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Ïîñòóïèëà â ðåäàêöèþ 27.06.2019 ã. 
 

Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé ñïåêòðîâ èçëó÷åíèÿ àòìîñôåðû Çåìëè â ÓÔ- è âèäèìîé îáëàñòÿõ 
ñïåêòðà. Âõîäíîå îêíî ñïåêòðîìåòðà íàïðàâëÿëîñü íà Ñîëíöå èëè ðàñïîëàãàëîñü ïîä ðàçëè÷íûìè óãëàìè  
ê îñè, ïðîõîäÿùåé ÷åðåç öåíòð ñîëíå÷íîãî äèñêà. Âïåðâûå ñòàíäàðòíûì ñïåêòðîìåòðîì çàðåãèñòðèðîâàí 
ñïåêòð èçëó÷åíèÿ Âàâèëîâà–×åðåíêîâà (ÈÂ×) ó ïîâåðõíîñòè Çåìëè â îáëàñòè 200–300 íì. Ðàññ÷èòàíû ïî-
ðîãîâàÿ ýíåðãèÿ ýëåêòðîíîâ äëÿ âîçíèêíîâåíèÿ ÈÂ× â âîçäóõå è ìàêñèìàëüíûé óãîë ðàñïðîñòðàíåíèÿ ÈÂ× 
ïî îòíîøåíèþ ê íàïðàâëåíèþ äâèæåíèÿ ýëåêòðîíà. Ïðåäïîëàãàåòñÿ, ÷òî ÈÂ× âîçíèêàåò ïðè òîðìîæåíèè 
âûñîêîýíåðãåòè÷åñêèõ ÷àñòèö ñîëíå÷íîãî âåòðà â àòìîñôåðå Çåìëè. 

 

Êëþ÷åâûå ñëîâà: èçëó÷åíèå Âàâèëîâà–×åðåíêîâà (ÈÂ×), àòìîñôåðà Çåìëè, ñîëíå÷íûé âåòåð, óëüòðà-
ôèîëåòîâîå èçëó÷åíèå; Vavilov–Cherenkov (VCh) radiation, Earth's atmosphere, solar wind, ultraviolet radia-
tion. 

 
Èçëó÷åíèå, âîçíèêàþùåå â àòìîñôåðå Çåìëè ïîä 

äåéñòâèåì ýëåêòðîìàãíèòíûõ ïîëåé è âûñîêîýíåð-
ãåòè÷åñêèõ ÷àñòèö, õîðîøî èçó÷åíî [1–5], íî áëà-
ãîäàðÿ, â ÷àñòíîñòè, ñîâåðøåíñòâîâàíèþ èçìåðèòåëü-
íîé àïïàðàòóðû è ïðèìåíåíèþ êîñìè÷åñêèõ àïïà- 
ðàòîâ [5] ïðîäîëæàåò àêòèâíî èññëåäîâàòüñÿ [3–7].  
Â íàñòîÿùåé ðàáîòå ñîîáùàåòñÿ î ðåãèñòðàöèè ÓÔ-
èçëó÷åíèÿ â íàïðàâëåíèè îò Ñîëíöà, èíòåíñèâíîñòü 
êîòîðîãî âîçðàñòàëà ñ óìåíüøåíèåì äëèíû âîëíû 
âïëîòü äî êîðîòêîâîëíîâîé ãðàíèöû ïîãëîùåíèÿ 

âîçäóõîì ( 200 íì). Òàêîå ïîâåäåíèå ñïåêòðàëüíîé 
ïëîòíîñòè èçëó÷åíèÿ õàðàêòåðíî äëÿ èçëó÷åíèÿ 
Âàâèëîâà–×åðåíêîâà (ÈÂ×) [8, 9]. 

Äëÿ ïîòîêà âûñîêîýíåðãåòè÷åñêèõ ýëåêòðîíîâ 
ñïåêòðàëüíàÿ ïëîòíîñòü ìîùíîñòè ÈÂ× dP()/d, 
âîçáóæäàåìîãî îòäåëüíûì ýëåêòðîíîì, îïðåäåëÿåò-
ñÿ ôîðìóëîé, ïîëó÷åííîé â [10] èç äàííûõ ìîíî-
ãðàôèè [9]: 
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ãäå e – ýëåìåíòàðíûé çàðÿä ýëåêòðîíà;  – ñêî-
ðîñòü ýëåêòðîíà; c – ñêîðîñòü ñâåòà; n – ïîêàçà-
òåëü ïðåëîìëåíèÿ âåùåñòâà;  – äëèíà âîëíû. 

