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Àííîòàöèÿ. Èçâåñòíî, ÷òî êèíåòèêà ðîñòà ïîïóëÿöèé ìèêðîîðãàíèçìîâ îòëè÷àåòñÿ íåäîñòà-
òî÷íîé âîñïðîèçâîäèìîñòüþ ýêñïåðèìåíòàëüíûõ äàííûõ, à êèíåòè÷åñêèå çàâèñèìîñòè ðîñòà
- íèçêîé àäåêâàòíîñòüþ. Äëÿ ðåøåíèÿ óêàçàííîé ïðîáëåìû äîëæíà áûòü ðàçðàáîòàíà ñòî-
õàñòè÷åñêàÿ ìîäåëü, êîòîðàÿ äàæå â îäèíàêîâûõ óñëîâèÿõ ïðîâåäåíèÿ âû÷èñëèòåëüíîãî ýêñ-
ïåðèìåíòà äîëæíà âîñïðîèçâîäèòü ðàçëè÷íûå êèíåòè÷åñêèå çàâèñèìîñòè, ÷òî ñîîòâåòñòâóåò
íàáëþäàåìûì ÿâëåíèÿì.

Stochastic model of phase heterogeneity of growth of the population of microorganisms
Karpenkov A.V., Arzamastsev A.A.

Abstract. Well-known, that kinetic growth of populations of microorganisms di�ers insu�cient
reproducibility of experimental data, and macro kinetic dependences - mathematical models -
low adequacy. In our opinion of one of the major reasons causing low reproducibility of kinetic
experiments, phase heterogeneity of a population during the initial moment of time is. The model
intended for the decision of the speci�ed problem should be stochastic, i.e. even in identical
conditions of carrying out of computing experiment it should reproduce various kinetic dependences
that corresponds to a real course of events.

Èçâåñòíî, ÷òî êèíåòèêà ðîñòà ïîïóëÿöèé ìèêðîîðãàíèçìîâ îòëè÷àåòñÿ íåäîñòàòî÷íîé âîñïðîèçâîäèìî-
ñòüþ ýêñïåðèìåíòàëüíûõ äàííûõ, à êèíåòè÷åñêèå çàâèñèìîñòè ðîñòà - íèçêîé àäåêâàòíîñòüþ. Ïî íàøåìó
ìíåíèþ, îäíîé èç âàæíåéøèõ ïðè÷èí, îáóñëàâëèâàþùèõ íèçêóþ âîñïðîèçâîäèìîñòü êèíåòè÷åñêèõ ýêñïå-
ðèìåíòîâ, ÿâëÿåòñÿ ôàçîâàÿ ãåòåðîãåííîñòü ïîïóëÿöèè â íà÷àëüíûé ìîìåíò âðåìåíè.

Äëÿ ðåøåíèÿ óêàçàííîé ïðîáëåìû äîëæíà áûòü ðàçðàáîòàíà ñòîõàñòè÷åñêàÿ ìîäåëü, êîòîðàÿ äàæå â
îäèíàêîâûõ óñëîâèÿõ ïðîâåäåíèÿ âû÷èñëèòåëüíîãî ýêñïåðèìåíòà äîëæíà âîñïðîèçâîäèòü ðàçëè÷íûå êèíå-
òè÷åñêèå çàâèñèìîñòè, ÷òî ñîîòâåòñòâóåò íàáëþäàåìûì ÿâëåíèÿì.

