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A comparative study of the response of NmF2 and GPS-TEC to some Geomagnetic Storms at
Hlorin, Nigeria

J.0. Adeniyi', B.W. Joshua®

' Department of Physics, University of Ilorin, Ilorin, Nigeria
’Department of Physics, Kebbi State University of Science and Technology Aliero, Kebbi State, Nigeria

A comparative study of the variations of both TEC and NmF2 under quiet and disturbed conditions has been
undertaken in the African sector of the equatorial ionosphere. Simultaneous measurements from dual frequency
Global Positioning System (GPS) receiver and a DPS4 Digisonde co-located at Ilorin (Geog. Lat. 8.50°N, Long.
4.50°E, dip. -7.9°) were used for this study. GPS TEC and the F2-region ionospheric peak parameters (NmF2 and
hmF2) from the Digisonde were used to investigate the ionospheric response to some moderate storms which
occurred during May and April, 2010. The results showed that quiet time variations in TEC and NmF2 show some
similarities in their pattern, rising in values with sunrise attaining a peak and then decaying towards the night time.
Some differences were however observed in the morphologies of the two parameters. The onset time of the rise is
observed to be earlier in TEC than in NmF2, the rate of decay in TEC appears to be faster than that of the NmF2
most of the time, noon ‘bite-outs’ leading to the formation of pre-noon and post-noon peaks, are prominent in NmF2
than in the TEC. Results from the storm time study revealed simultaneous deviations in both TEC and NmF2 from
the quiet time pattern. The deviations from quiet time behavior were higher in the NmF2 (about -73 to 674%) than
the TEC (about -31 to 112%). In most cases, increases in TEC/NmF2 values were observed during the main phase
of the storm events, with corresponding decrease in hmF?2 values.

The response of the ionospheric F2 layer peak parameters around the crest of the EIA to
Geomagnetic storms

J.0. Adeniyi', B.W. Joshua®

'Department of Physics, University of llorin, Ilorin, Nigeria, e-mail: segund7@yahoo.com
2Department of Physics, Kebbi State University of Science and Technology Aliero, Kebbi State, Nigeria,
e-mail: benjaminjoshua7@gmail.com

The equatorial electrodynamics is known to play a vital role in the distribution of ionization at the equatorial/low
latitude ionospheric region; it is responsible for the formation of the equatorial ionization anomaly (EIA). The EIA
is characterized by the formation of two crests of ionization around £20° magnetic latitude with a trough at the
equator. This study investigates the response of the ionospheric F2 layer over four equatorial/low latitude stations to
three (two moderate (Dst > - 100 nT) and one strong (Dst = -100 to -150 nT)) geomagnetic storms. Two stations
were chosen on either side of the geomagnetic equator, such that they fall within the same or a close range of local
time. Results from the study show similarities in the response of NmF2 from all the stations to the storm events;
both positive and negative phases were recorded from the two stations. The highest percentage change in NmF2 of
about 86 % was recorded at Jeju, South Korea, while that of the main phase (about 160 %) was recorded in
Townsville, Australia. Averagely, depletions in NmF2 dominate all the phases of the geomagnetic storms, except
the strong storm of 30 September — 01 October, 2011. The main phase of this geomagnetic storm corresponds to the
daytime period in all the stations. Results from this study further confirm the dependence of the Ionospheric
response during geomagnetic storms to the local time, longitude and latitude of the stations.

Geomagnetic and ionospheric response to the arrival of the interplanetary shock wave
V.B. Belakhovsky', V.A. Pilipenko’, O.V. Kozyreva’, L. Baddeley®, Ya.A. Sakharov', S.N. Samsonov’

' Polar Geophysical Institute, Apatity, Russia

*Geophysical center, Moscow Russia

*Institute of the Physics of the Earth, Moscow, Russia

‘UNIS, Svalbard, Norway

>Institute of cosmophysical research and aeronomy, Yakutsk, Russia
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The magnetosphere and ionosphere response to the SSC event at 24 January 2012 was investigated using complex
of spacecraft and ground-based instruments. The SSC produce strong increase of the energetic particles fluxes
(40 keV-2 MeV), density, temperature inside the magnetosphere as seen by the THEMIS, COES spacecrafts. The
SSC already is not shock wave in the outer magnetosphere (Ms~= 0.4). SSC produce the substorm development on
the nightside during prolonged positive Bz-component of IMF and generation of Pc4-5 pulsations on the morning
side. In the different MLT sectors of auroral zone SSC produce increase of the TEC (ATEC=20-30%), determined
by the GPS receivers. This response was accompanied by the increase of the electron density at the altitudes
90-200 km as seen from the VHF EISCAT radar in Tromso. So the main contribution to TEC increase has the lower
part of the ionosphere. Obviously the TEC response is caused the particle precipitation into the ionosphere.
SSC produce strong increase of the CNA in Scandinavia and in Svalbard. The strong increase of the aurora intensity
at different spectrum lines (420-700 nm) was registered by hyperspectral camera NARUSSCA II of the
Polar Geophysical institute in Svalbard. The SSC produce strong increase of the GIC at electric power lines of the Kola
Peninsula and Karelia (~30 A).

Influence of solar wind different structure on appearance of different types of substorms
I.V. Despirakl, A.A. Lubchich', N.G. Kleimenova?®, V. Guineva *

' Polar Geophysical Institute, Apatity, Russia
Schmidt Institute of the Physics of the Earth RAS, Moscow, Russia
3Space Research and Technology Institute, BAS, Stara Zagora, Bulgaria

Based on the data of IMAGE magnetometers network, OMNI database by the solar wind and IMF parameters and
the catalog of large-scale solar wind types (fip.//ftp.iki.rssi.ru/omni/) carried a comparative analysis of the conditions
of the appearance of different types of substorms. We analyzed substorms at high latitudes, which were observed in
1995, 1996, 1999 and 2000 on the meridional chain (TAR-NAL) of IMAGE stations. As in previous study, we
divided the considered substorms into 2 types. The first type- the substorms which propagate from auroral latitudes
(<70°) to polar geomagnetic latitudes (>70°) (called “expanded” substorms, according to an expanded oval); the
second type — the substorms which are observed only at latitudes above ~70° in the absence of simultaneous
geomagnetic disturbances below 70° (called “polar” substorms, according to a contracted oval). Total 198
"expanded" and 184 "polar" substorms were registered for 4 years. It is shown that the "expanded" substorms
observed mainly during the high-speed recurrent streams (FAST) and the region of plasma compression before this
streams (CIR) - in 72.3% of cases; in 18.7% of cases - during interplanetary displays of coronal mass ejections
(SHEATH; SHEATH, FAST; EJECTA, FAST); in 7% of cases - during the slow flow (SLOW), and heliospheric
current sheet (SLOW, HCS) and in 7% of cases - without a certain flow. While the "polar" substorms occur, mainly
during the slow flows and heliospheric current sheet (SLOW; SLOW, HCS) - in 68.5% of cases; in 17.4% of cases -
during Ejecta, SLOW and MC, SLOW; in 14.1% of cases - at the end of the high-speed recurrent stream (FAST),
when the solar wind velocity decreases from large to small values.

So, in different conditions of space weather, determined by solar wind large-scale structure, the different types of
magnetic substorms occur. "Expanded", i.e. moving to north, substorms occur, mainly, during high-speed streams
from coronal holes, and "polar" substorms occur during the slow flows and the heliospheric current sheet, as well as
some of the displays of interplanetary coronal mass ejections (ICME).

Azimuthal convection — a key process for magnetospheric reconfiguration during growth phase of
substorm: Results of global MHD simulation

E.L. Gordeev, V.A. Sergeev
Saint-Petersburg State University, e-mail: evgeny.i.gordeev@spbu.ru

The growth phase of magnetospheric substorm is associated with significant redistribution of magnetic fluxes in the
near and middle magnetotail. Generally, the open flux in lobes increases, while the closed flux through the tail
neutral sheet decreases, forming the stretched magnetotail configuration. For today, adiabatic compression of the tail
plasma sheet due to flux loading into the lobes is considered to be the main process responsible for the tail magnetic
reconfiguration during the growth phase. This physical concept is based mainly on the exploration of quasi-
equilibrium evolution of two-dimensional magnetic configurations and qualitatively resembles the observations, that
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is dimming the potentially important and essentially three-dimensional processes. We present the results of global
MHD simulation which manifest the exceptional role of azimuthal convection in formation of the stretched unstable
magnetic configuration in the near and middle tail during the growth phase of substorm. The most intense magnetic
flux transport forms in the dipole-like field lines and directed from the nightside region to the dayside magnetopause
where the active magnetic reconnection is in progress. Magnetic flux transport rate in the inner magnetosphere is
proportional to intensity of the dayside magnetic reconnection and several times exceeds the flux transport rate in
the middle tail. We assume that the non-uniformity of convection rate along the tail may lead to effective stretching
of magnetotail and especially in the region of transition between tail-like and dipole-like configuration.

Observations of substorm auroras by MAIN cameras system in Apatity during the 2015-2016
winter season

V. Guineva', I.V. Despirakz, B.V. Kozelov’

'Space Research and Technology Institute, BAS, Stara Zagora, Bulgaria
2Polar Geophysical Institute, Apatity, Russia

In our work were considered substorms observed during the winter season (2015-2016) system of auroral cameras
MAIN (Multiscale Aurora Imaging Network) in Apatity. Based on the observations of the MAIN network in
Apatity, the data of IMAGE magnetometers network, OMNI database by the solar wind parameters and the catalog
of large-scale solar wind types (fip.//fip.iki.rssi.ru/omni/) we considered substorms, which were observed during
different solar wind conditions. All substorms were divided into two groups: substorms observed during
geomagnetic storms and substorms in non-storm conditions. Every group included several sub-groups.
The substorms during geomagnetic storms can occur during the main storm phase or during the recovery phase.
The recovery phase was divided in near recovery phase and late recovery phase. Another sub-group of the first
group was also introduced, namely “structured recovery phase”, when the SYM/H index behavior was highly
structured. Such cases refer to the so-called “pulsing” or “complicated” storms. The substorms during non-storm
conditions were classified as substorms under quiet conditions, when no structures in the solar wind were observed,
and as substorms happened when structures in the solar wind near Earth were detected, but these structures didn’t
provoke geomagnetic storms. For substorms during the main storm phase or near the SYM/H minimum the auroras
expansion in North direction was observed. While for substorms during the late recovery phase or under quiet
conditions, auroras were appearing near the station zenith or to the North of the station, and the auroras expansion in
South direction was registered. The boundary between these both types of substorm observations in terms of
SYM/H index is in the range 35-50 nT. Therefore, for substorms during a structured storm recovery phase or during
“non-storm conditions with structures of solar wind” auroras may occur to the South or to the North from the station
zenith depending mainly on the SYM/H value.

Ring current development under solar wind pressure pulse
V. Kalegaev, N. Vlasova
Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow, Russia

The ring current dynamics during two magnetic storms on 22-23.06.2015 and on 17-18.03.2015 was studied based
on satellite data analysis and theoretical modeling. It was shown that large-scale magnetospheric convection as well
as substorm-related injections cannot provide the observed magnetic depression at the Earth’s surface during the
main phase of the 22-23.06.2015 magnetic storm. In contrast, the development of magnetic storm on 17-18.03.2015
with the similar Ds? profile can be explained by traditional magnetospheric current systems dynamics, in particular,
ring current development is well described by Burton mechanism. 30-80 keV proton fluxes measured by
POES/NOAA sun-synchronous satellites were used as an indicator of ring current variations. It was shown that ring
current development during initial part of 22-23.06.2015 magnetic storm main phase was provided by prolonged
extremely strong solar wind dynamical impact under northern orientation of the IMF. Extreme pressure pulse caused
intensive non-adiabatic trapped particle radial motion to low L-shells and subsequent ring current enhancement
similar to that taking place due to particle injection from the tail.
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Spectral analysis of geomagnetic variations of some the auroral observatories for ensuring
differential magnetic surveys in the seas in the west of the Arctic region

A.L. Kharitonov
Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation of Russian Academy of Science

For ensuring successful carrying out high-precision differential geomagnetic measurements with the method
of a differential space-temporal magnetometric survey used when performing sea magnetic survey a spectral
analysis of these variations of the variation geomagnetic field in some the auroral magnetic observatories located
along the meridian which is stretched approximately along a meridian on the 25th degree of east longitude, across
the territory of Finland from islands in the west of the Arctic region (island of Spitsbergen) to the coast of the Gulf
of Finland was made. In the report schedules of values of the module of the complete vector of an induction of the
geomagnetic field measured during differential magnetic survey are provided in the Barents sea region, its energy
spectrum of Fourier and a spectrum executed by method of the maximal entropy, and also variations of the
geomagnetic field in the most well working auroral magnetic observatory of "Nurmiyarvi" and some other during
differential geomagnetic measurements in the Barents sea region. From results of the carried-out spectral analysis it
is possible to conclude that in the data of energy spectrum of Fourier and a spectra are available by method of the
maximal entropy of the measured geomagnetic field in Arctic region are five main maxima with spectral amplitudes
of Be = 5 — 40 nT. with the reference periods of anomalies of the measured field equal approximately T1 = 10 sec.,
Bel = 11-25 nT; T2 = 150 sec., Be2 = 3 nT; T3 = 450 sec., Be3 = 5 nT; T4 = 800-1050 sec., Be4 = 30 nT;
TS5 = 3000 sec., Be5 = 30 nT and the sixth maximum with the period (T6) of equal about 40000 seconds, amplitude
about (Be6 > 50 nT), but in spectrum Fourier who is not really well allocated in a range because of the poor length
even of a profile of geomagnetic measurements. That is it is possible to tell that the average amplitude of five
allocated types of anomalies of the geomagnetic field on this profile in the Barents sea region makes around 5 - 30
nT, and for the sixth type of anomalies makes about 50 - 100 nT. From the carried-out spectral analysis of these
geomagnetic variations measured in the auroral magnetic observatories the physical nature of the allocated
geomagnetic disturbances was analysed. As one of examples it was shown that amplitude of variations of the
module of a vector of the induction geomagnetic field in magnetic observatory of "Nurmiyarvi" during differential
magnetic survey on this profile in the Barents sea region changed at most on 20 nT and has the average time period
about T6 =~ 40000 sec. Judging by the period of the variations measured in observatory of "Nurmiyarvi" it is possible
to assume that the sixth maximum (T6) in a spectrum of Fourier of the measured geomagnetic field, the auroral of
magnetic observatories is bound to the most larger on amplitude - half-cycle of daily variations of the geomagnetic
field. However, as show the known estimates, amplitude of this geomagnetic variation was a little strengthened, and
the sign of a variation is changed on counter due to passing of a profile of measurements in a zone of the counter
polar electrical stream (the western and east electrical streams of a polar electrojet) passing at other geographic
latitude than more southern geographic latitude of an arrangement of magnetic observatory of "Nurmiyarvi". From
this it follows that it is desirable that the geographic latitude at which any differential magnetic measurements in the
Arctic region are taken whenever possible corresponded to the geographic latitude of the nearest magnetic
observatories with an accuracy of three hundred kilometers as conditions with existence of various sources of
geomagnetic variations in the Arctic region considerably rigider, than in middle latitudes. Besides, from the given
results, it is possible to assume that anomalies of the first type with an amplitude of 11-25 nT, with period T1 = 10
seconds are bound generally to the hindrances which arose because of the uncontrollable movements on a latitude, a
longitude and a depth of the towed container with the sensor of a magnetometer and there of changes of size and a
sign of deviation hindrances from the ship tower. The second and third type of anomalies of the geomagnetic field
with an amplitude about 3 - 5 nT and periods T2 =~ 150 sec. and T3 = 450 sec., apparently, can be bound as to local
features of geomagnetic disturbances in an auroral zone. The fourth and fifth type of anomalies of the geomagnetic
field with an amplitude about 30 nT and periods T4 = 800-1050 sec. and T5 = 3000 sec., apparently, can be bound to
anomalies of the constant geomagnetic field which sources are in Earth's crust of the Barents sea region.
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Dayside polar substorm behavior: Case study

N.G. Kleimenova', L.I. Gromova®, S.V. Gromov>, N.R. Zelinskyl, L.A. Dremukhina®, L.M. Malysheval,
N.E. Vasilieva'

'Schmidt Institute of Physics of the Earth (IFZ RAN), Moscow
>Pushkov Institute of Terrestrial Magnetism, lonosphere, and Radio wave Propagation, (IZMIRRAN), Troitsk, Moscow

In our previous studies we have identified the specific polar-latitude (>70°) negative bay-like magnetic disturbances
which are observed near the local noon under the northward IMF Bz. These disturbances occur on the contracted
auroral oval similarly to the evening polar substorm. Due to that, we call them “dayside polar substorms” and are
considering the polar-latitude NBZ field-aligned currents (FAC) as their source. To confirm this hypothesis, we
continued comprehensive detailed studies the dayside negative polar magnetic bays and present here the results of
such analysis of the data collected from the IMAGE magnetometer chain including the Svalbard during the initial
phase of the magnetic storm on January 22, 2012. The discussed daytime substorm (09-11 UT) was observed under
the northward IMF Bz and very strong negative IMF By (about -30 nT) with the ratio of |By|/|Bz| ~3. In the
considered time interval, there were no magnetic disturbances in the night side of the Earth as well as in the auroral
latitudes (4L-index < 150 nT). The SUPERDARN data showed the significant change in the high-latitude ionosphere
convection. Before and after the discussed dayside substorm, there was two-vortex convection distribution. When
the IMF Bz became large positive, and the IMF By large negative, the convection vortices weakened. However,
some small additional vortices appeared near noon which could be interpreted as the NBZ FAC occurrence.
The AMPERE data, based on the magnetic measurements on 66 globally distributed low-altitude satellites,
demonstrated the counter-clockwise magnetic vortex above Svalbard stations and very intensive upward FACs
which were surrounded by two layers of the downward currents, located to the north and south. These FACs could
provide the necessary energy for the dayside polar magnetic bay generation. But, the source of these FACs is still
unknown. The wave structure of the considered negative bay represented by several bursts of the ULF non-resonant
pulsations in the Pc5/Pi3 frequency range (2-7 mHz). Similar noise-like pulsations were recorded by THEMIS in the
inner magnetosphere, but not in the IMF. The source of pulsations could be, probably, related with the magnetosheet
turbulence penetrating into the magnetosphere in the day cusp region.

Peculiarities of magnetic field disturbances induced by tsunami 11.03.2011 in coastal zone of Japan
Yu.A. Kopytenko', V.S. Ismagilov', M. Hayakawa’

\SPBF IZMIRAN, St. -Petersburg, Russia;
2Institute of Seismo Electromagnetics, Chofu Tokyo, Japan

Catastrophic earthquake with magnitude M=9 happened 11.03.2011 at 05:46:24 UT near the eastern coast of Japan.
The earthquake epicenter was located ~373 km from Tokyo. In this work, we investigated magnetic field variations
induced by tsunami movement. Data of six three-component magnetic stations situated in the coastal zone of Japan
were used. Comparing magnetic and seismic variations, we found that the seismic signal arrived ~1 minute earlier at
the magnetic observation Esashi (situated at ~40 km from sea). We observe magnetic field variations with period
T=30-40 s in contrast to seismic field variations. It is possible that these variations are closely related with process
of the tsunami origination. Decreasing in Z component value (~3 nT) just after the main seismic shock can arise
from a vertical displacement of a part of the ocean crust as a result of the EQ. These peculiarities of the magnetic
field variations aroused ~ 7 minutes before the tsunami wave arriving at the coastline. We found also that a spectrum
of magnetic variations induced by tsunami has complicated nature and it contain signals with periods ~500, 45, 22,
15 and 13 seconds.

Periodic auroral restructuring before substorm onset: Dependence on substorm intensity
T.A. Kornilova, I.V. Golovchanskaya (Polar Geophysical Institute, Apatity, Russia)
The periodic arc restructuring of the repetitive poleward excursion of the auroral arc is typically observed at the

location of subsequent substorm onset before T, This feature can be explained by an apparent latitudinal motion of
the phase of oscillations inside the field-lined resonance (FLR) conjugate to the onset arc. However, to claim that the
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occurrence of the FLR is a necessary condition of substorm initiation, one should explain the lack of such
restructuring in other events. Hear by investigating statistically the presence of arc restructuring dependency of
substorm intensity we test the possibility that for weak events the field-aligned current inside the correspondent FLR
may be not sufficient to produce the optical effect under study.

THEMIS space-ground observations in midnight sector during the substorm recovery phase
T.V. Kozelova, B.V. Kozelov (Polar Geophysical Institute, Apatity, Russia)

The undulations of the poleward border of the midnight side diffuse aurora occurring in the recovery phase of
substorm on 14 November 2014 is discussed. We use ground-based optical and magnetic field observations to
examine the aurora dynamics associated with the ionospheric equivalent currents in conjunction with perturbations
of particles flux and with development of magnetic and electric field variations in the equatorial plane in space at
THEMIS satellite.

Charactering the geomagnetic field variability for the study of magnetic storm and substorm
impact on electric power lines

V.A. Pilipenko', V.B. Belakhovsky’, Ya.A. Sakharov’

' Geophysical Center, Moscow
*Institute of the Physics of the Earth, Moscow
3Polar Geophysical Institute, Apatity, Russia

The geomagnetically induced current (GIC) intensity is determined by variations of geomagnetic field.
Predominantly geomagnetic field disturbances are oriented in the N-S direction, and produced by the E-W
ionospheric currents. Thus, such disturbances seemingly will not induce any significant GIC in a latitudinally-
oriented system. However, during magnetic storms GIC in power systems elongated in the N-S direction were quite
significant. The relative contribution of geomagnetic disturbances into GIC enhancements are examined using data
from GIC-recording system deployed by Polar Geophysical Institute. We apply to the IMAGE magnetometer data
for the geomagnetic storm 17 March 2013 various techniques to characterize the geomagnetic field variability:
vector mapping of time series, and a measure of time variations of vector angle cosines. This technique has shown
that ionospheric currents fluctuate not just in E-W direction, but chaotically in both E-W and N-S directions. So
these fluctuations can’t be described only by variations of the auroral electrojet intensity but the model of the GIC
estimation must take into account small scale current systems in the ionosphere.

Once again about Substorms
V.A. Sergeev, E.I. Gordeev, M.A. Shukhtina (St. Petersburg State University, St. Petersburg, Russia)

After 50 years of substorm-related research we now face with a new wave of criticism aimed to revise the definition
and understanding of what the substorm is. First, the substorms does not serve well as simple building block to
construct any strong perturbation in the magnetosphere; the magnetospheric perturbations are variable, diverse and
complicated, and every substorm itself is an individual mix of ingredients. Second, the claim that magnetotail
energy loading/unloading sequence provides the main energy reservoir for energy dissipated in substorms, is not
fully proved (partly because of difficulties to monitor quantitatively the global magnetic flux transport), and is
therefore disputed by many people. Third, some traditional basic concepts are currently under the revision (like the
role of tail flux increase in the configurational changes during the growth phase that lead to substorm onset).
Last but not least, different global simulation tools which are now available, often demonstrate different scenarios of
magnetotail global behavior, that is, different kinds of virtual realities, which increadibly complicates the situation.
By this talk we would like to initiate some discussion about possible ways to act in this situation, including a
reformulation of substorm paradigm; critical issues which need to be addressed observationally (and how); a need to
improve the global system state characterization as well as the global code benchmarking etc.
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On the role of solar wind velocity and density in the magnetospheric plasma acceleration
N.A. Stepanovl’z, V.A. Sergeevl, N.P. Dmitrieva', D.A. Sormakov?, Y. Ogawa3

'St. Petersburg State University, Ulyanovskaya 1, St. Petersburg 198504, Russia (e-mail: victor@geo.phys.spbu.ru)
*Arctic and Antarctic Research Institute, St. Petersburg, Russia.
*National Institute of Polar Research, Tokyo, Japan

A well-known substorm-related plasma acceleration in the magnetosphere, launched by the arrival of southward
IMF and dayside reconnection, is considered as a primary magnetospheric acceleration process. Less appreciated
is that the state of solar wind plasma controls the background plasma sheet parameters, which themselves influence
the acceleration of magnetospheric plasma. Recently importance of such solar wind control was discussed in relation
to the chorus wave acceleration (which provides the population for the radiation belts) as well as to the intensity of
field-aligned electrostatic acceleration (contributing to the ionospheric conductivities and ground magnetic
perturbations), which depends on plasma sheet electron parameters T, and N, proportionally to €TN = (T.)"* /N..
In this talk we emphasize the comparative role of SW control and substorm acceleration on the eTN parameter
variations, which regulates both the field-aligned auroral electron acceleration and precipitation as well as energetic
ion outflows into the magnetosphere from these regions.

