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Àííîòàöèÿ. Â ñòàòüå ðàññìîòðåí âîïðîñ îá óñëîâèÿõ âîçíèêíîâåíèÿ õàîòè÷åñêîãî äâèæåíèÿ
â äèíàìè÷åñêîé ñèñòåìå. Ðàññìîòðåíî îïðåäåëåíèå õàîòè÷åñêîãî äâèæåíèÿ. Öåëüþ ñòàòüè
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1. Ââåäåíèå

Ñëó÷àéíîñòü ó ñîâðåìåííîãî ïîêîëåíèÿ ìàòåìàòèêîâ âî ìíîãîì àññîöèèðóåòñÿ ñ ïîäïðî-
ãðàììîé RANDU. Äåéñòâèòåëüíî, óæå ìíîãèå äåñÿòèëåòèÿ óñïåøíî ïðèìåíÿþòñÿ ïðî-
ãðàììíûå ãåíåðàòîðû ñëó÷àéíûõ ÷èñåë (ÏÃÑ×). Ïðèìåíåíèå ÏÃÑ× áîëåå ýôåêòèâíî,
÷åì âûðàáîòêà ñëó÷àéíûõ ÷èñåë äðóãèìè ñïîñîáàìè. Ñëó÷àéíûå ÷èñëà, ïîëó÷åííûå ñ ïî-
ìîùüþ ÏÃÑ×, èñïîëüçóþòñÿ â ðàçëè÷íûõ òåõíè÷åñêèõ óñòðîéñòâàõ, ïðè ìîäåëèðîâàíèè,
÷èñëåííîì àíàëèçå (ìåòîä Ìîíòå-Êàðëî). Ïðèìåíÿåìûå ÏÃÑ× ïîäâåðãàþòñÿ ðàçëè÷íûì
ñòàòèñòè÷åñêèì èñïûòàíèÿì äëÿ îïðåäåëåíèÿ èõ ñîñòîÿòåëüíîñòè [1].

2. Ïîñòðîåíèå â àíàëèòè÷åñêîì âèäå ôóíêöèè

Ñïðàâåäëèâà ñëåäóþùàÿ òåîðåìà.

Ò å î ð å ì à 2.1. Çíà÷åíèÿ ôóíêöèè φ(t) â öåëî÷èñëåííûõ òî÷êàõ t0 = 0 , t1 = 1 ,
. . . ñâÿçàíû ñ ïîñëåäîâàòåëüíîñòüþ

yi =
xi
m
2π (2.1)

, ïîëó÷åííîé ñ ïîìîùüþ ëèíåéíîé êîíãðóýíòíîé ïîñëåäîâàòåëüíîñòè, ñëåäóþùèì îáðà-
çîì: φ(ti) = cos yi + i sin yi .

Ïîñëåäîâàòåëüíîñòü çíà÷åíèé ôóíêöèè f(t) â öåëî÷èñëåííûõ òî÷êàõ 0, 1, 2, . . . ñîâ-
ïàäàåò ñ ëèíåéíîé êîíãðóýíòíîé ïîñëåäîâàòåëüíîñòüþ x0, x1, x2 , . . .

Òàêèì îáðàçîì, ïîñòðîåíà â ÿâíîì àíàëèòè÷åñêîì âèäå ôóíêöèÿ, ïîðîæäàþùàÿ òå
æå çíà÷åíèÿ, ÷òî è ëèíåéíàÿ êîíãðóýíòíàÿ ïîñëåäîâàòåëüíîñòü. Ðàññìîòðèì îñíîâíûå
ñâîéñòâà ýòîé ôóíêöèè.

Î ï ð å ä å ë å í è å 2.1. Ôóíêöèÿ f(t) , çàäàííàÿ è íåïðåðûâíàÿ ïðè t ∈
(−∞,+∞) , íàçûâàåòñÿ ðåêóððåíòíîé, åñëè äëÿ ëþáîãî ε > 0 ìîæíî óêàçàòü ÷èñëî
Lε > 0 òàêîå, ÷òî â êàæäîì èíòåðâàëå (α, α + Lε) äåéñòâèòåëüíîé îñè α ∈ (−∞,∞)
äëÿ ëþáîãî äåéñòâèòåëüíîãî ÷èñëà t ñóùåñòâóåò ÷èñëî τt , óäîâëåòâîðÿþùåå óñëîâèþ

|f(t+ τt)− f(t)| < ε.
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Åñëè ÷èñëî τ ìîæíî ïðè ëþáîì ε > 0 âûáðàòü íå çàâèñÿùèì îò t , òî f(t) ÿâëÿåòñÿ
ïî÷òè ïåðèîäè÷åñêîé ôóíêöèåé ïî Áîðó.

