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AJITOPUTM PACUYETA HHAEKCOB TEOMATHUTHOM AKTUBHOCTH
ALGORITHM OF MAGNETIC ACTIVITY INDICES CALCULATION
9.M.Imutpues, B.A.®ununmnos
I'eodusnueckas obcepraropus «bopox» UD3 PAH, eldar@borok.yar.ru

In the report the algorithm to automate calculation of magnetic activity indices in real-time
mode, reproducing the J. Bartels’s procedure to calculate K-indices, is considered. The generally used
magnetic activity K-index, introduced by J. Bartels in 1938, is a measure of maximum deviations during
consecutive three-hour intervals of geomagnetic field values from a quiet daily Sg-variation - the average
smoothed curve, made by the several magnetograms of quiet field with clearly defined day variations
(usually five magnetograms per a month are used).

Now many observatories use different methods to reveal the quiet daily Sg-variation, based on
mathematical processing of magnetic field variations within every day, such as FMI-method. The
advantage of these methods is their immediacy, however, those geomagnetic activity indices, generally
speaking, differ from Bartels’s K-indices.

This work presents the algorithm to calculate magnetic activity indices, based on Bartels’s
method, but using automatic calculation of a quiet daily Sg-variation. The list of quiet geomagnetic field
days is formed by have already been calculated indices. Thus, the introduced algorithm provides both
tracing of Sg-variation change and calculation of magnetic activity indices in real-time mode.

The calculations of magnetic activity indices according to data obtained in Borok Geophysical
Observatory [58°04°N, 38°14°E] for different time intervals are resulted. It is shown that values of
counted indices adequately characterize geomagnetic field perturbations and agree with the values of
Kp-indices.

Brenenmne

B nmoxmame paccMOTpeH anrOpUTM, MO3BOJISIONINM ITOJHOCTHIO aBTOMAaTHU3UPOBATH pPacyeT
WH/IEKCOB T€OMAarHWTHON akTHUBHOCTH B PEXHME PEaNbHOTO BPEMEHH, W BOCIPOM3BOISAIIMN MPU 3TOM
HepBOHAYATIbHYI0 METOMUKY pacuera K-unnekcos [Ix. baprensca [1]. HaubGonee ynorpedburenbubiii K-
WHJIEKC TEOMarHWTHOW aKTHBHOCTH, BBeA¢HHBIN JIk. baprenscom B 1938r, cmyxur wepoi
MaKCAMAIbHBIX OTKJIOHEHWH Ha  TIIOCIIEJOBATEIbHBIX  TPEXYaCOBBIX TMPOMEXYTKaxX 3HAYCHUH
T€OMAarHUTHOTO TOJISI OT CIIOKOMHOM COTHEUHO-CYTOUHOM Sq-Bapualuy — CPeIHEH KPUBOM, MTOCTPOSHHOMA
M0 HECKOJPKMM MarHUTOTpaMMaM CIIOKOWHOTO TOJISI ¢ Y€TKO BBIPQKEHHBIMH JTHEBHBIMH BapHaIlUSIMU
(0OBIYHO UCTIOTH30BATUCH MSITH MATHUTOTPAMM B MECSIT).

B HacTosiee BpeMsi HA MHOTHX 00CEPBATOPUSIX MPUMEHSIOTCS Pa3IMYHbIE METObl BBISBICHHS
CIIOKOWHO-CYTOYHOM S(-Bapuallui, OCHOBaHHBIC HA MaTeMaTUYECKOW 00padOTKe BapHalliii MArHUTHOI'O
MOJISL B TEYEHUE KaxAoro JHs, B yacTHOCTH FMI-mMeton [2]. [JOCTOMHCTBOM 3THX METOJIOB SIBISIETCS MX
OTEepPaTUBHOCTb, OJJHAKO, TAKUE WHAEKCHl FT€OMarHUTHONW aKTHBHOCTH, BOOOIIE TOBOPsI, OTIH4YatoTcs ot K-
uHJeKcoB baprenbca. AJbTEpHATHBON WX NMPUMEHEHHUIO SBISIETCS pa3paboTKa MeTOJ0B, dPQPEKTHBHO
WCTIONB3YIOINUX HH()OPMAIMOHHBIE TEXHOJIOTHH, HO, B TO YK€ BPEeMsl, BOCIIPOU3BOISAIINX OPUTHHAIEHYIO
Metoquky beprenbca [3]. B nmanHON pabore mpencTaBleH anrOpPUTM BBIYUCIEHUS HWHIEKCOB
T€OMarHUTHOW AaKTHUBHOCTH OCHOBaHHBIH Ha Meroje baprenbca ¢ aBTOMaTHMYECKUM BBIYHCICHHUEM
CIIOKOWHO-CYTOYHOH Sq-BapHaluu.

