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Åâîëþö³ÿ òà ìîðôîëîã³÷í³ âëàñòèâîñò³ àêòèâíî¿ îáëàñò³ NOAA 9087
áóëè ïðîàíàë³çîâàí³ íà îñíîâ³ äàíèõ êîñì³÷íèõ òà íàçåìíèõ îáñåðâà -
òîð³é. Äàí³ ïðî æîðñòêå (HXR) òà ì’ÿêå ðåíòãåí³âñüêå âèïðîì³íþ -
âàííÿ (SXR) îòðèìàí³ íà òåëåñêîïàõ ñóïóòíèêà Yohkoh (HXT òà SXT)
³ ãåîñòàö³îíàðíîìó ñóïóòíèêó GOES. Ìàãí³òîãðàìè òà çîáðàæåííÿ â 
äàëåêîìó óëüòðàô³îëåò³ îòðèìàí³ íà òåëåñêîïàõ MDI òà EIT ñîíÿ÷ -
íî¿ îáñåðâàòîð³¿ SOHO. Âèêîðèñòàíî çîáðàæåííÿ ó á³ëîìó ñâ³òë³ ç
îáñåðâàòîð³¿ Big Bear (BBSO) òà Ía -ô³ëüòðîãðàìè ç Ìåäîíñüêî¿ îá -
ñåðâàòîð³¿. Äàí³ ïðî ïîò³ê ðàä³îâèïðîì³íþâàííÿ íà ÷àñòîò³ 2.69 ÃÃö
áóëè âçÿò³ ç áàçè Âñåñâ³òíüîãî öåíòðó äàíèõ îáñåðâàòîð³¿ â Ëåðìîíò³ 
(Àâñòðàë³ÿ). Äîñë³äæóâàíà àêòèâíà îáëàñòü ñïîñòåð³ãàëàñÿ íà ñî -
íÿ÷ íî ìó äèñêó ç 15 ïî 27 ëèïíÿ 2000 ðîêó ³ ïîêàçàëà ñêëàäíó êîíô³ãó -
ðàö³þ ìóëüòèïîëÿðíîãî ìàãí³òíîãî ïîëÿ. Ñèëüíà ñïàëàõîâà àêòèâ -
í³ñòü ³ âèêèäè ñïîñòåð³ãàëèñÿ â ö³é àêòèâí³é îáëàñò³. Çã³äíî ç äàíèìè
So lar Geo phys i cal Data (SGD) äâîñòð³÷êîâèé ñïàëàõ 3N/M6.4 â³äáóâñÿ
19 ëèïíÿ 2000 ð. ³ òðèâàâ 2.5 ãîäèíè. Åíåðã³ÿ ñïàëàõó âèä³ëÿëàñÿ ïî -
ñë³ äîâ íî â ð³çíèõ ì³ñöÿõ àêòèâíî¿ îáëàñò³. Âñ³ ñïîñòåðåæí³ äàí³ ñâ³ä -
÷àòü ïðî ïîñò³éíó çì³íó ñòðóêòóðè òà ïîòóæíîñò³ ñïàëàõó â ð³ç íèõ
äîâæèíàõ õâèëü. Ó ïî÷àòêîâ³é ôàç³ ñïàëàõó ñïîñòåð³ãàëèñÿ ðàä³î -
ñïëåñêè III òèïó ³ ñïëåñêè æîðñòêîãî ðåíòãåí³âñüêîãî âèïðîì³íþ -
âàííÿ. Êîðîíàëüíå äæåðåëî HXR ðîçòàøîâóâàëîñÿ íàä ë³í³ºþ ³íâåðñ³¿
ìàãí³òíî¿ ïîëÿðíîñò³ àêòèâíî¿ îáëàñò³. Íà îñíîâ³ àíàë³çó ïîñë³äîâ -
íèõ çîáðàæåíü ïåòåëü â óëüòðàô³îëåòîâîìó ä³àïàçîí³ äîâæèí õâèëü
îòðèìàíî ñïîñòåðåæí³ äîêàçè ìàãí³òíèõ ïåðåç’ºäíàíü ó ãîëîâí³é ôà -
ç³ ñïàëàõó. Íà ñòàä³¿ çàãàñàííÿ ñïàëàõó â ä³àïàçîí³ 19.5 íì ñïîñòåð³ãà -
ëèñÿ ï³ñëÿñïàëàõîâ³ ïåòë³, ùî º ïðîÿâîì ï³çíüî¿ ôàçè ó äàëåê³é óëüòðà -
ô³îëåòîâ³é îáëàñò³ ñïåêòðó. Ö³ ïðî òÿæ í³ ïåòë³ ç’ºäíóþòü ì³ñöÿ
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ïåðâèííîãî òà ïîâòîðíîãî âèä³ëåííÿ åíåðã³¿ ñïàëàõó. Â ãîëîâí³é ôàç³
ñïàëàõó ä³ÿâ äîäàòêîâèé ìåõàí³çì ïåðåíîñó åíåðã³¿ òà íàãð³âàí íÿ.
Êëþ÷îâ³ ñëîâà: Ñîíöå, àêòèâí³ îáëàñò³, ñîíÿ÷í³ ñïàëàõè, ìàãí³òí³
ïåðåç’ºäíàííÿ, áàãàòîõâèëüîâ³ ñïîñòåðåæåííÿ.

ÂÑÒÓÏ

Ïèòàííÿ ïðî òå, ÿê³ àêòèâí³ îáëàñò³ (ÀÎ) íà Ñîíö³ º ñïàëàõî ïðî äóê -
òèâíèìè, â ÿêèõ ì³ñöÿõ â³äáóâàºòüñÿ âèä³ëåííÿ åíåðã³¿ ñïàëàõ³â, ÿê ³
êîëè öÿ åíåðã³ÿ ïðîÿâëÿºòüñÿ â ð³çíèõ ä³àïàçîíàõ äîâæèí õâèëü, ïîñ -
ò³é íî àêòóàëüí³ òà îáãîâîðþâàí³. Â³äîìî, ùî äæåðåëîì ñïàëàõ³â º ìàã -
í³òíå ïîëå [43]. Åâîëþö³ÿ ôîòîñôåðíîãî ìàãí³òíîãî ïîëÿ â³ä³ãðàº âàæ -
ëèâó ðîëü ó íàêîïè÷åíí³ â³ëüíî¿ åíåðã³¿ äëÿ ñîíÿ÷íèõ ñïàëàõ³â. Ó ïðî -
öåñ³ ñïàëàõ³â ìàãí³òíà åíåðã³ÿ ïåðåòâîðþºòüñÿ â ê³íåòè÷íó åíåðã³þ
ïðè ñêîðåíèõ ÷àñòèíîê ³ òåïëîâó åíåðã³þ çà äîïîìîãîþ ìàãí³òíîãî
ïåðå ç’ºäíàííÿ. Ó ðîáîò³ [32] íà îñíîâ³ ñïåêòðîñêîï³÷íèõ ñïîñòåðå -
æåíü íà SDO/AIA ³ Hinode/EIS îòðèìàíî äîêàçè íàÿâíîñò³ ñòðóìîâîãî
øàðó ó ñïàëàõó áàëó X8.2 ³ âèçíà÷åíî éîãî òîâùèíó, ÿêà äîð³âíþº
7...11 Ìì. Ó ñòðóìîâîìó øàð³ âèÿâëåíî âåëèê³ íåòåïëîâ³ øâèäêîñò³ äî 
200 êì/ñ, ùî äîçâîëÿº ïðèïóñòèòè òóðáóëåíòí³ ðóõè â íüîìó. 

Â îãëÿä³ [50] çàçíà÷åíî, ùî ïîòóæí³ ñïàëàõè ³ âèêèäè â³äáóâà -
þòüñÿ â àêòèâíèõ îáëàñòÿõ ç ñèëüíîþ ìàãí³òíîþ íåïîòåíö³àëüí³ñòþ.
Â ðîáîò³ [49] äîñë³äæåíî ìàãí³òí³ âëàñòèâîñò³ äâîñòð³÷êîâèõ ñîíÿ÷ -
íèõ ñïàëàõ³â. Âèÿâëåíî, ùî òðèâàë³ñòü ñïàëàõó ïðèáëèçíî ïðîïîð ö³é -
íà â³äñòàí³ ì³æ äâîìà ñïàëàõîâèìè ñòð³÷êàìè, çàãàëüíîìó ìàãí³ò íîìó
ïîòîêó âñåðåäèí³ ñòð³÷îê ³ ïëîù³ ñòð³÷îê. Ïðîïîðö³éí³ñòü ì³æ òðèâà -
ë³ñòþ ñïàëàõ³â ³ ìàãí³òíîþ åíåðã³ºþ âëàñòèâà ÿê ñîíÿ÷íèì, òàê ³ çîðÿ -
íèì ñïàëàõàì. Äâîñòð³÷êîâ³ ñïàëàõè ÷àñòî ðîçïî÷èíàþòüñÿ ç åðóïö³¿
âîëîêíà, ÿêå ìîæå øâèäêî ïðèñêîðþâàòèñÿ ïðîòÿãîì ³ìïóëüñ íî¿ ôàçè
[14]. Ñïàëàõè ñóïðîâîäæóþòüñÿ êâàç³ïåð³îäè÷íèìè ïóëüñà ö³ÿ ìè, ÿê³
ìîæóòü áóòè ¿õí³ìè ïîïåðåäíèêàìè [8]. Ñïàëàõîâ³ Ía -ÿäðà ìîæóòü
áó òè âèêëèêàí³ ïîòîêàìè ïðèñêîðåíèõ åëåêòðîí³â àáî òåïëî ïðîâ³äí³ñ -
òþ [16]. ×åðâîíà àñèìåòð³ÿ â ë³í³¿ Ía  ó ñïàëàõó 1N/C6.5 2 æîâò íÿ 1993
ðîêó âèêëèêàíà, î÷åâèäíî, íèçõ³äíîþ õîëîä íîþ êîíäåí ñàö³ºþ. 

