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Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ ðåàêöèè ýìèññèé àòîìàðíîãî êèñëîðîäà 557,7 è 630 íì íà ðåç-

êèå èçìåíåíèÿ ïàðàìåòðîâ ñîëíå÷íîãî âåòðà, âûçâàííûå óäàðíûìè âîëíàìè. Äëÿ àíàëèçà èñïîëüçîâàëèñü îï-
òè÷åñêèå è ãåîìàãíèòíûå äàííûå, ïîëó÷åííûå äëÿ ðåãèîíà Âîñòî÷íîé Ñèáèðè, è äàííûå ïàðàìåòðîâ ìåæïëà-
íåòíîãî ìàãíèòíîãî ïîëÿ è ñîëíå÷íîãî âåòðà. Íàéäåíî, ÷òî âî âðåìÿ ðåçêèõ èçìåíåíèé ñêîðîñòè è ïëîòíîñòè 

ïëàçìû ñîëíå÷íîãî âåòðà äëÿ îäíèõ ñëó÷àåâ íàáëþäàëîñü óâåëè÷åíèå èíòåíñèâíîñòè ðàññìàòðèâàåìûõ ýìèñ-
ñèé, òîãäà êàê â äðóãèõ ñëó÷àÿõ ðåàêöèè íå áûëî. Ïîêàçàíî, ÷òî íàëè÷èå èëè îòñóòñòâèå îòêëèêà â èíòåíñèâ-
íîñòè ýòèõ ýìèññèé íå ñâÿçàíî ñ àìïëèòóäîé âîçìóùåíèÿ ïàðàìåòðîâ ñîëíå÷íîãî âåòðà. Ïðåäïîëîæåíî, ÷òî ýòè 
óâåëè÷åíèÿ èíòåíñèâíîñòåé ìîãëè áûòü âûçâàíû âûñûïàíèåì ýëåêòðîíîâ èç ìàãíèòíîé ëîâóøêè âî âðåìÿ âçàè-
ìîäåéñòâèÿ ðàñïðîñòðàíÿþùèõñÿ â ñîëíå÷íîì âåòðå óäàðíûõ âîëí ñ ìàãíèòîñôåðîé. 

 

Êëþ÷åâûå ñëîâà: èîíîñôåðíîå âîçìóùåíèå, ñâå÷åíèå âåðõíåé àòìîñôåðû, ãåîìàãíèòíûå áóðè; iono-
spheric disturbance, airglow, geomagnetic storm. 

 
Ââåäåíèå 

 

Íåñòàöèîíàðíûå ïðîöåññû â ñîëíå÷íîì âåòðå, 
òàêèå êàê ðåçêèå âàðèàöèè äèíàìè÷åñêîãî äàâëåíèÿ 
ïëàçìû ñîëíå÷íîãî âåòðà, âîçíèêíîâåíèå òàíãåíöè-
àëüíûõ ðàçðûâîâ è óäàðíûõ âîëí, âûçûâàþò ìíîæå-
ñòâî ãåîôèçè÷åñêèõ ÿâëåíèé â îêîëîçåìíîì êîñìè-
÷åñêîì ïðîñòðàíñòâå. Â ãåîìàãíèòíîì ïîëå ãåíåðè-
ðóþòñÿ âíåçàïíûå èìïóëüñû (Sudden Impulse – SI). 
Åñëè âñëåä çà SI íàáëþäàåòñÿ ìàãíèòíàÿ áóðÿ, òî 
ýòîò èìïóëüñ íàçûâàåòñÿ âíåçàïíîå íà÷àëî (Sudden 
Commencement – SC). Â ìàãíèòîñôåðå âîçáóæäà-
þòñÿ è ðàñïðîñòðàíÿþòñÿ áûñòðûå ìàãíèòîçâóêîâûå 
âîëíû. Îíè ãåíåðèðóþò ýëåêòðîìàãíèòíûå âîëíû 

àëüôâåíîâñêîãî äèàïàçîíà ÷àñòîò, êîòîðûå ïðèâîäÿò 

ê óñêîðåíèþ ÷àñòèö ìàãíèòîñôåðíîé ïëàçìû [1]. Â àâ- 
ðîðàëüíîé çîíå ïðîèñõîäèò âûñûïàíèå çàðÿæåííûõ 
÷àñòèö [2]. 

Ðåàêöèÿ ýêâàòîðèàëüíîé è íèçêîøèðîòíîé íî÷-
íîé èîíîñôåðû (îò 10,2 äî 34,25 ñ.ø.) íà âíåçàïíûé 

