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Ãåîìàãí³òíèé åôåêò ñîíÿ÷íîãî çàòåìíåííÿ 
10 ÷åðâíÿ 2021 ð.

Ñîíÿ÷íå çàòåìíåííÿ (ÑÇ) íàëåæèòü äî ð³äê³ñíèõ âèñîêî åíåð ãå òè÷ íèõ 
ÿâèù ïðèðîäè. Íàïðèêëàä, çì³íà âíóòð³øíüî¿ (òåïëîâî¿) åíåðã³¿
ïðèçåìíîãî ïîâ³òðÿ òîâùèíîþ âñüîãî ïðèáëèçíî â 100 ì äîñÿãàº
áëèçüêî 1018 Äæ ïðè ïîòóæíîñò³ ïðîöåñó â îäèíèö³ òåðàâàò. Çíà÷íà
åíåðãåòèêà ïðîöåñ³â, âèêëèêàíèõ ÑÇ ó âåðõí³é àòìîñôåð³ ³ ãåîêîñìîñ³.
Íàïðèêëàä, òåïëîâà åíåðã³ÿ ïëàçìè â ³îíîñôåð³ â îá’ºì³ ïîðÿäêó
1019 ì3 çìåíøóºòüñÿ íà 1011 Äæ. Ìàãí³òíå ïîëå â îá’ºì³ 1021 ì3

çìåíøó ºòüñÿ íà 50 íÒë, à éîãî åíåðã³ÿ — íà 1015 Äæ. ÑÇ ñóïðî -
âîäæóþòüñÿ çáóðåííÿì ïàðàìåòð³â âñ³õ ï³äñèñòåì â ñèñòåì³ Çåìëÿ
— àòìîñôåðà — ³îíîñôåðà — ìàãí³òîñôåðà. Çáóðåííÿ ïàðàìåòð³â
âåðõíüî¿ àòìîñôåðè é ³îíîñôåðè íåìèíó÷å ïîâèííî ïðèçâåñòè äî
âàð³àö³é ãåîìàãí³òíîãî ïîëÿ. Â äàíèé ÷àñ ó ãåîô³çèê³â íåìàº ºäèíî¿
äóìêè ïðî òå, ÿê ïðîÿâëÿºòüñÿ ÑÇ â ãåîìàãí³òíîìó ïîë³. Íàÿâí³ äàí³
ñóïåðå÷ëèâ³. Á³ëüø³ñòü äîñë³äíèê³â ââàæàº, ùî ãåîìàãí³òíèé åôåêò
ÑÇ ðåàëüíèé. Ó íèçö³ âèïàäê³â ÷àñîâ³ âàð³àö³¿ ãåîìàãí³òíîãî ïîëÿ â
ö³ëîìó ïîâòîðþþòü çì³íè îñâ³òëåíîñò³ ïîâåðõí³ Çåìë³, â ³íøèõ âè -
ïàä êàõ âîíè ìîæóòü âèïåðåäæàòè àáî çàï³çíþâàòèñÿ ïðèáëèçíî íà
1 ãîä â³äíîñíî çì³í îñâ³òëåíîñò³. Íàé÷àñò³øå âèâ÷àâñÿ ãåîìàã í³òíèé
åôåêò â îáëàñò³ ïîâíîãî ÑÇ, äå â³í ïîâèíåí áóòè íàéá³ëüø âèðàæå -
íèì. Ùî äàë³ ðîçòàøîâàíà îáñåðâàòîð³ÿ â³ä îáëàñò³ ïîâíî¿ ò³í³, òî
âàæ÷å ïîâ’ÿçàòè ìàãí³òí³ âàð³àö³¿ ç ÑÇ. Ïîøóê ðåàêö³¿ ãåîìàãí³òíîãî
ïîëÿ íà ÑÇ º âàæêîþ çàäà÷åþ. Ìîæëèâà ðåàêö³ÿ «ìàñêóºòüñÿ» âà -
ð³àö³ÿìè ³íøî¿ ïðèðîäè. Á³ëüø òîãî, âåëè÷èíà òà çíàê çáóðåííÿ ãåî -
ìàãí³òíîãî ïîëÿ ³ñòîòíî çàëåæàòü â³ä ñòàíó êîñì³÷íî¿ ïîãîäè, ñåçî -
íó, ÷àñó äîáè, ðîçòàøóâàííÿ ìàãí³òíî¿ îáñåðâàòîð³¿ òà, çâè÷àéíî æ,
â³ä ôàçè çàòåìíåííÿ. Òîìó äîñë³äæåííÿ âïëèâó ÑÇ íà ãåîìàãí³òíå
ïîëå çàëèøàºòüñÿ àêòóàëüíîþ çàäà÷åþ. Ìåòîþ ö³º¿ ðîáîòè º âèêëàä
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ðåçóëüòàò³â àíàë³çó ÷àñîâèõ âàð³àö³é ãåîìàãí³òíîãî ïîëÿ, çàðåºñòðî -
âàíèõ ìåðåæåþ ìàãí³òíèõ ñòàíö³é INTERMAGNET ïðîòÿãîì ÑÇ
10 ÷åðâíÿ 2021 ð. Îñîáëèâ³ñòü öüîãî çàòåìíåííÿ ïîëÿãàëà â òîìó, ùî
ÑÇ áóëî ê³ëüöåïîä³áíèì (ìàêñèìàëüíà ôàçà Mmax » 0.943). Ê³ëüöåïî -
ä³áíå ÑÇ ïî÷àëîñÿ 10 ÷åðâíÿ 2021 ð. î 08:12:20 UT íàä òåðèòîð³ºþ
Êàíàäè. Ì³ñÿ÷íà ò³íü ðóõàëàñÿ ÷åðåç Àòëàíòè÷íèé îêåàí, Ãðåíëàí -
ä³þ, Ï³âí³÷íèé Ëüîäîâèòèé îêåàí, Ï³âí³÷íèé ïîëþñ, ï³âí³÷íó ÷àñ òè íó
ªâðî ïè é Àç³¿. ×àñòêîâå ÑÇ ñïîñòåð³ãàëîñÿ â Ìîíãîë³¿ òà Êèòà¿.
Çàê³í÷èëîñÿ ê³ëüöåïîä³áíå çàòåìíåííÿ îá 11:33:43 UT, à ÷àñòêîâå — î 
13:11:19 UT. Ôàçà ìàêñèìàëüíîãî ïîêðèòòÿ â³äçíà÷àëàñÿ ç 10:33:16
UT äî 10:36:56 UT íàä Ãðåíëàíä³ºþ. Äëÿ àíàë³çó ãåîìàãí³òíîãî
åôåêòó çàëó÷àëèñÿ ðåçóëüòàòè ñïîñòåðåæåíü ñâ³òîâî¿ ìåðåæ³
INTERMAGNET. Ðîçð³çíåííÿ çà ÷àñîì ñòàíîâèëî 1 õâ, à çà ð³âíåì —
0.1 íÒë. Âèâ÷åííþ ï³äëÿãàëè ÷àñîâ³ âàð³àö³¿ ð³âí³â X-, Y- ³ Z-ñêëàäîâèõ,
çàðåºñòðîâàí³ ó 15 ìàãí³òíèõ îáñåðâàòîð³ÿõ. Âñòàíîâëåíî, ùî ÑÇ
ñóïðîâîäæóâàëîñÿ àïåð³îäè÷íèì çìåíøåííÿì ð³âíÿ X-ñêëàäîâî¿ íà âå -
ëè ÷èíó â³ä 31...36 äî 2...3 íÒë. Çìåíøåííÿ öüîãî ð³âíÿ áóëî íàéá³ëüøèì
ïîáëèçó ì³ñöÿ ê³ëüöåïîä³áíîãî çàòåìíåííÿ. Ó ì³ðó â³ääàëåííÿ íà
ï³âäåíü â³ä öüîãî ì³ñöÿ âåëè÷èíà åôåêòó øâèäêî çìåíøóâàëàñÿ. Äëÿ
íàéá³ëüø ï³âäåííèõ ñòàíö³é çìåíøåííÿ ñåðåäíüîãî ð³âíÿ âèçíà÷èòè íå 
âäàëîñÿ. ²íø³ ñêëàäîâ³ ãåîìàãí³òíîãî ïîëÿ ïðàêòè÷íî íå çì³íþâàëèñÿ
ïðîòÿãîì ÑÇ. ÑÇ ñóïðîâîäæóâàëîñÿ òàêîæ êâàç³ïåð³îäè÷íèìè âàð³à -
ö³ÿìè ð³âíÿ X-ñêëàäîâî¿. Àìïë³òóäà öèõ âàð³àö³é çìåíøóâàëàñÿ ó ì³ðó
â³ääàëåííÿ â³ä îáëàñò³ ê³ëüöåâîãî çàòåìíåííÿ â³ä 4.8 äî 0.4 íÒë. Ïå -
ð³îä êâàç³ïåð³îäè÷íèõ çáóðåíü ñòà íî âèâ 40 ± 2 õâ. Ïîòð³áíî ïðèïóñ -
êàòè, ùî ö³ çáóðåííÿ áóëè âèêëèêàí³ ãåíåðàö³ºþ àòìîñôåðíèõ ãðà -
â³òà ö³éíèõ õâèëü ï³ä ä³ºþ çàòåìíåííÿ. Â³äíîñí³ çì³íè òèñêó â õâèë³
ñòà íîâèëè 1...2 %. Ðåçóëüòàòè îö³íîê ÿê àïåð³îäè÷íîãî, òàê ³ êâàç³ïå -
ð³îäè÷íîãî åôåêò³â áëèçüê³ äî ðåçóëüòàò³â ñïîñòåðåæåíü. Öå ï³ä -
òâåðäæóº ìåõàí³çì ¿õíüî¿ ãåíåðàö³¿.
Êëþ÷îâ³ ñëîâà: ãåîìàãí³òíå ïîëå, àïåð³îäè÷í³ âàð³àö³¿, êâàç³ïå ð³î -
äè÷í³ âàð³àö³¿, ³îíîñôåðíèé ñòðóì, êîíöåíòðàö³ÿ åëåêòðîí³â, â³äíîñíà 
çì³íà òèñêó, àòìîñôåðíà ãðàâ³òàö³éíà õâèëÿ

