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feoMarHUTHO-UHAYLUUPOBAHHbIE TOKU B 3/1eMeHTaX UHPPACTPYKTYPbl U NPOBOAALLUX Pa3/IoOMaX 3€eMHOM Kopbl

National Aeronautics and Space Administration
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Earth’s Geomagnetic Field
Coronal Mass Ejection (CME)

Geomagnetically Induced Currents (GICs) can result from
geomagnetic storms—a type of space weather event in which
Earth’s magnetic field is rattled by incoming magnetic solar
material. Most GICs are triggered by coronal mass ejections (1), or
CMEs, which interact with the magnetic field around Earth (2) and
cause it to rattle. The quick-changing magnetic fields create GICs
through a process called electromagnetic induction (3). GICs can
flow through railroad tracks, underground pipelines, and power
grids. In extreme cases, they can cause blackouts.

3 Changing Magnetic Fields Induce an Electric Current

Transformer

¥y Gic

WHAT IS THE IMPACT?

Though widespread permanent damage to power systems is unlikely, extreme storms can cause blackouts
over extended areas. That's why NASA and other federal agencies work with the power and insurance
industries to develop plans and standards for dealing with GICs.

GICs CAN RUN THROUGH ANY LONG METAL STRUCTURE
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YaenbHble 3/IeKTPUYECKME CONPOTUBAEHNA Pa3/IOMOB

(a) Central creeping segment
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2-D electrical resistivity depth section along Edulabad—Khandwa south—north profile. GF:
Gavligarh fault, TF: Tapti fault, BSF: Barawani—Sukta fault, NSF: Narmada south fault
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Stage 1: Inside Pilot Hole :

seismometer, tilt, strain, acceleration

Stage 2: Behind Casing Strain

{Main Hole at 1.5km)

Stage 3: Long array with multiple

seismometers, deformation, fluid )

pressure and temperature (across fault zone)
[ S VE 1:1

1000 100 10 1 oOm

The Great Slave Lake (GSL) shear zone, Canada

E

=

= .
‘é ohm-m
32 I1o
(b) NLCG model 100

1000

Depth (km)

10 000

(c) Occam model o 50 100 150

kilometres



Te O p eTnyYeCKad m O,£I,el'l b (Sorokin et al, 2019, Earthquake Science; 2023, Atmosphere)

PaccmoTpeH mexaHn3m, B KOTOPOM pe30oHaTop 3emsis — noHocpepa dopmmpyeT KonebaHns reomarHUTHOro

nons c nepmogamu (1 —100) c B npouecce NOHU3aLUK MOHOCPEPbI U3NTYYEHUEM COTHEYHOM BCMbILKMK C
KOPOTKMM PPOHTOM HapacCTaHMA ee aMNANTYAbl, @ TaKKe NPOHMKHOBEHMA NOAA U TOKa B AnTocdepy ¢

KOHEYHOM NnpoBOAMMOCTbIO N €€ Halrpes.

[Oopn30HTaNbHbIM MacwTab ob6nacTn NPOBOAMMOCTU, BO3MYLLLEHHOM CO/IHEYHOWM BCMNbILLIKOW, NOPAAKA 3€MHOIo
paZnyca, a BEPTMKaJbHbI MacwTab - nopaaKa TONLWMHbI MOHOCHEpPbI. 3a XapaKTePHbIN NepUoa NU3MeHEHMUS
NonA MoHocPepHble TOKU U Noas AMGPYHANPYIOT B TOPU3OHTA/IbHOM HaNpPaBAEHUMN Ha PAacCTOAHUE MHOTO

MeHbLUE TOPU3OHTA/IbHOIO mMmacLiTaba.

\\ 1. Conducting layer of

the ground.

2. Conducting layer of
the ionosphere

2 3. X-rays of the solar
flares.

6
4. Electric field in the
ionosphere.

