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oIHOCKauYKoBO# cBa3u KB nuamasona

OueHKa rpaHull JIOKIU3aluH BOSMYILCHUH BRICOKOIIMPOTHON
nonocdeps! no ganasiM GPS/TJIOHACC

IIposiBnenue F-paccesHust Bo BpeMs OOJIBIINX H30JIMPOBAaHHBIX
MarHuTHbBIX Oypb B 24-0M IMKJIE COJIHEUHON aKTUBHOCTH

Pe3ynbrat conocTaBieHNs OPHEHTAIMN TIONEPEYHON aHU30TPOIIHH
MEJIKOMAaCIITaOHBIX HEOAHOPOHOCTEH U HanpasieHus apeiida B F-
00JTacTH cpeTHEITUPOTHOM HOHOC]EpH! B Teprox "3uma-BecHa 2012 1."
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siBieHusx [T ¢ acuMMeTpUYHBIM 3aI0JTHEHUEM NOJISIPHOM IIANKKU U
XBOCTa MAarHUTOC(EPHI MOTOKAMH COTHEYHBIX MTPOTOHOB

[IporaocTrdeckas omneHKa KPUTHIECKOH 9acTOTHI cinost F2 nonochepst
10 HaOJIFOACHUSAM PaIMON3ITyUeHHS B IEPHUOJIBI PETUCTPALIUN
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Geomagnetic storms and substorms

The dayside latitude effects of the geomagnetic supersubstorm observed in the main phase of the
magnetic storm on 5 April 2010

I.V. Despirak®, N.G. Kleimenova?, L.I. Gromova?, V. Guineva*,
A.A. Lubchich?, A.V. LoseV!, P.V. Setsko?, R. Werner*

!Polar Geophysical Institute, Apatity, Russia

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

3IZMIRAN, RAS, Troitsk, Moscow, Russia

4Space Research and Technology Institute, Bulgarian Academy of Sciences, Stara Zagora Department, Bulgaria

It is known that very intense substorms, so-called “supersubstorms” (SSS) usually occur in the main phase of the
magnetic storm and are accompanied by positive mid-latitude magnetic bays. It was found that the SSS (AL= -2400
nT) observed on 5 April 2010 at 09.30 UT, i.e., in the main phase of the first magnetic storm of the 24-th cycle of
the solar activity, demonstrated some non-typical behavior. Here we studied the planetary space-time distribution of
the magnetic disturbances during this SSS using the data collected from the ground-based networks (SuperMAG,
INTERMAGNET and IMAGE) as well as the magnetic registrations by the Iridium constellation of 66 satellites at
780 km altitude, distributed over six orbit planes spaced equally in longitude (AMPERE project). The SSS occurred
in the evening sector under the negative IMF Bz and By and rather high solar wind dynamic pressure. The SSS
westward electrojet developed in the global scale (from the evening side at auroral latitudes to the day side of the
polar area). A very complicated latitude structure of the dayside electrojets was observed (IMAGE meridian chain).
At polar latitudes (higher than ~70° MLat), there was the negative magnetic bay (~ -700 nT), at auroral latitudes
(~57-67° Mlat) the magnetic bay became positive (~ +500 nT), but at middle latitudes, the magnetic bay again
changed its sign and became negative (~-120 nT). A very clear negative magnetic bay with amplitude of ~ 60 nT
was observed in this time near the equator. We suppose that such strange spatial structure of the dayside westward
electrojet could be result of the additional ring current particle precipitation in the ionosphere caused by the elevated
solar dynamic pressure in the storm main phase.

This study was supported by the RFBR (project humber 20-55-180003 Boxr_a) and National Science Fund of
Bulgaria (NSFB) (project number KII-06-Pycus/15).

Polar substorms and Svalbard auroras: Case study
1.V. Despirak®, N.G. Kleimenova?, A.A. Lubchich?!, L.M. Malysheva?, A.V. Roldugin®, L.I. Gromova?®

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

Sometimes substorm disturbances can be observed at high geomagnetic latitudes, including at the latitudes of the
Spitsbergen archipelago (75.17° N, 113.15° E). We will study one type of high-latitudes substorms - so-called
“polar” substorms, which are observed only at geomagnetic latitudes above ~ 70° in the absence of simultaneous
geomagnetic disturbances at latitudes below ~ 70° CGLAT. It is known that the “polar” substorms occur usually
under quiet or small disturbed conditions in the solar wind: during slow solar wind streams and at the end of a high-
speed recurrent stream (HSS). The purpose of our work is the study of the planetary space-time distribution of the
magnetic disturbances during the polar substorms using the data collected from the ground-based networks
(SuperMAG, INTERMAGNET and IMAGE) as well as the magnetic registrations by the Iridium constellation of 66
satellites at 780 km altitude, distributed over six orbit planes spaced equally in longitude (AMPERE project). 9 cases
of polar substorm were selected, during which were registered also the auroras by all sky cameras in Ny-Alesund
and in Barensburg stations at the Spitsbergen archipelago. In this work we considered one event of polar substorm,
registered at~ 16:00 UT on 17 December 2012 over Svalbard. It is shown that the polar substorm activity is
accompanied by positive mid-latitude magnetic bays with amplitudes of ~20 nT (Borok, Belsk etc. stations).
This study was partially supported by the RFBR (project number 20-55-180003 Bour_a).
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Geomagnetic storms and substorms

Observations of substorm activity on 24 December 2014 from the data of MAIN camera system and
THD satellite

I.V. Despirak, T.V. Kozelova, B.V. Kozelov, A.A. Lubchich
Polar Geophysical Institute, Apatity, Russia

We investigated an interesting case of the space-time dynamics of substorm activations (AL ~ 800 nT) on December
24, 2014, when there were simultaneous observations on the THEMIS D satellite in the plasma sheet (| X | ~ 6 Rg)
and ground-based observations on the Kola Peninsula. Note, that the initial development of substorm activity in this
day, when the onset of disturbances was in the ionosphere near Amderma (~ 16:35 UT) and several substorm
precursors were observed in aurora development westward of the substorm onset location (over Apatity), were
considered in detail in our previous work. Here we will consider the following development of the substorm activity
on December 24, 2014 after 19 UT. Three peaks in the PilB pulsations were recorded in the interval of ~ 19:00 to ~
20:00 UT at Lovozero station (LOZ), associated with the brightenings of arcs near LOZ. The first peak was
associated with the appearance of beads structures along the growth phase arc to the south from LOZ latitude. The
second and third peaks in PilB pulsations were associated with the expansion phase. In the interval 19:17 - 19:56
UT three dipolarization fronts (DFs) were registered according THD data. DFs were associated with brightening of
arcs near the THD projection. According to the IMAGE magnetometers data, the development of substorm injection
occurs near the Harang flow shear. According to the data of the all sky camera in Apatity we can follow the
development of aurora in this case. It was shown that the development of aurora was organized according to the
preceding two-vortex pattern of ionospheric convection observed in the growth phase.

Geomagnetic mid-latitude effects of different substorm types
I.V. Despirak?, A.A. Lubchich?, V. Guineva®, N.G. Kleimenova?, A.V. Losev?, P.V. Setsko’, R. Werner3

Polar Geophysical Institute, Apatity, Russia
2Schmidt Institute of Physics of the Earth, RAS, Moscow, Russia
3Space Research and Technology Institute, Bulgarian Academy of Sciences, Stara Zagora Department, Bulgaria

In this work we compare some mid-latitude magnetic effects of the different types of the storm-time substorms.
Several selected events have been studied. We considered two types of substorms: (1) the very intense substorms,
with large negative SML index values (< -2000 nT), so called “supersubstorms” (SSS), which are usually observed
during the magnetic storms caused by CME (SHEATH + magnetic cloud) and (2) the “high-latitude” or "expanded"
substorms, which propagated in its progress to the geomagnetic latitudes higher than ~ 70° CGC and are usually
observed during the solar wind HSS. Our study was based on the data from the global magnetometer networks
SuperMAG, INTERMAGNET and IMAGE as the mid-latitude positive magnetic bays observed simultaneously
with the negative bays at auroral latitudes. It is shown that the maximal amplitude of all considered mid-Ilatitude
magnetic bays were registered in the midnight sector. The amplitude of the mid-latitude bays associated with
supersubstorms (SSS) was higher than the ones associated with high-latitude (“expanded”) substorms. Besides, the
latitude of the conversion of the magnetic bay sign of the magnetic bay was about 10-15° CGLAT lower during the
SSSs than during the high-latitude (“expanded”) substorms. The longitudinal expansion of the positive magnetic
bays was much larger in case of the SSSs, than in case of the “expanded” substorms.

This study was supported by the RFBR (project number 20-55-180003 Bousir_a) and National Science Fund of
Bulgaria (NSFB) (project number KI1-06-Pycus/15).
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Geomagnetic storms and substorms

One-dimensional current sheet with non-gyrotropic pressure:
multi-fluid model and comparison with satellite data

I.E. Fedorov'?, P.1. Shustov?, A.V. Artemyev!3

Space Research Institute, Russian Academy of Sciences, Moscow, Russia
2HSE University, Faculty of Physics, Moscow, Russia
3Department of Earth, Planetary, and Space Sciences, University of California, Los Angeles, California, USA

One of important and actual space plasma problems consists in development of sufficiently realistic theoretical
models of the current sheet in the Earth's magnetotail. The existing current sheet models describe well two-
dimensional equilibria with isotropic and gyrotropic plasma pressure tensors, while models of current sheets with
non-gyrotropic or anisotropic pressures, which are more realistic and interesting for the Earth magnetosphere plasma
dynamics, remain less developed. The most detailed such models are represented by a series of kinetic equilibria
with current sheets supported by currents of so-called transient ions moving along "Speiser" orbits. However, such
models have no direct analogy in the MHD description. This significantly complicates investigation of current sheet
adiabatic evolution, the key process for the long-term formation of a thin current sheet during growth phase of
magnetospheric substorm. In this work, we study one of the variants of a multi-fluid one-dimensional models of a
current sheet with a non-gyrotropic plasma pressure, which is a distinctive feature of the transient-ion population.
We investigate a role of pressure gyrotropy and anisotropy in the current sheet balance. We also provide several
examples of comparison of the current sheet macroscopic parameters and spacecraft observations in the Earth’s
magnetotail. Possible applications of multi-fluid models to generalize the description of the large-scale structure of
the magnetotail region is discussed.

SC as the possible source of a dayside polar magnetic bay
L.I. Gromova?, N.G. Kleimenova?3, S.V. Gromov?, L.M. Malysheva?

'Pushkov Institute of Terrestrial Magnetism, lonosphere, and Radio wave Propagation, Moscow, Troitsk, Russia
2Schmidt Institute of Physics of the Earth, Moscow, Russia
3Space Research Institute, Moscow, Russia

About 20 SC events, associated mainly with the interplanetary magnetic clouds with SHEATH, have been analyzed
during the 24-th solar activity cycle. These events have been chosen as the SC cases happened at the daytime (09-15
MLT) for Scandinavian magnetometer network IMAGE (i.e., at 06-12 UT). It was found that about 80% of them
were followed by daytime polar magnetic bays observed at the high-latitude IMAGE stations (above 70° MLAT) in
a storm initial phase. We showed that the temporal variation of such bays magnitude and its sign were controlled by
the magnitude and sign of the IMF By. The SC effects in the dayside polar magnetic bay generation have been found
both under the positive and negative IMF Bz. Under the positive IMF Bz, the magnetic bays were observed mainly at
the near-noon polar area. But under the negative IMF Bz, the dayside polar bays were accompanied by the night-side
substorms as well. During events under consideration, the planetary distribution of the Field Aligned Currents
(FACs) has been studied, basing of the magnetic measurements by 66 ionospheric satellites of the AMPERE project.
It was revealed that the SC occurrence changed the FACs location. It was also found that the azimuthal size of the
magnetic bay depended on the magnitude of the solar wind dynamic pressure jump. The behavior of the dayside
polar magnetic bay could be interpreted in terms of changes in the location of the R1 FACs caused by SC effects.
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Geomagnetic storms and substorms

Midlatitude positive bays during different solar wind conditions — a case study
V. Guineval, R. Werner!, R. Bojilova?, L. Raykova?, I.V. Despirak®

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

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

3Polar Geophysical Institute, Apatity, Russia

The purpose of this work is to study the midlatitude effects during substorms of different intensity. To identify the
substorm disturbances, data from the magnetometer networks IMAGE, SuperMAG and INTERMAGNET in the
range 31.8° - 75.25° CGMLat and 92° - 104° CGMLon were used. To verify the interplanetary and geomagnetic
conditions, data from the CDAWeb OMNI (http://cdaweb.gsfc.nasa.gov/) and the catalog of large-scale solar wind
phenomena (ftp:/ftp.iki.rssi.ru/omni/) and from the WDC for geomagnetism at Kyoto (http://wdc.kugi.kyoto-
u.ac.jp/index.html) were taken. Two isolated substorms were chosen, with different intensity: ALmin ~ -270 nT and
~ -1300 nT, respectively. The first substorm occured on 6 February 2018, at 21:25 UT, under quiet conditions:
during slow solar wind stream, the Interplanetary Magnetic Field (IMF) Bz fell down by 3.5 nT, the minimal AL
value in vicinity to the substorm was ~ -270 nT. The second substorm, at 19:10 UT on 27 September 2020,
originated under moderately disturbed conditions: Vx ~ -580 km/s and was on the decrease, the IMF Bz jumped
down by 8 nT. This substorm was observed during a high-speed stream (HSS) in the solar wind, just after the
passage of EJECTA by the Earth, the ALmin was ~ -1300 nT. It was found out, that the latitude of the bay sign
conversion from negative to positive values in the case of quiet solar wind conditions, appeared at 7° higher latitude
than the one in the case of disturbed conditions. In both cases, the amplitude of the positive bays, after a maximum
near the sign conversion latitude decreased gradually towards the lower latitudes, with a difference between the
minimal and maximal amplitude of about 50%. The magnetic bays kept their duration throughout the whole
latitudinal range, ~115 min. for the first case and ~ 60 min. for the second one. It was ascertained, that the mean
positive bays amplitude in the case of disturbed conditions was 2.8 times higher than the amplitude during quiet
conditions.

This study was supported National Science Fund of Bulgaria (NSFB) (project number KII1-06-Pycus/15) and by
the RFBR (project number 20-55-180003 Bounr_a).

Seasonal changes in geomagnetic indices - indicators of the magnetospheric ring current
G.A. Makarov

Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy of SB RAS,
Yakut Scientific Centre of Siberian Branch of the Russian Academy of Sciences, Yakutsk, Russia
E-mail: gmakarov@ikfia.ysn.ru

The distributions of the daily mean values of the geomagnetic indices Dst, SYM-H and ASY-H are investigated. It
was found that SYM-H and ASY-H increase linearly in absolute value with an increase in the Dst module and have
seasonal changes with semi-annual increases in their modules during equinox periods. Regression equations are
obtained between these indices and Dst. It is shown that such a characteristic of the degree of symmetry of the ring
current as the ratio |SYM-H|/(ASY-H) increases with increasing disturbance and approaches 1, which means that the
contributions to the indices of the symmetric and asymmetric components of the ring current are comparable.
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Geomagnetic storms and substorms

On the dipolarization factors affecting the intensity of substorm-related auroral absorption
A.V. Nikolaev!, V.A. Sergeev?, M.A. Shukhtina?, D.D. Rogov’, N.A. Stepanov!

Arctic and Antarctic Research Institute, Saint-Petersburg, Russia
2Saint-Petershurg State University, Saint-Petersburg, Russia

In Sergeev et al., 2020 we used linear prediction filter technique and midlatitude positive bay index as a basic tools
describing radiowave auroral absorption during isolated substorms. These two key approaches drive a quantitative
model of high magnetic latitude electron precipitation in which (1) plasma injection intensity is characterized by the
amplitude of magnetic field dipolarization and (2) response function (extracted from riometer records) represents
recurring features of auroral absorption. In this study given the close connection of plasma injection region with
magnetic field dipolarization we describe injections using the substorm current wedge parameters and test them
against maximum westward auroral electrojets strength and midlatitude positive bay indexes. External sources of
auroral absorption scattering, i.e. solar wind and corresponding ambient electrons state in the conjugate
magnetosphere, were also considered in our multivariable regression analysis.
This research was supported by Russian Fund for Basic Research grant 19-05-00072.

Sergeev, V. A., Shukhtina, M. A., Stepanov, N. A., Rogov, D. D., Nikolaev, A. V., Spanswick, E., et al. (2020). Toward the
reconstruction of substorm-related dynamical pattern of the radiowave auroral absorption. Space Weather, 18,
€2019SW002385. https://doi.org/10.1029/2019SW002385

A case study to estimate energy spectra of pulsating auroral electrons from cosmic noise absorption
and auroral brightness

Shin-ichiro Oyama'-2, Miyamoto Taishiro®", Tero Raita®, Keisuke Hosokawa*,
Yoshizumi Miyoshi?, Yasunobu Ogawa?, and Satoshi Kurita®

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

National Institute of Polar Research, Japan

8Sodankyli Geophysical Observatory, University of Oulu, Finland

4Center for Space Science and Radio Engineering, University of Electro-Communications, Japan
SResearch Institute for Sustainable Humanosphere, Kyoto University, Japan

“Now at Nippon Steel Corporation

This study focused on a pulsating aurora event associated with aurora morphological changes in Fennoscandia at
early morning time on 7 March 2017. A high-speed sampling all-sky camera captured equatorward development of
the pulsating auroral patch in association with a substorm centered at Greenland/North America region. Of particular
interest of this event is interconnection between the auroral intensity and the cosmic noise absorption (CNA) derived
from three riometers aligned meridionally in Finland (from north to south: Ivalo, Sodankyld and Rovaniemi). The
analysis was made by dividing optical measurements into two oscillation components; longer and shorter than 40 s,
that is, non-pulsating and pulsating auroral modulations. The interrelation showed linear correlation and change of
the inclination would be interpreted as hardening or softening of the precipitating electron spectrum. In terms of the
low-pass component, the inclination of the CNA-vs-intensity interrelation increased at the three riometer latitudes at
the substorm recovery phase. On the other hand, in terms of the high-pass component, the inclination decreased at
Rovaniemi (lower latitude) but stayed uniform at Sodankyld (higher latitude). These features suggest that the
precipitating electron spectrum has softened in the low-pass or non-pulsating auroral component but the spectrum
has hardened in the high-pass or pulsating auroral component at the lower side in latitudes of the auroral patch
region. This study proposes a new application of the riometer-camera measurement to examination of the auroral
particle precipitation.
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Geomagnetic storms and substorms

Day-by-day behavior of GNSS positioning errors and TEC fluctuations associated with auroral
disturbances in March 2015

I. Shagimuratov?, 1. Zakharenkova?, I. Efishov?, M. Filatov? and N. Tepenitsyna®

West Department IZMIRAN, Kaliningrad, Russia (e-mail: shagimuatov@mail.ru)
2polar Geophysical Institute, Apatity, Russia

We analyzed an impact of auroral disturbances on the Precise Point Positioning (PPP) errors and an occurrence of
TEC fluctuations in the European sector using GPS measurement of the EPN network. The Scandinavian network
magnetograms (http://space.fmi.fi/image/) and the auroral electrojet (AE) index were used as an indicator of auroral
activity. The GPS signal fluctuation activity was evaluated by using GPS-based indices ROT and ROTI. The
positioning errors were determined using the GIPSY-OASIS software (http://apps.gdgps.net). The Precise Point
Positioning is the processing strategy of a single receiver for GNSS observations that enables the efficient
computation of the high-quality coordinates. For quiet conditions, the algorithm provides the daily averaged PPP
errors less than 4-5 sm. The detailed analysis of the positioning errors for the auroral station TRO1 (69.5° N, 18.9°
E) was carried out. The analysis revealed a regular increase of the positioning errors near the magnetic local
midnight MLT (22 UT) during March 2015. During this period, a severe geomagnetic storm was registered with
very strong auroral activity (March 17-18, 2015; AE > 2000 nT). At other time of March 2015, the AE index did not
exceeded 300-600 nT for time intervals of 18-24 UT. With an increase of auroral activity, we observed the increased
TEC fluctuations, as well as increased positioning errors. We should emphasize that even during low auroral activity
the positioning errors at the high-latitude station exceeded 0.5-2.5 m. For example, this was registered during
March 01, 07, 23, and 28. In this report, we also discuss behavior of the PPP errors during the super-storm of March
17, 2015. At the TROL1 station, the PPP errors reached more than 45 m during daytime when the AE index was more
2500 nT. The increasing errors were observed at latitudes lower than 52-54° N.
The work is partly supported by RFBR, grant 19-05-00570.

Auroral structures associated with geomagnetically induced currents
D.A. Sheveleva, S.V. Apatenkov, Ya.A. Sakharov, E.I. Gordeev

We identified the auroral structures associated with large geomagnetically induced currents (GIC). In total 140 one
hour intervals with the largest GIC were selected at the station Vykhodnoy (Kola Peninsula, 65MLat) during 2012-
2018. For a subset of 97 events, auroral observations from low-altitude DMSP/SSUSI were available for analysis.
As a result, for 27 events (28%), a developing auroral bulge was recorded over the station Vykhodnoy, which
corresponds to the explosive phase of the magnetospheric substorm. For 31 events (32%), we detected auroral
omega structures within one MLT hour of GIC observations. In the morning sector 01-07 MLT, more than 80% of
GIC events were associated with omega structures. Thus, we managed to preliminary classify ionospheric current
systems that cause a significant part of extreme GIC events.

The work is supported by the RNF project # 19-77-10016.
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Calculation of the perturbations of the horizontal magnetic component for
the determination of the Magnetic Positive Bay index

R. Werner?, V. Guineval, R. Bojilova?, L. Raykova!, A. Atanassov?, D. Valev?, A.A. Lyubchich?

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

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

3Polar Geophysical Institute (PGI), Apatity, Russia

During sudden intensifications of the westward electrojet in the midnight auroral zone at midlatitudes positive
deviations in the magnetic X component are observed also called midlatitude positive bays (MPB). The
magnetospheric substorm onsets are important substorm characteristics. To include MPB and some parameters
based on MPB for different substorm days in a substorm data catalogue for the Panagjurishte station, Bulgaria
(37.27° CGMLat, 96.883° CGMLon), a programme was worked out based on the McPherron’s algorithm to
calculate the MPB. The perturbations of the magnetic field were obtained by removing the mean magnetic field
under solar quiet (Sq) conditions from the raw data. This field was determined by smoothed cubic splines through
averaged night magnetic field components and was subtracted from the observed field. The mean X and Y field
components were computed by the first principal component (FPC) obtained by principal component analysis (PCA)
for 23 days centred over the substorm day. The resulting mean daily X and Y magnetic components was low pass
filtered. The magnetic field deviations were determined subtracting the high pass filtered FPC from the
measurements at the substorm day. The X and Y components were high pass filtered keeping only periods shorter
than three hours. The power of the filtered magnetic horizontal components is the magnetic positive bay.

The MPB was calculated by the developed programme for the data from 20.02.2008 up to 15.03.2008 of the
Honolulu station and the results were compared with the ones published by R.L. McPherron and X. Chu in the
Space Science Review in 2016.

This study was supported by the National Science Fund of Bulgaria (NSFB) (project number KII-06-Pycus/15)
and by the RFBR (project number 20-55-180003 bouar_a).

Weak dependence of the reconnection rate on inflow ion temperature
1.V. Zaitsev, A.V. Divin, V.S. Semenov
Saint-Petersburg State University, Saint-Petersburg, Russia

Since the reconnection electric field is a convective electric field of the ion bulk flow within the exhaust, then the
reconnection rate is reduced with the suppression of outflow velocity of antiparallel reconnection jet. In turn,
2
outflow ion velocity has explicit temperature dependence V,, :V?A % where TH(') - is the estimation of
I
averaged parallel ion temperature within the exhaust. lon heating during reconnection events is independent of the

initial conditions and is ~ 0.2miV§ . Consequently, if the initial upstream ion temperature < 1 (in Alfven units) then

the resulting ion temperature within the exhaust stay the same order of magnitude, and the reconnection rate varies
insignificantly but may differ up to a factor of ~2. The scaling of reconnection rate with the variation of ion
temperature and density is announced and tested on a set of 2D particle-in-cell simulations.
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HccaenoBanue reOMHIyIMPOBAHHBIX TOKOB € HCM0JH30BAHHEM METO/I0B OKOHHOTO
npeodpazoBanus @ypbe U BeiiBjeT-Npeodpa3oBaHusA

T.B. Akcenosuu, B.H. CennBanos

Leump gusuxo-mexnuuecxkux npobnem snepeemuru Cegepa Konvckoeo nayunozo yenmp PAH, Anamumei, Poccus;
e-mail: aksenovich.tanya@gmail.com

B pamkax pabotsl Hax mpoektom European Risk from Geomagnetically Induced Currents (EURISGIC) na
tepputopun CeBepo-3anana Poccun coznana u yxxe 6osnee aecsaTv JeT GYHKIMOHUPYET CHCTEMa JUIsS HeNPephIBHON
peructpanuu reouHAynupoBaHHbIX TokoB (I'MIT). M3meputenbHble yCTpONCTBa ATOM CHUCTEMBI YCTAHOBJIIEHBI B
TITyX03a3eMJICHHBIX HEUTpasIX aBTOTpaHc(HOpMaTOpoB Ha psine moacTannuii Mypmanckoit obmactu u Kapennu. B
XOJIe MCCIIEIOBaHNs OBIIIO HAKOIUICHO OOJIBINOE KOMWYIECTBO JAHHBIX, (PUKCHPYIOIINX MOCIEACTBUS T€OMarHUTHBIX
Bo3MmymieHn# B KombCcKkoif sHEprocucTeMe (HepephIBHAS PETUCTPALNS Ha HEKOTOPHIX MOJACTAHIUAX Beaercs ¢ 2007
roga). Jlns aHanm3a TOKOB B HEHTpaimu aBTOTpaHCcPopMaTopa pacCMOTPEHHI N1Ba MeToAa Hu(ppoBoil oOpaboTKH
JTAaHHBIX C YaCTOTHO-BPEMEHHBIM IIPEACTAaBICHUEM: OKOHHOE NpeoOpasoBanne Pypre U BeHBIET-IpeoOpa3oBaHueE.
Ha mpumepe anammsa reomarHutHOW Oypu 7-8 ceHtsiOps 2017 roma (3HaYCHHS TEOMHIYIHUPOBAHHOTO TOKa
mocturanu 78 A), MPUBOAUTCS CPaBHEHUE CIIEKTPOrPaMM M CKEHIIOrpaMM OOOHMX METOJI0B OOpaOOTKH JaHHBIX.
HauGonee moaxonsfiuM METOAOM Uil aHalM3a T'€OMHAYIMPOBAHHBIX TOKOB BBIOPaHO HENPEPHIBHOE BEHBIET-
npeobpasoBanue. s ckeaorpaMM HENpPephIBHOTO BEHBIET-NPeoOpa30oBaHUs XapaKTEpPHA XOpPOIas JIOKATU3aIHs
B YaCTOTHOI o0JlacTh 0e3 OLIyTUMBIX MOTeph Ka4eCTBa BO BPEMEHHOM 00JacTH. DTOT METO/ aHAJIn3a MO3BOJISET C
JIETKOCThI0 onpenenuts Hanuuue I'MT B TOke HEHTpanu U ¢ BBICOKOM TOYHOCTBIO YCTAHOBUTH BPEMs Hadalla U
MIPEKPAIIEHNs eT0 IPOTEKaHNUS.

HeiipoceteBasi kjaaccnpukanusi NPUIUHHO-CJIEACTBEHHON CBA3M Cy00ypeBoii aKTUBHOCTH C
napaMeTpaMu MArHUTHBIX 00J1aK0B COJIHEYHOI'0 BeTpa

H.A. Bapxaros’, B.I'. Bopo6ses?, E.A. Pepynosa?, O.1. droxkuna®, N.C. Yuuanopa'

YHuoicecopodckuii 2ocyoapcemeennviii nedazozuueckuti yuueepcumem um. K. Mununa
2PI'BEHY «Ilonapuwiil 2eousuveckuti uncmumymy, 2. Anamumol

B pabore mpencraBieHsl pe3ynbTaThl pasBUTHA MeTona [l] kiaccupukanmmum oOpa3oB NMPUIMHHO-CIICICTBEHHOMH
CBsI3U CyOOYypeBOi akTUBHOCTH N0 MHIeKcY AL ¢ mapameTrpaMu COJHEYHOTo BeTpa M MEXKIIJIAHETHOTO MAarHUTHOTO
noias (MMII) anst cojHeuHBIX NOTOKOB THna MarHuTHoe obnako (MO). Knaccudukaims BbIIONHSIIACH
nuckycctBeHHbIME HedpoceTsimu (MMHC) Tuma cnos Koxonena. M3yuaemble 00passl NpeAcTaBiIsiIN CcOOOMH
COOTBETCTBYIOII[IE MUHYTHBIE JaHHbIC, OTBEYAIOIINEe MHTepBajiaM HabmogeHui 23 MO, 3aperuCTpHpPOBAHHBIX B
1998-2012 rr. B WMHTEepBaJIbl MX BO3JACHCTBHSA Ha 3eMHYIO0 MarHutochepy. Dtu cobObitus B [1] moaBeprajuchk
pa3nenpHOl  KiaccuduKaMKM 1O Mapamerpam IpuuuH (mapamerpsl, oTHocsmmecs k MO) um mocnenctBuit
(mapameTpbl, OTHOCSIIHUECS K I'€OMAarHUTHOMY OTKJIMKY MarHurocgepsr). [lomydeHHbIe KJIacChl COMOCTAaBISUINCH
CHeLHuaIbHBIM AITOPUTMOM. B cirydae coBmajeHusi Kiacca KOMOMHAIMH NMPUYMHHBIX ITapaMEeTpPOB C KJIACCOM
cy00ypeBoro cieAcTBHs, Kiacc OOBSBISUICA YCTaHOBIICHHBIM. Bcero Oputo oOHapykeHO 3 kiacca cyOOypeBoi
AKTHBHOCTH.

B HacTosmeM mcciie1oBaHuH BBITIOHAETCSI COBMECTHAsI IPHYMHHO-CIIICTBEHHAsT HeHpoceTeBas Kiaccu(ukarys
mapameTpoB conmHeyHoro Berpa u MMII mnst MO c¢ Be3BIBaeMOH MMH CyOOypeBOH akTHBHOCTBIO. IIpu sTOoM
CTaBIJIOCH LIENBI0 YCTAHOBUTH CTEICHb COTIIACOBAHHOCTH ITOJyYa€MBIX KJIACCOB C KJIACCAMHM, YCTAaHOBJICHHBIMH B
[1,2]. UncnenHsle SKCTIEPUMEHTHI [TOKA3alld, 9YTO HanboJee yCIelHas COBMECTHAs KIacCu(UKAIII BO3MOXHA IPH
BKJIIOUEHUH B pacueT CIEAYIOIMX NapaMeTpoB: skcTpeMyM Bz, sketpemym NV2, unterpanshbii NV2, sxcrpemym
AL, uaTerpansHbii AL. B uncno mcmosns3yeMbIX mapaMeTpoB ISl HOBOW KiIacCH(UKANNUK ObUT BKIIFOYEH MHICKC
rI00aJbHOW T€OMArHMTHOM aKTHBHOCTH BhIYMCIsieMOM Ha ocHoBe SYM/H. Yuer storo mapamerpa HO3BOJIHI
JIOCTHYb OOJBIIEH COTIIacOBaHHOCTH C pe3yibTaTami [1, 2] 1o onpeneneHuio Tpex paHee YCTaHOBJICHHBIX KIIacCOB.
Knacc 1 mposiBnsiercst B auHaMuke uHjaekca AL B Buzie yeauHeHHBIX caabbIX cyO0yph ¢ MEUICHHO M3MEHSOLIEeHCs
Bz-xommnonenroii B tenie MO ¢ TouHOCTBIO 77%; Kilacc 2 — yMepeHHbIE MpOosBICHUsI CyOOypeBOil aKTHBHOCTH B
JTMHAMUKe nHiekca AL B BUIE yeMHEHHBIX WM CepUi CyOOypbh, BBI3bIBAEMBIX HHTEHCHBHBIMY H3MEHEHUIMHU Bz B
tenie MO ¢ ToyHOCTBIO 62%); Kilacc 3 — 3KCTpeMallbHbIe INPOSIBICHHs CyOOypeBOil akTHBHOCTH B BHIE CEpUH
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cy0Oyph C OKCTpeManbHBIMH 3HaueHUsIMH HHAEKca AL, oToxzecTBisieMble €O 3HAYUTENBHBIM POCTOM
unTerpatbHoil Bemuuunsl NVZ B Teie MO ¢ TounocTbio 85%. Kak/blil BbIIEIEHHBIH HAMM KJIacC MPEICTaBIIAET
co00il TPUYMHHO-CIICICTBEHHYIO CBSI3b THIIOB CYOOYph C KOHKPETHBIM THIIOM BO3MYILICHHH NapaMeTpoB
cosHeuHoro Betpa 1 MMII B Tese MarHuTHOTO OOJaKa.

VYCnemHocTs BRISBICHUS KOHKPETHBIX MPUYMHHO-CIIECACTBEHHBIX KIIACCOB COJEPIKAIINX COBMECTHBIC IApaMeTPh
NpUYUH cyOOypeBOl aKTHBHOCTH M €€ Pa3BUTHS YKa3bIBAacT HA HEIMHEHHbBIC XapaKTEPUCTHKU CBSI3M AWHaMuKu AL
uHaekca ¢ mapamerpamu MO. BaxHBIM SBISeTCS TO O0OCTOATENBCTBO, YTO pe3yibTaThl HEHpOCETEeBOM
KJIaccu(UKAINH BIIOJTHE COTIIACYIOTCS C (PH3HYSCKIMH IPEACTaBICHUSIME O TPOIEccax Pa3BUTHA CyOOypb.

1. N.A. Barkhatov, V.G. Vorobjev, S.E. Revunov, O.M. Barkhatova, E.A. Revunova, O.l. Yagodkina, Neural network
classification of substorm geomagnetic activity caused by solar wind magnetic clouds // Journal of Atmospheric and Solar—
Terrestrial Physics, 205 (2020), 105301, https://doi.org/10.1016/j.jastp.2020.105301

2. H.A. Bapxaros, B.I'. Bopo6seB, C.E. Pesynos, U.C. Yunanosa, HeifpocereBas kiaccudpuxanus cyo0ypeBolf akTHBHOCTH,
BBI3BIBAEMON MAarHUTHBIMH OOJakaMu cojHeyHoro Berpa // “Physics of Auroral Phenomena”, Proc. XLII Annual Seminar,
Apatity, pp. 36-39, 2019, DOI: 10.25702/KSC.2588-0039.2019.42.36-39

BapuatuBHoCcTh IapaMeTpoB aTMOCGEPUKOB OT OJMKHHUX I'PO3, PErHCTPUPYEMBbIX B IIPUILOJISIPHOM
00,1acTH BO BpeMsi FeOMArHMTHBIX BO3MYIIEHH i

P.B. Bacunwes, A.B. Otinan, }FO0.B. Kananmankos

ATtmocdeprukn — uMIysIbCHBIE dekTpoMarHuTHele curHansl OHY-HY wacroTHOro amama3oHa OT MOJIHHEBBIX
pa3psoB, SBIAIOTCA JOCTaTOYHO YIOOHBIM CPEICTBOM aHalIM3a pPAcIpOCTPAaHEHUS MIMHHBIX paJHOBOIH B
BOJIHOBOZE 3emiisi-noHOc(epa. B pabote nmpoBeneHbl UCCIeIOBAaHHS TapaMeTPOB aTMOC(HEPUKOB PErUCTPUPYEMBIX
Ha OHY npuémuuke npoext PWING pacnosioxkeHHOM B BBIHOCHOM HaOmionarensHoMm nyHkte UC3® CO PAH
«Hcroxy» (70 CIII, 88 BJI) B criokoifHOE BpeMsI U BO BpeMs T€OMAarHUTHBIX BOMYILECHUH PAa3IMUHOTO THIIA.

Jnst mpoBeAeHUs aHaNIW3a MapaMeTpoB aTMOC(HEPHKOB HCIONB30BAJICS CIECAYIOINH aJrOPUTM PETHCTPAIN
PaIroONMITYIbCOB MPHUHUMAEMBIX B paguo3dupe. IlepBoHadaabHO 1O MOBBIICHUIO MOITHOCTH PaJANOCUTHANIA BBIIIC
HEKOTOPOr0 MOPOrOBOTO 3HAYEHHS ONpPEJEIICS MOMEHT BPEMEHH NPUXO0Ja UMIYJIbCa, 3aTEM B OKPECTHOCTU ITOU
BPEMEHHOM TOYKH OCYLIECTBISUIACh MUHHMH3ALUS pasddyMs BPEMEHHOH pa3BEPTKU MPHUHATOrO CHUrHala u
MoJenpHONH QyHKIMU atMocdeprka merogqomM MHK. IMomxydeHHble mapaMeTpsl MOJENN M TOYHOCTH €€ mojdopa
UCIIOJNIb30BAIUCH ISl TIPUHSTHS PEIISHHUs, SBISETCS HANIEHHBIH paTUOMMITYJIbC aTMOC(GEpPHKOM WM HeT. B
pe3ynbpTaTe OBIIH MOJYYEeHBI CYyTOUHBIE PAaCcIpeieTIeHUs YacTOThl peructpanuu arMochepukos OHY npuémunkom,
UX CpeAHAd aMIUIMTyJAa, JUINTEIBHOCTh U CKOPOCTh IEPECTPOWKM YacTOTHl. YKa3aHHBIM METOJOM OBIIO
NpPOaHATM3UPOBAHO TPH BPEMEHHBIX HHTEpBala C pPa3BHBAIOIIUMHUCS TIeOMarHUTHbIMH Oypsmu 26.09.2019-
01.09.2019, 16.02.2020-20.02.2020, 22.09.2020-30.09.2020. IlonyuyeHHass BpeMeHHas AMHAMHUKa IapaMeTPOB
aTMochepuKoB OblIa comocTaBeHa ¢ DSt HHIEKCOM reOMarHUTHOM aKTHBHOCTH.

HeiipoceTeBoii anann3 oco6eHHOCTeli reHepaluy BLICOKOIIMPOTHBIX FT€OMATHUTHBIX BO3MYIIEHUIA,
BbI3bIBA€MbIX 000J104KAMH MATHUTHBIX 00/IaKOB COJIHEYHOI0 BeTPa

B.I'. Bopo6ses?, C.E. Peynos?, O.M. Bapxarosa?, O.1. SIroxxuna?, [I.C. Jonrosa?

