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Geomagnetic storms and substorms

Intensification of Joule heating due to auroral currents based on wavelet-based semblance analysis
Sherin Ann Abraham'*, S. Antony?, C.P. Anil Kumar?

School of Pure & Applied Physics, M.G. University, Priyadharshini Hills, Kottayam, Kerala, India — 686560
2Equatorial Geophysical Research Laboratory, Indian Institute of Geomagnetism, Krishnapuram,
Tirunelveli, Tamil Nadu, India — 627011

In this paper, we compared the over all intensity of auroral currents and Joule heating during solar maximum of 23
solar cycle and extreme quiet period (EQP) between solar cycles 23 and 24. We computed the over all Joule heating
in ionosphere by Poynting’s model. As such purpose of this research work is to determine the relation between the
Joule heating and Auroral Electrojet index (AE). We carried out a linear regression analysis of Joule heating rates
with AE index which yields a correlation coefficient of r = 0.6 for solar maximum and r = 0.3 for EQP. The assumption
of linearity, stationarity, and homogeneity of variances over time is critical in the regression context. We performed
semblance analysis as a function of wavelength and time. It is noted that solar maximum years the rate of Joule heating
intensified in accordance with AE index, inferring the effect of geomagnetic storms and sub-storms. The model values
indicate that the intensified production of Joule heating during the aforesaid timeline more influenced the auroral and
subauroral region.
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Geomagnetic storms and substorms

Events of extreme growth of GIC in power lines on the Kola Peninsula
and in Karelia over 11 years of observations

V.B. Belakhovsky?, V.A. Pilipenko?, Y.A. Sakharov'?, V.N. Selivanov?

Polar Geophysical Institute, Apatity
2Geophysical Center of the Russian Academy of Sciences, Moscow
3Center for Physical and Technical Problems of Northern Energy, Federal Research Center KSC RAS, Apatity

E-mail: belakhov@mail.ru

It was analyzed cases with extreme values of geomagnetic-induced currents (GIC) in power transmission lines
(PTLs) on the Kola Peninsula and Karelia for 2012-2022. The GIC registration system was created by the Polar
Geophysical Institute and the Center for Physical and Technical Problems of Northern Energy of the Federal Research
Center KSC RAS and includes 5 stations, oriented mainly in the north-south direction. Registration of GIC has been
carried out continuously since end of 2011, and by 2022 a “quasi-solar cycle” of GIC registration has formed,
including 24-25 cycles of solar activity. GIC data were compared with data from PGl magnetometers at the Lovozero
and Loparskaya observatories, and with data from magnetometers in the IMAGE network. Extreme values of GIC
and dB/dt were compared with the parameters of the solar wind and interplanetary magnetic field, and geomagnetic
activity indices.

The GIC data from the Vykhodnoy auroral station (VKH) and the Kondopoga subauroral station (KND) were
considered. According to the VKH station data, 85 cases were selected as extreme events when the GIC value
exceeded 30 A. The analysis shows that in most cases (60%) extreme growth of GIC occurs during CME magnetic
storms, several cases occurred without magnetic storms (3%), the remaining cases are during CIR storms (37%). At
the same time, there is a connection between the occurrence of extreme GIC events and the solar activity cycle. For
example, in 2019 and 2020, during the years of minimum solar activity, no extreme cases were recorded. According
to the KND station data, 23 extreme events were selected when the GIC value exceeded 10 A. According to the KND
station, extreme GIC values are observed in 87% of cases during CME storms and in 13% of cases during CIR storms.

The greatest GIC values occur during substorms (negative magnetic bays associated with the development of the
western electrojet). At the same time, the development of vortex current systems during a substorm (Pi3/Ps6
geomagnetic pulsations) can make a noticeable contribution to the growth of GIC for power lines oriented in the north-
south direction. The Pc5 pulsations and SSC events lead to medium (~20 A) and low values of GIC. An analysis of
GIC during strong magnetic storms over 11 years of observations is presented: March 17-18, 2013 [1], June 28-29,
2023 [2], March 17-20, 2015, September 7-8, 2017, May 27-29, 2017, etc.

1. Belakhovsky V.B., Pilipenko V.A., Sakharov Y.A., Selivanov V.N. Characteristics of the variability of a
geomagnetic field for studying the impact of the magnetic storms and substorms on electrical energy systems //
Izvestiya, Physics of the Solid Earth. Vol. 54. Ne 1. P. 52-65. 2018.

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

Mathematical simulation of the atmospheric electric field disturbances
during periods of high geomagnetic activity

V.V. Denisenko?, M.V. Klimenko?, V.V. Klimenko?, S.V. Anisimov?

!Institute of Computational Modelling SB RAS, Krasnoyarsk, Russia

2West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS,
Kaliningrad, Russia

3Borok Geophysical Observatory of the Schmidt Institute of Physics of the Earth RAS, Borok, Yaroslavl, Russia

It follows from the observational data that during geomagnetic storms, variations of the atmospheric electric field
occur. Within the framework of a quasi-stationary model of a conductor consisting of the ionosphere and the part of
the atmosphere lying below it, ionospheric and atmospheric electric fields are calculated during a strong geomagnetic
storm on March 17, 2015 (the Dst index reached 223 nT).

To describe the magnetospheric electric field generator, data from the AMPERE satellite on the global distribution
of the field-aligned currents for a sequence of time points in increments of 1 hour on March 16 and 17, 2015 were
used. First of all, the position of the interface between the regions of closed and open magnetic field lines was clarified
by the distributions of the field-aligned currents. The region 2 current system is located in the area of closed magnetic
field lines, the rest currents are on open ones: the region 1 current system is on those magnetic field lines which
connected to the tail of the magnetosphere, the currents of the cusps are on those magnetic field lines which connected
to the magnetopause. During this storm, the total field-aligned current (flowing in total into the Earth's ionosphere,
and equal to it flowing into the magnetosphere), according to AMPERE data, reached 45 MA.

As a result of the numerical solution of stationary equations of the electric current continuity in the ionosphere, the
global distributions of the electric potential are obtained for each moment of time. In particular, the potential difference
morning-evening through the polar caps reaches 300 kV, and the average during the storm is about 200 kV. A variation
of the electric potential in the ionosphere leads to a variation of the electric field throughout the atmosphere, including
its surface layer. During a geomagnetic storm lasting about a day, the observatory in which the atmospheric electric
field is measured significantly changes its position relative to the direction to the Sun. This leads to the connection of
spatial and temporal variations of the electric field, which must be taken into account when assessing the effect of a
geomagnetic storm on the atmospheric electric field when comparing measurement data at a particular observatory
with geomagnetic activity indices. For the storm on March 17-18, 2015, taking into account the variations of the
ionospheric electric field when calculating the atmospheric electric field made it possible to reproduce the main
features of the disturbances of the fair-weather electric field observed at the Borok Geophysical Observatory. The
simulation results showed that during extremely strong magnetic storms, variations in the atmospheric electric field
of the same scale as the fair-weather field itself can be formed in some places on the Earth.
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Polar substorms during 24 solar cycle
I.V. Despirak!, N.G. Kleimenova?, P.V. Setsko!, L.M. Malysheva?, A.A. Lubchich!

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

The “polar” substorms include the evening substorms observed at geomagnetic latitudes above 70° MLAT in the
absence of simultaneous negative magnetic bays at lower latitudes of given meridian. The purpose of this work is to
continue the study of the morphological characteristics of “polar” substorms, to obtain their dependence on the the
season of the year, different solar wind streams and the solar cycle phase. We selected above 1200 events of the
“polar” substorms, recorded at the Scandinavian IMAGE magnetometer chain in the period of 2008-2020, i.e. during
total 24-th solar cycle. Our analysis based on the ground-level data from the IMAGE network magnetometers and
aurora observations at the Svalbard archipelago. The ionospheric electrojets and field- aligned currents (FAC) global
distribution have been studied by the AMPERE ionospheric satellites measurements. The seasonal and annual
distributions of “polar” substorms were obtained and compared with the distribution of one of the solar activity indices
(sunspots Wolf numbers).

GICs during substorms caused by solar wind dynamic pressure pulses on 3-4 November 2021
L.V. Despirak!, P.V. Setsko!, A.A. Lubchich!, Ya.A. Sakharov!, V.N. Selivanov?

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

We studied an abrupt increase of GICs during sharp and large-amplitude changes in the dynamic pressure of the solar
wind on November 3-4, 2021. Three pulses of dynamic pressure of large amplitude (~ 20 nPa) were recorded during
the period of strong southward IMF Bz from 20 to 22 UT on November 3 and a very strong pulse of the dynamic
pressure (~29 nPa) at ~ 09 UT on November 4, 2021. According to IMAGE and SuperMAG magnetometers data, we
detected three consecutive substorms on November 3 and one supersubstorm on November 4 associated with these
pressure pulses. The evening substorms on November 3 followed one another with a short interval, and each
subsequent substorm began to develop at the stage of incomplete recovery of the previous one, which led to a complex
pattern of ionospheric current development. Differences in the dynamics of these three substorms and supersubstorms
were reflected in the appearance and development of intense GICs at substations in the north-west of Russia and the
south of Finland (substations Vykhodnoy, Kondopoga, Matsala).
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A methodology to estimate the MPB parameters
V. Guineval, R. Wernerl, 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 midlatitude positive bays (MPB) represent a mark of the development of substorms at auroral latitudes. To have
a knowledge of their parameters could serve as a tool to obtain more information about the magnetospheric substorms
onset and progress. In the purpose to enable the study of the various phenomena related to the substorm disturbances
and their propagation to mid-latitudes, an original catalog of the variations of the magnetic field at midlatitudes at the
Bulgarian station Panagyurishte (PAG) was created for the period 2007 - 2022. The MPB parameters are part of this
catalog. To estimate the MPB parameters, a special methodology was worked out. The beginning and end of the
MPB’s were determined, based on smoothing by moving average and by inspection of the consecutive minima before
and after the MPB maximum, calculated by the first derivative of the X component of the magnetic field variations.
Criteria to choose the minima of the beginning and end of the MPB have been discussed and set. For each specified
case, a graphic of the positive bay with some parameters marked in it, and a file with the determined parameters and
some flags, giving information about the concrete positive bay, have been created. These results can be accessed in
the Catalog of the magnetic variations at the Panagjurishte station, located on the website of the Space Research and
Technology Institute, BAS, Bulgaria (http://space.bas.bg/Catalog_MPB/).

Extremal values of geomagnetical field change rate according to
Baygazan magnetic station data in Altai

A.Yu. Gvozdarev!, O.V. Kazantseva?, E.O. Uchaikin®

Unstitute of Cosmophysical Research and Radio Wave Propagation, FEB RAS. Paratunka. Kamchatka region,
Russia
2Gorno-Altaisk State University, Gorno-Altaisk, Russia

The data of the Baigazan magnetic station in Altai for 2011-2014 on the rate of change of the magnetic field are
analyzed. An algorithm for calculating dB/dt with a signal-to-noise ratio of 18 dB has been developed. It is shown that
the distribution of the rate of change of the magnetic field is lognormal with a heavy "tail". There are about 10 cases
per year when the average minute values of dB/dt exceed 30 NT/min. They are usually associated with SSC, Pc5/Pi3
wave activity and sometimes Pc3/Pi2 wave activity. Estimates of geomagnetic-induced currents in the power system
of the Altai Republic for these events have been carried out.

This work was supported by Russian science foundation grant Ne 23-27-10055 (https://rscf.ru/project/23-27-10055/)
and Department of Science and Education of Altai Republic Government.
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Very intense substorms in the beginning of the Solar Cycle 25:
Case study the main phase of strong magnetic storms in February and March 2023

N.G. Kleimenova!, L.I. Gromova?, 1.V. Despirak®, S.V. Gromov?, L.M. Malysheva!, A.A. Lubchich?

1Schmidt Institute Physics of the Earth RAS, Moscow, Russia; e-mail: ngk1935@yandex.ru
2Pushkov Institute of Terrestrial Magnetism, Ionosphere, and Radio Wave Propagation, Moscow, Troitsk, Russia
3Polar Geophysical Institute, Apatity, Russia

The magnetic substorms reached ~1500 nT can be attributed to very intense substorms (VISS) contrary to the so called
supersubstorms (SSS) with intensity equal or higher 2500 nT which were often observed during the Solar Cycle 22,
that is in the era of increased solar activity. The number of SSS significantly reduced in the Solar Cycle 24 with coming
the era of decreased solar activity. There were no SSSs in the beginning (4 first years) of the new Solar Cycle 25. Here
we analyzed two strongest substorms with the AL-index up to -1700 nT recorded during the main phase of the strong
magnetic storms on 26-27 February (SymH ~ -150 nT) and on 23-24 March (SymH ~ -170 nT) 2023. The global
dynamics of these very intense substorms has been studied basing on of the AMPERE data consisted of the planetary
carts of the ionospheric and field aligned currents distributions, constructed by magnetic measurements on 66
simultaneous low-altitude (780 km) communication satellites and ground based magnetic data. The common features
of the considered substorms were established. It was found that typically there was a development of the strong
morning and evening magnetic vortices causing the enhancement of the westward electrojet in the near-midnight—
early morning sectors of the auroral latitudes and sharp poleward shift of the westward electrojet to the evening. That
was accompanied by the significant increasing and extension of the eastward electrojet as well as it was typical for
SSS. The obtained distributions were compared with the spatial dynamics of some SSSs observed in 2011 and 2012.
We found that the spatial behavior of very intense substorms (VISS) recorded in the era of decreased solar activity is
very similar to the SSSs recorded in the era of increased solar activity.

Aurora boundaries during magnetic storm
A.S. Lavrukhin, I.I. Alexeev
Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia

Using data on the equatorial boundary position of the polar oval obtained from DMSP satellites for 2010-2014 and
the values of solar wind parameters and the SYM/H index during a magnetic storm, we analyze the relationship
between them. The resulting empirical dependence is compared with the previously obtained dependences on the Dst
(SYM/H) index. Knowing the latitude of the equatorial boundary of the auroras, we calculate the distance to the
earthward edge of the magnetotail current sheet as a projection of the auroral oval along the magnetic field line in the
midnight meridian in the magnetic dipole approximation.
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Geomagnetic characteristics of the magnetospheric ring current and plasma parameter f§ of the
solar wind

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

Based on average annual values, the relationships between the geomagnetic indices Dst, SYM-H and ASY -H with the
plasma parameter B of the solar wind in the period from 1981 to 2015 are considered. It was found that with increasing
solar activity the parameter B decreases, which means an increase in the magnetic pressure of the solar wind and,
accordingly, an increase in geomagnetic activity due to an increase in the level of solar wind turbulence. It has been
established that the indices depend on the parameter B: their absolute values decrease with increasing 3, regardless of
the sign of the north-south component of the interplanetary magnetic field. The decrease in indices with increasing f3
is probably due to the transition of the magnetosphere to a quiet state due to the increasing predominance of thermal
pressure over magnetic pressure in the solar wind and a decrease in the level of solar wind turbulence.

Geomagnetic dynamics during super substorms
R.A. Marchuk?, Yu.Yu. Klibanova?, V.V. Mishin'and Yu.V. Penskih!

!nstitute of Solar-Terrestrial Physics of Siberian Branch of Russian Academy of Sciences, Irkutsk, Russia
2Federal State Budgetary Educational Institution of Higher Education «Irkutsk State Agrarian University named after
A.A. Ezhevskyy, Irkutsk, Russia

The dynamics of field-aligned currents and ionospheric current systems, geomagnetic variations and broadband burst
pulsations during a series of super substorms in 2015 are studied. Based on data from the global network of ground-
based magnetometers SuperMag, time series of maps of field-aligned and ionospheric currents were constructed using
the ISTP SB RAS magnetogram inversion technique. It is shown that during strong substorms, features are observed
in the distribution of geomagnetic field variations that may be associated with the development of high-latitude
additional electrojets.
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Features of geomagnetic disturbance dynamics
and of airglow during the 20 Dec 2015 magnetospheric storm

V.V. Mishin?, R.A. Marchuk?, Yu.V. Penskih?®, Yu.Yu. Klibanova?, and A.V. Mikhalev!

Unstitute of Solar-Terrestrial Physics of Siberian Branch of Russian Academy of Sciences, Irkutsk, Russia
2Federal State Budgetary Educational Institution of Higher Education «Irkutsk State Agrarian University
named after A.A. Ezhevskyy, Irkutsk, Russia

During the intense magnetospheric storm, we observed the geomagnetic activations of different types. The
instrumentation used, located at middle and high latitudes, made it possible to study these phenomena in detail. Special
attention was paid to the research of the night airglow and rapid variations of the geomagnetic field. The observed
pulses of the solar wind dynamic pressure were accompanied by the increase of substorm activity and intensity of
burst pulsations at the southward interplanetary magnetic field. We have shown that the observed sign change in two
components of geomagnetic field variations along the IMAGE station chain near 18 MLT during a super substorm is
caused by adding the westward electrojet during the super substorm to the north of the eastward electrojet. The field
modeling we carried out confirmed our assumption. After the super substorm, we also revealed in the near-midnight
sector a localized geomagnetic event during which the magnitudes of the H geomagnetic component, PiB/PiC
pulsations, and oxygen emissions at mid latitudes were more than twice greater than during the super substorm.

Reference responses of regional electron content to isolated magnetic storms
K.G. Ratovsky?, M.V. Klimenko?, A.M. Vesnin!, K.V. Belyuchenko?!

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

The paper presents an analysis of reference responses of regional electron content to isolated magnetic storms. The
calculation of reference responses of the regional electron content to isolated magnetic storms was implemented in
three stages. The first stage was to identify geomagnetic storms using the AE index. An event was considered as a
geomagnetic storm if two criteria were met: (1) AE(t0) is the largest AE value in the time interval t0 + 12 hours, and
(2) AE(t0) > 930 nT, where t0 is the time corresponding to the AE maximum. In further analysis, we considered only
isolated storms, i.e. storms for which the interval between adjacent events was greater than or equal to 5 days. As an
ionospheric characteristic, we used the regional electron content (REC), which is the average total electron content
(TEC) for five latitude zones in the corrected geomagnetic coordinate system: the mid-latitude zones in both
hemispheres, the high-latitude zones in both hemispheres, and the equatorial zone. The relative (percentage) deviation
of observed values from the 27-day running average REC was used to calculate disturbances of REC (dREC). The
reference response was calculated by averaging dREC using the superimposed epoch method with key moments
corresponding to the AE maximum for the winter, spring, summer and autumn storms. Analysis of reference responses
showed that they can be divided into three types: A-type, N-type, and V-type. The A-type responses are predominantly
positive disturbances and are observed at the equatorial latitudes for all seasons, at the mid-latitudes for local winters,
and at the high latitudes for local winters in the Northern Hemisphere. The N-type responses are disturbances that
have a well-defined positive and negative phase, they are observed at the mid-latitudes for spring, autumn and summer,
at the high latitudes for spring and autumn, and at the high latitudes for local winter of the Southern Hemisphere. The
V-type responses are predominantly negative disturbances and are observed at the high latitudes for local summer.

The research was funded by the Russian Science Foundation (project No. 23-27-00213).
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GIC during strong geomagnetic activity on 23-24 April 2023

P.V. Setsko?!, I.V. Despirak?, Ya.A. Sakharov!, A.A. Lubchich?,
R. Hajra?, G. Lakhina®, V.N. Selivanov*, B. Tsurutani®

Polar Geophysical Institute, Apatity, Russia

2University of Science and Technology of China, Hefei, China
SRetired, Vashi, Navi Mumbai, India

“Northern Energetics Research Centre KSC RAS, Apatity, Russia
SRetired, Pasadena, California, USA

A thorough analysis of geomagnetically induced currents (GICs) during a complex space weather event has been
conducted. This event involved two geomagnetic storms with SYM/H indices of -179 and -233 nT, triggered by
southward Interplanetary Magnetic Field (IMF) conditions with Bz values of -25 and -33 nT during both sheath and
magnetic cloud (MC) periods. Observations of GICs were divided into two time segments: nighttime (1700-2400 UT
on April 23) during the interplanetary sheath magnetic storm, and morning (0000-0700 UT on April 24) amid the
magnetic cloud magnetic storm. Our analysis utilized direct GIC measurements obtained from two substations along
the Karelian-Kola power line (located in north-west Russia) and a gas pipeline station near Mantsala (south of
Finland). These data, combined with IMAGE magnetometer data and MIRACLE ionospheric equivalent current
distribution, enabled us to concurrently track the increase in GICs and geomagnetic disturbances along the meridional
profile across various latitudes (from approximately 57 to 66 CGMLAT).

It was demonstrated that the rise in GICs during the nighttime period (ranging from approximately 18 to 42 A)
coincided with the poleward expansion of the westward electrojet during a substorm. Conversely, the notable increase
in GICs during the morning period (ranging from approximately 12 to 46 A) was associated with Ps6 pulsations.
Furthermore, it is particularly intriguing to note that there was a weighty GIC recorded (44 A at ~0400 UT)
concurrently at all stations, coinciding with a local substorm-like disturbance. This disturbance could potentially be
attributed to a high-density solar wind structure, such as a segment of a coronal loop within an Interplanetary Coronal
Mass Ejection.

High-latitude ionospheric irregularities associated with SED-Plume and TOI structures during the
7 November 2022 storm

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

West Department IZMIRAN, Kaliningrad, Russia
2Polar Geophysical Institute of the Russian Academy of Science, Apatity, Russia

We present the occurrence TEC fluctuations in relation to a storm-enhanced density (SED) and polar tongue of
ionization (TOI) during moderate geomagnetic storm. On Madrigal TEC data base the structure SED-Plume was
clearly registered over North America on the 7 November 2022 from 18 UT to 21 UT. The plume occurred around
45N° and further extends to in the northwestward direction toward until 70°N (~70° MLAT). In the plume TEC was
twice the background. The TEC fluctuations (DTEC) in plume are registered from 70°N and exceeded the background
on 2-3 times. The evolution of a SED plume into a TOI occurred at 15-17 UT (10-12 LT) in a narrow region from
65°N to latitudes greater than 80°N inside the polar cap. The spatial evolution of TEC and DTEC was very similar. In
latitudinal profile of DTEC we detect maximum around 65°N (~70° MLAT) associated with the auroral oval and one
80°N (~84° MLAT) associated with TOI structure. It will be noted that the intensity of TEC fluctuations in TOI was
higher than on auroral latitudes.
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Spatiotemporal characteristics of the December 1, 2023 magnetic storm
on data from the NHC optical complex and the Irkutsk Regional Astronomical Society

T.E. Syrenova, A.B. Beletsky, R.V. Vasiliev, S.V. Podlesny
Institute of solar-terrestrial physics SB RAS, Irkutsk, Russia

The paper considers a strong geomagnetic storm on December 1, 2023, during which mid-latitude aurora (MA) was
recorded at the Geophysical Observatory of the ISTP SB RAS (103°04°E, 51°48°N) using optical instruments of the
NGK. Due to the high intensity of the mid-latitude aurora, its registration was possible not only with specialized
optical instruments, but also with household cameras. The minimum value of the Dst index on the observation day
was -108 nT, the Kp index reached 7.

The optical complex of the National Heligeophysical Complex (NHC) is located at the Geophysical Observatory of
the ISTP SB RAS and includes all-sky cameras, photometers, spectrometers and Fabry-Perot interferometers. The
Irkutsk Regional Astronomical Society (IRAO) and astronomy enthusiasts took photographs using digital cameras at
several points within the Irkutsk region.

A joint analysis of the obtained images was performed using the georeferencing technique [Syrenova et al., 2021]
of frames from the NGK camera and photographs of astronomy enthusiasts. The spatiotemporal characteristics of the
observed MA structures are presented, calculated taking into account spatially separated images of simultaneous
observations.

With growing interest in aurora and mid-latitude auroras, combining citizen science observations at multiple
locations with data from monitoring observatories is relevant for improving the accuracy of characterizing
geomagnetic storm events.

Syrenova T.E., Beletsky A.B., Vasilyev R.V. Geograficheskaya privyazka kadrov shirokougolnyh system. J. Teh.
Fiz., 2021, 91, 1990-1996. (In Russian)

Monitoring of even AC harmonics at Altai Republic power grid as space weather indicator
E.O. Uchaikin', A.Yu. Gvozdarev?

'Gorno-Altaisk State University, Gorno-Altaisk, Russia
2nstitute of Cosmophysical Research and Radio Wave Propagation, FEB RAS, Paratunka, Kamchatka region,
Russia

The system for monitoring the amplitude of current even harmonics in electric networks based on an induction
sensor and a digital recorder is developed and constructed. Monitoring of even harmonic amplitudes is organized at
the Ininskaya electrical substation in the Altai Republic since 28 July 2023. A signal-to—noise ratio is 63 dB. The
appearance of a correlation (R=0.3...0.5) between the amplitude of current even harmonics and the rate of change of
the horizontally oriented components of the geomagnetic field during moderate magnetic disturbances of 05 August
2023 was found. It indicates the influence of geomagnetically induced currents on the power system of the Altai
Republic. The maximum value of the correlation coefficient was observed for the 6th harmonic.

This work was supported by Russian science foundation grant Ne 23-27-10055 (https://rscf.ru/project/23-27-10055/)
and Department of Science and Education of Altai Republic Government.
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Statistical analysis geomagnetic storm and auroral phenomena
S. Yadav, P. Srivastava, A.K. Singh
University of Lucknow, Lucknow, India, 226007

One sign of geomagnetic activity or geomagnetic storms is the aurora. With the rise in geomagnetic activity, the aurora
will get brighter, more active, and travel farther from the poles. This is because the solar wind will accelerate, and the
interplanetary magnetic field it is entangled in will migrate southward. N.G. Ptitsyna et. al. (2018). Recent data on
geomagnetic and auroral activity has helped better comprehend solar-terrestrial dynamics. R.N. Boroyev et.al. (2023).
The relationship of auroral activity indices (AE, Kp) with geomagnetic parameters (Dst) throughout a century, i.e.,
the solar cycle 15-24, is analysed statistically. The aim of this research is to investigate the relationships between
geomagnetic storm (Dst) and auroral activity (AE, Kp) intensities in order to better understand the connection of
auroral activity with geomagnetic and solar activity.

Modelling of new instrument FACET for pitch-angle investigations
of Relativistic Electrons of Outer radiation belt

I.A. Zolotarev?, N.P. Chirskaya?, V.V. Bengin!?, G.I. Antonyuk?, 1.V. Yashin!, O.Yu. Nechaev?

ISINP MSU, Moscow, Russia
2IBMP RAS, Moscow, Russia

When studying energetic electron enhancements in the outer radiation belt, the question of the pitch of the angular
distribution of these particles arises. Accurate measurements of the angular distribution of electrons will make it
possible to determine the ratio of captured and precipitated particles and the dynamics of the outer radiation belt. To
clarify in detail the features of the angular distribution, a FACET instrument is proposed, which is a camera-obscura
with a segmented plane of scintillation detectors. It is a simple yet capable instrument, as we show in our research.
The goal of this study is to use simulation to optimize the structure of the device and achieve the best angular resolution
for electrons of different energies. By varying the materials of the housing and collimator, it was possible to achieve
good results in angular sensitivity for electron energies from 100 to 1500 keV.
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Yd4ert nponecca 3arpy3Kku KHHeTHYeCKOI JHEPIHH COJTHEYHOT0 BeTPa MOJISIPHOI MarHuTocdepsl
B 3aJa4e KJIacCH(PUKAINU H30JIMPOBAHHBIX Cy00yph

H.A. Bapxatos!, B.I'. Bopo6ses?, C.E. Pepynos?, O.1. droakuna’

YHuoicezopoockuii zocydapcmesennviii nedazozuueckuti ynueepcumem um. K. Mununa
2[Tonspuvlil 2eousuueckuti uncmumym

B wuccnenoBaHum nUpUMEHEHa TEXHOJOTHS KiIacCHU(UKAMM HW30JIMPOBAHHBIX COOBITHH CyOOyph Ha OCHOBE
pa3paboTaHHOTO MPOrPaMMHO-BBIYUCIUTEIFHOIO HEHPOCETEBOI0 HHCTPYMEHTA JJIsl IPOTHO3a JIEKTPOMArHUTHOTO
COCTOSIHHSL TOJIIpHOW MarHuTocepsl. PaHee MaHHBIH KOMIUIEKC HMPOrpaMM HPUMEHSICS AN KPaTKOCPOYHOTO
IIPOTHO3UPOBAHHS BBICOKOIIMPOTHOI F€OMarHUTHOH aKTUBHOCTHU M KIaCCH(UKAIINU H30JIMPOBAHHEIX Cy0Oypb.

OCHOBOI1 HacTOsIIEro HEHpPOCETEBOr0 KJIACCU(HKAMOHHOTO HCCIIE0BaHMS MOCTYXWiIa padoTa, MOCBSIICHHAS
00HapyKEHHIO KJIACCOB M30JIMPOBAHHBIX CyOOYph MpH ydeTe YCIOBHH IeHEpaly M XapaKTepHCTHK UX (a3. 31ech
IIpUMEHEeHa 00y4eHHasi paHee HeHpOCeTh Ha MCHOJIb30BAHWH YETHIPEX KIAacCH(UKAIMOHHBIX NPU3HAKOB cyOOypH:
nponospkuTensHocTed dasel 3apoxxaenust (P1), dassr passurus (P2), dassl BoccranoBnenus (P3) u Beeit cyo0ypu
(P4). Lens HOBOTO HCCIieIOBaHHS 3aKIIIOYACTCS B YTOUHEHHU OOHApY)KEHHBIX paHee KJIacCOB CyOOyph B cilydae
MIPUMEHEHMSM ABYX JPYTHX MPU3HAKOB. DTO MOBEICHNE KOMIIOHEHTH! BZ MexmmaneTHOro MarautHoro nostst (MMIT)
C €€ MOBOPOTOM K KOTY, YTO ONpeJeNseT Hauano (asbl 3apoxkieHus cyO0ypH, U KyMyJIATUBHBI mapamerp Y NV?2,
MOJICTIMPYIOIIUI MEJUICHHYI0 3arpy3Ky KHHETHYECKOH HSHepruell CONHEYHOro BeTpa MOJSIpHOW MarHutocdepsl,
paccuuTaHHBIH 3a [Ba Yaca 10 (a3sl pa3BUTHA cyo0ypH [1].

Marepuanom Il UCCIEIOBAaHMS MOCTY KWIN N30JMPOBaHHBIE CyOOypH, BHIOpaHHbBIC IO BapHanusM MHHYTHBIX
sHadyeHui uHnekca AL 3a Bce 3umHHE ce30HBI ¢ 1995 1. mo 2012 r. OTOop cyOOyph MPOBOAMIICS BHU3YaJIbHO IO
cyTo4HbIM BapuanusiM AL wnHIekca. J[OMONHHUTENBHBIM NPU3HAKOM IOSBJICHUS CyOOypH SBISJIOCH HaJIMYUE
COOTBETCTBYIOIIMX BapHaluii B WHIAeKcax MarHutHo# aktuBHocTH SYM/H(D) wnu ASYM/H(D). Beero 0buio
otobpano 106 cyo0yps. IIpumeHsemMas HEHpoceTh pealn3yeT aJrOpUTMbI CaMOOOyUYeHHs MO MpeleacHTam [2].
Pe3ynbraTroM paboOThl KIIaCCH(PUKANMOHHOW HeWpoceTn ObLI0 (opMupoBaHHe rpaduueckux 00pa30B Ha OCHOBE
Habopa KnaccuUKaMoHHbIX pu3HakoB [P1 P2 P4 YNV?] umu [P1 P2 P3 Bz]. Yka3aHHble KOMOMHALIMU aPAMETPOB
OJIMHAKOBO 3((EKTHBHO JIEMOHCTPUPYIOT OOHAPY>KEHNE KIIACCOB U30JIMPOBAHHBIX CYOOYPb.

Takum o6pazomM OOHapyKEHHbIE paHee Kiacchl OBUIM YTOYHEHBI: KiIacCc | — MpOJOHKHUTENhHOE pa3BUTHE U
BOCCTaHOBJICHHE CyOOypH ¢ yKOpOueHHOH! (ha30i 3apoXKISHUS; Kiacc 2 - MPOIOIDKUTENIbHAs (ha3a 3apOoxKICHNUS; KIacc
3 - paBHOBesmKHe (a3bl; Kiace 4 - IPOJOIDKUTENbHAS (a3a pa3BUTHS; KJlacc 5 - KOpOTKast (ha3a BOCCTAHOBIICHUSL.
ITpuurHHO-CIIEICTBEHHBIE CBSA3U MPOIOIDKUTENIEHOCTH cyO0ypeBbIX (a3 ¢ mapameTpaMu COIHEYHOTo BeTpa 1 MMII
oOycnaBnuBaroT pusnyeckue ocodeHHocTH [ 1] oOHapykeHHOit kiaccudukamu.

1. bapxamos H.A., Bopobves B.I'., Peeynos C.E., Heooxuna O.U. TlposiBneHre TMHAMUKHA TTApaMETPOB COJTHEYHOTO
BeTpa Ha (hopMupoBanue cyo0yperoit aktuBHOCTH // I'eomarueTism u asponomust. T. 57. Ne3. C. 273-279. 2017.
2. 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.
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CpeanemupoTHblie cUsiHUSA 25-10 CoTHEYHOr0 UKJIA M0 JAHHBIM ONITHYECKUX HHCTPYMEHTOB
HannoHaJbHOIO0 reJimoreopu3neckoro KOMILIeKca

A.b. benenxuii, T.E. Cripenosa, A.B. Muxaies, P.A. Mapuyk, C.B. ITognecusriii, P.B. Bacunbes
Huemumym conneuno-zemuou gusuxu CO PAH, Hpxymck, Poccus

[punsto cumrath, uyTo cpemnemmporHble cusHuA (CC) SBIAIOTCA OTHOCHUTENBFHO PEIKAM TeO(PH3NIECKUM
sBienueM [Kpaxoseyxuii u op., 1989]. Mexay tem aBtopsl pabotsl [Shiokawa et al., 2005] monararor, uro CC
«HEBHIUMOTO» ypoBHs (cyOBm3yanbHble CC) HaOmomaroTcs ropasno vame. HaOmrofeHne cTaOMIBHBIX KpPacHBIX
aBpopanbHBIX OyT (SAR-IyT) Ha cpegHUX MUPOTaX paHee TaKKe CIUTAIIOCH YPE3BBIUAHO peaKkuM coObITHeM. Tak,
IIPY MOHHUTOPHHTOBEIX HabmiogeHusx B ['eopmsnueckoit oocepBatopun (I'@0O) NC3® CO PAH (103°04'31° B.x.
51°48°38 c.n1.) B mepuoabl 23-ro 1 24-ro COTHEYHBIX MUKIOB SAR-1yru ObUN 3apernCTpUPOBaHbI TOJIBKO BO BPEMs
4-X TeOMarHuTHHIX OYpb.

B 25 conHe4yHOM IMKIIE C MCIOJIB30BAHHUEM ONTHYECKHX MHCTpyMeHTOB HarmonansHOTro I'enmoreodusnaeckoro
kommiekca (HI'K) B 'O UC3® CO PAH yxe 3apeructpuponansl 34 CC. B 21 cinydyae HaO1r01anuCh CTPYKTYPHI B
CBEUCHUH BEepXHEH arMochepsl 3eMITH, COOTBETCTBYIOIIUE 1O napameTpaM SAR-nyram. Cienyer no4epKHyTh, YTO
KaK MIHAMYM B OJTHOM ciIy4ae HaOmoganach SAR-1yra ¢ TOMOTHUTEIbHBIM CIA0BIM U3TyIeHHEM IMUCCHH 557.7 HM
u 427.8 um. Kpome 3TOro, OHO M3 3aperuCTPUPOBAHHBIX COOBITHII HAONIOAANIOCh HA JIBYX HPOCTPAHCTBEHHO
pa3HeceHHbBIX KaMepax Bcero Heba. bosbiioe konudyecTBo 3aperucTpupoBaHHbix CC MOXKET OBITH CBA3aHO C BHICOKOM
WHTCHCUBHOCTBIO 25-TO COJHEYHOTO IMKJIAa U, HECOMHEHHO, CBS3aHO C 3allyCKOM B OSKCIUIyaTaIHIo
BBICOKOUYBCTBHUTEJIFHBIX ONTHYECKHUX HHCTpyMeHToB HI'K.

B paboTe npuBOAATCS MPOCTPAHCTBEHHO - BPEMEHHBIE XapakTepucTHkH 3apeructpupoBanHbeix CC. [IpoBoaunTes
COIIOCTaBJICHUE HOsBICHU SAR-Iyr ¢ qUHAMHKOW MOHOC(EPHBIX M MarHUTOC(EPHBIX CTPYKTYP M T€OMarHUTHOMN
00CTaHOBKOM.

Kpakoseukuit 10.K., Jloiima B.JI., [Tomo JI.P. XpoHonorus nojispHbIX CHSHHIA 3a MocjelHee Teicsdenerue //
Conueunsie qangnee. 1989. N. 2. C. 110-115.

Shiokawa K., Ogawa T., Kamide Y. Low-latitude auroras observed in Japan: 1999-2004 // J. Geophys. Res. 2005. V.
110, iss. A5. A05202. DOI: 10.1029/2004JA010706.
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Havanbnas ¢a3za maranTHol Oypu 12 centadps 2023 r.
10 JTaHHBIM cpeAHemupoTHOI ceTn JIUM-cTanumi

®.1. Buibopuos'?, A.A. Konues?, E.TO. 3bikos®, U.B. Kpamenunnukos®, B.B. [llymaes®, A.T. UepHos®

YHUP®U Huocezopodckozo zocydapcmeennozo ynueepcumema um. H. H. Jlobaueeckozo
2Bonicckas 2ocyoapemeennas axademus 600Ho20 mpancnopma, 2. Huocnuii Hoe2opoo
SKasancxuii (Ilpusonsicckuil) hedepanvuviii yuueepcument

*U3MHUPAH, 2. Tpouyx

5«SITCOM» LLC, 2. Howrap-Ona

12 centsi6ps 2023 1. B mepuox ¢ 15 o 21 gacoB (MCK) peructpupoBanacs reomarautHas 0yps knacca G1, kotopas
COIIPOBOXK/Aach yBeJIMdeHueM uHpaekca Kp no 3naueHus 5+. OmHUM K3 BO3MOXHBIX HPOSIBICHHH IMOJOOHBIX
TE€OMarHUTHBIX BO3MYIIEHHH SBISETCS paclIMpeHHe OONacTH IOJIIPHOTO OBala, NPHBOSIICE K MOSBICHHUIO
MOJIAPHBIX CUSTHUHN Ja’ke Ha CPEAHUX IIUPOTAaXx.

B oskcmepuMeHTe ucmonb3oBanack cpenHemupoTHas ceTbh JIUM-cranmmit (mpuemo-nepenaronge B ILT.T.
Bacuiscypek, T. Kasamn u r. HMomkap-Oine; npuemnsie B roponax Hmknnmit Hosropox u TpoHMIK) M CTaHIMH
BEPTUKAJIBHOTO 30HANpOBaHMs HoHOCc(epH! (1. Bacmibcypek u r. Kazans). Koopaunarer JIUM cranumii U cpenHue
TOYKHU Tpacc B pabOTe MPUBOIATCS.

JIUM crannuu padotanu ¢ 12 mo 14 centsiops 2023 r. 10 crnenuanbHON mporpaMMme. 12 ceHTs0ps Ha mepeaady
pabotamu e JIUM cranmuu (. Kasasp mo 4eTHpIM MUHYyTaM, 1. Bacuibcypck mo HedeTHbIM). CTaHIINH, KOTOpPBIC
He M3Iy4and, padotanu Ha npueM. CKOpocTs mepecTporkn dacToTsl cocraBimsuia 110 x['m/c; HavanpHas gactoTta
3oHaupoBanus 3 MIn, koneunas 9 MI'u. MoHozonabl BepTukaibHOro 3oHaupoBanust (MoHozonn CADI B
Bacunbecypceke u “Lluxnon” Boimzu 1. Kazanu pabotanu B IITaTHOM PEXAME 30HAUPOBAHIS).

12 centsa6ps 2023 r. B 18:59 MCK nma JJUX Ttpacce Bacmmscypck-Hikauit HoBropon mosiBuiiace 001acTh
paccessHHOTO curHaia B quamna3zoHe yactoT 8-11 MI'm ¢ 3aaepkkoii okono 6 Mc. B 19:05 nonomautensHas 061acTh
paccestHUs] CMECTHIIACh 0 3a/iepkek 4-5 Mc u auamazoHa 9actoT 6-11 MI'. Ha tpacce Kazanb-Huxuuit HoBropos
MTOXOXKUIA PacCesTHHBIA CUTHAN ObUT 3apeructpupoBaH B 19:04. OH mpenctaBisn co0oi 2 oOmacTu: OmHY — HpH
3aznepxkkax 4,5-5 Mc u yactore okoso 8§ MI'n, npyryro — npu 3agepxkax 5-8 Mc u yacrore okoyio 11 MI'.

Ob6nacte Bo3MmymieHuss npu npueme JIYM-curHamoB crtaHumii m. Bacmmecypck um 1. Kazawep B 3T0 Bpems
HaOmoanace u B r. TpouIk.

Hcxonsg W3 aHanmm3a reoOMETpUM TPacc CETH AMArHOCTHKHM MoHocdepsl JIUM curHamamu nenarorcs BBIBOJBI O
BO3MO>KHOM HX PacCeIHHH Ha CUJIBHO BBITSHYTBHIX HOHOC(EPHBIX HEOAHOPOAHOCTAX F-001acTi HOHOC(EPHI C BEICOT
150 — 250 kM. OTMeuaeTcs, uTo 001acTh paccesiHUs cMelaiach BI0JIb MepHIraHa, a ioHochepHas nuddy3HocTs Ha
NIEPBOM CKa4Ke OTCYTCTBOBAIIA.

B pesynpTaTe MpoBeAEHHOTO HKCIEPHUMEHTA BIIEPBBIE YAAJIOCh MPOCIEIUTh JTUHAMUKY Pa3BUTHA IT'€OMAarHUTHOTO
BO3MYIICHHS B HOHOC(EPE CHCTEMON CPEIHEIIUPOTHRIX CHHXPOHHO paboTaronux JIYM-cTaHIuii.
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IIpocTpancTBeHHO-IHePreTHYECKHe 3aBUCHMOCTH MAKCMMAJILHBIX MOTOKOB 3J1€eKTPOHOB
BHELIHEro paauanoHHOro0 nosica BO BpeMsi MarHuTHoii 0ypu 9-16.10.2017

O.C. T'pysnos', B.B. Kaneraes'*, H.A. Bnacosa!, A.P. Usanosal?, A.T'. Jlemexos®,
I'.A. Basunesckas®™?, I.A. Muponosa®, I.H. Markosal, [.B. I'pankun®, K.b. Kanopuesa®*,
T.A. Ilonoaa®, E.B. Pozanos®, 10.C. Illyraii!, T.A. SIxuuna®

YHUU s0epuoii usuxu MI'Y, Mockea, Poccust

2Qusuueckuti Uncmumym Axademuu Hayx, Mockea, Poccus

onapuoni Ieogpusuveckuii Uucmumym, Anamumol, Poccus

A@usuueckuii ¢axyremem MI'Y, Mockea, Poccus

SCanxm-Ilemepbypackuii F'ocyoapcmeennvul Yuusepcumem, Canxm-Ilemepbype, Poccus

E—mail: gruzdov.ds20@physics.msu.ru

CTpyKTypa BHELIHEro JIEKTPOHHOTO paJUallMOHHOTO T0sica SBISETCS OAHOW M3 HanOoJee TMHAMUYHBIX B 3eMHOI
marHutocgepe. Hanbosnee 3HaunTeIbHBIE H3MEHEHHUS BHEIITHETO 110ICA MOT'YT HPOUCXO/UTH BO BpEeMs TeOMarHUTHOM
AKTHBHOCTH.

Hcnonb3ys sKkcriepuMeHTaIbHbIe JaHHBIE O MOTOKAX AJIEKTPOHOB ¢ dHeprusimu >0,1, >0,7 u >2 M»B, nony4eHHbIX
¢ TOJSIpHOTO cryTHHKa Meteop-M2 u skBaTopHansHbix crmyTHHKOB Van Allen Probes (VAP), uccnenoBanach
TUHAMUKA BHEUTHETO 3JIEKTPOHHOTO Mosca BO BpeMs ciaboit reomarHuTHOU Oypu (|DStimax=52 ®Tx). [lomydeHst
BpPEMEHHBIC NPO(MIN MOTOKOB 3JIEKTPOHOB M 3aBUCHMOCTH ITOTOKOB OT L-KOOpAWHATEI BO BpeMsl HECKOIBKHX
MPOJIETOB Yepe3 paJHallioHHBIA MOSAC Uil 00OMX CITyTHHKOB 32 HMCCIEyeMOoe BpEMs, IPOBEAEH CPaBHUTEIHHBINA
aHaJIM3 AMHAMUKU MaKCHMAIIbHBIX IIOTOKOB 3aXBaUCHHBIX DJIEKTPOHOB, U3MEPEHHBIX Ha BHICOKUX IIMPOTAx U BOIU3U
TeOMarHUTHOT'O YKBAaTOPa, B CEpALIEBUHE BHEIIHETO PaAUAllMOHHOIO Hosca 3eMIIH.

