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Èññëåäîâàíèå ñâèñòÿùèõ àòìîñôåðèêîâ (âèñòëåðîâ), âîçíèêàþùèõ â ðåçóëüòàòå èç-
ëó÷åíèÿ ìîëíèåâûõ ðàçðÿäîâ ïîñëå ïðîõîæäåíèÿ ÷åðåç èîíîñôåðó âäîëü ñèëîâîé ëèíèè
ìàãíèòíîãî ïîëÿ Çåìëè, èìååò áîëüøîå çíà÷åíèå äëÿ èçó÷åíèÿ ãðîçîâîãî ïðîöåññà, äëÿ
âûÿâëåíèÿ íîâûõ ñâÿçåé ìåæäó ÿâëåíèÿìè è ïðîöåññàìè â èîíîñôåðå è ìàãíèòîñôåðå.

Äëÿ âåäåíèÿ ñòàòèñòèêè ðàçðàáîòàí àëãîðèòì àâòîìàòè÷åñêîãî ðàñïîçíàâàíèÿ âèñòëå-
ðîâ [1]. Ðàáîòà äåòåêòîðà â äàííîé ñèñòåìå îñíîâûâàåòñÿ íà äâóìåðíîé êîððåëÿöèè ñïåê-
òðà èñõîäíîãî ñèãíàëà è ñïåêòðà ñèãíàëà-ýòàëîíà. Íåîáõîäèìî îòìåòèòü, ÷òî èìåþùàÿñÿ
àïïàðàòóðà íå ïîçâîëÿåò ðåãèñòðèðîâàòü íîñîâóþ ÷àñòîòó, íî äèàïàçîí ÷àñòîò îò 2.5 äî
7 êÃö ìîæåò áûòü ïîëåçíûì äëÿ ñòàòèñòè÷åñêîãî àíàëèçà, ò.ê. çàõâàòûâàåò ÷àñòü âèñ-
òëåðà è â òîæå âðåìÿ ÿâëÿåòñÿ íàèìåíåå çàøóìëåííûì. Ìîäåëèðîâàíèå ñèãíàëà-ýòàëîíà
ïðîèñõîäèò â ðåçóëüòàòå àïïðîêñèìàöèè ïèêà àòìîñôåðèêà â òåêóùèé ìîìåíò âðåìåíè
ôóíêöèåé, ñîîòâåòñòâóþùåé ïëîòíîñòè íîðìàëüíîãî ðàñïðåäåëåíèÿ è àïïðîêñèìàöèè çà-
âèñèìîñòè ÷àñòîòû îò âðåìåíè ýêñïîíåíöèàëüíîé ôóíêöèåé. Ýòîò ìåòîä áûë ïðåäëîæåí
îñíîâàòåëåì ñåòè àâòîìàòè÷åñêîãî îïðåäåëåíèÿ è àíàëèçà âèñòëåðîâ (AWDAnet) Dr. J.
Lichtenberger [2]. Ñèñòåìà, îñíîâàííàÿ íà ýòîì ìåòîäå, ñîñòîèò èç äåòåêòîðà è ðåøàþùåãî
ôàêòîðà-àäàïòèâíîãî ïîðîãà.

Äåòåêòîð âûïîëíÿåò äâóìåðíóþ êîððåëÿöèþ ñïåêòðà ôðàãìåíòà ñèãíàëà äëèòåëüíî-
ñòüþ 4 ñåêóíäû è ñìîäåëèðîâàííîãî èäåàëüíîãî ñïåêòðà. Àäàïòèâíûé ïîðîã ïðåäñòàâëÿåò
íåêîòîðóþ óñðåäíåííóþ âåëè÷èíó, ïðè ïðåâûøåíèè �íîðìàëüíîãî óðîâíÿ� êîòîðîãî ôîð-
ìèðóåòñÿ âûâîä î òîì, ÷òî â ñèãíàëå ïðèñóòñòâóåò âèñòëåð.