YDIBHY «Iloaspnwlii 2eodusuveckuti uncmunymy, 2. Anamumot
2Huoicezopoockuti 2ocydapcmeennblii nedazozuyeckuii yuueepcumem um. K. Mununa

B pabote paccMoTpeHBl 0COOCHHOCTH I'€Hepaluy BHICOKOIIMPOTHBIX T'€OMarHUTHBIX BO3MYIIEHHH, BBI3BIBAEMBIX
0007109KaMHi MarHATHBIX 00JTaKOB COJTHEYHOTO BETpa MPEACTABIAIOMNX OO0 ropsiayro U IUNIOTHYIO TYpOYJIEHTHYIO
IUTa3My C CHJIBHBIMH (DIYKTyalMsIMHA KOMITOHEHT MEXIIAHETHOTO MAarHUTHOTO MOJs. JIyis 3TUX Iieieil BBIIOIHEHO
HelpoceTeBoe KiIacCH(UKAMOHHOE HCCIICAOBAaHIE CONOCTABICHHUS IWHAMHKH IapaMeTpoB 000JI0YEK MarHUTHBIX
0071aKOB ¢ IWHAMUKOHN aBpopanbHOro AL-MHIeKca emle 0 pa3BUTHS TI00albHOTO TE€OMArHUTHOTO BO3MYIICHUSI.
Brutn mcrions30BaHbl MEUHYTHBIE JAHHBIE, OTBEYAIOIINE WHTEpBaNIaM HaOmroneHIH 33 MEXIUTaHeTHBIX MarHUTHBIX
001aK0oB ¢ 000109KaMH, 3aperucTpupoBaHHbIX B 1998-2012 rr. KnaccudukamoHHble SKCIIEPUMEHTHI IPOBOANIHCH
C pa3JenbHBIM MPUMEHEHHEM KOMOMHAIMHI MapaMeTpoB, OTBEYAIOLIMX TOJIBKO IPUYMHAM BO3HHUKHOBEHHUS CyOOyph
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U TOJIKO JMHAMHKE Da3BHUTHA Cy0Oypb, coriacHo Metoauke [1]. Jlas sToro ObUIM CO37aHbBl JBE pa3HbIE
knaccudukanuonnsle uckyccrBenHsle Hedipocetu (MHC). Ilepast HelipoceTh kiaccuuuupoBaia mapamerpel,
oTHocsipecss Kk obonouke MO W BbIgensula Kiacchl NPHYMH, BTOpas - KiIacCH(HUUUpPOBalIa MapameTpsl,
OTHOCSIIMECS] K TEOMarHUTHOMY OTKJIMKY MarHutocepbl ¥ BIJCISIET KIacchl nmocieAcTBui. [oaydyeHHble Kiacchl
NPUYUH M KJIACChl IOCIEICTBHH CONOCTABIUINCH MEXAY COOOH IyTeM OOBEKTHBHOIO CPABHEHHS C ITOMOILBIO
CHEHUATBHOTO alrOPUTMA.

ITokazaHo, 9YTO MaKcHMalbHAas COTJIACOBAHHOCTH KiaccoB (10 80%), MONMydeHHBIX HE3aBUCHMO Ha JIBYX CETSX,
Habmozaercs a1 nepsoit MHC npu BKIIOYEHMH B pacueT napameTpos unTerpansHoro NV? u unrerpanbnoro NV?
B MuHYTY; ans Bropoit MHC mpu BKIIOYEHHWH B pacueT mapaMeTpoB mHTerpaimbHoro AL m mHTerpamsHoro AL B
MHUHYTY. AHalW3 yCTaHOBICHHBIX KJIACCOB IO3BOJSIET BO MEPBBIX OOBEIUHNUTH KIIACCHI, MONYYECHHBIC Pa3HBIMH
CrnocobamMu M BO BTOPBIX CIENaTh BBIBOJ O MX OCOOEHHOCTSX: Kiacc | - B3pbIBHOM pocT uHTerpaibHoro NV?2
(Gonbiuue 3HaueHus uHTErpaTbHOr0o NVZ B MUHYTY, 3HAYUTENBHO TIPEBBIIAIONINE UHTErpaIbHble 3HaueHus NV?),
B3pBIBHOI pocT wuHTerpaibHoro AL (Oonpmime 3HaueHuss wuHTerpambHoro AL B MuHYTY, 3HAYMTENBHO
NPEBBINIAIONINE MHTErpalbHble 3HaueHns AL); kmacc 2 - BBICOKME 3HaueHms uHTerpaibHoro NV?, BbIcokne
3HaueHMs1 MHTerpanbHoro AL mpu HHM3KO# ckopocTH pocrta mHTerpajgbHoro AL (HW3KWE 3HAUYEHHs MHTETPalbHOTO
AL B MuHyTY); Ki1acc 3 - ObICTpBIif pocT uHTerpatbHoro NV?2, Beicokne 3HaueHus unTerpanbioro AL, Pesynbrars,
MOJTyYCHHBIE HCKYCCTBEHHBIM HWHTEIUIEKTOM, COTJIAcylOTCsl ¢ (DU3MUECKHMH MPEACTABICHUSIMH O IIPOIECcCcax
PasBUTHSL BBICOKOIIMPOTHOH T'€OMAarHUTHOW AaKTUBHOCTH TIOJ JEHCTBHEM TypOYyJIEHTHOH cpensl 000soueK
MarHUTHBIX 00JIaKOB Ha 3eMHYI0 MarHutocoepy [2, 3].

1. N.A. Barkhatov, V.G. Vorobjev, S.E. Revunov, O.M. Barkhatova, E.A. Revunova, O.l. Yagodkina, Neural network
classification of substorm geomagnetic activity caused by solar wind magnetic clouds // Journal of Atmospheric and Solar—
Terrestrial Physics, 205 (2020), 105301, https://doi.org/10.1016/j.jastp.2020.105301

2. BapxaroB H.A., Jleutun A.E., PeBynoBa E.A., BunorpagoB A.b., MaruutHble o0ilaka COJIHEYHOTO BeTpa KaK HpPHYMHA
BBICOKOLIMPOTHON reoMarHuTHOM aktuBHOCTH // Physics of Auroral Phenomena, Proceedings of the 38th Annual Seminar (2-6
March 2015, Apatity), pp. 83-86, 2015 — ISBN — 978-591137-329-0.

3. Bapxaros H.A., Homnrosa [I.C., PeBynoBa E.A., [eoMarauTHass akTHBHOCTb CTPYKTYpBI MarHUTHBIX 007aKkoB // ['eomarueTnsm
u asponomus, T.59, Nel, 2019, c. 19-29

IIpocTpaHcTBeHHO-BpPeMEHHOE CaMOI0100Me HA MAJIBIX MacluTadax B cy00ypeBbIX aKTHBH3AIUAX
110 IaHHBIM BBICOKOCKOPOCTHOI Kamepsl B JIoBo3epo

b.B. Kozenos, A.B. Ponnyrun

@I'BHY Honapuviil ceopusuueckuii uncmumym, Anamumol-Mypmanck, Poccus
E-mail: boris.kozelov@gmail.com

Panee B pabotax [1,2] Mo 1aHHBIM CIYTHHKOBBIX M HAa3eMHBIX TEIEBH3MOHHBIX HAOMIOJECHUNA OBUIO MOKAa3aHO, YTO
MIPOCTPAHCTBEHHO-BpPEMEHHAs TUHAMUKA aBPOPAJIHHOTO CBEUEHHS IMEET CTATUCTUYIECKHE CBOICTBA, yKa3bIBAIOIINE
Ha TIPU3HAKUA COCTOSHMS CaMOOPTaHM30BaHHON KPUTHYHOCTH B MarHutocepHo-uoHOChepHoil minasme: st
CTaTUCTHYECKUX PACHpPENeNCHUH XapaKTepUCTHK aBPOPAIBHBIX CTPYKTYpP BO BpeMs CyOOypeBBIX aKTHBH3AIMH
TUINMYHBIMHU SIBIISTIOTCSL CTeNeHHble pacnpeneneHus. Co CTOPOHBI OOJBIIMX MaclITa0OB 3TH paclpeeeHuUs
orpaHW4eHbl (AaKTHIECKH pa3MEpOM HOYHOM CTOPOHBI aBPOPAIBHOTO OBaJa M XapaKTEPHBIM BpPEMEHEM
n30IMpoBaHHOW cy00ypu. Co CTOpPOHBI MalbIX MacIITa0OB pacHpesieNeHHs OTPaHHUYCHbI II0 IPOCTPAHCTBY
paspelieHneM TeNeBH3HOHHBIX Kamep (~1.5 KM) W XapakTepHBIMH BpeMEHaMH BO30Y)KIEHHBIX COCTOSHHH
aTMOC(EPHBIX COCTABILSIFOLIMX, 3MUCCHU KOTOPBIX PErHCTPUPOBANKCH MAaHXpOMAaTHYeCKUMHU Kamepamu (~0.7 C).
JlaHHBIE COBpEeMEHHOH Kamepsl, paboTtatomeil B obcepBaropun .JIoBo3epo, MO3BOJISIOT YTOYHUTH OOCYXKIaeMble
MIPOCTPAaHCTBEHHO-BPEMEHHBIE PACHpE/IENICHHsI CO CTOPOHBI MaJbIX MaciuTaboB. Kamepa perucrpupyer cBeueHHe
Bcero Heba B amuccuu 427.8 uM B Kaape 256x256 (512x512) ¢ gactoroii 10 kaapoB B CeKyHIy. AHAIHM3 TaKUX
JTAaHHBIX TPUBOTUTCA B paboTe.

1. Kozelov, B. V., V. M. Uritsky, and A. J. Klimas (2004), Power law probability distributions of multiscale auroral dynamics
from ground-based TV observations, Geophys. Res. Lett., 31, L20804, doi:10.1029/2004GL020962

2. Uritsky, V. M., A. J. Klimas, D. Vassiliadis, D. Chua, and G. Parks (2002), Scale-free statistics of spatiotemporal auroral
emissions as depicted by POLAR UVI images: Dynamic magnetosphere is an avalanching system, J. Geophys. Res.,
107(A12), 1426, doi:10.1029/2001JA000281
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Bausinue noHOB KucJjiopoaa U GOHOBBIX IPOTOHOB HA KBa3UPABHOBECHbIE KOH(pUIrypauumn
TOKOBOI'O €J1051 B OJIMKHEM XBOCTEe MATHUTOC(epbI

O.B. Munranes?, I1.B. Cenxo?, M.H. Memsaux?, 1.B. Musrranes!, X.B. Manosa?3, J1.M. 3enéuprii®
*@I'BHY «Ilonspuoii 2eopuszuueckuti uncmumymy, Anamumer; e-mail: mingalev_o@pgia.ru

2Hayuno-uccnedoeamenvckuii uncmunym aoepnoti gusuxu um. JI.B. Crobenvyvina MI'Y, Mockea
SUncmumym xocmuyeckux uccnedosanuii PAH, Mockea

PaccmarpuBatoTcs pe3ysbTaThbl YHCIEHHOTO MOJAEIMPOBAHUS CTALMOHAPHBIX KOH(UIypalMii TOHKOTO TOKOBOTO
cios (nanee TTC), KOTOPBIA BO3HHKAET Ha MpeBApUTENLHON (aze cyOOypu B OMMKHEM XBOCTE MarHUTOChepbl
3emim. B uncnennoit mogenmu TTC o0pa3zoBaH BCTPEYHBIMH IOTOKaMH TOPSIYNX MPOTOHOB, KOTOPHIE TTAJA0T BIOJb
CHJIOBBIX JIMHMH MarHHTHOTO ITOJISL U3 JOJICH XBOCTa. VI3 NaHHBIX CIlyTHUKOBBIX M3MEPEHUH M3BECTHO, YTO KpPOME
otnx moTokoB B TTC OmmkHEero XxBocTa MarHUTOC(EpHl IPUCYTCTBYeT (HOHOBAS TMOMYNALNS TIPOTOHOB,
TeMIepaTypa KOTOpOil mpHMepHO B 2-4 pa3a MEHBIIE TEMIepaTyphl B IAJAIONIMX NOTOKaxX. Takke M3 AaHHBIX
CITyTHHKOBBIX M3MEPEHUI HM3BECTHO, YTO B XOJE MAarHUTHBIX Oypb BO3MOXKHO IOSBJICHHE B OJIDKHEM XBOCTE
MarHuToc(epbl OTHOCHTENIHHO XOJOJHBIX HOHOB KHCIOpOAa HOHOCHEPHOro MpOoUcXokaeHus. s ucciaemoBaHus
BIMSHMS 3THX (DaKTOpOB ObLIa CO3[JaHa HOBas Bepcus 4YUCIeHHOW Mmozenu cranuonapHoro TTC, B kortopoii
BO3MOXKEH y4eT Kak (OHOBOW MOIYJSIMU NMPOTOHOB, TaK M NaJaloUIMX IIOTOKOB MOHOB KHciopoja. IlomydeHbl
craionapusie Kondurypauuu TTC s AByX cilydaeB, KOTOpbIE paHee He pacCMaTpHBAIMCh B MOJEIIMPOBaHUH. B
MIEPBOM Cllyyae B MOJEIH YYHUThIBacTCs (DOHOBas MOMYJIIMS TPOTOHOB. BOo BTOPOM cilydae yYHMTBHIBAOTCS TOTOKH
0oJiee XOJIOJHBIX [0 CPABHEHUIO C MPOTOHAMH MOHOB KHCJIOPOJa, KOTOPBIE TAKKe MaJaloT BAOJIb CUIIOBBIX JIMHUI
MarHUTHOTO HOJIS U3 J0JIeil XBocTa.

I'io6anbHbIi clieHapUil B TeOMAarHUTHBIX MYJIbCAUAX H30JIUPOBAHHOI cy00ypH, reHepupOBaHHOI
AUAMATHUTHOM CTPYKTYPOii MeIJIEHHOI0 COJIHEYHOro BeTpa 22.12.2015

B.A. Ilapxomos, B.I'. EceneBuu, M.B. Ecenesuu, b. Llarmen,
A.T'. SAxnun, C.}O. Xomytos, P.A. Paxmarymnun, T. Paiita

B nokiane mpencraBieHbl pe3ynbTaThl HCCIENOBAaHUS TII00AIFHOTO BO3MYIIEHHsT MarHuTocdepsr 22.12.2015 (09 —
13 UT), BbI3BaHHOTO BO3JIEHCTBHEM Ha MarHuTOC(epy 3eMiIn JUaMarHUTHON CTPYKTYPbl MEJICHHOTO COJHEYHOTO
Betpa (IC), nuctounnkom koTopoit Ha ConHIle sBiIseTcs Hernodka cTpumepoB. [lo xonTtakTa ¢ JIC BepTHKanbHas
komiioneHTa MMII By, = 4.46 HTn nmena ceBepHoe Hampasienue B Tedenue 146 munyt (07.10 — 09.36 UT) vacos.
IMo nmamueiM kaTasiora supermag@listserv.jhuapl.edu wawano cy66ypu ormeueno B 10.14 UT (23.08 MLT) na
obcepBaTopun ¢ koopauHaramu 70.86 reorp.ur. u 211.2 reorp.n. MccnenoBanre BBHITIOJHEHO HA OCHOBE U3MEPEHUIA
Ha ciytaukax ACE, Wind, THEMIS, GOES -13, GOES-15, RBSP A,B u HazeMHBIX HA0JIIOAEHHI T€OMarHUTHBIX
nynscarmii (f = 5 — 0.003 I'n) Ha 4eThIpEX MepUIHAHAX — YTPEHHEM, MOJIYACHHOM, BEUYCPHEM W TOJYHOYHOM Ha
POCCUHCKON M MEXIyHApOAHOM ceTsaX u3 20 MHAYKUMOHHBIX MarHUTOoMeTpoB. bopok, HcTok, JloBozepo, MoHapl,
[Maparynka, obcepBatopun Y nan-barop, HHIYKIHOHHBIX MarHUTOMETPOB ¢uHCKOM cetr 1 cetd CARISMA.

JC Be3Bana rmobansHOE MarHUTOC(EpHOE BO3MYIICHHE B BHIE H30IMpoBaHHOU cy00ypu (AE make = 1076 uTm)
Ha (poHE BOCCTAaHOBUTENBHOU (pa3pl MarHUTHOW Oypu mpu mocrossHctBe SYM H cp = —37 HTn. BwmonaeHo
oroxnectBienne ucrounnka JIC Ha ComnHie, a 3aTeM INpocieKuBaeTcs AuHaMuka JBwkeHns J[C B comHedHOM
BeTpe. MarHuTocepHbli OTKIMK B TCOMAarHUTHBIX MYJIbCAlMAX 3aBUCHT OT JOJTOTHI PacIlOiI0KEHHS
o0cepBaTOpHi.

Ha obcepBaropusix BOmu3u nosryneasoro mepuauana (11-14 MLT - MBano, JloBosepo, bopok) perucrpupyrorcs
MyJIbCAIlMU B 4YaCTOTHOM jauarna3one Pcl ¢ Hapactanuem gactoTsl 0.5 — 2.2 I'm. Ha oGcepBaropusix mepuauana (16 —
20 MLT — Hcrok, Mouusl, Ynan-barop), perucTpupyroTcst 5 MOCIeI0BaTENIbHBIX IIHPOKOMOIOCHBIX BCIIJIECKOB
tima Pil — Pi2 (0.005 — 2 T'u), xonebaHus ¢ HECTAIMOHAPHBIM CIIEKTPOM Ha dactotax 2 — 3 [l ¥ MOUIHBIM
nryMoBbIM Bemieckom B 11:45 — 12:00 UT B uwactotHom gwmamasone 0.005 — 4 I'm. HaGmromaembiil pexxum
MyJbcallMii CBOWCTBEH mpenBapuTenbHON (aze cyOOypu. Ha oOcepBaropumsix mepuamana (19 — 23 MLT -
[Napatynka, MemMaMOeTCy) PEeruCTpUPYIOTCS 5 MOCIeNOBATENbHBIX IHPOKONOJOCHBIX BCIUIECKOB THna Pil — Pi2
(0.005 — 3 T'u), cBoifcTBeHHBIX MpeaBapuTebHOIl (ase cy6oypu. Ha obcepBaropun mepuauana (01 — 05 MLT —
Ministik Lake, Fort Smith) ¢ 01:30 mo 04:30 MLT peructpupyrorcs PilB u Pic mymecanum, ¢ pe3kum
BO3pacTaHneM WHTEHCHBHOCTH B ~ 03:00, cBoicTBEeHHBIE B3pPBIBHOI M BOCCTAaHOBHTENBHOH (azam cyOOypu. Ha
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obcepBaropusix mepuauana (03 — 07 MLT — Fort Cherchil, Pinava, Thief River Falls) pexxum mynbcauuit pazmudes
Ha BBICOKOLIMPOTHBIX M CPEAHCHIMPOTHBIX oOcepBaropusx. Ha BeicokomupoTHoi oGcepBaropuu Fort Cherchil
HaOJIOIAI0TCS MyJIbCAIMH MO00HbBIe TeM, 4To perucTpupytores Ha Ministik Lake u Fort Smith, a na Pinava u Thief
River Falls peructpupyroTes mynabcannu OJIu3KUe MO PEKUMY Ha OKOJIOMONYICHHBIX 00CEPBATOPHSX.

3aKOHOMEPHOCTH TCHEpaIUH My/IbCALU Ha Pa3IndHbIX JOITOTaX CPABHUBAIOTCS C MOTOKAMH YaCTHI[ B JHEBHOMN
M HOYHOH MarHutocepe, PErHCTPHPYEMBIX Ha CIIyTHAKaX H HAONIONCHHAMH MOJIPHBIX CHSIHHH Ha
OKOJIOMIOTYHOYHBIX 00CepBaTOPHIX.

IToka3aHo, YTO MOJTOTHBIE 3aKOHOMEPHOCTH CMCHBI PEKHUMOB IIyJbCALMI ONPEOCIIIOTCS BapHALHIMU
mapametpoB MMII u xoHIeHTpanueil npotoHoB U anbha-yactiury CB B /IC 1 TOTOKaMH 3JIEKTPOHOB B IJIa3MEHHOM
CJI0e XBOCTa MarHUTOC(hepsI.

ABpopaJibHbIe 0BaJbI B IBYX MOJYLIAPUAX AJIS Pa3HbIX YPOBHEl MATHUTHOH AaKTHBHOCTH IO
JaHHBIM HA3€MHOI'0 T€OMATHUTHOT0 MeTO0/1a

10.B. Ilenckux, C.b. Jlyntomkun, B.3. Kanyctun
Hucmumym conneuno-zemnoii usuxu CO PAH, Upxymck, Poccus,; e-mail: penskikh@iszf.irk.ru

Ha ocHoBe u30panHON 6a3bl MaHHBIX, BKIodaromedl 250 cyrok |-MUHYTHBIX HazeMHBIX u3MepeHuil [II'B (moie
TEOMarHUTHBIX BapuallMil) Ha MHUPOBOW ceTH craHuuii npoekta SuperMAG, u opuruHaipHOTO crocoba
TPYNIMPOBKH JAHHBIX IOIy4eHb! cpenHue pactpenencHus [II'B B aByx momymapusx A 4eTHIpEX ypoBHEH
MarauTHOH aktmBHOCcTH: AE < 100; 100 < AE < 300; 300 < AE < 600; AE > 600 aTn. IIpuMmeHssI TeXHUKY
naBepcun MaraurorpamMM (TUM) B mpubmmkeHHH 0THOPOIHON HOHOC(hEPHOH MPOBOAUMOCTH, 1Mo cpenHuM [1I'B
paccunTaHbl paclpeeeHUs] SKBUBAJICHTHON TOKOBOHM ()YHKIIMH M INIOTHOCTH NpopoiabHbIX TokoB (I1T) B kaxxnom
MOJTyIIapuu  JUI  COOTBETCTBYIOIMX ypoBHeH AE-mHnekcoB. C  moMOmpIO  pa3BHBAEMOTO  aBTOPAMHU
"reOMarHUTHOTO" MeTOAa aBTOMATHYECKOW TUATHOCTHUKM TpaHWIl aBpopaibHOro oBaia (AO) [JlyHromkuH,
IMenckux, 2019, https://doi.org/10.12737/szf-52201913] no pacnpenenenusm kpymHoMacurrabubix [1T onpeneneHst
MOJIsIpHAs, dKBaTOpHajbHAasg M Jpyrue rpaHunbl cpegaux AO B IByX NONyIIApUAX Ui 3aJaHHBIX YpOBHEH
aBPOPAILHOM aKTHBHOCTH. Pab0TOCIOCOOHOCTH M 10CTATOYHASI TOYHOCTh ABTOMATHYECKOTO ['€OMAarHUTHOTO METO/ia
B CpPaBHEHHH C PYYHBIM CIIOCOOOM MOATBEp)KICHAa B O00OMX Moyymapusx s Bcex rpaHuny AO M ypoBHEH
MarHuTHOH akTuBHOCTU. [Tonydyennsie Ha ocHoBe TMIM M reOMarHMTHOTO METOAA IOJISIPHBIE IIANKU U MAarHUTHBIC
MIOTOKH 4Yepe3 HUX XOPOIIO COIVIACYIOTCS MEXIYy ABYMs MOJylmIapusiMu Ha Bcex ypoBHAX AE. CpaBHeHHeE co
CIyTHUKOBBIMH JIaHHBIMH TI0Ka3aJ0 Kaue€CTBEHHOE COOTBETCTBHE T'paHMIl '"TeoMarHMUTHBIX' AO ¢ TpaHHIAMH
CpEeIHUX paclpeesieHui mapaMeTpoB SHEPIeTUUECKOro crekrpa "anekTpoHHbIXx" AO st 3ajaHHBIX ypoBHEH AE-
WHJICKCOB T€OMarHUTHOM aKTHBHOCTH.
HccrenoBanue BEIIONHEHO TpH prHAHCOBOH monaepkke PODU B pamkax HayaHoTo mpoekrta Ne 19-35-90046.

Biusinue aBpopajibHbIX IBJEHUIA HA pa00Ty HABUTalIMOHHBIX CUCTEeM BO BpeMsi Oypu 14 HosiOps
2012 no nanHbIM 00c. bapeHuoypr

M.B. ®uaaros?, P.IO. I0Opux!, C.B. IMunsraes’, N.1. lllarumyparos?, }0.B. ®denopenko?,
M.B. lIsen!, A.B. Pongyrunt, A.B. Jlapuenxo?, IO.A. lllanosanosa’

Y\@OIBEHY «lonapuviii 2eousuveckuii uncmumymy, Anamumui, Mypmanck, Poccus
23anaonoe Omoenenue ®I'EYH U3MHUPAH, Kanununzpao, Poccus

E-mail: mijgun@yandex.ru

B nanHOI paboTe M3ydaeTcs BIHMSHUC MOJIIPHBIX CHSHUI Ha HABUTAIIMOHHBIC CHCTEMBI BO BpeMs Oypu 14 HOsOps
2012. Jlst uccie0BaHus MbI UCTIONIb3yEM JITaHHBIE KaMephl Bcero Heba u iByxuactotHoro GNSS npuemnuka Javad,
pacroyiokeHHBIX B oOcepBaTopun bapeHiOypr. CoBMECTHOE HCIIONB30BaHUE PETUCTPATOPOB, PACIIONOKCHHBIX B
OJIHOW TOYKE, MO3BOJISICT YCTAHOBUTH CBS3b MEXKAY PA3IMYHBIMH (POPMAaMU IOJIPHBIX CHSHUSMH U COOSMHU B
paboTe HAaBUTAIIMOHHBIX CUCTEM.
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Habnioaenue jokaabHOro MuHUMyMa Bz B 0/im:kHeM XBocTe Maruutocgepsl Ha (ase pocta
cy00ypu no nanHbiM cmyTHukoB POES

C.A. Yepnsesa', E.N. Topaees?, C.B. AnateHKoB?

tApxmuueckuii u Aumapxmuveckuii HUH, Canxm-Ilemep6ypz
2Canxm-Ilemepbypackuii 2ocyoapcmeennuiii ynusepcumem, Cankm-Ilemepbype

Hapyuienne M30TpONUM MOTOKOB BBICBHIAIOIINXCS U 3aXBaYEHHBIX YaCTHIl B OKPECTHOCTH M30TPOIHBIX TPAHUIL
(UT"), onpeneaHHBIX N0 JaHHBIM HU3KOBBICOTHBIX cyTHHKOB POES, umeet paznuunoe npoucxoxaenue (OMULL
BOJIHBI, MH)KEKIINHU, TOKOBBIH CJIOM XBOCTa) M HabiromaeTcst JOBOJILHO 4acTo (B 68% ciayuaeB B paboTe Sergeev,
Chernyaeva+ 2015).

OnHoii m3 ocoOeHHOCTEH MOBEACHMS IIOTOKOB BBICHINAMOIMXCS dacThl BOmm3um MIT, sBmstercs wacroe
MOSABIICHNE JIOKAIN30BAaHHBIX HW3OTPOIHBIX BBICBHIMAHMI d3kBaropuanbHee HI, BO3MOXKHO CBsI3aHHOE C
00pa3oBaHHEM JIOKAIM30BAHHBIX TOKOBBIX CIIOEB B ONIDKHEM XBocTe. Takue ciloW MOTYT OBITH PE3yJIbTaToOM
nporecca OTKaYKH 3aMKHYTOTO MAarHWTHOTO ITIOTOKa M3 OJIDKHEW 007acTH XBOCTa Ha JHEBHYIO CTOPOHY, IUIA
BOCIIOJIHEHHSI IEPECOSANHEHHOT0 Ha MarHuTonay3e notoka [Gordeev+ 2017, Gordeev & Apatenkov 2020].

KapruHa BBICHINIAaHWH, KOTOPYIO MBI CBSI3bIBAEM C PACCESHUEM Ha TOKOBBIX CIIOSIX, BBIMJIIJUT CIEAYHOLIHMM
oOpa3oM. OkBaropuanbHee TUNHYHOH WI' MOSBIAIOTCS AONMOJHMUTENBHAS I0J0CA BBICHINAIOIIMXCS YAacTHIL, IO
mupoTe 3aHuMaromas o6osee 0,2 rpagycoB ¢ MHTEHCUBHOCTBIO OnM3KoW K noTokam a0 UI'. Haubonee wacto takoii
THUII BBICHIMAHUN HaOMIOZAaeTCs B DIEKTpoHaxX ¢ dHeprueil 6osee 30 k3B. Ilpu HaOMIONEHUM TaKWMX BBICHIIAHUN B
kaHanmax El (>30xsB), E2 (>100x3B) u E3(>300x3B) Oonpmuii mo mupoTe HHTEpBal COOTBETCTBYET Ooiee
BBICOKHM SHEPTHSM.

JAnst vcciiefoBaHus CTPYKTYPBI TOKOBBIX CJIOEB B TedeHHe (as3bl pocTa ObLIM 0TOOpaHBI H30JIMPOBaHHBIC CYOO0ypH
2013-2014 romom. Hus 23 ¢a3 pocra oOpaboTaHBl M HMpOaHANH3UPOBaHBI naHHBIE ciyTHUKOB POES. B Tedenue
Kaxmoil ¢as3er pocra (10-60 MuHYT) HaiimeHBI 3-15 MOCIEIOBATENBFHBIX MPOJIETOB CIIYTHUKOB B HPUIOIYHOYHBIX
JIOJITOTHBIX CEKTOpax, Bcero 174 mponera. IlpensapurenbHblii aHAIN3 MOTOKOB 3JEKTPOHOB Ha 3Heprusix 30x3B u
100x3B cBunerenscTByer 00 oOpazoBanum jokaneHOoro TC B OmmxHeM xBocte B 52 m3 174 (30%) mporeros
cnyTHUKOB # B 12 u3 23 (50%) nccnenoBaHHbIX (a3 pocTa, ¢ TeHICHIMEH ero o0pa3oBaHus Onmke K KOHILY (ha3bl
pocta cy00ypH.
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Topological features of high latitude magnetosphere and problems of outer radiation belt formation

E.E. Antonova'?, N.V. Sotnikov?, V.G. Vorobjev®, O.1. Yagodkina®, I.P. Kirpichev?,
I.L. Ovchinnikov?, M.S. Pulinets, M.V. Stepanova®, M. Rojas Gamarra®, J. Gonzalez*

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

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

3Polar Geophysical Institute, Apatity, Russia

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

Department of Physics, National University of San Antonio Abad de Cuzco, Cuzco, Peru

The self-consistent description of magnetospheric dynamics requires careful analysis of magnetospheric plasma
pressure and its distribution. Such analysis is relevant to the magnetospheric entropy problems, magnetospheric
stability and solar wind control of magnetospheric dynamics. We summarize the latest finding of plasma pressure
distribution at low altitudes and at the equatorial plane. We select a real changes produced by the approach based on
the analysis of plasma pressure gradients in the analysis of high latitude magnetospheric processes. The
configuration of large-scale transverse and field-aligned currents and mechanisms of their formation are discussed
and analyzed. The role of magnetospheric current variations in the solution of outer radiation belt problem is
discussed.

SAR arcs height during the 24 solar cycle minimum according to observations at the Yakutsk
meridian

I.B. levenko, S.G. Parnikov

Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy SD RAS, Yakutsk 677027, Russia
(ievenko@ikfia.ysn.ru)

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

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

According to long-term observations at the Yakutsk meridian, we know that under the conditions of low magnetic
activity (Dst > -50 nT; Kp < 3+) the SAR arcs occur during individual substorms. Red arcs in such events were
observed at the geomagnetic latitudes of 55-60°. We carried out the triangulation observations of SAR arcs in the
period of 2018-2020 during a minimum of 24 solar cycle. The first height measurements of the red arcs yielded the
values of 280-350 km. In the future, we plan to measure the height of the red line radiation in SAR arcs during the
growth phase of the 25th solar cycle in the period of 2021-2023.

This work was partial supported by the Russian Foundation for Basic Research (project No 18-45-140037 p_a).
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Magnetospheric sources of high energy electrons precipitating into the Earth’s atmosphere
V.V. Kalegaev, A.D. Kugusheva
Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow 119991, Russia

Precipitation of energetic electrons from the outer radiation belt into the Earth's atmosphere are the bright
manifestations of magnetospheric dynamics.

These phenomena can be recorded directly on the polar low-altitude satellites of the POES and Meteor series.
Balloon experiments also make it possible to detect invasions of energetic electrons at altitudes of 20-30 km using
X-ray bremsstrahlung. Simultaneous observations of energetic electrons precipitations at different altitudes make it
possible to better understand the physical mechanisms of this phenomenon, to establish magnetospheric sources of
precipitations and their connections with the solar wind parameters and the level of geomagnetic activity.

The development of the 01/02/15 - 06/02/15 event recorded in LPI (Lebedev Physical Institute) database of
electron precipitations registered during the balloon experiments in the Murmansk region (L = 5.5) has been studied
based on the measurements of electron fluxes on the satellites "Meteor M2", POES-18 and POES-19. The ratio of
electron fluxes measured by the vertical and horizontal satellite detectors in the range from 0.1 to 0.7 MeV was used
to identify particle precipitation corresponding to the events recorded during the balloon experiments. Precipitation
were found on L-shells from 4 to 7 both in the northern hemisphere over the Murmansk region and in the southern,
in the magnetically conjugated region. For each of the considered events the region in the magnetosphere is
determined that is responsible for the scattering of electrons and their invasion in the Earth's atmosphere. A
connection was established between data on particle fluxes and data on the interplanetary magnetic field and solar
wind parameters which made it possible to make assumptions about the mechanisms of precipitation and explain
their observed dynamics, as well as classify this event.

Formation of thermal electron population in the magnetotail:
convection heating and scattering induced losses

P.l. Shustov?, A.V. Artemyev'3, X.-J. Zhang?, A.A. Petrukovich!

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

In this work we investigate electrons spectra simultaneously observed by three THEMIS at different radial distances
in the magnetotail. Combining observational dataset of electrons trapped near the equatorial plane with the model of
electron adiabatic heating due the earthward convection, we have estimated the electron losses required to reproduce
observations within the convection model. Model-observation comparison demonstrates that losses of hot (>1 keV)
electrons should reach the strong diffusion limit, whereas the loss-cone is likely widened by field-aligned electric
field driving electron precipitations at low altitudes. We consider possible mechanisms of electron losses and their
role in shaping of the electron distribution function.
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Empirical model of solar wind dependence of energetic particle fluxes in the plasma sheet transition
region

N.A. Stepanov'?, V.A. Sergeev?, D.A. Sormakov?, V.A. Andreeva®
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To study further the factors and mechanisms controlling 10-150 keV particle fluxes in the inner magnetosphere, we
investigate empirically their behavior in the nightside transition region (6-14 Re) depending on solar wind (SW)
parameters taken at different time lags. We aim to establish the hierarchy of predictors (V, N, Pd, EKI=VByz
sin?(0/2) etc.) and the optimal range of their time delays, both depending on the distance and local time. We use
THEMIS 5-min averaged observations of energetic proton and electron fluxes in 2007-2018 near the plasma sheet
mid-plane and build regression models exploring the combination of predictors, taken at time delays up to 24 hrs.
The model obtained shows that protons and electrons are controlled differently by solar wind parameters: electrons
are influenced equally by Vsw and EKI, whereas protons are controlled mostly by Vsw and Pd, and less by Ekl. We
found that a wide range of time delays is involved depending on distance and particle energy. Specifically, the EkI
affects the energetic fluxes with time delays up to 24 hrs. (or more), exhibiting the long delays in the innermost
regions. As regards the mechanism of Vsw influence, the Vsw related flux changes are large and, to a large extent,
established on the route of the energy flow from solar wind-to the plasma sheet and, eventually, the inner
magnetosphere. We also identified a new parameter, NBL=VByz cos?(6/2), which helps to reveal the loss processes
in the plasma sheet transition region.

lon pressure in the nighttime auroral zone under extreme values of the solar wind dynamic
pressure

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 spacecraft were used to determine ion pressure in nighttime auroral zone during periods
of magnetic quietness under extreme values of the solar wind dynamic pressure (Psw). It is found that at Psw < 0.4
nPa, the energy fluxes of both precipitating ions and electrons are at the level of the noise variations of the detectors,
the zone of auroral precipitation is not identified, AL < 50 nT. The amplitude of the noise variations in the ion
pressure is ~0.02 nPa. With an increase in Psw, the maximum ion pressure (Pmax) in the auroral zone increases
significantly and can reach 5-6 nPa at Psw~20-22 nPa. The average latitudinal profiles of the ion pressure at
<Psw>=0.5, 2.1 and 16.3 nPa are plotted. The latitude of the ion pressure maximum (@' = 72.2°, 68.6° and 64.6°
CGL, respectively) coincides well with the position of the isotropy boundary (IB). Auroral precipitation poleward of
IB are isotropic, so the plasma pressure remains unchanged along the geomagnetic field line from the ionosphere to
the equatorial plane in the Earth's magnetosphere. Thus, the latitudinal pressure profiles, when projected into the
equatorial plane, make it possible to discuss the radial distribution of pressure in the magnetosphere.
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Dynamics of relativististic electron fluxes during magnetic storms of 7-8 September 2017
A.G. Yahnin, T.A. Yahnina
Polar Geophysical Institute, Apatity, Russia (ayahnin@gmail.com)

We considered the fluxes of relativistic electrons during two sequent (separated for only 12 hours) magnetic storms
of 7-8 September 2017 on the basis of low-orbiting POES/MetOp and magnetospheric satellite data. The first storm
was characterized by a dropout of the trapped electron flux in the heart of the radiation belt, while during the second
storm the trapped flux decreased at higher L-shells, and it increased in the radiation belt heart. Since during both
storms the magnetopause shifts Earthward of geosynchronous orbit, we suggest the magnetopause shadowing as the
main reason of the flux dropouts, especially for the first storm.

The POES/MetOp satellites cannot detect microbursts of precipitation, but can observe so called precipitation
bands. There were no precipitation bands of the relativistic electrons (REP events) during the first storm. During the
interval under study the majority of the REP events was observed at the main and early recovery phases of the
second storm.

Dividing all REP events in three groups according to the classification by Yahnin et al. (2016; 2017) we showed
that most of observed REP events belongs to the group, which is related to waves that are able to scatter energetic
electrons only. Apparently, EMIC waves, which are able to scatter both relativistic electron and energetic protons,
did not play a role in the relativistic electron precipitation during this storm. These features as well as the mutual
location of the REP events of different groups relative to the plasmapause generally agree with findings described
by Yahnin et al. (2016, 2017).

In addition, another type of relativistic electron precipitation was detected, which appearance is clearly correlated
with intensity of the trapped flux. The latitudinal size of this precipitation is comparable with the size of the trapped
population. The intensity of this precipitation follows the intensity of the trapped population, but is less for one-two
orders. We conclude that this is the result of weak diffusion into the loss cone, which can, however, be a significant
component of relativistic electron losses.

1. Yahnin, A. G, T. A. Yahnina, N. V. Semenova, B. B. Gvozdevsky, and A. B. Pashin (2016), Relativistic electron
precipitation as seen by NOAA POES, J. Geophys. Res. Space Physics, 121, 8286-8299, doi:10.1002/2016JA022765.

2. Yahnin, A. G, T. A. Yahnina, T. Raita, and J. Manninen (2017), Ground pulsation magnetometer observations conjugated
with relativistic electron precipitation, J. Geophys. Res. Space Physics, 122, 9169-9182, doi:10.1002/2017JA024249.
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Influence of atmospheric infrasonic macroscopic wave on microscopic wave-particle interaction in
the magnetosphere

P.A. Bespalov
Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod, Russia

In this paper we consider a model of the influence of atmospheric infrasonic wave on VLF whistler wave excitation
in the magnetosphere. This influence occurs as a result of a succession of processes: a modulation of the plasma
density in the ionosphere by acoustic-gravity waves, a variation of whistlers reflection from the modulated
ionosphere, and a modification of whistler waves excitation conditions in the magnetospheric resonator. Variation of
a magnetospheric resonator Q-factor has an influence on the operation of the plasma magnetospheric maser, where
the active substances are radiation belts particles and the working modes are electromagnetic whistler waves. The
magnetospheric resonator, which is an oscillatory system, can be responsible for an excitation of self-oscillations.
These self-oscillations are frequently characterized by alternating stages of accumulation and precipitation of
energetic particles into the radiation belts during a pulse of whistler emissions. Numerical and analytical
investigations of the response of self-oscillations to harmonic oscillations of the whistler reflection coefficient shows
that even a small modulation can significantly changes the magnetospheric VLF emissions. Our results can explain
the reason of energetic electron fluxes and whistler wave intensity modulation with a time scale from 10 sec in the
day-side magnetosphere. Such quasi-periodic VLF emissions are often observed in the sub-auroral and auroral
magnetosphere and they have a noticeable effect on the space weather phenomena.
The work is supported by the Russian Science Foundation under grant No. 20-12-00268.

