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Òåîðåòè÷åñêè íà ïðèìåðå âîäîðîäîïîäîáíîãî àòîìà èññëåäóåòñÿ îäíà èç âîçìîæíûõ ïðè÷èí íàðóøåíèÿ 

ëîêàëüíîãî òåðìîäèíàìè÷åñêîãî ðàâíîâåñèÿ â ïëàçìå ãàçîâîãî ðàçðÿäà. Èñïîëüçóÿ íåëèíåéíîå óðàâíåíèå 
Øðåäèíãåðà, ïîñòðîåííîå äëÿ âçàèìîäåéñòâóþùèõ ñ îêðóæàþùåé ñðåäîé êâàíòîâûõ ñèñòåì, ÷èñëåííûìè 
ìåòîäàìè ïðîìîäåëèðîâàíî çàñåëåíèå àòîìíûõ ýíåðãåòè÷åñêèõ óðîâíåé. Ïðåäïîëàãàëîñü, ÷òî àòîìû èñïû-
òûâàþò ïåðìàíåíòíîå ñòîõàñòè÷åñêîå âîçìóùåíèå. Ïîëó÷åíî, ÷òî ïðè âûñîêèõ òåìïåðàòóðàõ ðàñïðåäåëåíèå 
âåðîÿòíîñòè çàñåëåíèÿ ïðàêòè÷åñêè ñîâïàäàåò ñ ðàñïðåäåëåíèåì Áîëüöìàíà. Îäíàêî ïðè îòíîñèòåëüíî íèçêèõ 
òåìïåðàòóðàõ íàáëþäàåòñÿ çàìåòíîå îòêëîíåíèå çàñåëåííîñòåé îò ýòîãî ðàñïðåäåëåíèÿ. Ïîýòîìó ìîæíî ïî-
ëàãàòü, ÷òî èìåííî íåëèíåéíîå âçàèìîäåéñòâèå àòîìîâ ñ îêðóæàþùåé ñðåäîé ïðèâîäèò ê íàðóøåíèþ ëîêàëü-
íîãî òåðìîäèíàìè÷åñêîãî ðàâíîâåñèÿ. 

 

Êëþ÷åâûå ñëîâà: ñòîõàñòè÷åñêîå âîçìóùåíèå, íåëèíåéíîå âçàèìîäåéñòâèå ñ îêðóæàþùåé ñðåäîé; the 
stochastic perturbation, nonlinear interaction with the environment 

 
Èçâåñòíî, ÷òî â íèçêîòåìïåðàòóðíîé ïëàçìå 

ãàçîâûõ ðàçðÿäîâ òåìïåðàòóðà, êîòîðóþ îïðåäåëÿþò 
ïî çàñåëåííîñòè âåðõíèõ àòîìíûõ ýíåðãåòè÷åñêèõ 
óðîâíåé, çàìåòíî íèæå ýëåêòðîííîé òåìïåðàòóðû, 
ò.å. â òàêîé ïëàçìå èìååò ìåñòî íàðóøåíèå ëîêàëüíîãî 
òåðìîäèíàìè÷åñêîãî ðàâíîâåñèÿ (ËÒÐ) [1]. Â íàñòîÿ- 
ùåé ñòàòüå ðàññìîòðåíû âîçìîæíûå ïðè÷èíû ýòîãî 
ôåíîìåíà. 

Çàñåëåííîñòü ýíåðãåòè÷åñêèõ óðîâíåé àòîìîâ  
è ìîëåêóë çàâèñèò îò ìíîãèõ ôàêòîðîâ. Â ñëó÷àå 
òåðìîäèíàìè÷åñêîãî ðàâíîâåñèÿ ýòà çàñåëåííîñòü 
ïîä÷èíÿåòñÿ êàíîíè÷åñêîìó ðàñïðåäåëåíèþ Ãèááñà: 
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ãäå nE  – ýíåðãèÿ óðîâíÿ; k – ïîñòîÿííàÿ Áîëüöìàíà; 
T – òåìïåðàòóðà; A – íîðìèðîâî÷íàÿ êîíñòàíòà. 

