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Ïðîâåäåíû èññëåäîâàíèÿ ÷åòûðåõ ñîëíå÷íûõ àêòèâíûõ ðåãèîíîâ (ÀÐ). Íàáëþäàòåëüíûå
äàííûå áûëè ïîëó÷åíû èç SDO/HMI ìàãíèòîãðàìì ïðÿìîé âèäèìîñòè sharp_cea_720s.
Äàííûå êàæäîãî ÀÐ áûëè îáðàáîòàíû ñ ïîìîùüþ ìåòîäà íàèìåíüøèõ êâàäðàòîâ â ýëëèïñå.
Èñïîëüçóÿ ïîñëåäîâàòåëüíîñòü ñíèìêîâ ïîñëå îáðàáîòêè äàííûõ âî âñåõ ÀÐ, îáíàðóæåíû
êîëåáàíèÿ áîëüøèõ è ìàëûõ îñåé ýëëèïñà, à òàêæå óãëîâ íàêëîíà áîëüøèõ îñåé ê ýêâàòîðó
â çàâèñèìîñòè îò âðåìåíè. Äëÿ àíàëèçà ýòèõ êîëåáàíèé ïðèìåíåí ìåòîä áûñòðîãî ïðåîáðà-
çîâàíèÿ Ôóðüå, â ðåçóëüòàòå ÷åãî áûëî âûÿâëåíî íåñêîëüêî ïåðèîäîâ ñ óðîâíåì äîñòî-
âåðíîñòè, ïðåâûøàþùèì 95%. Îáíàðóæåíî, ÷òî áîëüøèå îñè îñöèëëèðóþò ñ ïåðèîäîì â
6-8 ÷àñ., à ìàëûå îñè - ñ ïåðèîäàìè â 6-8 ÷àñ. è 4-5 ÷àñ. Óãëû íàêëîíà áîëüøèõ îñåé ê
ýêâàòîðó òðåõ ÀÐ îñöèëëèðóþò ñ ïåðèîäîì ïðèáëèçèòåëüíî â 4 ÷àñ.

Êëþ÷åâûå ñëîâà: Ñîëíöå: àêòèâíûå ðåãèîíû: êîëåáàíèÿ

1. Ââåäåíèå. Àêòèâíûå ðåãèîíû (ÀÐ) íà ïîâåðõíîñòè Ñîëíöà âêëþ÷àþò
â ñåáÿ ìíîæåñòâî ñîëíå÷íûõ ïÿòåí. Ìàãíèòíûå ñòðóêòóðû ÀÐ èìåþò ñëîæíóþ
ìîðôîëîãèþ è äèíàìèêó, ñîñòîÿùóþ èç ðàçëè÷íûõ òèïîâ âîëí [1-4].