Âñòàíîâëåíî çâ’ÿçîê ñïàëàõîâî¿ ïðîäóêòèâíîñò³ ÀÎ ç êîíô³ãóðà -
ö³ºþ ìàãí³òíîãî ïîëÿ òà éîãî åâîëþö³ºþ [28, 35, 45]. Çì³íà ìàãí³òíîãî
øèðó, âåëèêèé ãðàä³ºíò ìàãí³òíîãî ïîëÿ, ðîçáàëàíñ ìàãí³òíîãî ïîòî -
êó, âèõ³ä íîâèõ ìàãí³òíèõ ïîòîê³â ñïðèÿþòü ñòâîðåííþ ìàãí³òíî¿ òî -
ïî ëîã³¿, ïðè ÿê³é ìîæëèâå âèíèêíåííÿ ñïàëàõ³â. Â ðîáîò³ [15] ïîêà -
çàíî, ÿê çì³íà êîíô³ãóðàö³¿ ìàãí³òíîãî ïîëÿ ïðèçâîäèòü äî óñêëàä -
íåííÿ ³ íàêîïè÷åííÿ ñïàëàõîâî¿ åíåðã³¿. Àâòîðè ³íòåðïðåòóþòü çì³íó
êîíô³ãóðàö³¿ ìàãí³òíîãî ïîëÿ ä³ºþ ôîòîñôåðíèõ ïîòîê³â, ÿê³ ìàþòü
ð³çíîñïðÿìîâàí³ âèõîðè íàâêîëî ïàðè ïëÿì ïðîòèëåæíî¿ ïîëÿðíîñò³.
Â ðîáîò³ [36] çíàéäåíî, ùî øâèäê³ñòü çì³íè ìàãí³òíîãî ïîòîêó êîðå -
ëþº ç³ çì³íîþ ³íòåíñèâíîñò³ æîðñòêîãî ðåíòãåí³âñüêîãî âèïðîì³íþ -
âàííÿ, ÿêà º ïîêàçíèêîì âèä³ëåííÿ åíåðã³¿ ñïàëàõ³â. Â ðîáîòàõ [17, 42]
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â³äçíà÷àºòüñÿ âàæëèâà ðîëü ìàãí³òíî¿ ñï³ðàëüíîñò³ äëÿ ñïàëàõîâî¿
ïðî äóêòèâíîñò³ àêòèâíèõ îáëàñòåé. Ñïàëàõè ìîæóòü â³äáóâàòèñÿ òà -
êîæ ó ðåçóëüòàò³ àí³ã³ëÿö³¿ ìàãí³òíîãî ïîòîêó [9]. Ó ðÿä³ ðîá³ò ðîç ãëÿ -
íóòî çì³íó ìàãí³òíî¿ òîïîëîã³¿ ³ ìàãí³òíèõ âëàñòèâîñòåé ÀÎ ó çâ’ÿç êó
ç³ ñïàëàõàìè [15, 17, 27, 33, 34, 40, 41, 53]. Ðåçóëüòàòè ðîá³ò [25, 26]
âêàçóþòü íà òå, ùî âèñîòíèé ðîçïîä³ë íàïðóæåíîñò³ ìàãí³òíîãî ïîëÿ ó 
ñïàëàõàõ ìîæå áóòè íåìîíîòîííèì — ç ëîêàëüíèì ïî âèñîò³ ï³êîì â
îáëàñò³ âåðõíüî¿ ôîòîñôåðè òà ó çîí³ òåìïåðàòóðíîãî ì³í³ìó ìó. Ìàã -
í³òí³ ïåðåç’ºäíàííÿ, â ðåçóëüòàò³ ÿêèõ âèíèêàþòü ñïàëàõè, â³ä áó âà -
þòüñÿ â íóëüîâèõ òî÷êàõ, íà ñåïàðàòîðàõ, ó êâàç³ñåïàðàòðèñíèõ øà ðàõ
[6, 12, 28, 41, 48, 53]. 

Áàãàòîõâèëüîâ³ äîñë³äæåííÿ ñïàëàõ³â ³ ñïàëàõîâî-àêòèâíèõ îáëàñ -
òåé ïðîâîäèëèñÿ íåîäíîðàçîâî [4, 7, 14—17, 19, 23, 24, 46, 51]. Íà
îñíîâ³ öèõ äîñë³äæåíü îïèñàíî äåòàëüí³ ñöåíàð³¿ ñïàëàõ³â. Ñïàëàõè
áóâàþòü äâîõ òèï³â — çàêðèò³ (îáìåæåí³) ³ åðóïòèâí³, ùî ñóïðî âîä -
æóþòüñÿ âèêèäîì êîðîíàëüíî¿ ìàñè. Â îãëÿä³ [4] äåòàëüíî îïèñàíî
ñïîñòåðåæåííÿ ñïàëàõ³â â³ä äåêàìåòðîâèõ äîâæèí ä³àïàçîíó ðàä³î -
õâèëü äî ãàììà-âèïðîì³íþâàííÿ íà 100 ÌåÂ. Ðîçãëÿäàþòüñÿ íî â³ ðå -
çóëüòàòè áàãàòîõâèëüîâèõ ñïîñòåðåæåíü, à òàêîæ íåâèð³øåí³ ïðîáëå -
ìè ô³çèêè ñïàëàõ³â. 

Òðèãåðîì ñïàëàõ³â ÷àñòî º âèõ³ä íîâèõ ìàãí³òíèõ ïîòîê³â [16, 37,
46, 51]. Ñïîñòåðåæí³ äàí³ ðîáîòè [51] ñâ³ä÷àòü ïðî âèíèêíåííÿ ñïà -
ëàõó â ðåçóëüòàò³ âèõîäó ìàëåíüêèõ ìàãí³òíèõ ñèëîâèõ òðóáîê ³ ïå -
ðåç’ºäíàííÿ ç óæå íàÿâíèìè êîðîíàëüíèìè ïåòëÿìè. Ó ðîáîò³ [23] âè -
â÷àºòüñÿ ñïàëàõ áàëó M2.6, ÿêèé âèíèê â ðåçóëüòàò³ âçàºìîä³¿ ïåòåëü -
íî¿ ñèñòåìè, ùî ëåæèòü íèæ÷å, ç ïåòëÿìè íàä íåþ. Òðèãåðîì ïîñëó -
æèâ ïîâ³ëüíèé ðóõ ïëÿìè ³ ìàãí³òíå ïåðåç’ºäíàííÿ. Ñïàëàõ ñóïðîâîä -
æóâàâñÿ õðîìîñôåðíèì âèêèäîì ³ ñïëåñêàìè æîðñòêîãî ðåíòãåí³âñü -
êîãî âèïðîì³íþâàííÿ ³ ðàä³îñïëåñêàìè ²²² òèïó. Ñïàëàõ M8.9/3B, ùî
âèâ÷àºòüñÿ â ðîáîò³ [24], áóâ âèêëèêàíèé àêòèâ³çàö³ºþ ñï³ðàëüíèõ
ñòðóêòóð, ïîâ’ÿçàíèõ ç øâèäêî åâîëþö³îíóþ÷îþ ïëÿìîþ ïîçèòèâíî¿
ïîëÿðíîñò³ âñåðåäèí³ îáëàñò³ íåãàòèâíî¿ ïîëÿðíîñò³. Ó ïðîöåñ³ ñïà ëà -
õó íå ñïîñòåð³ãàëèñÿ âèêèäè êîðîíàëüíî¿ ìàñè (çàêðèòèé ñïàëàõ). Â
ðîáîò³ [37] çíàéäåíî, ùî äð³áíîìàñøòàáí³ ìàãí³òí³ çáóðåííÿ, ïîâ’ÿçà -
í³ ç âèõîäîì íîâèõ ìàëèõ ìàãí³òíèõ á³ïîë³â ç ñèëüíèì øèðîì, ìîæóòü 
â³ä³ãðàâàòè âàæëèâó ðîëü ó âèíèêíåíí³ ñïàëàõ³â. 

