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Anaymm3 Bapuamuii reOMarHiTHOIO MOJIsA II0 Pe3yJIbTaTaM
MHTEePaKTUBHOII cucTeMbl « ABpopa»

FO. A. Ilonosos*, O. B. Mandpuxosa

VHCTUTYT KOCMO(U3NIECKUX UCCAEAOBAHUM ¥ pacIpocTpaHeHus: papuoBoaH ABO PAH,
684034, [Taparyuka, yA. Mupras 7, Poccus

AnHoTarusi. B cTaTbe onmcaHa reoMarHMTHasl KOMIIOHEHTa CUCTEMBI «ABpOpay, BBEIIOAHSIONIAST OLEHKY
COCTOSIHMSI MAarHUTHOIO IOASI 3eMAM IO AaHHBIM craHiuit «[laparymkas (KamwaTckuit Kpait, 52.97°
N, 158.24° E) u «Xabaposck» (47.61° N, 134.69° E). AaHHble IOAYYEHHI IIyTEM NPSIMBIX U3MEPEHUN
Ha MAarHWUTHEBEIX obcepBaToprsix. ['eoMarHMTHAsT KOMIIOHEHTA CHUCTEMEI «ABpopas paspaborana B VUKUP
ABO PAH. ©yHKUuZ AAQHHOM KOMIIOHEHTHI 6A3MPYIOTCS Ha HOBEIX IIOAXOAAX M METOAAX, IIOCTPOEHHBIX
KOAAEKTHUBOM yUeHBIX AabopaTopum CrcTeMHOro aHaamusa. PaspaboTaHHBIE METOABI OCHOBAHLI Ha CHHTE3E
9/EMEHTOB TEOPMM BeWBAET-IPeobpPasoBaHMsI C METOAAMM TEOPHUM BEPOSITHOCTEN M MaTeMaTUYeCcKOi
craructuku. CucreMa obeclieuMBaeT KOMIIAEKCHYIO OIIEHKY COCTOSIHUS MArHUTHOTO IIOAS 3eMAU B
BO3MYIIEHHBIE 1 CIIOKOMHBIE IIEPMOABI M AaeT BO3MOXXHOCTb M3ydaTh IIPOCTPAHCTBEHHO-BPEMEHHEBIE
OCOBEHHOCTM M AWHAMUKY IIPOIIECCOB B MarHuTocdepe 3eMAM. 3aKAIOUEHHE O COCTOSHUN MarHUTHOTO
nonsi POPMUPYETCS B OIEPATUBHOM peXuMe. AHaau3 paboThl CHCTEMBI B IIEPMOABI PACCMOTPEHHBIX
B CTaTbe COOBITHI IOATBEPAUA BO3MOXKHOCTHL BO3HUKHOBEHUSI CAADOBIX KOPOTKOIEPUMOAHEBIX CHHXPOHHBIX
TeOMarHWTHBIX BO3MYIIEHMII, IPEAIISCTBYIOIIMX HadaAy MarHUTHBIX Oypb. PaccMoTpeHHast B craTbe
TeOMarHUTHAsT KOMIIOHEHTA AOIIOAHSIET KOMIIAEKCHEBIM aHAAU3 AAHHBIX IeO(pU3UIECKOr0 MOHUTOPHHIA B
CHCTeMe U SIBASIETCS Ba’KHelilelt e€ 4acTbio. PesyAbTaThl reoMarHUTHOM KOMIIOHEHTBI CUCTEMBI «ABpopay
MOTYT OBITH UCIIOAB30BAaHEI B KAYeCTBE AOIIOAHUTEABHOIO HHCTPYMEHTA B 33AadaX ONEePAaTUBHOI'O IPOTHO3a

KOCMUYECKOM TIOTOABI.
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Analysis of Geomagnetic Field Variations Based on the Results
of the «Aurora» Interactive System

Y. A. Polozov*, O. V. Mandrikova

Institute of Cosmophysical Research and Radio Wave Propagation FEB RAS, Russia,
684034, Paratunka, Mirnay St. 7

Abstract. This paper describes the geomagnetic component of the Aurora system, which assesses the
state of the Earth’s magnetic field using data from the Paratunka (Kamchatka Krai, 52.97° N, 158.24°
E) and Khabarovsk (47.61° N, 134.69° E) stations. The data were obtained by direct measurements at
magnetic observatories. The geomagnetic component of the Aurora system was developed at IKIR FEB
RAS. The functions of this component are based on new approaches and methods developed by the team
of scientists of the System Analysis Laboratory. The developed methods are based on the synthesis of
elements of wavelet transform theory with methods of probability theory and mathematical statistics. The
system provides a comprehensive assessment of the state of the Earth’s magnetic field in disturbed and
calm periods and enables the study of spatial and temporal features and dynamics of processes in the
Earth’s magnetosphere. The conclusion about the state of the magnetic field is formed in the operational
mode. The analysis of the system operation during the periods of the events considered in the article
confirmed the possibility of weak short-period synchronous geomagnetic disturbances preceding the onset of
magnetic storms. The geomagnetic component considered in the article complements the complex analysis
of geophysical monitoring data in the system. The results of the geomagnetic component of the Aurora
system can be used as an additional tool in the tasks of operational space weather forecasting.

