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²îíîñôåðí³ ïðîöåñè ïðîòÿãîì ÷àñòêîâîãî ñîíÿ÷íîãî
çàòåìíåííÿ íàä Õàðêîâîì 10 ÷åðâíÿ 2021 ð.

Ñîíÿ÷íå çàòåìíåííÿ (ÑÇ) íàäàº äîñë³äíèêîâ³ óí³êàëüíó ìîæëèâ³ñòü
ïðîñòåæèòè çà äèíàì³êîþ ñèñòåìè Çåìëÿ (¿¿ âíóòð³øí³ îáîëîíêè) —
àòìîñôåðà — ³îíîñôåðà — ìàãí³òîñôåðà òà âàð³àö³ÿìè ãåîô³çè÷íèõ
ïîë³â íà ³íòåðâàë³ ÷àñó â äåê³ëüêà ãîäèí. Çáóðåííÿ â ö³é ñèñòåì³, âè -
êëèêàí³ ð³çíèìè ÑÇ, ³ñòîòíî â³äð³çíÿþòüñÿ. Ïàðàìåòðè öèõ çáóðåíü
çàëåæàòü â³ä ÷àñó íàñòàííÿ ÑÇ, ñòàíó êîñì³÷íî¿ ïîãîäè, ñåçîíó,
ïîëîæåííÿ â öèêë³ ñîíÿ÷íî¿ àêòèâíîñò³, ãåîãðàô³÷íèõ êîîðäèíàò ³
âåëè÷èíè ïîêðèòòÿ äèñêà Ñîíöÿ. Ñë³ä ìàòè íà óâàç³, ùî äëÿ êîæíîãî
çàòåìíåííÿ ïðèòàìàíí³ ñâî¿ ³íäèâ³äóàëüí³ îñîáëèâîñò³. Ìåòà äàíî¿
ðîáîòè — àíàë³ç ðåçóëüòàò³â ³îíîçîíäîâèõ ñïîñòåðåæåíü çáóðåíü â
³îíîñôåð³ íàä Õàðêîâîì, ÿê³ ñóïðîâîäæóâàëè ÑÇ 10 ÷åðâíÿ 2021 ð.
Ïðîòÿãîì ÑÇ â Õàðêîâ³ ìàêñèìàëüíà ôàçà ñòàíîâèëà Ì max  » 0.112, à

â³äíîñíà ïëîùà ïîêðèòòÿ — Àmax  » 4.4 %. Çàòåìíåííÿ ðîçïî÷àëîñü î

10:42 UT (13:42 LT), à çàê³í÷èëîñÿ î 12:12 UT (15:12 LT). Ìàêñèìàëüíà
ôàçà ìàëà ì³ñöå îá 11:28 UT (14:28 LT). Äëÿ âèâ÷åííÿ îñîáëèâîñòåé
âàð³àö³é ä³þ÷èõ âèñîò ³ ÷àñòîò, ÿê³ ñïîñòåð³ãàëèñü ï³ä ÷àñ ÑÇ, âè -
êîðèñòàíî öèôðîâèé ³îíîçîíä, ðîçòàøîâàíèé ó Ðàä³îô³çè÷í³é îáñåð -
âà òîð³¿ Õàðê³âñüêîãî íàö³îíàëüíîãî óí³âåðñèòåòó ³ìåí³ Â. Í. Êàðà -
ç³íà. Ïðîâåäåíî àíàë³ç ñòàíó êîñì³÷íî¿ ïîãîäè. Â ³íòåðâàë³ ÷àñó ñïî -
ñòåðåæåííÿ ÑÇ, à òàêîæ ó êîíòðîëüí³ ìîìåíòè ÷àñó 6 òà 9 ÷åðâíÿ
2021 ð. ñòàí êîñì³÷íî¿ ïîãîäè áóâ ñïðèÿòëèâèì äëÿ ñïîñòåðåæåííÿ
õâèëüîâèõ çáóðåíü, ïðî ùî ñâ³ä÷èòü ³íäåêñ K p » 0.3. Ïðîàíàë³çîâàíî
âèñîòíî-÷àñòîòí³ õàðàêòåðèñòèêè âåðòèêàëüíîãî çîíäóâàííÿ ³îíî -
ñôåðè òà âñòàíîâëåíî îñîáëèâîñò³ ³îíîñôåðíèõ ïðîöåñ³â, ÿê³ ñóïðî -
âîä æóâàëè ÷àñòêîâå ÑÇ òà ÿêèõ íå áóëî ó êîíòðîëüíèé äåíü. ÑÇ ñóïðî -
âîäæóâàëîñÿ ï³äñèëåííÿì õâèëüîâî¿ àêòèâíîñò³ â ³îíîñôåð³. Öóãè, ÿê³
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ñïîñòåð³ãàëèñÿ íà âèñîò³ ìàêñèìóìó øàðó F2, ìàëè ïåð³îä 5 ³ 14 õâ ³
â³äíîñíó àìïë³òóäó êîëèâàíü êîíöåíòðàö³¿ åëåêòðîí³â 0.6 ³ 1.25 %
â³äïîâ³äíî. Íà âèñîò³ 240 êì â³äíîñíà àìïë³òóäà õâèëü ç ïåð³îäîì
ïðèáëèçíî 14 õâ çá³ëüøóâàëàñÿ äî 3 %. Ïåð³îä 14 õâ ìàþòü àòìî -
ñôåðí³ ãðàâ³òàö³éí³ õâèë³, à ïåð³îä 5 õâ — õâèë³ åëåêòðîìàãí³òíî¿
ïðèðîäè. Âèÿâëåíî ð³çêå òà çíà÷íå çá³ëüøåííÿ â³ä 380 äî 560 êì ä³þ÷î¿
âèñîòè â³äáèòòÿ ðàä³îõâèë³ ïîáëèçó ìîìåíòó íàéá³ëüøî¿ ôàçè ÑÇ.
Âèÿâëåíî ñëàáêå (äî 3.3 %) çìåíøåííÿ êîíöåíòðàö³¿ åëåêòðîí³â, ÿêå
çàï³çíþâàëîñÿ ïî â³äíîøåííþ äî ìàêñèìàëüíî¿ ôàçè çàòåìíåííÿ ïðè -
áëèç íî íà 12.5 õâ. Îö³íåíî êîåô³ö³ºíò âòðàò åëåêòðîí³â (1.33×10–3 ñ–1)
³ øâèäê³ñòü ³îíîóòâîðåííÿ (3×108 ì–3ñ–1).
Êëþ÷îâ³ ñëîâà: ñîíÿ÷íå çàòåìíåííÿ, ³îíîçîíä, îñîáëèâîñò³ ³îíî ñôåð -
íèõ ïðîöåñ³â, êâàç³ïåð³îäè÷íå çáóðåííÿ, àïåð³îäè÷íå çáóðåííÿ, ïàðà -
ìåòðè ³îíîñôåðè.