1 5. Geomagnetic

pulsations.
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DATE, TIME . FLARE PacyéT BbINoNHEH Ha pa3paboTaHHOM NPOrPaMMHOM
LAT, LON AT LON PARAMETERS KOMIMAEeKce, COCTOALWEM U3 HECKOJIbKUX CBA3AHHbIX B
l l ’ eINHOe Lenoe YyacTen:
1. MporpammHas 6ubnunoteka IGRF (
R(z,s i — .
EO:‘ ) PO,HO IRI O (Z) "R(s) http://wdc.kugi.kyoto-u.ac.jp/igrf/index.html);
l lnPO,HO Q(z) l@(s) 2. MporpammHas bubnmotekKa IRI (
. e http://irimodel.org/IRI-2016/);
- (f),ZPH (t) Inverse 3 )
: ; . MMporpamma HanmncaHHaa Ha A3blke C++ No 610K
/ Laplace . .
l G(t) cxeme, NpeacTaBAeHHOM Ha puc.9;
/V 4. BHEWHMM NPOrpamMmMHbIi MOAY/1b, HAMUCAHHbIN B
| E(1).E (1) —— E(z,1),j(z1),9(z1) cucteme Bonbdpam MaTtematwKa (
E, (t) https://www.wolfram.com/mathematica/).

Mporpamma HauyMHaeT cBOo PaboTy NPU NOAYYEHUUN CEAYIOWMX UCXOAHbIX AaHHbIX: AaTbl, BOPEMEHWN U MOLWHOCTHU
COJIHEYHOM BCNbIWKKU. Mcxoasa n3 sToro nporpamma BbluMCAAET NOACOTHEYHYIO TOYKY, U GOHOBbIE MAapaMeTpbl
noHocoepbl Ha BbicoTax 100 n 140 km, npoBoanmocTu NeagepceHa u Xonna, a TakKe CTPOUT MOAENb INEKTPUYECKOTO
nonaA nnaHetbl no Bonnanay [Volland, 1973, 1975,1978]. No moaenn IGRF (MexayHapoaHoOe ONOPHOE reoMarHuTHoe
none), KOTopoe npeacTaBAseT cobon cepmio MaTeEMATUYECKUX MOAENEN OCHOBHOIO Nosa 3eMaun U ero roaoBON CKOPOCTU
N3MeHeHUs (BEKOBOM X04,) BbIYUCNAOTCA OCHOBHbIE NAapPaMeTPbl MAarHUTHOMO NMOASA HA YKa3aHHbIA MOMEHT BPEMEHMN.
[anee, no mogenu IRl (MexkayHapoaHas 3TanoHHaA MoHochepa) BbIYMCASAIOTCA NJOTHOCTb 3/IEKTPOHOB, TeMnepaTypa
3N1EeKTPOHOB, TemnepaTypa MOHOB, MOHHbINM cocTaB (O+, H+, He+, N+, NO+, O+ 2, KnacTepHble NOHbI),
3KBATOPMaANbHbIN BEPTUKANbHbIN Apend NOHOB, BEPTUKANbHOE COAEPKAHMNE 3/IEKTPOHOB B MOHOChEpe, BEpPOATHOCTL F1,
BEPOATHOCTb pacnpocTpaHenms F, rpaHULbl NONAPHBIX CUAHUIN, BAUAHME MOHOChEPHbIX Bypb HA NMKOBbIE NJIOTHOCTU F 1
E. 3atem no npoduato NpoBOANMOCTM 3eMIN B NOACONHEYHON 061aCTM BbIYUCIAIOTCA NOBEPXHOCTHbIE TOKU
NPOBOANMOCTM, U Ha OCHOBAHWM 3TUX PACYETOB CTPOUTCA NPOodUIb TOKOB Mo rnybuHe.


http://wdc.kugi.kyoto-u.ac.jp/igrf/index.html
http://irimodel.org/IRI-2016/
https://www.wolfram.com/mathematica/

YurcneHHble OLEHKN reHepauunn BCriJyieCka terutypn4eCckmnx TOKOB B nMToccbepe
BCleaACcTBue COJTHEeYHbIX BClblLLUEK
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MNOTHOCTb TOKa, FEHEPUPYEMOTO COTHEYHOM
BCMbILWKOM B 3€MHOM KOpe ANs Pa3NnYHbIX BpemeH (1
—5¢,2-10¢c,3-15¢;4-20¢)

MpoBOAMMOCTb 3€MHOM KOpbl



Pe3ynbTaTbl YNCNEHHOro aHanu3a (Sorokin et al, 2022, Atmosphere)

ConHeyYyHble BCNbILWKN reHepunpyroT Tenanypmnyeckme Tokm ConoCraBnmoble C TOKaMm OT MCKYCCTBEHHDbIX
MMNYTbCHbIX NCTOYHWNKOB.