Èç ôîðìóëû (1) ñëåäóåò, ÷òî ïëîòíîñòü ìîù-
íîñòè ÈÂ× âîçðàñòàåò ñ óìåíüøåíèåì äëèíû âîëíû 
èçëó÷åíèÿ îáðàòíî ïðîïîðöèîíàëüíî 3 è ñóùåñòâóåò 
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ïîðîãîâàÿ ýíåðãèÿ ýëåêòðîíîâ, ñîîòâåòñòâóþùàÿ 
ñêîðîñòè ñâåòà â âåùåñòâå, ïðè êîòîðîé âîçíèêàåò 

ÈÂ×. Ðàñ÷åòíûé ñïåêòð ÈÂ× â îáëàñòè 200–400 íì 
ïðèâîäèòñÿ â áîëüøîì ÷èñëå ðàáîò, â òîì ÷èñëå  
â [10, 11]. 

Ïîðîãîâóþ ýíåðãèþ ýëåêòðîíà äëÿ âîçíèêíî-
âåíèÿ ÈÂ× ìîæíî îïðåäåëèòü èç ôîðìóëû [9]: 
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ãäå Ecr – êðèòè÷åñêàÿ ýíåðãèÿ ðåëÿòèâèñòñêîé ÷àñ-
òèöû äëÿ âîçáóæäåíèÿ ÈÂ×; m – ìàññà ÷àñòèöû. 
  Èçâåñòíî, ÷òî â òðîïîñôåðå è ñòðàòîñôåðå ïî-
êàçàòåëü ïðåëîìëåíèÿ âîçäóõà áîëüøå åäèíèöû [5]. 
Òîãäà, ñîãëàñíî ôîðìóëå (2), äëÿ çíà÷åíèé ïîêàçà-
òåëÿ ïðåëîìëåíèÿ âîçäóõà n = 1,00029  1,00003 êðè-
òè÷åñêàÿ ýíåðãèÿ ýëåêòðîíîâ äëÿ âîçíèêíîâåíèÿ 

ÈÂ× äîëæíà ñîñòàâëÿòü Ecr = 21  65 ÌýÂ. Òàêæå 
èçâåñòíî, ÷òî ýíåðãèÿ ýëåêòðîíîâ ñîëíå÷íîãî âåòðà 
â âåðõíèõ ñëîÿõ àòìîñôåðû ìîæåò äîñòèãàòü äåñÿò-
êîâ ÃýÂ [12]. Ïîýòîìó âîçáóæäåíèå ÈÂ× â ðàçðå-
æåííîì âîçäóõå âîçìîæíî. 

Ïðè âîçáóæäåíèè ÈÂ× âûñîêîýíåðãåòè÷åñêèå 
çàðÿæåííûå ÷àñòèöû ïîðîæäàþò ôîòîíû ñ âîëíîâû-
ìè âåêòîðàìè, îáðàçóþùèìè ñ âåêòîðîì ñêîðîñòè 
÷àñòèöû óãîë ch [9]: 
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Äëÿ ïðèâåäåííûõ âûøå çíà÷åíèé ïîêàçàòå- 
ëÿ ïðåëîìëåíèÿ âîçäóõà ìàêñèìàëüíûé óãîë, ïîä 

êîòîðûì ìîæåò íàáëþäàòüñÿ ÈÂ×, ñîñòàâëÿåò 

ch = 1,38  0,44. Ñëåäîâàòåëüíî, ïðè íàïðàâëåíèè 
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âõîäíîãî îêíà ñïåêòðîìåòðà íà Ñîëíöå â íåãî äîëæ-
íî ïîïàäàòü ÈÂ×. 