ÂÑÒÓÏ

Ñî íÿ÷ íå çà òåì íåí íÿ (ÑÇ) íà ëå æèòü äî ð³äê³ñíèõ âè ñî êî å íåð ãå òè÷ íèõ
ÿâèù ïðè ðî äè. Íàï ðèê ëàä, çì³íà âíóòð³øíüî¿ (òåï ëî âî¿) åíåðã³¿ ïðè -
çåì íî ãî ïîâ³òðÿ òîâ ùè íîþ âñüî ãî ïðè áëèç íî â 100 ì äî ñÿ ãàº 1018 Äæ
ïðè ïî òóæ íîñò³ ïðî öå ñó â îäè íèö³ òå ðà âàò [1]. Çíà÷ íîþ º åíåð ãå òè êà
ïðî öåñ³â, âèê ëè êà íèõ ÑÇ ó âåðõí³é àò ìîñ ôåð³ òà ãå î êîñ ìîñ³. Íàï ðè ê -
ëàä, òåï ëî âà åíåðã³ÿ ïëàç ìè â ³îíîñ ôåð³ â îá’ºì³ 1019 ì3 çìåí øóºòüñÿ
íà 1011 Äæ. Ìàãí³òíå ïîëå â îá’ºì³ 1021 ì3 çìåí øóºòüñÿ íà 50 íÒë, à
éîãî åíåðã³ÿ — íà 1015 Äæ.

ÑÇ ñóïðîâîäæóþòüñÿ çáóðåííÿì ïàðàìåòð³â óñ³õ ï³äñèñòåì ó ñèñ -
òåì³ Çåìëÿ — àòìîñôåðà — ³îíîñôåðà — ìàãí³òîñôåðà. Çáóðåííÿ ïà -
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ðà ìåòð³â âåðõíüî¿ àòìîñôåðè é ³îíîñôåðè íåìèíó÷å ïîâèííî ïðè -
çâåñòè äî âàð³àö³é ãåîìàãí³òíîãî ïîëÿ.

Âïåðøå ãåîìàãí³òíèé åôåêò äëÿ ÑÇ 18 òðàâíÿ 1901 ð. îïèñàâ
Ë. Áàóåð ó ðîáîò³ [2], à ï³çí³øå ïðîäîâæèâ ñâî¿ äîñë³äæåííÿ, âèêîðèñ -
òîâóþ÷è ñïîñòåðåæåííÿ åôåêòó ó ìàãí³òíîìó ïîë³ Çåìë³ ïðîòÿãîì ÑÇ
21 ñåðïíÿ 1914 ð. òà 29 òðàâíÿ 1919 ð. [3, 4]. Ó ðîáîò³ [9] áóëî îïèñàíî
ãåîìàãí³òíèé åôåêò ÑÇ 21 ñåðïíÿ 1914 ð.

Â ðîáîò³ [7] áóëî çàïðîïîíîâàíî ìåõàí³çì âàð³àö³é ãåîìàãí³òíîãî
ïîëÿ, âèêëèêàíèõ ÑÇ, â îñíîâ³ ÿêîãî ëåæèòü çáóðåííÿ êîíöåíòðàö³¿
åëåê òðîí³â, ïðîâ³äíîñò³ ³îíîñôåðè íà âèñîòàõ äèíàìî-îáëàñò³
(~100 êì) òà ³îíîñôåðíîãî ñòðóìó. 

Ó ðîáîòàõ [17, 18, 24, 25] îïèñàíî âàð³àö³¿ ìàãí³òíîãî ïîëÿ Çåìë³
ïðî òÿãîì ÑÇ 20 ÷åðâíÿ 1955 ð. Ó ðîáîò³ [34] âïåðøå âèâ÷åíî ìîæ ëè -
â³ñòü ãåíåðàö³¿ ãåîìàãí³òíèõ ïóëüñàö³é ï³ä ä³ºþ ÑÇ. Íà îñíîâ³ àíà ë³çó
åôåêòó ãåîìàãí³òíèõ ïóëüñàö³é ïðîòÿãîì ÷îòèðüîõ ÑÇ (20 ÷åðâíÿ
1955 ð., 19 êâ³òíÿ 1958 ð., 15 ëþòîãî 1961 ð. òà 5 ëþòîãî 1962 ð.), ÿê³
ñïîñòåð³ãàëèñÿ ó âîñüìè îáñåðâàòîð³ÿõ ñâ³òó, áóëî âèÿâëåíî çìåíøåí -
íÿ àìïë³òóäè òà ÷àñòîòè ïóëüñàö³é, à òàêîæ çá³ëüøåííÿ ¿õíüîãî
ïåð³îäó. Ïîä³áí³ äîñë³äæåííÿ ï³çí³øå âèêîíàíî â ðîáîòàõ [11, 32].
Çîêðåìà, â ðîáîò³ [32] ïîêàçàíî, ùî X-ñêëàäîâà ãåîìàãí³òíîãî ïîëÿ
(íà ïðÿìîê «ï³âí³÷ — ï³âäåíü») ïðè çàòåìíåíí³ çìåíøóâàëàñÿ ïðè -
áëèç íî íà 10 %. Ð³çí³ ñêëàäîâ³ ãåîìàãí³òíèõ ïóëüñàö³é ïîñëàáëþ âà -
ëèñÿ ð³çíèì ÷èíîì.

Ó ðîáîò³ [31] àíàë³çóâàëèñü çì³íè ãåîìàãí³òíîãî ïîëÿ ó ïåð³îä
çàòåìíåííÿ 19 êâ³òíÿ 1958 ð., à ó ðîáîò³ [5] âèêëàäåíî ðåçóëüòàòè
ñïîñòåðåæåíü ãåîìàãí³òíîãî åôåêòó ï³ñëÿ ÑÇ 12 ëèñòîïàäà 1966 ð. ó
Ïåðó. Çíàéäåíî, ùî ãîðèçîíòàëüíà ñêëàäîâà çá³ëüøóâàëàñÿ íà 30 íÒë,
ùî â³äïîâ³äàëî ìîäåëüíèì óÿâëåííÿì [7]. Âåëè÷èíà ãåîìàãí³òíèõ
âàð³àö³é ïðîòÿãîì ÑÇ 23 æîâòíÿ 1976 ð. â Àâñòðàë³¿ íå ïåðåâèùóâàëà 5
íÒë [21]. Ðåçóëüòàòè ñïîñòåðåæåíü ïðîòÿãîì ïîâíîãî ÑÇ 11 ëèïíÿ
1991 ð. â Êîñòà-Ð³ö³ [6, 28] âèÿâèëè, ùî àìïë³òóäà X-ñêëàäîâî¿ çìåí -
øèëàñÿ íà 5 íÒë, àëå çíàê âàð³àö³é áóâ ïðîòèëåæíèì òåîðåòè÷íîìó [7]. 
Ó ðîáîò³ [35] îïèñàíî ðåçóëüòàòè ñïîñòåðåæåíü, âèêîíàíèõ äëÿ ÑÇ 24
ëèñòîïàäà 1995 ð. ó Â’ºòíàì³. Ãîðèçîíòàëüíà ñêëàäîâà çì³íèëàñÿ íà
ê³ëüêà äåñÿòê³â íàíîòåñëà. 

