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Geomagnetic storms and substorms

Magnetospheric substorms and relativistic electrons

E.E. Antonova'?, V.G. Vorobjev?, O.1. Yagodkina®, N.V. Sotnikov?, I.P. Kirpichev?, I.L. Ovchinnikov?,
D.Yu. Naiko?, M.S. Pulinets!, M.V. Stepanova®, V. Pinto* A. Inostroza*

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

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

3Polar Geophysical Institute, Apatity, Russia

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

Storm time substorms are ordinarily considered as the source of the seed population of energetic electrons, which are
additionally accelerated during storm and form an outer radiation belt (ORB). A number of observations, however,
show that large magnetospheric substorms can lead to the appearance of relativistic electrons without magnetic storms.
Such substorms in accordance with Vorobjev et al. (2018) lead to the noticeable decrease of the SYM-H index of
geomagnetic activity, which shows the dip connection of processes leading to substorms and storms. The clarification
of such connection became possible based on the analysis of storm time substorms, which provide dispersionless
energetic electron injection deep inside the magnetosphere to the Earth from the geosynchronous orbit. Injected
energetic electrons are additionally accelerated by betatron mechanism during storm recovery phase and form ORB
population. Important part of such analysis is the study of plasma sheet turbulence, processes during substorm onset
and first auroral arc brightening. We try to show that the obtained results provide the reason to reanalyze the role of
the auroral processes in the ORB formation.

Vorobjev V.G., O.1. Yagodkina, E.E. Antonova, and V.L. Zverev (2018). Influence of solar wind plasma parameters
on the intensity of isolated magnetospheric substorms. Geomagnetism and Aeronomy, 58(3), 295-306.
d0i:10.1134/S0016793218030155

Features of substorms on a compressed auroral oval
I.V. Despirak®, N.G. Kleimenova?, L.M. Malysheva?, L.I. Gromova®, A.A. Lubchich?, A.V. Roldugin®

!Polar Geophysical Institute, Apatity, Russia
2Schmidt Institute of Physics of the Earth, RAS, Moscow, Russia
31ZMIRAN, RAS, Troitsk, Moscow, Russia

The high-latitude magnetic substorms observed at geomagnetic latitudes higher 70° MLAT under the substorm
absence at the lower latitudes are known as “substorms on the contracted oval” or “polar” substorms. We analyzed
above 250 “polar” substorms, recorded at the Scandinavian IMAGE magnetometer chain during the winter seasons of
2010-2020. The ionospheric electrojets and field- aligned currents (FAC) distribution was studied basing on the
AMPERE satellites measurements. On basic of this study and on the example of individual events registered on
archipelago Svalbard, the general morphological features of polar substorms are considered. It is shown that polar
substorms, like “classical” substorms, are characterized by the formation of a current wedge of a substorm, abrupt
movement to the pole after the onset of a substorm; generation of Pi2 geomagnetic pulsations, increase in the PC index
of the polar cap before the onset of a substorm. But “polar” substorms showed a tendency to occur in the late evening
(~19-23 MLT), that is, a bit earlier than the “classical” substorms (22-24 MLT). Besides, “polar” substorms developed
in the compressed auroral oval, during low solar wind speed, and weakly disturbed geomagnetic conditions, their
onset was located at higher geomagnetic latitudes. We found that “polar” substorm onsets are associated with an
enhancement of FACs in a localized evening area. Our observations showed also that during “polar” substorms, the
auroras, recorded at the high-latitude Barentsburg station, demonstrated the dynamics, typical for “classical”
substorms, but some spiral auroral structures were sometimes registered. It has been suggested that “polar” substorms,
apparently, represent a specific type of “classical” substorms developing in the evening sector under magnetically
quiet or weakly disturbed conditions, when the auroral oval is compressed. The source of polar substorms can also be
associated with a local intensification of previously existing substorms in the post-midnight sector.
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Geomagnetic storms and substorms

Substorms and changes in the solar wind dynamic pressure: Case study 3 November 2021
L.I. Gromova?, N.G. Kleimenova?, 1.V. Despirak®, S.V. Gromov?, L.M. Malysheva?, A.A. Lubchich®

HIZMIRAN, RAS, Troitsk, Moscow, Russia
2Schmidt Institute of Physics of the Earth, RAS, Moscow, Russia
SPolar Geophysical Institute, Apatity, Russia

We studied the geomagnetic effects of abrupt and large-amplitude changes in the solar wind dynamic pressure (Psw) in
the magnetic storm on the 3-4 November 2021. There were observed three large-amplitude Psw pulses (up to 20 nPa)
under the strong (up to -18 nT) southward IMF Bz during the SHEATH ahead the fast magnetic cloud, caused the storm.
Basing on the IMAGE magnetometer data, we found three substorm onsets associated with these Psw impulses. The
first substorm developed according to the classic scenario and was observed at 64-75° MLAT, the second one shifted
equatorward up to 60-64° MLAT. Contrary to that, the third unusual substorm unexpectedly shifted poleward. Its abrupt
huge (up to 1000 nT) onset was observed in the very large latitude range, from 77° up to 61° MLAT. It was found that
according to the AMPERE global maps of the ionospheric and the field-aligned currents (FACs) distributions, the
westward and eastward electojets demonstrated the classical development during the first and second substorms.
However, during the third substorm, the westward electrojet (around the midnight) and eastward elecrtojet (in the
evening) became dramatically intense and expanded both poleward and equatorward. The similar change could be seen
in the FAC structure. We supposed that the third huge high-latitude substorm with the onset near the poleward
magnetosphere boundary was caused by the third abrupt large-amplitude change in the solar wind dynamic pressure
under the strong negative IMF Bz and strong positive IMF By. Probably, such interplanetary situation could effected on
the complex structure of FACs that in turn caused the complex development of the considered substorms.

Spatial distribution of the midlatitude positive bays and the Y magnetic component disturbances
over Europe during substorms: Case study

V. Guineva', R. Werner!, R. Bojilova?, L. Raykova!, A. Atanassov’, D. Valev?

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 goal of this work is to study the spatial distribution of the disturbances in the magnetic field X and Y components
during substorms, when the central substorm meridian is located over Europe, where a dense network of magnetic
stations exists. Only in this case the typical for substorm changes in the signs of the magnetic components could be
observed in the spatial structure. For this reason, an isolated substorm, the substorm on 11 May 2015 at ~22:49 UT,
with central meridian over Europe has been chosen. Magnetic field data from INTERMAGNET, SuperMAG and
IMAGE databases have been used. The X and Y variations on 11 May 2015 were computed for more than 50 stations
based on the developed programs. Maps of the spatial distribution of the magnetic disturbances at the time of the
maximal substorm development have been created, longitudinal and latitudinal profiles for this event have been
composed for this time. Some characteristics of the magnetic components as the line of sign conversion latitude, the
central meridian, the longitudinal and latitudinal extent of the positive bays and the latitudinal and longitudinal
dependence of the variations have been estimated. A local MPB index was computed for the European region, which
provide an inside into the substorm manifestation at midlatitudes for substorms, developing over Europe.

This study was supported by the National Science Fund of Bulgaria (NSFB) (project number KI1-06-Pycusi/15) and
by the RFBR (project number 20-55-18003).
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“Polar” substorms and the Harang discontinuity
N.G. Kleimenova?, I.V. Despirak?, L.M. Malysheva?, L.I. Gromova®, A.A. Lubchich?, S.V. Gromov?®

1Schmidt Institute of Physics of the Earth, RAS, Moscow, Russia
2Polar Geophysical Institute, Apatity, Russia
3IZMIRAN, RAS, Troitsk, Moscow, Russia

The “polar” substorms are recorded at the latitudes above 70° MLAT under the absence of negative magnetic bays at
the lower latitudes. Like the “classical” substorms, the “polar” substorms are accompanied by aurora brightening,
poleward expansion, substorm current wedge formation. The onsets of “polar” substorms are typically located near
70° MLAT at ~19-23 MLT. Another important phenomenon, namely, the Harang discontinuity (the evening narrow
latitude-zone between the westward and eastward electrojets) is often observed at this area and at the same MLT
interval. Our aim is to study a possible relationship between the location of the “polar” substorms and the Harang
discontinuity (HD). Using the IMAGE geomagnetic data, we found that the “polar” substorm onsets exhibit a tendency
to occur near the HD latitude. The longitudinal relationship between the “polar” substorms and the HD was studied
basing on the ionospheric AMPERE measurements by the 66 simultaneous satellites. We revealed the ground-based
magnetic vortex associated with FACs enhancement near the eastward edge of the Harang discontinuity region
separated the evening “polar” substorm development and the after-midnight westward electrojet location. Some
individual events of the “polar” substorms are discussed in details.

Distinct ionospheric response to three different geomagnetic storms during 2016
using GPS-TEC observations over the Indian equatorial and low latitude sectors

D. Lissal, K. Venkatesh?, D.S.V.V.D. Prasad?, K. Niranjan!

'Department of Physics, Andhra University, Visakhapatnam 530 003, India
2Physical Research Laboratory, Ahmedabad 380 009, India

The ionospheric response during three distinct geomagnetic storms occurred in the year 2016 is investigated using
GPS-TEC observations in the Indian equatorial and low latitude sectors. The three geomagnetic storms are considered
for this study which were occurred on 20 January 2016 (2230 LT), 6 March 2016 (0230 LT) and 13 October 2016
(0530 LT) with minimum Sym-H values of -95 nT, -110 nT and -114 nT respectively. These three geomagnetic storms
are different from one another in the sustainment of main and recovery phases and are occurred at three different local
times corresponding to the Indian longitudes. This study brings out the major differences of these three geomagnetic
storms characteristics and their distinct effects on the equatorial and low latitude ionosphere. Significant changes in
the VTEC during main and recovery phases of these three storms are found to be mainly associated with prompt
penetration electric fields and thermospheric neutral compositional changes. During the storm of 20 January 2016,
positive storm effects during main and recovery phases of the storm are in association with the penetration electric
fields. The complete main phase for the 6 March 2016 geomagnetic storm was occurred during night time and no
changes in VTEC has been identified, which could be due to the weak background electron density. A positive storm
effect is noticed during the recovery phases of the storms of 6 March 2016 and 13 October 2016, due to the storm
induced electric fields differences and in particular due to the enhanced [O]/[N>] ratio in thermospheric composition.
A strong positive storm effect caused by Co-rotating Interacting Region (CIR) induced disturbances after the 13
October 2016 storm is also discussed.
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The dependences of the geomagnetic indices ASY-H and SYM-H on interplanetary parameters
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;
e-mail: gmakarov@ikfia.ysn.ru

The dependences of the geomagnetic indices ASY-H and SYM-H on interplanetary parameters for the period from
1981 to 2015 according to their daily averages are studied. A correlation analysis of the indices with the solar wind
speed, magnitude and the north-south component of the interplanetary magnetic field has been performed. Regression
equations relating ASY-H and SYM-H to interplanetary parameters are determined. It has been found that when
describing the relationship between the ASY-H and SYM-H indices and the north-south component of the
interplanetary magnetic field, it is necessary to take into account the contribution of the interplanetary magnetic field
magnitude.

Dynamics of distribution of field-aligned currents in the ionosphere
of two hemispheres during pre-storm intervals in the equinox season

V.V. Mishin, Yu.A. Karavaev, M.A. Kurikalova, V.E. Kapustin
Institute of Solar and Terrestrial Physics SB RAS, Irkutsk

We research long pre-storm intervals with a stable IMF azimuthal component during the equinox season. From the
data of the global network of ground-based magnetometers of the two hemispheres, on the basis of an extended version
of the ISTP magnetogram inversion technique, time series of field-aligned current distribution maps in the high-
latitude ionosphere of the two hemispheres were obtained. We discuss the influence of changes in the nonradial IMF
components, the solar wind dynamic pressure, diurnal variation in the auroral zone illuminance, and substorm activity
on the development of the field-aligned current intensity asymmetry of two types: dawn-dusk and interhemispheric.

Dynamics of field-aligned currents, broadband pulsations, and night airglow
at middle latitudes during sawtooth events

V.V. Mishin?, R.A. Marchuk?, Yu.Yu. Klibanova?, A.V. Mikhalev?, Yu.V. Penskikh?

HInstitute of Solar-Terrestraial Physics of Siberian Branch of the Russian Academy of Sciences, Irkutsk, Russia,
664033
2Ezhevskii Irkutsk State Agricultural University, Irkutsk, Russia, 664038

We analyze the dynamics of field-aligned currents, broadband geomagnetic pulsations, and night airglow during
strong magnetospheric storms on November 6, 2000 and October 4, 2000. We use observational data from the mid-
latitude geomagnetic and optical observatories of the ISZF Irkutsk (Patrony), Mondy, Uzur and Tory, 1-min data from
the global network of ground-based magnetometers, and satellite data from the InterMAGNET website of solar wind
(SW) plasma and interplanetary magnetic field (IMF) parameters.

In each storm, sawtooth events (STEs) were observed during long intervals of a steady strong southward IMF. A
series of 5-8 quasi-periodic substorms was recorded in each STE. At the each substorm onset, we observe a train of
geomagnetic pulsations of the PiB type (example: left panel in Fig. 1), injection of energetic particles in a
geosynchronous orbit, and enhancement of night sky glow. We discuss possible mechanisms for the development of
periodic substorm activations and related bursts of pulsations and night sky glow.
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We also consider the role of the remoteness from observatories in latitude of the southern boundary of the oval of
field-aligned currents (FACs) and auroras, and the effect of localization in longitude of the area of foci of FAC vortices
and the maximum of the westward electrojet on the decrease in the amplitude of geomagnetic pulsations and the
possibility of their observation at ISTP stations near Irkutsk (right panel in Fig.1).

October 4, 2000
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Figure 1. Magnetospheric storm on October 4, 2000.

Left: (a) Variations of the AE geomagnetic activity index and of the IMF Bz component (blue line); (b) dynamic
spectrum of geomagnetic pulsations;

Right: field-aligned current map. Heavy blue lines: boundaries of FAC R0, R1 and R2 zones; the red circle shows the
position of the Uzur Observatory (UZR) in dipole geomagnetic coordinates (41.93°), MLT.

The work was financially supported by the Ministry of Science and Higher Education of the Russian Federation.
Experimental data were obtained using the equipment of the Central Collective Use Center "Angara" (ISTP SB RAS)
(http://ckprf.ru/ckp/3056).

Classification and prediction of geomagnetic storms using machine learning methods
I.N. Myagkova?, I.M. Gadzhiev*?, O.G. Barinov?, R.D. Vladimirov?, V.R. Shirokiy?, S.A. Dolenko!

!Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics, Moscow, Russia
2Physics Department of Lomonosov Moscow State University, Moscow, Russia

Prediction of geomagnetic disturbances is of great practical interest, since magnetic storms can cause disruptions in
the operation of telegraph lines and radio communications, pipelines, power lines and electrical networks [1]. In
addition, magnetic storms affect the radiation conditions in the near-Earth outer space, since after about half of the
magnetic storms, the relativistic electron flux of the Earth's outer radiation belt increases by an order of magnitude or
more [2].

One of the most used geomagnetic indices is the planetary index Kp, averaged over 3 hours. In this paper, we study
the possibility of classifying geomagnetic disturbances according to the level of the Kp-index; for this, the region of
index values is divided into several intervals corresponding to the degree of disturbance.

Machine learning methods such as gradient boosting and artificial neural networks are used to classify the index
values according to the degree of disturbance, as well as to predict the amplitude of the geomagnetic disturbance.

The study was supported by the Russian Science Foundation grant No. 23-21-00237, https://rscf.ru/project/23-21-
00237/.
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to shield society: A global road map for 2015-2025 commissioned by COSPAR and ILWS. Adv. Space Res. V. 55.
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2. Qiu Q., Fleeman J.A., Ball D.R. 2015. Geomagnetic disturbance: A comprehensive approach by American electric
power to address the impacts. IEEE Elect. Mag. V. 3. No. 4. P. 22-33. DOI: 10.1109/MELE.2015.2480615.

Occurrence of the STEVE subauroral luminosity during a substorm. Case study
S.G. Parnikov and I.B. levenko

Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy of Siberian Branch of the Russian Academy of
Sciences, Yakutsk, Russia

The Strong Thermal Emission Velocity Enhancement (STEVE) is a newly identified narrow, latitudinally elongated
subauroral luminous ribbon of violet light. This glow is associated with subauroral ion drift (SAID). This paper
presents observational data on the STEVE phenomenon near the zenith of the «Maimaga» subauroral station (with
geomagnetic coordinates 58°, 202°). The glow was recorded using a digital all-sky thermal imager equipped with six
interference optical filters with an effective bandwidth of 2 nm. The STEVE luminosity arose ~40 minutes after the
onset of the substorm expansion phase. The STEVE arose more polar than the pre-existing SAR arc. During the
combined equatorial motion, the STEVE reached the red arc.

The STEVE glow began with the appearance of inhomogeneities moving west. The STEVE was caused by SAID.
In our case, the SAID signature was the westerly motion velocity of the inhomogeneities ~840 m/s. Approaching the
zenith of the station, the inhomogeneities merged into a continuous band, and then into a narrow luminous ribbon.
STEVE existed for ~1 hour and moved to the equator by ~190 km. In the continuous emission spectrum of STEVE
the red emission line [OI] was dominated. The STEVE luminosity height has been calculated.

The work was carried out within the framework of state order Ne 122011700172-2 and with the partial support of
the Russian Foundation for Basic Research, project Ne 21-55-50013.

Comparative analysis of statistical characteristics of magnetic storms identified by various indices
K.G. Ratovsky?!, M.V. Klimenko?, A.M. Vesnin', K.V. Belyuchenko?, and Y.V. Yasyukevich!

!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

SImmanuel Kant Baltic Federal University, Kaliningrad, Russia

The paper presents a comparative analysis of the statistical characteristics of magnetic storms identified by the Dst,
Ap and AE indices. In our previous analysis of ionospheric responses to magnetic storms, we used the Dst index to
identify magnetic storms. To qualify an event as a magnetic storm we used 2 selection criteria: (1) DStmin is minimum
value of Dst in the time interval plus or minus 12 hours from the minimum time of the Dst; (2) DStmin is less than or
equal to the storm threshold of -50 nT. The storm was considered to be strong if Dstmin Was less than or equal to the
strong storm threshold of -100 nT. In the same way, storms can be qualified by the Ap and AE indices with the
replacement of minimum by maximum and “less” by “more”. The chosen storm threshold and the strong storm
threshold for the Ap and AE indices gave a number of all storms and strong storms close to the number qualified by
the Dst index. Of all the storms, we selected isolated storms, i.e. storms separated by the 5-day interval. Our analysis
compares the number of all storms, strong storms and isolated storms identified by the Dst, Ap and AE indices. Of
particular interest is the number of storms that are common to different indices (an event can be classified as a storm
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of a certain type by one index and not classified by another index). For the strong and isolated storms, we calculated
the mean storm-time variations in Dst and AE with using the Dst minimum (for storms identified by Dst) and the AE
maximum (for storms identified by AE) as a common reference epoch. The analysis allowed us to reveal common
properties and differences in the mean storm-time variations obtained from the storms qualified by the Dst and AE
indices.

The research was funded by the Russian Science Foundation (project No. 23-27-00213).

Occurrence SED/TOI structures in the ionospheric TEC observations during storms: Case studies

1. Shagimuratov?, I.1. Efishov!, M.V. Klimenko?, M.V. Filatov?, N.Yu. Tepenitsyna! and G.A. Yakimova®

West Department IZMIRAN, Kaliningrad, Russia
2Polar Geophysical Institute, Apatity, Russia

Using ionex TEC data and Madrigal database we observed evolution of the storm-enhanced density (SED) and TOI
structures during moderate geomagnetic storms of 4 November 2021 and 14 January 2022 over the high latitude
ionosphere on a global scale. Storm of November started 3 November at 23 UT, index Dst reached a minimum of -
120 nT at 14:00 on 4 November 2021. The January storm started near 12 UT on 14 January, index Dst reached a
minimum of -90 nT on 14 January 2022. The effect of SED/TOI was very clearly identified in the daytime over Europe
for November 2021 storm. The TOI as an ionospheric plasma density extension transported from a dayside source
toward the nightside across the polar cap region has been traced during booth events.

Occurrence of TEC fluctuations and GPS positioning errors
over Europe during November 2021 storm

1. Shagimuratov?, M.V. Filatov?, N.Yu. Tepenitsyna!, G.A. Yakimova?, I.I. Efishov!

!Kaliningrad Branch of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation,
Russian Academy of Sciences, Kaliningrad, Russia
2Polar Geophysical Institute of the Russian Academy of Science, Apatity, Russia

Total electron fluctuations at high latitudes are caused presence in the ionosphere of different scale irregularities. The
TEC fluctuations are occurred as phase fluctuations GPS/GLONASS signals. The most intense ionospheric
irregularities have been observed during ionospheric storms and depend on latitude, solar geomagnetic activity, and
local time. Irregularities are classified according with subauroral, auroral, cusp and polar cap regions. In the auroral
region, phase fluctuations are usually observed during periods of auroral disturbances near the local magnetic midnight
and are closely associated with the dynamics of the auroral oval. The ionospheric irregularities also exist a subauroral
region equatorward of the MIT. Strong TEC fluctuations can complicate phase ambiguity resolution and to increase
the number of undetected and uncorrected cycle slips and loss of signal lock in GPS navigation and positioning errors.
Early analysis of TEC fluctuations was done mainly for strong magnetic storms. In this work we present features of
the TEC fluctuations occurrence and positioning errors for the moderate geomagnetic storm of 4 November 2021.
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Registration of geoinduced currents in overhead transmission lines by the differential method
V.N. Selivanov?, T.V. Aksenovich!, V.A. Bilin'2, VV.V. Kolobov?, Ya.A. Sakharov'?2

1Kola Science Centre, Apatity, Russia
2pPolar Geophysical Institute, Apatity, Russia

The principle and device for registering geoinduced currents for non-contact measurement of alternating and quasi-
direct currents in the phase wires of overhead power lines by the differential method have been developed. The
differential method for measuring the current magnetic field in power lines has been known for a long time, the earliest
mention dates back to 1994, a fresh review was published in 2020. The magnetic field under the overhead line is a
superposition of the Earth's magnetic field and the magnetic field of currents flowing in phase wires. To subtract the
Earth's magnetic field from the currents in the overhead line, a differential method is used: measurements are made
with two identical sensors, one of which is placed under the wires of the overhead line, and the second at such a
distance that the influence of the line currents is negligible. When processing the data, the data from the second sensor
are subtracted from the measurement results of the first sensor (the Earth's field is the same at these points). The
difference in our implementation is that we use not fluxgate or quartz sensors, but solid-state two-component
magnetoresistive magnetic field sensors. This choice made it possible to significantly reduce the cost of the breadboard
device, as well as significantly reduce power consumption to increase the autonomy of the monitoring system.
Measuring the currents in the overhead line will make it possible to estimate the linear emf excited by geomagnetic
disturbances in the lines for use in model calculations. For two months of trial operation of the device, the prospects
of the differential method for measuring geoinduced currents in overhead line wires were confirmed.

This study is supported by the grant no. 22-29-00413 from the Russian Science Foundation
(https://rscf.ru/project/22-29-00413/).

Viljanen A., Pirjola R. (1994). Geomagnetically induced currents in the Finnish high-voltage power system. Surveys
in Geophysics, 15(4), 383—408. doi:10.1007/BF00665999

Hiibert J., Beggan C.D., Richardson G.S., Martyn T., Thomson A.W.P. (2020). Differential Magnetometer
Measurements of Geomagnetically Induced Currents in a Complex High Voltage Network. Space Weather.
doi:10.1029/2019sw002421

Geomagnetically induced currents during two moderate magnetic storms in September 2017
P.V. Setsko?!, I.V. Despirak?, Ya.A. Sakharov?, V.A. Bilin!, A.A. Lubchich?, V.N. Selivanov?

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

Geomagnetic activity and appearance of geoinduced currents (GICs) were studied during two moderate magnetic
storms (SYM/H ~ -65nT and ~ -75 nT) occurring on September 2017. Note, that September of 2017 was an extremely
active space weather period with multiple events leading to varying impacts on the Earth’s magnetosphere. In this
work, we considered events on 12-13 and 27-28 of September 2017, which associated with the development of
moderate magnetic storms. During each magnetic storm, there were some intense substorms (AL ~ -600 — -1200 nT).
We analyzed the grow of westward electrojet using the latitudinal profiles of the IMAGE network and the equivalent
currents of the MIRACLE system data. The increasing of GICs amplitude were monitored by EURISGIC data from
Russian stations Vykhodnoy (VKH) and Revda (RVD) in the North-West of Russia (eurisgic.ru) and station Méntséla
(MAN) in the South of Finland. The data from these stations are convenient for tracking the GIC from subauroral to
high latitudes (~60° to ~69° geographical latitudes). Such an arrangement of GIC stations makes it possible to compare
them with the motion of an electrojet to the pole during the expansion phase of a substorm. It is shown that all events
of GICs growth during moderate storms on September 2017 were connected with an increasing and an expansion of
the westward electrojet during substorm expansion and with short bursts of Pc5 pulsations observed at the recovery
phase of substorms. It was also shown a relationship between an increase of IL- and Wp- geomagnetic indexes and
the growth of GICs.

The work of P.V. Setsko, I.V. Despirak, A.A. Lubchich and V.A. Bilin was supported by the RFBR (Ne 20-55-18003
Bulg a) and National Science Fund of Bulgaria (NSFB) (Ne KIT-06-Pycus/15).
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A comparative analysis of major SEPs associated with SXR and GLE events
during Solar cycle 23 and 24 for low energy channel (E >10 MeV)

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

We studied major solar energetic particles associated with soft X rays and ground level enhancement events during
solar cycle 23 and 24. We found that among 91 major SEPs of Solar cycle 23, 16 solar energetic events were capable
of producing GLEs and were associated with the higher X and M class x rays. In solar cycle 24, among 44 major solar
energetic particle events, 2 only GLEs were found and these were associated with low X and higher M class SXR. We
also found that major SEPs identified in solar cycles attained energies of > 4000 MeV in solar cycle 23, while in solar
cycle 24, SEPs barely approached the value of 4000 MeV, with most energetic particles falling in the range of 2000
MeV. Solar cycle 24 shows a reduction in the number of occurrences in the category of solar energetic particles (S1,
S2, S3, S4). This also confirms the solar cycle 24 to be the weakest.

Keywords: Solar Energetic Particles, Soft X-rays, Ground Level Enhancements, Solar cycles

Local diagnostics of auroras based on intelligent processing of geomagnetic data

A.V. Vorobev!?, V.A. Pilipenko!3, A.A. Soloviev'?, G.R. Vorobeva?,
V.B. Belakhovsky*, A.V. Roldugin*, S.V. Pilgaev*

'Geophysical Center of RAS

2Ufa University of Science and Technology
3Schmidt institute of physics of the Earth of RAS
“Polar Geophysical Institute of RAS

Despite the existing variety of approaches to monitoring space weather and various types of geophysical parameters
in the auroral oval region, the issue of effective prediction and diagnostics of auroras remains open today.

In this paper, we study the possibility of local (in the vicinity of the Lovozero geophysical station) diagnostics of
auroras by intelligent processing of geomagnetic data. The significance is evaluated and the results of the statistical
analysis of the indicative variables are presented.

Due to the application of the naive Bayesian approach to the results of aurora observations for 2015, it is shown that
with the geomagnetic field variability averaged over 30 min intervals |dAHLoz/dt| > 4 nT/min, it is possible to predict
the existence of auroras (at the zenith) in the visible spectrum with a probability of ~90% and with a probability of
more than 99% at |[dAH_oz/dt| > 9 nT/min. At the same time, the use of machine learning methods for binary
classification problems makes it possible to predict auroras with an accuracy of up to 97%. In conclusion, promising
ways to improve the quality metrics of the obtained diagnostic models are considered and areas of their possible
application are suggested.
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Statistical study of geomagnetic disturbances in the European sector
at the auroral and high latitudes

R. Werner?, V. Guineva?, I.V. Despirak?, A.A. Lyubchich?, R. Bojilova?, L. Raykova!, A. Atanassov!, D. Valev!

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

2Polar Geophysical Institute (PGI), Apatity, Russia

3National Institute of Geophysics, Geodesy and Geography (NIGGG) - Bulgarian Academy of Sciences, Sofia,
Bulgaria

Statistical studies allow probability statements about the frequency of certain events. The occurrence of magnetic
substorms and their activity have been described with the help of extreme value distributions in the last few decades
using the auroral electrojet indices AE, AL and AU. In this work we examined the distribution of the IL index, derived
from observations at stations of the IMAGE magnetometer network. The distributions of magnetic disturbances, based
on IL, were separately studied in the morning (3-9 MLT), day (9-15 MLT), evening (15-21 MLT), and night (21-3
MLT) sectors. In addition, we used the values of the IL index calculated from the meridional chains in the auroral
zone (PPN-SOR) and from the chain of stations at high latitudes (BJN-NAL). The histograms, the empirical
cumulative distributions and the occurrence rates were computed. It was shown that the empirical distributions could
be well approximated with exponential distributions. The distribution parameters were determined from the
occurrence rates. It was discovered three classes, which differ significantly by the respective distribution parameters.
Structure changes in the distributions were found in the morning sector at both auroral and high latitudes. The
relationship between the occurrence rate of magnetic disturbances with 1L>-1000 nT and the frequency of occurrence
of geomagnetic induced currents was highlighted.

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

Correlative study of solar transients parameters associated with Dst index for solar cycle 23 and 24
Soumya Yadav, A.K. Singh
Physics Department, University of Lucknow, Lucknow-226007

Geomagnetic storms and solar coronal mass ejections (CMEs) have been shown to be associated since the discovery
of CMEs in solar activity [Yurchyshyn et. al., 2004]. An intense geomagnetic storm can either be stemmed from a
CME, or from a coronal hole. However, a great geomagnetic storm can only be sourced from a CME [Le and Gui-
Ming, 2011]. The aim of this paper is to study the relation between the coronal mass ejections (CMES), and their
associated solar flares and correlate this with the Disturbance storm time (Dst) index. We have studied the count rate
of soft X-rays class of X, M and C type through a histogram type plot for studying the number of X-rays of different
class observed during solar cycle 23 and 24. We have also studied the angular width, speed of coronal mass ejections
(CMEs) and disturbance storm time (Dst) Index of solar cycle 23 and 24 for the whole cycle.
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Enhancements in relativistic electron fluxes in auroral regions
according to the data of the DEPRON instrument

I.A. Zolotarev, V.V. Benghin, B.Yu. Yushkov, G.I. Antonyuk, 1.V. Yashin, O.Yu. Nechaev
SINP MSU, Moscow, Russia; e-mail: zolotarev@sinp.msu.ru

Enhancements in particle fluxes have been studied on polar satellites since the early 1970s and continue to attract
the interest of researchers [1]. Studies show the presence of various types of enhancements in high-resolution POES
data, which can be associated with different origins of these phenomena [2].

To study the phenomena of increasing particle fluxes and dose rates based on the results of the DEPRON dosimeter,
a catalog of graphic materials was created. The catalog contains graphs of the dose and fluxes of charged particles at
each orbit intersection of the outer radiation belt (EP) for half a year of operation of the device. We analyzed the
catalog for January 1-9, 2017 and selected graphs containing enhancements. Of the 523 ORB crossings, 25% contain
enhancements.

After analyzing the catalog, an algorithm was created to automatically find dose enhancements with a duration of
up to 20 s. The results of the algorithm were compared with the selection of an expert. The algorithm successfully
determines the position of 77% of the enhancements. Using the algorithm, a search for enhancements over the entire
period of operation of the DEPRON device was carried out.

Enhancements in charged particle fluxes and doses are observed at 16% of orbit ORB crossings (25% in January
2017). The contribution of enhancements at the intersection of ORB was 15%, and in the dose of whole ORB for
January 2017 - 2.5%. Most of the dose enhancements are at the outer edge of the ORB, L~6. The enhancements
frequency increases as the solar wind speed increases. The enhancements do not pose a serious radiation hazard to the
spacecraft crew; their contribution is about 1% to the daily dose for the entire time of instrument operation.

In a quiet geomagnetic environment AE < 500, periods are observed when bursts are absent for several turns in a
row. Intense enhancements > 7 uGy/s are observed at elevated AE index. The number of enhancements in the northern
hemisphere and in the southern is almost the same, while on the night side the number of enhancements is an order of
magnitude greater.

1. Yahnin A.G. et al. Relativistic electron precipitation as seen by NOAA POES // J. Geophys. Res. sp. Phys. 2016.
V. 121. No. 9. P. 8286-8299.

2. Yahnin A.G. et al. Ground pulsation magnetometer observations conjugated with relativistic precipitation electron
Il J. Geophys. Res. sp. Phys. 2017. V. 122. No. 9. P. 9169-9182.

Knaccunpukanus u30,JUpOBAHHBIX Cy0O0yph NPHU YUeTe YCJI0BUIl reHepaluu U XapaKTePUCTUK (a3
H.A. Bapxatos!, B.I'. Bopo6ses?, C.E. Pepynos?, O.1. fdroakuna’

YHuowcezopoockuii 2ocyoapcmeennniii nedazozuueckuti yuueepcumem um. K. Mununa
2[Tonspuwiii 2eopusuueckuti uncmumym

Brmonaena HedpoceTeBast KiIacCHBHUKAIMS H30JIMPOBAHHBIX COOBITHIA CyO0yph, OOYCIOBICHHBIX BO3JEHCTBHEM
MIOTOKOB IIIa3Mbl COJIHEYHOTO BeTpa Ha MarHutocdepy 3eMill NpH ydeTe CIEAYIOIUX KIacCH()UKAIIMOHHBIX
NIPU3HAKOB: IPOJOJDKUTEIILHOCTD (Da3bl 3apOXKICHUS, [UIMTEIBHOCTD (a3bl pa3BUTHS, (a3l BOCCTAHOBIECHUS U BCEH
cy00ypH, a Takke MOBEACHHUS KOMIOHEHTh Bz mexruranerHoro marautHoro moist (MMII). Tlon moBeneHmem
KOMITOHEHTHI BZ monpa3ymeBaeTcst ee MOBOPOT K IOTY OMpENessoNui Hadano ¢asbl 3apokaeHus cyo0ypu. Otu
KJacCcH(UKAIIMOHHBIE TPU3HAKN XapaKTepU3YIOT OCOOEHHOCTH YCIOBHH TI'€HEPAlMW PA3IMYHBIX (a3 M3ydaeMbIX
cy060ypb. OHM IPUHSATHI B KaU4€CTBE BXOHBIX PSIJIOB IS CO3/IaBaEMBIX CAaMOOOYUarOIIMXCs HEHPOCETEBBIX MOJIEIIEH.

MatepuanoM ISl UCCIIETOBAHUS TOCITYKHIM M30JIMPOBaHHBIE CyOOypH, BEIOpaHHBIE MO BapHalHSM MHUHYTHBIX
3HaueHWi umHAekca AL 3a Bce 3uMHHE ce30HBI (HOSOpbH, Aekabpb, stHBaph) ¢ 1995 r. mo 2012 r. [lpm stom
UCIIONIb30BAHbI CIIEAYIOIINe KpUTEpUH 0TOO0pa: 1) BpeMeHHOI HHTepBal OT IPEIbIAYIIEro BO3MYIIEHHs He MeHee 3-
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X YacoB; 2) HHTCHCUBHOCTh MarHUTHON OyxThl B MakcuMmyme 250 uTn < Max|AL| < 1300 uTn; 3) AnUTENHOCTD
cy00ypu < 3 u; 4) okonuyanue cy60ypu: Bpems UT, mocne koToporo Benmuuuna Bosmymienus |[AL| < 0.2Max|AL].
Otbo0p cy0Oypp mo kputepwsM 1—3 MpOBOIWIICA BH3YaJIIBHBIM IPOCMOTPOM CYTOYHBIX Bapmanuii AL wmHmekca.
JlOIONHUTEIFHEIM TIPU3HAKOM IIOSBICHUS CyOOypH SIBISIIOCH HAaJWYHE COOTBETCTBYIOIIMX BapHalMil B MHACKCAX
marautHO# aktuBHOCTH SYM/H(D) nnu ASYM/H(D). Bceero 6suto otobpano 106 cy00yph, YAOBIECTBOPSIOLINX
copMyJIMPOBAHHBIM BBILIE YCIOBHSM.

IMpumensiemass UHC peannsyer pa3paboTaHHBIC paHee aJrOPUTMBI MAIIMHHOTO 3pEHHs Ul caMOOOY4YeHHs Ha
npenenentax [1]. PesympraTom paboThl KiaccuUKalMOHHOW HelpoceTn ObUIO (OpPMHUpOBaHHME TIpapHUIEcKUX
00pa3oB HaOOpa yKa3aHHBIX BBIIIE KJIacCU(PUKAIIMOHHBIX TpU3HaKkoB. Kakaplii Takoit 00pa3 conepxut nHdopmanuio
0 TMIPOIOJDKUTEIBHOCTH (a3 paccMaTpuBaeMbIX cyOOyps. B pesynbpraTte HEHpOCETEBBIX 3KCIIEPHMEHTOB CyO0O0ypwm
ObUTM KITacCU(UIMPOBaHbI Ha IIATh KJAccoB. VX XapakTepUCTHKH ciefylomue: Kiace 1 — MpOXOIDKUTENLHOE
pa3BUTHE M BOCCTaHOBIECHHE CyOOypH ¢ yKOpoueHHOW (azoil 3apokIeHUs; Kiacc 2 - NpOJOJDKHTENbHas (aza
3apOJKICHUSL; Kacc 3 - paBHOBeIHKUE (a3bl; Kinace 4 - OTHOCUTENILHO NPONOJDKUTENIbHAS (ha3a pa3BUTHS; Kiacc 5 -
OTHOCHUTEIIEHO KOPOTKasl paza BOCCTaHOBIICHUSL.

[Tpu4nHHO-CIIEACTBEHHBIE CBA3H MPOJIODKUTENLHOCTH Cy00ypeBbIX (ha3 ¢ mapaMmeTpaMu coiiHewHOro BeTpa 1 MMIT
o0ycnaBIuBaT Gpu3ndeckue ocodeHHOCTH [2] 00HapyKeHHOI Ki1accuUKalny.

1. Barkhatov N.A., Vorobjev V.G., Revunov S.E., Barkhatova O.M., Revunova E.A., and Yagodkina O.l., Neural
network classification of substorm geomagnetic activity caused by solar wind magnetic clouds // Journal of
Atmospheric and Solar-Terrestrial Physics, vol. 205, 2020. doi:10.1016/j.jastp.2020.105301

2. bapxamos H.A., Bopobves B.I"., Pesynoe C.E., Azo0kuna O.H. TIposiBicHrE TUHAMUKH ApaMETPOB COJIHEUHOTO
BeTpa Ha (hopMupoBaHue cyo0yperoit aktuBHOCTH // I'eomarueTi3m u asponomust. T. 57. Ne3. C. 273-279. 2017.

Co0bITHSI DKCTPEMATIBLHOTO POCTA FEOMATHUTHO-UHIYIINPOBAHHBIX TOKOB B JIMHHSAX
ajiekTponepenay Ha Koabckom noayocrpose u B Kapeaun 3a 11 et nab/aroneHuii

B.B. Benaxosckuii’, B.A. ununenko?, 51.A. Caxapos'?, B.H. Cenupanos®

Yonapuoii 2eopusuueckuti uncmumym, 2. Anamumuot
2Ieogpusuneckuii yenmp PAH, 2. Mockea
$1]enmp usuxo-mexnuyeckux npobrem suepeemuxu Cesepa PHUL] KHI] PAH, 2. Anamumut

E-mail: belakhov@mail.ru

B nanHolt paboTe mpoaHaIN3UPOBAHBI CIyYan C SKCTPEMAILHBIMH 3HAUCHUSIMH T'€OMAarHUTHO-WHIYINPOBAHHBIX
tokoB (I'UT) B muHMsIX anexrponepenad (JISIT) na Komsckom momyoctpoe u B Kapemnu 3a 2011-2022 roma. Cucrema
peructpauuu ['UT co3nana IlonsipHbiM reou3nyeckuM UHCTUTYTOM M L[eHTpoM (H3HMKO-TEXHHYECKHX MpoliIeM
snepretuku Cesepa ®UL] KHI] PAH, cucrema Bxitogaet B ce0st 5 crannumit. CrctemMa perucTpanuy OpueHTHPOBaHA
B OCHOBHOM B HaripaBieHuu cesep-tor. Peructpauus ['UT Bepercs nenpepsiBHO ¢ 2011 roaa, mosromy k 2022 roay
HaOmoieHus1 BeAyTcs yxke 11 meT m BrimodaroT B cebst 24-25 mukisl conHedHOW akTtuBHOCTH. Jlamabie [TUT
COTIOCTaBIUTUCHh C JaHHBIMH MarHuToMeTpoB [II'M B obGcepmatopusx "JloBoszepo", "Jlomapckas", ¢ JaHHBIMH
marHuromerpos cetn IMAGE.

[Ipn ananuze coObITHH B KauecTBe OCHOBHOW BhIOpaHa craHuust Bwixomnoit (VKH). Paccmorpeno oxoso 15
ciydaes, korja 3HadeHns I T na cranmmu VKH npessimanu 30 Ammep. HanprmMep, 3To critbHBIE MarHUTHBIE OypH
17-18 mapra 2013, 17-20 mapra 2015, 7-8 cenrsopst 2017, 27-29 mas 2017, 25-27 asrycra 2018. Ot Oypu ObutH
BBI3BaHBI KOPOHAIBHBIM BEIOpocoM Macchl (CME). To ects, kak npaBuiio, umenHo CME MarnutHble Oypy IpUBOIST
K skcTpemansHeIM 3HaueHUs [UT. Hambonpmme ckxaukn 'MT mpomcxomar Bo Bpemst cyOO0ypb, CBA3aHHBIX C
Pa3BUTHEM 3aIaTHOTO AIIEKTPO/KETA (OTPUIIATEIbHBIE MAarHUTHBIE OyXThI). [Ipu 3TOM pa3BUTHE BUXPEBBIX TOKOBBIX
cucTeM Bo BpeMs cy00ypu (Pi3 reoMarHUTHBIX MyJIbCallMil) MOXKET AaBaTh 3aMeTHbIH BKiIag B poct [UT mis JIOI,
OPHEHTHPOBAaHHOW B HAIpaBJICHWH ceBep-tor. PaccMaTpuBaroTcsi pasiuyHble reopHu3ndecKue yCIoBUs (MHIEKCHI
TEOMarHUTHON aKTHUBHOCTH, TapaMeTpbl coimHeyHoro Berpa M MMII) s pa3sHBIX COOBITHIL, MPUBOIAIINE K
SKcTpeMalbHbIM 3HaueHusM ['UT.

Pabora nmonnepkana rpanrom Poccuiickoro Hayynoro ¢onzga Ne 21-77-30010 (ITmnunenko B.A., Caxapos S.A.).
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KataJjior reoMmaruuTHbIX coObITHIi ¢ 2013 roga
0.B. Munranes!, B.M. Murpoganos?, T.I'. Koraii!, 0.B. Xa6aposa?, A.M. Mepanblii®

onapuwuii 2eopusuueckuii uncmumym, Anamumsr; e-mail: mingalev_o@pgia.ru
2U3MUPAH um. H.B. ITywixoea, Tpouyx, Mockea
3HHcmumym kocmuyeckux uccneoosanuit PAH, Mockea

Jns mpoBeneHMs aHanuM3a SKCHEPUMEHTAJbHBIX JaHHBIX JUISI COOBITHH C T€OMAarHUTHBIMUA BO3MYIICHUSMHU
Pa3IMYHBIX TUIOB COCTaBICH KaTajor coObiTuii ¢ 2013 roga mo 2022 roj ¢ pa3OueHHEM Ha YEThIPE TPYIIIBI IO
YPOBHIO BO3MYILIEHHsI reoMarHUTHBIX uHIeKkcoB Dst m SYM_H. Co3paHHBINM KaTanor mo3BosseT OTCIEKUBATH
NPOLIECC Pa3BUTHSL KaKAOTO COOBITHS U ONPENENIUTh MHTEPBAIBl BPEMEHH, Ul KOTOPBIX HY)KHO aHAJM3HUPOBATH
JIOCTYIHBIE IaHHBIE CITyTHUKOBBIX U HA3€MHBIX U3MEPEHUI.

B karamore B mepByIO TpPYIIy BHECEHBI COOBITHS, B KOTOPBIX BO3MyIneHHs wuHAekcoB Dst m SYM_H
MIPUCYTCTBOBAJIH, HO HE TOCTUTIIN YPOBHS c1ab0if MarHUTHOM OypH, TO ecTh oauH U3 nHAeKkcoB Dst mmm SYM_H He
omyckaincs Hike -30 HT1. B 3Ty rpymnmy coObITuii BXOAAT, B TOM YHCIIE, BHE3AIHBIE CKATHI MarHUTOC(EpHI, TOcie
KOTOPBIX He OBLIO MarHUTHOH OypH, a Takxke cyOO0ypu 6e3 MarHUTHBIX Oypb. BTOpOi Tpymmoit CoOBITHIA B KaTanore
SIBIISTIOTCS cllabble MarHUTHBIE OYpH, BO BpeMs KOTOPBIX oamH w3 mHAekcoB Dst m SYM_H mMeer mumHMMamsHOE
3HavyeHue B mperenax ot -50 HTn 1o -30 #Tn. Tperbeit Tpynmoii COOBITHI SBIIOTCS CpEeIHUE MAaTHUTHEBIE OypH, BO
BpeMsi KOTOpBIX oauH U3 uHjaekcoB Dst 1 SYM_H umeer MunuManbsHoe 3HaueHue B npeaenax ot -100 HTn mo -50
HTan. YerBepToii rpynmoi COOBITHH SIBIISIOTCS CUIIbHBIE MATHUTHBIE OYPH, BO BPEMsi KOTOPBIX OJIMH U3 MHeKcoB Dst
n SYM_H nmeer MunumanbHoe 3HaueHne MeHee -100 HTa.

Jns xakporo coOBbITHS B OTAENBHOW TanKe IOCTPOEHBI «paboure» (B aBTOMAaTHYECKOM pEXHME) rpaduku
U3MEHEHUs 110 BpeMEHH CIEyIONHUX IapaMeTpOB COHEUHOT0 BeTpa B Touke Jlarpamxka L1: KOMIOHEHTHI B CHCTEME
koopauHaT GSE M Benu4MHA Ui MAarHUTHOTO TMOJISL M AJIsl CKOPOCTH COJTHEYHOTO BETPA, a TAKKe KOHIIEHTpaLus U
TemIepaTypa NnpoToHoB. Kpome TOro, mocTpoeHsl rpadMKu M3MEHEHHS 0 BPEMEHH TI'€OMAarHUTHBIX HHICKCOB
konbieBoro Toka Dst w SYM_H, rpadux manexca Kp, a Taxxke rpaguky XapakTepU3yIOIINX Haludue cyoOypu
reoMarHuTHBIX HHAECKCOB AL 1 AU. IIpu sTOM 3anmceiBatoTest (haiisl ¢ JaHHBIMH, IO KOTOPBIM TOCTPOEHBI IpaduKH.

OtmeTnmM, 4TO reomMarauTHele MHAEKCH AL m AU B mudpoBom Buzae IocTymHBI Tojibko 10 uroHs 2018 ronma
BKIIOUMTENEHO. Haunnas ¢ urois 2018 roa TOCTYIHBI TOJIBKO PHCYHKH ¢ rpadukaMu (Tak HazeiBaeMble quick 100K).
[MosTomy i1 coObiTHi HaumHast ¢ utonst 2018 roxa ucnosb3oBanachk nMporpamMma onu(pPOBKH MO STHM PUCYHKAM
3HAYEHHH 3THX MH/IEKCOB U 3aIKCh TTOJIyYSHHBIX TPUOIMIKEHHBIX 3HAYeHUI B popMaTHbie (ailiibl.