ÂÑÒÓÏ

Ñîíÿ÷íå çàòåìíåííÿ (ÑÇ) íàäàº äîñë³äíèêîâ³ óí³êàëüíó ìîæëèâ³ñòü
ïðîñòåæèòè çà äèíàì³êîþ ñèñòåìè Çåìëÿ (¿¿ âíóòð³øí³ îáîëîíêè) —
àòìîñôåðà — ³îíîñôåðà — ìàãí³òîñôåðà òà âàð³àö³ÿìè ãåîô³çè÷íèõ
ïîë³â íà ³íòåðâàë³ ÷àñó â ê³ëüêà ãîäèí [18]. Çáóðåííÿ â ö³é ñèñòåì³,
âèêëèêàí³ ð³çíèìè ÑÇ, ³ñòîòíî â³äð³çíÿþòüñÿ. Ïàðàìåòðè öèõ çáóðåíü
çàëåæàòü â³ä ÷àñó íàñòàííÿ ÑÇ, ñòàíó êîñì³÷íî¿ ïîãîäè, ñåçîíó, ïîëî -
æåííÿ â öèêë³ ñîíÿ÷íî¿ àêòèâíîñò³, ãåîãðàô³÷íèõ êîîðäèíàò ³ ñòóïåíÿ
ïî êðèò òÿ äèñêà Ñîíöÿ [18].

Äîñë³äæåííÿ åôåêò³â ñîíÿ÷íîãî çàòåìíåííÿ (ÑÇ) â ³îíîñôåð³ ìà -
þòü ñòîë³òíþ ³ñòîð³þ. Ïåðø³ ðàä³îô³çè÷í³ ñïîñòåðåæåííÿ åôåêò³â ÑÇ
áóëè âèêîíàí³ ùå â 1912 ð. [44]. Ñïî÷àòêó âèâ÷àâñÿ âïëèâ çàòåìíåíü
íà ïîøèðåííÿ ðàä³îõâèëü â ³îíîñôåð³. Ïî÷èíàþ÷è ³ç  çàòåìíåííÿ 31
ñåðïíÿ 1932 ð., ñòàëè âèâ÷àòèñÿ äèíàì³÷í³ ïðîöåñè â ³îíîñôåð³, ÿê³
ñóïðîâîäæóâàëè çàòåìíåííÿ [57]. Íàéïîøèðåí³øèì ìåòîäîì ñïîñòå -
ðåæåííÿ áóâ ìåòîä âåðòèêàëüíîãî çîíäóâàííÿ, ÿêèé âèêîðèñòîâóº
³îíîñôåðí³ ñòàíö³¿ (³îíîçîíäè) [8, 11, 12, 16, 22, 23]. Àðñåíàë âèêî -
ðèñòîâóâàíèõ ìåòîä³â çíà÷íî ðîçøèðèâñÿ â 1960-õ ðð. Ñòàëè øèðîêî
âèêîðèñòîâóâàòèñÿ ñóïóòíèêîâ³ òà ðàêåòí³ ìåòîäè [3, 25, 41, 51, 53],
ìåòîä íåêîãåðåíòíîãî ðîçñ³ÿííÿ [1, 2, 7, 13, 26, 29, 42, 43, 45, 49, 56,
58], à òàêîæ ö³ëà íèçêà ³íøèõ ìåòîä³â [5, 7, 14, 17, 20, 24, 27, 28,
30—32, 34—40, 46, 48, 50, 52, 54, 55].

Ó öèõ ðîáîòàõ îïèñàíî çìåíøåííÿ êîíöåíòðàö³¿ åëåêòðîí³â ó âñ³õ
îáëàñòÿõ ³îíîñôåðè, çìåíøåííÿ òåìïåðàòóð åëåêòðîí³â òà ³îí³â, çì³íó
øâèäêîñò³ ðóõó ïëàçìè, ïîòîê³â ïëàçìè òà òåïëà, ãåíåðàö³þ õâèëüîâèõ 
çáóðåíü ó âåðõí³é ³îíîñôåð³ òà ³íø³ åôåêòè, ùî ñóïðîâîäæóâàëè ÑÇ ç
ð³çíèìè ôàçàìè â ð³çíèõ ðåã³îíàõ çåìíî¿ êóë³.

Ðåçóëüòàòè ³îíîçîíäîâèõ ñïîñòåðåæåíü ìèíóëèõ ðîê³â ïðåäñòàâ -
ëåí³ â ðîáîòàõ [8, 11, 12, 16, 22, 23]. Ñåðåä ñó÷àñíèõ ðîá³ò íàçâåìî
äîñë³äæåííÿ [4, 5, 15, 19, 20, 24].
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²îíîçîíäîâ³ ñïîñòåðåæåííÿ ïîêàçàëè, ùî ÑÇ ñóïðîâîäæóþòüñÿ
íèçêîþ ñò³éêèõ åôåêò³â: çìåíøåííÿì êîíöåíòðàö³¿ åëåêòðîí³â N,
çá³ëü øåííÿì ä³þ÷î¿ âèñîòè â³äáèòòÿ, çàï³çíåííÿì çìåíøåíü N â³äíîñ -
íî ìîìåíòó äîñÿãíåííÿ ìàêñèìàëüíî¿ ôàçè çàòåìíåííÿ, à òàêîæ ãåíå -
ðà ö³ºþ êâàç³ïåð³îäè÷íèõ (õâèëüîâèõ) çáóðåíü â ³îíîñôåð³. Âîäíî÷àñ
ñë³ä ìàòè íà óâàç³, ùî êîæíîìó çàòåìíåííþ ïðèòàìàíí³ ñâî¿ ³íäè -
â³äóàëüí³ îñîáëèâîñò³. Íàïðèêëàä, ñïåöèô³êîþ ÑÇ 20 áåðåçíÿ 2015 ð.
áóëî òå, ùî âîíî â³äáóâàëîñÿ íà òë³ ðåëàêñóþ÷î¿ ãåîêîñì³÷íî¿ áóð³,
ÿêà ðîçïî÷àëàñÿ 17 áåðåçíÿ 2015 ð. [19, 20].

Ìåòà äàíî¿ ðîáîòè — àíàë³ç ðåçóëüòàò³â ³îíîçîíäîâèõ ñïîñòåðå -
æåíü çáóðåíü â ³îíîñôåð³ íàä Õàðêîâîì, ùî ñóïðîâîäæóâàëè ÑÇ 10
÷åðâíÿ 2021 ð.

ÇÀÃÀËÜÍ² Â²ÄÎÌÎÑÒ² ÏÐÎ ÑÎÍß×ÍÅ ÇÀÒÅÌÍÅÍÍß

Îñîáëèâ³ñòþ ÑÇ 10 ÷åðâíÿ 2021 ð. áóëî òå, ùî âîíî íàëåæàëî äî
ê³ëüöåïîä³áíèõ. Ôóíêö³ÿ ïîêðèòòÿ íà ð³âí³ Çåìë³ íå ïåðåâèùóâàëà
89 %, à ôàçà M » 0.943. Öå ìàëî ì³ñöå íàä îñòðîâîì Ãðåíëàíä³ÿ ç
10:33:16 UT äî 10:36:56 UT (òóò ³ äàë³ — ÷àñ âñåñâ³òí³é).

