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1 Физика атмосферы

1.1 Вариации интенсивности
ОНЧ-шумов на 8,7 кГц в циклах
солнечной активности за период

2001-2015 годов

Каримов Р.Р.1, Козлов В.И.1,2, Торопов А.А.1

1 Институт космофизических исследований и
аэрономии им. Ю.Г. Шафера СО РАН

2 Северо-Восточный Федеральный университет им.
М.К. Аммосова, Физико-технический институт

Ïðîâåäåíî èññëåäîâàíèå âàðèàöèè èíòåíñèâíîñòè ÎÍ×-
øóìîâ íà ÷àñòîòå 8.7 êÃö, ïðèíèìàåìûõ íà ñò. ßêóòñê
(62.00 N, 129.72 E) çà ïåðèîä 2001-2015 ãã. Ïðèåì ÎÍ×-
ðàäèîøóìîâ îñóùåñòâëÿåòñÿ íà ðàìî÷íóþ àíòåííó â
ïëîñêîñòè âîñòîê-çàïàä. Â èíòåíñèâíîñòü ÎÍ×-øóìîâ,
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ðåãèñòðèðóåìûõ â ßêóòñêå, îñíîâíîé âêëàä âíîñèò
ýëåêòðîìàãíèòíîå èçëó÷åíèå ãðîçîâûõ ðàçðÿäîâ, êàê
áëèæíèõ, òàê è ìèðîâûõ î÷àãîâ ãðîç. Ìàãíèòîñôåðíî-
èîíîñôåðíûå èñòî÷íèêè âëèÿþò íà èíòåíñèâíîñòü
ÎÍ×-èçëó÷åíèÿ íà 8,7 êÃö âî âðåìÿ ñèëüíûõ ãåîìàãíèò-
íûõ âîçìóùåíèé, êîòîðûå â îñíîâíîì ïðîÿâëÿþòñÿ íà
áîëåå íèçêèõ ÷àñòîòàõ. Â ðàííèõ ðàáîòàõ àâòîðîâ áûëà
íàéäåíà ñâÿçü èíòåíñèâíîñòè ÎÍ×-øóìîâ ãðîçîâîãî
ïðîèñõîæäåíèÿ ñ ñîëíå÷íîé àêòèâíîñòüþ, âàðèàöèÿìè
ïàðàìåòðîâ ñîëíå÷íîãî âåòðà è èíòåíñèâíîñòüþ êîñìè-
÷åñêèõ ëó÷åé çà ïåðèîä 1979-2006 ãã. Èññëåäîâàíèÿ â
äàííîé ðàáîòå ïîêàçàëî íàëè÷èå ïîëîæèòåëüíîé ñâÿçè
èíòåíñèâíîñòè ÎÍ×-øóìîâ ãðîçîâîãî ïðîèñõîæäåíèÿ
ñ âàðèàöèÿìè ïàðàìåòðîâ ñîëíå÷íîãî âåòðà, à òàêæå
âûÿâëåíû ýôôåêòû âî âðåìÿ çíà÷èòåëüíûõ èçìåíåíèé
â ïîòîêå êîñìè÷åñêèõ ëó÷åé. Ðåçóëüòàòû ïîäòâåðæäàþò,
÷òî âîçäåéñòâèå êîñìè÷åñêèõ ëó÷åé ñ àòìîñôåðîé Çåìëè
âëèÿåò íà èçìåíåíèå ãëîáàëüíîé ãðîçîâîé àêòèâíîñòè.
Ðàáîòà ïîääåðæàíà: ÐÔÔÈ, ïðîåêòû 15-45-05005 ð-
âîñòîê-a è 15-45-05135 ð-âîñòîê-à, ãðàíò Ãëàâû ÐÑ(ß)
äëÿ ìîëîäûõ ó÷åíûõ çà 2016.
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1.2 Вариации числа атмосфериков по
наблюдения в Якутске в летние

месяцы 2001-2015 гг.

Козлов В.И.1,2, Корсаков А.А.2, Тарабукина Л.Д.2,1

1 Северо-Восточный Федеральный университет им.
М.К. Аммосова, Якутск, Россия

2 Институт космофизических исследований и
аэрономии им. Ю.Г. Шафера СО РАН г. Якутск, Россия

Ïðèâîäÿòñÿ ñòàòèñòè÷åñêèå õàðàêòåðèñòèêè ìàãíèòíîé
ñîñòàâëÿþùåé èìïóëüñíûõ (àòìîñôåðèêîâ) åñòåñòâåí-
íûõ ðàäèîøóìîâ î÷åíü íèçêî÷àñòîòíîãî äèàïàçîíà,
ïîðîæäåííûõ ãðîçîâûìè ðàçðÿäàìè è çàðåãèñòðèðî-
âàííûõ â ã. ßêóòñêå â ëåòíèå ìåñÿöû 2001 - 2015 ãã.
Ðàññìàòðèâàþòñÿ äàííûå ìèðîâîé ñåòè ðåãèñòðàöèè
ãðîç WWLLN 2009-2015 ãã., ïîêàçûâàþùèå íàëè÷èå äâóõ
ìàêñèìóìîâ ïëîòíîñòè ãðîçîâûõ ðàçðÿäîâ, âíîñÿùèõ
áîëüøîé âêëàä â ìåñòíóþ ïîñëåïîëóäåííóþ ãðîçîâóþ
àêòèâíîñòü â ëåòíèé ïåðèîä. Îäèí ìàêñèìóì íàõîäèòñÿ
çàïàäíåå Íîâîñèáèðñêà, à âòîðîé þæíåå Õàáàðîâñêà.
Ïðèâîäÿòñÿ ýêñïåðèìåíòàëüíûå õàðàêòåðèñòèêè âàðèà-
öèé ôóíêöèé ðàñïðîñòðàíåíèÿ ñ ýòèõ î÷àãîâ. Ñ ó÷åòîì
âêëàäà ðàñïðîñòðàíåíèÿ, îòíîøåíèå ìåæäó êîëè÷åñòâîì
àòìîñôåðèêîâ, ïðèíÿòûõ â ìèíèìóìå (2009 ã.) è ìàêñè-
ìóìå (2013 ã.) ñîëíå÷íîé àêòèâíîñòè, ñîñòàâëÿåò îêîëî
159 ïðîöåíòîâ. Èçìåíåíèå êîëè÷åñòâà ïðèíèìàåìûõ
àòìîñôåðèêîâ â ðàçíûõ ôàçàõ ñîëíå÷íîãî öèêëà îáúÿñ-
íÿåòñÿ èçìåíåíèåì èíòåíñèâíîñòè äâóõ ðàññìîòðåííûõ
î÷àãîâ ãðîç. Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ÐÔÔÈ
15-45-05005-ð-âîñòîê-à, 15-45-05135-ð-âîñòîê-à è ÷àñòè÷-
íî ÐÍÔ (ïðîåêò 14-19-01079).
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1.3 Влияния циклонов над Камчаткой
на распределение электронов в

ионосфере

Богданов В.В.1, Кайсин А.В.1, Романов А.А.2

1 ИКИР ДВО РАН
2 ОАО «Российские космические системы»

Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ âëèÿ-
íèÿ öèêëîíîâ íà ïàðàìåòðû èîíîñôåðû. Íàáëþäåíèå çà
ñîñòîÿíèåì èîíîñôåðû âåëîñü ñðåäñòâàìè àâòîìàòè÷å-
ñêîãî çîíäèðîâàíèÿ ñ èñïîëüçîâàíèåì íèçêîîðáèòàëüíûõ
íàâèãàöèîííûõ êîñìè÷åñêèõ àïïàðàòîâ â óñëîâèÿõ ïîíè-
æåííîé ñåéñìè÷íîñòè. Ïðèåìíûå ñòàíöèè ðàñïîëîæåíû
â ìåðèäèîíàëüíîì íàïðàâëåíèè ïîëóîñòðîâà Êàì÷àòêà â
ñåëàõ Ïàðàòóíêà, Ìèëüêîâî è Ýññî. Èññëåäîâàëèñü öèê-
ëîíû, ïðîøåäøèå íàä Êàì÷àòêîé çà ïåðèîä ñ ÿíâàðÿ 2012
ïî ôåâðàëü 2014 ãîäîâ â óñëîâèÿõ ñïîêîéíîé è óìåðåííî
ñïîêîéíîé ìàãíèòíîé îáñòàíîâêè (èíäåêñ ãåîìàãíèòíîé
àêòèâíîñòè 𝐾 ≤ 17) è â îòñóòñòâèè ñèëüíûõ çåìëåòðÿ-
ñåíèé. Ïîêàçàíî, ÷òî ïðè ïðîõîæäåíèè ïÿòè èç âîñüìè
öèêëîíîâ íàä Êàì÷àòêîé â îáëàñòè íàä åãî ýïèöåíòðîì
ïðîèñõîäèëî ñèíõðîííîå ïîâûøåíèå ýëåêòðîííîé êîíöåí-
òðàöèè ïî ñðàâíåíèþ ñ áëèæàéøèìè áåç öèêëîíîâ äíÿìè.
Ñ ðîñòîì øèðîòû, ò.å. ïî ìåðå óäàëåíèÿ îò öåíòðà öèê-
ëîíà, êîíöåíòðàöèÿ ýëåêòðîíîâ â ñðàâíåíèè ñî ñïîêîéíû-
ìè äíÿìè óìåíüøàëàñü. Ðàáîòà âûïîëíåíà ïðè ïîääåðæ-
êå ãðàíòà ÐÔÔÈ �11-05-00915, ïî Ïðîãðàììå ïðåçèäè-
óìà ÐÀÍ �12-1-Ï22-01 è öåëåâîé ïðîãðàììå ÄÂÎ ÐÀÍ
¾Ñïóòíèêîâûé ìîíèòîðèíã Äàëüíåãî Âîñòîêà äëÿ ïðî-
âåäåíèÿ ôóíäàìåíòàëüíûõ íàó÷íûõ èññëåäîâàíèé ÄÂÎ
ÐÀÍ¿.
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1.4 Влияние рентгеновского излучения
на суточные периоды ОНЧ

излучений

Дружин Г.И., Стасий И.Е.

ИКИР ДВО РАН

Ïðîâåäåíà â ÎÍ× äèàïàçîíå ðåãèñòðàöèÿ ýëåêòðî-
ìàãíèòíûõ èçëó÷åíèé: øóìîâûõ íà ôèêñèðîâàííûõ
÷àñòîòàõ è èìïóëüñíûõ øèðîêîïîëîñíûõ. Ñïåêòðàëü-
íûé àíàëèç ïîêàçàë, ÷òî â âàðèàöèÿõ ÎÍ× èçëó÷åíèé
ïðèñóòñòâóþò ñóòî÷íûå ñîñòàâëÿþùèå, ñâÿçàííûå ñ
ïåðèîäàìè âðàùåíèÿ Çåìëè îòíîñèòåëüíî Ñîëíöà è îò-
íîñèòåëüíî çâåçä. Ïîêàçàíî, ÷òî â ñóòî÷íûõ âàðèàöèÿõ
ÎÍ× èçëó÷åíèé ïðîÿâëÿåòñÿ êàê ðåíòãåíîâñêîå èçëó-
÷åíèå Ñîëíöà, òàê è ðåíòãåíîâñêîå èçëó÷åíèå ãàëàêòèêè.
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1.5 Выделение и анализ ионосферных
возмущений в периоды солнечных
событий и геомагнитных бурь

Мандрикова О.В.1, Полозов Ю.А.1,2, Соловьев И.С.1,2,
Фетисова Н.В.1

1 Институт космофизических исследований и
распространения радиоволн ДВО РАН

2 Камчатский государственный технический
университет

Èññëåäîâàíèå îñíîâàíî íà íîâûõ ìåòîäàõ àíàëèçà èîíî-
ñôåðíûõ è ìàãíèòíûõ äàííûõ ñ èñïîëüçîâàíèåì ðàçðà-
áîòàííûõ àâòîðàìè ìíîãîêîìïîíåíòíûõ ìîäåëüíûõ ïî-
ñòðîåíèé (ìîäåëåé ÌÊÌ). Ïî äàííûì ñåòè íàçåìíûõ
ñòàíöèé âûïîëíåí àíàëèç èîíîñôåðíûõ è ãåîìàãíèòíûõ
äàííûõ â ïåðèîäû ïîâûøåííîé ñîëíå÷íîé àêòèâíîñòè
è èçó÷åíû ïðîñòðàíñòâåííî-âðåìåííûå îñîáåííîñòè ðàñ-
ïðåäåëåíèÿ âîçìóùåíèé â ìàãíèòîñôåðíî-èîíîñôåðíîé
ñèñòåìå. Çà íåñêîëüêî ÷àñîâ äî ìîìåíòîâ íà÷àëà ãåîìàã-
íèòíûõ áóðü â àíàëèçèðóåìûõ ðàéîíàõ âûäåëåíû êðóï-
íîìàñøòàáíûå àíîìàëüíûå ïîâûøåíèÿ â èîíîñôåðå, â ïå-
ðèîäû íàèáîëåå ñèëüíûõ ãåîìàãíèòíûõ âîçìóùåíèé ïî-
ëîæèòåëüíûå ôàçû ìåíÿëèñü íà îòðèöàòåëüíûå. Ðàáîòà
âûïîëíåíà ïðè ïîääåðæêå ãðàíòà ÐÍÔ 14-11-00194.
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1.6 Динамика вариаций параметров
сигналов радионавигационных
станций в ОНЧ диапазоне

Виляев А.В., Акбергенов Е.М.

Институт ионосферы, Алматы, Казахстан

Àííîòàöèÿ: Âûïîëíåí àíàëèç çàïèñåé àìïëèòóäû ñèãíà-
ëîâ ÷åòûðåõ ðàäèîíàâèãàöèîííûõ ñòàíöèé â äèàïàçîíå
÷àñòîò 18,2-23,4 êÃö, ïîëó÷åííûõ â ã. Àëìàòû. Âûäåëåíî
ñåçîííîå èçìåíåíèå õîäà ñóòî÷íûõ àìïëèòóä îò ëåòíèõ
ìåñÿöåâ ê çèìíèì, ñâÿçûâàåìîå ñ âàðèàöèÿìè ýôôåê-
òèâíîñòè èîíèçàöèè îáëàñòè D èîíîñôåðû. Ðàññìîòðåí
ñïåêòð àìïëèòóä ñèãíàëîâ è êîððåëÿöèÿ ñ âàðèàöèÿìè
ãåîìàãíèòíîãî ïîëÿ ïî äàííûì ãåîìàãíèòíîé îáñåðâàòî-
ðèè "Àëìà-Àòà".

1.7 Естественное импульсное
электромагнитное поле Земли по

наблюдениям в Бурятии.

Дружин Г.И.1, Башкуев Ю. Б.2, Нагуслаева И.Б.2,
Чернева Н.В.1, Шевцов Б.М.1

1 ИКИР ДВО РАН
2 ИФМ СО РАН

Ïî äàííûì ðåãèñòðàöèè åñòåñòâåííîãî èìïóëüñíîãî
ýëåêòðîìàãíèòíîãî ïîëÿ Çåìëè (ÅÈÝÌÏÇ) è ïî äàííûì
ìèðîâîé ñåòè ïî îïðåäåëåíèþ ìåñòîïîëîæåíèÿ ãðîç
WWLLN ïîêàçàíà âîçìîæíàÿ ñâÿçü ïðèíèìàåìûõ íà
òåððèòîðèè Áóðÿòèè èçëó÷åíèé ñ ìåñòíûìè è ìèðîâûìè
î÷àãàìè ãðîç.
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1.8 Зимняя аномалия в NmF2 и в
полном электронном содержании.
1. Морфология явления по данным

наблюдений и результатам
модельных расчетов

Ясюкевич Ю.В.1, Ратовский К.Г.1, Чирик Н.В.2,
Клименко М.В.3,2, Клименко В.В.3, Полякова А.С.1,

Лукьянова Р.Ю.4,5

1 Институт солнечно-земной физики СО РАН
2 БФУ им. Иммануила Канта

3 КФ ИЗМИРАН им. Н.В. Пушкова
4 Геофизический Центр РАН

5 Институт космических исследований РАН

Âûïîëíåí àíàëèç îñîáåííîñòåé ïðîÿâëåíèÿ çèìíåé
àíîìàëèè â ýëåêòðîííîé êîíöåíòðàöèè â ìàêñèìóìå
F2-ñëîÿ (NmF2) è â ïîëíîì ýëåêòðîííîì ñîäåðæàíèè
(ÏÝÑ) íà îñíîâå äàííûõ íàáëþäåíèé è ðåçóëüòàòîâ
ìîäåëüíûõ ðàñ÷åòîâ. Â êà÷åñòâå ýêñïåðèìåíòàëüíûõ
äàííûõ èñïîëüçîâàëèñü ãëîáàëüíûå èîíîñôåðíûå êàðòû
ÏÝÑ (GIM) çà 1998-2015 ãã., äàííûå íàáëþäåíèé NmF2
íà íàçåìíûõ ñòàíöèÿõ âåðòèêàëüíîãî çîíäèðîâàíèÿ,
ïðåäñòàâëåííûå â ðàáîòå [Ïàâëîâ, Ïàâëîâà, 2012] è
äàííûå ðàäèîçàòìåííûõ èçìåðåíèé NmF2 íà ñïóòíèêàõ
COSMIC, CHAMP è GRACE çà 2001-2015 ãã. Ìîäåëè-
ðîâàíèå áûëî âûïîëíåíî ñ èñïîëüçîâàíèåì Ãëîáàëüíîé
Ñàìîñîãëàñîâàííîé Ìîäåëè Òåðìîñôåðû, Èîíîñôåðû è
Ïðîòîíîñôåðû (ÃÑÌ ÒÈÏ), à òàêæå ìåæäóíàðîäíîé
ñïðàâî÷íîé ìîäåëè èîíîñôåðû IRI-2012. Íà îñíîâå
äàííûõ íàáëþäåíèé è ðåçóëüòàòîâ ìîäåëüíûõ ðàñ÷åòîâ
ïîñòðîåíû êàðòû èíòåíñèâíîñòè çèìíåé àíîìàëèè â
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ÏÝÑ è â NmF2 äëÿ ðàçëè÷íûõ óðîâíåé ñîëíå÷íîé è
ãåîìàãíèòíîé àêòèâíîñòè. Ïîêàçàíî, ÷òî èíòåíñèâíîñòü
çèìíåé àíîìàëèè â NmF2 áîëüøå, ÷åì â ÏÝÑ êàê ïî
äàííûì íàáëþäåíèé, òàê è ïî ðåçóëüòàòàì ìîäåëüíûõ
ðàñ÷åòîâ. Â ìèíèìóìå ñîëíå÷íîé àêòèâíîñòè çèìíÿÿ
àíîìàëèÿ â ÏÝÑ îòñóòñòâóåò â îáîèõ ïîëóøàðèÿõ.
Ïîêàçàíî ñõîäñòâî è ðàçëè÷èå â ïðîÿâëåíèÿõ çèìíåé
àíîìàëèè ïî ðåçóëüòàòàì ìîäåëüíûõ ðàñ÷åòîâ è äàííûì
íàáëþäåíèé.

1.9 Зимняя аномалия в NmF2 и в
полном электронном содержании.
2. Механизмы формирования
долготной вариации зимней

аномалии

Клименко М.В.1, Клименко В.В.1, Ясюкевич Ю.В.2,
Ратовский К.Г.2, Полякова А.С.2, Чирик Н.В.3,

Лукьянова Р.Ю.4

1 КФ ИЗМИРАН им. Н.В. Пушкова, Калининград,
Россия

2 ИСЗФ СО РАН, Иркутск, Россия
3 БФУ им. Иммануила Канта, Калининград, Россия

4 4Геофизический Центр РАН, Москва, Россия

Îñîáåííîñòè ïðîÿâëåíèÿ çèìíåé àíîìàëèè â ýëåêòðîí-
íîé êîíöåíòðàöèè â ìàêñèìóìå F2 ñëîÿ (NmF2) è â
ïîëíîì ýëåêòðîííîì ñîäåðæàíèè (ÏÝÑ) íà îñíîâå äàí-
íûõ íàáëþäåíèé è ðåçóëüòàòîâ ìîäåëüíûõ ðàñ÷åòîâ ñ
èñïîëüçîâàíèåì Ãëîáàëüíîé Ñàìîñîãëàñîâàííîé Ìîäåëè
Òåðìîñôåðû, Èîíîñôåðû è Ïðîòîíîñôåðû (ÃÑÌ ÒÈÏ)
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âûÿâèëè õîðîøåå ñîãëàñèå. Ýòî ïîçâîëèëî ïðîâåñòè
äåòàëüíîå èññëåäîâàíèå ìåõàíèçìîâ ôîðìèðîâàíèÿ
äîëãîòíîé âàðèàöèè è ìåæïîëóøàðíûõ ðàçëè÷èé çèìíåé
àíîìàëèè. Ïîêàçàíî, ÷òî íàðÿäó ñ îñíîâíûì ìåõàíèçìîì
ôîðìèðîâàíèÿ çèìíåé àíîìàëèè íà ñðåäíèõ øèðîòàõ
(ðàñïðåäåëåíèåì íåéòðàëüíîãî ñîñòàâà òåðìîñôåðû)
âàæíóþ ðîëü â ôîðìèðîâàíèè åå äîëãîòíûõ âàðèàöèé
è ìåæïîëóøàðíûõ îñîáåííîñòåé èãðàåò ðàñïðåäåëåíèå
âåðòèêàëüíîãî ïåðåíîñà çàðÿæåííîé ïëàçìû íà âûñîòàõ
F îáëàñòè èîíîñôåðû âäîëü ñèëîâûõ ëèíèé ãåîìàãíèò-
íîãî ïîëÿ ïîä äåéñòâèåì òåðìîñôåðíîãî âåòðà.

1.10 Идентификация полярных
стратосферных облаков над

Томском по данным лидарных
наблюдений

Черемисин А.А.1,2, Маричев В.Н.3, Новиков П.В.2,
Барашков Т.О.2, Бочковский Д.А.3

1 Сибирский федеральный университет
2 Красноярский институт железнодорожного

транспорта
3 Институт оптики атмосферы им. В.Е.Зуева СО

РАН

Ïîëÿðíûå ñòðàòîñôåðíûå îáëàêà, ðåãóëÿðíî íàáëþäàå-
ìûå â Ñåâåðíîé Åâðîïå, íà òåððèòîðèè Ðîññèè íàáëþ-
äàþòñÿ äîñòàòî÷íî ðåäêî. Êðîìå òîãî, êîëè÷åñòâî ëè-
äàðíûõ ñòàíöèé íà òåððèòîðèè Ðîññèè íå ñëèøêîì âå-
ëèêî. Îäíà èç òàêèõ ñòàíöèé, ìàëàÿ ëèäàðíàÿ ñòàíöèÿ
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âûñîòíîãî çîíäèðîâàíèÿ àòìîñôåðû äåéñòâóåò â íàñòîÿ-
ùåå âðåìÿ â Òîìñêå â Èíñòèòóòå îïòèêè àòìîñôåðû èì.
Â.Å. Çóåâà ÑÎ ÐÀÍ.
Â ÿíâàðå 2010 è 26-28 ÿíâàðÿ 2016 ãîäà íàä Òîìñêîì â
ñòðàòîñôåðå áûëè çàðåãèñòðèðîâàíû ïèêè àýðîçîëüíîãî
ðàññåÿíèÿ. Ðàñ÷åòû ïåðåíîñà âîçäóøíûõ ìàññ ïîêàçàëè,
÷òî îáðàòíûå òðàåêòîðèè, ïðîøåäøèå íàä Òîìñêîì íà
âûñîòàõ íàáëþäåíèÿ ïèêîâ ðàññåÿíèÿ, èìåëè ó÷àñòêè ñ
ïåðåîõëàæäåíèåì ñòðàòîñôåðû äî òåìïåðàòóð îáðàçîâà-
íèÿ ïîëÿðíûõ ñòðàòîñôåðíûõ îáëàêîâ. Â ðàçëè÷íûõ ñëó-
÷àÿõ ïåðåîõëàæäåíèå ïðîèñõîäèëî êàê íàä ñàìèì Òîì-
ñêîì, òàê è íàä Ñêàíäèíàâèåé, íàä Ñåâåðíûì Óðàëîì è
Íîâîé Çåìëåé.
Ðàñ÷åòû äâèæåíèÿ âîçäóøíûõ ìàññ áûëè ïðîâåäåíû ñ
ïîìîùüþ ðàçðàáîòàííîé íàìè ìåòîäèêè è ìàòåìàòè÷å-
ñêîãî îáåñïå÷åíèÿ, à òàêæå ñïóòíèêîâûõ äàííûõ UK
Meteorological O�ce ïî ñêîðîñòÿì âåòðà íà ðàçíûõ âûñî-
òàõ â àòìîñôåðå Ñåâåðíîãî ïîëóøàðèÿ. Ïðèìåíåíèå ýòîé
ìåòîäèêè äëÿ àíàëèçà ïåðåíîñà âóëêàíè÷åñêîãî àýðîçî-
ëÿ è àýðîçîëÿ ìåòåîðíîãî ïðîèñõîæäåíèÿ äàëî õîðîøèå
ðåçóëüòàòû.
Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîääåðæêå ÐÔ-
ÔÈ (ïðîåêò 16-05-00901à), ãðàíòà Ïðåçèäåíòà ÐÔ
ÍØ4714.2014.5 è ãðàíòà ÐÍÔ 14-27-00022. Àâòîðû
áëàãîäàðíû Ìåòåîðîëîãè÷åñêîé ñëóæáå Âåëèêîáðèòàíèè
(UK Meteorological O�ce) çà ïðåäîñòàâëåííûå äàííûå.
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1.11 Измерение вращательной
температуры гидроксила на разных

широтах

Колтовской И.И., Аммосов П.П., Гаврильева Г.А.,
Аммосова А.М.

Институт космофизических исследований и
аэрономии им. Ю.Г. Шафера СО РАН

Â äîêëàäå ïðåäñòàâëÿåòñÿ ïðåäâàðèòåëüíûé àíàëèç âðà-
ùàòåëüíûõ òåìïåðàòóð ïîëîñû ÎÍ(3,1) íà âûñîòå 87
êì èçìåðåííûé ñïåêòðîãðàôàìè ANDOR, óñòàíîâëåííû-
ìè íà îïòè÷åñêèõ ñòàíöèÿõ ÏÃÎ Òèêñè (𝜙 = 71.50 N,
𝜆 = 128.50 Å) è Ìàéìàãà (𝜙 = 630 N, 𝜆 = 129.50 Å).
Ïðèáîð ïðåäñòàâëÿåò ñîáîé ñïåêòðîãðàô SR303i ïðîèç-
âîäñòâà ANDOR Technology ñî ñâåòîäèîäíîé ëèíåéêîé
iDus InGaAs DU490A-1.7. Ðàáî÷àÿ îáëàñòü ñ êâàíòîâîé
ýôôåêòèâíîñòüþ ðåãèñòðèðóþùåé êàìåðû > 85% ñîñòàâ-
ëÿåò 1000 − 1600 íì. Ñïåêòðîãðàô SR303i ðåãèñòðèðóåò
ÎÍ(3,1). Ðàáî÷åå îõëàæäåíèå −600Ñ. Óãîë çðåíèÿ ∼ 3
ãðàäóñà. Ðàçðåøåíèå ñïåêòðîãðàôà ïðè øèðèíå âõîäíîé
ùåëè 0.2 ìì ðàâíà 1 íì. Ïðèáîð ðåãèñòðèðóåò ñâå÷åíèå
íî÷íîãî íåáà ïîä çåíèòíûì óãëîì 47 ãðàäóñîâ. Ýêñïîçè-
öèÿ 1 ìèíóòà. Ìåòîä îöåíêè âðàùàòåëüíîé òåìïåðàòó-
ðû ìîëåêóëÿðíûõ ýìèññèé îñíîâàí íà ïîäãîíêå ìîäåëü-
íûõ ñïåêòðîâ, ïîñòðîåííûõ ñ ó÷åòîì àïïàðàòíîé ôóíê-
öèè ïðèáîðà äëÿ ðàçëè÷íûõ çàðàíåå çàäàííûõ òåìïåðà-
òóð, ê ðåàëüíî èçìåðåííîìó ñïåêòðó ìåòîäîì íàèìåíü-
øèõ êâàäðàòîâ. Äëÿ àíàëèçà áóäóò èñïîëüçîâàíû äàííûå
íàáëþäåíèé çà ñåíòÿáðü-äåêàáðü 2015 ã. Áóäóò âûáðàíû
áåçëóííûå ÿñíûå íî÷è. Ïëàíèðóåòñÿ ñäåëàòü ñðàâíåíèå ñî
ñïóòíèêîâûìè äàííûìè. Ðàáîòà âûïîëíåíà ïðè ôèíàí-
ñîâîé ïîääåðæêå ãðàíòà ¾Íàó÷íî-îáðàçîâàòåëüíûé ôîíä
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ïîääåðæêè ìîëîäûõ ó÷åíûõ Ðåñïóáëèêè Ñàõà (ßêóòèÿ)¿
201604010210.

1.12 Инверсии и экскурсы
геомагнитного поля, как причины

изменения климата.

Кузнецов В.В., Кузнецова Н.Д.

ИКИР ДВО РАН

Îáñóæäàåòñÿ âîçìîæíàÿ ïðè÷èíà ðåçêèõ èçìåíåíèé êëè-
ìàòà, âûçâàííûõ èíâåðñèÿìè è ýêñêóðñàìè ãåîìàãíèòíî-
ãî ïîëÿ (ÃÌÏ). Êàê èçâåñòíî, ýêñêóðñû ñîïðîâîæäàþòñÿ
çíà÷èòåëüíûìè ïîíèæåíèÿìè èíòåíñèâíîñòè ÃÌÏ, â ðå-
çóëüòàòå ÷åãî óñèëèâàåòñÿ ïðîíèêàþùèé ïîòîê êîñìè÷å-
ñêèõ ëó÷åé (ÊË). Ñîïîñòàâëåíèå ýêñêóðñîâ Gothenburg,
Laschamp è Blake ñ òðåíäîì óðîâíÿ ìèðîâîãî îêåàíà ïî-
êàçûâàåò, ÷òî ïðîõîæäåíèå ýòèõ ýêñêóðñîâ ñîïðîâîæäà-
ëîñü ïîòåïëåíèåì, â ýòî âðåìÿ óðîâåíü îêåàíà âîçðàñ-
òàë, à ýêñêóðñû Mono Lake è Norwegian-Greenland Sea
ñîïðîâîæäàëèñü ïîõîëîäàíèÿìè è ïàäåíèåì óðîâíÿ ìè-
ðîâîãî îêåàíà. Ìîæíî ïðåäïîëîæèòü, ÷òî õàðàêòåð èç-
ìåíåíèÿ êëèìàòà âî âðåìÿ ýêñêóðñà îïðåäåëÿåòñÿ îïòè-
÷åñêèìè ñâîéñòâàìè àòìîñôåðû, à èìåííî, åå ïðîçðà÷-
íîñòüþ â ïåðèîä, ïðåäøåñòâóþùèé ýêñêóðñó. Êîñìè÷å-
ñêèå ëó÷è (ÊË) äåéñòâóþò êàê èîíèçèðóþùèé àãåíò íà
àòîìû àòìîñôåðû. Óâåëè÷åíèå ïëîòíîñòè ïîòîêà ÊË, ïî
íàøèì îöåíêàì, ìîæåò äîñòèãàòü íåñêîëüêèõ ïîðÿäêîâ,
÷òî â ñëó÷àå çàïûëåííîé àòìîñôåðû âûçûâàåò î÷èùå-
íèå àòìîñôåðû çà ñ÷åò êîàãóëÿöèè àýðîçîëüíûõ ÷àñòèö
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è èõ îñàæäåíèÿ. Àòìîñôåðà ñòàíîâèòñÿ ïðîçðà÷íîé, ïðî-
ïóñêàåò ñîëíå÷íóþ ðàäèàöèþ, ÷òî ïðèâîäèò ê ïîòåïëå-
íèþ êëèìàòà. Â êà÷åñòâå ïðè÷èíû çàïûëåííîñòè àòìî-
ñôåðû çäåñü ðàññìàòðèâàþòñÿ èíòåíñèâíûå âçðûâíûå èç-
âåðæåíèÿ âóëêàíîâ, âûáðàñûâàþùèõ â àòìîñôåðó áîëü-
øèå ìàññû ìåëêîäèñïåðñíîãî ïåïëà. Åñëè ýêñêóðñ íà÷è-
íàåòñÿ â óñëîâèÿõ ïðîçðà÷íîé àòìîñôåðû, êîòîðàÿ íà-
áëþäàåòñÿ â íàñòîÿùåå âðåìÿ, òî âîçðîñøèé ïîòîê ÊË
ãåíåðèðóåò ÿäðà êîíäåíñàöèè ñ îáðàçîâàíèåì àýðîçîëåé,
êîòîðûå îòðàæàþò ñîëíå÷íîå èçëó÷åíèå, è ðàçâèâàåòñÿ
ïîõîëîäàíèå. Íàøè îöåíêè ïîëó÷èëè ïîäòâåðæäåíèå ðå-
çóëüòàòàìè ýêñïåðèìåíòîâ â îáëàñòè Áðàçèëüñêîé Ìèðî-
âîé Àíîìàëèè, ãäå îáùàÿ èíòåíñèâíîñòü ïîëÿ â äâà ðàçà
íèæå, ÷åì â ñîñåäñòâóþùèõ ðåãèîíàõ.

1.13 Исследование вариаций параметров
ионосферы при локальных

метеорологических явлениях в
Калининградской области

Борчевкина О.П.1, Карпов И.В.1,2, Дадашев Р.З.1,
Ильминская А.В.1, Карпов А.И.1, Коренькова Н.А.2

1 Балтийский федеральный университет имени
Иммануила Канта
2 КФ ИЗМИРАН

Ìåòåîðîëîãè÷åñêèå ïðîöåññû â òðîïîñôåðå ÿâëÿþòñÿ èñ-
òî÷íèêîì âîçáóæäåíèÿ àêóñòèêî-ãðàâèòàöèîííûõ (ÀÃÂ)
è âíóòðåííèõ ãðàâèòàöèîííûõ âîëí (ÂÃÂ) â øèðîêîì
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ñïåêòðàëüíîì äèàïàçîíå. Êàëèíèíãðàäñêîì ðåãèîíå ìå-
òåîðîëîãè÷åñêèå âîçìóùåíèÿ äîñòàòî÷íî ðåãóëÿðíû. Òåî-
ðåòè÷åñêèå è ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïîêàçû-
âàþò, ÷òî ÀÃÂ, âîçáóæäàåìûå â íèæíåé àòìîñôåðå,
ìîãóò ðàñïðîñòðàíÿòüñÿ äî âûñîò âåðõíåé àòìîñôåðû
è âûçûâàòü èîíîñôåðíûå âîçìóùåíèÿ. Â ðàáîòå ñòà-
âèòñÿ çàäà÷à âûÿâèòü ìîðôîëîãè÷åñêèå ïðèçíàêè èîíî-
ñôåðíûõ âîçìóùåíèé, èíèöèèðîâàííûõ ìåòåîðîëîãè÷å-
ñêèìè ïðîöåññàìè â íèæíåé àòìîñôåðå.Äëÿ àíàëèçà àò-
ìîñôåðíûõ è èîíîñôåðíûõ âîçìóùåíèé îòáèðàëèñü íà-
áëþäåíèÿ â ïåðèîäû íàèáîëåå ñèëüíûõ ìåòåîðîëîãè÷å-
ñêèõ øòîðìîâ íà òåððèòîðèè Êàëèíèíãðàäñêîé îáëàñòè.
Èññëåäîâàíèå âàðèàöèé ïàðàìåòðîâ àòìîñôåðû ïðîâîäè-
ëîñü ñ ìåòîäîì äâóêàíàëüíîãî äèñòàíöèîííîãî ëèäàð-
íîãî çîíäèðîâàíèÿ. Â êà÷åñòâå èîíîñôåðíûõ ïàðàìåò-
ðîâ èñïîëüçîâàëèñü äàííûå ïî âåðòèêàëüíîìó çîíäèðî-
âàíèþ è âàðèàöèÿì ïîëíîãî ýëåêòðîííîãî ñîäåðæàíèÿ
TEC (Total Electron Content). Äëÿ äîñòîâåðíîãî âûÿâ-
ëåíèÿ ìîðôîëîãè÷åñêîãî ïðèçíàêà, îòáèðàëèñü ìåòåîðî-
ëîãè÷åñêèå øòîðìû, êîòîðûå íå ñîïðîâîæäàëèñü ãåîìàã-
íèòíûìè âîçìóùåíèÿìè. Ðåçóëüòàòû àíàëèçà èîíîñôåð-
íûõ íàáëþäåíèé ïîêàçàëè, ÷òî â ïåðèîäû ìåòåîðîëîãè÷å-
ñêèõ âîçìóùåíèé íà ôîíå íèçêîãî àòìîñôåðíîãî äàâëå-
íèÿ ïðîÿâëÿåòñÿ ñíèæåíèå àìïëèòóäû ñóòî÷íûõ âàðèà-
öèé TEC ïî îòíîøåíèþ ê ìåòåîñïîêîéíûì äíÿì. Â âàðè-
àöèÿõ êðèòè÷åñêîé ÷àñòîòû ìàêñèìóìà F-îáëàñòè èîíî-
ñôåðû òàêæå îòìå÷àåòñÿ ñíèæåíèå àìïëèòóäû ñóòî÷íûõ
âàðèàöèé, à òàêæå ïîÿâëåíèå ïåðèîäîâ ñ ïðîÿâëåíèÿìè
F - ðàññåÿíèÿ. Àíàëèç âàðèàöèé ïàðàìåòðîâ àòìîñôåðû
è èîíîñôåðû ïîêàçàë, ÷òî â ïåðèîäû ìåòåîðîëîãè÷åñêèõ
âîçìóùåíèé îòìå÷àåòñÿ ïîâûøåíèå àìïëèòóä âàðèàöèé
ñ ïåðèîäàìè àêóñòè÷åñêèõ è âíóòðåííèõ ãðàâèòàöèîííûõ
âîëí.

19



1.14 Исследование вариаций
электрического поля в приземной

атмосфере с учётом её
температурной стратификации

Петрова Г.Г.1, Панчишкина И.Н.1, Петров А.И.1,
Чхетиани О.Г.2, Моисеев П.В.1

1 Южный федеральный университет
2 Институт физики атмосферы им.А.М.Обухова РАН

Â ðàáîòå àíàëèçèðóþòñÿ ðåçóëüòàòû àòìîñôåðíî-
ýëåêòðè÷åñêèõ èçìåðåíèé ëàáîðàòîðèè ãåîôèçè÷åñêèõ
èññëåäîâàíèé Ôèçè÷åñêîãî ôàêóëüòåòà Þæíîãî ôå-
äåðàëüíîãî óíèâåðñèòåòà (ÞÔÓ) â àâãóñòå 2014 ãîäà
â ïåðèîä ñîâìåñòíîé ýêñïåäèöèè ñ Èíñòèòóòîì ôèçè-
êè àòìîñôåðû èì.À.Ì.Îáóõîâà Ðîññèéñêîé àêàäåìèè
íàóê(ÈÔÀ ÐÀÍ) íà Öèìëÿíñêîé íàó÷íîé ñòàíöèè ÈÔÀ.
Èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî âáëèçè çåìíîé ïîâåðõíî-
ñòè îáðàçóþòñÿ ñëîè îáú¼ìíîãî çàðÿäà ðàçíûõ çíàêîâ,
÷òî îáíàðóæèâàåòñÿ ïî ïðîôèëÿì ãðàäèåíòà ïîòåíöèàëà.
Çíà÷åíèÿ ãðàäèåíòà ïîòåíöèàëà íà óðîâíå çåìëè ðåãè-
ñòðèðóþòñÿ ôëþêñìåòðîì. Ñðåäíèå äëÿ ñëî¼â çíà÷åíèÿ
ãðàäèåíòà ïîòåíöèàëà ðàññ÷èòûâàþòñÿ ïî ïîòåíöèàëàì,
èçìåðåííûì ñ ïîìîùüþ ðàäèîàêòèâíûõ êîëëåêòîðîâ. Îá-
ñóæäàþòñÿ âîçìîæíûå ìåõàíèçìû ôîðìèðîâàíèÿ íàáëþ-
äàåìîé â ðàçëè÷íûõ óñëîâèÿõ ýëåêòðè÷åñêîé ñòðóêòóðû
ïðèçåìíîãî ñëîÿ ñ ó÷¼òîì äàííûõ î òåìïåðàòóðíîé ñòðà-
òèôèêàöèè àòìîñôåðû, ïîëó÷åííûõ ñ ïîìîùüþ òåìïåðà-
òóðíîãî ïðîôèëåìåðà ÌÒÏ-5, à òàêæå ðåçóëüòàòîâ èçìå-
ðåíèé ìåòåîðîëîãè÷åñêèõ õàðàêòåðèñòèê, êîíöåíòðàöèè
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àýðîçîëåé, îáú¼ìíîé àêòèâíîñòè ðàäîíà-222 â ïî÷âåííîì
ãàçå è àòìîñôåðíîì âîçäóõå.
Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ðîññèéñêîãî ôîíäà
ôóíäàìåíòàëüíûõ èññëåäîâàíèé (ÐÔÔÈ), ãðàíò 16-05-
00930 À.

