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Pabora nampaBjieHa Ha CO3MaHUE TEOPETUIECKUX CPEJCTB U MPOIPAMMHBIX CHCTEM II0 H3Y-
YEHUIO BapUallWii MATHUTHOTO TOJIsI 3eMJIU, aHAIN3y WX TPOCTPAHCTBEHHO-BPEMEHHON CTPYK-
TYPBI, BBLJEJCHUIO U OIIeHKe BO3MYIIeHui 1mosis. CJIoKHBIH HecTallMOHAPHBIH XapaKTep u3y4a-
eMOT0 IIPOIecca M HAJIUIHe B JAHHBIX PA3HOMACIITAOHBIX JIOKAJBHBIX 0COOEHHOCTEH, HeCYIIuX
BAXKHYIO MH(MOPMAIUIO O COCTOSTHHH IOJISA, IeIa0T Hed(MOMEeKTUBHLIM ITPUMEHEHe TPaIHIIHOH-
HBIX METOJO0B MOJIEJUPOBAHUS U aHAJIN3a. ABTOPAME MPEIIOKEHA MHO20KOMNOHEHMHASL MO-
deat 2e0Ma2HUMHOZ0 CU2HAAG, OCHOBAHHAS HA BeHBJETAaX W MO3BOJISIONAS OMUCATH ‘CIIOKOI-
HBII” X0/l Bapualluu 10Jid U pa3sHoOMacIITabHble JIOKAJIbHbIe 0COOEHHOCTH, (DOPMUpPYIONIHECcs B
HePHUOJLI HOBBIIIEHHO! T€OMAarHUTHOR aKTHBHOCTH. Ha OCHOBe IpeyioxKeHHOH MOJIe n paspa-
GoTaH cnocob ewdesenus TapaKmeprozo 00a apuayul NoAL U A0KAALHOEL 6oamywerud [1,2].
Crioco0 1mM03BOJISIET BBIAEISTH BO3MYIIEHHS, MPOIOPINOHAIbHBIE CYMMAPHONH MOIITHOCTH MAar-
HUTHOTO BO3MYIIEHUsI HA JAHHOW MArHUTHON CTaHnuw, 0OECTeIMBAET TOJIYyUEHUE IeTaIbHOI
nHGOPMAIIK O CTPYKTYpe (hJIyKTyanuii 1 MOKeT OBITH PeaJU30BaH B aBTOMATHIECKOM PerK-
Me, OJIM3KOM K peaJibHOMY BpemeHu. Ha ocHoBe JaHHOTO cmocoba CO3MaHbI a8mMOMAGMUMECKas
NPOZPAMMHAA CUCTEMA N0 SbluucieHuto K-undekca u npozpammmuvie MoO0yst 1O 8BLOEAEHUIO U
oueHKe UHMEHCUBHOCTNUY 803MYUweHUl Noad. DPHEKTUBHOCTD Pa3pabOTaHHBIX CPEJICTB JI0Ka-
3aHA CTATHCTHYECKH (MCIOab30Bainch naxubie cranmuil “Tlaparynka” (Kamuarckuii kpaii) u
“Aryrck” (. drycTK)).

OcHOBHAadg 4acCTh

B paborax [1,2| mpenmoxkeno npedcmasienue 2e0Ma2HUMHO20 CUZHAAG B BUJE:

Ft) = Frap(t) Y G (1) + (2), (1)

JBo3m

1€ fxap(t) — XapakrepHasi COCTABJAIONIAs] CUIHAJA, ONUCHIBAIONIAN PErYJSPHYIO YaCTh LIOJIs;
Y Gjuose (t) - BOBMYyIIEHHAS COCTAB/SAIONIAS, ONUCHIBAIOIIAS JIOKAIbHBIE OcobeHHOCTH, (Op-

