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Pe3onancHuii ejiekTpoMarHiTuii epext Kamuarcbkoro
MeTeopoiaa

Y pationi bepuneosa mops miowe Kamuamxoro ti Ansickoro 18 epyous 2018 p.
0 23:48:20 UT 6 ammocgepy 3emni emopecs ma 6ubyxuye Ha ucomi
o1u3vK0 26 kM (2eoepagiuni koopounamu: 56.9°N, 172.4°E) memeopoio,
akuu ompumaes nazey Kamuamcvkoeo. ¥V nimepamypi 1020 maxkosc Ha3u-
garomv bepunzogomopcvkum. OcnosHi napamempu memeopoioa maxi:
nouamkoea Kinemuuna enepeiss — 173 km THT, inmezpanvha enepeia cai-
MiHHA — ].3-]014,bec, maca — 1.41 km, weuokicmos — 32 km/c, po3mip —
9.4 m, kym Haxury mpaekmopii 0o eopuzonmy — 68.6°. Bussunocs, wo
emopanenns Kamuamcvrkoeo (bBepunzosomopcvkoeo) memeopoioa cynpo-
8002ICYBANIOCA 2eHepayiclo KOPOMKOUACHO20 Pe30HAHCHO20 eleKmpomae-
HIMHO20 cuenany 6 oianazoni yacmom 25..35 mly, wo cnocmepicascs
nobauzy micys 8ubyxy memeopoioa ma y MAcHIMOCHPANCeHill 001acmi.
Tpusanicme xonueansv cmanosuna 7 xs, amniaimyoa — 0.2...0.8 nTn. Me-
Moo 0aHoi pobomu € ananis pe3yrbmamise CHOCMEPEeHCeHHsL Pe3OHAHCHO20
elekmpomazHimuozo egpekmy Kamuamcoko2o memeopoioa i 062080penHs.
Mexanizmy yvo2o egpexmy. Jna ananizy pe3oHaHcHo20 eekmy 8 MazHim-
HOMY nOi 3eMi 3any4anucs pe3yibmamu CHOCMmepedCcetb Ha CImosiu
Mepedici MacHimHuUX cmanyii, npeocmasieni y 6asi oanux Intermagnet.
Pospisnenns no uacy i amnnimyoi cmanosums 1 ¢ i 1 nTn ionogiono.
Biocmanw misxe micyem eubyxy ma cmanyiamu sminosanacs 6io 1000 0o
5000 xm ons cmanyit, oucnoxoeanux y lligniuniti niekyni, a maxkoaic 8io
9010 0o 12425 xm ona cmanyiti, posmiwenux y Ilisoenniii nisxyni. Bema-
HOBIEHO, W0 EOUHO NPULIHAMHUM € MEXAHIZM, N08 SA3aHULL 3 YOAPHUM 6N.IU-
80M [ GUMICHEHHAM MACHIMHO20 NOJSL BUOYXONOOIOHUM BMOPSHEHHAM )
MmazHimocgepy kocmiunozo mina. Ilpu yvomy Ha cenepysamms 30ypeHb
MA2HIMHO20 NOJISL BUMPAYAEMBCA TUULE OYHCe HE3HAYHA YACMUHA eHepali
Mmemeopoioa. Mooicha esasxcamu, wo smpamu enepeii Mmemeopoioa nooioHi
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PeakmusHum, moomo empamam, sKi nogepmaromscs 00 cucmemu. Ilicna
npoILOMY Memeopoioa KOAUBAHHS NPUNUHATUCD, | CUCIeMA NOBEePMAACS]
vy uxionutl cmawn. OcHosHI pe3yromamu ananizy maxi. Pesonancnui enexm-
pomazHimui Koausanusa eunuxanu 3a 13 i 3 xé 0o eubyxy Kamuamcokoeo
memeopoioa. Tpusanicms KodcHo20 30ypenns 6yna 6ausvkoro 0o 7 x8. Ila-
pamvempu Keaainepioduquzo 30ypeHHs Ha2adyeanu napamempu 2eomae-
HimHux nyavcayiu muny Pc3, ane cnocmepieanucs ¢ Y-, a ne 6 X-komno-
Henmi maenimnozo nona. Ixuiii nepioo 6ye 33..36 ¢, a amniimyoa —
0.4...0.9 nTn. Ilo0ioHi pe30HAHCHI KOMUBAHHA PEcCmpy8aluch i y mae-
HimocnpsiceHill 0baacmi. 3anponoHo8aHo Mexauizm ceHepayii pe3oHaHc-
HUX Koausauv. Bin nonseae 6 yoapHomy 6nauei Ha MASHIMHI CUNO8I NIHIT
8UOYXON00IOH020 8MOPSHEHHs Memeopoioa y MazHimocgepy, wo cynpo-
80021CYBANOCS 0ePOPMAYIEIO MACHIMHUX CUNOBUX NIHIN MA IXHIM KOAUBAH-
HAM Ha 81acHux yacmomax. Po3paxynkoeuti nepioo 3anedxicHo 8i0 3HaueHHs
napamempa Maxk-Insetina cmanosus 19...169 c. 3oxpema, npu L = 3...3.2
nepioo oopisniosas 28...34 ¢, wjo 61uU3bK0 00 cnocmepedicysariozo nepiooy
(30 ¢). Ha eenepayiro pesonancrux konusans sumpauanocs 10 xinemuu-
Hoi enepeii memeopoioa.