XapaKTePUCTUKMN CUTHANA ONpeaensatoTcs BO3MYLLEHNEM MHTErpaibHbIX NPOBOAMMOCTEN MOHOCHEPDI U
B 3aBUCMMOCTM OT UX COOTHOLLEHMA MOXKET HabntoaaTbCcsa OCLUUANNPYIOLWNIA UK anepnoanyecKknii
PEXMMbl MAarHUTHbIX BO3MYLLEHUN.

AmMnanTyaa nynbcaumm moxet goctmratb ~10%2 HTA.

AMNANTYAA FTOPU3OHTaIbHOM KOMMNOHEHTbI 31EKTPUYECKOro NonsA Ha MOBEPXHOCTU 3eMAUN MOKeT
pocturatb 0,01 mB/m.

[MNOTHOCTb 3/1eKTPUYECKOro TOKa B aMTtochepe gocturaet 106 A/ m2.
[MNOTHOCTb MOLLHOCTHU BblAeNeHNA Tenaa 3STUM TOKOM aocturaeT 107 Bt/m3.
TOK KOHLEHTpUPYETCA B CNOAX C NOBbILLEHHOW 3N1EKTPUYECKOMN MPOBOAMMOCTbIO.

Ecnn B npoBoasALLEM C/10€ NPOBOAMMOCTb Bbille B NMATb pPa3, TO NJIOTHOCTb TOKA BO3pPacTaeT Ha NOPAAOK
MO CPAaBHEHMUIO C €ro 3HAYEHMEM HA MeHbLUen rnybuHe.

AMNANTYAa TOKa B inTochepe 3Ha4YnTeIbHO HBosblie AN1A BCNblWeK ¢ 6bICTpbiM GPOHTOM HapaCTaHUS
N3/ly4eHnA No CpaBHEHUIO ¢ bonee measieHHbIMU NPoOLLECcCaMm MOHU3ALMN MOHOCPEpbI.



[TNOTHOCTU TOKa, reHepupyemble B 3eMHOM KOpe MCKYCCTBEHHbIM MCTOYHUKOM U
CO/IHEYHbIMU BCMbILLKaMMU

Jx, Alm2
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Results of calculations

Background integral conductivities of ionosphere
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Results of calculations (continued)
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Solar flares of X class
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Field observations for the model validation

X2.2 solar flare 06.09.2017 EXamples of geomagnetic field pulsations after solar flare of X2.2 class
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Solar flares and geomagnetic activity on September 5-9, 2017
Data from https://tesis.lebedev.ru/info/20171229.html

X-radiation of the Sun on September 5 and 6, 2017 (GOES-15 satellite data)

8 quiet magnetosphere - weak geomagnetic storm
5 . - medium geomagnetic storm
C - weak flares (C class) Il excited magnetosphere - strong geomagnetic storm
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X - strong flares (X class) - extremely strong geomagnetic storm
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The strongest geomagnetic storm of 2017 occurred on September 8, 2017 after strong solar flares of X class

Global seismicity before and aftensolar flare of X9.3 class, September 6, 2017 (11:53 UTC)
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Mexican earthquakes in September, 2017 after
strong X2.2 and X9.1 solar flares on September 6, 2017
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Mexican earthquake M7.1 on September 19, 2017 after strong X8.28 solar flare on
September 10, 2017
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The case study of New Zealand Christchurch earthquake Mw=6.2,

Seismic Hazard

Tectonic Setting

EXPLANATION
Mag = 7.0
® 0-69km
® 70-200
@ 300-600
Plate Boundary

| —*— Subduction
= Transform

RELATIVE PLATE MOTIONS

Peak Ground Acceleration in misec**2 e brond o vectors ettt modon o o
reltive o he adiacent phte, In the vcinity of this earcqunk

v
:I:-:_ the Australia Pate ad Pacifc Plae rs <om rging at ot 35-
45 mmiyr
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[USGS 2011]

21.02.2011 (23:51 UTC)
[Divett et al., 2017]

Fig. 6 New Zealand conductance

Iso-conductance regions mainly follows
the main alpine fault zone (NE to SW).

Highly conductive volcanic rock in the
Central Plateau and surrounding
volcanic region.

Highly conductive sediments on the
east coast of the North Island and the
Canterbury Plains.

Greatest uncertainty in south of the
South Island where data is sparse and
conductance  inferred. Planned
magnetotelluric field work will further
refine the conductance model here.

