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Íà îñíîâi îá'¹äíàíîãî ìàñèâó äàíèõ iç SolarMonitor òà GOES/XRS äîñëiäæåíî ðîçïîäië çà
øèðîòîþ àêòèâíèõ äiëÿíîê (ÀÄ), ùî ñïîñòåðiãàëèñü ïðîòÿãîì 23�24-ãî öèêëiâ ñîíÿ÷íî¨ àêòèâ-
íîñòi (ÑÀ).
Âiäñëiäêîâàíî ïîÿâó ÀÄ òà âèíèêíåííÿ ñïàëàõiâ ó íèõ íà ðiçíèõ ãåëiîãðàôi÷íèõ øèðîòàõ

ïðîòÿãîì äîñëiäæóâàíèõ öèêëiâ. Óñòàíîâëåíî, ùî óíiïîëÿðíi òà áiïîëÿðíi ïðîñòi ÀÄ ñïîñòåði-
ãàëèñÿ, ïî÷èíàþ÷è ç øèðîò ±40◦ ÷è íàâiòü âèùå, à áiïîëÿðíi êîìïëåêñíi äiëÿíêè ç'ÿâëÿëèñÿ
çäåáiëüøîãî â äiàïàçîíi ±30◦, i íà öèõ øèðîòàõ áóëà àáñîëþòíà áiëüøiñòü ñïàëàõiâ â ÀÄ. Âè-
ÿâëåíî, ùî àñèìåòðè÷íèé õàðàêòåð ðîçïîäiëó ÀÄ çà øèðîòîþ ñèëüíiøå ïðîÿâëÿâñÿ íà ôàçi
ñïàäàííÿ ÑÀ.
Âèâ÷åíî öèêëi÷íi çìiíè ñóìàðíèõ çíà÷åíü ïëîùi ÀÄ òà ïiêîâèõ ïîòîêiâ âèïðîìiíþâàííÿ â

ì'ÿêîìó ðåíò åíiâñüêîìó äiàïàçîíi âiä ñïàëàõiâ ó íèõ â îêðåìèõ ïiâêóëÿõ Ñîíöÿ. Çíàéäåíî,
ùî äëÿ îáîõ öèêëiâ ìàêñèìàëüíi çíà÷åííÿ âèáðàíèõ ïàðàìåòðiâ áóëè øâèäøå â ïiâíi÷íié ïiâ-
êóëi, íiæ ó ïiâäåííié. Óñòàíîâëåíî çìiíó õàðàêòåðó ïiâíi÷íî-ïiâäåííî¨ àñèìåòði¨ ÑÀ ïiä ÷àñ
ïåðåõîäó âiä 23-ãî äî 24-ãî öèêëó: â 23-ìó öèêëi íà ïî÷àòêó ôàçè çðîñòàííÿ àêòèâíiñòü Ñîíöÿ
çäåáiëüøîãî ïåðåâàæàëà â ïiâíi÷íié ïiâêóëi, à â ìàêñèìóìi òà íà ôàçi ñïàäàííÿ � ó ïiâäåííié
ïiâêóëi; ó 24-ìó öèêëi âîíà ïåðåâàæàëà â ïiâíi÷íié ïiâêóëi.
Êëþ÷îâi ñëîâà: àêòèâíi äiëÿíêè, êëàñè ìàãíiòíî¨ ñêëàäíîñòi, ñïàëàõè íà Ñîíöi, öèêëè

ñîíÿ÷íî¨ àêòèâíîñòi, ïiâíi÷íî-ïiâäåííà àñèìåòðiÿ.
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ÂÑÒÓÏ

� âàãîìi äîêàçè òîãî, ùî ÑÀ ïðîÿâëÿ¹ ñèñòåìà-
òè÷íi âàðiàöi¨. Äîáðå âèâ÷åíèìè ïðîòÿãîì òðèâàëî-
ãî ÷àñó ¹ âàðiàöi¨ êiëüêîñòi ñîíÿ÷íèõ ïëÿì òà iíøèõ
àêòèâíèõ óòâîðåíü ïðîòÿãîì 11-ði÷íîãî öèêëó (öèêë
Øâàáå) i ïîâ'ÿçàíèé ç íèì åôåêò ïåðåìiùåííÿ äi-
ëÿíêè ôîðìóâàííÿ ñîíÿ÷íèõ ïëÿì iç ñåðåäíiõ øèðîò
Ñîíöÿ äî éîãî íèçüêèõ øèðîò � òàê çâàíi �ìåòåëèêè
Ìàóíäåðà� [1]. Àíàëiç ðîçïîäiëó ÀÄ ðiçíî¨ ìàãíiòíî¨
ñêëàäíîñòi çà ãåëiîãðàôi÷íèìè øèðîòàìè [2] ïîêàçàâ,
ùî ÀÄ çi ñêëàäíîþ êîíôi óðàöi¹þ ìàãíiòíîãî ïîëÿ
ç'ÿâëÿþòüñÿ íà íèæ÷èõ øèðîòàõ, íiæ äiëÿíêè ç ïðî-
ñòîþ (óíiïîëÿðíîþ ÷è áiïîëÿðíîþ) ìàãíiòíîþ êîíôi-
 óðàöi¹þ. Ùå îäíà ç îñîáëèâîñòåé ÑÀ ïîëÿãà¹ â òîìó,
ùî ÀÄ âèíèêàþòü ó âèáðàíèõ iíòåðâàëàõ äîâãîò (òàê
çâàíi àêòèâíi äîâãîòè � äèâ., íàïð., [3�5]), ïðè÷îìó
äîñëiäæåííÿ äîâãîòíîãî ðîçïîäiëó ñîíÿ÷íèõ ïëÿì i
ñïàëàõiâ [5] ïîêàçó¹ ðiçíèöþ ó øâèäêîñòi îáåðòàííÿ
ïiâíi÷íî¨ òà ïiâäåííî¨ ïiâêóëü Ñîíöÿ.

