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Geomagnetic storms and substorms

Changes of geomagnetic activity for the period from 1932 to 2023
M.A. Abunina, E.A. Maurchev, N.S. Shlyk, A.V. Belov, A.A. Abunin
IZMIRAN, Moscow, Troitsk, Russia; e-mail: abunina@izmiran.ru

Some parameters of geomagnetic activity (Ap and Kp indices) were studied for the long period (1932 —2023). General
statistical changes in the number of geomagnetic storm intervals for the entire observation period, as well as for
individual solar cycles, were considered. It was shown that about 46% of time the geomagnetic activity remains quiet,
and only 7% of time magnetic storm intervals are observed. The largest number of three-hour intervals of geomagnetic
storms was recorded in the 18th solar cycle, and the smallest one - in the 24th. Also an algorithm for automatic
selection of geomagnetic storms was developed. And the duration (in hours) of magnetic storms for the entire study
period is considered.

Global observations of ionospheric irregularities by May 2024 superstorm
C.M. Anoruo*, P.R. Fagundes, V.G. Pillat

Laboratorio de Fisica e Astronomia, Universidade do Vale do Paraiba (UNIVAP),
Av. Shishima Hifumi, 2911, Urbanova, Sao Jose Dos Campos, SP, Brazil

*E-mail: anoruochukwuma@gmail.com

In this study, we employ ionospheric vertical electron content (VTEC) and rate of TEC index (ROTI) and
contextualized with space weather monitoring variables to study May 2024 superstorm. Space-time evolution VTEC
of Madrigal GNSS over 8000 stations and ROTI of 9300 stations from ISEE GNSS Japan for May 10-12 were mapped
every 5-mins to study global response of the ionosphere and irregularities during the superstorm. We employed ROTI
as functions of latitude and time (keogram) and meridional cross section of zonally averaged VTEC to diagnose the
interhemispheric/auroral substorms related to irregularities. Results showed several ionospheric absorptions caused
by this storm and mostly in the south.

Keywords: Global analysis, GNSS, May 2024 superstorm

14



Geomagnetic storms and substorms

Location of substorm onset and mechanism of first auroral arc brightening

E.E. Antonoval®, M.V. Stepanova?, I.P. Kirpichev®, V.G. Vorobjev?,
O.1. Yagodkina®, I.L. Ovchinnikov?, D.Yu. Naiko?

1Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow, 119991, Russia;
e-mail: elizaveta.antonova@gmail.com

2Department of Physics, University of Santiago de Chile, Santiago, Chile

3Space Research Institute (IKI) Russian Academy of Science, Moscow, Russia

“Polar Geophysical Institute, Apatity, Russia

One of the main widely discussed unresolved problems of magnetospheric dynamics is the mechanism of formation
of magnetospheric substorms, including the localization of the onset of a substorm and the properties of the first
brightening of the nearest to the equator auroral arc. We have summarized numerous results from ground-based, low-
altitude and near-equatorial observations. The main attention was focused on the results demonstrating the localization
of the onset of an isolated substorm deep inside the ring current region and its connection with the processes of IMF
penetration into the magnetosphere modulating magnetospheric current systems. We took into account the results
demonstrating the inapplicability of the frozen-in condition for the analysis of substorm dynamics, the high level of
turbulence in the plasma sheet, and the inability to explain the absorption of energy within the magnetosphere by a
source in the tail. An important part of this problem is the brightening of the aurora arc near to the equator during a
substorm onset or the formation of a new arc. We consider that a cold electron beam is formed as a result of the
penetration of ionospheric plasma into the region of field-aligned potential drop, and a substorm onset is formed as a
result of the development of instability of large-scale field-aligned currents. It is shown that this approach can explain
the results of experimental observations without assumptions about reconnection in the tail or disruption of the tail
current.
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Geomagnetic storms and substorms

Charged particle flux dynamics in 2023 according to the data of the KODIZ instrument
G.l. Antonyuk®?, V.V. Benghin®®, I.A. Zolotarev*

ISINP MSU, Moscow, Russia
2Faculty of Physics MSU, Moscow, Russia
3IBMP, Moscow, Russia

The study presents an analysis of charged particle fluxes in near-Earth space in 2023 using data from the KODIZ
instrument onboard the Monitor-1 satellite. The research is aimed at the analysis of variations in the intensity and
spectral characteristics of electron and proton fluxes within normal and perturbed geomagnetic environment. The
geomagnetic and solar activity indices were used to evaluate the impact of geomagnetic disturbance.

The KODIZ (Combined Radiation Detector) instrument was developed as a new generation of ultra-small
instruments designed for radiation monitoring and spectrometric measurements in low-Earth orbit. Such instruments
make it possible to promptly obtain up-to-date data.

A comparative analysis of the particle flux characteristics during the periods of quiet and perturbed geomagnetic
conditions was carried out. The obtained data may contribute to the improvement of near-Earth region models,
increase the accuracy of space weather forecasting and radiation safety estimation.

JAuHaMuKa NOTOKOB 3apsi:keHHbIX yacTull B 2023 roay mo gannsiM npudopa KOJIU3
I''U. Anrtoniok*?, B.B. benrun®®, . A. 3onorapes!

THUUA®D MT'Y, Mocksa, Poccus
2@usuueckuii paxyrvmem MI'Y, Mockea, Poccus
SCHI] UMBIT PAH, Mockea, Poccus

B pabote mpexacraBieH aHaJIH3 IMOTOKOB 3apsHKEHHBIX YaCTHIl B OKOJIO3eMHOM ImpocTpaHcTBe B 2023 roay mo
JaHHBIM cryTHHKA mpubdopa KOJIU3 Ha criytHuKe "MonuTop-1". MccnemoBanue HalipaBiIeHO Ha aHATN3 H3MEHEHUS
WHTEHCUBHOCTH W CHEKTPAJBbHBIX XapaKTEPHCTHK MOTOKOB 3JIEKTPOHOB M HPOTOHOB B YCIOBHAX CIIOKOHHOH H
BO3MYIICHHOW T€OMAarHUTHONW 0OCTaHOBKH. J{JIs1 OIICHKH BIMSIHUSA T€OMarHUTHBIX BO3MYIICHUH OBLTH HCIIOIH30BAHBI
HHJEKChl TECOMarHUTHOMN U COJIHEYHON aKTUBHOCTH.

[pubop KOAN3 (KOMmOunuposansusnii Jetextop N3mydenuit) paspaboTraH Kak HOBOE MOKOJICHHE CBEPXMAIBIX
MpHrOOPOB, MPEIHA3HAYCHHBIX Ul PaJUaIlliOHHOTO MOHHUTOPHHIA M CHEKTPOMETPUYECKUX M3MEPEeHUH Ha HHU3KOH
OKOJI03eMHOH op6uTe. Vcnonap30Banue MOJOOHBIX TPHOOPOB MO3BOISET OIIEPATUBHO MOJIy4aTh aKTyalbHbIE TaHHBIE.

[IpoBeneH cpaBHUTENBHBIN aHAIN3 XapaKTEPHUCTHK ITOTOKOB YacTHIl B IIEPHOJBI CIHOKOWHOH M BO3MYILIEHHOH
Te€OMAarHUTHOW 0OCTaHOBKH. [loiydyeHHbIE JaHHBIE MOTYT CIIOCOOCTBOBAThH YIIyUIIECHHWIO MOZEIEH OKOJIO3EMHOTO
MPOCTPAHCTBA, MOBBIIICHUIO TOYHOCTH MPOTHO3MPOBAHMSA KOCMHUYECKOW TIOTOJBI M OLEHKH pPaJUallMOHHOM
0e30I1acHOCTH.
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Geomagnetic storms and substorms

Acceleration and losses of energetic electrons during substorm injections
A.V. Artemyev!?

1Space Research Institute, RAS, Moscow, Russia
2University of California, Los Angeles, USA

Substorm time injections of energetic electrons are characterized by various adiabatic and non-adiabatic processes
contributing to electron acceleration and losses. One of the main acceleration processes is the adiabatic electron
heating. Such heating, however, shapes quite unstable electron distributions driving generation of a wide range of
electromagnetic and electrostatic waves. These wave modes largely contribute to electron scattering and losses via
precipitation into the Earth’s ionosphere. This presentation combines recent results from low-altitude and equatorial
spacecraft observations and numerical simulations with the focus on quantification of adiabatic and non-adiabatic
effects in dynamics of electron injections.

The relativistic electron precipitation during CME and CIR geomagnetic storms
V.B. Belakhovsky
Polar Geophysical Institute, Apatity, Russia

The work compares the fluxes of relativistic (>0.6 MeV) precipitating electrons from the Earth's outer radiation belt
during magnetic storms caused by a coronal mass ejection (CME) and a high-speed flow of solar wind from coronal
holes (CIR). Data from NOAA/POES series satellites were used to register relativistic electron precipitation (REP).
REP for corrected geomagnetic latitudes |CGLat|> 60° are considered in order to exclude the contribution of the South
Atlantic Anomaly. The superposition of REP based on data from 5 satellites (NOAA-15, 18, 19, Metop-1, 2) over
several days allows us to obtain an average picture of REP in the entire magnetosphere. Magnetic storms on October
10-13, 2021 (CIR) and November 3-4, 2021 (CME) were considered as reference events. The analysis shows that the
level of REP during CME storms is noticeably higher than the level of REP during CIR storms. Apparently, this is
due to the fact that the main contribution to the precipitation of MeV electrons is made by ion cyclotron waves (Pcl
pulsations). The generation of Pcl pulsations occurs more efficiently during CME magnetic storms, which are
characterized by a higher intensity of the ring current.
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Geomagnetic storms and substorms

On the contribution of poloidal Pc4 waves to the acceleration of electrons of the outer radiation belt
to relativistic energies

V.B. Belakhovsky?, V.A. Pilipenko?®

Polar Geophysical Institute, Apatity
2Institute of Solar-Terrestrial Physics SB RAS, Irkutsk
3Institute of Space Research RAS, Moscow

An increase in electron fluxes to relativistic energies (~1 MeV) in the Earth’s outer radiation belt is one of the most
important factors in space weather, since electrons of these energies can damage equipment on satellites. However,
the mechanism of electron acceleration is still a matter of debate in scientific circles. Most researchers associate the
acceleration of electrons either with their interaction with toroidal waves of the Pc5 range [1] or with VLF chorus
emissions [2]. However, the growth of ULF and VLF activity in the magnetosphere ends, as a rule, more than a day
before the start of the growth of relativistic electrons [3], and their flux reaches a maximum after a magnetic storm.
Therefore, the question arises as to what mechanisms are responsible for the relativistic electron fluxes continuing to
increase after the decline in Pc5 and VLF activity. Tverskoy's betatron mechanism, associated with the restoration of
the magnetospheric magnetic field [4], cannot be a universal explanation, because an increase in relativistic electron
fluxes occurs frequently and during very weak magnetic storms.

In our opinion, poloidal Pc4 pulsations can be a quite likely candidate for the role of an electron accelerator up to
MeV energies. These waves are observed only under calm geomagnetic conditions; they can last for several days. The
report presents cases where Pc4 pulsations were recorded by the GOES satellites during a period of increasing
relativistic electron fluxes. Observations show that the rise and fall of MeV electron fluxes in geostationary orbit
occurs almost simultaneously with the rise and fall of energetic proton fluxes (95 keV). Thus, Pc4 pulsations turn out
to be an agent that transfers energy from energetic protons to electrons of MeV energies. The mechanism of excitation
of Pc4 waves and subsequent acceleration of electrons is associated with the resonant bounce-drift interaction of waves
and particles.

The study was supported by the Russian Science Foundation grant No. 24-77-10012.

1. Elkington S.R., Hudson M.K., Chan A.A. Acceleration of relativistic electrons via drift-resonant interaction with
toroidal-mode Pc-5 ULF oscillations. Geophys. Res. Lett. 26:3273-3276. 1999.

2. Thorne R.M., W. Li et al. Rapid local acceleration of relativistic radiation-belt electrons by magnetospheric chorus,
Nature, 504, 411. 2013.

3. Belakhovsky V.B., Pilipenko V.A., Antonova E.E., Miyoshi Y., Kasahara Y. et al. Relativistic electron flux growth
during storm and non-storm periods as observed by ARASE and GOES satellites // Earth, Planets and Space, 2023,
Vol.75, Article number:189.

4. Tverskoy B.A., Formation mechanism of the ring current structure of magnetic storms, Geomagn. Aeronomy, 37,
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Geomagnetic storms and substorms

Auroral portrait of the extreme GICs events
V.B. Belakhovsky?, A.V. Roldugin?, V.N. Selivanov?, Y.A. Sakharov!

Polar Geophysical Institute, Apatity, Russia
2Northern Energetics Research Centre, Kola Science Centre of the RAS, Apatity, Russia

The work analyzes the forms of auroras during the period of recording extreme values of geomagnetically induced
currents (GICs) in power lines at Vykhodnoy station (VKH), Kola Peninsula. Analysis of aurora forms provides
information about the structure of ionospheric current systems during the period of GIC growth. We used a database
of extreme GICs values (I >20 A) for 11 years of observations (2012-2022) at the VKH station, including 92 events
[Belakhovsky et al., 2024]. To record auroras, data from the camera at the observatory of the Polar Geophysical
Institute "Lovozero™ (LOZ) was used. 12 cases of extreme GIC values accompanied by auroras were found. The
analysis shows that all GIC jumps were accompanied only by discrete forms of auroras in green line (557.7 nm). As
a rule, vortex current structures are observed. A number of events were accompanied by the development of auroral
bulge.

Belakhovsky V.B., Pilipenko V.A., Selivanov V.N., Sakharov Y.A. Events of extreme growth of geomagnetic-
induced currents on the Kola Peninsula over 11 years of observations // Physics of Auroral Phenomena, pp. 36-39,
doi: 10.51981/2588-0039.2024.47.008. 2024.

Energetic Particle Precipitation during the 2024 Geomagnetic Disturbances
Associated with the Sudden Onset

N.V. Bobrov and I.A. Mironova
St. Petersburg State University, St. Petersburg, Russia

Over the past two decades, the strongest geomagnetic storms occurred in the fall of 2003. However, in 2024, a series
of solar eruptive events occurred that resulted in a series of geomagnetic disturbances, such as those in May and
October 2024. An extreme geomagnetic storm was recorded in May 2024 and was classified as a G5 geomagnetic
storm by NOAA (Kp = 9), making this event the most powerful storm since the 2003 geomagnetic storm.

This report presents the latest results on the study of energetic particle precipitation, which is important for the
ionospheric response during the 2024 geomagnetic disturbances. Cases associated with eruptive events on the Sun
were selected for detailed analysis. This paper studies in detail the precipitation of electrons and protons in different
periods of geomagnetic activity and different intensities of solar eruptive events. The analyzed particle precipitation
fluxes obtained from the POES satellite (METOP01, METOP03, NOAA15, NOAA18 and NOAAL instruments) from
March to October 2024 will be shown.

The study of electron particle precipitation into the Earth's ionosphere was carried out within the framework of the
grant of St. Petersburg State University No. 116234986.

The selection and study of energetic particle precipitation associated with a sudden onset was carried out within the
framework of the grant of the Russian Science Foundation No. 22-62-00048.

19



Geomagnetic storms and substorms

“Polar” substorms in the intervals of extremely slow solar wind
1.V. Despirak®, N.G. Kleimenova?, A.A. Lubchich?, P.V. Setsko?, L.M. Malysheva?

!Polar Geophysical Institute, Apatity, Russia
2Schmidt Institute of Physics of the Earth, RAS, Moscow, Russia

“Polar” substorms observed at high geomagnetic latitudes (>70° MLAT) in the absence of substorm-like disturbances
at lower latitudes. The question remains open whether “polar” substorms can develop under extremely quiet
conditions, when the geoeffective parameters of the space weather are extremely small. We studied the possible
“polar” substorm appearance during the intervals of extremely slow solar wind (ESSWs, V < 300 km/s) from 2010 to
2020 by applying the data from the IMAGE network of magnetometers across the Svalbard archipelago within the
longitudinal sector of (~108-114° Mlong), as well as the data from the simultaneous records from 66 LEO satellites
of the AMPERE project. It was found that "polar” substorms can occur during ESSWSs, but only under the presence
of a negative IMF Bz component. The “polar” substorms observed during the ESSW events exhibited the main typical
features of the ordinary substorms, namely they accompanied by PilB geomagnetic pulsations, positive subauroral or
mid-latitude magnetic bays, a poleward moving of the westward electrojet and auroras during its expansion phase.
Additionally, it was found that substorm-like disturbances during ESSWs could be attributed to different types:
isolated “polar” substorms; disturbances like WTS (westward travelling surge) expanded to the polar evening-side
latitudes from after-midnight ordinary substorms; very small polar-latitude disturbances like pseudo breakups etc.
Several "polar" substorm events have been examined in detail.

The Atmospheric Oxygen, Hydrogen and Helium Responses for the Extreme Geomagnetic Storm
of 11 May 2024 over Different Regions

Lake Endeshaw??

!Department of Physics Werabe University, Werabe, Ethiopia
2Department of Space and Planetary Science, Ethiopian Space Science and Geospatial Institute (ESSGI), Addis Ababa
University, Addis Ababa, Ethiopia

Geomagnetic storms occur when the Earth’s magnetic field interacts with the magnetic fields of the solar wind.
Geomagnetic storms have effects on the atmosphere, ionosphere, and magnetosphere. This study analyzes the response
of the atmospheric parameters of atomic oxygen, hydrogen, and helium during the extreme magnetic storm of 11 May
2024. The present storm is the most powerful, with a minimum value of Dst -412 nT. The atmospheric oxygen,
hydrogen and helium responses during the 11 May 2024 storm are studied by using the empirical atmospheric model
of Naval Research Laboratory Mass Spectrometer Incoherent Scatter Extension 2002 (NRLMSISE 2.0) data
measurements. To observe the atmospheric parameter responses for the storm, some days before and after the extreme
storm day are used with latitudinal variability considerations. The results show that there were anomalies of
atmospheric oxygen, hydrogen and helium that occurred some days before, after, and during the storm day of 11 May
2024. The atomic oxygen and helium are increased during the storm day, while the hydrogen is decreased during the
main phase of the storm day. The atmospheric model of the NRLMSISE 2.0 accurately captures the anomalies of
atmospheric oxygen, hydrogen and helium during the extreme magnetic storm of 11 May 2024.

Keywords: Atomic oxygen, Hydrogen, Helium, Geomagnetic storms, NRLMSISE model
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Some peculiarities of the eastward electrojet distribution
in the extreme magnetic storm on 10-11 May 2024

L.I. Gromova?, N.G. Kleimenova?, L.M. Malysheva?, S.V. Gromov*

HZMIRAN, RAS, Troitsk, Moscow, Russia
2Schmidt Institute of Physics of the Earth, RAS, Moscow, Russia

The magnetic storm on 10-12 May 2024 (Dstmin = —403 nT) was the strongest storm in the current 25" solar cycle to
date. The magnetic storm developed under strong and rapid changes in the structure of the interplanetary magnetic
field (IMF): the IMF components changed from negative to positive values (IMF By from -40 up to +70 nT, IMF Bz
from -40 up to +50 nT) under the high speed V (~750 km/s), and dynamic pressure Psw (~30-35 nPa) of the solar
wind. Here we studied some effects of these IMF changes on the planetary configuration of the ionospheric electrojets
and field-aligned currents based on the global maps derived from the magnetic measurements on 66 low orbital
satellites of the AMPERE project. An unpredicted large eastward current expansion was found under the strong
positive IMF By (> +20 nT) values associated with the appearance of the local very intense upward field-aligned
current in the afternoon sector. The details of new electrojet configurations are discussed.

MPB at the Bulgarian station Panagyurishte related to substorms
during highly disturbed conditions in 2024

V. Guineval, R. Werner!, R. Bojilova?, L. Raykova?, A. Atanassov®

1Space Research and Technology Institute (SRTI) — Bulgarian Academy of Sciences, Stara Zagora Department,
Bulgaria

2National Institute of Geophysics, Geodesy and Geography (NIGGG) - Bulgarian Academy of Sciences, Sofia,
Bulgaria

Substorms originated over Europe are often accompanied by midlatitude positive bays (MPB) which can be
registered at the midlatitude Bulgarian station Panagyurishte (PAG, GMLAT~ 37°N). In previous studies, it was found
out, that the most intense MPB at PAG were related to substorms, originated during geomagnetic storms, under
disturbed interplanetary conditions. 2024 is full of high-activity events resulting from the conditions in the solar wind
and the interplanetary magnetic field. On 10-11 May 2024 developed a superstorm, the second largest geomagnetic
storm in the space era, which influenced a lot the Geosphere. In addition, many more geomagnetic storms were
observed during the year. The purpose of this work is to verify the MPB at PAG during such events. We studied the
MPB’s during the superstorm on 10-11 May 2024, during the severe storm on 10 October 2024, and during the strong
storms on 19 April 2024, 12 September 2024, 06 October 2024, 8 November 2024.

In 2024, 144 MPB were detected. It was ascertained, that the distribution of MPB’s by intensity in 2024 differ from
the previous years. The number of MPB’s with higher maxima is higher: the number of cases with Xmax > 20 nT is
6.94%, and with Xmax > 30 nT — 5.56%. The highest maximal MPB values were over 60 nT and were observed during
the geomagnetic superstorm.
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Study of geomagnetic variations of Ps6 on a two-dimensional network of stations
V.S. Ismagilov, Yu.A. Kopytenko
SPbF IZMIRAN, St. Petersburg, Russia; e-mail: ivs@izmiran.spb.ru

The study of geomagnetic variations of Ps6 that arose in the post-midnight sector was conducted. The data of the two-
dimensional IMAGE network and magnetic stations located in Russia were used. Ps6 variations with an amplitude of
up to 600 nT and a duration of ~20 min were observed during a small global magnetic storm. It was shown that
geomagnetic variations of Ps6 arose against the background of small substorms at the same corrected geomagnetic
longitude A ~95° E and latitude ® ~65° N and moved by ~20° in longitude to the east, with a new variation occurring
when the previous one moved by ~10°. It is shown that the ionospheric source of these variations is a pair of Hall
current eddies, each of which has an elliptical shape with a major axis in the south-north direction. The estimated size
of the ionospheric source is ~940 km in the west-east direction (each Hall current eddy is ~470 km) and ~1000 km in
the south-north direction. The centers of the ionospheric sources of these variations moved eastward with a velocity
of ~0.8 km/s. It is shown that each geomagnetic variation is accompanied by a burst of Pil-2 geomagnetic pulsations.
A comparison of the features of the Ps6 geomagnetic variations and microsubstorms, which have many coinciding
features, is carried out.

HccnenoBanne reoMarHUTHBIX Bapuanuii PS6 Ha AByMepHOii ceTH cTaHIMit
B.C. Ucmarumios, FO.A. KonsiTeHKO
CII6® U3MUPAH, C.-Ilemep6ype, Poccus; e-mail: ivs@izmiran.spb.ru

[IpoBeneno nccnenoBaHue reOMarHUTHBIX BapHaliid PS6 BO3HUKIIMX B TOCIIETIONYHOYHOM cekTope. Hcmonp3oBaHbl
nmaHHable ByMepHO# cetn IMAGE u MarHWTHBIX CTaHIWH, PACTIONIOKEHHBIX HA Tepputopun Poccnn. Bapuaru PS6
¢ ammutyoi 10 600 HTI U uIMTenpHOCThIO ~20 MUH HaOMIONANKCh B NEPHOJ HEOOIBIIOH MUPOBOH MarHUTHON
Oypu. ITokazaHo, 4TO TeOMarHUTHBIE Bapuanuu PS6 Bo3HMKamu Ha (oHE HEOONBIINX cyOOYph HA OTHOW M TOM Ke
HCTIpaBJIIEHHON TeOMarHuTHOM onrote A ~95° E u mmpore @ ~65° N 1 nepememanucs Ha ~20° 1o 10AT0Te Ha BOCTOK,
NpUYeM HOBas Bapualusi BO3HUKala, KOTAA Mpeablaynias nepemectmwiach Ha ~10°. Tlokazano, 4yto noHochepHbIi
HCTOYHHUK 3TUX BapHalUil - mapa XOJTOBCKUX TOKOBBIX BUXPEH, KKl M3 KOTOPBIX UMEET SJUIMITHYECKYIO (hopMy
¢ OonbIeil ocklo B HampaBlieHHH 1or-ceBep. OneHka pa3MepoB MOHOC(EPHOro MCTOYHMKA cocTaBisieT ~940 kM B
HaIpaBJIEHUH 3aa/l - BOCTOK (KaXKAbIN XONJIOBCKUI TOKOBBIHN BUXph ~470 kM) 11 ~1000 KM B HanpaBJIeHUH FOT—CEBEP.
IenTps! HOHOC(HEPHBIX HCTOUHUKOB 3TUX BapHAIMi TepeMeIlaTuch B BOCTOUHOM HaIlpaBIeHUH cO CKOpOCThio ~0.8
kM/c. [TokazaHo, YTO Ka)kaasi TeOMarHUTHAsE Bapuamus COIPOBOK/IACTCS BCIUIECKOM I'€OMAarHUTHBIX IyJbcarmii Pil-
2. TlpoBeneHo cpaBHEHHE OCOOCHHOCTEH TI'€OMArHMTHBIX Bapuamuii PS6 m MHKpocyOOypb, MMEIOUIMX MHOTO
COBIAAIONIUX MPU3HAKOB.
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Differences in electron precipitation events from the ORBE during different types of geomagnetic
disturbances as an indicator of different magnetospheric processes

A.R. lvanova®®, V.V. Kalegaev!?, A.G. Demekhov?, T.A. Yahnina?

Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University
2Polar Geophysical Institute, Apatity, Russia
SFaculty of physics, Lomonosov Moscow State University

According to the NOAA POES/METOP satellites, statistics of energetic electrons precipitation from the Earth's
outer radiation belt during various geomagnetic disturbances were collected. Two different magnetic storms are being
considered: a weak but prolonged storm including the HILDCAA event on October 11-16, 2017, and a powerful but
rapidly fading storm on March 23-30, 2023. The parameter under study was the slope of the energy spectrum (a
measure of the ratio of different energies particle fluxes) of the precipitation caused by different scattering
mechanisms. The analysis of the energy spectrum slope shows different dynamics of the ORBE fluxes and the
development of wave activity during different types of geomagnetic activity. Also, such a study allows us to try to
determine the number of "pure" (caused by one mechanism of electron scattering) and "mixed" (caused by several
scattering mechanisms at once) precipitation events.

It was found that in storms with prolonged substorm activity, approximately 50% of the precipitation caused by
interaction with EMIC waves are "mixed". And in powerful storms without prolonged substorm activity, all such
precipitation events were "pure”. Probably, the “mixing” of mechanisms occurs due to the powerful VLF activity
during prolonged substorms. It was also found that the dynamics of the slope of the precipitation spectra caused by
scattering on the curvature of the magnetic line is very different for the two magnetic storms. Apparently, during the
HILDCAA event, two processes balance each other: injection of energetic electrons and acceleration of electrons by
consecutive substorms to relativistic energies. In the absence of such prolonged substorm activity, only the injection
of energetic electrons remains.

This research is supported by RScF grant No. 22-62-00048.
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Planetary features of westward and eastward electrojets
during the very strong magnetic storm on 10-11 October 2024

N.G. Kleimenova?, L.I. Gromova?, L.M. Malysheva?, S.V. Gromov?

1Schmidt Institute of Physics of the Earth, RAS, Moscow, Russia
2IZMIRAN, RAS, Troitsk, Moscow, Russia

The magnetic storm on 10-11 October 2024 (Dstmin = =333 nT) was one of the strongest storms in the present 25"
solar cycle. Large variations in the intensity of the IMF By and Bz (from +40 nT to —40 nT) were observed during the
main phase of the storm at the very high solar wind dynamic pressure (Psw) up to ~ 40 nPa. The storm recovery phase
developed under the unusual strong (up to —40 nT) and long lasting (~12 h) IMF Bz. This led to high substorm activity
in the storm recovery phase as well. Thus, at least 8 substorms with AL-index ~—1500 nT and higher were recorded
during the storm main phase and 7 substorms in the recovery phase. In addition, during the main phase of the storm,
7 positive magnetic bays with an amplitude of 500-1000 nT in AU-index were observed, the maximum of which did
not coincide with the minimum in AL-index. There were no intense positive magnetic bays (in AU-index) during the
storm recovery phase. The planetary features of the configuration of the ionosphere electrojets and field-aligned
currents (FAC) were studied by applying the global maps based on the magnetic measurements on 66 LEO satellites
of the AMPERE project. The results of our study demonstrated the strong dependence of the electrojet and FAC
features on the sign and values on the IMF By and Bz as well as on the Psw level. It was shown that the sign of the
IMF By controls not only the direction of the dayside polar electrojet but also affects the eastward current and the
width of the region where it is observed. Rapid simultaneous variations in the IMF components and Psw led to the
abrupt changes in the planetary distributions of the electrojets and FACs. This makes it difficult to identify specific
effects of each individual component. Further detailed studies are required to understand the observed features.

Manifestation of the strongest geomagnetic storm on May 10-16, 2024
in magnetometer data on the Yakut meridian

G.A. Makarov

Federal Research Centre “The Yakut Scientific Centre of the Siberian Branch of the Russian Academy of Sciences”,
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy of SB RAS. Yakutsk, 677980, Russia.

Magnetic variations are considered based on the data from magnetometers of the Yakut meridional chain of
geophysical stations during the strongest geomagnetic storm on May 10-16, 2024. The sudden onset of the storm was
observed at 17:06 UT, the duration of the storm main phase was ~ 9 hours, while the peak negative value of the Dst
index reached -412 nT on May 11 at 02:00 UT, the recovery phase lasted more than 5 days. As a result of the analysis
of magnetic data from 3 stations of the meridional chain, it became possible to obtain information on the distribution
of equivalent current systems at ionospheric altitudes in the region. It was established that on May 10 in the early
morning sector 01-05 MLT an extended system of intense westerly currents with an electrojet developed above the
stations, which was located at a latitude of 55°<®’<61°. Subsequently, the electrojet moved south. It was found that
on May 11 in the sector 13-19 MLT the Yakutsk and Zhigansk stations were located south of the system of eastern
currents, the Tixie station at 13-16 MLT was south of the western currents. In the sector 20-06 MLT all three stations
were located north of the system of western currents, and Yakutsk was almost under the concentration of these
currents. Interplanetary conditions during the period of magnetic storm occurrence are considered.
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Bursts of broadband pulsations during the passage of diamagnetic structures in the solar wind
R.A. Marchuk?, V.V. Mishin!, V.A. Parkhomov?, Yu.V. Penskikh!

YInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
2Baikal State University of Economics and Law, Irkutsk, Russia

The paper presents an analysis of the development of geomagnetic activity on August 18, 2012, caused by the
passage of two diamagnetic structures (DS) of a coronal mass ejection (CME) in the solar wind, as recorded by the
WIND spacecraft. The passage of the DS triggered disturbances in the magnetic field in the magnetotail, observed by
the Van Allen Probes satellites: A, D, and E, leading to the development of a substorm and bursts of geomagnetic
pulsations.

The study examines the dynamics of geomagnetic pulsations based on data from the Mondy (mid-latitude: 51.62°
E, 100.92° N) and Norilsk (high-latitude: 88.36° E, 69.36° N) stations, as well as on maps of field-aligned currents
distribution in the polar ionosphere obtained using the magnetogram inversion technique at the Institute of Solar-
Terrestrial Physics SB RAS.

It is shown that the generation of PiB-type pulsations associated with DS can occur during both the substorm’s
growth and explosive phases, as well as before and after its development.

Dawn-dusk asymmetry dynamics in the electric fields and currents distribution
in the polar ionospheres of two hemispheres — Some results of the ISTP SB RAS
modified magnetogram inversion technique

V.V. Mishin, S.B. Lunyushkin, Yu. Karavaev, M. Kurikalova, Yu. Penskikh, V. Kapustin
Institute of Solar-Terrestrial Physics SB RAS

A summary of the main results of the open magnetosphere model predicting the quadrant asymmetry in the
distributions of ionospheric convection and field-aligned currents under the influence of the IMF azimuthal component
is given. Based on the data from the worldwide network of ground-based magnetic stations of the SuperMAG project,
the dynamics of the dawn—dusk asymmetry in the distributions of electric fields and currents in the high-latitude
ionosphere in two hemispheres is studied using the magnetogram inversion method during changes in geomagnetic
activity during long intervals of stationary magnetospheric convection. Possible reasons for the obtained examples of
non-fulfillment of quadrant asymmetry in two hemispheres are discussed. It is shown that along with the usually
discussed external factors (the effects of IMF, the solar wind dynamic pressure and the illumination of the polar
ionosphere), internal factors can have a significant influence - the effects of rotation of the substorm current system
and the ring current amplification even during weak magnetic storms.
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Midlatitude positive bays related to magnetospheric substorms
at Panagyurishte station in 2012 — case study

L. Raykoval, V. Guineval, R. Werner!, R. Bojilova?, A. Atanassov*

Space Research and Technology Institute (SRTI) — Bulgarian Academy of Sciences, Stara Zagora Department,
Bulgaria

2National Institute of Geophysics, Geodesy and Geography (NIGGG) - Bulgarian Academy of Sciences, Sofia,
Bulgaria

The positive bays in the X magnetic component at midlatitudes, known as midlatitude positive bays (MPB) are the
effect of substorms at midlatitudes. The mechanisms that lead to the occurrence of substorms remain a subject of
ongoing scientific debate. In this study, the registered MPB at the Bulgarian magnetic station Panagyurishte (PAG)
during 2012 are examined. 2012 is about at the middle of the ascending phase of SC24, and a maximum of the number
of detected MPB (a total of 182), related to magnetic substorms, was observed at this year. 18 of the MPB’s, with
maximal value greater than 20 nT, are taken as strong. The interplanetary and geomagnetic conditions during these
events have been examined. It was found out that all cases with strong MPB happened during geomagnetic storms.
The effect of two consecutive substorms on 15 July 2012 at PAG has been studied in detail.

Study of GIC’s Geophysical Sources During Extreme Geomagnetic Storm on 10-12 May 2024
Pavel Setsko?, Irina Despirak!, Andris Lubchich?, Yaroslav Sakharov?, Vasiliy Selivanov?

!Polar Geophysical Institute, Apatity, Russia
2Northern Energetic Research Centre, Kola Science Center RAS, Apatity, Russia

Geomagnetically induced currents (GICs) in power lines in northwest Russia were studied during one of the most
intense geomagnetic storms of the space age (10-12 May 2024). The analysis spanned from 17 UT on 10 May to 06
UT on 12 May. During the main phase (~17:15 UT on 10 May to ~04:30 UT on 11 May), GICs were strongest at the
southern station (KND), while during the recovery phase (after ~04:30 UT on 11 May), the northern station (VKH)
experienced higher GICs. This reflects the auroral oval's expansion and southward displacement during the main
phase, followed by its return during recovery. Evening and night sector GICs (~15-30 A) were driven by westward
electrojet intensifications during substorms and supersubstorms, while morning sector GICs (~01-04 UT) were
induced by Pc5/Pi3 pulsations during substorm recovery. Two supersubstorms (SSSs) revealed distinct GIC origins:
night-sector GICs during the first SSS were linked to its polar edge, while day-sector GICs during the second SSS
were caused by eastward electrojet intensifications tied to SSS development in the night sector. The largest GIC peaks
(~50-62 A) resulted from the superposition of multiple sources, including substorms, Pc5/Pi3 pulsations, and local
magnetic disturbance caused by solar wind pressure jumps. This study highlights the complicity of geomagnetic
sources of GICs, showing that GIC intensity does not scale linearly with substorm strength. However, intense
substorms, such as SSSs, can enhance GICs even in the daytime MLT sector.
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Global Observations of the 10 May 2024 Geomagnetic Storm
D.G. Sibeck
Heliophysics Division, NASA/GSFC, Greenbelt, MD

The 10 May 2024 geomagnetic storm was the most intense to have occurred since 2003. High solar wind pressures
and strong southward interplanetary magnetic field orientations moved the dayside magnetopause earthward to a
location within 4.3 Re from Earth. In this presentation, we examine the capability of global magnetohydrodynamic
models to predict the location of the magnetopause, and the strength of field-aligned currents. Next we examine
sluggish reconnection outflow events at the dayside magnetopause, the occurrence of substorm onsets deep within the
near-Earth nightside magnetotail, the occurrence of a new third energetic electron radiation belt in the slot region,
enhanced orbital drag on low-altitude spacecraft, an abrupt increase in the total electron content, aurora, and enhanced
ionospheric convection over the eastern United States, and the appearance of aurora over Mexico.

Comparative characteristics of nighttime auroral precipitation
under extreme levels of magnetic activity

V.G. Vorobjev?, O.I. Yagodkina®, E.E. Antonova?3

!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

Observations from DMSP F9 spacecraft in the pre-midnight MLT sector were used to examine latitudinal profiles
of auroral ion and electron precipitation during magnetic calm and in the time of giant magnetic storm on March 13-
14, 1989. To compare the characteristics of the precipitation, the position of the maximum energy flux (Fi) of
precipitating ions was used. The latitude of the maximum Fi is considered as the equatorial boundary of isotropic
auroral precipitation (BIP). The characteristics of both ion and electron precipitation were analyzed in terms of the
ion pressure (Pi) and the intensity of 557.7 nm emission (Iss77) correspondingly. The average energy of precipitating
particles in the area of auroral precipitation changed insignificantly, so latitudinal profiles of Pi and Iss;7 are similar
to the that of Fi and Fe, respectively. The maximum of Pi almost exactly coincides with the position of the BIP. Under
calm geomagnetic conditions, BIP is usually observed at corrected geomagnetic latitudes of 65°+1° CGL, and the Pi-
max value is approximately 0.5 - 1.0 nPa. With increasing magnetic activity, the BIP shifted equatorward and about
at the maximum of the magnetic storm on March 14, 1989 (Dst=-583 nT, AL=-551 nT) was observed at the latitude
®'gip = 50.2° CGL with a level of Pi-max=20.0 nPa. The latitudinal position of the Pi-max with correlation coefficient
r=0.81 described by the regression equation ®'gp = 66.46 — 0.0055|AL| — 5.43*107 AL? + 0.026 Dst. The value of Pi-
max shows a distinct tendency to increase with decreasing of latitude.

The method of epoch superposition relative to the BIP was used to construct average latitudinal profiles of ion and
electron precipitation for the F9 spacecraft passes in which the BIP position was observed at latitudes ®'gip <55.0°
CGL (10 passes). For these passes the average level of magnetic activity was: Dst= -320 nT, AL=-790 nT, average
latitude ®'gip = 52.9° CGL, MLT=22.0, average Pi-max =10.0 nPa. The position of the poleward boundary of auroral
precipitation in these passes experienced significant variations in the range of about 64°-80° CGL with an average
value of ®'gip =71.0° CGL. Electron precipitation exhibit several maxima in 557.7 nm intensity of about 10-12 kR in
the latitude range from BIP to about 60° CGL, in the region of negative ion pressure gradient maximum.
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ISTP SB RAS experimental facilities: current state and future of the study of space weather
extreme events on the Earth’s ionosphere

Yu.V. Yasyukevich
Institute of solar-terrestrial physics SB RAS, Irkutsk, Russia

Space weather significantly impacts on human technological infrastructure: the more we domesticate near-Earth
space, the more we need accurate information about it. Institute of Solar-terrestrial Physics SB RAS (ISTP SB RAS)
has set up a multi-instrument complex to study near-Earth space and is deploying unique project of the National Helio-
geophysical Complex of the Russian Academy of Sciences. The talk will show (on behalf of the large ISTP SB RAS
collaboration) new facilities of the complex and its potential to study the effects of space weather events using the
example of the May 2024 magnetic storm.

CBf3b IMHAMHMKH MOTOKOB YACTHI] KOJBIEBOr0 TOKA M BHEIIHET0 PaAHAllMOHHOIO Mmosica 3eMJIn
BO BpeMsl ABYX MarHuTHbIX Oypb 2015 roga

K.XK. Aspa-Topckas'?*, B.B. Kaneraes'?, H.A. Bnacopa®

IHHUHUA® MTY, 2. Mockea, Poccust
2Dusuveckuti paxynomem MIY

*E-mail: clemenceanastasia@gmail.com

IIpencraBneHsl pe3ynbTaThl HCCIIEAOBAHMS IMHAMHKH YaCTHII KOJIBIIEBOTO TOKA U BHEIIHETO paIlalliOHHOTO Mosca
3emin. AHaTU3 IPOBEEH HA MPUMeEpe ABYX MarHUTHBIX Oypb 17-18 mapta 2015 1. u 22-23 utonst 2015 r., koTopsIe
OJIM3KH TI0 MHTEHCHBHOCTH H T10 JUIUTEIILHOCTH, HO BBI3BAHBI Pa3HBIMHU yCIOBUSIMH B cOTHEYHOM BeTpe. CoObiTHE 17-
18 MapTa BBI3BaHO IIABHBIM BO3pACTaHUEM MMITYJIbCa JaBJICHUS COTHEYHOTO BETPA M Pa3BUBAJIach HA TTIaBHOHU (aze
MPEUMYIIECTBEHHO IIPH FO’KHOM HAIIPABICHUN MEXIIIAHETHOIO0 MAarHUTHOTO IOJISL, YTO NMPHUBENIO K TPATHUIIMOHHOMY
Pa3BUTHIO MAarHUTHOW OypH ¢ MOIIHBIMH CYOOYpEeBBIMH WH)KEKIUSAMH. Bypst 22-23 WroHS BBI3BaHA BHE3AITHBIM
9KCTPEMANIbHO-CHIIBHBIM BO3EHCTBUEM COJTHEYHOTO BETPA, IPEUMYIIIECTBEHHO IPH CEBEpHOM HarpasieHurn MMII.
Pa3Hble ycnoBUs B MEXIUTAHETHOH cpejie IPUBEH K pa3HOW AMHAMHKE MAarHUTOC(HEPHBIX TOKOBBIX CHCTEM BO BpeMs
paccMaTpUBAaEMBIX T€OMAarHUTHBIX BO3MYIIEHHH.

OKCIepUMEHTaJIbHBIE JaHHbIE M3MEPEHHUH IOJIydeHbl Ha OOpTy KocMuueckux ammapatoB Van Allen Probes nHa
ocaHoBe mpubopos REPT, HOPE wu EMFISIS. [lo CchoyTHUKOBBIM MJaHHBIM BOCCTAHOBJICHBI BapHAIHU
MarHUTOC(EpHOr0 MarHUTHOTO TOJIS ITyTeM BBIYUTAHUS BHYTPU3EMHOIO MarHUTHOTO IOJIS U3 JAHHBIX U3MEPEHHUH.

BpemenHoe pa3BUTHE POCTPAHCTBEHHBIX NMPOQHIICH ITOTOKOB HU3KO3HEPTHIHBIX ITPOTOHOB ¢ 3HeprusiMu ~50 k3B
B Pa3HBIX CEKTOpax MarHuTocdepsl IMoKas3ajo IBa Pa3HBIX MeXaHWU3Ma (pOpMHPOBAHMS KOJBIIEBOTO TOKA: 33 CUET
CyOOypeBbIX WHKEKIMH, BEIyIIMX K IIOCTEIIEHHOMY (OPMHPOBAHHMIO KOJIBIIEBOIO TOKA, M 3a CUET CXKATHA
MarHUTOC(EpHI MO IeHCTBHEM AKCTPEMATIFHOTO UMITYJIbCa JABJICHHS COTHEYHOTO BETPa.

CormocraBnenne mpoduiell MarHUTOC()EPHOIO MAarHUTHOTO TIOJISl, WHXKEKTHPOBAHHBIX IOTOKOB HPOTOHOB M
3JIEKTPOHOB TOKa3aJl COTJIACOBAHHYIO IMHAMHUKY KOJBLIEBOIO TOKA U 3JIEKTPOHOB BHELTHETO PaJHallIOHHOTO T0sica
3emin BO BpeMst 00eMX MarHUTHBIX Oypb. Bapuarmm MarHUTHOTO OIS, BEI3BAaHHBIE Pa3sBUTHEM KOJBIIEBOTO TOKa,
MPUBEIM K U3MEHEHUSM B IOTOKAX JIEKTPOHOB PAJUALMOHHOTO MOsICa.

HccnenoBanue BBINOIHEHO 3a cyeT rpaHTa Poccniickoro HaywyHoro ¢onna Ne 22-62-00048.
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CraTHCTHYeCKHI AaHAJIN3 BO3MOKHBIX TPUITEPHBIX MEXaHN3MOB
JJIsl BOSHUKHOBEHHUSI TeOMarHUTHBIX cy00yph

H.A. Bapxatos!, C.E. Peynos!, O.M. Bapxarosa?, B.I'. Bopo6ses®, E.A. PeBynosa?, O.1. droaxuna’

YHuoicezopoockuii zocyoapcmeennviii nedazozuueckuti ynueepcumem um. K. Mununa, Huxcnuii Hoézopoo, Poccus
2Huoice2opodckuii 20¢y0apcmeennblii apXxumeKmypHo-cmpoumenvuwlil ynusepcumem, Huocnuii Hoezopoo, Poccus
3TMonspuwuii 2eousuveckuti uncmumym, Anamumot, Poccus

Pabora mocBsieHa CTaTHCTHYECKOMY aHamu3y ()aKTOpOB, BIMSIOIIMX Ha BO3HHUKHOBEHHE H30JUPOBAaHHBIX
TC€OMAarHUTHBIX Cy0Oype B MarHHTOCepe 3emiii, BBI3BAaHHBIX BO3ACWCTBHEM COJHEYHOrO BeTpa. lIpm 3ToM
BBIABIISIIOTCSI TPUITEPHBIE MEXAHU3MBI, 3aITyCKAIOIIIEe TeOMarHUTHbIE cy0OypH. Pe3ynbTaTsl TaKOrO HCCIIETOBAHUS
Ba)KHBI JUIS IPOTHO3MPOBAHMS B 00acTu Oe3omacHocTd KA, HaBUTallMOHHBIX CHCTEM M Ha3eMHBIX KOMMYHHUKAIUH.

Marepuanom A7l HCCIIEIOBAHUS MTOCTYKWIN M30JIMPOBAaHHbIE CyOOypH, OTOOpAaHHBIE 1O BAPHALMAM MHHYTHBIX
3Ha4yeHni nHaekca AL 3a sumame ce30HBI ¢ 1995 1. 1o 2012 r. OT60p cyO0yph MIPOBOIMIICS BU3YAIEHO IO CYTOYHBIM
BapuaiusiM AL wHpaekca. bBeuto wmcmonb3oBaHo 106 W30MUPOBAHHBIX CyOOYpEBBIX COOBITHI pa3IMYHOM
MHTCHCUBHOCTH, KaTaJor KOTOPBIX MmpenacTaBicH Ha crpanunax (http:/pgia.ru/lang/en/data/). Jlanabie o uHACKCaM
MarHUTHOH aKTHBHOCTH U TI0 TTapaMeTpaM MEXIUIAaHETHOH cpezbl ¢ pasperieHreM B | MuH B3sAThI Ha mopTaze OMNI
Web (http://cdaweb.gsfc.nasa.gov/).

OneHka 3((GEeKTHBHOCTH BO3MOXXHBIX TPHUITEPOB BBHINMOJHEHA 0 PACHpEACICHHI0 3HAaUYeHHH KOd(QQUIEHTOB
KOppEeIsIIA MeXAYy KOHKpeTHBIM mapamerpoM (Bx, By, Bz, Ekl, Fmp, N, P, PC, SYM/H, V) u AL-unnexcom mmus
0TOOpaHHBIX COOBITHH. IHTepBan pacueTa KOppEsIUU BEIOpaH 10 JaHHbIM [Bopobves u Op., 2016] 1 COOTBETCTBYET
¢aze 3apoxneHusi cyo0ypu. BBISCHHIOCH, YTO AJIsi OOJBIIMHCTBA MApaMETPOB CTATHCTHYECKOE paclpeseieHHe
HaOmoaeTcst BOIM3H HyJIsl, HO sl HEKOTOPBIX HIMEET MECTO OTKJIOHEHHE, YTO CBUACTEIHCTBYET O 3HAUMMOCTH 3THX
napaMeTpoB At Gas3sl pasBuTHs cy00ypu. Hanpumep, s naaekca PC HabmronaeTcs 3aMeTHas IpyIIIUPOBKA B 30HE
BBICOKOM aHTHKOppeaiuy, A1 SYM-H — rpynnupoBka B 30He BEICOKOM KOPPEIAIHH.

JleficTBUTENbHO, U3BECTHO, YTO CYyOOYpH HAUMHAIOTCS C Nepepaclpe/ielieHUs] TOKOB M IUIa3Mbl B MarHutocdepe n
PC-unpnexc puxcupyer 5T U3MEHEHHS B JJIEKTPOJMHAMHYIECKUX Tpolieccax B MOJSIPHBIX 001acTsX. B cBsi3u ¢ aTHM,
OH MOJKET OBITh HCIIOJIB30BaH B Ka4eCcTBE MpeUKTOpa cCyo0ypH. Y Bennuenune 3HaueHnit PC-unnexkca nepex cyooypeit
MOXET YKa3blBaTh Ha HauaJbHYIO (ha3y HAKOIUICHUS SHEPTUU B MarHurocdepe nepes e€ paspsakoi B Buae cyo0ypu
[Bapxamos u op., 2017]. SYM-H, B omimmuue ot PC-uHpmekca, jydile OTpaxkaeT TIo0anbHble WU3MEHEHUS B
MarHurocgepe. YCTaHOBIEHO, YTO BO BpeMms cy00yppr SYM-H MoxkeT IeMOHCTPHpOBaTh HE3HAUUTEIbHBIC
KoJieOaHMsI, HO CUJIbHBIE OTKJIOHEHHsI OOBIYHO CBSI3aHBI C KPYIHBIMH OypsIMHU, KOT/Ia SHEPrusl epepacipeaeseTcs
mo Bceit maruutochepe.

1. Bopobwves B.I'., Aeo0kuna O.U., 3eepee B.JI. Hccaedosanue uzonuposanHuix cybOypv: yClosus 2eHepayuu u
xapaxkmepucmuxu pasiuunvix gas // I'eomacnemusm u asponomus. T. 56. Ne 6. C. 721-732. 2016.

