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Ââåäåíèå 
 
Â ðàáîòàõ [1–3] ðàññìîòðåíû êîíöåíòðàöèîííûå 

íåëèíåéíîñòè ìèêðîãåòåðîãåííîé ñðåäû, îáóñëîâëåí-
íûå ðàçëè÷íûìè ìåõàíèçìàìè ïåðåðàñïðåäåëåíèÿ 
êîìïîíåíò äâóõôàçíîé ñðåäû â ïîëå ëàçåðíîãî èç-
ëó÷åíèÿ – ýëåêòðîñòðèêöèîííûì è òåðìîäèôôóçè-
îííûì. Â ýòèõ ðàáîòàõ àíàëèç ñàìîâîçäåéñòâèÿ èç-
ëó÷åíèÿ ïðîâîäèëñÿ òîëüêî äëÿ îäíîãî èç äâóõ ìå-
õàíèçìîâ è îãðàíè÷èâàëñÿ ñòàöèîíàðíûì ðåæèìîì. 
  Öåëüþ äàííîé ñòàòüè ÿâëÿåòñÿ èçó÷åíèå ñàìî-
âîçäåéñòâèÿ ãàóññîâà ïó÷êà â æèäêîôàçíîé ìèêðîãå-
òåðîãåííîé ñðåäå (÷àñòèöû äèñïåðñíîé ôàçû â æèä-
êîñòè) â íåñòàöèîíàðíîì ðåæèìå ïðè íàëè÷èè îáîèõ 
âêëàäîâ – òåðìîäèôôóçèîííîãî è ýëåêòðîñòðèêöè-
îííîãî. 

 Çàïèøåì ñèñòåìó áàëàíñíûõ óðàâíåíèé, îïèñû-
âàþùèõ ïðîöåññû òåïëî- è ìàññîïåðåíîñà [3]: 
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ãäå T(r, t) – òåìïåðàòóðà ñðåäû; C(r, t) = m0/m – 
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k – ïîñòîÿííàÿ Áîëüöìàíà, n – ýôôåêòèâíûé ïîêà-

çàòåëü ïðåëîìëåíèÿ ñðåäû, c 
–

 – ñêîðîñòü ñâåòà â âà-
êóóìå. 

Ðàññìàòðèâàåòñÿ îñåñèììåòðè÷íûé ñëó÷àé: èç-
ëó÷åíèå ðàñïðîñòðàíÿåòñÿ âäîëü îñè öèëèíäðè÷å-
ñêîé êþâåòû ðàäèóñà R, äëèíà êîòîðîé l >> R. Ïî-
ëàãàÿ ïîãëîùåíèå ñðåäû ìàëûì, ìîæåì ñ÷èòàòü òåì-
ïåðàòóðó è êîíöåíòðàöèþ ÷àñòèö îäèíàêîâûìè ïî 

ãëóáèíå ñðåäû (òåïëîîòâîäîì îò òîðöîâ êþâåòû ïðå-
íåáðåãàåì). Ñ öåëüþ ëèíåàðèçàöèè ïðåäñòàâèì èñ-
êîìóþ êîíöåíòðàöèþ â âèäå ñóììû íåâîçìóùåííîé 
C0 è âîçìóùåííîé CN ÷àñòåé: 

 0 0( , ) ( , ) 1 ( , ) ,NC r t C C r t C C r t′= + = +⎡ ⎤⎣ ⎦  (3) 

ãäå C′(r, t) = CN(r, t)/C0 << 1, C0 << 1. Ïîñêîëüêó òåì-
ïåðàòóðíîå ïîëå â ñèñòåìå óñòàíàâëèâàåòñÿ áûñò-
ðåå, ÷åì ðàñïðåäåëåíèå êîíöåíòðàöèè ÷àñòèö, áóäåì 
ðåøàòü çàäà÷ó â óñëîâèÿõ ñòàöèîíàðíîé òåìïåðàòó-
ðû (∂T/∂t = 0). Òîãäà, âûðàæàÿ èç óðàâíåíèÿ (1) 
âåëè÷èíó ∇2T è ëèíåàðèçóÿ ñîãëàñíî (3) óðàâíåíèå 
(2), ïîëó÷èì 
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. Ïðè ïîëó÷åíèè óðàâ-
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  Óðàâíåíèå (4) áóäåì ðåøàòü ïðè ñëåäóþùèõ 
íà÷àëüíûõ è ãðàíè÷íûõ óñëîâèÿõ: 
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Ïåðâîå ãðàíè÷íîå óñëîâèå âûðàæàåò ôàêò êîíå÷íî-
ñòè èñêîìîé ôóíêöèè íà îñè êþâåòû, à âòîðîå – 
ïîëó÷åíî èç óñëîâèÿ îáðàùåíèÿ â íóëü ñóììû âñåõ 
ïîòîêîâ íà ãðàíèöå êþâåòû (íåïðîíèöàåìîñòü ñòå-
íîê ãåðìåòè÷íîé êþâåòû äëÿ ÷àñòèö): 

