå íà ìíîæåñòâå

ïðèðàùåíèé, óäîâëåòâîðÿþùèõ íåðàâåíñòâó

∑

i ,j=1

aijδaij ≤ 0

è îãðàíè÷åíèÿì |δaij | ≤ ε, i , j = 1, n
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Ïðèìåð 3

Êîëè÷åñòâî ïîïóëÿöèé n = 6.

A =

















1 4 0 0 0 0
−6 1 3 0 0 0
0 −5 1 7 0 0
0 0 −4 1 6 0
0 0 0 −8 1 9
0 0 0 0 −10 1

















,

r = (8,−1,−2,−1,−1,−1), P = (1, 2, 3, 4, 5, 6),

|δaij | ≤ ε = 0.1.
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Â äàííîì ïðèìåðå ïîÿâèëèñü ïîòîêè ýíåðãèè ìåæäó 4 - 6 è 3 -

5 âèäàìè.

�ðà� ìîäè�èöèðîâàííîé ïèùåâîé öåïè.
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Ýâîëþöèîííàÿ àäàïòàöèÿ ñ öåëüþ óâåëè÷åíèÿ ñðåäíåé

ïðèñïîñîáëåííîñòè (�èòíåñà)

Îñíîâíàÿ òåîðåìà åñòåñòâåííîãî îòáîðà �. Ôèøåðà (1930).

Ñðåäíèé �èòíåñ

F (u(τ)) =

n
∑

i=1

ri (τ)ui (τ)−
1

2
〈A(τ)u(τ), u(τ)〉,

n
∑

i=1

r2i (τ) ≤ R ,

n
∑

i ,j=1

a2ij(τ) ≤ Q
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Âàðèàöèÿ �èòíåñà

A(τ)u(τ) = r(τ), u ∈ intR
n
+

AT (τ)v(τ) = r(τ), v ∈ R
n

δF =
1

2





n
∑

i=1

(ui + v i )δri −

n
∑

i ,j=1

uiv jδaij



 → max,

n
∑

i=1

ri(τ)δri ≤ 0,

n
∑

i ,j=1

aij(τ)δaij ≤ 0,

|δri | ≤ ε, |δaij | ≤ ε.
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Ïðèìåð 4

Êîëè÷åñòâî ïîïóëÿöèé n = 5.

A =













1 3 0 0 0
−3 1 6 0 0
0 −6 1 4 0
0 0 −4 1 7
0 0 0 −7 1













,

r = (6,−2,−2,−1,−3),

ε = 0.01.
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Ñðåäíèé �èòíåñ óâåëè÷èëñÿ íà 16%.

�ðà� ìîäè�èöèðîâàííîé ïèùåâîé öåïè.
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