ãåîìàãíèòíûé èìïóëüñ SC èçó÷àëàñü â ðàáîòå [3] íà 
îñíîâå äàííûõ âåðòèêàëüíîãî è íàêëîííîãî çîíäèðî-
âàíèÿ èîíîñôåðû. Â óêàçàííîé ðàáîòå îïèñàíû ñîâ-
ïàâøèå ñ èìïóëüñîì SC äîïëåðîâñêèå ñäâèãè ÷àñòî-
òû îòðàæåííîãî îò èîíîñôåðû ñèãíàëà, êîòîðûå ñâè-
äåòåëüñòâîâàëè î íàëè÷èè âåðòèêàëüíîãî äâèæåíèÿ 
ïëàçìû â ýòîò ìîìåíò. Àâòîðû îáúÿñíèëè ýòî äâè-
æåíèå âëèÿíèåì ïðîíèêøåãî â èîíîñôåðó ìàãíèòî-
ñôåðíîãî ýëåêòðè÷åñêîãî ïîëÿ, îáóñëîâëåííîãî âíå-
çàïíûì ãåîìàãíèòíûì èìïóëüñîì SC. 
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Â ðàáîòå [4] ïîêàçàíî, ÷òî âî âðåìÿ SI/SC èì-
ïóëüñîâ ìàãíèòîñôåðíîå ýëåêòðè÷åñêîå ïîëå ìîæåò 
ïðîíèêàòü â èîíîñôåðó íèçêèõ øèðîò. Â ðàáîòàõ 
[5–7] ïðîâåäåíî ñòàòèñòè÷åñêîå èññëåäîâàíèå ãëî-
áàëüíîãî îòêëèêà äíåâíîé è íî÷íîé èîíîñôåðû íà 
èìïóëüñû SC íà îñíîâå ïðîñòðàíñòâåííîãî óñðåä-
íåíèÿ âàðèàöèé ïîëíîãî ýëåêòðîííîãî ñîäåðæàíèÿ 
(ÏÝÑ), ïîëó÷åííûõ ïî ñåòè äàííûõ GPS, è âûÿâ-
ëåíî, ÷òî â ñðåäíåì âðåìÿ çàäåðæêè îòêëèêà âà-
ðèàöèé ÏÝÑ íà èìïóëüñ SC íàõîäèòñÿ â äèàïàçîíå 
3–10 ìèí. 

Â [8, 9] îòìå÷åíû òðè ñîáûòèÿ: 6 àïðåëÿ 2000 ã., 
21 îêòÿáðÿ 2001 ã. è 24 îêòÿáðÿ 2003 ã., êîãäà óâå-
ëè÷åíèå èíòåíñèâíîñòè ýìèññèè 630 íì ïîñëåäîâàëî 

ñðàçó çà èìïóëüñîì SC. Ýòè ñîáûòèÿ ïîÿâèëèñü â òî 

âðåìÿ, êîãäà èíäåêñ Dst åùå íå áûë äîñòàòî÷íî ðàç-
âèòûì. Â [9] ïðåäïîëîæåíî, ÷òî ìåõàíèçì ïîÿâëåíèÿ 
ýòèõ âîçìóùåíèé ìîæåò áûòü ïîäîáåí ìåõàíèçìó 
îáðàçîâàíèÿ óñòîé÷èâûõ àâðîðàëüíûõ êðàñíûõ äóã 
(stable auroral red arcs, èëè SAR-äóã) âî âðåìÿ ôàçû 
âîññòàíîâëåíèÿ ìàãíèòíûõ áóðü. 

Â íàñòîÿùåé ñòàòüå ïðåäñòàâëåíû ïîëó÷åííûå 
äëÿ ñðåäíèõ øèðîò ðåçóëüòàòû èññëåäîâàíèÿ îòêëè-
êà ýìèññèé êðàñíîé (630 íì) è çåëåíîé (557,7 íì) 
ëèíèé àòîìàðíîãî êèñëîðîäà íà âûçâàííûå ñîëíå÷-
íûìè âîçìóùåíèÿìè óäàðíûå âîëíû, ðàñïðîñòðà-
íÿþùèåñÿ ÷åðåç ïëàçìó ñîëíå÷íîãî âåòðà ñî ñêîðî-
ñòÿìè, ïðåâûøàþùèìè ñêîðîñòü ñïîêîéíîãî ñîëíå÷-
íîãî âåòðà. 

 
Äàííûå èçìåðåíèé 

 

Äëÿ àíàëèçà èñïîëüçîâàëèñü äàííûå ãåîìàãíèò-
íîãî ïîëÿ, ïîëó÷åííûå â ìàãíèòíîé îáñåðâàòîðèè 
«Èðêóòñê»; äàííûå ìåæïëàíåòíîãî ìàãíèòíîãî ïîëÿ 
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è ïàðàìåòðîâ ñîëíå÷íîãî âåòðà, âçÿòûå ñ ñàéòà 

http://cdaweb.gsfc.nasa.gov; äàííûå ýìèññèé àòîìàð- 
íîãî êèñëîðîäà 557,7 è 630 íì, ïîëó÷åííûå â Ãåîôè-
çè÷åñêîé îáñåðâàòîðèè ÈÑÇÔ ÑÎ ÐÀÍ (52 ñ.ø., 
103 â.ä.) íà áàçå êîìïëåêñà ôîòîìåòðîâ è ñïåêòðî-
ìåòðîâ [8, 10]. 