Key words: geomagnetic field, data analysts, wavelets, magnetic storms.

Received: 28.10.2024, Revised: 21.11.2024, Accepted: 25.11.2024, First online: 28.11.2024

For citation. Polozov Y.A., Mandrikova O.V. Analysis of geomagnetic field variations based on the
results of the «Aurora» interactive system. Vestntk KRAUNC. Fiz.-mat. naukit 2024,49: 4,112-124. EDN:
IVINBR. https://doi.org/10.26117/2079-6641-2024-49-4-112-124.

Funding. The work was supported by IKIR FEB RAS State Task (subject registration No. 124012300245-2).
Competing interests. The authors declare that there are no conflicts of interest regarding authorship and publication.
Contribution and Responsibility. All authors contributed to this article. Authors are solely responsible for providing
the final version of the article in print. The final version of the manuscript was approved by all authors.

*Correspondence: @ E-mail: polozov@ikir.ru
The content is published under the terms of the Creative Commons Attribution 4.0 International License BY

© Polozov Y. A., Mandrikova O.V., 2024
© Institute of Cosmophysical Research and Radio Wave Propagation, 2024 (original layout, design, compilation)

113


https://elibrary.ru/IVINBR
https://doi.org/10.26117/2079-6641-2024-49-4-\pageref {firstpol}-\pageref {lastpol}
https://creativecommons.org/licenses/by/4.0/deed.ru

ISSN 2079-6641 [Tonozos FO. A., Mauapukosa O. B.

BBeaenne

PeructpupyeMble reodpusmyuecKue IapaMETPhI COAEPKAT Ba’KHYIO WHGPOPMAIIXIO
O COCTOSHAU IIPUPOAHOM CpeABl. AHaAW3 AAHHBEIX OKOAO3EMHOTO KOCMUYECKOTO
IIPOCTPAHCTBA (IIapaMeTpPhl COCTOSIHUS MEXKIINAHETHOI'O IPOCTPAHCTBA, MarHUTOCKHEDEL,
MOHOCKEDPEL U AD.), SIBASIOIIUXCS OOBEKTOM 3TOTO UCCAEAOBAHUS, IO3BOASIET IIOAYIUTE
BXKHYI0 HHMOPMAIWI0 O COCTOSIHAM KOCMUYecKo#t morops! [1-3]. CoeBpeMeHHAast
0bpaboTKa U aHAAU3 IIOCTYIAIOIIAX AAHHBIX U3MEPEHUN AAET BO3MOKHOCTE OIIEPATUBHO
BBISIBASITH aHOMAaAbHBIE IIPOIIECCHI, AABaTh 3aKAIOYEHNE O COCTOSHUU OKOAO3EMHOT'O
IIPOCTPAHCTBA ¥ (POPMUPOBATH IIPOTHO3 OKUAAEMBIX STBAEHUI.

B craTbe ommcaHbl (QYHKIUK TE€OMATHUTHOM KOMIIOHEHTHI CHUCTEMBI <«ABpopar
(http://lsaoperanalysis.ikir.ru:9180/1saoperanalysis.html) u npuBeaeHBI pe3yABTATEI
€€ (PYHKIMOHMPOBAHUSI B IIEPUOABI MArHUTHEIX Oypb. ['eoMarHWMTHAs KOMIIOHEHTA
cucTteMbl «ABpopay paspaborana B UKVP ABO PAH. ®yHKIUM AaHHOK KOMIIOHEHTHI
6a3upyOTCT Ha HOBBIX IIOAXOAAX X METOAAX, IIOCTPOEHHBIX KOAAEKTUBOM YUE€HBIX
Aaboparopur CucremHOro asHaamsa [4, 5|. PaspaboraHHEIE METOABI OCHOBAaHBI Ha
CHAHTE3€ 39AEMEHTOB TEOPUU BEXBAET-IIPEOOPA30BAHUS C METOAAMY TEOPUY BEPOSITHOCTEHR
¥ MAaTEMATHUYIECKON CTATUCTUKU. BelBAeT-IIpeobpas3’oBaHME IIO3BOASET HCCAEAOBATH
HECTAIIMOHAPHLIE W3MEHEHUsI B TIeO(U3UUYECKUX AAHHBIX ¥ IIUPOKO IIPUMEHSIETCS
B obaacTtu us3mMKE U, B YACTHOCTH, B Treodusuke. VICIIOAB30BaHWE BEWBAETOB
obecreurBaeT BO3MOXXHOCTL OOHAPYIKEHUS U aHAAW3A KOPOTKOIIEPMOAHBIX BapUallWii,
BO3HUKAIOIINX B AQHHBIX B IEPAOALI ITOBBIIIIEHHOY COAHEYHONR aKTUBHOCTY ¥ MAarHUTHBIX
6yps [6-10].