Kniouosi cnosa: Kamuamcoxuii memeopoio, pe3oHanchull egpexm, mexa-
HI3M eJleKmpPOMAZHIMHO20 edheKmy, YOApHULl NIUS, KOTUBAHHS MASHIMHOL
CUNOBOI NIHII.

BCTYII

V paiioni bepunarosa mops mix Kamuarkoro it Ansickoro 18 rpynus 2018 p.
0 23:48:20 UT (tyT i mani 9ac BCecBiTHii) B aTMocdepy 3emiti BTopres Ta
BUOYXHYB Ha BUCOTI O6JM3bK0 26 kM (reorpadiuni koopauHaTa: 56.9°N,
172.4°E) meteopoin, sakuii orpumas Ha3By Kamuarcekoro [9, 10, 12, 13,
18—22, 25]. ¥V mitepatypi HOro TakOXX Ha3WBarOTh BepHHTOBOMOPCHKUM
[1,2, 14, 24, 26, 31].

OCHOBHI MMapamMeTpu METeopoifa: MoYaTkoBa KiHETUYHA €HEepris cTa-
noBw1a 173 kr THT, inTerpanbHa enepris cBitinas — 1.3-10" Ik, maca—
1.41 T, mBUAKICTb — 32 KM/C, po3Mip — 9.4 M, KYyT HaXWIy TPAEKTOPIT 110
ropuszonty — 68.6° [9, 10, 12, 13, 16, 18—22, 25].

Hes3Baxaroun Ha 3HAUHy €HEPreTHKY MeTeopoina, HoMy HPUCBIYECHO
numie nekinpka crarei [1, 10—13, 19, 24, 25, 30]. BogHouac nipo yesns-
OiHChKE KOCMIYHE TiJI0 omyOutikoBaHo nmoHa 200 HayKOBUX Mpatb (Hanpu-
knazg [3—7, 15, 28—30]).

VY pobotax [10, 18, 19, 22] TeopeTnuHO BHBUYEHO OCHOBHI (pi3MUHI
eeKTH, SKi MOTJIM CYIIPOBOIXKYBaTH najiHHsg KaMyarcbkoro mereopoina.
VY poborax [1, 12, 21, 27] BuB4aBcs iHdpa3BykoBui eekT MeTeopoina, a y
poborax [9, 20, 25, 26] — 10HOC]epH1 edeKTu.

