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Îïèñûâàþòñÿ ïðîöåññû, ïðèâîäÿùèå ê àâòîìîäåëüíîñòè äèíàìè÷åñêèõ ñâîéñòâ ïëàçìû èìïóëüñíûõ ãà-
çîðàçðÿäíûõ ëàçåðîâ (ÈÃË) â øèðîêîì äèàïàçîíå èçìåíåíèÿ íà÷àëüíûõ óñëîâèé ðàçðÿäà. Ïðèâîäÿòñÿ ïåð-
âûå èíòåãðàëû óðàâíåíèé è àâòîìîäåëüíûå ðåøåíèÿ êèíåòè÷åñêèõ óðàâíåíèé, îïèñûâàþùèõ ðàçâèòèå 
ïëàçìû îáúåìíîãî ñàìîñòîÿòåëüíîãî ïðîäîëüíîãî ñèëüíîòî÷íîãî èìïóëüñíî-ïåðèîäè÷åñêîãî ðàçðÿäà â ñìåñè 
íåîíà ñ ïàðàìè ìåòàëëîâ (ìåäüþ, áàðèåì). Ïîêàçàíî, ÷òî õàðàêòåðèñòèêè ïëàçìû ðàçðÿäà ïðè èñïîëüçîâà-
íèè îäèíàêîâûõ ñõåì âîçáóæäåíèÿ ïîäîáíû è îïèñûâàþòñÿ àâòîìîäåëüíûìè ðåøåíèÿìè. Îáñóæäàþòñÿ 
âîçìîæíûå ìåõàíèçìû, îãðàíè÷èâàþùèå àâòîìîäåëüíîñòü ïëàçìû èìïóëüñíî-ïåðèîäè÷åñêîãî ðàçðÿäà ÈÃË 
â òå÷åíèå èìïóëüñà òîêà. 
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Ââåäåíèå 

Ðåçóëüòàòàì èññëåäîâàíèé íèçêîòåìïåðàòóð-
íûõ íåèçîòåðìè÷åñêèõ èìïóëüñíûõ íàíîñåêóíäíûõ 
ãàçîâûõ ðàçðÿäîâ ïîñâÿùåíî îãðîìíîå ÷èñëî ïóá-
ëèêàöèé. Òàêèå ðàçðÿäû øèðîêî ïðèìåíÿþòñÿ â èì-
ïóëüñíûõ ãàçîðàçðÿäíûõ ëàçåðàõ (ÈÃË). Íåñìîòðÿ 
íà íàëè÷èå àâòîðèòåòíûõ ìîíîãðàôèé [1–3], äî ñèõ 
ïîð âñòðå÷àþòñÿ ïðîòèâîðå÷èâûå ñóæäåíèÿ î ìåòî-
äàõ ìîäåëèðîâàíèÿ äèíàìèêè ïëàçìû è ïàðàìåòðîâ 
ðàçðÿäîâ â ðàçëè÷íûå ìîìåíòû ðàçâèòèÿ òàêèõ 
ðàçðÿäîâ. Óñòàíîâëåíû ñîîòíîøåíèÿ ïîäîáèÿ [4, 5] 
èìïóëüñíûõ ãàçîðàçðÿäíûõ ëàçåðîâ íà ñàìîîãðàíè-
÷åííûõ ïåðåõîäàõ, îäíàêî îòñóòñòâóþò ïóáëèêàöèè 
îá àâòîìîäåëüíûõ ðåøåíèÿõ óðàâíåíèé, îïèñû-
âàþùèõ ÈÃË.  