Íåîáõîäèìî îòìåòèòü, ÷òî áîëüøóþ ïîãðåøíîñòü (äî 50 % ëîæíûõ ñðàáàòûâàíèé) âíî-
ñÿò àòìîñôåðèêè (ãðîçîâûå ðàçðÿäû), êîòîðûå âèäíû â ñïåêòðå êàê âåðòèêàëüíûå ëèíèè.
Äëÿ óìåíüøåíèÿ èõ âëèÿíèÿ íà ðåçóëüòàò ââîäÿòñÿ äîïîëíèòåëüíûå ïðîöåäóðû, âûïîë-
íÿåìûå ïî ïðåâûøåíèþ ïîðîãà:

1. Âûïîëíÿåòñÿ ïðîâåðêà, íà ñêîëüêî ïðîöåíòîâ ïðåâûøåí ïîðîã. Åñëè ýòî ïðåâûøåíèå
íå äîñòèãàåò çàäàííîãî ïîëüçîâàòåëåì çíà÷åíèÿ (10-15 %), ôîðìèðóåòñÿ ñèãíàë �0�
(íåò âèñòëåðà).

2. Âûïîëíÿåòñÿ ïðîâåðêà, â òå÷åíèå êàêîãî âðåìåíè íàáëþäàëîñü ïðåâûøåíèå íàä ïî-
ðîãîì. Ïîñêîëüêó äëèòåëüíîñòü âèñòëåðà íàõîäèòñÿ â ïðåäåëàõ 0.5-2 ñåêóíä, òî ñâè-
ñòÿùèé àòìîñôåðèê îïðåäåëÿåòñÿ òåì, êàê äëèòåëüíîñòü ñèãíàëà óêëàäûâàåòñÿ â ýòè
ïðåäåëû.

3. Ïîñëå îáðàáîòêè 4-õ ñåêóíäíîãî ôðàãìåíòà äåòåêòîð îáðàáàòûâàåò ñëåäóþùèé ôðàã-
ìåíò, ñäâèíóòûé îòíîñèòåëüíî ïðåäûäóùåãî íà 0,2 ñåêóíäû, çà ñ÷åò ÷åãî ïðîèñõîäèò
äîïîëíèòåëüíîå óòî÷íåíèå ðåçóëüòàòà.
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Ïîëó÷åííûå ïðîìåæóòî÷íûå ðåçóëüòàòû àâòîìàòè÷åñêîãî äåòåêòèðîâàíèÿ ñâèñòÿùèõ àò-
ìîñôåðèêîâ áûëè ñîïîñòàâëåíû ñ äàííûìè ìåæäóíàðîäíîé ñåòè îïðåäåëåíèÿ ìåñòîïî-
ëîæåíèÿ ãðîç (World Wide Lightning Location Network - WWLLN), ïðîàíàëèçèðîâàíà
ñâÿçü ðîñòà ÷èñëà ïðèíÿòûõ âèñòëåðîâ ñ óâåëè÷åíèåì ãðîçîâîé àêòèâíîñòè â ìàãíèòî-
ñîïðÿæåííûõ òî÷êàõ (Êàì÷àòêà, Ðîññèÿ è Êàíáåððà, Àâñòðàëèÿ).

Íàïðèìåð, ïðè ñðàâíåíèè ïîòîêà âèñòëåðîâ è ãðîçîâîé àêòèâíîñòè â ïåðèîä ñ 01:30
ïî 08:12 UT 22.02.2012 è â ïåðèîä ñ 08:00 äî 16:00 UT 02.05.2012 áûëî îáíàðóæåíî îä-
íîâðåìåííîå óâåëè÷åíèå ïîòîêà âèñòëåðîâ è ãðîçîâîé àêòèâíîñòè â ñîïðÿæåííîé òî÷êå
(ðèñ.1). Îòêóäà ìîæíî ñäåëàòü âûâîä î òîì, ÷òî èçìåíåíèå ïîòîêà âèñòëåðîâ â îñíîâíîì
îïðåäåëÿåòñÿ ãðîçîâîé àêòèâíîñòüþ â ñîïðÿæåííîé òî÷êå.

Ðèñ. 1. Ñðàâíåíèå ïîòîêà âèñòëåðîâ [÷èñëî âèñòëåðîâ/15 ìèíóò] ñ ãðîçîâîé àêòèâíîñòüþ
[÷èñëî àòìîñôåðèêîâ/÷àñ] ñîïðÿæåííûõ òî÷åê (Àâñòðàëèÿ � âåðõíèé ðèñóíîê, Êàì÷àòêà
� ñðåäíèé ðèñóíîê) çà 22 ôåâðàëÿ 2012 ãîäà è 2 ìàÿ 2012 ãîäà.