1.15 Исследование изменчивости
содержания фонового аэрозоля в
стратосфере над томском по

данным лидарных наблюдений

Маричев В.Н., Бочковский Д.А.

Институт оптики атмосферы им. В.Е. Зуева СО
РАН, Томск

Â ñòàòüå àíàëèçèðóþòñÿ ýêñïåðèìåíòàëüíûå äàííûå
ïî èçìåí÷èâîñòè âåðòèêàëüíî-âðåìåííîé ñòðóêòóðû
àýðîçîëÿ, ïîëó÷åííûå íà ëèäàðíîì êîìïëåêñå ñòàíöèè
âûñîòíîãî çîíäèðîâàíèÿ àòìîñôåðû ÈÎÀ ÑÎ ÐÀÍ çà
2015ã. Â êà÷åñòâå ïåðâè÷íîé èíôîðìàöèè äëÿ àíàëèçà
èñïîëüçîâàëñÿ ìàññèâ äàííûõ èç 84 ñóììàðíûõ ñèãíàëîâ,
íàêîïëåííûõ â îòäåëüíûå íî÷è. Èíòåðâàë çîíäèðóåìûõ
âûñîò ïðîñòèðàëñÿ 15 äî 50-60êì, ïðîñòðàíñòâåííîå
ðàçðåøåíèå ñîñòàâëÿëî 192ì., âðåìÿ íàêîïëåíèÿ ñóì-
ìàðíîãî ñèãíàëà - 2÷àñ. Ïî ðåçóëüòàòàì íàáëþäåíèé â
íîÿáðå è îñîáåííî â äåêàáðå çàðåãèñòðèðîâàíî âûñîêîå
ñîäåðæàíèå àýðîçîëÿ â íèæíåé ñòðàòîñôåðå ïî ñðàâíå-
íèþ ñ äðóãèìè ïðåäøåñòâóþùèìè ãîäàìè.
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1.16 Крупномасштабные и
мелкомасштабные неоднородности,
генерируемые во время главной
фазы магнитной бури 22 июня

2015 г.

Ясюкевич Ю.В., Васильев Р.В., Веснин А.М.,
Глоба М.В., Ратовский К.Г.

Институт солнечно-земной физики СО РАН

Ïðîâåäåíî èññëåäîâàíèå êðóïíîìàñøòàáíûõ è ìåëêî-
ìàñøòàáíûõ èîíîñôåðíûõ íåîäíîðîäíîñòåé âî âðåìÿ
ìàãíèòíîé áóðè 22 èþíÿ 2015 ã. Èññëåäîâàíèå êðóï-
íîìàñøòàáíîé ñòðóêòóðû îñíîâàíî íà èñïîëüçîâàíèè
äàííûõ ìèðîâîé ñåòè ñòàíöèé GPS/ÃËÎÍÀÑÑ. Èññëå-
äîâàíèå ìåëêîìàñøòàáíûõ íåîäíîðîäíîñòåé îñíîâàíî
íà îñíîâå äàííûõ ýêñïåðèìåíòàëüíîãî êîìïëåêñà ÈÑÇÔ
ÑÎ ÐÀÍ. Ýêñïåðèìåíòàëüíûå äàííûå âêëþ÷àëè äàííûå
ïî F-ðàññåÿíèþ (èîíîçîíä DPS-4), ìåðöàíèÿ ðàäèîè-
ñòî÷íèêà "Ëåáåäü-À"(ðàäàð íåêîãåðåíòíîãî ðàññåÿíèÿ,
ÐÍÐ), ìåðöàíèÿ àìïëèòóäû è ôëóêòóàöèè ôàçû íàâè-
ãàöèîííîãî ñèãíàëà â äèàïàçîíå ∼ 1200ÌÃö/1600 ÌÃö
(ïðèåìíèê GPS/ÃËÎÍÀÑÑ). Â àíàëèçèðóåìûé ïåðèîä
ðåãèñòðèðîâàëîñü ïîÿâëåíèå ñèëüíîãî F-ðàññåÿíèÿ,
à òàêæå ìåðöàíèÿ ñèãíàëà "Ëåáåäü-À"ïðîõîäÿùåãî
÷åðåç äèàãðàììó íàïðàâëåííîñòè ÐÍÐ. Ìåðöàíèÿ àì-
ïëèòóäû íàâèãàöèîííîãî ñèãíàëà â äèàïàçîíàõ ÷àñòîò
GPS/ÃËÎÍÀÑÑ 1200-1600 ÌÃö â ýòî âðåìÿ íå ïðå-
âûøàëî ôîíîâîå çíà÷åíèÿ. Ïðè ýòîì íàáëþäàëîñü
êðàòêîâðåìåííîå óâåëè÷åíèå ìåðöàíèé ôàçû ñèãíàëà
íàä ôîíîâûì óðîâíåì. Âûÿâëåíà õîðîøàÿ êîððåëÿ-
öèÿ ïîÿâëåíèÿ ìåëêîìàñøòàáíûõ íåîäíîðîäíîñòåé íà

22



ñðåäíèõ øèðîòàõ è ïðèõîäîì êðóïíîìàñøòàáíîãî âîçìó-
ùåíèÿ, ãåíåðèðóþùåãîñÿ â âûñîêèõ øèðîòàõ.

1.17 Лидарные исследования рассеяния
верхней атмосферы на

возбужденных ионах атомарного
кислорода

Бычков В.В., Пережогин А.С., Середкин И.Н.,
Шевцов Б.М.

Институт космофизических исследований и
распространения радиоволн ДВО РАН

Ïðåäñòàâëåíû ðåçóëüòàòû ëèäàðíîãî èññëåäîâàíèÿ
ðàññåÿíèÿ âåðõíåé àòìîñôåðû. Íàáëþäåíèÿ ïðîâî-
äèëèñü íà äëèíå âîëíû 561.1 íì, ÷òî ñîîòâåòñòâó-
åò ïåðåõîäó ìåæäó âîçáóæäåííûìè ñîñòîÿíèÿìè
2𝑠22𝑝2(3𝑃 )4𝑝 → 2𝑠22𝑝2(1𝑆)3𝑠 èîíà àòîìàðíîãî êèñëîðîäà.
Îáñóæäàåòñÿ âîçìîæíîñòü èñïîëüçîâàíèÿ ëèäàðíîãî
ìåòîäà â èññëåäîâàíèÿõ èîíîñôåðû. Ôèçè÷åñêîé îñíîâîé
ýòîãî ìåòîäà ìîæåò áûòü ðåçîíàíñíîå ðàññåÿíèå íà
èîíàõ âåðõíåé àòìîñôåðû.
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1.18 Методы выделения
электромагнитных сигналов
литосферого происхождения

Уваров В.Н.

ИКИР ДВО РАН

Ïðîâåäåí ñðàâíèòåëüíûé àíàëèç óñëîâèé ðàñïðîñòðà-
íåíèÿ ñèãíàëîâ àòìîñôåðíî-ãðîçîâîãî è ëèòîñôåðíîãî
ïðîèñõîæäåíèÿ. Ïîêàçàíî, ÷òî èñïîëüçîâàíèå äèôôå-
ðåíöèàëüíîãî ïðèåìà (èñïîëüçîâàíèå êâàäðóïîëüíîé
àíòåííû) ïîçâîëÿåò ïðîâîäèòü óâåðåííûé ïðèåì ñèãíà-
ëîâ ëèòîñôåðíîãî ïðîèñõîæäåíèÿ íåñìîòðÿ íà ìîùíûå
ãðîçîâûå ñèãíàëû. Ðàññìîòðåí àëãîðèòì âûäåëåíèÿ
ñèãíàëîâ ëèòîñôåðíîãî ïðîèñõîæäåíèÿ íà îñíîâå ìåòîäà
íàèìåíüøèõ êâàäðàòîâ, ìîäèôèöèðîâàííîãî äëÿ âû÷èñ-
ëåíèÿ âåñîâûõ êîýôôèöèåíòîâ ñïåêòðàëüíûõ êîíïîíåíò
ôóðüå. Ïðèâåäåíû ïðèìåðû ðåçóëüòàòîâ îáðàáîòêè.
Ñäåëàíû âûâîäû î öåëåñîîáðàçíîñòè èñïîëüçîâàíèÿ
ýòèõ ìåòîäîâ ïðè àíàëèçå àêóñòî-ýëåêòðîìàãíèòíîé
ãåîýìèññèè.
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1.19 Моделирование потенциальных
возможностей измерений

температуры в средней атмосфере
лидаром из космоса

Маричев В.Н., Бочковский Д.А.

Институт оптики атмосферы им. В.Е. Зуева СО
РАН, Томск

Ïðîâåäåíà îöåíêà âîçìîæíîñòåé èçìåðåíèé òåìïåðàòó-
ðû ìåòîäîì óïðóãîãî ìîëåêóëÿðíîãî ðàññåÿíèÿ ñâåòà
ëèäàðîì êîñìè÷åñêîãî áàçèðîâàíèÿ. Âûïîëíåí ðàñ÷åò
ïîãðåøíîñòåé ëèäàðíûõ èçìåðåíèé òåìïåðàòóðû â ñðåä-
íåé àòìîñôåðå â ÓÔ-äèàïàçîíå äëèí âîëí. Â êà÷åñòâå
ïåðåäàò÷èêà ëèäàðà áûë âçÿò òâåðäîòåëüíûé Nd: YAG
� ëàçåð ñ èçëó÷åíèåì íà 3 è 4 ãàðìîíèêàõ ñ äëèíàìè
âîëí 353 è 266íì. Ïîêàçàíà ïåðñïåêòèâíîñòü çîíäè-
ðîâàíèÿ ëàçåðîì íà äëèíå âîëíû 353íì., ïðè êîòîðîì
îõâàòûâàåòñÿ èçìåðåíèÿìè èíòåðâàë âûñîò 10-70êì íàä
çàòåìíåííîé ïîâåðõíîñòüþ çåìíîãî øàðà. Èçìåðåíèÿ
ëàçåðîì ñ äëèíîé âîëíû 266íì â ñðåäíåé àòìîñôåðå
ïðàêòè÷åñêè íå âîçìîæíû èç-çà ïîãëîùåíèÿ èçëó÷åíèÿ
îçîíîì.
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1.20 Моделирование характеристик
светорассеяния капельных
полидисперсных облаков

Криворотов К.А., Ни Е.В., Брюханова В.В.

Национальный исследовательский Томский
государственный университет

Îáëà÷íûå ïîëÿ îêàçûâàþò ñóùåñòâåííîå âëèÿíèå íà ðà-
äèàöèîííûé áàëàíñ Çåìëè. Ïîýòîìó äëÿ ïðîãíîçèðîâà-
íèÿ êëèìàòà è ïîãîäû òðåáóåòñÿ çíàíèå õàðàêòåðèñòèê
îáëàêîâ, â òîì ÷èñëå èõ ìèêðîñòðóêòóðû (ôàçîâîãî ñî-
ñòàâà, ôîðìû è ðàçìåðîâ ÷àñòèö). Â ðàçâèòûõ ñòðàíàõ
ìèðà áîëüøîå âíèìàíèå óäåëÿåòñÿ ðàçâèòèþ ìåòîäîâ ëà-
çåðíîãî çîíäèðîâàíèÿ îêðóæàþùåé ñðåäû. Ïðåèìóùå-
ñòâà ìåòîäîâ ëàçåðíîãî çîíäèðîâàíèÿ çàêëþ÷àåòñÿ âîç-
ìîæíîñòè íåðàçðóøàþùåãî êîíòðîëÿ ïðàêòè÷åñêè â ðå-
æèìå ðåàëüíîãî âðåìåíè ñ âûñîêèì ïðîñòðàíñòâåííûì
ðàçðåøåíèåì.
Èíòåðïðåòàöèÿ ëèäàðíûõ äàííûõ ÷àùå âñåãî îñóùåñòâ-
ëÿåòñÿ íà îñíîâå óðàâíåíèÿ ëàçåðíîãî çîíäèðîâàíèÿ, ñâÿ-
çûâàþùåãî ðåãèñòðèðóåìóþ ìîùíîñòü îòðàæ¼ííîãî èç-
ëó÷åíèÿ ñ ïàðàìåòðàìè ïðè¼ìî-ïåðåäàþùåé ñèñòåìû ëè-
äàðà è õàðàêòåðèñòèêàìè ñðåäû. Îäíàêî ýòî óðàâíåíèå
îãðàíè÷åíî çîíäèðîâàíèåì îáðàçîâàíèé ìàëîé îïòè÷å-
ñêîé ïëîòíîñòè (íàïðèìåð, òàêèõ êàê ñëàáûå äûìêè).
Ïðè çîíäèðîâàíèè îáëàêîâ, òóìàíîâ è ïëîòíûõ äûìîê â
ëèäàðíûé ñèãíàë âíîñÿò âêëàä ôîòîíû, ïðåòåðïåâøèå íå
òîëüêî îäíîêðàòíîå, íî è ìíîãîêðàòíîå ðàññåÿíèå. Îäèí
èç ñïîñîáîâ îïèñàíèÿ òàêîãî ëèäàðíîãî ñèãíàëà îñíîâàí
íà èñïîëüçîâàíèè ïðèáëèæåíèÿ äâóêðàòíîãî ðàññåÿíèÿ.
Óðîâåíü äâóêðàòíîãî ðàññåÿíèÿ â ëèäàðíîì ñèãíàëå (ïî
ñðàâíåíèþ ñ îäíîêðàòíûì) îò îäíîðîäíûõ êàïåëüíûõ
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îáëàêîâ íèæíåãî ÿðóñà â áîëüøåé ñòåïåíè îïðåäåëÿåò-
ñÿ îïòè÷åñêèìè õàðàêòåðèñòèêàìè. ×èñëåííîå ìîäåëèðî-
âàíèå ëèäàðíîãî ñèãíàëà íà îñíîâå óðàâíåíèÿ ëàçåðíî-
ãî çîíäèðîâàíèÿ â ïðèáëèæåíèè äâóêðàòíîãî ðàññåÿíèÿ
ñîïðÿæåíî ñ èíòåãðèðîâàíèåì ôóíêöèè, õàðàêòåðèçóþ-
ùåéñÿ áûñòðûì óáûâàíèåì â îáëàñòè ìàëûõ óãëîâ è íà-
ëè÷èåì ëîêàëüíûõ ýêñòðåìóìîâ. Ñëîæíàÿ óãëîâàÿ çàâè-
ñèìîñòü õàðàêòåðèñòèê ñâåòîðàññåÿíèÿ ïîëèäèñïåðñíûõ
àýðîçîëüíûõ îáðàçîâàíèé îáúÿñíÿåò îòñóòñòâèå åå àíà-
ëèòè÷åñêîãî îïèñàíèÿ. Ïîýòîìó ïðè ÷èñëåííîì ìîäåëè-
ðîâàíèè ëèäàðíîãî ñèãíàëà îò îïòè÷åñêè ïëîòíûõ ñðåä,
êàê ïðàâèëî, íóæíûå çíà÷åíèÿ âû÷èñëÿþòñÿ ïóòåì ðå-
øåíèÿ ñèñòåìû óðàâíåíèé, ëèáî ïóò¼ì èíòåðïîëÿöèè çà-
ðàíåå ðàññ÷èòàííîé óãëîâîé çàâèñèìîñòè èíòåíñèâíîñòè
ðàññåÿííîãî èçëó÷åíèÿ.
Â äîêëàäå îáñóæäàåòñÿ àíàëèç ïðèìåíèìîñòè àëãîðèò-
ìîâ èíòåðïîëÿöèè õàðàêòåðèñòèê ñâåòîðàññåÿíèÿ êàïåëü-
íûõ ïîëèäèñïåðñíûõ îáëàêîâ, õàðàêòåðíûõ äëÿ Êàì÷àò-
ñêîãî ðåãèîíà.

1.21 Наблюдение эффектов солнечного
терминатора в ПЭС в период

действия тайфунов.

Едемский И.К., Полякова А.С., Ясюкевич Ю.В.

ИСЗФ СО РАН

Èçâåñòíî, ÷òî ïðîõîæäåíèå ñîëíå÷íîãî òåðìèíàòîðà
âûçûâàåò ãåíåðàöèþ èîíîñôåðíûõ âîçìóùåíèé ðàçëè÷-
íîãî ìàñøòàáà, â òîì ÷èñëå âîëíîâûõ ïàêåòîâ â ïîëíîì
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ýëåêòðîííîì ñîäåðæàíèè (ÏÝÑ) ñ ïåðèîäîì ïîðÿäêà 20
ìèí. Â ðàáîòå ïðîâîäèòñÿ àíàëèç äèíàìèêè ÏÝÑ íàä
ßïîíèåé è ïîêàçûâàåòñÿ, ÷òî èíòåíñèâíîñòü ãåíåðèðóå-
ìûõ òåðìèíàòîðîì âàðèàöèé ÏÝÑ ñ ïåðèîäàìè 2-20 ìèí
óâåëè÷èâàåòñÿ â ïåðèîäû ïðîõîæäåíèÿ òàéôóíîâ.

1.22 Напряженность атмосферного
электрического поля в зависимости

от географической широты
местности.

Каримов Р.Р., Козлов В.И.

ИКФИА СО РАН

Â äàííîé ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû èçìåðåíèÿ
íàïðÿæåííîñòè àòìîñôåðíîãî ýëåêòðè÷åñêîãî ïîëÿ
âî âðåìÿ ýêñïåäèöèîííûõ íàáëþäåíèé íà òåïëîõîäå
"Ìåõàíèê Êóëèáèí"ïî ìàðøðóòó ßêóòñê-Òèêñè-ßêóòñê.
Ýêñïåäèöèÿ ïðîõîäèëà â ñåíòÿáðå 2010 ãîäà. Èçìåðå-
íèÿ íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ ïðîâîäèëèñü
íåïðåðûâíî íà øèðîòàõ c 62N ïî 72N. Äëÿ èçìåðåíèÿ
ýëåêòðè÷åñêîãî ïîëÿ èñïîëüçîâàëñÿ ýëåêòðîñòàòè÷åñêèé
ôëþêñìåòð ñ äèàïàçîíîì èçìåðåíèÿ +/-50êÂ/ì. Òàê æå
îñóùåñòâëÿëàñü ñèíõðîííàÿ çàïèñü êîîðäèíàò è âûñîòû
íàä óðîâíåì ìîðÿ ñ ïîìîùüþ GPS-ïðèåìíèêà Trimble.
Àíàëîãîâûé ñèãíàë ñ ôëþêñìåòðà îöèôðîâûâàëñÿ ÀÖÏ
Å-154 L-Card è çàïèñûâàëñÿ íà íîóòáóê. Â ðàáîòå èñ-
ïîëüçóþòñÿ äàííûå ýëåêòðè÷åñêîãî ïîëÿ ñ ðàçðåøåíèåì
1 ñåêóíäà è äàííûå GPS-ïðèåìíèêà ñ ðàçðåøåíèåì 5
ìèíóò. Àíòåííà GPS-ïðèåìíèêà è ôëþêñìåòð áûëè
óñòàíîâëåíû íà âåðõíåé ïàëóáå ïî ïðàâîìó áîðòó. Ïî
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ðåçóëüòàì èçìåðåíèé óñòàíîâëåíî, ÷òî íàïðÿæåííîñòü
ïîëÿ óáûâàåò ñ óâåëè÷åíèåì øèðîòû. Ýòî ìîæíî îáúÿñ-
íèòü òåì, ÷òî âåëè÷èíà íàïðÿæåííîñòè ïîëÿ â óñëîâèÿõ
õîðîøåé ïîãîäû îïðåäåëÿåòñÿ ñîñòîÿíèåì èîíîñôåðû,
êîòîðîå ïðåòåðïåâàåò íåêîòîðûå èçìåíåíèÿ â çàâèñèìî-
ñòè îò øèðîòû (ò.í. øèðîòíûé õîä).

1.23 Определение параметра рассеяния
на ионосферном экране при

распространении радиосигнала в
канале Земля–Ионосфера в
коротковолновом диапазоне

радиоволн.

Белов С.Ю.1, Белова И.Н.2

1 Московский государственный университет имени
М.В. Ломоносова, г. Москва, Россия.

2 Институт физики атмосферы имени А.М. Обухова
РАН, г. Москва, Россия.

Â ðàáîòå ïðåäëîæåí íîâûé íåêîãåðåíòíûé ìåòîä îöåíêè
ïàðàìåòðà ñèãíàë/øóì Betta_k èîíîñôåðíîãî ñèãíàëà.
Âûïîëíåí ñðàâíèòåëüíûé àíàëèç è ïîêàçàíî, ÷òî ïî àíà-
ëèòè÷åñêîé (îòíîñèòåëüíîé) òî÷íîñòè îïðåäåëåíèÿ ïàðà-
ìåòðà Betta_k íîâûé ìåòîä íà ïîðÿäîê ïðåâîñõîäèò øè-
ðîêî èñïîëüçóåìûé ñòàíäàðòíûé è îäíîãî ïîðÿäêà ñ èç-
âåñòíîé êîãåðåíòíîé ìåòîäèêîé.
Ïàðàìåòð Betta_k âîçâðàù¼ííîãî, ÷àñòè÷íî ðàññåÿííî-
ãî èîíîñôåðíîãî ñèãíàëà ïðåäñòàâëÿåò èíòåðåñ êàê âàæ-
íàÿ õàðàêòåðèñòèêà �âîçìóù¼ííîñòè�, �ìóòíîñòè� ñòàòè-
ñòè÷åñêè íåîäíîðîäíîé èîíîñôåðíîé ïëàçìû, ïîêàçàòåëü
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íàä¼æíîñòè ðàáîòû èîíîñôåðíûõ êàíàëîâ ñâÿçè, à òàêæå
äèàãíîñòè÷åñêèõ êàíàëîâ. Îïåðàòèâíàÿ è íàä¼æíàÿ îöåí-
êà ïàðàìåòðà Betta_k èìååò îáùåôèçè÷åñêèé èíòåðåñ
(ðàäèîôèçèêà, ãåîôèçèêà, îïòèêà è ò. ä.); êîíêðåòèçàöèÿ
îñóùåñòâëåíà äëÿ èîíîñôåðíîãî ñëó÷àÿ. Äàííûé äèàïà-
çîí ïîçâîëÿåò äèàãíîñòèðîâàòü è ïîäïîâåðõíîñòíûé ñëîé
çåìëè íà ïðåäìåò ïðåäâåñòíèêîâ çåìëåòðÿñåíèé, ïîñêîëü-
êó ïàðàìåòð ðàññåÿíèÿ ôîðìèðóåòñÿ òàêæå è íåîäíîðîä-
íîñòÿìè äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè ïîäïîâåðõíîñò-
íûõ ñòðóêòóð.
Èññëåäîâàí âîïðîñ îá îïòèìèçàöèè ìåòîäèê èçìåðå-
íèÿ ïàðàìåòðà Betta_k ñ òî÷êè çðåíèÿ äîïóñêàåìûõ
àíàëèòè÷åñêèõ (îòíîñèòåëüíûõ) ïîãðåøíîñòåé. Èíäåêñ
K=E,R2,R4 - îçíà÷àåò ðåãèñòðèðóåìûé ïåðâè÷íûé ïàðà-
ìåòð: êâàäðàòóðó E èëè îãèáàþùóþ R è ñîîòâåòñòâóþ-
ùèé ìåòîä (E - êîãåðåíòíûé; R2, R4 - íåêîãåðåíòíûå).
Â ðàáîòå ïðåäñòàâëåíû ãðàôèêè ïîâåäåíèÿ àíàëèòè÷å-
ñêèõ (îòíîñèòåëüíûõ) ïîãðåøíîñòåé äëÿ óêàçàííûõ ìåòî-
äèê (áåç ó÷¼òà ñòàòèñòè÷åñêèõ îøèáîê) â äèàïàçîíå ýêñ-
ïåðèìåíòàëüíî íàáëþäàåìûõ çíà÷åíèé Betta_k. Ïîêàçà-
íî, ÷òî Eps*E è Eps*R4 îäíîãî ïîðÿäêà (Eps*R4 = 3/2
Eps*E) è ñóùåñòâåííî ïðåâîñõîäÿò ïî òî÷íîñòè èçìåðå-
íèÿ Betta_k ïî ñòàíäàðòíîé R2-ìåòîäèêå Eps*R2.
Â èòîãå, óñòàíîâëåíî, ÷òî äîñòàòî÷íàÿ àíàëèòè÷åñêàÿ
òî÷íîñòü èçìåðåíèÿ Betta_k ìîæåò áûòü äîñòèãíóòà è
ïðè èñïîëüçîâàíèè íåêîãåðåíòíîé àïïàðàòóðû ñ ïîìî-
ùüþ íîâîé ìåòîäèêè R4.
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1.24 Особенности влияния солнечной
активности на температуру

высокоширотной мезопаузы над
Якутией в 23 цикле.

Аммосова А.М., Аммосов П.П., Гаврильева Г.А.,
Колтовской И.И.

Институт Космофизических Исследований и
Аэрономии им. Ю.Г. Шафера СО РАН

Ïðåäñòàâëåí àíàëèç èçìåíåíèÿ òåìïåðàòóðû îáëàñòè
ìåçîïàóçû íà îñíîâå èçìåðåíèÿ âðàùàòåëüíîé òåìïåðà-
òóðû ÎÍ(6,2) â çàâèñèìîñòè îò ñîëíå÷íîé àêòèâíîñòè.
Íàáëþäåíèÿ ïðîâîäèëèñü íà ñòàíöèè Ìàéìàãà (63.040 N,
129.510 E) íà ïåðèîä ñ àâãóñòà 1999 ãîäà ïî ìàðò 2013
ãîäà. Èçìåðåíèÿ âåäóòñÿ èíôðàêðàñíûì öèôðîâûì
ñïåêòðîãðàôîì. Òåìïåðàòóðà îïðåäåëÿëàñü ïî ðàñïðå-
äåëåíèþ èíòåíñèâíîñòè èçëó÷åíèÿ â ðàçíûõ âåòâÿõ
ìîëåêóëÿðíîé ïîëîñû ãèäðîêñèëà. Ñðåäíåìåñÿ÷íûå
îñòàòêè òåìïåðàòóðû ïîñëå âû÷èòàíèÿ ñåçîííîé êëèìà-
òè÷åñêîé ñîñòàâëÿþùåé áûëè èñïîëüçîâàíû äëÿ ïîèñêà
ñîëíå÷íîé ñîñòàâëÿþùåé â òåìïåðàòóðíîì îòêëèêå. Çà-
âèñèìîñòü òåìïåðàòóðû îò ñîëíå÷íîé àêòèâíîñòè áûëà
èññëåäîâàíà ñ ïîìîùüþ ïîòîêà Îòòàâû íà äëèíå âîëíû
10.7 ñì. Ëèíåéíàÿ ðåãðåññèÿ îñòàòî÷íûõ òåìïåðàòóð äàåò
îòêëèê íà ñîëíå÷íóþ àêòèâíîñòü ðàâíûé 4.2?2.5 Ê/100
ñîëíå÷íûõ ïîòîêîâ åäèíèö (SFU). Êðîññêîððåëÿöèîííûé
àíàëèç ïîêàçàë, ÷òî èçìåíåíèÿ îñòàòî÷íîé òåìïåðàòóðû
îòñòàþò çà èçìåíåíèÿìè ñîëíå÷íîé àêòèâíîñòè ñ çà-
äåðæêîé â 25 ìåñÿöåâ. Îòêëèê òåìïåðàòóðû íà âëèÿíèå
11-ëåòíåãî ñîëíå÷íîãî öèêëà ïðè çàäåðæêå â 25 ìåñÿöåâ
äîñòèãàåò 7K/100 SFU. Ðàáîòà âûïîëíåíà ïðè ôèíàíñî-
âîé ïîääåðæêå ãðàíòà ¾Íàó÷íî-îáðàçîâàòåëüíûé ôîíä
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ïîääåðæêè ìîëîäûõ ó÷åíûõ Ðåñïóáëèêè Ñàõà (ßêóòèÿ)¿
201604010210.

1.25 Особенности связи опасных
метеорологических явлений (ОМЯ)
и циклов солнечной активности на

Северном Кавказе

Хоргуани Ф.А., Агзагова М.Б.

Высокогорный геофизический институт

Â äàííîé ðàáîòå ðàññìàòðèâàåòñÿ âçàèìîñâÿçü ìåæäó
îïàñíûìè ãåîôèçè÷åñêèìè ïðîöåññàìè è ñîëíå÷íîé
àêòèâíîñòüþ. Ïðîâåäåí àíàëèç öèêëè÷åñêîé äèíàìèêè
è êîððåëÿöèîííîé ñâÿçè ñðåäíåãîäîâîãî, ñåçîííîãî,
âðåìåííîãî ðàñïðåäåëåíèÿ îïàñíûõ ìåòåîðîëîãè÷åñêèõ
ÿâëåíèé ñ âàðèàöèÿìè ñîëíå÷íîé àêòèâíîñòè çà àíà-
ëîãè÷íûå ïåðèîäû âðåìåíè. Ðåçóëüòàòå èññëåäîâàíèÿ
ïîêàçàëè ñëåäóþùåå: âðåìåííîé õîä ñîëíå÷íîé àêòèâ-
íîñòè W â ñðåäíåìåñÿ÷íîì ðàñïðåäåëåíèè äîñòàòî÷íî
ñèíõðîíåí ñ ðàñïðåäåëåíèåì ÎÌß è êîýôôèöèåíò
êîððåëÿöèè ìåæäó N è W â ñðåäíåì ðàâåí 0,77; êîýôôè-
öèåíò êîððåëÿöèè ñðåäíåãîäîâîãî ðàñïðåäåëåíèÿ ÎÌß
è ñîëíå÷íîé àêòèâíîñòè äîñòàòî÷íî âûñîê è ðàâåí 0,82;
ãîäû ñ ìàêñèìóìîì ÎÌß õàðàêòåðèçóþòñÿ ìàêñèìàëü-
íûì ïðîÿâëåíèÿì ñîëíå÷íîé àêòèâíîñòè, à ãîäàì ñïàäà
ñîëíå÷íîé àêòèâíîñòè ñîîòâåòñòâóåò ñïàä èíòåíñèâíîñòè
ÎÌß.
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1.26 Оценка изменения эффективной
высоты волновода Земля-ионосфера

по вариациям фазы ОНЧ-НЧ
радиосигналов в период солнечного

затмения

Корсаков А.А.1, Козлов В.И.1,2, Каримов Р.Р.1

1 Институт космофизических исследований и
аэрономии им. Ю.Г. Шафера СО РАН

2 Северо-Восточный Федеральный университет им.
М.К. Аммосова

Ïðè ðåãèñòðàöèè â ßêóòñêå ïîëó÷åíû óñòîé÷èâûå ñó-
òî÷íûå âàðèàöèè ôàçû ÎÍ×-Í× ñèãíàëîâ óäàë¼ííûõ
ðàäèîñòàíöèé. Â ïåðèîä ñîëíå÷íîãî çàòìåíèÿ 20 - 21
ìàÿ 2012 ãîäà â ïåðèîäû çàòåíåíèÿ Ëóíîé òðàññ ðàñïðî-
ñòðàíåíèÿ çàôèêñèðîâàíû âàðèàöèè ôàçû ñèãíàëîâ. Â
ñèãíàëå ñòàíöèè JJY40 (40 êÃö, 37.4N, 140.84 E) èçìå-
íåíèå ôàçû ñîñòàâèëî 0,77 ðàä. Â ñèãíàëå ñòàíöèè NPM
(21,4 êÃö, 21.4N, 158.1E) èçìåíåíèå ôàçû ñîñòàâèëî 0,54
ðàä. Íà îñíîâå çíà÷åíèé áåññåëåâûõ ýëåìåíòîâ çàòìåíèÿ
20 - 21 ìàÿ 2012 ïîëó÷åíû ðàñïðåäåëåíèÿ îòíîøåíèÿ
ïëîùàäåé îòêðûòîé ÷àñòè Ñîëíöà ê ïîëíîé âäîëü ðà-
äèîòðàññ JJY40-ßêóòñê (2850 êì) è NPM-ßêóòñê (6995
êì), ïî ýëåìåíòàì òðàññû 200 êì è âðåìåííûì ðàçðå-
øåíèåì 3 ìèíóòû. Ìåòîäîì íàèìåíüøèõ êâàäðàòîâ, ïî
äàííûì î âàðèàöèÿõ ôàçû âî âðåìÿ çàòìåíèÿ îïðåäåëåí
íîðìèðîâî÷íûé êîýôôèöèåíò, ñâÿçûâàþùèé èçìåíåíèå
ýôôåêòèâíîé âûñîòû âîëíîâîäà Çåìëÿ-èîíîñôåðà (óðî-
âåíü ïîñòîÿííîé êîíöåíòðàöèè ýëåêòðîíîâ èîíîñôåðû
âäîëü òðàññû ðàñïðîñòðàíåíèÿ) è ëîãàðèôì îòíîøåíèÿ
ïîòîêà ñîëíå÷íîãî èçëó÷åíèÿ âî âðåìÿ çàòìåíèÿ ê ïîë-
íîìó ïîòîêó èçëó÷åíèÿ â äíåâíîå âðåìÿ. Íîðìèðîâî÷íûå
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êîýôôèöèåíòû ðàâíû 3,27 è 2,27 êì äëÿ ðàäèîòðàññ
JJY40-ßêóòñê è NPM-ßêóòñê ñîîòâåòñòâåííî. Ìàêñè-
ìàëüíîå èçìåíåíèå âûñîòû âîëíîâîäà Çåìëÿ-èîíîñôåðà
â ïåðèîä ìàêñèìàëüíîãî çàòåíåíèÿ òðàññû JJY40-ßêóòñê
(22:47 UT) ñîñòàâèëî 4,63 êì (39N 140E, Ô=0,88). Íà
òðàññå NPM-ßêóòñê (23:52 UT) ìàêñèìàëüíîå èçìåíåíèå
ñîñòàâèëî 4,25 êì (49N 177E, Ô=0,96). Ðàáîòà ïîääåðæà-
íà ÐÔÔÈ, ïðîåêòû 15-45-05005 ð-âîñòîê-à, 15-45-05135
ð-âîñòîê-à è ÷àñòè÷íî ÐÍÔ (ïðîåêò 14-19-01079).

1.27 Применение метода подталкивания
упругой нити в задачах радиосвязи

и сейсмологии

Носиков И.А.1, Бессараб П.Ф.2, Клименко М.В.3

1 Балтийский федеральный университет имени
Иммануила Канта, г. Калининград, Россия

2 Королевский технологический институт, г.
Стокгольм, Швеция

3 Западное отделение Института земного
магнетизма, ионосферы и распространения радиоволн

им. Н.В. Пушкова РАН, г. Калининград, Россия

Ïðåäñòàâëåíî ïðèìåíåíèå íîâîãî ïîäõîäà ê ðåøåíèþ çà-
äà÷ î ðàñïðîñòðàíåíèè ðàäèîâîëí è âîëí ñåéñìè÷åñêîãî
ïðîèñõîæäåíèÿ ñ ôèêñèðîâàííûìè òî÷êàìè èçëó÷åíèÿ è
ïðèåìà. Ðåøåíèå çàäà÷ ðàññìàòðèâàåòñÿ â ïðèáëèæåíèè
ãåîìåòðè÷åñêîé îïòèêè. Â îñíîâå ïðåäëàãàåìîãî ìåòîäà
ëåæèò ïðèíöèï Ôåðìà äëÿ ôóíêöèîíàëà îïòè÷åñêîé
äëèíû ïóòè ëó÷à. Èñêîìîå ðåøåíèå íàõîäèòñÿ ïóòåì
ïðÿìîé ìèíèìèçàöèè ôóíêöèîíàëà. Äàííàÿ ìåòîäèêà
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ïðîòåñòèðîâàíà íà ðàçëè÷íûõ äâóìåðíûõ ìîäåëüíûõ
èçîòðîïíûõ ñðåäàõ, â òîì ÷èñëå ñ ó÷åòîì íåîäíîðîäíî-
ñòåé. Ïðîâåäåííîå ñðàâíåíèå ïîëó÷åííûõ ðåçóëüòàòîâ ñ
èçâåñòíûìè àíàëèòè÷åñêèìè ðåøåíèÿìè è ÷èñëåííûìè
ðåøåíèÿìè ïî ìåòîäó ïðèñòðåëêè ïîêàçàëè õîðîøåå
ñîãëàñèå. Ïðîäåìîíñòðèðîâàíà âîçìîæíîñòü ïîëó÷å-
íèÿ íåñêîëüêèõ ðåøåíèé. Ïðîâåäåíû àíàëèç è îöåíêà
âîçìîæíîñòè ïîèñêà âåðõíèõ, íèæíèõ èîíîñôåðíûõ
ëó÷åé ñ òî÷êè çðåíèÿ òåîðèè âàðèàöèîííîãî èñ÷èñëåíèÿ.
Îáîçíà÷åíû îñíîâíûå òðóäíîñòè èõ îïðåäåëåíèÿ è ïóòè
âîçìîæíîãî ðåøåíèÿ.

1.28 Проблема интерпретации данных
лазерного поляризационного

зондирования облаков верхнего
яруса на основе теоретически

рассчитанных матриц обратного
рассеяния света монодисперсными

кристаллами льда

Самохвалов И.В., Брюханов И.Д.

Национальный исследовательский Томский
государственный университет

Êîððåêòíûé ó÷¼ò âëèÿíèÿ îáëàêîâ âåðõíåãî ÿðóñà íà ðå-
çóëüòàòû ðàñ÷¼òà ðàäèàöèîííîãî áàëàíñà Çåìëè îñòà¼òñÿ
âàæíîé íåðåø¼ííîé ïðîáëåìîé. Äåëî â òîì, ÷òî ïðîïóñ-
êàíèå ïðèõîäÿùåãî Ñîëíå÷íîãî èçëó÷åíèÿ è óõîäÿùåãî
òåïëîâîãî èçëó÷åíèÿ Çåìëè òàêèìè îáëàêàìè îïðåäåëÿ-
åòñÿ ñâîéñòâàìè èõ ìèêðîñòðóêòóðû, â òîì ÷èñëå, ïðî-
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ñòðàíñòâåííîé îðèåíòàöèåé íåñôåðè÷åñêèõ ëåäÿíûõ ÷à-
ñòèö. Èçìåðèòü îðèåíòàöèþ ÷àñòèö òðàäèöèîííûìè êîí-
òàêòíûìè ïðèáîðàìè â îáëàêàõ íåâîçìîæíî, ïîñêîëüêó
ïðè çàáîðå ïðîá ýòà èíôîðìàöèÿ î ìèêðîñòðóêòóðå àí-
ñàìáëÿ êðèñòàëëè÷åñêèõ ÷àñòèö ëüäà ïîïðîñòó òåðÿåòñÿ.
Ïîëíàÿ èíôîðìàöèÿ î ìèêðîñòðóêòóðå îáëàêà ñîäåðæèò-
ñÿ â åãî ìàòðèöå îáðàòíîãî ðàññåÿíèÿ ñâåòà (ÌÎÐÑ), ñâÿ-
çûâàþùåé âåêòîð-ïàðàìåòð Ñòîêñà çîíäèðóþùåãî èçëó-
÷åíèÿ è ðàññåÿííîãî îáëà÷íûìè ÷àñòèöàìè íàçàä. Ìåòî-
äèêà ýêñïåðèìåíòàëüíûõ èçìåðåíèé ÌÎÐÑ ðåàëèçîâàíà
íà âûñîòíîì ïîëÿðèçàöèîííîì ëèäàðå Íàöèîíàëüíîãî èñ-
ñëåäîâàòåëüñêîãî Òîìñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòå-
òà. Â îòëè÷èå îò ñóùåñòâóþùèõ àíàëîãîâ, ýòîò ëèäàð ïîç-
âîëÿåò îïðåäåëèòü âñå 16 ýëåìåíòîâ ÌÎÐÑ. Çà ïîñëåä-
íèå äâà äåñÿòêà ëåò íàìè íàêîïëåí ìàññèâ ÌÎÐÑ îáëà-
êîâ âåðõíåãî ÿðóñà (ÎÂß), ñîäåðæàùèé áîëåå 500 ìàò-
ðèö. Îäíàêî, ïðîáëåìà èíòåðïðåòàöèè ýêñïåðèìåíòàëü-
íûõ äàííûõ, ñâÿçàííàÿ ñ îöåíêîé ïàðàìåòðîâ îðèåíòàöèè
êðèñòàëëè÷åñêèõ ÷àñòèö, äî ñèõ ïîð íå ðåøåíà. Ãëàâíàÿ
ïðè÷èíà - îòñóòñòâèå ñòðîãîé òåîðèè ðàññåÿíèÿ ýëåêòðî-
ìàãíèòíûõ âîëí íà ñîâîêóïíîñòè ïðîñòðàíñòâåííî îðè-
åíòèðîâàííûõ ÷àñòèö ëüäà. Íàø ïîäõîä ê ðåøåíèþ îá-
ðàòíîé çàäà÷è - îïðåäåëåíèè ïàðàìåòðîâ ìèêðîñòðóêòó-
ðû îáëàêîâ - çàêëþ÷àåòñÿ â ñîïîñòàâëåíèè ýêñïåðèìåí-
òàëüíî ïîëó÷åííûõ ÌÎÐÑ ñ ðàññ÷èòàííûìè òåîðåòè÷å-
ñêè. Â íàñòîÿùåì äîêëàäå îáñóæäàþòñÿ ðåçóëüòàòû îöåí-
êè ìèêðîñòðóêòóðû ÎÂß íà îñíîâå ñîïîñòàâëåíèÿ ýêñ-
ïåðèìåíòàëüíûõ ÌÎÐÑ, ñ òåîðåòè÷åñêè ðàññ÷èòàííûìè
ÌÎÐÑ äëÿ ïîëèäèñïåðñíûõ àíñàìáëåé ëåäÿíûõ ÷àñòèö.
Ïðè ýòîì, ïîëèäèñïåðñíàÿ ÌÎÐÑ ðàññ÷èòûâàëàñü, êàê
àääèòèâíàÿ ñóììà (ñ âåñîâûìè êîýôôèöèåíòàìè) ÌÎÐÑ
äëÿ ìîíîäèñïåðñíûõ àíñàìáëåé ëåäÿíûõ êðèñòàëëîâ ñ
ó÷¼òîì ðåàëüíûõ ïàðàìåòðîâ ôóíêöèé ðàñïðåäåëåíèÿ ÷à-
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ñòèö â îáëàêàõ ïî ôîðìå, ðàçìåðàì è ïàðàìåòðàì ïðî-
ñòðàíñòâåííîé îðèåíòàöèè.
Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ÐÔÔÈ (Ãðàíò 16-
05-00710) è Ìèíîáðíàóêè ÐÔ â ðàìêàõ Ïðîãðàììû
�Íàó÷íûé ôîíä èì. Ä.È. Ìåíäåëååâà Òîìñêîãî ãîñóäàð-
ñòâåííîãî óíèâåðñèòåòà� (ïðîåêò 8.1.12.2015).