Hnst passbix (a3 Oypum HaOmomaeTcs pasiudyue B IPOCTPAHCTBEHHOM IIOJIOXKEHHH MAaKCHMYMOB ITOTOKOB
AJIEKTPOHOB pa3HbIX dHEpTHil. B xo1e coObITHs (hopMUpyeTcst HOBBIN paJHallHOHHBIN MMOSIC C MaKCUMyMOM Ha L~4.8,
a TaKkKe MPUCYTCTBYET BpEeMEHHas 3a/IeprKKa B ero JOpMUPOBAHHH JUIsl YACTHI] pa3HOW d3Hepru. [loyueHo cxoacTBO
B JIMHAMHUKE TIOTOKOB YaCTHIl COOTBETCTBYIOIINX SHEPTHH Ul ABYX CIyTHUKOB: motoku ¢ E> 0.1 MaB Bospacrator
Ha MPOTSHKEHUH BCET0 UCCIIEeyeMOTO Iepruoa, moToku ¢ E> 0.7 MaB u E> 2 M»hB ymensmarotes B miepuon ¢ 10 mo
12 okTs0ps, YTO COOTBETCTBYET IJ1aBHOM (hase OypH, a 3aTeM yBeIWUMBAIOTCS. B KOHIE (a3bl BOCCTAHOBJIEHHS, MO
JaHHBIM VAP, IOTOKH BCeX PHEPTUH yBETHUMINCEH IPUMEPHO Ha MOPSIOK, a 10 JaHHBIM MeTeop-M2 NOTOKH YacTHIL
¢ E> 0.7 M»B n E> 2 M»3B ocrascst HeU3MEeHHBIM.

HccrnenoBanre  BBIMONHEHO 32 CyeT rpaHta Poccuiickoro Hayunoro ¢ouma Ne 22-62-00048,
https://rscf.ru/project/22-62-00048/
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Oco0eHHOCTH IMPOTHO-AOJTOTHBIX MPOSIBJICHN (PIyKTyanuii HABUTallHOHHBIX CUTHAJIOB
BO BpeMms Oypu 7 HosiOpst 2022 1.

W.W. Edpuos?, U.W. Illarumyparos?, H.IO. Tenenunuua', M.B. ®unaros?, I'.A. dkumosa’

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

E-mail: efishov@hotmail.com

Jns anHanmmza TpOCTpaHCTBEHHO-BpeMeHHBIX d3ddexroB TEC-pmykryanmit wncmonp3oBaIuch HAOIIOACHUS
eBPOIICICKON, aMepuKaHCKOM u rpemnanackoit ceth GPS cranmmii. EBporeiickas ceTh BKIIOYala CTAHIMH B
nuanasone mupor 60°-76° MLAT, amepukanckas (Amscka) 60°-70° MLAT, rpennanackas 62°-85° MLAT
COOTBETCTBEHHO. HaiineHo, 4To BpeMeHHOe pa3BuTHE (IyKTyalMii Ha pa3HBIX JONTOTax BECbMa IIOXOXE H
pa3BHBaeTCS B COOTBETCTBUM C TC€OMArHUTHOM AaKTUBHOCTHIO M JAWHAMHKON aBpOPaJbHOTO OBajd, KaK C €ro
LIMPOTHBIM HOJIOKEHUEM, TaK ¥ €0 HHTEHCUBHOCTHIO. YeTko BoisiBiieH UT addekr, koraa gpuykryanun Habmoaanace
Ha pa3HbIX JOJToTax B 0JHO M TO e BpeMms UT. Ha Bcex nonrorax MakcMMaibHasi HHTEHCHBHOCTh (DIyKTyauui
MpUXoariIack Ha THeBHBIC 9ackl 15—19 UT, Bo Bpems HanbobIeii aBpopaibHON BOSMYIIEHHOCTH. DKBaTOPHAIbHAS
IpaHKIla MPOSBICHUS (IIYKTYallMi Ha Pa3HBIX JOIroTax gocturana mupot 57°-59° MLAT. OdeHb MHTCHCHBHEIC
(GIIyKTyaluu perucTpupoBaiach Ha mmpoTtax Beime 80°N, KOTOpbIE acCOIMUPOBAHBI HAMH C MPOSIBICHHUEM SI3bIKa
nonmzanuu (TOIl cTpyKTyphI).
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IIporuo3npoBanue psifoB COJTHEYHON U NT€OMATHUTHOM AKTHBHOCTH PeKYPPEHTHBIMH HelipoceTAMH
b.B. Kozenos

Honsproui eeopusuueckuit uncmumym, Anamumol, Mypmanckas obracmo, Poccusi

E-mail: boris.kozelov@gmail.com

B wmopmensx uoHocdepsl u BepxHeW arMocdepbl, BaXKHBIX s MHOTHX TNPHUKIATHBIX BOMPOCOB, OOBIYHO
WCTIONB3YIOTCS HHAECKCHI COJIHEYHOW M T€OMarHUTHOH aKTHBHOCTH, KOTOPBIE IOTyYalOTCsl Ha OCHOBE HAOJIOICHUI
Ha3eMHBIMH TNPHOOpaMH W CIYTHHUKAMH B COJIHEYHOM BeTpe. Bo3HHKaromas 3ajada MPOTHORWPOBAHUS PSIOB
TCOMArHUTHOM aKTHBHOCTH BIEPEI C HEKOTOPOH TOYHOCTBIO pEIIaeTcs NpPU HAIWYMHM JAHHBIX O COJIHCUHOW
AKTUBHOCTH ¥ O COJHEYHOM BeTpe. TpynHo (opManu3yembie CBA3M MOTYT OBITh BKIFOYCHBI B MOJICIH C MIOMOIIBIO
HEHPOCETEBOTO IMOAX0A.

B umMeromuxcs J0CTYMHBIX Habopax MaHHBIX O COJHEYHOM BeTpe (Hampumep, 6aza OMNI) umerorcs mpomnyIiieHHbIe
3HAYCHHUS, KOTOPBIC CO3Jal0T MPOOJIEMBI I UCIOJIb30BaHus HelpoceTei. K cokanaeHuto, mpocThie CTaHAapTHBIC
METOZBI 3alOJHEHUE OTCYTCTBYIOIIMX 3HAYCHHU, TaKWe KaK HCIOJh30BAHWE MEIUAHBI N CPEIHETr0 3HAYCHUS,
HapyIIAIOT CTATHCTHYECKUE XapaKTEPUCTHKH PSAIOB M HE BCET/Ia MOTYT paboTaTh YCHEIIHO.

B noknane Ha ocHoBe 6azsl OMNI 3a 1995-2023 o6cysknaercss HEHPOCETEBOH MOAXO0 K PEUICHHS CIEAYIOIIUX
3a7a4:

1. 3amomHeHHWE OTCYTCTBYIOUIMX 3HAYCHHUH B psAmax NaHHBIX MexintaneTHoro momst (MMII) Btot, Bz, V, Np mo
HHPOPMAIIUU 00 3TUX BEIMYMHAX 33 HECKOJIBKO JHEW W 3aBUCSIIUX OT HUX PSAIOB MHICKCOB I€OMAarHUTHOMN
axtuBHocT SYM-H, AL, AU, AE, Kp.

2. TlporHosupoBaHHWE pSIOB WHICKCOB COJHEYHOW aKTHBHOCTH (YHCIIO COJNHEYHBIX msaTeH u F107) ¢
HCII0NIB30BaHKeM ciioeB LSTM.

3. TlporHosupoBaHue psI0B HHICKCOB reoMarHuTHOM aktuBHOCTH SYM-H, AL, AU, AE, Kp Ha 0CHOBE JaHHBIX
0 MIpeBIayIIeH aKTHBHOCTH, PSAIOB HHIIEKCOB COTHEYHON aKTHBHOCTH U TTAPAMETPOB COJIHETHOTO BETPA.

OO0cyxmaercs CTaTUCTHYECKAsT OJHOPOAHOCTD ITOTyYaeMBIX PSAIOB C TOYKU 3PEHIHS XapaKTEPUCTHK, XapaKTePHBIX
JUI TypOyJICHTHBIX PAIOB (BEUBIIET-Pa3loKeHHUE U CIIEKTP (PpaKTaIbHBIX Pa3MEPHOCTEN).

Pa6ora moanepxana PH® u Mypmanckoil 061acTeio, mpoekt Ne 22-12-20017. Asrop Gnarogapur GSFC/SPDF
OMNIWeb 3a noAroToBKy UCMOIb30BAHHBIX JAHHBIX.

®pakTanbHble XapaKTePUCTHKHU CTPYKTYPbI aBPOPAJIBLHOT0 0BaJIa
HA OCHOBE IKCIEPUMEHTATbHBIX JAHHBIX

B.B. Kozenos, A.B. Pongyrun
Honsiproui eeopusuneckuit uncmumym, Anamumot, Mypmanckas obaacmo, Poccus
E-mail: boris.kozelov@gmail.com

MopenupoBaHHe aBpPOPANBHBIX BBICHIIAHUN SIBIIIETCS HEOOXOANMBIM 3JIEMEHTOM TJI00alBHBIX MOJIENel BepXHei
aTMoc(epbl 1 MOHOC(Ephl 3eMili, MUMEIOIIeH MHOTHE TEOpEeTHYEeCKMe M MNpakTHYecKue npuMeHeHus. OpHako
CYIIECTBYIOIE Ha JaHHBI MOMEHT MOJIETIM TAKMX BBICHINTAHUN (MOJIENTN aBPOPAIILHOT0) OBaJla ONUCHIBAIOT TOJIBKO
TPaHUIIBI 30HBI BRICBITIAHNH, B JTydIIIeM cliydae ¢ pa3oueHneM Ha Mopdostoruaeckue TUIH (Auddy3HbIE, TUCKPETHEIE
U T. 1.). CTpyKTypBI BHYTPH 3THX TPAHUI] MOJICNIH HE OTIHCHIBAIOT.

B noxnane npuBOAKTCS ONMCAHUE CTPYKTYP MOJISIPHBIX CUSTHUE (ppaKkTaibHON pa3MEpPHOCTBIO U €€ aHU30TPOIHEH.
[IpuBOUTCS CTaTHCTHKA 3TUX XapaKTEPHCTHK IO JaHHBIM HaseMHbIX kamep III'M ¢ mpHBS3KOH IO MOJIOKEHUIO
BHYTPH aBPOPAJIBHOTO OBaJIa 1 FTEOMarHUTHON BO3MYIIICHHOCTH.

Pa6ora monnepxana PH® n Mypmanckoii ooactso, mpoext Ne 22-12-20017.
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BricoTHBIE PO UM ABPOPAJIBLHOIO CBEYCHUS
o 1aHHbIM o0cepBaTopun «bapennoypr» (IInuudepren)

B.B. Kozenos, A.B. Pongyrun, C.B. [Tunsraes

THonapuwiii ceopuzuyeckuti uncmumym, Anamumul, Mypmanckas oénacms, Poccus

E-mail: boris.kozelov@gmail.com

B nmoxnaze aHanmu3MpyOTCS JaHHbIE TPUAHTYJISIIMOHHBIX ONTHYECKUX HaOmoxeHuid B obOcepBaropun [1T'U
«bapenudypr» B cezone 2019-2020 rr. HabnromeHus mpoBOIMINCH KaMepoi Bcero Heba M y3KOYTONBHOW KaMepon
U3 JIBYX TOYEK, pa3HECEHHBIX Ha ~4 KM. Takne HaOI0AeHNS TO3BOJIAIOT ONIPEAEIHTh BEICOTY aBPOPAIBHOTO CBEUECHUS

", U3 HCC, DBHCPIHIO BBICBIMAIOMIUXCA 3JJICKTPOHOB. OHCHKI/I OHCPIruu COIIOCTABIAIOTCA C OXUIACMbIMHU U3
CYHICCTBYIOIIUX TCOPECTUICCKUX HpeZ[CTaBJIeHI/Iﬁ.
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Cnocod MOHUTOPHMHIa reOMHAYIMPOBAHHOI0 TOKA U YIIPABJICHUSI PeKUMOM 3a3eMJICHUS HedTpaJn
CHJIOBOT'0 TPaHc(opMaTopa NpH NOBBIIIEHHON TeOMATHUTHOW AKTUBHOCTH

A.A. KysmmHos, B.B. Baxuuna, A.H. Uepnenko, [[.A. Kperos, O.B. ®ensii, A.B. berukos, P.H. I[TynoBuHHNKOB
Tonvssmmunckuii 2ocyoapcmeennulil yhugepcumem, 2. Tonvsimmu, Poccust
E-mail: VVVahnina@yandex.ru

O hexTHBHO 3aMUTUTD 3JeKTpodHepreTHyeckne cucreMbl (3OC) OT MOBBIIIEHHONH I'€OMAarHUTHOW aKTHBHOCTH
BO3MOXKHO TIPENOTBPATHB TPOTEKaHHWE TeOMHAYIUpoBaHHBEIX TOkoB (I'MT) wepes HeWTpaam CHIIOBBIX
TpaHC(OPMATOPOB, B TMEPBYIO ouepenp OJOYHBIX TPaHCPOPMATOPOB SJICKTPOCTAHOHN U TpaHCHOPMATOPOB
TYIUKOBBIX IMojcTaHuuil. st aToro, Hanpumep, 3a pyOeKOM HCIOJB3YIOTCS TaK HA3bIBaeMble «OJIOKHPATOPHI»,
KOTOpBIC Ha BPEMs IIOBBIIICHHOW T€OMarHUTHON aKTUBHOCTH Pa33eMIITIOT HEHTPAIH CHIIOBBIX TPaHC(HOPMATOPOB.

B TonpATTHHCKOM TOCYAapCTBEHHOM YyHHBEpcHTeTe paspaboran crmoco0 MonutopuHra ['MT u ynpasnenus
POKMMOM 3a3eMJICHUSI HEWTpaiu CHUIIOBOrO TpaHcdopmaropa, KOTOPBIA MOXKET OBITh pPEKOMEHIOBaH K
MPaKTHYECKOMY HCIIOJIb30BaHHUIO HAa CHIIOBBIX TpaHC(hOpMaTopax HOMHHAIIBHOHM MolHOCThIO cBbIe (80-100) MBA
3JIEKTpOoCTaHIMN U noacTaHui DIC, pacoyioKeHHbIX B pailoHaxX ¢ NOBBILIEHHONM T'€OMarHUTHOM akTUBHOCThIO. Ha
pucyHke 1 m300paxkeHa OJOK-CXeMa yCTPOMCTBA, PEaTH3YIOIIECTo MpelaraeMblii Crocoo.
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Pucynox 1 — Biiok-cxema pa3paboTaHHOTo croco6a MOHUTOPHHIA T€OMH Iy TUPOBAHHOTO TOKA M YIIPABICHHS
PEKUMOM 3a3eMIICHUS] HEHTpal CHIIOBOTO TpaHchopMaTopa
1 — cuoBoii TparchopMaTop, 2 — CHIIOBOH OJI0K, 3 — KaHAT MOHUTOPHHTA TOKA B HEWTpaiy, 4 — OJOK yIpaBIeHHS
PEXXUMOM 3a3eMJICHUS HEUTpaH, 5 — TMHUN HHTEP(ENHCOB «TOKOBAS NETI», 6 — TUCTIETYSPCKUN IyHKT

CuitoBoii 0510k 2 obecrieunBaeT PeXXnM TIIyX03a3eMJICHHOW HEWTpPaJI NMPHU OTCYTCTBUH WMJIM HEJOCTATOYHOW ISt
HACBIIIEHUsI MArHUTHOW cHUCTeMBbI cuiioBoro Tpanchopmaropa 1 Benmuunnae ['UT 3a cuer mojnepkaHust B OTKPHITOM
COCTOSTHUHY TUPHUCTOPOB 10 curHamy «Ilyck», popmupyemoro 6mokom ynpasierus 4. CHtoBoit 6510k 2 06ecreunBaroT
PEXKUM PE3UCTUBHOTO 3a3eMJIEHUs HelTpanu npu nosiBieHuy ['Y'T, BBI3BIBAIOIINX HACBIIIEHUE MATHUTHON CUCTEMBI,
MyTeM 3alMpaHusi THPUCTOPOB 110 curnany «Cromy», popmupyemoro OiokoMm ynpasnenus 4. Kanan monuropunra 3
KoHTpoiupyeT BenuunHy [T u rapMoHHYECKHe COCTABIIAIONINE TOKAa HEHTpanu cuioBoro Tpanchopmatopa 1,
MCIIONB3YS CUTHAT H3MEpPHUTEIBHOTO npeodpazoBarers Toka AT ¢ naTunkom XoJna.
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Oco0eHHOCTH BO31eHCTBHSA (PAKTOPOB KOCMUYECKOH MOroAbl HA TEXHOJIOrH4eCKHe CHCTEMBbI
B ApPKTHKe

S.A. Caxapos'?, A.M. Mépansiit®, U1.A. Moucees®, C.M. Uepuskos?, B.H. Cenusanos®, A.T. Suaxos®

eogpusuueckuii yenmp PAH, Mocksa, Poccus,; e-mail: sakharov@pgia.ru
2[Tonspuwii 2eousuveckuti uncmunym, Mypmanck, Poccust

3HHcmumym kocmuyeckux uccieoosanuit PAH, Mockea, Poccus
4Konvckuii nayunvii yenmp PAH, Anamumoi, Poccus

AxruBHble nporiecchl Ha COJHIE COMPOBOXKIAIOTCS BCIIBIIIKAMHU 3JCKTPOMATHUTHOTO H3TYYCHHsS, MHKEKIUCH
BBICOKOOHEPTHYHBIX 3aPSDKCHHBIX YaCTHI], BBI3BIBAIOT BO3MYIIICHHS B COTHEYHOM BETPE, KOTOPbIC, TOCTHIast OPOUTHI
3emitH, CHOCOOHBI BO3MYINATh T€OMArHUTHOE moJie. Bo3aMylieHHss MarHUTOC(Ephl MPHUBOAAT K CYIIECTBCHHBIM
HU3MEHEHHSM MAarHUTHOTO TI0JISI, PACIIPEICIICHUs TIOTOKOB 3aPSKEHHBIX YaCTHI], MATHUTOC(EPHBIX TOKOB, COCTOSIHUSI
HOHOC(EPHI, 4TO, B KOHEUHOM UTOTE, MOJKET BBI3bIBATH BO3/ICHCTBUE HA TEXHOJIOTMYECKUE CHCTEMBI, PACTIOIOKECHHbIC
Ha 1 BOJIM3U TIOBEPXHOCTH 3EMJIH.

Hamu nipoBoasTCS UCCIeNOBaHUS BO3ICHCTBHS KOCMUYECKOM MOTO/IbI HA CTAOMIBHYIO pabOTy TEXHOJIOTHUECKUX
CHCTEM, PacIOI0KEHHBIX, TTIABHBIM 00Pa30M, B €BPOINEHCKOM CEKTOpE PyCCKOi ApkTuky. B 1oKaie mpeacTaBieHb
XapaKTepHBIC AMH30/Ibl BO3JCHCTBUS BO3MYIIICHUH KOCMHYCCKON MOTO/bI HA HA3EMHBIC TEXHOJIOTUYECKUAE CUCTEMBI
1 00CYXIAI0TCS BO3MOIKHBIC IyTH OPTaHU3AI[MK KOHTPOJISI 32 X Pa3BUTUEM.
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JluHaMuKa pa3BUTHA MATHUTHBIX BO3MYylIeHuil (AL WHaeKC) HA mMpeaBapPUTEILHOI
1 B3PBIBHOH (a3ax cy00ypH Kak nmoka3zarejib NPHHIMIHAIBHBIX PA3JMYUI B OTKINKE
BHYTpPeHHell ¥ BHelIHeil MarHuTocgepsl HA BO3eliCTBHE COJTHEYHOI 0 BeTpa

O.A. Tpommues, C.A. JJonrauéna, JI.A. Copmakos, H.A. Crenanos
AAHUUN, 2. Canxm-Ilemepbype, Poccus
E-mail: olegtro@aari.ru

MaruuTHass akTUBHOCTH B Xoxe cy00ypm (DPl-Bosmymienusi) ompenenseTcss NEHCTBHEM pPAa3JIMYHBIX CHCTEM
MPOJOJIBHBIX TOKOB. [IpenBapurenbHas ¢asza cy0bypu (DP12-Bo3mymieHnsi) XapaKTepHU3yeTCs IIOSBICHHUEM
3amaJHoro ¥ BOCTOYHOT'O JJIEKTPO/DKETOB B YTPEHHEM M BEYEPHEM CEKTOPax aBpOPalIbHOM 30HBI B CBSI3U C
(dopmupoBaHHMEM CHCTEMBI NpOJONbHBIX TOokoB R2 FAC, nelicTByroleii BO BHYTpeHHeil MarHurtocdepe.
OTiauTeNnsHON 4epToii akTuBHOU (a3wl cyo0ypu (DP11-Bo3MmyIneHns) sBIsSeTCsS BHE3AMHOE Pa3BUTHE 3aIaIHOTO
3JIEKTPOKETa B HOYHOM CEKTOPE aBPOPATBEHOMN 30HBI B PE3YJIbTATE B3PHIBHOTO 3aMBIKAHNS TOKOB IIA3MEHHOTO CII0S
XBOCTa MarHUTOC(hEphI Yepe3 BHICOKOIPOBO/ISIIYI0 3eMHYI0 HOHOC(hEpY (4TO 0OBIYHO Ha3bIBaeTCsS (pOpMUPOBAHHEM
«OMpKENaHJOBCKUX TOKOB» WM OOpa30BaHMEM «TOKOBOTO KIHMHA»). TakuM o0O0pa3oM, HHAEKC MarHUTHOW
aktuBHOCTH AL Ha dase pa3BUTHsI MarHUTHOH cy0OypH xapaktepusyeTt 3pPekT R2 cHcTeMBI IPOJOIBHBIX TOKOB, a B
X0/1e aKTUBHOM (a3bl — 3PPEKT cucTeMbl «OUPKETaHIOBCKUX TOKOBY». B 1enoM pazsutue MmaraurochepHoii cyo0ypu
SBJISIETCS  CJICJICTBMEM WMHTEHCHBHOI'O BO3JCHCTBHSI COJIHEYHOTO BeTpa Ha MarHuroctepy. Ilokasarenem
re03((heKTHBHOCTH 3TOTO BO3AEHCTBHUS CITY’KHT MHAEKC MAarHUTHOW aKTUBHOCTH B TOJIsipHOH mianke (PC nHIEKC),
KOTOPBI# Ob1T 0100peH MAT A [Pesomrornun MAT'A, 2013, 2021], xak moka3aTeib HOCTyIaroIei B Marautochepy
SHEPTHHU COJIHEYHOTO BETpa.

Kak mokazan fgeranpHbIN aHamu3 cooTHomeHni mexny PC n AL nHIekcamu B XoJie pa3sBUTHS M30JIMPOBAHHBIX
cy00ypb, HHTEHCHBHOCTh MarHUTHOH cy0Oypu B menoMm 3aBucHT oT BenumuuHbl PC mHzaekca. Ha dase passurus
cy60ypu (DP12 Bo3MyiiieHusI) BeTUYMHA U CKOPOCTh pocTta AL MHIEKCa CTPOTO CBSI3aHA C BEIMYMHON U CKOPOCTHIO
pocta PC uHzeKkca, BHE 3aBUCHMOCTH OT HayaJbHOro ypoBHs PC nHeKca U JumTeabHOCTH (a3l pocta. OqHaKo Ha
B3pBIBHOH (paze cyOOypu, cootHomenne mMexay PC n AL mHIekcamu nmpuHOMNHANEHO MeHsercs. Kak mpaswuiio,
Havyalio akTHBHOM (ha3bl CBSI3aHO C PE3KHUM, XOTs Obl U HE3HAYNTEJIbHBIM CKauyKOM BeJInuuHbl PC MH/EKCA, KOTOPBIH
(ukcupyercs Kak Ha poHe MEJICHHOTI'O PacTYIIEro, TaK U CIaJaloliero, Wik Hen3MeHHoro ypoBHs PC UHIeKca, Npu
3TOM pe3KHe BCIUIecKH BennunHbl AL mHzaekca (mukoBble 3HaueHHs DP11 Bo3MymieHuit) MOTYT IPOMCXOANTH NPH
mo6oit BenmmunHe PC WHAEKCA ¢ 3aIePXKKOH OT 1-2 MUHYT IO IECATKOB MHUHYT ITOCIIC Hadaia B3PHIBHOH (a3sl. ITO
O3Ha4aeT, YTO IPOLECCHl B IUIA3MEHHOM CJO€ XBOCTa MarHUTOC(epbl, BEAylHe K B3PHIBHOMY BBICHINAHHIO
aBpPOPATBbHBIX YacTHI] B HMOHOC(epy M (POPMHPOBAHHIO «OMPKETAHIOBCKHX» TOKOB, OTBETCTBeHHHIX 3a DP11
BO3MYILICHHS, HE SIBIISIOTCS MIPSMBIM CJIEICTBHEM IPOLIECCOB BO BHyTpEHHEN MarHuTocdepe, OTBETCTBEHHBIX 3a DP12
Bo3mymieHus. CBsi3b TeX M APYrux BosmymieHuid ¢ PC uHaekcom (mokasateneM 3(GGEKTHBHOCTH BO3ICHCTBHS
COJIHEUHOTO BEeTpa Ha MarHUToc(epy) CBHICTENLCTBYET JIMIIb O BJIMSHUU COJIHEYHOIO BETpa Ha IPOLECCHl BO
BHYTPEHHEH 1 BO BHEIIHEH MarHuTocdepe.
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Oco0eHHOCTH TUHAMHKH MOHHBIX MYYKOB B MPOILECCe MATHUTHOIO MepecoeINHeHUs
. YWxyn (8 381E), A.B. Jluun, W.I1. Napamonuk, U.B. Ky6suukun, B.C. CemeHoB

CIIor'y, e. Canxkm-Ilemep6ype, Poccus
E-mail: zdh97@outlook.com

MarauTHoe mnepecoeiMHEeHHe B MarHuTocdepe 3eMiM CHOCOOHO OBICTPO MNpeoOpa3oBHIBATh HAKOIJICHHYIO
MarHuTHYIO SHEPTHI0 B KHHETHYECKYIO PHEPIHI0 IIOTOKOB IUIa3Mbl. [l YHCIEHHOTO HCCIENOBaHMS IIpoliecca
HCTONB30BaH MeTon "YacTuma-B-sueiike" B ABYMEpHOM TNPHOIIKCHUH W 0CO00€ BHUMAHHE yNENIeTCS KHHETHKE
YacTHII ITa3Mbl. HauanbHBIM cOCTOSIHMEM SIBIISIETCSI TUIOCKUH €i10s1 Xappuca ¢ 0HOPOAHON (POHOBOI KOMIIOHEHTOI;
MpOBE/IeHa cepHs PacyeToB ¢ (DOHOBOW KOMIIOHCHTOW pPa3HYHOU Temreparyphl. [1oApoOHO H3ydYeHa CTPYKTYpa
(GyHKIMH pacripeneneHus HOHOB B (G Qy3noHHOH oOnacT M obnacTi BeITEKaHUS NepecoenuHeHus. [Ipomecch
YCKOPEHHS YaCTHUI] IPUBOAAT K (POPMUPOBAHUIO CIIOKHBIX HEPABHOBECHBIX (DYHKIIMH pacrpeeeH s, COCTOSAIINX U3
OTACJIbHBIX IMMYYKOB YaCTHUII. B 3aBucumocTtH ot TEMIICpATyphl BTeKaIOHleﬁ IJ1a3Mbl KHHETHYCCKad SHEPIus JaHHBIX
MOMYJIAIMA MOXET COCTaBIATh OCHOBHYIO 4YacTh TEIUIOBOM SHepruu IumasMmbl. [Jns pasgeneHus QyHKOnu
pacrpezienieHlss Ha OTAENbHBIE My4kH ObUT Mcrosb3oBaH meron Gaussian Mixture Model (GMM), kotopsrii
ompenenseT ONTHUMAJIbHOE KOJMYECTBO MOMYy/IIIMH M MX MapaMeTpbl (CPEIHIOI CKOPOCTh, TEMIIEPaTypHl).
Beigensiercst B cpenaeM 5...10 myukoB, pu 3ToM B U] Qy3HoHHONH 006J1aCTH OCHOBHO# HarpeB MpeiCTaBisieT co0oii
KHHETHYECKYIO SHEPTHIO OT/IENIBHBIX ITyYKOB, a TEPMATH3AIIS IPOUCXOJHUT YK€ B 00TaCTH BBITCKAHUS.

Pab6oTa BeImoNHEHa pu TojAepkke rpanTta 23-47-00084 poccuiickoro Hay4HOTo (GOHIA.
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What conclusions about the dynamics of the magnetosphere can be drawn after analyzing
the data from the MESSENGER spacecraft obtained in 2011-2015 in the vicinity of Mercury?

I.I. Alexeev?, A.S. Lavrukhin®, D.V. Nevsky*?

1Skabeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia
2Faculty of Physics, Lomonosov Moscow State University, Moscow, Russia

Based on the analysis of more than 4000 orbits of MESSENGER spacecraft around Mercury, the dynamics of the
magnetopause and bow shock were obtained for 16 revolutions of Mercury around the Sun. In addition to variations
in the size of the magnetosphere with changes in the dynamic pressure of the solar wind, the influence of the
interplanetary magnetic field on the structure of the magnetopause has been studied. The role of the induction field in
the conducting core of the planet under extreme compression of the magnetosphere has been studied. A technique for
determining the displacement of a planetary dipole relative to the center of the planet using data from a spacecraft
crossing the entire magnetosphere is considered. Also, the results obtained when analyzing the dynamics of the Earth’s
magnetosphere during the storm on February 26 and 27, 2023 made it possible to explain the expansion of the oval of
auroras during this storm into the middle latitudes.

Characteristics of SCR particle fluxes during the enhanced geomagnetic activity
in February-March 2023 based on data from the Monitor-1 satellite

G.I. Antonyuk®?, V.V. Benghin?3, E.E. Antonova®?, I.A. Zolotarev?

!Faculty of Physics, Lomonosov Moscow State University, Moscow, Russia
2Skobeltsyn Institute of Nuclear Physics Lomonosov Moscow State University, Moscow, Russia
3Institute of Biomedical Problems of the Russian Academy of Sciences, Moscow, Russia

In February-March 2023, a series of M-class flares occurred at the Sun. Afterwards, the NOAA satellite "GOES 16"
showed significant increases in particle fluxes. There were 2 sequential increases in SCR fluxes in February, with
proton fluxes above 30 MeV reaching a value of 6.8 cm™2s~tsr~1 on February 25. The following geomagnetic storm
on February 27 was characterized by a decrease of the Dst-index value down to -138 nT. The next significant increase
of the particle fluxes was registered on March 13, the proton flux above 30 MeV reached the value of 3.5
cm~2 s71 sr~1. The following decrease in the Dst index on March 15 was as low as -50 nT. Later on March 24, a
large geomagnetic storm occurred with the value of the Dst index falling down to -184 nT, however no increase of
the SCR fluxes was observed.

During this prolonged disturbance period, between February 20 and March 30, the MSU Monitor-1 spacecraft was
in operation. This CubeSat-3U satellite was launched in August 2022 into a low-Earth polar orbit. Its payload, the
KODIZ (Combined Radiation Detector) instrument, features a set of detectors to register fluxes of electrons, protons
and neutrons. The enhancements described above were also recorded on the "Monitor-1" satellite. In this paper we
study the data of a silicon semiconductor detector and a scintillation detector based on Csl crystal.

According to the detector readings of the KODIZ instrument, the increase in the particle count rate in the polar
regions was greater than an order of magnitude. On February 26, the semiconductor detector measured a rise from a
background level of 3 pulses per second to a peak of 50 pulses per second, while the scintillation detector measured a
rise from 7 pulses per second to 130 pulses per second. On March 13, the values reached 10 pulses per second for the
semiconductor detector and 70 pulses per second for the scintillation detector.

The study considers measurements of particle fluxes obtained from the MSU satellite "Monitor-1" and their
comparison to the data of the NOAA satellite "GOES 16", as well as to the space environment parameters and
geomagnetic indices.
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The growth of the relativistic electron fluxes in the outer radiation belt according to Arctica-M
satellite data (No. 1) during magnetic storms in October, November 2021

V.B. Belakhovsky
Polar Geophysical Institute, Apatity
E-mail: belakhov@mail.ru

The paper analyzes variations in electron fluxes with energies of 0.15-0.35 MeV, 0.35-1 MeV, 1-2 MeV according
to data from the new Russian satellite “Arktika-M” (No. 1), which has a highly elliptical orbit of the “Molniya” type.
Magnetic storms on October 11-13, 2021 (SYM-H = - 72 nT, AE = 2600 nT, Vsw = 750 km/s) and November 3-5,
2021 (SYM-H = - 120 nT, AE = 3000 nT) were analyzed in detail, Vsw =~ 520 km/s). The magnetic storm on October
11-13, 2021 belongs to the CIR (corotating interaction region) class, since it is caused by a high-speed flow of solar
wind from a coronal hole on the Sun colliding with a slower solar wind. The magnetic storm of November 3-5, 2021
belongs to the class (CME - coronal mass ejection), since it is caused by the arrival of an interplanetary magnetic
cloud caused by a coronal mass ejection to the Earth's magnetosphere.

Analysis of data from the Arktika-M (No. 1) and Elektro-L (No. 2) satellites shows that during a stronger CME
magnetic storm (November 3-5, 2021), the level of relativistic electron fluxes was noticeably higher than during a
weaker CIR magnetic storm (October 13, 2021) both in geostationary orbit and in lower L-shells. In the range L=3—
5.5, the difference in the level of electron fluxes with energies of 1-2 MeV was more than an order of magnitude.
CME storms must be taken into account to a greater extent when assessing radiation risks in near-Earth space.

Data from the Arktika-M satellite (No. 1) were provided by the Institute of Applied Geophysics of Academician
E.K. Fedorov (Moscow).

Fast collapse of a diamagnetic cavity and the Hall effect during the expansion
of a cloud of laser plasma into a magnetized background plasma

A.A. Chibranov!, A.G. Berezutskiy*, A.V. Divin?, Yu.P. Zakharov?, 1.B. Miroshnichenko?, I.P. Paramonik?,
V.G. Posukh?, M.A. Rumenskikh?, I.F. Shaikhislamov?, A.E. Dolgov?, A.E. Ivanov?, M.V. Loginov*

ILP SB RAS, Novosibirsk, Russia, chibranov2013@yandex.ru
2Department of Earth’s Physics, St. Petersburg State University, St. Petersburg, Russia

At the KI-1 facility [1, 2], a series of experiments was carried out on the expansion of a spherically laser plasma
cloud into a vacuum magnetic field, which demonstrated that the expansion of a plasma cloud leads to the generation
of azimuthal magnetic fields due to the Hall effect, as well as the corresponding Hall currents leading to the transfer
of the magnetic field and determining the phase of the collapse of the diamagnetic cavity [3].

In the latest experiment, it was shown that the presence of very rarefied background plasma completely suppresses
the azimuthal fields and affects the nature of the collapse of the diamagnetic cavity, which now occurs much later and
more slowly.

Thus, for the first time the experiments carried out made it possible to discover the relationship between the Hall
effect and the collapse phase of a diamagnetic cavity, as well as with the presence of background plasma.

The work was carried out with the support of program 10 “Experimental Laboratory Astrophysics and Geophysics”
of the National Center for Physics and Mathematics and RNF grant 23-22-00386.

1. Y.P. Zakharov et al. //AIP Conference Proceedings. — American Institute of Physics, 369, Ne 1, p. 357-362, (1996).

2. L.F. Shaikhislamov et al. //Plasma Physics and Controlled Fusion, 56, Ne 12, p. 125007, (2014).

3. A.A. Chibranov at al. Hall effects and the collapse of a diamagnetic cavity when a cloud of laser plasma expands
into a vacuum magnetic field (submitted to a Special Issue of the Astronomical Journal).
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Longitudinal dependence of the plasma density in the plasmasphere
according satellite measurements

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

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

The work is devoted to the study of the dependence of the plasmaspheric magnetic flux tubes filling on geographic
longitude. Despite the fact that the magnetosphere is mainly described by magnetic coordinates, the filling of it with
ionospheric plasma is also affected by the difference in the illumination of the base of the magnetic field lines. This
issue is studied in this work using measurements of ion concentration on the INTERBALL satellite and electron
concentration on the ERG satellite. For the study, only long quiet periods were selected, during which the magnetic
flux tubes had time to fill with plasma to diffusion equilibrium. It was shown that for the same geomagnetic
coordinates, the plasma density in the plasmasphere depends on geographic longitude. This dependence is also studied
for different seasons.

Energetic electron precipitation of different mechanisms from the outer radiation belt
during geomagnetic disturbances: intensity dynamics and spectral features

A.R. lvanova®?, V.V. Kalegaev'?, N.A. Vlasova!, D.S. Gruzdov'?, A.G. Demekhov?, T.A. Yahnina?

1Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University
2Polar Geophysical Institute, Apatity, Russia
3Faculty of physics, Lomonosov Moscow State University

The mechanisms of energetic electron precipitation from the Earth's outer radiation belt are one of the important
problems of modern cosmophysics. Using data from the Meteor-M2 low-orbit polar satellite, several periods of intense
geomagnetic and auroral activity, which contributes to effective pitch-angle scattering and particle loss in the
atmosphere, have been investigated for precipitation. Different magnetic storms (periods of geomagnetic activity)
were taken in order to see the general dynamics of precipitation intensity. It was obtained that the precipitation
intensity in all considered cases correlates with the auroral activity (the maximum intensity corresponds to the
maximum of auroral activity), but not with the phases of the magnetic storm. For the event 9-16.10.2017, the particle
losses in the atmosphere caused by different mechanisms were considered in detail separately. Most of the electron
precipitation events that occurred during this period could be classified and correlated with a certain cause of
occurrence. For this purpose, multi-satellite observations, wave activity data, and a priori knowledge of the distinctive
features of precipitation mechanisms were used. A comparative analysis of precipitation of different mechanisms was
carried out - the intensity dynamics and the energy spectrum. The results of this comparison showed that the particle
losses produced by different causes have specific spectral features determined by the nature of the precipitation
mechanism. Precipitation events of the same nature have their own characteristic shape of the spectrum. Geomagnetic
activity changes only the intensity of these precipitation events.

This research is supported by RScF grant No. 22-62-00048.
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Dynamics of the proton aurora during a magnetic storm on December 1, 2023.
Ground-based and satellite observations

I.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

The proton aurorae in the emissions of atomic hydrogen arise as a result of the energetic protons precipitation
and their charge exchange at the heights of ionosphere E layer. The proton precipitation occurs from of the
magnetosphere region with an isotropic distribution of charged particle fluxes. The isotropization arises due to the
pitch-angle scattering at the magnetic equator with a large curvature of field lines in the current sheet [Sergeev and
Malkov, 1988; 1992]. The low-latitude boundary of particle isotropic fluxes is registered by the low-altitude
satellites with a polar orbit. Equatorward of this boundary, the precipitation of energetic protons is sometimes
observed as a result of scattering during interaction with EMIC waves [Yahnin_and Yahnina, 2007].

This report presents the results of our observations at the Maimaga st. (CGMC: 58°, 202°) of the proton aurora
dynamics in the MLT evening sector during a magnetic storm with a minimum SYM-H ~ -130 nT on December
01, 2023. The storm began after a sharp increase of the electric field dawn-dusk Ey of the solar wind (-VxxB;) up
to ~11 mV/m at ~1010 UT. In 10-20 minutes, the rapid motion equatorward of a diffuse arc in the atomic hydrogen
486.1 nm (Hb) emission from the northern horizon of station was registered. The arc passed the station zenith at a
speed of ~ 200 m/s and in ~ 1 hour it was observed at geomagnetic latitudes 55-57°. Next, short (~10 minutes)
activizations of aurorae occurred throughout the all sky in the geomagnetic latitude interval 54-62° with the
maximum Hb emission intensity of ~200 R after subtraction of the continuum intensity. Narrow forms of electronic
aurorae were sometimes detected in the 470.9 nm N»* emission.

At ~1115 UT, the NOAA19 satellite registered the isotropic boundary of energetic proton and electron fluxes at
the optical observation meridian. The maximum proton isotropic flux at the boundary ~2° wide coincided with the
arc position in the Hb emission. The mid-latitude magnetograms indicate the development of disturbances during
a storm as the result of increased magnetospheric convection without substorms. We believe that the observed
dynamics of the proton aurora in this event mapped the rapid motion of the isotropic fluxes boundary of energetic
protons and, accordingly, the current sheet into the inner magnetosphere as a consequence of the sharp increase of
convection.

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.
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Precipitation of energetic electrons from the Earth's outer radiation belt
during period of prolonged auroral activity on 10-16.10.2017

V.V. Kalegaev**, G.A. Basilevskaya?!, N.A. Vlasova!, D.V. Grankin®, D.S. Gruzdov**,
A.G. Demekhov?, A.R. Ivanoval*, K.B. Kaportseva*, I.A. Mironova®, I.N. Myagkova®,
T.A. Popovad, E.V. Rosanov®, Yu.S. Shugay?, T.A. Yahnina®

1Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow, Russia
2| ebedev Physical Institute, Moscow, Russia

3Polar Geophysical Institute, Apatity, Russia

“4Physical Faculty, Moscow State University, Moscow, Russia

SUniversity of St-Petersburg, St-Petersburg, Russia

The dynamics of the outer radiation belt and the features of the precipitation of energetic electrons into the Earth's
atmosphere during the period of prolonged auroral activity on 10-16.10.2017 were studied. Data on high-energy
electron fluxes (>100 keV) from measurements of spacecraft located in the interplanetary medium and inside the
magnetosphere, in polar and equatorial orbits, as well as obtained during the LPhl balloon experiment in the
Murmansk region, were used. It is shown that the spectra of trapped (in the orbit of the Van Allen Probes A spacecraft)
and quasi-trapped (in the low polar orbit of the Meteor M2 satellite) electrons demonstrate similar dynamics: in the
main phase of the storm, there is a drop in the fluxes of high-energy particles, which is replaced by an increase in the
recovery phase, the fluxes of lower-energy particles increase in the main phase of the storm, after which they remain
approximately constant.

The VLF wave activity recorded during the time period under study aboard the VVan Allen Probes spacecraft became
a source of intense precipitation of energetic electrons (<300 keV) in the morning sector of the magnetosphere. Pcl
pulsations were recorded at the Lovozero station, which were accompanied by precipitation of ring current protons
and relativistic electrons in the evening sector of the magnetosphere.

According to measurements of electron fluxes on the polar satellites Meteor M2 and POES, it is shown that the
precipitation cover a large area of near-Earth space: by the L-parameter and by MLT. The spectral characteristics of
the fluxes of precipitating electrons during the period under consideration are determined. In the main phase of the
storm, the precipitation of energetic electrons leads to a decrease in their fluxes in the outer radiation belt. Substorm
activations make it possible to quickly compensate for the loss of trapped particles with E>100 keV. Reduced particle
fluxes with energies of 700 keV and higher are not restored immediately. Ongoing substorms gradually accelerate
energetic electrons to higher energies, leading to an increase in particle fluxes of relativistic and subrelativistic
energies.

This study is supported by RScF Grant Ne 22-62-00048.

Electric field and FACs in the spherical magnetosphere model of a planet
A.S. Lavrukhin, E.S. Belenkaya, I.I. Alexeev
Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia

We estimate the electric field penetrating from the stellar wind into the planet's magnetosphere using a spherical model
of the magnetospheric magnetic field and also estimate field-aligned currents. Inside the magnetosphere, the magnetic
field consists of three contributions: the internal field of the planet, the field of screening currents at the magnetopause
(Chapman-Ferraro currents) and the penetrating interplanetary magnetic field. First, the magnetic field lines are found,
and then, from the condition of ideal conductivity along the field lines, we calculate an electric field penetrating from
the solar wind. The electrical conductivity of the conducting layer on the planet is assumed to be isotropic. As a result,
we obtain the contours of electric field equipotentials, vector distributions of electric fields and field-aligned currents
values.
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Spatial distribution of the turbulent diffusion coefficient in the cross section
of the plasma sheet of the Earth's magnetotail by MMS data

D.Yu. Naiko!?, I.L. Ovchinnikov!, E.E. Antonova'?