Îïòè÷åñêèå äàííûå ÿâëÿþòñÿ èíòåãðàëüíûìè 

âåëè÷èíàìè ðàññìàòðèâàåìûõ ýìèññèé. Êðàñíàÿ ëè-
íèÿ èçëó÷àåòñÿ â äèàïàçîíå âûñîò 180–300 êì íî÷-
íîé ñðåäíåøèðîòíîé F-îáëàñòè èîíîñôåðû ñ ìàê-
ñèìóìîì èíòåíñèâíîñòè íà âûñîòàõ 250–270 êì, 
çàâèñÿùèì îò âûñîòû ïèêà ýëåêòðîííîé êîíöåíòðà-
öèè [11]. Îñíîâíûì ìåõàíèçìîì åå âîçáóæäåíèÿ  
â ñïîêîéíûõ óñëîâèÿõ ÿâëÿåòñÿ äèññîöèàòèâíàÿ ðå- 
êîìáèíàöèÿ O2

+ è ýëåêòðîíîâ. 
Èçëó÷åíèå çåëåíîé ëèíèè ñîñðåäîòî÷åíî ïðå-

èìóùåñòâåííî â äâóõ îáëàñòÿõ. Íî÷üþ íà ñðåäíèõ 
øèðîòàõ îíà âîçáóæäàåòñÿ â îñíîâíîì â îáëàñòè 
âûñîò ñ íàèáîëüøåé êîíöåíòðàöèåé àòîìàðíîãî êè-
ñëîðîäà 85–115 êì (ñëîé Å) ñ ìàêñèìóìîì èíòåí-
ñèâíîñòè íà ( 97  2) êì [12]. Íà ñåãîäíÿøíèé äåíü 
ñóùåñòâóþò äâà ìåõàíèçìà âîçáóæäåíèÿ çåëåíîé ëè- 
íèè â íèæíåé òåðìîñôåðå. Ýòî ìåõàíèçì ×åïìåíà 
[13] è ìåõàíèçì Áàðòà [14]. Âòîðîé äèàïàçîí âûñîò 
èçëó÷åíèÿ çåëåíîé ëèíèè ðàñïîëîæåí â F-îáëàñòè  
 

 
èîíîñôåðû, è ìåõàíèçìîì åå âîçáóæäåíèÿ â ñïîêîé-
íûõ óñëîâèÿõ ÿâëÿåòñÿ äèññîöèàòèâíàÿ ðåêîìáèíà-
öèÿ, êàê è äëÿ êðàñíîé ëèíèè [15]. Îäíàêî âêëàä 
ýòîé îáëàñòè â èíòåãðàëüíóþ âåëè÷èíó èíòåíñèâíî-
ñòè ýìèññèè 557,7 íì íå ïðåâûøàåò 10% [16] ïðè 
ñïîêîéíûõ ãåîìàãíèòíûõ óñëîâèÿõ. 

 
Àíàëèç äàííûõ 

 

Ìû ïðîàíàëèçèðîâàëè ïîâåäåíèå èíòåíñèâíîñòè 
ýìèññèé çåëåíîé è êðàñíîé ëèíèé àòîìàðíîãî êèñëî-
ðîäà âî âðåìÿ 20 âíåçàïíûõ èìïóëüñîâ SC. Äàííûå 
íàáëþäåíèé ïàðàìåòðîâ ìåæïëàíåòíîé ñðåäû è îêî-
ëîçåìíîãî êîñìè÷åñêîãî ïðîñòðàíñòâà ïðåäñòàâëåíû 
â òàáë. 1 è 2. 

Â òàáë. 1 ïðèâåäåíû ñîáûòèÿ SC, äëÿ êîòîðûõ 
áûë îòìå÷åí îòêëèê â èíòåíñèâíîñòè ðàññìàòðèâàå-
ìûõ ýìèññèé. Â òàáë. 2 ïåðå÷èñëåíû ñîáûòèÿ SC, 
äëÿ êîòîðûõ îòêëèê â ýòèõ ýìèññèÿõ íå íàáëþäàëñÿ.  
Â êîëîíêàõ òàáëèö óêàçàíû äàòà è âðåìÿ SC, ìàê-
ñèìàëüíîå çíà÷åíèå Kð-èíäåêñà (Kðmax) è ìèíèìàëü-
íîå çíà÷åíèå Dst-èíäåêñà (Dstmin) äëÿ ðàññìàòðèâàå-
ìîé ìàãíèòíîé áóðè, âåëè÷èíà êðàòêîâðåìåííîãî 
ïîëîæèòåëüíîãî ñêà÷êà Dst íà ôàçå SC (Dst), ïðè-
ðàùåíèÿ â èíòåíñèâíîñòè ýìèññèé 630 è 557,7 íì,  
 

 
 

Ò à á ë è ö à  1  

Ñîáûòèÿ SC, äëÿ êîòîðûõ íàáëþäàëñÿ îòêëèê â èíòåíñèâíîñòÿõ ýìèññèé 557,7 è/èëè 630 íì 