Âèâ÷àþ÷è åâîëþö³þ ìàãí³òíîãî ïîëÿ ÀÎ 12673, â ÿê³é ñòàâñÿ íàé -
ïîòóæí³øèé ñïàëàõ çà îñòàííº äåñÿòèë³òòÿ 6 âåðåñíÿ 2017 ð., àâòîðè
ðîáîòè [54] çíàéøëè, ùî âèõ³äí³ ìàãí³òí³ ïîëÿ ñïî÷àòêó ìàþòü â³ä -
íîñíî íèçüêó ñï³ðàëüí³ñòü. Øèðîâ³ ðóõè ïîñèëþþòüñÿ ç ïîÿâîþ ìàã -
í³ò íîãî ïîòîêó ³ ïîðîäæóþòü âåëèêó ñï³ðàëüí³ñòü. Ïîò³ê ïîïåðå÷íî¿
ñï³ðàëüíîñò³ ïåðåâàæàº. Ôîòîñôåðí³ ðóõè, ÿê³ ñõîäÿòüñÿ, à òàêîæ øè -
ðî â³ ðóõè ïîñò³éíî ãåíåðóþòüñÿ çàâäÿêè ðóõó ïîòîêó. Â ðîáîòàõ [5, 17, 
44, 54] òàêîæ â³ä çíà÷àºòüñÿ âàæëèâà ðîëü ìàãí³òíî¿ ñï³ðàëüíîñò³ â
àêòèâ³çàö³¿ ìàãí³ò íèõ ïåðåç’ºäíàíü. Ñïàëàõè ³í³ö³þþòüñÿ ïåðåâàæíî â 
îáëàñòÿõ ç âèñî êèì ãðàä³ºíòîì ñêðó÷óâàííÿ ³ â³äáóâàþòüñÿ ïîðó÷ ç
ë³í³ÿìè ³íâåðñ³¿ ìàãí³òíî¿ ñï³ðàëüíîñò³. Îáåðòàëüí³ ðóõè ôîòîñôåð -
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íîãî ìàãí³òíîãî ïîòîêó ìîæóòü ãðàòè âàæëèâó ðîëü ó ïåðåíåñåíí³
ìàã í³òíîãî çàêðó ÷óâàííÿ ì³æ ð³çíèìè øàðàìè ñîíÿ÷íî¿ àòìîñôåðè
[5]. Â ðîáîò³ [44] âèä³ëåíî äâà òèïè ãîðèçîíòàëüíèõ ðóõ³â ôîòîñôåðè â 
ÀÎ 8210 1998 ð., ÿê³ ìîãëè âèêëèêàòè ñïàëàõîâó àêòèâí³ñòü: îáåðòàííÿ 
ñîíÿ÷íî¿ ïëÿìè ³ øâèäêèé ñï³ðàëüíèé ðóõ âèõ³äíîãî ìàãí³òíîãî ïîòî -
êó. Â ðîáîò³ çíàéäåíî, ùî ³íæåêö³ÿ ìàãí³òíî¿ åíåðã³¿ â ðåçóëüòàò³ ïîïå -
ðå÷íèõ ôî òî ñôåðíèõ ðóõ³â âèêëèêàº íàêîïè÷åííÿ åíåðã³¿ â êîðîí³ ç
ïî äàëüøîþ åðóïö³ºþ. 

Àíàë³ç áàãàòîõâèëüîâèõ ñïîñòåðåæåíü ó ðîáîò³ [7] ïîêàçàâ, ùî
âèíèêíåííÿ ñïàëàõó ðåíòãåí³âñüêîãî áàëó M2.2 26 ëèñòîïàäà 2000 ð. â
àêòèâí³é îáëàñò³ NOAA 9236, ÿêèé ñóïðîâîäæóâàâñÿ âèêèäîì êîðî -
íàëü íî¿ ìàñè, ìîæíà îïèñàòè ìîäåëëþ «ìàãí³òíîãî ïðîðèâó». 

Äîñë³äæóâàíà â íàø³é ðîáîò³ àêòèâíà îáëàñòü NOAA 9087 ö³êàâà
òèì, ùî âîíà øâèäêî ðîçâèâàëàñÿ, ¿¿ ìàãí³òíà êîíô³ãóðàö³ÿ ç êîæíèì
äíåì óñêëàäíþâàëàñÿ. Âîíà áóëà ñïàëàõîâî-àêòèâíîþ, â í³é â³äáó -
âàëîñÿ áàãàòî ñëàáêèõ ñïàëàõ³â. 19 ëèïíÿ â í³é âèíèê äâîñòð³÷êîâèé
ñïàëàõ áàëó 3N/M6.4. Â ðîáîòàõ [1, 25] íàâåäåíî ðåçóëüòàòè âèâ÷åííÿ
òåðìîäèíàì³÷íèõ ïàðàìåòð³â òà ïàðàìåòð³â ìàãí³òíîãî ïîëÿ ï³ä ÷àñ
ðîçâèòêó öüîãî ñîíÿ÷íîãî ñïàëàõó íà îñíîâ³ ñïîñòåðåæåíü, ïðîâåäå -
íèõ íà åøåëüíîìó ñïåêòðîãðàô³. Ó íàø³é ðîáîò³ ìè âèêîðèñòîâóºìî
ñïîñòåðåæí³ äàí³, îòðèìàí³ êîñì³÷íèìè àïàðàòàìè ³ íàçåìíèìè îáñåð -
âàòîð³ÿìè, ùî äî çâî ëÿº ïðîâåñòè áàãàòîõâèëüîâå äîñë³äæåííÿ ìîðôî -
ëîã³÷íèõ âëàñòè âîñ òåé ³ îñîáëèâîñòåé ðîçâèòêó àêòèâíî¿ îáëàñò³ òà
ñïà ëàõó.

ÌÀÒÅÐ²ÀËÈ ÑÏÎÑÒÅÐÅÆÅÍÜ 

Äëÿ âèâ÷åííÿ àêòèâíî¿ îáëàñò³ NOAA 9087 áóëè âèêîðèñòàí³ äàí³
ñïîñòåðåæåíü ó á³ëîìó ñâ³òë³ (Big Bear So lar Ob ser va tory), â ë³í³¿ Ía

(ñïåêòðîãåë³îãðàô îáñåðâàòîð³¿ ó Ìåäîí³), ó ì’ÿêîìó ³ æîðñòêîìó ä³à -
ïàçîíàõ ðåíòãåí³âñüêîãî âèïðîì³íþâàííÿ (êîñì³÷í³ ïðèëàäè HXT
(Hard X-ray Tele scope) [22] ³ SXT (Soft X-ray Tele scope) íà ñóïóòíèêó
Yohkoh [39], GOES (Geo sta tion ary Op er a tional En vi ron men tal Sat el lite),
â äàëåêîìó óëüòðàô³îëåò³ EIT (Ex treme ul tra vi o let Im ag ing Tele scope)
îðá³òàëüíî¿ îáñåðâàòîð³¿ SOHO (So lar and Heliospheric Ob ser va tory)
[47]. Ìàãí³òîãðàìè ïîâíîãî äèñêà Ñîíöÿ áóëè îòðèìàí³ çà äîïîìîãîþ
ïðèëàäó MDI (Michelson Dopp ler Imager), âñòàíîâëåíîãî â îáñåðâà -
òîð³¿ SOHO. Äàí³ ïðî ïîò³ê ðàä³îâèïðîì³íþâàííÿ íà ÷àñòîò³ 2.69 ÃÃö
âçÿò³ ç áàçè Ñâ³òîâîãî öåíòðó äàíèõ Ñîíÿ÷íî¿ îáñåðâàòîð³¿ â Ëåðìîíò³
(Àâñòðàë³ÿ).

ÀÊÒÈÂÍÀ ÎÁËÀÑÒÜ NOAA 9087

Äîñë³äæóâàíà àêòèâíà îáëàñòü NOAA 9087 âèéøëà ç-çà êðàþ ñîíÿ÷ -
íîãî äèñêà 15 ëèïíÿ 2000 ð. ³ çàëèøàëàñü âèäèìîþ íà äèñêó ïî 27
ëèïíÿ. Îêðåì³ ¿¿ çîáðàæåííÿ ó á³ëîìó ñâ³òë³ íàâåäåíî íà ðèñ. 1. ÀÎ
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øâèäêî ðîçâèâàëàñÿ: çì³íþâàëàñÿ ¿¿ ñòðóêòóðà, ç äíÿ ó äåíü çá³ëüøó -
âàëàñü ê³ëüê³ñòü ïëÿì, ç’ÿâëÿëèñÿ íîâ³ ïëÿìè, òîä³ ÿê ³íø³ çíèêàëè.
Ôîðìà ïëÿì áóëà ñêëàäíîþ ³ çì³íþâàëàñÿ ç ÷àñîì. 

Îáëàñòü ìàëà ìóëüòèïîëÿðíó ìàãí³òíó ñòðóêòóðó, ÿêà óñêëàäíþ -
âàëàñÿ ó ì³ðó ¿¿ ðîçâèòêó (ðèñ. 2). Â í³é ñïîñòåð³ãàëèñÿ âêðàïëåííÿ
ïàðàçèòíèõ ïîëÿðíîñòåé, ùî ñâ³ä÷èòü ïðî âèõ³ä íîâèõ ìàãí³òíèõ
ïîòîê³â. Ë³í³ÿ ðîçä³ëó ïîëÿðíîñòåé ìàëà âèãíóòèé âèãëÿä, ¿¿ äîâæèíà ³
ôîðìà ñèëüíî çì³íþâàëèñÿ ç ÷àñîì. 

