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²îíîñôåðí³ åôåêòè ñîíÿ÷íîãî çàòåìíåííÿ 10 ÷åðâíÿ 2021 ð. 

ó Çàïîëÿð’¿

Ñîíÿ÷í³ çàòåìíåííÿ (ÑÇ) âèêëèêàþòü ö³ëèé êîìïëåêñ ïðîöåñ³â ó âñ³õ
ãåîñôåðàõ. Ó ³îíîñôåð³ ìàº ì³ñöå çìåíøåííÿ êîíöåíòðàö³¿ åëåêòðî -
í³â, òåìïåðàòóðè åëåêòðîí³â, ³îí³â ³ íåéòðàë³â; ³ñòîòíî çì³íþºòüñÿ
äèíàì³êà ³îíîñôåðíî¿ ïëàçìè, ãåíåðóþòüñÿ õâèëüîâ³ çáóðåííÿ, àêòèâó -
ºòüñÿ âçàºìîä³ÿ ï³äñèñòåì ó ñèñòåì³ Çåìëÿ — àòìîñôåðà — ³îíî -
ñôåðà — ìàãí³òîñôåðà. Äîâåäåíî, ùî åôåêòè ÑÇ çàëåæàòü â³ä ôàçè
ñîíÿ÷íîãî çàòåìíåííÿ, ãåîãðàô³÷íèõ êîîðäèíàò, ÷àñó äîáè, ïîðè ðîêó, 
ñòàíó àò ìî ñôåðíî¿ òà êîñì³÷íî¿ ïîãîäè, ïîëîæåííÿ â öèêë³ ñîíÿ÷íî¿
àêòèâ íîñò³ òà ³íøèõ ôàêòîð³â. Îêð³ì ïîâòîðþâàíèõ ÷è ðåãóëÿðíèõ
åôåê ò³â, âèíèêàþòü åôåêòè, âëàñòèâ³ ñàìå öüîìó ÑÇ. Ç ö³º¿ ïðè÷èíè
âèâ÷åííÿ ô³çè÷íèõ ïðîöåñ³â ó âñ³õ ãåîîáîëîíêàõ, âèêëèêàíèõ ÑÇ, º àê -
òóàëüíîþ ì³æäèñöèïë³íàðíîþ çàäà÷åþ. Ìåòîþ äàíî¿ ðîáîòè º âè -
êëàä ðåçóëüòàò³â ñïîñòåðåæåííÿ é àíàë³çó ÷àñîâèõ çáóðåíü âåðòè -
êàëü íîãî ïîâíîãî åëåêòðîííîãî âì³ñòó (ÏÅÂ) ó Çàïîëÿð’¿. Äàí³, âèêî -
ðèñòàí³ â öüîìó äîñë³äæåíí³, âêëþ÷àþòü ïàðàìåòðè ñèãíàë³â, ùî
ïðèéìàþòüñÿ ìåðåæåþ ñòàíö³é â³ä íàâ³ãàö³éíèõ ñóïóòíèê³â, ÿê³
ïðîõîäÿòü íàä îáëàñòþ ò³í³ Ì³ñÿöÿ, äå ôàçà ÑÇ ñòàíîâèëà ïðèáëèçíî
0.9 ó ä³àïàçîí³ øèðîò 70…80° ïí. ø. Ê³ëüöåïîä³áíå ñîíÿ÷íå çàòåì -
íåííÿ 10 ÷åðâíÿ 2021 ð. ðîçïî÷àëîñü î 08:12:20 UT òà çàê³í÷èëîñü î
13:11:19 UT. Ñïî÷àòêó ò³íü â³ä ÑÇ ç’ÿâèëàñü íàä Êàíàäîþ, äàë³ âîíà
ðóõàëàñü ÷åðåç Ãðåíëàíä³þ, Ï³âí³÷íèé Ëüîäîâèòèé îêåàí, Ï³âí³÷íèé
ïî ëþñ ³ îñòð³â Íîâà Ñèá³ð. Ò³íü â³ä ÑÇ ïîêðèâàëà ï³âí³÷íó ÷àñòèíó Ðî -
ñ³éñüêî¿ Ôåäåðàö³¿. ×àñòêîâå ÑÇ â³äì³÷àëîñü ó ï³âí³÷í³é ³ ñåðåäí³é
÷àñòèíàõ ªâðîïè, á³ëüø³é ÷àñòèí³ Ðîñ³éñüêî¿ Ôåäåðàö³¿, â Ìîíãîë³¿
òà Êèòà¿. Ç âèêîðèñòàííÿì 11 íàçåìíèõ ñòàíö³é, ÿê³ ïðèéìàëè ñèã -
íàëè GPS âîñüìè ØÑÇ, âèâ÷åíî ïðîñòîðîâî-÷àñîâ³ âàð³àö³¿ ÏÅÂ ïðè
ìàêñèìàëüíîìó ïîêðèòò³ äèñêà Ñîíöÿ, ÿêå ñïîñòåð³ãàëîñü ó Çàïî -
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ëÿð’¿, òà âñòàíîâëåíî òàêå. Çìåíøåííÿ åëåêòðîííî¿ êîíöåíòðàö³¿ äëÿ 
êîæíî¿ ñòàíö³¿ òà äëÿ êîæíîãî ñóïóòíèêà â³äì³÷àëîñü ïðàêòè÷íî
â³ä ðàçó æ ï³ñëÿ ïî÷àòêó ÑÇ ³ òðèâàëî áëèçüêî 60…100 õâ. Äàë³ ðåºñ -
òðóâàëîñÿ ì³í³ìàëüíå çíà÷åííÿ ÏÅÂ, ï³ñëÿ ÷îãî íàñòóïàëî éîãî çá³ëü -
øåííÿ äî ïî÷àòêîâîãî àáî á³ëüøîãî çíà÷åííÿ. Ñåðåäíº çíà÷åííÿ ÏÅÂ
äîð³âíþâàëî 5.2…10.4 TECU. Ó ñåðåäíüîìó çìåíøåííÿ ÏÅÂ ñòàíî âè -
ëî 2.3±0.6 TECU â³ä ð³âíÿ 8.4±1.6 TECU. Ó â³äíîñíèõ îäèíèöÿõ çìåí -
øåííÿ âàð³þâàëî ó ìåæàõ –16.5…–46 % (ñåðåäíº çíà÷åííÿ -30 ± 9.7 %.
Âèçíà÷åíî ÷àñ çàï³çíåííÿ ìîìåíòó íàñòàííÿ ì³í³ìàëüíîãî çíà÷åííÿ
ÏÅÂ â³äíîñíî ìîìåíòó  ìàêñèìàëüíî¿ ôàçè ÑÇ. Â³í çì³íþâàâñÿ ó ìå -
æàõ 5¼30 õâ (ñåðåäíº çíà÷åííÿ 18.3± 8.5 õâ). Ó íèçö³ âèïàäê³â ïðîòÿ -
ãîì ÑÇ ñïîñòåð³ãàëèñü êâàç³ïåð³îäè÷í³ âàð³àö³¿ ÏÅÂ ³ç ïåð³îäîì
9¼15 õâ ³ â³äíîñíîþ àìïë³òóäîþ 3¼5 %.
Êëþ÷îâ³ ñëîâà: ³îíîñôåðà, ñîíÿ÷íå çàòåìíåííÿ, ïîâíèé åëåêòðîííèé
âì³ñò, àïåð³îäè÷íå çáóðåííÿ, êâàç³ïåð³îäè÷íå çáóðåííÿ, ïàðàìåòðè
çáó ðåííÿ.

