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Îïèñàíî íàáëþäåíèå â ëàáîðàòîðíûõ óñëîâèÿõ ðåäêîãî ÿâëåíèÿ: ôîðìèðîâàíèÿ âòîðè÷íûõ àýðîçîëüíî-
ïëàçìåííûõ ñôåð èç ïåðâè÷íîãî ïëàçìåííîãî ñãóñòêà, ïîëó÷àåìîãî ñ ïîìîùüþ ýëåêòðè÷åñêîãî ðàçðÿäà. Â ïðî-
öåññå ýëåêòðè÷åñêîãî ðàçðÿäà íàä ïîâåðõíîñòüþ âîäû áûëè çàôèêñèðîâàíû äîëãîæèâóùèå âòîðè÷íûå ñôåðè-
÷åñêèå àýðîçîëüíî-ïëàçìåííûå îáðàçîâàíèÿ ñ âðåìåíåì æèçíè 0,1 ñ è äèàìåòðîì 3 ñì. Äàííîå íàáëþäåíèå 
ÿâëÿåòñÿ âàæíûì äëÿ îáúÿñíåíèÿ ìåõàíèçìà ôîðìèðîâàíèÿ ñôåðè÷åñêèõ ìîëíèé è ïðîöåññà ýëåêòðè÷åñêîãî 
ðàçðÿäà â àýðîçîëüíî-ïëàçìåííûõ ñòðóêòóðàõ. 

 

Êëþ÷åâûå ñëîâà: àýðîçîëü, ýëåêòðè÷åñêèé ðàçðÿä, àýðîçîëüíî-ïëàçìåííûå îáðàçîâàíèÿ; aerosol, elec-
tric discharge, aerosol-plasma structure. 

 
Â ëàáîðàòîðíûõ óñëîâèÿõ ñóùåñòâóåò âîçìîæ-

íîñòü ïîëó÷åíèÿ àýðîçîëüíî-ïëàçìåííîãî äîëãîæè-
âóùåãî î÷àãà ñ ïîìîùüþ ýëåêòðè÷åñêîãî ðàçðÿäà íà 
ïîâåðõíîñòè âîäû îäíîâðåìåííî ñ ãåíåðàöèåé çàðÿ-
æåííûõ ÷àñòèö âîäíîãî àýðîçîëÿ. Ìåòîäèêà è îïèñà-
íèå ýêñïåðèìåíòà èçëîæåíû â ðàáîòàõ [1, 2]. Ïî äàí-
íîé ìåòîäèêå íàìè ïîëó÷åíû ïëàçìåííî-àýðîçîëüíûå 
îáðàçîâàíèÿ äèàìåòðîì îò 10 äî 20 ñì. Íèçêîòåì-
ïåðàòóðíûå ïëàçìåííûå îáðàçîâàíèÿ, ñôîðìèðîâàí-
íûå â ëàáîðàòîðíûõ óñëîâèÿõ, èìåþò ñëåäóþùèå 
ñâîéñòâà: àíîìàëüíî âûñîêîå, ïî ñðàâíåíèþ ñ âðåìå-
íåì ðåêîìáèíàöèè ýëåêòðîíîâ è èîíîâ, âðåìÿ æèçíè 
ïëàçìåííîãî îáëàêà, êîòîðîå äîñòèãàåò 0,6 ñ, ïðè 
ýòîì âðåìÿ æèçíè ïëàçìåííîãî îáëàêà çàâèñèò îò 
ðàçíûõ ôàêòîðîâ: ôîðìû öåíòðàëüíîãî ýëåêòðîäà, 
âåëè÷èíû è äëèòåëüíîñòè èìïóëüñà òîêà, à òàêæå îò 
ââåäåíèÿ â íåãî äîïîëíèòåëüíîé äèñïåðñíîé ôàçû. 
  Èçâåñòíî òàêæå, ÷òî ïëàçìåííûå ñôåðîèäû ðàç-
ìåðàìè äî 10 ñì ãåíåðèðóþòñÿ â ðåàëüíîé àòìîñôå-
ðå ïðè ðàñïðîñòðàíåíèè â íåé èìïóëüñíîãî èçëó÷å-
íèÿ ìîùíûõ ëàçåðîâ [3, 4]. 

