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Èññëåäîâàíî âëèÿíèå ñòîõàñòè÷åñêèõ èñòî÷íèêîâ Ëåâè íà ïðîöåññ 
ñàìîîðãàíèçàöèè, ñâÿçàííûé ñ îáðàçîâàíèåì ïðåäåëüíîãî öèêëà. Ïîêàçàíî, ÷òî 
øóìû Ëåâè ïîäàâëÿþò ñòîõàñòè÷åñêèå îñöèëëÿöèè â íåðàâíîâåñíîì 
ñòàöèîíàðíîì ðåæèìå. 
 

Êëþ÷åâûå ñëîâà: ØÓÌ ËÅÂÈ, ÑÒÎÕÀÑÒÈ×ÅÑÊÀß ÑÈÑÒÅÌÀ, ÑÀÌÎÎÐÃÀÍÈ-
ÇÀÖÈß. 
 
(Ïîëó÷åíî 23.11.2009, â îòðåäàêòèðîâàííîé ôîðìå – 06.12.2009) 
 
1. ÂÂÅÄÅÍÈÅ 
 

Êàê èçâåñòíî, äåéñòâèå ñòîõàñòè÷åñêèõ èñòî÷íèêîâ (øóìîâ) â íåëèíåéíûõ 
ñèñòåìàõ ìîæåò èãðàòü íå òîëüêî äåñòðóêòèâíóþ, íî è êîíñòðóêòèâíóþ 
ðîëü,  êîòîðàÿ  íàèáîëåå  ÿðêî  ïðîÿâëÿåòñÿ  â  êðèòè÷åñêîé  ïåðåñòðîéêå  
ïîâåäåíèÿ ñèñòåìû [1]. Ïðîñòåéøèé ïðèìåð òàêîé ïåðåñòðîéêè 
ïðåäñòàâëÿþò ôàçîâûå ïåðåõîäû, òå÷åíèå êîòîðûõ ïðèâîäèò ê ïîÿâëåíèþ 
îñîáûõ òî÷åê íà ôàçîâîé ïëîñêîñòè. Ïðåäëàãàåìàÿ ðàáîòà ïîñâÿùåíà 
èññëåäîâàíèþ áîëåå ñëîæíîãî ñëó÷àÿ, êîãäà ïåðåñòðîéêà ñòîõàñòè÷åñêîé 
ñèñòåìû ïðèâîäèò ê êîëåáàòåëüíîìó ïîâåäåíèþ, êîòîðîìó îòâå÷àåò 
ïðåäåëüíûé öèêë, ïîÿâëÿþùèéñÿ â ðåçóëüòàòå áèôóðêàöèè Õîïôà [2]. Ïðè 
ýòîì ìû íå îãðàíè÷èâàåìñÿ èññëåäîâàíèåì ãàóññîâñêèõ øóìîâ, à 
ðàññìàòðèâàåì áîëåå îáùèé ñëó÷àé ñòîõàñòè÷åñêèõ èñòî÷íèêîâ Ëåâè [3]. 
 
2. ÑÒÀÒÈÑÒÈ×ÅÑÊÀß ÊÀÐÒÈÍÀ ÏÐÅÄÅËÜÍÎÃÎ ÖÈÊËÀ ËÅÂÈ 
 

Ñîãëàñíî òåîðåìå î öåíòðàëüíîì ìíîãîîáðàçèè [2], ïîëíîå îïèñàíèå 
ïðåäåëüíîãî öèêëà äîñòèãàåòñÿ èñïîëüçîâàíèåì äâóõ ñòåïåíåé ñâîáîäû, 
îòâå÷àþùèõ ñòîõàñòè÷åñêèì ïåðåìåííûì Xi, i  1, 2. Â ðåçóëüòàòå 
ýâîëþöèÿ ñèñòåìû îïðåäåëÿåòñÿ óðàâíåíèÿìè Ëàíæåâåíà [4] 
 