ÂÑÒÓÏ

Åôåêòè ñîíÿ÷íèõ çàòåìíåíü (ÑÇ) âèâ÷àþòüñÿ ïîíàä ñòîë³òòÿ [41].
Âñòàíîâëåíî, ùî ñîíÿ÷í³ çàòåìíåííÿ ñóïðîâîäæóþòüñÿ ö³ëèì êîìï -
ëåêñîì ô³çè÷íèõ ïðîöåñ³â ó âñ³õ ãåîñôåðàõ. Ó ³îíîñôåð³ ìàº ì³ñöå
çìåíøåííÿ êîíöåíòðàö³¿ åëåêòðîí³â, òåìïåðàòóðè åëåêòðîí³â, ³îí³â ³
íåéò ðàë³â, ³ñòîòíî çì³íþºòüñÿ äèíàì³êà ³îíîñôåðíî¿ ïëàçìè, ãåíåðó -
þòü ñÿ õâèëüîâ³ çáóðåííÿ, àêòèâóºòüñÿ âçàºìîä³ÿ ï³äñèñòåì ó ñèñòåì³
Çåìëÿ — àòìîñôåðà — ³îíîñôåðà — ìàãí³òîñôåðà [10]. Äîâåäåíî, ùî
åôåêòè ÑÇ çàëåæàòü â³ä ôàçè çàòåìíåííÿ, ãåîãðàô³÷íèõ êîîðäèíàò,
÷àñó äîáè, ïîðè ðîêó, ñòàíó àòìîñôåðíî¿ òà êîñì³÷íî¿ ïîãîäè, ïîëî -
æåííÿ â öèêë³ ñîíÿ÷íî¿ àêòèâíîñò³ òà ³íøèõ ôàêòîð³â. Îêð³ì ïîâòî -
ðþâàíèõ àáî ðåãóëÿðíèõ åôåêò³â âèíèêàþòü åôåêòè, âëàñòèâ³ ñàìå
öüî ìó ÑÇ. Ç ö³º¿ ïðè÷èíè âèâ÷åííÿ ô³çè÷íèõ ïðîöåñ³â ó âñ³õ ãåîîáî -
ëîíêàõ, âèêëèêàíèõ ÑÇ, º àêòóàëüíîþ ì³æäèñöèïë³íàðíîþ çàäà÷åþ.
Äëÿ äîñë³äæåíü ³îíîñôåðíèõ åôåêò³â çàñòîñîâóºòüñÿ âåñü àðñåíàë
ìåòîä³â [1, 3, 4, 7, 9—35, 37—40, 44, 45, 47—52, 54, 55, 57, 58, 61—64,
66].

Çàòåìíåííþ 10 ÷åðâíÿ 2021 ð. ïðèñâÿ÷åíî ëèøå îêðåì³ ðîáîòè
[9—12, 14, 15]. Ó ðîáîò³ [11] îïèñàíî òåïëîâèé åôåêò çàòåìíåííÿ â
ïðèçåìí³é àòìîñôåð³ íàä ì. Õàðê³â. Ïîêàçàíî, ùî ÷åðåç íåçíà÷íó ôàçó
(M = 0.11) çìåíøåííÿ òåìïåðàòóðè ïðèçåìíîãî øàðó àòìîñôåðè ñòà -
íîâèëî áëèçüêî 1 °C. Ó ðîáîò³ [10] ïðîâåäåíî ïîð³âíÿííÿ åôåêò³â êîí -
âåêö³¿ òà òóðáóëåíòíîñò³ ó ïðèçåìí³é àòìîñôåð³ äëÿ äâîõ çàòåìíåíü. Ó
ðîáîòàõ [9, 15] âèâ÷åíî ñóïóòí³ çàòåìíåííþ âàð³àö³¿ ãîëîâíîãî
ìàãí³òíîãî ïîëÿ â ³í òåð âàë³ ãåîãðàô³÷íèõ øèðîò 48¼77° ïí. ø., äëÿ
ÿêèõ ôàçà ÑÇ çì³íþ âàëàñü ó ìåæàõ 0.1¼0.94. ßê ³ ñë³ä áóëî î÷³êóâàòè,
íàéá³ëüøèé åôåêò ñïîñòåð³ãàâñÿ â Çàïîëÿð’¿, äå ìàëà ì³ñöå íàéá³ëüøà
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ôàçà çàòåìíåííÿ. Ó ðîáîòàõ [12, 14] îïèñàíî ³îíîñôåðí³ åôåêòè ÑÇ 10
÷åðâíÿ 2021 ð., çàðåºñòðîâàí³ ïîáëèçó ì. Õàðê³â.

Ìåòîþ äàíî¿ ðîáîòè º âèêëàä ðåçóëüòàò³â ñïîñòåðåæåííÿ é àíàë³ç
÷àñîâèõ çáóðåíü âåðòèêàëüíîãî ïîâíîãî åëåêòðîííîãî âì³ñòó (ÏÅÂ) â
Çàïîëÿð’¿. Äëÿ öüîãî âèêîðèñòîâóâàëèñü ðåçóëüòàòè âèì³ðþâàíü íà
íèçö³ ðàä³îïðèéìàëüíèõ ïóíêò³â ïàðàìåòð³â ñèãíàë³â íàâ³ãàö³éíèõ
ñóïóòíèê³â, ÿê³ ïðîë³òàëè íàä îáëàñòþ ò³í³ ç M » 0.9 íà âèñîêèõ øè -
ðîòàõ (70...80° ïí. ø.).

ÇÀÃÀËÜÍ² Â²ÄÎÌÎÑÒ² ÏÐÎ ÑÎÍß×ÍÅ ÇÀÒÅÌÍÅÍÍß 

Ñîíÿ÷íå çàòåìíåííÿ 10 ÷åðâíÿ 2021 ð. — ê³ëüöåïîä³áíå [42]. Âîíî
ðîçïî÷àëîñü 10 ÷åðâíÿ 2021 ð. î 08:12:20 UT (òóò ³ äàë³ ÷àñ âñåñâ³òí³é),
à çàê³í÷èëîñü î 13:11:19 UT. Ñïî÷àòêó ò³íü â³ä ÑÇ ç’ÿâèëàñü íàä Êàíà -
äîþ, äàë³ âîíà ðóõàëàñü ÷åðåç Ãðåíëàíä³þ, Ï³âí³÷íèé Ëüîäîâèòèé
îêåàí, Ï³âí³÷íèé ïîëþñ Çåìë³, îñòð³â Íîâà Ñèá³ð. Ò³íü â³ä ÑÇ ïîêðè -
âàëà ï³âí³÷íó ÷àñòèíó Ðîñ³éñüêî¿ Ôåäåðàö³¿. ×àñòêîâå ÑÇ â³äì³÷àëèñü
ó ï³âí³÷í³é ³ ñåðåäí³é ÷àñòèíàõ ªâðîïè, á³ëüø³é ÷àñòèí³ Ðîñ³éñüêî¿
Ôå äåðàö³¿, â Ìîíãîë³¿ òà Êèòà¿.

ÑÒÀÍ ÊÎÑÌ²×ÍÎ¯ ÏÎÃÎÄÈ 

Äëÿ âèÿâëåííÿ åôåêò³â ÑÇ â ³îíîñôåð³ ïðèíöèïîâèì º çíàííÿ ñòàíó
³îíîñôåðè, ÿêå âèçíà÷àºòüñÿ êîñì³÷íîþ ïîãîäîþ. Ñòàí êîñì³÷íî¿
ïîãîäè óñòàíîâëåíî çà äàíèìè ñàéòó [65].

7 ÷åðâíÿ 2021 ð. ó 5...6 ðàç³â çá³ëüøèëàñü êîíöåíòðàö³ÿ ÷àñòèíîê ó
ñîíÿ÷íîìó â³òð³. Øâèäê³ñòü ïðîòîí³â ñîíÿ÷íîãî ïîõîäæåííÿ çá³ëü -
øèëàñü ïðèáëèçíî â 1.5 ðàçà íàïðèê³íö³ äîáè 7 ÷åðâíÿ òà íà ïî÷àòêó
äîáè 8 ÷åðâíÿ 2021 ð.; 9…11 ÷åðâíÿ 2021 ð. âîíà, ÿê ³ êîíöåíòðàö³ÿ
÷àñòèíîê, ïðàêòè÷íî ïîâåðíóëàñÿ äî íåçáóðåíîãî ñòàíó. Ó ê³íö³ äîáè
7 ÷åðâíÿ 2021 ð. ñïîñòåð³ãàëîñü ð³çêå (äî 20...22 ðàç³â) çá³ëüøåííÿ
òåìïåðàòóðè ïðîòîí³â ó ñîíÿ÷íîìó â³òð³.

