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Ââåäåíèå



Ââåäåíèå

Óäàðíàÿ âîëíà (ÓÂ) � ýòî ðàñïðîñòðàíÿþùèéñÿ ñî ñâåðõçâóêîâîé

ñêîðîñòüþ ôðîíò ðåçêîãî, ïî÷òè ìãíîâåííîãî, èçìåíåíèÿ ïàðàìåòðîâ

ñðåäû: ïëîòíîñòè, äàâëåíèÿ, òåìïåðàòóðû è äð.

Î ñóùåñòâîâàíèè ÓÂ â ìåæïëàíåòíîì ïðîñòðàíñòâå èçâåñòíî äàâíî.

(Gold,1955) ïðåäïîëîæèë, ÷òî ïðè÷èíîé ðåçêîãî íà÷àëà

ãåîìàãíèòíûõ áóðü ÿâëÿþòñÿ ÓÂ, ñâÿçàííûå ñ âûáðîñàìè âî âðåìÿ

âñïûøåê.

Ðåãèñòðèðóåìûå ðàäèîâñïëåñêè II òèïà âîçíèêàþò òàêæå âñëåäñòâèå

ÓÂ (Uchida, 1960).
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Ââåäåíèå

Ïîçäíåå (Sheeley et al.,2000) ïî äàííûì êîðîíîãðàôà LASCO

îáðàòèë âíèìàíèå íà îáëàñòè ïîâûøåííîé ïëîòíîñòè âïåðåäè

ôðîíòà êîðîíàëüíîãî âûáðîñà ìàññû (ÊÂÌ) è ïðåäïîëîæèë, ÷òî

ãðàíèöåé ýòîé îáëàñòè ÿâëÿåòñÿ ÓÂ, äâèæóùàÿñÿ ñî

ñâåðõàëüôâåíîâñîé ñêîðîñòüþ.

Vourlidas et al.,2003 âïåðâûå âûäåëèëè íà ãðàíèöå ýòîé îáëàñòè

ñêà÷êè ÿðêîñòè è ñâÿçàííûå ñêà÷êè ïëîòíîñòè ýëåêòðîíîâ,

äâèæóùàÿñÿ ñî ñâåðõàëüôâåíîâñîé ñêîðîñòüþ îòíîñèòåëüíî

îêðóæàþùåãî ñîëíå÷íîãî âåòðà.

Íà÷èíàÿ ñ ýòîãî ìîìåíòà ÓÂ, ñâÿçàííûå ñ ÊÂÌ è íàáëþäàåìûå ïî

äàííûì êîðîíîãðàôîâ, ñòàëè îáúåêòîì èíòåíñèâíûõ

èññëåäîâàíèé.(Vourlidas and Ontiveros, 2009; Ontiveros and Vourlidas,

2009; Vourlidas and Bemporad, 2012)
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Ââåäåíèå

Â áîëüøèíñòâå ðàáîò îòìå÷àåòñÿ, ÷òî äâèæåíèå ÊÂÌ ñî

ñâåðõàëüôâåíîâñêîé ñêîðîñòüþ ãåíåðèðóåò óäàðíóþ âîëíó, íî â òî æå

âðåìÿ ýòî íå áûëî ïîêàçàíî.

Â íàñòîÿùåé ðàáîòå ìû ïîêàçàëè, ÷òî äåéñòâèòåëüíî, ñðàçó ïîñëå

ïåðåõîäà òåëà ÊÂÌ â ñâåðàëüôâåíîâñêèé îòíîñèòåëüíî ñîëíå÷íîãî

âåòðà ðåæèì äâèæåíèÿ âîçíèêàåò ÓÂ.

ÊÂÌ, ïîäõîäÿùèé äëÿ ïðîâåäåíèÿ òàêîãî èññëåäîâàíèÿ, äîëæåí

èìåòü íåáîëüøîå óñêîðåíèå, äîñòàòî÷íîå ÷òîáû ïîñòåïåííî íàáðàòü

íåîáõîäèìóþ ñêîðîñòü äëÿ ãåíåðàöèè ÓÂ â ïîëå çðåíèÿ

êîðîíîãðàôîâ LASCO.
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Ðåçóëüòàòû



ÊÂÌ 17 èþëÿ 2012 ïî äàííûì ðàçíûõ èíñòðóìåíòîâ
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Figure 1: a) ìàãíèòíûé æãóò â ïðîöåññå ýðóïöèè ïî íàáëþäåíèÿì â êàíàëå

193�A; b) ÊÂÌ, íàáëþäàåìûé â ïîëå çðåíèÿ êîðîíîãðàôà LASCO C2; c)