 , 1,2i i i iX fdt g dL i  (1) 
 

ñ ïðîèçâîëüíûìè ñèëàìè fi  fi(x1, x2) è àìïëèòóäàìè øóìîâ gi  
  gi(x1, x2) ÿâëÿþùèìèñÿ ôóíêöèÿìè îáåèõ ïåðåìåííûõ xi,  i  1,2; 
ñòîõàñòè÷åñêèå ñëàãàåìûå ñîîòâåòñòâóþò ïðîöåññàì Ëåâè Li  Li(t), 
êîòîðûå îïðåäåëÿþòñÿ õàðàêòåðèñòè÷åñêîé ôóíêöèåé 
 

 :i i iik dX dte e  (2) 
 

ñ èíêðåìåíòàìè i  i(k1,k2; x1,x2) âèäà [5]  
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Çäåñü è äàëåå óãëû àñèììåòðèè i è ìîäóëè mi îïðåäåëåíû ðàâåíñòâàìè 
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ïîêàçàòåëü Ëåâè   (0, 2) îïðåäåëÿåò ñòåïåííóþ àñèìïòîòèêó ( 1)
ix  ñ  

1   < 2 (ñëó÷àé   2 îòâå÷àåò ðàñïðåäåëåíèþ Ãàóññà), ïàðàìåòðû i   
 [– 1, + 1] çàäàþò àñèììåòðèþ ïðîöåññà Ëåâè, ïàðàìåòðû –  < i < +  

ïðåäñòàâëÿþò ñðåäíèå çíà÷åíèÿ ñòîõàñòè÷åñêèõ ïåðåìåííûõ Xi ïðè 
 > 1, D  [0, + ) – ñêåéëèíãîâûé ïàðàìåòð òèïà êîýôôèöèåíòà 

äèôôóçèè, óãëîâûå ñêîáêè îçíà÷àþò óñðåäíåíèå ïî øóìàì Ëåâè. 
 Ýâîëþöèÿ ôóðüå-îáðàçà ôóíêöèè ðàñïðåäåëåíèÿ âåðîÿòíîñòè 
 

 1 1 2 2( )
1 2 1 2 1 2( , ; ) ( , ; ) i k x k xP k k t dx dx P x x t e  (5) 

 

îïèñûâàåòñÿ óðàâíåíèåì Ôîêêåðà-Ïëàíêà 
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Áóäó÷è ðåçóëüòàòîì Ôóðüå-ïðåîáðàçîâàíèÿ, ïðàâàÿ ÷àñòü ýòîãî óðàâíåíèÿ 
ñîäåðæèò êîìïîíåíòû âîëíîâîãî âåêòîðà ki, i  1,2, òîãäà êàê ñèëû 
fi  fi(x1, x2) è àìïëèòóäû ìóëüòèïëèêàòèâíûõ øóìîâ gi  gi(x1, x2) 
îïðåäåëÿþòñÿ êîîðäèíàòàìè x1 è x2. 
 Ñîãëàñíî óðàâíåíèþ (6), çàïèñàííîìó â x-ïðåäñòàâëåíèè, êîìïîíåíòû 
ñòàöèîíàðíîãî ïîòîêà âåðîÿòíîñòè óäîâëåòâîðÿþò óñëîâèþ 

/ 0i ii
J x , êîòîðîå îçíà÷àåò, ÷òî ïåðâàÿ èç íèõ J1  J1(x2) ÿâëÿåòñÿ 

ôóíêöèåé åäèíñòâåííîé ïåðåìåííîé x2, è íàîáîðîò – äëÿ âòîðîé 
J2  J2(x1). Â ðåçóëüòàòå ïîâåäåíèå ñèñòåìû îïðåäåëÿòñÿ âûðàæåíèÿìè 
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Òàê êàê ïàðà ýòèõ óðàâíåíèé îïðåäåëÿåò åäèíñòâåííóþ ôóíêöèþ 
ðàñïðåäåëåíèÿ 1 2,P k k , òî äîëæíî âûïîëíÿòüñÿ óñëîâèå ñîãëàñîâàíèÿ 
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êîòîðîå îãðàíè÷èâàåò âûáîð êîìïîíåíò ïîòîêà âåðîÿòíîñòåé J1(k2) è J2(k1). 
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ãäå ââåäåíî îáîçíà÷åíèå 
 