The current density vector 107 A/m? coincides with the strike direction of the
Port Hills fault, which provides the maximum value of telluric currents in the fault
that may have a triggering potential. [Sorokin et al, 2023; Novikov et al. 2023]

Solar flare of X2.3 class, February 15, 2011 followed by geomagnetic storm, Kp=5, February 18, 2011

br4s

[iF)

10
v

Potsdam Kp-index

I
999
BE)

15 Feb. 03:00 08:00 0200 12:00 15.00

e - m e e 0 @ u @ W

i Illns

18:00 21:00

dp«ssgn L co:00 12:00

6h-gh 9h-12n 12n-15h 15h-18h 18h-21h 21h-00h
GFZ Potsdum

dp on-3h 3n-6h

An earthquake with magnitude Mw=6.2 occurred on this fault 22.02.2011 with a delay of 6 days

after the strong solar flare, similar to the response of seismicity to artificial electromagnetic

impacts [Zeigarnik et al., 2022].



The case study of New Zealand Christchurch earthquake Mw= 6 0,13.06. 2011

Seismic Hazard

Tectonic Settin,

An earthquake with
magnitude Mw=6.0
occurred 13.06.2011
with a delay of 6
days after the strong
seron— SOlar flare on June 7,
Y 2011 of M2.54 class,

@ 300-600

Plate Boundary Similar to the

—4— Subduction
= Transform

| = Christchurch EQ,
Mw=6.2, 22.02.2011

A\ Volcanoes
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KoHuenuua KpaTKOCPOUHOro NPOorHo3a semneTpAaceHnm Ha OCHOBe
TPUrrepHbiX BO34enCTBUM

MpeanorkeHa KoHUenuma nporHo3a 3eMNeTpACeHUN Ha OCHOBE TPUTTEPHbIX BO34ENCTBUM
Ha 30HY noarotoBKkK 3emnetpsceHns [Cobones IA. (2010), NHESS].
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BHeluHMe TpUrrepHble Bo3aeiicTBuUA

Strain

Mpepnaraetca NnpoBoAUTb PAabOTbI MO NPOrHO3Yy 3eMAETPACEHUN ceayiowmm obpasom:
a) onpepeneHne obbema HeycTonM4YmBom o0b1acTu (cUcTeMbl NOKANbHbBIX HEYCTOMUYUBbIX
obnactei paznnMyHoro macutaba);

6) MOHUTOPUHT PA3/IMYHbIX TPUITEPHbIX PAKTOPOB M OLLIEHKA BO3MOXHOM CTENEHU UX
BO34ENCTBUA Ha onpeaeneHHble HeyCTonYMBble 061acTu;

B) OLUEHKa BePOATHOCTM MeCTa, BPEMEHU U MAarHUTyAbl FOTOBALLLErOCA 3eMEeTPACEHUA.



Bo3MOXXHO€e UCnonb30BaHMeE NOJIYYEHHbIX Pe3y/1IbTaToB AN KOPPEKTHOro CTaTUCTUUECKOTOo
aHaNn3a BO3AENCTBUA COJIHEYHDbIX BCMbIWEK Ha CEUCMUYHOCTb 3emaun

Ha ocHOBe Nony4YeHHbIX YUCNEHHbIX PEe3yNbTaTOB, NOATBEPKAAEMbIX N0/IEBbIMU HAbAOAEHNAMMN,

No Halemy MHEHMUIO KOPPEKTHbIN CTaTUCTUYECKMI aHa/IN3 CO/THEYHO-3EMHbIX CBSA3EN A0/KeH

NPOBOAUTLCA cneaytowmm obpasom:

a) OnpepeneHue HeycToMuMBOM 06NaCTU (CEKUMM pa3/ioma 3eMHOW KOpbl), Fae OXKUaakTcs
CUIbHbIE 3eMNETPACEHMNA HA OCHOBE CYLLLECTBYHOLWMNX METOA0B Oonpeae/ieHna CEMCMUYECKU
OnacHbIX permoHos [Hanpumep, 3aBbanos, 2006; Sobolev, 2011; Dzeboev et al., 2021; Gorshkov
et al., 2003; Gorshkov and Soloviev, 2021; Ruzic, Levina, 2022];

b) Bbibop pa3/ioOMOB 3eMHOM KOpPbI B PErmoHax, onpeaesieHHbIX Ha ware (a), KoTopble ABNAOTCA
Hanbonee YyBCTBUTENbHbIMMU K SINEKTPOMArHUTHOMY BO3AENCTBUIO C TOYKU 3PEHUA UX
opueHTaumun, 6anN3KoN K HanpaBAEHUIO PACYETHOIO BEKTOPA NJIOTHOCTM TOKA, a TaKXKe Ux
3/1eKTPONPOBOAHOCTH;