Îäíàêî, áûëè äíè, êîãäà óâåëè÷åíèå ïîòîêà âèñòëåðîâ ÿâíî ñîîòâåòñòâîâàëî ãðîçîâûì
î÷àãàì îáåèõ ìàãíèòî-ñîïðÿæåííûõ òî÷êåê. Òàê, 10 ôåâðàëÿ 2012 ãîäà óâåëè÷åíèå ïîòîêà
âèñòëåðîâ îòêëèêíóëîñü íà ãðîçîâîé î÷àã â ðàéîíå Àâñòðàëèè ñ 01:00 äî 08:00, à ñ 16:00 äî
21:00 â èçìåíåíèè ïîòîêà âèñòëåðîâîâ ÿâíî îòðàçèëîñü óâåëè÷åíèå ãðîçîâîé àêòèâíîñòè
â Êàì÷àòñêîì ðåãèîíå (ðèñ.2, à). Íà ðèñ.2,á íàáëþäàåòñÿ ñóììèðîâàíèå îáåèõ ãðîçîâûõ
î÷àãîâ âî âðåìÿ îäíîâðåìåííîé ãðîçîâîé àêòèâíîñòè â áëèçè Àâñòðàëèéñêîãî ìàòåðèêà è
Êàì÷àòñêîãî ïîëóîñòðîâà.

Ïðèíèìàÿ âî âíèìàíèå ñðåäó ðàñïðîñòðàíåíèÿ âèñòëåðîâ (èîíîñôåðà, ìàãíèòîñôåðà,
èîíîñôåðà) è èõ ñâÿçü ñ ãðîçîâûìè ðàçðÿäàìè, ìîæíî ïðåäïîëîæèòü, ÷òî àíòðîïîãåííîå
âîçäåéñòâèå íà èîíîñôåðó òàêæå ìîæåò ïîâëå÷ü çà ñîáîé ðîñò ÷èñëà âèñòëåðîâ. Ïîñêîëü-
êó àêòèâíîå âîçäåéñòâèå íà èîíîñôåðó îêàçûâàåò àìåðèêàíñêàÿ ñèñòåìà HAARP (High
Frequency Active Auroral Research Program), âîçíèêàåò ãèïîòåçà î ñâÿçè ðåçóëüòàòîâ ðà-
áîòû ýòîé ñèñòåìû è äèíàìèêè ïîÿâëåíèÿ âèñòëåðîâ. Äëÿ ïðîâåðêè áûëè ñîïîñòàâëåíû
ñïåêòðîãðàììà ïðîöåññà íàãðåâàíèÿ èîíîñôåðû àíòåííàìè HAARP ñ êîëè÷åñòâîì âèñ-
òëåðîâ. Ðåçóëüòàòû ïðåäñòàâëåíû íà ðèñ. 3,à. Âåðõíèé ãðàôèê � ñïåêòðîãðàììà ïðîöåññà
íàãðåâà èîíîñôåðû â òå÷åíèå ñóòîê, íèæíèé ãðàôèê � èçìåíåíèå ÷èñëà âèñòëåðîâ â òå-
÷åíèå ñóòîê. Çàìåòíà ñâÿçü ïîñëå äëèòåëüíîãî íàãðåâíîãî âîçäåéñòâèÿ íà èîíîñôåðó âî
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Ðèñ. 2. Ñðàâíåíèå ïîòîêà âèñòëåðîâ [÷èñëî âèñòëåðîâ/15 ìèíóò] ñ ìèðîâîé ãðîçîâîé àêòèâ-
íîñòüþ [÷èñëî àòìîñôåðèêîâ/÷àñ] (âåðõíèé ðèñóíîê) è ñîïðÿæåííûõ òî÷åê (Àâñòðàëèÿ,
Êàì÷àòêà) çà 10 ôåâðàëÿ 2012 ãîäà è 17 ôåâðàëÿ 2012 ãîäà.

âðåìÿ ðàáîòû HAARP (ñ 01:30 äî 08:12 UT 22.02.2012), íàáëþäàåòñÿ óâåëè÷åíèå ïîòîêà
âèñòëåðîâ (÷èñëà âèñòëåðîâ çà 15 ìèíóò).