Ïî÷àëîñÿ çàòåìíåííÿ íàä òåðèòîð³ºþ Êàíàäè î 08:12:20, à çà ê³í÷è -
ëîñÿ î 13:11:19 (òàáë. 1). Ê³ëüöåïîä³áíå ÑÇ ñïîñòåð³ãàëîñÿ ç 09:49:50

äî 11:33:43. Ì³ñÿ÷íà ò³íü ïîñòóïîâî ïåðåì³ùóâàëàñÿ â³ä Êàíà äè â Àò -
ëàí òè÷íèé îêåàí, Ï³âí³÷íèé Ëüîäîâèòèé îêåàí, Ï³âí³÷ íèé ïî ëþñ, ï³â -
í³÷íó ÷àñòèíó ªâðîïè é Àç³¿. Ò³íü ïðîñòÿãàëàñÿ äî íèæ íüî¿ ÷àñòèíè
²òà ë³¿, Ãðåö³¿, Óêðà¿íè, çàõîïèëà á³ëüøó ÷àñòèíó Ðîñ³¿, à òàêîæ Ìîíãî -
ë³þ òà Êèòàé. 

Äëÿ ÑÇ â Õàðêîâ³ Ì max  » 0.11 (òî÷í³øå 0.112), à Àmax  » 4.4 %. Çàòåì -

íåííÿ ðîçïî÷àëîñü î 10:42 UT (13:42 LT), à çàê³í÷èëîñÿ î 12:12 UT
(15:12 LT). Ìàêñèìàëüíà ôàçà ìàëà ì³ñöå îá 11:28 UT (14:28 LT).
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ßâèùå ×àñ UT

Ìîìåíò ïî÷àòêó ÑÇ  08:12:20

Ìîìåíò ïåðøî¿ ïîÿâè ê³ëüöåâîãî ÑÇ íà çåìí³é êóë³  09:49:50

Ìîìåíò íàñòàííÿ ìàêñèìàëüíî¿ ôàçè ÑÇ  10:41:54

Ìîìåíò êðàéíüî¿ ïîÿâè ê³ëüöåïîä³áíîãî ÑÇ íà çåìí³é êóë³  11:33:43

Ìîìåíò çàê³í÷åííÿ ÑÇ  13:11:19

Òàáëèöÿ 1. Çàãàëüí³ â³äîìîñò³ ïðî ñîíÿ÷íå çàòåìíåííÿ



ÇÀÑÎÁÈ ÄÎÑË²ÄÆÅÍÜ

ÒÀ ÑÒÀÍ ÊÎÑÌ²×ÍÎ¯ ÏÎÃÎÄÈ

Äëÿ âèâ÷åííÿ îñîáëèâîñòåé âàð³àö³é ä³þ÷èõ âèñîò ³ ÷àñòîò, ÿê³ ñïî -
ñòåð³ãàëèñÿ ï³ä ÷àñ ÑÇ, âèêîðèñòàíî öèôðîâèé ³îíîçîíä, ðîçòàøî âà -
íèé ó Ðàä³îô³çè÷í³é îáñåðâàòîð³¿ Õàðê³âñüêîãî íàö³îíàëüíîãî óí³âåð -
ñè òå òó ³ìåí³ Â. Í. Êàðàç³íà. Çîíäóâàëüí³ ðàä³î³ìïóëüñè òðèâàë³ñòþ
100 ìêñ ³ç ÷àñòîòîþ íàäõîäæåííÿ 125 Ãö, íåñó÷îþ ÷àñòîòîþ íà ñ³òö³ ³ç
400 ÷àñòîò, ð³âíîì³ðíî ðîçïîä³ëåíèõ ó ä³àïàçîí³ 1.5...8 ÌÃö àáî
1...16 ÌÃö, ³ ïîòóæí³ñòþ äî 1.5 êÂò ó ³ìïóëüñ³ âèïðîì³íþþòüñÿ ê³íöå -
âèì øèðîêîñìóãîâèì ðàä³î÷àñòîòíèì ï³äñèëþâà÷åì ïîòóæíîñò³ ïå -
ðå äàâà÷à «Áðèã-2» ÷åðåç àíòåíó òèïó «âåðòèêàëüíèé ðîìá» ³ç êîåô³ -
ö³ºíòîì ï³äñèëåííÿ 1...10 ó çàëåæíîñò³ â³ä ÷àñòîòè. Ðàä³îïðèéìàëüíèé 
ïðèñòð³é íà áàç³ äîðîáëåíîãî ïðèé ìà÷à IC-R75 ï³ä êåðóâàííÿì ñïå -
ö³àëüíîãî êîíòðîëåðíîãî áëîêó çì³íþº ÷àñòîòó ïðèéîìó ñèíõðîííî ç³
çì³íîþ ÷àñòîòè çîíäóâàëüíèõ ðàä³î ³ìïóëüñ³â. Êîíòðîëåðíèé áëîê òà -
êîæ çä³éñíþº îöèôðîâóâàííÿ ïðèéíÿ òîãî ñèãíàëó â ä³àïàçîí³ ä³þ÷èõ
âèñîò 100...625 êì ³ ïåðåäà÷ó äàíèõ íà çáåðåæåííÿ äî çîâí³øíüîãî
êîì ï’þòåðà. Êðîê çà ÷àñòîòîþ ñêëàäàº 11...12 êÃö, çà âèñîòîþ —
2.1 êì. Ïîõèáêà îö³íêè êðèòè÷íèõ ÷àñòîò ³îíîñôåðíèõ øàð³â çàçâè÷àé
íå ïåðåâèùóâàëà 20 êÃö.

Äëÿ îö³íêè ïåð³îä³â êîëèâàíü çàñòîñîâóâàâñÿ ñèñòåìíèé ñïåê ò -
ðàëü íèé àíàë³ç, îïèñàíèé ó ðîáîò³ [33].

Àíàë³ç ñòàíó êîñì³÷íî¿ ïîãîäè ïðîâåäåíî àâòîðàìè íà îñíîâ³ äà -
íèõ, ÿê³ íàäàíî ñàéòàìè [https://omniweb.gsfc.nasa.gov] òà [http://wdc.
kugi.kyoto-u.ac.jp].

