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Âàð³àö³¿ ïàðàìåòð³â ñåðåäíüîøèðîòíî¿ ³îíîñôåðè 
íàä Óêðà¿íîþ ï³ä ÷àñ âåëüìè ïîì³ðíî¿ ìàãí³òíî¿ áóð³ 
18 ãðóäíÿ 2019 ð.

Áàãàòîð³÷í³ äîñë³äæåííÿ ïîêàçóþòü, ùî ñëàáê³ ³ ïîì³ðí³ ìàãí³òí³ áó -
ð³ ìîæóòü âèêëèêàòè çíà÷í³ ³ íå ïðîãíîçîâàí³ çì³íè ñòàíó ³îíîñôåðè.
Ïèòàííÿ ïðîãíîçóâàííÿ ðåàêö³¿ ³îíîñôåðè â êîíêðåòíîìó ðåã³îí³ íà
çì³íè êîñì³÷íî¿ ïîãîäè çàëèøàþòüñÿ ñüîãîäí³ àêòóàëüíèìè, àäæå
ô³çè÷í³ ïðîöåñè, ùî â³äáóâàþòüñÿ â ³îíîñôåðí³é ïëàçì³, º ì³íëèâèìè
òà ñêëàäíèìè. Îñîáëèâèé ³íòåðåñ ñòàíîâëÿòü ³îíîñôåðí³ çáóðåííÿ ç³
çì³ííèìè ôàçàìè â ñåðåäí³õ øèðîòàõ òà ¿õí³ ïðîíèêíåííÿ ó íèçüê³
øèðîòè, âèíèêíåííÿ ñèëüíèõ ³îíîñôåðíèõ áóð ó ðåçóëüòàò³ ïîì³ðíèõ
÷è ñëàáêèõ ìàãí³òíèõ áóð. Ìåòà ðîáîòè — åêñïåðèìåíòàëüí³ äîñë³ä -
æåííÿ âàð³àö³é ïàðàìåòð³â ³îíîñôåðíî¿ ïëàçìè íàä Óêðà¿íîþ ï³ä ÷àñ
âåëüìè ïîì³ðíî¿ ìàãí³òíî¿ áóð³ 18 ãðóäíÿ 2019 ð. Äîñë³äæåííÿ ïðî -
âåäåíî ç âèêîðèñòàííÿì ìåòîäó íåêîãåðåíòíîãî ðîçñ³ÿííÿ ðàä³î -
õâèëü, ÿêèé ìàº íàéá³ëüø ïîâí³ ä³àãíîñòè÷í³ ìîæëèâîñò³, òà ìåòîäó
âåðòèêàëüíîãî çîíäóâàííÿ. Ñïîñòåðåæåííÿ ïðîâàäèëèñÿ â ³îíîñôåð -
í³é îáñåðâàòîð³¿ ²íñòèòóòó ³îíîñôåðè Íàö³îíàëüíî¿ àêàäåì³¿ íàóê òà 
Ì³í³ñòåðñòâà îñâ³òè ³ íàóêè Óêðà¿íè (ì. Õàðê³â) çà äîïîìîãîþ ðàäàðà 
íåêîãåðåíòíîãî ðîçñ³ÿííÿ. Çíà÷åííÿ êðèòè÷íèõ ÷àñòîò îäåðæàíî çà
äîïîìîãîþ ïîðòàòèâíîãî ³îíîçîíäó. Òàêîæ âèêîðèñòàíî ãåîô³çè÷íó
³íôîðìàö³þ ïðî ïàðàìåòðè êîñì³÷íî¿ ïîãîäè òà ìàãí³òîñôåðè.
Ïðîàíàë³çîâàíî ðåàêö³þ ³îíîñôåðè íàä Õàðêîâîì íà ãåîêîñì³÷íó áóðþ 
18 ãðóäíÿ 2019 ð. Âñòàíîâëåíî, ùî âåëüìè ïîì³ðíà ìàãí³òíà áóðÿ
(Kp = 4) âèêëèêàëà ïîçèòèâíå ³îíîñôåðíå çáóðåííÿ. Ï³äâèùåííÿ êðè -
òè÷íî¿ ÷àñòîòè (äî 1.6 ðàçà) ³ â³äïîâ³äíå çá³ëüøåííÿ êîíöåíòðàö³¿
åëåêòðîí³â ó ìàêñèìóì³ øàðó F2 (äî 2.6 ðàçà) ñóïðîâîäæóâàëèñÿ ëàí -
öþãîì çì³í ó âàð³àö³ÿõ îñíîâíèõ ïàðàìåòð³â ³îíîñôåðíî¿ ïëàçìè: âè -
ñîòè ìàêñèìóìó øàðó F2 (çìåíøåííÿì íà 30 êì), êîíöåíòðàö³¿ åëåê -
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òðîí³â ó âñüîìó ä³àïàçîí³ äîñë³äæóâàíèõ âèñîò 200…450 êì, òåìïå -
ðàòóð åëåêòðîí³â ³ ³îí³â, âåðòèêàëüíî¿ ñêëàäîâî¿ øâèäêîñò³ ðóõó ³îíî -
ñôåðíî¿ ïëàçìè (çìåíøåííÿì øâèäêîñò³ íèçõ³äíîãî ðóõó ïëàçìè Vz

îï³âäí³ ï³ñëÿ ïî÷àòêó ìàãí³òíî¿ áóð³ ç ïîäàëüøèì â³äíîâëåííÿì øâèä -
êîñò³, âèíèêíåííÿì î 15:40 UT íà âèñîòàõ 360…420 êì êîëèâàíü ó
âàð³àö³ÿõ Vz ³ç êâàç³ïåð³îäîì 1 ãîä 50 õâ ³ ïîñëàáëåííÿì åôåêòó
âå÷³ðíüîãî åêñòðåìóìó ó âàð³àö³ÿõ Vz ç ìàêñèìàëüíèìè çìåíøåííÿìè
øâèäêîñò³ íà öèõ âèñîòàõ äî 40…70 ì/ñ). Íàâåäåíî îá´ðóíòóâàííÿ ä³¿
òàêîãî ìåõàí³çìó ôîðìóâàííÿ ïîçèòèâíî¿ ³îíîñôåðíî¿ áóð³: ó äåííèé
çèìîâèé ÷àñ ó ñåðåäíüîøèðîòí³é ³îíîñôåð³ ñïðÿìîâàíèé âíèç äðåéô
ïëàçìè ïîñëàáëþºòüñÿ ÷åðåç òå, ùî çâè÷àéíà öèðêóëÿö³ÿ ïîñëàáëåíà
ñïðÿìîâàíîþ ó ïðîòèëåæíó ñòîðîíó öèðêóëÿö³ºþ, ³íäóêîâàíîþ áó -
ðåþ. Âåëüìè ïîì³ðíà ìàãí³òíà áóðÿ 18 ãðóäíÿ 2019 ð. âèêëèêàëà ïî -
ì³ò í³ çì³íè ïàðàìåòð³â ³îíîñôåðíî¿ ïëàçìè â óñüîìó ä³àïàçîí³ äî -
ñë³äæóâàíèõ âèñîò. Îòðèìàí³ äàí³ äàëè äîäàòêîâó ³íôîðìàö³þ äëÿ
âèâ÷åííÿ ñîíÿ÷íî-çåìíèõ çâ’ÿçê³â ³ ïðîãíîçóâàííÿ ñòàíó ³îíîñôåðè.
Êëþ÷îâ³ ñëîâà: ñîíÿ÷íî-çåìí³ çâ’ÿçêè, ãåë³îô³çè÷íà àêòèâí³ñòü, ìàã -
í³òíà áóðÿ, ³îíîñôåðíå çáóðåííÿ, ³îíîñôåðíà ïëàçìà, íåêîãåðåíòíå
ðîç ñ³ÿííÿ, ïîçèòèâíà ³îíîñôåðíà áóðÿ.