Ó ðî áîò³ [36] íà îñíîâ³ êîì ïëåê ñíî ãî àíàë³çó ³îíîñ ôåð íèõ ³ ãå î -
ìàãí³òíèõ åôåêò³â, ÿê³ ñóï ðî âîä æó âà ëè ÑÇ 18 áå ðåç íÿ 1998 ð. ó
Ñõ³äí³é Àç³¿, áó ëî âñòà íîâ ëå íî, ùî ñõè ëåí íÿ ìàãí³òíî ãî ïî ëÿ çìåí -
øóºòüñÿ íà 1¢...2¢. Â ðî áîò³ [26] â³äçíà ÷àºòüñÿ, ùî ïî âíå ÑÇ 22 ëèï íÿ
1990 ð. ó Ô³íëÿíä³¿ ïðè çâî äè ëî äî çìåí øåí íÿ X-, Y- ³ Z-ñêëà äî âèõ
â³äïîâ³äíî íà 2, 3 ³ 1 íÒë. Íàéá³ëüø ïî âí³ äàí³ ïðî ãå î ìàãí³òí³ âàð³àö³¿
îò ðè ìàí³ äëÿ ÑÇ 11 ñåð ïíÿ 1999 ð. [10, 14, 15, 19, 22, 29, 32]. Ó ðî áîò³
[29] íà îñíîâ³ ìî äå ëþ âàí íÿ ìàãí³òíî ãî åôåê òó ïî êà çà íî, ùî ÑÇ 11
ñåð ïíÿ 1999 ð. íå çì³íè ëî àìïë³òó äó X-ñêëà äî âî¿, òîä³ ÿê àìïë³òó äà
Y-ñêëà äî âî¿ (íà ïðÿ ìîê «ñõ³ä — çàõ³ä») äå ùî çìåí øè ëà ñÿ. Ìî äåëüí³
äîñë³äæåí íÿ ìàãí³òíî ãî åôåê òó äëÿ öüî ãî æ ÑÇ [22] ïî êà çà ëè, ùî ïðî -
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òÿ ãîì ÑÇ 11 ñåð ïíÿ 1999 ð. àìïë³òó äà ñêëà äî âî¿ «ñõ³ä — çàõ³ä»
çá³ëüøè ëà ñÿ íà 8...10 íÒë. Â ðî áîò³ [15] âñòà íîâ ëå íî, ùî ïî âíå ÑÇ 11
ñåð ïíÿ 1999 ð. ïðè çâå ëî äî çìåí øåí íÿ àìïë³òó äè X-ñêëà äî âî¿ íà
5...8 íÒë òà äî çá³ëüøåí íÿ àìïë³òó äè Y-ñêëà äî âî¿ íà 12...15 íÒë. Êð³ì
òî ãî, â ðî áîò³ [15] âè êî íà íî ìî äåëüí³ ðîç ðà õóí êè î÷³êó âà íî ãî åôåê òó.
Âîä íî ÷àñ â ðî áîò³ [19] ñòâåð äæóºòüñÿ ïðî â³äñóòí³ñòü ãå î ìàãí³òíî ãî
åôåê òó ï³ä ÷àñ ÑÇ 11 ñåð ïíÿ 1999 ð. òà îá ãî âî ðþ þòü ñÿ ìîæ ëèâ³ ïðè ÷è -
íè öüî ãî.

Ó ðîáîò³ [27] áóëî âèÿâëåíî, ùî â îäí³é ç òðüîõ îáñåðâàòîð³é
ïðîòÿãîì ÑÇ 29 áåðåçíÿ 2006 ð. ñïîñòåð³ãàëîñÿ çìåíøåííÿ àìïë³òóäè
X-ñêëàäîâî¿ íà 20 íÒë òà çá³ëüøåííÿ àìïë³òóäè Y-ñêëàäîâî¿ íà 10 íÒë.
Â ðîáîò³ [20] âñòàíîâëåíî, ùî ÑÇ 1 ñåðïíÿ 2008 ð. ñóïðîâîäæóâàëîñÿ
çìåíøåííÿì àìïë³òóäè X-ñêëàäîâî¿ íà 8...10 íÒë òà çá³ëüøåííÿì íà
0.004...0.009° íàõèëåííÿ, à òàêîæ àìïë³òóäè Y-ñêëàäîâî¿ íà 0.8...1 íÒë.

Òàêèì ÷èíîì, íà äàíèé ÷àñ ó ãåîô³çèê³â íåìàº ºäèíî¿ äóìêè ïðî òå, 
ÿê ïðîÿâëÿºòüñÿ ÑÇ ó ãåîìàãí³òíîìó ïîë³. Íàÿâí³ äàí³ ñóïåðå÷ëèâ³.
Á³ëüø³ñòü äîñë³äíèê³â ââàæàº, ùî ãåîìàãí³òíèé åôåêò ÑÇ ðåàëüíèé. Ó
íèçö³ âèïàäê³â ÷àñîâ³ âàð³àö³¿ ãåîìàãí³òíîãî ïîëÿ â ö³ëîìó ïîâòî ðþ -
þòü çì³íè îñâ³òëåíîñò³ ïîâåðõí³ Çåìë³, â ³íøèõ âèïàäêàõ âîíè ìîæóòü
âèïåðåäæàòè àáî çàï³çíþâàòèñÿ ïðèáëèçíî íà 1 ãîäèíó â³äíîñíî çì³í
îñâ³òëåíîñò³. Íàé÷àñò³øå âèâ÷àâñÿ ãåîìàãí³òíèé åôåêò â îáëàñò³ ïîâ -
íîãî ÑÇ, äå â³í ïîâèíåí áóòè íàéá³ëüø âèðàæåíèì. Ùî äàë³ ðîçòàøî -
âàíà îáñåðâàòîð³ÿ â³ä îáëàñò³ ïîâíî¿ ò³í³, òî âàæ÷å ïîâ’ÿçàòè ìàãí³òí³
âàð³àö³¿ ç ÑÇ.

Ïîøóê ðåàêö³¿ ãåîìàãí³òíîãî ïîëÿ íà ÑÇ º âàæêîþ çàäà÷åþ. Ìîæ -
ëèâà ðåàêö³ÿ «ìàñêóºòüñÿ» âàð³àö³ÿìè ³íøî¿ ïðèðîäè. Á³ëüø òîãî, âå -
ëè ÷èíà òà çíàê çáóðåííÿ ãåîìàãí³òíîãî ïîëÿ ³ñòîòíî çàëåæàòü â³ä ñòà -
íó êîñì³÷íî¿ ïîãîäè, ñåçîíó, ÷àñó äîáè, ðîçòàøóâàííÿ ìàãí³òíî¿ îá -
ñåð âàòîð³¿ òà, çâè÷àéíî æ, â³ä ôàçè çàòåìíåííÿ. Òîìó äîñë³äæåííÿ
âïëèâó ÑÇ íà ãåîìàãí³òíå ïîëå çàëèøàºòüñÿ àêòóàëüíîþ çàäà÷åþ.

Ìåòîþ ö³º¿ ðîáîòè º âèêëàä ðåçóëüòàò³â àíàë³çó ÷àñîâèõ âàð³àö³é
ãåîìàãí³òíîãî ïîëÿ, çàðåºñòðîâàíèõ ìåðåæåþ ìàãí³òíèõ ñòàíö³é
INTERMAGNET ïðîòÿãîì ÑÇ 10 ÷åðâíÿ 2021 ð. Îñîáëèâ³ñòü öüîãî çà -
òåì íåííÿ ïîëÿãàëà â òîìó, ùî âîíî áóëî ê³ëüöåïîä³áíèì (ìàêñè ìàëü -
íà ôàçà Mmax » 0.943).

ÎÁÑÒÀÂÈÍÈ ÇÀÒÅÌÍÅÍÍß  ÒÀ ÌÅÒÎÄÈ ÀÍÀË²ÇÓ

Ê³ëüöå ïîä³áíå ÑÇ ïî ÷à ëî ñÿ 10 ÷åð âíÿ 2021 ð. î 08:12:20 UT (òóò ³ äàë³
— ÷àñ âñåñâ³òí³é) íàä òå ðè òîð³ºþ Êà íà äè (òàáë. 1). Ì³ñÿ÷ íà ò³íü ðó õà -
ëà ñÿ ÷å ðåç Àòëàíòè÷íèé îêå àí, Ãðåí ëàíä³þ, Ï³âí³÷íèé Ëüî äî âè òèé
îêå àí, Ï³âí³÷íèé ïî ëþñ, ï³âí³÷íó ÷àñ òè íó ªâðî ïè é Àç³¿. ×àñ òêî âå ÑÇ
ñïîñ òåð³ãà ëî ñÿ â Ìîí ãîë³¿ òà Êè òà¿ (ðèñ. 1). Çàê³í÷è ëî ñÿ ê³ëüöå ïîä³áíå 
çà òåì íåí íÿ îá 11:33:43 UT, à ÷àñ òêî âå — î 13:11:19 UT. Ôàçà ìàê ñè -
ìàëü íî ãî ïî êðèò òÿ, ùî äîð³âíþº 0.943, â³äçíà ÷à ëà ñÿ â³ä 10:33:16 UT
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äî 10:36:56 UT íàä Ãðåí ëàíä³ºþ. Òðè âàë³ñòü ê³ëüöåâî¿ ôàçè ñòàíîâèëà
3 õâ 40 ñ.