Using data of six THEMIS tail seasons we confirm statistically that behavior of PS parameters, taken near the central
plane of nightside plasma sheet at ~10Re distance, depends on two different factors: solar wind state and substorms.
Superposed epoch study of plasma sheet parameter variations during substorms as well as the analyses of plasma
acceleration at the dipolarization fronts both confirm, that during the substorm expansion phase new (accelerated
and plasma-depleted) population comes into the inner CPS, causing an average increase of eTN parameter by a
factor 2 above its background values. The substorm variation is, however, smaller than the SW-induced modulation
of eTN background.

Based on 10 years long data base of EISCAT observations in Scandinavia, we also investigate statistically the
ionospheric conductivity variations, and confirm that the electron energization provides a major increase of the
precipitated electron energy flux and preferential increase of Hall conductivity and ground magnetic perturbations.
These effects are of key importance in understanding the real basics of magnetic variation-based monitoring of
magnetospheric activity.

TEC fluctuations and positioning errors during auroral disturbances
IL Shagimurtovl, S.A. Chernouss?, I.E. Zakharenkova', N.Yu. Tepetnitzinal, M.V. Filatov’, Yu.A. Kopytenko3

'"wD IZMIRAN, Kaliningrad, Russia
2Polar Geophysical Institute, Apatity, Russia
3SPB IZMIRAN, St- Petersburg, Russia

We used the high latitude GPS observations of the IGS (International GNSS Service) network to study the GPS TEC
fluctuations during the 17 March 2015 storm. The ionospheric activity was evaluated by parameters of TEC
fluctuations intensity: ROT (Rate Of TEC) and ROTI (Rate Of TEC Index). We analyzed the TEC fluctuations
associated with auroral disturbances, by using the European GPS stations at latitudes from 50 to 70N. The strong
TEC fluctuations are more common in the nightside auroral oval. A distinguish feature of this storm is that the main
phase of the storm occurred during day time in Europe. It was unusual that during the time the TEC fluctuations
were registered till 52-56N. We found the high correlation of the GPS positioning errors with ROTI. The positioning
errors were computed using the GIPSY-OASIS software for the stations located at different latitudes. We also
analyzed the dependence of errors from time resolution in the range from several hours to five minutes. It was found
that the positioning errors essentially increase with decrease of the time resolution. As shown by [2] and [1] the
positioning errors can reach more than tens meters during auroral disturbances. It is of high importance for
navigation in Arctic.

This investigation was partially supported by RFBR Grant No. 16-05-01077.

1. Kalitenkov, N.V., Chernouss, S.A., 2011. The dependence of GPS positioning deviation on auroral activity, International
Journal of Remote Sensing 32, 3005-3017.

2. Smith, A.M., Mitchell, C.N., Watson, R.J., Meggs, R.W., Kintner, P.M., K. Kauristie K., Honary, F., 2008. GPS scintillation
in the high arctic associated with an auroral arc. Space Weather 6, doi:10.1029/2007SW000375.

21



Geomagnetic storms and substorms
ABpOpAJILHBINA 0BAJI M BHEITHUI 3JIEKTPOHHBIN pagualMOHHBIH nosic (0630p)

E.E. AHTOHOBal’z, B.T. BOpO6BeB3, M.O. P${3aHueBaZ, N.IL KI/IpHI/I‘leBZ, O.Nn. HFOI[KI/IHa3, n.JL OB‘II/IHHI/IKOBI,
B.B. BOB‘IeHKOz, M.B. HyJ'II/IHeul, C.C. 3HaTKOBal, AN. }IeMLﬂHOBl, H.B. COTHI/IKOB4, M.B. Cremanosa’

" HUHAD umenu J1.B. Crobenvyvina MI'Y umenu M.B. Jlomonocosa, 2. Mockea, Poccus
? UKH PAH, 2. Mocksa, Poccus

3 Monapueiii Feogpusuueckuii uncmumym PAH, 2. Anamumur (Mypmanckas o61.)

* Qusuueckuii paxyromem MIY umenu M.B. Jlomonocosa

’ Vuusepcumem Canmuseo de Qunu, Yumu

CyMMUpOBaHBI pPe3yNbTaThl KCIEPHUMEHTAIBHBIX W TEOPETHYECKUX PabOT, NEMOHCTPHPYIOIINX TECHYIO CBS3b
aBpOPAJIbHBIX IPOLECCOB € IporeccaMd (OPMHUPOBAHUS BHEIIHETO 3JIEKTPOHHOrO PaJUAllMOHHOIO Iosica B
MmarHutochepe 3emnu. PaccMoTpeHs! mpoOneMbl IPOEHUPOBAHUS aBPOPAJIBbHOTO OBaja Ha SKBATOPHUAIIBHYIO
TUIOCKOCTh, (JOPMHUPOBAHHUS CHCTEMbBI TOKOB B MarHUTOCIIOKOIHOE BPEMsI H BO BPEMsi MATHUTHBIX OYpb, YCKOpEHHS
Y TOTEPH AJIEKTPOHOB BHEUIHETO PaJMAIlMOHHOrO 1osca. [IoBbIIEHHBIE TOTOKH 3JIEKTPOHOB BHEIIHETO IMOsica, Kak
MIPaBUIIO, BO3HUKAIOT Ha (ha3e BOCCTAHOBJICHNS! MATHUTHBIX Oypb. DJIEKTPOHBI TAKMX aHOMAaJIbHO BBICOKHX MOTOKOB
9acTO HAa3bIBAIOT «QJIEKTPOHAMU — KW/UIEpaMM CIYTHHKOB». OOCykaaeTcs BKJIax TypOYIEHTHOrO IlepeHoca H
JIOKAJIEHOTO YCKOpeHHs1 B (JOPMHUPOBAHHE XapaKTEPUCTHK BHEITHETO 3JIEKTPOHHOTO Tosica.

CpaBHHTeJIbHbIE XapaKTePUCTHKH MapaMeTPOB MEKNJIAHEeTHOM cpelbl B ePHObI perucTpanuu
MarHuTocgepHbIX cy00yph pa3InyHoli HHTEHCHBHOCTH

B.I". Bopo6OneB, O.U. froakuna, B.JI. 3Bepes

Tonapnouii ceopusuueckuit uncmumym, Anamumot, Poccus
e-mail: vorobjev@pgia.ru

PaccMoTpeHbl XapaKTepUCTHKN MEXKIUIAaHETHOH Cpelbl M MHIACKCHl MarHUTHOM aKTHBHOCTH Kak B Iepuoabl (a3bl
Pa3BUTHA H30IMPOBAHHBIX MarHUTOCHEPHBIX CyOOYph pa3HON HHTEHCHBHOCTH, TaK U B MHTepBanax 1, 2 u 3 yaca 1o
Momenta To. Becero paccmorpeno Gonee 170 cyO0ypb, MHTEHCHBHOCTh KOTOPBIX OINpeensuiack 1mo 1 MuH
3HaueHusAM AL mHzekca. [lokazaHo, 4TO Ha3eMHbIE MHJEKCHI U NTapaMeTphl IIa3Mbl COTHEYHOTO BETPA BO3PACTalOT
C POCTOM HMHTEHCHUBHOCTH Tocienytomiei cyooypu. Tak, cmabbie cyo0ypu (|ALp.x] < 300 nT) Bo3uukaror mpu
snaueHusx PC unpekca ~ 0.5, B To Bpems kak cuibHbIe (|AL,,| > 600 nT) cy60ypu npu PC~ 1.5 eaunu nHAeKca.
CootBercTByrome 3HaueHUs Dst MHAEKCa COCTaBIAIOT mnpuMepHo -4 HInM u -17 HTT COOTBETCTBEHHO.
Kak ckopocTs, Tak M IUIOTHOCTb IUIA3Mbl COJIHEYHOTO BETpPA, YIOPSAAOYEHHBIE OTHOCUTEIBHO HWHTEHCHBHOCTH
HaOIIOJAeMBIX B 3TOT HEPHOJ CyOOYph, YBEIMUMBAIOTCS C POCTOM MOCIenyollel cyo0ypeBoit aktuBHOCTH. U 310
MIPOUCXOIUT HECMOTPS Ha TO, YTO B CPEIAHEM CKOPOCTh COTHEYHOTO BETpa yMEHBINIAECTCS C POCTOM €r0 IIOTHOCTH.
3HaueHUsA IOKHOH Bz KOMIIOHEHTBI, KaK W CJIEIOBAJIO OXHIATh, YBEIMIMBAIOTCS C POCTOM BEJINYHHBI
TIOCJIEAYIONIETO BOSMYIIEHHUS U C MPUOIIMKEHNEM HHTEpBasia cyMMupoBaHusa K To. OTpuuaTenbHble 3HaYeHUsS By
KoMItoHeHTs! MMII noMUHHPYIOT T ClabbIX U CpeaHux cyOOyph, HO 3HaK By He nmeeT 3Ha4YECHUS AT CHIBHBIX
cy00yps. Cy00ypu, 0cOOEHHO HHU3KOW M CpelHeH WHTCHCHBHOCTH, C HAMOOJBIIEH BEPOSTHOCTHIO MOSBISIOTCS B
uaTepBaie 08-12 UT. B 3To BpeMs ocb TeOMarHUTHOTO U0 HAKIIOHEHA B YTPEHHIOIO CTOPOHY, M B COUETAHUH C
OTpUIATENbHBIME 3HaueHussMH By kommnoHeHTsl MMII MokHO OXHIaTh MOSIBICHUS  «3(Q(EKTUBHOM
oTpuuaTenbHol Bz.

HesaTenbHocTh IlenTpa mporuo3os kocmuyeckoi noroaslt U3SMUPAH
C.IL Taitnaur', A.A. AGyrun', M.A. AGyruna', A.B. Benos', V.1. [psamymiknsa’

"U3MUPAH, 2. Mockea, Poccust
’TAIIOY BHK, 2. Byaypycnan, Poccus

OI[HOﬁ U3 AKTyaJIbHbIX @yHﬂaMCHTaHBHBIX U TMPUKIAAHBIX 3aJda4 COTHEYHO-3EMHOU (1)I/I3I/IKI/I SABJIACTCA
3a6J’IaFOBp€M€HHO€ MMPOrHO3MPOBAHUC MMAPaMETPOB KOCMHYECKOMN HorojAbl M OLICHKAa €€ BJIWSHUS Ha Ppa3INYHbIC
NPUPOAHBIC, TEXHOJOIMYCCKUC U OHOJIOrMYeCKue CUCTCMbI, HAXOIANIMECCA KaK Ha 3eMile WIM B OKOJIO3EMHOM
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MIPOCTPAHCTBE, TaK U B JIIOOOHM TOYKE CONHEYHOW cucTeMbl. Ha naHHBIH MOMEHT B MHpE CYIIECTBYIOT HECKOJIBKO
HAy4YHO-HMCCIEOBATEIbCKUX ILIEHTPOB, KOTOPBIE 3aHMMAIOTCA IPOTHO3UPOBAHMEM pPa3iIMUYHBIX [apaMeTpOB
KocMHueckod morofsl. K TakuM mapaMmerpaM MOXKHO OTHECTH, HAIIPUMEP, MHAEKCHl COIMHEYHON M r€OMarHUTHOU
AKTUBHOCTH, IIOTOKH COJTHEYHBIX KOCMHUECKHUX JIy4el U MOTOKU PEISITUBUCTCKUX 3JIEKTPOHOB Ha T€OCTallMOHAPHBIX
opouTax.

B nanHO#M craThe mpexacTaBieHa oOmas wHpopManus o pabore lleHTpa NPOrHO30B KOCMHYECKOH ITOTOZIBI
N3MUPAH. IlpuBeneHsl nmpuMepbl OCHOBHOM IPOAYKIHMK A3TOrO IEHTpa: 0030pbl M IPOTHO3BI KOCMHYECKOM
Toroibl, aepThl U T.1. OmicaHbl OCHOBHBIE MPOOJIEMBI OpTraHW3alMid, KOTOPbIe 3aHUMAIOTCSl POTrHO3UPOBAHNUEM
KocMu4ecko# moroasl. [Ipemnokena unest co3aHus €MHON HAMOHAIBHON relTnoreo(u3nieckoi Ciry>KObl.

Bausinue By MMII Ha fHeBHbIE 0yXTOOOpa3Hble MATHUTHBIE BO3MYIIEHUSI B BLICOKUX IIIMPOTAX
JI.W. I'pomosa, C.B. I'pomoB
Hncmumym 3eMH020 Maznemusma, uonocgepul u pacnpocmpanenus paouosont, Mockea, Tpouyx, Poccus

PaccmarpuBaloTcsi JHEBHBIE IONSIPHBIE OYXTOOOpa3HblE MAarHUTHbIE BO3MYIICHUS Ha paHHEH craauu (asbl
BOCCT@HOBJICHHS JIByX UHTEHCUBHBIX MarHuTHbIX Oyph: 24 Mas 2000 1. (Dst,,;, = -173 uTn) n 22-23 urons 2015 r.
(Dstyin = -208 uTi), pa3BUBaBIIMXCS NPH MOXOXKHUX YCIOBHSX B MEXKIUIAHETHOM MarHMTHOM none (MMII) u
conmHedHoM Berpe. OCOOEHHOCThIO 3THX Oyph ObLIO HETHUNMHYHOE il (a3bl BOCCTAHOBJICHHS MOSBICHHE
JUTUTENILHOTO (0 4 yacoB) WHTEpBajia OONBIIMX OTpUIATeNbHBIX 3HadeHuid Bz MMII (no ~ -15 uTn). IIpu stom
CKOPOCTBH COJIHEYHOI'0 BETPa OCTAaBaJIaCh HEM3MEHHOM U OTHOCHUTENBHO BhICOKOM (600 - 700 KM/C) Mpy HEOONBIIOM,
Majo MEHsIEMCs AuHaMudeckoMm aapiieHud. Omnako 24 mas 2000 r. By xommoHenta MMII ckaukooOpa3Ho
BapBUPOBAJACE OT TOJOXKHUTEIBHBIX J0 OONBIIMX OTpUIaTeNbHBIX (o -18 HTN) 3HadeHwWii, ocTaBanach
oTpuIaTeNbHON OoJiee 2 4acoB, 3aTeM CHOBA BO3BpAIL@sCh K MOJIOKHUTENbHBIM, a 23 utons 2015 By koMIoHeHTa
MMII Obuia cnabo MONOKUTENFHONM B TEUCHHE BCEro MCCIENyeMOro WHTepBaia. Bo Bpemsi aHaIM3HPyeMbIX
COOBITHH pa3BUTHE Ha3eMHBIX BBICOKOLIMPOTHBIX I'€OMAarHUTHBIX BO3MYIIEHHH B HOYHOM CEKTOpE aBPOPabHOH
30HBI OLUIO CXOXKHM, 3HaueHume HHiekca AL cimabo Mensiock okoino -1000 uaTn. I'eomarHuTHas aKTHUBHOCTL B
TIOJISIPHOW ILIATIKE XapaKTepU30Baiach JHEBHbIMH cyOOypsimu. Ha ckanmunaBckom mnpoduine IMAGE nHeBHbIE
BBICOKOIIMPOTHBIE Bo3MyIeHus 24 mas 2000 r npencraBisin cob0il CepUio MOJOKHUTEIBHBIX U OTPULATEIHHBIX
OyXT, CIIEIOBABIIMX JPYr 332 JPYroM COTJIACHO M3MeHeHHsM 3Haka By MMIIL. 23 wuionst 2015 r. B u3y4aemblit 4-x
4acoBOW MHTEpBaJ HaOmoAanach orpunarenbHas OyxTta (mo -400 uTun). Tloka3aHo, 4yTO Ha pa3BUTHE THEBHBIX
noyspHeIx OyxT (@ > 70°) 24 mas 2000 r. oka3piBaJIv BIMSHUE 3aBUCAIINE OT 3HAKa By THEBHbIE BHICOKOIIIUPOTHBIE
DPY-tokoBbie cucrembl. [IpeBocxomcTBo BenmurnHbl By kommoHeHTsl MMII Han Benuuunoit Bz MMII (|Bz|/|By|
Bapbupoaiock ot 0.3 1o 0.9) obecneunsio ycuienue cucrembl DPY. Hanporus, Bo Bpems Oypu 23 urons 2015 .
Bz xommonenra MMII npeobnanana van By (|Bz|/|By| = 3), coorBercTBytomias DPY-ToKoBasi cHCTEMa HEe Pa3BHIIACH,
MOATOMY OTpHUIIaTeNbHass Oyxta mpu By >0 wmornma ObITh Obula 00YCIIOBJICHA APYTUMH HMCTOYHUKAMU.
[Ipennomnaraercs, yto BnusHEe By MMII Ha nHEBHBIE MOJMSPHBIE CYOOYpH CYIIECTBEHHO 3aBHCHUT OT BEIHYHHBI
orHouieHus: koMmnonent MMIT |Bz|/|By]| .

JIHeBHBIe MarHuTOC(EepHO-HOHOC(hEPHBbIE BO3MYIIEHUA KAK OTKJINK HA pe3Kue BO3pacTaHus
JAUHAMMYECKOI0 JaBJICHUSI COJTHEYHOro BeTpa: codobiTue 21-22 urons 2015 r.

JLA. dpemyxuna, JI.W. I'pomosa, C.B. I'pomor

Hnemumym 3emnozo macnemusma, uoHocgepul u pacnpocmparenus paouogonn um. H.B. Ihwxoea PAH
(U3MHPAH), 2. Mockea, 2. Tpouyk, Poccus
e-mail: dremukh@izmiran.ru

Hamre uccnemoBanue sIBIsieTCsl MPOIOIDKEHIEM paboT, TIOCBAIIEHHBIX aHAIN3Y OJHOHN M3 MOIIHBIX MAaTHUTHBIX Oypb
24-ro muKia comHeyHOM aktuBHOCTH 21-23 wmions 2015 roma ¢ Dst,;, - -204 a#Tn. B HEUX paccMmarpuBaroTcs
reoMarHuTHEIC 3(P(EKTH B THEBHOM CEKTOpPE BHICOKMX IMUPOT Ha pasHBIX (aszax Oypu. AHammsupyemas Oyps
XapaKTepu3yeTcsl HEOOBIYHO UIMHHOM HadalbHOW (ha30i, KOTOPO#l MpemmecTBOBANl JIUTEIBHBEIA (OKOIO JBYX
CYTOK) HMHTEpBaJl OYEHb CIIOKOWHOTO COJIHEYHOTO BeTpa ¢ ONMM3KMMH K HYmMO 3HaueHWsMH Bz u By MMIL
B TeueHne HauvanpHOW (Pa3el OypM K MarHUTONAay3e MOIONUIA TPU PE3KUX YAAPHBIX (PPOHTAa C BO3paCTaHUSIMHU
TMHAMAYecKoro naBieHus Pd mo 3Hauennit ~ 12, 10 m 60 ulla, 00ycIOBIECHHBIX, B MEPBHIX JABYX CIydasx,
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BO3pACTaHHEM IUIOTHOCTU COJHEYHOI'O BETpa NPH HU3KHUX 3HAYEHUSIX CKOPOCTH, a B TPEThEM, CaMOM MOIIHOM,
TaKke M BO3pAcTaHWEM 3HAYEHWH CKOPOCTH CONHEYHOro BeTpa. [naBHas (asa Oypu Hayamach TOJNBKO IIOCIIE
TpeTbero ckadka Pd, Bo Bpems koroporo Bz MMII moBepHynack K [OTy W JoCTHIia 3HaueHWit ~-37 HT.
B uccnenoBaHuMu UCHONB3YIOTCS JaHHBIE O BapHalMAX IIapaMETPOB COJIHEYHOIO BETpa U OJHOBPEMEHHBIX
Ha3eMHBIX MAarHUTHBIX U3MepeHuit ckanauHaBckoro npopuins IMAGE u antunoanoii no LT ceBepo-ameprKaHCKOM
cetd o0CepBaTOpPHiA, JaHHBIE O IMOTOKAaX JHEPIHMYHBIX MOHOB W INPOTOHOB B OOJIACTH aBPOPAILHOTO OBaja CO
cnytHuka DMSP, a Takke JaHHbIE W3MEPEHHWH MarHUTOC(EPHOTO MArHUTHOTO MOl HHU3KOOPOUTAIBHBIMHU
cnyTHuKamu muccun SWARM, TpaekTopusi KOTOPBIX JISKUT BOJHM3HM TONYJICHHO-TIOTYHOYHOTO MEpHAWaHa.
[MokazaHo, 4TO crieHapWii pa3BUTHS BO3MYIICHWH B IHEBHOW IOJSPHON 0OJacTH ONpeneNsiercs NpeabicTopueit
YCIIOBUH B COJIHEYHOM BeTpe, HanpaBneHneM MMII 1 cooTHolLIeHHeM MeXAy BeTMUUHAMH €r0 KOMIIOHEHT Bz u By.
AHanu3 CrieKTpallbHBIX 0COOEHHOCTEH YHEPTUYHBIX 3JIEKTPOHOB M MOHOB HaJl HCCIIEyeMOi 00JIaCThIO MOKa3bIBaET
BO3pacTaHHe MOTOKOB 3JeKTpoHOB ¢ 3HeprusMu 0.1-3 k3B u nporonos ¢ 3neprusimu 1.0-10 k3B nocne kaxaoro
JMHAMHYECKOr0 yaapa COJIHEYHOro Berpa. [lomydeHHbIe B pe3yibTaTe 0OpaOOTKM MarHUTOrPaMMBbI CITyTHHUKOB
SWARM cBUIETENBCTBYIOT O TOM, YTO IOCJIE BO3JEHCTBHS Ha MarHUTONAay3y JUHAMUYECKOro yJaapa B JHEBHOM
CEKTOpE F€OMATHHTHBIX MIHPOT ~ (75-85)° pa3sBUBAIOTCS MPONOJIbHBIE TOKH C IIIOTHOCTHIO 110 ~ 0.5 wA/m>. Tlocre
noBopora Bz MMII k 1ory HHTEHCUBHOCTb NMPOJOIBHBIX TOKOB BO3pPAcTaeT, a 30HA MX JIOKAJIU3ALMH CMEUIaeTcs K
9KBATOPUAJILHBIM IIHpoTaM Ha (5-7)°. MbI monaraem, 4To pa3BUTHE W WHTEHCU(UKALUS TaKHX TOKOBBIX CHCTEM
NPUBOIUT K Pa3BUTUIO JTHEBHBIX OTPHUIATENBHBIX OYXTOOOPa3HBIX BO3MYIICHUH, PETHCTPUPYEMBIX Ha3eMHBIMU
MarHUTOMETpaMH.

