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Ðåçîíàíñíèé åëåêòðîìàãí³òíèé åôåêò Êàì÷àòñüêîãî
ìåòåîðî¿äà

Ó ðàéîí³ Áåðèíãîâà ìîðÿ ì³æ Êàì÷àòêîþ é Àëÿñêîþ 18 ãðóäíÿ 2018 ð.
î 23:48:20 UT â àòìîñôåðó Çåìë³ âòîðãñÿ òà âèáóõíóâ íà âèñîò³
áëèçüêî 26 êì (ãåîãðàô³÷í³ êîîðäèíàòè: 56.9°N, 172.4°E) ìåòåîðî¿ä,
ÿêèé îòðèìàâ íàçâó Êàì÷àòñüêîãî. Ó ë³òåðàòóð³ éîãî òàêîæ íàçè -
âàþòü Áåðèíãîâîìîðñüêèì. Îñíîâí³ ïàðàìåòðè ìåòåîðî¿äà òàê³:
ïî÷àòêîâà ê³íåòè÷íà åíåðã³ÿ — 173 êò ÒÍÒ, ³íòåãðàëüíà åíåðã³ÿ ñâ³ -
ò³ííÿ — 1.3×1014 Äæ, ìàñà — 1.41 êò, øâèäê³ñòü — 32 êì/ñ, ðîçì³ð —
9.4 ì, êóò íàõèëó òðàºêòîð³¿ äî ãîðèçîíòó — 68.6°. Âèÿâèëîñÿ, ùî
âòîðãíåííÿ Êàì÷àòñüêîãî (Áåðèíãîâîìîðñüêîãî) ìåòåîðî¿äà ñóïðî -
âîä æóâàëîñÿ ãåíåðàö³ºþ êîðîòêî÷àñíîãî ðåçîíàíñíîãî åëåêòðîìàã -
í³ò íîãî ñèãíàëó â ä³àïàçîí³ ÷àñòîò 25...35 ìÃö, ùî ñïîñòåð³ãàâñÿ
ïîáëèçó ì³ñöÿ âèáóõó ìåòåîðî¿äà òà ó ìàãí³òîñïðÿæåí³é îáëàñò³.
Òðèâàë³ñòü êîëèâàíü ñòàíîâèëà 7 õâ, àìïë³òóäà — 0.2...0.8 íÒë. Ìå -
òîþ äàíî¿ ðîáîòè º àíàë³ç ðåçóëüòàò³â ñïîñòåðåæåííÿ ðåçîíàíñíîãî
åëåêòðîìàãí³òíîãî åôåêòó Êàì÷àòñüêîãî ìåòåîðî¿äà ³ îáãîâîðåííÿ
ìåõàí³çìó öüîãî åôåêòó. Äëÿ àíàë³çó ðåçîíàíñíîãî åôåêòó â ìàãí³ò -
íîìó ïîë³ Çåìë³ çàëó÷àëèñÿ ðåçóëüòàòè ñïîñòåðåæåíü íà ñâ³òîâ³é
ìåðåæ³ ìàãí³òíèõ ñòàíö³é, ïðåäñòàâëåí³ ó áàç³ äàíèõ Intermagnet.
Ðîçð³çíåííÿ ïî ÷àñó ³ àìïë³òóä³ ñòàíîâèòü 1 ñ ³ 1 íÒë â³äïîâ³äíî.
Â³äñòàíü ì³æ ì³ñöåì âèáóõó òà ñòàíö³ÿìè çì³íþâàëàñÿ â³ä 1000 äî
5000 êì äëÿ ñòàíö³é, äèñëîêîâàíèõ ó Ï³âí³÷í³é ï³âêóë³, à òàêîæ â³ä
9010 äî 12425 êì äëÿ ñòàíö³é, ðîçì³ùåíèõ ó Ï³âäåíí³é ï³âêóë³. Âñòà -
íîâ ëåíî, ùî ºäèíî ïðèéíÿòíèì º ìåõàí³çì, ïîâ’ÿçàíèé ç óäàðíèì âïëè -
âîì ³ âèò³ñíåííÿì ìàãí³òíîãî ïîëÿ âèáóõîïîä³áíèì âòîðãíåííÿì ó
ìàã í³òîñôåðó êîñì³÷íîãî ò³ëà. Ïðè öüîìó íà ãåíåðóâàííÿ çáóðåíü
ìàãí³òíîãî ïîëÿ âèòðà÷àºòüñÿ ëèøå äóæå íåçíà÷íà ÷àñòèíà åíåðã³¿
ìåòåîðî¿äà. Ìîæíà ââàæàòè, ùî âòðàòè åíåðã³¿ ìåòåîðî¿äà ïîä³áí³ 
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ðåàêòèâíèì, òîáòî âòðàòàì, ÿê³ ïîâåðòàþòüñÿ äî ñèñòåìè. Ï³ñëÿ
ïðîëüîòó ìåòåîðî¿äà êîëèâàííÿ ïðèïèíÿëèñü, ³ ñèñòåìà ïîâåðòàëàñÿ
ó âèõ³äíèé ñòàí. Îñíîâí³ ðåçóëüòàòè àíàë³çó òàê³. Ðåçîíàíñí³ åëåêò -
ðîìàãí³òí³ êîëèâàííÿ âèíèêàëè çà 13 ³ 3 õâ äî âèáóõó Êàì÷àòñüêîãî
ìåòåîðî¿äà. Òðèâàë³ñòü êîæíîãî çáóðåííÿ áóëà áëèçüêîþ äî 7 õâ. Ïà -
ðàìåòðè êâàç³ïåð³îäè÷íîãî çáóðåííÿ íàãàäóâàëè ïàðàìåòðè ãåîìàã -
í³ò íèõ ïóëüñàö³é òèïó Pc3, àëå ñïîñòåð³ãàëèñÿ â Y-, à íå â X-êîìïî -
íåíò³ ìàãí³òíîãî ïîëÿ. ¯õí³é ïåð³îä áóâ 33...36 ñ, à àìïë³òóäà —
0.4...0.9 íÒë. Ïîä³áí³ ðåçîíàíñí³ êîëèâàííÿ ðåºñòðóâàëèñü ³ ó ìàã -
í³òîñïðÿæåí³é îáëàñò³. Çàïðîïîíîâàíî ìåõàí³çì ãåíåðàö³¿ ðåçîíàíñ -
íèõ êîëèâàíü. Â³í ïîëÿãàº â óäàðíîìó âïëèâ³ íà ìàãí³òí³ ñèëîâ³ ë³í³¿
âèáóõîïîä³áíîãî âòîðãíåííÿ ìåòåîðî¿äà ó ìàãí³òîñôåðó, ùî ñóïðî -
âîäæóâàëîñÿ äåôîðìàö³ºþ ìàãí³òíèõ ñèëîâèõ ë³í³é òà ¿õí³ì êîëèâàí -
íÿì íà âëàñíèõ ÷àñòîòàõ. Ðîçðàõóíêîâèé ïåð³îä çàëåæíî â³ä çíà÷åííÿ
ïàðàìåòðà Ìàê-²ëâåéíà ñòàíîâèâ 19...169 ñ. Çîêðåìà, ïðè L » 3...3.2
ïåð³îä äîð³âíþâàâ 28...34 ñ, ùî áëèçüêî äî ñïîñòåðåæóâàíîãî ïåð³îäó
(30 ñ). Íà ãåíåðàö³þ ðåçîíàíñíèõ êîëèâàíü âèòðà÷àëîñÿ 10–4  ê³íåòè÷ -
íî¿ åíåðã³¿ ìåòåîðî¿äà.
Êëþ÷îâ³ ñëîâà: Êàì÷àòñüêèé ìåòåîðî¿ä, ðåçîíàíñíèé åôåêò, ìåõà -
í³çì åëåêòðîìàãí³òíîãî åôåêòó, óäàðíèé âïëèâ, êîëèâàííÿ ìàãí³òíî¿
ñèëîâî¿ ë³í³¿.