Ñòàí êîñì³÷íî¿ ïîãîäè. Äëÿ àíàë³çó ñòàíó êîñì³÷íî¿ ïîãîäè
ñêîðèñòàºìîñÿ äàíèìè ñàéò³â [https://omniweb.gsfc.nasa.gov] òà [http://
wdc.kugi.kyoto-u.ac.jp].

Ñïëåñêè êîíöåíòðàö³¿ ÷àñòèíîê ó ñîíÿ÷íîìó â³òð³ â³ä 5×106 äî
(25…30)×106 ì–3 ñïîñòåð³ãàëèñü 7 òà 12 ÷åðâíÿ 2021 ð. Çá³ëüøåííÿ
øâèä êîñò³ ÷àñòèíîê â³ä 350 äî 500…550 êì/ñ â³äì³÷àëîñÿ 7 ³ 8 ÷åðâíÿ
2021 ð. Ð³çêèé ñïëåñê òåìïåðàòóðè ÷àñòèíîê â³ä 0.2×105 äî 4.5×105 Ê
çàðåºñòðîâàíî î äðóã³é ïîëîâèí³ äîáè 7 ÷åðâíÿ 2021 ð. Ñïëåñêè òèñêó
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Ìîìåíò çàòåìíåííÿ UT

Ïî÷àòîê ÑÇ 08:12:20
Ïåðøà ïîÿâà ê³ëüöåïîä³áíîãî ÑÇ íà Çåìí³é êóë³ 09:49:50
Íàñòàííÿ ìàêñèìàëüíî¿ ôàçè ÑÇ 10:41:54
Êðàéíÿ ïîÿâà ê³ëüöåïîä³áíîãî ÑÇ íà Çåìí³é êóë³ 11:33:43
Çàê³í÷åííÿ ÑÇ 13:11:19

Òàáëèöÿ 1. Çàãàëüí³ â³äîìîñò³ ïðî ñîíÿ÷íå çàòåìíåííÿ çà äàíèìè ñàéòó 
https://www.timeanddate.com/eclipse/so lar/2021-june-10

Ðèñ. 1. Çì³íà ôàçè ñîíÿ÷íîãî çàòåìíåííÿ 10 ÷åðâíÿ 2021 ð. çà äàíèìè https://
eclipse.gsfc.nasa.gov



÷àñòèíîê â³ä 1 äî 5...6 íÏà ñïîñòåð³ãàëèñü ó òèõ ñàìèõ ³íòåðâàëàõ ÷àñó, 
ùî é êîíöåíòðàö³¿ ÷àñòèíîê. Ñêëàäîâ³ By ³ Bz ì³æïëàíåòíîãî ìàãí³ò -
íîãî ïîëÿ ôëóêòóþâàëè ó ìåæàõ ±5 íÒë. 7, 11 ³ 12 ÷åðâíÿ 2021 ð.
ñêëàäîâà Bz ñòàâàëà â³ä’ºìíîþ. Öå ïðèçâîäèëî äî ãåîìàãí³òíèõ çáó -
ðåíü ³ ñëàáêî¿ áóð³. Ñïëåñêè ôóíêö³¿ eA ïðèáëèçíî â³ä 1 äî 8…13 ÃÄæ/ñ 
ìàëè ì³ñöå 7, 11 ³ 12 ÷åðâíÿ 2021 ð. Âîäíî÷àñ ³ç öèì ³íäåêñ Kp çá³ëü -
øóâàâñÿ â³ä 0…1 äî 3…4. Ç 6 íà 7 ÷åðâíÿ òà ç 10 íà 11/12 ÷åðâíÿ 2021 ð. 
ñïîñòåð³ãàëîñü çìåíøåííÿ Dst-³íäåêñó äî –10…–33 íÒë.

Ïîáëèçó ìîìåíòó ÑÇ òà ó â³äïîâ³äí³ ìîìåíòè ÷àñó 6 òà 9 ÷åðâíÿ
2021 ð. ñòàí êîñì³÷íî¿ ïîãîäè áóâ ñïîê³éíèì (Kp » 0.3).

Çàñîáè òà ìåòîäè. Äëÿ àíàë³çó ãåîìàãí³òíîãî åôåêòó çàëó÷àëèñÿ
ðåçóëüòàòè ñïî ñòåðåæåíü ñâ³òîâî¿ ìåðåæ³ INTERMAGNET [https://
www.intermagnet.org/]. Ðîçð³çíåííÿ çà ÷àñîì ñòàíîâèëî 1 õâ, à çà
àìïë³òóäîþ — 0.1 íÒë. Âèâ÷åííþ ï³äëÿãàëè ÷àñîâ³ âàð³àö³¿ ð³âí³â X-,
Y- òà Z-ñêëàäîâèõ, çàðåºñòðîâàí³ ó 15 ìàãí³òíèõ îáñåðâàòîð³ÿõ
(òàáë. 2). Ôàçà çàòåìíåííÿ M â öèõ îáñåðâàòîð³ÿõ çì³íþâàëàñÿ â³ä
0.943 äî 0.124, à ôóíêö³ÿ ïîêðèòòÿ A — â³ä 89 % äî 5.1 %. Êð³ì äîáè ç
ÑÇ 10 ÷åðâíÿ 2021 ð., àíàë³çóâàëèñÿ äàí³ çà 6, 7, 8, 9 ³ 11 ÷åðâíÿ 2021 ð.
7, 8 ³ 11 ÷åðâíÿ 2021 ð. ìàãí³òíå ïîëå áóëî çáóðåíèì, òîìó çà êîíò -
ðîëüí³ îáðàíî äîáè 6 ³ 9 ÷åðâíÿ 2021 ð. Àíàë³ç ïîêàçàâ, ùî ïîì³òí³ àáî
³ñòîòí³ âàð³àö³¿ ñïîñòåð³ãàëèñÿ ïåðåâàæíî â X-ñêëàäîâ³é. Ñàìå âîíè
îïèñàí³ äàë³.

ÐÅÇÓËÜÒÀÒÈ ÀÍÀË²ÇÓ

Ñòàíö³ÿ THL (M = 0.943). ×àñîâ³ âàð³àö³¿ X-ñêëàäîâî¿ íà ñòàíö³¿ THL ó
äåíü ÑÇ áóëè íàñòóïíèìè (ðèñ. 2). Ïðèáëèçíî ç 07:30 òà äî ïî÷àòêó ÑÇ
î 09:30:20 ð³âåíü ñêëàäîâî¿ ôëóêòóþâàâ ó ìåæàõ 30...50 íÒë. Ç 09:30 òà
äî 10:34 â³äçíà÷àëîñÿ çá³ëüøåííÿ ð³âíÿ ïðèáëèçíî íà 20 íÒë, çà ÿêèì
ñë³äóâàëî éîãî çìåíøåííÿ íà 20...50 íÒë. Öå òðèâàëî áëèçüêî 70...90
õâ. Ç 11:20 äî 12:15 ìàëî ì³ñöå ïåðøå çá³ëüøåííÿ ð³âíÿ äî 40 íÒë.
Ïðèáëèç íî ï³ñëÿ 12:20 ñïîñòåð³ãàëîñÿ çìåíøåííÿ ð³âíÿ, âèêëèêàíå
äîáîâèìè âàð³àö³ÿìè.

Ñòàíö³ÿ GDH (M = 0.909). Ïðèá ëèç íî çà 1 ãî äè íó äî ïî ÷àò êó ÑÇ
ð³âåíü X-ñêëà äî âî¿ çìåí øèâ ñÿ íà 40...45 íÒë, ùî ñïîñ òåð³ãà ëî ñÿ â ³í -
òåð âàë³ ÷à ñó 08:10...09:15 (ðèñ. 2). Ï³ñëÿ ïî ÷àò êó çà òåì íåí íÿ òà äî
10:50 ñïîñ òåð³ãà ëî ñÿ ïî âòîð íå çìåí øåí íÿ íà 31...33 íÒë, ì³í³ìóì ïðè -
ïà äàâ íà ìî ìåíò ÷à ñó 09:50. Äàë³ ìà ëè ì³ñöå â³äíîñ íî íåâåëèê³ ôëóê -
òóàö³¿ ð³âíÿ.

Ñòàíö³ÿ HRN (M = 0.761). Äî ïî÷àòêó ÑÇ â³äçíà÷àëèñÿ ïîð³âíÿíî
íåçíà÷í³ êîëèâàííÿ ð³âíÿ X-ñêëàäîâî¿ (ðèñ. 2). Ïðîòÿãîì çàòåìíåííÿ
ð³âåíü çìåíøóâàâñÿ íà 17...20 íÒë, ïðè÷îìó ì³í³ìóì ñïîñòåð³ãàâñÿ
ïîáëèçó ôàçè ìàêñèìàëüíîãî ïîêðèòòÿ äèñêà Ñîíöÿ, òî÷í³øå — â
³íòåðâàë³ ÷àñó 10:40...11:10. Ï³ñëÿ çàê³í÷åííÿ ÑÇ çàðåºñòðîâàíî ôëóê -
òóàö³¿, ÿê³ äîñÿãàþòü 30...40 íÒë.
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Ñòàíö³ÿ ABK (M = 0.588). Äî ïî÷àòêó ÑÇ ð³âåíü X-ñêëàäîâî¿ áóâ
áëèçüêèì äî –10...–15 íÒë (ðèñ. 2). Ïðèáëèçíî ç 08:35 ³ äî 11:30 â³í
çìåíøèâñÿ íà 9...11 íÒë. Ï³ñëÿ çàê³í÷åííÿ çàòåìíåííÿ ð³âåíü ôëóê -
òóþâàâ ç àìïë³òóäîþ 10...15 íÒë.