ÂÑÒÓÏ

Äîñë³äæåííÿ çàëåæíîñò³ ñòàíó ³îíîñôåðè â³ä ãåë³îô³çè÷íî¿ òà ñîíÿ÷ -
íî¿ àêòèâíîñò³ ñïðèÿþòü âèçíà÷åííþ õàðàêòåðó ñîíÿ÷íî-çåìíèõ çâ’ÿç -
ê³â, ÿê³ ìàþòü áåçïîñåðåäí³é âïëèâ íà æèòòºä³ÿëüí³ñòü ëþäåé. Ïè -
òàííÿ ó ïðîãíîçóâàíí³ ðåàêö³¿ ³îíîñôåðè â êîíêðåòíîìó ðåã³îí³ íà çì³- 
íè â êîñì³÷í³é ïîãîä³ çàëèøàºòüñÿ ñüîãîäí³ àêòóàëüíèì, àäæå ô³çè÷í³
ïðîöåñè, ùî â³äáóâàþòüñÿ â ³îíîñôåðí³é ïëàçì³, ì³íëèâ³ òà ñêëàäí³.
Îñîáëèâèé ³íòåðåñ ñòàíîâëÿòü ³îíîñôåðí³ çáóðåííÿ ç³ çì³ííèìè ôàçà -
ìè íà ñåðåäí³õ øèðîòàõ òà ¿õí³ ïðîíèêíåííÿ â íèçüê³ øèðîòè, âè -
íèêíåííÿ ñèëüíèõ ³îíîñôåðíèõ áóð ó ðåçóëüòàò³ ïîì³ðíèõ ÷è ñëàáêèõ
ìàãí³òíèõ áóð [3, 7, 9, 14].  Ó ðîáîòàõ [8, 16] âèÿâëåíî, ùî ï³ñëÿ
çàâåðøåííÿ 24-ãî öèêëó ñîíÿ÷íî¿ àêòèâíîñò³ âçàºìîçâ’ÿçîê ì³æ ³îíî -
ñôåðíèìè ïàðàìåòðàìè òà ïîêàçíèêàìè ñîíÿ÷íî¿ àêòèâíîñò³ íå º ñòà -
á³ëüíèì. Çàëåæí³ñòü â³ä ïîêàçíèê³â ñîíÿ÷íî¿ àêòèâíîñò³ ñåðåäíüî ð³÷ -
íèõ çíà÷åíü êðèòè÷íèõ ÷àñòîò f Fo 2 ³ f Eo  (øàð³â F2 ³ E ³îíîñôåðè), ÿê³ â 
çíà÷í³é ì³ð³ êîíòðîëþþòüñÿ öèìè ïîêàçíèêàìè, âèÿâëÿºòüñÿ ð³çíîþ
äëÿ îêðåìèõ öèêë³â ñîíÿ÷íî¿ àêòèâíîñò³, òàêîæ çì³íþºòüñÿ â³äíî øåí -
íÿ ì³æ íåïðÿìèìè ïîêàçíèêàìè (çîêðåìà ³íäåêñîì ñîíÿ÷íî¿ àêòèâ -
íîñò³ F10 7.  òà ïîòîêîì âèïðîì³íþâàííÿ Ëàéìàí-àëüôà Fa) ñî íÿ÷ íî¿
àêòèâíîñò³. Ñïåö³àë³ñòè ç îáëàñò³ ô³çèêè Ñîíöÿ àêòèâíî îáãîâî ðþþòü
ïðèðîäó òà ìåõàí³çìè ñïîñòåðåæóâàíèõ ÿâèù ó çàçíà÷åíèõ ðîáîòàõ,
àäæå äîâãèé ÷àñ ââàæàëîñÿ, ùî âçàºìîçâ’ÿçîê ì³æ ³îíîñôåð íèìè ïà -
ðàìåòðàìè òà íåïðÿìèìè ïîêàçíèêàìè ñîíÿ÷íî¿ àêòèâíîñò³ ñò³é êèé ç
÷àñîì. 
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Â ðîáîò³ ðîçãëÿíóòî åôåêòè âåëüìè ïîì³ðíî¿ ìàãí³òíî¿ áóð³ 18
ãðóäíÿ 2019 ð., ï³ä ÷àñ ÿêî¿ ³íäåêñ ãåîìàãí³òíî¿ àêòèâíîñò³ Kp ñÿãàâ 4.
2019 ð. º ïåðåõ³äíèì ðîêîì â³ä çàâåðøåííÿ 24-ãî òà ïî÷àòêó 25-ãî
öèêëó ñîíÿ÷íî¿ àêòèâíîñò³. Ïðîòÿãîì óñüîãî 2019 ð. ð³âåíü ñîíÿ÷íî¿
àêòèâíîñò³ áóâ ì³í³ìàëüíèì: àêòèâí³ñòü Ñîíöÿ áóëà íàñò³ëüêè íèçü -
êîþ, ùî íàéñèëüí³øà ãåîìàãí³òíà áóðÿ 14 òðàâíÿ 2019 ð. ñÿãàëà ð³âíÿ
ïîì³ðíî¿ çà øêàëîþ NOAA (Na tional Oce anic and At mo spheric Ad min -
is tra tion) ç åêñòðåìàëüíèìè ³íäåêñàìè ãåîìàãí³òíî¿ àêòèâíîñò³ Kp max =
= 6+ ³ Dst min = –65 íÒë. Â³äõèëåííÿ çàçíà÷åíèõ ³íäåêñ³â â³ä íóëÿ (àáî
â³ä çíà÷åíü ó ìàãí³òîñïîê³éíèõ óìîâàõ) áóëè íàéá³ëüøèìè ïðîòÿãîì
2019 ð. 

ÌÅÒÎÄÈ ÒÀ ÇÀÑÎÁÈ

Ñïîñòåðåæåííÿ ³îíîñôåðè ïðîâàäèëèñÿ ìåòîäàìè íåêîãåðåíòíîãî
ðîç ñ³ÿííÿ (ÍÐ) ðàä³îõâèëü òà âåðòèêàëüíîãî çîíäóâàííÿ çà äîïîìîãîþ 
çàñîá³â, ðîçòàøîâàíèõ ó ³îíîñôåðí³é îáñåðâàòîð³¿ ²íñòèòóòó ³îíî -
ñôåðè Íàö³îíàëüíî¿ àêàäåì³¿ íàóê òà Ì³í³ñòåðñòâà îñâ³òè ³ íàóêè Óê -
ðà ¿íè ïîáëèçó ì. Õàðêîâà. 

Ìåòîä ÍÐ ìàº íàéá³ëüø ïîâí³ ä³àãíîñòè÷í³ ìîæëèâîñò³ â äîñë³ä -
æåíí³ ³îíîñôåðíèõ ³ òåðìîñôåðíèõ åôåêò³â ãåîêîñì³÷íèõ áóð ³ äîçâî -
ëÿº ç âèñîêîþ òî÷í³ñòþ òà â øèðîêîìó ³íòåðâàë³ âèñîò îäíî÷àñíî âè -
ì³ðþâàòè îñíîâí³ ïàðàìåòðè ³îíîñôåðè. Ðàäàð ÍÐ ²íñòèòóòó ³îíîñôå -
ðè º ºäèíèì äæåðåëîì â³äîìîñòåé ïðî âàð³àö³¿ ðÿäó îñíîâíèõ ïàðàìåò -
ð³â ³îíîñôåðè â ñåðåäíüîøèðîòí³é ªâðîï³ [10]. ²ìïóëüñíà ïîòóæí³ñòü
éîãî äâîêàíàëüíîãî ïåðåäàâà÷à ñÿãàº 3.6 ÌÂò, êîåô³ö³ºíò ïîñèëåííÿ
ïàðàáîë³÷íî¿ àíòåíè 12700 (ä³àìåòð àíòåíè 100 ì, ¿¿ åôåêòèâíà ïëîùà
áëèçüêî 3700 ì2, øèðèíà ïðîìåíÿ ä³àãðàìè ñïðÿìîâàíîñò³ áëèçüêî 1°). 
Â³äíîñíà ïîõèáêà âèçíà÷åííÿ ïàðàìåòð³â ³îíîñôåðè çàçâè÷àé íå
ïåðåâèùóº 10 %. Ó ïåð³îä âèì³ðþâàíü ³ç 13:00 UT 16 ãðóäíÿ äî 24:00
UT 18 ãðóäíÿ ðàäàð ïðàöþâàâ ó ðåæèì³ âèïðîì³íþâàííÿ äâî÷àñòîò -
íèì ñêëàäîâèì ðàä³î³ìïóëüñíèì ñèãíàëîì ³ìïóëüñíîþ ïîòóæí³ñòþ
2 ÌÂò ³ç äâîìà åëåìåíòàìè òðèâàë³ñòþ 130 ³ 660 ìêñ, ùî çàáåçïå÷óº
âèñîòíå ðîçä³ëåííÿ 20 ³ 100 êì ó ä³àïàçîíàõ âèñîò 100…400 êì ³ 200…
1500 êì â³äïîâ³äíî.

Çíà÷åííÿ êðèòè÷íî¿ ÷àñòîòè f Fo 2 îäåðæàíî çà äîïîìîãîþ ïîðòà -
òèâíîãî êîãåðåíòíîãî ³îíîçîíäó, ðîçðîáëåíîãî â Ðàä³îàñòðîíîì³÷ -
íîìó ³íñòèòóò³ Íàö³îíàëüíî¿ àêàäåì³¿ íàóê Óêðà¿íè [2], ³ íà òîé ÷àñ 
ðîçòàøîâàíîãî â ²îíîñôåðí³é îáñåðâàòîð³¿ ²íñòèòóòó ³îíîñôåðè ÍÀÍ ³ 
ÌÎÍ ïîðó÷ ç ðàäàðîì ÍÐ. Äëÿ çîíäóâàííÿ áóëî âèêîðèñòàíî ðîìá³÷í³ 
àíòåíè ñòàíö³¿ âåðòèêàëüíîãî çîíäóâàííÿ ³îíîñôåðè «Áàçèñ» [4]. Çîí -
äóâàííÿ çä³éñíþâàëîñÿ â ä³àïàçîí³ ÷àñòîò â³ä 1 äî 9.9 ÌÃö ³ç ïîòóæ -
í³ñòþ âèïðîì³íþâàííÿ áëèçüêî 100 Âò ³ çì³ííèì çà ë³í³éíèì çàêîíîì
êðîêîì çà ÷àñòîòîþ â³ä 45 äî 100 êÃö ç âèêîðèñòàííÿì ôàçîâî¿ ìà -
í³ïóëÿö³¿ ñèãíàëó 32-ðîçðÿäíèìè êîìïëåìåíòàðíèìè êîäàìè. Ä³àïà -
çîí âèñîò 90...796 êì, ðîçä³ëüíà çäàòí³ñòü çà âèñîòîþ 0.75 êì. 
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ÃÅË²ÎÃÅÎÔ²ÇÈ×ÍÀ ÎÁÑÒÀÍÎÂÊÀ