ÂÑÒÓÏ

Ó ðàéîí³ Áåðèíãîâà ìîðÿ ì³æ Êàì÷àòêîþ é Àëÿñêîþ 18 ãðóäíÿ 2018 ð.
î 23:48:20 UT (òóò ³ äàë³ ÷àñ âñåñâ³òí³é) â àòìîñôåðó Çåìë³ âòîðãñÿ òà
âèáóõíóâ íà âèñîò³ áëèçüêî 26 êì (ãåîãðàô³÷í³ êîîðäèíàòè: 56.9°N,
172.4°E) ìåòåîðî¿ä, ÿêèé îòðèìàâ íàçâó Êàì÷àòñüêîãî [9, 10, 12, 13,
18—22, 25]. Ó ë³òåðàòóð³ éîãî òàêîæ íàçèâàþòü Áåðèíãîâîìîðñüêèì
[1, 2, 14, 24, 26, 31].

Îñíîâí³ ïàðàìåòðè ìåòåîðî¿äà: ïî÷àòêîâà ê³íåòè÷íà åíåðã³ÿ ñòà -
íîâèëà 173 êò ÒÍÒ, ³íòåãðàëüíà åíåðã³ÿ ñâ³ò³ííÿ — 1.3×1014 Äæ, ìàñà — 
1.41 êò, øâèäê³ñòü — 32 êì/ñ, ðîçì³ð — 9.4 ì, êóò íàõèëó òðà ºêòîð³¿ äî
ãîðèçîíòó — 68.6° [9, 10, 12, 13, 16, 18—22, 25].

Íåçâàæàþ÷è íà çíà÷íó åíåðãåòèêó ìåòåîðî¿äà, éîìó ïðèñâÿ÷åíî
ëèøå äåê³ëüêà ñòàòåé [1, 10—13, 19, 24, 25, 30]. Âîäíî÷àñ ïðî ÷åëÿ -
á³íñüêå êîñì³÷íå ò³ëî îïóáë³êîâàíî ïîíàä 200 íàóêîâèõ ïðàöü (íàïðè -
êëàä [3—7, 15, 28—30]).

Ó ðîáîòàõ [10, 18, 19, 22] òåîðåòè÷íî âèâ÷åíî îñíîâí³ ô³çè÷í³
åôåêòè, ÿê³ ìîãëè ñóïðîâîäæóâàòè ïàä³ííÿ Êàì÷àòñüêîãî ìåòåîðî¿äà.
Ó ðîáîòàõ [1, 12, 21, 27] âèâ÷àâñÿ ³íôðàçâóêîâèé åôåêò ìåòåîðî¿äà, à ó
ðîáîòàõ [9, 20, 25, 26] — ³îíîñôåðí³ åôåêòè.