Ñâîéñòâî âûñîêîýíåðãåòè÷åñêèõ ÷àñòèö ïîðîæ-
äàòü ÈÂ× ïðè ñêîðîñòÿõ âûøå ñêîðîñòè ðàñïðîñòðà-
íåíèÿ ñâåòà â ñðåäå øèðîêî èñïîëüçóåòñÿ äëÿ äèàã-
íîñòèêè êîñìè÷åñêèõ ëó÷åé [11, 13]. Ïðè ýòîì ýíåð-
ãèÿ êîñìè÷åñêèõ ÷àñòèö ìîæåò äîñòèãàòü 1017 ýÂ [13]. 
Äëÿ ðåãèñòðàöèè ÈÂ× ìàëîé èíòåíñèâíîñòè îò âû-
ñîêîýíåðãåòè÷åñêèõ êîñìè÷åñêèõ ÷àñòèö èñïîëüçóþò 
÷åðåíêîâñêèå äåòåêòîðû âûñîêîé ÷óâñòâèòåëüíîñòè, 
ðåãèñòðèðóþùèå èçëó÷åíèå â âèäèìîé îáëàñòè ñïåê-
òðà ñ ïîìîùüþ ÔÝÓ. 

Ïîìèìî èçó÷åíèÿ êîñìè÷åñêèõ ÷àñòèö, â ïî-
ñëåäíèå ãîäû ñóùåñòâåííî âîçðîñ èíòåðåñ ê èññëå-
äîâàíèþ ÈÂ× â ÓÔ- è âèäèìîé îáëàñòÿõ ñïåêòðà  
â ñâÿçè ñ íåîáõîäèìîñòüþ ñîçäàíèÿ äàò÷èêîâ äëÿ 
äèàãíîñòèêè ïó÷êîâ óáåãàþùèõ ýëåêòðîíîâ â óñòà-
íîâêàõ òèïà ÒÎÊÀÌÀÊ [10, 14–17]. Ñïåêòðû ÈÂ× 
â àëìàçå â ÓÔ-îáëàñòè áûëè çàðåãèñòðèðîâàíû â ðà- 
áîòàõ [10, 15, 16] ñ ïîìîùüþ ìîíîõðîìàòîðà è ÔÝÓ, 
à ïðè ýíåðãèè ýëåêòðîíîâ 6 ÌýÂ – ñ ïîìîùüþ ñòàí-
äàðòíîãî ñïåêòðîìåòðà [17]. Ïðè÷åì ïðè ýíåðãèè 

ýëåêòðîíîâ 6 ÌýÂ ñïåêòð ÈÂ× áûë çàðåãèñòðèðîâàí 
â êâàðöå ìàðêè GE-014 è ÊÓ1 [14]. 

Êàê ñëåäóåò èç òåîðèè [8, 9], ïîðîãîâàÿ ýíåð-
ãèÿ çàðÿæåííûõ ÷àñòèö äëÿ äîñòèæåíèÿ ÈÂ× óâå-
ëè÷èâàåòñÿ ñ óìåíüøåíèåì ïîêàçàòåëÿ ïðåëîìëåíèÿ 
âåùåñòâà, íî ïðè ýòîì ôîðìà ñïåêòðà ÈÂ× íå èç-
ìåíÿåòñÿ. Èíòåíñèâíîñòü ÈÂ× çàâèñèò îò ïëîòíîñòè 
ïîòîêà çàðÿæåííûõ ÷àñòèö è îò èõ ýíåðãèè (÷åì 
áîëüøå èçíà÷àëüíàÿ ýíåðãèÿ ÷àñòèöû, òåì áîëüøåå 
êîëè÷åñòâî ôîòîíîâ ÈÂ× îíà ñïîñîáíà ïîðîäèòü). 
  Êàê èçâåñòíî, â âåðõíèõ ñëîÿõ àòìîñôåðû Çåì-
ëè ðåãèñòðèðóþòñÿ ïîòîêè ýëåêòðîíîâ è ïîçèòðîíîâ 
âûñîêèõ ýíåðãèé, ãåíåðèðóåìûå âûñîêîýíåðãè÷íû-
ìè ÷àñòèöàìè ñîëíå÷íîãî âåòðà è ñîëíå÷íûõ ëèâíåé 
è âûçûâàþùèå ñâå÷åíèå àòìîñôåðû Çåìëè [1–5].  
Â ðÿäå ðàáîò, íàïðèìåð â [1], ñïåêòðû èçëó÷åíèÿ 
Ñîëíöà â îáëàñòè 250–300 íì, èçìåðåííûå ó ïî-
âåðõíîñòè Çåìëè, ñîäåðæàò àíîìàëèþ. Â ýòîé ñïåê-
òðàëüíîé îáëàñòè íàáëþäàëîñü íåêîòîðîå óâåëè÷å-
íèå ñïåêòðàëüíîé ïëîòíîñòè ýíåðãèè èçëó÷åíèÿ ïðè 
óìåíüøåíèè äëèíû âîëíû èçëó÷åíèÿ. Êàê ñëåäóåò 
èç òåîðèè, òàêàÿ ôîðìà ïîëîñû èçëó÷åíèÿ ñîîòâåò-
ñòâóåò õàðàêòåðèñòèêàì ÈÂ×. 