[IpepMeTOM AQHHOT'O UMCCAEAOBAHUS SIBASIIOTCS BapHalVy MATHUTHOTO IIOAS
SeMAUM, IIOAyYaeMBIE IIYTEM IIPSIMBIX W3MEPEHUY Ha MATrHUTHBIX OOCEPBATOPHUSX
(cramnmust «IlapaTyHkay u crannus Xabaposck, UKVP ABO PAH) [11]. ApxuBHble
¥ TEeKyIIWe MaCCUBBI I'€OMAarHUTHBIX AQHHBIX, OTKPBITHIZ AOCTYyI K KOTOPBIM
OPraHW30BaH B CHUCTEME «ABpOpay, AAIOT BO3MOXKHOCTb M3y4YaThb IPOCTPAHCTBEHHO-
BPEMEHHBEIE OCODEHHOCTM ¥ AWHAMUKY IIPOLIECCOB B MarHuTocdepe 3emam [12,
13]. B craTbe NOpUBEAEHBI NPUMEPHI PETUCTPUPYEMBIX BapHAlWil IeOMarHUTHOTO
IIOASI B CIOKOMHBIE M BO3MYIIEHHBIE IIEPMOAEBI. [loKa3aHBI BHIAEAEHHBIE CUCTEMOM
«ABpopay KOPOTKOIIEPHOAHBIE CHHXPOHHEIE BO3MYINEHUS Ha CTaHIusx «[lapaTymkay
u «XabapoBcK» HaKaHyYHE ¥ BO BPEMS MATHUTHBIX Oypb. PaccMoTpenHast B cTaTbe
TeOMarHUTHASI KOMIIOHEHTA AOIIOAHSIET KOMIIAEKCHBIN aHAAU3 AQHHEIX T€0(PU3NIECKOTO
MOHUTOPUHTA B CUCTEME U SIBASIETCSI BasKHENIIIEH €€ JaCThIO.

Onucanne pyHKINIT T€eOMarHUTHON KOMIIOHEHTHI

[IporpaMMHBIE MOAYAM T'€OMATHUTHOX KOMIIOHEHTHI BBIIIOAHSAIOT 06paboTKy
MUHYTHBIX AQHHBIX TOPU30HTAAbHOM KOMIOHEHTHI (H-KOMIIOHEHTHI) HAIpSIXKEHHOCTH
MAaTHUTHOTO TIOAST 3eMAM. PYHKIUK CUCTEMBI ODECIIEUMBAIOT OIIEHKY WHTEHCHBHOCTH
TeOMAarHUTHBIX BO3MYIIEHWN W BBIIOAHSIIOT BBIAEAEHUE IIEPUOAOB CAAbOOM ¥ CHUABHOMI
T€OMAaTHUTHOM aKTWBHOCTH. J\aHHBIE (DYHKIIUY OIMCAHLI HUIKE.
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OueHrxa UHMEHCUBHOCTU 2E0MAHUMMHBE 603MYyweHUul, BBIIOAHSIETCT Ha
OCHOBe IIPMMEHEHNsI HEIIPEPLIBHOTO BeliBAeT-IIpeobpa3oBaHus. HenpepriBHOE BeitBAET-
IpeobpasoBaHUe AAHHBIX, OIPEAEAsIETCS popMyAoit [14, 15]

o0

f(H)W (ﬂ> dt, (1)

Wofo.q = |a|—‘/zj .

—00
rAe a — MacimTab Y — 0a3ucHBIE BEHBAET.