Â íàñòîÿùåé ñòàòüå ïðîäåìîíñòðèðîâàíà âîç-
ìîæíîñòü ôîðìèðîâàíèÿ èç ïåðâè÷íîãî ïëàçìåííîãî 
ñãóñòêà âî âëàæíîì âîçäóõå, èíèöèèðóåìîãî ñ ïîìî-
ùüþ ýëåêòðè÷åñêîãî ðàçðÿäà ïóòåì ââåäåíèÿ â íåãî 
äîïîëíèòåëüíîé âîäíîé äèñïåðñíîé ôàçû, âòîðè÷-
íûõ àýðîçîëüíî-ïëàçìåííûõ ñãóñòêîâ ñôåðè÷åñêîé 

ôîðìû. Ïðîâåäåíî íàáëþäåíèå âíóòðåííèõ ñòðóê-
òóð àýðîçîëüíî-ïëàçìåííîãî îáëàêà. 
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Ñõåìà è ìåòîäèêà ýêñïåðèìåíòà çàèìñòâîâàíû 
èç ðàáîò [1, 2]. Ïðîèçâåäåíû ñëåäóþùèå èçìåíåíèÿ: 
âìåñòî ïðåðûâàòåëÿ áûë èñïîëüçîâàí òèðàòðîí ÒÃÈ 
1000/25, à òàêæå âûñîêîâîëüòíûé êîíäåíñàòîð åì-
êîñòüþ 500 ìêÔ, êîòîðûé ìåíüøå, ÷åì â ðàáîòå [1]. 
Èñïîëüçîâàíèå êîíäåíñàòîðà ìåíüøåé åìêîñòè äàëî 
âîçìîæíîñòü ïîëó÷åíèÿ áîëåå ñëàáî ñâåòÿùèõñÿ î÷à-
ãîâ. Êîíäåíñàòîð çàðÿæàëñÿ äî ðàçíîñòè ïîòåíöèà-
ëîâ 5 êÂ, à äëèòåëüíîñòü ðàçðÿäà ñîñòàâëÿëà 0,5 ñ. 
Ðàçðÿä ôèêñèðîâàëñÿ öèôðîâîé êàìåðîé, ïîäêëþ÷åí-
íîé ê êîìïüþòåðó ñ ïåðèîäîì äèñêðåòèçàöèè 25 ìñ. 
  Â ðåçóëüòàòå ðàçðÿäà ìåäíûé ýëåêòðîä íàãðå-
âàëñÿ è èñïàðÿëñÿ âìåñòå ñ âîäîé â òîì ìåñòå, ÷å-
ðåç êîòîðîå øåë òîê. Ýòî ïîäòâåðæäàëîñü ïîÿâëåíè-
åì íåáîëüøîãî êðàòåðà íà ïîâåðõíîñòè ìåäíîãî ýëåê-
òðîäà ïîñëå ðàçðÿäà. Òàêèì îáðàçîì, ïîä äåéñòâèåì 
ñèëû Àðõèìåäà äèñïåðãèðîâàííûé âîäíûé àýðîçîëü, 
ñîñòîÿùèé èç çàðÿæåííûõ âîäíûõ ÷àñòèö, ïîäíè-
ìàëñÿ ââåðõ (ðèñ. 1 è 2). 

Íà ðèñ. 1, à ïðåäñòàâëåí îáùèé âèä ïåðâè÷íî-
ãî ñãóñòêà àýðîçîëüíîé ïëàçìû A, äëèòåëüíîñòü åãî 
ôîðìèðîâàíèÿ 0,1 ñ îò íà÷àëà ðàçðÿäà. Íà ðèñ. 1, á 
ïîêàçàíî, ÷òî ÷åðåç ïðîìåæóòîê âðåìåíè 0,1 ñ èç 
ïåðâè÷íîãî î÷àãà A (ðèñ. 1, à) ôîðìèðóåòñÿ ñëåäóþ-
ùèé âòîðè÷íûé î÷àã ñôåðè÷åñêîé ôîðìû B. 

Íà ðèñ. 2, à çàôèêñèðîâàíî ïîñëåäîâàòåëüíîå 
ôîðìèðîâàíèå (÷åðåç ïðîìåæóòîê âðåìåíè 0,1 ñ) óæå 