2. bapxamoe H.A., Bopobves B.I'., Pesynos C.E., Hzo0kuna O.U. Ilposeienue OuHamuKku napamempos COIHEeYHO20
sempa Ha popmuposarue cyooypesou akmugnocmu // I'eomaenemusm u asporomus. T. 57. Ne3. C. 273-279. 2017.
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Omnpenenenue TpedOBaHMI K cCHCTeMe MOHMTOPHHIA T€OMHAYIMPOBAHHBIX TOKOB
B JJIEKTPHYECKHX CeTAX

B.B. Baxanna, A.A. KysmunoB, A.H. Uepnenko, P.H. [Tynosurnankos, O.B. @exsii
Tonvsmmunckuii 2ocyoapcmeennulil yHueepcumem, Tonrvsimmu, Poccust

IToka3aHo, 9TO AJIS OICHKH yCTOHYMBOCTH SJIEKTPUUECKON CETH K BO3ACHCTBHIO TEOMarHUTHBIX OYpb JOCTaTOYHO
OCYILECTBIIATH MOHUTOPUHT '€OUHAYIIUPOBAHHBIX TOKOB B KPUTHUECKUX y3J1aX, KOJIMUECTBO KOTOPBIX ONpeAeseTcs
TOIOJIOTUEH 3JIEKTPUYECKOW CEeTH M HAaJMYMEM B 3THX Yy3/aX CHJIOBBIX TpaHC(HOPMATOpOB C OpOHEBOH WU
OpoHecCTep)KHEBOW MarHWTHON cucTeMoi. [JiT MOHHUTOPHHTA TC€OMHIYNHPOBAHHBIX TOKOB B HEWTPAIH CHIIOBOTO
TpaHcopmMaTopa HEOOXOANMO HCHONB30BATh M3MEPUTEIBHBIN IPe0Opa3oBaTelb MPSIMOTO YCHIICHUS C 3JIEMEHTOM
Xoina, 10IycTUMas TIeperpy3ka KOTOporo 0CTaTouHa AJIsl 0€30I1aCHOT0 MPOTEKAHMs TOKa 0JTHO(a3HOTO0 KOPOTKOTO
3aMbIKaHuA. JlomycTuMas meperpyska M3MEpUTENbHOTO Mpeodpa3oBaTelsl TOKa IOJDKHA JOIMYyCKaTh BO3MOXKHOCTD
MPOTEKaHNS! TOKOB OAHO(A3HOTO KOPOTKOTO 3aMbIKaHMS B TeueHHE 4+5 IEepHOJOB CETEBOI'O HANPSDKEHHS,
npesenbHas BEJIMYMHA KOTOPOTO OINpEAeNseTcs MaclopTHRIMU MapaMeTpaMu CHJIOBOTO TpaHcdopMmaropa.
O0ocHOBaH BBIOOp TIpeseia MpeoOpa3oBaHUsl MU3MEPHUTEIBHOTO MpeoOpa3oBaTelis ¢ JIEMEHTOM XOJUia, KOTOPBIH
JIOJDKCH OCYIIECTBIISTHCS HE TOJBKO C YYETOM OXXHMIAEMOHM BEITMYMHBI T'€OWHIYLIHPOBAHHBIX TOKOB, HO M TOKOB
TFapMOHHUYCCKUX COCTaBIAIOIUX HyﬂeBOf/lI MOCICAOBATCIIBHOCTHU, OINPCACIAEMbIX CTCIICHBIO HECUMMETpUU U
HECHHYCOUJIAJILHOCTH (pa3HBIX HANpPSDKEHUH B y3Jie BKIFOUSHHS CUIIOBOTO TpaHcdopmaropa.

IIpocTpancTBeHHOe pacnpe/ejeHUe aBPOPATbHBIX BbICHINIaHMIl 1 c00eB
B padoTe KeJ1e3HOA0POKHON ABTOMATUKH

SL.A. Caxapos?, H.B. drosa?, B.A. ITumunenko?, O.U. Sdroxxunal, A.M. Mep3srii®

Yonapuoni 2eopusuueckuti uncmumym, Mypmanck, Poccus
2r eogusuueckuii yenmp PAH, Mockea, Poccus
SUKH PAH, 2. Mockea, Poccust

HccnenoBana cBsA3b MEXKAY BO3MYIIECHUSIMA KOCMHYECKOH IOTO/IBI M TIPOCTPAHCTBEHHBIM paclipe/ieIeHHeM cOOeB B
paboTe KesIe3HOIOPOKHON aBTOMATHKH Ha yyacTkax CeBepHOIl u OKTA0psCKOM kene3HbIx gopor B 2001-2006 rr.
Bo Bpems Hambonee CHIIBHBIX MarHUTHBIX Oypb, BBI3BABIINX COOM B paboTe KeIe3HOJOPOKHON aBTOMATHKH,
paccMaTpuBarOTCsl IIMPOTHOE paclpeAeieHHe MOTOKAa DJHEPIHMH aBpPOPAIBHBIX JJIEKTPOHOB W  JIOKAJbHAs
TeOMarHNTHAs BO3MYIIEHHOCTh. [IoKa3aHo, 4TO cMeleHne K 0Ty SKBaTOPHAJIbHOI I'paHMIBI aBPOPATBHOTO OBalla
KOppENupyeT ¢ POCTOM 1071 cO0€B Ha 00Jiee HU3KOMIMUPOTHBIX yUacTKaX JKEJIE3HbIX JOPOT.

Caxapos S.A., Srosa H.B., ITununenko B.A., Arogxuna O.U., 'apanun C.JI. IIpocTpaHCTBEHHOE paclpenencHue

aBPOPATBHBIX BBICHITAHUN M cOOeB B paboTe >KEeIe3HOIOPOKHON aBTOMATHKH Ha CEBEpe EBPOMEHUCKOW 4YacTH
Poccun. Conneuno-semnas gusuxa. 2024. T. 10, Ne 4. ctp. 114-121. DOI: 10.12737/szf-104202412.
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AHaJM3 NOTOKOB HePrUYHbIX NpoToHOB noj PII3 Ha panHeii ¢a3e pa3BuUTHS KOJIbLIEBOI0 TOKA
A.B. CyBoposa
Hayuno-uccredosamenvcxuil uncmumym sodeprou guzuxu MI'Y, 2. Mockea, Poccusi

VHTeHCHBHOCTh IOTOKOB 3aXBaueHHBIX YaCTHIl BHYTPEHHETO panuanuonHoro mosica 3emin (PI13) pesko magaer Ha
€ro BHyTPEHHEH KPOMKe, KOTOpasi pacIioyio’keHa Ha JpeiidoBoii obomouke L ~ 1.2. ®oHOBBIE TOTOKH SHEPTHIHBIX
(10 HECKOJIBKHMX COTEH K3B) 3JIeKTpPOHOB M MPOTOHOB 10J BHyTpeHHel kpomkoi PII3 (L < 1.2) He mpeBbImIaoT B
CMOKOMHBIX F€OMAarHUTHBIX ycinoBusx 102 yactui Ha (cm? ¢ cp). BHyTpennss kpomka PIT3 ¢opMupyeTcs Ha BHICOTAX,
TJI€ CTAHOBATCS CYIIECTBEHHBI HOTEPH YACTHUI] U3-3a 3P (PEeKTUBHOTO paccesHUs B INIOTHOH aTMoc(depe, a Takke n3-3a
Hann4ust 00acTu c1aboro MarHuTHOro noJist B FOxxHo-AtinanTudeckoit anomanuu. [locrostHable n3mepenus (¢ 1998
I.) TIOTOKOB JHEPrMYHBIX YacTHIl Ha HU3KoopOuTanmbHBIX crnyTHHKaXx NOAA/POES mnozBommiim 0OHapy»XHUTh
BHE3aITHBIC BO3PACTaHUS MOTOKOB dHeprudHbIX (30-300 x3B) amexrponoB mox PIT3. Bpemst cymiecTBOBaHUS YacTHII
Ha Hu3kux L (T.e. L < 1.2) orpaHu4eHo BpeMeHEM, HE IMPEBBILIAIOIINM OJWH IEPUOJ a3UMYyTaJbHOTO apelida,
KOTOPBII 3aBHCHUT OT SHEpruil yacTuil (Juis K9B-HbIX 9Hepruil cocraBisieT dackl). B paborte [Suvorova et al., 2012]
JUIsl OOBACHEHUS 3TOTO SBJICHHS ObUI MPEATIOKEH MEXaHM3M OBICTPOTO PagHalbHOTO TPAHCIOPTA, CyTh KOTOPOTO
3aKJTIOYaeTCsl B DJICKTPHUYECKOM Jpeiide, He 3aBHCAIEM OT 3Haka 3apsga dacTHibl. OIyckas IOKa BOINPOCHI,
CBSI3aHHBIE C IPUPOIOH U MPOHMKHOBEHHEM JIEKTPUYECKOTO MOJIS Ha CTOJIb HU3KKE L 0601109KH, clieyeT OTMETUTH,
9YTO 0OHAPYKUTh OJHO3HAYHBIC MPU3HAKN BO3PACTAaHHS OTOKOB SHEPTUUHBIX IPOTOHOB HE yaaBanock. Ha Heynaun
MPEABIAYIIAX ITOUCKOB MOTJIM TIOBIUATH AN (aKTOPOB: MPOTOHBI C 3JIEKTPOHAMH IPEH(YIOT 1O a3UMyTy B
MIPOTUBOIOJIOKHBIX HANpaBICHUSAX U MaJOBEPOATHO 3apEeTUCTPHPOBATH UX HA OJHOM CIIyTHHMKE OJHOBPEMEHHO,
OTHOCHUTEJIBHO HM3KHH NMOTOK K3B-HBIX mpoToHOB B criokoifHoM PII3 u BBICOKMI MOTOK, CBSI3aHHBIN C Pa3BUTHIM
KOJIBIICBBIM TOKOM, IMUPOKWH JOKambHBIN cektop FOAA Takke MOT BIHATH Ha pe3ynbTar. B maHHO# pabote
MPOBOANTCA AHAIM3 IIPOCTPAHCTBEHHO-BPEMEHHBIX XapaKTEPUCTHK BO3PACTaHWH HMHTCHCHBHOCTEH MOTOKOB
NPOTOHOB Ha PaHHUX CTAAMAX MArHUTHBIX Oypb B TeX COOBITHSAX, KOTAa HAaOMIOAINCh BO3PACTAHUS SHEPTUUHBIX
a51eKTpoHOB. Ha ocHOBe aHanm3a AealoTcs OLEHKH BPEMEHM Hadasia ObICTPOro TPAHCIIOPTa SHEPTUYHBIX YacTHIl U
CEKTOPOB JIOKaJIbHOTO BPEMEHH, T'1Ie OH IIPONUCXOIHT.
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IloBbIlIeHHE TOYHOCTH U3MePeHNI TeONHAYIUPOBAHHBIX TOKOB B BBICOKOBOJIbTHBIX JIMHUAX
3JIeKTponepenay Ha NpuMepe dHepreTnyeckoi cetu PecmyOnukn Anrai

E.O. Vuaiikun®, A.JO. Tosnapes?, I1.5. Bopoaun®

Topno-Anmaiickuii 2ocyoapcmeennuiii ynusepcumem, Iopno-Anmaiick, Poccus

2Uncmumym xocmogusuueckux ucciedoeanuti u pacnpocmpanenus paouosonn JJBO PAH,
c¢. llapamynxa Kamuamckozo xpas, Poccus

SUncmumym zeopusuxu um. 1011 Bynawesuua YpO PAH, 2. Examepunéype, Poccus

s n3MepeHnit TeONHIYINPOBAaHHBIX TOKOB B 3a3¢MJICHHOM HeWTpaiu TpanchopmaTopa 3HeprocucteMsr 110 kB
PecniyOmmke Aurait Opb1 pa3pa0oTaH DaT4MK TOKAa HAa OCHOBE KIemel ¢ paspemeHHMeM |MA, 9TO MO3BOIHIIO
3apeructpupoBath [ 1T He TOJIBKO BO BpeMsi CHIIbHBIX MarHUTHBIX Oypb 2024 rosia, HO ¥ B CHOKOWHBIX T€OMAarHUTHBIX
YCIIOBHSX.

3a OCHOBY M3MEPHUTEIHFHOTO KOMIUICKCA OBIIM B3SITHI CTaHJAPTHBIE TOKOBBIE KJICIIM MHHUMAJIBHOTO quamerpa D-
338 ¥ B HUX ObUIM 3aMEHEHBI XOJUIOBCKHE NAaTYMKA MArHUTHOro noyis Ha SS495 ¢ aHanorosbIM BeIxomoM. Ocu
JTaTYMKOB HAIIPABJICHBI B OJJHOM HANpaBJICHUH, YTOOBI TP BHIUUTAHUU CUTHAJIa KOMIICHCUPOBAJICS TEMIIEPaTypHBIi
Ipeiid m BHemIHME MarHWTHBIE MOJA. TakoW MOAXOX OYEHb Ba)KCH, TaK KaK M3MEPEHUs IIPOBOAWCH B IMOJEBBIX
YCIIOBUSIX, Cpely OOJIBIIOrO KOJMYECTBa METAJUIOKOHCTPYKUME mojacTaHiuu. Creayer OTMETHTh, YTO U caM
3a3eMJISIOIINI TPOBOAHUK HEUTpasH, Ha KOTOPOM IPOBOAMCH U3MEPEHHUS, BBINOJIHEH U3 CTalH. Takke B TOKOBBIE
KJIeIu OBUT BCTPOCH mpenn3noHHbelid TepMomerp TC1047, ams BBITOMHEHHS MOCICIYIOIINN TEPMOKOPPEKINU
U3MEPEHUIl IMyTeM BBIYUTAHUS TEMIEPATYPHOH 3aBHCUMOCTH M3 JaHHbIX. Ha mpakThke Hamudme rucrepesuca B
TEeMIIepaTypHOH 3aBHCUMOCTH TOKa3aHUIl JaT4MKa TOKa M CHUJIBHOE H3MEHEHHE TEeMIIepaTyphl B TEUEHHE CYTOK
noTpedoBaIo 0OpadOTKH AAHHBIX B 15-MHHYTHBIX OKHAaX ¢ KOMIICHCAIMEH TPeH 1a TOJIMHOMOM BTOPOTO MOPSAKA.

AHanoTOBBIE BBIXOJBI JATYMKOB MOAKIIOYEHBI K pa3padOTaHHOMY pPETHCTPaTOpy HANpsDKEHWS HA OCHOBE
npenu3noHHoro 24x 6urnoro ALIT AD7734. [Tpussizka k Bpemenu UTC usmepenuii npousBoautcs ¢ momoinso GPS
MoJieMa. 3amuch NaHHBIX npousBomuiack Ha SD ¢udm kapry. Kiemy ycraHaBiauBaiuch Ha LIMHY 3a3eMIICHUS
cunoBoro TparchopmaTopa 110/10 kB 2.5 MBA Ha monctanmmm « THHHCKa.

MoHUTOpHHT ocymIecTBIsUICS ¢ 15 anpens mo nexadps 2024 r. MakcUManbHBIH TOK, KOTOPBIA OBLT 3a)HKCUPOBaH
BO BpeMs SKcTpemainbHoit Oypu 10 mast 2024, cocraBmi 1 A. TUTUYHBINA TOK B BpeMs CpeHUX Oypb ¢ HHIeKCOM Kp=6
umeeT 3HaueHne mopsinka 100 MA. Takne HeOombIIMEe TOKH OOYCIOBJICHBI TEM, YTO CHCTEMa BBICOKOBOJBTHOTO
anekrpocHaOxernnss (110 kB) PecnyOmukm Anrtaii HaxoguTcs B CpegHHX IMHPOTaX, KPOME TOTO, AKTUBHOE
comnpotusiieHne JIOII u nepBUYHBIX 0OMOTOK CHIJIOBBIX TPaHC(HOPMATOPOB HOCTATOYHO Besnko. C Ipyroit CTOpoHEI,
yAETbHOE COMPOTHUBICHHE MOACTUIAIONINX MOPOJ] TaKXkKe JOCTATOYHO BEIMKO, TaK MECTHOCTH, Tae mpoxoasar JIOI,
TOpHCTasi, ¥ 3TO B LEJIOM MoHmxkaeT Benuunny I'UT.

bnarogapsi BBICOKOMY paspelleHHI0 M3MEpeHHH YAajioch BEpU(PHUIUPOBATH MATEMATHYECKYI0 MOJENb, KOTOpas
npenackassiBaeT BenuuuHy I'IT Ha ocHOBe JaHHBIX MarHUTHOM craHuuu «baiirazan», HaxXoAsIENCs Ha TEPPUTOPUU
Anraiickoro 3amoBenHuka. Kpome Toro, 3a c4é€r BbICOKoro paspemieaus B coctaBe [T Obutn oOHapy»KeHBI
TIepeMEHHBIE COCTABIIIIONINE, HABEAEHHbBIE OT MUKpoImyJbcauii Pc3 u Pi2, HabmronaBmmecs 1axe B OTHOCHTENBEHO
CIIOKOIHBIX T€OMAarHUTHBIX YCJIOBHSIX.

JanHast paboTa MOCBSILEHA OJHOMY IT0/IX0/ly pa3paboTKu BBICOKOTOYHOTO aMIepMeTpa Ha 6a3e TOKOBBIX Kiemiel
qutst usMmepenus I'UT B HeliTpanax cuIIOBBIX TpaHc(opMaTopoB.

Knwouesvle cnosa: MarouTHBIC 6ypI/I, TrCOMHAYIHNPOBAHHBIC TOKHU, JATYMUK TOKA, MPEIIU3NOHHBIC U3MCPECHUA.
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IIposiBienue aykryanuii HABUTallHOHHBIX CUTHAJIOB
aACCOLMMPOBAHHBIX C MOJSIPHBIMH CUSIHUSIMU: c0ObITHE 9 Texadps 2020 rona

W.W. llarumyparos'*, N.W. Euios’, M.B. ®unaros?

Kanununepadckuii punuan U3MUPAH, 2. Kanununzpao, Poccus
2[Tonspuwui Feogpusuueckuii Mucmumym, 2. Anamumu, Poccust

*E-mail: shagimuatov@mail.ru

IMpoBenén ananu3 cuuHTHLLAIMNE GPS cHrHAIOB, CBS3aHHBIX C MOIAPHBIMHU CHSAHUSIMH, KOTOpBIE HAOIIOAAINCH HA
obceparopuu JloBozepo 9 nexabpst 2020 roxa. [Tokasana npsmas CBsI3b CHUHTHIIDLIIHAN ¢ TUCKPETHRIMU (hOpMaMH
MOJAPHBIX CHAHWHA. B KadecTBe WMHAMKATOpa CUMHTWULINMN ucnoib3oBaHbl uHAekchl ROT/ROTI. BeisiBieno
MIPOCTPAHCTBEHHO-BPEMEHHOE COOTBETCTBHE KPAaTKOBPEMEHHBIX BCILIECKOB B Bapuanuax ROT mpu mpoxoxkaeHun
GPS curnanoB yepe3 AMCKpeTHbIE (HOPMBI TMONAPHBIX CHAHHHA. Pe3ynpTaTbl CBHIECTENBCTBYIOT, YTO HHIEKCHI
ROT/ROTI, nomyuennsle n3 crangaptHeix 30 cex. GPS HaOmiomeHHii MOryT OBITH HCIIOJIB30BaHBI B KayeCTBE
HMHAMKATOpa HAIWYHS CUSHUMN, B CIIydasix, HEBO3MOXHOCTH X PETHCTPallMi ONTHYECKUMHU CPEJCTBAMHU.

IIposiB/1eHre NOJSAPU3ALUOHHOTO 1KeTa U ACCOLMMPOBAHHbIE C HUM HEOJHOPOAHOCTH
no TEC uzmepenusim Bo Bpemsi MarauTHoi Oypu 18 mapra 2018 roga

WM. llarumyparos*, T'.A. Skumogsal, U.W. Edpuos?, M.B. ®unaros?

Kanununepadckuii punuan U3MUPAH, 2. Karununapao, Poccus
2[Tonspuwiii Teousuueckuti Hucmumym, 2. Anamumol, Poccus

*E-mail: shagimuatov@mail.ru

Honspuzanmonnsit mxet (I11) mwim Subauroral Ion Drift (SAID) mposBnsercs kak y3kas Mo IIHPOTEe 00JacTh
ObICTPOro MOHHOTO Jpeiia HanpaBIeHHOTO B 3al1aJHOM HalpaBJIeHUH Ha BeicoTax F obmactu. I1/] pacniosnaraercs Ha
9KBaTOpHAIBbHON TrpaHuiie NudQy3HbIX BEICHINAHUHE B cy0aBpopaibHOW MOHOC(EpPE M CBS3aH C CPEAHEIIMPOTHBIM
mnpoBasioM. B Gompmieit wactu IIJ] BBIBIEH MO CIIyTHHKOBBIM HaOmoJeHHAM. B paboTe BIepBBIE MOKa3aHO
npossrnenue [1]] B Bapuanusax TEC. Tonspu3aliioHHbIH KET BBISIBICH BO BpeMs cinaboit Oypu 18 mapra 2018 roma
(Dst ~45nT). [IxeT ObLI ¢ aCCONMUPOBAH € NIyOOKHM MPOBAIOM, KOTOPbIH mposiBuiics Ha kapTax TEC B eBporieiickoMm
cekrope. lllupuHa mpoBana 1mo mMuUpOTe COCTaBIsLIa MeHee 5 TparycoB, Benmmdnaa TEC B mpoBae coctapmsiia 1.0-1.5
TECU. Ilposan peructpuponaiucs B uateppaie 22-02 MLT na mmpotax 55-57°MLAT. Buepssie B ctpykrype I1[]
BbIABIIEHBI HeoJHOPOAHOCTH TEC, KOTOpBIe MPOSBUINCE B YCUIIEHUM HHTEHCUBHOCTH cUHTHIIANMA GPS curnanos.
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MyJabTH-CIIyTHUKOBBIE HCCJIETOBAHMS MEKIIAHETHBIX YAapHBIX BoJH 10 masi 2024 roga u
MAarHATOC(EPHOro OTKJINKA HA HAX

A.O. Ilupses?, K.)K. Aspa-Topckas®?, A.A. Baxpymesa'?, K.5. Kanopuesa'?,
A.C. Jlaspyxun?, JI.B. Hepckuii*?, C.A. Oranos?

HUUAD MTY
2Pusuveckuti paxyromem MIY

B pabore mpousBeneHO HccleOBaHHE PAaCHpPOCTPAHEHUs] MEXIUIAHETHBIX YJIapHBIX BOJH, KOTOpPBIE INPUBENN K
3HAUUTENBHBIM TE€OMAarHUTHBIM Bo3MmymeHusiM 10 wmas 2024 roma (Dst,;, = —406HTa), a Takxke
ACCOIMMPOBAHHBIX C HUMU COJIHEUHBIX HCTOUYHHUKOB. [Ipon3BeIEH aHAN3 yIiIa pacIpOCTPAHEHUS M CKOPOCTH (pOHTA
yapHOH BOJIHBI C yYETOM MOJIOKEHNH CITyTHUKOB, Ha KOTOPBIX OHa OblIa 3apernCTPUPOBaHa, U IPUBECHBI JaHHbIE
IapaMeTpOB MEXKIUIAHETHON CPeAbl B 3THX TOYKax. B paboTe mcmosp30BaHbl JaHHBIC JaHHBIM CIyTHHKOB ACE,
WIND, CLUSTER, STEREO, THEMIS. PaccmoTpeHa AMHaMHKa MarHUTOINay3bl 110 JaHHBIM nepeceucHuit KA u ee
OTKJIOHEHHUsI OT MOJICJIFHOW IOBEPXHOCTH. PaccMOTpeHbI BKJaJbl KOJBIIEBOTO TOKA M TOKOBOTO CJIOS XBOCTa
marHutochepsl B H3MepsieMblii Bo Bpemst Oypu SYM-H wuHzmexkc npu mnomomy mnapaboNOMIHOW MOJEIH
MarHuTocgeps! 3eMIIH.
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Study of plasma jets formation in a transverse magnetic field on the laser-plasma facility KI-1

A.A. Chibranov, A.G. Berezutskiy, Yu.P. Zakharov, I.B. Miroshnichenko, V.G. Posukh,
M.A. Rumenskikh, I.F. Shaikhislamov, A.E. lvanov, M.V. Loginov

ILP SB RAS, Novosibirsk, Russia; e-mail: chibranov2013@yandex.ru

A series of experiments on the formation of collimated plasma jets into a transverse magnetic field, including in a
counter configuration, were conducted on the KI-1 setup [1, 2]. For this purpose, flat polyethylene targets located at
a distance of L = 1 m from each other were irradiated with CO; laser pulses with an energy of E = 100 J and a duration
of T = 100 ns, generating laser plasma flows with an initial energy of Eq = 32 J, a velocity of Vo = 250 km/s and a total
number of particles of N = 1.3-10%8, expanding into a transverse magnetic field of By = 340 G. The measurements
were carried out using a system of combined magnetic and electric probes, as well as using photo recording systems.
The obtained data demonstrated that when a plasma flow expands from a target into a transverse magnetic field, the
plasma forms a collimated "sheet" structure with plasma spreading along the field and collimation across the field,
which was also detected from the ultra-high-speed photography data. The flow extends over a distance of more than
1 meter, which is much greater than the ion gyroradius R = 18 c¢m in this experiment. When two plasma flows expand
in a magnetic field, an interaction of two jets is observed in plasma glow photographs and probe measurements. The
formation of a sharp compression front of the magnetic field with a high concentration and high-frequency oscillations
(v =1 MHz) of the main component of the magnetic field were also detected. Thus, the experiments made it possible
to determine the features of the dynamics of directed plasma flows in a transverse magnetic field, including in the case
of a counter configuration.

The work was supported by the Russian Science Foundation grant Ne 24-62-00032, https://rscf.ru/project/24-62-
00032/.

1. Y.P. Zakharov et al. // AIP Conference Proceedings. — American Institute of Physics, 369, Ne 1, p. 357-362, (1996).
2. |.F. Shaikhislamov et al. // Plasma Physics and Controlled Fusion, 56, Ne 12, p. 125007, (2014).

Statistical model of the plasmasphere electron density taking into account
the discrepancy between the magnetic and geographic poles

D.V. Chugunin!, G.A. Kotova!, M.V. Klimenko? and V.V. Klimenko?

Space Research Institute, Russian Academy of Sciences, Moscow, Russia
2Institute of Terrestrial Magnetism, lonosphere and Radiowave Propagation, West Department, Russian Academy of
Sciences, Kaliningrad, Russia

The work is devoted to the creation of a statistical model of plasma density in the plasmasphere for L-shells in the
range from 2 to 4. The model takes into account the dependence on geographic longitude, which is caused by the
mismatch of geographic and magnetic poles. Despite the fact that the magnetosphere is mainly described by magnetic
coordinates, its filling with ionospheric plasma is also affected by the difference in the illumination of the base of the
magnetic field lines. This model uses measurements of the electron density on the ERG satellite. Only long quiet
periods were selected for the study, during which the magnetic tubes had time to fill with plasma to diffusion
equilibrium. It is shown that for the same geomagnetic coordinates, the plasma density in the plasmasphere depends
on geographic longitude. This dependence is also studied for different seasons.
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Numerical simulations of magnetic reconnection in SPERF-AREX device
(Harbin Institute of Technology)

A.V. Divint, V.S. Semenov?, S.V. Apatenkov?, I.P. Paramonik?, D. Zhong?, A. Mao?, X. He?, S. Liu?, X. Wang?

1Saint-Petershurg University, 199034, Russian Federation; e-mail: a.divin@spbu.ru
2Harbin Institute of Technology, Harbin, 150001, People’s Republic of China

In this study we present results of three-dimensional PIC simulations of the laboratory magnetosphere dynamics in
the Space Plasma Environment Research Facility (SPERF, Harbin, China). Magnetosheath plasma is formed by
ionization of background gas and moves when the magnetic flux is pumped by large, 2m-diameter MS coils. This
approach allows setting the required magnetic field and plasma drift velocity. The calculations are performed by the
parallel code iPIC3D, which implements a semi-implicit Particle-in-Cell method. The main improvement in the
presented model of the AREX (Asymmetric REConnection) experiment was the addition of a new module with an
internal boundary condition; the plasma in the computational domain moves self-consistently by changing the current
in the main MS coils. The study analyzes the signatures of magnetic reconnection on kinetic scales of the order of the
electron gyroradius, with parameters typical for the asymmetric dayside reconnection in the AREX-SPERF
experiment. The configuration of the current sheet in the diffusion region is studied; appearance of a region with
electron jets and significant non-gyrotropy and a magnetic Hall field is shown. We apply the FOTE (First-Order
Taylor Expansion) method to analyze the magnetic topology and detect an X-line on the dayside. It is shown that the
FOTE method will allow us to isolate the passage of the null points and reconnection region vicinity in the
experimental data.

The work was supported by the Russian Science Foundation, project No. 23-47-00084 "Magnetic Reconnection in
Space and Laboratory Plasmas: Computer Simulations and Empirical Modeling".

Energetic Electron Transport Driven by Drift-Orbit Bifurcation
S.R. Kamaletdinov, A.V. Artemyev

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

Radial transport of energetic electrons is an important process responsible for the global variability of the outer
radiation belt, resulting from a violation of the third adiabatic invariant and allowing electron motion between different
drift orbits. Classical models typically invoke interactions with Ultra-Low Frequency (ULF) waves, which scatter
electrons in the third adiabatic invariant, leading to their slow radial diffusion. While this classical diffusive framework
captures key aspects of radiation belt dynamics, event-specific modeling often necessitates going beyond classical
diffusion. The Drift-Orbit Bifurcation mechanism, also referred to as the Shabansky effect, has recently gained
attention as a prospective driver of electron transport in the outer radiation belt and near the dayside magnetopause. It
arises from the compression of dayside magnetic field lines by the impinging solar wind, leading to the formation of
an equatorial maximum in the magnetic field strength. Electrons with sufficiently small equatorial pitch angles cannot
overcome this maximum and become trapped northward or southward of the magnetic equator, violating the second
adiabatic invariant and rendering the third adiabatic invariant undefined, thus opening the drift orbit and allowing for
radial transport. The classical picture of drift-orbit bifurcation assumes a North-South and East-West symmetric
magnetic field configuration; however, recent studies have shown that breaking these symmetries—through a nonzero
dipole tilt and a nonzero IMF By - allows for much more efficient scattering and transport. In this work, an event study
observed by NASA’s THEMIS spacecraft is performed, where the formation of an isolated energetic (>30 keV)
electron peak is observed near the magnetopause. Test-particle simulation in the guiding center approximation
demonstrates that drift-orbit bifurcation under asymmetric magnetospheric conditions—i.e., a nonzero dipole tilt and
significant IMF By —can result in the formation of isolated maxima in the radial profiles of >30 keV electrons,
providing valuable insight into the longstanding problem of energetic electron enhancement events observed near the
magnetopause.
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Inner magnetosphere field line curvature estimates. First results
G.R. Kokhan, S.V. Apatenkov, V.A. Sergeev
Earth Physics Department, Saint Petersburg State University, St. Petersburg, Russia

An important mechanism for energetic electron losses in the outer radiation belts is the field line curvature scattering.
A particle magnetic moment is not conserved in the areas where the gyroradii is comparable with field line curvature.
This causes pitch angle chaotic transformations and a particle may reach loss cone. So to estimate the field line
curvature in the equatorial regions of the outer magnetosphere in is an important task.

Based on CLUSTER magpnetic field data we select the intervals when the pairs of spacecraft cross the neutral sheet
(NS). To get the NS location and local coordinates we use TAG-14 model of NS. We test the two-dimensional
approach using only two observation points and linear gradient estimates. The four Cluster spacecraft provide us three
subsequent passes through NS so we can investigate the evolution of the field line curvature as well as apply some
test of the method. We present the first results, discuss the method applicability and compare the observed curvature
radius with relativistic electron gyroradii.

Jovian magnetopause boundary layer according to Galileo and Juno data
A.S. Lavrukhin, I.I. Alexeev

Skobeltsyn Institute of Nuclear Physics M.V. Lomonosov Moscow State University (SINP MSU),
Moscow, Russian Federation

Using magnetic field, plasma waves and charged particles data from Galileo and Juno data we investigate properties
of Jovian magnetopause boundary layer at dawn, dusk and dayside magnetosphere. We compare its properties with
magnetosheath and nearby magnetosphere regions and compare magnetometer measurements with magnetic field
model of magnetosphere and magnetosheath with a magnetopause of finite thickness (Alexeev, 1986; Alexeev et al.,
2003).

1. Alexeev, L.I. (1986), The penetration of interplanetary magnetic and electric fields into the magnetosphere, J.
Geomagn. Geoelectr., 38, 1199-1221.

2. Alexeev, L.1., E.S. Belenkaya, S.Yu. Bobrovnikov, and V.V. Kalegaev (2003), Modelling of the electromagnetic
field in the interplanetary space and in the Earth's magnetosphere, Space Sci. Rev., 107, 7-26.
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A new approach to data analysis of trapped radiation in the inner radiation belt
V.V. Malakhov?, A.A. Leonov?, A.G. Mayorov?, S.A. Rodenko!

National Research Nuclear University “MEPhI”, Moscow, Russia
2| ebedev Physical Institute, Moscow, Russia

One of the everlasting problems of data analysis in the Earth inner radiation belt is quite large discrepancies between
different measurements of trapped fluxes, as a result different models based on those measurements also give different
results. At some geomagnetic areas the discrepancies reach up to two orders of magnitude. The most affected regions
are low drift shell (L<1.2) and high particles’ energies (for protons E>400 MeV). Qualitatively it is usually explained
by a high gradient of fluxes at low drift shells, temporal variation of magnetic field, that instruments took
measurements in different periods of time and the simplicity of many old instruments. But there is a lack of quantitative
analyses of these factors.

We suppose that the main reason why these factors affect the data analysis is in simplified definition of geomagnetic
parameters (mostly L-parameter). The point is that a value of L attributing to registered particles is usually calculated
at the point of registration, while strictly speaking it should be taken the particles gyrocenter. In the latter case, particles
of different energies and coming to the instrument from different directions should be attributed with different values
of L. At the region of high gradient of fluxes (L<1.20) and high particle energies (E>100 MeV) it results in the fact
that an instrument in such regions actually registers a mixture of different geomagnetic areas (with different fluxes),
and the real composition depends on the instrument position and orientation in space and instrument’s field of view
(FoV).

In the report, we will present such an analysis made for the PAMELA spectrometer for protons with energy range
from 65 MeV to 3 GeV covering the part of its orbit with local drift-shells L<3.0. Our analysis showed that even for
limited region of the inner radiation belt available for the spectrometer, the mixture of different geomagnetic regions
within its FoV vary significantly as for different orbit as along one orbit. Such analysis if made for other instruments
can not only explain the observed discrepancies in the measurements in these areas but provide a tool for their
calibration.

Magnetospheric Structure and Dynamics Inferred from Low-Altitude Spacecraft Observations
V.A. Sergeev!, M.V. Kubyshkina® and A.V. Artemyev?

YInstitute of Physics, University of St-Petersburg, St-Petersburg, Russia
2Space Research Institute, RAS, Moscow, Russia

Understanding of Magnetosphere-lonosphere coupling is difficult because the (magnetospheric) cause and
(ionospheric) consequence should be individually observed by spacecraft in each region, but mapping between these
regions is rather uncertain. Using remote sensing of the magnetosphere from ionosphere (based on isotropic
precipitation due to curvature-scattering in the magnetospheric current sheet, FLCS) together with measurements of
auroras, particle spectra and FACs in the ionosphere made on each of nine nano-satellites of CINEMA project (now
in preparation) provides a great chance to advance in solving these problems. In this talk we briefly show some results
obtained as a preparation for this project based on energetic particle observations from ELFIN and POES missions.
Particularly we show how the remote sensing can be tested, which different categories of the Isotropy Boundary
patterns can be expected (and are observed) in the magnetosphere/ionosphere from existing magnetospheric models,
and also discuss some processes which can make difficult to infer true FLCS boundaries. The observations suggest an
abundance of non-trivial tail current sheet structures or a mixed contribution of two different mechanisms in the
vicinity of IBe in these cases.
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Investigating Large-Scale Electric Structures During Geomagnetic Storms in Earth's Radiation
Belts Using Electric Field and Potential Difference Data from RBSP Satellites

Mohammad Reza Shafizadeh!, Behnam Babaeian?

IM.Sc. Formerly at University of Zanjan, Physics Faculty, Iran
2Friedrich-Alexander-Universitit-Erlangen-Niirnberg, Germany

This study investigates large-scale electric structures within Earth's radiation belts during geomagnetic storms. The
primary objective is to identify and characterize large-scale electric double layers in the near-Earth space environment.
We hypothesize that such structures may persistently exist around Earth, and this research serves as a critical step
toward understanding their formation and behavior under extreme solar activity. Using electric field and potential
difference data from the EFW (Electric Field and Waves) instrument aboard the RBSP (Van Allen Probes) satellites,
we analyzed periods of intense geomagnetic storms. The data were processed using Fast Fourier Transform (FFT)
techniques to reduce noise and identify large-scale double-layer structures. Our results demonstrate the presence of
large-scale electric double layers in the radiation belts during geomagnetic storms. These findings provide a foundation
for future investigations, where we aim to explore whether these structures exist consistently in the near-Earth space
environment, even during quiet periods. This research contributes to a deeper understanding of electric structures in
space and their implications for space weather dynamics.

Research of radiation conditions using KODIZ and KODIZ-2 spectrometers for cubesats
I.A. Zolotarev?, V.V. Benghin*?, G.I. Antonyuk™3, A.M. Sadikov*®, S.I. Svertilov®, V.V. Bogomolov?, V.I. Osedlo®

ISINP MSU, Moscow, Russia
2IBMP, Moscow, Russia
3MSU, Moscow, Russia

The SINP MSU has been conducting radiation research using spectrometers on small spacecraft since 2022. The
KODIZ device, a combined radiation detector, was launched in 2022 on the Monitor-1 satellite and contained a
detector telescope, which made it possible to assess the possibility of creating ultra-small spectrometers. In 2024, the
SUP — a universal proton spectrometer was launched as part of the Altair satellite and is currently undergoing flight
tests. The KODIZ-2 instrument, which consists of three detector telescopes and a Cherenkov detector, is being
prepared for future research on the Scorpion satellite. The sensitivity directions of the detector telescopes are directed
orthogonally, which will make it possible to obtain information about the flux of trapped particles in the radiation
belts and flux of precipitating particles. The semiconductor detectors in the telescopes are supplemented with a
scintillation Csl detector, which made it possible to expand the energy range of registered protons to 80 MeV. The
presence of a network of satellites with spectrometers in low Earth orbit will make it possible to create a system for
operational monitoring of radiation conditions in low Earth orbit.
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HccaenoBanusi paguanMoHHbIX ycaoBuil ¢ momombio cnekrpomerpos KOJAN3 u KOAU3-2 nas
MaJIBIX KOCMHYEeCKHX ANMNapaToB

WN.A. 3onorapes?, B.B. benrun®?, I.1. Antontok?, A.M. Canpikos’?,
C.U. Creprunos®, B.B. Boromosos®, B.U. Oceno?

HUHAD® MT'Y, Mocksa, Poccus
2I'HI] UMBII PAH, Mockea, Poccus
S@usuueckuii paxynomem MI'Y, Mockea, Poccus

B HUNA® MI'Y Ha MamslXx KOCMHYECKHX amlaparax MPOBOIITCS WCCICIOBAaHMS PaIMalliOHHOW OOCTaHOBKH C
UCIIOJIb30BaHUEM crieKTpoMeTpoB HaunHast ¢ 2022 roxa. I1pubop KOJIN3 - koMOMHUPOBaHHBIN JETEKTOP U3ITyYECHUS
0Lt 3amymied B 2022 1. Ha cmyTHHKE MOHUTOP-1 U cofepskai TexecKol AeTEKTOPOB, KOTOPHIH TO3BOIUII IPOBECTH
OIICHKY BO3MOKHOCTH CO3[aHUS CIIEKTPOMETPOB CBEpXMaoro pasmepa. B 2024 roapl B cocTaBe CIIyTHHKA AJbTaup
6611 3amymieH npudop CVYII ciekTpoMeTp yHUBEpPCAIbHBIN IPOTOHOB M B JAHHBII MOMEHT MPUOOP MPOXOIUT JIETHBIC
ucneltanus. Jns Oyaynmx uccieioBanuii Ha criytHiKe CKOpIHOH nojarorasiuBaercs npuoop KOW3-2, kotopsiit
COCTOHT U3 TPEX TEJECKOIIOB JIETEKTOPOB M YEPEHKOBCKOTO JeTeKTopa. OOsacTn 4yBCTBUTEIHHOCTH TEJIECKOIIOB
JIETEKTOPOB HAaIIPaBJICHBI OPTOTOHAIBHO, YTO MO3BOJIUT I10JIy4aTh HH(OPMALUIO O MOTOKAX 3aXBaYCHHBIX YacTHIl B
paZualMoOHHbIX MOSICAaX M O MOTOKAaX BBICHINMAIOMIMXCS YacTHLAX. [10ynpoBOAHUKOBBIE JETEKTOPHI B TeJECKOIax
JOTIOJTHEHbl CUUHTWLIAIMOHHEIM Csl  meTekTopoM, dYTO MO3BOJMIIO pPACIIMPUTH SHEPTeTUUECKHH Hana3oH
peructpanuu mpoToHOB 10 80 M»B. Hanmndne Ha 0K07103eMHON OpOHTE CETH CITyTHUKOB C CTIEKTPOMETPAMHU ITO3BOITUT
CO3J]aTh CUCTEMY OINIEPAaTUBHOIO MOHUTOPHHIA PaAHAILIMOHHBIX YCIOBHI Ha HU3KOI OKOJIO3eMHOW OpOHTe.

Figure 1. Detector telescopes of the KODIZ-2 device.

Pucynox 1. Teneckons! nerexropos npudopa KOAN3-2.
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I'no6ansnas rmubpuaHas Moaeab Maruutocgepsl 3eMin
I0.A. Kponoruna, A.M. BeikoB
DOTU um. A.@. Hogpe, 2. Canxm-Ilemepbype, Poccus,; e-mail: juliett.k@gmail.com

B mHacrosmed pabore mnpenctaBieHa THOPUAHAS MOJIENb MarHUTOChepbl 3eMJIM PEalMCTHIHOTO pa3Mepa.
HccnenoBal mponecc MHXKEKIMU M YCKOPEHUs NPOTOHOB 1o MexaHmsMy Depmu 1 mopsiaka, BBIIEICHB 00JaCTH
YCKOpEHHsSI /I CiTydash MEXIUIAHETHOI'O MarHUTHOTO TIOJIsl, COHANpaBJICHHOTO C TOTOKOM COJIHEYHOTO BETpa.
IToxa3zaHo, YTO Pe3yJILTUPYIOIINIA CIIEKTP HAATEIUIOBEIX YaCTHII KECTUE, YeM NPEACKa3bIBACT KIACCHUECKash TCOPHs
1 dy3HOHHOTO yCKOpeHUs. MccrnenoBaHbl TPAaeKTOPHHM M IPOCTPAHCTBCHHBIC DPACIPENENCHUS HAATCIUIOBBIX
YacTHL, BbIsBJICH NU((y3HOHHBINH XapakTep UX paclpoCTpaHEHUs U OLleHEHBI Kod(ppuuueHTs! nuddysun Broab U
nornepek MarHuTHoro mois. [locneaHue Oka3pIBaIOTCSI CONMOCTaBMMBI C OOMOBCKMMH, a IEpBbIE — IPUMEPHO Ha
MOPSIOK OOJIBIIIE.

Omnpeneienue 001aCTH NPUMEHHMOCTH TPAEKTOPHBIX PACYETOB B 0K0J103€MHOM MPOCTPAHCTBE
IT.A. Kpyunnun, C.A. IIponms, B.B. Manaxos
Hayuonanenuiii uccnedosamensckuil adeprutii ynugepcumem « MUDH», Mocksa, Poccus

Pemenne ypaBHEHUWI IBM)KEHUS 3apsXKEHHBIX YacCTHIl B MOJENISIX MAarHUTHOTO TONs ABISETCS CTaHOAPTHBIM
METOJIOM pEIICHHs I OOJIBIIOTO KOJMYECTBA 337ad B OKOJIO3€MHOM HpocTpaHcTBe. OIHAKO Beerja CymiecTBYET
npoOyieMa OLEHKU CTENEeHH TOYHOCTH BOCCTAHOBIICHHBIX TPAeKTOPHHA. B OTAEIBHBIX 0OJIACTSX Takue pacydeThl
CUMTAIOTCS HaJIEKHBIMH, HAIpUMeEp, U1 YacTUI[ C JKECTKOCTBIO 3aBEOMO BBIIIE >KECTKOCTH I'€OMAarHUTHOTO
obpezanust (OKI'O). B npyrux oGmactsix — 3aBeOMO HEHaJIS)KHBIMH, HAlIpUMEp, B 30HE MOJYTEHH T€OMarHUTHOTO
oOpe3anust (meHyMOpBI). A B TpeTheM citydae (111 3aXBa4E€HHbIX B PaJHAIIMOHHBIX T0SICaX YAaCTUI]) TOYHOCTh 3aBUCHT
OT MPOOJKUTEIBHOCTH TpeiicuHra.

B noknane OyzeTr mpeuioxeH MeTo]l KOJMYECTBEHHOH OIEHKH CTAOWIBHOCTH TPAaeKTOPHBIX PAacu€ToB B pa3HbIX
00acTsX TMPOCTPAHCTBA M >KecTKOcTed. Jlist 3TOro mpoBOAMJIACH TPACCHMPOBKA YaCTHIl M3 pasHbIX oOsacteit
mnpoctpanctBa mo 100 TpaexkTtopuii ¢ OJMHAKOBBIMHM HCXOJIHBIMH IapaMeTpaMH KpOME Ha4daJIbHBIX KOOpAMHAT.
HauasnbHble KOOpAMHATE PaBHOMEPHO pacipesesieHsl B mape pagumycoM 100 M BOKPYT yCTaHOBICHHOH TOYKH.
XapakTeprCTHKON CTaOMIBHOCTH TPAEKTOPHH MBI CUMTaEeM BEIMUYMHY pa30poca TpaeKTOPHH depe3 OIpeaenéHHOe
YHUCJIO UTEpPaLi.

PacuéTsl mpOBOAMIKCE IS CCIYIONUX obnacTel: [IpocTpaHCTBO MEPBUYHBIX KOCMHUUECKHUX JTyueH (paspernéHHas
00JacTh MmoNMyTeHH), 00JacTh ankdeno (3ampeméHHas 00IacTk MOyTEHH), IEHTPaIbHAS YacTh MIEHYMOPHI, TTaBHAS
TI0JI0Cca TIEHYMOPBI, a TAKXKe 30Ha 3aXBaYCHHBIX YacTUIl. BoccTaHOBIEHHE TPAEKTOPH OCYIIECTBISUIOCH C TIOMOIIBIO
aJITOPUTMAa TPACCUPOBKH YaCTHL], PEAIM30BAHHOTO B METOJE YaCTHUIIA-B-auelike 110 cxeme bynemaHna-bopuca.

B noxnazne Oyner npencTaBieH aHaJU3 MOMYYEeHHBIX BEJIMYMH CTAOMIBHOCTH pacCMaTpHBaeMbIX 00JIacTeH.
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YucneHHass MoJeJb CBEPXTOHKOIO 3JIEKTPOHHOTO0 TOKOBOTO CJIOSI
B OJIMJKHEH YaCTH MarHUTOC()epHOro XBoCcTa

0O.B. Mumnranes!?, I1.B. Cenxo?, M.H. Mensuuk?, 1.B. Munranes?,
X.B. Manosa®*, E.E. I'puropenko®, JLM. 3enenblii*

onapuwiii 2eogpusuueckuti uncmumym, 2. Anamumut (Mypmanckas o6:n.)

2Mypmanckuii apxmuueckuii yuusepcumem, unuan 6 2. Anamumer (Mypmanckas o6n.)
SHayuno-uccnedosamenvckuii uncmumym adepnoti gusuxu um. JJ.B. Ckobenvyvina MI'Y, Poccus
AUncmumym xocmuueckux uccredosanuti PAH, Mockea, Poccus

Kocmrmueckue anmmapatsr muccun MMS Bo BpeMs mpenBapHUTeNbHON (Pa3sl MarHUTOC(HEPHBIX CyO0yph peryisipHO
OoOHapy)XMBarOT B OJIMKHEH YacTH XBOCTa 3€MHON MarHUTOC(Epbl MOTOKH JJICSKTPOHOB M CO3JaBaeMblil MMHU
CBepxXTOHKHUI ToKOBBIH cioit (CTC) ¢ TONIIMHON mopsaaKa AECATH TEIUIOBBIX THPOPATUYCOB JICKTPOHOB B JOJAX
XBOCTA BBIIIE M HUKE CJIOS, U C MAKCUMYMOM 3JIEKTPOHHOIO TOKa B Hpejenax npumepHo 30 — 100 nA/m2. Takue
anexTpoHHble CTC B1OXKEHBI B 00JIee TOICTIM HOHHBIN TOHKHM TOKOBBIH cioi (TTC), 1 KOToOporo MakCUManbHOE
3HaYeHUEe TUIOTHOCTH TOKA HOHOB OOBIMHO JIEKHT B mpeaenax 10 — 30 HA/M2, a ToNMHA 1O MOPSJAKY paBHa
HECKOJIbKIM TETUIOBBIM I'MPOpPaAnycaM HOHOB Ha KParo CIOsl.

B pabote paccmarpuBaeTcsi YHUCIICHHAs] CaMOCOTJIACOBAHHAs YUCIICHHAs MOJIENIb CTAlJMOHAPHOTO TOKOBOTO CJIOS
(TC) ¢ 3amanHON HOpMAaTbHOW KOMIIOHEHTOH MarHUTHOTO MOJIsl, KOTOPBIA cocTouT U3 HOHHOTO TTC U BIOKEHHOTO
B Hero emie Oonee ToHKOro 31ekTpoHHOro CTC, ¢ KOMOMHMPOBAHHBIM ONMCAHUEM 3JIEKTPOHOB, NPH KOTOPOM B
MOJIETIH C TTOMOIIBIO YHCIEHHOTO PEIICHNSI COOTBETCTBYIOIIETO CTAIIMOHAPHOTO ypaBHEHHs BiacoBa yuuThIBalOTCA
MOMYJISIUUST MPOJIETHBIX IPOTOHOB M MOMYJIALUS MPOJETHBIX JIEKTPOHOB, a MOMYJISAIMs (OHOBBIX DJIEKTPOHOB C
M30TPOIIHBIM JaBJICHUEM M 3JIEKTPOCTaTHUECKHE 3(P(EKTH YUNTHIBACTCS aHAINTHIECKH C IOMOINBIO apeiidoBoit
TEOPHH aHAJIOTHYHO TOMY, KaK 3TO CAEIaHO B aHamuTHdecknx Monensx TTC.