3amewarue. IlpeobpasoBarme (1) BBINOAHSETCS YUCAEHHO IO AaATOPUTMY,
AHAAOTUYHOMY aATOPUTMY, pearm3oBaHHOMY B cucTeMe Matlab. [lepea, BEImOAHEHUEM
mpeobpaszoBaHus (1) AASI YMEHBIIEHWSI BAUSIHUS KPAeBOro 3deKTa BPEMEHHOU DsiA
MAHHBIX fn = {fﬂ}n:oT\J AOIIOAHSIETCS 3HAUEHMSIMU TIO IIPABUAY:

fN-l—ZL = {fL) ---fZ» f] ) fO) o0y fN ) fN—] ) fN—Z’ eey fN—L})

rae L= QO x amax, (2Q+1) — Hocurenwb BeitBaera (cM. (1)), Qmax — HAMOOABIIMIA
MacmTab BeiiBAeT-TIpeobpasoBaHmsi. [locae BEIIOAHEHUSI BEWBAET-IPEOOpPa30BaHUS
Koo durmenTer Wy fy o, COOTBETCTBYIOIINE AONOAHEHHBIM 3HAYEHUSAM, YAAASIOTCS.
VHTeHCMBHOCTE TI'€OMArHWTHBIX BO3MYIIEHMA B MOMEHT BpeMeHm t = b Ha
aHAAU3KPYEeMOM MacliTabe a OIIEHMBAETCS HA OCHOBE BEAWYWHLI:

ep,a = [(Wyf) (b, a]

VHTEeHCUBHOCTD BO3MYIIEHUY ITOASI B t = b omeHuBaeTcs o popMyAre:

Eb — Z eb,a.
a

B obpaborke ucnoab3syercss 6asucHbIN BeliBaeT Aobemu mopsiaka 3 (cMm. puc. 1),
IMEIOIINH CAEAYIONINE CBOMCTBA: OPTOrOHAABHEIN, 06AAAAET KOMIIAKTHEIM HOCHTEAEM.

0.3 T T T T T T T T T T
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Puc. 1. BefiBaer Aobemm nmopsiaka 3.
[Figure 1. Dobeshi wavelet of order 3.]
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OpToroHaAbHOCTL BeiiBAeTa obecreYrWBaeT YUCAEHHYIO YCTONYWBOCTD PA3AOKEHUN
AAQHHBIX, KOMIIAaKTHBI# HOCUTEADb BEWBAETA IIO3BOASET MUHUMU3MPOBATH IIOI'DEITHOCTH
[IPY AIIPOKCUMAINY AAHHEIX (cM. Onpedeaerue).

Onpedenerue [14]. Ecau 6asucubifi BeiiBreT ¥ MMeeT KOMIAKTHBIX HOCUTEAD,
pasmblt [—Q,Q)], To mocuTeabr Yy, , Ha MacmTabe a paser [b—Qa,b+ Qal. Touka
& copepxurcs B HocuTeae Wy o, ecan [b—&| < Qa.

Bwvidenenue nepuodos caaboll U CuabHOU 2€0MAHUMHOU AKMUBHOCTU
BBIIIOAHSIETCS Ha Ka’XKAOM MaclnTabe a HEIPEPHEIBHOTO BEWBAET-IPeOOpPA30BaHUS Ha
OCHOBE IIPUMEHEHUSI CAEAYIOIIUX IIOPOTOBEIX (DYHKIIWH:

0,ecam ep o < Tq 1 0,ecam ep q < Tqp2

Pr.1(€va) = y Pros(eba) = )
€b,a, ECAZ €p q > Tq 1 €b,q)ECAL €p q > Tq )
rae mopor: Ty 1 Ha Ka’kAOM MaciTabe BEIAEASIOT CAabBle ¥ CHABHEIE BO3MYIIEHUS, a

IIOPOI'Y 3HAYCHUSA Ta,Z Ha Ka>XAOM MaciiTabe BBEIACAAIOT CUABHBIE BOSMYIIICHNA.

Ounenka moporoB Tgq # Tq) BBEIIOAHSAACH IIyTEM MUHMMU3ALUKA AIOCTEPUOPHOTO
pHUCKa. OKCIEPMMEHTAALHOM 6a30ff B OIEHKAX SBASAUCH T€OMATHUTHBIE AAHHBIE
obcepBatopun «Ilaparymkas (Kamuarckuit Kpaif) 3a mepmoa 2002-2010 r. Ilyrem
06paboTKE «cnokolUHbry AHEN (TpexdacoBble 3HaueHWsI K-MHAEKCA KOTOPBIX HE
[IPEBHIIAAY 3HAYEHUs 2, a CyMMapHBIE CYTOYHBIE He IIPEBLIIAAY 3HAYEHUs &)
Ha KaXXAOM MacmTabe a OBIAM OIEHEHBI IIOPOroBble 3HadeHuss I,7. Ha ochose
06paboTKY «CAa60803MYWEHHBIT MHEH (TpexdacoBble 3HAUEHUST K-MHAEKCA KOTOPBIX
He IIPEBHIIAAM 3HAYEHUS 4, a CyMMapHBIE CYTOYHEIE HE IIPEBBINIAAY 3HAUEHUS 18) Ha
Ka’kAOM MacuTabe a ObIAM OIEHEHBI IIOPOrOBbl€ 3HA4YEeHUS Iy ). PesyapTaThl pacdyera
Tq1 m Ty AASI paccMaTpUBaeMbIX MacIITaboB IOKa3aHEl Ha PHC. 2.