Ïðåîáðàçîâàíèÿ, ïðèâîäÿùèå ê (1), ñòðîÿòñÿ 
íà àïðèîðíîì ïðåäïîëîæåíèè, ÷òî âåðîÿòíîñòè ïî-
ïàäàíèÿ ÷àñòèöû â òîò èëè èíîé ýëåìåíò ôàçîâîãî 
ïðîñòðàíñòâà îäèíàêîâû, à ýíåðãèÿ ñèñòåìû – âåëè-
÷èíà ïîñòîÿííàÿ. Òî îáñòîÿòåëüñòâî, ÷òî òåìïåðàòó-
ðà ãàçîâûõ ðàçðÿäîâ, îïðåäåëÿåìàÿ ñ ïîìîùüþ (1), 
äîâîëüíî ÷àñòî îòëè÷àåòñÿ îò òåìïåðàòóðû, îïðåäå-
ëÿåìîé äðóãèìè ìåòîäàìè, ïîêàçûâàåò, ÷òî ïðè ïî-
ñòðîåíèè (1) ó÷èòûâàþòñÿ íå âñå ôàêòîðû. 
 Â ðàáîòàõ [2–5] ðàçâèâàåòñÿ èíîé ïîäõîä ê íà-
õîæäåíèþ âåðîÿòíîñòè çàñåëåííîñòè ýíåðãåòè÷åñêèõ 
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óðîâíåé, ïîçâîëÿþùèé íå íàêëàäûâàòü íà ïîëíóþ 
ýíåðãèþ ñèñòåìû àïðèîðíûõ îãðàíè÷åíèé, êîòîðûå 
îñóùåñòâëÿþò ïðè âûâîäå ñîîòíîøåíèÿ (1). Îñíîâ-
íûìè â ýòîì ìåòîäå ÿâëÿþòñÿ äîïóùåíèÿ î ïåðìà-
íåíòíîì âîçìóùåíèè êâàíòîâîé ïîäñèñòåìû îêðó-
æàþùåé ñðåäîé è åå ñàìîâîçäåéñòâèè ÷åðåç ýòó 
ñðåäó. Â èòîãå ñ ïîìîùüþ ìåòîäà èíòåãðàëîâ ïî 
òðàåêòîðèÿì [6] äëÿ âîëíîâîé ôóíêöèè ïîäñèñòåìû 
ïîñòðîåíî íåëèíåéíîå óðàâíåíèå Øðåäèíãåðà, êî-
òîðîå ó÷èòûâàåò êàê ïåðìàíåíòíîå ñòîõàñòè÷åñêîå 
âîçìóùåíèå êâàíòîâîé ïîäñèñòåìû, òàê è åå âçàè-
ìîäåéñòâèå ñ îêðóæàþùåé ñðåäîé: 
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Çäåñü Ĥ  – ãàìèëüòîíèàí èçîëèðîâàííîé ïîäñèñòå-
ìû; U – îïåðàòîð ïîòåíöèàëüíîé ýíåðãèè;  > 0 – 
ïàðàìåòð, çíà÷åíèå êîòîðîãî çàâèñèò îò ïëîòíîñòè 
îêðóæàþùåé ñðåäû è êîòîðûé ìîæåò àäèàáàòè÷åñêè 
ìåíÿòüñÿ;  = kT/2. Íåëèíåéíîå ñëàãàåìîå â (2) 
áûëî ïîëó÷åíî â ïðåäïîëîæåíèè, ÷òî, íåñìîòðÿ íà 
ñòîõàñòè÷åñêîå âîçìóùåíèå, êâàíòîâàÿ ïîäñèñòåìà 
íå ðàñïàäàåòñÿ. 

×àñòü âîëíîâûõ ôóíêöèé, óäîâëåòâîðÿþùèõ (2), 
ìîæíî íàéòè, ðåøèâ óðàâíåíèå Øðåäèíãåðà: 
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çàïèñàííîå â ïðåäïîëîæåíèè, ÷òî ñòîõàñòè÷åñêîå 
âîçìóùåíèå ïðèâîäèò ê ðàñïàäó ïîäñèñòåìû. Ýòè 
ôóíêöèè èìåþò âèä 

 


 
 


  1/2 .   (4) 