äâóõ ñôåð Ñ è äâóõ îáëàñòåé íåïðàâèëüíîé ôîðìû D. 
Íà ðèñ. 2, á çàôèêñèðîâàíî ïîñëåäîâàòåëüíîå ôîð-
ìèðîâàíèå ÷åðåç ïðîìåæóòîê âðåìåíè 0,1 ñ èç îáëàñ-
òåé D äâóõ ñôåð I, êîòîðûå äàëåå áûñòðî èñ÷åçàþò 
èç-çà ðåêîìáèíàöèè èîíîâ è ýëåêòðîíîâ è íåäîñòàòêà  
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Ðèñ. 1. Ïåðâàÿ ñòàäèÿ ðàçâèòèÿ ïëàçìåííîãî ñãóñòêà À (à). 
Âòîðàÿ ñòàäèÿ ðàçâèòèÿ ïëàçìåííîãî ñãóñòêà ÷åðåç âðå-
ìåííîé èíòåðâàë 0,1 ñ (á). Îò÷åòëèâî âèäíî ôîðìèðîâàíèå 
âòîðè÷íîé ïëàçìåííîé ñôåðû Â èç ïåðâè÷íîãî ïëàçìåííîãî 
  îáëàêà À ïîñëå ðàçðÿäà 

 
ýíåðãèè, ïðè ýòîì ñôåðû Ñ ïðîäîëæàþò ñâîå ñóùå-
ñòâîâàíèå. Ñôåðè÷åñêèå íåîäíîðîäíîñòè âíóòðè ïåð-
âè÷íîãî ïëàçìåííîãî îáëàêà íà ñíèìêàõ (ñì. ðèñ. 1 
è 2) óêàçûâàþò íà ôîðìèðîâàíèå âòîðè÷íûõ ñàìî-
îðãàíèçóþùèõñÿ ñòðóêòóð ñôåðè÷åñêîé ôîðìû. Îá-
ùàÿ äëèòåëüíîñòü ðàçðÿäà-âñïûøêè ñîñòàâëÿåò ïðè-
ìåðíî 0,4 ñ. 

Ïðè îñìîòðå ìåäíîãî ýëåêòðîäà ïîñëå ðàçðÿäà 
áûëè çàôèêñèðîâàíû êðàòåðû íà åãî êðàÿõ. Ýòî ãî-
âîðèò î òîì, ÷òî â íà÷àëüíûé ìîìåíò âðåìåíè ïëîò-
íîñòü ëèíèé íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ  
â ðàçðÿäíèêå áûëà ñóùåñòâåííî íåîäíîðîäíà èç-çà 
èçîáèëèÿ íåðîâíîñòåé íà ýëåêòðîäå. Ýòî ïðèâåëî,  
â êîíå÷íîì èòîãå, ê íåîäíîðîäíîìó èñïàðåíèþ ìå-
òàëëà ïðè ðàçðÿäå è ñãóñòêàì ãèäðàòèðîâàííûõ èî-
íîâ ìåòàëëà â î÷àãå. Ïîñêîëüêó î÷àã ýëåêòðè÷åñêîãî 
ïðîáîÿ ëîêàëèçîâàí íà ïîâåðõíîñòè ýëåêòðîäà, òî 

ïðîèñõîäèò î÷åíü áûñòðûé ðàçîãðåâ äî æèäêîãî ñî-
ñòîÿíèÿ íåáîëüøîé åãî îáëàñòè. Èñïàðåíèå ðàçîãðå-
òîãî ìåòàëëà ñ ïîâåðõíîñòè ýëåêòðîäà ñîïðîâîæäàåò-
ñÿ äèñïåðãèðîâàíèåì êàïåëü âîäû. Ñóùåñòâóåò íàáîð  
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Ðèñ. 2. Òðåòüÿ ñòàäèÿ ðàçâèòèÿ ïëàçìåííîãî ñãóñòêà ÷åðåç 
âðåìåííîé èíòåðâàë 0,1 ñ. Îò÷åòëèâî âèäíî ïîñëåäîâà-
òåëüíîå ôîðìèðîâàíèå äâóõ âòîðè÷íûõ ïëàçìåííûõ ñôåð 
Ñ èç ïëàçìåííîãî îáëàêà Â, ïðåäñòàâëåííîãî íà ðèñ. 1, á, 
è åùå äâóõ ñãóñòêîâ ïëàçìû íåïðàâèëüíîé ôîðìû D (à). 
×åòâåðòàÿ ñòàäèÿ ðàçâèòèÿ ïëàçìåííîãî ñãóñòêà ÷åðåç âðå-
ìåííîé èíòåðâàë 0,1 ñ. Îò÷åòëèâî âèäíî ôîðìèðîâàíèå 
÷åòûðåõ âòîðè÷íûõ ïëàçìåííûõ ñôåð C è I èç ïëàçìåííîãî 
  îáëàêà (á) 

 

âàæíûõ ÿâëåíèé, îäíîâðåìåííî ó÷àñòâóþùèõ â ïðî-
öåññå ôîðìèðîâàíèÿ àýðîçîëüíî-ïëàçìåííîãî îáëàêà: 
ðàñïûëåíèå è çàðÿäêà âîäíîãî àýðîçîëÿ ïóòåì ýëåê-
òðè÷åñêîãî ðàçðÿäà, êîàãóëÿöèÿ êàïåëü âîäíîãî àý-
ðîçîëÿ, èñïàðåíèå è êîíäåíñàöèÿ. 