OCo0eHHOCTH YAaCTOTHBIX CIIEKTPOB TeOMATHUTHBIX MYJbCAIMii B BBICOKOYACTOTHOH 00JacTH
auanazona Pcl (6-13 I'n) B mepuoa marautHoii 0ypu 20-29.11. 2003

E.H. EpMaKOBal, AT. I[eMeXOBz, AT. }Ixmmz, T.A. SIxauna’

'\HUPOU HHT'Y um. H.H. Jlobauesckozo, H. Hogeopoo, Poccus
2H0ﬂ;1prn7 eeopusuueckull uncmumym, 2. Anamumoi, Poccus

Ha ocHoBe aHanyu3a JaHHBIX MHOI'OJIETHETO MOHUTOPHHIA FOPU30HTANIBHEIX KOMIIOHEHT Y HU MarHuTHOrO IItyma Ha
cpenHempoTHoi obcepBaropun HoBast JKuzub (L=2.6) oOHapyXeH HOBBIH Cllydail HAOJIOJEHUS! [€OMArHUTHBIX
MyNbcaluii B BBICOKOYACTOTHOM oOnactu auanazona Pcl (6-13 T'm), B JomojHEHHE K ONMMCAHHOMY HaMH paHee
coobrtuio 07-14.11.2004 [1]. [TogoGHO BBIMIEYIOMSHYTOMY CIIy4al0, HOBOE COOBITHE 3apETMCTPUPOBAHO BO BpEMs
CHIIbHOM MarHutHOM Oypu (22 u 23 HosOps 2003). I'maBHas ¢aza SKCTpeManbHON T'€OMarHuTHOW Oypu
20-29 HosiOps 2003 xapakTepu3oBajiach CHJIBHEHMIIMM TaJeHHEM HWHIEKCa T'€OMarHUTHOM aKTUBHOCTH Dst 10
3HaueHuit meHee -400 HTn. «BricokogacToTHBIE» mynbcanuu Pcl ObpuH 3aperucTpupoBaHBl BO BTOPOH U TpeTHi
JIHA BOCCTaHOBUTEIBbHOU (Da3bl Oypu. AHANW3 JaHHBIX HU3KOOPOUTAIBHBIX CIYTHUKOB NOAA, perucTpupyrommx
BCIUIECKH B MOTOKAX BBICHIIAIOIINXCS U 3aXBAYCHHBIX IIPOTOHOB, MTO3BOIMI OOHAPY)KUTH TaKHE BCIUIECKH B IIEPHOJ
HAGTIOICHHST BBICOKOYACTOTHO SMICCHH B HHTepBaste reoMaruuTHBIX mmpot 51.8" -54.19°, uro cBumerenscTByeT 0
Hann4Iuy o01acTel HOHHO-IHUKIOTPOHHON HEYCTOMYMBOCTH B 3TOW 30HE. BeposATHO, OHa HaXOOWIACh HA TPaHUIIE
IUIa3MoMay3bl, CMECTHBILICHCS Ha HHU3KHE IIMPOTHI BO BPeMs CHIBHOIO I'€OMarHUTHOro Bo3MymieHus. OueHka
TeOMAarHUTHOT'O TIOJIs TI0 TEOMArHUTHOH IMMPOTE 00JacTH BCIUIECKOB B TIOTOKAX SHEPTHYHBIX IIPOTOHOB YKa3bIBaeT
Ha TO, YTO SMHCCHS HaOloanack Ha 4acTOTaxX BHIIIE KBATOPUAIBHON T'MPOYACTOTHI MOHOB Tenmus. Pe3ynbrarsl
HCCIIEIOBAHMS aMIUIUTYIHO-9aCTOTHBIX CIIEKTPOB «BBICOKOYACTOTHBIX» Pcl mymbcarmii 22-23.11.2003 moka3anmy,
YTO CHEKTPATbHO-BPEMEHHAS CTPYKTYpa 3THX CHUTHAJIOB CHJIBHO OTJIIMYACTCS OT Cydasi, OIMCaHHOro B padote [1].
B noximanme o6CcyXaaroTcst 3T 0COOCHHOCTH U MX BO3MOXKHBIE 00BSICHEHUSI.

1. Epmakosa E.H., SIxann A.I'., SIxauna T.A., HemexoB A, Kotk J[.C. Criopamideckiie reOMarHATHBIE MyIbCAIMA Ha YacToTax 1o 15
I'n B mepuon marautHO# Oypu 7-14 HostOpst 2004 r: OcoOEHHOCTH aMIUIMTYAHBIX M MOMSPHU3ALMOHHBIX CHEKTPOB M CBS3b C MOHHO-
LMKIIOTPOHHBIMH BONTHaMK B MarauTochepe // V3. By3oB — Pamuodmsika. — 2015. — T. 58, Ne 8. — C. 607-622.
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HccnenoBanne kuHeTu4ecKux 3PpPeKToB B TMHAMMKE HOHOB B 3aMKHYTBIX MATHUTOILJIA3MEeHHBIX
KOH(pHUTypanusx ¢ MIAPOM MArHUTHOTO TIOJIsI

A.JO. Mansixun', E.E. I'puropenko’, X.B. Manosa'”

'UKU PAH, 2. Mocksa, e-mail: anmaurdreg@gmail.com
HUHA®D um. Crobenvyvina MI'V, 2. Mockea

MHoro4HciIeHHbIe CIYTHUKOBBIE HAONIOJEHUS TOKa3alid, YTO B XBOCTE€ MAarHUTOC(epsl 3eMIIM JOBOJIBHO 4YacTo
HaOIONArOTCSl 3aMKHYThIE MarHUTOIUIa3MEHHbIE KOH(QUIypalud THMA IUIa3MOHMJOB M MAarHUTHBIX OCTPOBOB C
HEHyJeBOi koMITOHEeHTOH By. Llenbto naHHOI paboThl ABIAETCS M3ydeHUE KHHETHYECKHX OCOOCHHOCTEH qUHAMMKH
HeaquabaTuueckux HoHOB B TokoBOM citoe (TC) BHYTpH m1a3Mounsia, M UX BIUSHUS HA paclipeieiieHHe TNIOTHOCTH |
(GYHKIMIO pacnpenesieHrs: B MaKpOCKOMUecKuX. Iyt 3Toro ObUIM HMCCIEOBaHbl TPACKTOPUH TECTOBBIX C Maccoii
cootBeTcTByIomell mporony (H') B 3a7aHHOM MATHMTHOH KOH(UIYpaMM C €IMHUYHBIM CTAaIHOHAPHBIM
TUIa3MOU/IOM, HAXOAAIIMMCS C XBOCTOBOW CTOPOHBI OT ONM>KHEH MarHWTHOW X-auHUH. B pabore mcnonb3oBanach
MOJeNb O0OpalEHHOr0 MarHUTHOTO MO, HA HEBO3MYIIEHHYIO KOH(uUrypauuio kotoporo (B«(z), B,=0, B,=const)
HaknajbIBanack B,(x)-Bapuanus, obecriednBaromas HaM IIa3MOHI0-Nog00HY0 KOHbUTypaluio, B KoTopoit By(x,z)
3a1aéTcs KONOKOI000pa3HbeIM MpoduiieM (MakcuMalabHOe 3HaueHue nons By(x,z) cootBerctByeT 8nT). Taxxke Beszne
B CHCTEME MPHCYTCTBOBAJIO IOCTOSHHOE M ORHOPOAHOE »JeKTpuueckoe mome yTrpo- Bedep (E,=0.1 mB/m).
B onmucaHHOW KOHQHIrypaluu 3almyCKaJluCh TECTOBBIE YACTHIIBI C XapPUCOBCKUM PACIpPE/ICIIEHHEM IUIOTHOCTH B
NPOCTPAHCTBE M Kalllla-pacrpeesieHueM [0 SHEprHd € U30TPOIHON (YHKIMEH pacrnpeneseHusl o CKOPOCTSIM.
Bp110 NIOKa3aHO YTO B IUIA3MOUJIE C HEHYIEBOW By— KOMIIOHEHTOMH, MPOCTPAHCTBEHHOE PACIPENEIEHNE TUIOTHOCTH
ACCUMETPUYHO, BOSHUKAET KONLLEBOM TOK Jy-J,, HMPKYIAUSA KOTOPOro MOXET MOAJAEPKHUBATh mone By, momrydena
KOHe4Has (QYHKIHMs paclpeneieHus. Pe3ynbraTel JaHHOM paboOThl COIIACYIOTCS C paHee IONy4YeHHBIMH
pesyapTatamMu 1o wmuccun Cluster. JlaHHBIN pe3ynbraT SBISETCS OCHOBOM JJs JajbHEHIIEro H3y4eHUs
B3aUMOZCHCTBHSA HOHOB ¢ HAONIOAAEMBIMH B IIA3MOUAAX 3JIEKTPOMATHUTHBIMHU (DIYKTyalUsAMH.

Pabora BbimonHeHa npu MojJiepkKe poccuiickoro ¢ouga ¢yHaameHtandbHbix uccienoBanuii (POOU Nol6-52-
16009; PODU No 16-02-00479; PODU No 16-32-00721).

Bausinus reouHIyKTHPOBAHHBIX TOKOB HAa 000PYA0BaHUE MATUCTPATIbHBIX 3JIeKTPHYECKHUX ceTei
S.A. Caxapos', B.H. CenuBanos?®, B.B. Edunmos’

1 . . . .
Tonapnwiii eeopusuyeckuii uncmumym, Poccua, e-mail: sakharov@pgia.ru
2 . .

Konvckuii nayunweiti yenmp PAH, Poccus

IIponomkurensHble UCCICIOBAaHHMA BIMSHHMA TEOMarHUTHBIX BO3MYIIEHMH Ha paboTy MarucTpalbHbIX
IEKTPUUECKUX CETEH B BBICOKMX IMIMPOTaX IO3BOJMIM YCTAHOBHTH HEKOTOPHIE (DAKTOPBI, CIIOCOOHBIE NMPHUBECTH K
cbosM B paboTre 00OpyOOBaHMS W HApPYIICHHIO AJIEKTpocHaOxeHus mnorpedbureneil. B pabore obcyxmarorcs
Kputepud, ompexnensonue Bozaedicteue I[UT nHa pabory cminoBeix TpaHchopmatopoB. [IpemroskeHs
PEKOMEHAAIMKA II0 BBIOOPY THIIOB OCHOBHOTO 3JIEKTPOTEXHHYECKOTO OOOpYyIOBaHWS, B YAaCTHOCTH, CHJIOBBIX
TpaHc(opMaTopoB, MPH MPOESKTUPOBAHUN HOBBIX MMOJICTAHIIMN B CEBEpHBIX paiioHax Poccuu.
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Fields, currents, particles in the magnetosphere
Effect of cyclic correction on solar quiet geomagnetic field variation
LLA. Adimula, T.Y. Kolade-oje
Department of Physics, University of llorin, llorin, Nigeria

In analyses of the Sq field, it is necessary to determine and remove the non-cyclic variation, which is regarded as an
aftereffect of magnetic storms and not part of the true Sq variation. For this study the cyclic correction method by
Vestine (1947) and Rabiu (2000) was used to correct for the non-cyclic variation in the horizontal components
during solar quiets days of year 2007-2009 for seven stations along the 210MM. The results revealed that the
corrected and uncorrected Sq(H) field shows the same pattern for diurnal, monthly and seasonal variation with
observable differences most dominant at the peaks and minimum points between 6LT to 14LT. The non-cyclic
variation field obtained was seen to be latitudinal dependent with YAP and CEB which are equatorial stations
having the highest values and ASB, CGR, CMD. AMA and CKT showed irregular variation which is due to their
latitudinal position. The Seasonal variation shows semi- annual pattern with maximum during the equinoctial season
which is due to enhanced electron density at the equinox seasons.

Magnetosphere response times on two types of solar wind discontinuities
N.P. Dmitrieva', V.S. Semenov', K.Yu. Slivka', M.A. Shukhtina', V. Kubyshkin', N.V. Erkaev*?

'Saint-Petersburg State University, Saint Petersburg, Russia
*Institute of Computational Modeling, Russian Academy of Sciences, Siberian Branch, Krasnoyarsk, Russia
3Siberian Federal University, Krasnoyarsk, Russia

The time of the magnetosphere response on different types of solar wind discontinuities is an important parameter,
allowing more detailed understanding of the solar wind/ magnetosphere interaction. The study of discontinuities also
has the advantage of accurate timing, which stimulated us to undertake this work.

We chose to study the two most common types of interplanetary discontinuities — fast interplanetary shocks and so
called directional discontinuities (DDs), characterized by sharp (lasting 2-3 minutes) change of the interplanetary
magnetic field (IMF) direction at their front. Here we consider DDs, in which IMF Bz changes its sign. Variation of
other parameters in such DDs may be different. In particular, IMF Bz may change its sign at the fronts of
interplanetary shocks, tangential (TD) and rotational (RD) discontinuities.

We studied 27 fast shocks and 64 DDs with IMF Bz turning (29 S-N turnings from south to north and 35 N-S
turnings from north to south). The response time was determined as the delay between the time of front contact with
the subsolar bow shock and the time of beginning of the magnetic variation on the ground. When calculating the
contact time the DD orientation and velocity were taken into account. The ground reaction was studied based on
SYMH index for fast shocks and based on PC index for DDs. The PC index shows polar cap electric field
increase/decrease for IMF Bz NS/SN turning.

The obtained results give the average delay time for fast shocks 1.6 min, and 12.2 min for IMF Bz turnings. For
DDs the dependence of the delay time on the merging electric field as well as on the theoretical estimate of the
magnetic barrier formation time was found. The delay time for fast shocks demonstrates weak dependence on the
shock velocity and front orientation.

The results are compared with analytical and MHD models. The nature of two types of response times is discussed.

Observation of the proton and electron aurora dynamics and the SAR arc occurrence using the all-
sky imager during the intense convection and substorm. Case study

1.B. Ievenko, S.G. Parnikov
Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy, Yakutsk, Russia
It is known that the 486.1 nm line (H-beta) is emitted by atomic hydrogen as a result of precipitation of protons with

the energy of ~ 10-20 keV and their recharging at the altitudes of ionosphere E layer (proton aurora). The red line of
atomic oxygen (630.0 nm) in the aurora is radiated at the ionosphere F2 region altitudes as a result of precipitation
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of electrons with energies up to ~ 1-2 keV. The velocity of magnetic drift of the charged particles in the
magnetosphere is proportional to their energy. The energy of particles does not influence to the electric drift.

In this work, the dynamics of electron and proton aurorae in the evening MLT sector at the Yakutsk meridian
(130°E;. 200°E, geom.) during the magnetic storm on January 7, 2015 using the all-sky imager (ASI) is analyzed.
The angular westward motion velocity of the auroral structures in the 630.0 and 486.1 nm emissions along the

magnetic latitude of 58°N at a high value of electric field of the solar wind —Vx X Bz =9 mV / m (dawn-dusk) has
been defined. On the basis of this parameter the value of radial component of the convection electric field and the
precipitating protons energy have been estimated.

Next, ASI data show an intensification of aurorae in the 630.0 and 486.1 nm emissions in the range of geomagnetic
latitudes of 56-61°N and occurrence of SAR arc at latitudes of 49-52°N in ~20 minutes after the onset of an intense
substorm expansion. Measurements aboard the Van Allen Probes A satellite show a sharp increase of fluxes of the
energetic H+, O+ ions (injection boundary) at the L ~ 2.6-3.0 at the same time near the Yakutsk meridian.
The satellite registers the overlapping of energetic ion fluxes with plasmapause in this L interval. This region is
mapped by the SAR arc at lower latitudes (L ~ 2.2-2.6) pointing to the nondipole configuration of the geomagnetic
field in the inner magnetosphere at the current values of SYM-H ~ -120 nT and ASY-H ~ 150 nT.

The research is supported by RFBR grants No 15-05-02372 a and No 15-45-05090 r_vostok_a.

Electron fluxes in the Earth’s magnetosphere as measured by Lomonosov and Barrel

V. Kalegaevl, M. Panasyukl’z, A. Hartford®, R. Millan®, V. Benghin], A. Bogomolovl, V. Bogomolov]’z,
N. Chirskayal, L. Lazutin', 1. Myagkoval, 1. Nazarkov', L. Novikov', V. Petrov', S. Svertilov'%, N. Vlasova',
I. Yashin', . Zolotarev', Y. Shprits4’5

'Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow, Russia
2Physical Department of Lomonosov Moscow State University. Moscow, Russia

3Department of Physics and Astronomy, Dartmouth College, Hanover, New Hampshire, USA
*IGPP/ESS UCLA, Los Angeles, CA 90095-1567, USA

>GeoForschungsZentrum Potsdam (GFZ) Telegrafenberg, 14473 Potsdam, Germany

Multi-instrument “Lomonosov”’ LEO satellite of Moscow State University was launched on 28 April 2016. One of
the main tasks of this project is the study of the energetic particle populations in the Earth’s magnetosphere. Elfin-L,
Depron and BDRG instruments detect energetic particle fluxes in the radiation belts. Variations of the trapped and
precipitated particle fluxes allow us to better understand the global dynamics of the magnetosphere. BARREL (The
Balloon Array for Radiation belt Relativistic Electron Losses) project is addressed to study the energetic electron
precipitations from the Earth’s radiation belts. During the fourth BARREL campaign in Kiruna in August 2016
“Lomonosov” satellite carried out measurements of particle fluxes to be studied jointly with BARREL array and
other spacecrafts and on-ground stations involved in the project. During several launches BARREL registered
electron precipitations in the wide range of energies. Energetic electrons precipitations were also observed by
“Lomonosov” satellite in the dusk-midnight sector usually in the Southern hemisphere region conjugated with
Kiruna during the 4B-4E flights. Wave activity was simultaneously registered by Van Allen Probe satellites and
Halley bay station. Comparative study of particle fluxes and EMIC and ULF waves demonstrate the role of the wave
activity in particle scattering and precipitations.

Ground-based support of the ERG satellite mission at Kola Peninsula

B.V. Kozelov', A.G. Demekhov', E.E. Titova', Yu.V. Fedorenko', A.V. Rolduginl, S.V. Pilgaevl, A.G. Yahnin',
Shin-ichiro Oyama®

'Polar Geophysical Institute, Apatity, Murmansk region, Russia
*Institute for Space-Earth Environmental Research, Nagoya University, Japan

The ERG (Exploration of energization and Radiation in Geospace) project is a mission to elucidate acceleration and
loss mechanisms of relativistic electrons around Earth during geospace storms. The satellite has been launched on
December 20, 2016 to an equatorial orbit, which is similar to Van Allen Probes orbits but is located in a different
local time sector.
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Successful use of the ERG projet data depends largely upon the ground-based observations in conjugate regions.
The ERG spacecraft orbit is planned in such a way that its apogee should be conjugated with Scandinavia in
February, and then the conjugate region will move eastward, i.e., towards Kola Peninsula. For this reason, the
observatories of Polar Geophysical Institute (PGI) located at Kola Peninsula can give important additional extension
of the ground-based support of the ERG mission. In this report we review the available equipment and preliminary
data of the optical and VLF/ULF measurements. Capabilities and potential results of the coordinated observational
campaigns are discussed on the examples of conjugations with Van Allen Probes and THEMIS satellites.

Current ring influence on the allowed and forbidden Stormer regions. The connection between
these regions and the radiation belts intensity

A.S. Lavrukhin'?, LV. Tyutin®, L.I. Alexeev'

'Skobeltsyn Institute of Nuclear Physics, M.V. Lomonosov Moscow State University, Moscow, Russia
Faculty of Physics, M.V. Lomonosov Moscow State University, Moscow, Russia
*JSC "Distant Radiocommunication Scientific Research Institute”, Moscow, Russia

The influence of the ring current, which flows around a planet with intrinsic magnetic dipole field, on the allowed
and forbidden Stormer regions of charged particles motion, which come from the infinity, is studied. These regions
define the regions of space where the trapped particles may exist (regions of radiation belts). These trapped particles
form the ring current, which arise due to their drift in the magnetic field of a planet plus the field of the current ring
around the planet. With increasing the magnitude of the current from zero, a certain critical value occurs at some
point, at which the further expansion of the particles trapping zone is impossible. At transition of this critical value
of the ring current the closed trapping region disappears.

Convection heating of the electrons in the magnetotail: The role of By magnetic field
A.S. Lukin'? A.V. Artemyevl’3 , E.V. Yushkov'”

1Space Research Institute, RAS, Moscow, Russia
2Depan‘ment of Physics, Moscow State University, Moscow, Russia
3 Institute of Geophysics and Planetary Physics, UCLA California, USA

We consider the cold electron heating in a process of the earthward convection in the magnetotail magnetic field
configuration. The heating is due uniform constant dawn-dusk convection electric field. We focused on the role of
the magnetic field By in the electron heating and study dependence of electron spectra (field-aligned and transverse)
for different By magnitudes. The magnetic field configuration is chosen to be close to 2D magnetotail the current
sheet with gradients in both north-south and Earth-Sun directions. Time-scale of electron convection from the
distant tail to Earth is about tens of minutes for enhanced convection and a few hours of quiet geomagnetic
conditions. To integrate numerical large ensemble of electron trajectories at this time-scale, we apply the guiding
center approximation with the equations written in the Hamiltonian form. We studied range of system parameters,
for which this approach well describes the dynamics of electrons. We calculate the evolution of the electron spectra
during the convection in the geometry of magnetotail with ¢ By = 0 and By # 0. The results of numerical
calculations are compared with data of satellite observations of the electron distribution function.

Dynamics of relativistic and sub-relativistic electron fluxes near the polar boundary of the Outer
Radiation Belt from Lomonosov and Vernov space missions

I. Myagkova', A. Bogomolov', V. Kalegaev', S. Svertilov'”, S. Bobrovnikov', V. Barinova', V. Bogomolov'?,
M. Panasyukl’z, V. Petrov', I. Yashin'

1Skobeltsyn Institute of Nuclear Physics, MSU, Moscow, Russia
2Lomonosov Moscow State University, Physical Department, Moscow, Russia
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One of the main goals of «Vernov» and «Lomonosov» MSU projects is detailed study of distribution of energetic
electrons in near-Earth space, in particular the dynamics of relativistic electrons in the outer electron belt of the
Earth. Payloads for “Lomonosov” and “Vernov”’ LEO satellites were created in Skobeltsyn Institute of Nuclear
Physics, of Moscow State University. «Vernovy satellite was launched on July 8, 2014 to a solar-synchronous orbit
with altitude from 640 to 830 km and inclination of 98.4°. Scientific information from the satellite was received
from July 20, 2014 till December, 10, 2014 during and after local minimum of outer electron belt of the Earth.
«Lomonosov» were launched to circular solar-synchronous orbit with altitude about 500 km and inclination of 97.3°
on 28 April 2016. Scientific information from the satellite was first received on May 13, 2016. Recently the data
continue to come in. To measure the fluxes and spectra of trapped and precipitating electrons on board « Vernovy,
the instrument DRGE (detectors for study of X-rays, gamma-rays, and electrons), RELEC (relativistic electrons)
equipment was used. These instruments can detect hard electromagnetic radiation (energy range 0.01— 3.0 MeV) and
relativistic and sub-relativistic electrons (energy range 0.2—15 MeV). The instrument consists of three units: two
identical modules DRGE-1 and DRGE-2 and module DRGE-3, based on three identical detectors directed 900 from
each other. BDRG detectors operated on board «Lomonosov» are similar to DRGE-1 and DRGE-2 ones. During
both «Lomonosov» and «Vernov» missions sharp peaks of electron flux were observed at the polar boundary of the
outer ERB. For «Vernov» data they were explained as isotropization area of electron fluxes. During «Vernov»
experiment wave activity was also simultaneously measured. Comparative study of particle fluxes and EMIC and
ULF waves can help us to understand the role of the wave activity in the scattering and precipitation of electrons.
The work was supported by the Russian Scientific Foundation (project no. 16-17-00098).

A combined hybrid-paraboloid model of Mercury's magnetosphere
D.A. Parunakian', S. Dyadechkin?, L.I. Alexeev', E.S. Belenkaya], M.L. Khodachenko®, E. Kallio®>, M. Alho®

'Moscow State University Skobeltsyn Institute of Nuclear Physics
*Aalto University
3Space Research Institute, Austrian Academy of Sciences

In this paper we introduce a novel approach of planetary magnetosphere modelling that involves a combination of
the hybrid model (HYB) and the Paraboloid Magnetosphere Model (PMM); we further refer to it as the Combined
Hybrid Model (CHM). Using this setup we compare the locations of the bow shock and the magnetopause as
determined by simulations with the locations predicted by standalone PMM runs, and also verify magnetic and
dynamic pressure balance at the magnetopause. We also compare the results produced by these simulations to
observational data collected by the magnetometer on board the MESSENGER spacecraft along a dusk-dawn orbit,
and discuss the signatures of magnetospheric features that appear in these simulations.

Spectrometric observations of 630.0 nm emission equatorwards auroral oval during undisturbed
days in Lovozero

V.C. Roldugin, A.V. Roldugin (Polar Geophysical Institute, Apatity)

Spectral observations in Lovozero observatory reveal the cases of 630.0nm emission enhancement in dusk during
quiet magnetic conditions and lack of 1PGN2 or hydrogen emissions. The intensity of the red line reduces for one —
two hours to usual value after start of the observation. The DMSP satellites show strong intensification of electron
flux under the electron energy decrease from 100 to 30 eV; the last value is limit of energy measurements. The
influence of the sunlight in F-region on the emission intensity is discussed.

Analytical theory of magnetic reconnection
V.S. Semenov, 1.V. Kubyshkin (Institute of Physics, University of St-Petersburg, St-Petersburg, Russia)

Magnetic reconnection is an important process in space plasma leading to fast and often explosive-like conversion
of magnetic energy into kinetic and internal energy of plasma and rapid reconfiguration of magnetic topology. The
analytical approach is developed for the time dependent regime of reconnection for a simple initial current sheet
configuration.
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The morphological characteristics of energetic proton precipitation equatorward of the isotropy
boundary as measured by NOAA POES

N.V. Semenova', T.A. Yahnina', A.G. Yahnin', A.G. Demekhov"?