Àâòîðîì âèÿâëåíî òà îïèñàíî ãåîìàãí³òíèé åôåêò ìåòåîðî¿äà ïðè
éîãî ï³äëüîò³ òà ï³ñëÿ âèáóõó [13]. Ðîáîòó àâòîðà ç êîëåãàìè [24] ïðè -
ñâÿ÷åíî îïèñó ðåçîíàíñíîãî åëåêòðîìàãí³òíîãî åôåêòó ìåòåîðî¿äà.
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Âè ÿ âèëîñÿ, ùî âòîðãíåííÿ Êàì÷àòñüêîãî ìå òåî ðî¿äà ñóïðîâîäæóâà -
ëî ñÿ ãåíåðàö³ºþ êîðîòêî÷àñíîãî ðåçîíàíñíîãî åëåêòðîìàãí³òíîãî ñèã -
íà ëó â ä³àïàçîí³ ÷àñòîò 25...35 ìÃö, ùî ñïîñòå ð³ãàâñÿ ïîáëèçó ì³ñöÿ
âè áóõó ìåòåîðî¿äà òà ó ìàãí³òîñïðÿæåí³é îá ëàñ ò³. Òðèâàë³ñòü êîëè -
âàíü ñòàíîâèëà 7...8 õâ, àìïë³òóäà — 0.2...0.8 íÒë.

Ó ðîáîò³ [24] íàâåäåíî äåê³ëüêà ìåõàí³çì³â, ùî âèêëèêàþòü ãåî -
ìàãí³òíèé åôåêò, ÿê³ á³ëüø ïðèäàòí³ äëÿ îïèñó àïåð³îäè÷íèõ çáóðåíü
ãåîìàãí³òíîãî ïîëÿ [17, 23]. Ïèòàííÿ ïðî ìåõàí³çì ãåíåðóâàííÿ ðåçî -
íàíñíîãî åëåêòðîìàãí³òíîãî ñèãíàëó ôàêòè÷íî çàëèøèëîñÿ â³äêðè -
òèì.

Ìåòîþ äàíî¿ ðîáîòè º àíàë³ç ðåçóëüòàò³â ñïîñòåðåæåííÿ ðåçî íàíñ -
íîãî åëåêòðîìàãí³òíîãî åôåêòó Êàì÷àòñüêîãî ìåòåîðî¿äà ³ îáãî âî ðåí -
íÿ ìåõàí³çìó öüîãî åôåêòó. 

ÇÀÑÎÁÈ ÒÀ ÌÅÒÎÄÈ

Äëÿ àíàë³çó ðåçîíàíñíîãî åôåêòó ó ìàãí³òíîìó ïîë³ Çåìë³ çàëó÷àëèñÿ
ðåçóëüòàòè ñïîñòåðåæåíü íà ñâ³òîâ³é ìåðåæ³ ìàãí³òíèõ ñòàíö³é, ïðåä -
ñòàâëåí³ ó áàç³ äàíèõ Intermagnet [https://www.intermagnet.org/]. Ðîç -
ð³ç íåííÿ ïî ÷àñó òà àìïë³òóä³ ñòàíîâèòü 1 ñ ³ 1 íÒë â³äïîâ³äíî. Ïåðåë³ê
ñòàíö³é íàâåäåíî â òàáë. 1. Âèäíî, ùî â³äñòàíü ì³æ ì³ñöåì âèáóõó òà
ñòàíö³ºþ çì³íþâàëàñÿ â³ä 1000 äî 5000 êì äëÿ ñòàíö³é, äèñëîêîâàíèõ ó 
Ï³âí³÷í³é ï³âêóë³, à òàêîæ â³ä 9010 äî 12425 êì äëÿ ñòàíö³é, ðîç ì³-
ùåíèõ ó Ï³âäåíí³é ï³âêóë³.

Äëÿ âèì³ðþâàííÿ ð³âíÿ ãåîìàãí³òíîãî ïîëÿ âèêîðèñòîâóâàëèñÿ
ôåðîçîíäîâ³ ìàãí³òîìåòðè. Êð³ì òîãî, íà ñòàíö³ÿõ Ìàãàäàí (MGD) ³
Ïàðàòóíêà (PET) âèêîðèñòîâóâàëèñÿ á³ëüø ÷óòëèâ³ ìàãí³òîìåòðè ç
÷àñòîòîþ äèñêðåòèçàö³¿ 64 Ãö.

Ðîçòàøóâàííÿ ñòàíö³é òà ì³ñöå âèáóõó ìåòåîðî¿äà ïîêàçàíî íà
ðèñ. 1. Óñ³ ñòàíö³¿ ïåðåáóâàëè íà îñâ³òëåí³é Ñîíöåì ä³ëÿíö³ Çåìë³.
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Êîä IAGA Íàçâà j l R, êì

ASP Al ice Springs –23.77°   133.88°   9640
BRW Bar row 71.32 203.38   2160
CKI Cocos-Keeling Is lands –12.188     96.834 10275
CMO Col lege 64.87 212.14   2290
CNB Can berra –35.32  149.36 10450
EYR Eyrewell –43.474 172.39 10130
FCC Fort Chur chill   58.759 265.91   5096
MCQ Macquarie Is land –54.5    159.9 12425
MGD Magadan 60    150     1300
MMB Memambetsu 43.91 144.19   2440
PET Paratunka 52.97 158.25   1000
SIT Sitka 57.06 224.67   3100
LZH Lanzhou 36.1  103.84   5450

Òàáëèöÿ 1. Â³äîìîñò³ ïðî ìàãí³òí³ ñòàíö³¿ [23]