60

30

0 50 100 150
MaciiTabd a

Puc. 2. PeayaAbTaThl pacdeTa MOPOroBhIX 3HadeHumit I,7 u T,,. Ha ocu ox oTmedeHE
MacmTabbl a, Ha OCH Oy - 3HaYeHUs lqq U Tq ).

[Figure 2. Calculation results for threshold values T, and T, . On the ox axis are the

scales of a, on the oy axis are the values of Ty 1 u Ty ]
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O611as cxeMa OLEHKY COCTOSIHUSI T€OMAarHUTHBIX AQHHEBIX AAS CTaHIUE «IlapaTyHkay
u «XabapoBCK» IIOKasaHa Ha puc. 3.

MapaTtyHka

KomneHcaumsa Kpaesoro
adpdekra (1) BeieneT-npeobpaszosanue (Il)

H-KoMmoHeHTa | f o o fof lal 1/2 ® ) t—b ;
- N+2L = UL J2 J1s Jos-os g Wofpa:=lal™ f f(t ‘P(—)dt:
v -1 fu—zroo fu-i} | : e —oo a :

fn o R :
BblaeneHune nepuosos cnaboii u OueHKa MHTEHCUMBHOCTM
CUNbHOM reOMarHUTHOM akTUBHOCTH (1V) BoamyluueHui (I11)
§ Pr,.(€ha) i ; eha =Wy f)(b,a)l ;
: | — |
i Pr,2(eha) | | Ey=) e |
| ' i a i
1 _______________________________ i e )

0O
o
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(9]
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™
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Xabaposck

Puc. 3. CxeMa OLEHKHU COCTOSIHUSI ['€OMarHUTHBIX AAHHBIX.
[Figure 3. Geomagnetic data state estimation scheme.]

Pe3ysibraThl paboThl reOMarHuTHON KOMIOHEHTBHI CUCTEMbI
«ABpopa»

O6paboTka MarHWTHBIX AAHHEIX B CHCTEME BBIIOAHSETCS OAMH pa3 B dac.
AycKpeTu3anusi AAHHBIX COCTaBASIET OAHY MuHYTy. CucTeMa NIpPEAOCTAaBASIET B
TEKCTOBOM BUAE PE3YABTATBHI OLEHKN COCTOSHUWSI TI'€OMArHUTHOI'O IIOASI CTAHIIUY
«ITaparyrkay (Kamuarka) u «XabapoBck» 3a IOCAeAHUE 24 HFaca.

OnepaTuBHbI aHanus

OuyeHka coCcTOAHUA reoduanyeckux nonei 3a 24 yaca ot
2018-12-25 13:42:00.000
uTC

CocTosiHMe NOTOKa KOCMUYECKMX nyueﬁ: aHomanbHoe no! WUHTEeH TW Ha CTaHuum MH)’BMK
CocTosiHMe reoMarHUTHOro Nons: cnokoiHoe (ctaHyus MapaTtyHka), cnaboBoamyuieHHoe (cTaHyus Xa6apoacx)|
CocTosiHue uoHocdepsl: cnabbie BO3MyL|eHNs

Puc. 4. Pe3yAbTaThl SKCIEPTHON OIIEHKU COCTOSIHWSI TE€OMArHUTHOTO B CHCTEME
«ABpopay.

[Figure 4. Results of expert assessment of the geomagnetic state in the «Aurora»

system.]
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dopMupyeMoe CUCTEMO} 3aKAIOUEHHUE O COCTOSTHUY TIOAST (pHC. 4) MOKET IPUHUMATb
OAHO M3 CAEAYIOIIUX 3HAYEHUHN: CIOKONHOe (aMIAUTYABI BO3MYILEHUHA COOTBETCTBYIOT
sHaveHusiM K-uapexca 0 # 1); craboBo3MyIieHHOEe (aMIAUTYABI BO3MYIIEHUH
COOTBETCTBYIOT 3HaueHWsIM K-mHAEKCa B MHTEPBAAE OT 2-X AO 3-X) X BO3MYIIEHHOE
(aMOIAUTYABI BO3MYIIEHUH COOTBETCTBYIOT 3HaYeHUsIM K-mHAEKca paBHEIM 4 u Goaee).