18 ãðóäíÿ 2019 ð. ³íäåêñ ñîíÿ÷íî¿ àêòèâíîñò³ ñòàíîâèâ F10.7 = 70.
Çâ’ÿçîê ³ç ïàðàìåòðàìè ì³æïëàíåòíîãî ìàãí³òíîãî ïîëÿ òà ïðîöåñîì
ïåðåäà÷³ åíåðã³¿ ñîíÿ÷íîãî â³òðó äî ³îíîñôåðè âèñîêèõ øèðîò ïîêà -
çàíî íà ðèñ. 1. Ìàãí³òíå çáóðåííÿ âèíèêëî â ðåçóëüòàò³ âçàºìîä³¿ ìàã -
í³òîñôåðè ç ñîíÿ÷íèì â³òðîì âèñîêî¿ øâèäêîñò³, ùî íàäõîäèâ ³ç êîðî -
íàëüíî¿ ä³ðè íà Ñîíö³ [spaceweather.com]. 18 ãðóäíÿ áëèçüêî 02:30 UT
(Uni ver sal Time) êîíöåíòðàö³ÿ ïðîòîí³â ó ïîòîö³ ïëàçìè ñòð³ìêî ñÿã -
íóëà 24.2×106 ì–3. Ç³ ñòð³ìêèì çá³ëüøåííÿì êîíöåíòðàö³¿ ïðîòîí³â
â³äïîâ³äíî ñòð³ìêî çá³ëüøèâñÿ ³ äèíàì³÷íèé òèñê ñîíÿ÷íîãî â³òðó íà
Çåìëþ, ñÿãíóâøè ìàéæå 5.3 íÏà. Ï³ñëÿ öüîãî ïîñòóïîâî çá³ëüøó âà ëà -
ñÿ ³ øâèäê³ñòü ñîíÿ÷íîãî â³òðó òà éîãî òåìïåðàòóðà. Áëèçüêî 12:00 UT
øâèäê³ñòü Vsw ïåðåâèùèëà 500 êì/ñ ³ ñÿãàëà 530 êì/ñ, òåìïåðàòóðà Tsw

ïåðåâèùèëà 20×105 Ê, ³ î 13:00 UT ñÿãíóëà ñâîãî ìàêñèìàëüíîãî çíà -
÷åííÿ 34×105 Ê. 

Îäíî÷àñíî ç ð³çêèì çá³ëüøåííÿì äèíàì³÷íîãî òèñêó àçèìóòàëüíà
ñêëàäîâà ì³æïëàíåòíîãî ìàãí³òíîãî ïîëÿ (ÌÌÏ) By ñòð³ìêî çì³íèëà
ñâ³é íàïðÿìîê ç –2 íÒë î 01:00 UT äî +5.7 íÒë î 04:00 UT. Ç³ øâèäêèì
çìåíøåííÿì psw ñêëàäîâà By çìåíøèëàñÿ äî –0.8 íÒë î 06:00 UT. Äàë³
äî 10:00 UT çíà÷åííÿ òèñêó psw êîëèâàëèñÿ ó ìåæàõ 2…2.6 íÏà, â³äïî -
â³äíî çíà÷åííÿ ñêëàäîâî¿ By çàëèøàëèñÿ â ³íòåðâàë³ +6…+6.5 íÒë. 

Ï³ñëÿ ñòð³ìêîãî ñïàäó äèíàì³÷íîãî òèñêó ñïîñòåð³ãàëèñÿ ð³çê³
çì³íè íàïðÿìêó òà çíà÷åíü ñêëàäîâî¿ Bz. Îá 02:00 UT çíà÷åííÿ Bz

ñòàíîâèëî +2.8 íÒë, î 03:00 UT çìåíøèëîñÿ äî +1.1 íÒë, î 04:00 UT
çíîâó çá³ëüøèëîñÿ äî +4.2 íÒë, î 05:00 UT â ÷åðãîâèé ðàç çìåíøèëîñÿ
äî +0.7 íÒë. Îá 07:00 UT çíà÷åííÿ Bz ñÿãíóëî ñâîãî ìàêñèìóìó
+5.1 íÒë, à îá 11:00 UT — ñâîãî ì³í³ìóìó –5.3 íÒë. 

Åíåðãåòè÷íà ôóíêö³ÿ Àêàñîôó eA  (åíåðã³ÿ, ùî ïåðåäàºòüñÿ ñîíÿ÷ -
íèì â³òðîì ìàãí³òîñôåð³ Çåìë³ çà îäèíèöþ ÷àñó) ç³ ñòð³ìêèì çá³ëü -
øåííÿì äèíàì³÷íîãî òèñêó çá³ëüøèëàñÿ äî 5.6 ÃÄæ/ñ, ïîò³ì, â³ä -
ïîâ³äíî äî çíà÷åíü øâèäêîñò³ ñîíÿ÷íîãî â³òðó òà ñêëàäîâèõ ÌÌÏ, î
07:00 UT ñïîñòåð³ãàâñÿ ¿¿ íàñòóïíèé ìàêñèìóì áëèçüêî 6.3 ÃÄæ/ñ.
Ïåðøå çá³ëüøåííÿ ³íäåêñó Kp äî 3+ â³äáóëîñÿ î 09:00…12:00 UT, à â
íàñòóïíèé òðèãîäèííèé ïåð³îä çá³ëüøèâñÿ äî 4–. Ó ïðîì³æîê ÷àñó
15:00…18:00 UT ñêëàäîâà By çì³íèëà ñâ³é íàïðÿìîê, à ¿¿ çíà÷åííÿ
ñòð³ìêî çì³íèëèñÿ ç +4.7 íÒë î 15:00 UT äî –1.2 íÒë î 16:00 UT. Çíà -
÷åííÿ ñêëàäîâî¿ Bz ç 15:00 äî 16:00 UT ñòàíîâèëè –4.7 íÒë. Äî
18:00 UT åíåðãåòè÷íà ôóíêö³ÿ eA  ìàêñèìàëüíî çá³ëüøèëàñÿ äî
9.3 ÃÄæ/ñ ³ â³äïîâ³äíî äî öèõ çì³í ³íäåêñ Kp ñòàíîâèâ 4.

Íà ðèñ. 2 íàâåäåíî ÷àñîâ³ âàð³àö³¿ àâðîðàëüíîãî ³íäåêñó ãåîìàã -
í³òíî¿ àêòèâíîñò³ ÀÅ. Âèäíî, ùî äëÿ 17 ãðóäíÿ õàðàêòåðí³ âåëüìè ñïî -
ê³éí³ ãåîìàãí³òí³ óìîâè. 18 ãðóäíÿ ïåðøå çíà÷íå çá³ëüøåííÿ ³íäåêñó
ÀÅ á³ëüø í³æ íà 1100 íÒë  â³äáóëîñÿ áëèçüêî 11:50 UT ï³ñëÿ òîãî, ÿê
ñêëàäîâà Bz, ïîâåðíóâøè äî ï³âäíÿ, ñÿãíóëà ñâîãî ì³í³ìóìó –5.3 íÒë
îá 11:00 UT. Ï³ñëÿ äðóãîãî ì³í³ìóìó Bz = –4.7 íÒë î 15:00…16:00 UT
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Ðèñ. 1. ×àñîâ³ âàð³àö³¿ ïàðàìåòð³â ñîíÿ÷íîãî â³òðó: êîíöåíòðàö³¿ nsw, ðàä³àëüíî¿ øâèäêîñò³ Vsw,
òåìïåðàòóðè Òsw òà ðîçðàõîâàíèõ çíà÷åíü äèíàì³÷íîãî òèñêó psw, ñêëàäîâèõ Ây ³ Bz  ì³æ -
ïëàíåòíîãî ìàãí³òíîãî ïîëÿ, ðîçðàõîâàíèõ çíà÷åíü åíåðã³¿ e

A
, ùî ïåðåäàºòüñÿ ñîíÿ÷íèì â³òðîì

ìàãí³òîñôåð³ Çåìë³ çà îäèíèöþ ÷àñó, ³íäåêñ³â ãåîìàãí³òíî¿ àêòèâíîñò³ Kp òà Dst ó ïåð³îä 16…21
ãðóäíÿ 2019 ð.



òà çíà÷íîãî çá³ëüøåííÿ åíåðãåòè÷íî¿ ôóíêö³¿ Àêàñî ôó äî eA =
= 9.3 ÃÄæ/ñ, ³íäåêñ ÀÅ ñÿãíóâ ìàéæå 1700 íÒë áëèçüêî 16:50 UT.
Íàñòóïíîãî äíÿ 19 ãðóäíÿ ñïîñòåð³ãàëîñÿ çá³ëüøåííÿ ³í äåêñó ÀÅ äî
500…700 íÒë.

