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Ñèñòåìîþ, â ÿê³é ðîçâèâàþòüñÿ ãåîêîñì³÷í³ áóð³, º îá’ºêò Ñîíöå —
ì³æïëàíåòíå ñåðåäîâèùå — ìàãí³òîñôåðà — ³îíîñôåðà — àòìî -
ñôåðà — Çåìëÿ (âíóòð³øí³ îáîëîíêè) (ÑÌÑÌ²ÀÇ). Äîñë³äæåííÿ
ô³ çè÷ íèõ åôåêò³â ãåîêîñì³÷íèõ áóð — íàéâàæëèâ³øèé íàóêîâèé
íàïðÿì â êîñì³÷í³é ãåîô³çèö³. Ïðîáëåìà âçàºìîä³¿ ï³äñèñòåì ó ñèñ -
òåì³ ÑÌÑÌ²ÀÇ ïðîòÿãîì ãåîêîñì³÷íèõ áóð — ì³æäèñöèïë³íàðíà, äëÿ
¿¿ ðîçâ’ÿçàííÿ ïîòð³áåí ñèñòåìíèé ï³äõ³ä. Ïðîáëåìà íîñèòü áàãàòî -
ôàêòîðíèé õàðàêòåð. Ðåàêö³ÿ ï³äñèñòåì âèçíà÷àºòüñÿ îäíî÷àñíèì
(ñèíåðãåòè÷íèì) âïëèâîì íèçêè çáóðþâàëüíèõ ôàêòîð³â. Âàæëèâî, ùî 
ñèñòåìà ÑÌÑÌ²ÀÇ — â³äêðèòà, íåë³í³éíà òà íåñòàö³îíàðíà. Ó í³é
âèÿâëÿþòüñÿ ïðÿì³ òà çâîðîòí³, ïîçèòèâí³ òà íåãàòèâí³ çâ’ÿçêè. Ç îã -
ëÿäó íà áàãàòîãðàíí³ñòü ïðîÿâ³â ãåîêîñì³÷íèõ áóð, ÷åðåç óí³êàëüí³ñòü 
êîæíî¿ áóð³ âèâ÷åííÿ ô³çè÷íèõ åôåêò³â ãåîêîñì³÷íèõ áóð º àêòóàëü -
íîþ íàóêîâîþ çàäà÷åþ. Êð³ì çàäà÷ âñåá³÷íîãî äîñë³äæåííÿ ô³çè÷íèõ
åôåêò³â ãåîêîñì³÷íèõ áóð, íà ïîâíèé çð³ñò ñòîÿòü çàäà÷³ ¿õíüîãî äå -
òàëüíîãî àäåêâàòíîãî ìîäåëþâàííÿ òà ïðîãíîçóâàííÿ. ̄ õí³é ðîçâ’ÿçîê 
áóäå ñïðèÿòè âèæèâàííþ òà ñòàëîìó ðîçâèòêó íàøî¿ öèâ³ë³çàö³¿, ÿêà
îïàíîâóº âñå á³ëüø äîñêîíàë³ òà ñêëàäí³ òåõíîëîã³¿. Ùî âèùèì áóäå
òåõíîëîã³÷íèé ðîçâèòîê çåìëÿí, òî âðàçëèâ³øîþ áóäå ³íôðà ñòðóê -
òóðà öèâ³ë³çàö³¿ äî âïëèâ³â ñîíÿ÷íèõ ³ ãåîêîñì³÷íèõ áóð. Ìåòà ö³º¿
ðîáîòè — âèêëàä ðåçóëüòàò³â àíàë³çó ìàãí³òî³îíîñôåðíèõ åôåê ò³â,
ùî ñóïðîâîäæóâàëè ãåîêîñì³÷íó áóðþ 21…23 áåðåçíÿ 2017 ð. Äëÿ
ñïîñòåðåæåííÿ åôåêò³â ó ³îíîñôåð³ òà ìàãí³òíîìó ïîë³, âèêëèêàíèõ
ãåîêîñì³÷íîþ áóðåþ 21…23 áåðåçíÿ 2017 ð., âèêîðèñòîâóâàëèñü òàê³
çàñîáè. Íåñåð³éíèé öèôðîâèé ³îíîçîíä ³ äîïïëåð³âñüêèé ðàäàð âåðòè -
êàëüíîãî çîíäóâàííÿ, ðîçòàøîâàí³ â Ðàä³îô³çè÷í³é îáñåðâàòîð³¿ ÕÍÓ
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³ìåí³ Â. Í. Êàðàç³íà (49°38¢ ïí. ø., 36°20¢ ñõ. ä.)., à òàêîæ ìàãí³òî -
ìåòð-ôëþêñìåòð, äèñëîêîâàíèé ó Ìàãí³òîìåòðè÷í³é îáñåðâàòîð³¿
óí³âåð ñèòåòó (49°38¢ ïí. ø., 36°56¢ ñõ. ä.). Äîïïëåð³âñüêèé ðàäàð âåð -
òèêàëüíîãî çîíäóâàííÿ ïðîâîäèòü âèì³ðþâàííÿ, ÿê ïðàâèëî, íà äâîõ
ô³êñîâàíèõ ÷àñòîòàõ — 3.2 ³ 4.2 ÌÃö. Ìåíøà ç íèõ åôåêòèâíà ïðè
äîñë³äæåíí³ äèíàì³÷íèõ ïðîöåñ³â ó E- ³ F1-øàðàõ, à á³ëüøà — â F1 ³
F2-øàðàõ. Ìàãí³òîìåòð-ôëþêñìåòð ïðèçíà÷åíî äëÿ âåäåííÿ ìîí³òî -
ðèíãó çà âàð³àö³ÿìè ãîðèçîíòàëüíèõ H- ³ D-ñêëàäîâèõ ãåîìàãí³òíîãî
ïîëÿ ó ä³àïàçîí³ ïåð³îä³â 1…1000 ñ. ²îíîñôåðí³ ïðîöåñè àíàë³çóâàëèñÿ
çà äîïîìîãîþ ³îíîãðàì. Çàëåæíîñò³ ä³þ÷î¿ âèñîòè z¢ â³ä ÷àñòîòè
ñïî ÷àòêó ïåðåòâîðþâàëèñü â çàëåæíîñò³ êîíöåíòðàö³¿ åëåêòðîí³â N
â³ä ³ñòèííî¿ âèñîòè z. Ïîò³ì áóäóâàëèñü ÷àñîâ³ çàëåæíîñò³ N(t) äëÿ
ô³êñîâàíèõ âèñîò ó ä³àïàçîí³ 140...260 êì. Äàë³ çà äîïîìîãîþ ñèñòåì -
íîãî ñïåêòðàëüíîãî àíàë³çó îö³íþâàëèñü ïåð³îäè T é àáñîëþòí³ àìï -
ë³òóäè DNa êâàç³ïåð³îäè÷íèõ âàð³àö³é N(t), à òàêîæ ¿õí³ â³äíîñí³ âà -
ð³àö³¿ dNa = DNa /N. Äëÿ àíàë³çó çàëó÷àëèñÿ òàêîæ àìïë³òóäè â³äáè -
òîãî ñèãíàëó äîïïëåð³âñüêîãî ðàäàðà âåðòèêàëüíîãî çîíäóâàííÿ.
Ñòðî áóâàííÿ â³äáèòîãî ñèãíàëó äîçâîëèëî îòðèìàòè ÷àñîâ³ çàëåæ -
íîñò³ àìïë³òóäè áèòò³â â³äáèòîãî ñèãíàëó òà êîëèâàíü îïîðíîãî
ãåíåðàòîðà, à òàêîæ äîïïëåð³âñüê³ çì³ùåííÿ ÷àñòîòè äëÿ ïåâíèõ âè -
ñîòíèõ ä³àïàçîí³â. Öå çàáåçïå÷èëî ìîæëèâ³ñòü ïðîñòåæèòè çà äèíà -
ì³êîþ àìïë³òóä ³ âèñîòè â³äáèòòÿ ðàä³îõâèëü ÿê ïðîòÿãîì äîáè, òàê
³ ïðîòÿãîì ³îíîñôåðíèõ áóð. Äåòàëüíî àíàë³çóâàëèñÿ é äîïïëåð³âñüê³
ñïåêòðè. Çà ÷àñîâèìè âàð³àö³ÿìè àìïë³òóä áèòò³â ³ç âèêîðèñòàííÿì
ïåðåòâîðåííÿ Ôóð’º íà ³íòåðâàë³ ÷àñó 60 ñ ïîáóäîâàíî ÷àñîâ³ çàëåæ -
íîñò³ äîïïëåð³âñüêèõ ñïåêòð³â ó ä³àïàçîí³ âèäèìîñò³ -2...+2 Ãö. Äàë³
ôîðìóâàëèñü ÷àñîâ³ çàëåæíîñò³ äîïïëåð³âñüêîãî çì³ùåííÿ ÷àñòîòè
fd(t) äëÿ îñíîâíî¿ ìîäè. Ïîò³ì çàëåæíîñò³ fd(t) ï³ääàâàëèñü ñèñòåìíî -
ìó ñïåêòðàëüíîìó àíàë³çó íà ³íòåðâàë³ ÷àñó 120 õâ. Ñèãíàë íà âèõîä³
ìàãí³òîìåòðà-ôëþêñìåòðà ç óðàõóâàííÿì àìïë³òóäíî-÷àñòîòíî¿
õà ðàê òåðèñòèêè ïðèëàäó ïåðåòâîðþâàâñÿ ç ñèãíàëó ó â³äíîñíèõ îäè -
íèöÿõ ó àáñîëþòí³ (íàíîòåñëà). Ñòâîðþâàëèñÿ ÷àñîâ³ çàëåæíîñò³ ð³â -
íÿ H- ³ D-êîìïîíåíò³â. Äàë³ ö³ çàëåæíîñò³ ï³ääàâàëèñü ñèñòåìíîìó
ñïåêòðàëüíîìó àíàë³çó íà ³íòåðâàë³ ÷àñó 12 ãîä ó ä³àïàçîí³ ïåð³îä³â
T = 1…1000 ñ. Îñíîâí³ ðåçóëüòàòè äîñë³äæåíü òàê³. Ãåîêîñì³÷íà
áóðÿ, åíåðã³ÿ çà îäèíèöþ ÷àñó ÿêî¿ ñÿãàëà 20 ÃÄæ/ñ, ñïîñòåð³ãàëàñü
21…23 áåðåçíÿ 2017 ð. Çà ñâîºþ ³íòåíñèâí³ñòþ áóðÿ â³äíîñèòüñÿ äî
ñëàáêèõ. Ãåîêîñì³÷íà áóðÿ ñóïðîâîäæóâàëàñü ñëàáêèì ³îíîñôåðíèì
çáóðåííÿì ó äåííèé ÷àñ ³ ñèëüíîþ ³îíîñôåðíîþ áóðåþ â í³÷íèé ÷àñ.
Êîíöåíòðàö³ÿ åëåêòðîí³â ïðè öüîìó çìåíøóâàëàñü ó 1.3 òà 4…5 ðàç³â
â³äïîâ³äíî. Ãåîêîñì³÷íà áóðÿ òàêîæ ñóïðîâîäæóâàëàñü äâîìà ïîì³ð -
íèìè ìàãí³òíèìè áóðÿìè ç åíåðã³ºþ ïîðÿäêó 1015 Äæ ³ ïîòóæí³ñòþ
70 ÃÂò. Ï³ä ÷àñ ìàãí³òíèõ áóð ð³âåíü ôëóêòóàö³é ãîðèçîíòàëüíèõ
ñêëàäîâèõ â ä³àïàçîí³ ïåð³îä³â 100…1000 ñ çá³ëüøóâàâñÿ â³ä ±0.5 äî
±5 íÒë. Ïåð³îä ïåðåâàæíèõ êîëèâàíü ïðè öüîìó çðîñòàâ â³ä 500…900
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äî 900…1000 ñ. Ïðè öüîìó ñóòòºâî çì³íþâàâñÿ ñïåêòð ôëóêòóàö³é.
Êëþ÷îâ³ ñëîâà: ³îíîñôåðà, ãåîêîñì³÷íà áóðÿ, ìàãí³òíà áóðÿ, ³îíî -
ñôåðí³ åôåêòè, äîïïëåð³âñüêå çì³ùåííÿ ÷àñòîòè, îáëàñòü â³äáèòòÿ
ðàä³îõâèëü, êâàç³ïåð³îäè÷íå çáóðåííÿ, ïàðàìåòðè çáóðåííÿ.