ABTOPOM BUSIBJICHO Ta OMKMCAHO '€OMAarHiTHUH epekT MeTeopoina mpu
Horo miuboTi Ta micyst BuOyxy [13]. PoboTy aBTOpa 3 koseramu [24] npu-
CBSIYEHO ONKCY PE30HAHCHOTO €JIEKTPOMArHiTHOro e(peKkTy Mereopoina.
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BusiBmiiocs, mo BropraeHHs Kamuarchkoro Mereopoina cynpoBOIKYyBa-
JI0Csl TeHEPALli€l0 KOPOTKOYACHOTO PE30HAHCHOTO €JIEKTPOMArHITHOTO CUT-
HaJly B Aiana3oHi yactotT 25...35 mI'n, mo crnocrepiraBcst modau3y Micis
BHOYXYy MeTeopoifa Ta y MarHiTOCHpsbKeHii obnacti. TpuBamicTh KOJIU-
BaHb cTaHoBmIA 7...8 XB, amrumityna — 0.2...0.8 #Tm.

VY pobori [24] HaBeneHO JIeKiIbKa MEXaHI3MiB, 110 BUKJIMKAIOTh I'€0-
Mar”iTHUM e(eKT, ki OLIbII MPUAATHI Ui ONKCY anepiogUYHUX 30ypeHb
reoMardiTHoro nois [17, 23]. Ilutanns npo MexaHi3M TeHepyBaHHS pe3o-
HAHCHOTO €JIEKTPOMArHiTHOTO CUTHANy (PaKTHYHO 3aJIMIIUIOCA BiIKpH-
THM.

Mertoto 1aHoi poOOTH € aHaTi3 Pe3yIbTATIB CIIOCTEPEKEHHS PE30HAHC-
HOTO eNleKTpoMarHiTHoro edexty KamyaTchkoro meteopoina i 00roBopeH-
HSI MEXaHi3My IbOTO eEeKTy.

3ACOBU TA METOJU

Jlyist aHanizy pe30HaHCHOTO e(PeKTy Y MarHiTHOMY TOJI1 3eMTl 3aTydaucs
pe3yJIbTaTh CIOCTEPEKEHDb HA CBITOBIM MEpeXi MarHiTHUX CTaHLIN, pe-
ctaBieHl y 0a3i manmx Intermagnet [https://www.intermagnet.org/]. Po3-
PI3HEHHS 10 Yacy Ta aMIUTITy i ctaHOBUTH 1 ¢ 1 1 HTn BianosigHo. [lepenik
CTaHLI{ HaBeleHO B Tabia. 1. BuaHo, 110 BiACTaHb MiX MiclieM BUOYXY Ta
craniiero 3minroBaacs Bix 1000 go 5000 kM 115 cTaHIIM, TUCTOKOBAHUX Y
[TiBHiuHI# TiBKYTi, a Takox Big 9010 mo 12425 kM amist cTaHIii, po3mi-
miennx y [liBneHHii miBKyi.

Jns BUMIpIOBaHHsI PIBHS T€OMAarHiTHOTO TOJS BUKOPHUCTOBYBAJIUCS
¢bepo3onnoBi maruiromerpu. Kpim Toro, Ha cranuisx Maragan (MGD) i
[Taparynka (PET) BuxkopuctoByBamucs OUIbIN YyTIWBI MarHiTOMETPH 3
4acTOTOIO Iuckpern3alii 64 I'm.

Po3TamryBanHsi cTaHIii Ta Mmicie BUOYXy METeOpoifa MoKa3zaHO Ha
puc. 1. Yci crannii nepedyBanu Ha ocBiTiieHii CoHIleM AUTSHITN 3eMTi.

