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A lot of scientific articles study correlation of seismic activity with variations of different
components of the Earth’s magnetic field. More often this is correlation with a single factor, such as
secular variations, Sqg-variations, Wolf’s numbers, Kp- and Ap- indices, as well as with the
frequency and origin times of geomagnetic storms, etc. However, a complete analysis requires
different Earth’s field components taken together. Only then, it will allow comparing planetary and
local field variations and calculating a ratio of the external (ionospheric) field Te to the induced
(lithospheric) variations 0Ti;.

The magnetic field Tt observed on the Earth’s surface is the superposition of several fields:
Tp= Tot+ T, +Tet+ 0T [1], where

1. Ty is the main field of Earth’s core produced by processes deep in the Earth’s interior;
2. T, is the main local field due to the magnetization of rocks and processes in the upper crust;

3.  Teis the field produced and modulated in the ionosphere by external sources from the Sun (S)
and the Moon (L), the solar wind and the interplanetary field (Tg), and geomagnetic
pulsations (P): Te =S+L+T+P;

4. 0T, are the variations induced by T. in the lithosphere, in the upper mantle, and in the ocean.

The total Earth’s field Tr is a sum of the global (Tg0,) and local (Ti,c) components, where
Tgiob= To+ 8Tgiob and Tioe= Ta+ 8Tioe. The component Ty, bears signature of planetary processes:
the long-term variation of the main field Ty, the solar and lunar variations, and the global
geomagnetic storms. Tjo is @ sum of the main local field T, and the field 6T}, which results from
local magnetic disturbances and induced variations in lithospheric conductors, including fault zones.

The two components 6T, and 6Tio. are inferred from data of remote and local stations,
respectively.

In this work, we analyzed the hourly means of H, D, Z components of the geomagnetic field
from fifteen magnetic stations (18.62°-55.47° N, 0.5°-144.19° E) and the total field T at the station
Ak-Suu (42.6° N, 74° E), for the observation period of 1980 through 2009. The data processing
included spectral analysis and calculation of the following components: secular variations To+T,,
Sq- and L- variations, and variations T+P of the geomagnetic storms and pulsations.

The spectral analysis of geomagnetic field has shown the solar periods of 6; 8; 12; 24 hours,
13.8; 27.8; 93; 128; 195; 350 days and 11 years; and the lunar periods of 6.103; 8.185; 12.421;
25.744 hours, and the period 29.53 days which is equal to the lunar month. The observed periods
agree better with the commonly known periods (annular, seasonal, daily, and the ~27-day period of
solar activity). The amplitudes and phases of the diurnal and semidiurnal variations of the total
magnetic field have an annular period. The amplitude maximum is at the solstices and the minimum
is at the equinoxes.

According to the high-resolution spectral analysis, the solar and lunar harmonics split as a
result of annular and ~27-day modulations associated with solar activity. The spectrum contains the
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sidebands S, and L, at the frequencies f,;+k/365.25 and R, at f,£k/27.5 (n=1,2, ...; f, is the main
frequency of the n-th harmonic in cpd, k=+1, £2, +3,...).

The Sq- and L- variations are commonly calculated with the Chapman-Miller harmonic
analysis. In this work, however, we applied three different methods (Chapman-Miller harmonic
analysis [2], Fourier filtering and inversion, and SSA) and compared the results. Each method has
its advantages and drawbacks. The Chapman-Miller analysis allows using data with time gaps, but
it is very sensitive to pulse noise and the error increases considerably as the time window decreases.
The two other methods are free from these problems but require long continuous time series. The
SSA method is more accurate than the Fourier one and allows working with individual (diurnal,
semidiurnal, etc.) components but it takes much time and computing resources.

After the secular trend Ty+T, Sq- and the L- variations has been removed, the residual
component Ty+P characterizes disturbance from storms and pulsations. The inter-hourly differences
[HVt (Inter-Hourly Value [3]) of the total field T and the H, D, Z components were calculated for
data from each magnetic station. The comparison of geomagnetic data and the patterns of calculated
[HV for different stations allows one to determine the origin time of geomagnetic storms, as well
as to find and separate the global and local storms. This analysis provides a more precise
characteristic of local geomagnetic disturbances than the use of the Kp- and Dst- indices.

The variations of geomagnetic magnetic field were correlated with seismic data from the
KNET-catalog of earthquakes for the Northern Tien Shan region (40.5°-44.5° N, 71.5°-78.5° E),
which includes 6475 seismic events within the period 1994-2009.