Íà ðiçíèõ ôàçàõ îêðåìîãî 11-ði÷íîãî öèêëó òàêîæ
âèÿâëÿþòü ïåðåâàæàííÿ àêòèâíèõ ïðîöåñiâ â îäíié
iç ïiâêóëü Ñîíöÿ ïîðiâíÿíî ç iíøîþ. Íàïðèêëàä, ó
ðàííié ðîáîòi [6] ïîêàçàíî, ùî ìàêñèìóì ÑÀ â îêðå-
ìèõ ïiâêóëÿõ çìiùåíèé ó ÷àñi; çíàéäåíî, ùî ïiâíi÷íî-
ïiâäåííà àñèìåòðiÿ ïëîùi ñîíÿ÷íèõ ïëÿì ñèëüíiøå
ïðîÿâëÿ¹òüñÿ íà ôàçi ìiíiìóìó ÑÀ� ó öåé ïåðiîä äèñ-
áàëàíñ ìîæå áóòè ñïðè÷èíåíèé ðàïòîâîþ ïîÿâîþ âå-
ëèêî¨ ãðóïè ïëÿì â îäíié iç ïiâêóëü. Ïîâåäiíêó àñèìå-

òði¨ ïàðàìåòðiâ ÑÀ äîñëiäæåíî òàêîæ íà êîðîòêèõ ÷à-
ñîâèõ ìàñøòàáàõ ó ìåæàõ öèêëó [7�10] i ïðîòÿãîì äîâ-
øîãî ïåðiîäó, ùî ñòàíîâèòü 8�12 ñîíÿ÷íèõ öèêëiâ [11�
18]. Óäîñêîíàëåííÿ ìîäåëåé ñîíÿ÷íîãî äèíàìî (äèâ.,
íàïð., ðîáîòó [19] òà ïîñèëàííÿ â íié) äàñòü çìîãó çíà-
éòè ÷iòêiøi ìåõàíiçìè ôiçè÷íî¨ iíòåðïðåòàöi¨ ðåçóëü-
òàòiâ ñïîñòåðåæåííÿ öüîãî ÿâèùà.
Ó ðîáîòi [12] äîñëiäæåíî ïiâíi÷íî-ïiâäåííó àñèìå-

òðiþ äëÿ ïëîùi ñîíÿ÷íèõ ïëÿì â îêðåìèõ öèêëàõ ÑÀ
âiä 12-ãî äî 20-ãî i äëÿ êiëüêîñòi ïëÿì ó 21-ìó öè-
êëi. Àâòîðè âèÿâèëè, ùî çàãàëîì ïðîòÿãîì ñîíÿ÷íîãî
öèêëó ïåðåâàæàííÿ ïðîÿâiâ ÑÀ â îäíié ïiâêóëi çìi-
íþ¹òüñÿ íà ïåðåâàæàííÿ ÑÀ â ïðîòèëåæíié ïiâêóëi.
Õàðàêòåð àñèìåòði¨ ïîâòîðþ¹òüñÿ ÷îòèðè ñîíÿ÷íi öè-
êëè, à ïîòiì çìiíþ¹òüñÿ íà ïðîòèëåæíèé òà çàëèøà-
¹òüñÿ ïîäiáíèì ó íàñòóïíèõ ÷îòèðüîõ öèêëàõ. Òîáòî
ìîæíà ãîâîðèòè ïðî äîâãîñòðîêîâó ïåðiîäè÷íó ïîâå-
äiíêó ïiâíi÷íî-ïiâäåííî¨ àñèìåòði¨ ïðîòÿãîì ïåðiîäó,
ùî âêëþ÷à¹ áëèçüêî âîñüìè ñîíÿ÷íèõ öèêëiâ. Ó öié
ðîáîòi òàêi çìiíè çíàéäåíî ïiä ÷àñ ïåðåõîäó âiä 15-
ãî äî 16-ãî öèêëó òà âiä 19-ãî äî 20-ãî öèêëó. Íàÿâ-
íiñòü òàêèõ äîâãîòðèâàëèõ ïåðiîäè÷íèõ çìií ÑÀ ïiä-
òâåðäæåíî íà îñíîâi àíàëiçó ïiâíi÷íî-ïiâäåííî¨ àñè-
ìåòði¨ ñïàëàõîâîãî iíäåêñó ïðîòÿãîì 17�22-ãî öèêëiâ
[15] i 21�22-ãî òà ÷àñòèíè 23-ãî (äî 2004 ð.) öèêëiâ
[17]. Íàâiòü áiëüøå, àâòîðè öèõ ïðàöü ïðèïóñòèëè, ùî
ïðîòÿãîì 23-ãî öèêëó çàãàëüíèé õàðàêòåð ïiâíi÷íî-
ïiâäåííî¨ àñèìåòði¨ áóäå ïîäiáíèì äî òîãî, ùî ñïîñòå-
ðiãàëè äëÿ ïîïåðåäíiõ òðüîõ öèêëiâ, ïî÷èíàþ÷è âiä
20-ãî, à ñàìå: ïåðåâàæàííÿ ÑÀ â ïiâíi÷íié ïiâêóëi íà
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ôàçi çðîñòàííÿ äî ìàêñèìóìó i â ïiâäåííié ïiâêóëi �
íà ôàçi ñïàäàííÿ öèêëó. Öþ ãiïîòåçó ïiäòâåðäæåíî
â [20] íà îñíîâi àíàëiçó äàíèõ ùîäî ïëîùi ñîíÿ÷íèõ
ïëÿì äëÿ ïåðiîäó ÷àñó, ùî âêëþ÷à¹ 23-é öèêë i ïî÷à-
òîê 24-ãî öèêëó (äî 2011 ð.). Ç iíøîãî áîêó, ó ïðàöÿõ
[16, 18] çàçíà÷åíî ïåðiîäè÷íiñòü ïåðåâàæàííÿ ÑÀ â
îêðåìèõ ïiâêóëÿõ ïðîòÿãîì ÷àñîâîãî ïðîìiæêó, ÿêèé
ñêëàäà¹òüñÿ ç äâàíàäöÿòè ñîíÿ÷íèõ öèêëiâ.
Íàøà ñòàòòÿ ¹ äîïîâíåííÿì öèêëó ðîáiò [21, 22]

ùîäî ñòàòèñòè÷íîãî àíàëiçó âèáðàíèõ ïàðàìåòðiâ ÀÄ
íà îñíîâi îòðèìàíèõ äàíèõ çà ïåðiîä, ÿêèé îõîïëþ¹
23�24-é öèêëè ÑÀ. Ó [21] ìè ïðîàíàëiçóâàëè öèêëi-
÷íi çìiíè êiëüêîñòi, ñóìàðíî¨ ïëîùi òà òðèâàëîñòi ði-
çíèõ çà ìàãíiòíîþ ñêëàäíiñòþ ÀÄ. Ó ïðàöi [22] âèâ÷å-
íî çâ'ÿçîê ìiæ ìàãíiòíîþ ñêëàäíiñòþ öèõ äiëÿíîê òà
ñïàëàõàìè â íèõ, à òàêîæ çìiíè ñïàëàõîâî¨ àêòèâíîñòi
ÀÄ ïðîòÿãîì ñîíÿ÷íîãî öèêëó. Òåïåð áóäå ïðåäñòàâ-
ëåíî ðåçóëüòàòè àíàëiçó øèðîòíîãî ðîçïîäiëó ÀÄ òà
âèâ÷åííÿ ïiâíi÷íî-ïiâäåííî¨ àñèìåòði¨ ïàðàìåòðiâ ÀÄ
ïðîòÿãîì 23�24-ãî öèêëiâ ÑÀ.