Â öåëÿõ äàëüíåéøèõ èññëåäîâàíèé ïðîàíàëèçèðîâàí âåñü ïðîìåæóòîê âðåìåíè ðàáîòû
HAARP çà 2012 ãîä, è ïðîâåäåíî ñîïîñòàâëåíèå ñ ãðîçîâîé àêòèâíîñòüþ â ñîïðÿæåííûõ
òî÷êàõ, à çà ôåâðàëü ìåñÿö è â ñðàâíåíèè ñ îáùåìèðîâîé ãðîçîâîé àêòèâíîñòüþ. Îáíà-
ðóæåíî, ÷òî â áîëüøèíñòâå ñëó÷àåâ óâåëè÷åíèå ÷èñëà âèñòëåðîâ, âñå òàêè, èìååò ïðÿìóþ
ñâÿçü ñ óâåëè÷åíèåì ãðîçîâîé àêòèâíîñòè (ðèñ. 1 � à, á). Íî â íåêîòîðûõ ñëó÷àÿõ ïîñëå
äëèòåëüíîãî âîçäåéñòâèÿ íà èîíîñôåðó íàãðåâíûìè ÷àñòîòàìè ýòà çàâèñèìîñòü ïåðåñòàåò
áûòü î÷åâèäíîé, à âî âðåìÿ ðàáîòû HAARP íàáëþäàåòñÿ ðåçêîå óìåíüøåíèå ðåãèñòðàöèè
÷èñëà âèñòëåðîâ, íå çàâèñèìî îò ãðîçîâîé àêòèâíîñòè. Íà ðèñóíêå 3,á ïðåäñòàâëåíî, êàê
óìåíüøåíèå â ìîìåíò ïðîâåäåíèÿ ýêñïåðèìåíòîâ, òàê è ïðÿìàÿ ñâÿçü ñ óâåëè÷åíèåì ãðî-
çîâîé àêòèâíîñòè â ñîïðÿæåííîé òî÷êå. Òàê æå áûëî îáíàðóæåíî, ÷òî ãðîçîâûå ðàçðÿäû,
ãåíåðèðóþùèå àòìîñôåðèêè â ìàãíèòî-ñîïðÿæåííîé òî÷êå, íå âñåãäà èìåþò âûñîêóþ êîð-
ðåëÿöèþ ñ êîëè÷åñòâîì çàðåãèñòðèðîâàííûõ íà Êàì÷àòêå èëè âáëèçè Àâñòðàëèéñêîãî ìà-
òåðèêà âèñòëåðîâ, ÷èñëî êîòîðûõ äîñòèãàåò íåñêîëüêèõ òûñÿ÷ â òå÷åíèå ñóòîê. Âîçìîæíî,
÷òî ìîëíèåâûå óäàðû ãåíåðèðóþò ñâèñòÿùèå àòìîñôåðèêè, êîòîðûå ðàñïðîñòðàíÿþòñÿ â
âîëíîâîäå Çåìëÿ-èîíîñôåðà, äàæå åñëè ãðîçîâîé î÷àã íàõîäèòñÿ íà çíà÷èòåëüíîì ðàññòî-
ÿíèè îò ñîïðÿæåííîé òî÷êè, äðåéôóÿ ìåæäó ñèëîâûìè òðóáêàìè. Íåîáõîäèìî îáîñíîâàòü
âîçìîæíîñòü ïîïàäàíèÿ íèçêî÷àñòîòíîãî èçëó÷åíèÿ, ñôîðìèðîâàííîãî íà ñèëîâîé òðóáêå,
ïðåäïîëîæèì, Àëÿñêè íà ñèëîâóþ îáîëî÷êó Êàì÷àòêè. Òàêàÿ âîçìîæíîñòü îáóñëîâëåíà
íåîäíîðîäíîñòüþ ðàñïðåäåëåíèÿ êîíöåíòðàöèè ÷àñòèö è ìàãíèòíîãî ïîëÿ Çåìëè â ìàã-
íèòîñôåðå, ÷òî ïðèâîäèò ê èçìåíåíèþ êîýôôèöèåíòà ðåôðàêöèè è âàðèàöèÿì âîëíîâîãî
âåêòîðà. Òåîðèÿ ýòîãî âîïðîñà áûëà çàëîæåíà â ðàáîòå [4], ïîëó÷èâøàÿ ðàçâèòèå â ïóáëè-
êàöèÿõ Ñòýíäôîðäñêîãî óíèâåðñèòåòà [5], â òîì ÷èñëå, è â âèäå àíèìèðîâàííîé ìîäåëè.
Èç ýòèõ ðàáîò ñëåäóåò, ÷òî â çàâèñèìîñòè îò ãåîôèçè÷åñêèõ óñëîâèé è ÷àñòîòû ýëåêòðî-
ìàãíèòíîãî èçëó÷åíèÿ ñâèñòîâîãî äèàïàçîíà, òðàåêòîðèÿ äâèæåíèÿ àòìîñôåðèêà â ìàãíè-
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Ðèñ. 3. Ñîïîñòàâëåíèå ñïåêòðîãðàììû íàãðåâàíèÿ èîíîñôåðû àíòåííàìè HAARP è èçìå-
íåíèå ïîòîêà âèñòëåðîâ [÷èñëî âèñòëåðîâ/15 ìèíóò] â òå÷åíèå 22 ôåâðàëÿ 2012.