JBO3M

MUDYIOIIIECs] B MEPUOBI MOBLINEHHON T€OMArHUTHON aKTUBHOCTH; €(1)- IIyM, BKIIOUAIOMIHIL
apeitdonbie 1rymbl u jap. [locie orobparkenusi B BefiBJI€T-IIPOCTPAHCTBO HA OCHOBE KOHCTPYK-
[UU BEHBJIET-TTAKETOB CUZHAA MOMHCEM Obimb npedcmasnen 6 sude CYmMmbl PA3HOMACUMAOHBLT
KOMNOHEHITL:

Ft) = Fap) + Y G O F€(t) =D inpin®)+ > Y dinVin(®)+> D djnVa(t) (2)
Jsosm n je€J n JQJ n
7€ frap(t) = D €¢jnpjn(t) - zapaxmepraa cocraprsgomas curaamia, g, .. (1) = > d; . .V, (1),
- B03MYUEHHbIE COCTABIISIONINE (371eCh 1 Jajtee j € | 0003HAUEHBI KAK jposy ), €(1) = > > d;j V(1)
JjgJ n

299



- mym, Wy = {W;,} _,— BeiiBiaer-6asuc, ©; = {Qjn},cy 0A3UC, NOPOKJICHHBIN CKIAIMHI-
dbynxmmeit, koaddunuents ¢;, u d;, OIPeaeJAIOTCA COOTBETCTBEHHO U3 COOTHOIIEHHUI ¢, =
(f,@jmn)s djm = (f, V;n), J- HAOOD MacmITabOB, j- Macmrrad.

s naenTudukammm xapakTepHOil cocTapstiomieii Mosesn (2) BBITIOJHIM CJIeTY Ol aJi-
TOPUTM:

1. memM reoMarHMTHBIN curHaJa [ Ha cerMeHTHI JJIHHON T, paBHbIE OJHUM CYyTKaM:

{F N = (4 @Y AF @)Y s oA )} )

2. Ha OCHOBE KOHCTPYKIIUHU BEeHBJIET-IIAKETOB BBIIIOIHAEM 0TOOparkeHue Sq-KpUBOil B JIaHHBIX

KazKJIOro cermenrTa Ha macmradol j = —1,—M | e M - MakcUMaJbHBIH MaciiTad,
onpeneasembiii amunoit cermenta 1T M < log, T. Tlosy4aem KOMIOHEHTHI SQ-KPUBOH 1

JIAHHBIX KazKJIOrO0 CETMEHTA B BHUJIE: ffq(t) =3 ciflqﬁ;nt), fi(t) = Zcé»’ngzﬁ;nt), I- HOMED
n n

CEeIrMEeHTa;

. " s
3. g KaXKJ0ro MacITaba j BBIIOTHAEM BeiBJIeT-BOCCTAHOBJIEHHE KOMIIOHEHT le u f; 7 1o

HCXOMHOTO Mactitaba j = jo, TMOJydYaeM COCTABJISIIONINE BHIA féj)’l(t) = Zcé{%’lgoo,n(t),
n

i),S
féj) q

, , , T . N
t)y=> c((){zl’sqcpo,n(t) u onennBaeM norpermsocrs U0 UOM = 1 21 c((){r);l — cé]ﬂ)l’sq ;
n n=

4. BHIOHpAEM yPOBEHD BEHB/ICT-PA3IOKEHNSA J*, 00CCIeTnBAIONITIT HaUMeHbITHiT puck: 707) =
min max U
j

5. HOJIydaeM XapaKTePHYIO COCTABJISIONLYI0 FEOMArHUTHOIO CHI'HAIA, IMEIONTy 0 BUL: fj.(t) =

Z Cj*,nqu*,n(t)'