Îäíàêî óðàâíåíèå (2) äîïóñêàåò ñóùåñòâîâàíèå 
è äðóãèõ ðåøåíèé. Åñëè ïðèíÿòü âî âíèìàíèå (4) (ïî 
ñóòè (4) óêàçûâàåò, ÷òî äëÿ ðåøåíèé óðàâíåíèÿ (2) 
ñïðàâåäëèâ ïðèíöèï ñóïåðïîçèöèè) è ïðåäñòàâèòü 
ðåøåíèå íåëèíåéíîãî óðàâíåíèÿ Øðåäèíãåðà (2) 
êàê ñóììó: 
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ãäå  ( )n r  – ñîáñòâåííûå ôóíêöèè ñòàöèîíàðíîãî 
óðàâíåíèÿ Øðåäèíãåðà 
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òî êîýôôèöèåíòû ( )nC t  – â îáùåì ñëó÷àå êàê ðå-
ãóëÿðíûå, òàê è íåðåãóëÿðíûå ôóíêöèè âðåìåíè. 
Ýòà íåðåãóëÿðíîñòü óêàçûâàåò íà âîçìîæíîñòü 
ñêà÷êîîáðàçíûõ èçìåíåíèé êâàíòîâûõ ñîñòîÿíèé 
èññëåäóåìîé ïîäñèñòåìû. Èç-çà ýòèõ êâàíòîâûõ 
ñêà÷êîâ çàñåëåííîñòü ýíåðãåòè÷åñêèõ óðîâíåé ÿâëÿ-
åòñÿ ðàçëè÷íîé. 

Èç-çà íåëèíåéíîñòè èñõîäíîãî óðàâíåíèÿ Øðå-
äèíãåðà, äëÿ òîãî ÷òîáû âûÿñíèòü, êàê ìåíÿåòñÿ 
çàñåëåííîñòü òîãî èëè èíîãî ýíåðãåòè÷åñêîãî óðîâ-
íÿ, íåîáõîäèìî îäíîâðåìåííî îòñëåæèâàòü èçìåíå-
íèå âñåõ êâàíòîâûõ ñîñòîÿíèé. Ýòî ìîæíî ñäåëàòü, 
âîñïîëüçîâàâøèñü ïîäõîäîì, ïðåäëîæåííûì â [4, 5].  
 Ïîñêîëüêó äëÿ îïðåäåëåíèÿ ãàçîâîé òåìïåðà-
òóðû îáû÷íî èñïîëüçóþò èçëó÷åíèå ñ âûñîêîâîç-
áóæäåííûõ óðîâíåé àòîìîâ è èîíîâ, îïòè÷åñêèé 
ýëåêòðîí êîòîðûõ äîñòàòî÷íî äàëåê îò ÿäðà, â äàí-
íîì èññëåäîâàíèè â êà÷åñòâå îáúåêòà âûáðàíû âî-
äîðîäîïîäîáíûå àòîìû è èîíû. 

Îñîáåííîñòÿìè ðåøåíèÿ óðàâíåíèÿ (6) äëÿ âî-
äîðîäîïîäîáíîãî àòîìà ÿâëÿþòñÿ íåîðòîãîíàëü-
íîñòü âîëíîâûõ ôóíêöèé, ïðèíàäëåæàùèõ ê ðàç-
íûì ýíåðãåòè÷åñêèì óðîâíÿì, è êîìïëåêñíîñòü 
êîíñòàíòû ðàçäåëåíèÿ nE  [7]. 

Åñëè ïåðåéòè îò êîýôôèöèåíòîâ ( )nC t  ê ÷èñ-
ëàì çàïîëíåíèÿ  2,n nP C  òî, êàê ïîêàçûâàåò àíàëèç 
[5, 8], âîäîðîäîïîäîáíûé àòîì íàõîäèòñÿ, âåðîÿòíåå 
âñåãî, òîëüêî íà îäíîì èç ïîäóðîâíåé âîçìîæíûõ 
ñòàöèîíàðíûõ ñîñòîÿíèé. Ïðè÷åì ýòî çàïîëíåííîå 
ñîñòîÿíèå – íåóñòîé÷èâîå. Íåçàïîëíåííûå ñîñòîÿ-
íèÿ â äîñòàòî÷íî ïëîòíîé ñðåäå ÿâëÿþòñÿ óñòîé÷è-
âûìè. Îíè òåðÿþò óñòîé÷èâîñòü, êîãäà ïàðàìåòð  
îêàçûâàåòñÿ ìåíüøå íåêîòîðîãî ÷èñëà (ýòî ÷èñëî 
äëÿ êàæäîãî óðîâíÿ èìååò ñâîå çíà÷åíèå): 
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ãäå  – íåêîòîðîå ìàëîå ïî âåëè÷èíå ïîëîæèòåëü-
íîå ÷èñëî; 0

nE  – ýíåðãèÿ n-ãî óðîâíÿ èçîëèðîâàí-
íîãî âîäîðîäîïîäîáíîãî àòîìà.  