Hapymenune 3aMarHn4eHHOCTH 3JIEKTPOHOB B HOHHOM TOHKOM TOKOBOM CJI0€
O0ImKHero xpocta Maruutocgepn! 3eMin

0O.B. Munranes?, I1.B. Cenko?, M.H. Menpank?, U.B. Munranes?,
X.B. Manosa?®, A.M. Mepansiit®, J.M. 3enéupiit®

Ylonapuoni 2eopusuueckuti uncmumym, Anamumst; e-mail: mingalev_o@pgia.ru
2Hayuno-uccnedosamenvckuti uncmumym soeproti gusuxu um. JI.B. Ckobenvyvina MI'Y, Mockea
3HHcmumym xocmuueckux uccrneoosanuu PAH, Mockea

Jansbie cnytHHKOB Muccun MMS mokassiBaroT, uTo B TOHKOM TOKOBOM cioe (TTC) OmmkHero xBocra
MarHuroc(epbl MOTYT MPUCYTCTBOBaTh W WIpaTh BAXKHYKO pOJb [BE MNOMYJISALUH DJIEKTPOHOB C OJIHM3KOMH
temrieparypoii okosio 0.5-0.7 KaB: ¢hoHOBBIE 25IEKTPOHBI, KOTOPHIE AAOT BKJIA]l B MOJHYIO KOHIIEHTPAIIUIO HA Kpasx
cios mpuMepHo 70-80%, a Takke BCTPEUHBIE MOTOKH AJIEKTPOHOB B0 CUIIOBBIX JIMHUNA MAarHUTHOTO TIOJISt M3 JIOJIeH
XBOCTa C THIPOJMHAMHYECKOW CKOPOCTbIO CPaBHUMOH C MX TEIUIOBOM CKOPOCTBIO. M3-3a IOBEpXHOCTHBIX
JIEKTpOCTaTHUeCKUX 3 dekToB Ha ammaparax Muccun MMS siekTpoHHBIE TAaTYMKK (aKTHUECKH OOpE3aHbl HIKE
sHepruu 31eKkTpoHoB npumepHo 0.3 KaB, uto nenaer HeBO3MOXHBIMHU OoJiee AeTalbHBIE U3MEPEHHS CTPYKTYPBI
(GYHKIMH pacripelie]IeHUs] JJIEKTPOHOB, a TaKKe YCHIMBACT POJIb YMCIEHHOTO MOJICIMPOBAaHHS M CTaBHUT 3ajady
KOPPEKTHOTO y4yeTa 00enX IOIyJISIHUI 371eKTPOHOB B YHCIIeHHBIX Moesix TTC OnmmkHero xBocra MarHuTocepsl.

B pabore ¢ 1enbio mpoBepyTh ISt 3JIEKTPOHOB IPUMEHUMOCTD IIPHOJIMIKEHHS] 3aMarHMYE€HHOCTH B MAarHUTHOM T0JIe
nporonHoro TTC (coriiacHO OIleHKaM, B TAKOM T0JI€ JIEKTPOHBI HAXOASATCS Ha TPaHK 3aMarHMIeHHOCTH ) IIPOBOJIUTCS
pacyer GousbiIoro yucia (Ha3oBbIX TPACKTOPHIA IJNEKTPOHOB C KOHTPOJIEM 3HAYSHUI! MArHUTHOTO MOMEHTA BIOJIb

27


mailto:mingalev_o@pgia.ru
mailto:mingalev_o@pgia.ru

Geomagnetic storms and substorms

TpaekTopuu. Tak ke B HECKOJIBKHUX TOYKaX TOKOBOT'O CJIOSI CTPOSITCS TpaduK QYHKIMU pacnpenesieHns Kak poHOBOM
NOMYJISIUUM  3JEKTPOHOB (A1 KOTOPOM Ha KpasX TOKOBOTO cJosi (YHKUUS paclpelelieHus] CUUTaeTCs
MaKCBEJJIOBCKOW C HYJIEBOHM T'MAPOAMHAMUYECKON CKOPOCTHIO), TaK M (DYHKUUM PACHpENEeNICHNs] OT X BCTPEUHBIX
MPOJIOJIBHBIX TTOTOKOB (Ha Kpasx TOKOBOTO CJIOsl (DyHKLMS pacrpelesieHns] NOTOKa CUUTAETCS MAKCBEJUIOBCKOW C
HanpaBieHHOH B cropoHy TTC mponoipHOW THAPOIMHAMHUYECKOH CKOpPOCTBIO). Pacdersl mokasamw, 4TO TpH
nepecedeHnH NPOTOHHOr0 TTC MarHWUTHBI MOMEHT TEIUIOBBIX 3JIEKTPOHOB M3MEHSCTCS B Pasbl, TO €CTh OH HE
ABJISIETCS MPUOIMKCHHBIM HHTETPaJIoM BJIOTb TPACKTOPHH. DTO 03HAYAET, YTO B IEHTPATHHON 00JIaCTH IPOTOHHOTO
TTC TemmnoBeie 3neKTpoHBI pasMmaranumBarorcsa. [Ipu stom B mentpe TTC ¢yHkmms pacnpemencHus (GOHOBBIX
3JIEKTPOHOB OJIM3Ka K H30TPOIHOM, B TO BpeMs KaK (PyHKIHMS pacpeeNieHns] SIEKTPOHOB OT BCTPEYHBIX NTPOIOIBHBIX
MIOTOKOB JIEMOHCTPHPYET 3aMETHOE HAPyIIEHNE THPOTPOITHOCTH.

W3 npoBeIeHHBIX pacueTOB MOXHO CJIeNIaTh BBIBOI, UTO JJIsl KOppeKTHOro MoaenupoBanus B TTC OnmkHero XxBocta
MarHuTocgepsl dIEKTPOCTaTHYECKUX 3(P(EKTOB M BKJIAAa DIEKTPOHOB HEOOXOIMMO YHCIEHHO pelaTh AJsl HUX
ypaBHeHHe BracoBa ¢ yueToM 00euX MOIyJISIHi 3IEKTPOHOB.

Hu3ko4acToTHBIE MYJILCANMN B T€OHHAYKTHPOBAHHBIX TOKAX
S.A. Caxapos®?, B.A. Bunun®?, B.H. Cenusanos?, T.B. Axcenosuu?, H.B. Srosa®

YTonapuonii 2eousuueckuti uncmumym, Anamumot, Poccus
2Konwvckuii nayunviii yenmp PAH, Anamumol, Poccus
SUncmumym gusuxu 3emau PAH, Mockea, Poccus

BeicTpble W3MEHEHHsI BEIMYMHBI TCOMArHUTHOTO IO B BBICOKMX MIMPOTaX MOTYT BBI3BIBATH T'CHEPAIIUIO
TCOMHAYKTHUPOBAHHBIX TOKOB B MPOBO/SIIMX CHCTEMaX, TAKUX KaK MPOTSLKEHHbIE Kabenu, TpyOOnpOBO/IbI, IMHUN
aneKTporiepenad. B To ke Bpems, ¢ pa3MYHBIMH MarHUTOC(HEPHBIMU MPOIECCAMU CBS3aHbl T€OMArHUTHBIC
MyJIbCAIMH B TUANA30He YaCTOT OT eAnHHMI [ 11 10 mepBhIx MuuTUrepl. B pabote 00CY Iar0TCsi COOBITHS, B KOTOPBIX
HHU3KOYACTOTHBIE MYJIbCAIUH B TEOMAarHUTHOM I10JI€ COBMAJAIOT C MyJbCAI[HSIMH, 3aPETHCTPUPOBAHHBIMU B TOKAX,
MPOTEKAMIIUX B HEUTPAIIAX TPAaHC(HOPMATOPHBIX MOJICTAHIUIA B BRICOKUX IIHPOTAX.

HccrenoBanue BBIMOJHEHO TMpH momAepkke Poccuiickoro Hayynoro ¢ouma rpant Ne 21-77-30010
https://rscf.ru/project/21-77-30010/.

®ynkuus oTkimnka JIII «Kapeabcknii TpaH3UT» Ha OTHOPOHOE Fe0JIEKTPHIECKoe 1oJie
B.H. Cenusanos?, T.B. Akcenosuu?, I.A. Caxapos®?, B.A. bumuu®?, A.M. Mépsniit®®, C.A. 3onoroii*

Konwvckuii nayyunviii yenmp PAH, Anamumoi, Poccus
2[Tonapuoiii 2eouszuueckuti uncmumym, Anamumot, Poccus
SUncmumym xocmuueckux uccnedosanuti PAH, Mockea, Poccus
ATeoungpopmayuonnvie cucmemut, Munck, benapyce

SCosem no xocmocy PAH, Mockea, Poccus

I[J'IH pacqéTa BCJIMYMHBI T'COMArHUTHO HWHAYUHWPOBAHHBIX TOKOB B JIMHUAX JJICKTpOIIEpeAady N0 JaHHBIM O
TCITYPHUYCCKUX TIOJIAX H€O6XOILI/IMO NOCTPOUTH CXEMY 3aMCUICHHS pPCEaJbHbIX ueneﬁ n onpeAcanTb OTKIIUK
l'IOJ'Iy‘ICHHOfI CXEMblI Ha BO3MOXKHBIC BHCIIHHEC BO3ZIGI7[CTBI/I$I TCOIJICKTPHUICCKUX MOJIEH. HpI/I HN3MCHCHUU
KOH(I)I/IpraIII/II/I J'IHHI/II71, qucja HO)ICTaHIII/Iﬁ " coCTaBa 060py}103aH1/m Ha NOACTAaHIUAX U MPOIUX OOHOBIIEHUSX CETH
HU3MCHUTCA OTKJIIMK CHCTEMbI Ha BHCIIHHC BO3I[€I710TBI/I$I, TO €CTb BO3HHKACT H€O6XOI(I/IMOCTL OIpCACIINTL HOBYIO
(I)YHKL[I/IIO OTKJHKa. B JOKJIAAC MPEACTABJICHA HOBAA CXEMa 3aMCUICHUA AJId JIMHUU JJICKTpOIIepeaayd ((KapCJ'H:CKI/Iﬁ
TpaH3uT», B KOTOpOﬁ YUYTCHBI U3MCHCHUA, BHECEHHBIE 3a IIOCJICAHHUEC 10 JICT, U paCcCUUTAaHHAas Q)yHK[H/I}I OTKJIMKA OJId
TMMOCTOAHHOTO OJHOPOAHOTO TCORJICKTPHUICCKOTO TTOJIA.
Pa6ora moanepskana rpanrom Ne 22-29-00413 PH® (https://rscf.ru/project/22-29-00413/).
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Energetic electrons flux variations for strong geomagnetic storms in the period from 2013 to 2018
G. Behailut>*, M. Nigussie?, G.D. Reeves®

1Department of Physics, College of Science, Bahir Dar University, P. O. Box 79, Bahir Dar, Ethiopia
2Washera Geospace and Radar Science Laboratory, Bahir Dar University, Bahir Dar, Ethiopia
3Space Science and Applications Group, Los Alamos National Laboratory, Los Alamos, NM, USA

*E-mails: geletaw2003@yahoo.com, geletaw.behailu@bdu.edu.et

The interplanetary shock caused a major event on geomagnetic activity and in the variations of observation of the
energetic electrons flux in Earth’s outer radiation belt. The impact of geomagnetic storm on the energetic particles
population of the radiation belts were studied by many researchers although their results demonstrated an inconsistent
for the probability of occurrence of enhancement, depletion and no change events of the flux. In this study we used
Relativistic Electron - Proton Telescope (REPT) energetic electrons flux observations from the Energetic particles,
Compositions and Thermal plasma (ECT) instrument suite of the Van Allen probe satellites. This work focuses on
analyzing the effects of geomagnetic storm on radiation belt energetic electron fluxes based on solar wind and IMF
parameters as well as magnetic indices for the period from 2013-2018. The results illustrated that in all selected
geomagnetic storm events the energetic electrons flux enhancements have been observed in the recovery phase and
depletion of fluxes occurred in the main phases for energy channel of 1.8 MeV and 3.4 MeV. The energetic electron
fluxes post-storm (recovery phase of the storm) were increased dramatically in the outer radiation belt region, with
maximum at L ~ 3.5. Moreover, for considering geomagnetic storm in 2013 using energy channels from 1.8 MeV up
to 7.7 MeV, with L shell of 1-6, we have obtained the energetic electron fluxes were shown enhancement during the
recovery phase and deep depletion during the main phase of the storm. Future work will still concentrate on studying
the physical processes occurring during this phase of storms and attempts to investigate the causality of the possible
mechanisms leading to this enhancement in radiation belt electron fluxes.

Keywords: Geomagnetic storm, Van Allen probe, Radiation belt, RBSP, ECT, REPT, Energetic particle flux

Analysis of reflected ions in quadrupolar minimagnetosphere
by means of Particle-in-Cell simulations and KI-1 experiment

A.V. Divint, J. Deca?, 1.P. Paramonik?, Z. Dahua', M.S. Rumenskikh?,
A.A. Chibranov?, A.G. Berezutsky?, Yu.P. Zakharov?, I.F. Shaikhislamov?®

'Department of Earth’s Physics, St. Petersburg State University, St. Petersburg 198504, Russia;
e-mail: andrey.div@gmail.com

2L aboratory for Atmospheric and Space Physics (LASP), University of Colorado Boulder, 80303, USA

3Laser Physics Department, Institute of Laser Physics, Novosibirsk, Russia

In this study we present results of three-dimensional Particle-in-Cell (PIC) simulations, which are used to interpret
and complement the laboratory experiment Kl-1 (Novosibirsk) on plasma flow interaction with a non-dipolar
magnetic field. Mini-magnetospheres are kinetic-scale objects, which are formed by the interaction of a plasma flow
(e.g., the solar wind), and a weak magnetic field source. Unlike "large" magnetospheres (Earth, Jupiter), the sizes of
these objects are comparable to or smaller than characteristic scales of plasma like ion gyroradius or ion inertial length.
Such objects are formed around magnetized spacecraft or asteroids, near the Lunar surface (because parts of the lunar
crust have strong remanent magnetization on small spatial scales). Past numerical simulations of mini-magnetospheres
are performed by means of hybrid or Particle-in-Cell methods and typically assume dipole field as a magnetic field
source. These simulations reveal that the normal Hall electric field is formed which scatters/deflects ions non-
adiabatically. Lunar surface magnetic fields display complicated non-dipolar magnetic field topology, which is
modelled by a quadrupolar field source in the KI-1 experiment. The main experimental result of this work is
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measurement of the reflected ion fluxes. We suggest 2-stage reflection in the quadrupolar case: firstly due to
electrostatic potential (effective for particles with energies comparable to or smaller than the mean kinetic energy of
the flow); secondly, thermal particles with energies above the mean kinetic energy become magnetically reflected.
The mechanism is attributed to a much steeper magnetic field (which is ~r*-4), hence the interaction resembles that
with the solid wall.

A. D. acknowledges support from RNF project 23-22-00386 “Investigation of three-dimensional kinetic properties
of energetic cloud expansion by means of laboratory modelling and numerical simulations”.

Study of the relation between energetic particle precipitation and geomagnetic disturbance indices
D.V. Grankin!, I.A. Mironovat, G.A. Bazilevskaya?

1St. Petersburg State University, Saint-Petershurg, Russia; e-mail: d.grankin01@gmail.com
2 ebedev Physical Institute of the Russian Academy of Sciences, Moscow, Russia

Energetic particle precipitation (EPP) plays a key role in changing the chemical composition of the Earth's polar
atmosphere. Particles emitted by the Sun in the form of the solar wind (SW) reach the Earth's magnetosphere,
accelerate to high energies and reach the dense layers of the atmosphere, starting chains of chemical reactions that
lead to a change in the chemical composition of the atmosphere. Thus, EPP leads to ionization of the atmosphere. In
this work, using experimental data from two sources (LPI database and OMNIWEB), we traced the relationship
between EPP and geomagnetic activity indices. The region above Apatity (67.57N, 33.56E, L=5.3) was studied in this
work.

The work was carried out at the St. Petersburg State University "Ozone layer and upper atmosphere research
laboratory" with the support of the Ministry of Science and Higher Education of the Russian Federation under contract
075-15-2021-583.

Comparison of the aurorae and SAR arc dynamics with the energetic particle fluxes in
plasmapause vicinity based on measurements aboard the Van Allen probe. Case Study

1.B. levenko, S.G. Parnikov

Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy of Siberian Branch of the Russian Academy of
Sciences, Yakutsk, Russia; e-mail: ievenko@ikfia.ysn.ru

Stable auroral red (SAR) arcs arise due to the overlap of the ring current with the outer plasmasphere (plasmapause),
where fluxes of energetic ions heat the plasmaspheric electrons. The resulting downward flux of superthermal
electrons along magnetic field lines increases the ambient electron temperature at heights of the ionosphere F2 region
in the form of a subauroral electron temperature peak (Te peak). As a result, the intensity of the red line of atomic
oxygen in the SAR arc increases. The literature is dominated by the idea that SAR arcs are observed during the
recovery phase of magnetic storms. Our previous studies of the subauroral luminosity at the Yakutsk meridian showed
that red arcs arise in the boundary vicinity of diffuse aurora (DA) during the substorm growth and expansion phase.
This work presents the comparison results of the energetic particle fluxes measurement and plasma parameters in the
inner magnetosphere aboard the VAP-A satellite with simultaneous observations with all-sky imagers of the aurora
dynamics at st. Zhigansk (GMLat 62°, GMLon 196°) and the SAR arc occurrence at subauroral st. Maimaga (GMLat
58°, GMLon 202°). The event of intense substorm with AL~ -1500 nT during a weak magnetic storm with SYM-H~
-40 nT minimum on November 24, 2016 is considered.

As a result of the observational data analysis, the following was obtained: 1) The red arc began to form in the DA
boundary vicinity from ~12 UT (~2010 MLT) during a convection activity at the southward IMF Bz before the
substorm expansion onset. Intense aurorae were observed in the geomagnetic latitudes interval of 62-65° at this time.
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2) At 1300-1305 UT, the SAR arc registered at latitudes of 57.5-59° and coincided with the projection according to
the Tsyganenko TS04D model of the overlapping region of outer plasmasphere by the H" and O* ion fluxes with
energies of ~20-50 keV. 3) The DA boundary in the 557.7 and 630.0 nm emissions was conjugated with the projection
of sharp increase onset of the electron flux with an energy of 0.2-4 keV in the plasmapause vicinity at this time. 4)
After the substorm expansion onset at 1326 UT, the westward and southward propagation of the intense aurorae region
was observed. The VAP-A satellite registered the dispersionless increase of electron flux by two orders of magnitude
in the energy interval ~15-50 keV at the crossing moment of its projection location by the intense aurorae front at
1330 UT. 5) Further, the irregular variations of magnetic field were registered in the magnetosphere in the frequency
interval of 0.025-0.05 Hz on the L-shells magnetically conjugated with the region of pulsating aurorae during the
substorm recovery phase.

The work was performed as part of State Task no. 122011700172-2. It was supported by the Russian Foundation for
Basic Research, project no. 21-55-50013.

Formation of plateau regions in the magnetospheric plasma pressure distribution
and large-scale field-aligned currents

I.P. Kirpichev?!, E.E. Antonova®!

1Space Research Institute (IK1) Russian Academy of Science, Moscow, Russia
2Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow, 119991, Russia
e-mails: ikir@iki.rssi.ru, elizaveta.antonova@gmail.com

Large-scale distributions of field-aligned currents of lijima and Potemra (1976) contains the regions between current
sheets where field-aligned currents are very week or wholly absent. It is ordinarily considered, that large-scale field-
aligned currents are generated due to formation of plasma pressure gradients along the isolines of flux tube volumes.
The appearance of regions where field-aligned currents are near to zero can be naturally connected with the appearance
of regions in the plasma pressure distribution near the equatorial plane where plasma pressure gradients are very small.
Such regions can be named the plasma pressure plateaus. The plasma pressure plateaus were first observed on
INTERBALL/Tail probe, however, only in two case studies. Results of THEMIS multisatellite observations provide
the possibility to observe and study the evolution plateau formation during February, 2009 (Kirpichev and Antonova
2023). We present the latest results of the pressure plateau observations and discuss their importance for the study of
the field-aligned current nature.

lijima T. and Potemra T.A. (1978). J. Geophys. Res., 83, 599-615. doi:10.1029/JA083iA02p00599
Kirpichev I.P., Antonova E.E. (2023). Geomagnetism and Aeronomy, Vol. 63. doi:10.1134/S001679322260059X

Spatial distribution of the turbulent diffusion coefficient in the plasma sheet
of the Earth’s magnetotail and its dependence on the interplanetary magnetic field
and geomagnetic activity by MMS data

D.Yu. Naiko?, I.L. Ovchinnikov?, E.E. Antonoval?

Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia
2Physics Faculty of Lomonosov Moscow State University, Moscow, Russia
3Space Research Institute, Russian Academy of Sciences, Moscow, Russia

The results of a preliminary analysis of the distribution of eddy diffusion coefficients depending on the coordinates
in the plasma sheet of the Earth's magnetosphere using publicly available Magnetospheric Multiscale Mission (MMS)
data are presented. The data of measurements of the hydrodynamic velocity of plasma ions with FP1/DIS devices with
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atime resolution of 1/4.5 s™ were used to calculate the turbulent diffusion coefficient. The localization of the satellites
inside the plasma sheet was fixed by the concentration and temperature of plasma ions according to the data of the
same instruments and the value of the plasma parameter 4, which was calculated using the magnetic field according
to the data of the FGM instruments.

The results obtained by Stepanova et al. (2011) during a similar analysis of THEMIS mission data were confirmed.
The dependence of the turbulent diffusion coefficient on the interplanetary magnetic field and geomagnetic indices is
analyzed according to OMNI data. It is shown that for the southern orientation of the interplanetary magnetic field,
the value of the coefficients of turbulent diffusion is several times greater than for the northern one. There is also a
similar dependence of the diffusion coefficient on the level of geomagnetic activity.

The study was supported by the Russian Science Foundation grant No. 23-22-00076.

Stepanova M., Pinto V., Valdivia J.A., Antonova E.E. (2011). Spatial distribution of the eddy diffusion coefficients
in the plasma sheet during quiet time and substorms from THEMIS satellite data. J. Geophys. Res. Vol. 116, A00124.
doi:10.1029/2010JA015887

Auroral oval long-term changes linked to secular variations in Earth’s magnetic field
and geomagnetic activity

J.A. Ochoal, B.S. Zossi?? and A.G. Eliast%3

!Departamento de Fisica, Facultad de Ciencias Exactas y Tecnologia, Universidad Nacional de Tucuman, Argentina

2L aboratorio de lonosfera, Atmosfera Neutra y Magnetosfera (LIANM), Facultad de Ciencias Exactas y Tecnologia,
Universidad Nacional de Tucuman, Argentina

SINFINOA, CONICET-UNT

Changes in the Earth’s magnetic field and in geomagnetic activity through solar wind conditions can both deeply
modify the auroral ovals, which are the regions of most frequent precipitation of energetic particles causing aurora.
These two auroral change drivers present long-term trends: the well-known magnetic field secular variation, and the
Gleissberg cycle of solar and geomagnetic activity that can also be considered as a secular variation. In this work both
induced long-term changes are compared by estimating the variations in the auroral zone boundaries and area as a
consequence of each one acting independently along the period 1932-2022. That is the last 9 decades, which is the
period covered by Kp geomagnetic activity index availability. In the first case, the IGRF is used to estimate the time-
evolution of the zone enclosed by the fixed geomagnetic latitudes typical for auroral boundaries during quiet
geomagnetic activity levels considering steady interplanetary conditions and assuming scaling relations for a purely
dipolar field. In the second case, under fixed Earth’s magnetic field conditions, a Kp-based model is used considering
an 11-year running mean of this index in order to filter out short-term variations typical of geomagnetic activity. A
comparative analysis is then made between the auroral ovals modifications along these last 9 decades.

Spectra of fluctuations of electric and magnetic fields in the plasma sheet
of the Earth's magnetotail by MMS data

I.L. Ovchinnikov?, D.Yu. Naiko?, E.E. Antonoval?

Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia
2Physics Faculty of Lomonosov Moscow State University, Moscow, Russia
3Space Research Institute, Russian Academy of Sciences, Moscow, Russia

The results of the analysis of the characteristics of the spectra of turbulent fluctuations of the electric and magnetic
fields in the plasma sheet of the Earth's magnetosphere using the publicly available data of the Magnetospheric
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Multiscale Mission (MMS) are presented. The data of measurements of the electric field by EDP instrument with a
time resolution of 32 s and the magnetic field by FGM instrument with a time resolution of 16 st were used. The
localization of the satellites inside the plasma sheet was fixed by the concentration and temperature of the plasma ions
obtained from the data of the FPI/DIS instruments.

A preliminary analysis of the shape of the fluctuation spectra in the frequency range from 10 Hz to 16 Hz has been
carried out. The dependency of the power spectral density (PSD) on the frequency were approximated by power
dependences PSD«f* at frequency intervals f = 0.014-0.5, f =0.5-1, f = 1-2, f = 2-4, f = 4-8 Hz for both electric and
magnetic fields and f = 8-16 Hz for electric field only. We obtain the values of spectra indices for the electric field
PSD and the magnetic field PSD. We do not observe the noticeable difference between x-, y- and z-components of
fluctuations. We have not found also any correlations of the spectral indices with levels of fluctuations, solar wind
parameters or geomagnetic indices at this frequency range. In contrast, at higher frequencies strong correlation
between the spectral indices and the level of fluctuations is observed.

The study was supported by the Russian Science Foundation grant No. 23-22-00076.

How the PIC-simulation complements experiments with laser plasma
at the KI-1 facility for studying diamagnetic cavities

I.P. Paramonik®2, A.V. Divin?, A.A. Chibranov?, 1.V. Zaitsev®?,
M.S. Rumenskikh?, 1.F. Shaikhislamov?, V.S. Semenov?!

1Saint-Petersburg State University, Saint-Petersburg, Russia; e-mail: gorparamonik@gmail.com
2Institute of Laser Physics SB RAS, Novosibirsk, Russia
University of Helsinki, Helsinki, Finland

The processes of spherically symmetric plasma expansion from a point (or relatively small) source are observed in
various astrophysical contexts in space plasma. Supernova explosions, coronal mass ejections (CME), experiments in
the Earth's magnetosphere (AMPTE, CRRES), dust particle evaporation are examples of such events which happen
over a vast range of scales. In these processes the external magnetic field is pushed out by the expanding plasma and
a diamagnetic cavity is formed. Direct observations and explorations of these phenomena in space are difficult, hence
laboratory experiments and numerical simulations act as important tools to study physics of the phenomena. We
present results of two- and three-dimensional simulations using the parallel kinetic particle code iPIC3D. Parameters
of the simulations are close to those of KI-1 experimental facility (ILP, Novosibirsk). For example, plasma clouds
contain ions of hydrogen and carbon (C+ or C4+ species), the expansion has sub-alfvenic regime and an ionic
gyroradius is close to a cavity size. The simulation reproduces such observed features like: cavity formation, instability
development at the diamagnetic boundary and the Hall field generation. In this work, we compare the results of
simulations and experiments and show what new information about the evolution of the cavity is obtained. Particular
attention is paid to the Hall magnetic field and the different motions of hydrogen and carbon ions.

Shock wave magnetic field jumps statistics
P.l1. Shustov?, M.E. Gedalin®, A.V. Artemyev**, A A. Petrukovich®

1Space Research Institute, Russian Academy of Sciences, Moscow, Russia

2HSE University, Faculty of Physics, Moscow, Russia

3Department of Physics, Ben-Gurion University of the Negev, Beer-Sheva 84105, Israel

“Department of Earth, Planetary, and Space Sciences, University of California, Los Angeles, California, USA

In this work we statistically investigate the dependence between maximum magnetic field jumps through the
magnetosphere shock wave and plasma's Mach number. We compare the statistics of 2797 Magnetospheric Multiscale
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(M MS) Mission shock wave cross section events with theoretical relation for these parameters. Based on this
comparison we provide an estimation for the electrostatic potential jump for the magnetic shock waves. Also, we
compare the in-situ observations of magnetic field across shock waves with related solar wind magnetic field data,
which often used for estimation of upstream magnetic field and provide the statistics for these observations.

Simultaneous ground-based and DMSP F16 spacecraft observations
of the dayside polar cusp under northward IMF: case study

V.G. Vorobjev?, O.1. Yagodkina?, E.E. Antonova??

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

Ground-based optical observations at the Barentsburg observatory (Spitsbergen) duringDMSP F16 spacecraft pass
through the dayside polar cusp under northward IMFon December 22, 2003 were examined.Precipitating particles
observations with F16 allowed us to determine both the location of equatorward and poleward cusp boundaries and
latitudinal structure of precipitation near geomagnetic noon. According OMNI Web data IMF Bz component turned
northward about 12 min before cusp crossing and kept northward direction about more 12 min after this one. In ground
optical observations the cusp was associated with luminosity in the 630.0 nm emission showing a smooth maximum
of ~1 kR in the northward half of cusp precipitation. At the north site the cusp was edged with the rayed arc (RA) and
about 02° latitudinal width burst in the electron energy flux. The average energy of electrons was ~0.13 keV in the
cusp precipitation and ~ 0.24 keV with a spectral maximum at about 0.4 keV in RA.The brightness of RA in the 557.7
nm auroral emission during positive Bz changed about from 1 to 2 kR to be in a good correlation with AL index of
magnetic activity. Main features of the observed event and possible mechanisms of RA formation are discussed.

AcCUMMeTPHUSI MATHUTHOTO MOJIsl 3eMJIH B ABYX MOJYIIAPUSIX
A.A. JIroOuny, T.A. SAxauna, A.I'. Jlemexos, T.A. [TonoBa
Honsipnoui 2eopusuueckunt uncmumym, Anamumol, Poccust

[TpoBeneHs! pacueTsl MarHUTHOTO T10Jist 3eMuin Ha BbicoTax opout cnytHrnkoB NOAA POES B ceBepHOM U 105)KHOM
NOJTyIapusix. PacueTsl MPOBOMMINCH B MCMIPABICHHBIX TeOMAarHUTHBIX KoopauHatax AACGM (Altitude-Adjusted
Corrected Geomagnetic Coordinates) ¢ ucmnonb3oBanueM Mmojenu BHyTpenHero mosisi 3emin IGRF (International
Geomagnetic Reference Field) 8 makere nporpamm GEOPACK-2008, pazpaborannbix H.A. I{piranenxo. [loka3sano,
4TO TI0 cpaBHEHMIO ¢ CEeBEPHBIM MOIyIIapueM MarHuTHoe noje B KOxHOM monymapuu MOKeT ObITh HIDKe 0oJiee ueM
Ha 10 000 HTn. Pa3znuna cocrasnset ~40% Ha mmpote 50°, ymeHbinasich 10 ~3% na mmpote 80°. ITosne B FOxHOM
nonymrapuu noHmwkeHo Ha 30-90° Boctounoit nonrotet AACGM, B monrotHoM cektope HOxHO-ATIaHTHYECKOH
MarHuTHON aHomanuu. OIEHEHO BIMSHWE MOHMXCHHS MArHUTHOTO TIONS HA BENWYHMHY NMHTY-YIJIa 3apsDKEHHBIX
yacTuil Ha Beicotax opout ciytHukoB NOAA POES. Pacuers s pasubix et (¢ 2014 mo 2023 roapl) okasaiu, 4To
XOTSI MArHUTHOE T10JIE MEHSETCSl CO BPEMEHEM, HO 3TH M3MEHEHUs He SIBIISIOTCS 3HAUNTEIbHBIMU — Ha Imupore 60°
noste u3MeHwIock He 6ostee yeM Ha 500 HTa B CeBepHOM NoJyIIapuy U yMEHBIIMIIOCH He Oonee yeM Ha 700 HTn B
IOxHOM Oy ImIapuy.
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Crnioco0b1 30HANPOBaHNS ABPOPAJIBHOI0 0BAJIA ¢ MCNOJIb30BaHueM KA
A.B. TepThILIHUKOB
HUnemumym npuxnaomnoii eeopuszuru umenu akademuxa E. K. @eooposa, Mockesa, Poccus

PaccMmoTpeHsl cnocoOBI 30HAMPOBAHUS aBPOpANFHOIO oOBanma C ucrons3oBanueM KA. IlpuBemeHBI mpuMeps
pe3yIBTaTOB pagHoNpoCcBeYNBaHusI aBpopatbHbIX oBanoB curHataMu KA THCC I'NTTOHACC/GPS BrICOKOMIHPOTHON
MOHOC(EPHI MOISAPHBIX IIATOK 3eMJIM B APKTUKE U AHTapKTHKE. BBISBICHBI Clie/Ibl aBpOPAJILHOTO OBaJIa B IUPOTHOM
pacupenenenun woHOchepHBIXx 3amepkek curHagoB KA THCC. Ilpum omeHke MONYYEHHBIX pPE3yJIbTaToOB
HCTIONB30BaHBl PE3yIbTAaTHl MOJCTUPOBaHUS aBpopaitbHoro oBana o momenu SIMP2 u I'.B. Crapkosa. [lokazana
HEOOXOANMOCTh CO3JIaHMsl MOJENM aBPOPAIBHOIO OBala MO IMOJIHOMY 3JEKTPOHHOMY COJEPKAHUIO HOHOChEpHI
(I13C). IlpemioxkeHO TEXHHUYECKOE pEIICHHE MO JHAarHOCTHKE IOJIOXKEHHsI aBpOPAIbHOIO OBaja IO IOTOKaM
HU3KOPHEPTHUYHBIX YacTHI, PETHCTpUpyeMbIX crektpoMeTpamu KA. IlpeanoxeHsl KpuTepuu U TUATHOCTHKH
TMOJIOXKEHHMsI aBpOpaANIbHBIX 0BasioB. [lokazaHa HEOOXOIUMOCTh CO3JJaHUS MO aBPOPAIBHOIO OBaja 10 HOJHOMY
3JIEKTPOHHOMY cojiepxkanuio nonochepst (I13C).

OcHOBHbBIE pe3yJIbTaThl YHCJIEHHOI0 MOJAeTHPOBAHUS [VI002IbHOTO pacnpeaeeHus
JIEKTPUYEeCKHUX NoJeid B HoHocdepe 3eMiIu ¢ y4eTOM clier(PUKH 31eKTPOAMHAMUYECKOT 0
B3auMo/ieiicTBUs HOHOCGhep NPOTUBOMNOJIOKHBIX MOJTyIIAPUii

B.M. VBapos
Canxm-Ilemepbypeckuii ynusepcumem nymeti cooowenus, Cankm-Ilemepoype, Poccus

Jlan 0030p MOJy4eHHBIX K HACTOSIIEMY BPEMEHH Pe3yJbTaTOB I10 YHCIEHHOMY MOJICIMPOBAHUIO INI00AIBHOTO
pactpeneieHusl JJIEKTPHYSCKUX IMoNieli B HWOHOC(hepe 3eMIId ¢ YYeTOM CICHU(PUKH 3IEKTPOAHHAMHYECKOTO
B3aHMOJIeHCTBHS HOHOC(hEp MPOTHBOMOIOKHBIX HoMymapuid. [locTaHOBKa COOTBETCTBYIOIICH KpaeBoi 3a1aun ObLIa
ony6mmkoBana B 1981 roxy [1]. Ha ee ocHoBe Obuta pa3paboTaHa aHATMTUYECKAsT MOJENb, BOCIPOW3BOISIIAS
M3BECTHHIC YCTOMYMBBIC 3aKOHOMEPHOCTH, IOJYyYEeHHBIC II0 JaHHBIM MPSIMBIX HM3MEpPEHHH, KOTopas Oblia
HCTIONIB30BaHa B AaJbHEUIIEM IIPH YUCICHHOM MOJCIHPOBAHNH MOAPHOH HoHOCchephl. OT maeanwm3anny BXOIHBIX
rapaMeTpoB MoJIeH (pacnpeeneHie IPOBOJIUMOCTH U TPOJOJIBHBIX TOKOB) YAalI0Ch OTKA3aThCs NMPH pa3padoTKe
YHCJACHHOW Momenu TriobanbHOro pachpenencHus mojeit [2]. CroxHOCTh pa3pabOTKH YHCIACHHOW MOIENU
00yCIIOBNICHa TAKUMHU OCOOEHHOCTSIMH ITOCTaHOBKH 3a/Ia4dl Kak: paszieicHue cepbl Ha TPU MOJOOJIACTH, CIIMBKA
pelleHWi 10 TOTCHOWATy ¥ HOPMalbHOW KOMIIOHEHTE TOKa, HEIOKAIbHOCTh TPAaHUYHBIX YCIOBHH W
HECaMOCOMPSHKEHHOCTh OIEePaToOpoOB JJUIMITHYECKHX ypaBHeHHH Juid noTeHuuana. Oco0oe BHUMaHHE YJEJIeHO
MOIU(HUIMPOBAHHOMY BapHaHTY YHCICHHOH MOIENH, B OCHOBE KOTOPOW JIKHUT COBPEMEHHBIH YUCICHHBIA METO,
OCHOBaHHBIH Ha KOHIENINH 0OOOIIEHHOTO PEUIeHHs, MO3BOJIIOMINI TT0JIy4aTh YCTOHYMBOE YHCICHHOE pelIeHHe
JaXe TP HAIWYMU Pa3pBIBOB B PACHpEACICHHH IPOBOANMOCTEH (IaHHBIE Pa3phIBBI OIMPENENSIOT Pa3pPHIBEI
KO3 QHUINEHTOB IPH CTAPIINX TPOU3BOIHBIX B CHCTEME IBYMEPHBIX SJUTUNTHYECKUX YPABHEHUAX IS IIOTCHIIHATA).
[pommtrocTprpoBaHa 3aBUCHMOCTD YHCIIa UTEpPAIMi OT BEJIMYMHBI CKAa4Ka pa3pbiBa MPOBOIUMOCTH. [IpepcraieH
HOBBIi BapHaHT YHCJICHHOH MOJIENIM C BBIZCJICHHEM MOA00NACTH AJs yueTa HEOIHOPOIHOCTEH IOACETOUYHOTro
MaciuTada B pacrpeieleHuH MPOBOANMOCTEH 1 TIPOIOTIBHBIX TOKOB [3].

CoopmynmpoBaHa MMOCTaHOBKA 33J[a4yM, OMHCHIBAIOIIAS TPEXMEPHOE ITI00ANBHOE paclpe/ielIeHue MIEKTPUUSCKUX
noJied B noHocdepe 3emin.

[IpuBeneHa MOCTaHOBKH 3a1a4yu JUIs pa3paboTKH IMIMPHUUECKOI MOJIEIIH 3JIEKTPUUECKOTO MOJIS C MCIIO0JIb30BAHUEM
0aHKa JTAaHHBIX NPSMbBIX U3MEPEHUH, KOTOpas NpeIyCMaTpUBaeT MpoueaAypy (GpuibTpanun BUXpeBOH COCTaBISFOLICH
nosteit. [Tocnennsist MokeT OBITH 0OYCIIOBIIEHA, B YACTHOCTH, caMoil crienidHKoi HaKoIUIeHNs1 0aHKa JaHHBIX.

1. VBapor B.M. Bo3mMoxHBIi TIOJX0] K TIpoOJieMe BO30YKIESHHUS dJEKTPHUECKUX TOJISH W TOKOB, 00YCIOBJICHHBIX
By xomnonenToit MMII // 'eomarnetnsm u asponomust. 1981. T.21, Nel, c. 114 — 120.
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2. VYapoB B.M., Camoxum b.A. Dnekrpuueckue nons B nonochepe 3emiun. Uncnennsie moaenu / MoHorpadus.
CII6., IIT'VIIC, 2009, C. 64.

3. ¥YBapoB B.M. YueT HeoqHOpOIHOCTEH TOACETOYHOTO MacIITaba B paMKax YHCICHHON MOJIENH TI00aIbHOTO
pactipenieieHus AIEKTpHIecKuX nojei B moHocepe 3emumn // U3Bectns IIT'VIIC. 2022. T. 19, B 3, c. 600 —
608. DOI: 10.20295/1815-588X-2022-3-600-608

Hccnenopanns cydaBpopajbHOii HOHOC(EPHI ¢ MOMOIIBIO re0(PU3NIeCKUX CIIyTHUKOB
H METOJ0M KOPOTKOBOJIHOBOI Pafn0JI0KALMH

B. Xamumnos?, JI. Caii6ex? I'. Kotosa®, A. Cremanos?, A. JleonoBmd*

YUKH PAH, 2. Mocksa; e-mail: khalipov@iki.rssi.ru
2NASA/GSFC, Greenbelt, MD, USA

SUKDHA CO PAH, 2. Axymck

‘UC3D CO PAH

B camom nHauane 70-X TOJOB METOJ PErHCTpPalMM HAKJIOHHO-OTPAKEHHBIX CHTHAJIOB OT MOHOC(EPHl B KOPOTKO-
BOJIHOBOM JiHarna3oHne cran pa3puBatbcs B UKOUA Ha crannusx Skytck (L=3), Kuranck (L=4) u Tukcu (L=5.6). B
3TO K€ BpeMsl IPOBOIUITKCH TpsiMble (IN SitU) u3MepeHus TEIIOBOM U SHEPTUYHOH M1a3Mbl Ha ciyTHukax OPEOJI-1
— 3, OCYUIECTBISUTHCh U3MEpeHUsl KonblieBoro toka Ha crnytHuke AMPTE/CCE, mna3smenHble u3MmepeHus Ha
cnyTHuKax cepun DMSP u Ha BbIcoKkoanoreifHpix cryTHHKax. [Io MMeromuMes JaHHBIM BBISBJICHBI XapaKTepHbIE
0COOCHHOCTH Pa3BUTHS Noysipu3anonHoro xeta (I110).
1. TTo Ha3eMHBIM HOHO30HIOBBIM U3MEPECHUAM Ha CTAaHIMH SIKyTCK B TEYCHHE HECKOJIBKHX JIET yCTaHOBIICHO, uTO [1]1
B OKOJIOTIOJIYHOYHOM CEKTOpE BO3HHKAeT B O0JaCTH pa3pbiBa XapaHra Ha B3pbIBHOH (ase cy00ypu. IT1o
CBHJIETENILCTBYET O TOM, YTO MEXaHU3MOM pa3ButHs [1]] siBisieTcst reHepaTop HanpspKEHHs B MPUIKBATOPUAIBHOM
o0xacTi MarHUTOC(HEPHIL.
2. ITo u3aMepeHUsIM Ha TONTOTHOH 1iertouke cranmuii Maragan (L=2.9, A=158°), Sxyrck (L=3, A=130°), [logkameHHast
Tynrycka (L=3, A=90°) ycTaHOBJEHO, 4TO HMCTOYHHK, OTBETCTBEHHBIH 3a (hopmupoBanue [1/] mepememaercs c
BOCTOKa Ha 3amaf co ckopocTh 3 waca MLT 3a wac UT, 4ro cooTBeTcTBYyeT npelidy MOHOB KONBLEBOTO TOKa C
sHepruen 25 k3B.
3. I1o nOHO30HIOBHIM HAOIIOACHUAM 00HapyxkeH MakcuMyM peructparun [1/] B 18 wacoB MLT, cooTBetcTByrOmIiA
MaKCHUMYMY PErUCTPalliy «HOCOBBIX) SBICHUH SHEPTUYHBIX HOHOB KOJIBLIEBOTO TOKA.
4. Tlo MHOTOYHCIIEHHBIM COIIOCTaBJICHHUSM HM3MEPEHUH OSHEPIWYHBIX HOHOB KOJBIIEBOTO TOKA HA CITyTHHKE
AMPTE/CCE ¢ cunxponHo#i perucrpanueii [1]] Ha cetn noHOC(EpHBIX CTaHINI yCTaHOBICHO, uTo [1]] pasBuBaercs
Ha BHYTpPEHHEI rpaHuIle KOJIbIIEBOTO TOKA.
5. Ilo nabmoaeHusM Ha criyTHEKax DMSP o6HapyxkeHo, uro Hax nonocoit [1/] popMupyeTcss BOCXOIAIMIUIA MOTOK
HOHOB CO CKOpocThi0 10 1 — 1.5 xm/c. Curxponnsie m3meperns Ha crytHukax UHTEPBOJI-1 1 MATMOH-5 B
iazmMocdepe Ha Tex ke L-00070ukax MOKa3bIBAIOT BO3pacTaHWE KOHIEHTPALUH XOJIOJHBIX HOHOB. DTO U €CTh
nposieienue [1]] B rutazmocdepe.

Ha ocHoBe anamm3a maHHbBIX u3MepeHuid KoHIEHTparuu (Ne) u Temmeparypsl (Te) 3JIEKTPOHOB MPUOOPOM
1ZOPROB na ciyranke OPEQJI-3 3a 2.5 roma paboThI MOTy4EHO:
a) Y3kue - 2-3 rpamyca 1o mupoTe - CTPYKTYPhI MOBbIIIeHHOH Te 70 2500-3500 K pacnosararoTest B TAKOM XKe y3KOM
u riryookom nipoBatie Ne. OHH 00pasyrorcst ipu pa3BuTHH cy00ypu. M3mepenus co cryraukoB DMSP nokaseiBaror,
YTO 3TH CTPYKTyphl HaOmopatorcs B mojoce [1Jl W NPUMBIKAIOT C SKBAaTOPUAIbHOM CTOPOHBI K Iuddy3HOI
aBpOpaIbHOM 30HE.
b) HazemHble naTepdepoMeTpruecKre H3MEPEHH s MOKA3bIBAIOT, 4TO B Tonoce 1] i comyTcTByOIICH KpacHOH qyru
TeMIiepaTypa HeiTpanbHOW arMocdepsl nossimena apo 1200-1400 K orHocurensHo cpennero yposas ~1000 K,
KOTOpPBIi HAOJI01aeTCsI B HEBO3MYILIEHHBIE THH MecsIa.
¢) ITo usmepenmsim Ha crytaukax Opeon-3, THTEPKOCMOC-25, NORSAT-1 Bo BpeMsi HMITYJIbCOB MarHUTHOTO
MOJIS COJIHEYHOTO BeTpa Ha (pase BHE3AIHOTO Havaja MarHUTHON Oypu (SC) perncTpHpoBalnCh YPE3BBIYANHO
BBICOKHE 3HaUEHUS JJIEKTPOHHOH TemmepaTypsl 10 8000-10000 K.

36



Fields, currents, particles in the magnetosphere

d) o u3mepenusiM Ha cmyTHuke DE-2 Hajg kpacHOW myroit ObuiM OGHapy»KEHBI HAIMPABICHHBIC BHU3 IMOTOKH
9JIEKTPOHOB ¢ 3Hepruedd 1-9 3B u ckopocthio 274 kM/c, KOTOpas OJIM3ka K aJbBEHOBCKOH cKopocTH. MoHOB
KOJIBIIEBOTO TOKa He OOHapy>KeHO Mo m3MepeHusM Ha criytHuke DE-1 Ha Bbicote 1.5 Re (Re — pammyc 3emutn).
VmenHO Takol CrieHapHid U cieayeT u3 padpadoranHoit B. Masypom u A. JleoHOBHYEM mOCTIeIOBATEIBHOM TEOpUH
KHHETUYECKHX aTbBEHOBCKUX BOJIH Ha L — 00ooukax noHocdepHOro pe3oHaTopa BOJU3M IIa3MOIIay3bl.