Ñòàíö³ÿ SOD (M = 0.554). Äî íàñòàííÿ ÑÇ ð³âåíü X-ñêëàäîâî¿ áóâ
áëèçüêèì äî –20...–30 íÒë (ðèñ. 2). Ïðèáëèçíî ç 08:35 òà äî 11:30
ð³âåíü çìåíøèâñÿ íà 7.6...9 íÒë. Â ö³ëîìó ÷àñîâ³ çàëåæíîñò³ X(t) íà
ñòàíö³ÿõ ABK òà SOD áóëè ñõîæèìè.

Ñòàíö³ÿ UPS (M = 0.402). ßê âèäíî ç ðèñ. 3, ð³âåíü X-ñêëàäîâî¿ 10
÷åðâíÿ 2021 ð. äî ïî÷àòêó ÑÇ ïîñòóïîâî çìåíøóâàâñÿ â³ä –12 äî
–25 íÒë â ³íòåðâàë³ ÷àñó 07:30...08:25. Ï³ñëÿ 08:25 òà äî çàê³í÷åííÿ
çàòåìíåííÿ îá 11:27 òåíäåíö³ÿ äî çìåíøåííÿ òðèâàëà. Êð³ì òîãî, íà
ïîâ³ëüí³ çìåíøåííÿ ð³âíÿ ïðèáëèçíî íà 5 íÒë íàêëàëèñÿ êîëèâàííÿ,
ðîçìàõ ÿêèõ äîñÿãàâ 3...4 íÒë. Ï³ñëÿ çàê³í÷åííÿ ÑÇ ð³âåíü, ôëóêòóþ -
þ÷è, ïîñòóïîâî çá³ëüøóâàâñÿ â³ä –25 äî –3...–4 íÒë.

Ñòàíö³ÿ NUR (M = 0.396). Ïðèáëèçíî çà 30 õâ äî ïî÷àòêó ÑÇ
ð³âåíü X-ñêëàäîâî¿ çìåíøóâàâñÿ â³ä –16 äî –22 íÒë (ðèñ. 3). Öå òðè -
âàëî áëèçüêî 45 õâ. Ïðîòÿãîì çàòåìíåííÿ ð³âåíü êîëèâàâñÿ ç ðîçìàõîì 
áëèçüêî 8 íÒë. Ìàëè ì³ñöå êâàç³ïåð³îäè÷í³ âàð³àö³¿ ç ïåð³îäîì T »
» 40 õâ ³ àìïë³òóäîþ áëèçüêî 4 íÒë. Ï³ñëÿ çàê³í÷åííÿ ÑÇ ð³âåíü, ôëóê -
òóþþ÷è, çá³ëüøèâñÿ â³ä –20 äî 5 íÒë. Ï³ä ä³ºþ çàòåìíåííÿ ð³âåíü â
ñåðåäíüîìó çìåíøóâàâñÿ íà –4.8...–5 íÒë.

Ñòàíö³ÿ BOX (M = 0.327). Ç ðèñ. 3 âèï ëè âàº, ùî ïðî òÿ ãîì ÑÇ
âàð³àö³¿ ð³âíÿ X-ñêëà äî âî¿ íî ñè ëè êâàç³ïåð³îäè÷ íèé õà ðàê òåð ç ïåð³î -
äîì áëèçü êèì äî 40 õâ ³ àìïë³òó äîþ áëèçü êî 4 íÒë. Ñå ðåäí³é ð³âåíü
çì³íþ âàâ ñÿ íå çíà÷ íî (íà 3.3...3.7 íÒë). Ï³ñëÿ çà òåì íåí íÿ â³í, ôëóê òó -
þ þ ÷è, çá³ëüøó âàâ ñÿ â³ä –15 äî 10 íÒë.

Ñòàíö³ÿ WNG (M = 0.296). ßê âèäíî ç ðèñ. 3, ç 07:30 äî ïî÷àòêó ÑÇ
(áëèçüêî 09:00) ñïîñòåð³ãàëîñÿ ñòð³ìêå çìåíøåííÿ ð³âíÿ X-ñêëàäîâî¿
â³ä –4 äî –25 íÒë. Ç 09:00 äî 10:00 ð³âåíü â ñåðåäíüîìó ñòàíîâèâ
–22...–24) íÒë. Ï³ñëÿ 10:00 ñïîñòåð³ãàëàñÿ òåíäåíö³ÿ äî ïîñòóïîâîãî
çá³ëüøåííÿ ð³âíÿ â³ä –23 äî –5 íÒë. Ïðîòÿãîì ÑÇ ñïîñòåð³ãàëèñÿ ñëàá -
ê³ êâàç³ïåð³îäè÷í³ âàð³àö³¿ ç T » 40 õâ ³ àìïë³òóäîþ ïðèáëèçíî 1 íÒë.

Ñòàíö³ÿ HLP (M = 0.266). Ïðèáëèçíî çà 20 õâ äî ïî÷àòêó ÑÇ
çàçíà÷àëîñÿ çìåíøåííÿ íà 5 íÒë ð³âíÿ X-ñêëàäîâî¿ (ðèñ. 3). Äàë³
ñïîñòåð³ãàëèñÿ éîãî êâàç³ïåð³îäè÷í³ âàð³àö³¿ ç ïåð³îäîì áëèçüêî 40 õâ
òà àìïë³òóäîþ 1...2 íÒë. Çìåíøåííÿ ñåðåäíüîãî ð³âíÿ íà 2.4...2.6 íÒë
òðèâàëî äî ê³íöÿ çàòåìíåííÿ. Ï³ñëÿ 11:20 ðåºñòðóâàëèñÿ ôëóêòóàö³¿
ð³âíÿ òà çá³ëüøåííÿ éîãî ñåðåäíüîãî çíà÷åííÿ â³ä –15 äî 0 íÒë.

Ñòàíö³ÿ NGK (M = 0.234). Ñòð³ìêå  çìåíøåííÿ ð³âíÿ X-ñêëàäîâî¿
â³ä –5 äî –20 íÒë ïî÷àëîñÿ äî ÑÇ (ðèñ. 4). Ï³ñëÿ ïî÷àòêó çàòåìíåííÿ òà
äî 10:00 ð³âåíü ñêëàäîâî¿ ôëóêòóþâàâ á³ëÿ –20 íÒë, ï³ñëÿ ÷îãî
ñïîñòåð³ãàëîñÿ éîãî çá³ëüøåííÿ â³ä –20 äî –5 íÒë. Öå çá³ëüøåííÿ
ñóïðîâîäæóâàëîñÿ ôëóêòóàö³ÿìè ð³âíÿ.

Ñòàíö³ÿ BEL (M = 0.187). Ç 07:30 òà äî ïî÷àòêó ÑÇ ð³âåíü
X-ñêëàäîâî¿ çìåíøóâàâñÿ â³ä –10 äî –23 íÒë (ðèñ. 4). Çìåíøåííÿ
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Ðèñ. 2. ×àñîâ³ âàð³àö³¿ ð³âíÿ X-ñêëàäîâî¿ íàä ñòàíö³ÿìè Qaanaaq (THL), Qeqertarsuaq (GDH),
Hornsund (HRN), Abisko (ABK), Sodankyla (SOD): êðèâà 1 — 6 ÷åðâíÿ; 2 — 9 ÷åðâíÿ; 3 — ó
äåíü ÑÇ 10 ÷åðâíÿ 2021 ð. Øòðèõîâ³ âåðòèêàëüí³ ë³í³¿ — ìîìåíòè ïî÷àòêó ³ çàê³í÷åííÿ ÑÇ,
ñóö³ëüíà âåðòèêàëüíà ë³í³ÿ — ìàêñèìàëüíà ôàçà ÑÇ
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Ðèñ. 3. Òå æ ñàìå, ùî é íà ðèñ. 2, äëÿ ñòàíö³é Uppsala (UPS), Nurmijarvi (NUR), Borok (BOX),
Wingst (WNG), Hel (HLP)
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Ðèñ. 4. Òå æ ñàìå, ùî é íà ðèñ. 2, äëÿ ñòàíö³é Niemegk (NGK), Belsk (BEL), Budkov (BDV),
Furstenfeldbruck (FUR), Lviv (LVV)



ñåðåäíüîãî ð³âíÿ ñòàíîâèëî ïðèáëèçíî 1 íÒë. Ï³ñëÿ 09:00 â³äçíà ÷à -
ëîñÿ ïîñòóïîâå çá³ëüøåííÿ ð³âíÿ â³ä –22 äî –5 íÒë.