ÂÑÒÓÏ

Ó ðîáîòàõ [15, 19] åôåêòè ãåîêîñì³÷íèõ áóð (ÃÁ) ïðîàíàë³çîâàíî ç ïî -
çèö³¿ ñèñòåìíî¿ ïàðàäèãìè. Ñèñòåìîþ, â ÿê³é ðîçâèâàþòüñÿ ãåîêîñ -
ì³÷í³ áóð³, º îá’ºêò Ñîíöå — ì³æïëàíåòíå ñåðåäîâèùå — ìàãí³òî ñôå -
ðà — ³îíîñôåðà — àòìîñôåðà — Çåìëÿ (âíóòð³øí³ îáîëîíêè)
(ÑÌÑÌ²ÀÇ). Ï³äêðåñëþâàëîñÿ, ùî äîñë³äæåííÿ ô³çè÷íèõ åôåêò³â
ãåî êîñì³÷íèõ áóð — íàéâàæëèâ³øèé íàóêîâèé íàïðÿì ó êîñì³÷í³é
ãåîô³çèö³. Îá´ðóíòîâàíî, ùî ïðîáëåìà âçàºìîä³¿ ï³äñèñòåì ó ñèñòåì³
ÑÌÑÌ²ÀÇ ïðîòÿãîì ÃÁ — ì³æäèñöèïë³íàðíà, äëÿ ¿¿ ðîçâ’ÿçàííÿ ïî -
âè íåí áóòè ñèñòåìíèé ï³äõ³ä. Ïîêàçàíî, ùî ïðîáëåìà íîñèòü áàãàòî -
ôàê òîð íèé õàðàêòåð. Ðåàêö³ÿ ï³äñèñòåì âèçíà÷àºòüñÿ îäíî÷àñíèì
(ñèí åð ãåòè÷íèì) âïëèâîì íèçêè çáóðþâàëüíèõ ôàêòîð³â. Âàæëèâî,
ùî ñèñ òåìà ÑÌÑÌ²ÀÇ — â³äêðèòà, íåë³í³éíà òà íåñòàö³îíàðíà. Ó í³é
âèÿâ ëÿþòüñÿ ïðÿì³ òà çâîðîòí³, ïîçèòèâí³ òà íåãàòèâí³ çâ’ÿçêè. Ç
îãëÿäó íà áàãàòîãðàíí³ñòü ïðîÿâ³â ãåîêîñì³÷íèõ áóð, ÷åðåç óí³êàëü -
í³ñòü êîæíî¿ áóð³ âèâ÷åííÿ ô³çè÷íèõ åôåêò³â ãåîêîñì³÷íèõ áóð äàëåêå
äî çàâåð øåí íÿ. Êð³ì çàâäàíü âñåá³÷íîãî äîñë³äæåííÿ ô³çè÷íèõ åôåê -
ò³â ãåî êîñ ì³÷íèõ áóð, íå ìåíø âàæëèâèìè º çàäà÷³ ¿õíüîãî äåòàëüíîãî
àäåê âàòíîãî ìîäåëþâàííÿ òà ïðîãíîçóâàííÿ. ¯õí³é ðîçâ’ÿçîê áóäå
ñïðèÿòè âèæèâàííþ òà ñòàëîìó ðîçâèòêó íàøî¿ öèâ³ë³çàö³¿, ÿêà îïà -
íîâóº âñå á³ëüø äîñêîíàë³ òà ñêëàäí³ òåõíîëîã³¿. Ùî âèùèì áóäå òåõ -
íîëîã³÷íèé ðîçâèòîê çåìëÿí, òî âðàçëèâ³øîþ áóäå ³íôðàñòðóêòóðà öè -
â³ë³çàö³¿ äî âïëèâ³â ñîíÿ÷íèõ ³ ãåîêîñì³÷íèõ áóð. 

Ç îãëÿäó íà âåëèêó ïðàêòè÷íó çíà÷óù³ñòü ÷àñòî îñíîâíó óâàãó â
ðîáîòàõ ïðèä³ëÿëè âèâ÷åííþ îñîáëèâîñòåé ³îíîñôåðíèõ áóð ³ ìåíøó
óâàãó — îñîáëèâîñòÿì ìàãí³òíèõ áóð. Äåÿê³ ç ðîá³ò ñòàëè êëàñè÷íèìè
[9, 10, 22, 27, 28, 34, 39, 41, 50, 60, 67—69, 80, 83]. Â ³íøèõ ðîáîòàõ
âèâ÷àëèñÿ îñîáëèâîñò³ îêðåìèõ ³îíîñôåðíèõ áóð. Çíà÷íà óâàãà ïðè -
ä³ëÿëàñÿ ³îíîñôåðíèì ñóïåðáóðÿì, ÿê³ ìàëè ì³ñöå 29—31 æîâòíÿ òà
19—20 ëèñòîïàäà 2003 ð., 7—8 ëèñòîïàäà 2004 ð. ³ 9—11 ëèñòîïàäà
2004 ð. [1, 2, 6, 7, 12, 13, 29, 58, 79]. Îñòàíí³ì ÷àñîì áàãàòî ïóáë³êàö³é
ïðèñâÿ÷åíî íàéá³ëüø ñèëüí³é áóð³ 24-ãî öèêëó ñîíÿ÷íî¿ àêòèâíîñò³,
ÿêà ìàëà ì³ñöå 17—18 áåðåçíÿ 2015 ð. [36, 38, 40, 43, 45, 48, 49, 52, 54,
55, 62—66, 70, 73, 74, 76, 78, 84, 86—88], à òàêîæ ïî-ñâîºìó óí³êàëüí³é 
áóð³ 7—8 âåðåñíÿ 2017 ð. [24, 25, 35, 37, 42, 44, 46, 51, 77, 81, 82].
Ïîì³òíî ìåíøà óâàãà ïðèä³ëÿëàñÿ ñëàáêèì áóðÿì [16, 26, 31, 34, 53,
57, 59, 61, 75, 85].

²îíîñôåðíèì áóðÿì ïðèñâÿ÷åíî íàø³ ðîáîòè [1—8, 11, 14—21,
29—32, 47, 56, 57]. 

ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2022. Ò. 38, ¹ 4 55

ÌÀÃÍ²ÒÎ²ÎÍÎÑÔÅÐÍ² ÅÔÅÊÒÈ ÃÅÎÊÎÑÌ²×ÍÎ¯ ÁÓÐ²



²îíîñôåðíà áóðÿ — îäíà ç³ ñêëàäîâèõ ãåîêîñì³÷íî¿ áóð³. Çàçâè÷àé
³îíîñôåðíà áóðÿ ñóïðîâîäæóºòüñÿ ìàãí³òíîþ áóðåþ, çíà÷íèìè çáó -
ðåí íÿìè ïàðàìåòð³â íåéòðàëüíî¿ àòìîñôåðè (àòìîñôåðíîþ áóðåþ) òà
åëåêòðè÷íîãî ïîëÿ àòìîñôåðíîãî, ³îíîñôåðíîãî òà ìàãí³òîñôåðíîãî
ïîõîäæåííÿ (åëåêòðè÷íîþ áóðåþ) [15, 19].

Áóð³ íàéñèëüí³øå ïðîÿâëÿþòüñÿ ó âèñîêèõ øèðîòàõ, ìåíøå — íà
ñåðåäí³õ øèðîòàõ, àëå åôåêòè áóð ñïîñòåð³ãàþòüñÿ íàâ³òü â íèçüêèõ
øèðîòàõ. Ðîçð³çíÿþòü ïîçèòèâí³ òà íåãàòèâí³ ³îíîñôåðí³ áóð³ (äèâ.,
íàïðèêëàä, [15, 19]).

Ï³ä ÷àñ ïîçèòèâíèõ ³îíîñôåðíèõ áóð êîíöåíòðàö³ÿ åëåêòðîí³â N ó
F-îáëàñò³ ³îíîñôåðè ìîæå çá³ëüøóâàòèñÿ â ê³ëüêà ðàç³â, ï³ä ÷àñ íåãà -
òèâíèõ ³îíîñôåðíèõ çáóðåíü, íàâïàêè, N â F-îáëàñò³ ³îíîñôåðè ìîæå
çìåíøóâàòèñÿ â 10 ³ á³ëüøå ðàç³â. Êð³ì N, â ³îíîñôåð³ çì³íþþòüñÿ
òåìïåðàòóðè åëåêòðîí³â òà ³îí³â, øâèäê³ñòü ðóõó ïëàçìè, åëåêòðè÷íå
ïîëå ³ ò. ä.

E-îáëàñòü ³îíîñôåðè ñõèëüíà äî çáóðåíü ó ìåíø³é ì³ð³, í³æ F-îá -
ëàñòü ³îíîñôåðè. Ñèëüíî ñõèëüíà äî çáóðåíü D-îáëàñòü ³îíîñôåðè.
Ï³ä ÷àñ ÿê ïîçèòèâíèõ, òàê ³ íåãàòèâíèõ áóð, çíà÷åííÿ N â D-îáëàñò³
³îíîñôåðè çà ðàõóíîê âèñèïàííÿ ç ìàãí³òîñôåðè âèñîêîåíåðãåòè÷íèõ
÷àñòèíîê ìîæóòü çá³ëüøóâàòèñÿ íà 3-4 ïîðÿäêè.

²îíîñôåðí³ áóð³ ñóïðîâîäæóþòüñÿ ãåíåðàö³ºþ õâèëüîâèõ çáóðåíü
â àòìîñôåð³, ³îíîñôåð³ òà ãåîìàãí³òíîìó ïîë³ â øèðîêîìó ä³àïàçîí³
ïåð³îä³â.