Òàáë. 1 ïîêàçóº, ÿê ó ì³ðó óñêëàäíåííÿ êîíô³ãóðàö³¿ ìàãí³òíîãî
ïî ëÿ çá³ëüøóâàëàñÿ ñïàëàõîâà ïðîäóêòèâí³ñòü äîñë³äæóâàíî¿ àêòèâ -
íî¿ îáëàñò³. 15 ëèïíÿ ãðóïà ïëÿì áóëà óí³ïîëÿðíîþ, â í³é ñïîñòå ð³ ãà -
ëèñÿ ëèøå ñëàáê³ ñïàëàõè áàëó SF. Ê³ëüê³ñòü ñïàëàõ³â çðîñòàëà äåíü ó

ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2020. Ò. 36, ¹ 3 73

ÌÎÐÔÎËÎÃ²ß ÑÏÀËÀÕÎÏÐÎÄÓÊÒÈÂÍÎ¯ ÀÊÒÈÂÍÎ¯ ÎÁËÀÑÒ²

Ðèñ. 1. Çîáðàæåííÿ àêòèâíî¿ îáëàñò³ NOAA 9087 ó á³ëîìó ñâ³òë³ â ð³çí³ äí³ ñïîñòåðåæåíü,
îòðèìàí³ â îáñåðâàòîð³¿ BBSO: à — ã — â³äïîâ³äíî 17, 18, 19 ³ 21 ëèïíÿ 2000 ð. 

Äàòà,
ëèïåíü 2000 ð.

Ê³ëüê³ñòü ñïàëàõ³â Ìàãí³òíà êîíô³ãóðàö³ÿ

15 SF — 9 a
16 SF — 10, 1N — 2 b
17 SF — 15, 1N, 1F — 2, 2F, 2B b g
18 SF — 11, 1F, 1B, 2N — 2 b g
19 SF — 9, 3N b g d
20 SF — 7, SN — 2, 1B, 2F b g d
21 SF — 13, SN, 1N  g d

Òàáëèöÿ 1. Ê³ëüê³ñòü ñïàëàõ³â ð³çíèõ áàë³â â àêòèâí³é îáëàñò³ NOAA 9087 ³ ¿¿ ìàãí³òíà
êîíô³ãóðàö³ÿ
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Ðèñ. 2. Ìàãí³òîãðàìè àêòèâíî¿ îáëàñò³ NOAA 9087 16—21 ëèïíÿ 2000 ð., îòðèìàí³ íà
îðá³òàëüí³é îáñåðâàòîð³¿ SOHO çà äîïîìîãîþ ïðèëàäó MDI 



äåíü. Ñïàëàõîâà àêòèâí³ñòü äîñÿãëà ìàêñèìóìó 19 ëèïíÿ, êîëè êîí -
ô³ãóðàö³ÿ ìàãí³òíîãî ïîëÿ áóëà b-g-d, ³ âèíèê íàéïîòóæí³øèé â ö³é
îáëàñò³ äâîñòð³÷êîâèé ñïàëàõ 3N/M6.4. Éîãî ðîçâèòîê ìè ïðîàíàë³çó -
âàëè â ö³é ðîáîò³.

ÑÏÀËÀÕ 19 ËÈÏÍß 2000 ð. Â ÀÊÒÈÂÍ²É ÎÁËÀÑÒ² NOAA 9087

Äâîñòð³÷êîâèé ñïàëàõ áàëó 3N/M6.4 âèíèê 19 ëèïíÿ, êîëè ÀÎ ïåðåáó -
âàëà íåäàëåêî â³ä öåíòðà Ñîíöÿ, êîîðäèíàòè ñïàëàõó — S18E10. Â³í
çàéìàâ âåëèêó ïëîùó íà äèñêó. Çã³äíî ç äàíèìè So lar Geo phys i cal Data 
Ía -ñïàëàõ ðîçïî÷àâñÿ â 6h37m UT, éîãî îñíîâíèé ìàêñèìóì íàñòàâ î
7h23m UT, à ê³íåöü — î 9h01m UT. Â³í òðèâàâ ìàéæå 2.5 ãîä ³ íàëåæèòü
äî êëàñó òðèâàëèõ ïîä³é (LDE — Long Du ra tion Event). Íà ðèñ. 3

ïðèâåäåíî éîãî çîáðàæåííÿ â ë³í³¿ Ía , îòðèìàíå â Îíäðæå éîâñüê³é
îáñåðâàòîð³¿, ×åõ³ÿ. Íà ðèñ. 4 ïðåäñòàâëåíî çîáðàæåííÿ â ð³çíèõ
ä³àïàçîíàõ óëüòðàô³îëåòîâîãî ñïåêòðó (l = 17.1, 19.5, 28.4, 30.4 íì)
äëÿ ïî÷àòêîâî¿ ôàçè ñïàëàõó, îòðèìàí³ íà êîñì³÷íîìó òåëåñêîï³
SOHO. 

Íà ðèñ. 5 íàâåäåíî äàí³ ñóïóòíèêà GOES ïðî çì³íó ì’ÿêîãî ðåíò -
ãå í³âñüêîãî âèïðîì³íþâàííÿ (SXR) â ä³àïàçîíàõ l = 0.05...0.4 íì ³
0.1...0.8 íì, óñåðåäíåí³ çà 1 õâ. Çã³äíî ç öèìè äàíèìè ïðèáëèçíî çà äâ³
ãîäèíè äî äîñë³äæóâàíîãî ñïàëàõó â ö³é æå îáëàñò³ ñïîñòåð³ãàâñÿ
ñïëåñê áàëó Ñ6.7, ùî òðèâàâ áëèçüêî ãîäèíè. Çá³ëüøåííÿ ïîòîêó ðåíò -
ãåí³âñüêîãî âèïðîì³íþâàííÿ äîñë³äæóâàíîãî ñïàëàõó â ä³àïàçîí³ l =
= 0.1...0.8 íì ðîçïî÷àëîñÿ î 6h45m, à â ä³àïàçîí³ 0.05...0.4 íì — î 6h47m.
Ïîò³ì ñïîñòåð³ãàëîñÿ ð³çêå çá³ëüøåííÿ ïîòîê³â ç ÷àñîì. Ìàêñèìóì
³íòåíñèâíîñò³ â ä³àïàçîí³ 0.05...0.4 íì çàðåºñòðîâàíèé î 7h22m, à â
ä³àïàçîí³ 0.1...0.8 íì — î 7h26m. Õàðàêòåð çì³í ïîòîêó ðåíòãåí³âñüêîãî 
âèïðîì³íþâàííÿ ó ïðîöåñ³ ñïàëàõó â³äïîâ³äàº ÷åòâåðòîìó òèïó ìàã -
í³òíîãî ïåðåç’ºäíàííÿ, îïèñàíîìó â ðîáîò³ [29]. ßê áóëî âñòàíîâëåíî,
óìîâè âèõîäó ìàãí³òíîãî ïîòîêó âèçíà÷àþòü õàðàêòåð ïîäàëüøèõ ïå -
ðåç’ºäíàíü ³ âñüîãî ðîçâèòêó ñïàëàõó. Â äàíîìó âèïàäêó ñöåíàð³é äëÿ
÷åòâåðòîãî òèïó ïåðåç’ºäíàííÿ ïåðåäáà÷àº íà ðàíí³é ñòàä³¿ ñïàëàõ³â
äóæå øâèäêèé ï³äéîì ñèëüíîãî ìàãí³òíîãî ïîòîêó, éîãî âçàºìîä³þ ç
ëîêàëüíèì ìàãí³òíèì ïîëåì ³ óòâîðåííÿ ñòðóìîâîãî øàðó. Ïîñòóïî -
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Ðèñ. 3. Çîáðàæåííÿ ñïàëàõó 19 ëèïíÿ
2000 ð. â ë³í³¿ Ía , îòðèìàíå â
Îíäðæåéîâ³, ×åõ³ÿ, î 07h05m11s UT 



âîãî ïåðåäíàãð³âàííÿ íå áóëî. Íàäàë³ ñïàëàõîâèé ïðîöåñ ðîçâèâàâñÿ â
³ìïóëüñíîìó ðåæèì³. Ó ãîëîâí³é ôàç³ ñïàëàõó ñïîñòåð³ãàëîñÿ ïîâ³ëüíå 
çìåíøåííÿ ïîòîêó ì’ÿêîãî ðåíòãåí³âñüêîãî âèïðîì³íþâàí íÿ.

