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Geomagnetic storms and substorms

Study of auroral activity according to the SME index at the main phase of magnetic storms during
CIR and ICME events

R.N. Boroyev, M.S. Vasiliev
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

In the present paper the relationship of the SME index both with the characteristics of a magnetic storm and the
parameters of the interplanetary medium during the main phase of magnetic storms, induced by the CIR and ICME
events, is studied. Over the period 1990-2017, 107 magnetic storms driven by (64) CIR and (43) ICME events have
been selected. It is shown that, in contrast to AE and Kp, a stronger correlation is observed between the average
value of the SME index (SME,,;) and the parameters of the interplanetary medium at the main phase of magnetic
storms. The close values of the correlation coefficients between SME,, .. and the SW electric field were obtained for
CIR and ICME events.

Svalbard polar magnetic substorms and their mid-latitude signature
I.V. Despirakl, N.G. Kleimenova®, L.M. Malyshevaz, L.I. Gromova®, A.V. Rolduginl, A.A. Lubchich'

'Polar Geophysical Institute, Apatity, Russia
2Schmidt Institute of Physics of the Earth, RAS, Moscow, Russia
3IZMIRAN, RAS, Troitsk, Moscow, Russia

Based on the data of the SuperMAG and IMAGE network magnetometers, observations of aurora in the Svalbard
archipelago, and data from the AMPERE project satellites, an analysis of the polar substorms observed in 2010-
2012 was made. We compared the polar substorms recorded at Svalbard with the magnetic data from the mid-
latitude stations located at the same meridian, e.g., Borok (BOX) and Kiev (KIV). We found that most number of
polar substorms under consideration were accompanied by the well-defined mid-latitude positive magnetic bays
with the amplitudes of ~ 15-40 nT in the X-component of the geomagnetic field. These positive magnetic bays are
usually interpreted as the evidence of the substorm West Travelling Surge (WTS) development due to the
dipolarization process. Thus, it allows us to conclude that the source of polar substorms is located on closed
magnetic field lines. The analysis of some events of the selected polar substorms is presented.

Polar magnetic effects of the initial phase of a magnetic storm
LI Gromoval, S.V. Gromov', N.G. Kleimenova®?, L.M. Malysheva2

'IZMIRAN, Moscow, Troitsk, Russia
Schmidt Institute of Physics of the Earth RAS, Moscow, Russia
3Space Research Institute, Moscow, Russia

The storm initial phase often accompanied by strong variations of IMF and solar wind parameters that leads to
significant geomagnetic disturbances. We studied geomagnetic effects of the initial phase of the first magnetic storm
(20 April 2020) of the new cycle of the solar activity. It was found that high-latitude geomagnetic disturbances were
concentrated at dayside of the polar latitudes above ~ 65-70° Mlat when the IMF Bz was positive. These magnetic
disturbances were controlled by the IMF By and demonstrated the generation of the large-scale magnetic vortex
structures. The vortices could be interpreted as an indicator of the local enhancement of the high-latitude Field
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Aliened Currents (FACs). The similar situation was found as well during the initial phase of some other magnetic
storms as 24 Apr 2012, 17 Aug 2012, 23 May 2013: there were revealed the local vortex structures in the morning
and daytime sectors of the high latitude (>65°) developed under an enhancement of the solar wind dynamic
pressure. That was confirmed by the analysis of the global maps of the ground-based observations from ~320
stations of SuperMAG project and from the simultaneous measurements on 66 ionospheric satellites of the
AMPERE project. The vortex structures demonstrated activation of polar latitude FACs, some of which may
attributed to the NBZ-system caused by influence of the development of Chapman-Ferraro current system on the
magnetopause by increasing of the solar wind dynamic pressure under the northward IMF.

Polar convection substorms and their possible mid-latitude effects: Case study
N.G. Kleimenova', LV. Despirakz, L.M. Malysheval, L.I. Gromova®, A.A. Lubchich?, V. Guineva®, R. Werner"

'Schmidt Institute of Physics of the Earth, RAS, Moscow, Russia

Polar Geophysical Institute, Apatity, Russia

SIZMIRAN, RAS, Troitsk, Moscow, Russia

*Space Research and Technology Institute, BAS, Stara Zagora Department, Bulgaria

The study of the morning negative bay occurrence at high magnetic latitudes (above ~70 MLAT) demonstrated that
the majority of such events, observed under southward IMF, could been attributed to a developing of the convection
substorms. This was confirmed by the results of the analysis of the planetary distribution of the magnetic
disturbances measured above the ionosphere by 66 simultaneous satellites in frame of the AMPERE project. It was
shown that in the selected events, the morning high-latitude electrojet was accompanied by the simultaneous
afternoon-evening electrojet and magnetic bays at auroral and polar latitudes, under the absence of disturbances in
the near-midnight region. In the studied time intervals, there were no auroral riometer absorption. We found that
these negative convection bays (the morning as well as the evening ones) are usually did not accompanied by
pronounced mid-latitude effects in positive magnetic bay occurrence. That could be interpreted as the absence of a
substorm current wedge development. As example, the similar situation was observed on 17 June 2013 and on 17
February 2017. However, when the convection substorms occurred accompanying by ordinary substorms, the
positive mid-latitude magnetic bays frequently recorded in the evening sector, as, e.g., on 23 October 2013 or 25
February 2016. Contrary to that, the morning polar magnetic bays, recorded under the northward IMF, could been
associated with an eastward expansion of, so called, daytime polar substorms, which are appeared near the local
noon and controlled by the By IMF.

This study was supported by the RFBR (project number 20-55-18003) and National Science Fund of Bulgaria
(NSFB) (project number KI1-06-Pycus/15).

Bursts of geomagnetic pulsations and the night atmosphere airglow caused by solar wind pressure
changes during the magnetospheric storm

V.V. Mishin', Yu.Yu. Klibanova®, A.V. Mikhalev', Yu.V. Penskikh', R.A. Marchuk'

'nstitute of Solar-Terrestrial Physics of Siberian Branch of Russian Academy of Sciences, Irkutsk, Russia
A.A. Ezhevsky Federal State Budgetary Educational Institute of Higher Education Irkutsk State Agrarian
University, Irkutsk, Russia

We report on the dynamics of geomagnetic disturbances and optical airglow of the night atmosphere during the 21
October 2001 strong magnetospheric storm. Three 1.5-hour intervals of the solar wind (SW) dynamic pressure
changes by an order of magnitude were observed, which were synchronously accompanied by substorm activations,
bursts of broadband geomagnetic pulsations and of atmospheric airglow emissions 557.7 nm and 630.0 nm at middle
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latitudes. During these bursts, the southern boundary of the region of field-aligned currents and the auroral oval
approached the observation points, but was 5-10 degrees north of them. Possible mechanisms of amplification of
broadband pulsations and airglow associated with the effects of SW pressure changes are discussed: substorm
activations, changes of field-aligned currents and ionospheric currents, precipitation of both energetic and
thermal/superthermal electrons. Features of the high-frequency part of the spectrum of pulsations and their spatial
distribution are associated with the properties of the ionospheric Alfven resonator and ionospheric MHD waveguide.

The work was financially supported by Basic Research program II.16.

The experimental data was obtained using the equipment of Shared Equipment Center “Angara” (http.//ckp-
angara.iszf.irk.ru/index_en.html).

What can we learn from the quiet high-latitude ionosphere?
Shin-ichiro Oyama'**

'Institute for Space-Earth Environmental Research, Nagoya University, Japan
National Institute of Polar Research, Japan
3Space Physics and Astronomy Research Unit, University of Oulu, Oulu, Finland

The auroral oval never disappears even for periods of very low geomagnetic activity. This suggests that
magnetospheric energies more or less should be dissipated in the polar ionosphere and cause corresponding
disturbances in the ionosphere and thermosphere. The impacts on the upper atmosphere are likely insignificant to
change in a global scale but quiet-time measurements may give a new insight to investigate mechanisms working in
the M-I-T coupled system, which might be masked by many simultaneous processes during geomagnetically
disturbed periods. This presentation will introduce two results made of quiet-time measurements with camera,
Fabry-Perot interferometer and Swarm to introduce what we can learn from the quiet high-latitude ionosphere.

Is the global MHD modeling of the magnetosphere adequate for
the prediction of geomagnetically induced currents?

V.A. Pilipenko'? O.V. Kozyreva'?, Ya.A. Sakharov'?

'Geophysical Center, Moscow (space.soliton@gmail.com)
2Institute of Physics of the Earth, Moscow (kozyreva@ifz.ru)
*Polar Geophysical Institute, Apatity (sakharov@pgia.ru)

The goal of the ULF wave modeling challenge campaign for 27-28 May 2017 storm involves running various global
MHD simulation codes with realistic solar wind driving conditions, and then comparing the resulting global ULF
wave properties with actual observations. During the magnetic storm on May 27-28, 2017 the magnetic disturbance
gradually increased and then slowly decayed. However, during the maximal disturbance magnetic field variations
became more chaotic. During this period intense irregular Pi3 pulsations were superposed on the magnetic bay.
These pulsations are not quasi-sinusoidal waves like typical Pc5 pulsations; but they are rather quasi-periodic
sequence of magnetic impulses with time scales ~10-15 min. During this period with elevated Pi3 activity very high
values of GIC were recorded (up to ~50 Amperes per node) in the electric power transmission line at the Kola
Peninsula. Here we consider the contribution of geomagnetic disturbances to the rapid growth of GIC during the 27-
28 May 2017 strong geomagnetic storm and examine a feasibility of MHD global simulation to predict the
occurrence of Pi3 pulsations, and consequently GICs. Such comparison has proved that the magnetic field
variability predicted by MHD modeling is more than order of magnitude less than that observed. The current MHD
model can successfully predict the response of the magnetosphere to the interplanetary shocks and large-scale
variations of IMF and solar wind during magnetic storms. However, such modeling failed to reproduce the small-
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scale features of magnetic storm/substorm — Pi3 pulsations. Therefore, the variability of geomagnetic field predicted
by MHD modeling turn out to be more than order of magnitude less than observed one. Thus, so far MHD models
are inadequate for the GIC burst prediction.

The study is supported by the grant 21-77-30010 from the Russian Science Foundation.

Geomagnetically induced currents during supersubstorms 7-8 September 2017
P.V. Setsko', LV. Despirak', Ya.A. Sakharov', V.A. Bilin', V.N. Selivanov’

'Polar Geophysical Institute, Apatity, Russia
Northern Energetics Research Centre KSC RAS, Apatity, Russia

Study the connection between a supersubstorm (SSS) development and the geomagnetically induced currents (GICs)
appearance on the Karelian-Kola power line and the Finnish pipeline, which located in subauroral and auroral zone,
is aimed to understand causes of GICs. In this report, we continue compare the GICs appearance data from
EURISGIC system (Vykhodnoy, Revda, Kondopoga) and Manstala station with the substorm appearance data from
magnetometers of IMAGE and SuperMAG networks. The cases of GICs during the two time intervals were studied:
1) from 23 to 04 UT on 7-8 September 2017 when first strong SSS with a peak value SML-index <-3500 nT was
observed and 2) from 12 to 19 UT 8 September 2017 when second SSS with SML-index = -2500 nT with two
intense substorms at ~15 UT and ~18UT (SML ~ 1500 nT) was observed. It is shown that most intense GICs was
observed during first SSS, when Vykhodnoy, Revda and Kondopoga stations were located in night sector, and
second intense substorm, when these stations were located in late-evening sector. Good agreement is also shown
between our observations and results of [Clilverd et al., 2021], which considered GICs on the same date at TOR
(Scotland) and HWB (New Zeeland) stations. In addition, a good agreement is shown between profiles of GICs and
Wp and IL indices.

This study was supported by the RFBR (project number 20-55-18003 Bulg "a") and National Science Fund of
Bulgaria (NSFB) (project number KIT-06Pycus/15).

Seasonal features of GPS phase fluctuations occurrence
and positioning errors in polar and auroral ionosphere

LI Shagimuratov', LI. Efishov', M.V. Filatov?, I.E. Zakharenkova', N.Yu. Tepenitsyna', and G.A. Yakimova'

'West Department IZMIRAN, Kaliningrad, Russia
*Polar Geophysical Institue, Apatity, Russia

E-mail: shagimuatov@mail.ru

In this work the analysis of seasonal occurrence of phase fluctuations of GPS signals and their impact on the Precise
Point Positioning (PPP) errors at high latitudes is presented. The fluctuation activity was evaluated with the GPS-
based indices ROT and ROTI. We used GPS observations of polar Ny-Alesund (78.9°N, 11.9°E; 76.6°N corrected
geomagnetic latitude (MLAT)) and auroral Tromseg (69.60°N, 19.20°E; MLAT 66.9°N) stations in March, June,
October and December 2015. It is found that in diurnal distribution of TEC fluctuations at NYA1 maximal
occurrence were registered around magnetic noon except December, when some increase of fluctuations was
occurred near MLT. While at Tromse the maximum occurrence was occurred around MLT in all season. In seasonal
dependences of the phase fluctuations occurrence at Ny-Alesund was highest in the March and October, and lowest
in the June. At Tromsg the maximal occurrence of fluctuations was in the October and December, and lowest in the
June. The positioning errors were determined using the GIPSY-OASIS software (http://apps.gdgps.net). The PPP is
the processing strategy of the single receiver for GNSS observations that enables the efficient computation of the
high-quality coordinates. The errors were registered as short term surge with duration 2-5 min, which associated
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with occurrence of TEC fluctuations. In diurnal distribution of positioning errors at Ny-Alesund PPP errors
exceeding 1 m took place in day time sector. The lower occurrences of errors were also registered in December. In
June and October the difference in diurnal and seasonal of error distribution is notable. At Tromse behavior of
positioning errors is similar with ROTI distribution.

Model of High-Energy Electron Flows in GLONASS Orbits
P.I. Shustov'?, A.V. Artemyev1’3, A.A. Petrukovich!

1Space Research Institute, Russian Academy of Sciences, Moscow, Russia
2HSE University, Faculty of Physics, Moscow, Russia
*Department of Earth, Planetary, and Space Sciences, University of California, Los Angeles, California, USA

In this work, we construct a statistical model of high-energy electron flows at the GLONASS orbital height. For this
empirical model, we use observations of electron fluxes on satellites of the Radiation Belt Storm Probes (RBSP)
space mission from 2012 to 2019 years. The measured fluxes are projected along the Earth's magnetic field lines
from RBSP orbital height to the height of interest (in this case — GLONASS orbital height). The projection is carried
out using an empirical model of the Earth's magnetic field. The input parameters of this model are the geomagnetic
indices (e.g., SymH index). Further analysis of the electron fluxes projected onto a specific orbital height makes it
possible to obtain the probability functions of the amplitudes of the electron fluxes depending on the electron
energies and geomagnetic indices. This work presents analytical approximations of these probability functions.

Mid-latitude response to auroral substorms in magnetic field variations
at the Bulgarian station Panagjurishte

R. Werner', V. Guineva', A. Atanassov!, R. Bojilovaz, L. Raykoval, D. Valev!, LV. Despirak3, A.A. Lubchich?®,
N.G. Kleimenova®*, P.V. Setsko®

'Space Research and Technology Institute, Bulgarian Academy of Sciences, Stara Zagora Department, Bulgaria

*National Institute of Geophysics, Geodesy and Geography (NIGGG), Bulgarian Academy of Sciences, Sofia,
Bulgaria

*Polar Geophysical Institute, Russian Academy of Sciences, Apatity, Russia

“Schmidt Institute of Physics of the Earth, Russian Academy of Sciences, Moscow, Russia

The Bulgarian station Panagjurishte- (PAG, the corrected geomagnetic coordinates 42.7 N, 98.4 E) is located a little
westward from the average location of the geomagnetic meridian of Scandinavian chain IMAGE from PPN (47.1
MLAT) to NAL (76.6 MLAT). The INTERMAGNET magnetometer network has collected the 1-min digital data
from the Panagjurishte station since 2007. The data of the perturbations in X and Y magnetic field components as
well as the horizontal power at Panagjurishte have been computed up to 2020 basing on the algorithms developed by
Chu and McPherron. The details of the applied technique are briefly described.

The occurrence of the positive magnetic bays at PAG with the amplitude of the X-component higher than 5 nT has
been compared with the IMAGE substorm index IL<-200 nT for 2013. We used this value of the IL-index as a
proxy of the substorm occurrence at the IMAGE meridian at the auroral latitudes lower that SOR station (67.4
MLAT). It was found, that more than 70% of such IMAGE substorm have been accompanied by positive magnetic
bays at PAG with the amplitude higher 5 nT. However, the PAG response to the polar substorms observed at
IMAGE chain at stations higher than SOR (67.4 MLAT) was much lower. As to be expected, a relatively lower
response of about 60% of the substorm events was found for the PPN-NAL chain, because this substorms number
includes polar substorms as well.

This study was supported National Science Fund of Bulgaria (NSFB) (project number KII-06-Pycus/15) and by
the RFBR (project number 20-55-18003).
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Poct reomarauTHO-uHAYHUPOBaHHBIX TOKOB BO BpeMsi CME u CIR marnuthbix Oypsb B 2021 roay
B.b. BenaXOBCKI/II‘/'Il, B.A. HI/IJ‘II/IHGHKOZ, SA. CaxapOB', B.H. CenuBanos®

1 . .
Q@I'BHY «llonsapuwiii ceopuzuueckuil uncmumymy, 2. Anamumoi

2 .

Teousuueckuii yenmp PAH, 2. Mockea

3

Llenmp puzuxo-mexnuueckux npoonem snepeemuru cegepa @PUL] KHI] PAH, . Anamumaol

E-mail: belakhov@mail.ru

B pabore paccMOTpeH pOCT TE€OMAarHUTHO-WHAYIHPOBAaHHBIX TOKOB (I'UT), perucrpupyeMbix B JHHHIX
anektpornepenady Ha KosbckoMm monmyoctpoBe M B Kapenuu, Bo Bpemsi MarnutHoi Oypu 3-5 HosiOpst 2021 roxa,
BbI3BaHHOH npuxonoM CME (coronal mass ejection), u Bo Bpemst MmarHuTHOM Oypu 11-13 okrsa6pst 2021 roxa,
Bbi3BaHHO# CIR (coronation interaction region). [Iyist peructpaiiuil Bapuaiii FTeOMarHUTHOTO TOJIST HCIIOJIB30BAHBI
nanHbie MarauToMeTpoB cetn IMAGE, Bkimtouast mannbie craniuu [1T'H JIoBo3epo, MCIONb30BaHbl TAKXKE JaHHBIS
craHuuu Jlonapckas.

MaruuTHas Oyps 3-5 Hosi0ps 2021 rona Obuia Haubosee CHIIBHOHM 3a MOCHEIHHE TPU C IOJOBHHOW roja, XOTs
MHTEHCUBHOCTH ee Oputa cpemneit (Dst = -105 aTun). Bemnmunaa TUT no nanaemv crannmu VKH s nanao# Oypu
cocTaBysuia okoJio 15 A. B To xe Bpems [uist MarHUTHOW Oypu 11-13 oktsa6pst 2021, nMeBLIyIO 3aMETHO MEHBLIYIO
unteHcuBHOCTh (Dst = -57 uTn), Benmmunna I'UT cocraBmsina okono 35 A. B pabore paccmarpuBaercst BKIaz
MOHOC(EPHBIX TOKOBBIX CHCTEM (aBPOPAJBHOTO 3JIEKTPOXKETa, BHUXPEBBIX TOKOBBIX cucteMm) B poct [UT mms
JIaHHBIX Oypb. PaccMaTpuBaercs BKJIaJ TeOMarHUTHBIX Iynbcaiuidi Pi3 nnamasona, HaOmiomaBiumxcs Ha (oHe
cy60yps, B poct 'UT.

HccrenoBanme BHIONHEHO 3a cdeT TpaHTa Poccmiickoro HaygHoro ¢orma Ne 21-77-30010 (ITmmmmenko B.A.,
Caxapos S.A.)

Honochepubie 3¢ dexThl reoMarauTHoi 0ypu 4 Hosops 2021 roga
HA CPeHUX H BHICOKHX IIHPOTAX B €BPOINEiCKOM pernoHe

n.n. E(I)I/IIHOB', n.n. U_[al“I/IMypaTOBl, T.A. HKI/IMOBal, N.E. 3axapeHKOBal, H.IO. TeHeHI/ITHI/IHa], M.B. ®unaros’

1
3anaonoe omoenenue H3MHUPAH . Kanununepao, Poccus
2 N N

@I'FHY «llonapuwiil ceoghusuueckuti uncmumymy, 2. Anamumet, Poccus

E-mail: efishov@hotmail.com

B nanno# paboTe MBI peacTaBisieM pelynbraTel MoHuToprHTa GPS TEC-Bapuanuii Bo BpeMs reoMarHuTHoOH Oypu
4 HostOps 2021 r. B eBpormeiickoM cektope. bypst Hadanace 3 Hos10pst okono 21 UT, makcumainbHOE 3HaueHHE
noHwwkenus: uaaekca Dst (-105 vTo) npumocs Ha 14 UT 4 HostOps. s ananuza ucnonb3oBaiuch TEC-kapThl ¢
BpEeMEHHBIM pa3pemienneM B 15 muH. Kaptel popmupoBanuch B mmpoTHoM auanaszone 30-75°N n 10°W-40°E. Ha
AKTHBHOW CTaJuM pa3BHBAIACh IOJIOKUTENbHas Oyps, MakCUManbHbIH 3ddekT Habmonancs B JTHEBHOE BpeMs.
XapakTepHOi 0COOEHHOCTBIO pa3BUTHS OypH SBUIIOCH ITOJIOKHUTEILHOE BO3MYILEHHE, KOTOPOE IPOSBIIIOCH B BUJIE
JIOKJIN30BaHHON 00acTH TOBBIIIEHHOM WOHW3alMH, MPOCTHPAIOLIETOCsS B HANpaBJICHUH CEBEpO-3araja.
[Ipenmonoxeno, 4ro 310 ecth mposiBieHne 3pdexra SED (storm enhanced density) [1]. Jlokanu3oBaHHas 001aCTh
MOBBIIEHHON KoOHIeHTparmu pocturana mupotr 70-75°N. Ha TEC-kaprax nHambonee sApKo HDaHHBIA 3PQPEKT
Habmomancs B mHTepBaie 08-10 UT. luporusie npodumm TEC mns monrotsl 20°E meMOHCTpUPYIOT OHHAMUKY
CPEeHEIINPOTHOIO MpoBajla BO BpeMs OypH. MHHHUMaNbHOE MOJIOKEHHE MpoBana 4 HOAOPS NPUXOAWIOCH Ha
mupoThl 52-53°N. B To BpeMs kak s 5 HOsiOps (Ha ¢a3e BOCCTAHOBJICHHS) MPOBal HAOJIONAJICS Ha IIMPOTAx
oxono 60°N.

1. A.J. Coster, M.J. Colerico, J.C. Foster, W. Rideout, and F. Rich. Longitude sector comparisons of storm enhanced
density // Geophysical Research Letters, V.34, L18105, DOI:10.1029/2007GL030682, 2007.
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I'eo3ppexTHBHOCTH AUAMATHUTHBIX CTPYKTYP 3pYNTUBHBIX npoTtydepanues (JCIII)
B.A. HapXOMOBl, B.I'. Ecenesnu’, M.B. Ecenesua’, b. Llarmax’, JI.B. Kasanries'

I~ . .
Batixanvckuii 2cocyoapcmeennulii ynusepcumem, 2. Upxymck

2 N

Hucmumym conneuno-3emnoti uzuxu COPAH, e. Upxymck

3

Hncmumym acmponomuu u ceogpusuxu AH Mowneonuu, e. Ynau-bamop

[IpencraBnensl pe3ysbTaThl UCCIEIOBAHUS TPUPOJBI M XapaKTepa BO3MYLIEHHH MarHUTOC(epbl, TeHEPUPYEMBIX
JVaMarHUTHBIMH CTPYKTYpaMH, CBS3aHHBIMH C OSpynTUBHBIMH nportyOepanuamu (JACOII). [InamarHutHBIC
CTPYKTYpHI (IDIa3MOWABI) OMPEAETSAIOTCS 110 OTPHIATENFHOMY KO(D(OUIIMEHTY KOPPEeIAIUN MEXIY OOIbIINMU
CKaukaMH KOHIEHTpauuu cojHeyHoro Berpa (CB) m Monyns MexmianeTHoro marnutHoro moinst (MMII).
CTpyKTypBl I'€HEpUPYIOTCSl TIPU 3PYIILMHU IUIa3Mbl MpoTyOepaHneB u nepeHocarcst oT CoiHua 10 opOUTH 3eMiln
MIOTOKAMH CHOPAANIECKOTO COJHEYHOTO BETPA, HCTOYHMKOM KoToporo Ha CosHie siBisitorcs KBM (kopoHanbHbIE
BbIOpockl Maccel). KBM peructpupyercss B BHIE IOCIEAOBATENLHOCTH U3 yAapHoil Boaubl (Shock), ymapHo-
HarpeToil 1wasmbel (Sheath) m MexruiaHeTHOro kopoHaibHOro BbIOpoca Macchl (Interplanetary Coronal Mass
Ejection, ICME).

Konrakr JICOII ¢ marHuTochepoil BbI3BIBACT HHTCHCHBHBIC IOJSPHBIC CHSHHS, HAYMHAMOIIUECCS HA JTHEBHOU
CTOPOHE M TJI00aJIbHOE TEOMAarHUTHOE BO3MYIIEHHE, KOTOPOE BKJIIOYAET: YCHJIEHHE KOJIBLIEBOIO TOKa,
MarHurocepHyto cyo0ypro, JHEpreTHKa U JUIMTEIFHOCTh KOTOPOH OIpeAeNstoTes SHepruei, nepenocumoit 1COII,
BO3pacTaHHE IMMOTOKOB SHEPIHMYHBIX YACTHI[ B PaJHAlMOHHBIX IOACaX W TEHEPAlMI0 I'€OMArHUTHBIX ITyJIbCanni
Pa3IMYHOTO THIIA.

[Mpeamnonaraercs, uro nmeer Mecto npoxoxxaeHue JJCOII BHyTps MarHuTOChEpHI, ONpeessieMoe 0 COXPAHSHUIO
e€ CTPYKTypBl B MarHWTOCIIOE M HA JHEBHOW CTOPOHE /10 PacCTOSHUM ~ 4Re M ¢ CyIecTBEHHBIM M3MEHEHHEM e
CTPYKTYpbl B OOJacTH IUIa3MEHHOTO CJIOS XBOCTa Marautocepsl Ha paccTossHuM ~ 10 Re, 4To OTpaxaer
MIPOSIBIEHUE JUCCHUIIATUBHBIX MPOIECCOB, KOTOpble HHUIMUpPYOTCsa Bo3zaeiictBueM JICOIl Ha 3amMarHMYEeHHYIO
IUIa3My B XBOCTE MarHUTOC(EPHI.

Ha nepennem ¢ponte ACOII mHabmomaercs mpsAMOYTONBHBI uMIyibc Bz xommoneHTsl MMII, uTo sBnsercs
TPUITEPOM IIPH B3AUMOJICHCTBUU CTPYKTYPBI P €€ MPOXO0KACHUH M3 MArHUTOCJIOS! BHYTPh MarHUTOC(EpHI.

B 3akmoueHMM Ha OCHOBE OOJIBIION CTATHCTUKK NPUBOIUTCS TaONMUIAa XapakTepHbIX mapameTpoB JCOII u
BBI3BIBAEMBIX UMM MarHUTOC(EPHBIX BO3MYIIECHUH B pa3JIMUHbIE TOABI COJTHEYHOTO IUKIIA.

IIporuo3 u301MpPoOBaAHHBIX CY00ypPb, BbI3bIBAEMbIX COJTHEYHBIMH INIA3MEHHBIMHU MOTOKAMHU
C.E. PeBynos', O.M. Bapxarosa’, B.I'. Bopo6ses®, A.E. Bapcykosa'

1 . . .
Huoicecopodckuii 2ocyoapcmeennviil nedazocudeckuii ynusepcumem um. K. Mununa
2 o o o
Huoicecopodckuii 2ocyoapcmeentbiil apXumekmypHO-CMpoUmenbHbulil YHUsepcumem
3 o .

®@I'BHY «Ilonapnutii ceogpuzuueckuti uncmumymy, 2. Anamumot

BrmonHeH HelpoceTeBol MpoTrHO3 CyO0O0yph, O0YCIOBIEHHBIX BO3/EHCTBHEM MOTOKOB IDIa3MBI COJTHEYHOTO BETpa
Ha MarHuTocdepy 3emin. it 3Toro ObUTH CO3aHBI PEKYPPEHTHBIE HEHPOCETEBbIE MO/IENN, OCHOBaHHBIC Ha paHee
yCTaHOBIEHHBIX [Bapxamoe u Op., 2017] QU3AYECKUX TNPHYUHHO-CICICTBCHHBIX CBS3AX IHHAMHUKHU
BBICOKOIIIMPOTHOI T'€OMAarHUTHOW akTHBHOCTH (10 MHIEKCY AL) ¢ mapamerpaMy IIa3MEHHBIX MOTOKOB. 37I€Ch B
KaueCTBE BXOJHBIX I10CIIEI0BATEILHOCTEH UCII0JIB30BAHEI JIBa NapameTpa — Bz komnonenta MMII u unTerpaibHblil
napamerp X[N*V?], yuuTHIBAONIMH NPEIBICTOPHIO MPOLECCA HAKAUKH KMHETHUECKOH SHEpruH B MarHurocdepy,
rae N 1 V— KOHIEeHTpanus IIa3Mbl 1 CKOPOCTh COJTHEYHOTO BETPA, COOTBETCTBEHHO.

IIporHo3 HempepbIBHOrO psaa 3HaueHHMH AL wMHIekca AOCTUraeTcss IOCIEeN0BAaTENbHOCTBIO MapaylieIbHO
paboraronnx MHC. KonndecTBo cereil onpenensieTcss CKBaXHOCTBIO HEOOXOAMMOro MporHozupyemoro psiza AL
WHIEKCa, TpH 3ToM ydeT 90 MWH MpeapicTOPHX BXOIHBIX IIAPAMETPOB B KaXIOW U3 ceTed obecmedni
BOCCTaHOBJIEHHE 3HaueHHs AL nHAEKca ¢ TOUHOCTHIO 10 ~80%.
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JemoHcTpanust GyHKIIMOHUPOBAHMS TPOTHO3a BBINOIHEHA HA MUHYTHBIX JaHHBIX, 3aPETHCTPUPOBAaHHBIX B 1998-
2012 rr. (http://cdaweb.gsfc.nasa.gov) u oTBedaromuXx 8 4YacoBbIM HHTepBanaM 70 H30JMPOBAHHBIX
marHutochepHbix cyo0yps. YacTh coObITHil BEIOOPKH (65 coObITHI) Hcnonb3oBauCh it o0yuenuss UHC, napyras
gacTb (5 cOOBITHI) WCHONB30BANKACH [UIS TECTUPOBAaHHWA KadecTBa oOydeHHs Heipoceredt. IIpenmaraemas
MPOTHOCTHYECKass MOAETh cyO0ypeBoii akTuBHOCTH Ha 120 MUHYT BBINIOJHEHA C UCIIONb30BaHHEeM 12 Helipocereid,
rre kaxnmas WHC mnporHosmpoBama AL  WHIeKC Ha KOHKPETHOE BpeMs OT TEKYIIEro MOMEHTa:
+10 muH, +20 muH, ... +120 muH. Takum 00pa3om, ITOTyYEHHBII CIPOrHO3UPOBaHHBIN psin AL-nHAeKca conep uT
12 3HaueHui ¢ TUCKPEeTHOCThIO 10 MUHYT.

OOBeKTHBHAs OlIEHKa KauecTBa Nporuo3a AL-nHjekca BBITONHSIIACH BEIYMCICHHEM K03(D(dUIMeHTa KOppesiu
R u sddexruBHoctn BoccraHoBienus PE mexny peanbHbIMU (LI€NEBBIMH) U Cr€HEPHPOBAHHBIMU 3HAYCHUSIMH,
noiydeHHbIMH 12-10 mapamensHo pabortatommmu MHC. B skcnepuMeHTax MOKa3aHO, YTO B CPEOHEM KadeCTBO
MPOTHO3UpYeMOro psna 3HaueHnid AL-mHnexca cHmxaercs or R=0.82, PE=79% (+10 mun) mo R=0.61, PE=42%
(+120 mun). Takum 00pazoM, co3laHHbIE HEHPOCETEBbIE MOJEIH C NOCTaTOYHOU 3()(PEKTUBHOCTBIO MOTYT OBITH
MPUMEHEHBl Ui TPOTHO3UPOBAHUS W3OJUPOBAHHBIX CYOOYph, BBI3BIBAEMBIX COJIHCYHBIMH IUTA3MEHHBIMH
MTOTOKaMH.

bapxamoe H.A., Bopobves B.I'., Pesynos C.E., fleookuna O.H. TlposiBieHre NUMHAMUKH HapaMeTPOB COIHEYHOTO
BeTpa Ha (opmupoBaHue cy00ypeBoii akTuBHOCTH // 'eomarHeTnsm u asporomust. T. 57. Ne3. C. 273-279. 2017.

Ouenka Bo3jeiicTBHSE MATHUTOC(EPHBIX BO3MYIIeHUI HA IHEpreTU4YecKHe CHCTeMbI
B CPeIHMX IIMPOTAX

SLA. Caxaposl’é, C.A. 3onoroii’, AM. Mép3JILH712’4, AM. Canosckuit’,
A.A. Herpyxosud’, A.T. Sluaxos’, O.B. Hukudopos’, B.H. Cenupanon’

'®OI'BHY «onspuwiii ceogpusuueckuti uncmumymy, 2. Anamumel, Poccus; e-mail: sakharov@pgia.ru
*QI'BYH Hucmumym kocmuueckux uccnedosanuti PAH, . Mockea, Poccus

SHUPYII «I eoungopmayuonHvle cucmemsly, 2. Munck, Berapyco

4Cosem no xocmocy PAH, 2. Mocksa, Poccus

*@UI] Konvckuii nayunwii yenmp PAH, 2. Anamumot, Poccus

SOIBYVH I eousuueckuit yenmp PAH, 2. Mockea, Poccust

BozOyxnenne reomHOykTHpoBaHHBIX TOKOB (IMT) B TOKOMpOBOAANIMX CHUCTEMaX, TaKWX, KaK JIMHAW
JJIEKTpoIepesiay, Kabeau CBS3HM, MarucTpalbHble TPyOONpPOBOABI M TPOY., SIBISETCS TEPMHHAIBHBIM 3ddexTom
BO3J/ICHCTBYUSI TEOMAarHUTHBIX BO3MYIIEHUII Ha Ha3eMHbIE TEXHOJIOTHYECKHE cUCTeMbl. IIpu pa3sBUTHUM CHIBHBIX U
CBEPXCHJIBHBIX MarHUTOC(HEPHBIX BO3MYIIEHHUH CYIIECTBEHHO MEHSIOTCS MapaMeTpbl HOHOC(EPBI, YTO MOXKET OBITh
CBA3aHO C BBICBIIIAHUAMU 3apsKCHHBIX OHCPIrAYHBIX YaCTHUL U YCUJIICHUEM l/IOHOC(i)eprIX TOKOB HC€ TOJIBKO B
aBPOPAJbHBIX, HO U B CYy0aBPOPaJIbHBIX U CPEIHUX INUPOTax. B J0KIame Mo OmMyOJUKOBaHHBIM JaHHBIM IIPOBEICH
aHAJIM3 BO3MOXKHOTO BO3JIEHWCTBUS CHJIBHBIX MarHMTOC(EpHBIX BO3MYLIEHHH Ha Ha3eMHBIE TEXHOJOTMYECKHUIl
CHCTEMBI, B MEPBYIO OYEpElb, JMHUHM 3JIEKTPONEpenad M CHCTEMbI SHEPTOPACIPEAEIEHHs, PACIOJIOKCHHBIE B
cpennux muporax. [lo pesynpraTaM aHanm3a cIenaH BBIBOJ O HEOOXOIMMOCTH PACIIMPEHUS HA3EMHBIX CHCTEM
perucTpanyuy MarHuTOC(GepHBIX BO3MYIIEHHH B 30HY CPEJHUX MINPOT.
HccrenoBanve BEITOHEHO YaCTHYHO 3a cueT cpencTs rpanTa PHO (mpoekt Ne22-29-00413).
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Hao0uronenus 3a resinoreogpusnyeckoii 006cranopkoii B 2021 roay
cpeacTBaMH CUMHTHILIAMOHHOro GNSS nnpueMHHKa yCTAHOBJIEHHOIO B I'. AIaTHTHI

M.B. ®unaros!, C.B. [Tunbraes’, A.C. HI/IKI/ITCHKOI, A.B. HapquKOI, B.B. KO3GHOB1,
10.B. ®enopenko', A.B. Pomnyrus', I1.A. Byankos®, M. Illarumypatos’

1 . .
®@I'BHY «llonapuutii eeogusuueckuti uncmumymy, 2. Anamumut, Poccus

*Uuemumym npuknadnoii eeogusuxu umenu axademuxa E.K.@edoposa, 2. Mockea, Poccus

33anadnoe omoenenue H3MHUPAH . Kanununepao, Poccus

Email: mijgun@yandex.ru

B nanHoi#t paboTe npencraBieHbl pe3yJbTaThbl HAONIOJNCHUWH, MOJyYEHHBIX HPU MTOMOILIM YCTaHOBJIEHHOTO B T.
Anarutel GNSS mnpuemnnka Septentrio PolaRx5S 3a 2021 rox. MuorouactoTHbelii 544 kananbHblii GNSS
MIPUEMHUK TE€HEPHPYEeT NaHHBIC, COACpIKAIlUe CHUHTHUILMOHHBIE MHICKCHI, IOJHOE 3JEKTPOHHOE COZIEpKaHue
(IT2C), xomoBbie, (Ga30BbIC ¥ HAaBHTAIlMOHHBIC HEPHUILTPOBaHHBIC MaHHbIC ¢ uvacTtorod mo 100 I'u. [lanHbrid
MIPUEMHUK ObLI ycTaHOBieH Ha Kpbimie 3gaHus [IIM B ropoae Amnarutel B aekadbpe 2020 r. coTpyAHHKaMu
WuctuTyTa npukimagHoit reodmsukn wmMeHH akagemmka E.K. ®émopoa. [ms obnerdeHus wcciaeqoBaHUI
corpyaHukamMu [lomsipHOTO Te0(M3NYEeCKOT0 WHCTHTYTAa peanu3oBaH HHTepakTuBHeIW ~WEB-mHTEepdeiic,
MO3BOJISIOIMI NTPOCMATPUBATh B KaKIbIH MOMEHT BPEMEHHM KaJIpbl ONTHYECKUX KaMep ¢ HAHECEeHHbIMM Ha HUX
nonoxeHuIMH GNSS CIyTHHKOB M COOTBETCTBYIOIMMH HHIAEKCAMH CLIMHTHILISIINHA.

ITo uroram 2021 roma aBTopamu ObIT 0TOOPaH PsA COOBITHI WLTIOCTPHPYIONINX MTOBEICHNE CIUHTIUIIIIMOHHBIX
MHJIEKCOB B Pa3IMYHBIX TeINOre€O(PHU3NIECKUX yCIOBUsIX. [lomydeHHble pe3ysbTaThl MO3BOJISIOT CHENATh BBIBOJA O
MIEPCIIEKTUBHOCTH JTAHHOTO MPHOOpPA JJIsi MOHUTOPHHI'A COCTOSIHUSL HOHOC(EPEI.