CropocTs conneunoro serpa (NOAA/Space Weather Prediction Center)
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[Figure 5. Results of the geomagnetic component of the «Auroras system for the

period 06-10 January 2023.]
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BusyanbHbI aHaAU3 PE3YALTATOB 0OpabOTKM AAHHBIX BapHaluil I'€OMarHUTHOI'O
IIOASI MOJKET OBITH BBLIIIOAHEH B CUCTEME C IIOMOIILIO CAEAYIOUINX AAQHHBIX (pHC. 5):

- MCXOAHBIE MUHYTHBIE AQHHEIE CKOPOCTH coaHeuHoro Berpa (NOAA, Space Weather
Prediction Center);

- MCXOAHEIE MUHYTHEIE AQHHBIE Bz-KOMIIOHEHTHI MEKIIAAHETHOIO MAarHATHOIO TIOAST
(NOAA, Space Weather Prediction Center);

- UCXOAHBIE JacoBble paHHBIE Dst-mapekca (International Service of Geomagnetic
Indices);

- WCXOAHBIE TpexdacoBble AauHBlE Kp-mHAekca (International Service of
Geomagnetic Indices);

- KUCXOAHBIE MUHYTHBIE AaHHBIE H-KOMIIOHEHTEI HANIPSI>XEHHOCTH MarHUTHOTO IIOAS
Semau cramnuu «Ilaparyrkay u cranmuy XabapoBck;

- PE3YABTATEL BBEIAENECHUA KOPOTKOIIEPMNOAHBIX CHHXPOHHBIX BOBMYI_TJ;GHI/Iﬂ
T'€OMATr'HUTHOTI'O IIOA;

- PE3YABTATHl BBIAEAEHUS CAAOBIX (aMOAMTYABI BO3MYINEHUWH COOTBETCTBYIOT
3HAYEHUSIM K-MHAEKCA B MHTEPBAAE OT 2-X A0 3-X) U CHABHBIX (aMIAUTYABL
BO3MYIIEHUN COOTBETCTBYIOT 3HA4YeHUsIM K-WHAeKca, paBHBIM 4 u 6Gonaee)
TeOMAaTrHUTHBIX BO3MYIIEHUH;

- PE3YABTATHI OIICHKHU MHTCHCHUBHOCTU BBIACACHHDBIX I'€OMAI'HUTHBIX BO3MYI.'LI€HI/IZE;I.
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Puc. 6. PeayabTaTel paboThl cucTeMbl «ABpopay B mepumop, 30 ampeas — 02 mast 2024 T.
[Figure 6. «Auroras system results for the period 30 April — 02 May 2024.]
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B xaugecTBe mpuMepa paboThI CUCTEMEI, Ha PUC. 6 IPUBEAEHBI PE3YABTATHI 06paboTKY
MarHATHBIX AQHHBIX BO BpeMsi MarHuTHo# 6ypu 02 Mmast 2024 r. [To pAaHHBEIM KOCMIYECKOM
moropsl (http://ipg.geospace.ru/) B Hawane omuckiBaemoro mepmopa 30 ampeasi B
11.// UTC npumen HeOAHOPOAHBI# YCKOPEHHBIH NIOTOK OT BHIOPOCa KOPOHAABHOM
maccel (CME ot 27 ampenst), KOHIEHTDPALXS IPOTOHOB KOTOPOTO COCTaBuAad 27
vacTuil/cM3, PAYKTyaluu I05KHOH KOMIIOHEHTHI yCUAUAUCH A0 Bz = - 10 #TA, ckopocTs
COAHEYHOTO BeTpa yBeAMumAach A0 420 KM/cek. B TedeHme daca II0CAe IPUXOAA
CME B MCXOAHBIX T'€OMAarHUTHBIX AAHHBIX cTaHnuit «Ilaparynkay um «XabapoBcK»
BO3HUKAA 6yxTO0bpasHast 0cObeHHOCTD (PUC. 6, KPACHBIN IPSIMOYTOABHUK ). Pe3yAbTaTEL
CHCTEMBI IIOKA3BLIBAIOT B 3TOT IIEPUOA BO3HUKHOBEHNE CHHXPOHHBIX KOPOTKOIIEPUOAHBIX
BO3MYIIEeHUY Ha 006euX aHAAU3UPYEMBIX CTAHIUISIX, KOTOPLIE IIPOAOASKAAUCE HECKOABKO
4qacoB. SHaueHUs Kp-wHAEKCA B 9TO BPEMSI BO3pacTaAl A0 5, pacCUUTaHHBIE AOKAADBHbIE
WHAEKCHI T€OMATHUTHOM aKTUBHOCTH Ha cTaHnusx «[lapaTyrkay m «XabapoBCKy TaK>Ke
[IOATBEP’KAQIOT BO3BHUKHOBEHNE ME€OMArHUTHEIX BO3MYIeHui (puc. 6).