Taonuya 1. Binomocti npo maruitTHi ctanuii [23]

Kon IAGA Haszsa ‘ 0] A R, kM

ASP Alice Springs —23.77° 133.88° 9640
BRW Barrow 71.32 203.38 2160
CKI Cocos-Keeling Islands —12.188 96.834 10275
CMO College 64.87 212.14 2290
CNB Canberra -35.32 149.36 10450
EYR Eyrewell —43.474 172.39 10130
FCC Fort Churchill 58.759 265.91 5096
MCQ Macquarie Island —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
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Puc. 1. Micne Bubyxy KamuaTcpkoro mereopoina Ta HaiOIMXK4i T€OMarHiTHI CTaHMii B paiioHi
BUOYXy (¢p — reorpadivna mmpota, A — reorpadidaa 1osrora) [24]

PE3YJIbTATH CIHIOCTEPE)KEHb

Yacosi Bapiallii reoMartiTHOTO MOJIsl, TOYHIMIe Horo Y-kommoHneHnTa (Cxif
— 3axin), as iHTepBainy yacy 23:30...23:54 18 rpynns 2018 r. mokazaHo
Ha puc. 2. [locunenns ammiuityau go 0.4..0.9 Tn cnoctepiranocs B
iHTepBail yacy 23:35...23:42, To6To npubau3Ho 3a Af, ~ 13 xB 10 BUOYXY
KocMiuHoro Tina. [loBTopHe 301MbIICHHS aMILTITY 11 Big3Hadaiocs 3 23:45
10 23:52, To6T0 3a At, =3 XB 10 BUOYXY. IIpu 11bOMyY TpUBaJIOCTI IPOLIECIB
AT, = AT, =7 xB.

[Tpu mwBHIKOCTI METEOpOiaa L = 32 KM/C BIACTaHb JI0 OBEPXHI 3eMill
JOPIBHIOE R, = LAt ~ 25 Mm ~39R, (L ~49)1 R, = vAt, 5760 Mm =
~09R, (L =19). Tyt R, =6.380 MM — paniyc 3emni, L — mapameTp
Mak-InBeiina.

BusiBneni 30ypeHHs peecTpyBasucs B Y-KOMIIOHEHTI, TOJII SIK Tpajau-
miiHi myascanii Pc3 (mepiox 10...45 ¢) cmocrepiratoTbest B X-KOMITOHEHT!.
Kpim toro, mynbcauii Pc3 TpuBarots 10 2...4 roj, a 00roBoproBasi Bapiatii
TpUBAJIH OJIM3BKO 7 XB.

BaxxnuBo, 1m0 e(heKxT npakTHYHO HE CTIOCTepiraBcs Ha CTaHIIIsIX, Biaa-
JICHUX BiA Mics BUOYXy Ha BifcTaHb MOPSAKY S Mw i Oinbiie (ctaHmii
OTT i LZH). Ilepa 3 HUX po3TalloBaHa 3axiJiHille, a Jpyra — CXijHille
Bi1 bepunrosa mops.

BuwmiproBanns Ha ctanmisx PET 1 MGD 3a gonoMororo OiibI 9y TiIu-
BHUX MarHiTOMETpiB MOKa3aiu, 1o 3a 3.3 XB 10 BUOYXy MeTeopoia Bapiamii
noxigHux X- ta Y-xommonentiB gocsramu 0.005 uTi/c, a6o 0.175 HTn
(puc. 3). Ilepion konuBaub OyB Onm3bkuM 110 36 c. LlikaBo, 110 micis BU-
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Puc. 2. Bapianii Y-koMITIOHEHTa MarHiTHOTO TOJIA 3a JaHUMHU oOcepBaropiii Memambetsu (MMB),
Sitka (SIT), College (CMO) i Fort Churchill (FCC) 18 rpyaust 2018 p. BepTukanbHO0O IyHKTHPHOIO
JIHI€I0 TOKA3aHO MOMEHT BHOYXY [24]

Oyxy 13 3ami3HeHHSAM ONu3bKOo 27...45 ¢ crocTepiraiucs KOJIUBaHHA 3 Tie-
pionom T = 27...36 c. Lle TpuBamo npubau3Ho 4 XB.