Â ïîñëåäíåå âðåìÿ áûëè ðàçðàáîòàíû àâòîìàòèçèðîâàííûå ìåòîäû
îáíàðóæåíèÿ è èäåíòèôèêàöèè ñîëíå÷íûõ ìàãíèòíûõ ñòðóêòóð, â òîì ÷èñëå
äëÿ ÀÐ è ñîëíå÷íûõ ïÿòåí. Ìåòîäîëîãèÿ èõ èäåíòèôèêàöèé âêëþ÷àåò ìîðôî-
ëîãè÷åñêèé àíàëèç è ïîðîãè èíòåíñèâíîñòè [5]. Â [6] áûë ðàçðàáîòàí àëãîðèòì
àâòîìàòè÷åñêîãî îáíàðóæåíèÿ òðàåêòîðèè àêòèâíûõ ðåãèîíîâ (Helioseismic
and Magnetic Imager (HMI) Active Region Patches (HARPs)). Ýòîò àëãîðèòì
ñëóæèò äëÿ ïðåäîñòàâëåíèÿ ïðîñòðàíñòâåííîé èíôîðìàöèè î äîëãîæèâóùèõ,
êîãåðåíòíûõ ìàãíèòíûõ ñòðóêòóðàõ â ìàñøòàáå ñîëíå÷íîãî ÀÐ. Â [7] áûëè
îïèñàíû äâà àëãîðèòìà: Solar Monitor Active Region Tracker (SMART) è
Activity Prediction (ASAP). SMART àâòîìàòè÷åñêè èçâëåêàåò, õàðàêòåðèçóåò è
îòñëåæèâàåò ÀÐ [8]. ASAP ïðåäñòàâëÿåò ñîáîé íàáîð àëãîðèòìîâ, îáíàðóæè-
âàþùèõ ñîëíå÷íûå ïÿòíà, ôàêåëû è ÀÐ [9]. Êðîìå òîãî, â [7] áûë îïèñàí
àëãîðèòì Spatial Possibility Clustering Algorithm (SPoCAsuite), êîòîðûé
îáíàðóæèâàåò ÀÐ, çîíû ñïîêîéíîãî Ñîëíöà è êîðîíàëüíûå äûðû íà ïîëíûõ
èçîáðàæåíèÿõ ñîëíå÷íîãî äèñêà.
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2. Íàáëþäåíèå è àíàëèç äàííûõ. Àâòîðû èñïîëüçîâàëè ìàãíèòîãðàììû
ïðÿìîé âèäèìîñòè (line-of-sight (LOS)) sharp_cea_720s (Spaceweather HMI
Active Region Patches (SHARP)) [10], êîòîðûå áûëè ïðåäîñòàâëåíû îáñåðâà-
òîðèåé Solar Dynamics Observatory (SDO)/HMI [11,12]. Ýòè äàííûå áûëè
ñïðîåöèðîâàíû è îòîáðàæåíû â öèëèíäðè÷åñêóþ ðàâíîâåëèêóþ äåêàðòîâóþ
ñèñòåìó êîîðäèíàò ñ öåíòðîì, ñîâìåùåííûì ñ îòñëåæèâàåìûì ÀÐ.

Áûëè ðàññìîòðåíû ÷åòûðå ÀÐ: ÀÐ 11512 - îò 26.06.2012 13:00 äî 30.06.2012
20:00; ÀÐ 11535 - îò 02.08.2012 12:00 äî 06.08.2012 19:00; ÀÐ 11560 - îò
30.08.2012 23:00 äî 04.09.2012 17:00; ÀÐ 12253 - îò 02.01.2015 00:00 äî
06.01.2015 07:00.

Ìû èññëåäîâàëè êàæäûé ÀÐ, ñîñòîÿùèé èç ñëó÷àéíî ðàñïðåäåëåííûõ íåáîëüøèõ
ïÿòåí è îòäåëüíûõ ïèêñåëåé ñ èçìåíÿþùåéñÿ íàïðÿæåííîñòüþ ìàãíèòíîãî ïîëÿ,
à òàêæå îïðåäåëèëè ãðàíè÷íûå òî÷êè ÀÐ, íà÷èíàÿ ñ âåðõíåãî è íèæíåãî êðàåâ
äîìåíà, âûáèðàÿ ïåðâóþ ãðàíè÷íóþ òî÷êó ñ ïèêñåëåì, ñîîòâåòñòâóþùèì ãðàäèåíòó
ïîëÿ, ïðåâûøàþùèì ïîðîã â 40 Ãñ íà ïèêñåëü. Òàêèì îáðàçîì, ìû îáíàðóæèëè
ïàðû ãðàíè÷íûõ òî÷åê â êàæäîì âåðòèêàëüíîì ñðåçå. Ñ öåëüþ óìåíüøåíèÿ
âëèÿíèÿ ñëó÷àéíûõ øóìîâ íà ðàñïðåäåëåíèå ýòèõ òî÷åê, ìû ðàññìîòðåëè ñðåäíèå
âåëè÷èíû êîîðäèíàò äëÿ 30 ïîñëåäîâàòåëüíûõ òî÷åê. Íîâûå íàéäåííûå ãðàíè÷íûå
òî÷êè ìû èñïîëüçîâàëè äëÿ ìîäåëèðîâàíèÿ ÀÐ. Òàêîé ìåòîä ìîäåëèðîâàíèÿ ÀÐ
íàçûâàåòñÿ "ìåòîäîì íàèìåíüøèõ êâàäðàòîâ â ýëëèïñå".