C mnoMoIp0 yKa3aHHOW MOJENH IMOoJy4eH HabOp CaMOCOITIACOBAaHHBIX [0 JJIEKTPOHAM CTallMOHAPHBIX
koHpurypamuii CTC, B KOTOPBIX MPOQMIM HOHHBIX IJIOTHOCTH TOKA M KOHIIEHTpAuKu (PUKCUPOBAHBI U B3STHI U3
koH(urypanuu grcto nonHoro TTC ¢ u3oTponHbIME 35eKTpoHaMH. [losrydeHHbIe cTanMoHapHbIE KOH(UTYpanuu
CBEPXTOHKHX OJJICKTPOHHBIX TOKOBBIX CJOEB KauyeCTBEHHO M KOJMYECTBEHHO Xopomo coorBeTcTBytoT CTC,
HaOJII0aeMbIM M0 IaHHBIM Muccu MMS.

PaGota BemonHeHa pu mogaepskke rpaata PH® Ne 23-12-00031.
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Hepapxuyecknii moaxox K onpeaejeHNI0 YHCJIa KJIacTepoB 1 napamerpos GMM
A QyHKIMHU pacnpee/ieHus HOHOB

WLII. Tlapamonux®, A.B. Tuun', U.B. 3aiiuer?, 1. Yxyn', B.C. Cemenos’

lcriery, 2. Canxm-Ilemep6ype, Poccus; e-mail: igorparamonik@gmail.com
2Y;Ltueepcumem Xenvcunku, 2. Xenvcuuku, QuuasaHous

OyHKIMs pacrpeeseHue HOHOB 10 CKOPOCTSIM MOXET MMETh CIOKHYIO CTPYKTYpY, COJCPIKAIyl0 yCKOPEHHBIE
XOJIOJHBIE IyYKH, CHJIHO TEIIOBBbIE HMOMYJSILHs (rajo), TSDKEJble XBOCTBI, 0COOCHHOCTH BHAa "momymecsn" H
npyrue. s 3agadn aBTOMAaTHUYECKOTO OIPEAETCHUsT OCOOCHHOCTEH (DyHKIHMM paclpemeieHUs, MONydYeHHBIX B
pesynsTare kuaeTHIeckoro PIC-moxemmpoBanus [ 1], cebs xopomro nokazan merox Gaussian Mixture Model (GMM)
[2], sBastromuiicst anroputMoM kiactepusaiuu. OHAKO, KaK M Ui MHOTHX JAPYTHMX aITOPUTMOB 3TOTO Kilacca
METOJI0B MAIIMHHOTO 00y4yeHne 0e3 yuuTens, OTACIbHON MpoOIeMoii ocTaeTcs ONpeae/ieHne ONTHMAIBHOTO Yicia
knactepoB. CIMIIKOM Majoe YHCIO KOMIIOHEHT CMECH MOXKET CKPBITh JIOKAJIbHBIE OCOOCHHOCTH (yHKINH
pacrpeeneHus, a CIMIIKOM OO0JbIIoe — HalAeT U30BITOYHOE YHCIIO CTPYKTYpP, YTOOBI JIydIIHM 0Opa3oM OIHcaTh
HayalbHOE pacHpeiesieHHe.

Jnst onpeneneHust ONTHMAIBHOTO YHCIIa KJIACTEPOB NPUHATO MPOBOJUTH HECKOJIBKO PAacueTOB MOJAEIH, BapbUpys
KOJIMYECTBO KOMIIOHEHT, a Hawily4llas MOJAEJIb W3 HHUX BBIOMpAETCS C IIOMOLIBIO METOJAA JIOKTS HIIH
nHdopmannonsoro kputepust Axaunke (AIC) wnu Baiieca (BIC). Onnako He Bcerma pe3ysbTaThl BEIOOpa MOJENN
STHMH METOJaMH JAI0T NpHEMIIEMOE Ul Hac pa3OMeHne, MOCKOIbKY OHHM HE YYHTHIBAIOT MapaMeTpbl HalICHHBIX
KJIaCTEPOB, a ONMHUPAIOTCS JIUIIb HA 3HaYCHUE (YHKIUH JorapudmMa IpaBIONofo0Hs, KOTOPask MOXKET CXOIUTHCS K
JIOKJILHOMY 3KCTPEMyMY H3-3a HAJIMYHs 3JIEMEHTa CIy4aifHOCTH NMPH MHUIMAIN3AIMN UTEPALIMOHHOTO aJrOPUTMA.

Iockombky MBI UMeeM psin Mozeneit GMM ¢ pa3HBIM KOJIMYECTBOM KJIACTEPOB AJS OJHOTO paclpeneieHus, TO
MOXEM 0000IUTh HH(POPMALIHIO IS BCEX KOMIIOHEHT CMECH M3 TAaKOW CEpHH MOJEIEH, HCIONb3Ys HepapXHIECKUH
Meron. CpaBHUBAsI OTJENbHbIE KOMIIOHEHTHI JPYT C JPYyroM, OOBEOUHAS MX 10 MEPE YMEHBIICHHs KOJIMYEeCTBa
3aJlaHHBIX KJIAacTepPOB, BO3MOXHO BHM3yallU3UpOBaTh [EPEBO CBsI3€H U CKa3aTh, € pPAa3[EleHUE CTaHOBUTCS
N30BITOYHBIM, TEM CaMbIM YIPOCTHTh aHan3 (QYHKIUH pacHpeieseHus U NoAo0paTh ONTHMAalbHOE pPa3sIOKEHHE.
PesynbraThl coBMemeHnst mepapxuuyeckoro mnoaxoaa 1 GMM, Mbl HccieqyeM Ha NpUMEpEe CHHTETHYECKOTO
TECTOBOTO pacipenelieHus 1 QYHKIMH pacnpenenaeHus: nonoB u3 PIC-monenupoBanus.

1. Markidis S. and Lapenta G. "Multi-scale simulations of plasma with iPIC3D." Mathematics and Computers in
Simulation 80.7 (2010): 1509-1519.

2. Dupuis R. et al. "Characterizing magnetic reconnection regions using Gaussian mixture models on particle velocity
distributions.” The Astrophysical Journal 889.1 (2020): 22.
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TpaccupoBaHHe TECTOBBIX YACTHI[ B 3JIEKTPOMATHUTHBIX MMOJISIX IHAMATHHTHON KaBePHBI
W.II. TTapamonux!, A.B. Jlupun?, A.A. Yu6panos?, M.C. Pymenckux?, N.®. Illaiixucnamos?, B.C. CemeHos?

tcriery, o. Canxm-Ilemep6ype, Poccus; e-mail: igorparamonik@gmail.com
2HJID CO PAH, 2. Hosocubupck, Poccus

JnaMarHUTHBIE KaBEpHBI, CO34aBaeMble NPH CHEPHIECKOM PACIIMPESHHU ILIa3Mbl BO BHEIIHEE MAarHUTHOE IIOJIE
OCTAIOTCS aKTyaIbHBIMH 00BbEKTaMH JIJIs UCCIIEJOBAaHHUM, B TOM YHUCIIE U B OKCIIEPUMEHTAX C Ja0OpaTOPHOH IIa3MOi
[1]. st conpoBokaeHust Takux 3kcrepumenToB Ha crerae KM-1 [2] B UnctuTyTe maszepuoit ¢pusukn CO PAH (r.
HoBocubupck) 6bu1a nmposeaena cepus 2D u 3D monenupoBanuii pa3nera odjaka Iia3Mbl co Cy0-arb()BEeHOBCKOH
CKOPOCTBIO B peXHUME cIab0 3aMarHUUCHHBIX HOHOB C MOMOIIbI0 KHHeTHdeckoro koxa iPIC3D [3]. Pesynbrats
MOJIEJIMPOBAHHUS TIOKA3aJIi, YTO JBHKEHHE Pa3HbIX HOHOB obsaka (yriepona C* / C* u Bomopona HY) ormuaercs, a
caM¥ KOMITOHEHTHI pa3lelieHbl B IpocTpaHcTBe. [ moapoOHOro UCClIeJOBaHU OCOOCHHOCTEH IBIKCHHMS TIIa3MBI
C pa3JIMYHbIMHU HOHHBIMHW KOMIIOHCHTAMH MbI UCIIOJIB3YEM MCTO/J TECTOBLIX YaCTUI] U BOCIIPOMU3BOJUM TPACKTOPHU B
CaMOCOTJIACOBAHHBIX JJICKTPUUCCKUX U MArHUTHBIX ITOJIAX, MMOJYYCHHBIX B PIC-MOI[CHI/IpOBaHI/II/I.

1. Winske, D., Huba, J.D., Niemann, C., & Le, A. 2019 Frontiers in Astronomy and Space Sciences, 51(5) 1-14

2. Zakharov Y.P. et al. // Quantum Electronics. — 2022. — T. 52. — Ne. 2. — C. 155.

3. Markidis S. and Lapenta G. "Multi-scale simulations of plasma with iPIC3D." Mathematics and Computers in
Simulation 80.7 (2010): 1509-1519.

44



Fields, currents, particles in the magnetosphere

Bausinue co/iHeYHOH AKTUBHOCTH HA CBOMCTBA BHICHINAHUI PeJIATUBUCTCKUX IJIEKTPOHOB
T.A. Ilonoga, T.A. SIxuuna, A.I'. JlemexoB

IIT'HA, . Anamumet, Poccus

E-mail: tarkada@yandex.ru

HenpepsiBHoe MHoronetHee m3amepenue cepueil cryTHHKoB NOAA/POES (Bbicota op6uthl ~850 KM) MOTOKOB
3apsDKEHHBIX YaCTHL[ MO3BOJSAET IMPOAHAIU3UPOBATH BIUSHHE HAa HX CBOMCTBA T€OMAarHUTHOH M COJHEYHOHN
aKTUBHOCTH. J{JIs1 MCClleToBaHMS TOTOKOB PEIATUBUCTCKHX (> 700 k3B) 351eKTpoHOB OBLTH BEIOPAHEI Ba MIEPHOIA - C
Huskoi (2017 rox) u Beicokoi (2023 roj) COMHEYHON aKTHUBHOCTHIO. B KauecTBe MHAEKCA COTHEYHOUW aKTUBHOCTH
B35ITO MOJTHOE MECSIYHOE YUCIIO COTHEYHBIX MATEH, YCPEJHEHHOE 3a IOl II0 KPUBO, CIiIaXkKeHHOH! ¢ OKHOM 13 MecsieB
(https://www.spaceweatherlive.com/en/solar-activity/solar-cycle/historical-solar-cycles.html) - 21 mis 2017 u 125
s 2023. Peructpaliyis BBICHITAHUI PEISITHBUCTCKUX 3eKTpoHOB (BPD) B okpecTHOCTH 00cepBaTopuu JIoBo3epo
(68° c.m., 35° B.o.) M compsKeHHOM ¢ Heill obimactu B FOKHOM IOJyIIapuM COOTBETCTBYET aBPOPAIBbHOM H
cy0aBpopanbHOH 30HE, KOTOpas HamboJiee WHTEpPECHa TMPOSBICHUSIMH TI'€OMATHUTHOM BO3MYIIEHHOCTH.
OKpecTHOCThIO 00CepBAaTOPUH CUHTANIACh I10J0CAa IMMPUHOW 75 TpaaycoB MO MarHWTHOHM Xodrore; 3Ta 00IacTh
BbIOpaHa JJIs1 COTMOCTABJICHUS BBICHITAHUI ¢ Ha3eMHbIMH HaOmrogeHussMiu OHY BOJIH M FeOMarHUTHBIX ITyJIbCaIlHi
Pcl. B momy4yeHHBIX KaTanorax Oblia MpoBeeHa KIacCH(DUKAIMA COOBITHI MO TPEM TPYMIaM COTIACHO KPUTEPHIO,
MpeCTaBICHHOMY B paboTax [1, 2]. BrichImanns KaxI0i IPyIITEl, B COOTBETCTBUH C ATHM KPUTEPHEM, HIMEIOT CBOU
MexaHu3M (opMmupoBaHus. Bricbimanus 1d rpynmbl cBs3aHbl ¢ HapylleHHeM 1ro anmabaTHdeckoro MHBapHaHTa
BCJICICTBHE MAJOr0 paanyca KPUBU3HBI CUJIOBBIX JHHUAN B HOYHOM CekTope [3]. DTH BBICHIIAHUSA HAOIIOMAIOTCS
BONMM3M TpaHWIBl H30TPONHMH IIOTOKOB SHEPTUYHBIX 3JIEKTpoHOB. BPD 2 rpymmsl Bcerma HaOmomaroTcs
OTHOBPEMECHHO C WHTCHCHBHBIMH BBICHITAHMAMHU 3HEprHYHBIX (40-200 x3B) amextponoB. Ilo-BuamMomy, OHH
cBsizabl ¢ Bo3OyxaenneM OHY Bonmn. BPD 3it rpynmel, compoBokaeMble BBICHITIAHUSIMU SHEPrUUHbIX (> 30 k3B)
MPOTOHOB, cBsi3aHbl ¢ DMMUL] BomHamu. OOCy)RIar0TCst 0COOCHHOCTH IIOTHOCTH BEPOSATHOCTH HaOmoaeHus BPD u
MIOTOKOB 3aXBaYE€HHBIX M BBICHINAIOIINXCS SHEPTUYHBIX 3JIEKTPOHOB B KaXK/I0W M3 TPy COOBITHI B 3aBUCUMOCTH OT
IapaMeTpOB COJHEYHOI'0 BETpa M T€OMAarHuTHBIX ycioBui (mHIekcsl Kp, Dst, AE) Bo BpeMst BBICOKOH M HHM3KOH
COJIHEYHO! aKTUBHOCTH.

1. Yahnin A.G., Yahnina T.A., Semenova N.V., Pashin A.B. Relativistic electron precipitation as seen by NOAA
POES /[ J. Geophys. Res. Space Physics. 2016. V. 121, No.9. P. 8286-8299.
https://doi.org/10.1002/2016JA022765

2. Yahnin A.G., Yahnina T.A., Raita T., Manninen J. Ground pulsation magnetometer observations conjugated with
relativistic electron precipitation // J. Geophys. Res. Space Physics. 2017. V. 122, No.9. P. 9169-9182.
https://doi.org/10.1002/2017JA024249

3. Sergeev V.A., Tsyganenko N.A. Energetic particle losses and trapping boundaries as deduced from calculations
with a realistic magnetic field model // Planet. Space Sci. 1982. V. 30, No. 10 P. 999-1006.
https://doi.org/10.1016/0032-0633(82)90149-0

Pabora BeinonHeHa npu noaaepxkke PH® (rpant Ne 22-62-00048).
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Cuenapuii MOTYJISIMA HECTPYKTYPHPOBAHHBIX MYJIbCamui
repuoBoro auanasona sapuanusavu MMII

B.B. Cagaprainees

Cankr-IlerepOyprekuii (puiinan MHCTUTYTa 36MHOTO MarHeTU3Ma, HoHOC(epsl U paciipocTpaHeHus paauoBonH PAH,
r. Cankr-IlerepOypr, Poccus.

CTpyKTypHpOBaHHBIE MyJIbCAIIMM T'€PLIOBOIO AUANa30Ha TUIIA GKEMUY>KUH) SIBJISIOTCS YaCThIM SBJICHUEM U II03TOMY
xopouio u3ydeHel. Ha MarHutorpaMmax <« ©KeMYy>KUHBD» HUMEIOT BUJ CEpUU BOJIHOBBIX HakeToB. HecmoTps Ha
M3y4YEHHOCTh, BONPOC O NPHYMHAX TAaKOW MOIYJSIIMM OCTaeTCsl NUCKYCCHOHHBIM. MeHee H3ydeH Ipyrou Tum
MOIyJTHPOBAHHBIX Pcl, MpencTaBisMomuX Ha COHOTpaMMax IIOCIEIOBATEIBHOCTE OechopMeHHBIX 0ONakoB 0e3
BBIPQ)KEHHON BHYTpEHHEH CTpyKTyphl (HecTpykrypupoBaHHble Pcl). Ha panHell cragum wuccinenoBaHuit
HECTPYyKTypHpoBaHHbIEe Pcl paccmarpuBaick, r1aBHBIM 00pa3oM, B KOHTEKCTE PEAKIIMH MarHUTOC(EpHI Ha y1ap 1o
MarHuTomnayse (poHTa MeIIeHHON yaapHoii BomHHI (sudden impulse, SI). B manpreimem 0p110 MokazaHo, uto SI He
SIBIIIETCS. HEOOXOIMMBIM YCIOBHEM TeHepanuu 3Toro mnoxakiacca Pcl. B nmanHoil paboTe wuccienoBaHbI
HECTPYKTypHpOBaHHbIE MOxyaupoBanHble Pcl, HaOmonaemble Kak 110, Tak u nocne Sl. Mcnonp3ys 6maronpusiTHoe
nonoxernne cmyTHUKOB GEOTAIL u THEMIS, moka3aHo, 9To Ha CIlyTHUKE BHYTPHU MAarHUTOC(EpHl HIMEIOT MECTO
Bapualuy JaBJCHUS, C KOTOPBIMH CHHXPOHH30BaHBl PErUCTPUPYEMble Ha 3E€MHOIM IOBEPXHOCTH «00JaKay
HEeCTPYKTypHUpoBaHHBIX Pcl ¢ mepuogom cnenoBanus 12 muHyT. Bapuanunu naBieHne OTCYyTCTBYIOT Ha CITyTHHKax B
COJIHEYHOM BeTpe. BmecTo 3TOro, CmyTHHKH perucTpupyior Bapuanmu MMII Toro sxe mepmoma. Ha ocnose
HaOIIOAEHUH TIPEUIOKEeH CIIEHAPUH SBICHHUS.

®opMupoBaHHe MyYKOB HOHOB B X0/1e YCKOPeHUs!
MArHMTHBIM 0€CCTOJIKHOBHUTEJIbHBIM NepecoenHEeHeM

D. Zhong, N.I1. [Tapamonuk, A.B. lueuH, B.C. CemeHOB
CIIorY, o. Canxm-Ilemepoype, Poccus; e-mail: zdh97@outlook.com

B nanHOii paboTe mMpuBEAEHBI PE3YJIbTAThl YUCICHHOTO MOJICIHPOBAHHUS MATHUTHOTO TMEPECOCAUHEHUs ¢
XOJIONHBIMM HOHaMH, a TaK)Ke HCCIIEAYeTCSl XapaKTep YCKOPEHUsI 4acTHI[ B MOHHOW nuddy3uoHHOH obmacTu.
H3BecTHO, 4TO Ha cenaparpucax HOHbI SPPEKTUBHO YCKOPSIOTCS DJIEKTPUYECKUM TTOTEHIIMAIOM MEPICHIUKYIISPHO
MarHUuTHOMY TIOJTE0. [IpH 3TOM, TOJIIIMHA AKTHUBHBIX CEMAapaTPUC TAKOBA, YTO HOHBI Pa3MarHUYUBAIOTCS U HAOUPAIOT
JHEPrui0, OOYCIOBJICHHYIO Pa3HOCThIO MOTEHIMana. PaccMoTpeHa MojeibHasi 3aiady 00 u3MeHeHHH (GyHKIUU
pacnpeieneHus HOHOB B TOM Cllydyae, eclid Ka)I0oW YacTHulle TPH Hepexoje cernapaTpyuchl nepeaaeTcs OAMHAKOBas
SHEPruI0 B 3aJIaHHOM HampaBiieHUU. M3ydeHo u3MeHeHHe (GopMbl (QYHKIHHM pachpejeneHus U e€ MOMEHTOB
(MaccoBasi CKOpPOCTB, TEMIIEpaTypa) B 3aBHCUMOCTH OT BEIMYHHBI YCKOPSIOIIETO MOTEHIMATa M IapamMeTpoB
HavyalbHOro pacrpeaeneHus. [Ipejanosiaraercs, 4To Takoe npeodpa3oBaHue MPUBOAUT K YMEHBIICHHIO TEIJIOBOTO
pa3bpoca B YCKOPEHHOM Iy4YKe M YCIO0KHEHUIO (GOpMBI pactipeesieHus 1 e€ pa3lielieHHI0 Ha HECKOJIbKO OTIEJIbHBIX
cTpykTyp. OYHKIUHN pacrpesieicHrss B 00JaCTH BBITCKAHMs NMPOaHATU3UPOBaHBI airoputMoM Gaussian Mixture
Model (GMM) u moka3aHo, 4TO TaKoe MPOCTOe Mpeodpa3zoBaHKUe CIOCOOHO (HOPMHPOBATH HECKOJIBKO T'ayCCOBBIX
KOMITOHEHT M3 €IMHOI0 MaKCBEJUIOBOTO HAYaJIbHOTO PaCIpe/e/ICHHUSI.

PabGora BemmonHeHa npu moanepkke Poccuiickoro HaywHoro ¢onma, mpoekt Ne 23-47-00084 «MaruutHOe
MepeCOCJMHEHNE B KOCMHMYECKOW M JIabOpaTOpHOHM IuTa3Me: KOMIBIOTEPHBIE CUMYISIMHA M OMIIMPUYECKOe
MOJICTTHPOBAHUEY.
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OcodenHocTH INPUMECHCHUSA UHICKCOB reOMArHUTHOM AKTHUBHOCTH B NPUKJIAAHBIX 3aJa"dax
MOHUTOPHHI'A U IMIPOTrHO3Aa KOCMHYECKOii moroanbl

H.B. Srosa'?, S.A. Caxapos®?, O.B. Koswipesal?, B.A. ITununenko'?, C.JI. Tapanun®

1Ud3 PAH, Mockea, Poccus
°I'l] PAH, Mocksa, Poccus
3[ITU, Anamumui, Poccus
‘I'EOXH PAH, Mockea, Poccus

B mpuknmagHBIX 3amadax KOCMHYECKON IMOTOMBI TPAAWIMOHHO, KPOME BHEIIHMX MO OTHOIIEHHIO K MarHutocgepe
apaMeTpoOB, TPEXKEC BCETO MEXKIUIAHETHOT'O MATHUTHOTO TIOJSI M COTHEYHOTO BETpa, U3MEPEHHBIX Mepen yaapHOon
BOJIHOM, UCTIOJB3YIOTCS W MHJICKCHl TCOMAarHUTHON aKTUBHOCTH. XOTs (PU3MYCCKH 3TH MapaMeTphl CKOpee JOKHBI
OTHOCHTBCSI K BBEIXOJIHBIM, HO X HCIIOJIb30BaHME OMPABAAHO HAJTMYHUEM MHOTOJICTHHX PANOB NAHHBIX U TEM, YTO
MarauToc(epa He MOTHOCTHIO ONICHIBACTCS HAOOPOM BHEITHHX ITaPAMETPOB.

3aa4y MOHUTOPUHTA U OCHOBAaHHOT'O HAa HEM KPAaTKOCPOYHOT'O MPOTHO3a TAKUX MOTEHIIUAJIBHO OMACHBIX SIBJICHUM
KakK BO30yXIeHHE TeOMHAYIUpoBaHHbIX TOKOB (I''T) B Ha3eMHBIX MPOBOJHUKAX U BO3PACTAHHUs MMOTOKA OBICTPHIX
AJIEKTPOHOB B MarHutocdepe, BaKHA YCTOHYMBOCTH HCCICTYyEMBIX ITapaMEeTPOB K IMPOIyCKaM NaHHBIX, 3aMEHOM
OJIHUX CTAHIIUK Ha IPyTHe, I U3MEHEHHE METOIMKH BEIYUCICHUS HHIEKCOB.

Hacrosiimass pabora MOCBSIEHA aHAIM3y WCIOJB30BaHUSA B MPUKIATHBIX 3aJa4ax HHACKCOB aBPOPATBHOM
akTUBHOCTH U BosHoBoro YHY wunnekca [1]. Uccnenmyercs 4yBCTBUTENBHOCTh HMHIEKCOB K KOJUYECTBY H
PACTIOIOKEHHIO MCTIONIF30BaHHBIX CTAHIINH, TIOCIIeACTBUS ncnonb3oBaHms SME nanekca kak 3ameHsl AE mpu pasHbIX
YCIOBUSIX KOCMHUYECKOM moroabl. [lomyueHHBIe pe3ynbTaThl TECTUPYIOTCS Ha 3ajade  anmnpoKCHUMAIUH
MaKCHUMaJIbHOTO YacoBOro 3HaueHWs m3MepeHHOro [T mocTpoeHHBIM Ha OCHOBE HCCIEAOBAaHHBIX HHICKCOB
PETPECCHOHHBIM COOTHOIIICHHUEM.

PaboTa BrImoNTHEHA B paMKax rocyaapcteentoro 3aaanus O3 PAH (H.A. O.K., B.IL), 'l PAH (H.A., O.K,, 51.C.)
uIlT'U (51.C.).

1. Kozyreva, O., V. Pilipenko, M.J. Engebretson, K. Yumoto, J. Watermann, N. Romanova (2007), In search of a new

ULF wave index: Comparison of Pc5 power with dynamics of geostationary relativistic electrons, Planetary Space
Science, 55, 755769, d0i:10.1016/j.pss.2006.03.013

47



Fields, currents, particles in the magnetosphere

CpaBHUTeIbHBINI AaHAJH3 YCJIOBHI B MEKIJIAHETHOM cpefe M TeOMATHMTHONH AaKTHBHOCTH
NPH BBICBINTAHUSX PEJATHBUCTCKUX 3JIEKTPOHOB, 00yCJIOBJICHHBIX Pa3HBIMH MeXaHU3MAMH

T.A. SIxuuna, T.A. ITonoBa, A.I'. JlemexoB
Honsproui eeousuueckuit uncmumym, Anamumul, Poccus

[Ipoananu3upoBaHa BEpOSTHOCTh HAONIOJCHUS BBICHIAHUNA penaTuBUCTCKHX (~800 k3B) snextponor (BPJ) mms
JIByX UHTepBaJIOB: 8-18 okTa0pst 2017 . 1 32 Bech 2017 r. [IepBblit HHTEPBaN BKIIOYAET YMEPEHHYIO T€OMarHiTHY O
oypto (SYM-Hmin = -67 HTn) ¢ MHTEHCHBHOW aBpPOPalbHONW AaKTUBHOCTBIO, KOTOpas MOATBEPXKIACTCS POCTOM
BenmmunHbl AE-nHznekca no 3aavennit AE=1916 aTn u cpenneii Bemmunaoit AE-nnznekca 256 HTa. Bropoit naTepBan
oxBaTbiBaeT Beck 2017 1. DTOT TOA OMM30K K MUHHMYMY COJHEYHON aKTHBHOCTH MEXIy 24 W 25 IHKIaMH H
MPUXOJUTCS Ha CIaj caMoro ciaboro 1ukia 3a cronerne. Cpennsisa BennunHa AE-uHIekca st BTOporo MHTepBaja
cocraBmsier 189 HTn. PaccmarpuBatorcs BPD, oOycrmoBieHHBIE pa3HBIMH MEXaHH3MAaMH, COTJIIACHO KPHUTEPHIO,
mpeAcTaBIeHHOMY B paboTax [ 1, 2]. BPD 1ii rpymmsl cBs3aHbI C TEOMETPHEH CHIOBBIX JMHAN B HOYHOM CEKTOpe. DTH
BBICBHIITAHUS HAOJIFOTAI0TCS BOJU3U IPAHUIIBI K30TPOIIHMH ITOTOKOB 3JIeKTPOHOB. BPD 2ii rpymmel Bceraa HaO0 a0 TCs
OJTHOBPEMEHHO C HHTCHCUBHBIMHU BBICBIIAaHUAMU HHEPrU4HbIX (> 40 k3B) anmextpoHoB. Ilo-BuauMomy, OHH
o0ycnosnensl B3anMoneiicteueM ¢ OHY-poramu. BPD 3 rpymnmel, conpoBokaaeMble IPOTOHHBIMH BBICHIITAHUSIMHA
(> 39 x3B), cBazansl ¢ OMMUI] BonHamu. Mexanusm BPD 4if rpynmel cBsi3aH ¢ MonagaHueM SHEPTUYHBIX YaCTHIL B
JpeiioBBIil KOHYC MOTEPh B HMCKAXXCHHOM MarHUTHOM mojie [3] B paiione HOHO-ATIaHTHYECKOH MarHUTHOMN
anomanuu. OOCyXaaeTcs, TP KaKUX yCIOBHAX B MEXIUIAHETHOM Cpe/ie 1 IPH KaKoil TeOMarHUTHON aKTHBHOCTH TOT
WM MHOHM MeXaHn3M TreHeparun BPO apnseTcs Hanbonee 3¢ (eKTHBHBIM.

1. Yahnin A.G., Yahnina T.A., Semenova N.V., Gvozdevsky B.B., Pashin A.B. Relativistic electron precipitation as
seen by NOAA POES // J. Geophys. Res. Space Physics. 2016. V.121, No.9. P.8286-8299.
https://doi.org/10.1002/2016JA022765

2. Yahnin A.G., Yahnina T.A., Raita T., Manninen J. Ground pulsation magnetometer observations conjugated with
relativistic electron precipitation // J. Geophys. Res. Space Physics. 2017. V.122, No0.9. P.9169-9182.
https://doi.org/10.1002/2017JA024249

3. Blake J.B., Inan U.S., Walt M., Bell T.F., Bortnik J., Chenette D.L., Christian H.J. Lightning-induced energetic
electron flux enhancements in the drift loss cone // J. Geophys. Res. 2001. V.106, No.A12. P.29733-29744.
https://doi.org/10.1029/2001JA000067

PaGota Beimonrena npu mojaepskke PH® (rpant Ne 22-62-00048).
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Foreshock ULF waves observed by the MMS satellites and its magnetosphere response
V.B. Belakhovsky?, V.A. Pilipenko?

Polar Geophysical Institute, Apatity, Russia
2Institute of the Physics of the Earth, Moscow, Russia

In this work, the physical nature of geomagnetic Pc3-4 pulsations is investigated. On the one hand, many features
of Pc3-4 pulsations are already well known from the works of such famous researchers as Troitskaya V.A., Guglielmi
A.V. and others. But the launch of new satellite missions, such as MMS (Magnetospheric Multiscale Mission), allows
us to take a more detailed look at the nature of this phenomenon.

Cases of observation of Pc3-4 pulsations using data from magnetometers of the CARISMA network (Canada, USA)
are considered. For Pc3-4 pulsations, a resonance structure (FLR - field line resonance) was observed: an increase in
the period with increasing geomagnetic latitude. Ground-based Pc3-4 pulsations are clearly visible in the toroidal
component on the GOES-13 geostationary satellite located near the conjugate point. During the period of registration
of Pc3-4 pulsations, the cone angle of the interplanetary magnetic field was less than 45°, which led to the formation
of a quasi-parallel bow shock.

At this time, the MMS series satellites recorded monochromatic ULF waves in the foreshock region. Moreover,
during the period when the MMS satellites moved from the foreshock region to the magnetosheath, this type of ULF
waves was not clearly seen against the background of broadband variations of the magnetic field in the turbulent
magnetosheath. Therefore, the magnetosheath is not a source of ULF waves that excite Pc3-4 pulsations. Apparently,
there are transparency windows in the magnetosheath for the passage of ULF foreshock waves. When passing through
a turbulent magnetosheath, the spectrum of ULF waves becomes more broadband, which leads to the formation of a
resonant structure of Pc3-4 pulsations.

The geomagnetic pulsations with a period about 30-minute observed
on the dayside of the magnetosphere by the GOES satellites

V.B. Belakhovsky*?, D.V. Kostarev?, V.A. Pilipenko®

!Polar Geophysical Institute, Apatity, Russia
2Institute of Solar-Terrestrial Physics of the Siberian Branch of the RAS, Irkutsk, Russia
3Institute of the Physics of the Earth, Moscow, Russia

For the first time, geomagnetic pulsations with a period of ~30 minutes were discovered on the dayside of the
magnetosphere at geostationary orbit. The pulsations were recorded during the recovery phase of the magnetic storm
on January 7, 2015, according to data from the GOES-13 (MLT=UT-5), GOES-14 (MLT=UT-7) satellites. The
pulsations are most pronounced in the radial (br) and field-aligned (b||) components of the geomagnetic field. The
pulsations modulate the flows of electrons and protons in a wide range of energies, while anti-phase geomagnetic
pulsations and pulsations in the flows of charged particles are observed. Analysis of data from ground-based
magnetometers shows that these oscillations are not visible on the earth's surface. This indicates the small-scale nature
of these oscillations and their attenuation as they pass through the ionosphere. There are no similar fluctuations in the
parameters of the solar wind and IMF according to the ACE satellite data. These properties indicate that the source of
these oscillations is located inside the magnetosphere, and not in the solar wind.

In terms of their characteristics, the recorded oscillations are very similar to compression Pc5 pulsations (storm-time
Pc5), except for a very long period and not a very regular shape. These long-period pulsations cannot be Alfven waves
due to the limited length of the magnetic field line on the dayside of the magnetosphere. The antiphase of pulsations
in the magnetic field and in particle flows suggests that these pulsations represent slow magnetosonic waves. An
increase in energetic proton fluxes (95 keV) was detected according to GOES satellite data during the period of
pulsation appearance. It is assumed that the excitation of pulsations is caused by Kinetic instabilities of energetic
protons.

The study was supported by a grant of the Russian Science Foundation Ne 24-77-10012.
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About contribution of the Pg pulsations to the GICs growth
V.B. Belakhovsky?, V.A. Pilipenko?, Y.A. Sakharov?, V.N. Selivanov?

Polar Geophysical Institute, Apatity, Russia
2Institute of the Physics of the Earth, Moscow, Russia
3Northern Energetics Research Centre, Kola Science Centre of the RAS, Apatity, Russia

A number of recent studies have established that geomagnetic pulsations (Pi3/Ps6) can make a significant contribution
to the growth of geomagnetic-induced currents in power lines [1, 2]. The class of pulsations Pg (pulsations giant)
stands somewhat apart, since they are not often observed on the Earth’s surface. These are very monochromatic
variations; they belong to the Pc4 frequency range. On the Earth's surface, they are visible mainly in the D-component
of the magnetic field, and therefore can make a noticeable contribution to the growth of GIC for power lines oriented
in the north-south direction. This paper examines the question of how effectively Pg pulsations can lead to an increase
in geomagnetic-induced currents in power lines on the Kola Peninsula. For this purpose, data from the Vykhodnoy
substation (VKH) and data from PGI magnetometers at the Lovozero and Loparskaya PGI observatories were used.
Also the question of how the pulsation frequency affects the amplitude of the GIC is analyzed.

1. 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.

2. Pilipenko V.A. Space weather impact on ground-based technological systems. Solar-Terrestrial Physics. 2021. V.7,
No.3, 68-104.

Numerical simulation of the generation of Alfven waves by laser plasma in a magnetized
background plasma with neutrals at Alfven-Mach numbers less than one

A.G. Berezutsky, V.N. Tishchenko, S.S. Sharipov, I.B. Miroshnichenko, A.A. Chibranov, I.F. Shaikhislamov
Institute of Laser Physics of the Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia

This work presents results of numerical simulation of the generation of extended Alfven waves (AW) by a periodic
sequence of laser plasma bunches at Alfven-Mach numbers of 0.2 in plasma with neutrals.

The simulation results showed that when the density of neutrals exceeds the density of the background plasma by
10 or more times, the velocity and amplitude of the Alfven wave decreases. As a result of collisions of neutrals with
the rotating plasma of bunches, the neutrals acquire an azimuthal velocity component and are displaced to the
periphery of the AW. When the concentration of neutrals is nn=1 and lower, the velocity and amplitude of the AW
are the same as in a plasma without neutrals.

This work was supported by the Russian Science Foundation (project No. 24-22-00106).

50



Waves, wave-particle interaction

Prospects for quantitative analysis of short-period VLF emissions in the magnetosphere
P.A. Bespalov?, O.N. Savina'?, G.M. Neshchetkin'-2

1A.V. Gaponov-Grekhov Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod, Russia
2HSE University, Nizhny Novgorod, Russia

In the morning and daytime sectors of the subauroral magnetosphere, short-period VLF emissions (PE emissions)
with a repetition period of dynamic spectrum elements of 2-6 seconds are observed from time to time. Individual
spectral elements of these emissions resemble fragments of whistles from lightning discharges, but unlike multi-hop
whistles, they are repeated without visible change in spectral shape. The studies of the Poynting vector direction, the
wave normal angle and the Hausdorff dimension for short-period radiation seem promising. All these characteristics
are important for study short periodic emission excitation in different space eigen modes, for example, in one side
mode. The obtained results are important for the passive mod sync confirmation, for a quantitative comparison of the
analytical results and numerical simulations with experimental data, and for automatic separation of different types of
electromagnetic emissions.

The study was supported by a grant from the Russian Science Foundation (Project no. 25-22-00237).

Features in the generation and observation of the hectometric continuum in the near-Earth plasma
A.A. Chernyshov?, D.A. Dorofeev!?, M.M. Mogilevsky?, V.E. Shaposhnikov®# and D.V. Chugunin?

Space Research Institute of the Russian Academy of Science, Moscow, Russia

2HSE University, Moscow, Russia

3Institute of Applied Physics of the Russian Academy of Science, Nizhny Novgorod, Russia
4HSE University, Nizhny Novgorod Branch, Nizhny Novgorod, Russia

The ERG (Arase) satellite recently discovered a non-thermal hectometric continuum with a narrowband frequency
structure. The mechanism behind the generation of this type of emission in the near-Earth plasma is still unknown.
This study examines the potential use of electron cyclotron harmonics instability to explain the line structure of
hectometric radio emissions for the first time. By analyzing the case of the non-thermal hectometric continuum, a
proposed mechanism for the creation of a quasi-harmonic frequency structure resulting in quasi-parallel emission
bands is discussed. The double plasma resonance effect is suggested as a possible explanation for the observed
emission bands in the dynamic spectrum of hectometric radio waves. It is shown that the double plasma resonance
mechanism could account for existing measurements of hectometric radiation and explain the presence of the non-
thermal hectometric continuum in the near-Earth plasma. Also, this study analyzes data from the ERG (Arase) satellite
over a period of nearly 7 years (2017-2023). During this time, about 1000 cases of hectometric continuum (HMC)
radiation in the near-Earth space were detected, which made it possible to identify characteristic features on different
time scales. On a daily scale, it was established that HMC is observed at night and is completely absent during the
day. There is also an asymmetric shift of 1-3 hours relative to sunrise and sunset. On larger scales, seasonal and annual
variations in HMC were detected. A predominance of HMC cases was observed during the summer months, with the
fewest cases occurring during the autumn and spring equinoxes. Besides, starting from the second half of 2022, the
hectometric continuum ceased to be observed, which may be associated with the approach to the peak of the 25th
solar activity cycle, as indicated by the increase in the F10.7 index, Wolf numbers and Lyman-alpha radiation, which
traditionally characterize solar activity.
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Drift-compressional mode in the magnetosphere
D.Yu. Klimushkin, P.N. Mager
Institute of Solar-Terrestrial Physics, Irkutsk, Russia

The drift-compressional mode is the most common branch of ultra low frequency oscillations of the inhomogeneous
finite-pressure plasma. This mode is influenced by the interaction with high-energy particles through the drift
resonance and coupling with the Alfven mode. In the magnetosphere it can be responsible for the compressional storm
time Pc5 geomagnetic pulsations. This report outlines main theoretical properties of the drift-compressional mode and
its possible observational manifestations.

This study was supported by the Russian Science Foundation under Grant No. 22-77-10032.

Spatial and Temporal Long-Period Trends in AKR Detection in the Solar Wind
V.1. Kolpak*23, M.M. Mogilevsky?, D.V. Chugunin?, A.A. Chernyshov?, I.L. Moiseenko!

Space Research Institute of Russian Academy of Sciences, Moscow, Russia; e-mail: lera.kolpak@yandex.ru

2Pushkov Institute of Terrestrial Magnetism, lonosphere, and Radio Wave Propagation, Russian Academy of Sciences,
Troitsk, Moscow, Russia

3Higher School of Economics, Moscow, Russia

Over the past 50 years, accumulated data on the characteristics of auroral kilometric radiation (AKR) have revealed
their potential for studying the medium through which they propagate. This work presents the results of a statistical
analysis of AKR measurements conducted by the WIND satellite near the L1 libration point. The analysis identified
long-period variations in the frequency of AKR detection:

1. An asymmetry in distribution along the Y-axis: during periods of minimum solar activity, AKR is more
frequently detected when the satellite is located in the range of Y from +50 Re to +100 Re than in the range from —50
Re to —100 RE.

2. As solar activity increases, the frequency of AKR detection decreases, while a decline in solar activity leads to
its increase. This contradicts the classical view of a direct dependence of AKR frequency on solar activity. It is
hypothesized that such variations in AKR detection frequency may be related not to the conditions of AKR generation
but to the peculiarities of radio wave propagation in the inhomogeneous plasma of the solar wind.
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Theoretical models for describing ultra-low-frequency oscillations
with periods of about 30 min on the dayside of the magnetosphere

D.V. Kostarev!, V.B. Belakhovsky'?, P.N. Mager?, D.Yu. Klimushkin®, V.A. Pilipenko®

Unstitute of Solar-Terrestrial Physics of the Siberian Branch of the RAS, Irkutsk, Russia
2Polar Geophysical Institute, Apatity, Russia
3Institute of the Physics of the Earth, Moscow, Russia

The issue of the nature of ultra-low-frequency oscillations with periods of about 30 minutes on the dayside of the
magnetosphere during the recovery phase of a geomagnetic storm is considered. Such pulsations were recorded by
the GOES geostationary satellites on January 7, 2015. Various theoretical models are considered that can explain such
long periods of observed oscillations. Since these oscillations were not recorded by ground-based magnetometers or
in the solar wind, only models of intra-magnetospheric generation of oscillations were considered. The simulations
were performed using plasma parameters observed by the CCE satellite mission in the geostationary orbit region and
under similar geomagnetic conditions, since the GOES satellites have only a limited set of detectors.

Based on the very low frequencies of the observed oscillations, we excluded the interpretation of them by the Alfvén
wave from consideration. Three possible interpretations of the observed oscillations were considered: drift-mirror
mode, drift-compression mode and ballooning instability. It is shown that the existence of the drift-mirror mode
requires a large anisotropy of the transverse and longitudinal pressures, which is not observed on the dayside of the
magnetosphere. The existence of the drift-compression mode with the observed periods is possible, but unlikely, since
the wave frequency should change following the decrease in the ring current, which is not observed. We assumed that
the most likely explanation for the observed oscillations is registration on a geostationary satellite of a stationary
azimuthal periodic structure that resulting due to the ballooning instability in the ring current.

The study was supported by a grant of the Russian Science Foundation Ne 24-77-10012.

VLF chorus emissions modeling using EPOCH PIC code:
analysis of the fine structure of chorus elements

D.L. Pasmanik! and A.G. Demekhov'?2

YInstitute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod, Russia
2Polar Geophysical Institute, Apatity, Russia

We present the results of a further study of the generation of chorus VLF emissions in the Earth's magnetosphere
with use of a previously proposed new numerical model based on the one-dimensional EPOCH PIC code. The original
code was improved for correct implementation of delta-F method, and a mirror force due to the background magnetic
field inhomogeneity was taken into account.

The main focus of the present study is on the fine structure of individual chorus elements, which may consist of
several subpackets. This structure is seen in experimental data from satellites and confirmed by numerical simulations.
We show that the subpackets appear in the very beginning of the formation of the chorus element, which occurs as
the whistler mode wave propagates towards the equator and interacts with energetic electrons. As the wave further
propagates and interacts with particles, the structure of the subpackets evolves. This occurs in accordance with
currently accepted nonlinear mechanism of chorus generation.

For a quantitative analysis of the subpackets properties, we studied the parameter Ny, which quantifies the number
of oscillations of the electron velocity caused by the nonlinear trapping of electrons in the wave field over a time equal
to the subpacket duration. For the first time, we show that the relationship between the parameter Ny and the maximum
wave field amplitude in a subelement is described by a power law dependence.
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Indications of the impact of the influence of large-scale atmospheric disturbances
on quasi-periodic VLF emissions inside the plasmasphere

P.D. Shkareval, G.M. Neshchetkin®?, P.A. Bespalov?, O.N. Savinal?

IA.V. Gaponov-Grekhov Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod, Russia
2HSE University, Nizhny Novgorod, Russia

Some results of observations on board the Van Allen probe A spacecraft of atypical quasi-periodic VLF
electromagnetic emissions inside the plasmasphere are discussed. We study in detail two events of the generation of
deeply modulated quasi-periodic VLF emissions (QP) in the frequency band below 2 kHz, when separate relatively
short (on the order of 20 s and 60 s) bursts of hiss without any notable frequency drift repeated with a period of 90 s
and 240 s. The emissions selected for analysis were not accompanied by a hydromagnetic compression wave, which
indicates the impossibility of their interpretation in terms of the concept of QP 1 modulated hiss. For the considered
events, no clear periodicity of spectral bursts typical for QP 2 emissions take place. The dynamic spectra analysis
makes it possible to conclude that the cyclotron generation of electromagnetic emissions occurs in the regions of the
electron radiation belts with relatively dense cold plasma. The results of model calculations show that the time course
of these emissions can be explained under the assumption of a periodic modification of the conditions for the reflection
of whistler wave incident on the ionosphere from above. Based on the available data and calculations, it was concluded
that it is possible to interpret the analysed atypical quasi-periodic VLF emissions as a result of the resonant parametric
action of ionospheric infrasonic large-scale waves with periods close to the repetition period of spectral bursts in
quasi-periodic emissions.

The study was supported by a grant from the Russian Science Foundation (Project no. 25-22-00237).

Statistical study of the frozen-in condition of magnetic field based
on satellite data from the THEMIS mission

D.A. Shubin, A.V. Rubtsov, P.N. Mager, D.Yu. Klimushkin
Institute of solar-terrestrial physics of Siberian branch of Russian Academy of Sciences, Irkutsk, Russia

The frozen-in condition (FIC) is fundamental in magnetic hydrodynamics and space plasma physics and can be
expressed as follows: E = —u x B, where E is the electric field, u is the transverse component of the vector of the
average mass velocity of the particle flow, and B is the magnetic field. In this paper, we conducted a statistical study
of this condition based on data obtained from the THEMIS-A satellite for the period from January 2017 to February
2018. As a result, we developed parameter for evaluating the feasibility of FIC and obtained the spatial distribution
of this parameter. It was found that FIC is most often observed in the morning part of the magnetosphere (3-9 MLT),
while the opposite result is observed on the evening side (15-21 MLT). This indicates that FIC does not occur
uniformly over the entire magnetosphere, and when studying magnetic field disturbances, it is necessary to consider
such distributions.

The study was supported by the Russian Science Foundation under Grant 22-77-10032.
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On the problem of modeling of the 3D evolution of atmospheric disturbance
initiated by an impulse at the ground

E.S. Smirnoval?*, S.Yu. Dobrokhotov!

Yshlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences, Moscow, Russia
2Immanuel Kant Baltic Federal University, Kaliningrad, Kaliningrad Oblast 236041, Russia

*E-mail: smirnova.ekaterina.serg@gmail.com

The problem of propagation of three-dimensional atmospheric disturbance initiated by a source at the lower boundary
of the atmosphere is formulated as an initial-boundary value problem for the three-dimensional Klein-Gordon
equation. Such a problem follows from the corresponding formulation of the initial-boundary value problem for the
3D hydrodynamics system, which is classically used to describe the dynamics of atmospheric gas. The modeling based
on the analytical and asymptotic solutions to the described mathematical problems. These three-dimensional solutions
are constructed on the basis of already proven (E. Smirnova, Math. Notes, 2023; S. Dobrokhotov and E. Smirnova,
RIMP, 2024) solutions of similar initial-boundary value problems but for the one-dimensional Klein-Gordon equation.

Oppositely directed poloidal Alfvén waves generated by a proton cloud
E.E. Smotrova, O.S. Mikhailova, P.N. Mager, A.V. Rubtsov
Institute of Solar-Terrestrial Physics SB RAS

In this study, we present the first direct observation of resonant excitation of two oppositely directed poloidal Alfven
waves by a proton cloud. On 15 February 2014, the Van Allen Probe A detected oscillations with a frequency of 6.8
mHz (Pc4 range) in the dayside magnetosphere. The event was recorded during the recovery phase of the substorm.
Simultaneously, modulations in proton fluxes were observed. Detailed analysis revealed two cases of drift-bounce
resonance between protons and ULF waves. These waves were identified as the second harmonic of poloidal Alfvén
waves at the same frequency, one propagating eastward (m ~ 155 + 5) and interacted with 200 keV protons and
the other propagating westward (m ~ —250 + 5) and interacted with 150 keV protons. The waves were generated
by the gradient instability. The eastward wave was generated due to the upward slope of proton distribution function,
and the westward one was due to the downward slope of proton distribution function.

The work was financially supported by the Grant of the Russian Science Foundation (project Ne 22-77-10032).