Êîíöåíòðàö³ÿ ïðîòîí³â ó ñîíÿ÷íîìó â³òð³ âàð³þâàëà â³ä 5×106 äî
(25...30)×106 ì–3 7 òà 12 ÷åðâíÿ 2021 ð. (ðèñ. 1). Øâèäê³ñòü ïðîòîí³â
çá³ëüøóâàëàñÿ â³ä 350 äî 500...550 êì/ñ 7 ³ 8 ÷åðâíÿ 2021 ð. Ð³çêèé
ñïëåñê ó âàð³àö³ÿõ òåìïåðàòóðè ïðîòîí³â â³ä 0.2×105 äî 4.5×105 Ê ñïî -
ñòåð³ãàâñÿ î äðóã³é ïîëîâèí³ äîáè 7 ÷åðâíÿ 2021 ð. Çíà÷åííÿ âàð³àö³é
òèñêó ÷àñòèíîê ïåðåâàæíî ëåæàëè ó ìåæàõ â³ä 1 äî 5...6 íÏà, âîíè ðå -
ºñòðóâàëèñü ó òèõ æå ïðîì³æêàõ ÷àñó, ùî é âàð³àö³¿ êîíöåíòðàö³¿ ïðî -
òîí³â. Ãîðèçîíòàëüíà òà âåðòèêàëüíà ñêëàäîâ³ ì³æïëàíåòíîãî ìàã í³ò -
íîãî ïîëÿ (By  ³ B z ) ôëóêòóþâàëè â³ä 5...8 äî –5...–8 íÒë. 7, 11 ³ 12
÷åðâíÿ 2021 ð. êîìïîíåíò B z  çì³íþâàâ çíàê íà ïðîòèëåæíèé. Öå
ïðèçâîäèëî äî ãåîìàãí³òíèõ çáóðåíü ³ ñëàáêî¿ ìàãí³òíî¿ áóð³. Ñïëåñêè
ôóíêö³¿ Àêàñîôó e A  â³ä çíà÷åíü ïîðÿäêó 1 äî 8...13 ÃÄæ/ñ ñïîñòå -
ð³ãàëèñÿ 7, 11 ³ 12 ÷åðâíÿ 2021 ð. ²íäåêñ K p  îäíî÷àñíî ç³ ñïëåñêàìè
îñíîâíèõ ïàðà ìåòð³â çá³ëüøóâàâñÿ â³ä 0...1 äî 3...4. Ç 6 íà 7 ÷åðâíÿ òà ç
ñåðåäèíè äîáè 10 äî 12 ÷åðâíÿ 2021 ð. ðåºñòðóâàëîñü çìåíøåííÿ
³íäåêñó Dst  äî –10...–33 íÒë, ùî ñâ³ä÷èëî ïðî ñëàáêó ìàãí³òíó áóðþ.

Â ³íòåðâàë³ ÷àñó ñïîñòåðåæåííÿ ÑÇ, à òàêîæ ó êîíòðîëüí³ ìîìåíòè
÷àñó 6 òà 9 ÷åðâíÿ 2021 ð. ñòàí êîñì³÷íî¿ ïîãîäè áóâ ñïðèÿòëèâèì äëÿ
ñïîñòåðåæåííÿ õâèëüîâèõ çáóðåíü, ïðî ùî ñâ³ä÷èòü ³íäåêñ K p » 0.3.

6 ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2022. Ò. 38, ¹ 2

Ë. Ô. ×ÎÐÍÎÃÎÐ, Ê. Ï. ÃÀÐÌÀØ



ÐÅÇÓËÜÒÀÒÈ ÀÍÀË²ÇÓ

Âàð³àö³¿ ïà ðà ìåòð³â ³îíîã ðàì. Ðåºñòðàö³ÿ ³îíîã ðàì 10 ÷åð âíÿ 2021 ð.
ðîç ïî ÷à ëàñü î 10:08 (òóò ³ äàë³ ÷àñ êè¿âñüêèé ë³òí³é t = UT + 3 ãîä) ç
ïåð³îäè÷í³ñòþ îäíà ³îíîã ðà ìà çà õâè ëè íó, à çàê³í÷è ëàñü î 18:08. Ç ïî -
÷àò êó ðåºñòðàö³¿ áóâ íà ÿâ íèé ñèëü íèé ñïî ðà äè÷ íèé øàð Es òèïó c 
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Ðèñ. 1. ×àñîâ³ âàð³àö³¿ ïàðàìåòð³â ñîíÿ÷íîãî â³òðó: âèì³ðÿí³ êîíöåíòðàö³¿ ÷àñòèíîê nsw ,
òåìïåðàòóðè Ò sw , ðàä³àëüíî¿ øâèäêîñò³ Vsw  (çà äàíèìè ñàéòó ftp://ftp.swpc.noaa.gov/pub/lists/
ace2/) òà ðîçðàõîâàíîãî äèíàì³÷íîãî òèñêó psw, âèì³ðÿí³ êîìïîíåíòè Bz ³ By ì³æïëàíåòíîãî
ìàãí³òíîãî ïîëÿ (çà äàíèìè ñóïóòíèêà ACE); ðîçðàõîâàíèõ çíà÷åíü åíåðã³¿ eA, ÿêà ïåðåäàºòüñÿ 
ñîíÿ÷íèì â³òðîì ìàãí³òîñôåð³ Çåìë³ çà îäèíèöþ ÷àñó; ³íäåêñ³â Kð òà Dst (çà äàíèìè ñàéòó
http:// wdc.kugi.kyoto-u.ac.jp/aeasy/) çà ïåð³îä 06—12 ÷åðâíÿ 2021 ð. Âåðòèêàëüíîþ ë³í³ºþ
ïîêàçàíî ìîìåíò ãîëîâíî¿ ôàçè ÑÇ
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Ðèñ. 2. Ïðèê ëà äè ³îíîã ðàì, ÿê³ äå ìî íñòðó þòü: à — ïðî ÿ âè Ð²Ç ó ä³àïà çîí³ ÷àñ òîò 4.2…
4.3 ÌÃö, á — V-ïîä³áíî ãî ñë³äó â ä³àïà çîí³ ÷àñ òîò 4.5…5 ÌÃö, â — ð³çêå çá³ëüøåí íÿ ä³þ÷î¿
âè ñî òè äî 560 êì ó ä³àïà çîí³ ÷àñ òîò 4.5…4.6 ÌÃö ïî áëè çó ìàê ñè ìàëü íî¿ ôàçè ÑÇ



( f Eo s  » 7.5...8 ÌÃö, f Eb s  » 4.2...4.5 ÌÃö), ÿêèé åê ðà íó âàâ øàð F1 , ùî

ëå æàâ âèùå, ³ ÷àñ òêî âî — F2 . Ïîâ íå åê ðà íó âàí íÿ â³äáèòò³â â³ä F-îá -
ëàñò³ ñïîñ òåð³ãà ëîñü â³ä 12:00 äî 12:10. Äàë³ øàð Es ïî ñòó ïî âî ïî ÷àâ
ñëàá øà òè. Äî 13:00 f Eo s  çìåí øè ëà ñÿ äî 5.2 ÌÃö, à f Eb s  — äî 4 ÌÃö.
Äî ìî ìåí òó ïî ÷àò êó çà òåì íåí íÿ î 13:30 f Eo s  òà f Eb s  çìåí øè ëèñü äî
3.5 ÌÃö, ùî äîç âî ëè ëî ñïîñ òåð³ãàòè ï³ä ÷àñ çàòåìíåííÿ ÷àñòêîâî øàð
F1 ³ ïîâí³ñòþ — F2 .