[Iponeypy upeHTHMUKAIMT BO3SMYIIEHHBIX KOMIOHEHT MOJETH (2) MOCTPOUM CJIe/Ty FOIUM
obpasoM: B KadecTBe Mepvl Ma2HUMMOT GO3MYUEHHOCTNU KOMNOHEHMbL HA MAcCIITabe j ompee-
JIIM MaKCUMYM aMILTATYI BeiiBIeT-K03hMpUIHeHToB KOMHOHeHTbIIAj: max (|djnl), toe j- mac-

mrab, n - OTCYETHl CUTHAJIA.
JLs1 BBIT€/TEHUSI BOBMYTIIEHHBIX KOMIIOHEHT JIePeBa BEHB/IET-TAKETOB TPUMEHUM CJIe/T1Y 0TI
KpUTEpUi:

jed, m(AY) >m(A}) +e (3)

r7e m — BeIOOPOYHOE cpejiHee, v — HHAEKC BO3MYIIEHHON Bapualuu moJjs, k — HHJIEKC CIIo-

KOWHO# Bapuanuy MoJsd, € — HEKOTOPOe MOJOXKUTeabHOe dnucao. Ilpeanonaras, 9To BeTUuInHA
2,k

Aé? IMeeT HOpMaJbHOe paclpeeeHie ¢ HeKOTOPLIM cpegauMu p¥ u mucmepcueit o*F, & Mox-
A 2.k l—a
HO OIEHHUTh KaK € = Ti—a V05", INIe T1-o KBAHTU/Ib YPOBHSA -5~ CTaHIAPTHOIO HOPMAJIBLHOTO
2 2

pacipeeaeHus.

Macurrabbl jyosy, BBIJIEJEHHBIE HA OCHOBE YCJIOBHs (3), ONPENeNsIioT BO3MYIIEHHbIE KOM-
IOHEHTHI ¢, ... MOJETH U XapaKTepu3yIoT BO3MYIIEHHOCTb MAarHUTHOTO HOJIdA. BBHIIONHUB A/
Ha0OPa UHJIEKCOB Jposy BOCCTAHOBJIEHUE KOMIIOHEHTHI CUIHAJIA (rosy(t) /10 MCXOJMHOIO pa3pelie-
HUSL Jposy = J0, MBI TIOJIYIUM 803MYULEHHYIO COCTMABAAIOULYN UCTOOH020 CULHANG.

Mzt onenkn kKo5PuuenTos {dj,,...nt .. mens {Disomin’ (joosm)e.s, FOSMYIIEHHBIX KOM-
MOHEHT MOJEJIN PACCMOTPUM COBOKYTTHOCTH TPEX BO3MOYKHBIX COCTOAHWI T€OMaTrHUTHOTO MO-
Jid: cocTosinue hg — 1oJie CIoKoitHoe; coctosinue hy — 1moJie ¢J1ab0BO3MYIIEHHOE; cOCTOsIHIEe ho —
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11oJie BO3MyIeHHOe. B cooTBeTCTBII ¢ PACCMOTPEHHBIME COCTOSIHUSIME U3 COOTHOIICHHS (2) 10~

ﬂqu/IM Moﬂeﬂb BHsza: f(t) = fxap(t) + Z ij03M>n\ij03M7n(t> _'_ Z dj303M7n\Ilj303M;n<t) +
(jBO3Man)€J1 (.jBO3M7n)€J2

e(t), rie KOMIOHEHTA Gros 1 (1) = D djyoninVinosun () ONUCHIBAEM CAGOBIE 2E0MALHUMMBLE
(jB03M7n)eJ1
B03MYULEHUA, KOMIIOHEHTA Jposy2(t) = Y. djyornnVjsemen(t) ONUCHIBAEM CUALHOIE 2€0MaR-
(jBOSM:n)G'JQ

=(f,¥; ), J1, Jo- HABOPBI HHIEKCOB.

Jsozm,M

HumMHbe 603MyuLeHusA, Kodpdunuentsl d;, .