I. ÑÏÎÑÒÅÐÅÆÓÂÀÍÈÉ ÌÀÒÅÐIÀË

Ó íàøié ðîáîòi ìè ðîçãëÿíóëè 4806 ÀÄ ïðîòÿ-
ãîì 23�24-ãî öèêëiâ ÑÀ (1996�2019 ðð.). ßê îñíîâó

ìè âèêîðèñòàëè äàíi ïðî ÀÄ ç ïðî¹êòó SolarMonitor
(www.solarmonitor.org). Öåé ïðî¹êò íàäà¹ ùîäåííó
iíôîðìàöiþ ïðî ãåëiîãðàôi÷íi êîîðäèíàòè òà ïëîùó
ÀÄ, ÿêi ñïîñòåðiãàëèñü ó âèáðàíèé ïåðiîä, à òàêîæ
êëàñ ìàãíiòíî¨ ñêëàäíîñòi çãiäíî ç ãåéëiâñüêîþ êëà-
ñèôiêàöi¹þ, äî ÿêîãî âiäíåñëè äiëÿíêó â êîíêðåòíèé
äåíü: α, αγ, αγδ, αδ � óíiïîëÿðíà ãðóïà êëàñiâ; β �
áiïîëÿðíà ïðîñòà ãðóïà; βγ, βγδ, βδ � áiïîëÿðíà êîì-
ïëåêñíà ãðóïà (äèâ., íàïð., [23]).Ó íàøîìó äîñëiäæåí-
íi ìè àíàëiçó¹ìî ïàðàìåòðè ÀÄ îêðåìèõ ãðóï êëàñiâ
ìàãíiòíî¨ ñêëàäíîñòi, òîìó äëÿ ñïðîùåííÿ òàêi äiëÿí-
êè íàçèâà¹ìî âiäïîâiäíî äî ãðóïè � óíiïîëÿðíi ÀÄ,
áiïîëÿðíi ïðîñòi ÀÄ òà áiïîëÿðíi êîìïëåêñíi ÀÄ.
SolarMonitor òàêîæ íàäà¹ ùîäåííi äàíi ïðî ñïàëà-

õè â ÀÄ, ïðîòå â äåÿêèõ âèïàäêàõ iíôîðìàöiÿ ùî-
äî ñïàëàõiâ íåêîðåêòíà àáî âiäñóòíÿ (äèâ. [22]). Òî-
ìó öåé ìàñèâ äàíèõ äîïîâíåíî iíôîðìàöi¹þ ïðî ñïà-
ëàõè â äîñëiäæóâàíèõ äiëÿíêàõ iç ñïèñêó, îòðèìà-
íîãî íà îñíîâi ñïîñòåðåæåíü çà äîïîìîãîþ ïðèëàäó
XRS ñóïóòíèêà GOES (http://hec.helio-vo.eu/he
c/hec_gui.php, ñïèñîê �GOES Soft X-ray Flare List�).
Îá'¹äíàíèé ìàñèâ äàíèõ ìiñòèòü iíôîðìàöiþ ïðî
26066 ñïàëàõiâ êëàñiâ B, C, M òà X, ùî âiäáóâàëè-
ñÿ â ÀÄ ïðîòÿãîì öüîãî ïåðiîäó. Äîêëàäíó iíôîð-
ìàöiþ ïðî âèêîðèñòàíi áàçè äàíèõ i îïèñ ïðîöåäóðè
îá'¹äíàííÿ äâîõ ìàñèâiâ äàíèõ ïðî ñîíÿ÷íi ñïàëàõè
ïîäàíî â [22].
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Ðèñ. 1. Ðîçïîäië çà øèðîòîþ óíiïîëÿðíèõ, áiïîëÿðíèõ
ïðîñòèõ òà áiïîëÿðíèõ êîìïëåêñíèõ ÀÄ ïðîòÿãîì 23�

24-ãî öèêëiâ ÑÀ
Fig. 1. Latitudinal distribution of unipolar, bipolar si-
mple and bipolar complex ARs during 23�24 solar cycles
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Ðèñ. 2. Ðîçïîäië çà øèðîòîþ âñiõ ÀÄ, â ÿêèõ âiäáóâà-
ëèñü ñïàëàõè êëàñiâ Â, Ñ, Ì àáî Õ, ïðîòÿãîì 23�24-ãî

öèêëiâ ÑÀ
Fig. 2. Latitudinal distribution of all ARs in which �ares
of classes B, C, M and X occurred during 23�24 solar

cycles
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II. ÎÒÐÈÌÀÍI ÐÅÇÓËÜÒÀÒÈ ÒÀ �Õ
ÎÁÃÎÂÎÐÅÍÍß

Ìè ðîçãëÿíóëè ðîçïîäië ÀÄ çà ãåëiîãðàôi÷íèìè
øèðîòàìè ïðîòÿãîì 23�24-ãî ñîíÿ÷íèõ öèêëiâ. Íà
òðüîõ ïàíåëÿõ ðèñ. 1 ïîêàçàíî öåé ðîçïîäië äëÿ äi-
ëÿíîê îêðåìèõ ãðóï êëàñiâ ìàãíiòíî¨ ñêëàäíîñòi �
óíiïîëÿðíî¨, áiïîëÿðíî¨ ïðîñòî¨ òà áiïîëÿðíî¨ êîìïëå-
êñíî¨.
Íà ïî÷àòêó êîæíîãî ç ñîíÿ÷íèõ öèêëiâ óíiïîëÿð-

íi òà áiïîëÿðíi ïðîñòi ÀÄ ñïîñòåðiãàþòüñÿ íà øèðî-
òàõ, àáñîëþòíå çíà÷åííÿ ÿêèõ ñòàíîâèòü 40◦ ÷è íàâiòü
áiëüøå, à ïðîòÿãîì öèêëó âîíè âèíèêàþòü âñå áëèæ-
÷å äî åêâàòîðà. Â òîé ÷àñ áiïîëÿðíi êîìïëåêñíi ÀÄ
ç'ÿâëÿþòüñÿ ó âóæ÷îìó äiàïàçîíi, çäåáiëüøîãî â ìå-
æàõ ±30◦.