Áûëî âûñêàçàíî ïðåäïîëîæåíèå [2], ÷òî ïîòî-
êè ýëåêòðîíîâ è ïîçèòðîíîâ, ãåíåðèðóåìûõ ñîëíå÷-
íûì âåòðîì ïðè òîðìîæåíèè â àòìîñôåðå Çåìëè, 
äîëæíû âûçûâàòü ÈÂ× ñ èíòåíñèâíîñòüþ, äîñòà-
òî÷íîé äëÿ ðåãèñòðàöèè ñòàíäàðòíûìè ñïåêòðîìåò-
ðàìè â ÓÔ-îáëàñòè. 

Äëÿ ðåãèñòðàöèè ñïåêòðà èçëó÷åíèÿ Ñîëíöà ìû 
èñïîëüçîâàëè ñïåêòðîìåòð Ocean Optics HR 2000+, 
âõîäíîå îêíî êîòîðîãî ÷åðåç áëåíäó íàïðàâëÿëîñü 
êàê íà Ñîëíöå, òàê è ïîä ðàçëè÷íûìè óãëàìè ê îñè, 
ïðîõîäÿùåé ÷åðåç öåíòð ñîëíå÷íîãî äèñêà è îñü 

áëåíäû. Èçìåðåíèÿ ïðîâîäèëèñü ñ 5 àïðåëÿ ïî 15 ìàÿ 
2019 ã. â ñîëíå÷íóþ áåçîáëà÷íóþ ïîãîäó. Ñõåìà 

ýêñïåðèìåíòà ïîêàçàíà íà ðèñ. 1. Â ïðîöåññå èçìå-
ðåíèé ñ ïîìîùüþ ïðîãðàììíîãî îáåñïå÷åíèÿ ñïåê-
òðîìåòðà OceanView âðåìÿ ýêñïîçèöèè óñòàíàâëè-
âàëîñü ðàâíûì 1 ìñ è ïðîâîäèëîñü óñðåäíåíèå ïî 

10 ñïåêòðàì. Ñïåêòðîìåòð ðàáîòàë â ëèíåéíîì äèà-
ïàçîíå, îãðàíè÷åííîì 10000 îòí. åä. Ïîñëå èçìåðå-
íèé ïðîèçâîäèëñÿ ó÷åò ñïåêòðàëüíîé ÷óâñòâèòåëüíî-
ñòè ñïåêòðîìåòðà. 

 

 
Ðèñ. 1. Ñõåìà èçìåðåíèÿ ñïåêòðà Ñîëíöà â äèàïàçîíå 
äëèí âîëí 200–1000 íì: 1 – ïåðñîíàëüíûé êîìïüþòåð  
ñ ïðîãðàììíûì îáåñïå÷åíèåì OceanView; 2 – ñïåêòðî-
ìåòð Ocean Optics HR 2000+; 3 – äåðæàòåëü ñïåêòðîìåòðà; 
  4 – áëåíäà; 5 – Ñîëíöå 

 
Íà ðèñ. 2 ïðèâåäåíû èçìåðåííûå ñïåêòðû Ñîëí- 

öà, à òàêæå ñïåêòð ÈÂ×, ðàññ÷èòàííûé ïî ôîðìó- 
ëå (1). Âñå ñïåêòðû áûëè íîðìèðîâàíû äëÿ óäîáñò-
âà ñðàâíåíèÿ. 

