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Íà îñíîâi äàíèõ ïðî 24 ïîïåðåäíi ñîíÿ÷íi öèêëè ðîçãëÿíóòî ñòàòèñòè÷íèé çâ'ÿçîê ìiæ øâèä-
êiñòþ çáiëüøåííÿ êiëüêîñòi ñîíÿ÷íèõ ïëÿì íà ïî÷àòêîâié ôàçi êðèâî¨ çðîñòàííÿ (äî 35-ãî ìi-
ñÿöÿ âiä ïî÷àòêó öèêëó) i àìïëiòóäîþ öèêëó. Çíàéäåíî, ùî ìàêñèìàëüíà çãëàäæåíà êiëüêiñòü
ñîíÿ÷íèõ ïëÿì äëÿ 25-ãî öèêëó çàëåæèòü âiä iíòåðâàëó, ÿêèé âèêîðèñòîâóþòü äëÿ âèçíà÷å-
ííÿ øâèäêîñòi çáiëüøåííÿ êiëüêîñòi ñîíÿ÷íèõ ïëÿì íà ôàçi çðîñòàííÿ öèêëó, i ¹ â ìåæàõ
Wmax(25) ≈ 140 − 170 îäèíèöü. Ïðè öüîìó ñòàòèñòè÷íà îöiíêà âiäõèëåííÿ òî÷îê âiä ëiíiéíî¨
çàëåæíîñòi (êîåôiöi¹íò Ïiðñîíà) ñòàíîâèòü r = 0.35−0.91 (ìàêñèìàëüíå çíà÷åííÿ r = 0.91 äëÿ
iíòåðâàëó 11�35 ìiñÿöiâ). Òàêîæ îöiíåíî àìïëiòóäó 25 öèêëó àêòèâíîñòi ç óðàõóâàííÿì øâèä-
êîñòi ñïàäó àêòèâíîñòi ïîïåðåäíüîãî öèêëó; âîíà äîðiâíþ¹ ≈ 150 îäèíèöü (r = 0.73) i ¹ â ìåæàõ
îòðèìàíî¨ àìïëiòóäè äëÿ ôàçè íàðîñòàííÿ öèêëó. Îòðèìàíî ñòàòèñòè÷íó çàëåæíiñòü òðèâà-
ëîñòi ôàçè çðîñòàííÿ öèêëó âiä øâèäêîñòi çáiëüøåííÿ êiëüêîñòi ñîíÿ÷íèõ ïëÿì. Ìàêñèìóì
öèêëó î÷iêó¹òüñÿ â iíòåðâàëi ëèñòîïàä 2024 ð.�ñi÷åíü 2025 ð.
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25-ãî öèêëó.
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I. ÂÑÒÓÏ

Ñîíÿ÷íà àêòèâíiñòü � ñêëàäíå ÿâèùå â àòìîñôåði
Ñîíöÿ, ÿêå ìà¹ ìàãíiòíó é äåòåðìiíîâàíî-ñòîõàñòè÷íó
ïðèðîäó. Íà ñüîãîäíi íàäiéíèõ ìåòîäiâ ïðîãíîçóâàí-
íÿ ñîíÿ÷íî¨ àêòèâíîñòi ùå íå ñòâîðåíî, õî÷à íàóêîâèõ
ïðàöü íà öþ òåìó ¹ äîñèòü áàãàòî. Ïîðiâíÿííÿ îñòàí-
íiõ ïðîãíîçiâ ñîíÿ÷íî¨ àêòèâíîñòi â íîâîìó 25-ìó öè-
êëi, ÿêèé ðîçïî÷àâñÿ â ãðóäíi 2019 ðîêó, íàâåäåíî â
ðîáîòi [1]. Iç öüîãî ïîðiâíÿííÿ âèïëèâà¹, ùî íàâiòü
íàéñó÷àñíiøi ìåòîäè ïðîãíîçóâàííÿ äàþòü iñòîòíî ði-
çíi ðåçóëüòàòè. Íàïðèêëàä, ìåòîä íåéðîííî¨ ìåðåæi
[2] äà¹ àìïëiòóäó 25-ãî öèêëó íà ðiâíi 57�91 îäèíèöü,
à àòðàêòîðíèé àíàëiç � áëèçüêî 154 îäèíèöi [3]. Äëÿ
ïîðiâíÿííÿ íàãàäà¹ìî, ùî â ïîïåðåäíüîìó 24-ìó öè-
êëi ñîíÿ÷íà àêòèâíiñòü äîñÿãëà 116 îäèíèöü (ó 2014
ðîöi). Îòæå, çàãàëîì ñèòóàöiÿ ç ìàêñèìóìîì öüîãî
öèêëó, ÿêèé î÷iêó¹òüñÿ â 2024�2026 ðîêàõ, íåîäíîçíà-
÷íà. Çàçíà÷èìî, ùî ïîäiáíå ñòàíîâèøå âèíèêàëî ïiä
÷àñ íàáëèæåííÿ äî ìàéæå êîæíîãî íàñòóïíîãî ìàêñè-
ìóìó ñîíÿ÷íîãî öèêëó [4, 5, 7, 8, 11�16].
Ìîæíà ïðèïóñòèòè, ùî öÿ âiäìiííiñòü ïðîãíîçiâ íå