Onucanue aaropurMa

B xauyecTBe BXOAHBIX JaHHBIX Ul pacdyeTa MHJEKCOB T€OMarHUTHON aKTUBHOCTH HCTIONb3YIOTCS
CyTOYHBIE (aiiiIbl pe3yabTaTOB U3MEPEHUI TPeX KOMIIOHEHT F€OMarHUTHOTO NOJIst. Pe3ynbTaThl pacyeTos
BBIBOAATCS B MECSIYHBIA (paiin MHAEKCOB I'€OMAarHUTHOM AKTHUBHOCTH. JIJIi BBIYMCIICHHS CIIOKOWHO-
CYTOYHOM Sq-BapHaliy BEIOUPAIOTCS JIHU C HAUMEHBIIICH T€OMarHuTHON BO3MYIIIEHHOCTRIO. [1pu 3TOM B
KayecTBe Mephl BO3MYIIEHHOCTH T'€OMarHUTHOTO TIOJS UCHOJb3yeTCs MaKCHUMajbHOE 3a CYTKH
OTKJIOHEHHE TOPU30HTAIBHON KOMIIOHEHTBI T€OMAarHUTHOTO TOJIS OT CIOKOWHO-CYTOYHOM KpuBOW. Panee
paccuMTaHHbIE 3HAYEHUS 3THX MaKCUMAJbHBIX OTKJIOHEHMH 3a KaKAble CYTKH XpaHsATcs B (aiine
TEOMarHUTHBIX BO3MYIIEHUH. AJTOPUTM pacdeTra WHAEKCOB N'€OMarHUTHON aKTHBHOCTH IJISI TEKYLIHX
CYTOK BBITJISITUT CIEAYIOMINM 00pa3oM.

1. [IpounTate ¢aiin reomarHUTHBIX Bo3MymleHud. M3 30 ngHel, mpeAmecTBOBABIIMX TEKYLIMM
CyTKaM BBIOpaTh 5 HaumOomee CIIOKOWHBIX JHEW, JJIi KOTOPHIX 3HAYEHHsI CYTOYHBIE TI'€OMAarHHTHBIX
BO3MYIIIEHIUH MUHUMAIIbHBI.

2. [IpounTath pe3ynabTaThl U3MEPEHUH 3a KAXIBIH U3 5 Hanbonee CIIOKOWHBIX IHEH. Beramciauthb
CHOKOMHO-CYTOUHYIO SO-BapHalMi0 KaK 3HAYCHHE TOPU30HTAILHONW KOMIIOHEHTH T€OMAarHUTHOTO I0JIS,
YCPEIHEHHOE TI0 OTUM 5 HanboJiee CIIOKOWHBIM JTHSIM.
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3. IIpounTaTh pe3ynbTaThl U3MEPEHUN 3a TEKYIIUM NeHb. HalTh pa3HOCTH MEXIY MaKCUMyMOM M
MUHUMYMOM OTKJIOHEHHS HW3MEPEHHON TOpPU30HTAIHHONW KOMIIOHEHTHl TE€OMarHWTHOTO TOJS OT
CIIOKOWHO-CYTOYHOUM S(-BapHaliu Ha TOCJICIOBATCIbHBIX TPEXYACOBBIX WHTEPBAIAX TEKYIIUX CYTOK.
3anucaTh HauOOJBINEEe W3 MOJYYCHHBIX 3HAUCHUH B (Pailyl TEOMarHUTHBIX BO3MYIIECHUH JUISI TEKYIIUX
CYTOK.