Èñïîëüçóÿ ïîñëåäîâàòåëüíîñòü ñíèìêîâ, ïîëó÷åííûõ çà âðåìÿ íàáëþäåíèé,
ïîëó÷åíà çàâèñèìîñòü îò âðåìåíè âåëè÷èí áîëüøèõ è ìàëûõ îñåé, à òàêæå

Ðèñ.1. Âåðõíÿÿ ïàíåëü: çàâèñèìîñòü áîëüøèõ îñåé îò âðåìåíè. Ñðåäíÿÿ ïàíåëü: çàâèñè-
ìîñòü ìàëûõ îñåé îò âðåìåíè. Íèæíÿÿ ïàíåëü: çàâèñèìîñòü óãëîâ íàêëîíà áîëüøèõ îñåé
ê ýêâàòîðó îò âðåìåíè. Äàííûå ñîîòâåòñòâóþò ÀÐ 11512.
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âåëè÷èíû óãëà íàêëîíà áîëüøèõ îñåé ê ýêâàòîðó. Íà ðèñ.1 ïîêàçàíà çàâè-
ñèìîñòü îò âðåìåíè áîëüøèõ (âåðõíÿÿ ïàíåëü) è ìàëûõ (ñðåäíÿÿ ïàíåëü)
îñåé, óãëîâ íàêëîíà (íèæíÿÿ ïàíåëü) äëÿ ÀÐ 11512. Â ðåçóëüòàòå îáíàðóæåíû
êîëåáàíèÿ îáåèõ îñåé è óãëà íàêëîíà â çàâèñèìîñòè îò âðåìåíè âî âñåõ ÀÐ.
Êðîìå òîãî, óñòàíîâëåíà òåíäåíöèÿ ïðîñòðàíñòâåííîãî óâåëè÷åíèÿ íåêîòîðûõ
ÀÐ ñ òå÷åíèåì âðåìåíè. Â ñâÿçè ñ ýòèì  ìû âû÷èòàëè ëèíåéíûå òðåíäû äëÿ
ÀÐ 11535 è êâàäðàòíûå òðåíäû äëÿ ÀÐ 11512, ÀÐ 11560, ÀÐ12253.

3. Ðåçóëüòàòû. Äëÿ àíàëèçà íàáëþäàåìûõ êîëåáàíèé ïðèìåíåí ìåòîä
áûñòðîãî ïðåîáðàçîâàíèÿ Ôóðüå (ÁÏÔ) ê äàííûì, ïîëó÷åííûì ïîñëå âû÷èòàíèÿ
òðåíäà. Ýòîò àíàëèç âûÿâèë íåñêîëüêî çíà÷èòåëüíûõ ñïåêòðàëüíûõ ïèêîâ ñ
óðîâíåì äîñòîâåðíîñòè, ïðåâûøàþùèì 95%. Ïèêè, ñîîòâåòñòâóþùèå íàè-
áîëüøèì ïåðèîäàì, ìû íå ðàññìàòðèâàëè, òàê êàê îíè ñâÿçàíû ñ èçâåñòíûìè
èíñòðóìåíòàëüíûìè ýôôåêòàìè: ñ ñóùåñòâîâàíèåì 12 è 24 ÷àñ. âàðèàöèé
ñèãíàëà íà ìàãíèòîãðàììàõ HMI [13].

Ðàññ÷èòàí äîâåðèòåëüíûé èíòåðâàë çíà÷èìîñòè â 95% (ãëàäêàÿ ëèíèÿ íà
ðèñ.2-4) ïî ôîðìóëå: setp crit , ãäå p - óñðåäíåííàÿ âåëè÷èíà ìîùíîñòè;
t
crit

 - êðèòè÷åñêàÿ âåëè÷èíà, â íàøåì ñëó÷àå  3critt ; se - ñòàíäàðòíàÿ îøèáêà
ïðîãíîçà.

Íà ðèñ.2 ïðåäñòàâëåíû ðåçóëüòàòû ÁÏÔ-àíàëèçà áîëüøèõ îñåé äëÿ âñåõ
ÀÐ. Ïèêè ïåðèîäîâ ñ ìàêñèìàëüíîé àìïëèòóäîé ñîîòâåòñòâóþò 8.52 ± 0.6 ÷àñ.
(ÀÐ 11535), 6.39 ± 0.61 ÷àñ. (ÀÐ 11560), 7.86 ± 0.65 ÷àñ. (ÀÐ 12253) è 4.87 ± 0.15
÷àñ. (ÀÐ 11512). Äëÿ ÀÐ 11512 òàêæå íàáëþäàåòñÿ 6.01 ± 0.44 ÷àñîâîé ïåðèîä.