âêàçó¹ íà ÿêiñü íåäîëiêè ìåòîäiâ, ÿêi âèêîðèñòàëè ði-
çíi àâòîðè. Iìîâiðíiøå, âîíà ñâiä÷èòü ïðî äîñèòü ñêëà-
äíó ïðèðîäó ñîíÿ÷íî¨ àêòèâíîñòi � ¨é âëàñòèâi äîâîëi
÷àñòi é íåñïîäiâàíi ò.çâ. �ôàçîâi êàòàñòðîôè� [15], çà
ÿêèõ ñóòò¹âî çìiíþþòüñÿ àêòóàëüíi ïàðàìåòðè êîëèâ-
íèõ ïðîöåñiâ ñîíÿ÷íî¨ àêòèâíîñòi (¨õíi ïåðiîäè, àìïëi-
òóäè é ôàçè). Iç öüîãî ïîãëÿäó, ïîòî÷íèé 25-é öèêë
ïðèâåðòà¹ äî ñåáå óâàãó òèì, ùî ñàìå ç íüîãî äåÿêi
äîñëiäíèêè ïðîãíîçóþòü íàñòàííÿ ìiíiìóìó âiêîâîãî
öèêëó ñîíÿ÷íî¨ àêòèâíîñòi, ÿêèé âèïàäà¹ ïðèáëèçíî
íà ñåðåäèíó 21-ãî ñòîëiòòÿ. Àâòîðè ùîéíî îïóáëiêî-
âàíî¨ ðîáîòè [16] çàçíà÷àþòü, ùî âåëèêèé ñîíÿ÷íèé
ìiíiìóì ìà¹ áóòè â öèêëàõ �� 25�27.

ßê âiäîìî, ôàçó çðîñòàííÿ öèêëó ñîíÿ÷íî¨ àêòèâíî-
ñòi òà éîãî àìïëiòóäó îïèñóþòü åôåêòîì Âàëüäìà¹ðà
[6], ñóòü ÿêîãî ïîëÿãà¹ â òîìó, ùî àìïëiòóäà öèêëó
ëiíiéíî çàëåæèòü âiä ñåðåäíüî¨ øâèäêîñòi çðîñòàííÿ
éîãî àêòèâíîñòi íà öié ôàçi. Ïðè öüîìó çíàéäåíî, ùî
ïðîãíîçîâàíà àìïëiòóäà öèêëó çàëåæèòü âiä iíòåðâà-
ëó ïåðåäiñòîði¨, ÿêèé âðàõîâóþòü äëÿ îá÷èñëåííÿ ñå-
ðåäíüî¨ øâèäêîñòi çðîñòàííÿ öèêëó [12].
Ìåòîþ öi¹¨ ðîáîòè ¹ âèçíà÷èòè îïòèìàëüíèé iíòåð-

âàë ïiä ÷àñ îá÷èñëåííÿ ñåðåäíüî¨ øâèäêîñòi çðîñòàííÿ
ñîíÿ÷íî¨ àêòèâíîñòi â 11-ði÷íîìó öèêëi äëÿ óòî÷íåí-
íÿ ïðîãíîçíî¨ îöiíêè àìïëiòóäè 25-ãî öèêëó.

II. ÑÏÎÑÒÅÐÅÆÍI ÄÀÍI ÒÀ �Õ ÀÍÀËIÇ

Öèêë �25 ðîçïî÷àâñÿ â ãðóäíi 2019 ð. (ðèñ. 1). Íà
÷åðâåíü 2023 ð. ìèíóëî âæå 42 ìiñÿöi âiä ïî÷àòêó öè-
êëó, ùî ñòàíîâèòü ïðèáëèçíî 70% òðèâàëîñòi êðèâî¨
çðîñòàííÿ áiëüøîñòi ñîíÿ÷íèõ öèêëiâ.
Íà ðèñ. 1 íàâåäåíî äàíi äëÿ íîâîãî, ðåâiçîâàíîãî ðÿ-