Êiëüêiñòü óñiõ ÀÄ, ùî âèíèêàþòü íà ôàçi çðîñòàííÿ
i â ìàêñèìàëüíié ôàçi ÑÀ, ïðèáëèçíî îäíàêîâà â ïiâ-
íi÷íié òà ïiâäåííié ïiâêóëÿõ. Ó 23-ìó öèêëi áiïîëÿðíi
ïðîñòi ÀÄ òðàïëÿþòüñÿ äåùî ðiäøå â ìàêñèìóìi ÑÀ,
íiæ íà ôàçi çðîñòàííÿ ÷è ôàçi ñïàäàííÿ; ó 24-ìó öè-
êëi êiëüêiñòü òàêèõ ÀÄ íà ôàçi çðîñòàííÿ ¹ ìåíøîþ,
íiæ ïiñëÿ íàñòàííÿ ìàêñèìóìó. Â öi ðîêè çáiëüøó-
¹òüñÿ êiëüêiñòü áiïîëÿðíèõ êîìïëåêñíèõ ÀÄ. Òàêîãî
çáiëüøåííÿ íåìà¹ â àíàëîãi÷íîìó ðîçïîäiëi â ðîáîòi
Íiêáàõøà òà ií. [2], ùî ìîæíà ïîÿñíèòè òèì, ùî â
öié ïðàöi âèêîðèñòàíî iíøèé ìàñèâ äàíèõ. Òàêi ðîçái-
æíîñòi â äàíèõ iç ðiçíèõ áàç ñòîñîâíî êëàñiâ ìàãíiòíî¨
ñêëàäíîñòi äëÿ ïåâíèõ ÀÄ âæå çãàäóâàëè ðàíiøå â ëi-
òåðàòóði (äèâ., íàïð., [24]). Òàêîæ àâòîðè ðîáîòè [2]
íå âðàõîâóâàëè öiëîãî êëàñó ìàãíiòíî¨ ñêëàäíîñòi �
βδ.
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Ðèñ. 3. (à) Ãðàôiêè çìiíè ìiñÿ÷íî¨ ñóìàðíî¨ ïëîùi S (ì. ÷. ï.) âñiõ ÀÄ â ïiâíi÷íié òà ïiâäåííié ïiâêóëÿõ Ñîíöÿ ïðîòÿãîì
23�24-ãî öèêëiâ. (á) Àíàëîãi÷íi ãðàôiêè äëÿ îêðåìèõ ãðóï êëàñiâ ìàãíiòíî¨ ñêëàäíîñòi. Ëiíi¨ äëÿ ðiçíèõ ãðóï çîáðàæåíî

êîëüîðàìè âiäïîâiäíî äî ðèñ. 1 i íàêëàäåíî íà ñiði ãðàôiêè çìiíè ïëîùi äëÿ âñiõ ÀÄ
Fig. 3. (à) Graphs of changes in the monthly total area S (µHem) for all ARs in the northern and southern hemispheres of the
Sun during 23�24 solar cycles. (b) Similar graphs for distinct groups of magnetic complexity classes. Lines for di�erent groups

are depicted in colors according to Fig. 1 and superimposed on gray graphs of area changes for all ARs
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Íà ôàçi ñïàäàííÿ ÑÀ (ðèñ. 1) ñèëüíiøå ïðîÿâëÿ-
¹òüñÿ àñèìåòðè÷íèé õàðàêòåð ðîçïîäiëó âñiõ ÀÄ: ó
23-ìó öèêëi íà öié ôàçi âèÿâëåíî áiëüøå äiëÿíîê ó
ïiâäåííié ïiâêóëi Ñîíöÿ, à â 24-ìó � íàâïàêè, ó ïiâíi-
÷íié. Öiêàâî çàçíà÷èòè, ùî â ïðàöi [25] âèÿâëåíî ïå-
ðåâàæàííÿ ïðîòÿãîì 23-ãî öèêëó äðiáíîìàñøòàáíèõ
ìàãíiòíèõ åëåìåíòiâ, öèêëi÷íi âàðiàöi¨ êiëüêîñòi òà ñó-
ìàðíîãî ìàãíiòíîãî ïîòîêó ÿêèõ êîðåëþþòü iç âàðià-

öiÿìè âiäïîâiäíèõ ïàðàìåòðiâ ÀÄ, ñàìå â ïiâäåííié
ïiâêóëi. Íà îñíîâi äîñëiäæåíü ÀÄ çà ñïîñòåðåæåí-
íÿìè ñîíÿ÷íî¨ êîðîíè [26] çíàéäåíî, ùî âîíè òàêîæ
ïðîÿâëÿþòü øèðîòíèé ðîçïîäië, ñõîæèé íà �ìåòåëè-
êè Ìàóíäåðà�, i ïðîòÿãîì 23-ãî öèêëó ïåðåìiùåííÿ
äiëÿíêè ¨õ âèíèêíåííÿ äî åêâàòîðà â ïiâäåííié ïiâ-
êóëi âiäáóâà¹òüñÿ øâèäøå, íiæ ó ïiâíi÷íié, à â 24-ìó
öèêëi � íàâïàêè.
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Ðèñ. 4. (à) Ãðàôiêè çìiíè ìiñÿ÷íèõ ñóìàðíèõ çíà÷åíü ïiêîâîãî ïîòîêó ðåíò åíiâñüêîãî âèïðîìiíþâàííÿ F (Âò/ì2) âiä
ñïàëàõiâ, ùî âiäáóâàëèñü ó âñiõ ÀÄ â ïiâíi÷íié òà ïiâäåííié ïiâêóëÿõ Ñîíöÿ ïðîòÿãîì 23�24-ãî öèêëiâ. (á) Àíàëîãi÷íi
ãðàôiêè äëÿ ÀÄ ðiçíî¨ ìàãíiòíî¨ ñêëàäíîñòi. Ëiíi¨ äëÿ ðiçíèõ ãðóï çîáðàæåíî êîëüîðàìè âiäïîâiäíî äî ðèñ. 1 i íàêëàäåíî

íà ñiði ãðàôiêè çìiíè ïîòîêó äëÿ âñiõ ÀÄ
Fig. 4. (a)Graphs of changes in the monthly total values of the SXR peak �ux F (W/m2) from �ares that occurred in all
ARs in the northern and southern hemispheres of the Sun during 23�24 solar cycles. (b) Similar graphs for ARs of di�erent
magnetic complexity. Lines for di�erent groups are depicted in colors according to Fig. 1 and superimposed on gray graphs of

�ux changes for all ARs

Ìè òàêîæ äîñëiäèëè ðîçïîäië çà øèðîòàìè òèõ ÀÄ,
ó ÿêèõ âiäáóâàëèñü ñïàëàõè îêðåìèõ êëàñiâ Â, Ñ, Ì
àáî Õ (ðèñ. 2). Àáñîëþòíó áiëüøiñòü ñïàëàõiâ â ÀÄ
ñïîñòåðiãà¹ìî â äiàïàçîíi øèðîò ±30◦. Ó 23-ìó öèêëi

àñèìåòðè÷íèé õàðàêòåð ñïàëàõîâî¨ àêòèâíîñòi íàéëi-
ïøå ïðîÿâëÿ¹òüñÿ íà ôàçi ñïàäàííÿ ÑÀ, êîëè ñïàëà-
õiâ áóëî áiëüøå â ïiâäåííié ïiâêóëi. Ó 24-ìó öèêëi
íàéáiëüø âèðàæåíà àñèìåòðiÿ ðîçïîäiëó ÀÄ, ó ÿêèõ
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âiäáóâàëèñü ñïàëàõè êëàñó Â � âîíè ñóòò¹âî ïåðåâà-
æàþòü ó ïiâíi÷íié ïiâêóëi. Ñïàëàõiâ êëàñó Ñ áiëüøå â
ïiâíi÷íié ïiâêóëi íà ôàçi ñïàäàííÿ öüîãî öèêëó. Ñïà-
ëàõiâ êëàñiâ Ì òà Õ â 24-ìó öèêëi áóëî çíà÷íî ìåíøå,
íiæ ó 23-ìó, òîìó íå ìîæíà îäíîçíà÷íî ñòâåðäæóâàòè
ïðî ïåðåâàæàííÿ òàêèõ ñïàëàõiâ ó ïiâíi÷íié ÷è ïiâ-
äåííié ïiâêóëÿõ.