Ðèñ.2. ÁÏÔ-àíàëèç äàííûõ äëÿ áîëüøèõ îñåé âñåõ ÀÐ. Ãëàäêàÿ ëèíèÿ ñîîòâåòñòâóåò
95% óðîâíþ äîñòîâåðíîñòè.
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Òàêèì îáðàçîì, áîëüøèå îñè âñåõ ÀÐ îñöèëëèðóþò ñ ïåðèîäîì â 6 - 8 ÷àñ. Íà
ðèñ.3 ïîêàçàí ÁÏÔ-àíàëèç ìàëûõ îñåé äëÿ âñåõ ÀÐ. Ìû çàôèêñèðîâàëè ÀÐ
ñ äâóìÿ ðàçëè÷íûìè ïåðèîäàìè ñ ìàêñèìàëüíîé àìïëèòóäîé â 7-8 ÷àñ. (ÀÐ
11535 è ÀÐ 12253) è â 4-5 ÷àñ. (ÀÐ 11512 è ÀÐ 11560). Ïåðèîäû ïðèáëèçèòåëüíî

Ðèñ.3. Òî æå ñàìîå, ÷òî íà ðèñ.2, íî äëÿ ìàëûõ îñåé.

Ðèñ.4. Òî æå ñàìîå, ÷òî íà ðèñ.2, íî äëÿ óãëîâ íàêëîíà.
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â 4 ÷àñà íàáëþäàþòñÿ â òðåõ ÀÐ: 4.87 ± 0.43 ÷àñ. â ÀÐ 11512, 3.93 ± 0.3 ÷àñ.
â ÀÐ 11560 è 4.09 ± 0.26 ÷àñà â ÀÐ 12253. Ýòè ïåðèîäû ñîîòâåòñòâóþò ïåðèîäó,
íàéäåííîìó â [4].

ÁÏÔ-àíàëèç óãëîâ íàêëîíà âûÿâèë äâà òèïà ïåðèîäîâ, ñîîòâåòñòâóþùèõ
6-7 ÷àñ. (ÀÐ 11512 è ÀÐ 12253) è 4 ÷àñ. (ÀÐ 11535 è ÀÐ 11560) (ñì. ðèñ.4).
Ïðèáëèçèòåëüíî 4 ÷àñ. ïåðèîä íàáëþäàåòñÿ â ñëåäóþùèõ ÀÐ: ÀÐ 11535 - 4.09
± 0.23 ÷àñ., ÀÐ 11560 - 3.93 ± 0.16 ÷àñ., ÀÐ 12253 - 3.52 ± 0.1 è 4.65 ± 0.51 ÷àñ.,
êîòîðûå ñîòâåòñòâóþò ïåðèîäó, íàéäåííîìó â [4]. Îøèáêè íåñîîòâåòñòâèÿ
ïåðèîäîâ îöåíåíû êàê âåëè÷èíû ïîëîâèíû øèðèíû ñîîòâåòñòâóþùèõ ïèêîâ
ìîùíîñòè.

4. Âûâîäû. Àâòîðû èññëåäîâàëè äèíàìèêó âñåõ ÀÐ íà îñíîâå ìåòîäà
íàèìåíüøèõ êâàäðàòîâ â ýëëèïñå, êîòîðûé õîðîøî ïîäõîäèò äëÿ èçó÷åíèÿ
ÀÐ ñ ýëëèïñîèäàëüíîé ôîðìîé, èäåíòèôèöèðîâàëè íåñêîëüêî çíà÷èòåëüíûõ
ñïåêòðàëüíûõ ïèêîâ ñ óðîâíåì äîñòîâåðíîñòè, ïðåâûøàþùèì 95%, à òàêæå
îáíàðóæèëè, ÷òî áîëüøèå îñè âñåõ ÀÐ îñöèëëèðóþò ñ ïåðèîäîì â 6-8 ÷àñ.,
òîãäà êàê ìàëûå îñè îñöèëëèðóþò ñ ïåðèîäîì â 6-8 ÷àñ. (ÀÐ 11535, ÀÐ 12253)
è ñ ïåðèîäîì â 4-5 ÷àñ. (ÀÐ 11512, ÀÐ 11560). Óãëû íàêëîíà áîëüøèõ îñåé
ê ýêâàòîðó òàêæå îñöèëëèðóþò ñ ïåðèîäàìè â 6-8 ÷àñ. (ÀÐ 11512, ÀÐ 12253)
è ïðèáëèçèòåëüíî â 4 ÷àñ. (ÀÐ 11535, ÀÐ 11560, ÀÐ 12253) ïîñëåäíèé
ñîâïàäàåò ñ ïåðèîäîì, íàéäåííûì â [4].