Ï³ä ÷àñ áóð àêòèâ³çóºòüñÿ âçàºìîä³ÿ ð³çíèõ ï³äñèñòåì ó ñèñòåì³
ÑÌÑÌ²ÀÇ [15, 19].

Äîäàìî, ùî ïðîÿâè ³îíîñôåðíèõ áóð â³äð³çíÿþòüñÿ âåëèêîþ ð³ç -
íî ìàí³òí³ñòþ [15, 19]. Ö³ ïðîÿâè çàëåæàòü íå ëèøå â³ä ïðîöåñ³â íà
Ñîí ö³, ãåîãðàô³÷íèõ êîîðäèíàò ì³ñöÿ ñïîñòåðåæåííÿ, àëå é â³ä ïîðè
ðîêó, ÷àñó äîáè, ì³ñöåâîãî ÷àñó, ñòàíó ³îíîñôåðè, ÿêèé ïåðåäóâàâ áóð³
òîùî. [15, 19]. Ìîæíà ñòâåðäæóâàòè, ùî íåìàº äâîõ ïîä³áíèõ ãåîêîñ -
ì³÷íèõ áóð. Î÷åâèäíî, ùî ñèëüíà ìàãí³òíà áóðÿ ñóïðîâîäæóºòüñÿ
ñèëüíîþ ³îíîñôåðíîþ áóðåþ, à ñëàáêà — ñëàáêîþ. Äèâíî, ùî ñèëüíà
ìàãí³òíà áóðÿ òàêîæ ìîæå ñóïðîâîäæóâàòèñÿ ñëàáêîþ ³îíîñôåðíîþ
áóðåþ (àáî ¿¿ â³äñóòí³ñòþ) òà íàâïàêè [5, 6, 29]. Òîìó ñòàíîâèòü
çíà÷íèé ³íòåðåñ äåòàëüíå âèâ÷åííÿ êîæíî¿ íîâî¿ ãåîêîñì³÷íî¿ áóð³,
çîêðåìà äîñòàòíüî ñèëüíî¿. Áóð³ ïîïåðåäí³õ ðîê³â îïèñàíî â íèçö³
ðîá³ò àâòîð³â [1 — 8, 11, 14—21, 29—32, 47, 56, 57], à òàêîæ ñóìîâàí³ â
ìîíîãðàô³¿ [15].

Ìåòà ö³º¿ ðîáîòè — âèêëàä ðåçóëüòàò³â àíàë³çó ìàãí³òî³îíî ñôåð -
íèõ åôåêò³â, ùî ñóïðîâîäæóâàëè ãåîêîñì³÷íó áóðþ 21—23 áåðåçíÿ
2017 ð. Öÿ áóðÿ íå íàëåæèòü äî óí³êàëüíèõ. ¯é ïðèñâÿ÷åíî ëèøå äâ³
ðîáîòè [11, 47]. Îñíîâí³ ðåçóëüòàòè öèõ ðîá³ò òàê³.

Ãåîêîñì³÷íà áóðÿ 21—23 áåðåçíÿ 2017 ð. âèêëèêàëà òðèôàçíó íå -
ãàòèâíó ³îíîñôåðíó áóðþ ç³ çìåíøåííÿì êðèòè÷íî¿ ÷àñòîòè foF2 øàðó
F2 ³îíîñôåðè äî 40, 20 ³ 32% ³ êîíöåíòðàö³¿ åëåêòðîí³â ó ìàêñèìóì³
øàðó F2 äî 2, 1.4 ³ 1.7 ðàçà â³äïîâ³äíî. Ãåîêîñì³÷íà áóðÿ ñëàáî âïëè -
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íóëà íà âàð³àö³¿ âèñîòè ìàêñèìóìó øàðó F2: â³äíîñíå â³äõèëåííÿ ö³º¿
âèñîòè íå ïåðåâèùóâàëî 10…15 %. ²îíîñôåðíà áóðÿ ñóïðîâîäæó âà -
ëàñü íåçíà÷íèì íàãð³âîì ïëàçìè: òåìïåðàòóðà åëåêòðîí³â çá³ëüøó -
âàëàñü ó ñåðåäíüîìó íà 250 Ê, òåìïåðàòóðà ³îí³â ñëàáî çì³íþâàëàñü.
Ñïîñòåð³ãàëîñü çìåíøåííÿ àáñîëþòíîãî çíà÷åííÿ øâèäêîñò³ íèç õ³ä -
íîãî ïîòîêó ïëàçìè 22 áåðåçíÿ 2017 ð. â³ä 01:33 äî 05:30 ç³ çì³íîþ
íàïðÿìêó ðóõó ïëàçìè íà âèñõ³äíèé íà âèñîòàõ, á³ëüøèõ â³ä 250 êì.
Ìàêñèìàëüí³ â³äõèëåííÿ âàð³àö³é øâèäêîñò³, çàðåºñòðîâàí³ î
03:45 UT, çì³íþâàëèñü ç âèñîòîþ â³ä 40 äî 13 ì/ñ â ä³àïàçîí³ âèñîò
200…400 êì.

ÑÒÀÍ ÊÎÑÌ²×ÍÎ¯ ÏÎÃÎÄÈ

Àíàë³ç ñòàíó êîñì³÷íî¿ ïîãîäè çä³éñíþºòüñÿ ç âèêîðèñòàííÿì äàíèõ,
ïðåäñòàâëåíèõ íà ñàéòàõ [https://omniweb.gsfc.nasa.gov, http://wdc.
kugi.kyoto-u.ac.jp/].

Ïðè ôîíîâîìó çíà÷åíí³ êîíöåíòðàö³¿ ÷àñòèíîê â ñîíÿ÷íîìó â³òð³
nsw » (1…2)×106 ì-3 20, 21 òà ÷àñòêîâî 22 áåðåçíÿ 2017 ð. ñïîñòåð³ãàëîñü 
çá³ëüøåííÿ nsw äî (8…10)×106 ì-3 (ðèñ. 1). Øâèäê³ñòü ÷àñòèíîê Vsw â
ñîíÿ÷íîìó â³òð³ 21…23 áåðåçíÿ 2017 ð. çá³ëüøèëàñü â³ä 300…400 äî
600…700 êì/ñ. Ó íàñòóïí³ äîáè ìàëî ì³ñöå ìîíîòîííå çìåíøåííÿ Vsw

â³ä 600 äî 400 êì/ñ. Òåìïåðàòóðà ÷àñòèíîê Tsw â ñîíÿ÷íîìó â³òð³
21…24 áåðåçíÿ 2017 ð. çá³ëüøóâàëàñü â³ä (0.5…1)×105 äî (4…5)×105 Ê.
Ðîçðàõîâàí³ ÷àñîâ³ âàð³àö³¿ çíà÷åíü òåïëîâîãî òèñêó ÷àñòèíîê psw â
ñîíÿ÷íîìó â³òð³ â îñíîâíîìó ïîâòîðþþòü ÷àñîâ³ âàð³àö³¿ Tsw(t). Çíà -
÷åííÿ psw 21…23 áåðåçíÿ 2017 ð. çá³ëüøóâàëèñü â³ä ôîíîâîãî çíà÷åííÿ 
ïîðÿäêó 1 íÏà äî 5 íÏà.

Çíà÷åííÿ By- ³ Bz-êîìïîíåíò³â ³íäóêö³¿ ì³æïëàíåòíîãî ìàãí³òíîãî
ïîëÿ ôëóêòóâàëè ó ìåæàõ ±(6…7) íÒë. 21 ³ 23 áåðåçíÿ 2017 ð. çíà÷åííÿ 
Bz-êîìïîíåíòà ñòàâàëè â³ä’ºìíèìè, ùî ñâ³ä÷èëî ïðî íàñòàííÿ ìàãí³ò -
íèõ áóð. Ðàïòîâèé ïî÷àòîê ïåðøî¿ ç íèõ â³äì³÷àâñÿ ó ïåðø³é ïîëîâèí³
äîáè 21 áåðåçíÿ 2017 ð. Ó äðóã³é ïîëîâèí³ äîáè ïðèáëèçíî â³ä
11:00 UT äî 13:00 UT (òóò ³ äàë³ UT ¾ âñåñâ³òí³é ÷àñ) ñïîñòå ð³ãàëàñü
ãîëîâíà ôàçà. Äàë³ àæ äî 21:00 UT 22 áåðåçíÿ 2017 ð. ðåºñòðó âàëàñü
ôàçà â³äíîâëåííÿ. Â³ä 21:00 UT 22 áåðåçíÿ 2017 ð. äî 03:00 UT
23 áåðåçíÿ 2017 ð. â³äì³÷àëàñü ãîëîâíà ôàçà äðóãî¿ ìàãí³òíî¿ áóð³.
Òðè âàë³ñòü ôàçè â³äíîâëåííÿ íå ïåðåâèùóâàëà 12 ãîä.

Ðîçðàõîâàí³ çíà÷åííÿ åíåðã³¿, ÿêà ³íæåêòóºòüñÿ ó ìàãí³òîñôåðó
ñîíÿ÷íèì â³òðîì çà îäèíèöþ ÷àñó (ôóíêö³¿ Àêàñîôó eA) 21… 23 áåðåç -
íÿ 2017 ð. çá³ëüøóâàëèñü â³ä 1 äî 5…18 ÃÄæ/ñ. Ìàéæå ñèíõðîííî ç
÷àñîâèìè âàð³àö³ÿìè eA(t) ñïîñòåð³ãàëèñü âàð³àö³¿ Kp-³í äåêñó.

21…23 áåðåçíÿ 2017 ð. çíà÷åííÿ Kp-³íäåêñó â³ä ôîíîâîãî çíà÷åí -
íÿ, ð³âíîãî 0…0.3, çá³ëüøóâàëèñü äî 4…5.3. ×àñîâ³ âàð³àö³¿ Kp-³íäåêñó 
ñóïðîâîäæóâàëè ÷àñîâ³ âàð³àö³¿ Dst-³íäåêñó.
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Ðèñ. 1. ×àñîâ³ âàð³àö³¿ ïàðàìåòð³â ñîíÿ÷íîãî â³òðó: êîíöåíòðàö³¿ nsw, ðàä³àëüíî¿ øâèäêîñò³ Vsw

òà òåìïåðàòóðè Òsw, ðîçðàõîâàíèõ çíà÷åíü äèíàì³÷íîãî òèñêó psw, Ây- ³ Bz-ñêëàäîâèõ
ì³æïëàíåòíîãî ìàãí³òíîãî ïîëÿ (äàí³ Space Weather Pre dic tion Cen ter. Na tional Oce anic and
At mo spheric Ad min is tra tion [ftp://ftp.swpc.noaa.gov/pub/lists/ ace2/]), ðîçðàõîâàíèõ çíà÷åíü
åíåðã³¿ eA, ÿêà ïåðåäàºòüñÿ ñîíÿ÷íèì â³òðîì ìàãí³òîñôåð³ Çåìë³ çà îäèíèöþ ÷àñó, ³íäåêñè
ãåîìàãí³òíî¿ àêòèâíîñò³ Kp ³ Dst (äàí³ World Data Cen ter for Geo mag ne tism, Kyoto
[http://wdc.kugi.kyoto-u.ac.jp/])



ÇÀÃÀËÜÍ² Â²ÄÎÌÎÑÒ² ÏÐÎ ÃÅÎÊÎÑÌ²×ÍÓ ÁÓÐÞ

Àâòîð (äèâ., íàïðèêëàä, ðîáîòó [19]) çàïðîïîíóâàâ ³íäåêñ Gst, ÿêèé
õàðàêòåðèçóº ñèëó ãåîêîñì³÷íî¿ áóð³. Ïðè öüîìó

G st
A

A

= 10 lg
e

e
max

min

 ,

äå eAmin = 20 ÃÄæ/ñ. Îñê³ëüêè eAmax » 18 ÃÄæ/ñ, ³íäåêñ Gst » -0.45 äÁ,
÷îìó çà êëàñèô³êàö³ºþ [15, 19] â³äïîâ³äàº ñëàáêà ãåîêîñì³÷íà áóðÿ.