ISkobeltsyn 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

A preliminary analysis of dependence of the eddy diffusion coefficient on the plasma parameter S, the distance to
the Earth, and the direction of the interplanetary magnetic field has been carried out. Publicly available
Magnetospheric Multiscale Mission (MMS) data were used: hydrodynamic velocity with a time resolution of 1/4.5 s
! as measured by FPI/DIS instruments and the magnetic field with a time resolution of 16 s™' by FGM instrument.
Since the position of the plasma sheet is variable, it is impossible to determine the position of the satellite in the cross
section of the plasma sheet directly from its coordinates. Therefore, the plasma parameter § is used as an indicator of
the satellite's location in the plasma layer, tail lobes, or in the transition layer between them: > 1 inside the plasma
sheet, 0.1 < <1 in the transition layer. It was found that the eddy diffusion coefficient increases with increasing the
plasma parameter for f <1, and remains constant for > 1. The dependence of the distribution of the diffusion
coefficient on the direction of the interplanetary magnetic field was also investigated.

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

D.Yu. Naiko is a scholarship holder of the Theoretical Physics and Mathematics Advancement Foundation “BASIS”.

Spectra of fluctuations of hydrodynamic velocities in the plasma sheet
of the Earth's magnetotail by MMS data

I.L. Ovchinnikov?, D.Yu. Naiko'?, E.E. Antonova®?

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

A preliminary analysis of the spectra of fluctuations of hydrodynamic velocities in the plasma layer of the Earth's
magnetosphere was carried out for the frequency range from 0.2 to 100 mHz. Publicly available Magnetospheric
Multiscale Mission (MMS) data were used: hydrodynamic velocity with a time resolution of 1/4.5 s as measured by
FPI/DIS instruments, electric field with a time resolution of 32 s by EDP instrument and the magnetic field with a
time resolution of 16 s by FGM instrument. The localization of satellites inside the plasma layer was determined by
the values of the plasma parameter £. It is shown that in the range from 3 to 100 mHz the spectra have a power-law
character, with slope exponents ranging from 0.9 to 2.2 for different events. At lower frequencies, the power spectral
density is practically independent of frequency. The slopes of the spectra of fluctuations of hydrodynamic velocities
do not coincide with the previously obtained slopes of the spectra of fluctuations of electric and magnetic fields, as
well as with the slopes of the drift velocity spectra. Their relationship requires further study.

The study was supported by the Russian Science Foundation grant No. 23-22-00076.
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The role of the foreshock in the solar wind-magnetosphere interaction
D.G. Sibeck
Heliophysics Division, NASA/GSFC, Greenbelt, MD 20771 USA

Kinetic processes within the foreshock introduce considerable variability into the solar wind-magnetosphere
interaction, far greater than that seen in the pristine solar wind. A host of transient events have been identified within
the foreshock, including hot flow anomalies, spontaneous hot flow anomalies, cavities, bubbles, and cavitons. The
structures share some common features: large amplitude (factor of 3 or more) correlated density and magnetic field
strength variations on interplanetary magnetic field lines connected to and just upstream from the bow shock. When
the events strike the bow shock, they launch both fast mode waves and narrow jets that propagate across the
magnetosheath and strike the magnetosphere. The significance of the foreshock structures lies in the wide array of
magnetospheric phenomena that they generate: large amplitude bow shock and magnetopause motion, ULF waves
throughout the dayside magnetosphere, compressional perturbations that can drive radial diffusion of radiation belt
particles, and traveling convection vortices in high latitude ground magnetograms, to name but a few. This
presentation reviews the array of upstream events and the corresponding magnetospheric features, relying in part upon
recent rapid developments in both global magnetohydrodynamic and hybrid code models.

01/01/2000 Time = 01:12:30 UT z= 0.00R,

20,

—20.

Model ot CCMC: BATSRUS
This figure shows the interaction of a slab of interplanetary magnetic fields connected to the bow shock with the

magnetosphere. There are depressed densities and magnetic field strengths within the slab, but enhanced temperatures.
Depressed pressures within the slab enable both the bow shock and magnetopause to bulge outward several earth radii.
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Analysis of energetic particle data from the NOAA/POES and MetOP satellites
at low latitudes during the last three solar cycles

A.V. Suvorova
Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia

The work analyzes experimental data on fluxes of energetic charged particles measured by different types of detectors
installed on the NOAA/POES and MetOp series satellites from 1998 to 2023. In the low-latitude region, two
interesting features have been found. (1) Sporadic enhancements of electron fluxes in the energy range 30 - 300 keV
occurred in the longitude region outside the South Atlantic Anomaly. Results of a statistical analysis of the
enhancements of >30 keV electron fluxes are presented. (2) Processing data in binary formats has revealed the
presence of numerous systematic data failures lasting for about 10-15 minutes. They occur in limited ranges of
longitudes and local time with period of about 6-7 days. A difference between the particle flux enhancements and
artificial features of long-term data failures is demonstrated.

Auroral precipitation model and its application to the ionosphere studying
under different magnetic activity levels

V.G. Vorobjev, O.1. Yagodkina
Polar Geophysical Institute, Apatity, Murmansk Region, Russia

The report provides a short overview of various models of auroral precipitation. Global distribution of different
precipitation regions is shown by using the Auroral Precipitation Model (APM) developed in the Polar Geophysical
Institute (http://apm.pgia.ru/). According to the APM model the average energies and energy fluxes of precipitating
particles for different levels of geomagnetic activity, expressed by values of the AL and Dst indices, were calculated
in coordinates of corrected geomagnetic latitude — geomagnetic local time. The APM model was applied to calculate
the global distribution of the auroral luminosity in visible and UV1 spectral ranges and to calculate the rate of ionization
in regions of auroral precipitation. A comparison of the planetary distribution of the characteristics of electron and ion
precipitation were carried out. It was shows that the planetary power of ion precipitation at low magnetic activity AL
=-100 nT is ~12% of the electron precipitation power and exponentially decreases to ~4% at AL <-1000 nT. The ion
precipitation model was used to calculate the plasma pressure at the ionospheric altitudes. The planetary distribution
of integral ionospheric conductance depending on the magnetic activity was calculated by using both electron and ion
precipitation models.
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Latitudinal distribution of nighttime auroral precipitation during magnetic calm
and near the time of substorm onset

V.G. Vorobjev?, O.1. Yagodkina?, E.E. Antonova?3, I.P. Kirpichev®

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

Observations from DMSP F7 spacecraft during 1986 in the pre-midnight MLT sector were used to determine
latitudinal profiles of auroral precipitation during magnetic calm and in time intervals just before and after substorm
onset. Special attention is paid to the study of the isotropy boundary (BI) position, which according to DMSP
spacecraft is determined by the corrected geomagnetic latitude (CGL) of the maximum energy flux of the precipitating
ions. The IB position determines the degree of tension of geomagnetic field lines in the magnetospheric tail. When
the magnetic field lines extend into the tail, the isotropy boundary approaches the Earth. During magnetic calm
(averaged AL = -12 nT, Dst = -2 nT, IMF Bz = +2.3 nT and the solar wind dynamic pressure Psw = 2.5 nPa) the
isotropy boundary was found at @' = 68.3 + 0.5 CGL and the ion pressure was Pimax = 0.58 £+ 0.08 nPa.

Magnetospheric substorm phases were determined by using 1-min data of IMF Bz, Psw, and AL-, SYM/H- and PC-
indexes from OMNI Web. In the final stage of the growth phase (under average conditions: AL = -65 nT,
IMF Bz = -1.4 nT, Psw = 3.3 nPa) the IB was shifted equatorward to ®' = 65.4 + 0.7 CGL and the ion pressure
increased up to Pimax = 1.09 + 0.11 nPa. According to observations of the THEMIS spacecraft, the radial distribution
of ion pressure in the equatorial plane of the magnetosphere was obtained under similar geomagnetic conditions
described above. In an isotropic plasma, the ion pressure is constant along the magnetic field lines from the ionosphere
to the equatorial plane. Then, at magnetic calm, the IB is projected into the equatorial plane at a distance of about 7-8
Re, while just before the substorm onset at a distance of ~4-5 Re.

Just after the substorm onset (averaged AL = -182 nT, IMF Bz = -0.7 nT, Psw = 2.2 nPa) the IB was defined at
approximately the same latitude as before that at ®' = 65.5 + 0.7 CGL but the ion pressure was decreased up to Pimax
= 0.79 + 0.08 nPa. Auroral electrons precipitate in the region of isotropic plasma poleward the IB, however,
immediately after substorm onset the energy flux of the precipitating electrons has a largest and narrow maximum at
the IB. The flux value corresponds to an auroral luminosity in the 557.7 nm emission of about 26 kR, indicating that
the region of the auroral break-up coincides well with the location of the isotropy boundary.
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@opMHPOBAHHE HETEIJIOBBIX MOMYJIALMIA 3JIEKTPOHOB B aTMocdepe c1adbIX KOMET
A.B. qusun®, 4. Jlexa?, ILI1. Iapamonux®, B.C. Cemenos?

tcrery, e. Cankm-Ilemepbype, Poccus; e-mail: a.divin@spbu.ru
2 lTaGopamopus. ammocpepnoii u kocmuueckoii pusuxu (LASP), ki Vuusepcumem Konopaoo, Boynoep, CLIA

ATmochepa koMeTsI (koMa) GOopMHUpYETCs MIPH HarpeBe ee sApa COTHEIHBIM CBETOM H MOCIEAYIOUINM HUCTIapCHUEM
BeIleCTBA B KOcMOC. [IpH 5TOM NPOUCXOIUT NPsSMOE B3aUMOJICHCTBHE TUIa3Mbl COJTHEYHOTO BETPa C BHIOPOLIEHHBIM
KOMETHBIM BEIIECTBOM; OCHOBHYIO Ta30BYI0 COCTABIISIONIYI0 KOMBI COCTaBIISIET BoAa. B nanHO# paboTe ucciemyercs
atMocdepa komeTsl 67P/UypromoBa—['epacHMEHKO B peXHMe YMEpeHHOW paerasamuu. [locTpoeHa dYWCIIEHHAS
KHHETHYEeCKast MOJIeNb, B KOTOPOH YUUTBIBAETCS OXJIaXACHUE INEKTPOHOB IPU CTOJKHOBEHHUAX C MOJIEKYJIaMH BOJBI,
a TaKke YCKOpEHHE 3JIeKTPOHOB aMOUTIONISPHBIM MOoTeHIMaIoM. C TOMOIIBIO MOJICTUPOBAHHS METOJIOM ““4acTHIa-B-
sYeike” HCCIeyeTcss MEXaHW3M YCKOPEHHS 3JIEKTPOHOB, Oa3MPYyIOIIMICS Ha 3aXBaTe YaCTHIl B aMOHIIOISIPHOM
3NEKTPUYECKOM IToJie BOIU3H cnaboit komeTsl. [IokazaHo, 4TO JaHHBIE TPOLIECCHI ACHCTBYIOT Ha Pa3HBIX PACCTOSHUAX
JI0 i7jpa KOMETHI ¥ TIPUBOJIST K MOSIBJICHHIO 3JICKTPOHOB B IMPOKOM CIIEKTPE SHEPrHid: 1) AMOUNOISAPHBIN MOTEHIIAT
YCKOpSET (OTOAMEKTPOHHI ¢ dHeprusiMu ~10 3B o suepruit ~50...100 3B, npu 3ToM GOPMUPYIOTCS aHU3OTPOITHBIC
(GYHKIMH pacTpeneneHUs] U IMyYKH 3JICKTPOHOB MapauIeIbHO MarHUTHOMY 10J0; 2) CTOJNIKHOBEHHMS HOCTEIEHHO
JenaoT GYHKIUIO PACIPEAS/ICHUs H30TPOIHON U CO3/al0T XONOJHYIO IOMYJIAIHIO 3J€KTPOHOB € SHEPTHAMH, MHOTO
MeHbIMMH 1 5B. X0JI0/IHbIE HIEKTPOHBI TIOSBISIOTCS MPU CKOPOCTH Jerasamuy Bemectsa Q>2*102° ¢,

Pabora BrImosHEHa npu moAepikke rpanTa 23-22-00386 poccuiickoro HaygYHOTo (POHA.

Hogas Bepcus smnupuyeckoii moaesu APM_GEO ais njiaHeTapHOro pacnpeejieHust
XapaKTePUCTHK 3JIEKTPOHHBIX M HOHHBIX BBICHINIAHUI B 3aBUCHMOCTH
OT YPOBHSAl MATHUTHOI aKTHBHOCTH

0.B. Munranes?, B.I'. Bopo6ses!, O.1. Aroaxunal, M.H. Menpuux*

YTonapuwii 2eopusuueckuti uncmumym, 2. Anamumol (Mypmanckas o6i1.)
2Mypmanckutl apxmuueckuii yuueepcumen, gunuan 6 2. Anamumu (Mypmanckas o6.)

IIpencraBneHo onucaHue HOBOW BEPCUU SMIIUPUUECKON MOJIEIIHU BBICHIIIAHUMI 3JIEKTPOHOB U IIPOTOHOB JIJIs1 CEBEPHOTO
nosxymapust APM_GEO, B koTOpoii rpaHulbl 30H BBICHINAHUH, a TAKKe CPEJHUE SHEPTMU U TUIOTHOCTH MOTOKA
SHEPTHM BBICHINAIOIINXCS JIEKTPOHOB M IPOTOHOB PACCUMTHIBAIOTCS KAaK B HCIPABICHHBIX I'€OMAarHUTHBIX
KOOpJMHATaX, TaK U B TeorpaMuecKuX Ha CETKe, PETyIIPHOM IO JOJNTOTe U C (PMKCHPOBAHHBIM YHCIIOM TOYEK 110
LIMPOTE B 30HAX BBICHIIAHMH. BXOJHBIMU MapameTpaMu MOJENHU SBISIIOTCS nara, Bpems no UT u 3HaueHus
TeOMarHUTHBIX HHAeKcoB DSt u AL. I'paHUIIaMu MPUMEHIMOCTH MOJICIH SIBIISIOTCS yeinoBus Dst > -200 aTmu AL > -
1500 uTn. Ilo cpaBHeHHMIO C paHee OIYOJMKOBAaHHBIMH BEPCHSMH MOJENIH, B KOTOPHIX B TreorpapuyecKkux
KOOpJMHATAaX PACCUUTHIBAJIUCH TOJBKO TPAHUIIBI 30H BBICHIIAHMM, H00ABIEHO BBHIYMCICHHE B OITHX 30HAX
pacrpesieneHuii cpeiHel IJHEPriuy ¥ IUIOTHOCTH MOTOKA 3HEPTHHU BBICHINAIOIINXCS 3JIEKTPOHOB B reorpad)uuecKux
KOOpJMHATaX, a TaKkke JA00ABJIEHO BBIYHMCIICHHE pacHpeiesIeHHi CpefHel SHEpruy M IJIOTHOCTH IOTOKAa 3HEPTUU
BBICBITIAIOLIMXCS MPOTOHOB KaK B HCIPABICHHBIX T'€OMAarHUTHBIX KOOpJMHATaX, Tak U B Treorpapuyeckux
koopauHaTax. Kpome Toro, BHyTpH 00J1aCTH aBPOPAILHOIO OBaja YIIYYIIEHO OMUCAHHE TPAaHMI] 30HbI YCKOPEHHBIX
JICKTPOHHBIX BBICHINTAHMKA MEXIy JHEBHBIM M HOYHBIM CEKTOpaMu. Mojens peann3oBaHa B BHIE KOMIUIEKCA
nporpamm Ha si361ke FORTRAN, B KOTOpOM NPUMEHSAIOTCS MapauleIbHble BBIYUCICHUS M UCIIOJIb3YETCS CO3/IaHHas
H.A. Lpiranenko mporpamma RECALC-08, a Takye HCHONB3yeTCsl MepernporpaMMUpPOBaHHAsT AJISI PUMEHEHUsI
napauleNIbHBIX BBIYHCIICHHH nporpamMma moaenn |GRF.
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I/I3yqe}me A3UMYTAJBHOI'0 IBHKCHHUSA YaCTUI PaAa3HbIX COPTOB U MAarHUTHBIX moJeii
B YUCJICHHOM MO/JIC/IMPOBAHUN JUAMATrHUTHOM KaBEpPHbI

W.II. Tapamonux!, A.B. Jlupun?, A.A. Yu6panos?, M.C. Pymenckux?, N.®. Illaiixucnamor?, B.C. CemeHoB?

tcrery, e. Cankm-Ilemepbype, Poccus
2HJI® CO PAH, -. Hosocubupck, Poccus

E-mail: igorparamonik@gmail.com

HccnenoBanus AuaMarHUTHOH MOJIOCTH, TIOJTyYEHHOH B Pe3yJIbTaTe PACIINPEHHS IUIA3MEHHOT0 00JIaka BO BHEIITHEM
MarHUTHOM TIOJI€, BIIOXHOBJICHBI PSIOM aKTHBHBIX dKcHepuMeHToB B MarauTocdepe 3emmn (AMPTE, CRRES) u B
ycraHoBKax ¢ jazepHoil mrasmoit (crenn KH-1, NJId CO PAH) [1]. HecmoTpst Ha TO, 4TO Takue OOBEKTHI yKe
W3Y4alOTCsI HECKOJIBKO IECATHIETHH, OCTAeTCsl OTKPHITBIMH PSIJl BOIIPOCOB, CBA3aHHBIX C (DU3UKOH 3TOTO SBICHUS.
Hanpumep, He no koHIa scHO BiusHHE 3(p¢exTa Xonna Ha JUHAMHKY IIa3Mbl, aHOMAaIbHO OBICTPBIA KOJIIArc
KaBepHBI M (POPMUPOBAHUH HKEIOOKOB, HAOIIOIaeMbIX IpH paziere obnaka [2].

[IpoBeneHHOE HAMU KMHETHUYECKOE MOJICIMPOBAaHNE JHAMarHUTHON KaBEepHbI, OJM3KOM 10 TapaMeTpaM IUIa3Mbl €
JKcriepuMeHTaMu Ha ycraHoBke KM-1, ¢ momompro mapamiensHoro kuHermdeckoro koxa iPIC3D moxasano
KaueCTBEHHOE COOTBETCTBUE ¢ HaOmogaeMbiMu dpdekramu. OqHUM U3 TakuX 3QQEKTOB SBISIETCS a3UMyTaIbHOE
JIBIDKCHHUE TIa3Mbl 00J1aKa B cilaboM 3aMarHMYeHHOM (OHE, Iie FIKCIIEPUMEHTALHO ObIIO MMOKa3aHO, YTO YaCTHIIBI
Pa3HBIX COPTOB (IPOTOHBI, 3IEKTPOHBI, HOHBI YTIIepoaa M ()OH) ABUTAIOTCS OTIMYHBIM APYT OT Apyra odpasom. Hamu
MPEANPUHATA MOTBITKA O0BICHUTH HabM0gaeMble 3 QEKTH PA3HOTO HANPABIICHHUS YaCTHI] C TOMOIIBIO TTOTyYCHHBIX
2D u 3D uucneHHbIX MoOJeNedl AMAMAarHUTHOHM TOJIOCTH C pasHbIMU Mapamerpamu Iuasmbl. Kpome TOro, Mel
MPE/ICTABISIEM PE3YJIbTaThl TPACCHPOBAHWS YAaCTHIl B 3JIEKTPOMATHUTHBIX IOJISIX, CO3/aBAEMBIX AWAMArHUTHOH
KaBEPHO.

JUia u3ydeHHs a3sUMYTaJbHBIX MAarHUTHBIX IOJ€H, CBS3aHHBIX C XOJUIOBCKMM 4ieHOM 3akoHa Owa, MBI
MpeACTaBIsieM OOHOBICHHYIO BEPCHIO pa3padOTaHHOTO HaMU KOHBEKTHBHOTO COJIBEpa Ul TPACCHPOBAHUSA
maruuTHOro mnoist (CEMF Solv).

1. Winske, D., Huba, J. D., Niemann, C., & Le, A. 2019 Frontiers in Astronomy and Space Sciences, 51(5) 1-14
2. Zakharov Y. P. et al. // Quantum Electronics. — 2022. — T. 52. — Ne. 2. — C. 155.
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HIupOTHO-XOJTOTHBIE 3AKOHOMEPHOCTH MATHUTOC(EPHOr0 OTKJINKA HA B3auMo/ielicTBHe
¢ IMAMATHUTHOM CTPYKTYPO# COJIHEYHOI0 BeTPa B FeOMArHUTHBIX MyJabcanuax Tuna Pels

B.A. ITapxomos, b.B. loB6Hs, B.I'. Ecenesmd, A.B. Pogronos
BI'Y, 2. Hpkymck, Poccus
E-mail: pekines_41@mail.ru

B noknane mpuBOAsATCS Pe3yNbTaThl UCCIEIOBAHHUS MarHMUTOC(EPHOTO OTKJIMKA Ha BO3AEHCTBUE NUaMarHUTHOU
ctpykTypsl (JIC), koTopas ABHTanmach B COCTaBe MOTOKa comHeyHoro BeTpa (CB) He m3Menss cBoeit cTpykTypsl. I1o
KpaifHeit Mepe, yaanocs npocienut apmkerne JJC ¢ coxpanernem codctBernoi ctpykrypsl or WIND xk THEMIS B,
C ¥ BO3MyILEeHHs BHYTpH MarHuTocgeps! Ha ciyTHrkax THA u THD.

Hazemnbiii otkinuk Ha BozaeictBue JC wucciaenyercss MO JaHHBIM MarHUTOMETPOB MEPUIUOHAIBHOU CETH
CARISMA.. OTkiHK TIpOsIBIISETCS B BUE BO30YKICHHUS B MOCIIEMONYICHHBIE Yachl MecTHOTO Bpemenu (13-15 MLT)
Ha BCell MEpUIMOHAIILHOM CeTH 00CepBaTOPUi OT MOJSIPHOH IIAIKH JI0 CPEJHUX IUPOT NIMPOKOIIOJIOCHOTO BCILIECKA
reoMarHuTHeIX Tynbcanuit Pcls [1-3] B muanazone wactor 0.5 + 0. 083 T’ (HIKE KJIACCHYECKOTO YaCTOTHOTO
nuamnasoHa Pcl).

4.5

FCC X 07.09.'2923

T.C

10

15
'

uTt

20:30
20:40
21:06
21:25°
21:431
22:01
22:19

Ha cniektporpaMme BeIuteck IMeeT BUJ IEBPOHA (10 aHAJIOTHH C HAIIMBKAMH Ha PyKaBax O(QHIIEPCKUX MYHIHPOB).
B nauane Bcrutecka B TedeHue ~ 20 MHHYT CpeIHSAS 4acTOTa COXPAHSCTCS, a 3aTeM HAOJI0aeTCsl POCT BEpXHEH
YacTOTHI U NaJieHne HUxHel. M3imydueHre Ha HU)KHEHN yacToTe 3aKaHuYMBaeTCs paHbllle, YeM Ha BEpXHEH.

HUccnenyrotes reoduzndeckue yCcaoBUs T'eHEpaAIMH TAKHX BCILUICCKOB U 00CYKIAIOTCS BO3MOXKHAS IPHUPOJIA.

1. Fukunishi H. et al. Classification of hydromagnetic emissions based on frequency-time spectra. JGR V. 65, No.
Al1l, P. 9029-9039, 1981.

2. Jlosoust B.B., 3otoB O.A. O HOBOH pa3sHOBMIHOCTH T'€OMarHUTHBIX Nynbcauuii Pcls. T'eomarmernsm u
Asponomus, T. 25, C. 440-444, 1985.

3. Safargaleev V.V. et al. Bursts of ULF noise excited by sudden changes of solar wind dynamic pressure. Annales
Geophysicae, V. 20, P. 1751-1761, 2002.
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Energetic electron precipitation in during substorm injections
A.V. Artemyev??

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

Substorm energetic electron precipitation (EEP) from the equatorial magnetosphere to the atmosphere is the most
powerful, transient mesoscale driver of atmospheric chemistry dynamics and the formation of low-ionosphere
(<100km) conductance layer. Two concurrent mechanisms are potentially responsible for EEP: resonant electron
scattering by whistler-mode waves and electron scattering by magnetic field-line curvature in the magnetotail current
sheet. Contribution of these mechanisms to EEP is dictated by the latitudinal (radial) location of the precipitation
regions, with curvature scattering dominating poleward from the inner magnetosphere that is likely controlled by
whistler-scattering. However, the low energy resolution of previous EEP measurements at low altitudes and large
mapping uncertainties to the equator prohibits a precise evaluation of the energy range and radial location of substorm
EEP. This presentation reports the analysis of two substrom EEP events (with electron energies ~MeV) that lasts for
two hours and occupies a region from the plasmapause to the near-Earth plasmasheet. Using ELFIN, Swarm, POES,
and THEMIS observations, we show that EEP at relativistic energies is likely driven by curvature scattering due to
the earthward motion of the magnetotail current sheet at the post-midnight sector, but in the pre-midnight sector such
EEP is provided by electron resonant scattering by electromagnetic ion cyclotron waves. We also estimate the impact
of such strong substrom EEP on the ionosphere ionization, in comparison with precipitation of plasma sheet (<30keV)
electrons.

Numerical modeling of the generation of Alfvén waves by laser plasma
in a magnetized background plasma at Alfvén-Mach numbers less than one

A.G. Berezutsky, V.N. Tishchenko, I.B. Miroshnichenko, A.A. Chibranov, I.F. Shaikhislamov
Institute of Laser Physics SB RAS, Novosibirsk, Russia

In this work we investigate the results of a numerical simulation of the generation of extended Alfvén waves by laser
plasma bunches under conditions when the initial speed of expansion of the plasma bunches is less than the Alfvén
velocity.

Using a 4-fluid MHD model, the “resonance” conditions [1-2] were studied, under which a train of laser plasma
bunches generated a single wave packet, the length of which and the efficiency of converting the energy of the bunches
into a wave are maximum. In [1], it was shown that the maximum length and efficiency of ~ 40% Alfvén wave
generation are achieved using a train of ~ 15 laser plasma bunches with a Mach humber Ma ~ 0.2 +0.3. The azimuthal
magnetic field in the Alfven wave reaches ~0.15 + 0.2 from the background magnetic field. Wave localized in a
magnetic field flux tube with radius is 0.5Rg. The repetition rate of bunches and the wavelength are ~ 2 +~ 3 times
greater than for Ma~1. In this work, we study the remaining resonance conditions: ion-plasma length Lyi=c/wpi, thermal
B, and optimal values of the Larmor radius at fixed values of the Ma ~0.2 and the number of plasma bunches.

The work was carried out within the framework of the Russian Science Foundation Project No. 24-22-00106.

1. Tishchenko V.N., Berezutsky A.G., Dmitrieva L.R., et al. // Solar-terrestrial physics. — 2022. — Vol. 8. — No. 2. —
pp. 101-107.

2. Berezutsky A.G. et al. Generation of torsional Alfvén and slow magnetosonic waves by periodic bunches of laser
plasma in a magnetised background //Quantum Electronics. — 2019. — Vol. 49. — Ne. 2. —p. 178.
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Significance of the electron plasma parameter value for chorus
excitation in the middle magnetosphere

P.A. Bespalov*?, O.N. Savina?, P.D. Zharavina®

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

The threshold condition for the excitation of VLF electromagnetic radiation with a chorus structure of the dynamic
spectrum in the daytime magnetosphere through the BPA (Beam Pulse Amplifier) mechanism of amplifying short
noise electromagnetic pulses is considered. The kappa distribution was used as a model function of the electron
velocity distribution in the magnetosphere. Calculations performed for this distribution showed that the threshold for
excitation of chorus basically depends on the electron plasma parameter, equal to the ratio of the gas-kinetic pressure
of electrons to the magnetic pressure. This is consistent with the pattern that we discovered from observations of the
Van Allen Probe spacecraft on the dependence of the probability of excitation of chorus on the irregularity of the
magnetic field, which represents sharp fluctuations in the magnitude of the magnetic field near its local minima, where
outside the plasmasphere the radiation under study can be excited. In the presence of irregularity, the probability of
detecting chorus is more than 70%, and in the absence or very low irregularity, the probability of the absence of any
radiation is about 80%. The noted results indicate a common reason for the excitation of chorus and the irregularity
of the magnetic field - a small but finite value of the electronic plasma parameter.

The studies were supported by RSF grant No. 20-12-00268 and by the Foundation for the Advancement of
Theoretical Physics and Mathematics “BASIS” project No. 23-1-67-1.

Aspects of the Hectometric Continuum Radiation
D.A. Dorofeev'?, A.A. Chernyshov?, D.V. Chugunin®, M.M. Mogilevsky?, V.E. Shaposhnikov®

Space Research Institute of the Russian Academy of Science, Moscow, Russia
2Higher School of Economics, Moscow, Russia
SInstitute of Applied Physics, Russian Academy of Science, Nizhny Novgorod, Russia

E-mail: dadorofeev_1@edu.hse.ru

Measurements of the electrical component of the electromagnetic field in the frequency range 2 kHz — 10 MHz on
the Japanese ERG satellite (Arase) made it possible to detect new radiation of the hectometric continuum type, which
is a linear spectrum at frequencies 600-1700 kHz. Statistics were collected for three years (489 cases), according to
which it was possible to establish that this type of radiation is observed mainly at night, doesn't depend on geomagnetic
activity, and the supposed source(s) is located at low latitudes. A possible mechanism for generating a hectometric
continuum is the mechanism of double plasma resonance, which consists in a sharp increase instability of plasma
waves when the upper hybrid frequency coincides with the cyclotron harmonic frequency. As a result, plasma waves
are excited, which are then transformed into intense electromagnetic radiation through the mechanism of three-wave
interaction. The implementation of this mechanism should take place on the gradient of the magnetic field and
concentration. It is assumed that the concentration gradient is caused by the so-called "ionospheric hole", which forms
at low latitudes at altitudes of ~1000 — 2500 km. Also, it was found that with a decrease in frequency, the angle of
propagation of the hectometric radiation also decreases.

The work of A.A. Chernyshov was supported by the Foundation for the Development of Theoretical Physics and
Mathematics “BASIS”.
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Solving multidimensional dispersion equation: phase analysis approach
V.A. Frantsuzov'? and A.V. Artemyev®

Space Research Institute of the Russian Academy of Sciences (IKI), 84/32 Profsoyuznaya Str., Moscow, 117997,
Russia

2Faculty of Physics, National Research University Higher School of Economics, 21/4 Staraya Basmannaya Ulitsa,
Moscow, 105066, Russia

3Department of Earth, Planetary, and Space Sciences, University of California, 595 Charles E Young Dr E, Los
Angeles, 90095, CA, USA

Root-finding is a common problem in various fields of physics and mathematics. This problem arises during the
perturbation analysis of the system, resulting in a dispersion equation for the frequency o and the wave vector k: f(o,
k) = 0 where ® € C and k € Rn, n > 0. Iterative Newton-like methods show high convergence rate, however, the
continuity of the solutions in CxRn is not used and the convergence of the method is strongly dependent on the input
parameters such as an initial guess. If the function f is complicated enough, there can be no prior information about
its zeros and, thus, no way to correctly pick the initial guess. The aim of the proposed algorithm is to find all zeros
and poles inside a selected region without any information about the local behavior of the function f. The basis of the
algorithm consists of a triangulation process and an implementation of the Cauchy’s argument principle to inspect the
constructed subregions. The refinement process is accompanied by an argument gradient Varg(f) analysis that
significantly decreases the number of points needed to correctly identify the locations of all zeros and poles.

Energy Dispersion in Electron Precipitation Caused by EMIC Wave
V.S. Grach?, A.V. Artemyev?, A.G. Demekhov3?

IA.V. Gaponov-Grekhov Institute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod, Russia
2University of California, Los Angeles, USA
SPolar Geophysical Institute, Apatity, Russia

Relativistic electrons can be effectively scattered into ionoshpere by electromagnetic ion cyclotron (EMIC) waves.
EMIC-driven precipitation bursts can be detected by low-altitude spacecraft; recently, observations revealed the
dependence of precipitated particle energy E on L-shell. Two predominant categories of observed events exhibit
dE/dL>0 and dE/dL<0. We interpret precipitation with dE/dL<0 as due to the typical inward radial gradient of cold
plasma density and equatorial magnetic field. Precipitation with dE/dL>0 can be interpreted as due to an outward
radial gradient of the equatorial magnetic field, likely produced by diamagnetic effect of energetic ions freshly injected
into the ring current. Under such assumptions, we reproduce the observed energy dispersion of EMIC-driven electron
precipitation in numerical simulations.

Work of V.S. Grach is funded by Russian Science Foundation, grant 19-72-10111.
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Dayside Electron Scattering Driven by Magnetospheric Asymmetry
S.R. Kamaletdinov?, A.V. Artemyev?!?

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

Radial transport of energetic electrons is the primary process responsible for the global variability of the outer radiation
belt. This transport results from a violation of the third adiabatic invariant, allowing for electron motion between
different drift shells. One of the mechanisms providing the third adiabatic invariant destruction is the so-called drift
shell bifurcation caused by the solar wind compression of the dayside magnetosphere. Such compression provides a
formation of a local maximum of the field strength at the equator with two off-equatorial minima in the north and
south hemispheres, where drifting electrons can be trapped. These trapping and following de-trapping are associated
with jumps of the second and third adiabatic invariants, that mostly has been investigated for highly north-south and
dawn-dusk symmetrical configurations of the magnetopsheric magnetic field. In this study, we quantify the jumps of
the adiabatic invariant due to asymmetric drift shell bifurcation. Using the theory for separatrix crossing in slow-fast
Hamiltonian systems, we demonstrate that in the presence of a significant IMF By field, there are so-called geometric
jumps of adiabatic invariants, associated with the asymmetry of the magnetic field configuration and having
magnitudes comparable with the initial invariant magnitudes. We develop a mapping technique that allows estimating
typical jumps for a given magnetic field configuration and then estimate radial transport associated with the
asymmetric drift shell bifurcation. Our results reveal that magnitude of electron radial displacement can reach values
of AL ~ =1 per one drift period, and this magnitude is primarily controlled by the angle between IMF By and
IMF B..

Deep Learning Approach for Determination of Energetic Electron Precipitation Patterns
in Low-Altitude Measurements

A.S. Lukin'?, X-J. Zhang'®, A.V. Artemyev3?

The University of Texas at Dallas, Richardson, USA
2Space Research Institute of Russian Academy of Sciences, Moscow, Russia
3University of California, Los Angeles, Los Angeles, USA

Low-altitude spacecraft measurements provide the key dataset of precipitating energetic electrons, vitally important
for multiple space weather models and for simulations of magnetosphere-ionosphere interaction. Determination and
characterization of precipitation patterns for plasma sheet electrons (<30 keV) are well developed owing to an
enormously huge dataset of DMSP fleet, whereas there is no comparably good technique for revealing patterns of
energetic (>50 keV) electron precipitations. Electrons of such energies penetrate deeper into the atmosphere, affective
conductance and ionization rate in E/D ionosphere layers. Historically, energetic electron precipitation dataset has
been dominated by POES/MetOp satellite measurements, that have quite poor energy resolution and do not resolve
energy distributions typical for different precipitation drivers, e.g. resonant scattering by whistler-mode waves and
electromagnetic ion cyclotron waves, or scattering by magnetic field line curvature in the plasma sheet. However,
rapid growth of low-altitude CubeSat measurements of energetic electrons with high energy resolution provide new
opportunities for characterizing and quantification of energetic electron precipitation patterns. Therefore, a new
methodology is needed for processing and analyzing such datasets. In our work we use the ELFIN CubeSat dataset
that includes three years (2019-2022) of observations of precipitation and trapped electron fluxes with 50-6000 keV
energy range and develop the deep learning model for automatic determination of typical precipitation patterns.
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Modeling of the vertical velocity of the acoustic disturbance of the atmosphere
initiated by a movement of the lower boundary

E.S. Smirnoval?

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

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

The problem of generation and propagation of one-dimensional acoustic wave initiated by a source at the lower
boundary of the atmosphere with a stratification parameter (atmospheric scale height) depending on the vertical
coordinate H=H(z) is formulated as an initial-boundary value problem for the Klein-Gordon equation in the half-space
z >0, t > 0. The Klein-Gordon equation is obtained from an one-dimensional system of equations by the
hydrothermodynamics, which is classically used to pose similar problems.

Equatorial source of oblique electromagnetic ion cyclotron waves:
peculiarities in the ion distribution function

D.S. Tonoian!, X-J. Zhang?, Anton Artemyev?

1The University of Texas at Dallas, Richardson, USA
2University of California, Los Angeles, USA

Electromagnetic ion cyclotron (EMIC) waves are important for Earth’s inner magnetosphere as they can effectively
drive relativistic electron losses to the atmosphere and energetic (ring current) ion scattering and isotropization. EMIC
waves are generated by transversely anisotropic ion populations around the equatorial source region, and for typical
magnetospheric conditions this almost always produces field-aligned waves. For many specific occasions, however,
oblique EMIC waves are observed, and such obliquity has been commonly attributed to the wave off-equatorial
propagation in curved dipole magnetic fields. In this study, we report that very obligue EMIC waves can be directly
generated at the equatorial source region. Using THEMIS spacecraft observations at the dawn flank, we show that
such oblique wave generation is possible in the presence of a field-aligned thermal ion population, likely of
ionospheric origin, which can reduce Landau damping of obliqgue EMIC waves and cyclotron generation of field-
aligned waves. This generation mechanism underlines the importance of magnetosphere-ionosphere coupling
processes in controlling wave characteristics in the inner magnetosphere.
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JJIeKTPOMATHUTHBIE IIYMbI, BO30Y K/IaeMble IIUPOKOANEPTYPHBIM 3J1€KTPOHHBIM MOTOKOM
B 3aMAarHU4YeHHOIi IJ1a3Me 00JILII0r0 00hbeMa

WN.YO. 3ymmn, MLE. I'ymuun, A.B. Ctpukosckuii, H.A. Alinakuna,
C.B. Kopo6xos, A.C. Hukomenko, K.H. Jlockytos, A.I'. [lemexoB

Dedepanvroe eocyoapcmeenHoe br00xcemHoe HayyHoe yupedcoeHue «DPedepanvbHuilli UCcie008amenbCKull YyeHmp
Hnuemumym npuxnaounoii gusuxu um. A.B. I'anonosa-I pexosa Poccuiickoii akademuu HayKy»

3HauuTEIbHAs YaCTh €CTECTBEHHBIX DJICKTPOMArHUTHBIX LITYMOB, PETHCTPHPYEMBIX B OKOJIO3EMHOI I1a3Me, (XOpHl,
LIAICHUS, TPUTTEPHBbIC H3IYYCHUs], CBHUCTSAIMEC aTMOCHEPUKH U Jp.) BO30YKAASTCS B BHIC CBHCTOBBIX BOIIH.
CBHCTOBBIE BOJIHBI MOTYT 3()(DEKTHBHO B3aMMOJICUCTBOBATH C YHEPTHYHBIMH IJIEKTPOHAMH PaJUAlMOHHBIX MOSCOB,
B TOM YHCJIE BO30YXKJaThCs N3-32 Pa3BUTHS HEYCTOWYMBOCTEH, CBA3aHHBIX C JHEPTHYHBIMU YaCTHUIIAMH.

Jocratouno 3(HeKTHBHBIM HHCTPYMEHTOM HU3YYCHHs B3aUMOJCHCTBHI BHJA «BOJHA — YACTHIIA» MOXKET OBITh
naboparopHoe MojeiupoBanune. Ha kpynHoMacimiTaOHOM I[uia3MeHHOM creHae «Kpot» ObuTH  HCCle 0BaHbI
9JIEKTPOMarHUTHBIE IIyMbI, BO3HUKAIONIME PH WHXKEKIMU B IUIa3My HIMPOKOAIIEPTYPHOTO MIEKTPOHHOTO My4Ka. B
9KCIIEPUMEHTAX UCIIOJIB30BAINCH IyYKU C HIMPOKOH (DYyHKLHUEH pacnpesieieHus IeKTPOHOB 1O CKOpOCTsM. [Tyuku
HHKEKTUPOBAIKCH B (DOHOBYIO MArHUTOAKTUBHYIO IJ1a3My, JIHOO B HEHTpaIbHBIN pabouuii ras.

B askcnepumentax [1] 0bu1 oOHapyxeH 3()(EeKT reHepalud CUTHAIOB C TUCKPETHBIMH U IIMPOKOIOJIOCHBIMU
CHEKTPaJbHBIMHU COCTABISIOMMMU. [1IMPOKOMIOTIOCHBIE IIyMBbI BO30YXKIAIMCh B MHTEpBale YacTOT MPO3PAYHOCTH
mwiazmbl T < min(fee, fp) (fee — 2mexTponnas nukimorponHas 4acrora, fy — mmasmMeHHas YactoTa), ¥ W3NTydYaTUCh B
(OHOBYIO TUIa3My B BHJIC CBHUCTOBBIX BOJIH. Y3KOIMOJOCHBIC CIEKTPAIbHBIC COCTABISIIONIME PETHCTPUPOBAIKCH
BHYTPH ITy4yKa Ha UKJIOTPOHHBIX T'APMOHHUKaX. B yCIIOBHSIX dKCIIEpUMEHTa OHH, CKOpee BCETro, MPECTaBIISIOT CO00i
pe3yibTaT HHTEPPEPSHIIUH TIOJIEH HIEKTPOHOB, IBHKYIIUXCS IO CIIUPATBHBIM TPACKTOPHSIM.

AHanu3 MOJyYEHHBIX PE3yJbTATOB CBUCTEIBCTBYET, YTO MNPUYMHOW T'€HEpAlUH HIMPOKOMOJOCHBIX IIYMOB
SIBJSIETCSL pa3BUTHE TOKOBOW HEYCTOHYMBOCTH. AHAIOTHYHBIA 3((QEeKT TreHepaluuy LIIMPOKOIIOJIOCHOTO IIyMa
HaOMI0aNcs B 3KCIEPUMEHTAX C 3JIEKTPOHHBIM MOTOKOM, BBITSTHBAGMBIM U3 IUIa3Mbl C TIOMOILIBIO JJIEKTPOJA,
HAXO/JISIIETOCs MOJ] BHICOKUM MOJIOXKUTEIbHBIM TOTeHIManoM [2]. ComocraBiieHue pe3yIbTaToOB KCIEPHMEHTOB
CBHUJIETEILCTBYET O TOM, 4YTO B OOOHX CIIydyasXx pPEaM30BBIBAIUCH IMOXOXKHE MEXaHM3Mbl T'CHEpPAIMU IIyMOB,
HMEIOIINE, TI0 BCe BUAMMOCTH, YHUBEPCAJIbHBIN XapaKkTep.

IIpoBeneHHOE HCCIEIOBaHUS IO3BOJIIET C(HOPMYJIMPOBATH JOCTATOYHO OOIIME BBIBOJ O TOM, 4YTO MPH
MHTEPIPETAlUN ¥ 000OIICHUH PEe3yabTaTOB Ja0OPATOPHBIX IKCIIEPUMEHTOB HEOOXOAMMO YYHUTHIBATH ((HEKThI
HecTaluMoHapHOH MojupuKanyuyd (OHOBOH Cpelbl ANEKTPOHHBIM MYYKOM. B YacTHOCTH, B OMNHMCBIBAEMBIX
9KCIIEPUMEHTAX M3MEHEHHUS! KOHIEHTPAIMH IIa3Mbl 332 CUET MOHM3AIMU paboyero rasa NpUBOAMINA K W3MEHEHHIO
CHEKTPAJbHOIO COCTaBa BO30YIKIAEMBIX IIIYMOB.

HccnenoBanus mpoBeIeHBI B paMKax rocyaapcreentoro 3aganus U1 PAH #FFUF-2021-0028.

1. 3ymma W.FO. OcoOeHHOCTH IUHAMHYECKOTO CIEKTpa CHTHAJOB, BO30YXIAeMBIX MIHPOKOANEPTYPHBIM
JJIEKTPOHHBIM IIOTOKOM B 3aMarHHYeHHOH mmiasMme Ooipmoro obdbema / W.FO. 3ymma, ML.E. I'ymun, A.B.
CrpukoBckuii, H.A. Aiinakuna, C.B. Kopo6kos, A.C. Hukonenko, B.W. I'yanopun, K.H. Jlockytos, A.T". [lemexoB
// TIucema B XKOT®. — 2024. — T. 119, Beim. 1. — C. 27-33.