ÐÅÇÓËÜÒÀÒÈ ÑÏÎÑÒÅÐÅÆÅÍÜ

×àñîâ³ âàð³àö³¿ ãåîìàãí³òíîãî ïîëÿ, òî÷í³øå éîãî Y-êîìïîíåíòà (Ñõ³ä
— Çàõ³ä), äëÿ ³íòåðâàëó ÷àñó 23:30...23:54 18 ãðóäíÿ 2018 ã. ïîêàçàíî
íà ðèñ. 2. Ïîñèëåííÿ àìïë³òóäè äî 0.4...0.9 íÒë ñïîñòåð³ãàëîñÿ â
³íòåðâàë³ ÷àñó 23:35...23:42, òîáòî ïðèáëèçíî çà Dt1 » 13 õâ äî âèáóõó
êîñì³÷íîãî ò³ëà. Ïîâòîðíå çá³ëüøåííÿ àìïë³òóäè â³äçíà÷àëîñÿ ç 23:45
äî 23:52, òîáòî çà Dt2 » 3 õâ äî âèáóõó. Ïðè öüîìó òðèâàëîñò³ ïðîöåñ³â 
D DT T1 2» » 7 õâ.

Ïðè øâèäêîñò³ ìåòåîðî¿äà u » 32 êì/ñ â³äñòàíü äî ïîâåðõí³ Çåìë³
äîð³âíþº R t1 1= »uD  25 Ìì » »39 49. ( . )R LE  ³ R t2 2 5 760= »uD .  Ìì »

» »09 19. ( . )R LE . Òóò RE » 6 380.  Ìì — ðàä³óñ Çåìë³, L — ïàðàìåòð
Ìàê-²ëâåéíà.

Âèÿâëåí³ çáóðåííÿ ðåºñòðóâàëèñÿ â Y-êîìïîíåíò³, òîä³ ÿê òðàäè -
ö³é í³ ïóëüñàö³¿ Pc3 (ïåð³îä 10...45 ñ) ñïîñòåð³ãàþòüñÿ â X-êîìïîíåíò³.
Êð³ì òîãî, ïóëüñàö³¿ Pc3 òðèâàþòü äî 2...4 ãîä, à îáãîâîðþâàí³ âàð³àö³¿
òðèâàëè áëèçüêî 7 õâ.

Âàæëèâî, ùî åôåêò ïðàêòè÷íî íå ñïîñòåð³ãàâñÿ íà ñòàíö³ÿõ, â³ääà -
ëåíèõ â³ä ì³ñöÿ âèáóõó íà â³äñòàíü ïîðÿäêó 5 Ìì ³ á³ëüøå (ñòàíö³¿
OTT ³ LZH). Ïåðøà ç íèõ ðîçòàøîâàíà çàõ³äí³øå, à äðóãà — ñõ³ä í³øå
â³ä Áåðèíãîâà ìîðÿ.

Âèì³ðþâàííÿ íà ñòàíö³ÿõ PET ³ MGD çà äîïîìîãîþ á³ëüø ÷óòëè -
âèõ ìàãí³òîìåòð³â ïîêàçàëè, ùî çà 3.3 õâ äî âèáóõó ìåòåîðî¿äà âàð³àö³¿ 
ïîõ³äíèõ X- òà Y-êîìïîíåíò³â äîñÿãàëè 0.005 íÒë/ñ, àáî 0.175 íÒë
(ðèñ. 3). Ïåð³îä êîëèâàíü áóâ áëèçüêèì äî 36 ñ. Ö³êàâî, ùî ï³ñëÿ âè -
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Ðèñ. 1. Ì³ñöå âèáóõó Êàì÷àòñüêîãî ìåòåîðî¿äà òà íàéáëèæ÷³ ãåîìàãí³òí³ ñòàíö³¿ â ðàéîí³
âèáóõó (j — ãåîãðàô³÷íà øèðîòà, l — ãåîãðàô³÷íà äîâãîòà) [24]



áóõó ³ç çàï³çíåííÿì áëèçüêî 27...45 ñ ñïîñòåð³ãàëèñÿ êîëèâàííÿ ç ïå -
ð³î äîì T » 27...36 ñ. Öå òðèâàëî ïðèáëèçíî 4 õâ.

Ðåçóëüòàòè ïîð³âíÿííÿ ÷àñîâèõ âàð³àö³é ãåîìàãí³òíîãî ïîëÿ íà
ñòàíö³ÿõ BRW (Ï³âí³÷íà ï³âêóëÿ), à òàêîæ CNB òà EYR (Ï³âäåííà ï³â -
êóëÿ) íàâåäåíî íà ðèñ. 4. Âèäíî, ùî íà ñòàíö³¿ BRW àìïë³òóäà êîëè -
âàíü äîñÿãàëà 0.8...0.9 íÒë, ïåð³îä — 30 ñ, à ñòàíö³ÿõ Ï³âäåííî¿ ï³âêóë³
âîíà íå ïåðåâèùóâàëà 0.2...0.3 íÒë. Çáóðåííÿ ç ïåð³îäîì áëèçüêî 33 ñ
âèíèêëî ïðèáëèçíî çà 3.3 õâ äî âèáóõó ³ òðèâàëî ç äåùî á³ëüøèì
(» 49 ñ) ïåð³îäîì ïðîòÿãîì ïðèáëèçíî 6...7 õâ.