Pe3ynbratu mopiBHSHHS 4acOBHX Bapiallii T€OMarHiTHOTO TOJs Ha
cranuisix BRW (IliBHiuna niBkyJisi), a Takoxx CNB ta EYR (IliBnenna mis-
KyJs) HaBeeHo Ha puc. 4. BunHo, mo Ha crannii BRW ammityaa xonu-
BaHb gocsrana 0.8...0.9 uTxn, nepiog — 30 ¢, a cranmisx [liBneHHOT miBKYII1
BoHa He nepesuinyBaia 0.2...0.3 aTn. 30ypenns 3 nmepionom 01u3bK0 33 C
BUHUKJIO NMpHOIM3HO 3a 3.3 XB 10 BUOYXY 1 TpHBaJo 3 JAeUi0 OLIbIIUM
(= 49 ¢) nepiogoM NPOTATOM MPUOIH3HO 6...7 XB.

PE3YJIbTATH TEOPETHUYHHUX PO3PAXYHKIB

BubyxonoioHe BTOprHEHHs] KOCMIYHOTO TiJla Y MarHirocgepy Mmpu3Bo-
JUTH JI0 BUTICHEHHS MAarHITHUX CHJIOBHUX JIHIN 13 TTOPOXKHUHHU PaJilycoM
R, 1110 1aeThes HACTYITHOIO opMyioro [7]:

y,—1 3E
3 —_—

, 1
Y. 47mp, M

m

ae y, = 2 — NOKa3HUK ajiabaTu Ipu paaialbHOMY PO3IMIMPEHHI MarHiT-
HOTO monisi, E — KiHEeTH4YHa eHepris MeTeopoina, p, = B> /2u, — wmar-
HITHUH TUCK, B — 1HIYKIli MardHiTHOTO MOJIA, L, — MarHiTHa cTaja.
[Tporiec BUTICHEHHS MaJOiHEPUIWHUHI, HOTo XapaKTepHHi yac 7,,=
=0.2...1.9 ¢ (muB. namni). lle o3Havae, 10 BIUIMB KOCMIYHOTO TijIa Ha pe30-
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AX, HTn/c
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Puc. 3. Bapianii noxigHux X- Ta Y-KOMIOHEHTIB MarHiTHOro MOJIS 3a JJaHUMHU 00cepBaTopii: @ —
ITaparynka (PET) Ta 6 — Maragan (MGD) 18 rpyans 2018 p. [24]
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Puc. 4. TlopiBHsiHHS MarHITHHX KonmBaHb cTaHiiii BRW, CNB ta EYR y marmiTocnpspkeHHX
obnacTsx JBOX MiBKyJb [24]
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Tabnuya 2. 3anexxHicTb MoJeJbHUX 3HAYeHb Mardirocgepu Ta po3paxoBaHUX NapaMeTpis
o0s1acTi 30ypeHHsl TeOMarHiTHOro noJist Big napamerpa Mak-LiBeiina

I 3 N’ P 10 15

, MKTn 10% ar or NS vy, MM/C | pp, MKl | R, MM Ly, MM Ty c fexp, C
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 0.92 543 523 0.43
5 6.4 8.5 0.17 0.44 16.4 1.73 74.3 169 1.91

HaHCHY MarfiTocepHy cucteMy mojiOHui 10 ymapHoro. B pesynbrati
30yJKYIOTHCSI KOJTUBAaHHS HA BJIIACHUX YaCTOTaX CUCTEMHU.

Pesynpratu pospaxyHky R, Ui pi3HHX L-000JOHOK HaBEIEHO Y
Tabu. 2.