Êîëåáàíèÿ óãëîâ íàêëîíà ìîãóò áûòü èíòåðïðåòèðîâàíû â òåðìèíàõ ñòîÿ÷åé
âòîðîé ãàðìîíèêè ìîä âîëí êèíêà [4], êîòîðûå ïîääåðæèâàþòñÿ â äâóõ ïðîòè-
âîïîëîæíî ïîëÿðèçîâàííûõ ïàðàëëåëüíûõ òðóáêàõ (ñîëíå÷íûõ ïÿòíàõ). Ýòè
òðóáêè îáëàäàþò àíàëîãè÷íûìè ñâîéñòâàìè è ñîåäèíåíû íåáîëüøèìè ïåòëÿìè,
ðàñïîëîæåííûìè â ñîëíå÷íîé àòìîñôåðå. Â [4] ïðåäïîëîæåíî, ÷òî ÀÐ êîëåáëþòñÿ
êàê åäèíàÿ ñèñòåìà, è ñîîòâåòñòâóþùàÿ ìîäà âîëí êèíêà èìååò óçåë â âåðøèíå
ïåòëè íàä ïîâåðõíîñòüþ Ñîëíöà. Ýòî óïðîùåííîå ïðåäïîëîæåíèå ïîçâîëèëî
ïðèáëèçèòåëüíî îïðåäåëèòü âîçìîæíîå ðàñïðåäåëåíèå çíà÷åíèé ôàçîâîé ñêîðîñòè
âäîëü òðóáîê. Âåëè÷èíà õàðàêòåðíîé ãëóáèíû ÀÐ ñîñòàâëÿåò ïðèáëèçèòåëüíî 40
Ìì [4], íèæå ýòîé ãëóáèíû ïÿòíà ïðåäïîëîæèòåëüíî ôðàãìåíòèðîâàíû â áîëåå
ìåëêèå ïåòëåâûå ñòðóêòóðû, êàê áûëî ðàññìîòðåíîâ [14].

Ðàáîòà áûëà ïîääåðæàíà Íàöèîíàëüíûì íàó÷íûì ôîíäîì èìåíè Øîòà
Ðóñòàâåëè (SRNSF) [PhDF2016_177] è ãðàíòîì DI-2016-52. Àâòîðû âûðàæàþò
ñâîþ áëàãîäàðíîñòü Î.Àâñàäæàíèøâèëè çà ïîëåçíûå îáñóæäåíèÿ è çàìå÷àíèÿ.
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OSCILLATIONS IN THE ELLIPTICAL SOLAR
ACTIVE REGIONS

G.DUMBADZE1, B.SHERGELASHVILI1,2,3

We studied the oscillatory dynamics of the four active regions (AR). The data
were obtained from the SDO/HMI magnetogram sharp_cea_720s. The data of
each AR were processed using the least squares method on the ellipse. After
processing the data, we found that the major and minor axes of the ellipses and
the tilt angle of the major axis toward the solar equatorial plane oscillate in time.
To analyze these oscillations, we applied the fast Fourier transform method, which
revealed several periods with a confidence level of 95%. We found that the major
axis oscillates with the period of 6-8 hours, the minor axes oscillate with a period
of 6-8 hours, as well as with a period of 4-5 hours. The tilt angles of the three
ARs oscillate with a period of approximately 4 hours.

Keywords: Sun: active regions: oscillations
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