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Ñîëíå÷íûé òåðìèíàòîð (ÑÒ) ÿâëÿåòñÿ îáëàñòüþ ïåðåõîäà îò äíåâíûõ óñëîâèé ê íî÷-
íûì è íàîáîðîò. Äàííîå ÿâëåíèå çàòðàãèâàåò âñå ñëîè àòìîñôåðû, õàðàêòåðèçóåòñÿ ãëî-
áàëüíîé ïðîòÿæåííîñòüþ è ñòðîãîé ðåãóëÿðíîñòüþ, ÷òî äåëàåò åãî êðàéíå èíòåðåñíûì
îáúåêòîì èññëåäîâàíèé. Ýôôåêòû ÑÒ â àòìîñôåðå è èîíîñôåðå èññëåäóþòñÿ äîñòàòî÷-
íî äàâíî, êàê â òåîðåòè÷åñêîì [1], òàê è â ýêñïåðèìåíòàëüíîì ïëàíå, îäíàêî ïîëíîñòüþ
èçó÷åííûì äàííîå ÿâëåíèå ñ÷èòàòü íå ñëåäóåò.

Ñ èñïîëüçîâàíèåì ìåòîäîâ GPS-ðàäèîçîíäèðîâàíèÿ èîíîñôåðû [2], â âàðèàöèÿõ ïîë-
íîãî ýëåêòðîííîãî ñîäåðæàíèÿ (ÏÝÑ) áûëè çàðåãèñòðèðîâàíû ãåíåðèðóåìûå ñîëíå÷íûì
òåðìèíàòîðîì âîëíîâûå ïàêåòû ñðåäíåãî ìàñøòàáà [3, 4]. Èõ àìïëèòóäà ñîñòàâëÿëà, â
ñðåäíåì, ïîðÿäêà 0,15 TECU (1 TECU = 1016 ýë./ì2), ïåðèîä � ïîðÿäêà 20 ìèí. Âîçìóùå-
íèÿ äàííîãî òèïà íàáëþäàëèñü ïî âñåìó Çåìíîìó øàðó è äåìîíñòðèðîâàëè âûðàæåííóþ
ñâÿçü ñ ïðîõîæäåíèåì ÑÒ [3]. Â äàëüíåéøåì áûëî óñòàíîâëåíî, ÷òî âðåìÿ íà÷àëà ðåãè-
ñòðàöèè îòíîñèòåëüíî âðåìåíè ïðîõîæäåíèÿ ÑÒ èçìåíÿåòñÿ â òå÷åíèå ãîäà. Ïðè ýòîì,
äàííîå èçìåíåíèå íàõîäèòñÿ â õîðîøåì ñîãëàñîâàíèè ñî âðåìåíåì ïðîõîæäåíèÿ ÑÒ â òî÷-
êå, ñîïðÿæåííîé òî÷êå íàáëþäåíèÿ ïî ìàãíèòíîìó ïîëþ [5]. Áûëà ïðåäëîæåíà ãèïîòåçà î
ïåðåíîñå ãåíåðèðóåìîãî ÑÒ âîçìóùåíèÿ âîëíàìè ìåäëåííîãî ìàãíèòíîãî çâóêà â äðóãîå
ïîëóøàðèå [5]. Ïðîâåäåííîå ìîäåëèðîâàíèå ïîêàçàëî, ÷òî ïåðèîäû íàáëþäàåìûõ ÂÏ õîðî-
øî ñîãëàñóþòñÿ ñ ïåðâûìè ãàðìîíèêàìè ñîáñòâåííûõ êîëåáàíèé íà îáîëî÷êàõ òåõ øèðîò,
ãäå ïðîâîäèëèñü íàáëþäåíèÿ [6].