2. 3ynun W.IO. lupokormnosnocHass HeyCTOWYMBOCTh CBUCTOBOIO JHMAana3oHa B KaBEPHE MJIOTHOCTU 3aMarHUYEHHOM
m1a3Mel ¢ mpoaosbHbIM TokoM / WLIO. 3ynun, M.E. I'ymun, H.A. Alinakuna, C.B. Kopo6kos, A.B. CtpukoBckwmii
// TIncema B XKOT®. — 2021. — T. 113, Beim. 2. — C. 96-101.
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Tpuanryasinusi NOJSIPHBIX CUSTHUIA 10 HA3€MHBIM JIAHHBIM, CIIEKTPBI BbICHINAIOIINXCS YJIEKTPOHOB
U MaraurocgepHbie npoueccol, HadMogaemMble cmyTHHKOM Van Allen Probe B6smm3u 6 Re

B.B. Kosenos?, E.E. Turoal?

onapuoui zeopuszuueckuti uncmumym, Apatity, Russia
2H)Ltcmumym rocmuyeckux uccneoosanu PAH, Mockea, Poccus

[IpencraBneHsl JaHHBIE OJHOBPEMEHHBIX HA3eMHBIX M CIYTHHKOBBIX HAONIOJNEHWI B MarHUTOCONPSDKEHHBIX
obnacTsx MOHOC(Epsl M MarHUTOC(Eepbl, CBUAETEILCTBYIONIME O CBSI3M IMOTOKOB 3JIEKTPOHOB, T'€HEPHPYIOIINX
aBpOpabHBIC JIy4H, C TIPOLIECCAMH B3aMMOEHCTBHS BOJIH € 3JIEKTpOHaMH B MarHuTocdepe npu 6 Re. zBectHo, uTo
3a aBpOpaJIbHBIC BBICHINAHNUSA OTBETCTBEHHBI PA3JIMYHbIC THITHI BOJHOBBEIX MOJI. B mocnenaue roas! ocoboe BHIMaHNE
yAemsieTCs. BBICOKOMHTEHCUBHBIM HEJIMHEHHBIM IIMPOKONOIOCHBIM 3IEKTPOCTATHYECKUM BOJIHAM, KOTOPBIE, KaK U B
paccMmarpuBaeMoM cirydae, ObliIi 0OHapy KeHbI BO BHYTpeHHEH MarHuTocepe BOIM3H SKBAaTOpa Ha CI[yTHHUKAX Van
Allen Probe A (VAP-A).

C IOMOIIBIO TPUAHTYJIALUOHHBIX HAOMIONCHUN MOJSAPHBIX CHSHUNH MBI ONPEACTMIN SHEPTHM BBICHIIAIOIIUXCS
AIIEKTPOHOB IS CIa0bIX JIy4EBBIX CTPYKTYp BO BpeMsi coObIThs 17 mapta 2015 1. B uHTepBaie Bpemenu 19:22-19:25
UT. OGHapyKeHO, YTO OCHOBHOH BKJIA]] B JHSPTETHUCSCKHUIA CIIEKTP IEKTPOHOB BHOCHUT MUK ¢ 3Heprueit 50—400 3B,
a JIONIOJIHUTENBbHBII BKJIa IPU DHEPIHSX B HECKOJILKO JECATKOB 3B pacimupsier npoduib Ha OOJBIINE BBICOTHI.
HawuGoubiee yBeandeHUe OTOKA AJIEKTPOHOB ObLIO 3a(MKCHPOBAHO Ha COIPSHKEHHOM ciyTHUKe VAP-A B TO xe
BpeMs, Korja JIydd HaONIOaINCh B TMOJSIPHOM cHAHUHM. CpaBHEHHE CIEKTPOB BBICHINAIONINXCSA 3JIEKTPOHOB,
M3MEPEHHBIX B 3KBATOPHANBHON 007acTH Ha ciiyTHHKE VAP-A, B coueTaHnM ¢ HaOIIOACHUAMH B MOJSIPHOM CHUSTHUT
MOKa3aJi0 KadecTBEHHOEe corjlacue. Bo-NepBbIX, MPH PETUCTPAIMM MOJSIPHOTO CHUSHHS IMOTOKM 3JIEKTPOHOB Ha
CIYTHHKEC BHYTPH M BOJH3M KOHyca NHOTeph yBenmuuwinch B amama3one E ~ (10—400) 3B, uro coorBercTByeT
JIMana3oHy SHEPTUil SJICKTPOHOB, ONPEICICHHOMY B JIy4aX HOJSIPHOTO CUSHHA. BO-BTOPBIX, CIIEKTP BBICHINAIOIINXCS
3JIEKTPOHOB Ha CITyTHUKE COJIEPIKUT JABE MOMYyJAIUH: 31eKTpoHbl ¢ E < 50 3B, MOTOKM KOTOPBIX yMEHBIIAIOTCS C
POCTOM PHEPTHUH, U 0oJiee YHEPTUIHbIE INEKTPOHBI C JIOKAJbHBIMU MakcumyMami mipu E ~ 50—400 3B.

[TokazaHo, 4TO YCHJIEHHWE NOJAPHBIX CHSHHH COINPOBOXKAAIOCH IIMPOKONOJOCHBIMH 3JIEKTPOCTATHIECKUMHU
BOJIHAMH C MaKCHUMaJbHOM aMIuIuTynoil Ha yacrotax <100 I'u, 3apeructpupoBaHHBIMU CHyTHUKOM VAP-A B
COTIPsDKEHHOH 001acTi BOIM3H SKBaTOpa. II0CKOIBKY BO BpeMs COBIIAACHUS MOJSPHOTO CUSHUS U BOJIH Ha CITyTHHKE
HaOJIOAAINCh TOJBKO IIMPOKOIOJIOCHBIE 3JIEKTPOCTaTHYECKHE KOJIeOaHWs, MBI TIPENIoJiaraeM, 4YTO HMEHHO
MIMPOKOMOJIOCHBIE 3JIEKTPOCTATHYECKUE BOJIHBI BBI3BIBAIOT BBHICHIIIAHMS 3JEKTPOHOB, CO3JAIONINE JIydeBbIC
CTPYKTYPBHI B ITOJIIPHOM CHSTHHU.

Pabora nonunepxana PH® n Mypmanckoit ooactbo, mpoext Ne 22-12-20017.

Kozelov, B.V.; Titova, E.E. Conjunction Ground Triangulation of Auroras and Magnetospheric Processes Observed
by the Van Allen Probe Satellite near 6 Re // Universe, 2023, 9, 353. https://doi.org/10.3390/universe9080353
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CraTHCcTHYeCcKHe CBOMCTBA COJTHEYHOI0 BeTPa Mo N3MepeHusIM
aBPOPATBbHOI0 KHJIOMETPOBOro paguon3saydyenus Ha cmyTHuke WIND

B.N. Konnak'?3, M.M. Morunesckuii', JI.B. Uyrynun®, A.A. Uepnbiuos?!, U.JI. Mouceenko®, M.O. Pasanuenal

YUnemumym xocmuveckux uccnedoeanuii PAH, Mockea, Poccus

2Hncmumym 3eMH020 Maznemusma, uoHocgepvl u pacnpocmpanenus paouosoan um. H.B. ITywikoea PAH,
Tpouyk, Mockea, Poccus

SHayuonanvuwtii uccnredosamensvcruti ynusepcumem « Boicuias wixona sxonomuxuy, Mockea, Poccust

B paborax [1-3] OpUIO MOKa3aHO, YTO MPH PACIPOCTPAHCHUN aBPOPATHHOTO KHJIOMETPOBOTO PATHOU3ITYICHUSL
(AKP) B marauTochepe 3eMir MOKET IPOUCXOIUTD "3axBaT" M3TydeHHS B INTa3MEHHbIC KaHAIBI — HEOTHOPOJHOCTH
IUTa3Mbl, BBITSHYThIE BJOJb MAarHUTHOTO TOJI, W PAaclpOCTpPaHCHHE H3IydeHUs IO ATUM KaHamaM. "3axsatr'
U3IIy4EeHHS MOXKET NPOUCXOIUTh naxe npu ycnoBur f >fpe (f — gacrora AKP, fye — mi1a3MeHHast yacToTa SIEKTPOHOB),
€CIIH YTOJI Ta/ICHUS M3JTyIEeHIsI Ha CTCHKH KaHaJla 0 He ITPEeBBIIIaeT HEKOTOPBIH yroi Oy, BETUIHHA KOTOPOTO 3aBUCHUT
OT JIOKanbHOTO 3HaueHus fpe U cBOMCTB crenku kanama Afpe. Mcmons3ys 310 cBoiictBo, AKP MBI aHaIH3UpOBaIH
4acTOTy MOSBJICHUS M3IY4YECHHUS B 3aBHCHMOCTH OT nojoxkeHus ciyTHuka WIND, conHeuHON akTHBHOCTH (dYHcia
Bonbda, wactora MOSBICHUS COJHEYHBIX PaJHOBCINIECKOB TPETHETO THIA) M CBOIMCTB COJIHEYHOTO BeTpa [4].
Pe3ynbTaThl aHaNN3a NOKA3bIBAIOT:

- Ipu cnokoitHbIX yeiaoBusax AKP HaOmronaroTes yame npu +Y, yeM npu —Y,;
- ipu BbICOKOH akTUBHOCTH AKP HabmonaoTes 3aMETHO peske, 4eM ITPH HU3KOH.

W3 aroro cnexyer, 4To NpH BHICOKOH akTHBHOCTH COJHIIA TUTa3MEHHBIE KaHAJIBI CTAHOBATCS 00Jiee KOPOTKMMH U UX
npoonbHeI MacmTad a << R (R — paccrostaue 10 Touku nubpanunu, 1,5 MiH. kM). [Ipi COOKOHHBIX YCIOBHSX
MpOJOJBHBIN MacmTab a ~ R, W mpocTpaHcTBEeHHass acMMMeTpusi pactpenenceHus perucrtpamun AKP orpaxaer
CHHPATBHYIO CTPYKTYPY COTHEYHOTO BETPA.

1. Calvert W. Geoph. Res. Letters. 1982. V. 9, no. 1. P. 56-59.

2. Mogilevsky M.M., et al. JETP Letters. 2022. V. 115. P. 602-607.
3. Kolpak V.1, et al. Solar-Terrestrial Physics. 2024, in press.

4. http://iki.rssi.ru/pub/omni/catalog/
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Hccnenopanne BIMSHUA THNA KOHTPOJIHUPYEMOIro HCTOYHUKA MEPBUYHOTO MOJIA HA BO30YKIeHHe
H pacnpocTpaHeHHe KpaiiHe HU3K0YACTOTHBIX 3JIeKTPOMATHUTHBIX BOJIH B HEOJTHOPOIHOMH cpefe

B.A. JTro6uma
Honsiproui eeousuneckuit uncmumym, 2. Anamumot, Poccus

C menpio U3y4YeHHs BIMSIHUS THIA KOHTPOJIUPYEMOTO MCTOYHHMKA MEPBUYHOTO IO HA MPOIECCHl BO3OYKICHHUS U
pacmpoCTpaHCHUs IIICKTPOMATHUTHBIX BOJH KpaifHE HH3KOYACTOTHOTO NTUAra3oHa B HEOJHOPOJHOW cpeie ObLIv
BBIMOJIHEHBI MOJICNIbHBIC BBIUUCICHUS. [0 pe3ynbraTaM MOACIMPOBAHUS OBLJIO YCTAHOBJICHO, YTO MaKCHMAJIbHBIC
aMIUTUTYAB! (YHKIIMA WCTOYHHKOB BTOPUYHBIX aHOMAIBHBIX 3JIEKTPOMArHUTHBIX TOJIEH (TUIOTHOCTH (PUKTUBHOTO
MarHUTHOTO TOKa) HaOJIOMAIOTCS NI MOTPY)KEHHOW HAKIIOHHOW JMWHUH. J[aHHBIA THI WCTOYHWKA MOICIHPOBAI
JIMHUIO, OMYIICHHYIO B CKBaXXHHY IPU MPOBEJCHUU PabOT METOMOM 3apsia. Takxke OBUIO MPOBEICHO CpPaBHEHUE
Pe3yIbTaTOB HHTSPIPETAIINN YKCIIEPIMEHTAIBHBIX Te0(U3NIECKAX JTaHHBIX, IIOyYeHHBIX Ha ydacTke JIoMmuIHIOH
MOoOHYETopCKOTO PyTHOTO paiioHa C MOMOINBI0 PAAHOTONOTPadUIeckoro METOoJa W METOAa MEIKOMAacIITaOHOTO
3apsaa. [lo pesynbpraTaM HHTEPIPETANUU ObLIa MOCTPOCHA MOCTIbh PYIHON 30HBI Ui yuacTka JlodmumHioH. s
JlaHHOﬁ MOA€IN aHAJIU3UPOBAJIUCH aMINJIUTY bl KOMIIOHCHT aHOMAJIbHOT'O 3JICKTPOMAriuTHOT'O MOJISI B 3aBUCUMOCTHU
OT THUNAa KOHTPOJHMPYEMOIO HCTOYHMKA M YacTOThl MEPBUYHOTO JJIEKTPOMArHUTHOTro mnoisid. IIpoBeneHHbIE
UCCJIEJIOBaHMSl TO3BOJIIIOT CHEJaTh BBIBOA O I1€J€CO00OpPa3HOCTH KOMOWHUPOBaHHMsS METOJa 3apsaa H
pa,unoronorpa(bmquKoﬁ MCETOAUKH [JIs1 BU3YyaIU3allur JJICKTPOIIPOBOAAIIUX aHOMAJIbHBIX 30H, MMEPCIICKTUBHBIX Ha
0o0OHapy>KeHHE PYAHBIX ITOJIC3HBIX MCKOMACMBbIX.

ABpopanbnbie munenus: Ha Hnundeprene u «moasspHbIe» Cyo0ypH
A.C. Huxurenko?, }0.B. ®enopenxo?, H.I'. Kneiimenona?, JI.W. I'pomosa®, .M. Mansiuesa?, E.B. bekerosa®

IrH, 2. Anamumot, Poccus
2UD3, 2. Mockea, Poccus
SUBMUPAH, 2. Tpouyx, Poccus
YMATY, o. Anamumwi, Poccus

E-mail: alex.nikitenko91@gmail.com

B pabore mpexacTaBneHbl pe3yibTaThl aHANM3a HA3eMHBIX HAOMIOAECHWH 3JIEKTPOMArHUTHBIX M3JIyYEHUH THIIA
aBpopalbHbIE MUIMEHUs Ha cTaHuu 06c. bapeHnoypr (ucmp. reom. k-tet ®=75.21°, A=126.06°). PaccmaTpuBaroTcst
BCIUIECKH, BO3HUKAIIINE BO BpeMsI «IOJIPHBIX» Cy00yph, KoTophle HabmronatoTes Ha mmpoTax Beime 70 MLAT npu
OTCYTCTBMM MarHUTHBIX CyOOyph Ha OoJiee HU3KHUX IIHUpoTax. Ha ocHOBE OIEHKHM MOJIIPU3AMd MarHUTHOTO TOJIS U
a3UMyTaNbHOTO yria BekTopa [lofHTHHTa aHaTH3UpyeMbIX BOJIH ITPOBEICHA OICHKA MOJIOKEHHS 00JIaCTH Ha 3eMHOM
MOBEPXHOCTH, 3aCBEUEHHON BCIUIECKAaMH ITAHHOTO THIA. J[MHAMHKA TOJOXEHUS 3TOH 00JacTH COMOCTaBJIEHA C
JMHAMHKOM cyOOypH M IOJIOKEHUS POJOIBHBIX TOKOB, 3apETHCTPUPOBAHHBIX CIyTHHKaMH poekta «KAMPEREY.
Ha ocHOBe npoBeseHHOTO aHanM3a BBIIBHHYTO IPEIIIOJIOKEHHE O BO3MOXKHOW CBSI3M JAWHAMHUKH aBPOPaJbHBIX
IIUIIEHAN U Cy00ypH.
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JJIeKTpUYeCKHil IITOPM BO BpeMsl MArHUTHOM Oypu S anpens 2010 r.
B.A. Ilununenko?, C.2. Cmupuos?, A.B. ®pank-Kamenenxuii®, B.A. Maprunec-benenko®

Ynemumym @usuxu 3emau PAH, Mockea
2Unemumym kocmuueckux uccredoéanuti u paouoeonn PAH, Ilapamynka
SApxmuyeckuti u Anmapkmuueckuti nayuno-ucciredosamenvckuti uncmumym, C-Ilemepbype

[TpoGnema Bo3MyIIeHHsT aTMOC(EPHOTO AIIEKTPUIECKOTO MOJIS ITPY BapUalUsaX F€OMarHUTHOTO MOJIS IO CHX TI0p He
UMEeT OJHO3HAYHOrO peuieHus. Mbl NpoaHaIM3UPOBAIM JOCTYNHBIE NaHHBIE MAarHUTOMETPOB M CTaHLUH
aTMOC(EpHOTO 3JIEKTPHUUECTBA BO BpeMs cymepcyoOypm 5 ampens 2010 r., pa3BuBmielics Ha (OoHE yMEepeHHOI
MarHutHo# Oypu (Dst ~ —80 uTi). ConocraneHue TaHHBIX (IIIOKCMETPOB M MATHUTOMETPOB ITOKA3aJI0 HEOXKUIAHHO
CUJIbHBIC BapHUalluu BEPTHUKAJIBHOTO 3JICKTPUYCCKOI'O IMOJIA Ez J0 HCCKOJIBKUX COTCH B/M BO BpE€Ms MHTCHCHUBHBIX
MarHUTHBIX BO3MYILeHUH. X0oTs Bo3MynieHne Ez HaGmonaBmeecs o BceMy MUPY IPUMEPHO COBIAJIO C MarHUTHOM
Oypel, KOTepeHTHOCTh MEX/y F€OMarHUTHEIMU U JIEKTPHYCSCKIMH BapuausaMu Oblia Hu3Kast. [laHHOE COOBITHE HE
YKIIQBIBAETCS. B COBPEMEHHBIC MPEICTABICHHS O BO3MYILEHHSAX aTMOC(EPHOro 3JIEKTPUYECKOro  IMOJIs
HOHOC(HEPHBIMU TOKAMH.

Oco0eHHOCTH pacpOoCTPAHEHUsI CUTHAJIOB C()epUKOB, BbI3BAHHBIX
aTrMocgepHbIMH 3JIeKTPUYECKMMHU pa3psiilaMi BO BpeMsi U3BepakeHus Bykana Toura

10.B. IToknaa, H.C. Aukacos, b.I'. I'aBpunos, B.M. Epmak, E.H. Ko3akosa, N.A. PsxoBckuit
@I'FYH Uncmumym ounamuxu 2eocghep umenu akaoemuxa M.A. Caoosckoeo PAH, 2. Mockea, Poccus
E-mails: poklad@mail.ru, boris.gavrilovd4@gmail.com, ryakhovskiy88@yandex.ru

W3Bepxenne BynkaHa XyHra Tonra—Xynra Xaamaii (20°34'12.00"1O, 175°22'48.00"3) BbI3BaNO THTaHTCKYIO
JIOKAJIbHYIO MOJIHHEBYIO aKTUBHOCTB, KoTopas nocturaia 100 pa3psmoB B cekyHay. Hanbosee cuiabpHbIN BEIOpOC pH
M3BEPIKEHUH TOJBOJHOTO BYyJKaHa mpowmsomren 15 saBaps 2022 roma B 04:14:45 UT. UADI PAH roma Bemer
MoHuTOpHHT curHaioB OHY-mmamazoma B 'O MuxueBo. CHrHambl OT MOJHHEBHIX pa3psIoB OBLIH
3aperucTpupoBanbl B «MuxHeBo» Ha paccTosHuu cBbime 15000 kM. IIpu 5TOM OKa3aioch, 4TO MaKCHUMAallbHbIE
aMIUTUTY/Ibl TPUHUMAEMbIX CUTHAJIOB COOTBETCTBYIOT C(hepHKaM, pacipOCTPAHSIOLIMMCS IO JTyre OOJIBIIOrO Kpyra ¢
«O0paTHOHM CTOPOHBI» MO Tpacce HOW okojo 24000 kM. DTO CBsA3aHO C TeM, YTO JOyra OOJBIIOTO KpyTra
COOTBETCTBYIONIAsl KpaTyallieMy pacCTOSHUIO MexAy ByJkaHoM Tonra u 'O «MuxHeBo», MPaKTUYECKU BCS
pacriojiokeHa Ha OCBEIleHHOW cTopoHe 3emin. B TO Bpems kak Tpacca pacHpOCTpaHEHHs CHTHaloOB C(EpUKOB,
pacIpocTpaHsonIecs: B 0OpaTHOM HalpaBJIeHUH, MOYTH BCS PACIIOJIOKEHA Ha HOYHOI cTopoHe. Bputn oreHeHsl
CKOpPOCTHU PaclpOCTPaHEHHs CUTHANIOB Ha yacToTax 9 u 14 kI'm.

Paborta BbInosHeHA B paMkax ['ocynapcrBennoro 3aaanus Ne 122032900175-6.
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O npupoae THEBHBIX BbICOKOUIMPOTHBIX MATHUTHBIX UMITYJIbCOB
B.B. Cagapraineen

Canxm-IlemepOypeckuti ¢huruan uHCMumyma 3eMHO20 MASHeMU3Mda, UOHOCGHepbl
u pacnpocmpanerusi paouosoiar um. H.B. Ilywkosa PAH, 2. Cankm-Ilemep6ype, Poccus

E-mail: Vladimir.safargaleev@pgia.ru

JlHeBHbBIE BHICOKOIIMPOTHBIE T€0(N3NIECKHE SBICHNU HECYT HA3eMHOMY HAOIIONATENI0 HHPOPMAIIHIO O MPOIECcCcax
Ha JHEBHON MAarHWTONAy3€ W/WIM B IMPUMBIKAIONINX K Hell MarHuTocepHbIX noMeHax. [Ipenmonaraercs, 9To 3TH
SIBJICHUS MHULUUPYIOTCS CONHEYHBIM BETPOM M IOITOMY MOTYT UCHOJIb30BATHCSA KaK HHCTPYMEHT IS UCCIIEJOBAaHUS
CIOCOOO0B ITPOHUKHOBEHHMSI DHEPI'MU COJIHEYHOTO BETpa Yepe3 MarHUTOMNAy3y, TECOPETHYECKH SIBIISIOIEHCS [UIs 3TOTO
6appepoM. OHNM U3 TaKWUX SBICHUI CYUTAIOTCS MAarHUTHBIE UMITYJIbCHI, IPEACTABISIONINE COO0H N30IMPOBAHHBIH
I[yT 3aTyXaroluX KojeOaHui u3 2-3 BCIUICCKOB C IMEpHOAOM cienoBaHus §-12 munyT. ITo maHHBIM CKaHAMHABCKOH
cetn MarHutoMeTpoB IMAGE neranbHO wHcclienoBaHO MSATh COOBITHMIT MAarHUTHBIX HMITYJIbCOB, IUISI KOTOPBIX
cinytHuKH DMSP nponerann Hax obmacTeio HaOIIOACHNI BO BpeMsl MM HE3aI0NTO JI0 UMITYJIbCa, epecekas pu
3TOM TPaHHIBI HECKOJIBKHX JOMEHOB. [10 Ha3eMHBIM M CITyTHHKOBBIM JAHHBIM ITOKA3aHO, YTO ACCOLMUPYEMBIH C
HMITyJIbCaMH BTEKAIONIUH MPOJOIBHBIN TOK paciosaraeTcsi BIajdy OT MarHUTONAy3bl, yKa3biBas HA TO, YTO UMITYJIbC
HE MOJXKET pacCMaTpHBaThCs, HAIpUMeEp, KaKk HOHOC(EpHBIH CiieA ITepecoeAnHMBIICHCS cumiioBoil TpyOku. Ha
60npIIel CTaTUCTHUKE YCTAHOBIEHO, YTO HMMITYJIbCY NPEAIICCTBYIOT OBICTpble M3MEHEHUs KoMnoHeHT MMII.
O6cyxmaercs poab Bapuanuit MMII B reHepaliiu mpoa0IbHOTO TOKA U, CIEIOBATENIbHO, MATHUTHOTO UMITYJIbCa.
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OC00eHHOCTH CIIEKTPOB IIYMOBBIX M3JIy4YeHHii BOJM3H NMOJOBHHBI JIEKTPOHHONH THPOYACTOTHI
no AanHbIM cnyTHuka Van Allen Probes B: Ha0iionenusi u pe3yJibTaThbl pacueToB

E.E. Turopa'?, A.A. JTro6uuu?, JI.P. Illknsp?

UIr", o. Anamumul, Poccus
2HKHU PAH, 2. Mockea, Poccust

E-mail: lena.titova@gmail.com

AHanu3 CBHUCTOBBIX BOMH Ha coyTtHuke Van Allen Probes B, wma6momasmuxcs 29-30 wostops 2015 1. B
9KBAaTOPHAIBHOM 001acTH MarHUTOC(epHl Ha paccTosSHISIX ~3-5 Re, mokasan, 4To BOJM3U MMOJIOBHHBI THPOYACTOTHI
anekTpoHOB fee/2 HabMIOmanucy ciemyroine 0CoOCHHOCTH B crekTpax mrymoBbix OHY m3nydeHuii: JBe MOJOCHI
M3JIy4eHHH CO CIEKTPaJbHBIMH MaKCHMyMaMH HIDKE W BbIME fee/2 M TONBKO OJHA BEPXHSS MOJNOca LIIYMOB Ha
yacToTax BbIe fee/2. BOMM3HM sxBaTOpranbHON 006JaCTH MarHUTOC(HEPBI CIIEKTPaIbHbIE XapaKTePUCTUKH [IyMOBBIX
U3ITyYEHUH, TEeHEPUPYEMBbIX TPU PA3BUTUU AJIEKTPOHHON HUKIOTPOHHON HEYCTOMUMBOCTH, NOJKHBI OBITH TECHO
CBSI3aHBI C JIOKaIbHBIM KO3((HIIMEHTOM ycuaeHus. V3MepeHus BoiaH U yactuil Ha cmyTtHukax Van Allen Probes
MO3BOJITIIOT  PACCUUTATh KO3(D(UINMEHTHI YCHICHHS CBHCTOBBIX BOJH. OCHOBHOH IENBIO JIOKJIana SBISETCS
comocTaBieHue HuX ¢ HaOmogaembiMu crektpamu OHY mymoB. CpaBHeHHE CHEKTPaJIbHBIX XapaKTEPUCTHK
peructpupyembix OHY m3nydyeHMid M pacCUMTaHHBIX WHKPEMEHTOB CBUCTOBBIX BOJH 4YacTO MOKAa3bIBaeT HX
JIOCTaTOYHO XOpOIIEee COOTBETCTBHE, BKIIOYAS CYIIECTBOBAHME IBYX CIICKTPAIbHBIX MaKCHMYMOB HI)KE WM BBIIIC
TIOJIOBUHEI JJICKTPOHHON TUpovacToThl. Tarke mo naHHbIM ciyTHHKa Van Allen Probes B onpenenensl snepruu
PE30HAHCHBIX JJIEKTPOHOB M PAacCMOTPEHBI OCOOEHHOCTH pacmpelelieHuss uX AudQepeHralbHbIX TOTOKOB,
MIPUBOISIIINE K BOZHUKHOBEHHUIO JIBYX MakCHMyMOB B 3aBHCHMOCTH MHKPEMEHTa OT YaCTOTHI M COOTBETCTBYIOIIECH
JIBYXIIOJIOCHOM CTPYKTYpHI HabmromaeMoro crmekrpa. B oramuame ot OHY nrymoB, perMcTpupOBaBIIMXCS B JIBYX
mosocax Bblle W HWKE fee/2, CHEKTphI OAMHOYHONW BepXHEH MONOCHI IIYMOB Ha dYacTtoTax Bbimie fee/2 He
COOTBETCTBOBAJIM MOJIOCE YACTOT PACCUUTAHHOTO MHKPEMEHTA, KOTOPBIA ObLI IOJIOKUTENBHBIM KaK BbILIE, TaK M
HKe fee/2. MBI CBS3BIBaGM TaKoe HECOBIAJCHHE C BOJHOBOAHBIM PACHpPOCTPAHEHHEM OSTHX H3JIy4eHHI B
HEOJHOPOAHOCTSIX C MOHIKCHHOM IUIOTHOCTBIO, KOTOpBIE HAOJIONANINCh HA CIyTHHKE. IIpy 3TOM MakcuMalbHbIE
MHTCHCHBHOCTH IIYMOBBIX H3IyYeHHI Ha YacToTax BbIle fee/2 permcTpupoBannch BHYTPH HEOTHOPOAHOCTEH, a
nepenal MourHoctedr OHY BosiH BHYTPH U BHE UX JOCTUTAJ ABYX NMOPAIKOB. BHyTpHu HeonHopoaHocTeit OHY BoJiHBI
PpacIpoCTpaHsuINCh BIOJIb MarHUTHOTO TOJISI C YIIIaMHU BOJIHOBBIX HOpMaueil <20°, IIIOTHOCTh IU1a3Mbl YMEHBIIAIACH
B 2-3 pasa, a xapakTepHbie pasmepsl HeoaHopoaHoctei Ha Van Allen Probes 6sutn =200 — 350 xm.
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Ha6nroneHue BHICHIIAHUIT YHEPTHYHBIX MPOTOHOB M 3JIEKTPOHOB 10 TaHHBIM HU3K0OPOUTATbHBIX
cnytHukoB cepuu NOAA/POES, conpsiskeHHBIX ¢ Ha3eMHBIMH HAOIIOIEHUSIMA Te€OMATHUTHBIX
nyJjabcanuii B quanasone Pcl (1-5 I'n) Bo Bpemst MmarautHo# 0ypu 10-16 oxtaodps 2017 r.

T.A. dxuuna®, B.B. Kaneraes™, I'.A. Basunesckas®!, H.A. Bnacosa®, JI.B. I'pankun®,
HO.C. I'py3nos'*, A.T. Jlemexon®, A.P. Usanosa'#, K.5. Kanopuesa®*, M.A. Muponosa®,
W.H. Markosa?, T.A. Tlonosa®, E.B. Posanos®, I0.C. Illyraii*

THUUAD MTY

2QUAH

Sru

A@us. gax. MT'Y, Mocxksa
Scriery

Bo Bpems ymepensoii (uanekc Dst = -67 #Tx) reomarautHo# Oypu B epuon 10-16 oktsa6ps 2017 r. Habnronanacek
nmoBonbHO cuibHasA (mHAEKe AE > 1000 HTa) cyO0ypeBas akTHBHOCTh. AHATH3UPOBAIUCH TOTOKH HAOMIOJaCMBIX B
3TO BpPEMsl BBICHIIIAaHUH SHEPTUYHBIX IPOTOHOB M AJIEKTPOHOB M PEIATUBUCTCKHX AeKTpoHOB (BPD). Bece BPD Obinn
pa30UTHI HA TPU TPYTIITEI COTIACHO KPUTEPHIO, TIPEACTAaBICHHOMY B padoTax [1, 2]. Beickimanus 1-0i rpynis! CBsI3aHbI
C HapylleHHeM l-ro agmabaTHYecKoro WHBapHaHTa BCIEICTBHE MAIOTO pajauyca KPUBH3HBI CHJIOBBIX JIMHHH B
HOYHOM CEKTOpe. DTH BBICHIIAaHHs HAOJIONAIOTCS B HOYHOM CEKTOpEe BOJM3HM TPaHMIBI HW30TPOIHH MOTOKOB
sHepruyHbix (~ 100 kaB) anexrpoHoB. BPD 2-0it rpynmel Habmoaatorest Bo Bcex MLT cexTopax 0JHOBPEMEHHO C
WHTCHCHUBHBIMH BBICHIITAHUAMH SHEPTHYHBIX 2IeKTPOHOB. [o-BuanMoMy, oHH cBsi3aHbI ¢ Bo30yxneaneM OHY-BoH.
BPO 3-eif rpynisl, cONpoBOXKJaeMbIe BBICHITAHMSIMH SHEPTUUHBIX IPOTOHOB (> 39 k3B), cBs3anst ¢ DML BostHamMu
[2]. BrichimaHusa peTSITUBUCTCKUX 3JIEKTPOHOB, CBsi3aHHBIE ¢ paccessHueM Ha OMMUI] BonHax, HaOGmronanucek B
ocHOBHOM B BeuepHeM MLT cextope. AHann3 BEICHITaHWH, COMPSDKCHHBIX C HA3eMHBIMU HaAOIIONCHUSAMH B 00C.
JloBo3epo MOKa3asl, YTO BBHICHINAHUAM SHEPTHYHBIX MPOTOHOB COOTBETCTBYIOT KJIACCHYECKHE ITynbcamuu Pcl c
Y3KOIOJIOCHOM yacTtoTol. B TO ke Bpems, BBICHINIAHUSM PEISATUBUCTCKUX 3JIEKTPOHOB TPEThEH TpYMIbI, Yallle
COOTBETCTBYIOT ITyJIbCAIINH, UMeroIne XapakTep |PDP mymbscanuii ¢ mmpoxomnonocHo# yactotoil. Hapsmy ¢ BPD 3ro
tuna Habmomarorcs BPD 4 tuma [3]. BPD 4 tuma ortnmuarorcs or BPD 3 thma oTcyTcTBHEM OTHOBPEMEHHBIX
WHTEHCUBHBIX BBICHIIAHUH SHEPTHYHBIX SJIEKTPOHOB M NPOTOHOB. [IpuM 3TOM MOTYT HaONIOJATHCS YCHIICHUS B
MOTOKaX 3axBadeHHbIX uyacTull. HaOmoparoTcs B ciabOM MarHUTHOM I0Jie. DTHM BBICHITAHUSIM COOTBETCTBYIOT
ciabonHTeHCHBHBIE Pcl Imysbcauy ¢ MUpPOKOIIOIOCHON YaCTOTOM.

Pabora BeinoniHeHa npu noaaepxkke PHO (rpant Ne 22-62-00048).

1. Yahnin A.G., Yahnina T.A., Semenova N.V., Gvozdevsky B.B., Pashin A.B. // J. Geophys. Res. Space Physics
2016. V. 121, doi:10.1002/2016JA022765

2. Yahnin A.G., Yahnina T.A., Raita T., Manninen J. // J. Geophys. Res. Space Physics 2017. V. 122,
doi:10.1002/2017JA024249

3. TlomoBa T.A., SAxamna T.A., [lemexoB A.I". MccnemoBanue BIUSHAS aCHMMETPHN T€OMAarHUTHOTO TIOJIS Ha IIOTOKA
PENSATUBUCTCKUX D3JIEKTPOHOB HAa BBICOTE HU3KOOPOWUTANBHBIX CIHYTHUKOB // JIeBATHamuaTas exerojaHas
koH(pepennus «Pu3uka mia3mel B comHeunol cucreme» MKW PAH, 5 - 9 deBpanst 2024 r. AGCTpakT.
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Interplanetary disturbances with magnetic clouds: study of time parameters
M.A. Abunina, N.S. Shlyk, A.V. Belov, A.A. Abunin, S.M. Belov
IZMIRAN, Moscow, Troitsk, Russia; e-mail: abunina@izmiran.ru

The registration times of extreme values of the main parameters of the interplanetary medium, cosmic ray variations
and geomagnetic activity during the passage of coronal mass ejections with a magnetic cloud (MC) past the Earth
have been studied. The following parts of interplanetary disturbances (IPD) were considered: (I) from the IPD onset
to the MC onset, (1) inside the magnetic cloud, (I11) from the MC end to the IPD end, which was often the onset of
the next interplanetary disturbance. It is shown in which part of the IPD the extremes of solar wind speed,
interplanetary magnetic field, density and anisotropy of cosmic rays, as well as geomagnetic activity indices are most
often recorded.
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Figure. Behavior of the main parameters of the solar wind, interplanetary magnetic field, variations in
density and anisotropy of cosmic rays and geomagnetic activity indices during the interplanetary disturbance
of January 21-23, 2005.
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Open functional database of cosmic rays and solar wind storms
S.M. Belov, A.V. Belov, M.A. Abunina, N.S. Shlyk
IZMIRAN, Moscow, Russia

A new interface, accessible to any internet user, was developed for accessing the database of Forbush-effects and
Interplanetary Disturbances (FEID). Catalogue of anomalous cosmic rays events is constantly worked on by
IZMIRAN group for the last decades and currently includes over 8700 events, starting from the year 1957, with a
solar source determined for 2000 events. Cosmic rays parameters are obtained using spherical analysis — the Global
Survey Method (GSM) on the global neutron monitor network data. Solar wind parameters are obtained from the
OMNI database.

This new tool allows researchers to create and export arbitrary samples of events and perform statistical analysis,
obtain a plethora different parameters for each event (i.e. extremums or variation ranges of SW or CR parameters),
and most importantly draw beautiful plots of the behaviour of these parameters.

A short overview of the capabilities of the database witll be presented in this report.

A Method for the Ambient Equivalent Dose Estimation in a Wide Range of Altitudes During SEP
and GLE Events

Eugene Maurchev, Nataly Shlyk, Maria Abunina, Artem Abunin, Anatoly Belov and Kseniia Didenko

Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, Russian Academy of Sciences
(IZMIRAN), Kaluzhskoe hw., 4, Troitsk, 108840 Moscow, Russia

E-mail: maurchev@izmiran.ru

The paper considers the modeling of proton transport through the Earth’s atmosphere during several SEP events. Solar
sources and interplanetary medium conditions during these events are described in detail. Calculations are carried out
using own model implemented with GEANT4. As the main results, quantitative estimates of the calculated ambient
dose equivalent for altitudes in a wide range (also including civil aircraft flight altitudes of 10-11 km) for the
geomagnetic cutoff rigidity values Rc = 0.13 GV are given.
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Extended surfaces with increased current density and magnetic field configurations in the vicinity
of current density maxima: MHD simulation above the active region

A1 Podgorny?, I.M. Podgorny?

1| ebedev Physical Institute RAS, Moscow, Russia, podgorny@Iebedev.ru
2Institute of Astronomy RAS, Moscow, Russia, podgorny@inasan.ru

The slow accumulation of energy for a solar flare in a stable configuration of the magnetic field in the corona, and
then its transition to an unstable state, explains the physical mechanism of S.I. Syrovatsky, based on the accumulation
of energy in the magnetic field of the current sheet formed in the vicinity of singular magnetic field line. The fast
release of the magnetic energy of the current sheet leads to the observed manifestations of the flare, which are
explained by the electrodynamic model of the solar flare proposed by I.M. Podgorny. Since it is impossible to obtain
the configuration of the magnetic field in the corona from observations, to study the mechanism of a solar flare it is
necessary to carry out MHD simulations in the solar corona. When setting the problem, no assumptions were made
about the mechanism of the solar flare. All conditions were taken from observations. The task was set to determine
the mechanism of a solar flare using MHD simulation. The magnetic field measured on the solar surface was used to
set the boundary conditions. The calculation should begin several days before the flare, when the magnetic energy for
the flare has not yet accumulated in the corona. A detailed comparison of the results of MHD modeling at the moment
of 02:32:05 on May 26, 2003, three hours before the M 1.9 flare, with observations of radio emission at a frequency
of 17 GHz in the active region of AO 10365, obtained on the Nobeyama radioheliograph, was carried out. At this
moment, the energy for the flare is accumulated in the magnetic field of the solar corona and the plasma is heated by
the currents. A significant part of the current density maxima are located in the bright emission region, which confirms
the current sheet mechanism for a solar flare. At the same time, quite a lot of maxima are located at a considerable
distance from the bright emission region. The problem of the coincidence of the flare positions obtained as a result of
MHD simulation can be solved the concept of the accumulation of flare energy in the magnetic field of an extended
current sheet. This extended current sheet is a surface of increased current density containing magnetic lines that pass
through closely spaced current density maxima. A chain of such closely spaced current density maxima is shown in
the figure.
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Modification of the solar wind turbulence in the Earth’s magnetosheath
L.S. Rakhmanova, A.A. Khokhlachev, M.O. Riazantseva, Y.I. Yermolaev, G.N. Zastenker
Space Research Institute (IKI), Moscow, Russia

The solar wind is known to be the main driver of the magnetospheric activity. The largest perturbations of the Earth’s
magnetosphere are associated with the periods of disturbed solar wind. However, sometimes magnetospheric activity
can be observed during the undisturbed solar wind and turbulence is sometimes suggested to be a reason of this
activity. In front of the magnetosphere there is a transition region called magnetosheath, which modify the solar wind
structures and the turbulence properties. But these changes are not fully described to date. Present study adopts the
simultaneous measurements of the turbulence properties in the solar wind and in the magnetosheath for various
background conditions to analyze the changes of the turbulent cascade at the bow shock and the factors which affect
this change. Wind and Themis spacecraft data are used. Statistics includes ~400 hours of measurements during
maximum and minimum of the solar cycle (years 2008 and 2014). The results demonstrate, that only 14% of cases
demonstrate no change of the turbulence properties. Also, during periods of high-speed and high-temperature solar
wind flows (associated predominantly with the coronal holes) spectra at the kinetic scales do not change during the
bow shock crossing. The work was supported by the Russian Science Foundation, grant 22-72-00105.

Analysis of the relationship between solar activity and temperature changes
in the constant temperature zone of Uhlovitsa Cave and the city of Smolyan, Bulgaria

L. Raykova

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

The study presents an investigation of the impact of the solar activity on the temperature regime of the cave atmosphere
in the zone of constant temperatures in the Uhlovitsa karst cave, located in the central part of the Rhodope Mountains.
The course of the ground-level atmospheric temperature in Smolyan, a city located closest to the cave entrance, has
also been studied. For the work, databases for the temperatures in the cave and in Smolyan, and solar activity indices
from public databases for the number of sunspots (Sn), the total solar irradiance (TSI), and the solar radio emission
(F10.7) have been used for the period 1968 - 2022. The analysis of the temperature regimes in the specific underground
environment and the area adjacent to the cave shows significant correlations between the solar activity and the
temperature regime in Uhlovitsa cave. The study is an attempt to establish links and a physical understanding of the
complex interactions between solar radiation and the ground-level atmosphere.
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On some features of interacting solar wind disturbances
N.S. Shlyk, A.V. Belov, S.M. Belov, M.A. Abunina, and 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

As high-speed streams from coronal holes (CHs) and coronal mass ejections (CMESs) propagate from the Sun to
Earth, they can interact with each other. This leads to changes in the speed and direction of propagation, internal
structure of the magnetic field in different parts of the corresponding interplanetary disturbances. It has already been
shown that interacting solar wind disturbances can be more geoeffective than those recorded on Earth separately; they
cause more powerful magnetic storms or lead to the formation of more complex conditions for the emergence and
development of Forbush effects.

Analysis of the behavior of parameters of the interplanetary medium, careful linking of events to possible solar
sources using an extensive advanced database of Forbush effects and interplanetary disturbances
(https://tools.izmiran.ru/w/feid) made it possible to identify various groups of interacting and isolated solar wind
disturbances for the long period from 1995 to 2022. The average values and times of registration of extreme values of
solar wind velocity, interplanetary magnetic field strength, cosmic rays, and geomagnetic activity indices, etc. were
calculated, and then the parameters of interplanetary disturbances in different groups were compared. It is shown that
the presence of interaction significantly changes both the time parameters of the events under study and the magnitudes
of the extrema.

The results obtained are applicable in forecasting a state of space weather.
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Two-dimensional cone models of coronal mass ejections
A.A. Vakhrusheva®?, Y.S. Shugai, K.B. Kaportseva'?, V.E. Eremeev?, V.V. Kalegaev'?

Skobeltsyn Institute of Nuclear Physics, MSU, Moscow, Russia
2Faculty of Physics, MSU, Moscow, Russia

E-Mail: vakhr.anna@gmail.com

Forecasting of coronal mass ejections (CMES) propagation is one of important problems of space weather. The drag-
based model (DBM) [1] is often used for modeling CMEs heliospheric propagation. DBM is based on the
magnetohydrodinamic drag concept — at a certain distance from the Sun motion of CME is influenced by the drag
force. MHD drag is determined by the interaction of the CME with ambient solar wind.

In this work, we show examples of modeling time of CME arrival to near-Earth orbit and CME speed with three
types of geometry: 1) concentric model (all points are at equal distance from the Sun), 2) self-similar model (CME
front does not change its shape) and 3) flattening model (each plasma element of the CME front propagates
independently) [2]. As the coordinates of CME source on the solar disk we used coordinates of associated coronal
dimming, which is observed as decrease in intensity in EUV. Dimming parameters obtained from the SDO/AIA
images are presented in the Solar Demon database (https://www.sidc.be/solardemon/) [3]. CME parameters obtained
from the SOHO/LASCO images are presented in the CACTus database (https://www.sidc.be/cactus/) [4]. Taking
CME shape into account may help specify its arrival time and speed, and also answer the question if interplanetary
CME will hit the target.
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Bansiaue okpy:kaomux 00beKTOB HA OTOKH KOCMHUYECKHUX JIydei,
perucTpupyemMbIX Ha3eMHBIMH JeTeKTOPaAMH

10.B. bana6un
Honsapuwiii 2eogpuzuueckuti uncmumym, Anamumsl, Poccus,; e-mail: balabin@pgia.ru

BrusHue T0KaIbHBIX YCIOBHI B TOUKE HAOIIOACHHUS Ha MTOTOKH BTOPUYHBIX KocMudeckux srydeit (BKJI) sapnsmoch
IIPEeIMETOM HCCIEOBAHUSA U B HACTOAIIEEe BpeMs XOPOIIO M3yueHO. B mepBylo odepensb CyIIeCTBEHHOE BIHSHUE
OKa3bIBalOT aTMOc(epHOe NaBiieHWEe B TOYKE HAOJIONEHMS W paclpelelieHHe TeMIlepaTrypsl B cToJ0e BO3IyXa OT
3emia 110 BBICOT 20-30 kM. IIMOTHOCTH HEWTPOHOB YMEpPEHHBIX SHEPTHH 3aBHCUT TaKKe OT COJIEP)KaHMS BIard B
MOYBE, @ B XOJOMAHBII CE30H M OT TONIIMHBI CHEKHOTO MOKpoBa. Ha3zBaHHBIE 3(Q(EKTH M3yUCHBI, HCIIOIB3YIOTCS
METOJUKH KOPPEKIMH JAHHBIX NPH U3MEHEHUH JIOKAJIBHBIX YCIIOBUH.