Äàííàÿ ñòîõàñòè÷åñêàÿ ìîäåëü áûëà ðàçðàáîòàíà ñ ïîìîùüþ ÿçûêà ïðîãðàììèðîâàíèÿ Borland Delphi
7.0. Îíà ñîñòîèò èç òðåõ ãëîáàëüíûõ ìîäóëåé, êîòîðûå îòâå÷àþò çà ãåíåðàöèþ, âèçóàëèçàöèþ è ðàñ÷åòû.
Ìîäóëü ãåíåðàöèè ñëóæèò äëÿ îáðàáîòêè íà÷àëüíûõ âõîäíûõ ïàðàìåòðîâ ìîäåëè. Ïðè îáðàùåíèè ê íåìó,
ãåíåðèðóåòñÿ âðåìÿ êàæäîé êëåòêè â ïîïóëÿöèè ñîãëàñíî íà÷àëüíîìó ðàñïðåäåëåíèþ ïî ôàçàì êëåòî÷íîãî
öèêëà. Ýòèì äîñòèãàåòñÿ ñòîõàñòè÷åñêèõ õàðàêòåð ìîäåëè. Ìîäóëü âèçóàëèçàöèè îòâå÷àåò çà âèçóàëüíîå
îôîðìëåíèå ìîäåëè, âçàèìîäåéñòâèå âñåõ ìîäóëåé ìåæäó ñîáîé è âèçóàëèçàöèþ ñàìîãî ýêñïåðèìåíòà. Ýòîò
ìîäóëü âûâîäèò íà ýêðàí: íà÷àëüíîå ðàñïðåäåëåíèå ïî ôàçàì êëåòî÷íîãî öèêëà â âèäå ãèñòîãðàììû; êîëè-
÷åñòâî êëåòîê â êàæäîé ôàçå êëåòî÷íîãî öèêëà â âèäå ãèñòîãðàììû; êèíåòè÷åñêèå êðèâûå ðîñòà ïîïóëÿöèè;
ãðàôèêè ïëîòíîñòè â ôàçàõ êëåòî÷íîãî öèêëà; êèíåòèêó ðàñõîäà ïèòàòåëüíîãî âåùåñòâà; ñòàòèñòè÷åñêèå
äàííûå â õîäå ðàáîòû ìîäåëè. Èíôîðìàöèÿ íà ýêðàíå âûâîäèòñÿ íà ðàçëè÷íûõ çàêëàäêàõ, òàêèì îáðà-
çîì â õîäå ðàáîòû ìîäåëè ìîæíî ñìîòðåòü ëèáî íà êèíåòèêó ðîñòà, ëèáî íà ãðàôèêè ïëîòíîñòè ïî ôàçàì
êëåòî÷íîãî öèêëà, ëèáî çà êèíåòèêîé ðàñõîäà ïèòàòåëüíîãî âåùåñòâà, ëèáî çà ñòàòèñòè÷åñêèìè äàííûìè.
Ïàðàëëåëüíî ñ ýòèì â òå÷åíèå âñåé ðàáîòû ñòîõàñòè÷åñêîé ìîäåëè ìîæíî íàáëþäàòü ãèñòîãðàììó, íà êîòî-
ðîé èçîáðàæàåòñÿ êîëè÷åñòâî êëåòîê â êàæäîé èç ôàç êëåòî÷íîãî öèêëà â äàííûé ìîìåíò âðåìåíè; Òðåòèé
ìîäóëü - ìîäóëü ðàñ÷åòîâ - ñëóæèò äëÿ îáðàáîòêè äàííûõ, ïîñòóïàþùèõ â íåãî. Îí çàïóñêàåòñÿ êàê ïîòîê
è ðàáîòàåò ïàðàëëåëüíî ñ ìîäåëüþ, ò.å. ìîäóëü ðàñ÷åòîâ ìîæåò áûòü çàïóùåí è îñòàíîâëåí â ëþáîé ìîìåíò.
Âñå ýòè òðè ìîäóëÿ íåïîñðåäñòâåííî âçàèìîäåéñòâóþò ìåæäó ñîáîé. Ìîäóëü âèçóàëèçàöèè âûçûâàåò ìîäóëü
ãåíåðàöèè è çàïóñêàåò ðàñ÷åòû â îòäåëüíûé ïîòîê. À ìîäóëü ðàñ÷åòîâ îáðàáàòûâàåò äàííûå è ïåðåäàåò èõ
â ìîäóëü âèçóàëèçàöèè.

Âõîäíûå ïàðàìåòðû ìîäåëè âêëþ÷àþò â ñåáÿ: íà÷àëüíîå êîëè÷åñòâî êëåòîê â ôàçàõ; êîëè÷åñòâî ôàç
êëåòî÷íîãî öèêëà; ïðîäîëæèòåëüíîñòü ôàç êëåòî÷íîãî öèêëà; ïëîòíîñòü ðàñïðåäåëåíèÿ êëåòîê ïî ôàçàì
êëåòî÷íîãî öèêëà.