'Polar Geophysical Institute, Apatity, Russia
*Institute of Applied Physics, Nizhny Novgorod, Russia
e-mail: nadezhda.semenova@gmail.com

On the basis of NOAA4 POES observations we constructed a map of the global occurrence rate of energetic proton
precipitation (EPP) equatorward from the isotropy boundary. It is shown that the occurrence rate of EPP within
anisotropy zone is maximal in the afternoon sector at L=6-9 and decreases to dawn and dusk. There is a tendency to
growth of the occurrence rate with the increase of solar wind dynamic pressure and geomagnetic activity. We
compared the global distribution of EPP with observational statistics of EMIC waves revealed from magnetospheric
spacecraft data, and found the remarkable similarity. This confirms that EPP events are the result of the ion-
cyclotron instability in the equatorial magnetosphere.

Kinetic models of sub-ion cylindrical magnetic hole
P.1. Shustov'?, A.V. Artemyev”, LY. Vasko'*, E.V. Yushkov'?

'Space Research Institute, RAS, Moscow, Russia

2Deparl‘ment of Physics, Moscow State University, Moscow, Russia

*Institute of Geophysics and Planetary Physics, University of California, Los Angeles, California 90095, USA
*Space Sciences Laboratory of University of California, Berkeley, California 94720, USA

Magnetic holes are magnetoplasma structures widely observed in the space plasma. These structures represent the
stable depressions of the magnetic field. The spatial-scale of these structures vary from several electron gyroradii of
about 1 km to about millions of km of sizes. We are considering the structure with a spatial-scale of the order of the
ion gyroraidus (about 1000 km). We consider the self-consistent equilibrium solution of the Vlasov-Maxwell
equations for such structures. This solution has been founded by generalization the two types of plane equilibrium
solutions in the case of cylindrical symmetry. For both models we derived a generalized equation Grad-Shafranov.
equation and consider effect of the background plasma. It is shown that the magnetic configuration of the holes in
the presented models are similar to the data of satellite observations in the near-Earth plasmasheet. On the basis of
the constructed models we considered the possible relative contribution of ion and electron currents in to the
formation of magnetic holes.

Short-time electron flux variations in the near-Earth space as measured on the Lomonosov and
Vernov space missions

S. Svertilov'?, I. Myagkova', A. Bogomolov', V. Bogomolov'?, A. Prokhorov'?, V. Kalegaev', V. Barinova',
M. Panasyukl’z, V. Petrov', 1. Yashin'

'Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow, Russia
*Physical Department of Lomonosov Moscow State University, Moscow, Russia

The short-time variations of sub-relativistic and relativistic (0.1 — 3.0 MeV) electron flux variations were detected
during Vernov and Lomonosov missions in the different parts of near-Earth space, including Aurora regions. The
typical times of such events are in the range from several milliseconds up to dozen of seconds and even minutes.
The spatial effects caused by satellite crossing of electron beams or other areas with increased electron density and
pure temporal, i.e. burst-like phenomena may be among them. Such short electron flux increases are observed at
500-800 km altitudes as at high latitudes in the Polar Regions as near the geomagnetic equator and can imitate
effectively via bremsstrahlung the astrophysical burst phenomena, such as cosmic gamma ray bursts, practically in
the all near-Earth space. The map of these events will be presented, as well as the time and energy spectrum
parameters. Because the part of these events are observed near the precipitation areas, they possible connection with
precipitation and magnetic-wave environment will be discussed.
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Kinetic theory of magnetic flux ropes. Cluster observations
A.A. Vinogradov', LY. Vasko™, E.V. Yushkov'?, A.V. Artemyev>, A.A. Petrukovich?, L.M. Zelenyi

'Moscow State University, Faculty Of Physics, Moscow, Russia
2Space Research Institute, Moscow, Russia
3Univercity of California, Berkeley, USA

Magnetic flux ropes (MFR) are universal magnetoplasma structures (similar to cylindrical screw pinches) formed in
reconnecting current sheets. In particular, MFR with scales from about the ion inertial length to MHD range are
widely observed in the Earth magnetosphere. Typical MFR

have force-free configuration with the axial magnetic field peaking on the MFR axis, whereas bifurcated MFR with
an off-axis peak of the axial magnetic field are observed as well. In the present work, we develop kinetic models of
force-free and bifurcated MFR and determine consistent ion and electron distribution functions. The magnetic field
configuration of the force-free MFR represents well-known Gold-Hoyle MFR (uniformly twisted MFR). We show
that bifurcated MFR are characterized by the presence of cold and hot current-carrying electrons. The developed
models are capable to describe MFR observed in the Earth magnetotail as well as MFR recently observed by
Magnetospheric Multiscale Mission at the Earth magnetopause.

Current sheet thinning in near and distant magnetotail by Cluster and THEMIS statistics
E.V. Yushkov'?, A.V. Artemyevl’3, A.A. Petrukovich'

1Space Research Institute, Moscow, Russia
2Lomonosov University, Moscow, Russia
3University of California, Los Angeles, USA

We compare thinning and stretching process for horizontal current sheets in near (X~ -10 Re) and distant
(X~ -20 Re) magnetotail, using data collected by Cluster and THEMIS spacecraft missions. We study relations
between current and plasma densities, lobe and Bz magnetic fields. We discuss the differences (and similarities) in
electron anisotropization for small and large Bz and By, and then suggest some possible mechanisms of anisotropy
formation and its evolution along the tail. We discuss plasma pressure gradients and cross-tail current profiles
during thinning. We show that the most thinning ends (onsets) can be associated with tailward plasma flows and
compare these endings near and far from the Earth.

The investigation is supported by RFBR grant Ne 16-32-00011.

PoJsib KMHETUKYU HOHOB IIPH U3MEHEHUHU MaclITAa00B TOHKOI0 TOKOBOI'O CJI051
N.W. Anekcees', 10.J1. CaCyHOBz, M.JL XO,IIa‘{CHKOI’2, E.C. BCHCHBKa}II, O.B. MI/IHFaJICB3, M.H. Menbaug’

"HyuHsI® Mr YV, Mockea, Jlenunckue copvt, HUUAD MI'Y, Poccusa
KU Ascmpuiickoii Axademuu Hayk, Ipay, Ascmpus
Soru PAH, Anamumuwi, Poccus

ToHKHE TOKOBBIE CIIOM WHTCHCHBHO M3YYarOTCsl B IOCIEAHEE BPeMs KaK B CBA3W C IMHAMUKOH IepecoeanHEHHs
MarHHMTHBIX TOJIEH, TaK U B CBSA3U CO CTPYKTYPOH IUTa3MEHHOTO CJIOS XBOCTa MarHUTOC()epbl BO BPEMs MOIIHBIX
BO3MYIIEHUH, Korja HaOJIOJAIOTCS TOHKHE TOKOBBIC CIIOM C MacIITadaMH COU3MEPUMBIMH C JapMOPOBCKUM
pamuycom gacturl. Hamu OyayT paccMOTpeHBI KHHETHIeCKHE Y(PQPEKTHI, KOTOPhIE CBSI3aHBI C OYHYHPOBKON HMOHOB
1o (haze TapMOPOBCKOT0O BpalIeHHs Ul HOHOB B OKPECTHOCTH TOKOBOTO CJI0sl. YacTHIIBI IPH 9TOM ABHKYTCS 110 TaK
Ha3bIBAGMBIM MEAHIPOBBIM TPASKTOPHSAM M MX (a3bl JapMOPOBCKOrO BpALICHHs H3MEHSIOTCS B OrPaHHYCHHOM
YIIIOBOM Juarna3oHe. Vcronb3yst aHann3 TPaeKTOpHi B 3aJlaHHOM MAarHUTHOM IIoJie, OyIyT IpOJAEMOHCTPHPOBAHbI
TIOTyYeHHBIE B TIOCIETHUX paboTax aBTOPOB PE3YyNbTAaThl MO 3aBUCHMOCTH CaMOCOTJIACOBAHHOI'O PELICHUS IS
OJHOMEPHOTO IUIOCKOTO CJIO0Si ¢ HOPMAJIbHOM KOMIOHEHTOH MarHUTHOTO TIOJNIST OT HMHUTY-YIJIOBOTO pPaclpeereHuUs
(hOpMHUPYIOIIKX €O MyYKOB MOHOB, HAYIIMX K CIOK M3 JOJNEH XBOCTa U3 00OOMX IMONyMIapHil. YUTeHa TEIoBas
JWCTIepChsl TIOTOKOB HOHOB M 3aBHCHMOCTH MONYIIMPHHBI CIIOSI OT OTHOIICHMS HAINpPABIEHHOM W TEIUIOBOM
ckopoctu. [IpoBeneHo cpaBHeHHE ¢ HaOMIOJaEMBIMU MEPECEUEHUSIMUA TOKOBOTO CJI0s1 XBocTa ciryTHHKaMu Claster.
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Pemaroiryro pone B ONpeeiIeHHH IHHAMUKH HOHOB M pacuere mpoduiied TOKa B CIIO€ HIpaeT COXpPaHCHHUE
MarHUTHOTO MOTOKA 4Yepe3 KBa3HICPHOIUMICCKHN 3JTEMEHT TPAeKTOPUU — MOCTOSHCTBO MarHUTHOTO MOTOKA 4Yepes3
MOBTOPSIFOLIMECS SIEMEHTHI TPACKTOPUH. B 0HOPOIHOM IOJIE 3TO MPUBOAUT K CBSA3H MUTY-YIJIa C BETUYHHOMN MO,
a OKPECTHOCTH OECKOHEYHO TOHKOTO CJIOS 9TO JAaeT CBSI3b MEXIY MHUTY-YITIOM U (ha3oil IepecedeHrs eHTPAIbHOM
wiockocTd. [Ipu ompeseneHn MapaMeTpoB IIa3Mbl — MOMEHTOB (YHKIIMH pacrlpelesieHus - UCMOb3YeTcs He
TONBKO Teopema JIMyBHIIS, HO M YYHTBHIBAIOTCS (pa30BbIe OTPAHUUYCHUS MOJYYCHHBIC M3 TPACKTOPHOTO aHAIH3A.
JUsl WILTFOCTPAIMK TTONYYCHHBIX PE3YJIbTaTOB sl OH(YpPIUPOBAHHBIX TOKOBBIX CIIOEB MPHBENCHBI MPOGUIH H
TUIOTHOCTH TOKA, W TUIOTHOCTH IUIa3MBbl, MOJTYYCHHBIC B YHCICHHBIX pacyeTax B MMOPHIHON MOJETH C KHHETHKOM
ISl HOHOB U 6€3MAaCCOBOH 3JIEKTPOHHON SKHAKOCTBIO.

1. Sasunov Yu L., Khodachenko M.L., Alexeev L1., Belenkaya E.S., Mingalev O.V. The influence of kinetic effect on the MHD
scalings of a thin current sheet, Journal of Geophysical Research, 121, Ne 12 (18 December), 2016, DOI:10.1002/2016JA023162
2. Sasunov Yu L., Khodachenko M.L., Alexeev LI, Belenkaya E.S., Semenov V.S., Kubyshkin LV., Mingalev O.V.
Investigation of scaling properties of a thin current sheet by means of particle trajectories study, Journal of Geophysical
Research, 120, Ne 3 (March), 1633-1645 , 2015, DOI:10.1002/2014JA020486

3. Sasunov Yu L., Khodachenko M.L., Alexeev L1., Belenkaya E.S., Gordeev 1.V., Kubyshkin E.I., The energy-based scaling of
a thin current sheet: case study, Geophysical Research Letters, American Geophysical Union (United States), 42, Ne 19, Nov,
9609-9616, 2015, DOI:10.1002/2015GL066189

CTpPYKTYpBI «KOCHIX» AJIbBEHOBCKHMX BOJIH B HEOJHOPOIHOM X0JI0HOI1 MarHuToc(epHo-
uoHocdepHoH miIazme

M.A. Bonkos
Mypmanckui 2ocyoapcmeennbiil mexuuyeckutl ynueepcumem, 2. Mypmanck, Poccus, e-mail: volkovma@mstu.edu.ru

N3ydeHsl 0cOOEHHOCTH PACIPOCTPAHEHUSI «KOCHIX» MM IUCIEPCHOHHBIX AJIbBEHOBCKHX BOJH B HEOIHOPOIHOM
XOJIOJHOM mna3me. PaccMaTpuBaeTcs ma3Ma HEOIHOPOIHAS MONEPEK MAarHUTHBIX CUJIOBBIX JIMHUI B HAalpaBICHUU
CEBEp-IOI' U OJHOPOJHAsl B JOJATOTHOM HampasieHHH. HeoTHOpOTHOCTh BJOJIb MarHUTHBIX CWJIOBBIX JIMHUHA HE
YUHUTBIBAETCS, TOITOMY BOJHBI PACIPOCTPAHAIOTCS MEXKIY CONPSHKEHHBIMH HOHOC(EpaMH, KOTOpBIE CUHUTAIOTCA
TOHKMMH CIIOSIMH. VccnemoBaHbl 00JacTH MPO3PA4YHOCTH VIS 3THX BOJH B PA3IMYHBIX YACTOTHBIX JHUAIa30HaX.
Haiinens! ycioBusl, pu KOTOPBIX YaCTOTHBIN U MPOCTPAHCTBEHHBIN CHEKTp (B HAIPaBICHUH CEBEP-IOT') CTAHOBHUTCS
JuckpeTHbIM. OLeHeHBl MacIuTa0bl MONEPEUHBIX CTPYKTYP «KOCHIX» albBEHOBCKUX BOJIH Ha YPOBHE MOHOC(EpHL
OOGcyxmaercs CBA3b 3THX CTPYKTYP € aBPOPaJIbHBIMH SIBJICHHSM.

CucremMa ypaBHeHU 1715 17100aJbHON YMCIEHHOH KMHETHYECKOIl MOe/IM MarHuToc(hepbl
0.B. Munranes', U.B. Munranes', X.B. Mamnosa®? , M.H. MCHLHI/IKI, JL.M. 3enenbit’

1 o o . . .
Honsapuwiil 2eogpusuveckuti uncmumym PAH, Anamumol, e-mail: mingalev_o@pgia.ru

2 . .

Hayuno-uccnedosamensckuil uncmumym adeprou ¢puszuxu um. /[.B. Crobenvyvina MI'Y, Mocksa
3 .

HUncmumym xocmuueckux uccaedosanuii PAH, Mockea

['moGanpHBIe YHCIEHHBIE MOJENN OOTEKaHWS MAarHUTOC(EPHI COMHEYHBIM BETPOM MOKHO pa3leNluTh Ha 3 THIa
OTHOCHTEJIIBHO  WCHOJNB3YEMBIX  CHCTeM  ypaBHeHHMH. K  mepBoMy Tumy  OTHOCSTCS — TI0OaibHbIE
MarHUTOTHAPOJMHAMHYECKHE MOJEIH, B KOTOPBIX HCIONB3YIOTCS CHUCTEMa YpPAaBHEHWH OJHOXHIKOCTHOM
MarHUTHOH THAPOAWHAMHKH JHOO B HWACAIFHOM MPUONIKEHUH, THOO C MOAENHbHONW KOHEYHOM MPOBOJMMOCTBHIO.
OTH MOzenu HE BOCIPOU3BOIAT OCHOBHBIE OCOOEGHHOCTHM MarHutocdepsl. Ko BTOpoMy THIy OTHOCSATCA Tak
Ha3bIBaeMbIe II100aIbHBIE THOPHUIHBIE MOJIENH, B KOTOPBIX «KMHETHYECKHE» WOHBI, TTONABIINE B MarHUTOC(hEpy U3
COJIHEYHOTO BETPa, MOJCMUPYIOTCS METOJOM 4YacTHIl B paMKax YypaBHEHHWs BmacoBa, a 3JIEKTPOHBI
paccMaTpuBaloOTCi Kak Oe3MaccoBasi JKHIKOCTh C HM30TPOIHBIM [JAaBJICHWEM M IIOCTOSHHOW TEMIepaTypoi, 9To
HEIb3sl MPHU3HATh (PM3MUYECKH NMPaBWIbHBIM. K TpeTbeMy THITy OTHOCHTCSI €AMHCTBEHHAS KHMHETHYECKash MOJIENb,
OCHOBaHHAas Ha METOJE YacTHIl, B KOTOPOH paccMaTpuBaeTcs cucTeMa ypaBHeHHWH BriacoBa-MaxkcBemna c
«MOJETHHBIMI TSDKETIBIMH JIEKTPOHAMU (C Maccoi B 16 pa3 MeHbIIeH Macchl MPOTOHA) U C MOJETBHONW CKOPOCTHIO
cera, xotopass B 200-300 pa3 MmeHblIe peanbHOW. M3-3a o4yeHb rpyOOro HMpPOCTPAHCTBEHHOTO pa3pelieHHs U
OOJIBIIIOrO YKCIIa MOJIETIBHBIX YIPOIISHUH 3Ta MOAETH HE MOXKET MPETEHA0BATh Ha JIETAIbHOE OIMCAHUE MPOIECCOB
B MarHuTocdepe.
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B pabote paccmarpuBaercst jBa BapHaHTa CHCTEMBbl YPaBHEHHH JUTS TI100aIbHON YNCIICHHOW KHHETHUECKON MOJIENTN
o0TekaHuss MarHUToc(epbl CONHEYHBIM BETPOM, KOTOpas IpeAHa3HadeHa Ui OMUCAHWSA KpPYITHOMAacIITaOHBIX
ME/UIEHHBIX MPOLECCOB C IIaroM MpPOCTPAaHCTBEHHOH ceTku okojo 100 KM W mIaroM Ho BpeMEHH IOpsaKa
0.01 cexynmsl. PaccMaTpuBaloTcsl peajbHbIE 3HAYEHHMA CKOPOCTH CBeTa M OTHOIIGHMS 3apsja K Macce Uit
anexTpoHa. IlepBas cuctema ypaBHEHUH IoIydaeTcs B pe3ylibTaTe OCpeJHEHMs cucTeMbl BiacoBa-MakcBenia 1o
TUTa3MEHHBIM KoJieOaHMsIM 3IIeKTpOoHOB. OHA COCTOUT M3 YpaBHEHMH BracoBa aist KaXJI0i KOMIIOHEHTHI TIa3Mbl U
OCPEIHEHHBIX ypaBHEHMH IS MOJIed, B KOTOPBIX MAarHUTHOE IIONIE OIpENENsIeTCss M3 YpaBHEHHS AMIepa,
COJIEHOMAJIbHAs YacTh JJIEKTPUYECKOro Mo ompezensercs u3 ypaBHeHus Dapajes, a MOTEHIMaNbHAs 4acTb
AJIEKTPUUYECKOTO TTOJISI ONPEAEISIETCS U3 YPaBHEHHS THAPOCTATHKH JIEKTPOHOB B0 CHJIOBBIX JIMHUNA MarHUTHOT'O
nonsd. Bropas cuctema monmydaercs B pe3ydbTaTe JONOMHUTENBHOTO OCPENHEHHsA IepBOM CHCTEMBI IO
THPOBPAIIEHUSM JJIEKTPOHOB C YYETOM HMX 3aMarHMYeHHOCTH. B Hel uisd onMcaHusi JMHAMHMKU DJIEKTPOHOB
UCTIoNb3yeTcsl ypaBHeHNe BracoBa B apeiihoBoM pHOIMKEHHH.

Taxke paccMarpuBaercsl HesIBHAas MTEpAIMOHHAs CXeMa YMCICHHOTO PEUIeHHs 3TUX ypaBHeHuWi. [IpemioxeHHas
MOJIETIb IO CPABHEHMIO C CYIIECTBYIOIIUMH THOPHAHBIMHU MOJENSIMH JIOJDKHA JIydlle OMKMCHIBATh AMHAMHKY Kak
WOHOB, TaK M 3aMarHUYEHHBIX JIEKTPOHOB, a TAKXKE B Pa3bl JIydlllee MPOCTPAHCTBEHHOE U BPEMEHHOE pa3pelleHue.
[Ipu 3TOM OCHOBHOI OOBEM BBIYMCIICHWH B HOBOM MOJENW OyAeT BBIMOIHATHCS Ha TpaduyecKux Mporeccopax
(GPU), B TO Bpemsi Kak CYIIECTBYIOIIHME MOJENM HCIONB3YIOT Uil BBIYMCIEHUI IPOIECCOPhl KIACTEPHBIX
CyNepKOMIIbIOTEPOB. B pe3ynbrare HOBas MoOJENb IOJDKHA JaTh BBIMTPHIN B OBICTPOJNEHCTBHHM Ha HECKOJIBKO
HOPSIIKOB. DTO MO3BOIMT Ooliee IeTAIbHO HUCCIIEIOBATh C €€ MOMOIIBIO JeTaIbHYI0 CTPYKTYPY 30HBI IIepexona OT
COJIHEYHOrO BeTpa K MarHurocepe, a MMEHHO TOJOBHYIO YAapHYIO BOJIHY, NEPEXOAHBIA CIIOW, MarHUTONAay3y,
HM3KOLIMPOTHBIA MOrpaHUYHBIN CIOH M MaHTHIO, a TAKXKe UCCIEA0BATh OOIIYI0 CTPYKTYPY, GOopMy MarHuTochepst
Y SHEPro-MaccooOMeH MEXy MarHUTOc(epoil N COTHEYHBIM BETPOM.
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Simultaneous observations of drift compressional waves in the magnetosphere using an
Ekaterinburg coherent decameter radar and spacecraft measurements

M.A. Chelpanov, O.V. Mager, P.N. Mager, D.Yu. Klimushkin, and O.I. Berngardt
Institute of Solar-Terrestrial Physics

Radar observations combined with spacecraft in-situ measurements appear to be an excellent tool for studying ULF
magnetospheric pulsations. We used an Ekaterinburg midlatitude coherent decameter radar data for an analysis of a
set of Pc5-range pulsations registered in the flow velocity variations of the nightside ionosphere. The time series
were studied using cross wavelet analysis which revealed a dependence of the frequency on azimuthal wave
number. Additional information inferred from spacecraft data allows us to confirm that the oscillations should be
attributed to the drift—compressional mode.

A broader number of pulsation observation events were analyzed with an aim to determine which part of them could
be attributed to the Alfvén mode. Distinguishable oscillations in spacecraft data did not always accompany radar
wave observations, but an appropriate values of Alfvén frequency could be deduced from in-situ measurements on
number density and magnetic field strength for every event individually. Compared to the radar data from proper L
shells, longitudes and time ranges, they mostly appeared to be significantly higher than frequencies of the waves
observed in the ionosphere flow velocities. Besides, the frequencies of the waves registered with the radar do not
show dependence on Alfvén frequencies of appropriate field lines. As it is shown in a case study, a probable
candidate for the origin of these nightside pulsations featuring sub-Alfvénic frequencies could be the drifi—
compressional mode.

Three-scale structure of diffusion region of magnetic reconnection in the presence of cold ion component
A. Divin, V. Semenov, 1. Zaytsev (Saint-Petersburg State University, Saint-Petersburg, Russia)

Recent observations of magnetotail and magnetopause reconnection reported events with plasma containing hot and
cold ion components of comparable densities [1]. It was suggested that such ion distribution alters properties of the
magnetic reconnection regions at the magnetopause [2]. Motivated by these recent findings, we performed two-
dimensional kinetic Particle-in-Cell (PIC) numerical simulations of magnetic reconnection in plasma containing a
mixture of ion populations having different temperatures. The study was primarily focused on inspecting various
kinetic effects and peculiarities of particle acceleration in symmetric 2D reconnection in such conditions. Diffusion
region displays three-scale structure, with the cold Ion Diffusion Region (cIDR) scale appearing in-between the
EDR and IDR scales. The structure and the strength of the Hall magnetic field depends weakly on cold ion
temperature or density, and is rather controlled by the conditions (B, n) upstream the reconnection region. The cold
ions are accelerated predominantly transverse to the magnetic field by the Hall electric fields inside the IDR, leading
to a large ion pressure anisotropy, which is unstable to ion Weibel-type or mirror-type mode. Extended Electron
Diffusion Region (EEDR) is substantially shorter in cold ion mediated run, which we attribute to gyrotropization of
electrons in the EDR due to cold ion instability. Despite comparable reconnection rates produced, we find that the
overall evolution of reconnection in the presence of cold ion population is more dynamic compared to the case with
a single hot ion component.

1. André, M., & Cully, C. M. (2012). Low-energy ions: A previously hidden solar system particle population. Geophysical
Research Letters, 39(3).