Fractional resonance of sub-MeV electrons with obligue EMIC waves
D.S. Tonoian!, X.-J. Zhang®? and A.V. Artemyev?3

tUniversity of Texas at Dallas, USA
2University of California, Los Angeles, USA
3Space Research Institute, RAS, Moscow, Russia

Relativistic electron losses in the outer radiation belt are largely attributed to electron resonant scattering by
electromagnetic ion cyclotron (EMIC) waves. While quasi-linear theory predicts scattering of electrons of >1 MeV,
sub-MeV electron precipitation is also present. Leaving aside an important and rapidly developing theories of
nonlinear, nonresonant, and bounce-resonant EMIC wave interactions, we will discuss the effect of fractional
resonances with oblique EMIC waves, which have minimum resonant energy twice lower than anomalous cyclotron
resonance.
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IKCnepUMEeHTAIbHOE HCCIeA0BAHNE HECTAIIMOHAPHBIX BO3MYIIEHM MJIa3Mbl U MATHUTHOTO MOJIsL,
B030YK/1aeMbIX KOPOTKOUMIYJIbCHOI BHICOKOYACTOTHON HAKAYKOIl B peskuMe 3J1eKTPOHHOIM
MArHUTHOW T'HIPOIMHAMUKH HA KPYNMHOMACIITA0OHOM IUIa3MeHHOM cTeHae «Kpor»

H. Aiinakuna*, M. I'ymun, W, 3ynun, C. Kopookos, A. CTpuKOBCKuit
Hucmumym npuxnaonou ¢usuxu Poccutickoti akademuu nayk, Huocnuti Hogeopoo, Poccus
*E-mail: aidakina@ipfran.ru

B Oompmmoit mabopaTopHO# 3aMarHWYeHHON Im1a3Me creHna «KpoT» sKCHepuMEHTabHO HCCIe0BaHa MENKO- U
KpynHoMaciTaOHas TUHaMUKa UMITYJIbCHBIX BO3MYIIEHUH IJIa3Mbl 1 MATHUTHOTO TOJIsI, BRI3BAHHBIX JIOKaIbHEIM BY
HarpeBOM DJICKTPOHOB B peXHMeE 3JICKTPOHHOM (XOJJIOBCKOI) MarHMTHOM TMAponMHaMHMKH. B TakoMm pexume
SBOJIIOLUS. HEOJAHOPOJHOCTEM MIa3Mbl MOXKET IPOUCXOAUTh B PEXHME «YHHUIIOISIPHOTO» IEpPEHOca, KOraa
3aMarHMYCHHBIC UICKTPOHBI APEH(YIOT BIOJIb MAarHUTHOTO IIOJIS, & HMOHBI, NPEUMYIIECTBCHHO, IONEPEK ITOJIS.
«YHUNOJSPHBII» NEPEeHOC CONPOBOXKAACTCA BO30YXKIECHHEM CHCTEMBl BHXPEBBIX ANIEKTPUYECKHX TOKOB U
obecrieunBaeT Ha TOPSAAKH Ooyiee OBICTpoe IepepaclpeelcHHe HEOAHOPOIHOW 3aMarHWYEHHOH IUIa3Mbl, 4eM
KIIaCCHYECKNI MEXaHN3M aMOHITOISIPHOTO TepeHoca. Takoi pexXxnM MOXKET ONpeIeNATh BpEMEHa Pa3BUTHS U pacmaia
Y3KMX HEOJHOPOJHOCTEH IUIA3Mbl, BBITSHYTHIX BJOJb BHEIIHETO MATHUTHOIO IIOJIS, BO3HMKAIOIIMX, HAIIpUMEDP, B
MMITYJIbCHBIX HarpeBHBIX HOHOC(EPHBIX HIKCIIEPUMEHTAX, MPU paboTe MOLIHBIX OOPTOBBIX nepeaaTunkoB KA u np.

B MonenpHBIX 7Ta0OPaTOPHBIX 3KCIHEPHUMEHTaX C JIOKAJIM30BAHHBIM KOPOTKOMMITYJIBCHBIM BBICOKOYACTOTHBIM
HarpeBOM 3JIEKTPOHOB, IPOBEJICHHBIX HAa KpyMHOMAacIITaOHOM IUTa3MeHHOM cTeHne «KpoT», neMoHcTpupyercs
JUHAMUKa T.H. «YHUNOJSIDHOW sueiiku». Ilox «yHMIIONApHOW sA4YeHKOI» IOHMMAETCS CaMOCOIJIACOBAHHAs
IIa3MEHHO-TIONEBas CTPYKTYpPa, BKIIOYAIOIIAass OCHOBHOE BO3MYIIEHUE MIOTHOCTH, BBITSHYTOE BJOJIb MATHUTHOTO
TOJIS, CHCTEMY BHUXPEBBIX 3JIEKTPHIECKUX TOKOB U NepHrdepuiinple 061acTi 00eJHEHNS INIOTHOCTH ()OHOBOM IITa3MBI
[1].

I'enepupyemble B OKPECTHOCTH «YHHIIOJSIDHOM SYEHKH» HUMIIyJIbCHbIE TOKHM M MAarHUTHbIE HOJNS MOTYT
pacnpocTpaHiThcsl Ha OOJbIIME pPAcCTOSHUS OT HCTOYHHWKA B BHJE HU3KOYACTOTHBIX BOJH. IlokaszaHo, 4TO
IIPOJOJIbHBIN IEPEHOC TOKOB U BO3MYILEHUI MarHUTHOT'O IIOJISL IPOUCXOJUT CO CKOPOCTBEO CBUCTOBBIX BOJIH, KOTOPAs
oTpesieNnseTcs MapaMeTpaMu IIa3Mbl U AIUTeIbHOCThI0O BU nMIysbca 1 ero ppoHTOB, T.€. XapaKTepHBIM BpeMEHEM
HarpeBa 3JeKTpoHOB. [lomepeynas AMHaMuKa TOKOB M MAarHUTHBIX MOJEH MMeeT xapakrtep Anddy3uu 3a cueT
KOHEYHO! MPOBOJUMOCTH ILIa3MBbl, ONpEAEIsIeEMO KyJJOHOBCKUMH CTOJIKHOBEHUsIMU. Bo3HHKaroImue 13-3a HarpeBa
3JIEKTPOHOB BO3MYIIEHHS TJIOTHOCTH JAEMOHCTPUPYIOT Oojiee MEAJICHHYIO AWHAMHKY, M PACHpPOCTPAHSIOTCA C
CYIIECTBEHHO MEHBIINMH (3BYKOBBIMH) CKOPOCTSIMU.

OKCIeprMEHThl  BBINIOJIHEHBI Ha  YHHUKaIbHOH Hay4HOH ycraHOBKe «KoMmekc KpyHmHOMAacIITaOHBIX
reodusnueckux crenno UI1D PAH» npu ¢punancoBoi noanepxke Poccuiickoro HayuHoro ¢onzaa (npoekt Ne 24-
12-00459).

[1] Aidakina N., Korobkov S., Gushchin M., Zudin 1., Strikovskiy A. Experimental demonstration of the “unipolar

cell” dynamics in a large laboratory magnetoplasma // Phys. Plasmas. V.31. P. 122110. DOI: 10.1063/5.0225468
(2024).
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YcoBepuieHCTBOBAaHHBIN MOAXO0/ K BbI/IeJICHUIO TUCKPETHBIX 3J1eMEHTOB
xopoBbix OHY n3iyyennit

A.B. Jlapuenxo®?, A.T. [lemexop'?

Ylonapuoui Ieogpusuueckuii Uncmumym, 2. Anamumut, Poccus
2UTI® PAH, 2. Husicnuii Hoeszopoo, Poccusa

[pennoxen MoANGUINPOBAHHBII aJITOPUTM BBLIEIEHHS JUCKPETHHIX 3JIeMeHTOB XopoBbix OHY n3nyuennii Ha
OCHOBE aHaJIM3a JUHAMHYECKUX CHEKTPOrpaMM, YCTPaHSIOIIMK KIIIOYEBbIe HEJOCTATKU Hpeablaymieil Bepcun [1].
HcxomHBIid METOH, WCHONB3YIOMUN Mopdonornaeckyro 00paboTKy C HA0OPOM CTPYKTYPHBIX BIJIEMEHTOB,
JIEMOHCTPHPOBAJI BBICOKYIO YacTOTy OLIMOOK, B OCHOBHOM CBSI3aHHYIO C JIOXKHBIMH CpaOaThIBaHHSIMH H3-32
BEPOSITHOCTH JETEKTHPOBAHUS OJHOTO M TOTO K€ DJIEMEHTa KaK HECKOJIbKHUX. Tarke K HeJOCTaTKaM METO/1a MOKHO
OTHECTH OTCYTCTBUE BO3MOXKHOCTH OIIPEACICHHS TOUHBIX TPAHUI] HAJJCHHBIX 3JIEMEHTOB.

YCoBepIIEHCTBOBAHHS METO/A BKIIOYAIOT: 3aMEHY MPOLEAYpPHl HEPE3KOTO MACKUPOBAHUS HA MOP(OIOTHIECKOe
top-hat npeoOpa3oBanue s HOpManu3aluu (oHa M JIy4Iero BBIACICHHS DJIEMEHTOB, BBEJCHHE B3BELICHHOI
HOPMAaJIM30BaHHOM KPOCCKOPPEISILIMK U OLIEHKH OTHOCHTEJILHOTO CTAHAAPTHOTO OTKJIOHEHHS SIPKOCTH NIUKCENeH 11st
TIOBBIIICHUSI TOYHOCTH JETEKTUPOBAHMS, OCTOOPAOOTKY MAacOK JETEKTUPOBAHHBIX 3JIEMEHTOB Ul yTOYHEHHS HX
KOHTYPOB, OCHOBaHHYIO Ha PacIIUPEHHUH TPAHUIl KaXKIO0W MacKH C MOCIeyIolieil moporosoil OuHapu3sanumei (1o
Merony Oiry).

Jns yBenWdeHWs CKOPOCTH aHaiu3a AWHAMHYECKHX CcrHekTpoB OHYU-curHamoB ¢ Ienbl0 JETEKTHPOBAHHA
JIUCKPETHBIX XOPOBBIX DJIEMEHTOB Obula peanu3oBaHa HevipoHHas ceth Mask R-CNN [2], aganTupoBanHas s
3a/1a4M MMUKCEBbHON cerMeHTaun 06bekToB (instance segmentation). Macku 06bEKTOB, MOTYYCHHBIC TPUMEHEHHEM
YIJIyUIICHHOTO aJrOpUTMa K JIaHHBIM CIyTHHKOB Van Allen Probes, ciry>kuimu 3TaoOHHBIMU JaHHBIMHU AJIs1 00y4YeHUS
HEHPOHHOM ceTH.

CpaBHeHHE YCOBEPUICHCTBOBAHHOTO MOAX0/A C MCXOIHBIM aJITOPUTMOM U METOJOM IMPSIMOTO aHAJM3a BOJHOBBIX
(GopM cHrHana TOKa3ajo CHIKEHHE OUIMOOK JETEKTUPOBAaHHUS W 3HAYMTENILHOE YCKOPEHHE Ipollecca aHaiu3a
JaHHbIX. Takke JaHHBIA TOIXOJ /JaeT BO3MOKHOCTH pa3/ieNeHHs MEepEeKPHIBAIOIINXCS JIEMEHTOB BO BPEMEHH U
YAaCTOTHBIX I10JIOCAX, HEOCTYIHYIO JUISl IPSIMOTO aHAIM3a BOJHOBBIX ()OPM CHTHAJNIA. 3a CUET TOYHOTO OIIPEAEICHHS
IpaHMUI] 3JIEMEHTOB BO3MOXKHO IOJYYHTh YJIy4IlIEHHbIE OIIEHKH WX SHEPruid, CKOPOCTEeH YacTOTHOro Ipedda u
AMITTATY .

Pa6ota Jlapuenko A.B. mognepskana Poccuiickum HaydubiM Gougom (mpoekt Ne 23-62-10043).
1. Jlapuenko A.B., lemexoB A.I'., Ko3enos b.B. MeTox mapameTpu3anui AUCKPETHBIX JIeMEHTOB XopoBeix OHY
m3nydeHuit. zsectus By3oB. Pagnodpusuka. 2019. T. 62. Ne 3. C. 177-193.

2. K. He, G. Gkioxari, P. Dollar and R. Girshick, "Mask R-CNN," 2017 IEEE International Conference on
Computer Vision (ICCV), Venice, Italy, 2017, pp. 2980-2988.
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OMMUII HeycToiiunBocTh B MarauTocgepe: Heo0xoqumMocTh cMeHbI MapagurmMbI?
0.C. Muxaitnosal, J1.J]. [To3gaskosa?, B.A. [Timnmenko?

YUncmumym conneuno-semnoii pusuxu CO PAH, Hpxymck
2Unemumym ¢usuxu 3emau PAH, Mocksa

[IpuHIMNHaTbHEIE BOMPOCH O (u3Wdeckoil mpupone W MexanmsMe renepaumu OMUI] BomH B amama3one
TreOMarHuTHBIX myJibcarmid Pcl (ot moneit I'n mo mepBbix [') cUMTAIOTCS PEIIEHHBIMU: 3TH BOJHBI T€HEPHUPYIOTCS
BOJIM3HM 3KBATOPHAIBHON IUIOCKOCTH MAarHuToc(epbl B pe3yibTaTe PE30HAHCHOTO B3aMMOJICHCTBHS C IPOTOHAMH
KoubIieBoro Toka. Cunraercs, ato OMUIL] HEyCcTOHYINBOCTH IPOTOHOB KOJBIIEBOTO TOKAa KOHBEKTUBHA, T.€. 00JIacTh
HEYCTOWYMBOCTH B BEpIINHE CHJIOBOW JIMHUM pabOTaeT KaK YCWINTENb OCTYIIMX BOJH, IIPH 3TOM CaMU BOJIHOBBIC
MaKeThl OCHMJUTUPYIOT MEXIY OTPaXKalolMMM CONPSDKEHHBIMH HOHOcdepamu. B srtom 0030pe Mbl cobpanu
Pe3yNbTaThl PA3NUYHBIX HAaONIOACHUH, KOTOphIE HE MOTYT OBITh MOHATHI (IO KpalHEH Mepe HaMm) B paMKax
CYULIECTBYIOIMX HPENCTABICHUI O MexaHuW3Max Bo30yxaeHus Pcl mynbcanuii M mpeanaraeM reogpu3n4ecKoMy
COO0O0IIeCTBY MOIYyMaTh O HEOOXOJMMOCTH CMCHBI MapagurMbl B MPEACTABICHHUAX O MEXaHW3MaX reHeparuu Pcl
MyJIbCALUH.

Pabora monnep:kana rpantom PH® Ne24-77-10012.

HazeMHbIe Ha0J/II01eHNsI ABPOPAJILHBIX IIMIIEHUH BO BpeMsl pOCTa PUOMETPUYECKOr0 MOTJI0IeHusI
A.C. Hukurenxko, O.M. Jlebenp, FO.B. ®enopenko, A.B. Jlapaerko
IT'U, 2. Anamumul, Poccus, e-mail: alex.nikitenko91@gmail.com

B paGoTe mpexacTaBiieHbl pe3ysbTaThl aHAIM3a HA3eMHBIX HAOJNIONCHUH 3JIEKTPOMATHUTHBIX W3TYy4YSHHH THIA
aBpopaibHbIe MIMNEeHUS Ha craHimu o6c. JloBosepo (Kombckuid IloiyoctpoB). PaccmaTpuBaroTcsi BCIUIECKH,
BO3HHKAIOINE OJJHOBPEMEHHO C POCTOM PHOMETPHYECKOT0 MoriomeHus B o0c. JIoBozepo u pacrosnoxeHHoi B 100
KM K ceBepy oT Hee oOc. TymanHblid. Mcnonme3ys pe3ysbTaThl pacyeToB HOJISIPH3ALUHM MarHUTHOTO MOJS M
a3MMYTaJBHOTO yIia BekTopa [loMHTHHIa aHaIM3UPYEMBIX BOJIH, TPOBEICHA OLICHKA ITOJIOKEHHUS 00JIaCTH Ha 3eMHOI
MOBEPXHOCTH, 3aCBEUCHHON BCIUIECKAMHU aBpOpajibHbIX IuneHnid. C npuBiedeHneM aaHHbIx all-sky xamepsr B 00c.
JloBo3epo M Ha CKAHAWHABCKHX TOYKAaX HAOMIOAEHMH JUHAMMKA IIOJIOXKEHMS 3TOH OOJACTH COIOCTaBIEHa ¢
MOJIOXKEHHEM OO0JIaCTH TOBBILICHHOTO PHOMETPHYECKOro MOrJomeHus. Ha OCHOBe NpOBEACHHOrO aHaum3a
BBIJIBUHYTO IMPEAINOJOKEHHE O BO3MOXHOM MeXaHuW3Me, O0OyC/IaBIMBAIONIEM OJHOBPEMEHHbIE Ha3eMHbIE
Ha6J'IIO}:[eHI/I$[ IHUIICHUH U PUOMETPUYCCKOTO MOTJIOIICHU.

Pabora mognepxkana rpantom PH® Ne 24-27-20048 «OneHka COCTOSHUS HOHOC(EpPHI B apKTHUSCKOW 30HE II0
pe3ysbTataM Ha3eMHBIX M3MEPEHHH 3JIEKTPOMArHUTHOTO OIS aBPOPAJIBHBIX IIMIEHUH B OYE€Hb HU3KOYaCTOTHOM
JMana3oHe U PUOMETPUYECKOTO TOTJIOLICHUS.
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Haonronenus ecrecrBeHHbIx CHY/OHY curnanos Bo Bpems sxkcnequnnu «CesepHsiii Iloaroc—41»
A.C. Huxutenko?!, C.B. ITunbraes?, A.B. Jlapuenko?, I0.B. ®enopenxo?, H.®. Bnarosemenckas?, A.C. Kanummn?,
T.J1. Bopucosa?, O.10. Ctpubuerii?, M.B. ®unaros!, M.B. Kysnenosa!, O.M. Jle6enn’

onapuwiii 2eopusuueckuii uncmumym, 2. Anamumu, Poccus
2 Apxmuveckuti u Anmapkmuseckutl Hayuno-ucciedosamenvckuii uncmumym, 2. Canxm-Ilemepbype, Poccus

B 2023-2024 rr. Ha gpeidyromeli momspHOH ctaHH «CeBepHBI 1motoc-41), opraHn30BaHHOMN CIIEIHAINCTAMHA
ApKTHYECKOTO M aHTapKTHYECKOTO HAayYHO-HCCIIEAOBATEIbCKOTO WHCTUTYTa, OBUIM MPOBEICHBI YHHKAIbHBIC
HU3MEPEHUs] TOPU30HTAIBHBIX KOMIIOHEHT MarHUTHOTO IOJSI M BEPTUKAIBHOM KOMIIOHEHTHI 3JIEKTPHUUECKOTO OIS
CHY/OHY gmanazonma (300 I'm - 15 k['m) B mnpunonspHoir obmactu. J[ns sToro ObUT  NpHMEHEH
MHoro(yHKIHOHANBHEIH nrpposoit CHY/OHY nprueMHHK, 00eCcTIeYNBaIOIINN PETHCTPAIUIO IBYX TOPH30HTAIBHBIX
MAarHUTHBIX U BEPTUKAJIbHOW 3JIEKTPUYECKOH KOMIIOHEHT IOJsl C IPELU3MOHHONM CHHXPOHHU3ALUEHd C MUPOBBIM
BpeMeHeM. Takue ke MPUEMHUKHU B CTAlIMOHAPHOM BapUaHTE MCIIOJIb30BAINCH JJIsl HAONIOACHHUH B 00CEpPBATOPHSIX
I[I'" bapernnoypr (78.09 N, 14.21 E), pacmonoskeHHOH TakKe B MPHUITOIIPHON 007aCTH, HO K 3aMaay OT TPACKTOPUHU
npetica, u JloBozepo (67.98 N, 35.082 E), pacmonoKeHHOH B aBPOpaIbHOH 30HE.

B pabote 00cyxaaioTcs pe3yibTaThl aHalu3a HauOosee NMPEACTABUTENbHBIX CIydaeB BCIIECKOB €CTECTBEHHBIX
MarHuToc(epHBIX M3IYYCHUH, 3aperNCTPUPOBAHHBIX Ha Apeidyromel moisIpHONH CTaHIWMK B HEWTPAIBHBIX BOZIAX.
Pesynberatel HabmonaeHnit conocrasieHsl ¢ HabmoneHnsMu CHUY/OHY curnanoB B obcepBaropusax bapeHnoypr u
JloBo3epo.

HcciaenoBanue re03JIEKTPUIECCKOI0 CTPOCHUA 3eMHOI KOPbI METOAOM (l)aSOBO-Fpa}IHeHTHOl"O
3OHIUPOBAHUS

M.C. HeTpHmeB*, 10.A. Konbitenko, B.C. Ucmarunos, A.JI. Tkaués, I1.A. Ceprymun
1CrI6® U3MHPAH, Poccus, Canxm-Ilemepbype, PD
*E-mail: ms_petr@mail.ru

Hpe,IlCTaBJ'IeHLI PE3yJabTaTbl MNPHUMCHCHUSA METOHA (I)aSOBO'Fpa,I[I/ICHTHOFO S30HAUPOBAHUA  UI1I  HU3YYCHUS
TCOJJICKTPUICCKUX XAPAKTCPHUCTUK 3eMHOU KOpPbI q)eHHOCKaH,Z[I/IHaBCKOFO muTa. Ha6J’IIO,Z[€HI/I$I IMMPOBEACHBI
TPEXKOMIIOHEHTHBIMU BAapUOMETPaMU B YCIIOBUAX CUJIBHBIX TEXHOTCHHBIX ITOMEX. OHpeI[eHEHI/Ie (baSOBI)IX CKOpOCTef/’I
pacnpoCTpaHCHUA JICKTPOMArHUTHBIX BOJIH BBITIOJIHEHA 110 ITOJIHOM FOpI/ISOHTaJ'II)HOﬁ u BepTHKaHBHOﬁ MarHuTHBIM
KOMIIOHCHTaM, II0 KOTOPBIM OIIPEACIIAICA Ha60p KaKyHmnxcs COHpOTHBHeHHﬁ. BepI/I(I)I/IKaL[I/IH IIOCTPOCHHOT'O
TCODJICKTPUICCKOI'0 pa3pe3a BLIMOJHEHA IYTEM COIIOCTABJICHUSA C IMOJIOKECHUEM THUIIOLCHTPOB 3eMHeTp$[C€HI/IIZ u
T'COJIOTHYCCKUMU JaHHBIMHU.

59



Waves, wave-particle interaction

Bo30y:k1eHHe HCKYCCTBEHHBIX CHTHAJIOB Auana3ona Pcl B sxcnepumente FENICS-2024:
HA0JII0/IecHUSI U MOJIeJINPOBAHHE

B.A. IMununenxo?, E.H. ®exopos?, H.I'. Masyp?, .. Mosausxosal, A.B. Pa6os?,
A.C. TToranog?, P.A. Mapuyx®, B.B. Kono6os*, C.B. Auucumos®, E.H. Epmakopa®

Uncmumym @usuxu 3emau PAH, Mockea

2Uncmumym npuxnaduoti pusuxu PAH, H. Hoez2opoo

SUncmumym conneuno-semnoii pusuxu CO PAH, Upxymck

enmp gusuxo-mexnuueckux npobrem snepzemuxu Ceeepa KHL] PAH, Anamumor

STeogusuueckas obcepsamopus «Bopoxy Hncmumyma gusuxu 3emnu PAH, Apocrasckas o6x.

S Hayuno-uccnedosamenvcrul paduodusuueckuii uncmumym Huoxcezopoockozo Yuusepcumema, H. Hos2opoo

B xone akruBHOTO SKcnepumenta FENICs-2024 sa KoabckoM MMOTyOCTPOBE € HCIOIH30BAHUEM JIBYX BBHIBEICHHBIX
n3 paboThl IMHUK 3JIEKTpoIepeiad B KauyeCTBE TOPU30HTAIBHOM M3ITydaroleil aHTeHHBI OBUIM 3aPErHCTPHPOBAHbI
YIBTPAaHU3KOUACTOTHBIE CUT'HAJIBI Auana3oHa 1-10 'y Ha MarHUTHBIX CTAHIUAX, YIAJCHHBIX OT NepeAatoiel THHUN
ot ~1200 kM 10 ~2100 KM ¢ aMIUIMTylaMH, HOPMHPOBAHHBIMH Ha BEMYUHY TOKa M3iyudateist, oT ~0.2 ¢pTi/A no
~3.0 ¢Tn/A. JIna TeopeTHdecKoi MHTEpIpETalnuy pe3yIbTaTOB AKCIIEPUMEHTA MCIOIB30BaHa YHCICHHAs MOJEIh
YHY nons B atMocdepe u uoHocdepe, C031aBacMOr0 TOPH30HTAIBHBIM MPU3EMHBIM TOKOM KOHEYHOH JJTHHBI.
Mopenb OCHOBaHa Ha PELICHWH CUCTEMBbl YpaBHEHHII MakcBessla B BEPTUKAJIBHO HEOJHOPOAHBIX aTMocdepe U
noHocdepe, U ee NPUHIUINAIBHAS OCOOCHHOCTh 3aKJIIOYaeTCs B ydeTe BKJIAJa MOHOC(HEPHOTO BOJIHOBOIHOTO
pacmpocTpaHeHHst B BO30y)KZaeMoe Ioje Ha OONbHIMX yHaleHWsAX. UNCICHHBIE pacdeThl COIOCTaBICHBI C
MpUOIMKEHHBIMU aHAJMTUYECKUMHU OLIEHKaMHU. PacdeTsl okas3aimich B KaueCTBEHHOM COIJIACHU C Pe3ysbTaTaMU
HaOmonenuit. [IpoBeeHHBIE HAOIIOAEHHS TOKA3AIM TIEPCIIEKTUBHOCTH HOBOTO THITA aKTHBHBIX SKCIIEPUMEHTOB IS
TeHepaluy 30HIWPYIOIIET0 CHTHANA Ui MarHWTOTEIUTyPHYECKOTO 30HAMPOBAHUS HAa OONBIION IIIOMAnd M
BO3CHCTBHS UCKYCCTBEHHBIMHU CUTHAJIAMHU Ha OKOJIO3EMHYIO IIIa3My.

Pi2 myJbcanmu: oqUH THII, pa3Hbie MEXaHU3MbI
H.B. Cagenbesa?, JI.J1. [Tozgaskosa'?, B.A. ITununenko!

YUnemumym ¢usuxu 3emau PAH, Mocksa
2MTY, ¢pusuyeckuii paxynomem, Mockea
E-mails: d_pozdnyakova@live.ru, pilipenko_va@mail.ru

BostHOBBIE BO3MYIIEHHS T€OMarHUTHOTO Touis Tuma Pi2 (mepuonsl 1-2 MHMH) TpaAMIIMOHHO NMPEICTABISIOTCS Kak
TPaH3MEHTHBIH OTKJIMK T'€OMAarHUTHOTO MOJS Ha B3pBIBHOE Hayaio cyOOypu. Ha aBpopaibHBIX MIMpOTax 3TH
MyJIBCALMHU TIOSBIISIFOTCA CHHXPOHHO € PE3KHUM HAa4aJloOM MarHUTHON OyXThl M ysApuUeHHEM IOJSAPHBIX CHSHUH, 4TO
CBHJIETENICTBYET O TOM, YTO MX MEXaHU3M BO30YKICHHS TECHO CBS3aH C YCHJIEHHEM IIPOIOIBHBIX TOKOB MEXIY
HOYHOW MarHutocdepoit u nonocdepoit. Ho Pi2 mynbcanmu — riiobanbHoe SIBICHNE, U OHU NIPOCIIEKHBAIOTCS BIUIOTh
JI0 TEOMarHUTHOTO dKBaropa. OuHaKoB M (Pu3nuecKuii MexaHu3M Bo30yskaeHus Pi2 mynbcaiuii Ha aBpopabHBIX
W Ha TPHUIKBATOPHANBHBIX IMUPOTax? J[lmg oTBera Ha 3TOT BONPOC HAMH HCCiIenoBaHBl Pi2 mymbcaruw,
3apeTUCTPUPOBAHHBIE OJHOBPEMEHHO MAarHUTOMETpaMM Ha HU3KOMIMPOTHBIX cTaHIMAX Ha JlanbHem BocToke u
HU3KOOpOUTaIbHBIMU criyTHHKaMH SWARM. B Hounoe Bpemsi BonHbl Pi2 B BepxHeil nmoHocdepe m Ha 3emie
OKa3aJIMCh MIPAKTUIECKH MICHTUYHBI 110 aMIUTUTyAe U (aze. Ha cryTHHKE 3TH BOJIHBI IPOSIBIISIOTCS B OCHOBHOM B
MPOJOJIEHON (BIOJIF TEOMarHWTHOTO TIOJIS) W PaJAMAIbHON MarHMTHBIX KOMIOHeHTaX. CpaBHEHHE pe3yIbTaToOB
HaOmoeHui ¢ Mozensio B3aumoselcTeus MI'J] BoiH ¢ cuctemoii noHocgepa — atmocdepa — 3eMist IOKa3bIBaeT,
YTO HOYHBIE HU3KOIIMPOTHBIE cUTHaIBI Pi2 co3naroTest MarHuTOoCepHBIMU OBICTPBIMU MarHUTO3BYKOBBIMH BOJIHAMH,
pacTpoCTpaHSIIOIUMUCS Yepe3 00JacTh HEempo3padyHoCTH K 3emie. TakuM 00pa3om, MeXaHH3M HU3KOIIHPOTHBIX
curHaioB Pi2 oTandeH oT MexaHM3Ma BBICOKOMIMPOTHBIX Pi2 mynbcanmii.

PaGota BeImonHeHa B pamkax roc3ananus Ud3 PAH.
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I'106anbHBIN TMCIEPCHOHHBINH AHAJIN3 CHCTEMbI HA OCHOBE SMNIMPHUYECKOH (pyHKIHHI
pacnpeneneHus

B.A. ®panysos, A.B. AprembeB, A.A. IletpykoBuu
HKHU PAH, 2. Mocksa, Poccus, e-mail; vafrantsuzov@yandex.ru

VYBenuyeHne o0bEMa M KayecTBa CITyTHUKOBBIX W3MEPEHWH (QYHKIMH pacnpenesieHHs 3apsDKeHHBIX YacTHI
OTKpPBIBAET HOBBIE BO3MOKHOCTH B 00JIACTh M3Y4EHHS JMHAMUKH IJIa3MEHHBIX CHCTEM B paMKax aHaJlM3a BOJTHOBBIX
IIPOLIECCOB B 3TUX CUCTeMaX. JINHEHHbIE BOJIHOBBIE XapAKTEPUCTUKHU JIOKAIBHO OJHOPOIHON 3aMarHUYEHHOM I1JIa3Mbl
OIMUCBIBAIOTCS OOIINM TUCTIEPCHOHHBIM ypaBHeHHeM D(w,k)=0, HennHeitHOCTh QyHKIMOHABHBIX 3aBUCHMOCTEH B
KOTOPOM 3HAUUTCIIBHO YCJIOXHACT HAXOXIACHHUC YHNCICHHOIO PpEHICHHA C HCIOJb30BAHUECM AOHUCKPETHOI'O (B
NPOCTPAHCTBE CKOPOCTEi) Habopa HaOMIOICHHH: peIlIeHHE MOXKET OBbITh HEYCTOMYMBEIM U HE UMETh IBHOT'O KOHTPOJIS
OLIMOKH alIPOKCUMALHH.

I[I/ICerTHOCTL OKCIICPUMECHTAJIbHBIX JTaHHBIX HE MMO3BOJIACT OJJHO3HAYHO ONPECACIUTb 3aBUCUMOCTD ,Z[I/ICHepCI/IOHHOﬁ
¢yukoun D(w,k) oT 4acTOTHI BOJHBI @ W BOJHOBOTO BeKTOpa K, YTO NMpEAroiaraeT anmnpoKCUMAalHI0 N3MepsIeMOr
GYHKIMM pacnpesieieHus 4acTll f A TOCJeIyIONero HHTErpUpoBaHusl B MIPOCTPAHCTBE CKOpocTed. B Hamem
JIOKJIaJe MBI PAacCMaTpUBAaEeM KyCOYHO-JIMHEHHYIO WHTEPIIOJSLHUIO, KOTOpas IO3BOJISIET HE TOJBKO TOUYEYHO
KOHTPOJHMPOBATH OI_HI/I6Ky armpoKCUMal, HO U pa3aCiInTb, U BEIPA3UTh MHTCTPAJIbl JUCTIEPCHUOHHBIX COOTHOIIECH UM
yepe3 OOOOIICHHYIO TIHIEPreoMeTpHYecKylo (yHKIHIO pFg, OmmMbOKka OLEHKHM KOTOpOIl XOpOIIO OIpeielicHa.
IMony4yaemas aucnepcuonnas ¢yukuust D(w,k) npencrasnsercs B Buae MepoMophHo# GpyHkimu B o6mactu Im(w)=0.

[TpoGriema nabHENIIero pereH s AMCIIEpCUOHHOTO YPaBHEHNUS CBsI3aHa C OTCYTCTBUEM KakoH-T1u00 HHpOpMaIiu
0 JIOKJIBHOM IOBEACHUH PELICHU BCIEICTBUE HEaHATMTUYHOCTH UCIIONIb3yeMOH (MHTEPIIONMPOBAHHOM) QYHKIINH
pacmpezaeneHus f: MeTobl, TPEOYIOIINE HauallbHbIE TPEATONIOKEHUsS! UIsl PEIICHHs] YPaBHEHHUS, MOTYT CXOJHUTCS HEe
K TOMY PELICHHIO HJIH ke BooOmIe ObITh HeycToHunBbIMU. Ho MepoMopdHOCTE aucniepcronHoi ¢pyHkunu D(w,k) B
paccMaTprBaeMoil 00JaCTH MO3BOJISACT NIPOM3BECTH aHAIM3 Ha OCHOBE aHANMUTUYHOCTH QyHKIuK IND(w,k) Bo BCeit
obacTy 3a MCKJIIOYEHHEM JIMCKPETHOTO Habopa Touek: Hysei u momocoB D(w,k). Vcmonp3ysi MpUHIUN apryMeHTa
Komm w anammsupys motok rpaaumenta ¢yskuuu In|D(w,k)|, BO3MOXHO ompemenuTh BCE HYIM H MOJOCHI
uccienyemMoit QyHKIMH B 3aJJaHHOM PETHOHE 10 .

Takum oOpa3oM, MpearaeMple METOIBI ITO3BOJIIOT IIOJyYHTh BCE PEIICHUS TUCTIEPCHOHHOTO YpPaBHEHHS
D(w,k)=0 B paccmarpuBaemoit 0067acTH, OIIHOKA KOTOPHIX KOHTPOJIHPYETCS TOYHOCTHIO AammpOKCHMAIIUH
nsMepseMoil GyHkMu pacnpeneneHus f. [700anbHOCTH aNrOpUTMAa IO3BOJSAET 3HAYMTEIBHO IOBBICHTH €ro
YCTOWYHBOCTD U OOIIHOCTD.
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Interplanetary disturbances database: on determining the solar sources
S.M. Belov, A.V. Belov, M.A. Abunina, N.S. Shlyk
IZMIRAN, Moscow, Russia

Forbush-effects and Interplanetary Disturbances (FEID) is developed and maintained at IZMIRAN and is currently
available to anyone in a form of web application at tools.izmiran.ru/feid. Catalogue of events is constantly worked on
by our group for the last decades and currently includes about 8900 events, starting from the year 1957, with a solar
source determined for 2000 events. Cosmic rays parameters are obtained using spherical analysis — the Global Survey
Method (GSM) on the global neutron monitor network data. Solar wind parameters are obtained from the OMNI
database. The program allows users to build various plots for specific events as well as performing statistical analysis.

Determining the onset time and solar source of an interplanetary disturbance are two key components of populating
the database. This work requires expertise and can not be easily automated. In this report, we will explain the process
of adding new events to the database, including discussion of all available sources of information (CMEs, solar flares
and coronal holes catalogues etc.) and current automation capabilities of the FEID program.
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Transformation of turbulent solar wind spectra within shell-model approach
I.LA. Dukanov!?", E.V. Yushkov!?, D.D. Sokoloff!2

'Lomonosov Moscow State University, Faculty of Physics, Moscow, Russia;
2IZMIRAN, Troitsk, Russia;
3Space Research Institute, Moscow, Russia

*E-mail: dukanov.ia21@physics.msu.ru

Solar wind is one of the most significant links in the Sun - Earth system, however neither its forming process, nor
its evolution physics are clarified yet. This fact served as the main reason for launching the Parker Solar Probe (PSP)
spacecraft mission focused on solar wind research. For the first six years, the mission has provided a vast inflow of
new data with high temporal resolution and wide variation of heliocentric distances. In particular, it enabled a detailed
study of solar wind field fluctuation spectra, i.e. velocity and magnetic fields, and a new look at a turbulent cascade
in interplanetary plasma [1].

The PSP data proved the previously detected presence of two spectral breaks in the picture of the spectral density of
magnetic field energy fluctuation. The first one is close to subionic scale and the second one is on the left edge of the
inertial interval, i.e. in the large vortices area. There isn't a universal opinion about these markers evolution yet,
therefore studying these breaks dynamics is still the key one. While the kinetic approach seems to be necessary to
describe the near-dissipation break, it is possible to describe the large-scale break evolution within MHD. Besides,
the issues of which Reynold’s numbers [2] are observed in solar wind plasma and how they influence energy balance,
and what role the helicity relation plays are still not solved.

To describe a turbulent cascade, we use a shell or, in other words, cascade model taken from [3]. The shell-model
class for hydrodynamic systems [4] is Fourier images of MHD-equations system with non-linear term approximation
by the sum of quadratic nonlinearities to follow 3D MHD conservation laws in a dissipation-free case. Meanwhile,
the continuous spectral scale is replaced by the sequence of discrete shells and in non-linear terms, energy transition
through the adjacent shells only is taken into account. Within such an approach, the PSP data near the Sun are
considered initial, and possible spectra evolution and a large-scale break movement dynamics during the process of
free turbulent cascade devolution are studied. The obtained results of cascade modelling are compared with the PSP
data on the Sun - Earth axis, and, based on the comparison, the conclusion about shell-model analysis and free
devolution hypothesis applicability is made.

The authors express their sincere gratitude to P.G. Frick for valuable advice and the given model and also to the PSP
and CDAWERB team for the provided spacecraft data.

1. Chen C.H.K. et al. The evolution and role of solar wind turbulence in the inner heliosphere // The Astrophysical
Journal Supplement Series. — 2020. — vol. 246. — Ne. 2. —p. 53.

2. Wrench D. et al. What is the Reynolds Number of the Solar Wind? // The Astrophysical Journal. —2024. — vol. 961.
—Ne. 2. —p. 182.

3. Mizeva I., Stepanov R., Frick P. Role of Cross Helicity in Cascade Processes of MHD turbulence // arXiv preprint
arXiv:0904.1666. — 2009.

4. Frick P. G. Turbulence: approaches and models. — 2003.
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Towards a Standard for CME Modeling and Forecasting
K.B. Kaportseva'?

ISINP MSU, Moscow, Russia
2Physics Department of MSU, Moscow, Russia

Accurately modeling the propagation of coronal mass ejections (CMES) in the heliosphere and forecasting their
arrival at Earth is critical for space weather prediction. However, the lack of standardized procedures leads to
inconsistencies in model performance assessment and forecast accuracy. The International Organization for
Standardization (ISO) develops globally recognized standards to unify methodologies across scientific and
engineering disciplines. This presentation introduces a draft outline of an ISO standard for CME modeling and
forecasting, emphasizing the standardization of validation criteria, data formats, and model performance assessment.
The development of universal guidelines will enhance the transparency of data processing, simplify the evaluation of
forecasting system performance, facilitate international collaboration, and ultimately improve models for more
accurate space weather predictions.

The research was supported by the Russian Science Foundation, grant No. 22-62-00048, https://rscf.ru/project/22-
62-00048/.

Calibration of ground-based neutron monitors using machine learning approach. Prospects and
disadvantages

I.A. Lagoida, I.1. Astapov, P.S. Kuzmenkova
National Research Nuclear University MEPhI

Neutron monitors are located on the Earth's surface. They perform continuous measurements of the secondary
component of cosmic rays (CR), formed after the interaction of primary CR with the Earth's atmosphere. Scientific
instruments located on space satellites measure the primary flux of cosmic rays. However, outer space is characterized
by a high radiation environment, which causes the degradation of electronic components and the efficiency of
recording systems. Moreover, the equipment of space satellites may completely fail during solar flares, which can
lead to data loss. As a result of all these factors, the calibration of neutron monitors on satellite data is an important
task. Such methods will significantly expand the capabilities of the network of neutron monitors and would allow the
possibility of restoring lost data due to the degradation of the electronics of the detection systems. Also, studying
cosmic ray flows using ground-based detectors is significantly cheaper than satellite experiments. This research
provides an overview of current attempts to develop such methods. The study also presents the result of a machine-
learning model used to calibrate neutron monitors on primary cosmic ray proton flux with energies > 500 MeV.

The study was provided by a grant of the Russian Science Foundation Ne 20-72-10170-I1, with the support of state
scientific tasks Ne FSWU-2023-0068, Ne FSWU-2023-0086.
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Energy budget of cold solar flares
G.G. Motorina

Central Astronomical Observatory at Pulkovo of Russian Academy of Sciences, St. Petersburg, Russia
Space Research Institute of Russian Academy of Sciences, Moscow, Russia

Solar flares exhibit significant diversity in the energy distribution between thermal, non-thermal, and kinetic
components. The so-called “cold” solar flares, which are characterized by a substantial non-thermal component and
practically no thermal component, are particularly well suited for studying the direct effect of non-thermal electrons
on plasma heating. Thus, the present work aims to analyze the ratio of thermal and non-thermal energy and their
evolution in cold solar flares, in particularly, solar flare SOL2017-09-07T184140 (C4.5). This flare is the first cold
flare for which there are EOVSA observations, and hence it is possible to dynamically measure the coronal magnetic
field and other parameters at the flare localization site. To estimate the thermal component, we analyzed the
differential emission measure based on SDO/AIA data. Using Fermi/GBM data fitting, estimates of the hot plasma
component and the non-thermal component were made. To test the hypothesis about the flare morphology, a 3D model
was created using a GX simulator based on SDO/HMI, microwave (EOVSA), and X-ray (Fermi/GBM) data. The
obtained results suggest that the non-thermal energy released during the microwave burst is sufficient for the thermal
response of the flare, similar to other cold flares.

This work was supported by RSF No. 20-72-10158.
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Position of the primordial release of solar flare energy at the extended surface
of magnetic lines with increased current density: Results of MHD simulation

A.l. Podgorny?, I.M. Podgorny?

!Lebedev Physical Institute RAS, Moscow, Russia; e-mail: podgorny@lebedev.ru
2Institute of Astronomy RAS, Moscow, Russia; e-mail: podgorny@inasan.ru

The study of the extended surface of magnetic lines with increased current density, having the form of an arcade, is
continued. The appearance of such a surface, apparently, can solve the problem of the coincidence of the positions of
flares found from the results of MHD simulation with the observed positions of flares, which are bright regions of
flare emission.

According to the existing concepts, during a solar flare, the energy of the magnetic field of the current sheet formed
as a result of the accumulation of disturbances in the vicinity of a singular line of the X-type magnetic field is released.
It is quite difficult to determine the possibility of a flare and its position based on the MHD simulation results due to
the complexity of the magnetic field configuration in the corona. The field is highly tangled, a diverging magnetic
field can be imposed on the X-type configuration, so it is almost impossible to directly determine the position of the
singular line based on the type of magnetic field obtained as a result of MHD simulation, even if a current sheet begins
to appear or has already formed in its vicinity. For this purpose, a graphical system for searching for flare positions
was created, based on searching for current density maxima and studying magnetic field configurations in their
vicinity. It is assumed that the absolute value of the current density reaches a maximum in the center of the current
sheet. However, as the analysis of the calculated field showed, this assumption is not always fulfilled. Therefore,
although the developed system is useful for analyzing complex magnetic field configurations, its direct use often does
not provide an opportunity to correctly determine the positions of flares.
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To study the possibility and locations of flare instability, an analysis of magnetic field configurations in areas with
centers at different points of the arcade was performed. These configurations, as well as the location of the arcade
surface in space and on the solar disk, are shown in the figure. The analysis shows that the conditions determined by
the magnetic field configuration are better promoted to the development of flare instability not at the location of the
maximum current density, but at the top of the arch, where in a plane configuration the X-type magnetic field
dominates over the divergent magnetic field.
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Study of the temperatures response to the solar cycle activity for some caves in Bulgaria
L. Raykova, R. Werner, V. Guineva

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

Cave speleothemes present archive of climate over the last some 10 ky for the region localised. The isotope
concentration and micro luminescence bands depend on the temperature and humidity. Direct temperatures
measurements were initiated by the Bulgarian federation of speleology before more than 50 years. The measurements
were carried out in the cave zone of constant temperature. The results data show three clear cycles responding to the
11 year solar cycles over a time period of 35 years for some karst caves in Bulgaria. The temperature cycles have
different lags to the solar cycles. The aim of the work is to found the cave temperature response to the cave
environment temperature. For this propose the annual surface temperatures of cities near the caves were analysed. The
cave and the city temperature were analysed for a time period of 55 years. The results of the performed temperature
Fourier analyses were a surprise. The time series of the surface temperature do not show any solar cycle. For the
surface temperature a clear periodic signal of about 7 years was established, probably a response to the North Atlantic
Oscillation. Some studies demonstrate that the temperature response to the solar cycle is much greater at higher
altitudes. A maximum of the response is observed in a geographic latitude band of 45+15 deg. N and S at an altitude
of about 10 km with an amplitude of the mean zonal temperature of 0.1°C to 0.25 °C depending on the used method
of investigation. Our hypothesis is that temperature variations caused by the solar cycle are transported to the cave via
atmospheric and cave water cycle. Of course a lot of experimental work is needed to confirm or reject the formed
hypothesis.

Comparison and adjustment of CME velocities according to various catalogs data
N.S. Shlyk, M.A. Abunina

Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation
of Russian Academy of Sciences (IZMIRAN), Moscow, Troitsk, Russia; e-mail: nshlyk@izmiran.ru

Coronal mass ejections (CMEs) influence the state of space weather, and the initial CME velocity values are in many
cases mandatory input parameters for various forecast models of geomagnetic disturbances or high-energy particle
fluxes. We discuss the problem of discrepancy between CME velocities determined automatically in near-real time
(CACTUS catalog, https://www.sidc.be/cactus/catalog.php) and those calculated with a significant delay after more
thorough data processing (LASCO catalog, https://cdaw.gsfc.nasa.gov/CME_list/). In particular, we consider the
CMEs that reached the Earth's orbit in the period from 1997 to 2023 (FEID database, https://tools.izmiran.ru/feid), for
which a one-to-one correspondence was established between the two catalogs. Preliminary estimates of the
relationship between the velocity values for different speed ranges and CME types are obtained, which can be used to
make forecasts in near-real time (with the minimum delay provided by CACTUS).
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Opportunities to expand neutron monitors network in order to increase
its sensitivity to low-energy cosmic rays

S.A. Siruk, A.G. Mayorov, R.F. Yulbarisov
National Research Nuclear University MEPhI, Moscow 115409, Russia

The worldwide neutron monitors (NMs) network is a useful instrument for studying cosmic ray (CR) fluxes in the
vicinity of Earth. The minimal energy of CR that still give their contribution to NM's count rate is determined by the
Earth's magnetosphere over most of the planet's surface. This geomagnetic cutoff is maximal near the equator and
becomes marginal close to the magnetic poles, so in polar regions the particles' minimal energy is mainly defined by
the depth of the atmosphere instead. This means that polar NMs are basically more sensitive to low-energy CR and
therefore to variations of galactic CR flux and bursts of solar energetic particles (SEP events). Additionally, polar
stations are essential to study CR anisotropy, with some of them having very narrow asymptotic cones of acceptance
and some being able to detect particles coming from high asymptotic latitudes.

Most polar NMs are located at sea level; however, there are polar regions with mountains or ice sheets, where the
atmospheric depth is significantly lower. If stations are located at those places, they are even more sensitive to solar
modulation and SEPs, and recent installation of such a detector caused the introduction of a new type of events, called
sub-GLE. This study is dedicated to the search for such places and calculation of conditions for CR observations made
by potential NMs that might be installed there. We simulated detectors' response to several SEP events and found that
some of new NMs located at those places would be even more sensitive to low-energy cosmic rays than currently
operating high-altitude polar observatories SOPO/SOPB, DOMC/DOMB and SNAE/SANB. Having 32 locations
reviewed in total, we can conclude that there are a lot of perspective variants, so new detectors located there would
greatly complement the existing network.

Analysis of variations in Solar and Geomagnetic Parameters for Solar Cycle 24
using Analysis of variance (ANOVA) method

D.K. Sondhiya® and Priyanka Gupta?

1Govt. Polytechnic College, Sahibganj, India
2School of Sciences, SAGE University, Bhopal, India

The analysis of plages and spots on the photosphere is critical to understanding the sun's magnetic field. These
dynamic processes have an impact on the Earth's and other planets' magnetic fields. To analyze the characteristics of
these variations, one must first investigate the appropriate parameter linked with solar activity, which entails
examining the time variation in various solar activity metrics as well as their cyclic variation. Solar activity parameters
are related with certain solar phenomena and presented in a simple numerical format. Solar activity parameters are
separated into two categories: basic physical parameters and derived parameters. Basic parameters or indices are
observed and measured directly, and they indicate numerical properties of solar activity such as sunspot number,
sunspot area, flare brightness, and so on. On the other hand, derived parameters are derived from basic indices or
combinations of them, such as the wolf number, flare indices, fluctuation indices, and so on. In this study, we used
the statistical ANOVA method to examine the number of sunspots and their relationship to other solar activity
characteristics. The identified anomalies in the link between SSN and other solar activity parameters have also been
addressed. Create a suitable regression-based model to describe the many long-term features of solar activity.

Keywords: ANOVA, fluctuation indices and Solar activity
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Influence of the Drag-Based Model input parameters choice
on the CME forecast results in the 24th solar cycle

A. Vakhrusheval?, Y. Shugay?, K. Kaportseva®?, V. Eremeev?, V. Kalegaev?*?

ISINP MSU, Moscow, Russia
2Faculty of Physics, MSU, Moscow, Russia

E-Mail: vakhr.anna@gmail.com

Forecasting of coronal mass ejections (CMESs) propagation is one of important problems of space weather. The drag-
based model (DBM) [1] is often used for modeling CMEs heliospheric propagation. DBM is based on the
magnetohydrodinamic drag concept — at a certain distance from the Sun motion of CME is influenced by the drag
force. MHD drag is determined by the interaction of the CME with ambient solar wind. The input parameters of the
DBM are: CME onset time, CME speed, drag parameter vy, and the solar wind speed. The basic one-dimensional
version of the DBM can be updated to a two-dimensional version by using, for example, cone model.