Auroral kilometer radiation observation from the northern and southern sources using the ERG
(Arase) satellite

A.A. Chernyshov?, M.M. Mogilevsky!, D.V. Chugunin?, V.1. Kolpak'?, A. Kumamoto?®, F. Tsuchiya®, Y. Kasahara*

Space Research Institute of the Russian Academy of Science, Moscow, Russia
2National Research University Higher School of Economics, Moscow, Russia
3Tohoku University, Sendai, Japan

4Kanazawa University, Kanazawa, Japan

Auroral Kilometric Radiation (AKR) signals from sources in the auroral regions of the northern and southern
hemispheres are simultaneously recorded and analyzed using the data of the ERG (Arase) satellite. AKR is a
powerful natural non-thermal radiation in the frequency range of 30-800 kHz, excited by the injection of energetic
charged particles from the tail of the magnetosphere into the auroral region. The source of the AKR is the cyclotron
maser instability, which develops in the regions with low-density plasma. Initially, type Il solar radio bursts are
applied as a calibration signal and it is shown that there is no polarization of this signal that is in good agreement
with previous results and indicates the correct calculation of the polarization parameter on board the ERG satellite.
In our study, two sources of AKR spaced apart in frequency are distinguished. Most likely, this is due to spatial -
frequency filtering of sources separated in space. It is noted that there are differences in the AKR generation in the
northern and southern hemispheres. It is shown that either northern or southern sources of AKR prevail at different
times.
This work has been supported by the Russian Foundation for Basic Research (RFBR), project 18-29-21037.
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Simultaneous observations of quasi-periodic VLF emissions with two modulation periods by
spacecraft and ground based stations
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8Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakut Scientific Centre SB RAS, Yakutsk,
Russia
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We present the results of analysis of simultaneous spacecraft and ground-based observations of quasiperiodic VLF
emissions. The event was observed on 19 September 2017 by the Cluster, Van Allen Probes, and ERG spacecraft
and by magnetic antennas at four ground-based sites including Kannuslehto in Northern Finland, Lovozero at Kola
Peninsula, Barentsburg in Svalbard, and Maimaga in Siberia. Emissions were detected at the ground-based stations
from 05:40 to 10:00 UT, by Cluster spacecraft from 06:10 to 09:40 UT, and by Van Allen Probes from 06:10 to
10:00 UT. Spacecraft observations correspond to a wide range of L-shells from approximately 4 for Van Allen
Probes up to 11.3 for Cluster. Geomagnetic conditions were very quiet. In both spacecraft and ground-based
measurements two different modulation periods are clearly seen: the smaller one is about 50 seconds (corresponding
to QP-elements generation) and the larger one is about 12 minutes (corresponding to gradual QP-emission amplitude
variation). Simultaneously detected QP emissions exhibit clear one-to-one correlation between different observation
sites, which indicates the temporal nature of the observed quasiperiodic modulation. Wave propagation analysis
indicates that the quasiperiodic emissions have low (below 40°) wave vector angles with respect to the magnetic
field. The variations of VLF wave amplitude are shown to correlate with geomagnetic field pulsations, the highest
correlation being observed for the compressional component. Correlated long-period magnetic pulsations were also
observed on the ground. An analysis of ground-based signal polarisation allowed us to estimate possible locations of
the region where the VLF waves propagated to the ground, thus restricting probable position of the source region of
QP emissions.

Whistler wave instability in multicomponent electron plasma of the Earth’s magnetosphere

V.A. Frantsuzov'?, P.l. Shustov?, A.V. Artemyev!3

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

2HSE University, Faculty of Physics, Moscow, Russia

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

E-mail: vafrantsuzov@edu.hse.ru

Electromagnetic whistler waves, the key wave mode responsible for radiation belt dynamics, are generated by
perpendicularly anisotropic electrons. There is a simple equation describing threshold of anisotropy and plasma beta
for whistler wave linear generation in plasma with the bi-Maxwell distribution function. However, the more realistic
electron distribution in the Earth magnetosphere often consists of several populations that describes electron
anisotropy only for a limited energy range. Such multi-component distributions can be unstable to whistler wave
generation, whereas their average anisotropy would be well below the instability threshold derived for a single bi-
Maxwellian distribution. In this work, we generalize the expression for the wave generation threshold in systems
with multicomponent electron populations typical for the Earth's magnetosphere. We show that more realistic
threshold describes well observational parametric space of whistler wave generation.
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Evolution of electron velocity distribution function during resonant interaction with
a model wave packet of auroral kilometric radiation

V.S. Grach?, A.G. Demekhov!2

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

We analyze the nonlinear resonant interaction of energetic electrons with auroral kilometer radiation (AKR). The
evolution of the electron distribution function in the energy range 1-150 keV is considered based on numerical
solution of the particle motion equations in a given field of a quasi-monochromatic AKR wave packet. It is shown
that for realistic values of the wave amplitude 0.2-0.4 V/m, as a result of the interaction, the loss cone is filled for
particles with energies W < 30 keV and the particles are redistributed over pitch angles, which leads to the formation
of pitch-angle butterfly distribution. Depending on the wave parameters, particles redistribution over energy is also
possible, in which particles with energies 3-30 keV are effectively accelerated to energies 30-100 keV.

Origin of hierarchical temporal variation in pulsating aurora

K. Hosokawa™?, Y. Miyoshi®, M. Ozaki*, S.-I. Oyama®®>6, Y. Ogawa®>’, S. Kurita8, Y. Kasahara®,
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“Graduate School of Natural Science and Technology, Kanazawa Univ., Ishikawa, Japan

°National Institute of Polar Research, Tokyo, Japan
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Soon after auroral breakups, which are signs of an explosive release of energy accumulated in the tail of the
magnetosphere, diffuse and patchy aurorae appear in a broad region extending from midnight to dawn that can
sometimes last for several hours or longer. The vast majority of such diffuse aurora is known to blink in a quasi-
periodic manner and is commonly referred to as a pulsating aurora. The variation in brightness of the pulsating
aurora reveals a hierarchical temporal variation comprising two distinct periodicities, including the “main
pulsation”, whose periodicity ranges from a few to a few tens of seconds, and the higher-frequency “internal
modulation”, which is a much faster luminosity scintillation (~3 Hz) embedded in a single pulse of the main
pulsation. The origin of such a hierarchical structure has been attributed to the periodic precipitation of
magnetospheric electrons caused by electromagnetic waves called whistler-mode chorus waves. However, this
hypothesis has never been simultaneously observed in space and from the ground owing to insufficient temporal
resolution and spatial coverage of measurements. Here we report the temporal variation of chorus waves that display
a one-to-one correspondence, with both the main pulsation and sub-second internal modulation of the pulsating
aurora. The observations were made in March 2017 by multiple high-speed auroral imagers distributed in the Arctic
in conjunction with a newly launched magnetospheric satellite Arase. The observed one-to-one correspondence
revealed that the hierarchical structure in pulsating aurora is fully controlled by the similar hierarchical nature of the
magnetospheric chorus. The results further revealed that the existence of the sub-second variation in aurora is
determined by the fine-scale temporal structure of chorus. Such direct regulation by electromagnetic waves may
explain many of the temporal variations in aurora and may be relevant in the clarification of the origin of similar
hierarchical characteristics observed in other natural phenomena.
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The impact of developed Alfven turbulence of the solar wind magnetic field on
processes in the Earth’s inner magnetosphere

V.L. Khalipov, A.S. Leonovich, D.G. Sibeck
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Daniel Barbier has obtained the large measurement series of red-arcs with intensity 50-100 kR during IGY 1957-
1959 years. Such intensities cannot be covered by a ring current energy dissipation. However we can hope to
another powerful energy source: MHD-turbulence in the Solar wind which cause a field line resonance (FLR) in the
magnetosphere. This mechanism assumes presence of fast magnetosonic (FMS) waves penetrating from the
magnetopause into the magnetosphere. The source of the FMS waves themselves can be, for example, the Kelvin-
Helmholtz instability develops at the magnetopause flowing around by the solar wind flow. Monochromatic FMS
waves penetrating into the magnetosphere drive standing Alfven waves at the resonance magnetic shells, where their
frequency coincides with the local Alfven wave frequency [1,2]. If FMS waves the source is broadband, then Alfven
waves can be excited in a wide magnetic shells range including the plasmapause, where the resonant shells
concentration is maximum.
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Fig. 1. Transverse structure of a monochromatic kinetic Alfven wave in the vicinity of the dissipative layer (shown
in gray, X0 is the coordinate of its boundary closest to the wave transparency region ). (a) the dissipative layer is
located to the left of the Alfven wave transparency region (with a "warm" transverse dispersion due to the finite
Larmor radius of plasma ions); (b) - dissipative layer is to the right of the Alfven wave transparency region (with
"cold" transverse dispersion due to electron skin length in a plasma). It seens that the wave amplitude decreases
sharply at the dissipative layer edge closest to their propagation region. This is where the main transfer of the wave
energy to the background plasma electrons occurs.

References

1.Hasagawa, A., and K. Mima (1978), Anomalous transport produced by kinetic Alfvén wave turbulence, J. Geophys. Res., 83,
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Slow electrostatic solitary waves in the Earth's magnetosphere
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Slow electron holes, that are electrostatic solitary waves propagating with velocities comparable to the ion thermal
velocity, can contribute to plasma heating and provide an anomalous resistivity in various space plasma systems. In
addition, the analysis of electron holes allows revealing instabilities operating on time scales not resolved by plasma
instruments. We present experimental analysis of more than 100 slow electron holes in the Earth’s bow shock and
more than 1000 slow electron holes in the Earth’s nightside magnetosphere. We show that in both regions, the
electron holes have similar parameters. The spatial scales are in the range from 1 to 10 Debye lengths, amplitudes of
the electrostatic potential are typically below 0.1 of local electron temperature, velocities in the plasma rest frame
are of the order of local ion-acoustic velocity. We show that in both regions the electron holes are most likely
produced by Buneman-type instabilities. We develop theoretical models of the electron holes and compare them to
MMS observations. The lifetime and the transverse instability of the electron holes are discussed.
This work was supported by the Russian Scientific Foundation, Project No. 19-12-00313.

Stochastic differential equations for modeling of nonlinear wave-particle interaction
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2Faculty of Physics, National Research University, Higher School of Economics, Moscow, Russia
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The charged particle resonant interaction with electromagnetic waves propagating in an inhomogeneous plasma
determines the dynamics of plasma populations in various space plasma systems, such as shock waves, radiation
belts, and plasma injection regions. For systems with small wave amplitudes and a broad wave spectrum, such
resonant interaction is well described within a framework of the quasi-linear theory, which is based on the Fokker-
Planck diffusion equation. However, in systems with intense waves, this approach is inapplicable, because nonlinear
resonant effects (such as phase bunching and phase trapping) and non-diffusive processes play an essential role in
the acceleration and scattering of charged particles. In this work we consider a generalized approach for modelling
of wave-particle resonant interaction for intense coherent waves. This approach is based on application of stochastic
differential equations for simulation resonant scattering and trapping. To test and verify an applicability of this
approach, we use a simple model system with high-amplitude electrostatic whistler waves and energetic electrons
propagating in the Earth radiation belts. We show that the proper determination of the model parameters allows us to
describe the dynamics of the electron distribution function evolutions dominated by nonlinear resonant effects.
Moreover, the proposed approach significantly reduces the calculation time in comparison with test particles
methods generally used for simulations of nonlinear wave-particle interactions.
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Statistical properties and propagation characteristics of unusual high-frequency VLF emissions
observed at Kannuslehto, Finland
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Since 2006, unusual high-frequency VLF emissions have been observed at the ground station of Kannuslehto in
northern Finland (KAN, MLAT=64.4°N, L=5.5). They were first reported by Manninen et al., 2016 as hiss-like
bursts detected above the local electron gyrofrequency for the L-shall of KAN. Their unusual propagation suggests
generation by a source at lower L-shells. These emissions are present in more than 60% of the observation campaign
days at KAN, showing multiple spectral features previously unseen before. And yet, we know very little about their
overall properties and propagation mechanisms.

Using case studies and statistical analysis from the 2017-2020 VLF campaigns at KAN, we discuss the general
characteristics and propagation features of these unusual waves. We will show examples of the waves and their
occurrence rate as a function of multiple parameters (MLT, type, periodicity). We found that their occurrence is
linked to more usual VLF waves (e.g., chorus, QP) suggesting their generation is not ionospheric in nature. We also
discuss the likely location of the source of these high-frequency emissions, and possible mechanisms allowing for
propagation to the L-shells of KAN. While wave occurrence appears related to AE index, more importantly their
detection on the ground is linked to short-time local decrease of the magnetic field.

Two types of "*continuum® radiation

M.M. Mogilevsky?, D.V. Chugunin!, A.A. Chernyshov?, I.L. Moiseenko?,
T.V. Romantsoval, A. Kumamoto?, Y. Kasahara®, F. Tsuchiya?
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2Tohoku University, Japan
SKanazawa University, Japan

"Continuum" radio emission (CR) - electromagnetic radio emission in the frequency range from several kilohertz to
several hundred kilohertz recorded in the Earth's inner magnetosphere. Since the discovery of this radiation, several
decades have passed, but until now it remains the least studied phenomenon of the Earth's magnetosphere. The
mechanism of generation of this radiation is associated with energetic particles of radiation belts trapped in a
magnetic trap and oscillating between the hemispheres. To study the KR, we used measurements on the Japanese
ERG satellite, which was launched in 2016 into a near-equatorial orbit and continues to operate at the present time.

The analysis of the measurements showed that electromagnetic fields with a linear composed spectrum are
observed on the day side of the inner magnetosphere. When the satellite crosses the Z = 0 plane, the radiation
polarization changes, which indicates the location of the sources of these fields.

On the night side of the inner magnetosphere, radiation with a linear composed spectrum is also recorded, but in
the different frequency range - from 600 tol,6 MHz. These radiations are observed at considerable distances from
the Z = 0 plane, up to several radii of the Earth. Characteristics of two types CR emissions are compared and
discussed the possible mechanisms of their generation.

The work was supported by the grant of the Ministry of Education and Science 075-15-2020-780.
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Wave structure feature of the VLF auroral hiss emissions obtained from
the ground-based high-latitude measurements

A.S. Nikitenko, M.V. Kuznetsova, Yu.V. Fedorenko, J. Manninen, N.G. Kleimenova, S.V. Pilgaev, A.V. Larchenko
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It is generally accepted that the auroral hiss emissions are generated at the altitudes of about 10000 - 20000 km and
propagate along the geomagnetic field lines like an electrostatic wave. The electrostatic waves cannot be observed
on the ground because its wave vector is outside of the propagation cone. Only waves scattering at the ionospheric
small-scale irregularities can reach the ground level. The problems of the location and dynamics of the scattering
area are of interest to researchers. The aim of this work is to study an evaluation of the scattering area dynamics by
using ground-based VLF observations. Here we present some results of our analysis of the set of auroral hiss bursts
registered simultaneously at two spatially separated observational sites Lovozero (Russia, 67.97° N, 35.02° E) and
Kannuslehto (Finland, 67.74° N, 26.27° E) for November 2018 - present time. We used the following field
parameters: the ratio of the electric and magnetic energy densities, the circular polarization index and Poynting
vector direction. We considered its averaged values and probability density functions. We found that these
parameters do not depend on the electrostatic wave amplitudes and ionospheric irregularities intensities and are
controlled by the location of the scattering area. We compared the observed results with the numerical modeling of
the auroral hiss propagation from the source region to the ground.

Electromagnetic emission in the Pc1 band: magnetospheric, atmospheric, and man-made sources
V.A. Pilipenko, E.N. Fedorov, N.G. Mazur
Institute of Physics of the Earth, Moscow, Russia

We review the observational results and modeling of electromagnetic emissions in the nominal Pcl band (from
fractions of Hz to several Hz) of various origin. We consider the following topics:

- Influence of ionospheric MHD resonators and waveguides on transmission and reflection of magnetospheric wave
beams upon interaction with the ionosphere;

- Excitation of electromagnetic response in the upper ionosphere to atmospheric electric discharges;

- Excitation of artificial Pcl signals by electric power lines;

- Feasibility of earthquake associated Pcl impulses;

- New databases for Pc1 studies.
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Polar cap ULF pulsations: Coordinated Radar-Magnetometer Observations
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This study uses multi-instrument geomagnetic and ionospheric observations in Antarctica and Arctica to examine
the causative mechanisms of the ultra-low-frequency (ULF) variations of the electrodynamics of the polar cap - the
least explored part of the coupled solar wind-magnetosphere-ionosphere system. The ionospheric oscillations
corresponding to Pc5-6 pulsation band (quasi-periods about 3-15 min) were detected by SuperDARN radars. The
ground geomagnetic response in both hemispheres was examined using magnetometers at polar magnitudes in
Antarctica and Svalbard. The quasi-periodic variations of the ionospheric Doppler velocity V can be classified into 3
classes: (1) simultaneously observed by ground polar magnetometers, (2) without accompanying geomagnetic
fluctuations, and (3) geomagnetic pulsations without ionospheric signatures. We have determined the effective wave
impedance, that is V/B ratio, which enabled us to identify the physical nature of specific polar cap pulsations.
Supposedly, the first class of polar Pc5-6 pulsations is produced by magnetospheric Alfven waves, though the
occurrence of periodic disturbances in the region with open field lines seems puzzling. For the second class the
atmospheric acoustic-gravity waves are possibly responsible. The compressional MHD mode may be responsible for
the third type.

Simultaneous ground and space observations of VLF periodic emissions
E.E. Titoval?, A.G. Demekhov'3, J. Manninen?, A.A. Lubchich?, A.S. Nikitenko?
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VLF emissions are often characterized by periodic or quasiperiodic modulation of wave intensity with periods of a
few seconds to minutes. VLF emissions with periods below 10 s are called periodic emissions (PE) [Helliwell, 1965]
which were studied mainly in ground-based experiments. We present for the first time results of observations of
VLF PE in the equatorial region of the magnetosphere obtained by Van Allen Probe (VAP) satellite. These VLF
emissions were also observed by the ground-based stations Kannuslehto in Northern Finland and Lovozero at Kola
Peninsula.

PE were detected simultaneously on the ground and onboard the spacecraft (L = 5.9-5.5) in the frequency range
1.4-1.7 kHz near the upper frequency of ELF hiss. Cyclotron instability growth rate calculated from the measured
phase space density of energetic electrons matched ELF hiss frequency band. Using multicomponent data of VAP,
we analyzed wave normal angles with respect to the geomagnetic field and Poynting flux direction. We also
determined the emission periods and the delays between the periodic elements detected on the ground and by VAP.

We show that the variations of the PE intensity in this event were consistent with propagation of isolated whistler
wave packets between conjugate hemispheres. The period of the emissions observed by the spacecraft was about 2 s
and corresponded to the whistler hop transit time. The period remained almost constant for the entire observation
interval, that lasted more than one hour.

The periods of VLF emissions on the ground were about 4 s in the beginning of the event, i.e., they were two times
higher than measured by the spacecraft, and corresponded to the two-hop whistler transit time. Near the end of the
event the periods abruptly decreased to 2 s, i.e., they became equal to the periods measured by VAP.

The halving of the periods of VLF emissions observed on the ground, from the two-hop to one-hop whistler transit
time, can be interpreted within the framework of the passive mode locking mechanism in the magnetospheric
cyclotron maser [Bespalov, 1984, 2010]. This mechanism explains PE, having periods of a fraction of the two-hop
whistler period, e.g., one half of it. Results of analysis of Poynting flux directions onboard the spacecraft and delays
between PE elements on the ground and on VAP are consistent with this mechanism.

The work was supported by the State task AAAA-A18-118012490100-7 of Polar Geophysical Institute, by the
Academy of Finland under grant 315716 and the Russian Foundation for Basic Research, project no. 19-02-00179.
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Evening side EMIC waves and related proton precipitation induced by a substorm
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We present the results of a multi-point and multi-instrument study of EMIC waves and related energetic proton
precipitation during a substorm. We analyze the data from Arase (ERG) and Van Allen Probes (VAP) A and B
spacecraft for an event of 16-17 UT on 01 December 2018. VAP-A detected an almost dispersionless injection of
energetic protons related to the substorm onset in the night sector. Then the proton injection was detected by VAP-B
and further by Arase, as a dispersive enhancement of energetic proton flux. The proton flux enhancement at every
spacecraft coincided with the EMIC wave enhancement or appearance at the same spacecraft. This data shows the
excitation of EMIC waves first inside an expanding substorm wedge and then by a drifting cloud of injected protons.
Low-orbiting NOAA/POES and MetOp satellites observed precipitation of energetic protons nearly conjugate with
the EMIC wave observations in the magnetosphere. The coefficient of proton pitch-angle diffusion and the strong
diffusion regime index were calculated based on the observed wave, plasma and magnetic field parameters. The
diffusion coefficient maximum corresponded well to the energy range of the observed proton precipitation. The
diffusion coefficient values indicated the strong diffusion regime, in agreement with the equality of the trapped and
precipitating proton flux at the low-Earth orbit. The growth rate calculations based on the plasma and magnetic field
data from both VAP and Arase spacecraft indicated that the detected EMIC waves could be generated in the region
of their observation or in its close vicinity.

MopeaupoBaHue Mpoecca pacupoCcTPAHEHHsI CUTHAJIOB PAJAUOTEXHUYECKOH CHCTEMBI JajIbHel
Hapuranuu PCJ/IH-20 «Anb(ha» B yuacTkax BoJTHOBOAA 3eMJis1 — HOHOC(heEPa C TOPU3OHTAIBLHO
HEOTHOPOIHBIM pacnpeneleHHeM KOHIEHTPAIMH )JIeKTPOHOB

O.U. Axmeros, U.B. Munranes, O.B. Munranes, B.b. benaxosckuii, 3.B. CyBoposa
@I'BHY «llonapnuiil ceoghusuueckuti uncmumymy, 2. Anamumoi, Poccus

B nokmane mnpexacraBieHBl pe3ynbTaThl MOJIEIHPOBAHUS PACIPOCTPAHEHMs JJIEKTpOMarHuTHeIX BonmH OHY
JMara3oHa B TOPH30HTAJIFHO HEOMHOPOAHBIX Y4YacTKaxX BBICOKOIIMPOTHOTO BOJIHOBOJAA 3emiisi-MoHOcdepa mnpu
pa3IMYHBIX TPOPHIAX KOHILEHTpPAIMK D3JEKTPOHOB. Vcmonp3yemble NpoduiaM KOHIEHTPALUH 3JIEKTPOHOB U
YaCTOThl CTOJIKHOBEHHMH JJIEKTPOHOB C HeWTpanaMH MOCTPOCHbI 1o naHHbIM pajapa EISCAT mis coObitus 24
sauBaps 2012 1. Bo BpeMs KOTOporo HaOOIanoCh BBICHITAHHWE BBICOKOIHEPTETHUECKUX YACTHI[ B TIOJAPHYIO
noHocdepy B pe3ynbTaTe B3aMMOJEHCTBHA MEXIUIAHETHON yJapHOW BOJHBI C MarHWTOc(hepodl W MOoCIenyromen
MarHuTHON cy00ypeil. YacTOThl MOJETHHOTO0 HMCTOYHHMKA CHTHAJIA COOTBETCTBOBAIM YACTOTAM HABUTAIIMOHHOW
cuctemMbl «Anbda» moctosHHO Bemaromero B auanazoHe OHY wa Tepputopum Poccuiickoit @enepanmm. B
KayecTBE HCTOYHUKA CHTHaJa B JOKIAJE€ MCIOIb30BAIUCH PE3YIbTAaThl YHCIEHHOTO MOAEIMPOBAHUS IOJIS
Nepearolleil aHTEHHBI CHCTEMBl «Alb(ay, pacnoiokeHHOW BOMM3M ropoaa Kpacuomap (45°24" N 38°09' E).
Konnenrpanus 3mekTpoHoB U 3¢ (deKTHBHas yacTtoTa coyiaapeHui juis 24 sHapst 2012 r. mocTpoeHa 1o MoJelu
cranpaptHoii moHocdepsr ['OCT P 25645.157-94. B ycnoBusix CWIBHO TOPU3OHTAJIbHO HEOIHOPOIHOMN
JIEKTPOHHOM KOHLEHTpaMK B HMOHOchepe pacu€rbl IMOKa3alnd, 4YTO M3MEHEHUWs aMIUIMTYIbl CHUTHAJIOB
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panuoTeXHUYecKoit cucteMbl nanbHeit HaBuranuu PCJIH-20 «Anb(hay BbI3BaHHBIC IEHCTBHEM T€OMAarHUTHOTO OIS
U TOPU3OHTAJBHBIMH HEOJHOPOJHOCTSIMHU HE MOTYT OBITh OOpalllecHhl B CiIy4ae W3MCHCHHS HANPAaBICHUS
pacnpocTpaHeHHs Ha MPOTHUBOIOIOKHOE.

HUccnenoBanne Pg myascamnuii mo nanasimM cnytHukoB ARASE, GOES u Ha3zeMHBIX cTaHIU
B.B. Benaxosckuit!, B.A. ITununenko?, K. Illnokasa®, E. Muommu®

*@I’BHY «Ilonspuuiii 2eopuszuueckuti uncmumymy, 2. Anamumol
2Uncmumym ¢usuxu 3emnu PAH, 2. Mockea
SUncmumym uccnedosanus 0kon03eMH020 KocMuuecko2o npocmpancmea, 2. Hazos, Snonus

B pabore wuccnenoBana ¢usnueckas mnpupoma Pg (pulsation giant) mynbcaumii, KoTOpble HAOMIOAANHCH B
MarHurocgepe SNOHCKMM CIYyTHHKOM Arase, reoctanuoHapHbMK ciiyTHHKamMu GOES u HazeMHBIMH CTaHIMAMH
ceret THEMIS, CARISMA. Pg mynbcamum oTHOcsATCS K PC4 wacToTHOMYy nOuama3oHy, A HHUX XapaKTepHa
MoHOXpoMaTHdHass Qopma. s coOvrtust 4 mas 2017 roma mo MaHHBIM CHyTHHKa Arase BOIHOBOI makeT PQ
MyJIbCcalliii OBLI 3apeTUCTPHPOBAH B mocienonxyHouHoM cektope MLT B wmaTepBane 08-10 UT. Ilymbcamum
HanOoJiee BBIPAKEHBI B pPaHaIbHOIl KOMIIOHEHTE T€OMarHUTHOTO IO, UX 4acToTa cocTaBisia okoio 13 mI'm. Pg
MyJbCalyy, HaOII0JaeMble B MarHUTOC(Epe, COPOBOKAAINCH MyIbCAMAMH C TEM K€ IIEPUOJIOM I10 JTAHHBIM psiaa
Ha3eMHbIX MarHUTHBIX CTAHIMH, HaXOISIIUXCS BOJNM3M CONpsDKEHHOW Touku. Hambonee CHIIBHO mynbcaluu MO
JAHHBIM Ha3eMHBIX CTAaHIMH OBbLIM BBIPOKEHBI B Y-KOMIIOHEHTE Te€OMarHuTHOro mnosisi. Pg mysbcanmu
BO30yXKIAJIUCh TP OYEHb CHOKOWHBIX TeoMarHUTHbIX ycioBusix (SYM-H = 10 wTn, AE=100-150 uTn).
[Ipeanonaraercs, 4YTo pacHUpeHHe IUa3Mocdepsbl NpPH HU3KOW T'€OMarHUTHOW aKTHBHOCTH IPUBOJHUT K
YBEIMYCHUIO IUIOTHOCTH IUIA3MBI B paiiOHE TeOCTAI[IOHAPHOW OpPOHUTHI, YTO CO3AAET OJNIArONpPHUATHBIC YCIOBHS IS
B030yxkneHnst Pg mynbcammii 3a cuer npeid-OayHc pe3oHaHCA MIPOTOHOB C CHIIOBBIMU JIMHUSIMHA T€OMAarHHTHOTO
oS B MarHuTocdepe.

Oco0eHHOCTH CYTOYHOI THHAMHUKH NOJISAPU3AIHOHHBIX IapAMeTPOB MATHMTHOIO IIYMAa B
auanaszoHe 0.1-20 I'u Ha pa3HBIX IIMPOTAX

E.H. Epmaxosa, A.B. Psi60oB
HUP®U HHT'Y um. HU. Jlobauesckozo, H. Hoseopood, Poccus

Ha ocHoBe aHanmu3a JaHHBIX OJHOBPEMEHHOI'O MOHHTOPHHIA TOPH30HTAIBHBIX KoMIOHeHT YHY MarHuTHOrO 1ryma
Ha cpeqHemupoTHOM obcepBatopun Hosas XKuzub (56° c.1., 46° B.JI.) U HU3KOUTUPOTHON CTaHIIMH, HAXOSIICHCS B
Munne-Pamon (Mzpamns, MP, 30.61° c.m, 34.80° B.A.), HccienoBaHbl CYTOUYHBIE BapHalldd B CIIEKTpax
MOJISIPU3ALMOHHOT0 NIapaMeTpa € U a3sUMYTaJIbHOTO yrila Bekropa marHutHoro YHY mosnis Ha pa3HbIX yacToTax.
Taxoxe 71 aHaMM3a OBUTH MCIIONB30BaHBI JaHHBIE H/4 peructparmu ¢ o. Kput u cpegnemuporrHoit crannun Crapas
[Tycteiap. OOHapyXeHO pa3nuuue B XapakTepe CYTOYHBIX BapHallMii Ha 4YacTOTaX HW)KE W PaBHBIX YacTOTe
mymaHoBckoro pesonadca (IIIP). MopenbHble pacyeTsl CHEKTPOB MOISIPH3ALMOHHBIX MapaMeTpPOB IMOKA3alH, 4ToO
pasnnume, MOKET OBITh, CBSI3aHO C BIIMSIHUEM HEOJHOPOJHOM CTPYKTYpHl MOHOC(EpHl HaJ S3THMH CTaHIMAMH, a
CTENEHb pa3JIMuusl OIpeAeNseTcs ONTHYECKOW TOJNIIMHOW HoHOc(hepHbIX pe3oHatopoB MAP u cy6-MAP.
OOHapyXeHO, YTO B CIEKTpax € II0JI0oca OKOJIO YacTOTHl IMEpBOrO IIYMaHOBCKOTO pe30HaHCa Ooyiee YeTKO
BBIJIEITISIETCSI Ha CPEHEIINPOTHBIX CTaHILMAX, a B CIIEKTPE a3MMYTAJbHOTO YIja - Ha HU3KOMIMPOTHBIX CTaHIMSIX.
Pa3Huria B 3Ha4eHUAX a3MMyTa Ha pa3HbBIX yacTorax (dactora IIIP u Gomee HU3KME 9acTOTH) HA HU3KHUX MIMPOTax B
HCCIIEAyeMbIil TIepHOA BpPEMEHH MOIJIa OBITh CBSi3aHA C HAJMYHEM PETHOHAIBHOM TPO30BOW AKTUBHOCTH.
OOHapyXeHBl BapWalliM CTENCHH 3JUIMNTHYHOCTH Ha dactoTax LIIP B cBeTnblii mepmox BpeMEHH: yBEIHUYCHHE
CTETIeH! JIUIMIITUYHOCTH IOCJEe BOCXOAAa M IEpel 3aXOI0M COJHIA, a TaKkKe CMEIICHHWE YaCTOTHOW ITOJIOCHI B
creKkTpax € MojenbHbIe pacyeThl BBIIBMIIM BO3MOXXHOCTh BIMSHHS pe3oHaTopa cy0-UAP Ha cHekTphsl € B 3TH
MEPHO/IBL.

PaGora Bemonnena mo mpoekty Ne 0729-2020-0057 B pamkax 0a3oBoil 4actu ['ocymapcTBEeHHOTrO 3aiaHMs
MuHucrepcTBa Hayku ¥ BbIcmiero oOpasoBanus P®. MogenbHble pacdeTsl BBINOJHEHB! NPH  (UHAHCOBOM
noanepxke rpanta POOU Ne 18-42-520035 p-nioBoIDKbBE.
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Beperonoii 3¢ppext B YHY Bapuanusix 3J1eKTPUIECKOro moJjst
B.C. Ucmarwmios, 10.A. Komnsrrenko

CIIo® U3MUPAH, 2. C.-Ilemepbype, Ynusepcumemckas Hao. 0.5, ium 2.
E-mail: ivs@izmiran.spb.ru

[To pe3ynmpTaTaM 3KCIIEPUMEHTAIBHBIX HCCIEIOBAHUH 3JICKTPOMAarHUTHBIX TTOJIEH B IPpHOpEKHOM 30He bemoro Mops
oOHapyxeH «OeperoBoii adpdexr» B YHY Bapnanmsx ecTecTBEHHOTO 3JIEKTPUYECKOro MOJIsL. Y CTaHOBJIEHO, YTO B
pUOpPEXHOM 30He HAONII0AAeTCs YCUIIEHHE aMIUIUTYAbl TOPU30HTANIBHOIM KoMIIoHeHThl Y HY aiekTpruieckoro moss,
HanpaBJeHHOH OpPTOrOHANBHO K OeperoBodl nuHuHM. C ynaneHueM OT OeperoBOW JIMHUW aMIUIMTYJa BapHallvi
yMeHblIaeTcs. ['JaBHas OChb TOJISIpU3AIMM Bapualuii HalpaBieHa IMOYTH OPTOTOHANBHO K OEperoBoil JIMHUM.
HaGmonaemslit 3¢ GexT cBsi3aH cO CKAYKOM IFIOTHOCTH JIEKTPUUECKHUX 3aps10B, BOSHUKAIOIIUM BCJICACTBHE CKayKa
Ha TPaHUIIE MOpe-CyIIa TOPH30HTAIBHONW KOMIIOHEHTHI 3JICKTPHUYECKOTO IIOJIS, HANpPaBICHHOH OPTOTOHAIBHO K
0eperoBoii TNHUM.

TpexmepHoe MoIeJIMPOBaHKE NMPOLECCAa PACTIPOCTPAHEHH 3JIEKTPOMATHUTHBIX BOJIH
KHY-auana3oHa 0T KOHTPOJIMPYEMOro HCTOYHNKA B BHICOKOIIUPOTHBIX pailoHax
3anaqHO-APKTUYECKOl KOHTUHEHTAJILHONH OKPAUHBI HA IpUMepe

noJyocTpoBoB Pri6auuii u Cpeanmii

B.A. Jlro0unu
@I'BHY «llonsapnoiil ceogpusuueckuti uncmumymy, 2. Anamumot, Poccust

B noxnaze paccMOTpeHBI pe3ynbTaThl TPEXMEPHOIO MOJEIHPOBAHMS IPOLECCa PACIPOCTPAHEHHs B 3€MHOH Kope
aneKTpoMarHuTHeIX BodH KHY-auana3zoHa, H3My4eHHBIX KOHTPOJIUPYEMBIM HCTOYHHUKOM, B PaliOHE MOJIyOCTPOBOB
Petbaunit wn Cpennmil. MozenpHele 3HAYE€HHS KOMIIOHEHT JJICKTPOMAarHUTHOTO TIONS  COOTBETCTBYIOT
OKCHEPUMCHTAIEHO W3MEPEHHBIM  3HAYeHHsAM, TNOJIY4YeHHBIM B pamkax mpoekrta FENICS-2019 mo
JJIEKTPOMArHUTHOMY 30HAMPOBAHUIO 3€MHOM KOpBI banTuiickoro mura ¢ UCIONb30BaHUEM NPOMBIIIIeHHbIX JIOII.
Ilo pesympTaTaM MOJENMPOBAaHMS OBUIO MOKa3aHO, YTO CYIIECTBEHHOEC BIHUSHUE HA paclpOCTPAHCHHE
anekTpoMarHUTHEIX BOTH KHY-nnana3oHa B JaHHOM paiioHE OKa3bIBaeT HAJIMYHE 30H TEKTOHHYECKUX Pa3JIOMOB C
HOBBIIICHHONW 3JIEKTPONIPOBOJHOCTBIO, pasAeisaomux bantuiickuil mut U  bapeHIEeBOMOPCKYIO ILIUTY, WU
NPUCYTCTBHE MOPCKOH BOJbI, OKpyXkatomied mnoiyoctpoBa Cpenuuii u Peidaumii ¢ Tpex cropoH. Takas
KOH(UTypanusi HJIEKTPONPOBOSIIMX OOBEKTOB IPUBOAUT K OOpa30BaHMI0 MaKpOMACIITaOHBIX 3aMKHYTBIX
JNEKTPUYECKUX KOHTYPOB, B KOTOPBIX TI'€HEPHPYIOTCA BTOPHUYHBIC 3JIEKTPOMATHUTHBIE IIOJISA, HAIPaBICHHBIC
MPOTUBOMOJIO0KHO EPBUYHOMY IIOJIF0 OT KOHTPOJIUPYEMOIO HCTOUHUKA.
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YucjieHHOE MOeTUPOBAHNE HEYCTOHYMBOCTH TEIUIOBOI0 MOTOKA B PAMKAaX KBa3HJIUHEHHOr 0
NMPHOIMKEHHS

M.M. llegenést, LIO. Backko™?, A.B. Aprembep’?

YUnemumym xocmuueckux uccnedosanuti PAH, Mockea, Poccust

2Department of Earth, Planetary, and Space Sciences and Institute of Geophysics and Planetary Physics, University
of California, Los Angeles, CA, USA

3Space Sciences Laboratory, University of California, Berkeley, CA, USA

TypOyIeHTHOCTh CBUCTOBBIX (BHUCTJICPHBIX) BOJH HIPAET CYLICCTBCHHYIO POJIb B PENaKCAl[Md HEYCTOWYMBOCTEH
JJNIEKTPOHHBIX pAaClpele/ieHnii B TOTOKE CONHEYHOro BeTpa. COBpEeMEHHbIC CIYTHHKOBBIC HAOIIOJCHUS
MOKAa3bIBAIOT, YTO HEYCTOWYMBOCTh TEILIOBOTO MOTOKA SBJISETCS BEPOSTHBHIM MEXaHU3MOM BO30YK/ICHHUS CBUCTOBBIX
BOJIH, PACHPOCTPAHSIONINXCS BIOJb MAarHUTHOTO mouisi. J{iis oueHku 3¢ (GEKTUBHOCTH MPOIIECCa MeHEpallui TaKUX
BOJIH M PACCESIHUSI 3JIEKTPOHOB aKTHBHO TPHUMEHSIIOTCS YHCIICHHBIC METOMBI, B yacTHocTH, Particle-In-Cell (PIC)
mojenupoBanue. OnHako PIC mopmenupoBanue TpeOyeT CYHISCTBEHHBIX TEXHHYECKHX PECYpPCOB U HE IMO3BOJISET
aHaJIM3UPOBATh PAa3BHTHE MpOIEcCa HAa BPEMEHHBIX MIKAaNaX, COOTBETCTBYIOIIUX HAWOOJee PEaTUCTHIHOMY,
b GY3HOHHOMY PEKUMY PETaKCalliy PACIPEACICHUS 3IeKTPOHOB. OIHON U3 BO3MOXXHBIX aJbTCPHATHB MPSIMOMY
PIC MoaennpoBaHHIO SBISACTCS KBAa3WIMHEHHOE MPUONMKEHHE, OMUCHIBAIONIEE DBOIIIOIUIO PACMIPEACICHHUSI KaK
HemnpepbiBHOW (yHKIMKA. CTaTHCTHKA HAOIIOMCHHI CBUCTOB B COJHCYHOM BETPE MOKA3bIBACT, YTO HX CIEKTP
YIOBJIETBOPSAET YCIOBHUIO IPUMEHUMOCTH KBAa3WJIMHEWUHON TEOPUH.