Ñòàíö³ÿ BDV (M = 0.151). Çìåíøåííÿ ð³âíÿ X-ñêëàäîâî¿ ñïî -
ñòåð³ãàëîñÿ ç 07:30 ïðàêòè÷íî äî ïî÷àòêó ÑÇ. Çìåíøåííÿ ñåðåäíüîãî
ð³âíÿ áóëî ìåíøèì çà 1 íÒë (ðèñ. 4). Ïðîòÿãîì çàòåìíåííÿ òà ï³ñëÿ
íüîãî ñåðåäí³é ð³âåíü ïîñòóïîâî çá³ëüøóâàâñÿ â³ä –17 äî –2...–3 íÒë.
Íà ïîâ³ëüí³ çì³íè íàêëàäàëèñÿ á³ëüø âèñîêî÷àñòîòí³ ôëóêòóàö³¿.

Ñòàíö³ÿ FUR (M = 0.147). Ç ðèñ. 4 âèäíî, ùî çìåíøåííÿ ð³âíÿ
X-ñêëàäîâî¿ ñïîñòåð³ãàëîñÿ â³ä 07:30 äî 08:45. Äàë³ â³äçíà÷àëîñÿ éîãî
çðîñòàííÿ â³ä –18 äî 0 íÒë. Âàð³àö³¿ ñåðåäíüîãî ð³âíÿ òà ðîçìàõ ôëóê -
òóàö³é ïðîòÿãîì çàòåìíåííÿ íå ïåðåâèùóâàëè 1 íÒë.

Ñòàíö³ÿ LVV (M = 0.124). Ïåðåä ïî÷àòêîì ÑÇ ð³âåíü X-ñêëàäîâî¿
áóâ áëèçüêèì äî –17 íÒë (ðèñ. 4). Çà 10 õâ äî ïî÷àòêó çàòåìíåííÿ
ð³âåíü çìåíøèâñÿ íà 4...6 íÒë. Öå òðèâàëî íå á³ëüøå 40 õâ. Äàë³ ð³âåíü, 
ôëóêòóþþ÷è, ïîñòóïîâî çá³ëüøóâàâñÿ â³ä –16 äî –5 íÒë. Ïðîòÿãîì ÑÇ
â³äçíà÷àëèñÿ êîëèâàííÿ ç T » 40 õâ ³ àìïë³òóäîþ áëèçüêîþ äî 1 íÒë.
Çì³íè ñåðåäíüîãî ð³âíÿ áóëè äóæå íåçíà÷í³ (ìåíø³ çà 1 íÒë).

ÐÅÇÓËÜÒÀÒÈ ÐÎÇÐÀÕÓÍÊ²Â

Ñïî ÷àò êó îá ÷èñ ëè ìî çìåí øåí íÿ êîí öåí òðàö³¿ åëåê òðîí³â N ïðî òÿ ãîì
ÑÇ. Äî çà òåì íåí íÿ ó êâàç³ñòàö³îíàð íèõ óìî âàõ äëÿ E-øàðó ³îíîñ ôå ðè,
äå ìàº ì³ñöå ñòðó ìî âà ñèñ òå ìà Sq, ð³âíÿí íÿ áà ëàí ñó äëÿ N íàáóâàº
âèãëÿäó

q q q N0 01 02 0 0
2= + = a , (1)

äå q0 — ñó ìàð íà øâèäê³ñòü ³îí³çàö³¿, q01 òà q02 — øâèä êîñò³ ³îí³çàö³¿ çà
ðà õó íîê äèñ êà òà êî ðî íè Ñîí öÿ, a0 — êîåô³ö³ºíò ðå êîìá³íàö³¿ â íå çáó -
ðå íèõ óìî âàõ, N0 — êîí öåí òðàö³ÿ åëåê òðîí³â çà â³äñóò íîñò³ ÑÇ. Ï³ñëÿ
ïî ÷àò êó çàòåìíåííÿ

q q B t q q A t q N= + = - + =01 02 01 02
21( ) ( ( )) a , (2)

äå A t( ) òà B t( ) — äîëÿ çàò³íåíî¿ òà íåçàò³íåíî¿ ÷àñòèíè ïëîù³ äèñêà
Ñîíöÿ â³äïîâ³äíî, B t( ) = 1 – A t( ). Ôóíêö³þ A t( ) òàêîæ ÷àñòî íàçèâàþòü
ôóíêö³ºþ ïîêðèòòÿ. Ââîäÿ÷è âåëè÷èíó x = q q02 01/  òà ïðèïóñêàþ÷è,
ùî a a» 0 , îòðèìàºìî

N

N

B

0 1
=

+

+

x

x
. (3)

Îö³íêè äëÿ x âèêîíàíî â ðîáîò³ [1]. Ïðèïóñòèìî äàë³, ùî x = 0.25.
Ðåçóëüòàòè ðîçðàõóíêó ( / ) minN N 0  ³ d = ( / ) minN N 0  – 1 äëÿ ð³çíèõ
ìàãí³òíèõ ñòàíö³é íàâåäåíî â òàáë. 3. Âèäíî, ùî â çàëåæíîñò³ â³ä Bmin

â³äíîøåííÿ ( / ) minN N 0  çì³íþâàëîñÿ â³ä 0.56 äî 0.98. Çíà÷åííÿ Bmin

íàâåäåíî äëÿ âèñîòè 110 êì.
Ââà æàºìî, ùî ãå î ìàãí³òíèé åôåêò âèê ëè êàºòüñÿ âàð³àö³ÿìè ù³ëü -

íîñò³ ñòðó ìó j íà âè ñî òàõ äè íà ìî-îá ëàñò³ àò ìîñ ôå ðè (90...150 êì). Ó
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ðî áî òàõ [8, 29] ïî êà çà íî, ùî X-ñêëà äî âà «ï³âí³÷ — ï³âäåíü» çì³íþ -
ºòüñÿ çà ðà õó íîê çáó ðåí íÿ ù³ëüíîñò³ ñòðó ìó j â íà ïðÿì êó «ñõ³ä —
çàõ³ä». Ïðè öüî ìó îá ÷èñ ëå íî çíà ÷åí íÿ âàð³àö³é X-ñêëà äî âî¿

D DX Jc y» -
1

2
0m , (4)

äå m 0  — ìàãí³òíà ñòàëà, DJ y  — çáóðåííÿ ³íòåãðàëüíî¿ ù³ëüíîñò³
ñòðóìó. Íåçáóðåíà ù³ëüí³ñòü ñòðóìó äîð³âíþº [8, 29]:

j eNy i0 0

1

2
» - uW . (5)

Òóò e — çàðÿä åëåêòðîíà, u — øâèäê³ñòü ðóõó åëåêòðîí³â, W i  = W Bi i/ n , 

W Bi » 180 ñ–1 — ã³ðî÷àñòîòà ³îí³â ó E-øàð³ ³îíîñôåðè, n i » 104...102 ñ–1

— ÷àñòîòà ç³òêíåíü ³îí³â íà âèñîòàõ 90...150 êì â³äïîâ³äíî. Îñíîâíèé
âêëàä äî ³íòåãðàëüíî¿ ù³ëüíîñò³ ñòðóìó äàþòü âèñîòè ïîáëèçó 150 êì,
äå W i  » 1:

J j dz j Hy y y0 0 0» »ò , (6)

äå H — ìàñøòàá âèñîò. Îñê³ëüêè

Dj jy y N= 0 d , (7)
ç (4), (6) ³ (7) ìàºìî

DX j HA y N» -
1

2
0 0m d . (8)

Íà âèñîòàõ äèíàìî-îáëàñò³ ìàñøòàá âèñîò ñòàíîâèòü 10...30 êì. Ç
óðàõóâàííÿì (5) ³ç (8) îòðèìàºìî

DX eN HA N»
1

4
0 0m ud . (9)
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Ñòàíö³ÿ Bmin (N/N0)min dN j0y, ìêÀ/ì2 N0, 1011 ì–3
DXc, íÒë DX, íÒë

THL 0.114 0.56 –0.44 6.2 1.3 –34 –32…–36
GDH 0.114 0.56 –0.44 5.8 1.3 –32 –31…–33
HRN 0.287 0.66 –0.34 4.4 1.3 –19 –17…–20
ABK 0.494 0.77 –0.23 3.5 1.3 –10 –9…–11
SOD 0.534 0.79 –0.21 3.1 1.3 –8.3 –7.6…–9.0
UPS 0.700 0.87 –0.13 3.0 1.3 –5 –4.9…–5.1
NUR 0.706 0.87 –0.13 3.0 1.3 –4.9 –4.8…–5.0
BOX 0.775 0.91 –0.09 3.0 1.3 –3.5 –3.3…–3.7
WNG 0.803 0.92 –0.08 3.0 1.3 –3 –2.9…–3.1
HLP 0.831 0.93 –0.07 2.8 1.3 –2.5 –2.4…–2.6
NGK 0.859 0.94 –0.06 2.0 1.3 –1.5 ~ –1
BEL 0.897 0.96 –0.04 1.0 1.3 –0.5 –
BDV 0.923 0.97 –0.03 1.0 1.3 –0.4 –
FUR 0.926 0.97 –0.03 1.0 1.3 –0.4 –
LVV 0.941 0.98 –0.02 1.0 1.3 –0.25 –

Òàá ëè öÿ 3. Ðå çóëü òà òè îö³íîê ³îíîñ ôåð íî ãî òà ãå î ìàãí³òíî ãî åôåêò³â, âèê ëè êà íèõ
çà òåì íåí íÿì



Ðåçóëüòàòè îö³íîê DX c  çà ñï³ââ³äíîøåííÿì (9) òàêîæ íàâåäåíî â
òàáë. 3. Äëÿ ïîð³âíÿííÿ òàì æå âêàçàíî çíà÷åííÿ DX , îòðèìàí³ ç³
ñïîñòåðåæåíü.