Îñîáåííîñòè ñòîõàñòè÷åñêîé ìîäåëè: ó÷åò íåñïîñîáíîñòè íåêîòîðûõ êëåòîê ê äåëåíèþ è ãèáåëè êëåòîê;
ó÷åò êîíå÷íîñòè ïèòàòåëüíîãî âåùåñòâà; íàáëþäåíèå âåäåòñÿ: çà ðîñòîì ïîïóëÿöèè â öåëîì è ñòðîèòñÿ
êèíåòè÷åñêàÿ êðèâàÿ â ðåàëüíîì âðåìåíè; çà ðàñïðåäåëåíèåì êëåòîê ïî ôàçàì; çà êîíöåíòðàöèåé êëåòîê â
ôàçàõ â ïðîöåññå ðàáîòû ìîäåëè.

Ìîäåëü áûëà îïðîáîâàíà íà ñèòóàöèè ñ ýóêàðèîòè÷åñêèìè êëåòêàìè, ó êîòîðûõ ïðèñóòñòâóþò ÷åòûðå
ôàçû êëåòî÷íîãî öèêëà (G1, S, G2, M) ñ âðåìåíåì ïðîäîëæèòåëüíîñòè - 24 ÷àñà. Áûëè ïðîèçâåäåíû âû÷èñ-
ëåíèÿ äëÿ ñëåäóþùèõ ñèòóàöèé: âñå êëåòêè íàõîäÿòñÿ â ôàçå G1 - ïðè îäíèõ è òåõ æå íà÷àëüíûõ óñëîâèÿõ
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ïîëó÷àþòñÿ íåñóùåñòâåííî, íî ðàçëè÷íûå êèíåòè÷åñêèå êðèâûå. Íî âî âñåõ ñëó÷àÿõ âèäíî, ÷òî ðîñò ïîïó-
ëÿöèè íà÷èíàåòñÿ ñïóñòÿ 10 ÷àñîâ, çàòåì ÷åðåç 15-16 ÷àñîâ îí ïðèîñòàíàâëèâàåòñÿ è âîçîáíîâëÿåòñÿ ÷åðåç
9-10 ÷àñîâ; âñå êëåòêè íàõîäÿòñÿ â ôàçå S - òàêæå êàê è â ïåðâîì ñëó÷àå, ðîñò ïîïóëÿöèè íà÷èíàåòñÿ íå
ñðàçó, à ñïóñòÿ 5 ÷àñîâ ïîñëå íà÷àëà ðàáîòû ìîäåëè; âñå êëåòêè íàõîäÿòñÿ â ôàçå G2 - â äàííîé ñèòóàöèè
ðîñò êëåòîê ïîïóëÿöèè íà÷èíàåòñÿ ñïóñòÿ ëèøü ÷àñ ïîñëå íà÷àëà èññëåäîâàíèÿ. Ýòî îáóñëîâëåíî òåì, ÷òî
âðåìÿ íàõîæäåíèÿ êëåòîê â ôàçàõ G2 è M çíà÷èòåëüíî ìåíüøå, ÷åì â G1 è S; âñå êëåòêè ðàâíîìåðíî ðàñ-
ïðåäåëåíû ïî ôàçàì - â äàííîì ýêñïåðèìåíòå êèíåòè÷åñêèå êðèâûå ñóùåñòâåííî îòëè÷àþòñÿ îò òåõ, ÷òî
áûëè ïîëó÷åíû íàìè ðàíåå.

Òàêèì îáðàçîì, â ðåçóëüòàòå ïðîâåäåííûõ âû÷èñëèòåëüíûõ ýêñïåðèìåíòîâ óñòàíîâëåíî, ÷òî íà÷àëüíîå
ðàñïðåäåëåíèå êëåòîê ïî ôàçàì êëåòî÷íîãî öèêëà ñóùåñòâåííî âëèÿåò íà êèíåòèêó ðîñòà ïîïóëÿöèè.