Ïðèá ëèç íî â³ä 13:30 íà ä³þ÷³é âè ñîò³ áëèçü êî 300 êì çà ÷àñ òîò
4.2...4.3 ÌÃö ó ñë³ä³ øà ðó F1  ç’ÿ âè ëîñü âèê ðèâ ëåí íÿ, õà ðàê òåð íå äëÿ
ïðî õîä æåí íÿ ðó õî ìèõ ³îíîñ ôåð íèõ çáó ðåíü (Ð²Ç) — çëàì ñë³äó, ÿêèé
ðó õàºòüñÿ ç ÷à ñîì âíèç (ðèñ. 2à). Ö³ âèê ðèâ ëåí íÿ ñë³äó øà ðó F1  íà
ä³þ÷èõ âè ñî òàõ 300...400 êì ïðè ÷àñ òî òàõ 4...4.5 ÌÃö ïåð³îäè÷ íî âè -
íè êà ëè àæ äî çàê³í÷åí íÿ çà òåì íåí íÿ — äî 15:20...15:30. 
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Ðèñ. 3. Ïðèê ëà äè ³îíîã ðàì, ÿê³ äå ìî íñòðó þòü: à — ðîç øà ðó âàí íÿ ïëàç ìè òà ð³çêå çá³ëüøåí íÿ
ä³þ÷î¿ âè ñî òè ïî áëè çó ìàê ñè ìàëü íî¿ ôà çè ÑÇ; á — ïðî ÿâ Ð²Ç ó ä³àïà çîí³ ÷àñ òîò 4.8…5.0 ÌÃö



Ïðèá ëèç íî â³ä 14:10 ó ñë³ä³ øà ðó F2  (ä³þ÷³ âè ñî òè 450...500 êì,
÷àñ òî òè 4.5...5 ÌÃö) òà êîæ âè íè êà ëè âèê ðèâ ëåí íÿ, õà ðàê òåðí³ äëÿ
ïðî õîäæåííÿ Ð²Ç (çëàì ñë³äó òà ðîç øà ðó âàí íÿ) òà íà ÿâ íîñò³ ãî ðè çîí -
òàëü íî ãî ãðàä³ºíòà åëåê òðîí íî¿ ù³ëüíîñò³ (V-ïîä³áí³ ñë³äè) (ðèñ. 2á).
Äàí³ ïðî öå ñè â F2-ñë³ä³ ñïîñ òåð³ãà ëèñü ïðè áëèç íî äî 14:40.

Ä³þ÷à âèñîòà F2-ñë³äó î 13:30 ìàëà çíà÷åííÿ 380 êì. Ïðèáëèçíî
â³ä 13:50 ñïîñòåð³ãàºòüñÿ ¿¿ çá³ëüøåííÿ, äî 14:35 âîíà äîñÿãëà ìàêñè -
ìàëüíîãî çíà÷åííÿ áëèçüêî 560 êì (ðèñ. 2â). Äàë³ ìàëî ì³ñöå ¿¿ ïîñòó -
ïîâå çìåíøåííÿ, òà î 15:05 âîíà çìåíøèëàñü äî 430 êì.

Î 14:39 ñïîñòåð³ãàëîñÿ òàêîæ ñóòòºâå çá³ëüøåííÿ ä³þ÷î¿ âèñîòè äî 
530 êì òà ðîçøàðóâàííÿ ³îíîñôåðíîãî øàðó F2  (ðèñ. 3à). Ï³äêðåñëèìî,
ùî ö³ åôåêòè, ÿê ³ ïîïåðåäí³, ìàëè ì³ñöå ïîáëèçó ìàêñèìàëüíî¿ ôàçè
ÑÇ.

Â³ä 15:30 çíî âó ïî ÷àâ ï³äñè ëþ âà òè ñÿ ñïî ðà äè÷ íèé øàð Es òà äî
15:40 êðè òè÷ íà ÷àñ òî òà f Eo s  çá³ëüøè ëàñü äî 5...5.5 ÌÃö, à ÷àñ òî òà åê -
ðà íó âàí íÿ f Eb s  — äî 4.5...5 ÌÃö. Ó ðå çóëü òàò³ íà ³îíîã ðà ìàõ äî
17:30...17:35 ñïîñ òåð³ãàâ ñÿ ëè øå íå çíà÷ íèé (5...10 %) ôðàã ìåíò ñë³äó
øà ðó F2  ïî áëè çó êðè òè÷ íî¿ ÷àñ òî òè. Òà êîæ â³ä 16:00 äî 16:10 òà â³ä
16:20 äî 16:25 ìà ëî ì³ñöå ïî âíå åê ðà íó âàí íÿ â³äáèòò³â â³ä F-îá ëàñò³.

Ñë³ä òà êîæ çãà äà òè ïðî ïî ÿ âó â³ä 17:20 äî 17:30 íà ñë³ä³ øà ðó F2

(ä³þ÷à âè ñî òà ïðè áëèç íî 400 êì, ÷àñ òî òè 4.5...5 ÌÃö) âèê ðèâ ëåíü, ÿê³
ñâ³ä÷è ëè ïðî ïðî õîä æåí íÿ Ð²Ç ³ íà ÿâí³ñòü íà õè ëó ð³âíÿ â³äáèò òÿ
(ðèñ. 3á).

Âàð³àö³¿ êðè òè÷ íî¿ ÷àñ òî òè øà ðó F2. ×à ñîâ³ çà ëåæ íîñò³ êðè òè÷ -
íî¿ ÷àñ òî òè f Fo 2  äëÿ äíÿ ç³ ÑÇ, êîí òðîëü íî ãî äíÿ 11 ÷åð âíÿ 2021 ð. òà
ìî äåë³ IRI-2016 íà âå äå íî íà ðèñ. 4. Âèä íî, ùî çã³äíî ç ìî äåëü íè ìè
óÿâ ëåí íÿ ìè ó ðàí êî âèé ³ äåí íèé ÷àñ çíà ÷åí íÿ f Fo 2  çá³ëüøó þòü ñÿ ïðè -
áëèç íî äî 6.2 ÌÃö. Ìàê ñè ìàëü íå çíà÷åííÿ 6.2 ÌÃö ìàº ì³ñöå á³ëÿ
12:00. Ïîò³ì ÷àñ òî òà f Fo 2  çìåí øóºòüñÿ äî 5.4 ÌÃö, ùî î÷³êóºòüñÿ ïðè -
áëèç íî î 16:00...17:00. Äàë³ ìàº ì³ñöå ïå ðå äâå÷³ðí³é ìàê ñè ìóì f Fo 2 »
» 5.8 ÌÃö î 21:00.
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Ðèñ. 4. ×à ñîâ³ çà ëåæ íîñò³ êðè òè÷ íî¿ ÷àñ òî òè f Fo 2: 1 — 10 ÷åð âíÿ 2021 ð., 2 — 11 ÷åð âíÿ
2021 ð., 3 — ìî äåëü IRI-2016 [https://ccmc.gsfc.nasa.gov]. Âåð òè êàëü íè ìè ë³í³ÿìè ïî êà çà íî
ìî ìåí òè ïî ÷àò êó, ìàê ñè ìàëü íî¿ ôàçè (ñóö³ëüíà ë³í³ÿ) òà çàê³í÷åí íÿ ÑÇ



Çàëåæí³ñòü f Fo 2  ó êîíòðîëüíèé äåíü 11 ÷åðâíÿ 2021 ð. ÿê³ñíî ïî â -
òî ðþ âà ëà ìîäåëüíó çàëåæí³ñòü f Fo 2  (äèâ. ðèñ. 4). ×àñòîòà çìåí øó âà -
ëàñü â ³íòåðâàë³ ÷àñó 11:00...14:00. Íà ïëàâíèé õ³ä f Fo 2  íàêëà äàëèñÿ
ôëóêòóàö³¿. Ìàêñèìàëüíå çíà÷åííÿ f Fo 2  » 6.5 ÌÃö ñïîñ òå ð³ãàëîñÿ

ïðèáëèçíî î 11:00 ³ 14:15. Ì³í³ìàëüíå çíà÷åííÿ 5.6 ÌÃö â³äì³÷àëîñÿ
á³ëÿ 13:15.