ÇÀÑÎÁÈ ÑÏÎÑÒÅÐÅÆÅÍÜ

Äëÿ ñïîñòåðåæåííÿ åôåêò³â ó ³îíîñôåð³ òà ìàãí³òíîìó ïîë³, âèêëè -
êàíèõ ãåîêîñì³÷íîþ áóðåþ 21…23 áåðåçíÿ 2017 ð., âèêîðèñòîâó âà -
ëèñü òàê³ çàñîáè.

²îíîçîíä. Íåñåð³éíèé öèôðîâèé ³îíîçîíä, ðîçðîáëåíèé â ÕÍÓ
³ìåí³ Â. Í. Êàðàç³íà, îïèñàíî â ðîáîò³ [18]. ²îíîçîíä ðîçòàøîâàíî â
Ðàä³îô³çè÷í³é îáñåðâàòîð³¿ óí³âåðñèòåòó (49°38¢ ïí. ø., 36°20¢ ñõ. ä.).
Ïîòóæí³ñòü ðàä³îïåðåäàâàëüíîãî ïðèñòðîþ — 1.5 êÂò, òðèâàë³ñòü
³ìïóëüñó — 100 ìêñ, ÷àñòîòà ïîâòîðåííÿ ³ìïóëüñ³â — 125 Ãö,
êîåô³ö³ºíò ï³äñèëåííÿ àíòåíè — 1…10 â çàëåæíîñò³ â³ä ðîáî÷î¿ ÷àñ -
òîòè. ×àñòîòà îòðèìàííÿ ³îíîãðàì — 1 õâ-1. Ïîõèáêà âèì³ðþâàííÿ
÷àñ òîòè — íå ã³ðøå 20 êÃö, âèñîòè — íå á³ëüøå 2.1 êì.

Äîïïëåð³âñüêèé ðàäàð âåðòèêàëüíîãî çîíäóâàííÿ. Ðîçðîáëåíî â
ÕÍÓ ³ìåí³ Â. Í. Êàðàç³íà [18]. Ðàäàð ðîçòàøîâàíî ïîðó÷ ç ³îíîçîíäîì. 
Îñíîâí³ ïàðàìåòðè äîïïëåð³âñüêîãî ðàäàðà: ä³àïàçîí ÷àñòîò —
1…24 ÌÃö, ïîòóæí³ñòü ðàä³îïåðåäàâàëüíîãî ïðèñòðîþ — 1 êÂò, òðè -
âà ë³ñòü çîíäóâàëüíîãî ³ìïóëüñó — 0.5 ìñ, ÷àñòîòà ïîâòîðåííÿ ³ìïóëü -
ñ³â — 100 Ãö, ñìóãà ïðîïóñêàííÿ ïðèê³íöåâîãî ô³ëüòðà — 10 Ãö, êîå -
ô³ ö³ºíò ï³äñèëåííÿ âåðòèêàëüíî¿ ðîìá³÷íî¿ àíòåíè — 1…10 â çàëåæ -
íîñò³ â³ä ðîáî÷î¿ ÷àñòîòè. Ðîçð³çíåííÿ çà äîïïëåð³âñüêèì çì³ùåííÿì
÷àñòîòè (ÄÇ×) — áëèçüêî 17 ìÃö. Âèì³ðþâàííÿ, ÿê ïðà âèëî, âåäóòüñÿ
íà äâîõ ô³êñîâàíèõ ÷àñòîòàõ — 3.2 ³ 4.2 ÌÃö. Ìåíøà ç íèõ åôåêòèâíà
ïðè äîñë³äæåíí³ äèíàì³÷íèõ ïðîöåñ³â ó E- ³ F1-øàðàõ, à á³ëüøà — ó F1 
³ F2-øàðàõ.

Äëÿ çàáåçïå÷åííÿ ïðèéíÿòíîãî ðîçð³çíåííÿ ïî âèñîò³ (20…30 êì)
äëÿ êîæíîãî â³äáèòîãî ñèãíàëó çàñòîñîâóâàëîñü ñòðîáóâàííÿ â ä³àïà -
çîí³ ä³þ÷èõ âèñîò 75…450 êì, ùî â³äïîâ³äàëî ä³àïàçîíó ³ñòèííèõ
âèñîò ïðèáëèçíî 75…225 êì ó äåííèé ÷àñ ³ 75…325 êì ó í³÷íèé.

Ìàãí³òîìåòð-ôëþêñìåòð. Ïðèëàä ïðèçíà÷åíî äëÿ ìîí³òîðèíãó
âàð³àö³é ãîðèçîíòàëüíèõ H- ³ D-êîìïîíåíò³â ãåîìàãí³òíîãî ïîëÿ. Ìàã -
í³òîìåòð-ôëþêñìåòð ðîçòàøîâàíî ó Ìàãí³òîìåòðè÷í³é îáñåðâàòîð³¿
ÕÍÓ ³ìåí³ Â. Í. Êàðàç³íà (49°38¢ ïí. ø., 36°56¢ ñõ. ä.) [18]. Éîãî îñ -
íîâîþ º ³íäóêòèâíèé ìàãí³òîìåòð-ôëþêñìåòð ÈÌ-II, ÿêèé âèãîòîâ -
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ëÿâ ñÿ ìàëîþ ñåð³ºþ â ²íñòèòóò³ ô³çèêè Çåìë³ ÐÀÍ. Â³í ìàº âèñîêó
÷óòëèâ³ñòü (0.5…500 ïÒë â ä³àïàçîí³ ïåð³îä³â 1…1000 ñ â³äïîâ³äíî) ³
äîñòàòíüî øèðîêó ñìóãó äîñë³äæóâàíèõ ÷àñòîò (â³ä 0.001 äî 1 Ãö).
Ìàã í³òîìåòð ÈÌ-II ï³äêëþ÷åíî äî ñïåö³àë³çîâàíîãî ì³êðîêîíòðîëåð -
íîãî ðåºñòðàòîðà, ÿêèé âèêîíóº îöèôðóâàííÿ òà ïîïåðåäíþ ô³ëüò -
ðàö³þ íà ³íòåðâàëàõ 0.5 ñ ìàãí³òîìåòðè÷íèõ ñèãíàë³â, à òàêîæ çáå -
ðåæåííÿ â³äô³ëüòðîâàíèõ â³äë³ê³â ³ ÷àñó ¿õíüîãî îòðèìàííÿ â çîâí³ø -
í³é USB-ôëåø-ïàì’ÿò³. Ðåºñòðàòîð òàêîæ îòðèìóº â³ä ïðèéìà÷à
GPS-ñèãíàë³â BR-304 ñòàíäàðòí³ NMEA-ïîâ³äîìëåííÿ ç ³íôîðìàö³ºþ
ïðî ïîòî÷í³ äàòó òà ÷àñ, òðàíñëþº ¿õ äàë³ íà ñèñòåìó ïàñèâíîãî áàãà -
òî÷àñòîòíîãî ðàä³îçîíäóâàííÿ, à òàêîæ êîæíî¿ äîáè êîðèãóº çà íèìè
ïîêàçàííÿ âëàñíîãî åíåðãîíåçàëåæíîãî ãîäèííèêà.

ÌÅÒÎÄÈ ÀÍÀË²ÇÓ ÄÀÍÈÕ

²îíîãðàìè. Çàëåæíîñò³ ä³þ÷î¿ âèñîòè z¢ â³ä ÷àñòîòè ñïî÷àòêó ïåðå -
òâîðþâàëèñü â çàëåæíîñò³ êîíöåíòðàö³¿ åëåêòðîí³â N â³ä ³ñòèííî¿ âè -
ñîòè z. Ïîò³ì áóäóâàëèñü ÷àñîâ³ çàëåæíîñò³ N(t) äëÿ ô³êñîâàíèõ âèñîò
ó ä³àïàçîí³ 140...260 êì (ðèñ. 2). Äàë³ çà äîïîìîãîþ ñèñòåìíîãî ñïåêò -
ðàëüíîãî àíàë³çó [14] îö³íþâàëèñü ïåð³îäè T é àáñîëþòí³ àìï ë³ òóäè
DNa êâàç³ïåð³îäè÷íèõ âàð³àö³é N(t), à òàêîæ ¿õí³ â³äíîñí³ âà ð³àö³¿
dNa = DNa / N.

Àìïë³òóäè â³äáèòîãî ñèãíàëó äîïïëåð³âñüêîãî ðàäàðà. Äîïïëå -
ð³âñüêèé ðàäàð ðåºñòðóº ñèãíàë áèòò³â â³äáèòîãî òà îïîðíîãî êîëè -
âàíü. Ñòðîáóâàííÿ â³äáèòîãî ñèãíàëó äîçâîëèëî îòðèìàòè ÷àñîâ³ çà -
ëåæ íîñò³ ñèãíàëó áèòò³â äëÿ ïåâíèõ âèñîòíèõ ä³àïàçîí³â (ðèñ. 3). Öå
çàáåçïå÷èëî ìîæëèâ³ñòü ïðîñòåæèòè çà äèíàì³êîþ àìïë³òóäè òà âèñî -
òè â³äáèòòÿ ðàä³îõâèëü ÿê ïðîòÿãîì äîáè, òàê ³ ïðîòÿãîì ³îíîñôåðíèõ
áóð.

Äîïïëåð³âñüê³ ñïåêòðè. Çàñòîñóâàííÿ äî ÷àñîâèõ âàð³àö³é ñèãíàëó
áèòò³â ïåðåòâîðåííÿ Ôóð’º íà ³íòåðâàë³ ÷àñó 60 ñ äîçâîëèëî ïîáó -
äóâàòè ÷àñîâ³ çàëåæíîñò³ äîïïëåð³âñüêèõ ñïåêòð³â (ÄÑ) â ä³àïàçîí³
âèäèìîñò³ –2...+2 Ãö (ðèñ. 4). Äàë³ ôîðìóâàëèñü ÷àñîâ³ çàëåæíîñò³ ÄÇ× 
fd(t) äëÿ îñíîâíî¿ ìîäè. Ïîò³ì çàëåæíîñò³ fd(t) ï³ääàâàëèñü ñèñòåìíîìó 
ñïåêòðàëüíîìó àíàë³çó [14] íà ³íòåðâàë³ ÷àñó 120 õâ.