ÊÂÌ, íàáëþäàåìûé â ïîëå çðåíèÿ êîðîíîãðàôà LASCO C3; d) ïîòîê

ìÿãêîãî ðåíòãåíîâñêîãî èçëó÷åíèÿ â äèàïàçîíå äëèí âîëí (1 � 8) �A;
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Îöåíêà Va

Òî÷êè - çàâèñèìîñòü Va(R),

ïîëó÷åííàÿ Mann et al. 1999

Êðàñíàÿ ïîëîñà - äèàïàçîí

çíà÷åíèé Va(R) äëÿ áûñòðîãî

âåòðà Ñèíÿÿ ïîëîñà - äèàïàçîí

çíà÷åíèé Va(R) äëÿ ìåäëåííîãî

âåòðà.

Bf = (4− 8) ∗ 10−5 Ãñ

nf = 2− 7 ñì−3

Bs = (3− 8) ∗ 10−5 Ãñ

ns = 7− 20 ñì−3

np(R) ≈ ne(R) = 3.3 ∗ 105R−2 + 4.1 ∗ 106R−4 + 8.03 ∗ 107R−6, ñì−3

[Leblanc et al., 1998]
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Äàííûå WSO

Figure 2: Ñèíîïòè÷åñêàÿ êàðòà Br WSO. Íà öåíòðàëüíîì ìåðèäèàíå

èñòî÷íèê ÊÂÌ áûë 10 èþëÿ, êîãäà íàáëþäàëñÿ ïðîòÿæåííûé ïî øèðîòå

ó÷àñòîê PIL, êîòîðûé ñîîòâåòñòâóåò ïîÿñó êîðîíàëüíûõ ñòðèììåðîâ, ò.å.

îáëàñòè SSW (Schwenn and Marsch 1990)
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Êèíåìàòèêà ÊÂÌ

Ñèíÿÿ ïîëîñà - äèàïàçîí

âîçìîæíûõ çíà÷åíèé Va + Vsw (R)

×åðíàÿ êðèâàÿ - ñêîðîñòü ÊÂÌ.

ÊÂÌ ïðåâûøàåò Va + Vsw íå

ðàíåå 15:38 UT è íå ïîçäíåå 16:30

UT. Ñëåäîâàòåëüíî ïîñëå 16:30

UT ìîæíî îæèäàòü îáðàçîâàíèå

ÓÂ ïåðåä ôðîíòîì ÊÂÌ.
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Âîçíèêíîâåíèå óäàðíîé âîëíû

Figure 3: Âåðõíèé ðÿä: Èçîáðàæåíèÿ ó÷àñòêà Ñîëíöà ïî äàííûì LASCO

C3. Êðàñíî-áåëàÿ ëèíèÿ - íàïðàâëåíèå äâèæåíèÿ ÊÂÌ, âäîëü êîòîðîé

ïîñòðîåíû ðàñïðåäåëåíèÿ ÿðêîñòè íà íèæíåì ðÿäó. Êðàñíûå âåðòèêàëüíûå

ëèíèè íà íèæíèõ ãðàôèêàõ ñîîòâåòñâóþò ïîëîæåíèþ ÓÂ.
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Ìåõàíèçìû îáðàçîâàíèÿ ÓÂ

• Âçðûâíàÿ ÓÂ îáðàçóåòñÿ ïðè ðåçêîì èçìåíåíèè ïàðàìåòðîâ

ñðåäû (óâåëè÷åíèå òåìïåðàòóðû, äàâëåíèÿ) â îãðàíè÷åííîé

îáëàñòè ïðîñòðàíñòâà.

• Ïîðøíåâàÿ ÓÂ. Îáðàçóåòñÿ ïðè äâèæåíèè ïîðøíÿ (ÊÂÌ),

êîòîðûé ðàñøèðÿÿñü, ñæèìàåò ïðèëåãàþùèå îáëàñòè ãàçà

(ïëàçìû), ñîçäàâàÿ âîçìóùåíèå, êîòîðîå ýâîëþöèîíèðóÿ

ïðèâîäèò ê âîçíèêíîâåíèþ ÓÂ.