7 ÷åðâíÿ 2021 ð. ñïîñòåð³ãàëèñü çíà÷í³ (äî ±5 íÒë) âàð³àö³¿ By- ³
Bz-ñêëàäîâèõ ì³æïëàíåòíîãî ìàãí³òíîãî ïîëÿ. Ïîòóæí³ñòü åíåðã³¿
ñîíÿ÷íîãî â³òðó, ÿêà ïîòðàïëÿëà äî ìàãí³òîñôåðè Çåìë³, ïðè öüîìó
çá³ëüøèëàñü íà ïîðÿäîê. Ó ê³íö³ äîáè 7 ÷åðâíÿ 2021 ð. Kp-³íäåêñ
çá³ëüøèâñÿ äî 3...4, ùî õàðàêòåðèçóâàëî ñëàáêó ìàãí³òíó áóðþ. Áóðÿ
ðîçïî÷àëàñü 9 ÷åðâíÿ 2021 ð., ¿¿ ãîëîâíà ôàçà â³äçíà÷àëàñü âíî÷³ 10
÷åðâíÿ 2021 ð, à ¿¿ ðåëàêñàö³ÿ òðèâàëà 10 ³ 11 ÷åðâíÿ 2021 ð. Çíà÷åííÿ
Dst-³íäåêñó çìåíøóâàëîñü äî ì³í³ìàëüíîãî ð³âíÿ –33 íÒë.

Ñëàáêà ìàãí³òíà áóðÿ ñóïðîâîäæóâàëàñü íåçíà÷íèì çáóðåííÿì
³îíîñôåðè. Öå äîçâîëèëî íàä³éíî âèä³ëèòè åôåêòè ÑÇ. Äîäàìî, ùî çà
êîíòðîëüí³ âèáðàíî ñóñ³äí³ äí³ 9 ³ 11 ÷åðâíÿ 2021 ð.
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ÇÀÑÎÁÈ ÒÀ ÌÅÒÎÄÈ

Äëÿ ðîçâ’ÿçàííÿ çàäà÷³ âèÿâëåííÿ â³äãóêó ³îíîñôåðè íà ê³ëüöåïîä³áíå
ñîíÿ÷íå çàòåìíåííÿ 10 ÷åðâíÿ 2021 ð. îáðîáëÿëèñü ðåºñòðàö³¿ ñèãíàë³â 
ãëîáàëüíî¿ íàâ³ãàö³éíî¿ ñóïóòíèêîâî¿ ñèñòåìè (ÃÍÑÑ). Ïåðåë³ê ñòàí -
ö³é ñïîñòåðåæåííÿ, ÿê³ ïåðåáóâàëè ïîáëèçó òðàºêòîð³¿ ðóõó ì³ñÿ÷íî¿
ò³í³ çåìíîþ ïîâåðõíåþ, íàâåäåíî ó òàáë. 1. ßê âèäíî, ïðàêòè÷íî âñ³
ñòàíö³¿ (îêð³ì îäí³º¿) ðîçì³ùåí³ â Çàïîëÿðí³é îáëàñò³.

Ë³í³þ ðóõó ì³ñÿ÷íî¿ ò³í³ Çåìëåþ òà ðîçòàøóâàííÿ ñòàíö³é ñïîñòå -
ðåæåííÿ ïîêàçàíî íà ðèñ. 1. Ðóõ öåíòðà ì³ñÿ÷íî¿ ò³í³ â³äì³÷àâñÿ ïî -
çíà÷ êàìè ÷àñó ç êðîêîì 5 õâ. Á³÷í³ ë³í³¿ ì³ñÿ÷íî¿ ò³í³ º ï³âí³÷íèì ³ ï³â -
äåííèì êðàÿìè öåíòðàëüíî¿ òðàºêòîð³¿ ò³íüîâî¿ àáî àíòóìáðàëüíî¿
ò³í³. Ó ³íòåðâàë³ ÷àñó ñïîñòåðåæåííÿ çàòåìíåííÿ 09:00—11:00 UT
îáðîáëÿëèñü ñèãíàëè â³ä ÃÍÑÑ ïîòî÷íîãî ãðóïóâàííÿ ñóïóòíèê³â
G04, G05, G07, G09, G16, G18, G20, G27.
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¹ Ñòàíö³ÿ j l Êðà¿íà

1 IQAL   63.60°   –68.51° Êàíàäà

2 SRMP 72.91 –54.39 Ãðåíëàíä³ÿ
3 ASKY 75.72 –58.25 Ãðåíëàíä³ÿ
4 DKSG 76.35 –61.67 Ãðåíëàíä³ÿ
5 MARG 77.19 –65.69 Ãðåíëàíä³ÿ
6 GLS3 77.43 –51.11 Ãðåíëàíä³ÿ
7 KAGZ 79.13 –65.85 Ãðåíëàíä³ÿ
8 EUR2 79.92 –85.94 Êàíàäà
9 SCBY 80.26 –59.59 Ãðåíëàíä³ÿ
10 KMOR 81.25 –63.53 Ãðåíëàíä³ÿ
11 HRDG 81.87 –44.52 Ãðåíëàíä³ÿ

Òàáëèöÿ 1. Ïåðåë³ê âèêîðèñòîâóâàíèõ ñòàíö³é

Ðèñ. 1. Êàðòà ï³âíî÷³ Êàíàäè òà ÷àñòèíè Ãðåíëàíä³¿ ç ì³ñÿ÷íèì ñë³äîì ³ âèêîðè -
ñòîâóâàí³ ñòàíö³¿ ïðèéìàííÿ ñèãíàë³â ÃÍÑÑ. ×àñ 10 ÷åðâíÿ 2021 ð. 10:00…10:50 UT



Ìàêñèìóì êîíöåíòðàö³¿ åëåêòðîí³â â³äíîñèìî äî F2-øàðó ³îíî -
ñôåðè íà âèñîò³ 350 êì. Ðàä³îïðîì³íü ³ç ñóïóòíèêà ïåðåòèíàº F2-øàð
³îíîñôåðè â òî÷ö³, ÿêà ³ìåíóºòüñÿ ³îíîñôåðíîþ. Ïðîºêö³ÿ ³îíîñôåðíî¿
òî÷êè íà ïîâåðõíþ Çåìë³ çàäàº ï³ä³îíîñôåðíó òî÷êó. Òðàºêòîð³¿ ï³ä -
³îíîñôåðíèõ òî÷îê íàçâåìî ïðîëüîòàìè, à òðàºêòîð³þ ò³í³ Ì³ñÿöÿ —
ì³ñÿ÷íèì ñë³äîì.

Ó äâî÷àñòîòíîìó ïðèéìà÷³ çà îòðèìàíèìè ïñåâäîäàëüíîñòÿìè
îö³íþ ºòüñÿ ³îíîñôåðíà çàòðèìêà ñèãíàëó òà ðîçðàõîâóºòüñÿ çíà÷åííÿ
âåðòèêàëü íîãî ÏÅÂ. Çíà÷åííÿ ÏÅÂ âèì³ðþºòüñÿ â îäèíèöÿõ TECU (1
TECU = 1016 ì-2) [1].

Ïîõèáêè îö³íêè ÏÅÂ çóìîâëåí³ ïîõèáêàìè ðîçðàõóíêó êîîðäèíàò 
ñóïóòíèêà,  ïîõèáêàìè âèì³ðþâàíü ïñåâäîäàëüíîñòåé ³ç óðàõóâàííÿì
äâî÷àñòîòíîãî ïðèéîìó. Êîîðäèíàòè íàâ³ãàö³éíèõ ñóïóòíèê³â ðîçðà -
õî âóþòüñÿ ç äîñòàòíüî âèñîêîþ òî÷í³ñòþ. Ïñåâäîäàëüíîñò³ çà êîäîì ³
ôàçîþ ì³ñòÿòü ³îíîñôåðíó çàòðèìêó, âèïàäêîâ³ òà ñèñòåìàòè÷í³ ïî -
õèáêè.

Ðîçðàõóíêè [16] ïîêàçóþòü, ùî äëÿ îö³íêè ³îíîñôåðíèõ çáóðåíü
òî÷í³ñòü êîîðäèíàò ñóïóòíèêà òà â³äïîâ³äíî ï³ä³îíîñôåðíèõ òî÷îê º
äîñòàòíüîþ ïðè îïóáë³êóâàíí³ íàâ³ãàö³éíèõ äàíèõ íå ð³äøå, í³æ îäèí
ðàç íà äîáó. Âèì³ðþâàííÿ ôàçè â ñèñòåì³ GPS âèêîíóþòüñÿ ç äîñòàò -
íüî âèñîêîþ òî÷í³ñòþ òà ïîõèáêà â âèçíà÷åíí³ ÏÅÂ ïðè 30-ñåêóíäíèõ
³íòåðâàëàõ óñåðåäíåííÿ íå ïåðåâèùóº 1014 ì-2 (0.01 TECU) [1].