Various statistical and spectral analyses of the seismic activity time series have yielded long
and short periods of 12, 14, 18, 27.3, 120, 360 days and 8; 12; 14.5; 24 hours, respectively.

The reported study has revealed a number of common periods (8, 12, 24 hours, 13.8; ~27.8;
120; 360 days) in the geomagnetic field and seismic activity variations, possibly indicating a
correlation between the two.
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I'apmoHMYecKknii aHAJIN3 BapuanMid OJHOr0 BeKTOpa T reoMarHMTHOrO 1M0Jisl, ¥ CBAI3b
KOMIIOHEHT ¢ ceiicMnueckoii akTUBHOCTHIO CeBepHoro Taub-llans

E.B. BoposmoBsa, e-mail: vorontsova@gdirc.ru
Hayunas cranmus PAH, bumkek-49, Keipreizcran

Bonbmioe konmm4yecTBO Hay4YHBIX paboT, OMyOJMKOBAaHHBIX B TEPUOTUYECKUX H3TAHUSX,
MOCBAILIEHO MCCIIEJOBAHUSAM CBSI3U CEHCMUYECKOM AKTUBHOCTU 3€MJIA C BapHALMSIMU KOMIIOHEHT
MarHMTHOT'O TOJISl U COJTHEUHOM aKTUBHOCTBIO. [IpH 3TOM HccaeayoTes KOppesiii ceHCMUYecKon
aKTUBHOCTH 3€MJIM C BapHalUsIMH BEKOBOI'O TPEHJA MAarHUTHOIO IOJs, Sq-BapUalMel, ¢ YUCIaMU
Bomnbeda W, ¢ mHAEKcaMu TeOMarHUTHOW akTuBHOCTH Kp, Ap, ¢ KOJIMYECTBOM W MOMEHTAMHU
BO3HUKHOBEHUS TEOMArHUTHBIX Oyphb, W JpyruMu reodusuueckumMu ¢akropamu. Ho Tombko
HCCIIEIOBAaHUE BCEX BO3MOXKHBIX KOMIIOHEHT MAarHUTHOTO TIOJISI COBMECTHO IO3BOJISIET MPOBECTH
KOMIUIEKCHBIN aHAJIN3, BHIACTUTH (OLEHUTH) BKJIA] OOIIETNIaHETAPHBIX TEOMAarHUTHBIX MTPOLIECCOB U
JIOKQJIbHBIX OTKJIMKOB, T.€. PAacCUUTATh COOTHOIICHHWE BHEIIHETro Mojsi T. M MHAYLHPOBAHHBIX
Bapuanuii 5T; (MoHOCEepHOI 1 TUTOChHEPHBIX YacTeil HAOII0AAEeMOr0 MArHUTHOTO TOJIS).

Habmtonaemoe Ha moBEpXHOCTH 3eMild MarHuTHoe noisie Tt siBisercs Cyneprno3uiuen
HeckonbkuX moneit Tr— To+ T, +Te+ 8T; [1]:

1) rtnmaBHoro monsa Ty, cozmaBaemoro sapoM 3eMiM U MPOIECCAMHU, MPOTCKAIOMUMH B
IIIyOMHHBIX TOPHU30HTAX 3€MHOTO IIapa,

2) nokanbHOro nois T,, 00yCIOBIEHHOr0O HAMAarHMYEHHOCTHIO U MPOLECCAMH BEPXHUX YacTel
36MHOU KOpBI.

3) wmarHuTHOrO MOJs Te, BBI3BIBAEMOTO U MOJYJUPYEMOTO BIUSHUEM BHEUIHUX HUCTOYHHKOB:
Comnnua, JIynsl, notokoB conHeuHoro Betpa (Ty), u mynbcanuii: Te=S+LA+T+P,

4) mons BapualMii, UHIYLIHMPOBAHHBIX B 3€MHOH KOpe, BEpXHEH MaHTUM U B OKEAHMYECKOU
cpene — OT;, MPUYMHBI TeHEepallMi KOTOPBIX CBS3BIBAIOTCS C NCTOYHHKAMH, PACTIOJIOKEHHBIMU BHE
3€MHOI0 11apa.