Jlabopatopust Kocmuueckux myqeit I[1II'M nmeeT mupoKyro TMHEHKY IETEKTOPOB, BEAYIINX MOHUTOPHHT IIOTOKOB
BKIJI. Kpome cranmuoHapHBIX TpHUOOPOB, TaKUX KaK HEHTPOHHBI MOHHTOP M OCCCBHHIIOBAas CEKIHS MOHHTOpA,
MMEIOTCSI HOPTaTUBHBIE NPUOOPHI, PACCUUTAHHBIEC Ha pa0OTy B AKCIIEAMIMSX M ITOE3/IKaX. DTO AETEKTOPb HEUTPOHOB
TEIUIOBBIX U YMEPEHHBIX 3HEPTHUil, JeTeKTOphl raMMa-U3Iy4eHUs Ha pa3Hble JUama3oHbl dHepruil. B Mexces3oHse,
KOTZIa 3TH MOPTATHUBHBEIE MPHOOPHI HAXOMATCS JIAOOPATOPHH, OHH BKIFOYAIOTCS B OOIIyIO CHCTEMY cOOpa JAaHHBIX.
IlepemenieHre >THX NPUOOPOB B pa3iMYHbIC MeCTa B Ipefenax JaOOpaTOPHOrO IOMEIIEHHE II0Ka3ano, 4To
OKpY>Katolye OOBEKTHl TaKKe OKa3bIBAIOT HEOOJBIION, HO BIIOJHE 3aMETHBIN M 3Ha4MMBbIA dddekt. JlerexkTop
TETUIOBBIX HEHTPOHOB, pAa3MEINEHHBIH I10J] MAacCHBHBIM OOBEKTOM BBICOKOH IUIOTHOCTH, PErHCTPHPYET
KpPaTKOBPEMEHHbIE YBEIWICHHUS INIOTHOCTH HEMTPOHOB (MHOXKECTBEHHBIE HEUTPOHBI). Takue COOBITHS OTCYTCTBYIOT
Ha aHAJIOTMYHOM JIETEKTOpEe, DPa3MEIIEHHOM BJAAIM OT IUIOTHOrO o0bekra. CHEKTpOMeTp raMma-H3iIy4eHHs,
HaXOJSIIUHACS BOJIM3M CBHHIIOBOW 3aIIUTHl HEKOTOPBIX JETEKTOPOB, IOKA3bIBACT AHHUTWIALMOHHYIO JIMHHUIO
no3utpoHoB (511 x3B), Torma kak CIEKTp aHAIOTHYHOTO CIIEKTPOMETpa, HAXOMSIIETrocs BTN OT CBHUHIIOBOM
3aIIUThI, AHHUTWIISIIUIOHHOW JINHUU HE BUIMT BOBCE. [Ipe/ioskeH MeXaHU3M, OOBSCHSIONINI 9TH TOHKHE () (HEeKTHI.
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CHHXPOHHBIE COOLITHSI MHOKECTBEHHOCTH HA IBYX HEITPOHHBIX MOHUTOPAX
10.B. bana6un, A.B. I'epmanenko, b.b. ['Bo3neBckuit

Honsproui eeousuueckuit uncmumym, Anamumul, Poccus

E-mail: balabin@pgia.ru

BBICOKOCKOPOCTHAsI CHCTEMa perucTpaiuu, papabotannas B jabopatopuu Kocmudeckux nyded, pukcupyer
MOSABIICHUE KaXXIOTO MMIYJbCa C TOYHOCTBHIO MO0 1 MKC. JTa CHCTeMa PETHUCTpAalHU SBIAETCS OOmIel s IByX
HEUTPOHHBIX MOHHUTOPOB B AIATHTaX: CTAHAAPTHOTO HEHTPOHHOTO MOHHTOpPA M OECCBUHIIOBOW CEKIMH. Pazmmuns
JIBYX MPUOOPOB COCTOSAT B JHEPIETUUCCKUX NUAMA30HAX, B KOTOPBIX OHH 3()(HEKTUBHO PETUCTPUPYIOT HEHTPOHEI.
CrangaptHblii HeliTpoHHbI MoruTOp (HM) addextrBen mia yactun ¢ saeprusmu ot 50 MaB no B u Gonee.
BeccBunnosas cekuust HM yyBCTBUTENBHA K TEIUIOBBIM HEUTPOHAM M HEHUTPOHAM C 3HEPIUAMH O COTEH K3B.
Pasmermatorcst 06a mpubopa B 0J{HOI KOMHATE.

CoOpiTre MHOkKeCcTBeHHOCTH Ha HM — 3T0 peructpanus HeCKOJIbKUX HEHTPOHOB 3a BpeMs mopsiaka 1-2 Mc, Torna
KaK CpeIHHH HHTEpBAI MEKIY PETUCTPAIMSIMH HEHTPOHOB cOCTaBIsieT 7-9 Mc. BeposaTHOCTH Takoro coOBITHS B
pe3yIbTaTe CIyYaiHOTO COBIIAJCHNUS BeChbMa Maja U OBICTPO YOBIBACT C POCTOM YHUCIIA PETUCTPHPYEMBIX HEHTPOHOB.
CuutaeTcs, MHOXECTBCHHbIE HEHTPOHBI BO3HUKAIOT Kak B CBUHIOBOM o6Oonouke HM oT oauHOYHOM
BBICOKOHEPTHYHON YaCTHIIBI, TaK M 00pasyioTcs B atMoctepe, B ToM uucie mpu I[IIAJI. Bo BTopoM cimyuae mx
Ha3bIBAIOT AJAPOHHBIMU JIMBHAMH. OTMETUM, UYTO BHEWIHSA MOJMATHIEHOBas 3ammra HM mpensarcTByeT BBIXOIY
Hapy>Xy HEWTPOHOB, 00pa3oBaBIMXCs B cBUHIEC. OHOBpeMeHHas peructpaiyst Ha HM 1 GecCBHHIIOBOI CEKIMU
COOBITHII MHOXXECCTBCHHOCTH YKa3bIBACT Ha TO, YTO TAKUC COOBITHS MHOXKECTBCHHOCTH MPOM3OIUIM OT OO0JIaKOB
HEUTPOHOB, HaKPHIBAIOIIUX 00a mpubopa. B aIpoHHBIX JTHBHSAX MPHUCYTCTBYIOT HEHTPOHBI W HYKJIOHBI PAa3IMIHBIX
SHEprui.

Pa3paboTana MeTOAMKA MOUCKA OJTHOBPEMEHHBIX MHOKECTBEHHOCTEH Ha MBYX Mpubopax. BeimonHeHa o6padboTka
maHHEBIX HM m OeccBUIOBOM cekmuu 3a psn Jer, 4rto coctaBmwio Oomee 1000 mueir. OToOpaHBI COOBITHA
MHOXXCCTBEHHOCTH, OJHOBpeMeHHble Ha HM u OecCBHHIIOBOW CeKIHMH. AHANMW3 OTOOPaHHBIX COOBITHIA
MHOXKCCTBEHHOCTH T[IOKa3bIBa€T, YTO OHHM HMCIOT [apaMeTphl, OTJIUYAIONIMECS OT CPEOHHX COOBITHIA
MHOXecTBeHHOCcTU Ha HM.
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Benutecku nmoToka HeliTPOHOB HA HEMTPOHHOM MOHHMTOPe BO Bpemsi LITAJI
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Ylonapuwni 2eopusuyeckuii uncmumym, Anamumol, Poccus
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VYcranoBka «KoBep-2» 1 HEUTPOHHBIN MOHHTOP PadOTAIOT HE3aBUCUMO B bakcaHCKO# HEUTpUHHON 00cepBaTOpHI
WS PAH (n.Hefitpuao, KbP), BBINOMHSIIOT MOHUTOPHHT KOCMUYECKHX JIydei. HelTpOHHBIII MOHUTOD sIBIISETCS
JIETEKTOPOM HYKJIOHHOH KOMIIOHEHTBHI BTOPHYHBIX KOCMHUYECKHX JIydel, BO3HUKaromux B atmochepe. Hinkauit
SHEPreTUYECKU MOpor [Uisl NEPBUYHBIX YacTHULl Y HEUTpOHHOro MoHuTOopa cocrasisieT ~500 MbsB. «Kosep-2»
npeaHa3Ha4YeH ISl PErHCTpanny IUpoKuX arMocdepHbix uBHel (I1IAJT). DHeprerudeckuii mopor aist «Kospa» ~50
T3B. Cucrema c60pa HEHTPOHHOTO MOHUTOpA 00ECTIIEYMBAET 3allUCh BPEMEHHU MOSBICHUS UMITyJIbCca B AETEKTOPE C
TOYHOCTBIO 1 MKc. TouHOCTh U3MepeHus BpeMmenu nosinenus LIIAJI paBna 1 mc.

B maboparopun Kocmumuecknx myueit III'M Obim paspaboTaHa cucTeMa CHHXPOHH3AIMH, IO3BOJISIONAS C
TOYHOCTBIO | MC MPUBSI3aTh TaHHBIC 3TUX IBYX IPUOOPOB, YTOOBI MOXKHO OBLIO MPOAHAIN3UPOBATH 3P (EKT aAPOHHOII
komnoHeHThl [ITAJI Ha HeliTpoHHOM MoOHHTOpe. Ha ammapaTHOM ypoBHE 3IEKTpHYECKHE HUMITYyJbChl OT «KoBpa»
(TPUITEP), BripabarbiBacMble ero cucteMod peructpannu npu Hamuauu IIAJ], moctynaror B cuctemy cbopa
HEWTPOHHOTO MOHUTOPA KakK JIOTOJIHUTEbHBIN KaHal. [Ipu nocieayroniel nporpaMMHON 00padOTKe 3TH UMITYJIbChI
oT «KoBpa» ciyxaT ykazaTeslsMH, 3allyCKAIOIIMMU MOJYJb ITOMCKA U BBIIENICHUs COOBITHI MHOXKECTBEHHOCTH Ha
HEHTpOHHOM MOHHTOpE. bBITH 00paboTaHb!l pe3yabTaThl HAOMIOJeHH OoJiee YeTHIPeXCcoT qHel 3a mepuoy 2020-2022
I, TOJYyYeHbl MAaCCHBBI COOBITHH MHOXECTBCHHOCTH pPAa3INYHON JUINTEIBHOCTH, KOTOPBIE COMPOBOKIAINCH
perucrparueii Iupoxkoro arMocdepHoro auBHs Ha «KoBpey». BbIoiHeH aHain3 STHX COOBITHI MHOKECTBEHHOCTH,
MIPOBEICHO CPaBHEHUE MOJOOHBIX COOBITHI MHOYKECTBEHHOCTH BHE aericTBust LIIAJL.

O pe3yJbTaTax IKCIIEPHMEHTA PeryJsipHoOro 0aJUIOHHOT0 MOHHTOPHHTA KOCMHYECKHUX JIy4Yei

M.B. Kpaiines®", B5.B. I'so3nenckuii?, M.C. Kamaun®

Ldusuueckuii uncmumym um. I1.H. Jlebeoesa, PAH, Mockea, Poccus
2[Tonspuuiii 2eopusuueckuti uncmumym, PAH, Anamumul, Poccus

*E-mail: mkrainev46@mail.ru

DKCHEepUMEHT MO peryysipHoMy OayutoHHOMY MouuTopuHry (PBM) kocMuueckux Jiydeid B atMmocdepe 3emii B
HeckonbKuX myHKkTax mnpoBoautcas ®UAH c¢ 1957 r. B HacTosiiee BpeMsl 30HIUPOBAHHE OCYIIECTBIISETCS B IT.
Amnarutel  (Mypmanckas o6nactb), Jlonrompynueiii (MockoBckas o0macts) W B oOcepBaropur  MuUpHBIN
(AnTapkTumga). Pesyneratel PEM nmeroT oTHOmeHHe Kak K ¢pu3nke CoiHna, rearnocdepsl 1 KOCMAYECKHUX JTy9eH, Tak
U K reousuke, OHAKO UX UCIIOIb30BaHKE MOKA OYEHb OrPaHUYEHO. B nokmane o6cykaarTes U HILTIOCTPUPYIOTCS
(dopmMaTt u coznepxkanue 06a3 JaHHBIX Pe3yJIbTaTOB HKCIIEPUMEHTA — KaK CTaHAapTHON HHPOpPMAIMH, PETUCTPHPYEMO
B TE€UEHHE BCEro HKCIIEPUMEHTa, TaK M JAETaJbHOW MH(pOpPMauHu, peructpupyemoit ¢ 1996 r. B JlonronpyaHom u ¢
2005 r. B AmaTHTax.
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IIporHo3upoBaHue XapakTepHbIX 0COOEHHOCTEN 25-10 HUKJIA COTHEYHOI AKTUBHOCTH
J.B. PoxxnectBenckuii, B.A. Tenerun, B.W. PoxxnecTBeHcKas

Hucmumym 3emnozo maznemuzma, uoHocghepvi u pacnpocmpamenus paouosoan um. H..B. Ilywkoea Poccutickoii
axademuu Hayk, Mockea-Tpouyk

IIpoBeneHO MPOTHO3MPOBAHKE METOIOM dKCTpanorinun grcen Bonbda (W) u pannonsnyuerns (Fio7) B 25-M uxire
coiHeuHol akTuBHOCTH (CA) mo psaam msmepenuit 1o 2019 ron BKIOYNTENbHO. TEXHONOIHS MPOTHO3UPOBAHUS
OCHOBaHa Ha METO/E¢ NMPHONKEHHOTo MpeoOpa3oBaHMs (MHUTHOTO BO BPEMEHM IPOTHO3MPYEMOTO IpoIecca B
WHQUHATHYIO (QyHKIOUIO, Wi (GUHUTHYIO (QYHKIHIO TO CHEKTpy. Takas omepanus OCYIIECTBILLIACH ITyTeM
YIOPSIOYUBAHUS CIIEKTpa (PUHHUTHOI BO BpeMeHHU (GyHKIMHU ¢ moMomiblo HudpoBsix YeOblmeBckux (GUIBTPOB BO
BpPEMEHHOH 00JlacTH M (UIBTPOB Ha OCHOBE YACTOTHOH BBHIOOPKH C HMCHOJIB30BaHWMEM UYeOBIIIEBCKUX OKOHHBIX
¢ynkmid. [IpubnrmkeHne HadaabHBIX YCIOBUH K HICKOMOMY YYacTKY IIPOrHO3MPOBAHHMS JaeT 00jee TOUHbIH IIPOTHO3
u popmy kpuBo# 25-ro nukia (CA). Eciu ucnionb3yercs uncinoBoii psij, Hauunas ¢ 2009 roga, To MakCUMyM HOpsIKa
100 momyuaetcst B 2025romy, a cam IMKJI TOJy4yaeTcsl JOCTATOYHO KOPOTKMM U 3aBepiiaerca B 2027 rony.
Hcnonp3oBaHus 9uCIOBOTO psina, HaumHas ¢ 2015 wmm 2017 rr., mpuBoanT K OoJiee MOJIOTOMY Hadally IUKNIA, T.C.
Ooslee ANUTENBPHOMY MHHHMYMY, KOTOPBIH M HaOmiojajics B Hadale 25-T0 [HUKJIA, K YBEIHUCHHUIO
npoosDKUTeNbHOCTH nukna 1o 2030 roga u 1ByropooMy MakCHMyMy, aHAIOTHYHO 24-My LUKITY. DKCTPANOISLUs
OIMHHAIIATIICTHEH COCTABIISIIONICH MMOKa3aia cpeqHee 3HaUeHne MakcuMyma paBHoe 120 mist aucen Bombda B 25-
M nukie CA.
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Coou 1 0TKA3BI JIEKTPOHHOT0 000PYA0BAHHUS B ADKTHYECKOM peruoHe
OT BO3JeHCTBHSA BTOPHYHBIX YACTHI KOCMHUYECKOIro MPOCTPAHCTBA

I1.A. Yybynos, U.A. JIsaxos, I'.A. [IpoTtomomnos
AO Hayuno-ucciedosamensckuii uHCmumym Kocmudeckozo npubopocmpoenus, Mockea, Poccus
E-mail: Chubunov@mail.ru

lajakTueckue U COJHEUHbIE KOCMUYECKHE JIyuH (TPEUMYIIECTBEHHO POTOHBI), MPOHUKAs B aTMochepy 3emiH,
(OpMHUPYIOT €CTECTBEHHBIC ITOTOKHA BTOPHUYHBIX YACTHI], U3BECTHHIC KakK IMUpoKHe atMocheprsle muBHHA (LLIAJI).
[pucyrcrByrone B ITAJI moTokn HEHTPOHOB («aTMOC(EpHBIE» HEHTPOHBI) CIIOCOOHBI BBI3BIBATH OJMHOYHEIC
panuanuoHuble 3G ¢exThl (cOOM W OTKa3bl) B M3JEIUSIX MHKPOIJIESKTPOHUKH. Haubospliee Konn4ecTBo
«aTMOC(EPHBIX» HEUTPOHOB MPUXOANTCS Ha BHICOTHI OT 10 10 20 KM, T.€. ycnoBHs (PyHKIIMOHUPOBAHHMS I'PasKAAHCKOH
1 BOCHHOW aBManWH. BTOpHYHOE KOCMHYECKOE M3IIyYCHHE JO0JICTAeT TaKKe M IO 3€MJH, YTO MOATBEPXKIACTCS
pe3yiapTaTaMH MHOTOYMCICHHBIX 3KcIepuMeHTOB. C IpUOIIDKEHHEM K MOJIIPHBIM MIMPOTaM KOJIWYECTBO YaCTHIL
Bo3pactaer. TakuM 00pa3oM, MOTOKH «aTMOC(EpHBIX» HEHTPOHOB SIBISIOTCS IMOCTOSHHO BO3JCHCTBYIOIIUM
BHEIITHUM JeCTaOMIN3UPYIOMNM (PaKTOpPOM, IIPH 3TOM HANXYIINE YCIOBUS (POPMHUPYIOTCS B ADKTHYECKOM PETHOHE.

B mocnennee Bpems HaMeTHJIach TEHACHIMS AKTHBHOTO Pa3BUTHA apKTHYECKHX TEPpPUTOPUH. MHOTOKpaTHO
BO3pacTacT KOJIMYECTBO  Pa3MEIIAEMOr0  BBICOKOTEXHOJIOTHYHOTO  aBTOMATU3HMPOBAHHOIO  3IIEKTPOHHOTO
obopynoBanust. CoBpeMeHHast Ha3eMHas arnaparypa KOMIUIEKTYETCS H3ICTHAMH 3JICKTPOHHON KOMIIOHEHTHOH 0a3bl
(OKb), mpoekTHBIE HOPMBI KOTOpO# cymiecTtBeHHO Menbmie 100 HM. YMEHpHOIAIOTCA pa3Mephl DJIEMEHTOB,
YYBCTBUTEIBbHBIX K BO3ACHCTBHIO MOHU3UPYIOLIETO M3Iy4EHUs, CHIDKACTCA 3HAUeHHE MOPOTOBON 3HEPTUM YaCTHII,
npu Bo3aeicTBuU KOTOpeIX B OKDB BO3HMKArOT OJMHOYHBIE paguaroHHBIC 3((EKTHI, NPUBOAAIINE K IOTEpe
paboTocriocoOHOCTH ammaparypsl B HeaoM. TakuMm oOpa3zoM, Bcs mu@poBas TEXHHKA M CHIIOBAs JICKTPOHHUKA
MOTEHLMAIBHO MOXET OBITh OJBEP)KEHAa BOSHUKHOBEHUIO OJAMHOYHBIX PAJHAIIMOHHBIX d3(QEKTOB Aaxke B HA3EMHBIX
ycnoBusax. Coon u otkaszsl Kb B apKTHUECKOM pernoHe MOTYT BBI3BIBATH KAaTaCTPO(QHUECKUE TIOCIEACTBHS, B ClIy4yae
OTKa3za CHUCTEM >XM3HEOOECIICUCHUs], CBSI3HM, HABUTallMH, KIIOYEBBIX JIEMEHTOB CHUCTEM YIPABJICHHUS M ICHTPOB
00paboTKM, XpaHEHWs JaHHBIX, BHICOKOABTOMATH3MPOBAHHOTO (OECIMIOTHOTO) TPAHCIOPTa W JICTATEIbHBIX
amnmapaTtoB, 0OBEKTOB HH(PPACTPYKTYphl CEBEPHOTO MOPCKOTO IYyTH M JAPYTUX KPUTUYECKH Ba)KHBIX OOBEKTOB.
HeobOxoanum anHanu3 J1aHHBIX PHUCKOB IPH 00ECIICUCHUH HAIEKHOCTH 3JIEKTPOHHOHW ammaparypsl. s nmpoBeneHus
pacyeToB HEOOXOAMMO SKCIIEPUMEHTAIbHOE ONpe/esIeHHe IapaMeTPOB YyBCTBUTEIBHOCTH KOMIUIEKTYIOIIHX
n3nenuit OKb, KpUTHYHBIX K BO3JIEHCTBUIO «aTMOC(HEPHBIX)» HEUTPOHOB.

B noxiane npuBeneHs! pe3yabTaThl pACYeTOB KOJHMYECTBA €CTECTBEHHBIX HEHTPOHOB B 3aBUCHUMOCTH OT LITHPOTEHI, a
TaK)k€ WHTEHCHBHOCTH BO3HHUKHOBEHHS OJMHOYHBIX paJMalMOHHBIX 3(QEKTOB s THIOBBIX IapaMeTpOB
gyBcTBUTENbHOCTH m3fenuii OKbB. Iloka3aHo, 4TO, XOTS YacTOTa M BEPOATHOCTh BO3HMKHOBEHHS OJMHOYHBIX
paanaoHHBIX 3QPEKTOB OT BO3JCHCTBUSA €CTECTBEHHBIX HEHTPOHHBIX IMOTOKOB Ha ypoBHE omHoro minenus OKb
MaJia, IpH pacCMOTPEHUH MPOOIIEMBI Ha YPOBHE CEPUIHOM armmaparypbl, BEPOSITHOCTh MOXKET OBITh 3HAUNMOH.

OteuectBeHHBIe TocyaapcTBeHHbIe cTaHaapThl ([[OCT) He mpexycMaTpuBaloT 3aJaHne TPEOOBAHHIA 10 CTOUKOCTH
K €CTECTBEHHBIM HEHTPOHHBIM ITOTOKAM JUIA 3JIEKTPOHHOM anmapatypsl. Ha ypoae DKb, 1aHHBIN BO3A€HCTBYIONIHIA
¢axrop BBeneH B oOHoBieHHYIO penakiuio 'OCT no 3aganuto tpeboBanuii k OKb, HO ykazaHo, 4To TpeOoBaHUs
3a7al0Tcs npu HeooxoanmocTH. Lenecoobpasna nocranoska HUP no uccienoBanuio c60eB M 0TKA30B AIICKTPOHHOM
amnmaparypbl B apKTHUECKOM PETHOHE BCIICACTBHE BO3IEHCTBHS €CTECTBEHHBIX HEHTPOHHBIX TIOTOKOB C BBIPAOOTKOM
peKOMeHAaNuil 1Mo 3aJaHui0 TPeOOBaHMH M METOMOJOTMH Y4éTa BO3IEHCTBHS HEWTPOHOB IpM obecreueHHH
HaJ&KHOCTH DJIEKTPOHHOHM ammapatypsl M 00OpYyJOBaHMS, TNpEJHA3HAYEHHBIX JUIsI (PYHKIMOHUPOBAaHWS B
ApPKTUYECKOM PETHOHE.
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Evaluation of ionospheric and solar proxy indices for IRI-Plas 2017 model
over the East African equatorial region during solar cycle 24

Daniel Atnafu Chekole and Nigussie Mezgebe Giday

Space Science and Application Research and Development Department,
Ethiopian Space Science and Technology Institute, Addis Ababa, Ethiopia

This study evaluates the performance of lonospheric and Solar proxy indices for the International Reference
lonosphere extended to the Plasmasphere (IR1-Plas 2017/SP1IM) model in predicting the Total Electron Content (TEC)
over the East African equatorial region during the high (2014) and low (2018) solar activity periods of solar cycle 24.
TEC is derived from Global Positioning System (GPS) installed at Addis Ababa (adis, Geog: 9.04° N; 38.77° E and
Geom: 5.28° N; 112.6° E) and Ambo (aboo, 8.99° N; 37.81° E and Geom: 5.43° N; 111.6° E). The results show that
the SPIM model with all options of proxies overestimates the observed TEC for all seasons at both stations during the
low solar activity year of 2018. However, in some cases, the SPIM model with 1G index option showed a better
agreement during the low solar activity period, while it displayed poor performance at both stations during the high
solar activity period. The SPIM model with SSN proxy option was better in estimating seasonal and annual VTECs
during the high solar activity period, while it was poor during low solar activity period over the study region. Results
also showed that the SPIM model with Lyman-o proxy option performed poor for the seasonal and annual prediction
of VTECs with maximum RMSE of 19 TECU during the high and low solar activity years. A good agreement is
observed between the observed-VTEC and SPIM model with SSN proxy option. The correlation coefficients (r)
between observed-VTEC and model output using SSN as proxy was good (r = 0.9566 at adis and 0.9494 at aboo
stations) during the high solar activity year of 2014. Moreover, the model with all proxy options displayed a strong
correlation (r > 0.96 at adis and r > 0.95 at aboo stations) during low solar activity year. Overall, the results in this
study revealed that the SSN proxy option of the SPIM model was better in estimating VTEC during high solar activity
period, while SPIM with the 1G index was better during low solar activity period over the East African equatorial
region. Such performance evaluation of a global model for different inputs/options is important for the space weather
community at the study region where little or no ground based instruments are found.
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On the possibility of applying the motion magnification method to study polar auroras
A.A. Chernyshov!, M.V. Hapaev?, D.V. Chugunin?, S.A. Anfinogentov?, B.V. Kozelov*

1Space Research Institute of the Russian Academy of Science, Moscow, Russia

2National Research University Higher School of Economics, Moscow, Russia

SInstitute of Solar-Terrestrial Physics of the Siberian Branch of the Russian Academy of Science, Irkutsk, Russia
“Polar Geophysical Institute, Apatity, Murmansk region, Russia

Many processes occurring in the magnetosphere-ionosphere system are reflected in various, often very picturesque
and dynamic forms of auroras. The most active and bright forms of auroras are caused by fluxes of charged electrons
accelerated in electric fields. To study these processes through their auroral manifestations, it is necessary to consider
both temporal and spatial changes. Television and optical technology make it possible to record auroral forms with
good temporal and spatial resolution. Integrating frames over a certain area can reveal temporal variations in the
intensity of the glow. However, information about the spatial dynamics of auroral phenomena is still far from fully
utilized, although this information is uniquely detailed for the ionosphere-magnetosphere system. At the same time,
there are fundamental physical limitations on the possibility of registering the fine-scale spatiotemporal structure of
polar auroras, which are determined by factors such as the intensity of radiation in the observed wavelength range,
detector sensitivity, optical system luminosity, lifetimes of excited states of atmospheric components, and the speed
of "movement” of auroral forms. Therefore, it is necessary to develop and use special approaches for the analysis of
optical images of auroras. In this study, the so-called Motion Magnification Method (MM method) for small
oscillations based on optical data of auroral glows is being developed. In fact, the MM method acts as a "microscope”
for small-amplitude movements in a sequence of photo images or videos, artificially amplifying small displacements.
This allows for the study of multimodal and non-stationary oscillatory processes that are detected in the complex
structures of auroral glows. The work of AAC was partly supported by the Theoretical Physics and Mathematics
Advancement Foundation "BASIS".
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Mathematical simulation of the disturbances of the ionospheric electric field
caused by the release of radon from the ground

V.V. Denisenko
Institute of Computational Modelling SB RAS, Krasnoyarsk, Russia
E-mail: denisen@icm.krasn.ru

Due to the increase in radon emanation, the conductivity in the surface air layer increases, which causes a variation
of the electric field not only in the lower part of the atmosphere, but also in the ionosphere. There are known proposals
to use such ionospheric disturbances as precursors of earthquakes. We calculate ionospheric electric fields within the
framework of a quasi-stationary model of the atmospheric conductor that includes the ionosphere. The consequences
of the seemingly paradoxical point of view of a decrease in the conductivity of air with an increase in radon content
are also considered. Even with extreme radon emanation, electric field disturbances in the E- and F-layers of the
ionosphere are several orders of magnitude smaller than the supposed precursors of earthquakes, and than the fields
usually created there by other generators.

The D-region is fundamentally different in that in it the fair-weather electric field makes the main contribution to
the vertical component of the field. It is shown that this component of the field can double over the area of intense
radon emanation compared to the fair-weather field. A detailed spatial picture of the disturbances of the electric fields
and currents is constructed.

There is a hypothesis that the field-aligned component of the electric field strength significantly affects the formation
of the D-region of the ionosphere, and that therefore one should expect the rise of the lower boundary of the D-region
above the radon emanation regions. Such variations in the ionosphere are especially interesting because they change
the properties of the waveguide, the walls of which are the D-region and the surface of the Earth. Therefore, they can
be detected by remote sensing and used as the earthquakes precursors.

Analysis of a secondary 16-day planetary wave generation
through nonlinear interactions in the atmosphere

K.A. Didenko®?, A.V. Koval?3, O.N. Toptunova?® and T.S. Ermakova??

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

2Saint Petersburg State University, Saint-Petersburg, Russia

3Russian State Hydrometeorological University, Saint-Petersburg, Russia

Using a nonlinear model of the general circulation of the middle and upper atmosphere (MUAM), spatio-temporal
structures of planetary waves (PWs) during boreal winter were studied. Modeling of global atmospheric circulation
was performed for January-February. Despite the tropospheric PW sources shaped in the model, the phenomenon of
16-day PW excitation arise out of internal atmospheric sources in the southern lower thermosphere was discovered.
In order to explain the observed phenomenon, a number of numerical experiments were carried out according to
different scenarios with a selective turning (on/off) tropospheric sources of PW individual modes (having periods of
4-16 days). Also, the evolution of perturbed potential enstrophy for a 16-day PW, as well as the contribution of
nonlinear interactions between individual PW to it, was studied. This made it possible for the first time to demonstrate
explicitly the process of generating a secondary 16-day PW as a result of the nonlinear interconnection of 4-day and
5-day PWs.
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Application of an elliptical cutoff model for prediction of polar cap absorption
observed by ground based AARI network

A.V. Dmitriev!, S.A. Dolgacheva?, O.A. Troshichev?

1Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow, Russia
2Arctic and Antarctic Research Institute, St-Petersburg, Russia

An elliptical model of cutoff for solar energetic particles (SEP) at high latitudes was calculated for SEP events and
geomagnetic storms that occurred in February-March and September 2014, June 2015 and September 2017 in order
to predict the polar cap absorption (PCA) effect. The prediction is compared with observations of the PCA effect at
the AARI network of six ionosondes located at the North of Russia in a wide range of longitudes (from 30° to 170°)
and magnetic latitudes (from 56° to 64°). The elliptical model takes into account the intensity of SEP protons and
electrons, the strength of the magnetic storms, as well as the effect of day-night and dawn-dusk asymmetries in SEP
penetration to the high-latitude ionosphere. The model demonstrates a satisfactory statistical accuracy (PCP up to
0.83) for the PCA prediction. However, some shortcomings have been found. The prospects for further improvement
of the elliptical model are discussed.
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Study of the longitudinal effect of auroral absorption in the Arctic zone
A.V. Frank-Kamenetsky, S.A. Dolgacheva
Arctic and Antarctic research institute, St. Petersburg, Russia

The purpose of this work was to study the longitudinal effect in the distribution of auroral absorption intensity at
different levels of magnetic activity for different world time intervals based on data from the Canadian meridional
chain of stations, taking into account geographic latitude. Hourly average values of the AE index were used as a
characteristic of magnetic activity, since the AE index characterizes magnetic activity in the aurora zone, where auroral
absorption is observed. For selected periods, latitudinal absorption profiles were calculated for each UT hour. To
obtain a global picture of the absorption distribution, moving along the magnetic parallel, we transferred the data from
the Canadian meridional chain to other geographic latitudes. To correct the absorption value by geographic latitude,
we examined data from 3 riometers located at close magnetic latitudes, but at significantly different geographic
latitudes and obtained a correction factor (A= Ao* AGLat* 0.025, where Agabsorption at Canadian chain). The results
obtained made it possible to construct maps of the distribution of maximum absorption values for different levels of
magnetic activity and for 4 moments of UT (00, 06, 12, and 18 UT). An example of such a map for AE = 115 nT is
shown in the figure.
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The resulting distribution maps of auroral absorption intensity make it possible to estimate the expected absorption
for various conditions of magnetic activity and in certain geographical areas.
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Response of O1630.0 and O1557.7 nm dayglow emissions
measured by ICON/MIGHT] to a moderate geomagnetic storm

H. Gao?, J. Xu?, G.-M. Chen?, Yajun Zhu!, M. He!, W. Yuan! and L. Sun?

1Key Laboratory of Solar Activity and Space Weather, National Space Science Center, Chinese Academy of
Sciences, Beijing, China
2Science and Technology on Aerospace Flight Dynamics Laboratory, Beijing, China

Observations from the Michelson Interferometer for Global High-Resolution Thermospheric Imaging onboard the
lonospheric Connection Explorer spacecraft are used to study the response of O1630.0 and OI557.7 dayglow to a
moderate geomagnetic storm on 27 August 2021. The storm reaches a minimum Dst index of —82 nT, significantly
impacting the dayglow within the latitudinal range of approximately 20°N—42°N, where the dayglow observations are
of good quality. During the geomagnetic storm, the O1630.0 dayglow intensity slightly increases, while the peak
volume emission rate (VER) decreases, and the peak height rises noticeably. The F-layer intensity, peak VER, and
the entire-layer intensity of O1557.7 dayglow decrease significantly. The rise in peak height is not noticeable for the
O1557.7 dayglow. The VERs of the dayglow emissions at both these wavelengths respond differently to the
geomagnetic storm at different altitudes. The 0O1630.0 dayglow layer as a whole extends upward and rises in altitude.
For dayglow averaged above 35°N, the 01630.0 dayglow VER increases above approximately 225 km but decreases
below this altitude. The largest increase occurs near 300 km, reaching approximately 82.8%, while the largest decrease
occurs around 160 km, reaching about —22.0%. The O1630.0 dayglow intensity increases by approximately 6.3%, the
peak VER decreases by about —8.0%, and the peak height rises by approximately 16.3 km, corresponding to a 7.8%
increase. The F-layer intensity, peak VER, and the entire-layer intensity of OI557.7 dayglow decrease by
approximately —27.5%, —32.4% and —17.4%, respectively. The response of the dayglow also depends on longitude
and is accompanied by a southward meridional wind.

Ring Current Electron Precipitation During the 17 March 2013 Geomagnetic Storm
Alina S. Grishina®?, Yuri Y. Shprits':23, Alexander Y. Drozdov®

'Department of Space Physics and Space Weather, GFZ German Research Centre for Geosciences, Potsdam,
Germany

2Institute of Physics and Astronomy, University of Potsdam, Potsdam, Germany

3Department of Earth, Planetary and Space Sciences, University of California, Los Angeles, Los Angeles, CA, USA

The electron and ion flux in the near-Earth environment can change by orders of magnitude during geomagnetically
active periods. This can lead to intensification of particle precipitation into the Earth's atmosphere. The process further
affects atmospheric chemistry, which may potentially impact weather and climate on the Earth’s surface. In this study,
we concentrate on ring current electrons, and investigate precipitation mechanisms using a numerical model based on
the Fokker-Planck equation. We focus on investigating the main precipitation mechanisms, and their connection with
atmospheric parameters. We investigate the 17 March 2013 storm using the convection-diffusion 4-Dimensional
Versatile Electron Radiation Belt (VERB-4D) code. We quantify the impact of the storm on the electron ring current,
and the resulting electron precipitation. We validate our results against observations from the Polar Operational
Environmental Satellites (POES) mission, the low Earth orbiting meteorological satellites National Oceanic and
Atmospheric Administration (NOAA-15,-16,-17,-18,-19), and Meteorological Operational Satellite MetOp-02, as
well as the VVan Allen Probes, and produce a data set of precipitating fluxes that covers an energy range from 10 keV
to 1 MeV. Additionally, we use this data set for calculation of altitude-dependent atmospheric ionization rates at 60-
110 km, a prerequisite for atmospheric models to estimate effects of geomagnetically active periods on chemical and
physical variability of the atmosphere at high latitudes. Atmospheric ionization rates are validated against
Atmospheric lonization during Substorm (AIMOS 2.1-Aisstorm) and Special Sensor Ultraviolet Spectrographic
Imagers (SSUSI) ionization rates, and show good agreement at high geomagnetic latitudes during the storm time.
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A software for loading binary files with the DMSP mission SSJ/4 sensor data
V.A. Grishkina, O.V. Zolotov, Yu.V. Romanovskaya
Department of Information Technologies, Murmansk Arctic University, 183010 Murmansk, Russia

The DMSP mission provided a valuable set of observations for precipitating electrons characteristics. Many mature
and contemporary models adopted these data to formulate a statistical description of precipitating electron number
and energy fluxes as a function of magnetic coordinates and a space weather state characterized by a few observed
parameters.

Nowadays, the DMSP observations are routinely updated and published on the NOAA (National Oceanic and
Atmospheric Administration) website at https://bit.ly/dmsp-data. It provides data as graphical images (pdf- and png-
files), digital files in CDF format, and SSJ/4 sensors binary files. The latest DMSP mission satellites are equipped
with SSJ/5 sensors but continue to use the SSJ/4 binary file format to gain backward compatibility. Graphical images
are convenient for the visual exploration of observations. CDF files contain the final post-processed data. Binary files
are raw dumps of the SSJ/4 telemetry data. However, a large part of observations is published as binary files only, but
NOAA published no tools to deal with such type of data.

Due to this, we developed pydmsp — a Python3 package to load SSJ/4 binary files accounting for its Big Endian
architecture (dump storing conventions). This package loads an entire file into a random access memory (RAM) of a
computer. The package takes gzipped or non-compressed files as input and returns results in following three formats:
(a) a binary sequence of bytes, (b) an object of type 'xarray.Dataset' holding the raw counts of the sensor, and (c)
xarray.Dataset object holding values converted into physical units.

Here we discuss the principal features and limitations of the developed pydmsp (https://pypi.org/project/pydmps/)
package.
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Validation of first-principle models results of the different scale ionospheric phenomena
at high- and mid-Ilatitude

M.V. Klimenko*?, V.V. Klimenko?, F.S. Bessarab?, A.V. Divin®, K.G. Ratovsky?,
A.V. Oinats?, R.V. Vasilyev?, K.V. Belyuchenko?3, E.V. Rozanov®

West Department of Pushkov IZMIRAN, Kaliningrad, Russia
2ISTP SB RAS, Irkutsk, Russia
3SPbSU, Sankt-Petershurg, 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 drag 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. 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 period of geomagnetic storm. In this report we present a brief review of
some novel aspects in ionospheric physics and morphology that was reveled by Global Self-consistent Model of
Thermosphere, lonosphere and Protonosphere (GSM TIP). At that GSM TIP model used along and as a part of whole
atmosphere model (Entire Atmosphere GLobal model (EAGLE)) and magnetosphere-ionosphere model (GAMERA.-
GSM TIP). The existence of some modeled ionospheric features was proofed by other model results and validated
using different ground-based and satellite measurements. For our validation effort we used the analysis of vertical
TEC values from raw GPS/GLONASS measurements, SuperDARN and incoherent scatter radars data, ionosonde
manually scaled data. It is important to note that the validations of highlighted ionospheric phenomena should be
continued in order to reveal their statistical significance. Additionally to validation problem we investigated the global
and regional electron content variations for all presented event in order to understand its possibility as ionospheric
index.

This investigation was carried out with the financial support of the Russian Science Foundation grant 23-27-00213.
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Study of the influence of atmospheric waves generated by a tropospheric convective source
on the ionosphere

Yu.A. Kurdyaeva, O.P. Borchevkina, F.S. Bessarab, M.V. Klimenko

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

The influence of atmospheric waves generated by a tropospheric convective source on the state of the upper
atmosphere and ionosphere during the recovery phase of the geomagnetic storm on May 27-28, 2017 was studied.
The calculations implement a new approach of inclusion of atmospheric waves generated by tropospheric convective
sources in large-scale atmospheric models without using their parameterization. The study was carried out using the
numerical model of the neutral high-resolution AtmoSym and the Global Self-consistent Model of the Thermosphere,
lonosphere and Protonosphere (GSM TIP). The calculation results showed that longitudinal changes in foF2 in the
region of the convective source demonstrate a stable negative response of the ionosphere at sub-auroral latitudes and
positive disturbances at mid-latitudes. During the period of a meteorological event, the formation of periodic structures
in the area of its localization is observed, which indicates the possibility of formation of traveling ionospheric
disturbances in the considered spatio-temporal region.

This investigation was performed with the financial support of the Russian Science Foundation Grant No. Ne 23-77-
10004.

The relationship between the amplitudes of VLF signals from the transmitters
of the radio navigation system RSDN-20 with auroral electron precipitations

A.V. Larchenko, S.A. Nikitenko, O.M. Lebed’, Yu.V. Fedorenko
Polar Geophysical Institute, Apatity, Russia

The paper deals with results of ground-based observations of VLF signals from the transmitters of the radio navigation
system RSDN-20 received by the Polar Geophysical Institute network of high-latitude stations. It is shown that during
sub-storms with AL index values of -500 nT and less, a decrease in the registered amplitudes of the horizontal
magnetic field of transmitter signals in nighttime is possible. The observed effect of the decrease in the amplitudes of
VLF transmitter signals can be caused by local changes in the lower ionosphere during the sub-storm electron
precipitations. This hypothesis is discussed in this work. With the help of the empirical model of auroral electron
precipitations, we demonstrate that the magnitude of the relative decrease in the signal amplitudes in the nighttime
during sub-storms cannot be associated with the size of the radio path overlap by the auroral oval. To interpret the
observed effect, we used the model of VLF propagation in the Earth-ionosphere irregular waveguide. A comparison
between observation results and modeling of VLF wave propagation in the Earth-ionosphere waveguide, taking into
account ionospheric disturbances caused by electron precipitation is presented.
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The atmospheric response to energetic electron precipitation from the outer radiation belt
I. Mironova?, G. Bazilevskaya?, D. Grankin® and E. Rozanov*
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Information about the energetic electron precipitation (EEP) from the radiation belt into the atmosphere is important
for assessing the ozone variability and dynamics of the middle atmosphere during magnetospheric and geomagnetic
disturbances. Energetic electrons from the radiation belt penetrate the polar middle atmosphere during geomagnetic
disturbances and enhance ionization rates there which leads to the formation of reactive odd nitrogen and hydrogen
oxides and ozone depletion. The magnitude of the ozone destruction depends not only on the intensity of EEP but also
on season when it happens.

In this work, we study mesospheric ozone depletion due to precipitating energetic electrons with energies from keV
up to relativistic energies about 1 MeV during different seasons. The electron properties are acquired from the NOAA
POES satellites observations in 2003. The accurate values of energetic electron fluxes depending on their energy range
are one of the most important problems for calculating atmospheric ionization rates, which, in turn, are considered for
estimating ozone depletion in chemistry—climate models. Despite the importance of these processes for the polar
middle atmosphere, the parameters of precipitating of energetic electrons are still insufficiently studied. In order to
better understand EEP and related processes in the atmosphere, it is important to have many realistic observations of
EEP in order to correctly characterize their spectra. Invading the atmosphere, precipitating energetic electrons, in the
range from tens of keV to relativistic energies of more than 1 MeV, generate bremsstrahlung, which penetrates into
the stratosphere and is recorded by detectors on balloons. However, these observations can be made only when the
balloon is at stratospheric heights. Near-Earth satellites, such as the polar-orbiting operational environmental satellites
(POES), are constantly registering precipitating electrons in the loss cone, but are moving too fast in space. Comparing
the results of EEP measurements on balloons and onboard POES satellites in 2003, we propose a criterion that makes
it possible to constantly monitor EEP ionization at stratospheric heights using observations on POES satellites.

For estimation of ozone depletion we use a one-dimensional radiative-convective model with ion and neutral
chemistry. As one of the main results, we show that, despite the intensity of EEP-induced ionization rates, polar
mesospheric 0zone cannot be destroyed by EEP in summer in the presence of UV radiation. In wintertime, the
maximum ozone depletion, at altitude of about 80 km, can reach up to 80% during strong geomagnetic disturbances.
In fall and spring, the maximum ozone depletion is less intense and can reach 20% during strong geomagnetic
disturbances. Relation of EEP induced maximum mesospheric ozone depletion depending on geomagnetic
disturbances and seasons have been obtained.