Ãîëîâíó ñèñòåìàòè÷íó ïîõèáêó â îö³íö³ ÏÅÂ äâî÷àñòîòíèì ïðèé -
ìà÷åì âíîñèòü çì³ùåííÿ ÷àñó ì³æ äâîìà ñïîñòåðåæåííÿìè êîäó
ÃÍÑÑ íà ð³çíèõ ÷àñòîòàõ. Äëÿ êîìïåíñàö³¿ äàíî¿ ïîõèáêè âèêîðèñòî -
âóþòü ïîïðàâêè DCB (Dif fer en tial Code Bi ases).

Çíà÷åííÿ DCBT äëÿ ñóïóòíèê³â ³ DCBR äåÿêèõ ñòàíö³é ïðåäñòàâ -
ëåíî â áàçàõ CDDIS ³ IGN [36]. ²íñòèòóò ãåîäåç³¿ òà ãåîô³çèêè (IGG)
Êèòàéñüêî¿ àêàäåì³¿ íàóê (CAS) ó ì. Óõàíü ³ Deut sche For shungs an stalt
fhr Luftung Raumfahrt (DLR) â Í³ìå÷÷èí³, íàäàþòü çíà÷åííÿ DCBT ³
DCBR ³ç çàòðèìêîþ ó 2…3 äí³ â ùîäåííèõ ôàéëàõ BSX [36]. Ïîõèáêà
âèçíà÷åííÿ DCBR çàçâè÷àé íå ïåðåâèùóº 0.05 íñ, ùî äëÿ ÷àñòîò GPS
â³äïîâ³äàº ïðèáëèçíî 0.14 TECU. Äëÿ ñóïóòíèê³â GPS (Global Po si -
tion ing Sys tem, ÑØÀ) íåñó÷³ ÷àñòîòè äîð³âíþþòü f1 = 1575.42 ÌÃö ³
f2 = 1227.60 ÌÃö [59].

×àñîâ³ çì³íè çíà÷åíü DCBR çà ðàõóíîê äàíî¿ ñèñòåìàòè÷íî¿ ïîõèá -
êè ïðèïóñêàþòü íàÿâí³ñòü âèïàäêîâîãî øóìó, ÿêèé, âî÷åâèäü, ìàº çîâ -
í³øí³ äæåðåëà. Ðîçðàõóíêè ïîêàçóþòü, ùî çîâí³øí³ äæåðåëà øóìó ïî -
â³ëüíî çì³íþþòüñÿ ïðîòÿãîì äåê³ëüêîõ äí³â. Ó öüîìó âèïàäêó íàêîïè -
÷åííÿ çì³í DCBR çà äîáó íîñèòü áåçïåðåðâíèé õàðàêòåð, ³ ñåðåäíÿ äî -
áîâà ïîõèáêà DCBR ñòàíîâèòü íå á³ëüøå, í³æ 0.03 TECU çà ãîäèíó
[16]. ßêùî ïîõèáêà DCBR äëÿ êîíêðåòíî¿ ñòàíö³¿ â³äñóòíÿ, òî êîðèñ -
òóâà÷ âèçíà÷àº ïîïðàâêó ñàìîñò³éíî.

Äëÿ â³äîáðàæåííÿ ì³ñöåðîçòàøóâàííÿ ñóïóòíèê³â ³ â³äïîâ³äíî
òî÷îê âèì³ðþâàííÿ ÏÅÂ ó F2-øàð³ ³îíîñôåðè íà ãåîãðàô³÷í³é êàðò³ áó -
äóâàëèñü ÷àñîâ³ ïîñë³äîâíîñò³ ï³ä³îíîñôåðíèõ òî÷îê â³äíîñíî ñòàíö³¿
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(ïðîëüîòè). Ïðèêëàäè òàêèõ êàðò ³ç ïðîëüîòàìè ñóïóòíèê³â â³äíîñíî
ìàêñèìàëüíî ðîçíåñåíèõ ñòàíö³é EUR2, HRDG, IQAL ³ SRMP äëÿ 10
÷åðâíÿ 2021 ð. íàâåäåíî íà ðèñ. 2.

Äëÿ ïîð³âíÿëüíîãî àíàë³çó îáèðàâñÿ ðîçðàõóíêîâèé ³íòåðâàë ÷àñó
09:00…11:00 UT. Íà ðèñóíêàõ êîæíèé ïðîë³ò ñóïðîâîäæóºòüñÿ íàç -
âîþ ñóïóòíèêà, ÷àñîì ïî÷àòêó ðàä³îáà÷åííÿ àáî ðîçðàõóíêîâîãî ïå -
ð³îäó. Íà ë³í³¿ ïðîëüîòó íàíåñåíî øêàëó ÷àñó ç êðîêîì 10 õâ (êîðîòê³
ðèñêè) òà 1 ãîä (äîâã³ ðèñêè) òà â³äì³òêîþ êîíòðîëüíîãî ïîëîæåííÿ
ñóïóòíèêà íà ìîìåíò ÷àñó 10:20 UT ó âèãëÿä³ êîëà. Â³äîáðàæåíî ëèøå
ò³ ñóïóòíèêè ïîòî÷íîãî ãðóïóâàííÿ, ï³ä³îíîñôåðí³ òî÷êè ÿêèõ ëåæàòü
ïîáëèçó òðàºêòîð³¿ ì³ñÿ÷íî¿ ò³í³. Ïî÷àòîê ïðîëüîòó â³äì³÷åíî íåâå ëè -
êèì êîëîì, ³ â ðàìö³ âêàçàíî íîìåð ñóïóòíèêà òà ÷àñ ïî÷àòêó ðàä³î -
áà÷åííÿ àáî ðîçðàõóíêîâîãî ïåð³îäó.

Ìàêñèìàëüíèé åôåêò â³ä ì³ñÿ÷íî¿ ò³í³ î÷³êóâàâñÿ ïðè çáëèæåíí³
ï³ä³îíîñôåðíî¿ òî÷êè ñóïóòíèêà òà öåíòðà ì³ñÿ÷íî¿ ò³í³. ßê ïðèêëàä
äëÿ ñòàíö³¿ EUR2 òà ñóïóòíèê³â ïîòî÷íîãî ãðóïóâàííÿ ïàðàìåòðè ìàê -
ñè ìàëüíîãî çáëèæåííÿ íàâåäåíî â òàáë. 2. Ìîìåíò ÷àñó ìàêñè ìàëü -
íîãî çáëèæåííÿ öåíòðà ì³ñÿ÷íî¿ ò³í³ òà ï³ä³îíîñôåðíî¿ òî÷êè âèêîðèñ -
òîâóºòüñÿ äëÿ âêàçàííÿ îáëàñò³ ïîøóêó åôåêòó â³ä ÑÇ.

Äëÿ îö³íêè ³îíîñôåðíî¿ çàòðèìêè òà ÏÅÂ îáðîáëÿëèñü ÷àñîâ³ ïî -
ñë³äîâíîñò³ C1C, L1C, C2W ³ L2W [59]. ×àñîâ³ çàòðèìêè ïðîõîäæåííÿ
ñèãíàë³â ó äâîõ ðàä³îêàíàëàõ çóìîâëþþòü ñèñòåìàòè÷í³ òà âèïàäêîâ³
ïîõèáêè ó âèì³ðþâàíèõ ïñåâäîäàëüíîñòÿõ. Äëÿ îòðèìàííÿ é àíàë³çó
ÏÅÂ òà êîìïåíñàö³¿ ñèñòåìàòè÷íî¿ ïîõèáêè âèêîðèñòîâóâàëèñü ïî -
ïðàâ êè DCB. Ö³ ïîïðàâêè ðåãóëÿðíî ðîçðàõîâóþòüñÿ äëÿ ïàð êîäîâèõ
ïñåâäîäàëüíîñòåé çà êîæíèì ñóïóòíèêîì ³ êîæíèì ïðèéìà÷åì [64].
Äëÿ ðîçðàõóíêó ÏÅÂ âèêîðèñòîâóâàëàñü ìåòîäèêà, îïèñàíà â ðîáîòàõ
[12, 46]. Äëÿ ñóïóòíèê³â GPS â³äïîâ³äí³ çíà÷åííÿ DCBT ìîæíà çíàéòè
ó áàçàõ [36]. Ïîïðàâêè DCBR äëÿ ñòàíö³é, ðîçòàøîâàíèõ ó Ãðåíëàíä³¿,
â³äñóòí³. Äëÿ îö³íêè ïîïðàâîê DCBR öèõ ñòàíö³é îáðàíî äåíü 9 ÷åðâíÿ
2021 ð. Âèêîðèñòîâóâàëèñü äàí³ ñóïóòíèêîâèõ âèì³ðþâàíü ³ êàðòà ãëî -
áàëüíîãî ðîçïîä³ëó ÏÅÂ [60]. Ïîð³âíþâàëèñü äâ³ ÷àñîâ³ ïîñë³äîâíîñò³ 
ÏÅÂ: ³ç ãëîáàëüíî¿ êàðòè òà ðîçðàõóíêîâî¿ äëÿ îáðàíèõ ñóïóòíèê³â ³ç
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¹ Ñóïóòíèê ×àñ Øèðîòà Äîâãîòà Â³äñòàíü, êì