Íà ðèñ. 1à ñõåìàòè÷åñêè ïîêàçàí ìåõàíèçì ðàñïðîñòðàíåíèÿ ãåíåðèðóåìîãî âå÷åðíèì
ÑÒ âîçìóùåíèÿ â äðóãîå ïîëóøàðèå. Ïðîõîäÿ íàä òåððèòîðèåé Àâñòðàëèè, âå÷åðíèé ñîë-
íå÷íûé òåðìèíàòîð, âîçìóùàÿ èîíîñôåðó, âûçûâàåò ãåíåðàöèþ ÌÃÄ âîëíû, êîòîðàÿ ðàñ-
ïðîñòðàíÿåòñÿ â Ñåâåðíîå ïîëóøàðèå. Ýòà âîëíà âûçûâàåò âîçìóùåíèå ýëåêòðîííîé êîí-
öåíòðàöèè, êîòîðîå ðåãèñòðèðóåòñÿ íàìè â ÏÝÑ â âèäå âîëíîâûõ ïàêåòîâ. Íà ðèñ. 1á
ïîêàçàíà êàðòà âàðèàöèé ÏÝÑ íàä ßïîíèåé çà íåñêîëüêî ÷àñîâ äî ïðîõîæäåíèÿ âå÷åð-
íåãî ÑÒ. Ôèîëåòîâûìè ëèíèÿìè îòìå÷åíû ïîëîæåíèÿ ìàêñèìóìîâ ôàçû; ñèíåé � ëèíèÿ,
òî÷êè êîòîðîé ñîïðÿæåíû ïî ìàãíèòíîìó ïîëþ òî÷êàì ëèíèè ñîëíå÷íîãî òåðìèíàòîðà
(ëèíèÿ ìàãíèòîñîïðÿæåííîãî ÑÒ, ÌÑÑÒ). Êàê âèäíî, ëèíèè ôàçîâîãî ôðîíòà ðàñïîëî-
æåíû ïàðàëëåëüíî ëèíèè ÌÑÑÒ, ÷òî ÿâëÿåòñÿ ñèëüíûì àðãóìåíòîì â ïîëüçó ãèïîòåçû î
ÌÃÄ ïðèðîäå íàáëþäàåìûõ âîçìóùåíèé.

Âñëåäñòâèå íàêëîíà ëèíèè ÑÒ îòíîñèòåëüíî ýêâàòîðà, ðàçíèöà ìåæäó âðåìåíåì åãî
ïðîõîæäåíèÿ â ëîêàëüíîé è ìàãíèòîñîïðÿæåííîé òî÷êàõ áóäåò óâåëè÷èâàòüñÿ ñ óâåëè÷å-
íèåì øèðîòû. Ìû ïðîâîäèëè òàêèå íàáëþäåíèÿ äëÿ äâóõ ðåãèîíîâ ßïîíèè ïî äàííûì çà
òðè ëåòíèõ äíÿ 2008 ã è ïîêàçàëè íàëè÷èå ñîãëàñîâàíèÿ âðåìåíè íà÷àëà ðåãèñòðàöèè ÂÏ ñ
ïðîõîæäåíèåì ÌÑÑÒ [7]. Ñëåäóåò îòìåòèòü, ÷òî äàííûå íàáëþäåíèÿ âåëèñü â äîñòàòî÷íî
óçêîì øèðîòíîì äèàïàçîíå è â î÷åíü êîðîòêîì âðåìåííîì ïðîìåæóòêå.