XapaKTepUCTHKHU COJTHEYHOI'0 BeTPa H reOMAarHUTHBIX yCJI0BMIA
npu 3xcTpeManabHbIX 'UT Ha cranuuu Boeixoanoii (2012-2018)

JI.A. IlleBenena', C.B. Anatenkos', I.A. Caxapos’, E.U. Topnees’

1 . .
Canxm-Ilemepbypeckuii cocyoapcmeennuiii yHueepcumem, 2. Cankm-Ilemepoype, Poccus
2 . .
@I'BHY «Ilonapuutii ceopusuneckuti uncmumymy, 2. Anamumut, Poccus

E-mail: st035310@student.spbu.ru

B pab6ote mccnemoBammchk 140 coOBITHII ¢ HaMOONBIOIMMH aMIUIUTYJaMH TeOWHAYIHpoBaHHBIX TokoB (I'MT) Ha
craHimu BreixomHoit (65 MLat) 3apeructpupoBannbie B 2012-2018 ropax. [loka3anel oTiMuusi mapameTpoB
COJIHEYHOTO BETpa M TEOMAarHUTHBIX HHJEKCOB OT THIMYHBIX 3HAYeHUH. BUIHBI XapakTepHbIC yBEIHMUYCHUS
CKOPOCTH COJHEYHOTO BETpa W IMHAMHYECKOTO MaBJICHWS, NMOHMKeHHas Bz xommonenta MMII. CymecTtBeHHO
CABUHYTBI OT OObIYHBIX 3Ha4yeHuit wuHumekchl AE, AL, Dst, a Take ckopocts pocta (mazenus) Dst/dt.
IIpoananu3upoBaHa CBA3b C yAAPHBIMU BOJIHAMU B COJIHEYHOM BETPE.

Pabora mpoBenena B pamkax npoekra PH® Ne 19-77-10016.
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Problems of magnetospheric dynamics and structure of magnetospheric magnetic field

E.E. Antonova'?, LP. Kirpichev?, I.L. Ovchinnikov', V.G. Vorobjev’,
O.L Yagodkinaz, N.V. Sotnikov!, M.S. Pulinets!, M.V. Stepanova4

'Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow, 119991, Russia;
e-mail: elizaveta.antonova@gmail.com

2Space Research Institute (IKI) Russian Academy of Science, Moscow, Russia

3Polar Geophysical Institute, Apatity, Russia

*Department of Physics, University of Santiago de Chile, Santiago, Chile

Fundamental problem of high latitude magnetosphere is the problem of mapping of observed at low altitudes
structures to the equatorial plane. Developed during the latest period models of the Earth’s magnetic field partially
solved this problem. However, statistical character of these models, great level of turbulent fluctuations in the
geomagnetic tail even during quite periods and inner magnetosphere during disturbed periods greatly complicate the
process of mapping. Another problem is the inapplicability the approximation of the ideal MHD in the conditions of
magnetostatic equilibrium and slow plasma motion. It is impossible, for example, to analyze magnetic flux transport
in the magnetosphere without simultaneous analysis of the changes of external boundary conditions formed in the
process of the solar wind interaction with the geomagnetic field.

One of the main changes in the analysis of magnetospheric dynamics is the use of plasma pressure as the
parameter conserved along magnetic field line in the condition of magnetostatic equilibrium for mapping of low
altitude auroral structures to the equatorial plane. We analyze the main changes of the description of magnetospheric
dynamics appeared taking into account such mapping results. The formation of magnetic holes and humps in the
ring current and tail regions and their role in the magnetospheric dynamics are discussed.

Relationship of the SAR arcs height to solar activity.
The observation results at the Yakutsk meridian.

I.B. Ievenko, S.G. Parnikov

Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk 677027, Russia
E-mail: ievenko@ikfia.ysn.ru

The stable auroral red (SAR) arcs arise due to the overlap of ring current with the outer plasmasphere, where
energetic ion fluxes heat plasmaspheric electrons. An emerging downward flux of superthermal electrons along the
magnetic field lines increases the ambient electron temperature at the altitudes of the ionosphere F2 region in the
form of Te peak. As a result, the enhancement of intensity of atomic oxygen red line in the SAR arc mapping the
plasmapause takes place. It is generally accepted that the height of maximum intensity of atomic oxygen red line in
the SAR arcs has an average value of 400-450 km. At the same time, the height of maximum excitation rate of the
630.0 nm emission in the arc produced by a flux of superthermal electrons should depend on the altitude distribution
of atomic oxygen density and deactivation coefficient of excited O(1D) atoms.

A significant change of altitude distribution of the upper neutral atmosphere density in the solar cycle is known.
According to the MSISE-90 atmospheric model at the altitudes of 350 and 450 km, generally accepted for red arcs,
the O concentration decreased by ~ 4 and ~ 9 times, respectively, during the 23 solar cycle minimum. The change in
the O density was determined for magnetically quiet days in February in 2000 and 2008 (for the maximum and
minimum of the 23rd cycle, respectively) at local midnight at the 64°N geographic latitude of the Yakutsk meridian.
It gives ground to suggest that the height of the SAR arcs should decrease during the solar activity minima.

According to long-term observations at the Yakutsk meridian, we know that under the conditions of low magnetic
activity (Dst > -50 nT; Kp < 3+) the SAR arcs occur during individual substorms. Red arcs in such events were
observed at the geomagnetic latitudes of 55-60°. We carried out the triangulation observations of SAR arcs in the
period of 2018-2021, during 24 solar cycle minimum. The first height measurements of the red arcs yielded the
values of 280-350 km. In the future, we plan to measure the height of the red line radiation in SAR arcs during the
growth phase of the 25th solar cycle in the period of 2022-2024.

This work was supported by the Russian Foundation for Basic Research (project No 21-55-50013.
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Magnetospheric magnetic field and outer radiation belt variations during 26.10-11.11 2015
V.V. Kalegaevl’z, N.A. Vlasova', E.I. Efimkina'?, .S. Nazarkov'?

1Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, 1(2), Leninskie gory, Moscow,
119991, Russia
2Faculty of Physics, Lomonosov Moscow State University, 1(2), Leninskie gory, Moscow, 119991, Russia

Coupled dynamics of the Earth's geomagnetic field and relativistic electron fluxes of the outer radiation belt was
studied during the period of prolonged geomagnetic activity on 26.10 - 11.11.2015 on the basis of experimental data
of measurements of electron fluxes and geomagnetic field in geostationary orbit (GOES satellite) and in a highly
elliptical orbit passing through the core of radiation belts (Van Allen Probes satellite). Three moderate geomagnetic
storms developed under the influence of various conditions in interplanetary space: 01.11, 03-04.11 and 07.11 with
[Dstmax| ~40, ~60 and ~90 nT, respectively, are considered. A significant increase in the flow of relativistic electrons
was observed only after storm 03-04.11.2015, associated with strong solar wind pressure pulse. The growth of
electron fluxes was observed under southern orientation of the interplanetary magnetic field and high solar wind
velocity.

It is shown that the main factors determining the dynamics of electron fluxes were the expansion (contraction) of
drift shells (Dst effect) and radial diffusion under the action of sudden magnetic field pulses. The results of a
comparative analysis of the dynamics of electron fluxes and variations of the geomagnetic field indicate a consistent
dynamics of electron fluxes and the geomagnetic field both in the core of the Earth's radiation belts and in the
geostationary orbit.

Near UV pulsating aurora and high energy electrons precipitations
measured by the Lomonosov and METEOR satellites

P.A. Klimov', G.L Antonyukl"z, V.V. Benghinl, A.R. Ivanova'?,
V.V. Kalegaevl, K.F. Sigaeval’z, N.A. Vlasoval, .A. Zolotarev'?

'Skobeltsyn Institute of Nuclear Physics Lomonosov Moscow State University, 1(2), Leninskie gory, Moscow,
119234, Russia
Faculty of Physics Lomonosov Moscow State University, 1(2), Leninskie gory, Moscow, 119234, Russia

The TUS telescope on board the Lomonosov satellite in LEO orbit carried out observations of UV emission in the
Earth’s atmosphere during 2016-2017. During two series of measurement in December 2016 - January 2017 and
November 2017, a total of 64 events of the near UV (NUV) glow pulsations in the sub-auroral region were
registered. Simultaneously, DEPRON detector of Lomonosov satellite measured the enhanced fluxes of energetic
particles at the heights of about 500 km. The both periods were associated with recovery phase of the moderate
magnetic storms. Prolonged auroral activity during these periods give us an opportunity to consider them as
HILDCAA (high-intensity, long-duration, continuous AE activity) events. Complementary measurements of the
wave electric and magnetic field by EMFSIS instrument of Van Allen Probes satellites give evidence of electrons
pitch-angle scattering by VLF waves in the near-equatorial region. Charged particle fluxes measurement conducted
by two orthogonal detectors on board METEOR-M2 satellite found intense precipitation of the electrons with
energies 100-700 keV. The most of the NUV events occur either on the maximum of the outer radiation belt or in
the high-latitude auroral region of quasi-trapped energetic particles (more than 100 keV). Multi-satellite
measurements show that NUV pulsations appear as a result of prolonged auroral geomagnetic activity that is
responsible for outer radiation belt electrons acceleration and scattering by VLF waves and precipitation in the
Earth’s atmosphere.
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Machine learning technique for searching of motion integrals
in the magnetotail current sheet equilibrium

A.S. Lukin'?, A.V. Artemyev'? and A.A. Petrukovich'

'Space Research Institute of Russian Academy of Sciences, Moscow, Russian Federation
*Faculty of Physics, National Research University Higher School of Economics, Moscow, Russian Federation
3 Institute of Geophysics and Planetary Physics, University of California, Los Angeles, CA, USA

The development and investigation of self-consistent models of various plasma equilibria require knowledge of
existing exact or approximate integrals of particles motion in a given electromagnetic fields of the corresponding
equilibrium. In some simple system configurations these integrals can be calculated directly using particle’s
Hamiltonian function, while for more sophisticated configurations a searching of integrals of motion represents an
important and challenging problem. A set of approaches for invariant constructions were developed, e.g., adiabatic
theory, but for many systems even a number of conserving values (number of existing invariants) is not defined.

Machine learning methods represent a class of very sophisticated data analysis technique that has been used in
application to various plasma problems. Some of these technics can be applied to the problem of dimensionality
reduction and manifold learning. These methods could potentially help us to find a number of conserved quantities
along particles trajectories for a given magnetic field configuration.

In our work we use one of such techniques, Al Poincare, to discover the number of integrals of motion for charged
particles moving in the magnetotail current sheet. We use simple magnetic field model approximating the current
sheet configuration around the equator and determine the parametrical regions where two integrals of motion can be
found, i.e. where number of integrals is sufficient to build the magnetotail current sheet equilibrium.

Automatic classification of reconnection regions in Particle-in-Cell simulations
by means a Gaussian mixture model

LP. Paramonik', A.V. Divin', LV. Zaitsev'?, V.S. Semenov'

'Saint-Petersburg State University, Saint-Petersburg, Russia; e-mail: igorparamonik@gmail.com
*University of Helsinki, Helsinki, Finland

Contemporary space missions generate huge amounts of data, which makes it difficult to manually interpret,
research and analyse. Fast mining of these observational results (e.g. determining the location of a satellite in a
specific region of the magnetosphere), represents an important problem in data analysis. Both supervised and
unsupervised machine learning algorithms are successfully applied to problems of such kind [1]. In particular,
unsupervised algorithms allow to classify effectively different subsets in high-dimensional data and highlight areas
of interest to aid supervised scientific investigations.

In this work we utilize Gaussian Mixture Model (GMM) method [2] to identify various regions of magnetic
reconnection produced by Particle-in-Cell (PIC) simulations using the iPIC3D [3] code. The GMM algorithm allows
to classify automatically main reconnection regions, such as the diffusion region, the current sheet and the
reconnection exhaust, based on the bulk parameters of the simulated plasma (density, magnetic field, velocity).
Classification results share much similarities with the more common indicators of magnetic reconnection such as
non-gyrotropy measures or slippage.

1. Innocenti M.E. et al. "Unsupervised classification of simulated magnetospheric regions." Annales Geophysicae.
Vol. 39. No. 5. Copernicus GmbH, 2021.

2. Dupuis R. et al. "Characterizing magnetic reconnection regions using Gaussian mixture models on particle
velocity distributions." The Astrophysical Journal 889.1 (2020): 22.

3. Markidis S. and Lapenta G. "Multi-scale simulations of plasma with iPIC3D." Mathematics and Computers in
Simulation 80.7 (2010): 1509-1519.
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Performance of the Gaussian mixture model method in determining parameters
of a multibeam distribution function

L.P. Paramonik', A.V. Divin', L.V. Zaitsevl’z, V.S. Semenov'

'Saint-Petersburg State University, Saint-Petersburg, Russia; e-mail: igorparamonik@gmail.com
*University of Helsinki, Helsinki, Finland

The presence of various acceleration mechanisms in fully ionized collisionless plasmas typically leads to strongly
non-Maxwellian distribution functions. More accurate description of such structures in the phase space allows to
separate the kinetic and thermal plasma energies efficiently [1].

However, the calculation of multibeam moments for distribution functions which are far different from the
equilibrium Maxwellian distribution, is highly sensitive to the number of beams presumed. A common question here
is to how to distinguish beams of different density and velocity taking into account macroparticle noise produced by
a Particle-in-Cell (PIC) simulation. In this work we perform a series of tests with known beams parameters and
evaluate the beam properties using the Gaussian mixture model (GMM). Bayesian information criterion (BIC)
serves as a quality measure of the beam identification. We have established the limits (in terms of number of
particles, beam temperatures, velocities) of applicability of the method and provide criteria for choosing the best
model. Our work serves as a basis for better approximation of distribution function, interpretation of beams, and
future application of the GMM method to the problem of magnetic reconnection.

1. Goldman M.V. et al. "Multibeam energy moments of multibeam particle velocity distributions." Journal of
Geophysical Research: Space Physics 125.12 (2020): e2020JA028340.

An investigation on Field Aligned Electrons distribution around cusp region
Jiankui Shi', Ziying Zhang?, Klaus Torkar’, Zhengwei Cheng'

'State Key Laboratory of Space Weather, NSSC, CAS, Beijing, China
*Beijing Union University, Beijing, China
3Space Research Institute, Austrian Academy of Sciences, Graz, Austria

Field Aligned Electrons (FAEs) take an important role in the dynamics in the polar region, especially in the auroral
phenomena. In this paper, Cluster data were used to study the distribution of FAE events in the polar region. The
FAE event was defined as electron parallel flux > 3x10® (cm”s)”". The total number of FAE events around the two
cusps was basically identical, but downward FAE events prevailed in the south and upward FAE events in the north.
In the southern cusp, the peak of the FAE event distribution versus altitude was about 1.3 Rg higher and the peak of
the FAE event distribution versus ILAT was about 4° ILAT lower. Only the downward FAEs around the southern
cusp had a second ILAT peak which was located about 11° higher than the main peak. These results indicated a
north-south asymmetry of the FAE distribution around the two cusps. Some causes for the asymmetry are discussed,
the main ones being the geomagnetic dipolar tilt and solar wind flows, the IMF asymmetry related to the
magnetosphere, and the difference of ionospheric conductivity in the two hemispheres. Various solar wind-
magnetosphere interaction processes, such as quasi—viscous interaction and reconnection, are responsible for the
asymmetry, too. The second distribution peak (at higher ILAT) of the downward FAE events around the southern
cusp corresponded to high solar wind speed, and may be associated with the NBZ FAC at low altitude. The FAE
roles to the features of the auroral are discussed, too.
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Latitudinal structure of precipitation in the dayside polar cusp
V.G. Vorobjev', O.I. Yagodkina', E.E. Antonova®’

'Polar Geophysical Institute, Apatity, Murmansk Region, Russia
2Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow, Russia
3Space Research Institute Russian Academy of Science, Moscow, Russia

Dayside polar cusps (one in each hemisphere) are a funnel-shaped structure in a geomagnetic field, in which direct
penetration of solar wind plasma to the ionospheric heights is possible along the geomagnetic field lines. The
probability distribution of the cusp observation in the ionosphere has a maximum of about the midday meridian, the
length in longitude is ~ 3 hours. Observations from DMSP series spacecraft were used to study the latitudinal
structure of cusp precipitation. The poleward and equatorward boundaries of the cusp were determined by the
characteristics of the precipitating ions and electrons. More than one hundred complete latitudinal passes of the cusp
region have been studied with the availability of data on IMF and solar wind plasma. The features of the ion
pressure distribution in the cusp are investigated depending on the magnitude and direction of the Bz and By
components of the IMF and the solar wind dynamic pressure. The obtained results are discussed.

CraTtucruueckas CBs3b CYTOYHOTO (l)J'IlOCl-Ica Mal“]-[I/ITOC(l)ep]-[bIX PCJIATHUBUCTCKUX 3JTICKTPOHOB
C MEXKIVIAHETHBIMU U T€COMATHUTHBIMHU XaPaKTEPUCTUKAMHU

O.H. KpHKyHOBal’z, A.B. Benos®, A.®. Skosert', A.A. A6yHl/IH3, WL Henaxuua',
B.b. Ceiidpynmmna', M.A. A6ynuna’, H.®. Hukonaesckuii', H.C. Ik’

' Uncmumym uonocepvr Hayuonansozo yenmpa Kocmuteckux ucciedosanuii u mexnonoaui, o. Anmanmei,
Kaszaxcman, e-mail: krolganik@yandex.ru

2Pusuueckuii uncmumym um. I1.H. Jlebedesa PAH, 2. Mockea, Poccus

S Uncmumym semmnozo maznemusma, uonocepul u pacnpocmpanenus paouosonn um. H.B.ITywixosa PAH,
2. Tpouyk, . Mockea, Poccus

[To nannbM 3a 35 et (1987-2021 rr.) n3MepeHuit IOTOKOB MarHUTOC(EPHBIX 3JIEKTPOHOB ¢ dHepruel >2 M»sB Ha
reOoCTallMOHAPHBIX OpOMTaxX, CKOPOCTHM COJIHEYHOIO BETpa M TI'€OMAarHUTHOM AaKTUBHOCTH PacCUMTAHbBI
KO3 PHUIUEHTBI KOPPEISAIUN MEKIY CYTOYHBIM (DIFOCHCOM 3JIEKTPOHOB, CKOPOCTBHIO COJHEUHOrO BeTpa U Ap-
MHJIEKCOM T'€OMarHUTHON aKTHBHOCTH C Pa3JIMYHBIMM BpPEMEHAMH 3ala3[bIBaHUs, a Takke MexIy (iroeHcaMmu
3JIEKTPOHOB, PACCYNTAHHBIMHU B COCEIHUE AHU. PacueTsl K03 (HUITMEeHTOB KOPPEISIIUN OKA3BIBAIOT, YTO B LIEJIOM B
22-24 nmkmax COJNHEYHOW AaKTUBHOCTH Oojiee BBICOKHE KOI(OHUIMEHTH KOPPEISIHH CYTOYHOro (QIIroeHca
AJIEKTPOHOB CO CKOPOCTBIO COJIHEYHOTO BeTpa M Ap-MHIESKCOM I€OMarHUTHON aKTUBHOCTH HAOMIOMA0TCA Ha (a3zax
cmaja W MHUHHMyMa COJIHEYHOW aKkTHBHOCTH. I[lonmydeHa Tpexmapamerpuyeckas MOZENb, IT03BOJITIONIAs
MPOTHO3UPOBATh CYTOYHBIN (DIIIOEHC BBHICOKOIHEPTHMYHBIX MarHUTOC(HEpPHBIX SJIEKTPOHOB HA CIEAYIOIINE CYTKH,
OCHOBaHHasi Ha NPENBICTOPUM TOBENCHUS (IroeHCca, AaHHBIX 00 Ap-MHIEKCE I'€OMarHUTHOW AaKTUBHOCTH H
M3MEPEHUSIX CKOPOCTH COJIHEYHOTO BeTpa. MoJenb IOKa3blBaeT XOpOIIee COIJache C AKCIEPUMEHTAIbHBIMU
JIAHHBIMH C BBICOKMM K03 duuunentom koppessiuuu (0.82) nist Bcero nepuona 1987-2021 rr.

PaGora BhimonHeHa npu noanepxkke Komurera Haykun MuHucTepcTBa 00pa3oBaHMs M Hayku PecrnyOnukn
Kazaxcran (rpant Ne AP08855916).
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MogaeanpoBaHue TOKOBOIO 1051 B XBocTe MaruuTocgeps! IOnurepa
0.B. Munranes'?, I1.B. Ceuko', M.H. Menbuux', A.B. ApTeMbeB3

1 o . . . .
OI'BHY «Ilonaphuiii eeogpusuneckuti uncmumymy, 2. Anamumut; e-mail: mingalev_o@pgia.ru

2 . . N

Mypmanckui aprkmuyeckuti 20cy0apcmeeHnbvlil yHusepcumem, Anamumoi

3 .

Uncemumym xocmuueckux uccnedosanuii PAH, Mocksa

UzBectuble panuble anmaparoB Galileo u Juno mokaseiBaioT, 4ro B XBocTe Marautocdeps! IOmnmrtepa mmeercs
TOHKHi1 ToKOBBI ciioit (TTC), B KOTOPOM HOMHMO MPOTOHOB MPUCYTCTBYIOT TSKEINbIE TOPAUME HOHBI Kucaopoaa O
u cepbl S'. DTH MOHBI MOABJAIOTCA B MarHuTocdepe FOmutepa B pe3ynbTaTe peryispHbIX MOIIHBIX ByJIKAHMYECKHX
BBIOpOCOB anokcuaa cepsl SO, Ha OmmkaimeM Kk OmuTepy ero cnytHuke Mo, cpenHuil pagmyc opOUTE KOTOPOTO
IpuMepHo paBeH 6R,,tae R, ~11R; —paguyc Onurepa, a R, — panuyc 3emin.

TC B xBocre marnutocdeps! IOnurepa no 3HayeHUsIM MarHUTHOTrO mojisi moxox Ha TC OnMKHEro xBocTa
Marautocgeps! 3emiuau. TaHreHManbHas KOMIIOHEHTa MarHUTHOTO 1ojist B, Beime u Hwke TC, u ero HopManbHast
KOMIIOHEHTa B, MMEIOT XapaKTepHble 3HaueHus cooTBeTcTBeHHO B, =20 vTn u B, =1 uTun. XapakrepHsble
3HAYEHHS TEMIeEpPaTyphl HOHOB cepbl S', HOHOB Kuciopoga O', NpPOTOHOB M 3JEKTPOHOB COCTABJISIOT
coorercTBeHHO T ~40-60 0B, T, ~20-40 3B, 7, ~5-20 9B n 7, ~1 k3B. KoHueHTpauun MOHHBIX
KOMIIOHEHT JIexaT B npezpenax n, = 0.01-0.05 em”. Tlomyrommuua TC B xBocte FOmurepa L cpaBHHMA C €ro
panuycom: L~(0.2—0.5)R ', ~2—=5R,. JInd KaxIOH HOHHOW KOMIIOHEHTHI OTHOILICHUE IMPOAOJIBHOM CKOpOCTU
BCTPEUHbIX NOTOKOB V,, Ha kpaix TC k temnoBoil ckopoctd V;, OpPHEHTHPOBOYHO JICKHUT B Ipejenax
Sy =Vpo/Veg #025-4.

Jlis wccnemoBaHus TOMEpEeYHOro mpocTtpancTBeHHOro macmrabda TTC B xBocte marHutrocdepsr FOmutepa c
TIOMOIIBIO YUCICHHONW MOJENH IOIY4YEHbI €ro CTAlMOHAPHBIE CHMMETPHUYHbIC KOH(GHUTYpalH Il HECKOIBKHX
BapuaHToB oOpasyronmx TC BCTpeUHBIX MPOJOIBHBIX MOTOKOB MOHOB. M3 pe3ysbTaToOB pacueToB MOXHO CHENATh
CJIC/TYIOIIIHIE BBIBOJIBI.

Eciu paccmarpusaembiii TC 06pa3zoBaH ToJIbKO MOTOKAMH TOPSYUX MOHOB CEPBl S', TO OH MMeeT HauGOIbIIYIO
nonymupuny L = (O.3—0.35)R = (3—3.5)RE , @ TAK)KE HAaWMEHbBIINE MAaKCUMAaJbHbIE 3HAUYEHHMS IIJIOTHOCTH TOKA U
KoHUeHTpauuu B nenrpe TC jg . ~1.5HA/M un ng, ~0.024 em”. Ecim TC 06pa3’oBaH TOJNBKO MOTOKAMH
ropsdux HOHOB kuciopoga O, TO OH MMeeT MeHblIylo nomymmpuny L ~0.25R, ~2.5R,, a Takxke Gonbliue
MaKCHMaJbHble 3HAUEHHs TIIOTHOCTH TOKa M KOHIeHTparuu B nentpe TC j,  ~3HA/M u n, . ~0.048 cm.
Eciu TC o6pa3oBaH TOJIBKO HOTOKaMH IPOTOHOB, TO OH UMEET HauMeHblIyto noiaymupudy L = 0.04R, = 0.4R; , a
TaKoKe HauOoJblIMe MaKCUMAJIbHbIE 3HAU€HUS IUIOTHOCTH TOKA U KOHLEeHTpauuu B ueHrpe TC j,. .. ~16 HA/M u
Ny = 0.095 cm™.

Takum oOpazom, HabGmomaembiM Macmtabam TC B xBocte marHmtocdepsl Omurepa coorBerctBytor TC, B
KOTODBII OCHOBHOI BKJIa/l B OJHEIH TOK depe3 TC Hal0T ropsame HOHBI Cephl S .
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Bo3moxHOCTH 00pa3oBaHusi TOKOBOIO CJI0s1 OJIM:KHEI0 XBOCTa MarHuTocdepsbl
NOTOKAMM HOHOB KHCJIOPOAA U3 HOHOC(EPhI

0O.B. Munranes', T1.B. Ceuxo', M.H. Menbuuk', I.B. Munranes',
X.B. Manosa®*, A.M. Mepausiit’, JLM. 3enéusri’
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Hayuno-uccrnedosamenvcxuii uncmumym adeprou guzuxku um. /1.B. Crobenvyvina MI'Y, Mocksa

3 .

Hnemumym xocmuueckux uccneoosanuti PAH, Mockea

W3 skcnepuMeHTaNbHBIX JTaHHBIX HW3BECTHO, YTO Ha IMpeaBapUTENsHOU (a3ze cyOOypH B T€OMarHUTHO aKTHBHBIX
YCIIOBHSIX HaOIIOZAeTCs MOBBIIMICHHE BKJIaJa MOHOB KHCIOPOJa B MOJIHYIO KOHIIEHTPAIIMIO MOHOB B IUIA3MEHHOM
ciioe OT 3HaueHHi mopsiaka 1-2% mepen cy00ypeit mo 3HadeHuit coie 50%. B okonozeMHoi MaruuTocdepe Ha
CWJIOBBIX JIMHUAX, BBIXOMSIIUX W3 BBICOKOIIMPOTHOH 007acTH HOHOC(EpHI, ObUTH OOHAPYKEHBI ITOTOKH HOHOB
KHCJIOPO/Ia, HATIpaBJICHHBIE OT 3eMIIH B XBOCT. [IpHCYTCTBHE TOKOHECYIINX HWOHOB KHCIOPOaa OBLIIO HEOTHOKPATHO
oOHapyxeHO mpH nepeceucHusx TokoBoro cios (TC) ommkuero xBocta anmapartamu muccur CLUSTER. Henasho
mo u3MepeHusM muccun THEMIS Oputo moka3aHO, 9TO B IUIA3MEHHOM CJIO€ HAOIIOIAIOTCS HANpaBIICHHBIC B
OMMKHMI XBOCT TPOAOIbHBIE MOTOKH HOHOB Kuciopoaa O HoOHOC(EPHOro MPOUCXOXKIEHHS, a MPOAOIbHAS
CKOPOCTb 3TUX IIOTOKOB B OCHOBHOM JIEXKUT B Ipenenax V, ~100—250 km/c.

MopenupoBaHue M TEOPETUYECKHE OICHKM MOKAa3bIBAIOT CYIIECTBEHHYIO 3aBHCHMOCTh KoH(urypamun TC ot
apaMeTpoB 00pa3yIOIIUX €ro BCTPEYHBIX OTOKOB MOHOB. /0 HEITaBHETO BPEMEHH ISl YKa3aHHBIX BBIIIE TOTOKOB
MOHOB KHCJIOpOJa UX MapamMeTphl He M3MEPSUINCh, U MOTJIM OBITh TOJBKO NPUOJIMKEHHO olleHeHbl. [loaTomMy panee
i aHanutnaecko monenmn TC paccMmaTpuBaiack 00MacTh BXOIHBIX IAapaMETPOB MOJEIH, INPH KOTOPBIX
HoTydaeTcst oTHocuTenbHO mupokuil TC Ha MOHAX KUCIOPOoa, B KOTOPHI BIOXKEH B Pa3bl MM Ha MOPAAOK Ooiee
TOHKHI NMPOTOHHBIA TOKOBBINA ciod. [Ipu srom B nentpe TC MIOTHOCTH TOKa NMPOTOHOB ObLIa B pa3bl OoJibliIe
IUIOTHOCTH TOKA MOHOB KUCJIOPOAA.

B pabore ¢ momompio uncieHHod mozaenu TC moka3zaHO, MMEETCS BIIOJIHE COTVIACYIOMIAsics C MOCIEAHUMHA
JAHHBIMH U3MEPEHUI 00/1aCTh BXOIHBIX IAPAMETPOB, JUI KOTOPBIX TOKOBBIN CIIOH HA MOHAX KUCIIOPOAA 110 IIHPHHE
COIIOCTAaBUM C MPOTOHHBIM, U IIUPE ero npuMepHo B 1.5 pasa. Ilpu 3TOM npy OJMHAKOBBIX KOHIEHTPALUSIX NOHOB
KHCJIOpOAa U POTOHOB Ha kpasx TC B ero 1eHTpe 3Ha4eHUs IUIOTHOCTH TOKA M KOHIEHTPALUH IPOTOHOB B pa3bl
MEHBIIE, YEM COOTBETCTBEHHO INIOTHOCTD TOKA M KOHIIEHTPALU HOHOB KUCIIOPOJIA.
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Sub-relativistic microbursts produced by electron nonlinear Landau resonance
A.V. Artemyev '

1Space Research Institute, Russian Academy of Science, Moscow, Russia
Department of Earth, Planetary, and Space Sciences, University of California, Los Angeles, USA

Energetic electron precipitation into Earth's atmosphere is an important factor in radiation belt dynamics and
magnetosphere-ionosphere coupling. The most intense pattern of such precipitation is the occurrence of microbursts
-- short-lived bursts of precipitating fluxes detected on low-altitude spacecraft. Due to the wide energy range of the
observed microbursts and their transient nature, they are generally associated with energetic electron scattering into
the loss-cone via cyclotron resonance with field-aligned intense whistler-mode chorus waves. In this study, we show
that intense sub-relativistic precipitations may be generated via electron nonlinear Landau resonance with very
oblique whistler-mode waves.

Different mechanisms of the electron acceleration up to relativistic energies and
Arase and GOES satellite observations

V.B. Belakhovsky', V.A. Pilipenko®, E.E. Antonova™, Y. Miyoshi’

'Polar geophysical institute, Apatity, Russia

*Institute of the physics of the Earth RAS, Moscow, Russia

3Skobeltsyn Institute of nuclear physics, Lomonosov Moscow State University, Moscow, Russia
4Space research institute, Moscow, Russia

>Institute for Space-Earth Environmental Research, Nagoya, Japan

We study the role of different mechanisms suggested for the explanation of the processes of the outer radiation belt
formation and evolution. ULF mechanism simultaneously with radial diffusion by sudden impulses was suggested
as one of the first. It supports the radial diffusion transport described by the Fokker-Planck equation leading the
increase of particle energy due to betatron acceleration. Such mechanism qualitatively reproduced the long-term flux
variations observed in the inner portion of the outer belt and the slot region. However, it has difficulties with the
explanation of the inner magnetosphere acceleration of relativistic electrons and the formation of the phase space
density maximum at definite radial distance.

The variations of relativistic electron fluxes and wave activity in the work are studied using the data of the
geostationary satellites GOES and the Japanese satellite Arase (ERG). For the describing VLF wave activity in the
magnetosphere the PWE instrument on Arase satellite we used. The magnetosphere ULF wave activity in the Pc5
frequency range was described by the ULF index developed at the IPE RAS. Cases without magnetic storms with
high solar wind speed and magnetic storms are selected.

For the selected events the growth of VLF and ULF wave activity was registered approximately at the same time
and coincides with the growth of substorm activity. Therefore, it is not easy to separate the contribution of these
acceleration mechanisms.

We analyzed strong magnetic storms when the flux intensity maximum shifts to lower L-shells compared to
intervals without magnetic storms. We verify the validity of the Tverskaya relation, which connect the minimum
during storm Dst/Sym-H variation with the position of the radiation belt maximum after storm and analyze the
action of ULF mechanism in the outer radiation belt particle dynamics.

The study was supported by a grant from the Russian Science Foundation #18-77-10018.
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Electron diffusion by intense whistler-mode waves
V_.A. Frantsuzov ' A.V. Artemyev 13 P1. Shustov ', A.A. Petrukovich'

1Space Research Institute, Russian Academy of Science, Moscow, Russia
Faculty of Physics, National Research University Higher School of Economics, Moscow, Russia
3Department of Earth, Planetary, and Space Sciences, University of California, Los Angeles, USA

Resonances with electromagnetic whistler-mode waves are the primary driver for the formation and dynamics of
energetic electron fluxes in various space plasma systems, including shock waves and planetary radiation belts. The
basic and most elaborated theoretical framework for the description of the integral effect of multiple resonant
interactions is the quasilinear theory, which operates through electron diffusion in velocity space. The quasilinear
diffusion rate scales linearly with the wave intensity, which should be small enough to satisfy the applicability
criteria of this theory. Spacecraft measurements, however, often detect whistle-mode waves sufficiently intense to
resonate with electrons nonlinearly. In this presentation we describe the generalization of the diffusion rates of
electrons resonating with monochromatic intense waves. We show that the generalized equations keeps the scaling
of the quasi-linear diffusion for weak waves, but scales linearly with wave amplitude for sufficiently intense waves.
Using realistic waves and plasma characteristics, we discuss importance diffusion on intense waves for energetic
electron dynamics in the radiation belts.

Relativistic electron precipitation by EMIC waves:
Evidences of importance of nonlinear resonant effects

Veronika S. Grach', Anton Artemyev™, Andrei G. Demekhov'*, Xiao-Jia Zhang®

'Institute of Applied Physics RAS, Nizhny Novgorod, Russia
2University of California, Los Angeles, Los Angeles, USA
3Space Research Institute RAS, Moscow, Russia

*Polar Geophysical Institute, Apatity, Russia

We study possible precipitation of relativistic electrons as a result of resonant interaction with electromagnetic ion
cyclotron (EMIC) waves in the He+ band. We combine test particle simulations of energetic electron interaction
with EMIC waves in the Pcl frequency range (~0.2-5 Hz), low-altitude spacecraft observations of EMIC-driven
electron precipitations and ground-based observations of Pcl pulsations at the Lovozero station. We show that
despite the low pitch-angle electron transport away from the loss-cone due to effects of force bunching, the
scattering from higher pitch-angles results in the loss-cone filling. We also show that finite realistic duration of the
wave packets plays an important role.
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How do slow electron holes persist in the Earth's magnetosphere

Sergey Kamaletdinov'?, Ivan Vasko'*, Ian Hutchinson®,
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2Faculty of Physics, HSE, Moscow, Russia
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*Plasma Science and Fusion Center, Massachusetts Institute of Technology, Cambridge, Massachusetts, USA
University of California, Los Angeles, California, USA

SSwedish Institute of Space Physics, Uppsala, Sweden

"Department of Physics, University of California, Berkeley, California, USA

Electron holes are a specific type of nonlinear electrostatic solitary waves, so called BGK modes. Interest in such
structures is due to the fact, that they may contribute to plasma heating and provide anomalous resistivity in various
space plasma regions. Multisatellite space observations of electron holes have firmly established that these
structures can have speeds comparable to local ion thermal velocity. In fact, the stable persistence of such slow
electron holes presents a riddle, since theory and simulations have indicated that the interaction of such slow
electron holes with ions normally prevents their speeds remaining at or below the ion thermal velocity. Although the
origin of these structures is still elusive, in our work we resolve the problem of existence of slow electron holes.
Based on the multisatellite measurements aboard four Magnetospheric Multiscale (MMS) spacecraft, we were able
to determine velocities of around one thousand electron holes in a particular interval in the Earth’s plasma sheet.
Using MMS measurements of the ion velocity distribution functions (VDF) during the same time interval we were
able to show these observed ion VDFs have a pronounced double-humped shape with electron holes speeds
clustered near the local minimum between the two humps. New theory shows that slow electron holes can avoid the
acceleration that otherwise prevents their remaining slow only under these same circumstances. In addition, we have
also analyzed about one thousand slow electron holes from the dataset of Lotekar et al. and proved, that indeed the
speeds of slow electron holes are always clustered around the local minimum of double-humped (more specifically,
at least double-humped) ion VDF. Thus, the agreement between observation and theory about the conditions for
their existence is remarkable. Although the origin of the slow electron holes is still elusive, this analysis resolves the
problem of existence of slow electron holes.
This work was supported by the Russian Scientific Foundation, Project No. 19-12-00313

Latitudinal dynamics of the auroral hiss occurrence during substorm: Case study
A.S. Nikitenko, Yu.V. Fedorenko, J. Manninen, N.G. Kleimenova, M.V. Filatov
Polar Geophysical Institute, Apatity, Russia,; e-mail: alex.nikitenko91@gmail.com

We analyzed wavefield parameters of the VLF auroral hiss bursts observed at two observational sites located at
auroral and polar latitudes: Kannuslehto (KAN, Finland, 64.79°, 105.67°, CGM) and Barentsburg (BAB,
Spitsbergen Archipelago, 75.74°, 107.24°, CGM) during the substorm events of 09 December 2018, 05 January
2019 and 23 November 2019. The analysis of the VLF auroral hiss showed that, as a rule, the bursts of auroral hiss
were associated with the substorm development and were recorded at these stations not simultaneously: at first, the
auroral hiss burst occurred at lower latitudes (KAN) and later on at the polar latitude (BAB). The same feature was
observed for all considered substorms development. Moreover, there was the substorm onset delay with the latitude
increasing as well as the occurrence of the bursts of the Pi2 pulsations, recorded at the IMAGE stations. It was found
that the auroral hiss burst occurrence coincides with the occurrence of the phase scintillations of GPS signals
observed at Bear Island (BJN, 71.45°, 108.07°, CGM), Hopen Island (HOP, 73.06°, 115.10°, CGM), Longyearbyen
(LYR, 75.12°, 113. 00°, CGM) and Ny Alesund (NAL, 75.25°, 112.08°, CGM). Basing on the analysis of the arrival
angles and polarization behavior of the auroral hiss, we showed that the latitudinal dynamics of the location of the
auroral hiss exit point corresponds to the latitudinal dynamics of the geomagnetic disturbances.
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An attempt to cluster Pc4-5 waves by magnetic field component amplitudes
using Arase satellite data

A.V. Rubtsov', M. Nosé%, A. Matsuoka®, and Y. Miyoshi2
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3Graduate School of Science, Kyoto University, Kyoto, Japan

We used a list of Pc4-5 waves from a statistical survey of 45 months of Arase satellite magnetic field measurements
to find possible clusters of waves according to magnetic field component amplitudes. A basic assumption is that
different wave generation mechanisms can excite certain modes with specific ratios between radial, azimuthal, and
field-aligned magnetic field oscillations. We found that most waves constitute one big cluster comprising toroidal,
poloidal, and, partially, compressional waves. Only a small group of compressional waves locates separately. Rare
purely poloidal waves could make a separate cluster, but there is a too small amount of them to prove it.

This study was supported by the Russian Science Foundation under Grant 21-72-10139. Authors acknowledge
SCOSTEP Visiting Scholar (SVS) program and Center for International Collaborative Research (CICR), Institute
for Space-Earth Environmental Research, Nagoya University.