[Tonnpiii BekTOp MarHuTHOrO Tosist Tt, HaOMIOIaeMbIii Ha 3€MHON MOBEPXHOCTH, SIBIISETCS
CyMMOH  rio0ambHOM  KOMIOHEHTBI  Tyop M JIOKQIbHOW ~ KOMHOHEHTBI  Tio,,  THE
Tgiob= To+ 0Tgiob » Tioc= Ta + 0Tioc. Talob HECET MHPOPMALHMIO 00 OOIICIUIAHETAPHBIX MPOLECCAX:
JONTONEPUOAHBIX BapUaIUsaX riaBHoro mois Ty, Bapuarusax S, L, u oOmieruianeTapHbIX MarHUTHBIX
BO3MYIIECHUSX. Tioc MPECTABIACT COOOM CyMMY JIOKaIbHOTO TOJS To, ¥ moJs 0T)o, CBA3AHHOTO C
JIOKaJAbHBIMM MAarHUTHBIMM BO3MYIICHUSIMU U JIOKQJbHBIM OTKJIMKOM B MPOBOISIIMX  CIIOSIX
nutochepel M B pasioMHBIX 30HaX. [ onpeneneHus 0Tgo, HEOOXOIUMO HCCIEIOBATH
MarHUuTOrpaMMbl C pa3IUYHBIX Teorpaduyeckd YyAaleHHBIX Ipyr OT Apyra craHuuid. [lns
onpezaeneHust 0Ty, cleayeT UCHOIb30BaTh MATHUTOTPAMMBI OJIU3KO PACTIONOKEHHBIX CTAHIUH.

B pabore wucmnomnb3oBanmuch cpeaHedacoBble 3HaueHuss kommoHeHT H, D, Z mna 15
MarHUTHBIX CTAHIIMH, PACIIOJIOKEHHBIX B ceBepHOM Toytnapuu (18.62°-55.47°N, 0.5°-144.19°E) u
3HA4YEHMs TOJHOTO BekTOopa MarHuTHOTO nosist T st cranuuu Ak-Cyy (42.6°N, 74°E) 3a nepuon
1980-2009 rosp!. J{ns UCmob3yeMbIX JaHHBIX ObUT MPOBEACH CIEKTPATBHBIM aHAIU3 M PaCCUUTAHbI
ClIeyIole KOMIOHEHThI: BekoBoi TpeHn To+T,, Sq- u L-Bapuauuu, ocratounas Ty+P Bapuanus
MarHUTHBIX OYpb U MyJIbCALIUH.

[Ipu crnekTpanbHOM aHajau3e TEOMArHUTHOTO TOJIA 3€MJIM, BBIACISIOTCS «COJIHEUHBIC»
nepuoael: 6; 8; 12; 24; vaca, 13.8; 27.8; 93; 128; 195; 350 nueit, 11 ner u «IyHHBIE» NEPUOMBI:
6.103; 8.185; 12.421; 25.744 vaca u nepuon 29.53 cyTok, paBHbIil [yHHOMY Mecsny. [lonyueHHble
MEPHUOIbI XOPOILIO COTIIACYIOTCS ¢ OOIEN3BECTHBIMU NEpUOAaMH (TOI0BbIE, CE30HHBIE, CYTOYHBIE U
27-1HEBHBIM KBa3UIEPUOIOM COJHEYHOW AKTUBHOCTH). AMIUIUTYABI U ()a3bl TAPMOHUK HUMEIOT
BBIPA)XEHHYIO TOJOBYIO IEPUOJUYHOCTh. B THH 3UMHEr0 CONHIIECTOSHMS aMIUIMTYJa HAUMEHbIIAs.

bonee neranpHbIN CIIEKTPAIBHBIN AHAJINU3 IIOJHOTO BEKTOPA T € BBICOKUM Pa3peIIeHUEM 110
YacTOTAM IIOKA3bIBAET pACIICIUIEHUE COJHEYHBIX S M JYyHHBIX L TapMOHHMK H3-32 T'OJIOBOM
MOYJISIIIAK U KBa3UMOyJISIIIUU TieproaoM ~27-28 nueid. Ha ciekTpe BUIHBI ceprr OOKOBBIX IMUKOB
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S, u L, ¢ mepuomamu f,+£k/365.25 u cepuu R, ¢ gacroramu f,+k/27.5, rie n - HOMEp KOMIIOHEHTHI,
f, - cOOTBeTCBYIOIIAs €if YacToTa B IIUKJIaX B JeHb (cpd).

JIns BBIOENEHHS CYTOYHBIX MAarHMTHBIX Bapuanmid Sg- ¥ L-Bapmanmii KiacCH4eCKUM
METOJIOM SIBIIsI€TCA TapMoHMYecKkuil aHanu3 Yenmena-Musuiepa. B nanHolt pabote mapamerTpsl Sq-
u L-Bapuanmsi ompenensiuch 3-Ms crnoco0aMu (YTO TO3BOJIMJIIO CPaBHUTH 3(PHEKTHBHOCTH
WCIONIb30BaHUsl JaHHBIX METOJOB): MeTofoM YemMmeHa-Mwuiuiepa (rapMOHUYECKHM aHamu3) [2],
¢dbunbpTparueit u BoccTaHoBIIeHUEM 110 Dyphe-crieKTpy, MeTo1oM SSA-ananu3a.