ÐÅÇÓËÜÒÀÒÈ ÒÅÎÐÅÒÈ×ÍÈÕ ÐÎÇÐÀÕÓÍÊ²Â

Âèáóõîïîä³áíå âòîðãíåííÿ êîñì³÷íîãî ò³ëà ó ìàãí³òîñôåðó ïðèçâî -
äèòü äî âèò³ñíåííÿ ìàãí³òíèõ ñèëîâèõ ë³í³é ³ç ïîðîæíèíè ðàä³óñîì
Rm , ùî äàºòüñÿ íàñòóïíîþ ôîðìóëîþ [7]:

 R
E

p
m

m

m m

=
-g

g p

1 3

4
3 , (1)

äå g m  = 2 — ïîêàçíèê àä³àáàòè ïðè ðàä³àëüíîìó ðîçøèðåíí³ ìàã í³ò -
íîãî ïîëÿ, Å — ê³íåòè÷íà åíåðã³ÿ ìåòåîðî¿äà, p Bm = 2

02/ m  — ìàã -
í³òíèé òèñê, B — ³íäóêö³ÿ ìàãí³òíîãî ïîëÿ, m 0  — ìàãí³òíà ñòàëà.

Ïðîöåñ âèò³ñíåííÿ ìàëî³íåðö³éíèé, éîãî õàðàêòåðíèé ÷àñ texp=
= 0.2...1.9 ñ (äèâ. äàë³). Öå îçíà÷àº, ùî âïëèâ êîñì³÷íîãî ò³ëà íà ðåçî -
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Ðèñ. 2. Âàð³àö³¿ Y-êîìïîíåíòà ìàãí³òíîãî ïîëÿ çà äàíèìè îáñåðâàòîð³é Memambetsu (MMB),
Sitka (SIT), Col lege (CMO) ³ Fort Chur chill (FCC) 18 ãðóäíÿ 2018 ð. Âåðòèêàëüíîþ ïóíêòèðíîþ
ë³í³ºþ ïîêàçàíî ìîìåíò âèáóõó [24]
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Ðèñ. 3. Âàð³àö³¿ ïîõ³äíèõ X- òà Y-êîìïîíåíò³â ìàãí³òíîãî ïîëÿ çà äàíèìè îáñåðâàòîð³é: à —
Ïàðàòóíêà (PET) òà á — Ìàãàäàí (MGD) 18 ãðóäíÿ 2018 ð. [24]

Ðèñ. 4. Ïîð³âíÿííÿ ìàãí³òíèõ êîëèâàíü ñòàíö³é BRW, CNB òà EYR ó ìàãí³òîñïðÿæåíèõ
îáëàñòÿõ äâîõ ï³âêóëü [24]



íàíñíó ìàãí³òîñôåðíó ñèñòåìó ïîä³áíèé äî óäàðíîãî. Â ðåçóëüòàò³
çáóä æóþòüñÿ êîëèâàííÿ íà âëàñíèõ ÷àñòîòàõ ñèñòåìè.

Ðåçóëüòàòè ðîçðàõóíêó Rm  äëÿ ð³çíèõ L-îáîëîíîê íàâåäåíî ó
òàáë. 2.

Êð³ì çíà÷åíü Rm , ó òàáë. 2 íàâåäåíî ðåçóëüòàòè ðîçðàõóíêó àëüâå -
í³âñüêî¿ øâèäêîñò³ u A , ìàãí³òíîãî òèñêó pm, äîâæèíè ñèëîâî¿ ë³í³¿ lm

òà ïåð³îäó T A  âëàñíèõ êîëèâàíü ìàãí³òíî¿ ñèëîâî¿ ë³í³¿. Ïðè öüîìó

u
m r m

A

i i

B B

Nm
= =

0 0

 ,

l R L L
L L

L
m E= - - +

-æ

è
ç
ç

ö

ø
÷
÷( )( )

( )
1 4 3

3

3 1
arctg ,

T
l

A
m

A

=
u

.

ßê ³ ñë³ä áóëî î÷³êóâàòè, Rm  << lm . Öå âèïðàâäîâóº çàñòîñóâàííÿ ôîð -
ìóëè (1).

×àñ ðîçøèðåííÿ ïîðîæíèíè ðàä³óñîì Rm  äîð³âíþº

t
R

E
exp

i m=
æ

è
çç

ö

ø
÷÷

r 5 1 2/

. (2)

Ç (2) âèïëèâàº, ùî texp » 0.23...1.91 ñ ïðè L = 2...5.
Ïåð³îä êîëèâàíü T A  çì³íþºòüñÿ ïðèáëèçíî â³ä 20 äî 169 ñ ïðè

çá³ëü øåíí³ L â³ä 2 äî 5. Äëÿ òî÷êè ïàä³ííÿ Êàì÷àòñüêîãî ìåòåîðî¿äà
L » 3 ³ ïåð³îä êîëèâàíü T A  » 28 ñ. Çà ðåçóëüòàòàìè ñïîñòåðåæåíü T A  »

» 30 ñ.
Îö³íèìî õàðàêòåðíó òðèâàë³ñòü ïðîöåñó

DT
R

m
m=

2

u
. (3)

Ç (3) ïðè L = 2...5 òà u » 32 êì/ñ ìàºìî DTm  = 1...7.9 ñ. Âèäíî, ùî DTm  <<

<< DT1 , DT2  » 7 õâ. Î÷åâèäíî, ùî òðèâàë³ñòü êîëèâàíü âèçíà÷àëàñÿ äî -

áðîòí³ñòþ ñèñòåìè
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L B, ìêÒë
N,

108 ì–3

r i , 10–15

êã/ì3 uA, Ìì/ñ pm, ìêÏà Rm, Ìì lm, Ìì TA, ñ texp, ñ

2 40 480 1.1 1.08 640 0.51 21.5 19.9 0.23
3 27.6 44 0.34 1.34 304 0.65 37.6 28.1 0.23
4 16.4 13 0.20 1.03 108 0.92 54.3 52.3 0.43
5 6.4 8.5 0.17 0.44 16.4 1.73 74.3 169 1.91

Òàáëèöÿ 2. Çàëåæí³ñòü ìîäåëüíèõ çíà÷åíü ìàãí³òîñôåðè òà ðîçðàõîâàíèõ ïàðàìåòð³â
îáëàñò³ çáóðåííÿ ãåîìàãí³òíîãî ïîëÿ â³ä ïàðàìåòðà Ìàê-²ëâåéíà



Q
T

T A

=
D 1 2, .