B pamkax uccie0BaHHs BOJHOBBIX MPOIECCOB B CONHEYHOM BETpe ObLT pa3paboTaH BBIYUCIUTEIBHBINA KO IS
MOJICTIMPOBAHUSl CAMOCOTJIACOBAHHOW KBa3WJIMHEHWHON cucTeMbl ypaBHeHHd. Koi MO3BOJNSET BBIMNONHSATH
BBIYKCIICHHS HA BHICOKOIPOU3BOIUTENBHBIX ycTpoiicTBax ¢ TexHonorueir NVidia-CUDA. YckopeHnue BhIYUCICHUI
JIOCTHUTaeTCs 3a CYET MCIOJIb30BAHUS YHMCIICHHBIX CXeM MepeMeHHbIX Hanpasienuit (alternating direction implicit),
JIOMYCKAMOIIMX OYEeHb MPOCTOE paclapayielrBaHie Ha OOJBIIOE KOJIHUYECTBO IMOTOKOB C OOIIEH MamsThIO.
OCHOBHBIMH OCOOCHHOCTSIMH KOJIa SIBJISIIOTCS: Y4ET MEPEeKPECTHBIX MPOU3BOJHBIX B OCHOBHOM IU(P(Y3HOHHOM
YpaBHEHHH KBa3WIMHEHHON TEOPUH, YTO OCOOCHHO BaXKHO B 3a/la4aX, IJIe YCTPAHEHHE ITUX WICHOB HEBO3MOXKHO C
MOMOIIBIO 3aMEHBI KOOPAMHAT, ¥ BO3MOXXHOCTH CaMOCOTJIACOBAHHOTO M3MEHEHHUs1 Kod(pduuueHToB nuddysuu B
X0J1C MOJICTHPOBAHHSL.

Jl1st TecTHpOBaHHs KOJa OBLIO TPOBEICHO MOJCIHPOBAHUE DBOJIIOINHE HEYCTOHYHUBOCTH TEIJIOBOTO MOTOKA IS
Pa3IMYHBIX MMApaMETPOB HAYAIBHOTO PACTpPECTCHHs HAa BPEMEHHBIX Maciitabax, COOTBETCTBYIONIMX OICHKAM
apaMeTpPOB COTHEYHOTO BETPA.
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Control of the cosmic rays cutoff rigidity by the parameters of the magnetosphere and solar wind
during a strong magnetic storm in early September 2017

O.A. Daniloval, N.G. Ptitsyna, M.l. Tyasto?, and V.E. Sdobnov?

nstitute of Terrestrial Magnetism, lonosphere, and Radio Wave Propagation, St. Petersburg Branch, Russian
Academy of Sciences, St. Petersburg, Russia
2Institute of Solar—Terrestrial Physics, Siberian Branch, Russian Academy of Sciences, Irkutsk, Russia

E-mail: md1555@mail.ru

The analysis of variations in the cosmic rays cutoff rigidity AR for the period September 6-9, 2017 has been
performed. The AR values for several stations have been calculated with two methods: 1) a method in which the
particle trajectories are calculated numerically in a model magnetic field of the magnetosphere to determine the
cutoff rigidity and 2) the spectrographic global survey method, in which the determination of the cutoff rigidity is
based on observational data from the neutron monitor network. The correlation between the AR and interplanetary
parameters and the Dst index of geomagnetic activity has been calculated. The main parameters controlling
variations in geomagnetic thresholds during this storm were the Dst and the solar wind velocity V. IMF, including
the Bz component, had a much less significant impact. The newly discovered effect — the phenomenon of hysteresis
in the interaction of AR and parameters of the helio- and geosphere has been investigated. In general, the results
obtained by the two methods are in close agreement.

Long-term trends in cosmic rays and geomagnetic field secular variations
A.G. Elias?, B.S. Zossi'?, A.R. Gutierrez Falcon?®, E.S. Comedi® and B.F. de Haro Barbas'?

!Laboratorio de lonosfera, Atmosfera Neutra y Magnetosfera - LIANM, Facultad de Ciencias Exactas y Tecnologia,
Universidad Nacional de Tucuman, Tucuman, Argentina

2INFINOA, CONICET-UNT, Tucumdan Argentina

3Departamento de Fisica, Facultad de Ciencias Exactas y Tecnologia, Universidad Nacional de Tucuman,
Tucuman, Argentina

Cosmic rays are modulated by solar and geomagnetic activity. In addition, the flux that arrives to the Earth is
sensitive to the inner geomagnetic field through its effect on the geomagnetic cutoff rigidity, Rc. This field has been
decaying globally at a rate of ~5% per century from at least 1840. However, due to its configuration and non-
uniform trend around the globe, its secular variation during the last decades has induced negative and positive Rc
trends as well depending on location. In the present work, the database from the World Data Center for Cosmic
Rays (WDCCR) is used to analyze long-term trend variations linked to geomagnetic secular variations. This
database includes more than 100 stations covering, some of them, almost seven decades since the 1950’s. Those
stations spanning more than 20 years of data are selected for the present study in order to adequately filter solar
activity effects.

Coronal structures of high resolution at a quiet Sun obtained by
photographs from total solar eclipses

M. Kostov, P. Stoeva, A. Stoev

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

Total solar eclipses present a rare and valuable opportunity to study the structure, composition and behavior of the
solar corona in general. Otherwise, the inner part of the solar corona is the region, where the physical processes,
involving the heating of the coronal plasma and the acceleration of the solar wind are most strongly present. This is
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the critical region where the magnetic field of the Sun goes through the most dramatic changes and evolves naturally
into the interplanetary outer space with the solar wind. We have a series of high resolution photos of the solar
corona in minimum of the solar activity. The processing of the images showed a lot of extremely fine details in
depth, nearly reaching the chromosphere — something that is beyond the capabilities of modern heliospheric
satellites.

Here we consider total solar eclipses in the weakening trend of solar cycles - eclipses from 2006, 2008 and 2009
from the solar cycle 23 and 2017 and 2019 total solar eclipses from the solar cycle 24, which are at the decending
phase of the sunspot cycles. High resolution of the photos in white light and the different times of exposure enabled
the creation of composite images of the solar corona. The coronas are minimum type and flattening indices are
compared. Basic coronal structures such as polar plumes, dome-shaped structures and helmet streamers are found. In
the minimum type coronas are well developed north and south polar ray systems and streamers of different
brightness at middle and low heliographic latitude. Prominences originating and developed at different heliographic
latitudes are also well outlined at the bottom of some large dome-shaped structures.

Keywords: sun, solar eclipses, minimum type solar corona

On some results of 2D and 3D tasks for the galactic cosmic ray intensity useful for
understanding its long-term variations

M.B. Krainev'*, B.B. Gvozdevsky?, O.P.M. Aslam?, M.S. Kalinin!, M.D. Ngobeni®*4, M.S. Potgieter®

"Lebedev Physical Institute, RAS, 119991, Moscow, Russia
2Polar Geophysical Institute, RAS, Apatity, Russia

*Center for Space Research, NWU, Potchefstroom, South Africa

*School of Physical and Chemical Sciences, NWU, Mmabatho, South Africa
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*E-mail: mkrainev46@mail.ru

The propagation of the galactic cosmic ray (GCR) in the heliosphere is described by the 3D (r, 0, ¢) boundary-value
task. For the long-term variations of the GCR intensity both quasi-stationary 3D and 2D (r, 6) models are used. In
the talk we discuss two types of the numerical results. First, we calculate the GCR intensity in the strong- and weak-
diffusion approximations which cause, respectively, the weak- and strong-drift effects. Although it turns out that the
whole set of observations is better described by strong-diffusion (and hence weak drift effects) approximation, we
hope that investigation in the weak-diffusion (and hence strong drift effects) approach, in conjunction with other
methods, can assist in understanding of how GCR drift contributes to GCR modulation. Second, the source term in
the 2D transport equation for the averaged over the longitude GCR intensity is calculated using the results of 3D
boundary-value task. This calculated source term can be compared with that estimated theoretically.
This work was supported in part by RU-SA NRF-RFBR grant No. 19-52-60003 SA-t.

Analysis of the emergence of short-term temperature anomalies on the surface of
the Black Sea as a result of solar activity

A.P. Manev
Space Research and Technology Institute, Bulgarian Academy of Sciences, Sofia, 1113, Bulgaria

The article presents an analysis of short-term temperature anomalies from three to ten days on the surface of the
Black Sea for eleven years in a row from 1989 to 1999. The study was conducted on the basis of NOAA daily
satellite temperature maps. The features of processing the output satellite data and the characteristics of the anomaly
are described. Synchronous processing of data on sea surface temperature and data on solar and geomagnetic
activity, as well as data on seismic activity in the region. In the process of research, an attempt is made to explain
the relationship between the studied parameters. Synoptic conditions in Europe are analyzed in the context of the
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appearance and development of anomalies in the last two years from the analyzed period. At the end of the study, a
hypothesis was formulated about the influence of an increase and decrease in solar activity on the occurrence of
temperature anomalies on the Black Sea surface.

Eigen energy exchange modes of magnetosphere at long-lasting stochastic coupling with solar wind
A.V. Moldavanov
Belkin International Inc., Los Angeles, USA

An important step in our understanding of an energy balance for magnetosphere (MS) is its response to solar wind
(SW) input on a long-time scale. Obviously, that accounting the ever-changing character of such input and huge
number of involved agents it is difficult to describe energy evolution of MS in the terms of deterministic functions.
In this sense, attracting of stochastic approach looks more warranted.

Following above logic, in this presentation we consider the model based on interaction of unlimited number of
independent bidirectional SW actors with MS when each single actor (energy exchange link) is picked up on the
random basis (so called RECE model [1]) at assumption of permanent access of MS to long-lasting energy flow.
Major element of this model is execution of each single energy link SW < MS through a formalism of convenient
energy continuity equation.

Important to add is that adapting this general model to the specific case of SW < MS interaction, we include to
that interaction all possible ways of energy coupling such as at particle and wave level, for direct and indirect
(though magnetotail) coupling, through remote in time and right away mechanisms.

Result of this research is evolutionary curve demonstrating dependence of average efficiency of energy exchange
vn on the rate of energy flow y (Fig.1).

Originally, development of MS takes the form of energy accumulation. Afterwards, we observe appearance of the
energy ordering with arising of energy clusters grouped around the most stable energy exchange modes yn at the
expense of riding of the redundant energy. In total, it manifests in the discreteness of spectrum for y» and y (Fig. 1).

A“-
"

Fig.1. Discrete spectrum for integral efficiency of energy exchange yn.

The discrete spectrum for yn formed at energy evolution of MS keeping permanent coupling with SW is shown. In
the plot, by an abscissa axis a unitless energy exchange rate y = J/Jo is indicated, by an ordinate axis a unitless
integral efficiency of energy exchange yn A few first harmonics of yn are schematically shown by thick vertical
segments.

References
1. Moldavanov A.V. Topology of organized chaos, 2020, Moscow: Fizmatkniga, p. 66., ISBN 978-5-89155-338-5.
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Studies on periodicities of some solar and geomagnetic indices using FFT and Wavelet techniques
Devi R. Nair and Prince P.R.

Department of Physics, University College, University of Kerala, Thiruvananthapuram, Kerala, India- 695034
E-mails: deviarnair@yahoo.com, princerprasad@gmail.com

Analysis of periodicities of daily averaged values of some solar and geomagnetic indices has been carried out for
solar cycles 21-24. Fast Fourier Transform (FFT) and wavelet technique are used for the analysis. Power spectral
density (PSD) studies of the FFT of different solar and geomagnetic indices like solar disk magnetic field, F10.7,
solar flare index (SFI), Coronal index (CI) Lyman Alpha index, IMF, plasma speed, Dst, AE, Kp and Ap revealed
long term periodicity of 11.21 years and varying short term periodicities which are sequential progressive divisible
values of the corresponding long term periodicities. FFT studies also showed dominant periodicities of 5.603, 4.483,
3.202, 1.724, 0.5 and 0.073 years for majority of the solar and geomagnetic indices. Wavelet analysis of the indices
showed consistent long term periodicity of 10.31-10.93 years, and short term periodicities of 3-4 years and 0.076-1
years (which almost agreed with the FFT analysis). Further studies can be carried out to determine the time of
occurrence of such common periodicities for more than one solar index to examine the causeeffect relationship with
geomagnetic indices of same periodicities.

Keywords: Solar and geomagnetic indices, periodicities, FFT, Wavelet

Choice of conditions for MHD simulations above the active region,
allowing the study of the solar flare mechanism

A1 Podgorny?, I.M. Podgorny?, A.V. Borisenko?, N.S. Meshalkina®

!Lebedev Physical Institute RAS, Moscow, Russia, podgorny@lebedev.ru
2Institute of Astronomy RAS, Moscow, Russia, podgorny@inasan.ru
3Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia, nata@iszf.irk.ru

Numerous observations prove that the primordial energy release of the flare occurs in the solar corona at an altitude
of ~ 1/40 - 1/20 of the solar radius. This fact is indicated by direct observations of thermal X-ray radiation for flares
on the limb, the invariability of the magnetic field on the solar surface during flares, the behavior of ultraviolet
radiation in the lines of multiply ionized iron ions, and other observations. The main problem is the need to explain
how a large amount of magnetic energy (~ 10% erg) can be slowly accumulated in the solar corona, so that it can be
fast released during a flare. An explanation of this property of a flare can be provided by the mechanism of S.I.
Syrovatskii, according to which the magnetic energy of the flare is accumulated in the field of the current sheet,
which is formed in the vicinity of a X-type singular line of magnetic field. As a result of quasi-stationary evolution,
the current sheet transfer into an unstable state. Instability causes a flare release of energy with all the observed
manifestations of a flare, which are explained by the electrodynamic model of a flare proposed by I.M. Podgorny.
Hard X-ray beam radiation on the surface of the sun during a flare is explained by the deceleration in the lower
dense layers of the solar atmosphere of electron fluxes accelerated in longitudinal currents caused by the Hall
electric field in the current sheet. The results of our recent studies lead to the conclusion that the study of the flare
mechanism is impossible without performing MHD simulations above a real active region (AR), in which the
magnetic fields observed on the photosphere are taken as boundary conditions, and the calculation begins several
days before the appearance of flares. At setting the problem, no assumptions were made about the flare mechanism.
In order to speed up the calculation, a finite difference scheme was specially developed, which had to remain stable
for the largest possible time step. The scheme is realized in the PERESVET program. MHD simulation in the real
scale of time in the solar corona can only be carried out through parallel computations. Computing equipment
(GPU) was chosen, which makes it possible to implement the fastest parallel computation algorithm. As a result of
improving of computations using CUDA technology, the speed of parallel computing is 120 times faster than the
speed of sequential computing on a conventional computer. More than 20 modernizations of the algorithm have
increased the speed of parallel computations by 7.5 times. By performing of simulations in the real scale of time, we
hoped to get rid of the numerical instability. However, as experience has shown, when calculating in the real scale of
time, numerical instability appears near the boundary, since it manages to develop during a long time interval.
Improvement of numerical methods for solving MHD equations is carried out in order to stabilize the instability.
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The instability was stabilized at the non-photospheric boundary of corona. Disturbances, propagating from the
photospheric boundary, cause the accumulation of energy for the flare; therefore, such disturbances cannot be
artificially suppressed. As a result of the application of the developed methods, the solution near the photospheric
boundary has become much more stable, but there is still work to improve the problem setting. Simulation showed
the appearance of current density maxima on X-type singular lines of the magnetic field with the plasma flow
causing to the formation of a current sheet. Calculations for various conditions and parameters in order to improve
the applied methods and study the flare mechanism were carried out for the active region AO10365. A problem
setting is being prepared and observations are being selected for the active region AO11719, in which the flare M6.5
occurred on 11.04.2013 at 06:55.

Photometry of the brightness of the sky in the cone of the moon shadow during the total solar
eclipse on July 2, 2019

L. Raykova, A. Stoev and P. Stoeva

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

Specialists from the Space Research and Technology Institute, BAS and the Astronomical Observatory "Yuri
Gagarin", Stara Zagora created a scientific programme for observation of the total solar eclipse on July 2, 2019. One
of the tasks was photographic photometry of the brightness of the sky during the phase evolution of the eclipse,
which was observed from the vicinity of the town of Quines, Republic of Argentine.

A digital DSLR camera Canon EOS 750D with Samyang F2.8 /12 mm Fish-Eye Lens was used in a program
mode. RGB images of the sky in RAW format covering the full spatial angle from the zenith to the horizon were
obtained. The light sensitivity rating of the digital camera sensor was fixed at 200 1SO.

Dark frames are made at different exposures for calibration and determination of the thermal noise of the CCD
detector (dark current) and the differences in the sensitivity of the pixels (flat field).

The individual photographic images were corrected and processed with the photometric program of the graphic
editors IRIS and Registax. After that, brightness of the sky was determined in the phases of the eclipse. The
brightness of selected zenith points and the total illuminance of the sky on the horizon were measured with a
photometer PU 150 (Germany), and the data were used for calibration.

In the course of the research, pie charts of the sky brightness were obtained. Mean minimum value of the
brightness of the sky around the zenith during the maximum phase of the eclipse is 0.026 cd/cm?. The average
minimum illuminance of the sky on the horizon is 4.3 cd/cm?. These minimum values estimate the overall
illuminance of the sky as relatively hight in comparison with previous eclipses.

Keywords: total solar eclipse, brightness and illuminance of the sky, digital photographic images

Establishing solar activity trend for solar cycles 21 - 24
A. K. Singh” and Asheesh Bhargawa

Department of Physics, University of Lucknow-226 007
“Email (Presenting Author): aksphys@gmail.com

Physical conditions of solar interior governs solar terrestrial environment at larger scale. Various solar parameters
provide relevant information about the dynamic Sun and its impact on the Earth. In the present study, we have
investigated about the trend of solar activity during last four solar cycles, i.e., solar cycles 21-24. The correlation
coefficients of the linear regression of F10.7 cm index, Lyman alpha index, Mg Il index, cosmic ray intensity,
number of M+X class flares and coronal mass ejections (CMES) occurrence rate versus sunspot number are
analysed. A running cross-correlation method has been used to study the momentary relationship between the above
mentioned solar activity parameters. Solar cycle 21 witnessed the highest value of correlation for F10.7 cm index,
Lyman alpha index and number of M-class and X-class flares versus sunspot numbers among all the considered
solar cycles which was about 0.979, 0.935 and 0.964 respectively. Solar cycle 22 recorded the highest correlation in
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case of Mg Il index, A, index and CMEs occurrence rate versus sunspot number among all the considered solar
cycles (0.964, 0.384 and 0.972 respectively). Solar cycles 23 and 24 did not witness any highest correlation as
compared to solar cycle 21 and 22. Further the record values (highest value compared to other solar three cycles) of
each solar activity parameters for each of the four solar cycles have been studied. Here solar cycle 24 has no record
text at all, this simply indicating that this cycle was a weakest cycle compared to the three previous ones. We have
concluded that in every domain solar cycle 24 has shown diverse characteristics as compared to its three
predecessors.

IIposiBjieHne COTHEYHOI AKTUBHOCTH B PA3JIMYHBIX KOMIOHEHTAX KOCMUYECKHUX Jy4eil M0 JaHHBIM
CTAHIIUU ANIATHTBI

10.B. bana6un, b.b. I'Bo3nesckuii, A.B. I'epmanenko, E.A. Maypues
@OI'BHY «llonspnulii 2eopusuueckuii uncmumymy, Anamumol, Poccus,; e-mail: balabin@pgia.ru

CostHeuHasi aKTHBHOCTD SIBJISICTCS ONHUM M3 TJIABHBIX (DAaKTOPOB, OMPEICIAIONIMX MHTEHCUBHOCTH KOCMHYECCKHX
nmydei Ha opbute 3emin. Bapuanun HHTEHCUBHOCTH KOCMHUYECKUX JTy4del perucTpHpyeTcs Ha3eMHBIMU NpHOOpaMu
y)K€ MHOTHE JeCATUIIeTHs, Haubosee siBHAsI CpeId HUX — OJMHHAAIATUIICTHSISI BapuaIus, CBsI3aHHAs ¢ COJTHEYHBIM
nukioM. [Ipu 5ToM cTeneHb MOIYJIALUN MOTOKA YOBIBAET C POCTOM DHEPTHM YACTHUIl. Y CTAHOBJIEHHBIA B AMaTUTaX
KOMIUIEKC JI€TEKTOPOB, BBIMOJHSIOMIUX MOHHUTOPUHI OCHOBHBIX KOMIIOHEHTOB BTOPWYHBIX KOCMHUYECKHX Iy4eH,
obur 3amymed B 2009 r. K HacTosmeMy BpeMEHH WMEIOTCS NaHHBIC 3a ITOJHBIA UK CONHEYHOW aKTHBHOCTH.
PaznmuaHBIe KOMITOHEHTH BTOPHYHBIX KOCMHYECKHX JTydel MPOM3BOIATCS B aTMOc(epe 3eMIT YacTHUIIAaMH Pa3HBIX
SHEprui, CIeIOBATENbHO, BapUallMd B JAaHHBIX OT Pa3sHBIX JETEKTOPOB JOJDKHBI pa3nnuarscs. [IpoBemeH aHamms
MacCHBa JaHHBIX U BBIITOJHEHO CPaBHEHUE BapHALi pPa3IHYHBIX KOMIIOHCHTOB BTOPUYHBIX KOCMHUYECKUX JTy4eH.

N3mepeHusi KocMHUYeCKHX JIy4yeil B akBaTopuu Jle10BHTOro okeaHa ¢ noMoumb0 MOOUJIBLHOIO
KOMILJIEKCa

10.B. bana6un, b.b. I'Bo3nesckuii, A.B. ['epmanenko, E.A. Muxanko, E.A. Maypues
QI'FHY «llonapuviii ceopuzuueckuti uncmumymy, . Anamumsi, Poccus

B 2020 r. mpoTONMUT MHOTOKaHAIHHOT'O KOMIUIEKCA JJii MOHUTOPWHTAa KOCMHUYECKHX JIyded (BKJIIOYAET JETEKTOP
HEUTPOHOB TEIUIOBBIX M YMEPEHHBIX 3Hepruil 70 1 M»aB, merekTopsl ramMma-H3IydeHHS U 3apsHKEHHBIX YaCTHIT)
y4acTBOBajl B 3kcnenuuuu B bapenueBoM u I'pennannckom mopsx. IlomyueHsl nepBble pe3yibTaTbl U3MEPEHUI
MOTOKOB PAa3HBIX KOMIIOHEHTOB BTOPHYHBIX KOCMHMYECKHX Jy4ed HaJl OOUIMPHBIMH BOJHBIMH IIPOCTPAHCTBAMHU.
3apeructpupoBat 3(¢dexT, HaOmogaeMblii Hag cymeld — Bo3pacTaHHEe raMMa-H3JIydeHHs Mpu ocaznkax. Komrmuiekc
MOKa3aJI CBOIO pabOTOCIIOCOOHOCTh M XapaKTEPUCTHKH, 3aJI0)KEHHBIE B HETO IIPH CO31aHHH.

Hcnonbn3oBanne MIOOHHOTO TeJIECKONA B ANATUTAX JJI MPOBEPKHU YN CJIEHHBIX Moeei
MPOXO0KIEHUSI KOCMUYECKHX JIyuyeil yepe3 atmocdepy

10.B. banabun, A.B. I'epmanenko, E.A. Muxanko, E.A. Maypues
DI'BHY «llonspnuiii 2eousuueckuii uncmumympy, Anamumul, Poccus

OnHolt M3 3aay MIOOHHOTO TeJecKoma, ycraHoBieHHOro B 2020 r. B Amarurax, sIBJISIETCS KCHEPHUMEHTaIbHAas
MPOBEpKa pe3ysIbTaTOB YMCIICHHBIX pacueToB. B ynabopatopuu kocmudeckux jgydeid [1I'M akTMBHO MCTIOIB3yeTCS
YUCJICHHOE MOJICIHPOBAHUE TMPOXOKACHUS KOCMHUYECKUX JIyder (KakK TajakTHUeCKHUX, TaK U COJHEYHBIX) Yepes
atMochepy 3emnn. Pe3ynbraTaMu Takoro MOJICIMPOBAHUS SBISIOTCS BBICOTHBIE MPOGIIIN HOHU3AUN aTMOC(HEPHI,
paauanoHHBIE O3Bl HAa pPa3HbIX BbIcOTaX. OHAKO, MPSIMbIE W3MEPEHHs MOTOKOB HMOHHU3YIONIMX YacTHI[ Ha
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pa3MuUHBIX BBICOTax B aTMocdepe BecbMa 3aTpynHEHBI. lIpeiioskeH ApYroil MeTon MPOBEPKH MOJENel: IyTeM
CpaBHEHHE PACUETHHIX NMOTOKOB MOHU3YIOIIUX YaCTHI[ HA YPOBHE 3€MJIM C peaJbHO H3MepseMbIMH. [[ng sToro
HEOOXOMMO MMETH JIETEKTOP, C XOPOIIEH TOYHOCTHIO PErHCTPUPYIOIINI TTOTOKH 3apsHKEHHBIX YacTULl. MIOOHHBIH
TEJIECKOI, YCTaHOBJICHHBIH B AIaTHTax, UMeeT TpeOyeMble XapaKTepUCTHKH. Haaudue HECKONBKUX BBIXOJHBIX
KaHaJIOB MO3BOJISICT Pa3JeNaTh MOHU3YIOMINE YACTUIBI 10 THIIAM M dHeprisiM. PaspaboTaHa MeToamka mepecdera
pacyeTHHIX TOTOKOB HOHHU3YIOIINX YaCTHIl B TEMIT CUETa MEOOHHOTO TEJIECKOTIA.

HoBblii 1eTeKTOp B KOMIIJIEKCHOI cHCTeMe perucTpaliuy KOCMHYeCKHX Jy4Yell B AaTHTax
A.B. I'epmanenko, 10.B. banabun, E.A. Maypues, E.A. Muxanko, B.b. I'Bo3nesckuii, JI.U. Ilyp
OI'BHY «lloaspusiii 2eoguszuneckuil uncmumymy, Anamumet, Poccus; e-mail: germanenko@pgia.ru

B mabopatopun kocmmueckux iydeil I[lomsapHoro reodusmueckoro wHCTHTyTa B Hadane 2020 roma cosmaH
MIOOHHBIH TEJIECKOIL, TIPeAHa3HAYCHHBIN ISl PErUCTPAIlii HOHU3UPYIONINX YaCTHII B AWana3one sHepruit ot 1 MaB
1o 100 I'B. Teneckomn cobpan o CTaHAAPTHOM cXeMe: ABE IUIACTHHBI CHUHTHIUIATOPA, Pa3IeIeHHBIX CII0eM CBUHIIA
10 cm. DnekTpoHHAs cXeMa MMeeT KaHAIbl CueTa BEPXHETO W HIDKHETO ICTEKTOPOB, a TAaKXKe KaHajl COBIAJCHUH
MEXIy HUMH. TelecKon BKIIOYEH B CHCTEMY MOHUTOPUHIa BTOPUYHBIX KOCMHUUYECKHX JIyueld B Amatutax. AHaiIu3
MOJYYCHHBIX 3a MEepHOJ padOThl TENECKONa JAaHHBIX IMOKAa3al BapHalli IMOTOKAa MIOOHOB. B OCHOBHOM 3TH
BapHallii CBs3aHbI ¢ mporieccamMu B atMocdepe. ConmHeuHass akTHBHOCTE B 2020 T. HaXOIWwiach B MUHHMYME,
3HAYMMBIC BapHalUi KOCMHYECKUX Jydel, Kak MOKa3bIBAIOT JaHHbIE HEUTPOHHBIX MOHUTOPOB, B 3TOT MEPHOL
oTCcyTCcTBOBaNmH. JlaHHBIC Teneckoma OyAyT HCIONB30BaThCsl Ui BEPHU(PHUKAIMKA YUCICHHBIX MOJCICH
pacnpocTpaHeHHEe KOCMHYECCKHX JIyueil B aTMOc(epe ImyTeM CpaBHEHHS PACUCTHOI'O TIOTOKA 3apsHKEHHBIX YaCTHUIL Ha
YpOBHE 3eMJIH U peallbHO HaOI01aeMOoro.

CBs13p HaNpaBJieHUs IPUX0/1a (PPOHTA MEKIJIAHETHOH YIaPHOii BOJIHBI €O
BpeMeHneM ctapTa SC mo anaau3sy oraeabHbIx KBM-co0biTHii

C.B. I'pomos, 10.C. 3araiinosa, JI.U. I'pomoBa
H3MUPAH, 2. Mockea, Tpouyxk, Poccus,; e-mail: sgromov@izmiran.ru

B3aumogeiictBue ¢ MarHuTocepoil 3emMi  MEXIUIAHETHBIX KOPOHaNbHBIX BbiOpocoB Maccel (ICME),
COIIPOBOXK/IAIOUIMECS] MEXKIIAHETHBIMU yIapHbIMU BosiHaMu (ISW), mpuBOANMT K M3MEHEHHI0O MAarHUTHOTO IIOJIS
3emiin. DTOT MPOLIECC OTPAKAETCS B PE3KOM CKauKe U3MEHEHHH reoMarHuTHOM nouisi (SC) pa3HOW MHTEHCHBHOCTH,
KOTOPBIH B HEKOTOPBIX CIIy4asiX MOXKET IMPUBECTU K Pa3BUTHUIO MarHUTHOM OypH, NpeNCcTaBiIsist coOOW ee BHE3alHOE
navano (SSC). Hamparnenwe mpuxoma ¢ponrta ISW Taxke, Kak CKOPOCTh MEKIUIAHETHOW YHAapHON BOJHBI U
JMHAMHYECKOE JaBJICHHsS COJIHEYHOTO BETpa, OKa3bIBaeT BJMSHHE Ha aMIUIMTyly M Bpemsi Hapacranusi SC.
BuesamHoe Hauano Oype (SSC) cdukcupyercs B karamore SC, mpencraBmssemom IAGA. UYroObl OICHUTH
HaTpaBJIeHUE IPUXo1a GpOHTa MEKIDTAHETHOH yAapHOH BOJHEI IO BpeMeHH crtapta SSC 6sumn BeIOpans! 18a ICME
¢ ucrounukamu Gopmuposanus B Ceeprom (21.06.2015 02:36 UT) u FOxuoM (14.07.2017 01:25 UT) momrymapuu
Comnna u conpoBoxxaasmuxcs ISW. Tlpu B3aumoneiictBun ¢ MarauTocdepoit 3emin onn BezBaimu SC 22.06.2015 B
18:33 UT u 16.07.2017 B 05:59 UT c mocnexoBaBIIMMH 32 HUMH MarHUTHBIMH OypsIMH. AHaJIM3HPOBAIOCH BpeMs
crapta SSC mist coobrtuii 22.06.2015 u 16.07.2017 mo cexyHaubM qanHbM, qocTymnHbIM B cetn INTERMAGNET
(oxono 40 obcepBaropuii ceBepHOro M 20 oOcepBaTopuii I0XKHOTO moiymapuii). st 3TUX COOBITHH BBIIOJIIHEHA
otieHka nosiBiieHust SSC kak (yHKIMs F€OMarHUTHOM HIMPOTHI M JJOITOTHI OT BCEMUPHOTO BpeMeHu. [loka3aHo, 4To
¢ npuxogom ICME k 3emite crapt SSC Ha Ha3eMHBIX MarHUTHBIX 00CEPBATOPHSIX, PACIIONIOKEHHBIX Ha IIUPOTAX, OT
BBICOKHX JIO 9KBaTOPUAIIbHBIX, HE SBJISETCSI OJHOBPEMEHHBIM: BpeMsi cTapTta SSC Ha pa3HbIX HIMPOTAX OTIUYAOTCS
Ha JIecATKH ceKyHI. Kpome 3Toro, B paccMOTpeHHBIX coObITusiX SSC perucrpupyercsi BHayalle Ha 00CcepBaTOpHsIX
nosymapust 3emiu, ocsitieHHOro COJHIEM, M, B CPEIAHEM, IOSBIISICTCS paHblIe B HIDKHUX LIMPOTaX, YeM B
BBICOKHX.

PaGora BeImonHeHa B pamkax locymapcrBenHoro 3amanust Ne 01200953488, mpum 4acTHYHOHW MOAJEpIKKE
Poccuiickum ¢ornoM hyHIaMEHTAIBHBIX HcciieioBanui, mpoekT Ne 20-02-00150.
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CpaBuurtenbHblii anaaus 2D u 3D noaxonos k ypaBHenuio moayasuun I'KJI: Teopusi u npakTuka
M.C. Kamnaus, M.b. Kpaiines, A.K. Ceupxesckas, H.C. CupkeBckuit

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

E-mail: kalininms@lebedev.ru

B pabore mpoBeneHbl pacyéThl WHTEHCHBHOCTH TaJIAKTHYECKUX IPOTOHOB B IIOCIEIOBATEIbHBIX MHUHHUMYyMax
COJTHEYHOH aKTHBHOCTH 23/24 u 24/25 1UKIOB, OTIMYAIONIMXCSA 3HAKOM o0Iero MarHutHoro moyist CoiHIa.
Pacuérel mpoBoauiuck B pamkax u3BecTHOM monenu Pepeppa-Ilogrutepa ¢ mapamerpamu, MO3BOJSIOIIUMH C
XOPOIIIei TOYHOCTHIO OIMICATh HHTEHCUBHOCTD B MUHUMYMe 23/24 ( A=—1). Pacuér cneayromero Mmunumyma 24/25
(A=+1) npoBoamicst ¢ TeMH K€ MapaMeTpaMHd, YTO M MpPU OMHCAHUM MpEAbAyHiero MuHuMyma. CpaBHEHHE
pe3yJIbTaTOB pacy€éToB MOKA3alo, YTO ONHMCaHKe B paMKax 2D ypaBHEHHS, MOIy4YEHHOTO B PE3yJIbTaTe YCPEIHEHUS
1o gonrote nosHoro 3D ypaBHEHUs, MPaKTUYECKH COBHAIAIOT C YCPETHEHHBIMH T10 JOJITOTE PEUICHUSIMHU ITOJTHOTO
3D ypaBuenusa. C ¢u3muecKkoil TOUKH 3pEHHsS 3TO OOYCIIaBIMBAETCS B3aMMHON KOMIIEHCALMEH NOMOIHHUTENBEHO
otkpbiBatomuxcs B 3D moaensix addexroB nuddysun u apeiidos npu odonx 3nakax A=+1.

Pe3ynbraThl pac4éToB 10 000MM PACYETHEIM BapHaHTaM COIIOCTABILUINCE C TAHHBIMH CTPATOC(EPHBIX H3MEPEHUN
HWHTETPATbHOW WHTEHCUBHOCTH IIPOTOHOB ¢ 3Heprueit T > 100 M»sB, npoBoanmerx B DUAH.

O cpenHHX XapaKTEePUCTHKAX MOABEMA 30HAa B IKCIIEPUMEHTE PeryJsipHOro 0aJJIOHHOIO
MOHHMTOPHUHIAa KOCMUYEeCKHX Jydeil

M.b. Kpaiines

Quzuueckuti uncmumym PAH um. I[1.H. Jlebedesa, PAH, 119991, Mocxasa, Poccus
E-mail: mkrainev46@mail.ru

OKCHepuMEeHT N0 peryisipHoMy OammonHoMy MoHuTopuHTy (PBM) kocMuueckux nydeld B armocdepe 3emin B
HecKoJIbkUX NyHKTax npoogutcss ®UAH c 1957 r. B Hacrosiiee Bpemsi 30HIMpOBaHUE OCYLIECTBIIIETCS 3 pas3a B
Hemenro B rT. Amatutel (MypmaHckas obOnacte), Honrompymsbiii (MockoBckas o0ilacTe) W B oOCepBaTOpHHU
Mupnbiii  (AHTapktuzaa). /it yTOUYHEHWsT W TOHMMAHHWS HEKOTOPBIX 3aKOHOMEPHOCTEH, IIOJIyYeHHBIX B
9KCIIEPUMEHTE, TI0JIE3HO OIPEAEINTh CpPEeIHHE XapaKTepPUCTUKM AWHAMUKM HOABEMA 30HAA (TIpexie BCero,
CKOPOCTh TOJbEMA, BO3MOXKHO H3MEHSIOIIASCS C BBICOTOM, M €€ MOrpemHocTs). B mokmaxe obcyxmaercs
TIOBE/ICHHE 3TUX XapaKTEPHUCTHK M0 JaHHBIM 3KcriepuMmenTa PEM.