Kpim 3Hauens R, , y Ta0. 2 HaBeIeHO pe3yIbTaTH PO3PAXYHKY allbBe-
HIBCBKOI IBUAKOCTI L ,, MarHITHOTO TUCKY P,,, JOBXKHHU CUJIOBOT JiHIi /,,
Ta nepioxy 7', BIACHUX KOJIMBAHb MarHiTHOI CHJI0BOI JiHIIL. [Ipy npomy

B B

) \/Hopi ) \/Moni ’

L 3L-1)
I =R\ J(L-1D)(@EL-3) + “—arctg, |2 == |
£ NCR

Ly

Sk 1 cain Oyno ouikyBatu, R, <</ .lle BUnpaBaoBye 3acTocyBaHH: (pop-
myau (1).
Yac po31IMpeHHs IOPOKHUHH PalycoM R, OpIBHIOE

RS 1/2
pi m
= 22 | )

3 (2) BUIUIMBAE, 1O foy, = 0.23...1.91 cipu L = 2...5.

[epion xomuBanb 7', 3MiHIO€TbCs mpubausHo Big 20 mo 169 ¢ mpu
36utbmenHi L Big 2 go 5. Jlns touku naginas KamyaTtcekoro mereopoina
L = 3 i nepiox xonmuBanb I', =~ 28 c. 3a pe3ysIbTaTaMH CIOCTEPEKEHD [,

~ 30 c.
OLiHMMO XapaKTEePHY TPUBAIIICTh MPOLIECY
2R,

AT, =22m, 3)
L

3(3)npul=2..5tav=32xkm/cMaemo AT, =1..7.9 c. Bugno, mo AT, <<

<<AT,, AT, =7 xB. O4€BUIHO, 1110 TPUBATICTb KOJIMBAHb BU3HAYAJIACS J0-
OpOTHICTIO CHCTEMU
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AT, ,
0=t
[pu AT, , =7 x8=420 ci T~ 30...40 ¢ maemo Q ~ 14...10.5.

Merteopoin pyxaBcs MpUOJHU3HO 3 MIBHIYHOTO 3aX0Jy Ha MiBACHHUUN
cxia. IIpoexmii mBuakocti y Hanpsamax [liBaiu — IliBnens Ta 3axim —
Cxin cranoBMIM BinoBigHO 6.3 1 -3 kM/c. 3a yac AT, + AT, ~ 14 xB y nux
HalpsIMKax METEOpOif 010JaB BifAcTaHl 7; = 5.29 MM 17, = 2.52 Mm. Toai
IIola Mardirocdepy, 30ypeHa KOCMIYHUM TLIOM, JOPIBHIOE S, = 1F, =
~ 13.33 Mm*, a 06’em — V, S R, ~ 85.1 Mm’. IIpu MaKkcuMabHiit
amMIUTITY i 30ypeHHs TeOMarHiTHOro moJjs, mo aopiBHoe AB =~ 1 uTx,
IIIIBHICT MarHiTHOT €Heprii

B,AB
8m = ° > (4)
Lo

ne B, = 3-10° T — IHAYKIIiS TEOMArHiTHOTO TOJISL Ha MOBEpxHi 3emui. 3
(4) Mmaemo €, = 2.4-10"° Jlx/m’, a emepris E,, ~2-10"" Jix. Baxmso, mo
E, <<E, T00TO €Hepris 30ypeHOro MarHiTHOIO 10JIsi CTAHOBUTH 3- 10 Bix
KIHETUYHOI eHeprii Tina.

OBI'OBOPEHHA

ABTOpHU poOoTH [24] ommcanu JIeKiIbKa MEeXaHi3MIB PE30HAHCHHX KOJIW-
BaHb, BUKJIMKaHUX pyXxoM Mereopoina. [lepmmii 13 HUX MOB’sI3aHUM 31
301IbIIEHHAM MPOBiHOCTI Ha BHcoTax E-oOmacti ioHocdepu. Lleit mexa-
HIi3M 3ampoItoHoBaHO y po6oTi [17]. BiH He Moxe OyTH 3aI0BUTEHUM, OC-
KUTBKHM OIUCYE JIUIIC HEe3HAUHE anepiogudHe 30ypeHHsI MarHITHOTO TTOJIS.