Çàìåòèì, ÷òî àâòîìîäåëüíûå ðåøåíèÿ âûÿâëÿ-
þò ñèììåòðèþ â äèíàìèêå ôîðìèðîâàíèÿ ïëàçìû 
ðàçðÿäà è ïîêàçûâàþò: èçìåíåíèÿ ìàñøòàáîâ íåçà-
âèñèìûõ ïåðåìåííûõ ìîæíî ñêîìïåíñèðîâàòü ïðå-
îáðàçîâàíèåì ïîäîáèÿ äðóãèõ äèíàìè÷åñêèõ ïåðå-
ìåííûõ ÈÃË. Îáû÷íî àâòîìîäåëüíûå ðåøåíèÿ íà-
õîäÿòñÿ ñ ïîìîùüþ àâòîìîäåëüíîé ïîäñòàíîâêè, 
âèä êîòîðîé îïðåäåëÿåòñÿ ìàñøòàáíûìè ïðåîáðàçî-
âàíèÿìè ñèñòåìû äèôôåðåíöèàëüíûõ óðàâíåíèé. 
 Èçâåñòíî, ÷òî âîëüò-àìïåðíûå õàðàêòåðèñòèêè 
ðàçðÿäîâ ÈÃË ñ ðàçëè÷íûìè àêòèâíûìè ñðåäàìè 
ïðè èñïîëüçîâàíèè îäèíàêîâûõ ñõåì íàêà÷êè ïî-
äîáíû âî âðåìåíè. Íàëè÷èå ýòîãî ãðóïïîâîãî ïðè-
çíàêà ñâèäåòåëüñòâóåò î âîçìîæíîñòè èñïîëüçîâà-
íèÿ ìåòîäîâ ãðóïïîâîãî àíàëèçà äëÿ ïîèñêà èíâà-
ðèàíòíûõ (ìàñøòàáíûõ) ïðåîáðàçîâàíèé ïëàçìû   
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ðàçðÿäîâ è îïðåäåëåíèÿ ñ èõ ïîìîùüþ òèïè÷íûõ  
çàâèñèìîñòåé ïàðàìåòðîâ ïëàçìû îò âðåìåíè äëÿ 
îïðåäåëåííûõ ôàç ðàçâèòèÿ ðàçðÿäà. Ñåãîäíÿ 
ãðóïïîâîé àíàëèç äèôôåðåíöèàëüíûõ óðàâíåíèé 
ÿâëÿåòñÿ íàèáîëåå ìîùíûì è óíèâåðñàëüíûì ìåòî-
äîì îòûñêàíèÿ øèðîêèõ êëàññîâ òî÷íûõ ðåøåíèé 
äèôôåðåíöèàëüíûõ óðàâíåíèé ïðîèçâîëüíîãî âèäà.  

Ñèñòåìà óðàâíåíèé, îïèñûâàþùàÿ 

ðàçâèòèå ïëàçìû èìïóëüñíîãî 

ðàçðÿäà 

Ðàññìîòðèì ïëàçìó ñèëüíîòî÷íîé ñòàäèè èì-
ïóëüñíî-ïåðèîäè÷åñêîãî ïðîäîëüíîãî íèçêîòåìïå-
ðàòóðíîãî ãàçîâîãî ðàçðÿäà ñ ïîñòîÿííûì õèìè÷å-
ñêèì ñîñòàâîì â óñëîâèÿõ áîëüøîé ïðåäûìïóëüñ-
íîé êîíöåíòðàöèè ýëåêòðîíîâ è äëèòåëüíîñòüþ èì-
ïóëüñà â íåñêîëüêî ñîò íàíîñåêóíä. Èçâåñòíî [3], 
÷òî ðàçâèòèå ïëàçìû òàêîãî ðàçðÿäà ïðîèñõîäèò çà 
ñ÷åò îáúåìíîé èîíèçàöèè íîðìàëüíûõ è âîçáóæ-
äåííûõ ñîñòîÿíèé àòîìîâ ãàçà ýëåêòðîíàìè, óñêî-
ðåííûìè âíåøíèì èìïóëüñîì ýëåêòðè÷åñêîãî ïîëÿ. 
Ïðîöåññû ðàñïàäà ïëàçìû çà ñ÷åò àìáèïîëÿðíîé 
äèôôóçèè è óäàðíî-èçëó÷àòåëüíîé ðåêîìáèíàöèè 
ïðîèñõîäÿò ãîðàçäî ìåäëåííåå, è ïðè èññëåäîâàíèè 
èìïóëüñîâ òîêà ìåíåå íåñêîëüêèõ ñîòåí íàíîñåêóíä 
ïðîöåññàìè ðàñïàäà ïëàçìû ðàçðÿäà çà ñ÷åò àìáè-
ïîëÿðíîé äèôôóçèè è ðåêîìáèíàöèè ìîæíî ïðå-
íåáðå÷ü.  

Çàïèøåì â áåçðàçìåðíîì âèäå ñèñòåìó äèôôå-
ðåíöèàëüíûõ óðàâíåíèé, îïèñûâàþùóþ êèíåòèêó 
ïëàçìû ïîëîæèòåëüíîãî ñòîëáà èìïóëüñíîãî ðàçðÿ-
äà â ãàçå: 
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Ãðóïïîâîé àíàëèç ñèñòåìû 
äèôôåðåíöèàëüíûõ óðàâíåíèé, 
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ãàçîâîãî ðàçðÿäà 