Ïîð³âíÿííÿ çîáðàæåíü ÀÎ ó á³ëîìó ñâ³òë³ ó ïî÷àòêîâ³é ôàç³ ñïà -
ëàõó î 7h10m UT ³ î 16h58m UT, ïðèáëèçíî ÷åðåç 8 ãîä ï³ñëÿ íüîãî, ïîêà -
çóº, ùî ï³ñëÿ ñïàëàõó ñèëüíî çì³íèëàñÿ êîíô³ãóðàö³ÿ ãðóïè ïëÿì òà
¿õíÿ ôîðìà (ðèñ. 6). Äåÿê³ ïëÿìè çíèêëè, ç’ÿâèëèñÿ íîâ³. Öå ñâ³ä÷èòü
ïðî ñèëüíó çì³íó ìàãí³òíî¿ òîïîëîã³¿ ÀÎ, çíèêíåííÿ ³ ïîÿâó íîâèõ
ìàã í³òíèõ ïîë³â. Â³äáóëàñÿ ïåðåáóäîâà ôîòîñôåðíîãî ìàãí³òíîãî ïî -
ëÿ, âèêëèêàíà äîñë³äæóâàíèì ñïàëàõîì. 

Â ðîáîòàõ [2, 13, 59, 60] òàêîæ ïîâ³äîìëÿºòüñÿ ïðî çíà÷í³ çì³íè
ñòðóêòóðè ³ ïîëîæåííÿ ïëÿì ï³ä ä³ºþ ïîòóæíèõ ñïàëàõ³â. Â³äãóê ôî -
òîñôåðè, ÿê çàçíà÷åíî â öèõ ðîáîòàõ, º ðåçóëüòàòîì êîðîíàëüíî¿ ïå -
ðåáóäîâè ³ âèä³ëåííÿ åíåðã³¿ ñïàëàõó â êîðîí³. Â ðîáîò³ [55] âïåðøå
âèÿâëåíî øâèäêå (ïðèáëèçíî ÷åðåç 30 õâ ï³ñëÿ ïî÷àòêó ïîòóæíîãî
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Ðèñ. 5. Çì³íè ç ÷àñîì ³íòåíñèâíîñò³
ðåí òãåí³âñüêîãî âèïðîì³íþâàííÿ â
ä³à ïà çîíàõ äîâæèí õâèëü l = 0.05...
0.4 íì (ë³í³ÿ 1) ³ 0.1...0.8 íì (ë³í³ÿ 2),
îòðèìàí³ íà ñóïóòíèêó GOES 19
ëèï íÿ 2000 ð. ²íòåðâàë óñåðåäíåííÿ
—  1 õâ 

Ðèñ. 4. Çîáðàæåííÿ ñïàëàõó 19 ëèïíÿ 2000 ð. â àêòèâí³é îáëàñò³ NOAA 9087 â äîâæèíàõ õâèëü 
l = 17.1, 19.5, 28.4, 30.4 íì, îòðèìàí³ íà îðá³òàëüí³é îáñåðâàòîð³¿ SOHO çà äîïîìîãîþ
òåëåñêîïà EIT 



ñïàëàõó áàëó Õ2.2 15 ëþòîãî 2011 ð.) ïîñèëåííÿ ôîòîñôåðíîãî ãî -
ðèçîíòàëüíîãî ìàãí³òíîãî ïîëÿ ÿê â³äãóê íà ïåðåáóäîâó ìàãí³òíîãî
ïîëÿ â êîðîí³. Ç àíàë³çó ïîñë³äîâíîñò³ ìàãí³òîãðàì â ðîáîò³ [30] âèÿâ -
ëåíî, ùî ôîòîñôåðí³ ïîëÿ ìàéæå ìèòòºâî ðåàãóþòü íà ìàãí³òíå ïåðå -
ç’ºäíàííÿ ó êîðîí³. 

Íà ðèñ. 7 ïîêàçàíî ÷îòèðè îñíîâí³ åòàïè ðîçâèòêó ñïàëàõó íà Ía -
ô³ëüò ðî ãðàìàõ Ìåäîíñüêî¿ îáñåðâàòîð³¿. Î 6h49m á³ëÿ âåëèêî¿ ïëÿìè,
íà ï³âí³÷ â³ä íå¿, ñïîñòåð³ãàëèñÿ äâà ÿñêðàâèõ âóçëè. Î 7h05m áóëî âèä -
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Ðèñ. 6. Çîáðàæåííÿ àêòèâíî¿ îáëàñò³ NOAA 9087 ó á³ëîìó ñâ³òë³ ó ïî÷àòêîâ³é ôàç³ ñïàëàõó 19
ëèïíÿ 2000 ð. î 07h10m UT (à) ³ ï³ñëÿ ñïàëàõó î 16h58m UT (á)

Ðèñ. 7. Ía -ô³ëüòðîãðàìè ñïàëàõó 19 ëèïíÿ 2000 ð., îòðèìàí³ ó Ìåäîíñüê³é îáñåðâàòîð³¿ ó
÷îòèðè ïîñë³äîâí³ ìîìåíòè ÷àñó



íî ÿñêðàâ³ âóçëè ó öåíòð³ ãðóïè, ïîáëèçó ë³í³¿ ðîçä³ëó ïîëÿð íîñ òåé.
Âóçëè íà ï³âí³÷ â³ä ïëÿìè çíèêëè. Â îáëàñò³ öèõ âóçë³â ñòàâñÿ õðî -
ìîñôåðíèé âèêèä, â³í áóâ ôðàãìåíòîâàíèé íà ê³ëüêà ñòðóìåí³â. Âíèçó 
íà ðèñóíêó íàâåäåíî çîáðàæåííÿ ñïàëàõó â éîãî Ía -ìàêñèìóì³ ³ ó
ãîëîâí³é ôàç³. Á³ëüø äåòàëüíî ðîçâèòîê õðîìîñôåðíîãî ñïàëàõó áóäå
ðîçãëÿíóòî â íàñòóïí³é ñòàòò³.

ÑÂ²ÒËÎÂ² ÊÐÈÂ²

Ñâ³òëîâ³ êðèâ³ ó ð³çíèõ äîâæèíàõ õâèëü íàâåäåíî íà ðèñ. 8: ïîòîêè
ðàä³îâèïðîì³íþâàííÿ â äåöèìåòðîâîìó ä³àïàçîí³ 2.69 Ããö, ì’ÿêîãî
ðåíò ãåí³âñüêîãî âèïðîì³íþâàííÿ ó ñìóãàõ l = 0.05...òà 0.4 0.1...0.8 íì
òà ³íòåíñèâí³ñòü ó ë³í³¿ Ía . Íà ðèñ. 9 ïðèâåäåíî ñâ³òëîâ³ êðèâ³ äëÿ
äåê³ëüêîõ ä³àïàçîí³â æîðñòêîãî ðåíòãåí³âñüêîãî âèïðîì³íþâàííÿ
(HXR), îòðèìàí³ íà òåëåñêîï³ Yohkoh, ïî÷èíàþ÷è ç 6h52m. Ó ïî÷àòêî -
â³é ôàç³ ñïàëàõó ñïîñòåð³ãàëèñÿ ñïëåñêè æîðñòêîãî ðåíòãåí³âñüêîãî
âèïðîì³íþâàííÿ (ðèñ. 9) ³ ðàä³îñïëåñê³â III òèïó (ðèñ. 8). Â³äîìî, ùî
ñïëåñêè æîðñòêîãî ðåíòãåí³âñüêîãî âèïðîì³íþâàííÿ ³ ì³êðîõâèëüîâ³
ñïëåñêè ç’ÿâëÿþòüñÿ, êîëè â³äáóâàºòüñÿ çíà÷íå åíåðãîâèä³ëåííÿ. ²í -
òåí ñèâ í³ñòü HXR êîðåëþº ç ê³ëüê³ñòþ ïðèñêîðåíèõ åëåêòðîí³â ³ ïðî -
ïîðö³éíà øâèäêîñò³ âèä³ëåííÿ åíåðã³¿ [18]. Ùî ñòîñóºòüñÿ ñïëåñê³â
äåöèìåòðîâîãî ðàä³îâèïðîì³íþâàííÿ, â ðîáîò³ [21] çàïðîïîíîâàíî
ìîäåëü, çã³äíî ç ÿêîþ ïóëüñàö³¿ ðàä³îïîòîêó âèêëèêàí³ êâàç³ïåð³î äè÷ -
íèìè åï³çîäàìè ïðèñêîðåííÿ ÷àñòèíîê, ÿê³ º ðåçóëüòàòîì äèíàì³÷íî¿
ôàçè ìàãí³òíîãî ïåðåç’ºäíàííÿ ó âåëèêîìàñøòàáíîìó ñòðóìîâîìó
øà ð³. Ó ðîáîò³ [20] ïîêàçàíî, ùî ìàêñèìàëüíèé ïîò³ê ì’ÿêîãî ðåíòãå -
í³â ñüêîãî âèïðîì³íþâàííÿ ñïàëàõ³â ñèëüíî êîðåëþº ç ïëîùåþ ñïàëà -
õîâèõ ñòð³÷îê ³ ÷àñòîê ïîòîêó àêòèâíî¿ îáëàñò³, ÿêà ï³ääàºòüñÿ ìàãí³ò -
íîìó ïåðåç’ºäíàííþ. 
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Ðèñ. 8. Ñâ³òëîâ³ êðèâ³ äëÿ ðàä³îä³àïàçîíó 2.69 ÃÃö
çà äàíèìè îáñåðâàòîð³¿ â Ëåðìîíò³ (ë³í³ÿ 1), çà
äàíèìè GOES (l = 0.05...0.4 íì — øòðèõîâà ë³í³ÿ 2 ³ 
0.1...0.8 íì — ñóö³ëüíà ë³í³ÿ 3), äëÿ ë³í³¿ Ía çà äà -
íèìè ñïîñòåðåæåíü â îáñåðâàòîð³¿ ó Ìåäîí³ (ë³í³ÿ
4)