äó âiäíîñíî¨ êiëüêîñòi ñîíÿ÷íèõ ïëÿì. Ðåçóëüòàòè òà-
êî¨ ðåâiçi¨ îïóáëiêîâàíi â 2014 ð. [9] çà äàíèìè Ìiæíà-
ðîäíîãî Öåíòðó Äàíèõ ïðè Áåëüãiéñüêié Êîðîëiâñüêié
Îáñåðâàòîði¨. Îñíîâíi çìiíè ïîëÿãàþòü ó òîìó, ùî
âçÿòî çà îñíîâó ñïîñòåðåæíèé ðÿä Àëüôðåäà Âîëüôå-
ðà, à íå Ðóäîëüôà Âîëüôà, ùî ïðèáëèçíî â 1.67 ðàçà
çáiëüøó¹ áiëüø ðàííi çíà÷åííÿ, ðîáëÿ÷è ¨õ ñóìiðíè-
ìè iç ñó÷àñíèìè îöiíêàìè. Êðiì òîãî, áóëè âèïðàâëåíi
çíà÷åííÿ ïiñëÿ 1947 ð., êîëè Ì. Âàëüäìàé¹ð, âèçíà-
÷àþ÷è âiäíîñíó êiëüêiñòü ñîíÿ÷íèõ ïëÿì, óâiâ âàãîâi
êîåôiöi¹íòè âiäïîâiäíî äî ðîçìiðó ïëÿì. Òàêîæ çíà-
éäåíî é óñóíóòî çìiííèé òðåíä ó ñïîñòåðåæåííÿõ îá-
ñåðâàòîði¨ Ëîêàðíî, ÿêà áóëà ðåïåðíîþ îáñåðâàòîði¹þ
ïiñëÿ 1980 ð.

Öþ ïðàöþ ìîæíà âèêîðèñòîâóâàòè íà óìîâàõ Ìiæíàðîäíî¨ Ïóáëi÷íî¨ Ëiöåíçi¨ Creative Commons 4.0 �Iç Çàçíà÷åííÿì

Àâòîðñòâà�. Ïîøèðþþ÷è öåé ìàòåðiàë, ïîòðiáíî âêàçóâàòè àâòîðiâ i íàçâó ñòàòòi, æóðíàëüíå öèòóâàííÿ òà DOI.
3901-1

https://orcid.org/0000-0003-4167-4952
https://orcid.org/0000-0002-6895-5271


Â. Ì. �ÔIÌÅÍÊÎ, Â. Ã. ËÎÇÈÖÜÊÈÉ

Ç ðèñ. 1 âèïëèâà¹, ùî ôàêòè÷íå çáiëüøåííÿ ç ÷àñîì
êiëüêîñòi ñîíÿ÷íèõ ïëÿì âiäáóâàþòüñÿ çíà÷íî øâèä-
øå, íiæ çà ïðîãíîçîì. Òàêèé ñöåíàðié îçíà÷à¹, ùî
êiëüêiñòü ïëÿì ó ìàêñèìóìi ìà¹ áóòè áiëüøîþ âiä
ïðîãíîçîâàíî¨. Öþ êiëüêiñòü ìîæíà îöiíèòè íà îñíîâi
øâèäêîñòi çðîñòàííÿ êiëüêîñòi ñîíÿ÷íèõ ïëÿì iç ÷à-
ñîì, ÿê öå áóëî çðîáëåíî â ðîáîòi [4]. Ó íié àâòîðè
âèêîðèñòîâóâàëè ÿê âõiäíèé ïàðàìåòð ïðèðiñò êiëü-
êîñòi ñîíÿ÷íèõ ïëÿì âiä 20-ãî äî 32-ãî ìiñÿöÿ öèêëó
é íà îñíîâi ïîáóäîâàíî¨ êîðåëÿöiéíî¨ çàëåæíîñòi äëÿ
ïîïåðåäíiõ 23 öèêëiâ ïðîãíîçóâàëè ìàêñèìóì 24-ãî
öèêëó.

Ðèñ. 1. Ïîðiâíÿííÿ ïðîãíîçó êiëüêîñòi ñîíÿ÷íèõ ïëÿì ó
25-ìó öèêëi çãiäíî ç NOAA / Space Weather Prediction
Center (ïëàâíà ÷åðâîíà êðèâà é ñiðà ñìóãà, ÿêà âiäîáðà-
æà¹ ìåæi ïîõèáîê) ç ôàêòè÷íèìè çìiíàìè cåðåäíüîìiñÿ-
÷íèõ çíà÷åíü (ðîìáè), à òàêîæ çãëàäæåíèõ çíà÷åíü, ÿêi
ïîêàçàíi ïëàâíîþ êðèâîþ, ïðîâåäåíîþ ïî ñåðåäíüîìiñÿ-
÷íèõ çíà÷åííÿõ. Âiñü îðäèíàò ïiäïèñàíà ÿê SSN i îçíà÷à¹
êiëüêiñòü ïëÿì (sunspot number). Öèôðà 163.4 îçíà÷à¹ ñå-
ðåäíüîìiñÿ÷íó êiëüêiñòü ñîíÿ÷íèõ ïëÿì çà ÷åðâåíü 2023 ð.
Fig. 1. Comparison of the NOAA / Space Weather Prediction
Center sunspot number forecast in the 25th cycle (smooth red
curve and gray bar showing error limits) with actual changes
in monthly mean values (diamonds) as well as smoothed
values, which are shown by the smooth curve drawn on
average monthly values. The ordinate axis is labeled as SSN,
which stands for sunspot number indicating the number of
spots. The number 163.4 means the average monthly number

of sunspots for June 2023

Äëÿ ïîøóêó îïòèìàëüíîãî iíòåðâàëó ïåðåäiñòîði¨
(ÿêèé äà¹ çìîãó îòðèìàòè êðàùèé ïðîãíîç íàñòóïíî-
ãî öèêëó) áóëè ïîáóäîâàíi åìïiðè÷íi çàëåæíîñòi íà
îñíîâi äàíèõ ñàéòó http://www.solen.info/solar/ (ðèñ.
2�6).
Íà ðèñ. 2, çà äàíèìè äëÿ 24 ïîïåðåäíiõ öèêëiâ,