In this work, we model time of CME arrival to Earth’s orbit and CME speed with three types of geometry: 1)
concentric model (all points are at equal distance from the Sun), 2) self-similar model (CME front does not change its
shape) and 3) flattening model (each plasma element of the CME front propagates independently) [2]. For this study
we selected the CME-ICME events of the 24" solar cycle with a known solar source using the SINP MSU merged
ICME catalog (https://swx.sinp.msu.ru/tools/icme_list.php). A total of 54 CMEs were included in the final sample.
As the coordinated of the CME source we used the coordinated of the associated coronal dimming from the Solar
Demon database (https://www.sidc.be/solardemon/) [3]. CME parameters were obtained from the CACTus LASCO
catalog (https://www.sidc.be/cactus/) [4]. For our sample, the best results for the CME arrival time were obtained
using the concentric model. The best results for the CME speed were obtained using the self-similar model. Also we
considered influence on the forecast results of the DBM parameters such as CME initial speed, drag parameter, and
the solar wind speed.

The research was supported by the Russian Science Foundation, grant Ne 22-62-00048, https://rscf.ru/project/22-62-
00048/.

1. Vrdnak B., Zic T., Vrbaneck D. et al. // Solar Phys. 2013. V. 285. P. 295.

2. Dumbovic M., Calogovic J., Martinic K. et al. // Front. Astron. Space Sci. 2021. V. 8. P. 639986.
3. Kraaikamp E., Verbeeck C. // Space Weather Space Clim, 2015. V. 5. A18

4. Robbrecht E., Berghmans D. // A&A. 2004. V. 425. P. 1097.
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BoisiBieHMe c1a0bIX Bapualuii NOTOKOB KOCMHUYECKHX Jydeil U3 00J1acTH MOJII0Ca MUPa
¢ MOMONIBIO MAPbI MIOOHHBIX TeJIECKONO0B

10.B. bana6bur*, A.B. I'epmanenko, b.b. ['BozneBckmii
Honsproui eeousuueckuit uncmumym, Anamumul, Poccus
*E-mail: balabin@pgia.ru

B Amnarnrax (Koxbckuit nomyoctpoB) u bapenuoypre (apx. llInunbepreH) ycraHOBIEHB HASHTHYHBIE MIOOHHBIC
TeNecKonbl. MHHMMalbHas SHEPrHs IIEPBUYHOW YaCTHUIBI KOCMHYECKHX Jyded Al MIOOHHBIX TEJIECKOIIOB
cocraBmsieT ~5 9B, a s dexTHBHAS YHEPTUS PETUCTPUPYEMBIX YacTHIl Haxogutcs B nuamazoHe 50-100 IB. Tlpu
TaKUX YHEPrHsAX BIUSHUE MarHUTOC(Epbl 3eMIIM Ha YaCTHIBI KOCMUYECKHX JIyueil HEBEIUKO, MOXKHO IPHUHATH, YTO
MOJS 3pEHHsI MIOOHHBIX TEJIECKOIIOB IPEICTABIAIOT cOOONW TeOMEeTpHYECKHEe KOHYCHI, HAallpaBICHHBIC B 3CHHT.
MIOOHHBIE TE€TECKOIBI BEIYT HENPEPHIBHYIO PETUCTPALIUIO.

B pesynbraTe CyTOYHOrO BpalleHHs 3eMIIM HaIllpaBieHHE NpHEMa KOCMHUYECKUX JIydell MIOOHHBIM TeJECKOIIOM
OINHUCHIBAET IIMPOKUI KOHYC B INpocTpaHcTBe. M3 oO0Iero moroka AaHHBIX ObLIM OTOOpaHBI IEPUOJBI, KOTJa
OPHMEHTAIS II0JI1 3PEHUS] MIOOHHOTO TEJIECKONAa B MEXIUIAHETHOM IPOCTPAHCTBE COOTBETCTBOBAJA 3aJaHHOMY
HaIpaBJIEHUIO OTHOCUTENBHO 3Be3]. MIHTepec mpeicTaBiseT B IEPBYIO O4Yepeb HAIpaBICHHUE Ha CEBEPHBIN MOMIOC
MHpa U OKPECTHOCTH. YKa3aHHOE HalpaBjeHUE HEJOCTYITHO OOJIBIIMHCTBY YCTAHOBJICHHBIX Ha 3eMJIE AETEKTOPOB.
Ioce BHECEHUsI CTaHIAPTHBIX KOPPEKTUPYIONMIUX MONPABOK, CBA3aHHBIX C N3MEHCHHEM AABJICHUS M TEMIEPATypPhl
aTMoc(epsl, 0 pa3pabOTaHHOW CIEHUATbHONH METOJHMKa IPOBOIMIOCH JIOMOIHUTEIBHOE YCTpAaHEHHE BapHallui,
BBI3BaHHBIX aKTHBHOCTBI0 CoJHIIA (KOPOHAIBbHBIE BIPBL, (POPOYII-TIOHMKEHHST) U IPOUCXOISIIUX Ha ape MIOOHHBIX
TEJIECKOIIOB CHHXPOHHO. [lociie BHECEHMS MONMPaBOK 3TH BAapHAIMH CYIIECTBEHHO YMEHBINAIUCh, YTO AABAJIO
BO3MOXKHOCTb BBISIBUTH ClIa0ble BapualWH, CBA3aHHBIC C aHU30TPONHEH KOCMHYECKHX Jydell B MEXIUIAHETHOM
MPOCTPAHCTBE, KOTOpass MOXeET ObITh OOYyCJOBIIEHAa IIMPOTHOH 3aBHCHMOCTBIO COJHEYHOW AKTUBHOCTH WIIU
pa3snuYMAMU B €€ IPOSIBIICHIH B 3aBUCHIMOCTH OT YTJIOBOTO PACCTOSHUS Ha/l INIOCKOCTBIO SKIUITHKH.

O0paboTaHBl U MPOAHAIM3UPOBAHBI JaHHBIC TAPBl MIOOHHBIX TElIecKOmoB 3a 2022-24 Tonabl, COOTBETCTBYIOIINE
NEPUOAY BBICOKOM COJTHEUHOM aKTUBHOCTH. AHAJU3 MOKa3ajl, YTO UMEIOTCS IEPUOIbI JIUTENbHOCThIO 15-20 nHel, B
KOTOpBIE aHM30TPOIHUsST KOCMHUYECKHX Jy4deil mpeBocxoauT ¢uiykTyauuu B 2-3 pa3a. YUUTHIBas 3HAYUTEIBHYIO
JUTUTENBHOCTD 3THX HEPHOJIOB, MOYKHO YBEPEHHO CKa3aTh, YTO TAKOE OTKIOHEHUE OT CPEIHETO 3HAUCHHE HE MOXKET
OBITH CIyJalfHBIM, a OTPAXXAaeT PeaJbHYI0 aHM30TPOIHI0 KOCMHUYECKHX Jydeil B 00JIaCTH IOJIOCA SKIUNTHKH. DTH
MEepUO/IBl, OTJIMYAONINECS aHU30TPONHEH IMOTOKa KOCMHUYECKHMX JIydel, HAaCcTyMaloT IOCJIe MOIIHBIX NPOSBICHUN
aktuBHOCTH COJHIIA: KOPOHAJIBHBIX BEIOPOCOB MIIM CHIIBHBIX BCHBIIIEK. [IpecTaBieHHbIe pe3yIbTaThl TOKa3bIBAIOT
BO3MO)KHOCTb TapoOi OJMHAKOBBIX MIOOHHBIX TEJIECKOIIOB PErHCTPHpOBaTh ciabble 3¢ dexTsl aHu30Tponun
KOCMHMYECKHX JIyueil, co31aBaeMble MPOSBICHUAMHU akTUBHOCTH CoJTHIIA.
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Anaan3 kpynuseIx ¢popoym-3¢gdexToB 25-ro nukIIa Mo JAHHLIM HEHTPOHHBIX MOHMTOPOB
U MIOOHHBIX TeJ1eCKONOB B AnaTutax u bapenuoypre

10.B. bamabur®*, A.B. I'epmanenko, E.A. Muxanxko, JL.U. Ulyp, B.b. 'Bo3neBckwmii
Honapuwui 2eopusuueckunt uncmumym, Anamumol, Poccus
*E-mail: balabin@pgia.ru

Ha npotsixkenun 2024 r. ConHIle HaX0UJI0Ch B MAKCUMYME aKTHBHOCTH. 3a IOl IPOHU30IIUIN YEThIPE 3HAYNTEIbHBIX
¢dopOyur-nonmxenus, npessicuBmme 10 %. Cayuusmmuecs B 2024 r. ¢popOym-3¢eKTs! SBIAIOTCA TaKKe CaMbIMU
CHIIBHBIMU 32 BECh 25-1 ITUKIJI COTHEYHOW aKTUBHOCTH, KOTOPHIH Havyancs B 2019 1. u mpuOImKaeTes K MaKCUMyMY .
HawnGonee cunbHblit GopOym-addext npousomen 24.03.24. Cnenyroumii cimyunics 10.05.24 r. Tperuit popOymr-
a¢ ekt nomyumics coctaBHbIM: 06.10.24 mpon3onuio yMepeHHOE MOHIKCHNE KOCMIYECKUX JIydei, 3aTeM Ha ¢aze
BocctaHoBieHus 10.10.24 nocire ogepenHoi Bermblky Ha COITHIIE CITyYHIICS TOBTOPHBIN (GopOymI-3QPeKT, B cymme
BBI3BABIINI YMEHBIIIEHHE TOTOKAa KOCMHUYecKHX JTydel Ha ~10 %. Hanbonpunii mHTEpeC npencTaBiaseT HocueHee
noHrKeHue, Hayapuieecs 26.10.24. OHo uMeno pacTsHyThIH GpoHT, MUHUMYM ObLT ocTUTHYT 31.10.24. Tunu4aHbiit
¢dopOymI-3pPexT uMeeT pe3koe Havaio M MeIeHHoe, B TeueHre 5-10 mueit BoccTaHoBieHue. @opOym-3ddext B
KOCMHUYECKHX JIy4ax 00yCIJIOBJIEH TeM, 4To 3eMilsl TonagaeT B 0oJblioe 00aKko mia3mel, BeIOpomenHoe ColHIEM B
MEXIUIAaHETHOE TIPOCTPAHCTBO. B 3ToM oOnake nuddys3us KOCMHUUYECKHX JIydel 3aTpy/AHEHa M3-3a MOBBIIICHHOTO
MarHuTHOro noJs. PacpocTpasssice ganee 3a 3eMirio, 00JaKo pacuInpseTcs, MarHUTHOE oJie cllabeeT, U INIOTHOCTh
MOTOKAa KOCMHYECKHX JIydeH IOCTETIEHHO BOCCTaHaBIMBaeTcsi. B mocnexanem moHmkeHHH (a3l craza M pocra
IIPUMEPHO OJTMHAKOBOM IIIUTENBHOCTH, YTO HEOOBIUHO M YKa3bIBACT HA TO, YTO HETIOCPEACTBEHHO 3eMJIs He IoMnaiana
B IUT1a3MeHHoe o0mako. IIpemioskeHo mpocroe 0OBsICHEHHE TPOUCIIEIIEMY .

HeiipoceTeBoe onpeesieHne NnapaMmeTpoB COJTHEYHOT0 BeTPa M0 HAGIIOIEHUSM pacipeaeeHust
MArHUTHBIX noJieii Ha CoJtHIe

b.B. Kosenos

@I'BHY Ionspusiil ceopusuueckutl uncmumym, Anamumel, Mypmarnckas oon., yi. Akaoemeopoodox, 0. 26a.

E-mail: bob-koz@yandex.ru

Hannbie KucnmoBoackoit ['opHO# acTpodusmueckoir oocepBaTopruu U yacoBbie gaHHBIE 0a36i OMNI ncnoap30BaHbL
JUTA TIOCTPOEHHE Habopa ATl TPEHHPOBKH HEUPOCETEBOI MOJIENTH OTIpeIeJICHHS TapaMeTPOB COTHEYHOT'O BETPa OKOJIO
3eMin 110 HaOMIOJCHUSM pacpeieNieHNs] MarHUTHBIX nojiel Ha ComHie. O0CyX1aroTcst HeHpOCeTH, OCHOBAHHbBIE Ha
CTPYKTYpax CBEPTKH M TpaHcdopmepa, pe3yabTaThl TPEHUPOBKHM HeWpoceTed Il pa3iMuHBIX Ie0d()(EeKTHBHBIX
IapaMeTpOB COTHEYHOTO BETpa.

Ccebliku:

1. Maruurorpammel mojHoro aucka Coidiia, http://solarstation.ru/sun-service/magnetic_field
2. OMNI database, https://omniweb.gsfc.nasa.gov/
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HNnatencuBrocTh I'KJI Mo naHHbIM 3KcniepuMenTa Peryasipaoro bajssionnoro Monuropunra
KOCMMYeCKHUX Jy4eil M cHTyausi B MUHMMYMAaX i MAKCUMYMAaX COJTHEYHOI 0 MKJIa

M.B. Kpaiines, I'.A. basunesckas, M.C. Kamuann, A.H. Kpamraus,
B.C. Maxwmytos, A.K. CupkeBckast, H.C. CBupxeBcKuit

Qusuueckuut uncmumym um. I1LH. Jlebeoesa PAH, Mocksa, Poccus

B skcnepumenrte perynsipHoro OamonHoro Monutopura (PBM) kxocmudeckux mnydeld B atmocdepe 3emi,
npoBoaumoro ®UAH um. I1.H. Jledbenera PAH, nonyuen onun n3 Hanbosee AMMHHBIX psiioB (¢ 1957 r. no HacTosee
BpEMs) OZHOPOIHBIX M3MEPCHHUH XapaKTEPHCTHK, CBA3aHHBIX C WHTEHCHBHOCTHIO TAIAKTHIECKUX KOCMHYECKHX
nyuqeii (I'KJI). Ognako, netexTops! kKak PBM, Tak 1 HESHTPOHHOTO MOHUTOPHHTa KOCMUYECKHX JIy4e perucTpupyoT
CMECh NEPBUYHBIX (T.€. MPUIICAIHNX B aTMOC(epy U3 reirochepbl) KOCMUYECKHX Jy4eil pa3HOro THMa (B OCHOBHOM,
MIPOTOHOB U SIZIEP TeJHs) U SHEPIUH, a TAK)Ke BTOPHUIHBIX (POXKAEHHBIX B aTMOc(depe) KocMudecKkux ydeil. [Toaromy
JUISL KCTIOJIb30BaHus pe3yiapraTtoB PBM npu ncenenoannu monymsuu ['KJI B renmocdepe Mx Hago oTKaauOpoBaTh
B TepMHUHAX UHTEHCUBHOCTH nepBUUHBIX ['KJL

B noxnane oOcyknaercst pelieHre 3TOH 3a7a4y B [IEPBOM MPHUOJIIKEHNH, @ UMEHHO OIIPEIEIseTCs CBSI3b MEXIY
CpeIHEMECSIIHOM CKOPOCTBIO CUETa BCEHANpaBiIeHHOTo feTektopa PEM B MakcuMyMe 3aBUCHMOCTH 3TOH CKOPOCTH
cuéTa OT KOJMYECTBA BEIIECTBA HAJ TPHOOPOM Ui BBHICOKOMMPOTHHIX (MypMmanck u Mupssiif), NMUME g
cpennemupoTHbIX (MockBa), N)O,, MyHKTOB M3MepeHHs M MHTErpaibHOM MHTEHCHBHOCTBIO mpoToHoB I'KJI B
OTIpeNIeNEHHBIX uana3onax sHeprun. Jma storo N g NMO  cpapHMBAIOTCA ¢ pesysbTaTaMH JKCIEPHMEHTOB
PAMELA (06.2006-01.2016 rr.) u AMS-2 (05.2011- 1o H. Bp.) ¥ HEKOTOPBIX IPYTHX.

C wucnons3oBanueMm wuHTeHcHMBHOCTH ['KJI mo mawueiM PBM mpopomkaercss HayaToe HECKOJIBKO JIET Hazal
corocTaBieHue A 3kcTpeManbHbIX MOMeHTOB CII mHTeHcuBHOCTH I'KJI M BakHBIX AJIST MX paclpOoCTpaHEHUS
renroc()epHBIX XapaKTEPUCTHK C HHAEKCAMH ABYX COOTBETCTBYIOIINX BeTBeH akTHBHOCTH CoHIA (TTOJOMAAIBEHOMN
JUI1 MUHUMYMOB ¥ TOPOUJATBHON 11t MakcuMyMoB CLI).
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Ounenka ckopocTH HOHN3AIMH aTMOocdepbl 3eMJIN BO BpeMsl COJTHEYHBIX MPOTOHHBIX COOBITHIA
E.A. Maypues?, K.A. qunenko!, M.A. A6ynuna’, H.C. Illnpix!

YUncmumym semnozo maznemusma, uonocgepuvl u pacnpocmpanenus paouosoan um. H.B. Ilywxosa PAH
(U3MUPAH), 2. Tpouyk, Poccus
2[Tonspuwii 2eousuveckuti uncmumym (ITH), 2. Anamumei, Poccus

3HaueHHsl MOTOKOB NPOTOHOB B JAU(PQEPECHINAIBHOM HEPreTHYECKOM CIIEKTPE T'aJaKTHYECKHX KOCMUYECKHX
myudeir (I'KJI) BappupyIOTCS COTJIAaCHO SPKO BBIPAKEHHOMY |l-TeTHeMy IMKITy, OCOOEHHO 3TO KacaeTcs
HU3K0’HEeprudHoi wactu (~10-500 M»sB), rme mMakcuManbHBIE BEIHIMHBI HAOMIOZAIOTCS BO BpeMs MHUHHUMyMa
COJIHEYHOU aKTMBHOCTH. [IpH 3TOM BBICOKOOHEprHYHAas YacTh CIEKTpa (31ech OyaeM paccmarpuBarth auanas3oH 0,5-
1000 I'»B) mpaxtuueckn HemzmenHa. Hapsnay c BozaedictBuem mnporonHoB ['KJI Ha atmocdepy 3emim, MOXHO
BEIJICIIATH SBJICHUS COJTHEYHOH aKTHBHOCTH — coHEYHBIe TpoToHHEIE cOOBITHA (CIIC) 1 coorrtist GLE (ground level
enhancement — sierieHre BO3pacTaHusi CKOPOCTH CUETa B CHCTEMax HA3eMHBIX JETEKTOPOB).

CIIC xapakTepu3yrOTCsi JOBOJbHO MSTKUM AH(B(GEepeHIUATbHBIM YHEPIeTHYECKUM CHEKTPOM, TIPH KOTOPOM
MIEpBUYHBIE YacTUIIBI c1ab0 Y4acTBYIOT B HEYNPYTHX COYNApEHMSAX C BEHIECTBOM aTMOc(epbl W MPaKTHIECKH HE
TEHEPUPYIOT KacKajbl, CIEIOBATEIbHO HE OKa3bIBAIOT CYIIECTBEHHOTO BIMSHHUSA Ha HIDKHHE CIOHM aTMOC(epb
(ycnoBHO oT ypoBHs Mops 10 30 kM). OiHaKO Takue ABJICHUS YaCTO XapaKTEePU3YIOTCs 3HAUUTEIbHBIM yBEIHUCHIEM
MIOTOKOB NEPBUYHBIX IPOTOHOB OT EIUHMUI] IO COTEH M5B (XOTS B HEKOTOPBIX COOBITHAX AMANA30H PACIIUPSAETCS 10
SHepruil B equHUIBI [ 3B), 4To B 3HAUMTENFHON Mepe yBETUUNBAET HOHU3ALMIO BEPXHHUX CIIOEB aTMOc(hephl 3eMiTH
(ycnoBuo ot 30 kM no 100 kM) ¥ MOTEHIMATIHHO BIMSET HAa €€ XUMHUYECKHE CBOICTBA B BBICOKHX LIMPOTaX M B
MOJIAPHBIX PETHOHAaX (B TOYKAX, I'/IE XKECTKOCTh TEOMAarHUTHOTO OOPE3aHusl U YCIOBUSI PACHIPOCTPAHEHUS MO3BOJISIOT
YacTHLIaM JOCTHUraTh IrpaHHIBl atMocdepsl Ha Beicote 100 kM). B Hacrosmiee BpeMs BBHICOKOIIMPOTHBIH PETHOH
NpUBJIEKAacT OONBIIOE BHHMaHWME Ojaromaps HWCIONB30BAHUIO AJbTEPHATHBHBIX TOPTOBBIX MAapIIPyTOB.
CrenoBaresnbHO, akTyajdbHOCTh wuccienoBanus BiausHus CIIC Ha BepxHue ciion arMocdepsl 00YCIIOBICHA
HEOOXOANMOCTBIO PAa3BUTHS M NOAJEpKaHUs Oecriepe0oitHON paboThl HABUTAILMK M PAIHOCBSI3H B 5TOM PETHOHE.

Hecmotps Ha OoJBIIOE KONHYECTBO HCCICAOBAHUM, CBA3aHHBIX ¢ BompocoM o BiusHuK dactur ['KJI u CKJI Ha
aTtMochepy 3eMid, yTOYHEHHE MHOTHX PACU€TOB OCTAETCSI OTKPBITHIM BOMPOCOM. DTO CBA3aHO ¢ HEOOXOAMMOCTHIO
MOCTOSTHHOW OpaboTku Moneneit B3aumoneiicTBus yactun KJI ¢ armocdepoit 3emiti, KOTOpbIe CHIIBHO 3aBUCST OT
MIOCJIEIHUX OTKPBITHH B 00JIaCTH (DPMU3UKHM DIIEMEHTApHBIX YacTHIl. TakKe HeMaJIOBa)KHBIMHU IYHKTAMH SIBIISIOTCS
npo0ieMbl Bepu(UKAIIMK PE3yJIbTATOB 110 SKCIEPUMEHTAIBHBIM JJAHHBIM, 8 HE CBEPKa dTHX Pe3YJIbTaTOB C JAPYTUMH
MOJIEIBHBIMHU PacdeTaMH, KaK 3TO BBITIOIHACTCS B psAAe paboT HEKOTOPHIX aBTOpoB. He MeHee BaXXHO 3aMETHUTh, UTO
JUTSl IPOBEJICHUS MO/ICIMPOBAHUS TPEOYIOTCS OObIINE BEIYUCINTEIbHBIE MOIIHOCTH. B Hatmei pabore mcnonb3yercs
nporpammHusiid komruieke RUSCOSMICS, nogmepkuBaeMblii ocTosHHBIME oOHOBIeHUsIMH GEANT4, a takxke
BepU(HUIMPOBAHHBI MMEIOIIMMCS B PACIOPSHKEHUH HAYYHOW IPYIIBI AKCIEPUMEHTAIBHBIMUA JaHHBIMH. MoJenb
paboTaeT Ha COOCTBEHHBIX COBPEMEHHBIX CEpPBEPAX, KOTOPBIE HE TPEOYIOT apeH bl ¥ JOCTYIIHBI JJIsl HCIIOIb30BaHUS
KpyraocytouHo. Kak pe3yiabTaT NpOBEICHHBIX MCCIICIOBAHUM IPEACTaBJICHbl BBICOTHBIE NPOMWIN CKOPOCTH
HMOHM3AIUH TSI HECKOJIBKMX 3HAUEHHWH >XECTKOCTH T'€OMarHMTHOTO OOpe3aHHs W YCIIOBHH, COOTBETCTBYIOILIHX
ycnousim CIIC.
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Small satellite **Scorpion** payload for the study of atmospheric gamma-ray flashes
and transient phenomena

V.V. Bogomolov?, A A. Belov?, A.V. Bogomolov?, E.D. Voskresenskov?, A.F. lyudin?,
P.A. Klimov!, ILA. Kucherenko?, A.S. Murashov?, S.1. Svertilov*?

M.V. Lomonosov Moscow State University, D.V. Skobel tsyn Institute of Nuclear Physics
2M.V. Lomonosov Moscow State University, Physical Department

The Scorpion small satellite in the cubesat 16U format is currently being prepared for launch. It will carry a complex
of scientific equipment from the Moscow State University Nuclear Research Institute, designed primarily to study
transient phenomena in the upper atmosphere. The payload includes the TGS gamma-ray spectrometer for detecting
atmospheric gamma-ray bursts (TGF), the SONET optical and UV photometer and spectrometer for studying high-
altitude discharges, as well as a complex of cosmic radiation detectors and a biocontainer for studying the influence
of space factors on microorganisms. The satellite will be launched into a circular polar orbit with a height of ~ 500
km. Thus, observations will be carried out in all areas, including the areas of thunderstorm activity near the equator
and the latitudes of the auroral oval.

The TGS instrument is a scintillation gamma-ray spectrometer that performs measurements in the range from 50
keV to 10 MeV. It consists of 4 modules representing position-sensitive detectors based on 64 detecting pixels with
size 10 mm x 10 mm x 20 mm, viewed by SiPM semiconductor photodetectors. The device will generate data both in
the traditional monitoring format, which contains counting rates in several energy channels, and in the event by event
recording format, which allows recording the flash time profile with microsecond accuracy. It is necessary for studying
TGFs with a characteristic duration of ~200 microseconds.

SONET scientific equipment is designed to study the spatial and temporal dynamics and spectral composition of
radiation from transient atmospheric phenomena and lightning discharges. It includes the AURA-T telescope, being
a highly sensitive imaging photometer, a spectrometer whose main purpose is to identify the type and height of the
flash, and a limb camera, being a pinhole camera aimed at the limb with an angular resolution of 30 mrad.

The complex of cosmic radiation detectors includes semiconductor telescopes, Cherenkov detectors, neutron
detectors and an electrostatic analyzer. Thus, the fluxes of all types of radiation will be measured, including solar and
galactic cosmic rays, electrons and protons of radiation belts, as well as the hot plasma of near-Earth space.

The launch of the Scorpion satellite is scheduled for the summer of 2025. The expected daily data volume of ~100
MB will allow detailed information to be transmitted to Earth with simultaneous measurements by all instruments.
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Iose3nas Harpy3ka Majaoro cnyTHuKa «CKOpIuoH» AJs Uccael0BaHus
aTrMocdepHBIX raMMa BCIbIIIEK H TPAH3MEHTHBIX ABJIEHHIT

B.B. boromoinos'?, A.A. Benos?, A.B. boromonos?, E.JI. Bockpecenckos?, A.®. Moaun?,
IL.A. Kimumos?, M. A. Kyuepenko?, A.C. Mypamos!, C.1. Ceeptunos’?

Mockosckuii 2ocydapcmesennviii ynueepcumem um. M.B. Jlomonocosa, Hayuno-ucciedosamenvckutl uHCmumym
a0eprou Quzuku um. /I.B. Crkobenvyvina
2Mockoeckuii zocydapcmsennviii ynueepcumem um. M.B. Jlomonocosa, gpusuueckuii paxyromem

B HacTosmee BpeMs TOTOBHTCS K 3aITycKy Mautblid cimyTHHK CkoprinoH B hopMmate Kyocat 16U, Ha KoTopoM OynmeT
YCTaHOBJIEH KOMIUIEKC Hay4yHod amnmaparypsl HUMA® MI'Y, npeaHa3HaueHHBIH B NEpBYIO oOdepeab s
UCCJIEIOBAaHMsl TPaH3WEHTHBIX SIBICHUH B BepxHel arMocdepe. B cocraB mone3HOH Harpy3ku BXOIAT ramMma-
cnektpomerp TI'C mms peructpannu atmocdepHbix ramma-enbimek (TGF), onrudaeckuit u Y@ crektpomerp-
¢doromerp COHDT muist ncecnenoBaHus BRICOTHBIX Pa3psilioB, a TAK)KE KOMITIEKC IETEKTOPOB KOCMUYECKOH paHaliiy
n OMOKOHTEHHEp MAJIsl WCCIEJOBaHUS BIMSHUS (HAKTOPOB KOCMHYECKOTO INPOCTPAHCTBA HA MUKPOOPTaHU3MBI.
CryTHUK OyJeT BBIBEICH Ha KPYTOBYIO MOJSAPHYIO OpOuTYy BhIcOTOM ~500 kM. Takum 00pa3oM, HaOm0AeHHS Oy IyT
MIPOBOANTHCS BO BCEX palOHax, B TOM 4HCIE B 00NACTAX IPO30BOH aKTHMBHOCTH BOJIM3M 3KBATOPA W Ha IIMPOTAX
aBpPOPAJILHOTO OBaJa.

[Mpubop TI'C mpencraiseT co0OM CHUHTHIUIILMOHHBIA raMMa-CIIEKTPOMETP, OCYLIECTBISIONIMA U3MEPEHUs B
nuanazoHe ot 50 k3B mo 10 MbsB. OH cocrouTr u3 4-X MoayJeil, B COCTaB KOTOPBIX BXOAST MO3HLIMOHHO-
YYBCTBUTEJbHBIE JCTEKTOPHl Ha OCHOBE 64 neTekTupyrommx nukcened pazmepom 10 MM x 10 MM x 20 MM,
MPOCMaTPUBAEMbIX IOJYNPOBOAHUKOBEIMU (oTonprueMHrkamMu SiPM. B mpubope OynyT dopMupoBaThes AaHHbBIC
Kak B TPaJULHOHHOM (opMaTe MOHUTOPHHTA, COJIEPIKaIlleM CKOPOCTH cUeTa B HECKOJIBKUX KaHaJlax, Tak U B hopmare
MOCOOBITHIHOM 3aITicH, MO3BOJISIOIEH 3amucaTh BPEMEHHON NMPOGMIb BCIIBIIIKA C MUKPOCEKYHIHOH TOYHOCTBIO,
410 HeoOX0aMMO i uccienoBanus TGF, uMeronux xapakTepHyo IHTEIbHOCTH ~200 MKC.

Hayunas ammaparypa COHOT mnpeanasHaueHa Jisl UCCIIEOBAHHS MPOCTPAHCTBEHHO-BPEMEHHOUW JMHAMUKH U
CHEKTPAJBbHOTO COCTaBA M3JIyYEHHWs] TPAH3UEHTHBIX aTMOC(HEPHBIX SBIEHUH M MOJHHUEBBIX paspsnoB. B e€ cocras
BxogaT Teneckonm AYPA-T — BBICOKOYYBCTBHTENBHBIA HM300paKalOMIMiA (OTOMETpP, CIIEKTPOMETP, OCHOBHOE
Ha3HaueHHE KOTOPOTO — WAEHTH(MKAIMA THUIIA W BBICOTHI BCIBIIIKH, W JIMMOOBas KaMmepa — Kamepa 0OCKypa,
HarpasJeHHas Ha TMMO ¢ yrJIoBbIM paszpenienueM 30 mpan.

B KkOMIUIEKC IETEKTOPOB KOCMHYECKOW pajnaliiél BXOMASAT IIOMYIIPOBOAHUKOBBIE TEJIECKOITb, YEPEHKOBCKHE
JIETEKTOPBI, NETEKTOPbl HEUTPOHOB M 3JIEKTPOCTATUYECKUH aHann3aTop. TakuMm obpa3oM, OyIyT OCyIIECTBIATHCA
HM3MEPEHHUs IOTOKOB BCEX BHUJIOB PaJMAIliH, BKJIIOYAsl COHEYHbIE M FAJIAKTUIECKHE KOCMHUUECKHUE JTyYH, SJICKTPOHBI
U TIPOTOHBI PAJUAIOHHBIX MTOSCOB, & TAKXKE TOPSAIYIO IIa3My OKOJIO3EMHOTO IIPOCTPAHCTBA.

3anyck cnyTHuKa « CKOPIHOH» 3aruiaHupoBaH Ha Jieto 2025 roga. OxumaeMblil cyTouHblid 00bEM maHHbBIX ~100
MO Mo3BOJUT MepenaTh Ha 3eMITIO IeTATbHYI0 HH(GOPMAIIUIO IPH OJHOBPEMEHHBIX H3MEPEHHUSX BCEMH MMPUOOPAMH.
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Meteorological storm influence on regional TEC disturbance
O.P. Borchevkina, A.V. Timchenko, F.S. Bessarab, Y.A. Kurdyaeva, I.V. Karpov, G.A. Yakimova, M.V. Klimenko

West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation
Russian Academy of Sciences, 236017 Kaliningrad, Russia

This study presents a comprehensive analysis of the impact of Storm Laura, which was observed over Europe and
the Baltic Sea on March 12, 2020, on the state of thermosphere-ionosphere system. The investigation of ionospheric
disturbances caused by the meteorological storm was carried out using a combined modeling approach, incorporating
the regional AtmoSym model and the global GSM TIP model. This allowed for the consideration of AWs and IGWs
generated by tropospheric convective sources and the investigation of wave-induced effects in both the neutral
atmosphere and ionosphere.

The simulation results showed that three hours after the activation of the additional heat source, an area of increased
temperature exceeding 100 K above the background level is formed over the meteorological storm region. This
temperature change had a significant impact on the meridional component of the thermospheric wind and TEC
variations. For example, meridional wind changes reached 80 m/s compared to the meteorologically quiet day, while
TEC variations reached 1 TECu.

To analyze the ionospheric state during the meteorological storm, we utilized TEC maps from the CODE, MOSGIM,
and the West department IZMIRAN. The difference between TEC values obtained from observations on March 12,
2020 and March 10, 2020 was analyzed.

All maps show a similar negative TEC effect in the European sector, reaching 2—3 TECu in the experimental data
and up to 1 TECu in the modeling results. However, the localization of the negative effect differs slightly, likely due
to differences in the map generation techniques. Good agreement was obtained with experimental TEC maps from
CODE, MOSGIM, and WD IZMIRAN, which revealed a similar negative TEC value effect over the meteorological
storm region.

A comparison of numerical modeling results with experimental data suggests that atmospheric gravity waves
generated in the meteorological storm region and propagating from the troposphere have a significant impact on the
thermosphere-ionosphere system. Moreover, the modeling results show reasonable agreement with the experimental
data.
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lonospheric response and GPS positioning errors during
the main phase of the 10-11 May 2024 geomagnetic storm

E.l. Danilchuk?, Yu.V. Yasyukevich?!, A.M. Vesnin?, A.V. Klusilov}, B. Zhang®

Ynstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

2Irkutsk State University, Irkutsk, Russia

3State Key Laboratory of Geodesy and Earth’s Dynamics, Innovation Academy for Precision Measurement Science
and Technology, Chinese Academy of Sciences, Wuhan, China

Geomagnetic storms are space weather phenomena that are caused by the enhanced solar wind and its interaction with
the magnetosphere. Geomagnetic storms significantly affect ionosphere and Global Navigation Satellite Systems
(GNSS) positioning accuracy. We analyzed the ionospheric response to the main phase of the extreme geomagnetic
storm of the 10-11 May 2024 using GNSS data. Our research focuses on the auroral oval boundary and displacements
of the equatorial anomaly crests, as well as GPS precise point positioning (PPP). ROTI and global ionospheric maps
showed the ionospheric dynamics. During the main phase the auroral oval extended up to 30°N in the western
hemisphere and up to 45°N in the eastern hemisphere. ROTI values peaked at 2 TECU/min at 40°N geomagnetic
latitude. At the same time, the crest of equatorial anomaly intensified up to 200 TECU and shifted polarward in the
American sector. These processes have led to a unique phenomenon — the intersection of the auroral oval boundary
and the equatorial anomaly in North America. In addition, the ROTI correlated with errors in the kinematic PPP.
Positioning errors increased 1.5-5 times at the boundary of the auroral oval. The 10-11 May 2024 geomagnetic storm
significantly affected the ionosphere and the positioning and, threatening several applications based on navigation and
communications, requiring further studies.

The work is financially supported by Russian Science Foundation (project Ne 23-17-00157,
https://rscf.ru/project/23-17-00157/).

The two-way coupling of the global MHD model and the thermosphere/ionosphere model

A.V. Divin!, E. Gordeev, M.V. Klimenko?, F.S. Bessarab?, K.V. Belyuchenko!?, V.V. Klimenko?, E.V. Rozanov?,
V.G. Merkin®, K.A. Sorathia®

1Saint-Petersburg University, 199034, Russian Federation; e-mail: a.divin@spbu.ru
2\West Department of Pushkov IZMIRAN, Kaliningrad, Russia
3JHU/APL, Laurel, MD, USA

Our study presents first results of the two-way coupling of the global MHD model of magnetosphere
GAMERA/MAGE and the thermosphere/ionosphere model GSMTIP. GAMERA is a 3D global MHD model which
employs high-order and non-diffusive numerics. The three-dimensional GSMTIP model calculates global evolution
of density, velocity, temperature, composition of neutral and ionized species of thermosphere and ionosphere. The
global MHD model provides field-aligned current into the ionosphere, as well as an electron precipitation model. Self-
consistent ionospheric resistivity computed by the GSMTIP model provides the ionospheric feedback into the
magnetosphere. Both models (GAMERA and GSMTIP) contain a separate ionospheric potential solvers and calculate
independently the cross polar cap potentials as a diagnostics. Comparison of electron precipitation energy and
geometry shows that the MHD model and empirical model of precipitation are reasonably in a good match. However,
for the intense magnetic storm of March, the MHD model requires downscaling of electron energies keeping the total
energy flux. The distribution of the neutral gas temperature in the ionosphere serves as a benchmark for the coupled
model run. The total ionospheric-magnetospheric current in the model appears to be close to empirical values
measured by AMPERE project. The success of such a coupled model will allow us to improve our understanding of
global processes in those areas of the ionosphere where direct measurements are difficult.

This study is supported by State funding of Saint-Petersburg University, No 116234986.
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Influence of atmosphere-ionosphere and magnetosphere-ionosphere coupling
on upper atmosphere response to geomagnetic storm: First-principle model’s results

M.V. Klimenko?, K.V. Belyuchenko'?, F.S. Bessarab?, A.V. Divin?,
V.V. Klimenko?, K.G. Ratovsky?, A.V. Timchenko?, E.V. Rozanov?

West Department of Pushkov IZMIRAN, Kaliningrad, Russia
2SPbSU, Sankt-Petersburg, Russia
3ISTP SB RAS, Irkutsk, Russia

The purpose of this work is to briefly review recent model studies and subsequent interpretation of upper atmosphere
response to geomagnetic storm. In this report we present some novel aspects in atmosphere-ionosphere and
magnetosphere-ionosphere coupling during 2015 March and 2024 May geomagnetic storms that was revealed by the
different version of Global Self-consistent Model of Thermosphere, lonosphere and Protonosphere (GSM TIP). At
that GSM TIP model used along and as a part of whole atmosphere model (Entire Atmosphere GLobal model
(EAGLE)) and magnetosphere-ionosphere model (GAMERA-GSM TIP). The existence of some modeled ionospheric
and upper atmosphere features was validated using different ground-based and satellite measurements. The cross-
comparison of different version of GSM TIP model results allow to understand the influence of atmosphere-
ionosphere and magnetosphere-ionosphere coupling processes on ionospheric response to geomagnetic storm. Some
problem in model reproduction of upper atmosphere response to geomagnetic storms will be discussed.

Recording of whistlers and high-altitude discharges during Bezymyanniy
and Shiveluch volcano eruptions

E.l. Malkin, N.V. Cherneva, E.A. Kazakov, B.M. Shevtsov
Institute of Cosmophysical Research and Radio Wave Propagation (IKIR FEB RAS), Paratunka, Russia

Continuous monitoring of natural electromagnetic radiation in VLF range by a VLF direction finder, which records
signals of electric and magnetic components of the electromagnetic field and determines the direction of radiation
arrival in real time, made it possible to create a long-term data base of lightning activity on Kamchatka peninsular.
Statistical analysis of the obtained data base was carried out to detect whistler generation sources using the data of the
Automatic Whistler Detector and Analyzer Network and the World Wide Lightning Location Network. Different
electromagnetic signals were recorded during the analysis of the strongest eruptions of Bezymyanniy and Shiveluch
volcanoes, observed in 2023, from the corresponding azimuths along the direction to the active volcanoes. The time
range, selected for the analysis, is determined by a large number of recorded pulses. For example, the total number of
strokes during Shiveluch volcano eruption reached 26101 pulses. In the general data flow, signals of whistler type
were detected. Analysis of their disperse characteristics showed the presence of initiating atmospherics that, in its
turn, indicates so called long whistlers. Two-hop whistlers were identified by dispersion coefficient, which
corresponded to the double passage of the signal from Kamchatka to Australia and back. The heights of the electric
discharges were determined by means of interferograms of direct and reflected from the ionosphere radiofrequency
atmospherics. The high-altitude distribution of an electric discharge is obtained, the penetration of which into the
ionosphere is responsible for the generation of whistlers. The characteristics of volcanic electrical discharges and
whistlers can be used to estimate the height of an explosive eruption.

The work was supported by IKIR FEB RAS State Task (subject registration N0.124012300245-2).
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GNSS AItBOC Signals and Their Perspectives for lonospheric TEC Studies
A. Padokhin®23, Yu. Yasyukevich?, V. Demyanov?, C. Chen?, I. Pavlov*23, A. Vesnin®, E. Danilchuk®

'Faculty of Physics, Lomonosov Moscow State University, Russia
2pushkov Institute of Terrestrial Magnetism, lonosphere and Radiowave Propagation RAS, Moscow, Russia
SInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

For decades, GNSS code measurements were much noisier than phase ones, limiting their applicability to ionospheric
total electron content (TEC) studies. Ultra-wideband AItBOC signals changed the situation. This study revisits the
Galileo E5 and BeiDou B2 AItBOC signals and their potential applications in TEC estimation. We found that TEC
noises are comparable for the single-frequency AItBOC phase-code combination and those of the dual-frequency
legacy BPSK/QPSK phase combination, while single-frequency BPSK/QPSK TEC noises are much higher. High-
rate measurements at the ACRG and SGPO receivers revealed a mean 100 sec TEC RMS (used as the noise proxy)
of 0.26 TECU, 0.15 TECU, and 0.09 TECU for the BeiDou B2(a+b) AItBOC signal and satellite elevations 0-30°,
30-60°, and 60-90°, correspondingly, and 0.22 TECU, 0.14 TECU, and 0.09 TECU for the legacy B1/B3 dual-
frequency phase combination. The Galileo E5(a+b) AItBOC signal corresponding values were 0.25 TECU, 0.14
TECU, and 0.09 TECU; for the legacy signals’ phase combination, the values were 0.19 TECU, 0.13 TECU, and 0.08
TECU. The AItBOC (for both BeiDou and Galileo) SNR exceeds those of BPSK/QPSK by 7.5 dB-Hz in undisturbed
conditions. Radio frequency interference (the 28 August 2022 and 9 May 2024 Solar Radio Burst events in our study)
decreased the AItBOC SNR 5 dB-Hz more against QPSK SNR, but, due to the higher initial SNR, the threshold for
the loss of the lock was never broken. Today, we have enough BeiDou and Galileo satellites that transmit AItBOC
signals for a reliable single-frequency VTEC estimation. This study provides new insights and evidence for using
Galileo and BeiDou AItBOC signals in high-precision ionospheric monitoring.

The work was supported by Russian Science Foundation project Ne 23-17-00157
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lonospheric responses to isolated and strong geomagnetic events
identified by AE-index: statistical analysis and modeling

K.G. Ratovsky?, V.V. Klimenko?, M.V. Klimenko?, A.M. Vesnin!, K.V. Belyuchenko?

!Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
2West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS,
Kaliningrad, Russia

The paper presents comparison of ionospheric responses to isolated and strong geomagnetic events identified by the
AE-index (AE-storms) using statistical analysis and modeling. The statistical analysis includes identification of
isolated and strong geomagnetic events based on the AE-index and calculation of the “reference” ionospheric
response. The “reference” response is the dynamics of the average ionospheric disturbance obtained by the
superimposed epoch method with key moments corresponding to the AE maximum for winter, spring, summer and
autumn AE-storms. As an ionospheric characteristic, we used the regional electron content (REC), which is the
average value of the total electron content (TEC) over all longitudes for the selected latitudinal zone. The ionospheric
disturbance is relative (percentage) deviation of the observed values from the 27-day running average REC. To
perform model calculations based on the Global Self-Consistent Model of the Thermosphere, lonosphere and
Protonosphere (GSM TIP), we used “reference” AE-storms, as control parameters, obtained by averaging the variation
of the AE- and AL-indices using the superimposed epoch method with key moments corresponding to the maximum
of the AE-index.

The comparative analysis of the “reference” responses to strong and isolated AE-storms revealed the following
patterns. The response to strong storms is generally more negative: (a) with the exception of one case, the response to
strong storms has negative phase; (b) in a number of cases, the response lacks a positive phase, which is present in the
responses to isolated storms; and (c) in most cases, the amplitude of the negative response increases. As a rule, the
amplitudes of positive responses (when they are present) are close for both types of AE-storms, with the exception of
the high-latitude zone of the Southern Hemisphere. In some cases, the amplitudes of both positive and negative
responses to strong and isolated AE-storms are close to each other.

Comparison of model calculations with observations showed that the best agreement is observed for high-latitude
zones of both hemispheres, where GSM TIP demonstrates qualitative agreement with observations with some
quantitative differences. For mid-latitude zones of both hemispheres and the equatorial zone, GSM TIP does not
reproduce (or reproduces with a noticeable underestimation) the positive phase of the observed ionospheric response.
In the case of a negative phase, GSM TIP agrees well with observations in a number of cases. In general, GSM TIP
reproduces an increase in the negative phase of the ionospheric response during the transition from isolated AE storms
to strong AE storms.

The research was funded by the Russian Science Foundation (project No. 25-27-00217).

Polarization Jet/SAID behavior during extreme geomagnetic disturbances
A.A. Sinevich®2, A.A. Chernyshov?!, D.V. Chugunin!, M.M. Mogilevsky*

Space Research Institute, Moscow, Russia; e-mail: sinevich.aa@gmail.com
2Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, Troitsk, Moscow, Russia

Polarization jet (PJ, also known as SubAuroral lon Drift, SAID) is a phenomenon occurring in the subauroral
ionospheric plasma. PJ/SAID is a narrow band of strong westward ion drift at F-layer altitudes near the plasmapause
projection boundary. It is well known that the generation of PJ/SAID and its characteristics are closely related to
geomagnetic activity. Since during extreme geomagnetic storms the ionosphere undergoes significant changes, it is
interesting to investigate the behavior of PJ/SAID during these storms. In this work, we study and compare PJ/SAID
occurrences and their characteristics in the subauroral ionosphere during such extreme geomagnetic storms as
Halloween Storm 29-31 October 2003, St. Patrick’s Day Storm 17 March 2015, Victory Day Storm 10-12 May 2024,
and October Storm 10-12 October 2024.
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Some experiments onboard Ionosphere satellites Nel, 2: First results and perspectives
S.1. Svertilov*? from lonosphere collaboration

M.V. Lomonosov Moscow State University, D.V. Skobel 'tsyn Institute of Nuclear Physics
2M.V. Lomonosov Moscow State University, Physical Department

The main goals and objectives of the lonosphere space mission for monitoring of physical processes in the Earth
upper atmosphere, ionosphere and magnetosphere, as well as solar activity are considered.

During lonosphere mission realization four lonosphere-M spacecraft should be launched into near-Earth orbit with
a set of instruments to monitor the heliogeophysical conditions in the upper atmosphere, ionosphere and near-Earth
space. The lonosphere-M spacecraft should be launched into circular sun-synchronous orbits in two orbital planes (2
spacecraft in each plane), with the satellites spaced apart at an angle of 180+£30° in each plane. The first pair of
spacecraft was launched on the night of November 4-5, 2024, from the Vostochny Cosmodrome. Their orbital
parameters are: altitude ~820 km; orbital period ~101 min; inclination ~98°; eccentricity ~0.001; position of the orbital
plane relative to the mean Sun right ascension ~135°; local time of the ascending node of the orbit ~21 h. The orbital
parameters of the second pair of spacecraft differ in the position of the orbital plane relative to the mean Sun right
ascension - ~46° and the local time of the ascending node of the orbit ~15 h. The launch of the second pair is scheduled
for June 2025.

The scientific payload includes instruments for radio tomography of the upper atmosphere and ionosphere, i.e. the
LAERT ionosphere probe for the range of 0.1 — 20 MHz with a 137 MHz transmitter, a dual-frequency (150, 400
MHz) Mayak transmitter, and a PES instrument that allows estimation of the electron content density using global
navigation system satellite signals. The payload also includes a low-frequency wave complex NVK which ensures
control of the electromagnetic wave environment, detectors of hot magnetospheric plasma SPER/1 (electrons and
protons with energy of 0.1 — 20.0 keV) and high-energy charged particles (electrons 0.15 — 10.0 MeV, protons 2 - 160
MeV), as well as a hard X-ray and gamma ray spectrometer SG/1 (0.0.2 — 10.0 MeV), a detector of galactic cosmic
rays GALS and an ozonometer. The last instrument will be installed only on the second pair of spacecraft.

To the present, the first data have been received from the scientific payload instruments. With the help of the LAERT
instrument, spectrograms were obtained both in the active mode and in the monitor measurement mode. Using the
NVK instrument, various electromagnetic phenomena were detected, i.e. whistlers, plasmaspheric and auroral hisses,
various types of oscillations, etc. The SPER/1 instrument provides information on low-energy electron fluxes in the
polar oval region, as well as sub-relativistic and relativistic electrons in the areas of trapped radiation zones and
precipitation. With the help of the SG/1 gamma spectrometer, solar flare hard X- and gamma rays were detected, and
monitor measurements of the gamma ray background in the near-Earth space are being carried out.

Thus, in case of successful implementation of the lonosphere missions, control of physical parameters of
electromagnetic fields and corpuscular radiation in near-Earth space will be ensured, new information about
geophysical processes occurring in the magnetosphere, ionosphere and upper atmosphere in their connection with
solar activity will be obtained. In turn, this will allow conclusions about the possible impacts of these processes on
the environment, including land, sea, air and orbital means and systems. In the future, joint observations with ground
installation among which electromagnetic signal transmitters and heating stands are also planned.
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HexoTtopsie 3xcnepumenTsl Ha ciyTHHKAaX Monocdepa-M Nel, 2:
nepBble Pe3yJIbTAThI M NEePCIHeKTUBbI

C.W. Ceeprunos? ot umenu konnadopauuu «Monochepar»

Mocxrosckuii 2ocydapcmeennviii ynusepcumem um. M.B. Jlomonocosa,
Hayuno-uccnedosamenvcxuil uncmumym aodeprou gusuku um. /[.B. Crobenvyvina
2Mockoeckuii 2ocyoapcmeennbiil ynusepcumem um. M.B. Jlomonocoea, gpusuueckuii gpaxynomem

PaccMaTpuBaroTCs OCHOBHBIE LIEJIN M 331a4l KocMHuiecKor Muccun «HMoHocdepa» Mo MOHUTOPUHTY (DPU3NUECKHX
TIPOIIECCOB B BEpXHEH aTMocdepe, HoHochepe u MarHUTocdepe 3eMIIH, a TakKe COTHEYHON aKTHBHOCTH.