Äàòà 
SC, 
UT 

Kðmax 
Dstmin, 
íÒë 

Dst, 
íÒë 

I630, 
Ðë 

I557,7, 
Ðë 

630

557,7

I
I



Vð,  
êì/ñ 

Vðmax, 
êì/ñ 

Nð 

27.01.2000 14:53 5 –41 25 15 55 0,3 35 621 30 
06.04.2000 16:39 9 –221 50 45 40 1,1 196 589 7 
11.10.2001 17:01 6 –70 35 30 – – 200 570 23 
21.10.2001 16:50 8 –187 45 30 100 0,3 190 635 22 
05.02.2002 17:00 5 –80 9 25 130 0,2 75 540 7 
18.03.2002 13:21 5 –37 53 30 50 0,6 150 490 40 
17.01.2005 14:00 8 –120 47 30 38 0,8 0 800 20 
21.01.2005 17:12 8 –97 50 – 110 – 260 940 12 
21.01.2005 18:48 8 –97 60 120 125 1 – 940 32 
07.05.2005 19:16 6 –100 15 – 50 – 25 430 15 
12.04.2010 16:00 6 –56 15 16 – – 45 430 20 
26.09.2011 12:35 6 –103 40 50 40 1,3 130 730 30 

 
Ò à á ë è ö à  2  

Ñîáûòèÿ SC, äëÿ êîòîðûõ îòêëèê â èíòåíñèâíîñòÿõ ýìèññèé 557,7 è 630 íì  
íå áûë îáíàðóæåí 

Äàòà 
SC,  
UT 

Kðmax

Dstmin, 
íÒë 

Dst, 
íÒë 

Vð, 
êì/ñ 

Vðmaõ,  
êì/ñ 

Nð 

11.01.2000 14:26 5 –81 11 90 540 7 
22.12.2000 19:25 6 –62 10 10 330 13 
21.04.2001 16:01 6 –100 16 50 400 13 
16.12.2004 13:40 4 –10 8 0 480 10 
02.09.2005 14:20 7 –124 13 75 766 6 
24.01.2012 15:03 5 –75 25 270 740 13 
18.02.2012 16:42 5 –88 5 25 360 5 
24.10.2011 18:31 7 –150 40 100 535 10 
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êîòîðûå ïîñëåäîâàëè çà SC (I630 è I557,7 ñîîòâåò-
ñòâåííî), ñîîòíîøåíèå ïðèðàùåíèé êðàñíîé è çåëå-
íîé ëèíèé (I630 /I557,7), ïðèðàùåíèå ñêîðîñòè ïðî-
òîíîâ (Vð), ìàêñèìàëüíàÿ ñêîðîñòü ñîëíå÷íîãî âåò-
ðà âî âðåìÿ ìàãíèòíîé áóðè (Vðmaõ), ïðèðàùåíèå 
ïëîòíîñòè ïðîòîíîâ (Nð). 

Íà ðèñ. 1 ïîêàçàí òèïè÷íûé ïðèìåð ïîâåäåíèÿ 
èíòåíñèâíîñòè èíòåãðàëüíûõ ýìèññèé 630 (÷åðíàÿ 
ëèíèÿ) è 557,7 íì (ñåðàÿ ëèíèÿ) â ñïîêîéíûõ ãåî-
ìàãíèòíûõ óñëîâèÿõ. Âèäíî, ÷òî â ñïîêîéíûõ íî÷íûõ 
óñëîâèÿõ ýòè ýìèññèè èçìåíÿþòñÿ íåçàâèñèìî, ñî-
ãëàñíî ìåõàíèçìàì èõ âîçáóæäåíèÿ â ñëîÿõ F è E 
ñîîòâåòñòâåííî. 

 

 
Ðèñ. 1. Ïðèìåð ïîâåäåíèÿ èíòåíñèâíîñòè ýìèññèé 630 (÷åð- 
íàÿ ëèíèÿ) è 557,7 íì (ñåðàÿ ëèíèÿ) â ñïîêîéíûõ ãåîìàã- 
  íèòíûõ óñëîâèÿõ (2.12.2000 ã.) 

 
Íà ðèñ. 2 ïðèâåäåíû âðåìåííûå çàâèñèìîñòè 

Bz-êîìïîíåíòû ìåæïëàíåòíîãî ìàãíèòíîãî ïîëÿ, 
ñêîðîñòè Vp è ïëîòíîñòè Np ïðîòîíîâ ñîëíå÷íîãî 
âåòðà, èíäåêñà Dst, Í-êîìïîíåíòû ãåîìàãíèòíîãî 

ïîëÿ íàä Èðêóòñêîì è èíòåíñèâíîñòè ýìèññèé àòî-
ìàðíîãî êèñëîðîäà 630 è 557,7 íì âî âðåìÿ èìïóëü-
ñîâ SC 6 àïðåëÿ 2000 ã. (ïðèìåð èç òàáë. 1) è 24 ÿí-
âàðÿ 2012 ã. (ïðèìåð èç òàáë. 2). Âåðòèêàëüíûìè 

øòðèõîâûìè ëèíèÿìè îòìå÷åíû ìîìåíòû âíåçàïíîãî 
íà÷àëà ìàãíèòíîé áóðè. Êàê âèäíî èç ðèñ. 2, â ìî-
ìåíò SC ïàðàìåòðû îêðóæàþùåé ñðåäû äëÿ ýòèõ 

äâóõ ñîáûòèé èìåþò çíà÷åíèÿ, áëèçêèå ïî âåëè÷è-
íå, íî óâåëè÷åíèå â èíòåíñèâíîñòè ýìèññèé çåëåíîé 
è êðàñíîé ëèíèé ( 40 Ðë) íàáëþäàëîñü òîëüêî 6 àï-
ðåëÿ 2000 ã. 