ïîêàçàíî åìïiðè÷íó çàëåæíiñòü ìiæ ïàðàìåòðàìè
∆W/∆T òàWmax, äå ïåðøèé ïàðàìåòð � öå ñåðåäíüî-
ìiñÿ÷íèé ïðèðiñò êiëüêîñòi ñîíÿ÷íèõ ïëÿì â iíòåðâàëi
âiä 1 äî 10-ãî ìiñÿöÿ öèêëó, à äðóãèé � öå çãëàäæåíà
êiëüêiñòü ñîíÿ÷íèõ ïëÿì ó ìàêñèìóìi öèêëó. Iç ðè-
ñóíêà âèäíî, ùî îòðèìàíà òàêèì ñïîñîáîì çàëåæíiñòü
äîñèòü íåîäíîçíà÷íà, ðîçñiÿíà. Öi äàíi áóëè àïðîêñè-
ìîâàíi ëiíiéíîþ çàëåæíiñòþ:

Wmax = 142.04 + 28.39× (∆W/∆T ). (1)

Çãiäíî ç äàíèìè äëÿ 25-ãî öèêëó, ðîçðàõîâàíèìè íà

îñíîâi ïîêàçíèêiâ íàâåäåíîãî âèùå ñàéòó, ñåðåäí¹ çíà-
÷åííÿ â iíòåðâàëi 1�10 ìiñÿöiâ òàêå: ∆W/∆T = 1.01.
Âiäïîâiäíî äî ôîðìóëè (1), çà ∆W/∆T = 1.01 ìà¹ìî
Wmax(25) ≈ 170.7 çà éìîâiðíî¨ ïîõèáêè öüîãî çíà÷åí-
íÿ ±38.8 îäèíèöü.

Ðèñ. 2. Åìïiðè÷íà çàëåæíiñòü ìiæ ïàðàìåòðàìè ∆W/∆T
(ñåðåäíüîìiñÿ÷íèé ïðèðiñò êiëüêîñòi ñîíÿ÷íèõ ïëÿì) òà
Wmax (àìïëiòóäà öèêëó) çà äàíèìè äëÿ 24 ïîïåðåäíiõ öè-
êëiâ; ∆T � iíòåðâàë ÷àñó. Ïàðàìåòð ∆W/∆T ðîçðàõîâàíî
ÿê ñåðåäíié â iíòåðâàëi âiä 1-ãî äî 10-ãî ìiñÿöÿ âiä ïî÷àò-

êó öèêëó
Fig. 2. Empirical dependence between parameters ∆W/∆T
(monthly average increase in the number of sunspots) and
Wmax (cycle amplitude) based on the data for 24 previ-
ous cycles; ∆T � time interval. The parameter ∆W/∆T is
calculated as the average in the interval from the 1st to the

10th month from the beginning of the cycle

Ðèñ. 3. Òå ñàìå, ùî é íà ðèñ. 2, àëå äëÿ iíòåðâàëó 11�20
ìiñÿöiâ âiä ïî÷àòêó öèêëó

Fig. 3. The same as in �g. 2, but for an interval of 11�20
months from the beginning of the cycle

ßêùî ðîçãëÿíóòè ïðèðiñò êiëüêîñòi ñîíÿ÷íèõ ïëÿì
çà 11-20 ìiñÿöiâ âiä ïî÷àòêó öèêëó, òî êîðåëÿöiéíà
çàëåæíiñòü ñòà¹ òiñíiøîþ (ðèñ. 3). �¨ ëiíiéíó àïðîêñè-
ìàöiþ ìîæíà çàïèñàòè ôîðìóëîþ

Wmax = 96.31 + 19.82× (∆W/∆T ). (2)
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Ðèñ. 4. Òå ñàìå, ùî é íà ðèñ. 2 i 3, àëå äëÿ iíòåðâàëó 16�25
ìiñÿöiâ âiä ïî÷àòêó öèêëó

Fig. 4. The same as in �g. 2 and 3, but for an interval of
16�25 months from the beginning of the cycle

Âiäïîâiäíî äî ôîðìóëè (2), çà ∆W/∆T = 2.35 ìà¹-
ìî Wmax(25) ≈ 142.9 çà éìîâiðíî¨ ïîõèáêè öüîãî çíà-
÷åííÿ ±25.9 îäèíèöü.