B pamkax npoekra «Monochepay» mnpeamnonaraeTcs OCYLIECTBHTh BBIBOJA Ha OKOJO3EMHYIO OPOMTY 4eThIpeX
kocmuueckux ammapatoB (KA) «Monochepa-M» ¢ koMmIuiekcoM NpHOOPOB, 00ECTIEUMBAIOIINX KOHTPOIb
renroreo(pu3NIecKkoii 00CTaHOBKH B BepxHeil aTMocdepe, noHoc(hepe U OKOJI03EMHOM KOCMUYECKOM TPOCTPAHCTBE.
KA «HMoHnochepa-M» 3anmyckaroTcsi Ha KPYTOBbIE COJIHEYHO-CHHXPOHHBIE OPOHMTE B ABYX OPOUTAIBHBIX MIIOCKOCTIX
(mo 2 KA B KaXJ0OH IUIOCKOCTH), PU 3TOM B Ka)KJOH IUIOCKOCTH CITyTHHUKH JOJDKHBI OBITH pa3Be/ieHbl HAa YroJl
180+30°. IlepBas mapa ammaparoB ObLTa 3amylieHa B HOYb ¢ 4 Ha 5 HOA0ps 2024 1. ¢ kocMoapoma «BoCTOYHEIH,
nmapaMeTpsl X opouT: BeicoTa ~820 KM; mepuos obparenust ~101 muH; HaktoHeHue ~98°; sxciienTpucutet ~0.001;
TMIOJIOKEHHE TUIOCKOCTH OpPOUTHI OTHOCHUTENIBHO HPSIMOTO BOCXOkaeHHs cpenHero Comnua ~135°; mectHoe Bpems
BOCXozsmero ysna opouts ~21 4. IlapameTps! opoutsl BTopoii mapel KA oTin4aeTcs MOJMOXKEHHEM IIOCKOCTH
OpOUTHI OTHOCHUTENILHO HPSIMOTO BOCXOXKAEHHs cpenHero ConHua - ~46° 1 MECTHBIM BPEMEHEM BOCXOJSAIIETO y3Ja
opOuThl ~15 4. 3amyck BTOpoil mapsl 3aaHupoBaH Ha HIOHb 2025 T..

Hayunas ammaparypa (HA) BkmogaeT mpuOopsl Ui paano-ToMorpadun BepxHel atMochepsl U HOHOCheps —
nono3oHA JIADPT Ha gmamazon 0.1 — 20 MI'm ¢ mepemarumkom 137 MI'm, mByxwacrotusid (150, 400 MI'm)
nepenatyuk «Mask», nmpudop [19C, Mo3BOISIONINI OLIEHUBATH IUIOTHOCTD AJIEKTPOHHOTO COJIEPKaHMs [0 CHI'HAIaM
OT CIIyTHHKOB IJIOOAJBbHBIX HABUTAIlMOHHBIX cucTeM. Taxoke B coctaB HA BXOAAT: HM3KOYACTOTHBIM BONHOBOM
kommiekc (HBK), obecrmeumBaromuii KOHTPOJB AIEKTPOMArHUTHO-BOJTHOBOW OOCTaHOBKH, AETEKTOPHI TOpSUCH
MarauTocepHoi miasmMel CIIOP/1 (3nektponsr u mpoToHs! ¢ 3Heprueit 0.1 — 20.0 k3B) U 3apsHKeHHBIX YaCTHIL
BbICOKMX 3Hepruil (amextpons!l 0.15 — 10.0 M»sB, mportonsr 2 - 160 M»3B), a Taxke CHEKTPOMETp KECTKOTO
pertrenoBckoro u ramma-m3nyderus CI/1 (0.0.2 — 10.0 MaB), getekTop ramakTadeckux kocmudeckux ydeit ['AJIC
u o3oHOMeTp. [Tocienuii mpubop OyaeT ycTaHOBJIEH TOJIBKO BTOpoi nape KA.

Ha cerogusmHmii eHb MOTyYeHBI MEePBBIE AaHHBIE C MPHOOPOB KOMIUIEKCA Hay4HOU ammapaTypbl. C MOMOIIBIO
npubopa JIADPT mosydeHs! CIEKTpOrpaMMBI Kak B aKTUBHOM peXHUMe, TaK U B peXKMMe MOHHTOPHBIX n3Mepenuii. C
ucrionp3oBaHueM armaparypsl HBK 3apeructpupoBanbl pasindHbIe 3J€KTPOMAarHUTHBIE SIBJICHUS — BHCTJIEDBI,
ia3MocQepHbIe U aBPOPAIbHBIC IMUIICHHUS, PA3JINYHbIC TUIIBI KosieOanuii u T.11.. [Ipubop CIIDOP/1 gaet undopmanuio
0 TIOTOKAaX 3JIEKTPOHOB HU3KUX SHEPTHH B paiioHe MOIIPHOTO 0Bajia, a TAKXKe CyO-peNIITUBUCTCKUX U PEIITUBUCTCKUX
JJIEKTPOHOB B OOJNACTSAX 30H 3aXBaueHHON paauanuu W BhIchMaHmid. C moMmompo ramma-crextpomerpa CI/1
3apPErHCTPUPOBAHO HKECTKOE PEHTTCHOBCKOE W TaMMa M3JIyYeHHE COJIHEYHBIX BCIIBIIIEK, OCYIIECTBIISIOTCS
MOHHUTOPHBIE U3MEPEHHUS (POHOBBIX IOTOKOB TaMMa-HM3JIyueHHUs B OKOJIO3EMHOM IIPOCTPAHCTRBE.

Takum oOpazoM, B ciydae YCHEHIHOW peajM3alliy Nporpammbl skcriepuMmeHToB Ha KA «Monocdepa» Oyzner
obecrieueH KOHTPOJb (U3MYECKUX IapaMeTpPOB JJIEKTPOMArHUTHBIX II0JIEH M KOPITyCKYJSPHBIX HW3JIyYeHUH B
OKOJIO3€MHOM TIPOCTPAHCTBE, OyIeT moiydeHa HoBasi HH(GopMaIysa 0 reopu3nIecKrux mporeccax, MPOTEKAOIINX B
MarHuTocgepe, noHochepe n BepxHeld atMochepe B MX CBSI3M C COJHEYHOH aKTMBHOCTHIO. B cBOIO ouepenp, 3TO
HO3BOJMT CIENAaTh BBIBOJIBI O BO3MOXHBIX BO3AEHCTBUAX yKa3aHHBIX MPOLECCOB HA OKPYIKAIOIIYIO CPEAy, BKIHOUas
Ha3eMHble, MOPCKHE, BO3AYIIHbIE M OpOWTAIbHBIE CPEICTBA M CHUCTEMBl. B IepcriekTHBE Takke IUIaHUPYFOTCS
COBMECTHBIC HAONIOJICHUS C HAa3eMHBIMH yCTaHOBKAMH, BKJIIOYAas MEPEAATUMKH 3JICKTPOMATHUTHBIX CHTHAJIOB M
HarpeBHbIE CTEH/IBL.
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Russian project «lonosphere»
Team of the Russian project «lonosphere»

As part of the Russian project "lonosphere," it is planned to deploy four spacecraft (two pairs of satellites) into near-
Earth orbit, equipped with a suite of scientific instruments designed to monitor the heliogeophysical conditions in the
near-Earth space. The "lonosphere" spacecrafts are intended to operate in near-circular, Sun-synchronous orbits across
two orbital planes (with two spacecraft in each plane). The first pair of satellites was launched in November 2024 and
is already operational in orbit. The scientific payload of the first pair of "lonosphere™ satellites includes instruments
for radio tomography of the upper atmosphere and ionosphere—an ionosonde operating in the 0.1-20 MHz range with
a 137 MHz transmitter, a dual-frequency (150, 400 MHz) transmitter, instruments for monitoring the magnetospheric
wave environment—a low-frequency wave complex, electric and magnetic field sensors, detectors for hot
magnetospheric plasma (electrons and protons with energies of 0.1-20.0 keV) and high-energy charged particles
(electrons 0.15-10.0 MeV, protons 2-160 MeV), as well as a spectrometer for hard X-ray and gamma radiation (0.02—
10.0 MeV), a galactic cosmic ray detector, and a GPS/GLONASS total electron content monitor. This ensures
comprehensive monitoring of the physical parameters of electromagnetic fields and corpuscular radiation in the near-
Earth space. The second pair of "lonosphere™ spacecrafts is planned for launch in mid-2025. Various scientific and
educational institutions of the Russian Federation are participating in the scientific experiments of this mission. Initial
results obtained during flight tests in December 2024 and January-February 2025 are presented.
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Using navigation systems to study wave processes in the ionosphere
M.A. Volkov?, A.D. Gomonov?, A.V. Gurin!, M.V. Shvets?

IMurmansk Arctic University
2Polar Geophysical Institute

Dual-frequency data from GPS and GLONASS navigation systems are used to reconstruct the electron density
distribution in the ionosphere. TEC values calculated from satellite data are used to solve the inverse problem of
reconstructing the electron density. The unknown density distribution function above the observation point in the
ionosphere is specified as the product f(z) ¢(X,y), z,x,y are the coordinates directed upward from the observation point
for navigation satellites, to the north and to the east. The altitude distribution f(z) is modeled by a parabolic layer,
o(x,y) is a two-dimensional expansion of the unknown function in a Taylor series. Integration of the distribution
function along the radio beam line from the observation point to the satellite yields the TEC value. When
approximating o(x,y) with a third-order polynomial in x,y, we obtain 10 unknown parameters, for the determination
of which data from 10 satellites are required. Navigation and observation data are used in the RINEX format.
Observations are presented as second-long data. Satellite data allow us to obtain ionospheric concentration
distributions over an area of 200 km in the north and east directions. Within the framework of this electron
concentration model, it is possible to study wave ionospheric disturbances propagating in the horizontal plane X, y
with a period equal to or greater than 400 s. The paper studies temporal changes in electron concentration.

Hcnosnb30BaHne HABUTAIMOHHBIX CHCTEM JIJI51 HCCJIEIOBAHUSI BOJIHOBBIX MPOLECCOB B HOHOC(epe
M.A. Bonkos!, A JI. Tomonos?, A.B. I'ypun?, M.B. IlIsew?

Mypmanckuii apkmuueckuii ynusepcumem
2[Tonapuvlil 2e0usunecKutl UHCHURTYm

JByxdacToTHBIe naaHHBle HaBUranuoHHBIX cucteM GPS m GLONASS wucmonb3yioTcss Ais BOCCTaHOBIICHUS
pacrpenielieHusl 3JICKTPOHHOW KOHIeHTpanuu B moHochepe. 3Hauenms TEC, paccumranHble TO IaHHBIM CO
CIIyTHUKOB, IPUMEHSIOTCS JJIs pelleHHs oOpaTHOM 3ajadyu- BOCCTAHOBJICHWH OJJIEKTPOHHON KOHICHTpAIMH.
HewnsBecTHyto (QYHKIHMIO pacrlpelelieHus KOHIEHTpalMU HaJl TOYKOW HaOltofeHus B MoHocdepe 3ajaeM B BHIE
npousBenenus f(z) ¢(Xy), Z,X,y-KOOpANHATHI, HAMPABJICHHBIC BBEPX OT TOYKU HAOIIOJCHUS 32 HABUTAIIMOHHBIMH
CIyTHHKaMH, Ha CEBEP M Ha BOCTOK. BricoTHOE pacnpenenenwue f(z) momenupyercs napabonudeckum ciioem, ¢(X,Y)-
JIBYMEPHBIM pa3iio’KeHueM Hen3BecTHOH GpyHkunu B psaj Teitnopa. MuterpupoBanue GpyHKIMU pacrpeesieHus] BAOIb
JIMHUY PaJIMoJTyda OT TOYKH HaOI0IeH s 10 ciyTHHKA naet 3Hauenue TEC. [pu annpokcumanuu ¢(X,y) MOIMHOMOM
TPETHETO MOPsIKA IO X,Y moirydaeM 10 HeH3BECTHBIX MMapaMeTPOB, IS OMpPEIeTICHHIS KOTOPBIX HEOOXO MBI TaHHEIC
10 ciyTHuKOB. HaBuranmoHHble TaHHBIC U JaHHBIE HaOmoAeHuil ucnomis3yrorcs B RINEX ¢opmare. Habmronenus
MPEJICTABJICHBI CCKYHIHBIME JaHHBIMU. CITyTHUKOBBIC JJAHHBIC TIO3BOJISIOT ITOJIy4aTh PACIIPEICIICHIS KOHIICHTPAIIH
B HOoHOC(epe Ha iomanu ¢ pasmepamu B 200 KM B HalpaBJICHUH Ha CEBEp U Ha BOCTOK. B paMKkax JaHHOU MOJENH
ANIEKTPOHHON KOHLEHTPA[MM MOYKHO H3Y4aTh BOJIHOBbIE HMOHOC(EpHBbIE BO3MYILEHHS, PACIPOCTPAHSIOUIMECS B
TOPU3OHTAILHOM TUIOCKOCTH X, Y ¢ mepuojioM paBHbIM uiu Oombinem 400 c. B pabote uccienyroTcs BpeMeHHbIE
WU3MEHCHUS 3JICKTPOHHOW KOHIICHTPAITUH.
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Global Navigation Satellite Systems to study the Earth's ionosphere

Yu.V. Yasyukevich?, E. Astafyeva?, Y.I. Egorov?, A.V. Kiselev?, V.P. Lebedev?,
B.M. Maletckii?, A.M. Padokhin?, B.G. Salimov!, A.M. Vesnin!

Ynstitute of solar-terrestrial physics SB RAS, Irkutsk, Russia
2Institute of Earth Physics of Paris (IPGP), Paris, France
3Lomonosov Moscow State University, Moscow Russian

The Global navigation satellite system (GNSS) provides vast data sets to study the Earth's ionosphere and various
aspects of space weather impact. The talk will briefly review GNSS-based experimental studies of the ionospheric
effects from solar flares, solar terminator, solar eclipses, magnetic storms, etc., mentioning recent events such as the
ionospheric effects of the 2023 Turkey earthquake, or the 18 November 2023 Starship explosion. Such researches are
based on total electron content variations. Our team developed a free-to-use system to treat GNSS data — SIMURG
(https://simurg.iszf.irk.ru). The system could be useful for studying the ionospheric space weather. We have also
developed a tool to forecast the TEC and forecast indices to drive ionospheric models.

The work is financially supported by the Russian Science Foundation (project No. 23-17-00157).

Pa3znnuusi MHTEHCHUBHOCTel CBeYeHUsI MOJIEKYJISIPHOTO KUCJI0POa
B YCJIOBHSX IUIaHET ¢ npeodJiagaomeii konuenrpauueii CO-
U B 3eMHBIX YCJOBHSAX € MAJBIM COAEPKAHUEM YIVIEKHCJIOro ra3a

0O.B. AnTonenko, A.C. Kupumios
II'A, 2. Anamumoi, Poccus; e-mail: antonenko@pgia.ru

B Hacrosimeit paborte mpeacTaBieHbl pacCUNTAHHBIE 3HAYEHHWS MHTETpajbHOW cBeTMMOCTH mojoc ['epubepra I,
UYembepena mis ycioBuit 3emmu, Benepbr, Mapca, mmaner ¢ pasmugHoi koHmeHTparmeid COz OO6cyxkmaercs
KOPpENAIHs pe3yIbTaTOB TEOPETHUECKUX PACUETOB MHTCHCHBHOCTEH CBEUEHHS BO30YXAEHHOTO MOJEKYJISIPHOTO
KHCJIOPOZA € SKCIEPUMEHTAIFHBIMH JJAHHBIMHU TI0 HOYHOMY CBedeHHI0 Oz, MOJIydEHHBIMH ¢ KOCMUYECKOTO IIaTTIa
Ha 3emisle, co CIyTHHMKa Ha Mapce, co craHimuu Ha Benepe. OOcyxmaloTcs TakKe OCOOSHHOCTH TalleHUs
MOJIEKYJISIPHOTO KHCIIOpOJia B YCJIOBUSX IUIAaHET ¢ TpeobOnagaromieid konmentpamnueit CO. (Mapc, Benepa).
Habmnromaercs, uto cBedenue nosoc ['epridepra Il Ha 3emie 3HaunTensHO cinabee, yueM Ha Benepe n Ha Mapce, uto
o0BsicHseTcs cnaboii koHneHTparwer CO2 o cpaBHEHUIO ¢ KoHIeHTpanuei CO2 Ha TUTaHeTax 3€MHOM TPYIIITEL.
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HccaenoBanue OTKJIMKA HOHOC(EPHI HA reOMAarHUTHbIE OYPH Pa3HOH HHTEHCMBHOCTH
K.B. Benrouenko?!, M.B. Kimmmenko!, B.B. Kiinmenxko?, K.I'. PatoBckmii?

Kanununepaockuii punuan Unemumyma 3emno2o maznemusma, uoHocghepol u pacnpocmpanenus paduoGoiH um.
H.B. Ilywxosa PAH, Kanununepao, Poccus
2Uncmumym conneuno-semnoii gusuxu CO PAH, Hpxymcek, Poccus

Ha ocHoBe ['mo6anproii CamocornacoBannoid Moaenu Tepmocdepst, Monocdepst u [Iporonochepsr (I'CM TUIT)
OBLTH IPOBEACHBI PACUETHI OTKIMKA HOHOC(EPH! HA TEOMAarHUTHBIE OypH Pa3HON HHTEHCHBHOCTH M B Pa3HbBIE CE30HEL.
MonenupoBaHue OBLTO TIPOBEICHO I TaKuX Oypb Kak: 1 okTsa0ps 2006, 1 Hos6pst 2012, 17 mapra 2015, 2 deBpans
2022 u 10 mas 2024 roga. Boamymienus B Dst ungekce i 3Tux 0ypb Bapbupyetcs ot — 50 v mis oktsaops 20006,
10 — 400 uTn ns mas 2024 roga. beuto npousBeieHO CpaBHEHKE IIMPOTHO-BPEMEHHBIX BO3MYILEHUI B HOHOChEpe
JUISL 3THX COOBITHH.

Pabora BrInosiHEeHA 1Tpu noaepkke rpanta PH® Ne 25-27-00217.

AHaJau3 Bapuanuii 1Mana3oHa 4acToT MPOX0KIeHUsI KOPOTKOBOJHOBBIX CHTHAJIOB
Ha eBponeiickux Tpaccax Poccun Bo BpeMsi MATHUTHO-HOHOC(EPHOIT BO3MYIIIEHHOCTH
B KoHue 2024 — nauane 2025 ronos

®.U. Bribopuos'?, O.A. Ileiinep?

1Bonaicckuii 2ocydapemeenpiii yHueepcumem 6001020 mpancnopma, 2. Huowenuti Hoszopood, Poccust;
e-mail: vybornov@nirfi.unn.ru;
HUPDU HHI'Y um. H.U. Jlobauesckozo, 2. Huocnuii Hoézopood, Poccus; e-mail: rfj@nirfi.unn.ru

[IpencraBneHsl  pe3yabTaThl  WCCIEAOBAaHMN  Bapualuid  KIIIOYEBBIX  XapakTEPUCTHK  HOHOC(EepHOro
KOPOTKOBOJIHOBOTO KaHajla: MaKCUMaJbHOW M HAaWHM3IIEH HaONIOZaeMbIX 4YacTOT Ha CPEIHENIMPOTHOH H
cybaBpOpaIbHOI Tpaccax B YCIOBHSIX MEPEMEHHOW reOMarHUTHON aKTHBHOCTH B KOHIe 2024 - Hayane 2025 romos.
[ aHanmu3a MCIIONB30BAINCH JaHHbIE HAOMIONEHWIT MOHOC(Ephl Ha CTAHOMSAX HAKIOHHOTO M BEPTHKAJIBHOTO
30HAUPOBaHMS HOHOc(eprl. I[IpoBeneHO comocTaBiIeHHe HW3MEHEHHMH HaOmojgaembix dactor F- u ES-mop
pacnpocTpaHeHnus. Iloka3aHa poib COJIHEUHOW AaKTMBHOCTH B BapHaIlMsIX KIIIOYEBBIX MapaMETpPOB, YCTAHOBIICHBI
MPUYIMHBI TEOMarHUTHOM aKTUBHOCTH.

Ha ocHOBaHMM IOJyYEHHBIX pE3YJIBTATOB TMpEJIaracTcsi psiJi PeKOMEHAAlMi 1Mo pa3paboTKe ammaparypsl
30HIUPOBaHMA HOHOC(]EPHI M HCIOIp30BaHMI0 KaHaioB KB-YKB cBs3u.

VYuactie B pabore Ileiinep O.A. momgmepxkaHo npoektom FSWR-2023-0038 B pamkax 0a30Boii uactu
TocyaapcTBeHHOTO 3a1aHusi MHHHUCTEPCTBA HAYKH U BBICIIEr0 00pa3oBaHus PO.
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IloBenenune nosspHoi HoHOCGepHI BO BpeMsi CHIbHBIX MATHUTHBIX Oyps B 2024 roay
M0 JaHHBIM PAMOTPacChl HAKJIOHHOTO 30HAMpoBanust Mypmanck-TymanHbIi

A.Jl. Tomonos, O.B. Munranes, 11.B. Munranes

THonapuwiii 2eopusuyeckuti uncmuniym,
184209, 2. Mypmanck, ya. Xanmypuna, 15, Mypmanckas obn., e. Anamumei, yi. Akademeopoooxk, 26a

E—mails: gomonov@pgi.ru, mingalev_o@pgia.ru, mingalev_i@pgia.ru

B mokmame oOcykmatoTcsi HaHHBIE KOPOTKOH pPagMoOTpacchl HAKJIOHHOTO 30HAWPOBAHMS HOHOC(epsl MypMaHCK-
TyMaHHBII B CHOKOMHBIX YCIOBHSIX M BO BPEMs CHJIBHBIX MarHHUTHBIX Oyps B pasHble ce30HB B 2024 romy.
O0CyXIar0TCs HOHOTPAMMBI PAJIMOTPACCHI M MTApaMEeTPhI CJI0EB HOHOC(HEPHI BO BpeMs B3PBIBHOM (Da3bl cyOOypeBBIX
BO3MYIICHHAH, a TaKKe BO BpEeMs WX BOCCTaHOBHTENBbHOW (a3pl. Taxke 0OCYXKIAroTCsi NaHHBIE HOHO30HAA
BEPTUKAJIBHOTO 30HAMPOBaHUA B oOcepBaTopmu Jlomapckas. OneHHBaeTCS BpeMs IPOXOXKACHUS OBaja MOJIIPHBIX
CHUSIHUI uepe3 paguoTpaccy.

Kniouesvie crnosa: paanoTpacca HaKJIOHHOI'O 30HAUPOBAHUA, MarHUTHasA 6ypﬂ, I/IOHOC(l)epa

O pa3paborke Python-nakera nis pacuéra coHeunoro KY®//1Y® uznyueHus
corsiacHo moaesau A. HycuHosa

0.B. 3onotos?, B.E. IIpoxopos?, 10.B. Pomanosckas', A.A. Tarapuukos'?, }0.A. Illlanosanosa®?

Kageopa ungopmayuonnsiii mexnonozuii, Mypmanckuii apkmuueckuil ynueepcumem, 2. Mypmanck, Poccus

2Hayuno-uccnedosamenvckan nabopamopus «Komnviomeprnoe Mmooeiuposanue Qusuveckux npoyeccos 6
oxonozemHnoll cpedey, Mypmanckui apkmudeckuil yHugepcumem, 2. Mypmanck, Poccus

$Jlabopamopus paduonpoceeuusanus, Ilonspuwiil 2eopusuneckuti uncmunym, 2. Mypmanck, Poccus

B pabote omuceiBaeTes Python3-peanmzamust moaeneit kpaitaero (KY®) u gansaero (AY®) yasrpaduoreToBoro
CONTHEYHOTO paJHOM3IyUYCHHS, IPEICTaBICHHEIX B pabotax A.A. HycmnoBa [Nusinov et al.,, 2021, doi:
10.3390/rs13081454], odpopmiernast B Buae Python-miakera pyNusinov.

Mogens KY® uznyuenust paccuutsiBaeT MOTOK m3mydeHHus (5-105 vm) amsa 20 mHTepBaioB M 16 AUCKPETHBIX
JuHui. Moaens Y @ u3inydeHust pacCUUTHIBAET MOTOK COJIHEYHOI'O PauoU3TydeHus Juist 127 uHTepBajoB ¢ [1aromMm
1 HM 1 quana3oHa JuiuH BOJH 115-242 uM. O6e Moaenu SBISIOTCS QYHKIMSIMHA UHIEKCA L.

[Taker pyNusinov pacCUMTHIBAET CHEKTPbI, a HE OTAEJIbHbIC JIMHUM WIA HHTEPBAIIbl, II03BOJSET MPOBOIMTH
BBIYMCIIEHUS KaK JJIsl OJHOTO, TaK M Ui HECKOJbKHMX 3HaueHuM mapamerpa L,. Ilaker pasmemén B craHgapTHOM
penosuropun Python nakeroB PYPI u MoxeT ObITh yCTaHOBIIEH C NCTIONIBL30BAaHHEM CTaHAapTHOH yTuiutel PIP/PIP3.
ITaker pacmpocTpansieTcsi moa cBoOomHOM smneH3ueir Apache 2.0, momyckaromeld Kak KOMMEpPYECKOe, Tak H
HEKOMMEPUYECKOE MCIIOIb30BaHIE.
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Pacuyer nmnenanca uonocgeps! 1ist BoaaH KHY-nnanazona 0600mennsiM metogom BKbB
H.B. UBanos?, A.JI. TomoHoB!

onapuoni eogusuveckuii Uncmumym, 2. Mypmanck
2Hayuno-uccie0o6amensckas 1abopamopus  KOMRbIOMEPHO20 —MOOCIUPOSAHUA  (QUSUYECKUX —NpOYeccos 6
oKko03emHol cpede, MypmaHnckuili apkmuueckuti yuusepcumem, 2. Mypmanck

Pacuér ummnenanca noHocdepsl Uit HOpMaJIbHO MaIAI0IIEH BOJIHBI Ba)KHAS 3a/1a4a MCCIICI0OBAHMSI PACIPOCTPAaHEHHS
BOJIH B BOJTHOBOIE 3eMysi-noHOocdepa. Ha gacrorax Hmke 50 ['m nonocdepa — mna3ma ¢ 3aMarHIICHHBIMA HOHAMH,
B Hell (hopMHpYyETCs TEH30p AUIIEKTPUIECKON MPOHUIIAEMOCTH THIIA IPO3PAYHOT0 aHM30TPOITHOTO IUAIEKTPHKA, HO
0e3 Tpex BeLIeCTBEHHBIX INIaBHBIX oceil. [Ipu HopMaIbHOM NajieHHH B HOHOC(Epe PacIpOCTPaHSIOTCS BOJIHBI JBYX
nossipusatyid. [Ipu cTporo BepTUKaIbHOM MarHUTHOM I10J1€ 3€MJIM, BOJIHBI 000MX MOJSIPU3ALNiA PacIIpOCTPaHIIOTCS
HE3aBHUCHMO U SBIISIOTCSA CTPOTO KPYroBbIMH. HO nake mpu ManibIX OTKJIOHEHHSX BHELIHETO MarHUTHOTO IIOJISL OT
BEPTHKAJIBHOTO, MPOUCXOAMUT B3aMMHAas TpaHc(hOpMalMs BOJH, KOTOpas MOXET OKa3aThCsl 3HAYMTENBLHOM, T.K.
00yCIIOBJICHa OTHOCUTEIBHON CKOPOCThIO M3MEHEeHHs Ko3((HUIUEeHTa MOIpHu3aluy 1o BeicoTe. B obmem Buze (c
y4eToM TpaHc(hOpMaIMy BOJIH) 3a/1ada PeIIaeTcss HAMHOTO CII0JKHEE, YEM B CIIydae HE3aBUCUMOTO PACIIPOCTPaHEHN,
YTO 3HAYUTEIBHO 3aTpyaHseT pacueT. OHAKO MBI MOJaraeM, 4YTo MOJICNb C HE3aBUCHMBIM PAacIPOCTPAHEHHEM BOJIH
oberx moJspHu3aril MOKHO MPUMEHATh HAMHOTO mupe. s 3Toro Mel mpejjaraeM, Kak HOBBIH CIOCOO OILICHKH
BIIMSTHUS TpaHC(HOPMAIMH, TaK M HOBBIHM CIIOCO0 pacdeTa MMIleiaHca Ha ocHOBe 0000menus Metona BKb.

OueHKa IHEPTHH ABPOPATbHBIX YJIEKTPOHOB M0 GOTOMETPUYECKUM JAHHBIM
HHTEHCHBHOCTH YMHCccHH 427.8 HM

B.E. MBanos, XK.B. JlamkeBuy™
OI'FHY Honspuvui eeopusuueckuu uncmumym, Anamumul, Poccus
*E-mail: zhanna@pgia.ru

MGTOI[I/II(a OLICHKH cpez[Heﬁ OHEPIrun IMOTOKA BBICBIIMAOMINXCA J3JICKTPOHOB IO HU3MEPEHHUIO HWHTCHCHUBHOCTHU

. I
u3nyuenus A427.8 HM OCHOBAHA Ha SKCMEPUMEHTAILHON 3aBUCHMOCTH OTHOIIEHUs ©30-0/ I OT UHTEHCHBHOCTH
427.8

o o I
ls7s M MOJENbHOM 3aBMCHMOCTHM CpeJHEH OSHEprMH MOTOKAa aBPOPAIbHBIX OIEKTPOHOB oOT 0300/ Lo
427.8

IIpoananu3upoBaHO BIMSHHE HAa 3aBUCHUMOCTH CPEIHEH HEPrHH OT OTHOIICHHS HMHTEHCHBHOCTEH aBPOPAIBHBIX
aMHCCHH (OPMBI 3HEPreTHYECKOTO CIIEKTPa aBPOPATBHBIX JJICKTPOHOB, COJEP)KAaHHMS aTOMAapHOTO KHCIOpoJa
HeWTpasbHON aTMocgepsl M KoHIeHTpanuu okucu azora NO. [lomxydeHa 3aBUCHMOCTD cpelHel SHEpruM IOTOKa
aBPOPAJBHBIX JJIEKTPOHOB OT HWHTCHCHUBHOCTH SMHCCHH A427.8 HM H TIpeACTaBlIeHa €€ aHaJHuTHYecKas
AIIPOKCUMAITHSL.

88



lonosphere and upper atmosphere

HccnenoBanne KHHETHKH 3JIEKTPOHHO-BO30YKIEHHOI0 MOJIEKYJISIPHOTO a30Ta
B CIIpaiiTax U pa3psifHOii Kamepe

A.C. Kupunnos?, B.®. Tapacenxo™?, H.II. Bunorpanos?, B.A. Kupumnop'?

Ylonapnwui 2eopusuueckuii uncmumym, 2. Anamumet, Poccus
2Uncmumym cunvnomounoti anexmponuxu CO PAH, 2. Tomcxk, Poccust
3Poccuiickutl axonomuneckut ynueepcumem um. I B. ITnexanosa, 2. Mockea, Poccust

Jnst u3y4eHus CBOWCTB cHpaiiToB pa3paboTaHa MOJIENb 3JIEKTPOHHONH KMHETHKH MOJIEKYJISIPHOTO a30Ta JUIs BBICOT
40-90 kM aTMoCdepsl 3eMIIn B YCIOBHAX AJIEKTPUIECKOTO paspsiia ¢ MPOIOIDKATEIFHOCTRIO HUMIYJIbCca MOPSIKa
HECKONBKMX MMKpPOCEKyHA. Mogeib BKIIOYaeT KUHeTHUKy TpumieTHeix (ASZ,*, B°Il,, WSA,, B’3%,, C°L)
JIEKTPOHHO-BO30Y)KAEGHHBIX COCTOSHMH Nz € y4eToM TIepeHoca OSHEprud BO3OYXKICHUS IIPH HEYHPYTHX
MOJIEKYJISIPHBIX CTOJKHOBCHMSAX M CIIOHTAaHHBIX H3JIydYaTelbHBIX Hepexoiax. Mojenb IO3BOJISICT PAacCUUTHIBATH
UHTEHCHBHOCTH CBEYEHHUs II0JI0C IepBoil (u3dydarensbHble mepexoasl B°IIg—AST,*) u BTOpOil (M3/1yuaTenbHble
nepexoasl C3T1,—B3INy) nonoxurensbubix cuctem Np kak B cMeck N2-Op, Kak ¥ B UMCTOM a30Te NPH SIEKTPHYECKUX
paspsinax. Pe3ynpTaTel MOJETUPOBAHUS CIIEKTPOB M3ITy4YEHHUS a30Ta B MOJIOCAX MEPBOI U BTOPOH MOJIOKUTEIBHBIX
CHCTEM CpaBHHUBAIOTCS C pPE3yJbTaTaMHU 3KCIICPUMEHTAIBbHBIX HM3MEPEHHH IPH IaBICHHUSX, COOTBETCTBYIOIIUM
BbIcOTaM Haja ypoBHeM Mopsa 40-90 kM. Teoperndecku M SKCHEPUMEHTAIBHO II0Ka3aHO, YTO HEYNpyrue
MOJICKYJISIPHBIE CTOJIKHOBEHHS C POCTOM IUIOTHOCTH CpEeAbl MPHUBOAAT K 3HAYUTEIHHOMY YMEHBIICHHIO
HACENIEHHOCTEH KoJe6aTeNbHbIX ypoBHeii coctosHus B3Iy 1 yMEHBIIEHUIO HHTEHCHBHOCTEN CBEYEHHS MOJIOC TIEPBOH
MOJIOKUTETBHOMN cUCTEMBI No.

JI1 AKCHEepUMEHTAIBHBIX HCCIEOBAHUI IOATOTOBIICHB! JBE YCTAaHOBKHM Ha OCHOBE pa3psIHBIX KaMmep W3
KBapLEBBIX TPYOOK, NMEIOIINX BHYTPEHHUE AUAMETPHI 5 U § cM. Bo BTOpO#i ycTaHOBKE MPUMEHEHBI TPH CEKLIUH, 3TO
obecrieunBaeT BO30YXI€HHE BO3IyXa M a30Ta HU3KOTO IABJICHUS C PA3IMIHOM JUIMTEIBHOCTHIO MMITYIbCOB TOKA
paspsiia, B TOM 4YHCJIE MHUKPOCEKYHIHOW M MWIIIMCEKYHAHOW. Takike co3maHbl reHepaTophl, padoTalouue Npu
Pa3IMYHBIX YaCcTOTaX CIIEJOBAHUS MMITYyJIhCOB. Ha MaHHBIX yCTaHOBKAX NMPOBEACHBI MIPEIBAPUTEILHBIC H3MEPEHHS
CHEKTPOB M3ITy4eHHs JUId a30Ta ¥ Bo3ayxa B AuanasoHe 250-1000 HM npH JaBlEeHUSAX, COOTBETCTBYIOLIMM BBICOTAM
Haj ypoBHeM Mops 40-90 kM.

BriepBble nmpoBenieHbl pacdyeThl KOHCTAHT CKOpOcTeil “pooling” mpoleccoB, NpH KOTOPBIX B3aUMOJICHCTBYIOT JIBE
MOJIEKyYJIbl MeTacTaOmIbHOro asota N2(ASL,*,v>0) ¢ o6pasosanuem mMonexyn No(C3I1,,v=0-4). Pe3ynsTaThl pacueToB
CPaBHMBAIOTCS C SKCIIEPUMEHTAILHBIMI TAHHBIMHU, UMEIOIIMMICS B HAYYHOU JINTEpAType.

JlaHHOe MccieoBaHne BBIIOJIHEHO NpH noaaepkke Poccuiickoro HayyHoro ¢onpa 3a cuer rpanra Ne 25-22-00158.
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H3oopaxaromue ¢poromerphl OmzkHero Y @-auana3ona kak 3¢ ¢eKTuBHbIN HHCTPYMEHT
(pm3nku BbICOKNX I3HEpruil aTMocdepbl, MAaTHUTOCHEpPbl H KOCMUYECKHUX Jydei

ILA. Knumos®?, A.A. Benos®?, MLIO. 3otos!, B.B. Kosenog?, A.C. Mypamos?, B.Jl. Huxonaespa?,
A.B. Ponnyrun®, P.E. Capaes’?, K.®. Curaesa'?, JI.A. Tpodumos®?, C.A. Illapaxun?, K.JI. lllenxanos'?

'Hayuno-uccnedosamenvcxutl uncmumym soepnoii gpusuxu umenu JI.B. Cxobenvyvina MI'Y um. M.B. Jlomonocosa,
Mockea, Poccus

2Dusuveckuti paxyromem MIY um. M.B. Jlomonocoea, Mockea, Poccus

Monspnwui 2eogpusuveckuti uncmunym, Anamumet, Poccus

Wznyyenne 3emHON atmoctepsl, B ToM uucie B Ommxaem Y®-mamanasone (300400 HM), sBIsSETCS BaKHBIM
NPOSIBJICHUEM Pa3IMYHBIX IPOLECCOB, INPOUCXOAAIMX B arMmocdepe. DT TNpolecchl MOTYyT OBITH Cyry0o
BHYTPHAaTMOC(HEPHOTO MPOMCXOXKICHUS, KaK, HAIlPUMEpP, I'PO30BBIC SBICHUSA: MOJHHH (00NaKo-3eMiIs, BHYTPU U
Mesko0auHbIe MPoOOoN), BRICOKO aTMOC(epHBIC TPAaH3UEHTHBIE CBETOBBIC SIBJICHUS (CIIPalThI, CHHUE CTPYH, Ab(BI U
np.), 3eMHbIe ramMMa-Bciuieckd. C Jpyroil CTOpOH, OHM MOTYT OBITh M PE3yJbTaTOM BHEIIHEro BO3JCHCTBHS Ha
aTMoc(epy 3emiIi: MPOHUKHOBEHHS SHEPTUYHOIO MOHHM3HMPYIOIIETO M3JIYYEHHsI, KOCMUYECKHX JIyuei B IIHPOKOM
JMana3oHe SHEPTHUil, MposieTa MeTeopoB M T. . Hanbonee OBICTPBHIM COOBITHEM SBISIETCS (DIIyOPECLEHTHBIH TpEeK
mmpokoro atMocdeproro nuBHA (IIIAJ]) oT ramakTH4ecKnX M BHEraJaKTUUECKMX KOCMHYECKHX JIyYeid BBICOKHX
sHepruil. B aBpopaipHOH 30HE ONTHYECKOE M3IydeHHE OOYCIIOBICHO BBICHIIAHMEM HHEPTUYHBIX YacCTHIl U3
MarHuTocGeps! 3eMIIH.

W3mepenns npocTpaHCTBEHHO-BPEMEHHON CTPYKTYPHI OiikHEro Y D-n3IydeHns MO3BOJISIIOT U3Y4aTh (PU3NUECKHEe
MEXaHU3MBI IPOIIECCOB B aTMOC(Eepe ¥ UCTOUHUKU MX BOSHUKHOBeHMs. TakuM 00pa3om, n3o0paxkaromuii potoMeTp
MOXeT OBITh 3P (HEKTHBHBIM HHCTPYMEHTOM HCCIEIOBaHNUHN B PAa3IMIHBIX 001acTax ¢pusuky. [lapa Takux 1eTeKTopoB
Obuta paspaborana B pamkax mpoekrta PAIPS m oOecreunmBaeT CTEpEOCKONMYECKHE H3MEPEHHS aBpOPajbHOTO
CBEYEHHS, B TOM UHUCIIE MyJCUPYIOMUX HOJSPHBIX CHUSHUA M ONTUYECKUX MUKPOBCIUIECKOB. IlInpokoyronsHbie
¢dorometpsl cucremsl PAIPS paborator B coctaBe obcepsatopuit [II'M ¢ 2021 ronxa.

OnuH 13 TaKUX JIETEKTOPOB OBII YCTAHOBJICH HA CTAHIMHU Aparall ¢ MIOHS 110 ceHT0ph 2024 rona Ui U3MepeHust
ommwkaero Y ®-uznydenus rpo3 u LIIAJL. TToxy4deHsI HHTEpECHBIE PE3YIBTATHI O MIPEANPOOOITHOM CBEUECHUH BO BPEeMs
TpO3Bl, ACCOIMMPOBAHHOE C JUTUTEIHHBIM MOBBIIIEHHEM ITOTOKOB YHEPTUYHBIX (BILIOTH 10 100 M»1B) anexTpoHOB 1
ramma-kBaHTOB (thunderstorm ground enhancements).

B noxnaze npeacraBieHsl pe3yabTaThl (POTOMETPHUECKUX U3MEPEHHUH B aBpOPAIbHOM 00J1acTH, IEPBBIE JAHHBIE CO
CTaHLMH Apararl, a TaK)Ke IPIMEHEHHe KOMIIAaKTHBIX (poTomeTpos [yt m3meperus [HIAJL.

HccemoBanue BBIMOIHEHO MpH mojiepskke Poccuiickoro Hayuroro ¢orma (mpoekt Ne 22-62-00010).
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@dpakTanbHbIe CTPYKTYPHI B aBPOPAJILHOM 0BAalle,
CTATHUCTHKA MO KamMepaM B Anatutax u Bepxueryjaomckom

b.B. Kozenos
Honsapuwiii 2eogpuzuneckuti uncmumym, 2. Mypmanck, Poccus; e-mail: bob-koz@yandex.ru

[TomryueHo onmcaHNe TPOCTPAHCTBEHHOHN CTPYKTYPBI HOJISPHBIX CHSTHAN (DpakTaIbHON pa3sMepHOCThIO (QIyKTyamnnit
CBEYEHUS U ee aHM30TPOIMEH B 3aBHCUMOCTH OT HampaBineHus [1, 2]. @pakranbHas pa3MepHOCTh OLIEHUBACTCS U3
HaKJIOHAa B JIOrapu(MHYECKUX OCSAX CHeKkTpa B nauanazoHe 1,5-50 kM, mOMy4eHHOTO IUCKPETHHIM BEHBIIET-
npeobpa3oBanueM (IyKTyalnii MHTCHCHBHOCTH CBEUCHHS C HCIIONB30BaHWEM BeiBieToB JlobOemm 5 mopsaka.
BapnaOenpHOCTb CTPYKTYp XapaKTepu3yeTcs HaKJIOHOM CIIEKTpa BapHualuy aHW30TpoIHuHy Bo BpeMerH [3]. [TomydeHa
CTAaTUCTHKA ITUX XapaKTEPUCTHUK MO TaHHBIM HAa3eMHOM Kamepbl Bcero HeOa [lonsipHOro reopusnyeckoro HHCTUTYTa
B I. Anatutsl 3a 2013-2020 roasl u caenaHa NpUBA3Ka MO MOJOXKEHUIO BHYTPU aBPOPAIbHOIO OBajla U 3HAYEHUSIM
T€OMarHUTHOTO T10Jist B o6cepBaropun JIoBozepo [4]. [lomydyens! 3HaueHNS PpaKTanbHBIX XapaKTEPUCTHK AT TPYIIT
pa3nuuHbIX (GOpM MOJSAPHBIX CUSIHUI M UX JIOKAIU3AIMs 10 TOJIOKEHUIO 110 MECTHOMY MAarHUTHOMY BPEMEHH, 4YTO
XOpOIIO COOTBETCTBYET OXHJaeMOH Mopdoyioruu. AHalOTrMYHas CTaTUCTHKA MOJIydYeHa Iyl HaOJIOJeHUi Ha
nosmrone «BepxHerynomckuit». s CHUSHUH C MHTEHCHBHOCTBHIO Bbllle 10 Kuiiopenell MOJNydeHBbl CXOXKHE
xapakTepucTuky. [lokasaHo, 4TO Ui MEHBUIMX UHTEHCUBHOCTEH HEOOXOANMO BHOCUTH KOPPEKIIMU W3-3a BIUSHUS
¢ona Heba.

Pa6ora BemonueHa npu nogaepkke PH® u Mypmanckoit obmactu, mpoekt Ne 22-12-20017 «IIpocTpaHCTBEHHO-
BPEMECHHBIE CTPYKTYPHl B OKOJIO3EMHOM KOCMHYECKOM IPOCTPAHCTBE APKTHKH: OT IOJSIPHBIX CHSIHHH depes
0COOEHHOCTH CaMOOPraHU3ALUH [Ia3Mbl K IPOXOKAECHHUIO PaJUOBOIIHY.

1. KozenoB b.B. IIpocTpaHCTBEHHO-BPEMEHHBIE CTPYKTYphl B OBajl€ MOJSIPHBIX CHSHMHA: MOAXOIBl K
MmoaenupoBanuio // Kocmuueckue ucciemnoBanus, 2023, Ne3, Ne 3, C. 179-188, DOI: 10.31857/S0023420622700054

2. Kozenos b.B., Bopoose B.I'., TutoBa E.E., [ToroBa T.A. /luarnocTuka BBHICOKOLUIMPOTHOW HOHOC(hEpHI U
MIPOCTPaHCTBEHHO-BPEMEHHAs TUHAMUKA aBPOPaIbHEIX BhIckmanuii // U3Bectuss PAH. Cepust pusmueckas. 2023, Tom
88, Ne 3, c. 466-472.

3. Kozenos b.B. @pakransHble XapaKTepUCTUKU CTPYKTYPHI aBPOPATHLHOTO OBaJIa HA OCHOBE IKCIIEPHUMEHTAIBHBIX
nmaHHbIX // 3Bectus PAH. Cepus ¢pusndeckas. 2024.

4. Kozenos b.B. ®pakranbHble XapaKTEpPUCTHKU CTPYKTYPBI aBPOPAILHOTO OBaJIa MO JaHHBIM KaMephl Bcero Heba
B Anarurax 3a 2013-2020 rr. // Russ. J. Earth. Sci., 2025.
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Metonnka ouenku npupamenus [I9C, BbI3BAHHOI0 COJTHEYHBIMH BCHBIIIKAMU
B.C. Jlo6anoBa, 1. A. Psaxosckuii, }0.B. ITokman
OI'FYVH Uncmumym ounamuxu ceocgpep umenu akademuxa M.A. Cadosckoeo PAH

Beicokoe mpocTpaHCTBEHHO-BpeMeHHOe paspemeHne cucteM ['HCC chenano BO3MOXKHBIM —IIPOBEICHHE
UCCIEIOBaHNI OBICTPONPOTEKAIOMINX IPOLIECCOB B MOHOC(EPE, BBI3BAHHBIX PA3INYHBIMHU T€IHOTCOPU3HICCKUMHU
BO3MYILEHUSIMH (COJTHEUHBIMH BCIIBIIIIKAMHU, MAarHUTHBIMU OYPSIMH, 3eMJICTPSICEHUSIMU, U3BEP)KEHUSMH BYJIKAHOB U
Ip.). Mcrionp30BaHKE 3TUX CHCTEM TTO3BOJIMIIO HAKOIUTE OOJIBIION 00BEM YHHUKAIBHBIX IKCIIEPUMEHTAIBHBIX JaHHBIX
0 CTPYKType HOHOC(hEpHl — III00ATbHOM pACHpENeICHHN HOHHU3AINH, €€ CYTOYHBIX, CE30HHBIX, KIMMATHYECKHX
BapHalMsIX U MOJHOM 3JIeKTpoHHOM cojepkanuu (I12C).

Pe3ko Bo3pacTaHue NMOTOKOB PEHTICHOBCKOTO W YJILTPa(HOIETOBOTO U3IyYEHUSI BO BPEMsl COJTHEUHBIX BCHBIILECK
MPUBOAMT K CYIIECTBEHHOMY IOBBIIICHNIO KOHIIEHTPALNH 3JIEKTPOHOB BO BCEX CIIOSX HOHOC(EPHI 1, KaK CIEIICTBHUE,
K pOCTY TakoW HHTErpaJbHOM XapaKTepUCTUKU, KaKk MOJHOEe »3JekTpoHHoe coaepxkanue (I19C). Hamuuue
HEJIMHEHHBIX TPEHJOB B SKCIEPHMEHTAIBHBIX NaHHBIX 1Mo BapuaiusM [1DC CyIiecTBEHHO OCIOXHSIET Hpolecc
OLICHKW HHTETPaJIbHOTO YBEIWUYCHUS O3JICKTPOHHONW KOHICHTPAIIMM HOHOC(EPHI, BHI3BAHHOTO COJHEYHBIMH
BCTIBIIIIKaMH.

B pabote Obuia mpeaniokeHa HOBasi METOAMKa OUEeHKH u3MeHeHus: [19C moHocdepsl, BHI3BAHHOTO BCIIECKOM
COJIHEYHOH aKTHBHOCTH. [laHHas METOAMKA MO3BOJIMJIA YUECTh BIMSHHE MOTOKOB HE TOJNBKO PEHTTEHOBCKOTO, HO M
yIBTPa(uOIETOBOTO  M3NYyYCHUS, UIUTEIBHOCTH KOTOPOTO MOXKET CYIIECTBCHHO MPEBBINATH PEHTTCH.
Hcnonb30BaHKeE 3TOM METOMKY B IaIbHEHIIIEM aCT BO3MOKHOCTh ONPE/ICIINTD UaIa30H JAJIHH BOJH, OKa3bIBAIOIINX
HaunOombiiee BiausHHe Ha mpupameHus [19C, a Taxxke mporHosupoBate u3MeHeHue II9C B 3aBHCHMOCTH OT
CIEKTPAIEHOTO COCTaBa M3JIyUeHHS BO BPEMsI COJTHEUHBIX BCIIBIIICK.

Pabota BemonHeHa B paMkax ['ocynapcrBeHHoro 3amanmst Ne 122032900175-6.