Hccnenqopanne Xo10BCKIX MATHUTHBIX M0JIeil MpU pasJieTe cepuyeckoro odiaka
JIa3epHOIi IU1a3Mbl BO BHellIHee MATHUTHOE 110J1¢ B J1a00pPATOPHOM IKCIIepPHMEHTe

A.A. Yubpanos, A.I'. bepesynxwmit, FO.I1. 3axapos, U.b. Mupoumnuenko, B.I". [Tocyx, M.C. Pymenckux, IT.A.
Tpyums, U.@. Ilalixuciamos

HJI® CO PAH, 2. Hosocubupck, Poccus; e-mail: chibranov2013@yandex.ru

Ha ycranoske K1-1 NJI® CO PAH B 2021 roay 06bUIO CO31aHO CHMMETPUYHOE, chepruecKoe 00JIaKo JIa3epHO
IUIa3MBI C TTIOMOIIBIO OOIMydEHHs MIAPOOOPa3HOW MOIMAITHICHOBOW MHIICHH YETHIPHMS Ja3€PHBIMHU JIydaMHu I
MO/JICTIMPOBAHHUS OKOJIO3EMHBIX MIa3MEHHBIX BBIOPOCOB [1], YTO BriepBbIe O3BOJIIIO CTEHEPUPOBATh U HCCIIEIOBATh
a3uMyTaJbHble XOJUIOBCKHE MAarHUTHBIE IOJIS, BO3HUKAMOLIME NPH pasjiere cpepruueckoro obnaka Ia3Mbl BO
BHEIITHEE MarHUTHOE TIOJIE.

Panee, B pabore, BrimonaHeHHOW Ha ycraHoBke LAPD [2] mpuBogmimch pe3yibTaThl MOAPOOHBIX 30HIOBBIX
U3MepeHnil, 1eMOHCTpUpyIHX (hopMHupoBaHue XOJIOBCKMX TOKOB, HO aHAlIM3a MX POJHM B KOJUIANCE KaBEPHBI
cZIenaHo He ObLI0.

OCHOBHOM II€TIbIO HACTOSIIEH PaObOTHI OBLIO HCCIeI0BaHNE XO0IOBCKMX MAarHUTHBIX MOJIEH C IIOMOIIBIO CHCTEMBI
30H/I0BBIX U3MEPEHUH U JEMOHCTPALIUS UX CBSI3U C KOJUIAIICOM JHAMAarHUTHON KaBepHBI.

ITonmy4yeHHble JaHHBIE TOKA3aJIM, YTO Ha (POHTE IIa3MEHHOTO 00J1aKa, KOTOPBIN CO3/1aeT KaBepHY, a3UMYTalIbHOE
nosie renepupyercst JuHeiHbiM MI'J] unenom V x B. B To Bpems, Ha ¢a3e Koyutarica KaBepHbI a3UMYTaJIbHOE T10JIe
CO3/1aeTCsl KBaIpaTHYHBIM X0JUTOBCKUM wieHoM J X B/ne.

ITpoBeeHHBIN SKCIIEPUMEHT MO3BOJIMI 3apETHCTPUPOBATh a3MMYTalbHbIE XOJUIOBCKHE MOJS U ONPEAeNIUTh HX
CBSI3b C AaHOMAJILHO OBICTPHIM KOJUIATICOM JIMAMarHUTHON KaBEPHBI, HO TAKXK€ BBISIBHI HEKOTOPHIE HECOOTBETCTBHSA
9KCTIEPUMEHTAIBHBIX JaHHBIX C aHAINTHYECKUMH pacdeTaMH, CBHAETEILCTBYIOIINE, BEPOATHO, O OoJiee CII0KHOM
MIPOCTPAHCTBEHHOH CTpyKType XoiutoBckux noineil. Ilocnenyronme skcepuMenTsl OyTyT HalpaBieHBI Ha Oojee
JIETaTbHOE HM3YYCHHUE MPOCTPAHCTBCHHON KOHGUTyparmu XOJUIOBCKHX IOJICH, a TaKKe Ha HM3YYCHUE BIIHSHUS
IUIOTHOCTH MOHOB JIa3ePHOM INIa3Mbl Ha 00pa3oBaHUE a3UMYTaIBHBIX MOJIEH B AKCIIEPUMEHTAIBHOM SKCIICPUMEHTE C
MIOMOIIBI0 00TYUYEeHHsI MUIIIEHEH pa3HOTO AUaMeTpa.

Pabora BbimonHeHa B pamkax [ocynapcreennoro 3amanus Ne HMOKTP 121033100062-5, mpu mnojauepxkke
nporpammsl 10 «OxcriepumerTanpHas JJabopaTopras Actpodusuka u ['eodusuka» HammmonansHoro Lentpa ®usnku
u Martemaruky, a Takke npoekra PH® Ne 23-22-00386.

1. Y.P. Zakharov, V.A. Terekhin, I.F. Shaikhislamov, V.G. Posukh, P.A. Trushin, A.A. Chibranov, A.G. Berezutskii,

M.S. Rumenskikh, M.A. Efimov, Quantum Electronics, 52, Ne2, p.155, 2022.
2. A. Collette, W. Gekelman, Physical Review Letters, 105, Ne19, p.195003, 2010.
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Experimental studies of magnetoplasma turbulence and instabilities
on the large-scale Krot plasma device

N.A. Aidakina, V.lI. Gundorin, M.E. Gushchin, I.Yu. Zudin”, A.N. Katkov, S.V. Korobkov,
V.V. Kochedykov, K.N. Loskutov, A.S. Nikolenko, I.A. Petrova, A.V. Strikovskiy

Federal Research Center Institute of Applied Physics of the Russian Academy of Sciences (IAP RAS). 46 Ul'yanov
Street, Nizhny Novgorod, 603950, Russia

*E-mail: zudiniy@ipfran.ru

The studies of plasma instabilities and turbulence are important for understanding the physics of the ionosphere and
magnetosphere phenomena. One of the approaches to studying the processes in space plasmas is laboratory modeling
performed on large-scale plasma devices using the special similarity relations. One of the largest space plasma
simulation modeling facilities is Krot plasma device (IAP RAS, Nizhny Novgorod, Russia). Here the results are
presented on generation of plasma turbulence and instabilities via RF heating, as well as via production or injection
of energetic electrons in magnetized plasmas.

Experimental studies of turbulence that occurs when plasma is heated by electromagnetic waves are relevant for
studying the mechanisms of generation of artificial ionosphere turbulence (AIT). This phenomenon occurs when the
ionosphere is heated by high-frequency radiation. The turbulence of the near-Earth plasma can arise when intense
electromagnetic waves are emitted from the ground, as well as by space-borne transmitters. In our laboratory
experiments, an RF antenna was used to excite turbulence, to which a powerful (up to 300 W) pulsed signal (pump)
was applied. The turbulence manifests itself by disturbances of plasma density and ambient magnetic field. The
turbulence causes self-modulation of the pump and modulation of probe waves. Turbulence arises only if the plasma
is transparent for electromagnetic waves at the pump frequency.

The study of electromagnetic instabilities in magnetized plasma is relevant for the physics of ionosphere and
magnetosphere. The instabilities can be connected with currents flowing in the plasma, energetic charged particles,
and so on. Instabilities of such a kind can be associated with the generation of AKR, chorus, and hiss emissions. The
experiments aimed on studying the instabilities were performed on the Krot plasma device. The experiments were
performed both with the injection of electrons into the plasma by a cathode, and with the high-voltage collector
electrode immersed into plasma. In both cases, the effect of broadband noise generation was observed, the spectrum
of which was mainly concentrated in the range of whistler waves. The instability frequency spectrum has a power-
law character; in experiments with electron injection, generation of signals at harmonics of the electron cyclotron
resonance frequency was also observed. Below the electron cyclotron frequency, the instability signals can be
classified as whistler waves.

The work was performed within the framework of the IAPRAS state assignment (Project No. 0030-2021-0028).

Dispersion features of whistler-mode waves in low-density magnetoactive plasma
N.S. Artekha®?, D.R. Shklyar!

Space Research Institute of RAS, Moscow, Russia
2National Research University Higher School of Economics, Moscow, Russia; e-mail: natalya.arteha@mail.ru

The study of the propagation of whistler-mode waves and their dispersion characteristics is an important problem in
space plasma physics, which has remained relevant for many decades. The dispersion characteristics of whistler waves
were mainly studied for the case of dense plasma (w, >> w., where w,, w. are the electron plasma frequency and
cyclotron frequency, respectively). However, in several regions of space plasma, opposite conditions, namely, w,, <
w, can be fulfilled, for instance, this is the case in the auroral region of the Earth's magnetosphere. According to the
data of the Voyager 1 and 2 missions, such a region was also found near Jupiter at distances 18.5R;,, < R < 22.5Ry,,.
Therefore, the study of waves in low-density plasma, in addition to theoretical interest, has applications to wave
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processes in space plasma. In this work, we derive a dispersion relation in the form of a bicubic equation for the wave
frequency as a function of the wave vector and plasma parameters for frequencies in the range \/m << f <<
1/p, where m,, M; are the electron and proton masses, respectively, f = w/w, is the wave frequency « normalized
to the electron plasma frequency w,, and p = w,/w, is a dimensionless parameter. The results of the analysis of the
obtained dispersion equation will be illustrated by the dependences k;, (k_) for various fixed values of fand p, as well
as dependences f (kH, k L) for a number of values of the parameter p. We show that there are two propagating wave
modes in the region f; < f < f;.s, and one mode in the region f < f;, where f; = p/(1 + p?) is the cutoff frequency

of the Z-mode and f,.s = \/cosz 0 /(1 + p? sin? 0) is the resonant frequency of the whistler mode, obtained in the
framework of the performed analysis. The important dispersion characteristics of the whistler-mode waves include
the Gendrin angle and the Storey angle. The Gendrin angle is (different from zero and 7 /2) the angle between the
wave vector and the external magnetic field B, for which the group velocity of the wave is collinear to B,,. The Storey
angle is the angle of maximum deviation of the group velocity from the direction of the external magnetic field in the
area of low frequencies. We have obtained an analytical expression for the Gendrin angle, as well as the maximum
wave frequency f;,q, at which there exists the Gendrin angle:

_ 4+3p%-py/8+9p?

frrzlax - 8(1+p2)
It is shown that if there exists the Gendrin angle, then there always exists the Storey angle, and its value has been
found numerically. The results of the study of the Gendrin angle behavior and the Storey angle for whistler-mode
waves in low-density magnetoactive plasma are illustrated by graphs for various values of f and p.
This research was supported by the Russian Science Foundation, project No. 22-22-00135.

Localization of relativistic electron precipitation sources: ionosphere total electron content
and ground-based VLF measurements

Anton Artemyev 12, Xiaojia Zhang*®, Andrei Demekhov*, Yuri Fedorenko*

'Department of Earth, Planetary, and Space Sciences, University of California, Los Angeles, USA
2Space Research Institute of Russian Academy of Sciences, Moscow, Russia

3Department of Physics, University of Texas at Dallas, Richardson, TX, USA

“Polar Geophysical Institute, Apatity, Russia

Precipitation of relativistic electrons into the Earth’s atmosphere regulates the outer radiation belt dynamics and
contributes to the magnetosphere-atmosphere coupling. One of the main drivers of such precipitation is the electron
scattering by whistler-mode waves, which can propagate to middle latitudes and resonate with relativistic electrons.
In this paper, we investigate the relativistic electron losses caused by intense whistler-mode waves under ducted
propagation. This study combines low-altitude measurements of electron precipitation, total electron content maps,
ground-based whistler-mode wave measurements, and near-equatorial magnetic field and energetic electron
measurements. We show that night-side (injections) or day-side (ultra-low-frequency waves) mesoscale transients
may drive whistler-mode wave generation, whereas cold plasma density gradients associated with such transients
likely serve as ducts to guide these waves to middle latitudes and scatter relativistic electrons. These relativistic
electron precipitation events driven by meso-scale transients are likely not described by empirical models of whistler-
mode waves.
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Hausdorf dimensions of typical VLF chorus and verification of their excitation mechanism
P.A. Bespalov*?, O.N. Savina?, G.M. Neshchetkin?

nstitute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod, Russia
ZHSE University, Nizhny Novgorod, Russia

A quantitative study complexity of electromagnetic VLF chorus by means of the modern mathematical apparatus
was carried out. From the huge observational data set accumulated during the Van Allen probe mission, typical
examples of chorus emissions for which high-resolution data are available were selected. To eliminate the influence
propagation effects on the results, we used data obtained in the region of chorus excitation near the local minimum of
the magnetic field outside the plasmasphere. The original code for calculating the Hausdorf dimension of a long
numerical sequence is used in the study. The complexity of calculating this dimension is compensated by the fact that
important theorems have been proved for it, allowing one to draw conclusions about the limitations of the
mathematical description of the process under study. In all cases, the dimension turned out to be non-integer, which
indicates the complex dynamics of the system. In the calculations, jumps in dimension were noted, including a halving
of it within the burst of chorus. The obtained results are important as confirmation for the beam pulse amplifier
mechanisms of chorus excitation, 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 studies were supported by RSF grant No. 20-12-00268.

Auroral kilometric radiation (AKR) as a tool to study the fractal properties of the magnetosphere
A.A. Chernyshov, D.V. Chugunin, M.M. Mogilevsky
Space Research Institute of the Russian Academy of Science, Moscow, Russia

In this study, auroral kilometric radiation (AKR) is used as a means of remote diagnostics of processes in the Earth's
magnetosphere. Using satellite data on the spectrum of AKR fluctuations at different frequencies, we determine the
fractal properties of the auroral region of the magnetosphere as a function of the source height and radiation generation
frequency. Fractal characteristics (Hurst exponent and fractal dimension) of the medium in the AKR generation region
and their changes depending on height and frequency are determined from the scaling law. It is shown that with an
increase in height (or with a decrease in signal frequency), the value of scaling and the Hurst exponent increase, while
the fractal dimension decreases with height. Cases of AKR registration under various geomagnetic conditions are
considered, when the AKR intensity differed by an order of magnitude, however, there is a steady trend towards a
decrease in the fractal dimension with height. The obtained values of scaling and fractal parameters indicate that the
processes under consideration exhibit properties characteristic of long-range dependence.

The work of AAC was partly supported by the Theoretical Physics and Mathematics Advancement Foundation
"BASIS".
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Modeling VLF chorus spectra in the generation region in the presence
of static sinusoidal geomagnetic field variations

A.G. Demekhov!?

Ynstitute of Applied Physics, Russian Academy of Sciences, Nizhnii Novgorod, Russia
2Polar Geophysical Institute, Apatity, Russia

We present the results of modeling the VLF chorus emissions based on the model of backward wave oscillator
regime of the cyclotron instability in the magnetosphere. Quasi-static sinusoidal variations are imposed on the
geomagnetic field profile, and it is shown that simultaneous generation of both rising and falling tones is possible
under such conditions. The dynamic spectrum of chorus elements can significantly and even qualitatively depend on
the observer position within the generation region. Analytical estimates of the obtained effects are given.

This work has been supported by the Russian Science Foundation, project No. 21-12-00416.

Hectometric continuum radiation in the “near zone” in the Earth's magnetosphere
D.A. Dorofeev!?, A.A. Chernyshov?, D.V. Chugunin?, M.M. Mogilevskiy?

'Higher School of Economics, Moscow, Russia; e-mail: dadorofeev_1@edu.hse.ru
2Space Research Institute of the Russian Academy of Science, Moscow, Russia

Measurements of the electrical component of the electromagnetic field in the frequency range of 2 kHz - 10 MHz on
the Japanese ERG satellite made it possible to detect new radiation of the hectometric continuum type. On the night
side of the plasmosphere, high-frequency radiation, 600-1600 kHz, was observed, the spectrum of which is a set of
separate frequencies, that is, a linear spectrum. Radiation sources of the hectometric continuum are observed not only
in the region of the plasmosphere at distances of 4-6R., but also near the Earth (“near zone”), at distances of 1.1-2Re,
where Re is the radius of the Earth. In this study, a detailed statistical analysis of the occurrence of the hectometric
continuum in the “near zone” for a period of two years is carried out. The dependence of the generation of the
hectometric radiation on the local magnetic time (MLT) is determined. It is shown that this type of continuum of
radiation occurs mainly at night and in the morning. A study of the dependence of the occurrence of hectometric
radiation on geomagnetic activity is carried out and it is demonstrated that that there is no direct dependence on the
values of geomagnetic indices. In addition, the statistical analysis made it possible to identify the localization of
sources of this type of radio emission in the near-Earth plasma.

Electron heating in the Earth magnetosheath: a combined effect
of compression ultra-low frequency and whistler-mode waves

V.A. Frantsuzov!, A.V. Artemyev!?, A A. Petrukovich!

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

The downstream region of the Earth’s bow shock, the magnetosheath, is filled with high-amplitude compressional
ultra-low frequency waves. These waves may create a local magnetic field minima where shocked solar wind electrons
can be trapped. Adiabatic electron dynamics with such traps are associated with periodical electron heating and
cooling, but in the absence of the adiabatic invariance destruction these heating/cooling processes are reversible and
cannot change the averaged electron energy. The electron adiabatic heating is mostly provided by a betatron
mechanism that effectively makes the electron distribution transversely anisotropic, and thus can result in the whistler-
mode waves generation. Electron scattering by whistler-mode waves destroys the adiabatic invariance and may violate
the reversibility of the electron adiabatic heating. We have considered this multi-element scenario of the electron
energization for realistic plasma and magnetic field characteristics.
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The influence of finite packet length on the interaction of relativistic electrons
with EMIC wave packets

V.S. Grach?, A.G. Demekhov!?

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

We study the interaction of relativistic electrons with EMIC wave packets in the Earth’s radiation belts. This

interaction can cause precipitation of such electrons. We show that the importance of nonlinear regimes, such as

particle trapping of the wave field and force bunching, decreases with decreasing length of the wave packets. At the

same time, short length of a wave packet makes the interaction possible for the electrons with energies below the

minimum resonant energy. We calculate the dependence of precipitating electrons energy spectra on the packet length.
The work of V.S. Grach was supported by the Russian Science Foundation, project 19-72-10111.

Electric fields of sea waves
V.S. Ismagilov, Yu.A. Kopytenko
SPbF IZMIRAN, St. Petersburg, Russia; e-mail: ivs@izmiran.spb.ru

The results of studies of disturbances of the horizontal component of the electric field in coastal zones are presented.
Itis shown that in addition to natural variations of the electric field of ionospheric-magnetospheric origin, disturbances
associated with the marine environment arise.

In the coastal zone of the Okhotsk Sea (Sakhalin) in a narrow coastal strip (~50 m), broadband disturbances of the
electric field (F = 0.001-1 Hz) occurring during low tide periods were detected.

On the northern coast of the Kola Peninsula (Barents Sea), the occurrence of narrow harmonics of electric field
variations in the frequency range 0.2-0.5 Hz was found on the shore of a long fault connecting to the sea. Harmonics
change their frequency depending on the phase of the tide. High frequencies occur at low tide, and lower frequencies
occur at high tide. In the coastal zone of the White Sea (Umba) in the frequency range F = 0.05-0.5 Hz, variations of
the electric field created by sea waves are highlighted. Depending on the height of the waves, the amplitude of these
variations can exceed 10 uV/m, is maximal near the water's edge and decreases rapidly with distance from the shore.

Coastal effect in electric field
V.S. Ismagilov*, Yu.A. Kopytenko, M.S. Petrishchev, P.A. Sergushin, A.V. Petlenko

Sankt-Petersburg Branch of the Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave
Propagation of the Russian Academy of Sciences (SPbF IZMIRAN), St. Petersburg, Russia
*E-mail: ivs@izmiran.spb.ru

The results of experimental studies of electric field disturbances created by ionosphere sources in the coastal zones of
the White and Barents Seas are presented. Data registration was performed by geophysical stations GI-MTS-1. The
horizontal electric field was recorded by telluric lines ~50 m long. The Ex component of the electric field strength was
set orthogonally to the coastline in the direction from the shore, the Ey component is directed along the coastline. In
the coastal strip of the sea-land contact, a zone of anomalous increase in the amplitude of the ULF variations (F < 1
Hz) of the Ex component adjacent to the water edge was revealed. At a distance of ~30 m from the water's edge, an
additional narrow zone of anomalous amplification of the magnitude of the ULF variations of the electric field is
observed. The maximum coastal effect is observed near the water's edge in the coastal zone and decreases with
distance from the seashore.
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Quasi-linear and nonlinear interactions of solar wind electrons
and ion acoustic waves in the Earth’s bow shock

Sergey Kamaletdinov®?, Ivan Vasko!?, Anton Artemyev'#, Rachel Wang®
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3Space Science Laboratory, University of California, Berkeley, California, USA
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SPrinceton University, Department of Astrophysical Sciences, Princeton, New Jersey, USA

The Earth’s bow shock is a unique natural laboratory for in situ investigation of the shocks’ plasma physics. Numerous
simulations and spacecraft observations have firmly established the presence of energetic (~100 keV) electron
populations around the Earth’s bow shock. However, mechanisms for acceleration of solar wind electrons with thermal
energies of a few dozen electron-volts to the energies of hundreds of kiloelectron-volts are not yet understood.
Conventional theories of electrons’ acceleration in the bow shocks relies on MHD turbulence as a necessary source
of particle’s scattering, however, for realistic parameters of the bow shock plasma, scattering by MHD waves becomes
sufficiently effective only for electrons with energies of tens of keVs. In a recent paper by Amano et al., 2020 the so-
called Stochastic Shock Drift Acceleration (SSDA) mechanism was proposed as a possible mechanism which could
provide the necessary pre-acceleration of thermal solar wind electrons. In their work, Amano et al., 2020 considered
the scattering by high-frequency whistler-mode waves and showed that whistler-turbulence can provided pre-
acceleration of electrons with energies > 1keV, which still by two orders of magnitude exceeds typical thermal
energies of solar wind electrons. In a recent paper by Vasko et al., 2021, it was shown that a substantial portion of
electrostatic wave-turbulence in the Earth’s bow shock is actually made up of ion-acoustic waves which are often
characterized by high amplitudes and oblique propagation with respect to the magnetic field. These two properties
should result in very effective scattering of thermal electrons which probably cannot be quantified within the
established framework of the quasi-linear theory. In our work, we considered the electron scattering by packets of ion-
acoustic waves with parameters typical of the ones reported by Vasko et al., 2021. By employing test-particle
simulations and combining them with the mapping technique, we were able to quantify the electron scattering using
an effective pitch-angle diffusion coefficient. We show that due to high amplitudes and obliquity of observed ion-
acoustic waves, this diffusion coefficient significantly deviates from the predictions of the quasi-linear theory. We
make advantage of numerically computed effective pitch-angle diffusion coefficient in order to estimate the maximum
energy to which packets of ion-acoustic waves can accelerate thermal electrons. Our results indicate that turbulence
of ion-acoustic waves is able to provide acceleration of thermal electrons up to ~1 keV and, therefore, well cover the
energy range in which scattering by high-frequency whistler waves isn’t effective enough.
This work was supported by the Russian Scientific Foundation, Project No. 19-12-00313

Amano, T., Katou, T., Kitamura, N., Oka, M., Matsumoto, Y., Hoshino, M., Saito, Y., Yokota, S., Giles, B.L.,
Paterson, W.R. and Russell, C.T., 2020. Observational evidence for stochastic shock drift acceleration of electrons
at the Earth’s bow shock. Physical Review Letters, 124(6), p.065101.

Vasko, I. Y., Mozer, F. S., Bale, S. D., & Artemyev, A. V. (2022). lon-acoustic waves in a quasi-perpendicular Earth's
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The test particle approach for stochastic differential equations: a contribution
of wave-particle interactions in long-term thermalization of particle flows

A.S. Lukin®2, AV. Artemyev3!, X.-J. Zhang?, 1.Y. Vasko®* A.A. Petrukovich!

1Space Research Institute, RAS, Moscow, Russia

2Faculty of Physics, National Research University Higher School of Economics, Moscow, Russia
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The solar wind ion transport across the magnetopause is one main source of plasma for the Earth’s magnetotail. Such
a transport is supported by various dynamic processes on the flank magnetopause, where wave-particle interactions
play a crucial role in ion flow thermalization and diffusion across magnetic field surfaces of the magnetopause
tangential discontinuity. In this work we numerically model such ion thermalization by the most intense
electromagnetic waves observed in the magnetosheath, kinetic Alfven waves. We aim to develop an approach for
long-term simulations of ion scattering by waves and ion dynamics around realistic magnetopause magnetic fields.
This approach is based on a combination of test particle simulations and stochastic differential equations modeling
ion diffusion in velocity space. We demonstrate that for realistic magnetopause configuration and wave characteristics,
the magnetosheath ion flow can be substantially thermalized around the magnetopause. This result explains
observations of ion energy conservation across the flank magnetopause: Kkinetic and thermal energies of flowing
magnetosheath ions approximately equal to the thermal energy of stagnant magnetospheric ions.

Excitation and propagation of electromagnetic and quasi-electrostatic ion cyclotron waves
in the Earth’s magnetosphere

A.A. Luzhkovskiy, D.R. Shklyar
Space Research Institute of RAS (IKI), Moscow, Russia; e-mail: luzartyom@yandex.ru

The growth rate of ion cyclotron waves due to their resonant interaction with energetic protons has been studied as
a function of frequency w and wave normal angle 8. The distribution function of protons with temperature anisotropy
and loss cone is considered. The calculations are performed using the dispersion relation, polarization coefficients,
and the expression for the wave energy density, which are valid over the entire range of frequencies and wave normal
angles of ion cyclotron waves including the quasi-electrostatic limit. It is assumed that the plasma contains one kind
of ions (protons).

The resonant interaction of electromagnetic ion cyclotron (EMIC) waves with relativistic electrons and the
associated pitch-angle scattering of electrons are currently widely discussed. Since the parallel (with respect to the
ambient magnetic field) component of the electric field in EMIC waves is very small, this interaction occurs only at
cyclotron resonances with n#0, which, according to estimations, requires electron energy of = several MeV. In
addition, since the frequency of EMIC waves is three orders of magnitude lower than the gyrofrequency of electrons,
their energy remains practically unchanged, so that the resonant interaction leads only to a change in the pitch angle
of the electrons. Determining the excitation frequencies of EMIC waves corresponding to the frequencies of the
maximum growth rate is important in the investigation of the resonant interaction of waves with electrons due to the
significant dependence of the wave vector, and hence the resonant energy on the wave frequency. For the typical
parameters of the magnetospheric plasma and realistic parameters of the distribution function the wave growth rate
has its maximum in the case of parallel propagation & = 0° and for the frequencies w ~ (0.2 — 0.6)w.; (w¢; — ion
gyrofrequency). The characteristics of the generation and propagation of EMIC waves in plasma are largely
determined by the ratio wy,/w,. of the electron plasma frequency to the gyrofrequency.

This work was supported by the Russian Science Foundation grant 22-22-00135.
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VLF chorus emissions modeling using EPOCH PIC code:
First results and comparison with a backward wave oscillator theory

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

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

We present the results of a numerical model for VLF chorus emissions generation based on EPOCH PIC code. The
original EPOCH 1D 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. Performed tests have demonstrated that this model
is capable for proper modeling of chorus generation in the Earth magnetosphere with rather moderate requirements
for computing resources.

The initial distribution function of energetic elections is specified as a Gaussian with a finite-width step-like
deformation in the velocities parallel to the geomagnetic field. We have obtained that different generation regimes
exist depending on the energetic electron source intensity (coupling parameter), which is characterized by the product
of particle density N, and relative step height AN: g~Nn-AN. A stationary generation takes place for a weak source
above the threshold, periodic or quasi-periodic generation of discrete chorus elements occurs for more intense source,
and it is transformed to the stochastic generation of elements for even higher source intensity. These results
qualitatively agree with the previously obtained results of approximate analytical theory and approximate numerical
modeling.

For the first time, a systematic study of the dependence of the chorus emissions properties on the energetic electron
distribution parameters, such as N, and AN, has been performed. We have found that even for a finite width of a step-
like deformation of the distribution function the dependence of the linear growth rate on the coupling parameter q is
in good agreement with the results obtained (both analytically and numerically) on the basis of an approximate
backward wave oscillator model that assumes a sharp step-like discontinuity.

This work was supported by the Russian Science Foundation, project No. 21-12-00416.

New type of active experiment: Generation of artificial Pcl electromagnetic emission
in the ionosphere by decommissioned power lines

V.A. Pilipenko?, E.N. Fedorov?, N.G. Mazur*

Ynstitute of Physics of the Earth, Moscow 123995, Russia
2Geophysical Center, Moscow 119296, Russia

ULF waves in the Hz-frequency range (Pcl pulsations) are of special significance for space physics. Through the
wave-particle interactions, electromagnetic ion-cyclotron waves in the Pcl band can precipitate magnetospheric
relativistic electrons into the atmosphere. Thus, intense Pcl pulsations can suppress the natural or artificial radiation
belts. Therefore, the idea to apply the radio heating facilities, e.g., HAARP, to stimulate the excitation of artificial Pc1
pulsations was actively studied. However, this method demands high costs of construction and maintenance of radio-
heating facilities. At the same time, in experiments with power transmission lines as controlled sources of ULF/ELF
emissions the driving current up to 1000 A was used. Power line generated artificial signals in the 1 Hz frequency
range were detected over distances of more than 1500 km, and such distances were never reported in case of heating
experiments. Our modeling has shown that an installation with scale >100 km and >100 A current is sufficient under
favorable conditions to stimulate emission in the Pcl band (0.5 Hz) with amplitude ~1 pT and ~10 pV/m. Such
amplitudes are typical for natural Pcl signals in the upper ionosphere. Therefore, the FENICS installation at Kola
Peninsula at latitude corresponding to the central part of the outer radiation belt can be used as a tool to deplete the
relativistic electrons. The use of large decommissioned power lines, where the AC up to 1000 A can be easily
generated, could be a cheap alternative to the radio heating methods. Besides, the modeling results give some support
to the puzzling observations of "weekend effect" and "time mark effect" in ground Pc1 activity. The electric power
consumption is known to have peaks around tops of the hour. As a result, the elevated emission in Pc1 band occurring
during bursts of transmitted current in power lines may be a trigger for the magnetospheric ion-cyclotron instability.

45



Waves, wave-particle interaction

Critical points in the applications of geometrical optics to numerical simulation
of lightning-related spectrograms

D.R. Shklyar
Space Research Institute of RAS, Moscow, Russia

Numerical modeling of VLF spectrograms related to lightning-induced emissions is an efficient tool in studies of
whistlers in the magnetosphere. However, most of work in this direction is based on intuitive ideas, but not on well-
grounded concepts. This limits the numerically simulated spectrograms to an interesting and useful illustration of real
ones. To make numerical simulation a powerful and reliable implement in the ionospheric and magnetospheric studies,
the approach to numerical modeling should be well substantiated, and the frame of validity of the method should be
clarified. The points that need to be explicated include: the wave field expansion into geometrical optics wave packets
in an inhomogeneous medium; construction of frequency-time plots on spectrograms, i.e., finite-width curves on
which the spectral intensity differs from zero; and, finally, determining the time-dependent spectral amplitude as a
function of frequency and time from the wave packet energy density, with the account of the evolution of the latter in
space and time. These and related questions are discussed in this report. A special attention is paid to the properties
and the presentation of initial field, to the wave packet spreading during propagation, and to the choice of finite width
of the frequency bin on a spectrogram in relation to the characteristic time of spectrum evolution. Since spectral
intensity displayed in spectrograms is related to the amplitude of the wave electromagnetic field, while geometrical
optics deals with the wave energy density, the relation between them is one of the key points in spectrogram modeling.
While general expression for the wave energy density U through the wave electric field amplitude and polarization
coefficients is well known (e.g., Shafranov, 1967), as well as its explicit expression for parallel propagating whistler-
mode waves (e.g., Trakhtengerts and Rycroft, 2008), the corresponding expression for the case of oblique propagation
seems to be missing in the literature. Such an expression which will be presented in the report for the first time reads:

U |E, |2 W) w, cosO

8T w(w,— w cosh)?

where E, is the magnitude of the wave electric field in (k, Bo) plane perpendicular to Bo, w, and w, are electron
plasma and cyclotron frequencies, respectively, w is the wave frequency, and 6 is the wave normal angle, i.e., the
angle between k and By,

The work on this report has been supported by Russian Science Foundation, project # 22-22-00135.
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Clustering of ULF waves by machine learning methods using THEMIS-A data
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In the present work, we performed clustering of ultra-low-frequency (ULF) waves based on polarization and average
amplitude. We utilize THEMIS-A data from January 2017 to February 2018. To achieve this task, machine learning
methods (without a teacher) were used. The best result was shown by the Spectral Clustering method. To assess the
quality of clustering, a metric based on the Silhouette value was used. The optimal number of clusters is 5. However,
during the verification of the results obtained with other parameters, it was decided to increase the number of clusters
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to 7. In this case the spatial separation of clusters is more clear, making it possible to make a more accurate physical
interpretation.
We found the following clusters:
1) Waves with large amplitudes (more than 10 nT), which are localized in the dawn on the L-shells 10-13;
2) Transverse waves with an average amplitude (1-10 nT) localized in the dawn-noon sector on the L-shells from 10
to 12;
3) Transverse waves with an average amplitude localized in the night sector on the L-shells from 10 to 12;
4) Transverse waves with low amplitude in the daytime sector on the L-shells from 4 to 10;
5) Waves with an average amplitude in the dusk sector on the L-shells from 6 to 10;
6) Compressional waves in the night sector on the L-shells from 7 to 10;
7) Some waves of mixed polarization in the dawn on the L-shells from 6 to 10.
We conclude that the resulting clustering is of interest in physical interpretation from the point of view of their
generation mechanisms and the nature of their distribution.
The study was supported by the Russian Science Foundation under Grant 22-77-10032.

Observation of Short Large Amplitude Magnetic Structures at Mars by MAVEN
Sergey Shuvalov, Elena Grigorenko
Space Research Institute of Russian Academy of Sciences, Moscow, Russia

The work presents observation and analysis of ~30 s ULF large amplitude proton cyclotron waves in front of the
Martian bow shock under mainly radial direction of the interplanetary magnetic field registered by the MAVEN
spacecraft. Solar wind deceleration to subsonic speed and its extensive heating are observed at the wave fronts.
Usually, such waves are reported to be generated as a result of hydrogen pick-up process in the vicinity of Martian
perihelion, when planetary hydrogen corona is dense enough.

However, the reported case is observed very close to the Martian apohelion, when the described above process is
almost completely ineffective. Moreover, strong fluxes of backstreaming hydrogen ions from the bow shock, as well
as gradients of heavy ions densities are registered at the region of the waves generation. These observations are
consistent with these waves to be SLAMS, the observation of which had never been reported before at Mars.

The work presents frequency and minimum variance analysis of the observed structures, calculation of their shock
characteristics and speculation on the heavy ions acceleration mechanism up to ~650 eV by these waves.

The research is supported by the Russian Scientific Foundation (RSF) grant 21-42-04404.

Modeling of an acoustic disturbance of the atmosphere initiated by a ground source
E.S. Smirnova®", S.Yu. Dobrokhotov?
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2Ishlinsky Institute for Problems in Mechanics of the Russian Academy of Sciences, Moscow, Russia
“Correspondence: smirnova.ekaterina.serg@gmail.com

The problem of generation and propagation of one-dimensional acoustic waves by sources at the lower boundary of
the atmosphere is formulated as a boundary value problem in the half-space z > 0. Previously, to formulate such a
problem, the system of equations of hydrothermodynamics, which describes the motion of atmospheric gas, was
traditionally used. In this work, the one-dimensional system of equations of hydrothermodynamics is reduced to the
one-dimensional Klein-Gordon equation, for which the initial-boundary value problem is analytically solved.

The reported study was funded by Immanuel Kant Baltic Federal University, project Ne122051300013-8.
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Influence of the asymmetric ionospheric conductivity on the structure
of Alfven waves in the magnetosphere

E.E. Smotrova, P.N. Mager, O.S. Mikhailova, D.Yu. Klimushkin
Institute of solar-terrestrial physics SB RAS, Irkutsk, Russia

During studying 27 October 2012 event we observed the Pc4 ULF wave by spacecraft VVan Allen Probe A. The
parallel component of Poynting vector was directed towards the Northern hemisphere’s ionosphere. It is not typical
for standing Alfven waves with which long-period ULF waves are associated. It was suggested this peculiarity can
be caused by the asymmetry of ionosphere conductivity between the Northern and Southern hemispheres. In this work
the effect of asymmetric ionospheric conductivity on the structure of a standing Alfven wave is estimated using
analytical model with straight magnetic field lines. Based on model we developed the method to carry out assessment
of height-integrated Pedersen conductivity using spacecraft data of observed ULF waves. The method allows us to
reconstruct the parallel structure of ULF waves under various conditions of the ionospheric conductivity. The
ionospheric conductivity was estimated and the parallel structure of the ULF wave was reconstructed for the 27
October 2012 event. We found the difference in the conductivity values of the Northern and Southern hemispheres.
The mean is that the footprints of spacecraft trajectory, where the event observed, were located on different sides from
the terminator line.

The work was financially supported by the Grant of the Russian Scientific Foundation (project No. 22-77-10032).

VLF hiss in two frequency bands below and above half the electron gyrofrequency
observed by Van Allen Probe

E.E. Titova'?, D.R. Shklyar?, A.A. Lubchich?
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2Space Research Institute, Russian Academy of Sciences, Moscow, Russia

This report considers the whistler waves in the frequency bands below and above half the electron gyrofrequency
observed by Van Allen Probe B on 30 November 2015 in the equatorial region outside the plasmapause. To explain
the observed spectrum, we used simultaneous satellite measurements of the cold plasma density and pitch-angle
dependent differential electron fluxes in the wide energy range that determine the electron distribution function. We
calculated a local linear growth rate y and spatial amplification factor y/vq (Vg is the magnitude of the group velocity)
as functions of frequency and wave normal angle. The calculations were performed with the account of three cyclotron
resonances (n =1, 0, —1) that make the largest contributions to the wave growth rate.

Comparison of local linear amplification factor calculated from the measured particle fluxes with the simultaneously
observed VLF spectrum shows their fairly good agreement. The reason for two maxima in the dependence of the
growth rate on frequency, and the corresponding two-band structure in the observed spectrum are discussed.
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Electron scattering by whistler-mode waves around the bow shock
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Electron resonant scattering with high-frequency electromagnetic whistler-mode waves is a perspective mechanism
for solar wind electron acceleration and injection into drift shock acceleration around the Earth's bow shock. However,
observed whistler-mode waves are often sufficiently intense to resonate with electrons nonlinearly, what prevents
application of the quasi-linear diffusion model. This work is devoted to the development of a new theoretical approach
quantifying electron distribution evolution driven by multiple resonant interactions with intense short wave-packets.
We describe the probabilistic approach applicable for systems with significantly reduced nonlinear resonant effects
and generalize this approach by merging it with the mapping technique. This generalization allows evaluation of
electron distribution dynamics in presence of significantly non-diffusive resonant scattering. The proposed approach
is verified by comparison with numerical integration of test particle trajectories.

Kinetic-scale current sheets in the solar wind: multi-spacecraft analysis
I.Y. Vasko!? and R. Wang?®

1Space Research Institute of Russian Academy of Sciences (IKI), Moscow, Russia
2Space Sciences Laboratory, University of California at Berkeley, Berkeley, USA
3Princeton University, New Jersey, USA

We present a statistical analysis of about 2,000 current sheets observed consequentially aboard four Cluster spacecraft
in the solar wind. We used a multi-spacecraft timing method to estimate the normal and propagation speed of each
current sheet; these parameters were used to compute the current density and width of each current sheet. The accurate
multi-spacecraft estimates of the current sheet parameters were compared with their estimates obtained using single-
spacecraft methodology. We demonstrate that Minimum Variance Analysis method that is still widely used in solar
wind studies provides erroneous estimates for the current sheet normal and is not valid even in a statistical sense.
Instead, the most accurate single-spacecraft estimate for the current sheet normal is provided by the so-called cross-
product method. We demonstrate that the propagation speed of current sheets coincides with plasma flow velocity
along the cross-product normal within 20%, which confirms the validity of Taylor frozen-in hypothesis for current
sheets in the solar wind. We show that single-spacecraft methodology involving the cross-product estimate of the
current sheet normal gives rather accurate (within 20%) estimates of the current density and current sheet width. We
show that the normal magnetic field component cannot be determined reliably, since its magnitude is typically within
the uncertainty associated with about 10° uncertainty of the current sheet normal. Nevertheless we do observe current
sheets with the normal magnetic field component exceeding the uncertainty level. Finally, we confirm that kinetic-
scale current sheets observed in the solar wind are produced by turbulence.
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Spatial distribution of polarization of transverse ultra-low-frequency waves
according to Van Allen Probe A satellite data
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The goal of the work is to carry out clustering of ULF waves by unsupervised machine learning methods. We used
Van Allen Probe A data from one survey of the magnetosphere from January 2017 to October 2018. The analysis is
based on such parameters as wave polarization and the average wave amplitude in each of three magnetic field
components. Among the clustering methods, the spectral method showed the best result. We analyzed the division
into 6, 10 and 16 clusters, and found that in all cases the clusters have a strict spatial localization in L-MLT plane.
The maximum occurrence rate of transverse waves corresponds to the case of equal poloidal and toroidal wave
amplitude, resulting into single maximum almost normal distribution. In addition, we noticed that in the daytime sector
the maximum of average wave amplitudes shifts toward poloidal waves, while in other sectors, this maximum shifts
toward toroidal waves.
The work was financially supported by the Ministry of Science and Higher Education of the Russian Federation.

Peculiarities of whistler waves’ ducting by systems of field-aligned plasma density depletions
and enhancements: Numerical simulation and analytical description
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Systems of plasma density irregularities can affect the propagation of VLF whistler waves in the near-Earth plasma
significantly. For instance, small-scale irregularities provide scattering of longitudinal or quasi-longitudinal whistler
waves into quasi-electrostatic resonant cone waves [1]. Satellite measurements and numerical simulations show that
the systems of density irregularities can be specific ducting or scattering structures [2, 3, 4].

Here, the ducting properties of systems of field-aligned, small-scale irregularities with depleted and enhanced
density are considered. The analysis is performed under the conditions of interaction of VLF waves with artificial
ionospheric turbulence (AIT) excited by the SURA heating facility. The systems of irregularities with perpendicular
scale from 10 m up to several km are considered at a height of about 700 km above SURA facility, which are irradiated
by VLF waves at a frequency about 18 kHz [2]. Numerical simulation is performed using FDTD procedure, and
analytical approach is also presented. The main attention is devoted to comparing the properties of systems of plasma
density depletions versus systems of density enhancements; the systems of irregularities of the mixed type are
discussed also.

For VLF whistler waves, the systems of irregularities with depleted and enhanced plasma density provide several
types of ducting regimes. “Wide” irregularities act as almost independent ducting structures. On the contrary, the
systems of multiple “narrow” irregularities can duct whistler waves as single ducting structures in which the
electrodynamics properties of individual “narrow” irregularities do not manifest themselves. To describe the ducting
properties of a system of narrow irregularities, one can introduce an effective smoothed plasma density profile.
Irregularities of an intermediate scale-size can form specific systems in which whistler waves propagate along each
of the irregularities in the ducted mode, while due to the overlap of the modes of neighboring irregularities the energy
is exchanged between them.

The main difference between the systems of irregularities with enhanced and depleted plasma density is the type of
ducted waves. Density enhancements duct quasi-longitudinal whistler waves; density depletions duct Gendrin mode
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waves. Accordingly, the polarization properties, wavelengths and ducting mode localization scales differ. In
particular, the criteria for VLF waves’ ducting by systems of “narrow” irregularities as by single duct with effective
smoothed profile for density enhancements and density depletions differ by an order of magnitude.

This work is supported by the Russian Science Foundation (project no. 21-12-00385).
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BrblaesieHue 3J1eKTPOMArHUTHBIX BO3MYIIeHUIl oT noa3zeMHbIX YHY ucrounukos
K.E. bopognesa, B.A. ITununenko, E.H. ®enopos, H.I'. Mazyp
HD3 PAH, 2. Mocksa, Poccus,; e-mail: k.borovlyova@gmail.com

Pa3paboTan Teopernueckuii opmanu3M Ui pacueTa 3JICKTPOMAarHWTHBIX MOJEH B CBSI3aHHOW cHCTeMe 3eMilsi-
aTMoc(epa-noHocepa, co3laBaeMbIX MOA3EMHBIM TOKOBBIM HMCTOYHHKOM KOHEYHOTO Macmraba. B astom
dopmanuzme mone pa3bUBaeTCs HA MOTCHIHMAIBHYIO U BHXPEBYIO COCTaBILIOIME. ODTOT MOAXOA MO3BOIHI
IPeoJIoNeTh NpodiIeMy OTCYTCTBHSA OCeBOI cuMMeTpun. Ha ocHOBaHUY 3TOi TEOpUH MOCTPOEHA YHUCIICHHAS! MOJIEIb,
KOTOpasl MO3BOJISICT YHMCIEHHO paccuuTarh anekTpomarHuTHeie YHU mons Bo Beeit cucreme 3emisi-atmocdepa-
noHoctepa, B030YKTACMBIX MOA3EMHBIM HCTOYHHUKOM TOKAa. MoJenupoBaHMe IIPOBEJEHO Iy Haubouiee
ONaronpUSTHBIX YCIOBHUIA, KOTJa CITyTHUK HAaXOJMUIICSI B HOUHOW MOHOC(Epe HENOCPEJCTBEHHO Hall ICTOYHUKOM Ha
HeOopIIoN TiayOnHe. ['eOMarHUTHOE IMOJE CYMTANIOCh BEPTHUKAJIBHBIM, MOCKOJBKY YYET HAKJIOHA CYIIECTBEHHO
pe3ysbTaThl He N3MeHseT. Pe3ynbTaThl YNCICHHOTO MOJIEIMPOBAHHMS MTO3BOJISIIOT CBS3aTh BO3MYILCHUS IPU3EMHOTO
MarHUTHOTO TOJSI M JJIEKTPHYECKOr0 MO B HOHOc(epe, co3laBaeMble KPYMHOMACHITAOHBIM ITOA3EMHBIM
NUCTOYHMKOM. MoeNbHbIE pacyeThl MOKa3bIBAIOT, YTO HAWAEHHbIE B PAaHHUX CIYTHHKOBBIX JIAHHBIX BO3MYIICHUS
anexTpudeckoro YHY mons mepen 3eMiIeTpsCEHUSIMHM HEJb3sI CBSI3aTh C INPSIMBIM HM3IY4YE€HHEM CEHCMOTeHHBIX
HCTOYHHKOB, T.K. 3TO TIOA3EMHBIH TOK HEOOXOAWMOW WHTEHCHBHOCTH JOJDKEH BO30yXIaTh HMHTCHCHBHBIC
BO3MYIIEHHS T'€OMAarHUTHOTO IO Ha IOBEPXHOCTH 3eMiH. Takue BO3MyIIeHHS OblIM OBl OOHapy KEHBI
CYLIECTBYIOIEH MHUPOBOW CEThIO MAarHUTOMETPOB. TeopeTHueckoe MOJETMPOBAHNE TTO3BOJISIET OTOPOCUTD 3aBEIOMO
HepeaJbHbIe (PU3MUECKHE MEXaHU3MBbI, TaK KaK CIIydaiHble COBNAJCHUS NPH HAOIIOICHUAX MOTYT BOCHPHHUMATHCS
KaK HaIeXKHBIE SKCIIEPUMEHTAJIbHbBIE CBUACTEIbCTRA.
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Oco0eHHOCTH NMHAMMKH N0J10:keHus o01actu Beixoga OHY aBpopanbHOro xmcca 1mo JaHHbIM
Ha3eMHbIX HA0II0AeHui Ha ctTaHuusx 00c. JloBozepo u Kannyciaexro

A.C. Huxurenko?, H.I'. Kneiimenosa?, IO. Mannunen?®, 10.B. ®enopenxo?