2. Toledo-Redondo, S., André, M., Vaivads, A., Khotyaintsev, Y.V., Lavraud, B., Graham, D.B., Divin, A. and Aunai, N.,
(2016). Cold ion heating at the dayside magnetopause during magnetic reconnection. Geophysical Research Letters, 43(1), pp.58-
66.
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Backward wave oscillator regime in magnetospheric cyclotron maser for oblique waves
V.S. Grach' and A.G. Demekhov™'

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

We study the backward wave oscillator (BWO) regime in a magnetized plasma with a step-like deformation of the
electron velocity distribution function for arbitrary plasma mode and oblique wave propagation. Equations
describing the regime are obtained. We show that their form is similar to the case of parallel wave propagation but
the coefficients are now dependent on the wave vector direction.

We analyze these equations in the linear approximation with both the fundamental cyclotron and Landau resonance
taken into account, and obtain the dependence of instability threshold on the angle between the wave vector and
external magnetic field for whistler-mode waves and slow extraordinary (Z-mode) waves.

Resonant interaction of energetic electrons and ions with electromagnetic ion-cyclotron waves
V.S. Grach' and A.G. Demekhov™'

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

We study the resonant interaction of energetic ions and relativistic electrons in the Earth's magnetosphere with ion-
cyclotron wave packets having a varying frequency. The equations, describing the interaction of test particles with a
given wave packet, are solved numerically. We analyze the possibility of electron and ion trapping and study the
acceleration and pitch-angle variation in the trapping regime.

The dayside Pc5 pulsations poleward the open-closed field line boundary
0. Kozyreva', V. Pilipenko', D. Lorentzen”, L. Baddeley”

'Institute of Physics of the Earth, Moscow, Russia
*Kjell Henriksen Observatory, Svalbard, Norway

Long-period pulsations in the nominal Pc5-6 band (periods about 3-20 min) have been known to be a persistent
feature in the ULF activity at dayside high latitudes. The mechanism and origin of these pulsations have not been
firmly established yet. Magnetopause surface eigenmodes were suggested as a potential source of high-latitude
Pc5-6 pulsations. A ground response to these modes is expected to be beneath the ionospheric projection of the
open-closed field line boundary (OCB). To unambiguously resolve the uncertainties regarding the mechanism of the
dayside high-latitude ULF activity, a multi instrument study using data from Svalbard has been undertaken.
We examine the local latitudinal structure of high-latitude ULF pulsations recorded by magnetometers covering
near-cusp latitudes. This structure has been compared with the instant location of the equatorward boundary of the
cusp aurora, assumed to be a proxy of the OCB. OCB was identified by an automatic algorithm, using data from the
meridian scanning photometers at Longyearbyen. The latitudinal maximum of the broadband Pc5-6 pulsations lies
in a close vicinity of the OCB proxy, but equatorward from it. These pulsations hardly could be the ground image of
the magnetopause surface modes, though essentially non-dipole geometry of field lines and high variability of this
region may suppress the excitation efficiency. However, in some events, besides those features, additional peak of
green 557.7 nm emission can be seen in latitudinal profile of auroral intensity, poleward from the OCB. This peak is
accompanied by the occurrence of specific Pc5 pulsations with f~5 mHz. These "green emission associated"
Pc5 pulsations are relatively weak, but discernible. A localized green emission poleward of OCB could be a result of
electron precipitation. This localized green emission/precipitation is a signature of dynamic phenomena in the
cusp/mantle.

This work was partially supported by the grant of Russian Foundation for Basic Research Ne 15-05-01814 and
PolarProg research program under the Researh Council of Norway (Project Ne 246725).
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A change in the special features of QP emissions due to a poleward magnetic bay

J. Manninenl, N.G. Kleimenovaz, LI Gromova3, E.L. Macotelal, T. Turunenl, A.E. Kozlovsky1

'Sodankyld Geophysical Observatory, Sodankyld, Finland

Schmidt Institute of Physics of the Earth (IFZ RAN), Moscow, Russia

} Pushkov Institute of Terrestrial Magnetism, lonosphere, and Radio wave Propagation, (IZMIRRAN), Troitsk,
Moscow, Russia

Here we discuss a short-time change of the low-frequency ionospheric cut-off of quasi-periodic VLF emissions
observed by ground-based receiver at Kannuslehto (KAN, northern Finland, about 50 km from Sodankylad
Geophysical Observatory, at L = ~ 5.5) in the local evening under quiet geomagnetic conditions (Kp~0-1).
The discussed QP emissions represented the peculiar dynamic spectral structure of repeated long-lasting (up to two
minutes) noise bursts with quickly rising frequency up to ~ 5.5 kHz. The emissions showed a strong ionospheric
frequency cut-off at ~1.7 kHz. The relatively stable wave structure suddenly changed at the time, when the IMAGE
magnetometers recorded a small isolated substorm at the polar geomagnetic latitudes higher 70°. The onset of this
magnetic bay was accompanied by a burst of Pi3 geomagnetic pulsations. In this time the AMPERE data, based on
simultaneous measurements by globally distributed 66 low-altitude commercial satellites, showed the development
of magnetic bay-like disturbances and field aligned currents at polar latitudes from Svalbard to the East (up to Dixon
station). There was no significant geomagnetic and ionospheric activity at Sodankyld (i.e. in the vicinity of VLF
receiver). The low VLF ionospheric cut-off frequency suddenly dropped down to from 1.7 kHz to ~1 kHz,
demonstrating the strong change on the wave propagation conditions in the Earth-ionosphere waveguide. The wave
arriving direction suddenly changed as well as the VLF dynamic structure. The KAN monitored amplitude of the
navigation (f~20-25 kHz) transmitter signals which involved the polar-latitude propagation paths, showed some
variations during this time. We conclude that ground-based VLF emission behaviour could be a very sensitive proxy
of influence of even short small poleward geomagnetic disturbances to the VLF wave generation and wave
propagation properties.

A collection of interesting ELF-VLF events observed since October 2016 at Kannuslehto, Finland

J. Manninen and T. Turunen (Sodankyld Geophysical Observatory, Sodankyld, Finland)

Different kinds of ELF-VLF emissions and other events have been observed during the latest campaign at
Kannuslehto. Campaign was started on 7 October 2016 and it is planned to be continued till mid-April 2017.
Supression of VLF hiss induced by whistler echo trains observed at Kannuslehto, Finland

J. Manninen and T. Turunen (Sodankyld Geophysical Observatory, Sodankyld, Finland)

Whistler induced suppression of VLF noise has reported more than 30 years ago. All observations were made in the
Antarctica. Same phenomenon has been observed in several ELF-VLF campaigns at Kannuslehto in Northern
Finland. We are going to show more detailed properties of this phenomenon.

Sudden enhancements of PLHRs

J. Manninen and T. Turunen (Sodankyld Geophysical Observatory, Sodankyld, Finland)

During last 12 years a new type of power line harmonic radiation event has appeared. Sudden enhancement starts
simultaneously from 50 Hz up to 5 kHz, but it decays usually exponentially with diminishing frequency. In the
beginning all 50 Hz harmonics are enhanced contrary to constant PLHRs, which appear in certain pairs. For the first
time such event was observed in September 2005. After that the number of events has been increased year by year.
They seemed to occur in the morning and evening hours, not on daytime. They have not been observed during quiet
nor storm time.
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Effects of VLF wave propagation in the Earth's magnetosphere on their cyclotron amplification
D.L. Pasmanik' and A.G. Demekhov'*

'Institute of Applied Physics of the Russian Academy of Sciences
2Polar Geophysical Institute, Apatity

Features of the cyclotron amplification of VLF waves during propagate in the Earth's magnetosphere in the presence
of large-scale plasma irregularities, such as the plasmapause or density ducts, are studied.

Wave propagation is considered in the frame of ray tracing approach. Variation of the wave amplitude due to the
cyclotron interaction with the energetic electrons having an anisotropic distribution function is studied. Growth rate
of cyclotron instability along the ray is calculated with taking into account the changing direction of the wave vector
for an analytical model distribution of energetic electrons. Variation of wave amplitude due to refraction is also
taken into account.

Propagation of waves from the source in the equatorial region is studied for the cold plasma density distribution
profiles observed by Van Allen Probes satellites. It is shown that the existence of density gradients across the
geomagnetic filed as well as density ducts can provide wave propagation along the geomagnetic field and, thus,
propagation of signals from such a source to the ground. Results of this study can be used for the interpretation of
the experimental data for simultaneous observation of VLF signals by satellites and ground-based stations.

A possible mechanism suppressing the field line oscillations by a fluctuating background
V. Pilipenkol, L. Baddeleyz, and V. Belakhovsky3

'Institute of Physics of the Earth, Moscow, Russia
’Kjell Henriksen Observatory, Svalbard, Norway
3Polar Geophysical Institute, Apatity, Russia
e-mail: pilipenko va@mail.ru

Long-period pulsations in the Pc5-6 band (periods about 3-20 min) have been known to be a persistent feature of the
ULF activity at dayside high latitudes. Magnetopause surface eigenmodes were suggested as a potential source of
high-latitude long-period pulsations. A ground response to these modes is expected to be beneath the ionospheric
projection of the open-closed field line boundary (OCB). However, the comparison of the multi-instrument data
from Svalbard with the latitudinal structure of ULF pulsations recorded by magnetometers covering near-cusp
latitudes has shown that the latitudinal maximum of the broadband pulsations maximizes somewhat deeper in the
magnetosphere than the OCB optical proxy. Therefore, these pulsations cannot be associated with the ground image
of the magnetopause surface modes. Similarly, a localized peak in the latitudinal distribution of narrowband
morning/dayside Pc5 power is located deeper in the magnetosphere, ~30 southward of the OCB. Therefore,
narrowband dayside Pc5 wave activity cannot be associated with oscillations of the last closed field lines. The
obtained result imposes an important limitation on possible mechanisms of high-latitude ULF variations. It is likely
that a high variability of the magnetopause region may suppress the excitation efficiency. We suggest that stochastic
fluctuations of the magnetospheric plasma and background magnetic field can provide an additional mechanism of
damping of Alfven field line oscillations. To quantify this hypothesis, we consider a driven Alfven field line
resonator with stochastic fluctuations of the Alfven eigenfrequency. This problem has been considered both
analytically and numerically. The results indicate the deterioration of resonant properties of a MHD resonator owing
to background fluctuations.

Comparison of EMIC wave observations in the near-equatorial region of the magnetosphere
and precipitation of energetic protons at low altitudes
T.A. Popoval, A.G. Yahnin', A.G. Demekhov'~

' Polar Geophysical Institute, Apatity; e-mail: tarkada@yandex.ru
*Institute of Applied Physics RAS, Nizhny Novgorod
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We study conjugacy of the generation region of EMIC waves with energetic proton precipitation by using wave data
from THEMIS spacecraft and energetic proton data from low-orbiting NOAA4 POES and MetOp satellites. For this
study we developed a plugin for SPEDAS software ensuring proper comparison of the observations onboard
magnetospheric and low-altitude spacecraft.

The plugin calculates the projections of spacecraft orbits on the ionospheric altitude (100 km) in the SM coordinate
system (by using the IGRF model for low-altitude spacecraft and different versions of the Tsyganenko models for
magnetospheric spacecraft). For close projections the latitudinal distributions of the compared parameters from
different spacecraft are built.

In our case, these parameters are the precipitated energetic proton fluxes measured by the NOAA POES and MetOp,
and EMIC wave intensity from THEMIS. The wave intensity is calculated separately for H+ and He+ bands. The
frequencies corresponding to the maximum spectral amplitudes of the waves are determined in each band. The
latitudinal distribution of the density of the cold plasma in the magnetosphere is built where possible.

The conjugacy of the regions of EMIC wave generation and energetic proton precipitation is most clearly seen for
the events related to quasi-monochromatic Pcl emissions whose source does not change its latitudinal position for
sufficiently long time. We show that the proton precipitation accompanies the EMIC wave generation in both He+
and H+ bands. In this case, the EMIC waves below/above the He+ gyrofrequency usually occurs in the
plasmasphere/outside the plasmapause.

Theory of a receiving antenna applied to the spacecraft observations of quasi-electrostatic whistler
mode waves

E.A. Shirokov', A.G. Demekhov'?, Yu.V. Chugunov"“, and A.V. Larchenko’

'Institute of Applied Physics RAS, Nizhny Novgorod, Russia

2Polar Geophysical Institute, Apatity, Russia

3Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
*Deceased 24 August 2016

We propose a method of calculating the receiving antenna effective length for the case of spacecraft observations of
quasi-electrostatic chorus emissions. This method is based on the theory of receiving antennas in plasmas,
developed earlier, and an appropriate choice of the radiation source model. Such a choice is done on the basis of the
measured emission parameters.

Using the obtained analytical expression, we calculate the receiver effective length for some measurements of
chorus wave quasi-electrostatic fields onboard THEMIS spacecraft. These calculation results show that the effective
length can be up to an order of magnitude greater than the geometric length of receiving antenna. Therefore, the
actual electric field value can be less and even much less as compared to the one calculated using the geometric
length which is a conventional technique in the satellite data analysis. Therefore, care should be taken when
interpreting spacecraft data on quasi-electrostatic wave fields. In particular, this can be important for the estimates of
electron energization by quasi-electrostatic chorus waves.

Energy transfer between various groups of electrons in the process of resonant wave-particle interaction
D.R. Shklyar
Space Research Institute of RAS, Moscow, Russia

Search for effective mechanisms of electron energization remains the most discussed problem in the physics of
Earth's radiation belts. Successful implementation of RBSP (now Van Allen Probes) mission, which includes wave
and particle measurements in the radiation belts in wide ranges of frequencies and energies, has provided a unique
basis for experimental and theoretical study of the problem stated above. Of various mechanisms for electron
energization in the radiation belts those related to wave-particle interactions with quasi-monochromatic or wide-
spectrum waves are discussed most often. While resonant interaction with quasi-monochromatic wave may lead to a
significant particle acceleration during a fraction of its bounce period, the interaction with a wide spectrum of waves
leads to particle diffusion in the phase space, and the characteristic heating time is usually much larger than the
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particle bounce period. One of the consequences of resonant wave-particle interactions consists in energy exchange
between waves and resonant particles, and in particular, in the possibility of particle energization at the expense of
wave energy. Such energization, however, has essential limitation connected with that the wave energy density is
usually much smaller than the resonant particle energy density, as has been pointed out by Olsen et al (1987). Thus,
a direct energy exchange between waves and resonant particles cannot lead to significant particle energization
during the time comparable with the particle bounce period, but would rather result in fast wave damping. In this
respect, energy exchange between two groups of particles mediated by the wave, which is the constituent part of
resonant wave-particle interactions, seems more promising. Obviously, in order for this process to be of importance
for particle energization, the energy should be transferred from lower energy particles to higher energy particles.
The question arises whether such process is permitted by thermodynamics. The answer to this question is positive
for the case of unstable plasma. Indeed, in this case, the free energy contained in an unstable particle distribution is
transferred to waves that are excited due to plasma instability. On the contrary, in the case of stable plasma
distribution, the waves are damped giving their energy to resonant particles, which therefore are heated. In the
process of energy transfer between two groups of particles both processes operate simultaneously, and if the lower
energy part of plasma distribution is unstable while the higher energy part is stable, then the wave-mediated energy
transfer from lower energy particles to higher energy particles takes place. It is necessary to keep in mind that only a
part of free energy of unstable distribution can go to higher energy particles, since a part of free energy is spent on
wave excitation. In this report we discuss the process described above by the example of resonant wave-particle
interactions between lightning-induced whistler-mode wave packets and energetic electrons in the magnetosphere.

Olsen, R. C., S. D. Shawhan, D. L. Gallagher, J. L. Green, C. R. Chappell, and R. A. Anderson (1987), Plasma observations at
the Earth's magnetic equator, J. Geophys. Res., 92(A3), 2385-2407.

Localization of the sources of narrowband VLF hiss in the frequency range of 4-10 kHz using
ground-based and Van Allen Probes satellite observations

E.E. Titova', A.G. Demekhov'?, J. Manninen®, D.L. Pasmanik’, D.R. Shklyar4, A.V. Larchenko'

'Polar Geophysical Institute, Apatity, Russia

2Institute of Applied Physics, RAS, Nizhny Novgorod, Russia
3Sodankyld Geophysical Observatory, Sodankyld, Finland
4Space Research Institute, RAS, Moscow, Russia

The maximum of sferics intensity is formed in the frequency range of 4-10 kHz during the propagation of the
signals from lightning discharges in the Earth-ionosphere waveguide. Therefore it is rather difficult to observe
natural VLF emissions in this frequency range on the ground. Apparently, for this reason the characteristics of such
emissions and their generation is almost not discussed in the literature, except for a few examples in the classical
book of R.A. Helliwell (1965) and in a recent article of Manninen et al. (Environmental Research Letters, 2016).
This report presents the results of simultaneous observations of VLF emissions in the frequency band 4 - 10 kHz at
the ground-based station in northern Finland and by the Van Allen Probes satellites (VAP) in the equatorial region
of the magnetosphere, where the projection of satellite trajectory was at a distance of no more than 2-3 thousand km
from the ground-based station.

In the selected events, the VAP spacecraft detected relatively narrow band (with a bandwidth of about 20%) hiss-
like VLF electromagnetic emissions by whose frequency varied in proportion to the equatorial electron
gyrofrequency for the L-shell of the spacecraft. During certain time intervals, the spectral and temporal
characteristics of the VLF emissions detected on the ground and onboard the spacecraft shows one-to-one
correspondence with each other. In these cases, the VLF emissions at lower frequencies show good correlation
during the spacecraft location at higher L shells. The results of multicomponent measurements on VAP satellite
showed that the wave normal directions of VLF emissions which were correlated with ground-based data, were
usually close (within 20°) to the magnetic field, and their Poynting vector was directed from the equator. The
correlation between the ground-based and spacecraft data was often observed near the plasmapause and in the
presence of large-scale irregularities of cold plasma density.

We performed the ray tracing of VLF waves from the equatorial sources for the plasma density profile obtained by
the VAP spacecraft in a wide frequency range and for different wave normal angles. The ray tracing results confirm
the possibility of exit of VLF emissions detected by Van Allen Probes to the ground.

44



Waves, wave-particle interaction

Comparison of 1D Particle-in-cell and 2D double-adiabatic MHD approaches in modelling firehose
instability development during magnetic reconnection

1.V. Zaitsev, A.V. Divin, V.S. Semenov
Saint-Petersburg State University, Saint-Petersburg, Russia

In this study we present anisotropic plasma features in magnetic reconnection process. Since possible particle
acceleration mechanism at exhaust boundaries exhibit a preference of energizing particles in parallel direction, such
anisotropy is expected. 1D PIC simulations of Riemann problem about tangential discontinuity decay with addition
of small normal magnetic field revealed firechose instability development when guide field is sufficiently small.
MHD modelling in double-adiabatic approximation confirmed this result. Conditions for overcoming instability
threshold is studied systematically.

Night-time geomagnetic noises in Pc3 frequency range at middle and low latitudes
N.V. Yagova, E.N. Fedorov, A.Yu. Schekotov
Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences (IPE RAS)

Spectral content and spatial distribution of background broad-band variations (geomagnetic noises) in Pc3 frequency
range registered at night-time at middle and low latitudes on the ground and are studied. For that, controlling factors
in the interplanetary space and in the magnetosphere are analyzed and compared with those for typical daytime and
night Pc3 pulsations. Possible mechanisms for generation of these types of pulsations are discussed.

Relativistic electron precipitation and geomagnetic Pc1 pulsations
A.G. Yahnin', T.A. Yahnina, T. Raita®, J. Manninen?

'Polar Geophysical Institute, Apatity, Russia
2Sodankyla Geophysical Observatory, Sodankyla, Finland (e-mail: ayahnin@gmail.com)

The interaction with EMIC waves is often considered as one of the most important mechanisms for scattering
radiation belt relativistic electrons into the loss cone. At the same time other mechanisms (e.g., interaction with hiss
and UHR waves as well as scattering due to violation of adiabatic motion of particles in a weak magnetic field) can
also be responsible for relativistic electron precipitation (REP). The relative role of different precipitation
mechanisms is not clear. To investigate the role of EMIC waves, the database consisting of 1058 REP events
(so called “precipitation bands”) observed by several NOAA POES spacecraft between 1 July and 31 December
2005 was used. From this amount, 114 events were observed in the = 1 hour MLT range around the network of
search coil magnetometers operated by Sodankyla Geophysical Observatory and by Polar Geophysical Institute.
During the “conjugated” REP events the spectrograms revealed from the magnetometer data exhibit different kinds
of pulsations (PiC, PiB, Pcl, IPDP). For 59 REP events the pulsations were PiC and PiB. In 19 events there were no
pulsations. For 35 REP events (about a third of all events) the spectrograms showed the presence of geomagnetic
pulsations in the Pcl range (Pcl or IPDP), which are well known signatures of EMIC waves. However, the Pcl
pulsations could propagate to the station from a remote source through ionospheric waveguide. As an indicator of
the EMIC wave source we used the localized precipitation of energetic protons (LPEP) equatorward of the isotropy
boundary. We found seven events, for which the Pcl pulsations were observed, but LPEP were not co-located with
REP, that is, the source of the EMIC waves was not associated with the REP source. As result, only 28 REP events
with simultaneous Pcl pulsations (about a quarter of all REP events) were collocated with LPEP. Thus, the majority
of relativistic electron precipitation is produced by other mechanisms, not by interaction with EMIC waves.

In addition, observations of LPEP were used to select the “EMIC wave driven REP” events from the whole
database. Only 162 of 1058 REP events (~15%) related to interaction with EMIC waves were found.
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AHAaJu3 NPOCTPAHCTBEHHO-BPEeMEHHBIX 0CO0eHHOCTelH reOMAarHUTHBIX nyJabcanuii Pi3 MmeTtogamn
HHTErpaJIbHBIX NpeodpasoBanuil

H.P. 3emunckuii, H.I'. Kneitmenosa
HUD3 PAH, 2. Mockea, Poccus, e-mail: hello_nikita@mail.ru

HccnenoBanbl NpOCTPaHCTBEHHO-BPEMEHHBIE XapaKTEPUCTUKU OKOJIOMOMYJEHHOTO BCIUIECKA HHTEHCHBHBIX
(mo 150 uTm) reomaranTHeIX mynscanmii Pi3 (2-7 mI'm) Ha ckanamHaBckoM mpodmiie maruuromerpoB IMAGE B
HaYaJIpHYIO a3y MarHuTHOM Oypu 22 sHBaps 2012 r. [{nsg aHanu3za ObUIM MOTUQHIUPOBAHBI AITOPUTMBI
MaTEeMaTH4ECKUX METO/IOB MHTErPAJIbHBIX MPE00pa30BaHuii, OOBIYHO MPUMEHSEMbBIX B U3yU€HHH BPEMEHHBIX PSJIOB.
Hcnonb3oBaHbl BBIUMCICHUS BBIpsAMILIONIEro ¢yHkiuuoHana «O000mIeHHast qucnepcusi COOCTBEHHBIX 3HaYSHUI
MaTpHIBl KOBAPHAIMMY), XapaKTEpU3YIOIIEro MpupalieHne CyMMapHOW TOPU3OHTAJIbHOW aMILIMTYAbl KOJeOaHHiH
OTHOCHUTENHHO (DOHOBBIX 3HAUEHHH B BBIOPaHHBIN WHTEpBaJ BpeMeHH. Kpome Toro, Iy aHamu3a OTIEIBHBIX
KOMITOHEHT T'€OMarHWTHBIX MyJIbcalMi, a Takke KoMnoHeHT MMII M MJIOTHOCTH CONHEYHOro BeTpa ObLI
WCTIONB30BaH JPYrod BBIIPAMIISIFOIINN MOTeHIMAN - "DHeprus ¢gparmMenta 0o63opa”. B pesynbraTe aHamuza ObLIO
00HApPY)KEHO, UTO OT(GUIBTPOBAHHBIC B Tojoce 2-7 MII[ reOMarHuTHBIC Myabcanuu Pi3 Ha BceX T€OMAarHUTHBIX
mmporax (56-76°) ObUIM KOT€PEHTHBIMH, OJHAKO MX CTPYKTYpa M3MEHsJIach CO BpeMEHEeM. AMILTUTY/A MyIbCAIHi
B MOJLSIPHBIX IIUpOTax ObLia B 3 pa3a BhIIIe, YeM B 00JAaCTH 3aMKHYTOW MarHuTocdepbl. BbisBieHbl 0COOEHHOCTH
IIPOCTPAaHCTBEHHO-BPEMEHHOU CTPYKTYPBI IIyJIbCallMi B 3aBUCUMOCTH OT 3Haka Bz MMII. IToka3zaHo, 4TO KOPOTKHUIA
(~10 mMuH) Beruieck OONBIIUX MONOXKHUTENBHBIX (0 ~ +20 HTn) 3Hauennit Bz MMII npu Gonbmiom (~20 ulla)
JMHAMHYECKOM JaBiieHWH conHeuHoro Berpa (Pd) mpuBen k ouenb uHTeHcuBHOMY (~150 HTx) Bemecky
Pi3 reoMarHUTHBIX MyJbCallMii B MOMSAPHBIX mupoTax (O>72°). IIpu 3ToM B 3aMKHYTO# MarHurochepe OCHOBHas
SHEprus BOJIH OTMEYajach B Y-KOMIIOHEHTE IMOJIS, @ UX CHEKTp He 3aBUcCeN OT MHPOThl. OCHOBHOW MaKCHUMyM B
crnektpe kojebanuit Ha Bcex mupotax (okoiso 2.8 mI'1) ObLT B 00IIMX YepTax NoA00eH CHEKTPAIbHOMY MAaKCUMYM Y
¢mokryarmii B komnoHentax MMIT u Pd. MoxxHO mpennonoxurb, 4To HaOJIrOJaeMble HA3EMHBIC IMYJbCALHH
SBJIAIOTCS PE3YNbTATOM WIHM NMPAMOTO NMPOHMKHOBEHMS BOJH M3 MEXIUIAHETHOTO NMPOCTPAHCTBA B MarHurtochepy
Yyepe3 KaclloBble BOPOHKH, WIHM TpaHC(HOpPMalUH 3THX BOJIH B TypOyleHTHble KoieGaHUs B MAarHUTOCIOE H
pacupoCTpaHEHUHM K 3€MJI€ BJIOJIb BHYTPEHHEH ropsioBHHbI Kacna. Ilocimenyromuii, Takod k€ KOPOTKUH BCIUIECK
OOoMBIINX, HO OTpHLATENbHBIX (10 ~ - 20 HT:x) 3Hauennit Bz MMII npuBen k pe3koMy NpPEKpaIIeHHIO HONSIPHBIX
MyJbCAMi U BO3OY)KACHHIO HOBOTO BCILIECKA KoNeOaHUH B 3aMKHYTOW MarHutocdepe, HanOoiee HHTCHCUBHBIX B
X-KOMIIOHEHTe ToJs. Pe3oHaHCHas Mmpupoza STHX BOJH BIIOJHE BeposATHA. TakuM 00pa3oMm, IPHMEHEHHE METOJ0B
HHTETpaibHBIX NpeoOpa3oBaHMK MOKa3ajo, YTO JABA MOCIIEA0BATENbHBIX BCIUIECKA TEOMAarHUTHBIX Iynbcanui Pi3,
HECMOTPA Ha KaXYIIYIOCS CX0XKECTh, MOI'YT UMETh Pa3IM4HYI0 IIPHPOAY IT'eHEpalUu.