Pcl pulsations of unexpectedly high (more than 3 Hz) frequency. First results of the study.
V.V. Safargaleev'?, A.E. Kozlovsky’, T. Raita’

'Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS, St. Petersburg, Russia
Polar Geophysical Institute, Apatity, Russia
3Geophysical Observatory Sodankyla, Sodankyla, Finland

Our statistical analysis of pulsations in the hertz range over a four-year period showed that in auroral latitudes, the
vast majority of pulsations (96.5%) are observed in the band up to 3 Hz. In rare cases (3.5%), the pulsation
frequency lies in the range above 3 Hz. These rare pulsations (high-frequency Pcl) became the object of our studies
using data from the network of induction magnetometers obs. Sodankyla in Finland and PGI induction
magnetometers on the Kola Peninsula and in Spitsbergen. During the period 2003-2016, more than 60 cases of high-
frequency Pcl observations were identified, while a targeted search, excluding the possibility of missing the
phenomenon, was carried out only for 2 years (2015-2016). An analysis of Pcl over this two-year interval showed
that in 38% of cases pulsations are observed during the recovery phase of a magnetic storm, in 40% of cases there
are no pulsations after a magnetic storm, and in 22% of cases there are pulsations but no storms. In the latter case,
pulsations begin when the Dst index has a minimum in the interval of +3 hours around the beginning of pulsations.
The result is inconsistent with the widespread point of view that the magnetic storm plays a decisive role in the
generation of Pcl in the traditional frequency range. A possible scenario of the phenomenon is proposed. The
research is ongoing.
The work of the VS was supported by a grant from the Academy of Finland No. 331880
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Electromagnetic absorber composite for a radar protection from auroral influence
I.A. Shorstkii
Advanced technologies and new materials laboratory, Kuban State Technological University, Krasnodar, Russia

Nature of auroral phenomena impact on radio waves propagation has been studied in various works, though their
effect on radar operation has been poorly investigated. Such phenomena can interfere with operation of radars
controlling air traffic. Proposed electromagnetic absorber composite was obtained by using rotational magnetic field
method and techniques. Absorption properties of composite material for radar protection from auroral influence
have been studied in practice.

Resonance interaction between ULF-wave and electrons, observed by spacecraft Van Allen Probe A
E.E. Smotrova'?, O.S. Mikhailova', P.N. Mager'

'Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
2ITMO University, Saint Petersburg, Russia

In our work, we present results of observation rare phenomena of interaction between ULF-wave and electrons,
which was registered in the dawn sector on 27th October 2012 by spacecraft Van Allen Probe A. For 45 minutes, a
Pc4 wave with an amplitude of 0.7 nT and a frequency of 9.45 mHz was observed. The wave had mixed
polarization, where the poloidal and toroidal components differed slightly in amplitude. Simultaneously with the
wave, the electron fluxes were registered, which were probably injected into the magnetosphere during substorm
development. At an energy of 38 keV, oscillations with a frequency of 9.4 mHz were detected, which corresponded
to the frequency of the observed ULF wave. Particle's distribution near 90-degree pitch angle means that ULF-wave
interacted with the energetic electrons via drift resonance. In this case, the observed wave represented as a
fundamental harmonic with an azimuthal wavenumber m~110-120.

The work was financially supported by the Ministry of Science and Higher Education of the Russian Federation
and by Russian Science Foundation, project No. 21-72-10139.

Broadband whistler waves and differential electron fluxes in the equatorial region
of the magnetosphere behind the plasmapause during substorm injections

E.E. Titova'?, D.R. Shklyarz, J. Manninen®

'Polar Geophysical Institute, Apatity, Russia; e-mail: lena.titova@gmail.com
2Space Research Institute, Russian Academy of Sciences, Moscow, Russia
3Sodankyli Geophysical Observatory, Sodankyld, Finland

Broadband noise VLF waves were recorded on the Van Allen Probe-B satellite in the equatorial region of the
magnetosphere on March 17, 2019, at frequencies lower than the electron gyrofrequency f... VLF emissions in the
frequency band from 3 to 30 kHz were observed behind the plasmapause on L-shells from 3 to 5.5 during substorm
injections. The upper frequency in the emission spectrum followed the course of the electron gyrofrequency and was
below it by several kHz. Broadband whistlers were observed simultaneously with an increase in the fluxes of low-
energy electrons with energies >10? eV, which had transverse anisotropy.

To explain the observed spectrum, local wave growth rates were calculated as a function of frequency and wave
normal angle € based on simultaneous measurements of differential electron fluxes, which were also carried out on
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the Van Allen Probe-B satellite. We considered three cyclotron resonances: n = I, 0, -1, which correspond to the
lowest values of the resonance velocity and give the maximum contribution to the growth rate.

In the spectra of VLF emissions on the satellite, as well as in the growth rate calculations, there are often two
maxima at frequencies above and below f./2. The energy range and pitch angles of electrons making the maximum
contribution to the excitation of these maxima are estimated. For example, at 16:44:48 UT, when the satellite was at
a latitude of Lat = - 5.6° and L = 4.1, the largest contribution to the excitation of the low-frequency maximum at
frequencies of 4-6 kHz was made by electrons with energies of 30-90 keV and pitch angles of 109° - 115°, while the
largest contribution to a high-frequency maximum at a frequency of 0.85 f., was made by particles with energies of
0.5 - 3 keV and pitch angles of 97° - 120°.

The calculations of whistler wave growth rates are compared with the characteristics of VLF emissions, and the
areas of their best agreement are identified. In calculations, the high-frequency maximum of the growth rate usually
corresponds to the frequency fr.x = (0.8 — 0.9) f., and in the experiment, the upper frequencies in the spectra of
observed VLF emission were lower by (3-10) kHz and amounted to fi.x = (0.65 — 0.8) f... This discrepancy is
probably due to the peculiarities of the propagation of whistler waves at high frequencies close to f;. near the
equator.

Effect of the resonance broadening on relativistic electron scattering by EMIC waves
D.S. Tonoian ', M.M. Shevelev !, A.V. Artemyev 13

1Space Research Institute, Russian Academy of Science, Moscow, Russia
Faculty of Physics, National Research University Higher School of Economics, Moscow, Russia
3Department of Earth, Planetary, and Space Sciences, University of California, Los Angeles, USA

One of the main mechanisms for relativistic electron losses in Earth’s inner magnetosphere is the electron resonant
scattering by electromagnetic ion cyclotron (EMIC) waves. These are very intense waves that quickly scatter
resonant electrons and may be responsible for electron dropouts and microbursts. Pitch-angle ranges of 1MeV
electrons resonating with EMIC waves for typical wave characteristics and background plasma conditions rarely go
beyond 30 degree from the loss-cone, and most significant high-pitch-angle electron population does not resonate
with EMIC waves. However, observed EMIC waves are often sufficiently intense to support the resonance
broadening effect that can increase the pitch-angle range of scattering electrons. In this presentation we consider
how such effect can be estimated and incorporated into calculation of the quasi-linear diffusion rates for typical
EMIC wave characteristics.

HccaenoBanne puznyeckoii npupoasl Pi3 nyabcanuu ¢ uCnoab30BaHUEM OJHOBPEMEHHBIX
HA3eMHBIX U CIIYyTHUKOBBIX HA0II0IeHUI

B.B. Benaxosckuii!, B.A. [MuHIenKo>

I . - . )
@DI'BHY «Iloaspnulii ceopusuveckui uncmumympy, 2. Anamumul; e-mail: belakhov@mail.ru
T eogusuueckuii yenmp PAH, 2. Mockea

B pabotax [1, 2] 0puta oka3ana BaxHas poib Pi3 (Ps6) mynscanmii, HaOmromaBmmxcs Ha GpoHe cyoOypH, B pocT
reOMarHNTHO-UHIYLMpoBaHHbIX TOKOB (I'MT), mHOCKONBKY NaHHBIE IyJIbCAlMH COIPOBOXKIAIOTCS PAa3BUTHEM
BUXPEBBIX TOKOBBIX cHCTeM B noHocdepe. Tem He MeHee, (pu3nUecKas NPUPOJA AAHHOTO THIIA MYJIbCALMN IO CHX
MOp OKOHYATEJIbHO HE BBISICHEHA.

Jns BersicHeHHs pusndeckoit npupoas! Pi3 mynscanuii HCOIR30BaHEI JaHHBIE HA3€MHBIX MAarHUTOMETPOB CETEH
CARISMA, THEMIS u mannsie cnytaukoB GOES, THEMIS. PaccmoTpens! Takue COOBITHS, KOTZA CITYyTHHKH
THEMIS naxoauiucek B XxBocte MarHuTocgepsl. Jlisi perucTpaluy OTOKOB BBICHIAOMINXCS 3apPSDKEHHBIX YacTHI]
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ncnoip3oBanbl naHHble puoMeTpoB NORSTAR, xamep Bcero meba THEMIS. Paccmotpensr Pi3 mymscanmu BO
BpeMsi MarHUTHBIX Oypb 27-29 mas 2017, 7-9 centsi6pst 2017 rona.

Pi3 mymecammu HaOMIOMANMCH B TEUYEHHE BCEro IEpHoAa CyOOypeBoil aKTHBHOCTH. MaKcHMallbHas aMIUIATYIa
myJIbcanyii HabIogaeTcs: B aBpopaibHOi 30He (~66° CGL). Jlydmie BCero mynbCaIiii BEIPAXKEHBI B X-KOMIIOHEHTE
TCOMAarHuTHOI'O IIOJIA Ha 3eMne, 4YTO COOTBCTCTBYCT a3HMyTaJ'leOI71 r€OMAarHuTHOIO IoJjid Ha TeoCTaluOHAPHBIX
cnyraukax GOES, THEMIS. C navanom cy00ypb HaOiroqaeTcst pe3koe yBeJIHMYeHNE TTOTOKOB SHEPTUYHBIX YaCTHUI]
mo maHHeIM ciyTHHKOB GOES, THEMIS, yBenmueHwe BBICHIIAHUS JJIEKTPOHOB IO AAHHBIM PHOMETPHUIECKOTO
MOTJIOMIEHNUA U YCWICHUC MHTCHCUBHOCTU MNOJIAPHBIX CHUSITHUI. P13 ImyJbCalluhi MHTECHCUBHO MOIYJIUPYIOT IMOTOKH
3apsDKEHHBIX YacTHIl B MarHurocepe, puOMETpUYECKOEe IOTJIOUIeHNE, HHTEHCUBHOCTD MOJSIPHBIX CHAHUHA. MBI
mojaraeM, 4ro paccMmarpuBaeMble Pi3 mynbcamuy HMMeEOT MHYIO (DU3HMYECKYIO NPHPOAY, 4YeM JaHeBHble Pc5
MyJIbCAallUY, 3aHUMAIOLUE TOT XK€ YaCTOTHbIM auanasoH. IlpemioxkeHo HeckonbKko Mozenel, onucbiBarommx MI'J]
NpUPOY M MeXaHn3M Bo30yxaeHus Pi3 kosebaHuid.

HccnenoBanue BBIIOJIHEHO 3a cyeT rpanTa Poccuiickoro Haygnoro ¢onma Ne 21-77-30010 (ITmnmunenko B.A.).

1. Benaxosckuii B.b., ITwiunenko B.A., Caxapos f.A., CenuBanoB B.H. XapakTepucTuku BapraOelbHOCTH
TEOMArHUTHOTO TOJISL [l M3YYECHUS] BO3JCHCTBHS MArHUTHBIX Oyph UM Cy0Oyph Ha 3JEKTPOIHEPreTHUYECKUE
cucremsl // @m3uka 3emiu. 2018. Ne 1. C. 56-68.

2. Belakhovsky V., Pilipenko V., Engebretson M., Sakharov Ya. and Selivanov V. Impulsive disturbances of the
geomagnetic field as a cause of induced currents of electric power lines // Journal of Space Weather and Space
Climate. 9. A18. 2019.

IToTok cBEpPXTENIOBBIX 3JIEKTPOHOB, YCKOPAEMbIX B HOHOC()EPY KHHETHYECKUMH
a1b()BeHOBCKUMH BOJHAMH U BO3MOKHOCTH hopmupoBanus SAR arcs

A.A. Bnacos, A.C. JIeonosuu, JI.A. Ko3jios
Hnemumym conneuno-3emnout usuxku CO PAH

[okazaHo, yTo BONMM3M IUIa3MONAy3bl NPHU ONPENEIEHHBIX YCIOBUSIX MOXET C(OPMHPOBATHCS IUCCHIIATHBHBIN
CJIOH, B KOTOPOM KHHETHYecKHe aib(pBeHOBckHe BONHBI (KAWS) mepenaror BCIO CBOIO 3HEPIUIO SJIEKTPOHAM
(oHOBOI Ma3MBL. B 3TOM ciioe y 37eKTPOHOB (POHOBOI IUTa3MBI, COOTBETCTBYIOIIMX OCHOBHON YacTH (PyHKIHH
pacnpeneneHus, WX NPOAOJbHAs (BIONb CHIOBBIX JIMHUH T'€OMAarHUTHOTO IIOJISI) CKOPOCTh OJIM3Ka K CKOPOCTH
pacripoctpaHeHusl Ib(BEHOBCKMX BOJH. OJTO CO3Aa€T YCIOBHS JUIl YEPEHKOBCKOTO pPE30HaHCAa MEXIY
anektpoHamMu 1 KAWSs, B pesynpraTe 4ero 4acTh 3JEKTPOHOB IOMNAJacT B KOHYC IIOTE€Ph W BBICHIIACTCS B
noHochepy. DHeprusi TaKUX 3JIEKTPOHOB BOJIM3M IUIa3Momiay3bl Oiim3ka K 2-5 eV, 4TO COOTBETCTBYET JHEPrUu
BO30YK/ICHHS/U3ITyYeHUS] KPACHOM JIMHUM aTOMOB KHCJIOPOJa, T.€. 9TH JJIEKTPOHBI MOTYT OBITh HCTOYHUKOM SAR
arcs. DTOT MeXaHM3M ObUI paHee OTKpHIT B pabore Hasegawa and Mima (1978), rne Oblna mpeanoxkeHa mpocTas
(opMyna Ul OLIEHKH MTOTOKA BBICHIMAIONIMXCS B HOHOC(EPY AIICKTPOHOB U NMEPEHOCHUMON MMM 3Heprun. OgHaKko
MPeIIoKEHHas B YKa3aHHOW BbllIe pabore (opmyna HE y4UWThIBaJA HEKOTOPBIE CYLIECTBEHHBIE OCOOEHHOCTH
KAWSs, obycioBieHHbIe UX HONEepeyHOi qucnepcueil. B Hameil paboTe MBI mpeaiaraeM HOBYIO (OpPMYITy s
OLICHKM IUIOTHOCTH TIOTOKA BBICHINMAIOIIUXCS B HOHOC(EpY SIEKTPOHOB, YUMTHIBAIOUIYI0 TaKHE Ba)KHBIC
0COOCHHOCTH, KaKk Me[uleHHOe ABmkeHne KAWSs momepek MarHUTHBIX 00OJIOYEK M BO3MOKHOCTb MX T'€HEpaluu
HIMPOKOIIOJIOCHBIMH MCTOYHHMKaMH. B pesylibTare MpOBEJEHHBIX OLEHOK OBbUIO MOKA3aHO, YTO IIHUPOKOIOJIOCHBIE
KAWs moryT ¢hopMHpoBaTh OTOKHM BBICHITAIOIINXCS B HOHOC(EPY CBEPXTEILIOBBIX 3JIEKTPOHOB Ha MOPSIOK Oostee
MOIIIHBIE, YeM Te, YTO IpelcKa3biBaroTcs Gopmynoit Hasegawa and Mima (1978). DToit SHeprium OKa3bIBaeTCs
nocrato4Ho s popmupoBanust SAR arcs cpenneii narencuBaocty (~1-10 kR).
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MozaenupoBaHue NPOCTPAHCTBEHHOI CTPYKTYPBI BOJHOBOIO I0JIsI aBPOPAJIBbHOI0 XHCCAa H
CpaBHeHHe ¢ pe3yJIbTaTaMU HAa3eMHBIX HA0II0/1eHN I

A.C. Huxurenko, 10.B. denopenko
@OI'BHY «llonsipnvlii ceopusuueckusi uncmumympy, 2. Anamumot, Poccus; e-mail: alex.nikitenko91@gmail.com

ABpopansHBIi XHcc reHepupyercs Ha BeicoTe 10-20 TBIC. KM B BHJE 3JIEKTPOCTaTHUECKOW BOJHBI. Takast BOJHA HE
MOXET OBITb 3apEerHCTPUPOBaHA Yy 3EMHOH IIOBEPXHOCTH, IOCKOJbKY €€ BOJIHOBas HOpPMalb JIEKHT BHE
ompezensieMoro 13 3akoHa CHeJUIMyca KOHyca BBIXOAa. TOJNBKO BOJIHBI, pacCesHHbIE Ha MEJKOMAaCIITAOHBIX
HEO/IHOPOJHOCTSIX JJIEKTPOHHON KOHLEHTpanuu Bbimie ~ 600 KM, CHOCOOHBI JIOCTHYb 3E€MHOW ITOBEPXHOCTH.
[Ipenpinymme uccnenoBaHWS —IIOKa3bIBAIOT, YTO oOOJacTe B HOHOchepe, 3aHATas MeEJIKOMAaCIITaOHBIMU
HEO/IHOPOJAHOCTSIMH, NTPOCTPAHCTBEHHO OTpaHnyeHa. [10CKoJIbKY Hajiuie HEeOJHOPOAHOCTEH B MOHOC(EpEe MOXKET
OBITH PE3yNBTATOM PA3BUTHA KPYITHOMACIITAOHBIX Te0(pH3UIECKUX MPOIECcCOB, (OpPMa H TTON0KEHUE ITOH 00IacTH
MIPEICTaBIISAIOT OCOOBI HHTEpPEC I UCCIIEAOBATEIICH.

B nmamHO# paboTe mpeICTaBICHHI pe3yNbTaTHl MOICITHUPOBAHUS PACIIPOCTPAHCHUS aBPOPAIBHOTO XHcca U3
noHochepsl K HazeMHOMY HabOmronmatento. [lpu 3amanuu obnactu B HMOHOC(eEpe, 3aHATONH MeETKOMAaCITaOHBIMU
HEOJHOPOJHOCTSAMH, HCIIONB30BaHbl PE3yNbTaThl HA3eMHBIX HAOMIOJACHUN aBPOPaIbHOTO XHCCAa HA CTAHIHAX
Kannycnexto (®umnsaans) u JloBozepo (Poccust), pacrmonoXeHHBIX Ha ONM3KMX TE€OMarHUTHBIX IIUPOTaX M
pa3HeceHHbIX 1o jgonrore Ha ~400 kM. Paccmorpeno Tpu Thna obiacti — 1) ee pa3mMepbl Majbl OTHOCHTEIBHO
pacCTOSIHUS MEXIy CTaHLIUAMH, 2) 00JaCTh BBITAHYTA IO IIMPOTE; 3) 00JACTh MEepeMenaeTcsi Mo JOJroTe.
[TokazaHo, 4to ¢opma U pazMepsl 00JaCTH BBIXO/Ia aBPOPAILHOTO XHCCa, HAOII0IaeMOro y 3¢MHOW ITOBEPXHOCTH,
ompezernsitorcs GopmMoii M pasMepamu o0nacTh B HOHOC(EpEe C MEIKOMAcIITaOHBIMH HEOAHOPOIHOCTSIMH.
CymiectBoBaHHE 00JacTH TOr0 WJIM HMHOTO TUIAa OOyClaBiuBaeT HaONIOJEHME Ha 3E€MHOH IOBEPXHOCTH
XapakTepHble 3TOMY THIy BapHallil OTHOIICHHS BEPTUKAIBHON KOMIIOHEHTBHI JJIEKTPUYECKOrO MO K
TOPU30HTAEHOW KOMITOHEHTE MarHUTHOTO, HHACKCA KPYTOBOM MOJSIPU3AINH M PaCIpeeNICHUs TNIOTHOCTH ITOTOKa
SHEPTHH N0 KaXKYIIUMCS YTIIaM MPUX0Ja.

B3anMopeiicTBHe METPOBBIX H IeKAMETPOBBIX PAJIMOBOJIH ¢ HOHOC()EePHBIMH HEOJHOPOAHOCTAMHM
3.B. CyBOpOBal, n.B. MI/IHFaJ'ICBl, O.B. MI/IHFaJ'IeB], O.1. AXMeTOBl, AM. Mép3m,11712’3, B.1O. [Tomos?

1 . . . .
®@I'BHY «Ilonapuutii ceogusuueckuti uncmumymy, 2. Anamumot, Poccus,; e-mail: suvorova@pgia.ru;
2 .
@I'BHY Uncmumym xocmuueckux ucciedoganuii PAH, e. Mockea, Poccus;
3
Cosem no xocmocy PAH, 2. Mockesa, Poccus

B nanmHOi paboTe TpEACTaBICHBI pPE3yIbTAaThl UYHCIEHHOTO MOJCIHPOBAHUS B3aMMOIEHCTBHSA IUIOCKOM
3JIEKTPOMArHUTHON BOJIHBI ¢ JUIMHON BOJHBI 2, 10 w 20 M, pacmpocTpaHsomencs B MOHOCHEpPHOH IIa3Me Ha
Beicore E m F-cioeB, ¢ 1mrasMeHHONW HEOJHOPOTHOCTHIO C TOBBIIMICHHOW AJIEKTPOHHOW KOHIIGHTpaluen. JTa
HEOJ/IHOPOJHOCTb MPEACTABISET COO0M LUIMHAPHYECKYIO 00JIaCTh, BBITSHYTYIO BIOJIb MECTHOTO I'€OMarHHUTHOTO
noss. Paguyc obnactu comocrtaBuM ¢ JUIMHOM BoiHBL. BonHa pacrpoctpansiercs mon yriaamu 30 u 90 rpamycoB k
ocu mwmHapa. O0JIacTh MOAEIMPOBAHUS UMEET pa3Mephl OpPsIKa HECKOJIBKUX JIECATKOB JUIMH BOJIHBL. Ha mmnny
BosHBl npuxoautcs oT 20 no 30 y3no0B cerku. CeTka paBHOMEpPHA IO BCEM HAMpaBJICHUSM, LWINHIpUYECKas
00J1aCTh pacroyioXkeHa B [IEHTPe 001aCTH MOAEIHPOBAHUS.

Jliist MozennpoBaHus MCIOIb30Baach YHCIEHHAS MOEIb, OCHOBAHHAS HA YMCICHHOM MHTETPHPOBAHUN CHCTEMBI
ypaBHeHHH MakcBenia U JIMHEapH30BAHHOTO YPAaBHEHUS MOTOKA MMITYJIbCa JUIS JIEKTPOHOB C yYETOM BHEIIHETrO
TE€OMAarHUTHOTO TOJIA. [l YMCIEHHOTO MHTErPUPOBAHMS NMPUMEHSETCA SIBHAS CXEMa, B KOTOPOIl 3JIEKTPHUECKOE U
MarHUTHOE TI0JIs1 BBIYUCIISIIOTCS. B OZHU M TE K€ MOMEHTBI BPEMEHH B OJJMHAKOBBIX Y3J1aX MPOCTPAHCTBEHHOM CETKH,
a TaKXKe HCIOJB3YeTCs PacLICIUIeHHe 10 IPOCTPAHCTBEHHBIM HANpPAaBIEHHUSAM M (HU3M4ecKuM mporeccam. Kpome
TOTO, MCHOJB3YETCs] MPOTHBOIOTOKOBAs aNMpPOKCHMALUs MPOCTPAHCTBEHHBIX MPOM3BOIHBIX (MeTox ['omyHoBa C
Koppekiuen motokos). CxeMa sABJISIETCS KOHCEPBATUBHONW, MOHOTOHHOI, HMeeT 2-# MOpsAA0K TOYHOCTH 110 BPEMEHH
U 3-#1 10 MPOCTPaHCTBEHHBIM ITEPEMEHHBIM.

BHe mmimHapuyeckoi o0nacTH IiasMa OJHOPOJIHA, a BHYTPH HEe OJHOPOIHA BIOJIb OCH IWIMHAPA, PU 3TOM
KOHLICHTPALMsI 3JIEKTPOHOB BHYTpH oOiactu B 25, 100 wim B 256 pa3 Bbime, 4eM B (DOHOBOH IIIa3me.
PaccmarpuBaroTcs HECKOIBKO BAapHAHTOB, KOIJA KOHLIEHTpAalMs 3JIEKTPOHOB M YacTOTa UX CTOJIKHOBEHUN
cootBercTBYlOT E, F1 m F2-cmosmuonocdeps. O6cyxnaercs ¢opma curHaina, OTPaKeHHOTO OT IUIa3MEHHOMH
HEOJHOPOAHOCTH, ¥ TUIA3MEHHBIC KOJICOaHNS, MHAYIMPOBAHHBIC B HEW MPOXOAAIIEH 3IEKTPOMAarHUTHON BOJHOM.
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BoJsiHoBasi TypOy/JIeHTHOCTH KaK (pU3HUYECKUIl Ipouece, NOPOoKAAI0IIMIA KPacHble IyTH ¢
IKCTPEMATbHBLIMYU 3HAYEHUAMH UHTEHCUBHOCTH cBeuenus 20-150 kP

B.JI. Xanunos!, A.C. Jleonosuy?, . Caiibex’

YWKH PAH, Mockea, Poccus; e-mail: khalipov@iki.rssi.ru
2UC3® CO PAH, Hpkymck, Poccusa
’NASA/GSFC, Greenblt, MD, USA

Ha 6u-crarnueckom pagape HekorepeHTHOro paccessHus STARE BbInoHeHb! H3MEpEHUsT KAPTUHBI pacIIpeIeTIeHUs
JIEKTPUYECKUX MoJiel anbBeHOBCkUX BonH PC-5 (Walker, Nature, 1978, vol. 273, 22 June). CtpykTypa nmeer
JOJITOTHYIO TPOTSHKEHHOCTh HECKOJBbKO ThICSY KWIOMETPOB M HIMPOTHYIO NPOTSHKEHHOCTH - 250 KM.
DJeKTpUYecKoe MoJe BOJIHBI MMEET O4eHb Ooinblnyro BennunHy 50 MB/merp, a comyTcTByromias MarHWUTHas
Bapuanus paBHa 70 HT. [lepromer BOIHBI MEHSFOTCS M OXBAaTHIBAIOT AWamna3oH 5-14 munyt. Ha Puc. 1 npuBenena
MarauTorpamma obdcepsaropun Upkytck 3a 8 utons 1958 rona, korna BU3yaabHO HaOMIOJANIACh KpacHast Iyra O9eHb
BBICOKOM HWHTEHCHMBHOCTH. HaOmromaroTcss MHakeThl BOJHOBBIX KOJIEOAHWMN MAarHWTHOTO IO OYEHBH OOJIBIION
amMIUIuTypl. EClii COOTHECTH BeNMunHy 3TUX KosieOaHui ¢ m3mepeHusmu paaapa STARE, To HyxHsI OlleHKa 1aeT
BeNUYMHY 3JieKTpuueckoro moisi 370 MB/M. DTO BHXpeBbIE JJIEKTPUYECKHE IOJISI ajJbBEHOBCKUX HIIM OBICTPBIX
MarauTo3BykoBbix (BM3) BonH. BeinonHenubie pacuerst (Rees, Droplermann, Megill, Planet. Space Sci., 1963, vol.
11, P. 45-56) noka3bIBatoT, YTO (PPUKIMOHHBIN pa3orpeB 3jekrpuueckum nojeM 100 MB/M renepupyer kpacHyto
YTy UHTeHCUBHOCTBIO 5 KP. Crienaem mpeaBapuTenbHbIe OLIEHKU 110 UMEIOIUMCS H3MepeHUsM. B anexTpudyeckom
KOHTYpE BHXPEBOE dMeKTpHuecKkoe mone AmbBeHockoil Bomubl (Ea) coBeprmaer paGory Ea’/R, rae R ommdeckoe
CONPOTHUBJICHHE B JINHUM KOHTYpa. JTO AJIEKTPHUUECKOE T10JIE CO3AACT pa3orpes B 16 pa3 OOJBIIMIA 110 CPaBHEHHUIO C
mosieM 100 MB/M 1, COOTBETCTBEHHO, CBEUEHHE KpacHOH TMHUA Bo3pacTaeT a0 90 kP, 4ro, BUIHMO, 1 HaOII01aI0Ch
8 mronst 1958 roma. Hasegawa and Mima (JGR, 1978), Leonovich, Kozlov and Vlasov (JGR, 2021) npemioxunu
MEXaHU3M, CBS3aHHBIH C BO3MOXKHOCTBIO IIOJIHOTO TIOTJIONICHHS SHEPTHH KHHETHYECKHX AITbBEHOBCKHX BOJH B
JVICCUTIATHBHOM CJIOE, PACIOJIOXKECHHOM B OKPECTHOCTH IDIa3MOIMay3bl. BEITO MOKa3aHO, YTO IMIMPOKOMOIOCHBIE
KHHETHYECKUE aIIbBEHOBCKHE BOJHBI C aMIUTUTYHOH 7 HT CIIOCOOHBI Te€HEpPHPOBaTh HAIpaBICHHBIE B HMOHOC(heEpY
IIOTOKH HaJ TEIIOBBIX YIEKTPOHOB (C SHEPrusMu ~25B) ¢ mioTHOCTBIO dHEprun ~0.4 3pr/(cm*c). OLEHKH OTOKOB
JJIEKTPOHOB, COOTBETCTBYIOIIME HAOIIOZaeMbIM aMIUIUTYIOaM KoJeOaHW 3JEKTPOMAarHWTHOTO IONsS  Ha
MarHATOrpaMMe, Jal0T 3HAYCHHs B auamnasone (5-50) apr/( cm™c).
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Pucynox 1. Marautorpamma ob6cepBaropun Mpkytck 3a 8 wmions 1958 roma mpum HabmoneHun
KpPacHOM JyTM OYEHb BbICOKOW HHTEHCUBHOCTH.
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Analysis of the anomalous solar cosmic ray event GLE66 (29.10.2003)
Yu.V. Balabin
Polar Geophysical Institute, Apatity, Russia

In October-November 2003 a series of solar flares occurred, accompanied by an increase of solar cosmic rays (SCR)
flux at the ground level (Ground Level Event, GLE). Two events GLE65 (28.10.2003) and GLE67 (02.11.2003)
have been studied by several authors in order to determine the SCR spectrum and the anisotropy of the flux. But
GLEG66 has never been thoroughly investigated. The reason is that this event occurred at the time of the strongest
magnetic storm and a deep Forbush decrease, which makes it difficult to apply the usual technique for solving the
inverse problem and determining the SCR spectra. In this paper, we present the results of the first detailed study of
the GLE66. We have calculated SCR spectra, and show their dynamics during the event.

Ground Level Event on October 28, 2021
Yu.V. Balabin, A.V. Germanenko, E.A. Maurchev, E.A. Mikhalko, B.B. Gvozdevsky
Polar Geophysical Institute, Apatity, Russia

The first Ground Level Event (GLE) of the new 25th cycle of solar activity occurred on October 28, 2021. It was
registered by many stations of the global network of neutron monitors. Its duration was 4 hours, the maximum
amplitude was only 6%. Two neutron monitors of the Polar Geophysical Institute in Apatity and Barentsburg
(Svalbard) showed an amplitude of 2-4%. The event (designated as GLE73) originated from Beta-Gamma active
region A2887 with coordinates S26E04. The flare had class X1.0, the maximum X-ray emission was reached at
15:35 UT, flare type II/VI. The ground level event began at 16:20 UT. High-latitude neutron monitors showed an
increase in the cosmic ray flux of 2-6%, while mid-latitude and equatorial stations did not demonstrate any increase.
This clearly indicates that the solar cosmic ray (SCR) spectrum was rather soft. Using the data of the global network
of neutron monitors we have calculated the SCR spectrum and the pitch-angle distribution.

Muon telescope in Barentsburg
Yu.V. Balabin, A.V. Germanenko, E.A. Maurchev, E.A. Mikhalko, B.B. Gvozdevsky, L.I. Schur
Polar Geophysical Institute, Apatity, Russia

A muon telescope was installed at the cosmic ray station in Barentsburg (Svalbard) in October 2021. The instrument
designed to detect charged particles in the energy range 300 MeV to 100 GeV in narrow solid angle near zenith.
Also, each of the plates is a detector of charged particles with energies from 5-10 MeV coming from hemisphere.
The telescope is assembled according to the standard scheme: two scintillator plates separated by a 10 cm lead layer.
The electronic circuit has an output channel that registers the coincidence of pulses from the upper and lower plates,
i.e. registration of a particle passing through the telescope. There are also separate outputs for the upper and lower
detectors. The telescope is included in the secondary cosmic ray monitoring system in Barentsburg. With the
installation of the muon telescope in Barentsburg, a pair of identical instruments was formed (the first one was
installed in Apatity), separated in latitude by ten degrees. In addition, these stations have neutron monitors. The
analysis of data from these instruments makes it possible to determine variations in cosmic ray fluxes from
directions close to the North Pole of the ecliptic, which are inaccessible to instruments installed at lower latitudes.
Analysis of the data obtained over the period of operation showed the presence of variations in the fluxes of soft
charged particles that are not synchronous in the lower and upper plates. An explanation has been found for this
effect.

The study was supported by the grant from the Russian Science Foundation No. 18-77-10018,
https://rscf.ru/project/18-77-10018/.
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The method for converting the SEP transport modeling results through
the Earth's atmosphere into the effective and the equivalent radiation doses

E.A. Maurchev, Yu.V. Balabin, A.V. Germanenko

Polar Geophysical Institute, Apatity, Russia
E-mail: maurchev1987@gmail.com

The cosmic ray particles which mainly consist of the protons continuously penetrate the Earth's atmosphere. These
particles can have of both galactic and solar origin. We are modeling the proton transport through the Earth's
atmosphere obtaining in result the altitude profiles which are presented as the ionization rate the total fluxes
depending on an altitude. The energy spectra of various types of radiation (neutrons, protons, electrons, muons,
gamma) also are obtained. In the task of assessing radiation safety during an increase in the background radiation
level it is important to obtain the values of the effective and equivalent doses. The presented work shows the method
of recalculation to these values both from the experimental data and from the simulation results. The examples of
calculating doses at the altitudes from 0 km to 10 km due to the impact on the test object with the secondary
radiation induced in the atmosphere by both the galactic and solar cosmic rays are given.

The study was supported by a grant from the Russian Science Foundation No. 18-77-10018,
https://rscf.ru/project/18-77-10018/.

A relation between the atmosphere layer mass fraction
and the output results in the RUSCOSMICS model

E.A. Maurchev, E.A. Mikhalko, Yu.V. Balabin, A.V. Germanenko

Polar Geophysical Institute, Apatity, Russia
E-mail: maurchev1987@gmail.com

To calculate the cosmic ray transport through the Earth's atmosphere, a numerical model based on the GEANT4
software toolkit is used, using the Monte Carlo method. The most common type of geometry is the so-called "flat
geometry", when the selected area of the Earth's atmosphere is represented as an air column up to 100 km high and
with a face length of 100 - 300 km, divided into the layers. The height dependent parameters in each layer (density
and temperature) are determined with the NRLMSISE-00 model. In order to achieve the optimal ratio between the
calculation speed and an acceptable result, one of the optimizations is used, which consists in reducing the number
of layers in such a way that each of them contains a certain percentage of the total mass of the air column (1%, 2%,
3% and etc.). In the presented work, the scheme for implementing the model geometry is considered in detail. The
results are presented in the form of ionization profiles and the secondary particle spectra obtained during the
modeling of the proton transport through the Earth's atmosphere, depending on what percentage of the air is
determined for each layer.

Entropy variation at long-lasting stochastic coupling of magnetosphere with solar wind

A.V. Moldavanov

Belkin International Inc., Los Angeles, USA

Research is based on the model for interaction of unlimited number of independent solar wind (SW) actors with

magnetosphere (MS) when each single actor (energy exchange link SW <> MS) is chosen on the random basis at
assumption of permanent energy exchange SW <> MS. Analytical simulation of entropy changes is based on the
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physical model of the conserved link which presumes priority of the conservation laws. In part, it means that each
single link ultimately is executed through the formalism of energy continuity equation. The spectrum for entropy
comes in the bandpass quasi-continuous form. Mechanism of entropy confinement is related to dynamic ratio
between probabilities for the evolutionary and the non-evolutionary scenarios of MS development as well as
discretization of efficiency for the total energy exchange in MS.

Types of magnetic field configurations in which energy accumulation for flares is possible
according to the results of MHD simulation above the active region in the real scale of time

A.IL Podgorny', .M. Podgorny”, A.V. Borisenko'

'Lebedev Physical Institute RAS, Moscow, Russia, e-mail: podgorny@lebedev.ru
*Institute of Astronomy RAS, Moscow, Russia; e-mail: podgorny@inasan.ru

The primordial release of solar flare energy in the solar corona at an altitude of 15,000 - 70,000 km (1/40 - 1/10 of
the radius of the Sun), which has been confirmed by numerous observations, means that there is a slow
accumulation of energy in a stable magnetic field configuration, which then turns into unstable state. Studies have
once again confirmed that such a sequence of events can only be explained by the mechanism according to which
the flare energy is accumulated in the magnetic field of the current sheet, which is formed as a result of the
accumulation of disturbances in the vicinity of a singular magnetic field line. In the course of quasi-stationary
evolution, the current sheet passes into an unstable state, which leads to an explosive release of the accumulated
energy. The MHD simulation of a flare situation in the solar corona above the real active region (AR) is continued
in order to solve the problem of studying the physical mechanism of a solar flare and, in the future, improving the
prediction of solar flares based on an understanding of their physical mechanism. When investigating other
mechanisms, in particular the widespread mechanism of magnetic rope, the simplified MHD simulation starts with
an unstable configuration, without explaining how such a configuration could arise.

To study the flare situation, MHD simulations were carried out above a real active region (AR), in which the
magnetic field observed on the photosphere is used to set the boundary conditions. The results of recent studies lead
to the conclusion that in order to study the flare mechanism, it is necessary that the calculation begin several days
before the flare occurs, when the magnetic energy for the flare has not yet accumulated in the corona. As far as we
know, at present MHD simulation in the corona in such a setting of the problem is carried out only by us.

An absolutely implicit upwind finite-difference scheme, conservative with respect to the magnetic flux, was
developed, and it was implemented in the PERESVET program. Carrying out MHD simulation in real scale of time
is impossible without parallelization of calculations. Parallel calculations were carried out by computational threads
on graphics cards (GPU) using CUDA technology. MHD simulation in the real scale of time showed the appearance
of numerical instability near the boundary of the region. Thanks to the application of the developed methods,
including the introduction of artificial viscosity (magnetic and ordinary) near the boundary, the problem of
stabilizing emerging numerical instabilities was partially solved, which made it possible to carry out MHD
simulations in the real scale of time. The configuration of the magnetic field is often so complex that it is impossible
to determine the position of the current sheet from it. Current sheets are determined using a specially developed
graphical search system which is based on finding of current density maximums. MHD simulation showed the
appearance of current density maxima located on singular lines of the X-type magnetic field, in the vicinity of which
current sheets are formed. In addition, in the vicinity of a significant number of current density maxima, the
magnetic field is a superposition of the X-type configuration and a divergent magnetic field (magnetic trap field). In
such an overlay of configurations, even if the diverging field dominates, the formation of a sufficiently powerful
current sheet is possible due to the presence of an X-type field. The resulting current sheet can explain the
appearance of the flare of low and medium power. Perhaps for this reason, the solar flares over AR 10365 on May
26 and 27, 2003 were not very large. The coincidence of the position of the source of flare thermal X-ray radiation
with the places on singular lines in which the current sheet was formed or could be formed confirms the solar flare
mechanism based on the accumulation of energy in the magnetic field of the current sheet.
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Spectral analysis of solar activity and ground temperature
D.B. Rozhdestvensky, V.I. Rozhdestvenskaya, V.A. Telegin
The Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, Moscow, Troitsk

The report investigates the possibility of determining solar-terrestrial relations based on the use of spectral
characteristics of processes occurring both on the Sun and on the Earth. In order to carry out spectral analysis, we
have developed software, which includes modules that allow digital filtering followed by the operation of spectral
composition calculation. Filtration is required to identify related processes as cause and effect objects, e.g., solar
activity and ground temperature for the period 1854 - 1970.