B kauecTBe MeEPbL MA2HUMHOT 603MYWEHHOCMU KOIDDUIIMEHTA JJOTUIHO OTPEIETUTH €ro
amnymryny. Torna onenka mapamMerpos {dj,,..n} oo myess {Djuosim } (joonemyes, MOKET OBITD Bbi-
[OJIHeHA Ha OCHOBE IPUMEHEHHsI TOPOroBBIX GyHKIuA ] u Fh:

FO) = Fap® + D Fil i) Vinonen )+ Y Fo(jyin) Vi () + €(F)

JBosn,M JBoan,M

0,ecaum|z| < T}, .. 2
x, ecnu || > T

0,ecau |z| < T}, . qumm|z| > T

B03M72 —_
v, ecnn Ty 1 < o] < T Falz)=

Py (z) =

BO3M 72 BO3M 72

B cBoio ouepenp noporu 7
MENBUUL NOMEDPD.

HpI/IBe,ZLeHHbIe TeopeTudeCKue CpeJCTBa peaJin30BaHbl B aBTOMATHUYE€CKUX ITPOrPpaMMHBIX CH-
cTeMaXx IO paC4deTy K—I/IH,HGKC& 1 BBIACJICHUIO U OIECHKE MHTCHCHUBHOCTH BOSMyH_[eHI/HU/I reoMar-
HUTHOTO TIOJIs.

u 15 . o MOryT OBITH OIpeJiesIeHbl Ha OCHOBE KPUMEPUsA Hal-

B03M71

PGBy.TIbTa,TbI IKCIIEPpMMEHTOB

Ha ocHOBe €O3MaHHBIX MPOTPAMMHBIX CPEICTB BBHIIOJHEHa 00pPabOTKA TeOMAarHUTHBIX JAHHBIX
cranmuit “Tlaparynka” n “Axyrck”, onpejesnen “cnokKOfHbIN X0/ BapuaIuil MOJA 3a KayKJIbIil
AHAJIU3UPYEMBII MECHIl U BBIIIOJTHEHA OIEHKa CTEIeHH BO3MYIIeHHOCTH 1o, [Ipomempypa omnpe-
JieJIeHusT “CIIOKOMHOr0” CyTOYHOIO X0Ja OblIa OCHOBaHA HA BBIICJCHUH TAPAKMEPHHLT COCMAG-
ASOUWUT BAPUAUUL NOAA U OIEHKE cmenenu ux eosamyuiennocmu. Jlamee, mo caMbiM “crio-
KOWHBIM® BapHAIUsIM 33 TEKYIIHil MeCsIl BBIUHCIAIACh CPEeHsIss KpuBasg — Sq-Kpusas. [l
ompejiesieHusT “CIIOKOWHOrO” X0J/1a TaKyKe MCII0JIh30BaJICS JAPYroil crocod: 1Mo TMOJYUYEeHHBIM Ta-
PAKMEPHBIM. COCTNABAANULUM “CIIOKOWHBIX” BapHAIUN 1OJIA 3a TEKYIIHA Mecsdll BHIYHC/ISIACD
cpennss kKpubad. Ha puc.l. npejcraBieHbl pe3yJbTaThl BbIJIEJICHHS “CIOKOHHOIO” CYTOYHOrO
XOJa JIBYMSI ONMMCAHHBIME ciiocobaMu. /I olleHKH KadecTBa pabOTHI MPOIPAMMHOM CHCTEMBI,
HOJIYI€HHBIE PEe3YJIbTAaThl CPABHUBAJIUCH C JAHHBIME Py4dHO#l 00paborku. Cambie “criokoiiHbie”
BapHAINHN JUIA PYYHO 06paboTKu ObLIN MOy YeHbl 13 HHGOPMAIHOHHOTO pecypcea ftp: / /ftp.gfz-
potsdam.de/pub/home/obs/kp-ap/quietdst/. Auanus puc.l. moarBepxaaer 3bdEKTUBHOCTD
npeiJIaraeMbIX CPeJICTB M BO3MOXKHOCTD UX HCIIOJIL30BAHUS JIJI PEIICHUA 3a/Ia9d BHIUHCICHUS
K-unmekca B aBTOMaTHIECKOM pPerKUME.