1 G04 10:26 72°44¢ –88°53¢ 719

2 G05 10:53 85°11¢ –102°24¢  222

3 G09 10:36 76°26¢ –97°14¢ 779

4 G07 10:46 77°55¢ –106°40¢  862

5 G16 10:37 77°59¢ –76°42¢ 247

6 G18 10:43 80°25¢ –43°02¢ 440

7 G20 10:53 85°37¢ –98°19¢ 160

8 G27 10:11 64°40¢ –70°04¢   71

Òàáëèöÿ 2. Ãåîãðàô³÷í³ êîîðäèíàòè ï³ä³îíîñôåðíî¿ òî÷êè ñóïóòíèêà â ìîìåíò
ìàêñèìàëüíîãî çáëèæåííÿ öåíòðà ì³ñÿ÷íî¿ ò³í³ (ñòàíö³ÿ EUR2)
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Ðèñ. 2. Êàðòà ì³ñÿ÷íîãî ñë³äó ç ïðîëüîòàìè ñóïóòíèê³â: à — ñòàíö³ÿ EUR2, á —
ñòàíö³ÿ HRDG, â — ñòàíö³ÿ IQAL, ã — ñòàíö³ÿ SRMP
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Ðèñ. 3. ×àñîâ³ çàëåæíîñò³ ÏÅÂ äëÿ 9, 10 ³ 11 ÷åðâíÿ 2021 ð. (êðèâ³ 1, 2 ³ 3 â³äïîâ³äíî):
à — ñòàíö³ÿ IQAL, ñóïóòíèê G04; á — ñòàíö³ÿ SRMP, ñóïóòíèê G09; â — ñòàíö³ÿ
ASKY, ñóïóòíèê G20; ã — ñòàíö³ÿ DKSG, ñóïóòíèê G09; ä — ñòàíö³ÿ MARG,
ñóïóòíèê G09. Òðèêóòíèêîì òóò ³ äàë³ â³äì³÷åíî ìàêñèìàëüíó ôàçó ÑÇ
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Ðèñ. 4. ×àñîâ³ çàëåæíîñò³ ÏÅÂ äëÿ 9, 10 ³ 11 ÷åðâíÿ 2021 ð. (êðèâ³ 1, 2 ³ 3 â³äïîâ³äíî):
à — ñòàíö³ÿ GLS3, ñóïóòíèê G09; á — ñòàíö³ÿ KAGZ, ñóïóòíèê G20; â — ñòàíö³ÿ
EUR2, ñóïóòíèê G05; ã — ñòàíö³ÿ SCBY, ñóïóòíèê G09; ä — ñòàíö³ÿ KMOR,
ñóïóòíèê G09



íåâ³äîìèì ïàðàìåòðîì DCBR. Çà äîïîìîãîþ ìåòîäó íàéìåíøèõ êâàä -
ðàò³â îö³íþâàëè DCBR äëÿ êîæíîãî ïðîëüîòó. Îö³íêè ÏÅÂ îòðèìàíî
äëÿ 11 ñòàíö³é ³ 8 ñóïóòíèê³â.

ÐÅÇÓËÜÒÀÒÈ ÑÏÎÑÒÅÐÅÆÅÍÜ

Ðîçãëÿíåìî ñïî÷àòêó ÷àñîâ³ âàð³àö³¿ ÏÅÂ. ×àñîâ³ çì³íè öüîãî ïàðà ìåò -
ðà ³îíîñôåðè äëÿ ð³çíèõ ñòàíö³é ³ ñóïóòíèê³â íàâåäåíî íà ðèñ. 3, 4. Äëÿ 
ïîð³âíÿííÿ íàðÿäó ç äàíèìè äëÿ äíÿ ç ÑÇ íàâåäåíî äàí³ äëÿ êîíò -
ðîëüíèõ äí³â (9 ³ 11 ÷åðâíÿ 2021 ð.). Ñë³ä â³äçíà÷èòè, ùî äåíü 11 ÷åð -
âíÿ 2021 ð. áóâ çáóðåíèì. Òîìó äëÿ êîíòðîëüíîãî äíÿ á³ëüøå ï³ä õî -
äèòü 9 ÷åðâíÿ 2021 ð.

Ñòàíö³ÿ IQAL. Ñóïóòíèê G04
Íà ðèñ. 3à âèäíî, ùî 9 ÷åðâíÿ 2021 ð. â³ä 09:00 äî 11:00 ÏÅÂ

çì³íþâàâñÿ, ñëàáî ôëóêòóþ÷è á³ëÿ çíà÷åííÿ NLV » 7.8 TECU. Ó öåé æå
÷àñ 11 ÷åðâíÿ ôëóêòóàö³¿ ÏÅÂ áóëè äóæå çíà÷íèìè (â³ä 5.5 äî 9…
10 TECU). Ó äåíü çàòåìíåííÿ ïðàêòè÷íî ï³ñëÿ éîãî ïî÷àòêó ÏÅÂ
ïî÷àâ çìåíøóâàòèñÿ â³ä 8.5…8.6 äî 6.8 TECU, à ïîò³ì çá³ëüøóâàòèñÿ
â³ä 6.8 äî 8 TECU òà á³ëüøå. ×àñ t çàï³çíåííÿ ì³í³ìàëüíîãî çíà÷åííÿ
ÏÅÂ â³äíîñíî ìàêñèìàëüíîãî çíà÷åííÿ ôàçè çàòåìíåííÿ ñòàíîâèâ
áëèçüêî 15 õâ.

Ñòàíö³ÿ SRMP. Ñóïóòíèê G09
ßê âèäíî ç ðèñ. 3á, 9 ÷åðâíÿ 2021 ð. â ³íòåðâàë³ ÷àñó 09:10…11:15

ôëóêòóàö³¿ ÏÅÂ á³ëÿ çíà÷åííÿ 8.8 TECU íå ïåðåâèùóâàëè 0.6…
0.7 TECU. 11 ÷åðâíÿ 2021 ð. çíà÷åííÿ ÏÅÂ ôëóêòóâàëè á³ëÿ 7.8 TECU.
Ó äåíü ÑÇ ï³ñëÿ éîãî ïî÷àòêó ÏÅÂ ñïî÷àòêó çìåíøèâñÿ â³ä 8.3 äî
6.9 TECU, à ïîò³ì çá³ëüøèâñÿ â³ä 6.9 äî 9 TECU òà á³ëüøå. Íà ïîâ³ëüí³
âàð³àö³¿ ÏÅÂ íàêëàäàëèñÿ êâàç³ïåð³îäè÷í³ çì³íè ç ïåð³îäîì 9 õâ, àìï -
ë³òóäîþ DNLV » 0.3…0.4 TECU òà â³äíîñíîþ àìïë³òóäîþ dNLV » 4…
5 %. ×àñ çàï³çíåííÿ t » 5 õâ.

Ñòàíö³ÿ ASKY. Ñóïóòíèê G20
Ç ðèñ. 3â ìîæíà áà÷èòè, ùî â³ä 10:00 äî 12:00 9 ÷åðâíÿ 2021 ð.

ÏÅÂ, ôëóêòóþ÷è, çìåíøóâàâñÿ â³ä 8 äî 6.2 TECU. Ó òîìó æ ³íòåðâàë³
÷àñó 11 ÷åðâíÿ 2021 ð., ñèëüíî ôëóêòóþ÷è, ÏÅÂ âàð³þâàâ â³ä 8 äî
5 TECU. Ó äåíü ÑÇ â³äðàçó ï³ñëÿ ïî÷àòêó çàòåìíåííÿ ÏÅÂ çìåíøèâñÿ
â³ä 8 äî 2.8 TECU, à ïîò³ì â³í çá³ëüøèâñÿ ó ê³íö³ çàòåìíåííÿ äî
4 TECU. Ï³ñëÿ 12:00 ÏÅÂ ïðîäîâæèâ çá³ëüøóâàòèñÿ â³ä 4 äî 6.6 TECU. 
Çíà÷åííÿ t » 30 õâ.