UITH, 2. Anamumeul, Poccus; e-mail: alex.nikitenko91@gmail.com
2UD3, 2. Mockesa, Poccust
STeousuueckas obcepsamopus Codanxions, 2. Cooanxions,, QuuaaHOus

B pabote mpexactaBieHbl pe3ynibTaThl aHaIW3a MOJISIPH3ALUMM U WHTCHCUBHOCTH MAarHMTHOTO TIIOJISI BCIUIECKOB
aBPOPAIBLHOTO XHCCA, a TAKXKE UX a3UMYTaIBHBIX YTJIOB IPUX0/a. PacCMOTpEHbI BCIUIECKH, 3apETUCTPUPOBAHHBIE HA
Ha3zeMHBIX cTaHousx o6c. Jlosozepo m Kammycmexto 5 sHBaps, 1 ¢espans u 7 ¢eBpams 2019 roma. Toukn
HaOJIOZCHUH PacIioNoKeHbl Ha OJMM3KUX F€OMarHUTHBIX MIMPOTaX aBpOPalbHON 30HBI M Pa3HECEHHI MO J0JITOTE Ha
~400 kM. [ToryueHHBIE Pe3yIbTaThl OBUTH COIIOCTABIICHBI C MOJIOXKEHHEM TyTH TOJIIPHBIX CUSHUH, COIIPOBOKAAIOIIEH
TMOSIBIICHUE aBPOPAILHOTO XHCCa, 3aperucTpupoBaHoii all-sky xamepoii B 06c. BepxHeTynoMckuii, pacronaoKeHHOH
Ha pacctostHun 150 kM Kk ceBepo-3anamy ot JIoBo3epo. belio mokasaHo, 4To AMHAMMKA MTOJIOKEHUS 00JIaCTH BBIXO/a
aBpPOPAJIBHOTO XUCCA COMIACYETCs C AMHAMUKOM IOJI0KEHUSI JYTH MOJISIPHBIX CUSIHUM, BOZHUKAOLIEH OJHOBPEMEHHO
¢ xuccoMm. OOcyxknaeMmble COOBITHS TakkKe COIPOBOXKIAINCH perucrpanuei B o6c. JloBo3epo BCIIIECKOB
reOMarHuTHBIX Mmyibcanui Tina pilB (0.02-1 '), Bpems Havana ¥ OKOHYaHUsI KOTOPBIX MPAKTUYECKH COBIAAAET C
HayaloM M OKOHYaHHMEM BCIUIECKOB aBpOpajbHOro xucca. Ha OCHOBe MOITy4YEHHBIX Pe3yJIbTaTOB BBIJBUHYTO
MPEATIOI0KEHHE, YTO MPOLECCH BOSHUKHOBEHHS XHCCa, CUSTHUHN 1 ITyJIbCAUH MOTYT OBITH CBSI3aHBI.

Haszemubie HaGmoaennss OHY appopanbHoro xucca B o0c. Jlosozepo u bapenuoypr
A.C. Huxurenko?, H.I'. Kneiimenora?, I0.B. ®enopenxo’

HIIA, 2. Anamume, Poccus; e-mail: alex.nikitenko91@gmail.com
2UD3, 2. Mockesa, Poccust

[IpencraBneHsl pe3ysbTaThl aHaNM3a a3UMYTAJBHBIX YIJIOB IIpUXoJa M moisgpu3amuu  BermeckoB OHY
aBPOPAILHOTO XHCCa, 3apErMCTPUPOBAHHBIX Ha cTaHimAX [lomspHoro I'eodmsnueckoro Uucruryra obc. JloBozepo
(ucnp. reom. k-t ®=64.07°, A=126.97°, LOZ) u o6¢c. bapennodypr (®=75.21°, A=126.06°, BAB), pacmnonoxeHHbIX
B aBPOPAIBEHOW M MPHUTIOISIPHON 30HE COOTBETCTBEHHO. PacCMOTpeHBI cOOBITHS perucTparun xucca 5 saBaps 2019
roga, 9 mexabps 2018 roma m 1 mapra 2019 roma. CoOBITHA XapaKTEepH3YIOTCS TEM, YTO BCIUICCKH XHCca
PETUCTPUPOBATIUCH CHavasa B aBpopanbHeIX mupoTtax (LOZ), a 3atem B mpumnosnsapHoii 30He (BAB). Bo3HukHOBeHNE
XHCCa COMPOBOXK/IAJIOCH BOSHUKHOBEHHEM HPPETYJSIPHBIX TeOMarHUTHBIX ITyJibcaluii Tuna pilB Ha aTux Toukax. [1pu
3TOM BO BCEX CiIydasix Hadao Iyibcannii B BAB nponcxoauio ciryctst HekoTopoe BpeMst ociie Havala yJIbCanuii
B LOZ. Msl mpeamosaraeM, 4To B PacCMaTPUBAEMBIX COOBITHSAX BBICBHIITAIOIINAECS JJIEKTPOHBI MOTJH OBITh
MCTOYHHUKOM KaK aBPOPAILHOTO XHCCA, TAK M TPUTTEPOM Ha3eMHBIX HPPETYIISIPHBIX T€OMAarHUTHBIX MyJIbCAIINH.

Pabora Broimonmnena npu ¢QuHaHcOBOW moanepkke Poccumiickoro HayuHoro ¢onma mpoekt 22-12-20017
«IIpocTpaHCTBEHHO-BPEMEHHBIE CTPYKTYPhI B OKOJIO3€MHOM KOCMHMUYECKOM IPOCTPAHCTBE APKTHKH: OT MOJIIPHBIX
CUSTHUH Yepe3 0COOEHHOCTH CaMOOPTaHU3AIIMH TIa3MbI K TPOXOKIAeHHIO paanoBoan» (Hukuternko A.C., DegopeHko
10.B.).
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IIpumeHeHHe MMIIEJAHCHBIX COOTHOIIEHMIA VISl AHAJIN3A CTPYKTYPHI 10JIs1
KOCelicCMMYeCKHUX JIEKTPOMATHUTHBIX BO3MYIIeHHIA

I.A. Ctykos!, B.B. Cypkos!, B.A. ITununenko!, B.A. Kacumona?®

YUD3 PAH, B. Ipysunckas 10, 123242, Mocxea, Poccus,; e-mail: dstkov922@gmail.com
2K @UI] EI'C PAH, B. [utina, 683006, [lemponasnosck-Kamuamckuii, Poccus

O} deKTUBHOCTE MOHUTOPHHTA IEKTPOMATHUTHBIX MPEABECTHUKOB 36MIICTPSICCHUANH BO MHOTOM 3aBHCHUT OT BBIOOpA
Han0oJIee «U4yBCTBUTEILHBIX» TOUCK HaOmoeHus. C qpyroil CTOPOHBI, JJICKTPOMArHUTHBIN OTKJIMK 36MHOW KOPBI Ha
CEHCMUYECKUE BOJIHBI ONPENENIAETCS JIOKAIbHBIMU MEXAHO-3JEKTPUYECKUMHU CBOWCTBAMHU 3€MHON KOpbl. Takum
00pa3oM, mpeaBapuTeIbHOE 30HANPOBAaHHE CEHCMOAKTHBHOTO PETMOHA CEHCMUYECKMMHU BOJHAMH OT yIAJIEHHOTO
B3pBIBA/3EMJICTPSICCHUST C KCIOJIB30BAHUEM OJHOBPEMCHHBIX CEHCMHUCCKUX M 3JCKTPOMATHUTHBIX HAOIIOJCHUN
MOXXET VyKa3aThb Hamboliee TMEPCICKTUBHBIE TOYKH HAONIONCHUS M MOHHTOPHHTA AJIEKTPOMArHUTHBIX
mpeaBecTHUKOB. HanmexkHoe m3BIeueHHe HeoOXomuMoi mHpopManuu TpeOyeT Y4eTKOro (H3NUECKOTr0 MOHUMAHUS
Pa3IUYHBIX MEXaHU3MOB MarHUTHOTO OTKJIMKA Ha aKyCTHYeCcKoe Bo3jaelcTBue B cpene. CyllecTByeT KaKk MUHUMYM
nBa (DU3MYCCKMX MEXaHHU3Ma, C IMOMOIIBI0 KOTOPBIX MOXHO OOBSICHUTh KOCCHCMHUYCCKHE DIICKTPOMArHHUTHBIC
sIBIIEHUS. Bo-TIepBbIX, TO FEOMarHUTHBIE BO3MYILIEHUS, BI3BaHHBIE T€HEPALIMEN TOKOB B IPOBOASILIUX CIOSIX 3€MJIU
BO BpeMs HX JABIKEHHUs B CelcMHYEeCKOi BoiHe. BTopoil MexaHM3M — ceiicModseKTpuueckuii 3¢dexkr,
OOYCIIOBJICHHBIH  JJICKTPOKHHCTHYCCKUMHU  SIBJICHUSIMH,  BO3HHUKAIOIIUMH IpH  JAcGOpMAIUsIX  HOPHCTOM
BJIArOHACBILIEHHON MOPOABI MO ACHCTBUEM CEHCMUYECKUX BOJIH. BOJBIIMHCTBO mapaMeTpoB, OT KOTOPBIX 3aBUCUT
3HAaYCHUE ANEKTPOKUHETHYECKOTO KOA(HUIMEHTa, HE MOTYT OBITh M3MEPEHBI HANPSAMYIO, HO 3TOT KO3(QQHUIHEHT
MOJKET OBITh OIICHCH IPU aHAIHM3E KO-CEHCMHUYCCKHX 3JICKTPOMArHUTHBIX SBJICHUH. J[JIs OlIeHKH mapaMeTpoB 3eMHOM
KODBI B TOUKE HAOIFOICHIS TIPEAJIaracTcsl HCIO0Ib30BaTh aMILTUTYAHO-(a30BbIe COOTHOIICHUS MEXIY Pa3IHIHBIMH
COCTABISIIOIIUMU  CEHCMHUYECKOTO M 3JEKTPOMAarHUTHOTO BOJIHOBOI'O IIOJI: CKOPOCTh CMEILEHUS 3E€MHOI
MIOBEPXHOCTH, TOPU3OHTANbHbIE KOMIIOHEHTHI TEJUIYPHUECKOTO TIOJs, U TPEXKOMIIOHEHTHbIE MAarHUTHBIC
Bo3MyIeHus. [lo-cymiecTBy, HCMONB3YyEeMBIH MOAXOA MOJAO00CH HIMPOKO HWCIONb3yeMOMY B paguopu3uke u
KOCMHYECKOH (PH3MKE METOAYy HMMIICAAHCOB, MO3BOJIIONIEMY OIMPEICIUTh MapaMeTphl CPedbl PaclpoCTpaHECHHUS
CUTHaJla 10 COOTHOLIEHUIO MEXIY OJJIEKTPUUYECKMMM M MAarHMTHBIMM KOMIIOHEHTaMHu. Pacuer KaXylHuxcs
HMIEIAHCOB JaeT BO3MOXKHOCTh pa3/IMuyaTh CECTECTBEHHBIC MAarHUTOC(HEepPHO-HOHOCHEPHBIC BO3MYIICHHUS |
KOCEHCMHUYECKHE IIEKTPOMAarHuTHbIE BO3MYILEHUS, U ONIPENEISTh JOKaJIbHbIE IapaMeTphl 3eMHOM Kopbl. B kauecTse
MIpUMeEpa UCIOJIb3YIOTCA CEMCMMUYECKUE, MAarHUTHBIE U TEJUTYpPUUYECKUE JAHHBIE, 3aPErMCTPUPOBAHHBIE C BBICOKOM
gacToTo nuckperusanuu Ha Kamuatke. Pabota momnep:kana rpantom PH® 22-17-00125 «Pusnueckuil aHanus
CEeHCMO-2JICKTPOMArHUTHBIX SIBJIeHUH Ha KamuyaTCKOM TE€OJMHAMHYECKOM TIOJUTOHE: MOJIEPHHU3AIMS CHCTEMBI
HaOJIOICHUI U TEOPETHUECKOE MOJICITUPOBAHHEY.

MukpoHeycTOHYMBOCTH 0eCCTOJKHOBUTEIbHOT0O MATHUTHOTO NepecoenHeHUsI TPU HATUYUHU
XOJIOHBIX HOHOB

J. YxyH, A.B. Iusun, U.B. 3aitues, N.I1. [Tapamonuk, N.B. Kyosimkun, B.C. CemeHOB
CIIor'y, 2. Canxm-Ilemepbype, Poccus; e-mail: zdh97 @outlook.com

MarHuTHOe TepecoeJUHEHHE - 3TO YHHBEPCAIbHBIH IUIa3MEHHBIH IPOIECC, KOTOPBIA MO3BOJSET OBICTPO
npeoOpa3oBaTh HAKOIUICHHYIO MarHUTHYIO SHEPTHIO B TEIUIO U KMHETHYECKYIO SHEpruio. B GeccToNKHOBHUTENBHOM
IUIa3Me B X0JIe mpouecca (GOpMUPYETCs CI0KHAs BIOKCHHAs! CTPYKTypa, B KOTOPOH 3MeKTpoHHAs Au((y3HOHHAS
001acTh HaXOUTCS BHY TPH HOHHOH 1n(dy3noHHOM 001acTi. MarHuTocgepHas ia3ma XxapakTepu3yeTcsl HUTHIHEM
B HEl KOMIIOHEHT HOHOC(EPHOrO IMPOUCXOKAEHHS (B JOMOJHEHHWE K TEIUIOBBIM HOMYJBILHSIM 3JIEKTPOHOB H
MIPOTOHOB), KOTOPBIE MOTYT ApeiioBaTh BAOIb CHIOBBIX JINHHUH, HE B3aNMOJICHICTBYSI C OCHOBHBIMH KOMIIOHEHTAMHU
wra3Mbel. HaGmroneHns moKaspIBarOT, 4TO XoJofgHble HMOHBI (~10 3B) oOka3pIBaloT CymIeCTBEHHOE BIUSHHE Ha
MarHuTHOE IiepecoeMHEHNe Ha MarHuTonay3e W B XBocTe. B Hacrosimeil paboTe mpencTaBieHBI pe3yJbTaThl
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YHCICHHOTO MOJEIMPOBAaHUS MarHUTHOTO IepecoeinHeHns MeTojoM "Hactuna-B-sueiike”, rae K TeII0BOH MIa3Me
nobaBieHa W3HAYaJbHO OJHOPOJHAS XOJOJHAs KOMIIOHEHTAa. Pe3ysibTaThl MOIEIUPOBAHHS YKas3blBalOT Ha
(opMupoBaHHE B 00JIACTH BHITEKAHUS X B TOKOBOM CJIO€ YCKOPEHHBIX ITyYKOB XOJIOJHBIX HOHOB, BBI3BIBAIOIINX TaM
packadky >JEKTPOCTATHIECKUX HEYCTOMYMBOCTEH. B 00macTn BBITEKaHMS BOJIHOBAs aKTHBHOCTh Pa3BUBACTCS B
HarpaBJeHUH, NapajieJbHOM MarHUTHOMY MOJI0. BHyTpu and¢y3noHHOH 00nacT 1 Ha cemnapaTpucax BOJIHOBAs
AKTHBHOCTH Ha THOPHAHOM HOHHO-3JIEKTPOHHOM MacIITa0e NPEMMYIIIECTBEHHO B HAIIPABICHHUH, IEPIICHANKYISIPHOM
K MarHUTHOMY MOJI0. BOTHOBast aKTUBHOCTh BO3HMKAET IIPH IUIOTHOCTH XOJIOAHBIX MOHOB >50% W TepMmamu3yet
XOJIOJHBIE My4KH, Onarosapsi uemMy B 001aCTH BBITEKaHHUS (POPMHUPYETCSI paclpeielieHne, OJIM3Koe K TEIII0BOMY.
Pabora BrInosiHEHA NTpH ToepkKe rpaHTa 23-47-00084 poccuiickoro Hay4HOTo (OH/A.

IIposiB/ieHNe MeKNMOTYINIAPHOH ACHMMETPUN MATHUTHOTO MOJIS B MOTOKAX 3apAKEeHHBIX
3aXBa4Y€HHBIX U BbICHINAIOIIMNXCSH YACTUIl HA HU3KOOPOUTAIBHBIX CIIyTHUKAX

T.A. Sxuuna, A.A. Jlioounu, A.I'. Jlemexos, T.A. ITomoBa
Honsproii ceogusuueckuit uncmumym, Anamumut, Poccus

B pabGote paccMOTpeHBI HECKOJIBKO COOBITHIA, B KOTOPBIX IO JaHHBIM Ha3eMHO# obOcepBaropuu JloBozepo u
Hu3koopoOuTaphbeix cryTHUKOB NOAA/POES wuccnemoBaHbl mynbcauu B auanasoHe Pcl u cBsI3aHHBIE ¢ HUMH
NOTOKH 3apsDKCHHBIX SHEPTHYHBIX BBICHINAIOIIMXCS M 3aXBauCHHBIX 4acTHI. [loKa3aHO BIHSHHE MEXIOIYIIAPHOH
ACHMMETPUU MarHUTHOTO TOJIs 3eMJIM Ha MHTEHCHBHOCTh NOTOKOB JHEPIMYHBIX MPOTOHOB M PEJISITHBUCTCKUX
NIEKTPOHOB. VX MHTEHCHUBHOCTH YBEIWYMBACTCS C YMEHBLICHHEM MAarHUTHOTO IOJS BOJIM3H HH3KOOPOHTAIEHOTO
CIlyTHHKA. YeM MeHblIe BeJIMYMHAa MarHUTHOTO IOJS, TeM HPOAOJDKHTENIbHEE BPEMs PErMCTPAllMH 3THUX ITOTOKOB.
[Tpu yMeHbILIEHNH MAarHUTHOT'O TI0JISl IPaHMIA H30TPOIHMHU CMEILAETCSI K DKBATOPY.

54



The Sun, solar wind, cosmic rays

Cosmic ray variations and other interplanetary parameters of magnetic clouds
M.A. Abunina, A.V. Belov, N.S. Shlyk, A.A. Abunin
IZMIRAN, Moscow, Troitsk, Russia; e-mail: abunina@izmiran.ru

A catalogue of 465 magnetic clouds (MCs) was compiled using different sources. The behavior of the main
parameters of the interplanetary medium, solar wind, cosmic rays (CR), and geomagnetic activity during the passage
of an MC past the Earth has been studied. The time distributions of these parameters within MCs are considered. A
comparison is made with similar parameters of interplanetary disturbances without the MC structure. It is shown that
in interplanetary disturbances containing MCs extreme values of the studied parameters are higher than those
registered in events without MCs.
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Figure. Distribution of minimal CR density values in interplanetary disturbances containing MCs and in events
without MCs.

Overview of the KODIZ instrument’s first measurements
G.I. Antonyuk?, V.V. Benghin'2, O.Yu. Nechaev?, V.I. Osedlo?, I.A. Zolotarev!

I1Skobeltsyn Institute of Nuclear Physics Lomonosov Moscow State University, Moscow, Russia
2Institute of Biomedical Problems of the Russian Academy of Sciences, Moscow, Russia

A new instrument, the Combined Radiation Detector (KODIZ), has been developed at Moscow State University's
Research Institute of Nuclear Physics to measure cosmic rays of different nature. It uses a set of detectors that allow
to register both neutrons and electrons and protons due to various reactions. The KODIZ instrument was launched
into low-Earth orbit on board the Cubesat-3U microsatellite “Monitor-1" on 9 August 2022.

The results of the processing of the data obtained over time show features of the interaction with the spacecraft and
the instrument, the operation of the detector and digital nodes, as well as some well-known physical phenomena.

The experiment is conducted within the framework of the “Constellation-270” project and the “Space-n” federal
project with the support of the Foundation for Assistance to Innovations and the interdisciplinary science and
education school of Moscow State University "Fundamental and Applied Space Research™.
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Wave propagation in and above sunspots
A.A. Chelpanov, N.I. Kobanov
Institute of Solar-Terrestrial Physics

The goal of the research is to study the distribution of ways of wave energy above sunspots and their immediate
surroundings and the transformation of the waves while they propagate between the layers of the solar atmosphere.
We consider two period ranges: 3-minute oscillations and oscillations with periods of 10 minutes and higher. We
analyze the nodes of oscillation concentration in the lower solar atmosphere and trace wave propagation along coronal
loops above the active regions.

The study was supported by the Russian Science Foundation under Grant 21-72-10139.

Statistical study of the sloshing oscillations in the flaring coronal loops
R.R. Karakotov, A.A. Kuznetsov, S.A. Anfinogentov
Institute of solar-terrestrial physics SB RAS, Irkutsk, Russia

Sloshing oscillations are known as a kind of slow magnetoacoustic waves which propagate along coronal loops
reflecting from the loop footpoints. In the SDO/AIA observations they look like local brightenings moving back and
forth along the coronal loop. In this work we study the sloshing oscillations observed with SDO/AIA. Using the
Heliophysics Events Knowledgebase (HEK) list of solar flares, we selected and analyzed more than 300 flares of M
and C classes that occurred in years 2013-2014. Among them, we have found 17 events of sloshing oscillations in the
131 A wavelength channel. The parameters of the oscillations were estimated for the further statistical analysis.
Lengths of coronal loops were estimated under assumption of their semicircular shapes. The time-distance plots were
produced to estimate the periods of the oscillations. Propagating speeds of the oscillation were computed and then the
plasma temperatures were estimated using the assumption that the propagating speed is similar to the sound speed in
plasma. The estimated speeds are typically comparable to those of the slow magnetoacoustic waves (~ 500 km/s), but
some of the oscillations were found to propagate with the speeds typical of the fast magnetoacoustic waves (~800-
900 km/s). Based on the results of the study, the catalog of sloshing oscillation events was developed.

The work was supported by the Russian Scientific Foundation (project No. 25-12-00195).

Behavior of galactic cosmic rays during flux enhancements of magnetospheric electron
with energy > 2 MeV

Olga Kryakunova?, Anatoly Belov?, Botakoz Seifullinal, Maria Abunina?,
Artem Abunin?, Irina Tsepakina?, Nikolay Nikolayevskiy!, Natalia Shlyk?

YInstitute of lonosphere, Kazakhstan; e-mail: krolganik@yandex.ru
2Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation Russian Academy of Sciences,
Russia

Changes in the intensity of galactic cosmic rays on Earth and beyond the boundary of the magnetosphere occur earlier
than an increase in the flux of high-energy magnetospheric electrons with energy > 2 MeV in the geostationary orbit,
so the behavior of galactic cosmic rays before and during electron flux enhancements can provide valuable information
about the processes occurring in near-Earth space at this time. The density and vector anisotropy of galactic cosmic
rays for 453 events of high-energy magnetospheric electron flux enhancements over the period 1996-2020 were
calculated by the Global Survey Method (GSM). Some examples of these events, which are characteristic of different
classes of solar sources, are considered. The behavior of the density and vector anisotropy of galactic cosmic rays
before and during electron flux enhancements in events connected with the arrival to Earth of high-speed streams from
coronal holes, coronal mass ejections associated with solar flares or disappeared solar filaments is revealed.
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The modeling of the solar cosmic ray protons propagation trough the Earth atmosphere
during the GLE Ne70

E.A. Maurchev, A.A. Abunin, M.A. Abunina
IZMIRAN, Moscow, Troitsk, Russia; e-mail: maurchev1987@gmail.com

Interact with the Earth's atmosphere, the cosmic ray protons loss their energy both through the ionization process and
through the cascades process. As a result of these interactions, various secondary particles are born. The estimation
task of the fluxes for these particles can be applied, for example, in the field of estimating the equivalent dose when
flying on airliners at altitudes of 10-11 km. This work presents a method for calculating the secondary particle fluxes
formed as a result of the solar cosmic ray protons interaction with the Earth's atmosphere using numerical modeling.
To solve this problem, the RUSCOSMICS software package was used, based on the GEANT4 software development
tool.

Modeling of the Nal (TI) scintillation detector response function
E.A. Maurchev?, A.V. Germanenko?, Yu.V. Balabin?, A.A. Abunin?

HIZMIRAN, Moscow, Troitsk, Russia; e-mail: maurchev1987@gmail.com
2PGl, Apatity, Russia

There are the differential spectrum regular measurements of the secondary photons (X-ray and gamma) produced by
the cosmic rays in the Earth atmosphere carried out in Apatity. It lies in the energy range of 0.1-4 MeV and can be
transformed into the radiation flux profiles in form of the energy-binned histogram with width of 100 keV per each
bin. To measure the secondary photons differential spectrum the Nal(Tl) @65x65 mm scintillation crystal is used.
This paper provides the description of the detector response function calculation method. To solve this task, we use
the GEANT4 software development kit.

The study was supported by the Russian Science Foundation, grant no. 18-77-10018.

The role of the presence of alpha particles in proving the penetration
of solar wind diamagnetic structures into the magnetosphere

V.A. Parkhomov?, V.G. Eselevich?, M.V. Eselevich?

'Baikal State University, Irkutsk; e-mail: perines_41@mail.ru
2Institute of Solar-Terrestrial Physics SB RAS, Irkutsk

The results of studies showing the presence of simultaneous jumps in the density of protons (N2/N1), and alpha
particles (N2/N1), at the boundaries of diamagnetic structures (DS) of various scales both in the quasi-stationary slow
solar wind (SW) and in the sporadic SW are presented. For the DS of a quasi-stationary slow SW associated with a
belt or chains of streamers, within the framework of the statistics considered in the article, there is a single linear
dependence of (N2/N1), on (N2/N1),. At the front of interplanetary shock waves, the (N2/N1), jump is approximately
twice as large as the (N2/N1), jump. The maximum excess (almost 3 times) of the increase in the concentration of
alpha particles (N2/N1), compared to the increase in the concentration of protons (N2/N1), is observed in eruptive
prominences. Examples of magnetospheric responses to the impact of various types of DS and interplanetary shock
waves are considered. The presence of (N2/N1), jumps can be used as an additional important argument in studying
cases of DS penetration into the magnetosphere.
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Numerical study of coupled MHD waves in the solar corona

A.V. Petrashchuk™, D.Yu. Klimushkin, P.N. Mager

Institute of solar-terrestrial physics SB RAS, Irkutsk, Russia (IAP RAS). 126A. Lermontov Street, Irkutsk, 664033, Russia
*E-mail: petrashchuk@mail.iszf.irk.ru

We report a numerical and theoretical analysis of the structure of magnetohydrodynamic (MHD) waves in solar
coronal arcade. Using the cylindrical solar plasma model, several models were considered, where the magnetic field
lines are represented by concentric semi-circles. We consider two main parameters of the models: the parameter J,
the ratio of the plasma pressure to the magnetic pressure, and the parameter ,, which determines the spatial scale of
the radial inhomogeneity of the plasma pressure. When the finite pressure in the solar corona is taken into account,
two wave modes can exist: Alfvén and slow magnetosonic (SMS), coupled by the curvature of field lines. The problem
for eigenvalues of the transverse component of the wave vector k.. is considered. It has been established that MHD
waves are localized in two transparency regions (k,. > 0) each of which is limited on the one hand by the resonant
frequency, where k,. — oo and the cut-off frequency ( k,. = 0) on the other side of the transparency region. The wave
structure along the field line is calculated from several model parameters of the plasma of the solar corona.
The work was financially supported by the Ministry of Science and Higher Education of the Russian Federation.

Magnetic field configurations at solar flare sites above active region AR 10365
from MHD simulation results

Al Podgorny?, I.M. Podgorny?, A.V. Borisenko!

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

The study of the solar flare mechanism is continued by means of magnetohydrodynamic (MHD) simulation in the
solar corona above the real active region. When setting the problem, no assumptions about the flare mechanism were
made, all conditions were taken from observations. The measured magnetic fields on the solar surface were used to
set the boundary conditions. The rest of the boundary conditions were approximated by the free exit conditions or
other conditions that should not give rise to significant disturbances propagating into the computational domain. In
order to be able to study the mechanism of a solar flare, it is necessary to start the calculation a few days before the
flare, when the magnetic energy for the solar flare has not yet been accumulated in the corona. The observed
appearance of a flare high in the corona can be explained by the mechanism of flare, according to which the energy
accumulated in the magnetic field of the current sheet is released. The current sheet is formed as a result of the
accumulation of disturbances in the vicinity of a singular magnetic line in the corona. After the quasi-stationary
evolution, the current sheet transfers into an unstable state.

The method of numerical solution of the equations of magnetohydrodynamics was improved, using the developed
absolutely implicit upwind finite-difference scheme, conservative with respect to the magnetic flux, which was
implemented in the PERESVET program. In order to increase the calculation speed, the parallel computing algorithm
was modernized. Parallelization of calculations was carried out by computational threads on modern graphics cards
using CUDA technology. It is only thanks to parallel computing that MHD simulation in the real scale of time became
possible. The method for stabilizing numerical instabilities that arise near the boundary of the computational domain
has been modernized. The previously developed system for graphical search for flare positions using the magnetic
field configuration above the active region, obtained as a result of MHD simulation, has been upgraded. As a result
of the use of artificial viscosity, special selection of values at the boundary, and other methods, the problem of
stabilizing numerical instabilities near the boundary has been partially solved, which made it possible to perform
MHD simulations above the active region AR 10365 during the period of almost three days. The graphic search system
finds local current density maxima, since they should appear, in particular, in the centers of the current sheets, then
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the analysis of the magnetic field configuration near the points of the found maxima is carried out. Calculations have
shown that for many singular lines a divergent magnetic field is superimposed on the X-type magnetic field
configuration; however, due to the presence of the X-type configuration, in this overlay of fields a sufficiently
powerful current sheet can form. A comparison of the results of MHD simulations with observations before solar
flares and during flares showed that a significant part of the points of current density maxima are located in the region
of strong thermal X-ray emission, measured by the RHESSI spacecraft, or strong radio emission at a frequency of 17
GHz, measured by the Nobeyama radio heliograph (NoRH). Also, a significant part of the points of maxima is located
at a relatively small distance from the region of strong radiation (~10 Mm and less), which can be explained both by
the inaccuracy of the numerical method and by physical processes during the flare. In the report the comparison of the
magnetic field configurations obtained by MHD simulations above the active region of AR 10365 and the positions
of the current density maxima located at the centers of the current sheets with the observed regions of intense flare
radiation are presented. The images of the field configurations near the found current density maxima are presented.

Prediction of solar activity by spectral analysis
D.B. Rozhdestvensky, V.I. Rozhdestvenskaya, V.A. Telegin
The Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation. N.V. Pushkov

Predictions of ionospheric parameters are usually made through predictions of solar activity. Discrepancies between
model solutions and observations pose significant difficulties for reliable predictions. Analysis and comparison of
observations with model parameters, based on statistical methods, allow correlations to be established between
observations and model values for the purpose of extrapolation. The uncertainty in the predictions is due to the degree
of adequacy of the model. The use of the magnetic field, a modified Kalman filter (Kalman 1960), the Data
Assimilation (DA) method and the EnKF method (Evensen 1997, Kalnay 2002) allowed (Kitiashvili 2016, 2020) to
make predictions for 23-25 solar cycles. The solar maximum of cycle 25 (SC25) is expected to be weaker than that of
cycle 24 (SC24), the solar maximum will occur in 2024-2025 and will probably have two maxima as in cycle 24. The
number of sunspots during the maximum will be about 50 with an error of 15-30%. These results are derived from an
analysis of the last four solar activity cycles. The observational data are presented as discrete samples on a finite time
interval. The prediction process is related to the problem of approximation of discontinuous functions, the Gibbs
phenomenon, which occurs for any type of approximating functions. With Fourier series, each spectral component
was studied separately, which greatly simplifies their description and prediction. In solar and ionospheric processes,
it is possible that components with periods contribute significantly to the overall picture of the phenomenon, which
cannot be assumed to be infinitesimal. In this case, Fourier series decomposition requires consideration of a large
number of components. The authors developed an original forecasting technique using Fourier series, digital filtering
with Chebyshev filters and representation of the complex process as modulation followed by demodulation
(Rozhdestvensky D., 2011-2020). In the present work, we applied this method to predict the 24th and 25th solar
activity cycles. Representing the complex oscillatory process in the form of a Fourier series and using frequency
filtering allowed us to determine that the mechanism of information transfer into the future time domain is the Gibbs
oscillation. It was shown that the individual spectral-limited components of the process should be predicted, for which
spectral analysis is applicable. Extrapolation of the data yields a trend of solar activity over 30 counts with a division
value of 160 days, which is the nearest 13-year period. Satisfactory agreement was obtained with the predictions of
Kitiashvili (2020). In our forecast of the 25th cycle, the increasing phase will also last for about 5 years, and the
average value of the Wolf numbers at the maximum is expected to be about 100.

The 24th solar cycle was predicted using spectral analysis and Chebyshev filters. First, the low-frequency component
is predicted. Then a region similar to the final observed one is found over the entire interval of known values of the
predicted process. The comparison is made with respect to both the amplitude of the process and its derivative. Ideally
the comparison should be carried out up to the n-th derivative. Multistage filtering in the time and frequency domain
is used to extract components with different periods. Examination of the first derivatives shows that the downward
section in cycle 23 is similar to that in cycle 11. Based on the similarity relations, we assumed that cycle 24 evolved
similarly to cycle 12 and that cycle 12 could serve as a prototype of cycle 24. Calculation of the derivatives of cycle
11-12 and cycle 23 shows satisfactory agreement.
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The use of spectral analysis and Chebyshev filtering makes it possible to predict the low-frequency component as
well as the secular component over a period of several cycles. Our data are consistent with long-term studies, and the
method of spectral analysis, demodulation, and Chebyshev filtering can be used for operational forecasting of solar
and ionospheric activity.

An empirical model for estimating ICMEs speeds and delays
N.S. Shlyk, A.V. Belov, M.A. Abunina, A.A. Abunin

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

We have reviewed and analyzed 364 coronal mass ejections (CMEs) registered with the SOHO/LASCO
coronagraph, associated with solar flares and then observed in near-Earth space. It has been established that
interplanetary CMEs (ICMEs) transit speed and delay depend not only on the initial speed of the corresponding CME
and the longitude of the associated solar flare but also on the ambient solar wind velocity. It is also shown that the
ICME transit speed in the studied sample of 364 events is closely related to the maximum speed observed on Earth.

A model has been created that takes into account the ambient solar wind velocity and the solar data that accompany
the generation of CMEs: initial speed and heliolongitude of the source. It is possible now to estimate ICMEs transit
speed and delay, as well as the maximum speed of the interplanetary disturbance in near-Earth space.

The results obtained are applicable in forecasting a state of space weather.

¥ Vrean forecasting — O *

CME velocity [700  kmis Transport velocity, km/sec

ambient velocity| 309 km/s |592 5+ 80.6 754
- | 431
heliolohgitude |19 °
95%
| CALCULATE | Delay, hours
89
| 70.1% 9.5 I

Maximum velocity, km/sec
608

:

500.1+ 53.9 392

Figure. Screenshot of the program for calculating the expected transit and maximum speeds and delay of
ICMEs created on the basis of the described model.
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Analysis of variations in solar and geomagnetic parameters
for solar cycle 24 using statistical (ANOVA) method

D.K. Sondhiya?, P. Singh?, B. Lahari®

1Department of Physics, Motilal Vigyan Mahavidhyalaya, Bhopal, India
2Department of Physical Sciences, Rabindranath Tagore University, Bhopal, India
3School of Sciences, SAGE University, Bhopal, India

Analysis of plages and spots on the photosphere is very important to study the magnetic field of the sun. That type of
analysis is very important to understand the various dynamic processes associated with Sun and other stars. These
dynamic processes also influence the magnetic field of earth and other planets.

In the present work, we have analyzed the sunspot number and their interrelationship with other solar activity
parameters using statistical ANOVA method. The observed irregularities, in the relationship between SSN and other
solar activity parameter have also been discussed. Also develop a suitable regression based model to explain the
various long-term characteristics of solar activity. In this work we also proposed the effectiveness of the study of solar
indices in the successful modeling in solar — terrestrial physics.

It was concluded that the linear correlation of sunspot number and F10.7 solar radio flux is stronger than the linear
correlation between sunspot and Dst and Ap index. Linear regression between sunspot number and F10.7 shows that
there is a strong correlation between these two parameters. Also the Dst and ap index were well correlated with sunspot
area as compared to Sunspot number.
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Pulsating Aurora Imaging Photometers System

A.A. Belov*?, P.A. Klimov?, B.V. Kozelov?, A.S. Murashov?, R.E. Saraev'?,
K.F. Sigaeva?, S.A. Sharakin®, D.A. Trofimov*?, K.D. Shchelkanov!?

1D.V. Skobeltsyn Institute of Nuclear Physics, M.V. Lomonosov Moscow State University, 119234, Russia, Moscow,
Leninskie gory, 1(2)

2Faculty of physics, M.V. Lomonosov Moscow State University, 119234, Russia, Moscow, Leninskie gory, 1(2)

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

Pulsating aurora (PsA) is a quasi-periodic modulation of the emission intensity caused by precipitation of energetic
electrons. PsA have an extended shape and consist of separate flickering columns. The dynamics of the PsA structures
characterized by fast complex movements of their bright part. The mechanisms of PsA formation are still insufficiently
studied, as well as their relationship with relativistic and subrelativistic electrons microbursts. The energy of
precipitated electrons can be derived from the minimum altitude of the visible patch measured by two instruments
observing the same volume of atmosphere from different places.

A system of pulsating auroras stereoscopic observations is developed for the high-latitude observatories
Verkhnetulomsky and Lovozero of the Polar Geophysical Institute. The imaging photometers are highly sensitive
telescopes based on multi-anode photomultiplier tubes (MAPMTSs). The first photometer had been installed at the
Verkhnetulomsky observatory on September 2021. It has a 1° angular resolution and possibility to operate in three
modes with different temporal resolutions: 2.5 ps, 320 ps, and 41 ms. For the first two modes short waveforms of 128
time samples are recorded (4 records each 5 seconds). The third one is a monitoring continuous measurements. During
2021/2022 season it was operated during 163 nights. On September 2022 it was upgraded to increase a temporal
resolution of monitoring mode up to 1 ms.

The second telescope is planned to be installed in 2023 in Lovozero observatory and will provide a side observations
of the same atmospheric volume in the altitude range of 50-100 km with a spatial resolution of about 2 km. This
photometer will allow to measure a vertical distribution of the auroral emissions with high temporal resolution and
make it possible to estimate the maximum precipitating electrons energies. The photometers complement the already
existing PGl all-sky camera system.

The report provides a description of the equipment, examples of measurements for the first and second seasons of
work. The work was supported by the Russian Science Foundation grant no. 22-62-00010 (https://rscf.ru/project/22-
62-00010/).

Search for UV microbursts in auroral emission

A.A. Belov, P.A. Klimov, S.A. Sharakin, K.D. Shchelkanov*

Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, 1(2), Leninskie Gory, Moscow
*E-mail: shchelkanov.kd18@physics.msu.ru

Relativistic electron microbursts (REMSs) are the intensive increasing of energetic electron (MeV energy range)
precipitation from magnetosphere in a subsecond time scale. These microbursts were measured for example by the
SAMPEX mission. It was shown that REMs are mostly related to the outer radiation belt and occur predominantly on
the dawn-side, between 0 and 13 MLT. On the other and it was show that REMs can be a high-energy part of pulsating
aurora electrons which precipitate deeper in the atmosphere (down to 65 km). Recently, a strong correlation between
REMs and Patchy Aurora was demonstrated.

In this regard, of particular interest is the search for short bursts of atmospheric emission in the near UV range,
which may be a consequence of the such relativistic electrons beams impact.

In the autumn of 2021, a multichannel imaging photometer of PAIPS (Pulsating Aurora Imaging Photometers
System) project based on the multi-anode photomultipliers (MAPMT) was installed at the Verkhnetulomsky
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Observatory. This equipment is based on the technology developed for the ultra-high-energy cosmic rays fluorescent
atmospheric emission measurements. Thus, it measures atmospheric emission in a near-UV (300-400 nm) wavelength
band in a single photoelectron mode. Oscillograms with three different temporal resolutions were recorded: 2.5 s,
320 us and 40 ms. Measurements were conducted in continuous monitoring mode during 163 nights in 2021/2022
season.

Parameters of the equipment make it possible to detect short bursts of radiation in the aurora region. Results of data
processing and a search for such microbursts will be presented.

The work was supported by the Russian Science Foundation grant no. 22-62-00010 (https://rscf.ru/project/22-62-
00010/).

Scintillations of GNSS receivers in the subauroral region in the southern hemisphere
D. Chugunin’, D. Kotova?, A. Sinevich?, A. Chernyshov?, W. Miloch?

Space Research Institute of RAS, Moscow, Russia
2University of Oslo, Oslo, Norway

The work studies the possible influence of a polarization jet/SAID (SubAuroral ion Drift) on the phase scintillations
of GNSS receivers. We consider the geomagnetic case of March 18, 2018, when, according to the DMSP satellite
data, a polarization jet/SAID was observed over the area of Antarctica, where two GNSS receivers were located. For
amore complete analysis, this study also uses Super Dual Auroral Radar Network (SuperDARN) observations as well
as Swarm and Norsat-1 satellite data for this geomagnetic substorm. From the analysis of the data, it is concluded that
at the moment of auroral activity intensification, an increased intensity of phase scintillations was observed in the
region of the polarization jet/SAID in the subauroral ionosphere.
This work was supported by the Russian Science Foundation (Project No. 23-22-00133).

lonospheric effects at high latitudes produced by magnetosheath jets
A.V. Dmitriev!?

!Department of Space Science and Engineering, National Central University, Jhongli 32001, Taiwan; e-mail:
dalex@jupiter.ss.ncu.edu.tw
2Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, 119991 Moscow, Russia

We report ionospheric effects at high latitudes related to the interaction of fast magnetosheath plasma streams, so-
called jets, with the dayside magnetopause. The jets were observed by THEMIS mission in the dayside magnetosphere
during a quiet day on 12 July 2009. It was found that the jet interaction was accompanied by strong localized
compression and penetration of suprathermal magnetosheath plasma inside the dayside magnetosphere. The
compression caused prominent magnetic variations with amplitudes up to 100 nT observed by ground-based magnetic
networks SuperMAG and CARISMA. The magnetic variations were also visible in the geomagnetic Dst and AE
indices. The jets also resulted in intense precipitation of the suprathermal ions with energies <10 keV and energetic
electrons with energies >30 keV observed by low-altitude NOAA/POES satellites in a wide longitudinal range. The
precipitations produced enhancements of ionization with an amplitude of ~1 TECU (~30% in relative units) and
intensification of the ionospheric E and F1 layers as observed in the FORMOSAT-3/COSMIC mission. The enhanced
ionization in the upper atmosphere might affect radio communication and navigation in the high-latitude regions.
These results also provide new insight into the contribution of magnetospheric forcing to day-to-day ionospheric
variability.
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Effect of neutral and electron temperature disturbances on the behavior of the high-latitude
ionospheric electron density during various space weather phenomena

M.V. Klimenko?, V.V. Klimenko?, F.S. Bessarab?, T.V. Sukhodolov?,
K.G. Ratovsky?, E.V. Rozanov?, K.V. Belyuchenko??

West Department of Pushkov IZMIRAN, Kaliningrad, Russia
2ISTP SB RAS, Irkutsk, Russia
2BFU, Kaliningrad, Russia

The spatio-temporal distribution of various parameters (concentration, velocity, and temperature of neutral and
charged particles) of the near-Earth space environment has a significant effect on the satellite deceleration and on the
conditions for the propagation of radio signals through the ionosphere. Thus, the Earth's ionosphere affects the
operation of communication systems of space, aircraft and sea vessels, over-the-horizon radar and global navigation
systems (including the Russian GLONASS satellite positioning system). The currently existing empirical and first
principal’s models of the ionosphere used as environment models when solving problems of radio wave propagation
do not accurately describe the parameters of the environment, especially during periods of various magnetospheric
(geomagnetic storms and substorms) and atmospheric disturbances. The purpose of this work is to review recent
studies and subsequent interpretation the spatio-temporal features of the distribution of electron density in the high-
latitude F-region and the topside ionosphere using the methods of mathematical modeling during two periods of
various space weather phenomena. We will consider effects of geomagnetic storms and solar proton events. The
positive disturbances in the electron content at plasmaspheric heights at high latitudes can appear simultaneously with
the negative disturbances in foF2 due to electron and neutral temperature heating. Seasonal and UT variation of such
effects will be discussed.

This investigation was carried out with the financial support of the Russian Science Foundation grant 21-17-00208.

Using spatial radio wave field processing for near-Earth plasma diagnostics
S.1. Knizhin*t, M.V. Tinin?

Physics dept. Irkutsk State University, 20 Gagarin Blvd, Irkutsk, 664003, Russia
2Applied Physics Institute. Irkutsk State University, 20 Gagarin Blvd, Irkutsk, 664003, Russia
*E-mail: sergeiknizhin@mail.ru

A key problem of diagnostics of inhomogeneous plasma is measuring system resolution. This question is important
regardless of the methods of measuring and localizing an inhomogeneous medium. To examine the fine structure of
inhomogeneous plasma with high resolution is of immediate interest for near-Earth space diagnostics. The most
common methods are remote diagnostic methods associated with the measurement of characteristics of
electromagnetic waves in forward and back scattering in an inhomogeneous medium. Along with X-ray diagnostics,
of great concern are studies of inhomogeneous media with radio waves. For example, such parameters of the scattered
wave field in an inhomogeneous plasma as phase and amplitude can be used to reproduce the plasma electron density.
The radio sounding is in demand in such areas as diagnostics of ionospheric plasma.

Studies of the fine structure of near-Earth plasma with scales not exceeding the Fresnel radius remain, however,
topical. It is important to examine such irregularities to solve a wide range of radio physical problems such as global
positioning with navigation satellites (GPS, GLONASS). As is known, local-irregularity refraction in the ionosphere
can bend the navigation signal path and give a significant error in precision positioning.

As a method capable of increasing the resolution of inhomogeneous plasma diagnostics we can use the spatial field
processing based on the representation of the wave field as the double weighted Fourier transform (DWFT) performed
relative to source and receiver coordinates. A distinctive feature of this method is its ability to diagnose irregularities
with scales smaller than the Fresnel radius for weak and strong phase and level variations in the absence of information
about the location of the inhomogeneous medium under study. Such diagnosis can be implemented in problems of
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plasma radio tomography, where a transmitting and receiving system has two antenna arrays. In ionospheric research,
the DWFT spatial processing can be performed when it is possible to synthesize the transmitting antenna system by a
moving low earth orbit or high earth orbit satellites.

To obtain physical characteristics of the inhomogeneous structure, when calculating the time of synthesis of the
transmitting antenna array in the satellite radio diagnostics we should take into account the relaxation time and the
drift velocity of the inhomogeneous structure considered, which can be as high as 270 m/s. In this case, low earth orbit
satellite systems are more preferable than high earth orbit navigation systems due to the higher speed of the satellites.

When physical characteristics of an inhomogeneous medium change rapidly or a spatial field processing can be
made only in one of the planes, for example in the receiving plane, the DWFT field processing becomes inapplicable.
In this case, we can adopt a single spatial field processing based on a modification of the DWFT method for a remote
irregularity. This approach, as well as DWFT, allows us to identify small-scale irregularities under conditions of strong
and weak phase variations. The main difference between this method and the Fresnel inversion, which is often used
to solve problems of inhomogeneous plasma diagnostics, is the ability to place a virtual screen not only at the output
of the inhomogeneous medium but also inside it.

This work is supported by the Russian Federation Ministry of Science and High Education (projects FZZE-2023-
0004).

Modeling of the propagation of atmospheric waves generated
by a meteorological source in the Moscow region

Y.A. Kurdyaeva, O.P. Borchevkina, I.V. Karpov, F.S. Bessarab

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

Model calculating of atmospheric waves generated before the passage of a hurricane in the Moscow region on May
29, 2017 have been made. During the study, numerical simulation of atmospheric wave propagation before a strong
pressure surge during a hurricane was carried out using a three-dimensional version of the high-resolution nonlinear
numerical model AtmoSym. The meteorological source was set based on experimental observations of variations in
atmospheric pressure on the Earth’s surface recorded on a network of 4 microbarographs located in the Moscow region
during the passage of an atmospheric front. Estimates of wave disturbances in the upper atmosphere caused by the
generation of acoustic-gravity waves by a meteorological source are given.