MeTO)II)I onpeacacHus NMPOCTPaAaHCTBCHHBIX pacnpenenelmifl I/IOHOC(l)epHBIX mapamMeTpoB
Mo TaHHBIM BO3BPATHO-HAKJIOHHOT0 30HAUPOBAHUSA

W.B. Munranes!, 3.B. Cysoposa!, A.M. Mepsnblit?, A.T. Suaxos?, 1. A. Moucees?

onapuwiii zeopuszuueckuti uncmumym, 2. Anamumol, Poccus
2HKU PAH, 2. Mocksa, Poccust

E-mails: mingalev_i@pgia.ru, suvorova@pgia.ru, pinegal4d2@yandex.ru, alexandr.7@mail.ru,
dubinaO5@yandex.ru

B nmoxiaze mpoBOAWMTCS aHAINW3 METOAOB OIPEAETICHHS MPOCTPAHCTBEHHOTO pPACHpEAENeHHs KOHIIEHTPALUuU
3JIEKTPOHOB B HOHOC(EPE 0 TaHHBIM BO3BPAaTHO-HAKIIOHHOTO 30HIUPOBAHUS C N3MEPEHHUEM a3UMYTOB H YTIIOB MECTa
JIy4eBBIX TPAEKTOPUH 3XOCUTHANOB, BXOJAIIMX B NPUEMHYIO aHTEHHY HOHO30HAA. IIpencraBieHsl pe3yiabTaThl
pacyeToB JyYeBBIX TPAEKTOPHI 30HAMPYIONIMX CHTHAJIOB MOHO30HAA BO BCEM JAMAla3oHEe pabO4YMX 4YacTOT s
pPa3NIWYHBIX AT W Teo(HM3WYecKHX YCIOBHHM NpH 3aJaHUM pPaCHpeAeNieHHH HOHOC(HEpHBIX IapaMeTpoB C
ucrojbp3oBaHueM paspaboranHoii B USMUPAH oreuectBeHHON smnupuueckoit moxenu uonochepsr GDMI.
OO6cyxnaercsi OZHO3HAYHOCTh M TOYHOCTH OIPEAEIECHHs IPOCTPAHCTBEHHOTO paclpeAeieHHs KOHIEHTPALUH
3JIEKTPOHOB B HOHOC(EpE MPH MCIIOIF30BAaHUN PA3HBIX MTOIX0A0B K HHTEPIPETAlNN JaHHBIX BO3BPATHO-HAKIIOHHOTO
30HANPOBAHMUSL.
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OneHKa KOPPENSMHOHHBIX MACIITA00B B HOHOC(Epe M0 JaHHBIM
MOJIHOTO YJIEKTPOHHOI'0 COIEP/KAHHUA B €BPONEiCKOM peruoHe

WU.A. Tlapnos?, A.M. ITagoxun’?

YU3MUPAH, 2. Mockea, Poccus; e-mail: ipavlov@izmiran.ru
2UC3®D CO PAH, Hpxymckas o6a., Poccus

B paboTax mo accCHMWIAIMK AaHHBIX B MOHOC(EPHBIE MOAENN 3HAYUMYIO POJIb UIPAET IMOCTPOCHUE AIPHOPHOU
KOBapHal[IOHHOW MaTpUIbl BEKTOpa COCTOSIHUS. Jlisi ee KOppEeKTHOTO 3afaHusi HeOOXOAMMO HMETh OLCHKH
TOPU30HTAIBHBIX KOPPEIAIMOHHBIX MacTaboB. OCHOBHOM HHTEpEC HCCIIENOBATENEH COCPENOTOUCH Ha IMT0O0ATBHBIX
MacmTadax, OJHAKO PETHOHAIBHBIC UCCIECAOBAHNS JaHHOTO THIA HE TaK IIMPOKO PacIpOCTPAHEHBI, XOTS SBISIOTCS
HE MeHee 3HaYMMBIMHU I PerHOHAIbHBIX ACCUMUISALIMOHHBIX MOJETIEH.

B nanHoit paboTe NMPOW3BOAMTCS OLIEHKA TOPH3OHTAIBHBIX PaJUyCOB KOPPENSIIMM METOAaMH BapHOrpaduy,
HCIOJIb3YEMBIMU IPU KPUTUHT HHTEPNOJSIIUK. Mcnonp3yoTcs 1Ba TUIA JAHHBIX, eBponeiickoil cetn GNSS craHmit
EUREF, nepecuutanHble B 3HaY€HHUs] BEPTUKAIBLHOTO TOJIHOTO JJIEKTPOHHOTO COJEPXKaHHs, MO COOCTBEHHOMY
anroput™y [1], u nannble 6a3bl Madrigal [2]. Tlepuonom uccnenosanus siBisietcss 2018 roa, xorna HadIronaN1ach
MIPENMYIIECTBEHHO CIIOKOIHAs reOMarHuTHAs o0cTaHOBKa. MceieaytoTes mapaMeTphbl H30TPOITHBIX M HAPABICHHBIX
BapHOTpaMM B T€OMarHUTHON CHCTeMe KOOPIMHAT, IPOM3BOAUTCS CpaBHEHHE IOJIY4YEHHBIX OLIEHOK MpPU YIAJICHUU
rJ100aJIBHOTO TPEHAA C UCIIOJIb30BaHHEM III00ATLHOM HOHOC(HEPHOH KapThl.

B nokmane o0cyknmaroTcss BpEMEHHBIE DSl IONYyYEHHBIX I1apaMEeTPOB BapuOrpaMM, HX H3MEHYHBOCTD,
HCCIe0BANIach C TOMOIIBIO BEUBIIET aHAIN3a. PacCMOTPEHBI TapaMeTphl SIUIUIICa aHU30TPOIINH, €r0 CYTOYHBIN XOJI.
OO0cyxmaeTcsi METOAMKA TOJyYSHHUs JTAHHBIX OLIEHOK, a TAKXKE MX WCIIOJIb30BaHHME JJIsI HAUAILHOTO MPUOIKEHUS
KOBapHAI[HOHHOW MaTpPHUIIbI BEKTOPA COCTOSIHUS B MOJIEISAX aCCHMIIISIINN JTaHHBIX.

Pabora BrmosHeHa nipu oaep:kke Poccuiickoro HayaHoro (onrpa, mpoekt Ne 23-17-00157.

1. Chen C. et al. Galileo and BeiDou AItBOC Signals and Their Perspectives for lonospheric TEC Studies // Sensors.
—2024. —T. 24. — Ne. 19. — C. 6472.
2. MIT Haystack Observatory. Madrigal database. http://millstonehill.haystack.mit.edu/

JlokaabHas koppekuusi Moaeaud NeQuick2 mo oq1HHOYHBIM NMPoJIETAM
HHU3KOOPOUTANBHBIX CIYTHUKOBBIX PATNOMASIKOB

AM. lNagoxur?, U.A. ITaBnos*?

'U3BMHPAH, Tpouyxk, Poccus
2UC3® CO PAH, Hpxymck, Poccus

B nokiane npeioskeH MeTo 1 JOKIbHOH Koppekimu Mozaenn NeQuick2 1o JaHHBIM OTHOCHTEIIBHOTO HAKJIOHHOTO
TEC, mony4eHHBIM B 9KCIIEPUMEHTAX 110 MPOCBEYMBAHMIO MOHOC(HEPH! CHTHATAMH MOJISPHBIX HU3KOOPOUTAIHHBIX
CITyTHUKOBBIX paguoMasikoB. Maes metona aHamormyHa mpuMenseMoi B mojaenn NeQuickG mpouenype mombopa
HIMPOTHON 3aBUCUMOCTH 3((PEKTHBHOTO MHJEKCA COJIHEYHOW aKTHBHOCTH Az, ¢ TOH JMIIb Pa3HUIIEH, 4YTO BMECTO
naaaeix TEC co cpemneopOurtanbubeix cmyTHHKOB GNSS mcmonssytorcess mannsie TEC ¢ ogmHOYHOTO Tpojera
HU3KOOPOUTATBFHOTO PaAHOMasKa. TO CTAHOBHUTCS BOZMOKHBIM H3-3a MOJISIPHON OPOUTHI CITyTHHKA, 3TO IPUBOJIUT K
TOMY, 4TO B Takux AaHHbIX TEC npeobianaer mupoTHAs N3MEHYMBOCTh HOHOC(HEPHI, YTO MOXKET OBITH YITEHO Yepe3
COOTBETCTBYIOIIYIO MapaMeTpu3annio Az. B pesynpraTe paboTsl anropuTMa MOKHO MOTYYUTh CKOPPEKTHPOBAHHOE
BBICOTHO-IITMPOTHOE PACHPEACTICHNE AIIEKTPOHHOH KOHIIEHTPAIlMH BAONb MEpPHAMAHA TPUEMHON CTAHIUH WIN
LENOYKH NPUEMHBIX CTaHIMHA. B 1oxmaze paccMOTpeHbl pe3yiabTaThl NPUMEHEHHs] NPEAJIOKEHHOTO0 METoja
KOPPEKLMH K JIaHHBIM npueMa curranoB 150/400MI' co cnytHukoB tuna “Ilapyc” Ha poccuiickoit PT-cucreme
MI'V-IIT', npuBOAsTCA CpaBHEHHS C JAaHHBIMH HHU3KOOPOWTAIBHON paguoToMorpaduu W BEPTHKAIBFHOTO
30H/IUPOBAHMS.

Pabora BeimosiHeHa npu noajaepxxkke PH®, npoekr Ne 23-17-00157
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ITapameTps! HOYHOM HOHOC(EPHI BO BpeMsi MarHuTHOM 0ypu 10-11 mas 2024 roga
Ha Pa3JINYHBIX Tpaccax pacnpoctpanenusi C/[B paguocurnanon

10.B. Iloknan, B.I". "'aBpumos, B.M. Epmak, B.C. JlobanoBa, U.A. PsxoBckuit
OI'FVH Hucmumym ounamuxu 2eocpep umenu akademuxa M.A. Caoosckozo PAH, 2. Mocksa, Poccus
E-mails: poklad@mail.ru, boris.gavrilovd4@gmail.com, ryakhovskiy88@yandex.ru

8-10 2024 mas 2024 r nmpomsonnia cepus CONHEYHBIX peHTreHOBCKHX Bembimiek M m X kimaccos. B MJII' PAH
BEZICTCSl HEMPEPHIBHBII MOHUTOPWHT IapamMeTpoB cUTHaOB nepenardnkoB C/IB nmmamasona B PO «MwuxHEeBO»
(MockoBckast obnacte, W' PAH) wm oOcepBaropun «YapsHoBka» (Kanununrpanckas obnacts, ¢uiamnan
N3MUPAHa). [lns1 3THX BCHBINIEK OBLIIH BOCCTAHOBIICHBI BEICOTHBIE IPO( UM 3JIEKTPOHHON KOHIICHTPAIIUH B PAMKax
IByxmapamerpmdeckor Momenn Deprioccona-Yaiita (mapamerpsl h’ um ) mHeBHON uoHOchepsl. Mcmomb3ys
napaMeTpbl THEBHONH MOHOC(EPHI B KaUeCTBE HaYaJbHBIX AaHHBIX, [I0 BapHUAIlMU aMILIMTY bl CUTHAJIOB IO U MOCIe
MPOXOXK/ICHUS TEPMUHATOPA, OBUTN ONpe/esieHbl TapaMeTpsl h’ u B 11 HOuHOH HOHOChEPHI.

10 mas, mpumepro B 17 wacoB UT Ha 3emine Hauamack MarHuTHas Oyps kimacca G5. Ha BoccTaHOBIIGHHBIX
napameTpax HoHoc(epsl BUAHO, 4TO B HO4b ¢ 10 Ha 11 mas 3¢ ¢eKkTuBHAs BBHICOTa OTPAXKCHUSI YMEHBIIHIIACh C
npumepHo 82 kM 1o 74 kM. B crnenyrongyto HOub 3QQeKkTHBHAS BBICOTA OTPAKEHHUS CTajla YBEIUUUBATHCS U TIOYTH
JIOCTUTJIa 3HAYCHHH, COOTBETCTBYIOIIMX COCTOSHHIO TIepel MarHuTHOH Oypeil. Brwicotra 74 kM mpuMepHO
cootBeTcTBYeT 3 dexTrBHON BhIcOTE OoTpakeHHss C/IB pannocuruana B JHEBHOE BpeMs. DTHM MOXKHO OOBSICHUTB
TO, 4TO 3()()EKThl MAarHUTHBIX Oypb B OOJIBIIIEH CTENIEHH POSIBISIOTCS HOYBIO.

PaGorta BrimonmHeHa B pamkax [ocymapctBennoro 3amanus Ne 122032900175-6 ¢ mCIONb30BaHWEM JaHHBIX
MOJYYCHHBIX Ha CPEAHEIIUPOTHOM KOMIUIEKCE TeoPpH3NuecKuX HaOmroneHni « MUXHEBOY.

3MHI/IpI/I'-leCKaﬂ MO/ieJIb BO3/1eiiCTBHUSI COJTHEYHbBIX BCIbIIIEK Pa3JIuIHOro KJjacca
Ha COCTOAHUEC H TUHAMUKY HUKHeN HOHOC(l)epI)I

N.A. Paxosckuii, FO.B. I[loknaa, b.I'. I'aBpunos, C.3. bexkep
Huemumym ounamuxu ceocpep um. axkad. M.A. Cadosckoeo PAH

CorHeUHBIE BCIBIIIKY OKA3bIBAIOT 3HAYUTEIHHOE BIMSHIE Ha COCTOSTHUE M TMHAMHKY HIDKHEH MOHOC(EpH! U, KaK
CJICJICTBHE, Ha YCIOBHUS PACIPOCTPAaHSHHS PAHUOBOIH B ITUPOKOM JHANa30HE YACTOT. VI3MEeHEeHHs, IPOUCXOAIINE B
D-o0nactu HoHOChEPBI, B OCHOBHOM ONpeeIIsitoT Bapuanuu aMiunTyasl 1 ¢passl OHY (3-30xI'1) curnanos. Takum
00pa3oM, NIEKTPOMAaTrHUTHOE H3IYYSHHE STOTO JUara3oHa 9acToT ABJsIeTCs Hanboee 3P PeKTHBHEIM HHCTPYMEHTOM
JUISL HCCIIEIOBAHUSI IIPOLIECCOB, MPOUCXOISIINX B HIDKHEH HOHOChepe.

B nmanHOl paboTe MpOBOAWIICS COBMECTHBIH aHanu3 curHanoB CJIB craHmuii ¥ MOTOKOB PEHTTEHOBCKOTO
n3mydeHus, 3apukcupoBanHoro cimyTHUKOM GOES B0 BpeMs COTHEUHBIX BCITBIIIEK, TPOU30NIe X B uroHe 2014
rozga u centsiope 2017 rona. Bnepsble ObUIN SKCIIEPUMEHTAIBHO OIIPEAEIEHBl CKOPOCTH HOHU3ALUH, PEKOMOWHALINT
W CIEeKTpPaJbHBIE JAWANa30HBI COJIHEYHOT'O W3IYYEHHS, OKAa3bIBAIOIIME HaWOOJblIee BIUSHHE Ha JHHAMHUKY
AJIEKTPOHHOIN KOHIEHTPAIMK HIDKHEH MOHOC(EPHI W YCIOBUS PAaCIpPOCTPAaHEHHUS HU3KOYACTOTHBIX PaJdOCHUTHAJIOB
I00ANTBEHBIX HABUTAIIMOHHBIX, CBS3HBIX U YIPABJISIONIUX CHCTEM.

PaspabotanHast sMmupudeckast MOAETh HOHU3AIMH HUKHEH HOHOC(EPHI B TANbHEHIIIEM MOXKET OBITh HCIIOIb30BaHA
JUTS OTICHKH M3MEHEHHUH BBICOTHOTO MPOGMIIS 3IEKTPOHHON KOHIIEHTPAIIUH ¥ TIPOTHO3a PacTIPOCTPAaHEHHS PaIHOBOIH
OHY nuana3ona Bo BpeMsl COJIHEUHBIX BCHBIIIEK Pa3IMYHOrO Kilacca.
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JKcnepuMeHTAIbHBIE HccaegqoBanusa TuHaMukH [19C nossipHoii noHOChepbI
Ha HUC «IIpodeccop MoauanoB»

CamynoBa Anekcanapa Unsuanana, Psaxockuit Unps AnexcanapoBmy
HUnemumym ounamuxu 2eocgepvl poccutickoti akademuu Hayk, 2. Mockea

OpmHOM W3 BaXKHEWIINX 3a1a4 COBPEMEHHOW TeO(M3WKH SBISCTCS MPOTHO3HPOBAHHE 3(P(PEKTOB KOCMHUYECKON
norosbl. Hanbonee peskue n Henpeackasyemble M3MEHEHNUS], BBI3BAHHBIE COTHEYHOH aKTHBHOCTBIO, TE€OMarHUTHBIMH
OypsIMH U BBICBIIIAHUSIMU 3apSDKEHHBIX IPOUCXOT B NOJIAPHOM noHOochepe. TakuM oOpa3om, ucciieioBaHue 3TN
00JacTH UrpaeT KIF0YEBYIO POJIb B IOHUMAaHUH IPOIIECCOB B3aUMOJICHCTBUA MEKIY KOCMHUIECKOH cpenoii n 3emiieid,
a TaK)K€ B PELICHUH MPAKTHUYECKUX 33714, PaJHOCBS3M U HABUTAllMU B ADKTHUECKOM PETHOHE.

CJIoKHBIE KIMMaTUYECKHE YCIIOBUS 3aTPYAHSIOT HPOBEACHHE JUINTEIBHBIX CHCTEMHBIX HM3MEPEHHH B JaHHOM
peruoHe. B pamkax peiica [InaByyero ynusepcuteta 2024 r., B nepuof ¢ 21 uronsg no 26 asrycra 2024 Ha Hay4HO-
nccienoBarenabckoM cyaHe «lIpodeccop MomdaHoB» MPOBOAMINCH HCCIEIOBAHHSA IPOLECCOB, MPOUCXOAANINX B
Pa3IMYHBIX CIOsX HoJsipHOW HoHOChephl. Benack HenpepriBHast peructpauus curnanos 'HCC (GPS u I'JTIOHACC)
U aMIUTUTYJHO-(a3oBbIx xapakrepuctuk curnanoB OHY (3-30 k['u) nuanazona B akBaropusix benoro, bapennesa,
JlanTeBrix 1 Kapckoro Mopeit.

AHanu3 5KCIIepUMEHTAIBHBIX JaHHBIX, TIOJIy4YEHHBIX B X0JI€ peiica, MO3BOJIUII OLICHUTh OTKIMKHA HOHOC(HEPHI Ha PsiI
COJIHEUHBIX Bemblek M- 1 X- kitacca. Tax jxe Oblia SKCIIEpUMEHTAIBHO 3apErHCTPUPOBaHa B3aUMOCBSI3b CKOPOCTH
n3meHenns: [19C ¢ reomMarHWTHOM aKTHBHOCTBIO B IOJISIPHOM pernoHe. Kpome Toro, Bo Bpemsi BCero mepuona
HaOMIOZICHUH B MOJSIPHOI MOHOC(epe 0OHAPYKUINCH MEPUOJHMIECKOE MPOMaJaHue CUTHAJIOB IO BCEM YacTOTaM
I'HCC. [Ipuyem AuTensHOCTD IOTEPU CUTHAJIOB JUTS HEKOTOPBIX CITyTHHKOB cO3Be31usl Kosiebanachk ot 14 u 1o 1500
CEKYHJI YTO B CBOIO OUYEpE/b MOXKET KPUTHUECKH CKa3bIBaThCs Ha TOYHOCTH MO3HIMOHMPOBaHUsA. Bee st dhakTopsl
HEOOXOANMO YUHUTHIBATh AJIS IPOTHO3A COCTOSIHUS M AMHAMUKN HOHOC(EPHI 1 peIIeHNs IPUKIaIHBIX 3314 CBA3U U
HaBUTAIUH B MOJSIPHOM PETHOHE.

ABTOpBI OyaromapsT pyKOBOAWTENEH HaydHO-oOpa3oBaTenpHON mporpamMmel "IlmaByunit yHuBepcuter” 3a
OpraHM3aIMIo peica.

HUccnenoBanue BBIMONHEHO IPH TOAJEPXKKE MUHHCTEPCTBA HAYKH W BBICIIEro oOpa3oBaHus Poccuiickoit
Ddenepanunn, npoekT HoMep per.Ne122032900175-6.
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KomiuiekcHoe ucciienoBanue myJibCHPYIOIIMX NOJISAPHBIX cUsIHUI 6 nexadpst 2023 roga
N0 JaHHBIM 3KcniepuMenTa PAIPS

K.®. Curaesal?, A.A. Benos!?, T1.A. Knumos?, B.B. Kozenog?,
B.Jl. Huxonaesa!, A.B. Pongyrun®, P.E. Capaes®?, K.JI. Illenxanos'?

'Hayuno-uccnedosamenvcxutl uncmumym soepnoii gpusuxu umenu JI.B. Cxobenvyvina MI'Y um. M.B. Jlomonocosa,
Mockea, Poccus

2Dusuveckuti paxyromem MIY um. M.B. Jlomonocoea, Mockea, Poccus

Monspnwui 2eogpusuveckuti uncmunym, Anamumet, Poccus

[ynecupyronme momsapaeie cusausa (IIIIC) mpenctaBisiror co0oi CIOXKHOE SBICHHE KBa3HIIEPHUOINICCKOM
Bapualny JOKAILHOTO CBEYECHHUS Ha PA3HBIX YaCTOTAX, 00YCIOBIEHHOE NPOHUKHOBEHUEM B aTMOC(EPY 3apsKECHHBIX
YacTHIl B IINPOKOM CIIEKTpe 10 3Hepruu. KommiekcHslil monxon k aHanusy coObrtuii IIIIC nmo3Bonser geranbHO
NPEACTaBUTh TOJNHYI0 (CHOMEHOJIOTHUYECKYI0 KapTHHY SBJICHHSA, a TaKXkKe IIPOCIEANUTh aTMOoc(epHO-
MarHuToc(epHble B3aUMOCBSI3M W TNPHYMHBl BapHallUii ONTHYECKOro CHrHaja. [Ipm 3TOM HCHONB3YIOTCS
M300paKeHMs1 KaMep Bcero Heba, CIeKTPOMETPUUECKHE H3MEPEHUsI, CITy THUKOBBIE JJAHHBIE M0 TIOTOKAM 3apsKEHHBIX
YaCTHI ¥ BOJTHOBOHM aKTUBHOCTH B MarHuTocgepe.

B pamkax npoekrta PAIPS (Pulsating Aurora Imaging Photometers) odcepBaropuu Ilonsipaoro reoduznueckoro
uHcTHTyTa «BepxHerynomckas» u «JloBo3epo» OBbUIM OCHAIIEHBI BBICOKOUYBCTBUTEIBHBIMH H300pa)arominuMu
¢oromerpamu. DoTOMETPHI M3MEPSIOT INPOCTPAHCTBEHHO-BPEMEHHYIO CTPYKTYPYy aTMOc()epHOTO CBEUYCHHUS B
ommkaeM Y ®-nunanazone (300-400 BM) ¢ BEICOKHM (0T 1 MC) BpeMEHHBIM paspemieHueM. J[eTeKTOpsI comepxar
CIIEKTPOMETPBHI, KaK ¢ mupokonojgocHeiMu kaHanamu (300—400 u 600—-800 um), Tak 1 y3komonocHbiMU (337+10 HM,
390+10 aM, 430+10 HM), TO3BOJIAIOMINX OIEHUTH BKJIA] PA3IMYHBIX SMUCCHN B OOIYI0 HHTEHCHBHOCTD IOJIIPHBIX
CUSTHHH.

B noknane mpencTaBieHs! pe3yIbTaThl UCCIEAOBAaHUS MyIbCHPYIOIIMX MOJSPHBIX CUAHUM, 3aperHCTPUPOBAHHBIX
6 nexadps 2023 roza Bo BpeMsi IPOJODKUTENILHBIX TeOMAarHUTHBIX BO3MYIIEHHH, Ha (ha3e BOCCTAaHOBIIEHHs CyOOypH.
Puomerp Ha cranmmm LOZ, a taxxke puoMeTpbl ckaHnnHaBckod memouku (IVA, SOD) 3adukcupoBany Hanmdue
aBpopasbHOro moryomeHus. [lo maHHBIM Kamep Bcero Heba M ()OTOMETPOB HCCIEIOBAaHBI IPOCTPAHCTBEHHO-
BpEMEHHasI CTPYKTypa COOBITHS, YAaCTOTHBIH CIEKTP M €ro Bapuaiuu. [IpoBeneHO CpaBHEHHE CKaJOTpaMM
ONTUYECKOTO M3NlydyeHus: u curnana marueromerpa VTL. [1o nanusim ciekrpomerpa PAIPS u crepeomerpruyeckux
m3mepennit VIL-LOZ mnpousBeneHa OLEHKa BBICOTHI CBEUEHHUs. Takke pPAacCMOTPEHbl U MPOAaHAIU3UPOBAHBI
CITyTHHKOBBIE JaHHBIE MO TIOTOKAaM 3apsDKEHHBIX YaCTHIIL.

HccremoBanue BBIIONHEHO MpH mojepskke Poceuniickoro Hayunoro ¢ouma (mpoekt Ne 22-62-00010).
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IIpoext PAIPS: onenka BbICOT MYJIbCHPYIOLIUX MOJSIPHBIX CHAHUIA 10 JAHHBIM CTEPEOHA0I01eH Mt
K.®. Curaesal? I1.A. Kiaumos!?

Hayuno-uccredosamenvcxuii uncmumym soepnoii gpusuxu umenu JI.B. Cxobervyvina MI'Y um. M.B. Jlomonocosa,
Mockea, Poccus
2Qusuueckuil gaxyremem MI'Y um. M.B. Jlomonocosa, Mockea, Poccus

C cenrsa0pst 2023 roma Ha 0Oaze obOcepBatopuit JloBozepo (LOZ) m Bepxuerymomckas (VTL) Ionsproro
reopU3n4ecKoro HHCTUTYTA 3apab0Tall HOBBIH ONTHYECKUI KOMIUIEKC, COCTOSIIMN U3 ABYX BHICOKOYYBCTBUTEIBHBIX
n300paxxaroux GOTOMETPOB, HANPABJICHHBIX B OAHY 00nacTb atMocepsl. @otomerp B VTL HampaBieH B 3¢HUT, a
B LOZ — mon yrmom 32 rpagyca k ropusoHTy B HampasieHun Ha VTL. Takas koHdurypaums skcnepuMeHTa
MO3BOJISIET MPOBOJMUTH CTEPEOMETpUUECKHE HaOMI0NeHUsT aTMOCc(epHOro cBeueHust Ha BbicoTax oT 30 mo 200 xm
(paccrostame Mexmy obOcepBaTopmsimMu okoio 150 km). O6a mpmbopa OCHAIIEHBI ONTHYECKOH CHCTEMOW,
MTO3BOJIAIONICH M3MepsTh aTMochepHoe cBeueHue B OmmmkaeM Y ®-mmana3one (300—400 HM) ¢ BeicokuM (0T 1 Mc)
BPEMEHHBIM pazpenreHreM. ®oTONPUEMHNKOM SIBIIAETCS MaTPHILla MHOTOAHOIHBIX (POTOTIEKTPOHHBIX YMHOKHUTENEH,
paboTaronyx B peXxuMe cdeTa (POTOHOB, YTO 0OECIIEUNBAET MAKCUMAIbHYIO YyBCTBUTEIBHOCTD.

Crepeomerprnueckie HaONMIONCHUS TO3BOJISIIOT NMPOWU3BOIUTH M3MEPEHHUS BBICOTHI CBEUYEHHs. B maHHO# pabote
MPEUIOKEH M Pa3BUT METOJ OLIEHKM BBICOTBHI IyJNbCHPYIOIIMX MOJSAPHBIX CUSHHWNA, OCHOBAaHHBI Ha aHalu3e
JIBYMEpHOTro Ko3((uIMeHTa KOPpEsIuK CKajlorpaMM cymMMmapHoro curhana ¢oromerpa B VIL u mocrpouHoro
curHaiga Matpuubl (orornpuemuuka B LOZ. 3eHUTHBIH Yroijl, COOTBETCTBYIOLIMH, MaKCUMyMy Kod(hQHULIUEeHTa
KOPPETSINK ONpeAeNsieT BHICOTY Mylbcupytomiero cBedeHus Haa VTL. [[ns ucciieJoBaHHBIX COOBITUN MPUBEACH
aHaJIN3 AUHAMUKH BBICOTHI CBEUCHHS C TEUCHUEM BPEMEHHU.

HUccnenosanue noaaepxano rpantom Poccuiickoro Hayusoro gpouma (mpoekt Ne 22-62-00010).

15 ner ¢pynkuuoHupoBanus noHo30H10B PI'BY «UIII» Ha coTHEYHO-CHHXPOHHOM opouTe

A.B. TepThIIIHUKOB
DI'BY «HIIT», Mockesa, Poccus; e-mail: atert@mail.ru

B Poccum ¢ 2009 r. WOHHEIH cocTaB BepxHeW arMocdepsl 30HmupoBasics HoHO30HAaMu DI'BY «HHCTHTYT
npukiagHoi reodusuku mMeHn Axanemuka E.K. @emoposay (OI'BY UII) ¢ KA cepunm «Mereop» Ha OCHOBE
NPUHIUIIOB PaJIMOYacTOTHON Macc-criekTpomerpuu [1]. 3a 15 ner GpyHKIMOHUPOBAHHS HA COJHEYHO-CUHXPOHHON
opOuTe OBLTH HAKOTICHBI OTPOMHBIC MaCCHBEI U3MEpeHuit [2].

IepsriM norozormoM Ha KA cepun «Meteop» Obut1 mpudop PUMC-1. B 2014 r. ero 3amenun PUMC-2 [1]. Ha
cMeny emy ¢ 2023 r. 0b11 3amymieH macc-criekrpomerp kocmudeckuit (MCK) [1]. Monozonasr Ha KK «MoHO30HD
TaKKe IPOLIN 3TAIl BHEUIHET0 npoekTupoBanus B I'bY UIII'.

[TprHIMIBI PagroYacTOTHONH Macc-CIIEKTPOMETPHH JUTS M3MEPEHHsT HOHHOTO cocTaBa BEpXHEH arMocdeps! Obun
peann3oBaHbI 3a pydexxoM Ha Macc-cniektpomeTpax KA AE-B, Ogo 6, San Marco 3, Eros A u AE-C u ap., a ¢ 2005
r. ¢ KA DMSP-6 [3]. Jlyst Bepudukaiim Macc-CleKTpOMETPUYECKAX H3MEPEHHI HCTIOTb30BAINCEH TAHHbBIE PAKETHBIX
sKcrepuMeHTOB [3] U pagapbl HEKOrepeHTHOTo paccesiHus (Apecn6o, Xukamapka, MUIUICTOYH | Jp.).

B nociaegHux BapuaHTax UCHOJNHEHHMs KOCMHYeCKMX HOHO30HA0B @DI'BY HII' Ha oOCHOBE MNPHHLUIOB
paanoYacTOTHOM MacC-CIEKTPOMETPHH 3a CIET COBPEMEHHBIX MUKPOAJIEKTPOHHBIX TaTYNKOB YAAJIOCH CYIIECTBEHHO
MTOBBICHUTH Pa3pEIIAONIYI0 CIIOCOOHOCTh PETUCTPALIMHI U Ka4eCTBO M3MEPEHHI HOHHOTO COCTaBa BEpXHeH atMmochepsl.
VYnpaBneHne  3J€MEHTaMHM  HMOHO30HAA OBUIO  OpPraHM30BaHO  4Yepe3  NPOrpaMMHPYEMBIH  IPOIeccop.
Y CcoBepmICHCTBOBAHHBIA PAaJUOYACTOTHRIH HOHO30HJA IO TeXHHUecKoMmy pemreHmio [1] ¢yHkumonmpyer Ha KA
«MeTteop-2-3» u «Meteop-2-4». Macca paguo4acTOTHONO HOHO30H/Ia MTO3BOJIIET UCIIOJIb30BaTh €ro Ha Maibix KA n
JUIS PAKETHBIX SKCIIEPUMEHTOB.

MHoroneTHee 30HIMPOBaHIE HOHHON KOMITOHEHTH! BepxHel arMoc(epsl nonozonnamu GI'bY UM na KA Tuma
«MeTeop» COOTBETCTBYET TEHICHIIMH MCIIOIB30BaHUS 3apyOeKHBIX Macc-crekTpoMeTpoB (mpubop «IAP») ma KA
DEMETER u ero ananora — npu6opa «PAP» na China Seismo-Electromagnetic Satellite. @aktnuecku, 3apy0exHbie
Macc-CIIeKTPOMETPHI TaKkKe MCIIOIB3YIOTCS B KauecTBE HOHO30HI0B. KannOpoBka 1o HEHTpaabHONW KOMIIOHEHTE He
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BauupoBana. [lonmyyaemble naHHBIE 30HAMPOBAHUS IOJIE3HBI JJIsl BepU(UKALUU Mojienield HoHOC(epbl U TaHHBIX
30H1UpoBaHus HoHochepsl noHozoHnamu KK «MoHo30HD».

JloCTUTHYTBIE pPE3YNbTaThl B CO3JaHWM OOHOBICHHBIX MOHO30HAOB cBs3aHbI ¢ A.G.-M.H. A.lO. PenunbM, nox
pykoBonctBoM KoToporo B ®I'BY «UIII» Oputa BocCTaHOBIICHA IepenoBas HaydHas IMIKOJIa KOCMHYECKOH Macc-
CIEKTPOMETPUH M MPOEKTUPOBAHUS MOHO30HIOB, B TOM 4HWCIIE BEPTHKAIBHOIO 30HAMpoBaHMs st MoHochepHo-
MarHuUTHOH ciyxk0s1 Pocrunpomera.

[pu ncnionp3oBannu gaHHBIX 30HAApoBaHKs B OKII ¢ moHo3oHm0B @®IT'BY UIIl, GyHKINOHMUPYIOMKX HA IIPHHIINAIIE
Macc-CIIEKTPOMETPHH, ObLT pEeIlieH PsiJ MPUKIAIHBIX 3a/1a4. [10JrydeHbl OLIeHKH KOppessiius n3MepeHHbIx Ha KA tuma
«MeTeop» KOHIEHTpalMii HFOHOB ¢ KOHLIEHTpAIMeH 3JIEKTPOHOB 110 pa3iIMYHbIM MozeisiM HoHocdeps! (SIMP-2, IRI
u ap.). st 3Toro Henonp30Bacs apXuB JaHHBIX 30HAUPOBAHMS KOHIIEHTPAWi OCHOBHBIX MOHOB 3a 2010-2022 r.r.
Pa3paboranbl TexHOJMOrMH OOpPAaOOTKM MAaHHBIX C KCIOJIB30BAaHUEM MCKYCCTBEHHOTO wHHTeUiekTa. Co3naHsl
CTaTHCTHYECKHE MOJICIIH OCHOBHBIX HOHOB Ha BbICOTax opouTsl KA THa «Meteopy.

ITomyuyeHbl ypaBHEHUS MHOXKECTBEHHOM PETPECCUM U OLEHKM KOHIEHTPALUU SIEKTPOHHOM IMIOTHOCTH IO
JaHHBIM HM3MEpEeHHH HOHHOTO cocrtaBa Ha opbute KA «Meteop». PemeH psag 3amad il KIMMaTHYECKHX
HCCIIeIOBaHUN HOHOC(EphI, TUATHOCTUKU TPAHHUI] OJUHHAIIATHICTHETO IUKJIA COJHCUHOW aKTUBHOCTH [4], 4TO
00€CTIeYMII0 HAITMOHAIBHYI0 HH()OPMAIIMOHHYIO HE3aBUCUMOCTh OT Belbruiickoi KOpoJIeBCKOM 00CepBaTOPUH U OT
Hammonansnott comnewnoit obcepatopun CIIIA. Beimm moiaydeHB MoIend MOP(OJIOTHH TOJAPHBIX IIATOK,
aBPOPATBHOTO OBaJia U MOJSIPHOTO HOHOCGHEPHOTO MpOoBaia BOIU3U MOMOCOB 3eMitd [S], SKBAaTOPHATIBHOI TOKOBOM
CTpyH B HOHOC(]Epe, OTKIMKOB A(PPEKTA MEePEIOIFOCOBKH COTHEYHOTO MATHUTHOTO U0 IIepea MaKCUMyMoM «11-
JIETHET0» LUKJIA COTHEYHOH aKTUBHOCTH U JIp.

CnoxxHass MOpPQOIOTHSI MOAEIBHOTO TO0sICa 3JIEKTPOHOB HaJl 3KBATOPHAIBHBIMH IIMPOTAMH M HECOOTBETCTBHUE B
COTHH TIPOLIEHTOB C pe3yIbTaTaMH U3MEPEHHH CyMMapHOH KOHIIEHTPAI[UK HOHOB OTMEUECHA TaKxke B [6].

Jluteparypa:

1. TepreimnaukoB A.B. Macc-cektpomerp kocMmuueckuil. Ilarenr Ne 2726186 mo 3asBke N
2019121111/20(041262) B peectpe ®UIIC ot 05.07.2019.

2. TlomonHsiemas 06a3a CITyTHHKOBBIX JAHHBIX MOHHOT'O COCTaBa BepxXHe# aTMocdephl Ha BhicoTax 808—835 kM oT
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CBHUIETENBCTBO O TOCYIAPCTBEHHOM peructpaiuu 6a3bl qaHHbIX Ne 2022620207 (gacts 1), Ne 2022621368 (dacts
2). ®I'BY UIIT.

3. Berthelier J.J., Godefroy M., Leblanc F., Seran E., Peschard D., Gilbert P., Artru J. 1AP, the thermal plasma
analyzer on DEMETER // Planetary and Space Science, 2006, V. 54, Is. 5 P. 487-501,
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5. TeprteimrankoB A.B. Crioco6 30HANPOBaHMS I'PaHUIl aBPOPATBHOTO OBajla U COCTOSHUS MArHUTHOTO TIOMS 3eMJIH.
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6. Biyan Chen, Hengrui Cao, Jinyong Wang, Jianping Huang, Zelang Miao, Comparison of electron density
measurements from CSES and Swarm satellites with GNSS ionospheric tomography data // Advances in Space
Research, 2023, V. 71, Is. 6, P. 2818-2832. https://doi.org/10.1016/j.asr.2022.11.040
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OcHOBHBIE Pe3yJIbTATHI YUCJIEHHOI0 MOIEJTUPOBAHMS MOJISIPHOI HOHOCheEPHI
B.M. VBapos
Ilemepbypeckuii cocydapcmeennuiii ynusepcumem nymeii coobwenus. Canxkm-Ilemepbype, Poccus

Jlokiax MOCBSIIIeH HCTOPUH CO3JaHUsI MOJIENH MOJISIPHOM HoHOCc(ephl, HaunHas ¢ 1977 roxa, Koraa aBTopoM OBIT
HamucaH 0030p Ha TEMY COBPEMEHHOTO COCTOSHUS MCCICIOBAHNH 10 JAHHOW TeMaTnke. PaccMOTpeHs! crieayromue
BOTIPOCHI: (2) pa3paboTka aHATUTUICCKUX MOJICIICH pactpeieICHUS JICKTPUICCKUX TI0JIeH Ha OCHOBE MPEITIOKCHHOM
aBTOPOM  IIOCTAaHOBKHM  3aJjadd, yYHUTHIBaIOmEH CcHemuduKy  AIEKTPOJMHAMHUYECKOTO  B3aWMOJCHCTBUSA
MIPOTHBOMOJIOKHBIX IOJTyIIApHii, TO3BOIMBIIAS HE TOIHKO BOCIPOM3BECTH BCE M3BECTHHIC HA TOT MEPHOJT BPEMECHU
TUTBI PACTIPEICIICHISI JCKTPUUECKUX TIOJICH, HO M MpPEJCKa3aTh HECKOJIBKO HOBBIX THIIOB, KOTOPBIC MO3XKE OBLIH
MOJITBEPKICHBI IKCIIEPUMEHTANBHO; (0) pa3paboTka OJioka MOJEIN KOHBEKIMH Ui pacyera Apeiida MmiasMeHHBIX
TpyOOK B peallbHOM BPEMEHH C YUETOM ITOJIsI KOPOTAlWH, KOHTPOINPYEMOTO MUPOBEIM BpeMeHeM; (B) pa3padoTka
COOCTBCHHO MOJICNIA TOJIAPHONH HMOHOC(EPhI, BOCHPOHM3BOIAIICH TPEXMEPHOE pacCHpeACICHUE 3JICKTPOHHOU
KOHueHTpaLII/II/I B 33}13HHI)II71 MOMCHT MI/IpOBOFO BpeMeHI/I HpI/I 3aJaHHBIX TI'CJIMOICOMArHUTHBIX yCJ'IOBI/IHX HyTeM
HHTETPUPOBAHUS OJHOMEPHOH 3a7a4uM A KOHICHTPAUH MOHHBIX COCTABIISFOIINX BJIOJIb TPACKTOPUH KOHBEKITUH;
(T) meMOHCTpaIys JBYMEPHBIX pacIpeelICHHI AIEKTPOHHOH KOHIICHTPAHK B MaKCUMyMe cJ0s F2 i pa3imnaHbIX
CO‘IeTaHI/II‘/’I napaMeTpOB MCXKINIAaHCTHOI'O MAaroHuTHOI'O I10JIs1, HAarJiIaaHoO I/IHHIOCTpI/IpyIOHII/IX 0To6pa>1<eH1/1e pa3quH])1x
TUTIOB KOHBEKIIMHA B CTPYKType MOJSpHOW HMOHOC(hEpHl; () BIMAHUE Opeida MarHUTHBIX MOIIOCOB 3eMIIM Ha
CTPOCHHUE TONAPHON HOHOC(EPHI; (€) BO3MOKHOCTh BEpUPHKAIINN PA3ITHIHBIX MOJAETCH HEeHTpalbHON aTtMocheps
HyTeM COIIOCTABJICHUSA COOTBCTCTByIOIlII/IX CMO)leJ'II/IpOBaHHLIX pacnpeneneﬂnﬁ SHCKTpOHHOﬁ KOHHCHTpaHI/II/I C
E)KCl'IepI/IMeHTaJ'II)HI)IMI/I JaHHBIMU.

YacTe mOKITama TOCBSMICHA YUCICHHONH MOZETH TII00aIhbHOTO pPACIpPENCICHUS DIICKTPUYECKHUX IIOJICH, KOoTopas
peanu3yeT YIOMSHYTYIO BBIIIEC TOCTAHOBKY 3a/1a4H, P UCTIOIh30BAaHUH COBPEMEHHOTO BaPHALIMOHHO-PAa3HOCTHOTO
METO0/la, OCHOBAaHHOTO Ha KOHIEMIMH OOOOIIEHHOTO pelIeHHs. DTO MO3BOJUIIO MPOBOJUTH UYUCIICHHBIE PACUEThI
ANEKTPHYECKOTO MOTEHIIHANA Jake TPU HAJMYUU Pa3phIBOB IEPBOTO POJa B PACIPEACICHUH IPOBOAUMOCTH (UTO
HMEeT MECTO Ha TPaHMIAX IMOJBIPHBIX CHUSHHI), KOTOPHIE 00YCIOBIUBAIOT Pa3pBIBEI KOA((GHUIIMEHTOB MPH BTOPHIX U
nemex l'[pOI/I3BOI[HI)IX B z[ByMepme SIUNIUITUYCCKUX ypaBHeHI/IHX JJIS TIOTCHI[MAJIa.

BOHGC yeMm HOHyBeKOBOﬁ OIIBIT KOHTAaKTOB B HaquOﬁ cpe):[e Jac€T BO3MOXKHOCTH aBTopy J0Kjanaa, IOMUMO YHUCTO
HAYYHBIX BOIIPOCOB, 3aTPOHYTH Ps/I BOIPOCOB HAYYHOH 3TUKH (IUIaruat u Ip.). B 9acTHOCTH, IpHUBEACHBI IPUMEPHI
CpaBHI/ITeJ'H)HO HCIAaBHO OHy6J’II/IKOBaHHI)IX CTaTefI, co,uepxcamne pe3yHLTaTLI, nonyquHHe HOCpeI[CTBOM
HCIIOJIb30BAHUA LIy)KI/IX HpOI‘paMMHLIX CpeI[CTB, 4TO, IIO MeHI)HIeﬁ Mepe, SABJIACTCA HapyIHeHI/IeM aBTopCKI/IX npaB
Pa3pabOTYHKOB 3TUX MOJEIEH.
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Pa3zBuTHe MOJSIPU3ALUOHHOTO 1KeTa BO BpeMs 00JIbIINX MHPOBBIX MATHUTHBIX Oypb
U BO BpeMsl PeKYPPEHTHBIX MATHUTHBIX BO3MYILIEHHIt

B.JI. Xanunos!, A.E. Crenanos?

YMKH PAH, 2. Mockea, Poccus; e-mail: khalipovvictor@mail.ru
2UKDHA SHI] CO PAH, 2. Axymck, Poccus; e-mail: a_e_stepanov@ikfia.ysn.ru

[Monsipu3aliMOHHEIH JHKET - y3Kas 1oJioca ObICTPOro 3amajaHoro apeiida mia3Mel BOIU3K MPOSKIUH IIa3MOIay3bl
Ha BbIcoTax obnactu F nonocdepsr - Bnepsbie Obu1 3apeructpupoBat Ha cyTHHKe KOCMOC-184 I"anbneprHbIM U
ap. (1974). 310 siBIeHue 3aTeM MHOTOKPATHO HAOJIIONAIOCH IPH HA3EMHBIX U CIIyTHUKOBBIX M3MepeHHsx. OCHOBHAs
(usmueckas unesi, 00bICHSIIONAs MEXaHU3M (POPMUPOBAHUS MOJSIPH3ALUOHHOTO JPKETa, OblIa rmpeasoxena Smiddy
etal. (1977). CornacHo 3Toii MOJIENH, MOJISIPU3ALMOHHBIH JHKET BO3HUKAET M0/ BO3AEHCTBHEM dJIEKTPUIECKOTO MOJIS,
HaIpaBJIEHHOT'O Ha CeBep, KOTOPOE IeHEPHPYETCs 3apsiaMH SHEPTHUYHBIX MOHOB Ha AKBAaTOPHAIBHOI IpaHHUIe MX
MPOHUKHOBEHHUS BO BHYTPEHHIOIO MarHUToc(epy BO BPeMsI pa3BUTHS CyOOypb.

B Hactosmeil paboTe aHANIM3UPYIOTCS W3MEPEHUSI CKOPOCTH Apelda Iula3Mmbl, MOJTy4YEHHbIE Ha NH(PPOBBIX
nono3oHgax DPS-4 B Skyrcke (L = 3) u XKurancke (L = 4) Bo BpeMs pa3BUTHA MUPOBBIX MarHUTHBIX Oypb M TpH
Pa3BUTHH PEKYPPEHTHBIX MATHUTHBIX BO3MYIIICHHUH, M CONIOCTABIIAIOTCS C CHHXPOHHBIMH JApeH(OBBIMI H3MEPEHUSIMHI
TUTa3MBI ¥ TIOTOKOB BBICHIMTAIONIMXCS 3JICKTPOHOB W MOHOB Ha ciyTHHKax DMSP (Beicota ~ 850 km). IIpuBogsrtcs
HOBBIC JJAaHHBIE O BOZHMKHOBEHUH MOJISIPU3aLMOHHOTO JUKETa Ha B3PhIBHOH (aze cyO0ypH.

O1eHKa BBICOTHI AaBPOPATILHOI0 CBEYEHHS 10 JAHHBIM CHIEKTPOMETPHYECKUX H3MepeHu i
K. J. Wenkxanos*?, I1.A. Kiamos?, B.JI. Hukonaepa!

Hayuno-uccnedosamenvcxuii uncmumym soepnoti gpusuru umenu J.B. Ckobenvyvina MI'Y um. M.B. Jlomonocosa,
Mockea, Poccus
2@usuueckuti paxyrvmem MI'Y um. M.B. Jlomonocoea, Mockea, Poccus

ToHKast MpOCTpaHCTBEHHO-BPEMEHHAs CTPYKTypa aBpOPaJbHOIO CBEUSHHS! CBsI3aHa C BBICHINAHUSAMH B aTMocdepy
MOTOKOB YaCTHI[ Pa3JIMUHBIX 3HEPIruil, GOPMUPYEMBIX B OKOJO3EMHOM IPOCTPAHCTBE, B OCHOBHOM B Mpoleccax
B3aUMOJICHCTBUSI C MarHUTOC(EPHBIMUA BOJHAMHU. AHAJIM3 BBICOTHI TPAH3MEHTHOI'O CBEUEHHMS MO3BOJISET OLEHUTD
OHEPTHIO BBICBHIMAIOLIMXCS YACTHIL 11 COOBITHI Pa3HOTO THIIA: ITyJIbCHPYIOIIUE MOJSPHBIE CUSIHUS, MUKPOBCILUIECKH
ONITHYECKOTO aBPOPAIbHOTO U3ITyUESHUS U TIp.

B pamkax mpoekta PAIPS (Pulsating Aurora Imaging Photometers) B obGcepatopun «BepxHeTymoMcKas»
[MonstpHOTO Te0(U3NIECKOTO MHCTUTYTA OBLI YCTAHOBJIEH BBICOKOUYBCTBHUTENBHBIN H300paxatomuii potomerp. OH
M3MepsIEeT IPOCTPAHCTBEHHO-BPEMEHHYIO CTPYKTYpY aTMoc(hepHoro cBeueHus B ommkaeM Y @-auanazone (300-400
HM) C BPEMEHHBIM pa3pelieHneM 1 Mc B HampaBiieHWH B 3eHUT. OIeHKa BBICOTHI HCTOYHHKA M3JIydEHHUs] BO3MOXKHA
TOJBKO KOCBEHHBIMH METOJaMH, HalpUMep, MO JTaHHBIM CIIEKTpOMETpHueckux m3mepenuil. [loatomy, B cocraB
¢doromeTpa n00aBiIEH CHEKTPOMETP. B IIMPOKOMOJIOCHBIX KaHallaX CHEKTpoMeTpa Iepesa (OoTo3IeKTPOHHBIMH
YMHOXXHTEIISIMHU ycTaHOBIEHHI cTekyIsHHBIE GmibTpsl YDC1 (300-400 am) 1 KC11 (600-800 HM), a B y3KOTIOIOCHBIX
—uarepdepernnonnse 337+10 am, 390410 aM, 430410 HM.