1.29 Программно-вычислительная
система для обработки лидарных
данных на МСВЗА ИОА СО РАН

Маричев В.Н., Бочковский Д.А.

Институт оптики атмосферы им. В.Е. Зуева СО
РАН, Томск

Ïðîãðàììíûé êîìïëåêñ ïðåäíàçíà÷åí äëÿ îáðàáîòêè ëè-
äàðíûõ ñèãíàëîâ íà ìàëîé ñòàíöèè âûñîòíîãî çîíäèðî-
âàíèÿ àòìîñôåðû ÈÎÀ ÑÎ ÐÀÍ(ÌÑÂÇÀ), ïîçâîëÿþùèé
âîññòàíàâëèâàòü âåðòèêàëüíûå ïðîôèëüíûå õàðàêòåðè-
ñòèêè àýðîçîëÿ, òåìïåðàòóðû, ïëîòíîñòè â ñðåäíåé àòìî-
ñôåðå. Ðåçóëüòàòîì ðàáîòû êîìïëåêñà ÿâëÿþòñÿ òàáëè-
öû, â êîòîðûõ ïðåäñòàâëåíû ðåçóëüòàòû ðàñ÷åòîâ ïðîôè-
ëåé ïî âûñîòå â ÷èñëåííîì âèäå è ãðàôè÷åñêîå ïðåäñòàâ-
ëåíèå ðàñ÷åòîâ â âèäå ãðàôèêîâ. Îáðàáîòàííûå äàííûå
õðàíÿòñÿ â ôîðìàòå HDF5.
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1.30 Распознавание свистящих
атмосфериков в

ОНЧ-спектрограммах

Малыш Е.А.1, Водинчар Г.М.2,1, Чернева Н.В.2

1 Камчатский государственный университет имени
Витуса Беринга

2 Институт космофизических исследований и
распространения радиоволн ДВО РАН

Â äîêëàäå îïèñûâàåòñÿ ñèñòåìà ðàñïîçíàâàíèÿ ãðàôè-
÷åñêèõ îáðàçîâ ñâèñòÿùèõ àòìîñôåðèêîâ (âèñòëåðîâ) â
ñïåêòðîãðàììàõ ÎÍ×-ðàäèîñèãíàëîâ. Ñèñòåìà ðàáîòàåò
ñ ñïåêòðîãðàììàìè 15-ìèíóòíûõ îòðåçêîâ ÎÍ×-ñèãíàëà.
Ïðîöåññ ðàñïîçíàâàíèÿ ñîñòîèò èç òðåõ ýòàïîâ:

1. ìåäèàííàÿ ôèëüòðàöèÿ ñïåêòðîãðàììû ñ öåëüþ ïî-
äàâëåíèÿ àòìîñôåðèêîâ è óçêîïîëîñíûõ øóìîâ;

2. íåëèíåéíîå ïðåîáðàçîâàíèå ïëîñêîñòè �âðåìÿ-
÷àñòîòà� ñ öåëüþ âûïðÿìëåíèÿ îáðàçîâ âèñòëåðîâ;

3. ðàñïîçíàâàíèå âèñòëåðîâ â ïðåîáðàçîâàííîé ñïåê-
òðîãðàììå íåéðîííîé ñåòüþ.

Ðàññìàòðèâàþòñÿ ïðèìåðû ðàáîòû ñèñòåìû, îáñóæäàåòñÿ
åå áûñòðîäåéñòâèå è íàäåæíîñòü.
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1.31 Результаты измерений
характеристик ионизации

приземного слоя и содержания
радона-222 в почве и атмосфере на

берегу озера Байкал

Панчишкина И.Н.1, Петрова Г.Г.1, Бураева Е.А.1,
Петров А.И.1, Егоров Е.В.2, Петров Н.А.3,

Маслов С.А.2

1 Южный федеральный университет
2 ООО КБ «Метроспецтехника»

3 Информационный центр, ГУ МВД России по
Ростовской области

Ïîëó÷åííûå ðàíåå ïî ðåçóëüòàòàì ýêñïåäèöèîííûõ èçìå-
ðåíèé 1987 - 1991 ãã. â Ïðèáàéêàëüå (ïîñ. Áîëüøèå Êîòû)
ñðåäíèå çà ïåðèîä íàáëþäåíèé â ëåòíèå ìåñÿöû ïðîôèëè
ïîëÿðíûõ óäåëüíûõ ýëåêòðîïðîâîäíîñòåé âîçäóõà â ñëîå
0 - 5 ìåòðîâ íå îáíàðóæèâàþò çàìåòíîãî óâåëè÷åíèÿ çíà-
÷åíèé ýëåêòðîïðîâîäíîñòè ïî ìåðå ïðèáëèæåíèÿ ê çåì-
íîé ïîâåðõíîñòè. Ýòî îáñòîÿòåëüñòâî ñâèäåòåëüñòâóåò î
ñëàáîì ýìàíèðîâàíèè ïî÷âû, îáóñëîâëåííîì ëèáî íèçêèì
ñîäåðæàíèåì ýìàíàöèé â ïî÷âå, ëèáî ïëîõèìè óñëîâèÿ-
ìè âûõîäà èõ â àòìîñôåðó. Ýêñïåäèöèîííûé èçìåðèòåëü-
íûé êîìïëåêñ òîãî âðåìåíè íå âêëþ÷àë â ñåáÿ ïðèáîðîâ
äëÿ ïîëó÷åíèÿ äàííûõ î õàðàêòåðèñòèêàõ ðàäèîàêòèâíî-
ñòè ïî÷â è àòìîñôåðû, ïîýòîìó äàòü îöåíêó èñòî÷íèêîâ
èîíèçàöèè â ïóíêòå íàáëþäåíèé íå áûëî âîçìîæíîñòè.
Â èþíå 2015 ãîäà â ïîñ. Áîëüøèå Êîòû íà èçìåðèòåëü-
íîé ïëîùàäêå ïðåäûäóùèõ ýêñïåäèöèé ïðîâåäåíà ñåðèÿ
ïàðàëëåëüíûõ èçìåðåíèé ïîëÿðíûõ êîíöåíòðàöèé ëåã-
êèõ èîíîâ (ñ÷åò÷èê èîíîâ "Ñàïôèð-3Ê") è ñîäåðæàíèÿ
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ðàäîíà-222 â àòìîñôåðå (ðàäîí-ìîíèòîð
"AlphaGUARD PQ2000 PRO"). Âçÿòû ïðîáû ïî÷â íà ñî-
äåðæàíèå ðàäèîíóêëèäîâ.
Ñ ïîìîùüþ ðàäîí-ìîíèòîðà èçìåðåíà îáúåìíàÿ àêòèâ-
íîñòü ðàäîíà-222 â ïî÷âåííîì ãàçå. Îêàçàëîñü, ÷òî ñîäåð-
æàíèå ðàäîíà-222 â ïî÷âå íà ãëóáèíå 10 ñì ñîñòàâëÿåò äå-
ñÿòêè òûñÿ÷ Áåêêåðåëåé íà êóáè÷åñêèé ìåòð, â òî âðåìÿ
êàê â âîçäóõå åãî êîíöåíòðàöèÿ íåâåëèêà. Èçìåðèòåëü-
íàÿ ïëîùàäêà ðàñïîëàãàåòñÿ íà ðàññòîÿíèè 150 ìåòðîâ îò
áåðåãîâîé ëèíèè Áàéêàëà. Ïî-âèäèìîìó, áëèçîñòü ãðóí-
òîâûõ âîä è ñîñòîÿíèå âåðõíåãî ñëîÿ ïî÷âû îïðåäåëÿþò
ñëàáîå ïîñòóïëåíèå ðàäîíà-222 â àòìîñôåðó ïðè âûñîêîì
ñîäåðæàíèè åãî â ãðóíòå. Â ðàáîòå âûïîëíåí ñîâìåñòíûé
àíàëèç ýêñïåäèöèîííûõ äàííûõ ðàçíûõ ïåðèîäîâ. Íîâûå
äàííûå ïîçâîëÿþò áîëåå êà÷åñòâåííî èíòåðïðåòèðîâàòü
îïóáëèêîâàííûé ðàíåå ýêñïåðèìåíòàëüíûé ìàòåðèàë.
Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå Ðîññèéñêîãî ôîíäà
ôóíäàìåíòàëüíûõ èññëåäîâàíèé (ÐÔÔÈ), ãðàíò 16-05-
00930 À.

1.32 Результаты лидарных исследований
термического режима стратосферы

над Томском

Маричев В.Н., Бочковский Д.А.

Институт оптики атмосферы им. В.Е. Зуева СО
РАН, Томск

Îäíèì èç âàæíûõ ïðèìåíåíèé ëèäàðíûõ òåõíîëîãèé
ÿâëÿåòñÿ èññëåäîâàíèå òåðìè÷åñêîãî ðåæèìà àòìîñôå-
ðû. Òàêèå èññëåäîâàíèÿ â ìîíèòîðèíãîâîì ðåæèìå â
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èíñòèòóòå îïòèêè àòìîñôåðû ÑÎ ÐÀÍ áûëè íà÷àòû ñ
1994 ãîäà è ïðîäîëæàþòñÿ â íàñòîÿùåå âðåìÿ. Îñîáîå
âíèìàíèå óäåëÿåòñÿ èçó÷åíèþ ïðîÿâëåíèÿ âíåçàïíûõ
âîçìóùåíèé â ñðåäíåé ñòðàòîñôåðå, âûçûâàåìûõ çèìíè-
ìè ñòðàòîñôåðíûìè ïîòåïëåíèÿìè (ÑÏ). Ñ ïîëó÷åííûìè
ïî äàííîé òåìàòèêå ðåçóëüòàòàìè ìîæíî îçíàêîìèòüñÿ
â ðàáîòàõ [1-6]. Â íàñòîÿùåé ñòàòüå ïðåäñòàâëåíû èñ-
ñëåäîâàíèÿ âåðòèêàëüíîãî ðàñïðåäåëåíèÿ òåìïåðàòóðû
íàä Òîìñêîì â âîçìóùåííûé è ñïîêîéíûé ïåðèîäû 2015ã

1.33 Роль стратосферных
гравитационных волн в

формировании неоднородностей
верхней атмосферы

Васильев П.А.1, Карпов И.В.1,2, Кшевецкий С.П.1

1 Балтийский федеральный университет имени
Иммануила Канта
2 КФ ИЗМИРАН

Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû ìîäåëèðîâàíèÿ
âëèÿíèÿ ñòðàòîñôåðíûõ âíóòðåííèõ ãðàâèòàöèîííûõ
âîëí (ÂÃÂ) íà ñîñòîÿíèå âåðõíåé àòìîñôåðû. Â êà÷åñòâå
äèíàìè÷åñêîãî ïðîöåññà, ñïîñîáíîãî ãåíåðèðîâàòü ÂÃÂ,
ðàññìàòðèâàëñÿ ïåðèîä âíåçàïíîãî ñòðàòîñôåðíîãî
ïîòåïëåíèÿ (ÂÑÏ). ×èñëåííûé ýêñïåðèìåíò áûë âû-
ïîëíåí ñ ïðèìåíåíèåì äâóìåðíîé ìîäåëè ãåíåðàöèè è
ðàñïðîñòðàíåíèÿ àòìîñôåðíûõ âîëí, ó÷èòûâàþùåé äèñ-
ñèïàòèâíûå è íåëèíåéíûå ïðîöåññû, ñîïðîâîæäàþùèå
ðàñïðîñòðàíåíèå âîëí. Èñòî÷íèê âîçìóùåíèé òåìïåðà-
òóðû è ïëîòíîñòè, ïîðîæäàþùèé âîëíîâóþ àêòèâíîñòü,
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áûë ïîñòðîåí â ñîîòâåòñòâèè ñ íàáëþäàòåëüíûìè äàí-
íûìè â ïåðèîäû ÂÑÏ è òåîðèåé ÂÃÂ. Ïðîâåä¼ííûå
ðàñ÷¼òû ïîêàçàëè, ÷òî ÂÃÂ, âîçáóæäàåìûå â ñòðàòîñôå-
ðå â òå÷åíèå ÂÑÏ, ìîãóò ðàñïðîñòðàíÿòüñÿ â âåðõíþþ
àòìîñôåðó è ïîðîæäàòü âîçìóùåíèÿ òåìïåðàòóðû â
îáëàñòè âûñîò îò 100 äî 200 êì, êîòîðûå, â ñâîþ î÷åðåäü,
ìîãóò îêàçûâàòü âëèÿíèå íà äèíàìèêó çàðÿæåííîé
êîìïîíåíòû â èîíîñôåðå è âíîñèòü äîïîëíèòåëüíûé
âêëàä â íàáëþäàåìûå èîíîñôåðíûå ýôôåêòû ÂÑÏ.

1.34 Сезонные изменения спектра
фонового гамма-излучения в
приземном слое воздуха

Балабин Ю.В., Германенко А.В.

Полярный Геофизический институт, Апатиты,
Россия

Áîëåå äâóõ ëåò âåäåòñÿ ìîíèòîðèíã äèôôåðåíöèàëüíîãî
ñïåêòðà ôîíîâîãî ãàììà-èçëó÷åíèÿ, ïðèõîäÿùåãî èç
àòìîñôåðû. Ýòî èçëó÷åíèå ïðîèçâîäèòñÿ â àòìîñôåðå
âòîðè÷íûìè êîñìè÷åñêèìè ëó÷àìè, ñïåêòð åãî áëèçîê ê
ñïåêòðó òîðìîçíîãî èçëó÷åíèÿ, çàâèñèìîñòü îò ýíåðãèè
îïèñûâàåòñÿ ñòåïåííûì çàêîíîì. Èçìåðåíèÿ âåäóòñÿ
ñ ïîìîùüþ ñöèíòèëëÿöèîííîãî äåòåêòîðà (NaI(Tl),
⊘150 × 110) â äèàïàçîíå 0.1 − 5 ÌýÂ. Èçìåðåíèÿ ïîêà-
çàëè, ÷òî íàáëþäàåìûå ñåçîííûå âàðèàöèè ãàììà-ôîíà
(äî 25% â òå÷åíèå ãîäà) ñîïðîâîæäàþòñÿ èçìåíåíèÿìè
ôîðìû ñïåêòðà. Îäíàêî, ýòè èçìåíåíèÿ ïðîèñõîäÿò â
äèàïàçîíå ýíåðãèé íå âûøå 500 − 600 êýÂ, ïðè ýòîì
äîïîëíèòåëüíûé ïîòîê òàêæå èìååò ñïåêòð ñòåïåííîé
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ôîðìû. Ïðîâåäåííûå äîïîëíèòåëüíûå ýêñïåðèìåíòû
ïîêàçàëè, ÷òî îñíîâíàÿ ïðè÷èíà ýòèõ èçìåíåíèé � íà-
ëè÷èå âîäû â îêðóæàþùåì ïðîñòðàíñòâå. Îòìåòèì, ÷òî
íàáëþäàþùèåñÿ â òå÷åíèå ãîäà âîçðàñòàíèÿ ãàììà-ôîíà
ïðè îñàäêàõ ñîïðîâîæäàþòñÿ èçìåíåíèÿìè ñïåêòðà ñ
âåðõíåé ãðàíèöåé ∼ 2.5 ÌýÂ è ïðè ýòîì ýêñïîíåíöèàëü-
íîé çàâèñèìîñòüþ îò ýíåðãèè. Òàêèì îáðàçîì, õîòÿ äâà
ÿâëåíèÿ (ñåçîííàÿ âàðèàöèÿ è âîçðàñòàíèÿ ïðè îñàäêàõ)
ïðèìåðíî ñâÿçàíû ñ îäíîé ïðè÷èíîé (âîäà, îñàäêè),
ìåõàíèçì ãåíåðàöèè èçëó÷åíèÿ ó íèõ ðàçëè÷íûé. Ïðåä-
ëîæåíà ãèïîòåçà, îáúÿñíÿþùàÿ äàííûé ýôôåêò.

1.35 Сравнение результатов методики
TayAbsTEC с данными Глобальных

Ионосферных Карт

Мыльникова А.А., Ясюкевич Ю.В.

Институт Солнечно-Земной Физики Сибирского
Отделения Российской Академии Наук

Ðàçðàáîòàí àëãîðèòì TayAbsTEC äëÿ îöåíêè àáñîëþò-
íîãî âåðòèêàëüíîãî ïîëíîãî ýëåêòðîííîãî ñîäåðæàíèÿ
(ÏÝÑ), ãðàäèåíòîâ ÏÝÑ è äèôôåðåíöèàëüíûõ êîäîâûõ
çàäåðæåê, îñíîâàííûé íà ìîäåëè ÏÝÑ, êîòîðàÿ ÿâëÿ-
åòñÿ ðàçëîæåíèåì âåðòèêàëüíîãî ÏÝÑ â ðÿä Òåéëîðà
ïî ïðîñòðàíñòâó è âðåìåíè. Íàìè ïðîâåäåíà îöåíêà
ðàçíîñòè ìåæäó äàííûìè âåðòèêàëüíîãî ÏÝÑ ïîëó-
÷åííûìè ñ ïîìîùüþ àëãîðèòìà TayAbsTEC è äàííûìè
âåðòèêàëüíîãî ÏÝÑ Ãëîáàëüíûõ Èîíîñôåðíûõ Êàðò
(GIM) ïóáëèêóåìûìè ëàáîðàòîðèÿìè CODE è JPL. Ïî-
ëó÷åíî, ÷òî ðàçíîñòü ìåæäó ðåçóëüòàòàìè TayAbsTEC
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è äàííûìè JPL â ñðåäíåì áîëüøå ÷åì ðàçíîñòü ìåæäó
TayAbsTEC è CODE. Ïîêàçàíî, ÷òî â ãîä âî âðåìÿ ìàê-
ñèìóìà ñîëíå÷íîé àêòèâíîñòè (2014 ãîä) ðàçíîñòü ñ JPL
óâåëè÷èëàñü â äâà ðàçà ïî ñðàâíåíèþ ñ ðàçíîñòüþ â ãîä
ìèíèìóìà ñîëíå÷íîé àêòèâíîñòè (2009 ãîä). Ðàçíîñòü ñ
äàííûìè CODE â ãîä ìàêñèìóìà ñîëíå÷íîé àêòèâíîñòè
â ñðåäíåì ïî÷òè íå èçìåíèëàñü ïî ñðàâíåíèþ ñ ãîäîì
ìèíèìóìà ñîëíå÷íîé àêòèâíîñòè.

1.36 Сравнительный анализ измерения
электронной концентрации во

внешней ионосфере

Ратовский К.Г.1, Щербаков А.А.1, Алсаткин С.С.1,
Дмитриев А.В.2,3, Суворова А.В.2,3

1 Институт солнечно-земной физики СО РАН
2 МГУ имени М.В. Ломоносова,

Научно-исследовательский институт ядерной физики
имени Д.В. Скобельцына

3 National Central University, Taiwan

Ñðàâíèòåëüíûé àíàëèç èçìåðåíèÿ ýëåêòðîííîé êîíöåí-
òðàöèè âî âíåøíåé èîíîñôåðå íåîáõîäèì äëÿ êàëèáðîâîê
ðàçëè÷íûõ èîíîñôåðíûõ ìîäåëåé. Íåäàâíèå ñðàâíåíèÿ
Ìåæäóíàðîäíîé ñïðàâî÷íîé ìîäåëè èîíîñôåðû IRI ñ
äàííûìè ñïóòíèêîâ CHAMP è GRACE âî âðåìÿ ñîë-
íå÷íîãî ìèíèìóìà 2008-2009 ãã. âûÿâèëè ñóùåñòâåííûå
ðàñõîæäåíèÿ â ýëåêòðîííîé êîíöåíòðàöèè íà âûñîòàõ
300-500 êì. Â ðàáîòå ìû ïðîâîäèì ñðàâíåíèå ýëåêòðîí-
íîé êîíöåíòðàöèè, ïîëó÷åííîé íà Èðêóòñêîì ðàäàðå
íåêîãåðåíòíîãî ðàññåÿíèÿ (52.90 ñ.ø., 103.30 â.ä.) è ñïóò-
íèêàõ COSMIC/FORMOSAT-3 âî âðåìÿ ïðîëåòîâ âáëèçè
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ìåñòà ðàñïîëîæåíèÿ ðàäàðà. Äëÿ ñðàâíåíèÿ ñ ìîäåëüþ
IRI áûëè èñïîëüçîâàíû ïðîäîëæèòåëüíûå íåïðåðûâíûå
èçìåðåíèÿ íà Èðêóòñêîì ðàäàðå íåêîãåðåíòíîãî ðàññåÿ-
íèÿ. Ýòè èçìåðåíèÿ ïîçâîëèëè ïîëó÷èòü ñðåäíåìåñÿ÷íûå
êàðòèíû âûñîòíî-ñóòî÷íûõ âàðèàöèé ýëåêòðîííîé êîí-
öåíòðàöèè, êîòîðûå ñîïîñòàâëÿëèñü ñ ìîäåëüþ IRI.
Ïðîâåäåííûé ñðàâíèòåëüíûé àíàëèç ïîçâîëèë âûÿâèòü
ñèñòåìàòè÷åñêèå ðàçëè÷èÿ ìåæäó äâóìÿ èíñòðóìåíòàìè
(ðàäàð è ñïóòíèê COSMIC/FORMOSAT-3), à òàêæå
ìåæäó äâóìÿ èíñòðóìåíòàìè è ìîäåëüþ IRI äëÿ ÷åòûðåõ
ñåçîíîâ è äâóõ óðîâíåé ñîëíå÷íîé àêòèâíîñòè (íèçêàÿ è
óìåðåííàÿ).

1.37 Сравнительный анализ лидарных,
радиозондовых и спутниковых

измерений температуры в нижней
стратосфере региона Западной

Сибири

Маричев В.Н., Бочковский Д.А.

Институт оптики атмосферы им. В.Е. Зуева СО
РАН, Томск

Ïðîâåäåíî ñðàâíåíèå âåðòèêàëüíîãî ðàñïðåäåëåíèÿ
òåìïåðàòóðû â íèæíåé ñòðàòîñôåðå ïî äàííûì ëè-
äàðíûõ, ðàäèîçîíäîâûõ è ñïóòíèêîâûõ èçìåðåíèé. Â
ëèäàðíûõ èçìåðåíèÿõ èñïîëüçîâàëèñü ðàìàíîâñêèé è
ðåëååâñêèé êàíàëû ïðèåìà ðàññåÿííîãî ñâåòà íà äëèíàõ
âîëí 607íì è 532íì. Ïîëó÷åíî õîðîøåå êà÷åñòâåííîå
è êîëè÷åñòâåííîå ñîâïàäåíèå âåðòèêàëüíûõ ïðîôèëåé
òåìïåðàòóðû. Ïîêàçàíà ïåðñïåêòèâíîñòü èñïîëüçîâàíèÿ
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êîìáèíèðîâàííîãî ìåòîäà äëÿ èçìåðåíèÿ òåìïåðàòóðû â
ñòðàòîñôåðå.

1.38 Ударная волна в ионосфере в
момент землетрясения

Кузнецов В.В.

ИКИР ДВО РАН

Ïðåäëàãàåòñÿ ïðèíöèïèàëüíî íîâàÿ ìîäåëü âîçíèêíî-
âåíèÿ óäàðíîé âîëíû (ÓÂ) â àòìîñôåðå è èîíîñôåðå.
Ìîäåëü áàçèðóåòñÿ íà èäåå êîîïåðàòèâíîé óäàðíîé
êðèñòàëëèçàöèè âîäû â îáëàêå. Ôàçîâûé ïåðåõîä êðè-
ñòàëëèçàöèè ðåàëèçóåòñÿ ïðè îáðàçîâàíèè â êîìïëåêñàõ
ïåðåîõëàæäåííîé âîäû âîäîðîäíûõ ñâÿçåé (ÂÑ), ïðî-
òîíû êîòîðûõ îêàçûâàþòñÿ ìíîãî÷àñòè÷íî êâàíòîâî
ñöåïëåííûìè (ÌÊÑ) êàê ìåæäó ñîáîé, òàê è ñ ïðîòî-
íàìè ÂÑ ñðåäû î÷àãà çåìëåòðÿñåíèÿ. Ïðè ýòîì ôðîíò
êðèñòàëëèçàöèè íàïðàâëåí âíèç è ÿâëÿåòñÿ ôðîíòîì
âîëíû ðàçðåæåíèÿ, à â îáðàòíîì íàïðàâëåíèè - ôîð-
ìèðóåòñÿ óäàðíàÿ àêóñòè÷åñêàÿ âîëíà (ÓÀÂ). ÓÀÂ
äîñòèãàåò èîíîñôåðû è âûçûâàåò â íåé èçìåíåíèÿ ïîëíî-
ãî ýëåêòðîííîãî ñîäåðæàíèÿ (ÏÝÑ). Ñèãíàëû èçìåíåíèÿ
ÏÝÑ ôèêñèðóþòñÿ íà Çåìëå ñ ïîìîùüþ äàò÷èêîâ GPS.
Ñâÿçü ìåæäó î÷àãîì çåìëåòðÿñåíèÿ ïðåäøåñòâóþùåãî
âîçíèêíîâåíèþ ÓÀÂ è àòìîñôåðîé íîñèò êâàíòîâûé
õàðàêòåð, è îñíîâàíà íà ÌÊÑ ìåæäó ïðîòîíàìè ÂÑ
ãîðíîé ïîðîäû î÷àãà çåìëåòðÿñåíèÿ è ïðîòîíàìè ÂÑ
âîäíûõ êîìïëåêñîâ àòìîñôåðíîãî îáëàêà. Òàêîé ïîäõîä
ïîçâîëÿåò ðàññìàòðèâàòü ÓÀÂ êàê àôòåðøîê îñíîâíîãî
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çåìëåòðÿñåíèÿ. Ýòà èäåÿ íàõîäèò îáúÿñíåíèå íåñîâïàäå-
íèþ ýïèöåíòðà ÓÀÂ ñ ýïèöåíòðîì çåìëåòðÿñåíèÿ.

1.39 Частотный и временной анализ
эффекта восхода Солнца в

электрическом поле приземного
слоя атмосферы

Смирнов С.Э.

Институт космофизических исследований и
распространения радиоволн ДВО РАН

Â óñëîâèÿõ õîðîøåé ïîãîäû íàáëþäàåòñÿ õàðàêòåðíûé
ñóòî÷íûé õîä íàïðÿæåííîñòè àòìîñôåðíîãî ýëåêòðè÷å-
ñêîãî ïîëÿ ñ ìàêñèìóìîì â óòðåííåå âðåìÿ. Ïîëó÷åíû
ñòàòèñòè÷åñêèå îöåíêè ïàðàìåòðîâ ýôôåêòà: âðåìåíè íà-
÷àëà, âðåìåíè ìàêñèìóìà è åãî èíòåíñèâíîñòè è äëèòåëü-
íîñòè. Ýêñïåðèìåíòàëüíî ïîêàçàíî, ÷òî ìàêñèìóì ñóòî÷-
íîãî õîäà íàïðÿæåííîñòè àòìîñôåðíîãî ýëåêòðè÷åñêîãî
ïîëÿ ñâÿçàí ñ âûñîòíûì ðàñïðåäåëåíèåì òåìïåðàòóðû
âîçäóõà.
Èññëåäîâàíû ñïåêòðû ìîùíîñòè âðåìåííûõ âàðèàöèé íà-
ïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ â ïðèçåìíîé àòìî-
ñôåðå è ãîðèçîíòàëüíîé êîìïîíåíòû ãåîìàãíèòíîãî ïî-
ëÿ. Ïîêàçàíî, ÷òî â òå÷åíèå ñóòîê â ñïåêòðàõ ìîùíîñòè
ýòèõ ïàðàìåòðîâ ïðèñóòñòâóþò êîëåáàíèÿ ñ ïåðèîäàìè Ò
∼ 2, 0 − 2, 5 ÷. Íà âîñõîäå Ñîëíöà â ñïåêòðàõ ìîùíîñòè
íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ èíòåíñèâíîñòü ýòèõ
êîëåáàíèé çàìåòíî âîçðàñòàåò, è îäíîâðåìåííî óñèëèâà-
þòñÿ êîëåáàíèÿ â ïîëîñå ïåðèîäîâ Ò < 1 ÷. Âàðèàöèè àð-
ãóìåíòà âçàèìíûõ ñïåêòðîâ ýòèõ ïàðàìåòðîâ ïîêàçàëè,
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÷òî êîëåáàíèÿ â ïîëîñå ïåðèîäîâ 2,0�2,5 ÷ âûçâàíû óäà-
ëåííûìè èñòî÷íèêàìè âûøå äèíàìî-îáëàñòè èîíîñôåðû,
à êîëåáàíèÿ â ïîëîñå ïåðèîäîâ 0,5�1 ÷ � èñòî÷íèêàìè
â íèæíåé àòìîñôåðå. Ïðåäëîæåí âîçìîæíûé ìåõàíèçì
ãåíåðàöèè ýòèõ êîëåáàíèé, ñâÿçàííûé ñ âèõðåâûì äâè-
æåíèåì êîíâåêòèâíûõ ÿ÷ååê, çàðîæäàþùèõñÿ íà âîñõîäå
Ñîëíöà â îáìåííîì ñëîå àòìîñôåðû.

1.40 Электромагнитное поле,
сопровождающее генерацию

морского аэрозоля

Богатов Н.А.

Институт прикладной физики РАН

Èçâåñòíî, ÷òî êàïëè, îáðàçóþùèåñÿ íà âçâîëíîâàííîé
ìîðñêîé ïîâåðõíîñòè, ìîãóò íåñòè ýëåêòðè÷åñêèé çàðÿä.
Îäíèì èç íàèáîëåå ýôôåêòèâíûõ ìåõàíèçìîâ ãåíåðàöèè
çàðÿæåííûõ êàïåëü ÿâëÿåòñÿ òàê íàçûâàåìûé "ïóçûðü-
êîâûé"ìåõàíèçì, êîãäà íà äíå ñõëîïûâàþùåéñÿ êàâåð-
íû, îñòàâëåííîé â âîäå ëîïíóâøèì íà ïîâåðõíîñòè ìîðÿ
ïóçûðüêîì, ôîðìèðóåòñÿ ñòðóÿ âîäû, íàïðàâëåííàÿ âåð-
òèêàëüíî ââåðõ, êîòîðàÿ ðàñïàäàåòñÿ çàòåì íà íåñêîëüêî
(ìîæåò áûòü, îäíó) êàïåëü. Íàèáîëüøèé ýëåêòðè÷åñêèé
çàðÿä íåñåò âåðõíÿÿ ñòðóéíàÿ êàïëÿ. Ñòàòè÷åñêîå ýëåê-
òðè÷åñêîå ïîëå, ñîçäàâàåìîå ñòðóéíûìè êàïëÿìè ïåíû,
íåîäíîêðàòíî ðåãèñòðèðîâàëîñü â íàòóðíûõ ýêñïåðèìåí-
òàõ. Èíòåíñèâíîñòü ïîòîêà ìîðñêîãî àýðîçîëÿ è ñîçäàâà-
åìîå èì ýëåêòðè÷åñêîå ïîëå ðàñòóò ñ ðîñòîì èíòåíñèâíî-
ñòè ïåíî-îáðàçîâàíèÿ â îáðóøàþùèõñÿ âîëíàõ. Âåëè÷è-
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íà ñòàòè÷åñêîãî ýëåêòðè÷åñêîãî ïîëÿ, ñîçäàâàåìîãî çàðÿ-
æåííûìè êàïëÿìè ïåíû, ìîæåò â íåñêîëüêî ðàç ïðåâû-
øàòü àòìîñôåðíîå ïîëå õîðîøåé ïîãîäû. Ïðîöåññ ãåíå-
ðàöèè ñòðóéíûõ êàïåëü íîñèò èìïóëüñíûé õàðàêòåð è â
ñïåêòðå ñîçäàâàåìîãî êàïëåé ýëåêòðè÷åñêîãî ïîëÿ äîëæ-
íû ïðèñóòñòâîâàòü íå òîëüêî ïîñòîÿííàÿ, íî è ïåðåìåí-
íûå ñîñòàâëÿþùèå. Ïåðåìåííîå ýëåêòðè÷åñêîå ïîëå, îñî-
áåííî âîëíîâîå, ìîæåò áûòü áîëåå äîñòóïíûì äëÿ äèñòàí-
öèîííîé ðåãèñòðàöèè, ÷åì ïîñòîÿííîå ïîëå. Öåëüþ íàñòî-
ÿùåé ðàáîòû ÿâëÿåòñÿ ðàñ÷åò ñïåêòðà è èíòåíñèâíîñòè
ïåðåìåííîãî ýëåêòðè÷åñêîãî ïîëÿ - êâàçèñòàöèîíàðíîãî,
èíäóêöèîííîãî è âîëíîâîãî, - ñîïðîâîæäàþùåãî ãåíåðà-
öèþ çàðÿæåííûõ êàïåëü íà ïåíèñòîé ïîâåðõíîñòè ìîðÿ

1.41 Эффекты солнечных вспышек в
вариациях грозовой активности на
территории Северной Азии (летние

сезоны 2009-2014 гг.)

Тарабукина Л.Д.1,2, Козлов В.И.1,2

1 Институт космофизических исследований и
аэрономии им. Ю.Г. Шафера СО РАН

2 Северо-Восточный федеральный университет им.
М.К. Аммосова

Ïðîâåäåíî ñðàâíåíèå âðåìåííûõ ðÿäîâ ñóììàðíîãî êî-
ëè÷åñòâà ãðîçîâûõ ðàçðÿäîâ, çàðåãèñòðèðîâàííûõ ðàäèî-
òåõíè÷åñêèì ìåòîäîì â ïðåäåëàõ òåððèòîðèè 60-180 â.ä.
è 40-80 ñ.ø., â òå÷åíèå 6 äíåé äî è ïîñëå ñîëíå÷íûõ ðåíò-
ãåíîâñêèõ âñïûøåê Õ è Ì êëàññà. Äàííûå ãðîçîâîé àê-
òèâíîñòè ïîëó÷åíû ñ ïîìîùüþ âñåìèðíîé ñåòè ëîêàöèè
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ìîëíèé World wide lightning location network (WWLLN),
êîòîðàÿ ðåãèñòðèðóåò ìîëíèè ñ òîêàìè áîëåå 30 êÀ ñ ýô-
ôåêòèâíîñòüþ áîëåå 15% è îäíà ñòàíöèÿ êîòîðîé óñòà-
íîâëåíà â ã. ßêóòñêå. Äàííûå ïî äíåâíîìó êîëè÷åñòâó
ñîëíå÷íûõ âñïûøåê âçÿòû èç ðåñóðñîâ îòêðûòîãî äî-
ñòóïà ñëóæáû �Space weather prediction center�, NOAA
(http://www.swpc.noaa.gov). Çà ëåòíèå ïåðèîäû (1 èþíÿ
- 31 àâãóñòà) 2009-2014 ãã., êîãäà ãðîçîâàÿ äåÿòåëüíîñòü
àêòèâíà ïî âñåé ðàññìàòðèâàåìîé òåððèòîðèè, èç ïðîèçî-
øåäøèõ 5 ñîëíå÷íûõ âñïûøåê Õ êëàññà è 66 âñïûøåê Ì
êëàññà áûëè âûáðàíû 4 è 17 ñîëíå÷íûõ âñïûøåê ñîîò-
âåòñòâåííî, êîòîðûå áû íå ïðîèñõîäèëè ïîñëåäîâàòåëüíî
â òå÷åíèå 3 äíåé. Ìåòîäîì íàëîæåíèÿ ýïîõ, ãäå òî÷êîé îò-
ñ÷åòà áûëà ïðèíÿòà äàòà âñïûøêè, ïîëó÷åí óñðåäíåííûé
îòêëèê â âèäå ïîâûøåíèÿ ñóììàðíîãî ïî òåððèòîðèè è
íîðìèðîâàííîãî íà ñòàíäàðòíîå îòêëîíåíèå çà ñåçîí êî-
ëè÷åñòâà ãðîçîâûõ ðàçðÿäîâ (â 1,7 ðàçà ïî ñðàâíåíèþ ñ
äíåì îòñ÷åòà) íà 3-4 äåíü ïîñëå âñïûøêè Õ êëàññà. Äëÿ
âñïûøåê Ì êëàññà â ïðåäåëàõ ñòàòèñòè÷åñêîé çíà÷èìî-
ñòè âûäåëèòü îòêëèê íå óäàëîñü.
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1.42 Модуляция параметров ионосферы
глобальными Pc5 пульсациями,
наблюдаемыми одновременно с
помощью GPS-приемников и

радара EISCAT

Пилипенко В.А.1, Белаховский В.Б.2, Мурр Д.3,
Федоров Е.Н.1, Козловский А.Е.4

1 Институт физики Земли РАН
2 Полярный геофизический институт

3 Колледж Аугсбург, Миннеаполис
4 Геофизическая обсерватория Соданкюля, г. Соданкюля

Íàøè áîëåå ðàííèå èññëåäîâàíèÿ ïîêàçàëè, ÷òî ïîëíîå
ýëåêòðîííîå ñîäåðæàíèå èîíîñôåðû (ÏÝÑ), îïðåäåëÿå-
ìîå ïî äàííûì GPS ïðèåìíèêîâ, äîñòàòî÷íî ÷óâñòâè-
òåëüíî ê íàëè÷èþ ÌÃÄ âîçìóùåíèé. Ïî äàííûì GPS
ïðèåìíèêîâ â Ñêàíäèíàâèè áûëî ïîêàçàíî, ÷òî âî âðå-
ìÿ ïîÿâëåíèÿ ìîùíûõ ãåîìàãíèòíûõ Pc5 ïóëüñàöèè íà-
áëþäàþòñÿ ïóëüñàöèè â ÏÝÑ ñ òîé æå ÷àñòîòîé. Â äàí-
íîé ðàáîòå ìû ïðîàíàëèçèðîâàëè îäíîâðåìåííûé îòêëèê
ÏÝÑ è èîíîñôåðíûõ ïàðàìåòðîâ, îïðåäåëÿåìûõ ñ ïîìî-
ùüþ ðàäàðà EISCAT, íà ãëîáàëüíûå Pc5 ïóëüñàöèè íà
âîññòàíîâèòåëüíîé ôàçå ñèëüíîé ãåîìàãíèòíîé áóðè 31
Îêòÿáðÿ 2003 ãîäà. Ñðàâíåíèå Pc5 ïóëüñàöèé â ýëåêòðîí-
íîé êîíöåíòðàöèè äëÿ ðàçíûõ âûñîò ïî äàííûì ðàäàðà
EISCAT ïîêàçàëî, ÷òî îñíîâíîé âêëàä â Pc5 ïóëüñàöèè â
ÏÝÑ îáåñïå÷èâàåòñÿ íèæíåé èîíîñôåðîé, äî âûñîòû îêî-
ëî 150 êì, òî åñòü E-ñëîåì è íèæíåé ÷àñòüþ F-ñëîÿ. Ýòîò
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ôàêò ãîâîðèò â ïîëüçó ìåõàíèçìà ïîÿâëåíèÿ Pc5 ïóëüñà-
öèé â ÏÝÑ çà ñ÷åò ïåðåíîñà ïëàçìû âäîëü ãåîìàãíèòíîãî
ïîëÿ àëüâåíîâñêîé âîëíîé. Àíàëèòè÷åñêèå îöåíêè è ÷èñ-
ëåííîå ìîäåëèðîâàíèå ïîäòâåðæäàþò ýòó òî÷êó çðåíèÿ.
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2 Геофизические поля и их

взаимодействие

2.1 Анализ геомагнитных данных и
космических лучей в периоды

повышенной солнечной активности

Мандрикова О.В.1, Заляев Т.Л.1, Соловьев И.С.1,2,
Хомутов С.Ю.1,2

1 Институт космофизических исследований и
распространения радиоволн ДВО РАН

2 Камчатский государственный технический
университет

Â ïåðèîäû ïîâûøåííîé ñîëíå÷íîé àêòèâíîñòè âûïîë-
íåí àíàëèç êîñìè÷åñêèõ ëó÷åé è èçó÷åíû îñîáåííîñòè
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âàðèàöèé ãåîìàãíèòíîãî ïîëÿ. Â ðàáîòå èñïîëüçîâàëèñü
ðàçðàáîòàííûå àâòîðàìè íîâûå ìåòîäû ìîäåëèðîâàíèÿ è
àíàëèçà äàííûõ, îñíîâàííûå íà âåéâëåò-ïðåîáðàçîâàíèè
è íåéðîííûõ ñåòÿõ. Â ïðîöåññå àíàëèçà â ïåðèîäû ðîñòà
ñêîðîñòè ñîëíå÷íîãî âåòðà è àìïëèòóä ìåæïëàíåòíîãî
ìàãíèòíîãî ïîëÿ âûäåëåíû ïðèçíàêè è ýëåìåíòû ïîä-
ãîòîâêè è ïðîòåêàíèÿ ñîáûòèé, íà ôîíå ñïîêîéíîãî è
ñëàáîâîçìóùåííîãî ãåîìàãíèòíîãî ïîëÿ âûäåëåíû àíî-
ìàëüíûå èçìåíåíèÿ â êîñìè÷åñêèõ ëó÷àõ, âîçíèêàþùèå
çà íåñêîëüêî ÷àñîâ äî ãåîìàãíèòíûõ áóðü, âî âðåìÿ
áóðü ïðîèñõîäèëè äëèòåëüíûå è ãëóáîêèå Ôîðáóø-
ïîíèæåíèÿ. Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ãðàíòà
ÐÍÔ �14-11-00194.