Danee, 02 mast B 13.// UTC upuien HEOAHOPOAHBIM YCKOPEHHEIN IIOTOK OT BEIOpOCA
KopoHaAbHOM Maccel (CME ot 01 Mast), KOHIIEHTPAIUsI IIPOTOHOB KOTOPOI'O COCTaBHAA
15 wacTui/cM3, GAYKTyaruum OOKHOM KOMIIOHEHTHI YCHAUAUCH A0 Bz= -19 uTa,
CKOPOCTb COAHEYHOTO BeTpa Hadana BospacTarh # K 02.// UTC 03 mas aocTuraa
suavenus 510 km/cek (http://ipg.geospace.ru/). Ilo pamusiM http://kakioka-jma.go.jp/
02 mast 2024 r. B 14:07 UT Havanrach reoMarHuTHasi 6ypsi (puc. 6, CHHsIsT BEPTUKAABHASI
auuus). [Tocae npuxopa CME B cucreme Ha cranumsx «[laparyHkay u «XabapoBcks
BLIAGAEHEl CHHXPOHHEBIE BO3MYyINeHUs (pPUC. 6, 3€AEHBIH IPSIMOYTOABHEUK). Ocobbrit
WHTepeC B 33Aa¥aX KOCMUYECKON ITOTOABI UMEIOT BBIAEAEHHBIE CUCTEMOM CUHXPOHHBIE
BO3MYIIEHMSI, IIPOU3OILIEAINIZE MeEHee, YeM 3a 12 YacoB AO Hadaaa MarHUTHON Oypu
(puc. 6, 3eA€HBIN IPSIMOYTOABHUK). Ilocae Haganra MAarHUTHOR 6YpPH CHCTeMa TaK>Ke
IIOKa3bIBAaET HAaAWYME BO3MYINEHUN B AAHHBIX H-KoMnoHeHT craniuit «XabapoBcky u
«ITapaTyHKay ¥ BO3pacTaHWe AOKAABHBIX T€OMArHUTHBIX WHAEKCOB (puc. 6).
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[Figure 7. «Auroras system results for the period 26-28 June 2024.]
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Ha pwmc. 7 moxazaHBI pe3yABbTATHI PabOTEI CUCTEMBI BO BPEMS 3KCTPeMaAbHON
MarHuTHO# Oypwm, mpomsomreamneir 28 wuioust 2024 r. B aHaamsupyeMmblil mepumop, 26
WIOHS IIPHUITEA HEOAHOPOAHBIM YCKOPEHHBIN IIOTOK OT BbIOpOoCa KOPOHAABHOM MacCh
(CME or 23 uioHsI), CKOPOCTb COAHEYHOTO BETpa yBeAmdumaack oT 320 ao 370
KM/ceK, roxxHast koMmmoHeHTa MMII daykTyupoBara or Bz = -9 uTa a0 Bz = +11
HTA (http://ipg.geospace.ru/). Ilocae mpuxopa CME cucremMa perucTpupyeT sSpKue
CHHXPOHHBIE BO3MYIIEHNS I'€OMArHUTHOT'O IIOASI Ha 0OeUX aHAAU3UPYEMBIX CTAHITUSIX, B
3TOT IIEPUOA 3HAUEHUS NOKAABHBIX '€OMAarHUTHBIX WHAEKCOB He IIPEBBINIAIOT 3HAUEHUS
4 (puc. 7, KpacHBI! IPSIMOYTOABHUK ).

OcHoBHOe cobpiTue Hawanroch 28 wmioHst 2024 r. B 10:12 UT (http://kakioka-
jma.go.jp/), YTO OTMeYeHO Ha PWUC. 7 CUHEH BePTUKAABHON AuHZEH. [Io AaHHEIM
http://ipg.geospace.ru/ 28 mionss B 08.// UTC npummen HeOAHOPOAHBIH YCKOPEHHBIN
IIOTOK OT KOpoHaAbHOH ABIPEL (CIR), KOHIIEHTpAIUs MIPOTOHOB KOTOPOro cocTaBuAa 40
gacrur/cM3, PAYKTYAIUA I0’KHOM KOMIIOHEHTB! YCUAUAUCH A0 Bz = -24 HTA, ckopocTb
COAHEYHOrO BeTpa Hadana yBeArduBaThCA 4 K 16.// UTC 28 uiOHS AOCTUrAA 3HAYEHUSI
500 xM/cek. Ilocae mpuxopa moroka CIR cucTeMoi 3aperucTpUpOBaHBEl CHUHXPOHHBIE
KOPOTKOIIEPUOAHEBIE I'€COMAalrHMTHBEIE BOSMYIIICHNS, AOKAADBHBIE I'€COMAaTl'HUTHBEIE MHACKCBL
IIPEBBICUAM 3HadeHUe 7 (PUC. 7, 3eA€HbIH NPSIMOYTrOABHUK). OTMETHM, YTO HaKaHyHe
MarHUTHOY 6ypH, 3a HECKOABKO YacoB A0 mpmxopa moroka CIR cucremoil BBIAEAEHED
KOPOTKOIIEPUOAHEIE BO3MYILIEHUST Ha CTaHImy «[lapaTyHKay u, ¢ HeGOABIIOM 3aAePKKOI
110 BpEMEHMY, BO3MYIIEHUSI Ha CTAaHINY «XabapoBcKy (PUC. 7, 3eA€HBIH IPSIMOYTOABHIUK ).
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[Figure 8. «Auroras system results for the period 12-14 March 2022.]
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Ha pwumc. 8 mokazana pabora CHCTeMBI B I[E€pPHOA CUABHON MarHUTHOU Oypu
c HawanoMm 13 wmapra 2022 B 10:45 UT (http://kakioka-jma.go.jp/). Ilo aamHBIM
rocmudeckoit moropbl (http://ipg.geospace.ru/) HakamyHe cobeiTmsi 12 MapTa u3-3a
BAUSIHUS KOPOHAABHON ABIPHEI CKOPOCTH COAHEYHOrO BeTpa bbina B mpeapenax oT 380
KM/cek A0 410 KM/ceK, IO’KHAsT KOMIIOHEHTa PAYKTyupoBara oT Bz = -3 #Ta po Bz =
+3 uTa. [To pesyabTaTam cucTeMBbI «ABpOpay B 3TO BpeMsI HaOAIOAAETCS Psip CAADOBIX
CUHXPOHHBIX BO3MYIIEHUY B F€OMArHUTHOM IIOAE (PHC. 8, KPACHBIHA IPSIMOYIOABHUK ).