CyTb ApyToro MexaHi3mMy MOJISTa€e B YTBOPEHHI alTbBEHIBCHKUX «KPUIDY
MIPH PyCi IPOBIIHOTO TiJIa Y MarHiTOAKTUBHIM Tu1a3mi [23]. ABTopu poboTH
[24] Bu3HAIOTH 11el MeXaHi3M Hee(DeKTHBHUM.

Y pobori [24] BBaKa€eThCS HEMOKIMBUM MEXaHi3M, 3alPOTIOHOBAHHIA
aBTOpPOM JaHo1 pobotu [7—9, 11]. Sk anbrepHaTUBY BOHU 3a]1y4alOTh TPU-
TepHHI MEXaHi3M, IPOTE )KOJHUX OL[IHOK HE HABOJATH 1 HOTO HEOOX1THICTh
HE OOIPYHTOBYIOTb.

ABTOp 3HaAXOUTh €UHUN MPUWHATHUN MEXaH13M, TIOB’sI3aHUMN 3 yaap-
HUM BIUTUBOM 1 BUTICHEHHSIM MAarHiTHOTO I0JII BUOYXOMOJIOHUM BTOPT-
HEHHSIM y MarHiTocdepy kocmivnoro Tina. [Ipu ibomy Ha renepartito 30y-
PEHb MarHiTHOTO ITOJISl BATPAYAETHCS JIUIIE Ty>Ke He3HAUHA YaCTHHA CHEp-
rii MmeTeopoina. MokHa BBa)KaTH, 1110 BTPATH €HEPTii MeTeopoina moai0H1
pEaKTHBHUM, TOOTO BTpaTam, sIKi MOBEPTAIOTHCS 10 cucTteMu. [licms mpo-
JHOTY METEOPOizia KOJIMBAHHS MPHUITUHSIINCH, 1 CHCTEMa TIOBEpTaiacs y BH-
X1JHHH CTaH.
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I'OJIOBHI PE3YJIbTATHU

1. BropraeHHsi KOCMIYHOTO TiJla y BHYTPIIIHIO Mar"itochepy CymnpoBo/I-
KYBaJIOCS] TeHEPALIEI0 PE30HAHCHUX €JIEKTPOMArHiTHUX KOJIMBaHb, BUSB-
JICHUX 32 JJAHUMH Ha36MHHUX MarHiTOMETPIB.

2. KonuBanus Bunukanu 3a 13 1 3 xB 1o Bubyxy Kamuarcrkoro mereo-
poina. TpuBamicTh KOXXHOTO 30ypeHHs OyJia OJIM3BKOI0 110 7 XB.

3. IlapameTpu KBa3inepioJU4YHOro 30ypeHHs HaraJlyBalld MapamMeTpH
T€OMarHiTHUX MyJbcamii tumy Pc3, ame cmoctepiranucs B Y-, a He B
X-KOMIIOHEHTI MaTHITHOTO ToJjs. IxHiil mepiox mopisHioBaB 33..36 ¢, a
ammityaa — 0.4...0.9 T

4. TloniOHI pe30HAHCHI KOJMBAHHS PEECTPYBAIKCH 1 y MarHiTOCTIpS-
KEHil o0macTi.

5. 3amponoHOBaHO MEXaHi3M reHepallil pe30HaHCHUX KOJIMBaHb. BiH
MOJIATA€ B y/IapHOMY BIUIMBI Ha MarHiTHI CHJIOBI JIiHIT BUOYXOIO10HOTO
BTOPTHEHHSI METEOPOifa y MarHirocdepy, 1o CympoBOIKYBanIocs aedop-
MaIli€}0 MardiTHUX CWJIOBHX JIIHIN Ta IXHIM KOJUBAHHIM HA BJIACHUX 4Yac-
ToTaxX. Po3paxyHKoBuUi IEpio1 3aIe’KHO BijI 3HAUYCHHS mapaMmeTpa Mak-1-
BeitHa ctanoBuB 19...169 c. 3okpema, nipu L = 3...3.2 3Ha4eHHS Tepioay
cranoBmiio 28...34 ¢, ToOTO OIU3BKO O CIIOCTEPE)KYBAHOI'O 3HAYCHHS
(30¢).