Ñîáûòèÿ èç òàáë. 1 â îñíîâíîì ïðîèçîøëè ëè-
áî íà ôàçå âîññòàíîâëåíèÿ ïðåäûäóùåé ìàãíèòíîé 
áóðè, ëèáî èì ïðåäøåñòâîâàëè ñóááóðè. Òîëüêî äâà 
èç íèõ (18.03.2002 ã. è 26.09.2011 ã.) ñëó÷èëèñü íà 
ôîíå ñïîêîéíûõ ãåîìàãíèòíûõ óñëîâèé. Äëÿ ïîëî-
âèíû ñîáûòèé èç òàáë. 2 íàáëþäàëèñü âîçìóùåííûå 

ôîíîâûå ãåîìàãíèòíûå óñëîâèÿ. Ñðàâíèòåëüíûé àíà- 
ëèç ïàðàìåòðîâ ìåæïëàíåòíîé ñðåäû è îêîëîçåìíîãî 

êîñìè÷åñêîãî ïðîñòðàíñòâà äëÿ ñîáûòèé, ïðèâåäåííûõ  
 

 
â òàáë. 1, êîãäà îòêëèê íà SC íàáëþäàëñÿ, è òàáë. 2, 
êîãäà îòêëèêà íå áûëî, ïîêàçàë, ÷òî íåò ïðèíöèïè-
àëüíîé ðàçíèöû ìåæäó èõ âåëè÷èíàìè â ìîìåíò SC. 
Èç ýòîãî ñëåäóåò, ÷òî íàëè÷èå èëè îòñóòñòâèå îòê- 
ëèêà â èíòåíñèâíîñòè ðàññìàòðèâàåìûõ ýìèññèé íà 
SÑ íå ñâÿçàíî c àìïëèòóäîé âîçìóùåíèÿ ïàðàìåò-
ðîâ ñîëíå÷íîãî âåòðà. 

Äëÿ ñîáûòèé, èìåþùèõ îòêëèê íà SÑ-èìïóëüñ, 
òàêæå íå íàáëþäàåòñÿ âçàèìîçàâèñèìîñòè ìåæäó àì-
ïëèòóäîé îòêëèêà èíòåíñèâíîñòè ðàññìàòðèâàåìûõ 
ýìèññèé è àìïëèòóäàìè âîçìóùåíèÿ ñêîðîñòè è ïëîò-
íîñòè ñîëíå÷íîãî âåòðà. 

Íàáëþäàåìîå óâåëè÷åíèå èíòåíñèâíîñòè ñâå÷å-
íèÿ âî âðåìÿ SC ìîæåò áûòü àíàëîãè÷íî àâðîðàëü-
íûì ñèÿíèÿì, ñâÿçàííûì ñ èìïóëüñàìè äàâëåíèÿ 
ñîëíå÷íîãî âåòðà [17, 18]. Â ðàáîòå [18] ïîêàçàíî, 
÷òî ñèÿíèÿ, ñâÿçàííûå ñ èìïóëüñàìè äàâëåíèÿ ñîë-
íå÷íîãî âåòðà, õàðàêòåðèçóþòñÿ èíòåíñèâíûìè ïî-
òîêàìè íèçêîýíåðãè÷íûõ ýëåêòðîíîâ, êîòîðûå ïðå-
âîñõîäÿò ïî âåëè÷èíå ïîòîêè, âîçíèêàþùèå âî âðåìÿ 
àâðîðàëüíûõ ñóááóðü. Ýòè ÷àñòèöû ìîãóò âûçûâàòü 
èçëó÷åíèå êàê 630, òàê è 557,7 è 427,8 íì. 

Ñ äðóãîé ñòîðîíû, ýòî óâåëè÷åíèå ìîæåò áûòü 
âûçâàíî âûñûïàíèåì ýëåêòðîíîâ èç ìàãíèòíîé ëî-
âóøêè, ãäå îíè ïðèñóòñòâîâàëè åùå äî íà÷àëà èìïóëü-
ñà SC. Ýòî ïðåäïîëîæåíèå ñîãëàñóåòñÿ ñ [19], ãäå 
íà îñíîâå èçìåðåíèé áûëè âûÿâëåíû îáëàñòè ñ âû-
ñîêîé ïëîòíîñòüþ ñâåðõòåïëîâûõ ýëåêòðîíîâ ñ ýíåð-
ãèÿìè â äèàïàçîíå 1–30 êýÂ. Ýòè îáëàñòè â îñíîâ-
íîì íàáëþäàëèñü íà äîñòàòî÷íî íèçêèõ L îáîëî÷êàõ 
(âïëîòü äî L = 2) è áûëè îòíîñèòåëüíî ñòàáèëüíû-
ìè [19]. 

Âî âðåìÿ óñèëåíèÿ ãåîìàãíèòíîé àêòèâíîñòè, êàê 
ïîêàçàíî â [20–22], óâåëè÷åíèå êðóïíîìàñøòàáíîãî 
ýëåêòðè÷åñêîãî ïîëÿ óòðî–âå÷åð ìîæåò ïåðåíîñèòü 
ýëåêòðîíû ïëàçìåííîãî ñëîÿ áëèæå ê Çåìëå, âïëîòü 
äî îáëàñòåé êîðîòàöèè. 