Pesynbrarsl evdesenud u 0Uuenky UnmMeHCuUSHOCU 803MYyuLeHuti noss TPEJCTaBJICHbl Ha
puc.2. /s Beie/ieHrsT BO3MYIIEHU OBLIH UAeHTUMDUIITPOBAHBI G03MYULEHHDIE COCMABAAIOULUE
BapHAIMH U ONpe/ieseHbl HX KOAbDMUIMEHTh JJist HCXoaHoro Mactmraba j = jo (puc.2.8). Ouenka
UHMEHCUBHOCTIU 803MYyULeHUL B MOMEHT BpeMeHH ¢ = n OCHOBaHA Ha OMPe/IeIeHNN BeJTNINHBL:
I =" |djn|. Azamus puc. 2 MOKa3pIBAET, YTO B HEPUO/BI IIOBBIIIEHNS T€OMATHUTHOM aKTHBHO-

jeJ
CTH fa BBIJICIEHHBIX BO3MYIIEHHBIX COCTABJIAIONINX HAOTIOAAETCA YBeJTHIeHne aMILTATYI KO-
bHIMEHTOB, 9TO M03BOJsIeT (PHUKCUPOBATH JAHHBIE MOMEHTHI BDEMEHH | [OJIy YaTh KOJIUICCTBEH-
HbIe XaPAKTEePUCTUKN CTEIIEHN BO3MYIIEHHOCTH MArHUTHOTO 10Jisd. COmocTaBIeHne pe3y/IbTaTon
OIIEHKW MHTEHCHBHOCTH Bo3MyIieHuit cranmuit “Ilaparynka” n “fkyTck” mokaspiBaeT HaJIndIne
o0Iero xapakTepa mpoiecca. Bmecte ¢ TeM HHTEHCUBHOCTH BO3MYIIEHUI Ha cranmuu “AKyTcK”
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H, nTa

1500

a) B) 1) )
21365 14460 : 14400 21300
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Puc. 1. Pesyabrars! BbIeeHNs “CIIOKORHOTO” CYyTOIHONO X0/a: a) 1) Sq-Kpusbie o6c. “TlaparyH-
Ka"; 6) €) CHOKONHBIN X0/ MOJIy4eH Ha OCHOBe XapaKTepHbIX cocTapistomunx ooc. “Tlaparynka’;
B) ) Sq-KpuBble 00¢. “SIKyTCK”; T') 3) CHOKOHBINA XOJ TOJYYeH HA OCHOBE XapaKTEPHBIX CO-

craBasomux ooc. “Axyrck”. Cepoii iuHei Moka3aHa KpUBasi, IOCTPOEHHAS PYIHBIM CIIOCOHOOM

H, 1Tn

a)
14 550 T T T T T T T T
14 430 :
14 250 i i i I 1 i i i
0 1440 2880 4320 5760 7200 8640 1008011 52012 960

B)
50 ; .
0 oot - bt
50 i
0 1440 2880 4320 5760 7)200 8640 10080 11520 12960
T
10000 !
5000} ~
W N b,