MogpenupoBanue Bo30y:K1eHUs1 HOHOCGEPHOro U aTMOC(epPHOro BOJIHOBOI0B MOJIHHEBbIMHA
pa3psiaMH ¢ Y4€TOM HAKJIOHA T€OMATHUTHOTO MOJIsSt

H.I. Masyp', E.H. ®eznopos’, B.A ITumnenxo', H.B. Srosa’

'YW ®d3 PAH, Mockea
2UKH PAH, Mockea

[IpemmokeHa uncneHHas MOIENb BO30YXKAEHHS aTMOC(epHOTO W HOHOC(EPHOro BOIHOBOIOB, a TaKKe
aTbB()EHOBCKOTO MOHOC(HEPHOTO PE30HATOPAa B AMAMA30HE OT AOJIEH repma A0 HECKONBKHX Tepll TOYEYHBIMU
ncrouyHnkamu. Pa3pabGoran 3¢ QEKTUBHBIM METOR pacdeTa 3JIEKTPUYECKMX W MAarHUTHBIX ITOJEH OT MOJHHEBBIX
Pa3psaoB B PEATMCTHIHBIX MOJIENISIX HOHOC(EPHI C YI€TOM HAKJIOHAa T€OMarHUTHOrO Toiisi. [IpoBeneHo cpaBHEHHE ©
pe3ynbTaTaMy YNPOIIEHHBIX METOAOB pacdera 3/M 1ois. YWCIeHHOe MOJAENMPOBAHME ITOKA3BIBAET, UYTO
MIPOCTPAHCTBEHHBIE M YACTOTHBIE PACHpENENCHHs 3/M IONeH, BO30YKICHHBIX Pa3psiioM MOJHUH, ONpPEeIsieTcs
B3aMUMOJIEHiCTBHEM aTMOC(EepHOTo BOITHOBOA, HOHOC(hEepHOro BomHOBOAa 1 AP.
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Oco0eHHOCTH BCIJIECKOB reOMATHUTHBIX NYyJIbcanuii, conposoxaaommx asa SSC 22.06.2015

B.A. HapXOMOBl, H.JL BOpOI[KOBaz, AlT. HXHHH3, b. HerMezL4, B.O. qI/IJ‘II/IKI/IHl, C.1I0. XOMyTOBS, A.B. HaIHI/IHI/IHG,
B.B. J{oBOHs’

' Baiikansckuii 2ocydapemeennviii ynusepcumem, 2. Upkymek

> Hnemumym kocmuueckux uccredosanuti PAH, 2. Mockea

* Honapnviii 2eogpusuyeckuti uncmumym, 2. Anamumoi

* Unemumym 2eopusuxu u acmponomuu AH Monzonuu, 2. Yian-Bamop

> Unemumym kocmodusuxu u pacnpocmpanenus paduosont, JJBHI] PAH, n. [Tapamynka
S Unemumym Conneuno-semmnoii @usuxu CO PAH, o. Hpkymexk

Teogusuueckas obcepsamopus Bopok, H®3 PAH, n. Bopok

[lo nmaHHBIM MHpPOBOH CETH WHIYKIMOHHBIX MAarHUTOMETPOB HCCIEAYIOTCS IapaMeTpbl, NPOCTPAHCTBEHHBIE
3aKOHOMEPHOCTH M CBS3M C IapaMeTpaMd OKOJO3€MHOH cpelbl BCIUIECKOB T'€OMAarHUTHBIX —IYJbCAllWi,
COTNPOBOXK/JAIONIMX JIBa BHe3amHbIXx Hayama 22.06.2015, xoropeie 3apeructpupoBansl B 05.44 UT u 18.33 UT.
Iepoe SSC 6bu10 BeI3BaHO MYB €O ckopocThio 440 KM/C M CKaYKOM KOHIICHTPAIIMH MPOTOHOB COJTHEYHOI'O BETpa Ha
14 cv. Bropoe SSC Bbi3BaHo MYB co ckopocTbio 712 KM/C M CKAauKOM KOHIIGHTDPALMH TIPOTOHOB COTHEYHOrO
BeTpa Ha 45 em”, BeprukansHas komrnonenta MMII nepen o6ervu MYB B Teuenue 2 yacoB Obliia OpHEHTHPOBaHA
NPEMMYIIECTBEHHO K ceBepy. [lepBoe BHE3alHOE HAYallo CONPOBOXKAANIOCH BCIIECKOM I'€OMArHUTHBIX IYJIbCAIHI
tuna Psc 1-5, koTopble 0OBIMHO CONPOBOXIAIOT BHE3aNHble Havyajga. BTopoe BHE3aITHOE HAYalo COMPOBOXKIAIOCH
r7100aTbHBIM BCIUIECKOM I€OMarHUTHBIX ITyJIbcanuii B 4acToTHOM jauanasone 0.2 — 7 ' ¢ pe30HaHCHOM CTPYKTYpOit
CHEKTpa.

HccnenyroTesi UPOTHO-I0ATOTHBIE 3aKOHOMEPHOCTH CHEKTPOB IYJIbCALlNi, OCOOEHHOCTH MX PaclpOCTPaHEHUS U
JIOKaJIM3aliH, CBS3b C IapaMeTpaMH IUIa3Mbl B MarHUTOC(Epe, COTHEYHOM BETpe U NepexoHOH 00IacTu.
IpoBepsiroTcs BBICKa3aHHbIE paHee aBTOpaMU MNPEAINIONOKEHUS O TOM, YTO MEXaHU3MOM T'eHepalud KoiieOaHui ¢
PE30HAHCHOM CTPYKTYPOH CIEKTpa MOXKET ObITb MOHHO-I[UKJIOTPOHHAs HEyCTOWYHMBOCTb IPOTOHOB KOJBLEBOIO
TOKa, a PE30HAHCHAs CTPYKTypa CIIEKTpa IyJIbCalldid MOXET ObITh CBs3aHa C HOHOC(EPHBIM aJbBEHOBCKUM
PE30HATOPOM.

B3aumopeiictBue nyukoB rugpoMariuTHbIX BoJIH ULF-ELF nuana3ona ¢ uonocdepoi
E.H. ®enopos', B.A IMmmrenko'*, HI'. Masyp', H.B. Srosa’

'"Uo3 PAH, Mockea
UKU PAH, Mockea

Ha ocHOBe MOJHBIX BOJHOBBIX YpaBHEHWI pa3BUTa 4HCICHHAs MOJENb B3aUMOJCUCTBHs C HWOHOChepoil u
MIPOHUKHOBEHMUSI K 3€MHON MOBEPXHOCTH IydkoB anb(seHoBckux BoaH B ULF, ELF mmamazone. I[lapamerpsr
noHocteps! Haxomsarcs u3 Mmoxenu IRI. I'eomarHuTHOE ToONE He mpenmonaraercss BEepTUKAIbHBIM. OTa MOJIEIb
WCTIONB3yeTCs I MHTEPIIPETAIINH MPOXOKIeHH BONH nuana3ona Pcl (B momoce 0.1-5 I'mm) x 3emure.
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Elevation profiles of cosmic rays and gamma-radiation variations in the low atmosphere
Yu.V. Balabin (Polar Geophysical Institute, Apatity, Russia)

Variations of gamma-rays (20 keV — 2.5 MeV) coming from the atmosphere to the surface level are studied since
2009. There are two variation kinds: annual and sporadic. The annual variation is more than 30 % with "winter-
spring" depression and summer flat top. The sporadic ones occur under precipitation and up to 60 % over a clear
weather level. All kinds of variation are observed different stations: Barentsburg (Spitsbergen), Apatity, Rostov.
Concerning to the second kind it is suggested to be caused by electric field in rain (nimbostratus) clouds. Light
charged particles gain additional energy in electric field and dissipate it via Bremsstrahlung. Unfortunately there is
now opportunity of electric field measure in the clouds during precipitation. However Cosmic Ray Laboratory with
FIAN collaboration launches regularly (three times per week) balloons with charged particle detectors. Data of
balloon experiment were used to look for correlation between cosmic ray flux in different altitudes and gamma-rays
increasing. Hundred and half of launches were used and distinct correlation was not found. The same result is on
ground charged particle detectors. The result does not rule out electric field hypothesis. More truly it means that the
effect is weak because energy balance shows the energy addition is about hundreds keV against tens MeV of the
proper particle energy.

Modern Dalton Minimum and its disaster risk on climate change
Ahmed A. Hady

Department of Astronomy & Space and Meteorology Faculty of Sciences Cairo University, Giza, Egypt
e-mail: aahady@sci.cu.edu.eg

The global warming caused by the green-house gases effect will be equal or less than the global cooling As a result
of the current era of weak solar activity. In this respect, we refer to the Modern Dalton Minimum (MDM) which
starting from year 2005 until year 2050; the earth’s surface temperature will become cooler than nowadays.
However the degree of cooling, previously mentioned in old Dalton Minimum (c. 210 y ago), will be minimized by
building-up of green-house gases effect during MDM period. Regarding to the periodicities of solar activities, it is
clear that now we have a new solar cycle of around 210 years.

The analysis solar-X activity data given by COES satellite to predict the incoming effects of the MDM on the
climate change, global precipitation and the change of dryland areas all over the Earth surface.

Magnetic field configuration in corona and flare X-ray sources above the active region 10365
AL Podgorny', .M. Podgorny?, N.S. Meshalkina®

'Lebedev Physical Institute RAS, Moscow, Russia; e-mail: podgorny@lebedev.ru
2Institute of Astronomy RAS, Moscow, Russia, e-mail: podgorny@inasan.ru
3 Institute for Solar-Terrestrial Physics SO RAS, Irkutsk, Russia, e-mail: nata@jiszf.irk.ru

The solar flare energy accumulation in the magnetic field of the current sheet is demonstrated in MHD numerical
simulation. It explains the primordial release of the flare energy in the solar corona. The current sheet is created in
the vicinity of a magnetic field X-type singular line due to action of magnetic forces caused by disturbances, which
propagate from the photosphere. During quasi-stationary evolution the current sheet transforms into an unstable
state, and explosive release of its magnetic energy takes place. The intensive magnetic field dissipation causes
plasma heating, and therefore the appearance of the thermal X-ray emission. The magnetic field configuration in the
corona cannot be obtained from the observations. So to understand the flare mechanism it is necessary to find the
magnetic field configuration and plasma parameters in the corona above an active region by numerical solving of
magnetohydrodynamical (MHD) equations using the observed magnetic field distribution on the photosphere for
setting boundary conditions. The finite-difference scheme which is stable for large steps is developed to accelerate
calculation. This scheme is upwind, absolutely implicit, and it is conservative relative to the magnetic flux. In spite
of using of specially developed methods MHD simulation in the corona is performed so slow that calculation for the
active region NOAA 10365 can be done on usual computer only in strongly reduced time scale. But unrealistically
fast magnetic field changing on photospheric boundary causes instability near it. But in spite of that the methods
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which are used permit to stop of instability propagation inside the computational domain from the photospheric
boundary. The graphical methods for search flare position and study of magnetic field in the solar corona are
developed. The method uses the property of the sheet, according to which the local maximum of the current density
is located in the center of a current sheet. The position of current sheet coincides with the position of the thermal X-
ray source for flare May 27, 2003 at 02:53. Three current sheets are located in the region of thermal X-ray emission
for the flare May 29, 2003 at 00:51 that point to the possibility of appearance of this flare as a result of the release of
the magnetic energy of the current sheet. To clarify the results it is necessary to perform calculations in the real time
scale. The study of the magnetic field configuration near the current sheet in the corona above the active region
10365 for flares May 27, 2003 at 02:53 and May 29, 2003 at 00:51 shows that the physical meaning of the processes
of accumulation and rapid release of flare energy is demonstrated not only by the magnetic field lines. More
comfortable for flare investigation is analysis of lines that perpendicular to the force vectors. These lines are located
in the current sheet configuration plane. They are tangent to the projection of the magnetic lines. The location of
these lines, having opposite directions on either side of the current sheet, is determined by the existence of forces
which create a current sheet. Then these forces can destroy this sheet, when the system is transformed into an
unstable state. The real magnetic lines form a complex configuration near the current sheet. Using the developed
graphical output system, it is possible to study in detail the location of the magnetic lines in such a complex
configuration.

Mini neutron monitors at Dome C (Central Antarctica) and introduction of the class of sub-GLE
events registered with them

S.V. Poluianov'?, I.G. Usoskin'?

'Sodankyld Geophysical Observatory, University of Oulu, Finland
Space Climate Research Unit, University of Oulu, Finland

Two mini neutron monitors have been installed at Concordia research station (Dome C, Central Antarctica, 75°06'S,
123°20'E) in the beginning of 2015. The instruments have slightly different design: one is standard and another one
is so-called "bare" (lead-free) monitor. They have been named as DOMC and DOMB, respectively, and the data are
publicly available at cosmicrays.oulu.fi and nmdb.eu.

Concordia station is located quite close to a geomagnetic pole (rigidity cutoff <0.1 GV) at high elevation (3233 m
a.s.l.). These factors make the instruments placed there very sensitive to the cosmic ray variability. Their asymptotic
acceptance cones lie in the southern poleward direction at the latitude of about 70-80 degrees for the energy range of
a few GV, which is the highest south latitude among all the existing neutron monitor stations. This is crucially
important for studies of solar energetic particles (SEP) and cosmic ray anisotropy.

Because of very high sensitivity, the instruments are able to detect solar energetic particle events which are not
sufficiently strong to cause a standard cosmic ray ground level enhancement (GLE) at the sea level. Joint use of the
presented neutron monitor station with another high-elevation one - South Pole - make it possible to reliably expand
the range of SEP events detectable at the ground level and introduce a new sub-class of GLEs preliminary named as
sub-GLE:s.

Fine structure of the interplanetary shocks observed by BMSW experiment onboard the SPEKTR-
R in the solar wind

0O.V. Sapunova, N.L. Borodkova, G.N. Zastenker (Space Research Institute of the Russian Academy of Sciences)

Interplanetary (IP) shocks are one of the main factors influencing on the space weather. The fine structure of the
front of collisionless shock has been investigated for planetary shocks from magnetic field measurements whereas
IP shocks are less often studied. BMSW plasma spectrometer onboard the Spektr-R satellite, launched in 2011,
measures the ion moments with high-time resolution — 0.031 s and it allowed us to study ramp region of the IP
shocks using ion moments, which were completed by magnetic field measurements from ACE, WIND, THEMIS and
CLUSTER spacecraft.

All registered IP shocks were studied and their main characteristics were calculated: B (the ratio of the solar wind
thermal to the magnetic pressure), Og, (the angle between the upstream magnetic field and shock normal direction),
Mms (Magnetosonic Mach number — the ratio of the IP velocity to the propagation speed of magnetosonic waves),
IP shock velocity. The study shows that the ramp thickness defined from plasma measurements roughly corresponds
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to the ramp thickness derived from the magnetic field measurements and lies within interval from 40 to 600 km. In
some cases the precursor waves were observed in the front of subcritical shocks both in plasma and magnetic
measurements. It was found that their wavelengths varied from 70 to 400 km.

Two fluid solar wind model: Application of kappa-Maxwelian distribution for electrons
S. Taran and H. Safari (Department of Physics, P.O. Box 45195-313, University of Zanjan, Zanjan, Iran)

This study presents 1D two fluid solar wind model with kappa-Maxwellian function for electrons (as suprathermal
particles) and bi-Maxwellian distribution function for protons, based on kinetic theory. A set of collesionless MHD
equations derived applying zeroth to fourth order moments of Volaso equation and electromagnetic Maxwell
equations for plasma. The resultant equations for electron temperatures (parallel and perpendicular relative to
magnetic filed line) and proton temperatures differ due to the different nature of distribution functions for electrons
and protons. Also, we see that, the equations for electron heat flows and proton heat flows are different.

According mentioned distribution functions, we calculate susceptibility tensor for a hot-plasma in a magnetic field
and more we solve dispersion relation of this plasma and survey the behavior of Alfven waves in it.

Semi-centennial north-south displacements of the HCS based on the reconstructed IMF sector
structure

M.V. Vokhmyanin, D.I. Ponyavin (Saint Petersburg State University, St. Petersburg, Russia)

We present the analysis of the interplanetary magnetic field (IMF) sector structure reconstructed from geomagnetic
data in the 19th and 20th centuries. During most of the 20th century the IMF polarity is inferred due to the
Svalgaard-Mansurov effect using high latitude geomagnetic variations. The IMF polarity in the 19th century was
inferred using mid latitude observations. The latter is possible due to the ground magnetic effect of the field-aligned
currents which are asymmetric during the IMF with non-zero BY component. The reconstructed IMF sector
structure reveals semi-centennial north-south displacements of the heliospheric current sheet (HCS). According to
our results the dance of the “ballerina” was not bashful during 15-19 solar cycles.

YcaoBus CylmieCTBOBaHMA 6LICprlX MATrHUTHBIX 00JIAKOB COJTHEYHOI0 BE€TpPa CONMPOBOKIACMbIX
YaAapHbIMU BOJTHAMH

H.A. Bapxaros', E.A. Peynoa’, A.B. Burorpagos'

1 o o o
Huoicecopoockuii 2ocyoapcmeennbiii nedazocuieckuii ynusepcumem um. K. Mununa
2 o . .

Huoicecopoockuii 2ocyoapcmeentbiii apxumekmypHO-CIMpoumenbHbulil yHueepcumem

V3BecTHO, YTO MarHUTHbIE OOJaka COJHEYHOI'O BETpa YacTO CONPOBOXKAAIOTCS YIAPHBIMH BONHAMH M,
CIIEIYIOIMMH 32 HUMH, TYpOyJIEHTHBIMU 000I0YKaMu. Takue CTpYKTYpHI ABIAIOTCS Hanbosee reod()eKTUBHBIMH
COOBITHSIMH M TIO3TOMY IPEICTABIISET HHTEPEC M3YUSHUE YCIIOBUH CYILIECTBOBAHMI TaKMX MarHUTHBIX OOJIaKOB.

B Hacrosimiedt pabore Ui onpenereHHs YCIOBHH, NpU KOTOPHIX II€pel MarHUTHBIMH OOJIaKaMH BO3ZHHKAIOT
yIapHbIE BOJHBI, PACCMOTPEHO 75 MAarHUTHBIX OOJIAKOB, 3apeTHMCTPHPOBAHHBIX B OKOJIO3EMHOM KOCMHYECKOM
mpoctpadcTe ¢ 1973 mo 2012 rr. (OMNI, http://cdaweb.gsfc.nasa.gov/istp_public/) [1, 2]. CraTucTudeckuii anamms
JMHAMUKH [IApaMeTPOB COJHEYHOI'O BETpa Meped MarHUTHBIMU 00JaKaMH MOKa3all, YTO U3 BCEX pacCMaTPHBAEMBIX
coOprtuii 30 HE WMenu yHApHBIX BONH, a 45 WMH CONPOBOXKAANNCH. lVcclemoBaHWE BEIIONHEHO ITyTEM
CONOCTABIICHHsI CKOPOCTEil aNbBEHOBCKMX M 3BYKOBBIX BOJIH B COJHEYHOM BETpPE CO CKOPOCTAMH MAarHHUTHBIX
00akoB oTHOCHTENBHO (VOTH) comHeuHOro Berpa. OTHOCHTENbHAS CKOPOCTh MATHUTHBIX OOJAKOB BBIYHCIISIIACH
Kak pasHHMIa CKOPOCTeH Tena o0jaka M CPeJHEro 3HaYeHUs CKOPOCTH COJMHEYHOIro BeTpa mnepex obnakom (Juis
obnakoB 0e3 yIapHBIX BOJH) WM HEpel YAapHOW BONHOW (JUIsi 0OJIAKOB C yIapHBIMH BOJTHAMH). M3 moimydeHHBIX
COOTHOMIEHUH CIIEAYET, YTO JJISi MAarHUTHBIX OOJIAKOB O€3 yHapHBIX BOJH VOTH HIXKE CKOPOCTEH 3BYKOBBIX H
QIBBEHOBCKUX BOJIH, B TO BpeMs Kak Uil OONAakoB C YAAapHBIMH BOJHAMH HAOJIOMACTCs NpEBBIIICHHUE
OTHOCHTEJFHON CKOPOCTH 007aKoB Haj HUMH. IIpu 3TOM CKOpOCTH 0OJAKOB ¢ yAapHBIMU BOTHAMHU OTHOCHTEIHHO
TIOTOKA COJIHEYHOT'O BETpa, Kak MpaBuJIo, cBhiie S0 km/c.
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BakHBIM 00CTOSTEIHCTBOM, BIMSIIOIINM Ha OTHOCHTEIFHYIO CKOPOCTh ME/IJICHHBIX 00JIAKOB, B HEKOTOPBIX CIIydasXx,
SIBIISIETCS. BHICOKOE 3HAUYEHHE aJIbBEHOBCKMX CKOPOCTEH B COJIHEYHOM BETpPE, OKpYXaromieM obOjaka. JTO MOXKET
ObITh OOBSICHEHO TPH PACCMOTPEHWM IIPHYMH pacUIMpeHus: o0Jlaka M BBI3BAHHOTO MM YCKOPEHHUSI OOJaKOB.
Pacmmipenue mimazmMeHHOro oOpa3oBaHWsl HE MPOWUCXOIUT NPH BBHIOJTHEHWH YCJIOBUS PaBEHCTBA Ha €ro I'PaHHMIIE
CyMM Ta30KMHETHYECKOTO M MAarHUTHOTrO JAaBjieHuid. HapymieHne 3Toro paBeHCTBa BENET K CMEIICHHIO T'PaHUI]
TUIa3MEHHOro oOpa3oBaHMs. s paccMOTpeHHs NPUYMH paclIMpeHHs o0jlaka M ero YCKOpEHHs! ObUTH H3Y4YeHBI
W3MEHEHHs] CYMMapHOI'0 Ta30KMHETHYECKOr0 U MarHUTHOTO JABJICHUH, a TaKKe U3MEHEHHs] Ta30KMHETHIECKOTO H
MarHUTHOTO JaBJIEHHSI MO OTAEIbHOCTH Ha T'PAHMIE COJNIHEYHBIH BETep — MarHWTHOe oOsako. JIjsi MarHMTHBIX
001akoB 0€3 yJapHbBIX BOJH YCTaHOBJIEHO PaBHOBECHE CyMMapHOT0 ra30KWHETHUECKOI0 U MarHUTHOTO AaBJICHUS Ha
paccMaTrpuBaeMoil rpaHMIe, a Uil 00JaKOB C yJapHBIMH BOJHAMH — 3HAYMTENIFHOE IPEBBINICHHE CYyMMapHOTO
JlaBjieHus] B Tenie obnaka. J[aHHOe 0OCTOATENBCTBO CBHIETENBCTBYET O TOM, YTO T'PAaHMIBI OOJIAKOB C YAapHBIMHU
BOJIHAMH paCUIMPSIOTCS W €ro BeAyllas TrpaHHIa NPUOOPETAIOT JOMOMHHUTENBHYI0 CKOPOCTh. AHAIM30M
COOTHOUIEHHH T'a30KUHETHYECKOr0 W MarHUTHOT'O JaBJICHHs B COJIHEYHOM BETpE W B Tesie o0Jjlaka IOoKa3aHo, YTO
OCHOBHOH BKJIaJI B YCKOpEHHE BEAyIleil 4acTu objlaka JaeT MarHUTHOE JaBjieHue. | a30KnHEeTHYeCKOoe JaBJieHUE B
COJIHEYHOM BETpE M B Teie objlaka OKa3bIBaeTCsl Ha MOPAJNOK HIKE MAarHUTHOTO M HE YYacTBYeT B M3MEHEHHH
CKOPOCTH BeIyIIeH rpaHHIbl 00JIaKa.