Íà ðèñ. 2 ïðåäñòàâëåíû ãîäîâûå âàðèàöèè ðàñïðåäåëåíèÿ ÷èñëà âîëíîâûõ ïàêåòîâ â ñè-
ñòåìå ëîêàëüíîãî âðåìåíè âå÷åðíåãî òåðìèíàòîðà [3] äëÿ ïÿòè øèðîòíûõ ðåãèîíàõ ÑØÀ
(ñëåâà) è Áðàçèëèè (ñïðàâà), ðàññ÷èòàííûå ïî äàííûì çà 2008 ãîä. Ðàñïðåäåëåíèÿ íîð-
ìèðîâàíû òàê, ÷òîáû íàèáîëüøåìó çíà÷åíèþ ñîîòâåòñòâîâàëà åäèíèöà. Çåëåíîé ëèíèåé
îòìå÷åíî âðåìÿ ïðîõîæäåíèÿ ÌÑÑÒ äëÿ êàæäîãî ðåãèîíà. Äâå ëèíèè íà ãðàôèêàõ äëÿ
ÑØÀ îòìå÷àþò ïðîõîæäåíèå ÌÑÑÒ íà ãðàíèöàõ ðàññìàòðèâàåìîãî ðåãèîíà.
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Ðèñ. 1. Ñõåìà ìåõàíèçìà ãåíåðàöèè âîçìóùåíèÿ ñîëíå÷íûì òåðìèíàòîðîì è åãî ðàñïðî-
ñòðàíåíèÿ â äðóãîå ïîëóøàðèå âäîëü ñèëîâîé ëèíèè ìàãíèòíîãî ïîëÿ � a); ñîãëàñîâàíèå
íàêëîíà ôàçîâîãî ôðîíòà âîçìóùåíèé è ëèíèè, ñîïðÿæåííîé ëèíèè ÑÒ ïî ìàãíèòíîìó
ïîëþ � á).
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Ðèñ. 2. Ãîäîâûå âàðèàöèè ÷èñëà âîëíîâûõ ïàêåòîâ â ñèñòåìå ëîêàëüíîãî âðåìåíè âå÷åðíåãî
ÑÒ, ðàññ÷èòàííûå äëÿ ðàçëè÷íûõ øèðîòíûõ ðåãèîíîâ ÑØÀ (ñëåâà) è Áðàçèëèè (ñïðàâà),
ïî äàííûì çà 2008 ã.
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Äëÿ ðàñïðåäåëåíèé, ïîëó÷åííûõ ïî äàííûì ÑØÀ âèäíî õîðîøåå ñîãëàñîâàíèå èçìå-
íåíèÿ âðåìåíè íà÷àëà ðåãèñòðàöèè â òå÷åíèå ãîäà ñ èçìåíåíèåì âðåìåíè ïðîõîæäåíèÿ ÑÒ
â ìàãíèòîñîïðÿæåííîé îáëàñòè. Ìîæíî òàêæå âèäåòü, ÷òî ýôôåêò âå÷åðíåãî ÑÒ íàèáîëåå
âûðàæåí â ëåòíåå âðåìÿ, óìåíüøàÿñü ïðè ïåðåõîäå ê çèìå. Ýòî ïîäòâåðæäàåò äàííûå äè-
íàìè÷åñêèõ ñïåêòðîâ âàðèàöèé ÏÝÑ, ïîëó÷åííûõ äëÿ ðåãèîíà ÑØÀ ðàíåå [5]. Â îáëàñòè
îòðèöàòåëüíûõ çíà÷åíèé íà øêàëå âðåìåíè ìîæíî âèäåòü ýôôåêò óòðåííåãî ÑÒ. Íà ãðà-
ôèêàõ õîðîøî âèäíà öèêëè÷íîñòü äàííûõ ýôôåêòîâ � íà ãðàíèöàõ îñè îðäèíàò êàðòèíà
çàìûêàåòñÿ.