Ìàãí³òíà áóðÿ ïî÷àëàñÿ áëèçüêî 11:00 UT, íåãàòèâíå â³äõèëåííÿ
³íäåêñó Dst áóëî íåçíà÷íèì (–28 íÒë) î 19:00 UT, êîëè áóëî çàô³ê ñî -
âàíî íàñòóïíèé çíà÷íèé ìàêñèìóì Bz = +4.6 íÒë.

Íà ðèñ. 3 ïðåäñòàâëåíî ÷àñîâ³ âàð³àö³¿ H ñêëàäîâî¿ ãåîìàãí³òíîãî
ïîëÿ çà äàíèìè îáñåðâàòîð³¿ â Êèºâ³ (êîîðäèíàòè: 50.72° N, 30.3° E).
ßê âèäíî, âåëüìè ïîì³ðíà ìàãí³òíà áóðÿ 18 ãðóäíÿ 2019 ð. íå ìàëà ðàï -
òîâîãî ïî÷àòêó. Ãîðèçîíòàëüíà ñêëàäîâà H áëèçüêî 11:00 UT çì³íè ëà
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Ðèñ. 2. ×àñîâ³ âàð³àö³¿ àâðîðàëüíèõ ³íäåêñ³â ãåîìàãí³òíî¿ àêòèâíîñò³ ÀÅ òà AO ïðîòÿãîì
17…19 ãðóäíÿ 2019 ð.

Ðèñ. 3. Îäíîõâèëèíí³ âàð³àö³¿ H-ñêëàäîâî¿ ãåîìàãí³òíîãî ïîëÿ. Äàí³ ìàãí³òíî¿ îáñåðâàòîð³¿
KIV ó Êèºâ³ 18 ãðóäíÿ 2019 ð. [www.intermagnet.org]



ñâ³é íàïðÿìîê, ¿¿ ôàêòè÷í³ çíà÷åííÿ ïî÷àëè çìåíøóâàòèñÿ. Ï³ñëÿ
11:44 UT â³äáóâñÿ ñïëåñê ñêëàäîâî¿ H, ³ ¿¿ ìîäóëü ñòð³ìêî çá³ëü øèâñÿ
— ðîçïî÷àëàñÿ ìàãí³òíà áóðÿ. Ñàìå â öåé ÷àñ â³äáóëîñÿ ïåðøå
çá³ëüøåííÿ ãåîìàãí³òíîãî ³íäåêñó ÀÅ äî 1000 íÒë (äèâ. ðèñ. 2). Áëèçü -
êî 16:40 UT çàô³êñîâàíî ïîì³òíèé ñïëåñê H-ñêëàäîâî¿ — öå ðåàêö³ÿ íà 
ïðèïëèâ åíåðã³¿ ç ì³æïëàíåòíîãî ïðîñòîðó. ²íäåêñ ÀÅ â öåé ÷àñ çíîâó
çá³ëüøèâñÿ äî 1000 íÒë, à â äåÿê³ ìîìåíòè ÷àñó ñÿãàâ 1600 íÒë. 

ÐÅÇÓËÜÒÀÒÈ ÑÏÎÑÒÅÐÅÆÅÍÜ

Íàä Õàðêîâîì ìàãí³òíà áóðÿ 18 ãðóäíÿ âèêëèêàëà ïîçèòèâíó ³îíî -
ñôåðíó áóðþ òðèâàë³ñòþ áëèçüêî 5 ãîäèí (äèâ. ðèñ. 4). ßê êîíòðîëüí³
äàí³ âèáðàíî çíà÷åííÿ êðèòè÷íî¿ ÷àñòîòè äëÿ 16 ãðóäíÿ 2019 ð., êîëè
³íäåêñ ãåîìàãí³òíî¿ àêòèâíîñò³ Kp íå ïåðåâèùóâàâ 1. Ï³ä ÷àñ ïîçèòèâ -
íîãî çáóðåííÿ â³äíîñíå â³äõèëåííÿ êðèòè÷íî¿ ÷àñòîòè df Fo 2 ñÿãàëî
+60 % áëèçüêî 14:30…14:45 UT (÷àñòîòà f Fo 2 çá³ëüøèëàñü ó 1.6 ðàçà).
×àñîâ³ ³íòåðâàëè, êîëè df Fo 2 ïåðåâèùóâàëî +20 % 18 ãðóäíÿ: 16:30…
17:00 ³ 18:30…19:00 UT. Çá³ëüøåííÿ çíà÷åíü êðèòè÷íî¿ ÷àñòîòè â³äïî -
â³äíî ñÿãàëî 1.3 ³ 1.2 ðàçà. Êîíöåíòðàö³ÿ åëåêòðîí³â ó ìàêñèìóì³ øàðó
F2 N Fm 2 (³ç ðîçðàõóíêó) ï³ä ÷àñ, êîëè â³äõèëåííÿ êðèòè÷íî¿ ÷àñòîòè
ñòàíîâèëî df Fo 2 = +60 %, çá³ëüøèëàñÿ ó 2.6 ðàçà. 

17 ãðóäíÿ âèÿâëåíî êîëèâàííÿ â³äíîñíîãî â³äõèëåííÿ êðèòè÷íî¿
÷àñòîòè â³ä –16 % äî +23 %, ñêîð³ø çà âñå ïîâ’ÿçàí³ ç ïîâ³ëüíîþ ïåðå -
áóäîâîþ íàïðÿìêó ñêëàäîâî¿ Bz ìàãí³òíîãî ïîëÿ ó öåé ÷àñ ³ çá³ëü -
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Ðèñ. 4. ×àñîâ³ âàð³àö³¿ êðèòè÷íî¿ ÷àñòîòè f Fo 2 òà ¿¿ â³äíîñíîãî â³äõèëåííÿ df Fo 2 (1 —
åêñïåðèìåíò, 2 — êîíòðîëüíèé äåíü 16 ãðóäíÿ 2019 ð.) ³ â³äïîâ³äíî¿ êîíöåíòðàö³¿ åëåêòðîí³â 
N Fm 2 ó ìàêñèìóìó øàðó F2 â ïåð³îä 16…18 ãðóäíÿ 2019 ð.



øåííÿì êîíöåíòðàö³¿ åëåêòðîí³â ó ñîíÿ÷íîìó â³òð³ ç 4×106 äî
(8…9)×106 ì–3. 

Ïîð³âíþþ÷è çíà÷åííÿ âàð³àö³¿ âèñîòè ìàêñèìóìó øàðó F2 h Fm 2
17 òà 18 ãðóäíÿ 2019 ð. ì³æ ñîáîþ (äèâ. ðèñ. 5), ìîæíà ïîì³òèòè, ùî
ìàêñèìàëüíå çá³ëüøåííÿ â³äíîñíîãî â³äõèëåííÿ êðèòè÷íî¿ ÷àñòîòè 
df Fo 2 äî +60 % áëèçüêî 14:30…14:45 UT ñóïðîâîäæóâàëîñÿ çìåíøåí -
íÿì âèñîòè h Fm 2 ç 264 äî 235 êì î 15:00 UT, ï³ñëÿ ÷îãî ñë³äóâàâ ï³äéîì 
äî 280…285 êì, â³äõèëåííÿ dh Fm 2 ïðè öüîìó ñÿãàëî +16 %. Ó ïðî -
ì³æêó ÷àñó 16:30…17:00 UT çíà÷åííÿ âèñîòè äëÿ 17 ³ 18 ãðóäíÿ áóëè
áëèçüêèìè, òîä³ ÿê êðèòè÷íà ÷àñòîòà f Fo 2 çá³ëüøèëàñÿ ïðèáëèçíî íà
0.6 ÌÃö, df Fo 2 = 20…22 %. Íàäàë³ âèñîòà h Fm 2 ïî÷àëà ïîñòóïîâî
çá³ëüøóâàòèñÿ, î 18:15 UT â³äõèëåííÿ dh Fm 2 ñòàíîâèëî 18 %, òîä³ ÿê î
18:45 UT ÷àñòîòà f Fo 2 çíîâó çá³ëüøèëàñü (df Fo 2 = 25 %), ó ïðîì³æêó
÷àñó 18:45…19:45 UT â³äõèëåííÿ âèñîòè dh Fm 2 ïåðåáóâàëî ó çâè ÷àé -
íèõ ìåæàõ (äî ±10 %). Íàäàë³ çíà÷åííÿ êðèòè÷íî¿ ÷àñòîòè ñòàëè íà -
áëè æàòèñÿ äî çíà÷åíü, õàðàêòåðíèõ äëÿ ìàãí³òîñïîê³éíèõ óìîâ, à çíà -
÷åííÿ âèñîòè ìàêñèìóìó øàðó F2, íàâïàêè, áóëè ïîì³òíî á³ëüøèìè: 
h Fm 2 çá³ëüøèëàñÿ íà 40…45 êì â ³íòåðâàë³ ÷àñó 20:15…21:15 UT 
(dh Fm 2 = 15…18 %). 