CBsi3b JTMHAMMKH BBICOKOIIMPOTHOIH reOMArHUTHONH AKTHUBHOCTHU ¢ U3MEHEHHSIMH NTApaMeTPOB
MArHUTHBIX 00JIAKOB

H.A. bapxatoB, C.E. PepynoB, A.b. Bunorpanos, }0.A. I'napankuit
Huoicecopoockuiti eocydapcmeennbill nedazoeuyeckutl ynusepcumem um. K. Mununa

B mpemaraemMoMm HcclIeOBaHUM JIENAETCsl MOMBITKA YCTAHOBJIEHUsI IMPUYMHHO-CIECACTBEHHON CBSI3M AWHAMUKHU
BBICOKOILIMPOTHON T'e€OMAarHUTHOM aKTHMBHOCTH, ONMWCHIBAGMOW HHJEKcoM AL, ¢ JmaHHBIMH 00 HW3MEHEHHsIX
[IapaMeTPOB COJIHEYHBIX IIA3MEHHBIX IOTOKOB, PErHCTpUpyeMbIX HmaTpyibHbIMH KA. B kauecTtBe mccienyembIx
MIOTOKOB BBIOpaHbl MarHUTHBIE 00JlaKa COJIHEYHOI'O BETPa, MOCKOJbKY J3TH IIa3MEHHbIE 00pa3oBaHMs HaubOolee
reod¢ddexruBHbl. [locnennee, oHaKko, HE O3HAYAET, YTO OHM BCETla BBI3BIBAIOT INIOOAIBHBIC MAarHUTHBIE OYpH.
CtpykTypa OBICTPBIX MArHUTHBIX OOJAKOB 3aMETHO YCIOXKHSETCS BO3HHMKHOBEHHEM YHApHOH BOJIHBI H
TypOyJIeHTHOW 00JacTH 3a Hell. B cBA3M ¢ 3THM IpeacTaBIsieT HHTEPEC yIacTHe JIEMEHTOB CTPYKTYPhl MATHUTHBIX
005aKkoB B mporecce (HOPMUPOBAHUS BHICOKOLIMPOTHOH T'€OMarHUTHON akTHBHOCTH. HecMoTpst Ha MHOrooGpasue
KOH(QUI'Yypalii MarHUTHBIX OOJAKOB M CIOCO0 BO3JCHCTBUA Ha 3EMHYI0 MarHurocepy, 3aBUCAIIMHA OT HX
MIPUIIENBHBIX TTAPaMETPOB, 00s3aTEIbHONW OCOOEHHOCTBIO sIBIsieTCS MOBOpOT BekTopa MMII BHyTpH oOnaka, 4To
obecrieunBaeT BOZHUKHOBEHUE Te03(EKTUBHOM OTpHULIATEIbHON B,-KOMIOHEHTHI.

Brmmonasemoe B paboTe yCTaHOBJICHHE 3aBUCUMOCTH AHUHAMHUKH HOJIAPHOH aKTHBHOCTH OT W3MEHEHHUH ITapaMeTpoB
MarHuTHOTO oOOJaka, MO3BOJAET BBIACHWTH, Kakas KOH(HUIypalus MarHUTHOTO OOJlaka M Kakoil KOHKpETHBIH
JIEMEHT CTPYKTYPBl MarHUTHOTO OOJIaka OTBETCTBEHHBI 3a BHJl T'€OMAarHUTHOTO BBICOKOIIMPOTHOI'O BO3MYIIEHHS.
Jis 3TuX mernel mpuMeHseTcs HeMpOCeTeBOI MOAXO0/ C MCIIOIBb30BaHIEM PEeKypPEHTHON HelpoceTH THIa DJIMaHa.
C ee momoIIBI0 IO AWHAMUKE ITapaMeTPOB OKOJIO03EMHOr0 MPOCTPAHCTBA BOCCTAHABIMBAIOTCS M MPOTHOZHPYIOTCS
TEOMAarHUTHBIE BO3MYILIECHUS, XapaKTepPHU3YIOLIHE NOIApHYI Cy00ypro. IIoCKOIBKY COBpEMEHHBIE METOIbI
pETHCTpaIY COTHEYHBIX ITOTOKOB MO3BOJISIIOT IPOCIIEINTh UX SBOITIOLHUIO B COTHEYHOM BETPE HETOCPEACTBEHHO OT
UX COMHEYHOr0 MCTOYHHUKA, TO pa3pabaThIBaeMblil B HACTOAIIEM HCCIEIOBAaHUM METOJ B MEPCIEKTHBE ITO3BOIUT
BBINOJTHATH ITOUCK IPEIBECTHUKOB BBICOKOIIMPOTHBIX T€OMAarHUTHBIX COOBITHH M 3TUM CO3JaTh aITOPUTM IPOrHO3a
cy00yph 3a BpeMsi, TOCTUTAIOIIEee HECKOIBKHUX CYTOK.

HccnenoBanue cBsI3N MeK1y BapHALUSIMHM FaMMa-U3J1yYeHHUsI M 3J1eKTPUYEeCKUM I0JISIMU B
NPU3EMHOM ¢Ji0e aTMOoc(epbl

10.B. Bana6un', A.A. Toponos®, A.B. I'epmanenko', b.5. ['Bo3sieBcKuit’

1 . .
THonapuwiil eeoghuzuveckuii uncmumym, Anamumei, Poccus

2 N

Hncmumym kocmogpuzuueckux uccredoganutl u adsporomuu, Axymck, Poccus

B XOAC NPOBCJACHHS B 2016 r. COBMECTHBIX SKCIICPUMCHTOB HAa CTAHIUAX KOCMHYCCKUX queﬁ B ﬂKyTCKe u Tukcn
ObLIN YCTAHOBJICHBI JACTCKTOPbI TI'aMMa-U3JI1y4CHUA, paBpa6OTaHHBIC B III'N. I[CTCKTOpLI CO3/JaHbl Ha OCHOBC
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kpuctamia Nal(Tl), umeror apexruBHBIN arana3on 20-400 k3B u nmocTaBiIeHb! B pe)KUM MOHUTOPHHTa (POHOBOTO
raMMa-u3JIydeHus, npuxojsamero u3 armochepbl. Ha 5TuX craHmusx Takke TNPOM3BOIMTCS MOHHTOPHHT
HaNpsDKEHHOCTH  AJIEKTPHYECKOTO0 MOl € TOMOINBIO 3JeKTpocTatndeckux ¢urokemerpoB Boltex EFM-100.
HaGmogaemble MHOrO JieT Bo3pacTaHusi ramMMa-(oHa TpH OcaakaX MOTYT OBITh CBSI3aHBI C JIIEKTPHYECKHMHU
TIOJISIMH, TIPUCYTCTBYIOIIMMHU B JOKAEBBIX oOjakax. Hammune QIIOKCMETpOB B mMape € JETEKTOpaMH Tramma-
W3JTy4eHUs TI03BOJISIET MPOBEPHUTH 3Ty Tunote3y. CoOpaHHbIE JaHHBIE U TPEIBAPUTENbHBIN HX aHAJIU3 YKa3bIBAIOT
Ha HaJIMYMe TaKOW CBS3M, OJJHAKO, HANPSHKEHHOCTH AIIEKTPUYECKOro OIS Y 3eMIH (Te MPOBOJSITCS U3MEPEHUS) U
MeXly 0OlakaMU He BCET/la OTHO3HAUHO CBS3aHBL

BupryaibHbIil HEHTPOHHBIA MOHUTOP AJIs1 M3YUYCHHS MHOKECTBEHHOCTEH
10.B. banabun, b.b. I'Bo3nerckuit, A.B. I'epmanenko (Tlorspuuiii ceogpusuueckutlt uncmumym, Anamumot, Poccust)

YHHKanbHas CKOPOCTHAsi CUCTeMa perucrpaiuu, paspadoranHas B [II'M n ycraHoBneHHas Ha psie HEUTPOHHBIX
MonutopoB (HM), mo3BosnsieT mpoBecTH SKCIEPHUMEHTHI 110 U3MEPEHUIO pa3MepOB aJAPOHHBIX JIMBHEH, IPUXOASIINX
Ha HM. CkopoctHas cucrema perucrpanuu GUKCHUpyeT BpeMs IPUXoaa Kakoro uMiyiabsca or HM ¢ ToyHOCTBIO 10
1 MKC M HOMep TpyOKH, B KOTOPOHl OH BO3HMK. Hanudue TakuX TOYHBIX M TOAPOOHBIX JAHHBIX IO3BOJISET
NPOBOJIUTH SKCIEPUMEHTHI C 3alMCaHHBIMU B (aiin gaHHBIMH HM, HHCKOIIBKO HE MEHsIsl peallbHYI0 KOHCTPYKIIUIO.
Crangaptaeiii 18-HM-64 MoHO IpeBpaTHTh B "BUPTYasbHbIH" PHOOp 1000 KoHUryparmu. J{is 3Toro Hy»KHO
JIMiib CriciuaJibHas mporpamma, BbIACIAIOMIAs W3 O6I_HCFO 061)eMa JaHHBIX HUMITYJIBCBHI 3aJaHHBIX KaHAJIOB C HX
BpeMeHamu npuxona. Hampumep, caenats HM cocrosiinm 13 onHo# TpyOku Homepa K. WMim U3 mapel cocenHmx
Tpyook K u (K+1). 1 B 11000# M3 3aaHHBIX KOHQUTYpalUid MOXXHO BBIAENIATH COOBITHS MHOXKECTBEHHOCTHU I10
3ajaHHOMY anroputMmy. MccienoBaHne OJHOTHIIHBIX COOBITHM MHOXKECTBEHHOCTH Ha JIMHEHKe BUPTYalIbHBIX
pudopoB, cocrosmux u3 Tpyoku K u tpyoku (K+n), rue n MeHsieTcst OT SKCIIEpUMEHTa K IKCIIEPUMEHTY, [10Ka3aJlo,
YTO CYLIECTBYIOT [Ba THIIA COOBITHH MHO)XECTBEHHOCTH. IlepBBI THUN — 3TO MHOXECTBEHHOCTH, COCTOSIIAS M3
HMITYJIBCOB, IPHIIEAMINX OT JBYX COCENHUX TPYOOK. BTOpOil THII — MHOXXECTBEHHOCTb, B KOTOPYIO BOBJIECUEHBI
MHorue Tpyoku, B ToMm uncie K u (K+n). MHO)XeCTBEHHOCTh TIEPBOrO TUIA (HE BBIXOJSINAS 332 COCSIHIOI TPYOKY)
BO3HHUKAET OT SJEPHOIO Kackajla B CBUHLE, BbI3BAHHOI'O OJMHOYHOM SHEPrMYHOM yacTuuedl. MHOXECTBEHHOCTH
BTOPOT'O THIIa BO3HHUKAIOT, BUAUMO, OT aJpOHHBIX JMBHEH B atMocdepe Hax HM, mOCKoIbKy OEeCsITKH UMITYIbCOB
(KaXKApI UMIYJIBC — 3TO PErHCTpalys HEMTPOHA) MPOUCXOAT B TEUCHUE COTEH MKC Ha TPyOKaxX, pacHoNIOAKEHHBIX
Jasieko Apyr oT napyra. [Ipm Tom, 4To B cpeaHeM MHTepBan Mexay ummyinbcamu HM coctasnser 10-20 mc. beum
TaKoKe BBITIOJHEHBI JKCIIEPUMEHTH ¢ 0o0Jee CIOXKHBIM PacHoNOKEHHEM TPYOOK, M3 KOTOPBHIX OblIa MONydeHa
¢Gyakmus  paszaBmwkeHus. COBOKYIMHOCTh OKCIIEPHMEHTOB IO3BOJSET 3aKIIOYUTh, YTO TOJIBKO JO HOMeEpa
MHOYKECTBEHHOCTH ~7 COOBITHS CO3JAIOTCS OJHUM JIMIIb SACPHBIM KacKaJoM B CBHHIE. BO MHOXXECTBEHHOCTSIX C
60npIIMM HOMEPOM HauMHAET MPOSIBISTHCS 3 dekT anpoHHoro nuBHs B atMocdepe. [1o pyHKIMM pa3aBUKeHHs
OIIpeJIeIeHbl Pa3Mephl ATUX JIUBHEH.

HJoaronepuoaHpblie M3MeHEHUsI JKECTKOCTEH reOMAarHUTHOTO 00pe3aHusi MUPOBOIi ceTH HEHTPOHHBIX
MOHUTOPOB

B.b. I'Boznesckuit, JLU. Hopman, A.A. AGyruH, P.T. I'ymuna, A.B. benos, E.A. Epomrenxo, B.I'. Sluke

B mpemaraemoii padote ¢ TogoBeIM paspemierneM s nmeprona 1950-2020 roga MeTogoM TPaeKTOPHBIX PAcUEeTOB
MOJTyYeHbl BEPTHKAJBHBIC KECTKOCTH T'€OMAarHHTHOrO oOpe3aHus misi MHpPOBOW ceTH HEHTPOHHBIX MOHHTOPOB.
JKectkoctn reoMarHuTHOrO oOpe3aHus moaydeHsl mo moaenu Definitive Geomagnetic Reference Field mms 1950-
2015 u International Geomagnetic Reference Field mms 2020 roma. Pe3ynbraThl pacdeToB CBHUAETENBCTBYIOT 00
o0IIeM MOHMKEHHH KECTKOCTeH 'eOMarHHTHOrO OOpe3aHus NPAaKTHYECKH BO BCEX IYHKTaX, KOTOPOE CBS3aHO C
OoOLIMM TOHWKEHHEM TEOMarHUTHOrO TIOJsl 32 pacCMaTpPHBAaeMBId Tepuoia. BBIMONHEH TakKe NPOrHO3
IUTAHETAPHOT'O PaCIpEICICHIUS JKeCTKOCTEH TeOMarHuTHOro odpe3anws 1o neproaa 2050 rogos.
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Paciimpenne KOMIIEKCHOM YCTAHOBKH pPerucTpanuy KocMu4yeckux Jgydeii Ha lllnnn0eprene
A.B. T'epmanenko, ¥0.B. barmabun (Ilonapusiii ceogusuyeckuii uncmumym, Anamumst, Poccus)

Ha crannmm xocMuyeckux jrydeld B AnaTuTax co3ZaHa KOMIUIEKCHasl CHCTeMa MOHHUTOPHHTA PaJIHallioHHOr0 (hoHA
B Pa3JIMYHBIX BUAAX U3ITy4EHUM: HEWTPOHHON KOMIIOHEHTHI, HU3KOPHEPTUYHOU 3apsDKEHHOM M HU3KO3HEPTHMYHOU
9JIEKTPOMAarHUTHOM KOMIOHEHT. Ha cTaHimm kocMuueckux Jiydeid B bapeHnOypre, onHako, 10 HEAaBHETO BPEMEHH
HaOop /JeTeKTOpoB ObLT orpannyeH. beun npoBeneHsl paboThI 10 pacUIMPEHUI0 YCTaHOBKH B bapeHnOypre, myrém
YCTAaHOBKM HOBBIX JETEKTOPOB M pPAaclIMPEHHs BO3MOXHOCTEH YK€ YCTaHOBJECHHBIX. B dYacTHOCTH ObLIH
YCTAQHOBJIEHBI JAETEKTOPhl HU3KOIHEPTUYHON HEHTPOHHON KOMIIOHEHTHI U JETEKTOp 3apsKEHHOW KOMIIOHEHTHI. C
YCTAHOBKOM ATHX JETEKTOPOB MOXHO CKa3aTh, YTO KOMIUIEKCHBIE CHCTEMBbl MOHHTOPWHIA BCEX OCHOBHBIX
KOMITOHEHTOB KOCMHYECKHMX Jyded B Amnarutax W bapeHnOypre crajqum OAMHAKOBHIMH U OOECIIEUHBAIOT
PETrUCTpaIfio OCHOBHBIX KOMIIOHEHTOB BTOPHYHBIX KOCMHMYECKHMX Jyded. OAMHAKOBOCTh BaXKHA, IOCKOJBKY
00ecreunBaroTCsl OIMHAKOBBIE N3MEPEHNUS B IBYX Pa3HECEHHBIX TOUKaX.

I'nobdanbHas Moaeab HOHM3AIMU aTMOC(]epbl 3eMJIN NPOTOHAMHU IATAKTHYECKUX KOCMUYECKUX
Jyden

E.A. Maypues, }0.B. banadun (Ilorspusiii ceogpusuueckuti uncmumym PAH, Anamumut)

OJIHI/IM N3 OCHOBHBIX HMCTOYHHKOB HOHH3AIIMH aTMOCd)CpI)I 3emin CIIy>)KaT KOCMHYECKUE JIy4YH, T'aJIAaKTUICCKUE
(T'KJI) u conneunsie (CKJI). [lepBuuHble KOCMUYECKHE JIYYH, COCTOSIIME B OCHOBHOM M3 MPOTOHOB, HOHU3UPYIOT
BEPXHHUE CIION aTMOC(EPBI, a TAKKE B3aUMOJCHCTBYIOT C sIJpaMH OKPY)KaIOIIEero BeliecTBa (B OCHOBHOM, 3TO a30T U
KHCIIOPOA), POXJasi KacKaabl BTOPUYHBIX KOCMHYECKHX JIydei, KOTOpbIE, B CBOIO OYEpeib TAKKE Y4acTBYIOT B
HMOHOOOpa30BaHUM Bcel HikHEH atMocdepbl. B naHHOI padoTe paccMaTpuBaeTcs UCIOIb30BAaHHUE MPOrPAMMHOIO
komiekca RUSCOSMICS©, ocHOBaHHOTrO Ha YHCIEHHOM Merone Monrte-Kapno, mnsg 3amaun pacyera CKOPOCTH
WOHM3AIMH JJIs Pa3iIMYHBIX 3Ha4eHMI reorpaduueckoid MHUPOTHl M ZoaroThl. [IpuBonsarces npodunu MOHKU3aUUK B
3aBUCHMOCTH OT BBICOTBI, JAIOTCS UX KOHKPETHBIE YMCIICHHbBIE OLIEHKH M ONPEICIAIOTCS HKBUBAJICHTHBIE 03I
U3ITy4eHHUs.

MoaenupoBaHue pe30HAHCHOT0 YCKOPEHHUsI IPOTOHOB B MATHUTHOM OCTPOBE B CKJIAJKe
reJinocgepHoro TOKOBOro cJIos

O.B. MI/IHFaJIeBl, O.B. Xa6ap013a2’3 , X.B. MaJIOBa4'3, W.B. Munranes', P.A. KI/ICHOB3, M.H. MGHLHI/IKl,
I1.B. CeuKol, JL.M. 3enéupiit’

Monapuwni 2eopusuueckuii uncmumym PAH, Anamumui, e-mail: mingalev_o@pgia.ru

2HHcmumym 3eMHO020 MAcHemu3Ma, UOHOCepbl U pacnpocmpanerus paouosoit um. H.B. Ilyuxoea PAH,
Mocxkosckas obn., e. Tpouyx, Poccus

3HHcmumym rocmuyeckux uccreoosanu PAH, Mockea

*Hayuno-uccredosamenscruti uncmumym soepnoti pusuxu um. J1.B. Crobenvyvina MI'Y, Mockea

B pabote nmpeanoxeHa aHAIMTHYECKAs] MOAEND IEKTPOMArHUTHOTO TOJIS B JIEKTPOHEHTPATIbHOM HMEPHOIUIECKH
KOJIEOMIOIEMCST MATHUTHOM OCTpOBE. B Mozenu siekTpryecKkoe Tosie SBISETCS YUCTO MHAYKIIMOHHBIM M MMEET
CYIIECTBEHHYIO MHPOJOJBHYI0 KOMIIOHEHTY IIOYTH BO BCEM OCTPOBE BO BpeMsl OOJNBIIEH 4YacTH €ro mepuoja
konebannii. C TIOMOIIBIO 3TOM Mopenw ObUT BHIOpPAaH pPsII MOJCNBHBIX ITApaMETPOB, KOTOPBIE COINIACYIOTCS C
OKOJIO3€MHBIMH HAOIIFOJJICHUSIMH MAarHUTHBIX OCTPOBOB C pasmepamu ~0.01 a.e., pacIpOCTpaHSIOMHUXCS BMECTE C
COJTHEYHBIM BETPOM BIOINb Tenuocheproro TokoBoro cios (I'TC). beuto BeIOpaHo mupokoe MHOKECTBO HAYaITbHBIX
TOYEK BHYTPH OCTPOBa, W HaOOp HAYaIbHBIX MOMEHTOB BPEMEHH, KOTOPHIE COOTBETCTBYIOT Pa3IMUYHBIM (azam
KoneOaHMit ocTpoBa. B KkadecTBe HadalbHBIX CKOPOCTEH WCIONB30Bajach IMOAPOOHAS CETKa B IPOCTPAHCTBE
CKOpOCTeH B c(epruecKoil crcTeMe KOOPIUHAT C HadyaJIbHBIMM KMHETHYECKHMHU SHEPTUsIMU B nuana3one ot 10 3B
70 100 k3B u marom B 10 mo yrmam HampaBieHust ckopoctu. HawambHas sHeprust mensuiach ¢ marom 10 3B B
nuana3one ot 10 3B 1o 0.5 k3B u ¢ marom 0.5 k3B B quanazone ot 0.5 k3B no 100 k3B. s kaxxgoro BapuaHTa
TIOJISE MOJIETTBHOT'O OCTPOBA M JUISl KQXKJOT0 HAYAJIBHOTO YCIOBHS (HAYaJIbHOM TOYKH, HAYaJIbHOTO MOMEHTa BPEMEHH
1 Ha4aJIbHON CKOPOCTH) OBIIM POBEACHBI PACUEThl TPAEKTOPHI MPOTOHOB BILUIOTH /10 BBUIETA M3 OCTPOBA B CHCTEME
OTCYeTa, ABIKYIIEHCS] BMECTE C CONHEYHBIM BeTpoM. [lo pe3ympTaTtamM 3THX pacdeToB ISl KaXIOoW HadaIbHOU
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TOYKH, HAYaJIbHOIO MOMEHTA BPEMEHH M JUIS Ka)XKJIOro ypOBHS Ha4aJbHOW PHEPrHMU OBbUIM HaWaeHb! cpeaHsis (1o
yIiiaM HanpaBJieHHs] HadaJbHOW CKOpPOCTH), MakcMMallbHasi M MHHHUMAallbHAsi SHEPIHs BBUICTEBIIMX M3 OCTPOBA
MIPOTOHOB, a TaKXe cpernHee (MO YIiIaM HaMpaBIEHWS CKOPOCTH), MaKCHMaJIbHOE M MHHUMAalbHOE BpeMs
HaXOXJICHUS! TPACKTOPHU B OCTpoBe. Taroke JUIs JUarHOCTHKH aHM30TPOINUH CKOPOCTEH BBUIETA PAaCcCUMTHIBAIACH
(GyHKIMS pacnpesielieHus] TPAeKTOPHU 10 YIjiaM HalpaBlieHUs] CKOpOCTH BbuleTa. [lokazaHo, YTO IS HadalbHBIX
sHepruid B amanazoHe or 0.5 k9B mo 100 k3B umeror Mecto pe3oHaHCHBIE 3(PQEKTH YCKOPEHHs MPOTOHOB
TIPOJOBHBIM DJIEKTPHYECKUM TIOJIEM J0 CpelHel SHEepruM BbUIETa B COTHH K3B u nmake cBoime 2 MaB, npuuem
HaIpaBJICHUs] CKOPOCTEH YCKOPEHHBIX IPOTOHOB HMMEIOT CWIIBHYIO aHW30TPOIHIO, & MAaKCUMAaJbHO JIOCTHKHMAs
SHEPrHs CYIIECTBEHHO 3aBUCHT OT HAYaJIbHBIX NMapaMeTpoB. TakuM o0pa3oM, KOJIEOIIONIMICS MAarHUTHBIA OCTPOB B
COJIHEYHOM BETPE MOXKET SBIAThCS 3(P(EKTHBHBIM YCKOpHUTENEeM NpOTOHOB. I[IpoBeneHHOE MOnENIUpOBaHUE
M03BOJIsIET OOBSICHUTE YacTo HaOoaeMble BOJINM3H IeIHOCEpHOro TOKOBOTO CII0Si aHM30TPOITHBIE TIOTOKH YaCTHII
C SHEPrusiMU OT COTeH K3B 1o Heckonmbkix MaB. [IpomonbHOE MHAYKIIMOHHOE AIIEKTPUUECKOE TI0JIe B MarHUTHOM
OCTPOBE, PACIOIOKEHHOM BHYTPHU KojeOmomieiics kpymHoMaciirtaduoit ckmanku ['TC, cmocoOHo 3¢h¢heKTHBHO
YCKOpSATH MaJaroliie Ha MarHUTHBII OCTPOB MPOTOHBI, MPEAYCKOPEHHBIE 10 SHEPTUi NopsaKa K3B umm necsTkos
K3B. IlepBuuHOE yCKOpeHHE MOXKET MPOMCXOAUTH B Pe3yJabTaTe MarHUTHOTIO MEPECOETMHEHHS, KBa3UPETyIIPHO
nporekaromiero o Bced moBepxHoctu ['TC, mnm xe B pe3yabraTe CKaTHS WIH CIHUSHUS MarHUTHBIX OCTPOBOB
BHyTpu ckianok ['TC. IlpuMedaTenbHO, YTO CPEAHssi SHEPIusl BbUIETA M3 CHCTEMBI OY€Hb ClIa00 3aBUCUT OT
HavyajbHOH OHEPruu IMNpEAYCKOPEHHBIX MNPOTOHOB, TO €CThb YaCTUIBI C MEHBIIMMH Ha4aJlbHbIMU OHEPTUAMU
HUCIBITBIBAIOT 6OJ'IBU_ICC OTHOCHUTEJIBHOC YCKOPCHUE, UE€M YaCTHULbl C U3HA4YaJIbHO 60nee BBICOKMMU Ha4YaJIbHbBIMU
DHEPIUsAMU.