Ó äåíü ÑÇ ÷àñòîòà f Fo 2  çá³ëüøóâàëàñü ïðèáëèçíî äî 11:10. Ïîò³ì
âîíà ñëàáî çì³íþâàëàñü ïðîòÿãîì 30 õâ. Ïðè öüîìó f Fo 2 max  » 6.2 ÌÃö.

Â³ä 11:40 ³ äî 15:15 ñïîñòåð³ãàëàñÿ òåíäåíö³ÿ äî ¿¿ çìåíøåííÿ â³ä 6.2 äî 
4.8 ÌÃö. Äàë³ ìàëî ì³ñöå çá³ëüøåííÿ ÷àñòîòè â³ä 4.8 äî 5 ÌÃö, çà ÿêèì
íàñòàâàëè ¿¿ ôëóêòóàö³¿ ç ñåðåäí³ì ïåð³îäîì áëèçüêî 14 õâ ³ àìïë³òó -
äîþ df a » 30 êÃö.

Ïðî òÿ ãîì ÑÇ ñïîñ òåð³ãà ëèñü êâàç³ïåð³îäè÷í³ âàð³àö³¿ f Fo 2  ç ñå -
ðåäí³ì ïåð³îäîì áëèçü êî 14 õâ ³ àìïë³òó äîþ df a » 25...30 êÃö. Êð³ì òî -
ãî, â ³íòåð âàë³ ÷à ñó 14:40...14:55 â³äçíà ÷à ëîñü çìåí øåí íÿ f Fo 2  íà
80 êÃö. Â³ä 15:15 äî 15:40 òà êîæ ñïîñ òåð³ãà ëèñü ñëàáê³ êâàç³ïåð³îäè÷í³ 
âàð³àö³¿ f Fo 2  ç ïåð³îäîì T » 5 õâ.

Âè ñîò íî-÷à ñîâ³ âàð³àö³¿ êîí öåí òðàö³¿ åëåê òðîí³â. ×à ñîâ³ çà ëåæ -
íîñò³ âè ñî òè zm  ìàê ñè ìó ìó øà ðó F2  òà êîí öåí òðàö³¿ åëåê òðîí³â íà âè -
ñî òàõ 200, 220, 240 êì ³ íà âè ñîò³ ìàê ñè ìó ìó ³îí³çàö³¿ øà ðó F2  ïðåä -
ñòàâ ëå íî íà ðèñ. 5. Âèä íî, ùî ï³ä ÷àñ ÑÇ ìà ëè ì³ñöå êâàç³ïå ð³î äè÷í³
âàð³àö³¿ ÿê âè ñî òè zm , òàê ³ êîí öåí òðàö³¿ åëåê òðîí³â N. Âàæ ëè âî, ùî íà -
éá³ëüøà àìïë³òó äà êâàç³ïåð³îäè÷ íèõ çáó ðåíü N ñïîñ òåð³ãà ëàñü íà âè -
ñîò³ 240 êì. Â³äíîñ íà àìïë³òó äà êî ëè âàíü âè ñî òè zm  ñòà íî âè ëà 8...
16 êì àáî 3.2...6.4 %, à êîí öåí òðàö³¿ åëåê òðîí³â — 3 %. Êð³ì òî ãî,
âïðî äîâæ ÑÇ ñïîñ òåð³ãà ëîñü çá³ëüøåí íÿ âè ñî òè zm  ïðè áëèç íî íà
20 êì, àáî íà 8 %, à òà êîæ ìàê ñè ìàëü íå çìåí øåí íÿ êîí öåí òðàö³¿ åëåê -
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Ðèñ. 5. ×à ñîâ³ çà ëåæ íîñò³ âè ñî òè ìàê ñè ìó ìó øà ðó F2 òà êîí öåí òðàö³¿ åëåê òðîí³â íà ð³çíèõ
âè ñî òàõ: 1 — 200 êì; 2 — 220 êì; 3 — 240 êì; 4 — íà âè ñîò³ ìàê ñè ìó ìó ³îí³çàö³¿ øà ðó F2.
Øòðè õî âà ë³í³ÿ — î÷³êó âàí³ âàð³àö³¿ êîí öåí òðàö³¿ åëåê òðîí³â ïðè â³äñóò íîñò³ ñî íÿ÷ íî ãî
çà òåì íåí íÿ



òðîí³â íà 104 ì–3, àáî íà 3.3 %. ª âñ³ ï³äñòà âè ââà æà òè, ùî êâàç³ïå -
ð³îäè÷í³ òà àïåð³îäè÷í³ ïðî öå ñè ïî â’ÿ çàí³ ç³ ÑÇ.

ÎÁÃÎÂÎÐÅÍÍß

Ðîçãëÿíåìî îñíîâí³ îñîáëèâîñò³ ïðîöåñ³â ó ³îíîñôåð³, ÿê³ ñóïðîâîä -
æóâàëè ÑÇ 10 ÷åðâíÿ 2021 ð.

Ïîâåä³íêó ÷àñòîòè f Fo 2  òà êîíöåíòðàö³¿ åëåêòðîí³â ó ìàêñèìóì³
øàðó F2  ïðîòÿãîì ÑÇ íåîäíîðàçîâî îïèñàíî â ë³òåðàòóð³ (äèâ., íàïðè -
êëàä, [18]). Ïî ì³ð³ çá³ëüøåííÿ ôóíêö³¿ ïîêðèòòÿ äèñêó Ñîíöÿ A(t) êîí -
öåí òðàö³ÿ åëåêòðîí³â N çìåíøóºòüñÿ. Ì³í³ìàëüíå çíà÷åííÿ N min

ñïîñòåð³ãàºòüñÿ íå ïðè Amax , à çàï³çíþºòüñÿ íà ÷àñ t0 » 15 õâ. Äàë³
âåëè÷èíà N çá³ëüøóºòüñÿ äî âèõ³äíîãî çíà÷åííÿ N 0 . Ó ðåàëüíîìó âè -
ïàä êó íà òàêó ³äåàë³çîâàíó ïîâåä³íêó N t( ) íàêëàäàþòüñÿ äîáîâ³ âà -
ð³àö³¿ òà âèïàäêîâ³ ôëóêòóàö³¿, çîêðåìà êâàç³ïåð³îäè÷í³ çáóðåííÿ, âè ê -
ëè êàí³ ÑÇ.

Ïðîòÿãîì ÑÇ 10 ÷åðâíÿ 2021 ð. ³ç çàï³çíåííÿì t0 » 12.5 õâ ñïî ñ -
òåð³ãàëîñü ì³í³ìàëüíå çíà÷åííÿ f Fo 2 min  » 4.74 ÌÃö, ÷îìó â³äïî â³ äàëà

êîíöåíòðàö³ÿ N min » 2.77×1011 ì–3.