0 ek L.
0 1440 2880 4320

5760 7200 8640 10080 11520 12960

Puc. 2. Pesyiabrarsl 06paboTku JgaHHbIX 3a nepuof ¢ 25.02.2011 no 06.03.2011: a) - Bapuanus
MArHUTHO T10Jist 00¢. “ITaparynka”; 6) - Bapualus reOMarHuTHOTO moJist 06c¢. “AKyTcK”; B) BbIIE-
JIECHHbIE BO3MYIIIEHHbIE COCTABJIAIOIINEC BapI/IaHI/Iﬁ 1HOJIA ] I‘) Oll€HKa HHTCHCUBHOCTD BOSMyHJ;eHI/IIU/I.
Yepuag aunug - ooc. “Ilaparynka’, cepast qunus - ooc. “Axyrck”
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3HAYUTEJILHO MPEBbIIACT MHTEHCUBHOCTH BO3MyIleHuil Ha crannun “Tlaparynka”, 1ro o0bsic-
HSIETCSI PACIIOJIOKEHNEM JTAHHBIX CTAHIHI. AHAIN3 CTATHCTUKH TaK:Ke IMOKA3aJ1, YTO HaKaHyHe
CUJIBHBIX MAarHUTHBIX OyPh MOXKeT HAOJIIOAAThCS JIOKAJIbHOE c1aboe yBe ndeHrne NHTeHCUBHOCTH
BO3MYIIEHUH [0J1s1 (OTMEYeHO Ha PHC.2 HYHKTUPOM), BO3HUKAIOIIEe B CPETHEM 3a 2,5 CYTOK JI0
MOMeHTa Oy pH.

BriBoabl

[IpeyiozKeHHBIM CROCOO0M BBLOEAEHUS TAPAKMEPHO020 T00G GAPUAUUY NOAA U AOKAALHOLL 603~
Myulerul BHITIOJIHEHa 00paboTKa W aHAJJU3 MeOMAarHUTHBIX JIaHHBIX cranmmit “Tlaparynka” un
“Aryrck”. Onpeaeer “CHOKOWHBIN CYTOYHBIN X0/ BapUaIldil MO W BBIIEIEHBI BO3MYIIEHUS,
dopmupyomecs B JaHHBIX B TEPUOIbI TOBBIIIIEHNs] TEOMArHUTHON aKTHBHOCTH, MOJIYUEHbI HX
KOJIMIECTBEHHBIE XapaKTePUCTUKU. CTATHCTUIECKH JT0Ka3aHa DPEKTUBHOCTD MPe/IaraeMblX
CPEJICTB U BO3MOYKHOCTH UX HCIOJIb30BaHUM JIjIs PelleHus 3aJad Bbluuc/jenus K-uHjekca u
OIIEPATUBHON OIEHKW WHTEHCHBHOCTU BO3MYIIEHUI reOMAarHUTHOTO ojd. Pabora nomjiepkana
rpaatom PODOU — JIBO PAH Ne11-07-98514-p BocTOK _a, mHTErpanuoHubiM mpoektom CO
PAH N 106 u rpanTom denepanbroit nporpammbl “Y.M.H.M.K”, T'ockorTpaxTt or 19 ampens
2011r.
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Model and algorithms for geomagnetic data analysis in the tasks of
detection of geomagnetic disturbances and calculation of geomagnetic
activity index

Mandrikova O.V.%2, Solovyev 1.5.*

U Institute of Cosmophysical Researches and Radio Wave Propagation FEB RAS, Russia
2 Kamchatka State Technical University, Russia

This work is dedicated to the problem of processing and analysis of the Earth magnetic
field variations, detection of quiet daily variations and local peculiarities formed during high
geomagnetic activity. The non-stationary character of the process and the presence of different-
scale local peculiarities of different form and duration, make the traditional methods for data
modeling and analysis not effective and do not allow to:

- identify short-period fluctuations in the data during high geomagnetic activity;

- detect "quiet"(characteristic) changes of field variation and to estimate its change during
storms;

- develop an automatic algorithm to calculate Sq-curve and K-index by J. Bartels method.

The paper presents a complex multi-component model of geomagnetic signal (on the example
of H component), based on wavelets, and allowing us to describe "quiet"changes of field variation
and the different-scale local peculierities, formed before and during magnetic storms. Also, a
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method of detection of a characteristic component of the model and short-period fluctuations
is proposed in the paper. The algorithms and software based on this method allow us to
automatically detect the diurnal variation, to plot Sq-curve and K-index and to identify the
peculiarities occurring during the increase of geomagnetic activity. Efficiency of the developed
tools is proved statistically ("Paratunka'station (Kamchatka) data, for the period 2002-2008).
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