2.2 Аномальные изменения
вертикального геомагнитного поля

на Камчатке

Мороз Ю. Ф.1, Смирнов С.Э.2

1 Институт вулканологии и сейсмологии ДВО РАН
2 Институт космофизических исследований и

распространения радиоволн ДВО РАН

Ðàññìîòðåíû âåêîâûå âàðèàöèè âåðòèêàëüíîãî ãåîìàã-
íèòíîãî ïîëÿ â îáñåðâàòîðèÿõ Ïàðàòóíêà (Êàì÷àòêà),
Êàêèîêà (î. Õîíñþ), Ìàìàìáåöó (î. Õîêêàéäî) è Ïàòðî-
íû (Èðêóòñê) ñ 1968 ïî 2014ãã. Ñðàâíèòåëüíûé àíàëèç
âåêîâûõ õîäîâ ïîêàçàë, ÷òî ñ 1968 ïî 2001 ãã. âî âñåõ
÷åòûð¼õ îáñåðâàòîðèÿõ âûðàæåíû ïîäîáíûå âàðèàöèè
íàïðÿæ¼ííîñòüþ â ïåðâûå ñîòíè íÒë. Â ïîñëåäóþùåå
âðåìÿ ñ 2001 ïî 2014 ãã. ñèòóàöèÿ èçìåíèëàñü. Â îáñåð-
âàòîðèè Ïàðàòóíêà âåêîâîé õîä îòëè÷àåòñÿ îò äðóãèõ
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îáñåðâàòîðèé. Â íåé íå ïðîÿâèëàñü âàðèàöèÿ ïîäîáíàÿ
âàðèàöèÿì â òð¼õ äðóãèõ îáñåðâàòîðèÿõ. Ýòî îòêëîíåíèå
âåêîâîãî ãåîìàãíèòíîãî õîäà â îáñåðâàòîðèè Ïàðàòóíêà
âî âðåìåíè ïðèóðî÷åíî ê óñèëåíèþ ñåéñìè÷íîñòè íà
ãëóáèíàõ 400-700 êì â ðàéîíå Þæíîé Êàì÷àòêè. Çäåñü
ïðîèçîøëî ñèëüíåéøåå Îõîòîìîðñêîå çåìëåòðÿñåíèå ñ
𝑀𝑤 = 8, 3. Ïðåäïîëàãàåòñÿ, ÷òî â ñâÿçè ñ óñèëåíèåì
ñåéñìè÷íîñòè â îáëàñòè ïåðåõîäà îò âåðõíåé ê íèæíåé
ìàíòèè àêòèâèçèðîâàëèñü ôèçèêî-õèìè÷åñêèå ïðîöåññû,
êîòîðûå ïðèâåëè ê âîçíèêíîâåíèþ êðóïíîé ãåîçëåêòðè-
÷åñêîé íåîäíîðîäíîñòè, îêàçàâøåé âëèÿíèå íà ïîâåäåíèå
âåðòèêàëüíîé ñîñòàâëÿþùåé ãåîìàãíèòíîãî ïîëÿ.

2.3 Влияние постоянного электрического
поля земли на работу

измерительного комплекса ОНЧ

Санников Д.В., Малкин Е.И., Пухов В.М.

ИКИР ДВО РАН

Îáíàðóæåíà âçàèìîñâÿçü ìåæäó íàïðÿæ¼ííîñòüþ ïîñòî-
ÿííîãî ýëåêòðè÷åñêîãî ïîëÿ Çåìëè â ïóíêòå íàáëþäåíèÿ
ÃÔÎ "Ïàðàòóíêà"ÈÊÈÐ ÄÂÎ ÐÀÍ è òî÷íîñòüþ îïðå-
äåëåíèÿ àçèìóòà ãðîçîâûõ ðàçðÿäîâ ãðîçîïåëåíãàòîðîì.
Ñäåëàíî ïðåäïîëîæåíèå î âëèÿíèè ýëåêòðè÷åñêîãî ïîëÿ
Çåìëè íà ëèíèè ýëåêòðîïåðåäà÷ â áëèæàéøåì ðåãèîíå,
÷òî âíîñèò ïîìåõó â êà÷åñòâî ðåãèñòðàöèè âåðòèêàëüíîé
ýëåêòðè÷åñêîé ñîñòàâëÿþùåé â äèàïàçîíå ÎÍ×. Ïðîâå-
äåí àíàëèç ïîìåõ.
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2.4 Возможности использования старых
аналоговых магнитограмм

обсерваторий для получения новых
данных о вариациях магнитного

поля Земли

Хомутов С.Ю., Хомутова И.Н.

Институт космофизических исследований и
распространения радиоволн ДВО РАН, Камчатка,

Россия

Àíàëîãîâûå ìàãíèòîãðàììû ÿâëÿþòñÿ ïðàêòè÷åñêè
åäèíñòâåííûì èñòî÷íèêîì èíôîðìàöèè îá èçìåíåíèè
ìàãíèòíîãî ïîëÿ Çåìëè â ýïîõó äî-öèôðîâûõ èçìåðåíèé.
Ýòè ìàãíèòîãðàììû, â ñîîòâåòñòâèè ñî ñòàíäàðòàìè
IAGA, èñïîëüçîâàëèñü íà îáñåðâàòîðèÿõ äëÿ ïîëó÷åíèÿ
ñðåäíå÷àñîâûõ çíà÷åíèé ïîëíîãî âåêòîðà ìàãíèòíîé
èíäóêöèè, äîñòóïíûõ ÷åðåç ñèñòåìó Ìèðîâûõ öåíòðîâ
äàííûõ. Îäíàêî, ìàãíèòîãðàììû ñîäåðæàò áîëüøå
èíôîðìàöèè, ÷åì èìååòñÿ â ÌÖÄ, íàïðèìåð î áûñòðûõ
âàðèàöèÿõ. Êðîìå òîãî, âî ìíîãèõ ñëó÷àÿõ ïî ðÿäó
ïðè÷èí (ïðîáëåìû ñ îáðàáîòêîé, ïåðåäà÷åé, îðãàíèçà-
öèîííûå è ò.ï.) â ÌÖÄ íå ïðåäñòàâëåíû ñòàíäàðòíûå
÷àñîâûå äàííûå, è àðõèâû ìàãíèòîãðàìì, èìåþùèåñÿ
íà îáñåðâàòîðèÿõ, îñòàþòñÿ åäèíñòâåííîé âîçìîæíîñòüþ
âîñïîëíèòü ýòè ïðîáåëû â ìíîãîëåòíèõ ðÿäàõ.
Ìåæäóíàðîäíûìè è îòå÷åñòâåííûìè íàó÷íûìè îð-
ãàíèçàöèÿìè è ôîíäàìè áûëè ðåàëèçîâàíû ïðîåêòû
ïî ñîõðàíåíèþ ñòàðûõ àíàëîãîâûõ ìàãíèòîãðàìì -
ïîëó÷åíèå öèôðîâûõ ãðàôè÷åñêèõ îáðàçîâ ñ òðåáóåìûì
ðàçðåøåíèåì è ìàñøòàáèðîâàíèåì, ñîïðîâîæäàþ-
ùèõñÿ íåîáõîäèìîé äîïîëíèòåëüíîé èíôîðìàöèåé
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(êîýôôèöèåíòû ÷óâñòâèòåëüíîñòè, áàçèñíûå çíà÷å-
íèÿ è ò.ï.). Ïîäîáíûé ïðîåêò ïî ñîõðàíåíèþ àðõè-
âà ìàãíèòîãðàìì îáñåðâàòîðèè "Ïàðàòóíêà"(PET)
çà 1967-2006 ãã. áûë âûïîëíåí â 2014 ã. â ÈÊÈÐ
ÄÂÎ ÐÀÍ ïðè ïîääåðæêå ìåæäóíàðîäíîé ïðîãðàì-
ìû VarSITI (VarSITI Newletter. - 2014. - Vol.3. - P.7-8;
newserver.stil.bas.bg/varsiti/newsL/VarSITI_Newsletter.html).
Ïîëó÷åííûå ãðàôè÷åñêèå ôàéëû äîñòóïíû â ÌÖÄ
www.wdcb.ru/stp/magnetogr_list.en.html.
Äàëüíåéøàÿ îáðàáîòêà öèôðîâûõ ãðàôè÷åñêèõ îáðàçîâ
çàêëþ÷àåòñÿ â îöåíêå îðäèíàò òðåêîâ íà ìàãíèòî-
ãðàììå îòíîñèòåëüíî áàçèñíûõ ëèíèé ñ ðàçëè÷íûì
âðåìåííûì ðàçðåøåíèåì è âû÷èñëåíèå ïîëíûõ ñîñòàâ-
ëÿþùèõ ìàãíèòíîãî ïîëÿ (ñ ïðèâëå÷åíèåì èíôîðìàöèè
î ÷óâñòâèòåëüíîñòè êàíàëîâ è áàçèñíûõ çíà÷åíèÿõ).
Äëÿ ïîëó÷åíèÿ ìèíóòíûõ çíà÷åíèé îðäèíàò H,D,Z-
ñîñòàâëÿþùèõ èñïîëüçóåòñÿ ïðîãðàììà îöèôðîâêè
WFD (Waveform digitizer, v.2.1 b4, àâòîðû À.Áóðöåâ è
Ì.Æèæèí, 2003). ×åòûðå ìàãíèòîëîãà âûïîëíèëè íåçà-
âèñèìóþ îöèôðîâêó ìàãíèòîãðàìì çà íåñêîëüêî ìåñÿöåâ
1995 è 2001 ãã. Ïîëó÷åííûå ìèíóòíûå äàííûå àíàëè-
çèðîâàëèñü: (1) ñðàâíåíèåì ïî êàæäîìó îòäåëüíîìó
îáðàáîò÷èêó íà ïåðåñåêàþùèõñÿ ó÷àñòêàõ ôðàãìåíòîâ
îáðàçîâ ñóòî÷íûõ ìàãíèòîãðàìì (îöåíêà âíóòðåííåé
ïîãðåøíîñòè îáðàáîò÷èêà), (2) ñðàâíåíèåì ðåçóëüòàòîâ
îáðàáîò÷èêîâ ìåæäó ñîáîé (îöåíêà ëè÷íîé ñèñòåìàòè÷å-
ñêîé ïîãðåøíîñòè), (3) ñðàâíåíèåì ñ ÷àñîâûìè äàííûìè,
ïîëó÷åííûìè â 1995 ã. ñòàíäàðòíûì ñïîñîáîì ñ ïîìîùüþ
ïàëåòêè (îöåíêà ñîïîñòàâèìîñòè ðó÷íîé è öèôðîâîé
îáðàáîòêè), (4) ñðàâíåíèåì ñ èìåþùèìèñÿ â 2001 ã.
îòäåëüíûìè äàííûìè öèôðîâîãî ìàãíèòîìåòðà (îöåíêà
êà÷åñòâà ìèíóòíûõ äàííûõ, ïîëó÷åííûõ ïî àíàëîãîâûì
ìàãíèòîãðàììàì).
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Â íàñòîÿùåì äîêëàäå ïðåäñòàâëåíû èòîãîâûå ðåçóëüòà-
òû è äàþòñÿ îöåíêè âîçìîæíîñòè öèôðîâîé îáðàáîòêè
ñòàðûõ àíàëîãîâûõ ìàãíèòîãðàìì äëÿ ðåøåíèÿ çàäà÷
ìàãíèòíûõ îáñåðâàòîðèé. Работа выполнена при под-
держке гранта РНФ 14-11-00194.

2.5 Изменение характеристик
радиотрасс при наклонном

зондировании высокоширотной
ионосферы во время геомагнитных

бурь

Котова Д.С.1,2, Клименко М.В.1,2, Клименко В.В.1,
Захаров В.Е.2

1 Калининградский филиал Института земного
магнетизма, ионосферы и распространения радиоволн

им. Н.В. Пушкова
2 Балтийский федеральный университет имени

Иммануила Канта

Äëÿ îïèñàíèÿ ðàñïðîñòðàíåíèÿ êîðîòêèõ âîëí â èîíî-
ñôåðå â ïðèáëèæåíèè ñëàáî íåîäíîðîäíîé ñðåäû øèðîêî
ïðèìåíÿåòñÿ ïðèáëèæåíèå ãåîìåòðè÷åñêîé îïòèêè. Ïðè
ìîäåëèðîâàíèè ëó÷åâûõ òðàåêòîðèé è ïîãëîùåíèÿ êî-
ðîòêèõ âîëí â òðåõìåðíî íåîäíîðîäíîé àíèçîòðîïíîé
èîíîñôåðíîé ïëàçìå èñïîëüçóåòñÿ ÷èñëåííàÿ ìîäåëü ðàñ-
ïðîñòðàíåíèÿ ðàäèîâîëí ÐÐÂ-2006 (ÁÔÓ èì. È. Êàíòà).
Ñðåäà ðàñïðîñòðàíåíèÿ çàäàåòñÿ ñîãëàñíî ñïðàâî÷íîé
ìîäåëè èîíîñôåðû IRI-2012 è ìîäåëè íåéòðàëüíîé
àòìîñôåðû MSIS-86 èëè Ãëîáàëüíîé Ñàìîñîãëàñîâàííîé
Ìîäåëè Òåðìîñôåðû, Èîíîñôåðû è Ïðîòîíîñôåðû (ÃÑÌ
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ÒÈÏ, ÊÔ ÈÇÌÈÐÀÍ). Èñïîëüçîâàíèå ìîäåëè ÃÑÌ ÒÈÏ
ïîçâîëèëî ó÷åñòü èçìåíåíèå ñðåäû ïðè ïåðåõîäå îò ñïî-
êîéíûõ óñëîâèé ê âîçìóùåííûì âî âðåìÿ ãåîìàãíèòíîé
áóðè. Ðàçðàáîòàííûé êîìïëåêñ ïðèêëàäíûõ ïðîãðàìì,
âêëþ÷àþùèé ÷èñëåííûé àëãîðèòì ïðîâåäåíèÿ âû÷èñ-
ëèòåëüíûõ ýêñïåðèìåíòîâ ñ ðàçëè÷íûìè ìîäåëÿìè
ñðåäû (ýìïèðè÷åñêèìè, àññèìèëÿöèîííûìè è òåîðå-
òè÷åñêèìè) è ðàñïðîñòðàíåíèÿ ðàäèîâîëí, äîïîëíåí
áëîêîì, ïðåäíàçíà÷åííûì äëÿ íàõîæäåíèÿ òðàññ ìåæäó
ôèêñèðîâàííûìè íà ïîâåðõíîñòè Çåìëè òî÷êàìè ïåðå-
äà÷è è ïðèåìà. Ýòî ïîçâîëèëî ïðîâåñòè èññëåäîâàíèå
âëèÿíèÿ ãåîìàãíèòíûõ áóðü íà õàðàêòåðèñòèêè ðåàëüíî
ñóùåñòâóþùèõ âûñîêîøèðîòíûõ ðàäèîòðàññ (âûñîòó
îòðàæåíèÿ, ìàêñèìàëüíî ïðèìåíèìóþ ÷àñòîòó, äëèíó
îïòè÷åñêîãî ïóòè) è ñðàâíèòü èõ ñ ïîëó÷åííûìè äëÿ
ñïîêîéíûõ óñëîâèé.

2.6 Инверсии в шестиструйных моделях
геодинамо

Водинчар Г.М.1,2, Фещенко Л.К.1

1 Институт космофизических исследований и
распространения радиоволн ДВО РАН

2 Камчатский государственный университет имени
Витуса Беринга

Èíâåðñèè ìàãíèòíîãî ïîëÿ ÿâëÿþòñÿ îäíîé èç õàðàê-
òåðíûõ ÷åðò ðåàëüíûõ äèíàìî-ñèñòåì, â òîì ÷èñëå è
ãåîäèíàìî. Â äîêëàäå îáñóæäàþòñÿ ñâîéñòâà ïîñëåäîâà-
òåëüíîñòè èíâåðñèé, âîçíèêàþùèõ â ìîäåëÿõ 6-ñòðóéíîãî
äèíàìî. Â ýòèõ ìîäåëÿõ êðóïíîìàñøòàáíàÿ ñòðóêòóðà
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êîíâåêöèè çàäàåòñÿ 6 êîíâåêòèâíûìè ÿ÷åéêàìè. Â
ïîëüçó òàêîé ñòðóêòóðû èìåþòñÿ êàê äàííûå î íåîä-
íîðîäíîñòè æèäêîãî ÿäðà ïî ðàñùåïëåíèþ ñâîáîäíûõ
êîëåáàíèé Çåìëè, òàê è ðåçóëüòàòû ïðÿìîãî ÷èñëåííîãî
ìîäåëèðîâàíèÿ êîíâåêöèè â ÿäðå. Èññëåäóåòñÿ âëèÿíèå
íà èíâåðñèè ôëóêòóàöèé òåïëîâîãî ïîòîêà èç âíóòðåí-
íåãî ÿäðà.

2.7 Инверсии магнитного поля в модели
𝛼Ω-динамо

Годомская А.Н.1, Водинчар Г.М.2,1,
Шереметьева О.В.2,1

1 Институт космофизических исследований и
распространения радиоволн ДВО РАН

2 Камчатский государственный университет имени
Витуса Беринга

Â ðàáîòå èññëåäóåòñÿ âîïðîñ î âîçìîæíîñòè âîçíèêíîâå-
íèÿ èíâåðñèé â ðàìêàõ ìàëîìîäîâîé ìîäåëè 𝛼Ω-äèíàìî
â ïðåäïîëîæåíèè àêñèàëüíîé ñèììåòðè÷íîñòè ïîëÿ ñêî-
ðîñòè v è ìàãíèòíîãî ïîëÿ B â ñôåðè÷åñêîé îáîëî÷êå
âÿçêîé íåñæèìàåìîé æèäêîñòè (æèäêîå ÿäðî), âðàùàþ-
ùåéñÿ âîêðóã îñè 𝑂𝑧 ñ ïîñòîÿííîé óãëîâîé ñêîðîñòüþ
Ω. Ôèçè÷åñêèå ïàðàìåòðû æèäêîñòè ñ÷èòàþòñÿ íåèçìåí-
íûìè, òóðáóëåíòíîñòü â ÿäðå èçîòðîïíîé è èñïîëüçóåòñÿ
ñêàëÿðíàÿ ïàðàìåòðèçàöèÿ 𝛼-ýôôåêòà â âèäå ôóíêöèè
𝛼(𝑟, 𝜃), ãäå 𝑚𝑎𝑥|𝛼(𝑟, 𝜃)| = 1. Íà ãðàíèöàõ ñôåðè÷åñêîé
îáîëî÷êè ïîëå ñêîðîñòè âÿçêîé æèäêîñòè v ïðèíèìàåò-
ñÿ ðàâíûì íóëþ (ãðàíè÷íûå óñëîâèÿ ïðèëèïàíèÿ). Â òà-
êîì ñëó÷àå ïðîñòðàíñòâåííàÿ ñòðóêòóðà ñðåäíåãî ïîëÿ v
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ïðîñòàÿ è íîñèò õàðàêòåð äèôôåðåíöèàëüíîãî âðàùåíèÿ
â ïîëå âíåøíèõ ñèë ñ ìàññîâîé ïëîòíîñòüþ f𝑜𝑢𝑡, ïîýòîìó
ìîæíî îãðàíè÷èòüñÿ îäíîìîäîâûìè ïðèáëèæåíèÿìè äëÿ
êîìïîíåíò ýòèõ ïîëåé.
Ìàãíèòîãèäðîäèíàìè÷åñêèå (ÌÃÄ) óðàâíåíèÿ, âêëþ-
÷àþùèå óðàâíåíèÿ Íàâüå-Ñòîêñà è èíäóêöèè, óñëîâèå
íåðàçðûâíîñòè, óñëîâèå ñîëåíîèäàëüíîñòè, ãðàíè÷íûå
óñëîâèÿ è ó÷èòûâàþùèå 𝛼-ýôôåêò, ðàññìàòðèâàþòñÿ
â ïðèáëèæåíèè Áóññèíåñêà. Â ðåçóëüòàòå ïðèìåíåíèÿ
ìåòîäà Ãàë¼ðêèíà è îáåçðàçìåðèâàíèÿ ÌÃÄ-óðàâíåíèÿ
ïðåîáðàçóþòñÿ ê ñèñòåìå äèôôåðåíöèàëüíûõ óðàâíåíèé
îòíîñèòåëüíî àìïëèòóä ìîäû Ïóàíêàðå, òîðîèäàëüíîé
è ïîëîèäàëüíîé ìîä ìàãíèòíîãî ïîëÿ. Äëÿ ïîëó÷åííîé
ñèñòåìû îïðåäåëåíû ïàðàìåòðû, ïðè êîòîðûõ âîç-
ìîæíû èíâåðñèè ìàãíèòíîãî ïîëÿ ïðè îòíîñèòåëüíîì
ïîñòîÿíñòâå ïîëÿ ñêîðîñòè âÿçêîé ïðîâîäÿùåé çàìàãíè-
÷åííîé æèäêîñòè. Îáñóæäàþòñÿ ðåçóëüòàòû ÷èñëåííîãî
ðåøåíèÿ ñèñòåìû â ïðåäïîëîæåíèè ðàçëè÷íîãî âèäà
çàâèñèñìîñòåé àìïëèòóäû 𝛼-ýôôåêòà îò ðàäèóñà.

2.8 Исследование возможностей
нейросетевого прогнозирования

состояния внешнего РПЗ по данным
космических экспериментов

Мягкова И.Н., Доленко С.А., Широкий В.Р.

НИИЯФ МГУ, Москва, Россия

Â ðàáîòå èññëåäóþòñÿ ðåçóëüòàòû ïðîãíîçèðîâàíèÿ
ñ ïîìîùüþ èñêóññòâåííûõ íåéðîííûõ ñåòåé ( ÈÍÑ)
ñ ðàçíûìè ãîðèçîíòàìè ïðîãíîçà äëÿ ãåîìàãíèòíûõ
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èíäåêñîâ Dst è Êð, à òàêæå äëÿ ïîòîêà ðåëÿòèâèñòñêèõ
ýëåêòðîíîâ âíåøíåãî ðàäèàöèîííîãî ïîÿñà Çåìëè ñ
ýíåðãèåé >2 ÌýÂ, êîòîðûå õàðàêòåðèçóþò ñîñòîÿíèå
çåìíîé ìàãíèòîñôåðû. Ïðîãíîçû âûïîëíåíû íà îñíîâå
ìíîãîìåðíûõ âðåìåííûõ ðÿäîâ, âêëþ÷àþùèõ â ñåáÿ
çíà÷åíèÿ ïðîãíîçèðóåìûõ èíäåêñîâ è ïîòîêîâ ýëåêòðî-
íîâ, à òàêæå äàííûå î ïàðàìåòðàõ ñîëíå÷íîãî âåòðà è
ìåæïëàíåòíîãî ìàãíèòíîãî ïîëÿ, çà ïîñëåäíèå ñóòêè ñ
ðàçðåøåíèåì â îäèí ÷àñ

2.9 Нейросетевая система по оценке
возмущенности геомагнитного поля

Мандрикова О.В., Жижикина Е.А.

Институт космофизических исследований и
распространения радиоволн ДВО РАН

Â äîêëàäå ïðåäñòàâëåíà ðàçðàáîòàííàÿ àâòîðàìè ïðî-
ãðàììíàÿ ñèñòåìà ïî îöåíêå ñòåïåíè âîçìóùåííîñòè
ãåîìàãíèòíîãî ïîëÿ. Ñèñòåìà â àâòîìàòè÷åñêîì ðåæèìå
âûïîëíÿåò êëàññèôèêàöèþ ðåãèñòðèðóåìûõ ãåîìàãíèò-
íûõ äàííûõ (èñïîëüçóþòñÿ Í-êîìïîíåíòû ãåîìàãíèòíîãî
ïîëÿ) è îïðåäåëÿåò ñîñòîÿíèå ãåîìàãíèòíîãî ïîëÿ çà
òåêóùèå ñóòêè. Îñíîâó ñèñòåìû ñîñòàâëÿåò êîëëåêòèâ
íåéðîííûõ ñåòåé, âõîäíûìè îáðàçàìè êîòîðûõ ÿâëÿþòñÿ
êîìïîíåíòû âàðèàöèé ïîëÿ. Ðåçóëüòàòû àïðîáàöèè
ñèñòåìû (èñïîëüçîâàëèñü äàííûå ñòàíöèè ¾Ïàðàòóíêà¿,
ñ. Ïàðàòóíêà, Êàì÷àòñêèé êðàé, ðåãèñòðàöèþ äàííûõ
âûïîëíÿåò ÈÊÈÐ ÄÂÎ ÐÀÍ) ïîêàçàëè ïåðñïåêòèâíîñòü
å¼ ïðèìåíåíèÿ â çàäà÷àõ îöåíêè è ïðîãíîçà êîñìè÷åñêîé
ïîãîäû. Ñèñòåìà ïîçâîëÿåò âûäåëÿòü ñëàáûå âîçìó-
ùåíèÿ ãåîìàãíèòíîãî ïîëÿ, êîòîðûå ìîãóò âîçíèêàòü
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íàêàíóíå ñèëüíûõ ìàãíèòíûõ áóðü.

2.10 О возможности определения
водности капельных облаков по

поляризационным характеристикам
лидарного сигнала двукратного

рассеяния

Ни Е.В., Брюханова В.В., Дорошкевич А.А.

Национальный исследовательский Томский
государственный университет

Áîëüøîé âêëàä â ðàäèàöèîííûé áàëàíñ Çåìëè âíîñÿò îá-
ëàêà. Îïòè÷åñêèå æå ñâîéñòâà îáëàêîâ îïðåäåëÿþòñÿ èõ
ìèêðîñòðóêòóðîé (ôàçîâûì ñîñòàâîì, ôîðìîé è ðàçìåðà-
ìè ÷àñòèö). Ïîýòîìó çàäà÷à ïîëó÷åíèÿ îïåðàòèâíûõ äàí-
íûõ î ïàðàìåòðàõ ìèêðîñòðóêòóðû îáëà÷íûõ îáðàçîâà-
íèé ÿâëÿåòñÿ âàæíîé äëÿ ïðîãíîçèðîâàíèÿ èçìåíåíèÿ ïî-
ãîäû è êëèìàòà íà Çåìëå. Íà äàííûé ìîìåíò äëÿ îïðåäå-
ëåíèÿ ìèêðîñòðóêòóðû äèñïåðñíûõ ñðåä øèðîêî èñïîëü-
çóþòñÿ îïòè÷åñêèå ìåòîäû. Ïðåèìóùåñòâà ýòèõ ìåòîäîâ
çàêëþ÷àþòñÿ â ìàëîé äëèòåëüíîñòè ïðîâåäåíèÿ ýêñïåðè-
ìåíòà, âûñîêîì ïðîñòðàíñòâåííîì ðàçðåøåíèè è ïðîâå-
äåíèè ýêñïåðèìåíòîâ áåç âíåñåíèé èçìåíåíèé â èññëåäó-
åìûé îáúåêò. ×àùå âñåãî èíòåðïðåòàöèÿ ëèäàðíûõ äàí-
íûõ îñóùåñòâëÿåòñÿ â ïðèáëèæåíèè îäíîêðàòíîãî ðàññå-
ÿíèÿ, à âêëàäîì ìíîãîêðàòíîãî ðàññåÿíèÿ ïðåíåáðåãàþò
â ñèëó ñëîæíîñòè åãî îïèñàíèÿ. Òàêîé ïîäõîä îïðàâäàí
ïðè çîíäèðîâàíèè îáðàçîâàíèé ìàëîé îïòè÷åñêîé ïëîò-
íîñòè. Çîíäèðîâàíèå æå îáëàêîâ, ïëîòíûõ äûìîê è ò.ï.
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òðåáóåò ó÷åòà âêëàäà ìíîãîêðàòíîãî ðàññåÿíèÿ â ëèäàð-
íûé ñèãíàë, ÷òî ïðåäñòàâëÿåò ñîáîé âåñüìà íåïðîñòóþ çà-
äà÷ó. Âî ìíîãèõ ïðàêòè÷åñêè çíà÷èìûõ ñëó÷àÿõ ëèäàð-
íûé ñèãíàë ñ äîñòàòî÷íîé òî÷íîñòüþ ìîæíî îïèñàòü â
ïðèáëèæåíèè äâóêðàòíîãî ðàññåÿíèÿ.
Â äîêëàäå îáñóæäàþòñÿ ðåçóëüòàòû èññëåäîâàíèÿ âëèÿ-
íèÿ óãëà ïîëÿ çðåíèÿ ïðèåìíîé ñèñòåìû ëèäàðà è âîä-
íîñòè îáëàêîâ íà ïîëÿðèçàöèîííûå õàðàêòåðèñòèêè ëè-
äàðíîãî ñèãíàëà äâóêðàòíîãî ðàññåÿíèÿ. Äëÿ ðàñ÷åòà èñ-
ïîëüçîâàëèñü ìîäåëè êàïåëüíûõ îáëàêîâ, õàðàêòåðíûõ
äëÿ Êàì÷àòñêîãî ðåãèîíà.

2.11 О динамике электропроводности
геологической среды в зоне
субдукции на Камчатке

Мороз Ю.Ф.1, Смирнов С.Э.2

1 Институт вулканологии и сейсмологии ДВО РАН
2 Институт космофизических исследований и

распространения радиоволн ДВО РАН

Ðàññìîòðåíû âðåìåííûå ðÿäû ýëåêòðîïðîâîäíîñòè ëèòî-
ñôåðû ïî äàííûì ìîíèòîðèíãà ýëåêòðîìàãíèòíîãî ïîëÿ
Çåìëè ñ 2001 ïî 2014 ãã. â ïóíêòàõ Âåðõíÿÿ Ïàðàòóíêà,
Òóíäðîâûé è Øèïóíñêèé, ðàñïîëîæåííûõ íà ïîáåðåæüå
Àâà÷èíñêîãî çàëèâà Êàì÷àòêè, ãäå ïî äîëãîñðî÷íîìó
ïðîãíîçó îæèäàåòñÿ êàòàñòðîôè÷åñêîå çåìëåòðÿñåíèå.
Â ïîâåäåíèè âðåìåííûõ ðÿäîâ ñðåäíåãîäîâûõ çíà÷åíèé
ýëåêòðîïðîâîäíîñòè ëèòîñôåðû âûðàæåíû èçìåíåíèÿ
â íàïðàâëåíèÿõ ïî ïðîñòèðàíèþ è âêðåñò ïðîñòèðàíèÿ
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ñåéñìîôîêàëüíîé çîíû. Â áîëüøåé ìåðå îíè ïðîÿâèëèñü
â ï. Øèïóíñêèé. Íå èñêëþ÷åíî, ÷òî ýòè èçìåíåíèÿ ìîãó
áûòü îáóñëîâëåíû ïîäãîòîâêîé ñèëüíîãî Æóïàíîâñêîãî
çåìëåòðÿñåíèÿ ñ 𝑀𝑤 = 7, 1 (30.01.2016). Âûÿâëåííûå
èçìåíåíèÿ ýëåêòðîïðîâîäíîñòè ëèòîñôåðû ñâÿçûâàþòñÿ
ñ âëèÿíèåì ïðîâîäèìîñòè ãëóáèííûõ ðàçëîìîâ íà ï-îâå
Øèïóíñêèé, êîòîðàÿ, ïî-âèäèìîìó, ìåíÿåòñÿ èç-çà íàëè-
÷èÿ ìèíåðàëèçîâàííûõ ðàñòâîðîâ â ðàçëîìàõ ïðè ñæàòèè
è ðàñòÿæåíèè çåìíîé êîðû ïðè ãåîäèíàìè÷åñêèõ ïðî-
öåññàõ â çîíå ñóáäóêöèè. Èçìåíåíèÿ ýëåêòðîïðîâîäíîñòè
ëèòîñôåðû èç-çà âëèÿíèÿ ïðîâîäèìîñòè ãëóáèííûõ ðàç-
ëîìîâ ïîäòâåðæäåíû äàííûìè ÷èñëåííîãî òð¼õìåðíîãî
ìîäåëèðîâàíèÿ. ìàãíèòîòåëëóðè÷åñêîãî ïîëÿ.
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2.12 Оверхаузеровский компонентный
магнитометр POS-4: результаты

непрерывных измерений в
2015-2016 гг. на Геофизической

обсерватории ”Паратунка” ИКИР
ДВО РАН, Камчатка

Хомутов С.Ю.1, Сапунов В.А.2, Денисов А.Ю.2,
Савельев Д.В.2, Бабаханов И.Ю.1

1 Институт космофизических исследований и
распространения радиоволн ДВО РАН, Камчатка,

Россия
2 Уральский федеральный университет, Лаборатория
квантовой магнитометрии, г.Екатеринбург, Россия

Êîìïîíåíòíûé ìàãíèòîìåòð POS-4, îáåñïå÷èâàþùèé
èçìåðåíèÿ ñîñòàâëÿþùèõ ïîëíîãî âåêòîðà ìàãíèòíîé
èíäóêöèè â êâàçè-àáñîëþòíîì ïðèáëèæåíèè, ÿâëÿåò-
ñÿ íîâîé ðàçðàáîòêîé Ëàáîðàòîðèè êâàíòîâîé ìàãíè-
òîìåòðèè QMLab Óðàëüñêîãî ôåäåðàëüíîãî óíèâåðñè-
òåòà (ã.Åêàòåðèíáóðã, www.magnetometer.ru). Ìàãíèòî-
ìåòð âêëþ÷àåò îâåðõàóçåðîâñêèé ïåðâè÷íûé ïðåîáðàçî-
âàòåëü POS-1 è òèòàíîâûå ìàãíèòíûå ñèñòåìû, ñîçäà-
þùèå äîïîëíèòåëüíûå îäíîðîäíûå êîììóòèðóåìûå ìàã-
íèòíûå ïîëÿ â âåðòèêàëüíîì è ãîðèçîíòàëüíîì íàïðàâ-
ëåíèÿõ.
Ìàãíèòîìåòð POS-4 óñòàíîâëåí íà Ãåîôèçè÷åñêîé îáñåð-
âàòîðèè "Ïàðàòóíêà"(PET) ÈÊÈÐ ÄÂÎ ÐÀÍ, Êàì÷àò-
êà, Ðîññèÿ, â íà÷àëå 2015 ã. Äëÿ óñòàíîâêè áûë ïîñòðî-
åí îòäåëüíûé íåáîëüøîé íåìàãíèòíûé ïàâèëüîí ñ ïàñ-
ñèâíîé òåðìîñòàáèëèçàöèåé è ïîñòàìåíòîì èç ñòåêëîáëî-
êîâ. Òåìïåðàòóðà â ïàâèëüîíå êîíòðîëèðóåòñÿ ñ ïîìîùüþ
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öèôðîâûõ òåðìîäàò÷èêîâ íà òðåõ âûñîòíûõ óðîâíÿõ.
Ðåãóëÿðíûå íåïðåðûâíûå èçìåðåíèÿ áûëè íà÷àòû â àï-
ðåëå 2015 ã., ïîñëå çàâåðøåíèÿ îñíîâíûõ íàñòðîåê è âû-
áîðà îïòèìàëüíûõ ðåæèìîâ ðàáîòû ïðèáîðà. Â äàëüíåé-
øåì ìàãíèòîìåòð ðàáîòàë ïðàêòè÷åñêè àâòîíîìíî, ñ ìè-
íèìàëüíûì âìåøàòåëüñòâîì òîëüêî ïðè íåîáõîäèìîñòè
ïðîâåäåíèÿ òåõíîëîãè÷åñêèõ ïðîöåäóð. Êîëå÷íàÿ ñèñòå-
ìà, ñîçäàþùàÿ ãîðèçîíòàëüíîå äîïîëíèòåëüíîå ìàãíèò-
íîå ïîëå, áûëà îðèåíòèðîâàíà äëÿ èçìåðåíèÿ âîñòî÷íîé
(Y) ñîñòàâëÿþùåé âåêòîðà ìàãíèòíîé èíäóêöèè. Ïåðèî-
äè÷íîñòü èçìåðåíèé âñåõ êîìïîíåíò - 5 ñ. Îáðàáîòêà äàí-
íûõ POS-4 âûïîëíÿëàñü ïî ñòàíäàðòíîé ìåòîäèêå, ïðè-
íÿòîé äëÿ îñòàëüíûõ ìàãíèòîìåòðîâ îáñåðâàòîðèè, â ò.÷.
âûïîëíÿëñÿ êîíòðîëü äîëãîâðåìåííîé (ìåæäóñóòî÷íîé)
ñòàáèëüíîñòè ñðàâíåíèåì ñ ðåçóëüòàòàìè àáñîëþòíûõ íà-
áëþäåíèé, êîððåêòíîñòü áîëåå áûñòðûõ âàðèàöèé îöåíè-
âàëàñü ïî äàííûì äðóãèõ âàðèàöèîííûõ êîìïîíåíòíûõ
ìàãíèòîìåòðîâ (ôåððîçîíäîâîãî FGE-DTU è îâåðõàóçå-
ðîâñêîãî dIdD GSM-19FD).
Â äîêëàäå ïðåäñòàâëåíû ñâîäíûå ðåçóëüòàòû àíàëèçà
èçìåðåíèé, âûïîëíåííûõ ñ ïîìîùüþ POS-4 çà ïîëòî-
ðà ãîäà, ñäåëàíû îöåíêè äîëãîâðåìåííîé ñòàáèëüíîñòè,
â ò.÷. ðàññìîòðåíû âîçìîæíûå çàâèñèìîñòè ïðèáîðà îò
òàêèõ ôàêòîðîâ êàê íåóñòîé÷èâîñòü ïîñòàìåíòà, èçìåíå-
íèÿ òåìïåðàòóðû, ñáîè ýëåêòðîïèòàíèÿ, ýëåêòðîìàãíèò-
íûå ïîìåõè, íåñòàáèëüíîñòü âíóòðåííåãî òàéìåðà è äð.
Ïî ðåçóëüòàòàì ðåàëüíûõ èçìåðåíèé â óñëîâèÿõ îáñåð-
âàòîðèè âíåñåíû íåêîòîðûå èçìåíåíèÿ â êîíñòðóêöèþ è
ñõåìîòåõíèêó ïðèáîðà. Работа выполнена при поддерж-
ке гранта РНФ 14-11-00194.
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2.13 Особенности геодеформационных
измерений приповерхностных

осадочных пород

Ларионов И.А., Непомнящий Ю.А.

