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Áîëüøèíñòâî ïðèðîäíûõ ýêîñèñòåì íàõîäèòñÿ â ñîñòîÿíèè äèíàìè÷åñêî-
ãî ðàâíîâåñèÿ. Ýòî îçíà÷àåò èõ óñòîé÷èâîñòü îòíîñèòåëüíî âíåøíèõ âîçäåé-
ñòâèé [1]. Â êà÷åñòâå öåëè ìîäåëèðîâàíèÿ ïîñòàâëåíà çàäà÷à ïîëó÷èòü óñëî-
âèÿ, ïðè êîòîðûõ äàííàÿ ýêîñèñòåìà áóäåò íàõîäèòüñÿ â ñîñòîÿíèè óñòîé÷èâî-
ãî ðàâíîâåñèÿ. Ïðè ïîñòðîåíèè ìîäåëè íåîáõîäèìî ó÷åñòü íå òîëüêî ñëîæíóþ
ñòðóêòóðó âçàèìîäåéñòâèÿ ìåæäó åå æèâûìè êîìïîíåíòàìè, íî è âëèÿíèå íà
íèõ íåæèâûõ.

Ðàáîòà ïîääåðæàíà ãðàíòîì ÄÂÎ ÐÀÍ, ïðîåêò � 06-III-À-01-458.
Îïèñàíèå ìîäåëè
Ìîäåëü ýêîñèñòåìû Îõîòñêîãî ìîðÿ ïðåäñòàâèì â âèäå çàìêíóòîé ñèñòå-

ìû, ñîñòîÿùåé èç ñåìè ãðóïï: áèîãåíû, áàêòåðèîïëàíêòîí, ôèòèïëàíêòîí,
çîîïëàíêòîí, íåêòîí, áåíòîñ è äåòðèò. Áëîê çîîïëàíêòîí âêëþ÷àåò íåõèùíûé
è õèùíûé çîîïëàíêòîí, à áåíòîñ ñîñòîèò èç õèùíîãî è íåõèùíîãî çîîáåíòî-
ñà, à òàêæå íåêòîáåíòîñà. Âçàèìîäåéñòâèå ìåæäó áëîêàìè ïðåäñòàâëåíî íà
ðèñ. 1. Äèíàìèêó áèîìàññ òðîôè÷åñêèõ áëîêîâ îïèøåì ñèñòåìîé äèôôåðåí-
öèàëüíûõ óðàâíåíèé




ẋ1 = (1− u72)r72x7x2 − r13x1x3;
ẋ2 = k72u72r72x7x2 − r24x2x4 −m2x2;
ẋ3 = r13x1x3 − r34x3x4 −m3x3;
ẋ4 = k24u24r24x2x4 + k34u34r34x3x4 − r45x4x5 − r46x4x6 − r4x

2
4 −m4x4;

ẋ5 = k45u45r45x4x5 − r56x5x6 − r5x
2
5 −m5x5;

ẋ6 = k46u46r46x4x6 + k56u56r56x5x6 + k76u76r76x7x6 − r6x
2
6 −m6x6;

ẋ7 = (1− k72)u72r72x7x2 + (1− k24u24)r24x2x4 + (1− k34u34)r34x3x4+
+(1− k45u45)r45x4x5 + (1− k46u46)r46x4x6 + (1− k56u56)r56x5x6+
+(1− k76u76)r76x7x6 + r4x

2
4 + r5x

2
5 + r6x

2
6+

+m2x2 + m3x3 + m4x4 + m5x5 + m6x6 − r72x7x2 − r76x7x6.
(1)

Çäåñü xi(t) � áèîìàññà i-ãî òðîôè÷åñêîãî áëîêà, rij � ñêîðîñòü âûåäàíèÿ i-ãî
áëîêà j-ûì â åäèíèöó âðåìåíè, uij � êîýôôèöèåíòû óñâîÿåìîñòè ïèùè, kij �
êîýôôèöèåíò ðîñòà, mj � êîýôôèöèåíò ñìåðòíîñòè.
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Ðèñ.1 Ñõåìà âçàèìîäåéñòâèé òðîôè÷åñêèõ áëîêîâ

×àñòü ïàðàìåòðîâ ñèñòåìû (1) îïðåäåëÿëàñü ïî äàííûì äëÿ ìîäåëåé Áå-
ðèíãîâà [2] è Îõîòñêîãî [3] ìîðåé, îñòàëüíûå âû÷èñëÿëèñü èç óñëîâèÿ ðàâíî-
âåñèÿ ñèñòåìû, ãäå çà ðàâíîâåñíûå ïðèíèìàëèñü ñðåäíèå áèîìàññû áëîêîâ.

Ñîñòîÿíèÿ ðàâíîâåñèÿ ñèñòåìû (1) ïðåäñòàâëÿþò êðèâóþ â ïðîñòðàíñòâå:




x1 = 1602.3 + 1.3x4;

x2 = 444 + 0.8x4 − 267129.8
739.1 + x4

;

x3 = −144.7 + 0.6x4 +
124024.6

739.1 + x4
;

x5 = −10.3 + 0.1x4;
x6 = −85.5 + 0.7x4;
x7 = 4552.8 + 10.2x4.

(2)

Òî÷êè íà êðèâîé áóäóò ÿâëÿòüñÿ óñòîé÷èâûìè ïîëîæåíèÿìè ðàâíîâåñèÿ,
åñëè äåéñòâèòåëüíûå çíà÷åíèÿ âñåõ ñîáñòâåííûõ ÷èñåë (êðîìå îäíîãî, ðàâ-
íîãî íóëþ â ñèëó çàìêíóòîñòè ñèñòåìû) ëèíåàðèçîâàííîé ñèñòåìû îòðèöà-
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òåëüíû [4]. Ïî êðèòåðèþ Ãóðâèöà äëÿ ýòîãî äîëæíî âûïîëíÿòüñÿ óñëîâèå
x4 > 114.13.

Ëèòåðàòóðà
1. ÑâèðåæåâÞ.Ì., Ëîãîôåò Ä.Î. Óñòîé÷èâîñòü áèîëîãè÷åñêèõ ñîîáùåñòâ, Ì.:

Íàóêà, 1978.
2. A Comparison of the Eastern Bering and Western Bering Sea Shelf and Slope

Ecosystems Through the Use of Mass-Balance Food Web Models, [Ýëåêòðîííûé
ðåñóðñ]: NOAA Technical Memorandum NMFS-AFSC-130/ by K.Y. Aydin, V.V.
Lapko, V.I. Radchenko, and P.A. Livingston, 2002. � Ðåæèì äîñòóïà:
http://www.ecopath.org//modules/Models/papers/ eastern western bering.pdf,
ñâîáîäíûé.

3. Èñïîëüçîâàíèå ìàòåìàòè÷åñêèõ ìîäåëåé â çàäà÷àõ ñûðüåâûõ èññëåäîâàíèé
[Ýëåêòðîííûé ðåñóðñ]: Îò÷åò î ÍÈÐ ëàá. ïðèêë. ìàòåì. ÒÈÍÐÎ-Öåíòðà, 2005.
� Ðåæèì äîñòóïà: http://www.tinro.ru//models/pdfs/w.pdf, ñâîáîäíûé.

4. Ýëüñãîëüö Ë.Ý. Äèôôåðåíöèàëüíûå óðàâíåíèÿ è âàðèàöèîííîå èñ÷èñëåíèå,
Ì.: Ýäèòîðèàë ÓÐÑÑ, 2000.

60