Îäíàêî äàæå â ñëó÷àå âûïîëíåíèÿ óñëîâèÿ (7) 
ïåðåõîäû ìåæäó ñîñòîÿíèÿìè ñ ðàçëè÷íûìè çíà÷å-
íèÿìè ýíåðãèè âîçìîæíû íå âñåãäà. Èõ âåðîÿò-
íîñòü çàâèñèò îò äâóõ ïàðàìåòðîâ –  è  [9], êî-
òîðûå äëÿ âîäîðîäîïîäîáíîãî àòîìà ñ òî÷íîñòüþ äî 
ìàëûõ áîëåå âûñîêîãî ïîðÿäêà ìàëîñòè èìåþò âèä 
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Ïðè  > 0 (àòîì íàõîäèòñÿ íà áîëåå íèçêîì 
ýíåðãåòè÷åñêîì óðîâíå) è ëþáîì çíà÷åíèè  ïðè 
âûõîäå âîäîðîäîïîäîáíîãî àòîìà èç ïîëîæåíèÿ 
ðàâíîâåñèÿ îí èëè âåðíåòñÿ íàçàä, èëè ïåðåñêî÷èò 
íà áîëåå âûñîêèé ýíåðãåòè÷åñêèé óðîâåíü.  

Åñëè  < 0, òî ïðè  < 0 àòîì, âûéäÿ èç ïî-
ëîæåíèÿ ðàâíîâåñèÿ, âîçâðàùàåòñÿ íàçàä. Ïðè 
  0  àòîì, âûéäÿ èç ïîëîæåíèÿ ðàâíîâåñèÿ, ìî-
æåò êàê âåðíóòüñÿ â èñõîäíîå ñîñòîÿíèå, òàê è ïå-
ðåéòè â ñîñòîÿíèå ñ äðóãîé ýíåðãèåé.  

Ñîãëàñíî (8) è (9) ïðè òåìïåðàòóðå 
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ïåðåõîäû âîçìîæíû êàê íà âåðõíèå, òàê è íà íèæ-
íèå óðîâíè. Îäíàêî âåðîÿòíîñòü ýòèõ ïåðåõîäîâ 
ðàçëè÷íà [îòìåòèì, ÷òî ïðè   0 ïåðåõîäû ââåðõ 
è âíèç íå çàâèñÿò îò óñëîâèÿ (10)]. 

Îöåíèòü âåðîÿòíîñòü çàñåëåíèÿ òîãî èëè èíîãî 
óðîâíÿ ìîæíî ìåòîäàìè ÷èñëåííîãî ìîäåëèðîâàíèÿ.  
 Äëÿ âû÷èñëåíèÿ âåðîÿòíîñòè çàñåëåíèÿ óðîâíåé 
ìû èñïîëüçîâàëè àëãîðèòì, ïðåäëîæåííûé â [4]. 
Ïðåäïîëàãàëîñü, ÷òî ñïðàâåäëèâû ýðãîäè÷åñêàÿ 
ãèïîòåçà è òåîðåìà Áàéåñà [10]. Âåðîÿòíîñòü çàñå-
ëåííîñòè êâàíòîâîãî óðîâíÿ îïðåäåëÿëàñü êàê 
ñðåäíåå ïî àíñàìáëþ àòîìîâ, â êîòîðîì ïðîèñõîäÿò 
êâàíòîâûå ñêà÷êè ìåæäó óðîâíÿìè. Âåðîÿòíîñòü 
âîçíèêíîâåíèÿ ïðåäïîñûëîê çàñåëåííîñòè êàêîãî-
ëèáî ïîäóðîâíÿ êâàíòîâîãî ñîñòîÿíèÿ ñ ãëàâíûì 
êâàíòîâûì ÷èñëîì n  ïðîïîðöèîíàëüíà âåëè÷èíå 
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ãäå  22g n  – ñòåïåíü âûðîæäåíèÿ óðîâíÿ ñ ãëàâíûì 

êâàíòîâûì ÷èñëîì n. Ïðè âûâîäå ôîðìóëû (11) 
ïðåäïîëàãàëîñü, ÷òî ïðè ìàëûõ çíà÷åíèÿõ ïàðàìåò-
ðà  âåðîÿòíîñòü ðåàëèçàöèè åãî çíà÷åíèÿ ëèíåéíî 
çàâèñèò îò âåëè÷èíû ýòîãî ÷èñëà: 