Íà ðèñ. 6 íàâåäåíî âèñîòíî-÷àñîâ³ âàð³àö³¿ êîíöåíòðàö³¿ åëåêòðî -
í³â Ne, îòðèìàí³ çà äîïîìîãîþ ðàäàðà ÍÐ. Íà ãðàô³êàõ ïîð³âíþþòüñÿ
äàí³ 18 ãðóäíÿ 2019 ð. ï³ä ÷àñ ìàãí³òíî¿ áóð³ òà 17 ãðóäíÿ 2019 ð. ó
ìàãí³òîñïîê³éíèõ óìîâàõ ó ä³àïàçîí³ âèñîò 200…450 êì. 

Íà âèñîò³ 200 êì ó ïðîì³æêó ÷àñó 10:00…13:00 UT êîíöåíòðàö³ÿ
åëåêòðîí³â çá³ëüøèëàñÿ â³ä 2.5×1011 äî 3.4×1011 ì–3, òîáòî ìàéæå ó 1.4
ðàçà. Íà âèñîò³ 250 êì ³ âèùå çá³ëüøåííÿ êîíöåíòðàö³¿ Ne òðèâàëî ç
10:00 äî 15:30 UT. Ìàêñèìàëüíå çá³ëüøåííÿ Ne ñïîñòåð³ãàëîñÿ íà
âèñîò³ 300 êì. Äàë³ ç³ çá³ëüøåííÿì âèñîòè ð³çíèöÿ ì³æ çíà÷åííÿìè Ne

ISSN 0233-7665. Ê³íåìàòèêà ³ ô³çèêà íåáåñ. ò³ë. 2023. Ò. 39, ¹ 2 23

ÂÀÐ²ÀÖ²¯ ÏÀÐÀÌÅÒÐ²Â ÑÅÐÅÄÍÜÎØÈÐÎÒÍÎ¯ ²ÎÍÎÑÔÅÐÈ

Ðèñ. 5. Ïîð³âíÿííÿ âàð³àö³é âèñîòè ìàêñèìóìó øàðó F2 h Fm 2 18 ãðóäíÿ (êðèâà 1) ³ 17 ãðóäíÿ
(êðèâà 2) 2019 ð. (à) òà âàð³àö³¿ â³äíîñíîãî â³äõèëåííÿ dh Fm 2 (á)



ó çáóðåíèõ ³ ñïîê³éíèõ óìîâàõ çìåíøóâàëàñÿ, à íà âèñîò³ 450 êì
ð³çíèöÿ áóëà çîâñ³ì ìàëîþ.

Ðîçãëÿíåìî âàð³àö³¿ òåìïåðàòóð åëåêòðîí³â Te òà ³îí³â Ti ó ä³àïà -
çîí³ âèñîò 200…450 êì (ðèñ. 7). 18 ãðóäíÿ âàð³àö³¿ òåìïåðàòóð äåùî
çì³íèëèñÿ. Âèäíî, ùî ïîð³âíÿíî ç 17 ãðóäíÿ ïîëóäåííèé ìàêñèìóì
ñïîñòåð³ãàâñÿ ïðèáëèçíî íà 1 ãîäèíó ðàí³øå — áëèçüêî 10:00 UT,
ïðè÷îìó íà âèñîòàõ 250…450 êì çíà÷åííÿ Te áóëè á³ëüøèìè, äîáîâèé
õ³ä òåìïåðàòóð Ti â ö³ëîìó áóâ ïîì³òíî çì³íåíèé. Çðîñòàííÿ êîíöåíò -
ðàö³¿ åëåêòðîí³â ó ìàêñèìóì³ øàðó F2 ï³ñëÿ 12:00 UT òà çìåíøåííÿ
âèñîòè h Fm 2 ñóïðîâîäæóâàëèñÿ çìåíøåííÿì òåìïåðàòóðè Te íà âèñî -
òàõ 300…450 êì. Ï³ñëÿ 14:15 UT êîíöåíòðàö³ÿ åëåêòðîí³â N Fm 2 çíîâó
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Ðèñ. 6. Âèñîòíî-÷àñîâ³ âàð³àö³¿ êîíöåíòðàö³¿ åëåêòðîí³â Ne 18 ãðóäíÿ (1) ³ 17 ãðóäíÿ (2) 2019 ð.



çá³ëü øóâàëàñü, ïðè öüîìó ï³ñëÿ 15:00 UT âè ñîòà ìàêñèìóìó h Fm 2 ïî -
÷àëà òåæ çá³ëüøóâàòèñÿ, ùî ñóïðîâîä æóâà ëîñÿ çìåíøåííÿì òåìïåðà -
òóð áëèçüêî 15:00 UT ó ä³àïàçîí³ âèñîò 200…400 êì ó ïîð³âíÿíí³ ç ïî -
ïåðåäí³ì äíåì 17 ñ³÷íÿ. Ìàêñèìàëüíîãî çìåíøåííÿ ñïî÷àòêó ñÿãíóëè
òåìïåðàòóðè ³îí³â î 14:45 UT, à î 15:00 UT — òåìïåðàòóðè åëåêòðîí³â
(äèâ. òàáë. 1, 2).

Çá³ëüøåííÿ âèñîòè h Fm 2 18 ãðóäíÿ ï³ñëÿ 17:00 UT òàêîæ ñóïðî -
âîä æóâàëîñÿ çìåíøåííÿì çíà÷åíü òåìïåðàòóð: çì³íè çíà÷åíü Te òà Ti

ï³ä ÷àñ çá³ëüøåííÿ h Fm 2 ç 252 äî 298 êì î 18:15 UT (dh Fm 2 = 18 %) áóëè 
äîâîë³ ïîì³òíèìè â óñüîìó ä³àïàçîí³ äîñë³äæóâàíèõ âèñîò 200…
450 êì. 

Ãåîìàãí³òíà áóðÿ âïëèíóëà íà âàð³àö³¿ âåðòèêàëüíî¿ ñêëàäîâî¿
øâèä êîñò³ ðóõó ³îíîñôåðíî¿ ïëàçìè Vz (ðèñ. 8). 
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Ðèñ. 7. Âèñîòíî-÷àñîâ³ âàð³àö³¿ òåìïåðàòóð åëåêòðîí³â Te òà ³îí³â Ti 18 ãðóäíÿ (êðèâà 1) ³ 17
ãðóäíÿ (êðèâà 2) 2019 ð.



18 ãðóäíÿ î 12:00 UT (çà 20 õâ ï³ñëÿ ð³çêî¿ çì³íè ³íäåêñó ÀÅ) íà
âèñîòàõ 190…360 êì øâèäê³ñòü íèçõ³äíîãî (Vz < 0) ðóõó ïëàçìè ïî -
÷àëà çìåíøóâàòèñÿ ïîð³âíÿíî ç³ çíà÷åííÿìè øâèäêîñò³ 17 ãðóäíÿ ç
ïîäàëüøèì â³äíîâëåííÿì Vz ïðèáëèçíî äî çíà÷åíü ïîïåðåäíüî¿ äîáè. 

Ç 15:40 18 ãðóäíÿ ï³ä ÷àñ ãîëîâíî¿ ôàçè ìàãí³òíî¿ áóð³ âèíèêëè
êîëèâàííÿ ó âàð³àö³ÿõ Vz íà âèñîòàõ 360…420 êì ³ç êâàç³ïåð³îäîì 1 ãîä 
50 õâ, ùî íå ñïîñòåð³ãàëîñÿ 17 ãðóäíÿ. Êîëèâàííÿ òðèâàëè äî 19:00
UT. Òàêîæ íà öèõ âèñîòàõ 18 ãðóäíÿ áóëî çíà÷íå ïîñëàáëåííÿ åôåêòó
âå÷³ðíüîãî åêñòðåìóìó âàð³àö³é Vz, ÿêèé ïðîÿâëÿºòüñÿ ÿê çá³ëüøåííÿ
àáñîëþòíî¿ âåëè÷èíè øâèäêîñò³ íèçõ³äíîãî ðóõó ïëàçìè ç ïîäàëüøèì 
¿¿ çìåíøåííÿì, ùî çàçâè÷àé ñïîñòåð³ãàºòüñÿ âçèìêó [11], ³ çîêðåìà,
ñïîñòåð³ãàâñÿ 17 ãðóäíÿ. À ñàìå, íà öèõ âèñîòàõ çíà÷íî çìåíøèëàñÿ
øâèä ê³ñòü íèçõ³äíîãî ðóõó ïëàçìè ïîð³âíÿíî ç ïîïåðåäí³ì ìàãí³òî -
ñïî ê³éíèì äíåì: ìàêñèìàëüí³ â³äì³ííîñò³ ñïîñòåð³ãàëèñÿ ïðèáëèçíî î 
18:20 UT ³ ñòàíîâèëè 40 ì/ñ íà âèñîò³ 363 êì òà 70 ì/ñ íà âèñîò³ 418 êì.

Íà âèñîòàõ 190…260 êì ç 16:00 ïðèáëèçíî äî 17:30 UT ñïîñòå -
ð³ãàâñÿ çâîðîòíèé åôåêò — íåçíà÷íå íåäîâãîòðèâàëå çá³ëüøåííÿ
øâèä êîñò³ íèçõ³äíîãî ðóõó ïëàçìè ç ïîäàëüøèì â³äíîâëåííÿì. Ìàê -
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Âèñîòà, êì

Ti0, K

17.12.2019 ð.