Ìè ïðîàíàëiçóâàëè öèêëi÷íi çìiíè ïëîù ÀÄ â îêðå-
ìèõ ïiâêóëÿõ Ñîíöÿ, ïîêàçàíi íà ðèñ. 3à. Êiëüêiñòü
ÀÄ ó 23-ìó öèêëi áiëüøà, íiæ ó 24-ìó (äèâ. ðèñ. 1),
âiäïîâiäíî, ïðîòÿãîì 23-ãî öèêëó ñïîñòåðiãà¹ìî áiëü-
øi çíà÷åííÿ ìiñÿ÷íèõ ñóìàðíèõ ïëîù óñiõ äiëÿíîê ïî-
ðiâíÿíî ç 24-ì öèêëîì (ðèñ. 3à). Òàêîæ öi ãðàôiêè
âiäðiçíÿþòüñÿ äëÿ ðiçíèõ ïiâêóëü ó òîìó æ öèêëi çà
ôîðìîþ, âåëè÷èíîþ ïiêîâîãî çíà÷åííÿ ïëîùi òà ìî-

ìåíòîì íàñòàííÿ öüîãî ïiêà. Çàãàëîì ïîìiòíà òåíäåí-
öiÿ � ó ïiâíi÷íié ïiâêóëi Ñîíöÿ ìàêñèìàëüíi çíà÷åííÿ
ñóìàðíî¨ ïëîùi ñïîñòåðiãàþòüñÿ øâèäøå, íiæ ìàêñè-
ìàëüíi çíà÷åííÿ â ïiâäåííié ïiâêóëi.
Ìè ïîðiâíÿëè ìiñÿ÷íi ñóìàðíi ïëîùi äëÿ ÀÄ ði-

çíî¨ ìàãíiòíî¨ ñêëàäíîñòi, ÿêi áóëè â îêðåìèõ ïiâêó-
ëÿõ Ñîíöÿ â äîñëiäæóâàíèé ïåðiîä (ðèñ. 3á). Áà÷èìî,
ùî â ìàêñèìàëüíèõ ôàçàõ ÑÀ íàéáiëüøèé âíåñîê ó
çàãàëüíó ïëîùó äàþòü áiïîëÿðíi êîìïëåêñíi ÀÄ. Äëÿ
íèõ ãðàôiêè ïîêàçóþòü òàêó æ àñèìåòðiþ â îêîëi ìà-
êñèìóìó ÑÀ, ùî é ãðàôiêè äëÿ ïëîù óñiõ ÀÄ. Õiä
ãðàôiêiâ äëÿ áiïîëÿðíèõ ïðîñòèõ ÀÄ â îáîõ öèêëàõ
âiäðiçíÿ¹òüñÿ: çàãàëîì áóâàþòü ïiêè é íà ôàçi çðîñòà-
ííÿ ÑÀ, i â ìàêñèìóìi, i íà ôàçi ñïàäàííÿ. Ñóìàðíi
ïëîùi óíiïîëÿðíèõ ÀÄ âàðiþþòü iç ïîðiâíÿíî çíà÷íî
íèæ÷èìè çíà÷åííÿìè ïðîòÿãîì öiëîãî öèêëó ÑÀ.

1996 1998 2000 2002 2004 2006 2008

-1

0

1
 23

-
 

 a
S

2009 2011 2013 2015 2017 2019

-1

0

1
 24

-
 

 a
S

Ðèñ. 5. Ïiâíi÷íî-ïiâäåííà àñèìåòðiÿ αS ñóìàðíî¨ ïëîùi âñiõ ÀÄ ó 23-ìó òà 24-ìó öèêëàõ. Êðóæå÷êàìè ïîêàçàíî çíà÷åííÿ
αS äëÿ êîæíîãî ìiñÿöÿ ïðîòÿãîì âiäïîâiäíîãî öèêëó, ëiíi¹þ � ïðÿìó ðå ðåñi¨ äëÿ öèõ çíà÷åíü

Fig. 5. North-south asymmetry αS of the total area of all ARs in cycles 23 and 24. The circles show the values of αS for each
month during the corresponding cycle; the line represents a regression line for these values
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Ðèñ. 6. Ïiâíi÷íî-ïiâäåííà àñèìåòðiÿ αF ñóìàðíèõ çíà÷åíü ïiêîâîãî ïîòîêó ðåíò åíiâñüêîãî âèïðîìiíþâàííÿ âiä ñïàëàõiâ
ó âñiõ ÀÄ äëÿ 23-ãî òà 24-ãî öèêëó. Êðóæå÷êàìè ïîêàçàíî çíà÷åííÿ αF äëÿ êîæíîãî ìiñÿöÿ ïðîòÿãîì âiäïîâiäíîãî öèêëó,

ëiíi¹þ � ïðÿìó ðå ðåñi¨ äëÿ öèõ çíà÷åíü
Fig. 6. North-south asymmetry αF of the total values of the SXR peak �ux from �ares in all ARs for cycles 23 and 24. The
circles show the values of αF for each month during the corresponding cycle; the line represents a regression line for these

values
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Ìè òàêîæ äîñëiäèëè öèêëi÷íi çìiíè ïiêîâèõ ïîòîêiâ
âèïðîìiíþâàííÿ â ì'ÿêîìó ðåíò åíiâñüêîìó äiàïàçî-
íi âiä ñïàëàõiâ, ùî âiäáóâàëèñü ó âñiõ ÀÄ â îêðåìèõ
ïiâêóëÿõ Ñîíöÿ ó 23�24-ìó öèêëàõ (ðèñ. 4à). Ãðàôiêè
çìiíè ¨õíiõ ìiñÿ÷íèõ ñóìàðíèõ çíà÷åíü, àíàëîãi÷íî äî
ãðàôiêiâ äëÿ ïëîù, äîñèòü âiäìiííi äëÿ ðiçíèõ öèêëiâ
i âiäðiçíÿþòüñÿ äëÿ ðiçíèõ ïiâêóëü ó òîìó æ öèêëi.
Âóçüêi, àëå âèñîêi ïiêè íàÿâíi â óñiõ ôàçàõ ñîíÿ÷íîãî
öèêëó. Ïðîòå çíîâó ïîìiòíà çàãàëüíà òåíäåíöiÿ � ó
ïiâíi÷íié ïiâêóëi Ñîíöÿ ìàêñèìàëüíi çíà÷åííÿ ñóìàð-
íîãî ïiêîâîãî ïîòîêó ñïîñòåðiãàþòüñÿ øâèäøå, íiæ ó
ïiâäåííié ïiâêóëi.