Íà îñíîâå àíàëèçà ýêñïåðèìåíòàëüíûõ äàííûõ 
â ðàáîòå [19] ïîêàçàíî, ÷òî ýëåêòðîíû, êîòîðûå 
áûëè èíæåêòèðîâàíû áëèæå ê Çåìëå âî âðåìÿ ãåî-
ìàãíèòîàêòèâíîãî ïåðèîäà, îñòàþòñÿ çàõâà÷åííûìè  

â ëîâóøêå âíóòðè ïëàçìîñôåðû â ïîñëåäóþùèé 
ñïîêîéíûé ïåðèîä. Àâòîðû [19] ïðåäïîëîæèëè, ÷òî 
ýòè çàõâà÷åííûå ïîïóëÿöèè ýëåêòðîíîâ ìîãóò ïåðå-
íîñèòüñÿ äàëåå â ãëóáü ïëàçìîñôåðû äî L  2 ÷åðåç 
ðàäèàëüíóþ äèôôóçèþ áëàãîäàðÿ âñåãäà ïðèñóòñò-
âóþùèì ôëóêòóàöèÿì ìàãíèòîñôåðíîãî ýëåêòðè÷åñ- 
êîãî ïîëÿ, êîòîðîå ïðîíèêàåò â ïëàçìîñôåðó, êàê 
ïîêàçàíî â [23]. Òàêæå ïåðåíîñ ÷àñòèö íà áîëåå 
ãëóáîêóþ äðåéôîâóþ îáîëî÷êó ìîæåò ïðîèñõîäèòü 
íå òîëüêî ïîä äåéñòâèåì êðóïíîìàñøòàáíîãî ýëåê-
òðè÷åñêîãî ïîëÿ, íî è ïðè åäèíè÷íîì èìïóëüñíîì 
âîçäåéñòâèè ýëåêòðè÷åñêîãî ïîëÿ Å  Â, íàïðèìåð 
ïðè èìïóëüñàõ SI/SC, à òàêæå àíàëîãè÷íûé ýô-
ôåêò âîçìîæåí ïðè ìíîãîêðàòíîì âîçäåéñòâèè êî-
ðîòêèõ èìïóëüñîâ [24]. 

Àëüôâåíîâñêèå âîëíû, âîçíèêàþùèå âî âðåìÿ 
âçàèìîäåéñòâèÿ ìàãíèòîñôåðû ñ óäàðíîé âîëíîé ñîë- 
íå÷íîãî âåòðà, ïðèâîäÿò ê ïèò÷-óãëîâîìó ðàññåÿíèþ 

çàõâà÷åííûõ íà íèçêèõ îáîëî÷êàõ ÷àñòèö [1, 25]. 
 



 

 Îòêëèê ýìèññèé àòîìàðíîãî êèñëîðîäà 557,7 è 630 íì íà ðåçêèå âàðèàöèè ïàðàìåòðîâ ñîëíå÷íîãî âåòðà 281 
 

 
 à á 
Ðèñ. 2. Ïðèìåðû âàðèàöèé ãåëåîôèçè÷åñêèõ è ãåîôèçè÷åñêèõ ïàðàìåòðîâ âî âðåìÿ èìïóëüñîâ SC 6.04.2000 ã. (à)  
è 24.01.2012 ã. (á). Íà ïàíåëÿõ ïîêàçàíû âàðèàöèè Bz-êîìïîíåíòû ìåæïëàíåòíîãî ìàãíèòíîãî ïîëÿ (1); ñêîðîñòè ïðîòî-
íîâ ñîëíå÷íîãî âåòðà Vp (2); ïëîòíîñòè ïðîòîíîâ ñîëíå÷íîãî âåòðà Np (3); èíäåêñà Dst (4); Í-êîìïîíåíòû ãåîìàãíèòíîãî 
  ïîëÿ (5); ýìèññèé àòîìàðíîãî êèñëîðîäà 630 (6) è 557,7 íì (7) 

 
Çàêëþ÷åíèå 

 
Ðåçóëüòàòû èññëåäîâàíèÿ îòêëèêà ýìèññèé àòî-

ìàðíîãî êèñëîðîäà 557,7 è 630 íì íà ðåçêèå âàðèà-
öèè ïàðàìåòðîâ ïëàçìû ñîëíå÷íîãî âåòðà, âûçâàííûå 

ðàñïðîñòðàíÿþùèìèñÿ ïî íåé óäàðíûìè âîëíàìè, 
ïîêàçàëè, ÷òî äëÿ îäíèõ ñëó÷àåâ óâåëè÷åíèå ýòèõ 
èíòåíñèâíîñòåé íàáëþäàëîñü, òîãäà êàê äëÿ äðóãèõ 

ñëó÷àåâ ýòîãî íå ïðîèñõîäèëî, íåçàâèñèìî îò àìïëè-
òóäû âîçìóùåíèé ïàðàìåòðîâ ñîëíå÷íîãî âåòðà. 