Ìàãí³òîìåòðè÷íèé ñèãíàë. Ñèãíàë íà âèõîä³ ìàãí³òîìåòðà-
ôëþêñ ìåòðà ç óðàõóâàííÿì àìï ë³òóäíî-÷àñòîòíî¿ õàðàêòåðèñòèêè
ïðè ëàäó ïåðåòâîðþâàâñÿ ç ñèã íà ëó ó â³äíîñíèõ îäèíèöÿõ ó àáñîëþòí³
(íàíîòåñëà). Ñòâîðþâàëèñÿ ÷àñîâ³ çàëåæíîñò³ ð³âíÿ H- ³ D-êîì -
ïîíåíò³â ìàãí³òíîãî ïîëÿ. Äàë³ ö³ çà ëåæíîñò³ ï³ääàâàëèñü ñèñòåìíîìó
ñïåêòðàëüíîìó àíàë³çó íà ³íòåð âàë³ ÷àñó â³ä 2 äî 14 ãîä ó òðüîõ ï³ä -
ä³àïàçîíàõ ïåð³îä³â T, à ñàìå 1…50, 50…200 ³ 200…1000 ñ.
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ÐÅÇÓËÜÒÀÒÈ ÀÍÀË²ÇÓ

Ðåçóëüòàòè ³îíîçîíäîâèõ ñïîñòåðåæåíü. Ç ðèñ. 2 ìîæíà áà÷èòè, ùî â
í³÷ ç 21 íà 22 ³ ç 22 íà 23 áåðåçíÿ 2017 ð. êîíöåíòðàö³ÿ åëåêòðîí³â íà
âèñîò³ 260 êì çìåíøóâàëàñü äî N » (2…2.5)×1010 ì-3. Âîäíî÷àñ ó
ñóñ³äí³ íî÷³ ç 20 íà 21 ³ ç 23 íà 24 áåðåçíÿ 2017 ð. âîíà ñòàíîâèëà
áëèçüêî 1011 ì-3, òîáòî â 4…5 ðàç³â á³ëüøå. Ïðè öüîìó
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Ðèñ. 2. ×àñîâ³ âàð³àö³¿ êîíöåíòðàö³¿ åëåêòðîí³â 21, 22 ³ 23 áåðåçíÿ 2017 ð. (ïàíåë³
çâåðõó âíèç)
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Ðèñ. 3. ×àñîâ³ âàð³àö³¿ àìïë³òóäè â³äáèòîãî ñèãíàëó äîïïëåð³âñüêîãî ðàäàðà: à, á —
21 áåðåçíÿ 2017 ð.; â, ã — 22 áåðåçíÿ 2017 ð.; ä, å — 23 áåðåçíÿ 2017 ð. à, â ³ ä —
÷àñòîòà 4.2 ÌÃö; á, ã ³ å — ÷àñòîòà 3.2 ÌÃö; çàïèñè çâåðõó âíèç: ä³þ÷à âèñîòà
75…150, 150…225, 225…300, 300…375, 375…450 êì
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Ðèñ. 4. ×àñîâ³ çàëåæíîñò³ äîïïëåð³âñüêèõ ñïåêòð³â íà ÷àñòîò³ 3.2 ÌÃö: à — 20 áåðåçíÿ
2017 ð. Ïðîäîâæåííÿ äèâ. íà ñòîð. 64…69 (ÇÑ — Çàõ³ä Ñîíöÿ)
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Ðèñ. 4 (ïðîäîâæåííÿ): á — 21 áåðåçíÿ 2017 ð. (ÑÑ — Ñõ³ä Ñîíöÿ)
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Ðèñ. 4 (ïðîäîâæåííÿ): â — 21 áåðåçíÿ 2017 ð. (ÇÑ — Çàõ³ä Ñîíöÿ)
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Ðèñ. 4 (ïðîäîâæåííÿ): ã — 22 áåðåçíÿ 2017 ð. 
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Ðèñ. 4 (ïðîäîâæåííÿ): ä — 22 áåðåçíÿ 2017 ð., (ÇÑ — Çàõ³ä Ñîíöÿ)
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Ðèñ. 4 (ïðîäîâæåííÿ): å — 23 áåðåçíÿ 2017 ð. (ÑÑ — Ñõ³ä Ñîíöÿ)
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Ðèñ. 4 (çàê³í÷åííÿ): º — 23 áåðåçíÿ 2017 ð. (ÇÑ — Çàõ³ä Ñîíöÿ)



dN = N/N0 - 1 = -0.75…-0.80,
àáî -75…-80 %.

Ó äåííèé ÷àñ ïîáëèçó îï³âäíÿ 21 áåðåçíÿ 2017 ð. N0 » 4.5×1011 ì-3, à 
22 áåðåçíÿ 2017 ð. ó öåé æå ÷àñ N » 3.5×1011 ì-3. Ïðè öüîìó N0/N » 1.29,
à dN » -0.22, àáî -22 %. ßê³ñíî òàêîþ æ áóëà ³ ïîâåä³íêà âåëè÷èíè N0/N
³ íà âèñîòàõ 200 ³ 230 êì. Ó í³÷íèé ÷àñ â³äíîâëåííÿ ïðîô³ë³â N(z) íà
âèñîòàõ ìåíøå 200 êì áóëî íåìîæëèâèì.

Çìåíøåííÿ N ÿê ó äåííèé, òàê ³ â í³÷íèé ÷àñ 21 ³ 23 áåðåçíÿ 2017 ð.
ñâ³ä÷èòü ïðî òå, ùî ñïîñòåð³ãàëîñü äâ³ íåãàòèâí³ ³îíîñôåðí³ áóð³.

Ðåçóëüòàòè äîïïëåð³âñüêèõ ñïîñòåðåæåíü. Ñïî÷àòêó ïðîàíàë³çó -
ºìî ÷àñîâ³ âàð³àö³¿ àìïë³òóäè â³äáèòîãî ñèãíàëó (ðèñ. 3). Ç ðèñ. 3 ìîæ -
íà áà÷èòè, ùî äî íàñòàííÿ ³îíîñôåðíî¿ áóð³ 20 áåðåçíÿ 2017 ð. â³ä
10:00 äî 19:00 UT â³äáèòèé ñèãíàë íàéá³ëüøî¿ àìïë³òóäè íà ÷àñòîò³
4.2 ÌÃö â³äïîâ³äàâ ä³þ÷³é âèñîò³ z¢ = 300...375 êì. Äåùî ìåíøà àìï -
ë³òóäà ñïîñòåð³ãàëàñÿ ïðè z¢ = 225...300 êì. Â³ä 20:00 UT äî 03:00 UT
21 áåðåçíÿ 2017 ð. íàéñèëüí³øèé ñèãíàë ïðèõîäèâ ³ç âèñîò z¢ = 375...
450 êì. Ï³ñëÿ 03:00 UT â³äáèòòÿ ñèãíàëó â³äáóâàëîñÿ â ä³àïàçîí³ 225...
300 êì. ² 20 áåðåçíÿ, ³ 21 áåðåçíÿ 2017 ð. ñèãíàëè ç ìåíøîþ àìï -
ë³ òóäîþ ïðèõîäèëè òàêîæ ³ç ä³þ÷èõ âèñîò 75...150, 150...225 êì.

Íà ÷àñòîò³ 3.2 ÌÃö ñèãíàë â³äáèâàâñÿ ïåðåâàæíî â³ä âèñîò z¢ =
= 225...300 êì (äî 20:00 UT 20 áåðåçíÿ 2017 ð.) ³ 300...375 êì (äî
04:00 UT 21 áåðåçíÿ 2017 ð.) (äèâ. ðèñ. 3). Â ³íòåðâàë³ ÷àñó 04:00…
07:00 UT 21 áåðåçíÿ 2017 ð. â³äáèòòÿ ðàä³îõâèë³ ìàëî ì³ñöå â³ä ä³þ÷èõ
âèñîò 225...300 êì. Â³ä 07:00 äî 16:00 UT 21 áåðåçíÿ 2017 ð. ðàä³îõâèëÿ 
â³äáè âàëàñÿ íà âèñîòàõ z¢ = 75...150 êì ³ z¢ = 150...225 êì, à â³ä 12:00 äî
14:00 UT — òàêîæ íà âèñîòàõ z¢ = 225...300 êì. Ïðèáëèçíî â³ä 15:30 äî
21:00 UT 21 áåðåçíÿ 2017 ð. â³äáèòòÿ â³äáóâàëîñÿ â³ä âèñîò z¢ = 300...
375 êì, ï³ñëÿ 19:00 UT — ³ â³ä âèñîò z¢ = 375...450 êì.

Ïðèáëèçíî ï³ñëÿ 16:00…17:00 UT 21 áåðåçíÿ 2017 ð. ðàä³îñèãíàë
íà îáîõ ÷àñòîòàõ ïåðåñòàâ ðåºñòðóâàòèñÿ ç âèñîò z¢ = 75...300 êì. Íà
÷àñòîò³ 4.2 ÌÃö â³äáèòèé ñèãíàë ïåðåñòàâ ðåºñòðóâàòèñÿ ç óñ³õ âèñîò
ï³ñëÿ 19:40 UT 21 áåðåçíÿ 2017 ð. Â³äáèòòÿ ñèãíàëó â³äíîâèëîñÿ ëèøå
ï³ñëÿ 05:40 UT òà ïðîäîâæóâàëîñü äî 16:00…17:30 UT 22 áåðåçíÿ
2017 ð. Ñïî÷àòêó ñèãíàë ç’ÿâèâñÿ â ä³àïàçîí³ âèñîò z¢ = 375...450 êì, à
ïîò³ì — ³ íà âèñîòàõ z¢ = 225...375 êì.

Íà ÷àñòîò³ 3.2 ÌÃö â³äáèòèé ñèãíàë ô³êñóâàâñÿ ó ä³àïàçîí³ âèñîò
z¢ = 225…375 êì ïðèáëèçíî ç 03:10 UT ³ äî ê³íöÿ äîáè 22 áåðåçíÿ
2017 ð. Ï³ñëÿ 16:30 UT 22 áåðåçíÿ 2017 ð. îáëàñòü â³äáèòòÿ ïîñòóïîâî
çì³ùóâàëàñü â³ä z¢ = 300...375 êì äî z¢ = 375...450 êì.