4. [lepeBecTn moOny4YeHHbIE Ha TpEABIAYIIEM IIare 3HAYEHWS OTKIOHEHHH TOPH30HTAIBHOM
KOMIIOHEHThI T€OMAarHUTHOTO IIOJII OT CIIOKOWHO-CYTOYHOW S(-BapHalMy B WHACKCHI T'€OMarHUTHOW
BO3MYIIIEHHOCTH COTJIACHO JIOTapU(PMHIUECKOH IIKae.
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Puc. 1. CpennemecsuHbIe COTHEUHO-CYTOUHBIE Sq-BapHaliiy reomMmarHuTHOro moist (H1m) Ha I'O «bopox»
qutst 2003 1. (a) u 2009 . (6).

Ecnu B daitsie reOMarHUTHBIX BO3MYIIICHUI HE COJIEPIKATCS OLICHKH IS Kakux-1u0o u3 30 nHew,
MPEIIIECTBOBABIINX TEKYIIeMy JHIO, TO Ha IMEPBOM Iare alropuTMa HawOojiee CIOKOWHBIE 5 mHEH
BBIOMPAIOTCS] KaK JIHA C HAMMEHBIIUMH CYTOYHBIMU 3HaueHussMH Kp-unHumexkcon. IlogoOHas cuTyarus
MOET BO3HHUKHYTbH, KOTJIa B COOTBETCTBYIOIINE JHH TC€OMAarHUTHBIC M3MEPECHHsI HE TMPOBOIWINCH. [Ipn
HENPEPBIBHBIX 00CEPBATOPCKUX HAOITIOIEHUSIX 3TO UMEET MECTO TOJIBKO B HaYaJle U3MEPEHUIMA.

Takum 00pa3oM, TaHHBIA aNTOPUTM OOECIICYMBAET KaK OTCIC)KHBAHUE H3MEHEHUS S(-Bapualui,
TaK W pacdeT MHACKCOB T€OMArHUTHON AaKTUBHOCTH B PEXHME PEaIbHOTO BpeMeHHu. llpu »ToM mHH
CIIOKOMHOTO T€OMAarHUTHOTO TMOJISL, IO KOTOPBIM BBIUMCISETCS Sq-Bapualusi, ONPENesioTCS Ha OCHOBE
paHee MOJIYYeHHBIX TaHHBIX.
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Anpo6anus aaropurma

OmnucaHHBIA adropuT™M NpuUMeHseTcst Ha cpeaHemmnpoTHoi [58°04°N, 38°14°E] I'eopusnueckoit
obcepBatopun «bopok» D3 PAH (http://borok.adm.yar.ru) mis BEIYHCIIEHHS B PEXHME PEATHHOIO
BPEMECHH WHJIEKCOB TEOMArHUTHOW akTHBHOCTH [4]. B KadecTBe BXOJHBIX JaHHBIX HCIOIB3YIOTCS
MPEJCTaBICHHbIE B [U(POBOM BHUJAE pe3yJbTaThl HEMPEPHIBHBIX 00CEPBATOPCKUX HM3MEPEHUN
TEOMAarHUTHOTO TIOJIsI, TPOBOJAUMBIX B PaMKaX MEXKIIyHAPOIHOM MPOrpaMMbl T€OMAarHUTHBIX HAOJOICHUI
SAMNET (http://www.dcs.lancs.ac.uk/iono/samnet). ABTomarndeckas MarHHTOMETPHYECKAsS CTAHITUSL
SAMNET, Bxonsmas B cocTaB 00CEpBATOPCKOro HH()OPMANMOHHO-U3MEPUTEIILHOTO KOMILICKCA,
BKJTIFOUAET B ce0s1 Hapsaay ¢ TpexkommoHeHTHBIM fluxgate-maruutomerpom, cucremy GPS mist mpuBssku
JIAHHBIX K €UHOMY BpeMeHH M IdpoByr0 crcteMy cOopa MaHHbIX. TakToBas yacToTa cOOpa JaHHBIX
cucteMbl SAMNET cocrapnser 1 I'i. L{udpoBbie qanHbIe TEOMarHUTHBIX U3MEPEHHUH Yepe3 JIOKAIBHYIO
ceTb cOopa MJaHHBIX TIOCTYMalOT Ha cepBep 0a3bl JaHHBIX cpeaHemmpoTHOH ['eoduzmueckoit
obcepBaTopun «bopok», TIe COXPAHAIOTCS B BUIE TEKCTOBBIX YaCOBBIX (haitmos [5].