Ïðè DT1 2,  » 7 õâ = 420 ñ ³ T » 30...40 ñ ìàºìî Q » 14...10.5.

Ìåòåîðî¿ä ðóõàâñÿ ïðèáëèçíî ç ï³âí³÷íîãî çàõîäó íà ï³âäåííèé
ñõ³ä. Ïðîºêö³¿ øâèäêîñò³ ó íàïðÿìàõ Ï³âí³÷ — Ï³âäåíü òà Çàõ³ä —
Ñõ³ä ñòàíîâèëè â³äïîâ³äíî 6.3 ³ –3 êì/ñ. Çà ÷àñ DT1  + DT2  » 14 õâ ó öèõ

íàïðÿìêàõ ìåòåîðî¿ä ïîäîëàâ â³äñòàí³ r1  » 5.29 Ìì ³ r2  » 2.52 Ìì. Òîä³

ïëîùà ìàãí³òîñôåðè, çáóðåíà êîñì³÷íèì ò³ëîì, äîð³âíþº S r rm » 1 2  »

» 13.33 Ìì2, à îá’ºì — V S Rm m E»  » 85.1 Ìì3. Ïðè ìàêñèìàëüí³é

àìïë³òóä³ çáóðåííÿ ãåîìàãí³òíîãî ïîëÿ, ùî äîð³âíþº DB » 1 íÒë,
ù³ëü í³ñòü ìàãí³òíî¿ åíåðã³¿

e
m

m

B B
= 0

0

D
 , (4)

äå B0 » 3×10–5 Òë — ³íäóêö³ÿ ãåîìàãí³òíîãî ïîëÿ íà ïîâåðõí³ Çåìë³. Ç

(4) ìàºìî e m » 2.4×10–8 Äæ/ì3, à åíåðã³ÿ Em » 2×1011 Äæ. Âàæëèâî, ùî 

Em  << E, òîáòî åíåðã³ÿ çáóðåíîãî ìàãí³òíîãî ïîëÿ ñòàíîâèòü 3×10–4 â³ä

ê³íåòè÷íî¿ åíåðã³¿ ò³ëà.

ÎÁÃÎÂÎÐÅÍÍß

Àâòîðè ðîáîòè [24] îïèñàëè äåê³ëüêà ìåõàí³çì³â ðåçîíàíñíèõ êîëè -
âàíü, âèêëèêàíèõ ðóõîì ìåòåîðî¿äà. Ïåðøèé ³ç íèõ ïîâ’ÿçàíèé ç³
çá³ëü øåííÿì ïðîâ³äíîñò³ íà âèñîòàõ E-îáëàñò³ ³îíîñôåðè. Öåé ìåõà -
í³çì çàïðîïîíîâàíî ó ðîáîò³ [17]. Â³í íå ìîæå áóòè çàäîâ³ëüíèì, îñ -
ê³ëüêè îïèñóº ëèøå íåçíà÷íå àïåð³îäè÷íå çáóðåííÿ ìàãí³òíîãî ïîëÿ.

Ñóòü äðóãîãî ìåõàí³çìó ïîëÿãàº â óòâîðåíí³ àëüâåí³âñüêèõ «êðèë» 
ïðè ðóñ³ ïðîâ³äíîãî ò³ëà ó ìàãí³òîàêòèâí³é ïëàçì³ [23]. Àâòîðè ðîáîòè 
[24] âèçíàþòü öåé ìåõàí³çì íååôåêòèâíèì.

Ó ðîáîò³ [24] ââàæàºòüñÿ íåìîæëèâèì ìåõàí³çì, çàïðîïîíîâàíèé
àâòîðîì äàíî¿ ðîáîòè [7—9, 11]. ßê àëüòåðíàòèâó âîíè çàëó÷àþòü òðè -
ãåð íèé ìåõàí³çì, ïðîòå æîäíèõ îö³íîê íå íàâîäÿòü ³ éîãî íåîáõ³äí³ñòü 
íå îá´ðóíòîâóþòü.

Àâòîð çíàõîäèòü ºäèíèé ïðèéíÿòíèé ìåõàí³çì, ïîâ’ÿçàíèé ç óäàð -
íèì âïëèâîì ³ âèò³ñíåííÿì ìàãí³òíîãî ïîëÿ âèáóõîïîä³áíèì âòîðã -
íåí íÿì ó ìàãí³òîñôåðó êîñì³÷íîãî ò³ëà. Ïðè öüîìó íà ãåíåðàö³þ çáó -
ðåíü ìàãí³òíîãî ïîëÿ âèòðà÷àºòüñÿ ëèøå äóæå íåçíà÷íà ÷àñòèíà åíåð -
ã³¿ ìåòåîðî¿äà. Ìîæíà ââàæàòè, ùî âòðàòè åíåðã³¿ ìåòåîðî¿äà ïîä³áí³
ðåàêòèâíèì, òîáòî âòðàòàì, ÿê³ ïîâåðòàþòüñÿ äî ñèñòåìè. Ï³ñëÿ ïðî -
ëüîòó ìåòåîðî¿äà êîëèâàííÿ ïðèïèíÿëèñü, ³ ñèñòåìà ïîâåðòàëàñÿ ó âè -
õ³äíèé ñòàí.
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ÃÎËÎÂÍ² ÐÅÇÓËÜÒÀÒÈ

1. Âòîðãíåííÿ êîñì³÷íîãî ò³ëà ó âíóòð³øíþ ìàãí³òîñôåðó ñóïðîâîä -
æóâàëîñÿ ãåíåðàö³ºþ ðåçîíàíñíèõ åëåêòðîìàãí³òíèõ êîëèâàíü, âèÿâ -
ëå íèõ çà äàíèìè íàçåìíèõ ìàãí³òîìåòð³â.