Ó òàáë. 2 ïðèâåäåíî ìîìåíòè ìàêñèìóì³â âèïðîì³íþâàííÿ ñïàëà -
õó â HXR, ðàä³îä³àïàçîí³ ³ â ë³í³¿ Ía . Â ë³í³¿ Ía  ìàêñèìóìè ñïàëàõó
íàñòàþòü ï³çí³øå, ùî ñâ³ä÷èòü íà êîðèñòü âèõ³äíèõ ìàãí³òíèõ ïåðå -
ç’ºäíàíü ó êîðîí³. Ïó÷îê ïðèñêîðåíèõ åëåêòðîí³â âèêëèêàâ ïåðøèé
ñïëåñê ðàä³î- ³ æîðñòêîãî ðåíòãåí³âñüêîãî âèïðîì³íþâàííÿ ç ìàêñè -
ìó ìîì î 6h49m ³ ñòàâ ïðè÷èíîþ ïîÿâè äâîõ ÿñêðàâèõ âóçë³â íà ô³ëüò -
ðîãðàì³ â ë³í³¿ Ía  ³ ïåòåëü â äàëåêîìó óëüòðàô³îëåò³ â ðàéîí³ âåëèêî¿
ïëÿìè. Ïîÿâà õðîìîñôåðíîãî âèêèäó ³ Ía -âóçë³â ó öåíòðàëüí³é ÷àñ -
òèí³ àêòèâíî¿ îáëàñò³ ïîâ’ÿçàí³ ç äðóãèì ñïëåñêîì ðàä³î- ³ æîðñòêîãî
ðåíòãåí³âñüêîãî âèïðîì³íþâàííÿ ç ìàêñèìóìîì î 6h57m. 

Ó á³ëüøîñò³ ñïàëàõ³â ïîõ³äíà â³ä òèì÷àñîâîãî ïðîô³ëþ ì’ÿêîãî
ðåíòãåí³âñüêîãî âèïðîì³íþâàííÿ ïîä³áíà äî ïðîô³ëþ æîðñòêîãî
ðåíò ãåí³âñüêîãî âèïðîì³íþâàííÿ (åôåêò Íüþïåðòà) [38, 52]. Öå ñâ³ä -
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Ðèñ. 9. Çì³íè ç ÷àñîì ³íòåíñèâíîñò³ æîðñòêîãî ðåíòãåí³âñüêîãî âèïðîì³íþâàííÿ â ä³àïàçîíàõ
L, M1, M2 ³ H (ë³âîðó÷) òà ïîëîæåííÿ äæåðåë æîðñòêîãî (ñèí³ êîíòóðè) ³ ì’ÿêîãî (äèôóçí³
çîáðàæåííÿ â ïîìàðàí÷åâîìó êîëüîð³) ðåíòãåí³âñüêèõ âèïðîì³íþâàíü â àêòèâí³é îáëàñò³
(ïðàâîðó÷) çà äàíèìè ç êîñì³÷íîãî ñóïóòíèêà Yohkoh

Ä³àïàçîí Ìàêñèìóì 1 Ìàêñèìóì 2 Ìàêñèìóì 3 Ìàêñèìóì 4

HXR 6h49m27s 6h57m01s

Ðàä³î 6h49m 6h59m 7h06m 7h16m

Ha 6h50m33s 7h01m11s 7h07m34s 7h18m12s

Òàáëèöÿ 2. Ìîìåíòè ìàêñèìóì³â ñïàëàõ³â ó ð³çíèõ ä³àïàçîíàõ äîâæèí õâèëü



÷èòü ïðî òå, ùî åíåðã³ÿ ñïàëàõó âèä³ëÿºòüñÿ â îñíîâíîìó ó ïîò³ê ïðè -
ñêîðåíèõ åëåêòðîí³â, ÿê³ çãîäîì íàãð³âàþòü ïëàçìó. Ó âèïàäêó äîñë³ä -
æóâàíîãî ñïàëàõó ìàêñèìóìè ³íòåíñèâíîñò³ ì’ÿêîãî ðåíòãåí³âñüêîãî
âèïðîì³íþâàííÿ (î 7h22m äëÿ ä³àïàçîíó 0.05...0.4 íì, î 7h26m äëÿ ä³à -
ïàçîíó 0.1...0.8 íì) çíà÷íî çàï³çíþþòüñÿ â³äíîñíî æîðñòêîãî ðåíòãå -
í³â ñüêîãî òà ì³êðîõâèëüîâîãî âèïðîì³íþâàííÿ, äàí³ äëÿ ìàêñèìóì³â
ÿêèõ íàâåäåíî íà ðèñ. 8 ³ ó òàáë. 2. ²íøèìè ñëîâàìè, äëÿ ñïàëàõó óìîâà
åôåêòó Íüþïåðòà íå âèêîíóºòüñÿ, ùî ñâ³ä÷èòü ïðî íàÿâí³ñòü äîäàò -
êîâîãî ìåõàí³çìó ïåðåíîñó åíåðã³¿.

ÌÀÃÍ²ÒÍ² ÏÅÐÅÇ’ªÄÍÀÍÍß Ï²Ä ×ÀÑ ÑÏÀËÀÕÓ

ßê â³äîìî, âèä³ëåííÿ åíåðã³¿ ñïàëàõó â³äáóâàºòüñÿ âíàñë³äîê ìàãí³ò -
íèõ ïåðåç’ºäíàíü, à ì³ñöÿ äæåðåë âèïðîì³íþâàííÿ âêàçóþòü, äå âè -
ä³ ëÿºòüñÿ åíåðã³ÿ. Â íàø³é ðîáîò³ âèä³ëåíî äæåðåëî äðóãîãî ñïëåñêó
æîðñòêîãî ðåíòãåí³âñüêîãî âèïðîì³íþâàííÿ, ÿêèé ç’ÿâèâñÿ â öåíò -
ðàëüí³é ÷àñòèí³ ÀÎ â 6h57m (ðèñ. 9). ×àñîâå ³ ïðîñòîðîâå ðîçä³ëåííÿ
äàíèõ, îòðèìàíèõ ç äîïîìîãîþ æîðñòêîãî ðåíòãåí³âñüêîãî òåëåñêîïà
HXT íà áîðòó Yohkoh, ñòàíîâèòü 0.5 ñ ³ 5² â³äïîâ³äíî. 

Íà ðèñ. 10 íàâåäåíî MDI-ìàãí³òîãðàìà ³ çîáðàæåííÿ ÀÎ â
Ía -ë³ í³¿, íà äîâæèí³ õâèë³ l = 19.5 íì (SOHO) òà ó ì’ÿêèõ ðåíòãå -
í³âñüêèõ ïðîìåíÿõ, íà ÿê³ íàêëàäåíî êîíòóðè äæåðåë â æîðñòêîìó
ðåíòãåí³âñüêîìó âèïðîì³íþâàíí³ ó ñìóãàõ L (13.9...22.7 êåÂ) òà M1
(22.7...32.7 êåÂ). Ó ñìóãàõ M2 ³ H áóëî äóæå ìàëî âèñîêîåíåðã³éíèõ
÷àñòèíîê, ³ äæåðåëî íåìîæëèâî âèä³ëèòè. Âèäíî, ùî äæåðåëî æîð ñò -
êîãî ðåíòãåí³âñüêîãî âèïðîì³íþâàííÿ ïåðåáóâàëî íàä ë³í³ºþ ðîç ä³ëó
ìàãí³òíèõ ïîëÿðíîñòåé. Ñïàëàõîâ³ ñòð³÷êè ó õðîìîñôåð³ òà êîðîí³ ëå -
æàòü ïî êðàÿõ çîáðàæåííÿ äæåðåëà. Íà á³ëüø³é ÷àñòèí³ ïëîù³ äæå ðåëà 
æîðñòêîãî ðåíòãåí³âñüêîãî âèïðîì³íþâàííÿ çá³ãàþòüñÿ ç ì³ñöÿ ìè
ñâ³ ò³í íÿ ó ì’ÿêîìó ðåíòãåí³âñüêîìó âèïðîì³íþâàíí³. 

Â ðîáîò³ [3] äîñë³äæåíî ðîçòàøóâàííÿ äæåðåë âèïðîì³íþâàííÿ
HXR ñïàëàõó ³ âñòàíîâëåíî, ùî âîíè ëåæàòü ó ì³ñöÿõ ñèëüíîãî âè -
ä³ëåííÿ åíåðã³¿. Øâèäê³ñòü âèä³ëåííÿ åíåðã³¿ ïðîïîðö³éíà ïîòóæíîñò³
ñïëåñêó æîðñòêîãî ðåíòãåí³âñüêîãî âèïðîì³íþâàííÿ. 