Ïåðøà îñîáëèâ³ñòü ³îíîñôåðíèõ åôåêò³â ÑÇ òàêà. Ïîáëèçó ï³âäíÿ,
çà íåçíà÷íî¿ ôóíêö³¿ ïîêðèòòÿ A » 4.4 %, ïðîöåñè ïåðåíîñó íà âèñîò³
ìàêñèìóìó N â øàð³ F2  áóëè ìàëîñóòòºâèìè. Ïðè öüîìó äëÿ N ñïðà -
âåä ëè âèé ë³í³éíèé çàêîí ðåêîìá³íàö³¿ [6, 59]:

dN

dt
q N q A t q Nc= - = - + -b b0 1( ( )) , (1)

äå q q A t qc= - +0 1( ( )) , q0  òà qc  — øâèäêîñò³ ³îíîóòâîðåííÿ çà ðàõóíîê
äèñêó Ñîíöÿ òà éîãî êîðîíè, b — êîåô³ö³ºíò âòðàò. Òóò b » t0

1- .

Îñê³ëüêè õàðàêòåðíèé ÷àñ çì³íè A(t) áëèçüêèé äî t A » 44...46 õâ, à 
t0 125» .  õâ, ó âèðàç³ (1) ïîêëàäåìî dN/dt » 0. Ïîáëèçó ìîìåíòó ÷àñó

t min , äå N N= min , ñïðàâåäëèâå ñï³ââ³äíîøåííÿ

q A q Nc0 1( )max min- + » b . (2)

Âíåñîê ñîíÿ÷íî¿ êîðîíè â ³îí³çàö³þ àòìîñôåðè îïèñàíî â íèçö³
ðîá³ò (äèâ., íàïðèêëàä, [18]). Ïðèïóñòèìî, ùî x = »q qc / 0  0.25. Òîä³ ç
(2) ìàºìî

q
N

A
0

1
»

- +

b

x
min

max

. (3)

Ïðè çíà ÷åí íÿõ b » » ×- -t0
1 3133 10.  ñ–1 ³ Amax » 0.044 ³ç (3) îòðèìàºìî, ùî 

q0  » 3×108 ì–3ñ–1.

Îö³íèìî äàë³ â³äíîñíå çìåíøåííÿ N ó ìîìåíò ìàêñèìàëüíîãî ïî -
êðèò òÿ äèñêó Ñîíöÿ. Ç (1) âèïëèâàº, ùî äî ÑÇ
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q q Nc0 0+ = b .  (4)

Ïðè A A= max

q A q Nc0 1( )max- + = b .  (5)

Ç (4) ³ (5) îòðèìàºìî, ùî

N

N

q A q

q q

Ac

c0

0

0

1 1

1
=

- +

+
=

- +

+

( )max max x

x
. (6)

Ïðè Amax » 0.044 ³ x » 0.25 ìàºìî N/N 0  = 0.965, à d N = N/N 0  – 1 =

= –0.035 = –3.5 %.
Çà äàíèìè ñïîñòåðåæåíü çìåíøåííÿ N ïîáëèçó ìàêñèìàëüíî¿ ôàçè 

äîð³âíþâàëî áëèçüêî 80 êÃö. Òîä³ ïðè f Fo 2 min » 4.8 ÌÃö ìàºìî

d
d

Ne
o

o

f F

f F
» - » - = -

2
0033 3 32

2 min

. . %.

Âèä íî, ùî d Ne  áëèçü êå äî ðîç ðà õóí êî âî ãî çíà ÷åí íÿ d N  = –3.5 %.
Îáãîâîðèìî äàë³ êâàç³ïåð³îäè÷í³ âàð³àö³¿ f Fo 2 , ÿê³ ñïîñòåð³ãàëèñü

ó ³íòåðâàëàõ ÷àñó 13:50...14:55, 15:15...15:40 òà 15:50...17:15. Äëÿ
ïåðøîãî òà òðåòüîãî öóã³â àìïë³òóäà êîëèâàíü d fa  » 30 êÃö ³ T » 14 õâ.

Ïðè öüîìó â³äíîñíà àìïë³òóäà êîëèâàíü N ñòàíîâèëà d Na  » 1.25 %. Äëÿ 

äðóãîãî öóãà T » 5 õâ ³ d fa  » 16 êÃö, à d Na  » 0.6 %.

Ñóäÿ÷è ç âåëè÷èíè ïåð³îäó T » 14 õâ, ïåðøèé ³ òðåò³é öóãè áóëè
âèêëèêàí³ âïëèâîì íà ³îíîñôåðó àòìîñôåðíèõ ãðàâ³òàö³éíèõ õâèëü
(ÀÃÕ) [10]. ×åðåç äóæå íåçíà÷íó ôàçó ÑÇ (Mmax » 0.11) ìàëîéìîâ³ðíî,
ùî ÀÃÕ ãåíåðóâàëèñÿ íàä ì³ñöåì ñïîñòåðåæåííÿ. Ñêîð³ø çà âñå, âîíè
çãåíåðîâàí³ òàì, äå ôàçà ÑÇ áóëà áëèçüêîþ äî ìàêñèìàëüíî¿ (0.94).
Ïðè öüîìó â³äñòàíü ì³æ ì³ñöåì ãåíåðàö³¿ òà ïóíêòîì ñïîñòåðåæåííÿ
áóëà áëèçüêîþ äî 2000 êì. Ïîøèðåííÿ ÀÃÕ ìàëî ì³ñöå â àòìîñôåð -
íîìó õâèëåâîä³, â³ñü ÿêîãî ëåæàëà íà âèñîò³ áëèçüêî 240 êì [18, 20].
Ïðî öå ñâ³ä÷àòü àìïë³òóäè çáóðåíü N. Ñàìå íà ö³é âèñîò³ àìïë³òóäà
áóëà ìàêñèìàëüíîþ.

Ùî ñòîñóºòüñÿ êîëèâàíü ç T » 5 õâ, òî âîíè ìîãëè ìàòè åëåêòðî -
äèíàì³÷íó ïðèðîäó.

Ó âèíèêíåíí³ êâàç³ïåð³îäè÷íèõ ïðîöåñ³â, ÿê³ áóëè â³äñóòí³ â êîíò -
ðîëüíèé äåíü, ïîëÿãàº äðóãà îñîáëèâ³ñòü ³îíîñôåðíèõ ïðîöåñ³â, ÿê³
ñóïðîâîäæóâàëè îïèñóâàíå çàòåìíåííÿ.

Òðåòÿ îñîáëèâ³ñòü ïîëÿãàº ó çíà÷íîìó çá³ëüøåíí³ â³ä 380 äî
560 êì ä³þ÷î¿ âèñîòè â³äáèòòÿ ïîáëèçó ìîìåíòó ÷àñó íàñòàííÿ ìàêñè -
ìàëüíî¿ ôàçè ÑÇ. Âðàõîâóþ÷è, ùî M max » 0.11, öå âèäàºòüñÿ äèâíèì ³
âàæêîçðîçóì³ëèì. Íàé³ìîâ³ðí³øå, ïðè öüîìó ñóòòºâî çìåíøèâñÿ âè -
ñîò íèé ãðàä³ºíò dN/dz ó ìàêñèìóì³ øàðó F2. Ñïðàâæíÿ âèñîòà â³äáèòòÿ 
çá³ëüøóâàëàñÿ âñüîãî íà 20 êì (8 %).

ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2022. Ò. 38, ¹ 2 13

²ÎÍÎÑÔÅÐÍ² ÏÐÎÖÅÑÈ ÏÐÎÒßÃÎÌ ÑÎÍß×ÍÎÃÎ ÇÀÒÅÌÍÅÍÍß



ÃÎËÎÂÍ² ÐÅÇÓËÜÒÀÒÈ

Ó ðîáîò³ ïðîàíàë³çîâàíî âèñîòíî-÷àñòîòí³ õàðàêòåðèñòèêè âåðòèêàëü -
íîãî çîíäóâàííÿ ³îíîñôåðè òà âñòàíîâëåíî îñîáëèâîñò³ ³îíîñôåðíèõ
ïðîöåñ³â, ÿê³ ñóïðîâîäæóâàëè ÷àñòêîâå ÑÇ òà áóëè â³äñóòí³ â êîíò -
ðîëüíèé äåíü.

1. ÑÇ ñóïðîâîäæóâàëîñÿ ïîñèëåííÿì õâèëüîâî¿ àêòèâíîñò³ â ³îíî -
ñôåð³. Ñïîñòåðåæóâàí³ öóãè ìàëè ïåð³îä 5 ³ 14 õâ ³ â³äíîñíó àìïë³òóäó
êîëèâàíü êîíöåíòðàö³¿ åëåêòðîí³â 0.6 ³ 1.25 % â³äïîâ³äíî. Ïåð³îä 14 õâ 
ìàþòü ÀÃÕ, à ïåð³îä 5 õâ — õâèë³ åëåêòðîìàãí³òíî¿ ïðèðîäè.

2. Âèÿâëåíî ð³çêå òà çíà÷íå çá³ëüøåííÿ â³ä 380 äî 560 êì ä³þ÷î¿
âèñîòè â³äáèòòÿ ðàä³îõâèë³ ïîáëèçó ìîìåíòó íàéá³ëüøî¿ ôàçè ÑÇ.

3. Âèÿâëåíî ñëàáêå (äî 3.3 %) çìåíøåííÿ êîíöåíòðàö³¿ åëåêòðîí³â, 
ÿêå çàï³çíþºòüñÿ ïî â³äíîøåííþ äî ìàêñèìàëüíî¿ ôàçè çàòåìíåííÿ
ïðèáëèçíî íà 12.5 õâ.

4. Îö³íåíî êîåô³ö³ºíò âòðàò åëåêòðîí³â (1.33×10–3 ñ–1) ³ øâèäê³ñòü
³îíîóòâîðåííÿ (3×108 ì–3ñ–1).

5. Óñòàíîâëåíî, ùî ÑÇ ñóïðîâîäæóâàëîñÿ êâàç³ïåð³îäè÷íèìè òà
àïåð³îäè÷íèìè âàð³àö³ÿìè êîíöåíòðàö³¿ åëåêòðîí³â, à òàêîæ âèñîòè
ìàêñèìóìó øàðó F2. Àìïë³òóäà êâàç³ïåð³îäè÷íèõ âàð³àö³é êîíöåíòðà -
ö³¿ åëåêòðîí³â ñòàíîâèëà 3 %. Çá³ëüøåííÿ âèñîòè øàðó F2 äîñÿãàëî
20 êì, àáî 8 %. Àìïë³òóäà êâàç³ïåð³îäè÷íèõ âàð³àö³é âèñîòè øàðó F2

ñòà íîâèëà 8...16 êì àáî 3.2...6.4 %.

Ðîáîòó âèêîíàíî ïðè ô³íàíñîâ³é ï³äòðèìö³ Íàö³îíàëüíîãî ôîíäó
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òàëü í³ äîñë³äæåííÿ ãëîáàëüíèõ çáóðåíü ïðèðîäíîãî ³ òåõíîãåííîãî
ïîõîäæåííÿ â ñèñòåì³ Çåìëÿ — àòìîñôåðà — ³îíîñôåðà». Ðîáîòà òà -
êîæ ÷àñòêîâî ï³äòðèìóâàëàñü ó ðàìêàõ äåðæáþäæåòíèõ ÍÄÐ, çàäàíèõ
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IONOSPHERIC PROCESSES DURING THE 10 JUNE 2021 
PARTIAL SOLAR ECLIPSE AT KHARKIV

A solar eclipse provides the researcher with a rare opportunity to follow the dynamics of
the Earth (its internal spheres) — atmosphere — ionosphere — magnetosphere system and
variations in the geophysical fields over an interval of a few hours. The disturbances in this
system, which are caused by different solar eclipses, are significantly different. The
parameters of these disturbances depend on the solar eclipse first contact, the state of space
weather, season, the phase of the solar cycle, geographic coordinates, and eclipse obscu -
ration. It should be noted that individual solar eclipses show their own characteristics. The
purpose of this paper is to analyze the results of ionosonde observations of the ionospheric
disturbances that accompanied the 10 June 2021 solar eclipse at the City of Kharkiv. The
maximum phase, Mmax, of the solar eclipse at the City of Kharkiv was observed to be ~0.11
(more precisely 0.112), and eclipse obscuration, Amax, to be ~4.4 %. The first contact
occurred at 10:42 UT (13:42 LT) and the fourth contact at 12:12 UT (15:12 LT). The
maximum phase happened at 11:28 UT (14:28 LT). To study the features of the variations
in the virtual heights and the frequencies, we have used the digital ionosonde located at the
V. N. Karazin Kharkiv National University Radiophysical Observatory. The state of space
weather has been analyzed. During the solar eclipse and over the reference time intervals
on 6 and 9 June 2021, the state of space weather was conducive to observing wave
disturbances, which is supported by the magnetic activity index Kp » 0.3. The measure -
ments of signal amplitude vs. frequency and vs. height taken at vertical incidence have
been analyzed and the features of the ionospheric processes that accompanied the partial
solar eclipse and were absent on the reference days has been determined. The solar eclipse
was accompanied by an enhancement in wave activity in the ionosphere. The wave trains
observed near the ionospheric F2 peak height showed periods of 5 min and 14 min and the
0.6 % and 1.25 % amplitudes of the oscillations in the electron density, respectively. At
240 km, the amplitude of the oscillation with 14-min period increased by 3 %. The 14-min
period pertains to atmospheric gravity waves, and the 5-min period to waves of
electromagnetic nature. A sharp and considerable increase (from 380 to 560 km) in the
virtual height was detected around the instant of greatest eclipse. A weak (equal to or less
than 3.3 %) decrease in the electron density that lagged behind the maximum phase of the
solar eclipse by 12.5 min was revealed. The loss of electrons rate has been estimated to be
1.33´10–3 s–1, and the electron-ion pair production rate to be 3´108 m–3s–1.
Key words: solar eclipse, ionosonde, ionospheric process features, quasi-periodic
disturbance, aperiodic disturbance, ionospheric parameters
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