Â ïðîöåññå ðàçðÿäà îáëàêî ãèäðàòèðîâàííûõ 

èîíîâ, íàõîäÿùèõñÿ â âîçáóæäåííîì ñîñòîÿíèè, íà-
÷èíàåò ïîäíèìàòüñÿ ïîä äåéñòâèåì ñèëû Àðõèìåäà. 
Òå ó÷àñòêè îáëàêà, ãäå ïëîòíîñòü èîíîâ îêàçàëàñü 
âûøå, ïðèíèìàþò ñôåðè÷åñêóþ ôîðìó. Íî âðåìÿ 

ðåêîìáèíàöèè èîíîâ è ýëåêòðîíîâ äîñòàòî÷íî áîëü-
øîå, ïîñêîëüêó îíè íàõîäÿòñÿ íà ïîâåðõíîñòè ÷àñ-
òèö âîäíîãî àýðîçîëÿ èëè íà ïîâåðõíîñòè ãèäðàòè-
ðîâàííûõ êëàñòåðîâ. 

Ïî-âèäèìîìó, åñëè ó÷åñòü, ÷òî ãèäðàòèðîâàííûå 
èîíû èíòåíñèâíî êîàãóëèðóþò, îáðàçóÿ ãèäðàòèðî-
âàííûå êëàñòåðû (÷àñòèöû âîäíîãî àýðîçîëÿ), òî 
ìîæíî ïðèéòè ê âûâîäó, ÷òî îáðàçóþùèéñÿ ïðè ýòîì 
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âòîðè÷íûé àýðîçîëüíî-ïëàçìåííûé î÷àã äîëæåí èìåòü 
ñóùåñòâåííóþ íåîäíîðîäíîñòü (ñì. ðèñ. 2), ÷òî è íà-
áëþäàåòñÿ â îïûòå. 

Òàêèì îáðàçîì, ýêñïåðèìåíòàëüíî çàôèêñèðîâà-
íî ðåäêîå ÿâëåíèå: ôîðìèðîâàíèå âòîðè÷íûõ àýðî-
çîëüíî-ïëàçìåííûõ ñôåð èç ïåðâè÷íîãî ïëàçìåííîãî 
îáëàêà, èíèöèèðîâàííîãî ýëåêòðè÷åñêèì ðàçðÿäîì. 
Íàáëþäåíèå ïðåäñòàâëåííîãî ÿâëåíèÿ ïîçâîëÿåò ïðè-
áëèçèòüñÿ ê ïîíèìàíèþ ïðèðîäû ôîðìèðîâàíèÿ ñôå-
ðè÷åñêîé ìîëíèè è ïðîöåññîâ ýëåêòðè÷åñêîãî ðàç-
ðÿäà â àýðîçîëüíî-ïëàçìåííûõ ñòðóêòóðàõ [5–7]. 
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M.V. Jouravlev, A.V. Tovmash. Observation of formation of secondary spherical structures in water 
aerosol-plasma cloud, formed by low energy electric discharge. 

The observation of the secondary spherical structures of the aerosol-plasma clouds generated by the elec-
trical discharge is made. The spherical water cloud as a secondary structure consistent with the charged aerosol 
particles in the plasma cloud is produced in an underwater discharge. This involves igniting a short high-
voltage discharge in a water tank, when it decays a plasma jet then emerges from the surface. Flashover from the 
water enables the current to enter the clay tube, where it causes the water contained there to evaporate. After 
the current pulse a luminous second plasmoid consisting of charged water particles appears. Spheres continue to 
be visible about 400 milliseconds after the current has decayed and the energy input is thus cut off, really be 
quenched after a few milliseconds at most. The plasma glows very brightly, although the secondary plasmoids 
appear to be rather cold. It is measured that the lifetime of the dissipation of the secondary spherical aerosol-
plasma particles structure is 0.1 sec. The measured diameter of the sphere is 3 cm. 

 
 