Ïîäiáíîþ çà âèãëÿäîì ¹ òàêîæ çàëåæíiñòü, ïîáóäî-
âàíà ïiä ÷àñ ðîçãëÿäó iíòåðâàëó 16�25 ìiñÿöiâ âiä ïî-
÷àòêó öèêëó (ðèñ. 4). Öÿ ôîðìóëà îïèñó¹òüñÿ òàêèì
ðiâíÿííÿì ëiíiéíî¨ ðåãðåñi¨:

Wmax = 96.23 + 14.62× (∆W/∆T ). (3)

Ïiä ÷àñ âèçíà÷åííÿ øâèäêîñòi çáiëüøåííÿ êiëüêîñòi
ñîíÿ÷íèõ ïëÿì çà ïåðiîä âiä 16 äî 25 ìiñÿöiâ âiä ïî-
÷àòêó öèêëó äëÿ 25-ãî öèêëó ìà¹ìî ∆W/∆T = 3.84.
Çà òàêîãî çíà÷åííÿ, çãiäíî ç ôîðìóëîþ (3), îòðèìó¹ìî
Wmax(25) ≈ 152.4 çà éìîâiðíî¨ ïîõèáêè öüîãî çíà÷åí-
íÿ ± 21.6 îäèíèöü.

Íàéòiñíiøà çàëåæíiñòü ìiæ ïàðàìåòðàìè Wmax òà
∆W/∆T çà òåñòîâîãî iíòåðâàëó 11�35 ìiñÿöiâ âiä ïî-
÷àòêó öèêëó (ðèñ. 5). Äëÿ öi¹¨ çàëåæíîñòi êîåôiöi¹íò
êîðåëÿöi¨ Ïiðñîíà r ¹ ìàêñèìàëüíèì i äîðiâíþ¹ 0.91.
Íà ñüîãîäíi öåé ïåðiîä ñòàíîâèòü óñþ âiäîìó íàì ôà-
çó çðîñòàííÿ 25 öèêëó. Öÿ çàëåæíiñòü àïðîêñèìó¹òüñÿ
ôîðìóëîþ:

Wmax = 75.54 + 21.85× (∆W/∆T ). (4)

Íà îñíîâi îïóáëiêîâàíèõ äàíèõ áóëà ðîçðàõîâàíà
âåëè÷èíà ∆W/∆T = 3.54 äëÿ 25-ãî öèêëó. Ïiäñòàâëÿ-
þ÷è öþ âåëè÷èíó ó ôîðìóëó (4), ìà¹ìî Wmax(25) ≈
152.9 çà éìîâiðíî¨ ïîõèáêè öüîãî çíà÷åííÿ ±19.1
îäèíèöü. ßê âèäíî ç ïîðiâíÿííÿ íàâåäåíèõ çíà÷åíü
Wmax(25), óñi ðîçãëÿíóòi âèùå òåñòîâi iíòåðâàëè ïà-
ðàìåòðà ∆W/∆T äàþòü ó ìåæàõ ïîõèáîê ïðèáëèçíî
îäíàêîâi çíà÷åííÿ àìïëiòóäè öèêëó, ÿêi ïîïàäàþòü â
iíòåðâàë 143�171 îäèíèöü.

Ðèñ. 5. Òå ñàìå, ùî é íà ðèñ. 2�4, àëå äëÿ iíòåðâàëó 11�35
ìiñÿöiâ âiä ïî÷àòêó öèêëó

Fig. 5. The same as in �g. 2�4, but for the interval 11�35
months from the beginning of the cycle

Ðèñ. 6. Çàëåæíiñòü àìïëiòóäè â öèêëàõ ñîíÿ÷íî¨ àêòèâíî-
ñòi 1�24 (Wmax , âiñü îðäèíàò) âiä øâèäêîñòi ñïàäó àêòèâ-
íîñòi ∆W/∆T (âiñü àáñöèñ), ðîçðàõîâàíî¨ ÿê ñåðåäíüîði-
÷íå çíà÷åííÿ â óñüîìó iíòåðâàëi âiä ìàêñèìóìó ïîïåðå-

äíüîãî öèêëó äî ìiíiìóìó ïîòî÷íîãî öèêëó
Fig. 6. Dependence of the amplitude in cycles of solar activity
1�24 (Wmax , ordinate axis) on the rate of decline in activi-
ty ∆W/∆T (abscissa axis), calculated as the average annual
value in the entire interval from the maximum of the previous

cycle to the minimum of the current cycle

Òàêîæ áóëà âèêîíàíà îöiíêà àìïëiòóäè 25-ãî öè-
êëó àêòèâíîñòi íà îñíîâi âðàõóâàííÿ øâèäêîñòi ñïàäó
àêòèâíîñòi ïîïåðåäíüîãî öèêëó (ðèñ. 6). Âiäïîâiäíà
çàëåæíiñòü îïèñó¹òüñÿ ôîðìóëîþ:

Wmax = 37.97 + 5.45× (∆W/∆T ). (5)

Ó ôîðìóëi (5) ïàðàìåòð ∆W/∆T îçíà÷à¹ ìîäóëü
ñåðåäíüî¨ øâèäêîñòi çìåíøåííÿ êiëüêîñòi ïëÿì, âè-
çíà÷åíî¨ äëÿ âñi¹¨ ôàçè ñïàäó öèêëó. Íà îñíîâi äà-
íèõ íàâåäåíîãî âèùå ñàéòó ðîçðàõîâàíî, ùî äëÿ ôàçè
ñïàäó 24-ãî öèêëó ∆W/∆T = 5.45. Ïiäñòàâëÿþ÷è öå
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çíà÷åííÿ ó ôîðìóëó (5), ìà¹ìî Wmax(25) ≈ 149.5 çà
éìîâiðíî¨ ïîõèáêè öüîãî çíà÷åííÿ ±50.6 îäèíèöü.
Äëÿ îöiíêè ÿêîñòi îòðèìàíèõ çàëåæíîñòåé äëÿ ïðî-

ãíîçó öèêëó âèêîðèñòàíî îáðàõîâàíi ñòàòèñòè÷íi îöií-
êè, çîêðåìà êîåôiöi¹íò êîðåëÿöi¨ Ïiðñîíà r, êîåôiöi-
¹íò äåòåðìiíàöi¨ COD òà ¨¨ ìîäèôiêîâàíà âåðñiÿ Adj.
R2 [17].
Ó òàáëèöi 1 íàâåäåíî ðåçóëüòàòè îá÷èñëåíü àìïëi-

òóäè 25-ãî öèêëó ç óðàõóâàííÿì êîåôiöi¹íòiâ ëiíiéíî¨
çàëåæíîñòi äëÿ ðiçíèõ iíòåðâàëiâ âiä ïî÷àòêó öèêëó
(â ìåæàõ 1�35 ìiñÿöiâ). Ó äðóãîìó ñòîâï÷èêó íàâåäå-
íî âèêîðèñòàíèé iíòåðâàë âiä ïî÷àòêó öèêëó, ó òðå-
òüîìó � îòðèìàíà àìïëiòóäà 25-ãî öèêëó, ó ÷åòâåðòî-
ìó � êîåôiöi¹íò êîðåëÿöi¨ Ïiðñîíà, ó ï'ÿòîìó � êîå-
ôiöi¹íò äåòåðìiíàöi¨ (COD), ó øîñòîìó � ìîäèôiêî-
âàíà âåðñiÿ Adj. R2 � êâàäðàò êîåôiöi¹íòà äåòåðìiíà-
öi¨.
Iç òàáëèöi 1 âèäíî, ùî çà êðèòåði¹ì âåëè÷èíè êî-

åôiöi¹íòà êîðåëÿöi¨ ëiïøèìè ¹ ðåçóëüòàòè äëÿ iíòåð-

âàëiâ 11�20, 16�25 i 11�35 ìiñÿöiâ âiä ïî÷àòêó öèêëó,
ïðè÷îìó îñòàííié iíòåðâàë íàéêðàùèé äëÿ ïðîãíîçó-
âàííÿ àìïëiòóäè 25 öèêëó. Àíàëîãi÷íi ðåçóëüòàòè ïî-
êàçóþòü i iíøi ñòàòèñòè÷íi îöiíêè � íà îñíîâi âåëè÷è-
íè êîåôiöi¹íòà äåòåðìiíàöi¨ COD òà ¨¨ ìîäèôiêîâàíî¨
âåðñi¨ Adj. R2. Çâiäñè ìîæíà çðîáèòè âèñíîâîê, ùî
îïòèìàëüíèì iíòåðâàëîì ïiä ÷àñ âèçíà÷åííÿ øâèäêî-
ñòi çðîñòàííÿ êiëüêîñòi ñîíÿ÷íèõ ïëÿì äëÿ ïðîãíîçó-
âàííÿ àìïëiòóäè öèêëó ¹ ôàçà éîãî çðîñòàííÿ (ó 25-
ìó öèêëi � 11�35 ìiñÿöiâ âiä ïî÷àòêó öèêëó). Ìîæíà
âèêîðèñòîâóâàòè é ìåíøi iíòåðâàëè, à ñàìå: 16�25 ìi-
ñÿöiâ i 11�20 ìiñÿöiâ âiä ïî÷àòêó öèêëó, îäíàê ÿêiñòü
ïðîãíîçó çà òàêèõ óìîâ ïîãiðøó¹òüñÿ.

ßê âèäíî ç òàáëèöi 1, íàéìåíø ïåðåêîíëèâèìè ¹ ðå-
çóëüòàòè ïðîãíîçóâàííÿ íà îñíîâi ðîçãëÿäó ôàçè çðî-
ñòàííÿ â ïåðøi 1�10 ìiñÿöiâ âiä ïî÷àòêó öèêëó. Íà
ðèñ. 2 áà÷èìî çíà÷íå ðîçñiÿííÿ âiä ëiíiéíî¨ çàëåæíî-
ñòi äëÿ öüîãî âèïàäêó.