[IporpamMmmHoe obecrieucHue cepBepa 0asbl JAHHBIX ABTOMATHYECKH PACCUMTHIBACT HHJICKCHI
TrE€OMarHUTHOW aKTUBHOCTH JUTS UCTEKIINX CYTOK [6]. ['paduku n3MeHEeH A HHICKCOB 3a TEKYIIUI MECSIT
orobpaxarotcs Ha Web-caiite 6as3sr manubix (http://geobrk.adm.yar.ru; http://geodata.borok.ru).

[Tpumepsl cpefHEeMEeCSIYHBIX KPHBBIX, HOCTPOCHHBIX JUIS COJHEYHO-CYTOYHBIX SQO-BapHaIHi,
KOTOpBIE PACCUUTHIBAINCH IO BBHIINICONHCAHHOMY aJITOPUTMY, IpeacTaBieHsl Ha puc. 1. Ha Hem
MPUBEICHBI COOTBETCTBYIOIIME KpPUBBIC I Bcex MecsueB aByx JeT: 2003 r., korga mMel MeCTo
MaKCHMyM COJHEYHOU akTuBHOCTH, 1 2009 r., Kor1a Habmoancs ee MUHUMYM. [IpuBeneHHbIE TpaQUKU
OTPaKarOT XapaKTepPHbIE OCOOCHHOCTH IOBENCHMS M CE30HHBIE W3MEHEHUS CIIOKOWHBIX COJHEYHO-
CYTOYHBIX SQ-Bapuamui.
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Puc. 2. CpaBHeHHE pacUETHBIX CPEAHECYTOUYHBIX HHICKCOB T€OMAarHUTHON aKTHBHOCTH
Ha 'O «bopox» ND3 PAH u Kp-urnekcos ais 2003 1. (a) u 2009 T. (6).

Bapwuaruy WHJIEKCOB T€OMarHUTHONH aKTUBHOCTH, PACCUUTAHHBIX JIJISI TEX K€ MEPUOJIOB BPEMEHU
(2003 r. m 2009 r.) noka3ansl Ha Puc. 2. 3nmech ke MPHUBEACHBI BapuallMi IUIAaHETapHBIX KP HWHIEKCOB
FeOMarHUTHOW AaKTHBHOCTH 3a T€ K€ TroJbl. V3 pHUCYHKOB BHIHO, YTO TMOBEJIEHHE HHICKCOB,
paccuMTaHHBIX IO JaHHBIM [eodusmueckord obOcepBaTtopun «BOpOK», XOPOIIO COOTHOCHTCS C
noBeZieHneM TuiaHeTapHblx Kp uHAaekcoB. Takum 00pa3oM, HMHAEKCH T'€OMAarHUTHON aKTHBHOCTH,
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paccuMThIBa€MbIE IO TIPEAJIOKEHHOMY aJIrOPUTMY, KAaueCTBEHHO BEPHO OTPAXKalOT COCTOSHHE
T€OMAarHUTHOTO TIOJISL.

3akiaouenue

OnucaH anropuT™M W MPUBEACHBI NMPUMEPHI PACUCTOB CIOKOWMHOW Sq-BapHallid U HHICKCOB
TEOMarHUTHOW aKTWBHOCTH TIO JAaHHBIM Treodm3mueckoil obcepBatopun «boOpok» mis pazTUIHBIX
neproaoB BpeMeHH. [loka3aHo, 9TO BENWYMHBI PACCUMTHIBAEMBIX WHIEKCOB aJeKBATHO XapaKTEPU3YIOT
BO3MYIICHUS TEOMAarHUTHOTO TIOJS W COTJIACYIOTCS CO 3HaYeHWsIMH Kp-MHIEKCOB TIOOAIbHON
T€OMarHUTHOW aKTHBHOCTH.

Pabora BeimonHeHa npu punancoBoi noguepxkke PODU (rpant Ne 08-07-00194).
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MEJEHT ALIMOHHBIE HABJIIOJIEHU A ITPU ITPOXOKJIEHUU I'PO3 HAJT KAMUYATKOM
DIRECTION FINDING OBSERVATIONS DURING THUNDERSTORM PASSING OVER
KAMCHATKA
I''1. Jpyxwun, H.B.Yepuena, A.H. MensHUKOB
HHCTUTYT KOCMO(DU3NIECKHX UCCIeIoBaHni U pactipocTpanenus paauoBoin IBO PAH, drug@ikir.ru

The azimuth distributions of thunderstorm discharges, which were registered by VLF direction
finder during the passage of thunder-storms in the summer 2007 and 2009 via point Paratunka
(Kamchatka), are considered. It is shown, that the azimuth distribution of thunder-storms coincides
enough with the distribution calculated on the basis of world network, WWLLN, but the quantity of
discharges, accepted by VLF direction finder , exceeds approximately on the order the discharges
registered by stations WWLLN.