Институт космофизических исследований и
распространения радиоволн Дальневосточного

отделения Российской академии наук

Èçëàãàþòñÿ ðåçóëüòàòû èññëåäîâàíèé äåôîðìàöèîííîãî
ïðîöåññà â ïðèïîâåðõíîñòíûõ îñàäî÷íûõ ïîðîäàõ, êî-
òîðûå, íà÷èíàÿ ñ 2007 ã. ïðîâîäÿòñÿ â ñåéñìîàêòèâíîì
ðåãèîíå íà ïîëóîñòðîâå Êàì÷àòêà. Îñîáåííîñòüþ ýêñïå-
ðèìåíòîâ ÿâëÿåòñÿ èñïîëüçîâàíèå äëÿ ðåãèñòðàöèè ãåîäå-
ôîðìàöèé ëàçåðíîãî äåôîðìîãðàôà-èíòåðôåðîìåòðà,
ñîáðàííîãî ïî ñõåìå èíòåðôåðîìåòðà Ìàéêåëüñîíà.
Ïîêàçàíî, ÷òî â ãåîäåôîðìàöèîííîì ïðîöåññå â ïóíêòå
íàáëþäåíèé âûäåëÿþòñÿ ïåðèîäû ïðåèìóùåñòâåííîãî
ñæàòèÿ èëè ðàñòÿæåíèÿ ïîðîä ïðîäîëæèòåëüíîñòüþ
íåñêîëüêî ìåñÿöåâ.
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2.14 Первые результаты наблюдения
атмосферного электрического поля
с помощью электрометра CS110 на

обсерватории ”Паратунка”,
Камчатка

Бабаханов И.Ю., Бутин С.В., Смирнов С.Э.,
Хомутов С.Ю.

Институт космофизических исследований и
распространения радиоволн, с.Паратунка, Камчатка,

Россия

Àòìîñôåðíîå ýëåêòðè÷åñêîå ïîëå ÿâëÿåòñÿ îáúåêòîì èí-
òåíñèâíûõ íàó÷íûõ èññëåäîâàíèé. Ýêñïåðèìåíòàëüíóþ
îñíîâó äëÿ òàêèõ èññëåäîâàíèé îáåñïå÷èâàþò ìîíèòî-
ðèíãîâûå èçìåðåíèÿ ÀÝÏ íà îáñåðâàòîðèÿõ, à òàêæå
ñïåöèàëüíûå èçìåðåíèÿ íà âðåìåííûõ ñòàíöèÿõ.
Íà Ãåîôèçè÷åñêîé îáñåðâàòîðèè �Ïàðàòóíêà� ÈÊÈÐ
ÄÂÎ ÐÀÍ ðåãóëÿðíûå íàáëþäåíèÿ çà ÀÝÏ âåäóòñÿ ñ
1996 ãîäà. Â êà÷åñòâå èçìåðèòåëÿ èñïîëüçóåòñÿ øèðîêî
ðàñïðîñòðàíåííûé äàò÷èê íàïðÿæåííîñòè ýëåêòðè÷å-
ñêîãî ïîëÿ (ýëåêòðîìåòð) �Ïîëå-2�, îáåñïå÷èâàþùèé
ïîëó÷åíèå äîñòîâåðíûõ è êà÷åñòâåííûõ ðåçóëüòàòîâ.
Îäíàêî, ýòîò ïðèáîð ÿâëÿåòñÿ óñòàðåâøèì, êàê êîí-
ñòðóêòèâíî (ïî ýëåìåíòíîé áàçå è ñõåìîòåõíèêå), òàê
è ôèçè÷åñêè, èç-çà èçíîñà ìåõàíè÷åñêèõ óçëîâ. Â
ñâÿçè ñ ýòèì, â 2015 ã. ÈÊÈÐ ïðèîáðåë ñîâðåìåííûé
öèôðîâîé ýëåêòðîìåòð CS110 (Campbell Scienti�c, Inc.,
ÑØÀ), èçìåðåíèÿ êîòîðîãî âûïîëíÿþòñÿ íà òîì æå
ìåòîäè÷åñêîì ïðèíöèïå, ÷òî è â äàò÷èêå "Ïîëå-2":
ìîäóëÿöèÿ ýëåêòðîñòàòè÷åñêîãî ïîëÿ äâèæóùåéñÿ ïëà-
ñòèíîé. Îäíàêî â îòëè÷èå îò "Ïîëÿ-2"ñ âðàùàþùåéñÿ
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ñ áîëüøîé ñêîðîñòüþ ïëàñòèíû, â CS110 èñïîëüçóåòñÿ
ìîäóëèðóþùàÿ ïëàñòèíà ñ âîçâðàòíî-ïîñòóïàòåëüíûì
äâèæåíèåì. Êðîìå òîãî, èçìåðèòåëüíûé ýëåìåíò CS110
îðèåíòèðîâàí âíèç, ÷òî ïðåäîõðàíÿåò åãî îò íàêîï-
ëåíèÿ ñíåãà, ñîçäàþùåãî ïðîáëåìû äëÿ �Ïîëÿ-2� âî
âðåìÿ ñèëüíûõ ñíåãîïàäîâ. ×óâñòâèòåëüíîñòü CS110 â
äèàïàçîíå îò -2200 äî +2200 Â/ì ñîñòàâëÿåò 0.32 Â/ì,
ñðåäíåêâàäðàòè÷åñêîå çíà÷åíèå øóìà 0.42 Â/ì. Ïåðå-
äà÷à äàííûõ â êîìïüþòåð ïðîèñõîäèò ïî êàíàëó WiFi,
ñèíõðîíèçàöèÿ âíóòðåííåãî òàéìåðà ïî PPS-ñèãíàëó
âñòðîåííîãî ïðèåìíèêà GPS, âûïîëíÿåòñÿ êîíòðîëü (è
ðåãèñòðàöèÿ) òîêà óòå÷êè, òåìïåðàòóðû è âëàæíîñòè
äàò÷èêà CS110, áóôåðíàÿ ïàìÿòü è ïèòàíèå îò áàòàðåè
îáåñïå÷èâàþò àâòîíîìíûå èçìåðåíèÿ â òå÷åíèå 7 ñóò.
Êðîìå òîãî, ýëåêòðîìåòð CS110 îñíàùåí âíåøíèìè ìå-
òåîðîëîãè÷åñêèìè äàò÷èêàìè: òåìïåðàòóðû, âëàæíîñòè
è îñàäêîâ.
Ýëåêòðîìåòð CS110 áûë óñòàíîâëåí íà ÃÔÎ �Ïàðàòóíêà�
â íîÿáðå 2015 ã., ìåñòî óñòàíîâêè - ïëîñêàÿ êðûøà òåõ-
íè÷åñêîãî ïàâèëüîíà, ðàçìåð ïðèìåðíî 6õ6 ì, ïîêðûòèå
áèòóìíîå. Äàò÷èê ýëåêòðîìåòðà, áîêñ äëÿ ýëåêòðîíèêè,
GPS-àíòåííà è âíåøíèå ìåòåîäàò÷èêè áûëè çàêðåïëåíû
íà ìåòàëëè÷åñêîé îïîðå íà âûñîòå îêîëî 1.5 ì. Äëÿ ñáîðà
äàííûõ èñïîëüçóåòñÿ øòàòíîå ïðîãðàììíîå îáåñïå÷åíèå
LoggerNet, ÷àñòîòà èçìåðåíèé 1 Ãö.
Â äîêëàäå ïðåäñòàâëåíû ðåçóëüòàòû ìíîãîìåñÿ÷íûõ
èçìåðåíèé âåðòèêàëüíîãî ãðàäèåíòà ïîòåíöèàëà Ez
ñ ïîìîùüþ ýëåêòðîìåðà CS110. Ñäåëàíî ñðàâíåíèå ñ
äàííûìè ýëåêòðîìåòðà �Ïîëå-2�, âûïîëíåíû îöåíêè íà-
äåæíîñòè è ýôôåêòèâíîñòè íîâîãî ïðèáîðà â ðàçëè÷íûõ
óñëîâèÿõ ýêñïëóàòàöèè: ïðè îáèëüíûõ îñàäêàõ, â ò.÷.
âî âðåìÿ ñíåãîïàäîâ, ïðè âûñîêîì óðîâíå ñíåæíîãî
ïîêðîâà, ïðè îòêëþ÷åíèÿõ ýëåêòðîýíåðãèè è ò.ï. Работа
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выполнена при поддержке гранта РНФ 14-11-00194.

2.15 Сверхзвуковые магнитные полюсы

Семаков Н.Н.1,2

1 магнитная обсерватория ”Новосибирск”
2 Новосибирский государственный университет

Çäåñü äîëæíû áûòü òåçèñû
Ñêîðîñòü ïåðåìåùåíèÿ ìàãíèòíûõ ïîëþñîâ â 2015 ãîäó,
âû÷èñëåííàÿ ïî ñðåäíåñóòî÷íûì çíà÷åíèÿì ñêëîíåíèÿ
è íàêëîíåíèÿ â îáñåðâàòîðèè Íîâîñèáèðñê (500 êì/ãîä)
íà 2 ïîðÿäêà âûøå ñêîðîñòè, ïîñ÷èòàííîé ïî ñðåäíåãî-
äîâûì çíà÷åíèÿì (îêîëî 5 êì/ãîä), íî è òå, è äðóãèå
íå èäóò íè â êàêîå ñðàâíåíèå ñî ñêîðîñòÿìè, âû÷èñëåí-
íûì ïî ìèíóòíûì è ñåêóíäíûì çíà÷åíèÿì ñêëîíåíèÿ
è íàêëîíåíèÿ (ñîïîñòàâèìûìè â ñïîêîéíîå âðåìÿ ñî
ñêîðîñòüþ ïåøåõîäà, à â âîçìóùåííîå - àâòîìîáèëÿ è
ñàìîëåòà). Íî èìåííî ñ òàêèìè îãðîìíûìè ñêîðîñòÿìè
èçìåíåíèÿ ìàãíèòíûõ õàðàêòåðèñòèê (ïðåîáðàçîâàííû-
ìè äëÿ íàãëÿäíîñòè â êîîðäèíàòû ÂÌÏ) ìàãíèòîëîãè
èìåþò äåëî â ñâîåé åæåäíåâíîé ðàáîòå, â òîì ÷èñëå ïðè
óñòàíîâëåíèè êîîðäèíàò ñåâåðíîãî è þæíîãî èñòèííûõ
ìàãíèòíûõ ïîëþñîâ.
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2.16 Сейсмическая и вулканическая
активность как проявления единого

волнового геодинамического
процесса

Долгая А.А.1,2, Викулин А.В.1, Герус А.И.1,3

1 Институт вулканологии и сейсмологии ДВО РАН
2 Камчатский государственный технический

университет
3 Камчатский государственный университет им. В.

Беринга

Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèé, ïðîâî-
äèìûõ àâòîðàìè íà îñíîâàíèè äàííûõ î ñèëüíûõ çåìëå-
òðÿñåíèÿõ è èçâåðæåíèÿõ âóëêàíîâ, ïðîèçîøåäøèõ â ïðå-
äåëàõ íàèáîëåå ãåîäèíàìè÷åñêè àêòèâíûõ ðåãèîíîâ ïëà-
íåòû. Ñ ïîìîùüþ ðàçðàáîòàííûõ àâòîðàìè ìåòîäîâ áû-
ëî óñòàíîâëåíî, ÷òî ñåéñìè÷íîñòü è âóëêàíèçì îáëàäàþò
ñâîéñòâàìè öèêëè÷íîñòè (êâàçèïåðèîäè÷íîñòè) ñ îáùèì
ïåðèîäîì 𝑇0 ≈ 250 ëåò è ìèãðàöèè. Ïðè ýòîì ñêîðîñòè
ìèãðàöèè îïðåäåëåííûì îáðàçîì çàâèñÿò îò ýíåðãåòè÷å-
ñêîé õàðàêòåðèñòèêè ïðîöåññà (ìàãíèòóäû äëÿ çåìëåòðÿ-
ñåíèé è èíäåêñà ýêñïëîçèâíîñòè äëÿ èçâåðæåíèé âóëêà-
íîâ). Êîýôôèöèåíòû íàêëîíà çàâèñèìîñòåé õàðàêòåðè-
çóþòñÿ ïàðàìåòðîì p, çíà÷åíèÿ êîòîðîãî ïîëîæèòåëüíû
äëÿ îáëàñòåé ñæàòèÿ è îòðèöàòåëüíû äëÿ îáëàñòåé ðàñòÿ-
æåíèÿ. Àíàëèç ïîëó÷åííûõ äàííûõ ïîêàçàë, ÷òî p ÿâëÿ-
åòñÿ âåêòîðíîé ñîõðàíÿþùåéñÿ âåëè÷èíîé, êîòîðóþ ìîæ-
íî ðàññìàòðèâàòü êàê àíàëîã ìîìåíòà èìïóëüñà ãåîäèíà-
ìè÷åñêîãî ïðîöåññà.
Â ðàìêàõ ðîòàöèîííîé ìîäåëè äëÿ îïèñàíèÿ äâèæåíèÿ
öåïî÷êè áëîêîâ è ãåîäèíàìè÷åñêèõ ñâîéñòâ ãåîñðåäû èñ-
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ïîëüçóåòñÿ óðàâíåíèå ñèíóñ-Ãîðäîíà è îäíî èç åãî ðå-
øåíèé â âèäå óåäèíåííîé âîëíû - ñîëèòîíà. Òàêîå ðå-
øåíèå ôèçè÷åñêè ïîíÿòíûì ñïîñîáîì çàâèñèò îò ìîäó-
ëÿ èìïóëüñà. Íàïðàâëåíèå (çíàê) èìïóëüñà ñîîòâåòñòâó-
åò ãåîäèíàìè÷åñêèì ñîñòîÿíèÿì â ïîÿñàõ: ñæàòèþ (ïîëî-
æèòåëüíûé) è ðàñòÿæåíèþ (îòðèöàòåëüíûé). Ýòî ïîçâî-
ëÿåò â ðàìêàõ ôèçè÷åñêèõ ïðåäñòàâëåíèé ìîäåëèðîâàòü
ìèãðàöèþ ñåéñìè÷åñêîé è âóëêàíè÷åñêîé àêòèâíîñòè êàê
êîðïóñêóëÿðíî-âîëíîâîé ïðîöåññ ñî ñâîéñòâàìè áëèçêî-
è äàëüíîäåéñòâèÿ è â ðàìêàõ òàêîé ìîäåëè ðàññìàòðè-
âàòü ñåéñìè÷íîñòü è âóëêàíèçì êàê ïðîÿâëåíèÿ åäèíîãî
âîëíîâîãî ãåîäèíàìè÷åñêîãî ïðîöåññà.

2.17 Сейсмо-деформационный и
акустический мониторинг
геодинамических процессов
высокочувствительными

пространственно разнесенными
приборами в сейсмоэнергоактивной

и асейсмической зонах

Александров Д.В.1, Дубров М.Н.1, Кравцов В.В.1,
Ларионов И.А.2, Марапулец Ю. В.2, Шевцов Б.М.2

1 ФИРЭ им.В.А. Котельникова РАН
2 ИКИР ДВО РАН

Ïðèâîäÿòñÿ ðåçóëüòàòû íàáëþäåíèé øèðîêîïîëîñíûõ
ãåîôèçè÷åñêèõ ïðîöåññîâ (àêóñòè÷åñêèõ, ñåéñìè÷åñêèõ,
äåôîðìàöèîííî-áàðè÷åñêèõ), ïîëó÷åííûå ñ ïîìîùüþ
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ëàçåðíûõ èíòåðôåðîìåòðîâ äåôîðìîãðàôîâ, ðàç-
ðàáîòàííûõ â ÈÐÝ èì. Â.À. Êîòåëüíèêîâà ÐÀÍ è
êîìïëåêñîì ãåîàêóñòè÷åñêîé àïïàðàòóðû, ðàçðàáîòàííîé
â ÈÊÈÐ ÄÂÎ ÐÀÍ. Ñåéñìè÷åñêèå è äåôîðìàöèîííî-
áàðè÷åñêèå èçìåðåíèÿ â ñåéñìîýíåðãîàêòèâíîé çîíå
(Êàì÷àòñêàÿ îáë., ñ. Ïàðàòóíêà) âûïîëíÿëèñü ëàçåðíûì
èíòåðôåðîìåòðîì-äåôîðìîãðàôîì íàçåìíîãî òèïà, ïî-
ñòðîåííûì ïî òðåõçåðêàëüíîé ñõåìå ñ èçìåðèòåëüíûì
ïëå÷îì äëèíîé 32 ì. Äëÿ íàáëþäåíèé â àñåéñìè÷åñêîé
çîíå (Ïîäìîñêîâüå) èñïîëüçîâàëèñü ëàçåðíûå èíòåðôå-
ðîìåòðû ñ äëèíîé ïëå÷à îò 10 ì äî 400 ì íà ïîäçåìíîé
ëó÷åâîäíîé ëèíèè âî Ôðÿçèíî è äëèíîé îò 5 ì äî 90
ì â ãåîôèçè÷åñêîé øòîëüíå â Îáíèíñêå. Èçìåðåíèÿ
ïðîâîäèëèñü ñ ïîìîùüþ èíñòðóìåíòîâ, ïîñòðîåííûõ
êàê ïî ñõåìå íåðàâíîïëå÷åãî, òàê è ïî ñõåìå ðàâíîïëå-
÷åãî (ñèììåòðè÷íîãî) èíòåðôåðîìåòðîâ Ìàéêåëüñîíà.
Ïðèâîäèòñÿ îïèñàíèå è ïàðàìåòðû ãåîàêóñòè÷åñêîé
àïïàðàòóðû ÈÊÈÐ äëÿ èçó÷åíèÿ ãåîàêóñòè÷åñêîé ýìèñ-
ñèè íà ðàçëè÷íûõ ñòàäèÿõ ïîäãîòîâêè çåìëåòðÿñåíèé.
Äåìîíñòðèðóþòñÿ ïðèìåðû ñèíõðîííîé ðåãèñòðàöèè
ñåéñìîàêóñòè÷åñêèõ è äåôîðìàöèîííî-áàðè÷åñêèõ ïðî-
öåññîâ íà Êàì÷àòêå è â Ïîäìîñêîâüå, à òàêæå ðåçóëüòàòû
ïàðàëëåëüíîãî àíàëèçà ïîëó÷åííûõ äàííûõ. Ïðîâåäåí-
íûå èññëåäîâàíèÿ ïîêàçûâàþò âîçìîæíîñòü ïðèìåíåíèÿ
ðàçðàáîòàííûõ ìåòîäîâ äëÿ âûäåëåíèÿ ãëîáàëüíûõ
ãåîôèçè÷åñêèõ ýôôåêòîâ, ñâÿçàííûõ ñ ïîäãîòîâêîé
ñèëüíûõ çåìëåòðÿñåíèé M>7, ïðîõîæäåíèåì ìîùíûõ
òðîïè÷åñêèõ óðàãàíîâ, òàéôóíîâ, öóíàìè, è êðóïíîìàñ-
øòàáíûõ ÿâëåíèé â îêîëîçåìíîì ïðîñòðàíñòâå.
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2.18 Тест Пенлеве одной системы
гидродинамического типа

Водинчар Г.М., Нощенко Д.С., Пережогин А.С.

Институт космофизических исследований и
распространения радиоволн ДВО РАН

Â ðàáîòå ïîëó÷åíû óñëîâèÿ ïðîõîæäåíèÿ òåñòà Ïåíëåâå
äëÿ ñèñòåìû îáûêíîâåííûõ äèôôåðåöèàëüíûõ óðàâíå-
íèé, êîòîðàÿ ïîëó÷åíà èç ñèñòåìû ãèäðîäèíàìè÷åñêîãî
òèïà.

2.19 Численная оценка параметров
сейсмического процесса в

ротационной модели блоковой
геосреды

Герус А.И.1,2, Викулин А.В.1

1 ИВиС ДВО РАН
2 КамГУ им. Витуса Беринга

Äëÿ áëîêîâîé ãåîñðåäû íà ïðèìåðå ñåéñìè÷åñêîãî ïðî-
öåññà â ïðåäåëàõ îêðàèíû Òèõîãî îêåàíà ïîñòðîåíà ðî-
òàöèîííàÿ ìîäåëü. Â ðàìêàõ ýòîé ìîäåëè äâèæåíèå öå-
ïî÷êè áëîêîâ ìàòåìàòè÷åñêè ïðåäñòàâëåíî óðàâíåíèåì
ñèíóñ-Ãîðäîíà. Ýòî óðàâíåíèå äîïóñêàåò ðåøåíèÿ â âèäå
ñîëèòîíîâ � óåäèíåííûõ âîëí, ïîäîáíî ÷àñòèöàì ñîõðà-
íÿþùèõ ñâîþ ñòðóêòóðó ïîñëå ñòîëêíîâåíèÿ ñ äðóãèìè
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òàêèìè âîçìóùåíèÿìè. Äëÿ áîëåå òî÷íîãî îïèñàíèÿ ðå-
àëüíîãî ñåéñìè÷åñêîãî ïðîöåññà óðàâíåíèå ÑÃ áûëî äî-
ïîëíåíî ýôôåêòàìè îòêëîíåíèÿ ìîìåíòîâ ñèë áëîêîâ îò
ðàâíîâåñíûõ ïîëîæåíèé 𝜇 è òðåíèÿ íà ãðàíèöàõ 𝛼:

𝜕2𝜃

𝜕𝜉2
− 𝜕2𝜃

𝜕𝜂2
= sin 𝜃 + 𝛼

𝜕𝜃

𝜕𝜂
+ 𝜇𝛿(𝜉) sin 𝜃 (1)

Òàêîå óðàâíåíèå íå èìååò àíàëèòè÷åñêèõ ðåøåíèé, íî
ìîæíî ÷èñëåííî èññëåäîâàòü äèíàìèêó èçìåíåíèÿ ïàðà-
ìåòðîâ (êîîðäèíàòû 𝑋, ñêîðîñòè âîëíû 𝑈 è ñêîðîñòè ïî-
âîðîòíîé äåôîðìàöèè 𝜃) åãî îäíîñîëèòîííîãî ðåøåíèÿ.
Ïðîâåäåííûå íàìè ðàñ÷åòû ïîçâîëèëè ñôîðìóëèðîâàòü
ñëåäóþùèå âûâîäû:

1. Ïðè óâåëè÷åíèè êîýôôèöèåíòà òðåíèÿ 𝛼 óìåíüøà-
þòñÿ çíà÷åíèÿ 𝑈𝑚𝑎𝑥, 𝜃𝑚𝑎𝑥1, 𝜃𝑚𝑎𝑥2, 𝜃𝑚𝑖𝑛, à èõ âðåìå-
íà óâåëè÷èâàþòñÿ. Òàêèì îáðàçîì, ïðîöåññ ðàñïðî-
ñòðàíåíèÿ ñîëèòîíà çàìåäëÿåòñÿ è ñãëàæèâàåòñÿ.

2. Ïðè óâåëè÷åíèè çíà÷åíèÿ êîýôôèöèåíòà íåîäíî-
ðîäíîñòè 𝜇, íàîáîðîò, óâåëè÷èâàþòñÿ çíà÷åíèÿ
𝑈𝑚𝑎𝑥, 𝜃𝑚𝑎𝑥1, 𝜃𝑚𝑎𝑥2, 𝜃𝑚𝑖𝑛, à èõ âðåìåíà óìåíüøàþòñÿ.
Òàêèì îáðàçîì, ìîäåëèðóåìûé ïðîöåññ èäåò áûñò-
ðåå è ðåç÷å.

3. Ïðè îäíîâðåìåííîì óâåëè÷åíèè èëè óìåíüøåíèè
çíà÷åíèé 𝛼 è 𝜇 ìåíÿåòñÿ è âðåìåííîé ìàñøòàá ïðî-
öåññà.

4. Àñèìïòîòè÷åñêîå çíà÷åíèå 𝑋, ò.å. 𝑋𝑚𝑎𝑥, ïðè ëþáûõ
𝛼 è 𝜇 âñåãäà ñîîòâåòñòâóåò ðàâåíñòâó 𝑋𝑚𝑎𝑥 ≈ 𝑅0,
ãäå 𝑅0 � ðàäèóñ áëîêà.

5. Äëÿ ëþáûõ 𝛼 è 𝜇 âîëíà äîñòèãàåò çíà÷åíèé 𝑈𝑚𝑎𝑥,
𝜃𝑚𝑖𝑛 è âûõîäà 𝑋 íà àñèìïòîòèêó îäíîâðåìåííî.
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Êðîìå òîãî, ñóùåñòâóþò åùå è äðóãèå èíâàðèàíòíûå âå-
ëè÷èíû, íå çàâèñÿùèå îò 𝛼 è 𝜇, íî õàðàêòåðíûå äëÿ ïðî-
öåññà â öåëîì:

1. Îòíîøåíèå ìàêñèìóìîâ ñêîðîñòè äåôîðìàöèè:
𝜃𝑚𝑎𝑥2/𝜃𝑚𝑎𝑥1 ≈ 2;

2. Îòíîøåíèå ïðîäîëæèòåëüíîñòåé ìàêñèìóìîâ ñêî-
ðîñòè äåôîðìàöèè: Δ𝑇𝑚𝑎𝑥2/Δ𝑇𝑚𝑎𝑥1 ≈ 6.

Ïîêàçàíî, ÷òî óðàâíåíèå (2) â ðàìêàõ ðîòàöèîííîé ìîäå-
ëè ïîçâîëÿåò êîëè÷åñòâåííî îïèñàòü òàêèå âàæíûå ñâîé-
ñòâà ñåéñìè÷åñêîãî ïðîöåññà, êàê åãî ôîðøîêîâóþ è àô-
òåðøîêîâóþ ñòàäèè è çàêëþ÷åííîå ìåæäó íèìè ñèëüíåé-
øåå çåìëåòðÿñåíèå. Ïðè ýòîì ðåçóëüòàòû ÷èñëåííîãî ìî-
äåëèðîâàíèÿ ñåéñìè÷åñêîãî ïðîöåññà ñîãëàñóþòñÿ ñ ýêñ-
ïåðèìåíòàëüíûìè äàííûìè.
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3 Физика предвестников

землетрясений

3.1 Анализ радиоимпедансных и
георадарных зондирований на

Торской и Кыренской
палеосейсмодислокациях

Башкуев Ю.Б.,1, Хаптанов В.Б.1, Дембелов М.Г.1,
Саньков В.А.2, Добрынина А.А.2, Дружин Г.И.3

1 Институт физического материаловедения СО РАН
2 Институт земной коры СО РАН

3 ИКИР ДВО РАН

Â äîêëàäå ïðîâåäåí àíàëèç ðàäèîèìïåäàíñíûõ è ãå-
îðàäàðíûõ çîíäèðîâàíèé íà Òîðñêîé è Êûðåíñêîé
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ïàëåîñåéñìîäèñëîêàöèÿõ, ðàñïîëîæåííûõ â Òóíêèíñêîé
äîëèíå Ðåñïóáëèêè Áóðÿòèÿ. Ðàññìîòðåíà ìåòîäèêà è
àïïàðàòóðà ðàäèîèìïåäàíñíûõ(÷àñòîòû 22,2; 50; 279
êÃö) è ãåîðàäàðíûõ (50 è 400 ÌÃö)çîíäèðîâàíèé. Ïðåä-
ñòàâëåíî ñðàâíåíèå ñ ãåîëîãè÷åñêèìè äàííûìè ðàíåå
âûïîëíåííûõ ðàáîò.

3.2 Вариации амплитуды сигналов
грозовых разрядов, проходящих над

эпицентрами землетрясений

Аргунов В.В., Каримов Р.Р.

Институт космофизических исследований и
аэрономии им. Ю.Г. Шафера СО РАН

Ðàññìàòðèâàþòñÿ àñïåêòû ïðèìåíåíèÿ íèçêî÷àñòîòíûõ
èìïóëüñíûõ ãðîçîâûõ ðàäèîñèãíàëîâ äëÿ äèñòàíöèîí-
íîãî ìîíèòîðèíãà ïðîÿâëåíèé ñåéñìè÷åñêîé àêòèâíîñòè
â âîçìóùåíèÿõ íèæíåé èîíîñôåðû. Óñòàíîâëåíî, ÷òî
âîçìóùåíèÿ â íèæíåé èîíîñôåðå, îáóñëîâëåííûå ëèòî-
ñôåðíûìè ïðîöåññàìè, ìîãóò íàáëþäàòüñÿ â âàðèàöèÿõ
àìïëèòóäû ãðîçîâûõ ñèãíàëîâ, ðàñïðîñòðàíÿþùèõñÿ
íàä ýïèöåíòðàìè çåìëåòðÿñåíèé. Óñèëåíèå àìïëèòóäû
ñèãíàëîâ ïðîèñõîäèò â äåíü è ïîñëå çåìëåòðÿñåíèé, à
òàêæå çà íåñêîëüêî äíåé äî ñîáûòèé (ïðåäâåñòíèê).
Ýôôåêòû çåìëåòðÿñåíèé è èõ ïðåäâåñòíèêîâ ïðîÿâëÿþò-
ñÿ â âèäå âîçðàñòàíèÿ ñðåäíåé àìïëèòóäû àòìîñôåðèêîâ.
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3.3 Гидрогеологические предвестники
сильных землетрясений (к 40-летию

гидрогеосейсмологических
исследований на Камчатке)

Копылова Г.Н.

Камчатский филиал Геофизической службы РАН

Ïðèâîäÿòñÿ îðèãèíàëüíûå è îïóáëèêîâàííûå äàííûå î
ïðîÿâëåíèÿõ ãèäðîãåîäèíàìè÷åñêèõ è ãèäðîãåîõèìè÷å-
ñêèõ ïðåäâåñòíèêîâ ñèëüíûõ (Ì = 6.6-7.8) çåìëåòðÿñåíèé
Êàì÷àòêè, çàðåãèñòðèðîâàííûõ ïðè ïðîâåäåíèè ñïåöè-
àëèçèðîâàííûõ íàáëþäåíèé íà ñêâàæèíàõ â òå÷åíèå
1977-2016 ãã. Ðàññìàòðèâàþòñÿ ìîäåëè ôîðìèðîâàíèÿ
ïðåäâåñòíèêîâ è èõ èñïîëüçîâàíèå â ñèñòåìå ñåéñìè÷å-
ñêîãî ïðîãíîçèðîâàíèÿ. Çàðåãèñòðèðîâàííûå àíîìàëèè
â èçìåíåíèÿõ óðîâíÿ è õèìè÷åñêîãî ñîñòàâà ïîäçåìíûõ
âîä íàõîäÿò ñâîå îáúÿñíåíèå â ðàìêàõ ìîäåëè äèëàòàí-
ñèîííîãî èçìåíåíèÿ òðåùèííî-ïîðîâîãî ïðîñòðàíñòâà
âîäîâìåùàþùèõ ïîðîä íà îòíîñèòåëüíî êðàòêîñðî÷-
íûõ ñòàäèÿõ ïîäãîòîâêè çåìëåòðÿñåíèé, ñîñòàâëÿþùèõ
ìåñÿöû-íåäåëè.

80



3.4 Изменение направленности
геоакустического излучения на
станции «Микижа» в связи с
землетрясениями на Камчатке

Марапулец Ю.В., Солодчук А.А., Щербина А.О.

Институт космофизических исследований и
распространения радиоволн ДВО РАН

Íà Êàì÷àòêå ó äíà îçåðà ¾Ìèêèæà¿ óñòàíîâëåíà ïðè-
åìíàÿ àêóñòè÷åñêàÿ ñèñòåìà íà áàçå êîìáèíèðîâàííîãî
âåêòîðíîãî ïðèåìíèêà, êîòîðàÿ ïîçâîëÿåò ïðîèçâîäèòü
îöåíêó íàïðàâëåííîñòè ãåîàêóñòè÷åñêîãî èçëó÷åíèÿ. Íà
îñíîâå ïîëó÷åííûõ ñ åå ïîìîùüþ äàííûõ çà ïåðèîä ñ
àâãóñòà 2008 ã. ïî ÿíâàðü 2016 ã. ïðîâåäåí àíàëèç èç-
ìåíåíèÿ àçèìóòàëüíîãî ðàñïðåäåëåíèÿ ãåîàêóñòè÷åñêîé
ýìèññèè âî âðåìÿ çåìëåòðÿñåíèé, â ðåçóëüòàòå êîòîðîãî
îáíàðóæåíû ïðåä- è ïîñòñåéñìè÷åñêèå ýôôåêòû â íà-
ïðàâëåííîñòè èçëó÷åíèÿ.
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3.5 Многопараметрический мониторинг
краткосрочных предвестников
землетрясений и его физическое
обоснование в приложении к

Камчатскому региону

Пулинец С.А.1, Узунов Д.П.2, Давиденко Д.В.1,
Петрухин А.В.3

1 Институт космических исследований РАН, Москва,
Россия

2 Университет Чэпмена, Оранж, Калифорния, США
3 Московский физико-технический институт,

Долгопрудный МО, Россия

Â ïîñëåäíåå âðåìÿ âîçðîæäàåòñÿ èíòåðåñ ê èñïîëü-
çîâàíèþ ôèçè÷åñêèõ ïðåäâåñòíèêîâ çåìëåòðÿñåíèé â
öåëÿõ êðàòêîñðî÷íîãî ïðîãíîçà, êîòîðûå àêòèâíî èñ-
ïîëüçîâàëèñü ñåéñìîëîãàìè â 70-õ ãîäàõ ÕÕ ñòîëå-
òèÿ. Ýòî ñâÿçàíî, â ïåðâóþ î÷åðåäü, ñ ïîÿâëåíèåì
ôèçè÷åñêîãî îáîñíîâàíèÿ ìåõàíèçìîâ ãåíåðàöèè êðàò-
êîñðî÷íûõ ïðåäâåñòíèêîâ â âèäå êîìïëåêñíîé ìîäåëè
Ëèòîñôåðíî-Àòìîñôåðíî-Èîíîñôåðíûõ âçàèìîäåéñòâèé
(LAIC). Êëþ÷åâûì ýëåìåíòîì ìîäåëè ÿâëÿåòñÿ ïðîöåññ
íóêëåàöèè êëàñòåðíûõ èîíîâ, ïîÿâëÿþùèõñÿ â ðåçóëü-
òàòå èîíèçàöèè ïðèçåìíîãî ñëîÿ âîçäóõà ðàäîíîì, âû-
äåëÿåìûì èç çåìíîé êîðû â îáëàñòè ïîäãîòîâêè çåìëå-
òðÿñåíèÿ. Ýòîò ïðîöåññ àíàëîãè÷åí îáðàçîâàíèþ çàðîäû-
øåâûõ êàïåëü îáëàêîâ ïðè âîçäåéñòâèè íà íèõ ãàëàê-
òè÷åñêèõ êîñìè÷åñêèõ ëó÷åé. Ñëåäñòâèåì ýòîãî ïðîöåñ-
ñà ÿâëÿåòñÿ ãåíåðàöèÿ öåëîãî ðÿäà ïðåäâåñòíèêîâ, êîòî-
ðûå óñëîâíî ìîæíî ðàçäåëèòü íà äâå ãðóïïû: à) òåïëî-
âûå è ìåòåîðîëîãè÷åñêèå è á) ýëåêòðîìàãíèòíûå è èîíî-
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ñôåðíûå. Ñèíåðãåòèêà íàáëþäàåìûõ ïðîöåññîâ ïîêàçû-
âàåò, ÷òî äëÿ óñïåøíîãî îñóùåñòâëåíèÿ êðàòêîñðî÷íîãî
ïðîãíîçà òðåáóåòñÿ îñóùåñòâëåíèå ìíîãîïàðàìåòðè÷åñêî-
ãî ìîíèòîðèíãà ïðåäâåñòíèêîâ, îïèñûâàåìûõ ìîäåëüþ.
Ýòè ïðåäâåñòíèêè ïîÿâëÿþòñÿ ñ ðàçëè÷íîé çàáëàãîâðå-
ìåííîñòüþ, à ðàçìåðû íàáëþäàåìûõ àíîìàëèé, èõ èíòåí-
ñèâíîñòü è ïîëîæåíèå â ïðîñòðàíñòâå â ñîâîêóïíîñòè ïîç-
âîëÿþò îïðåäåëèòü âñå òðè êëþ÷åâûõ ïàðàìåòðà, íåîáõî-
äèìûõ äëÿ ïðîãíîçà: ìåñòî, âðåìÿ è ìàãíèòóäó îæèäà-
åìîãî çåìëåòðÿñåíèÿ. Òî÷íîñòü ïðîãíîçà ïîâûøàåòñÿ ïî
ìåðå óñîâåðøåíñòâîâàíèÿ ìåòîäîâ íàçåìíîãî è ñïóòíèêî-
âîãî ìîíèòîðèíãà.
Â äîêëàäå áóäóò ïðîäåìîíñòðèðîâàíû: ìåòîäèêà îñó-
ùåñòâëåíèÿ êðàòêîñðî÷íîãî ïðîãíîçà â ðåãèîíå Êàì÷àò-
êè, ïðèìåðû óäà÷íûõ ïðîãíîçîâ, ñòàòèñòè÷åñêèå äàííûå
ïî ðàçëè÷íûì âèäàì ïðåäâåñòíèêîâ, â òîì ÷èñëå íåêîòî-
ðûå çàâèñèìîñòè îò ïîëîæåíèÿ ýïèöåíòðà è ôîêóñà çåì-
ëåòðÿñåíèÿ (âîäà-ñóøà, ãëóáèíà, ðåãèîí (ñåâåð-þã Êàì-
÷àòêè, Êóðèëüñêèå îñòðîâà), ñåçîí è ïð.).
Â êà÷åñòâå ýêñïåðèìåíòà áóäóò ïðîäåìîíñòðèðîâàíû òàê-
æå äàííûå ìîíèòîðèíãà êàì÷àòñêèõ âóëêàíîâ, ïîñêîëüêó
ýòè èññëåäîâàíèÿ òîëüêî íà÷àëèñü. Ê ñîæàëåíèþ, îïè-
ñàòåëüíûé õàðàêòåð àêòèâíîñòè êàì÷àòñêèõ âóëêàíîâ íà
ñàéòå KVERT íå ïîçâîëÿåò îäíîçíà÷íî ñîïîñòàâèòü íà-
áëþäàåìûå âàðèàöèè ïðîãíîçíûõ ïàðàìåòðîâ îïåðàòèâ-
íîãî ìîíèòîðèíãà êàì÷àòñêèõ âóëêàíîâ ñ îïèñàíèåì èõ
àêòèâíîñòè íà ñàéòå.
Â öåëîì ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò óòâåðæäàòü,
÷òî ðàçðàáîòàííûå ìåòîäû îïåðàòèâíîãî ïðîãíîçà ìîãóò
áûòü âíåäðåíû äëÿ èñïîëüçîâàíèÿ â ñëóæáå Êàì÷àòñêîãî
ôèëèàëà ÃÑ ÐÀÍ.
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3.6 Мониторинг удельного
сопротивления геосреды с
использованием подземных

электрических антенн: физическая
основа метода и результаты

Гаврилов В.А.