23 áåðåçíÿ 2017 ð. â³äáèòèé ñèãíàë íà ÷àñòîò³ 4.2 ÌÃö ç’ÿâèâñÿ
ïðèáëèçíî ï³ñëÿ 04:40 UT â ä³àïàçîí³ âèñîò z¢ = 375…450 êì, à ïîò³ì ³ â 
ä³àïàçîí³ âèñîò z¢ = 300…375 êì ³ 225...300 êì. Ï³ñëÿ 16:30 UT îáëàñòü
â³äáèòòÿ ðàä³îõâèë³ çì³ñòèëàñÿ ç âèñîò z¢ = 225...300 êì, à ï³ñëÿ
20:00 UT — ³ ç âèñîò z¢ = 300…375 êì íà âèñîòè z¢ = 375...450 êì. Â³ä
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öèõ âèñîò â³äáóâàëèñÿ â³äáèòòÿ äî 00:30 UT 24 áåðåçíÿ 2017 ð. Â³ä
00:30 äî 04:00 UT â³äáèòòÿ ðàä³îõâèë³ íà ÷àñòîò³ 4.2 ÌÃö áóëî ïîâ -
í³ñòþ â³äñóòíº. Â³äáèòèé ñèãíàë ç’ÿâèâñÿ â ä³àïàçîí³ âèñîò z¢ = 375...
450 êì ëèøå ï³ñëÿ 04:00 UT òà ñïîñòåð³ãàâñÿ äî 20:00 UT.

Ó í³÷ ç 22 íà 23 áåðåçíÿ 2017 ð. â³äáèòèé ñèãíàë íà ÷àñòîò³ 3.2 ÌÃö
áóâ â³äñóòí³é â ³íòåðâàë³ ÷àñó 23:20…03:30 UT. Ñïî÷àòêó â³äáèòòÿ
â³ä áóâàëîñÿ â ä³àïàçîí³ âèñîò z¢ = 375...450 êì, à ïîò³ì ³ â ä³àïàçîíàõ
z¢ = 300…375, 225…300 ³ 150…225 êì. Â³äíîñíî ñëàáêèé ñèãíàë åï³çî -
äè÷íî ïðèõîäèâ òàêîæ ³ç âèñîò z¢ = 75...150 êì. Â³äáèòòÿ ç âèñîò z¢ =
= 225...300 êì ñïîñòåð³ãàëîñü äî 16:30 UT, à â³ä âèñîò z¢ = 300…375 êì
— â³ä 16:00 UT 23 áåðåçíÿ 2017 ð. äî 05:30 UT 24 áåðåçíÿ 2017 ð. Â³ä -
áèòèé â ä³àïàçîí³ âèñîò z¢ = 375…450 êì ñèãíàë ñò³éêî ðåºñòðóâàâñÿ
â³ä 19:30 UT 23 áåðåçíÿ 2017 ð. äî 03:30 UT 24 áåðåçíÿ 2017 ð.

25 áåðåçíÿ 2017 ð. ïîâåä³íêà äîáîâèõ âàð³àö³é àìïë³òóä â³äáèòîãî
ñèãíàëó áóëà ÿê³ñíî ïîä³áíà ïîâåä³íö³ àìïë³òóä 20 áåðåçíÿ 2017 ð.

Äàë³ îïèøåìî ÷àñîâ³ âàð³àö³¿ ÄÇ×. Ö³ âàð³àö³¿ âèÿâèëèñü ÿê³ñíî
ïîä³áíèìè äëÿ ÷àñòîò 3.2 ³ 4.2 ÌÃö, àëå íà ìåíø³é ÷àñòîò³ áóâ á³ëüøèé 
³íòåðâàë ÷àñó íàÿíîñò³ â³äáèòîãî ñèãíàëó. Ç ö³º¿ ïðè÷èíè çóïèíèìîñü
äàë³ íà ÷àñîâèõ âàð³àö³ÿõ ÄÑ íà ÷àñòîò³ 3.2 ÌÃö (äèâ. ðèñ. 4).

20 áåðåçíÿ 2017 ð. ó äåííèé ÷àñ ñåðåäíº çíà÷åííÿ ÄÇ× f d , ÿêå îïè -

ñóº â³äíîñíî ïîâ³ëüí³ ïðîöåñè â ³îíîñôåð³, ïðàêòè÷íî íå â³äð³çíÿëîñü
â³ä íóëÿ. Ðåºñòðóâàëèñü êâàç³ïåð³îäè÷í³ êîëèâàííÿ ç ïåð³îäîì T » 8 õâ
³ àìïë³òóäîþ fda » 0.08…0.12 Ãö. Ïðèáëèçíî â³ä 13:30 äî 17:20 UT
f d » 0.10 Ãö, êâàç³ïåð³îä åï³çîäè÷íî çá³ëüøóâàâñÿ â³ä 8 äî 20…25 õâ.

Â³ä 18:30 UT 20 áåðåçíÿ 2017 ð. äî 04:30 UT 21 áåðåçíÿ 2017 ð. fda

çá³ëüøóâàëàñü äî 0.3 Ãö, à ïåð³îä T » 15…25 õâ. Ï³ñëÿ 03:00 UT ³ äî
06:00 UT 21 áåðåçíÿ 2017 ð.  f d  » 0.1...0.2 Ãö. Â³ä 06:00 äî 15:00 UT 

f d  » 0 Ãö, êâàç³ïåð³îäè÷í³ êîëèâàííÿ ÄÇ× áóëè ïðàêòè÷íî â³äñóòí³ìè,

÷àñòî â³äì³÷àâñÿ ðîçâàë ÄÑ. Â ³íòåðâàë³ ÷àñó 15:00…16:30 UT
f d  » 0.15...0.18 Ãö. Â³ä 17:00 ³ äî 21:50 UT 21 áå ðåç íÿ 2017 ð. ñïî ñòå -

ð³ãàëèñü êâàç³ïåð³îäè÷í³ âàð³àö³¿ ÄÇ× ç T » 5 õâ ³ fda » 0.10… 0.15 Ãö ³
T » 30…40 õâ ³ fda » 0.4…0.5 Ãö. Â ³íòåðâàë³ ÷àñó â³ä 21:50 UT
21 áåðåçíÿ 2017 ð. äî 04:15 UT 22 áåðåçíÿ 2017 ð. áóâ íàÿâíèì ëèøå
ðîçñ³ÿíèé ñèãíàë, ÿêèé ñóïðîâîäæóâàâñÿ àíîìàëüíî âåëèêèìè âàð³à -
ö³ÿìè ÄÇ× ç fda » 1.2 Ãö ³ T » 50…60 õâ. 22 áåðåçíÿ 2017 ð. â³ä 04:15 UT
äî 06:40 UT f d  » 0.08 Ãö. Â ³íòåðâàë³ ÷àñó 04:15…18:50 UT âàð³àö³¿

ÄÇ× áóëè êâàç³ïåð³îäè÷íèìè ç T » 5…7 õâ ³ fda » 0.08…0.10 Ãö. Â³ä
13:15 äî 16:55 UT f d  » 0.08...0.15 Ãö. Â ³íòåð âàë³ ÷àñó 16:55…18:50 UT 

f d  » 0 Ãö. Â³ä 19:30 äî 20:35 UT 22 áå ðåçíÿ 2017 ð. òà â³ä 22:20

22 áåðåçíÿ 2017 ð. äî 03:25 UT 23 áåðåçíÿ 2017 ð. â³äáèòèé ñèãíàë áóâ
â³äñóòí³ì. Äî 06:35 UT f d  çìåíøóâàëîñü â³ä 0.5 äî 0 Ãö. Ó äåííèé ÷àñ

âàð³àö³¿ ÄÇ× áóëè êâàç³ïåð³îäè÷íèìè ç T » 5…6 õâ ³ fda » 0.08…0.10 Ãö. 
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Ï³ñëÿ 14:10 UT ïåð³îä çá³ëüøóâàâñÿ äî 10…20 õâ, à fda — äî 0.12 Ãö.
Â³ä 13:00 äî 17:30 UT  f d  » 0.08...0.16 Ãö. Â³ä 17:10 äî 17:40 UT òà â³ä

19:50 UT 23 áåðåçíÿ 2017 ð. äî 03:43 UT 24 áåðåçíÿ 2017 ð. ñïî ñòå -
ð³ãàâñÿ ëèøå ðîçñ³ÿíèé ñèãíàë. Ï³ñëÿ 03:43 UT ñïîñòåð³ãàëèñü âàð³àö³¿ 
ÄÑ, òèïîâ³ äëÿ ðàíêîâîãî òà äåííîãî ÷àñó.

Ðåçóëüòàòè ìàãí³òîìåòðè÷íèõ ñïîñòåðåæåíü. 20 áåðåçíÿ
2017 ð. ÷àñîâ³ âàð³àö³¿ ãîðèçîíòàëüíèõ ñêëàäîâèõ ãåîìàãí³òíîãî ïîëÿ
íàé÷àñò³øå íå ïåðåâèùóâàëè ±0.5 íÒë, åï³çîäè÷íî äîñÿãàþ÷è ±1 íÒë
(ðèñ. 5). Ìàêñèìàëüíó àìïë³òóäó ìàëè ñêëàäîâ³ â ä³àïàçîí³ ïåð³îä³â
700...900 ñ äëÿ D-êîìïîíåíòà òà 550…750 ñ äëÿ H-êîìïîíåíòà.

21 áåðåçíÿ 2017 ð. ïðèáëèçíî äî 02:40 UT ôëóêòóàö³¿ ð³âíÿ êîì -
ïîíåíò³â íå ïåðåâèùóâàëè ±0.5 íÒë. Â ³íòåðâàë³ ÷àñó 02:40…11:00 UT
âîíè ³ñòîòíî çá³ëüøèëèñü â³ä ±2 äî ±(5…6) íÒë. Ôëóêòóàö³¿ ð³âíÿ äî
±(4…6) íÒë ìàëè ì³ñöå äî ïî÷àòêó íàñòóïíî¿ äîáè. Ïåð³îä ñêëàäîâèõ ç 
ïåðåâàæíîþ åíåðã³ºþ çá³ëüøèâñÿ äî 600…800 ñ äëÿ D-êîìïîíåíòà òà
650…850 ñ äëÿ H-êîìïîíåíòà.

Ïðîòÿãîì äîáè 22 áåðåçíÿ 2017 ð. ðîçìàõ ôëóêòóàö³é çàçâè÷àé íå
ïåðåâèùóâàâ ±2 íÒë, ëèøå åï³çîäè÷íî â³í çá³ëüøóâàâñÿ äî ±(4…
5) íÒë. Ïåð³îä ñêëàäàâ 700…900 ñ äëÿ îáîõ êîìïîíåíò³â.

23 áåðåçíÿ 2017 ð. ð³âåíü ãåîìàãí³òíîãî ïîëÿ íàé÷àñò³øå ôëóêòó -
âàâ ó ìåæàõ ±(0.5…1) íÒë, ³íîä³ äîñÿãàþ÷è çíà÷åíü ±(1.5…3) íÒë.
Ïåð³îä T » 650…850 ñ äëÿ îáîõ êîìïîíåíò³â.