00 anaym3se GpopMBbI HMITYJIBCOB AeTATbHON HHPOPMAIUH IKCIIEPUMEHTA PeryJsipHoro
0aJJIOHHOTO MOHUTOPHHTA KOCMHYECKHUX JIy4Yei

M.b. Kpaiines

Quzuueckuti uncmumym PAH um. I[1.H. Jlebedesa, PAH, 119991, Mocxasa, Poccus
E-mail: mkrainev46@mail.ru

B pamkax skcmepuMeHTa 1o peryisipHoMy OautoHHOMY MoHHTOpHHTY (PBM) KocMuuecknx sryueit B atMocdepe
3emmu ¢ 1996 r. B r. Jonronpynusiid (MockoBckas o6macts) u ¢ 2005 r. B r. Anarutel (MypMaHcKas 00J1acTh),
KpOMe CTaHJapTHOW MHpOpManuu (YUciIo cpabaThIBaHUI AETEKTOPOB KOCMHYECKUX JIydel U JaBiIeHHUE 3a KOKIYIO
MHHYTY NOJIETA), pETUCTPUPYETCS T.H. eTanbHas nHpopmanus (hopma KaKIO0T0 3aperHCTPUPOBAHHOTO UMITYJIbCA).
[lo Hamemy NpenNoNOKEHHUIO aHaIu3 (OPMBI UMITYJIbCA MOKET IIOMOYb YTOUHHUTH IOJIYYEHHYIO CTaHJApTHYIO
nH(popManuio, 0COOEHHO B CilydyasiXx BO3MYIIEHHON aTMoc(ephl, KOT/Aa 30H]] CHJIBHO PAacKauyMBaeTCs, YTO MPHUBOJIUT
K CHJIBHOMY YMEHBIICHHUIO JUTUTEILHOCTH UMITYJIbCOB. B 1oKiane 00Ccy1aroTcest oIxo bl K 3TOMY aHAJIN3Y.
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HN3mepeHue noTOKA 3apAKEHHOM KOMIIOHEHThI KOCMHMYECKHX JIyYeil ¢ IOMOLIbI0O IOPTATUBHOIO
MaJiorabapuTHOrO AeTeKTOpa

E.A. Maypues, 10.B. banabun, A.B. I'epmanenko
OI'BHY «llonapnoiil 2ceogpusuueckuti uncmumymy, 2. Anamumoi, Poccus
E-mail: maurchev1987@gmail.com

B TlonspHoM reodusmueckoM MHCTHTYTE ObUT paspaboran mporpammublii kommieke RUSCOSMICS, kotopsiit
MO3BOJISIET PACCUUTHIBATH MPOXOKACHHE IEPBHYHBIX YACTUII KOCMHUYECKHX JIyded uepe3 armocdepy 3emin H
MOJTy4aTh XapaKTEPUCTUKU ITOTOKOB BTOPHYHBIX YACTHI, B TOM YHCIE BBICOTHBIC MPOGMIN HOHM3AIMU. BakHbIM
9TANoM IIPH MPOBEJACHUN MOJEIMPOBAHUS SIBICTCS BEPH(UKAIMS MOIYYCHHBIX PE3yIbTaTOB, KOTOPYIO Hanbosee
yIoOHO AenaTh HPH IOMOINM AAHHBIX, ITOJNyYEHHBIX C JETEKTOPOB 3apsDKEHHBIX YacTHI] (cueTdnkoB ['eiirepa).
OpHUM W3 IJIaBHBIX HCTOYHUKOB TAKHUX JAHHBIX SIBISIETCS] OANOHHBIN 3KCIIEPUMEHT, KOTOPBIH MPOBOANTCS IPYIIIOI
yuenbix ®UAH. Ho HecMmoTpst Ha TO, 4TO M3MEpPEHHS HOCAT AOJITOBPEMEHHBIM XapakTep, a TaKKe MOKPBIBAIOT
JIMaIia3oH BBICOT BIJIOTH 1O 30 KM, OHM TaKXKe SBIAIOTCS JIOKAIBHBIMH. [103TOMy B JONONHEHHWE K HUM HaMH
pemieHo ObUIO pa3paboTaTh W CO3/4aTh NOPTAaTUBHBIN IETEKTOp, MO3BOJIIOIIMI BECTH 3allUCh CKOPOCTH CueTa
3apsDKCHHBIX YacTHI[ M COXPAHATh 3TH JaHHbIC IS JaubHeimieil oOpaOotku. Kak OCHOBHBIE OCOOCHHOCTH
YCTPOWCTBA, OTJIMYAIOIIME €ro OT aHAJIOTHYHOIO OOOpYIOBaHHS, MOXHO BBLICIUTH WCIOJB30BAaHHE B HEM
COOCTBEHHO CKOHCTPYHUPOBAHHOTO MOJYJISl BBICOKOTO HANPSIKEHUS C KpaiiHe HU3KUM 3HEprornoTpedieHueM, MOaYJIs
(hOpMHUpPOBAaHUS HMMITYJBCOB IIPH COBMECTHOM HCIIOJIb30BAaHHKM OTEUYECTBCHHOro cuerumka [eiirepa CTC-5. B
Ka4yecTBE CHUCTEMBI cOopa W 00pabOTKM CHTHaIa HCIONB3yeTcss MUKpOKOHTpoiuiep ESP-32. Bee sTo mo3Bomser B
3HAQUUTEIbHOW Mepe CHU3UTh CTOMMOCTH [IETEKTOpAa, COXPaHsIs NPH 3TOM €ro XapaKTepUCTUKH Ha YpPOBHE
CHELHATN3UPOBAaHHOIO HAy4YHOro oOopynoBaHus. B paboTe mpencraBieHa peanu3anus pa3pabOTKH Kak Ha
MIPOTrPaMMHOM, TaK M Ha alfapaTHOM ypOBHE M ITOKa3aH NMPUMEp 3alMCAHHBIX JaHHBIX.

MogesnpoBaHue HYKJIOH-HYKJIOHHBIX B3aMOelcTBUIl B aTMocdepe 3emin 1A sigep rejust
E.A. Maypues, 10.B. banatdun, A.B. I'epmanenko

@I'BHY «llonapnuiil ceoghusuueckuti uncmumymy, 2. Anamumsi, Poccus

E-mail: maurchev1987@gmail.com

OCHOBHBIMU 4YacCTHUI[AMH, BXOJIIMMH B COCTAaB NEPBUYHBIX TaJIAKTUYECKUX KOCMHUECKHX JIydeld W COJIHEUHBIX
KOCMHMYECKHX JIy4dell, ABISAIOTCA MPOTOHBI, UX AOJA MOXeT cocTaBiaTh Oonee 90 %. OctaBmasicss 4acTh MOTOKa
COCTOHUT U3 DJIEKTPOHOB M SJEP C 3apsJOBBIM 4MCIOM Z > 2, B YHCIIO KOTOPBIX BXOAMT H reiuid. [Ipoxons uepes
BeIlecTBO aTMocdepbl 3eMIIM, 3T YaCTHIIbl, aHAJIOTUYHO IIPOTOHAM, HCIBITHIBAIOT CEPUH B3aUMOJICHCTBUI, Tepss
CBOIO DHEPIHIO KaK B 3JIEKTPOMArHUTHBIX, TaK U B SIEPHBIX PEAKIHMIX, B X0JI€ KOTOPBIX POIKAAIOTCS LEIIble KACKaIbl
BTOPHUYHBIX YacTHIL (3JIEKTPOHBI, TPOTOHBI, HEUTPOHBI, KAOHBI, MIOOHBI, TAMMa-KBaHThI). B npeacTaBneHHo# padote
paccMaTpHBaeTcs YacTHBIA Cily4ald, P KOTOPOM BXOJHBIMH IapaMeTpaMH TI'eHepaTtopa IEPBHUYHBIX YacCTHIL
SIBJISIIOTCS] SHEPTETUUECKUE CIIEKTPHI siiep TellHs, IIPU 3TOM CaMH YacTHUIIBI MOACIUPYIOTCS HE KaK dJIEMEHTAapHBIE, a
KaK pealbHOe SAPO U COCTOAT M3 Habopa HyKIOHOB. OCHOBHOH 3amadeil sBIISETCS OLEHKA TOTO, HACKOJIBKO
CHJIBHBINA BKJIaJ B 00pa30BaHME BTOPHYHBIX YAaCTHIl MU MOHOB BHOCAT sJpa 3JEMEHTOB ¢ Z>2, BXOASIINE B COCTaB
KJI, a Taxke ompenenuTs XapakTep BBICOTHBIX KPHUBBIX (B IMEPBYIO OYEpeab — BBICOTY PACIIOIOKEHHSI MaKCUMyMa
npoduirs. DTo 3HaUeHHE PAKTUUECKH TOBOPUT O TOM, B KAKOW TOUKE 00pa3yeTcst Kackan).
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MeTtoaunka nepecyera pe3yJbTATOB MOJeJUPOBaHUs NpoxoxaeHus nporonos I'KJI yepes
atMocgepy 3emiau B 3Q(PpeKTUBHYIO H IKBHBAJIEHTHYIO 103y U3J1y4YeHUS

E.A. Maypues, 10.B. banabun, A.B. I'epmanesko

Honsproui eeousuueckuit uncmumym, Anamumul, Poccus
E-mail: maurchev1987@gmail.com

B pesynbpTate MoIenupoBaHUs MPOXOXKICHUS YACTHII KOCMUYECKUX JTydeil uepe3 atMocdepy 3emild MOIy4aroTcs
BBICOTHBIC TIPO(IIIH, KOTOPHIC MPEICTABICHBI KaK MOTOKU B 3aBUCHMOCTH OT SHEPTHH M CKOPOCTh HOHHM3ALUHU WU
CyMMapHbIC TOTOKM B 3aBUCHMOCTH OT BBICOTHL. B 3amave OICHKH pagHallMOHHOW OE30MacHOCTH BO BpeMs
BO3PACTaHMS YPOBHS €CTECTBEHHOTO (POHOBOTO WRIIyUEHHs] BaKHO IIONydaTh 3HA4eHUS >(PPEKTHBHON W
SKBHBAJICHTHOHN 103Kl [IpencTaBieHHas paboTa IMOCBSIIEHa OCBEIICHUIO MPOOIEMBI TIepexoia K 3TUM I0Ka3aTeIsIM
KaK OT SKCIIEPUMEHTAJIbHBIX NAaHHBIX, TAK M OT Pe3yJbTaTOB MOJCIUpoBaHHA. [loka3aHBI MpUMeEpHl pacdeTa 103 Ha
BbIcoTax OoT 0 kM mo 15 kM, BciiecTBHE BO3ACHCTBHS Ha OOBEKT BTOPHYHBIM H3JIyYCHHEM, HaBEICHHBIM B
aTMocdepe Kak TATaKTHIeCKAMH, TaK ¥ COTHEUHBIMU KOCMUYECKUMH JTyIaMH.

HNonuzauus armocdepnbl 3emMM NIPOTOHAMHU COJTHEYHBIX KOCMHYECKHX JIy4eil
BO BpeMm1 coobiTua GLE72

E.A. Maypues, }0.B. banadun, A.B. 'epmanenko, b.b. ['BozneBckmii
QOI'BHY «llonapuviil eeogpuzuueckuti uncmumymy, 2. Anamumsi, Poccus
E-mail: maurchev1987@gmail.com

OpnHo# 13 3a1au PU3MKU KOCMUYECKHX JIyueil sIBISETCS OlIeHKa paHalliOHHOW 0e30MacHOCTH BO BPEMs BCIIBIIIEK
Ha CoJsHIe, CONPOBOXKAAIOIINXCS COOBITHSAMH BO3PACTaHHS CKOPOCTH CU€Ta Ha HEHTPOHHBIX MOHHTOpAX,
HaseiBaeMbiMu GLE (Ground level enhancement). Takoe siBieHue OOBSCHSIETCS TEM, YTO B MOTOKE MMEPBUYHBIX
MPOTOHOB YBEIUYMBACTCS KONMYECTBO 4acTuIl ¢ »Heprueit oT 1 IBB mo 10 B, cnocoOHBIX Kak TepsATh CBOIO
SHEPTUI0 HA TNPSMYI0 HMOHM3AIMIO, TaK M JIOCTHIaTh OONBIIMX TIIyOMH B atMocdepe, MHUIMUPYS KacKaJIHbIE
nporeccel. B TlomsipaoM reodmusndeckoM WHCTUTYTE OBLT paspabortaH mporpamMMmHbii komruieke RUSCOSMICS,
OJTHOM M3 BO3MOXKHOCTEH KOTOpOTO SBIISIETCSl CIIOCOOHOCTH MONy4YaTh BBICOTHBIE NPOQWIM HOHU3AIUU JUIS
3aJJaHHOTO yYacTKa aTrMoc(epbl, HCHOJB3ys B KaueCTBE BXOJHBIX [aHHBIX CHEKTPbl MEPBHYHBIX IMPOTOHOB
COJIHEUHBIX KOCMUYECKHX Jiyder. ClielyeT 3aMEeTUTh, YTO METOJIKA pacyera CIIEKTPOB, a TAK)Ke KOHYCOB IpHeMa U
MUTY-YIJIOBBIX paclpeneleHuil Taroke paspaborana B [lomsgpHOM TeopH3MUECKOM HHCTHTyTe. BakHoM
0COOEHHOCTBIO, HCIIOJIB3YeMOH B 3TOH paboTe, SBISETCS TO, YTO MPU MOJECIUPOBAHMM B3aHUMOJICHCTBHS YaCTHUI]
pEATN3yIOTCsI TapajieNbHble BhIYKMCIICHUs (Ha 6a3e pacyeTHOro MEHTpa C YCTAHOBICHHBIM comporieccopom Intel
Xeon Phi 5110 u ocHoBHBIM mporieccopom Intel Core i7), 4To MO3BOMMIO PACIIUPUTH MPUMEHSIEMOCTh MOJIENH C
JIOKJIFHOTO YYacTKa Ha II0OabHYIO FeoMeTpuIo Beel arMmocdeps!l 3emun. B paboTe mpeacTaBieHsl pe3ysbTaThl,
nony4yeHHsie 11t coosituss GLE72 B Bunme moHorpamMm Ha BbIcOoTax OT 1 kM g0 80 kM ¢ marom 1 kM s Bcex
3HAYCHMH IIUPOTHI U JOJITOTHI C maroM 5 rpagycos. Bepudukanus Moaenn nmpoBoauiack B 0oiee paHHUX padoTax
C HMCIOJIb30BAHUEM JIAHHBIX, TIOJyYEHHBIX BO BpPEMS 3aIlyCKa IIapOB-30HJOB, HA CErOJHS 3Ta YacTh HCCIIETOBAHUS
MPOJIOJDKAETCs, BKIIOYAs TakKe B ceOs pa3paboTKy COOCTBEHHOW CHCTEMBI M3MEPEHHsI MOTOKOB 3apsDKEHHBIX
YaCTHII.
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MeToauka HHTErpaluu CeTKU 3HAYEHHUH KeCTKOCTH TeOMAarHUTHOT0 00pe3aHus AJs
MO/1eJINPOBAHMSA B3aUMO/IeliCTBUS MPOTOHOB KOCMHYECKHUX JIy4eil ¢ aTMocdepoii 3emin

E.A. Maypues, 10.B. banabun, A.B. I'epmanenko, b.b. ['Boznesckmii
OI'BHY «llonapnoiil 2ceogpusuueckuti uncmumymy, 2. Anamumoi, Poccus
E-mail: maurchev1987@gmail.com

CerozHsl XOpOIIO M3BECTHO, YTO Ha rpaHully arMocgepsl 3emin (YCIOBHO 3TOT IapaMeTp YCTAaHOBIICH B paiioHe
~80 kM) Ul OTVIMYAIOIIMXCSI 3HAYEHHH reorpaMyeckoil HMIMPOTHI M JOJNTOTHl YaCTUIBI KOCMHYECKUX Jydei
MPUXOISAT C PA3TUIHOW DHEPTUeH, BEeTHYMHA KOTOPOH OMpeAessieTCsl JKECTKOCThI0 T€OMarHUTHOro oOpe3anus. B
IpOLIECCe MOJASIUPOBAHMS IPOXOXKICHUS NEPBUYHBIX MPOTOHOB U MX B3aUMOJCHCTBHH IS MOIYyYSHUS BHICOTHBIX
npo¢ e HOHM3AIUA 3TY 0COOEHHOCTh HEOOXOIMMO 00s3aTeTIHHO YUUTHIBATh. [IprdeM odeHb BaXKHBIM MOMEHTOM
SIBISIETCS TO, YTO JJISI pacueTa rajJaKTHYeCKHMX KOCMHUYECKHX JIyded M CONHEYHBIX KOCMHUYECKHX JIydeH MOIXOIbI
OynyT oTiMyaThes. B mepBoM ciiydae CymIecTBYIOT CleNMalIbHbIE MPOTpaMMBbl, OCHOBAaHHBIC HA pacyeTe TPEKHHIa
3apsDKCHHOHM YacTHIIBI B MArHUTHOM II0JIE, TJIe MarHuToc(epa Jalie BCero npezcrasieHa Mozenbo Lpiranenko. Bo
BTOPOM CJIydac CHCKTPAJIbHBIC XapaKTCPUCTHUKU MEPBUYHBIX IMOTOKOB BBIYUCIIAIOTCA C YYETOM KOHYCa IpueMa
aHAJOTUYHO TOMY, KaK 3TO IMPOUCXOAUT JJIsl HEUTPOHHBIX MOHUTOPOB. B paboTe mokazaHbl IpUMEpPHI TTOJyYSHHBIX
TIOPOTOBBIX 3HAYCHUI OHEPrunM TNECPBUYHBIX MPOTOHOB, HAHCCCHHBLIC Ha FJ'IO6aJ'II;HyIO CCTKY, a TaKXKe
paccMarpuBaeTcsl Croco0 HMHTErpalMyd 3TUX 3HAUYeHHH B MOZENb MNPOXOXKICHUS KOCMHYECKHX Jydeil uepe3
atMochepy 3emin.

YdeT NUTY-YIJIOBOTO pacnpeaeeHusi B MOIEJTHPOBAHUH B3aHMOIEHCTBHS COJTHEYHBIX MPOTOHOB C
arMocgepoii 3emun st codbrTuii GLE

E.A. Maypues, 10.B. bana6bun, A.B. I'epmanenko, b.Bb. ['Bo3neBckuii
@I'BHY «llonapnuiil eoghusuueckuti uncmumymy, 2. Anamumsi, Poccus
E-mail: maurchev1987@gmail.com

OCHOBHBIM TapaMeTpOM ISl OLCHKH YBEJIWYEHHS CKOPOCTH HMOHHU3AIMH atMocdepbl 3eMIIH NPH MPOXOXKICHUH
Yyepe3 Hee MMPOTOHOB COJTHEYHBIX KOCMHUYECKUX JTydel sSBisercs AuddepeHnaabHbIil S9HepreTHIeCKUi CIIEKTp Ha ee
TpaHHIe, YCJIOBHO YCTaHOBIEHHON paBHOW ~80 kM. CHEKTphl MOJyYaroTCAd NPU ITOMOIIM pa3pabOTaHHOW B
IonspHOM reou3NUIecKOM MHCTHTYTE METOIMKH, OCHOBAaHHOH Ha PEIICHHH OOpaTHOW 3aJaud C MCIIOJIBb30BaHHEM
JTAaHHBIX MHUPOBOM CETH CTaHIMH HEHTPOHHBIX MOHUTOPOB. [IpH 3TOM cienyeT 3aMeTUTh, YTO TPOTOHBI COTHEYHBIX
KOCMHYECKHX JIydei, B OTIIMYHE OT FaIAKTHYEeCKUX KOCMHUYECKHX JIyded, UMEIOT He M30TPOIHOE paclpesieeHue,
COOTBETCTBEHHO JUIS NMPHOJIMKCHUS MTapaMeTpOB MOJIENN K peallbHBIM HEOOXOAMMO NMPOU3BOAMTH y4eT (DYyHKIUH
MIUTY-YTJIOBOTO pactpereneHus. B atoii pabore nokasaHo (¢ cchlIkaMHu Ha pabOTHI), KaK 3TOT MapaMeTp BIUSIET Ha
(opMy CHeKTpa, a TaKXKe IPE/ICTaBIeHa METOANKA PEATH3AIMH €0 BKIIOYEHHUS B IIPOLIECC MOACINPOBAHUSL.
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CpennecpoyHble KOJIe0aHUsI COTHEYHOH AKTHBHOCTH
B.H. O6puaxo?, .. Cokonos'?®, B.B. ITunun*, A.C. Illu6anopa'?

1IZMIRAN, 4 Kaluzhskoe Shosse, Troitsk, Moscow, 108840

2Department of Physics, Moscow State University, Moscow,119992, Russia

3Moscow Center of Fundamental and Applied Mathematics, Moscow, 119991, Russia
“Institute of Solar-Terrestrial Physics, Russian Academy of Sciences, Irkutsk, 664033, Russia

I[MomMumo xopomro u3BecTHOTro 11-IeTHero IUKIJIa B BapualusX MapaMeTpoB TIelIMOreo(u3nuecKod aKTUBHOCTH
MOXHO BBIIEJIUTH MEPUOIMYECKUE M3MEHEHUS C OOJBLIMMHU M MEHBIIMMHU XapaKTepHBIMH BpeMeHaMu. VI3BecTHBI
KBa3UIEPHOIUUECKHE KOJeOaHWsl TeOMarHUTHON aKTUBHOCTH C mepuoaamu okono 36 u 60 ner, oOHapyxeHa
npuOIN3UTENHHO 60-JIETHSS IEPUOJUYHOCTh B SBOJIIOLUMHU KOPPEJSIIMOHHBIX CBSI3€H MEXIy AaBJICHHEM B HUKHEH
aTMocepe ¥ XapaKTepUCTHKAMH COJIHEYHOW aKTUBHOCTH. AHAJOTHYHBIE TIEPUOABI HAONIOJAIOTCI B
UKIOHAYECKONW NIeSTETHHOCTH. BBIABICHHE TaKWX MEPUOJOB B XapaKTEPUCTHKAX CONHEYHOW aKTUBHOCTH
BBI3BIBACT TPYIHOCTH BBUAY OTPAHWYCHHOCTH psla MAHHBIX, OJHAKO OHH XOPOIIO 3aMETHHl B BapHAIlHIX
ACMMETpPHUH TISITHOOOPA30BaTENFHON ACATEIBHOCTH CEBEPHOTO M FOXKHOTO monymapuii ConHia. B reoMarHUTHBIX
BapHaIUIX HAOIIOAAIOTCS TaKXKe OCIIUULILNH C XapaKTepHbBIMH BpeMeHamu 5-6 et (QSO) u 2-3 roga (QBO). Mu
paccMaTpuBany 5-6-neTHrE KoJdeOaHus (OKOJIO TOJOBHHBI OCHOBHOTO IIUKJA), HAOMI0gaeMble B M3MCHEHUAX YHCIIA
COJIHEUHBIX MATEH M HANpPSHKEHHOCTH AMIOJIBHOW cocramisitoiieii MaruutHoro nousisi Cosnnua. ComocraBiieHue ¢
Pa3IMYHBIMKU MOJICTISIMA MarHUTHOTO TMHAMO MO3BOJISIET ONPENEIUTh BO3MOKHYIO IIPUPOY MOA00HBIX KOJIeOaHHH.
Iloxoxuii pe3ynpTar yAaercs BOCIPOU3BECTH B MOJEIM JAMHAMO C HEJIMHEHHBIM U3MEHEHUEM IapaMerpos. Luxi
AKTHBHOCTH B 3TOM CJIydae MOJy4aeTcsi aHTapMOHHYECKUM H COJICPIKUT JONOIHUTENIbHBIE TIEPHOANYHOCTH TIOMUMO
ocHOBHOW. OCHOBa JUIsl 33laHHs HEJTMHEHHOCTH B TEOPETUUECKOM Monenu — 3(GQEKT MarHUTHOH IJIaBydecTH.
BBenenne perymspHeix ocummianuii a-oddexta B MoIenb HE JaeT HYKHOro pesyibrara. M3meHeHus c
KBa3HUIIEPHOIOM 5 JIET TPU 3TOM BBIpaXEHHI ciaabo, u Moxyimpyercs 11-metHee KonebaHHE, YTO HETIOXOXKE Ha
peampHO HaONMFOIaeMyI0 KapTHHY. B pesysnbraTe McCiIeOBaHUS MBI JelaeM BEIBOZ O CBSI3M 5-6-TCTHHUX BapHanuit
AaKTUBHOCTH C TpoIleccaMy HEITMHEHHOT0 HACBHIIICHU TuHaMo B Henpax Comama. KBasunByxierHue konebaHusS Ha
caMOM Jiefie TPEACTaBIAIOT co00i OTAENbHBIC MMITYNBECH, MO CBSI3aHHBIC APYT C ApyroM. [losTomMy MeTons
CHEKTPAFHOTO aHANM3a Ha OONBIIMX BPEMEHHBIX HWHTEpPBAJAX WX HE BBIBILIIOT. OHH SBISIOTCS TPSAMBIM
CJIC/ICTBHEM JIOKAIBHBIX MOJIEH, TEHEPUPYIOTCS B OJIM3IOBEPXHOCTHBIX CJIOSX U HAJEKHO (DPUKCHPYIOTCS TOJBKO B
NEPUObI BBICOKON COJHEUHOMN aKTMBHOCTHU.

IIporuo3 cosiHe4HOH AKTHBHOCTH B HavyaJjie 25-ro HuKJa
J.b. PoxxnectBenckuii, B.U. PoxxnecTBenckas, B.A. Tenerun

Hucmumym 3emnoz20 maznemusma, uonocgepst u pacnpocmpanenus paouogoan um. H.B. Ihywxosa,
Mocksa, 2. Tpouyk

OmHUM W3 METOJOB HCCIEAOBAaHMS CIIOKHBIX IEPHOAMYECKHX TIPOIECCOB SBIAETCS CIEKTPAJbHBIN aHaIN3
BPEMEHHBIX PSJIOB JAHHBIX, XapakTePU3YIOUINX 3TH IMpoIiecchl. B HacTosmeld paboTe maHHBIN METOJ UCIOJIB30BAH
JUISl aHaJIW3a COJIHEYHOI aKTMBHOCTH. AHajM3 BBHIIOJHEH Ha OCHOBE JaHHBIX 10 uyuciaM Bonbda 3a 24 nukia
comaeyHoil aktuBHOCTH (1818-2020 rr.). Ha OCHOBE MpOBEIEHHOTrO aHalW3a CAEIAH MPOTHO3 BapHAIlUM YHCEI
Bonega B 2021-2022 ropax. IlosydeHHBIE pe3yibTaThl corylacyroTcsi ¢ HaHHBIMH KopoineBckoit obcepBaTopuu
benbrumn.
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The study of Chamberlain and Herzberg | bands in the nightglow spectrum
of the Earth’s atmosphere

O.V. Antonenko, A.S. Kirillov
Polar Geophysical Institute, Apatity, Russia

The kinetic processes of electronically excited oxygen O emitting the Chamberlain and Herzberg | bands in the
Earth's atmosphere at the altitudes of the nightglow are considered. The calculated integral intensities of the
Herzberg | bands are compared with the experimental data obtained from the spacecraft. It is shown that better
agreement is obtained with the application of corrected quantum yields for the production of vibrational levels of the
ASx,* state in three-body collisions in comparison with the yields previously obtained in the scientific literature.
There is no agreement between the results of the calculation and the experimental data obtained from the space
shuttle for the Chamberlain bands emitted during radiational transitions from A'SA, to the alA, state. The
calculations show that the total emission intensity of the Chamberlain bands is ~40% of the emission intensity of the
Herzberg | bands. This result is in good agreement with experimental measurements.

Influence of the ionization-recombination cycle on the accuracy of calculating the electron
concentration in the lower ionosphere

S.Z. Bekker
Sadovsky Institute of Geospheres Dynamics of Russian Academy of Sciences, Moscow, Russia

The problem of predicting the lower ionosphere parameters under various heliogeophysical conditions is one of the
most topical in the studies of the upper geospheres. Moreover, the lower ionosphere is still the least studied. The
solving of multicomponent systems of differential equations requires large time and resources, whichmeans that
applied tasks cannot be promptly solved. Moreover, the larger number of chemical reactions and components are
included in the model, the larger number of parameters is unknown. This moment can negatively affect the accuracy
of the results. Therefore, the problem of determining the optimal number of photochemical processes that must be
taken into account for lower ionosphere modeling is quite acute. The aim of this work is to select the most optimal
scheme for the ionization-recombination cycle of the lower ionosphere for calculating the electron concentration
during X-ray flares of various classes. In this work, a comparative analysis of the verticalNeprofiles obtained by the
4-component, 5-component, and 8-component plasma-chemical models is carried out. The results were verified
using the data of ground-based radiophysical measurements of the VVLF signals obtained at the Mikhnevo GPO.

Estimation of the electron density profile of the D-layer of the ionosphere in the presence of
multiple reflections from the E-layer

P. Bychenkov!, Yu. Fedorenko?, A. Kozlovsky?

!Polar Geophysical Institute, Apatity, Russia; e-mail: Yury.Fedorenko@gmail.com
2Sodankyli Geophysical Observatory, Sodankyld, Finland

The estimation of the electron density profile of the lower ionosphere by radiophysical methods is a difficult task.
The most reliable information about the state of the D-layer of the ionosphere is obtained by direct measurements
using instruments installed on rockets. Such measurements are carried out sporadically and in a limited number of
locations. Ground-based measurement methods include the use of cross-modulation, partial reflections, and
incoherent scattering methods the implementation of which is costly. In this paper, we propose a method for
assessing the electron density in the D-layer in the presence of a pronounced E-layer clearly seen on the ionograms
of the vertical sounding of the ionosphere. The conditions for the appearance of multiple reflections in ionograms
and their relationship with the electron density profile of the D - layer are considered. The ionospheric profile is
calculated using the International lonosphere Reference Model IRI-2016; the Q-factor of the resonator formed by
the Earth's surface and the lower ionosphere is evaluated by the full-wave method.
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Medium scale gravity waves in the ionosphere, 3D investigation
Jaroslav Chum, Katefina Podolska, Jan Rusz, Jifi Base

Institute of Atmospheric Physics of the Czech academy of Sciences, Bocni 11/1401, 14100 Prague 4, Czech Republic
E-mails: jachu@ufa.cas.cz, kapo@ufa.cas.cz, rusz@ufa.cas.cz, jpa@ufa.cas.cz

Phase velocities (3D vectors) and attenuations of gravity waves (GWSs) are studied from multi-point and multi-
frequency continuous Doppler sounding in the Czech Republic. The observed phase velocities of GWs are
determined from phase shifts between the signals reflecting from the ionosphere at different locations that are
separated both vertically and horizontally. The reflection heights are determined from a nearby ionospheric sounder
located in Pruhonice. Wind-rest frame (intrinsic) velocities are calculated by subtracting the neutral wind velocities,
obtained by HWM-14 wind model, from the observed GW velocities. Attenuation of GWs with height was
estimated from the amplitudes (Doppler shifts) observed at different altitudes. A statistical analysis was performed
over two one-year periods: a) from July 2014 to June 2015 representing solar maximum b) from September 2018 to
August 2019 representing solar minimum.

The results show that the distribution of elevation angles of wave vectors in the wind—rest frame is significantly
narrower than in the Earth frame (observed elevations). Possible differences were also found between the wind—rest
frame elevation angles obtained for the solar maximum (mean value (around -24°) and solar minimum (mean value
round -37°). However, it is demonstrated that the elevation angles partly depended on the daytime and day of year.
As the distribution of the time intervals suitable for the 3D analysis in the daytime—day of year plane was partly
different for solar maximum and minimum, no reliable conclusion about the possible dependence of elevation angles
on the solar activity can be drawn. Typical periods of the analyzed GWs were 10 - 25 min and usual wavelengths
100 — 300 km and velocities 100 — 250 m/s.

It is shown that the attenuation of GWs in the ionosphere was in average smaller at the lower heights. This is
consistent with the idea that mainly viscous damping and losses due to thermal conductivity are responsible for the
attenuation.

Features of precipitation electron spectra in the rayed auroras
Zh.V. Dashkevich*, V.E. lvanov, B.V. Kozelov
Polar Geophysical Institute, Apatity, Russia (*E-mail: zhanna@pgia.ru)

A technique for reconstruction the precipitating electron flux spectra used the data of triangulation observations by
equipment with a wide range of wavelengths (380 - 580 nm) is presented. The features of the energy spectra of
precipitating electrons , which are responsible for the formation of rayed structures in auroras, are revealed. It is
shown that the spectra of the precipitating electron flux can be approximated by the sum of two electron fluxes
having a power-law energy spectrum and a Maxwellian energy distribution. The assumption about the formation of
rayed structures due to the precipitation of electrons with a power-law energy distribution into the ionosphere is
made.
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Automatic interpretation of high-latitude CADI ionograms: E, Es, F1 and F2 layers detection
S.A. Dolgacheva, A.V. Nikolaev
Geophysics Department of the Arctic and Antarctic Research Institute (AARI), Saint-Petersburg, Russia

Between 2008 and 2014 Arctic and Antarctic Research Institute (AARI) set up a network of ionospheric
observations based on the Canadian Advanced Digital lonosonde (CADI). This high-latitude chain consists of seven
radiosondes, provides 15-minutes ionograms of vertical sounding (28 ionograms per hour) and covers latitude range
from 60° to 73° N and longitude range from 30° to 170° E. To interpret all the volume of getting ionograms we
develop automatic algorithms based on neural networks which we presented in our previous study. First models
were able to identify the Es and F2 layers and their limited set of parameters. Currently we present extended neural
network functionality which is capable of identifying/evaluating all together E, Es, F1, and F2 layers with enlarged
set of ionospheric characteristics (fmin, foE, foEs, foF1, foF2, hE, hEs, hF1, hF2, fbEs, fxl, fol, hmEs, M3000 f and
h F1, M3000 f and h F2) including the Es types and the F2 layer diffusion. The data set for neural model training
was balanced so that each ionosphere layer was represented by a sufficient number of ionograms (more than 10000).

The simulation of vibrational populations of electronically excited N, in Titan’s upper atmosphere
during precipitations of high-energetic particles

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

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

We study the electronic kinetics of molecular nitrogen in Titan’s upper atmosphere during precipitations of high-
energetic particles. The role of molecular inelastic collisions in intermolecular electron energy transfer processes is
investigated. It is shown that inelastic molecular collisions influence on vibrational populations of triplet metastable
molecular nitrogen N2(A3Z,*). Special attention is paid to the calculation of intensities of N2 Lyman-Birge-Hopfield
bands (LBH) in the upper atmosphere taking into account the quenching processes of singlet aZ,~, alll, WA,
states. It is shown that the calculated LBH intensities are in good agreement with the results of experimental
observations by Cassini Ultraviolet Imaging Spectrograph.

Results, problems, and perspectives of empirical and numerical modeling of
the high-latitude ionosphere

M.V. Klimenko®?, V.V. Klimenko*?, F.S. Bessarab®?, A.T. Karpachev?, K.G. Ratovsky?*,
Yu.V. Yasyukevich*, T.V. Sukhodolov?®, E.V. Rozanov?®

West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere, and Radio Wave Propagation RAS,
Kaliningrad
E-mails: maksim.klimenko@mail.ru, vk_48@mail.ru, bessarabf@gmail.com
2St. Petershurg State University, St. Petersburg
E-mails: timofei.sukhodolov@pmodwrc.ch, eugene.rozanov@pmodwrc.ch
3Pushkov Institute of Terrestrial Magnetism, lonosphere, and Radio Wave Propagation RAS, Moscow
E-mail: karp@izmiran.ru
*Institute of Solar-Terrestrial Physics SB RAS, Irkutsk
E-mail: ratovsky@iszf.irk.ru, yasukevich@iszf.irk.ru
SPhysikalisch-Meteorologisches Observatorium, World Radiation Center, Davos, Switzerland

The high-latitude ionosphere differs from the equatorial and mid-latitude ionosphere by comparatively low values of
the electron concentration, being at the same time a very strongly structured medium due to the presence of a large
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number of irregularities from several to hundreds of kilometers, The inhomogeneities are structured in latitude in
accordance with the subdivision of the high-latitude ionosphere into the subauroral and auroral ionosphere, the polar
cap, and the cusp. The inhomogeneities are the result of magnetospheric-ionospheric and thermospheric-ionospheric
interactions associated with auroral activity, in particular, with the high-energy particle precipitation and the
processes of the plasma transport and heating due to magnetospheric electric fields and field-aligned currents. One
of the main method for studying and interpretation of the high-latitude ionospheric structure is the use of numerical
models of the ionosphere. At present, there are a number of ionosphere models that includes high latitude regions.
Usage of such models allowed understanding the different features of magnetosphere-ionosophere and atmosphere-
ionosphere coupling processes. Despite the ongoing progress in numerical modeling of the ionosphere, the accuracy
of the modern first-principles models is not enough for particular problems of HF radio communication. For such
problems the empirical models are often used. In connection with the limitation of ionospheric database at high
latitudes, the empirical description of the high-Ilatitude ionosphere is experiencing significant difficulties. Even the
standardized empirical model IRl does not describe even the latitudinal structure of the high-latitude ionosphere.
Due to this fact, there are numerous attempts to improve the empirical descriptions of high latitudinal ionosphere
using different database. This report will provide an overview of existing models involving the ionosphere. The
latest achievements and the main results over the last decade in the field of modeling the atmosphere-ionosphere
system are presented. The nearest perspectives and development plans in the field of high-latitude ionosphere
modeling are discussed. New knowledge in the field of physics of the high-latitude ionosphere, which was obtained
on the basis of the model calculation results carried out jointly by employees of the WD IZMIRAN, St. Petersburg
State University, IZMIRAN and ISTP SB RAS, will considered.

Spatial-temporal evolution of the pulsing aurora patterns observed by fast cameras in
Fennoscandia and Kola Peninsula

B.V. Kozelov?, A.V. Roldugin!, S. Oyama?®*, Y. Miyoshi?

!Polar Geophysical Institute, Apatity, Murmansk region, Russia
2Nagoya University, Nagoya, Japan

3National Institute of Polar Research, Tachikawa, Japan
“4lonosphere Research Unit, University of Oulu, Oulu, Finland

Extended ground-based support of the ARASE satellite in Fennoscandia and Kola Peninsula include several all-sky
cameras observed aurora with fine temporal resolution. The data have been analyzed to extract numerical
characteristics of complexity of plasma dissipation processes leading to pulsing aurora. Evolution of the correlation
dimension calculated by Grassberger-Procacci algorithm was traced during typical events. It was founded that in the
beginning of the activation near midnight the correlation dimension is relatively small characterizing the main
directed motion of plasma. Then, the complexity of the aurora pattern is increasing that means developing of
dissipation in individual less correlated ducts.

The work of A.V. Roldugin has been supported by RFBR under grant no. 19-52-50025. The work of S. Oyama
and Y. Miyoshi has been supported by JSPS KAKENHI JPJSBP120194814.

Effect of background wind on propagation of atmospheric waves generated by
tropospheric sources in the upper atmosphere

Y.A. Kurdyaeva!, S.P. Kshevetskii?

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

2Immanuel Kant Baltic Federal University, Kaliningrad, Russia

Infrasonic and internal gravity waves generated by various sources at tropospheric heights propagate up to the

thermosphere and have a powerful influence on the state of the upper atmosphere. The background wind plays
important role in the formation of the wave pattern at different atmospheric heights. Numerical study of the effect of
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wind on dynamic processes in the atmosphere caused by the propagation of waves of different periods from local
heat tropospheric sources is done in this work. The regional nonlinear model of atmospheric processes of high
resolution "AtmoSym" and the empirical model of the neutral wind HWM were used for the calculations.

This work was financial support of the Scholarship of the President of Russian Federation for young scientists and
graduate students (SP-753.2021.3).

EUV flux correction for the AIM-E auroral ionosphere photoionization input
V.D. Nikolaeva'?, E.I. Gordeev?, D.D. Rogov'?, A.V. Nikolaev?

Arctic and Antarctic research institute, Saint Petersburg, Russia

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

33aint Petersburg State University, Saint Petersburg, Russia

The AIM-E (E-Region Auroral lonosphere Model) was developed to determine the chemical composition and
electron concentration in the auroral zone at the E-layer. The model allows us to monitor the ionosphere state for the
different geomagnetic and solar activity levels during day and night time.

Solar activity input parameter for the Auroral lonospheric Model is the daily solar radio flux at a wavelength of
10.7 cm (index F10.7). We compare the calculations of the Auroral lonospheric Model electron density for the
daytime with two different ways of the EUV radiation input: (1) the theoretically calculated EUV spectrum using
EUVAC empirical model based on the F10.7 index and (2) using direct measurements of the EUV spectrum
obtained from the TIMED satellite. The correction of the EUVAC model was carried out on the basis of a large
TIMED SEE satellite dataset covering the full 24th solar cycle. A systematic error in the calculations of the EUVAC
model EUV photon flux is revealed. The error is 20-40%, depending on solar activity. The ratio of the deviation of
model calculations from satellite data depending on solar activity is obtained. Correction of the EUVAC EUV
radiation model to specify AIM-E model photoionization source was done. The calculations of the regular E region
critical frequencies after EUV flux correction show good agreement with the vertical sounding data from Russian
high-latitude stations (R=0.98).