Êèíåòè÷åñêèå óðàâíåíèÿ (1)–(3) ñèñòåìû ïðåä-
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êàåìûõ ñèñòåìîé, ñîîòâåòñòâóåò ãðóïïå ðàñòÿæåíèé. 
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Çàìåòèì, ÷òî èíâàðèàíòû I2 – I4, I7 ïðåîáðà-
çîâàíèÿ ñèñòåìû (4) ñîâïàäàþò ñ èíâàðèàíòàìè 
ïðåîáðàçîâàíèÿ óðàâíåíèé Áîëüöìàíà äëÿ ðàçëè÷-
íûõ ÷àñòèö ïëàçìû [7, 8], à èíâàðèàíòû  
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(1)–(3), äîïóñêàþùèå ãðóïïó ðàñòÿæåíèé ñ îïåðà-

òîðîì ˆ ,X  èìåþò âèä  
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ãäå ϕn – íîâàÿ èñêîìàÿ ôóíêöèÿ îò îáîáùåííûõ 
ïåðåìåííûõ è èíâàðèàíòîâ, îïðåäåëÿþùèõ äèíà-
ìè÷åñêîå ïîäîáèå ïðîöåññîâ â ïëàçìå ðàçðÿäà.  

Ñëåäóÿ êîíöåïöèè àâòîìîäåëüíîñòè, áóäåì 
ïðåäñòàâëÿòü ôóíêöèè, âõîäÿùèå â óðàâíåíèÿ ñèñ-
òåìû (4), â âèäå 
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Çäåñü ôóíêöèè ϕk ÿâëÿþòñÿ íåÿâíûìè ôóíê-
öèÿìè âðåìåíè. Ïîñëå ïîäñòàíîâêè ïðåäñòàâëåíèé 
(6) â óðàâíåíèÿ ñèñòåìû (4) ïîëó÷èì ñëåäóþùèå 
ðåøåíèÿ: 
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Àâòîìîäåëüíûå ðåøåíèÿ óðàâíåíèé ñèñòåìû (4) 
èìåþò âèä 
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Çàêëþ÷åíèå 

Àâòîìîäåëüíûå ðåøåíèÿ óðàâíåíèé äëÿ ,
e

n
∗  

m
n
∗  

è ∗

ε  ñèñòåìû (4) çàâèñÿò îò ϕ
ε
, ò.å. îò âèäà çàâèñè-

ìîñòè ýëåêòðè÷åñêîãî ïîëÿ îò âðåìåíè. Çàìåòèì, 
÷òî âèä ôóíêöèè 

ε
ϕ  çàâèñèò îò êîíêðåòíîé ñõåìû 

èñòî÷íèêà íàêà÷êè, êîòîðûé ôîðìèðóåò èìïóëüñ 
íàêà÷êè è îïðåäåëÿåò âèä çàâèñèìîñòè ýëåêòðîííîé 
òåìïåðàòóðû îò âðåìåíè â òå÷åíèå èìïóëüñà íàêà÷-
êè. Ñëåäîâàòåëüíî, ïðè èñïîëüçîâàíèè îäèíàêîâûõ 
ñõåì íàêà÷êè ðàçðÿäîâ, ïëàçìû òàêèõ ðàçðÿäîâ 
èìåþò ïîäîáíûå âî âðåìåíè çàâèñèìîñòè èíòåíñèâ-
íîñòåé ëèíèé è ïàðàìåòðîâ ïëàçìû ðàçðÿäà.  

Äëÿ îäíîé è òîé æå ñõåìû íàêà÷êè (ϕe
(τ) = const) 

ïðè èçìåíåíèè íà÷àëüíûõ óñëîâèé (ìàñøòàáîâ ïå-

ðåìåííûõ): 0 0 0 0 0

0 0, , , , , , ,i e a ik eln Eν ν ν ν ε  àâòîìîäåëüíûå 

ðåøåíèÿ ïðåòåðïåâàþò ìàñøòàáíûå ðàñòÿæåíèÿ, 
÷òî ñîãëàñóåòñÿ ñ íàáëþäàåìûì â ýêñïåðèìåíòàõ 
ïîäîáèåì âðåìåííûõ çàâèñèìîñòåé íàñåëåííîñòåé 
óðîâíåé è èíòåíñèâíîñòåé ñïîíòàííîãî èçëó÷åíèÿ 
ïëàçìû. 
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A.V. Kravchenko. Self-similarity solutions of kinetic equations, describing plasma discharge evolution 
in pulse gas-discharge lasers. 

The paper provides information on processes of self-similarity dynamic plasma behaviour of pulsed gas-
discharge lasers (PGL) in wide range of discharge initial conditions. Integrals and self-similarity solutions, 
which describe plasma evolution of independent pulse-periodic longitudinal high-current space discharge of neon 
and metal-vapor mixture (Cu, Ba) are presented. It is shown that the plasma discharge characteristics for the 
same pumping scheme are similar and defined by self-similarity solutions. Mechanisms, which restrict plasma 
self-similarity of PGL pulse-periodic discharge during current pulse, are discussed. 