Íà ðèñ. 11 íàâåäåíî ïîñë³äîâí³ñòü çîáðàæåíü íà äîâæèí³ õâèë³ l =
= 19.5 íì (êîðîíà) â³ä ïî÷àòêó ñïàëàõó î 6h37m äî ìîìåíòó 09h04m.
Î 6h37m á³ëÿ âåëèêî¿ ïëÿìè, íà ï³âí³÷ â³ä íå¿, âèäíî ÿñêðàâ³ ïåòë³.
Î 6h51m â öüîìó ì³ñö³ ÀÎ ñïîñòåð³ãàëàñü àðêàäà ïåòåëü, ÿêà ïîò³ì
çíèêëà. Ó öåé æå ÷àñ âèäíî ÿñêðàâ³ ïåòë³ â öåíòðàëüí³é ÷àñòèí³
àêòèâíî¿ îáëàñò³. Î 7h13m ñïàëàõ çàéìàâ óñþ öåíòðàëüíó ³ ï³âäåííó
÷àñòèíè ÀÎ. Âèäíî, ÿê ïîñë³äîâíî çàïàëþâàëèñü âóçëè ñïàëàõó, çàé -
ìàþ÷è âñå á³ëüøèé ïðîñò³ð àêòèâíî¿ îáëàñò³. Ö³êàâèì º ðîçâèòîê ñõ³ä -
íî¿ ÷àñòèíè ñïàëàõó ï³ñëÿ îñíîâíîãî ìàêñèìóìó. Íà çîáðàæåí íÿõ
7h26m, 7h33m ³ 7h40m âèäíî ïåðåòèí ÿñêðàâèõ ïåòåëü, ùî ñâ³ä÷èòü ïðî
ìàãí³òíå ïåðåç’ºäíàííÿ. Òàêèì ÷èíîì, ïåðåç’ºäíàííÿ â³äáóâàëèñÿ ³ â
ãîëîâí³é ôàç³ ñïàëàõó. Ï³ñëÿ 08h ñïîñòåð³ãàëèñÿ ï³ñëÿñïàëàõîâ³ ïåò ë³.
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Ðèñ. 10. MDI-ìàãí³òîãðàìà ³ çîáðàæåííÿ àêòèâíî¿ îáëàñò³ â ë³í³¿ Ía , ó äîâæèí³ õâèë³ l =
= 19.5 íì (SOHO) òà ó ì’ÿêîìó ðåíòãåí³âñüêîìó âèïðîì³íþâàíí³, íà ÿê³ íàêëàäåíî êîíòóðè
äæåðåë â æîðñòêîìó ðåíòãåí³âñüêîìó âèïðîì³íþâàíí³ â äâîõ ñìóãàõ L (13.9...22.7 êåÂ —
æîâòèé êîíòóð) òà M1 (22.7...32.7 êåÂ — ô³îëåòîâèé êîíòóð)
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Ðèñ. 11. Çîáðàæåííÿ àêòèâíî¿ îáëàñò³ NOAA 9087 ó äîâæèí³ õâèë³ l = 19.5 íì, îòðèìàí³ íà
îðá³òàëüí³é îáñåðâàòîð³¿ SOHO çà äîïîìîãîþ òåëåñêîïà EIT äëÿ ð³çíèõ ìîìåíò³â ðîçâèòêó
ñïàëàõó 19 ëèïíÿ 2000 ð.



Â ðîáîò³ [57] íà îñíîâ³ àíàë³çó âåëèêî¿ ê³ëüêîñò³ ñïàëàõ³â âèä³ëåíî
ðÿä ïîä³é, ï³ä ÷àñ ÿêèõ â³äáóâàºòüñÿ äðóãèé ñèëüíèé ñïëåñê âèïðî -
ì³ íþâàííÿ â äàëåêîìó óëüòðàô³îëåò³ ÷åðåç ê³ëüêà õâèëèí àáî íàâ³òü
ãîäèí ï³ñëÿ îñíîâíîãî ìàêñèìóìó ñïàëàõó, — òàê çâàíà ï³çíÿ ôàçà
(EUV late phase). Îñíîâíîþ îñîáëèâ³ñòþ öüîãî åòàïó º ïîÿâà íàáîðó
ïðîòÿæíèõ ³ á³ëüø âèñîêèõ ïåòåëü, ó ïîð³âíÿíí³ ç îñíîâíèìè ñïàëàõî -
âèìè ïåòëÿìè, ÿê ïðîÿâ á³ëüø ï³çíüîãî ìàãí³òíîãî ïåðåç’ºäíàííÿ ï³ñ -
ëÿ îñíîâíîãî ïåðåç’ºäíàííÿ ñïàëàõó [11, 31, 56, 58]. Ó ðîáîò³ [10] ïî -
êàçàíî, ùî EUV-ïåòë³ ï³çíüî¿ ôàçè â îñíîâíîìó ñòâîðþþòüñÿ ìåíø
åíåðã³éíèì ìàãí³òíèì ïåðåç’ºäíàííÿì. Â ðîáîò³ [58] ïðè÷èíîþ ïîÿâè
ï³çíüî¿ ôàçè ñîíÿ÷íîãî ñïàëàõó ââàæàºòüñÿ ïîñò³éíå äîäàòêîâå íà -
ãð³ âàí íÿ, à äæåðåëîì íàãð³âàííÿ º ìàãí³òíå ïåðåç’ºäíàííÿ ïîëÿ, ðîç -
òàøîâàíîãî âèùå, ó ÷îòèðèïîëþñí³é ìàãí³òí³é êîíô³ãóðàö³¿. 

Ìàáóòü, ï³ñëÿñïàëàõîâ³ EUV-ïåòë³, ÿê³ ñïîñòåð³ãàëèñÿ ïðèáëèçíî
÷åðåç ï³âòîðè ãîäèíè (9h04m) ï³ñëÿ ìàêñèìóìó äîñë³äæóâàíîãî íàìè
ñïàëàõó (ðèñ. 11), º ïðîÿâîì òàêî¿ ï³çíüî¿ ôàçè. Ö³ äîâã³ ïåòë³ ç’ºä íó -
þòü ì³ñöÿ ïåðâèííîãî ³ ïîâòîðíîãî âèä³ëåííÿ åíåðã³¿ ñïàëàõó.

ÂÈÑÍÎÂÊÈ

Ðîçãëÿíóòî åâîëþö³þ àêòèâíî¿ îáëàñò³ NOAA 9087 ³ ñïàëàõó áàëó
3N/M6.4 íà îñíîâ³ áàãàòîõâèëüîâèõ ñïîñòåðåæåíü. ÀÎ ìàëà ñêëàä íó
ìóëü òèïîëÿðíó êîíô³ãóðàö³þ ìàãí³òíîãî ïîëÿ, ùî øâèäêî ðîç âèâà ëà -
ñÿ. Ñïàëàõîâà àêòèâí³ñòü çá³ëüøóâàëàñÿ ó ì³ðó óñêëàäíåííÿ ìàãí³òíî¿
ñòðóêòóðè òà âèõîäó íîâèõ ìàãí³òíèõ ïîòîê³â ³ äîñÿãëà ìàê ñèìóìó 19
ëèïíÿ 2000 ð., êîëè â³äáóâñÿ òðèâàëèé äâîñòð³÷êîâèé ñïà ëàõ.

Åíåðã³ÿ ñïàëàõó çâ³ëüíÿëàñÿ ïîñë³äîâíî â ð³çíèõ ì³ñöÿõ ÀÎ. Âñ³
ñïîñòåðåæí³ äàí³ ñâ³ä÷àòü ïðî ïîñò³éíó çì³íó ñòðóêòóðè òà ïîòóæ íîñò³ 
ñïàëàõó â ð³çíèõ äîâæèíàõ õâèëü. 

Ó ïî÷àòêîâ³é ôàç³ ñïàëàõó ñïîñòåð³ãàëèñÿ ñïëåñêè æîðñòêîãî
ðåíò ãåí³âñüêîãî âèïðîì³íþâàííÿ ³ ðàä³îñïëåñêè III òèïó. Âèä³ëåíî
äæå ðåëî æîðñòêîãî ðåíòãåí³âñüêîãî âèïðîì³íþâàííÿ, ÿêå ðîçòàøîâó -
âà ëî ñÿ íàä ë³í³ºþ ðîçä³ëó ìàãí³òíèõ ïîëÿðíîñòåé. 