To calculate the spectrum, we have developed an algorithm for the contribution of a single reference to the
spectrum of the process. The digital filtering module is based on digital Chebyshev filters, chosen due to the high
quality of their frequency response. The frequency response of Chebyshev filter is close to the response of
sequential application of continuous sliding averaging and ideal lowpass filter. The developed recurrence scheme of
the calculation of the Chebyshev filter coefficients allows to reach the degree of suppression in the cut-off
bandwidth up to 400 dB.

The software module of the processing and analysis system consists of a block of digital filters and a block of
spectra calculation. With the help of the digital filter block the series with different spectral compositions are
formed.

Meteorological parameters are among the most significant parameters of the Earth, which need to be predicted. At
present, a reliable forecast is limited to two, three days. In order to obtain a long-term forecast, it is necessary to
study the long-period components, which can be obtained by low-frequency filtering, removing frequencies above
the annual component.

Visual assessment of the spectral composition of the long-period components allows us to conclude that the
desired composition includes temperature variations with periods of two years or more. Fourier analysis of the long-
period components, allows us to obtain a more accurate spectral composition.

Analyzing the surface temperature spectrum, we can hypothesize that a periodic process of relatively complex
form is observed, since in addition to the main harmonic the spectrum includes three to four multiple harmonics.
The main harmonic is approximately 10 years, the second is 4.75; the third is 3.0; the fourth is 2.25 years.

On the other hand, the basic harmonic of the discrete series of Wolf numbers is equal to approximately 9.53 years,
the second is 4.9, the third is 3.17, and the fourth is 2.19 years.

Thus, the character of the terrestrial temperature spectrum is similar to the components of the spectrum of the long
series of solar activity measurements.

Based on the analysis of the spectral composition of solar activity and ground temperature data, we can
hypothesize that the low-frequency component of the ground temperature is due to the influence of the eleven-year
component of solar activity.

Prediction of solar data so far does not give confident results because of their stochastic nature and the lack of
reliable forecasting methods.
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Observational properties of Coronal Mass Ejections (CMEs)
associated with the soft X-rays and geo-effectiveness during solar cycles 23 and 24

Priyank Srivastava, A.K. Singh
Physics Department, University of Lucknow, Lucknow-226 007

The principal agents responsible for spatial weather changes and associated phenomena are coronal mass ejections
(CMEs). The geo-effectiveness of CMEs has a large impact on terrestrial climate. CME detection and computation
remain tough because to the variety of forms and the complexity of the progression of time. As a result, in order to
assess the variable's viability, we examined the regular changes of the total, northern, and southern components of
sunspot counts recorded between 1996 and 2020, as well as the solar activity trend for solar cycles 23 and 24. We
discovered that solar activity was lower in solar cycle 24 than it was in cycle 23. Based on these results, we
concluded that, while the number of CMEs detected in the 24th solar cycle (16680) was more than in the 23rd solar
cycle (13640), solar activity fell in cycle 24, which might be connected with the lower geo-effectiveness of CMEs
seen during cycle 24. The strength of the flare in optical or X-rays does not indicate the intensity of the ensuing
geomagnetic activity. C and M class flares have been linked to severe storms (Dst < -100 nT). The Pearson's
correlation coefficient between the initial speed of CMEs and geomagnetic activity was determined to be 0.66,
which is moderate and negative. This link shows that the initial speed of halo CMEs is related to geo-effectiveness
prediction. Thus, we determined that the solar cycle 24 was weakly active in comparison to the solar cycle 23, and
that there was a declining pattern in solar activity based on the number of sunspots and the examination of the
observational characteristics of CMEs and their occurrence, as well as geo-effectiveness.

Key Words: Solar cycles; Solar activity; Sunspot numbers; Coronal mass ejections; Geomagnetic Storms

Kinetic-scale current sheets in the solar wind at 1 au
LY. Vasko '

'Space Research Institute (IKI) of Russian Academy of Sciences, Moscow, Russia
“Space Sciences Laboratory, University of California at Berkeley, USA

We present analysis of 18,785 proton kinetic-scale current sheets collected over 124 days of Wind spacecraft
measurements in the solar wind at 11 Samples/s magnetic field resolution. The current sheets have thickness A from
a few tens to one thousand kilometers with typical value around 100 km or from about 0.1 to 10 A, in terms of local
proton inertial length A,. We found that the current density is larger for smaller scale current sheets,
Jo= 6 nA/m*(1/100 km)**, but does not statistically exceed critical value J, corresponding to the drift between ions
and electrons of local Alfvén speed. The observed trend holds in normalized units, Jo/J A=0.17~(k/Xp)'0‘51. The current
sheets are statistically force-free with magnetic shear angle correlated with current sheet spatial scale,
A9=19°~(k/kp)0'5 !. The observed correlations are consistent with local turbulence being the source of proton kinetic-
scale current sheets in the solar wind, while mechanisms limiting the current density remain to be understood. The
current sheets are shown to be elongated along the background magnetic field and dependence of the current sheet
geometry on local plasma beta is revealed. We show that all of the current sheets are in the parameter range where
reconnection is not suppressed by diamagnetic drift of the X-line. We argue this necessary condition for magnetic
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reconnection is automatically satisfied due to the geometry of current sheets dictated by their source, which is the
local plasma turbulence. We conclude that reconnection in the solar wind is not likely to be suppressed or controlled
by the diamagnetic suppression condition.

HccaenoBanne BO3pacTaHUii OTOKOB 3JIEKTPOHOB MATHUTOC(EPHOI0 NPOUCXOKACHUS
¢ 3Heprueii >2 M3B B 2009 rony

M.A. Abynuna, H.C. llInsik, A.B. benos, A.A. A6ynun, O.H. Kpsikynosa, b.b. Celidymmuna, 1.JI. [enaknHa

B pabote uccnenyroTcs Bo3pacTaHHA MMOTOKOB MarHUTOC(HEPHBIX 3JIEKTPOHOB M COIMYTCTBYIOMMX sBieHUNA B 2009
roJy, KOTOPBIH ObUT OYCHb CIIOKOWHBIM, HO HECKOJIBKO 3HAYUTEIBHBIX BO3pACTaHUM OBUIM 3aperucTpupoBaHbl. Bee
Bo3pacTaHus ObUIM pasfeneHsl Ha Tpu rpynnbl: (1) ¢ MakcuManbHbIM 1OTOKOM >500 w/cm2*c*cp, (2) ¢
MakcuManbHBIM TToToKoM 0T 100 mo 500 w/cM2*c*cp, (3) ¢ MakcumanbHBIM TIOTOKOM a0 100 g/cM2*c*cp. B pabore
AHAJIU3UPYETCA CBA3b BbIACJICHHBIX BO3paCTaHHﬁ C OCOGCHHOCTXMM MEXIIJIAHETHBIX U IT'€OMarHuTHBIX BOSMyHleHHﬁ,
a TaKKe C UX COJIHEYHBIMH UCTOYHUKAaMH. OTAENBHO PACCMaTPUBAIOTCS MOTOKH COJTHEYHOT'O BETpa N3 KOPOHAIBHBIX
JBIP, KOTOpBIE HE TOBJICKIN 3a COOOM BO3pacTaHHE IMOTOKOB 3JIEKTPOHOB. [loka3aHO, YTO MaKCHMaJbHBIH ITOTOK
BBICOKOYHEPIHYHBIX MarHUTOC(EPHBIX HJIEKTPOHOB MMeEET Claldylo KOPPENSLHI0 KakK C IUIOMAJbI0 KOPOHAIBHBIX
JBIP, TAK U C UX MarHUTHBIM 1OTOKOM. Hausy4mime cBsi3n 00Hapy»KeHbI CO CKOPOCTBIO BRICOKOCKOPOCTHOI'O TIOTOKA
U COIYTCTBYIOIIEH FEOMAarHUTHON aKTUBHOCTBIO.

ConocraBJjieHHe HU3K0YaCTOTHBIX XAPaKTEePUCTUK MOJCJIBHOI0 CIUPAJTBHOI0O MArHUTHOTO o0J1aKa
COJIHEYHOI'0 B€Tpa ¢ HA0JII0aeMbIMH BO3MYIICHUAMHA

H.A. Bapxaros', E.A. Peynosa”, A.E. Bapcykosa'

1 o o o
Huoicecopoockuii cocyoapcmeennbiil nedazoeudeckuii ynusepcumem um. K. Mununa
2 . . .

Huoicecopoockuii 2ocyoapcmeentbitl apXumekmypHO-CIpoUumenbHbulil YHUeepcumem

B pabGore mpencraBiieHBl pPe3yJbTAThl COIOCTABICHUS OCOOCHHOCTEH paawanbHOTO pacnpenencaus MI[
BO3MYIICHHA KOMITOHEHT MAarHUTHOTO TOJS B MOJETHHOM Tellé MAarHWTHOTO oOOJlaka COJNHEYHOTO BeTpa C
BO3MYILEHUSMH, PETHCTPUPYEMbIMH in situ. MozenbHoe Teno obliaka IMpeCTaBIeHO O0eCCHIIOBOM HIMIMHPUIECKON
TPYOKOH CO CIIUPAITLHBIM MarHUTHBIM TIOJIEM.

AHaNMATHYECKOE WCCICNOBaHWE BO3MYIICHHH MPOBOAWIOCH B MWIMHAPUYECKOH CHCTeME KOOpAWHAT.
JluHeapu3anus MOyYEeHHBIX YPaBHEHHUI MO3BOJIIIIA 3aIIMCATh JJIsl CMEIIEHHs CPesl YpaBHEHHE BTOPOTO MOPSIKA.
PeIJ_IeHI/Ie 3TOI'0 ypaBHeHl/I)I HCKaJIOCh B BHUIC pa)manbﬂoﬁ 3aBUCUMOCTH MaJIbIX FapMOHl/I’-IeCKI/IX aSI/lMyTaJ'H)HbIX u
MPOJOJIBHEIX BO3MYyIIeHHNA. B pesynbrate monydeHa cucteMa IudQepeHIUANEHBIX YPABHCHHN IS KOMIIOHEHT
CMEIIEHHs CPEeNbl M Jajiee paJualbHBIX 3aBUCHMOCTEH KOMIIOHEHT BO3MYIICHHS MAarHUTHOTO IOJISI B MOJEIEHOM
oOmaxe.

Perrenue moryueHHON CHCTEMBI YPaBHEHUH € IENBIO TIOUCKA PaIHaIbHOTO PACIIPEICIICHUS KOMIIOHEHT CMEIICHUS
JUI BO3MYIIEHWH Ha pa3HBIX YacTOTaX BBIIOJIHIOCH WTEPAIlMOHHBIM alropuTMoM Oitnmepa. B kadecTBe
TPaHUYHOTO YCIOBHUSL OBUIO BBIOPAaHO OTCYTCTBHE CMEUICHHS Ha IIOBEPXHOCTH MArHUTHOW TpyOku. Pacuer
nperama.nca le/I BBIIIOJIHCHUHU OJHOI'O U3 yCﬂOBHﬁI )IOCTI/IFHyT])l npeﬂenbﬂoe quCJIo I/lTepaLII/Iﬂ UIIn I'paHI/IHa
pacueTHOl obmactu. Kak mokaszan 4HCIEHHBIA CUeT, MeTon JDiiepa MpOAEMOHCTPHUPOBAT YCTOHYMBOE pEIICHHE
CHCTEMBI ypaBHEHUH IS pACYETHOM 00IaCTH COTIACYIOMIEHCS ¢ 00IaCTsIMH PeabHO HAOII0JaeMbIX T 00JIaKOB.

BehInonHEHHOE aHAMTHKO-YMCICHHOE PEIICHHE a0 O0Ilee MpPEJCTABICHHUE O PaJHaIbHOM pacHpeaeICHUN
KOMIIOHEHT CMelleHus: MarHuTHoro moyii B Tene MO ans HY  BosMylueHui, coryacyromeecs ¢
3apETUCTPUPOBAHHON AMHAMUKON mapameTpoB MO Ha matpymsHOM KA. CoBMecTHas moctoOpadoTKa pe3yabTaToB
cYeTa U COMOCTABISEMBIX C HUMH PEANbHBIX JAHHBIX YCHJIMBACT COTTIACOBAHHOCTH IO KO3 (HUIIMEHTa KOPPEISIIH
mopsiaka 0.8, 4To MOATBEpIKAAET aJeKBaTHOCTh MpuMeHeHHOTo MI'J] moaxo1a Kk aHam3y KoJIeOaHui B MOACIBHOM
TeJle MArHUTHOTO 00JIaKa.
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Xapakrepuctuku @opoym-3¢gp(pekToB U MeKIIAHETHBIX BO3MYIIEHHI,
3aperucTPUPOBAaHHBIX HA KocMuYeckux annapartax Helios

A.B. Benos, H.C. IlInsik, M.A. AGyHuHa, A.A. AGyHHH

H3MUPAH, 2. Mockea, Poccus,; e-mail: nshlyk@izmiran.ru

Beinenensl u uccnenosansl @opOynr-adpdextsl (PD), a TakKe BBI3BABIIME WX MEKIUIAHETHbIE BO3MYLICHUS, 110
JAHHBIM KocMHu4eckux anmnapaTtoB Helios A u B, ¢pyHkImoHHpoBaBIIuX B iepuos ¢ nekadpst 1974 no gespans 1986
rr. CocraBnen moapoOHbiii katanor ®opoyur-a¢ddextoB — Helios FD — Brirouarormmii B ce0sl XapaKTEPUCTHKU
KOCMHYECKHX JIydeH, comHeqnoro Berpa (CB), mexiuranetHoro marHutHoro mosst (MMII) mrst 1166 coOsrtuit.
HccnenoBano m3menenue ammutyasl @3, ckopoctu CB, Benmmumasr MMII mo mepe ymanenus ot Comnia (ams
paccrostauit 0.3 — 1 a.e.). [Ipon3BeneHo cpaBHEHHE aHAIOTUYHBIX COOBITHH, 3aperHCTPUPOBAHHBIX Ha ammapaTax
Helios 1 Ha HEHTPOHHBIX MOHUTOpPAaX Ha 3eMile. Y CTAaHOBIICHO, 4TO BenmunHa OO onpeenseTcs XapakTepUCTUKaMU

MEXKINUIAHCTHBIX BOSMyH_ICHI/Iﬁ 1 IIOYTH HE 3aBUCUT OT paAUAIIBHOTO PACCTOSTHUA.
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The Sun, solar wind, cosmic rays

OneHka BpeMeHH PaclpoOCTPAHEHHS CKAYKA JaBJIeHHUS COJHEYHOT0 BeTpa MesK/1y YAapHOii BOJIHOI
¥ MAarHUTONAy30§ M0 0IHOBPEeMEHHBbIM CIIYTHHKOBBIM H HA3eMHBbIM HA0/ 110 IeHUSIM

B.B. Cacapranees'”

1 .
Canx-IlemepOypeckuil unuan uHCMUmMyma 3emMHo20 MAZHeMu3Ma, UOHOcghepvl U pacnpocmpanenus paouoson
PAH, Canxm-Ilemepoype, Poccus
2 . .
@I'BHY «Ilonapuutii ceogusuueckuti uncmumymy, 2. Anamumut, Poccus

Bpems pacripocTpaHeHre BO3MYIICHHS COTHEYHOTO Yepe3 MEePEXOTHYI0 00JIACTh MEXKIY (POHTOM yJApHOW BOJHEI
U JHEBHOW MAarHMTONay3o0d SIBISETCS Ba)KHBIM [AapaMETPOM MJisi MCCIEAOBAHHUN COJHEYHO-3EMHBIX CBSI3EH.
TpaauMOHHO 3TO BpeMs OIEHMBACTCA IIyTeM YHCICHHOTO MOJCIUPOBAHMSA, IOCKOJBKY CHTYalHs C yIA4HBIM
PpacroyiokeHHe CITyTHUKOB (O/IMH - Y TIO/ICOJHEYHON TOYKH Ha YAApHOH BOJIHE, IPYyrol — y MOACOIHEYHOW TOUKH Ha
MarHMTOIIay3€) MPAKTUYCCKU Hepeaam3yemas, eClIi pedb HJIET O KOHKPETHOM BO3MYIICHHH COJIHEYHOI'O Bepa.
[lepecuer BO3MyIIEHHUS CO CIYTHHUKA, HAXOIAIIETOCs B Touke Jlarpamka, Ha (pPOHT yZapHOH BONHEI (HAampuMep, ¢
UCToNb30BaHueM oH-naiH ceppuca OMNI) maet Heonpenenennocts 8-25 munyT (Ridley, 2000). TIpu mpocmotpe
JAHHBIX 3a OoJice YeM ACCATHIICTHHN WHTEPBAN, HaMH ObUT OOHApY)KEH YHUKAIBHBIA CIy4aid, KOTJa BO BpEMs
CKayKa [ABJICHUS COJHEYHOTO BETPa Y MOACOJHEYHOW TOYKH YOApHOU BOIHBI HAXOIWINCH JIBa CIIyTHHKA MUCCHH
THEMIS, a ymauHoe pacmnonokeHue marautomeTpoB cetd IMAGE m mHaykunonHbIX MarHutomerpoB III'M Ha
Konbckom m-Be u Ha lllnunbepreHe, MO3BOJMIO OINPEACIUTh MOMEHT ynapa (pOHTa HEOJHOPOJHOCTH IO
METOJIMIKe, paHee TpeiokeHHol Safargaleev et al. (2010). ITonoxxenne THEMIS mo3BoimiIo Takke OICHUTH
CPEe/IHIOI0 CKOPOCTb DACIPOCTPAHEHUS] BO3MYIIECHHS B MEPEXOJHOI O00JIACTU W CKOPOCTh CMEIIeHHsS (PpPOHTA
yIapHOU BOJIHBI O] A€HCTBUEM CKaUyKa JaBJICHUS.
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Numerical modeling of the lower ionosphere response to the X-ray flares of different classes
S.Z. Bekker
Sadovsky Institute of Geospheres Dynamics of Russian Academy of Sciences, Moscow, Russia

The problem of modeling the Earth's lower ionosphere in calm and disturbed conditions is still one of the most
urgent in atmospheric research. The difficulty of obtaining experimental data at the heights of the D-region prevents
the construction of empirical models of ionospheric parameters, therefore, the dynamics of the components’
concentrations during disturbances (for example, X-ray flares) can only be estimated by theoretical or semi-
empirical models of varying complexity. In this case, considering a large number of charged components leads to a
significant increase in the number of unknown parameters: reaction rate constants and concentrations of small
neutral components. Therefore, within the framework of this work, we obtained, analyzed, and verified the results of
several rather simple plasma-chemical models of the lower ionosphere, which describe the daily dynamics of a
different number of charged components during C-, M-, and X-class X-ray flares. Constructed plasma-chemical
models demonstrated significant differences of the vertical profiles of electron density during natural disturbances.
The best agreement with the experimental data of ground-based radiophysical measurements on six mid-latitude
VLF-paths was obtained using an eight-component model of the ionospheric D-region.

Upgraded optical complex in “Verkhnetulomsky” observatory: equipment and first results
A.A. Belov'?, P.A. Klimov', B.V. Kozelov’, A.S. Murashov', A.V. Roldugin3, S.A. Sharakin', D.A. Trofimov'*

'Skobeltsyn Institute of Nuclear Physics Lomonosov Moscow State University, 1(2), Leninskie gory, Moscow,
119234, Russia

Faculty of Physics Lomonosov Moscow State University, 1(2), Leninskie gory, Moscow, 119234, Russia

3Polar Geophysical Institute, 15, Khalturina st., Murmansk, 183010, Russia

A new telescope-spectrometer was installed at “Verkhnetulomsky” observatory (68°36'N, 31°47'E) of the Polar
Geophysical Institute to supplement the data from all-sky cameras with measurements of the fine space-time
structure of the auroral luminescence. The telescope uses 5 cm UV transparent lens as an optical system and a
matrix of multi-anode photomultiplier tubes as a photo detector. The angular resolution of the telescope is 1.2°. The
detector allows to record waveforms with 2.5 pus time resolution (4 events during 5 s interval with a record length of
128 samples), 0.32 ms resolution (4 events during 5 s interval with a record length of 128 samples) and conduct
monitoring measurements continuously with 40.96 ms resolution. The telescope observes a central part (20°%20°) of
the all-sky camera field of view (FOV). An additional color narrow field of view camera located in “Lovozero”
observatory gives us the possibility to deduce the altitude of the observed auroral structures.

Data from the first days of joint observations are presented in the talk. The active intervals of aurora pulsations
were measured and partially analysed. The measured frequencies of pulsations are in the range of 1-4 Hz which
modulate the slower glow variations. An estimated altitude for the auroral patches is ~110 km.
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Model estimation of total electron content calculation by
the method of spaced reception of satellite signals

S. M. Cherniakov
Polar Geophysical Institute, Murmansk, Russia

The method of model estimation of total electron content calculation errors in the ionosphere based on data of
spaced reception of low-orbital satellite signals was proposed and the errors of total electron content calculation by
the spaced method under quite conditions and the plasma ring were evaluated. To estimate errors, a dynamic model of
the electron density of the Earth's ionosphere is used. For the selected input parameters (day etc.), a two-dimensional
model distribution of electron density is calculated and, using the obtained distribution, experimental situations are
created (ionosphere condition with required correction of the distribution, receiving point positions etc.). It gives
possibility to calculate the model phase distance from a satellite to a receiving point. According to the standard
procedure, initial phase constants are calculated by the method of spaced reception of satellite signals from the
obtained model (“experimental”) phase curves and the results are compared with the “true” model calculations.
Thus, it is possible to estimate potential errors when calculating initial phase constants during proposed ionospheric
situation as well as by changing the positions of satellite signal receiving points it is possible to estimate their best
location for planned experimental conditions.

A Mathematical Model of the Global Ionospheric Electric Field Generated by Thunderstorms
V.V. Denisenko '#, M. Rycroft * and R.G. Harrison *

'Institute of Computational Modelling RAS, Krasnoyarsk, Russia

*West Department of Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation RAS,
Kaliningrad, Russia

3CAESAR Consultancy, Cambridge, UK

*Department of Meteorology, University of Reading, Reading, UK

Electric currents flowing in the global electric circuit (GEC) are closed by ionospheric currents. A model for the
distribution of the ionospheric potential which drives these currents is constructed. Only the internal electric fields
and currents generated by thunderstorms are studied, and without any magnetospheric current sources or generators.
The atmospheric conductivity profiles with altitude are empirically determined, and the topography of the Earth’s
surface is taken into account. A two-dimensional approximation of the ionospheric conductor is based on high
conductivity along the geomagnetic field; the Pedersen and Hall conductivities space distributions are calculated
using empirical models. The values of the potential in the E- and F-layers of the ionosphere are not varied along a
magnetic field line in such a model and so the conductances are obtained by integration along magnetic field lines.

The main progress in comparison with previous versions of the model (Denisenko et al., 2019, Denisenko and
Rycroft, 2021) is due to the usage of the model of the global distribution of thunderstorms obtained from the ground-
based World Wide Lightning Location Network (Denisenko and Lyakhov, 2021). Under typical conditions for July,
under low solar activity, at the considered point in time, 18:00 UT, the calculated maximum potential difference in
the ionosphere is 54 V. The designed model contains the equatorial electrojets. There are day-time electrojets, the
strength of which are up to 65 A, and night-time ones (of up to 40 A), while the total current of the GEC is taken
equal to 1.43 kA in our model to satisfy the Carnegie curve. The equatorial electrojets of the GEC produce magnetic
perturbations on the ground, which are in the 0.1 nT range. In principle, these magnetic perturbations could be
measured, especially at the night-time geomagnetic equator where they are not so disguised by other ionospheric
electrojets, which are concentrated mainly in the day-time.

This investigation was performed with the financial support of the Russian Science Foundation Grant No. 21-17-
00208.
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Denisenko V.V., Rycroft M.J., Harrison R.G. Mathematical Simulation of the Ionospheric Electric Field as a Part of
the Global Electric Circuit. Surveys in Geophysics, 2019. 40(1), 1-35. DOI: 10.1007/s10712-018-9499-6

Denisenko V.V., Rycroft M.J. The Equatorial Electrojets in the Global Electric Circuit. 2021. Journal of
Atmospheric and Solar-Terrestrial Physics. 221(3):105704. Doi: 10.1016/].jastp.2021.105704

Denisenko V.V., Lyakhov A.N. Comparison of ground-based and satellite data on spatiotemporal distribution of
lightning discharges under solar minimum. Solar-Terr. Phys. 2021. 7(4), 104-112. DOI: 10.12737/stp-74202112

The effect of solar proton events on the airglows and ozone and atomic oxygen concentrations

H. Gao*, J.Y. Xu, G.M. Chen, Y.J. Zhu
*NO.1 Nanertiao, Zhongguancun, Haidian district, Beijing, China

The effect of solar proton events on the daytime O, and OH airglows and ozone and atomic oxygen concentrations
in the mesosphere is studied using data from the Sounding of the Atmosphere using Broadband Emission
Radiometry (SABER). Five events occurred in September 2005, December 2006, March 2012, May 2013, and June
2015 that satisfy two criteria: the maximum proton fluxes are larger than 1000 pfu, and daytime data in the high
latitude region are available from SABER. The event in December 2006 is studied in detail, and the effects of all
five events are compared in brief. The results indicate that all four parameters in the mesosphere decrease during the
events. During the event in 2006, the maximum depletions of O, and OH dayglow emission rates and ozone and
atomic oxygen volume mixing ratios at 70 km are respectively 31.6%, 37.0%, 42.4%, and 38.9%. The effect of the
solar proton event changes with latitude, longitude, and altitude. The depletions due to the stronger events are larger
on average than those due to the weaker events. The depletions of both dayglow emission rates are weaker than
those of ozone and atomic oxygen. The responses of O, and OH nightglow emissions around their peak altitudes to
the SPEs are not as strong and regular as those for dayglow in the mesosphere.

Efficiencies of emission excitation and formation of electron concentration in auroras
V.E. Ivanov and Zh.V. Dashkevich
Polar Geophysical Institute, Apatity, Russia

The effect of the parameters of the precipitating electron flux on the emission intensity of 391.4, 557.7, 630.0 nm
and the value of the electron concentration in the vertical column of the aurora has studied. The following
parameters of the auroral electron flux were considered: the form of the energy spectrum, the energy flux, and the
average energy of precipitating electrons. The concepts of the efficiency of excitation of optical emission @A and
the efficiency of the formation of the electron concentration in the auroral column ®e have introduced. The
efficiency @A is the ratio of the integral intensity of emission with a wavelength A to the value of the energy flux of
precipitating electrons and the efficiency ®e is the ratio of the electron concentration in the auroral column to the
value of the energy flux. The calculations of ®A and ®e have carried out for three types of the auroral electrons
energy spectrum: monoenergetic, exponential and Maxwellian. The average energy varied in the range 0.1-20 keV,
which is typical for auroral electrons. It has shown that the efficiencies @A and ®e weakly depend on the form of
the energy spectrum and is mainly determined by the values of the average energies of the electron flux. The
calculated dependences of @A and ®e on average energies make it possible to construct effective algorithm for
calculating the planetary distribution of emission intensities and total electron concentration in auroras using the
data of empirical models of electron precipitation, without a priori assumptions about the form of the energy
spectrum of the precipitating electron flux.
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Modeling of magnetosphere-ionosphere coupling using GSM TIP and GAMERA
M.V. Klimenko'?, V.V. Klimenko'?, A.V. Divin', and E.I. Gordeev'

ISt. Petersburg University, St. Petersburg, Russia
*West Department of Pushkov IZMIRAN, Kaliningrad, Russia

The high-latitude ionosphere is being a very strongly structured medium due to the presence of a large number of
irregularities from several to hundreds of kilometers, The inhomogeneities are structured in latitude in accordance
with the subdivision of the high-latitude ionosphere into the subauroral and auroral ionosphere, the polar cap, and
the cusp. The inhomogeneities are the result of magnetospheric-ionospheric and thermospheric-ionospheric
interactions associated with auroral activity, in particular, with the high-energy particle precipitation and the
processes of the plasma transport and heating due to magnetospheric electric fields and field-aligned currents. One
of the main methods for studying and interpreting the high-latitude ionospheric structure is the usage of numerical
models of the ionosphere. Usage of such models allowed understanding the different features of magnetosphere-
ionosophere coupling processes. The Global Self-Consistent Model of the Thermosphere, Ionosphere, and
Protonosphere (GSM TIP) was previously used for the representation of ionospheric effects during different
geomagnetic storms. Some model/data disagreements were reviled that may be associated with different kinds of
reasons. One possible reason is using an empirical climatological setting of cross-polar cap electric potential and
Region 2 field-aligned currents as GSM TIP model input parameters. Here we will discuss the usage of simulated
FACs and auroral precipitation from GAMERA model as input parameters for GSM TIP model. Also we will
discussed the reverse effects: the influence of ionospheric potential and conductivity on the FACs and auroral
precipitation calculated in GAMERA model.

This study was performed in the SPbSU Ozone Layer and Upper Atmosphere Research Laboratory, which is
supported by the Ministry of Science and Higher Education of the Russian Federation (Agreement No. 075- 15-
2021-583).

Sources and modeling of ionospheric electric field using the new version
of Global Self-Consistent Model of the Thermosphere, Ionosphere, and Protonosphere

V.V. Klimenko', V.V. Denisenko'?, M.V. Klimenko', M.N. Melnik'*

'West Department of Pushkov Institute of Terrestrial Magnetism, Ionosphere, and Radio Wave Propagation RAS,
Kaliningrad

*Institute of Computational Modeling SB RAS, Krasnoyarsk

*Polar Geophysical Institute, Apatity

The ionospheric electric field has two primary sources: the neutral wind dynamo and the convection electric field
mapped from the magnetosphere. In addition, the vertical electric fields recorded in the atmosphere can affect the
ionospheric potential through global electric circuit (GEC). Combining the upper atmosphere model and the GEC
model will allow to investigate the issue of global electric circuit with coupled atmospheric and ionospheric electric
fields. The currently known models of the ionospheric part of the GEC are constructed with excessive
simplifications. In GEC models the ionosphere is usually presented in the form of an ideal conductor. We combined
the upper atmosphere model (GSM TIP) and the GEC model. Using such a new model we allow to fundamentally
clarifying the description of the ionospheric part of the GEC. We performed different model runs both for quiet and
storm-time geomagnetic conditions. In this report, the influence of the ionospheric conductivity variability on the
GEC ionospheric potential distribution will be presented. The recent and future modifications of electric field
computation block in GSM TIP model will be discussed.

This investigation was carried out with the financial support of the Russian Science Foundation grant 21-17-
00208.
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Experimental study of the state of the lower night ionosphere according to
the amplitude characteristics of electromagnetic radiation in the VLF range

E.N. Kozakova'?, I.A. Ryakhovskiyz, Yu.V. Poklad®, B.G. Gavrilov?

'Moscow Institute of Physics and Technology (MIPT), Dolgoprudny, Russia
Sadovsky Institute of Geosphere Dynamics of the Russian Academy of Sciences, Moscow, Russia

Any processes that cause a change in the electron concentration profile in the lower ionosphere lead to significant
variations in the amplitude-phase characteristics of electromagnetic signals propagating in the Earth-ionosphere
waveguide. Thus, electromagnetic radiation of the VLF range (3-30 kHz) is an effective tool for studying the state
and dynamics of the lower ionosphere. Experimental data were used in this work such as the amplitudes of
electromagnetic signals from the stations NAA (24 kHz, 44.6° N, 67.3° W) and GBZ (19.6 kHz, 54.9° N, 3.37° W)
which have been registered at the Mikhnevo Geophysical Observatory (IDG RAS, 54.95° N, 37.7° E) and the
Ladushkin Observatory (IZMIRAN coordinates) in the period from 2014 to 2022 (Fig. 1).
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Figure 1. Locations of the receivers in the Geophysical Observatory «Mikhnevo» and observatory
«Ladushkiny» are indicated by gray circles, the location of the transmitter NAA is indicated by a red
circle; the black dotted line shows the signal propagation paths (along the great circle arc); the red
dotted line indicates the position of the morning terminator (January 2014).

A comprehensive analysis of these data made it possible to assess the influence of the propagation path
illumination on the VLF signals (3-30 kHz) amplitude characteristics and to identify seasonal and annual variations
in the height of the ionosphere D layer at night. As a result of the experimental data analysis, it was also possible to
reveal the relationship between the 11-year solar activity cycle and the change in the height of the waveguide
unilluminated part.

The work was performed under the State assignment No 1021052706243-1-1.5.9;1.5.1.
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Altitudinal dynamics of auroral structures at the pole boundary of the auroral oval
B.V. Kozelov, A.V. Roldugin

Polar Geophysical Institute, Apatity, Russia
E-mail: boris.kozelovi@gmail.com

Typical auroral structures observed at the polar boundary of the auroral oval at the zenith of the PGI observatory in
Barentsburg are considered. The use of triangulation based on data from two pairs of cameras with a small (~4 km)
spatial separation allowed us to track the height of structures in dynamics and estimate the energy of precipitating
electrons in typical events. The influence of these precipitations on the state of the high-latitude ionosphere is
discussed.

Features of the propagation of acoustic-gravity waves generated by tropospheric heat sources
Yu.A. Kurdyaeva ', S.P. Kshevetskii *

'Kaliningrad Branch of the Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation,
Russian Academy of Sciences, 61 Pionerskaya st., Kaliningrad, 236010, Russia

%I Kant Baltic Federal University, 14 Al. Nevskogo st., Kaliningrad, 236041, Russia

3A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Sciences, 3 Pyzhevsky per.,
Moscow, 119017, Russia

The propagation of atmospheric waves from tropospheric heat meteorological sources is studied. Equations are
derived that describe the generation and propagation of acoustic and internal gravity waves separately. It is shown
that in the case of heat sources of waves, the generation of acoustic waves cannot occur without the generation of
internal gravity waves, and vice versa. Numerical modeling out using the obtained coefficients for separating
acoustic was carried and internal gravity waves and the contribution of each of the waves was estimated.

This investigation was performed with the financial support of the Russian Science Foundation Grant No. 21-17-
00208.

Temporal and longitudinal climatological studies of the equatorial ionization anomaly observed by
ground-based GNSS receiver networks over South America

Solomon Otoo Lomoteyl*, Jonas Rodrigues de Souza', Cristiano Max Wrasse', Hisao Takahashi', Diego Barros',
Cosme Alexandre Oliveira Barros Figueiredo', Patrick Essien'?, Toyese Tunde Ayorinde', Fabio do Egito,
Nana Ama Brown Klutse®®, Anderson Vestena Bilibio'

1Aeronomy Division - National Institute for Space Research (DIDAE / CGCEA - INPE), Av. Dos Astronautas, 1758,
Jd. da Granja, Sao José dos Campos - SP - CEP: 12227-010

2African Institute for Mathematical Sciences (AIMS) Ghana, Accra, LG DTD 20046, GPS: GK- 0647-1372 Ghana

3African Institute for Mathematical Sciences (AIMS) Rwanda, Kigali, Rue KG590 ST No 1, Rwanda

The temporal and longitudinal climatological studies of the variability of the equatorial ionization anomaly (EIA)
were investigated using total electron content (TEC) data calculated from various ground-based global navigation
satellite systems (GNSS) receivers over the southern American continent. The EIA structures and evolutions were
mapped in 10 min time resolution using TEC and their characteristics were investigated along two different
geomagnetic longitudes sectors (i.e., 3.36°E and 7.58°E) which are approximately separated by 555 km, at an
altitude of 300 km from 2014 to 2017. This present study aimed at studying the day-to-day variation of the crests
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positions and this was done by picking the TEC long these meridians sectors. The morphologies of the northern and
southern crests between the two sectors exhibited strong semiannual variations along the entire years: the intensities
of the interhemispheric asymmetry of EIA crests were enhanced in Summer (i.e., December, January, and
February), Autumn (i.e., March, April and May) and Spring (i.e., September, October and November) months while
a suppression was observed in winter (i.e., June, July and August) months. It is worth mentioning that occurrence
time of the EIA also showed semimonthly variation between these sectors. On the other hand, the latitudinal
location of the daytime southern crests of the EIA were estimated and analyzed using cross wavelets transforms, and
it presented planetary scale waves (PWs). Our results revealed that the day-to-day variations of the crest location of
the EIA in the southern hemisphere might be modulated by PW.

Ultra-short-period pulses in ULF oscillations of the geomagnetic field and
their relationship with thunderstorm activity

R.A. Marchuk, A.S. Potapov, V.V. Mishin
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

The work is devoted to an experimental study of the properties of ultra-short-period pulses (USPs) in geomagnetic
field oscillations that occur synchronously at the magnetic stations of the ISTP SB RAS and the Canadian
CARISMA networks. A feature of the detected USPs is their frequency range (f' = 5-30 Hz) lies at the junction of
the ranges of geomagnetic pulsations (f' < 30 Hz) and ultra-low frequency (ULF) oscillations (f'= 30-300 Hz) and,
therefore, was previously poorly studied. As a result of the morphological analysis of the detected USPs, based on
the data of ISTP stations, their statistical characteristics and dynamic spectra were obtained, and a number of
unusual features were revealed that distinguish them, on the one hand, from geomagnetic pulsations of this range
(irregular pulsations of the PilB type), and, on the other hand, from higher-frequency VLF signals (atmospherics,
whistler, etc.). We assume that the red sprites, i.e., electrical discharges in the upper atmosphere, induced by
powerful thunderstorms at middle and low latitudes, can serve as the source of USPs. The fact is that, using the
results of observations [1] of sprites in Northern China, we found that the appearance of USPs follows the
appearance of sprites. Since thunderstorm activity is considered to be one of the main sources of excitation of the
ionospheric Alfvén resonator (IAR), it can be assumed that USPs make a significant contribution to the
implementation of the atmospheric-ionosphere-magnetospheric interaction, feeding the oscillations of this resonator
due to the energy of thunderstorms in the upper atmosphere. In turn, the IAR is a link between the ionosphere and
the magnetosphere in the ULF range [2].
The study was supported by the Russian Science Foundation grant No. 22-27-00280.

1. Wang Y., Lu G., Ma M,, et al. (2019), Triangulation of red sprites observed above a mesoscale convective system
in North China. Earth and Planetary Physics, 3: 111-125. https://doi.org/10.26464/epp2019015

2. Potapov A.S., Polyushkina T.N., Tsegmed B. (2021), Morphology and diagnostic potential of the ionospheric
Alfvén resonator. Solar-Terrestrial Physics, 7(3): 36—52. https://doi.org/10.12737/stp-73202104
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The earthquakes and ionosphere physics coupling
A.A. Namgaladze', M.V. Rybakov’

'Murmansk Arctic State University, Murmansk, Russia
*Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation of N.V. Pushkov,
St-Petersburg Branch, St-Petersburg, Russia

Earthquakes (EQs) are the most dangerous and least predictable natural disasters associated with eruptions from the
lithosphere during collisions of tectonic plates. Their consequences are well traced in all layers of the Earth's
atmosphere, but on a global scale, their localization can be found with a sufficiently high spatial and temporal
resolution only using a network of geostationary satellites that post their data on the Internet.

These data are the values of the total electron content (TEC) along the vertical above the EQ epicenter, determined
mainly by the electron density in the main ionospheric maximum (NmF2). The latter is the most important
ionospheric parameter that affects the characteristics of radio wave propagation. To predict EQs, it is necessary to
know the prehistory of their preparation, accumulation of energy for a subsequent explosion.

The properties of TECs manifested during this period over the epicenters of the EQ are usually called the
precursors of the EQs. Physically and mathematically, these properties are described by modern three-dimensional
time dependent computer models based on current knowledge of the physics of the ionosphere and its variations of
solar and lithospheric origin.

Until now, this knowledge has been most fully described in the classic monograph [1], published in 1988 by the
Nauka publishing house in Russian. Updating this monograph and publishing it in English has long been an urgent
and very difficult task, which is close to completion [2] thanks to the efforts of the first author of this article and the
technical assistance of the second one.

In the latest work, this knowledge was supplemented not only by an increase in the number of references, but also
by the appearance of whole new sections concerning the EQ itself and their precursors, seismogenic electric fields
and currents, active methods of influencing the environment, modeling geomagnetic pole movements, etc. This
monograph will be useful for students, graduate students and teachers of both geophysical and related specialties -
radiophysics, meteorology, plasma physics, etc.