2. Êîëèâàííÿ âèíèêàëè çà 13 ³ 3 õâ äî âèáóõó Êàì÷àòñüêîãî ìåòåî -
ðî¿äà. Òðèâàë³ñòü êîæíîãî çáóðåííÿ áóëà áëèçüêîþ äî 7 õâ.

3. Ïàðàìåòðè êâàç³ïåð³îäè÷íîãî çáóðåííÿ íàãàäóâàëè ïàðàìåòðè
ãåîìàãí³òíèõ ïóëüñàö³é òèïó Pc3, àëå ñïîñòåð³ãàëèñÿ â Y-, à íå â
X-êîì ïîíåíò³ ìàãí³òíîãî ïîëÿ. ¯õí³é ïåð³îä äîð³âíþâàâ 33...36 ñ, à
àìïë³òóäà — 0.4...0.9 íÒë.

4. Ïîä³áí³ ðåçîíàíñí³ êîëèâàííÿ ðåºñòðóâàëèñü ³ ó ìàãí³òîñïðÿ -
æåí³é îáëàñò³.

5. Çàïðîïîíîâàíî ìåõàí³çì ãåíåðàö³¿ ðåçîíàíñíèõ êîëèâàíü. Â³í
ïî ëÿãàº â óäàðíîìó âïëèâ³ íà ìàãí³òí³ ñèëîâ³ ë³í³¿ âèáóõîïîä³áíîãî
âòîð ã íåííÿ ìåòåîðî¿äà ó ìàãí³òîñôåðó, ùî ñóïðîâîäæóâàëîñÿ äåôîð -
ìà ö³ºþ ìàãí³òíèõ ñèëîâèõ ë³í³é òà ¿õí³ì êîëèâàííÿì íà âëàñíèõ ÷àñ -
òîòàõ. Ðîçðàõóíêîâèé ïåð³îä çàëåæíî â³ä çíà÷åííÿ ïàðàìåòðà Ìàê-²ë -
âåéíà ñòàíîâèâ 19...169 ñ. Çîêðåìà, ïðè L » 3...3.2 çíà÷åííÿ ïåð³îäó
ñòà íîâèëî 28...34 ñ, òîáòî áëèçüêî äî ñïîñòåðåæóâàíîãî çíà÷åííÿ
(30 ñ).

6. Íà ãåíåðóâàííÿ ðåçîíàíñíèõ êîëèâàíü âèòðà÷àëîñÿ ïðèáëèçíî
10–4 ê³íåòè÷íî¿ åíåðã³¿ ìåòåîðî¿äà.

1. Ãîðäååâ Å. È., Êóëè÷êîâ Ñ. Í., Ôèðñòîâ Ï. Ï., Ïîïîâ Î. Å., ×óí÷óçîâ È. Ï.,
Áóäèëîâ Ä. È., ×åáðîâ Ä. Â. Èíôðàçâóêîâûå âîëíû è îöåíêà ýíåðãèè âçðûâà
Áåðèíãîâîìîðñêîãî ìåòåîðîèäà 19 äåêàáðÿ 2018 ã. Äîêëàäû Àêàäåìèè íàóê.
2019. 489, ¹ 4. C. 409—413. DOI: 10.31857/S0869-56524894409-413

2. Ñêðèïêî Ê. À. Ãèãàíòñêèé âçðûâ ìåòåîðà íàä Áåðèíãîâûì ìîðåì. Æèçíü Çåìëè.
2019. 41, ¹ 2.

3. ×åðíîãîð Ë. Ô. Êðóïíîìàñøòàáíûå âîçìóùåíèÿ ìàãíèòíîãî ïîëÿ Çåìëè, ñîïðî -
âîæäàâøèå ïàäåíèå ×åëÿáèíñêîãî ìåòåîðîèäà. Ðàäèîôèçèêà è ýëåêòðîíèêà.
2013. 4 (18), ¹ 3. Ñ. 47—54.
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ìè÷åñêîãî òåëà. Ìàòåðèàëû êîíôåðåíöèè “Àñòåðîèäû è êîìåòû. ×åëÿáèíñ -
êîå ñîáûòèå è èçó÷åíèå ïàäåíèÿ ìåòåîðèòà â îçåðî ×åáàðêóëü”. Ìåæäóíàðîä -
íàÿ íàó÷íî-ïðàêòè÷åñêàÿ êîíôåðåíöèÿ (×åáàðêóëü, 21—22 èþíÿ 2013 ã.). 2013. 
Ñ. 148—152.

5. ×åðíîãîð Ë. Ô. Ïëàçìåííûå, ýëåêòðîìàãíèòíûå è àêóñòè÷åñêèå ýôôåêòû ìåòåî -
ðèòà «×åëÿáèíñê». Èíæåíåðíàÿ ôèçèêà. 2013. ¹ 8. Ñ. 23—40.