Институт вулканологии и сейсмологии ДВО РАН

Èçëàãàåòñÿ ôèçè÷åñêàÿ îñíîâà ðàçðàáîòàííîãî àâòîðîì
ìåòîäà íåïðåðûâíîãî ìîíèòîðèíãà óäåëüíîãî ñîïðî-
òèâëåíèÿ ãîðíûõ ïîðîä, ãäå â êà÷åñòâå çîíäèðóþùåãî
ñèãíàëà èñïîëüçóåòñÿ íåïðåðûâíîå ýëåêòðîìàãíèòíîå
èçëó÷åíèå çâóêîâîãî äèàïàçîíà ÷àñòîò òåõíîãåííîãî
èëè ïðèðîäíîãî ïðîèñõîæäåíèÿ, à â êà÷åñòâå äàò÷èêîâ
- ïîäçåìíûå âåðòèêàëüíûå ýëåêòðè÷åñêèå àíòåííû.
Ðåçóëüòàòû ìíîãîëåòíèõ èçìåðåíèé íà Ïåòðîïàâëîâñê -
Êàì÷àòñêîì ãåîäèíàìè÷åñêîì ïîëèãîíå ïîçâîëÿþò ãî-
âîðèòü î âûñîêîé ýôôåêòèâíîñòè ìåòîäà è åãî ïåðñïåê-
òèâíîñòè â êà÷åñòâå îäíîé èç îñíîâíûõ ÷àñòåé ñèñòåìû
êîìïëåêñíûõ ãåîôèçè÷åñêèõ èçìåðåíèé, îðèåíòèðî-
âàííûõ íà ìîíèòîðèíã íàïðÿæåííî-äåôîðìèðîâàííîãî
ñîñòîÿíèÿ ãåîñðåäû è ïðîãíîç çåìëåòðÿñåíèé.
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3.7 О свойствах среднесрочных
предвестников землетрясений и их

практическом использовании

Копылова Г.Н.

Камчатский филиал геофизической службы РАН

Ðàññìàòðèâàþòñÿ îáùèå çàêîíîìåðíîñòè ïðîÿâëåíèÿ ãèä-
ðîãåîëîãè÷åñêèõ è äðóãèõ âèäîâ ñðåäíåñðî÷íûõ ïðåä-
âåñòíèêîâ çåìëåòðÿñåíèé Êàì÷àòêè ïî äàííûì íàáëþ-
äåíèé ñ 70-ûõ ãã XX â. ïî íàñòîÿùåå âðåìÿ. Õàðàê-
òåðíûì ñâîéñòâîì ðàññìîòðåííûõ ïðåäâåñòíèêîâ ÿâëÿåò-
ñÿ èõ êîìïëåêñíîå ïðîÿâëåíèå ïåðåä íàèáîëåå ñèëüíûìè
çåìëåòðÿñåíèÿìè ñ âåëè÷èíàìè ìàãíèòóä Ì ïîðÿäêà 7 è
áîëåå íà âðåìåííûõ èíòåðâàëàõ îò ìåñÿöåâ äî íåäåëü.
Âìåñòå ñ òåì, ðåòðîñïåêòèâíûå ñòàòèñòè÷åñêèå îöåíêè
ñâÿçè îòäåëüíûõ âèäîâ ïðåäâåñòíèêîâ è çåìëåòðÿñåíèé
ïîêàçûâàþò èõ íåäîñòàòî÷íóþ íàäåæíîñòü äëÿ ïðàêòè-
÷åñêîãî ïðîãíîçèðîâàíèÿ âðåìåíè âîçíèêíîâåíèÿ òàêèõ
çåìëåòðÿñåíèé.
Îáñóæäàþòñÿ íîâûå ïîäõîäû ê îáðàáîòêå è àíàëè-
çó áîëüøèõ îáúåìîâ èíôîðìàöèè î âàðèàöèÿõ ïîëåé
Çåìëè è äðóãèõ äàííûõ ñ èñïîëüçîâàíèåì îáîáùåííûõ
ñòàòèñòè÷åñêèõ ïàðàìåòðîâ. Ïðèâîäÿòñÿ ïåðâûå ðåçóëü-
òàòû èçó÷åíèÿ ïðîñòðàíñòâåííî-âðåìåííûõ âàðèàöèé
ïàðàìåòðîâ ñåéñìè÷åñêîãî øóìà íà ñåòè ñòàíöèé íà
òåððèòîðèè Êàì÷àòêè â ïåðèîäû ïîäãîòîâêè ñèëüíûõ
çåìëåòðÿñåíèé 2013-2016 ãã.
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3.8 О связи сильных землетрясений и
природных ритмов

Серафимова Ю.К.

Камчатский филиал Геофизической службы РАН,
г. Петропавловск-Камчатский, yulka@emsd.ru

Ïðîâîäèòñÿ èññëåäîâàíèå ñâÿçè ìåæäó âîçíèêíîâåíèåì
ñèëüíûõ çåìëåòðÿñåíèé è îïðåäåëåííûìè ôàçàìè ðàç-
ëè÷íûõ ïðèðîäíûõ ðèòìîâ, â ÷àñòíîñòè, 18.6-ëåòíèõ
ëóííûõ öèêëîâ, 11-ëåòíèõ öèêëîâ ñîëíå÷íîé àêòèâíîñòè,
à òàêæå èõ äîëåé è êðàòíûõ. Âûÿâëåíèå è îöåíêà
ñòàòèñòè÷åñêîé çíà÷èìîñòü òàêîé ñâÿçè îñíîâûâàåòñÿ,
êàê ïðàâèëî, íà ïðîâåðêå ãèïîòåçû î ðàâíîìåðíîñòè
ðàñïðåäåëåíèÿ ñîáûòèé â ïðåäåëàõ íàëîæåííûõ äðóã
íà äðóãà öèêëîâ. Ïîëó÷åííûå çàêîíîìåðíîñòè ìîãóò
áûòü èñïîëüçîâàíû â ðåøåíèè çàäà÷ ïðîãíîçà âðåìåíè
ñèëüíûõ çåìëåòðÿñåíèé.

3.9 ОНЧ электромагнитный фон в
сейсмоактивной Байкальской

рифтовой зоне

Нагуслаева И.Б.1, Башкуев Ю. Б.1, Дружин Г.И.2

1 ИФМ СО РАН
2 ИКИР ДВО РАН

Àíàëèç ìíîãîëåòíèõ íåïðåðûâíûõ íàáëþäåíèé ïîêàçàë,
÷òî ñóòî÷íûå âàðèàöèè ÎÍ× ýëåêòðîìàãíèòíîãî ôîíà
â ñåéñìîàêòèâíîé Áàéêàëüñêîé ðèôòîâîé çîíå èìåþò
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óñòîé÷èâûå ñóòî÷íûé è ñåçîííûé õîäà. Óñòàíîâëåíî, ÷òî
çà íåñêîëüêî ñóòîê äî áëèçêîãî ñèëüíîãî çåìëåòðÿñåíèÿ
ïðîèñõîäèò ðåçêîå ëèáî óâåëè÷åíèå, ëèáî óìåíüøåíèå
èíòåíñèâíîñòè ÎÍ× ýëåêòðîìàãíèòíîãî ïîòîêà â çàâè-
ñèìîñòè îò ìåñòà ðàñïîëîæåíèÿ î÷àãà çåìëåòðÿñåíèÿ (íà
ñóøå èëè â âîäîåìå). Ïîñëå çåìëåòðÿñåíèÿ èíòåíñèâíîñòü
ÎÍ× ýëåêòðîìàãíèòíîãî ïîòîêà âûõîäèò íà îáû÷íûé
¾ôîíîâûé¿ óðîâåíü.

3.10 Об одной эредитарной
колебательной ситемы с учетом

эффекта stick-slip

Паровик Р.И.1,2

1 Институт космофизических исследований и
распространения радиоволн ДВО РАН

2 Камчатский государственный университет имени
Витуса Беринга

Â ðàáîòå ïðåäëîæåíà ìàòåìàòè÷åñêàÿ ìîäåëü íåëîêàëü-
íîé êîëåáàòåëüíîé ñèñòåìû ñ ó÷åòîì ýôôåêòà stick-slip
(ïðèëèïàíèÿ-ñêîëüæåíèÿ). Ýòà ìîäåëü ÿâëÿåòñÿ îáîáùå-
íèåì èçâåñòíîé ìîäåëè, êîòîðóþ â ëèòåðàòóðå èíîãäà
íàçûâàþò ìåõàíè÷åñêîé ìîäåëüþ çåìëåòðÿñåíèÿ èëè
stick-slip ìîäåëüþ. Ñóòü ìîäåëè çàêëþ÷àåòñÿ â äâèæåíèè
(ñêîëüæåíèè) îäíîé ñðåäû âäîëü äðóãîé, à òàêæå ïðè-
ëèïàíèè ïðè ýòîì ïðîèñõîäÿò êîëåáàíèÿ ïîñëå ðàçðÿäêè
íàïðÿæåíèÿ è èõ îòðûâà. Îáîáùåíèå stick-slip ìîäåëè
îñóùåñòâëÿëîñü ñ ïîìîùüþ ââåäåíèå â ìîäåëüíîå óðàâ-
íåíèÿ èíòåãðàëüíûõ îïåðàòîðîâ, îòâå÷àþùèõ çà òàêîå
ñâîéñòâî êîëåáàòåëüíîé ñèñòåìû êàê ýðåäèòàðíîñòü èëè
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ïàìÿòü. Äàëåå ïîëó÷åííîå ìîäåëüíîå ðåøåíèå çàïè-
ñûâàëîñü â òåðìèíàõ ïðîèçâîäíûõ äðîáíûõ ïîðÿäêîâ
Ãåðàñèìîâà-Êàïóòî è ðåøàëîñü ñ ïîìîùüþ ÷èñëåííûõ
ìåòîäîâ. Ñîãëàñíî ïîëó÷åííîìó ðåøåíèþ, â çàâèñèìîñòè
îò çíà÷åíèé äðîáíûõ ïîðÿäêîâ ïðîèçâîäíûõ, ñòðîèëîñü
ñåìåéñòâî îñöèëëîãðàìì äëÿ ñìåùåíèÿ è ñêîðîñòè
êîëåáàòåëüíîãî ïðîöåññà, à òàêæå ôàçîâûå òðàåêòîðèè.

3.11 Особенности акустических и
электромагнитных предвестников

землетрясений

Шевцов Б.М.

Институт космофизических исследований и
распространения радиоволн ДВО РАН

Íà îñíîâå àíàëèçà äàííûõ ìíîãîëåòíèõ íàáëþäåíèé
íà Êàì÷àòêå ðàññìàòðèâàþòñÿ âîçìîæíûå ìåõàíèçìû
ãåíåðàöèè àêóñòè÷åñêîé è ýëåêòðîìàãíèòíîé ýìèññèè
ïðèïîâåðõíîñòíûõ ïîðîä â óñëîâèÿõ àêòèâèçàöèè ãåîäå-
ôîðìàöèîííûõ âîçìóùåíèé. Ñ ó÷åòîì èíäóöèðîâàííûõ
ïîëÿðèçàöèîííûõ ýôôåêòîâ íà äèñëîêàöèîííûõ èçìå-
íåíèÿõ ïîêàçàíà âîçìîæíîñòü âîçíèêíîâåíèÿ àíîìàëèé
â âàðèàöèÿõ ýëåêòðîìàãíèòíûõ øóìîâ, îáóñëîâëåí-
íûõ ïîâûøåíèåì ñêîðîñòè äåôîðìàöèé. Îáñóæäàþòñÿ
ðàçëè÷íûå ïðîÿâëåíèÿ àêòèâèçàöèè ñåéñìè÷íîñòè è
íàäåæíîñòü íàáëþäåíèé àêóñòè÷åñêèõ è ýëåêòðîìàãíèò-
íûõ ïðåäâåñòíèêîâ çåìëåòðÿñåíèé.
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3.12 Отклики параметров
электромагнитного поля на
землетрясения на КГО
Карымшина, Камчатка

Касимова В.А., Потанин М.Е., Берсенёва Н.Ю.

Камчатский филиал геофизической службы РАН

Â ðàáîòå ðàññìàòðèâàþòñÿ êîñåéñìè÷åñêèå âàðèàöèè
ïàðàìåòðîâ ýëåêòðîìàãíèòíîãî ïîëÿ, çàðåãèñòðèðîâàí-
íûå ìàãíèòîìåòðîì-âàðèîìåòðîì è ñèñòåìîé èçìåðåíèé
ýëåêòðîòåëëóðè÷åñêèõ ïîòåíöèàëîâ íà ÊÃÎ Êàðûìøèíà
â ñâÿçè ñ ìåñòíûìè çåìëåòðÿñåíèÿìè 2014-2016 ãã.
Îáíàðóæåíà çàâèñèìîñòü ïðîÿâëåíèÿ òàêèõ âàðèàöèé îò
ïàðàìåòðîâ çåìëåòðÿñåíèé � âåëè÷èí èõ ýíåðãåòè÷åñêèõ
êëàññîâ (𝐾𝑠 ≥ 12.0) è ýïèöåíòðàëüíûõ ðàññòîÿíèé
(𝑅 ≤ 150 êì). Â çàïèñÿõ ìàãíèòîìåòðà-âàðèîìåòðà è â
èçìåíåíèÿõ ðàçíîñòåé ýëåêòðîòåëëóðè÷åñêèõ ïîòåíöèà-
ëîâ ñèãíàëû, âûçâàííûå çåìëåòðÿñåíèÿìè, ïðîÿâëÿëèñü
ñèíõðîííî è ñîîòâåòñòâîâàëè ïî âðåìåíè âñòóïëåíèÿì
ñåéñìè÷åñêèõ âîëí.
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3.13 Поле земной волны над разломной
зоной

Башкуев Ю.Б.1, Буянова Д.Г.1, Дембелов М.Г.1,
Нагуслаева И.Б.1, Хаптанов В.Б.1, Дружин Г.И.2

1 Институт физического материаловедения СО РАН
2 ИКИР ДВО РАН

Â äîêëàäå ðàññìîòðåíî ýëåêòðîìàãíèòíîå ïîëå çåìíîé
âîëíû íàä ðàçëîìíîé çîíîé â ÑÄÂ-ÄÂ-ÑÂ-ÊÂ äèàïàçî-
íàõ ðàäèîâîëí. Ïðåäñòàâëåíà ãåîýëåêòðè÷åñêàÿ ìîäåëü
ðàçëîìà. Òàêæå ïðåäñòàâëåíû ðåçóëüòàòû ÷èñëåííîãî
ìîäåëèðîâàíèÿ ðàñïðîñòðàíåíèÿ ðàäèîâîëí íàä ìíî-
ãîêóñî÷íîé èìïåäàíñíîé ðàäèîòðàññîé, ïðîõîäÿùåé
íàä çîíîé ðàçëîìà. Ïðîâåäåíî ñðàâíåíèå ñ äàííûìè
íàòóðíûõ ýêñïåðèìåíòîâ.

3.14 Расчет параметров сейсмического
режима на основе вероятностной
модели каталога землетрясений

Камчатского региона

Богданов В.В., Павлов А.В.

Институт космофизических исследований и
распространения радиоволн ДВО РАН

Íà îñíîâå âåðîÿòíîñòíîé ìîäåëè êàòàëîãà çåìëåòðÿñåíèé
äëÿ òåêòîíî-ãåîãðàôè÷åñêèõ çîí (ñòðóêòóð) Êàì÷àò-
êè âû÷èñëåíû ôóíêöèè ðàñïðåäåëåíèÿ âåðîÿòíîñòåé
ñåéñìè÷åñêèõ ñîáûòèé ïî èíòåðâàëàì ýíåðãåòè÷åñêîãî
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êëàññà (çàêîí ïîâòîðÿåìîñòè â âåðîÿòíîñòíîé ôîðìå).
Íà îñíîâå âåðîÿòíîñòíîãî ïðåäñòàâëåíèÿ çàêîíà ïî-
âòîðÿåìîñòè çåìëåòðÿñåíèé áûëè ïîëó÷åíû ôîðìóëû,
ïîçâîëÿþùèå âû÷èñëèòü êîëè÷åñòâî ñåéñìè÷åñêèõ ñî-
áûòèé, ïîïàäàþùèõ â íåïðåäñòàâèòåëüíûé èíòåðâàë
ýíåðãåòè÷åñêîãî êëàññà (ìàãíèòóäû) ïî èçâåñòíîìó ÷èñ-
ëó çåìëåòðÿñåíèé â ïðåäñòàâèòåëüíîì èíòåðâàëå. Òàêæå,
äëÿ îáëàñòè âäîëü âîñòî÷íîãî ïîáåðåæüÿ Êàì÷àòêè,
ïðîèçâåäåíà îöåíêà âðåìåíè îæèäàíèÿ çåìëåòðÿñåíèÿ ñ
ìàãíèòóäîé ïðåâûøàþùåé çà ïåðèîä èíñòðóìåíòàëüíûõ
íàáëþäåíèé ìàêñèìàëüíî çàðåãèñòðèðîâàííîå çíà÷åíèå.

3.15 Результаты испытаний
трехзеркального лазерного

интерферометра на Камчатском
геополигоне.

Александров Д.В.1, Дубров М.Н.1, Кравцов В. В.1,
Ларионов И.А.2

1 ФИРЭ им. В.А. Котельникова РАН
2 ИКИР ДВО РАН

Àêòóàëüíîñòü èçó÷åíèÿ äåôîðìàöèé îñàäî÷íûõ ïîðîä
îáóñëîâëåíà èõ âàæíîé ðîëüþ âî ìíîãèõ ãåîôèçè÷åñêèõ
ïðîöåññàõ, êîòîðûå ðàññìàòðèâàþòñÿ â ñåéñìîëîãèè, îêå-
àíîëîãèè, ãîðíîì äåëå è ò.ä. Óíèêàëüíî øèðîêàÿ ïî-
ëîñà ÷àñòîò ëàçåðíûõ èíòåðôåðîìåòðè÷åñêèõ èçìåðèòå-
ëåé äåôîðìàöèè ïîçâîëÿåò èñïîëüçîâàòü ýòè èíñòðóìåí-
òû ïðè íàáëþäåíèÿõ áîëüøîãî êëàññà ãåîôèçè÷åñêèõ
ïðîöåññîâ ïðîèñõîäÿùèõ â ýíåðãîàêòèâíûõ çîíàõ. Ñðå-
äè òàêèõ ïðîöåññîâ àêóñòè÷åñêèå ÿâëåíèÿ ïðåäñòàâëÿ-
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þò îñîáûé èíòåðåñ äëÿ èññëåäîâàíèÿ è ðàçðàáîòêè òåõ-
íîëîãèè îáíàðóæåíèÿ îïàñíûõ ãåîôèçè÷åñêèõ ÿâëåíèé.
Â äàííîé ðàáîòå ðàññìàòðèâàåòñÿ ïðèìåíåíèå ëàçåðíûõ
èíòåðôåðîìåòðîâ-äåôîðìîãðàôîâ äëÿ ðåãèñòðàöèè êîëå-
áàíèé çåìíîé ïîâåðõíîñòè â ñåéñìè÷åñêîì è àêóñòè÷å-
ñêîì äèàïàçîíàõ ÷àñòîò. Âûïîëíÿåòñÿ ñîïîñòàâëåíèå ðå-
çóëüòàòîâ ïîëó÷àåìûõ äàííûõ ñ äåôîðìîãðàôà è äðó-
ãèõ äàò÷èêîâ, óñòàíîâëåííûõ â ýíåðãîàêòèâíîé çîíå. Èç-
ìåðèòåëüíîå ïëå÷î äåôîðìîãðàôà 32ì. Â õîäå ýêñïåðè-
ìåíòàëüíûõ èñïûòàíèé ëàçåðíîãî äåôîðìîãðàôà ïîëó-
÷åíû çàïèñè ðÿäà ðåãèîíàëüíûõ ñåéñìè÷åñêèõ ñîáûòèé.
Âûïîëíåíà ïðîâåðêà âîçäåéñòâèÿ òåõíîãåííûõ ôàêòîðîâ
íà ðåçóëüòàòû ðåãèñòðàöèè äåôîðìîãðàôà. Íàáëþäåíèÿ
ïðîâîäèëèñü â ÈÊÈÐ ÄÂÎ ÐÀÍ ï. Ïàðàòóíêà Êàì÷àò-
ñêîãî êðàÿ. Ñîçäàâàåìûå âàðèàíòû ëàçåðíûõ äåôîðìî-
ãðàôîâ ìîãóò áûòü ýôôåêòèâíûìè ïðè ðåøåíèè ðàçëè÷-
íûõ çàäà÷: ãåîëîãè÷åñêèå, ãåîôèçè÷åñêèå è ýêîëîãè÷å-
ñêèå ñëóæáû, ñòðîèòåëüñòâî, èíæåíåðíàÿ èíôðàñòðóêòó-
ðà, è äð. Ñ èõ ïîìîùüþ òàêæå ìîãóò ïðîâîäèòüñÿ îöåí-
êè ôîíîâûõ ïðîöåññîâ â íàòóðíûõ óñëîâèÿõ, âêëþ÷àÿ
ïðîìûøëåííûå è ñòðîèòåëüíûå îáúåêòû, ïîäçåìíûå è
ãîðíûå âûðàáîòêè, èçûñêàòåëüíûå ýêñïåäèöèè è ïîëåâûå
ïóíêòû íàáëþäåíèÿ.
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3.16 Совместное возмущение
геоакустического, эманационного и
атмосферного электрического полей
у границы земная кора-атмосфера

перед землетрясением

Руленко О.П.1,2, Марапулец Ю.В.2, Кузьмин Ю.Д.3,
Солодчук А.А.2

1 Институт вулканологии и сейсмологии ДВО РАН,
Россия

2 Институт космофизических исследований и
распространения радиоволн ДВО РАН, Россия

3 Камчатский филиал Геофизической службы РАН,
Россия

Ó ãðàíèöû çåìíàÿ êîðà-àòìîñôåðà â òâåðäîé è ãàçîîá-
ðàçíîé ñðåäàõ ïåðåä çåìëåòðÿñåíèÿìè ðåãèñòðèðóþòñÿ
ñîâìåñòíûå âîçìóùåíèÿ ðàçíîðîäíûõ ïîëåé. Îíè ñâèäå-
òåëüñòâóþò î âçàèìîäåéñòâèè ïðèïîâåðõíîñòíûõ ïîëåé,
÷òî ÿâëÿåòñÿ ñîñòàâíîé ÷àñòüþ âçàèìîäåéñòâèÿ ëèòî-
ñôåðû è àòìîñôåðû ó ãðàíèöû èõ ñîïðèêîñíîâåíèÿ. Â
àâãóñòå-îêòÿáðå 2012 ã. â ïóíêòå "Êàðûìøèíà"ÈÊÈÐ
ÄÂÎ ÐÀÍ, êîòîðûé íàõîäèòñÿ â çîíå ïåðåñå÷åíèÿ
ðàçíîðàíãîâûõ òåêòîíè÷åñêèõ ðàçëîìîâ, âïåðâûå
îäíîâðåìåííî ðåãèñòðèðîâàëèñü âûñîêî÷àñòîòíàÿ ãåî-
àêóñòè÷åñêàÿ ýìèññèÿ â ïðèïîâåðõíîñòíûõ ïîðîäàõ,
îáúåìíàÿ àêòèâíîñòü ðàäîíà è òîðîíà â ïîâåðõíîñò-
íîì ñëîå ãðóíòà, àòìîñôåðíîå ýëåêòðè÷åñêîå ïîëå ó
ïîâåðõíîñòè çåìëè è ìåòåîðîëîãè÷åñêèå âåëè÷èíû. Çà
13 ñóòîê ïåðåä çåìëåòðÿñåíèåì ñ ìàãíèòóäîé Mw =
5.6, ïðîèçîøåäøèì 15 îêòÿáðÿ â 01 ÷ 18 ìèí UTC
â 134 êì îò ïóíêòà "Êàðûìøèíà çàðåãèñòðèðîâàíû
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ñîâìåñòíûå âîçìóùåíèÿ ãåîàêóñòè÷åñêîé ýìèññèè, îáú-
åìíîé àêòèâíîñòè ýìàíàöèé è ýëåêòðè÷åñêîãî ïîëÿ. Îíè
íàáëþäàëèñü â îòñóòñòâèå äîæäÿ è ñèëüíîãî âåòðà, ïðè
ñëàáî ìåíÿþùåìñÿ àòìîñôåðíîì äàâëåíèè. Ïðåäëîæåíà
ñõåìà îáðàçîâàíèÿ àíîìàëüíûõ âîçìóùåíèé ýòèõ ðàçíûõ
ïî ïðèðîäå è â ðàçíûõ ñðåäàõ ïîëåé. Îáíàðóæåííûå
âîçìóùåíèÿ ìîæíî ðàññìàòðèâàòü êàê êîìïëåêñíûé
êðàòêîñðî÷íûé ïðåäâåñòíèê äàííîãî çåìëåòðÿñåíèÿ è
ñâèäåòåëüñòâî âîçäåéñòâèÿ çåìíîé êîðû íà ïðèçåìíóþ
àòìîñôåðó âî âðåìÿ åãî ïîäãîòîâêè.

3.17 Статистика появления
предсейсмических аномалий в
геоакустической эмиссии и

атмосферном электрическом поле

Мищенко, М.А.

Институт космофизических исследований и
распространения радиоволн ДВО РАН, Россия

Ïðåäñòàâëåíà ñòàòèñòèêà ïîÿâëåíèÿ àíîìàëüíûõ âîç-
ìóùåíèé âûñîêî÷àñòîòíîé ãåîàêóñòè÷åñêîé ýìèññèè
ïðèïîâåðõíîñòíûõ îñàäî÷íûõ ïîðîä è àòìîñôåðíîãî
ýëåêòðè÷åñêîãî ïîëÿ ó ïîâåðõíîñòè çåìëè ïåðåä çåì-
ëåòðÿñåíèÿìè. Äëÿ àíàëèçà èñïîëüçîâàíû äëèòåëüíûé
íåïðåðûâíûé ðÿä èçìåðåíèé ãåîàêóñòè÷åñêîé ýìèññèè â
ïåðèîä 2003-2012 ãã. ñ ïóíêòà íàáëþäåíèé �Ìèêèæà� è
äàííûå èçìåðåíèé àòìîñôåðíîãî ýëåêòðè÷åñêîãî ïîëÿ,
ïîëó÷åíûå â ëåòíå-îñåííèå ïåðèîäû 2006-2008 ãã. â
ïóíêòå �Ìèêèæà� è 2009-2012 ãã. â ïóíêòå �Êàðûìøè-
íà�. Ïðîâåäåíî ñîïîñòàâëåíèå àíîìàëüíûõ âîçìóùåíèé
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ýìèññèè è ïîëÿ ñ êàòàëîãîì çåìëåòðÿñåíèé Êàì÷àòñêîãî
ôèëèàëà Ãåîôèçè÷åñêîé ñëóæáû ÐÀÍ.

3.18 Суточные вариации СДВ
радиоволн на среднеширотной
трассе Новосибирск-Улан-Удэ

Башкуев Ю.Б.1, Буянова Д.Г.1, Адвокатов В.Р.1,
Нагуслаева И.Б.1, Бояров А.Л.1, Дружин Г.И.2

1 Институт физического материаловедения СО РАН
2 ИКИР ДВО РАН

Ïðîâåäåí àíàëèç óñëîâèé ðàñïðîñòðàíåíèÿ ÑÄÂ ðà-
äèîâîëí îò âåðòèêàëüíîãî ýëåêòðè÷åñêîãî èçëó÷à-
òåëÿ â âîëíîâîäå Çåìëÿ-èîíîñôåðà íà ðàäèîòðàññå
Íîâîñèáèðñê-Óëàí-Óäý. Óñòàíîâëåíû óñòîé÷èâûå ñó-
òî÷íûå âàðèàöèè àìïëèòóäû è ôàçû ðàäèîñèãíàëà è
äðóãèå îñîáåííîñòè ðàñïðîñòðàíåíèÿ ðàäèîñèãíàëà â
ÑÄÂ äèàïàçîíå ðàäèîâîëí.åñü äîëæíû áûòü òåçèñû
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3.19 Электромагнитная и акустическая
эмиссия перед землетрясением на

Камчатке

Дружин Г.И., Марапулец Ю.В., Чернева Н.В.,
Исаев А.Ю., Солодчук А.А.

ИКИР ДВО РАН

Ïðîâåäåíû íàáëþäåíèÿ ýëåêòðîìàãíèòíîãî ïîëÿ è àêó-
ñòè÷åñêîé ýìèññèè, êîòîðûå ïîêàçàëè, ÷òî ïðèìåðíî çà
ñóòêè äî çåìëåòðÿñåíèé ñ ìàãíèòóäîé M>5 â ýòèõ ïîëÿõ
âîçíèêàþò îäíîâðåìåííûå èçëó÷åíèÿ, ïðè÷èíîé êîòîðûõ
ÿâëÿþòñÿ äåôîðìàöèîííûå ïðîöåññû ïðè ïîäãîòîâêå
ñåéñìè÷åñêîãî ñîáûòèÿ.
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1 Atmosphere physics

1.1 Methods of extraction of
electromagnetic signals of lithospheric

origin

Uvarov V.N.

IKIR FEB RAS

There was a comparative analysis of the conditions of signal
propagation atmospheric lightning and lithospheric origin.
It is shown that the use of a di�erential reception (using
a quadrupole antenna) allows reliable receiving of signals
of lithospheric origin in spite of the presence of powerful
storm signals. Allocation algorithm lithospheric origin
signals based on the method of least squares to calculate the
weight of the modi�ed spectral components of the Fourier
coe�cients, considered. Examples of processing results.
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Conclusions about the feasibility of using these methods in
the analysis of acoustic and electromagnetic emission of the
lithosphere.

1.2 Allocation and analysis of the
ionospheric disturbances during
periods of solar events and

geomagnetic storms

Mandrikova O.V.1, Polozov Yu.A.1,2, Solovev I.S.1,2,
Fetisova N.V.1

1 Institute of Cosmophysical Researches and Radio Wave
Propagation

2 Kamchatka State Technical University

The study is based on new methods of analysis of
ionospheric and magnetic data applying multi-component
model constructions (MCM) developed by the authors.
According to the data from of ground stations, we made an
analysis of ionospheric and geomagnetic data and studied
the space-temporal features of the distribution of the
disturbances in magnetospheric-ionospheric system. Large-
scale anomalous increases in the ionosphere were detected
several hours before the beginning of geomagnetic storms.
During periods of strong geomagnetic disturbances positive
phases changed to negative. This research is supported by a
grant of Russian Science Foundation No. 14-11-00194.

112



1.3 Application of the nudged elastic band
method for radio and seismic wave

propagation problem

Nosikov I.A.1, Bessarab P.F.2, Klimenko M.V.3

1 Immanuil Kant Baltic Federal University, Kaliningrad,
Russia

2 Royal Institute of Technology, Stockholm, Sweden
3 West Department of Pushkov IZMIRAN, RAS,

Kaliningrad, Russia

The nudged elastic band method (NEB) for calculating
paths of the radio and seismic wave propagation is proposed
and applied. The method is based on the direct variational
principle for the optical path (Fermat's principle). The idea
is to minimize the functional of the radio path directly, while
the endpoints of the trajectory are kept �xed according to
the boundary conditions. The method has been applied to
various test problems. The method has also been applied
to study point-to-point ionospheric and seismic ray path
calculations for inhomogeneous medium. The comparison
between results given by NEB method and numerical
solution of eikonal equation with shooting approach has
a good agreement. The possibility of �nding multiple
ray paths is shown. The analysis and assessment of the
search possibility of the high, low ionospheric rays from the
perspective of the theory of the calculus of variations are
performed. The main problems of their determination and
possible ways of solution are outlined.
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1.4 Comparative analysis of lidar,
radiosonde and satellite measurements

of the temperature in the lower
stratosphere in the region of Western

Siberia

Marichev V.N., Bochkovsky D.A.

V.E. Zuev Institute of Atmospheric Optics SB RAS

A comparison of the vertical distribution of temperature in
the lower stratosphere according to the lidar, radiosonde
and satellite measurements was performed. In lidar
measurements Raman and Rayleigh channels were used for
receiving of scattering light at wavelengths of 532nm and
607íì. A good qualitative and quantitative agreement was
obtained between the vertical pro�les of temperature. The
prospect of using the combined method for measuring the
temperature in the stratosphere was shown.
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1.5 Comparative analysis of the electron
density measurements in the outer

topside

Ratovsky K.G.1, Shcherbakov A.A.1, Alsatkin S.S.1,
Dmitriev A.V.2,3, Suvorova A.V.2,3

1 Institute of Solar-Terrestrial Physics SB RAS
2 Skobeltsyn Institute of Nuclear Physics, Lomonosov

Moskow State University
3 National Central University, Taiwan

Comparative analysis of the electron density measurements
in the outer topside is required for calibration of various
ionospheric models. Recent comparisons of the International
Reference Ionosphere model (IRI) with the data of CHAMP
and GRACE satellites during the 2008-2009 solar minimum
revealed signi�cant di�erences in the electron density at
300-500 km. In this paper we compare the electron density
obtained with the Irkutsk incoherent scatter radar (52.90

N, 103.30 E) and the COSMIC/FORMOSAT-3 satellites
during their �ybys near the radar location. For comparison
with the IRI model, there were used the long-duration
continuous Irkutsk incoherent scatter radar measurements.
These measurements allowed us to obtain monthly averaged
patterns of height-diurnal electron density variations that
were compared with the IRI model. Comparative analysis
revealed systematic di�erences between the two instruments
(radar and COSMIC/FORMOSAT-3), as well as between
the two instruments and the IRI model for four seasons and
two solar activity levels (low and moderate).
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1.6 Comparison of TayAbsTEC technique
results with Global Ionospheric Maps

data

Mylnikova A.A., Yasyukevich Y.V.

Institute of Solar-Terrestrial Physics of Siberian Branch of
Russian Academy of Sciences

We presented a technique TayAbsTEC for estimation of
absolute vertical total electron content (VTEC), its gradients
and di�erential code biases based on the TEC model which
is a classical Taylor series expansion of vertical TEC in
space and time. We evaluated the di�erence between VTEC
data estimated by TayAbsTEC and VTEC data from Global
Ionospheric Maps provided by CODE and JPL laboratories.
We found that, in average, the di�erence between results
of TayAbsTEC and JPL data is larger than the di�erence
between results of TayAbsTEC and CODE. It is shown
that during the year of solar activity maximum (2014)
the di�erence between VTEC data by TayAbsTEC and by
JPL is twice higher than during the year of solar activity
minimum (2009). The di�erence between VTEC data by
TayAbsTEC and by CODE does not change in comparison
with the di�erence during the year of solar activity minimum.
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1.7 Detection of the Whistlers in
VLF-spectrograms

Malysh E.A.1, Vodinchar G.M.2,1, Cherneva N.V.2

1 Vitus Bering Kamchatka State University
2 Institute of Cosmophysics Research and Radio Wave

Propagation FEB RAS

The report describes the system of pattern recognition of
whistlers in the spectrograms of VLF radio signals. The
system works with spectrograms of 15-minute intervals VLF
signal. The recognition process consists of three stages:

1. spectrogram median �ltering in order to suppress
narrowband noise and atmospherics;

2. the non-linear transformation of the plane � time-
frequency � for the purpose of straightening whistler
images;

3. recognition of whistlers in the transformed
spectrogram by neural network.

The examples of the system, discusses its performance and
reliability.
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1.8 Determination of parameter of
scattering on the ionospheric screen in
the propagation of a radio signal in
Earth-Ionosphere channel in the
short-wave range of radio waves.

Belov S.Yu.1, Belova I.N.2

1 M.V. Lomonosov Moscow State University, Moscow,
Russian Federation.

2 A.M. Obukhov Institute of Atmospheric Physics, Russian
Academy of Sciences, Moscow, Russian Federation.

Parameter of returned partially scattered ionospheric signal
Betta_k is of interest to an important characteristic of the
�perturbation� and �turbidity� of statistically inhomogeneous
ionospheric plasma and to the work index of reliability
of ionospheric communication channels including diagnostic
one. Prompt and reliable estimate of the parameter Betta_k
is of interest to radio physics, geophysics, and optics.
Speci�cation for ionospheric case is implemented. This
range allows us to diagnose sub-surface layer of the earth
for earthquake precursors, because scattering parameter is
formed by inhomogeneities dielectric permittivity of the
subsurface structures.
The ionospheric echo (IE) signal/noise ratio Betta_k is of
interest as the ionospheric plasma concentration measure of
disturbance, as well as the communication (or diagnostic)
channel characteristic. The paper presents the results of
comparison of the measurement method from the point of
view of their admissible relative analytical errors. The new
method is suggested. The subscript k = E, R2, R4 indicates
the primary parameter recorded (E - quadrature,

118



R - envelope of the IE), and the method used (E - coherent;
R2, R4 - noncoherent). Usually in use: 1) the standard
R2-method, where Betta_R2 = f_R2 (Alfa_R2); 2) the
coherent
E-method, Betta_E = f_E (Alfa_E). The paper presents
the new R4-method, where Betta_R4 = f_R4 (Alfa_R4).
Above Alfa_k are the values measured and f_k are the
known functions.
The comparative analysis of the normalized relative
analytical errors
Eps*k = (1/Betta_k) df_k/dAlfa_k of the known methods
and the new one was performed. It was shown that
errors Eps*E and Eps*R4 have the same order (Eps*R4
= 3/2 Eps*E) and both errors signi�cantly exceed the
error Eps*R2 in comparison with standard R2-method by
measurement accuracy of Betta_k. As a result, it was found
that su�cient Betta_k analytical measurement accuracy
can be achieved when using an noncoherent apparatus using
a new R4-method.

1.9 Dynamic variations navigation station
signal parameters in the VLF range

Vilyayev A.V., Akbergenov E.M.

Institute of Ionosphere, Almaty, Kazakhstan

Abstract: The analysis of records signal amplitude four
radio navigation stations in the frequency range 18.2 - 23.4
kHz received in Almaty is made. Seasonal change of the
course of daily amplitudes of the summer to the winter
months, connected with variations of e�ciency of ionization
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of D ionosphere is allocated. The spectrum of the signal
amplitude and the correlation with the variations of the
geomagnetic �eld according to the geomagnetic observatory
"Alma-Ata"is considered.

1.10 Impact of cyclones over Kamchatka
on electron distribution in the

ionosphere

Bogdanov V.V.1, Kaisin A.V.1, Romanov A.A.2

1 IKIR FEB RAS
2 OAO «Russian Space Systems»

The paper presents the results of investigation of cyclone
impact on ionosphere parameters. Ionosphere state was
observed by the automatic sounding equipment applying
low-orbital navigational spacecrafts in the conditions of low
seismicity. Receiving stations are located in the meridian
direction of Kamchatka peninsular, in Paratunka, Mil'kovo
and Esso. Under the investigation were the cyclones which
passed over Kamchatka from January 2012 to February
2014 in calm and moderately calm magnetic conditions
(geomagnetic activity index is 𝐾 ≤ 17) and low seismicity.
It was shown that during the passage of �ve out of
eight cyclones over Kamchatka, a synchronous increase of
electron concentration over its center occurred if compared
with the closest days without cyclones. As the latitude
increased, i.e. with distance from the center of a cyclone,
the electron concentration decreased in comparison to calm
days. The paper was supported by RFBR Grant �11-05-
00915, according to the Program of RAS Presidium �12-
1-P22-01 and the FEB RAS Program ¾Satellite monitoring
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of the Far East for Fundamental Scienti�c Investigations of
FEB RAS¿.

1.11 Effect of X-ray radiation on diurnal
periods of VLF emissions

Druzhin G.I., Stasiy I.E.,

IKIR FEB RAS

Registration of electromagnetic noise radiations at �xed
frequencies and pulsed broadband radiation was carried out.
Spectral analysis showed that variations of VLF emissions
present diurnal components associated with periods of
rotation of the Earth relative to the Sun and relative to
the stars. It is shown that the diurnal variations of VLF
emissions manifested emissions of the Solar X-rays and X-
ray Galactic.
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1.12 Effect of solar activity to a
temperature on the high-latitude

mesopause over Yakutia in the 23rd
cycle.

Ammosova A.M., Ammosov P.P., Gavrilyeva G.A.,
Koltovskoi I.I.