Ìiñÿ÷íi ñóìàðíi çíà÷åííÿ ïiêîâîãî ïîòîêó ðåíò å-
íiâñüêîãî âèïðîìiíþâàííÿ âiä ñïàëàõiâ â ÀÄ ðiçíî¨

ìàãíiòíî¨ ñêëàäíîñòi â îêðåìèõ ïiâêóëÿõ ó äîñëiäæó-
âàíèé ïåðiîä ïîêàçàíî íà ðèñ. 4á. Áà÷èìî, ùî íàéáiëü-
øèé âíåñîê ó ñóìàðíèé ïiêîâèé ïîòiê âèïðîìiíþâàí-
íÿ äàþòü áiïîëÿðíi êîìïëåêñíi ÀÄ i äëÿ íèõ ñïîñòå-
ðiãà¹òüñÿ àíàëîãi÷íèé àñèìåòðè÷íèé õàðàêòåð ñïàëà-
õîâî¨ àêòèâíîñòi, ùî é äëÿ âñiõ ÀÄ. Äëÿ óíiïîëÿðíèõ
i áiïîëÿðíèõ ïðîñòèõ ÀÄ â îáîõ öèêëàõ òðàïëÿþòüñÿ
ïiêè íà ðiçíèõ ôàçàõ ÑÀ, ïðîòå âîíè çíà÷íî íèæ÷i,
íiæ äëÿ áiïîëÿðíèõ êîìïëåêñíèõ ÀÄ.
Ìè ðîçðàõóâàëè ïiâíi÷íî-ïiâäåííó àñèìåòðiþ äëÿ

âèáðàíèõ ïàðàìåòðiâ ÀÄ: α =
N − S

N + S
, äå N i S �

ïàðàìåòðè ÀÄ ó ïiâíi÷íié i ïiâäåííié ïiâêóëÿõ Ñîíöÿ
âiäïîâiäíî. ßêùî α > 0, òî ÑÀ äîìiíó¹ â ïiâíi÷íié
ïiâêóëi, i íàâïàêè.
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Ðèñ. 7. Ïðÿìi ðå ðåñi¨ äëÿ àñèìåòði¨ αS ñóìàðíèõ ìiñÿ÷íèõ çíà÷åíü ïëîùi ÀÄ ðiçíî¨ ìàãíiòíî¨ ñêëàäíîñòi òà äëÿ àñèìåòði¨
αF âiäïîâiäíèõ çíà÷åíü ïiêîâîãî ïîòîêó ðåíò åíiâñüêîãî âèïðîìiíþâàííÿ âiä ñïàëàõiâ ó 23-ìó òà 24-ìó öèêëàõ. Ëiíi¨

äëÿ ðiçíèõ ãðóï çîáðàæåíî êîëüîðàìè âiäïîâiäíî äî ïîïåðåäíiõ ðèñóíêiâ
Fig. 7. Fitting of a regression line to the monthly values of the asymmetry αS of the total area occupied by ARs of di�erent
magnetic complexity and for the asymmetry αF of the SXR peak �ux from �ares in cycles 23 and 24. Lines for di�erent groups

are colored as in previous �gures

Çìiíè ç ÷àñîì ïiâíi÷íî-ïiâäåííî¨ àñèìåòði¨ αS ìiñÿ-
÷íèõ ñóìàðíèõ çíà÷åíü ïëîùi ÀÄ îêðåìî äëÿ 23-ãî
i 24-ãî öèêëiâ ÑÀ ïîêàçàíî íà ðèñ. 5, âiäïîâiäíi çìi-
íè àñèìåòði¨ αF ñóìàðíîãî ïiêîâîãî ïîòîêó ðåíò åíiâ-
ñüêîãî âèïðîìiíþâàííÿ âiä ñïàëàõiâ ó öèõ äiëÿíêàõ �
íà ðèñ. 6. Àíàëîãi÷íî äî ðîáiò [12, 15�18, 20], íà ðè-
ñóíêàõ ìè òàêîæ çîáðàçèëè ïðÿìi ðå ðåñi¨, ùî ïîêàçó-
þòü çàãàëüíèé õàðàêòåð àñèìåòði¨ ïðîòÿãîì êîæíîãî
öèêëó. Áà÷èìî, ùî ó 23-ìó öèêëi õiä ïðÿìèõ ðå ðåñi¨
äëÿ àñèìåòði¨ ñóìàðíî¨ ïëîùi ÀÄ òà ïiêîâîãî ïîòî-
êó âèïðîìiíþâàííÿ âiä ñïàëàõiâ ó íèõ ¹ ñõîæèì: íà
ïî÷àòêó ôàçè çðîñòàííÿ ÑÀ àñèìåòðiÿ äîäàòíà, à â
ìàêñèìóìi ÑÀ i äàëi, íà ôàçi ñïàäàííÿ, � âiä'¹ìíà.
Êóò íàõèëó ïðÿìî¨ ðå ðåñi¨ äëÿ îáîõ ïàðàìåòðiâ ñóò-
ò¹âî çìiíþ¹òüñÿ ïiä ÷àñ ïåðåõîäó âiä 23-ãî äî 24-ãî

öèêëó ÑÀ. Ïðîòÿãîì âñüîãî 24-ãî öèêëó áà÷èìî äîäà-
òíó àñèìåòðiþ.
Ìè ïîáóäóâàëè àíàëîãi÷íi ïðÿìi ðåãðåñi¨ äëÿ àñè-

ìåòði¨ ìiñÿ÷íî¨ ñóìàðíî¨ ïëîùi ÀÄ ðiçíèõ ãðóï êëà-
ñiâ ìàãíiòíî¨ ñêëàäíîñòi, à òàêîæ äëÿ àñèìåòði¨ âiä-
ïîâiäíèõ çíà÷åíü ïiêîâîãî ïîòîêó ðåíòãåíiâñüêîãî âè-
ïðîìiíþâàííÿ âiä ñïàëàõiâ ó íèõ (ðèñ. 7). Áà÷èìî, ùî
ïîâåäiíêà àñèìåòði¨ äëÿ óíiïîëÿðíèõ i áiïîëÿðíèõ ÀÄ
ïðè ïåðåõîäi âiä 23-ãî äî 24-ãî öèêëó çàçíà¹ ïîäiáíèõ
çìií: â 23-ìó öèêëi àñèìåòðiÿ çìiíþ¹ çíàê ç äîäàòíîãî
íà âiä'¹ìíèé, à â 24-ìó öèêëi àñèìåòðiÿ äîäàòíà.
Õiä ïðÿìèõ ðå ðåñi¨ (ÿê äëÿ âñiõ ÀÄ, òàê i äëÿ îêðå-