Ðàñïðåäåëåíèÿ, ïîëó÷åííûå ïî äàííûì Áðàçèëèè, íå ïîçâîëÿþò ñäåëàòü îäíîçíà÷-
íûõ âûâîäîâ î íàëè÷èè âûðàæåííîãî ñîãëàñîâàíèÿ íà÷àëà ðåãèñòðàöèè âîëíîâûõ ïàêå-
òîâ ñ ïðîõîæäåíèåì ÌÑÑÒ. Ñëåäóåò ñêàçàòü, ÷òî ìàãíèòîãèäðîäèíàìè÷åñêèé ìåõàíèçì
ãåíåðàöèè ÂÏ ïðåäëàãàëñÿ äëÿ îáëàñòåé ñðåäíèõ øèðîò, ãäå óñëîâèÿ ðàñïðîñòðàíåíèÿ
ìåäëåííîãî ìàãíèòíîãî çâóêà îïòèìàëüíû [6]. Ïðè ïåðåõîäå ê áîëåå íèçêèì øèðîòàì è,
ñîîòâåòñòâåííî, ê ìàãíèòíûì îáîëî÷êàì ñ ìàëûìè L, óñëîâèÿ ãåíåðàöèè ñîáñòâåííûõ êî-
ëåáàíèé òàêèõ ÷àñòîò ïåðåñòàþò âûïîëíÿòüñÿ. Êðîìå òîãî, íàä òåððèòîðèåé Áðàçèëèè ðàñ-
ïîëàãàåòñÿ îáëàñòü ýêâàòîðèàëüíîé àíîìàëèè, ôîíîâûå óñëîâèÿ â êîòîðîé, î÷åâèäíî, çíà-
÷èòåëüíî îòëè÷àþòñÿ îò ñðåäíåøèðîòíûõ. Ñîâîêóïíîñòüþ ýòèõ ôàêòîðîâ, ïî-âèäèìîìó,
è îáúÿñíÿåòñÿ íàáëþäàåìàÿ êàðòèíà. Äàííûé âîïðîñ òðåáóåò äàëüíåéøåãî èçó÷åíèÿ, ñ
ïðèâëå÷åíèåì êàê òåîðåòè÷åñêèõ èññëåäîâàíèé, òàê è ýêñïåðèìåíòàëüíûõ íàáëþäåíèé â
äðóãèõ ðåãèîíàõ ïðèýêâàòîðèàëüíîé îáëàñòè.
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05-31069_ìîë_à è �12-05-33032_ìîë_à_âåä) è Ìèíèñòåðñòâà îáðàçîâàíèÿ è íàóêè (ñîãë.
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Features of wave packet generatin by solar terminator according to
GPS data from different latitude regions for 2008

Edemskiy I.K., Malkova P.L., Yasyukevich Yu.V.

Institute of Solar-Terrestrial Physics SB RAS, Russia

Application of the earlier measurements of total electron content (TEC) variations allowed
us to discover, that solar terminator (ST) passage generates middle scale wave packets. It
was shown that wave packet registration time is di�erent within a year and in a number
of cases it may be observed before a ST. Registration beginning time agrees well with the
moment of passage of a terminator at a magnetically conjugated region. The paper presents the
results of observations of wave packets in TEC according to the data from di�erent latitudinal
regions in 2008. Peculiarities of wave packet parameter variations are shown in dependence
on their geomagnetic latitude. For the middle latitude region, coincidence of registration of
wave packet beginning with the moment of ST passage in the magnetically conjugated region is
generally characteristic. In the Northern Hemisphere, registration of wave packets advances the
appearance of evening ST in summer, when its inclination relatively the equator is maximal.
The value of this advance grows with latitude but still coincides with the moment of ST passage
in the magnetically conjugated region. Evening and morning ST e�ects appear the strongest
at di�erent time. In summer at middle latitudes, the evening terminator e�ect is the most
vivid; in winter it is the morning one. On wave packet number distributions in the system of
ST local time, the transition from winter conditions to summer ones is clearly de�ned. The
results, obtained from the data of Brazil station network did not show a marked coincidence
of the beginning of wave packet generation in this region with ST passage in a magnetically
conjugated point. Evidently, it may be explained by allocation of the majority of these stations
in the equatorial anomaly region. The work was supported by Russian Foundation for Basic
Research (grants No. 12-05-33032-a and 12-05-31069-a) and by the Ministry of Education and
Science of the Russian Federation (agreement No. 8699).
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