Ìû ïðåäïîëàãàåì, ÷òî óâåëè÷åíèå èíòåíñèâíîñ- 
òè ýìèññèé çåëåíîé è êðàñíîé ëèíèé àòîìíîãî êèñëî-
ðîäà âî âðåìÿ âíåçàïíûõ èìïóëüñîâ SC ìîãëî áûòü 
âûçâàíî ïîòîêàìè íèçêîýíåðãè÷íûõ ýëåêòðîíîâ, çàõ- 
âà÷åííûõ íà íèçêèõ îáîëî÷êàõ ðàíåå, åùå äî ïðèõîäà 

èìïóëüñîâ. Ýòè ïîòîêè âûñûïàþùèõñÿ ýëåêòðîíîâ 
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ìîãóò áûòü îáóñëîâëåíû èõ ïèò÷-óãëîâûì ðàññåÿíè-
åì ïðè âçàèìîäåéñòâèè ñ ìàãíèòîçâóêîâûìè âîëíàìè, 
âîçáóæäàåìûìè â ìàãíèòîñôåðå â ìîìåíòû åå ñæà-
òèÿ äèíàìè÷åñêèìè èìïóëüñàìè äàâëåíèÿ ñîëíå÷íî-
ãî âåòðà [1, 25]. 
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ñåðâàòîðèè ÈÑÇÔ ÑÎ ÐÀÍ è öåííûå çàìå÷àíèÿ, à òàê- 
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Þ.Â. Ëèïêî è Ñ.À. Íå÷àåâà çà äàííûå ìàãíèòíîé 
îáñåðâàòîðèè «Èðêóòñê». 

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ãðàíòîâ ÐÔÔÈ 
¹ 13-05-00733 è ÍØ-2942.2014.5 Ïðåçèäåíòà ÐÔ ãî- 
ñóäàðñòâåííîé ïîääåðæêè âåäóùèõ íàó÷íûõ øêîë ÐÔ. 
 
1. Leonovich A.S., Mazur V.A. Resonance excitation of 

standing Alfven waves in an axisymmetric magnetosphere 
(monochromatic oscillations) // Planet. Space Sci. 1989. 
V. 37, N 9. P. 1095–1108. 

2. Meurant M., Gérard J.-C., Hubert B., Coumans V., 
Blockx C., Ostgaard N., Mende S.B. Dynamics of glo- 
bal scale electron and proton precipitation induced by  
a solar wind pressure pulse // Geophys. Res. Lett. 2003. 
V. 30, N 20. P. 2032. DOI: 10.1029/2003GL018017. 

3. Sastri J.H., Huang Y.N., Shibata T., Okuzawa T. Re-
sponse of equatorial-low latitude ionosphere to sudden 
expansion of magnetosphere // Geophys. Res. Lett. 1995. 
V. 22, N 19. P. 2649–2652. 

4. Ikeda A., Yumoto K., Shinohara M., Nozaki K., Yoshi- 
kawa A., Shinbori A. SC-associated Ionospheric Electric 
Fields at Low Latitude: FM-CW Radar Observation // 
Earth Planet. Sci. 2008. V. XXXII, N 1. P. 1–6. 

5. Afraimovich E.L., Kosogorov E.A., Leonovich L.A. The 
use of the international GPS network as the global de-
tector GLOBDET simultaneously observing sudden iono-
spheric disturbances // Earth, Planets Space. 2000. 
V. 52, N 11. P. 1077–1082. 

6. Afraimovich E.L., Kosogorov E.A., Leonovich L.A., Le-
syuta O.S., Ushakov I.I. Novel technology for detect-
ing atmospheic disturbances using GPS. Instantaneous 
response of the ionosphere to a sudden commencement of 
the strong magnetic storms // Adv. Space Res. 2001. 
V. 27, N 6–7. P. 1345–1350. 

7. Afraimovich E.L., Lesyuta O.S. Instantaneous global 
ionospheric response to a sudden commencement of the 
strong magnetic storms // Proc. Int. Beacon Satellite 
Sympos. June 4–6. 2001. Boston College Institute for 
Scientic Research, Chestnut Hill. MA. USA. 2001. 
P. 413–417. 

8. Ìèõàëåâ À.Â., Ëåîíîâè÷ Ë.À., Êîñòûëåâà Í.Â., Ëåî-
íîâè÷ Â.À., Ìèøèí Â.Â. Îòêëèê ñðåäíåøèðîòíîãî èç-
ëó÷åíèÿ âåðõíåé àòìîñôåðû íà íà÷àëüíóþ ôàçó ìàã-
íèòíûõ áóðü // Ñîëíå÷íî-çåìíàÿ ôèçèêà. 2012. 
Âûï. 20. Ñ. 116–120. 

9. Shiokawa K., Ogawa T., Kamide Y. Low-latitude auro-
ras observed in Japan: 1999–2004 // J. Geophys. Res. 
2005. V. 110. A05202. DOI: 10.1029/2004JA010706. 