   ( ) .P   (12) 

Çäåñü   – êîíñòàíòà. 
Âåðîÿòíîñòü èçìåíåíèÿ êâàíòîâîãî ñîñòîÿíèÿ  

ñ íîìåðîì m ïðè êàæäîì ñêà÷êå èç ñîñòîÿíèÿ ñ íî-
ìåðîì n âû÷èñëÿëàñü ïî ôîðìóëå  
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Â (13) ó÷òåíî, ÷òî ïðè âûõîäå èç ñîñòîÿíèÿ n 
àòîì ìîæåò âåðíóòüñÿ â ýòî æå ñîñòîÿíèå, è ââåäåíû 
ñëåäóþùèå îáîçíà÷åíèÿ:  – ðàâíîìåðíî ðàñïðåäå-
ëåííîå íà îòðåçêå [0, 1] ñëó÷àéíîå ÷èñëî; Pn – âå-
ðîÿòíîñòü çàñåëåíèÿ ñîñòîÿíèÿ ñ èíäåêñîì n; ìíî-
æèòåëü 
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âåëè÷èíà nZ  – ñòàòèñòè÷åñêàÿ ñóììà: 
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Íà ðèñ. 1 ïðåäñòàâëåíû ðåçóëüòàòû ÷èñëåííîãî 
ýêñïåðèìåíòà, ïîëó÷åííûå ñ ïîìîùüþ îïèñàííîãî  
 
 

àëãîðèòìà [ôîðìóëû (11)–(16)] ïðè ðàçëè÷íûõ ñî-
îòíîøåíèÿõ ìåæäó ýíåðãèåé íèæíåãî óðîâíÿ è òåì-
ïåðàòóðîé. Êàê âèäíî èç ðèñ. 1, à è á, ðàñïðåäåëå-
íèå âåðîÿòíîñòè çàñåëåííîñòè êâàíòîâûõ óðîâíåé 
ïðè òåìïåðàòóðå âûøå ïðåäåëà, îïðåäåëÿåìîãî ôîð-
ìóëîé (10), ïðàêòè÷åñêè ñîâïàäàåò ñ ðàñïðåäåëåíèåì 
Áîëüöìàíà. Ýòî, òàê æå êàê è ðåçóëüòàòû ïî âåðî-
ÿòíîñòè çàñåëåíèÿ óðîâíåé îñöèëëÿòîðîâ è ðîòàòî-
ðîâ [3, 4], óêàçûâàåò íà òî, ÷òî èñïîëüçóåìûé ìå-
òîä ó÷åòà âëèÿíèÿ îêðóæåíèÿ â çíà÷èòåëüíîé ñòå-
ïåíè ïîçâîëÿåò ó÷èòûâàòü ïðîöåññû, ïðîèñõîäÿùèå 
â ãàçîâîé ñðåäå. Òî åñòü âåðîÿòíîñòè çàñåëåíèÿ 
ýíåðãåòè÷åñêèõ óðîâíåé àòîìîâ è ìîëåêóë îïðåäå-
ëÿþòñÿ â ïåðâóþ î÷åðåäü äâóìÿ ôàêòîðàìè: ïåðìà-
íåíòíûì ñòîõàñòè÷åñêèì âîçìóùåíèåì è íåëèíåéíûì 
âçàèìîäåéñòâèåì êâàíòîâûõ ñèñòåì ñ îêðóæåíèåì. 
 Ðèñ. 1, â è ã ñîîòâåòñòâóþò òåìïåðàòóðàì, ïðè 
êîòîðûõ äëÿ íèæíèõ óðîâíåé âîäîðîäîïîäîáíûõ 
àòîìîâ óñëîâèå (10) íå âûïîëíÿåòñÿ. Ñîãëàñíî ïî-
ëó÷åííûì ðåçóëüòàòàì â ýòîì ñëó÷àå èìååò ìåñòî 
îòêëîíåíèå âåðîÿòíîñòè çàñåëåííîñòè îò ðàñïðåäå-
ëåíèÿ Áîëüöìàíà. Ïðè÷åì âåðîÿòíîñòü çàñåëåííîñòè 
âåðõíèõ óðîâíåé ìîæåò îêàçàòüñÿ áîëüøå, ÷åì âå-
ðîÿòíîñòü çàñåëåíèÿ íèæíèõ. Äðóãèìè ñëîâàìè, åñ-
ëè «ðàáîòàþò» òîëüêî äâà îòìå÷åííûõ âûøå ìåõà-
íèçìà, ïðèâîäÿùèå ê ðàçíîé çàñåëåííîñòè óðîâíåé, 
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Ðèñ. 1. Çíà÷åíèÿ ãëàâíîãî êâàíòîâîãî ÷èñëà n è âåðîÿòíîñòü âîçáóæäåíèÿ ñîñòîÿíèÿ Pn ñ ýíåðãèåé En. Êðóæêàìè ïîìå÷å-
íû âåðîÿòíîñòè, ðàññ÷èòàííûå ñ ïîìîùüþ ðàñïðåäåëåíèÿ Áîëüöìàíà. Ðåçóëüòàòû ÷èñëåííîãî ìîäåëèðîâàíèÿ, ïîëó÷åííûå  