6. ×åðíîãîð Ë. Ô. Ýôôåêòû ×åëÿáèíñêîãî ìåòåîðîèäà â ãåîìàãíèòíîì ïîëå. Ãåîìàã -
íåòèçì è àýðîíîìèÿ. 2014. 54, ¹ 5. Ñ. 658—669.

7. ×åðíîãîð Ë. Ô. Ýôôåêòû â ìàãíèòîñôåðå ïðè ïîäëåòå ×åëÿáèíñêîãî ìåòåîðîèäà.
Ãåîìàãíåòèçì è àýðîíîìèÿ. 2018. 58, ¹ 2. Ñ. 267—280.
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9. ×åðíîãîð Ë. Ô., Ãàðìàø Ê. Ï., Guo Q., Ðîçóìåíêî Â. Ò., Zheng Y. Èîíîñôåðíûå
ýôôåêòû Êàì÷àòñêîãî ìåòåîðîèäà: ðåçóëüòàòû ìíîãîòðàññîâîãî íàêëîííîãî
çîí äè ðîâàíèÿ. Ìàòåðèàëû 13-îé ìåæäóíàðîäíîé øêîëû-êîíôåðåíöèè «Ïðî -
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Y. Luo, L. F. Chernogor

V. N. Karazin Kharkiv Na tional Uni ver sity, Kharkiv, Ukraine

RESONANCE ELECTROMAGNETIC EFFECT 
OF THE KAMCHATKA METEOROID

A large me te or oid en tered the ter res trial at mo sphere and ex ploded at 26-km al ti tude (geo -
graphic co or di nates 56.9°N, 172.4°E) be tween the Kamchatka Pen in sula and Alaska over
the Be ring Sea at 23:48:20 UT on De cem ber 18, 2018. The me te or oid has been termed the
Kamchatka or Be ring Sea me te or oid. Its ba sic pa ram e ters are as fol lows: cal cu lated to tal
im pact en ergy 173 kt of TNT, to tal op ti cal ra di ated en ergy 1.3×1014 J, mass 1.4 kt, speed
32 km/s, size 9.4 m, and the tra jec tory di rected at an an gle of 68.6° with re spect to the ho ri -
zon. The Kamchatka (Be ring Sea) me te or oid en ter ing the at mo sphere turned down to be
ac com pa nied by the gen er a tion of a tran sient res o nance elec tro mag netic sig nal in the
25...35 mHz band ob serv able in the vi cin ity of the me te or oid ex plo sion and in the mag net i -
cally con ju gate re gion. The 0.2...0.8-nT am pli tude os cil la tions were ob served to oc cur
over a 7 min in ter val. The pur pose of pres ent work is to an a lyze the ob ser va tions of the res -
o nance elec tro mag netic ef fect from the Kamchatka me te or oid and to dis cuss a mech a nism
for this ef fect. The anal y sis of the res o nance ef fect in the Earth’s mag netic field is based on
the da ta base data with 1-s tem po ral res o lu tion and 1-nT am pli tude res o lu tion col lected by
the Intermagnet mag ne tom e ter net work of mag netic ob ser va to ries. The dis tance range be -
tween the site of the me te or oid ex plo sion and the mag netic ob ser va to ries var ied from 1,000 
to 5,000 km in the north ern hemi sphere and from 9,010 to 12,425 km in the south ern hemi -
sphere. The only ac cept able mech a nism has been es tab lished to be as so ci ated with the
mag netic field dis place ment in the mag neto sphere by the ex plo sive im pact of the ce les tial
body, whereas only neg li gi bly small part of the me te or oid en ergy is spent on the gen er a tion 
of mag netic field per tur ba tions. The me te or oid en ergy losses are sim i lar to the losses in the
re ac tive el e ments in the ra dio fre quency cir cuits, i.e., they re turn into the sys tem. Af ter the
me te or oid passes, the os cil la tions cease, and the sys tem re turns into the ini tial state. The
main re sults are sum ma rized as fol lows. The res o nance elec tro mag netic os cil la tions arose
13 and 3 min prior to the Kamchatka me te or oid ex plo sion. The du ra tion of each per tur ba -
tion was ob served to be close to 7 min. The pa ram e ters of the quasi-pe ri odic per tur ba tions
were sim i lar to the pa ram e ters of mag netic Pc3 pul sa tions; how ever, they were ob served to
oc cur in the X com po nent of the mag netic field, but not in the Y com po nent of the mag netic
field. Their pe ri ods were ob served to be in the 33...36-s range, and the am pli tudes in the
0.4...0.9 nT range. Sim i lar res o nance os cil la tions were re corded and in the mag net i cally
con ju gate re gion. A mech a nism for gen er at ing the res o nance os cil la tions has been put for -
ward. The es sence of the mech a nism is that the me te or oid ex plo sively im pacts the mag -
neto sphere and de forms the mag netic field lines that be gin to os cil late at their
eigenfrequencies. De pend ing on the McIlwain L-shell, the pe riod has been cal cu lated to be
19...169 s. For in stance, set ting L » 3...3.2 yields 28...34 s, which is close to the ob served
pe riod of 30 s. The gen er a tion of the res o nance os cil la tions con sumes ~10–4 part of the me -
te or oid ki netic en ergy. 
Keywords: Kamchatka me te or oid, res o nance ef fect, elec tro mag netic ef fect mech a nism,
ex plo sive im pact, mag netic field line os cil la tion.
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