10. Ìèõàëåâ À.Â. ßðêîñòü íî÷íîãî íåáà è ñîáñòâåííîå èç- 
ëó÷åíèå âåðõíåé àòìîñôåðû â ðåãèîíå Âîñòî÷íîé Ñè-
áèðè ïîñëå ïàäåíèÿ ×åëÿáèíñêîãî ìåòåîðèòà // Ñîë-
íå÷íî-çåìíàÿ ôèçèêà. 2014. Âûï. 24. Ñ. 54–57. 

11. Ôèøêîâà Ë.Ì. Íî÷íîå èçëó÷åíèå ñðåäíåøèðîòíîé âåðõ- 
íåé àòìîñôåðû Çåìëè. Òáèëèñè: Ìåöíèåðåáà, 1983. 270 ñ. 

12. Bates D.R. Forbidden oxygen and oxygen lines in the 
nightglow // Planet. Space Sci. 1978. V. 26, N 10. 
P. 897–912. 

13. Chapman S. The absorption and dissociative or ionizing 
effect of monochromatic radiation in an atmosphere on  
a rotating earth. Part II. Grazing incidence // Proc. 
Phys. Soc. 1931. V. 43, N 26. P. 483–501. 

14. Barth C.A., Hildebrandt A.F. The 5577 Å airglow emis-
sion mechanism // J. Geophys. Res. 1961. V. 66, N 3. 
P. 985–986. 

15. Bates D.R. Airglow and auroras // Appl. Atomic Colli-
sion Phys. N.Y.: Academic Press, 1982. V. 1. P. 149–224. 

16. Gulledge I.S., Packer D.M., Tilford S.G., Vandersli- 
ce J.T. Intensity profiles of the 6300-Å and 5577-Å OI 
lines in the night airglow // J. Geophys. Res. 1968. 
V. 73, N 17. Ð. 5535–5547. DOI: 10.1029/JA073i017. 

17. Spann J.F., Brittnacher M., Elsen R., Germany G.A., 
Parks G.K. Initial response and complex polar cap struc-
tures of the aurora in response to the January 10, 1997 
magnetic cloud // Geophys. Res. Lett. 1998. V. 25, 
N 14. P. 2577–2580. 

18. Chua D., Parks G., Brittnacher M., Peria W., Germa- 
ny G., Spann J., Carlson C. Energy characteristics of 
auroral electron precipitation: A comparison of substorms 
and pressure pulse related auroral activity // J. Geo-
phys. Res. A. 2001. V. 106, N 4. P. 5945–5956. 

19. Li W., Thorne R.M., Bortnik J., Nishimura Y., An-
gelopoulos V., Chen L., McFadden J.P., Bonnel J.W. 
Global distributions of suprathermal electrons observed 
on THEMIS and potential mechanisms for access into 
the plasmasphere // J. Geophys. Res. 2010. V. 115, 
N 12. A00J10. DOI: 10.1029/2010JA015687. 

20. Maynard N.C., Chen A.J. Isolated cold plasma regions: 
Observations and their relation to possible production 
mechanisms // J. Geophys. Res. 1975. V. 80, N 3. 
P. 1009–1013. 

21. Korth H., Thomsen M.F., Borovsky J.E., McComas D.J. 
Plasma sheet access to geosynchronous orbit // J. Geo-
phys. Res. A. 1999. V. 104, N 11. P. 25047–25061. DOI: 
10.1029/1999JA900292. 

22. Friedel R.H.W., Korth H., Henderson M.G., Thom- 
sen M.F., Scudder J.D. Plasma sheet access to the inner 
magnetosphere // J. Geophys. Res. A. 2001. V. 106, 
N 4. P. 5845–5858. DOI: 10.1029/2000JA003011. 

23. Rowland D.E., Wygant J.R. Dependence of the large-
scale inner magnetospheric electric field on geomagnetic 
activity // J. Geophys. Res. A. 1998. V. 103, N 7. 
P. 14959–14964. DOI: 10.1029/97JA0352. 

24. Ëàçóòèí Ë.Ë. Ìèðîâûå è ïîëÿðíûå ìàãíèòíûå áóðè / 
Ïîä ðåä. Þ.È. Ëîãà÷åâà. Ì.: Èçä-âî ÌÃÓ, 2012. 214 ñ. 
URL: http://www.kosmofizika.ru/kniga.htm. 

25. Goertz C.K. Kinetic Alfvén waves on auroral field lines 
// Planet. Space Sci. 1984. V. 32, N 11. P. 1387–1392. 
 

 
L.À. Leonovich, A.V. Tashchilin, V.À. Leonovich. The 557.7 and 630-nm atomic oxygen emission re-

sponses to sharp solar wind variations. 
The paper presents the study of the 557.7 and 630-nm atomic oxygen emission responses to sharp varia-

tions in solar wind parameters, caused by shocks. The optical and geomagnetic data of the Eastern Siberia and 
interplanetary magnetic field and solar wind data were used for the analysis. It has been found that the consid-
ered emission intensity was increased for some cases, whereas in other cases there were no responses during sud-
den sharp variations in solar wind plasma speed and density. It has been shown that the presence or absence of 
the responses in the emissions was not related to the disturbance amplitude of the solar wind parameters. It has 
been suggested that the emission intensity increase could be caused by the electrons precipitation from the mag-
netic trap during interaction between the solar wind shock and magnetosphere. 