� Âèêîðèñòàíèé Wmax Êîåôiöi¹íò R2 Adj. R2

ï/ï iíòåðâàë êîðåëÿöi¨ (COD)

1 1�10 ìiñÿöiâ 170.7±38.7 0.35 0.12 0.08
ïîòî÷íîãî öèêëó

2 11�20 ìiñÿöiâ 142.9±25.9 0.83 0.70 0.69
ïîòî÷íîãî öèêëó

3 16�25 ìiñÿöiâ 152.4±21.6 0.85 0.72 0.71
ïîòî÷íîãî öèêëó

4 11�35 ìiñÿöiâ 152.9±19.1 0.91 0.84 0.83
ïîòî÷íîãî öèêëó

5 Ôàçà ñïàäó 149.5±50.6 0.74 0.55 0.53
ïîïåðåäíüîãî öèêëó

Òàáë. 1. Ïîðiâíÿííÿ ïðîãíîçiâ àìïëiòóäè 25-ãî öèêëó äëÿ ðiçíèõ òåñòîâèõ iíòåðâàëiâ ôàçè çðîñòàííÿ, à òàêîæ âñi¹¨ ôàçè
ñïàäó ïîïåðåäíüîãî öèêëó

Table 1. Comparison of predictions for the amplitude of the 25th cycle for di�erent test intervals of the growth phase, as well
as the entire decline phase of the previous cycle

Îòæå, íàéiìîâiðíiøå, ùî ïîòî÷íèé öèêë �25 áóäå
ñåðåäíiì çà ïîòóæíiñòþ, ç ìàêñèìàëüíîþ çãëàäæåíîþ
êiëüêiñòþ ñîíÿ÷íèõ ïëÿì ó ìåæàõ 140 - 170 îäèíèöü
(ó íîâié ñèñòåìi). Öå îçíà÷à¹, ùî öèêë �25 íå ïîêàçó¹
æîäíèõ îçíàê íàáëèæåííÿ ãëèáîêîãî âiêîâîãî öèêëó
(òèïó ìiíiìóìó Ìàóíäåðà), ÿêèé, çà äåÿêèìè ïðîãíî-
çàìè, ìà¹ áóòè â ñåðåäèíi ÕÕI ñò. [16].
Äëÿ âèçíà÷åííÿ ÷àñó íàñòàííÿ ìàêñèìóìó öèêëó

áóëè ïîáóäîâàíi çàëåæíîñòi òðèâàëîñòi ôàçè çðîñòà-
ííÿ öèêëó âiä øâèäêîñòi çáiëüøåííÿ êiëüêîñòi ñîíÿ-
÷íèõ ïëÿì äëÿ òðüîõ âàðiàíòiâ âèêîðèñòàíèõ iíòåð-
âàëiâ (11-20, 16-25 i 11-35 ìiñÿöiâ) âiä ïî÷àòêó öèêëó.
ëó.
Îòðèìàíi çàëåæíîñòi áóëè àïðîêñèìîâàíi ëiíiéíè-

ìè âèðàçàìè:

L(11−20) = 5.92− 0.36× (∆W/∆T ), (6)

L(16−25) = 5.93− 0.27× (∆W/∆T ), (7)

L(11−35) = 5.92− 0.36× (∆W/∆T ), (8)

äå L(11−20) , L(16−25) , L(11−35), âiäïîâiäíî, òðèâàëiñòü
ôàçè çðîñòàííÿ öèêëó çà ðiçíèõ òåñòîâèõ iíòåðâàëiâ
çáiëüøåííÿ àêòèâíîñòi (11�20, 16�25 i 11�35 ìiñÿöiâ)
âiä ïî÷àòêó öèêëó. Çíà÷åííÿ ∆W/∆T äëÿ öèõ âàði-
àíòiâ ñòàíîâëÿòü 2.35, 3.84 i 3.54, âiäïîâiäíî, à òðèâà-
ëiñòü ôàçè çðîñòàííÿ öèêëó 5.07 ± 0.34, 4.89 ± 0.33 i
4.88± 0.36 ðîêiâ.
Iç äîñòàòíüî âèñîêèìè çíà÷åííÿìè ñòàòèñòè÷íèõ

îöiíîê (êîåôiöi¹íò êîðåëÿöi¨ Ïiðñîíà r = 0.79− 0.83)
òðèâàëiñòü ôàçè çðîñòàííÿ 25-ãî öèêëó ¹ â ìåæàõ 4
ðîêè 11 ìiñÿöiâ�5 ðîêiâ 1 ìiñÿöü). Öå çíà÷èòü, ùî ìà-
êñèìóì 25 öèêëó ñîíÿ÷íî¨ àêòèâíîñòi î÷iêó¹òüñÿ â ií-
òåðâàëi ëèñòîïàä 2024 ð.�ñi÷åíü 2025 ð.