Institute of Cosmophysical Research and Aeronomy,
Russian Federation

OH(6-2) rotational temperature trends and solar cycle
e�ects are studied. Observations were carried out at the
Maimaga station(63.040 N, 129.510 E) for the period August
1999 to March 2013. Measurements were conducted with
an infrared spectrograph. Temperatures were determined
from intensity ratios in the P branch of the OH band.
The monthly average residuals of temperature after the
subtraction of the mean seasonal variation were used for
a search for the solar component of temperature response.
The dependence of temperatures on solar activity has been
investigated using the Ottawa 10.7 cm �ux as a proxy. A
linear regression �tting on residual temperatures yields a
solar cycle coe�cient of 4.24 ? 1.39 K/100 solar �ux units
(SFU). The cross-correlation analyses showed that changes
of the residual temperature follow changes of solar activity
with a quasi-two year delay (25 months). The temperature
response at the delay of 25 months reaches 7 K/100 SFU.
The research was supported by "Scienti�c and Educational
Foundation for Young Scientists of Republic of Sakha
(Yakutia)"201604010210.
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1.13 Effects of solar flares on variations of
lightning activity over North Asia

(summer season 2009-2014)

Tarabukina L.D.1,2, Kozlov V.I.1,2

1 Yu.G. Shafer Institute of Cosmophysical Research and
Aeronomy of SB RAS

2 M.K. Ammosov North-Eastern Federal University

The comparison of lightning strike daily number time
series, radiopulses of which were recorded over territory
60-180 E, 40-80 N, was made during 6 days before and
after solar �ares of X and M classes. The data of lightning
strike number were obtained by the World wide lightning
location network (WWLLN) with better detection e�ciency
(more than 15%) for lightning strike with current more
than 30 kA. One station of WWLLN is installed at
Yakutsk. The data of solar �ares were obtained from open
access source of �Space weather prediction center�, NOAA
(http://www.swpc.noaa.gov). During summer seasons
2009-2014 (1 June - 31 August) when lightning activity was
intense for whole considered territory, there were selected 4
of X class and 17 of M class solar �ares from 5 and 66 total
occurred �ares correspondingly. The condition of selection
was that �ares should not occur consequently during 3 days.
The averaged by superposed epoch method lightning strike
daily number showed the increase (by 1.7 times compared
to starting point level) 3-4 days later X class solar �are
appearance. The response of lightning strike number to
M class �ares appearance was not found within statistical
signi�cance.
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1.14 Electromagnetic field accompanying
the generation of sea spray

Bogatov N.A.

Institute of applied physics RAS

It is known that the drops formed in white caps on the
sea surface, can carry an electric charge. One of the most
e�ective mechanisms of generation of charged drops in the
sea spray is the so-called "bubble"mechanism. Bubbles,
previously entrained in the water column by breaking waves,
rise to the surface and burst. The cavity remaining after the
bubble cap has shuttered collapses violently, and a vertical
jet forms. The jet then fragments into several droplets
(may be one) that are ejected into the air. The largest
electric charge carries the upper jet drop. Static electric
�eld produced by the sea spray repeatedly recorded in
�eld experiments. The intensity of the sea spray and its
electric �eld increase with increasing intensity of the foam-
formation in the breaking waves. The magnitude of the
static electric �eld created by the charged droplets of the
sea spray, can be several times higher than the fair weather
atmospheric �eld. The generation of jet droplets is pulsed,
and the frequency spectrum of the electric �eld produced by
drops should include not only constant but also alternating
components. The alternating electric �eld, especially the
wave �eld can be more accessible for remote registration,
than the static �eld. The aim of this work is the calculation
of the spectrum and intensity of the alternating electric �eld
- a quasi-stationary, induction and wave - accompanying the
generation of charged droplets in the foam on the sea surface.
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1.15 Estimation of changes of effective
height of the Earth-ionosphere

waveguide by VLF-LF radio signals
phase variations during solar eclipse

Korsakov A.A.1, Kozlov V.I.1,2, Karimov R.R.1

1 Yu.G. Shafer Institute of Cosmophysical Research and
Aeronomy

2 North-Eastern Federal University

Upon check in Yakutsk obtained stable diurnal variations
in the phase of VLF-LF signals of remote radio stations.
During the solar eclipse of May 20 - 21, 2012 at the periods
of the moon shadowing propagation paths recorded signal
phase variations. The signal JJY40 station (40 kHz, 37.4N,
140.84E) phase changes is 0.77 radian. The NPM signal
station (21.4 kHz, 21.4N, 158.1E) phase changes is 0.54
radian. By the values of the Bessel elements eclipse 20-21
May, 2012 the distribution area ratio of the open part of
the Sun to complete along the paths JJY40-Yakutsk (2850
km) and NPM-Yakutsk (6995 km) on the route elements
of 200 km and time resolution of 3 minutes obtained. The
normalization factor linking the changes in the e�ective
height of the Earth-ionosphere waveguide and the logarithm
of the ratio of the �ux of solar radiation during the eclipse to
a full radiation �ux in the daytime is determined by the least
squares method, according to solar eclipse phase variations
(Ph). The e�ective height of the Earth-ionosphere waveguide
is the level of the electron density of the ionosphere along
the propagation path. The normalization coe�cients are
equal to 3.27 and 2.27 km for radio JJY40 - Yakutsk and
NPM - Yakutsk respectively. The maximum changes in the
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height of the Earth-ionosphere waveguide for the maximum
shading route JJY40 - Yakutsk (22:47 UT) is 4.63 km (39N
140E, Ph = 0.88). For the path NPM - Yakutsk (23:52 UT)
maximum changes is 4.25 km (49N 177E, Ph = 0.96).

1.16 Features of interrelation dangerous
meteorological phenomena (DMF)
and cycles of solar activity in the

North Caucasus

Khorguani F.A., Agzagova M.B.

High-Mountain Geophysical Institute

In present paper the interconnection of dangerous
meteorological phenomena and solar activity is considered.
Cyclic dynamics and correlated relationship of average
annual, seasonal and temporal distribution of dangerous
meteorological phenomena with variation of solar activity
during corresponding periods is parsed. As a result of this
research we concluded that temporary move of solar activity
W average monthly distribution is quite synchronous to
DMF distribution and the correlation coe�cient equals to
0,77. As for average annual distribution coe�cient, it equals
to 0, 82. The years full with dangerous meteorological
phenomena are characterized with maximal solar activity
and, vice versa, during the years of low solar activity
intensity of these phenomena are reduced.
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1.17 Frequency and time analysis of
sunrise effect in the electric field of
the surface layer of the atmosphere

Smirnov S.E.

Institute of Cosmophysics Research and Radiowave
Prorogation, Far East Branch, Russian Academy of

Sciences

A typical diurnal variation of atmospheric electric �eld with
a maximum is observed in the morning during fair weather
conditions. Statistical estimates of the e�ect parameters,
such as time of the beginning, time of a maximum,
its intensity and duration, were obtained. It was shown
experimentally that the diurnal variation maximum of
atmospheric electric �eld intensity is associated with air
temperature height distribution.
Power spectra of time variations of electric �eld intensity in
the near ground atmosphere and of the horizontal component
of geomagnetic �eld were under study. It was shown that
there are oscillations with the periods of Ò ∼ 2, 0 − 2, 5
hours in the power spectra of these parameters during a day.
During the sunrise, the intensity of these oscillations in the
power spectra of electric �eld intensity signi�cantly increases
simultaneously with the increase of oscillations in the period
band of Ò < 1 h. Cross-spectrum argument variations of
these parameters showed that the oscillations in the period
band of 2,0�2,5 h are caused by remote sources above the
dynamo-region of the ionosphere, and the oscillations in the
period band of 0,5�1 h are caused by the sources in the
lower atmosphere. A possible mechanism of generation of
these oscillations was proposed. It is associated with vortex
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motion of convective cells arising during the sunrise in the
atmosphere exchange layer.

1.18 Identification of polar stratospheric
clouds observed by lidar above Tomsk

Cheremisin A. A.1,2, Marichev V. N.3, Novikov P. V.2,
Barashkov T. O.2, Bochkovskii D. A.3

1 Siberian Federal University
2 Krasnoyarsk Institute of railway transport

3 Institute of atmospheric optics them. V. E. Zuev SB RAS

Polar stratospheric clouds (PSC) are regularly observed
in the Northern Europe. But PSC is a rare phenomenon
in Russia. In addition, there are only a few high-altitude
atmosphere lidar stations in this huge territory. One of them
is the station operating in the Tomsk, V. E. Zuev Institute
of Atmospheric Optics SB RAS.
The peaks of aerosol scattering were registered in the
stratosphere above Tomsk in January 2010 and 26-28
January 2016. The results of air mass transport calculations
showed that the back trajectories passed over Tomsk at the
aerosol scattering peak altitudes, had the segments with
the low temperature corresponding to the PSC formation
temperature. In the di�erent cases the stratosphere cooling
occurred over Tomsk, Scandinavia, the North Urals and
Novaya Zemlya.
The calculations of air mass transport were performed by
software developed by our group, using original methods
and UK Met O�ce stratospheric Assimilated data on wind
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velocities at various altitudes in the atmosphere of the
Northern hemisphere. This technique has yielded some good
results for understanding of the volcanic aerosol transfer and
the meteoric aerosol spread.
This work was supported by the Russian Foundation for
Basic Research (project 16-05-00901), the grant of the
Russian Federation President NSH 4714.2014.5 and the
grant RSF 14-27-00022. The authors are grateful to the UK
Meteorological O�ce for providing data.

1.19 Large-scale and Small-scale
Ionospheric Irregularities Durning
the Main Phase of the 2015 June 22

Magnetic Storm

Yasyukevich Yu.V., Vasilyev R.V., Vesnin A.V.,
Globa M.V., Ratovsky K.G.

Institute of solar-terrestrial physics SB RAS

We investigated large-scale and small-scale ionospheric
irregularities during the 2015 June 22 magnetic storm.
Large-scale structure was investigated based on worldwide
GPS/GLONASS network data. Small-scale irregularities
were studied based on ISTP SB RAS experimental
equipment. We used data on F-spread (ionosonde DPS-4),
"Cygnus-A"radio source scintillations (incoherent radar),
∼1200/1600 MHz navigation signal amplitude scintillations
(GPS/GLONASS receiver). During main phase of magnetic
storm we recorded F-spread in DPS-4 data along with
increasing of "Cygnus-A"signal scintillation passing through
incoherent radar directional diagram. Navigation signal
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amplitude scintillations were not higher than background
level, but we recorded short-term phase �uctuation
increasing. We �nd out a correlation between small-scale
irregularities appearance and propagating large-scale
ionospheric disturbances of auroral origin to mid-latitude.

1.20 Lidar investigations of the upper
atmosphere scattering at exсited

atomic oxigen atoms

Bychkov V.V., Perezhogin A.S., Seredkin I.N.,
Shevtsov B.M.

Institute of Cosmophysical Research and Radio Wave
Propagation

The results of studies of the upper atmosphere lidar
scattering are presented. The observations were carried
out at the wavelength of 561.1 nm, which corresponds to
the transition between the excited states 2𝑠22𝑝2(3𝑃 )4𝑝 →
2𝑠22𝑝2(1𝑆)3𝑠 of atomic oxygen ion. We discuss the possibility
of application of the lidar technique in ionospheric research.
The physical basis of this method can be the resonant
scattering on the ions of the upper atmosphere.
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1.21 Measurement of hydroxyl rotational
temperatures at different latitudes

Koltovskoi I.I., Ammosov P.P., Gavrilyeva G.A.,
Ammosova A.M.

IKFIA SB RAS, Yakutsk, Russia

The report provides a preliminary analysis of the band
rotational temperatures OH (3.1) at an altitude of
87 km measured ANDOR spectrographs, mounted on
optical stations Tiksi (71.50 N, 128.50 Å) and Maimaga
(630 N, 129.50 Å). Infrared spectrograph consists of a
monochromator Shamrock SR-303i, equipped with highly
sensitive infrared iDus InGaAs photodiode array detector
DU490A-1.7 ANDOR. Operating wavelength range 1490 �
1544nm. Cooling −600 C. The angle of ∼ 30. Spectrograph
resolution 0.2 mm width of the entrance slit is 0.8 nm.
Hydroxyl molecule spectra of OH (3,1), radiates at an
altitude of about 87 km, registered in the automatic mode
when the angle of the sun dipping > 90 every minute of
every day and transmitted via the Internet to the server
of the Institute. The device registers the night sky glow
under zenith angle of 47 degrees. Exposure 1 minute.
The method for estimating the rotational temperature of
molecular emissions is based on the least squares �t of
model spectra constructed with regard to the instrument
function for di�erent previously speci�ed temperatures
to an actually measured spectrum. For the analysis of
observational data for September-December 2015 will be
used, the moonless clear nights will be selected. It is
planned to make a comparison with the satellite data.
The research was supported by "Scienti�c and Educational
Foundation for Young Scientists of Republic of Sakha
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(Yakutia)"201604010210.

1.22 Modelling of potential temperature
measurement capabilities in the

middle atmosphere from space lidar

Marichev V.N., Bochkovsky D.A.

V.E. Zuev Institute of Atmospheric Optics SB RAS

The evaluation of the capacity of the temperature
measurement by elastic molecular scattering of light using
space-based lidar was done. The calculation error of lidar
measurements of the temperature in the middle atmosphere
in the UV wavelength range was performed. As a lidar
transmitter was taken solid state Nd: YAG - laser radiation
with the 3rd and 4th harmonics with wavelengths of 353
and 266nm. It was shown the prospects of laser sounding
at a wavelength of 353nm. Using this laser, the height
measurement range is covered 10-70km over the darkened
surface of the globe. Laser measurements with a wavelength
of 266nm in the middle atmosphere is practically not possible
due to the absorption of radiation by ozone.
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1.23 Natural pulsed electromagnetic field
of the Earth observations in Buryatia.

Druzhin G.I.1, Bashkuev Ju.B.2, Naguslaeva I.B.2,
Cherneva N.V.1, Shevtsov B.M.1

1 IKIR FEB RAS
2 IPMS SB RAS

According to the registration of Natural Pulsed
Electromagnetic Field of the Earth (NPEMFE) and
data from the Word Wide Lightning Network (WWLLN)
shows a possible link received from the Buryatia territory
radiation with local and world thunderstorms centers

1.24 Problem of data interpretation of
polarization laser sensing of high-level
clouds on the basis of theoretically

calculated phase matrices of
backscaterring by monodisperse ice

crystals

Samokhavalov I.V., Bryukhanov I.D.

National Research Tomsk State University

Correct account of the e�ect of high-level clouds on the
results of calculation of the Earth's radiation budget
remains an important unsolved problem. This situation is
caused by the fact that transmission of incoming solar
radiation and outgoing Earth's thermal radiation by such
clouds is determined by their microstructure properties
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including spatial orientation of non-spherical ice particles.
Measurements of orientation of the particles in clouds
by common contact devices are impossible since this
information on the microstructure of ensemble of crystalline
ice particles is lost during sampling.
Full information on the cloud microstructure is contained
in its backscattering phase matrix which connects
the Stokes vector of sensing radiation with one of
radiation backscattered by cloud particles. The method
of experimental measurements of phase matrices is
implemented in the high-altitude polarization lidar
developed at National Research Tomsk State University.
In contrast to the existing analogs, this lidar allows all
16 elements of a phase matrix to be determined. We
have accumulated the data array of the phase matrices of
high-level clouds containing more than 500 matrices over
two past decades. However, the problem of interpretation
of the experimental data related to the estimation of
orientation parameters of crystalline particles is still not
solved. The main reason is the lack of a rigorous theory of
electromagnetic wave scattering on an ensemble of spatially
oriented ice particles. Our approach to the inverse problem
- determination of microstructure parameters of clouds -
solving consists on the comparison of backscattering phase
matrices obtained experimentally with ones calculated
theoretically. In the present report, we discuss the results
of microstructure estimation of high-level clouds on
the basis of comparison of the backscattering matrices
obtained experimentally with ones calculated theoretically
for polydisperse ensembles of ice particles. Wherein, the
matrices of polydisperse ensembles were calculated as
an additive sum (with weights) of phase matrices for
monodisperse ensembles of ice crystals according the real
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parameters of functions of distribution of the cloud particles
in shape, size, and parameters of spatial orientation.
This work was supported in part by Russian Foundation for
Basic Research (grant No. 16-05-00710) and by the Ministry
of Education and Science of the Russian Federation in the
framework of the Tomsk State University Academic D.I.
Mendeleev Fund Program (project No. 8.1.12.2015).

1.25 Research of Electric Field Variations
in the Surface Atmosphere with
Consideration of Its Temperature

Stratification

Petrova G.G.1, Panchishkina I.N.1, Petrov A.I.1,
Chkhetiani O.G.2, Moiseev P.V.1

1 Southern Federal University
2 A.M. Obukhov Institute of Atmospheric Physics of RAS

The paper analyses the results of atmospheric electrical
measurements made by the geophysical research laboratory
of the Physical Faculty of Southern Federal University
(SFEDU) in August of 2014 during the joint expedition with
A.M. Obukhov Institute of Atmospheric Physics of Russian
Academy of Sciences (IAP RAS) at Tsimlyanskaya research
station of IAP.
The research demonstrates that layers of space charge
of di�erent polarity are formed near the ground, which
can be detected by the potential gradient pro�les. The
potential gradient values at ground level are registered by
�uxmeter. The potential gradient values averaged for the
layers are calculated by potentials, measured with the use

135



of radioactive collectors. Possible formation mechanisms
of surface layer electric structure studied under di�erent
conditions are discussed, considering data about temperature
strati�cation of atmosphere, obtained by the use of MTP-5
temperature pro�le meter, and the results of meteorological
parameters measurements, aerosols concentration, Rn-222
volumetric activity in soil gas and atmospheric air.
The research was performed with support of Russian
Foundation for Basic Research (RFBR), grant 16-05-00930
À.

1.26 Research of variations of ionospheric
parameters during the local

meteorological phenomena in the
Kaliningrad region

Borchevkina O.P.1, Karpov I.V.1,2, Dadashev R.Z.1,
Ilminskaya A.V.1, Karpov A.I.1, Korenkova N.A.2

1 Immanuel Kant Baltic Federal University
2 KF IZMIRAN

Meteorological processes in the troposphere are a source of
excitation of acoustic-gravity (AGWs) and internal gravity
waves (GWs) in a wide spectral range. In the Kaliningrad
region meteorological perturbation is su�ciently regular.
Theoretical and experimental studies suggest that AGWs
excited in the lower atmosphere can be distributed to the
heights of the upper atmosphere and cause ionospheric
perturbations. In this paper the aim is to identify the
morphological features of ionospheric perturbations initiated
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by meteorological processes in the lower atmosphere.
To analyze atmospheric and ionospheric perturbations
observations have been selected during the periods of the
strongest meteorological storms in the Kaliningrad region.
Research of variations of atmospheric parameters was carried
out by two-channel remote lidar sensing. Vertical sensing
data and variations of the total electron content TEC
(Total Electron Content) used as the ionospheric parameters.
For reliable detection of morphological feature have been
selected meteorological storms, which were not accompanied
by geomagnetic disturbances. Results of the analysis of
ionospheric observations have shown that during periods of
meteorological perturbations reduction of diurnal variations
in the amplitude of the TEC appears on the background of
low atmospheric pressure in relation to meteorological calm
days. The variations in the critical frequency of the F-region
of the ionosphere observed decrease in the amplitude of the
diurnal variations and the emergence periods manifestations
F - scattering. Analysis of the variations of the atmospheric
and ionospheric parameters showed that during periods
of meteorological perturbations increase of the amplitude
variations has been marked with periods of AGWs and GWs.
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1.27 Results lidar studies of the thermal
regime of the stratosphere over

Tomsk

Marichev V.N., Bochkovsky D.A.

V.E. Zuev Institute of Atmospheric Optics SB RAS

One of the important application of lidar technology is the
study of the thermal regime of the atmosphere. Such studies
in the monitoring mode at the Institute of Atmospheric
Optics SB RAS were launched in 1994 and continues today.
Particular attention is paid to the study of manifestations
of sudden perturbations in the middle stratosphere caused
by winter stratospheric warming (SW). The results of
investigations on this subject can be found in papers [1-6].
This article presents the study of the vertical distribution of
temperature over Tomsk in the perturbed and calm periods
2015.

1.28 Reversals and excursions of the
geomagnetic fields as reason of

climate change.

Kuznetsov V.V., Kuznetsova N.D.

IKIR FEB RAS

Reason why sharp climate changes caused by reversals
and excursions of the geomagnetic �eld (GMF) di�er in
their character is discussed. Excursions are accompanied
by signi�cant drops of the GMF intensity causing the
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increase of cosmic rays (CR) �ux penetration into the Earth
atmosphere. Comparison of Gothenburg, Laschamp and
Blake excursions with trend of the ocean level demonstrates
that these excursions were accompanied by climate warming
and increase of the ocean level contrary to climate cooling
and ocean level decrease during Mono Lake and Norwegian-
Greenland Sea excursions. Character of the climate change
during excursions is suggested here to be determined by optic
properties of atmosphere namely its transparency in period
preceding an excursion. CR are ionizing atmosphere atoms
and the rise of CR density on about some orders as follows
from our estimations is cleaning the dusted atmosphere
due to aerosol particles coagulating, enlarging and falling
down. Transparent atmosphere permits solar radiation to
reach the Earth surface and climate warming arises. Dust
load of atmosphere is suggested here to be governed
by massive explosive volcano eruptions which produce
huge masses of �ne ash. If the excursion starts in clear
atmosphere conditions as modern ones the enlarged CR �ux
generates condensation nuclei and origin of aerosols which
are backscattering solar radiation and climate cooling arises.
Our estimations were supported by data on experiments in
region of Brazil Magnetic Anomaly where the total intensity
of GMF is twice lower than in neighboring regions.
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1.29 Seasonal variation of
gamma-radiation spectrum in the low

atmosphere

Balabin Yu.V., Germanenko A.V.

Polar Geophysical Institute, Apatity, Russia

Along two years there has been a continuous monitoring of
the di�erential spectrum of background gamma-rays coming
from the atmosphere. Gamma radiation on the surface layer
of the atmosphere has bremsstrahlung origin of energetic
electrons appearing from the decay of muons. Gamma
radiation spectrum has power law form. The measurements
are based on the (NaI(Tl), ⊘150×110) crystal in the energy
range 0.1 − 5 MeV. Seasonal variation (which is up to
25% in Apatity and ∼ 50% on Spitsbergen archipelago) is
accompanied by spectrum variation too. The upper energy
limit of it is 500 − 600 keV and additional �ux keeps the
power law form. Auxiliary experiments have carried out
the water cause. In the same time increase event (increase
of gamma-ray background caused by precipitation) has the
upper energy limit ∼ 2.5 MeV and exponential form. One
can conclude that two phenomena (seasonal variation and
increase event) are caused in some way by water, but its
generation modes are di�erent. A plausible hypothesis is
suggested to explain the phenomena.
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1.30 Shock wave in ionosphere during
earthquake

Kuznetsov V.V.

IKIR FEB RAS

Fundamentally new model of the shock wave (SW)
generation in atmosphere and ionosphere during earthquake
is proposed. The model proceeds from the idea of cooperative
shock water crystallization in a cloud. The phase change of
crystallization is realized in complexes of supercooled water
while emerging of hydrogen bonds (HB) which protons as
well as these of matter in earthquake epicenter are many
particles quantum entangled (MQE). Here the downward
crystallization front is this of the decompression wave
and in reverse direction the shock acoustic wave (SAW)
is generated. Achieving ionosphere SAW produces total
electron content (TEC) changes which are detected by
the ground receivers of GPS. Quantum in its nature the
interrelation between the earthquake epicenter preceding
SAW generation and atmosphere proceeds from MQE
between HB protons of the earthquake epicenter material
and these of water complexes in atmosphere cloud. By our
conception SAW is the aftershock of the main shock and
their epicenters may di�er by location.
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1.31 Simulation of light scattering
characteristics of polydisperse droplet

clouds

Krivorotov K.A., Nee E.V., Bryukhanova V.V.

National Research Tomsk State University

Cloud �elds have a signi�cant impact on the radiation
balance of the Earth. Therefore, it is necessary to know
characteristics of clouds, including their microstructure
(phase composition, shape and particle size distribution) for
prediction of weather and climate. The great attention is
devoted to the evolution of remote sensing methods of the
environment in the developed countries. The advantages of
remote sensing method are the possibility of non-destructive
control in near real time with high spatial resolution.
Interpretation of lidar data most often based on the lidar
equation, which binding a detectable power of the scattered
light with parameters of receiving and transmitting of the
lidar system and the characteristics of the environment.
However, possibility of lidar equation using is limited by
sensing formations with low optical density (such as optically
thin haze). But lidar return from clouds, fog and dense
smoke is caused not only single, but also multiple scattering.
One method of this lidar return describing is based on the
approach of double scattering.
The increasing of optical characteristics of the homogeneous
droplet low-level clouds has a greater impact on the double
scattering lidar return than on backscattering lidar return.
Numerical simulation of the lidar return using the lidar
equation account to double scattering associated with the
integration of functions, characterized by a rapid decrease in
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the small angles range and the presence of local extremes.
The complicated form of angular dependence of the light
scattering characteristics of polydisperse aerosol formations
explains the absence of analytical description. Therefore,
the numerical simulation of lidar return from an optically
dense medium, as a rule, the desired values are calculated
by solving a system of equations or by interpolation pre-
calculated angular dependence of the scattered intensity.
The analysis of the applicability of the interpolation
algorithms to the calculation of scattering characteristics of
polydisperse droplet clouds, typical of the Kamchatka region,
are discussed in this report.

1.32 Software and computer system for
processing lidar data at the IAO SB

RAS small lidar station

Marichev V.N., Bochkovsky D.A.

V.E. Zuev Institute of Atmospheric Optics SB RAS

The software package is designed to handle lidar signals
at low altitude atmospheric sounding at the IAO SB RAS
small lidara station, which allows to restore the vertical
pro�le of aerosol characteristics, temperature, density in the
middle atmosphere. The result of the complex are the tables
in which the results of calculations of the height pro�les
in the form of a numerical and graphical representation of
the calculation in the form of graphs. The processed data is
stored in HDF5 format.
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1.33 Solar terminator effects in TEC
during major typhoons.

Edemskiy I.K., Polyakova A.S., Yasyukevich Yu.V.

ISTP SB RAS

Big variety of ionospheric disturbances, including 20 min
oscillations of total electron content (TEC), are caused by
solar terminator. We analyzed TEC dynamics over Japan
and showed that intensity of ST-generated 2-20 minutes
period disturbances increases during major typhoon activity
in this region.

1.34 Study the background variability of
aerosols in the stratosphere over the
Tomsk according lidar observations

Marichev V.N., Bochkovsky D.A.

V.E. Zuev Institute of Atmospheric Optics SB RAS

The experimental data on the variability of the vertical-
temporal structure of aerosol which obtained from lidar
complex of the lidar station of Institute of atmospheric
optics SB RAS during 2015 are analyzed . As the primary
information to analyze the data from array 84 total signals
accumulated in some nights were used . The spacing
of the sensed heights extended from 15 to 50-60 km,
the spatial resolution was 192m., the accumulation time
of the total signal - 2 hours. According to the results
of observations a high content of aerosol in the lower

144



stratosphere was registered in November and especially in
December comparing with other previous years.

1.35 The Results of the Ground Layer
Ionization Characteristics and Rn-222
Content Measurements in Soil and

Atmosphere at the Baikal Lake Shore

Panchishkina I.N.1, Petrova G.G.1, Buraeva E.A.1,
Petrov A.I.1, Egorov E.V.2, Petrov N.A.3, Maslov S.A.2

1 Southern Federal University
2 Ltd. Design Bureau ”Metrospetstehnika”

3 Information Center, MD of the Russian MIA in the
Rostov Region

The pro�les of polar speci�c electrical conductivities of
the air in the layer of 0 - 5 meters, which have
been obtained earlier using the results of 1987 - 1991
expeditions' measurements in the Baikal Lakeside (Bolshiye
Koti Settlement) - average for the period of observation
in summer months do not reveal a dramatic growth of
electric conductivity values as approaching to the ground
surface. The phenomenon indicates weak soil emanation,
determined by either low emanations content in the soil,
or poor conditions of their venting into atmosphere. The
expedition measurement complex of the day did not include
the instruments to obtain the data about radioactivity values
of soil and atmosphere, hence it was not possible to estimate
the ionization sources in the survey point.
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A series of parallel measurements of small ions polar
concentrations ("Sapphire-3K"ion counter) and atmospheric
Rn-222 content (radon-monitor "AlphaGUARD PQ2000
PRO") was conducted in Bolshiye Koti Settlement in June
2015. Soil samples were taken for radioactive nuclides
content. Volumetric activity of Rn-222 in soil gas was
measured using radon-monitor. It was detected that Rn-222
content at the depth of 10 cm demonstrates the value of tens
of thousands of Bq/m3, while its concentration in the air
is not too big. The test site is 150 m away from the Baikal
water-front. Presumably, proximity of ground waters and the
condition of the upper soil layer determine the weak Rn-
222 venting into the atmosphere along with its high content
in the soil. The joint analysis of the expedition data of
di�erent periods is made in the paper. The new data allow
to interpret the experimental materials published earlier at
a higher quality level.
The research was performed with support of Russian
Foundation for Basic Research (RFBR), grant 16-05-
00930 À.

1.36 The role of stratospheric gravity
waves in the formation of the upper

atmosphere inhomogeneities

Vasiliev P.A.1, Karpov I.V.1,2, Kshevetskii S.P.1

1 Immanuel Kant Baltic Federal University
2 KF IZMIRAN

The results of modeling the impact of stratospheric internal
gravity waves (GWs) on the state of the upper atmosphere.
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As a dynamic process capable of generating GWs considered
during sudden stratospheric warming (SSW). The numerical
experiment was carried out using a two-dimensional model
generation and propagation of atmospheric waves, taking
into account dissipative and nonlinear processes that
accompany the propagation of waves. Temperature and
density of the perturbation source generating wave activity,
was built according to the observational data during periods
of SSW and the theory of GWs. Conducted measurements
have shown that GWs excited in the stratosphere over
the SSW, can propagate into the upper atmosphere and
produce a temperature perturbation in the altitude of 100
to 200 km, which, in turn, can a�ect the dynamics of the
charged components in the ionosphere and provide further
contribution to the observed ionospheric e�ects of the SSW.

1.37 Variations in the number of
atmospherics on observations in
Yakutsk in summer 2001-2015

Kozlov V.I.1,2, Korsakov A.A.2, Tarabukina L.D.2,1

1 North-Eastern Federal University, MK Ammosova,
Yakutsk, Russia

2 Institute of of Cosmophysical Research and Aeronomy YG
Shafer SB RAS Yakutsk, Russia

Presents statistical characteristics of pulsed magnetic
component (atmospherics) of natural radio noise, very low
frequency range, generated by lightning and registered in
Yakutsk in summer 2001 - 2015. The data are considered
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global network registration thunderstorms WWLLN 2009-
2015, showing the presence of two maxima of the density
of lightning discharges, large contributors to the afternoon
of a local thunderstorm activity during the summer
period. One maximum is west of Novosibirsk, and the
second - to the south of Khabarovsk. The experimental
characteristics of variations of the spread functions of these
centers. Given the spread of the contribution, the ratio
between the number of atmospherics, taken at the minimum
(2009) and the maximum (2013) solar activity, is about
159 percent.Changing the number of atmospherics taken
in di�erent phases of the solar cycle is due to change in
the intensity of the two considered centers of thunderstorms.

1.38 Variations of VLF noise intensity at
8.7 kHz in the solar activity cycles for

the period 2001-2015 years

Karimov R.R.1, Kozlov V.I.1,2, Toropov A.A.1

1 Institute of of Cosmophysical Research and Aeronomy
YG Shafer SB RAS Yakutsk, Russia

2 North-Eastern Federal University, MK Ammosova,
Yakutsk, Russia

The study of the VLF noise intensity at a frequency of 8.7
kHz, registered at the station Yakutsk (62.00 N, 129.72 E) for
the period 2001-2015 years have been carried out. The VLF
radionoise is received by the loop antenna orientated in the
east-west direction. The main contribution in the intensity
of the VLF noise at Yakutsk makes the electromagnetic
radiation of lightning as regional thunderstorms and world
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centers of thunderstorms. Magnetosphere-ionosphere sources
a�ect the VLF noise intensity at 8.7 kHz during strong
geomagnetic disturbances, which usually appear at lower
frequencies. In our early researches, we found the relations
between the VLF noise intensity of lightning origin and
solar activity, the solar wind parameters variations and the
intensity of cosmic rays for the period 1979-2006 years.
In this work, have been found a positive relationship
between the VLF noise intensity of thunderstorm origin
and variations of the solar wind parameters, as well as the
e�ects during a signi�cant change of the cosmic rays �ow.
The results suggest that the in�uence of cosmic rays on
the Earth's atmosphere causes to the change in the global
lightning activity.

1.39 Variations of the atmospheric electric
field depending on the geographical

latitude.

Karimov R.R., Kozlov V.I.

ShICRA

In this paper we presents the results of measurements of
the atmospheric electric �eld strength in the expeditionary
observations on the ship "Mechanic Kulibin"along the path
from Yakutsk to Tiksi and from Tiksi to Yakutsk. The
expedition was carried in September 2010. Measurements
of the electric �eld is continuously carried out at latitudes
from 62N to 72N. To measure the electric �eld used
electrostatic �uxmeter with a measuring range of +/- 50
kV/m. In addition coordinates and altitude using Trimble
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GPS-receiver are recorded. The analog signal from �uxmeter
is digitized with the ADC E-154 L-Card and recorded on
a laptop. We use the electric �eld data with a resolution
of 1 second and GPS-receiver data with a resolution of
5 minutes. Fluxmeter and Antenna of GPS-receiver were
installed on the upper deck on the starboard side. The
data showed that the atmospheric electric �eld strength
decreases with increasing latitude. This can be explained
by the fact that the value of the �eld strength in good
weather condition is determined by the ionosphere, which is
undergoing some changes as a function of latitude.

1.40 Winter anomaly in NmF2 and Total
Electron Content. 1. The morphology
according to observation data and

model calculation results

Yasyukevich Yu.V.1, Ratovsky K.G.1, Chirik N.V.2,
Klimenko M.V.3,2, Klimenko V.V.3, Polyakova A.S.1,

Lukyanova R.Y.4,5

1 Institute of solar-terrestrial physics SB RAS
2 I. Kant BFU

3 WD Pushkov IZMIRAN
4 Geophysical Center RAS

5 Space Research Institute RAS

We analyzed the winter anomaly manifestation in the
F2 peak electron density (NmF2) and Total Electron
Content (TEC) based on the observation data and model
calculation results. For the analysis we used 1998-2015
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TEC Global Ionospheric Maps (GIM) and NmF2 ground-
based ionosonde observation data from [Pavlov and Pavlova,
2012] and 1998-2015 COSMIC, CHAMP and GRACE radio
occultation data. We used Global Self-consistent Model of
the Thermosphere, Ionosphere, and Protonosphere (GSM
TIP) and International Reference Ionosphere model (IRI-
2012). Based on the observation data and model calculation
results we constructed the maps of the winter anomaly
intensity in TEC and NmF2 for the di�erent solar and
geomagnetic activity levels. The winter anomaly intensity
was found to be higher in NmF2 than in TEC according to
both observation and modeling. In this report we show the
similarity and di�erence in winter anomaly as revealed in
experimental data and model results.

1.41 Winter anomaly in NmF2 and Total
Electron Content. 2. Formation

mechanisms of longitudinal variations
in winter anomaly

Klimenko M.V.1, Klimenko V.V.1, Yasyukevich Y.V.2,
Ratovsky K.G.2, Polyakova A.S.2, Chirik N.V.3,

Lukyanova R.Y.4

1 WD IZMIRAN, Kaliningrad, Russia
2 ISTP SB RAS, Irkutsk, Russia

3 I. Kant BFU, Kaliningrad, Russia
4 Geophysical center RAS, Moscow, Russia

Winter anomaly manifestation in the F2 peak electron
density (NmF2) and Total Electron Content (TEC) obtained
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on the basis of the comparison observation data and
model calculation results obtained using Global Self-
consistent Model of the Thermosphere, Ionosphere and
Protonosphere (GSM TIP) revealed a good agreement.
This fact allowed to investigate in detail the formation
mechanisms of longitudinal variability and interhemispheric
di�erences in winter anomaly. It is shown that in addition
to the main formation mechanism of the winter anomaly
(distribution of thermospheric neutral composition) the
vertical plasma transport along geomagnetic �eld lines
due to the thermospheric wind at heights of ionosphere
F region plays an important role in the formation of
longitudinal variability and interhemispheric di�erences in
winter anomaly at mid-latitude.Here must be thesises

1.42 Modulation of the ionosphere
parameters by the global Pc5

pulsations observed simultaneously
by GPS recievers and EISCAT radar

Pilipenko V. A.1, Belakhovsky V.B.2, Murr D.3,
Fedorov E.N.1, Kozlovsky A.E.4

1 Institute of Physics of the Earth
2 Polar Geophysical Institute

3 Augsburg College, Minneapolis
4 Sodankyla Geophysical Observatory of the University of

Oulu

Our earlier studies demonstrated that the ionospheric
total electron content (TEC) determined by GPS
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recievers is sensitive enough to the presence of the
magnetohydrodynamic (MHD) disturbances. During
periods with intense Pc5 waves distinct pulsations with
the same periodicity were found in the TEC data from
high-latitude GPS receivers in Scandinavia. In this study we
analyze jointly responses in TEC variations and EISCAT
ionospheric parameters to global Pc5 pulsations during the
recovery phase of the strong magnetic storms on Oct. 31,
2003. Comparison of periodic �uctuations of the electron
density at di�erent altitudes from EISCAT data shows that
main contribution into TEC pulsations is provided by the
lower ionosphere, up to 150 km, that is the E-layer and lower
F-layer. This observational fact favors the TEC modulation
mechanism by �eld-aligned plasma transport induced by
Alfven wave. Analitical estimations and numerical modeling
con�rm this notion.
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2 Geophysical fields and their

interaction

2.1 A Neural network system for
estimation of the geomagnetic field

disturbance

Mandrikova O.V., Zhizhikina E.A.

Institute of Cosmophysical Research and Radio Wave
Propagation FEB RAS

The report presents our software system for estimation
the degree of disturbance of the geomagnetic �eld. The
system automatically classi�es registered geomagnetic data
(H-components of the geomagnetic �eld are used) and
determines the state of the geomagnetic �eld for the current

154



day. The system is based on a collective of neural networks,
which input images are components of the �eld variations.
The results of approbation of the system (using data from
the ¾Paratunka¿ station, Paratunka, Kamchatka region,
data registration is carried out by IKIR FEB RAS) showed
the prospect of its application in problems of estimation
and prediction of space weather. The system allows us to
allocate weak disturbances of the geomagnetic �eld, which
may occur before strong magnetic storms.

2.2 Analysis of geomagnetic field data and
cosmic rays variations during periods

of increased solar activity

Mandrikova O.V.1, Zalyaev T.L.1, Solovev I.S.1,2,
Khomutov S.Y.1,2

1 Institute of Cosmophysical Researches and Radio Wave
Propagation FEB RAS

2 Kamchatka State Technical University

We performed analysis of the cosmic rays variations and
studied features of geomagnetic �eld variations during
periods of increased solar activity. The paper applies a new
methods of modeling and analysis of the data developed
by the authors based on wavelet transform and neuron
networks. During the analysis, we highlighted characteristics
and elements of preparation and occurrence of events
during the growth of solar wind velocity and interplanetary
magnetic �eld amplitudes, and allocated anomalous changes
in cosmic rays that occurred some hours before geomagnetic
storms at the background of calm and weakly disturbed
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geomagnetic �eld. Long and deep Forbush decreases took
place during the storms.
This research is supported by a grant of Russian Science
Foundation No. 14-11-00194.

2.3 Anomalous changes of the geomagnetic
field vertical component in Kamchatka

Moroz Y.E.1, Smirnov S.E.2

1 Institute of Volcanology and seismology, Far East
Branch, Russian Academy of Sciences

2 Institute of Cosmophysics Research and Radiowave
Prorogation, Far East Branch, Russian Academy of

Sciences

Secular changes of the geomagnetic �eld vertical component
data for the time period from 1966 to 2014 obtained from
the observatories of Paratunka (Kamchatka), Kakioka
(Honsu island), Mamambetsu (Hokkaido island), and
Patrony (Irkutsk) were gathered and analyzed. Comparative
analysis of secular movements showed that the same
changes of approximately several hundred nT in strength
were pronounced at all the four observatories for the period
from 1968 to 2001. Then, concerning to the time period from
2001 to 2014, the situation had changed. In the observatory
of Paratunka the secular movements were di�erent from the
other observatories' data. The three observatories' revealed
variations were failed to con�rm by this one. This deviation
of secular movements of geomagnetic �eld is timed to the
intensi�cation of seismicity at a depth of 400�700 km in
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the South Kamchatka area where the strong Okhotomorsk
earthquake of 𝑀𝑤 = 8, 3 occurred. Now it is supposed
that the physical-chemical processes activated as a result
of the intensi�cation of seismicity in the boundary between
the upper and lower mantle. These processes to be the
cause of large-scale geoelectrical in homogeneity the vertical
component of geomagnetic �eld behavior is a�ected by.