• Ãîëîâíàÿ óäàðíàÿ âîëíà. Âîçíèêàåò ïðè îáòåêàíèè òåëà (ÊÂÌ)

ñâåðõçâóêîâûì (ñâåðõàëüôâåíîâñêèì) ïîòîêîì.
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Ìåõàíèçìû îáðàçîâàíèÿ ÓÂ

• Âçðûâíàÿ ÓÂ îáðàçóåòñÿ ïðè ðåçêîì èçìåíåíèè ïàðàìåòðîâ
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• Ïîðøíåâàÿ ÓÂ. Îáðàçóåòñÿ ïðè äâèæåíèè ïîðøíÿ (ÊÂÌ),

êîòîðûé ðàñøèðÿÿñü, ñæèìàåò ïðèëåãàþùèå îáëàñòè ãàçà

(ïëàçìû), ñîçäàâàÿ âîçìóùåíèå, êîòîðîå ýâîëþöèîíèðóÿ

ïðèâîäèò ê âîçíèêíîâåíèþ ÓÂ.

• Ãîëîâíàÿ óäàðíàÿ âîëíà. Âîçíèêàåò ïðè îáòåêàíèè òåëà (ÊÂÌ)

ñâåðõçâóêîâûì (ñâåðõàëüôâåíîâñêèì) ïîòîêîì.
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Ìåõàíèçìû îáðàçîâàíèÿ ÓÂ

• Âçðûâíàÿ ÓÂ îáðàçóåòñÿ ïðè ðåçêîì èçìåíåíèè ïàðàìåòðîâ

ñðåäû (óâåëè÷åíèå òåìïåðàòóðû, äàâëåíèÿ) â îãðàíè÷åííîé

îáëàñòè ïðîñòðàíñòâà.

• Ïîðøíåâàÿ ÓÂ. Îáðàçóåòñÿ ïðè äâèæåíèè ïîðøíÿ (ÊÂÌ),

êîòîðûé ðàñøèðÿÿñü, ñæèìàåò ïðèëåãàþùèå îáëàñòè ãàçà

(ïëàçìû), ñîçäàâàÿ âîçìóùåíèå, êîòîðîå ýâîëþöèîíèðóÿ
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Çàêëþ÷åíèå



Âûâîäû

• Áûëî îáíàðóæåíî âîçíèêíîâåíèå óäàðíîé âîëíû, ñâÿçàííîé ñ

ÊÂÌ, äâèæóùèìñÿ ñî ñâåðõàëüôâåíîâñêîé ñêîðîñòüþ

îòíîñèòåëüíî îêðóæàþùåãî ñîëíå÷íîãî âåòðà.

• Áûë ñäåëàí âûâîä, ÷òî óñëîâèåì ãåíåðàöèè ýòîé ÓÂ ÿâëÿåòñÿ

ïðåâûøåíèå ñêîðîñòè òåëà ÊÂÌ ñóììû àëüôâåíñêîé ñêîðîñòè è

ñêîðîñòè ìåäëåííîãî ñîëíå÷íîãî âåòðà

• Âûñêàçàíî ïðåäïîëîæåíèå, ÷òî â ãåíåðàöèè ÓÂ ó÷àñòâóåò äâà

ôèçè÷åñêèõ ìåõàíèçìà: ìåõàíèçìà ãåíåðàöèè ãîëîâíîé è

ïîðøíåâîé óäàðíîé âîëíû. Âîçìîæíî ïåðâûé ìåõàíèçì

ÿâëÿåòñÿ îïðåäåëÿþùèì.
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Âûâîäû

• Áûëî îáíàðóæåíî âîçíèêíîâåíèå óäàðíîé âîëíû, ñâÿçàííîé ñ

ÊÂÌ, äâèæóùèìñÿ ñî ñâåðõàëüôâåíîâñêîé ñêîðîñòüþ

îòíîñèòåëüíî îêðóæàþùåãî ñîëíå÷íîãî âåòðà.

• Áûë ñäåëàí âûâîä, ÷òî óñëîâèåì ãåíåðàöèè ýòîé ÓÂ ÿâëÿåòñÿ

ïðåâûøåíèå ñêîðîñòè òåëà ÊÂÌ ñóììû àëüôâåíñêîé ñêîðîñòè è

ñêîðîñòè ìåäëåííîãî ñîëíå÷íîãî âåòðà

• Âûñêàçàíî ïðåäïîëîæåíèå, ÷òî â ãåíåðàöèè ÓÂ ó÷àñòâóåò äâà
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ïîðøíåâîé óäàðíîé âîëíû. Âîçìîæíî ïåðâûé ìåõàíèçì

ÿâëÿåòñÿ îïðåäåëÿþùèì.
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Âûâîäû
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ôèçè÷åñêèõ ìåõàíèçìà: ìåõàíèçìà ãåíåðàöèè ãîëîâíîé è

ïîðøíåâîé óäàðíîé âîëíû. Âîçìîæíî ïåðâûé ìåõàíèçì

ÿâëÿåòñÿ îïðåäåëÿþùèì.
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Ñïàñèáî çà âíèìàíèå!
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