6. Ha renepyBaHHsI pe30HaHCHHUX KOJMBAaHb BUTPAYAIOCS MPUOITUZHO
10* kineTnuHoi eneprii MeTeopoiza.
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V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

RESONANCE ELECTROMAGNETIC EFFECT
OF THE KAMCHATKA METEOROID

A large meteoroid entered the terrestrial atmosphere and exploded at 26-km altitude (geo-
graphic coordinates 56.9°N, 172.4°E) between the Kamchatka Peninsula and Alaska over
the Bering Sea at 23:48:20 UT on December 18, 2018. The meteoroid has been termed the
Kamchatka or Bering Sea meteoroid. Its basic parameters are as follows: calculated total
impact energy 173 kt of TNT, total optical radiated energy 1.3-10'* J, mass 1.4 kt, speed
32 km/s, size 9.4 m, and the trajectory directed at an angle of 68.6° with respect to the hori-
zon. The Kamchatka (Bering Sea) meteoroid entering the atmosphere turned down to be
accompanied by the generation of a transient resonance electromagnetic signal in the
25...35 mHz band observable in the vicinity of the meteoroid explosion and in the magneti-
cally conjugate region. The 0.2...0.8-nT amplitude oscillations were observed to occur
over a 7 min interval. The purpose of present work is to analyze the observations of the res-
onance electromagnetic effect from the Kamchatka meteoroid and to discuss a mechanism
for this effect. The analysis of the resonance effect in the Earth’s magnetic field is based on
the database data with 1-s temporal resolution and 1-nT amplitude resolution collected by
the Intermagnet magnetometer network of magnetic observatories. The distance range be-
tween the site of the meteoroid explosion and the magnetic observatories varied from 1,000
to 5,000 km in the northern hemisphere and from 9,010 to 12,425 km in the southern hemi-
sphere. The only acceptable mechanism has been established to be associated with the
magnetic field displacement in the magnetosphere by the explosive impact of the celestial
body, whereas only negligibly small part of the meteoroid energy is spent on the generation
of magnetic field perturbations. The meteoroid energy losses are similar to the losses in the
reactive elements in the radio frequency circuits, i.e., they return into the system. After the
meteoroid passes, the oscillations cease, and the system returns into the initial state. The
main results are summarized as follows. The resonance electromagnetic oscillations arose
13 and 3 min prior to the Kamchatka meteoroid explosion. The duration of each perturba-
tion was observed to be close to 7 min. The parameters of the quasi-periodic perturbations
were similar to the parameters of magnetic Pc3 pulsations; however, they were observed to
occur in the X component of the magnetic field, but not in the ¥ component of the magnetic
field. Their periods were observed to be in the 33...36-s range, and the amplitudes in the
0.4...0.9 nT range. Similar resonance oscillations were recorded and in the magnetically
conjugate region. A mechanism for generating the resonance oscillations has been put for-
ward. The essence of the mechanism is that the meteoroid explosively impacts the mag-
netosphere and deforms the magnetic field lines that begin to oscillate at their
eigenfrequencies. Depending on the Mcllwain L-shell, the period has been calculated to be
19...169 s. For instance, setting L = 3...3.2 yields 28...34 s, which is close to the observed
period of 30 s. The generation of the resonance oscillations consumes ~10~ part of the me-
teoroid kinetic energy.
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