24 áåðåçíÿ 2017 ð. ð³âåíü ôëóêòóàö³é ð³äêî ïåðåâèùóâàâ çíà÷åííÿ
±(0.5…1) íÒë. Åï³çîäè÷íî àìïë³òóäà çðîñòàëà äî ±(1…2) íÒë. Ïðè
öüîìó ïåð³îä çì³íþâàâñÿ â³ä 740 äî 940 ñ äëÿ D-êîìïîíåíòà òà â³ä 450
äî 650 ñ äëÿ H-êîìïîíåíòà.

25 ³ 26 áåðåçíÿ 2017 ð. ð³âåíü ãåîìàãí³òíîãî ïîëÿ, íàé÷àñò³øå,
ôëóêòóâàâ ó ìåæàõ ±0.5 íÒë. Â îêðåì³ ³íòåðâàëè ÷àñó â³í äîñÿãàâ
±(1…2) íÒë. Ïåð³îä êîëèâàíü çì³íþâàâñÿ â³ä 400 äî 600 ñ äëÿ D-êîì -
ïîíåíòà òà â³ä 550 äî 750 ñ äëÿ H-êîìïîíåíòà.

ÏÐÈÊËÀÄ ÐÅÇÓËÜÒÀÒ²Â ÑÈÑÒÅÌÍÎÃÎ 

ÑÏÅÊÒÐÀËÜÍÎÃÎ ÀÍÀË²ÇÓ

Ðîçãëÿíåìî ðåçóëüòàòè ñïåêòðàëüíîãî àíàë³çó ð³âíÿ H-êîìïîíåíòà äëÿ 
³íòåðâàëó ÷àñó 02:00…14:00 UT 21 áåðåçíÿ 2017 ð., ÿêèé îõîïëþº
ðàïòîâèé ïî÷àòîê ìàãí³òíî¿ áóð³ òà ÷àñòèíó ¿¿ ãîëîâíî¿ ôàçè (ðèñ. 6). ²ç 
ðèñ. 6 ìîæíà áà÷èòè, ùî ó ñïåêòð³ ïåðåâàæàëè êîëèâàííÿ ç ïåð³îäîì
300…430 ñ ³ 600…850 ñ.

Óçàãàëüíåííÿ ðåçóëüòàò³â ñèñòåìíîãî ñïåêòðàëüíîãî àíàë³çó íàâå -
äåíî ó òàáëèö³. Ç òàáëèö³ âèäíî, ùî ó ïåðøîìó ï³ää³àïàçîí³ ç T = 1…
50 ñ çà â³äíîñíî ñïîê³éíîãî ìàãí³òíîãî ïîëÿ ïåðåâàæíèé ïåð³îä ñòà -
íîâèâ ïðèáëèçíî 35…45 ñ, à ï³ä ÷àñ ãåîêîñì³÷íî¿ áóð³ â³í çìåíøó -
âàâñÿ äî 30…40 ñ. Öåé ïåð³îä ïîâ’ÿçàíèé ç êîëèâàííÿìè ìàã í³òíî¿ ñè -
ëîâî¿ òðóáêè ó ì³ñö³ ñïîñòåðåæåííÿ. Àìïë³òóäà öèõ êîëèâàíü íàé -
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Ðèñ. 5. ×àñîâ³ âàð³àö³¿ ãîðèçîíòàëüíèõ êîìïîíåíò³â ãåîìàãí³òíîãî ïîëÿ: à — H-êîì -
ïîíåíò. Ïàíåë³ çâåðõó âíèç — 20…26 áåðåçíÿ 2017 ð. â³äïîâ³äíî (çàê³í÷åííÿ äèâ. íà
íàñòóïí³é ñòîð³íö³)
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Ðèñ. 5 (çàê³í÷åííÿ): á — D-êîìïîíåíò. Ïàíåë³ çâåðõó âíèç — 20…26 áåðåçíÿ 2017 ð.
â³äïîâ³äíî



ìåíøà. Çìåíøåííÿ ïåð³îäó ï³ä ÷àñ áóð³ âèêëèêàºòüñÿ äåôîð ìàö³ºþ,
òî÷í³øå — ñòèñêàííÿì ìàãí³òíèõ ñèëîâèõ ë³í³é. Ó äðóãîìó
ï³ää³àïàçîí³ (50…200 ñ) ó ñïîê³éíèõ óìîâàõ ïåðåâàæíî T » 80… 100 ñ
³ T » 150…200 ñ. Ï³ä ÷àñ áóð³ T » 140…190 ñ. Íàéá³ëüøó àìïë³òóäó
ìàëè êîëèâàííÿ ç ïåð³îäàìè T » 600…900 ñ, äåùî ìåíøó — êîëèâàííÿ 
ç ïåð³îäàìè â³ä 300 äî 400 ñ.

ÎÁÃÎÂÎÐÅÍÍß

²îíîñôåðí³ áóð³. ßê âèäíî ç ðèñ. 2, çìåíøåííÿ êîíöåíòðàö³¿ åëåêòðîí³â 
ñïîñòåð³ãàëîñü äâ³÷³: ïðèáëèçíî â³ä 18:00 UT 21 áåðåçíÿ 2017 ð. äî
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Äàòà,
2017 ð.

UT

D-êîìïîíåíò H-êîìïîíåíò

Ð³âåíü, íÒë Ïåð³îä, ñ
Ð³âåíü,

íÒë
Ïåð³îä, ñ

20 áåðåçíÿ 00:00...
12:00

0.3…0.6 42±5; 90±20; 120±25
420±100; 820±100

00:00...
12:00

0.3…0.5 40±5; 90±20; 170±25
350±100; 650±100

21 áåðåçíÿ 03:00...
21:00

2…5 35±5; 165±25
350±50; 700±100

03:00...
15:00

2…5 37.5±5; 165±25
320±50; 750±100

22 áåðåçíÿ 00:00...
12:00

2…4 42.5±5; 180±25
830±100

00:00...
12:00

2…5 24±5; 45±5; 160±25
260±25; 820±100

23 áåðåçíÿ 00:00...
12:00

1…2.5 42.5±5; 160±25
460±25; 750±100

08:00...
18:00

1…3 37.5±5; 165±25
750±100

24 áåðåçíÿ 00:00...
12:00

1…1.5 42.5±5; 70±15; 75±25
350±50; 840±100

00:00...
12:00

1…1.5 42.5±5; 65±15; 150±25
550±100

25 áåðåçíÿ 11:00...
20:00

0.5…1.5 42.5±5; 175±25
700±100

00:00...
12:00

0.3…1 42±5; 180±25; 600±100

26 áåðåçíÿ 09:00...
16:00

0.5…1.5 42.5±5; 100±20; 160±25; 
480±100

06:00...
18:00

0.5…1.5 42.5±5; 100±20; 155±25
380±100; 650±100

Òàáëèöÿ 1. Ð³âåíü ³ ãîëîâí³ ïåð³îäè êîëèâàíü ó ôëóêòóàö³ÿõ ãåîìàãí³òíîãî ïîëÿ ï³ä ÷àñ
áóð



13:00 UT 22 áåðåçíÿ 2017 ð. ³ â³ä 15:00 UT 22 áåðåçíÿ 2017 ð. äî
07:00 UT 23 áåðåçíÿ 2017 ð. Îáèäâ³ ³îíîñôåðí³ áóð³ áóëè íåãàòèâíèìè. 
Îá÷èñëèìî ³íäåêñ íåãàòèâíî¿ ³îíîñôåðíî¿ áóð³ [15, 19]:
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Ðèñ. 6. Ðåçóëüòàòè ñìóãîâî¿ ô³ëüòðàö³¿ òà ñèñòåìíîãî ñïåêòðàëüíîãî àíàë³çó ÷àñîâèõ
âàð³àö³é ð³âíÿ H-êîìïîíåíòà äëÿ ³íòåðâàëó ÷àñó 02:00…14:00 UT 21 áåðåçíÿ 2017 ð.
Ïàíåë³ çâåðõó âíèç: õâèëüîâà ôîðìà, ðåçóëüòàòè â³êîííîãî, àäàïòèâíîãî ïåðå òâî -
ðåíü Ôóð’º òà âåéâëåò-ïåðåòâîðåííÿ. Ïðàâîðó÷ ïîêàçàíî åíåðãîãðàìè



I
N

N
NIS = 10 0lg

min

 ,

äå N0 ³ Nmin — çíà÷åííÿ êîíöåíòðàö³¿ åëåêòðîí³â ó ìàêñèìóì³ F-îáëàñò³ 
³îíîñôåðè ó íåçáóðåíèõ ³ çáóðåíèõ óìîâàõ. Ïðè N0/Nmin » 4…5 âíî÷³ òà 
N0/Nmin » 1.29 âäåíü îòðèìàºìî â³äïîâ³äíî INIS » 6…7 ³ 1.1. Çã³äíî ç
êëàñèô³êàö³ºþ [15, 19] ó í³÷íèé ÷àñ ìàëà ì³ñöå äóæå ñèëüíà ³îíîñôåð -
íà áóðÿ, à â äåííèé ÷àñ â³äì³÷àëîñÿ ëèøå ñëàáêå ³îíîñôåðíå çáóðåííÿ.

Íåãàòèâí³ ³îíîñôåðí³ áóð³ ïðèçâåëè äî çì³ùåííÿ âãîðó íà äåñÿòêè
ê³ëîìåòð³â îáëàñò³ â³äáèòòÿ ðàä³îõâèëü. Ç ö³º¿ ïðè÷èíè ïðîòÿãîì
äîñèòü òðèâàëîãî ÷àñó â³äáèòèé ñèãíàë íå ñïîñòåð³ãàâñÿ íàâ³òü íà
÷àñòîò³ 3.2 ÌÃö.

²îíîñôåðí³ áóð³ ïîð³âíÿíî ñëàáî âïëèíóëè íà ÄÑ òà ÄÇ×. Á³ëüø
ñóòòºâèìè áóëè äîáîâ³ âàð³àö³¿ ÄÇ×. Çà äåê³ëüêà ãîäèí äî çàõîäó
Ñîíöÿ íà ð³âí³ Çåìë³ ÄÇ× f d  ñòàâàëî â³ä’ºìíèì, à ï³ñëÿ ñõîäó Ñîíöÿ íà 

âèñîòàõ ³îíîñôåðè — äîäàòíèì. Íà ïîâ³ëüí³ äîáîâ³ âàð³àö³¿ f d

íàêëàäàëèñÿ êâàç³ïåð³îäè÷í³ êîëèâàííÿ ÄÇ×. Ó äåííèé ÷àñ ïåð³îä T »
» 5…8 õâ, fda » 0.1 Ãö, à â í³÷íèé ÷àñ â³í çá³ëüøóâàâñÿ äî 15…25 õâ, à
fda » 0.15…0.30 Ãö.

Â³äíîñíó àìïë³òóäó êâàç³ïåð³îäè÷íèõ âàð³àö³é N îö³íèìî, âèõî -
äÿ÷è ç³ ñï³ââ³äíîøåííÿ [15, 19]:

d
p

Na
dacT

L

f

f
=

4
 , (1)

äå c — øâèäê³ñòü ñâ³òëà â âàêóóì³, L — òîâùèíà ³îíîñôåðíîãî øàðó,
ÿêèé äàº îñíîâíèé âíåñîê â ÄÇ×.