òîñôåðå ìîæåò ïåðåñåêàòü íåñêîëüêî ñèëîâûõ îáîëî÷åê, îáúÿñíÿÿ, â íåêîòîðûõ ñëó÷àÿõ,
îòñóòñòâèå ïðÿìîé ñâÿçè ìåæäó ïîòîêîì âèñòëåðîâ, çàðåãèñòðèðîâàííûõ íà Êàì÷àòêå, è
ãðîçîâîé àêòèâíîñòüþ â ìàãíèòîñîïðÿæåííûõ òî÷êàõ. Äëÿ áîëåå òî÷íîãî óñòàíîâëåíèÿ
ñâÿçè ïîòîêà âèñòëåðîâ â ñîïîñòàâëåíèè ñ èçìåíåíèåì ãðîçîâîé àêòèâíîñòè è ïîëó÷åíèÿ
äîñòîâåðíûõ ðåçóëüòàòîâ çàâèñèìîñòè àíòðîïîãåííîãî âîçäåéñòâèÿ (íàãðåâíîãî ýêñïåðè-
ìåíòà) íà ìàãíèòîñôåðó, è êàê ñëåäñòâèå, íà èçìåíåíèå ïîòîêà âèñòëåðîâ, íåîáõîäèìî
ïðîäîëæàòü èññëåäîâàíèÿ â ýòîì íàïðàâëåíèè.

Заключение

Ñëàáûé õàðàêòåð âîçìóùåíèé â èîíîñôåðå, ìàãíèòîñôåðå è ãåîôèçè÷åñêèõ ïîëÿõ íå ïîç-
âîëÿåò ñäåëàòü îïðåäåëåííûé âûâîä îá ýôôåêòèâíîñòè ðàäèîôèçè÷åñêèõ âîçäåéñòâèé íà
èîíîñôåðó è çíà÷èìîñòè èõ ïðîÿâëåíèé â ðàéîíå íàáëþäåíèé. Îäíàêî ñîâåðøåíñòâîâàíèå
òåõíîëîãèé âîçäåéñòâèÿ è èñïîëüçîâàíèÿ ýíåðãèè ïðèðîäíûõ ïðîöåññîâ ìîãóò ïðèâåñòè ê
áîëåå çíà÷èòåëüíûì óðîâíÿì ïðîÿâëåíèÿ âîçìóùåíèé â èîíîñôåðå, ìàãíèòîñôåðå è ãåî-
ôèçè÷åñêèõ ïîëÿõ. Ïîýòîìó íåîáõîäèìû äàëüíåéøèå èññëåäîâàíèÿ è ðåãóëÿðíûå íàáëþ-
äåíèÿ â ñòðàòåãè÷åñêè âàæíûõ äëÿ Ðîññèè äàëüíåâîñòî÷íîì è ñåâåðî-âîñòî÷íîì ðåãèîíàõ.
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Comparison of whistlers with lightning activity
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Investigation of whistlers, appearing in the result of lightning discharge radiation after
propagation through the ionosphere along the Earth magnetic �eld line, has been carried out
to detect new relations between phenomena and processes in the ionosphere and magnetosphere.
For automatic whistler detection, a recognition algorithm has been developed and realized in
the basis of which is a two-dimensional correlation of initial signal and etalon signal spectra
obtained in the result of approximation of non-stationary spectrum of dependence of a big
number of whistlers by exponential function. Applying the obtained approximation, etalon
signal spectrum, similar to received whistler spectrum, has been plotted.

The obtained intermediate results for automatic detection of whistlers have been compared
with the data of World Wide Lightning Location Network (WWLLN). The relation of increase of
the registered whistler number with the increase of lightning activity in magnetically conjugated
points (Kamchatka, Russia, and Canberra, Australia) has been analyzed. It has been discovered
that lightning discharges, generating atmospherics in the magnetically conjugated point, do not
always have high correlation with whistler number registered in Kamchatka, this number may
reach up to several thousands. It is possible that lightning discharges generate whistlers, which
propagate in the Earth-ionosphere waveguide, even if a lightning source is at a considerable
distance from the conjugated point.
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