Ti, K

18.12.2019 ð.
Ti – Ti0, Ê

Ti0, K

17.12.2019 ð.

Ti, K

18.12.2019 ð.
Ti – Ti0, Ê

14:45 UT 14:45 UT 14:45 UT 16:15 UT 16:15 UT 16:15 UT

200 749 625 –124 798 765 –33
250 843 717 –126 877 803 –74
300 937 811 –126 976 861 –115
350 1053 979 –74 1109 928 –181
400 1187 1132 –55 1264 1035 –229
450 1281 1300 19 1441 1208 –233

Òàáëèöÿ 1. Ïîð³âíÿííÿ çíà÷åíü òåìïåðàòóðè ³îí³â Ti ï³ä ÷àñ ìàãí³òîñïîê³éíèõ ³ çáóðåíèõ 
óìîâ

Âèñîòà, êì

Te0, K

17.12.2019 ð.

Te, K

18.12.2019 ð.
Te – Te0, Ê

Te0, K

17.12.2019 ð.

Te, K

18.12.2019 ð.
Te – Te0, Ê

14:45 UT 14:45 UT 14:45 UT 16:15 UT 16:15 UT 16:15 UT

200 1012 658 –354 931 890 –41
250 1034 755 –279 1035 956 –79
300 1050 833 –217 1110 1006 –104
350 1083 976 –107 1181 1052 –129
400 1226 1168 –58 1339 1191 –148
450 1452 1434 –189 1587 1391 –196

Òàáëèöÿ 2. Ïîð³âíÿííÿ çíà÷åíü òåìïåðàòóð åëåêòðîí³â Te ï³ä ÷àñ ìàãí³òîñïîê³éíèõ ³
çáóðåíèõ óìîâ



ñè ìàëüí³ â³äì³ííîñò³ Vz 17 ³ 18 ãðóäíÿ ñòàíîâèëè 30 òà 20 ì/ñ íà
âèñîòàõ 198 òà 253 êì â³äïîâ³äíî.

Îáèäâà åôåêòè (ç 12:00 òà 16:00 UT) ðîçïî÷èíàëèñÿ ï³ñëÿ äâîõ
ñòð³ìêèõ çì³í ó âàð³àö³ÿõ ³íäåêñó ãåîìàãí³òíî¿ àêòèâíîñò³ ÀÅ (äèâ.
ðèñ. 2) ³ H-ñêëàäîâî¿ ãåîìàãí³òíîãî ïîëÿ (äèâ. ðèñ. 3), çà 2 ãîä 30 õâ
ï³ñëÿ ïåðøî¿ çì³íè çíàêó (ïîâîðîòó íà ï³âäåíü) ñêëàäîâî¿ ì³æïëàíåò -
íîãî ìàãí³òíîãî ïîëÿ Bz ³ çà 1 ãîä 30 õâ ï³ñëÿ äðóãî¿ çì³íè çíàêó Bz

(äèâ. ðèñ. 1).
Ç 21:30 UT øâèäê³ñòü íèçõ³äíîãî ðóõó ïëàçìè ïî÷àëà çìåí øó âà -

òèñÿ íà âñ³õ âèñîòàõ, à íà âèñîòàõ 363…418 êì ðóõ ïëàçìè çì³íèâ íà
äå ÿêèé ÷àñ íàïðÿìîê ç íèçõ³äíîãî íà âèñõ³äíèé. Ç 21:40 äî 23:00 ìî -
äóëü øâèäêîñò³ 18 ãðóäíÿ áóâ ìåíøèì, í³æ 17 ãðóäíÿ. Ìàêñèìàëüíà
â³äì³íí³ñòü ñïîñòåð³ãàëàñÿ ó ïåð³îä ³ç 22:10 äî 22:50 íà âèñîòàõ 418…
198 êì â³äïîâ³äíî ³ ñòàíîâèëà íà ð³çíèõ âèñîòàõ â³ä 30 äî 60 ì/ñ.

Ñë³ä çàçíà÷èòè, ùî äî ïî÷àòêó ãåîìàãí³òíîãî çáóðåííÿ 18 ãðóäíÿ ç 
03:15 äî 06:45 UT çàðåºñòðîâàíî ïîì³òíó çì³íó äîáîâèõ âàð³àö³é Vz,
ÿêà ïðîÿâèëàñÿ ó çìåíøåíí³ øâèäêîñò³ âèñõ³äíîãî (Vz > 0) ðóõó
ïëàçìè íà âèñîòàõ, á³ëüøèõ â³ä 360 êì, ³ çá³ëüøåíí³ ìîäóëÿ íèç -
õ³äíîãî (Vz < 0) ðóõó íà âñ³õ äîñë³äæóâàíèõ âèñîòàõ ç ïîäàëüøèì â³ä -
íîâëåííÿì Vz. Ìàêñèìàëüíå â³äõèëåííÿ Vz â³äíîñíî çíà÷åíü 17 ãðóäíÿ 
ñòàëîñÿ áëèçüêî 05:00 UT ³ ñòàíîâèëî 13, 20, 32, 61, 86 ì/ñ íà âèñîòàõ
198, 253, 308, 363, 418 êì â³äïîâ³äíî.
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Ðèñ. 8. ×àñîâ³ âàð³àö³¿ âåðòèêàëüíî¿ ñêëàäîâî¿ øâèäêîñò³ ðóõó ³îíîñôåðíî¿ ïëàçìè Vz äëÿ
íèçêè âèñîò ³îíîñôåðè â ïåð³îäè âèì³ðþâàíü 18 ãðóäíÿ (êðèâà 1) òà 17 ãðóäíÿ 2019 ð. (êðèâà
2)



ÎÁÃÎÂÎÐÅÍÍß ÐÅÇÓËÜÒÀÒ²Â 

Óçèìêó â ñåðåäíüîøèðîòí³é ³îíîñôåð³ â äåííèé ÷àñ çîíà çìåíøåíîãî
â³äíîøåííÿ [O]/[N2] «çà÷èíåíà» ó âèñîêèõ øèðîòàõ, îñê³ëüêè çâè÷àé -
íà öèðêóëÿö³ÿ ïåðåøêîäæàº ïðîíèêíåííþ íàãð³òîãî ãàçó â ñåðåäí³
øèðîòè. Âîäíî÷àñ çâè÷àéíà öèðêóëÿö³ÿ ïîñëàáëþºòüñÿ íàïðàâëåíîþ
ó ïðîòèëåæíó ñòîðîíó öèðêóëÿö³ºþ, ³íäóêîâàíîþ áóðåþ, ³ òîìó
íàïðàâëåíèé âíèç äðåéô ïëàçìè ñòàº ñëàáøèì. Öå ïðèçâîäèòü äî
íîâèõ ð³âíîâàæíèõ óìîâ ó ìàêñèìóì³ øàðó F2, ïðè÷îìó éîãî âèñîòà 
h Fm 2 çá³ëüøóºòüñÿ ³ â³äïîâ³äíî çá³ëüøóºòüñÿ êîíöåíòðàö³ÿ åëåêòðî -
í³â. Öå º ïðè÷èíîþ äîì³íóâàííÿ ïîçèòèâíî¿ ôàçè â öèõ óìîâàõ. Òàêèé
ìåõàí³çì ôîðìóâàííÿ ïîçèòèâíî¿ ³îíîñôåðíî¿ áóð³ äîáðå óçãîäæó -
ºòüñÿ ç îòðèìàíèìè ðåçóëüòàòàìè. Çá³ëüøåííÿ f Fo 2 ï³ñëÿ 12:00 UT 18
ãðóäíÿ ñóïðîâîäæóâàëîñÿ äåùî á³ëüøèìè çíà÷åííÿìè âèñîòè ìàêñè -
ìóìó øàðó F2 ó ïîð³âíÿíí³ ç 17 ãðóäíÿ. Ó öåé ÷àñ ñïîñòåð³ãàëîñü
ïîì³òíå çá³ëüøåííÿ êîíöåíòðàö³¿ åëåêòðîí³â ó ä³àïàçîí³ äîñë³äæóâà -
íèõ âèñîò 200…350 êì, à âåðòèêàëüíà ñêëàäîâà øâèäêîñò³ ðóõó ³îíî -
ñôåðíî¿ ïëàçìè Vz íèçõ³äíîãî íàïðÿìêó äåùî çìåíøèëàñü. Áëèçüêî
14:00 UT çíà÷åííÿ òåìïåðàòóð Te íà öèõ æå âèñîòàõ 200…350 êì áóëè
íèæ÷èìè. Ïîä³áíèé ìåõàí³çì ôîðìóâàííÿ ïîçèòèâíî¿ ôàçè áóð³ îïè -
ñàíî òàêîæ ³íøèìè â÷åíèìè [13]. Ï³ñëÿ òîãî ÿê â³äíîñíå â³äõèëåííÿ
êðèòè÷íî¿ ÷àñòîòè df Fo 2 äîñÿãëî +60 %, áëèçüêî 14:30…14:45 UT ñïî -
ñòåð³ãàëîñü ð³çêå çìåíøåííÿ êðèòè÷íî¿ ÷àñòîòè (ñòàëè ïåðåâàæàòè ìå -
õà í³çìè ôîðìóâàííÿ íåãàòèâíî¿ ³îíîñôåðíî¿ áóð³), ùî ñóïðîâîäæóâà -
ëîñü ñòð³ìêèì çìåíøåííÿì h Fm 2. Êîíöåíòðàö³ÿ åëåêòðîí³â Ne ó öåé
ïåð³îä ñòð³ìêî ïî÷àëà çìåíøóâàòèñÿ â óñüîìó ä³àïàçîí³ äîñë³äæóâà -
íèõ âèñîò, à ìîäóëü íèçõ³äíîãî (Vz < 0) ðóõó âåðòèêàëüíî¿ ñêëàäîâî¿ Vz