ìèõ ãðóï êëàñiâ ìàãíiòíî¨ ñêëàäíîñòi) óêàçó¹ íà òå,
ùî íà ïî÷àòêó ôàçè çðîñòàííÿ 23-ãî öèêëó àêòèâíiñòü
Ñîíöÿ äåùî ïåðåâàæà¹ â ïiâíi÷íié ïiâêóëi, à âæå â ìà-
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êñèìóìi òà íà ôàçi ñïàäàííÿ öüîãî öèêëó � ó ïiâäåííié
ïiâêóëi. Äëÿ 24-ãî öèêëó õiä ïðÿìèõ ñâiä÷èòü ïðî òå,
ùî çàãàëîì àêòèâíiøîþ ¹ ïiâíi÷íà ïiâêóëÿ.
Ðàíiøå â ðîáîòàõ [12, 15] âíàñëiäîê àíàëiçó

ïiâíi÷íî-ïiâäåííî¨ àñèìåòði¨ ðiçíèõ ïàðàìåòðiâ ÑÀ áó-
ëî âèÿâëåíî, ùî íàõèë âiäïîâiäíèõ ïðÿìèõ ðå ðåñi¨
çìiíèâñÿ ç äîäàòíîãî íà âiä'¹ìíèé ïiñëÿ 19-ãî öèêëó.
Íàøå äîñëiäæåííÿ ïiäòâåðäæó¹ òà ðîçøèðþ¹ öi ïîïå-
ðåäíi ðåçóëüòàòè: ïîâåäiíêà ïiâíi÷íî-ïiâäåííî¨ àñèìå-
òði¨ ïðîòÿãîì 23-ãî öèêëó ïîäiáíà äî òi¹¨, ùî áóëà ó
22-ìó öèêëi [15, 17, 20], à â 24-ìó öèêëi âîíà ñóòò¹âî
âiäðiçíÿ¹òüñÿ. Áåðó÷è äî óâàãè ïîâòîðþâàíiñòü õàðà-
êòåðó àñèìåòði¨ ïðîòÿãîì ïåðiîäó ç òðèâàëiñòþ ÷îòè-
ðè ñîíÿ÷íi öèêëè, ìîæíà ïðèïóñòèòè, ùî ùå â òðüîõ
íàñòóïíèõ öèêëàõ, ïî÷èíàþ÷è âiä 25-ãî, ÑÀ ïðîÿâëÿ-
òèìå ïiâíi÷íî-ïiâäåííó àñèìåòðiþ, ñóòò¹âî âiäìiííó
âiä òi¹¨, ùî áóëà â 20�23-ìó öèêëàõ.

ÂÈÑÍÎÂÊÈ

Ó ðîáîòi ïðîàíàëiçîâàíî öèêëi÷íi çìiíè âèáðà-
íèõ ïàðàìåòðiâ ÑÀ â îêðåìèõ ïiâêóëÿõ Ñîíöÿ ïðî-
òÿãîì 23�24-ãî öèêëiâ. Öå äîñëiäæåííÿ áàçó¹òüñÿ
íà îá'¹äíàíîìó ìàñèâi äàíèõ iç SolarMonitor òà
GOES/XRS.

� Óíàñëiäîê àíàëiçó êiëüêîñòi ÀÄ, ùî âèíèêàëè
íà ðiçíèõ øèðîòàõ ïðîòÿãîì äîñëiäæóâàíèõ öè-
êëiâ, i ñïàëàõiâ, ùî âiäáóâàëèñü ó öèõ äiëÿíêàõ,
áóëî âèÿâëåíî, ùî:

� óíiïîëÿðíi òà áiïîëÿðíi ïðîñòi ÀÄ íàÿâíi,
ïî÷èíàþ÷è âiä øèðîò ±40◦ ÷è íàâiòü âèùå;
áiïîëÿðíi êîìïëåêñíi ÀÄ ç'ÿâëÿþòüñÿ çäå-
áiëüøîãî â äiàïàçîíi±30◦, i íà öèõ øèðîòàõ
áà÷èìî àáñîëþòíó áiëüøiñòü ñïàëàõiâ;

� ó 23-ìó i 24-ìó öèêëàõ ÑÀ íà ôàçi çðî-
ñòàííÿ i â ìàêñèìàëüíié ôàçi êiëüêiñòü ÀÄ
îêðåìèõ ãðóï ïðèáëèçíî îäíàêîâà â ïiâíi-
÷íié i ïiâäåííié ïiâêóëÿõ Ñîíöÿ, íà ôàçi
ñïàäàííÿ ñèëüíiøå ïðîÿâëÿ¹òüñÿ àñèìåòðè-
÷íèé õàðàêòåð ¨õ ðîçïîäiëó: íàïðèêiíöi 23-
ãî öèêëó âèÿâëåíî áiëüøå ÀÄ i ñïàëàõiâ ó
íèõ ó ïiâäåííié ïiâêóëi, à â 24-ìó � íàâïà-
êè, ó ïiâíi÷íié.

� Äîñëiäæåííÿ ìiñÿ÷íèõ ñóìàðíèõ çíà÷åíü ïëîùi
ÀÄ i ïiêîâîãî ïîòîêó âèïðîìiíþâàííÿ â ì'ÿêîìó
ðåíòã åíiâñüêîìó äiàïàçîíi âiä ñïàëàõiâ ó öèõ äi-
ëÿíêàõ, ùî ñïîñòåðiãàëèñü â îêðåìèõ ïiâêóëÿõ
Ñîíöÿ ïðîòÿãîì 23�24-ãî öèêëiâ, ïîêàçàëî, ùî:

� äëÿ îáîõ öèêëiâ ó ïiâíi÷íié ïiâêóëi ìàêñè-
ìàëüíi çíà÷åííÿ âiäïîâiäíèõ ïàðàìåòðiâ
ñïîñòåðiãàþòüñÿ øâèäøå, íiæ ìàêñèìàëüíi
çíà÷åííÿ â ïiâäåííié ïiâêóëi;

� íàéáiëüøèé âíåñîê ó çàãàëüíó ïëîùó é ñó-
ìàðíèé ïiêîâèé ïîòiê âèïðîìiíþâàííÿ âiä
ñïàëàõiâ äàþòü áiïîëÿðíi êîìïëåêñíi ÀÄ,
ãðàôiêè çìiíè äîñëiäæóâàíèõ ïàðàìåòðiâ
öèõ äiëÿíîê ïîêàçóþòü òàêó æ àñèìåòðiþ
â îêîëi ìàêñèìóìó ÑÀ, ùî é ãðàôiêè äëÿ
âñiõ ÀÄ; ïàðàìåòðè óíiïîëÿðíèõ i áiïîëÿð-
íèõ ïðîñòèõ ÀÄ âàðiþþòü iç ïîðiâíÿíî çíà-
÷íî íèæ÷èìè çíà÷åííÿìè ïðîòÿãîì öiëîãî
öèêëó, çà âèíÿòêîì îêðåìèõ ïiêiâ.