Ñòàíö³ÿ DKSG. Ñóïóòíèê G09
Ç ðèñ. 3ã âèäíî, ùî â³ä 09:30 äî 11:30 9 ÷åðâíÿ 2021 ð. ÏÅÂ âàð³þ -

âàâ ó ìåæàõ 7...7.5 TECU. 11 ÷åðâíÿ 2021 ð. â òîìó æ ³íòåðâàë³ ÷àñó
ÏÅÂ ñòàíîâèâ 4.6...5.1 TECU. Ó äåíü çàòåìíåííÿ, ïðàêòè÷íî ï³ñëÿ éî -
ãî ïî÷àòêó, çíà÷åííÿ ÏÅÂ ïîñòóïîâî çìåíøóâàëîñü â³ä 6.4 äî
4.4 TECU, à ïîò³ì çá³ëüøóâàëîñü â³ä 4.4 äî 7.4 TECU ³ á³ëüøå. ×àñ
çàï³çíåííÿ t » 15 õâ.
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Ñòàíö³ÿ MARG. Ñóïóòíèê G09
²ç ðèñ. 3ä ìîæíà áà÷èòè, ùî â³ä 09:30 äî 11:30 9 ÷åðâíÿ 2021 ð.

ÏÅÂ ôëóêòóâàâ á³ëÿ çíà÷åííÿ 9.6 TECU. Âåëè÷èíà ôëóêòóàö³é íå
ïåðåâèùóâàëà 0.6 TECU. 11 ÷åðâíÿ 2021 ð. ïðèáëèçíî ï³ñëÿ 10:10 ñïî -
ñòåð³ãàëèñü âàð³àö³¿ ÏÅÂ, ÿê³ äîñÿãàëè 0.7 TECU. Ó äåíü ÑÇ ïðèáëèçíî 
÷åðåç 5 õâ ï³ñëÿ ïî÷àòêó ïîä³¿ ÏÅÂ ïîñòóïîâî çìåíøóâàâñÿ â³ä 9.3 äî
7.15 TECU. Ï³ñëÿ 10:50 â³í ïîñòóïîâî çá³ëüøóâàâñÿ â³ä 7.15 äî
9.2 TECU ³ á³ëüøå. ×àñ çàï³çíåííÿ t áóâ áëèçüêèì äî 15 õâ. Ñïîñòå -
ð³ãàëèñü íåçíà÷í³ êâàç³ïåð³îäè÷í³ âàð³àö³¿ ÏÅÂ.

Ñòàíö³ÿ GLS3. Ñóïóòíèê G09
ßê âèäíî ç ðèñ. 4à, â ³íòåðâàë³ ÷àñó 09:30…11:40 9 ÷åðâíÿ 2021 ð.

çíà÷åííÿ ÏÅÂ çìåíøèëèñü â³ä 7.5 äî 7.0...7.2 TECU, à ïîò³ì, ôëóê -
òóþ÷è, çá³ëüøèëèñü â³ä 7.0...7.2 TECU äî 8.0...8.3 TECU òà á³ëüøå. Ó
òîìó æ ³íòåðâàë³ ÷àñó 11 ÷åðâíÿ 2021 ð. çíà÷åííÿ ÏÅÂ íå ³ñòîòíî ôëóê -
òóâàëè á³ëÿ 5.2 TECU. Ó äåíü çàòåìíåííÿ â³äðàçó æ ï³ñëÿ éîãî ïî÷àòêó
ÏÅÂ ïîñòóïîâî çìåíøóâàëîñÿ â³ä 6.4 äî 4.2...4.3 TECU. Äàë³ âîíî
çá³ëüøóâàëîñü â³ä 4.2...4.3 TECU äî 7.6 TECU ³ á³ëüøå. ×àñ çàï³çíåííÿ
t » 15 õâ.

Ñòàíö³ÿ KAGZ. Ñóïóòíèê G20
Íà ðèñ. 4á âèäíî, ùî ç 10:00 äî 12:00 9 ÷åðâíÿ 2021 ð. ÏÅÂ, ³ñòîòíî

ôëóêòóþ÷è, çì³íþâàâñÿ ó ìåæàõ 9.2…7.8 TECU. Íàñòóïíîãî ï³ñëÿ ÑÇ
äíÿ â òîìó æ ³íòåðâàë³ ÷àñó ÏÅÂ, ñèëüíî ôëóêòóþ÷è, âàð³þâàâ â³ä 8.8
äî 6.8 TECU. Àìïë³òóäà êâàç³ïåð³îäè÷íèõ êîëèâàíü äîñÿãàëà
0.4 TECU (~6 %), à ¿õí³é ïåð³îä ñòàíîâèâ 9…11 õâ. Ó äåíü çàòåìíåííÿ
ÏÅÂ, ôëóêòóþ÷è, çì³íþâàëîñü â òîìó æ ³íòåðâàë³ ÷àñó â³ä 7.6 äî
4.3 TECU, à ïîò³ì çá³ëüøóâàëîñü â³ä 4.3 äî 5.2 TECU ³ á³ëüøå. ×àñ
çàï³çíåííÿ t » 30 õâ. Àìïë³òóäà êâàç³ïåð³îäè÷íèõ çáóðåíü äîð³â íþ -
âàëà 0.3 TECU (4…5 %), à ¿õí³é ïåð³îä ñòàíîâèâ 14 õâ.

Ñòàíö³ÿ EUR2. Ñóïóòíèê G05
Ç ðèñ. 4â ìîæíà áà÷èòè, ùî â ³íòåðâàë³ ÷àñó 09:40…11:00 çà äåíü

äî ÑÇ ìàëè ì³ñöå ñèëüí³ (äî 1¼2 TECU) âàð³àö³¿ ÏÅÂ. Ñåðåäíº çíà -
÷åí íÿ ÏÅÂ çìåíøóâàëîñü â³ä 11.5 äî 9.5 TECU. Íà íàñòóïíèé ï³ñëÿ
çàòåìíåííÿ äåíü ÏÅÂ, ñèëüíî ôëóêòóþ÷è, çìåíøóâàâñÿ â³ä 12.2 äî 8.6
TECU. 10 ÷åðâíÿ 2021 ð. ÏÅÂ òàêîæ, ïîì³òíî ôëóêòóþ÷è, ñïî÷àòêó
çìåí øèâñÿ â³ä 11 äî 6.7 TECU, à äàë³ çá³ëüøèâñÿ â³ä 6.7 äî 7.3 TECU
òà á³ëüøå. Ïàðàìåòð t » 15 õâ. Àìïë³òóäà êâàç³ïåð³îäè÷íèõ âàð³àö³é
ÏÅÂ ñòàíîâèëà 0.2¼0.3 TECU (3…3.5 %), à T » 12¼15 õâ.

Ñòàíö³ÿ SCBY. Ñóïóòíèê G09
ßê âèäíî ç ðèñ. 4ã, çà äåíü äî çàòåìíåííÿ â ³íòåðâàë³ 09:30…11:40

ÏÅÂ âàð³þâàâ ó ìåæàõ 9.6¼8.2 TECU. 11 ÷åðâíÿ 2021 ð. â³ä çíà÷àëèñü
ñèëüí³ ôëóêòóàö³¿ ÏÅÂ: â³ä 6.4 äî 8.8 TECU. Ó äåíü ÑÇ ÏÅÂ ï³ñëÿ
ïî÷àòêó ïîä³¿ çìåíøèâñÿ, ôëóêòóþ÷è, â³ä 8.6 äî 6.0 TECU. Ï³ñëÿ 11:30 
â³í çá³ëüøóâàâñÿ â³ä 6.0 äî 8 TECU òà á³ëüøå. ×àñ çàï³çíåííÿ t » 21 õâ.

Ñòàíö³ÿ KMOR. Ñóïóòíèê G20
Ç ðèñ. 4ä ìîæíà áà÷èòè, ùî çà äåíü äî ÑÇ â ³íòåðâàë³ ÷àñó 09:30...