íà âñ³õ âèñîòàõ çàëèøàâñÿ ìàéæå íåçì³ííèì.
Äàë³ ìåõàí³çìè ôîðìóâàííÿ ïîçèòèâíèõ ³îíîñôåðíèõ áóð çíîâó

ñòàëè ïåðåâàæàòè: ï³ñëÿ 15:00 UT âèñîòà h Fm 2 ïî÷àëà çá³ëüøóâàòèñÿ, ³
â 15:45 UT âîíà çðîñëà ç 242 äî 282 êì, ï³ñëÿ ÷îãî çíà÷åííÿ f Fo 2 òåæ
çá³ëüøèëèñü. Ï³ñëÿ 16:00 UT çíà÷åííÿ òåìïåðàòóð åëåêòðîí³â Te

ïî÷àëè çìåíøóâàòèñÿ ïîð³âíÿíî ç ïîïåðåäí³ì äíåì, êîíöåíòðàö³ÿ Ne ³
ìîäóëü âåðòèêàëüíî¿ ñêëàäîâî¿ Vz íèçõ³äíîãî ðóõó ïëàçìè ïî÷àëè
çá³ëüøóâàòèñÿ íà âèñîòàõ ïîíàä 300 êì. Öåé æå ìåõàí³çì ôîðìóâàííÿ
ïîçèòèâíî¿ áóð³ ñïîñòåð³ãàâñÿ ³ áëèçüêî 18:00 UT, çà âèíÿòêîì òîãî,
ùî ìîäóëü øâèäêîñò³ íèçõ³äíîãî ðóõó ïëàçìè áóâ ìåíøèì, í³æ 17
ãðóäíÿ. 

Ï³ñëÿ 21:30 UT ñïîñòåð³ãàëèñÿ çíà÷í³ çì³íè âåðòèêàëüíî¿ ñêëàäî -
âî¿ øâèäêîñò³ Vz: ìîäóëü øâèäêîñò³ íèçõ³äíîãî ðóõó ïëàçìè ïî÷àâ
çìåíøóâàòèñÿ, à íà âèñîòàõ 363…418 êì ðóõ ïëàçìè çì³íèâ íà äåÿêèé
÷àñ íàïðÿìîê ç íèçõ³äíîãî íà âèñõ³äíèé. Ó âå÷³ðí³é ÷àñ ïîâåä³íêà âè -
ñîòíî-÷àñîâèõ âàð³àö³é Ne íà ïåâíèõ âèñîòàõ â³äð³çíÿëàñÿ: íà âèñîòàõ
200…350 êì ïî÷àëà çìåíøóâàòèñÿ, à íà 400…450 êì, íàâïàêè, —
çá³ëüøóâàòèñÿ. Òåìïåðàòóðè åëåêòðîí³â òà ³îí³â áóëè ìåíøèìè â³ä -
íîñ íî â³äïîâ³äíèõ òåìïåðàòóð ó ïîïåðåäíþ (êîíòðîëüíó) äîáó. 
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Âçàãàë³ äîñë³äæåííþ åôåêò³â ñëàáêèõ ìàãí³òíèõ çáóðåíü ïðè ä³ëÿ -
ºòüñÿ ìåíøå óâàãè, í³æ ñèëüíèõ. Àëå íàâ³òü ïðè ñëàáêèõ áóðÿõ ñòàí
³îíîñôåðè òà ïëàçìîñôåðè, ÿê³ âçàºìîä³þòü ì³æ ñîáîþ, º äóæå ÷óò -
ëèâèì. Ñòàòèñòè÷íå äîñë³äæåííÿ [12] âèÿâèëî, ùî ñëàáê³ ìàãí³òí³
áóð³ âçèìêó ìîæóòü ñïðè÷èíèòè ïîì³òíå (ïîðÿäêó 20 %) çìåíøåííÿ
çàãàëüíîãî âì³ñòó åëåêòðîí³â (ÒÅÑ) ó ñåðåäí³õ øèðîòàõ âíî÷³ ÷åðåç
âèñíàæåííÿ ïëàçìîñôåðè ï³ä ÷àñ áóð³. Ó ðîáîò³ [15] ïîêàçàíî, ùî
íàâ³òü ñëàáê³ ìàãí³òí³ çáóðåííÿ ïðèçâîäÿòü äî çíà÷íî¿ ìîäóëÿö³¿ ³îíî -
ñôåðíî-ïëàçìîñôåðíèõ ïîòîê³â ³îí³â H+. Öÿ ìîäóëÿö³ÿ ñïðè÷èíåíà
êîëèâàííÿìè êîíöåíòðàö³¿ ³îí³â O+ ó âåðõí³é ³îíîñôåð³, ñïðè÷èíå íè -
ìè ðóõîì âèñîòè h Fm 2, ùî, íàé³ìîâ³ðí³øå, âèêëèêàíî çì³íàìè òåðìî -
ñôåðíîãî ãîðèçîíòàëüíîãî â³òðó, àáî ïðîíèêàþ÷èìè ÷åðåç ìàãí³òî -
ñôå ðó åëåêòðè÷íèìè ïîëÿìè. Îáèäâà çàçíà÷åí³ ìåõàí³çìè ò³ñíî ïîâ’ÿ -
çà í³ ç³ çì³íàìè ñêëàäîâî¿ Bz ì³æïëàíåòíîãî ìàãí³òíîãî ïîëÿ. 

Çàçíà÷èìî, ùî ðàí³øå â ³îíîñôåðí³é îáñåðâàòîð³¿ ²íñòèòóòó ³îíî -
ñôåðè âæå ñïîñòåð³ãàëàñÿ âåëüìè ïîì³ðíà ìàãí³òíà áóðÿ (Kp = 4) òàêîæ 
â óìîâàõ íèçüêî¿ ñîíÿ÷íî¿ àêòèâíîñò³ (F10.7 = 82…83) ó çèìîâèé ÷àñ
20…21 ñ³÷íÿ 2010 ð., ÿêà âèêëèêàëà çîâñ³ì ³íø³ åôåêòè â ³îíîñôåðí³é
ïëàçì³ íàä Õàðêîâîì [1, 5]. Íà â³äì³íó â³ä ìàãí³òíî¿ áóð³ 2019 ð., áóðÿ
2010 ð. ñóïðîâîäæóâàëàñÿ çìåíøåííÿì êîíöåíòðàö³¿ åëåêòðîí³â N Fm 2
ó ìàêñèìóì³ øàðó F2, íåâåëèêèì çìåíøåííÿì òåìïåðàòóð åëåêòðîí³â
Te òà âçàãàë³ íåçíà÷íèìè çì³íàìè ïàðàìåòð³â ³îíîñôåðè. ²íøèìè
ñëîâàìè, îáèäâ³ ìàãí³òí³ áóð³ îäíàêîâî¿ ïîòóæíîñò³ â óìîâàõ íèçüêî¿
ñîíÿ÷íî¿ àêòèâíîñò³ ñóïðîâîäæóâàëèñÿ çîâñ³ì ð³çíèìè ³îíîñôåðíèìè
ïðîöåñàìè â îäíîìó ³ òîìó ñàìîìó ïóíêò³ ñïîñòåðåæåíü. 

Ó ðîáîò³ [6] ïðîâåäåíî ïîð³âíÿííÿ äàíèõ N Fm 2 ó ð³çíèõ ïóíêòàõ
ñïîñòåðåæåíü ï³ä ÷àñ ñëàáêî¿ áóð³ (Kp = 3+) 24 ãðóäíÿ 2017 ð. (F10.7 =
= 76) òà âèÿâëåíî çìåíøåííÿ N Fm 2 ó 1.5…2 ðàçà ó âèñîêèõ òà ñåðåäí³õ 
øèðîòàõ, ïðè÷îìó â ³îíîñôåð³ íàä Õàðêîâîì êîíöåíòðàö³ÿ åëåêòðîí³â
çìåíøèëàñÿ äîñèòü ñóòòºâî — ó 1.5 ðàçà. Ó íèçüêèõ øèðîòàõ çì³íè
áóëè íåçíà÷í³.