Íà îñíîâ³ àíàë³çó ïîñë³äîâíèõ çîáðàæåíü ïåòåëü â äàëåêîìó óëüò -
ðàô³îëåòîâîìó ä³àïàçîí³ äîâæèí õâèëü îòðèìàíî ñïîñòåðåæí³ äîêàçè
ìàãí³òíèõ ïåðåç’ºäíàíü ó ãîëîâí³é ôàç³ ñïàëàõó. Íà ñòàä³¿ çàãàñàííÿ
ñïàëàõó â ä³àïàçîí³ l = 19.5 íì ñïîñòåð³ãàëèñÿ ï³ñëÿñïàëàõîâ³ ïåòë³,
ùî º ïðîÿâîì ï³çíüî¿ EUV-ôàçè. Ö³ ïðîòÿæí³ ïåòë³ ç’ºäíóþòü ì³ñöÿ
ïåðâèííîãî ³ ïîâòîðíîãî âèä³ëåííÿ åíåðã³¿ ñïàëàõó. 

Äëÿ äîñë³äæóâàíîãî ñïàëàõó íå âèêîíóºòüñÿ óìîâà åôåêòó Íüþ -
ïåðòà. Öå îçíà÷àº, ùî ä³ÿâ äîäàòêîâèé ìåõàí³çì ïåðåíîñó åíåðã³¿ ³ íà -
ãð³âàííÿ. 

Ô²ÍÀÍÑÓÂÀÍÍß ÐÎÁÎÒÈ

Ðîáîòà ô³íàíñóâàëàñü ó ðàìêàõ ïëàíîâîãî ô³íàíñóâàííÿ óñòàíîâ Íà -
ö³îíàëü íî¿ àêàäåì³¿ íàóê Óêðà ¿íè.
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Ãëàâíàÿ àñòðîíîìè÷åñêàÿ îáñåðâàòîðèÿ Íà öè î íàëü íîé àêà äå ìèè íà óê Óêðà è íû, 
Êèåâ, Óêðàèíà

ÌÎÐÔÎËÎÃÈß ÂÑÏÛØÅ×ÍÎ-ÏÐÎÄÓÊÒÈÂÍÎÉ 
ÀÊÒÈÂÍÎÉ ÎÁËÀÑÒÈ NOAA 9087

Ýâîëþöèÿ è ìîðôîëîãè÷åñêèå ñâîéñòâà àêòèâíîé îáëàñòè NOAA 9087 áûëè ïðîàíà -
ëèçèðîâàíû íà îñíîâå äàííûõ êîñìè÷åñêèõ è íàçåìíûõ îáñåðâàòîðèé. Äàííûå î
æåñòêîì (HXR) è ìÿãêîì ðåíòãåíîâñêîì èçëó÷åíèè (SXR) ïîëó÷åíû íà òåëåñêîïàõ
ñïóòíèêà Yohkoh (HXT è SXT) è ãåîñòàöèîíàðíîì ñïóòíèêå GOES. Ìàãíèòîãðàììû 
è èçîáðàæåíèÿ â äàëåêîì óëüòðàôèîëåòå ïîëó÷åíû íà òåëåñêîïàõ MDI è EIT
ñîëíå÷íîé îáñåðâàòîðèè SOHO. Èñïîëüçîâàíû èçîáðàæåíèÿ â áåëîì ñâåòå èç
îáñåðâàòîðèè Big Bear (BBSO) è Ía -ôèëüòðîãðàììû èç Ìåäîíñêîé îáñåðâàòîðèè.
Äàííûå î ïîòîêå ðàäèîèçëó÷åíèÿ íà ÷àñòîòå 2.69 ÃÃö áûëè âçÿòû èç áàçû Âñå -
ìèðíîãî öåíòðà äàííûõ îáñåðâàòîðèè â Ëåðìîíòå (Àâñòðàëèÿ). Èññëåäóåìàÿ àêòèâ -
íàÿ îáëàñòü íàáëþäàëàñü íà ñîëíå÷íîì äèñêå ñ 15 ïî 27 èþëÿ 2000 ã. è ïîêàçàëà
ñëîæíóþ êîíôèãóðàöèþ ìóëüòèïîëÿðíîãî ìàãíèòíîãî ïîëÿ. Ñèëüíàÿ âñïûøå÷íàÿ
àêòèâíîñòü è âûáðîñû íàáëþäàëèñü â ýòîé àêòèâíîé îáëàñòè. Ñîãëàñíî äàííûì So -
lar Geo phys i cal Data (SGD) äâóõëåíòî÷íàÿ âñïûøêà 3N/M6.4 ïðîèçîøëà 19 èþëÿ
2000 ã. è äëèëàñü 2.5 ÷àñà. Ýíåðãèÿ âñïûøêè âûäåëÿëàñü ïîñëåäîâàòåëüíî â ðàçíûõ
ìåñòàõ àêòèâíîé îáëàñòè. Âñå íàáëþäàòåëüíûå äàííûå ñâèäåòåëüñòâóþò î íåïðå -
ðûâ íîì èçìåíåíèè ñòðóêòóðû è ìîùíîñòè âñïûøêè â ðàçíûõ äëèíàõ âîëí. Â íà -
÷àëüíîé ôàçå âñïûøêè íàáëþäàëèñü ðàäèîâñïëåñêè III òèïà è âñïëåñêè æåñòêîãî
ðåíòãåíîâñêîãî èçëó÷åíèÿ. Êîðîíàëüíûé èñòî÷íèê HXR ðàñïîëàãàëñÿ íàä ëèíèåé
èíâåðñèè ìàãíèòíîé ïîëÿðíîñòè àêòèâíîé îáëàñòè. Íà îñíîâå àíàëèçà ïîñëåäîâà -
òåëü íûõ èçîáðàæåíèé ïåòåëü â óëüòðàôèîëåòîâîì äèàïàçîíå äëèí âîëí ïîëó÷åíû
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íàáëþäàòåëüíûå äîêàçàòåëüñòâà ìàãíèòíûõ ïåðåñîåäèíåíèé â ãëàâíîé ôàçå âñïûø -
êè. Íà ñòàäèè çàòóõàíèÿ âñïûøêè â äèàïàçîíå 19.5 íì íàáëþäàëèñü ïîñëåâñïûøå÷ -
íûå ïåòëè, ÷òî ÿâëÿåòñÿ ïðîÿâëåíèåì ïîçäíåé EUV-ôàçû. Ýòè ïðîòÿæåííûå ïåòëè
ñîåäèíÿþò ìåñòà ïåðâè÷íîãî è ïîâòîðíîãî âûäåëåíèÿ ýíåðãèè âñïûøêè. Â ãëàâíîé
ôàçå âñïûøêè äåéñòâîâàë äîïîëíèòåëüíûé ìåõàíèçì ïåðåíîñà ýíåðãèè è íàãðåâà -
íèÿ.
Êëþ÷åâûå ñëîâà: Ñîëíöå, àêòèâíûå îáëàñòè, ñîëíå÷íûå âñïûøêè, ìàãíèòíûå ïåðå -
ñî åäè íåíèÿ, ìíîãîâîëíîâûå íàáëþäåíèÿ.
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MOR PHOL OGY OF THE FLARE-PRO DUC TIVE AC TIVE RE GION NOAA 9087

Evo lu tion and mor pho log i cal prop er ties of the ac tive re gion NOAA 9087 have been an a -
lyzed us ing com bi na tion of data from space and ground-based ob ser va to ries. The hard
X-ray (HXR) and soft X-ray (SXR) data were ob tained at the Yohkoh Tele scopes (HXT
and SXT) and Geo sta tion ary Op er a tional En vi ron men tal Sat el lite (GOES). The full-disk
magnetograms and EUV-im ages were pro vided by the So lar and Heliospheric Ob ser va tory 
(SOHO) Michelson Dopp ler Imager (MDI) and Ex treme ul tra vi o let Im ag ing Tele scope
(EIT). We used the Ía -filtergrams from the Meudon spectroheliograph and white light im -
ages of Big Bear So lar Ob ser va tory (BBSO). Data on the ra dio emis sion flux at a fre quency 
of 2.69 GHz was taken from the da ta base of the World Data Cen ter of the Lear month Ob -
ser va tory (Aus tra lia). Ac tive re gion (AR) stud ied was ob served on the so lar disk from 15th
to 27th of July, 2000 and showed a com plex mul ti po lar mag netic field con fig u ra tion. The
high flare and surge ac tiv ity was ob served in the ac tive re gion. Ac cord ing to So lar Geo -
phys i cal Data (SGD) the 3N/M6.4 a long du ra tion two-rib bon flare oc curred 19 July 2000
and lasted 2.5 hours. The flare en ergy was re leased se quen tially in dif fer ent places of the
AR. All the data show con tin u ously evolv ing SXR, EUV and Ía  fea tures dur ing the flare.
The HXR and the type III ra dio bursts were ob served at the flare ini tial phase. A HXR co ro -
nal source was lo cated along mag netic po lar ity in ver sion line of the ac tive re gion. EUV
loop struc tures show the ob ser va tional ev i dence of a mag netic reconnection dur ing the
main phase of the flare. Postflare loops were ob served in the 19.5 nm passband at the grad -
ual phase as a man i fes ta tion of the EUV late phase. These ex tended loops con nect the sites
of pri mary and sec ond ary of flare en ergy sources. An ad di tional mech a nism of en ergy
trans fer and heat ing ex isted in the main phase of the flare.
Keywords: Sun, ac tive re gions, so lar flares, mag netic reconnections, multi-wave length ob -
ser va tions.
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