11:40 çíà÷åííÿ ÏÅÂ ôëóêòóâàëè ó ìåæàõ 12.6...10 TECU. 11 ÷åðâíÿ
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2021 ð. ôëóêòóàö³¿ ÏÅÂ ó òîìó æ ³íòåðâàë³ ÷àñó áóëè çíà÷ íèìè.
Â³äçíà÷àëèñü êâàç³ïåð³îäè÷í³ âàð³àö³¿ ÏÅÂ ç àìïë³òóäîþ áëèçü êî
1 TECU (6 %) òà ïåð³îäîì áëèçüêî 25 õâ. Ó äåíü ÑÇ, 10 ÷åðâíÿ 2021 ð.,
ÏÅÂ ìàéæå ìîíîòîííî çìåíøóâàâñÿ â ³íòåðâàë³ ÷àñó 09:50...11:00 â³ä
10.5 äî 7.9 TECU, à ïîò³ì çá³ëüøóâàâñÿ â³ä 7.9 äî 9.5 TECU òà á³ëüøå.
Ì³í³ìàëüíå çíà÷åííÿ ÏÅÂ ñïîñòåð³ãàëîñü ïðè t » 25 õâ ³ òðèâàëî
áëèçüêî 20 õâ. 

Óçàãàëüíåííÿ ïàðàìåòð³â îñíîâíèõ ³îíîñôåðíèõ åôåêò³â íàâåäåíî 
â òàáë. 3.

ÎÁÃÎÂÎÐÅÍÍß

×àñîâ³ çàëåæíîñò³ ÏÅÂ äëÿ âñ³õ ñòàíö³é ³ ñóïóòíèê³â ÿê³ñíî ïîä³áí³.
Ïðàêòè÷íî â³äðàçó æ ï³ñëÿ ïî÷àòêó ÑÇ ìàëî ì³ñöå ñò³éêå çìåíøåííÿ
ÏÅÂ, ÿêå òðèâàëî â³ä 60 äî 180 õâ. Ì³í³ìàëüíå çíà÷åííÿ ÏÅÂ çàï³ç -
íþâàëîñÿ ïî â³äíîøåííþ äî ìàêñèìàëüíî¿ ôàçè çàòåìíåííÿ íà ÷àñ â³ä
5 äî 30 õâ (ó ñåðåäíüîìó 18.3 ± 8.5 õâ). Ìàêñèìàëüíå çìåíøåííÿ ÏÅÂ
ïðè öüîìó ñòàíîâèëî 1.4...3.6 TECU ïðè ñåðåäíüîìó çíà÷åíí³ N LV  =

= 5.2...10.4 TECU (òàáë. 3). 
Ó ñåðåäíüîìó áDNLVñ = 2.3 ± 0.6 TECU, à N LV  = 8.4 ± 1.6 TECU.

Ïðè öüîìó çíà÷åííÿ DN NLV LV/  çì³íþâàëîñü â³ä –16.5 äî –46 %, à

ñåðåäíº çíà÷åííÿ ñòàíîâèëî –30 ± 9.7  %. 
Ç³ñòàâèìî îòðèìàíå ç³ ñïîñòåðåæåíü çíà÷åííÿ dLV = –30 ± 9.7 % ç

éîãî òåîðåòè÷íîþ îö³íêîþ. Äëÿ öüîãî âðàõóºìî, ùî

D D D D
D

N Ndz N zLV

z

= »ò ,  (1)
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Ñòàíö³ÿ,

ñóïóòíèê

Ìàêñèìàëüíå 
çáóðåííÿ

DNLV, TECU

Ñåðåäíº
çíà÷åííÿ N LV ,

TECU

Ìàêñèìàëüíå 
â³äíîñíå çáóðåííÿ 

DN NLV LV/ , %

×àñ

çàï³çíåííÿ, õâ

IQAL, G04 –1.7 8.5 –20 15
SRMP, G09 –1.4 8.5 –16.5 5
ASKY, G20 –2.4 5.2 –46 30
DKSG, G09 –2.0 6.4 –31 15
MARG, G09 –2.2 7.3 –30 15
GLS3, G09 –2.2 6.4 –34 15
KAGZ, G20 –3.6 7.8 –45.5 30
EUR2, G05 –2.3 9.0 –25.5 15
SCBY, G09 –1.6 8.6 –18.6 21
KMOR, G09 –2.5 10.4 –24 25
HRDG, G20 –3.5 7 –50 10

Òàáëèöÿ 3. Îñíîâí³ â³äîìîñò³ ïðî ³îíîñôåðíèé åôåêò ÑÇ



D D
D

N N dz N zLV

z

0 0 0 0

0

= »ò , (2)

äå DN  — ñåðåäíº ïî âèñîò³ çáóðåííÿ êîíöåíòðàö³¿ åëåêòðîí³â çà
ðàõóíîê ÑÇ, N 0  — ñåðåäíº ïî âèñîò³ çíà÷åííÿ çà â³äñóòíîñò³ çàòåì -

íåííÿ, Dz ³ Dz0  — òîâùèíà øàðó ³îíîñôåðè, ÿêèé äàº îñíîâíèé âíåñîê
ó DNLV ³ NLV0. Ç (1) ³ (2) ìàºìî

d LV
LV

LV

N

N

N

N

z

z
= »

D D D

D0 0 0

. (3)

Çíà÷åííÿ DN N/ 0  ìîæíà îö³íèòè ³ç ð³âíÿííÿ áàëàíñó N ç óìîâè íåõ -

òóâàííÿ ïðîöåñàìè ïåðåíîñó. Ó ðîáîòàõ [7, 12, 14] äëÿ N/N0 â F-îáëàñò³ 
³îíîñôåðè íàâåäåíî âèðàç

N

N

B

0 1
=

+

+

x

x
,

äå B — â³äíîñíà íåçàò³íåíà ÷àñòèíà äèñêó Ñîíöÿ, x — â³äíîñíèé
âíåñîê â ³îí³çàö³þ ³îíîñôåðè ñîíÿ÷íî¿ êîðîíè. Òîä³

d
x

N

N

N

B
= - = -

-

+0

1
1

1
 . (4)

Çíà÷åííÿ x àïð³îð³ íåâ³äîìå. Ñêîð³øå çà âñå, âîíî çì³íþºòüñÿ ç ÷àñîì ³ 
çàëåæèòü â³ä ïðîöåñ³â íà Ñîíö³. Çà äàíèìè ðîáîòè [7] ïðèéìåìî
x = 1.15…1.25. Òîä³ ç (4) ïðè B = 0.1 îòðèìàºìî dN » –72…-78 %. Ç³
ñï³ââ³äíîøåííÿ (3) ïðè Dz » 160 êì, Dz0 » 400 êì âèïëèâàº, ùî dLV »
» –29…-31 %. Öå çíà÷åííÿ äóæå áëèçüêå äî çíà÷åííÿ, îòðèìàíîãî ç³
ñïîñòåðåæåíü (–30 ± 9.7 %).

Ï³ñëÿ äîñÿãíåííÿ ì³í³ìàëüíîãî çíà÷åííÿ ÏÅÂ ñïîñòåð³ãàëîñü
éîãî çá³ëüøåííÿ äî âèõ³äíîãî àáî á³ëüøîãî çíà÷åííÿ.

Ó íèçö³ âèïàäê³â ñïîñòåð³ãàëèñü êâàç³ïåð³îäè÷í³ çáóðåííÿ ÏÅÂ ç
ïåð³îäîì 9…15 õâ òà â³äíîñíîþ àìïë³òóäîþ 3…5 %. Ç äàíèõ ïðî
dNLa » 3…5 % îö³íèìî ñåðåäíº çà âèñîòîþ d Na . Âðàõóºìî, ùî

d dNLa Na
az

z
=

D

D 0

 , (5)

äå Dza — òîâùèíà ³îíîñôåðíîãî øàðó ç õâèëüîâèìè çáóðåííÿìè (çà -
çâè÷àé âîíè çàéìàþòü ä³àïàçîí âèñîò 150…250 êì). Ïðè öüîìó Dza »
»100 êì, d Na  = 12...20 %.

Ïðîñòîðîâèé ðîçïîä³ë ÏÅÂ ó íàïðÿìêó, ïîïåðå÷íîìó ïî â³äíî -
øåí íþ äî ò³í³, â³äáèâàº çìåíøåííÿ ôàçè çàòåìíåííÿ. Â îáëàñò³ ìàêñè -
ìàëü íî¿ ôàçè çìåíøåííÿ ÏÅÂ ìàêñèìàëüíå, à ïî îáèäâà áîêè â³ä ò³í³
âîíî ïîñòóïîâî çìåíøóºòüñÿ.