 äëÿ çíà÷åíèÿ , 1 0 03
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y
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 (à); 0,2 (á); 1,0 (â);  3,0 (ã), óêàçàíû êðåñòèêàìè 
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òî ó àíñàìáëÿ âîäîðîäîïîäîáíûõ àòîìîâ ìîæåò âîç-
íèêíóòü ñïîíòàííàÿ èíâåðñèÿ çàñåëåííîñòè êâàíòî-
âûõ ñîñòîÿíèé. Ñëåäîâàòåëüíî, èìååò ìåñòî îòêëî-
íåíèå îò òåðìîäèíàìè÷åñêîãî ðàâíîâåñèÿ. Ïðè ýòîì 
åñëè îïðåäåëÿòü òåìïåðàòóðó ïî ñïåêòðàì èçëó÷å-
íèÿ, òî îíà, î÷åâèäíî, îêàæåòñÿ íèæå, ÷åì èçìå-
ðåííàÿ äðóãèìè ñïîñîáàìè. Îòìåòèì, ÷òî íàëè÷èå 
ñïîíòàííîé èíâåðñèè çàñåëåííîñòåé, èñïûòûâàþ-
ùèõ ïåðìàíåíòíîå ñòîõàñòè÷åñêîå âîçìóùåíèå âî-
äîðîäîïîäîáíûõ àòîìîâ, ìîæíî ïðîâåðèòü ýêñïå-
ðèìåíòàëüíî. Åñëè îñâåòèòü àíñàìáëü òàêèõ àòîìîâ 
-èìïóëüñîì èçëó÷åíèÿ, ðåçîíàíñíîãî êâàíòîâîìó ïå-
ðåõîäó ñ êàêîãî-ëèáî çàïîëíåííîãî óðîâíÿ íà óðîâåíü 
ñ êâàíòîâûì ÷èñëîì n = 1, òî ïðè íàëè÷èè èíâåðñèè 
äîëæíî ïðîèñõîäèòü óâåëè÷åíèå ýíåðãèè èçëó÷åíèÿ. 
 Ïîäâîäÿ èòîã, ìîæíî ñäåëàòü âûâîä, ÷òî îäíîé 
èç ïðè÷èí íàðóøåíèÿ ëîêàëüíîãî òåðìîäèíàìè÷å-
ñêîãî ðàâíîâåñèÿ ÿâëÿåòñÿ íåëèíåéíîå âçàèìîäåé-
ñòâèå àòîìîâ ñ îêðóæàþùåé ñðåäîé: ñàìîâîçäåéñò-
âèå àòîìîâ ÷åðåç îêðóæàþùóþ ñðåäó. 
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I.V. Ivanov, V.N. Ivanov. Non-linear interaction of atoms with the environment as one of the causes 

of local thermodynamical equilibrium disturbance in gas-discharge plasma. 
Theoretically, by an example of a hydrogen-like atom one of the possible causes of the disturbance of local 

thermodynamic equilibrium is examined. Using the nonlinear Schrödinger equation, which is constructed for 
quantum systems interacting with the environment, population of atomic energy levels is numerically simu-
lated. It was assumed that atoms have a permanent stochastic perturbation. It was found that at high 
temperatures the probability of population distribution is almost the same as the Boltzmann distribution. How-
ever, at relatively low temperatures, there is a noticeable deviation of populations from this distribution. This 
gives grounds to believe that the nonlinear interaction of atoms with the environment leads to disturbance of 
local thermodynamic equilibrium. 
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