Ó äåííèé ÷àñ ïðè T » 5 õâ ³ fda » 0.08…0.12 Ãö ç (1) ïðè L » 30 êì
ìàºìî dNa » 0.6…0.9 %. Ó í³÷íèé ÷àñ ïðè T » 20 õâ ³ fda » 0.15…0.30 Ãö
îòðèìàºìî dNa » 4.5…9 %.

Ìàãí³òíà áóðÿ. Ïåðøà ìàãí³òíà áóðÿ ðîçïî÷àëàñü ïîáëèçó îï³âä -
íÿ 21 áåðåçíÿ 2017 ð., ÿêà òðèâàëà äî ê³íöÿ äîáè 22 áåðåçíÿ 2017 ð. Ùå
äî çàê³í÷åííÿ ïåðøî¿ áóð³ â í³÷ ç 22 íà 23 áåðåçíÿ 2017 ð. ïî÷àëàñü
äðóãà áóðÿ, ÿêà çàê³í÷èëàñü ó í³÷ ç 23 íà 24 áåðåçíÿ 2017 ð.

Îö³íèìî åíåðã³þ îáîõ áóð, âèõîäÿ÷è ç³ ñï³ââ³äíîøåííÿ [41]:

E E
D

B
ms m

st=
3

2 0

| |min
*

,

äå Em » 8×1017 Äæ — åíåðã³ÿ äèïîëüíîãî ìàãí³òíîãî ïîëÿ Çåìë³,
B0 » 3×10-5 Òë — çíà÷åííÿ ³íäóêö³¿ ìàãí³òíîãî ïîëÿ íà åêâàòîð³,

D D bp cst st sw
* /= - +1 2 .

Òóò b » 5×105 íÒë/(Äæ×ì-3)1/2, c » 20 íÒë, psw — äèíàì³÷íèé òèñê
ñîíÿ÷íîãî â³òðó.
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Äëÿ ïåðøî¿ áóð³ Dst » -30 íÒë, psw » 5 íÏà, à Dst
* » –45 íÒë,

Ems » 1.8×1015 Äæ. Çà òðèâàëîñò³ ãîëîâíî¿ ôàçè DT » 7 ãîä ìàºìî ñåðåä -
íþ ïîòóæí³ñòü Pms » 71 ÃÂò.

Äëÿ äðóãî¿ áóð³ Dst » -40 íÒë, psw » 1 íÏà, à Dst
* » –36 íÒë, Ems »

» 1.44×1015 Äæ. Ïðè DT » 6 ãîä îòðèìàºìî Pms » 67 ÃÂò.
Çà êëàñèô³êàö³ºþ [15, 19] ïåðøà ìàãí³òíà áóðÿ íàëåæèòü äî ïîì³ð -

íèõ, à äðóãà — äî âåëüìè ïîì³ðíèõ.
Ï³ä ÷àñ ìàãí³òíèõ áóð ð³âåíü ôëóêòóàö³é ãîðèçîíòàëüíèõ êîìïî -

íåí ò³â çá³ëüøóâàâñÿ ïðèáëèçíî â³ä ±0.5 äî ±5 íÒë. Òàêîæ ïîì³òíî
çì³íþâàâñÿ é ñïåêòðàëüíèé ñêëàä ôëóêòóàö³é: ïåð³îä ïåðåâàæíèõ
ñêëà äîâèõ çá³ëüøóâàâñÿ â³ä 500…900 äî 900…1000 ñ.

ÎÑÍÎÂÍ² ÐÅÇÓËÜÒÀÒÈ

1. Ãåîêîñì³÷íà áóðÿ, åíåðã³ÿ çà îäèíèöþ ÷àñó ÿêî¿ ñÿãàëà 18 ÃÄæ/ñ,
ñïîñòåð³ãàëàñü 21…23 áåðåçíÿ 2017 ð. Çà ñâîºþ ³íòåíñèâí³ñòþ áóðÿ
íàëåæèòü äî ñëàáêèõ.

2. Ãåîêîñì³÷íà áóðÿ ñóïðîâîäæóâàëàñü ñëàáêèì ³îíîñôåðíèì çáó -
ðåííÿì ó äåííèé ÷àñ ³ ñèëüíîþ ³îíîñôåðíîþ áóðåþ â í³÷íèé ÷àñ. Êîí -
öåíòðàö³ÿ åëåêòðîí³â ïðè öüîìó çìåíøóâàëàñü â 1.3 òà 4…5 ðàç³â â³ä -
ïîâ³äíî.

3. Ãåîêîñì³÷íà áóðÿ òàêîæ ñóïðîâîäæóâàëàñü äâîìà ïîì³ðíèìè
ìàãí³òíèìè áóðÿìè ç åíåðã³ºþ ïîðÿäêó 1015 Äæ ³ ïîòóæí³ñòþ 70 ÃÂò.

4. Ï³ä ÷àñ ìàãí³òíèõ áóð ð³âåíü ôëóêòóàö³é ãîðèçîíòàëüíèõ êîì -
ïî íåíò³â ó ä³àïàçîí³ ïåð³îä³â 100…1000 ñ çá³ëüøóâàâñÿ â³ä ±0.5 äî
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MAGNETO-IONOSPHERIC EFFECTS FROM GEOSPACE STORM 
OF MARCH 21—23, 2017

The re gion of space where geospace storms evolve is the Sun — in ter plan e tary-me dium —
mag neto sphere — ion o sphere — atmosthere — Earth (in ter nal spheres) (SIMMIAE) sys -
tem. The study of phys i cal ef fects of geospace storms is one of the most im por tant sci en -
tific ques tions in space geo phys ics. The prob lem of in ter ac tions be tween the SIMMIAE
com po nents evolv ing in the course of geospace storms is an in ter dis ci plin ary prob lem,
which re quires em ploy ing the sys tems ap proach for its so lu tion. The prob lem in volves
many fac tors, and the re sponse of the com po nents is de ter mined by simultaneous (syn er -
gis tic) im pact of a few per tur ba tion fac tors. It is im por tant that the SIMMIAE sys tem is an
open, non lin ear, and nonstationary sys tem where pos i tive and neg a tive di rect and re verse
cou pling mech a nisms are pres ent. Be cause of the multi-fac eted manifestations of geospace 
storms and the unique na ture of each storm, the study of phys i cal ef fects of geospace
storms is a press ing sci ence prob lem. In ad di tion to a com pre hen sive study of phys i cal ef -
fects of geospace storms, the de tailed ad e quate mod el ing and forecast ing play a cru cial role 
in main tain ing a hab it able and sus tain able en vi ron ment for a tech nol ogy-re li ant so ci ety.
The greater the tech no log i cal ad vances, the more vul ner a ble the civ i li za tion in fra struc ture
is to the ef fects of so lar and geospace storms. The ob jec tive of this work is to pres ent the re -
sults of anal y sis of mag neto-ion o spheric ef fects that accom panied the geospace storm of
March 21—23, 2017. To ob serve the ef fects caused by the geospace storm of March
21—23, 2017 in the ion o sphere and in the magnetic field, the fol low ing in stru ments were
tak ing mea sure ments. The digisonde and the Dopp ler ra dar for ver ti cal in ci dence mea sure -
ments, lo cated at the V. N. Karazin Kharkiv Na tional Uni ver sity Radiophysical Ob ser va -
tory (49°38¢N, 36°20¢E), as well as the fluxmeter mag ne tom e ter at the V. N. Karazin
Kharkiv Na tional Uni ver sity Mag ne tom e ter Observatory (49°38¢N, 36°56¢E). The Dopp -
ler ra dar tak ing mea sure ments at ver ti cal in ci dence usu ally op er ates at two fixed fre quen -
cies, 3.2 MHz and 4.2 MHz. The smaller fre quency is an ef fi cient means for study ing dy -
nam i cal pro cesses in the E and F1 re gions, and the sec ond one in the F1 and F2 re gions. The 
fluxmeter mag ne tom e ter mon i tors the variations in the H and D com po nents. The anal y sis
of the ion o spheric pro cesses has been based on the ionograms. The fre quency dependences 
of the vir tual heights, z¢, are first used to cal cu late the al ti tude, z, dependences of the elec -
tron den sity, N. Then, the universal time dependences N(t) are plot ted for fixed al ti tudes in
the 140...260-km al ti tude range. Next, the sys tems spec tral anal y sis is em ployed to es ti -
mate the pe ri ods, T, and the ab so lute am pli tudes, DNa, of the quasiperiodic vari a tions in
N(t), as well as their rel a tive vari a tions, DNa = DNa /N. The am pli tudes of Dopp ler ra dar ver -
ti cally re flected sig nals have also been em ployed in the anal y sis. Time gating of the re -
flected sig nals has made it pos si ble to ob tain the tem po ral dependences of the am pli tude of
the beat sig nal be tween the ref er ence sig nal and the re flected sig nal, as well as the Dopp ler
shift for cer tain altitude ranges. The data have made it pos si ble to track the lo cal time dy -
nam ics of the ra dio wave am pli tudes and re flec tion heights in the course of the ion o spheric
storms. A detailed anal y sis of the Dopp ler spec tra has also been un der taken. The UT
dependences of the Dopp ler spec tra in the (-2…+2)-Hz fre quency range have been plot ted
ap ply ing the Fou rier trans form per formed over 60-s in ter vals to the am pli tudes of the beat
sig nals. Then, the tem po ral dependences of the Dopp ler shift, fd(t), is formed for the main
ray. Next, the fd(t) dependences un dergo the sys tems spec tral anal y sis over 120-min in ter -
vals. The out put of the fluxmeter mag ne tom e ter ac quired on a rel a tive scale is con verted
into nanoteslas em ploy ing the mag ne tom e ter fre quency re sponse. Next, the tem po ral
dependences of the H and D com po nents are formed. Fur ther, these dependences un dergo
the sys tems spec tral anal y sis over 24-h in ter vals in the 1…1,000-s pe riod, T, range. The
main re sults of the study are as fol lows. The geospace storm, which power at tained 18 GJ/s, 
was ob served to oc cur on March 21—23, 2017. The storm is clas si fied as weak, based on
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its in ten sity. The geospace storm was ac com pa nied by a weak ion o spheric per tur ba tion in
the day time and by a strong ion o spheric storm at night, while the elec tron den sity showed a
fac tor of 1.3 and 4…5 times de crease, re spec tively. The geospace storm was also ac com pa -
nied by two mod er ate mag netic storms, the en ergy of which were es ti mated to be ~1015 J
and power of ~70 GW. Dur ing the mag netic storms, the level of fluc tu a tions in the hor i zon -
tal com po nents en hanced in the 100…1,000-s pe riod range from ±0.5 nT to ±5 nT, and the
fluc tu a tion spec tra sig nif i cantly changed. 
Keywords: ion o sphere, geospace storm, mag netic storm, ion o spheric ef fect, Dopp ler shift
of fre quency, ra dio wave re flec tion level, quasi-pe ri odic per tur ba tion, per tur ba tion pa ram -
e ters.
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