 ( ) ( ) ( ) 0.
TD D ÑÒÐj R j R j R+ + =  

Ðåøåíèå çàäà÷è (4)–(7) ìîæíî ïðîâåñòè ñ ïî-
ìîùüþ ñîîòâåòñòâóþùåé ôóíêöèè Ãðèíà [4]: 
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ãäå μn – òàáóëèðîâàííûå ïîëîæèòåëüíûå êîðíè óðàâ-
íåíèÿ μJ1(μ) = KRJ0(μ); J1(μ), J0(μ) – ôóíêöèè Áåñ-
ñåëÿ ïåðâîãî è íóëåâîãî ïîðÿäêîâ ñîîòâåòñòâåííî. 
Èñïîëüçóÿ (8) è ïðîâîäÿ ñîîòâåòñòâóþùèå èíòåãðè-
ðîâàíèÿ, ïîëó÷èì 
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Ïðè ïîëó÷åíèè ðåøåíèÿ (9) áûëè îïóùåíû, ââèäó èõ 

ìàëîñòè, ñëàãàåìûå ∼ exp(–R 
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). Åñëè âîñïîëüçî-

âàòüñÿ ðàçëîæåíèåì â ðÿä Áåññåëÿ–Äèíè [5]: 
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òî ðåøåíèå (9) ìîæíî çàïèñàòü â âèäå 
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Ñàìîâîçäåéñòâèå èçëó÷åíèÿ, â ÷àñòíîñòè, çà-
êëþ÷àåòñÿ â îáðàçîâàíèè ëèíçû â ñëîå ñðåäû. Äëÿ 
ìàëûõ êîíöåíòðàöèé äèñïåðñíûõ ÷àñòèö ýôôåêòèâ-
íûé ïîêàçàòåëü ïðåëîìëåíèÿ ñðåäû ïðîïîðöèîíàëåí 
êîíöåíòðàöèè ÷àñòèö è õàðàêòåðèçóåòñÿ ïàðàìåòðîì 
(∂n/∂C). Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò âû÷èñ-
ëèòü ôîêóñíîå ðàññòîÿíèå F êîíöåíòðàöèîííîé ëèíçû, 
ñôîðìèðîâàííîé â ñëîå ñðåäû òîëùèíîé d (â ïðèîñå-
âîé îáëàñòè, ãäå r << r0): 
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Èñïîëüçóÿ ðàâåíñòâî (10) è ÿâíûé âèä êîýôôè-
öèåíòîâ ξ è δ, ñ ïîìîùüþ ýòîé ôîðìóëû ïîëó÷èì, 
â ÷àñòíîñòè, äëÿ ñòàöèîíàðíîãî ðåæèìà: 
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Êàê âèäíî èç (10)–(12), îáà ìåõàíèçìà ìîãóò 
ëèáî óñèëèâàòü, ëèáî îñëàáëÿòü äðóã äðóãà â çàâè-
ñèìîñòè îò çíàêîâ êîýôôèöèåíòà òåðìîäèôôóçèè  
è ïîëÿðèçóåìîñòè äèñïåðñíûõ ÷àñòèö. Îöåíêè ïîêà-
çûâàþò, ÷òî äëÿ ðàçìåðîâ ÷àñòèö â íåñêîëüêî äåñÿò-
êîâ íàíîìåòðîâ âåëè÷èíû âêëàäîâ ìîãóò áûòü ñðàâ-
íèìû ïî âåëè÷èíå. Òàêèì îáðàçîì, ïðîâåäåííûé àíà-
ëèç äåìîíñòðèðóåò íåîáõîäèìîñòü ó÷åòà îáîèõ âêëà-
äîâ ïðè èíòåðïðåòàöèè ðåçóëüòàòîâ íåëèíåéíî-îï- 
òè÷åñêèõ ýêñïåðèìåíòîâ â äâóõôàçíûõ ñðåäàõ [1]. 
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V.I. Ivanov, A.I. Livashvili. The Gaussin beam self-action in the thin film of the liquid microgetero-
genious medium. 

In this work, the exact solution describing the beam self-action in the thin film of microgeterogenious me-
dia was obtained, where two concentration mechanisms of non-linearity – electrostriction and thermo-diffusion 
act simultaneously. 