The results of this work makes it possible to achieve a quick on-line assessment of the regular E layer using the
daily index F10.7 as an input parameter.

This work was supported by the Russian Science Foundation grant no. 20-72-10023.

SDI-3D project
Shin-ichiro Oyama®? and SDI-3D project members

YInstitute for Space-Earth Environmental Research, Nagoya University, Japan
2National Institute of Polar Research, Japan

The dynamics of terrestrial Thermosphere-lonosphere system is governed by particle collisions between neutrals
and plasmas. At high latitudes, external forces originated in the Magnetosphere accelerate ionospheric plasmas, and
plasma kinetic energies are exchanged to kinetic and thermal energies of neutral particles. Since these energy
transfer processes can be expressed by partial differential equations that incorporates numerous vector fields, it is
essentially important to measure vector fields of the lonosphere and Thermosphere in the common volume at the
same time. European Incoherent Scatter (EISCAT) Scientific Association is now building a new international
research infrastructure, EISCAT_3D, which adopts the phased-array system capable of conducting volumetric
measurements of the ion velocity vector with the separated three radar systems in Norway, Sweden and Finland. The
EISCAT_3D is the most powerful diagnostic to measure the ionosphere, but not suitable for measuring the
Thermosphere or neutral particles. Then in 2018, a new scientific-oriented project of SDI-3D was established. SDI
(Scanning Doppler Imager) is a passive optical instrument, which can measure 2D pattern of the thermospheric wind
from the optical Doppler shift. The SDI- 3D project has aimed for deploying three SDIs in the common volume of
the EISCAT 3D in order to achieve spatiotemporally simultaneous observations of the lonosphere and
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Thermosphere. A proposal including three SDIs was awarded in 2020, and we are now working for starting
observation in 2023. This presentation will introduce the SDI-3D project.

The ionosphere TEC response to the geomagnetic storm during
the Saint Patrick's Day (March 17, 2015), obtained by the Madrigal data

M.O. Plaksina
Sadovsky Institute of Geospheres Dynamics of Russian Academy of Sciences (IDG RAS), Moscow, Russia

Geomagnetic storms are space weather events that result in a temporary disturbance of the earth's magnetosphere
caused by a solar wind that interacts with the earth's magnetic field. In this paper we use total electron content
(TEC) data from Madrigal for the Saint Patrick's Day storm (March 17, 2015), as well as magnetic coordinates -
magnetic local time MLT and magnetic latitude MLAT. As a result, due to the 27 days TEC data array obtained to
calculate the median TEC, it was possible to reliably identify the positive and negative phases zones of a magnetic
storm.

Noctilucent clouds in Lovozero on 6 and 7 August 2020
A.V. Roldugin, S.M. Cherniakov and V.C. Roldugin
Polar Geophysical Institute, Apatity, Murmansk Region, Russia

In the last summer 2020 the observations of noctilucent clouds were carried out in Lovozero. To photograph them
we used the narrow-angle camera directed to the point 80 km over the partial reflection radar in the observatory
Tumanny (69.0N, 35.7E). The weather was cloudy in the main, only on 6 and 7 August it was acceptable for visual
observations. At that time there were observed weak NLCs as glow near the north horizon. The appearance of the
NLCs in the field of vision of the radar was accompanied by descent of electron concentration and by oscillations of
reflected wave amplitude with the period of about 20 minutes.

Interplanetary magnetic field during the weak proton aurora on 6 March 2019

V.C. Roldugin and A.V. Roldugin

Polar Geophysical Institute, Apatity, Murmansk Region, Russia

Very weak aurora was observed in Lovozero on 6 March 2019 at 03 UT during 25 minutes, the magnetic field was
quiet in Lovozero and globally. This aurora was accompanied by geomagnetic Pcl pulsations in Lovozero and also
in Sodannkyla, Petrozavodsk and even in Barentsburg, so we may think that it was caused by a proton precipitation.

The data of ACE satellite near Lagrange point L1 at 257 RE show that the precipitation occurs just before the Bz -
component of IMP changes from positive to negative, and after reduction of the solar wind velocity.
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Altitude of pulsating arcs as inferred from tomographic measurements
V. Safargaleev!, T. Sergienko?, Y. Ogawa?, K. Hosokawa®, Y. Miyoshi®, Sh.-l. Oyama®®3, S. Kurita’, R. Fujii®

Polar Geophysical Institute, Apatity, Russia

2Swedish Institute of Space Physics, Kiruna, Sweden

3National Institute of Polar Research, Japan

“University of Electro-Communications, Japan

SInstitute for Space-Earth Environmental Research, Nagoya University, Japan

SUniversity of Oulu, Finland

"Research Institute for Sustainable Humanosphere, Kyoto University, Japan

8Research Organization of Information and Systems, Toranomon, Minato-ku, Tokyo, Japan

Data of three all-sky cameras in Kiruna and Tjautjas (Sweden) were used for estimation of altitude of pulsating arc-
like forms by the method of optical tomography. The event under consideration was very typical for pulsating
auroras. It occurred at substorm recovery phase and represented both periodic switch on/switch off luminosity of the
arc with repetition period about 6 s (main pulsations) and faster scintillation (around 2 Hz) embedded in a single
pulse of the main pulsations (internal modulation). It is found out that (1) of two closely spaced arcs, internal
modulation takes place only in the one closer to ground and (2) during the “on” interval the height of the arc
decreases. The findings may indicate the acceleration of precipitating particles in the course of arc evolution. This is
inconsistent with the widely held view that optical pulsations are due to periodic scattering of particles into the loss
cone. The possible explanation is suggested.

The work of Japanese co-authors has been supported by JSPS KAKENHI JP 15H05747 and 16H06286. The
operation of the EMCCD camera at Tjautjas has been supported by Swedish Institute of Space Physics.

The effect of annular solar eclipse on June 21, 2020 in the total electron content
I. Shagimuratov?, I. Zakharenkova?, G. Yakimova?, M. Filatov?, and N. Tepenitsyna*

West Department IZMIRAN, Kaliningrad, Russia (e-mail: shagimuatov@mail.ru)
2Polar Geophysical Institute, Apatity, Russia

In these report TEC effects of annular solar eclipse June 21, 2020 are presented. The eclipse started over Africa
about 04:47 UT with a path of totality passing over China and ended in the Pacific Ocean at 08:32:17. The GPS
observations from IGS permanent GPS network of the Chine were used to observe the response of TEC to the solar
eclipse under quiet geomagnetic conditions. A maximal magnitude amount near M=0.98. The effects of the eclipse
in diurnal variations and more distinctly in the variations of TEC along individual satellite passes were detected. The
trough-like variations with a gradual decrease and followed by an increase of TEC at the time of the eclipse were
observed over a large spatial area. The maximal depression of TEC amounted to 3-4 TECU. We brought out that the
TEC depression amplitude depends linearly on the eclipse magnitude with a correlation coefficient of R = 0.73. The
maximum depression over all stations located at the maximum path of the solar eclipse was observed. The delay of a
minimum level of TEC with respect to the maximum phase of the eclipse was about 30-40 min. The delay, as well
as amplitude, demonstrates linear dependence on magnitude of the eclipse with a correlation coefficient of R =
0.85.We found out features of annular eclipse against typical total solar eclipse which associated with occurrence of
residual source of ionization. The two-dimensional TEC maps show that the eclipse produced remarkable changes
in the structure of the ionosphere. The differential TEC maps demonstrate also that pass of maximal depression of
TEC agree with passing eclipse shadow on earth. The complex pattern in the spatial-temporal TEC distribution
presents the important role in the dynamic processes in the ionosphere during the eclipse.
The work is partly supported by RFBR, grant 19-05-00570.
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Comparative analysis of CMEs and HSS influence on variations in
ionospheric parameters during May 2017

O.A. Sheiner!, F.l. Vybornov'?

IRadiophysical Research Institute Nizhny Novgorod State University, Russia
2FSFEI HE «Volga State University of Water Transporty, Nizhny Novgorod, Russia

This report analyzes the observations of the maximum observed frequency (MOF) of ionospheric channels on three
subauroral (Lovozero-Vasilsursk, Sodankyulya-Vasilsursk and Salekhard-Vasilsursk) and one mid-latitude
(Gorkovskaya, Leningrad region-Vasilsursk) paths, as well as the critical frequency of the ionospheric layer F from
the mid-latitude ionosphere station (Vasilsursk) during May 2017. The results of the experiment, obtained in calm
and disturbed conditions, confirm and supplement the previously obtained results of studies of the propagation of
HF signals on high-latitude paths during magnetic-ionospheric disturbances of varying intensity.

The work was carried out under the project No. 0729-2020-0057 within the framework of the basic part of the
State assignment of the Ministry of Science and Higher Education of the Russian Federation.

Polarization jet research based on NorSat-1 and Swarm satellites data
A.A. Sinevich*?, A.A. Chernyshov?, D.V. Chugunin?, W.J. Miloch®, M.M. Mogilevsky*

Space Research Institute of the Russian Academy of Science, Moscow, Russia
2National Research University Higher School of Economics, Moscow, Russia
SDepartment of Physics, University of Oslo, Oslo, Norway

The polarization jet is a narrow jet of fast ionic drifts to the west of the plasmapause projection at heights of the
upper region of the F-layer ionosphere, which develops during increased geomagnetic activity. The mechanism of
the formation of the polarization jet, as well as the structure of small-scale irregularities in the parameters of the
ionosphere within it are open questions. In this work, a detailed study of the small-scale structure of the
polarization jet in the subauroral region during a geomagnetic storm is carried out. The results of measurements of
plasma parameters using Langmuir probes, tests on the NorSat-1 satellite are presented. The presence of plasma
temperature and density inhomogeneities inside the polarization jet with spatial dimensions of tens to hundreds of
meters is shown. The known features of the development of the polarization jet were confirmed, and it was also
found that in the considered case of the development of geomagnetic activity, the temperature of electrons inside
the jet is divided into two pronounced peaks. Also in the present study, data from the Swarm satellite signal during
a geomagnetic disturbance were used for a more complete analysis of characteristics and dynamics.

Application of correlation analysis of Global lonospheric Maps
A.V. Timchenko'?, F.S. Bessarab!, A.V. Radievsky*

West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation
(IZMIRAN) Russian Academy of Sciences, Kaliningrad, Russia
2Immanuel Kant Baltic Federal University, Kaliningrad, Russia

The article presents the application of correlation analysis Global lonospheric Maps (GIM). The main goal of this
investigation is use statistical methods to identify patterns in the behavior of ionospheric parameters on a global
scale. We used GIM of Total Electron Content (TEC) with scale: from -87.5° to 87.5° on latitude with step 2.5° and
from -180° to 180° with step 5° (The maps were taken from: https://izmiran.ru/ionosphere/weather/). We
investigated the behavior of the coefficient of correlation in magnetic conjugation points for quiet and disturbed
conditions. In particular, we considered the behavior of the correlation coefficient before and during St. Patrick's
geomagnetic storm in March 2015. During the storm, we saw that the correlation coefficient is well positive over
most of the planet, which is especially noticeable in the American region. Whereas in quiet geomagnetic conditions,
the distribution of the correlation coefficient has a different character. Most of the positive correlation coefficient is
distributed around the magnetic (dipole) pole.
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Bansinue 3J1eKTPOHHBIX BbICHINIAHUI HA COCTOSIHME HUKHeH noHOoc(epbl
K.B. babaiikuna
Hnuecmumym ounamuru ceocpep umenu akademuxa M.A.Cadosckoeo PAH

OpHUM U3 aKTyadbHEHIINX BOIIPOCOB COBPEMEHHOM T'€O(M3WKH SBISCTCS COCTOSIHUE M AWHAMHKA HIKHEH
HNOHOC(EPHI B PAa3INYHBIX TEITHOTe0()U3NIECKUX YCIOBUAX. BaxkHBIM (pakTOpPOM, BAMSIOIINM HA COCTOSIHUE HIDKHEH
MOHOC(EPHI, SBISIOTCS BBICHINAHUS BBICOKOIHEPIETUYECKUX YaCTHIl, KOTOpbIE NPHUBOAAT K YBEIHMUYCHHUIO
9JIEKTPOHHO KoHLeHTpauuu B D - cioe.

OnuH M3 METONOB M3YYEHHs COCTOSHHS HWDKHEH HOHOC(EpHl - aHAIM3 aMIUTUTYIbl U (a3l CUTHAJIOB CBEPX
JumHHOBOJIHOBBIX (CJZIB) pammonepenatunkoB (10 - 30 k['m). Curnaisl Ha 3THX 4acTOTax, paclpoCTPaHsiACh B
BOJHOBOJE 3eMisi-HoHocdepa, HecyT MH(opManMio O BepXHEeld CTeHKe BOJHOBOAA, a MMeHHo o D - cioe
HOHOC(]EPHL

B Hacrosmeil paboTe mpeACTaBICHBI pE3yabTAaThl COBMECTHOTO aHalW3a JAaHHBIX 110  BBICHINAHHUAM
BBICOKORHEPT€THYHBIX 3JIEKTPOHOB ¢ 3Hepruei 1o 30 k3B, 3apernctpupoBanHbix cnyTHHKOM DMSP, u Bapnanmit
aMIUTUTYIHO-(a30BEIX XapakTepucTHK curHanoB C/IB nepenatankoB, npuHEMaeMbIX B @O «MuUXHEBOY.

B pesynbraTe 00Hapy>KeHO YMEHBIOICHHE aMIUTATYOb curHaioB craHimit GBZ uw GQD no 5 nb B HOYHOE Bpems,
CBsI3aHHOE C 2JIeKTPOHHBIM BhIchmanueM 10 -11 centsops 2017 rona.

Bo3mymienuss GPS curnasios B o6jiacTu Kacna mo
JaHHBIM HA0M0AeHui HA apxunenare Hnundepren

B.B. Benaxosckuit?, 5. Jxun?, B. Munom?

Y\@OI’BHY «llonspuviii 2eousuueckuti uncmumymy, 2. Anamumul
2Vuusepcumem Ocno, 2. Ocno, Hopseaus

ITo mansbM crmHTWLLIIMOHHOTO GPS mpuemuuka Ha craniun Hro-Anesyun (NYA) Ha apxunenar [lnumodepren
uccienoBaH OTKIMK curHanoB GPS cmyTHmkoB Ha mpoxoskaeHue obnactu kacra. Kacnm — 007acTh OTKPBITBIX
CHJIOBBIX JIMHHH B OKOJIOMIONY/IEHHOM CEKTOpeE, 3aHMMaromas okoyio 3 yacoB o MLT u Heckonbko rpamycoB 1o
mmpore. st uaeHTuduKanuyd 00JIacTH Kacma HCIOJb30BaHbl jaHHble pagapa SuperDARN B Hankasalmi mo
VIIUPEHUIO CIIEKTpa OTPaXEHHOTO OT HOHOoc(epsl curHaia. Taxke g uaeHTH(HUKanuM o0JacTH Kacha
HCTIONB30BaHbl ONTHYCCKHE HAONIOACHUS TOJSIPHBIX cusHUA B smuccusax 630.0 M, 557.7 Bm I[lomsapaoro
reopusndeckoro MHCTUTYTa (0OcepBaropust bapennoOypr), yaumeepcurera Ocmo (cranmus NYA). [To maHHBIM
pamapa EISCAT 42m mua apxunesnare Ilmurdepren, Jyd KOTOPOrO HAMpPABICH BAOJb T€OMAarHUTHOTO IOJIS, B
MOMEHT IPOXOXKICHHUA 00JacTH Kacma Ha BbicoTax npuMmepHo 100-200 kM He HaOmIOaeTcs 3aMETHOTO pocTa
KOHIIEHTpAIui HOoHOC(epHOW mmma3Mbl, Bbime 200 kM Habmomaercss pocT KOHHIEHTparwu Ne, 4To TOBOpPHUT O
HaJIM4YHUX OoJiee “MATKUX” BBICHITAHUH 3apsDKEHHBIX YaCTHIIL.

IIpu mpoxoxaeHnn 061acTh Kacma 0OHAPYKEH POCT MOTHOTO AeKTpoHHOTO coaepxkanus (I19C) nonocdepst ¢ 4
1o 12 TECU, poct ROT (rate of TEC) nocturaer 6 TECU/Mun B 3T0T MOMEHT. Takxke IpH MPOXOKACHAH 001acTH
Kacrma Habmrofgaercst pocT ¢a3oBoro MHAekca cuumHTWLIAIMHA 10 0.4 paguan. OmHako pocT (a3oBOro MHAEKCA
CHMHTHIUISIMN HAOJIONAJICS U 10 MPOXOXKJICHUS Kacla, 4To, MT0-BHANMOMY, CBS3aHO C YTPEHHHMH BBICHITAHUSIMHI
3apsDKEHHBIX YaCTHIl, KaK MOJKHO BHICTh U3 JaHHBIX pamapa EISCAT 42m, ontrdyeckux AaHHBIX. 3aMETHOTO POCTa
aMIUTMTYJHOTO MHJIEKCa CUMHTIILISIIMI B MOMEHT ITpoxoskaeHus crannueil NY A kacria He 0OHapysKeHO.
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Anaan3 Y@ nyJbcanui, 3aperucTpupoBaHHbIX TejaeckonoMm « TYC»
Ha 00pTy cyTHUKA «JIoMOHOCOB»

I1.A. Kimmos!, K.®. Curaesal?

Hayuno-uccnedosamenvckuti  uncmumym — adepnoii  Qusuxu  umenu J.B.  Crobenvyvina Mockoeckoz2o
eocyoapcmeennozo yHugepcumema umernu M.B. Jlomonocosa
2Qusuueckuti paxyrvmem Mockosckozo zocydapcmeennozo ynueepcumema umenu M.B. Jlomonocosa

Herexrop «TYC» 3amymen B anpene 2016 rona Ha Oopty cnyTHHKa «JlomMoHOCOB» (BbIcOTa OpOHTH 500 KM),
KOTOPBIH NPEJACTABIAET COOOH BHICOKOYYBCTBUTENBHBIN 3€pPKAIbHBIH TEJECKON € IUIOMAABI0 anepTyphl 2 M2 u
BBICOKUM BpeMeHHbIM paspewienuem (0.8 mkc). Ilnomans 063opa mpubopa cocrasuser 6400 kM? mpu yrioBoM
paspemennu 10 Mpaj, COOTBETCTBYIOIIEM IIPOCTPAHCTBEHHOMY PAa3PELICHHUIO 5 KM Ha TIOBEPXHOCTH 3EMIIH.

Wsmepernss YO mynecanuii TPOBOAMIIMCE C BPEMEHHBIM pa3pelieHHeM 6.6 MC W JJIHTEIbHOCTHIO 3alUCH
ocummiorpamm 1.7 c. CocTaBieH KaTajJor cOOBITHI 3a BCe BpeMs paOOTHI MpHOOpa B JAHHOM PEXHME B KOTOPBIX
HaOJIIogaeTcs MPOCTPAHCTBEHHO-BPEMEHHAsI CTPYKTYpa, TPEICTABIISIONmas co00l MyIbCcupyroiee JIOKaIN30BaHHOE
B YACTH TIOJIS 3pCHUS M3NIydeHHe. XapaKTepHbIe 4acTOTHI mynbcanuit 1-10 I'm, obmactu cBewenns 10-20 kM. Bee
COOBITUSI PACIOJIOKEHBI B IIMPOTHOM JuamnasoHe orT 50° mo 72° c. 1. U NMPOMCXOMAAT B YCJIOBHSIX IOBBIIICHHOM
TCOMAarHUTHOW aKTHBHOCTH. MakcHMalbHas 0Js COOBITHH 3aperucTpupoBaHa B obOmactu L-oGomouek 4-6.
IIpoBeneH mpenBapUTENbHBIN aHAIU3 IPOCTPAHCTBEHHO-BPEMEHHBIX CTPYKTYp CBEUEHHS M  COOBITHI
3aperuCTPUPOBAHHBIX B 0JI€ 3pEHUs Ha3eMHOM ceTu Kamep Bcero HeGa All-SKy Imager THEMIS.

Pabota npousBenena npu noxanepxke ['K Pockocmoc 1 MexxaucMIUIMHAPHON HayqHO-00pa30BaTeIbHON MIKOJIBI
Mockosckoro yHuBepcuTera « DyHIaMeHTaIbHbBIE U TPUKIIAJHBIE HCCIEAOBAHUSI KOCMOCA.

BbicoTHOe pacnipeneneHne aBpOPAJIbHOIO CBeYEeHNs MO JaHHBIM
TPUAHTYJIAIUOHHBIX H3MepeHUii ¢ MaJjioii 6a30ii B AnmaTutax u bapenuoypre

b.B. Kozenos, A.B. Ponayrun
OI'FHY Honspuvii eeopusuueckuu uncmumym, Anamumol-Mypmanck, Poccust

Paboraroniee B Hacrosimee BpeMs aBpOpaibHBIC KaMephl B Amaturax W Ha llInumbepreHe Mo3BOJSIOT MOTydYaTh
BBEICOTHOE pAaCIpeeliCHHEe aBpOPAIEHOTO CBEUCHHS TPHAHTYISAIMOHHBIMH HM3MEPEHHAMH ¢ Majoi Oazoi. B
AmatuTax 3TO JBE WJIEHTHYHBIE Kamepbl ¢ MmoyieM 3peHus 18 rpamycoB, pasHeceHHble Ha 4.15 kM, KOTOpbIE
PETHCTPUPYIOT CBeueHue BOJM3M MarHUTHOrO 3eHuTa. Ha IllmuubepreHe B mape ¢ kamepoil Bcero Heba B
obcepBaTopun bapeHnOypr paboraer y3koyrojpHas kamepa (45 rpamycoB), ycTaHoBJieHHas B 1.bapeHuOypr Ha
paccrostauu 4 kM. [IpuMepbl TaHHBIC 3TUX TPUAHTYJIAIUOHHBIX M3MEPCHUN aHATU3UPYIOTCS JUIS BOCCTAHOBJICHHUS
BBICOTHBIX PACIPEICICHNN CBECUCHHS B Pa3IMUHBIX aBPOPATIBHBIX COOBITHSIX.

IIpoToTHN AOCTYNHOM NATPY/AbLHONH AaBPOPATbHON KaMephl /Il MPOEKTA,
peaqu3yemoro B pamkax nporpammbl KOJIAPKTUK

B.B. Ko3zenos, M.B. ®unaros, E.. Ckuotuc

DI'BHY Ionapuwiil ceogpuzuueckuii uncmumym, Anamumeoi-Mypmanck, Poccus

B nmokmage paccMmoTpeHa cxema HaTpy/lbHOM aBpOpallbHOW KaMepbl, KOTOPYH BO3MOXKHO 3KCILIyaTHpPOBATh B
HeCNeNNaIM3NPOBAHHBIX OpraHM3alMsIX. PaccMOTpeHbl HEO0OXOIMMBbIE XapaKTEPUCTHKH KaMepbl M BapHaHTHI
kommuekTauuu. IIpeacraBiaeHsl npuMepsl pEruCTpaliy MOISIPHBIX CUAHUI NPOTOTUIIOM Takod kameps! B 2020 r. B

r.Amatutel. OQuH W3 BapuaHTOB OyJeT MpeiokeH K peamusammu B mpoekte KO5029 «Aurora Borealis»
(«ITonsipHoe custare») B pamkax nporpamMmbl « MECII-IIC Komapkruk 2014-2020».
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IIpoeKT 3KCcIepUMEHTAIBHOI 0JHOCKAYKOBO# paguoTpaccsl KB-1uanasona
Me:KIy paliloHaMU HA BBICOKUX M CPeJHHMX LIHPOTAX

AM. Mépanbiii?3, A.C. Kanumun’, 5.B. Koszenos!, U.B. Kpamenunuukos®, .B. Munranes?, SI.A. Caxapos?,
A.B. Tananaes*, B.B. Tuxonos®, M.B. Tuxonos®, B.H. Illy6un®, A.T. SInakos?

Y@OI'BHY Honspuvii 2eousuueckuti uncmunmym, 2. Anamumol, Poccus
2PI'BHY Uncmumym xocmuueckux uccaieoosanuti PAH, 2. Mockea, Poccus
3Cosem no xocmocy PAH, 2. Mockea, Poccus

440 «PTH», 2. Mockea, Poccus

SAO «PTHC BKOp, 2. Teepw, Poccus

S@I'EHY U3MHUPAH, 2. T) pouyx, Poccus

'"®I'BY AAHUU, 2. Canxm-Ilemepbype, Poccus

B nokmazne mpencTtaBieHO 000OCHOBaHME HAYYHBIX W MPHUKIAAHBIX 337ad, PEIIACMbIX HA OCHOBE JAHHBIX, KOTOPBIE
OyIyT TMOJTydEeHBI HAa PaguOTpacce.

[IpencraBneHsl MpeATIOKEHUA MO COCTAaBY M Pa3MEIICHHIO MPUOOPHOTO 000pYAOBaHUS, ONpPEEICHBI NIEPEUCHB,
00beM, MepUOJUMYHOCT, MH()OPMALMK H3MEPSEMbIX IapaMeTpoB HOHOC(EpHI, pa3paboTaH MPOEKT IMPOrpaMMbl
MIPOBEICHUS KCIIEPUMEHTAJIBHBIX PabOT ¢ ydacTHeM opranusanuii Munobprayku Poccun, PAH, MuHOGOpOHBI
Poccun, Pocrunpomera, npeanpusTUi NPOMBIIUIEHHOCTH.

«TpH HCTOYHUKA — TPHU COCTABHBIE YACTH» reHepanuu TepMochepHo-noHOCHEepHBIX BO3MYILIEHU I
9.I'. MupmoBuy

T'BIIOY MO «Xumkunckuu mexnuxkym», Mockea, Poccus

K.¢h.-m.n., ooyenm, e-mail: mirmovich1940@mail.ru

«Tepmocdepro-nonocpeproe Bosmymienue» (THB), koTopoe mpexacraBisier co0oil pe3ynbTaT NpeBpaliCHUS
comHeyHbIM YOU wim npyruM HCTOYHHKOM HOHM3aluH, He uckmodas Hedrponsl B CKJI ¢ E > 20 M»aB
(axcmrepumentsl Ha UC3 "SMM", UC3 "KOPOHAC-®" — «<HATAJIbA-2M», «bTH-Heiitpon», Ha a3pocraTax u B
Ooslee paHHMX OSKCIEPHUMEHTaX), IEPBUYHBIX BO3MYIIEHHH HEHTPalIbHOrO COCTaBa BepxHeW aTMmocdepbl B
HMOHHU3aIHOHHO-peKoMOnHAMOHHOM 1UKiIe B |[AN| > 0 (unm ON/Ot # 0 B ypaBHeHUH OaniaHca 3J€KTPOHOB), ObLI
BBelIeH aBTOpOoM B KoHIE 70-x romoB, Hampumep, «O BO3MOXHOCTH IIPOTHO3a MapaMeTpoB HOHOC(HEpPHOMH
BO3MYIICHHOCTH Ha OCHOBE XapaKTEePUCTHK HeHTpanbHOW aTtMocdepsl» (1979), m 3ammméH auccepTanuei
«HccnenoBanne u mporuo3 tepmochepHo-moHOChHepHBIX Bo3MmylieHui» (1981) Kkak OTHENbHBIH TEPMHH,
aNbTEePHATHBHBIN HOHOC(hEpHO-MarHUTHBIM Bo3MmymieHusM (IMD). OcnoBHeM renepatopom THUB sBrsetcs
3apOXK/ICHHE M Pa3BUTHE BO3MYLIEHHOW TepMOC(hEpHOW MUPKYJSAINH, MPUHIUINAIGHO OTIMYHONW OT PEryJIsipHON
LUPKYJSIIMY BepXHel aTMoc(epbl B CHOKOWHOE TOJIIPHO-aBpOpalibHOE BpeMsi. TpeMsi HCTOYHUKAMH aBTOpP CUUTAET
BEUEPHUH U YTPEHHUM 3JIEKTPOJKETHl B aBPOPAIBHON 30HE KaK JUCCUIIATUBHBIN PE3YIbTaT BTOP>KEHUS IIOTOKOB
3apsDKEHHBIX  YaCTHUI[ BO3MYIIEHHOIO COJHEYHOTO BETPa M PE3KOrO TIOBBIEHHS HHTErPAbHBIX YacTOT
CTONKHOBeHHMIT Ha BeicoTax ~10° M (KOTOpOE aBTOPY HE OYEHB XOUETCS UMEHOBATH «Pa30TPEBOM») M JTHEBHON CUSP
— BUXpEBas BOpPOHKAa Ha reoMarHuTHbIX momtocax Mg CKJI, oreerctBeHHbIX 3a PCA um mocnemyromue 3a HUM
sdextrr. [Ipu 3TOM, cKOpocTh conHedHoro Berpa Veyw ~ 108 m/c, B To Bpems kak wactuusl Bemwiecka CKJI
NEpEMENIAIOTCS Ha JiBa Topsaka owicTpee: Ve > 108 m/c. Vimenno nostomy paboTa JHEBHOTO Kacma ONepexkaeT
Hayvaj0 akTUBHOCTH aBpOpajibHOrO oBasia. Ho MOHHOE yBleueHUe, HIOHHO-HEHTpanbHas BA3KOCTh HE €IUHCTBEHHBII
MeXaHU3M BO3MYIIeHuil TepMochepsr u qaxe 3x30chepsl. [Ipu TUB kak pa3z Hao6opot. [IprHIMNIAaIRHOE OTIHYHE
TUB ot IMD wu 3axmouaeTcss B TOM, 4TO «TepMoc(hepHOe I[yHaMW», HATpaBlIeHHOE, KaK MPaBUJIO, HABCTPEdy
BEKTOPY CHOKOWHON LMPKYJIALMH, MOKET UMETh JIOKAJIBHBIM XapakTep, APYrod I'€HE3UC HE IEKTPOMATHUTHOIO
xapakrtepa. [Ipu TUB, kak mpaswuiio, Huuero e npoucxoaut ¢ TEC. ABTop cumraert, uto 4étkoe npumeHenne THUB
KaK TepMUHa OyZeT CIIocOOCTBOBATh PA3BUTHIO (HET, HE YHCICHHOHN KaJBKYJSIMHA CHCTEMBI HAPACTAIOIIETO YHCIIa
YpaBHEHHMH € MOATOHKOW Ko3((duIMeHTaMH K SMIMPHYECKUM MOJENSAM) IMOHUMAHUsS JIUHAMHUKH WM (DU3UKH
BO3MYILEHNH B BepxHeW arMmocdepe, a, 3HAYUT, K UX AETEPMHHHPOBAHHOMY MOJICIIMPOBAaHHMIO W HporHosy. Ha
OCHOBE TOJY3MIIMPHYECKUX Mojeneil HelTpaibHOi artMocdeps! tumna J77(79) aBTOpy M3 3TOTO KOE-4TO yJIaloCh
caenats emé B 80-x rogax. OcHOBa B MOJENU aBTOpa — BBOJ| 3ala3/bIBaHUs MEX]Y «BKIIOUEHUSAMH» HOYHOTO U
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JIHEBHOT'O HCTOYHUKOB (RIICKTPOKETOB) B BH/E BXOHOTO MapameTpa Kp, Beipaxkernoro 3aganuem Kp’ = Kp (t — 1),
rae T = 0.91+40.92 cos @, u yrna Mesxkay BEKTOpaMH CKOPOCTEll CMOKOMHON M BO3MYLICHHON UMPKYJIALMH IO
MojJenu. OTO MO3BONMIO HOHATh M HMHTEPIPETUPOBATh H3BECTHOE BBIPAXKEHHE IUIS BPEMEHHU 3ama3/bIBaHUs
Bo3MyIIeHui Tepmocdepsl 3 Monenu CIRA-1972: t = 7.5-0.11/®’/, B xoropoe mpeBparuaercss popMmyia s T B
HACTOSIIEH MOJENH, €CcIH IOJIOKUTh CKOPOCTh mepememnieHus Bo3mymeHuns V = 300 mM/c U 3KBaTOpHABHYIO
rpaHuIy ero 3atyxaHus @ = 68° Ha HOYHOH CTOpPOHE aBpoOpalbHOro oBama. [IpW TakoM MOAXOJE aBTOPOM
OOBSICHEHBI TIOJIOKUTEIBHBIE BO3MYIICHHS HOHOC(EpPHOW IDIa3MBI, 3aBUCHMOCTh Hadaia THB oT mectHOTrO
BpPEMEHH, T.H. «3alpeméHHoe BpeMs» Hadaja oTpumartenbHoi ¢(azel IMB B MecTHOe OHEBHOE BpeMms; OBLIO
MOKa3aHo, YTO Yepe3 MapaMeTpsl BOSMYIIEHHOCTH HEHTPAJBLHOTO COCTaBa M TEMIICPATyphl MOXKHO BBIPA3HUTh HE
tosbko 6fOF2, HO 1 SNWF2 u uenslit psix ApyTuX mapameTpoB BO3MYIIEHHH HOHOChEpHI.

O BO3MOKHOCTH MCCJIEIOBAHMS CBSI3H MOJISPHBIX CUSIHMI W HHIEKCOB CHUHTHJLISIIUM 110
ontnuyeckuM 1 GNSS maHnbIM

C.B. ITunsraes, b.B. Kozenos, M.B. ®unaros, 10.B. ®enopenko, A.B. Jlapuenko, A.B. Ponayrun, I1.A. BynHukos

B nmexabpe 2020 roma cotpyanukd HWHctuTyTa mnpukiamHod reo¢pusuku umenu E.K. dénopoBa B 3maHuM
[MonsapHOro Te0hU3UICCKOr0 WHCTUTYTA T. AMATUTHI BBEIH B dKcIuTyataruio HOBbIE GNSS mpuemuuk Septentrio
PolaRx5S. Cpean BO3MOXKXHOCTEH JaHHOTO MPHUEMHHUKA MOYKHO BBIJCIUTH aBTOMaTH4eckuil pacuer [19C, ¢a3oBbix
W aMIUINTYAHBIX WHJAEKCOB CIMHTHUISIMHA. B MecTe ycTaHOBKM INpHeMHHKa paboTaeT Kamepa Bcero Heba
[MonstpHOTO reopu3NIecKOro HHCTUTYTA.

Jnst obneryeHnst menel MCCIEAOBAHUS CBA3M IOJSPHBIX CUSHUH M WHAEKCOB CHMHTWIIINUI peann3oBaH
unTepakTuBHBI WEB-unTepdeiic, mospomsronuii npocMaTpruBaTh B KaX[bIii MOMEHT BPEMEHH KaJpbl ONITHIECKOH
KaMephl ¢ HAHECEHHBIMU Ha HUX MOookeHUAMH GNSS CIiyTHHKOB M COOTBETCTBYIOIINE HHAEKCH CIIMHTUIIISIIAH.

Hccaenopanue uonocdepsl Hax bapeHueBbiM MopeM
.. Poros, IL.E. bapsiies, A.C. Kanumus, A.B. Hukonaes, C.B. Hosukos, 10.B. Yrpromos

Apkmuueckuii u anmapkmudeckuii HayuHo-ucciedogamenvckuti uncmumym (AAHHUHU), e. Canxm-IlemepOype,
Poccus

B nmexabpe 2019 roma B n. baperuOypr (apx. Lmumbepren) B TECTOBOM peXHMe OBUT YCTaHOBICH IPUCMHBIN
KOMIUIEKC HaKJIOHHOTO 30HAMPOBaHus HOHOC(ephl. J|aHHBIH MYHKT ObUI BKIIFOUEH B OOLIYIO CHCTEMY MOHHTOPHHIA
YCIIOBUH pacmpocTpaHeHHUs] paauoBoiH B Poccuiickoil ApKTHUECKOH 30HE, MOAJIEPKUBAEMYIO CIEIUATUCTAMU
otaena reoduszuku PI'BY «AAHUW». IlpencraBieHbl pe3ynbTaThl HCCICIOBAaHHS NapaMeTPOB HOHOCHEpH U
pacnpocTpaHeHusl paHoOBOJIH HaJl akBaToprel bapeHiieBa MOpst B pa3inuHbIX Te0(QU3NUECKUX YCIOBUSIX.
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OueHka BIUSIHASA T€OMATHUTHOTO BO3MYIIEHHUS HA 30HBI JOCTYMHOCTH
oaHocKkaukoBoi cBsi3u KB nuana3zona

S.A. Caxapos?, B.B. Kozenos!, A.M. Mépsnsiit?®, 1.B. Munranes!, 3.B. Cysoposa!, C.M. UepHsxos!,
B.H. llly6un®, A.B. Tananaes*, B.B. Tuxonos®, M.B. Tuxonos®, A.T. duakos?, A.C. Kamumun’, M.O. ITetpos?,
N.B. KpaueHnHHuKOB®

Y@dI'BHY Honapuwii 2eousuueckuti uncmumym, 2. Anamumul, Poccus
2PI'BHY Uncmumym xocmuueckux uccaieoosanuti PAH, 2. Mockea, Poccus
3Cosem no xocmocy PAH, 2. Mockea, Poccus

440 «PTH, 2. Mockea, Poccus

540 «PTHC BKO», 2. Te sepw, Poccus

S@I'FYH U3MUPAH, 2. T; pouyk, Poccus

'"®I'BY AAHUU, 2. Canxm-Ilemepbype, Poccus

8040 «HIIK « HUHUAP», 2. Mockea, Poccus

B nmoknane mpencraBieHbl pe3yabTaThl YMCICHHOTO MOJICIMPOBAHUS 00NACTEH Ha MOBEPXHOCTH 3eMIIM B paiioHe
BapeniieBa Mopsi, B KOTOpbIC MOMAJal0T OJHOCKAYKOBBIC JYYEBBIC TPacKTOpUHM panuoBosiH KB-nuama3soHa,
BBIXOJIAIIAE U3 PACIOJIOMKECHHOTO HAa CPEIHHMX IIMPOTaxX IepenaTdyrka. MoennpoBaHue MPOBEICHO Ui YCIOBHUI
cy00ypu 24.12.2014 r. TlapaMeTpbl HOHOCHEPHI 33JAFOTCS 110 IMIUPUICCKHM MOJICIISIM C MOMPABKOU, TTOCTPOCHHOU
MO0 JaHHBIM O TMOJSPHBIX CHSHHUAX U MOJHOMY DIICKTPOHHOMY COJCPKAHHIO, OIMPEICICHHOMY IO JIaHHBIM
CIIyTHUKOB, MPOJICTCBIINX HaJ OOJACTHIO HAONIOACHUS ITUX CUSHUM. AHAIU3UPYIOTCS M3MCHCHHS BO3MOXKHOCTCH
onHockaukoBoit KB panguocBsizu Mexay paiioHoM BapeHiieBa Mopsi M pailoHaMHM, PACIONIOKCHHBIMH Ha CPEIHUX
LIMPOTAaX, BO BPEMSI aBPOPATIbHBIX BBICHIIAHUN U BO BPEMsI CIIOKOWHBIX YCIIOBHHA.