Îáîçíà÷èì ÷åðåç Rf ìíîæåñòâî âñåõ ðåêóððåíòíûõ ôóíêöèé.

Ò å î ð å ì à 2.2. Åñëè f(t) ∈ Rf , òî ôóíêöèÿ f(t) îãðàíè÷åíà.

Ä î ê à ç à ò å ë ü ñ ò â î. Çàäàäèì ε > 0 . Âûáåðåì Lε â ñîîòâåòñòâèè ñ îïðåäåëåíèåì
2.1.. Ïîëîæèì c = sup

t∈[0,Lε]

|f(t)| . Òîãäà c < +∞ ââèäó íåïðåðûâíîñòè ôóíêöèè f(t) . Ïóñòü

t - ëþáîå êîíå÷íîå äåéñòâèòåëüíîå ÷èñëî. Âûáåðåì â èíòåðâàëå (−t,−t + Lε) ÷èñëî tτ
ñîãëàñíî 2.1. Òîãäà áóäåì èìåòü ñ îäíîé ñòîðîíû t + τt ∈ [0, Lε] , à ñ äðóãîé ñòîðîíû,
|f(t+ τt)− f(t)| < ε . Îòñþäà íàéäåì, ÷òî |f(t)| < c+ ε , ÷òî è òðåáîâàëîñü äîêàçàòü.
Ä î ê à ç à ò å ë ü ñ ò â î ç à ê î í ÷ å í î.

Ò å î ð å ì à 2.3. Ìíîæåñòâî Rf åñòü ïîëíîå ïðîñòðàíñòâî â ñìûñëå ðàâíîìåð-
íîé ñõîäèìîñòè íà äåéñòâèòåëüíîé îñè.

Ä î ê à ç à ò å ë ü ñ ò â î. Ïóñòü äàíà òàêàÿ ïîñëåäîâàòåëüíîñòü ôóíêöèé fn(t) ∈
Rf , ÷òî fn(t) ðàâíîìåðíî ñõîäèòñÿ ê ôóíêöèè f(t) ïðè t ∈ (−∞,+∞) . Ïîêàæåì, ÷òî
f(t) ∈ Rf . Ïî ÷èñëó ε/3 â ñèëó ðàâíîìåðíîé ñõîäèìîñòè ìîæíî óêàçàòü òàêîå n0 , ÷òî
|f(t)− fn0(t)| < ε/3 ∀t ∈ (−∞,+∞) .

Ïî îïðåäåëåíèþ 2.1. äëÿ ÷èñëà ε/3 ìîæíî óêàçàòü òàêóþ âåëè÷èíó Lε , ÷òî áóäåò
|fn0(t+ τt)− fn0(t)| < ε/3 , ãäå τt - íåêîòîðàÿ âåëè÷èíà èç èíòåðâàëà (α, α+Lε) , ñîîòâåò-
ñòâóþùàÿ äàííîìó t . Îöåíèì ðàçíîñòü:

|f(t+ τt)− f(t)| ≤ |f(t+ τt)− fn0(t+ τt)|+ |f(t)− fn0(t)|+ |fn0(t+ τt)− fn0(t)| < ε.

Ñëåäîâàòåëüíî, τ , ε > 3 - ïî÷òè ïåðèîäû ôóíêöèè fn0(t) ÿâëÿåòñÿ τ , ε - ïî÷òè
ïåðèîäàìè ôóíêöèè f(t) . Òàêèì îáðàçîì, f(t) ∈ Rf , ÷òî è òðåáîâàëîñü äîêàçàòü.
Ä î ê à ç à ò å ë ü ñ ò â î ç à ê î í ÷ å í î.
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Conditions for the occurrence of chaotic motion in a

dynamic system
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Abstract. In article is shows the question about conditions origin motion by dynamics system.
Is consider the de�nition origin motion. The object this article were elucidation analytical nature
chance sequences applicable on practice.
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