1. Brunelli B.E., Namgaladze A.A. Physics of the ionosphere. 1988. Moscow, Nauka, 526 p.
2. Namgaladze A.A. Earthquakes and the upper atmosphere. 2022. Cambridge Scholars Publishing (in press).

Auroral Ionosphere Model with PC index as an input parameter
Vera Nikolaeva', Evgeny Gordeev’, Alexander Nikolaev', Denis Rogov' and Oleg Troshichev'

'Geophysical Department, Arctic and Antarctic Research Institute, Saint Petersburg, Russia
Earth’s Physics Department, Saint Petersburg State University, Saint Petersburg, Russia

Auroral Ionosphere Model (AIM-E) is designed to calculate chemical content in the high-latitude E region
ionosphere and takes into account both the solar EUV radiation and the electron precipi-tation of magnetospheric
origin. The latter is extremely important for auroral ionosphere chem-istry especially in disturbed conditions. In
order to maximize the AIM-E timing accuracy when simulating highly variable periods in course of geomagnetic
storms and substorms, we suggest to parameterize the OVATION-Prime empirical precipitation model with the
ground-based Polar Cap (PC) index. This gives an advantage to: (1) perform ionospheric simulation with actual
input, since PC index reflects the geoeffective solar wind conditions; (2) promptly assess the current geomagnetic
situation, since PC index is available in real time with 1 minute resolution. The simulation results of AIM-E with
OVATION-Prime (PC) demonstrate a good agreement with the ground-based incoherent scatter radar data (EISCAT
UHF, Tromso) during events of intense particle precipitation. The model reproduces well the electron content
calculated in vertical column (90—140 km) formed by precipitating electrons.
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The E Region Auroral Ionosphere Model (AIM-E) is a useful scientific and operational numerical tool for various
geophysical applications. It can be used to reconstruct the large-scale dynamics of the auroral ionosphere with
sufficient accuracy during disturbed periods such as geomagnetic storms and substorms. The modified AIM-E
model applying the Polar Cap index as an input parameter, becomes the high-latitude ionosphere model which
operates only with the ground-based data.

Diurnal and Seasonal GPS-TEC Morphology in the African Equatorial Ionization Anomaly (EIA)
region during High Solar Activity

O.M. Odeyemi*, S.O. Ikubanni, J.O. Adeniyi, B.O. Adebesin, S.J. Adebiyi, O.O. Ogunlesi, O.E. Odeyemi
*Joseph Ayo Babalola University, Ikeji Arakeji, Osun State, Nigeria

The total electron content (TEC) was studied for diurnal and seasonal variations. The eight (8) stations chosen are
located in the African sector's equatorial ionization anomaly (EIA), which spans the southern and northern
hemispheres. Data for the year 2014, high solar activity was used. The diurnal variation shows a minimum TEC
value at pre-sunrise for a short period with a steady increase during the early hour of the day and the maximum is
reached between 1200 LT and 1700 LT. Generally, after sunset, the TEC values fall back to minimum showing
post-sunset enhancement in some seasons and stations. TEC was at a maximum at equinoctial months and minimum
during solstices for all stations at the EIA trough but the TEC value at EIA crest is at maximum at March equinox
and minimum at June Solstice for seasonal variation.

Study of ionospheric irregularities using HF radars
A.V. Oinats, M.V. Tolstikov
Institute of Solar-Terrestrial Physics SB RAS, 126a Lermontov Str., Irkutsk 664033, Russia

We present the results of ionospheric irregularities study using HF radar data (SuperDARN type) in the Institute of
Solar-Terrestrial Physics SB RAS. We focus on two topics. The first topic is related to the study of ionospheric
irregularities that occur during geomagnetic disturbances and their influence on the HF waves propagation in the
ionosphere. The data obtained by Russian and foreign HF radars during the periods of geomagnetic storms in 2017-
2021 are presented. The second topic is devoted to the study of medium scale traveling ionospheric disturbances
(MSTIDs) and their relationship with internal gravity waves propagating in the Earth's upper atmosphere. The
results of statistical analysis of MSTID parameters obtained from HF radar data are presented, and the possibilities
of their use for estimating the neutral wind velocity at ionospheric heights are discussed.

The authors are grateful to the SuperDARN community for using the HF radar data. SuperDARN is a radar
network funded by the national science agencies of Australia, Canada, China, France, Italy, Japan, Norway, South
Africa, the United Kingdom and the United States of America. The work was financially supported by the Ministry
of Science and Higher Education of the Russian Federation. The results were obtained using the equipment of
Center for Common Use «Angarax» http://ckp-rf.ru/ckp/3056/.
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Revisiting phase-difference approach for GNSS global ionospheric mapping
A.M. Padokhin "% E.S. Andreeva ', M.O. Nazrenko '

'Lomonosov Moscow State University, Moscow, Russia
2Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, Troitsk, Russia

We present the method for constructing global ionospheric maps of TEC which relies only on dual-frequency GNSS
carrier phase data, in which the ionosphere is modeled in Sun-fixed (modified dip latitude, local time) coordinate
system as a spherical harmonics expansion in thin-shell layer. Inequality constraint least squares approach based on
the solution of linear complimentarity problem was adopted to deal with possible non-physical negative values of
vertical TEC arising in reconstructions typically for nighttime periods of low Solar activity. Suggested approach was
tested on synthetic observations generated for real geometry of GNSS constellation and IGS receiving stations using
NeQuick2 model for cases of high and low solar activity. Reconstruction errors proved to be below 5 TECU for high
TEC values in both cases. Considered approach was also applied for the real GNSS data for several test periods and
validated against different IGS GIMs, including gAGE/UPC TEC map product, which utilizes the same phase-
difference approach for input data. Obtained results showed maximum inter-method deviations up to 10TECU in the
regions lacking observational data.

Dependence of ionospheric variability on local time, season and geomagnetic activity level
K.G. Ratovsky, I.V. Medvedeva
Institute of Solar-Terrestrial Physics SB RAS, 126a Lermontov Str., Irkutsk 664033, Russia

The initial data are 2003-2020 dataset of peak electron densities NmF2 from the Irkutsk DPS-4 Digisonde (52.3°N,
104.3°E). This dataset was converted to the 27-day running medians of NmF2 (NmF2med) and the NmF2
disturbances, which were the relative (percentage) deviations of the NmF2 from NmF2med. As a measure of
ionospheric variability we considered root mean square values of NmF2 disturbances (6NmF2) calculated by 27-day
running averaging. For the given local time and month we performed linear regression of the cNmF2 on the Ap
index of geomagnetic activity averaged over 27 days. The regression intercept gives the ionospheric variability
under quiet geomagnetic conditions (Ap=4), while the regression slope shows the rate of increase in the ionospheric
variability with increasing geomagnetic activity. The paper analyzed and discussed diurnal and seasonal variations
in the ionospheric variability under quiet geomagnetic conditions, as well as the rate of increase in the ionospheric
variability with increasing geomagnetic activity.

The work was financially supported by the Ministry of Science and Higher Education of the Russian Federation
and by RFBR, project number 20-05-00212.

TEC changes caused by X-class solar flares 6 and 10 September 2017
LLA. Ryakhovskiy, Y.V. Poklad, B.G. Gavrilov

Sadovsky Institute of Geospheres Dynamics of Russian Academy of Sciences, Moscow, Russia,
e-mails: ryakhovskiy88@yandex.ru, poklad@mail.ru, boris.gavrilov34@gmail.com

The increase in the intensity of X-ray and ultraviolet radiation, observed during solar flares, causes an increase in the
electron density in the entire ionosphere. The paper presents the results of a study of the dynamics of the total
electron content (TEC) of the ionosphere caused by the impact of X-class solar flares that occurred on September 6
and 10, 2017. To estimate the change in TEC, data from more than 1000 receivers located around the world were
used. A comprehensive analysis of the experimental data made it possible to obtain a general empirical dependence
of the TEC increment on the ultraviolet radiation flux for both flares.
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A multi-instrumental approach to the study of the small-scale structure of a polarization jet
A.A. Sinevich'?, A.A. Chernyshovl’z, D.V. Chuguninl, A.V. Oinats®, W.J. Miloch*, M.M. Mogilevskyl

'Space Research Institute of the Russian Academy of Science, Moscow, Russia
*National Research University Higher School of Economics, Moscow, Russia
3Institute of Solar Terrestrial Physics, SB RAS, Irkutsk, Russia

*Department of Physics, University of Oslo, Oslo, Norway

As is known, a polarization jet (PJ) or Subauroral Ion Drift (SAID) is a narrow jet of fast ion westward drifts near
the projection of the plasmapause at the heights of the upper region of the F-layer ionosphere, which appears during
increased geomagnetic activity. The mechanism of the formation of a polarization jet, as well as the structure of
small-scale irregularities within PJ, are open questions. In this paper, we study the spatial structure of PJ in the
subauroral ionosphere using a multi-instrumental approach: NorSat-1, DMSP, and Swarm satellite observations, as
well as SuperDARN (Super Dual Auroral Radar Network) radar data during a geomagnetic storm. A comparative
analysis of the plasma parameters and electron density spectra inside the PD is given according to the data of both
satellites. Our results show that the fluctuations of plasma parameters inside the PD increase on all scales with the
development of geomagnetic activity. Small-scale irregularities in PJ with spatial dimensions up to hundreds of
meters are found. The role of large-scale effects in PJ increases in comparison with small-scale effects during
geomagnetic activity. The PJ consists of structures ~0.2 latitude in size, within which there are small-scale
irregularities.

Correlation of TEC variations at magnetically conjugated points
A.V. Timchenko'?, F.S. Bessarab', V.V. Denisenko’

"West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation
(IZMIRAN) Russian Academy of Sciences, Kaliningrad, Russia

2Immanuel Kant Baltic Federal University, Kaliningrad, Russia

3 Institute of Computational Modelling RAS SB, Krasnoyarsk, Russia

In work presented correlation analysis of Total Electron Content (TEC) variations at magnetically conjugated points
during a geomagnetic storm 17 March 2015 — St. Patrick Storm. Maps of TEC used in this article is CODE data
(Center for Orbit Determination in Europe) [Schaer, 1999] and defined on the grid from -87.5° to 87.5° on latitude
with step 2.5° and from -175° to 180° on longitude with step 5°, in hour resolution. The search for magnetically
conjugated points was carried out in the first case in an approximation of a dipole geomagnetic field, in the second —
with the application of the IGRF model. In work considered significant (0.75-0.9) and high (>0.9) quantities of
correlation coefficient. During the storm a regions with high quantities of correlation coefficient concentrated in
high latitudes, in the post-storm period on all latitudes appear regions with significant anticorrelation coefficient. In
work discussed the influence of a more accurate model of the geomagnetic field on the results obtained.

This investigation was performed with the financial support of the Russian Science Foundation Grant No. 21-17-
00208.
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Pacnpocrpanenue 3jekrpoMarHuTHbIX BoJiH OHY quana3ona B 00s1acTH BHICOKUX IIMPOT
BO Bpems co0bITHii GLE

O.U. Axmeros, .B. Munranes, O.B. Munranes, B.b. benaxosckuid,
3.B. CyBoposa, E.A. Maypues, }0.B. bana6bun, A.C. Kupuios

DI'FHY «Ilonapuviii ceodusuneckuti uncmumympy, 2. Anamumul

B o6siacTu BBICOKHX IIMPOT BO3MOXHO CHOPAAMYIECKOE TOSBICHHE JOMOIHUTEIBHOTO BBICOKO MPOBOASAIIETO CIIOS
Ha BBICOTAX, 3HAYUTEIBHO MEHBIIIHX, YeM BBICOTHI D-ciios nonocdepst [1]. M3ydyenue pacupocrpanenus OHY-BomH
B TaKWX HEOOBIYHBIX YCIOBHSX SIBISACTCS BAXKHOM HaydHOW 3amadeid, mockonbky OHUY-BOJHBI UCTIONB3YIOTCS IS
3a7a4 CBS3M W HaBurauuu. B To xe Bpemss OHYU-BoHBI, pacnpocTpaHSIOMIecs B BOJHOBOAE 3eMisi-HOHOChEpa,
ABJAKOTCA OAHUM U3 BAXHBIX MHCTPYMEHTOB JId I/IOHOC(l)epI)I, TMOCKOJIbKY OHY-BoNHEI 04YEHL YYBCTBUTCJIbHbBI K
WN3MEHEHHIO JJIEKTPOIPOBOAHOCTH BEPXHEW I'PaHHUIBI BOJIHOBOJA. MeTOJI YMCIEHHOTO MOJAEINPOBAHUS TT03BOJISIET
CBsI3aTb KOHKPETHbIE (a30BblE W aMIUTUTYIHBIE AHOMAJIMU C KOHKPETHBIM BHJIOM Mpoduied KOHIEHTpaunuu
9JIEKTPOHOB B BOJIHOBOJIE 3eMiisi-oHOC(hepa. UTo no3BossieT penars Kak NpUKIaaHbIe 3a1a41 CBS3U U HaBUTaIH,
TaK ¥ MCCIICIOBATEILCKUE 3aJa4Md JMAarHOCTHKH COCTOSHHS HOHOC(Ephl MO JaHHBIM Ha3eMHBIX CTaHIWH
peructparm OHY curaanos.

B pabote npencrasieHo uccienosanue Biusiaus coobituii GLE (ground-level enhancement) Ha pacnpocTpaneHue
paguoCurHajioB OHY JAyara3oHa B BBICOKHMX HIMPOTax. MeTO[laMl/I BBIYUCIIUTECILHOI'O0 3KCIIEPUMCHTAa Ha OCHOBE
YHUCIIEHHOM MOJENN paclpOCTPaHEHHUs 3JIEKTPOMAarHUTHBIX BOJIH, pa3zpaboranHoil B IlomspHoM reodmnsnueckom
HWHCTHTYTE [2] BcciaenoBaHbl aMIUIUTYAHBIEC U (ha30Bble aHOMannu curaaioB cucteMbl RSDN-20 B yemoBusix GLE.
[Ipoduimn KOHIEHTpALWU 3IIEKTPOHOB JUIS COOTBETCTBYIOIIUX COOBITHH IMOJYYEHBI C HCIIOJIb30BAHHUEM MOJIEIU
RUSCOSMICS [3], coznannoit B III'M. 3aTeM u3 paccuuTaHHBIX Npoduiieid noHu3auu onpexaensics Bkinag GLE
COOBITHS B yBEIMUYCHHUE IICKTPOHHOH KOHIIEHTPALHH.

VccrnenoBanme BBIIONIHEHO 3a cuUeT rpaHTa Poccwiickoro HayuHoro ¢oHma (mpoektr Ne 18-77-10018),
https://rscf.ru/project/18-77-10018/.

1. Remenets G.F. and Shishaev V.A. // Journal of Atmospheric and Solar-Terrestrial Physics. 2019. 196. 105145.
10.1016/j.jastp.2019.105145.

2. Munranes U.B., Munrranes O.B., AxmeroB O.U., CyBoposa 3.B. // Maremarndeckoe moaenupoBanue. 2018. T.
30. Ne 12. C. 17.

3. MaypueB E.A., banaoun 10.B., I'epmanenko A.B., Muxanko E.A., I'Boznesckuit b.b. / ConHeuno-3emHast
¢dusuka. 2019. T. 5. Ne 3. C. 81. DOI: 10.12737/sz£-53201908.

Bo3mymenuss THCC curnasioB Bo BpeMst MarHuTHoi 0ypu 3-5 Hosiops 2021 roxa
N0 JTaHHBIM Ha0J/oaeHuil Ha KoJbcKkoM MmoJiyocTpoBe

B.b. Benaxoscxnﬂl, IL.A. ByuHuKOBz, AJL. FOMOHOBI, C.B. HymbraeBl, AA. MoanOBl, B.A. Buinn'

1 . .
@I'BHY «llonapuyiii ceoghusuueckuti uncmumymy, 2. Anamumoi
2 .

Hncmumym npuxnaouoti eeogpuzuxu, 2. Mocksa

E-mail: belakhov@mail.ru

B pabore wuccnenoBaHa CTENEHb BO3ACHCTBUS HOHOC(HEPHBIX BO3MYIIEHHH Ha CUTHAIBl TNIOOABHBIX
HaBUraumoHHbBIX CIyTHUKOBBIX cucreM GPS, TJIOHACC Bo BpeMsi Hamboyiee CHWIIBHOH 3a IIOCIEAHUE TPU C
MTOJIOBHHOM Tona MarHuTHOHM Oypu 3-5 Hos0ps 2021 roma (SYM-H = -120 uTn). Ucnons3oBansl ganasie [HCC
npuemHuka Septentrio PolaRx5 B ropome Amatmtel. THCC npuemumk Septentrio aBTOMAaTHYEeCKH OIPEACIIICT
(a30BBI M aMIUIMTYJHBIH WHJEKCHl CHMHTH/ULALMN, 1MojHOe 3nekTpoHHoe conepxanue (I19C) monocdepsr s
pa3MYHBIX CIyTHUKOBBIX cHcTeM. /[l wuaeHTH(UKammm HOHOC(EPHBIX BO3MYILIEHHWH B IIEPHOJ POCTa
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ciuaTIDsiE - THCC  curnanmoB  wcmonb3oBadbsl  gaHHble  JIYM  wmonozonma III'M, paGoraromero B
KBa3WBEPTHKAIBHOM pexume. [1o naHHBIM MarHUTOMETpOB Ha craHuusx JloBosepo, Jlomapckas aMIiuTya otHOM
u3 cy00ypp npeBocxoamna 1200 aTn (X-koMITOHEHTa).

HonocdepHsie BO3MYIICHUS IPUBOIAT K 3aMETHOMY pOCTy (a30BOT0O MHAEKCA COMHTHLUIALUH (0g > | pagmaHa),
onpenenenHoro no ga"HeIM GPS u 'JIOHACC cniyTHHKOB, HE TOJIBKO B HOYHOM, HO M B THEBHOM cekrope. Poct
(ha30BBIX CUMHTHUIALHMNA KOPPEIUPYET C PE3KUM POCTOM KOHLEHTpauuu B F-o0iacTu MoHOC(EpHI, onpeneaeHHON
M0 JaHHBIM HOHO30HIa. Pa3nuums B 3Ha4YeHUAX (a3zoBoro wmuaekca cuuHTWULiui amt GPS u T'JIOHACC
CITYTHHUKOB MOI'yT 6])ITI) CBsA3aHbI C pa3JIMYHbIM HAKJIIOHCHUEM 0p61/IT CITYTHHUKOB U IMPOXOXKIACHUEM CUT'HAJIOB 4Y€PE3
pasnuuHble MOHOC(EepHbIe Bo3MylieHus. He HaOmonaercs BOZMYIIEHUH aMIUIMTYIHOTO WHJIEKCA CLUHTHILIALUM,
onpenenenHoro no gaHHeiM GPS u T'JIOHACC cnyTtHukoB, BO BpeMs AaHHbIX Bo3MmylieHuil. Poct GPS u
I''IOHACC ¢a3oBbIX cumHTWDIIIUA TecHO cBsizaH ¢ pasButheM Pil (PiC) reomarHWTHBIX —ITyJIbCALlUi,
PETUCTPUPYEMBIX 110 AAHHBIM UHAYKIMOHHOTrO Marautometpa I1I'M B JloBo3epo.

HccrenoBanme BBRIMOJTHEHO 3a cueT TpaHta Poccmiickoro Hayyroro ¢omma Ne  18-77-10018,
https://tscf.ru/project/18-77-10018/ (benaxosckwmii B.B.).

Cesi3b MOJIeJIbHBIX BO3MYILLIEHUH NapamMeTpoB TepMocdepbl 4 HOHOChepbI
¢ BapuauussmMu AE uHaekca Bo BpeMsi reoMaruHuTHoii 0ypu B mapte 2015 roaa

K.B. EGJIIO‘IeHI(Ol’Z, M.B. Kiumenko*? , B.B. KJIHMeHK02’3, K.I'. Parosckuii*

1H}Ltcmumym usuKo-Mamemamuyeckux Hayk u ungopmayuonnvix mexronozut BOY um. U. Kanma,
Kanununepao, Poccus

2Canxm-Ilemep6ypeckuii 2ocyoapcmeennwiii ynusepcumem, Cankm-Ilemep6ype, Poccus

3 Kanununepadckuii punuan Hucmumyma 3eMHo20 Maznemusma, UoHOC@epui u
pacnpocmpanenus paouogoatn um. H.B. Ihwkosa PAH, Kanununepao, Poccus

Uncemumym conneyno-3emnout usuxku CO PAH, HUpkymck, Poccus

Honocdepusm s¢dpdexram reomarantaoit Oypu 17 mapra 2015 roga mocBsiieHo JOBOJIBHO MHOTO HAY4HBIX pador,
B TOM YHCJICE OCHOBaHHBIX Ha pe3yibraTax pacueToB [mobampHoit CamocormacoBanHoit Mogenun Tepmocdepsr,
Honocdepsr u [Ipororocdepsr ('CM THUII). Ans uccnempoBanus 3¢ppekToB reoMarHUTHEIX Oypb ¢ momormmpio ['CM
THUII B xauecTBe BXOIHOTO ITApaMETPa UCIOJIB3YETCS Pa3HOCTh MOTECHIMAIOB Yepe3 MOJAPHBIE MIATKH, MOTy4YeHHAS]
Ha OCHOBE SMIUpPUYECKON 3aBHcuMoCcTH OoT AE mHIeKca ¢ 1-MHHYTHBIM BpEMEHHBIM paspelieHueM. [l yuera B
monenmn I'CM TUII m3MeHeHHH BBICHIIAHWN aBPOPAIBHBIX AJIEKTPOHOB HCIIONIB3YEeTCS MOIENb, pa3paboTaHHAs B
[Monsipaom T'eodusnueckom MHCTHTYTE, BXOJHBIM MapamMeTpoM KoOTopoil siBisiercss AL wmHAekc (MMmerommi
BBICOKYIO cTeneHb anTukoppessauuu ¢ AE uanekcom). B nanHo# pabote ObliIM paccMOTPEHBI BO3MYILEHHUS TIOJIHOTO
9JIEKTPOHHOTO COJIEP)KAaHUSI Ha Pa3HBIX JOJTOTaX M 30HAIBHO yCpeAHeHHble B nepuoj ¢ 17 nmo 23 mapra 2015 roaa.
I[J'ISI BCCX JOJI'OT MOXHO OTMCTHUTHh HAJIMYHUC ITOJIOCHI ITOJIOXKUTCIBHBIX BOSMyHJ,eHI/lﬁ I[15C B6J'll/[31/l T€OMAarHuTHOI O
9KkBaTopa M 3(QeKra IocIeIeHCTBUSI T'€OMarHUTHOW OypH, KOTOPBIA MpPOSBISETCS B BHIE IOJOKHUTEIBHBIX
Bo3myeHnit [19C Ha cpennux mmporax Ha 3-5 cyTku mocie riaBHOHM (asel reomarHuTHol Oypu. Hamm Obin
OCYIIECTBIICH aHAIN3 3aBUCHMOCTH BO3MYIIECHUH IIapaMeTpoOB CUCTEMBI TepMmocdepbl M HOHOChephl (ToHOoe
anekTpoHHOe conepxkanne, nN(N2), n(O), 30HATBPHOTO AIIEKTPUUYECKOTO TOJS M MEPHUANOHATBHON KOMITOHEHTHI
TepMocdepHOro BeTpa Ha BbicoTe 250 kM), paccumraHHbXx B Moaermu I'CM TUII, or Bapmammit AE wmHzmekca
T€OMarHUTHOW aKTMBHOCTH, YCPEAHEHHOTO 3a KaXKIblil yac. AHanu3 ObUI OCHOBAaH Ha HaWIEHHBIX Kod(dUIneHTax
Kkoppemsiiny 1o Qopmyne ITupcona, koTopele ObUIM NMPEACTABICHBI B BHIE KapT 3aBUCUMOCcTel KoddduuueHTa
Koppensauu oT MoMeHTa BpeMeH! UT 1 IupoTh! A1 BEIOPaHHBIX JONTOT U JUIA 30HAIBHO YCPEAHEHHBIX 3HAUCHHH.
43 IMOJYYCHHBIX PE3YJIbTATOB MOXXHO BBLIJACIIUTL TO, YTO HAa BBICOKUX HIMPOTAX CEBCPHOI'0 U FOKHOI'O nonymapuﬁ,
ko3 dunueHt xoppessiiuu Bo3mymeHnid [19C u n3menennit AE 630k k 1 Ha BCeX HCCIICAYEMBIX JOJITOTaX B
neproa ¢ 12 UT no 23 UT. Ilpu 3TOM MOXXHO CKa3aTh , YTO B FOXKHOM NOJIymiapuu Koa(duimeHT xoppensuuu
6osiee mpubmmkeH k 1 no cpaBHeHuto ¢ ceBepHbIM. B mepuon ¢ 9 UT nmo 12 UT HaGmogaeTcs MUHHUMaJIbHOE
3Ha4YeHHe KOd(QQUIMEHTa KOPPEJSIUYA Ha BCEX HCCIEAYEMBIX MIMPOTax M fonrorax. OOCyXIaroTcsi BO3SMOXKHBIE
MeXaHNU3MBbl (POPMHUPOBAHMS TaKOH CBs3M MoJenbHbBIX BosMymieHui [19C n AE unznekca.

Pabora BrmonHena B JlabopaTopun MccliefOBaHMA 030HOBOTO cJIOsl U BepxHHX cioeB atMocdepsl CIIOIY mpu
nmojIep>)kke MUHHCTEpCTBa HAYKH W BBICIIEro oOpasoBanus Poccuiickort ®@enepannu (cormamenne Ne 075-15-
2021-583).
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MogaeanpoBaHue pacnpocTpaHeHHsl KOPOTKUX PAJIMOBOJIH B HOHOCcepe 3eMin
B NPUOJIMKEHNH FeOMeTPUYECKO ONTHKM: MeTOAbI M MOAXO0/IbI

B.H. Bokos'*?, U.A. Hocukos*’, M.B. Kiumenko>, A.M. lagoxua™®’, ®.C. Eeccapa62’3

' Unemumym gusuxo-wamemamuueckux nayk u ungopmayuonnvix mexnonoeuti BOY um. M. Kanma,
Kanununepao, Poccus

Canxm-Ilemep6ypeckuii 2ocyoapcmeennwiii ynusepcumem, Cankm-ITemep6ype, Poccus

3 Kanununepadckuii punuan Hncmumyma semno2o maznemusmad, UOHOCHepb
u pacnpocmpanenusi paouosoar um. H.B. ITyuwxosa PAH, Kanununepao, Poccus

*Mockoscruii 2ocyoapcmeennwiti yHusepcumem um M.B.Jlomonocosa, Mocksa, Poccus.

5H)Ltcmumym 3EMHO20 MASHEMU3Md, UOHOCHepbl U pacnpocmpanenus paouoeonn um. H .B. ITywrxosa PAH,
Mocxea, Tpouyk, Poccus

B pabGote mpencraBieH 0030p CYIIECTBYIOIIMX W TEPCHEKTUBHBIX METOAOB MOJEIMPOBAHMS PacIpOCTPAHEHUS
KOPOTKHX pasMoBOJH B HoHOC(epe 3emin. OOCyXIatoTcsi 0COOCHHOCTH peaM3allii CYIIECTBYIOMINX IOAX0I0B U
aCIeKThl WX TPHKIATHOTO NpUMeHeHus. lIpencraBieHbl pe3ysbTaThl MOJEIBHBIX PacdeTOB paclpOCTPaHEHUS
panuoBonH KB nuana3ona B M30TpONHOM HOHOC(hEpE NPH 3aJaHHBIX MOJOKEHHSX MepelaTuiKa 1 HadyaJlbHOTO yIJia
u3inyuyeHus. PaccMaTpuBaroTcs NpuMephl 0THOCKAYKOBOTO MU MHOTOCKAuKOBOT'O PACIPOCTPaHEHHSI.

Pabora BeimosnHeHa B JlabopaTopuu HCClieI0OBaHUi 030HOBOTO €Ol M BepxHUX cioeB atmocdepsbl CIIOIY mpu
mojaep)kke MHUHUCTEPCTBa HAayKW M BBICIIEro oOpasoBanusi Poccuiickoit @epepannnu (cormamenue Ne 075-15-
2021-583).

Oco0eHHOCTH XapaKTePUCTHK 30H 3aCBETKHU 0JJHOCKAYKOBBIMHM JIy4€BbIMH TPAEKTOPUSIMHU
B BBICOKHUX HIMPOTAX B 24-M HUKJIE COJTHEYHOI aKTUBHOCTH B IEPHOJ MATHUTHBIX BO3MYILIEHUH

AJL. FOMOHOBI, A.C. Kanmnmmn®, A.M. Mép3m)u712’4, n.B. MI/IHFaJ'IeBl, n.A. MOI/ICGCBZ, O.B. HnKM(bopOBZ,
S.A. Caxapos'®, 3.B. Cysoposa', C.M. Uepnsikos', B.H. Illy6un’, A.T. Slnakos®

Y ®IBHY «Ilonspubiii 2eopusuyeckuii uncmumymy, 2. Anamumai, Poccus

*@I'BYH Hucmumym kocmuueckux uccnedosanuti PAH, 2. Mockea, Poccus,; e-mail: pinegal42@yandex.ru
SOreyH H3MUPAH, . Tpouyxk, Poccus

4Cosem no kocmocy PAH, e. Mockea, Poccus

SOIBY AAHHM, 2. Canxm-Ilemep6ype, Poccus

S@IBYH I'eogpusuueckuii yenmp PAH, 2. Mockea, Poccus

B noxnazne npencraBieHbl pe3ysbTaThl YACIEHHOTO MOJEIUPOBAHUS 00JIacTH Ha MOBEPXHOCTH 3€MIIH, B KOTOPYIO
nonagaroT BBIXOAAIHNE U3 OAHOTO NEpeAaTYrKa OJHOCKAYKOBBIC JTYUCBLIC TPACKTOPHUHU PAJUOBOJIH KB JAuaria3oHa.
HWccnemyroTcss n3MeHEHHsI 3TOH 30HBI B TEUEHHE CYTOK Yepe3 KaXKAble TPU Yaca UL Pa3sHBIX CE30HOB 3a MEPHOJ C
2009 mo 2020 romer mis pasHeix dactor KB nauama3ona, ONM3KMX K MaKCHUMajdbHOW MPUMEHMMOW YacTOTE IS
JAaHHBIX YCIIOBUH.

AHanu3MpyrTCcs U3MEHEHUS BO3MOKHOCTEN ogHOCcKaukoBoil KB paanocsasu mexny paiioHoM bapenueBa Mops u
paiioHam¥u, pacmoIOKEHHBIMA Ha CPEIHUX MIMPOTaX, BO BPEMS aBPOPAIBHBIX BBICHIIAHUN W BO BPeMs CIOKOHBIX
YCIIOBHH.
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OmnpenesieHue yca0BUM 1Jis1 yBepeHHOI 0 npuemMa uckyccrseHubix YHY curnasio
B Pa3JIMYHBIX Teo(pu3nyecKux ycJ0BUAX

E.H. Epmaxoga, /I.C. Kotuk, A.B. Ps6oB
HUP®U HHT'Y um. H.U. Jlobauesckozo, H. Hoeeopoo, Poccus

BoinosiHeHsl HccneoBaHUs BO3MOKHOCTH perucrpauuu YHY curnajioB OT MCTOYHMKA TUIA TOPU3OHTAJIBHBII
MarHUTHBIA JTUIIOJIb B Pa3HBIX re0(U3MYECKUX YCIOBUSX MPU Pa3HBIX COCTOSIHUSX MOHOC(EPHOI IIa3Mbl U pa3HON
HMHTCHCUBHOCTHU BCEMHUPHBIX I'PO30BLIX O4Yaros. IIJ'I)I OLICHKHU aMIUIMTY/Ibl HCKYCCTBECHHOI'O CUTHaJIa UCIIOJIb30BAJIUCh
YHCJIEHHbIE PACUETHl 110 MOJEIN TOPU30HTAIFHO HEOJHOPOIHOTO BOJIHOBOJA 3€MJsl — MOHOc(epa. s OleHKH
YPOBHSI IIIyMOBBIX ITOMEX HCIIOJIb30BAINCH JAHHBIE MOHUTOPHUHTA (JOHOBOTO IIyMa Ha CpeaHEmHpoTHOH (560 c.or.,
460 B.1.) obcepBaropun HUP®U HHI'Y. [Ipoananu3mpoBaHbl 3aBUCHMOCTH OTHOIICHHUS CHTHAI/IIIYM OT BPEeMEHHU
CYTOK M CE€30Ha Ul PAa3JIMYHBIX MarHUTHBIX KOMIIOHEHT Ha Pa3HbIX YaCTOTAaX M PACCTOSHMAX OO MCTOYHMKA. Ilo
3HAYEHUSAM AaMIUIMTYAbl MarHHTHOTO MOJs OT TaKOro HMCTOYHMKA, M 3aJaBas OTHOIICHWE CHUTHAN/mym > 3,
OTIPEIeISUINCh BEJIMYMHBI €r0 MarHUTHOTO MOMEHTA, IIPU KOTOPBIX BO3MOXKHAa PErHCTpanusi NCKYCCTBEHHBIX 3/M
noJjel Ha 3aJaHHBIX YacTOTaX M PACCTOSHUSX OT MCTOYHMKA. DJTO SBISIETCS aKTYaIbHBIM Ui MOHOC(HEPHOTo
MCTOYHHKA, TIOCKOJIBKY 3HaUE€HHE BEJIMUMHBI €r0 MArHUTHOTO MOMEHTA 3aBHCHT OT PsiZia HOHOC(EPHBIX ITapaMeTpoB
U JIOCTaTOYHO TPYJIHO OIpefenseTcs 3apaHee. Takke BBIIOIHEH CPAaBHUTEIbHBIM aHAIN3 aMIUIUTYAHBIX CIEKTPOB
YHY marHuTHBIX IOJEH U1 UCTOYHUKOB THIIA NOPU3OHTANIBHBIM MATHUTHBIA U BEPTUKAIbHBIA 3JIEKTPUUYECKUN
qunony. [locaeqHuM TUIIOM JUITONS MOTYT OBITH aNPOKCHMHPOBAHBI HA3EMHBIE TPO30BbIe NCTOUYHHUKH. [Ioka3aHo,
YTO B TEMHOE BPEMsI CyTOK BIIMSHHE HOHOC(HEPHBIX PE30HATOPOB MOXKET MPUBOANUTH K HOABEMY HHTCHCUBHOCTH OT
9THX MCTOYHHMKOB Ha Pa3HBIX 4acTOTaX I MOJEIM HEOJHOPOIHOTO BOJHOBOIA 3eMILI-HOHOC(Epa, YTO MOXKET
OBITH Ba’KHBIM IIPH BHIOOPE ONTHMAIBHBIX YAaCTOT I'eHepanny ncKyccTBeHHbIX Y HY curnasnos.

Pabora BemomHena mo mpoekty Ne 0729-2020-0057 B pamkax 0a30Boil wactm [ocymapcTBeHHOTO 3agaHuUs
MuHucrepcTBa HayKd W BbIciiero oOpasoBanusi PD. MozesnpHble pacyeThl BBIIOJIHEHBI MPU TOIAEP)KKE IpaHTa
PH® Ne 20-17-00050.

pYFIRI - cBoGoanas Python-peanuzanus mogean FIRI-2018
JIJIS1 HEBO3MYIIIEHHOI HeaBpopaabHOii D-00/1acTi noHocdepbl 3emin

0.B. 3onotoB', M.A. Kusizesa®, 10.B. Pomanosckas’

1 . . .
Mypmanckuii apkmuyeckuil eocyoapcmeennwlil yrusepcumem, Mypmanck, Poccus
2 . . .

Mypmanckuii eocyoapcmeennblil mexnudeckuti yuusepcumem, Mypmanck, Poccus

B pabote obcyxmarorcs BosmokaocTu makera pyFIRI - cBobomHoi Python-peanuszanuu ¢ OTKPBITBIM HCXOIHBIM
kompoM monenu FIRI-2018 [Friedrich et al., 2018, https://doi.org/10.1029/2018JA025437]. Mogens FIRI-2018
ONHCBHIBAET pAaCIpeleNeHus] SJIeKTPOHHONW KOHIEHTpPAalWW [UIsI HEBO3MYIIEHHOH HeaBpopaibHON D-oGmacTtu
noHochepsl 3emiin U siBisiercst pazsutuem monenu FT-2001, BkimtodeHHO#H B de-facto craHmapT Ui ONKCAHUS
noHoc(hepsl 3eMiH - MEeXIYHAPOIHYIO CIpaBOUHY0 Mozens uoHocheps! 3emum IRI-2016. Brepsrie mogens FT-
2001 6pwma BrroueHa B IRI-2001.

Crnenyst UMEIOLIEHCsl TEHICHIUK 0 OPraHU3alMU U MPOBEICHUI0 HAYYHBIX BBIYUCICHUI B IKOCHUCTEME SI3bIKA
Python, aBtopsr opopmumu monmens FIRI-2018 B Bunme makera pyFIRI Ha s3eike Python [Zolotov et al., 2021,
https://doi.org/10.1016/j.s0ftx.2021.100885]. [lnst wmccnenoBarens, wucnonedytomero Python, B cranmapTHOM
penosutopun  (PyPlL, https://pypi.org/) yxe noctymHbel psn “HOHOC(EpHBIX” TAKETOB, BKJIIOYAas pyamps
(aMnmpuyeckass Mojellb MOHOC(EPHOH TOKOBOW CHUCTEMBI M COOTBETCTBYIOILETO MarHMTHOTO mnouis), Python-
unrepgeiic k IRI-2016 (TpeOyer s ycTaHOBKM Hanu4Msi KoMnuisitopa fortran) u HekoTtopwle npyrue. Tem He
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MeHee, nMeromerocsi Habopa moHoc(epHBIX Monenel B pemosutopun maketoB PyPl memocratouno, mostomy
aBTOPHI pa3MecTWwin B HeM paspaboTtanHeid mMmu naker pyFIRI. B ormmmamm ot psna mabiX maketos, pyFIRI ne
TpeOyeT A CBOEH YCTaHOBKM HpPEIBAPUTEIBHO CKOH(HUTypupoBaHHOro Kommmistopa Fortran. B mHactosmmmit
momeHT pyFIRI 3aBucut ot SciPy 1 NumPy, koTopble B ciydae X OTCYTCTBHUS YCTaHABIMBAIOTCS aBTOMAaTHUECKHU B
mporecce ycraHoBku pyFIRI. Crnemyromum marom mpexacrasisieTcst skcrpamnoisiust moaenn FIRI-2018 B FOxuoe
noymapue (opurnHanbHas monens FIRI-2018 mocraBnsiercst B Buzme Habopa npoduieil Toneko miusi CeBepHOTro
TOJTyIIapusl) U IyOJIMKanus 3Toi Mou(pUKaIK B BUe HOBOW Bepcuu maketa pyFIRI.

OcHOBHOW 3amadyell Hacrosmied paboTel siBisgeTcs mnomynspusanus Python-peammzammm mopenn D-oGmactn
nonocepst  3emimm  FIRI-2018, ¢opmupoBanue coolimiecTBa IOJb30BATEICH W MPUITIAICHHE BCEX
3aMHTEPECOBAHHBIX CTOPOH K UCIIOJIB30BAHUIO U TecTupoBanuto pyFIRI.

Baaronapuocru. ABropsl Onaronapsat n-pa Mapruna @puapuxa (Dr. Martin Friedrich) 3a HeoleHuMyt0 oMOIIb U
KoHCybpTUpoBaHue 1o wmogjenu FIRI-2018. ABtopsl mpusHaTensHBl A-py Maptuny @puapuxy (Dr. Martin
Friedrich), n-py Knaycy Topkapy (Dr. Klaus Torkar) m Kpucrody IMoxy (Christoph Pock) 3a mybmmkanuio B
cBobomHOM noctyne moxenu FIRI-2018 B Buae onopHBIX mpoduiiei u 3a To0e3H0e pa3penieHne aaanTHPOBaTh dTH
JaHHbIe U1 co3nanus Python-makera pyFIRI.