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

Information and analytical system of IKI RAS ""Heliogeophysics™

Oleg Nikiforov?, Alexey Merzliy!, Anatoli Petrukovich?, Alexander Kuzmin?!, Renata Lukianova?l, lvan Uvarov?,
Albert Yanakov?, Igor Moiseev?, Grigory Filatov?, Alexey Starilov?, lvan Shagurin?, Victor Popov?!23

1Space Research Institute, Moscow
2Higher School of Economics, Moscow
3Moscow State University, Moscow

IAS IKI GGF is designed for automated collection, storage, processing, transmission of heliogeophysical
information in the interests of solving scientific and applied problems for the study of solar-Earth connections, the
ionosphere, the magnetosphere and space plasma.

IAS ICI GGF solves the following main tasks:

» automated collection, processing, storage and transmission of heliogeophysical, as well as other necessary data;
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+ thematic data processing;
+ automated transmission of processed heliogeophysical information at the request of the consumer;
« solving scientific and applied problems on the basis of empirical and calculated models (ionosphere, propagation
of radio waves, oval, etc.);
« auniversal stand for testing ionosphere models;
 support of analysis of experimental data and selection of effective models;
 use in educational activities, as well as to popularize science;
+ development of methods for communicating thematic information to users.
IAS ICI GGF includes the following main elements:
1. Server system;
2. Automated workstations (AWS);
3. Database based on the server system;
4. Special Software (SPO).

The server system and workstations run Debian-based Linux operating systems, including Astra Linux.

The system is based on replenished archives of data from the ground network of magnetometers, riometers,
ionosonds of vertical and inclined sensing of the ionosphere (IVZ and INZ), sensors of global navigation systems,
shortwave radio beacons, DMSP satellites and their promising analogues, solar wind observation indicators according
to NOAA, NCAA meteorological data, Earth remote sensing data.

The system implements the constant operation of models, taking into account their correction according to
experimental data:

1. Feldstein's Auroral Oval,
2. OVATION Prime Auroral Oval Boundaries;
3. Large-scale ionospheric inhomogeneities in the high latitude region F under various conditions of solar wind
and the zenith angle of the Sun;
4. Calculation of high latitude ionosphere parameters;
Calculation of the propagation of decameter radio waves;
6. Calculations of interaction of decameter radio waves with ionosphere heterogeneities.

o

The IMF input into the Upper Atmosphere electrodynamics
S.A. Parfenov, B.E. Prokhorov, O.V. Zolotov, A.A. Namgaladze®
Murmansk Arctic State University, Murmansk, Russia

The Interplanetary Magnetic Field (IMF) influences on the coupled system of the earth ionosphere, thermosphere
and magnetosphere due to the Field Aligned Current (FAC) generation. These FACs flow into the earth high latitude
ionosphere and thermosphere and form there the electric field thus influencing on the whole earth electrodynamics.

We included the MFACE model of the FACs into our global numerical three-dimensional time dependent Upper
Atmosphere Model (UAM) to take into account the IMF influence on the earth electrodynamics.

The empirical MFACE model was based on the magnetic measurements of the CHAMP satellite. This model gives
the FACs patterns for the northern and southern hemispheres. It takes into account the season, the IMF intensity and
direction, the solar wind velocity and the solar activity level.

All this allows to obtain the improved description of the earth upper atmosphere electrodynamics. For example, we
clearly see the electric field asymmetry into polar caps between the northern and southern hemispheres.

This work was supported by the Russian Science Foundation grant Ne 22-27-20152, https://rscf.ru/project/22-27-
20152/, and under financial support by the Ministry of Education and Science of the Murmansk region in the frame
of the agreement Nel11.
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The system of ionospheric currents and its contribution to the Earth’s magnetic field
Boris E. Prokhorov
Murmansk Arctic State University, Murmansk, Russia

The ionospheric currents constitute a highly variable part of the global Earth’s electrodynamics. The ionospheric
current system generates a disturbance magnetic field. The magnetic field variations of ionospheric origin are
relatively significant and visible in the observatory data. The proper modeling of the ionospheric current system and
as a result, the accurate prediction of the additional magnetic field of ionospheric origin improves the determination
of the core, lithospheric, magnetospheric fields and helps to explain the satellite and ground-based measurements of
the Earth magnetic field.

For this investigation, | use the improved version of the first-principle, time-dependent, and fully self-consistent
numerical global Upper Atmosphere Model (UAM). Now the UAM model is able to reproduce a part of the Earth’s
ionospheric currents. The model provides two horizontal components of the ionospheric current system for the
altitudinal range from 80 km up to 175 km. The obtained three-dimensional distribution of currents is presented in
spherical coordinates.

Additionally, I construct an algorithm for the additional magnetic field computation. The algorithm obtains the
additional magnetic field from the system of the three-dimensional distribution of the ionospheric currents calculated
with the UAM model. The additional magnetic field is computed using the Biot-Savart law. The algorithm is capable
of calculating the additional magnetic field both outside and inside the ionospheric current layer.

The obtained additional ionospheric magnetic field magnitude is about several hundreds of nT in the vicinity of the
ionospheric current layer. Such value is significant and important for the satellite and ground-based measurements.
At the same time, it is small compared to the dipole magnetic field of the UAM model. Therefore, additional
ionospheric magnetic field can be neglected in the UAM model.

Research of airglow intensity using data acquired by Irkutsk Scattering Radar
and Fabri-Perot interferometers

A. Shelkov, R. Vasilyev, M. Artamonov
Institute of solar-terrestrial physics SB RAS, Irkutsk, Russia

For now, the means of observing the charged component of the upper atmosphere are quite well developed in Eastern
Siberia. However, there are very few instruments for studying the neutral component. Since 2016, at the Geophysical
Observatory ‘Tory’, observations of upper atmosphere’s neutral component are being conducted using Fabri-Perot
interferometers (FPI) KEO Arinae. They are capable of measuring temperature and air velocity at an altitude of 250
km. It is done by analyzing the spectral parameters of the airglow at a wavelength of 630 nm. The results of such
observations also make it possible to quantify the radiation intensity, but for this it is necessary to carry out a
photometric calibration of the interferometers. Excited oxygen atoms O(1D) spontaneously emit photons at 630 nm
wavelength. There is a sequence of reactions leading to O(1D) atoms generation. Hence it is possible to derive a
relation between oxygen atom and electron densities using data obtained from Irkutsk Scattering Radar. Resulting
model intensity of oxygen red line allows to correlate it to FPI response. In this report, possible calibration options
will be presented and theoretical airglow intensity will be compared to radio data. Future combination of all the above
methods will allow for obtaining an effective calibration algorithm as well as clarifying constants of chemical
reactions, which take place at the upper Earth atmosphere.
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Frequency analysis of pulsating auroras measured
by the imaging photometer in Verkhnetulomsky Observatory

K.F. Sigaeval?, P.A. Klimov?, B.V. Kozelov®, S.A. Sharakin*

1Skabeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, 1(2), Leninskie Gory, Moscow 119991,
Russia

2Faculty of Physics, Lomonosov Moscow State University, 1(2), Leninskie Gory, Moscow 119991, Russia

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

In September 2021 a new optical complex including a high sensitive imaging photometer was installed in the
Verkhnetulomsky observatory of the Polar Geophysical Institute. This instrument has an optical system that allows to
measure near ultraviolet (NUV) atmospheric emission with a multi-anode photomultiplier tubes (PMT) matrix. High
temporal resolution allows us to study fine structure of fast-changing aurora luminosity.

This report will present results of case study of frequency analysis of pulsating auroras, which were registered in
2022 by optical complex mentioned above. These events have a variety of spatial-temporal patterns of emission
including characteristic examples of pulsating aurora. This frequency analysis algorithm allows to automatically
allocate and define frequencies of pulsating auroras (main pulsation frequency and internal modulations) and their
change over time. These algorithms will be used for the further automatic data processing of the imaging photometers.

The research is supported by a grant from the Russian Science Foundation (project No.22-62-00010).

Stratification of Polarization Jet
A.A. Sinevich*2, A.A. Chernyshov'?, D.V. Chugunin®, W.J. Miloch*, M.M. Mogilevsky*

Space Research Institute, Moscow, Russia

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

3Higher School of Economics, Moscow, Russia

4University of Oslo, Oslo, Norway

In the subauroral region near the projection of the plasmapause at the heights of the F-layer of the ionosphere, narrow
streams of fast subauroral ion drifts are observed, most noticeable during geomagnetic activity against the background
of large-scale plasma convection, called the polarization jet (PJ) or subauroral ion drift (Subauroral lon Drift, SAID).
The mechanism of PD/SAID formation, as well as the structure of small-scale irregularities within PD/SAID, are open
questions. In this work, we study the internal small-scale spatial structure of PJ/SAID using data from the NorSat-1
and DMSP F-17 and F-18 satellites during several geomagnetic events. It is shown that PJ/SAID consists of several
strata of the polarization jet (Polarization Jet Stratum, PJS) of electron density and temperature. A new phenomenon
has been discovered, called Stratified Subauroral lon Drift (SSAID), which is a PJ/SAID containing small-scale PJS.
The results of the study show that SSAIDs consist of 2-4 large PJS and from a few to several dozen small PJS. Large
PJS have a size of 0.2°-0.3° latitude and small PJS have a size of <0.1°. Physical mechanisms for the occurrence of
SSAID and PJS are proposed.
This work was supported by the Russian Science Foundation (Project No. 23-22-00133).
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Correlation Analysis of intrinsic mode of the Total Electron Content
at Magnetically Conjugated Points

A.V. Timchenko, F.S. Bessarab

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

In this paper, the correlation coefficients of the Total Electron Content intrinsic mode at magnetically conjugate points
are presented according to the EAGLE model data. Total Electron Content (TEC) is global maps from -90° to 90°
latitude, in 5° increments and from 0° to 360° longitude, in 5° increments, with hourly resolution for January 2009.
Using the algorithm Empirical Mode Decomposition (EMD) intrinsic mode functions (IMF) were extracted from the
TEC, which were then used to calculate the correlation coefficients for magnetically conjugate points. Significant
(0.75-0.9) and high (>0.9) values of the correlation coefficient are considered in the work. The purpose of this work
is to investigate the response of various perturbations at magnetically conjugate points in the intrinsic mode of the
Total Electron Content.

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

Thunderstorm activity monitoring in the Baikal natural area
I.D. Tkachev?, R.V. Vasilyev?, A.S. Poletaev?, A.G. Chensky?

YInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
2Irkutsk National Research Technical University, Irkutsk, Russia

In 2020 - 2022, within the framework of the project "Fundamentals, methods and technologies for digital monitoring
and forecasting of the environmental situation on the Baikal natural territory", a study of thunderstorm activity was
carried out, as well as the deployment of a new lightning direction finding network of ISTP SB RAS and IrNRTU in
the territory of the Irkutsk region and the Republic of Buryatia.

A preliminary cluster analysis of lightning cells was made according to the Vereya-MR lightning direction finding
network. Since this network ceased to exist in 2019, and data from foreign lightning direction finding networks is not
always easy to obtain, it was necessary to create our own network of receivers to regularly monitor the lightning
activity of the Baikal natural territory.

Based on the data analysis from the Vereya-MR network, places in the Baikal natural territory with maximum
thunderstorm activity were identified. Therefore, the points of the new lightning direction finding network were
located in accordance with these data. In 2022, three points were put into operation (near the village of Tora, the
village of Listvyanka and in Irkutsk).

During the launch of the network, algorithms for separating lightning impulses, algorithms for determining the
coordinates of a lightning discharge from the azimuths of the arrival of a lightning impulse and time delays between
points were developed. Thunderstorm data from the summer of 2022 was analyzed to improve processing algorithms,
determine locations for additional network points, and evaluate the effectiveness of the operating network. Further
stages in the development of monitoring of thunderstorm activity in the Baikal natural territory were determined, as
well as the possibility of using network data in the protection of infrastructure facilities and forest protection measures.

The work was supported by the Ministry of Science and Higher Education of the Russian Federation, the grant No.
075-15-2020-787for implementation of Major scientific projects on priority areas of scientific and technological
development (the project «Fundamentals, methods and technologies for digital monitoring and forecasting of the
environmental situation on the Baikal natural territory»).
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RGB all-sky imaging of noctilucent clouds: Altitudes, particle sizes and wave analysis
0.S. Ugolnikov
Space Research Institute, Russian Academy of Sciences, Moscow

Noctilucent clouds (NLC) are known as highest, coldest and possibly youngest clouds in the atmosphere of the Earth.
NLC can be also treated as the marker of climate changes in mid- and polar latitudes, where the summer mesopause
temperature is close or below the ice frost level.

Visual occurrence of NLC seemed to increase during the last decades, but it is not the reliable criteria for relation
with temperature and H,O trends in upper mesosphere. These trends can lead to change of altitude (decrease) and
mean particle size (increase) of NLC particles. These characteristics must be continuously measured from a number
of locations in high latitudes on Earth. Actual problem is least-expensive and simple technique for these
measurements.

In this work we show that altitude and mean particle size of NLC can be simultaneously measured by simple RGB-
imaging of clouds using all-sky camera, this can be the additional purpose for regular all-sky survey holding in many
high-latitude locations for aurora monitoring. Accuracy of altitude and particle size measurements is comparable with
lidar and satellite measurements.

Altitude of NLC is found by analyzing of color changes as the cloud immerses into the shadow of the Earth with
account of Rayleigh and aerosol scattering, Oz and NO; absorption of solar tangent emission. Particle size is found by
non-Rayleigh effects of scattering, when the color ratio of NLC starts depending of scattering angle. In the case of
strong wave activity often observed for NLC altitude and particle size can be found as the function of phase of the
wave. Altitude can be also measured by triangulation techniques if NLC is observed from several locations at 50-200
km from each other.

Results of measurements in central Russia in 2020-2022 together with suggestions of net observations in high-
latitude Russia are presented.

Features of the manifestation of the midday recovery effect
in the phenomena of PCA during the main phase of the geomagnetic storm

V.A. Uliev

Arctic and Antarctic Research Institute (AARI, St. Petersburg); e-mail: vauliev@yandex.ru

After powerful solar flares, riometers at high-latitude stations register phenomena of anomalous absorption of the
polar cap type (PCA) due to the penetration of solar proton fluxes (PF) into the lower layers of the ionosphere. In
some PCA at the stations of the auroral zone, the effect of midday recovery (MDR) is manifested as a smooth decrease
in absorption during the hours close to the local noon with a duration of about 8 hours.

Several cases of MDR manifestations were considered according to the data of the stations of the Northern (Dixon,
Amderma, Salekhard) and Southern (Molodezhnaya and Novolazarevskaya) hemispheres during high geomagnetic
activity (GAn) (Kp > 4g) (Dst = -20 + -150) during the period close to the main phase of the geomagnetic storm
(GSwmen). For the same stations, cases of the MDR effect at low geomagnetic activity (GAL) (Kp < 4o) (Dst=0 + - 10)
are given. A comparison of the nature of the manifestation of MDR in GAy (in the period close to GSwmpr) and in GAL
(in the absence of geomagnetic storm) shows that the absorption variations in the period of MDR in GAx compared
with the absorption variations of MDR in GA. have the following features.

(1) Faster and sharper reduction of absorption during the MDR period. (2) Shorter duration of the entire MDR
variation, the start and end phases, as well as the minimum phase. (3) A large amplitude of the absorption decrease in
the MDR period.

These features are explained by the influence of two factors. On the one hand, during the GSwmer period, there is a
strong compression of the magnetic force lines in the frontal part of the magnetosphere, which distorts the isolines of
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the geomagnetic cut-off rigidity (CR), affects the drift trajectory of the PF and increases the amplitude of the MDR
(the factor of compression of the magnetic force lines).

On the other hand, during the GSwmpn period, the ring current (RC) in the equatorial plane becomes asymmetric, i.e.
it has different intensity at different azimuths. Plasma waves in RC interact with proton fluxes (PF) (gyroresonance
interaction), which drift on closed lines of force of auroral latitudes. As a result of gyroresonance interaction, pitch-
angular scattering of PF into a loss cone occurs. In the sector of about 10-12 MLT, the RC intensity is the lowest. This
leads to the formation of an anisotropic cone of PF losses with a small number of proton fluxes penetrating into the
lower ionosphere, which as a result leads to small absorption values, i.e. to the MDR effect. The topology of the RC
intensity distribution in the sector of about 10 -12 MLT (intensity value, time boundaries and azimuthal width of the
sector, intensity gradient change before 10 MLT and after 12 MLT) determines as a result the time of MDR
manifestation (close to geomagnetic noon) and the features of absorption variation during MDR (the factor of
asymmetry of RC).

The information system for short-term forecast of aurora possibility
Gulnara Vorobeva?, Andrei Vorobev'?, Anatoly Soloviev?®, and Vyacheslav Pilipenko?3

tUfa University of Science and Technology, Ufa, Russia
2The Geophysical Center of the RAS, Moscow, Russia
3Schmidt institute of physics of the Earth of the RAS, Moscow, Russia

The research is concerned with the development of a web-based information system that operates in predictive and
retrospective modes and provides the user with an interactive tool for monitoring the probability of observing aurora
borealis. The identified problems of creating such a system are associated with a large and continuously growing
volume of data received from providers of information about the parameters observed in the auroral oval region. To
eliminate them during building a visualization system, the elements of microservice architecture, client-server
interaction, geoinformation technologies were used, which together made it possible not only to create an ergonomic
web application, but also to accumulate a database of experimental data for studying the phenomenon of aurora
borealis and their causes in space and in time. The architecture of an information system was proposed, a distinctive
feature of which is the combination of various patterns of web programming - from a monolithic application to a
microservice one with elements of a modular architecture of the "model - view - controller” type. In the course of the
research, the need to process spatial data (solving the problem of spatial interpolation, forming a set of isolines, etc.)
was demonstrated exclusively on the server side of the application, which made it possible to significantly increase
the response time and information content of the created web visualization system, due to the fact that on the client
side solves only computationally inexpensive tasks of interaction. The beta version of the developed system is
available at https://aurora-forecast.ru/.

I/ICCJIQZ[OBEIHI/IG HHTEHCHUBHOCTEH cBeUeHUs PA3IMIHLIX MMOJI0C HOYHBIX aTMOC(l)ep 3emun u Mapca
B CIIOKOHHBIX reOMarHM THBIX YCIa0BUAX

O.B. AnTonenko, A.C. Kupumios
Honapuviii eeopusuueckun uncmumym (IIT'H), e. Anamumei, Poccus

B HacTosiei paboTte UCI0IB3YIOTCS IKCIIEPUMEHTAJIbHBIC JAHHBIE O XapaKTepHbIX KOHIeHTpauusx O Ha OCHOBaHUU
XapaKTepUCTHK CBEYEHHUS aTOMapHOTO KHcIopoaa Ha 3emiie m Ha Mapce. PaccunTaHbl 3HaYeHHS MHTETPAIbHON
cBeTumocTy nosoc ['epudepra | Ha cpeHUX MMPOTaX U B 9KBATOPHAIBHON 30HE 3eMIIN, TAKXKE Ha CEBEPHBIX IIMPOTAX
U B DKBaropuaibHOW 30He Mapca. OOcyknaeTcsi KOppeJsilMs pe3yJbTaTOB TEOPETHYECKHX PpacueToB
HMHTEHCUBHOCTEH CBEUCHHNS BO30YKIEHHOTO MOJIEKYJISIPHOTO KHCIOPO/Aa Ha 3eMIIe ¢ SKCIIEpUMEHTANbHBIMU JAHHBIMU
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[0 HOYHOMY CBEYEHHUIO MOJEKYJSIPHOIO KHCJIOPOJa, IOJyYEeHHBIMM C KOCMHUYECKOrO IIaTTiaa uid 3eMIIH.
HaGumoaeTcss HEKOTOpOe COOTBETCTBHE C ATHMH XK€ IKCIIEPUMEHTAIbHBIMU JTAHHBIMH 110 3eMJIe, MOJIy4YEHHBIMU C
KOCMHYECKOTO INAaTTJIa C pPe3yJbTaTaMH TEOPETHUECKUX pAcueTOB HMHTCHCHBHOCTEH CBEYEHHSA BO30YKAEHHOTO
MOJIEKYJIIpHOTO KHciopoa Ha Mapce — monoc ['epubepra |. IlpeacraBineHs! pacCauTaHHBIC 3HAUSHHSI HHTETPATbHOM
CBETUMOCTH (THCTOTPAaMMBI) JUIl PacdyETHBIX MeECSleB roja 3eMJIM U CE30HHBIX TOYEK PAaBHOAEHCTBHUS Mapca.
ITokazaHo, 94TO Ha CpPEeAHMX MUPOTaX 3eMJIM B TEPHOJ] HU3KON COJHEYHON aKTUBHOCTH MAKCHMAJbHBIE 3HAYCHUS
MHTETPAJIbHOM CBETUMOCTH B HIOJIE B JKBaTOpUajbHOM 30He — B ampene. Ha ceBepHbpIXx mmpoTtax Mapca
MaKCUMaJIbHbIC 3HAYEHHS B TOUKE OCECHHETO PaBHOACHCTBHS.

Biansinue BHICHIAKNIAXCSH PEJSITUBACTCKUX YJIEKTPOHOB HA XaPaKTEPUCTUKH CUTHAJIOB
cucremsl PCJIH-20

O.1. Axmeros, B.b. benaxosckuii, O.B. Munranes, 11.B. Munranes, A.B. Jlapuenko, 3.B. CyBopoBa
Honsiproui eeousuneckuit uncmumym, 2. Anamumoi

B paboTe Ha OCHOBE Ha3E€MHBIX, CIlyTHUKOBBIX, OAJUIOHHBIX SKCIIEPHMECHTAIBHBIX JaHHBIX U METOI0B YUCICHHOTO
MOJICTIMPOBAHUS MCCIIEIOBAHO BJIMSHHE MOTOKOB BBICBHINAIONIMXCS PEISTUBHCTCKHX 3JIEKTPOHOB (C dHepruen >1
Mb5B) BHelIHero paiManmoHHOTo nosica 3eMin Ha paboTy cucreMbl AaibpHei Hauraunu PCAH-20, paboTtartoeit Ha
gacrotax 11,905 kI'm, 12,649 x['m u 14,881 ['m. Jdns perucrpamuil MOTOKOB BBICHIMAIOMINXCS PEISTHBHCTCKUX
ANIEKTPOHOB HCIOJb30Banbl naHHble cnyTHHKOB NOAA POES, nanHble Oa/UIOHHBIX H3MEPEHUH, NPOBOJMMBIX
OUAH cosmectHo ¢ [1I'M BONM3M . ATTaTUTHI.

Jnst pacyera NPOXOXKICHHS HU3KOYACTOTHBIX PAZMOBOJH B BOJHOBOJAE 3eMis-HOHOC(Epa HCIOIb30BaHA
yncneHHas moaens [II'M. JIng onpenenenust mpouis >IeKTPOHHON KOHIIEHTPAnuu HOHOC(EPHI HCIOIB30BAINCH
JIaHHBIE paziapoB HekorepeHTHoro paccesHus EISCAT, teopernyeckue oneHKH Npoduiieil HOHU3aMKH aTMOC(epbl
DIIEKTPOHAMHU Pa3IMYHBIX SHEPTHM, MpeaiokeHHble B padoTe [Turunen et al., 2009]. Mcrnonap30BaHbl JaHHbIE T10
peructpanmmn OHY curnamos B obcepBaropuu I1I'HM “JIoBo3epo”. [IpoaHann3npoBaHbl W3MEHEHUS aMILTUTYIHBIX,
(ha3zoBBIX xapakTepucTuk curHanoB cuctemMsl PCIITH-20 Bo BpeMs cOOBITHII BBICHIIAHKSA B aTMOC(Epy AIIEKTPOHOB
PEISITUBUCTCKUX JHEpruid. B TO ke Bpemsi THNHM4YHbIE HM3MEHEHHs (Pa30BBIX M aMIUIUTYHBIX XapaKTEPUCTHUK
HU3KOYACTOTHBIX CHTHAJIOB aHTPOIIOT€HHOTO IPOMCXOXKICHUS MOTYT OBITH HMCIOJIB30BAaHBI UIS MICHTU(HUKALNH
MOTOKOB BBICBHITIAIOIIMXCS PEISATHBUCTCKHUX JIEKTPOHOB.

HccrnenoBanue BBIMOJHEHO 3a c4eT rpaHta Poccuiickoro Hay4dHoro (onma Ne 18-77-10018 (Axmeror O.U.,
BenaxoBckwuii B.B.).

Turunen E., Verronen P.T., Seppild A., Rodger C.J., Clilverd M.A., Tamminen J., Enell C.-F., Ulich T. Impact of
different energies of precipitating particles on NOx generation in the middle and upper atmosphere during
geomagnetic storms // J. Atmosph. Sol.-Terr. Phys., Vol. 71, Is. 10-11, p. 1176-1189. 2009.

Ocobennoctn perucrpamyun C/IB curHanoB nNpocTpaHCTBEHHO-PA3HECEHHOM CHCTEMBbI
NMPHEMHBIX MYHKTOB

H.C. Augxacos, b.I". T'apunios, B.M. Epmak, E.H. Ko3akoga, 10.B. [Toxnan, N.A. PsxoBckuit

Q@I'BYH Uncmumym ounamuxu eeocep umenu akaoemurxa M.A. Cadoscxoeo PAH, e. Mockesa, Poccus
E-mails: nsachkasov@yandex.ru, boris.gavrilovd4@gmail.com, poklad@mail.ru, ryakhovskiy88@yandex.ru

UAT PAH nauunas ¢ 2014 rona Bener monutopunr curHanoB C/IB nepenatankoB B 'O Muxnepo (54.95° C.111,
37.7° B.J1.). Hamu Obiim pa3paboTaHbl METOJUKH BOCCTAHOBJICHHS MMapaMeTPOB HWXKHEH HOHOC(hEpHl Ha Tpaccax
pacnpocTpaHeHHUs] CUTHAJIOB BO BpeMs COTHEUHBIX PEHTTEHOBCKUX BCTbIIEK. CIeTyIONUM 3TallOM Pa3BUTHS dTOTO
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HaTpaBJIeHUs] UCCIEJOBaHUI SABIsETCS pa3BopauyMBaHue ceTH NpueMHbIX cTaHuuil. C utoHs 2021 roma pabGotaet
NpUeMHUK B obcepBaropun «Jlagymkuny» (54.6° C.111., 20.2° B.JI.) Kanununrpasackoro ¢unmmana USMUPAH. s
anpHeHmero pasBepTeiBaHUA MpueMHBIX craHimi B MJIIT PAH paspabateiBaeTcs M TecTHpyeTCS KOMIDIEKT
MIPUEMHOH amlmapaTypbl ¥ aHTEHH Ha 0a3e OTEYECTBECHHBIX MITH OOIIEIOCTYITHBIX KOMIUIEKTYIOINX. B nanHOM pabote
MIPUBOJATCS. OCHOBHBIE XapaKTEpUCTUKH pa3pabaThiBaeéMON ammaparypbl, IPUHIUIEL ee nocTpoeHus. Ilo naHHbBIM,
MOJTy9eHHBIM B 00cepBaTopusix «MuxHeBo» U «JlagyIIKuH», IPOBEICH aHAIN3 OCOOCHHOCTEH PHHATHIX CUI'HAIOB
ot eporeiickux CIB mepematumkoB. PasBopaumBaemasi ce€Th NMPUEMHBIX ITyHKTOB MO3BOJHUT KPATHO YIIYYIIUTH
MIPOCTPAaHCTBEHHOE pa3pelieH:e IPH BOCCTAHOBICHUH TapaMeTPOB HOHOC(EPHI.

Pabora BrmosnHeHa B pamkax ['ocynapcrBennoro 3aganus Ne 122032900175-6.

BiinsiHue COTHEeYHBIX BCNbIIIEK PA3JIMYHBIX KJIACCOB HA JTMHAMHUKY
MOJTHOTO YJ1eKTPoHHOro coep:xkanus (IIIC) nonochepsni

H.C. Bapa6am®?®, U.A. PsaxoBckuii?

YDeoepanvroe 2ocyoapcmesentoe asmonomnoe obpazosamenvroe yupescoenue svicuiezo obpazoeanus «Mockosckuil
PU3UKO-MEXHUYECKUL UHCMUMYM (HAYUOHATbHBIL UCCIe008AMENbCKULL YHUSEPCUMEN)»

2Pedepanvroe 2ocyoapcmeennoe 6100xcemnoe yupexcoenue nayku Mucmumym ounamuxu zeocghep Poccuiickoii
axademuu Hayk (/]I PAH)

3Deoepanvroe 2ocyoapcmeentoe 6100acemuoe yupescoenue nayku Ieogusuueckuii yenmp PAH (I'L] PAH)

CoBpeMeHHEIH YPOBEHD Pa3BUTHA INT00ANBHBIX HABHTAIIMOHHBIX cIyTHHKOBEIX cucteM (THCC) mam BO3MOXKHOCTB
CYIIECTBEHHO MPOABHHYTHCSA B BOMpocax m3ydeHusi noHocdepsl. K Hacrosmemy Bpemenn ucnonb3oBanne ['HCC
MO3BOJIMJIO HAKOMUTH OOJBIIOW OOBEM YHHKaJIbHBIX JKCIIEPUMEHTAJBHBIX JaHHBIX O CTPYKType HOHOC(Ephl —
r7I00AIBHOM  pacIpefeiecHNd HOHW3AINK, €€ CYTOYHBIX, CE30HHBIX, KIMMAaTHYECKHX BapHalUiXx M IOJHOM
anekTpoHHOM coaepkanun (I19C).

B pabote mpencraBieH KOMIDICKCHBIN aHanm3 auHamMuku [I9C BO BpeMs CONHEUYHBIX BCHbIMeK X Kiacca,
npousomienmux B ceHtsOpe 2017 roma. YBenudeHHe WHTEHCHBHOCTH PEHTTCHOBCKOTO M YJIbTPadUOJIETOBOTO
U3ITYYCHUs, HAOM0JaeMOoe BO BpeMsi XpoMOc(epHBIX Bemblmek Ha COJHIlE, BRI3BIBACT HEMEICHHOE BO3PaCTaHUE
AJIEKTPOHHOH KOHIICHTPAIINH BO Beell HoHOc(epe. B HacTosmeM uccaeroBaHny ObLIa pa3padoTaHa METOIMKA OLCHKH
n3menenus [19C nonocdepsl, BBI3BAHHOT'O BCIIECKOM COJIHEYHONH aKTMBHOCTH. JTa METOJIMKA MO3BOJIMIIA OIEHUTH
nuHaMuKy [I9C, BBI3BaHHYIO COJIHEUHBIMH BCIBIIIKAMH, Mpou3omenmuMu B ceHTs0pe 2017 roga. Taxoke Oblna
MMOCTPOCHA 3aBUCUMOCTh MaKCUMalbHOTO U3MeHeHus [I9C OT 3¢HUTHO-COTHEYHOTO YIia.

Bausinue nonocpepHbIX BO3MylIeHHt Ha cOMHTHIIAOMA curHaaoB THCC
HA aBPOPAJILHBIX IIHUPOTAX

B.b. benaxosckuii'”, I1.A. Byanukos?, C.B. ITunsraes?, A.B. Pongyrunt, A.C. Kamumun®, 1. Jxun’, B. Munom*

Yorapuwiii 2eogpusuyveckuii uncmumym, 2. Anamumuol

2Quantectum, Llseiiyapus

SApxmuueckuii u anmapkmuyeckuii HayuHo-uccredosamenvckuii uncmumym, 2. Cankm-Ilemepoype
4YVuusepcumem Ocno, Ocno, Hopeeaus

*E-mail: belakhov@mail.ru

B pabote npoBeneH aHaIHM3 BIUSAHISI HOHOC(EpHBIX Bo3mymennid Ha cuuHTruiun [ JIOHACC u GPS curaanos

U SKBaTOPUAIILHOW YacTH aBPOPAJbHOTO OBajia C HMCIIOJIB30BaHUEM Teo(pu3nuecKkux HaOmoneHnii Ha KombckoM
nonyoctpoBe u B CxannuHaBun. CrnytHuku [JIOHACC (waxnmonenue — 64.8°) u GPS (HakioHeHHE — 55°) UMEIOT
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pa3IMyHyI0 OpOWTY, MOITOMY IPEICTABISET MHTEPEC CPaBHEHHE BO3JCHCTBHS HOHOC(EPHBIX BO3MYILCHUH Ha
CIMHTWULLNY, ONIPEAeIsIeMble 110 JaHHBIM 3TUX CITyTHUKOB.

HUcmonszosanst ganubie THCC npuemunka Septentrio PolaRx5 (mox ynpasnennem OI'BY "UIIT™), pasmenieHHOTO
Ha 3mannu [ITU B 1. Amatuter 3a 2021 rox, nanasie GPS mpuemunka NovAtel wa cranmmu 1lIu6ota (Skibotn,
Hopserus1) 3a 2015-2022 roga. [dnst peructpauuy HOHOC(EPHBIX BO3MYIICHHH HCIONB30BaHbl ONTHYECKHE
HaOJFOIeHNS OJSIPHBIX CUSHUH B dMuccusix 557.7, 630.0 am B o6cepBatopun I1I'1 ”JIoBo3epo™, naHHBIC HOHO30HAA
BepTUKaIbHOTO 30HAMpoBaHUI AAHUMU, pacnonoxkenHoro Ha crannuu Mypmanckoro YIMC “Jloozepo”. s
OTZAEJBHBIX CIy4aeB UCIOb30BaHbl JanHble pagapoB VHF, UHF EISCAT B Tpowmce.

IIpoBeneHo cpaBHeHUEe BO3ncicTBUs Ccy0Oypb, SSC cOOBITHI, JHEBHBIX T'€OMATHHTHBIX BO3MYINCHHHA Ha
crpmHTIIDEIIAA GPS/TJIOHACC curHanoB. AHaiaw3 HOKa3bIBaeT, YTO B OOJBIIMHCTBE CIy4aeB 3aMETHBIH POCT
(a30BBIX CUMHTHWULIIUN (¢ >1) IPOUCXOAUT BO BpeMs HOYHBIX WJIM BEYEPHUX CyOOYpb, CONPOBOMKIAFOLIUXCS
OTpUIATENILHBIMA MarHUTHBIMU OyxTamu. Ho BO BpeMsi MarHUTHBIX OYypb MOJI0KUTEIbHBIE OyXThl B MATHUTHOM I10JIE,
BBI3BAHHBIC YCHJICHHE BOCTOYHOTO JJIEKTPOPKETA, IPUBOIAT K BIIOJHE COMOCTaBUMOMY pOCTY (pa3OBBIX
ciuHTWULINNH.  CuibHble  (pa3oBble  CHMHTHIULIIMK  CBS3aHBI C  IOSABICHHEM [yl TIOJIPHBIX  CHSHHH,
OPHUEHTUPOBAHHBIX B BOCTOYHO-3alaJHOM HampaBieHud. [Ipeobnananue 3eneHoil nuHuu (557.7 HM) B CHEKTpe
NOJSIPDHBIX CUSTHUH TOBOPUT O BKJIaZe HOHOC(EPHBIX BO3MYyLIeHMH B E-cioe moHOCdepsl B pocT (ha3oBbIX
CIMHTWULINNN. AHann3a MOKa3bIBAET, YTO JUI1 OAHUX M TEX )K€ MOHOC(HEpHBIX BO3MYIICHHH YPOBEHb (Da3oBBIX
cipHTIWULIIMNA 10 qaHHbIM [JIOHACC u GPS cnyTHHKOB MOMKET OTIMYAaThCsA B 2 pas3a, 4TO BhI3BAHO, MO BCCH
BUJIMMOCTH, CBSI3aHO C MIPOXOXKACHHUEM CUTHAJIOB Yepe3 JIOKAIbHbIE HEOAHOPOAHOCTH HOHOC(HEPHOIT M1a3MBbl.

CpaBHenue ¢a3oBeix GPS CHMHTHILIALMIN [0 TaHHBIM MpUeMHUKa Ha craniwn SKibotn ¢ nanueiMu pagapa EISCAT
MOKa3bIBACT, YTO OCHOBHOW BKJIA/I B POCT CHMHTIWIISIUI BHOCST Bo3MyIIeHUs B E-croe nonocepsr. Bozmymenus B
F-cioe noHocdeps! He BHOCAT 3aMETHOTO BKJajaa B (pa3oBble CUMHTHILIALUK. He 0OHapy»eHO pocTa aMILIMTYAHBIX
GPS cupHTHILUIANNI BO BpeMsl paCCMOTPEHHBIX COOBITHIA.

HccrenoBanne BHIIONHEHO 3a cueT rpaHTa Poccuiickoro HayuHoro donma Ne 18-77-10018 (bemaxosckwuii B.B.).

OueHka BIUSIHASA COJTHEYHBIX MPOTOHHBIX COOBITHIH
Ha coJep:KaHue 030HA B BLICOKOILIMPOTHOI aTMocdepe

B.b. benaxosckuii, A.C. Kupumios
Honsproii eeogusuneckuii uncmumym, 2. Anamumoi

C wucnons3oBaHWeM JaHHBIX crmyTHHKa Aura (uactpymentr MLS — Microwave Limb Sounder) uccremosano
COJIHEUHBIX MPOTOHHBIX COOBITHH 23-25 IHMKJIOB COJHEYHOW aKTUBHOCTH Ha BBICOTHBIN NPO(MIb KOHIEHTPALUH
cTparoc(hepHOro U Me30c(epHoro 030Ha. PaccmarpuBamich MpoJieThl CIlyTHUKa Aura it reorpaguyecKux MIHpOT
|®| > 65°. I3 paccMOTpEHHBIX COOBITHIT HaGOIee 3aMETHBIH OTKIMK HAGIIOMANICS TSl IPOTOHHBIX COOBITHIA B IHBApE
2005 rosa npu nposieTe Yepes 0KHOE MoTyIIapue, Korjaa HabIoJai0ch HapyIIeHHEe CyTOYHOTO X0/1a 030HA B TEUCHHE
11 nueit Ha BbIcOTax Me3ocdepsl. CoHEYHBbIE POTOHHBIE COOBITHS NMPUBOIAT K oOpazoBaHmio a3oTHBIX NOX un
BoJ10poaHbIX HOX cocTaBnsromux, MpUBOASIIMX K yMEHBIICHUIO COJIep KaHue 030Ha B aTMocdepe.
HccnenoBanue BBIMOIHEHO 3a cyer rpanTa Poccuiickoro Hay4Horo ¢onma Ne 18-77-10018.
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MopneaupoBanue UT-3¢drexTa Bo3mylieHnii napaMeTpoB BepxHei atmocdepsl
IJIsl TeOMarHuTHOM Oypu B Mmapte 2015

K.B. Bemouenko?, M.B. Kimmenkol?, B.B. Kimmmenko®, K.I'. Patosckwuiil

YUncmumym conneuno-semnoii gusuxu CO PAH, Hpxymck, Poccus

2Uncmumym gusuxo-mamemamuyeckux Hayk u ungopmayuonnvix mexnonoauti BOY um. Y. Kanma, Kanununzpao,
Poccus

SKanununepadckuii punuan Unemumyma 3eMHo20 MA2HemMu3mMa, UOHOChepbl u pacnpoCmpaneus paouogoH UMm.
H.B. Ilywkoea PAH, Kanununepao, Poccus

OTKHKyY BepxXHei aTMocdepsl Ha reoMarHuTHY0 Oypio 17 mapta 2015 roga nocBsmeHs! MHOTOYHCIICHHBIE HAYIHEIC
UCCIIEOBaHMs, B TOM 4YHCJE, OCHOBAaHHBIE Ha pe3ylbTaraXx 4YHCIEHHBIX Mozeneil. Ha ocHoBe [nmoGambHoi
CamocornacoBanaoii Momemn Tepmocdepsr, Uonocdepsr u IIporonocdepsr (I'CM TUII) mamm Opina mana
MHTEPIIPETalsl BBICOKOIIMPOTHBIX HOHOC(HEpPHBIX 3(PQPEKTOB 3STOM T'€OMArHUTHOW Oypu, BBIABICHBI U
MPOMHTEPIIPETUPOBAHBI ITOJIOKHUTENBHBIE dPPEKThI ocneaerncTBus. lanpHelmmii aHaiu3 pe3ynbTaToB YHCICHHOTO
MOJICTIMPOBAHUSl TOKa3al, 4YTO OTH MOJIOXKHUTEIbHBIE A(PQEKTh MOCICACHCTBUS I0-Pa3HOMY TPOSBISIOTCS B
Pa3IMYHBIX JOJNTOTHBIX CEKTopax. B maHHON paboTe MBI HCCIENOBANTH 3aBHCHMOCTh BO3MYIICHHH ITapaMeTpoB
BepxHeil aTMoc(ephl OT BpeMEHU Hayajla TeOMarHUTHOM Oypu. J{Js 3TOro MBI MPOBEIH JOIIOJIHHUTENBHBIE PAaCUeThI
T€OMAarHUTHBIX Oypb HICHTHYHBIX pacCMaTpPUBAEMOi, HO CO CMEIllEeHHEM BPEMEHH Havaia reoMarHuTHoi Oypu Ha 0,
6 u 18 UT. Ilpu sToM peanpHast reoMarHuTHas Oypst 17 maprta 2015 rona maunnaanace B 12 UT. Beum paccMoTpeHsI
OCHOBHBIE (PU3MUECKHE MPOLECCH], KOTOPhIE UIPAlOT BaXKHYIO pOJb B (JOPMHUPOBAHUN HOHOCHEPHBIX 3P (PEKTOB Ha
pasHbIX (ha3ax pa3BUTUS reoMarHuTHON Oypu. [TokazaHO, YTO MHTEHCUBHOCTh M LIMPOTHBIA OXBAaT MOHOC(EPHBIX
3¢ eKToB nocneAeHCTBIS 3aBUCST OT JOITOTH M OT BpeMeHH UT Hauana u pa3BUTHS reOMarHUTHON OypHu.
Pabora BrmosHeHa rpu oaaepykke rpanta PH® Ne 23-27-00213.

Honochepubie 3¢ GeKThl HACTUYHOI0 COJHEYHOTr0 3aTMeHus 25 okTsi0ps 2022 roaa
no 1anubiM CIB 1 T'HCC 30HaMpOBanus

J1.C. Bapsaps?, I".A. Kyp6aros!, A.M. ITagoxun'?

1MF Y um. M.B. Jlomonocosa, Mockea, Poccus
2H3MHPAH, Tpouyxk, Poccus

Pasmonaburo/ieHust BO BpeMsi COJTHEYHOT'O 3aTMEHUsI MO3BOJISIOT U3y4YaTh HOHOC(EPHBIE MPOIECCHI, TPOUCXOASIINE
B YCIIOBHSIX OBICTPBIX M3MEHEHHI MHTEHCHBHOCTH COJHEYHOHN pajWalliy MPH HMOYTH MOCTOSTHHOM 3€HHUTHOM YTIe
Connna. HabmroneHnst B pa3inuHbIX AMAIa30HAX B CBOIO OYEpEllb MO3BOJISIOT MCCIIENOBATh OTKIMK B Pa3IMIHBIX
BBICOTHBIX ciosix. Tak maHuele CJ/IB 30HIupoBaHMs OKa3bpIBaloTCs Hanbojee YyBCTBUTEIBHBIMU K INPOLIECCaM B
HwkHel nonocdepe (D — cnoe), B To Bpems kak ganHble [ HCC mo3BONSAIOT HCCIIE0BATh HHTETPATIBHBIN OTKINK
noHocGepsl BJIOJIb JIyya 30HIUPOBAHMS CIyTHHUK — NPHEMHHMK B Buzae Bapuauumii [19C. B Hacrosimem poknane
IIPE/ICTAaBIICHBI HEKOTOPBIE PE3yJIbTaThl COBMECTHOTO HabmoieHust Bapuanuii amiuntyasl C/IB curaanos Ha Tpacce
Paynepden (DHO38) — Mockea (MI'Y) u Bapuanuii I19C na npuemuukax cetu |GS, momagaromux B 00J1acTh
gyBcTBUTENbHOCTH C/IB Tpaccel u 061acTh Tpeka YaCTUIHOTO COJTHEYHOTO 3aTMeHUs 25 okTa0ps 2022r. [Ipu sTom
qia npuema CJIB curHanoB ucnonb3yeTcs MNPOCTEHIIMI MPOrpaMMHO-ONpEAETsEeMbI NMPUEMHUK Ha OCHOBE
3ByKoBO#t KapTet SBX X-Fi Surround 5.1, peanuzosanusriii B cpene GNURadio. ITokazaHo, 94ToO B IEPHOT YACTHIHOTO
3aTEHEHUSI TPACChl HAOJIOMAETCS YBEIMYCHHE aMIUTUTYyAbl curHaiga nepemarumka DHO38 mo cpaBHeHHIo co
CPEHEHEBO3MYILIEHHBIM JHEM, YTO MOXKET OBITh CBSI3aHO C MOABEMOM BEPXHEH CTEHKH BOJHOBOJA. B ToXxe Bpems,
unrerpaibHele 3ddexTsr B [I9C HaMHOTO MeHee BBIPAXEHBI M B pPsJie CIy4aeB MAacKHPYIOTCS €CTECTBEHHOM
HOHOC(EPHOI N3MEHIUBOCTHIO.
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O MoaepHM3aIUM YHUKAJIBHOM HAYyYHO! yCTaHOBKH “MHOrome eBoi cTeH
AJISl MCCIIeIOBAHUS OKOJI03eMHOI0 1 KOCMUYeCKOro npocrpancrsa (creng CYPA)”
W Pa3BUTHH ee JHArHOCTHYeCKUX CPeICTB

®.U. Boibopuos'?, A.B. Illunaun’, M.E. Tymun?

Hayuno-uccnedosamenvckuii paduogusuueckuti uncmumym HHI'Y um. H H. Jlobauesckozo, 2. Huxcnuii Ho62opoo,
Poccus; e-mail: rf-shindin@rf.unn.ru

2Bonoicckuti 2ocyoapcmeenublil yuusepcumem 600Ho20 mpancnopma, 2. Huoenuii Hoezopoo, Poccus; e-mail:
vybornov@nirfi.unn.ru

B nmoxmane mpwBOIATCS pPE3yNbTaThl BEIIOJHEHHBIX paboT 1O MojaepHM3anuu HarpeBHoro creHma CYPA
(Hmwxeroponckast o0, 1. Bacuiabcypck), JDOCTUTHYTBIC TEXHHUUCCKHE XapaKTCPHCTHKU CTEHIA W COCTOSHHE
JIMaTHOCTUYECKUX CPEJCTB, HCIOJB3YEMbIX MPU MPOBEACHUHM SKCIEPUMEHTAIBHBIX HcclefoBaHuid. IlpuBoasTcs
IaHHbIe 10 pabore cteHma B 2021-2022 romax, BBIIONIHEHHBIX B 3TOT IEPHOI HCCICIOBAHUAX W TIONyYCHHBIX
pesynbratax. OOCYXKHalOTCS BOMPOCH JalbHEHIIEro pa3BUTHS IHATHOCTHYECKUX CpPEACTB, COOOIIAeTCS O
TUTAHUPYEMBIX SKCIIEPUMEHTAX U 0KHUIAEMBIX PE3yJIbTaTax.

Lenbto paboTHl SABISUIOCH 0OecTiedeHre He0OXOAUMOTO YPOBHS MapaMeTpoB U xapakTepucTuk cteHga CYPA kak
MOIITHOTO ~H3JIy4YaloIIero CpeicTBa, oOecledeHHe HaJeKHOH paboThl CTeHAa B OONACTH HCCIICAOBAHHA
HCKYCCTBEHHBIX HMOHOC(EPHBIX BO3MYIICHHUN, WHUIMUPOBAHHBIX €r0 W3JIy4YCHHEM, HAa yPOBHE, COIMOCTABUMOM C
aHAJIOTMYHBIMU 3apyOeKHBIMU YCTAHOBKAMHU, COBEPIIICHCTBOBAHNE W CO3/IaHME HOBBIX TMaTHOCTHUYECKHX METOJIOB U
CPENCTB I MPOBENEHUS TEOPETHUUECKUX M SKCIEPUMEHTAIBHBIX MCCIECIOBAHUM B KOCMHYECKOM MPOCTPAHCTBE,
noHocdepe, atMocdepe, a TaKKe IS MPUKIIAIHBIX UCCICIOBAaHUN B 00IaCTAX COBEPIICHCTBOBAHUS KOCMUYCCKUX U
HABUTAIIMOHHBIX CPEJICTB, CPEICTB KOPOTKOBOJHOBOHM CBSI3M M Pa3BelKH IOJE3HBIX MCKOINaeMbIX. Peammzarius
JAHHOTO TIPOEKTa CTala Ba)KHBIM ATAaroM padoT Mo KOPEHHOH MOAEpPHH3alHU CTEHAAa W CO3JaHMI0 Ha ero 0ase
paIuOWHCTPYMEHTa HOBOTO TTOKOJICHHS 0€3 OCTaHOBKH TEKYIUX MCCIICIOBAHUH.