ÂÈÑÍÎÂÊÈ

Âåëüìè ïîì³ðíà ìàãí³òíà áóðÿ 18 ãðóäíÿ 2019 ð. íàä Óêðà¿íîþ âèêëè -
êàëà ïîçèòèâíå ³îíîñôåðíå çáóðåííÿ. Ðåçóëüòàòè âèì³ðþâàíü ÷àñîâèõ
âàð³àö³é êîíöåíòðàö³¿ åëåêòðîí³â Ne, îòðèìàíèõ çà äîïîìîãîþ ðàäàðà
ÍÐ â ä³àïàçîí³ âèñîò 200…450 êì, ñâ³ä÷àòü ïðî çá³ëüøåííÿ Ne 18 ãðóä -
íÿ òà ï³äòâåðäæóþòü ôàêò ïðî çá³ëüøåííÿ çíà÷åíü êðèòè÷íî¿ ÷àñòîòè
öüîãî äíÿ ó ïîð³âíÿíí³ ç³ ñïîê³éíèìè ìàãí³òíèìè óìîâàìè. Çàçíà÷èìî 
òàê³ îñîáëèâîñò³:

1. Âåëüìè ïîì³ðíà ãåîìàãí³òíà áóðÿ 18 ãðóäíÿ 2019 ð. (Kp = 4) íàä
Óêðà¿íîþ ñóïðîâîäæóâàëàñÿ ïîçèòèâíèì ³îíîñôåðíèì çáóðåííÿì.
Â³ä íîñíå â³äõèëåííÿ çíà÷åíü êðèòè÷íî¿ ÷àñòîòè df Fo 2 ñÿãàëî +60 %,
÷àñòîòà f Fo 2 çá³ëüøèëàñü â 1.6 ðàçà, êîíöåíòðàö³ÿ N Fm 2 çá³ëüøóâà -
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ëàñÿ äî 2.5…2.6 ðàçà, ïðè öüîìó âèñîòà h Fm 2 çìåíøèëàñü ç 264 äî
235 êì.

2. Ïðîòÿãîì ÷îòèðüîõ ãîäèí ç 15:00 äî 19:00 UT çíà÷åííÿ df Fo 2 ñÿ -
ãà ëî +20 %. ²îíîñôåðíà áóðÿ ñóïðîâîäæóâàëàñÿ çá³ëüøåííÿì êîí öåí -
ò ðàö³¿ åëåêòðîí³â ç 10:00 äî 15:00 UT â ä³àïàçîí³ âèñîò 200…450 êì.
×àñîâ³ âàð³àö³¿ âèñîòè øàðó F2 ïîì³òíî çì³íèëèñÿ ÷åðåç ä³þ ìåõàí³ç -
ì³â ôîðìóâàííÿ åôåêò³â ó çáóðåí³é ³îíîñôåð³, òà ¿¿ çíà÷åííÿ áóëè ïå -
ðå âàæ íî çá³ëüøåíèìè, í³æ íàïåðåäîäí³.

3. Äî ïî÷àòêó ³îíîñôåðíî¿ áóð³ çíà÷åííÿ òåìïåðàòóð åëåêòðîí³â
áó ëè çá³ëüøåíèìè, í³æ ó ìàãí³òîñïîê³éíèõ óìîâàõ, àëå ç ðîçâèòêîì
³îíîñôåðíèõ çáóðåíü òåìïåðàòóðà áóëà íèæ÷îþ.

4. Ï³ä ÷àñ ãåîìàãí³òíî¿ áóð³ 18 ãðóäíÿ 2019 ð. âèÿâëåíî çì³íó
äîáîâèõ âàð³àö³é øâèäêîñò³ Vz, ÿêà ïðîÿâèëàñÿ ï³ñëÿ 12:00 UT ï³ä ÷àñ
ãîëîâíî¿ ôàçè áóð³ ó çìåíøåíí³ øâèäêîñò³ íèçõ³äíîãî ðóõó ïëàçìè ïî -
ð³âíÿíî ç³ çíà÷åííÿìè øâèäêîñò³ ó ìàãí³òîñïîê³éíèé äåíü 17 ãðóäíÿ ç
ïîäàëüøèì â³äíîâëåííÿì Vz, à ç 15:40 UT — âèíèêíåííÿì êîëèâàíü ó
âàð³àö³ÿõ Vz  íà âèñîòàõ 360…420 êì ³ç êâàç³ïåð³îäîì 1 ãîä 50 õâ ³
ïîñëàáëåííÿì åôåêòó âå÷³ðíüîãî åêñòðåìóìó ó âàð³àö³ÿõ Vz: íà öèõ
âèñîòàõ ìàêñèìàëüíå çìåíøåííÿ øâèäêîñò³ íèçõ³äíîãî ðóõó ïëàçìè
ïîð³âíÿíî ç 17 ãðóäíÿ ñòàíîâèëî 40…70 ì/ñ â³äïîâ³äíî. Íà âèñîòàõ
190…260 êì ç 16:00 äî 17:30 UT ñïîñòåð³ãàëîñÿ íåçíà÷íå (äî 30 ì/ñ)
íåäîâãîòðèâàëå çá³ëüøåííÿ øâèäêîñò³ íèçõ³äíîãî ðóõó ïëàçìè ç
ïîäàëüøèì â³äíîâëåííÿì.

Àâòîðè âäÿ÷í³ Î. Â. Êîëîñêîâó çà íàäàííÿ ìîæëèâîñò³ âèêîðèñ -
òàííÿ äàíèõ ïîðòàòèâíîãî êîãåðåíòíîãî ³îíîçîíäó, à òàêîæ Î. Â. Áî ãî -
ìàçó ³ Ò. Ã. Æèâîëóïó çà äîïîìîãó â îáðîáö³ öèõ äàíèõ.
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S. V. Katsko, L. Ya. Emelyanov

In sti tute of Ion o sphere of the National Academy of Sciences of Ukraine 
and of the Ministry of  Education and Science of Ukraine, Kharkiv, Ukraine

VARI A TIONS IN THE PA RAM E TERS OF THE MID DLE-LAT I TUDE ION O SPHERE
OVER UKRAINE DUR ING THE VERY MOD ER ATE MAG NETIC STORM 
ON DE CEM BER 18, 2019

Many years of re search show that weak and mod er ate mag netic storms can cause sig nif i -
cant and un pre dict able changes in the state of ion o sphere. Ques tions in ion o sphere re -
sponse fore cast ing in spe cific re gion on changes of space weather stay top i cal to day, be -
cause phys i cal pro cesses which take place in ion o spheric plasma are vari able and com pli -
cated. Of par tic u lar in ter est are ion o spheric dis tur bances with vari able phases at mid dle lat -
i tudes and their pen e tra tion to low lat i tudes, oc cur rence of strong ion o spheric storms as a
re sult of mod er ate or weak mag netic storms. The aim of this work is ex per i men tal study of
vari a tions of ion o spheric plasma pa ram e ters over Ukraine dur ing the very mod er ate mag -
netic storm on De cem ber 18, 2019. The study is based on the use of in co her ent scat ter ing,
which gives the most com plete di ag nos tic ca pa bil i ties, and the ver ti cal sound ing method.
Ob ser va tions were per formed at the Ion o spheric Ob ser va tory of the In sti tute of Ion o sphere 
(Kharkiv, Ukraine) us ing in co her ent scat ter ing ra dar. The crit i cal fre quency val ues were
ob tained us ing a por ta ble ionosonde. Geo phys i cal data of space weather and mag neto -
sphere were also used. Ion o sphere re sponse over Kharkiv on geospace storm on De cem ber
18, 2019, was an a lyzed. We es tab lished, that the very mod er ate storm (Kp = 4) caused a
pos i tive ion o spheric dis tur bance. The crit i cal fre quency in creas ing (to 1.6 times) and ac -
cord ingly the in crease of elec tron den sity in the F2 layer peak (to 2.6 times) were ac com pa -
nied by vari a tions in the main ion o spheric plasma pa ram e ters: the height of the F2 layer
peak (de crease by 30 km), elec tron den sity over the en tire range of stud ied al ti tudes of
200…450 km, elec tron and ion tem per a tures, and the ver ti cal com po nent of the ion o -
spheric plasma ve loc ity (a de crease in the down ward plasma drift ve loc ity Vz at noon af ter
the on set of the mag netic storm with sub se quent re cov ery of the ve loc ity, the oc cur rence at
15:40 UT at al ti tudes of 360…420 km of os cil la tions in Vz  vari a tions with a quasi-pe riod of 
1 h 50 min, and a weak en ing of the eve ning extremum ef fect in Vz vari a tions with a max i -
mum de crease in ve loc ity at these heights to 40…70 m/s). The sub stan ti a tion of the ac tion
of the fol low ing mech a nism of a pos i tive ion o spheric storm for ma tion is given: in the day -
time win ter at mid dle lat i tude ion o sphere, the down ward drift of plasma is weak ened due to 
the fact that nor mal cir cu la tion is weak ened by the op po sitely di rected cir cu la tion in duced
by the storm. The very mod er ate mag netic storm on De cem ber 18, 2019 caused sig nif i cant
changes in all pa ram e ters of ion o spheric plasma over the en tire range of stud ied heights.
Ob tained data pro vided ad di tional in for ma tion for study ing of so lar-ter res trial re la tion -
ships and ion o sphere state pre dic tion. 
Keywords: so lar-ter res trial re la tion ships, heliophysical ac tiv ity, mag netic storm, ion o -
spheric dis tur bance, ion o spheric plasma, pos i tive ion o sphere storm.
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