OnpenesieHue 0co0eHHOCTEN MeJIKOMACHITAOHBIX ABPOPAJIbHBIX CTPYKTYP
MO TAaHHBIM CIIyTHUKOBBIX Ha0/0aeHunii SWARM

J.B. KyILI/IHl, H.B. }IFOBal‘z, B.A. Iummnenko '

'Teoppusuueckuii yenmp PAH
*Unemumym ¢usuru 3emnu un. O.FO. Imuoma PAH

B pabore paccmarpuBaroTcsi MarHutocepHO-MOHOC(EpHBIE BO3MYIIEHHs, HaOIIOJaeMble Iapod CIyTHHKOB
SWARM Ha aBpopanbpHbIX mupoTax. [IpeaBapuTenbHbIA aHaIN3 YaCTOTHO-MPOCTPAHCTBEHHOTO pacIpeleieHUs
ecrectBeHHbIX YHU-KHY Bapuarmii mMarHuTHOro mosis Ha BbIcOTax F-cios mo nmaHHbIM crmyTHHKOB SWARM
MOKa3aj, YTO CO3JIaHHEe CHCTEMbl TUArHOCTHKH MEJIKOMACIITAOHBIX aBpOpalbHBIX CTPYKTYp TpeOyer ydera (oHa,
CBSI3aHHOI'O C BOJHOBBIMH W HUMITYJbCHBIMH BO3MYIICHHSIMH MarHUTOC(HEPHO-MOHOCHEPHOTO MPOUCXOMKICHHUS.
Cnyrauku npoekta SWARM c¢ uvactoToit oundpoBku 50 'l 1al0T NPUHIUIHAAIGHYIO BO3MOXHOCTH MPOBOIMTH
TaKyl TUATHOCTHKY, TaK KaK OHHM HPEACTABISIIOT ()aKTUUIECKH KOCMHYECKYIO TPaIHEeHTHYIO YCTAaHOBKY C ABYMS
CIIyTHHKaMH, PACIIOJIOKCHHBIMA Ha paccTOSHUK MeHbIeM 100 KM, M TpEeTbeM — Ha PaCcCTOSHUH B HECKOJIBKO THICSY
KM, 9TO IIO3BOJISIET HAJISKHO Pa3JIeNIUTh JIOKAIbHBIE M TJ00anbHble BO3MYIIeHUs. Takum o0pa3oMm, BpeMEHHOE U
MIPOCTPAHCTBEHHOE Pa3pelIeHUe 3TUX U3MEPEHUI Jar0T BO3MOXKHOCTb Pa3€IUTh BPEMEHHBIE U IPOCTPAHCTBEHHbBIE
Bapuauuu. Ilpeanaraercs Meronuka pas[elieHHe MPOCTPAHCTBEHHBIX W BPEMEHHBIX BapualUil, OCHOBaHHas Ha
ydeTe He TOJNBKO CHEKTPalTbHOM MOIIHOCTH, HO M KPOCC-CIEKTPAJIbHBIX MapaMeTpoB NPHU BapbUPYEMOM BpEeMEHH
3afepxkKu. JIg BamUAAlMM MOJENH TNPOBOIUTCS NPSAMOE CpaBHEHHE C JAHHBIMU ONTHYECKHX HM3MEpPEHHH NpHU
Pa3HBIX YCIOBHUSX KOCMUYECKOM MOTOABI.
Pabota BemonHeHa npu noiepxke rpanta PH® Ne 21-77-30010.
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OcHOBHBIE Pe3yJIbTATHI IPUMEeHeHHsI MYJIbTHYACTOTHOr0 npuemunka FHCC
JUISl OLEHKH NapaMeTPOB BbICOKOUIUPOTHON MOHOC]epbI
Ha apxunesare 3emis ®panua Uocuda B maprte 2021 roga

A.O. Kynpusios', J1.FO. Amu6un’, JI. 3amorunbherii', A.M. Mépaneii*, O.B. Hukudopos?,
AA. HeprKOBI/Illz, SLA. Caxapos®, A.A. Yepnbimos?, A.T. Slnakos”

"MUUTAUK, 2. Mockea, Poccus; e-mail: aoku28@gmail.com

PrEyH Hnemumym xocmuueckux uccnedosanuti PAH, 2. Mockea, Poccus
3Cosem PAH no kocmocy, e. Mockea, Poccust

*®IBHY «lonapnbiii ceogusuyeckuti uncmumymy, 2. Anamumet, Poccus

OnepaTUBHBI MOHHTOPHHI [apaMeTPOB HOHOC(EpPhl B apKTHYSCKOHW 30HE OCTaéTCsi Ha [JaHHBIA MOMEHT
aKTyaJIbHOH 3amaveil. TO CBA3aHO B MEPBYIO OYEPEAb C BIMSHHUEM MOJSPHOM MOHOC(EPH! Ha (DYHKIIMOHUPOBAHHE
CPEICTB CBSI3W, HABUTALIMU M PATUOIOKAIINH. BO3HUKAIOIMNE MarHUTO-HOHOC(EPHBIE BOSMYIICHUS B apKTHIECKOM
30HE MPHUBOAAT K HM3MEHEHHIO YCIIOBHH PaCIpOCTPaHEHHS pAIMOBOIH pPAa3IHYHOTO AWAna3oHa. YXy.IIIeHHE
TOYHOCTHBIX XapaKTEePUCTHK PAJMOTEXHUYECKUX CPEICTB PA3JIMYHOTO Ha3HA4YEeHUs TPeOyeT JOCTOBEPHOI'O 3HAHUS
HapaMeTpOB CPEe/bl PACIIPOCTPAHEHHUS ISl Pa3padOTKH MEp KOMIIEHCALMH WIM yMEHBIICHUS BIUSHUS BO3MYILECHUH
TIOJISIPHOM MOHOC(EPHL.

Jlist oTpaboOTKM METOJAMK ONEPaTMBHOTO MOHHMTOPHHIAa HMOHOC(EpHhl B apKTUYECKOW 30HE ObUI IPOBEAEH 3Tall
COBMECTHOH KOMIUIEKCHOH apkruueckoil skcnemuuuu (KO «Apruka-21»). Otan nposeneH B nepuoj ¢ 18 no 24
Mmapra 2021Ha ocTtpoBe 3emis AjekcaHApsl apxunenara 3emisi @panma-HMocuda (manee - 3OU) Ha cranmmm
«Owmera» HanmonansaoTo napka «Pycckas Apkruka» (mamee HITPA). Ilepseiii stanm KO «Aptrka-21» BBIIOTHAICS
B paMKaxX KOMIUICKCHO# akcnenuimu [ naBHoro xomanaosanusi BM® PO u Pycckoro reorpagudueckoro o0iecTsa
«YwMmka-21».

Lens mepBoro sTtama — OTpPabOTKAa TEXHOJOTWH SKCIIEPUMEHTAJIHHON OICHKH W ONEPaTHBHOTO IPOTHO3a
napaMeTpoB BBICOKOILIUPOTHOI noHocdeps! Ha 3O B MHTEpecax pelleHNs] HayYHbIX M NPUKJIAJHBIX 3a1ad.

B noxnazne npencraBieHsl ciaeayIOMUe Pe3yJIbTaThl:

— OIIeHKA TeKymIel remmoreopuzndeckoii odctanoBku B iepuo ¢ 19 mo 24 mapra 2021 roxa;

— OICHKA TEKYIIUX XapaKTEPUCTUK BHICOKOIIMPOTHOW HOHOC(hEPH! (TpaHHIl OBajla) MO PA3IUIHBIM MOJEISAM;

— OIIEHKa TeKYIINX XapaKTePUCTHK BHICOKOIMPOTHON HoHOCheps! (Tpanun oBana) o aaHasiM HCC;

— OIICHKA OTEPATHBHOTO MPOTHO3a TEKYIIUX XapaKTePHCTHUK BBICOKOIIMPOTHOW HOHOC(hEpH! (TpaHHIl OBaja) IO

nmaaaeiM [THCC;

— OILICHKa BIIMAHUA IMOJTYYCHHBIX OKCIICPUMEHTAJIbHBIX JAaHHBbIX Ha paciopoCTpaHCHUE PaanuoBOJIH

KOPOTKOBOJIHOBOTO Anara3zoHa no moneiasiMm DMHI u KII PB;
— tpeboBannsa k npueMHuKy [ HCC mms perneHus 3a1a4 OEHKH W MPOTHO3a XapaKTEPHCTHUK BBICOKOIIMPOTHON
MOHOC(EPBI, BBISIBICHBI OCOOEHHOCTH €ro PUMEHEHUS B APKTHUYECKOI1 30HE.

Oco0eHHOCTH BO30Y:K/IeHUsT BOJIHOBOAA 3eMisi-uoHOC(Pepa
HA YaCTOTaX BhIIlIEe IEPBOT0 MONMEPEYHOT0 pe30HaHCca

A.B. Jlapuenxko, A.C. Hukurenko, O.M. Jle6enp, C.B. [Tunsraes, 10.B. ®denopenko
@DI'BHY «llonspnulii ceousuueckuit uncmumympy, 2. Anamumoi

PaccMOTpeHBI  SKCIIepUMEHTAJbHBIE JaHHBIE PETHCTPAllMM CHUTHAJIOB ECTECTBEHHOIO W HCKYCCTBEHHOTO
MPOMCXO’KACHHS B JWAIa30HE YacTOT OT YacTOTHI MEPBOTO IONEPEYHOro pe3oHaHca BoiaHoBoxaa (~1.8 kI'wm) mo 14
k1. B KkadecTBe mNPUMEpPOB TPEACTABICHBI TBHUK-aTMOC(HEPUKH, CHTHAIBI HOHOC(PEPHOTO HMCTOYHHKA
BO3HUKAIOIIEr0 B pe3yJjbTaTe HarpeBa HoOHOC(hepbl MOUIHBIM MOJAyiupoBaHHbIM KB paguonsnyueHueMm u
aBpOpaJIbHbIC INUIEHHS. MeToJaMH YHWCICHHOTO MOJEIUPOBAaHKS MCCIEAOBAaHbl OCOOCHHOCTH BO30YKICHUS
BOJIHOBOJIa 3eMiIsi-noHOoc(epa Ha JaHHBIX YacTOTax. PacCMOTpEHbI TpH THIIA MCTOYHHMKOB 3JIEKTPOMAarHUTHOTO
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TIOJISI: MOJIHUEBBIE PA3PsAMbI, IPEACTABICHHBIE OCHUILIUPYIOIIUM BEPTUKAIBHBIM TOKOBBIM JHUIIOJIEM, HAXOIAIIMMCS
B BOJHOBOAE; TOKM B D-00mact MOHOCQEpHl, BHI3BaHHbIE H3MEHEHHSIMH XOJUIOBCKOM M NEIepCOHOBCKOM
MIPOBOAMMOCTEH TPH HarpeBe HOHOC(EpHl; TOKH B HEOAHOPOAHOCTSIX BEpXHEH HOHOCHEPHI, BO30YXIaeMble
JJIEKTPOCTATUYECKUMHU BOJHAMH aBpPOPAJIBHOrO IMIeHui. I[IpoBesen aHanmu3 Kod()(OHULIMEHTOB OTPAKCHUS
MOHOC(EpB! U BO30YKAaeMbIX BOJHOBOJIHBIX MOJ| B YCJIOBHSIX AHEBHOM M HOUHOW H¥bKHeW noHocgepsl. [TokazaHo,
YTO BOJM3M YAacTOT IONEPEYHBIX PE30HAHCOB HAWIYYIINM OINHMCAaHWEM 3JIEKTPOMArHUTHOTO IIOJII B BOJIHOBOJIE
SIBISIETCSI €TO TIPEICTaBIICHHE B BHUAE CyMMBI JIEBO- M IIPABOIOSPH30BAaHHBIX MOA. OIEHEHO BIMSHHWE KOHEYHOU
IIPOBOAMMOCTY 3€MHOM IIOBEPXHOCTH HA 3aTyXaHUE 3TUX MOJ.

OneHka MPUMEHUMOCTH MMIIETAHCHOTO MOAX0/1a B BHICOKHUX IIMPOTAX BOJIH3H
MarHuTocepHbIX HCTOYHUKOB €CTECTBEHHOI'0 3JIEKTPOMATHUTHOIO MMOJIA

B.A. JIro6uny, }0.A. [Ilanosanosa
®@I'BHY «llonaprutii ceogusuueckuti uncmumymy, 2. Mypmanck, Poccus

WMrieqaHCHBIN MOAXO0/ HAIIENT IUPOKOE TIPUMEHEHHE B MPAKTUKE TeohU3NIECKUX PaboT B APKTUIECKUX paloHax,
SIBJISSICH OCHOBOM METOJla MarHUTOTeIuTypudeckoro 3ouaupoBanus (MT3) 3emHoit kopel. OgHAaKo, MPOBEACHUE
pabot merogqoM MT3 B BBICOKHX HIMPOTaX UMEET PSIl OCOOCHHOCTEH, CBSI3aHHBIX C paclpelleIcHHeM HCTOYHHKOB
€CTECTBEHHOTO JJIEKTPOMArHuTHOro mojs. OCHOBHBIM WMCTOYHHMKOM IIOJISI B KpaiHe HuzkoudactoTHoM (KHY)
JMana3oHe MPUHATO CYUTATh OYard IPO30BOM aKTHMBHOCTH, PACIIOJIOKEHHBIC B 3KBATOPUAIBHOM oOyiacTu 3emin. B
ApPKTHYECKON JK€ 30HE KpPOME TPO30BBIX HMCTOYHHKOB H3IYYCHHS HUMCIOT BIUSHHE CI¢ M MarHuToC(hepHEIC
WCTOYHHUKH, HANPUMEp, CHCTEMa TOPH3OHTAIBHBIX MOJIPHBIX TOKOB, TEKYIIMX B BBICOKOIIMPOTHON HOHOCHepe
(omexTpomkersr). IlpoBeneHHble HCclemoBaHUA OBUTH HAIpaBICHBl HA OICHKY NPHUMEHUMOCTH HMIIEIAaHCHOTO
MOIX0Aa JUIsl 3NeKTpoMarHuTHRIX BoH KHY-auama3zoHa oT MarHUTOC(EpHBIX MCTOUYHHUKOB B BBICOKHX IMPOTAX.
brumn mpoBeneHbl MOJENBHBIE PacyeThl TOPU3OHTAIBHBIX KOMIIOHEHT 3JEKTPOMAarHUTHOIO MOJs Ha 3€MHOMU
MOBEPXHOCTH OT 3aJIaHHBIX MCTOYHUKOB B BBICOKOIIMPOTHOH HOHOC(]Epe, a MMEHHO, BEPTHKAJIbHOTO MarHUTHOTO
JIAIIONS,, TOPU3OHTAIIBHOIO  JJIEKTPUUECKOTO  JUIOAS W  TOPU30HTAIBHOM TOKOBOM  JIJIMHHOM  JIMHUH,
MOJICTMPOBaBIICH (parMEeHT 3JCKTpopKeTa. BenencTBue mpeanonaracMoil OJM30CTH UCTOYHUKA OIS OT TOYKH
HaOIOCHUS HCIOJIH30BAJACh TOPU3OHTAIBHO-CIIOUCTAs MOJENb JJIEKTPOIIPOBOJHOCTH HOHOC(EpHl. PesynbraThl
MOJCIMPOBAaHUA IIOKasajiu, 4YTO YaCTOTHBIN Auarna3oH MPUMEHHUMOCTU MMIICJAHCHOI'0 ImoAxoJda 3aBUCUT OT
SJIEKTPOMPOBOAHOCTH 3€MHOM KOpbl. Tak B TIeOJOTMYECKUX YCIOBHSIX HU3KOOMHOI'O OCaJOYHOro dYexja 3TOT
JMana3oH MPaKTHUYECKU COBNAAAET C MOJIOCOM MPOMYCKAaHHA MU3MEPUTENBHOM almnaparypbl, UCHOJIb3YIOIIEHCS Npu
MIPOBEACHNH SKCIIEPUMEHTAIBHBIX PadoT.

TepmocepHo-noHocepHble BO3MYILIEHUS, OllepeKaoNIMe MATHUTHDIE,
KaK KPaTKOCPOYHbIe MPeIBECTHUKH MPOrHO3a MATHUTHBIX Oypb

3.I'. MupmoBuH, K.¢h.-M.H., OOyeHm
000 «Humezpany, e. Mockea, e-mail: mirmovichl940@mail.ru

Tepmun «repmochepHo-noHochepusie BosmymieHust» (THUB), mnopoxkgaemble BO3AEHCTBHEM HCTOYHHKOB
MOHHM3alMK Ha HEWUTpalbHbIH OyCT-BO3MYIICHHE COCTaBa, BBEJEH aBTOPOM KakK ajbTepHaTMBa HOHOC(hEpHO-
MarHUTHBIM BO3MYILICHUSIM (Harpumep, B [1, 2]), XoTs cienoBano Obl M MX Ha3bIBaTh MarHUTHO-MOHOC(EPHBIMHU
(MUB), a e moHOocthepHO-MarHUTHBEIME [3]. Takme THUB obmamaror omHOW (QyHIaMEHTaIBHOH OCOOSHHOCTHIO:
OTZAEJBHBIA THI TONoXKHUTENbHBIX TUB B obnactu F nonochepsl Moxer HaOMIOAATHCS 32 Yachl, a TO U CyTKU 0
HayaJla MarHUTHOH OypH. DT0 aOCOIIOTHO HOBOE B IeJIMOre0(pU3NIECKIX HCCIIEAOBAHUSIX SIBIICHHE OBIIIO OTKPBITO U
OIyOJMKOBaHO aBTOpoM [4, 5] mpHW HcCIeTOBaHWM WM3BECTHOIO YHHKANBHOTO IO HHTEHCHBHOCTH IIEPHOAA
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conmHeyHOU aesarenbHOCTH 2—11 aBrycra 1972 romga, conmpoBOKIABIINUTOCS LEIOH IETIOYKON CONHEYHBIX BCIBIIIEK
Kiacca X, BEI3BABIIMX B JTHEBHOM HOHOC]EpPE, KaK U TOIaraeTcsi, CoOoTBeTcTBYromue 3¢ dekrsl B oomactu E u D [5].

AKTyanbHOCTh M HaydHas IIEHHOCTh 3TOTO OTKPBITHS ITOATBEpXAaeTcs Ooliee MO3THUMH PadOTaMH MHOTHX
OTEYECTBEHHBIX U 3apyO0e)KHBIX aBTOPOB.

Boo0biiie-To Takoe «TepMochepHOe IIyHaMM, HAIUTBIBAEMOE Ha HEBO3MYIIICHHOE COCTOSHHE BEpXHEH aTMOCHEpHI,
e€ HeWTpocepbl, MOXET CO3IaBaTbCi pA3HBIMH HCTOYHHKAMH, BKJIIOYas aKyCTHUYCCKHE, aKyCTHUKO-
TPaBUTAIIMOHHBIE W BHYTPCHHUE BOJHBI, TOSBIISAIOIINECS HA TPaHUIE JBYX Cped, KOTOPOH MOTYT OBITH Ieperaibl
IUIOTHOCTH, TPAJUEHTHl, pa3lIW4Hble IDKEThl — CTpyHHbIe TedeHuss [6]. Ho B KkadecTBe KpaTKOCPOUHOTO
MPEBECTHUKA MATHUTHON OYpH MOXKET CIIY)KUTh JIMIITh OJUH THIT IOJIOKUTEIbHEIX TUB, MepBHYHBIM UCTOYHUKOM
KOTOPBIX SIBISIETCS JHEBHOM Kact MarHUTOC(epbl. ABTOPOM 3TOT 3P QEKT ObLI CBsI3aH ¢ paboToil THEBHOTO Kacma
C COOBITUSIMU B TOJSIpHOW manke [2], uto Obut0 moaTBepxaeHo FO.M. IanpneprHbIM U3MEPEHUSIMH BBICBHITIAHUI
MSTKHX DJIEKTPOHOB B 3TY MarHUTOC(HEPHYI0 «BOPOHKY», UYTO YKa3bIBaeT Ha OTCYTCTBHE CTPOTOM NPHUBSI3KH TaKHX
TUB k MarHuTHOM Oype.

Kpome TOro, ciemyer Takke OTMETHUTh, YTO YIbTPa-(QHOJETOBOE M PEHTICHOBCKOE M3IYYEHHS OTACIbHBIX
COJIHEYHBIX BCIBIILEK HOHMU3YIOT HEUTPAJIbHYIO COCTABIISIONIYIO BepXHEH arMocdeps! BILIOTH 10 h > 600 kM, uTo
MpeJICKa3bIBAJIOCh TeopeTndecku [1] m oOHapykeHo B m3Mmepenusx Bbime NmF2. Tak, B pabote [7] mpeacTaBieHb
pe3yIbTaThl HCCIEHOBAHUS NWHAMHKH IIOJTHOTO AIIEKTpOHHOTO conepkanus moHochepsl (TEC), BbI3BaHHOTO
BO3JICHCTBUEM COJTHEUHBIX BCIBIIIEK X-Kacca Ha mpuMepe coobiTuit 6 u 10 centsdps 2017 rona.

1. MupmoBuu O.I'. HccnemoBanrne W MPOTHO3 TepMOCc(epHO-HOHOCHEPHBIX BO3MYyIIeHUH / ABTOped. Awmcc...
Kauz. ¢pu3z.-mat. Hayk. Upkyrtck. 1981. 23 c.

2. MupmoBuy DO.I'. TlonspHblli pa3orpeB ¥ JIETEPMUHHUPOBAHHBIN MPOTHO3 CPEJHEIIMPOTHBIX TEPMOCHEPHO-
HMoHOC(epHbIX Bo3MylieHHH. BcecorosH. coBemanne "KpymHomacmraOHast CTpyKTypa —CyOaBpopasibHOM
nonocdepsr”, SAxyrck, 1981. C. 15-17.

3. Mupmosuu D.I'. TepmochepHo-noHOChEpHbIE BO3MYIIEHHs KaK OTJEIbHbINA KJIacC BO3MYLIEHUH HoHOChepbI /
16-1  Beep. kond. «®Pusmka mimasMpl B colHEWHOM  cucreme», M. HUKHU. C.  193.
https://plasma2021.cosmos.ru/docs/2021/PLASMA-2021-AbstractBook-0202.pdf.

4. MupmoBna O.I". OyHIaMEHTaNbHOCTh SBICHHS OIEPEKCHHS Hadajda MAarHUTHOW Oypu OIHUM M3 THUIIOB
TIOJIOKUTEJIBHBIX BO3MYIIEHHH CpelHempoTHO noHochepsl / 16-s1 Beep. koH]. «Du3mka mia3Mbl B COITHEUHON
cucreme», M.: UKU. C. 192. https://plasma2021.cosmos.ru/docs/2021/PLASMA-2021-AbstractBook-0202.pdf.

5. Mirmovich E.G. Ionospheric Behavior during August 2-11, 1972 over Khabarovsk. Report UAG, 510.28,
WDCenter A, Boulder, Colorado, USA, 1973, part II. PP. 557-561.

6. Mwupmouy O.I'. Tpm HCTOYHMKA — TPHU COCTaBHBIE YacTW» TEHEPALMd TepMOC(EPHO-HOHOCHEPHBIX
Bo3mymieHn#t (ctaths) / «Physics of auroral phenomenay». 44th Annual Seminar, 15-19 mapta 2021 r. AmaTursl.
[I'" PAH. ctp. 137-141. http://pgia.ru:81/seminar/archive/

7. Ryakhovskiy [.A., Poklad Y.V., Gavrilov B.G. TEC changes caused by X-class solar flares 6 and 10 September
2017 // Physics of auroral phenomena: Abstracts of the 45™ Annual Seminar (14-18 March). 2022. P. 53.

HuskoopouranbHas ToMorpagusi HoHOc(hepbl
10 PA3HOPOJAHBIM JAHHBIM AUCTAHIMOHHOIO 30HAUPOBAHUA

N.A. TaBnos', A.M. Ha,HOXI/IHl’2, E.C. AHz[peeBal, C.A. Kanamnukosa'

'"MI'Y um. M.B. Jlomonocosa, Mocksa, Poccus
*UBMHPAH, Tpouyx, Poccus

B nmoxmane mpencTaBiieHBI pe3yabTAaThl YUCICHHOTO MOJICITUPOBAHUS 33[1a4d TOMOTPa(UIECKON PEKOHCTPYKIIUU
JBYMEPHOTO BBICOTHO-IIMPOTHOTO PACIPEICICHUSI AJIEKTPOHHON KOHLEHTpAlMd B HOHOC(Eepe B IUIOCKOCTH
NpoJieTa HU3KOOPOUTAILHOTO CIIYTHHKA 10 JIAHHBIM PaIMONIPOCBEUYMBAHMsI Ha Nape KorepeHTHbIX yactor VHF/UHF
JTNAIa30HOB ¥ JIAaHHBIM CKaHUPYIOMICH CHeKTpoMmeTpuu coOcTBeHHOTO Y@ wm3imyueHusi BepxHel armocdepsl Ha
JurHe BOJHBI 135.6 mM. [l 3amaHust cpensl NpW CHHTE3UPOBAHWM HAONIONEHWHA WCIONB30BaIHCh MOJIEITH
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NeQuick2 u NRLMSISEOQO, Takxe HCIIONB30BAUCH pealibHbIE OPOUTHI CIyTHUKOB cepun DMSP n mapamerpst
paboThl pa3MeneHHbIX Ha HUX CIyTHUKOBBIX paauomasikoB CERTO n Y@ cnekrpomerpo SSULI. Pesynbrarsi
MOJIETTMPOBAHMS TIOKA3aJM, YTO KCIOJNb30BaHUSA HAaHHBIX Y@ CHEKTPOMETpUM Ha KBa3HKAaCATENbHBIX JIydax
MO3BOJIIET PELINTh MPOOJIEMY HEOOXOAMMOCTH 3aJaHUsl KOPPEKTHOTO HAYAJIBHOTO HMPUONMKEHHS, XapaKTCPHYIO
JUIL  UCKJIIOYMTENbHO PaguoTOMOrpaMyeckoil IIOCTAaHOBKM. B  ToXe Bpems, HCIOJIb30BaHUE JIAHHBIX
panuonpOCBEUUBAHNS TTO3BOJISET MOIy4aTh Xopouiee (~20KM) IPOCTPaHCTBEHHOE pa3pellieHUe PEeKOHCTpYyKuuil. B
JOKJIaJe TaKkXKe 00CYXKIaeTCsl HTEPAIMOHHBIN aJlTOPUTM MO3BOJIIOIINI Ha KaXXIOM IIare Mpou3BOANTH KOPPEKIUIO
pelIeHus oCcIe10BaTeIbHO 10 ONTHYECKHM JaHHBIM U 110 JTaHHBIM PaJlONpPOCBEYHBAHUS.
Pa6ora BrimosHeHa npu noanepxke PH® (npoekr 22-27-00396).

Pe3yabTaThl H3MepeHN KOMIIOHEHT IeKTpoMaruuTHoro mojst CH4/OHY nnana3ona
Ha ocTpoBe AJslekcanapsbl apxunesara 3emuas ®panua-Hocuda

C.B. Iunpraes, A.B. Jlapuerko, M.B. ®unaros, }0.B. ®enopenko, A.C. Hukurenko, b.B. Kozenos
DI'FHY «Ilonapuviii ceodusuneckusi uncmumympy, 2. Anamumul

HcenenoBanns reopU3n4ecKuX IPOLECCOB IO JAHHBIM Ha3eMHBIX HAOMIONEHMH HJIEKTPOMAarHUTHBIX IONEH B
JquanasoHe 4actoT oT jpojed I'm mo aecstkoB kwiorepy (CHY/OHY pmama3oHbl) B NPHIIONIOCHBIX IIHPOTAax
APKTHKH TIPECTABIISIOT OOJBIION MHTEPEC AJIsl TIOHUMAHUs (PU3NIECKUX IPOLECCOB B JTHEBHOM IOJISIPHOM Kacle U
MIOJISIPHOI LIATIKe, I/Ie UMEETCsI TPSAMOMN IOCTYII IJIa3Mbl COTHEYHOTO BETpa K HOHOChepe. ITO HEOOXOIMMO KaK st
YJaydli€HH NPOrHo3a KOCMHYECKOM noroApl, Tak U JJid U3YUCHUS BJIUSAHUA FeJ'II/IOFeO(l)I/ISI/I'-IeCKI/IX BO3MyIJ1€HPII>i Ha
kxauecTBo KB U cBepXHU3KOUAaCTOTHOHN pafiloOCBsI3H B 9TOM pailoHe APKTHKH.

B Hacrosmiee Bpemsi maTpyibHBIE HAOMIOACHUS KOMIIOHEHT 3jiekrpoMarautHoro (OM) moms B CHY/OHY
mnamazoHe Bexytcss B obcepBaropusix III'M JloBosepo m bapennOypr (apx. Ilmummbepren). Ilpm mpoBemenun
COBMECTHBIX MCCIICZIOBAHUII B COOTBETCTBHM C JIOTOBOPOM O COTPyJHHYECTBE C (PUHCKON akamemuel Hayk
WCIIONIB3YIOTCS JaHHBIE CTaHIMN KaHHycnexTo, pacnonoKeHHONW Ha MPAKTUYECKH OJHOM IreéOMarHUTHOW IIMPOTE C
06c. JloBozepo. Takum oOpasoM oOecneunBarOTCs HAOMIOACHHWS Kak B aBpopailbHOW 30He (JIoBoO3epo,
KannycnexTo), Tak u B 30He nossipHoit manku (bapenuOypr). B nemnsx pacumpenust reorpaduu To4ek HaOIMOeHUS
yCTaHOBKa INPUEMHHUKa Ha 0. 3emusi Anekcanzapbl apxurenara 3emist @panna-Hocuda, pacrnonokeHHOM B 30HE
TOJISIPHOI manku, o3BoyuT momyants CHU/OHY nanHBIe ¢ MBYX Map TOYEK HAOIFOICHUH.

B mepuoxa ¢ 26 mapta 2021 roga mo 10 ampens 2021 roaa, 6iaromapst noanepxkke Pycckoro reorpaduyeckoro
o01ecTBa, HalMOHANBHOTO Napka «Pycckas Apktuka» u BoenHo-mopckoro diora Poccuiickoit @enepauny, 11T,
B paMKax dKcreann «YMka-202 1y, mpoBes ceaHc Teopr3NIecKuX HaOIOJCHAN U OTHOBPEMEHHBIX U3MEPEHUH B
JIBYX pa3HECEHHBIX IO JOITOTE TOYKaxX - Ha OCTpoBe 3eMist Asekcanapsl apxumenara 3emist @panma-Hocuda (Ha
TEPPUTOPUU KPYTJIOTOJMYHON cranmoHapHOM 0a3zel «Omera») u B mocenke bapeHuOypr. B pabote mpuBeneHb
Ppe3yIbTaThl PEKOTHOCIIMPOBOYHBIX PaldOT 1O Pa3BEepPTHIBAHUIO 00OPYAOBAHUS U PE3yIbTAThl TECTOBBIX M3MEPEHHUH
curHaioB CHU/OHY nuana3oHa ecTeCTBEHHOTO U UCKYCCTBEHHOTO MPOUCXOKICHHS.

HN3menenus: yactor IIyMaHOBCKHX PE30HAHCOB BO BpeMsi PEHTI€HOBCKOI BCIBIIIKH
X8.2 kaacca 10 centsaops 2017 rona

10.B. Iloknax, b.I'. I"'aBpusnos, B.M. Epmak, . A. PsixoBckuii

@I'BYH Uncmumym ounamuxu 2eocghep umenu axaoemuxa M.A. Cadosckoeo PAH, 2. Mockea, Poccus
E-mails: poklad@mail.ru, boris.gavrilov34@gmail.com, ryakhovskiy88@yandex.ru

ConHe4yHbIE PEHTICHOBCKHE BCIBIIIKM TPUBOAAT K YBEIHUCHMIO 3JIEKTPOHHONW KOHLEHTPALMM B HIDKHEH
noHocdepe, KOoTopas ABISETCA BEPXHEH CTEHKOH BOJHOBOJA B KOTOPOM B030YyxkaatoTcs 1llymMaHOBCKHE pe30HAHCHI.
B pabote ucnonp30BaMCh IKCIIEPUMEHTAIBHBIE JIaHHBIE TOJIydeHHbIe B oOcepBartopun «Muxueso» W' PAH.
[IpencraBnensl pe3ynbTaThl HCCICIOBAHHWS 3aBHCHMOCTH BapHalui dvacTtoT nepBbix Tpex IlymaHOBCKHX
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PE30HAHCOB OT IIOTOKAa PEHTTEHOBCKOTO HM3JIy4EeHHs B Pa3lMYHBIX CHEKTpalbHBIX AuanasoHax. [lokazaHo, 4To
n3MeHeHne 4actoThl lllymMaHOBCKMX pE30HAHCOB JIMHEHHO 3aBUCHUT OT JiorapuMa I0TOKA PEHTIEHOBCKOTO
m3nydeHuss B gamamazone 0.01-0.3 BM. KoaddummeHTsl NTHHEHHOW perpeccHd 3aBHCAT OT OpPHUCHTAIUH
PETHCTPUPYEMOT0 MarHUTHOTO TOJIS.

Pabora BbInosiHEeHa 110 rockoHTpakTy 1021052706243-1-1.5.9;1.5.1

MHoroJsy4eBocTh pacnpocrpaneHusi paguosoiH IKM quanaszona
Ha AaBPOPAJIbLHOM paauoTpacce B ApKTH4ecKkoii 30ue P@

J.J. Poros
QOI'FY «AAHUN Y, 2. Canxm-Ilemepbype, Poccus,; e-mail: rogovdenis@mail.ru

B pabore mnpencraBieHbl mMapaMeTpbl MHOTOJYYEBOCTH CHTHAJIOB pPacHpOCTpaHEHHs pPaJUOBOJNIH Ha Tpacce
HaKJIOHHOTO 30HaMpoBaHus HoHochepsl JloBozepo (68.00° N 35.02° E) — Amaepma (69.60° N 60.20° E),
MpOTsDKEHHOCThIO 1020 KM (CKOpPpPEKTHPOBAHHBIE TEOMATrHUTHBIE KOOPIMHATHI [IEHTPAIILHOW TOYKH OTPAKECHUS —
66.0° N 124.0° E).

BrIsSIBIIEHBI OCHOBHBIC napaMeTpbl MHOT'OJTY4YC€BOCTU B CHOKOﬁHLIX, CPpC€AHCBO3ZMYUICHHBIX U CUJIbHOBO3MYIICHHBIX
reopu3ndeckux ycinoBusx. IlokazaHO BIMSHHE YpPOBHSA COJHEYHONH aKTHBHOCTH, CE30HA, BPEMEHH CYTOK,
BBICOKOIIUPOTHBIX CHOpagudeckux Es cloeB u aBpopalbHOTO IOTIJIOIIEHHS HAa MOJOBYIO CTPYKTYpy CHIHAIOB
pacnpocTpaHeHus PaJOBOJIH B JAHHOM PETHOHE.

Pabota BBITIONIHEHA B paMKax IIaHa HAyYHO-MCCIIEOBATEIbCKUX U TeXHoJIornuecknx pador HIY Pocrunpomera,
m. 6.1. «Pa3BuTHe W MoAepHHU3AIMA TEXHOJIOTHI MOHHTOPWHTA TeO(pU3NIECKOW OOCTAHOBKH Ha TEPPHUTOPHEH
Poccutiickoit denepanuu 1 ApKTHKH.

IIposBaenne 3dexTa MOJTyIEHHOTO BOCCTAHOBJIEHHUsI B coObITHH TTITII
10 JaHHBIM MOHOC()EePHBIX HA0/I01eHMii B APKTHYecKoii 30He PD

.. Poros, B.A. YnbeB
QOI'FY «AAHUH Y, 2. Canxm-Ilemepbype, Poccus,; e-mail: rogovdenis@mail.ru

[peacraBnensl npuMepbl nposiBieHust dddexra nomynenHoro BoccranoBienus: (I1B) morniomenuss B mepuon
coOprtust TIITHI (11-14 ampenst 2013 r.) B aBpaJIbHOW 30HE IO JaHHBIM PUOMETpPAa M MOHO30HIAa BEPTUKAIBHOTO
30HAMPOBaHUS HMOHOCPepsl cT. Amaepma (69.60° N 60.20° E), a Taxke 2X TpacC HAKIOHHOTO 30HIAMPOBAHUS
nonocdepst (H3UM): Jlosozepo (68.00° N 35.02° E) — Amumepma u Amaepma — duxcon (73.52° N 80.68° E). Jlns
PHOMETPUYECKHX HaOJIOJEHUH BBIIOJIHEHO MOJEIMPOBAHNE IMOIJIOUIEHHs, MOJIYYeHO XOpOIlee COrjiache C
IKCIICPUMCHTATBHEIMH JaHHBIMH. PaccMOTpeHbI 3 eKThl yBennYeHUs JUalia30Ha yacToT Ha o0enx Tpaccax H3U B
OKOJIOTIONYJCHHBIE Yachl MECTHOTO BpeMeHH m3-3a BimsHuA d¢pdekra [IB. [lokasaHa mpakTuyueckas 3HAYUMOCTD
yueta nanHou Mopdosoruueckoit ocodennoctu IITIHI mis Bcex paamocucrtem JJKM nmamnazona, paboTaromux B
BBICOKOHIMPOTHBIX PETHOHAX.

Pabora BrIONTHEHA B paMKax IIaHa HAYYHO-HCCIIEOBATENECKUX U TeXHOoJormueckux pador HUY Pocrunpomera,
m. 6.1. «Pa3BuTHe W MOJAEpHHU3AIUS TEXHOJIOTHH MOHHUTOPHUHTA TeO(U3MYECKON OOCTAHOBKM Ha TEPpPUTOpHUEH
Poccuiickoit @eneparuu 1 ApKTHUKH.
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OpueHTanus NonepevyHoO AaHU30TPONNH M HANIpaBJieHUe Apeiida
H.IO. POMaHOBa], B.A. Tenernﬂz, B.A. HqueHK()z, I'.A. X6aukos’

'\OIBHY «Ionspuwiii ceogpusuueckui uncmumymy, 2. Mypmanck

2 Huemumym semno2o macnemusma, uonocdepui u pacnpocmpanenus paduosonn (MI3MHPAH) um. H.B. ITywkosa
PAH, 2. Mocksa, Tpouyx

3Haytmo-uccne008ameflbcmni uHCcmumym Qu3uUKU 1021cHo20 pedepanvrozo ynusepcumema (HUU ¢uzuxu FODY),
2. Pocmos-na-/{ony

[IpoBeneno comocTaBieHNe SKCIEPUMEHTAIBHBIX JAHHBIX, MOJTYYEHHBIX Ha BbICOTaX F-o0macTi cpeaHemmpoTHOH
uonocepst B mepuon 2012-2013 rr aByMs He3aBHUCUMBIMH MeToaamMu. C  OMHOM CTOPOHBI, METOIOM
panuonpocBednBanusi noHocheps! paguocurnanamu MC3, npunsaTeiMA HazeMHbIM npuéMmuukoM (MI'Y um. M.B.
JlomMoHOCOBa), OmpeneNcHa OpWUEHTAlWs IIONEPEeYHONM aHM30TPOIMHM MEJIKOMAcIITaOHBIX HEOJHOPOIHOCTEH
JIEKTPOHHOH IIOTHOCTH B Pa3IWYHbIE JHU B IIPEUMYIIECTBEHHO HOYHOE BPEMSI CyTOK HaJl MOCKOBCKHM PETHOHOM.
C npyroii CTOpOHBI, METOAOM paauoioKanuu HoHochepbl nmoHozoHaom DPS-4 (UBMUPAH) Han stuM ke
PETHOHOM OmpeieNieHbl CKOPOCTh M HampaBlieHHe japelda cperHeMaclITaOHBIX HEOJHOPOJHOCTEH 3JIEKTPOHHOU
wioTHocTH. Jlis pacdera HampaBleHHUs M CKOPOCTH JApeiida MaKCUMaJbHO OJHM3KO K MECTOIOJIOKEHHUIO
MEeJIKOMacIITaOHbIX HEOJHOPOIHOCTEH ucnoib3oBaHa nporpamma LocalDrift, roe k pacueTy NpHUHUMAIHCH
noHoc(epHbIe OTpaXkaTeIn He Bcel KapThl HeOa, a TONBKO B 33laHHOM 001acTH. AHaNIN3UPYIOTCS CIy4au CXOJCTBA
1 pa3nyius MEXIy COTIOCTABIEHHBIMHU SKCIEPHUMEHTAIBHBIMH JAaHHBIMH, ITOJyY€HHBIMA 000MMH METOAAMH.