� Âèâ÷åíî çàãàëüíó ïîâåäiíêó ïiâíi÷íî-ïiâäåííî¨
àñèìåòði¨ äëÿ ïëîùi ÀÄ i äëÿ ïiêîâèõ ïîòîêiâ
âèïðîìiíþâàííÿ âiä ñïàëàõiâ ó íèõ â 23-ìó i 24-
ìó ñîíÿ÷íèõ öèêëàõ:

� ó 23-ìó öèêëi íà ïî÷àòêó ôàçè çðîñòàí-
íÿ àêòèâíiñòü Ñîíöÿ ïåðåâàæà¹ â ïiâíi÷íié
ïiâêóëi, à â ìàêñèìóìi òà íà ôàçi ñïàäàí-
íÿ � ó ïiâäåííié ïiâêóëi; ó 24-ìó öèêëi ÑÀ
ïåðåâàæà¹ â ïiâíi÷íié ïiâêóëi;

� äëÿ ðiçíèõ ãðóï êëàñiâ ìàãíiòíî¨ ñêëàäíî-
ñòi ïiâíi÷íî-ïiâäåííà àñèìåòðiÿ çàçíà¹ ïî-
äiáíèõ çìií ïiä ÷àñ ïåðåõîäó âiä 23-ãî äî
24-ãî öèêëó.

ßê ïiäñóìîê, ìè ïiäòâåðäèëè íàÿâíiñòü ïiâíi÷íî-
ïiâäåííî¨ àñèìåòði¨ ÑÀ ïðîòÿãîì 11-ði÷íîãî öèêëó,
âèÿâëåíî¨ ðàíiøå â ïðàöÿõ [12, 15, 17, 20], à òàêîæ
ïðèïóùåííÿ ïðî ¨¨ äîâãîñòðîêîâó ïåðiîäè÷íó ïîâå-
äiíêó, ùî ïðîÿâèëàñü ó ¨¨ çìiíi ïiä ÷àñ ïåðåõîäó
âiä 23-ãî äî 24-ãî öèêëó. Îòæå, iìîâiðíî, ùå íàñòó-
ïíi òðè öèêëè àêòèâíiñòü Ñîíöÿ õàðàêòåðèçóâàòèìå-
òüñÿ ïiâíi÷íî-ïiâäåííîþ àñèìåòði¹þ, ñóòò¹âî âiäìií-
íîþ âiä òi¹¨, ùî ñïîñòåðiãàëàñü ó 20�23-ìó ñîíÿ÷íèõ
öèêëàõ.
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LATITUDINAL DISTRIBUTION OF ACTIVE REGIONS DURING SOLAR CYCLES 23�24

O. A. Baran, A. I. Prysiazhnyi
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8, Kyrylo & Mefodiy St., Lviv, UA�79005, Ukraine,

e-mails: oleksandra.baran@lnu.edu.ua; andrii.prysiazhnyi@lnu.edu.ua

We carried out a study of the latitudinal distribution of active regions (ARs) observed during solar
cycles 23�24. The research was based on the ARs data from the SolarMonitor database. We supplemented
this dataset with information about solar �ares provided by GOES/XRS (GOES SXR Flare List).

We monitored the occurrence of ARs on the Sun and �ares associated with them. Unipolar and bipolar
simple ARs were observed starting from latitudes of ±40◦ or even higher; bipolar complex ARs appeared
mostly in the range of ±30◦, where the absolute majority of the �ares associated with ARs were observed.
The asymmetric character of the ARs latitudinal distribution was more noticeable during the descending
phase of solar activity: at the end of cycle 23 more ARs and �ares occurred in the southern hemisphere,
and at the end of cycle 24 they prevailed in the northern hemisphere.

We studied cyclic changes in the total values of the ARs area and peak soft X-ray �ux from the �ares
separately in the two solar hemispheres. For both cycles, the maximum values of these parameters were
observed earlier in the northern hemisphere than in the southern hemisphere.

The general behavior in the north-south asymmetry of solar activity was changed during the transition
from cycle 23 to cycle 24. In cycle 23, the northern hemisphere was more active at the beginning of the
ascending phase, whereas the southern hemisphere was more active in the maximum and descending
phases. In cycle 24, the northern hemisphere activity dominated throughout.

Key words: active regions, magnetic complexity classes, solar �ares, cycles of solar activity, north-
south asymmetry.

2901-8

https://doi.org/10.1051/0004-6361/201015255
https://doi.org/10.1051/0004-6361/201015255
https://doi.org/10.1007/BF00935789
https://doi.org/10.1007/BF00935789
https://doi.org/10.1051/0004-6361:200400135
https://doi.org/10.1051/0004-6361:200400135
https://doi.org/10.1016/j.asr.2006.03.035
https://doi.org/10.1016/j.asr.2006.03.035
https://doi.org/10.1007/s11207-019-1530-7
https://doi.org/10.1007/s11207-019-1530-7
https://doi.org/10.1093/mnras/stac424
https://doi.org/10.1093/mnras/stac424
https://doi.org/10.1086/172250
https://doi.org/10.1086/172250
https://doi.org/10.1007/BF00680451
https://doi.org/10.1007/BF00179363
https://doi.org/10.1007/BF00179363
https://doi.org/10.1051/0004-6361:20011799
https://doi.org/10.1023/B:SOLA.0000022977.95023.a7
https://doi.org/10.1023/B:SOLA.0000022977.95023.a7
https://doi.org/10.1088/0004-6256/150/3/74
https://doi.org/10.1088/0004-6256/150/3/74
https://doi.org/10.1007/s11214-014-0100-4
https://doi.org/10.1007/s11214-014-0100-4
https://doi.org/10.1007/s11207-020-01744-7
https://doi.org/10.1007/s11207-020-01744-7
https://doi.org/10.30970/jps.26.1901
https://doi.org/10.30970/jps.26.1901
https://doi.org/10.30970/jps.27.1901
https://doi.org/10.1007/s41116-019-0019-7
https://doi.org/10.1093/mnras/stu695
https://doi.org/10.1088/0004-637X/745/1/39
https://doi.org/10.1016/j.asr.2019.11.028

	     23–24  
	
	
	 
	    
	
	
	