The work was supported by an agreement between St. Petersburg State University and Moscow State University
within the framework of the Russian Science Foundation grant No. 22-62-00048.
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MosGIM2: open source code for multi-GNSS dual-layer global ionospheric TEC mapping
and GEC estimation

A. Padokhin®23, E. Andreeval, M. Nazarenko?, I. Pavlov®?, Yu. Yasyukevich?, A. Vesnin®, A. Kiselev®

Lomonosov Moscow State University, Moscow, Russia
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3Institute of Solar-Terrestrial Physics, Irkutsk, Russia

In this talk we present original method for global ionospheric total electron content (TEC) mapping and global
electron content (GEC) estimation based on a phase-difference approach to the analysis of phase measurements of
GNSS signals at a pair of coherent frequencies on a distributed network of ground-based receivers of the global IGS
network. The proposed approach uses the representation of the ionosphere as two thin layers with the TEC distribution
in each layer given by a truncated expansion into a series of spherical harmonics (SH) in the Sun-synchronous
coordinate system. The expansion coefficients are determined by the least squares technique with positivity constraints
applied for both model layers, which is implemented by solving the corresponding linear complementarity problem.
GEC estimation is made based on the zero SH coefficients for each layer. The proposed method does not require
estimation of the differential code biases of both satellites and receivers, which makes it possible to combine data
from various GNSS, such as GPS, GLONASS, and Galileo. Moreover multi-layer approach provides unique
opportunity to combine various types of TEC data, for example from GNSS and GIRO ionosondes, within single
algorithm.

We present open source pythonic implementation of proposed algorithm and discuss various types of possible
configurations and parameter selections which include for example preliminary selection of stations, possibility to use
both single and dual thin shell models with arbitrary selection of shell heights and degrees and orders of spherical
harmonics expansion, three types of coordinate systems (geographic, geomagnetic and MODIP), ionospheric
variability constraints, time step for the reconstructed model, etc.

The algorithm and corresponding software is being actively developed, recent version is publicly available via
GitHub (https://github.com/PadArt/mosgim2/) and we invite the community to test it and use it in your research. This
work was supported by Russian Science Foundation (project 23-17-00157).

On the GNSS detection of ionospheric disturbances caused by powerful underground explosions
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Using dense networks of GNSS receivers located in California and Nevada, an analysis of the ionospheric responses
to two underground explosions (January 21, 2022 M~3.3 mining explosion event 12 km NW of Carlin, Nevada and
November 18, 2023 M~1.7 NNSA subsurface chemical test explosion at the Nevada National Security Site) with a
magnitude less than the known threshold (M~6.5) for detecting the ionospheric response to earthquakes was carried
out. It is shown that when registering these responses, it is necessary to take into account the possible anisotropy of
the propagation of atmospheric disturbances at ionospheric altitudes due to both large-scale wind structures and the
inclination of the geomagnetic field. Taking these factors into account makes it possible to reduce the magnitude
threshold (compared to that established for earthquakes) of impulse lithospheric sources (mining explosions, volcanic
explosions), the response to which can still be detected in the ionospheric total electron content variations.
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Modeling of the Earth’s ionospheric current system at high latitudes
Boris E. Prokhorov and Oleg V. Zolotov
Murmansk Arctic State University, Murmansk, Russia

The ionospheric electric current system is a highly variable part of the Earth’s global electrodynamics. The high-
latitudinal currents are the most complicated parts of this system. Proper modeling of these parts allows a better
understanding of the physical processes at high latitudes. As a result, it helps to perform a correct prediction of the
ionospheric electric current system for various geomagnetic situations.

In this study, we use the modified version of the first-principle time-dependent self-consistent global numerical
Upper Atmosphere Model (UAM). This UAM version implements several variants of the high latitudinal input
specification. It supports using of the symmetrical distribution of the Field-Aligned Current (FAC) calculated
according to the lijima and Potemra model as well as the asymmetrical FAC computed according to the high-resolution
Model of Field-Aligned Currents through Empirical Orthogonal Functions Analysis (MFACE). In this study, we
consider different combinations of auroral precipitations with FACs as the input.

This investigation aims to model the ionospheric high latitudinal electric current system for various geomagnetic
conditions. Specifically, we analyze vertical and horizontal components of the electric current system at altitudes
ranging from 80 km to 175 km above the Earth's surface.

Study of fast and narrow plasma drifts in the subauroral ionosphere simultaneously
by ground and satellite means during the geomagnetic event of 18.03.2018

A.A. Sinevich3, A.A. Chernyshov?, D.V. Chugunin®, M.V. Klimenko?,
V.A. Panchenko?, G.A. Yakimova?, M.M. Mogilevsky*

Space Research Institute, Moscow, Russia

2\West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation,
Kaliningrad, Russia

3Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, Troitsk, Moscow, Russia

E-mail: sinevich.aa@gmail.com

Polarization jet (PJ or SAID - SubAuroral lon Drift) is a phenomenon of the subauroral ionosphere, which is a
narrow band of rapid westward ion drifts at F-layer altitudes. The most complete and in-depth understanding of such
a phenomenon as PJ/SAID will come from a study using a combination of simultaneous ground-based and satellite
observations of the subauroral ionosphere, including measurements with high spatial frequency. This work is the first
to use data obtained using various ground-based and satellite means to study PJ/SAID during the increase in
geomagnetic activity on March 18, 2018 in the northern hemisphere. In addition, local TEC (Total Electron Content)
maps are constructed using GNSS (Global Navigation Satellite System), where the presence of PJ/SAID is also
noticeable. During this geomagnetic event, a phenomenon such as STEVE (Strong Thermal Emission Velocity
Enhancement) is recorded. Comparison of various simultaneous ground-based and satellite measurements allowed for
a more comprehensive study of PJ/SAID, confirmation of previously known properties of PJ/SAID, and comparison
of the characteristics and behavior of the same PJ/SAID at different altitudes, latitudes and longitudes. The presence
of STEVE in the region under consideration confirms the presence of a strong PJ/SAID.

The work of AAC and AAS was partly supported by the Theoretical Physics and Mathematics Advancement
Foundation "BASIS".
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The midday recovery effect (MDR) during PCA events at different levels of geomagnetic activity
and in different hemispheres

V.A. Uliev, S.N. Shapovalov
Arctic and Antarctic Research Institute (AARI), Department of Geophysics, St. Petersburg
E-mail: vauliev@yandex.ru

Two phenomena of PCA recorded by riometers at stations of the auroral zone Dixon and Amderma (Northern
hemisphere - NH) and Molodezhnaya and Novolazarevskaya (Southern hemisphere — SH) are considered. These PCA
occurred against the background of normal and high geomagnetic activity (GA), respectively, at GAn and GAh. The
MDRs were manifested in both PCAs:(1) during the PCA on September 17-19, 1979, on each of the 3 days; (2) during
the PCA on September 19-21, 1977 — on September 20 only. In GAn and GAh, the effects of MDR are designated as
MDRn and MDRh, respectively: MDRn (September 17 and 19, 1979), MDRh (September 18, 1979 and September
20, 1977). During the GAh, MDR effects occurred during the main phase of the geomagnetic storm (GSmph).

There is a difference in the characteristics of MDR depending on the GA level and on the hemisphere. The variation
of the decrease in absorption during the MDR period has smooth/sharp fronts of decline and increase, respectively, at
MDRn/MDRNh. The total duration /duration of the phase minimum of the MDRAh is less than the MDRn.

The amplitude of the absorption decay during MDR at GAh is greater at stations in the Northern Hemisphere than
in the Southern Hemisphere. The minimum moment during of MDRn for GAn occurs 3 hours later in the SH than in
the NH, and during of MDRh for GAh — later 5 hours.

These established features are due to the different structure and dynamics of the ring current in the Northern and
Southern hemispheres at different GA levels.

Reconstruction of the electron density altitude profile from an oblique sounding ionogram
M.A. Volkov'?, A.D. Gomonov?, A.V. Gurin?

!Polar Geophysical Institute, 183010, Murmansk, Khalturina St., 15; e-mail: gotvald94@mail.ru
2Murmansk Arctic University, 183010, Murmansk, st. Sports, 13; e-mail: volkovma@mstu.edu.ru

The work considers the problem of reconstructing the altitude profile of the electron density from oblique sounding
ionosonde data. The input data of the inverse problem is a delay time series for a linearly frequency modulated signal,
obtained from an oblique sounding ionogram. The inverse problem of finding the altitude profile of the electron
concentration is solved based on calculating the trajectories of radio wave propagation along the transmitter-receiver
radio track. To solve the problem of radio wave propagation, a characteristic system of differential equations is used
to calculate coordinates and wave vectors in the anisotropic ionosphere. The spherical geomagnetic coordinate system
is selected. The dispersion relation for radio waves is given by the Appleton-Hartree expression in the absence of
collisions. At the emission point, the radio beam is directed along the geodetic line connecting the transmitter to the
receiver. In this case the Sodankyld-Murmansk radio track was chosen. In this work, the altitudinal profile of the
electron density is determined without taking into account horizontal gradients of the electron density. The ionosphere
is cut into spherical layers. For each layer, starting with the one closest to the Earth, the altitudinal gradient of the
electron concentration and the thickness of the layer at the upper boundary of which a radio wave of a given frequency
is reflected are calculated. The optimal values of the ray exit angle and vertical gradient are calculated, at which the
deviations of the end point of the radio beam trajectory and propagation time from the observed values are minimal.
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An approach to interpreting space weather natural indicators
to assess the effects of its impact on high-latitude power systems

A.V. Vorobev!, A.N. Lapin? A.A. Soloviev'?, G.R. Vorobeva?

1Geophysical Center of the RAS, Moscow, Russia
2Ufa University of Science and Technology, Ufa, Russia
3Institute of Physics of the Earth named after O. Yu. Schmidt of the RAS, Moscow, Russia

The dynamic exploration and development of the Arctic zone of the Russian Federation is inextricably connected
with the need to minimize technospheric risks, including those associated with the space weather effects on power
equipment systems operated within the boundaries of the auroral oval. At the same time, accompanying monitoring
of space weather parameters and geomagnetic field variations in the Arctic is carried out only through a small group
of satellites and several dozen magnetic stations, located mainly in the USA, Canada, northern and central Europe.
Obviously, the current situation practically excludes the possibility of promptly diagnostics the level of geoinduced
currents (GIC) for most of the Arctic zone of the Russian Federation, where auroras remain the only available indicator
of the space weather.

The paper proposes an approach to interpreting the manifestation of auroras to assess the effects of space weather
on objects and systems of high-latitude infrastructure. Thus, using the example of the “Vykhodnoy” substation of the
“Severniy Transit” main electrical network, it is shown that when recording auroras in the north, zenith and south, the
most probable (averaged over 30 minutes) GIC level is 0.08 A, 0.23 A and 0.68 A, respectively. Moreover, the
probability that the average half-hour GIC level will exceed 2 A (in the case of auroras in the north, zenith and south)
is 6%, 10% and 15%, respectively. In conclusion, ways to modernize the proposed approach based on identifying the
intensity of the glow and the type of observed auroras are considered.

Acknowledgments

The authors express their gratitude to the Polar Geophysical Institute (PGI) for providing data on the observation of
auroras by the Lovozero observatory, as well as data on geoinduced currents recorded at the Vykhodnoy station.
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OTKJINK PerHOHATBHOIO 3JIeKTPOHHOTO CO/lePsKaAHUS BBICOKOIIMPOTHOH MOHOC(]epBhI
HA 3TAJIOHHYI0O TeOMATHUTHYIO 0YpIO

K.B. Benrouenko?, M.B. Kimmmenko?, K I. Patosckuiil, A.M. Becaun?

YUncmumym conneuno-semnoii pusuxu CO PAH, Hpxymck, Poccus
2Kanununzpadckuii umuan Mncmumyma 3eMH020 MA2Hemusma, uoHocpepsvl u pacnpocmpanenus. paduoo um.
H.B. Ilywxosa PAH, Kanununepao, Poccus

Ha ocnose 'nobansHo# CamocornacoBannoid Monemu Tepmocdepst, Morocdepsr u [Iporonochepsr (I'CM TUIT)
OBUTM TIPOBENEHBI pacdeThl OTKIWKAa PErHOHAIBHOTO 3JEKTPOHHOTO coaepkanuss wuoHocdepsr (REC) mus
W30JIUPOBAHHOM STAJIOHHOW Te€OMarHWUTHOM OypH, MOJNY4YeHHOW ycpemHeHWeM Bapuarun AE-mHnmekca meromom
HAJIO’KEHHUS ATI0X C KIFOUEBBIMUA MOMEHTAaMH, COOTBETCTBYOIUME MakcumMyMy AE-uHnekca. MoaeniupoBanue ObLIO
MIPOBE/ICHO AJIS YETHIpeX CE30HOB (B KauecTBE AaT OBLIM MCIOIB30BaHBI JHH PaBHOACHCTBUH U CONHIICCTOSIHUN) U
JUTS YeTBIpeX BapHaHTOB BpeMmeHH MakcumyMa AE-unnekca: 00 UT, 06 UT, 12 UT u 18 UT. MoaenpHBIH OTKIHK
REC comnoctapsiics ¢ HaOIH01aeMbIM 3TAIOHHBIM OTKIHKOM REC, KOTOPBIH pacCYUTHIBAIICS MO CIACIYIOMICH cXeMe:
(1) pacuer REC mo kapTam IOJHOTO 3JEKTPOHHOTO cojepxkanus; (2) pacuer Bosmyinenuii REC (dREC), kax
OTKIIOHEHUH HaONIOJaeMBIX 3HAYCHHH OT 27-THEBHOTO CKONB3sAmero cpenHero 3HadueHus REC u (3) pacuer
sranonnoro otknuka REC ycpeanenmem OREC MeTomoM HaNOXEHHBIX 3MO0X C KIIOUEBHIMH MOMEHTAMH,
COOTBETCTBYIOIIMMH MakcumMymy AE-unaekca. Haumyuniee cornacue ¢ HaOIIOACHUSIME 1)l BAPUAHT, KOTJIa BpeMs
MakcumyMma AE-uHzaekca coorBercTBoBaio 18 UT. DTOT pe3ynpTaT coriacyercs ¢ TeM, 9To B OONBIINHCTBE CITydaeM
MakcumyM AE Habmonaercs B 17-18 UT B coOTBeTCTBUY C IPOBEICHHBIM CTATHCTUICCKAM aHAIN30M I'€OMAarHATHBIX
WHJICKCOB. B maHHOW paboTe mpousBeieH 0030p OTKIMKA PETHOHAIBHOTO 3JICKTPOHHOTO COACPIKAHHS B BBICOKHX
MIMPOTaX AJS CEBEPHOTO W IOKHOTO monmymapus. CpaBHEHHE MOJACTHHBIX PacdyeToOB ¢ HAOMIONCHUAMHU IOKA3aJio
Xopoliee KaueCTBeHHOE 1 KOTMIECTBCHHOE corylacue. PaccMoTpeHsI MexaHu3MbI (hopMupoBaHus Bosmymernit REC.

Pabora BeInosiHeHa pu noaepkke rpanta PH® Ne 23-27-00213.

PesyabTaTsl Ha0a01eHUIT HOHOC(epHBIX HeogHOpoaHOCcTel Hax KoabckuM noJsryoctpoBom
npudopHoii cetbio III'N

A. 1. Tomonos, U.B. Munranes, O.B. Munranes, B.B. 3arypckuit
THonsapuwiii ceopuzuveckusi uncmumym, 2. Mypmauck, o. Anamumei, Poccus
E-mail: mingalev_i@pgia.ru

B manHO#i pabore mperncraBieH aHann3 MaHHBIX ¢ 2012 mo 2021 romel pagapa YaCTHYHBIX OTpPaKEHHH B 0OC.
TymanHsbI#, panapa HekorepeHTHoro paccesHus EISCAT B TpoMmcé u JaHHBIX MOHO30/I0B O MEPUOJIaX BPEMEHH, BO
BpeMS KOTOPBIX TUOO KpUTHUYECKAs YacTOTA TIa3Mbl Ha BRICOTE MaKCUMyMa E-criost Hast aHTeHHOH pajapa Bo3pacTaia
6onee yem Ha 1| MI'11 MO CpaBHEHMIO CO CPETHUM 3HAYCHHEM 3a MpEIbIayIIre 4 gaca, 100 3Ta 4acToTa 3a MHHYTY
yBenmumBaiack Ha 2 MI'l wim Gojee Mo CpaBHEHHUIO ¢ MPEABLAYIINM 3HAUYeHUEM. Takoe yBeIUUCHHE YKa3aHHOU
YaCTOThl CBUJIETENHLCTBYET O HAJMYWW BBICHIIAHWM DHEPTUYHBIX YaCTHI, KOTOpble co3matoT B D m E-crmosix
noHOC(hepsl HEOTHOPOIHOCTH C TOBBIMIEHHOW KOHICHTpaIueil sekTpoHoB. OaHON W3 Ieneil aHaim3a ObLIOo
OTIPENICIIUTh JOJI0 BPEMCHH 0 OTHONICHHIO K OOIIEMY BPEMCHHM HAOIIOACHHWH, KOT/a MPHCYTCTBOBAIM pPE3KHE
YBEJIMYCHUST KOHIICHTPAIIMU 3JICKTPOHOB Ha BHICOTe MakcumyMa E-cios. B kadecTBe BpeMEHHBIX WHTEPBAJIOB
Opamrch 4acOBBIE OTPE3KU. BbUTH OTACNTEHO pacCUUTAHBI JOIU BpEMEHH JIJISl BO3MYIIEHHH, JUIANTUXCS B TIpeenax 2—
4 muH, 4—8 MuH, 8—12 muH, 12—16 muH, 16-20 MuH 1 gsmmxcs 6onee 20 MuH. Ha ocHOBaHMM aHamu3a JIEIar0TCs
BBIBOJIBI.

KiroueBsle ci0Ba: HOHOC(hEpHBIE HEOAHOPOIHOCTH, Pagap YaCTHYHBIX OTPasKEHUH

86



lonosphere and upper atmosphere

Biausinue okucu a3ora Ha otHomeHue 1(A557.7)/1(A427.8) B moJsIpHBIX CUSTHUSAX
K.B. HamkeBu4, B.E. IBanoB

Honapuvuii 2eopusuueckun uncmumym, Anamumol, Mypmanckas ooracme, Poccus

E-mail: zhanna@pgia.ru

MeTomoM HYHCICHHOTO MOICTHPOBAHUS HWCCIICOBAHO BIMSHUEC KOHIGHTPAIlMM OKHCH a30Ta Ha OTHOIICHHE
WHTEHCUBHOCTEH amuccuit A557.7 aM u A427.8 HM B TONAPHBIX CHSHUAX, BEI3BAHHBIX TOTOKAMHU BBICHITIAIOIIAXCS
snekTporoB. [lokazano, uto otHomenune |(A557.7)/I(A427.8) HCTIBITBIBACT CHIIBHYIO 3aBHCHMOCTD OT KOHIICHTPAIIHH
NO. MopnenbHbIe pacueTsl IMOKa3ald, YTO OTHOIICHHE YMEHBIIACTCS ¢ YBEIHMUCHUEM KOHIICHTPAILIUN OKHCH a30Ta B

makcumyMme BbicoTHOro npoduias [NO]ms or 107 em® mo 3-10° cm?®.

Ilpu 3TOM H3MEHEHHE OTHOIICHHUS
[(A557.7)/1(1427.8) nexut B uHTEpBAJE OT 7 10 2-X, YTO HAXOAUTCS B YAOBICTBOPUTEILHOM COTJIACHH C IHATIA30HOM
W3MCHEHHsI OTHOIICHHUS, HAOII0aeMOM B MOJSIPHBIX CHUSHUSX. BIHsHHE OKHCH a30Ta Ha BEJIMYUHY OTHOIICHHS
(A557.7)/1(1427.8) ocyecTBiseTCs Yepe3 KaHal BO30YKICHUS SMHCCHU A557.7 HM, a IMEHHO, AUCCOIUATUBHOMN
PEKOMOMHALMI HOHA MOJIEKYJIApHOTO Kucnopoaa 03 + ey, myTeM ne3akTHBALUK HOHA B CTOJKHOBHUTEILHOM PEAKIMH

¢ okuceio asora 03 + NO.

JuarnocTuka napaMeTpoB BbICHINAIONIET0Cs MOTOKA AaBPOPATbHBIX JJ1eKTPOHOB
110 JaHHBIM (GOTOMETPHYECKUX U3MEPEeHN

K.B. Jamkesu4, B.E. UBanoB

Honapuviii ceopusuueckuu uncmumym, Anamumol, Mypmanckas obnacms, Poccus

E-mail: zhanna@pgia.ru

[MpennoxeHsl METOAMKM AWArHOCTHKH IApaMEeTPOB IOTOKA BBICHINMAIOMINXCS aBPOPAIBHBIX C HCIOJIb30BaHHUEM
JITaHHBIM CIIEKTPO(OTOMETPHUUECKUX U3MEPEHUH MHTeHCUBHOCTH M3ny4enust LBH monoc monekymsipHoro asora N,
HOJIOC TIEPBOM OTPHMIATENRHOM CHCTEMBI MOHA MOJEKyJIsIpHOro asora NF u smmccmu 630.0 HM aToMapHOTO

Kucjaopozaa. Iloxa3zaHbl PpE3yJIbTaThbl OLICHOK MapaMETPOB aBPOPAJIbHBIX JJICKTPOHOB 11O (bOTOMCTpI/I‘{GCKI/IM JaHHBIM,
TNOJIYYCHHBIM B XO€ SKCIIECPUMCHTOB, IIPOBCACHHDBIX B HOJ'ISIpHOM FCO(I)I/ISI/I‘K?CKOM HWHCTUTYTEC.
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BausiHust JIOKAJIBHBIX HOHOC(EPHBIX CTPYKTYP HA NMOJISIPU3ALHUIO
U aMILTUTYY nepBbix AByX moj LllymanoBckoro pezonanca

E.H. Epmaxosa, A.B. Ps6os, [I.C. Kotuk
HUP®U HHT'Y um. HU. Jlobauesckozo, H. Hoseopod, Poccus

Juis uccnenoBaHus BOZMOKHOCTH BIHSHUS HOHOC(EPHBIX PE30HATOPOB HAJ TOYKOH peructpannd Y HU MarHUTHBIX
NoJIeH Ha CIIEKTpaJIbHbIE XapaKTEePUCTHKH NEPBBIX ABYyX Mo I1IP, OpuiK mOCTpOoeHBI M MPOaHATM3UPOBAHbI TPOQHIH
napameTpa kpurepus reomerpudeckoit ontuku (KI'O) Hopmansneix Y HY BosH B monocdepe st yactot 3-14 I'o.
BeIo mokazaHo, 4TO HapyIIEHHE T€OMETPHUYECKOM ONTHKH Ha HIDKHEM OCHOBaHHMHU F-ciios mOHOC(eEps! B TEMHOE
BpEMSI CyTOK HAOJIONAECTCsl TPH JIIO0OOM YPOBHE CONHEYHOH AKTUBHOCTH B YAaCTOTHOH IOJIOCE, BKIIOYAIOLICH
cootBercTBytomue Monsl 1P, ¢ MakcumansHoit BenmmumHOit KI'O ~ 10-15. Hapymenune npubiamkeHus
TeOMETPUYECKOM ONTHKH Ha BBHICOTAX BBIINIE MAaKCMMyMa F- ciost HoHOC(Eeps! MPOSBISIIOCH B TIEPUOBI, OIU3KHE K
MUHUMYMY cojiHeuHOH akTuBHOCTU C KI'O ~ 1-3 u, xak mpaBuiio, OXBaThIBaJO YacTOTHBIA Auamna3oH A0 8-10 I'm.
AHanu3 SKCHEepUMEHTANbHBIX JAaHHBIX, @ HMEHHO, CIIEKTPOB M CYTOYHOTO XOJa aMIUIUTYyAbl U IapaMeTpoB
MOJIIPU3AIIMU Ha YacToTax mepBbIX NBYyX Moa LIIP moarBepaun BiusHue pe3onatopa cy6-UAP B mepuonabl pazHoit
COJIHEYHOH aKTHBHOCTH M TTO3BOJIMII BBIIBUTH PA3HBIA XapaKTep BapHaIlMH CIIEKTPAIBHBIX XapaKTEPUCTUK IEPBOH U
BTOpO#t Mokl LIIP 1ipu pasHbIX cOCTOSHUAX JIOKaNbHOM HOHOChEepbl. bbuto Moka3aHo Takxke, 4YTo Takue GakTophl, Kak
BO3HHKHOBEHHE CHJIBHBIX CIIOPAJUUYECKUX CIOEB M IOBBIIICHHE YPOBHS I'€OMAarHUTHON aKTUBHOCTH HHUBEIHPYIOT
BIIMSHUE PE30HATOPOB HA aMIUIUTYAy W HOJspu3anuio nepBoro u Broporo IIIP. Jns moArBepaeHHs BIMSHHA
JIOKJIBHBIX MOHOC(EPHBIX CTPYKTYpP IMPUBJICKAINCH HU3KOYACTOTHBIC JaHHBIC (B TOM YHCIEC W OJXHOBPEMEHHBIC)
obcepBaropun HoBas JKusub (56N., 46E.), BbicokomuporHoii ob6cepBatopuu JloBosepo (68N, 35E) wu
HU3KOIIUPOTHOH obcepBaTopun Ha 0. Kput (35N, 25E). MonensHbIe pacdeTsl CyTOYHOH IWHAMHUKHU MapaMeTpOB
MOJIIPU3AIUH Ha YacToTaxX mepBoil U BTopoit moasl I1IP nonrBepammm Bmusaue nokaxpHoro AP u cy0-UAP Ha
NOJISIpH3ali0 ¥ aMIunTyay 3tux mon LHP, a Takke peskoe yMeHblIEHHE BIHMSHUS JIOKaJbHOW MOHOC(HEpHI NpH
CIJIBHBIX CIIOPaJINYECKUX CIOSX.

Pabora BemomHeHa no mpoekty Ne FSWR-2023-0038 B pamkax 6a3oBoif dactu ['ocymapcTBEHHOTO 3aJaHUS
MunncTepcTBa HayKH U BhICIIero oOpa3oBanust PO.
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IIpumeHeHHe MeTOAOB MPOCTPAHCTBEHHOI 00pa0OTKH IMOJISI
JJIS1 32124 CIIYTHUKOBOM INArHOCTHKHM MOHOC(pepBbI

C.U. Kamxun, M.A. 3BepeB, M.B. Tuaun
HUpkymcexuii eocyoapemeennsiti ynusepcumem, Uprkymck, Poccus

CIyTHHKOBYIO THarHOCTUKY HOHOC(EPHOH MIa3Mbl MOKHO Pa3AEinTh Ha [Ba THIA, Ty4EBYIO U TU(PpaKInOHHYIO.
JlydeBas muarHoctuka noHocepsl, OCHOBaHHasi Ha reomerpoonTrieckor (I'O) Mozmenu pacnpocTpaHeHus CUrHaNA,
TIO3BOJISIET HCCIIEIOBATH KPYITHOMACIITAOHbIE HEOJTHOPOIHOCTH B HOHOC(epe 3emun. B 'O Mozenu XxapakTepucTuku
MIPUHAMAaEeMOro curHana (¢asa, 3amas3aplBaHIEe, aAMIUIUTY/A) TIOJHOCTBIO ONPEACIIIIOTCS. HHTETPAIaMy BOJb JTy4eH,
KOTOpBIE Ha BBICOKMX YacTOTaX HMMEIOT BHJ NPSAMBIX JHHUH. Takue WHTErpaisl 4acTO HA3bIBAIOT JIMHEHHBIMH
uHTerpajgamu. Takum oOpa3oM, HpH pPELICHWH 3ahad JIydyeBOM AMArHOCTHKH, T. €. 0e3 ydera AM(PPaKIHMOHHBIX
3¢ QeKToB, 3a7a4a CBOANUTCA K BOCCTAHOBJICHHIO (DPU3MUECKUX XapaKTEPHUCTHK HEOAHOPOIHOW cpensl Mo Habopy
JMMHEHHBIX HHTErpasioB. I pemeHns 3a/1a4 JUarHOCTHKY € y4eTOM TU(PpakunoHHbIX 3Q(EKTOB HCIONB3YIOT ApyTHE
NpUOJIMKEHHBIE METObI ONIMCAHMS MOJIEH B HEOTHOPOAHBIX cpenax. /st HeOTHOPOIHBIX CPe/l, BBI3BIBAIOLINX CIa0ble
¢uykryanuu ¢asbl, UCIOJB3YIOT METOJ IUIABHBIX BO3MYLICHWH W mpubmkenue bopHa. [{ns cpex ¢ cHIbHBIMU
¢urykTyarusiMu ¢aszbl 0OBITHO MPUMEHSIOT MOJIETb ()a30BOTO SKpaHa, OJHAKO AaHHAS MOJENb TpedyeT nHpopmMannu
0 MECTOHAaXO0KICHUU HEOJHOPOTHOCTH.

B xauecTBe MeTO/1a MO3BOJISAIONIETO YBEIUYHUTE Pa3pelIaionyto ClIOCOOHOCTh JUaTHOCTUKH HEOTHOPOTHOM I1a3MBI
MOXXHO HCIIOJIb30BaTh NMPOCTPAHCTBEHHYIO 0OpPaOOTKY IOJISI, OCHOBAHHYIO Ha HPEICTABICHUH IOJS BOJHBI B BHAE
JIBOMHOTO B3BemeHHOTo Pypbe npeodpazoBanus (JBPII), BBIMOIHEHHOTO OTHOCUTENEHO KOOPIUHAT UCTOYHNKA U
npueMHuKa. OTIMYMTENbHAS OCOOCHHOCTh AaHHOTO METOJa 3aK0YaeTcss B BO3MOXKHOCTH JHMarHOCTHPOBATh
HEOJHOPOAHOCTH C pa3MepaMH MeHbIe paanyca PpeHenst npu ciabblX M CHIBHBIX BapHAlMAX (asbl U ypOBHS B
OTCYTCTBHE HH(POPMAINH O JIOKATM3ALUH UCCIIELyeMOi HEOJTHOPOXHOH cpeibl. Takoi BUa IMarHOCTUKH MOXKET OBITh
peajnM3oBaH B 3ajayax pajuoToMorpaduu IUIa3Mbl, TIe IpHEeMo-lTiepenaronas cCUcTeMa BKIIOYaeT B cels JiBe
CHHXPOHHM3UPOBAHHBIC aHTEHHBIE PEIIeTKU. B HOHOC(hEpHBIX HccIeoBaHUAX POCTpaHCTBeHHAs oOpaboTka JIBDIIT
peanmzyemMa, Korja IpHEMHasl peleTKa pacrosaraercsd Ha 3emile, a MEpelaiollyl0 aHTeHHYI0 CHCTEMY MOKHO
CHUHTE3MPOBAThH ABUTAIOMINMCS HUI3KOOPOUTAIBHBIM HIIH BBICOKOOPOUTAILHBIM HCKYCCTBEHHBIM CITyTHHKOM 3E€MIIH.

B nanHO# paboTe HaMu KCCIIeT0BaHbI BO3MOKHOCTH ITPOCTPAHCTBEHHOH 00paboTKH Mot Ha ocHOBe MeToaa [IBDII
JUIl 3aJaddl CITyTHUKOBOW JTMAarHOCTHUKM HOHOC(EpHOW IIa3Mbl. UMCIICHHBIE pacdeThl BBINOJHEHBl C Y4ETOM
IIBIDKCHUSI HA3KOOPOWTANBHBIX CITyTHHKOB, W3TYYAIONINX CHTHaNBI Ha wactorax 150 MI'm m 400 MI'm. Mopgems
MOHOC(EPHOIl IIa3Mbl, BKJIIOYAET TayCCOBBI IIa3MEHHbIE HEOJHOPOJHOCTH, C MacllTadaMH MEHbIE paauyca
®DpeHens, TBUTAIONTHECS C PA3TMIHBIMHI CKOPOCTAMH.

Pabota BhITIOJIHEHA B PAMKaX TOCYIapCTBEHHOr0 3a1anust MunoopHayku Poccun (3amanue Ne FZZE-2023-0004).
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Pe3ynbTaThl TPEXNMO3MIMOHHBIX H3MePEeHUI HCKYCCTBEHHOT0 ONITHYECKOr0 CBEeYeHM s
B KPAaCHOI JIMHMU aTOMapPHOT0 KNCJ0pPoAa Ha HarpeBHOM cTeHxe CYPA

IO.K. Jleroctaesa, A.B. lluamun, C.M. I'pag

Hayuonanenoui uccnedosamenvckuii Huoicecopoockuii 2ocyoapcmeennviii ynueepcumem um. H.U. Jlobauesckozo,
Poccus

IIpencraBneHsl pe3ynbTaThl aHaIW3a JaHHBIX SKCIHEPUMEHTOB IO MCCIEIOBAHUIO BO3ICHCTBUS MOIIHOTO
panronsnydenus crenaa CYPA Ha cBOWCTBa ONTHYECKOTO CBEUSHUSI HOYHOTO Heba (noHOoc(ephl) B KpAaCHON JIMHUU
aToMapHOTo Kuciopoaa (A=630 M), BeImoaHEHHBIX B 2022 1. Perucrpanuns HCKyCCTBEHHOTO CBEUCHHUS B JIMHUU A =
630 aM ipu BozaeiicTBuHM MOITHEIM KB panmounsaydennem crenna CYPA mpoBomuimcs B TpeX pa3HECEHHBIX ITyHKTaxX
HaOmronenus — creua CYPA (reorpaduueckue koopauHaThl 56,15°c. 1., 46,10°B. 1.), MarautHas oOcepBaTopus
Kazanckoro yauBepcureta (55,56°c.m1., 48,45°8. n.) u nepeBus 3axmounas ([lepeBosckuii paiton Huxeropoackoi
0011, 55.54°c. m., 44.53°B. 11.), Ha paccrosHUAX ~ 120 -170 kM mpyT OT mpyra. PerucTpamnus cBedeHNs U IEpBUYHAS
o0paboTka naHHBIX npoBoAuianck corpyanukamu HHI'Y, KII(®)Y u UC3® CO PAH. Ilpu Tpexmo3uIUOHHBIX
HaOJIOZCHUSX MOJMy4YEeHHbIE CHUMKH HOYHOTO HeOa MO3BOJISIOT ONPEACNIATh BHICOTY W pa3Mmep o0NacTu reHepanuu
CBEUCHUS, A TAK)KE BOCCTAHABIMBATH KPYIMHOMACIITAOHYIO CTPYKTYpY 00JIaCTH T'€HEpallii CBEYCHHS.

Pabora BrInosiHEeHA TpH (pHHAHCOBOI moanepxkke rpanTa PH® Ne 20-12-00197.
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IoBbimenne 3pGpeKTUHBHOCTH METOAOB BO3BPATHO-HAKJIOHHOI'0 30HIMPOBAHUA HOHOC(EPBbI
pannoBotHamu B KB nnana3zone npy ucnoib30BaHUN (Pa3MPOBAHHBIX AHTEHHBIX PelIeTOK

HN.A. Moucees’, 1.B. Munranes?, A.M. Mépansiit, B.B. Hukuos®

YUKU PAH, 2. Mockasa, Poccust
2[ITU, 2. Anamumul, Poccust
3000 «OKF «Onanopy, 2. Mockea, Poccus

JluarnocTrka NoJsipHOM MOHOC(EPHI SABISIETCS CII0XKHOW 3a/1a4eil MPH HaJIMYMH HEOTHOPOJHOCTEH B €€ CTPYKType
Y IJIA3MEHHBIX HEYCTOMYMBOCTEN B €€ Pa3IMYHbIX CEKTOPAX CUMHTHIIISIUN CUTHAJIOB PaIMOCUCTEM, IIEPECEKAIOLINX
nx Ha BbicoTax E- u F-cros.

Jis MarHOCTHKM TIPOLIECCOB W XapaKTEPUCTUK MOJSIPHON HOHOC(EpHl MpejaiaraeTcs HCIOJIb30BaTh METOJ
BO3BPATHO-HAKJIIOHHOTO 30HANpOBaHus (nanee — BH3), mpuMensis cucteMy, COCTOSIIYIO U3 TIepeIaromeii KOIbIIeBOH
(dasupoBaHHO# aHTeHHOH pemietku (mamee — @AP) aHTEHHBI W OTIOCNBFHO PACIIONIOKEHHON MPUEMHON KOJBIEBOH
OAP antennsl. B Takoil cucteme mepenaromias aHTeHHa Tepenaer 3oHaupyoomue JIYM curHamsl B 3aJaHHBIX
JMana3oHax yrjia MecTa M a3uMyTaJIbHOTO yTia.

Otu curHanel OyIyT OTpa)kaThCs OT MOHOC(EpHl M MOMANaTh Ha MOBEPXHOCTh 3eMIIM, Ha KOTOpOH OHH OymyT
paccenBaThcs, B TOM 4HCIe W B 00paTHylo cTopoHy. I[lpueMHas aHTeHHa NPUHUMAET 3TH OTPaKEHHBIE OT
MOBEPXHOCTH 3eMJIM B OOpaTHYIO CTOPOHY CHUTHAJIBI, IIOCJIE X MOBTOPHOTO OTpa)keHHs oT noHocdepsl. [Ipu stom
H3MEPSIETCS BpeMS 3aI€P>KKH U YTJIbl IPUX0Ja 3TUX CUTHAJIOB B IPUEMHYIO aHTEHHY. [10 3TUM 1aHHBIM OINIpenemsieTCst
00JacTh MPOCTPAHCTBA, B KOTOPOI MPOU30ILIO OTPAKEHUE BOJHBI OT HOHOC(EPHI U KOHIICHTPANHUS dIIEKTPOHOB B
aT0i1 obnactu. Ilpuemubie yctpoiictBa DPAP, kaxaoe M3 KOTOPBIX pabOTaeT Ha CBOM HE3aBUCHMBIH KaHall,
00eCTIIeYnBaIOT MIPUEM OJHOBPEMEHHO MHOTO CHHIAJIOB C pa3HBIX HAIPaBIICHWH W HA Pa3HBIX dacTtoTaX. OMUCcaHHOE
YCTPOMCTBO MO3BOJIUT MOJyYUTh TPEXMEPHOE PaCIpeleeHHE KOHLIEHTPALMK 3JIEKTPOHOB B LMJIMH/IPE, OCb KOTOPOTO
MIPOXOJIUT BEPTUKAIHHO Uepe3 MPUEMHYIO aHTEHHBI, paJANyC KOTOpOoro MoxeT ObITh OT 800 mo 1400 kM, a BepXHss
rpaHuIia HAXOAMUTCS Ha BBICOTAX MaKCUMyMa KOHIIeHTpaluu B F-ciioe nonocdepsl.

Kpowme toro, meromom BH3 BO3MOKHO OIIEHHBATE 007aCTH HOHOC(EPHI HaJl MOPCKUMH MIOBEPXHOCTSIMA H IPYTHMH
TPYIHOJIOCTYITHBIMU TEPPUTOPHUSIMHU.

Jnist peneHus 3a/1a4u ONPEeIIeHUs TapaMeTPOB CTPYKTYPbI 00JIaCTH MOHOC(EPHI, JOCTATOUHBIX JUIS BHIPAOOTKH
PEKOMEHAANUI 10 HCIOJIB30BAHUIO BO3MOXHBIX PAIHOTPACC, HEOOXOIUMO HCIIONB30BATh CIyYalHBIC BEIMYHHBI
apaMeTpoB 30HIUPOBAHHS HA OCHOBE YCPEIHEHHBIX pE3yJbTaTOB MOJEIUPOBAHUS IPOCTPAHCTBEHHBIX
pacmpeneieHuil mapaMeTpoB HOHOC(EPHOH TIa3Mbl, MPOBEICHHBIX H3MepeHuit BH3 1 yyeTom omuO0K H3MepeHus.

Muneanes U.B., Cysoposa 3.B., [LIy6un B.H., Mepsnviiit A.M., Tuxonoe B.B., Tanaraes A.5., Muneaneg B.C. Otinaus
MPOTrHO30B ycioBuil KB-pannocssizu Mexay nepeiaTdukoM Ha CPEeTHUX MUPOTaX ¥ MPUEMHUKOM B apKTHYECKOM
PETHOHE MPU KCIOJIb30BAHUU PA3IHYHBIX IMIUPUICCKUX Mojesedl nonochepsl // ['eoMarHeTu3M u aspoHOMHUSL.
T.61, Ne4, C.506-519. 2021.

JIrwosue B.A., Huxuwos B.B. TlaccuBHas JNOKamusi W TPOTHBOACHCTBHE CHUCTEMaM HAaBEICHUS BBICOKOTOYHOTO
opyxusi. Mocksa, URSS, 2021.
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CpaBHeHHe PA3JTHYHBIX MO/IeJIeif IBOJTIOIUN CUCTEMbI MPH ACCHMUJISIIUH JTAHHBIX
BepTukaibHoro TEC B moaenn NeQuick?2

U.A. ITaBnos'2, A.M. [Magoxun®?, I.A. Unrommn!

L dusuueckuil @axynemem MI'Y um. M.B. Jlomonocosa, Mocksa, Poccusi
2Unemumym conneuno-semnoii pusuxu CO PAH, Hpkymck, Poccus

CoBpeMEHHBIC SMITUPUICCKUE MOJICIIA HOHOCHEPHI C XOPOIIIeH TOYHOCTHIO OMTUCHIBAIOT HEBO3MYIIIEHHOE COCTOSHHUE
CpeJibl, OJHAKO I MHOTHX PAJIUOTECXHUYECKUAX CHUCTEM NAHHON TOYHOCTH MOXET OBITh HEAOCTaTOYHO. OIHUM U3
MTOJXOJ0OB K aJarTalliid MOJEIeH SBISETCS aCCHUMIIIALNSA JAHHBIX, MO3BOJSIONIAS HAWTH ONTHMAIBHBIN OaaHC
MEXKAy MOJCIbHBIMH TPEJCKAa3aHUSIMU W pealbHBIMU JaHHBIMU HaOmojeHuit. B Hacrosimiel paboTe Mbl
HCIIOJIb30BAIM  DKCIIEPUMEHTANIbHBIE JIAHHBIE O BEPTHKAJIBHOM IIOJHOM 3JeKTpoHHOM coxepxanuu (TEC),
nony4eHHbIe ¢ momombio GNSS 3o0rmUpoBanus Ha cetu crannmii IGS u ¢ momomnpio HOHO30HAOB ceTi GIRO, mis
amanranuu mozaenu NeQuick2. B kadecTBe MeTo1a ACCUMIIISIIIMKU TAHHBIX B JJAHHON paboTe MCHONb30BaCs GUIBTP
Kanmana, KOTOpBIH MIMPOKO pPAacHpOCTPaHEH B HOHOC(EPHBIX HCCIeAOBaHUAK. DYHKIMOHUPOBAHUE (QHIbTPA
Kanmana B ciiyyae MPUMEHECHHS €0 K SMIUPUICSCKAM MOJCISIM CYIICCTBCHHBIM 00pa30M OmpeaessieTcs 3aJaHieM
KOBapHAI[MOHHOW MaTPHIbI AJIsl BEKTOPA COCTOSIHHSI CUCTEMBI M BHIOPAHHOM MOJIETIbIO SBOJIOLUH CUCTEMbI. JlaHHast
paboTa CTaBUT CBOCH LIENIBIO MCCIICIOBATh BIUSHKE MOCICAHEH HA Pe3ysIbTaThl aganTtaiuy Mojeau. [loka3aHno, 4To
UCTONIb3yeMasi B OOJBIIMHCTBE CIy4YacB MOJCIb SBOJIOIUHM CHCTEMbI, 33aJaHHAs B BHJAE SKCIIOHCHIHAIHHOTO
3aTyXaHusi BO3MYILEHHUS, B ClIy4ae CYIIECTBEHHOTO PacXOxIeHus1 POHOBON MOJENH ¢ pe3yJIbTaTaMu HaOIOICHU
MOXET MPUBOIUTH K 3G eKTy “3a0bIBaHus” pe3ynbTaTOB KOPPEKUMH. B CBA3UM ¢ 3TUM B paboTe NpeioKeH
OPHUTHHAIILHBINA METOJI B3BEIICHHOT'O CPETHETO YIIPABJISFOIIETO TapaMeTpa P 33 JaHUH MOJICITU SBOJIIOIIHH CUCTEMBI,
KOTOPBIH O3BOJISIET YIIYUIIUTh PE3yIbTaT KOPPEKIIMK MOJICIIH 32 CUET JIyUIIEro COrjacOBaHMs JAHHBIX HAOIOICHUI
u QoHOBOM Momenun woHochepbl. B mokmame MpUBOAATCS IaHHBIC TECTUPOBAHHS MPEATIOXKEHHOTO MOAXO01a B
€BPOIIECHICKOM PErHOHE.

Pabora BrinosiHeHa ipu noanepxxke PH®, npoekr 23-17-00157.