HccaenoBanne cybappopaabHoii HOHOC(hePHI B pailoHe MATHUTHO-MOHOC(ePHOii 00cepBaTOpUH
BoeiikoBo nocpencrsom nupposoro nonozonga CADI

M.B. PribakoB
CIlI6® U3MHUPAH, Cankm-Ilemepbype, Poccus

B pabore paccMOTpEeHO WUCIIONB30BaHUE COBpeMeHHOro mudpoBoro woHo3oHmAa CADI mis wmoHOChEpHBIX
HCCIIEIOBaHUN B Cy0aBpPOpPAJIbHOM 30HE, BBIMOJHEHHBIX C IIOMOIBIO CO3JAHHOTO NIPOTPAMMHOIO 00ECIEUEHUs IS
ABTOMATHUYECKOI M I0JIyaBTOMAaTH4eCKOH 00pabOTKM Mojy4aeMbIX NaHHbIX. [IokazaHbl pe3ysibTaThl W3y4EeHUsS Ha
OCHOBE TIOJIyYeHHBIX B BoeHWKoBO HaHHBIX IU(POBOrO HOHO30HAA TaKUX OCOOEHHOCTEH Cy0aBpOpaIbHOM
noHoc(epsl, KaK 3aBUCUMOCTb IapaMETPOB OT BapHaluil 3JIEKTPHUYECKOTO MO, OT TepMOC(EpPHOro BeTpa M OT
nepemeltieHnsi CeBEpHOr0 MarHUTHOTO IOJIIOCA.

Onwucanbl 0COOEHHOCTH YCTaHOBKH M 3aIlycKa IM(pPOBOro MOHO30HJA C aHTEHHAMH THUIAa BEPTHUKAIBHBIN pOMO.
PesynbraThl 30HOMPOBAHUS TPEACTABIAIOT COOOW apXWBHBIE KOMMBIOTEpPHBIE (aiinpl maHHBIX MoHO30HAa CADI,
KOTOpBIe mepenarorcs B 0a3y maHHbix U3MUPAH. IIpuBeneHs! XxapakTepUCTHKH Pa3pabOTaHHBIX MIPOTPaMM IS
o0pabotku naHHbIX HOHO30HAAZ CADI Ui MogyaBTOMAaTHYECKOTO IOJIyYeHHs NapaMmeTpoB cio€B (obiacteid)
norocdeps! E, Es, F1 n F2, a Taxoke A OTMETKH OLIEHOYHBIX M OTMHCATENBFHBIX OYKBEHHBIX 0003HAUCHHIA, THITOB
Es, mis mocTpoeHHsT BRICOTHOrO Ipoduis 31eKTpoHHON KouueHtparmu h'(f), f-rpadukoB nonochepHbIX TaHHBIX,
MeJIMaH 1 CPeJIHUX OCHOBHBIX HOHOC(EPHBIX 3HAUCHUH MapaMeTPOB.

Honorpammel, nosy4yaemble pa3paboTaHHBIMH POrpaMMaMH, J0CTYITHBI Ha caiite USMHWPAH.

ITokazaHa JOCTOBEPHOCTH MOJTy4aeMbIX JAaHHBIX HA OCHOBE CPAaBHEHHSI C PACUeTaMH 10 CTATUCTHYECKUM MOAEISAM
IRI, IRI-Plas u ¢ 1aHHBIMHU JPYTHX HOHO30H/IOB.

JuurenbHble HaOnroneHus cybaBpopaibHOW HOHOCchepbl B paiioHe BoeiikoBo mocpeacTBoM nugppoBOTo
nono3oHna CADI, nauaTele Ha mocTossHHON ocHOBe B 2013 roxay, mo3Boimin oOBeIMHHUTH MHU(POBOIT MOHO30HT
CADI u Tteopermueckyto monenb UAM B ogmH cHCTEeMHBI HWHCTpyMeHT. C ero MOMOIIBI0 OBUTO MPOBEACHO
uccieloBaHue HWOHOC(ephl B palioHe BoelikoBo W BBINONHEHBI pabOThl MO (HU3MYECKOW HHTEPIpETalnuu
TIOJY4E€HHBIX MOHOC(EPHBIX JIAHHBIX, B KOTOPBIX CIEJaHbl BBIBOJBI O 3aBUCUMOCTH IapaMETPOB Cy0aBpOpaIbHOMN
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MOHOCGEPBI OT BapHalMil 3JTEKTPUIECKOTO TI0JIs, TEPMOCHEPHOTO BETpa U OT nepemerieHns CeBepHOro MarHUTHOTO
HOJIOCA.

[Tokazana »(QQEKTHBHOCTh CO3MAHHON CHCTEMBI HCCIEIOBAaHHS IapamMeTpoB HoHOchepbl Hax Boelkoso,
cocrosmeir u3 mudposoro moHo30HAa CADI, umcnenHolt Teopermueckorr momenu UAM m pa3paboTaHHOTO
MPOTrPaMMHOTO 00eCIeYeHNSI.

KaTraJjior cradniabHbIX KpacHbIX ayr Jlanumdias bapObe, 3aperucTpupoBaHHbIX
BO Bpemsa MI'T 1957-1959 r. u reopuznyeckue ycJ0BUsI IPH UX PA3BUTHH

B.JL. Xammnos', A.C. Jleonosud?, JI. Caiibex’

YWKH PAH, Mockea, Poccus; e-mail: khalipov@iki.rssi.ru
2UC3® CO PAH, Hpxymck, Poccus
’NASA/GSFC, Greenblt, MD, USA

B teuenne MIT, 1957-1959 r., ¢panuysckuii actponom Daniel Barbier ¢ momoipsio BBICOKOYYBCTBUTENBEHON
annapaTypbl IPOBOJMI HW3MEpPEHHUs 30/IMaKajlbHOTO CBEUYEeHHs HOYHOro Heba Ha obGcepsatopuu Hout Provance,
pacrionoxxeHHoit Ha L oGoxouke 2.1. im Obutn oOHapy»eHbI HEOOBIYAHO sSpKHe IyrH CBEYEeHHUs! aTMocdepbl B
nuHAK atomapHoro kuciopona 630.0 am (SAR-arc). CBeueHre ObLIO OJHOPOIHO IO CTPYKTYPE U HAOIIOANIOCh B
TEUYEHHEe MHOTHX YacoB B OONBIIOM Auamna3oHe AoyroT. CHEeKTpOMETp OCYLIECTBIISUT KPYrOBO€ CKaHHPOBAHUE I10JT
yriaoMm 45 rpagycoB K TOpu3oHTY. [Ipumep Takux m3mepennit npuseneH Ha Puc. 1 (Ann. Geophys., 14, 334, 1958).
[Tpn 5TOM OOBIYHBIE TTOJISIPHBIE CUSHUS HAOMIOJAIIICh Y CEBEPHOTO TOPU30HTA. MBI COCTaBHIIM KaTaJoT COOBITHI U3
obmupHoro uncna m3mepennid. Comnocrasienne ¢ Dst Bapuarusmu 3a 1957-1959 roapl mokas3siBaeT, 4TO KpacHbBIE
oyrd HaOmronaroTcsi Ha nro0oii (aze reomarHutHOM Oypu. B 1971 r. Obun mpemyioxkeH MexaHu3M (HOPMHUPOBAHUS
SAR-arc mpu pasorpeBe (OHOBBIX 3JIEKTPOHOB HOHHO-IMKJIOTPOHHBIMH BOJHAMH, KOTOpPBIE T€HEPUPYIOTCA
SHEPrUYHBIMH MOHAMHU BOAOPOJA U KUCIOPOJa KOJIBLEBOr0 TOKa B MpHIKBaTOpuaiibHOM obnactu (JGR, 76, 4428,
1971). OnHaxo, 1Mocie0BaBIIke 3aTeM SKCIIEPUMEHTANILHBIE Pa0OThI OKa3alld, YTO ATOT IPOLECC MOXKET CO3aTh
SAR-arc ¢ naTeHCcHBHOCTBIO 710 3 KP. B Hauane 2000 rojoB Bo3zoOnanana Touka 3penus, uro Daniel Barbier npu
cBoux u3Mepenusx ommbest B 100 pa3! ABTopsI 10KIIa/ia Kak pa3 MoATBEPKAAIOT JOCTOBEPHOCTh u3Mepenuii Daniel
Barbiera. 8 ntons 1958 roma BusyasnsHO HaOmojanack Jyra OrpoMHONW WMHTEHCHBHOCTH. He0o mbInano, 1 HOUbIO
OBLTO CBETJIO KaK JHEM, HO TONBKO B KpacHOM cBeTe. Bo Bpems MIT Obuti Bo3MymIeHHs CO 3HaueHHsIMHA Dst-
nanekca 450-500 ©T. Ilmasmomays3a cmemanack 1o L=2.0 m MMEHHO CIOJa TMPUXOMWIA W3 CONHEYHOI'O BETpa
JIbBEHOBCKHE BOJIHBI, KOHIIEHTPHUPOBAINCH B Y3KOM Juana3oHe L-0001049ek 1 co3naBaics peXkuM CTOSYUX BOJIH.
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Pucynok 1. M3MepeHre WHTEHCHBHOCTH KPAacHBIX OyI (OTOMETPOM, CKaHUPYIOLUIMM HOA YrioMm 45
TpajlycoB K TOPU3OHTY JUIA Pa3IN4HBIX coObITHH. [lIkana nmuneitnas B Panesx.
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Temperature-Wind Regimes of the Tropo- and Stratospheres over the Kola Peninsula (July 2017)
A.V. Losev', V.V. Maksimova®*, A.G. Mahura*, P.V. Amosov®, V.I. Demin'

'Polar Geophysical Institute of RAS, Apatity, Russia

*Federal Research Centre Kola Science Centre of the RAS

*Institute of North Industrial Ecology Problems (INEP) KSC RAS, Apatity, Russia
*Helsinki University, Helsinki, Finland

In 2021, the INEP KSC and PGI of RAS within a framework of the international project “Enviro-PEEX(Plus) on
ECMWEF: Research and development for integrated meteorology — atmospheric composition multi-scales and —
processes modeling for the Pan-Eurasian EXperiment (PEEX) domain for weather, air quality and climate
applications” (2021-2023, https://www.atm.helsinki.fi/peex/index.php/enviro-peex plus) have started the studying
of a modern approach for integrated environmental modeling with the Enviro-HIRLAM (Environment - High
Resolution Limited Area Model; Baklanov et al., 2017) which can be utilized to investigate selected dusting
episodes originated from dump-tailings at the mining industry facilities of the Kola Peninsula, Russia.

The main aim of this study is to identify the features of the temperature and wind regimes in the troposphere and
stratosphere over the Kola Peninsula (with a focus on the Khibiny and Lovozero mountain massives) for a selected
summer period (on example of July 2017). Selection of the mountain area is supported by the fact that the regional
weather is determined not only by the synoptic macroscale circulation of the atmosphere, but also by its dominant
orography, as well as by meso-scale climatic features that affect processes of air mass transport in this given
geographical region.

To achieve the aim, various meteorological parameters of the troposphere and stratosphere were calculated using
the Enviro-HIRLAM model. This high-resolution model is an integrated system for numerical weather prediction
and atmospheric transport and deposition of pollutants. It is used both for scientific research and for operational
forecasting of weather and air quality for scales ranging from regional to urban. Various modules are used to
calculate emissions, advection, horizontal and vertical mixing, wet and dry deposition, convection, chemical and
aerosol transformations and feedbacks, accounting for urbanization types, downscaling of model domains with
different horizontal resolutions, etc.

To perform numerical experiments, two model domains were built. The ECMWE’s (European Center for Medium-
range Weather Forecast) boundary conditions are used to run the model on the outer domain, and then, the resulting
meteorological fields are taken as boundary conditions for the inner model domain.

Based on the simulation results obtained for July 2017, spatio-temporal fields of the air temperature and wind
characteristics were constructed at the model levels as well as on standard isobaric surfaces (from 1000 to 10 hPa).
In this study, we analyzed the values of the considered meteorological parameters in the main layers of the
atmosphere: (i) in the troposphere - in the surface layer (up to 100 m), in the boundary layer (up to 1.5 km), in the
free troposphere (up to the tropopause, taking into account a peculiarity of the northern latitudes), and (ii) in the
stratosphere. Specific features were revealed in the distribution of meteorological parameters in different layers of
the atmosphere. According to the simulation results, the daily variations of the studied meteorological parameters
were constructed and analyzed.

Baklanov A., Korsholm U.S., Nuterman R., Mahura A., Nielsen K.P., Sass B.H., Rasmussen A., Zakey A., Kaas E.,
Kurganskiy A., Serensen B., and Gonzalez-Aparicio 1. 2017. Enviro-HIRLAM online integrated meteorology—
chemistry modelling system: strategy, methodology, developments and applications (v7.2), Geosci. Model Dev.
No. 10, P. 2971-2999. https://doi.org/10.5194/gmd-10-2971-2017.
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The reaction of the upper atmosphere to solar activity in September 2017
P.O. Pikulina', I.A. Mironova', E.V. Rozanov'?, T.V. Sukhodolov'?, A.V. Karagodin'

'St. Petersburg State University, St. Petersburg, Russia
*Physikalisch-Meterologisches Observatorium World Radiation Center, Davos, and IAC ETH, Zurich, Switzerland

In the beginning of September 2017, the solar active region AR2673 caused intense solar-terrestrial disturbances.
This active region generated several M and X class solar flares, which were accompanied by CMEs. The most
powerful solar flares X9.3 and X8 occurred on September 6 and 10, 2017, respectively. Both flares caused an
increase in radiation in the extreme ultraviolet and soft X-ray ranges of the solar spectrum. In the period from
September 7 to 8, 2017, very strong magnetic storms of the G4 NOAA level were observed. AIMOS (Atmospheric
Ionization Module OSnabrueck) model was used for the analysis of ionization rates during these storms. The FISM2
(Flare Irradiance Spectral Model-Version 2) empirical model was used to obtain data on radiation fluxes from solar
flares. To analyze the effect of radiation on the neutral atmosphere, the HAMMONIA chemical-climatic model was
used. The paper considers the influence of high solar activity on the upper atmosphere in September 2017.

This work was supported by a grant from the Russian Science Foundation (Project RSF No. 20-67-46016) and was
done in the SPBU “Ozone Layer and Upper Atmosphere Research Laboratory” supported by the Ministry of Science
and Higher Education of the Russian Federation under agreement 075-15-2021-583.

Electronic kinetics of molecular nitrogen in the middle atmospheres of Titan
and Earth during precipitations of high-energetic particles

A.S. Kirillov', R. Werner?, V. Guineva’

'Polar Geophysical Institute of Russian Academy of Sciences, Apatity, Murmansk region, Russia
*Space Research and Technology Institute of Bulgarian Academy of Sciences, Stara Zagora Department,
Stara Zagora, Bulgaria

We study the electronic kinetics of molecular nitrogen in the middle atmospheres of Titan and Earth during
precipitations of high-energetic particles. The Titan’s atmosphere is considered as the mixture of N,-CH4-H,-CO
gases with admixtures of hydrocarbons. The Earth’s atmosphere is considered as the mixture of N,-O, gases. The
role of molecular inelastic collisions in intramolecular and intermolecular electron energy transfer processes is
investigated. It is shown that inelastic molecular collisions influence on vibrational populations of metastable
molecular nitrogen at the altitudes of the middle atmospheres of both planets. The important role of metastable
molecular nitrogen in the production of radicals is shown.

Microwave observations extremes variations of the tropospheric water vapour
and mesospheric ozone

Y.Y. Kulikov
Institute of Applied Physics, Nizhny Novgorod, Russia

I would like to present your attention some surprising results of the last years which concern measurements of
thermal atmospheric emission on millimeter waves in a line of ozone [1-3]. In the middle atmosphere in sub polar
and polar latitudes (above Peterhof and Apatity), there have been significant variations (by several times) in the
ozone content at heights of 40-60 km due to sudden stratospheric warmings [2, 3]. Let’s note, that all millimeter
wave measurements were carried out with the help mobile ozonemeters (observation frequency 110.8 GHz) [4]. The
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parameters of a device allow to measure a spectrum of the emission ozone line for time about 15 min with a
precision of ~ 2%. On the measured spectra were appreciated of ozone vertical profiles in the layer of 22 — 60 km. In
report the possible reasons of occurrence of the significant variations water vapour and mesospheric ozone are
discussed.

1. Y.Y. Kulikov, A.A. Krasilnikov, V.M. Demkin, V.G. Ryskin. Variations in the concentrations of mesospheric
ozone during the total solar eclipse of March 29, 2006 from microwave radiometric data. Izvestiya, Atmospheric
and Oceanic. V. 44, No 4, P. 486-490, doi:10.1134/S0001433808040099, 2008.

2. Y.Y. Kulikov, A.V. Poberovskii, V.G. Ryskin, V.A. Yushkov. Detection of large fluctuations in ozone content in
the middle atmosphere during sudden stratospheric warmings and subpolar latitudes of the Arctic. Geomagnetism
and Aeronomy. V. 60, No. 2, P. 254-262, doi:10.1134/S0016793220020097, 2020.

3. Y.Y. Kulikov, A.F. Andriyanov, V.I. Demin, V.M. Demkin, A.S. Kirillov, V.G. Ryskin,V.A. Shishaev. The
microwave monitoring of the middle atmosphere ozone on Kola Peninsula during last three winters. "Physics of
Auroral Phenomena", Proc. XLIV Annual Seminar, Apatity, P. 168-171, doi: 10.51981/2588-0039.2021.44.039,
2021.

4.Y.Y. Kulikov, A.A. Krasilnikov, A.M. Shchitov. New mobile ground-based microwave instrument for research of
stratospheric ozone (some results of observations) The Sixth International Kharkov Symposium on Physics and
Engineering of Microwaves, Millimeter and Submillimeter Waves Kharkov, Ukraine June 25-30, 2007
(MSMW’07) Proceeding, V. 1, P. 62-66, 2007.

Simultaneous microwave monitoring the diurnal variations of the mesospheric ozone
on level 60 km in December 2021 on Apatity and Peterhof

Y.Y. Kulikov!, A.F. Andriyanovl, V.B. Belakhovskyz, V.1. Demin?, V.M. Demkin®,
A.S. Kirillov?, A.V. Losev’, A.V. Poberovsky®, V.G. Ryskin'

'Institute of Applied Physics, Nizhny Novgorod, Russia
2Polar Geophysical Institute, Apatity, Russia

*High School of Economy, Nizhny Novgorod, Russia
“St. Petersburg State University, St. Petersburg, Russia

We present data continuous series of microwave observation of the middle atmosphere ozone in December 2021
above Apatity (67N, 33E) and Peterhof (60N, 30E). Measurements were carried out with the help of two identical
mobile ozonemeter (observation frequency 110836.04 MHz). The parameters of each device allow to measure a
spectrum of the emission ozone line for time about 15 min with a precision of ~ 2%. On the measured spectra were
appreciated of ozone vertical profiles in the layer of 22 — 60 km which were compared to satellite data MLS/Aura.
The microwave data on the behavior of mesospheric ozone (altitude 60 km) indicate the presence of both
photochemical and dynamic components in its changes.

Ozon layer in the past and future
E.V. Rozanov'”?

'University of St-Petersburg, St-Petersburg, Russia
2PMOD/WRC, Davos, Switzerland

The ozone layer is essential for the existence of biological objects on the Earth's surface. The state and evolution of
the ozone layer is determined by many interacting anthropogenic and natural factors, such as emissions of
greenhouse gases and reactive gases, volcanic eruptions, solar activity energetic particle precipitations, and the state
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of the geomagnetic field. These factors can affect the ozone layer through a variety of processes, including
chemistry, radiation, dynamics, and atmospheric and oceanic transport. Consequently, understanding and forecasting
the state of the ozone layer can only be achieved using a model that includes all or at least most of the above
processes. In the first part of the report, I will show some of the results that characterize each of the mentioned
influencing factors. Then I will discuss the evolution of the ozone layer. Before the industrial era the ozone layer
state was controlled by natural factors. Anthropogenic activities and related emissions of greenhouse gases and
halogenated gases began to play an important role in the 1970s, leading to the depletion of the ozone layer in the late
20th century and some stabilization because of the restrictions imposed by the Montreal Protocol and its
amendments. Finally, the recovery of the ozone layer in the future and the potential causes that could hinder it will
be considered.

AHa/IN3 OTKJINKA CBeYeHUsI MOJIEKYJISIPHOI0 KHCJI0POJa HA BapUALMM TeMIepaTypbl
cpeaHeil 1 BepxHel aTMocdepbl B 3aBUCUMOCTH OT COJTHEYHOH AKTUBHOCTH
U Ce30HA HAa CPeJHUX WHMPOTAX 3eMiIn

O.B. AnTonenxo, A.C. Kupumios
OI'BHY «llonsapnoiil ceogpusuueckuti uncmumymy, 2. Anamumot, Poccus

PaccMoTpeHBI pe3yibTaThl WCCIEAOBAHWNA OTKIIMKA TEMIIEpaTyphl CpegHEd W BepxHe aTtMocdepbl 3emin B
3aBUCHMOCTH OT BBICOTBI, BPEMEHM TOJa M COJHEYHONW AaKTUBHOCTM HAa CPEIHUX IIUpOTax 3emid. JlaHHbIE
pe3yJIbTaThl IO BBICOTHOMY PACIPCACIICHUIO OTKIIMKa TEMIICPATypbl B 3aBUCUMOCTU OT COJIHEYHOM aKTUBHOCTH
MOKA3BIBAIOT, YTO HAWOOJBININE CE30HHBIC BapHAllMU TEMIeEpaTypbl HaOmomaroTcs Ha BbIicoTax 80-95 xwm.
[IpencraBneHbl paccUMTaHHBIE BBICOTHBIE pPACHpEAENECHUS OOBEMHBIX WHTEHCUBHOCTEH W3IIydeHHS IIOJIOC
MOJIEKYJISIDHOTO KHUCJIOPOZA, CBSI3aHHBIX CO CIOHTAaHHBIMM IIEPEXOJaMU A'3Au(v'=3—6)—>alAg(v") u A’ (v=3-
8)—>X3Zg’(v"), s yenouit Huszkod (Fo7=75) u Bwicokoit (Fo,=203) comHEYHON aKTUBHOCTH Ha CPEIHHX
MmUpoTax 3eMiM A PasIM4YHbIX MecsueB roga. IlokazaHo, 4To HanOOJBIINE CE30HHBIE BapHALMH OOBEMHBIX
WHTCHCUBHOCTEH W3JIyuyeHHs NojJoc HabmromaroTcss Takke Ha BbicoTax 80-95 kM. Paccumtansl 3HaueHHA
MHTEHCHBHOCTH H3ITydeHus [(cM “c ') (THCTOrpaMMBbl) pasiuuHbIX 1oj10c¢ Ieprbepra I s pasnnusbix MecsleB roaa
B YCJOBUSIX BBICOKOW COJHEYHOW akTHBHOCTH. [l0Ka3aHO, 4TO 3HA4E€HHsS WHTEHCHBHOCTH HM3IYYEHHS MEHSIOTCS B
3aBUCHMOCTH OT CE30HOB r'ofia.

Co3anue 0THOPOHOTO PsAJia CpeAHEMeCIYHbIX TeMIepaTyp Bo3AyXa
M OlleHKA KJIMMATH4YeCKUX u3MeHeHuii B Anaturax (MypmaHckasi 00J1acTh)

B.N. lemun
QOI'BHY «llonapubiil ceogpusuueckuti uncmumymny, 2. Anamumot

HecMoTpst Ha MPOAOIIKUTENBHYIO UCTOPHIO METEOPOJIOTHYECKUX M3MEPEeHHUH (IepBble HAOMIOICHUS HadallCh Ha
no4roBo-renerpadHoil cranuuu «XuouHs» eme B 1900 r.), JUIMHHBIA pa 0 TeMIepaType Bo3IyXa Jis Anatut
orcyrctByeT. CoBpemeHnHasi rugpomereoposnornueckass craHuus (I'MC) «Amatute» B mocenke «Tuk-ryba»
pabotaet ToBKO ¢ ceHTsaOps 1978 1. Ilpsamoe obovenuueHne psanoB I'MC «XuOHHBI, ONBITHOE TIONEY» (M3MEPEHHUs
1924/1927 — 08.1978 rr.) u I'MC «AmnaTurel» HEKOPPEKTHO U3-3a TMOSBICHUS B OOBEIUHEHHOM psay
HEOJTHOPOAHOCTH, BBI3BAHHON Pa3HBIMU MUKPOKIMMATHYECKUMHU YCIOBHUAMH pa3MeEIeHHs] METEOILIOMAA0K.

Ha ocHoBe w3MepeHuii, mnpousBeNeHHBIX Ha coBpeMeHHOH ['MC «AmaTutel» W Ha aBHAIMOHHOU
METEOPOJIOTHIECKON CTaHIMH «AMATHTB» B Tmocenke «Tuk-rybay (Ha TEpPPUTOPHUH THAPOAIPOIIOPTA) C
npuBneueHreM gaHHbIX ['MC «Xubunsi, Umanapay, «XubuHbl, oneiTHOE mojie», «Kannamakina», «JIoBo3epoy,
CO3/]aH HENPEpBIBHBII KOMIIO3UTHBINA PsiJi CpEIHEMECSIYHBIX TeMIIepaTyp BO3/1yXa B ANaTHTaX, HAYMHAIOIIUHCS C
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1900 r. CraTUCTUYECKHMMH TECTaMH IIOKAa3aHO OTCYTCTBHE B HEM CTPYKTYPHBIX CIOBUTOB (HEOIHOPOAHOCTEH
nepBoro u BToporo poza). Ha ocHoBe HopBexckux u mBeiackux I'MC paccunTaHbl MHOTOJIETHHE HOPMBI IS
AmaTHT B Tak Ha3bIBaeMbIi HOMHIYycTpuanbHb nepuon (1850-1900 rr.). Cpennece3onHsie Temmeparypbl XXI B.
(2001-2021 rr.) B Anmarurax BBIIIE aHAJOTHYHBIX Temmeparyp nepuoga 1850-1900 rr. Ha 2.6, 2.5, 1.2 u 1.9°C
(3uMOi1, BECHOM, IETOM 1 OCEHBIO COOTBETCTBEHHO).

Oco6eHHOCTH BEPTHKAJIBHOI0 pacnpeieeHusi TeMIIepaTyphbl BO31yXa
B ANIaTHTaX B Pa3INYHbIE CE30HbI

B.W. Jlemun, 5.B. Ko3enos
DI'FHY «Ilonapuviii ceousuneckusi uncmumympy, 2. Anamumol

Ha ocHOBe wusMepeHuii Ha METEOPOJOTMYECKMX CTAHLUAX, MAapUIPyTHBIX HW3MEPEHMM, a TaKKe JaHHBIX
MHKpPOBOJIHOBOTO TemrepatypHoro npoduiemepa MTII-SPE BbimoiHeH aHann3 BEPTUKAIBHOTO pacCIpelesIeHUs
TEeMITEpaTypbl BO3LyXa B ropojie ANAaTUThl M €ro OKPECTHOCTSX B pPa3IMYHbIC CE30HBI (a0CONIOTHBIE BBICOTHBIC
orMeTkH oT 127 o 200 M H.y.M.).

C mapra 1o OKTSOph paclpejieieHHe TeMIlepaTypbl BO3[yXa 3aBHCHT OT BpPEMEHHM CYTOK. B HOYHBIE Hachl,
BKIIFOYAsT W TIEPHOJA TIONSAPHOTO [IHS, HaOnromaeTcs WHBepcHs B cioe mpuMmepHo mo 180-220 M H.y.M. C
XapakTepHBIMHU [UIA 3TOTO Nepuoja rpagueHTamu oT -4 1o -1°C/100 m. [Inem Temmeparypa MpaKTUYECKH JINHEHHO
yOBIBaeT C BBICOTOMH, NMPUYEM B TEIUIbII CE30H TPaJUEHT OJM30K WIIM JaXke MpeBbIlIaeT cyxoaauadaruyeckuii. C
HOS0ps 110 (heBpab NpH COXpaHEHUH CHHONTHYECKOW CUTYaIlK THIl pacIipeeeH s B TEYCHHE CYTOK HE MEHSETCH.
WuBepcns 3axBateBaet cioit 10 400-500 M H.y.M. I3MeHeHHS TeMITepaTypsl ¢ BBICOTOM, B T. 4., M B CJIO€ HHBEPCHUH,
CHIIbHO HeJMHEHHble. HanOospline TpagueHThl HAOIIOJAIOTCS B caMoM HibkHeMm S50-70-MeTpoBOM cCilioe OT
MIOBEPXHOCTH: B CpPeAHEM OT -5.6 110 -2.2°C/100 M 110, HO B IEpHOJ AKCIIEpUMEHTa OHU joctrrany u 15-18°C/100 m.
INocnenHne 3HAa4YEeHUs] XapaKTEPHbI UL NOHIDKCHHH penbeda (03epHbIE KOTIOBHHBI, JOIHMHBI PEK W T.II.) H3-3a
(bOopMHUPOBaHYA B HUX B IIEPUOABI YCTAHOBHBIIEHCS IITHIEBOH MaI000JIauHOM IIOTOBI «03€p XOJI0AaY.

Kuneruxa N, u O, B cpeaneii atmocgepe 3emsin Bo Bpemsi coobiTHii GLE
A.C. Kupwnos, B.b. benaxosckuii, E.A. Maypues, }0.B. banabun, A.B. I'epmanenko, b.b. ['Bo3neBckuii
OI'BHY «Ilonaphutii ceogpusuneckuti uncmumymy, 2. Anamumet

ConHedHBIE MPOTOHBI, NMPOHMKAIOIIKE B aTMocepy 3eMiIH, XapaKTepHU3yIOTCS KaK MSATKHMH 3HEPreTHUYECKHMH
CTIEKTpaMH (3HEPTHU TOPAAKA HECKOJIBKHX JECSATKOB M COTEH M»3B), Tak M peNSITHUBUCTCKUMH SHEPTHSIMHU.
PensTuBHCTCKHE BBICOKOPHEPTHMYHBIE MPOTOHBI OOHAPY)KWUBAIOTCS HA3€MHBIMH HEHTPOHHBIMH MOHHUTOPaMH,
pa3MemeHHBIMH B MOJSIPHBIX 00macTsx, kak Ground Level Enhancements coOsiTus (coositust GLE).

PaccMoTpeHb! MeXaHHM3MBI 00pa30BaHUs ICKTPOHHO-BO30YKAECHHBIX U KOJIEOATEIbHO-BO30YKIEHHBIX MOJEKYII
MOJIEKYJISIPHOTO a30Ta Ha BBICOTaX CpeAHeH aTrMocdepbl NpH BHICHINAHUK BBICOKOIHEPI€THYECKUX IMPOTOHOB.
Pacuersr BemmonHeHs! mis coobitiit GLE6S (28.10.2003), GLE67 (02.11.2003), GLE69 (20.01.2005). OcHOoBHBIE
Pe3yIbTaThl TUX PACUETOB CIEAYIOIINE.

IToxa3zano, 9TO BBICOTHBIE MPO(HIM 0OBEMHBIX HHTEHCUBHOCTEH m3nmydenus noioc 1PG cuctemsr 669 um n 749
HM (CHIOHTAaHHBIA M3JIy4aTeJIbHBIH Iepexo] BSHg,v’—>A3 T, V") TOKa3bIBAIOT 3HAYUTENHHOE YMEHBIIEHHE IO
CpPaBHEHHIO C HHTEHCHBHOCTBHIO M3Iy4eHuUs 1mosockl 2PG cuctemsr 337 HM (CIIOHTaHHBIN M3ITydaTeIbHBIN MEPeXo
C3Hu,v'—>B3Hg,v") Ha BBICOTaX cpemHei arMocdepsl 3eMild. YMEHBIICHHE MOYHO OOBSCHHTH BBICOKMMU
CKOpPOCTSIMU TYLIEHUEM COCTOSHHS B31_[g IPU MOJIEKYJISIPHBIX CTOJKHOBEHMSIX ¢ Moiekyramu N, u O, mo
CPABHEHHMIO CO CKOPOCTAMH TylieHus cocTosHus C 11,
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KuneTnka CHHITIETHBIX cocTosHMI O, Ha BBICOTax CpelHed aTMoc(epbl pacCMOTpPeHa KakK ¢ y4eTOM IpsSMOro
BO30YK/I€HHUsI BBICOKOOHEPTMYHBIMH IIPOTOHAMH ¥ BTOPHYHBIMH DJIEKTPOHAMH, TaK M C Y4YETOM IIPOLIECCOB
TePEeHOCa 3IIEKTPOHHOTO BO3OYKIECHHS C METAacTaGHMIBbHOro MoJeKyispHoro azora No(A’Z,"v=0) ma cocrosuus
I'epubepra O, m mepepacupenencHrss HEPTUN BO30YXKIEHHUS MEXIy KOJIeOATENbHBIMHA YPOBHSMH CHHIJIETHBIX
COCTOSIHUH TPH HEYNPYTHX MOJCKYJISIPHBIX CTOJIKHOBEHUsX. [l0Ka3aHO, YTO TOMUHUPYIOIIUI BKJIA]] B BO30YXKICHHE
Oz(alAg) u Oz(blZg) BHOCSIT IIPOLIECCHI MIPSIMOTO 3JIEKTPOHHOTO BO30Y KICHHUSL.

UccnenoBanme konebaTeIbHBIX HACEIEHHOCTEH OCHOBHOI'O COCTOSTHUSA X12g+,v>0 BO Bpems coObiTis GLE69 Ha
BBICOTaX CPEAHEH aTMoc(ephl M0Ka3aJlo pa3inuyHble OCHOBHBIE MEXaHU3MbI B BO30Y)KIEHUH MOJIEKYJIIPHOTO a30Ta.
Bo-niepBbIX, BO30Y)XIE€HHE BTOPHUYHBIMH 3JIEKTPOHAMH SIBJISIETCS NPUHLMIHAAIBGHBIM JUIS BCEX KOJIe0aTeNbHBIX
ypoBHE#l. Bo-BTOpBIX, MOMy4YaeTcs, 4YTO MpOLEcC BHYTPHUMOJIEKYISIPHOTO MEPEHOCa 3HEPIUH ¢ METacTabMIbHOTO
COCTOSIHUS A32u+ MIPH CTOJIKHOBEHHSX Nz(A32u+,V':0-5)+N2 JOMUHHUPYET B KoeOaTeIbHOM BO30YKICHHUN BBICOKHX
KonebaTenbHbIX  ypoBHeH Vv=20-30 OCHOBHOTO COCTOSHUS XIZg+ MoJIeKyJIsipHOro azora. KousebaTenbHo-
BO30Y K/IEHHBIE MOJIEKYJIBI a30Ta MOTYT UIPaTh OYEHb BAXKHYIO POJIb B KOJICOATEIHHOM BO30YKAECHHH MAPHUKOBBIX
ra3oB U B OanaHce HH(MPAKPACHOTO M3ITyUeHHs CpeaHel aTMochepsl 3eMIH BO BpeMs BOSMYIICHHUH.

HccnenoBanue BBHINONHEHO 32 cueT rpanta Poccuiickoro Hayynoro ¢onzaa (mpoekt Ne 18-77-10018) «Iloroku
BBICOKOOHEPTMYHBIX 3apsHKEHHBIX YacTUI B OKOJIO3EMHOM KOCMHUYECKOM MPOCTPAHCTBE, M WX BO3AEHCTBHE Ha
aTMochepy APKTHKI».

YnciieHHOE MOJIeIMPOBaHMeE HUPKYJISLMUA HUKHEH U cpeJiHeil aHTApKTH4YecKoi aTMocdepbl 1
BJIMSIHUSI HA Hee 3eMHOI0 pesibeda B JIETHUX YCJIOBHSIX

N.B. Munranes, K.I'. Opnos, B.C. Munranes

DedepanvHoe cocyoapcmeenHoe 010xcemHoe HayuHoe yupedscoeHue «llonsapubii 2eo@uzuyecKutl UHCIMUMYm,
2. Anamumpui, Poccus

B Hacrosmeidl pabore NPUBOAATCS M CPaBHUBAIOTCS MEXTy COOOW pe3ynbTaThl YHCIEHHOI'O MOAEIHPOBAHUS
KPYITHOMACIITaOHOW IUPKYIISAIIUN BBHICOKOITUPOTHON HIDKHEH W cpemHer atMocdepsl FOkHOTO momyrmapus. DT
pe3yJIbTaThl MOJIYUYEHBI 110 ABYM pa3jIMyarolMMCs BapUaHTaM OJHOM W TOU ke MaremMaTuueckod mojnenu. Mmeercs
B BUJly YHMCJICHHAs IJ100aibHAasl MOJIEIb TOPU30HTAILHOTO M BEPTUKAILHOTO BETPa B HIDKHEH M cpeHel atMocepe
3emim, KoTopasi OblIa paHee pa3paborana B [lomsapHOM reo(u3N4eckOM WHCTHUTYTE. DTa MOJAETh HEOIHOKPATHO
YCOBEPIICHCTBOBAJIACh M INPHMEHsUIach Uil HCCIIeNOBaHWSA oOmiel IuMpKyasnuu artmocdepel 3emmu. B
NepBOHAYAIIBHBIX BapHaHTaX YHMCICHHOH MOJIEIHM 3€MHasl MOBEPXHOCTh CUMTAIACH IJIAJAKOH, a B Ooyiee MO3IHHUX
BapuaHTaX MOJIEJIU OBbUT yUTEH peiibed 3¢eMHON ITOBEPXHOCTH.

ITpumeHnsiemasi MOZENb OCHOBBIBAETCSI HA YMCICHHOM PELICHUH CHCTEMbI I'a30AMHAMUYECKUX YPaBHEHHH B CIIOE,
OKpy»XawouieM 3eMillo TJ00albHO, M I03BOJIIET PAaCCUMTHIBATH TPEXMEPHbIE TIJI00AJIbHBIE paclpeeseHns
30HQJIBHOW, MEPUAMOHATIBHOI M BEPTHKAIBHOM KOMIIOHEHT CKOPOCTH HEHUTPAJbHOTO BETpa, TEMIEPATyphl U
IUTOTHOCTH aTMOC(EpHOTro ra3a Ha BBICOTAX HWDKHEHW M cpenHeil atmocdepsl. [Ipumensemas dnucieHHas MOJENb
ABJISIETCSI HETUAPOCTATHUYECKOM, B HEH BEPTHUKANbHAs CKOPOCTh ra3a HAXOJUTCS IyT€M YHCICHHOTO PEIICHUS
MIOJTHOTO YPaBHEHUS IIBYDKEHHUS JUIS BEPTHKAJIBHOW COCTAaBIISIOIIEH CKOPOCTH 0e3 NpeHeOpekeHUs] KaKUMHU-TH00
wieHamu. [Ipu 3TOM Bce TpH KOMIIOHEHTHI CKOPOCTH PACCUUTHIBAIOTCS TPH MOMOIIH YHCICHHOTO PELISHHS TTOITHBIX
YPaBHEHHUH ABM)KEHHS BSI3KOTO CKMMAeMOTO Ta3a, W yCIOBHE T'MAPOCTATHYECKOTO PABHOBECHS HE IPHMEHSIETCS.
HerunpocraTu4HOCTh MOJEIM IO3BOJSIET IOJy4aTh C €€ IOMOIIbI0 0ojiee TOYHBIE pe3yJbTaThl, 4YeM C
HCHOIb30BAHUEM TUAPOCTATUYECKUX MOJAETIEH.