c) Bblbop 13 perMoHanbHbIX CEMCMUYECKNX KAaTaNOroB TEX 3eM/IETPACEHUNIN, KOTOPbIE MPOU30LLN
Ha pa3fiomax, onpeaeneHHbIx Ha ware (b);

d) [anee KoppensuMoHHbIN aHaNN3 BPEMEHN BO3HUKHOBEHUA 3eMNETPACEHMA U BapnaLum
napameTpoB KOCMWUYECKOM NOroAabl ANs onpeaeneHma BpemeHu 3a4epKKM MHULUMUPOBAHUA
3eMNETPACEHUN N NOPOroBbIX 3HAYEHMM NAPAMETPOB KOCMMUYECKOU NOroAbl, KOTOpblie
obecneuynBatoT TpUrrepHbIN 3P PEKT B ovare 3eMmeTpsaCeHUs. 21



3aK/1l0ueHUue N HanpasaeHna byayuwmnx nccneaosaHmm

[Tony4yeHHble YNCNEHHbIE pPe3ybTaTbl AEMOHCTPUPYIOT TOT PAKT, YTO CO/IHEYHbIE BCMbILWKMK
MOTYT BbI3bIBaTb CU/IbHbIE MMMNY/IbCHbIE BapMaLMM NJIOTHOCTU TE/ITYPUYECKOTO TOKA B
CEMCMOreHHbIX MPOBOASALLMX PA3/IOMAX, CONOCTaBUMbIX C MJIOTHOCTbIO TOKA, FEHEePUPYEMOTO
B 3€MHOW KOpPe UCKYCCTBEHHbIMW MCTOYHUKAMMK , MPUBOAALLMX K UHULUMMUPOBAHUIO CNabbix
3eM/IeTPACEHNN U NPOCTPAHCTBEHHO-BPEMEHHOMY NepepacnpeaeneHmnto permoHasibHoun
CENCMUYHOCTM.

ChepoBaTenbHO, MHULMNPOBAHUE 3eMNIETPACEHNIN BO3MOMKHO HE TO/IbKO MCKYCCTBEHHbIMMU
NCTOYHUKAMM TOKA, HO TaKKe U MOHOCHEPHbIMU BO3MYLLLEHUAMM, 0OYC/TIOB/IEHHBIMM
CO/IHEYHbIMMW BCMNbILWKAaMM U NOCEAYIOWLMMMN rEOMarHUTHbIMM Bypsamu.

Co3aaHHaa pusnyeckana moaenb U KOMNbIOTEPHbIN KOA ANA pacyeTa TeENNYPUHECKUX TOKOB
obecneynBatoT BO3MOKHOCTb YNCJEHHOIO MOAENNPOBAHNA 3NEKTPOMArHUTHOro
BO34ENCTBUA PA3/IMYHbIX ABNEHNN KOCMUYECKOM NOroAabl Ha 3eMHYI0 Kopy, obecnevynBaroLmx
reHepauunto 3N1eKTPUYECKMX TOKOB B NPOBOAALLMX 0O beKTax iMTochepbl TMNA Pa3/IOMOB
3eMHOW KOpbl.

[MpeacTaBneHHble pe3yabTaTbl MOTYT ObITb MCMO/Ib30BaHbI Kak pnsmnyeckoe ob6ocHoBaHUE
HOBOIO NOAX0Aa K peLleHnto Npobaembl KPaTKOCPOYHOTO NPOrHO3a 3eM/IETPACEHUM HA
OCHOBE 3/IEKTPOMATHUTHbIX TPUTTEPHbIX 3P PEKTOB.



To take home

MHD generator:
Space weather phenomena like strong solar flares and 107 Afm?
geomagnetic storms can generate telluric current density in Solar flare:
the conductive layers similar to artificial power sources 10 A/m?

which provide earthquake triggering

Behavior of seismic activity after solar flare and
geomagnetic storm is similar to increase in a number of
local earthquakes after injection of DC pulses into the Earth
crust.
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Detailed and fine geoelectrical structures of the faults
where strong earthquakes are anticipated are required.

Before earthquake alert after strong perturbation of space Generation of geomagnetichlly induced currents in
weather we need to select the areas favorable for e A R e
electromagnetic earthquake triggering from point of view onaspheric current Ti(t) =11 T _
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