Hccaenopanue opueHTANMY MONEPEYHON AHU30TPONUM MEJIKOMACIITAOHBIX HEOHOPOIHOCTeM
F-06sacTu B 6JIM3KUX N0 BPEeMEHH PaiHoceaHcax

H.IO. Pomanosal, B.A. Tenerun?, B.A. [lanuenxo?, I".H. )K6ankos®

onapuwiii 2eopuszuueckuti uncmumym, Mypmanck

2Uncmumym 3eMH020 Ma2Hemu3ma, uoHocgepwl u pacnpocmpanenus paouosont (M3MHUPAH) um. H.B. Iywxosa
PAH, Mocksa, Tpouyk

SHayuno-uccnedosamensvckuii uncmumym Qusuku 1024cHozo gedepanrvrozo ynusepcumema (HUHU gusuxu FODY), 2.
Pocmog-na-/ony

Anamm3 ¢uykryanmit paguocursanoB MC3, paccesHHBIX Ha MeNKOMAacIITaOHBIX HEOJHOPOTHOCTSIX F-obmactn
noHoc(epsl W MPUHATHIX Ha3eMHBIM IpueMHHKOM B MockBe (MI'Y mm. M.B. JlomoHOCOBa), moka3ani, 49To B
MIUPOTHOM TNpo¢uiIe TUCIEPCHH aMIUIMTYAbl NMPUCYTCTBYIOT OJWH, JIBa WJIM TPH MakcuMyma. B ciemyromem
paauoceance, OMM3KOM IO BpPEMEHH, MOXKHO OBUIO HAOJIONATh B IMUPOTHOM MNpOoQuiie Kak CXOJCTBO, TaK M
n3MeHeHne: (HOpMBI MAKCHMYMOB, MX KOJHMYECTBA, MECTOMOJNOXKEHUS. BpuIm oTOOpaHBl Takume mapsl OIM3KUX
paaroceaHcoB, HHTEPBaJI MEXAY KOTOPBIMH He IpeBbiniai 30 MUH, HO 0COOCHHOE BHIMaHHE Y/IEJICHO pagroceaHcam
C pa3HHUIEH B HECKOJIbKO MHHYT M KOTJla CIYTHHK IepeceKkasl oJHy M Ty e oOsacTe. B kakmom ciryyae Oblia
oTIpesieNieHa OPUEHTAINS MOMIePEYHON aHM30TPOIHMH JIJIsl COTTOCTABICHUS C HAIlpaBIeHHEM Ipeida, MOITyIeHHBIM
noHo3oH70M DPS-4 (U3MUPAH). [Tosy4eHsl niepBbie pe3yJIbTaThl COMOCTABICHUSI COBMECTHBIX JIaHHBIX.
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OMnupuyecKas Moaeib Bkiaaga D-o6aacTu noHocepsl B BeIMYUHY NPUPAIEHUS
II9C Bo BpeMs COJIHEYHBIX BCIBIIIEK

U.A. Paxosckuii, C.3. bekkep
OI'BYH Unemumym ounamuxu eeocghep umenu akademuxa M. A. Caoosckoeo PAH, e. Mocksa, Poccus
E-mails: ryakhovskiy88@yandex.ru, susanna.bekker@gmail.com

Bo3pacranue MOTOKOB PEHTIEHOBCKOTO W YJIBTPa(HOJIETOBOrO HM3NIYy4YEHUS BO BPEMsSl COJHEYHBIX BCIBIILEK
MPUBOJNT K HEPAaBHOMEPHOMY BO3PACTaHUIO KOHLCHTPAIMH 3JIEKTPOHOB Ne B pasIHYHBIX MOHOC(HEPHBIX CIOSX.
3a4gacTyio BCIBIIIKM OJHOTO Kjacca 00JaJar0T CYIIECTBCHHBIMH OTIMYMSAMH B CIIEKTPAJbHOM COCTaBE M, KaK
CJIE/ICTBHE, OKa3bIBAIOT PA3IMYHOE BIMSHUE Ha MPOLECCHl HOHM3AIMHU BO BCeX CII0sX MoHOchepsl. Takum obpazom,
BKJIaJ HIDKHEH HMOHOC(EpH! B BENWYMHY NPUpAIIEHHS MOJIHOTO 31eKTpoHHOro coiepkanus ([I9C) konebnercs B
3aBUCHMOCTH OT CHEKTpa BCTIBIMIKY. [Ipy HaTMIMK CUIBHONW PEHTT€HOBCKON COCTaBIISIOIICH OH YBEIMUUBACTCS, TIPH
MPEUMYIIECTBEHHOM POCTE YJIbTPa(HOIECTOBON YacTH CIIEKTPa — OH CTAHOBHTCS NMPAKTUYECKH HECYIECTBEHHBIM,
MOCKOJIbKY OCHOBHAsi HOHM3aIHsl IPOUCXOUT Ha BhicoTax E- n F-obnacreii.

B pabore mpencraBieHsl pe3yabTaThl YNCICHHOW OLCHKH BKIana D-o0mactu nmoHocgeps! B BeNWYHHY MOJTHOTO
JJIEKTPOHHOTO COJICPKaHUsI BO BpEeMs IIECTH MOIIHBIX PEHTICHOBCKHX BCIBINIEK X-KJlacca, MPOU3OLICIIINX B
cenrssope 2017 roma. Pacyer KOHIIEHTpalMd »3JCKTPOHOB B HIKHEH HWoHOochepe MNPOU3BOIWICA IO
IUIA3MOXHMHYECKOI MOJENN HIKHEH MOHOC(hEpHl M BepuHUINPOBAICA MO AAHHBIM HA3EMHBIX Paano(U3NIECKUX
namepennii C/IB-nuanasona (3-30 k') u uamepenusm pagapa HekorepeHtHoro paccesaus Millstone Hill (42.6° N
71.5° W). Jlns pacueta CKOPOCTH MOHM3AIMK Ha BbicoTax D-00iacTu MCHOJIB30BANIKMCH PEANIbHBIC aHHBIE MOTOKA
n3nydeHus, m3mepennsie cnytHukamu GOES n SDO. Otenka nmpupameHnus MOTHOTO SJISKTPOHHOTO COJeP KaHUSI BO
BpeMsI BCIIBIIIEK ocymiecTBisuIack 1o fanHsM ' HCC npueMHnKoB. B pesynbraTte ananu3a ObIII0 HOKa3aHO, YTO BKIIAT
HIDKHEH noHocdepbl B BennunHy npupanienus [19C Bo BpeMs Bembiniek konebdaics ot 7 10 23% B 3aBUCHMOCTH OT
peHTreHoBckoit U Y® cocrasnsomei. [IpoBenenHsie B paboTe pacuéThl MO3BOJIWIA TOIYYUTh IMIUPUIECKYIO
MoJenb BKiIaga D-o6mactu B Benmmuuny npupatenns [19C B 3aBUCHMOCTH OT CHEKTPAIBHOTO COCTAaBa BCIIBIIIKH.

Pabora BemosHeHa B pamkax ['ocymapctBeHHBIX 3amanuii Ne 122032900175-6 u 122032900184-8.
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BiidsiH{€ IITOPMOB HA YCJIOBHSI PACIIPOCTPAHEHHUS YJIeKTPOMArHUTHBIX curHaioB OHY aunanazona
WN.A. Paxosckuii!, O.I1. Bopueskuna?

*@I'BYH Uncmumym ounamuxu 2eocgep umenu axademuxa M.A. Cadoeckozo PAH, 2. Mocksa, Poccus
2Kanununzpadckuii punuan Huemumyma 3eMHO20 MA2HEMU3Ma, UOHOCHEPbl U Pacnpocmpanenus paduootH uM.
H.B. Ilywrosa Poccutickoii akademuu nayk (M3MUPAH), Karununepao, Poccus

E-mails: ryakhovskiy88@yandex.ru, olga.borchevkina@mail.ru

CuipHbIe renuoreopu3ndecKre BO3MYIIEHHUS MOTYT OKa3bIBAaTh CYIIIECTBEHHOE BIIMSIHUE HA COCTOSHUE U TUHAMUKY
HIDKHeH noHocgepsl. Ha ceropnsmauii MoMeHT Hanbosiee 3(EeKTUBHBIM HHCTPYMEHTOM HccienoBanus D-obnactu
(60-90 kM) noHOCheps! sABIsAETCS MekTpoMarauTHoe u3nydyenne KHUY/OHY aunanazona (3 't — 30 k['). Curnasnsr
3TOTO AWana3oHa JJIMH BOJH PacIpPOCTPAHAIOTCS B BOJIHOBOJIE 3eMIIs-MOHOC(epa Ha OOJIBIINE PACCTOSHUS C OYCHb
MaJIbIM OCJIabJICHUEM M pearupyloT Ha jro0ble m3mMeHenus B D-obmactu. Takum oOpazom, aMIUTHUTYTHO-(a30BbIe
BapUallK 3TUX CUTHAJIOB MOTYT OBITh MCIOJB30BaHbI KaK Il KAYECTBEHHBIX, TaK U JJIsI KOJTMYECTBEHHBIX OIL[EHOK
MPOIIECCOB, MPOHUCXOMAMMX B HmwkHeH wuoHOchepe. C wmioHs 2021 rtoma B oOcepBaTopuu «YIIBIHOBKA»
KanuauHrpanckoit o6actu BeeTcst HepepbIBHAS PETHCTPALHs aMITIATY 6! ¥ Gas3bl curaanoB OHY nuanasona psiga
eBporeiickux nepenarunkoB. C 14 mo 22 ¢epans 2022 roga Ha ceBepo-3amnaaHylo EBpony mouTH ogHOBPEMEHHO
ob6pymmmcs mropma Hammu, FOunc n @pankiauH. B nepros npoxoXXIeHUs 3THX ITOPMOB HA SKCIEPHMEHTAIBHBIX
nmanHbIX peructpanun OHY msnydgeruns ot nepenatankoB GQD, GBZ u NAA 0Ob110 3aperucTpiupoBaHO aHOMAJIBHOE
YMEHBILICHUE aMIUIUTYAbl CHTHAJIOB B HOYHOE BpEMS, YTO MOXXET OBITh OOYCIIOBJICHO BJIMSHHEM IITOPMOB Ha
COCTOSIHHE HHW)KHEH HOHOC(EPHI.

Pabota BeimonHeHa B paMkax rpanta PH® Ne23-77-10004.

Oonapy:xenne CHY curnana nepegaruuka 3EBC Ha Hu3zkoopoutaibHoM ciyTHuke CSES
H.B. CaBenbera, B.A. ITununenko, H.I'. Masyp, E.H. ®exnopos, S. Zhao

HUD3 PAH, 2. Mockea, Poccus
Hayuonanvnoii Kocmuueckuii Llenmp, . Iexun, Kumaii

E-mail: nasa2000@yandex.ru

IToxa3aHa BO3MOXKHOCTh OOHApyXEHHS Ha HHU3KOOPOWTANBHOM CITyTHHKE 3JIEKTPOMArHUTHOTO OTKJIMKA BEpXHEH
noHocdeps! Ha cBepx-HU3KodacToTHRIH (CHY) curnan, creHepupoBaHHBIM Ha3eMHBIM MPOTSKEHHBIM UCTOYHUKOM
3EBC. 3EBC cocTouT U3 ABYX TOPU30HTAJIbHBIX aHTEHH 110 TUIY JIMHUH 3JIEKTpONepeiad, KOTOPhIE 3allUThIBAIOTCS
TokoM ¢ ammutynoit 200-300 A wa uactote 82 I'm. [lnmHa Ka)kKAOTO M3 IPOBOJHHMKOB cocTaBigeT ~60 kM, a
paccTosiHre Mexay HUMH - ~10 kM. JIDII 3a3eMiieHbl yepe3 KOHTAaKTHBIE CKBXXHHBI, MIYIIHE 110]] 3eMITIO Ha IITyOuHY
2-3 kM. [IpoBeneH aHanM3 JaHHBIX, HOIYYSHHBIX C MOMOIIBIO JaTYMKa 3eKTpudeckoro noist EFD, Bxoxsmero B
cocraB obopyzoBanusi urano-kuraiickoro cmytaunka CSES (China Seismo-Electromagnetic Satellite). Crytauk
oOpamraercss BOKPYr 3eMJIM 0 COJIHEYHO-CHHXPOHHOI KpyroBoii opbure Ha BbicoTe 507 kM. Korma crmyTHHK
Haxojuics B paiione nepexarunka 3EBC (MuanMansHoe ynaneHue ~400 kM) Hax Bensim MopeM, anekTpuuecKui
JaTYMK 3aperuCTPUpOBall Y3KOIOJOCHOE H3iydeHne Ha wactore 82 I'm ¢ ammmrtynoit E~1 mMxB/M. Mbl
CMOJICTTUPOBAIIH TTPOCTPAHCTBEHHYIO CTPYKTYpY noist CHY BosH B BepxHe# noHochepe, BO30yKIaeMOro JMHESHHBIM
TOPU30HTAIIBHBIM TOKOM C uyacToTod 82 I'm u nnamHOM 60 KM, MOABELIEHHBIM HAJ BBICOKOOMHBIM IpyHTOM. C
ucronbp3oBaHueM HoHochepHoit Mmonenmu IRl BoccraHOBNIEHBI peaIMCTHYHBIE BBICOTHBIE NMPOQHIM ITapaMeTpOB
TUTa3MBI BO BpeMs MCCIeIyeMbIX coObITHii. CMOIEeIMPOBaHHBIC aMIUIUTYIB! 3JEKTPOMAarHUTHOTO OTKJIMKA BepXHEH
HoHOC(]EpH! HAXOATCSA B Pa3yMHOM COTJIACHHU CO CITyTHUKOBBIMU HAOITIOJJCHUAMU.
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IIpoext PAIPS: cucTemMa BbICOKOUYBCTBUTEILHBIX H300pakaomux ¢GoToMeTpoB
IJISl CTepeoMeTpHYecKUX HA0II0eHU i MOJISPHBIX CHSTHAI

K.®. Curaesa’, A.A. Benos™?, IT.A. Kimumos?, 5.B. Kozenos®, A.C. Mypamos?, B.JI. Huxonaesa?,
A.B. Ponnyrun®, P.E. Capaes'?, JI.A. Tpodumon®?, C.A. Illapaxun®, K.JI. [llenxanop!?

Mockosckuii 2ocyoapcmeennviii ynusepcumem umenu M.B. Jlomonocosa, Hayuno-uccnedosamenscxuii uncmumym
a0eprou Quzuku umenu /[.B. Cxobenvyvina, Mockea, Poccus

2Mockoeckuii 2ocyoapcmeennviii ynueepcumem umenu M.B. Jlomonocosa, usuueckuii paxynomem, Mockea, Poccus

3Tonapuwni 2eousuveckuti uncmumym, Mypmarnck, Poccus

B noknane mpeacTaBieHBI pe3yibTaThl pa3pabOTKHM M CO3IaHMS CHCTEMBI CTEPEOMETPHUYECKHX HaOIIOACHUH
MyJbCUPYIOMIMX TOJSIpHBIX cusiHuid Ha Kosbckom momyoctpoBe — PAIPS. [IBa  BBICOKOYYBCTBUTEIBHBIX
n300pakaromux GOTOMETPA, BHITOJHEHHBIE HA OCHOBE MaTPHI] MHOTOKAaHATIBHBIX (DOTOIIEKTPOHHBIX YMHOXHTENCH
(MA®DY), ycraHoBneHHI B 0b6cepBaTtopusax «BepxHeTynomckas» u «JIoBozepo» Takum 00pa3oM, 9TOOBI HAOIIOAATH
0011yr0 00macTh aTMOchepsl HaJ MEepBOi obcepBaropueil B auamazone BbICOT oT 30 mo 120 kM. doromerp B
oOcepBaropun «BepxHeTylioMcKas» HalpaBlieH B 3¢HUT M IPEJCTaBIAET COOOM JTMH30BBIA TEJIECKOI C ILIONIA b0
BX01HOTO OokHa 20 cM% BpemeHHOE paspelleHue, UCIIONb3yeEMOE B MOHHTOPHHTOBOM PEKHME, COCTAaBIsAeT 1 Mc,
TaKke BO3MOXKHO ITPOBEJCHNE U3MEPEHUI ¢ maroM ot 2,5 MKc. YTiI0Boe paspenieHue Gporomerpa nopsaka 1°, uro
cooTBeTcTBYeT ~2 kKM Ha BbicoTe 100 kM. J[OMOMHUTENBHO B TOM € KOpIyC€ yCTAHOBIEH 16-TH KaHaJbHBIN
CIEKTPOMET], BBITOIHIOMNN H3MEPCHHS KaK B IIUPOKUX CHEKTpaNbHBIX nuamazoHax (300-400 M, 600-800 HM),
TaK U B OTJCIBHBIX JIMHAAX CBEUCHHS MOJIEKyJIsipHOTO a30Ta (337 uM, 391 HM, 428 HM). DoTOMeTp B 0OcepBaTopuu
«JIoBO3epo» PAacIOJIOKEH MOJ YIJIOM K TOPU30HTY B CTOpOHY oOcepBaropun «BepxHeTynomckas», a IUIOMIaAb
BXOJIHOTO OKHa yBenmdeHa 10 500 cM?, 4ToObl KOMIIEHCHPOBATh MOTEPH U3JTyYEHHS 3a CUET OOJBIIETO ONTHYECKOTO
myTH B aTMocdepe (paccTosiHne Mex Iy odcepBaTopusimMu coctaBisieT 150 km). OnTHdeckas cucTeMa MpeacTaBIIsioT
co0oii aBe auH3bI Ppenens, a poTonpueMHuK — Matpuia MADDY 48X16 mukceneil, paboTarorias B pexuMe cueTa
¢doronoB. Pa3pemieHue mo BeicOTe Hajx obcepBaropueii «BepxHeTyaoMckas» coctariseT oT 1,5 no 2 km. B pabdote
MIPOAHATU3UPOBAHBI U MPUBEIEHBI IPUMEPhl U3MEPEHHUS POCTPAHCTBEHHO-BPEMEHHBIX CTPYKTYp M3IydeHui, Y -
MHKPOBCIUIECKOB, a TaK)kK€ OCOOEHHOCTH CHEKTPAIBHOTO COCTaBa M3JIYHYECHHUs] BO BPEMsI IyJIbCHPYIOMINX TTOJISIPHBIX
CHUSHUIA.

Pabora BeImOoNHeHa Tpu  mommepxkke Poccuiickoro  HayuHoro ®onma (rpant  Ne  22-62-00010,
https://rscf.ru/project/22-62-00010/).
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HN3mepeHus: aBpopaabHBIX IMHCCHIT ¢ mepcnekTHBHOI Poccniickoii OpoutansHoii Ctannun (POC)
KAaK 4YaCTh KOMIUIEKCHOI METOAMKH M3yYeHUs] XapaKTePHCTHK MOJSIPHOH HOHOC(pepbI

A.Jl. Coxonos, A K. Ky3smun
UKU PAH, 2. Mocksa, Poccus

[onsipras noHOC(hEpa SABIAETCS CIOKHOIN CHCTEMOH, COCTOSHIE KOTOPOH 3aBHCHUT OT YCIOBHUII B MarHurocdepe u
YJaCTHUI] CONTHEYHOr0 BeTpa. B pe3ynbpTare BBICHIMAHUI YacTHIl, TeHEPALUU BOJIH U MIa3MEHHBIX HEYCTOHYMUBOCTEH B
€e Pas3IMYHBIX CEKTOpax MOTYT BO3HHMKaTh MeJKoMacuITaOHble rpaaneHTsl Ne, Kak CiiefCTBHE, CUMHTHIUISLINN
CHTHAJIOB PaJMOCHCTEM, NIEPECEKAIOMNX UX Ha BhicoTax E- n F-cios.

Jinst TMarHOCTUKH TIPOIECCOB M XapaKTEPHCTHK IOJIAPHONH HOHOC(EPHI CYIIECTBYET PSA IKCIIEPUMEHTAIBHBIX
METOZIOB, B TOM UHUCJI€ U M3MEpPEHHs MHTEHCHUBHOCTEH aBpOpANbHBIX SMHUCCUH B aBPOpANbHBIX CTpykTypax. s
WHTCHCUBHOCTEH KOHKPETHBIX OMHCCHI OBUIM BBIBEJCHBI COOTHOIICHUS [1,2,3], KOTOpBIE CBS3BIBAIOT HX
pacmpeseneHus co CpeTHel IHEPTHHU BBICHINAIOIINXCS 3IEKTPOHOB, IOTOKOM SHEPTHH, U IPOBOJUMOCTIMH XO0JIIa 1
Ilenepcena, WHTErpUpPOBaHHBIMH TIO BbIcOTe. JlaHHBIE mapaMeTpsl MO3BOJIAT OICHUBATh  JIOKAJIBHYIO
ANIEKTPOAMHAMUYECKYIO0 00CTAaHOBKY HOHOC(EPhI B KOHKPETHBIX CEKTOPAX aBPOPAILHOTO OBaJIa.

Ha POC nnanupyercst ycTaHOBUTH IaT(hopMy ¢ aBpOpPaJIbHBIMU MMaJKepaMH, HallpaBIeHHBIMY B Hagup. Beero
IUTAHUPYETCS YEThIPE KaMephl: B B BUAUMOM fuanazoHe (A427,8 um N2* ¢ MaKCHMyMOM HHTEHCHBHOCTHU Ha BBICOTE
~ 105 kM u A630,0 um [Ol] ¢ MakcHMyMOM HMHTEHCHBHOCTH Ha BbICOTax ~ 250-270 kM), U IBe B Iuana3oHe
BakyymHOro yibrpaduonera B momocax LBH Ny (135-160 am u 150-180 HM ¢ MakCHMyMOM HWHTEHCHBHOCTH Ha
BBICOTE ~ 150 KM).

IIpeumymiectBom POC nepexn mpomuibIME SKCIIEpUMEHTaMH ABJISIETCA, TO, YTO BBICOTA IpeIoiaraeMoil opOUTE
crarnuu (300-350 kM) OymeT mpoXoauTs Yepe3 F-coil mospHOi HOHOC(EPHI, U YTOJ HAKIOHEHUS €€ IIIOCKOCTH K
IUIOCKOCTH 9KBaTopa i ~ 98°. DTH XapaKTEepUCTHKU OPOUTHI «IIO3BOJIATY YBEIMYMBAUT TOYHOCTh H3MEPEHHH 3a CUET
YMEHBIICHNUS MOTJIOMIEHUS U pacCesHUs U3TyUCHUS IMUCCHI, a TaKXKe U3MEpPUTH JIOKAIbHBIE XapaKTePUCTHKH B F-
clioe.

Kpome m3mepenmit ¢ POC, xotopast sBisieTcss HHU3KOOPOWTANBHBIM allapaToM B IMPOSKTHPYEMOW METOHKE
TUTAaHUPYETCs MCII0Ib30BaTh AaHHble ¢: KA Ha opOure Tnna MomHus, Hu3koopoutansHoro KA 3ona, ¢ Tpaekropuii
30HIUPYIONINX pakeT, ¢ Tpacc BIIJIA, Ha3eMHBIX CTaHIM, ¥ C UCTOYHUKOB U MPUEMHHUKOB PaanoBOJH. Bee atn
9KCIIEPUMEHTH TI03BOJSIT B OyIyIIEM IOCTPOWTh EIMHYIO pa3HOMAaclTabHYyI0 CHCTEMY IO HCCIIEI0BAHHUIO
XapaKTePUCTHK MOJSIpHOIT HoHOChepsl. OcoOble CUTYyaIuH ISt AMArHOCTHKH ITPOIIECCOB MOTYT BO3HUKATh, KOT/Ia BCE
9t KA (mnm X0oTs 6bI HECKOJIBKO M3 HHUX) HAXOAATCS B OKPECTHOCTH OJHOM M TOM )K€ MarHUTHOM CHIIOBOM TPYyOKH.
B Taxkux cuTyaiusx BO3HUKAIOT YCIIOBHS JJISI H3MEPEHUI MmapaMeTpoB MPOIECCOB, BBI3BAHHBIX OJHUMH U TEMH K€
BBICBHITIAIOIIMMCS YaCTHIIAMH BJIOJIb OJHOW M TOH e MarHUTHOM CHJIOBOH JINHUY.

1. Robinson R.M., Vondrak R.R., Miller K., Dabbs T., and Hardy D. On calculating ionospheric conductances from
the flux and energy of precipitating electrons. J. Geophys. Res., 92(A3), 1987.

2. Germany G.A., Spann J.F., Parks G.K., Brittnacher M.J., Elsen R., Chen L., Lummerzheim D. and Rees M.H.
Auroral observations from the POLAR Ultraviolet Imager (UVI). Geospace Mass and Energy Flow: Results the
International Solar-terrestrial Physics Program. Geophys. Monogr. Ser., vol.104, 1998.

3. lvanov V.E. and Kozelov B.V. Prokhozhdenie elektronnykh i protonno-vodorodnykh puchkov v atmosfere Zemli
(Propagation of Electron and Proton—Hydrogen Beams in the Earth’sAtmosphere), Apatity: Kol’skii nauchniy tsentr
RAN, 2001.
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HccnenoBanne 3akonoMepHocTeii nosisienust F-paccestnust no 1anabIiM noHo3oHaa DPS-4
(Mockga) B 24-0M 1MKJI€ COJTHEYHOI AKTUBHOCTH

B.A. Tenerun®, I'.A. YK6auxos?, B.A. [Tanuenxo?

YUnemumym semnozo maznemusma, uonocgepvl u pacnpocmpanenus paouosonn (M3MUPAH) um. H.B. Iywxoea
PAH, Mockea, Tpouyk

2Hayuno-uccredosamenvckuti uncmumym @usuxu FOxcnozo gpedepanvnozo ynusepcumema (HUHU usuxu FODY), 2.
Pocmos-na-/lony

Hamnume B moHocdepe HEOTHOPOTHOCTEH MPUBOIUT K PACCESHHUIO AJIEKTPOMArHUTHOHM BONHEL. Ha moHOrpamMmax
HaJIMYHe HEOTHOPOAHOCTEH MPOSBIISAETCS B BUE YIIUPEHUS OTPAXEHHBIX CUTHAJIOB, KOTOPOE OIICHUBAETCA HAMH I10
4-x 6anbHOM mKane (tunsl 0, 1, 2, 3). Tun 0 cooTBeTcTBYeT ymupenuto ciena menee 0.25 MI'n, T.e. ciydato, Korjaa
paccesiHue NMPakTUYECKH OTCYTCTBYeT, aanee Tumbl 1, 2 u 3 ¢ marom 0,25 MI'u. beuto npoBeneHo ocpenHeHue
CYTOYHOTO XOJla BEPOSTHOCTH TOSIBJICHUS THNOB F-paccesHus mo rogam B 24-M IHKJIE COJHEYHOW aKTHBHOCTH.
BepositHOCTh HaOmoaeHus paccesiHus Tuna 0 MMeeT SIBHO BBIPaXKEHHBIH CYyTOUHBIH X011, TOJJOOHBIN CyTOYHOMY X0y
KPUTUUYECKOI YacTOThI, aMIUIUTYAa KOToporo yBennuuBaercs Ha 20 % c yBenuuenueM 4ucia Bombda (W). Tunsr 2
n 3 uMmeroT oOpaTHBIH CYTOYHBIH XOA W OTJIMYAIOTCS HEOOBIYHBIM ITOCTOSHCTBOM C TOYHOCTBIO HECKOIBKHX
MIPOIICHTOB B 24-0M LIUKJIE COTHEYHOM akTUBHOCTU. CyTOUHBIN X011 TUIA 1 B OCHOBHOM NOA00EH TUIaM 2 U 3 1 uMeeT
SIBHO BBIPQXXCHHBIH CYyTOUYHBIN X011, ogHako npu W<10 HouHBIe 3HaU€HUsI IPAKTUYECKU CPABHUBAIOTCS C JHEBHBIMU.

Cnoco0 30HIUpPOBAHUSI TPAHMI] ABPOPAJIBLHOI0 0BAJIA M COCTOSIHUSI MATHUTHOIO M0JIs1 3eMJIu
€ MCMOJIb30BAHUEM KOCMHYECKHX MAaCC-CIIEKTPOMETPOB

A.B. TepThIIIHUKOB
Hnemumym npuxnaouoii eeopusuxu umenu akademuxa E. K. @eooposa, Mockea, Poccus

PaccMoTpeHbI TeHCHIIMK Pa3BUTHSI OCHOBHBIX TEXHMYECKUX PEIICHHH 1o criocobam 30HJUPOBaHMUs aBPOPAIEHOTO
OBaJIa C UcroJib30BaHNEeM KA Ha ocHOBe coJiep kaHHs IATEHTOB Ha H300peTeHHe:

- «Cnoco® 30HAMpPOBaHUS TPaHMI] aBPOPAIBHOTO OBajla M COCTOSHHWS MarHUTHOro mosst 3emum». 3asBka No

2023111370/28(024305) B peectpe @UIIC ot 02.05.2023 1. (TepTrimankos A.B.);

- «Macc-criektpoMeTp KocMmuueckuit»y. No 2726186. 3asBka Ne 2019121111/20(041262) or 05.07.2019 r.

Ony6mkoBano: 10.07.2020 bron. Ne 19. (TepreimraukoB A.B.);

- «Crioco0 onpeiesieHHst TI0JIOKEHNUS aBPOPAIBHOTO OBaJla M COCTOSTHUSA MarHUTHOTO HOJIs 3eMutn». 3asBka Ne

2015126532/28(041268) ot 02.07.2015 r. (TeprhimrankoB A.B.);

- «Crnioco0 ompenencHus XapakTepUCTHK aBPOPATHHOTO OBAJIA M COCTOSIHUS MATHUTHOTO TToJIst 3emuriy. Ne 2683113,

3asBka 2018110604, 26.03.2018. bros. Ne 9. (TeprriankoB A.B.);

- «Crroco6 ompeneneHns MOJI0KESHNS MarHUTHOTO Tomroca 3emimy». 3asBka 2020134228/28(062757) ot 19.10.2020.

(TeptemmankoB A.B.) u 1p.

[IpuBeneHbI TpUMEPHI Pe3yNIbTaTOB 30HIUPOBAHMS OBAJIOB yKa3aHHBIMH TEXHHYECKUMH PELICHUSIMU B APKTHKE 1
Awnrapkruke. [Ipy OlLleHKE MOJIyYEHHBIX PE3yJbTaTOB HCIIOJIB30BAaHBI PE3YJIbTAThl MOJAEIUPOBAHUS aBPOPAIHLHOTO
oBasa o mozenu SIMP2 u I'.B. Crapkoga.

[IpensnoxeHsl KPUTEPUN VISl TUArHOCTHUKH TTOJIOKEHHSI aBPOPAIbHBIX OBAJIOB.
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lonosphere and upper atmosphere

ComnocrapJjienne pafapHbIX JaHHBIX perucTpaniu pakypcHoro paccessnusi YKB pagnososnn
B BBICOKHMX HIMPOTAX U MOJIOKEHHUS 0BAJIA MOJSPHBIX CHSTHUI

N.B. Trotua

AO «HayuyHo-mIpou3BOJACTBEHHBIH KoMIUleKC «HaydHo-uccneaoBaTeIbCKuil WHCTUTYT JajbHEed paauocBi3m»,
MockBa

PakypcHoe paccesiHue paJiMOBOJIH Ha HEOTHOPOIHOCTSAX MOJIIPHON MOHOC(hEpH! peructpupyercs pagapamu YKB
JlMama3oHa C CEeBEpHOM opueHTalueil cexkropa ob3zopa. B [1, 2] moka3zaHo, 4TO 5XO CHTHAJbl PagUOaBPOPHI
OKOHTYPHBAIOT TPAHUILy OBaJIa TOJSPHBIX CHSHHM.

B nmanHOI pa®oTe MPOM3BOAMTCS COIOCTABICHHE PAalapHBIX NAHHBIX PETUCTPAIMH PAJAHOABPOPHI M TOIOKECHUS
TPaHHUIL] OBajia MOJISIPHBIX CUSHUN. JJaHHBINA aHAJIN3 MOKET MOMOYb MOCTPOUTH MOJEIH OIpEeICHHs TPaHUIl OBala
TIOJLIPHBIX CHUSHUH 10 JaHHBIM PaJapHBIX HAOIIOICHUH.

1. Ceepmios F0.JI. Mopdomorust panuoaspopst. JI.: Hayka, 1982.
2. Ycnenckuit M.B., Crapkos I'.B. [TonspHbsie cusiaus u paccesiuue paauoBoud. JI.: Hayka, 1987.

IBOJIIOLNS CTPOEHUS NOJSIPHOI HOHOCdepBI B X01€e Apeii(ha MArHUTHBIX MOJIIOCOB 3eMJIn
B.M. YBapos
Ilemep6ypeckuii 2ocyoapcmeeHHblil YHUugepcumem nymeil coooujerus

Brieuatsstronuii apeiid) MarHUTHBIX MOJIFOCOB 3eMJIH 32 HECKOJIBKO MOCIESTHUN ACCATUICTHH CTUMYJIMPYET MOUCK
COOTBETCTBYIOIINX M3MEHEHNH B CTpoeHNH noHOCheps! 3emin. C 3Toi 11ei1b10 ObIIN IPOBEAEHBI pacyeThl HA OCHOBE
YUCICHHON Mojenu moisipHoi wuoHochepsl [1]. YkazamHas Moxmenb paHee Obuta BepHHUIIMPOBaHA IyTEM
COIOCTABJICHUSI C U3BECTHBIMHU JIByMEPHBIMH PacIpe/IeJICHUsIMU JIEKTPOHHOMN KOHLEHTPAIlMK B MaKCUMyMe ciios F2,
MOJTy4Y€HHBIMH C UCTIOJH30BAaHUEM JIAaHHBIX HOHO30HJIOB B CEBEPHOM TOIYIIApUH, B 4acTHOCTH 3a 1958 roa. o sToi
MPUYUHE C LENIbI0 IPOMLTIOCTPUPOBATE BOJIIOIMIO CTPYKTYPBI HOHOC(HEPHI pacdeTsl ObUIH MpoBeneHs! i 1958 u
2024 ro1oB MU OJUHAKOBBIX TEIHOTEO(OU3NICCKUX YCIIOBHSIX.

ComocTaBneHne MOMYYSHHBIX KAPTUH W30JIMHUH 3JIEKTPOHHOW KOHIICHTPALMH B MaKCUMyMe ciiost F2 He BBIIBUIIO
OKHJAEMBIX 3HAYMTENIBHBIX KaYeCTBEHHBIX M KOJHMYECTBCHHBIX PACXOXICHHH HECMOTpPsS Ha 3HAYUTEIbHOE
HepeMeIeHHe MarHUTHOTO TIOJIFOCa 3a 3TOT HEePHOJ BpeMeHH (ero reorpaduyueckas KOIMUPOTa U3MEeHMIach ot 14.7
1o 4.0 rpagyca, a reorpaduueckas goarota ot 101.1. mo 142.0 rpaxycos).

[Mony4eHHBIH pe3ysbTaT OOBSCHAETCS TEM, YTO IPH YHCICHHOM MOJEIUPOBAHMU HCIIOJIb3YETCs JHIOJIbHAS
annpoKCHMAalMs MarHUTHOTO TOJis. B nmaHHOM ciydae ciemyeT NpHHSATH BO BHUMaHWE Apel(d HE MarHUTHBIX
TMIOJIIOCOB, a JIpei] Tak Ha3bIBAEMbIX I'€OMAarHUTHBIX IIOJFOCOB, KOTOPBIH BBIpQKEH KyJa MeHee 3HaYMTEeNILHO (ero
reorpaduueckas Kommpora u3MeHwiacs ot 11.5 1o 9.2 rpamyca, a reorpaduueckas moiarora ot -69.5 mo -72.6
rpasycos).

1. YBapos B.M., bapamxos I1.[]., 3axaposa A.Il. Mozaens mosnsipHO HOHOC(EPHI C yIETOM BIUSHUS MEXKIJIAHETHON
cpensl. 1. Dddekr asumyTanpHOI KomnoHeHTEl MMIL. // T'eomaraetusm u asponomust. 1992, T. 32, Ne3, ¢. 70 — 77.
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Puomerpunueckue HabaoneHust B oocepsaropusix III'K
10.B. ®enopenko, A.B. Ponayrun, A.B. Jlapuerko, M.B. ®@unaros, C.B. [Tunsraes, /1.C. lIsernos, M.B. Ky3rernosa
Honapuvuii 2eopusuueckun uncmumym, Anamumaol

Jns wmccrnenoBaHWS TPOCTPAHCTBEHHOW CTPYKTYypbl D-obmactu moHocdepsr B III'M pa3sBopaumBaeTcs ceTh
puometpuaeckux crannuii. C nera 2023 1. B obcepBaropusix JloBozepo (67.97° N, 35.02°E) u Tymannsrit (69.07° N,
35.73° E) BenyTcs u3MepeHHs MOTJIOIICHHUS KOCMHYECKOro paauouryma. B aTux obcepBaTropusx OJHOBpPEMEHHO
paboTaoT WO OBa pHOMETpa C amepTypamMH INPHEMHBIX aHTeHH +22° um +£60°. VY3KoHampaBJCHHAs aHTEHHA
mpeacTaBisieT co0o0il Ga3sMpOBaHHYIO aHTEHHYIO PEIIETKY 2X2, 3JIEMEHTaMH KOTOPOU SIBIIIOTCS TPEX3JIEMEHTHEIC
aHTEHHBI TUIa «BOJHOBOU KaHam». B 00c. bapenuoypr (apx. llnunoepren, 78.08° N 14.20° E) B HacTosmIee Bpems
9KCILTyaTUPYETCsl pUOMETpP C anepTypoil aHTeHHbl +60°. B kauecTBe mpuemHuKa ucnoib3yercss SDR -npueMHuk
(Software Defined Radio), paboraromiuii B pexiMe CKaHUPOBAHHS 110 YacTOTe Jrana3oHa 4actot 37.5 — 39.5 MI'n.
B nokmame 0OCy»KmaeTcsl YCTPOWCTBO PHOMETPOB M HPUBOMATCS OICHKH CTAOMJIBHOCTH HX XapaKTCPUCTHK.
[MpuBeneHbl XapakTepHble INPUMEpPbl HAOJIOACHUH PHUOMETPHYECKOTO TMOTJIOMIEHHS B IPOCTPaHCTBEHHBIX
HEOJHOPOAHOCTSIX Pa3IMYHBIX pa3MepoB. IlokazaHO, YTO perucTpamyst CHEKTpa KOCMHYECKOTO paguolIyMa H
MIPUMEHEHNE Y3KOHAIIPABICHHON aHTEHHbI 3HAYUTEIHHO YIIyUIIaeT OMEX0YyCTOHINBOCTh PHOMETPA 10 CPAaBHEHHIO
C Y3KOIOJIOCHBIMU IUPOKOANIEPTYPHBIMU PUOMETPAMH.

O BO3MOKHOCTH NMOCTPOEHHS KAPT MOJHOTO0 3JIEKTPOHHOI0 COAePKAHUS
Haja Kouabckum nosyocrpopom

M.B. ®unatos!, O.M. Jlebens?, F0.B. ®enopenko’, M.B. IlIsen?, A.E. Bacunbes?

Ylonapuoni Ieogpusuveckuii Uncmumym, 2. Anamumut, Mypmanck, Poccus
2QI'RBY «HIITy 2. Mockea, Poccus

E-mail: mijgun@yandex.ru

PernonanbHble KapThl IOJHOTO 3JEKTPOHHOTO COJEP)KaHMS COZIEpKaT BaXHYI0 HH(GOPMAIMIO O COCTOSIHHUH
BBICOKOIIMPOTHON HMOHOC(EpHl M €€ peaklUH Ha Treanoreopu3Mueckue Bo3MyIneHUs. B Hacrosmei pabote
TIPE/ICTABIICHBI OIIEHKH BO3MOKHOCTH MOCTPOEHHS KapT aOCOMOTHOTO BepTHKanbHOro [19C 110 JaHHBIM TPHEMHHUKOB
I'HCC, ycranoBnenHbix B Amaturax (67° 34’ N, 33° 24’ E o ynpasnernnem ®I'BY “UIIT™), Mypmancke (68° 57’
N, 33° 04’ E ), o6¢c. Bepxuerynomckuit (68° 35° N, 31°45° E) u B 06¢c. bapenndypr (apx. [lInumbepren 78.08° N,
14.20° E). Ilpu mocTpoeHUM KapT MPUMEHEHBI pa3Hble MeTo/bl 00paboTku maHHBIX [HCC mpHeMHUKOB M UX
BH3yallu3alliy U TMPOU3BEJEHO CPAaBHEHME NMPUMEHEHHBIX MeTOA0B. Ha ocHOBe aHamu3a MONyYeHHBIX PE3yIbTaToOB
BbIpaboTaHbl pekoMeHaarmu 1o pacumperno cetn ' HCC npuemuunkos I[1I'M 1 HaMedeHbI MyTH peaan3anui ITHUX
pEeKOMEeHAaHi.
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OueHka BIUSIHUS COJTHEYHON M MATHUTHOI AKTHBHOCTH HA Pe3y/IbTAThI ONIEPATHBHOIO MPOTHO32
foF2 B apkTHUYecKoii 30He ¢ HCNOJIb30BaHueM Helipocetn LSTM

I'.C. ®unatos!, A.M. Mepansiit!, A.T. SInakos!, U.A. Moucees?, O.B. Hukugopos?, B.H. Illy6un?

YUnemumym xocmuueckux uccnedosanuti PAH, 2. Mockea, Poccus
2Hncmumym 3eMH020 MazHemusma, uoHocgepol u pacnpocmpanenus paouosonn um. H. B. ITywxoea, 2. Mockea,
Poccus

B noknane paccMOTpeHBI HEKOTOpPBIE pe3yJbTaThl OLEHKU MpuMeHeHHs: Heifpocetn LSTM s perienus 3anmau
OTIEPAaTHBHOTO NPOTHO3a COCTOSIHUS BEICOKOIIMPOTHOIM HOHOC(HEPHI B HHTEPECAX PaJHuOIOKaNH.

Ilenpro MCTIONB30BAHMUST HEMPOCETH ISl MPOTHO3MPOBAHUS COCTOSHHS BBICOKOIIMPOTHON MOHOC(EPHI SIBISETCS
YIPOIIEHHE MOJyYEeHHUsI HEOOXOANMBIX JaHHBIX JUIs 00ECIeYeHHUS PaIHoJIOKAIMH Ha BBICOKUX IINPOTaX.

[poBenen anamu3 naHHbIX: fOF2, MHAEKC CONHEYHOW aKTMBHOCTH M MOKAa3aTellb COCTOSHUS MarHUToc(hepsl Uit
o0yuenns Heiipocetu. CeTh 00ydeHa Ha eXedacHBIX MTaHHBIX 11-T netHero mukma ¢ 01.01.2010 r. mo 31.12.2021 r.
Jl1g mpoBeieHNs TECTUPOBAHUS HelipoceTH ObUIN BEIOPAHBI YEThIPE COYETAHHsI COTHEYHON U MAarHUTHON aKTHUBHOCTH

(F107 > 170, Ap < 4; F107 > 170, Ap > 6; F107 < 100, Ap < 4; F10.7 < 100, Ap > 6).
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CpeaHemMpoTHBIE H Cy0aBpOpaIbHbIe KPACHBIE IYTH CBeYeHHsT aTMOChepbl
B.JI. Xamunos!, A.E. Crenanos?

YUncemumym xocmuveckux uccnedoeanuii, Mockea, Poccus
2Unemumym xocmousuueckux uccredosanuii u aspornomuu, Sxymex, Poccus

KpacHsle ayru cBeueHus BepxHeit arMocheps! ObLTH OTKPHITH (hpaHity3ckiM actporomoM Daniel Barbier 8 mepuon
MIT 1957 - 1959 rr. CBeuenue armocdepsl, 0OHapykeHHOe UM B JHHUHM 630 HM, OBLIO CTaOMJIBHBIM B TE€UYCHHE
MHOTHX YaCOB U OXBATHIBAJIO JOJITOTHI OT TOPU30HTA IO TOpU30HTA. [Ipu 3TOM 00bIYHBIE (hOPMBI TOMSAPHBIX CHSHUH
HaOMIOANNCh JaJeKO K CEBEPY OTHOCHTENBHO KPAaCHBIX AYT. BBUIM BBIOTHEHBI MHOTOYHCIICHHBIE H3MEpPEHHS,
KOTOpBIE MOKAa3alIH, YTO MHTEHCUBHOCTh CBeueHus yacTo cocrasisiia 300 — 5000 P, Ho Morna focTurath AECATKOB
kP. CpeueHue 3elIeHOM JIMHUM aTOMapHOTO KHCJIOpOJa PErMcTpUPOBAIOCh, HO OBUIO Ha JiBa IOps/IKa MEHee
WHTEHCHUBHBIM.