×àñ çàï³çíåííÿ ðåàêö³¿ ³îíîñôåðè íà ÑÇ t » 18.3 ± 8.5 õâ çóìîâ -
ëåíèé ³íåðö³éí³ñòþ õ³ì³÷íèõ ïðîöåñ³â ó F-îáëàñò³ ³îíîñôåðè. Öåé ÷àñ
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âèçíà÷àºòüñÿ êîåô³ö³ºíòîì ë³í³éíî¿ ðåêîìá³íàö³¿ b ³îí³â O+ ³ êîíöåíò -
ðàö³ºþ ìîëåêóë N2 ³ O2 [2, 56]. Çàçâè÷àé b » 10–3 ñ–1 [2, 56], à b–1 » 17 õâ,
ùî äóæå áëèçüêî äî îòðèìàíîãî ç³ ñïîñòåðåæåíü ñåðåäíüîãî çíà÷åííÿ
t » 18 õâ. Äîäàìî, ùî ÷àñ çàï³çíåííÿ ìàêñèìàëüíîãî çìåíøåííÿ êîí -
öåíòðàö³¿ åëåêòðîí³â ó F-îáëàñò³ ³îíîñôåðè ïî â³äíîøåííþ äî ìàêñè -
ìàëüíîãî çíà÷åííÿ ôàçè ïðîòÿãîì íèçêè ñîíÿ÷íèõ çàòåìíåíü ó 1999¾
2021 ðð., ÿêå ìè ñïîñòåð³ãàëè íà ìåðåæ³ ³îíîçîíä³â, ñòàíîâèâ 15...20 õâ
[7].

ÎÑÍÎÂÍ² ÐÅÇÓËÜÒÀÒÈ

Çà äîïîìîãîþ 11 ñòàíö³é íàçåìíèõ âèì³ðþâàíü ñèñòåìè GPS äëÿ âîñü -
ìè ØÑÇ âèâ÷åíî ïðîñòîðîâî-÷àñîâ³ âàð³àö³¿ ÏÅÂ ïðè ìàêñèìàëüíîìó
ïîêðèòò³ äèñêó Ñîíöÿ, ÿêå ñïîñòåð³ãàëîñü ó Çàïîëÿð’¿ (øèðîòè 73…
72° ïí. ø.) é óñòàíîâëåíî íàñòóïíå.

1. Íà êîæí³é ñòàíö³¿ äëÿ êîæíîãî ñóïóòíèêà çìåíøåííÿ êîí öåíò -
ðàö³¿ åëåêòðîí³â íàñòóïàëî ïðàêòè÷íî â³äðàçó æ ï³ñëÿ ïî÷àòêó ÑÇ. Öå
çìåíøåííÿ òðèâàëî áëèçüêî 60…100 õâ. Ï³ñëÿ öüîãî â³äçíà÷àëîñÿ
ì³í³ ìàëüíå çíà÷åííÿ ÏÅÂ, à äàë³ — éîãî çá³ëüøåííÿ äî âèõ³ä íîãî àáî
á³ëüøîãî çíà÷åííÿ.

2. Ìàêñèìàëüíå çìåíøåííÿ ÏÅÂ ñêëàäàëî –1.4¼–3.6 TECU ïðè
ñåðåäíüîìó çíà÷åíí³ ÏÅÂ 5.2¼10.4 TECU. Ó ñåðåäíüîìó çìåíøåííÿ
ÏÅÂ äîð³âíþâàëî -2.3 ± 0.6 TECU, à ð³âåíü, â³ä ÿêîãî ìàëî ì³ñöå öå
çìåíøåííÿ, äîð³âíþâàâ 8.4 ± 1.6 TECU. Â³äíîñíå çìåíøåííÿ çì³íþ -
âàëîñü â³ä –16.5 äî –46 %. Ó ñåðåäíüîìó âîíî ñòàíîâèëî –30 ± 9.7 %.

3. Âèçíà÷åíî ÷àñ çàï³çíåííÿ ìîìåíòó íàñòàííÿ ì³í³ìàëüíîãî çíà -
÷åííÿ ÏÅÂ ïî â³äíîøåííþ äî ìàêñèìàëüíî¿ ôàçè ÑÇ. Â³í çì³íþâàâñÿ
ó ìåæàõ 5¼30 õâ, ñåðåäíº çíà÷åííÿ öüîãî ÷àñó ñêëàäàëî 18.3 ± 8.5 õâ.

4. Ó íèçö³ âèïàäê³â ïðîòÿãîì ÑÇ ñïîñòåð³ãàëèñü êâàç³ïåð³îäè÷í³
âàð³àö³¿ ÏÅÂ ç ïåð³îäîì 9¼15 õâ ³ â³äíîñíîþ àìïë³òóäîþ 3¼5 %.
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IONOSPHERIC EFFECTS FROM THE JUNE 10, 2021 SOLAR ECLIPSE 
IN THE POLAR REGION

So lar eclipses (SEs) are de ter mined to re veal a broad ar ray of pro cesses act ing in all
geospheres. In the ion o sphere, a de crease in the elec tron den sity, elec tron, ion, and neu tral 
tem per a tures take place; the dy nam ics of the ion o spheric plasma sig nif i cantly changes,
wave dis tur bances are gen er ated, and cou pling ex pands across the en tire Earth — at mo -
sphere — ion o sphere — mag neto sphere sys tem. The ef fects from SEs have been proved to
de pend on the mag ni tude of the so lar eclipse, geo graphic co or di nates, sea son, at mo -
spheric and space weather state, so lar cy cle mag ni tude, and other fac tors. In ad di tion to
the re cur ring or reg u lar ef fects, ef fects per tain ing to a given SE arise. There fore, the study
of phys i cal pro cesses aris ing in all geospheres un der the ac tion of a SE is an ur gent in ter -
dis ci plin ary task. The pur pose of this pa per is to pres ent observations and anal y sis of tem -
po ral dis tur bances in to tal elec tron con tent (TEC) in the vertical col umn over the po lar re -
gion. The data used in this study in clude the pa ram e ters of sig nals, re ceived at a net work of 
sta tions, from nav i ga tion sat el lites pass ing over the moon’s shadow where M » 0.9 in the
lat i tude range ~ 70…80° N. The an nu lar June 10, 2021 so lar eclipse be gan at 08:12:20 UT 
and ended at 13:11:19 UT. The moon’s shadow ap peared over Can ada, than it moved
across Green land, Arc tic Ocean, the North Pole, and New Si be rian Is lands. The moon’s
shadow cov ered the north ern part of the Rus sian Fed er a tion. Par tial SEs were noted in
north ern and mid dle parts of Eu rope, most of the Rus sian Fed er a tion, Mon go lia, and
China. Us ing 11 ground-based sta tions re ceiv ing GPS sig nals and 8 sta tions re ceiv ing sig -
nals from nav i ga tion sat el lites, spa tial and tem po ral vari a tions in TEC have been stud ied
dur ing the max i mum mag ni tude of the eclipse in the po lar re gion (73…72° N lat i tude), and
it has been de ter mined the following. A de crease in the elec tron den sity at each sta tion and
for ev ery sat el lite be gan virtually at once af ter the SE on set and per sisted for about 60 to
100 min. Sub se quently, a min i mum value of TEC was noted, and fur ther TEC showed an
in crease to the ini tial or to the greater value. The TEC av er age value was ob served to be
5.2…10.4 TECU. On av er age, a de crease in TEC was es ti mated to be 2.3 ± 0.6 TECU rel a -
tive to the 8.4 ± 1.6 TECU level. On a rel a tive scale, the de crease var ied in the –16.5 to –46
% range over an av er age value of –(30 ± 9.7) %. The TEC val ues in creased with lat eral
dis tance from the re gion of max i mum shade, i.e., with de creas ing of the mag ni tude of the
SE, and their dis tur bances de creased. The time de lay be tween the TEC min ima and the SE

ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2022. Ò. 38, ¹ 4 51

²ÎÍÎÑÔÅÐÍ² ÅÔÅÊÒÈ ÑÎÍß×ÍÎÃÎ ÇÀÒÅÌÍÅÍÍß



max i mum mag ni tude has been de ter mined to vary in the 5...30-min range with the mean
ob served to be 18.3±8.5 min. In the course of the SE, in some cases, TEC ex hib ited
quasi-pe ri odic vari a tions within the pe riod range of 9…15 min and am pli tude of 3…5%.
Keywords: ion o sphere, so lar eclipse, to tal elec tron con tent, aperiodic dis tur bance, quasi-
pe ri odic distur bance pa ram e ter
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