B noxmane oTMedaercs, 4TO MHOTHE HAmNpaBlIeHUS HCCIEI0BaHUN C MCIONb30BaHUEeM HarpeBHOTO cteHna CYPA
MOJIyYUJIM JalbHEHIIee pa3BUTHE, 3HAUUTENILHO BBIPOCIIA OJIL MOJIOJIBIX UCCIIEIOBaTENEH.

PaGora A.B. llluaanna BeIMONHEHA TIpH (PUHAHCOBOU MOIACPIKKE IPOTPaMMBI CTPATETHIECKOTO aKaIeMHUIECKOTO
munepcra [Ipuopurer-2030.

Peanuzaunus pyaxuun ITUYM-npuemMHuka Ha ocHoBe cuctembl Red Pitaya SDRlab 122-16
K.K. I'pexnena, C.I1. Moucees, A.B. [lHunaun, B.A. I1aBiosa
HUP®U HHT'Y, 2. Huscnuii Hoseopoo, Poccus,; e-mail: kseniya81422@mail.ru

B paGore omucana peanmsanun ¢yukiun JIYM-npuemnnka Ha ocHoBe cuctembl Red Pitaya SDRlab 122-16.
[IpuBomsTCA NUCTAHIIMOHHO-YACTOTHBIE XapaKTEPHUCTHKH, 3aperHCTpHpoOBaHHBIE Ha mnoimuroHe «Kapamar»
(pecriy6uiinka Kpeim) npu npueme curnanos JIUM nepenardnka, pacronoxeHHoro Ha o. Kunp. OTmedaroTcst BeICOKas
YHHUBEPCAJIbHOCTB Ipe/JlaracMoi peasiM3aliy U MepCHeKTUBBI €€ UCI0Ib30BaHus Ha Ipyrux noauronax HHI'Y.

Paborta BeImonHEHA TpW (MHAHCOBON MOAJEPKKE HPOTPAMMBI CTPATETHYECKOTO aKaJeMHYECKOrO JHASPCTBA
Ipuopurer-2030.
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Oco0enHocTHn perucTpanyuu HckyccTBeHHbIX YHY curnajioB npu pa3Hom ypoBHe
U XapaKTepe CIEKTPOB eCTeCTBEHHOI IIyMOBOM NMOMexXHn

E.H. Epmaxosa, A.B. Ps60B
HUP®U HHT'Y um. H.HU. Jlobauesckozo, H. Hoseopood, Poccus

HccnenoBaHa BO3MOXKHOCTh PETHCTPAIIMN MCKYCCTBEHHBIX CHTHAJIOB OT TOPH30HTAIBHBIX TOKOBBIX JIMHHH IIPH
Pa3HbIX COCTOSHMSAX HOHOC(epHOW Iia3Mbl. V3ydeHa cyTouyHas NUHAMHMKa BEJIMYMHBI CUTHAII/IIYM Ha Pa3HBIX
YacTOTax B YCJOBUSAX pPAa3HOIO YPOBHS COJHEYHOHW aKTHBHOCTH. BBIOpaHbl MEpHOABI  CYIECTBOBAHHS
BBICOKOTOOPOTHEIX HOHOC(EpHBIX cTpyKTyp MAP m cy6-MMAP. AMminTyna curaanga pacCUdTHIBANIACH MO MOJCITH
TOPU30HTAIBHO HEOHOPOAHOTO BOJIHOBOA 3eMIIsI-HOHOC(Epa IS JUITOIISL, OPUEHTUPOBAHHOTO BAOJIb HAIIPABIICHNUS
CIO, a ypoBenp MarHuTHOro myma B komnoHeHTax CHO u B3 ompepensics Ha OCHOBE aHaimM3a JaHHBIX
HU3KOYACTOTHOIO MOHUTOPMHIA HA CPEAHELIUPOTHBIX IIyHKTaX ¢ Koopaunatamu (46° B. 1., 56° c. mr.) u (60.5° c.u.,
24.7° B.1.). BBUIO TIOKa3aHO, YTO CYTOYHAs NMHAMMKA BEJMYMHBI CHTHAI/IIYM CYIIECTBEHHO DPa3IMYacTCs JUIs
yacToThl 3 ['Il ¥ AJIs1 YacTOTHI IEPBOrO IIYMAHOBCKOTO pe3oHanca (8 I'): BequyuHa curHai/uryM Ha dactore 3 I'ig
MeHsach B 1.5-2.5 pa3 B TeueHHe CyTOK, a BapHaIlH ATOH BEIMYHHBI Ha 4acToTe 8 I'I] COCTABISIIN CYIIECTBEHHO
MeHblIyto BennunHy (20-30%). B mepBoM ciryuae 1 perucTpanny curaana 6osee 3(h(h)eKTHBHBIM SBIISETCS THEBHOM
MIEPHO/ U TIEPHO]T ITPOXOXKICHUSI TEPMHUHATOPOM TPACChl pacpocTpaHeH s H/4 BoiH. [loka3aHo Takxke, YTO B HOYHOE
BpeMsi B IEPHOJI MTOBBILICHHO! COJHEYHOW aKTHBHOCTH HEMOHOTOHHBII XapaKkTep Bapualuii BEIMYUHBI CUTHAI/IIYM
MOXET OBITh CBS3aH C BIUSHUEM CTPYKTYpHI cy0-MIAP, kak Ha BEIMYMHY aMIUTUTY/IbI ITyMOBBIX KOMIIOHEHT, TaK U
Ha aMIUIMTYJy KOMIOHEHT CHTHaja. B meproapl MHHMMyMa COJHEYHONH aKTMBHOCTH (BBICOKOmOOpOTHBINH MAP)
XapakTep CyTOYHOH AMHAMUKHU BEJIWYMHBI CUTHAJ/IIYM CYLIECTBEHHO pa3inyaics Ha Onmu3kux yacrortax (2 I'mum 3
I'm) B HOUHOE Bpems. McciemoBaHusl 3aBHCHMOCTH BEIUYMHBI CHTHAJI/IIYM OT PAcCTOSHHA IOKA3alo, YTO IS
MarHuTHOro MoMeHTa 3*10° [A kM?] curHan MoxeT YBEpEHHO PErMCTPHPOBATLCS HA PACCTOSHUAX 10 2500 KM JHEM
J1st yactoThl 3 ' 1 1o 1500 kM HOYbIO A7 9acToT 3 U 8 'l A1 MAarHUTOCTIOKOWHOTO TIEPHUO/a.

Pabora BeinonHeHa npu noazepkke rpanra PH® Ne 20-17-00050.

O monudpuxamuu mozxeau FIRI-2018 u Python-nakera pyfiri nas ycaosuii FOxxnoro noJymapus
O.B. 3onoros

Hayuno-uccrnedosamenvckas  nabopamopusi  «Komnviomepnoe moldenuposanue — usuueckux npoyeccog 8
0KOI03eMHOU cpedey, Mypmanckuil apkmuyeckuii 2ocyoapcmeennviti ynugepcumem, 183038 Mypmanck, Poccus

B pabGore mpexcraBieHa MoquHKAUUs CTATHCTHYSCKOM MOJEIM HEBO3MYINCHHOW HeaBpopambHO# D-o6mactu
nonocoepsr FIRI-2018 [Friedrich et al., 2018, https://doi.org/10.1029/2018JA025437] nas ycnoBuii FHOxHOTrO
nonynrapust.  OOCYXIal0TCs OCHOBHBIE BO3MOKHOCTH €€ IMPOTPAMMHON pealM3allid, BBITOJHCHHOW B BHIIE
CBOOOJHOrO mporpaMMHoro obecneuenus — Python-nakera pyfiri, pasmemennoro B penosutopun PyPl (Python
Package Index) non nuuensueii Apache 2.0 [Zolotov et al., 2022, https://doi.org/10.1016/j.s0ftx.2022.101263].
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O030p COBpeMEHHOI0 COCTOSIHUS MO/ieJlell BLICHIIAHUI 3JIEKTPOHOB
H Moueneﬁ MPOaA0JbHBIX TOKOB

0.B. 3om0toB, b.E. IIpoxopos

Hayuno-uccredosamenvckas  nabopamopus  «Komnviomepnoe modenuposanue usuueckux npoyeccog 6
oKono03emHoll cpedey, Mypmanckuu apkmuueckuii 2ocyoapcmeennuiii yuusepcumem, 183038 Mypmanck, Poccus

B pabote mpencraBieHsl pe3yibTaThl 0030pa COBPEMEHHOTO COCTOSIHHUSI MOJIENICH IPOJOJIBHBIX TOKOB BEpXHEH
aTMoc(epbl 3eMJIM U MOJIeNeil BBICHITaHUN 3JIEKTPOHOB. Ha ocHOBe aHann3a Hay4YHbBIX MyOJIMKalui 0TOOpaHO ceMb
MoJieJicl TIPOJIONIBHBIX TOKOB, M3 KOTOPBIX Hambosiee coBpemenHbiMu siBisitorcsi EW-FAC, MFACE, AMPS, u
OJMHHAIIATh MOZENeH BBICHIIAHUKM 3JIEKTPOHOB. M3 mocieaHux Hamboiee pacrnpoCTpaHEHHOW —SIBISETCS
Kiaccuueckas mogenb AFGL, a mogens Ovation Prime (kak B Bapuante Ovation Prime, tak u Ovation Prime-2013)
B [OCJIeTHEE BpeMs HabupaeT Bce OOJIBIIYIO MOIYJISIPHOCTD.

UccrenoBanme  BBIIOMHEHO 3a cuer rpaHTa Poccmiickoro HayuHoro ¢oHma Ne 22-27-20152
(https://rscf.ru/project/22-27-20152/) u npu ¢duHaHCOBON moIepkKe MUHHCTEpCTBA OOpa30BaHUS U HAYKU
Mypmanckoit obmactu B pamkax Cormamenns Nel11.

CyTo4Hasi AMHAMHMKA PE30HAHCHBIX CTPYKTYP
NMPHU3eMHOI0 eCTECTBEHHOI0 3JIEKTPOMATHUTHOTO IIIyMa

H.B. UBanoB
Honsiproui eeopusuneckuit uncmumym, Mypmanck, Poccust

Ha ocHOBe aHamu3a CyTOYHON JUHAMHUKH MOJSPU3ANMOHHBIX XaPAKTEPUCTHK PE30HAHCOB ECTECTBEHHBIX
3JIEKTPOMArHUTHBIX IMOJICH MIOKA3aHO, YTO B OKPECTHOCTSX IIYMaHOBCKHUX PE30HAHCOB BKJIA I TPU3EMHBIX MOJTHHEBBIX
HCTOYHUKOB B (DOHOBBIM MATHUTHBIN IIyM OMpPEaeIstoIui. [IpoBeicH aHAIN3 CIIyYacB MOMYJISAIMH IITyMaHOBCKHX
PE30HAHCHBIX CTPYKTYP albBEHOBCKMMHU. J[Jisl TAHHBIX CIYYaeB YCTAHOBJIEHO XOPOIIEe COBMAJACHUE HAOIIOIAeMbIX
MOJISIPU3AIHOHHBIX XapAKTEPUCTHK ¢ pacyeTHbIMU. OHAKO, s 00macTeld 4acToT Hibke 6 'l Ha MOJsIpHU3allMOHHBIC
XapaKTePUCTUKK MOTYT OKa3bIBaTh BIIMSAHUE HCTOUHHUKHU €CTECTBCHHOTO DJICKTPOMATHUTHOTO IIIyMa, PACIIOI0KCHHBIC
Ha BeIcoTax Bhime 100-150 km.

XapakTepUCTHKH MEJKOMACIITA0OHBIX HCKYCCTBEHHBIX HOHOC(EPHBIX HEOIHOPOAHOCTE
npu O- u X-Harpese crenga EISCAT/Heating mo 1aHHbIM MeTOJa PAKYPCHOI'0 paccestHUusl

A.C. Kanummn, H.®. bnarosemenckas, T.J1. bopucosa, 1.M. Eropos, I'.A. 3aropckuii, A.C. KoBanes

@OI'BY «AAHUMy, 2. Canxm-Ilemepbype, Poccus; e-mail: askalishin@aari.ru

B pabote paccMOTpeHbI XapaKTEPUCTHKH MEIKOMAacCIITAOHBIX MCKYCCTBEHHBIX MOHOC(EPHBIX HEOIHOPOIHOCTEH
(MUUH), renepupyembix MomHoii KB pammoBonnoit crenma EISCAT/Heating mpu O - u X — Harpese.
HuarnoctupoBanne MUJHWH BBINONHAIOCH METOJOM PAKYPCHOIO PACCESHUS PaJUOCUTHAJIOB IIPU OMOIIHU
JIOTUIEPOBCKOTO KOMIUIEKCa M KOMITIEKCa HAKIOHHOTO DPaIro30HAMPOBAaHHS HMOHOC(hephl. PaccMOTpeHBI ycioBus
B030y>xneHus 1 noenenust MMVH B 3aBUCHMOCTH OT MOIbI OJIAPU3AIIMH BOJIHBI HAKQUYKU U COOTHOLIEHUSI YaCTOTHI
M3ITy4eHUs] K KPUTHUUYECKOH uyactore MoHOocdepsl. BrimomHeno cpaBHenne xapaktepuctuk MUMH, mosyyeHHbIX
METOZIOM PaKypCHOTO PacCesiHus, C JaHHBIMHU u3Mepenuii korepentHoro KB pagapa CUTLASS, npuBeneHa orieHka
MPOCTPAHCTBEHHOTO pa3Mepa odnacty, 3austoid MUIH.

Pabora BeImonHeHa npu GuHAHCOBOI momuepxke Poccuiickoro Hayynoro ¢onaa nmo npoekry Ne 22-17- 00020,
https://rscf.ru/project/22-17-00020/.
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OnpenesieHue NPOCTPAHCTBEHHOI CTPYKTYPHI BLICHINAHN ABPOPAJIbHBIX 3IEKTPOHOB
¢ nomombi0 MHC no crepeomeTpuueckuM HAOII0eHUsIM: 00y4eHHe HA MOJeJIbHbIX JAHHBIX

b.B. Kozenos
@I'BHY Ilonspuwiii 2eogusuveckuil uncmumym, Anamumot, Poccus; e-mail: boris.kozelov@gmail.com

BeIchIaHne TTOTOKOB 3JIEKTPOHOB B arMocdepy BO BpeMsl MarHUTOC()EPHBIX BO3MYIIEHHH 4YacTO MPUBOIWUT K
aBPOPAILHOMY CBEUEHHIO B BHJIE CUCTEMBI JIy4el, BEITSHYTBHIX B/IOJIb CHIIOBBIX JIMHUI MarHuTHoro nois ot 120-150
kM Ha 100-150 xm. IIpu HabmromeHMH ¢ 3eMHOW MOBEPXHOCTH KaMEpOW TaKWe JIyYd BBINIAAT CXOMASIIMMHUCS B
BUPTYQJIbHON TOYKE JIOKAJBHOTO MAarHUTHOTO 3€HUTA. VIMes OIHOBpEMEHHBIE HAOIIONCHHS TAaKOW CTPYKTYpPHI U3
Pa3HBIX TOYCK BO3MOXKHO IJISI BBIICICHHOTO JIyda MOJYYHTH BBICOTHBIMH NpO(MIb aBpOpaIbHOrO CBEUYCHUS H,
NIPUBJIEKasi MOZIEIb BO30YKAECHUsSI HOHOC(EPhI TOTOKaMHU 3JIEKTPOHOB, BEICOTHBII NPOQUIE 00BEMHOTO CBEYCHUS U
SHEPreTUYECKOE PACIPEEIICHHE IICKTPOHOB B BBICHIIAIONIEMCS B JTaHHOM MecTe noToke [1, 2]. OxHako, B o0mem
Cllyyae CHCTEMBI JIydeH He OYeBHIHA aITOPHTMHYECKas BO3MOXKHOCTH PEIICHWS Takod OoOpaTHOH 3amaud, T.C. IO
HaOJIOAGHUSAM M3 JBYX TOYEK BOCCTAHOBUTH BBI3BABIIEE STy CHCTEMY IPOCTPAHCTBEHHOE pacHpeieicHue
BBICHIIIAHUI AJIEKTPOHOB.

B nanHo# paboTe 11 peneHns Takoil 00paTHOH 3a1a4H MPUBIEKAIOTCS BO3MOXKHOCTH HCKYCCTBEHHBIX HEHPOHHBIX
cereit (MHC) [3, 4]. Habop naHHBIX TeHEPUPYETCS PEIICHUEM MPSIMOi 3a7a4d MPOXOKACHUS MTyYKOB JIEKTPOHOB ISt
Pa3IMYHBIX NMPOCTPAHCTBEHHBIX DPACHpEeAETICHUN BBICHIMAHUII 51eKTpOHOB. CreHepHpOBaHHBIE H300pa’keHUS IS
HEKOTOPOTro yNPOLIEHUsI HETUHEHHOCTEH 3a1a4X NPEACTaBICHBl B KOOPANHATAX 36HUTHBIN YrOJI-a3uMYT C TIOII0OCOM
B MarHUTHOM 3eHuTe. IHC Tpennpyercs mo mape m300paskeHNi BOCCTAHABINBATH JIBYMEPHOE IIPOCTPAHCTBEHHOE
pacripezeneHe BhICBIIaHUN 2JIeKTpOHOB. Tectupyrorcs pasziauunbie koHdurypaunu MHC u npoctpaHcTBEeHHBIE
pactpeneneHus pasIHdHON ciokHOCTH. OOCYXKIaloTcs BO3MOXHOCTH TpuMeHeHHs1 TpeHupoBaHHOM MHC mis
BOCCTAHOBJICHHUS MPOCTPAHCTBEHHBIX PACIpPEACICHUN MO pealbHBIM HaOMOAeHUIM aBpopansHbix kamep MAIN B
AmnaruTtax [5].

Jluteparypa:

1. Kozeno b.B., [JamxeBuu X.B., UBanoB B.E. MccinenoBanue JIydHCTBIX CTPYKTYP B HOJSPHBIX CHSHHUSX
TPUAHTYJIILMOHHBIMU MeToJaMu: 1. BricoTHbl npoduine 00beMHO# nHTeHCHBHOCTH cBeueHus // Kocmuueckue
uccienosanus, 2021, tom 59, No 4, ¢. 267-274.

2. Hawmkeuu JK.B., VBanoB B.E., Kozenos b.B. HccienoBanue JyducThIX CTPYKTYpP B HOJSIPHBIX CHSHUSIX
TPUAHTYJISILMOHHBIMU MeETOJaMH: 2. DHEepreTHYecKUe CIEKTPhl BBICHIMAIOIINXCS AIeKTpoHOB // KocMuueckue
uccaegosanus, 2021, rom 59, No 5, ¢. 355-360.

3. https://keras.io/

4. https://ru-keras.com/home/

5. Kozelov B.V., Pilgaev S.V., Borovkov L.P., and Yurov V.E. Multi-scale auroral observations in Apatity: winter
2010-2011 // Geosci. Instrum. Method. Data Syst., 2012, V. 1, Is. 1, P. 1-6, d0i:10.5194/gi-1-1-2012

Knaccndurxanus naHHbIX KaMepbl Beero He0a B Anaturax ¢ ucnoJs3osanunem MHC
JJISI ACCIIeIOBAHUS TOJISPHBIX CUSIHU

b.B. Kosenos
OI'BHY [onapuvlii eeogpuzuueckuii uncmumym, Anamumoi, Poccus; e-mail: boris.kozelov@gmail.com

Hcronb30BaHWE ONTHYECKMX JAaHHBIX JUIS HAay4YHBIX HCCIICJOBAHUM BCET/a OCIOXKHSIOCH HEO0O0XOIMMOCTBIO
TIPE/IBAPUTEIHHOTO BHIOOpA HHTEPECHBIX COOBITHH, YTO TpeOyeT 3HAYUTENBHBIX 3aTPaT BPEMEHN U KBAJTH(UKAIINK.
Jlannsle mocnenHux et ~15 et kamep Bcero Heba [1T'U nmerotes B nnppoBoM hopMaTe, 9TO TTO3BOJIIET TPOBOIUTH
WX aBTOMAaTHYECKYIO KIacCH(HKAIMIO C MCIOIb30BaHWEM HCKYCCTBEHHBIX HelpoHHbIX ceredt (MHC). B pabote
paccMoTpeHa kiaccu(UKanus KaJpoB HOYHOrO Heba KaMephbl Bcero Heba B AmaTWTax, pa3MEIICHHBIX Ha CepBepe
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[IT'U (http://aurora.pgia.ru/keogram/obs_list.php?cameraname=allsky). Kaapsr uayt depes 10 ¢, nMeeTcst HECKOIBKO
3UMHUX ce30HOB peructparyu ¢ 2011 mo 2020 rr.

Jus pabotsl ¢ MTHC 6pumH 13 KOTOPBIX pa3MedeHsl ~2500 pa3HBIX KaIpoB A MYJIBTHKIACCOBOH KilacCH()UKAIINH.
Yucno KIaccoB B3SITO ¢ HEKOTOPBIM 3aMacoM, T. K. BIIOCIEACTBUH YacTh U3 HUX MOTYT ObITh 00beanHEeHbI. Kiaccs:
arc, aurora, clear_sky, clouds, diffuse, drops, fog, full_clouds, moon, pulsing, ray, town_backlight. 3a ocroy MHC
B3sITa CBEPTOYHAS CETh C MHOTO3HAYHOH MYJIBTHKIACCOBOW KJIacCCH(UKaIMeil Ha BBIXOJe. B KOHEYHOM BapuaHTE
OCTaBJICHBI 2 OCHOBHBIX KJlacca, HEOOXOIMMBIX ISl MPUKJIAJHON 3aJadd — OMpEAEICHHE HAJIUYUS aBpOPHI U
Hannuust ooaayHoct. Kajap MoxeT npuHaaiexkars (MM He IpUHAAJIe)KaTh) 00ouM kiaccam. [1o aTum kiraccam Habop
JIAaHHBIX IPUMEPHO cOalaHCHPOBaH.

ITocme 0Oy4yeHus CeTh OTMO3HAET HATIMYKE Ha KaJpe MOISAPHBIX CUSHUI 1 00s1a9HOCTH B ~96% CilydaeB Ha TECTOBOM
pabote. OOydeHHas ceTh peanr30oBaHa A Kiaccu(uKanuy KBUK-TyKOB Ha caidTe aurora.pgia.ru, T. e. BbIACICHHUS
MHTEPBAJIOB HAOJIIOICHNUS TTOJIIPHBIX CUSIHUM M HAJMYUsI 001a4HOCTH, Tpaduku 100aBIeHbI K YaCOBBIM U CYyTOUYHBIM
KeorpaMMaM. BEIABIISIOTCS HHTEPBAIIBI ABICHUH C OITHO0YHON Kiaccudukanyei 11 1o0aBIeHUs B TPEHHPOBOYHBIN
Habop.

XapakTepUCTHKH MPOCTPAHCTBEHHOH CTPYKTYPhI aBPOPAJILHBIX BhICHINAHUT
no Haoaoaenusam INI'A

B.B. Kosenos, B.I'. Bopo6ses, E.E. Turosa, T.A. [Tomosa

Honsiproui eeopusuneckuit uncmumym, Anamumot, Mypmanckas ooracms, Poccust;
e-mail: boris.kozelov@gmail.com

[lo pmaHHBIM BBICOKOIIMPOTHBIX HaOmoaeHui I[lonspHoro reodu3MuecKoro HMHCTUTYTa MNPOAHAIM3HUPOBAHO
HECKOJIbKO THITHYHBIX aBPOPAIbHBIX COOBITHI pa3HOro MacmTaba B pa3nuuHbiXx cekropax MLT. Mcmonb3oBaHb
JIaHHBIC aBPOPAIBHBIX KaMep B I'. AIIATUTHI, HoIMrone Bepxuerynomckuii u oocepBaTopun JloBosepo. OnpeneneHsl
XapaKTEePUCTUKN TPOCTPAHCTBEHHON CTPYKTYpPBI MOJISIPHBIX CHUSHHH B OTOOpPaHHBIX COOBITHSX: JOMUHHPYIOIIUE
MacuITalbl, TOKa3aTesu CKEMIIMHTa, TMHaAMUYecKasl OLICHKa cTerneHel cBo0o ibl. COOBITHS MPUBs3aHbI K TapaMeTpam
COJIHEYHOTO BETpa, (PU3NUECKUM MAarHUTOC(EPHBIM JOMEHAM U rpaHuIaM, (paze MarHnTocGpepHOro BOSMYIICHHS.

Pabora mognep:xana rpanTom PH® u Munnctepcra o6pazoBanus U Haykn MypmaHckoit o0mactu Ne22-12-20017
«IIpocTpaHCTBEHHO-BPEMEHHBIE CTPYKTYPHI B OKOJIO3€MHOM KOCMHYECKOM MPOCTPAHCTBE APKTHKH: OT IOJIIPHBIX
CUSTHUH depe3 0COOCHHOCTH CaMOOPTaHU3aLNH MJIa3Mbl K IIPOXOKACHUIO PaJHOBOIHY.

Jluteparypa:

1. Tonosuanckas 1.B., Kosenos b.B. /luana3on macuitaboB anb(hBEeHOBCKOH TypOyJIEHTHOCTH B BEpXHEH HOHOChEpe
aBpopanpHOi 30HBI // Kocmmueckwme wuccmemoBanms. 2016, T. 54, Ne 1, C. 52-57. DOIl:
10.7868/S002342061601009X

2. Bopo6ses B.I'., Sronkuna O.1., Antonosa E.E. BiusiHre ckopoCTH U TNIOTHOCTH TUIa3Mbl COJTHEYHOTO BETpa Ha
HMHTEHCHBHOCTh U30JIMPOBAHHBIX MarHuTochepHsix cyo0yps // Physics of Auroral Phenomena. Proc. XLI Annual
Seminar, Apatity, P.30-33. 2018

3. Kozemos b.B., Pomgyrur A.B. Ilomyuenume wunpopmannum o0 uHoHOc(hHEpHO-MarHUTOCPEpHOH IasmMe Mo
HaOJIIOIEHUSIM TIOJNSIPHBIX custHnl // I3Bectust Poccmiickoii akagemun Hayk. Cepust pusndeckas. 2021, T. 85. Ne 3.
C. 366-371. DOI: 10.31857/S0367676521030157
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Hccnengoanme '"3axBara' appopaibHOro KMIOMETPOBOro paanonsaydenus (AKP)
B IJIa3MeHHbIe KaHAJBI C IOHMKEHHOH MJIOTHOCTHIO

B.N. Konnak'?3, M.M. Morunesckuii®, JI.B. Uyrynun®, A.A. Uepnbuuos?®, M.JI. Mouceenko®

YUncmumym semnozo maznemusma, uonocgepul u pacnpocmpanenus paouoeonn um. H.B. Iywkoea PAH, 108840
Tpouyk, Mocksa, Poccus; e-mail: lera.kolpak@yandex.ru

2Hayuonanshuitl uccied08amensekull yHusepcumem “‘Bvicuas wikona sxonomuxu”, 101000 Mocxkea, Poccus

SUncmumym xocmuueckux uccnedosanuti PAH, 117997 Mockesa, Poccus

B nanHOW paboTe mNpencTaBICHBI PE3YIbTaThl OOpPaOOTKH JICKTPHUUECKOM KOMIIOHEHTBI 3JIE€KTPOMArHUTHBIX
W3MydeHni B amama3one dactoT 5—800 k[, 3apermctpupoBaHHBIX Ha cnyTHHKe ERG mpu ero mposere BOIM3m
BHEIIHEH rpaHuibl miasmMocdeps! 3emian. Tak Kak BOJIM3M IUIa3MoIay3bl [UIa3MEHHAs 4acTOTa AJIEKTPOHOB MHOTO
MeHbIe THpo4acToThl (fpe >> fge), TO Habmomaemple BapHalMM YacTOTHI BEPXHEro T'MOPHAHOTO pPE30HAHCA
XapakTepU3yloT M3MEHEHHs IUIOTHOCTH IUa3Mbl, kotopble nocturaror AN/N ~ 0,3-0,7. Mbl npenmonaraem, 4To
HEOJHOPOAHOCTH IUIA3MBbI BBITATHBAIOTCS BIOJb CHIIOBBIX JIMHUNA MarHUTHOTO IOJIS M 00pa3yloT KaHalbl, B KOTOPHIE
3axBartbiBaeTcsi AKP. Takoii 3axBaT M3imy4eHUs HaOJIOJASTCs IKCIIEPUMEHTANIbHO JJIS KAHAJIOB C IOHMKEHHOM
IUIOTHOCTBIO. Pe3ynpTarsl aHanm3a ycnoBuii 3axBata u pactpoctpadenuss AKP B kaHamax IMO3BOJIMIN ONpENEIUTD
OTpaHMYEHUS, HAKJIAJbIBaeMble Ha Yroj BXOXKJCHHUA WM3IyueHHs B KaHal A PAa3IUYHBIX 4YacTOT M3Iy4YCHHS U
pasnuunbix 3HaYeHuid AN/N, B3auMHOTrO0 pacmnosoxenus ncrodynnka AKP u HKHEH TpaHHIBI KaHama. A TakKe 3TO
MIOMOTJIO CZIETaTh OLEHKY BBICOTHI TPAHMIBI KaHaja HaJ MOBEPXHOCTHIO 3€MIIHM, YTO Ba)KHO ISl OIIPEACICHUS
BpeMeHH (OPMHUPOBaHUS (BBITATMBAHKA) KaHAIA. Pe3ynpTaTsl paboThI MOKa3bIBaroT, uyTo 3axBaT AKP B mma3smeHHbIe
KaHallbl MOJXKET MPHBOJAUTH K IIEPEHOCY H3JIY4YeHUH M3 OJHOro Mojylapus B japyroe, 0e3 TpaHcdopmanuu
MOJIAPH3ALIIH.

OmnepaTuBHbBIN MOHMTOPUHI BHICOKOIIMPOTHOH HOHOC(hepBI
¢ IpMMeHEeHHeM MYJIbTHCHCTEMHOr0 CIyTHUKOBOr0 000py10BaHuUs

A.O. Kynpusinos!, A.A. Terpykosuu?, A.M. Mépsnsiii>®, O.B. Hukugpopos?,
S.A. Caxapos®, A.A. Uepnpimon?, A.T. Slnaxos?, [. 3aMoruibHbIii

MUHTAUK, 2. Mockeéa, Poccus; e-mail: aoku28@gmail.com

2PI'BYH Uncmumym xocmuueckux uccaieoosanuti PAH, 2. Mockea, Poccus
3Cosem PAH no Kocmocy, 2. Mockea, Poccus

AOI'BHY onapuwiii 2eopuszuueckuti uncmumym, 2. Mypmanck, Poccus

OnepaTHBHEI MOHUTOPHHT MTapaMeTPOB HOHOC(hEPH! U aBpOPANBHBIX SBICHHN B apKTHYSCKOW 30HE SBISCTCS Ha
JITaHHBIE MOMEHT aKTyaJIbHOH 3aiauedl. DTO CBsI3aHO, B NEPBYIO O4yepellb, C BIMSHUEM IIOJISIPHONH HMOHOC(EPH Ha
(YHKIMOHMPOBAaHUE CPEICTB CBS3M, HABUTAIMM W PaIWOJIOKAMK. BO3HWKAaOMMWe MarHUTO-MOHOC(HEpHBIE
BO3MYULICHHS B apKTHUYECKON 30HE IPUBOLAT K M3MEHEHHUIO YCJIOBHH PacIpOCTPAHEHUS PALUOBOJH PA3JIUYHOIO
nrarasoHa. [ToBbIIeHne TOYHOCTHBIX XapaKTEPUCTHK PaIMOTEXHUYECKUX CPEIICTB Pa3IMyHOTO Ha3HAYECHHs TpeOyeT
JIOCTOBEPHOTO 3HAHUS MapaMEeTPOB CPEIBl PacIIPOCTPAaHEHUs I pa3paboTKU Mep KOMIICHCAIINH WM YMEHBIICHS
BIIMSTHUST BO3MYIIIEHUH TIOJISIPHON HOHOC(EPHI.

B noknane paccMaTpuBaroOTCs MPOOJIEMBI M BO3MOXKHBIE PEIICHHS CO3/IaHMsl, OpraHn3auy, 00paboTKN U aHaIn3a
JITAaHHBIX HMOHOC(EPHBIX CTAHIMH JUI WCCIIEIOBAHHS IIOJHOTO 3JEKTPOHHOIO COJIEpKaHUSI M HOHOC(EPHBIX
CIMHTWILIINA B TOM YHCJIe B apKTHYECKOH 30He. B yacTHOCTH, pacCMaTpHUBatOTCS BOIIPOCH Pa3pabOTKH METOIUKH
OLIEHKH U NPOTHO3a reo(H3NYecKUX MapamMeTpoB M pa3pabOTKH aIlapaTHO-NPOrPaMMHOIO KOMIUIEKCA Ul TPaHC
HNOHOC(HEPHOTO-MarHUTOC(HEPHOTO 30HIUPOBAHMSI, OPraHU3alNH TOCTOSHHO JASHCTBYIONIEH CTAaHIIMM MOHUTOPUHTA
nonocdeps! Ha 6aze AIIK THCC 8 MUNT'AUK u KU ¢ o0mmM cepBepoM IS B3aUMOJICHCTBHUS CO CTAaHIMEH Ha
3®U B TOM UHCIIE ©XKETHEBHAS ONIEPATUBHAS OIIEHKA M ITPOTHO3 MapaMeTpPOB.
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Kpome Toro, paccMatpuBaroTcst aJlbTepHATUBHBIE U BCIIOMOTATENbHBIE METOIBI MOHUTOPHHIA U TIPOTHO3MPOBAHMUS
MOHOC(EPH! B TOM YHCIIE C IPUMEHEHHEM COBPEMEHHBIX HOHOC(HEPHBIX MOAENEH U MAaIIMHHOTO 00YYEHHS.

YacTe pe3ynbTaToB OCHOBaHEI HA COBMECTHOM KOMIUTIEKCHOM apkTrdeckoit sxcnenumn (KD «Aptuka-21»). Otan
TIPOBEZIEH Ha OCcTpoBe 3eMs AJleKcaHIpH! apxunenara 3emist @panna-Hocuda (nanee - 3OU) Ha cranmmn «Omeray
Hanmonanbsaoro napka «Pycckas Apkruka» (nanee HITPA). Ilepsbrit aTan KO «Aptrka-21» BBINOJHAICS B paMKax
KOMIUTEKCHOH SKCTICAUIIHH.

Bausinue cy00ypeBoii akTHBHOCTH M aBPOPAJILHBIX BbIChINaHMii Ha pacnipocTpaHenue C/IB
CHUI'HAJIOB NePeJaTYNKOB pajMoHaBUIranuonHoi cucrembl PCIH-20

A.B. Jlapuenko, A.C. Hukurenko, O.M. Jleoeap, A.B. Ponayrun, C.B. [Tuneraes, F0.B. ®enopenko
Honsproii eeogusuueckuit uncmumym, Anamumol, Mypmarnckas ooracme, Poccus

IIpencrasnens pe3ysbpTaThl HazeMHbIX HaOmoaeHuit CJIB curnanoB paanonaBuranuonno# cucremsr PCIAH-20 Ha
crarnusax [lomspHoro reopusmdeckoro HHCTUTYTA: 00c. JIoBo3epo u Bepxuerymomckuii (Konbckuii HOIyocTpoB), U
00c. Bapennoypr (apx. Ilnunbepren). B pesynabpraTe aHanu3a aMIUTUTYZ TOPH30HTAJIBHOIO MAarHUTHOTO IOJIS
curnaio C/IB nepenaTunkoB moka3aHo, 4To Ha (poHEe BOZHUKHOBEHUS Cy00yph npu 3HaueHusx AL unzaekca ot -500
HTI ¥ HIKe, BO3MOXHBI CHIDKCHHS PETHCTPUPYEMBIX aMIUIATY] TOPHU30HTAILHOTO MAarHUTHOTO TOJISI CHTHAJIOB
MepeAaTINKOB B HOYHOE BpEMs 10 IPAKTHYCCKH THEBHBIX 3HAUCHUI. PaccMOTpeHs! cirydan, B KOTOPEIX cy0OypeBast
AKTUBHOCTH COIPOBOXKAACTCSI HAOJIOJCHUEM aBpPOPabHBIX BbICHINAHWN. HabmromaeMmblil 3(PQPEKT CHUKCHUS
ammutyx curanoB CJ/IB mepenaTdukoB B HOYHOE BPeMs BEPOSTHO BBI3BaH JIOKATHHBIMHA U3MEHCHHUSAMH B HIDKHEH
HoHOc(epe MpH BEICHITaHUAX 3apsDKEHHBIX YacTHII BO BpeMsl cyOO0ypH.

HUccaenoBanusi BausiHus MaFHHTOC(l)epHLIX HCTOYHUKOB €CTECTBCHHOI'0 3JICKTPOMATrHUTHOIO I10JIAA
Ha PE3yJbTAaThbl H3BMEPCHUA UMIICAAHCA B BLICOKHUX HIMPOTAX

B.A. JIro6uny, FO.A. [llanosanoBa
Honsiproui eeousuneckuit uncmumym, 2. Mypmanck, Poccus

[poBenenne reopu3myecKux pabOT METOJIOM MAarHUTOTEIUTypuueckoro 3oHaupoBaHus (MT3) 3emHOIl Kopbl,
OCHOBaHHBIM HAa HMMIICIAHCHOM IOAXOJAe, B ApPKTHYSCKOH 30HE HMEET pPsJ OCOOCHHOCTEH, OO0YCIOBICHHBIX
pacrnpezieNieHueM HCTOYHHKOB €CTECTBEHHOI'O JJIEKTPOMAarHUTHOTO Mojisi. B KayecTBE OCHOBHBIX HCTOYHHKOB
€CTECTBEHHOI'0 MPU3EMHOI0 3JIEKTPOMAarHUTHOTO IIymMa B KpaiiHe HuskodactotHoM (KHY) nmamasone oGBIYHO
paccMarpuBarOT odyard rpo30BOW aKTHBHOCTH, PACIOJIOKEHHBIE B 3KBATOpPHAIbHON obOmacté 3emiu. B paiioHax
ApKTUKH Ha pe3yJibTaTbl U3MEPEHHUI MMIEeJaHca MOMHMO T'PO30BBIX HCTOYHHMKOB CYIIECTBEHHOE BIIUSIHAE MOTYT
OKa3bIBaTh €llIe ¥ MarHuToc(epHble HCTOYHHUKHY, TAKUE KaK, HAIIPUMEp, CUCTeMa FOPU30HTAIIbHBIX MOJISIPHBIX TOKOB,
TEKYIIUX B BBICOKOIIMPOTHOH HOHOC(epe (dneKTpomkeTsl). [IpoBeneHHBIE TEOpEeTHYECKHE pacdeThl IMOKa3ald
BO3MOXXHOCTh HCK@XCHHII B OIPENENICHUH Te0dJIeKTPUYECKUX MapaMeTpOB 3E€MHOIl KOphI 10 pe3yJsibTaram
UHTEpHpeTauu JaHHeix MT3 B ciydae BBICOKOOMHBIX TOPHBIX IOpOA. B xoje uccnenoBanuii ObLT NpoOBeAeH
COBMECTHBIH aHaNIM3 JaHHBIX MHAYKIMOHHOTO MAarHUTOMETpa, pacroyioxkeHHoro B JloBosepckol reogusnyeckoi
obcepBaropuu [1I'M, ¥ reOMarHUTHBIX JaHHBIX, TOJYYSHHBIX cO ciyTHHKOB Iridium B pamkax npoekta AMPERE. B
NPE/ICTABJICHHOM JIOKJaJe IPUBEACHbl IPUMEPbl BO3MOXKHOTO BIMSIHHUS WHTEHCHBHBIX TOKOBBIX CHCTEM,
UPKYJIMPOBABIINX B BHICOKOIIMPOTHOIH HOHOc(hepe Hax KoibCKMM MOIyOCTPOBOM, Ha pe3yibTaThl M3MEpEHHs
MMIIE/IaHCa B IEHTPAJIBHON YacTH MOJIyOCTPOBA.
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Bausinne nonocgepnnix HeogHopoaHocTeil B E-cioe
Ha pacnpocTpaHeHue paanopoaH KB-qunana3ona B BBICOKHX HIMPOTAX

W.B. Munranes?!, 3.B. Cysoposa’, b.B. Kosenos!, A.M. Mepansiit?, A.T. Snaxos?, B.H. Illy6un®

Ulorsapuwni 2eopusuueckuti uncmumym, Anamumot, Poccus; e-mail: mingalev_i@pgia.ru
KU PAH, 2. Mockesa, Poccus
SUBMHUPAH, 2. Mockea, Poccus

B pabote n3yuaercs npoxoxieHue yepe3 HoHochepHyo iasmy paaroBonH KB-ananazona npu Hannunu B E-cioe
HEOJHOPOAHOCTEH, BOSHUKAIOIIMX IPH BBICHITAHUIX SHEPIHIHBIX IIPOTOHOB U 3JIEKTPOHOB U3 MarHUTOC(epsl. ITH
HEOJHOPOAHOCTH BBITSAHYTHI BJONb CHJIOBBIX JIMHUH I'€OMAarHUTHOTO TIOJISI U UMEIOT Pa3Mephl MONEPEK MarHUTHOTO
MOJISL B IIMPOKOM JHANa30HE OT JECATKOB METPOB 10 AECATKOB KMJIOMETpoB. KOHIEHTpaIus 3JeKTPOHOB B 3THX
HEOJHOPOAHOCTSIX MOXKET Ha 1-3 mopsaka mpeBbIIaTh KOHLEHTPAILMIO B OKpYyXaromeid miuasme. Ecmu pasmepst
HEOJHOPOAHOCTH OOJbIIE JUTMHBI BOJHBI, 2 KPUTHYECKas YacTOTa IUIa3Mbl B 3TUX HEOJHOPOJHOCTSIX NPEBBIIIACT
4acTOTY PaJMOCUTHAJIA, TO paJlUOCUIHAJIBI OTPAXKAIOTCs OT ITUX HEOJHOPOJHOCTEH, 4To co3naeT nomexu pabote PJIC
3arOpU30HTHOrO OOHapykeHHs. B pabore mpezncraBiieHbl pe3ysbTaThl YHCIEHHOTO MOAEIMPOBAHHS MPOXOXKICHUS
KB curnainos yepe3 0051acTH TOBBIIICHHON 3JIEKTPOHHOM KOHIICHTPAINH, BBI3BAHHON BBICHIITAaHUSIMH YaCTHI SHEPT UM
ot 10 o 40 k3B Ha BeicoTax D u E cnoeB noHocdeps! Ha BRICOKUX IIUpoTax. [t MOeInpoBaHusl NCIIONIb30BaIach
paspaborannas B I[II'M Mozenp i pacyera JIyueBbIX TPACKTOPUI KOPOTKHX PaJMOBOJH U MOTJIOIIEHUS ITUX BOJIH
Ha TpacKTOpHAX. PacdeTsl mpoBomATCS B MNPUOIMKCHHH TEOMETPHYECKOW ONTHKH C YYETOM aHH30TPOINUH
NOHOC(EPHOH MIa3Mbl U MOTJIOMIEHHS 33 CUET CTOJIKHOBEHHUI AJIEKTPOHOB 0e3 KakuX-1noo ynpoieHuit. Jns pacaera
KOHLEHTPAllM U TEMIIEpaTyphbl 3JEKTPOHOB B MOHOC(EPHOH IJIa3Me HCMOJb3YyeTcs IIo0ajbHasi IMITUpUYECKast
Monenb woHocepsr ['JIMU, paspaborannas B M3MUPAH, ¢ nonmoigHHTENbHOW HOHHM3AaNUEH JHEPTUIHBIMU
JIEKTPOHAMH 110 MoJies, paspaboranHoit B [II'M. [l pacueTa 4acTOTHI CTONKHOBEHUH 3JIEKTPOHOB UCTIOJIB3YIOTCS
KOHLEHTPAllMM HEUTPAJIBbHBIX COCTaBISIIOIINX aTMocepbl M HX TeMIleparypa, PacCUUTaHHbIE C I[OMOLIBIO
smnupuueckoir  mozenn  NRLMSISE-00.  IlpeacraBnensl  pe3yibTaTbl, JEMOHCTPHPYIOIINME  BIUSHUE
MIPOCTPAaHCTBEHHBIX Pa3MepOB 00JIacTe BRICHIIAHMH YacThI] Ha BeicoTax D n E cioeB nonocdepsl, a Takxe sHeprun
BBICBHITIAFOIIMXCS JJICKTPOHOB W IIOTHOCTH HX IOTOKAa HAa BO3MOXKHOCTH 3arOpH30HTHOTO OOHApy>KeHHS M Ha
OJIHOCKAa4YKOBYIO CBs13b B KB nnana3oHe B BBICOKHMX IIHUPOTaX.

Pa6ora CyBoposoii 3.B. u Kozenosa b.B. moguepxana rpantom PH® n MunucrepctBa o0pa3oBaHus U HayKd
Mypwmanckoit oomactu Ne22-12-20017 «IIpocTpaHCTBEHHO-BPEMEHHBIE CTPYKTYPHI B OKOJIO3€MHOM KOCMHYECKOM
MIPOCTpaHCTBE APKTHKHU: OT MOJISIPHBIX CHUSHHM depe3 OCOOCHHOCTH CaMOOpPTaHM3aIllMH IUIa3MbI K MPOXOXKICHHIO
PaIuOBOIHY.

IIpumenenune PAP nist 30HAUPOBaAHNS c10eB HOHOC(hepsl paguoBoanamu KB nuanazona
¢ IPUMEHEHHeM CJI0’KHOr0 CHrHAaJIa

HN.A. Moucees’, I.B. Munranes?, B.B. Hukumog?®, 3.B. Cysoposa?, A.M. Mepsnsiii*, A.T. duaxos?, B.H. [1lyoun®

YUKU PAH, 2. Mockea, Poccus; e-mail: moiseeviaiki@yandex.ru

2[Tonspuuiii 2eopuzuueckuti uncmumym, 2. Anamumot, Poccus; e-mail: iv-mingalev@yandex.ru
3000 «OKF «2JIAHOP», 2. Mocksa, Poccus; e-mail: v.nikishov@elanor.su

4Cosem no xocmocy PAH, 2. Mockea, Poccus, e-mail: pinegal42@yandex.ru

SUBMHPAH, 2. Mockea, Poccus

B nanHo#t paboTe 00CyX/Jat0TCsl HOBbIE BO3MOKHOCTH HAKJIOHHOTO 30HAMPOBAHUS HOHOC(EPHI C HCIIOJIb30BAHUEM
AHTEHH C KOJIbIIEBBIMH aKTHBHBIMH (Da3MpOBAHHBIMH PELIETKaMU, KOTOpbIe oOecreunBaoT GopMHpOBaHHE Y3KOH
Jauarpammsel HanpasieHHocTH KB paguocurnana no yriry MecTa U a3uMyTy JIYYEBBIX TPA€KTOPHMH Ui NEepefadyu u
IpUeMa paJuoCUTHaNa, YTO MO3BOJISET JOCTATOYHO TOYHO ONPECIUTH MOJI0KEHHE 001IaCTH, B KOTOPOH MTPOUCXOAUT
OTpaXXEHHE JIyYEBBIX TPACKTOPUI OT HOHOC(EPHI, U ONPENEIUTH KOHIIEHTPALIUIO AJICKTPOHOB B 3TOH 06nacTy. Takum
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lonosphere and upper atmosphere

00pa3oM, CO3Jar0TCsl YCIIOBHS JUIsl 00eCIieueHUs BRICOKOI TOUHOCTH U3MEPEHHUS IPOCTPAHCTBEHHBIX M KAUYECTBEHHBIX
napaMeTpoB HOHOC(EPHI.