III. ÂÈÑÍÎÂÊÈ

Íà îñíîâi äàíèõ ïðî 24 ïîïåðåäíi ñîíÿ÷íi öè-
êëè ðîçãëÿíóòî ñòàòèñòè÷íèé çâ'ÿçîê ìiæ øâèäêiñòþ
çáiëüøåííÿ êiëüêîñòi ñîíÿ÷íèõ ïëÿì íà ïî÷àòêîâié
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ôàçi êðèâî¨ çðîñòàííÿ (äî 35-ãî ìiñÿöÿ âiä ïî÷àòêó
öèêëó) é àìïëiòóäîþ öèêëó. Ïîáóäîâàíî âiäïîâiäíi
çàëåæíîñòi çà 1�10, 11�20, 16�25, 11�35 ìiñÿöiâ âiä ïî-
÷àòêó öèêëó, à òàêîæ äëÿ ôàçè ñïàäó ïîïåðåäíüîãî
öèêëó. Âñòàíîâëåíî, ùî îïòèìàëüíèì iíòåðâàëîì ïå-
ðåäiñòîði¨ äëÿ ïðîãíîçóâàííÿ àìïëiòóäè öèêëó ¹ ïåði-
îä âiä 11 äî 35 ìiñÿöÿ âiä ïî÷àòêó öèêëó (r = 0.91);
öiëêîì çàäîâiëüíi ðåçóëüòàòè ìîæíà îòðèìàòè , âðà-
õîâóþ÷è ïåðiîä âiä 11 äî 20 ìiñÿöÿ (r = 0.83) òà âiä
16 äî 25 ìiñÿöÿ (r = 0.85) âiä ïî÷àòêó öèêëó. Âè-
êîíàíå äîñëiäæåííÿ äà¹ ïiäñòàâè çðîáèòè âèñíîâîê,
ùî ìàêñèìàëüíà çãëàäæåíà êiëüêiñòü ñîíÿ÷íèõ ïëÿì
ó 25-ìó öèêëi Wmax(25) ìà¹ áóòè â ìåæàõ ≈ 140− 170

îäèíèöü çà íàéiìîâiðíiøîãî çíà÷åííÿ 140�150 îäè-
íèöü (Òàáë. 1). ßêùî æ óçÿòè çà îñíîâó äëÿ ïðîãíî-
çóâàííÿ øâèäêiñòü ñïàäó êiëüêîñòi ïëÿì ó ïîïåðåäíiõ
öèêëàõ, òî òîäi Wmax(25) ≈ 150 îäèíèöü. Ç âèñîêîþ
éìîâiðíiñòþ ìàêñèìóì 25-ãî öèêëó ñîíÿ÷íî¨ àêòèâ-
íîñòi ìîæíà î÷iêóâàòè â iíòåðâàëi ëèñòîïàä 2024 ð.�
ñi÷åíü 2025 ð.

Ïîäÿêè. Àâòîðè âäÿ÷íi ðåöåíçåíòàì çà íèçêó
ñëóøíèõ çàóâàæåíü. Öå äîñëiäæåííÿ ïðîôiíàíñóâà-
ëî Ìiíiñòåðñòâî îñâiòè i íàóêè â Óêðà¨íi, ïðî¹êò
�22ÁÔ023-03.
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THE OPTIMAL INTERVAL FOR DETERMINING THE GROWTH RATE OF SOLAR ACTIVITY
FOR THE PREDICTION OF THE 25th CYCLE

V. M. E�menko, V. G. Lozitsky
Astronomical Observatory of the Taras Shevchenko National University of Kyiv, Ukraine

Based on the data on 24 previous solar cycles, the statistical relationship between the rate of increase in
the number of sunspots in the initial phase of the growth curve (up to the 35th month from the beginning
of the cycle) and the amplitude of the cycle was analyzed. It was found that the maximum smoothed
number of sunspots for the 25th cycle depends on the interval used to determine the rate of increase in the
sunspot number during the growth phase of the cycle. From our analysis it follows that the amplitude of
the 25th cycle will be in the range Wmax(25) ≈ 140−170 units. At the same time, the statistical estimate
of the deviation of the points from the linear dependence (Pearson's test) is r = 0.35−0.91; the maximum
value, r = 0.91, was found for the interval of 11 to 35 months. The amplitude of the 25th cycle was also
evaluated taking into account the rate of decline in the activity of the previous cycle; this method gives
Wmax(25) ≈ 150 units (r = 0.73), which is in good agreement with the forecast based on the growing
phase of the cycles. The statistical dependence of the duration of the growth phase of the cycle on the
rate of increase in the number of sunspots was analyzed. From this dependence we can conclude that the
maximum of the 25th cycle is expected between November 2024 and January 2025.

Key words: Sun, solar activity, number of sunspots, forecasts, maximum of the 25th cycle.
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