 
2 1

2 22 2
1 1 1 2 2 2 2 2 1 1 .

i i
F f g m g e f g m g e  (11) 

 

 Ñîãëàñíî (10), ôóíêöèÿ ðàñïðåäåëåíèÿ âåðîÿòíîñòè âûðàæàåòñÿ 
ðàâåíñòâîì  
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Â ñòàöèîíàðíîì ñîñòîÿíèè, êîãäà êîìïîíåíòû ïîòîêà âåðîÿòíîñòåé 
ïðèíèìàþò ïîñòîÿííûå çíà÷åíèÿ â x-ïðîñòðàíñòâå, ñîîòâåòñòâóþùèå 

ôóðüå-îáðàçû ïðèíèìàþò âèä 0
1 2 212J k J k  è 0

2 1 122J k J k , 

ãäå 0 constiJ .  Â  ðåçóëüòàòå  óñëîâèå  ñîãëàñîâàíèÿ  (9)  çàïèñûâàåòñÿ  â  

âèäå 0 0
1 1 1 2 2 22 1f g J f g J ,  ýôôåêòèâíàÿ  ñèëà  (11)  ðàâíà  

2 2
1 1 1 2 2 2 2 1F f g g f g g , à ïëîòíîñòü âåðîÿòíîñòè (12) 

âûðàæàåòñÿ ðàâåíñòâîì 0 01 2 2
2 11 2P F J g J g . Òàêèì îáðàçîì, 
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óñëîâèå ñîãëàñîâàíèÿ è ðàâåíñòâî F  0, îáåñïå÷èâàþùåå ðàñõîäèìîñòü 
âåðîÿòíîñòè, óäîâëåòâîðÿþòñÿ ïðè îäíîâðåìåííîì âûïîëíåíèè ðàâåíñòâ  
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Îäíàêî ïðè ýòîì ïðîïàäàåò è ÷èñëèòåëü 0 0
2 2

2 11 2J g J g , è ïëîòíîñòü 

âåðîÿòíîñòè ìîæåò ïðèíèìàòü òîëüêî êîíå÷íûå çíà÷åíèÿ. 
 
3. ÂÛÂÎÄÛ 
 

Ïðîâåäåííîå èññëåäîâàíèå ñòîõàñòè÷åñêîé ñèñòåìû, îáëàäàþùåé øóìàìè 
Ëåâè, óêàçûâàåò íà íåâîçìîæíîñòü êîëåáàòåëüíîãî ïîâåäåíèÿ 
ñòàöèîíàðíîãî íåðàâíîâåñíîãî ñîñòîÿíèÿ, êîòîðîå îòâå÷àåò ïðåäåëüíî 
áîëüøèì çíà÷åíèÿì ïëîòíîñòè âåðîÿòíîñòè, ðåàëèçóþùèìñÿ íà 
ïðåäåëüíîì öèêëå, ïîðîæäåííîì áèôóðêàöèåé Õîïôà. 
 

STOCHASTIC OSCILLATIONS SUPPRESSION BY LEVY-NOISE 
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 2, Rimsky-Korsakov St., 40007, Sumy, Ukraine 
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 58, Petropavlovskaya St., 40030, Sumy, Ukraine 
 
We consider effect of stochastic sources self-organization process being initiated with 
creation of the limit cycle. It is shown that stochastic system driven by stable Levy 
noise can not display oscillations in non-equilibrium steady state. 
 

Keywords: LEVY NOISE, STOCHASTIC SYSTEM, SELF-ORGANIZATION. 
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