Íà âèñîêèõ øèðîòàõ (j ³ 60° ïí. ø.) äëÿ øâèäêîñò³ äðåéôó
åëåêòðîí³â ìàºìî ñï³ââ³äíîøåííÿ

uu = ´[ ] /E B B2 ,

äå E — âåêòîð íàïðóæåíîñò³ ³îíîñôåðíîãî åëåêòðè÷íîãî ïîëÿ, B —
âåêòîð ³íäóêö³¿ ãåîìàãí³òíîãî ïîëÿ. Îñê³ëüêè E òà B — ïðàêòè÷íî
ïåðïåíäèêóëÿðí³, äëÿ ìîäóëÿ øâèäêîñò³ ìàºìî îö³íêó

u »
E

B
 .

Ïðè E = 30 ìÂ/ì, B = 5×10–5 Òë îòðèìàºìî u » 600 ì/ñ. Ó ñåðåäí³õ
øèðîòàõ u çá³ãàºòüñÿ ç³ øâèäê³ñòþ àòìîñôåðíîãî â³òðó. Íà âèñîòàõ
äèíàìî-îáëàñò³ ìàºìî u » 100...150 ì/ñ.

Ç òàáë. 3 âèäíî, ùî ïðè çìåíøåíí³ øèðîòè çíà÷åííÿ |DX | çìåí -
øóþòüñÿ. Äëÿ öüîãî º äâ³ ïðè÷èíè. Ç îäíîãî áîêó, ïðè öüîìó çìåí -
øóâàëàñü ôàçà Mmax, à îòæå — é |d N |. Ç ³íøîãî áîêó, çìåíøóâàëàñÿ
ù³ëü í³ñòü ñòðóìó. Îáèäâà åôåêòè ïðèçâîäèëè äî çìåíøåííÿ çíà÷åíü 
| |DX . Âîäíî÷àñ ïðè â³äíîñíî ìàëèõ |DX | ÷³òê³øå ñïîñòåð³ãàëèñü êâà -
ç³ïåð³îäè÷í³ âàð³àö³¿ DX . Íàé³ìîâ³ðí³øå, âîíè âèêëèêàí³ ïîøè ðåííÿì 
íà âèñîòàõ äèíàìî-îáëàñò³ àòìîñôåðíèõ ãðàâ³òàö³éíèõ õâèëü (ÀÃÕ) ç
ïåð³îäàìè T » 10...60 õâ. Ó öüîìó âèïàäêó u — øâèäê³ñòü ÷àñ òèíîê ó
õâèë³. Ïðè W i » 1

j eNy0 0

1

2
» - u.

Äëÿ N 0  = 1.3×1011 ì–3 ³ u = 6 ì/ñ ìàºìî çíà÷åííÿ j y0 » –6.2×10–8 À/ì2,

ïðè H » 30 êì J y0 » –1.8 ìÀ/ì. Òîä³ àìïë³òóäà êâàç³ïåð³îäè÷íîãî

çáóðåííÿ

DX eN H J j Ha y y» » = »
1

4

1

2

1

2
0 0 0 0 0 0m u m m  1 íÒë. (10)

Ïðè u = 60 ì/ñ âñ³ ïåðåðàõîâàí³ ïàðàìåòðè, ÿê öå âèïëèâàº ç³
ñï³ââ³äíîøåííÿ (10), çá³ëüøóþòüñÿ ó 10 ðàç³â. Ïðèáëèçíî òàê³ æ
(~1...10 íÒë) àìïë³òóäè çàðåºñòðîâàíî ïðîòÿãîì ÑÇ.

ÎÁÃÎÂÎÐÅÍÍß

Àïåð³îäè÷íèé åôåêò. Íà âñ³õ âèñîêîøèðîòíèõ ñòàíö³ÿõ ìàëî ì³ñöå
çìåíøåííÿ ð³âíÿ X-ñêëàäîâî¿ â³ä –31...–36 íÒë äëÿ ñòàíö³é THL ³ GDH
äî –4...–5 íÒë äëÿ ñòàíö³é UPS ³ NUR. Íà á³ëüø íèçüêîøèðîòíèõ
ñòàíö³ÿõ (BOX, WNG ³ HLP) öå çìåíøåííÿ íå ïåðåâèùóâàëî îäèíèöü
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íàíîòåñëà. Äëÿ ñòàíö³é NGK, BEL, BDV, FUR ³ LVV çì³íà ñåðåäíüîãî
ð³âíÿ áóëà íà ð³âí³ ïîõèáêè (ìåíøà çà 1 íÒë). Ï³äêðåñëèìî, ùî çìåí -
øåííÿ ð³âíÿ X-ñêëàäîâî¿ âèçíà÷àëîñÿ â³äíîñíî ð³âíÿ, ÿêèé ïåðåäóâàâ
ÑÇ. ßêùî íå ïîð³âíþâàòè ç êîíòðîëüíèìè äíÿìè, òî íà ñòàí ö³ÿõ WNG, 
NGK, BEL, BDV, FUR ³ LVV ð³âåíü X-ñêëàäîâî¿ çá³ëü øèâñÿ íà 10...15
íÒë. Öåé åôåêò, ìàáóòü, íå ïîâ’ÿçàíèé ³ç ÑÇ. 

Ðåçóëüòàòè îö³íîê DX c  óçãîäæóþòüñÿ ç ðåçóëüòàòàìè ñïîñòåðå -
æåíü. Çà çàëåæí³ñòþ DX A( )max  ïîáóäîâàíî ðåãðåñ³þ (ðèñ. 5). Âîíà ìàº
âèãëÿä

DX A A= – . – .max max0004 001062 , (11)

êîåô³ö³ºíò äîñòîâ³ðíîñò³ àïðîêñèìàö³¿ R2 » 0.9853, ñåðåäíº êâàäðà -
òè÷ íå â³äõèëåííÿ s = 1.45 íÒë.

Êâàç³ïåð³îäè÷í³ çáóðåííÿ. Çáóðåííÿ öüîãî òèïó, íàé³ìîâ³ðí³øå,
â³äáóâàëèñÿ é äî ÑÇ. Ïðîòÿãîì çàòåìíåííÿ, îäíàê, çì³íþâàâñÿ ¿õí³é
ïåð³îä T ³ äåùî çá³ëüøóâàëàñü àìïë³òóäà DX a  (äèâ. òàáë. 3). Ñåðåäíº
çíà÷åííÿ ïåð³îäó T » 40 ± 2 õâ. Òàêèé ïåð³îä ìàþòü ÀÃÕ íà âèñîòàõ
150...250 êì, äå çàçâè÷àé àìïë³òóäà ÀÃÕ º ìàêñèìàëüíîþ.

Çíà ÷åí íÿ DX a  çì³íþ âà ëèñü ïðè áëèç íî â³ä 1 äî 2 íÒë. Ìîæ íà ïðè -
ïóñ òè òè, ùî êâàç³ïåð³îäè÷í³ çáó ðåí íÿ ñêëà äî âî¿ ãå î ìàãí³òíî ãî ïî ëÿ
âèê ëè êàí³ ÀÃÕ, çãå íå ðî âà íîþ çà òåì íåí íÿì. Ïðè DX a  » 1...2 íÒë, H » 

» 25 êì ³ j y0 » 1.6 ìêÀ/ì2 ìàºìî u » 5...10 ì/ñ. Ïðè öüî ìó u/us »

» (1.25…2.5)×10–2, äå us » 400 ì/ñ — øâèäê³ñòü çâó êó. Òà êî ãî æ ïî ðÿä -
êó â³äíîñí³ çáó ðåí íÿ òèñ êó òà êîí öåí òðàö³¿ åëåê òðîí³â ó õâèë³.