B Hacrosimeil paboTe NpPUBOIATCS W AHAIM3UPYIOTCS PE3YNIbTaThl PAacUYETOB CHCTEMBI TOPH30HTAIBHOTO H
BEPTHKAJIBHOIO BETpa B 36MHOM aHTapKTHYECKOH aTMocdepe B SHBAPCKUX YCIOBHUX. Pe3ynbTaThl MONyUYeHBI IS
OJIMHAKOBBIX T'€IMOre0(U3MYECKUX YCIOBHH NpPW MOMOLIM JIBYX BapHaHTOB MOJIENH, B IIEPBOM H3 KOTOPBIX
MOBEPXHOCTh 3€MJIM CYHMTAETCsl TJIAAKOH, a BO BTOPOM BapHaHTE MOJENH YYMTHIBAE€TCS penbed 3eMHOM
noBepxHocTH. CpaBHEHHE 3THX Pe3yJIbTaTOB IO3BOJACT BBIABUTH BIMSHHE 3€MHOIO penbeda Ha IUPKYJSALHUIO
HIDKHEH M Cpe/iHel aHTapKTHYeCKOit aTMocdepsl.
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CucreMbl BHYyTPEHHUX IPABUTALMOHHBIX BOJIH B CpeJHeil U BepxHeil atmocdepe 3emuin,
NMOPO:KIeHHbIEe 00TeKAHUEM I'OPHbIX MACCMBOB T€YEHUSIMH B HUKHeH Tponocdepe

K.I'. Opnos, 11.B. Munranes, E.A. ®enoroBa, B.C. Munranes
OI'BHY «llonapuwiti 2eogpuzuveckuti uncmumymy, 184209, Mypmanckas obn., 2. Anamumeot, yi. Akademeopoook, 26a
E-mails: mingalev_i@pgia.ru; orlov@pgia.ru; godograf87@mail.ru; mingalev@pgia.ru

B nmoxnaze oOcykaaroTcsi pe3ysbTaThl YHCIEHHOTO MOEIMPOBaHUS OOIIEH HUPKYISUUH atMocdepsl 3eMiu B
muarazoHe BBICOT 0-90 KM Ui ycIoBHI SHBaps, MapTa W HIOJI, TOJXYYeHHBIE C TTOMOIIBIO Ta30IUHAMUYECKOM
MOJIEIA C IIOJTHOLIEHHBIM YYEeTOM PaAHallMOHHOTO HArpeBa-BBIXOJAKMBAaHUS BO3AyXa. AHAIM3HPYIOTCA CHUCTEMa
BHYTPEHHUX TPaBUTALMIOHHBIX BOJIH B CPEJHEH M BepXHeW arMocdepe 3eMiid, KOTopas BO3HUKAET NMPHU 00TEKaHUU
TOPHBIX MaccMBOB AHBI U Kopauibepsl 30HaJIbHBIMU TEUCHHUSIMHU B HIDKHEH Tporocepe Hax Tuxum oxeaHoM, n
BEPTHKANBHBIN MepeHoC B cpenHeil u BepxHeH atmoctepe. Takke aHAIM3UPYIOTCS OCOOCHHOCTH LUPKYISIIAA B
cTpatochepe u HmKHEH me3ochepe. [Tokazano, 4To pa3paboTaHHAsT aBTOPAMH MOJIEIb BOCIIPOU3BOAMUT MPHU3CMHBIC
SMEWKH LUPKYJSIIAUA B MEPUAMOHAIBHOM M BEPTHKAIGHOM HAlpaBJICHUSX HaJl OKeaHaMH, KpYITHOMacIUTaOHbIE
BHUXpH, IMOJABEM TPOIOIAY3hl HAll 3UMHEH MOJSPHONU 00NACTHIO, IUPKYMIOJSIPHBIE BUXPH U TOTEIUICHHE B BEpHEH
4acTu cTparocdepsl U HIKHEH Me30chepsl B MOJISPHON 001aCTH 3MMHETO TTOTyIIaPHSL.

Kniouesvle cnosa: mojnenupoBanue o0OIIEH TUPKYIAIMA atMochepsl 3eMiHM, OCOOEHHOCTH MHPKYJISIUA B
cTpaTocdepe U HIKHEH Me3ochepe

Pe3yJabTaThl TECTHPOBAHUSI PAMAIIMOHHOTO (JIOKA MOJIEIH
oomieii nupKyJaaun atmochepbl 3eMJIn

E.A. ®enoroa, 11.B. Munranes, K.I'. Opnos
@I'BHY «Ilonaphutii ceogpusuneckuti uncmumymy, 2. Anamumeot
E-mails: godograf87@mail.ru; mingalev_i@pgia.ru, orlovi@pgia.ru

B noxnane o0CykaaroTcsi pe3ysbTaThl TECTUPOBAHMS JBYX OJIOKOB MOJIENHM O0ILIeH HUPKYIISIIUKN aTMochepbl 3eMiIH.
IlepBblii 610K MpeHA3HAYEH IS pacyeTa IoJIs COOCTBEHHOTO M3/IydeHHs B quanasoHe actot oT 10 10 3000 cM ',
a BTOPO# GIIOK — IS pacueTa Mojis COJHEUHOTO M3IyueHMs B 4aCTOTHOM amamasone ot 2000 mo 50000 cm '. B
KaXXI0M H3 I3THUX 6J'IOKOB HCIOJIB3YETCA CBOA IapaMeTpu3allvgd OINTUYCCKUX MapaMETPOB BO3JAyXa B HHTCPBAJIC
BbICOT OT moBepxHocTu 3emau a0 90 kM. Ilpum mocTpoeHMHM 3THX NMapaMeTpU3alUil yYUTHIBAIOCH M3MEHEHHE
ra30BOTO COCTaBa aTMoc(epsl ¢ BBEICOTOH, a TaKKe HapyIIEHHE JIOKABHOTO TEPMOIUHAMUYIECKOTO PABHOBECHS B
KoJie0aTeNbHBIX MOJIOCaX YTIIEKUCIIOTO Ta3a ¢ JJIMHOM BOJNHBI 0KoJo 4,3 u 2,7 MKM Ha BbIcOTax Bbime 70 kM. st
YHCIIEHHOTO PEUIeHHs ypaBHEHHS NEepeHoca M3IyUYeHUs NCIIOJIb30BAJICS METOJ] TUCKPETHBIX OpAWHAT. PesynbraTsl
pacdeToB, BEHIIONHEHHBIX C TOMOMIBIO YKAa3aHHBIX OJIOKOB MOJEJH, CPaBHHUBAIOTCS C PE3YIbTaTAMH STATIOHHBIX
pacyerToB MoJisi COOCTBEHHOT'O M3JIyUEHHs U TMOJIsl COJIHEYHOTO M3JIyueHUs] B HIKHEH U cpenHell atMocdepe 3emin,
BBITIOJIHEHHBIX C OYEHb BHICOKMM Pa3pelIeHHeM 10 YacTOTe.
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Association of solar spots and CME’s with diurnal rhythm disturbance in meteo sensitive plants
and with randomness lack events in coin-toss experiments

P.A. Kashulin, N.V. Kalacheva
Polar Alpine Botanical Garden-Institute, RAS

The long-term observation of indoor Marantha leoconeura and Ctenanthe setosa plants under regulated lab
conditions has revealed the explicit disturbance of daily nastic leaves movement. It was shown that the ordinary
diurnal rhythm failure was followed either solar spot formation or CME’s oriented to Earth direction. The about
fortnight cycles, circaseptan and circasemiceptan cycles in plant multi-diurnal nastic leaves movement were
revealed by spectral analysis. In accordance to Simon Shnoll macroscopic fluctuations conception the external
effects presumably of cosmic provenance are capable to modulate terrestrial physical processes including random
ones. To check out the consequences of the conception the long-terms coin toss experiments and daily random
numbers generation with SRP-285I1 “CITIZEN” were carried out. The two kinds of deviation of normal expected
top-tail coin distribution were found. The recurrent ones were often synchronized with unusual plant physiological
behavior meanwhile others events showed absolutely unpredicted occurrence. The possible cause-effect relations of
observed phenomena with current solar activity are discussed in terms of pair-wise and cross correlation and cycles
observed signature.

IoTeHuHAaJIbLHBIE HCTOYHUKH ONACHOCTEH M YPe3BbIYANHBIX CHTYaNMi
rejuoreoGpu3snYecKoro xapaxkrepa

O.I'. MupmoBUH, K..-M.H., OoyeHm
00O «Humezepany, e. Mockea, e-mail: mirmovich1940@mail.ru

B cucreme obecrieueHnst 6€301acCHOCTH MHOTOKOMITOHEHTHBIE YIPO3bI U3 KOCMOCA BXOJAT B YHCJIO CAMBIX OITACHBIX
MOTEHIIUAIBHBIX MCTOYHUKOB 4pe3BbruaiiHbix cutyanuii (UC), umeromux cuHepreTueckuid xapakrep. Hapsay c
peamsHON acTeponaHO-KOMeTHO# omacHOCThiO (AKO) [1], moguuHsromeiicss Togo0HO KPYITHBIM 3eMIIETPSICEHUSIM
PACIPEIENIECHHUIO C T. H. «TSKENBIMU XBOCTAMU», B PsAly HETaTUBHBIX BO3JCHCTBUM HA JKU3HEACATEIBHOCTD JIIOACH U
00BEKTHl SKOHOMUKH KOMIUIEKC T€HOre0(pH3NIECKNX BO3ZMYIIEHHUH, BKIFOUAIOIMHA B CEOsl COTHEUHBIE BCIIBIIIKH 1
TeOMarHuTHele OypH M TOJyYMBIIMH B MoOcJenHee BpeMsl BO3pOKAECHHBIM mocie A. JI. UmxeBcKoro TepMHUH
«KOCMHYECKasl TI0T0ja», 3aHUMaeT cBOE 3aMeTHOe 3MecTo. KcTaTh, CBOM BKJIAA B 3TO «BO3POXKIICHNE» BHEC U aBTOP
cBoelt crathéit 1986 roma [2], rae «0003HAUMID» BCIO MPOOJIEMATHKY 3TON 00JaCTH OKPYXKAIOIICH Cpelbl M BBEN
COOTBETCTBYIOIINE TapaMeTPhl NMPOTHO3a: BXOIHBIE — «IPEIUKTOPBD», & BBIXOIHBIE — IPEIUKTAHTHD), & TaKKe
MMPEABCCTHUKU.

HeobxomumeiM yemoBuem peanmmzanuu [IMYC (MOTEHIMATBFHOTO HCTOYHHMKA Ype3BbIYaiHON cutyammu) B UC
ABJIACTCA HAJIMYUEC B 30HC €0 BOSﬂeﬁCTBHﬂ moneﬁ HnJIn O6’beKTa 3KOHOMUKH.

Yuéneivu u cnenmanuctamu MUC Poccnn emé B 1993 romy Opuin BEIpaOOTaHBI KPUTEPHH HEOIATOMPHUATHBIX U
OMNACHBIX TeHoreo(U3NUecKux siBiIeHui, Morymux npuBectH K UC, u BBeIEHBI B CHCTEMY NpeIyNpekIeHUS
OpPTaHOB I'OCYAApCTBEHHOHN BiacTH, BoopyxeHHbix Cuin P® n omoBemieHust HacesneHHs 00 OMACHBIX IPHPOIHBIX
ABJICHUAX, B HEJIAX MPCAOTBPALICHUA FI/I66J'II/I ﬂ}OHeﬁ Ha 3€MJIC U B OKOJIO3CMHOM KOCMHUYECKHM MNPOCTPAHCTBE
(OKII) mpu opOWTaNbHBIX TONETaX, CHIKEHHSA HKoHOMHYeckoro ymiep6a [3]. [IMYC remmoreopusndeckoro
xapakTepa KiacCUDUIUPYIOTCS MO ABYM cocrosHusM oOctanoBkd B OKII: paauaiiuoHHOW HW MarHUTHO-
noHochepHoi. TakoBBIMH SBISIOTCS: IUIOTHOCTH MOTOKA 3apsDKEHHBIX YACTHII IT0 N3MEPEHHUSIM B MOJIIPHBIX IIAIKaX
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MarHuTocepsl 3eMiM WM BHE MarauTtocepsl, a Takke HOHOc(hepHble 3((EKTHl COIHEYHBIX BCIBIIIEK H
MarHUTHBIX Oypb, PUBEICHHBIX B [3, 4].

OpHako ecTb HEOOXOIUMOCTh JOIOJHEHHS W KOPPEKTHPOBKM [JAHHBIX KPUTEPHUEB, UYTO CBA3aHO C
(yHIaMEHTALHBIMU Pe3yJIbTaTaMH B AKCIIEpUMEHTaIbHOM n3ydenun Comnua, a takxke OKII kak B monocdepHo-
MarHUTHOM, TaK U B paJHallMOHHON cocTaBistonIel. Tak, He yYTeHbl PUCKH HETATUBHOTO BIMSHHS MarHUTHBIX Oyphb
Ha SHEpPreTH4YecKHe W TPaHCHOPTHBIE OOBEKTHI YKOHOMHKH, OT 3aCOPEHHMsI OJMIKHEro KOCMOCa MYCOPOM, KOTOpBIE
ctayim nipeBbimath puck AKO. Cuutanocs, uro B CKJI HeT mepBHYHBIX HEHTPOHOB MJIM UX MPEHEOPEKUMO MaJlo, a
HEUTpPOHHAs KOMIIOHEHTa, pPErucTpupyeMass MOHHTOpPaMH — 3TO JIMIIb BTOPWUYHBbIE dYacTUIBl + (GOoH M3 Heap
ianetsl. Ho no m3mepenusim npudopamu GRS Ha IC3 "SMM" u COHI" na C3 "KOPOHAC-®", Ha aspocrarax
U B psAle APYIHX COBPEMEHHBIX sKcmepuMmeHToB B coctaBe CKIJI peructpupyrorcs neiitponsl ¢ E > 20 M»B,
KOTOpbIE MpPEICTABISAIOT OMAacHOCTh Ul mojéroB He Tonbko B OKII, HO u Ha JUIMHHBIX aBuarpaccax. Takue
noripaBku K kpurepusm [TNYC OyayT umeTs 3HaUNMOE OHOJIOTO-COIMAIBHOE X 3KOHOMHYIECKOE 3HAUCHHUE.

1. MupmoBra D.I'., KpemMmckas actpodmsmdeckas obOcepBatopust n mpeaynpexneane UC Tuma actpobiiem
Ha3eMHbIMH cpeacTBaMu auarHoctuku / [Ipoonemsr nporuosuposanus YC. XIII HIIK, 14-15.05.14. C6. mar. M.:
DOKY «Artuctuxus» MUYC Poccun, 2014. C. 78-80.

2. Mupmosuu D.I"., TIporno3 norons! cpenneii armocgeps! / «UenoBek u cruxus», Exerognuk. M.: «Haykay.
1986. C. 77-80.

3 MupmoBuy D.I'., ApKTHKa Kak MEXIMCLUUIUIMHAPHAs SKCIEPUMEHTalIbHAsl JIabopaTopusi HCCIEIOBaHMS
reoc(epHBIX BO3MYIICHUHA TEIHOTCO(PH3MUECKOr0 MPOMCXOxaeHus // HaydHblii smekTpoHHBIH apxuB. url:
http://econf.rae.ru/article/6546 (nata oopamenus: 17.02.2022).

4. Mupmonu O.I'., I[loTeHImanbHBIE WCTOYHUKH YPE3BBHIUAHHBIX CHUTYallHd  TeIHOTECO(PH3HMUECKOTO
npoucxoxaenus / 16-s1 Bcepoccuiickast oTkpbiTass Hay4dHas KoH(epeHuus «®Pu3MKa IU1a3Mbl B COJIHEUHOMH
cucreme», M., UKW PAH. 2021. C. 279. https://plasma2021.cosmos.ru/docs/2021/PLASMA-2021-AbstractBook-
0202.pdf

T'eopusnueckue u ouosoruueckue 3¢ dexTnl coHeuHOro 3aTMeHus 1 aBrycra 2008 roga
I'.J1. [Tak, H.M. CanuxoB

HATOO «Hucmumym uonocgepvry AO «Llenmp kocmuueckux uccied08anull U mexHoI02uily,
2. Anmamesi, Pecnybnuxa Kasaxcman

Nzydenne reopusnvecknx u Ouoyormueckux 3PQexToB comHeqdnoro 3atmennus | asrycra 2008 r. BBIIOIHEHO B
ycnoBusix Bbicokoropbst (h 2750m) Ha HayuHoil ctaniun «Paxnononuron Opouray» [N43°03'29,9" E 76°58'25,0"],
I7Ie Ha TMOCTOSHHOW OCHOBE MPOBOAHUTCA perucrparus paxnomsmyderus Comxma Ha gactotax 1 I'Tm m 2,8 I'To
(panmoteneckon THA-57) n armocdepHbIX akyCTHYecKHX BOJH B MH(pa3BykoBoM (M®d) nuanazone ot moseii [1a
no 100 IMa (npeumsuonHblit Mukpobaporpad «ISGMO3»). B 2,97 kM ot Pammononurona Opburta Ha HaydHOMH
cranimn «Kocmoctanmusa» (h3340m) [N43°02'33,9" E76°56'38,1"] npoBoauTcs perucrpauust MOoTOKa ramma-
KBAaHTOB B NMPHU3EMHOIT atmMocdepe (cuuHTHLIIMOHHBIN fAertekTop B/IDI2-39 ¢ kpucramwiom Nal) u mereoyciioBuit
(http://89.250.81.11). 1 aBrycra 2008 r. mpoH30IIIO COJHEYHOE 3aTMEHHUE OOIIeH MpoaoDKUTEIbHOCThIO 2:04:47,
Haygaiio 3armenust B 10:00:43 GMT, makcumanbHas daza 11:05:40 (Jlyna 3axpeiia 83.8% nucka CounHia), KOHel|
3armenust B 12:05:30 (o manHbIM 06cepBaTopuu «Actpodusndeckoro nHCTUTYTa M. B.I'. decenkoa). B Teuenne
yaca J10-, BO BpeMs H IOCJIE 3aTMEHHUS Y 3-X HCHBITYEMbIX, HAXOJSIIMXCS B 3aTEMHEHHON KOMHATE B IOJIOKEHUU
JIe’Ka ¢ 3aKPBITBIMU IJIa3aMH PErUCTPUpOBaNM BapuabensHocTh putMa cepana (BPC) kapauomonuropamu ¢gpupMsl
«Polar». B 3ToT neHp Obuia sicHas 0e3001ayHas norona. ['eoMarauTHas 00CTaHOBKA CIIOKOWHASA.
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Bo Bpems coiHEYHOro 3aTMeHHsi B BapHalMsiX MHUKpomysbcauuu armochepHoro nasienus (MATJ]) B UD

JMana3oHe BOJH Npeobiananu koiebanus ¢ dactorod npumepHo 0,0012 I'm, xotopble coxpaHsuMch Oojiee yaca

mocye 3aTMeHHs (PUCYHOK 1).

Pucynok 1. Bapuanuu MukpoIryiscanuii aTMOC(PEpHOTO JaBICHHUS BO BPEMs COJTHEYHOTO 3aTMEHUS |
asrycta 2008 1. [lo ocn Y — amruintyna Bapuanmii B [lackamsax. Pagnonsnyuernne Comana 2,8 [T B
OTHOCUTENBbHBIX equHuIax. [1o ocu X — BpeMsi B CeKyHAax OT Hayaja cyTok no Bpemenu GMT.

40 000

Cekyunawm, GMT

Cpasnenne Bapuanuiit MAT/] u moka3zateneit BPC B o6mactu wactor meree 0,003 ' MO3BOIHIO IPEIITIOIOKUTD,

YTO BOJIHOBASA MOAYJIAUS CEPACYHOIO pUTMa BO BPEMS COJIHEYHOI'O 3aTMEHHUSA HCIIBITBIBACT PE3OHAHCHOE BIIMAHHUE

KoJie0aTenbHONH PUTMUKH MUKPOITYJIbCAILINH aTMOC(HEPHOT0 JaBIICHUS.

Jlnnamuka BPC Bo Bpemsi 3aTMeHHs OMNpeAeNsiach HCXOAHBIM COCTOSHHEM MEXaHU3MOB BETE€TATHBHOM

peryJISIuN pUTMa CepAla. Y JIHI ¢ BRICOKMMH IMoka3atenssmMu BPC moBsIieHne montHocTH criektpa Boicokux (HF)

u Hu3kux (LF) yacToT Ha oHEe HavaIbHON M MaKCHMMAJIbHOW (ha3bl 3aTMEHMsSI CMEHSUIOCh UX yrHETeHHEeM B (hase

BOCCTAHOBJICHUA PaAWOU3TTYUCHUS COJ'IHIIa. CHGKTp MOIIHOCTH OYC€Hb HHU3KHUX 4YaCTOT (VLF) HOBBIIIAJICA B

HavyalbHOH (Da3ze v MPOrpEeCCUBHO CHMUIKAJICS OT MAKCUMAJIbHOM /10 KOHEYHOM (ha3bl 3aTMeHus. OOpaliiaeT BHUMaHKE

BbIpaXKCHHAA TCHACHIUA K BOCCTAHOBJICHUIO MCXOJAHBIX nokasareneir BPC mociie coaHedHOro 3aTMeHHs (pI/ICYHOK

2).
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Pucynok 2. Momuocts muHamugeckoro crekrpa HF (0,4-0,15 T'm), LF (0,15-0,03 I'm), VLF wactot
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(0,03-0,003 I'm) Bo Bpems comHeuHoro 3atMeHus. SR - pamgmomsnyuenne Connna 2,8 I'Tn, Infra —

MAT/] B na(pa3BykoBoMm nuamaszone. [lo ocm X — BpeMms B CEKyHIax OT Hadajla CyTOK IO BPEMEHHU
GMT.

v HCOBITYEMOTO C HH3KOM BapI/Ia6eJ'ILHOCTBIO puTtMa cepaua BO BPEMs COJHEHYHOI'O0 3aTMCHUSL HanboJIee YETKO

MPOSIBIJIOCH TIOBBIIICHHE MOIIHOCTH crnekTpa LF wactor, 00ycloBIeHHOE aKTHBALMEH CHMITaTO-aJPEHAIOBOM

CHUCTEMBI, U CHIDKEHHUE CIeKTpanbHoi MomHocTH B auanazone HF, VLF u UVLF ugacror.
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Heliobiosphere

Bo BpemsI COTHEYHOrO 3aTMEHMsI 3apPETHCTPHPOBAHO MOHMKEHHE OapoMeTpuueckoro masicaus Ha 0,189 mbap,
MOHKEHHS TeMIepaTypsl arMocdepHoro Bosayxa Ha 1,38 °C W MHTEHCHBHOCTH MMOTOKAa T'aMMa-KBAaHTOB B

nmunamasoHe sHepruit 60-120 k3B (pucyHok 3). s yrobcrBa Ha rpadukax IpHUBEACHO N3MEHEHHE PAIHON3ITYICHUSI
CouHIta BO BpeMs 3aTMEHHUS.

T

(RS W

Pucynoxk 3. Vi3amenenus: 6apomerpudeckoro aasieHus (a), remmeparypsl (b)u MoToka raMmMa-KBaHTOB
(c) B mpu3eMHBIX CIOSX aTMOc(epsl BO Bpems comHeuHoro 3atmenms | aBrycra 2008 r. SR —
panuonsiyyenue Connna 2,8 [T B oTHOCHTENBHBIX euHUIAX, P — atMochepHoe GapomeTpuueckoe
JaBJICHHUE, t — TeMIepaTypa M MOTOK raMMa-KBaHTOB B Mpu3eMHO# atMocdepe. [1o ocu X — Bpems B
CeKyH/Iax OT Havaja cyTok o Bpemenun GMT.

Kaxk 0b110 OKa3aHO HAMM paHee Pe30HAHCHOE BIIMSHUE Ha ClieKTpalibHble napameTpsl BPC okasbiBaloT Bapuanuu
IMOTOKAa TaMMa-KBaHTOB BTOPHYHONH KocMH4Yeckod KommoHeHTel obmactt VLF wu UVLF wgacror [l1].
[peanonoxuTenbHO, BapualMy raMMa-KBaHTOB MOTYT OBITh (haKTOPOM, OINOCPENYIOIIMM BIIMSIHUE 3aTMEHUS Ha
BapHa0eIbHOCTh PUTMA CEpPIIa.

1. Cammxos HM., ITak I'. 1., Kpsixyrosa O.H., Uy6erko A.C., BoiHOBas CTpyKTypa CEepAeIHOTO PUTMA U €€ CBS3h C
BapHalUsIMH WHTCHCHBHOCTH TOTOKAa raMMa-KBaHTOB BTOPHYHOTO KOCMHYECKOro mpoucxoxiaenus // Tpymer IV
Bceepoccuiickoro  cummosuymMa €  MEXAYyHAapOIHBIM —ydacTHeM «BapuabGenpHOCTH — CepleyHOro pHuTMa:
TEOpPETHYECKHE aCleKThl U IpakTuieckoe nmpuMeHeHuey. Mxesck — 2008. — C. 307 - 310.

PabGora BeimosnHeHa npu mojuepxke rpaHTa AP09260262 «MOHHTOPHHT W HCCIENOBAaHHE MEKIeoc(hepHbIX

B3aNMOJICHCTBIIA B cucTeMe Jmurocdepa-arMochepa-moHochepa B TIeONMHAMHUYSCKUX AKTHBHBIX DPETHOHAX)
MuHucrepcTBa 00pa3zoBaHus U Hayku PecnyOiuku KazaxcraH.

77



AUTHOR INDEX

A
ADbUNIn ALA. oo 24,41, 42
Abunina MLA. ... 24,41, 42
Adebesin B.O.......oooviiiieee e, 52
Adebiyl S.J. .o 52
Adeniyi J.O. oo 52
AKhmMetov O.1. ..oooiiiiiiiiiieee e, 34,55
AlDIN D.YU. o 60
AmOSOV P. V. i 67
Andreeva E.S. ..o 53,62
Andriyanov ALF. ..o 69
Antonenko O.V. .....cccocieiiiiiiiiiieee e, 70
Antonova E.E. ........cccoooiiii, 20, 24,27
Antonyuk Gl ..ocoiieiiiii e 21
Apatenkov S.V. oo 19
Artemyev A.V. .ccoevrnene 15,22, 25,27,28, 29, 32
Atanassov A. ..o 15
Ayorinde T.T. ..coooiiiiiiii e 49
B
Balabin YU.V. ..o, 36, 37,55,71
Barkhatov NLA. ..o 41
Barkhatova O.M. .......cccccovvieiiiieiiecreeceeee e, 17
Barros D. ...oooeeiiii e 49
Barsukova ALE. ..o, 17, 41
BeKKEr S.Z. ..o, 44
Belakhovsky V.B. .......ccccee..e. 16,27, 32, 55,69, 71
Belov ALA. e 44
BelovV A V. e, 24,41,42
Beluchenko K.V, ..o 56
Benghin V.V, .o 21
Bessarab F.S. ......ooooiiiiiiiiieeeeceee e 54,57
Bilibio ALV, o 49
Bilin VLA, oo 14, 55
Bojilova R. oo 15
BoKOV V.IN. oo 57
Borisenko A.V. ..o, 38
Boroyev RIN. .o 11
Budnikov P.A. ...oooiiiiieeee e 19, 55
C
Chen G.M.......oooiiiiiieeeeee e 46
Cheng Z.W......oooeeieeeeeeeeee e 23
Cherniakov S.M. ......ooooiiiiiiieeeieeeeee e 45,57
Chernyshov AL A. ..o 54, 60
Chugunin D.V. ... 54
D
Dashkevich Zh. V. ..o 46
Demekhov A.G. ..ccooooiiiiiieeee e, 28
Demin VI oo, 67, 69,70, 71

78

DemKin V.M. oo 69
Denisenko V.V ..o 45,47, 54
Despirak LV. ..ooovveiiiiieieeeeeeee, 11,12,14,15
Divin A V. oo 22,23, 47
E
Efimkina EL. ......ooooiiiiiiiiiiieeeeeee e 21
Efishov LI oo 14, 16
EGito F. oo 49
Ermak V.M. (oo 63
Ermakova EXN. ....ooooiiiiiiiiiie e 58
Eselevich MLV, ..o 17
Eselevich V.G. .....coooiiiiiiiieiee e, 17
ESSIEN P.oooeveieeeeeeeeeeeee e 49
F
Fedorenko Yu.V. ...ccooiviviiiiinnenn, 19, 29, 34, 60, 63
Fedotova E.A. ..o 73
Figueiredo C.A.O.B. ..coociiiiiiiieeee 49
Filatov MLV, oo 14, 16, 19, 29, 63
FrantSuzov V.A. ..o 28
G
Gao H. oo 46
Gavrilov B.G....ooooiiiiiiiiee s 48, 53, 63
Germanenko A V. ..o 36,37,71
Gomonov A.D. ....ooovviiiiiiiiiee 55, 57
GordeeV EL. ..ooovviiiiiiiiii, 19,47, 51
Grach V.S, oo 28
GromoV S.V. oo 11
Gromova LI .....cooovviiiiiiiiiiceeeee, 11,12
GUINEVA V. oo 12, 15, 68
Gvozdevsky B.B. ..oociiiiiiieee 36, 71
H
Harrison R.G. ..ooooiiiiiiiiceeee e 45
Hutchinson L. ........ccoooviiiiiiiiiieeeeeeeeeeee 29
I
Tevenko LB. ..oooviiiiiiiiceec e 20
Tkubanni S.O. ...c..ooovviiiiiiieeee s 52
Ivanov V.E. oo 46
Ivanova A R. ..o, 21
K
Kalacheva N.V. ..o 74
Kalashnikova A.S. . ....ooooiiiiiiiieeeee e 62
Kalegaev V.V, ..ttt 21
Kalishin A.S. e 57



Kamaletdinov S.R. .....ooooiiiiiiiiiiiieieeee e, 29

Karagodin A.V. ..ot 68
Kashulin P.A. ..o 74
Kazantsev L.V. oo, 17
Khalipov V.L. ..o 35, 66
Kirillov A.S. oo, 55, 68, 69, 70, 71
Kirpichev LP. ..oocoiiiiieee e 20
Kleimenova N.G. ....cccccevvviiviiiiieeenenn. 11,12,15,29
Klibanova YU.YU. ..ooeeooiiiiiiieeeeeeeeeeeeee e 12
KImenko M.V. ..o 47, 56, 57
KImenko V.V, oo 47, 56
KEMOV P.A. e 21, 44
Klutse N.AB. oo 49
Knyazeva MLA. ..ottt 58
Kotik D.S. oo 58
Kozakova EXNN. ....ccoooeviiiiicicceecee e 48
Kozelov B.V. oo, 19, 44, 49, 63, 71
Kozlov DAL e 33
KozIovsky AE. oo 30
Kozyreva O.V. ..o 13
Kryakunova O.N. ..o, 24,41
Kshevetskii S.P. ...ccooovviiiiiieieeeeeeeeeeee e 49
Kudin D.V. e 59
Kulikov Y.Y. e 68, 69
Kupriyanov A.O. .....cccovvvevieiieieeieeeeie e 60
Kurdyaeva YU.A. .o 49
L
Larchenko A.V. oo 19, 60, 63
Lebed OM. ..o 60
Leonovich A.S. ..ooooiiiiiiieeeieeeeee e 33, 35, 66
Lomotey S.O. ..oooiiiiiiiieieeeeeeee e 49
LOSEV A V. o 67, 69
Lotekar A. ..ooooviiieeeeeceeeeee e 29
Lubchich ALA. oo, 11,12, 15
Lubchich V.A. .o, 61
Lukin A.S. oo 22
M
Mager P.IN. .o 31
Mahura A.G. ...oooooiiiieeeeee e 67
Maksimova V.V . ..o 67
Malova H.V. e 26
Malysheva L.M. ....ccccocveviiiiiniiiieieereeeeeeeiens 11,12
Manninen J. ..c.oooovvviiioiiie e 29, 31
Marchuk R.A. ..o 12, 50
MatSuoKa A. ...ccvveeeiieeiiieeieeereeee e 30
Maurchev E.A. ..o, 36,37,55,71
Medvedeva LV. ...cccooiiiiiiiiiiiieccceeee e 53
Melnik MIN. ..o 25,26,47
Merzlyi AM. ..o 18,26, 34, 57, 60
Mikhailova O.S. ..o 31
MiKhalev A V. oo 12
Mikhalko E.A. oo 36,37
Miloch W.J. o, 54
Mingalev LV. ...cocoovviiiiene. 26, 34, 55,57, 72,73

Mingalev O.V. ....ccoovvviiiiiieeceeeee 25, 26, 34, 55
Mingalev V.S, ..o 72,73
Mirmovich E.G. ....ccccooovviiiiiiiiiieceece 61,74
Mironova LA. ....ccoveiiiiiieie e 68
Mishin V.V, .o 12, 50
Miyoshi Y. oo 27,30
Mochalov ALA. .. 55
Mogilevsky MM, ..o 54
MoiseeV LA, ..o 57
Moldavanov A.V. .....cceoveeeieeeeeeeeeee e 37
MOZET F. oo 29
Murashov A.S. ...oooviieiiieeeeeeee e 44
N
Namgaladze A A. ...cccooeovieeiieceeeeeeeeeee e 51
Nazarkov LS. ...ooooiiiieee e 21
Nazrenko MLO. ..o, 53
NiKIforov O.V. ..o 18, 57, 60
Nikitenko A.S. ..oovevrieeeeeeeeeeeee. 19, 29, 34, 60, 63
NIKOIAEV A V. oo 51
Nikolaeva V.D. ..ccccooviioiecieeeeeeeeeeeee e 51
Nikolayevskiy N.F. .....ccccoooiiiiiniiiieiieieeieeeene 24
NOSE M. e 30
NOSIKOV LA, oo 57
(0]
Odeyemi O.E. ....coccooiiiiiieeeeeee e, 52
Odeyemi O.M. ......ccooiiiiiieieeceeee e 52
Ogunlesi O.0. ..ocooiiiiiieieeeeeeee e 52
OINAtS A V. oo 52, 54
Orlov K.G. ..oooeiiiiieeeeeeee e 72,73
Ovchinnikov LL. ...ccoooviiiiiiiiiceceeeeecee e 20
Oyama Sh.-L. ...occoviiiiiiiceceeeeeee e 13
P
Padokhin A M. .....ccceovieviieiieee e, 53,57, 62
Pak G.D. oo 75
Panchenko V.A. ... 65
Paramonik I.P. ...........cccoooiiiiiiie 22,23
Parkhomov V.A. ..o 17
Parnikov S.G. ...c.oooviiiieeeeee e 20
Paviov LA, oo 62
Penskikh YU.V. ..o 12
Petrukovich ALA. .....coovieeiiiie, 15,18, 22, 28, 60
Pilgaev S.V. ..o, 19, 55, 60, 63
Pilipenko V.A. ..ccoooiiiiieeeee 13, 16,27, 32,59
Pikulina P.O. ..cccooiiiiiiieeee e 68
Poberovsky A V. o 69
Podgorny AL .o 38
Podgorny M. ...coooiiiiiieeeee e 38
Poklad YU.V. oo 48, 53, 63
Popov V.Y U. oo 34
Potapov ALS. .o 50
Pulinets ML.S. ...ooiiiiiiece e 20

79



R
Raita T. oo 30
Ratovsky K.G. ..ooveeieieieececeeeeee e 53, 56
Raykova L. ...oooooiiiiiieeeeee e 15
Revunov S.E. ..o, 17
Revunova E.A. ..o 41
ROZOV D.D. oo, 51, 64
Roldugin A.V. ..o 11,19, 44, 49
Romanova N.YU. .ccoooiiiiiiiiccececeeeeeees 65
Romanovskaya YU.V. ....cccoviiiiiiieiiiieciecieee, 58
Rozanov E.V. ..o, 68, 69
Rozhdestvenskaya V.I. .......cccoeevviiniinieiccee 39
Rozhdestvensky D.B. ........cccocvvvieiiniiiieieeee 39
RUbtSOV ALV, e 30
Ryabov A V. e 58
Ryakhovskiy LA. ....ccoooviiiiiiie 48, 53, 63
Rybakov MLV, ..o 51, 65
Rycroft M. ..o 45
Ryskin V.G. oo 69

S
Sadovskiil A.M. oo 18
Safargaleev V.V. ..o 30, 43
Sakharov Ya.A. ......cccoeee.. 13, 14, 16, 18, 19, 57, 60
Salikhov N.M. ..oooiiiiiiiiccecceeee e 75
Schur LI e, 36
Seifullina B.B. ....ccooovvieeiiiceeeeeeeeeee e 24,41
Selivanov V.N. ..o, 14, 16, 18
Semenov V.S, .. 22,23
SetsKOP.V. v 14, 15, 25, 26
Shagimuratov LI ......cccoccoriiniiiiniinenes 14, 16, 19
Shapovalova YU.A. ...cccooeviiiieiiieieeeeeeeeeieeee 61
Sharakin S.A. ....coveeeiieeieeeee e 44
Shevelev MM, ....ccooiiiiiieiieceeeeeeeeee e 32
Sheveleva D.A. oo 19
Shi J K. oo 23
Shklyar D.R. .oooiiiiie e 31
Shlyk N.S. o 24,41,42
Shorstkii LA. ... 31
Shubin V.IN. Lo 57
Shustov Pl ..o 15,28
Sibeck D.G. ..oovviiieieieeeeeeee e 35,66
Sigaeva K.F. oo 21
SINevich ALA. oo 54
Singh AK. i 40
Smotrova E.E. ..o 31
SotnikoV N.V. oo 20
Souza JR. oo 49
Srivastava P. ..o, 40
Stepanova M.V, e 20
Sukhodolov T.V. ..o, 68
SUVOrova Z.V. e 34, 55,57

T
Takahashi H. .......c..cooeeiiiiiiiiiccceeee e 49

80

Telegin VLA oo 39,65

Tepenitsyna N.YU. .oooovveiivienieiieieeieeeeieenne 14, 16
Timchenko A V. oo 54
Titova E.E. ..o, 31
TolIStIKOV MLV, ..o, 52
Tonoian D.S. ......ooooiiiiieeeee e 32
Torkar K. ..o 23
Trofimov D.A. ..o, 44
Troshichev O.A. .....cccoooiiieeeeeeeee e, 51
Tsegmed B. ...ooocvveiiiieiieiiceeeee e 17
Tsepakina LL. ...c.cccooovviiiiniiieiecieceeeeeee 24, 41
U
UNLEV VLA et 64
A\Y
Valev D. oo 15
Vasiliev MLLS. ..o 11
Vasko LY U. oo 29, 40
VI1asov ALA. e, 33
VIaSOVa NLA. oo 21
Vorobjev V.G. ..coooeevieiieieiieceeeee e 17, 20, 24
A%

Werner R. ..o 12, 15, 68
Wrasse C.M. ..o 49
X
XU Y o e 46
Y
Yagodkina O.1. ....coccveiieiiiiieieeeeee e 20,24
Yagova N.V. e 59
Yakimova G.A. ..ooooiiiiiiieeeeeeeeeeeeee e 14, 16
Yakovets AF. o, 24
Yanakov A.T. .o 18,57, 60
Z
ZaItSeV LV, oo, 22,23
Zakharenkova LE. .........ccooociiivviiiiiiiiiciieee, 14, 16
Zamogil’nyi D.YU. oo 60
Zelenyi LML oot 26
Zhang X.=J. oo 28
Zhang Z.Y . oo 23
Zhbankov G.A. ..o, 65
ZRU Y J. e 46
Zolotarev LA, ...ocoiieieieeeeeecee e, 21
Z0lotOV O.V. oo 58
Z0l0tOY S.A. e 18



MOVIAPHBIA N'EOOHUIHYECKHA HHCTHTYT
BR300, r. Mypaamick, ya Xuvrypiaia, 1§

POLAR GEOPHYSICAL INSTITUTE
15, Khalturin str.. Marmarek, 193010, RLISSA