2.4 Change of the radio wave paths at
oblique sounding of high latitude
ionosphere in the periods of

geomagnetic storms

Kotova D.S.1,2, Klimenko M.V.1,2, Klimenko V.V.1,
Zakharov V.E.2

1 West Department of Pushkov Institute of Terrestrial
Magnetism, Ionosphere and Radio Wave Propagation RAS

2 Immanuel Kant Baltic Federal University

To describe the propagation of the HF radio waves in
the ionosphere, the approach of geometric optics is widely
used. As supposed, the propagation medium is weakly
non-uniform with a small absorption. The aim of our
study is to investigate numerically the formation of the ray
paths in the non-uniform and anisotropic ionosphere. The
reference model of the ionosphere IRI-2012, the model of
neutral atmosphere MSIS-86, and the Global Self-consistent
Model of the Thermosphere, Ionosphere and Protonosphere
(GSM TIP) are used to describe the propagation medium
. The GSM TIP model is used to extend the validity of
the results of numerical simulation from quiet to disturbed

157



geomagnetic conditions. For investigations of the radio wave
paths characteristics the RWP-2006 model is used. The
numerical algorithm of the RWP-2006 model is added with
the calculation algorithm of the ray paths between the given
locations of the transmitter and receiver. The analysis is
done to estimate how much the geomagnetic storms in�uence
the characteristics of the ray paths (such as the re�ection
altitude, the maximum value of frequency that may be used
to provide radio communication, and the optical length of
the ray path) in the high latitude ionosphere in comparison
with quiet geomagnetic conditions.

2.5 Effect of static electric field of the
earth for work measuring complex

VLF

Sannikov D.V., Malkin E.I., Puhov V.M.

IKIR FEB RAS

An interconnection between an intensity of static
electric �eld of Earth observation in paragraph PFA
"Paratunka"IKIR FEB RAS and precision azimuth
lightning grozopelengatorom. It is suggested that the
in�uence of the electric �eld of the Earth on the power
lines in the near region, which interfere with the quality of
the registration of vertical electrical component in the VLF
range. Spend interference analysis.
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2.6 Features of geodeformation changes of
near surface sedimentary rocks

Larionov I.A., Nepomnyashchiy Y.A.

Institute of Cosmophysical Research and Radio Wave
Propagation of the Far Eastern Branch of Russian

Academy of Science

The results of investigations of the deformation process in
the near surface sedimentary rocks, which has been carried
out in a seismically active region of Kamchatka peninsular
since 2007, are presented. The peculiarity of the experiments
on the registration of geodeformations is the application of a
laser deformograph-interferometer constructed according to
the Michelson interferometer scheme. It is shown that in the
geodeformation process at the observation site, periods of
primary rock compression and tension with the duration up
to several months are distinguished.
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2.7 First results of atmospheric electricity
measurements at the observatory
”Paratunka”, Kamchatka, using the

CS110 Electric Field Meter

Babakhanov I.Y., Butin S.V., Smirnov S.E.,
Khomutov S.Y.

Institute of Cosmophysical Research and Radio Wave
Propagation FEB RAS, Kamchatka, Russia

Atmospheric electric �eld (AEF) is object of active scienti�c
researches. The experimental basis of these researches are
supported by continuous measurements at the observatories
and by special measurements at temporary stations.
Regular observations of AEF are performed at Geophysical
observatory �Paratunka� (IKIR FEB RAS, Kamchatka,
Russia) since 1996. Widespread sensor �Pole-2� of potential
gradient Ez of electric �eld were used and high-quality data
were obtained for long time. But this electrometer is out-
of-day device because old design (by electronic elements
and circuit technique), and it has large wear of mechanical
units. Therefore, new modern digital electrometer CS110
(Campbell Scienti�c, Inc., USA) was acquired by IKIR in
2015. CS110 measure Ez similar to �Pole-2�, but it use a
reciprocating shutter instead a continuously rotating vane
(rotor). Also, measured element of CS110 is down oriented
and is protected it from snow accumulation, that is large
problem of �Pole-2� during strong snowfalls. The resolution
of CS110 is about 0.32 V/m in measurement range from -
2200 to +2200 V/m, RMS noise is about 0.42 V/m. WiFi is
used for transferring of data to computer. The inner timer is
synchronized to UT using PPS signal from GPS receiver.
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CS110 records the auxiliary information such as leakage
current, temperature and humidity of sensor. Inner memory
and backup battery are provided the autonomous work up
to week. Also additional meteorlogical sensors (rain gage,
temperature and humidity) are used.
Electric Field Meter CS110 was installed at Geophysical
observatory �Paratunka� at November, 2015. The place is
�at bitumen roof of house with area of 6x6 meters. Sensor
of CS110, box with electronics, GPS antenna and outdoor
meteorological sensors are �xed at 1.5-meter steel mast.
The control and recording of data are made by LoggerNet
software, the measurement rate is 1 Hz.
The results of continuous measuring of vertical gradient of
AEF potential by CS110 during a few months are presented.
The comparison of CS110 and �Pole-2� are performed. We
give the estimations of reliability and e�ciency of new device
for various conditions: during strong snowfalls, downpours
and winds, with large level of snow, during the power
breakdown etc. The work is supported by Russian Scientific
Foundation, grant N14-11-00194.
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2.8 Numerical evaluation of the seismic
process parameters within a rotational

model of the block geomedium

Gerus A.I.1,2, Vikulin A.V.1

1 IVS FEB RAS
2 Vitus Bering Kamchatka State University

A rotational model of the block geomedium was proposed
for the seismic process within the Paci�c Ocean margin. In
this model, the motion of the block chain is mathematically
represented by sine-Gordon equation. This equation has
solutions in the form of solitons � solitary waves that keep
their structure after colliding with other similar waves, just
like particles do. A sine-Gordon equation was modi�ed with
the e�ects of force moments deviation from equilibrium
positions 𝜇 and friction along boundaries 𝛼 to better match
the real seismic process:

𝜕2𝜃

𝜕𝜉2
− 𝜕2𝜃

𝜕𝜂2
= sin 𝜃 + 𝛼

𝜕𝜃

𝜕𝜂
+ 𝜇𝛿(𝜉) sin 𝜃 (2)

Such equation has no analytical solutions but we can
numerically analyze the dynamics of its soliton solution
parameters (coordinate 𝑋, wave propagation velocity 𝑈 and
rotational deformation rate 𝜃). Our calculations suggest the
following conclusions:

1. Increasing the friction rate 𝛼 leads to a decrease
of 𝑈𝑚𝑎𝑥, 𝜃𝑚𝑎𝑥1, 𝜃𝑚𝑎𝑥2, 𝜃𝑚𝑖𝑛, and they occur later.
Thus, the soliton propagation process slows down and
smoothes.
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2. Increasing the inhomogenety rate 𝜇, on the contrary,
leads to an increase of 𝑈𝑚𝑎𝑥, 𝜃𝑚𝑎𝑥1, 𝜃𝑚𝑎𝑥2, 𝜃𝑚𝑖𝑛, and
they occur earlier. Thus, the modeled process goes
faster and sharper.

3. A simultaneous increase or decrease of 𝛼 and 𝜇 changes
the time scale of the process.

4. An asymptotic value of 𝑋, i.e. 𝑋𝑚𝑎𝑥, for any 𝛼 and 𝜇
corresponds to 𝑋𝑚𝑎𝑥 ≈ 𝑅0, where 𝑅0 is a block radius.

5. For any 𝛼 and 𝜇 the wave reaches its 𝑈𝑚𝑎𝑥, 𝜃𝑚𝑖𝑛 and
asymptotic behavior of 𝑋 simultaneously.

Moreover, there are other invariant values that are
independent of 𝛼 and 𝜇 but are characteristic of the whole
process:

1. The ratio of the deformation rate maximums:
𝜃𝑚𝑎𝑥2/𝜃𝑚𝑎𝑥1 ≈ 2;

2. The ratio of the deformation rate maximums durations:
Δ𝑇𝑚𝑎𝑥2/Δ𝑇𝑚𝑎𝑥1 ≈ 6.

It is shown that within the framework of the rotational
model the equation (2) allows to quantatively describe such
important seismic process characteristics as its foreshock
and aftershock phases and the strongest earthquake between
them. At the same time, the results of the seismic process
numerical modeling are consistent with the experimental
data.
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2.9 On dynamics of electric conductivity
of the geological environment in the
subduction zone in Kamchatka

Moroz Y.E.1, Smirnov S.E.2

1 Institute of Volcanology and seismology, Far East
Branch, Russian Academy of Sciences

2 Institute of Cosmophysics Research and Radiowave
Prorogation, Far East Branch, Russian Academy of

Sciences

Secular changes of the lithospheric electric conductivity were
analyzed based on the monitoring data of the Earth's electric
�eld over the period from 2001 to 2014. Those measures
were carried out in Verchniya Paratunka, Tundroviy, and
Shipunskiy that are located alongside the coastline of the
Avacha Bay of Kamchatka and where the catastrophic
earthquake is to be expected according the long-term
forecast. It is noticed that the changes in behavior of the
secular movements of the lithospheric electric conductivity
sannual average values represented with changes at along
and transverse directions of the seismic focal zone extension.
A great many of such changes were detected on the
Shipunskiy peninsula. It is not impossible that such
changes can be regarded to as the preliminary events of the
intensive Jupanovskiy earthquake (𝑀𝑤 = 7, 1 30.01.2016).
Identi�ed changes of the lithospheric electric conductivity
are connected with the in�uence of the conductivity of the
deep faults on the Shipunskiy peninsula that is also likely
changing in the presence of saline �uids in the faults due
to the contraction and tension processes in the Earth crust
at geodynamic processes in subduction zone. The data of
the numerical 3-dimentional magnetotelluric �eld modeling
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con�rmed the lithospheric electric conductivity changes
being due to the deep faults conductivity in�uence.

2.10 On the possibility of determining the
water content of droplet clouds on

the polarization characteristics of the
double scattering lidar return

Nee E.V., Bryukhanova V.V., Doroshkevich A.A.

National Research Tomsk State University

Clouds have a signi�cant impact on the radiation balance
of the Earth. Optical properties of clouds determined their
microstructure (phase composition, shape and particle size
distribution). Therefore, the task of obtaining real-time
data about the parameters of the microstructure of cloud
formations is important to predict changes in the weather
and climate on Earth. Currently, optical methods are widely
used to determine the microstructure of dispersed media.
The advantages of these methods are as short duration of
the experiment, a high spatial resolution and to conduct
experiments without change in the object under study. The
most common interpretation of the lidar data is carried out
in the approximation of single scattering, and contribution of
multiple scattering in lidar return neglected because of the
complexity of its description. This approach is justi�ed in
sensing of transparent formation, i.e. the formation of small
optical depth. Sensing of the clouds and dense haze and
etc. requires taking into account the contribution of multiple
scattering in lidar return. However, this is a very di�cult
task. In many practically signi�cant cases the lidar return
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can be described based on double scattering approximation
with su�cient accuracy.
The results of research of e�ect of the angle of �eld-of-view
of lidar receiving system and the water content of clouds
on the polarization characteristics of the double scattering
lidar return are discussed in this report. We used the model
of droplet clouds typical for Kamchatka region.

2.11 Overhauser vector magnetometer
POS-4: the results of continuous
measurements during 2015-2016 at

Geophysical Observatory ”Paratunka”
of IKIR FEB RAS, Kamchatka,

Russia

Khomutov S.Y.1, Sapunov V.A.2, Denisov A.Y.2,
Savelyev D.V.2, Babakhanov I.Y.1

1 Institute of Cosmophysical Research and Radio Wave
Propagation FEB RAS, Kamchatka, Russia

2 Ural Federal University, Quantum magnetometry
laboratory, Ekaterinburg, Russia

Vector magnetometer POS-4 is the result of new project
of Quantum Magnetometry Laboratory of Ural Federal
University (Ekaterinburg, Russia; www.magnetometer.ru).
Magnetometer enable to measure the components of vector
of Earth's magnetic �eld in quasi-absolute sense and consist
of primary Overhauser sensor POS-1 and titanium magnetic
systems, which generate the additional homogeneous dialed
magnetic �elds in vertical and horizontal directions.
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POS-4 was installed at the Geophysical Observatory
"Paratunka"(PET) of IKIR FEB RAS, Kamchatka, Russia,
at early 2015. The special separate wooden pavilion with
pillar from glass bricks and passive thermal stabilization
was built. The temperature in hut is controled by digital
thermal sensors at three levels of height.
The regular measurements were started at April, 2015,
after completion of main tunings and selection of optimal
work modes of device. Later on the magnetomer work
fully independently, only with minimal impact during rare
technological procedures. The coil system, which make
horizontal additional �eld, is oriented to measure the east
magnetic component Y. The duration of total cycle of
measurement is 5 seconds. The processing of POS-4 records
is performed in according to ordinary methods, which use at
observatory for other magnetometers, including the control
of long-term (day-to-day) stability by comparison with
absolute observation results. The accuracy of measurements
of more fast variations is estimated using the records of other
magnetometers, such as, �uxgate variometer FGE-DTU or
Overhauser dIdD-magnetometer GSM-19FD.
Report present the summary results of the analysis of
the measurements performed by POS-4 during about
1.5 years. It is made the estimations of the long-term
stability, including the possible e�ects of instability of
pillar, temperature variations, failure of power supply,
electromagnetic interference, instabilty of inner timer etc.
Some modi�cations of the constraction and circuit technique
were made on the basis of results of work of POS-4 in real
conditions. The work is supported by Russian Scientific
Foundation, grant 14-11-00194.
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2.12 Painleve test of a hydrodynamic type
system

Vodinchar G.M., Noshchenko D.S., Perezhogin A.S.

Institute of Cosmophysical Research and Radio Wave
Propagation FEB RAS

We obtain conditions of the Painleve test for a system of
ordinary di�erential equations. These equations is derived
from the system of hydrodynamic type.

2.13 Predicting the state of the Earth’s
magnetosphere by space experiments
data with artificial neural networks:

study of capabilities

Myagkova I.N., Dolenko S.A., Shiroky V.R.

SINP MSU, Moscow, Russia

The paper investigates the results of prediction by arti�cil
neural networks (ANN) with di�erent prediction horizons
for Dst and Kp geomagnetic indexes and for relativistic
electron ux of the Earth's radiation belt with the energy
of >2 MeV, which characterize the state of the Earth's
magnetosphere. Prediction was carried out on the basis of
malti-scale time series including the values of the forecast
indexes and electron �uxes as well as the data on the solar
wind and interplanetary magnetic �eld parameters within
the latest day with one hour resolution.
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2.14 Reversal in the 6-jet geodynamo
models

Vodinchar G.M.1,2, Feshchenko L.K.1

1 Institute of Cosmophysics Research and Radio Wave
Propagation FEB RAS

2 Vitus Bering Kamchatka State University

Reversals of the magnetic �eld is one of the characteristics
of real dynamo systems, including geodynamo. The report
discusses the properties of the reversal sequence in the
models of 6-jet dynamo. In these models, large-scale
convection structure is given by six convective cells. In favor
of this structure are the data about the heterogeneity of
the liquid core at the splitting of the free oscillations of the
Earth, and the results of direct numerical simulations of
convection in the outer core. We discuss e�ect of �uctuations
in heat �ow from the inner core to the distribution of polarity
interval.

2.15 Reversal of magnetic field in the
𝛼Ω-dinamo

Godomskaya A.N.1, Vodinchar G.M.2,1,
Sheremetyeva O.V.2,1

1 Institute of Cosmophysical Researches and Radio Wave
Propagation FEB RAS

2 Vitus Bering Kamchatka State University

In this paper we investigate the question of the possibility
of inversions within the low-mode model 𝛼Ω-dinamo the
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assumption of axial symmetry of the velocity �eld v and
the magnetic �eld B in a spherical shell of a viscous
incompressible �uid (liquid core), rotating around its axis 𝑂𝑧
with a constant angular velocity Ω. The physical parameters
of the liquid held constant, isotropic turbulence in the core
and parameterization using scalar 𝛼-e�ect as a function of
𝛼(𝑟, 𝜃), where 𝑚𝑎𝑥|𝛼(𝑟, 𝜃)| = 1. At the boundaries of the
�eld of a spherical shell of a viscous �uid velocity v assumed
to be zero (the boundary of adhesion conditions). In this
case, the spatial structure of the �eld v simple and has the
character of di�erential rotation in the �eld of external forces
to the mass density f𝑜𝑢𝑡, so we can limit ourselves to single-
mode approximation for component of these �elds.
Magnetohydrodynamic (MHD) equations, including the
Navier-Stokes equations and the induction continuity
condition, the condition solenoidality, boundary conditions
and taking into account the 𝛼-e�ect are discussed in the
Boussinesq approximation. As a result of applying the
method of Galerkin and dimensionless MHD equations
are converted to a system of the nonlinear di�erential
equations with respect to the Poincare mode amplitudes,
toroidal and poloidal magnetic �eld modes. To obtain the
parameters of the system, in which the possible inversion of
the magnetic �eld in the relative constancy of the velocity
�eld of a viscous conducting magnetized �uid. The results
of the numerical solution of the system on the assumption
of various kinds of the 𝛼-e�ect amplitude dependences on
radius are discusses.
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2.16 Seismicity and volcanism as a display
of uniform wave geodynamic process

Dolgaya A.A.1,2, Vikulin A.V.1, Gerus A.I.1,3

1 Institute of Volcanology and Seismology FEB RAS
2 Kamchatka State Technical University

3 Vitus Bering Kamchatka State University

The paper presents the results of research conducted by
the authors on the basis of data on strong earthquakes
and volcanic eruptions that occurred within the most
geodynamically active regions of the planet. With the help
of methods developed by the authors, it was found that
seismicity and volcanism have the properties of cyclicity
(quasi-periodicity) with a common period 𝑇0 ≈ 250 years
and migration. Migration velocities in a certain way depend
on the energy characteristics of the process (magnitude for
earthquakes and explosivity index for volcanic eruptions).
Parameter p characterizes coe�cients of these dependencies.
The values of parameter are positive for the areas of
compression and negative for areas of stretching. Analysis
of the data showed that parameter p is a persistent vector,
which can be regarded as an analogue of the angular
momentum of geodynamic process.
According to the rotational model the motion of block
chain and geodynamic properties of geomedium can be
described with sine-Gordon equation and one of its solutions
in the form of a solitary wave - soliton. This solution in
physically understandable way depends on the modulus of
momentum. Direction (sign) of the momentum corresponds
to the geodynamic conditions in the zones: compression
(positive) and stretching (negative). This makes it possible
within the framework of physical concepts to model the
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migration of seismic and volcanic activity as the wave-
particle process with the properties of short- and long-range
actions and according to this model to consider seismicity
and volcanism as a display of uniform wave geodynamic
process.

2.17 Strain-seismic and acoustic
monitoring of geodynamic processes
by means of high-sensitive spatially
distanced instruments in seismic
energy active and aseismic zones

Aleksandrov D.V.1, Dubrov M.N.1, Kravtsov V.V.1,
Larionov I.A.2, Marapulets Yu.V.2, Shevtsov B.M.2

1 Kotelnikov FIRE RAS
2 IKIR FEB RAS

Observational results of wideband geophysical processes
(acoustic, seismic, strain-baric) obtained by means of the
Kotelnikov IRE laser strainmeters and the IKIR geo-
acoustic measuring complex have been presented. Seismic
and strain-baric measurements in seismic energy active
zone (Kamchatka, w. Paratunka) have been performed by
the on-ground strainmeter built on the three-mirror laser
interferometer scheme with the 32 m long measuring arm.
For observations in aseismic zones (Moscow Region), laser
strainmeters of lengths from 10 m up to 400 m on the
underground beam waveguide in Fryazino, and lengths from
5 m up to 90 m in geophysical gallery in Obninsk have been
used. Measurement have been carried out by instruments
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based both non-equal arms and equal arms (symmetric)
Michelson interferometers. The description and features of
the IKIR geo-acoustic measuring complex for investigations
of geo-acoustic emission at di�erent stages of seismic
event preparations have been discussed. The examples of
synchronous recordings of seismic-acoustic and strain-baric
processes in Kamchatka and Moscow Region are shown and
obtained results of parallel data analysis are presented. The
carried out investigations show the ability of the developed
methods for extracting global geophysical phenomena
connected with strong earthquake M>7 preparing, powerful
tropical cyclones (hurricanes, typhoons), tsunami, and wide
range extraterrestrial environment events.

2.18 Supersonic magnetic poles

Semakov N.N.1,2

1 Magnetic observatory ”Novosibirsk”
2 Novosibirsk State University

Here must be
The question of what happens to the magnetic poles of
the Earth is of interest not only to those who study them
professionally, but also to the general public, particularly
those people who live and work in the Polar Regions.
Information on the drift of the north magnetic pole from
the Canadian Arctic to Siberia at a speed exceeding 10
kilometers per year appears occasionally in the scienti�c
press and the media. However, it is far less known that the
magnetic poles can develop impressive speeds in this process
in short periods of time far less than one year. The discovery
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that in this continuous movement the magnetic poles can
reach speeds that are several times higher than the speed
of sound caught by surprise even the authors of the present
publication. The temporal changes in the magnetic �eld of
our planet are usually analyzed through the behavior of
its angular and force components. But the same temporal
characteristics may be analyzed using the more integrated
and comparable characteristics of the magnetic �eld linked
to the orientation and magnetic momentum of the central
dipole. Such characteristics can be obtained by converting
the angular elements of geomagnetism, measured at a given
point, into geographic coordinates of the magnetic pole. The
most fascinating result obtained using this method is, in our
view, the remarkable movement speeds that the magnetic
poles may develop.

2.19 The possibility of using of the old
analog magnetograms of observatories
to obtain new data about variations

of the Earth’s magnetic field

Khomutov S.Y., Khomutova I.N.

Institute of Cosmophysical Research and Radio Wave
Propagation FEB RAS, Kamchatka, Russia

Analog magnetograms are only source of information about
the changes of the Earth's magnetic �eld in the era of
pre-digital measurements. These magnetograms used at
observatories to obtain the hourly values of total �eld
vector, available through the World Data Center system.
However, magnetograms can be produced more information
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than is available to the WDC, such as the fast variations.
In addition, in many cases the standard hourly data can
not be represented in the WDC. Then archives of the
magnetograms available on the observatories are the only
chance to �ll the gaps in long-term data sets.
International and national scienti�c organizations and
foundations have been implemented projects for the resque
of old analog magnetograms, i.e. the creation of digital
graphic images with the necessary resolution and scaling,
accompanied by the additional information (sensitivity
coe�cients, baseline values, etc.).
Similar project of the saving of the magnetogram archive
of the Observatory "Paratunka"(PET) for the 1967-2006
was performed in 2014 in IKIR FEB RAS, with the
support of the international program VarSITI (VarSITI
Newletter - 2014. - Vol.3 - P.7-8; newserver.stil.bas.bg/
varsiti/newsL/VarSITI_Newsletter. html). These
images are available in the MCD www.wdcb.ru/
stp/magnetogr_list.en.html.
Further processing of digital graphic images is to estimate
of the track ordinates on magnetograms relative to baselines
and to calculate the total magnetic �eld components (using
information about scaling and baseline values).
The software WFD for digitization (Waveform digitizer,
v.2.1 b4, authors and A.Burtsev M.Zhizhin, 2003) is used
to produce minute ordinate values H,D,Z-components.
Four magnetologists independently made the digitization
of magnetograms (a few months of 1995 and 2001).
These minute data were analyzed: (1) comparison of the
digitization results over cover sections of images of daily
magnetogram for each magnetologist (the estimation of
personal errors), (2) comparison the resutls of di�erent
magnetologists (estimation of the personal bias), (3)
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comparison the digitization results with old hourly data for
1995 from WDC, obtained by standard method using the
transparency (estimation of closeness of manual and digital
processing), (4) comparison with measurements of digital
magnetometer, partly existing in 2001, (estimation of quality
of minute values obtained from analog magnetograms).
This report presents the �nal results and estimation
of the possibility of digital processing of old analogue
magnetograms for magnetic observatories practice. The
work is supported by Russian Scientific Foundation, grant
14-11-00194.
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3 Physics of earthquake precursors

3.1 About relation between strong
earthquakes and natural rhythms

Serafimova Ju. K.

Kamchatka Branch of the Geophysical Service of RAS,
Petropavlovsk-Kamchatsky, yulka@emsd.ru

We study the relation between the occurrence of strong
earthquakes and certain phases of di�erent natural rhythms,
in particular, the 18.6-year lunar cycle, the 11-year solar
activity cycles, as well as their shares and multiples.
Identi�cation and evaluation of the statistical signi�cance
of this communication is based, as a rule, by hypothesis
checking of uniformity of distribution of events within the
superposed cycles. These regularities can be used for the
problem solving of forecast of time of strong earthquakes.
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3.2 Calculation the seismic regime
parameters on the basis of a

probabilistic model of Kamchatka
region earthquakes catalog

Bogdanov V.V., Pavlov A.V.

Institute of Cosmophysical Research and Radio Wave
Propagation FEB RAS

The probability distribution functions of seismic events in
intervals of energy class (the probabilistic interpretation of
earthquake recurrence law) were calculated on the basis
of a probabilistic model of the earthquakes catalog for
Kamchatka tectonic-geographical areas (structures). On the
basis of a probabilistic interpretation of the earthquake
recurrence law, simple formulas were obtained which allow
us from the known number of earthquake events in a
representative interval of energy class (magnitude) to
estimate the number of seismic events falling within an
unrepresentative interval and to estimate the expected time
of an earthquake with a magnitude exceeding the maximum
registered values for the period of instrumental observations.
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3.3 Diurnal variations of VLF radio waves
in the middle-road radiopath
”Novosibirsk - Ulan-Ude”

Bashkuev Yu.B.1, Buyanova D.G.1, Advokatov V.R.1,
Naguslaeva I.B.1, Boyarov A.L.1, Druzhin G.I.2

1 IPMS SD RAN
2 IKIR FED RAN

The analysis of radio wave propagation conditions on
the vertical electric radiator in the waveguide "Earth-
ionosphere"was carried out on radio path "Novosibirsk -
Ulan-Ude". Stable diurnal variations in the amplitude and
phase of the signal strength and other characteristics of radio
signal propagation of radio waves in the VLF range were
determined.

3.4 Electromagnetic and acoustic emission
before the earthquake in Kamchatka

Druzhin G.I., Marapulets Yu.V., Cherneva N.V.,
Isaev A.Yu., Solodchuk A.A.

IKIR FEB RAS

Electromagnetic and acoustic emissions were carried out.
It has been shown that approximately one day before the
earthquake with a magnitude M>5 in these �elds there are
simultaneous radiation. The cause of these emissions are
deformation processes in the preparation of seismic events
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3.5 Features Acoustic and Electromagnetic
Earthquake Precursors

Shevtsov B.M.

Institute of Cosmophysics Research and Radio Wave
Propagation FEB RAS

On the basis of the analysis of long-term observations in
Kamchatka, possible mechanisms of generation of acoustic
and electromagnetic emissions of near surface rocks are
considered in the conditions of intensi�cation of geo-
deformation disturbances. Taking into account the induced
polarization e�ects on dislocational changes, the possibility
of occurrence of anomalies in electromagnetic noise
variations determined by the increase of deformation rate is
shown. Di�erent e�ects of seismic activity increase and the
reliability of observations of acoustic and electromagnetic
precursors of earthquakes are discussed.

3.6 Geoacoustic emission directivity
change at “Mikizha” site associated
with earthquakes in Kamchatka

Marapulets Yu.V., Solodchuk A.A., Shcherbina A.O.

Institute of Cosmophysics Research and Radio Wave
Propagation FEB RAS

A receiving acoustic system based on a combined vector
receiver was installed by the bottom of Mikizha Lake in
Kamchatka. It is capable to estimate the directivity of
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geoacoustic emission. According to the data from this
system for the period from August 2008 to January 2016,
an analysis of geoacoustic emission azimuthal distribution
change during earthquakes was carried out. In the result of
it, pre- and postseismic e�ects of the emission directivity
were detected.

3.7 Hydrogeological precursors of strong
earthquakes (to the 40 anniversary of
hydrogeoseismological researches on

Kamchatka)

Kopylova G.N.

Kamchatkan Branch of the Geophysical Survey of the
Russian Academy of Sciences

The original and published data on hydrogeodynamic and
hydrogeochemical precursors of the strong earthquakes
(M = 6.6-7.8) of Kamchatka registered when carrying out
specialized observations on wells during 1977-2016 are
provided. Models of formation of precursors and their use in
system of seismic forecasting are considered. The registered
anomalies of water level changes and a chemical composition
of underground waters are explained by dilatancy in the
water-containing rocks on short-term stages of preparation
of earthquakes within months - weeks.

181



3.8 Joint perturbation of geoacoustic,
emanation and atmospheric electric
fields at the boundary of the earth’s
crust and the atmosphere before the

earthquake

Rulenko O.P.1,2, Marapulets Yu.V.2, Kuzmin Yu.D.3,
Solodchuk A.A.2

1 Institute of Volcanology and Seismology FEB RAS,
Russia

2 Institute of Cosmophysical Researches and Radio Wave
Propagation FEB RAS, Russia

3 Kamchatka Branch of Geophysical Survey RAS, Russia

Joint perturbations of diverse �elds are recorded before
earthquakes at the boundary of the earth's crust and the
atmosphere in the solid and gaseous media. They show the
interaction of surface �elds that is part of the interaction
between the lithosphere and the atmosphere at the boundary
of their contact. In August-October 2012, at Karymshina
observation point operated by IKIR FEB RAS, which is
located in the zone of intersection of di�erent ranks of
tectonic faults, for the �rst time we recorded conjoined high
frequency geoacoustic emission in the near-surface rocks,
volume activity of radon and thoron in the surface layer
of soil, atmospheric electric �eld at the surface land and
meteorological quantities. In thirteen days before Mw = 5.6
earthquake that occurred on October 15 in 01 hr 18 min
UTC 134 km from Karymshina point, joint perturbations
of geoacoustic emission, emanation volume activity and
the electric �eld were recorded. They were observed in the
absence of rain and strong winds with a slightly varying
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atmospheric pressure. We propose a scheme of formation
of abnormal disturbances of di�erent nature and in various
media these �elds. The observed perturbations can be
regarded as a comprehensive short-term precursor of the
earthquake and the evidence of the Earth's crust in�uence
on the surface atmosphere during its preparation.

3.9 Method for continuous monitoring of
electrical rock resistivity with

underground electrical antennas: the
physical basis and results

Gavrilov V.A.

Institute of Volcanology and Seismology, Far Eastern
Branch, Russian Academy of Sciences

This paper presents the main results of developing a method
for continuous monitoring of rock resistivity. The method
uses continuous electromagnetic radiation of man_made or
natural origin as a sounding signal. Underground electrical
antennas are used as sensors. The results of developing the
method for continuous monitoring of rock resistivity allow
us to speak about its prospects as one of the main parts of
an integrated geophysical measurement system focused on
monitoring of the stress-strain-state of geological media.
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3.10 Multiparameter monitoring of
short-term earthquake precursors and
its physical basis in the annex to the

Kamchatka region

Pulinets S.A.1, Ouzounov D.P.2, Davidenko D.V.1,
Petrukhin A.V.3

1 Space Research Institute RAS, Moscow, Russia
2 Chapman University, Orange, CA, USA

3 Moscow Institute of Physics and Technology,
Dolgoprudny, MR, Russia

It is marked recently the revived interest in the use of
physical earthquake precursors for the purpose of short-
term forecast, which were actively used by seismologists
in the 70 years of the twentieth century. This is due,
primarily, with the advent of the physical mechanisms of
generation of short-term study of precursors in the form of
an integrated model of Lithosphere-Atmosphere-Ionosphere
Coupling (LAIC). A key element of the model is the process
of Ion induced Nucleation and formation of cluster ions
occurring as a result of the ionization of near surface air
layer by radon emanating from the Earth's crust within
the area of earthquake preparation. This process is similar
to the formation of droplet's embryos for cloud formation
under action of galactic cosmic rays. The consequence of this
process is the generation of a number of precursors that can
be divided into two groups: a) thermal and meteorological,
and b) electromagnetic and ionospheric. Synergy of the
observed processes shows that to provide the success in short-
term earthquake forecast it is necessary the implementation
of multi-parameter monitoring of precursors, described by
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the model. These precursors appear with various leading
times, while the size of the observed anomalies, their
intensity and position in space all together allow us to
determine all three key parameters necessary for the forecast:
location, time and magnitude of the impending earthquake.
The forecast accuracy increases with the improvement of
terrestrial and satellite-based monitoring techniques.
We demonstrate in the present report: the method of the
short-term forecast in the Kamchatka region, examples of
successful forecasts, statistical data on the various types of
precursors, taking onto account the position of the epicenter
and the earthquake focus (water-land, depth, region (north-
south of Kamchatka, the Kuril Islands), season, and so on.).
As some experimental attempt the data of Kamchatka
volcanoes monitoring will be demonstrated because of the
fact that these studies just have begun. Unfortunately,
descriptive character of online Kamchatka volcanoes activity
at the KVERT WEB-site does not allow us to compare
the observed variation of Kamchatka volcanoes data of
operational monitoring with a description of their activity
on the site.
Overall, the results suggest that the developed methods of
operational forecasting can be implemented for use in the
service of the Kamchatka Branch of GS of RAS.
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3.11 On a hereditarity oscillatory system,
taking into account the effect of

stick-slip

Parovik R.I.1,2

1 Institute of Cosmophysical Research and Radio Wave
Propagation FEB RAS

2 Vitus Bering Kamchatka State University

The paper presents a mathematical model of the local
oscillation system, taking into account the e�ect of stick-slip
(stick-slip). This model is a generalization of the model,
which in the literature is sometimes called a mechanical
model of the earthquake or stick-slip model. The essence
of the model is in motion (sliding) along the other one of
the medium, as well as sticking with �uctuations occurring
after the discharge voltage and tear. Generalization of the
stick-slip model is delivered in the introduction to the model
equations of integral operators in charge of this property
as an oscillatory system hereditarity or memory. Next, the
resulting model solution is written in terms of derivatives
of fractional order Gerasimova-Caputo and solved by
numerical methods. According to the obtained solution,
according to the fractional order derivative values, to build
a family of waveforms for the displacement and velocity of
the oscillatory process, as well as the phase trajectories.
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3.12 Results of tests of three mirrored
laser interferometer on the
Kamchatka geodesic ground.

Aleksandrov D.V.1, Dubrov M.N.1, Kravtsov V.V.1,
Larionov I.A.2

1 The Institute of Radioengineering and Electronics (IRE)
of RAS

2 Institute of Cosmophysical Research and Radio Wave
Propagation FEB RAS

The relevance of the study of sediment deformation due their
important role in many geophysical processes, which are
discussed in seismology, oceanography, mining, etc. Unique
broad frequency band laser interferometric strainmeters
allows the use of these tools in observations of a large
class of geophysical processes occurring in the energy active
zones. Among these processes acoustic phenomena are of
particular interest for the research and development of
technology for detecting geophysical hazards. In this paper,
we consider the use of laser interferometer deformograph
to register �uctuations in the earth's surface seismic and
acoustic frequency ranges. Deformograph length is 32
m. Deformograph data are compared with other sensors
installed in the area of energy active. The series records
have been produced of regional seismic events during
experimental tests of laser deformograph. We performed
testing the e�ects of anthropogenic factors on the results of
the deformograph registration. The observations were made
in IKIR FEB RAS Paratunka Kamchatka Territory. Created
versions of laser deformograph can be e�ective in solving
various problems: geological, geophysical and environmental
services, construction, engineering infrastructure, and others.
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With their help the evaluation of the background processes in
natural conditions, including the industrial and construction
sites, and underground mining, survey expeditions and �eld
observation sites can also be carried out.

3.13 Statistics of occurrence of pre-seismic
anomalies in geoacoustic emission
and in atmospheric electric field

Mishchenko M.A.

Institute of cosmophysical research and radio wave
propagation FEB RAS, Russia

Statistics of occurrence of anomalous disturbances in
high-frequency geoacoutic emission of the near surface
sedimentary rocks and in atmospheric electric �eld by the
ground surface before earthquakes is presented. Long-term
continuous series of measurements of geoacoustic emission
for the period of 2003-2012 at �Mikizha� site and the data
of measurements of atmospheric electric �eld obtained for
the summer-autumn periods of 2006-2008 at �Mikizha� site
and for 2009-2012 at �Karymshina� site were used in the
analysis. Anomalous disturbances of the emission and of
the �eld were compared with the earthquake catalogue of
Kamchatka Branch of the Geophysical Survey RAS.
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3.14 The analysis of radioimpedance and
GPR soundings on the Tory and

Kyrenskoy paleo seismic dislocations

Bashkuev Yu.B.1, Khaptanov V.B.1, Dembelov M.G.1,
Sankov V.A.2, Dobrinina A.A.2, Druzhin G.I.3

1 IPMS SD RAN
2 IEC SD RAN

3 IKIR FED RAN

The report analyzes the radioimpedance and GPR soundings
on Torya and Kyrenskoy paleoseismodislocations located in
Tunka valley of the Republic of Buryatia. The technique
and equipment of radioimpedance (frequency of 22.2, 50, 279
kHz) and GPR (50 and 400 MHz) soundings was discussed.
A comparison with the geological data of earlier works was
made.

3.15 The ground wave over the fault zone

Bashkuev Yu.B.1, Buyanova D.G.1, Dembelov M.G.1,
Naguslaeva I.B.1, Khaptanov V.B.1, Druzhin G.I.2

1 IPMS SD RAN
2 IKIR FED RAN

The report examined the electromagnetic �eld of the ground
wave fault zone in the VLF-LF-MF-HF radio wave bands.
Presented geoelectric model of the fault. Numerical results
are also presented when propagation over the impedance
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path near the fault zone. A comparison with the data of
�eld experiments is made.

3.16 The properties and practical use of
the medium-term earthquakes
precursors in Kamchatka

Kopylova G.N.

Kamchatkan Branch of the Geophysical Survey of the
Russian Academy of Sciences

The general regularities of hydrogeological and other
medium-term precursors of earthquakes on observational
data obtained in Kamchatka since 70-s of the XX century
are considered in this report. A characteristic feature
of the precursors is a joint manifestation before the
powerful earthquakes with magnitudes 𝑀 ≥ 7 at time
intervals from months to weeks. However, retrospective
statistical estimation of correlations between di�erent types
of precursors and earthquakes show the lack of reliability of
precursors for practical prediction of the earthquakes.
New approaches to processing and the analysis of large
volumes of data on variations of parameters of Earth's
�elds and other data with use of the generalized statistical
parameters are discussed. The �rst results of the study of
spatial-temporal variations of seismic noise parameters on
network stations in Kamchatka during preparation of strong
earthquakes 2013-2016 are presented.
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3.17 The response parameters of the
electromagnetic field in the

earthquake on the IGO Karymshina,
Kamchatka

Kasimova V.A., Potanin M.E., Berseneva N.Y.

Kamchatkan Branch of the Geophysical Survey of the RAS

The paper considers the coseismic variations of the
electromagnetic �eld parameters registered by the
magnetometer-variometer and the system measuring
electrotelluric potentials on the IGO Karymshina due
to local earthquakes 2014-2016. The dependence of
the existence of such variations on the parameters of
earthquakes - the quantities of energy classes (𝐾𝑠 ≥ 12.0)
and epicentral distances (𝑅 ≤ 150 km). The signals
caused by earthquakes in the records of the magnetometer-
variometer and in the electrotelluric potential di�erences,
manifested synchronously and conform by arrival time of
seismic waves.

3.18 VLF electromagnetic background in
seismic BAIKAL RIFT ZONE

Nasurlaeva И.Б.1, Bashkuev Ju.B.1, Druzhin G.I.2

1 IPMS SB RAS
2 IKIR FEB RAS

Analysis of long-term continuous observations showed that
the diurnal variations of VLF electromagnetic background
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in a seismically active zone of the Baikal Rift have strong
diurnal and seasonal pace. It has been established that
a few days prior to a strong earthquake there is either
a sharp increase or a sharp decrease the intensity of the
VLF electromagnetic stream depending on the location of
the earthquake focus (on land or in the water). After the
earthquake, the intensity of the VLF electromagnetic stream
enters the normal "background"levels.

3.19 Variations of the amplitude of
lightning discharge signals passing

over earthquake epicenters

Argunov V.V., Karimov R.R.

Yu.G. Shafer Institute of Cosmophysical Research and
Aeronomy SB RAS

Aspects of application of low-frequency impulse
thunderstorm radio signals for the remote monitoring
of manifestations of seismic activity in disturbances of
the lower ionosphere are considered. It is established that
disturbances in the lower ionosphere caused by lithospheric
processes, can be observed in variations of the am-plitude of
thunderstorm signals extending over earthquake epicenters
. The strengthening of signal amplitude occurs on the day
and after the earthquakes, and also a few days before the
events (precursor). The e�ects of earthquakes and their
precursors are manifested in the form of the increase of
average amplitude of atmospherics.
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