Kaxnp1ii U3 mepednclieHHbIX METOJ0B MMEET CBOM JOCTOMHCTBA M HENOCTATKU. Meton
Yenmena-Mumiepa mo3BossieT padoTaTh ¢ BPEMEHHBIMU PSIIAMU JTAXKe TPU OTCYTCTBUH HEKOTOPBIX
3HauUeHUH («pa3opBaHHBIC pAnbD). OQHAKO, STOT METOJ Hauboliee YyBCTBUTENEH K BBIOpOCaM H
HMMITYJIbCHBIM TIOME€XaM, U TIPH YMEHBIICHUU JUTHHBI BPEMEHHOTO OKHA 3HAYMUTEILHO BO3PAcTaeT
omnOKa BBIYMCICHUN. BTOpoit W TpeTuil MeTonbl JHILIEHBI MEPEeYUCIEHHBIX HEIOCTATKOB, HO
TpeOyIOT JUIMHHBIX HEMPEPBIBHBIX PsiioB. MeTon SSA-aHanu3a B CpaBHEHUHM C BOCCTAHOBJICHHEM
no @Dypwe-ciekTpy Oojiee TOUYEH U TMO3BOJSET pPadOTaTh C OTIACIbHBIMH KOMIIOHEHTAMHU
(CYyTOUHBIMH, IOJYCYTOUHBIMHU U T.JI.), HO TpeOyeT OONBIINX BPEMEHHBIX U alllapaTHbIX PECYPCOB.

ITocne ymanenus Bexosoro tpenaa Tot+T, u Sg- m L-Bapmanmii, octaToyHass KOMIIOHEHTa
TytP xapaxkrtepuszyeT BapualMi0 MarHMTHbIX Oypb M myJibcanuil. o kaxngoW craHuuu
BbIUKCIsIach MexkuacoBas pasHuna IHVr (Inter-Hourly Value [3]) 3nauenunii nonHoro Bektopa T,
JUISL CTaHIIMM C JaHHBIMH IS TPEX KOMIIOHEHT Tak)Ke€ BBIYMCIUIACH MEKYacoBasi pa3HHUIlA
sHauenui H, D, Z. CpaBHeHHE TI€OMarHMTHBIX JAHHBIX W PACHPEICIICHUN IOJy4YEHHBIX
MEXKYaCOBBIX Pa3HUIl 71 OOJBIIOTO YHCJIa CTaHIUK TO3BOJISIET OMNPENETUTh BpEeMs Hauaja
MarHuTHBIX OYph M BBIICIUTH TNI00ANbHBIC U JOKanbHbe Oypu. Takol aHamus mo3BoiseT Oonee
TOYHO XapaKTepU30BaTh JIOKAJBHYIO TE€OMarHUTHYIO BO3MYIIEHHOCTh II0 CPaBHEHHIO C
nucnosibzoBanueM Kp- u Dst-uHaekcos.

Jlnst aHanM3a BO3MOXKHOTO BIUSHUS TEOMAarHUTHOTO TMOJS 3€MJIM HAa CEUCMHYECKYIO
aKTUBHOCTH MCIONB30Bajics karajor 3emuerpscenuid cetu KNET, Brirovaromuii 6475 coObiThii 3a
1994-2009 rr. B paGoTte mpoBeACHbI pa3iIUYHbIC CTATUCTUYECKHE U CIEKTPaJbHBIC aHAJIH3bI
Karajora ceiicMMueckoil akTUBHOCTH. JlJii BHIOpAHHOTO pervuoHa ObUIM BBIJECNIEHBI XapaKTepHBIC
nepuosbl ceiicMuyeckod aktuBHOCTU. JnmuuHble mepuoast 12, 14, 18, 27.3, 120, 360 cytok u
KopoTkue niepuonst 8; 12; 14.5; 24 gacos.

B pesynbrare paboThl moka3aHo Hanuuue oommx nepuoaos 8§, 12, 24 gaca, 13.8; ~27.8; 120;
360 cyTok i BapualMii TE€OMAarHUTHOTO TMOJsA 3€MJIM M CEHCMHYECKOW AaKTUBHOCTH, 4YTO
YKa3bIBaeT Ha B3aUMOCBSI3b 3TUX MPOLECCOB.
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