Ha caepyromuit aeEp 13 MapTa IpuUIlen HEOAHOPOAHBIM YCKOPEHHBI# IIOTOK OT
BuIOpOCca KopoHaabHO#M Maccel (CME, conpoBo>kaaBIee pacras COAHEYHOTO BOAOKHA 10
MapTa), KOHIEHTPAIWsI IPOTOHOB KOTOPOr'o COCTaBUAA 44 wactuirel/cm3, pAyKTyanun
IOKHOM KOMIIOHEHTHI YCUAUAUCHL A0 Bz = -24 HTA, CKOpPOCTH COAHEYHOI'O BETpa
Bo3pocaa a0 600 km/cek (http://kakioka-jma.go.jp/). Ilocre Havara MaruuTHOM 6ypu
(puc. 8, cuHSS BepPTUKAaAbHAS AUHUS) CHCTEMON 3aperuCTPHPOBAHBEI CHUHXPOHHBIE
KOPOTKOIIEPUOAHBIE I'€OMarHUTHBEIE BO3MYIIEHUS Ha OOeMX aHAAM3UPYEMBIX CTAHIIUSX
¥ IIPOM3OIMIAO IIOBBIIIEHWE TEOMArHWTHBIX WHAEKCOB A0 3HadeHuss 6 (puc. 8,
3eA€HBI NPSIMOYTOABHUK). HakaHyHe MarHuTHO# 6ypu reoMarHWTHast obCTaHOBKA
ObInA CIIOKOWHOI, B 9TOT IEPUOA CHUCTEMOM 3apErMCTPUPOBAHO CAaboe CHHXPOHHOE
KOPOTKOIIEPUOAHOE BO3MYIIEHNUe (PUC. 8, 3€AEHbIH IPSIMOYTOABHUK ).

BreiBoabl

leoMarHuTHAS KOMIIOHEHTA CUCTEMEL « ABpOpay obecreunBaeT KOMIAEKCHYIO OIIEHKY
COCTOSTHUSI MArHUTHOTO IIOAS 3€MAM B BO3MYIIEHHBIE U CIOKONHBIE IIEPHOABI.
HakanyHe um B IE€PHOABI MAarHUTHBIX Oypb CHCTeMa IIO3BOASIET HA aHAAU3IUPYEMBIX
craunusax «llaparynkay um «XabapoBCcKy 0OHAPYXUTH CUHXPOHHBIE KOPOTKOIIEPUOAHBIE
TeOMarHUTHBle Bo3MylleHus. Ha mnpuMepe pacCMOTPEHHBIX B CTaTbe COOBITHH
IIOATBEP>XAEHO, YTO pPE3yABbTAThl I'€OMarHUTHOY KOMIIOHEHTHI CUCTEMEBI «ABpopay
obecrevnBaOT AOCTOBEPHYIO OIIEHKY COCTOSIHUSI MarHWUTHOT'O IIOAST 3€MAM ¥ MOTYT
OBITH KCIOAB30BAHBI B KadeCTBE AOIOAHUTEABHOTO MHCTPYMEHTA IPU BBIIOAHEHUUN
OIIEPATUBHOI'O IIPOTHO3a KOCMUYECKON ITOTOABI.
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