B MucTtutyTe KOcModu3nUecKux MccieqoBaHUi U pacnpoctpanenus panuososH (MKWUP) IBO
PAH Ha obcepBaropckoM myHkre «Ilapatynka», Kamuarckoro kpas, ocyliecTBISETCsl HENpepbhIBHAS
perucTpanusi JJIEKTPOMAarHUTHBIX U3IydeHui ¢ mnpumeHennem OHY-nenenraropa. Peructpanus
MPOBOJMTCS B uama3oHe 4acToT oT 3 a0 60 k[ 1. [Tenenrarop paspaboran u nzrorosnen 8 KNP IBO
PAH. Curnansl oT rpo30BbIX HCTOYHUKOB NPUHUMAIOTCSI AHTEHHOM CUCTEMOU MEJIEHraTopa, COCTOSIIEH
U3 JBYX B3aMMHO-TIEPIEHIUKYJIAPHBIX PAMOYHBIX M OJHOM IITHIPEBON aHTEHH. PamMoO4HBIE aHTEHHBI,
MpeHa3HAaYeHHbIe JJIS TpHeMa MarHUTHOW COCTABJISIONIEH SJIEKTPOMAarHUTHOTO IMOJIS, PAaCIONIO0KEHBI
BEPTHKAJIBHO, IUIOCKOCTBIO B HAIIPABJIICHUM CEBEp-IOT M BOCTOK-3amaja. Kakgas pamouHas aHTEHHA
COCTOMT W3 JIEPEBSIHHOIO KapKaca JUIMHON 8 M U BBICOTOH 4 M, Ha KOTOpoM 3akperuieH 100-BUTKOBBIH
Kalenb, 3aKIIOYEHHBIM B MeTayuindeckuil okpaH. IlITeipeBas aHTeHHa CHOYXUT [UId TpUeMa
3JIEKTPUIECKON COCTABISIONIEH AIEKTPOMArHUTHOTO TOJS W COCTOUT W3 MadThl BbicoTod 30 M, Ha
BEpILMHE KOTOPOW Ha H30JIATOPE YCTAHOBIJIEH IITHIPh BBICOTOM 1 M ¢ eMKOCTHOM Hacaakoil. HaBeneHHbIe
HAa aHTEeHHaX HANpsHKeHHS TOCTYMAlOT Ha  NPEIBAapUTEIbHBIE  YCHIIUTENH, HAXOSIINECs
HETIOCPE/ICTBEHHO y OCHOBAaHUWSI aHTCHHBI, 3aT€M M0 KaOeNbHOM JIMHUHM CBSI3W IOJNAIOTCS Ha OJIOK
aHayoroBoi W nu¢poBoi 00paboTku curHana. [locine ycuieHus, YacTOTHOHW (QUIbTpaUUU H
npeoOpazoBanus B LUGPOBYIO (OpPMY CHTHAIBI 3allMCBHIBAIOTCS HA KOMIBIOTEpP. 3amKCh OTIENBHBIX
peanM3anvii TPOM3BOAWTCS TPU TPEBBIIMICHWH OIPEIEICHHOTO MOPOTOBOTO HAMpPSDKEHUS CUrHama. B
pesynbraTe 00pabOTKM CO3AAI0TCSl 2 CYTOUHBIX (paiina, B OIWH U3 KOTOPBIX 3alKCBHIBAIOTCS pean3anin
curHasa (TeKyllue 3HaYeHHs HANpPSKEHUH 3JIEKTPUYECKOM M MAarHUTHOW KOMIOHEHT IIOJisA), B JAPYIoOi
TOJIBKO OTIpE/IEJICHHbIE MapaMeTphl peamu3anui (Jara, BpeMs, CpelHHe 3HAUYEHUS KOMIIOHEHT IIOJIA,