OneHKa rpaHul JOKAJIU3ANNT BO3MYIIIEHUHIT BLICOKOIIMPOTHONH HOHOC(EPHI
no g1anabiM GPS/TVIOHACC

C.A. CepebpennukoBa, F0.B. fAcrokeBud, A.M. Becann, A.B. Kucenes
Hnemumym Conneuno - 3emnoni gusuxu CO PAH, Upkymck, Poccus

OreHKa TOJIOXKEHUsI TPAHMIBI aBPOPAIBHOTO OBaja SBJISETCS aKTyaJbHOW M TPH 3TOM JOCTATOYHO CIIOKHOM
3ajavei.

B mnocnenaue roxaer I'mobansHele HaBUranuoHHsle cryTHHKOBBIE cucTeMbl (ITHCC) npenocTaBisioT oOmmpHLIi
Marepuan sl M3ydeHus HoHochepbl 3emil, a WMEHHO s HaOmroneHuss HoHOc(hepbl W HOHOC(EPHBIX
HEOJJHOPOJHOCTEH B TI00aIbHOM U pernoHanbHoOM MacmTabe. CienoBarensHo, kapThl Bapuanuu [19C ykas3siBaloT
Ha TIOCTOSHHOE MPUCYTCTBHE HOHOC(HEPHBIX HEOJAHOPOTHOCTEH B 00IAacCTH aBpPOPaJBHOTO OBajla, a JUHAMUKA
o0nacTn HOHOC(EPHBIX HEOHOPOAHOCTENH COOTBETCTBYET IMHAMHUKE aBPOPAILHOTO OBAJIA.

Takum oOpa3zoM, B paboTe OBLT INpPEANIOKEH HOBBIA MOAXOJ JUIl PEICHMs 3aJauyd IPOTHO3a MOJIOKCHHUS
aBpPOPAIHLHOTO OBaja, OCHOBAHHBIA Ha MOIEIH MalIMHHOTO 00ydeHwus, ncrnonb3ytomue ganasie GPS/TJIOHACC. B
Ka4eCcTBE OTMOPHBIX JaHHBIX JUI1 MAIIMHHOTO 00y4YeHUs UCIIONb30BaiIach Mojenp Ovation Prime.

OmeHka TpaHUIl BO3MYIIEHHH B aBPOPalIbHON 30HE, B BBICOKOIIMPOTHOM 00JacTH ObINa IOJydeHa C ITOMOIIBIO
ITOPUTMOB MAIIMHHOTO 3PCHHSI.
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IIposiBienne F-paccesinns Bo Bpems 00/1bIINX H30JTUPOBAHHBIX MATHUTHBIX 0Ypb B
24-oM HUKJIEe COJTHEYHO! aKTUBHOCTH

B.A. Tenerun?, B.A. Ianuenko?, B.I'. Bopo6rer?, O.U. Sroakuna?, I'.A. JK6ankos®

YUncmumym semmnozo maznemusma, uonocghepvl u pacnpocmpanenus paouoeonn (M3MHUPAH) um. H.B. IIywxosa
PAH, Mocksa, Tpouyx

2PI’BHY «Iloaapuuiii 2eopusuveckuti uncmumymy, Mypmanck

SHayuno-uccnedosamensckutl uHCIuntym Qusuxu 103cHo2o edepanvhozo ynueepcumema (HUHU gusuxu FODY), 2.
Pocmog-na-ony

SBnenne F-paccesHme m3ydaercs yxe Ooijee 50 5eT MO MOHOTpaMMaM BEpPTHKAJIBFHOTO 30HAWPOBAHHS, OJXHAKO
OJTHO3HAYHOTO OTBETA HA €ro MPHUPOAY A0 cuX mop Her. [lo Bcel BHIMMOCTH, 3TO CBSA3aHO C MHOr00Opa3ueM
MpPOIIECCOB, MpoTeKaromux B F2 obmactu woHOC(EpHI, MPUBOIAIIUX K YIIMPEHUIO CUTHAJIOB, OTPAXXCHHBIX OT
nonocepst. C 2008 rona B UBMUPAH (r. Mocksa) pabotaeT nono3ong DPS-4. daktuyecku BpeMs ero paboTh
COoBMajo ¢ 24-M IMKJIOM coyiHeyHOW akTuBHOCcTH (2009-2019 rr.), KOTOpPBIM sBIAeTCS HAUMEHBIIUM IO
peructpanuu yncen Bonbda 3a Bech nepuos HaOMOACHUS.

B III'M pa3paboran mnporpaMMHO-aJrOPUTMHYECKUH KOMIUIEKC, IO3BOJISIOIIMNA HCCIEN0BaTh BO3MYLICHUS,
nmocruratomux mmpoT Mockssel (Dst menee -150 aHTm). 3a 3TOoT mepmon BpeMeHH HaOJMIOJaNHCh IBE OOJBIIHC
MarHuTHEIE Oypu B 2015 roxy, BIUsSHUE KOTOPHIX Ha ABIICHUE F-paccestHUs M HCCIIeN0BAIOCh B JAaHHOM paboTe.

Pe3yabTar conocraBiieHusl OpHEHTANMH NONEPEYHON AHU30TPONMHU MEJIKOMACIITA0HBIX
HEOTHOPOHOCTEll 1 HanmpaBJieHus aApeiidpa B F-001acTu cpegHemmpoTHOI HoHOChepHI
B nepuon ''suma-pecHa 2012 r."

B.A. Tenerun?, B.A. [Tanuenko?, H.}O. Pomanosa?, I'.A. XK6ankos®

YUnemumym semmnozo maznemusma, uonocghepvl u pacnpocmpanenus paouoeonn (M3MHUPAH) um. H.B. Ilywkoea
PAH, Mockea, Tpouyx

2PI'BHY «Iloaspuviii 2eouszuveckuti uncmumymy, Mypmanck

SHayuno-uccnedosamensvckuii uncmumym usuku 10xcHo20 gedepanvhozo yuueepcumema (HUU gusuxu FODY),
2. Pocmos-na-/Jony

AHanuzupyeTcs pe3yiIbTaT YHCICHHOTO CONOCTABICHHUS YKCIIEPUMEHTAIBHBIX JaHHBIX, IIOJYYeHHBIX HA BBICOTaX F-
o0JacTH CpeJHEMMPOTHOW WOHOC(epsl B sHBape-Mapte 2012 1. AByMsS HE3aBUCHMBIMH METOJAMH:
paIMONIPOCBEUMBAHUS ¥ PAJAHONIOKaMUd. MeTomoM paauonpocBeunBanus wuoHocdepsl curHamamu HC3 ¢
MOCEIYIONNM MaTeMAaTHIeCKAM aHaJH30M aMIUTUTYAbl paJdOCHUTHANA, MPUHSATOTO HAa3eMHBIM MPHEMHUKOM B
MI'Y um. M.B. JlomoHOCOBa, ONpeAeieHa OpHEHTAIMs IONEePEeYHON AaHU30TPOIMH MEIKOMACIITaOHbIX
HeOI[HOpOI[HOCTeﬁ 3J'IeKTpOHHOﬁ IJIOTHOCTHU B PAa3JIMYHbIC THU M YacCbl HaJl MOCKOBCKHUM PETrUOHOM. MeTOL[OM
panuosokanuu uoHochepsr nonoszougoM DPS-4, pacnonoxkennom B MU3MUPAH (r. MockBa), Hag 3THM Ke
PETHOHOM OINpelelieHbl CKOPOCTh M HalpaBlieHue Ipeiida cpeqHeMaciiTaOHbIX HEOJAHOPOIHOCTEH AIIEKTPOHHOMN
IUIOTHOCTU. JIJI1  YMCIEHHOTO  COMOCTaBleHWsI ObUIO  OTOOpaHO 26  HE3aBUCHMBIX CJIydaeB, KOTJa
SKCHEPUMEHTAIbHBIE JJaHHBIE OBLIM ITOJIy4eHBl OJHOBpeMeHHO. C IIeNIbI0 PacCUYMUTaTh HAIPaBJICHHE U CKOPOCTh
Ipefipa MakCHMaNTbHO OJNHM3KO K MECTOMOJOKEHHIO MENKOMACIITaOHBIX HEOJHOPOAHOCTEH, Obla paspaboTaHa
HOBas IporpaMma pacuera Jpeiida, rae K pacuery NpuHUMAaJINCh HOHOC(EpHBIE OTpaskaTeNIn He BCeH KapThl HeOa, a
TOJIEKO B MHTEpecyrouield obmactu. HoBas MeToanka pacuera BBISIBIIIA, YTO B Psijie CIydaeB HAOJII01AJIOCh O0JIbIIOE
pasnuune MeXAy HalpaBlICHHSMH Jpelida, pacCUnTaHHOTO IO Bced KapTe Heba M B JIOKaJIBHOH oOnacTw.
UuncneHHOE CONOCTaBIEHHE MEXTy OpHEHTAlMeld IONepeYyHOd aHW30TPONMM M HampaBlieHHeM apeiida,
paCcCYUTaHHOTO II0 HOBO METOAUKE, IIOKa3aJlo, 4YTO MeJIKOMacIITaOHbIE HCOJHOPOAHOCTHU BBITAHYTBHI BIOJIb
HanpaBieHus JIpetida B OOJIBIINHCTBE CIIyYaceB.
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Cas3b nosaBaeHus IPpdeKkTa yTpeHHEro NOHNKeHus norJomenus B apjaenuax [T ¢
acCMMMETPUYHBIM 3aM0JTHEHHEM MOJISPHON ANKHA M XBOCTAa MArHUTOC(ePbI
NMOTOKAMHU COJTHEYHBIX MPOTOHOB

B.A. Vases?!, I.J. Poro*?, A.A. A6ynun?, M.A. AGyHuna?

YUpxkmuueckuii u Anmapxmuueckui Hayuno-uccrnedosamenvckuti uncmumym (AAHUHM), Canxm-Ilemepbype,
Poccus

2Uncmumym 3emHO20 MazHemusma, uoHocepvl u pacnpocmpanenus paouoéoin um. H.B. ITyvwukxoea PAH
(M3MHUPAH), Mocksa, Poccus

ITo puomerpuyeckuM HaOMIONCHMSAM Ha AaHTAPKTHYECKUX cTaHOusXx BocTtok um Ilporpecc, pacmonokeHHBIX Ha
BBICOKMX T€OMAarHUTHBIX IIUPOTaX B IEHTpadbHOI yacTn nossipHoi manku (I11Hx), mpu ananu3ze senenwns [T 11
— 15 centa6psa 2017 r. Ovu1 0OHApYKEH HOBHIH 3P dexT anomansHOTO MoHMKeHus nornomenus [T B yrpenHue
gacel (3¢ ¢ext VII — yrpennee nonmxkenue) 13 cenrsodps. [“Physics of Auroral Phenomena”, Proc. XLII Annual
Seminar, Apatity, pp. 194-197, 2019)].

B nanHoii pabote paccmoTtpeHo Heckonbko siBaenuit [T ¢ adpdextom YII. s kaxmoro aus nposieiaeHus Y11
OIIPEAC/ICHBI 3HAYCHUS MHTCHCUBHOCTU IMTOTOKOB IMPOTOHOB B TOT ICPUOMI, KOI'Jla CITYTHUKH POES HaXOauJIIUCh HAL
LEHTPAIbHON YacThIO CEBEPHOM M I0)KHOM MOJISIPHBIX MIANOK. [loka3zaHa acCHMMETpHsI 3aIIOJTHEHHS TIOJIIPHBIX LIAIIOK
MIOTOKaMHM HPOTOHOB, OOYCJIOBIEHHAss OCOOEHHOCTSIMM PACIPOCTPAHEHUS NOTOKOB NPOTOHOB B MEXKIJIAHETHOM
MarHuTHOM MOJIE II0CJI€ WHTEHCHBHOW COJHEYHON BCHBIIIKK C BBIOPOCOM KOPOHAIBHOH MacChl U OCOOCHHOCTHIO
IIPOHUKHOBEHHMS 3THX IIOTOKOB B XBOCT MarHUTOC(EPHI U B TOJISIPHBIC LIAITKH 3EMIIH.

IIporHocTnyeckas oLeHKAa KPUTHYECKOIi 4acTOTHI cj10s1 F2 noHocdepsl no HaGII0AeHUAM
paauou3jydeHusl B IEPUOJbI PEriCTPALUH KOPOHAIBHBIX BHIOPOCOB Macchl HA KOPOHorpadgax

O.A. lleitnep
Hayuno-uccredosamenvcxuii paouogusuueckuti uncmumym HHI'Y um. H U.Jlobauesckozo

Panee npu aHanu3e NMoBe/eHHs BO BPEMEHU BEJIMYMH OTKJIOHEHHS W3MEPEHHOTrO 3HAYECHUS] KPUTUYECKOW YacTOTHI
ciost F2 wmonocoepsr (fOF2) ot ee cpemnero 3Hauenus (AfOF2) u mapameTpoB KOPOHANBHBIX BBIOPOCOB MAaCChI
(KBM) O6bula oOHapyxeHa KOpPpEJslds MEXKAy MOBEJACHHEM JieBHalMu KpuTudeckoi uactotel AfOF2 u
peructpanueir KBM [1]. [eTtanpHblii aHanu3 mokasal, 4To 3a mposiBieHue reodddextuBHocTH KBM MOXHO
MPUHATH JUTMTENbHOE CHIKeHUe 3Hauenuii nesuaru AfOF2 nocne perucrparmun KBM tuma Loop/Cavity. B to e
BpeMsi pa3paboTaH alropuTM HporHo3a BpemeHu peructpanuun KBM Ha OCHOBE MOHHTOPHHIOBOTO HPOBEACHUS
HaOJIIOJICHUI U UCIIONb30BaHMS JaHHBIX BO MHOTHMX TOYKAaX, OXBATHIBAIOLIMX MPAKTHUECKH BCIO MEXIyHApOIHYIO
CeTh PaJHOACTPOHOMHUUECKHX M PaIUOCIEKTPOrpadMyeckux CTaHLMA B LIMPOKOM CHEKTpe paauodactor [2]. B
JMaHHOM [OKJIajJe MPHBOISTCS TporHOcTHYeckhe oreHkn fOF2 Ha ocHOBe maHHBIX HAONIOACHHI COTHEYHOTO
panvoM3IydeHHs B IIMPOKOM JHana3oHe YacToT.

Pabora BeImoONHEHa mo mpoekty Ne 0729-2020-0057 B pamkax 0a3oBoit wactu ['ocyaapcTBeHHOro 3aiaHus
MuHHCTEpCTBa HAYKH U BBICIIETO 00pa3oBaHus PO.

1. Sheiner O.A., Fridman V.M., Krupenya N.D., Mityakova E.E., Rakhlin A.V. Effect of solar activity oh the Earth's
environment // Proc. Second Solar Cycle and Space Weather Euroconference, 24-29 September 2001, Vico Equense, Italy.
Editor: Huguette Sawayal acoste. ESA SP-477, Noordwijk: ESA Publications Division, ISBN 92-9092-749-6, 2002. P. 479.

2. ®puaman B.M., Illeitnep O.A. Crioco6 KpaTKOCPOYHOTO MPOTHO3a BPEMEHU PETHCTPALUM SIBICHUS KOPOHAJIBHOTO BRIOpOCa
maccel (KBM). TTatent RU 2 630 535. 12.01.2016. Ony6nukoBano: 11.09.2017, Bron. Ne 26.
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The microwave monitoring of the middle atmosphere ozone on
Kola Peninsula during last three winters

Y.Y. Kulikov!, A.F. Andriyanov?, V.I. Demin?, V.M. Demkin®, A.S. Kirillov?, V.G. Ryskin!, V.A. Shishaev?

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

This work presents long-term investigation of a nature of the middle atmosphere ozone variability using a method
ground-based microwave radiometry. Measurements were carried out with the help of mobile ozonemeter
(observation frequency 110836.04 MHz) which was established in Polar Geophysical Institute at Apatity (67N,
33E). The parameters of the device allow to measure a spectrum of the emission ozone line for time about 15 min
with a precision of ~ 2%. The error of estimating the vertical distribution of ozone on the measured spectra by above
described device does not exceed 10-15%. On the measured spectra were appreciated of ozone vertical profiles in
the layer of 22 — 60 km which were compared to satellite data MLS/Aura and with the data of ozonesonde at station
Sodankyla (67N, 27E).

The analysis of the microwave data on behavior of polar mesospheric ozone in past winters shows, that sudden
stratospheric warmings can cause significant and long influence on its diurnal variation which should be determined
by photochemical processes.

The work was supported by the RFBR grant 18-45-520009.

Hao0uronenue 3¢gpexra Bozpacranusi GoHOBOro raMMa-mu3JIyuYeHus PU 0CaAKAX BO BpeMsl
HAY4YHOMH 3Kcne Ul UM B JIelOBUTOM OKeaHe

10.B. Bana6bus, b.B. I'Bo3aesckuii, A.B. I'epmanenko, E.A. Muxainko
QOI'BHY «llonapuviil eeogpuzuueckuti uncmumymy, 2. Anamumsi, Poccus

HcnpiTeiBaBmMiics B X0J€ MOPCKOM HaydyHOH OSKCHEAMIMM TNPOTONHT MHOTOKAaHAJbHOTO KOMIUIEKCA IS
MOHUTOPHHTa KOCMHYIECKHX JIydel BKIFOYAT B ce0s NETEKTOp ramMMa-m3nydeHus (quamazoH sHepruii 20-600 k3B).
Bo Bpems mnaBanus B akBaTopuu bapenneBa m I'penmannckoro Mopel ObUTM 3apeTrHCTPUPOBAHBI THIMYHBIC
BO3pacTaHusi raMMa-(oHa Bo Bpemsl ocaikoB. Takue BO3pacTaHWs MHOTO JIET OTMEYAlOTCSl Ha CTAaHIMIX B
Anarurax, bapenuOypre, Heiitpuno (Cesepnblit KaBka3). AmiumTyna Bo3pactaHui coctaBmia ~20 %,
JUTUTEIBHOCTh — HECKOJIBKO 4acoB. BaskHOCTH 3THX HaOMNIOJCHUH COCTOUT B TOM, YTO OKOHYATEIHbHO HCKIFOYAeTCs
THIIOTE3a BhIJEICHUS paguoHyKkinaoB. Habmoaenue Bo3pacranuii raMma-oHa B JiecaTKax M COTHIX KHIOMETPOB
oT OeperoBoil JHMHUM OJHO3HAYHO YKa3blBaeT, 4YTO INPUYMHOW BO3pAcCTaHHs HE MOTYT OBITh BBIACICHUS
PaIMOHYKIINIOB U3 TIOUBBI, PABHO KaK U MEPEHOC MPOMBIIUIEHHBIX BBIOPOCOB BO3YIIHBIMU MacCaMH.

O npocTpaHCTBEHHBIX BApUAIUSIX U3MEHEHUH TeMIepaTypbl Bo31yXa
Ha TeppuTopun MypMaHCcKoO# 061acTH

B.N. lemun
QI'BHY «llonsapuwiii ceogusuveckuit uncmumymy, e. Anamumoi

PaccMoTpeHBI MPOCTpaHCTBEHHBIE OCOOCHHOCTH TOTCIUICHHS KIIMMaTra Ha TeppUTOpUH MypMaHCKOW 00iacTu.
CTraTHCTUYECKH 3HAYUMBIX Pa3JIMYMi B yIiaX HaKJIOHA JIMHEWHBIX TPEHIOB TEMIIEPATyphl HE OOHApYKEHO HH B
OJTHOM U3 CE30HOB, YTO TO3BOJIICT TOBOPUTH 00 OJMHAKOBBIX CKOPOCTSIX MTOTEIUICHUS Ha BCEH TEPPUTOPUHN OOJIACTH.
B nepuozn ¢ 1976 r., KOTOpbII YCIIOBHO NPUHUMAIOT 332 HayaJlo COBPEMEHHOTO IMOTEIUIEHUS, MOTEIJICHHEe 3UMOH,
BECHOMH, JIETOM U OCEHBIO UJET co ckopocTssmu coorBercTBeHHO 0.080, 0.055, 0.041 u 0.053°C/rox. IoBbleHue
CPEIHETr0JI0BOM TeMIepaTyphl MPOUCXOAUT co ckopocThio 0.061°C/ro.
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CBs3b BEPTUKAJIBHOI0 pacnpeaeieHusi TeMnepaTypbl Bo3ayxa B XuOuHax ¢ TeMneparypoii
BO3/1yXa Ha/l IPeArOPHOiIl pABHUHOM

B.U. emun?, B.B. Kozenos!, T.A. MypapbeBa?

Y\@OI'BHY «llonapubiii 2eousuueckuti uncmumymy, 2. Anamumol
20moen nasunnoii 6esonacnocmu YI'H KO AO «Anamumy, 2. Kuposck

[IpoBeneHo cpaBHEHWE TeMIlepaTypbl Bo3ayxa B XHOWHCKOM T'OPHOM MacCHBE C TeMIIEpaTypod BO3AyXa Haj
NPEArOpHOW pPaBHUHOW (10 M3MEPEHMSIM MHUKPOBOJIHOBOTO TeMIepaTypHOro mnpoduiemepa B r. Anaturtsl). B
3MMHHH NEPUOJ M3MEHEHUS TeMIepaTypbl NPOUCXOJAT NPAKTUYECKH CHHXPOHHO: KOI(M(PHUIUECHTH KOPPEISLUH
0.92-0.94. Temmepatypa Bo3Iyxa B HIKHEM spyce rop (~400 M) 6am3Ka K TeMnepaType Ha aHAJIOTHYHBIX YPOBHSIX
Haja paBHUHOH. C BBICOTON MOSBIIETCS pa3inidue U Ha tiato B XubuHax (~1000-1200 M H.y.M.) BO3OyX XOJIOTHEE
Ha 1.5°C. Dddexr co3maeTcs OXIaKICHHEM BO3AyXa NPH €ro AWHAMHYECKH BBIHY)KICHHOM IIOABEME BJIOJb
CKJIOHOB, a TaKKe YCHJICHHEM IJIMHHOBOJIHOBOTO M3IydeHHUs. JleToM KapTHHa OoJiee CIIOXKHAs: M3-3a MOTJIOIICHUS
CKJIOHAMH B JHEBHOE BpEMs COJHEYHOH paJualiil ¥ HarpeBa INPHJICTAIONICrO CJI0OS BO3AyXa B Pa3HOCTAX
TEeMIepPaTyphl B TOpax U HaJl pABHUHOM MOSABIICTCS CYTOYHBIN XOJI.

MoHUTOPHHT MPU3eMHOT0 030HA HA TeppuTopuu MypmaHckoi o0Jactu B 1999-2021 rr.
B.U. lemun, B.A. umaes
@I'BHY «llonapnuiil ceoghusuueckuti uncmumymy, 2. Anamumol

HccnenoBaHbl NPOCTPAaHCTBEHHBIE M BpPEMEHHBIE BapualMM MpHU3eMHONW KoHueHTpamuu o3oHa (IIKO) Ha
Tepputopun MypmaHckoi obmactu B mepuon 1999-2021 rr. B ¢oHOBEIX paiioHax HaOMrOmacTCs BECCHHUUN
makcuMyM [TKO u oTCyTCTBYET XapaKTepHblil UIsl yCIOBHI aKTUBHOH (DOTOXMMHUYECKON T'eHepaluy 030Ha JIETHUI.
Makcumanbueie [IKO B mepuonsl THONSIPHOrO JHS M THOMSApHOW Houn Onmsku. Becennuwit makcumym ITKO
HaOmoaeTcs U Ha ypOaHM3MpOBaHHBIX Tepputopusix. Makcumanbhsle [IKO B roposxe He mnpessimator [IKO B
¢oHOBEIX paiioHax. [IpucyTcTBHe aTMOC(EpHBIX 3arpsS3HEHHH MPOSIBISETCS B yBEIMYEHHE YacTOTHI SIHM30/0B C
Hm3kuMHy [IKO mpu moromHBIX yCIIOBHSX, ONArONpHATHBIX JUIS HAaKOIUIEHHWS O30HOPA3pYLIAIOMIMX COCTUHEHHH B
npu3eMHOM cioe. [lokazano, yro nomydennsie B JJoBosepo xapakrepuctuku [TIKO MoryT ObITh MCIIONB30BaHbI IS
OILIEHOK BO3MOXHOTO COZIEPKaHUs 030Ha B APYTUX (POHOBBIX paiioHaX 00JacTH.

HccaenoBanue KHHETHKH OCHOBHBIX ATMOC()ePHBIX COCTABJISIIOIIMX BO BpeMsl BbICHINIAHUSA
BBICOKOIHEPTHYHBIX IPOTOHOB B CPEeIHIOI0 aTMOchepy 3emin

A.C. Kupumnos, B.b. benaxosckwuit, E.A. Maypues, }0.B. banabun, A.B. ['epmanenko, b.b. 'Bo3neBckuit
@I'BHY «llonapnuiil 2eoghusuueckuti uncmumymy, 2. Anamumol

ITpu BBICHINAHUH B CPEIHIOK aTMOC(Epy 3€MIH BBICOKOZHEPIHYHBIX HYAaCTHI[ HEYNPYTHE CTOJKHOBEHMS C
mojiekysnamu N, 1 Oz NPUBOAAT K MPOLECCAM MOHU3ALMY, IUCCOIMAIUH, BO30YK/IEHUIO PasIMdHbIX 3JIEKTPOHHO-
BO30Y/IEHHBIX COCTOSHUH JIAHHBIX MOJIEKYJIIPHBIX COCTABJIAIONIMX. B HacTosmel paboTe paccMOTpeHa KUHETHKA
tpumetHeix (ASZy, BTy, WB3A,, B®Z,, C%[y) cocrosHuii MOJIEKyJIAPHOrO a30Ta U CHHINIETHBIX (a'Ag, b!ZgY)
COCTOSIHMi MOJIEKYJIIPHOTO KMCJIOPOJIA Ha BBICOTAX CpeaHeil aTMoc(ephbl BO BpeMsl BTOPKEHHUS BHICOKO3HEPIHUYHBIX
1poToHOB. TTpH 3TOM GbLIM YYTEHbI MPOLIECCHI IPAMOTO 3JIEKTPOHHOTO BO30YKIEHHUS

e+ No(XIZ4"v=0) — e + Na(A3E,", BTy, W3A,, B3E,, C3TTu,V),

e+ 0o(X35g v=0) — ¢ + Oz(alAg, b'Ey" V),

BTOPTaroIMMUCH B aTMOC(EPY BBHICOKOIHEPTHYHBIMU TMPOTOHAMHM M BTOPMYHBIMH 3JIEKTPOHAMHM, MPOLECCHI
CMOHTaHHOTO M3JIyYeHHs], & TAKKE MEPEHOC SHEPTHM BO3OYKIEHHUS MOJIEKYIl MEKTY JIIEKTPOHHO-BO30YHKIEHHBIMU
cocrossHusimu N2 u O, TpH  MOJIEKYJISPHBIX CTOJNKHOBEHMsAX. KOHCTAHTBI CKOPOCTEH TIEPEHOCA OSHEPTHUH
BO3OYXIEHUS MEXY DJIEKTPOHHO-BO30YKIEHHBIMH COCTOSHUSIMHM MOJIEKYJIIPHOTO a30Ta M KHCJIOPOJA IIpH
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CTOJIKHOBEHHsIX ¢ Mojekynamu Nz u Oz ObUIM TEOPETHYECKHM PAacCUUTAHBI COIIACHO KBAHTOBO-XUMHYECKUM
npuOIKeHusIM. BriepBble paccMOTpeHa KMHETHKA CHHIJIETHBIX COCTOSIHME O Ha BBICOTAaX CpeiHel aTtMocdepsl
KaK C Y4eTOM IpSIMOro BO30YXJIEHHS BBICOKOIHEPTUUHBIMH IPOTOHAMH W BTOPUYHBIMH JIEKTPOHAMH, TaK U C
YYETOM TIPOLIECCOB IE€PEHOCa JIICKTPOHHOTO BO30YXKICHUS C METAacTaOMIbHOTO MOJEKYJSPHOTO a3oTra
N2(A3Z,*,v=0) Ha coctosinus I'epudepra Oz 1 nepepacipeaelicHUs SHEPIUM BO30YKIEHUS MEXKLY KOJleOaTe bHbIMU
YPOBHAMH CHHIJIETHBIX COCTOSHMH TPH HEYNPYIHX MOJEKYJAPHBIX CTOJKHOBeHHMSX. [lokasaHo, 4TO
noMuHupyromuit Bkman B BosOyxkaenue Oz(alAg) um Ox(b'Ty") BHOCAT mpouecchl HPAMOTo  3IEKTPOHHOIO
BO30YKICHHUS.

HccrmenoBanue BBITOMHEHO 3a cueT rpaHTa Poccuiickoro HaywHoro ¢oma (mpoekTt Ne 18-77-10018) «Ilotoku
BBICOKORHEPTUYHBIX 3apsDKCHHBIX YAaCTHI[ B OKOJIO3EMHOM KOCMHYECKOM IPOCTPAHCTBE, M HX BO3ICHCTBHE HA
aTMochepy APKTHKI».

Oco0eHHOCTH BEPTHKAJIBHOI0 pacnpeaejeHusi TeMIepaTypbl BO3AyXa B NOTPAHUYHOM CJI0€e
atMocdepbl B IpUOPEKHBIX U LEHTPaJbLHBIX paiionax Kojbckoro n-osa

Bb.B. Kozenos, B.1. /lemun, A.B. Jloces
QOI'BHY «llonapuwiil ceogpuzuueckuti uncmumymy, 2. Anamumoi

IIpoBeneHO cpaBHEHHE BEPTHKAIBHBIX pacIpeieieHui TeMIepaTypsl Bo3AyXa B XOJOAHOE BpeMs Iroja B ClI0oe OT
MOBEPXHOCTH 3eMJH 10 | KM, MOJYYEeHHBIX 10 M3MEPEHUSIM MHKPOBOJIHOBOTO TEMIEpPATypHOro MpoduiieMepa
MTII-5PE B r. AnatuTel W JaHHBIM ONMKAWIINX CTAHIWN a’pOJIOTHYECKOTO 30HIUpoBaHUWs B Kanmamakme u
Mypmancke. HecmoTpst Ha montoskeHHe a3poJOrHYecKix cTaHIui BOMIM3HM akBatopuii benoro u bapenmnesa Mmopeid,
TeMIlepaTypa BO34yXa Ha BBICOTaX B IIEHTPAIbHBIX M TNPHOPEXHBIX paioHax Koibckoro m-oBa npHMEpHO
onuHakoBas. TeMmmepaTypa Ha HM30JMPOBAaHHBIX XOJIMax OJIM3Ka K TEMIIEpaType BO3AyXa Ha TOW K€ BBICOTE B
aTMocdepe HaJ paBHHHOM (10 KpaiHeit Mepe, ¢ BEICOT nmpuMepHo 200 M H.y.M.).

Pe3yabTaThl YMCIEHHOT0 MOIETUPOBAHNS 3aPOKIEHUS MOJISIPHBIX IUKJIOHOB B
BBICOKOIIIMPOTHOM aTMocdepe

W.B. Munranés'?, K.I'. Opnos?, B.C. Munranés?

*@IBHY «Ilonsapuuiii 2eopuszuueckuti uncmumymy, 2. Anamumol
2Dunuan Mypmancrkozo apkmuyeckozo 20Cy0apCmeeHHo20 ynusepcumema 6 2. Anamumeol

B BbicOKOmUpOTHON aTMochepe peryisipHO HaONI0NaloTCS TaK Ha3blBaeMble TMOJSPHBIE LUKIOHBI, KOTOPHIE
SBIISTIOTCSL  KPYIMTHOMACIITaOHBIMH  aTMOC(EPHBIMUA  BHXPSIMH, BHYTPH KOTOPBHIX aTMOC(EpHOE aBICHUEC
CyIIECTBEHHO MOHMKEHO, a CKOPOCTh BETpa 3HAYUTEIHHO TIOBHIIICHA. 32 BPEMsI CBOETO CYIIECTBOBAHHS MOJISIPHBIC
UKIOHBl MOTYT CMEIIAThCSI HA 3HAYUTENBHBIC PACCTOSHHUA. A TOCKOIBKY OHHM MOTYT 00JamaTh OOJBIION
pa3pymUTENT-HON CHIION, TO OHU CIIOCOOHBI HAHOCUTH BJIONIb CBOETO IYTH CIEIOBAHUS yIIepO MPOMBIIUICHHEBIM,
TPAHCTIOPTHBIM W MHBIM HAXOJSAIINMCS Ha CyIle H Ha Mope cucteMaM. CBOEBpEMEHHOE TP eICKa3aHue 3apOKACHUS
MOJIIPHBIX LIMKJIOHOB SIBJISIETCSI BaKHOW HE TOJIBKO HayYHOW, HO M NPaKTHUYECKOM 3amaueil. s pemeHust 3Tou
3a/1a4  Hapsily C TEOPETUYECKMMH U OKCIEPUMEHTaJbHBIMA METOJAAMH MOXET OBITh TNPUMEHEH METO]
MaTeMaTHIECKOTO MOJICITUPOBAHHUS.

He Tax maBuo B [lomspaom reodmsmueckom mHcTHTyTe (III'M) OBITA paspaborana permoHambHas TpEXMEpHas
HECTaIlMOHApHAss MaTeMaTH4yecKas MOJellb TOPU30HTAILHOTO W BEPTHKAILHOTO BETpa B HIDKHEH aTtMocdepe
3emiu. DTa MoOJeTh OCHOBaHA HAa YHCICHHOM PEIICHHMH METOJOM KOHEYHBIX Pa3HOCTEH CUCTEMBl YpaBHEHHA
MepeHoca, KOTopas BKIIOYaeT B ceOS ypaBHEHHS HEPa3phIBHOCTH M JIBMKCHHUS [UISI TOPHU3OHTANBHBIX H
BEPTUKAIBHON KOMIIOHCHT CKOPOCTH BO3/yXa, a TaKXKe YpaBHCHHE TEIUIOBOrO OanaHca. DTa MaTeMaTHYecKas
MOJIENIb TI03BOJISIET PACCUUTHIBATH 3aBHUCSIIME OT BPEMEHHM MPOCTPAHCTBEHHO TPEXMEPHBIE pacIpeneraeHUst
ra30JMHAMUYECKHX MapaMeTPOB aTMOC(HEPHOTO Ta3a B MPOCTPAHCTBEHHO OTPAaHHYCHHOM TpEeXMEpHO# obiactu
MOJICTUPOBAHUS, KOTOpas MPEICTAaBISACT cOOOW YacTh MIAPOBOTO CIIOSI HAJl OTPAHUYCHHBIM Y4acTKOM 3€MHOMN
MOBEPXHOCTH U KOTOpas mo BeicoTe mpoctupaercs or 0 1o 15 kM.
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PaHee kpaTko omnucaHHas BbILIE MaTeMaTHYecKas MOJIENIb BETPOBON CHCTEMBI 3eMHOW aTMocdepbl IpUMEHsIach
JUISL YUCJICHHOTO HCCJICJJOBaHUS IIPOLECCOB 3apOXKJICHMS KaK TPONMYECKUX, TaK M TOJISIPHBIX IMKIJIOHOB.
Pe3ynpraThl YMCIEHHOTO MOJEIMPOBAHMS 3apO’KACHHS MOJSPHBIX LUKIOHOB OBUIM H3JIOKEHBI B CEpUM PadoT,
KOTOpBIE OBbIIM ONMYOINKOBAHbI B Pa3pO3HEHHBIX HAYyYHBIX M3AaHMsAX. L{enbio HacTosmeit paboThl sSBisieTcst 0030p U
0000mIeHNe BCeX paHee OIyOJIMKOBAaHHBIX pE3yIbTATOB, IONYYEHHBIX INPH ToMmomm paspaborannoit B I1I'U
MaTeMaTHYeCKOW MOJENM W KacCalolIMXCS YHCICHHOTO MOMECIUPOBAHUS 3apOXKICHUS MOJAPHBIX LUKJIOHOB, a
TaKoKe UX WHTEpPIpeTalys NP IOMOLIM eIHHOTO (GH3MYECKOTO MEXaHn3Ma. B 3ToM MexaHW3Me NMepBOIPHYMHOMN
BO3HUKHOBEHH ITOJSIPHOTO LIMKJIOHA SIBIIAETCS Pa3BUTHE HEYCTONYMBOCTH TEUEHHsI aTMOC(EPHOTO raza B o0nacTu
APKTHYECKOTO (PPOHTA, HMHUIIMUPOBAHHO IIOSIBIICHHEM BBIIYKIJIBIX YYaCTKOB B OUEPTAHMAX apKTHIECKOro (ppoHTa.

Pabota BrIOTHEHA TIPH YaCTUIHON moepkke rpanTa POOU Ne 18-29-03022.

HccnenoBanne ocodeHHOCTel Bo3pacTaHuii GOHOBOIo raMMa-u3Jay4yeHus NpU ocaaKax 3a 24-i
COJTHEYHBIN ITUKJI

E.A. Muxanko, }0.B. banabun, E.A. Maypues, A.B. 'epmanerko
@I'BHY «Ilonspnulii 2eopuzuueckuti uncmumymy, Anamumel, Poccus,; e-mail: mikhalko@pgia.ru

B nabopartopun kocmuueckux syded I[II'M (AnmaTuTbl) HENpepbIBHO BEAETCS MOHUTOPUHI 3JEKTPOMArHUTHOM
KOMITOHEHTBI BTOPHYHOTO KOCMUYECKOT0 M3iydeHus. bour oOHapykeH 3¢ hexT Bo3pacTaHusi raMMa-u3IyudeHHs: pu
ocaznkax. B xauecTBe m3mepuTenst GOHOBOro raMMa-M3JIydeHHUs HCIOIb3YETCs CIIEKTPOMETP, CO3aHHBIH Ha OCHOBE
kpuctamia Nal(Tl), ¢ sHepretndeckum auanazoHom ot 20 1o 600 k3B. MHOroneTHHI MOHHTOPHHT MOKA3al, 4TO
BO3pAcCTaHMs raMMa-W3JIydeHHs NPH OcalKax HaOJIOAAIOTCS KPYIJIBIH TOA HAa BCEX CTAHIMAX, TAE MPOBOAATCS
HaOMIONICHUSI W OHM HE CBA3aHbl C PaJMOAKTUBHBIM 3arpsA3HCHHEM OCAJKOB. BBUIM paccMOTpeHBI COOBITHS
BO3PACTaHMs TaMMa-H3IIydeHHs NpU Ocaikax 3a 24-U conHedHbI HUKI. IIpoBeleH CpaBHHUTENBHBIM aHAIU3 AT
BBIABIICHUSI 0COOCHHOCTEW BO3pAaCTaHUH NP Pa3INYHBIX (a3ax COJTHEYHOH aKTUBHOCTH.