ÎÑÍÎÂÍ² ÐÅÇÓËÜÒÀÒÈ

1. Âñòàíîâëåíî, ùî ÑÇ ñóïðîâîäæóâàëîñÿ àïåð³îäè÷íèì çìåíøåííÿì
ð³âíÿ X-ñêëàäîâî¿ â³ä 31...36 äî 2...3 íÒë. Çìåíøåííÿ ð³âíÿ áóëî
íàéá³ëüøèì ïîáëèçó ì³ñöÿ ê³ëüöåïîä³áíîãî çàòåìíåííÿ. Ó ì³ðó â³ä -
äàëåííÿ íà ï³âäåíü â³ä öüîãî ì³ñöÿ âåëè÷èíà åôåêòó øâèäêî çìåíøó -
âàëàñÿ. Äëÿ íàéï³âäåíí³øèõ ñòàíö³é çìåíøåííÿ ñåðåäíüîãî ð³âíÿ
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Ðèñ. 5. Çàëåæí³ñòü ìàêñèìàëüíîãî ð³âíÿ çìåíøåííÿ X-ñêëàäîâî¿ DX  â³ä ìàêñèìàëüíîãî
çíà÷åííÿ ôóíêö³¿ ïîêðèòòÿ äèñêà Ñîíöÿ Amax. Øòðèõîâà ë³í³ÿ — àïðîêñèìàö³ÿ (11)



âèçíà÷èòè íå âäàëîñÿ. ²íø³ ñêëàäîâ³ ãåîìàãí³òíîãî ïîëÿ ïðàêòè÷íî íå
çì³íþâàëèñÿ ïðîòÿãîì ÑÇ.

2. ÑÇ ñóïðîâîäæóâàëîñÿ òàêîæ êâàç³ïåð³îäè÷íèìè âàð³àö³ÿìè
ð³âíÿ X-ñêëàäîâî¿. Àìïë³òóäà öèõ âàð³àö³é çìåíøóâàëàñÿ ó ì³ðó â³ä -
äàëåííÿ â³ä îáëàñò³ ê³ëüöåïîä³áíîãî çàòåìíåííÿ â³ä 4.8 äî 0.4 íÒë.
Ïåð³îä êâàç³ïåð³îäè÷íèõ çáóðåíü ñòàíîâèâ 40 ± 2 õâ. Ïîòð³áíî ïðè -
ïóñêàòè, ùî ö³ çáóðåííÿ áóëè âèêëèêàí³ ãåíåðàö³ºþ àòìîñôåðíî¿ ãðà -
â³òàö³éíî¿ õâèë³ ï³ä ä³ºþ çàòåìíåííÿ. Â³äíîñí³ çì³íè òèñêó â õâèë³
ñòàíîâèëè 1...2 %.

3. Ðåçóëüòàòè îö³íîê ÿê àïåð³îäè÷íîãî, òàê ³ êâàç³ïåð³îäè÷íîãî
åôåê ò³â º áëèçüêèìè äî ðåçóëüòàò³â ñïîñòåðåæåíü. Öå ï³äòâåðäæóº
îïè ñàíèé ìåõàí³çì ¿õíüî¿ ãåíåðàö³¿.

Ðîáîòó âèêîíàíî çà ô³íàíñîâî¿ ï³äòðèìêè Íàö³îíàëüíîãî ôîíäà
äîñë³äæåíü Óêðà¿íè, ïðîºêò 2020.02/0015 «Òåîðåòè÷í³ òà åêñïåðèìåí -
òàëüí³ äîñë³äæåííÿ ãëîáàëüíèõ çáóðåíü ïðèðîäíîãî ³ òåõíîãåííîãî
ïî õîäæåííÿ â ñèñòåì³ Çåìëÿ — àòìîñôåðà — ³îíîñôåðà». Ðîáîòà òà -
êîæ ÷àñòêîâî ï³äòðèìóâàëàñü ó ðàìêàõ äåð æáþä æåòíèõ ÍÄÐ, çà äàíèõ
ÌÎÍ Óêðà¿íè (íîìåðè äåðæðåºñòðàö³¿ 0119U002538, 0121U109881 ³
0121U109882).
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GEOMAGNETIC EFFECT OF THE SOLAR ECLIPSE ON JUNE 10, 2021

A so lar eclipse (SE) per tains to rare high-en ergy nat u ral phe nom ena. For in stance, a
change in the in ter nal (ther mal) en ergy of the air in a layer of only a 100-m height at tains
1018 J while the power of the pro cess is of or der of TW. The energetics of the pro cesses pro -
duced by the SE in the up per at mo sphere and geospace is sig nif i cant. For in stance, the ther -
mal en ergy of the ion o spheric plasma in a vol ume of ~1019 m3 de creases by 1011 J, the mag -
netic field in a vol ume of ~1021 m3 de creases by 50 nT, and its en ergy by 1015 J. SEs are ac -
com pa nied by dis tur bances in all sub sys tems of the Earth — at mo sphere — ion o sphere —
mag neto sphere sys tem. Dis tur bances in the up per at mo spheric and ion o spheric pa ram e ters 
act to in ev i ta bly pro duce geo mag netic field vari a tions. At pres ent, geo phys i cists have no
con sen sus on how SE man i fests it self in the geo mag netic field. The avail able data are in -
con sis tent. Most of the re search ers be lieve that the geo mag netic ef fect of SE ex ists. In
some cases, the tem po ral vari a tions in the geo mag netic field, as a whole, re peat the changes 
in the il lu mi na tion of the Earth’s sur face, in other cases they oc cur ~1 hour in ad vance or
with time de lays of ~1 hour rel a tive to the changes in il lu mi na tion. Most of ten, the geo mag -
netic ef fect is stud ied in the re gion of the to tal SE where it should be the most pro nounced.
The fur ther the ob ser va tory is lo cated from the um bra, the more dif fi cult the mag netic vari -
a tions are to be re late to the SE. Find ing the re sponse of the geo mag netic field to the SE is a

ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2022. Ò. 38, ¹ 1 33

ÃÅÎÌÀÃÍ²ÒÍÈÉ ÅÔÅÊÒ ÑÎÍß×ÍÎÃÎ ÇÀÒÅÌÍÅÍÍß 10 ×ÅÐÂÍß 2021 Ð.



for mi da ble task. A pos si ble re sponse is masked by vari a tions of an other na ture. More over,
the mag ni tude and sign of the geo mag netic field dis tur bance sig nif i cantly de pend on the
state of space weather, sea son, lo cal time, lo ca tion of the mag netic ob ser va tory, and, of
course, on the mag ni tude of the eclipse. There fore, the study of the ef fect of SEs on the
geo mag netic field re mains an ur gent task. The pur pose of this work is to pres ent the re sults
of anal y sis of tem po ral vari a tions in the geo mag netic field ob served by the In ter na tional
Real-Time Mag netic Ob ser va tory Net work (INTERMAGNET) dur ing the SE of 10 July
2021. The main fea ture of this eclipse was that the SE was an nu lar (max i mum mag ni tude
Mmax » 0.943). The an nu lar SE oc curred on June 10, 2021 with a com mence ment time
08:12:20 UT over Can ada. The Moon’s shadow moved across the At lan tic Ocean, the
Green land, the Arc tic Ocean, the North Pole, the North ern Parts of Eu rope and Asia. The
par tial SE oc curred in Mon go lia and the Peo ple’s Re pub lic of China, and it ceased at
11:33:43 UT. The annularity was ob served to oc cur from 10:33:16 to 10:36:56 UT over the 
Green land. The anal y sis of the geo mag netic ef fect was based on the INTERMAGNET da -
ta base. Data were pro cessed with 1-min tem po ral res o lu tion, and with 0.1-nT level res o lu -
tion, and tem po ral vari a tions in the X-, Y-, and Z-com po nents re corded at 15 mag netic ob -
ser va to ries have been stud ied. The SE was de ter mined to be as so ci ated with an aperiodic
de crease in the X com po nent by 31…36 to 2…3 nT. A de crease in the ef fect at tained a
max i mum value dur ing the max i mum mag ni tude of the an nu lar eclipse, and the mag ni tude
of the ef fect rap idly de creased with dis tance south ward. For the most south ern ob ser va to -
ries, we have not man aged to de ter mine a de crease in the mean value. Other geo mag netic
field com po nents vir tu ally did not change in the course of the SE. The SE was also ac com -
pa nied by quasi-pe ri odic vari a tions in the level of the X com po nent. The am pli tude of these 
vari a tions de creased from 4.8 to 0.4 nT with dis tance away from the max i mum mag ni tude
area of the an nu lar eclipse. The pe riod of the quasi-pe ri odic dis tur bances was ob served to
be 40 ± 2 min. These dis tur bances are sug gested to be pro duced by acous tic and at mo -
spheric grav ity waves un der the ac tion of the so lar eclipse. Changes in at mo spheric wave
pres sure were es ti mated to be ~1-2%. The es ti mates of both aperiodic and quasi-pe ri odic
ef fects are sub stan tially in agree ment with the ob ser va tions, which con firms the mech a -
nism for their gen er a tion.
Keywords: geomagnetic field, aperiodic variations, quasi-periodic variations, ionospheric
current, electron density, pressure change on a relative scale, acoustic and atmospheric
gravity wave
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