[TpuMeHeHNE CIIOKHOTO PaAMOCHTHANA Ha CETKE YacTOT HM3JIydEeHHs HEOOXOAMMO Uil yTOYHEHHs AWala3oHa
pabounx 4acToT, MPOTHO3UPOBAHI ITAPAMETPOB HOHOC(]EPH! Ha KPAaTKOCPOUIHBIM HHTEPBAJ BpeMEHH, K0 HUIeHTa
«ynnuHeHus» Kt Tpacc npoxokIeHus palioCHTHala 1 MOHOC(HEPHOIT COCTaBIIMIOICH a3UMyTaIbHOM JeBranu AP
JUIL 33laHHOTO CEKTOpa HAOJIIOACHWS W JANBHOCTH. B 3THX IEmsIX OLECHMBAIOTCSA HapaMeTphl PagHoCHUTHAA:
HaJe)KHOCTh IEepelaHHOW HH(OpPMAILNH, OTHOIICHWE CHUTHAJ/IIyM, AWANa30H YacTOT pPaJHOCHTHANA, CTENCHb
ocy1abieHus palMOCUIHaa, BpeMs 3a/IepXKKH IIepeJaHHOTO pajuocuruana [1].

[IpencraBneH aHaNW3 JaHHBIX CPEAHEIIMPOTHON pPaaMOTPAacChl W MPOBEICHO CPaBHEHWE OTHUX JaHHBIX C
pe3yiabTaTaMH YWCIIEHHOTO MonenupoBaHus mnpoxoxnaeHus KB curmanoB mo stoit pammorpacce [2]. us
MOJICTIMPOBAHUSl MCIOJIB30Bajlach YHUCICHHAas MOJAENb pacueTa JIy4eBBIX TPAaeKTOPUH KOPOTKUX paJHMOBOJIH B
NPUOIMKEHNH TEOMETPHYECKOI ONTHKH C Y4E€TOM aHM30TPOIUM MOHOC(EPHOH IUIa3Mbl M MOTJIOIICHHS 32 CYET
CTOJIKHOBEHHH 3JIEKTPOHOB 0€3 Kakux-1100 ynpomuieHui. [lis pacdera KOHIEHTPAIIUN U TEMIIEPATYPHI JJICKTPOHOB B
HMOHOC(EPHOH IIa3Me HCHONb3yeTcsl TnodanpHas sMmupudeckas monens umoHocheps I'JIMU, pazpaboranHas B
N3MHWPAH. [ina pacdera 4acTOThl CTOJKHOBEHHUIl 3JEKTPOHOB MCIIOJIB3YIOTCS KOHIEHTpAlUH HEUTpaIbHBIX
COCTABJIAIONINX aTMOC(hEPHI M UX TEMIIEpaTypa, PaCCUUTAHHBIC C MOMOIIBI0 dMmmupuyeckoit Mmogeau NRLMSISE-00.
[TokazaHo, 9TO HAaKJIOHHOE 30HAMPOBAHME HOHOC(EPHI C W3MEPEHHEM YTJIOB NPHXOJAA JTyYEBBIX TPACKTOPHH B
NPUEMHYI0 aHTEHHY HUMEeT OOJIbIIOE MPEUMYIIECTBO MO CPABHEHHIO C OOBIYHBIM HAKJIOHHBIM 30HIMPOBAHHEM
noHochepsl 0e3 U3MepeHHs YKa3aHHbIX YIJI0B.

1. Huxwumosr /I.B., HukumoB B.B. Cucrema nexamerpoBoii cBs3u depe3 moHochepy// Ilatent Poccuiickoit
Ddenepanun Ha nzodperenue Ne 2680312 ot 20.02.2019.

2. Munranes  U.B., CysopoBa  3.B., Mly6omn  B.H., Mépsmeiit AM,, TuxonoB  B.B.,
TananaeB A.b., Munranes B.C. Otnuuus nporHo3os ycinoBuil KB-paanocssizu Mexay nepegaTiukoM Ha CpeIHUX
IIMPOTaX M TNPHEMHUKOM B apKTUYECKOM pPErHOHE IPU HCIOJIb30BAHUHM PA3IMYHBIX IMIHPHUYECKUX MOJENei
nonocdepst // I'eomaruernsm u asponomusi, Tom 61, Ne 4, 2021 r., ¢.506-519.

Peamu3anun GpyHKIMA HOHO30HAA BEPTHKAJILHOTO 30HAMPoBaHus Ha IBYX SDR-miarax 6e3 [IK
B.A. IlaBnosa, A.B. unaun, K.K. I'pexnesa, C.I1. Moucees
HUPDU HHT'Y, 2. Huscnuii Hos2opoo, Poccus; e-mail: pavlova@nirfi.unn.ru

B pabore mpuBOgWTCS OMMCaHWE M PE3yIbTATHI MEPBHIX JIKCIIEPHMEHTOB MaKeTa HMOHO30HIA BEPTHKAIHHOTO
30HMPOBaHMs HAa OCHOBE NBYX Iuiar st paspaboramkoB SDRIlab 122-16. Best mudposas o6paboTka curaana
MPOU3BOJUTCSI C KCIOJB30BAaHUEM BBIYUCIUTENBHBIX CpEACTB MakeTa Oe3 wucmonb3oBaHus [IK. PeammsoBana
My OIMKAIUs HOHOTPaMM HaNPSAMYIO B 00JIa9HOE XpaHWIHIIE. Pe3ynbTaThl MEpBhIX UCTIBITAHUH MTOKA3BIBAIOT BEICOKOE
Ka4ecTBO TOJTYYaeMBIX HOHOTPAMM CpaBHHUMOE C MpO(EeCCHOHATBHBIMA HOHO30HAAMHU TMpH  OoJbIIen
YHHBEPCAIBHOCTH U HECOIOCTABUMO MEHBIIICH ce0eCTOMMOCTH KOMIUIEKTYIOIINX.

Paborta BhIMONHEHA TpW (DUHAHCOBOH MOANEPKKE MPOTPAMMBI CTPATETHYECKOTO aKaJeMHUYSCKOTO JIHICPCTBA
Ipuopurer-2030.
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AnanTuBHOE MO/ICJIMPOBAHME HOHOC(]EPHI 0 PAa3HOPOAHBIM JAHHBIM
AUCTAHIIMOHHOIO 30HAUPOBAHUS

A M. Magoxun'?, E.C. Augpeesal, U.A. IMapnos!, A.B. Tumuenxo®, I'.A. Kyp6aros®

YMIY um. M.B. Jlomonocosa, Mocksa, Poccus
2U3MUPAH, Tpouyx, Poccus
SK® U3MHPAH, Kanununepao, Poccus

B nokiane o6cysknaroTcss BO3MOXHOCTH MCIOJIB30BaHUS Pa3HOPOAHBIX JIAHHBIX JAUCTAHIIMOHHOTO 30HMPOBAHMS,
BKIJIFOYas gaHHble pagunonpocseunBanns B VHF/UHF/L mranasonax, BepTHKAIBHOTO U HAKJIOHHOTO 30HIHPOBAHUS H
JTAaHHBIC CKAaHUPYIOLIEH CIIEKTPOMETpHH coOCTBeHHOTO YD M3nmydeHns: BepxHei atMocdepsl B 3a/1a4e aallTHBHOTO
MOJICTIMPOBAHUS PaACIpe/Ie]ICHUs] 3JIEKTPOHHONH KOHIEHTpaluu B HoHoc(epe. OOCYykKHaloTCs BOIMPOCH! 3aJaHUs
KOBAapHAI[MOHHBIX MAaTpHI[ OMMOOK HAOMIOAEHWH W alpHOPHOM OIGHKH BEKTOPA COCTOSIHUSI CHCTEMBI IIPH
UCIIONB30BAaHHMH B KaueCTBE HadalbHOTO npuoimkerns monean NeQuick2, a taxike UCIIONb30BaHMS PaCIINPESHHOTO
¢unbTpa Kanmana s yyera B paMKax €AMHOIO alrOpHTMa YCBOGHHMSI JIMHEHHBIX (paguoNpOCBEYMBAHUE) U
kBaapatnuHbIX (Y@ criekTpoMeTpus) OTHOCUTENIHHO JIEKTPOHHON KOHIIEHTPALUH THITOB AaHHbBIX HAOIOICHHH.

OTnenbHO paccMaTpUBaeTCs BOMPOC IIOCTPOCHWS TiI00ANbHBIX HoOHOcepHbIXx kKapr TEC Ha ocHoOBe
OJTHOBPEMEHHOT'0 HCIIOJIb30BaHUsl JaHHBIX BepTHKaJIbHOro 30HmupoBanuss GNSS paamonpocBeunBanus. JlaHHas
3ajaua pellaercs ¢ MCIOJIb30BaHHEM MOJENU ABYX TOHKHX CIOeB, pacnpeneneHne TEC B KaxIoM M3 KOTODBIX
OTIMCHIBAETCS PA3JIOKEHUEM IO c(hepUUECKHM TapMOHMKaM, pu 3ToM nauHble GNSS mator Biiax B oba cios, a
JTaHHBIC BEPTHKAJIBHOTO 30HANPOBAHUS TOIBKO B HIXKHUH. [IprBOsTCS TpHMEPHI pabOoTHI aNropuT™Ma Ha MOJEIBHBIX
" pCaJIbHBIX JaHHBIX.

Pabota BeinonHena npu noaaepxkke PHO (npoekt 22-27-00396).

CpaBHeHHe BOCCTAHOBJICHHBIX IapaMeTPOB HM:KHel HOHOC(epbl Ha 0JIM3KHUX Tpaccax
1o 1aHHbIM npuemMa C/IB nepegaTyukoB B IBYX MYHKTAX

10.B. IToknaxa, H.C. Aukacos, b.I'. 'aBpunos, B.M. Epmak, E.H. Ko3akosa, N.A. PsxoBckuit

®@I'FYH Uncmumym ounamuxu 2eocghep umenu akademuxa M.A. Caoosckozo PAH, 2. Mockea, Poccus
E-mails: poklad@mail.ru, boris.gavrilovd4@gmail.com, ryakhovskiy88@yandex.ru

WAT PAH ¢ 2014 roma BeeT MOHUTOPUHT aMIDTATY IHO-(Da30BBIX XapakTepucTHk curaanoB C/IB mepegarynkos B
I'®O MuxneBo. beuta pa3paboTana METOIMKAa BOCCTAHOBIICHUS BEICOTHBIX MPOQUIICH 3EKTPOHHON KOHIIEHTPAIHN
B HIDKHEH HOHOc(epe B pamKax JByxmapamerpudeckoi mojenn deprioccoHa-YaiTa mo Bpemsi PEHTTEHOBCKHX
Conneunsix Benbimiek Ha ayxdactotaoi CJIB tpacce GQD/GBZ — «MuxueBo». B 2021 roay anamoruvsas
npueMHasl armnaparypa Obiia pa3BepHyTa B KanmuunHrpazackoit obnactu B oocepBaropun U3BMUPAH «Jlagymkumy.
B pabore nmpuBOAATCS pe3yIIbTaThl BOCCTAHOBIICHHUS MapaMeTpoB HoHochepsl Ha Tpacce GQD/GBZ — «Jlamymikum»
BO BpeMsl PEHTI€HOBCKOW BCHbIMKHU Kinacca X1.6. DTu pe3ynbTaThl CPaBHUBAIOTCS C aHAJOTHYHBIMH JUIS TPAcCh
GQD/GBZ — «MuxHeBo». Ob6cepBaropus «Jlagymkun» pacrnoioxena Ha 180 km roxHee Tpaccst GQD/GBZ —
«MuxueBoy». Takum o6pa3om, B epBoM npubmmkennn, Tpaccy GQD/GBZ — «Jlagymiknua» MOXKHO CUUTATh YacThIO
tpaccel GQD/GBZ - «MuxueBoy». CpaBHUTEIBHBIA aHAIM3 IO3BOJSET OIIEHHTh MPUMEHUMOCTh METOIUKH
BOCCTAaHOBJICHUSI ITapaMETPOB HOHOC(EPHI JUIS TpacC pa3IndHON JUIMHBI M €€ TIOTPELIHOCTH.

Pabora BrmosiHeHa B pamkax ['ocynapcrBennoro 3amanus Ne 122032900175-6.
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BozaeiicTBue raMMa-BenbIleK HA HUZKHIOK HOHOC(epy o fanHbIM C/IB npocBeunBanus
B THX00KEaHCKOM peruoHe

E.A. Tlonsuckas®, B.A. Mununenxo?, .M. Kopkuna?, M.C. Conossesa’

YU®d3 PAH, 2. Mockea, Poccus
2Teogusuneckas cuycba PAH, Kavuamcxuii puauan, 2. Ilemponaenosck-Kamuamckuii, Poccust

9 oxTs0pst 2022 T. ¢ MOMOUIBIO OPOUTAIBHBIX PEHTITEHOBCKUX M TaMMa-TeJIeCKOIOB OBl 3aperUCTPUPOBAH CaMbli
MOIIHBIN U3 KOTAa-In0o HaOIoqaeMbIX B3pBIBOB BO BeenenHoi - ramma-Bemieck GRB221009A na paccrosiauu 2,4
MIJUIHAp/ia CBETOBBIX JeT. HecMOTps Ha KolOcCalibHOE yHaJleHWE OT 3eMJIM, HOHOC(EpHBIE OTKJIMKH Ha
BHETAJIAKTHIECKUE KaTacTpo(bl PETHCTPUPYIOT M CUCTEMBI PAIMONPOCBEUNBAHKS HIDKHEW MOHOC(EPHI HA CBEPX-
JnuHHOBONMHOBEIX (C/IB) pagmoTrpaccax oT oueHb-HU3KO4acTOTHBIX (OHY, wacToTel mopsika aecsaTkoB KI'Ir)
nepenardukoB. C MOMOIIBI0 PaANO30HINPOBAHIS ObIIIN 0OHAPY>KEHBI HOHOC()EPHBIE OTKIMKH HAa TAKNE yHUKAJIbHbIC
BHETAJIAKTUYECKUE COOBITHA Kak Bemblmka MarHerapa u GRB. ITockonbKy 371eKTpOHHAs KOHIEHTPALMS B HIDKHEH
noHocepe Majga B HOYHBIE YacChl, TO JONOJHHUTENbHYIO HOHU3ALMIO OT BHEraJaKTUYECKHX WCTOYHHKOB JIErde
OOHapyXUThb HMMEHHO B 3TOT mnepuoj. OgHAaKo HUCKIOUNTENbHO MoOInHBIM Bemieck GRB 221009A cosnan
noHocdepHoe Bo3mytenne Ha C/IB pagnorpacce, KoTopoe OBLIO 3aMETHO aXKe B THEBHBIC Yachl.

I'amma-Bemieck GRB221009A Obut 3aperdcTpUpoBaH MHOTMMH OPOMTAIBHBIMH PEHTICHOBCKHMHU W TraMMa-
Teneckonamu, Bkimoyas aetekrop STIX na Solar Orbiter. Boutn npoananusupoBasl pe3yabratsl peructpau OHY
CHTHAJIOB OT pa3HbIX NepeJaTInKoB, NpuHuMaeMble Ha Kamuatke B 1. [lerpomaBioBcke-Kamuarckom. Bosmymenne
HaOMI0OaIoch Ha paguoTpaccax, npoxomamux ueped Snormmio u IOro-Bocrounyio Aszwio, Kak BHe3arHOE
YMEHbILEHNE aMILIUTY bl Ha 7 1b 1 pe3kuii ckadyok ¢asbl curnaia g0 20-30 rpamycos.

[TpoBeneHHbIe HcCIeOBaHMS, HAPSLY C UMEIOIIUMHUCS B JIUTEPAType HAOIIOICHUIMH, NTOKA3bIBAIOT, YTO HIDKHSA
noHocdepa (D-cioit) mpeacraBisier coOoi TMTAaHTCKUI NETEKTOp AJS yJNaBIMBAHUS PEHTTCHOBCKMX W TaMMa-
BCIIBIILIEK OT aCTPOHOMHUYECKHX 00beKToB. CeTh pamuoTpace, npoxoasumx B IOro-Bocrounoit A3zum, oOHapyxuia
pe3Koe CrajlaHie aMILUTUTY bl U CKA4OK (ha3bl CHTHAJIOB, BRI3BAaHHBIX TamMMa-Benbimkoil GRB221009A.

PaGota BeImonHeHa pu oaepskke rpanta PH® 22-17-00125.

Hccaenopanue opueHTALMY MONEPEYHO AHU30TPONUM BHICOKOIIUPOTHBIX HEOJHOPOAHOCTEH
B F-001acT HOHOC()EPHI METOIOM PATHONPOCBEYHBAHUSA

H.1O. Pomanosa
Honsproii eeousuneckuit uncmumym, Mypmanck

MeTo10M paavoNpOCBEYMBAHUS BBICOKOIIMPOTHON HOHOC(Eps CHUrHajJaMu oredecTBeHHbIX MC3 mccnenoBaHbl
HEO/IHOPOJHOCTH DJIEKTPOHHOM IUIOTHOCTH Ha BBICOTax F-o0xacTu BOJIM3M T'€OMarHUTHOTO 3€HHUTAa HAa3eMHOTO
npuéMHMKA, PacIoIOKEHHOTro B 1. BepxHerymomckuii (68.69°, 31.76°). B pesynbraTe MareMaTHYeCKOH 00pabOTKH
(hiaykTyanuii aMIUIATY Bl PAJHOCUTHANIOB, MIPUHATHIX B mepuona HosO0ps 2008 — mapt 2012 rr., OBIIH OIpeeIeHbI
napaMeTpsl HEOJIHOPOJIHOCTEH ¢ pa3MepaMy IIONEPEeK I'€OMarHUTHOTO IOJIsl OT HECKOJBKHX COTEH METPOB JI0
HECKOJIbKUX KAJIOMETPOB, HAa3bIBAEMBIX MeJKOMAacITaOHbIMK. B pasiinuHble THH HAOIIONATEIBHOTO Meproia ObLI0
YCTaHOBIICHO, YTO HEOJHOPOJHOCTH 0O0Jiee BBITSHYTHI BJIOJIb T€OMAarHUTHOTO TOJIS, YeM MONepEK, U aHU30TPOIHBI
MEePIEeHANKYJISIPHO TeOMarHuTHOMY 1oiito. OpHeHTanys ONepeyHo aHU30TPOIMHK OblIa OIpejielieHa YHUCICHHO C
TOYHOCTBIO B HECKOJILKO T'PaJ{yCOB M UMeJla Pa3IMYHbIe 3HAUCHUS B PA3JIMYHbIE JTHU HAOJII0JaTeIEHOTO MTEpUo/Ia.
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HccnenoBanne mapaMeTpoB CpelHe- H MeJIKOMACIITAOHBIX HEOAHOPOAHOCTEl B F-001acTn
cpeAHelIUPOTHON HOHOChEePbl MeTOJAMH PAMONPOCBEYUBAHNUS U PATUOIOKALUI

H.IO. Pomanosal, B.A. Tenerun?, B.A. [lanuenko?, I'.A. )K6aukos®

Ylonapneni 2eogpusuueckuii uncmumym, Mypmanck

2Uncmumym 3emno20 maznemusma, uonocgepor u pacnpocmpanenus paouoeonn (M3MUPAH) um. H.B. ITywxosa
PAH, Mockea, Tpouyk

3Hayuno-uccnedosamensckuti uncmumym usuku 10cno2o gedepanvnozo ynusepcumema (HUH gusuxu FODY), 2.
Pocmos-na-/lony

MeTtonoM paanoINpOCBEYMBAHHUSA HOHOC(EpHl CUrHaIaMu oredecTBeHHBIX MC3 mccienoBaHsl HEOTHOPOIHOCTH
9JIEKTPOHHOM IJIOTHOCTM Ha BbIcOTax F-o0macTn BOJMM3M TIe€OMarHUTHOTO 3€HMTA HA3EMHOrO IpPUEMHUKA,
pacmonoxkesHoro B MI'Y mm. M.B. JlomoHOcoBa. B pesynpraTe MaremMatwmdeckoil 0OpaOOTKH (IIyKTyaruit
aMIUTUTYIBl PaTUOCUTHAIOB, IPUHATEIX B Tepuox Hos0ps 2008 — mapt 2012 rr., ObUTM OTpeneneHsl mapaMeTphl
HEOJHOPOAHOCTEH € pa3MepaMu IONepeK I'€OMarHUTHOTO MOJS OT HECKOJBKHX COTEH METPOB JI0 HECKOJIBKHX
KWJIOMETPOB, Ha3bIBAEMbIX MEJIKOMACIITAOHBIMU. B pa3nuuHble JHH HaO01aTELHOTO EPHOa IPEUMYIIIECTBEHHO
B HOYHOE BPEMSI CyTOK OBUIO YCTaHOBIIEHO, YTO HEOIHOPOJHOCTH O0JIee BEITSHYTHI BJOJIb T€OMarHUTHOTO OJISL, YeM
nonepéx, ¥ aHU30TPOITHBI TIEPIICHANKYJSIPHO T€OMarHUTHOMY 1oJifo. OpHeHTalMs ONepeYHON aHU30TPOIKH Oblia
oIpeieieHa YUCICHHO U MMea pa3IndHble 3HAUCHHS B Pa3iIMUHbIe THU. YHCIIEHHOE COMIOCTABICHUE C HAllPaBJICHUEM
npeiida cpenHeMacTaOHBIX HEOAHOPOAHOCTEH (C MOTIEPEYHBIME pa3MepaMu OT 5 10 50 KM), ITOJTlydEHHOM B T€ e
JIHH, BpeMs M B TeX JK€ NPOCTPAHCTBEHHBIX OOJACTSAX, ITOKAa3aj0 CXOACTBO 3THX 3HadeHWil. Takum oOpazom,
MeJKoMacITaOHble HEOTHOPOAHOCTH B IIOCKOCTH, MEPIEHIUKYIISIPHOW F€OMarHUTHOMY TIOJIIO, BBITSHYTHI B/IOJIb
HanpaieHus apelida. Hanpasnenue apetida ObIII0 ONpeneseHo METOA0M paIioIOKalik HOHOC(EPhl HOHO30HIO0M
DPS-4, pacnonoxennom B USMUPAH, u nporpammoii LocalDrift, rae k pacdeTy nmpuHHUMAlWCh HOHOC(EpHbIC
OTpaKaTeJIU HE BCCH KapThl HeOa, a TOJIBKO B UCCIICAYEMOH JIOKaIbHOH 00IacTH.

Bxaan D o6nactu nonocgeps B Bemnunny [19C Bo BpeMsi COTHEYHBIX BCIBIIIEK
Pa3au4HOro Kjaacca B ceHTsaope 2017rona

N.A. Paxosckuit, C.3. bexkep

@I'BYH Uncmumym ounamuxu 2eocep umenu akaoemurxa M.A. Caooscrxoeo PAH, 2. Mocksa, Poccus
E-mails: ryakhovskiy88@yandex.ru, susanna.bekker@gmail.com

CoJtHeuHBIC BCIIBIIIKH PA3IHYHOIO Kacca OKAa3bIBAIOT CYIIECTBEHHOE BIHUSHHE Ha MPOIECCHI, IPOUCXOMISIINE B
noHocdepe. M3menenne BricoTHOTO podpuist Ne Bo BpeMs BCIIBIIIKK OOYCIIOBIICHO CYIIECTBEHHBIM yBETHICHUEM
MTOTOKOB M3ITyYCHHsSI B IIMPOKOM JHANa30HEe YacTOT: OT PEHTTeHOBCKOTO 0 Y®. M3ydeHue nuHAMHUKH HOHOC(HEPEI,
BBI3BAHHON BCIBIIIKAMH PAa3jIMYHOrO Kiacca, sBISCTCS OIHAM U3 KIIOYCBBIX BOMPOCOB /ISl MOHUMAHHUS
(hOTOXUMHUYECKHUX IPOLIECCOB, M MOBBIIICHUS TOYHOCTH IIPOrHO3a KOCMUYECKOM MOTOIBI.

Paspaborannas B MHCTUTYTE AMHAMUKH reocep IIa3sMOXMMUYECKas MOJCNIb Jalla BO3MOXXHOCTH PacCUHTATh
nuHaMuKy Ne B HibKHe# HoHOC(hepe BO BPeMsI COJTHEUHBIX BCIIBIIIEK PAa3IHYHOTO KJIacca, MPOU3OIIEAIINX B CCHTIOpE
2017 roma. ComocTaBieHre MONYYCHHBIX PE3YJIbTATOB C JaHHBIMH TJI00aTbHBIX HABUTAIIMOHHBIX CITyTHHKOBBIX
CHCTEM II03BOJIWIO OIICHUTH BkIaa D obnmactu B BenmuuHy m3meHeHust [19C Bo BpeMsi COTHEYHBIX BCHBIIEK. J{is
HEKOTOPBIX BCIBILIEK ATa BelnurHa qocrurana 30%.

Paborta BbInosiHeHa B paMKkax ['ocynapcTBeHHbIx 3aaanuii Ne 122032900175-6 u 122032900184-8.
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CoBpeMeHHBIE METOABI AHAJIN3A JAHHBIX HA IPHMepe 00HAPYKEeHHUS M PEKOHCTPYKIHMHA TPEKOBBIX
cOOBITHI1 B JaHHBIX H300paxkaromero ¢goroMerpa odcepsatopnu «BepxHerygsoMckas»

P.E. Capaep?, C.A. lllapakun'®

Hayuno-uccneoosamenvckuii - uncmumym  adepmoti  usuxu  umenu J.B. Crobenvyvina Mockoéckozo
2ocyoapcmeentozo yHugeepcumema umernu M.B. Jlomonocosa
2Dusuveckutl paxyrvmem Mockosckozo 2ocydapcmeennozo yuueepcumema umenu M.B. Jlomonocosa

MHorokaHajgbHbIE JIETEKTOPbl U300paKeHNs] Ha OCHOBe MHOroaHoaHbIX ®DVY, mcnonb3yeMbie B CEpUU MPOEKTOB
MexayHapoaHoi kosmaboparuu JEM-EUSO (kak Ha3eMHBIC, TaKk W OaJUIOHHOTO M KOCMHYECKOTO 0a3MpOBaHUA),
PETHCTPUPYIOT B aTMochepe 3eMiin COOBITHS CO CIIOXKHBIM MPOCTPAHCTBEHHO-BPEMEHHBIM MATTEPHOM CHTHaMA. [l
aHaJM3a TaKuX COOBITHH TpeOyeTcsi Co3laHMe CHEeINATM3MPOBAHHBIX MPUIOKEHUH, peau3yIoIUX COBPEMEHHbIE
HeWpoceTeBbIe ITOAX0AbI K METOIBI HA OCHOBE BEPOSITHOCTHOTO BBIBOJA. [IpH 3TOM KpaifHe BaXXHO Ha 3Tare 00ydeHuUs
MOJIeTIe HCIIONBb30BaTh pEalbHO 3apernCTPUPOBAHHBIC NaHHBIE, a HE pE3yJNbTaThl CUMYJSIIUHA. B nokmane
MPE/ICTAaBJICHBI Pe3yJIbTaThl IPUMEHEHHSI TAKUX METOJOB K JaHHBIM M300pakatoero poromMerpa, paboTaromero ¢
2021 roga B obcepBaTopun «Bepxuerynomckas» (coBmecTbiid mpoekt HUMSA®D MI'Y u [II'M) k Tak Ha3pIBaeMbIM
mpeKosviM cobvimusm, THUIA TPOJIETa B TIOJIE 3pCHHs CHyTHHKAa Wi mereopa. Coszmanmnoe B HUUSAD MIY
nporpaMMHoOe o0ecrieueHre BKII0YaeT HHCTPYMEHTHI TPEABAPUTENLHOM pa3METKU JaHHbIX, 00Y4YEHHs U IPUMEHEHHUE
HEeWpOCeTeBOro TpUITEepa Il IMOWCKAa TPEKOB B JAaHHBIX C pPa3HbIM BPEMEHHBIM pa3pelIeHHEM, a TaKKe
HCTIOIb30BaHHUE BEPOSTHOCTHOTO MTPOTPAMMHPOBAHNS ISl PEKOHCTPYKIMHN ITapaMeTPOB TPEKa.

PaGotel BeImoOnHeHa Tpu moxdepxkke Poccumiickoro HaywuHoro ®onma (tpantr Ne  22-62-00010,
https://rscf.ru/project/22-62-00010/).

BpeMeHHaﬂ MNPOAOJTKUTEC/IBbHOCTD NOJAPU3AUOHHOI0 /I7KETA
Mo CIYTHUKOBLIM U HA3€MHbIM HA0JII0AeHUAM

A.E. Crenanos?, C.1. Janunos!, JI.I". baumes?, B.JI. Xanunos?, C.E. Ko6sxoa®

YUnemumym xocmousuueckux uccnedosanuti u asponomuu um. FO.I'. Hlagpepa SAHL] CO PAH, 2. Axymck, Poccus;
e-mail: a_e_stepanov@ikfia.ysn.ru
2Unemumym xocmuueckux uccnedosanuti PAH, 2. Mockea, Poccus

B pabote paccMaTpuBatoTcs JaHHBIE Ha3eMHOM HoHOChepHO# crantmn SAkyTck (Y A462) 1 m3MepeHs HOHOC(HEPHBIX
napaMeTpoB co ciyTHuKoB cepurt DMSP (h~830 km) nipu pa3BuTHH NOISIPU3AMUOHHOTO JKeTa. [10Isipu3annoHHbIH
JUKET Ha MOHOC(hepHO# cranuuu SIKyTCK perucTprpoBaics B BedepaeM cexkrope (17-19 MLT) na done cy60ypeBbix
BO3MYIICHUH, KOT/Ia TeOMarHUTHEIA nHAeke SME nocturan 3nadenuit B mpenenax ot 1000 go 2000 HT, B To BpeMs
Kak I10 IaHHBIM MarHuTHOH oOcepBaropun SxyTck (YAK) Habmonanack nojaoxuTenbHas Oyxra Benuunnoi ~50-100
HT B H-kommonente n ~100-200 HT B Z-KOMIIOHEHTE MarHUTHOTO T0JIs 3eMitd. [IpoI0I KU TEN,HOCT HAOTIOICHUS
MOJIIPU3AIMOHHOTO JKETa UITH BpeMsI CYIIIECTBOBAHMSI B CyOaBpopaabHON HOHOC(hEpe y3KUX MPOBaJIOB HOHOC(EPHOIt
TUTa3MBbl, BBI3BAHHBIX JIEKTPUYECKUM T10JIEM CEBEPHOTO HANPABJICHHSI, COCTABIISIET 110 CITy THUKOBBIM M3MEPEHHSM OT
3 10 9 yacos.
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Pe3yabTaThl 3kcnepumenta Ha crenge EISCAT B 2018 r.
A.B. Teprouunukos?!, P.JO. FOpuxk
Uncmumym npuxnaouoii 2eopusuxu, Mockea, Poccus

IpencraBnensl pe3ynbrartel dkcrepumeHta B 2018 r. wa HarpeBHoM komiutekce EISCAT/Heating (Tpomcé,
Hopserust) 1o paanonpocBeYrBaHHIO TPAHULL TPYOKH HarpeBa HOHOC(EPHI.

Mo pe3ynpTaTaM M3MEPEHUH MOITBEPAMINCE JOCTATOYHO PE3KHE IPAANEHTHI HOHOC(HEPHOH 3aJeP/KKI CUTHAJIOB
KA T'HCC B BpIcOKOMIMPOTHOH MOHOC(epe Ha rpaHuax TpyOKH HarpeBa noHoc(epsl, kak u panee B 2009 r. B
CpeAHeIpOoTHOI noHoc(epe Hax HarpeBHBIM cTeHoM Cypa (Bacuibcypcek, Poccus).

Jpeiip MArHUTHBIX NOJIIOCOB M CTPOEHHE MOJISIPHOI HOHOC(PepBI
B.M. VBapos
Canxm-Ilemepbypeckuii ynusepcumem nymeti cooowenus, Cankm-Ilemepoype, Poccus

B pamkax uucieHHO# Mozenu nossapHOi noHoc(epsl [1] uccienoBaH BONPOC O BIMSAHUM Jpeiida MarHUTHBIX
MOJIIOCOB 3eMJIM Ha CTPOSHHUE TOJISIPHON HOHOC(EpHI. PacdeTsl BBIOIHEHBI JIsl CEBEpHOTo noymapus. KoopauHater
MarHuTHOTO IIOJIIOCA, M3MEHSIONIMECS] B TIpoliecce ero aper¢a, 3aaBaiich Ha OCHOBE MOJEIH MarHUTHOTO ITOJIS
3emin IGRF-13. TlposiBnenue napeiia MarHUTHOrO TMOJIIOCA B M3MEHEHHWH CTPOCHHS TMOJIIPHOW HOHOChEpHI
oOycinoBineHO AByMsi  (paKTopamy, YYTEHHBIMH IIpU  YHUCJICHHOM MOJCIMPOBAaHUU -  HM3MEHSIOLUIMMCS
paccorilacoBaHHEM MEXIy reorpaMueckuM M MAarHUTHBIM ITOJIIOCAMH M M3MEHEHHEM IOJIsl KOPOTAILMH, KOTOpOe
CYIIECTBEHHO 3aBHCHUT OT B3aMMHOTO pAacIlOJOXKEHHWS O3THX IIOJIOCOB. [IpoBeseHHbIE MOJENbHBIE PacCUeTh
WLTIOCTPUPYIOT BbI3BaHHBIC JAPEH(OM IOJIIOCOB M3MEHEHHUS] CTPOCHHS MOJISPHOH HMOHOC(EpPHl Ha NPOMEKYTKE B
HECKOJIBKO COJIHEYHBIX IIMKJIOB M Ha MPOMEXYTKE B OAMH rof. ['paduueckoe oToOpakeHHe pe3ysIbTaTOB PacueToB
JIaHO B BUJIE IBYMEPHBIX paclpeeJIeHUH H30IMHUNA 3JIEKTPOHHOW KOHIIEHTPAIIMK B MakCUMyMe cios F2.

1. VBapor B.M., bapamkos I1./]., 3axaposa A.Il. Mozaens noasipHON HOHOC(EPHI C YIETOM BIUSHHUS MEKIIJIAaHETHON
cpensl. 1. Dddexr azumyransHON KoMIToHeHTHI MMII. — ['eomarneTnsm u asporomust, 1992, 1.32, Ne 3, ¢. 7 - 77.

CrnekTpajbHBIi pHOMeTp
10.B. ®enopenxo, A.B. Ponayrun, A.B. Jlapuenko, C.B. [Tunsraes, M.B. ®unaros, /[.C. llIsenos, M.B. Ky3uenosa
IIT'U, 2. Anamumel, Poccus

B ¢espaie 2023 r. B 06c¢. JIoBozepo INomnspHOro reopu3n4eckoro MHCTUTYTa BBEAEH B SKCIUTYaTAIIUIO CIIEKTPAJIbHBIH
prometp. B nokiane npeacraBieHsl AITOPUTMBI M ITPOTPaMMBbl 00pabOTKU JaHHBIX U €ro (QYHKIMOHAIbHAs cXeMa.
O06cyxnaroTes 0COOEHHOCTH 00pabOTKHM €ro JaHHBIX B CPABHEHHH C AJITOPUTMAaMH, IPUMEHSIEMBIMH 111 00pabOTKH
3amMcedl MIMPOKO PaclpOCTPaHEHHBIX OJJHOYACTOTHBIX proMeTpoB Tuma La Jolla. [IpogemoHcTprpoBaHo, YTO NpH
HaJIMYMH MEUIAIOMIUX MTOMEX, Bce OOJIblIe M OOJbIIE OCIONKHSAIOMNX PErHCTPALNI0 KOCMHYECKOTO PajnonrymMa Ha
BBICOKOIIMPOTHBIX CTAHIMAX, CHEKTPAIbHBIE PUOMETPHI O0JIAAl0T HEKOTOPHIMH NPEHMYILIECTBAMHU IEepe]
OJTHOYACTOTHBIMH. [Ipm aHanmm3e CHeKTPOB KOCMHYECKOTO PaaHOlNIyMa 3HAYUTEIBHO JIETde BBIICIHUTH YYaCTKU
3ammcel, NCKaXCHHBIX MOMEXaMH, a B CIy9ae MOHOXPOMAaTHYECKUX ITOMEX WX ITOJIHOCTBIO MOoAaBuTh. IlogpoOHO
MIPOAHATIM3HUPOBAHEI OCOOCHHOCTH WHTEPIPETAlMd PUOMETPUYECKHX JaHHBIX C I[ENBI0 OLEHKH Mpoduien
ANEKTPOHHON KOHIIEHTPAIIMH BO BPEeMsI BBICHIIAHMI 3apsHKEHHBIX YacTHI. [loka3aHO, 4TO IIMPOKHE IHArpaMMBI
HaTpPaBICHHOCTH pAaCIPOCTPAaHEHHBIX PHOMETPUYECKHX AaHTEHH THMAa IBOWHOTO MOWIONS W Jaxe Oolee
Y3KOHANpPABJICHHBIX AHTEHH THNa Yaa-fArun (BONMHOBOW KaHal) HE MAalOT BO3MOXKHOCTH OLEHHTH 3HA4YECHHE
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TMOTJIOIIEHHUST KOCMHUYECKOTO PajHolIyMa B OOJACTH BBICHINAHMH C TOPU30HTAJIBbHBIMH pa3MepaMy B HECKOJBKO
JIECATKOB KHJIOMETPOB, U, CIIEA0BATEIBHO, IPUMEHUTh PUOMETPHYECKUE JaHHbIE K OLEHKE MPOQUIIS IEKTPOHHON
KOHILIEHTpAaIy B 3ToH o6sacTu. OLeHEeHbI CUCTEMAaTHYECKUE MOTPEIIHOCTU OLEHOK IMOTJIOIMIEHUS Il TUIINYHBIX
pa3MepoB 001acTH BBICHIIaHUH. PaccMOTpeHbI BO3MOXKHBIE TEXHUUECKHE PEIICHHsI, HANIPaBICHHbIC HA YMEHBIICHNE
TaKOro poJa MOrPEIIHOCTEMN.

Bo3mosknocTu cumHTHIIsIInoHHOro GNSS npuemnanka Septentrio PolaRx5S
YCTAHOBJIEHHOT'O B I'. AATUTHI

M.B. ®unatos, C.B. [Tuneraes, }0.B. ®enopenko, A.C. Hukurenko, A.B. Jlapuenko, A.B. Pongyrun

Honsproii ceousuueckuit uncmumym, 2. Anamumet, Poccus
Email: mijgun@yandex.ru

B nanHoOi#t paboTe mpeacTaBieHbl BO3MOXKHOCTH YCTaHOBJIEHHOro B r. Amatutel GNSS mpuemuuka Septentrio
PolaRx5S. TIpuemuuk ObL1 ycTaHOBieH Ha Kpbire 3manust [ITU B mexabpe 2020 r. corpymHukamu MHCTHTYTA
NPUKJIAIHON reodusrku umenu akanemuka E.K. ®&nopona.

MeuorouactoTHbI# 544 kaHanpHbl GNSS mpuemunk Septentrio PolaRX5S siisieTcst STanoHHBIM, MOIICPKHBACT
curnaiel GPS, GLONASS, GALILEO, BEIDOU, SBAS, IRNSS, QZSS. I'enepupyer nanusie B popmarax ISMR
(lonospheric Scintillation Monitoring Record), Septentrio Binary Format (SBF), RINEX, BINEX, NMEA u RTCM.
[Mo3BossieT moMy4arh CUMHTHULIIMOHHBIE MHICKCHl aMIUTUTYIHbIH S4, ¢dasoseie Phi0l ~ Phi60, nmorpeminocts
nceBnonanbHOCTH ¥ TiceBaodassl CCD, MHTEHCHMBHOCTh CHMHTWUIANMKA S|, HAKJIOH W WHTEHCHBHOCTH (Pa30BOTO
crnekrpa npu gactote | ['m p&T. PaccuuteiBaeT nmomHoe anekTpoHHOE conepxkanue TEC ¢ monpaBkoii Ha cMemeHne
CIYTHHKOB. A TaKk)e KOJOBBIC, (a30BbIc U HABUTAIMOHHBIC JaHHBIE ¢ yacToToi no 100 I'm.

B nmoxiase mnpuBeneHB! NpHMEpPHl HCIOIb30BaHMS JAHHBIX, IIOJyYCHHBIX IIPH MOMONIM NPHEMHHKA, H
MPOJEMOHCTPUPOBAaHA HH()OPMATUBHOCTD PA3IMIHBIX HHICKCOB IIPU Pa3INYHBIX T€INOTCOPU3UIECKUX COOBITHIX.

XapakTepUCTUKHU CPEIHEIIMPOTHLIX U CYy0aABPOPATbHBIX KPACHBIX YT cBedeHHs aTMocdephbl
B.JI. Xanunos
Hnemumym kocmuueckux uccredosanuti PAH, Mockesa; e-mail: khalipov@iki.rssi.ru

KpacHele 1yru cBedeHHs BepXHei aTMocdepbl ObUIH OTKPBITH (paHIry3ckum actpoHoMoM Daniel Barbier B mepron
MIT 1957 - 1959 rr. CBeuenue atMocdepsl, 0OHapy)eHHOEe UM B JUHUHU 630 HM, OBUIO CTAOWIHHBIM B TCUCHHE
MHOT'HX 9aCOB M OXBaTBIBAJIO JAOJITOTH OT TOPU30HTA 0 ropu3oHTa. [Ipu 3TOM 0OBIdHBIE (GOPMBI TTONAPHBIX CHUSTHUN
HaOJIOJAINCh JaJIeKO K CeBEpPY OTHOCHTENLHO KPAaCHBIX JIYyT. BbUIM BBINOJHEHbI MHOTOYHMCIICHHBIE H3MEpPEHMS,
KOTOpBIE MOKa3aJIM, 9TO HHTEHCUBHOCTH CBeueHHs yacto coctapisuia 500 — 5000 P, HO Moria 1ocTUraTh AECATKOB
KHJIOpAJIeH U MaKCUMalTbHAsI U3MEPEeHHAst HHTEHCUBHOCTH focturana 134 kPi. CBedeHune 3eNeHo0i TMHUN aTOMapHOTO
KHCJIOPO/Ia PETHCTPHUPOBAIOCH, HO OBUTO Ha J1Ba TIOPSIIKa MEHEE MHTEHCHBHBIM.

B crepyromeM 1K€ COTHEYHOW aKTHBHOCTH IIOCIENOBAIHM NapaUIaKTHYECKWE W HHTepHEepOMETpHUECKUE
U3MEPEHUs] KPACHBIX Oyr, KOTOpbIE MOKAa3alh, YTO MAaKCUMyM CBEUEHHUs PacHnojoxkeH Ha BbicoTe 450 kM, u
TeMnepatypa HeltpanbHoi atMocdepst (Tn) mox ayroit He uaMmensiercs. M3mepenus Ha cnytHruke OGO-4 (Nagy,
1967) He 0OHapyKWIIM SIEKTPUYECKOTO II0JIS1 B 11OJIOCE KPAacHOW ayru. Bee 3TH n3aMepeHus: ObIIIM BBINOJIHEHBI Ha
CpPEeHUX IIMPOTaxX U COOTHECEHHI ¢ (Pa30if BOCCTAHOBJIEHHUSI MarHUTHBIX Oypb OOJBIION HHTEHCHBHOCTH.

B UK®UA cBeueHne HOUHOTO HeOa Ha cy0aBpOpaIbHBIX IIMPOTAX HCciexryeTcs ¢ Hadyana 70-x ronos. B pabore
Hany6osu4 u ap. (1973) npoananu3upoBaHbl MapaIAKTHIECKHE U3MEPEHUS C TPEX U YEThIPEX MyHKTOB CKaHEPHBIX
HaOJIIO/IEHUH U YCTAaHOBJIEHO, YTO BBICOTHI MAaKCUMyMa CBEUYECHHUS C BHEJAPEHHOUW B HUX KPACHOW JTYyTrOd COCTABIISIOT
170-180 kM. B oOcepBaropun MaiiMara NpOBOIWINCH AJHUTENbHbIE WHTEphEpPOMETpUUECKHE H3MEpEHHs In,
KOMIUIEKCHBIE ONTHIECKHE U HOHO30HIOBBIE H3MEPEHHUS. DTO TIO3BOJIMIIO MOJTyUUTh CIETYIONINE PE3YIbTaThI.

a) Kpacnas nyra pa3zsuBaetcs B ojoce nossipuzanmonHoro mketa (I1)]) u 3ana3asiBaet Ha 30-40 MUH. OTHOCHUTEIHHO
MomeHnTa BozHUKHOBeHUs [1/1. [Ipu naTencuBHOCTH Bo3mymieHns AE~1000 #Tn u 6omee o6a ABNICHNUS Pa3BUBAIOTCS
CUHXPOHHO.
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b) Tlox ayroii Ty yBemuuuBaetcs Ha 200 - 400 K 0THOCHTENBHO YPOBHsI, ONPEICICHHOTO IO HEBO3MYILICHHBIM JHIM
Mecsina. Poct Temmeparypsl 3amaszabiBaeT Ha 1.5 — 2 daca OTHOCHUTENBHO Hadalla ysIpYCHHS CBEUEHUS B Jyre
(Anekcees, 1984; Xanunos u ap., 2018).

¢) CybaBpopanbHble KpacHble JyTH pa3BUBaoTCs Ha mupote cranuuu JKuranck (L = 4) npu yposre aktuBHocTH AE
= 300-350 aTn. Ilpu AE = 500 aTn onn cmemntarores Ha mmpoTy Skyrcka (L = 3), a mpu AE > 1500 aTx Bech
cieHapuit ssBieHus nepemenaercs 10 Mockssr (L = 2.3).