Yncnennoe MoJeMpoBaHue o01Iel WHPKYJISIMA HUKHEH U cpeaHeil aTMocdepbl 3eMJIH € y4eTOM
NEPEHOCA TeIUIOBOI0 H COJIHEYHOT0 H3/Ty4YCHHS

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

@I'BHY «Ilonspuuiil eeopusuneckuit uncmumymy, 184209, Mypmanckas o6n., 2. Anamumot, yi. Akademeopooox,
26a, e-mail: mingalev_i@pgia.ru ; orlov@pgia.ru ; godograf87@mail.ru ; mingalev@pgia.ru

B noxnane oOCyXaaroTcst pe3yabTaThl YHCIEHHOTO MOJICIIMPOBAaHMs OOLIeH HUPKYJISIHUU aTMochepbl 3eMITH st
YCIIOBUI HIOJISI, TIOJIyYEHHBIE C ITOMOIIbIO Ta30{MHAMHUYECKON MOJIETH C TOJHOLECHHBIM YYETOM DPaJnallMOHHOTO
HarpeBa-BbIXOJNAXXMBAaHMS BO3ayxa. B Oiokax pacdera moiisi coOCTBEHHOTO m3imydeHus atmocdepst 3emun B K-
JIMaIta30He | T10JIS1 COJTHEYHOT0 M3JIyYEeHHUS UCIIONB3YIOTCS HOBBIE MAapaMETPU3AMN MOJIEKYJIIPHOTO MOTJIOMIECHHS B
WHTEpBalieé BBICOT OT TOBepxHOCTH 3emut 10 90 KM, a TakkKe YYHMTHIBACTCS HApYyLIICHHE JIOKaJIbHOTO
TEPMOJMHAMHUYECKOTO PAaBHOBECHS B KOJIEOATEIbHBIX TI0JIOCAX YIJIIEKHUCIIOTO ra3a ¢ JJIMHAMHM BOJIH okouo 15, 4,3 u
2,7 MKM U 030Ha C JJIMHOW BOJHBI OKOJO 9,6 MKM Ha BbicoTax Bbille 70 KM. AJTOPUTM HOCTPOEHUS 3THUX
mapaMeTpu3aliid yIUTHIBACT H3MEHEHHE Ta30BOTO cocTaBa aTtMoc(epsl C BBICOTOH M HMMeEeT psiji APYTuX
nmocTonHCTB. Kpome TOro, JUIs YHCIIEHHOTO PpeIIeHHs ypaBHEHHS IIEPEHOCA HW3IYYEHHUS HCIOJIB3YeTCS METOX
JTUCKPETHBIX OPAWHAT M pacyeTHas CeTKa M0 3€HHUTHBIM yrilaM C IIaroM OKOJIO 9 TpaaycoB. AHAIM3HPYIOTCS
0COOEHHOCTH IUPKYISIUH B CTpaTocdepe 1 HIDKHEl Me3ocdepe, B 9aCTHOCTH T'PaHHUIBI IUPKYMIIOISPHBIX BUXpEl
U cTpatoc(epHbIe IUKIOHBI.

Pabora 1.B. Munranesa, K.I'. Op;ioBa n B.C. Munranesa BrInoiHeHa npu (puHaHCOBOH momepxkke POOU B
pamMkax HaydHoro rpoekra Ne 18-29-03022 mk.
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AHanu3 MoJiHueBo# akTuBHOCTH Ha KosibckoM mosyocrpose
Mo pe3y/abTaTaM HHCTPYMEHTAIbHBIX u3Mepenuii B 2016-2020 rr.

B.H. Cenusanos?, A.B. Bypues!, 51.A. Caxapos?®

Ylenmp dusuxo-mexnuueckux npobaem suepeemuxu Cesepa Konvckozo nayunozo yenmp PAH, Anamumei, Poccus;
e-mail: v.selivanov@ksc.ru
2OI'BHY «Ilonspuviii 2eopuszuueckuti uncmumymy, 2. Mypmanck, Poccus

B pabore mpencraBneHbl pe3yibTaThl aHalIM3a JaHHBIX O MOJIHMEBBIX paspsgax Ha Tepputopuu Koibckoro
MOJIyOCTPOBA, 3aperucTpupoBaHHbIX B 2016 -2020 rr. HeKOMMEpUECKOH Majgo0I0KETHOM CEThIO MPO30TEICHTalluH
Blitzortung. HecmoTpsi Ha OTHOCHTENBHO HH3KHH IIPOLCHT PETHCTPUPYSMBIX MOJHHEBBIX pPa3psioB, CETh
Blitzortung sBusieTcsi €AMHCTBEHHBIM OOCTYIHBIM HCTOYHHKOM HHGOPMAIMH O MOIHHCBONW aKTHBHOCTH Ha
Teppuropuu Mypmanckoi obiactu. B Hagame 2019 r. Ha KonsckoM moiryocTpoBe HaMH OBIUTH YCTAHOBJICHBI IIECTh
JIETEKTOPOB 3TOW CETH, KOTOphIe Oecriepe0oifHO MpopaboTail B TEYCHHE JBYX I'po30BEIX ce30HOB 2019-2020 1. u
TIO3BOJIMIIN YBEIMIUTH TOYHOCTH JIOKAIIMH M MIPOLEHT 3aPETUCTPUPOBAHHBIX Pa3psIIOB.

Jo HacTosimero BpeMeHM B Poccum HHTEHCHMBHOCTh TPO30BOM NEATENHPHOCTH ONpEAeNseTCs II0 KapTam
CPEIHEr0J0BOM NMPOJAOKUTEIFHOCTH I'PO3, KOTOPBIE COCTABIIAIOTCS 110 JaHHBIM ayAHOBU3YaJIbHBIX HAOII0JeHUH Ha
THIPOMETEOPOIOTMYECKIX CTaHIMAX. Mcmonp3oBaHue TI00aMbHBIX M PETHOHAIBHBIX CeTell MHCTPYMEHTAIbHON
IPO3OIIENICHrallMU MTO3BOJISET MEPEHTH K MCIOIB30BaHUI0 (PAKTHUECKOH IUIOTHOCTH Pa3psilioB, a TAKKE C BBICOKOM
CTENEHBbI0 TOYHOCTH OMNPEAEIATh MECTO ylapa MOJHHUNA B 3emMimo. Tak, 3a rpo3oBbie ce30Hbl 2019 u 2020 rr. ¢
nomompio  gaHHeiX cetd Blitzortung wamu Obut OOGHApyXXEHBI JECATKA MECT TOBPSKICHHA Ha JIMHHAX
anekTpornepenadn Kombckol 3HEProcucTeMBI.

B HacTosmee BpeMsi HaMe4EHB! HAIPABJICHUS PACHIMPEHUs CETH TPO30MNEICHTANH sl YBEITUUCHNS TOYHOCTH 1
3¢ peKTuBHOCTH OOHApyXXCHUS YAAapOB MOJHHH B Ha3eMHBIC INPOBOJHBIE KOoMMyHHKauuu CeBepo-3amagHoro
peruona Poccun. K rpozoBomy ce3oHy 2021 r. emé msTh IpO3OINEIEHraTOpOB IMPEIINOJaracTcsi YCTaHOBUTh Ha
TeppUTOpUU ApXaHTeiabckoi 1 MypmaHcko# obnacteit u PecryOonuku Kapemnnsi.

PaGota BeImonHeHa npu (HUHAHCOBOH mojiepx ke [IporpaMMbl HpPUrpaHUYHOrO coTpynHHYecTBa KosmapkTHk
2014-2020 (mpoextr KO2011 ARINKA - MH]pacTpyKTypa apKTHYECKUX JKeJIe3HBIX T0por B pernoHe KonapkTHk).
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Co-variations of geophysical agents and physic-chemical properties of the skin in
examinees on arch. Spitsbergen

N.K. Belisheva, N.L. Solovievskaya

Research Center for Medical and Biological Problems of Human Adaptation in the Arctic of the Kola Scientific
Center of the Russian Academy of Sciences, Apatity, Russia

Background: The geophysical feature of arch. Svalbard is its location in the polar cusp region (Tsyganenko, Russell,
1999), where open lines of the Earth's magnetic field are associated with lines of the interplanetary magnetic field
(IMF), which allows the accelerated plasma of the solar wind (SW) to burst into the magnetosphere and penetrate
into the ionosphere (Chen, Fritz, 2005). The entry of solar particles in the cusp region generates to multiple
geophysical phenomena manifected in the wave characteristics of variations in the geomagnetic field (GMF)
(Kozyreva., 2013), as well as in the behavior of the atmospheric electric field (AEF) (Kleimenova et al. 2012;
Frank-Kamenetsky et al., 2012). At high latitudes, during magnetically disturbed and quiet times, regardless of the
time of day, the pulsations of the AEF and GMF have the same spectrum (Kozyreva, 2013). Despite the fact that the
frequency of fluctuations of geomagnetic pulsations coincides with the range of low-frequency biological rhythms,
and variations in the gradient of the potential of the vertical electric field (Ez) should be highly bioeffective, the
mechanisms of influence of geophysical agents (GA) on biological systems remain unclear.

Obijective: The purpose of the study is to assess the degree of coincides between variations in GA and fluctuations
in the physic-chemical properties of the skin, detected by bioelectrography and by measurements of electrical
activity of the skin (EAC) in examinees during experiments on the arch. Spitsbergen.

Methods: The study was conducted from July 30 to August 18, 2018 with the involvement of 43 volunteers. The
physic-chemical properties of the skin were assessed on a daily on the basis of measurements of electrical activity
skin (EAC) by using the REACOR complex (Belisheva et al., 2018), and by the bioelectrography indicators (gas-
discharge visualization - GDV) (Korotkov, 2001; Solovievskaya et al, 2019), using the "GDV-compact™" pulse
analyzer. These methods of detection indirectly characterize the physic-chemical properties of the skin, which are
supposed to play an important role in the reactions of the skin to exposure to physical agents (Ulashchik, 2018).
"GDV-compact" registers on the photographic material the glow of a gas discharge arising near the surface of the
object (fingers) under the pulsed action of a high-intensity electric field. The main role in the formation of GDV-
grams belong to physic-chemical and emission processes, which depend on changes in the total impedance,
structural and emission properties of the skin, etc. (Korotkov, 2001). Glow images were processed using the "GDV
Energy Field" program, which converts GDV-grams into indicators of area (S), shape factor (Kf), entropy (E) of
glow. The characteristics of geophysical agents for the studied period of time were selected on the site
http://nssdc.gsfc.nasa.gov/. The data on the neutron monitor station in Barentsburg were obtained at the cosmic ray
laboratory at the Polar Geophysical Institute of the Russian Academy of Sciences (Apatity, Murmansk region). All
data were statistically processed using the STATISTICA 10 software package. Correlation coefficients were
considered significant at p <0.05.

Results: The assessment of the degree of coincides between the variations of daily values of the averaged indicators
of EAC, GDV grams and the daily average indices of GA revealed significant (p <0.05) correlation coefficients
between them. EAC indices correlate with GDV gram indices: S and Kf (correlation coefficients r = -0.64, r = 0.58,
respectively). Significant correlations were revealed between EAC and GA: the tension of the interplanetary
magnetic field (IMF) and IMF vectors (Field Magnitude Avg, r = 0.75; Magnitude of Average, nT, Field vector, |
<B> |, r = 0.57; sigma-B r = 0.53; sigma-Bz r = 0.61); the temperature of protons in SW (Proton temperature, r =
0.53), variability of SW (sigma-V r = 0.49; sigma-phi-V, r = 0.49); properties of CB plasma (Plasma beta r = -0.66;
Alfven mach number r = -0.71); Wolf numbers (R r = 0.73); index of geomagnetic activity (ap-index, nT, r = 0.53).
The significant (p <0.05) correlations were revealed between GDV-grams parameters and the same indices GA as in
the cases with EAC. In addition, significant correlations were revealed between S, Kf and protons in SW: PROT
Flux> 10 MeV, r = -0.53, r = 0.59; between E, S and the count rate of the ground neutron monitor in Barentsburg, r
=0.47,r=0.62.

Conclusion: The correlations between of EAC and GDV indices and the same GA indicators manifest co-variations
of the GA and the physic-chemical properties of the skin, possibly due to changes of skin electrical properties under
the influence of fluctuations in the potential gradient Ez. It can be assumed that physical phenomena in the region of
the polar cusp genetate fluctuations of the AEF, which is a link between the effects of IMF, SW and changes in the
properties of the skin in examinees on arch. Spitsbergen.
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Features of manifestations of millennial-scale solar variability in tree rings from
northern Fennoscandia: The end of the Holocene?

E.A. Kasatkina?, O.1. Shumilov! and M. Timonen?

nstitute of North Industrial Ecology Problems, Kola Science RAS, Apatity, Russia
2Natural Resources Institute (LUKE), Rovaniemi, Finland

There is growing evidence that the Sun is one of the main drivers of the Earth’s climate in the past. Therefore,
question about the Sun’s role in modern and even in future climate variability iS now a hot subject of discussion,
especially in the context of the problem of modern global warming and the possible approaching new Grand Solar
Minimum with Little Ice Age climate conditions. To investigate the possible Sun-climate connection during the
Holocene the super-long tree-ring chronology covering the period from 5634 BC and 2007 AD was analyzed. The
chronology consists of more than 1200 series including ones from sedimentary archives of small lakes in the region
of northern Fennoscandia (68°- 70°N, 20° - 30°E). All series were dendrochronologically dated to calendar years. As
indicator of solar activity we’ve used a reconstruction of total solar irradiance (TSI) covering 9300 years which is
based on the cosmogenic radionuclide Be™10 measured in ice cores. The application of MTM-spectrum and wavelet
decomposition analysis showed significant (p>0.01) solar periodicities in tree-ring width variability such as the
Gleissberg cycle (~ 50-140 yr), the Suess/de Vries cycle (~200 yr), the Eddy cycle (~ 1000 yr) and as well as the
Hallstatt cycle (~ 2300 yr). To examine the relationship between tree’s growth and solar activity, the cross-wavelet
transform and wavelet coherence analysis were applied to the time series. The strongest cross-wavelet correlation
was discovered between the millennium-cycle components of TSI and tree-ring width variations. This Eddy cycle,
which was recently discovered in solar activity, remains both strong and stable during the mid Holocene and almost
dissipated during the past two millennia. What does it mean: the end of the Holocene and transition to the next
glacial period? The answer to this question requires additional studies of millennial-scale variations in the Sun-
climate relationships using different reconstructions of solar activity and climate changes. In any case, the results
presented confirm the complex and nonlinear nature of the Sun-climate relationship during the Holocene epoch.

Sensitive plants and some random processes monitoring during calm space weather months
P.A. Kashulin, N.V. Kalacheva
Polar Alpine Botanical Garden-Institute, RAS

According to S. Shnoll discovery the external effects presumably of cosmic provenance capable to influence
terrestrial physical events including random processes in terms of so called macroscopic fluctuations. On the other
hand, the numerous data obtained by plethora of authors suggest that Solar and cosmic influence can directly or
indirectly via atmospheric processes etc. to modulate various biological systems. To explore the question the diurnal
observation of the physiological reactions in the plant meteosensitive species was carried out in parallel with a
number of physical processes. The Marantha leuconeura stem - petiole angles were measured twice daily
throughout 2020-2021 yrs. To detect the plausible exogenous influence among the nonliving objects the various
physical systems and random processes run were used. Those were as follows: hourglass, generator of random
numbers by SRP-285I1 “CITIZEN”, two kind coins tossing. The data obtained analysis showed the presence of
eigen temporal structure particular in each class of objects as well as common features. In physiological
performance of the biological objects and in the physical systems the specific temporal structures were revealed.
Among the common features the day-to-day cycles are found, among those the fortnight, ceptan, semiceptan were
pronounced most. The signature of the rhythms in turn points on external cosmic modulation of the both systems,
those are presented in plant long-term physiological activity and in repeatedly occurred random processes.
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Tree growth response to large eruptions of Icelandic volcanoes at
Fennoscandia during the Holocene

O.1. Shumilov?, E.A. Kasatkina®, M. Timonen? and D.V. Makarov!

Ynstitute of North Industrial Ecology Problems, Kola Science RAS, Apatity, Russia
2Natural Resources Institute (LUKE), Rovaniemi, Finland

Major volcanic eruptions can inject huge amounts of volcanic dust, sulfur dioxide and water vapor into the
atmosphere reducing the transparency and preventing the penetration of solar radiation to the earth’s surface. Our
previous findings established a significant decrease (over 7 years) in polar tree growth after the most powerful
(VEI>5, Volcanic Explosivity Index) volcanic eruptions over a period of 1445-2005. The analysis was based on the
tree-ring chronology developed from pine samples collected near the northern tree line on the Kola Peninsula
(Loparskaya station: 68.6°N, 33.3°E). It was shown that the low and mid-latitude eruptions had the greatest impact
on tree growth in polar region. By contrast, the eruptions of high-latitude Icelandic volcanoes did not affect
significantly on tree growth at Kola Peninsula. However, the recent eruption (VEI=4) of the Eyjafjallajokull volcano
in southern Iceland in March 2010 produced an ash plume that disrupted air traffic throughout most parts of Europe.
Super-long (~ 7500 yr) tree-ring chronology from subfossil pine wood taken from northern Fennoscandia (68°-70°N,
20°-30°E) give us a possibility to expand the analysis further back into the Holocene. A superposed epoch analysis
indicated an absence of any significant impact of powerful (VEI>5) high-latitude Icelandic eruptions on tree growth
over the last millennia. Cluster analysis allowed us to identify areas of Fennoscandia with different tree-ring width
responses to the Icelandic Laki (VEI=4+, 1783 AD) and low-latitude Huaynaputina (VEI=6, 1600 AD) volcanic
eruptions. Possible reasons and mechanisms are discussed.

COVID-19: oco0enHocTH NaHAeMHHU B YCJIOBHUSAX I1002JbHOT0 MUHUMYMA COJTHEYHOI AKTHBHOCTH
M.B. Parynsckas
H3MHUPAH, Mocksa, Poccus, ra_mary@mail.ru

ConHedHast aKTUBHOCTh ¥ HHTEHCUBHOCTE Y D-H3Ty9YeHUST UMEIOT TIEPHOABI Pa3IMYHON IITUTEIFHOCTH, U3 KOTOPBIX
HanOOIIBIIIee MUICMHOIIOTHIECKOE 3HAYCHHE NMEIOT OKOJIO 1 1-ITeTHHH KT U 0K0I0-100 JIeTHHI UK JHHAMUKH.
Taxkas ke DUKITHIHOCTh XapaKTepHa T KOCMHYECKHX JIydel. PerynsaTopHsie MexaHU3MBI OHOC(hEphl OTKIMKAIOTCS
KaK Ha BBICOKHE, TaK W HAa HU3KHE MEepHOoAbl coMHEeYHOH akTmBHOCTH (CA), MEHSETCS TOJNBKO YICINBHBIH BKIAL
OCHOBHBIX ICHCTBYIONINX (PaKTOpPOB KocMuueckoil moromsl [1]. B makcumyme CA cymiecTBEHHBIM OKa3bIBACTCS
BKJIaJ BapHalMii TEOMArHUTHOTO TIOJIsA, Bapwaluil yiabTpaduoneroBoro wusiaydeHus CoyiHIIA M COJTHEYHBIX
it PR KOCMHYECKHX JIydeld, a B MHHUMYME Ha POJIb OCHOBHOTO PETYISITOPHOTO
2 OHOTPOMHOTO (haKTOpa MPETCHAYIOT TATAKTUYCCKHE KOCMHUYCCKUE JIy4H
n = s ¥ [2]. B Poccun pasuuna 3a6onesaemoctd OPBU U rpunnoM B MakCUMyMe
= u muanumyme CA cocrapnsier 6onee 26 MILIMOHOB 4enoBek (Pucynok 1,
nanasie POCCTAT u USMUPAH).
B 2019-2020 romax HabMIOmANCS OTHOBPEMEHHEIH TITYyOOKHH MHHUMYM
KBa3M-CTOJIETHETO M MUHUMYM | 1-JIETHEro IMKJIa COTHEYHOH aKTHBHOCTH.
OTO CKa3aJoCh Ha SUHISMHOJOTHYECKOH o00CTaHOBKE B MHpe, U

27 29 30 29

I Yuecno nateH 150 OCOOEHHOCTSIX  TE€YEHMH  IaHAEMHU COVID-19. B nmoknanme
LM b paccMaTpHBAaIOTCS TPU OCHOBHBIX (haKTOpa, MOIYJIHPYIOUINX Pa3BUTHE
. 3 3 oS

100 MaHAEMHAH: JUHAMHKA COJIHEYHOH aKTUBHOCTH MW  TaJaKTHYECKHUX

P ’
/{ ,Té KOCMHYECKHUX Jy4el, TeHoreorpauaeckoe pacrpeneneHue HaceiaeHus (B

3 4
")‘ P\f}»l,-r\_-. w YACTHOCTH, XapaKTEepHbIE U1 MAaHHOM MECTHOCTH TaIUIOTPYMIbI), U
o Tonb e~ T TEMIIEPAaTYpPHbIA PEXUM OKpyskatomiell cpesibl. OcOOEHHOCTBIO NaHIEMUH

COVID-19siBnisieTcst 3HauuTeN bHAS BapHaOeIbHOCTh YHMCIA JIETATBHBIX
UCXOZI0OB Ha | MIIH HaceleHHs B pasHbIX CTpaHax. MakcuMajbHbIE 3HAYCHUs JETAIbHOCTU HAOIIONAIOTCA B
0J1aromnoay4YHbIX CTPaHAaX C BBICOKMM YPOBHEM DPa3BUTUS U OpraHU3alMu MeguluHbl. IIpu 3TOM camble cTporue
KapaHTHHHbIE MePbI OKa3bIBaloTCsl Hed()(EKTUBHBIMU: B IIEPBYIO BOJIHY OTHOCUTENbHAs cMepTHOCTS B llIBenuu Oe3
JoKzayHa Oblia B 4-5 pa3 Huxke, yeM B Mcnanuu u Mtanuu ¢ )K€CTKUM JIOKJAyHOM. A OTHOCUTEJIbHAS JICTAILHOCTD

B Mpane u Poccun u ceituac B 5 pa3 meHblre, yeM B BenukoOpuranuu m benbrum (B mepBylo BOJNHY pasHHLA
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cocTaBisiia Oonblie nopsaka). IlapagokcanbHast pa3HHULA B JIETAILHOCTH TpeOyeT rmoucka GpakTopoB, HE CBSI3aHHBIX
C SMHUJEMUOJIOTUYECKIMU MEPaMH U MEAUIIMHCKUM 0OCITy)KMBaHHEM B KOHKPETHOH cTpaHe[3].

AHaiM3 CTaTUCTUYECKHMX JAHHBIX MOKasaj, uro Tekymas nanaemus COVID -19 Hanbonee TsOKeNo MpoTekaer B
CTpaHax ¢ AOMHHaHTHOI ramnorpymnnoit R1b (Mcnauus, Benbrus, BenmukoOputanus, Opanuus, ceBepHas Uranus,
IBeftapus, gactnuno — CIIIA). T'enermueckne Bapmammy OOBICHSIOT PAa3iNdds B CHJIC UMMYHHBIX PEaKIHA
JeHKOIUTAapHBIX aHTHTeHOB [4]. Ha eBpomneiickoii Tepputopnn Poccnn nomuHaHTHOH Tamorpymnmnoit seisercs R1a,
JUIT KOTOPOM OKAa3aJloCh XapaKTEepHO ObICTPOE pa3BUTHE SHHUACMUM TNPH HU3KOHW JIETAIBHOCTH M OOJIBIIOM
KomdecTBe OeccuMNTOMHBIX OonmbHBIX (Poccms, gactmuno —Iepmanms, Muanms, Mpan). B ceBepHBIX 00macTsax
Poccun ynemsHbIli Bec Rla coxpamaercss moutHm BaBoe, ycrymas Mecto ramrorpymme Ncl. Pasmmuaus B
TEHETHIECKOM COCTaBE HACETICHHUS MOXKET OOBSACHNUTH CYIIECTBCHHYIO Pa3HHILY Pa3BUTHSI IIEPBOM BOIHBI STIHIECMHUH
COVID-19 8 Mockge u Cankr-IletepOypre.

B Gmmxkaitnne 30 et mpeanonaraeTcsi COXpaHeHHe KpaifHe HU3KOW COJIHEYHOM aKTHBHOCTH. B 3ThX ycnoBusix
MOXHO OXHIATh JBYKPAaTHOE yBEIWYEHHE YHUCIa MaHAeMuid (Kaxaple 5-6 et BMecto 10-11 5eT) ¢ BhIpakeHHBIMHU
reHoreorpaduuecKuMU OTIMYHUSIMH B Pa3BUTHH JIOKAJIbHBIX SMHIEMUI.

Kniouesvie cnosa: nandemuu cpunna, SARS-CoV-2, zannozpynnet R1b u Rla, sxcmpemymol conneunoii akmusnocmu,
yavmpaguonemosoe usnyuenue, KocMudecKue ayuu

1. Paryneckas M.B., O6punxo B.H., Xpamosa E.I'. ['anaktuueckue ¢axropsl, mononoe CoinHie, 3eMist 1 OHOPU3UKA KHUBBIX
cucreM // Buodusuka, 2020, T.65, Ne4, C.804-817

2. Parymbckas M.B., Bemmmesa H.K. Kocmudeckue Iydd Kak (akTop SBOJIOMHOHHOrO ordopa // Pushka aBpOpallbHBIX
sBiennii, 2019, C.250-252

3. Ragulskaya M.V. Space weather and COVID-19 pandemic genogeography // J Nov Physiother Phys Rehabil, 2020, V.7,
Is.1, P.031-032

4. Nguyen A., David J.K., Maden S.K., Wood M.A., Weeder B.R., Nellore A., Thompson R.F. Human leukocyte antigen
susceptibility map for severe acute respiratory syndrome coronavirus 2, J Virol, 2020, V.94, DOI: 10.1128/3V1.00510-20

76



AUTHOR INDEX

A
ADBUNIN ALA. e 67
ADBUNING MLAL e 67
AKhMELOV O.1. oo 37
AKSENOVICh TV, i 19
ANArEEVA VLA .ot 27
ANAriyanov AF. ..o 68
ANONENKO O.V. ..o 53
ANtONOVA E.E. ..., 25, 27
APAtenkoV S.V. ..o 17,24
Artemyev AV. ., 14, 26, 30, 33, 40
Asamura K. ... 37
Aslam O.P.M. ..o 42
ALANASSOV A ..o 18
B
Babaykina K.V. ... 61
Baddeley L. ..o 36
BaiShev D.G. ....ccooiiieeee e 30
Balabin Yu.V. ............... 46, 47, 49, 50, 51, 68, 69, 71
Barkhatov NLA. .....oooveiiiieee e 19
Barkhatova O.M. ........cccceiiiiiiiiiece e 20
BarysheV P.E. ..o 64
BaSe J. oo 54
BEKKEI S.Z. v 53
Belakhovsky V.B. ......ccccoeeivivvcvieiiennn, 37, 38, 61, 69
Belisheva N.K. ..o 73
Bespalov P.A. ..o 29
Bessarab F.S. ...ccocoiieiiciiiceece e 55, 60
Bhargawa ASheesh ... 45
BIaNd E.C. ..o 36
BOJIlOVa R. ..o 15, 18
BOriSENKO AV, ..oooiieeceee e 44
Budnikov P.A. ..o 64
BUISEV AV, e 72
Bychenkov P.A. ..o 53
C
CherniakoV S.ML. .....ooeeeiiieecee e 58, 65
Chernyaeva S.A. ..o 24
Chernyshov ALA. ..o 29, 34, 60
Chugunin D.V. .o 29, 34, 60
ChUM J. e 54
Comedi E.S. ..o 41
D
Danilova O.A. ..o 41
Dashkevich Zh.V. ..o, 54
de Haro Barbas B.F. .........coocevvviveieiieceee e 41
Demekhov A.G. .....coceevviiieecee e, 30, 31, 36, 37
DeMIN V. oo 68, 69, 70

DemKIiN V.M. e 68
Despirak LV. ..o 12,13, 15
DiVIN AV, oo 18
Dolgacheva S.A. ... 55
Dolgova D.S. ..o 20
E
EFiShOV L1, oo 17
ElAaS ALG. oo 41
Ermakova E.N. .....ooovieiiiieeeecee e 38
EseleVich MLV, ..o 22
EseleVIiCh V.G. ..o 22
F
Fedorenko YU.V. ..o 23, 35, 53, 64
Fedorov E.N. ....ccoooiiii e 35
Fedorov LE. ... 14
Fedotova E.A. ..o 71
Filatov MLV, oo, 17, 23,59, 62, 64
FrantSuUZOV V. A. .....oeiiiiiiiiiiiiiivieeivevvvseeeseesesssssssnnnnns 30
FUJIT R, e 31,59
G
Germanenko A.V. ......... 46, 47, 49, 50, 51, 68, 69, 71
GONZAIBZ J. ..o 25
GordeeV E.l. ....ooovvvveeiiiiiie e 17, 24, 57
GraCh V.S, e 31
GromOV S.V. ..o 14, 47
Gromova L., ..o 12, 14, 47
GUINEVA V. .ooviceeeceeceeee e 12, 13, 15, 18, 55
Gutierrez Falcon AR, ....ooooeeeiieeeeeee e 41
Gvozdevsky B.B. ................ 42, 46, 47,50, 51, 68, 69
H
HajoS M. oo 30
[ 0] (T PSRRI 37
Hosokawa K. ........ccoovviiiiiiee e, 16, 31, 59
|
16VENKO 1.B. e 25
ISMagilov V.S. ..o 39
IVANOV V.E. ..o 54
J
JINY e s 61
K
Kalacheva N.V. .....oovoiiiicee et 74

77



Kalashnikov YU.V......ccocveiiiiee e 20

KalegaeVv V.V. ..o 26
Kalinin MLS. ..o 42,48
Kalishin ALS. i 63, 64, 65
Kamaletdinov S.R. ..o 33
Kapustin V.E. ..o 23
Karpachev AT, ..o 55
KaSabha Y. .oociiiiciicriecteece e 31
Kasahara S. ......cccccvveviiiiiiieiie e 37
Kasahara Y. .....cccccevvivieiiiiicveeenen, 29, 30, 31, 34, 37
Kasatkina E.A. ......oooiiiiiiecce e 74,75
Kashulin P.A. ..o, 74
Kataoka R. ...cc.covvveeiiiiieece e 31
KEIKA K. i 37
KhalipoV V.L. .o 32
KhOMUEOV S.YU. oo 22
KIMH. o 37
Kirillov A.S. ..o, 53, 55, 68, 69
Kirpichev LP. ..o, 25, 27
KISEIEV A V. oo 65
Kleimenova N.G. .......cccceevevviiiiineeennen, 12,13, 14, 35
KIMENKo M.V, oo, 55
KIMENKO V.V, e 55
KIMOV P.A. oo 62
KOIPaK V.l .o 29
KOpYIENKO YU.A. .o 39
KOStOV M. oo 41
Kozelov B.V. ....13, 21, 54, 56, 62, 63, 64, 65, 69, 70
KOzelova T.V. e 13
KOzIOVSKY ALE. ..o 53
KOozyreva O.V. ..o 36
Krainev M.B. ......coooiiiiiiiee e 42,48
Krasheninnikov LV. .......ccccoeviivieiiiii e 63, 65
KShevetsKii S.P. ...ccooieeieeiceeee e, 56
Kugusheva A.D. ... 26
KUBTKOV Y.Y . oo 68
Kumamoto A. ..., 29, 31, 34, 37
KUrdyaeva Y. A. ..o 56
KUMTA S, i 16, 31, 59
Kuznetsova M.V. ... 35
L
Larchenko AV. ..o 23, 35, 64
Leonovich A.S. oo 32
LOSEV AV, i 12, 13,70
Lubchich A A ..o, 12, 13, 18, 36, 37
Lubchich V. A. e, 39
LUKIN AS. e 33
LunyushKin S.B. ..o 23
M
MakaroV D.V. ..o 75
MaKaroV G.A. .....oooeieieeeeee e 15
Malova HV. oo 22
Malysheva L.M. .....c.cccovviiviininiiniee e 12,14
ManeV AP, . 42

78

Manninen J.K. ...ccccooiiiiiiiiieeee, 30, 34, 35, 36
MannineN J.T. oo 34
Martinez-Calderon C. .......cccccvvveveeeivieccieeiiiens 30, 34
Matsuda S. ....ccveveieee e 30, 31
MatSUOKA A. ...ocvveieeieie e 30, 37
Maurchev E.A. .....ccoveeveenee 46, 47, 49, 50, 51, 69, 71
Mazur NLG. oo 35
Melnik M.N. (e 22
MErzZIYi AIM. oo 63, 65
Meshalkina N.S. .....c.ccooviiiiiiicce e 44
Mihalko E.A. ..o, 46, 47,68, 71
Miloch W.J. oo, 60, 61
Mingalev LV. ..o 22,37,63,65,70,71
Mingalev O.V. ..o, 22, 37
Mingalev V.S. ..o, 70,71
Mirmovich E.G. ..o 63
Miyoshi Y. ..o, 16, 30, 31, 37, 38, 56, 59
Mogilevsky M.M. ..o 29, 34, 60
MOISEENKO L.L. .ocovevieiieiee e 34
MoldavanoVv AV. ... 43
MUravieva T.A. oo 69
N
Nair DEVI R. oo 44
NQGOobeni M.D. ..o 42
NIKItenko A.S. ooovieeecececeecee e 30, 35, 36
Nikolaev AV. ..o, 16, 55, 57, 64
Nikolaeva V.D. ....ccocoveiiiiice e 57
NOR S.J. o 37
NOVIKOV S.V. i 64
O
OBrIdKO V.NL e 52
Ogawa Y. oo 16, 31, 59
OINAIS AV, oo 20
Orlov K.G. oo 70,71
Ovehinnikov LL. ..o 25
Oyama Sh.-l. ....cccoeveveieiiieieie, 16, 31, 56, 57, 59
OZaKi M. oo 30, 31
P
Panchenko V.A. ... 66
Parkhomov V.A. ..o 22
Parnikov S.G. ... 25
Pasmanik D.L. .....ccccooiinniinicneeeeee s 30
Penskikh YU.V. .o 23
Petrov M.O. ..o, 65
Petrukovich ALA. ..., 26, 33
Pilgaev S.V. .. 23, 35, 64
Pilipenko V.A. ..o, 35, 36, 38
PIpIN V.V, s 52
Plaksina M.O. ....ccooeiiriiicieccie et 58
Podgorny AL oo 44
Podgorny L.M. ..o 44


https://istina.ipmnet.ru/workers/2635579/

PodolISKa K. ..oooviiiiiiiiiiie e 54
POPovAa T.A. i 37
Potgieter MLS. ..o 42
PrinCe P.R. it 44
PHItSYNa N.G. ...coeieieiicecece e 41
PUlINES MLS. v 25
R
RadieVSKY A.V. ..o 60
Ragulskaya M.V. ..o 75
Raita T. oo 16, 22, 31
Rakhmatulin R.A. ..o 22
RatoVsKY K.G. ..ot 55
Raykova L. ....cccocoovvviviicie e 15, 18, 45
ReVUNOV S.E. ..o 20
Revunova E.A. ... 19
ROQgOV D.D. ..o 16, 57, 64, 67
Rojas Gamarra M. ......c.ccccovvevieiinin e 25
Roldugin A\V. ..o, 12, 21, 23, 56, 58, 62, 64
ROIAUGIN V.C. oo 58
Romanova NLYU. ..o 66
Romantsova T.V. ..o 34
ROZANOV E.V. ..o 55
Rozhdestvenskaya V.. ..., 52
Rozhdestvenskii D.B. ......c.ccccocvvvieiiiiiiee e, 52
RUSZ J. oo 54
Ryabov AV, e 38
RYSKINV.G. oo 68
S
Safargaleev V.V. o 59
Sakharov Ya.A. ...c.ocoveeviieceeee e 17, 63, 65, 72
7 10150) 11 G © R 30
SCUF L.l e 47
SDI-3D project Members .......c.ccoceeererrienenieenieenne 57
SAOBNOV V.E. ..o 41
Selivanov V.IN. . 19,72
SEMENOV V.S, e 18
Serebrennikova S.A. ... 65
SErgeeVv VLA, e 16, 27
Sergienko T.l. o 59
SEtSKO P.V. oot 12, 13, 22
Shagimuratov L1 ..o 17, 23,59
Shapovalova YU.A. ..o 23
Sheiner O.A. ..o 60, 67
SheveleV MM ..o 40
Sheveleva D.A. ... 17
Shibalova A.S. ... 52
Shinohara l. ......ccocevveiiiiiccce e, 30, 31, 37
Shiokawa K. .......cccocoveiiiiccieieccc e, 30, 31, 38
ShiShaeV V.A. ..o 68, 69
ShOJi M. 37
ShUubIN V.NL e 63, 65
Shukhtina MLA. ....oo i 16
Shumilov O.1. oo 74,75
ShUSEOV P.l. oo 14, 26, 30

ShVELS MLV, e 23

SIDECK D.G. oo 32
Sigaeva KiF. oo 62
SINEVICh ALA. oo 60
SINGN ALK o 45
SKIOtIS ELl. vviiiieiieccrecce e 62
SOKOIOFF D.D. weooveecieeciece et 52
Solovievskaya N.L. ......cccccoovviviieiinieiere e, 73
SOrmMakov D.A. oo 27
SOtNIKOV NV, e 25
StepanoV NLA. o 16, 27
Stepanova MLV, ..o 25
STOBV AL e 41, 45
STOBVA P. e, 41, 45
SUKhodolov T.V. e 55
SUVOIOVA Z.V. oo 37,65
Svirzhevskaya AK. ....cccooiiiiiiieeece e 48
SVirzhevsky NLS. o, 48
T
TaIShITO M. oeeiiii e 16
Takashima T. ..ccoooviiiiiiciee e, 31
Talalagv AB. ....ooooveeeeeceece e 63, 65
Telegin VLA o 52, 66
Tepenitsyna N.YU. oo 17,59
TIKhoNoV M.V, ..o 63, 65
TIKhONOV V.V, oo 63, 65
TIimChenko AV, e 60
TIMONEN M. oo 74,75
TIOVA E.E. e 36
TSegmed B. ..o 22
Tsuchiya F. oo 29, 31, 34, 37
TUIUNEBN E. e 31
TUPUNEN T e 34
Tyasto M.l .o 41
U
UgryumoV YU.V. oo 64
UV VAL et 67
Undalova .S, .....ccooiiiiie e 19
Vv
R 2 11=A N T 18
Vasilyev R.V. .o 20
VasKo LY U. v 33,40
VESNIN AM. oo 65
Vorobjev V.G. ....cooviviiiieeee, 19, 20, 25, 27, 66
VYDOINOV F.l. o 60
w
WaNG R. oo 33
Werner R. ..o 12, 13, 15, 18, 55

79


https://istina.ipmnet.ru/workers/80990795/
https://istina.ipmnet.ru/workers/387276/

Y

Yagitani S. .ooveveieiecrcec e 31
Yagodkina O.l. .....ccccvevvvveieieinnn, 19, 20, 25, 27, 66
Yahnin A.G. oo, 22,28, 37
Yahnina T.A. oo 28
YaKimova G.A. ..o 59
Yanakov AT, .o 63, 65
Yasyukevich YU.V. ..o 55, 65
(0] 0] 7= TR 37
YUK RY U oo 23
YUSHKOV E.V. oo 33
Z
Zagainova YU.S. ...c.ccceviveiiciee e 47
ZAISEV LV, oo 18
Zakharenkova LE. .........c.ccooiviiiiiiiciieccee e, 17,59
Zelenyi L.IM. oo 22
Zhang Xo-J. oo 26
Zhbankov G.A. ..o 66
Z0SSIE B.S. i 41

80



81



MOJSIPHBIA TEO®U3UYECKUNA MHCTUTYT
183010, r.Mypmanck, ya. Xaxrypuna, 15

POLAR GEOPHYSICAL INSTITUTE
15, Khalturina str., Murmansk, 183010, RUSSIA