AHajM3 OTHOIIEHWH CUTHAllA B pa3HbIX KaHAJIaX CIEKTPOMETPA IO3BOJSIET CAEIATh OLIEHKY BBICOTHI CBEUCHHUS
MOCKOJIbKY pa3iiiuHble BO30YXK/ICHHBIE COCTOSHHS MOJIEKYJI a30Ta MMEIOT pa3HOe BPEeMsl KHM3HH H, CIIeI0BATEIbHO,
pa3HBI BKJAJ B MHTCHCHBHOCTh 3MHCCHH. IIpu 3TOM, CKOPOCThH /I€3aKTMBAILMM BO30YXKIICHHBIX COCTOSHHN 0e3
M3JTyYCHHUS 3aBHCHUT OT IJIOTHOCTH BO3/lyXa, KOTOPasi 3HAYMTEIILHO MEHSETCS C BBICOTOM.

B paGore mpoBeneH pacyer OTKIMKA JAETEKTOpa Ha m3jydeHHe Tpex chcreM azora (N2 1P, N, 2P u N*; 1N) B
3aBUCHUMOCTH OT BBICOTHI HCTOYHHMKA C YYETOM paccesHHs M TMOMIOUNICHUS B arMocdepe, CHEKTpalbHBIX
K03((UINEHTOB MPOIYCKaHUS KaHAJIOB NpuOopa, KBaHTOBOW 3¢ dekTuBHOCTH (hoTokaTtona POV u xosdduireHTa
yeuneanss OOVY. IlomydeHa 3aBUCHMOCTh OTHOIIEHWS CUTHaja B KaHaiax ¢ ¢uiaprpamm KC11 (xpacHas dacTb
cnekTpa) 1 YOCI (cuHsSA 9acTh CIIEKTpa) OT BBICOTHI HCTOYHHKA JJISl Pa3HBIX MoJesieil cBedeHus B atMocdepe. 1o
MOJTyYEHHBIM 3aBUCHMOCTSIM ITPOM3BEICHBI OIICHKHU BHICOTHI U3IIyYSHHUS Pa3HBIX TUIIOB TPAH3UEHTHOI'O aBPOPAIILHOTO
ceeuenus (ITTIC, MukpoBcIuIeckn).

HccemoBanue BBITIOHEHO MpH mojepskke Poceuniickoro Hayuroro ¢ouma (mpoekt Ne 22-62-00010).
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The response of the polar tropopause to the events of major
and minor sudden stratospheric warmings

B.A. Bikbulatov!, K.A. Didenko?, T.S. Ermakova?, A.S. Fadeev?

1Pushkov Institute of Terrestrial Magnetism, lonosphere, and Radio Wave Propagation (IZMIRAN), Russian Academy
of Sciences, Troitsk, Moscow, Russia;
2Russian State Hydrometeorological University, Saint-Petersburg, Russia

The study was conducted on the response of the polar tropopause to a sudden stratospheric warmings event of major
(2009) and minor (2016) type, using atmospheric radiosonde data and reanalysis data. The pressure at tropopause
height were analysed before, during and after SSWs. The location of the stations was chosen so that they were located
near the same latitude - 70 NH. This was done to consider the time lag of tropopause response to SSW which reveals
in tropopause lowering in different hemispheres.

It is shown that during the major sudden stratospheric warming, the tropopause sinks at all stations, and there is a
delay of about ten days between the maximum temperature in the stratosphere and the beginning of the tropopause
lowering.

During the minor warming in 2016, the tropopause response less evident. There is no apparent lowering at the
selected stations. Probably the reason is in the location of the stratospheric polar vortex above.

The research was supported by Russian Science Foundation grant #23-17-00273, https://rscf.ru/en/project/23-17-
00273/.

Wave processes in the middle atmosphere during the minor SSW development in winter 2014-2015
K.A. Didenko?, E.A. Bezotecheskaya?®, E.A. Maurchev!

'Pushkov Institute of Terrestrial Magnetism, lonosphere, and Radio Wave Propagation (IZMIRAN), Russian
Academy of Sciences, Troitsk, Moscow, Russia.

2Arctic and Antarctic Research Institute, Saint-Petersburg, Russia.

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

A study of the dynamic regime of the middle atmosphere in the 2014-2015 winter season was carried out using
reanalysis data. The variability of the atmosphere as a whole this winter was due to the development of sudden
stratospheric warming (SSW). Despite the fact that this SSW is classified as minor, it has had a significant impact on
the temperature regime, circulation and chemical composition of the middle atmosphere. The main attention is paid
to the study of wave activity variations of stationary planetary waves (SPW) and processes caused by wave activity
before, during and after the SSW. The method of perturbed potential enstrophy analysis is used to study wave activity
and wave processes. It is shown that variations in wave activity before the development of the SSW are due to wave-
wave interactions, and during and after are due to the exchange processes of SPW2 (zonal wave number 2) with the
mean flow. The development of the minor SSW in January 2015 had similar characteristics to the development of the
major SSW, which likely led to the observed changes in the dynamic regime of the underlying atmospheric layers.
The differences in the distribution of upper-tropospheric jet streams (JS) frequency during the month before and after
the SSW, for example, have been shown.

The research was supported by Russian Science Foundation grant #23-17-00273, https://rscf.ru/en/project/23-17-
00273/.
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Analysis of changes in wave activity flows before and after the weakening of the stratospheric polar
vortex in the middle of the winter season from 1981 to 2023

A.S. Fadeev!, E.N. Savenkoval, A.V. Koval?

'Russian State Hydrometeorological University, St-Petersburg, Russia
2University of St-Petersburg, St-Petersburg, Russia

The relationship between increased wave activity and weakening of the stratospheric polar vortex in the middle of
winter in the Arctic latitudes is investigated. The meteorological conditions are defined by reanalysis data from
Modern-Era Retrospective Analysis for Research and Application 2 (MERRAZ2). The longitude-mean wind velocity
and Eliassen-Palm flow fields is analyzed.

The main patterns in the change of wave activity parameters before and after the weakening of the polar vortex were
reflected, and cases when these patterns were not observed were considered.

It is shown that the weakening of the polar vortex is facilitated by increased wave activity and high values of vertical
wave flow. In most cases, with some delay after the weakening of the vortex, the vertical upward propagation of waves
stops, however, there are cases when this does not happen. Such cases include, for example, January 2019.

The research was supported by Russian Science Foundation grant #25-47-00122, https://rscf.ru/en/project/25-47-
00122/.

Long-term microwave measurements of the middle atmosphere ozone
above Apatity (67N, 33E) in winter-spring seasons

Y.Y. Kulikov?, V.1. Demin?, V.M. Demkin®, A.S. Kirillov?, V.G. Ryskin*

!nstitute of Applied Physics, Nizhny Novgorod, Russia
2Polar Geophysical Institute, Apatity, Russia
SHigh School of Economy, Nizhny Novgorod, Russia

We perform continuous 0zone measurements above Apatity, Kola Peninsula with ground-based a mobile ozonemeter
(observation frequency 110.8 GHz) in the polar middle atmosphere covering from 2017 to 2024. The instrument 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 compared to satellite data
MLS/Aura. This work is directed on understanding the possible action of highly altered dynamics of sudden
stratospheric warming and polar vortex on ozone variations in the Arctic middle atmosphere. The present study
improves our representation of influence of solar activity on ozone and, hence, on a climate of the Earth.

The work was carried out within the framework of the state assignment of the Institute of Applied Physics of the
Russian Academy of Science (project FFUF-2024-0034).
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Simulated Changes in Large-scale Atmospheric Circulation Energetics
from Volcanic Aerosol Forcing

Anatoly Poroshenko and Matthew Toohey
Institute of Space and Atmospheric Studies, University of Saskatchewan, Saskatoon, Saskatchewan, Canada

Understanding the response of large-scale atmospheric circulation to radiative forcing agents is important for climate
prediction. The radiative forcing from volcanic stratospheric aerosol is one of the most important natural climate
forcings, with impacts on surface temperature and atmospheric dynamics. In this study, we explore changes in the
energetic properties of the Hadley and Ferrel systems under the influence of radiative forcing associated with large
volcanic eruptions in multi-model simulations performed as part of the Model Intercomparison Project on the Climatic
Response to Volcanic Forcing (VoIMIP) within the Coupled Model Intercomparison Project Phase 6 (CMIP6). In the
Earth’s atmosphere, the Hadley and Ferrel systems are examples of thermally direct (warm air rises and cold air sinks)
and indirect (cold air rises and warm air sinks) circulations, respectively. Being the part of Lorenz cycle of energy
transformation in the atmosphere, the direct circulation converts zonal-mean available potential energy into zonal-
mean Kinetic energy. The indirect circulation in the midlatitude, however, converts some of the zonal-mean kinetic
energy back into zonal-mean available potential energy. Averaged over the 4 models that provided the required model
output from the VolMIP Pinatubo simulations, the mean power associated with the Hadley system in preindustrial
simulations is 235.6 TW. The mean decrease of the power in VoIMIP simulations of the 1991 Pinatubo eruption is
7.58 TW (3.22%) for the first post-eruption northern-hemisphere (NH) winter and 6.59 TW (2.80%) for the second
one. For the Ferrel system, the preindustrial mean DJF power is 326.10 TW, and post-volcanic anomalies are 16.3
TW (5.00%) and 18.3 TW (5.61%) in NH winters 1 and 2, showing a stronger anomaly in the second NH winter than
the first one. In additional VoIMIP experiments, we also explore the response of the Hadley and Ferrel cells to the
relatively strong forcing associated with the 1815 Tambora eruption and find the Hadley system weakening by 15.3
TW (6.48%) and 11.5 TW (4.90%) for the first two NH winters. We explore how post-eruption changes in the
meridional atmospheric circulation strength and the cells’ location can be explained with simple theoretical models of
atmospheric thermodynamics.
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Long-term forecast for surface temperature in some circumpolar cities in the Russian Federation
D.B. Rozhdestvensky?, V.1. Rozhdestvenkaya?, V.A. Telegin®, V.M. Mikhailov?

Pushkov, N. V., Institute of Terrestrial Magnetism, lonosphere, and Radio Wave Propagation
at the Russian Academy of Science
2MIREA

The process of how surface temperatures are formed is a complex, multi-component, and dynamic one that is influenced
by many factors. These factors are generally well-known, but their interactions are highly variable, making it an important
research task to identify their specific characteristics.

One of the most important factors is the solar radiation that reaches the Earth's surface. This radiation plays a crucial role
in determining the thermal balance between the surface and the atmosphere. S. P. Khromov highlighted the importance of
considering solar activity in long-term forecasts.

Multiyear measurements of temperature provide valuable data for long-range forecasting. The methodological basis for
such measurements was established as early as 1975. This work has led to the development of algorithms that can predict
long-term temperature trends based solely on data collected over a 10 - 100 year period.

This paper presents the results of a long-term forecast of surface temperature in three cities located in the circumpolar
regions of the Russian Federation: Murmansk, Verkhoyansk, and Magadan. The forecast is based on temperature data
collected from meteorological stations in these cities over the period from 2013 to 2023.

The extrapolation of the temperature data began in 2018 and continues until 2038. In this paper, we present a forecast for
up to 30 years. All three cities show an increasing trend in their long-term components.

The results of the extrapolation of temperature data are in good agreement with the solar activity forecast for the same
period. The long-term components of surface temperatures or low-frequency components reflect multidecade or climatic
variations. They also determine whether winters and summers are cold or warm, whether there is an ice age, or if there is a
period of global warming.

The low-frequency component of temperature fluctuations serves as a sign of unusual temperatures. Although its range is
smaller than that of daily and yearly variations, ranging from one to four degrees, it is crucial for long-term forecasting.

This component is currently indicative of climate warming and the unusually warm winters of 2024-2025. It correlates
with the peak of solar activity during solar cycle 25. Due to the active cyclonic activity in the Gulf Stream region,
temperatures in Murmansk, located on the coast, experience significant variations of the moderate cyclone type. The long-
term forecast shows fluctuations around 0°C, with positive temperatures prevailing.

In Verkhoyansk, which is at the same latitude, not only the minimum values are recorded, but also the smallest temperature
fluctuations of the anticyclonic continental type. In coastal Magadan, the temperature and its fluctuations increase as you
get closer to the ocean. The average temperatures in these two cities, which are located in the permafrost zone, are always
below zero. However, in 2025, temperatures are expected to rise everywhere, with a further decrease expected at the
beginning of 2026. This is based on the unusually warm winter of 2025.
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Solar Hale cycle manifestations in geophysical and climatic characteristics
S.V. Veretenenko?, P.B. Dmitriev?, V.N. Obridko?

Yloffe Institute, St. Petersburg, Russia
21ZMIRAN, Troitsk, Russia

Oscillations with periods of ~22 years close to the magnetic Hale cycle on the Sun are observed in a large number of
climatic characteristics, such as occurrence of droughts, occurrence of hurricanes over the Atlantic and Pacific oceans,
regional temperatures and pressure etc. The amplitudes of bidecadal oscillations are not only comparable with those
of the 11-year ones, but often exceed them. In this work we study the manifestations of the solar magnetic Hale cycle
in different geophysical characteristics, which can contribute to the formation of bidecadal oscillations in the Earth’s
climate. It was found that in even and odd solar cycles (according to the Zurich numbering) there are statistically
significant differences in temporal variations of cosmic ray fluxes in the stratosphere, as well as in geoeffective
components of solar wind magnetic fields and geomagnetic activity characteristics (aa-index, occurrence of magnetic
storms with gradual commencement). The obtained results allow suggesting that bidecadal oscillations in the Earth’s
climate characteristics may be related to the solar Hale cycle, which contributes to the formation of bidecadal
variations in fluxes of energetic charged particles (cosmic rays and auroral electrons) entering the atmosphere of high
latitudes and influencing the ionization rate. The ionization rate changes, in turn, influence the chemical composition
and the temperature regime of the high-latitudinal atmosphere, resulting in circulation changes.

10 Years Ozone Measurements at Stara Zagora — Basic Properties of the Daily Time Series
R. Werner?, V. Guineva?, D. Valev?, R. Bojilova?, A.S. Kirillov®

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

2National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of Sciences, Sofia, Bulgaria

3pPolar Geophysical Institute of the Kola Science Centre, Apatity, Russia

Total ozone time series on day or monthly basis at mid-Ilatitudes show a clear annual cycle caused by the formation
of ozone on one hand and dynamic processes on the other hand. To investigate some of the important statistic
parameters, the ozone series was detrended and deseasonalised. After that we have determined the central moments
of the series. The distributions were analysed by means of histograms and Q-Q plots for different seasons. We have
divided in two groups of time intervals — with high and low ozone variations. The group with high variation is
December — March (DJFM) and the one with lower variation includes the months May — October (MJJAASO)
showing standard deviations of 36 DU and 19 DU, respectively. The reason of the high ozone variation is the frequent
change of ozone rich polar air masses with pure ozone air masses from mid-latitudes and the tropics. The constructed
Q-Q plots demonstrate distributions, close to the normal one. Based on detrended fluctuation analysis the long term
persistence’s were studied. A Hurst coefficient of 0.7 to 0.75 at the scales of one week to about 2-3 weeks, and a Hurst
coefficient of approximately 1 for greater scales up to about three months was found. This means, that the variations
at these scales are similar to themselves independently from the location or in other words the ozone variations show
fractal properties.
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MonutopuHr 1u(p¢gepeHunaIbHOro ClieKTPa eCTeCTBEHHOI 0
ramMma-uziay4denns 0.2-8 MaB na llInnudeprene

10.B. bana6bur*, A.B. I'epmanenko, E.A. Muxanko, b.b. I'Bo3neBckuit
Honsproui eeousuueckun uncmumym, Anamumul, Poccus
*E-mail: balabin@pgia.ru

CnexkrpoMeTp raMMa-u3iIydeHus1, yctanoBieHHbIH B 2024 r. B bapenuOypre (apx. llInunbepren), ssBnseTcs TpeTbUM
npuOOpPOM, BBEIMOJHAIOIIMM HENPEpPBIBHBIC M3MepeHHs AnGepeHINaIbHOr0 CIeKTpa raMMa-u3irydeHus. Panee
aHAJOTUYHBIC CIIEKTPOMETPHI ObUTH ycTaHOBICHHI Ha KosbckoM nomyocTpoBe (AmaTtuThl) u B PocToBCKoi 06macti
(Tanmuckas). Bee Tpu cnekTpomerpa ONHM3KH 1O XapaKTEPUCTUKAM, OHU KaJHMOPOBAaHBI MO M3BECTHBIM JHHUIM
pamuonykinaos. Mcnons3oBans! kpuctaiuisl Nal(Tl). Bpemst coopa onHoro auddepennuansHoro crnekrpa 30 MUHyT,
paspemenne syuyme 5 % mo mmHEM 660 k3B, paboumii sHeprermueckui auamasoH 0.2-8 MbsB. Jlerekropsl
YCTaHOBIICHBI B 3aIIMTHBIC CTAKaHbI U3 CBHHIIA, YTOOBI OTCEUb M3JIy4YEHHE, IIOCTYIAIOIIEE OT MOYBBI M OKPYKAIOLIHUX
npeameroB. [losie 3peHus creKTpoMeTpoB cocTaisieT ~1.5 c¢p. BaxkHOCTh naHHbBIX, mody4yaeMbix co [Inuideprena,
B TOM, YTO 3TOT PETHOH HAXOJHUTCS 32 THICAIY KHJIOMETPOB OT MPOMBIIIICHHBIX PETMOHOB, MUHIMAJIBHO TTO/IBEPIKEH
AHTPOIIOTEHHOMY BO3ACHCTBHIO.

ITosmyueHs! epBbIe CIEKTPHI BO BpeMsI BO3pAacTaHUS raMMa-U3JIydeHus Mpu ocankax. Iloka 3aperucTpupoBaHHbIX
COOBITHI HEMHOTO, OJTHAKO, 10 HAM BHUJIHO, YTO CIIEKTPhI raMMa-U3JIydeHHUs II0N00HBI CIIEKTpaM, H3MEPEHHBIM IIPH
Bo3pacTaHusAX B Amnatutax W TamuHCKOW. IIpHCYTCTBYIOT HECKOJIBKO JIMHMH ECTECTBCHHBIX PaJHOHYKJINIOB
ceMelcTBa ypaHa M TOPHs, OJHAKO, MHTEHCUBHOCTh M KOJMYECTBO JUHUHA OJHO3HAYHO YKAa3bIBAIOT, YTO JIMHUU HE
¢opmupyeT Bech HaOMIOZAEMBIN CIEKTP, KOHTHHYalbHYI0 €ro 4YacTb o00pa3yeT MOTOK TIaMMa-H3JIydeHHS,
BO3HUKAIOIIUH B aTMOc(epe OT BTOPUYHBIX KOCMHYECKHUX JIydel. BepxHuii sHepreTHuecKuii mopor AJst BO3pacTaHui
B Tpex MyHKTax cocraBiieT ~2.5 MaB.

HccaenoBanue nHBepCcHii TeMIIePaTyphbl BO31yXa B IOTPAHUYHOM cJioe aTMOc(depbl B AlaTUTax
B.U. Jlemun, b.B. Kozenos
Honsiproui eeousuneckuil uncmumym, 2. Anamumoi

CpenHeMecsqHbIe TEMIIEPATYPBI BO3AyXa B PETHOHE 3UMOM BO3pAaCTalOT OT MOBEPXHOCTH JI0 BBICOT mpumepHo 300-
400 M, a BbIIlIe MOHOTOHHO MOHIJKAIOTCS. JlaHHAs KapTHHA ClIeAyeT U3 JaHHBIX a3pOJIOTHYECKOT0 30HAMPOBAHUS B
Kannanaxkie, ropHbix HabnroneHuid B XMOMHAX M MUKPOBOJHOBBIX M3MepeHHi B AmaTturtax. B meiicTButensHoCTH
TaKoe HWHBEPCHOHHOE paclpeJielieHne TeMIeparypsl HaOiomaeTcs IpuMepHO Tonmbko B 50-60% ciryuaes.
[pesncTaBneHHbI CpeAHNIT BEPTUKAIIBHBIA MPOQMIIb SBISETCS B OOJbIIEH CTENEHN «CTATHCTHYECKUM 3D (DEeKTOM» U
co3/maeTcsd, TJIaBHBIM O0pa3oM, 3a CYeT OJNH30/I0B C OYECHb CHJIBHBIMH OTPHULATEIBHBIMH TpaJHEHTaMU
(mo -18°C/100Mm), B TO BpeMs KaK IOJIOKUTENbHbIC 3HAUCHHUS rpagieHTa GU3HISCKH OrPAHMYCHBI JECATHIME A0JSIMU
rpagyca.

Hamnbonee gyacto npu3eMHbIe HHBEPCHH HAOIIOJAIOTCA B 3UMHUI ce30H. BeCcHOH, 1eTOM 1 OCEHBIO TOBTOPSAEMOCTh
UHBEPCHUI CHIXKAETCS 3a CUET UX MEHBIIEro MOSBICHUS B yTPEHHUE, THEBHbIE U BeuepHUe dachl. [loBTOpsieMoCTh
HOYHBIX MHBEPCHH NPAKTHYECKH HE MEHSETCS Jake B MEpPHOJ HMOJISIPHOrO AHs (TpH HU3KOH BbicoTe ConHIA), HO
CHJIbHO YMEHBIIIACTCS MX BEPTHKAIbHAS MOIIHOCTh M MHTCHCUBHOCTh. Hanbospuiue rpaguents 10 (-8-10°C/100 m)
PETUCTPUPOBATINCH TPH MOTOKAX TEMJIOr0 BO3AyXa HAa HEOONBIIMX BBICOTAX HAJ OXJIAXICHHBIMH B HOYHBIC YaCH
MOBEPXHOCTSIMHU.

[TpuzemHbIe MHBEpCHN SABISIIOTCS Hanbouiee yacToi popmoi, Ho Ha BbicoTax 600-800 M cymiecTByeT BTOPHYHBIN
MaKCHUMYM HX IIOBTOPSIEMOCTH (TIPUITOIHATHIE HHBEPCHUH), BRIPAKECHHBIN B XOJIOTHOE TIOIyTONE.
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O MEKPOKJINMATHYECKOI H3MEeHYMBOCTH TeMIIepaTyphl Bo3Ayxa B paiione MypMaHcka
B.U. Jemun?, }0.B. Mensmos?

Y@dI'BHY Hoaspuvi 2eousuueckuti uncmumym, Anamumol
2Teppumopuanvro-cumyayuonnsiii yenmp OKY Ynpoop «Konay, [lemposzasoock

I[lo paHHBIM THIPOMETEOPOJOTHYECKMX ¢ aBTOMATHYECKHX JOPOXHBIX CTAaHOWI TIPOBEICHA OLECHKA
MUKPOKIMMAaTHYEeCKOM M3MEHUHBOCTH TEMIIEpaTypsl BO3Ayxa B paiioHe MypmaHcka. CpeqHeMecsiuHble 3HAuYeHUs
TEMIIEpaTypbl MEHSFOTCS] JOBOJIBHO C1a00 M aHAIM3UPOBAINCH CTATHCTHIECKUE paclpeneleHus. Pa3niuaust B cpokn
Ha HCCIEIYyeMON TEpPPUTOPHU COCTABIAIOT B cpeaHeM okono 4°C 3umoit u 2°C setom, HO B 5% cilydaeB OHH
npesbimanin 10 u 5°C cooTBeTCTBEHHO. 3aMeTHM, YTO yKa3aHHbBIE pa3iM4is MOIJIM BO3HHMKATh KaK 3a CYET
MUKPOKIMMATHYECKUX HEOJHOPOJHOCTEH MECTHOCTH, TaK U 3a CUeT KPAaTKOBPEMEHHBIX BapHalUil IMOTOJHBIX
yCIoBUsIX (HEpaBHOMEPHOE paclpeielIeHHe 00IauHOCTH, pa3Hble CKOPOCTH BETPA H T.1.).

3uMoi BechbMa 3aMETHO NOHIDKEHHE HIDKHUX MEepLEHTUIIeH TeMIepaTyphl BO3AyXa B HAIIPaBICHUU OT CEBEPHBIX
pationoB ropoja (Pocra) x 10xHbIM (TI0C. «MOJIOYHBINY), BEI3BAHHOE OTEIUIAIOIIUM BiusiHuEM bapeniieBa mops: 1 u
10% nepLeHTHIIH A7 CEBEPHBIX PalOHOB COOTBETCTBEHHO -17° 1 -14°C, a muist 1oxkHbIX -27°C -17°C. Ans cpaBHEHUS:
B AHAJIOTHYHBIN TIEPHOJ B PACIIONIOXKEHHOM Orke K Mopro [lomssprom oHE coctaBmsn -15.6°C u -12.7°C. B netree
BpeMsi OOHapy)XuBaeTcsi HeOOJbIIOE BO3pAaCTaHME B IOXKHOM HANPaBICHUM BEpPXHUX IEpIeHTWIeH B
TIOCJICTIONYICHHBIE Yachl W YOBIBaHWE HIDKHHMX INEPLEHTHICH B HOUHOe BpeMsa. Ho »tm Bapmanmm menee 1°C u
HYXJAIOTCS B yTOUHEHUH 10 00JIee MPOAOIKUTEIHHON CEPUH N3MEPEHUH.

JJIeKTPOMATHUTHOE 110J1e TPO30BOr0 pa3psaa

I0.A. Konsrtenko, M.C. Ierpumes”, B.C. Ucmarunos, E.C. Bepuosa

CIIo® U3MHUPAH, Poccus, Cankm-Ilemep6ype, P®

*E-mail: ms_petr@mail.ru

CunpHble Benslky Ha CouHIle kiacca X>5 IpUBOIAT K BHE3AITHOMY YCHJICHHIO [TOTOKA PEHTT€HOBCKOTO M3ITyYeHHS
nu 3HeKTpOMaFHI/ITHOFO T10J151 I‘pO3OBOﬁ AKTUBHOCTH, a TAKXC K ITOABJICHUIO BapI/IaI_II/Iﬁ TUIIA ((KpO[HC)) B MAarHuTHOM
oJjie, HAPYIUICHHIO PAHOCBSI3H U MOSBICHHIO MOJIHHUEBBIX pa3psaoB. B pabore npejicTaBieHa MO/IENb MOTIIOMCHUS
PEHTTCHOBCKOTO H3JIyUYCHHUS] B HIDKHEH aTMoc(epe B pe3ysibTare PeKOMOMHAIIMKA MOJIHHEBOTO paspsijia ¢ y4eToM

HaJIM4YWA MOHU3AITUMOHHBIX CJIOCB U KOppeKL{Heﬁ 3aTyXaHus.

Kniouesvie cnosa: pCKOM6I/IHa]_II/I$I, HOHU3anusAd, aTMocq)epa, SJICKTPOMAIrHUTHOC MOJIE, MATHUTHOC KPpOLIE, MOJITHUA.
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Moje HpoBaHHe KHHETHKH CHHIJIeTHOro Kuciaopoaa Ox(b'Zy") B mossipuoii nonocdepe
W HA BBICOTAX HOYHOTO CBEYEHMS

I0.H. Kynukos, A.C. Kupuios
Honsapuwiii ceopuzuveckusi uncmumym, 2. Anamumut, Poccus

TpoBesieH pacyeT KOHCTAHT TalleHHs 3JIEKTPOHHO-BO30YKIEHHOro cocTosHus blZg" MonexymspHoro kucmopona
mornekynmamu Oz u Nz. Pe3ymbraTel pacdeToB XOpOIIO COTJIACYIOTCS C OSKCHEPHUMEHTAIBHBIMH JIaHHBIMHU.
Paccuntannbie Ko3((UUMEHTH rameHus cuHrieTHoro kuciopoga O(b'Tg") ucnonssyrorcs mns onpesenenus
HACEeJICHHOCTEH Pa3IMYHBIX KOJIeOaTeIbHBIX YPOBHEH V AJIEKTPOHHO-BO30YKIEHHOTO MOJIEKYJIIPHOTO KHCJIOpOo/ia Ha
BBICOTaX HOYHOI Me30ocdeps! 1 HIKHeH TepMocdepbl 3eMin. BrINoaHEHbI pac4€Thl OTHOCUTEIBHBIX HACEIIEHHOCTEH
cunryietHoro kucyopoaa Ox(b'Z¢*,v), 06pa3oBaHHOIO B Cilydae BBHICHITAHKS aBPOPATBHBIX SJIEKTPOHOB U B TPOMHBIX
CTOJIKHOBEHMSAX C Y4acTHEM IBYX aTOMOB Kuciopoaa. CpaBHEHHE pacCUMTaHHBIX HACEIEHHOCTEH ¢ pe3ysbTaTaMu
MMEIOIINXCS B HAYYHOU JINTEpaType IKCIIEPUMEHTAIBHBIX OIIEHOK KaK JUIs MOJISIPHOI HOHOC]EPHI, TaK U U1l HOUHOTO
cBeueHus: AtMocepHbix nosoc Oz gaet xopoiuee coriacue. [Ipu 3Tom, cpaBHEHHE PaCCMOTPEHHBIX ABYX CIIyYacB
obpaszosanns O2(b'Zg",V) Ha BeICOTaXx HOYHOM Me30Cephl M HIKHEH TepMocepbl 3eMIM MOKA3BIBAET, YTO
KONEOATENBHBIE HACENEHHOCTH cocTosHusA b'Egt momekymbsr O, B MomspHOM MOHOCPEPE M B HOYHOM CBEYEHHH
3HAYUTEIBHO Pa3INYaroTCs.

Ioaxoabl K NOCTPOEHUIO MoieJiell B3auMoaeiicTBus atMocdepbl
€ Pa3JIMYHbIMH TUIIAMHU NOBEPXHOCTH 3eMJIU

N.B. Munranes, E.A. ®enorosa, A.W. Munranes, K.I'. Opnos

Honsproiu eeousuueckuit uncmumym PAH, 184209, Mypmanckas obn., e. Anamumei, yi. Akademeopodok, 26a
E—mails: mingalev_i@pgia.ru, orlov@pgia.ru, godograf87@mail.ru, mingalev@pgia.ru

B noxmase o6cyxaroTcst YMCIeHHbIE MOJETH B3aMMOJIEHCTBHS MEXIY aTMOC(Eepoil U MPUIOBEPXHOCTHBIM CIIOEM
OKeaHa ¥ PacIIOIOKEHHBIX Ha CYIle BOJOEMOB - PeK, 03ep, 00JI0T, a TaKkKe MPUIIOBEPXHOCTHBIM CJI0EM IOBEPXHOCTU
CYIIIHM Pa3HBIX THIIOB — JIEIHUKOB, ITyCThIHb, CTENEH U Pa3IUUHBIX JecoB. [IpencTaBneHs! pa3paboTaHHBIE aBTOPaMHU
MOJIETIH, B KOTOPBIX YUUTHIBAETCS IIEPEHOC TEIUIA U BIIATH B IIPUIIOBEPXHOCTHOM CJIO€ JUTOC(EPHI, a TAKIKE MEPEHOC
sHepruu m3nrydeHneM. OOCyXXHaloTCs CHCTEMBl YpaBHEHHWI, ONMCBHIBAIONINE IEPEHOC TeIla M BJard, a TaKxke

PE3YJIbTAThl TCCTOBBIX PACUYCTOB.

Kniouegvie crosa: miepeHOC TeIUIa 1 BIard B IuTocdhepe, B3auMOJEHCTBHE aTMOC(EPHI M TIOBEPXHOCTH 3eMITH
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Pacummpenne cucteMbl perucTpauuu raMmma-usiaydyenus npu ocaakax Ha lllnunbeprene
E.A. Muxanko*, }0.B. banabun, A.B. 'epmanenko, b.b. I'Bo3neBckuit

Honapuwui 2eopusuueckuti uncmumym, Anamumol, Poccus

*E-mail: mikhalko@pgia.ru

B nabopatopun kocmuueckux yyded I1I'M HempepbIBHO BeIeTCS MOHHTOPHHI DJIEKTPOMAarHUTHON KOMIIOHEHTEHI
BTOPHUYHOTO KOCMIYECKOTO U3IYICHHUS, IIPH KOTOPOM OBLT 0OHApYkeH 3(h(eKT Bo3pacTaHUs raMMa-U3ITydeHIUs IPH
ocankax. B mpomecce HabmrogeHns 32 MI3MEHEHUAMH TaMMa-(oHa, Obl1a cOPMHIPOBaHA CETh U3 CHUHTHIUIAIIUOHHBIX
CIEKTPOMETPOB, B pa3JIMUHBIX pernoHax crpansl. B 2024 rony B bapenudypre (apx. Lllnundepren) muist npoBeneHus
JIOTIOJTHUTEJBHBIX U3MEPEHUH (POHOBOTO TaMMa-H3JIyYeHHs B TOJISIPHOM PETHOHE, K YCTAHOBJICHHOMY CIIEKTPOMETPY
ObLTH 100aBJIeHBI ele aBa aerekropa. CrieKTpoMeTphl coOpanbl Ha ocHoBe kprcTamioB Nal(Tl), ¢ sHepreTnueckum
nuarnazoHoM 20-600 k3B. JlerexTophl ObUIH pa3HECEHBI IPYT OT JApyra Kak 10 PacCTOSHUIO (10 4-X KM), TaKk U O
BbIcoTe (110 200 MeTpOB Ha ypoBHEM Mopsi). B mporiecce paboThI Ha BCeX TPeX JETEKTOpax, ObUIX 3aperUCTPUPOBAHBI
BO3pACTaHMsl raMMa-u3JIy4eHHs TIPH 0CaIKaX, OJHAKO, IIPU CPABHUTEIHLHOM aHajKu3¢ ObLIO BBISABICHO, YTO JIaHHBIC
COOBITHSI OJIMHAKOBBIC MO AMIUIUTY/AE W UIMTEIBHOCTH HMEIOT CABHUI O BPEMEHH, BEPOSTHO OOYCIOBICHHBIH
oporpadudeckoii 0COOCHHOCTHIO MECTHOCTH M CKOPOCTBIO JIBHIKCHHUS OCAIKOB.

MogaeanpoBaHusi HUPKYJISIUMU HUXKHeN U cpeaneii atMocdepsbl 3emiin
€ y4eToM 00pa3oBaHusi 00JIAKOB U BbINAJAEHHUS 0CAIKOB

K.I'. Opnos, U.B. Munranes, E.A. ®enorosa, B.C. Munranes

Honapuoiii ceopusuueckun uncmumym PAH, 184209, Mypmanckas obn., e. Anamumsi, yi. Akademeopoook, 26a
E—mails: mingalev_i@pgia.ru; orlov@pgia.ru; godograf87@mail.ru; mingalev@pgia.ru

B noxnane o0cyxaaroTcst BIMSHUE yYeTa MPOIecCOB 00pa3oBaHus 00IaKOB M BBINAJCHHUS OCAJKOB HA PE3YJIbTaTh
YHCIIEHHOTO MOJIETTMPOBAHMUS 00IIel IMPKYIIALUH HIDKHEH U cpefHei aTMocdepbl 3eMiln, MOIy4YeHHbIE C TOMOIIBIO
Hale MOJeNd C TPOCTPAHCTBEHHBIM pa3pelIeHHeM MO TOPU3OHTY OKoyo 26 kM. OOcCyXmaeTcs MpOIecChl
BO3HHMKHOBEHHS 1 3BOJIIOIMY KPYITHOMACIITaOHBIX BUXPEH B HIKHEH aTMocdepe 1 BIHUSTHUE TOPHBIX CHCTEM Ha MeCTa
nx oOpazoBaHus. Tarxke 0OCYXIAalOTCsl BIMSHHE NPOLECCOB 00pa3oBaHMs OONAKOB Ha HarpeB atrmocdepsl

U3JIy4YEHUEM U Ha BEPTUKAJIBHBII IIEPEHOC.

Kniouegvie cnosa: MopennpoBanue o0l IUPKyYIALUHA aTMOc(hephl 3eMitl, aTMOC(epHBIE BUXPH
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CHHXPOHHBIE PEAKI[UN OPAHKEPEHHBIX PACTEHUI U HEKMBBIX CHCTEM HA COJHEYHYI0 AaKTUBHOCTH
II.A. Kamynun, H.B. Kanauésa
Honspro-Anenutickuii bomanuyeckuil cad-uncmumym, PAH, Anamumol, Poccus

IIpoBeneHsI cpaBHUTETBHBIE H3MEPEHHS (PU3NOIOTHIECKUX ITAPaMETPOB OPAHKEPEHHBIX PACTCHHI TyBCTBUTEIBHBIX
K KIIMMaTHYECKIM (PaKTOpaM B MECSIIBI TIOBHIIIICHHOH comHeYHOH akTBHOCTH (CA) 2024 1. JI1s HCKITFoueHus BKIIa1a
Ha3eMHBIX KIMMAaTHYECKUX U 3KOJOTMYECKHX BIMSHUM NapauieNbHO C XUBBIMH PACTEHUSIMHM HCIIOJIb30BalIH
HE)KUBBIC MEXAaHWYECKHE M JJIEKTPOHHbIE cucTeMbl. OCHOBHOC BHHMAHHE YACISIM PEAKIMAM pPAaCTCHHH Ha
TEOKOCMHYECKNE COOBITHS T0Jla, COBIAAAIOININE C «aHOMAJIBHBIMI» (UIYKTyalsIMA CTaTUCTHYECKHUX IOKa3aTeneil
HEXXUBBIX cUcTeM. HeycToluuBbIE CHCTEMBl UyBCTBUTEIbHBI K BHEUIHMM BIUSHHUSM, B KPUTHUCCKHE MOMEHTHI,
npeObIBaHMsI MOHETHI «Ha pedpey, e€ MOCIeAYIONIYI0 JMHAMUKY MOTYT OIPEAEINTh caMble cia0ble BO3AeHCTBUS. Y
pactennii Marantha leoconeura exenHeBHO HM3MEpsUIM CYTOYHBIH DPUTM HACTHYECKUX MABH)KCHHUIl JIMCTOBBIX
riacTiHOK. OIHOBpEeMEHHO (DPUKCHPOBAIM PE3yJIbTAaThl TeHEPALK CIyYalHbIX Yucen Ha 0asze kaiubKynsaropa SRP-
28511 “CITIZEN” u pmp. a TakKe CTATHCTHKY paclpelelieHUs] pe3yJbTaToB OpOCaHUs MOHET M IPaBUIIBHBIX
IIECTUTPAHHUKOB, KOTOPBIE PACCMaTPUBAIM KaK «OCpHYJUIMEBCKHE» CIydaiHbIE BEIMYMHBI C JBOMYHBIM H
IIECTU3HAYHBIM BBIOOPOM, COOTBETCTBEHHO. [IpOBOAMIM Takke aHANIN3 CEPHH BBHINMAACHHUS OAMHAKOBBIX CTOPOH
MOHET HJIU TpaHel B TeO(PH3NUCCKU CIIOKOWHBIC JHH U B NEPUOIbl BEICOKOH CA. AHaN3 MHOTOJHEBHOM TUHAMUKU
CTaTHCTHYECKHX M IIapaMETPOB HEKUBBIX CHUCTEM M (HU3HOJIOTMYECKHX WHAEKCOB PAcTeHWH yKas3bIBaeT Ha
MPUCYTCTBHE IIOJNYHEAEIFHONH W OKOJO HENeNHbHON HUKINYHOCTH. OOHapy>KeHBI /Ba OCHOBHBIX BHJA PEAKLUH
u3y4aeMbIX OOBEKTOB Ha 3HauyuTeNbHble ycwieHus CA, conpoBokaaeMble 00pa3oBaHHEM KOPOHAIBbHBIX IBIp,
BCTIBIIIKaMHU: Knacca X Wi M. DTo 3HaYUTENbHOE YCUIICHHE aMIUTUTY bl HA0JII0AaeMbIX TIapaMeTPOB U OTKIOHEHHS
OT CTaTHCTHYECKN OXHIAEMBIX 3HAUCHHWH WM cOOM CyTOYHBIX pUTMOB. Takne 3(h(eKThl HAOMIONATN OCCHBIO U B
koHue 2024 r., a Taxoke B Havaine 2025 r. ConHeuHble BCIBIKY U3 peruoHa 3947 knacca X, KOpOHAJIbHBIE JbIPBI 29
nexadps 2024 r. u 16 suBapst 2025 r. BBI3BAIM CUHXPOHHBII COOM CYyTOUHBIX PUTMOB JABHKEHUI JINCTHEB PACTCHUI U
YHcila TeHepaluy Pa3HeIX OUQP y Pa3HBIX KAIbKYJATOPOB Ha HECKOJBKO CyTOK. CHHXPOHHBIC PEaKINH KUBBIX H
HEXXHUBBIX CHCTEM, AaCCOLMHMPOBAHHBIE C KPYHMHOMAcCIITAOHBIMH coObITHAMH Ha ConHIE, yKa3blBalOT Ha HX
T€OKOCMUYECKYIO 00YCIIOBIEHHOCTb.

APKTHKA KaK MEKIUCHHIUINHAPHASI HAYYHAsl IKCIePUMEHTATbHAs
U MpaKTHYecKasi 00pa3oBaTe/ibHAN JaA00paTOPHUs U3yUeHHsI reocepHBIX BOZMYIIEHHI
reJuoreou3n4eckoro xapakrepa

3.I'. MupmoBud, K.¢.-M.H., IOIEHT
TBITIOY MO «Konneoxc «IToomockoswey,; e-mail: mirmovich1940@mail.ru

B pa60Te paccMaTpuBacCTCA ApKTI/IKa KaKk MCOXKIUCHUIUIMHAPpHAA Hay4dYHasd JSKCHIECPHUMCHTAJIbHASA U IPAKTUYCCKaAA
obpazoBaTenbHas 1a00paTOPHs U3YICHHUS Te0CHEPHBIX BOZMYIICHHUH reINOTe0PU3NIECKOTO XapaKTepa.

Coaneyno-maznumocgepro-uonocghepruie npoyeccol u Apkmuxa:

HWccnenoBanms maraurocdeps! n noHOc(heps! Kak BaXHBIX reocgepHsrx obonouek (I'CO), ocobeHHO B MOIIpHON
HIallKe W aBpOPaJbHOM OBaje — 3TO ajb()a M omera BCEX MPOCTPAHCTBEHHBIX M BPEMEHHBIX aCUMMETPHU H
HecrannoHapHocted 3tux ['CO. Ilpm 3TOM HE TOJNBKO CIIOXKHEHIIas «OTypedHO-KajbMapHas» KOH(UTypauus
MarHutocgepsl, HO ¥ BCsI IMHAMKKa BEpXHEH, cpeJHel U laxke HIDKHEH aTMoc(ephl 00s13aHbl OECIIOKOHHOM KU3HU
3THX JIByX HAJIOBEPXHOCTHBIX 30H 3eMJIM — Be/b OOJBUIMHCTBO IeO(PH3NYECKUX IMPOIECCOB B CPEIHHUX U Jaxe
HU3KUX IIMPOTax — POjOM M3 ApPKTUKH (T.e. MIMPOT ¢ reorpaduueckoil mmporoii ¢ >60° +~ 68° (N V S) u
reOMarHuTHOM mupoToii dpy > 45°). A Bo3MyIIEHHS T€OMAarHUTHOTO TOJISL B MOJISPHBIX 30HAX B JIECATKH Pa3 BBIIIE
MO aMIUIUTYJle, YeM Ha CPEIHUX IIUPOTax. A 10 IeHEPUPYEMbIM MarHUTHBIMH BO3MYILIEHUSMH TEJUTYyPUYECKUM
TOKaM MOJXKET HPE/ICKa3bIBaThCsl TAKXKE MECTa KPYITHBIX MECTOPOXKICHUH HEPTH U OCOOEHHO METAIUTMYECKUX PY/I.
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Kocmuueckas nozooa u eé enuanue na uenogexa:

B 1ensx coBepleHCTBOBaHMSI CHCTEMBI NPEIYNPEXICHUS OPraHOB TOCYIapCTBEHHOH BiacTH, BoopyxeHHbIXx Cuin
Poccuiickoit @enepanuu 1 HaceIeHUSA 00 OMMACHBIX IPUPOJHBIX (THIPOMETEOPOTIOTHIECKIX U TeINOTE0()U3NIECKUX )
SBJICHUAX, a TAkKe TMOENN JIIoJel Ha 3eMJIe © B KOCMHYECKHM IIPOCTPAHCTBE BO BpeMs OpOUTaIbHBIX MOJIETOB U
CHIDKEHUS SKOHOMHUUECKOTO yiiepba yu€HbIMU 1 crienpanuctamu ['uapomereociyx0bl Poccun Obutn BepaboTaHbl U
BBCIICHBI B ICHCTBHE KPUTEPUH HEONArONPUSITHBIX U ONACHBIX SBICHHN renuoreodusmdaeckoro xapakrepa [1]. Poms
KOCMHYECKOH MOTOIBI IUISl CpeHel aTMOC(ephbl aBTOp OTMETHI emié B padote [2].

Henonnoma dannvix xax nayunas npobnema:

OpHOM M3 caMbIX IVIaBHBIX 33Ja4 3TOH OTPOMHOM 0OJACTH HCCIICJOBAHUM SIBIISIETCS] COXPaHEHHE U ITPUYMHOKEHHE
HETIPEPBIBHBIX PsIIOB HA3EMHBIX HAOMIONCHMH AJISI HACTOAIIErO M OyAyIIero NMBIIIM3AIMN M C TyMaHUTapHOH, U C
HSKOHOMHYECKOH Touek 3peHus. IIpexxne Bcero, aTo Kacaercst pa3pblBOB B HAONIONCHUSX WM MX OTCYTCTBHE «B
HY>KHOE BpeMs B Hy>KHOM MECTe».

Tak noy4miiocs, HapuMep, BO BpeMsi SKCIIEpUMEHTa — AMEPUKAaHCKO# T.H. onepanmu «Starfish», korma He ynanoch
MOJTy4YUTh n3Mepenne 3¢ ¢dekToB onepanuu «Mopckas 3Be3a» — TEPMOSIICPHOTO B3pbIBa HaJl OCTPOBOM J)KOHCOH B
Tuxom Oxkeane. U emé He MeHee 10 JeT BO BHYyTPEHHEM PaIMalliOHHOM I0sICE MBI OBUTH HE B COCTOSIHUM Pa3IMYHUTh
©CTECTBEHHBIE 3JIEKTPOHBI OT UCKYCCTBEHHO MHXXEKTHPOBAHHBIX TyJa 3TUM B3pHIBOM. Jla, MOXeT, OHH eIé TaM U
CEro/iHs €CTb.

OpnHako ene B O0blIeH Mepe HeJOMYCTHMBIM SIBJISIETCS] PYKOTBOPHOE YHHUTOXKEHHE YHUKAJIbHOW MH(OPMALUH O
Haleil OoKpy»karomied cpeie, KOTOPYI0 HHUKaKUM OOpa3oM BOCIOJHHUTH HENb3s. DTO IPOCTO YHHUTOXAeT Bce
MOJBIKHUYECKHE W HE TPOMIEHHBIE pPsIbl HAOMIOACHUH NPENBIAYIINX 3HTY3MacTOB M THTAaHOB HAYYHBIX
uccIeOBaHUH APKTHKHU (1a ¥ AHTapKTHKH), CHIDKAeT 10 MUHHMYyMa 3((EKTHBHOCTh KOCMHUYECKHX MPOTPAMM H
MPOEKTOB. A Be/Ib HCCIIEIOBaHUIO HAAIUTOCHEPHBIX SBICHHUI U ITPOLIECCOB B MOJSIPHBIX MIMPOTAX U B TOM YHCIIE dTHX
JIBYX KBa3HTOPPOHUIAIBHBIX “‘OyONIMKOB”, KAKOBBIMH SIBJISIIOTCS IOJISIPHAS IIAllKa W aBPOPaJbHBIH OBAJI CO CBOMMH
JBYMsI SJIEKTPOIKETAMH, MOCBSTHIN CBOM KU3HH JECATKH BBIIAIOIINUXCA YUEHBIX U abTPYUCTUYECKU MPENAHHBIX
9THM IIHpPOTaM HccienoBaTeneil. Pasymeercs, KOMIUIEKCHOE HCCIEAOBaHME AapKTUYECKOTO IPOCTPAaHCTBA
OCYIIIECTBIISICTCS CETOAHS CUCTEMaMU KOCMUYECKHX CITyTHHKOB. OJTHAKO HU OJlHAa cephE3Has Hay4yHast KOHIENIHNS U
TeM Oojee MoJenb OJIM)KHETO KOCMOCAa HE MOIJIM OBITh HOCTPOCHBI 0€3 CHHEepreTHYecKoro cuMmOMO3a JaHHBIX,
NoJy4eHHbIX Kocmudeckumu anmapatamu (KA), ¢ naHHbIMM HaseMHbIX HaOmopeHuid. OTCYTCTBHE Ha3eMHBIX
HaOmoneHuit Bo BpeMsi pabotsl KA 1 nx cuHxponmsanuu ¢ paboroii KA yxe HaHecio OONbIION Bpen Hayke U
MIPAKTHKE.

3oubl BropxkeHnd CKJI W MONMAPHBIX CHUSHUA — 3TO YHHUKAJIBHBIH HAYYHBIA MONHTOH (DyHIAMEHTAIBHBIX
HCCIICIOBAaHUMH, IIPOBEICHUE KOTOPHIX HEBO3MOXKHO HH B KaKHUX JPYTUX J1a00paTOpusaX; CBOCOOPa3HBIN «KoJIaiaep»
JUtst PU3MKOB-IKCIIEPUMEHTATOPOB U 00JIaCTh PUPOHBIX B3aUMOIEHCTBUI BOJTHA-YAaCTHIIA [UIsl TEOPETUKOB.

U rnaBHOE — npyx0a reoPru3nKOB BCEX «apKTHUECKUX CTPaH», HE OMPAadyaBIIAsCS JaXe B caMble TOpsSYne JHU U
TOJIbl «XOJOJHON BOIHBIY.

1. Mupmosuy, D. I'. [loTeHIManbHbIe HCTOYHUKH YPE3BBIYAHHBIX CUTYALUH T€INOTe0(U3NIECKOTO IPOUCXOXKICHNUS
/ 16-s1 Beepoccuiickas oTkpbiTasi HayyHas KoH(pepeHuus: «Du3nka mia3Mbl B COMHEYHOH cuctemeyn, M., KU
PAH. 2021. C. 279. https://plasma2021.cosmos.ru/docs/2021/PLASMA-2021-AbstractBook-0202.pdf

2. Mupmosny, O. I'. [IporHos morozp! cpenneit atmocdepst / «Henosek u ctuxus», Exeronnuk. M.: «Hayka». 1986.
C. 77-80.
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