 

 
Ðèñ. 2. Ñïåêòðû èçëó÷åíèÿ Ñîëíöà â áåçîáëà÷íóþ ïîãîäó: 
1 – ïðè íàïðàâëåíèè òî÷íî íà Ñîëíöå; 2 – ïðè íàïðàâëå-
íèè íà Ñîëíöå çà ïðåäåëàìè ñîëíå÷íîãî äèñêà; 3 – ñïåêòð 
èçëó÷åíèÿ Âàâèëîâà-×åðåíêîâà, ðàññ÷èòàííûé ïî ôîðìó-
ëå (1). Èçëó÷åíèå Ñîëíöà ñ äëèíîé âîëíû áîëåå 300 íì 
  îñëàáëåíî 

 
Ïîäðîáíîìó îïèñàíèþ ñîëíå÷íîãî ñïåêòðà, ñî-

îòâåòñòâóþùåãî èçëó÷åíèþ àáñîëþòíî ÷åðíîãî òåëà, 
è íàëîæåííûõ íà íåãî ïîëîñ ïîãëîùåíèÿ àòìîñôåðû 
ïîñâÿùåíî ìíîæåñòâî ðàáîò [1–7]. Îäíàêî â äèà-
ïàçîíå äëèí âîëí 200–300 íì ñïåêòðû èçëó÷åíèÿ, 
ñîîòâåòñòâóþùèå ðàñ÷åòíûì äëÿ ÈÂ×, ðàíåå íå 
íàáëþäàëèñü. 

Òàêèì îáðàçîì, â íàñòîÿùåé ðàáîòå âïåðâûå ñî-
îáùàåòñÿ î ðåãèñòðàöèè â ñîëíå÷íîì ñïåêòðå èçëó-
÷åíèÿ Âàâèëîâà–×åðåíêîâà â îáëàñòè 200–300 íì. 
ÈÂ×, êàê ìû ñ÷èòàåì, âîçíèêàåò ïðè òîðìîæåíèè  
â àòìîñôåðíûõ ãàçàõ âûñîêîýíåðãåòè÷åñêèõ ÷àñòèö, 



 

 Èçëó÷åíèå Âàâèëîâà–×åðåíêîâà â îáëàñòè 200–300 íì ó ïîâåðõíîñòè Çåìëè 843 
 

ïðåæäå âñåãî ýëåêòðîíîâ è ïîçèòðîíîâ, ãåíåðèðóå-
ìûõ ñîëíå÷íûì âåòðîì. Ýêñïåðèìåíòàëüíî óñòà-
íîâëåíî, ÷òî èíòåíñèâíîñòü ÓÔ-ïîëîñû èçëó÷åíèÿ 

â îáëàñòè 200–300 íì âîçðàñòàåò ñ óìåíüøåíèåì 
äëèíû âîëíû ïðèìåðíî îáðàòíî ïðîïîðöèîíàëüíî λ

3, 
÷òî ñîîòâåòñòâóåò ñïåêòðó ÈÂ×. Èçëó÷åíèå íàáëþ-
äàëîñü ïðè íàïðàâëåíèè ñïåêòðîìåòðà òî÷íî íà Ñîëí-
öå. Èçìåðåíèå ñîëíå÷íîãî ñïåêòðà ó ïîâåðõíîñòè 
Çåìëè â îáëàñòè äëèí âîëí êîðî÷å 200 íì (â îáëàñ-
òè âàêóóìíîãî ÓÔ) êðàéíå çàòðóäíåíî ñèëüíûì 
ïîãëîùåíèåì âîçäóõà. Ìû ñ÷èòàåì, ÷òî äàííóþ îñî-
áåííîñòü èçëó÷åíèÿ àòìîñôåðíîãî âîçäóõà, îáóñëîâ-
ëåííóþ âûñîêîýíåðãåòè÷åñêèìè ÷àñòèöàìè, ñëåäóåò 
ó÷èòûâàòü ïðè èçó÷åíèè âîçäåéñòâèÿ Ñîëíöà íà 
áèîëîãè÷åñêèå è äðóãèå îáúåêòû. 

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå 
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E.I. Lipatov, V.F. Tarasenko, M.V. Erofeev, V.S. Ripenko, M.A. Shulepov. Vavilov–Cherenkov radia-
tion in the region 200–300 nm in the Earth′s atmosphere. 

The results of studies of the emission spectra of the Earth’s atmosphere in the ultraviolet (UV) and visible 
spectral regions are presented. The input window of the spectrometer was directed to the Sun or located at dif-
ferent angles to the axis passing through the center of the solar disk. For the first time, a Vavilov–Cherenkov 
(VCh) emission spectrum was recorded with a standard spectrometer in the region 200–300 nm. The threshold 
energy of electrons for the occurrence of VCh emission in air and the maximum angle of propagation of VCh 

emission with respect to the direction of electron motion are calculated. It is assumed that the VCh emission  
occurs when high-energy particles of the solar wind are braked in the Earth’s atmosphere. 
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