B nmeranpHOM HccnenoBaHHH CyOBH3yalbHOTO (POHOBOTO CBEUYCHHUS aTMOC(EpHl Ha Cy0aBpOpPAIBHBIX MIHPOTAX
(®enpmmreitn u gp., 2012) obocHOBaHA TOYKA 3pPEHHS, YTO WCTOYHHKOM CBEUEHHS KPACHBIX AYT SBIITIOTCS
OCTaTOYHbIE BBICHIIIAHUS YJIEKTPOHOB M3 CHIJIOBBIX TPYOOK Ha SKBATOPUAILHOM I'PAHUIIE 3JIEKTPOHHOTO IIA3MEHHOTO
cinost. JIooTHATENPHOE YCUIIEHHE CBEUEHHSI aTOMAPHOTO KHUCJIOPOAa Mporucxout B nonoce I1/], rae KoHneHTpanus
9JIEKTPOHOB B o0OiacTu F magaer modTH Ha MOPSIOK, YTO PE3KO YMEHBINAET Je3aKTUBALNIO BO30YK/ICHHBIX aTOMOB
kuciopoaa (Xanunos, 2018). Taxke neiicTByeT Gpakrop GppUKIMOHHOTO pa3orpeBa cpebl NOjA BO3IEHCTBUEM OYEHb
cunbHOTO Anekrpudeckoro moist [T/ 30 — 50 MB/M. Mexanu3m o0pa3oBaHUs KIIaCCHYECKOW KPAacHOM JyrH ObLI
paspaboran B cratee (J. Cornwall, F. Coroniti, R. Thorne, 1971). DHepruuHbie HOHBI KOJNBIEBOIO TOKA B
MPUAKBATOPHAIBLHON 00JIaCTH MarHuTocdepbl BO30YXKIAI0T MOHHO-IMKIOTPOHHBIE BOJIHBI, KOTOPBIE YCKOPSIOT
3JEKTPOHBI CPedbl BCIEACTBUE ACHCTBUS MeXaHu3Ma 3aTyxaHus Jlannay. Bo3HuKIIas mOMysaIus cBepXTEIIOBBIX
JJIEKTPOHOB TEPEAaeT 3HEPrui0 B arMocdepy, Mopoxaas KpacHyI0 Ayry. BBIACHHIOCH, YTO 3TOT MEXAaHHU3M
JIeWCTBUTENBHO paboTaeT, HO HabIroJaeMasi HHTEHCHBHOCTh MOHHO- IIMKJIOTPOHHBIX TAPMOHHK CIIOCOOHA CO31aTh
CBEUYEHHE KPACHOM IMHUM UHTEHCUBHOCTHIO 1.5-2.0 kP

O npueme Ha ceBepe JIeHMHrpaacKoi 00J1acTH KOPOTKOBOJHOBOro JIYM-curnana,
PacCessHHOI'0 HCKYCCTBEHHO BO3MYIIICHHOM 00,1aCThI0 HOHOC(EphI

A.B. Hunaunt, ®.U. Bei6opuos*?, JI.5. bosun®, 1.B. Kpalenunnukos*

YHUP®U, 2. Huxcnuii Hoszopoo, Poccus,; e-mail: rf-shindin@rf.unn.ru
2BI'YVBT, 2. Huocnuii Hoezopoo, Poccus; e-mail: vybornov@nirfi.unn.ru
S@ryil "locHUUIIIT", 2. Caum-Ilemepbype, Poccus

*U3MHPAH, 2. Tpouyx, Poccus

B pabore mpezcraBieHBl pe3yNbTaThl HKCIIEPUMEHTA 0 30HIMPOBAHHIO MOHOC(EPHI, BO3ZMYIIEHHON MOITHBIM
KOPOTKOBOJIHOBBIM H3JIydeHHeM HarpeBHoro creHna CYPA. DKcrepuMeHT NpOBOJMICS BO BTOPOH IIOJIOBHHE
ceHts6ps 2022 r. 30HANPOBaHNE MPOBOAMWIOCH TMHEHHO-YaCTOTHO-MOAYIUpOoBaHHEIM (JIUM) curHamoM mo IByM
TpaccaM. B mepBoMm ciryuae mepematumk pacrnonarancs B T. Tpowutk (M3MUPAH), 30uaupoBaHie MpoBOIUIIOCH B
nuanaszoHe 4acToT 3 — 25 MI'u. Bo BropoM ciywae npunumaincs cursan JIMM-crannuu Kump B auanaszone §-30 MIw.
[Mpuem JIYM-curnana npooamicst BOiu3u . [Ipuosepcka Jlenunrpaackoii oonactu. Jomnonuurensto JIUYM curnan
peructpupoBaics B T. Hmwxuem Hosropoge m m. Bacunmbcypck Hwukeropogckoit o6mactu. CurHaiel o0omx
nepelaTYMKOB, OTPAKEHHBIE OT HOHOC(EPHI, YBEPEHHO IIPUHUMAIINCH B JII000€ Bpems cyTok Bcemu JIUM craniusmu.

Harpesnsiit crenn pabotan mo mporpamme 10 mMuHYT - HarpeB, 10 MuHyT — may3a. CurHam u3iydajics Ha
OOBIKHOBEHHOW KOMIIOHEHTE HIDKE KPUTHYECKOM dYacTOThl Ha Onwxkaimed paspermenHod wactore. JIUYM-
nepeaTyiKu paboTaiy C IEpHOJIOM 5 MMHYT, CKOpOCTh CKaHupoBaHus cocraBisuia 100 k[ B cekynmy. s
JIMarHOCTHKH COCTOSIHUSI HOHOC(Epbl BO BpeMs pabOThl HArpeBHOTO CTEH 1A UCTIoNIb30BasIcs noHo3oH CADI.

Bo Bpemst pabotsl crenia CYPA yBepeHHO perrcTpupoBajcs CUTHAM Ha 4aCTOTaX BBIIIE KPUTHYECKOH 4acToThl F-
CJI0sI, OTPKEHHBIH OT HCKYCCTBEHHO-BO3MYIIIEHHOH 00J1acTH HOHOC(EPHI, KOTOPBIA OTCYTCTBOBAII B May3ax pabOTHI
HarpeBHOro creHaa. KpoMe TOro, yBepeHHO PpErucTpUpOBaiCi CUTHAN BO3BPATHO-HAKIOHHOTO 30HAMPOBAHMUS,
paccesHHbIN TOPHBIMU MaCCHBaMH.

B pabore mpuBomATCS mapaMeTphl Tpacc 30HIUPOBAHMSA, HAOMIOZAEMBIE IHUCTAHIIMOHHO-YaCTOTHBIC
XapaKTepUCTHKH CUTHasa (IIOydeHHbIe Kak B BpeMs pabotsl cteHga CYPA, Tak u BO BpeMs may3) M pe3yJIbTaThl
MOJICIMPOBaHMs. BBINOJHEHHOE MOJEIMPOBAHUE C HCIIOJBL30BaHHEM JaHHbIX HOHO30HAa CADI mno3Bosmio
WACHTUGHUINPOBATh MAaHHBIM CHUTHANI KaK PakypcHbIM OoT F-o00macTé MOHOC(EpHl, MCKYCCTBEHHO BO3MYIICHHOM
n3nyueHneM HarpeBHoro cteHAa CYPA. TlpuBoasTcs XapakTepUCTUKHA HAOJIOAaeMOTO PAaKypCHOTO CHUTHAa,
00Cy>KIal0TCs MTapaMeTphl HCKYCCTBEHHBIX HEOTHOPOAHOCTEH HOHOC(EPHI.

Pabora A.B. lllunnuHa BBINOJHEHA MPH MOJIEPXKKE IMPOrPaMMBbl CTPATEIHMYECKOTO aKaJeMHYECKOTO JIMIEepPCTBA
IMpuopurer-2030.
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Experimentum crucis: The presence of radionuclides in precipitations is not the main reason
for the observed increase in gamma flux

Yu.V. Balabin
Polar Geophysical Institute, Apatity, Russia; e-mail: balabin@pgia.ru

Original experiments were carried out using a gamma-ray spectrometer installed at the cosmic ray station in Apatity.
The spectrometer monitors the spectrum of gamma radiation coming from the atmosphere in the energy range of 0.1-
4 MeV. Based on the results of these experiments, a final and unambiguous conclusion was made: the effect of an
increase in gamma radiation during precipitation recorded at many stations of cosmic rays is not associated with the
presence of radionuclides in precipitation or additional release of radionuclides from the soil. At the same time, these
experiments indirectly confirm the hypothesis of the influence of meteorological processes on the propagation and
interaction of secondary cosmic rays in the Earth's atmosphere.

Peculiarities of gamma-radiation spectra increases during precipitations:
Radionuclide lines and continuum spectrum

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

Polar Geophysical Institute, Apatity, Russia
E-mail: balabin@pgia.ru

Since the installation of a differential electromagnetic radiation spectrometer in the range of 0.1-4 MeV in the summer
of 2022 in Apatity, more than 60 increase events with an amplitude above 10% have been registered. A Nal(TI)
spectrometric crystal is used with an energy resolution along the 662 keV (cesium-137) line of about 5%. The resulting
array of spectra was analyzed. The spectra contain lines of some radionuclides, as well as an annihilation line at 511
keV. Lines of radionuclides of the uranium series (lead-214, bismuth-214) appear in the spectra during precipitation,
but the contribution of all lines to the total flux of quanta is about 10% (in terms of the number of quanta) and is not
capable of providing the observed increase. In broad bands (800-1100 keV, 1200-1700 keV), no lines are observed,
although the spectrum also increases. All this indicates that the contribution of radionuclides to the increase effect in
gamma radiation during precipitation is small and is not the main reason for the increase. The main reason for this
phenomenon is most likely associated with the processes of interaction of secondary cosmic rays and meteorological
phenomena.

Spectral measurements during gamma-ray increase events
Yu.V. Balabin, A.V. Germanenko, E.A. Maurchev, E.A. Mikhalko, B.B. Gvozdevsky

Polar Geophysical Institute, Apatity, Russia
E-mail: balabin@pgia.ru

In Apatity, at the cosmic ray station, an electromagnetic radiation spectrometer in the range of 0.1-4 MeV was installed
and launched in the continuous monitoring mode. A Nal(Tl) spectrometric crystal was used, the spectrum type was
differential. The spectrometer was calibrated against the lines of americium-241, cesium-137, potassium-40, sodium-
22, and cobalt-60. The resolution for the 662 keV (cesium-137) line was determined to be 5%. With the help of the
spectrometer, dozens of events of an increase in gamma radiation during precipitation were recorded. Spectral
measurements have shown that the changes in the spectrum with increases are continual in nature and are not due to
radionuclide lines. Although some lines of the uranium family radionuclides with low intensity are present during
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precipitations, they cannot provide the effect of an increase in the quantum flux over the entire measurement range.
The counting of quanta in the lines of radionuclides shows that the number is an order of magnitude less than the total
number of quanta in the measured range. Measurements of the differential spectrum of gamma radiation during
precipitation unequivocally show that the effect of an increase in the gamma radiation flux during precipitation is not
due to radionuclides present in precipitation.

The study was supported by the Russian Science Foundation, grant No. 18-77-10018.

Features of variations of X-ray (up to 1 MeV) and gamma radiation (more than 1 MeV)
according to the data of the scintillation spectrometer in Apatity

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

Polar Geophysical Institute, Apatity, Russia
E-mail: balabin@pgia.ru

Regular measurements of the differential gamma radiation spectrum coming from the atmosphere in Apatity in the
energy range of 0.1-4 MeV can also be converted into radiation flux profiles in successive energy bands, for example,
100-200 keV, 200-300 keV, etc. To measure the differential spectrum of gamma radiation, a Nal(Tl) @65x65 mm
spectrometric crystal is used. The analysis and comparison of such band profiles makes it possible to determine the
upper energy limit for precipitation-related radiation increase events with good accuracy. Previously, this limit was
already determined by less accurate instruments and was equal to 2-4 MeV. Now, with a high-resolution spectrometer,
it can be determined much more accurately. The band profiles also show that gamma-ray flux variations not associated
with precipitation and with an amplitude of less than 10% have a significantly lower upper energy limit than
precipitation-related radiation increase events. With the help of strip profiles, it is possible to separate such events.

Electric field measurements at the cosmic ray station in Apatity
A.V. Germanenko, Yu.V. Balabin, E.A. Maurchev, E.A. Mikhalko, B.B. Gvozdevsky, V.B. Belakhovsky
Polar Geophysical Institute, Apatity, Russia; e-mail: germanenko@pgia.ru

Since the beginning of 2023, continuous measurements of the electric field strength have been carried out at the cosmic
ray station in Apatity. Fluxmeter model “Phcela D1” is used. The inclusion of a fluxmeter in the system of sensors
that record various atmospheric parameters is due to the fact that one of the hypotheses about the origin of the gamma
radiation increase during precipitation is based on the effect of an additional energy gain (before-acceleration) of
energetic charged particles in electric fields in the atmosphere. In favor of this hypothesis, there are the following
facts: the presence of radionuclides in sediments only in trace amounts, a continuous spectrum of gamma radiation
that occurs during precipitation. However, an exact description of the mechanism for gaining energy in an electric
field and then dissipating it in the form of electromagnetic radiation has not yet been created. Carrying out
measurements of the electric field strength will allow a more complete representation of the state of the atmosphere
during the increase events. Fluxmeter data are available at https://cosmicray.pgia.ru/gammanew.html. The initial data
have a resolution of 1 second, but they are presented on the site with a five-minute averaging.
The study was supported by the Russian Science Foundation, grant No. 18-77-10018.
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Cosmic Ray Variations Based on Observations by Pairs of Identical Detectors
in Apatity and Barentsburg

A.V. Germanenko, Yu.V. Balabin, E.A. Maurchev, E.A. Mikhalko, B.B. Gvozdevsky
Polar Geophysical Institute, Apatity, Russia; e-mail: germanenko@pgia.ru

Neutron monitors are most effective for cosmic rays with energies of 0.5-10 GeV, but for muon telescopes, the
minimum energy for a primary particle of cosmic rays is ~5 GeV, and the average energy of detected particles is ~50
GeV. Two pairs of detectors (neutron monitors and muon telescopes) located in Apatity and Barentsburg (archipelago
Spitsbergen) make it possible to estimate the anisotropy of cosmic rays in the direction of the north ecliptic pole and
mid-latitudes. The asymptotic cone of acceptance for the neutron monitor in Apatity lies in the middle latitudes (in
the GSE system), while in Barentsburg it is somewhat higher. For muon telescopes, the fields of view are cones with
an apex angle of 80-90 degrees. The telescope in Barentsburg is turned to the area near the ecliptic pole, the Apatity
telescope is directed lower, in the direction of latitudes 50-70 degrees. After correcting the data for variations
associated with changes of pressure and temperature, the ratio of the count rates of a pair of neutron monitors and a
pair of telescopes is calculated. In this way, simultaneous changes in the count rates associated with active processes
on the Sun are excluded: Forbush decreases, coronal holes, etc., which have an amplitude several times greater than
the possible anisotropy. The variations in the ratio of neutron monitors are very small, which indicates a low anisotropy
of cosmic rays at mid-latitudes. Variations in the ratio of muon telescopes are much greater and are observed during
periods of increased solar activity. This means that active ejections from the Sun affect the polar regions of the ecliptic
to a lesser extent.
The study was supported by the Russian Science Foundation, grant no. 18-77-10018.

Lightning initiation and development problems
D.I. ludin'?, A A. Syssoev'?, V.A. Rakov®

!Privolzhsky Research Medical University, 10/1 Minina and Pojarskogo Sqr., 603005, Nizhny Novgorod, Russia
2Institute of Applied Physics RAS, 46 Uljanova str., 603950, Nizhniy Novgorod, Russia
SUniversity of Florida, Gainesville, USA

The presentation is devoted to the fundamental issues of initiation and development of lightning discharge which open
a list of the most important unsolved problems of atmospheric electricity. The root of the intrigue is the fact that the
level of electric field strength of atmospheric air is about an order of magnitude higher than the peak values of electric
fields measured in thunderclouds. Several concepts were proposed to explain the lightning initiation process, among
which two can be highlighted: the hypothesis about the lightning initiation as a result of a positive streamer initiation
from the hydrometeor surface and the scenario appealing to the appearance of lightning as a result of the runaway
electrons breakdown. However, due to various difficulties, none of these approaches has become the leading one.
Recently a fundamentally new mechanism of lightning discharge initiation was formulated, which is based on a noise-
induced kinetic transition that occurs in stochastic field of charged hydrometeors. The proposed approach looks like
a sequence of transitions of discharge activity from small spatial scales to larger ones. One of the main features of the
proposed hypothesis is that generation of streamers is determined by the level of small-scale and mesoscale electric
field fluctuations in a thundercloud and practically does not depend on the magnitude of the large-scale field. The role
of the latter is to ensure the interaction of appearing streamers when they begin to develop mainly in the background
field direction. In the final part of the review, the fundamental role of polarity asymmetry in the processes of initiation
and subsequent development of lightning discharge is discussed.
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The study of kinetics of molecular nitrogen in the stratosphere of Titan
during precipitation of galactic cosmic rays

A.S. Kirillov!, R. Werner?, V. Guineva?

!Polar Geophysical Institute of Russian Academy of Sciences, Apatity, Murmansk region, Russia
2Space Research and Technology Institute of Bulgarian Academy of Sciences, Stara Zagora Department, Stara
Zagora, Bulgaria

We study the electronic and vibrational kinetics of molecular nitrogen in the stratosphere of Titan during precipitation
of galactic cosmic rays. The composition of Titan’s atmosphere at the altitudes is considered as the mixture of N»-
CH4-H>-CO gases with admixtures of hydrocarbons. Special attention is paid to the investigation of the role of inelastic
molecular collisions in the redistribution of the excitation energy between different molecular degrees of freedom. It
is shown that inelastic intramolecular and intermolecular electron energy transfers during the collisions influence on
vibrational populations of excited and ground electronic states of N, at the altitudes of the stratosphere. The important
role of electronically and vibrationally excited molecular nitrogen in the excitation of other atmospheric components
is discussed.

The microwave monitoring the diurnal variations of the mesospheric ozone
in the winter 2022-2023 at Apatity during Solar Cycle 25

Y.Y. Kulikov!, V.B. Belakhovsky?, V.I. Demin?, V.M. Demkin3, A.S. Kirillov?, A.V. Losev?, V.G. Ryskin®

Ynstitute of Applied Physics, Nizhny Novgorod, Russia
2Polar Geophysical Institute, Apatity, Russia
3High School of Economy, Nizhny Novgorod, Russia

We present data continuous series of microwave observations of the middle atmosphere ozone in winter 2022-2023
above Apatity (67N, 33E). Measurements were carried out with the help of the mobile ozonemeter (observation
frequency 110.8 GHz). 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. The minimal amplitude of the diurnal cycle mesospheric ozone (60
km) was registered during polar night 2022 — (1.06+0.02). The amplitude of a diurnal cycle represents the relation of
the night to day ozone concentration (altitude 60 km).

Measurements of resonance frequency of ozone rotational transition J = 615 - 606
in the real atmosphere with high precision

M.Yu. Kulikov, A.A. Krasil’nikov, M.V. Belikovich, V.G. Ryskin, A.A. Shvetsov, A.M. Feigin
Institute of Applied Physics of the Russian Academy of Sciences, 46 Ulyanov Str., 603950 Nizhny Novgorod, Russia

Ground-based passive measurements of downwelling atmospheric radiation at ~110.836 GHz allow one to extract the
spectra of ozone self-radiation (rotational transition J = 615 - 606) coming from the low stratosphere - middle
mesosphere and retrieve vertical profiles of ozone concentration at these altitudes. Nowadays, there is a notable
(several hundred kHz) ambiguity in determination of the resonance frequency of this important ozone line. We carried
out long-term ground-based measurements of atmospheric microwave radiation in this range using upgraded apparatus
with relativity high spectral resolution (~12 kHz). Obtained brightness temperature spectra allowed us to define the
resonance frequency of this ozone line to be 110835.909+0.016 MHz. We verified that Doppler shift of frequency by
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meridional component of horizontal wind as well as variations of the tropospheric absorption had a little effect on the
obtained result. The found value is 130 kHz less than laboratory measured one and differ from modern model
calculations. Surprisingly, it is close to the results of early semiempirical calculations carried out more than 40 years
ago. We discuss the applications where the knowledge about the resonance frequency of this ozone line with high
precision can be important.

Study of the polar ozone annual cycle with CCM SOCOL-3
Andrey Mironov?, Vladimir Zubov*?, Eugene Rozanov*?

1St. Petersburg State University, St. Petersburg, Russia
2\/oeikov Main Geophysical Observatory, St. Petersburg, Russia
3Physikalisch-Meteorologisches Observatorium, Davos and World Radiation Center, Davos, Switzerland

Comparison of the chemistry climate model (CCM) SOCOL-3 basic numerical experiment (without changing any
parameters) with the IASI (Infrared Atmospheric Sounder Interferometer) satellite instrument shows that the greatest
difference in total ozone content is observed in the polar region of the southern hemisphere.

To resolve this problem and to assess the role of the main physical and photochemical processes that affect the
annual cycle of polar ozone in the southern hemisphere, we considered changes in the following processes in the
model: 1) the rate of ozone photodissociation for large zenith angles of the Sun; 2) rates of stratospheric heterogeneous
reactions under polar night conditions; and 3) intensity of the meridional mixing on the model sub-grid scales in the
polar southern hemisphere.

A comparison of the model results with the corresponding IASI measurement data showed that photolysis and
horizontal mixing are the most important features for improving ozone modeling. A reasonable adjustment of these
factors has made it possible to significantly improve the model representation of the annual ozone cycle over the polar
region in the southern hemisphere.

The work was carried out at the St. Petersburg State University “Ozone Layer and Upper Atmosphere Research
laboratory” with the support of the Government of the Russian Federation (grant no. 075-15-2021-583).

Atmospheric response to energetic particle precipitation
I.A. Mironova?, D.V. Grankin !, E.V. Rozanov?, V.S. Makhmutov?, G.A. Bazilevskaya?

1St. Petersburg State University, St. Petersburg, Russia; e-mail: i.a.mironova@spbu.ru
2FIAN, Moscow, Russia

Here we investigate in detail a number of energetic particle precipitation events during different periods of
geomagnetic and solar activity. We present a calculation of the atmospheric ionization rates during geomagnetic
disturbances using the reconstructed spectra of electron/proton precipitation observed by satellites and balloons
measurements. We carry out estimation of ozone destruction during geomagnetic disturbances using three-
dimensional and one-dimensional photochemical radiation-convection models taking into account ionic chemistry,
and also estimate the electron density during disturbed periods.

The work was carried out at the St. Petersburg State University "Laboratory for the Study of the Ozone Layer and
Upper Atmosphere™ with the support of the Ministry of Science and Higher Education of the Russian Federation under
contract 075-15-2021-583.
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Monitoring of the thickness of the snow cover based on the neutron component data of cosmic rays
L.A. Trefilova, P.G. Kobelev, V.G. Yanke

Pushkov Institute of Terrestrial Magnetism, lonosphere and Radiowave Propagation of the Russian Academy of
Sciences (IZMIRAN), Troitsk, Moscow, Russia

Neutron monitors are successfully used in achieving the tasks in various fields of human activity: science, agriculture,
forecasting (meteorology), etc. At present, is developed a special echnology, which provides the ability to measure
the moisture content in soil and snow above on some field scale in real-time. The described method is integral, i.e.
averages the effect over the area determined by the range of neutrons in the lower atmosphere, which is ~220 m, and
the corresponding area is about 10 hectares. For mountainous areas for northern countries, monitoring the thickness
of the snow cover is especially relevant. The method used to estimate moisture and snow is a relative method and
therefore requires calibration of detectors.

Keywords: Neutron monitors, moisture estimating, monitoring, thickness of the snow cover

Solar rhythms in trajectories of extratropical cyclones in the North Atlantic
S.V. Veretenenko and P.B. Dmitriev
loffe Institute, St. Petersburg, Russia

Long-term variations of the main trajectories of extratropical cyclones (storm tracks) in the North Atlantic were
studied, the data of MSLP (Mean Sea Level Pressure) archives from Climatic Research Unit, UK (1873-2000) and
NCEP/DOE AMIP-11 Reanalysis (1979-2021) being used. It was revealed that in the period of most intensive
cyclogenesis (October-March) the average latitudes of storm tracks in the longitudinal range from 60°W to 10°W
undergo oscillations with the periods of ~80-100, ~40-47 and ~22 years, which indicates their possible connection
with solar activity variations. Cyclone trajectories were found to be shifted to the north at the minimum of the secular
Gleissberg cycle (~1900-1920) and at the descending branch of this cycle (since ~1960s), whereas at the secular
maximum (~1940-1960) they were shifted to the south. The peak-to-peak amplitude of the secular variations in storm
track latitudes was found to be the largest (~3-5°) in the western part of the North Atlantic, which is the region of
intensive formation and development of extratropical cyclones. On the bidecadal time scale, a northward shift of storm
tracks was revealed in even-numbered solar cycles, the effect being the most pronounced (~1-2°) in the eastern North
Atlantic, where cyclone destruction becomes more frequent. It was suggested that a possible physical mechanism of
the detected variations in cyclone trajectories involves ionization changes due to cosmic ray variations and
geomagnetic activity, which affect the chemical composition and temperature regime of the polar atmosphere and thus
the state of the stratospheric polar vortex and the polar jet position.

HccnenoBanne n3MeHeHMil TeMnepaTypsl Bo3ayxa B MypMaHcke
JJISl BBISIBJICHUS BOJIIOIHH TOPOACKOIr0 0CTPOBA TeIJIa

B.A. lemun
Honapuviii eeousuueckuit uncmumym, Anamumul
MypMmaHCK MpeacTaBisieT 0cOObI MHTEpeC Ul TOPOJACKON KIMMATONOTHH. MEeTeopoJorHyecKre M3MEpeHUs B

ropojie HavyaJUCh MPAKTHYECKH OIHOBPEMEHHO C ero mnoctpodkoi. [lo 3Toil npuuMHE MOXKHO OTCIEIUTH
BO3HUKHOBEHHUE U 3BOJIIOLUIO TOPOJICKOIO OCTPOBA TEIUIa, KOTOpas J0JDKHA MPOSIBUTHCS B BUJIE YCHIMBAIOIIEH CO
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BpeMeHeM (10 Mepe pocTa ropojia) pa3HOCTH TEMITEpaTyp MEXIy FOpOJICKOH U (poHOBOIM MeTeocTaHIusIMHU. C yueTom
JBYKPAaTHOTO I€peHOCa METEOPOJIOTMYECKOH CTaHIMM, 4YTOObl H30exarh dS((EeKTOB HEOTHOPOIHOCTH,
TpeIoiaraeTcs TPeH | ¢ TouKaMu pa3psiBa B 1924 u 1935 1. [lomyckaeTces Takke CyIIeCTBOBaHUE CIBUTOB B KOHIIE
1940-p1x IT., KOTJ]a YHUYTOXKEHHBIH BO BpEeMSI BOMHBI TOPOJI CTANI OTCTPAMBAThHCS 3aHOBO U rociie 1991 r., korma pe3ko
ynan 00beM IIPOMBIIUICHHOTO TIPOU3BOJICTBA M CTPOUTENILCTBA, @ TAK)KE HAYAJIOCh COKpAIlleHHE HACEICHHUSI.

CpaBHCHHE CpEOHEMECSYHBIX M 0ojee YyBCTBUTCNBHBIX K AHTPOIIOTCHHOMY BO3ACHCTBHIO MHHHMAaJIbHBIX
TeMIepaTyp He OOHapy)XHBaeT yOeIMWTENbHBIX NPHU3HAKOB CYIIECTBOBAHUS OCTPOBA TeIUla B paiioHEe TOpOICKOM
METEOPOJIOTHYECKOI CTaHIHH.

Bapuanum TeMnepatypsl BO3AyXa B TeIUIOBOM NOTPAHNYHOM cJioe aTMocdephl
B YCJOBHSAX ropoJa u B (pOHOBOM paiioHe

B.U. Jlemun?, 5.B. Kosenos!, FO.B. Menbmos?

*DBHY «Ilonapuviii zeodusuueckuii uncmumymy, 2. Anamumol
2Teppumopuanvro-cumyayuonnwiii yenmp PKY Vnpoop «Konay. 2. I[lemposaeodck

HccnenoBana CTpyKTypa M JMHAaMHKa TEIUIOBOTO MOTPAHUYHOTO cJOsi atMocdepbl B ropojie ANAaTUThl U Haj
Kanpanakiieil (JaHHBIE adpOJIOTHYECKOTO 30HIMPOBAaHMS). MEXAy psAfaMH TEeMIepaTypbl B ropoiae U (HOHOBBIM
pailoHOM B mpeesiax BBIBICHHOTO CJI0sI HaOI0JaeTcsl BEICOKAs KOPPEIALys, KaK B 3MMHHIA, Tak U B JICTHUI epUOA
(moutn 0.9), yka3bIBaroliasi Ha CX0XKHE MEXaHH3MBbI ero (GOpMHUPOBaHUSI.

HNudpaxpacHoe cBeueHNEe OKHCH a30Ta B cpeaneii atmocdepe 3emun Bo Bpems GLEGI
A.C. Kupumnos, B.b. Benaxosckwii, E.A. Maypues, 0.B. banadun, A.B. ['epmanenko, b.b. 'Bo3neBckuit
Honsiprouii eeousuneckuil uncmumym, Anamumot

PensTUBHCTCKME 3HEpreTHYECKWe TPOTOHBI OOHAPY)KMUBAIOTCSI HAa3eMHBIMH HEWTPOHHBIMH MOHHTOPAaMH,
pa3MelIeHHBIMU B TOJSIPHBIX 00JacTsX. VICHonb30BaHUE IAHHBIX CETH HEWTPOHHBIX MOHHUTOPOB IO3BOJISIET
OIPEeNIeISITh CHEKTPBI BHICOKOIHEPTHYHBIX IPOTOHOB, BEIOpackiBaeMBIX B aTMoc(epy 3emmu Bo Bpems Ground Level
Enhancements (GLE). B nacrosiieii pabote paccCMOTPEHbI MEXaHU3MbI 00Pa30BaHMUs KOJIeOATEIbHO-BO30YKICHHBIX
moJieky okucu azota NO Ha BbicoTax cpeaneit atMocdepbl 3eMiM NPH BBICHIIAHUN BEICOKOHEPIHYHBIX POTOHOB.
Pacuets cnenans s coobrTist GLE69 (20.01.2005). OcHOBHBIE pe3yIbTaThl 3THX PACUETOB COCTOST B CJICIYHOIIEM.

HccnenoBanue konebarensHbIX 3acenennocteit NO(X?1,v=1-20) Bo Bpemst coObiTust GLE69 Ha BRIcOTaxX cpenHeit
arMoc(ephl T10Ka3ajlo, YTO XUMHYECKas peakius MeTacTabuiibHOoro atomaporo asora N(°D) ¢ MoseKyJIspHBIM
kuciopogom Oy SIBISIETCS OCHOBHBIM MEXaHHU3MOM 00pa30BaHUs K0Je0aTesIbHO-BO30YKICHHBIX MOJIEKYJ OKHCH
asora NO(X?I1,v>0) u mznydenus 5,3 Mkm u 2,7 Mxm uHppakpacHbix nojoc NO Ha BbICOTax NMOTEpH SHEPTUH
BBICBITIAIONINXCS NPOTOHOB. CBeueHHWE JaHHBIX HMHQPAKPACHBIX II0JIOC MPOMCXOMUT TPH  CIIOHTaHHBIX
OJTHOKBAHTOBBIX Av=] M JBYXKBaHTOBBIX Av=2 mepexojax B KoJebarenbHO-BO30yxaeHHOH Monekyiae NO.
[NokazaHo, 4yTo oTHOCHUTENBHBIH BKiax VV'-1ipoliecca epeHoca SHEPTur ¢ KoyiebaTeIbHO-BO30Y K IEHHOH MOJIEKYJIbI
N2(X!Zg",v>0) MOXKeT OBITh 3HAYUTENBHO YBEJIUUYEH U CPABHUM C BKJIAJIOM XHMHYECKOTO MPOIECCA B TEX CIydasX,
Korjaa koHieHTpauuu okucu azotra [NO] Bo3pacTaroT 0 3HAYCHUI NOps/Ka KOHLUEHTPAMi MOJIEKYJIIPHOTO a30Ta
[N2] B armocthepHoii cMecH ra3oB.

HccnenoBanne BEIOMHEHO 3a cyeT rpaHTa Poccuiickoro Hay4ynoro ¢onna (mpoext Ne 18-77-10018) «Iloroku
BBICOKOOHEPTMYHBIX 3apsIKEHHBIX YacTHI B OKOJO3€MHOM KOCMHMYECKOM IIPOCTPAHCTBE, W HMX BO3ACHCTBHE Ha
aTMochepy APKTHKI».
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Low atmosphere, ozone

Bo30y:kaeHne CHHIJIETHBIX COCTOSTHUI MOJIEKYJISIPHOTO KHCJI0POAA HA BBICOTaX Me3ochepsnl
U HIKHel TepMocdepbl 3eMiIN B HOYHBIE H CyMepedHbIe Yachl

10.H. Kynukos, A.C. Kupumios
Honsapuwiii 2eogpuzuueckuti uncmumym, Anamumst, Poccus,; e-mail: kulikov@pagi.ru

Ilenbro paboTEI ABISIETCS HCCIIEA0BAHUE (PU3NKO-XUMIUYECKHX IIPOIIECCOB (HOPMHUPOBAHUS BBICOTHBIX PacTIpeeeHNI
BO3OYXIEHHBIX cocTosHMI alAg u b'Tq* MonmexynsapHoro kucioposa (CHHIJIETHOTO KHCIIOpOAa) B HOYHOH M
cyMepedHOH Me3ocdepe U HIDKHEH TepMocdepe 3eMild, a Takke pa3padoTka a’pOHOMHUYECKOW Mojenu OanaHca
ckopocTedl 3THX mpoueccoB. Ocoboe BHUMaHHME YAENSETCS pacyeTy KOHCTAHT CKOPOCTEH B3auMOJEHCTBUS
CHHIJICTHOTO KHCJIOPOJa C aTMOC()EPHBIMH COCTAaBILIONIMMHU. PaccuntaHHbIe Ha OCHOBe Teopmn PoseHa-3mHepa
K09(QQHUIMEHTHI TameHuss BO30YKAEHHBIX COCTOSHUN O HMCHONB3YIOTCS Ui ONpENEIEHHS KOJIEOaTeNbHBIX
HAaCeJICHHOCTE! 3JIeKTPOHHO-BO30YKICHHBIX YPOBHEH MOJEKYJISIPHOTO KHCIIOpOJa B HOYHOW M CyMepedHoOi
atMocdepe. Jlns pacyéra BBICOTHBIX MPOGUICH KOHIICHTPAIMK aTOMAapHOrO M BO30YXIEHHOIO MOJCKYJISIPHOTO
KHCJIOPOJA, a TAKKE XMMUYECKH TECHO CBSI3aHHOTO C HUMH O30HA U JPYTUX Ba)KHBIX COCTaBIIIOIUX «HEUETHOTO»
Bojioposa B obmactu Mmesochepbl U HiKHEH Tepmocdepbl (50-120 kM), TMOCTpOCHA a’3pOHOMHYECKAs MOJCIb
CYTOYHBIX BapHallMii XUMHUYECKOTO COCTaBa BepxHeH armocdepsl 3emin. Mojenb BKIOYaeT B ce0s JeTalbHbIC
pacdérsl ckopocteil (oromucconnanuy KOMIIOHEHTOB aTrMocdepsl colHeyHbIM Y®d-u3mydeHneM ¢ yd4éToM HX
CYTOYHBIX BapHallii, 3aBUCIMOCTH OT COJIHEYHOH aKTUBHOCTH, 3¢HUTHOTO YTJIa M reorpadnaecKoi MUpPOTEI, a TAKKe
YTOYHEHHBIE KOHCTAHTBhl CKOPOCTEH XMMUYECKUX peakuui. [[ns mpoBepkH MOCTPOCHHON MOJENU UCIOJIb30BaHBI
oITyOJINKOBaHHbIE SKCIEPHMEHTAIBHBIE JaHHBIE O BEICOTHOM pacmpeseneHny ontnaeckux u MK-smuccnit Bepxueit
arMoc(epbl, a TAKKe psJa APYTHX NU3MEPEHUH. BIMOHEHBI pacuéThl OTHOCHTENBHBIX HacenenHocTeit O2(b'Zy*,v) Ha
BbicoTax 80-110 km. CpaBHEHHE pacCUMTAHHBIX HACEIEHHOCTEH C pe3ysIbTaTaMi UMEIOLIUXCS B HAYyYHOH JIUTEpaType
9KCIIEPUMEHTAIBHBIX OICHOK Ul HOYHOW atMocdepHoit amuccuu O2 JaeT xopoluee coryiacue. Taxke cpaBHEHHE
pe3yibTatoB pacuéToB cymepeunoit MK-smuccun Oz(alAg) ¢ naHHBIMU U3MEPEHHI TOKA3BIBAET XOPOIIEE COTJIACHE
MOJIENIN ¥ 9KCIIEPUMEHTAIbHBIX TaHHBIX.

Bo3mylieHusi HUPKYJISILMU HUKHeH U cpeaHeil atMocdepbl,
KOTOpPBIE MOTYT ObITh BBI3BAHBI H30JMPOBAHHBLIM FOPHBIM MACCHBOM

W.B. Munranes, K.I'. Op:os, B.C. Munranes

Dedepanvroe cocyoapcmeaentoe bioddcemuoe Hayuroe yupexcoerue «llonapHulil 2eohusuieckutl uHCMumym»,
2. Anamumul, Poccus

B HacTosieii pabote aHaTM3UPYIOTCS pe3yJIbTaThl YUCICHHOTO MOISIMPOBAHHS KPYTHOMACIITAOHOW LUPKY SN
HIDKHEH U cpeiHelt aTMocdepsl, MOJSTUPOBaHNE OBUIO MPOBEIEHO C LENBIO BBISBICHUS BIMSIHUSA 3€MHOTO penbeda
Ha 3Ty OUPKYJSIIuIo. Vcnonb3oBanack YnuciIeHHas Ti00anbHast MOJIeNIb TOPH30HTAIBHOTO U BEPTHKAIBHOTO BETPa B
HIDKHEH U cpentHel atmocdepe 3eMin, KoTopas Obuia panee paspaborana B [lonsipHOM reopu3nyeckoM HHCTHUTYTE.

Hcnonb3yeMas MoJieib OCHOBBIBAETCS Ha YMCICHHOM PELUIEHUM CUCTEMBI I'a30JMHAMUYECKUX YPaBHEHUI B CIIOE,
OKpY’KaIoIIeM 3eMIII0 TII00aIbHO, U TO3BOJISET PACCUYUTHIBATH TPEXMEPHBIE III00aJIbHBIE PACTIPEAECICHNUS 30HATbHOH,
MEPHUIMOHAIBHON U BEPTUKAIbHOM KOMIIOHEHT CKOPOCTH HEWTPaJIbHOrO BETpa, TEMIEpAaTypbl M MIOTHOCTH
aTMOc(epHOTo Ta3a Ha BBICOTAX HIDKHEW M cpemHed atmocdepsl. [IpuMeHsemas dncieHHasT MOJENb SBIIACTCS
HErMIPOCTaTUYECKOM, B HEH BEpPTHKaJbHAasg CKOPOCTb Ia3a HAXOAUTCS IIyTEM YHCJICHHOI'O PELICHHs II0JHOIO
YpaBHEHUsI JIBM)KEHHMS JUISi BEPTHUKAJIBHOI COCTaBIIIOIIEH CKOpOCTH 0e3 mpeHeOpeXeHHsT KaKUMHU-TM00 YICHaMHU.
IIpu 3TOM BCE TpU KOMIOHEHTHI CKOPOCTH PACCUUTHIBAIOTCS IIPU MOMOILHU YUCIEHHOTO PELICHHUS IOJIHBIX ypaBHEHUN
JIBUYKEHUS BSI3KOTO CKUMAEMOTO ra3a, 1 yCJIOBUE THAPOCTATUUECKOIO PABHOBECUS HE IPUMEHSETCSI.

B paboTe ocHOBHOE BHUMaHHE CKOHIIEHTPHPOBAHO HA BIMSIHUH, KOTOPOE MOXKET OKa3aTh M30JMPOBAHHBIA TOPHBIH
MacCuB Ha IMPKYJSALUIO HIDKHEW M cpelqHed arMocdepbl B OKPECTHOCTH 3TOTO MacCHBa, B KauyecTBE KOTOPOTO
BEIOpaHBI TOPHI M CKaJIbl, TTOKpHIBatomue apxumenar Keprenen, nexanii B Maaniickom oxeane. [IpoTsikeHHOCTD
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Low atmosphere, ozone

9TOr0 apXuIenara B TOPU30OHTAJIbHBIX HAMpPaBIECHUSX MHOTOKPATHO MEHBIIE €r0 PAacCTOSHUN 0 OKPY KAIOIIHUX
Muauiickuii okeaH MaTepuKoB, OT KOTOPBIX OH U30JMPOBAH OTPOMHBIMHU BOAHBIMU MpocTpaHcTBamu. [lokpeiBatoiye
€ro ropsl JOCTHTAIOT BEICOTHI 1850 M.

AHaMM3NpyeMble Pe3yNbTaThl MOJMYYCHBI A OJUHAKOBBIX T'eIHOT€O(pH3NUECKUX YCIOBHHA NMPH TOMOIIH JBYX
BapUaHTOB MOJEIH, B IEPBOM M3 KOTOPBIX TOBEPXHOCTh 3€MJIM CUMTAETCS IJIaJKOM, a BO BTOPOM BapUaHTe MOJIEIH
yauThIBaeTcs penbed 3eMHON moBepxHOCcTH. CpaBHEHHE OTHX pPE3yJbTaTOB IMO3BOJSET BBIIBUTH BIHSHUE
M30JIMPOBAHHOTO TOPHOTO MAaCCHBA Ha IUPKYJIAINIO HIKHEH M CpeHeH aTMOC(Ephl B OKPECTHOCTH 3TOTO MACCHBA.

I'eomoTennmaabLHbINH aHAMN3 GU3NYECKON MPUPOABLI 3HMHell HOYHOI IYTH NMOJISIPHOTO CHSIHUS,
NMPOTSIHYBIIECA BA0JIb OeperoBbIX IPAHATOB HOPBEKCKOr0 MOpS

E.E. Timofeev?, I.V. Artamonova?, T.S. Virdi®, M.K. Vallinkoski*

Tocyoapcmeennviii ynueepcumem mopckozo u peunozo roma umenu aomupana C.0O. Maxaposa
2C.-IlemepbypacKuii 20cyO0apcmeenblii YHUGEpCUmem

3Physics Department, University College of Wales, Aberystwith, Wales, UK

4Helsinki Univ. Research Inst. for Theoretical Physics, Helsinki, Finland

B Hamteii pabote uccieayroTcsi 0COOEHHOCTH SHEPTETHKH ABHKEHHS BO3ILYIITHBIX MAcC HaJl IOBEPXHOCTHIO MOPS B
YCIIOBHAX CHIIbHEWIIEro HOYHOTo ImrTopMa. 21 oktsaops 1981 r. [{ng 3Toro OBUTH BBHIIOTHEHBI PacYEThl BETMYUHBI
paboThl, HEOOXOAUMOM I MOAbEMA BO3AYIIHBIX MacC OT IHOBEPXHOCTH MOpSI A0 ONpPEeAeIEHHON BBICOTHI 110
metoguke kommaHuu «NOAA Physical Science Laboratory». Bemnumna »5Toif pa®OTBI HOCHT Ha3BaHHE
reornoTeHnuana. Pacuérel reonoTeHMana ObUTH BBIMOJHEHBI Ha 13-TH BBICOTaX, HAUMHASA OT YPOBHS Mops ¢ 3-€x
KHJIOMETPOBBIMH HHTEPBAJIAMH JI0 BEICOTHI 36 KM.

OOBIYHO TIPH IPOXOXKICHUH HHTEPBaJa BBICOT MPUMEPHO OT 12 10 16 KM (TUIHUYHBIX BHICOT TPOIIOMAY3bl) KAPTHUHBI
PacIoNoKeHNsI M OPUEHTAIMH 1T0JIOC MOHOB: BHHU3Y B LICHTPE M HA BEPXY TPOIIOIAy3bl BBIIIE M HA CAMON TPOIIOTay3e
OKa3bIBAIOTCSI HETIPEJCKAa3yeMO Pa3INuHbIMU.

OpHako, BOMPEKH OXUAAHUSAM OKa3aJoCch, YTO B 3TOM CIy4yae 3KCTPEMAajbHO MOIIHOIO INTOPMa KapTHUHBI
pacIonoXeHNs1 HOHOB OKa3aJIMCh MOJOOHBIMHU HA BceX 13-TH BbicoTax. PDaKTHUIECKH 3TO 03HAYALT, YTO TPOIIONAY3hI
B 3Ty 0c00YI0 HOUb HE OBLII0, IO KpaifHeil Mepe, 10 BBICOTHI 36-TH KHIIOMETPOB.
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Heliobiosphere

Bapuanum cyTo4HOro puT™Ma pacTeHHI M MCX0a CIYyYAHHBIX MPOLECCOB B MEePHOAbI
NOBBIIIEHHON COJIHEYHO! aKTUBHOCTH M OKOJI03€MHBIX reo(pr3n4ecKuX BO3MYIEeHHUI

II.A. Kamynusn, H.B. Kanauésa
Honapno-Anenutickuii 6omarnuueckuti cao-uncmumym, PAH, Anamumoi, Poccus

HccnenoBanyn MHOTOIHEBHYIO JUHAMUKY CYTOYHBIX PHTMOB HACTHYECKUX ABM)KEHHH KyJIbTHBHPYEMbIX PacTCHHH,
BOCIIPUMMYHBBIX K BHEITHUM (hu3uueckuM (aktopam. Hapsay ¢ TpaIunMoHHO UCTIONB3YyEMBIME HAMU PACTEHUSAMHU
sBunoB Marantha leoconeura u Ctenanthe setosa, puTMHYHO MEHSFOLIMMH YTJIbl HAKIOHA ITHCTOBBIX IUIACTHHOK,
QHATM3UPOBAJIN KPYTOBBIE THPOCKOINYCSCKIE IBIKCHIS YCUKOB JTHaHbl Brionia u MoOMIbHBIE THCTOBBIC [TACTHHKH
BeHepuHO# MyxonoBku Dionea muscipula. Tlocinennuit Bin crocoOeH TeHepUpOBaTh IEKTPHIECKUS TTOTCHIUATIbL
JIeMCTBHSA, TPUHIUITHAIBHO HE OTIIMYAIOIINECS OT MEMOPaHHBIX MOTEHIMAJIOB HEPBHBIX BOJIOKOH JKMBOTHBIX BHJIOB,
Ha KOTOpBIE MOTYT OKa3bIBaTh MOAYJHpYIOIlee BiHsHHE BHemHWe OM mons. IlapamrensHo ¢ HabmroneHneM
JIBIDKCHUS] MOOWIIBHBIX OPTaHOB PACTCHUH MPOBOAMIIN U3MEPEHHS HICXOA0B CITyYaiHBIX MEXaHHIECKUX IPOIIECCOB C
JIBOMYHBIM BBHIOOPOM M aHAIM3UPOBaNIU IHU(GPOBBIE OTBETHI reHepaTopa ciaydaiineix yucen SRP-28511 “CITIZEN”.
Bce n3mepeHus IpoBOIIIH ABaX/IbI B CyTKH M BEUEPHUE U THEBHBIC Yachl. B ombITax ¢ JBOMYHBIM BHIOOPOM B BUJIE
OpocaHUsI MOHET aHAIN3UPOBAIH JJIWHBI CEPHUIl OJHOTHITHBIX MCXOAOB M MX YacCTOTHL. Pe3yspTaThl MHOTOZHEBHBIX
HaOJIIOZICHUI CpaBHHUBAJIM C TPEeMs MapaMeTpaMHd COJHEYHOW aKTHBHOCTH: paauousiaydenue 10,7 cM, cyTOUHbIE
3HaueHHs1 uyuceal Bomb(pa U cymMMmapHas IUIONIAAb COJHEYHBIX MATEH. A Takke — C YPOBHEM BO3MYILCHHUS
MarHurocepsl 3eMIM M HMHTCHCHBHOCTBIO KOPIYCKYJSIDHBIX IMOTOKOB. OOHapy>KCHBI W3MEHECHHUS IUHAMHUKH
HOPMaJBHBIX (DU3HOJIOTHYECKHX PUTMOB HAOJIONAEMBIX PAcTCHMH, YHCJIA M PACHPENCIICHHS CEpHH OJMHAKOBBIX
pe3yJIbTaToOB B ONBITAX C JBOMYHBIM MCXOJOM JUISl CEPHU KaJICHOAPHBIX JaT C BHICOKOI COJNHEYHOH aKTHBHOCTHIO
koHua 2022 roma W Hayajga TEKyLIero rojga. B mepuoabl OTHOCUTENBHO CHOKOWHOM «KOCMHUYECKOW IOTOAbI»
OTMCUCHbI THEBHBIC M BEUYEPHHE Pa3NNuusi OOIIEro Yucia W AJIWH OJHOTHUIHBIX CEPHH B OMNBITaX C JBOWYHBIM
BBEIOOPOM.
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