B cnenyromeMm nuKie CONHEYHOH aKTUBHOCTH IOCIEAOBAIM IMapaJUIaKTHYECKHe M UHTep(hepOoMeTpHUYEeCcKUe
HU3MEpEeHUs] KpacHBIX Iyr, KOTOpBIE IOKa3ajld, YTO MaKCHUMyM CBEUYECHHS pacIojiokeH Ha BbicoTe 450 kM, u
TemrepaTypa HeidtpanbHoi atmochepst (Tn) nox ayroii e u3mensiercs. MU3mepenus Ha cnytHuke OGO-4 (Nagy,
1967) He OOHAPYXKWIN 3IEKTPUIECKOTO TIOJIS B TI0JIOCE KPAacHOW ayru. Bee 3TH m3MepeHns: ObIIM BBHIIIOJHEHB! Ha
CPEIHUX IIUPOTaX M COOTHECEHBI ¢ ()a30il BOCCTAHOBJICHUSI MATHUTHBIX Oyph OOJIBIION HHTEHCUBHOCTH.

B UK®UA cBeueHre HOYHOTO Heba Ha cyO0aBpOpalbHBIX IIMPOTAaX HCCieayercs ¢ Hadana 70-x romos. B pabote
Hany6oBuu u ap. (1973) npoananusupoBaHbl MapalilakKTHIECKUE M3MEPEHHS C TPEX U YETHIPEX ITyHKTOB CKaHEPHBIX
HaOJIIOJIEHUH U YCTAaHOBJIEHO, YTO BHICOTHI MAKCUMYyMa CBEUEHHS C BHEAPEHHOM B HUX KPACHOW JIyTrOil COCTaBISIOT
170-180 kM. B obGcepBatopun Maiimara mpoBOAMIMCH HHTEpdEepoMeTpuuecKue u3MepeHusi TN, KOMIUICKCHBIC
ONITHYECKHE W HOHO30HIOBBIC N3MEPEHHMS. DTO TO3BOJIMIIO ITOJIYYHUTh CIEAYIOIHIE PE3yIbTATHI.

a) Kpacnas myra pa3suBaercs B mosoce noispuzanuonHoro mxera (I1J]) u 3amazgeiBaet Ha 30-40 MUH OTHOCHTEIEHO
MomeHTa Bo3HuKHOBeHus [1/]. I1pu untencuBHoct Bo3mymieHns AE~1000 HT u Gosiee 00a siBineHUs: pa3BUBAIOTCS
CHUHXPOHHO.

b) IMox nyroit Tn yBenuuuBaercs va 200 - 400 K 0THOCHTENBEHO YPOBHSI, OMPEAEIEHHOTO MO HEBO3MYIIEHHBIM JTHSIM
Mecsma. Poct Temmeparypsl 3amaszabiBaeT Ha 1.5 — 2 daca OTHOCHUTENBHO Hadala ySIpYCHHS CBEUCHHS B IyTe
(Anexcees, 1984; Xanumos u ap., 2018).

¢) CyGaBpopanbHble KpacHble JyT'H pa3BUBaOTCs Ha mupote craniuy JKuranck (L = 4) npu yposae aktuBHOcTH AE
= 300-350 uT. I[Ipu AE = 500 1T onu cMmemmatoTcs Ha Upoty SKyTcka.

B neranbHOM HccnenoBaHMM CyOBH3yalbHOIO (DOHOBOTO CBEYEHHUsS] arMOoc(epbl Ha CyOaBpOpalIbHBIX IHUPOTAX
(®enpmmrreitn u gp., 2012) obocHOBaHA TOYKA 3pPEHHS, YTO HCTOYHHKOM CBEUCHHS KPACHBIX OYT SIBIITIOTCS
OCTaTOYHbIE BHICHIIIAHNS JJIEKTPOHOB M3 CHIIOBBIX TPYOOK HA SKBATOPUAILHOM IPaHMIIE HJICKTPOHHOTO TUIA3MEHHOTO
cios. JlonmonHUTENbHOE YCHIIEHHE CBEYSHUSI aTOMApHOTO KUCIOpOo/a MPoucxoauT B nosoce I1/], rae koHneHTpanus
9JIEKTPOHOB B obOnacTu F magaer modTH Ha MOPSIOK, YTO PE3KO YMEHBINAET JIE3aKTUBALNIO BO30YXK/ICHHBIX aTOMOB
kuciopoxaa (Xamumos, 2018). Takxke neiicTByeT dakTop PPUKIIMOHHOTO pa3orpeBa CpeIbl MO BO3ICHCTBHEM OYCHb
cuibHOTO AMekTpuyeckoro noss I1/] 30 — 50 mB/m.

Mexannu3am 00pa30oBaHMsl KIIACCHUECKOW KpacHOW ayru Osut paspaboran B cratee (Cornwall et al., 1971).
OHepruyHple HOHBI KOJBIIEBOTO TOKa B NPHIKBATOPUAIBHOM 001acTH MarHutrocdepbl BO30YXKIalOT HOHHO-
LIUKJIOTPOHHBIE BOIHBI, KOTOPBIE YCKOPSIIOT 3JIEKTPOHBI CPE/Ibl BCIESACTBUE AEUCTBUS MeXaHu3Ma 3aTtyxanus Jlannay.
BoszHuKImas momyisIus CBEPXTEIUIOBBIX AJIEKTPOHOB MEpeacT YHEPTHI0 B aTMochepy, MOpokaas KpacHyIo AyTY.
BeIsicHMIIOCH, YTO 3TOT MEXaHM3M JIEWCTBHUTENbHO paboTaer, HO HaOJIoJaeMasl MHTEHCUBHOCTH HOHHO-
LUKJIOTPOHHBIX TAPMOHHUK CIIOCOOHA CO3/1aTh CBEYEHHE KPACHOM JIMHIK MHTEHCUBHOCTBIO 1.5-2.0 kP
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HccnenoBannst NpoCcTPaHCTBEHHO-BPEMEHHOM 3BOJTIOLMH BHICOKOYACTOTHOM MCKYCCTBEeHHOM
TypOyJICHTHOCTH CPeAHEIIMPOTHOI HOHOChePHI 10 JAHHBIM IKCIIepPHMEeHTAa
Ha cTreHae Apecudo 2018 r.

B.P. Xames, A.B. lluagux, C.M. I'pay,

Hayuonansnunii uccnedosamenscxuil Huswcecopoockuii 2ocyoapcmeennulii yHugepcumem um. H. M. Jlobauesckoeo,
Poccus

[TpencTaBneHs! pe3yabTaThl UCCIECIOBAHNS TMHAMHUKH Pa3BUTUS NCKYCCTBEHHOW MOHOC(EPHOH TypOyJICHTHOCTH,
MOJy4YEeHHBIE C MOMOUIBbIO aHaJIHM3a AAaHHBIX pajapa HEKOTEPEHTHOIO PACCEesiHUS M OJHOBPEMEHHBIX HM3MEpEeHUi
UCKYCCTBEHHOTO pamuonsnydeHuss nonocoepsl (MPU) (sxcmepument 2018 r., crenn Apecubo, ITyspro-Puko).
BozpaeiictBue Ha MoHOC(eEpY OCymIecTBIsUIOCH BoiMHON Hakadku (BH) O-monspusamuy BepTHKaIbHO BBEpX HA
yactote fgy=5095 k['1| pu pa3nu4HBIX peKUMax H3MydeHUs: 1) KOPOTKHE UMITYJIbChI ¢ OOJBIIOI CKBAYKHOCTBIO IS
UCCJIEJIOBaHUSl JICHTMIOPOBCKOM TYpOYJIEHTHOCTH ¥ 2) KBa3WHENPEPbIBHBIA HArpeB Uil HCCIIETOBAHUS
BEPXHETMOPUIHON TypOyJEeHTHOCTH W Mepexoja OT JICHTMIOPOBCKOW TYypOYJIEHTHOCTH K BEPXHEIMOPHIHOM.
YcTaHOBIIEHB! XapaKTEPUCTHKHA Pa3BUTHA HCKYCCTBEHHOW HMOHOC(EPHOH TypOYJIEHTHOCTH, a TAaKXKE KOPPEIALUSI
MEXIy CIEeKTpaMHM IJIa3MEHHON JIMHUM (CUTHAJIOB pajiapa, pacCesHHBIX Ha IJIa3MEHHBIX BoJHaX) u MPU.

Pabora BbInosiHEeHA TpH (pHHAHCOBOI moanepxkke rpanTa PH® Ne 20-12-00197.

I'eomaruutHble u HOHOChepHBIE 3¢ (PeKThI B3pbIBa MeTEOPa
HajJ BepxHerynomckuM BogoxpanuiaunieMm 19 nexadps 2014 r.

C.M. YepnusaxoB
Honsproui eeogusuueckuit uncmumym, Mypmanck, Poccus

19 nexabps 2014 r. kamepamu Bcero Heba B oc. BepxHeTynoMckuii u r. AnaTuTs! ObIT 3aUKCUPOBaH CiIe/ MageHUs
MeTeopa, pa3pylieHne KoToporo Haa Bepxaerynomckum BogoxpanmmumeM B 19:03:07 UT conpoBoxkmanocs sproi
BCOBIIKONH. OTKIMK T€OMAarHUTHOIO HOJS HA B3pBIB METEOpa PACCMOTPEH MO JAaHHBIM MAarHUTOBAapHALMOHHOMN
cranimu obcepsaropun «Jlonmapckas» III'M. Peakims HuxHel noHOc(epbl OlLIEHEHA IO MOBEIACHUIO aMIUIUTY.
OOBIKHOBEHHOW ¥ HEOOBIKHOBEHHOI BOJIH, ITOJIy4EHHBIX Ha YCTAHOBKE YAaCTUYHBIX OTPa)XKEHHH pasno(U3UuecKoro
nomurona «Tymannsnii» [II'M. PaccMoTpeHbl BapuanuM IONHOTO 3IIEKTPOHHOTO COJAEPXKAHUSA [0 CUTHAIAM
CIIyTHHKOB TIJI00AJTbHBIX HAaBUTAIMOHHBIX CITyTHHKOBBIX CHCTEM, IPUHITHIX IPUEMHHUKOM B T. MypMmaHcke. AHamu3
MOJIyYECHHBIX TAaHHBIX ITOKA3bIBAET, YTO B3PHIB BBI3BAN PE3KHE H3MEHEHNUS MapaMeTpoB cpensl. Hanbonee BeposSTHBIM
MEXaHN3MOM 3THX U3MEHEHHUH SIBIISETCS IPOXOXKIACHHUE B aTMocdepe yIapHOH M aKyCTHKO-TPAaBUTALMOHHBIX BOJH,
Cr€HEpUPOBAHHBIX B3PBIBOM METEOPA.
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Bapuanuu moHOro 3;71eKTPOHHOTIO CO/Iep:KAHMA BOIN3N 04AroB CHJIBHBIX 3eMJIeTPSCeHUH
B 2023 roay npu CriOKOMHBIX FTeOMATHUTHBIX yCJIOBUSIX

IO.A. Illanopanosal, B.E. IIpoxopos?, O.B. 3onotos?

Ylonapneni 2eogpusuueckuii uncmumym, 2. Mypmanck, Poccus

2Hayuno-ucciedosamensckas 1abopamopus.  KOMAbIOMEPHO20 —~MOOCIUPOSAHUA  (PUUYECKUX — NPOYeccos 6
oxon03emHoll cpede, Mypmanckuti apkmuydeckuti ynusepcumem, 2. Mypmanck, Poccus

3Kageopa ungopmayuonneix mexnonozuii, Mypmanckuii apkmuveckuti ynueepcumem, 2. Mypmanck, Poccus

B pabote paccMaTpuBaloTCs BapuaMy MOJIHOTO 1eKTpoHHOT0 coaepykanus (I19C) monochepsl, mpeamecTByomme
CHIIBHBIM ceficMrdeckiM coObITusM (MW 7 1 6outee). [IpoaHanmm3mupoBaHbI IEPHOIBI, COOTBETCTBYIOIINE CIICAYOIIIM
semieTpsceHusM: 6 ¢eppans, 15 wrons, 16 wuronsa, 28 asrycra 2023 r. [Insg yka3aHHBIX 3eMIICTPSCCHHNA B
OTHOCHTENBHBIX BapHalusax (BbIpaXeHHBIX B %) [IDC Haj OKOIOANMMIEHTPaIbHOM M MAarHUTOCONPSDKEHHON K HEH
obOmactsx oOHapyxkeHsl Bo3MmymieHus I1OC, aHamorumyHble paHee COOOIIABIIMMCS JUIL APYTHX CHIIBHBIX
CeHCMHYECKUX COOBITHIA.
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Muxkposcmiecku Y® uzjiydeHUs1 B aBpOpaIbHOI 30He

K. llenxanos™?, IT.A. Kimumos?, B.J]. Huxomaesa®, A.A. benos'?, b.B. Kozemos?,
A.C. Mypawos?, A.B. Ponayrun®, P.E. Capaes'?, C.A. Illapakun®

Mockosckuii zocyoapcmeennviii ynueepcumem umenu M.B.Jlomonocosa, Hayuno-uccnedoeamensCKuii uHCmumyn
sa0eprou uzuxu umenu /[.B. Cxobenvyvina, Mockea, Poccus

2Mocxrosckuii 2ocyoapcmeennniil yuueepcumen umenu M.B. Jlomonocoea, pusuyeckuti paxynomem, Mockea, Poccust

Monspnwui 2eogpuzuveckuti uncmunym, Mypmanck, Poccus

B manHO# paboTte mpencTaBieHB! pe3yIbTaThl H3MEPEHUH MUKPOBCIUIECKOB Y D-M3nydeHns B aBpOpaIbHOH 30HE,
3apEerHCTPUPOBAHHBIX BBICOKOUYBCTBUTEIBHBIM H300pakatomuM (pOTOMETPOM Ha IoJIMrone “BepxHerynomckuii” B
nepuon ¢ ceHTsi0ps 2021 roma mo ampens 2022 roma. IToka3aHo, YTO MHUKPOBCILICCKH BO3HHMKAIOT CEPHUSIMHU C
MPOJOIDKUTEIBHOCTEIO OT 10 ¢ 10 ~1 "aca. Kakaplit UMITyJIbC IMEET CIIOKHYIO CTPYKTYPY € KOPOTKHM (41 MC) sIpKuM
MIKOM B HaJajie U MOCIeAYIOIIHUM POODKUTENBHBIM MOoCIecBeUeHEM. BpeMeHHOM HHTepBall MeX Ay UMITyIbcaMu
HEMOCTOSTHEH W BapbHpyeTcs B nuama3zoHe oT 100 mMc mo 5 c. HaGmromaioTcss MHKPOBCIUIECKH MPH CIIOKOHHOM
reoMarHUTHO#H akTUBHOCTH (Kp<3) Ha 10:KHOI TpaHHIle aBPOPaILHOTO OBasa B BeuepHeM cekrope MLT. [To kamepam
BCero HeOa MPOBEJNCH AaHANINW3 YCIOBHH HAOMIOAEHHWS BO BpEMS PETUCTPAIMM MHKPOBCIIECKOB. COOBITHA
HAOJIFOIAI0TCS TIPU PA3JIUYHBIX MOTOJHBIX YCIOBHAX: OT IUIOTHOM 00JaYHOCTH 0 siIcCHOro Heba. OHAKO BpEMEHHAs
CTPYKTYpa MHUKPOBCIUIECKOB HE 3aBHUCHT OT Hanu4usi o0sakoB. IIpocTpaHCTBEHHast CTpyKTypa COOBITHH B IOJIC
3peHus POTOMETpa pa3sHOOOpa3Ha: OT PABHOMEPHOTO MU(PQPY3HOTO CBeUeHHS (KaK IMPH HATHINH 00JaKOB, TakK U 03
HHUX) JO OTHENIbHBIX JIOKAJIBHBIX IISITEH B Mojie 3peHus Qoromerpa. Bce BO3MOXHBIE aHTPONOTEHHBIE H
MHCTPYMEHTAJIbHBIE IPUYNHBI H3MEPEHHBIX COOBITHI B X0O/I€ aHAIN3a UCKITIOYCHBI.

Jnst 3aperucTpIpOBaHHBIX COOBITHH NMPOAHAIM3UPOBAHBI JaHHBIE O MOTOKAaX 3apsDKEHHBIX YacTHIl CO CIyTHHKOB
Meteop-M2 u DMSP. [I71s ponieToB criyTHHKA HaJl TOYKOH HaOJIFOIeHISI TTOKa3aHo, 4To cepur Y O-MUKPOBCILIECKOB
PacIIOJIOKEHBI I0XKHEE aBpOpalbHOTO oOBajla M HaOJIOMAIOTCS OJHOBPEMEHHO C TOBBIIIGHHBIMH MOTOKaMH
SHEPTUYHBIX AIEKTPoHOB (Oonee 100 k3B).

BeposITHBIM MCTOYHMKOM PErHCTPUPYEMBIX COOBITHH MOTYT OBITh MUKPOBCIIIECKH PEIATUBHCTCKHUX 3JIEKTPOHOB,
KOTOpBIE HAOJIIOJAl0TCsl B CITy THUKOBBIX dKCIepuMeHTax (Harpumep, SAMPEX) Ha Tex ke reOMarHuTHBIX IIHPOTax
U MMEIOT CXOXKHE BPEMEHHBIE XapaKTePUCTHKH: MPOSBIIAIOTCS B BHJE KIACTEPOB WM CEPHH PE3KMX BO3pacTaHHUN
WHTEHCUBHOCTHU ITOTOKOB. [laHHas THIOTe3a 00CyXXIaeTcs B JIOKJale, HO TpeOyeT HajbHeiimero uccienoBanus. B
YaCTHOCTH, II0CJI€ YCTaHOBKM BTOoporo ¢oromerpa B obcepBatopuu JloBozepo B 150 xkuimomerpax oT
“BepxHeTyIOMCKOiT”, OyIyT NpOBEIEHBI CTEPEOMETPUYECKHE HM3MEPEHHS BEPTHKAIBHONW CTPYKTYPHl CBEUECHHUS
MHKPOBCIUIECKOB, YTO MO3BOJIUT OLIEHUTH SHEPTHIO JJICKTPOHOB, BBHI3BIBAIOIINX CBEYECHHE.

PaGora BEmomHeHa Tpu noxmepkke Poccuwiickoro HaygHoro ®omma (rpantr  Ne  22-62-00010,
https://rscf.ru/project/22-62-00010/)
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The relation between regression and optimal estimation method for nonlinear problems:
the case for microwave measurements of the ozone

M.V. Belikovich, M.Yu. Kulikov, A.G. Chubarov, A.M. Feigin

Federal Research Center A.V. Gaponov-Grekhov Institute of Applied Physics of the Russian Academy of Sciences,
Nizhny Novgorod, Russia

In atmosphere remote sensing the two groups of retrieval methods are used: the first one require the minimization
of some cost function for every retrieval result; the second produces the result by applying the explicit function to the
data, while the function is the regression model obtained from a large prior ensemble of measurements and results
pairs. The optimal estimation method (OEM, or maximum posterior distribution method) is most commonly used in
the first group, more over many other methods (or more precisely the corresponding retrieval procedure) of this group
can be formulated in terms of OEM even though they are based on entirely different concepts. The computationally
expensive minimization implied by the methods of the first group significantly limits the complexity of forward model
function used for near real time measurements. While the methods using regression models (e.g. retrials of
tropospheric characteristics from microwave profiler data) have no such problems, they somewhat lack the theoretical
basis and often applied ad hoc.

It is known (see. the works of Clive. D. Rodgers) that in linear case OEM method is equivalent to multiple linear
regression provided the prior ensemble is large enough. Non-linear cases are rarely explored theoretically (at least in
remote sensing of the atmosphere) although they are of the most practical interest. In this work we show the relation
between OEM and regression models in nonlinear case with large enough prior ensemble. In brief, considering the
joint distribution of measurements and profiles (i.e. quantities to retrieve), OEM finds the maximum of the distribution
given the measurement, while regression model tries to approximate the median of the said distribution. This fact is
used in development of regression model algorithm for the problem of retrieval of middle atmosphere ozone vertical
distribution from ground-based microwave radiometry data. The problem is well suited to illustrate the relation
between methods as OEM is traditionally (in a great number of papers) applied to it, so it is done relatively easy, while
the problem is nonlinear if one considers the estimation of tropospheric absorption part of the retrieval. The work of
algorithm is demonstrated on simulated and real data.

The results allow us to produce regression based algorithms for various inverse problems with clear theoretical basis.
One particular candidate is the problem of determining middle atmosphere temperature distribution using ground
based microwave radiometry data where the complexity of forward model really hampers the real-time capabilities of
the monitoring.

The study of the influence of metastable nitrogen on the production of radicals
in the stratosphere of Titan

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

The model of electronic kinetics of molecular nitrogen in the stratosphere of Titan is developed. We consider the
collisions of electronically excited molecular nitrogen with N2, CHa, H2, CO, CxHy gases. It is shown that inelastic
intramolecular and intermolecular electron energy transfers during the collisions influence on vibrational populations
of excited electronic states of N, at the altitudes of the stratosphere. Special attention is paid to the investigation of
the role of electronically excited molecular nitrogen in the dissociation processes during collisions with different
atmospheric components. We consider the production of CHs, CH, CzH3, CoHs radicals in the collisions with CHa,
CzHa, CaHa, CoHe gases. It is shown that metastable molecular nitrogen dominates in the production of radical
atmospheric components at the altitudes of Titan’s stratosphere.
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Behavior of the middle atmosphere ozone in the winter 2023-2024 during heightened solar activity.
The first observation of daily cycle of mesospheric ozone during polar day (midnight Sun)

Y.Y. Kulikov?, V.1. Demin?, V.M. Demkin?, A.S. Kirillov?, A.V. Losev?, V.G. Ryskin!

nstitute 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 2023-2024
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. Besides we have executed continuous observation of the ozone
content within June, 14-15. 2023. Changes mesospheric ozone (60 km) during a summer solstice represented a quasi-
periodic dependence on time with amplitude about 15%. In too time daily cycle of mesospheric ozone, connected with
photochemical processes, are not observed.

Long-term effects of solar activity on extratropical cyclone trajectories
in the North Atlantic: new data

S.V. Veretenenko and P.B. Dmitriev
loffe Institute, St. Petersburg, Russia

In this work we continue studying possible influence of solar activity on the main trajectories (storm-tracks) of North
Atlantic cyclones in the cold half of the year (the period of most intensive extratropical cyclogenesis). Long-term
variations of storm track latitudes in the different parts of the North Atlantic were compared. It was shown that secular
variations, with periods of ~80-100 years, are the most pronounced in the western part of the North Atlantic (the
longitudes 60-40°W), weaken in the region of Iceland Low (30-10°W) and disappear to the east of Greenwich (0—20°E)
where multidecadal oscillations, with periods of ~50-60 years, are dominating. Bidecadal oscillations of storm track
latitudes (the northward shift of cyclone trajectories in even solar cycles) were found to be the strongest in the Iceland
Low region and weaken noticeably east of Greenwich. It was shown that the oscillations of cyclone tracks detected
on the secular and bidecadal time scales may be associated with the Gleissberg and Hale solar cycles, respectively. A
possible mechanism of solar activity effects on cyclone trajectories seems to include changes in intensity of the
stratospheric polar vortex caused by galactic cosmic ray variations and auroral precipitations which affect the chemical
composition and temperature regime of the polar middle atmosphere.
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Global and hemispheric temperature rise — prognoses for the near future
R. Werner?, D. Valev?, V. Guineval, A.S. Kirillov?

Space Research and Technology Institute, Bulgarian Academy of Sciences, Stara Zagora Department, 6000, Stara
Zagora, P. O. Box 73, Bulgaria
2Polar Geophysical Institute of the Kola Science Centre, Russian Academy of Sciences, Apatity, 184209, Russia

As it is well known, the global temperatures have been rising up to day with the increasing atmospheric greenhouse
gases concentration. The global temperature continues to rise. That is why climate change is a current topic of research.
In 2015, the authors published a statistical forecast of temperature trends for the coming some decades based on the
three best-known global and hemisphere temperature series of the Goddard Institute for Space Studies (GISS) at
NASA, the National Climatic Data Center (NCDC) at NOAA, both of USA, and the Hadley Centre at the Metoffice
of UK which collaborates with the Climate Research Unit of the University of East Anglia (HadCRUT). In this paper
we compared the forecast results with the real global and hemisphere temperatures up to 2023. The deviations of the
predicted temperatures from the real ones are presented and their causes are discussed and the limits of the statistical
forecast models are analysed. Finally, a new forecast for the time period after 2022 is created using the current
temperature records.

CpaBHeHne PE3YIbTATOB TCOPETHIECCKUX PACUY€TOB HMHTEHCUBHOCTEH HOYHOI'0 CBE€YEHHUS
moJsioc O, ¢ JAaHHBIMH I/I3MepeHI/Iﬁ PAa3INIHBIMHA METOAAMHU

O.B. AnTonenko, A.C. Kupumios
Tonapnoui eeogpusuveckuti uncmumym, 2. Anamumot, Poccus

Hcnonb3ysl 1aHHBIE O XapakTepHBIX KOHLeHTpanusax O juid BepxHed atMocgepsl 3eMiM, pacCUMTaHbl 3HAYCHUS
HHTETpalbHBIX MHTEHCHUBHOCTEH cBedeHus monoc ['eprdepra |, Uembepinena m ATmoc(hepHBIX MOJOC B HOYHOI
aTMocdepe Uit CpeHUX LIMPOT M SKBATOPHAILHOMN 30HBL. OOCYKIaeTCsi KOPPEALUs pe3yIbTaTOB TEOPETHYECKUX
pacdeToB HHTEHCHBHOCTEH cBeueHus mojoc ['epudepra |, YemOepnena Bo30y>kAEHHOTO MOJIEKYJIIPHOTO KUCIIOPO/a
B arMocdepe 3eMIi ¢ 3KCIEPHUMEHTAILHBIMH JJAHHBIMH TI0 HOYHOMY CBedeHHUI0 O, MOTyYEeHHBIMH ¢ KOCMHUYECKHX
LIATTIOB, ¢ HaszeMmHOW oOcepBatopuu Kutr-Iluk, CIHA. nst ATMochepHBIX MOJIOC OOCYXKIAeTCsl KOPPEesLus
Pe3yIBTaTOB TEOPETUIECKUX PACUETOB C JAHHBIMHU H3MEpeHHH ¢ HazeMHOI obcepBatopun Keka, CILIA. PaccauTansr
3HAUEHMs] MHTETPAIbHBIX MHTEHCHBHOCTEH cBeueHus mnosnoc ['epudepra | m Atmocdepnsix momoc Oz B HOUHOH
aTMocdepe Mapca Ui CeBEpHBIX IIMPOT M 3KBAaTOpHANbHOI 30HBL. HalbmrogaeTcs COOTBETCTBHE pPe3yJbTaTOB
TEOPETHYECKUX PAacYeTOB WHTEHCHBHOCTEH CBEYEHHsI PACCMOTPEHHBIX IMOJIOC Ul HO4YHOW aTMocdepbl Mapca ¢
JTAaHHBIMH, TIOJTyYEHHBIMH C KOCMUYECKHX IIATTIIOB IJISl aTMOC(Ephl 3eMITH.
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Low atmosphere, ozone

CrnekTpaibHble H3MepeHns (POHOBOT0 raMMa-u3JTyYeHus!
BO BpeMs COObITHII BO3PACTAHMSA B CPEHUX HIMPOTAX

10.B. bana6un, A.B. I'epmanenko, b.b. ['Bo3neBckuit
Honsproui eeousuueckuit uncmumym, Anamumul, Poccus
E-mail: balabin@pgia.ru

Cnexrpomerp Ui u3MepeHus: M HepeHInaTbHOr0 SHEPTETHIECKOT0 CIEKTPa JIEKTPOMAarHUTHOIO W3JIyYeHHUs B
muarazoHe 0.1 — 4 M»B, aHanornyHbIN YCTaHOBIICHHOMY B ATIaTUTaX, OBLI H3TOTOBIICH B TOPTATUBHON BEpCHH. JTO
MO3BOJIMIIO IPOBOAMTH U3MEPEHHMs CIIEKTpa raMMa-(oHa B noe3nkax. CeKTpoMeTp KannOpoBaH 10 JIMHHAM LE3Hii-
137 n xobanbra-60, pazpemenue o auHuKN 660 k3B (11e3uii-137) coctaBmino 5.5 %. C HOMOIIBIO CIIEKTPOMETPA JIETOM
2023 r. Ha NPOTSDKCHUHU JBYX C MTOJOBHHO MECSLIEB IPOBOAMIICS MOHUTOPHHT CIIEKTPa (POHOBOTO raMMa-H3Ty4CHUS
B cpenHux mmportax (cT. TanuHckas, PoctoBckas 00macTp). 3aperncTpupoBaHo 0osiee necsaTka COOBITHIH BO3pacTaHHs
raMmma-usjydeHus npu ocaakax, aHaJOTHUYHBIX BO3paCTaHUAM, HaGJ’IIOJIaeMLIM B AnaTturax. HpeHCTaBHHHa 0COOBIN
MHTEPEC BO3MOXXHOCTh U3MEPEHUsI CIIEKTPOB BO BpeMs I'p03, KOTOPbIE B IOXHBIX pernoHax Poccun He penKocTb.
AHau3 CIEKTPOB, M3MEPCHHBIX B AmaTHTaXx W B TalMHCKOH, ITOKA3aJ, YTO CIEKTPHI NP BO3PACTaHHUAX BEChMa
6J'II/I3KI/I, XOTs IYHKTBI Ha6J’IIOZ[eHHI>1 OTJINYAIOTCA FeO(I)I/ISI/I‘IeCKI/IMI/I U KIMMaTU4YCCKUMU YCJIIOBUAMU. Bo BpEMs
BO3paCTaHUM W3MEHEHUs B CIEKTPAaX HOCAT KOHTUHYaJIbHBI XapakTep, BIMSHHME JMHUA pPaJUOHYKIUIOB
HesHauuTenbHOe. OCOOCHHOCTBIO KiMMaTta POCTOBCKO# 007acTh SIBISFOTCS «CYXHe» TPO3bL: BBICOKAs IPO30Bast
AKTUBHOCTb NP OTCYTCTBUH KaKHX-THOO ocankoB. OOHAPYKEHO, YTO «CYXHe» IPO3bl HE BBI3BIBAIOT BO3PACTaHUS
raMma-u3JIy4eHus] 1 HUKaK He MPOSsBIIOTCS B CHEKTpax. B To ke BpeMs Jaxke HeOoJbIUe ocaaki 0e3 Kakon-nubo
IPO30BOI aKTUBHOCTH BBI3BIBAJIM BO3PACTAHHUE U COOTBETCTBYIOLINE U3MECHEHUS B crieKTpe. ClieqoBaTeIbHO, MOYKHO
cllenaTh YBEpEHHBIH BBIBOJ: CHJIBHBIC JJICKTPHYECKHE MOJIS MEXIy oOllakaMi He OKa3bIBaroT 3(deKkTa Ha IOTOK
raMmma-u3JIy4eHus], BOSHUKAIOIETO B aTMOC(epe 0T KOCMHUYECKUX JIyUYeH.
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Low atmosphere, ozone

OueHka COOTBETCTBHSA COEP/KAHUS 030HA B IPU3EMHOM CJI0€
Ha TeppuTopun MypMaHCKOii 00/J1aCTH CAHUTAPHO-TUTHEHHYECKHMM HOPMATHBAM

B.W. Jemun
Honapuviii 2eopusuueckun uncmumym, Anamumol

BrmoHeHa o1ieHKa COOTBETCTBHS MPU3EMHBIX KOHIIeHTparuii o30Ha (IIKO) Ha Teppuropun MypmMaHckoi obmactu
CanlluH 1.2.3685-21 «I'uruenuueckne HOpPMaTHBBI M TpeOOBaHUS K oOecreueHHI0 0e30HacHOCTH W (WIIN)
0e3BpeHOCTH IS YesIoBeKa (h)aKTOPOB CpeJIbl OOUTAHUSY.

B noBOoM nokymente BBemeHHI 3 IIJIK mo koHmeHTpanmmm o3oHa B atMocdepHoM Bo3myxe. CoxpaHWIach T.H.
MaKCHMaJbHas pa3oBas KOHIEHTpauus o3oHa (pasopas IIJIK) — 160 mxr/m®. 3a MHOroJIeTHUI TepUOJ U3MEPEHHil
ClTyyaeB MPEBBILICHUs IAHHOTO IapaMeTpa B peruoHe He orMedanock. Hanbonsime [1KO, 3aperunctprpoBaHHbIe B
JloBosepo, — 133 mkr/m%, B ropoge Anatutsl —130 Mxr/m°. 99-ble mepUEHTHIN IS MapTa, ampeis, Mas U HIOHS —
MecsIIeB, Koraa HabmomatoTcess Hauboiee Beicokue B rogoBoM xone [IKO, — paBabI, cooTBeTcTBeHHO, 96, 106, 100,
90 mxr/m® B JloBosepo u 92, 112, 102, 92 mxr/m® B Anaturax.

Beenen noswiii [TJIK B Bujie cpeneii 3a 8 uacos I[TKO, pasnoii 100 mxr/m3, oTpakaronuii HakonuTenbHbIH 3 QeKT
Bo3xeiicTBue 030Ha. [IpeBpimenus nannoro II/IK Ha Teppuropun 006JacTH MOTYT HMETh MECTO TOJIBKO BECHOH (B
anpesie), xorga 99-wiii nepuentuns paser 100-108 mxr/m°. Bo3MoXKHBI pekue SMU3046I B Mae. MakcuManbHbIe
3aperiucTpUpoBaHHble 3HaueHHs cpeaHeil 3a 8 uwacos IIKO — 120-130 mxr/m®. Cioyuau c¢ nossimeHHbiMu 1IKO
SIBIISIFOTCS PE3YJIBTaTOM aJ[BEKIMHU 3arPA3HCHHBIM 030HOM BO3IYIIHBIX Macc U3 00ee I0XKHBIX IIHPOT.

Bsamen cpennecytounoit ITIK, pasmoit 30 mxr/m® (TH 2.1.6.3492-17), B CanlluH 1.2.3685-21 ansa osoHa
ycranosnena cpeaneronosas ITJK, panas 30 mxr/mS. Ero nmpuMeHMMOCTh K ycioBusM MypmaHCKoi obiacTu
BechMa coMmHuTenbHa. Cpepneronossie IIKO B peruone okono 50-55 MKI/M® U TONBKO B 3arpA3HEHHOM TOPOJCKOM
BO31yX, rae [IKO B oTnenpHBIC IepHOABI TaJacT M0 HyJIs1, HeMHOTO Hibke. B 80-85% mHeit (mprdeM ¢ KOHIIA 3UMBI
JI0 CEepEeAMHBI JIeTa MPaKTUYECKH KaXIbIi 1eHb) Ha TePPUTOPUH MypMaHCKOIl 00JIacTH CpeIHECYTOUHbIC 3HAYCHUS
Bbite 30 Mxr/M3. DTo (paKTHUECKH rapaHTUPYET €KETOIHOE TIPEBbIIIEHHE cpeaHeronosoro ITJIK.
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Low atmosphere, ozone

MopeanpoBanue ceeuyenns MndpakpacHbix aTMocdepHbIX B ATMOCGEPHBIX M0JI0C
MOJIEKYJISIPHOT0 KHCJIOPO/Aa HA BBICOTaX Me30c(epsl N HIKHel TepMochepsl 3emin

IO.H. Kynuxos, A.C. Kupuios
Honsproui eeousuueckuit uncmumym, Anamumul, Poccus
E-mail: kulikov@pgi.ru

B nanHoli paboTe HccieayroTcss KMHETHUECKHE Ipolecchl B Mezocdepe M HIKHeW TepMocdepe, CBSI3aHHBIE C
BO30Y)KIECHHEM W JIC3AKTHBAIMEH CHHIJIETHBIX SJIEKTPOHHBIX COCTOSHHM MosekynspHoro kuciopona Op(alAg) u
02(b'Zg"). Ocoboe BHUMAaHKE yaeAeTcs PacUeTy KOHCTAHT CKOPOCTeH B3auMOIeiCTBHS BO30Y K IEHHBIX MOJIEKYJI C
aTMOC(EPHBIMH COCTABISAIONIMMH. PaccuuTannble Kod(GQuimeHTs ramenus Mmoiekyn O HCHONB3YIOTCS TPH
MOJICTIMPOBAaHUN  KOJIEOaTeNIbHBIX ~ HACEJIEHHOCTEH  3JIEKTPOHHO-BO30YXK/IEHHBIX  CHHIJIETHBIX  COCTOSHHUH
MOJIEKYJIIPHOTO KUCIIOPO/1a ¥ MHTEHCUBHOCTEH cBeueHus MHppakpacHbIX aTMocepHbIX 1 ATMOchepHbIX ostoc 02"
B HOYHOM M cyMepeuHol atMoc(epe. B HccaenoBaHuN HCIIONb30BaHA paHee IOCTPOSHHAS a3POHOMUYECKAs MOJIEIb
CYTOUHBIX BapHalldii XMUMHUYECKOI'O COCTaBa BepxHed arMocdepsl 3emiid, KOTOpas YYUTHIBACT IIPOIIECCHI
(doroaucconmany aTMOC(EPHBIX COCTABISIONINX COJHEUHBIM Y D-n3iiyueHHeM M BEpTHKAIbHBIA MaccOIepeHOC
KOMIIOHECHTOB. MoJienb I03BOJISICT PACCUMTHIBATH BBICOTHBIC NMPOQIIM KOHLCHTPALWH Kak aTOMapHOro, TaKk H
BO30Y)XAEHHOTO MOJICKYJIAPHOTO KHCIOpOJa, 030HA, a TakkKe IPYIHX BaXKHBIX COCTAaBIIIONIMX «HEYETHOTO»
BOJIOpOJa B 001acTé Me3ocdepsl U HIKHeH TepMmochepsl. Pe3ynbTaTsl pacueToB COrIIACHO MOCTPOSHHOI Moaenu
CPaBHHUBAIOTCS C JKCIICPHMEHTAIbHBIMH JAaHHBIMH IO BBICOTHOMY pachpeniefieHuro ontudeckux n UK-smuccnit
BepxHel atMmocdepbl. Takxke MpoBeaeH pacyeT HHTCHCHBHOCTEH cBeueHHsT ATMOC(EpHBIX mojioc Ha BeicoTax 80-110
KM B HOuHOe BpeMs. CpaBHEHUE paCCUNTAHHBIX MHTEHCUBHOCTEH C pe3ysIbTaTaMU IKCIIEPUMEHTAIBHBIX U3MEPEHUIN
JlaeT XOpolliee Corlacue.

PesynbTarel MoaenupoBanns o0mel NMPKYJIANAN HIKHEH U cpefHeil aTMochepsl 3emin

K.I'. Opnos, 1.B. Munranes, E.A. ®enotosa, B.C. Munranes

Honsproii eeogusuueckuit uncmumym PAH, 184209, Mypmanckas o6bn., e. Anamumei, yi. Akademeopodok, 26a
E—mails: mingalev_i@pgia.ru; orlov@pgia.ru; godograf87@mail.ru; mingalev@pgia.ru

B nmoxmaze oOCyXIaroTcsi pe3ysbTaThl YHCIEHHOTO MOJEIMPOBaHMS OOIIeH HUPKYJSIIuM atMocepsl 3emMin B
JauanasoHe BeicOoT 0-80 kM AJIsl yclIOBHH MapTa M amnpess, NOJydeHHbIE C MOMOLIBIO Ta30IMHAMHYECKON MOAEIHN C
MOJTHOIICHHBIM y4Y€TOM paJMallMOHHOTO HAarpeBa-BBHIXOJIAXKMBAHUS BO3AyXa. AHAIH3UPYIOTCI OCOOEHHOCTH
UPKYJSIIUK B Tporocdepe, crpatocdepe u HwKHeH Me3ochepe. [lokazaHo, yTo pa3paboTaHHas aBTOpaMHU MOJENb
BOCIIPOU3BOAUT MPU3EMHBIE SUCHKH LUPKYJISANUM B MEPHIUOHAIBHOM M BEPTHKAILHOM HANpaBIEHUAX HaJ
OKeaHaMH, KpyITHOMacITaOHbIe BUXPH, [TOIBEM TPOTIONAY3bl HAJ 3UMHEH HMOJSIPHON 00J1acThIO, IUPKYMITOJISIPHBIC
BUXPH U TIOTEIUICHHE B BEPHEH YacTH cTpaTocdepsl M HIKHEH Me30c(ephl B MOISIPHOM 001aCTH 3MMHET0 MOy IapHst.

KiroueBble cnmoBa: MopaenMpoBaHHE OOWIEH IHMPKYIAOUH aTtMocdepbl 3emMin, OCOOEHHOCTH LUPKYJLIIUU B
cTpaTocdepe 1 HIKHEH Me3ochepe
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CyTo4HBII PUTM pPacTeHUi, OTKJIOHEHHS HCX0A CIYyYAHHBIX IPOLECCOB OT TeOPEeTHYECKH
0KMJIAeMbIX U COJTHEYHAs] AKTUBHOCTH

II.A. Kamynus, H.B. Kanauéna
Honapno-Anvnutickuii 6omarnuueckuti cao-uncmumym, PAH, Anamumei, Poccus

BinsHEE KOCMHYECKMX arceHTOB Ha 3KOCHCTEMBI M JKMBBIC OPraHM3MBbl IPOUCXOOUT Ha (POHE HENPEepHIBHOTO
KOMIUIEKCHOTO H3MEHEHUsI Ha3eMHBIX OKOJOTHYECKHX YCIOBHH M BO3JICHCTBHS Oojiee CHIIBHBIX (DaKTOPOB
OKpYy>Karollel cpebl. MICKiIIoueHne 3TOro BIMSHUS U CEJIEKTUBHOTO BBIICJICHHE TOJIBKO FT€OKOCMUUECKHX (pakTOpoB
9K30TCHHOTO MPOHUCXOKACHHS B HA3€MHBIX YCJIOBHSX 3aTpyAHEHO. HO BO3MOXKHO MCHONB30BaHUE CPAaBHUTEIHHOTO
aHaJIM3a PeakIWi >KUBBIX OPTaHW3MOB C HEKMBBIMH HPOLECCAMH U CHCTEMAMH MUHHMAJIbHO BOCTIPUMMYUBBIMU K
9KOJIOTUYECKHM YCJIOBHSM WM HEBOCIIPHUMYUBBIMH K HUM BooOImie. K mociielHUM OTHOCHTCS paJrOoaKTHBHBIN
pacmaz, HaOJIOAEHHSI 3a KOTOPBIM MO3BOJMIN COTpyIaHuKaMm Jsaboparopun C.O. IIHons BeIBIATE 3((DEKTHI
KocModu3ndeckoi mpuposl. HaMu mpoBeeHs! MHOTOIHEBHBIE apajieIbHbIe HAOTI0JCHNS METEOTyBCTBUTEIBHBIX
71a00paTOPHBIX PACTEHHM, a TaK)Ke MOBEACHUE DJIEKTPOHHBIX W MEXaHHUYECKMX cucTeM. Y pactenumii Marantha
leoconeura exxeJTHEBHO M3MEPSITH CYTOYHBIA PUTM HACTHYECKHUX JBIKCHHU JHCTOBBIX TIACTUHOK. OJHOBPEMEHHO
(PUKCUPOBATH PEe3yIBTATHI TEHEPAIIUH CITyJaiHBIX Yrcel Ha 0a3e kanpKynsTopa SRP-28511 “CITIZEN u cratuctuky
pacrpesneneHus pe3yiabTaToB OpocaHHs MOHET, KOTOpbIE paccMaTpHBald KakK «OepHYJUIMEBCKHE» CllydaiHble
BEJIMYMHBI C JIBOMYHBIM BbIOOpOM. B Hekortopbie muu 2023 roga 3aMKCHpOBAaHBI CYLIECTBEHHBIC HAapYIICHUS
CYTOYHOTO PHUTMa PAaCTEHHH W aHOMAaJIbHBIC PE3YJIBTAThl PacIpeeICHUS CIyqYalHbIX BEIHYHNH, OTKIOHSIOINECS OT
TEOpEeTHUYECKH OXnaaeMbix. Hambosee BbIpakeHHBIE OTKJIOHCHHS HAOIIONAIN B CEpEIMHE W B KOHIE JIeKalOps -
Havasie sHBapsi, Ha (oHE conHeyHbIX Bcmblliek kiacca M6 u X5.0, ¢opMHpoOBaHHS KOPOHAIBHBIX IBIp H
KpynHOMaciuTaOHbIX coobITnii CME - kopoHansHbIX BEIOpocoB ConHIa, OpPHEHTHPOBAHHBIX K 3emie. B psine ciaydaes
OTMEUCHBI TOBTOPHI OJMHAKOBHIX 3HAYCHUHM WM Ja)Ke MOCJIE0BATENLHOCTEH 3HAUCHUH CIy4aiHBIX BEIWYHH, YTO
MOXET pPacCMaTpUBAThCS KaK KOCBEHHOE IOATBEpXkKICHHE KocModu3udeckoro «dddexra ONMKHEH 30HB,
obHapy>keHHOTO paHee B padotax C.D. [IIHos, Mpupoaa U MOATBEPKACHUE KOTOPOTO HYKIAETCS B JAITBHEHIIINX M
HCCIIEJOBAHMSAX.
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