HoBblii y3KoHaNpaBJIeHHbIA HEUTPOHHBIN CMIEKTPOMETP B KOMILJIEKCHOM cUcTeMe MOHUTOPUHTA
E.A. Muxainko, A.B. I'epmanenko, 10.B. banabun, E.A. Maypues
THonsapnwiii ceouzuyeckuti uncmumym, Anamumoi, Poccus

[Ipu B3anMonecTBMN KOCMUYECKHX Jiydel ¢ atMocdepoit 3emiin 00pa3yroTcss HEWTPOHBI B IIMPOKOM [HAaIia3oHe
sHepruid: ot TemnoBbix no0 1 2B wu Beime. Hwmetomasics B Ilomspruom ['eopusmueckom wuHcruryre (I1TH)
KOMIUIEKCHasi CHCTEMa MOHHUTOPHHIA IO3BOJISIET PETUCTPUPOBATh HEHTPOHBI pa3siMuHbIX 3Hepruil. CTaHIapTHBIN
HelTpoHHBIH MOHUTOp 18-NM-64 (HM) uyBcTBHUTENEH K HEHTpOoHaM ¢ 3HEprusiMu >50 M»aB. beccBunIoBas cexmms
HeiitponHoro Mmonutopa (BCHM) peructpupyeT HEWTpOHBI C JHEPTrHUSIMH OT COTeH k3B mo emmamiy M»>B.
JIOTIONMHUTENFHO HA CTAHIMKA HEWTPOHHOTO MOHHTOpA T. AmMaTUTHI ObUT pa3paboTaH W yCTaHOBIIEH HEHTPOHHBIN
CHEKTPOMETP C TPeMs SHEPreTHUECKUMM KaHaJlaMH, AuarpaMma HalpaBIeHHOCTH KOTOPOTO COCTABIISIET JIECATKU
rpagycoB. JpyruMu cioBaMM, C TIOMOIIBIO 3TOTO IETEKTOpa MOXKHO INPOBOJAMTH M3MEPEHHSI 3HEPIeTHYECKOro
CIIEKTpa HEHTPOHOB B Pa3HBIX HANpPaBICHUAX. DQPQPEKTHBHOCTH PETHCTPALM W AHarpaMMa HaIlpaBJICHHOCTH
HOBOTO JIETEKTOpa ObUIN MPEIBApUTEIBHO CMOIeNUpoBansl mpu momorny nakera GEANT-4. CoOpaHHbIE B TeUSHUN
rojia JaHHbIE 00pPaOOTaHBI, TOMYIEHBI IIPEIBAPUTEIBLHBIC PE3YIIBTATHL.

O MexaHn3Me yCKOpPeHH S YACTHI B KOCMUY€CKOM NPOCTPAHCTBE
.M. Tloaropssiii', A.1. TloaropHsrii’

' Unemumym acmponomuu PAH, 2. Mockea, e-mail: podgorny@inasan.ru
*@usuueckuii uncmumym PAH ww. IT. H. Jle6edesa, 2. Mockea, e-mail: podgorny@inasan.ru

OTKpBITHE KOCMUYECKHX JIydell SBUIIOCH HanOoliee PEeBONIOMMOHHBIM COOBITHEM COBpEeMEHHOH (pm3mku. Brepsrie
ObUTO TIOKa3aHO CYIIECTBOBAHME pAa3HOOOPA3HBIX 3JEMEHTapHBIX YacTHI, T.€. HAJaloch OypHOE pa3BUTHE
COBpeMEHHOW siepHor ¢m3uku. MHTEepec kK (pr3mke KOCMUYECKHX Jyded SBWICA CTUMYIOM Ui pa3paboTKu
MIEPBBIX CHEIUATN3UPOBAHHBIX KOCMHWYECKHX ammapaToB. B gecsiTkax KHUT PaccCMaTPUBAIOTCS BO3MOXKHOCTH
YCKOpEHHs JacThI] B KocMoce. Bee 3Ti paboThl OCHOBaHBI HA HMYEM HE JOKA3aHHBIX MPENNOIIOKEHUSIX HE MOTYT
OBITH IOATBEPKICHBI MHOI'OJIETHUMH HAOMIOIeHUAMH. OTKPBITHE COTHEYHBIX KOCMIYECKUX JTy4el U HH(popManus,
TIOTyYeHHAs! U3 MUPOBOM CETH HEHTPOHHBIX MOHHMTOPOB M M3MEPEHWI Ha KOCMHUYECKHX ammaparax 3a MpefeiaaMu
MarHUTHOTO MOJIS 3eMJIH, ITO3BOJIIET OJJHO3HAYHO YTBEPKAATh, YTO MCTOYHMKOM COJTHEYHBIX KOCMHUYECKUX JIydeH
SIBIISTFOTCSI COJTHEYHBIE BCIBIIKN. HabmromaeMble CIEKTPhl MPOTOHOB MOT'YT ()OPMHPOBATHCS MIPH PACHa e TOKOBOTO
CJ0s. DTH SBJIEHHS XOPOIIO OMHUCHIBAIOTCS 3JIEKTPOIMHAMUYECKON MOJIENBIO COTHEYHOM BCIIBIIIKHM, ITOCTPOSHHOMN
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Ha OCHOBE [JIaHHBIX HAOMIOAEHWH W YHCIEHHOTO MAarHUTOTHIIPOIMHAMUYECKOTO MOJCIUPOBAHUS  IIPH
WCIIONIb30BAaHUN HAYaJIBbHBIX M TPAaHWYHBIX YCIOBHH MOJIETMPOBAHUS, B3ATHIX M3 HAOJIIONEHUS] aKTHBHBIX 00JacTel
mepes BCHBIIKOW. AHAJIOTMYHOE SIBJIEHHE YCKOPEHHs TIIPOTOHOB paHee HaOmoganoch B J1a00paTOPHBIX
HCCIIE[I0OBAaHUAX MOIIHOIO MMIIYJIbCHOI'O ra3oBoro paspsana. K coxaneHuro, HOBble HaOIIOJaTeNbHbIE JAaHHBIE IO
COJTHEYHBIM BCITBIIIKAM Ce4ac OTCYTCTBYIOT M3-3a aHOMaJIbHO HU3KOH akKTUBHOCTH COJHIA B TEKYIIEM COJHEYHOM
mukie. [IporHo3 coqHeYHON aKTHBHOCTH OCTAeTCsl He PeleHHON pobneMoil. [Ipu coBpeMeHHOM NpencTaBiIeH!: O
KOCMHYECKHX JIydaX BO3HHKAaeT NMPUHIHUITHAIGHO BaXKHBIH BOIPOC: MOXKET JH MEXaHH3M YCKOPEHHsI IPOTOHOB
COJIHEYHOH BCITBIIIKH OOBSICHUTHh YCKOPEHHE YacTHI] TAJJAKTHIECKIX KOCMUYECKHUX JIydeH.

XapakTepucTHKHU TYpOyJIeHTHOCTH IJIa3Mbl MATHUTOCJI0S Nepe/ U 32 GPOHTOM MEKIJIAHETHOMH
YAApPHOH BOJIHBI

JI.C. PaxmanoBa, M.O. Pszannesa, H.JI. boponkosa, O.B. Canynosa, I'.H. 3actenkep
Hucemumym Kocmuueckux Uccneoosanuti PAH (MKH PAH), Mockesa, Poccus

Pabora mocBsilieHa opHOMY W3 Haubosiee T1eod((EeKTHBHBIX SBICHUI B OKOJO3EMHOH TNPOCTPAHCTBE -
MEXIUIAHeTHBIM ~ yAapHbIM  BoiaHaM (MYB). Maruurocnoif, pacnojioKeHHbII HEMOCPEICTBEHHO Iepen
MAarHUTOIAaY30H, CIY)KUT CBA3YIOIINM 3BEHOM MEXy COJHEYHBIM BEeTpoM U MarHurocdepoii 3emun. Jlrobas MYB,
nepes TeM Kak BO3/eHCTBOBAaTh HEIOCPEACTBEHHO HAa MarHUTOC(Epy, CHavana IepecekaeT OKOJI03EMHYIO YAAPHYIO
BOJHY M MPOXOAMT Yepe3 MarHUTOCIIONW, OKasbiBas BIMSHHE Ha IUIa3My 3TOW mepexoiHoi obmactu. Kak Obu1o
NIOKa3aHO paHee B JINTEPAType, MarHUTOCIION - TypOyJIeHTHasl 00J1aCTh, TJe MapaMeTphl IUIa3Mbl 1 MArHUTHOT'O MOJIS
(GIYyKTyHpyIOT B IIMPOKOM JMamna3oHe 4acToT. B jaHHOM pabore Ha ocHoBe Dypbe-aHamu3a M aHaU3a
CTPYKTYPHBIX (YHKIMI BBICOKMX IIOPSIIKOB IPOBOAMTCS CPAaBHEHHE XapaKTEPUCTUK TYpOYIEHTHOCTH IIa3MBI
nepen u 3a ¢pportom MYB, peructpupyemoii ciyraukom Crnekrp-P B marnutocioe. VccnenoBanne oCHOBaHO Ha
naHHbIX mpubopa BMCB, wu3Mepsiomero XxapakTepUCTHKH IUIa3Mbl C BpPEMEHHBIM paspenieHueM 31 wMc.
AHanu3upyroTCs HECKOJIBKO cilyyaeB peructpauuun MVYB u paccMmaTpuBaercs 3aBHCUMOCTb XapaKTEPHCTHK
TypOYJICHTHOCTH IUIa3Mbl MAarHUTOCHOS 3a MX (POHTOM OT mapamerpoB MVYB - Tommuubel (poHTa, CKOPOCTH,
HAKJIOHA, YIiIa MEeXy HOPMaJIbIO K ()POHTY M MEXKIUTAHETHBIM MarHUTHBIM TIOJIEM.
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Evaluation of TEC adaptation technique of the IRI-Plas model

S.J. Adebiyil, B.O. Adebesin', S.0. Ikubanni', B.W. Joshua®

' Department of Physics, Landmark University, P.M.B. 1001, Omu-Aran, Kwara State, Nigeria
’Department of Physics, Kebbi State University of Science and Technology Aliero, Kebbi State, Nigeria

Empirical models of the ionosphere such as the International Reference Ionosphere (IRI) model play a vital role in
evaluating the environmental effect on the operation various space-based Global Navigation Satellite System
(GNSS) related services. In the IRI extended to the Plasmasphere (IRI-Plas) model, the height limitation of the IRI
model is overcome and also has the advantage of assimilating measured total electron content (TEC) data into it,
thus capturing the dynamics of the ionosphere. This paper examines the performance of TEC adaptation technique
of the IRI-Plas model at two equatorial stations during quiet and disturbed conditions. The values of TEC, F2-layer
critical frequency (foF2) and peak height (hmF2) predicted by the ‘no extra input’ option of the model were used as
a baseline in our evaluation. Result shows that TEC predicted by the adaptation technique generally produces
smaller estimation error compared to ‘no extra input’ option for both quiet and disturbed conditions. The error is
generally smaller at the equatorial trough than station near the crest for both quiet and disturbed days. With the
adaptation technique, there is substantial improvement for storm-time estimation when compared with quiet-time.
The improvement is however independent on storm’s intensity. Further, with TEC assimilation, the foF?2 estimation
error is generally higher/smaller at the trough/crest for both quiet and disturbed conditions. The AmF?2 prediction is
generally poor with TEC adaptation at both locations and for both conditions. Consequently, ionospheric models
adapted to experimental value of TEC alone may not be sufficient for quality ionospheric tomographic imaging.

The large-scale ionospheric features detected by radio tomography during geomagnetic
disturbances

E.S. Andreeva', E.D. Tereshchenko®, M.O. Nazarenko', L A. Nesterov', N.Yu. Romanova’

'M.V. Lomonosov Moscow State University, Faculty of Physics, Moscow, Russia
2Polar Geophysical Institute RAS, Murmansk, Russia

The examples are presented and results discussed of studying the structure of the ionosphere by the methods of
satellite radio tomography (RT) under the different geomagnetic perturbations during the 23rd and 24th solar cycles.
The focus is placed on the RT results that were obtained in different years based on the measurements at the Russian
RT chain. During separate periods of its life, this chain stretched from Svalbard to Sochi through Kola Peninsula,
Karelia, and several midlatitude stations including Moscow. The RT images demonstrate a broad range of the
ionospheric features, among which are the ionization troughs (the main and high-latitude ones), the spots of locally
enhanced ionization within the trough, various wavelike structures, travelling ionospheric disturbances, equatorial
anomaly, high gradients and unexpectedly high values of electron density, etc. The ionospheric manifestations
associated with particle precipitation are analyzed. Case events and structural features identified by the RT methods
in the disturbed ionosphere are discussed.

Siberian meteors: Ionospheric and geomagnetic effects in the lower ionosphere of high latitudes
S.M. Chernyakov', S.V. Nikolashkin®, V.A. Tereshchenko'

'Polar Geophysical Institute, Murmansk, Russia
*Institute of Cosmophysical Researches and Aeronomy, Yakutsk, Russia

Reaction of the high-latitude lower ionosphere according to the data of the medium wave facility of partial
reflections located at the radio physical observatory “Tumanny” (69.0N, 35.7E) of the Polar Geophysical Institute
and the geomagnetic field near the place of observation by data of the observatory Loparskaya (68.6N, 33.3E) to
explosions of Siberian meteors are considered. The first meteor has blown up on 5 March 2014 at 7:29 the Yakut
time (on 4 March 21:29 UT) in the sky over the Vilyuysk district of Yakutia (64.3N, 123.1E). Witnesses observed
the flight of the meteor which has ended with a bright flash and a loud clap. The second considered meteor has
blown up on 6 December 2016 at 18:37 the Krasnoyarsk time (11:37 UT) in the area located between settlements of
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Bogoslovka, Sizoi and Cheryomushki (52.9N, 91.4E). For the analysis amplitudes of ordinary and extraordinary
waves and the electron concentration received by the data of the partial reflections radar and the geomagnetic field
data of the observatory Loparskaya have been considered. It was shown that the explosions had caused in the
ionosphere appearance of the waves of different types: acoustic-gravity waves, slow MGD-waves, and also change
in the geomagnetic field.

Estimating equatorial day time vertical ExXB drift velocities from magnetic field variation

K.A. Diaby, O.K. Obrou

Laboratoire de Physique de l'Atmosphere et Mécanique des Fluides, Université Felix Houphouet Boigny, 22 B.P.
582, Abidjan 22, Céte d'Ivoire.
e-mail: diabyaziz@yahoo.fr, olivier.obrou@fullbrightmail.org

Accurate measurement and prediction of the vertical plasma drift is important for the study of many physical
processes in the low-latitude ionosphere. Equatorial ExB drift velocities are significant input parameters that go into
many ionospheric models, because they help describe vertical plasma motions near the magnetic equator. A
previous work done by Anderson et al. (2004) has demonstrated the ability to derive Peruvian longitude sector,
daytime vertical ExB drifts from ground-based magnetometer data and have derived the AH versus ExB
relationships. The present research extends the same method to the West African longitude sector. We use magnetic
field data of Conakry, Guinea (-0.46°, 60.37°) and Abidjan, Cote d'Ivoire (-6°, 65.82°) from the African Meridian B-
field Education and Research (AMBER) network.

On the basis of data availability, 9 magnetically quiet days have been analyzed and showed that the Peruvian AH
versus ExB relationships is applicable to the West African longitude sector.

The production of metastable molecular nitrogen in upper atmospheres of planets of Solar System
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

Molecular nitrogen is the main component of atmospheres of Earth, Titan, Triton. Removal coefficients for the
processes of electronic quenching of N2(A3Zu+,v) in collisions with N, CO, O, molecules are calculated using
quantum-chemical approximation. Principal role of intermolecular energy transfer processes in the collisions is
shown. We apply the calculated coefficients for the simulation of vibrational population of metastable nitrogen in
the atmosphere of Titan at the altitudes of 700-1200 km. Electron fluxes at the altitudes are taken according to
Campbell et al. [2010, J. Geophys. Res., v.115, A09320]. Also we simulate the electronic kinetics of metastable
nitrogen in the mixture with CO molecules. The results of our study show very important role of electronically
excited N, in the excitation of the a’IT state of carbon monoxide in the mixture.

Effects of geomagnetic storms in the high-latitude and sub-auroral ionosphere

M.V. Klimenko'?, V.V. Klimenko', L.E. Zakharenkova'~, K.G. Ratovsky4, R.Yu. Lukianova™’, I.V. Despirak7,
B.V. Kozelov’, S.M. Chernyakov7, A.V. Dmitriev®, E.S. Andreeva®, A.M. Padokhin®

'Kaliningrad Branch of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation
(IZMIRAN) RAS, Kaliningrad, e-mail: maksim.klimenko@mail.ru

*I. Kant Baltic Federal University, Kaliningrad

3Institut de Physique du Globe de Paris, Paris, France

*Institute of Solar-Terrestrial Physics SB RAS, Irkutsk

>Geophysical Center RAS, Moscow

SSpace Research Institute (IKI) RAS, Moscow

"Polar Geophysical Institute, Apatity

8Lomonosov Moscow State University, Moscow, Russia
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The issues of morphology of high-latitude ionospheric disturbances and their formation mechanisms are the most
important and complex when the upper atmosphere response on geomagnetic storms is investigated. In recent years
to answer these questions, along with the experimental data and empirical models are increasingly attracted the
theoretical models of the Earth’s upper atmosphere. In this research, we present an overview of the ionospheric
effects of geomagnetic storms on September 26-30, 2011, March 8-9, 2008, March 17-23, 2013 and 2015 at sub-
auroral and high latitudes, obtained both from satellites and ground-based observations, and using Global Self-
consistent Model of the Thermosphere, Ionosphere, and Protonosphere (GSM TIP). It is carried out: (1) a
comparison of model results with observations of ionospheric parameters obtained using different radio physical
methods; (2) a study of the formation mechanisms of temporal variations in ionospheric disturbances at different
altitudinal, latitudinal, and longitudinal areas of the upper atmosphere; (3) a discussion of possible causes of
mismatch in disturbances obtained in the model and according to the observational data. During the recovery storm
phases the model results show an increase in the n(O)/n(N,) ratio and a decrease in n(N,) in the middle and
subauroral latitudes, resulting in a daytime positive effects in the f,F2. Also, it is carried out a comparison of storm
effects in the ionosphere, at plasmaspheric heights and in total electron content and given the explanation of the
obtained differences.

This investigation was supported by RFBR Grant No. 15-35-20364.

Correction of the NeQuick model at high-latitude using TEC data for HF radio wave propagation
problem

D.S. Kotova'?, M.V. Klimenko'?, V.B. Ovodenko’, Yu.V. Yasyukevich“’5

' West Department of Pushkov IZMIRAN, RAS, Kaliningrad, Russian Federation, e-mail: darshu@yandex.ru)
?Immanuel Kant Baltic Federal University, Kaliningrad, Russian Federation, e-mail: maksim.klimenko@mail.ru
3 Joint Stock Company Scientific research institute of long-distance radio communication, Moscow, Russian
Federation, e-mail: ovodenko@gmail.com

*Institute of Solar-Terrestrial Physics of Siberian Branch of Russian Academy of Sciences, Irkutsk, Russian
Federation, e-mail: yasukevich@iszf.irk.ru

SIrkutsk State University, Irkutsk, Russian Federation

Extensive possibility for ionospheric monitoring provides by global navigation satellite systems (GNSS) such as
GPS and GLONASS and a worldwide network of satellite signal receivers. In this study, we used GNSS data
measurements of the total electron content (TEC). Using GNSS data can be obtained ionospheric parameters such as
the absolute vertical TEC over the station, its spatial and temporal variations. In our investigation GNSS
observations are used for adaptation the modeled electron density in a local region. In addition, we used the data of
vertical sounding ionosondes in selected high-latitude regions. Thus, we adapted the new values of the electron
density at NeQuick model. The thermospheric parameters required for the calculation of the complex refractive
indices for the ordinary and extraordinary waves for anisotropic ionospheric plasma are taken from MSIS model.
We applied this algorithm for different seasons and time epoch. We compared the modeled results with the
observation data of critical, optimal and maximum usable frequencies for HF radio wave propagation.

The reported study was funded by RFBR according to the research project No. 16-35-00590 mon_a.

Meteor radar observations in the auroral ionosphere
A. Kozlovsky (Sodankyld Geophysical Observatory, Finland)

Progress of computers and radar technique in 2000s has given new breath to the meteor studies. Since that the new
generation meteor radars (e.g., SKIiYMET) were taken in use. These radars can deduce meteor fluxes, as well as
winds and temperatures at altitudes of 80-100 km corresponding to the mesosphere — lower thermosphere region. In
the Sodankyld Geophysical Observatory the SKiYMET radar is continuously operating since December 2008. We
report on the recent investigation in the SGO, which has revealed a number of new features related to the
mesospheric temperature estimate and composition of meteor streams, the perturbations caused by a rocket
explosion in the ionosphere, and signatures of pulsating aurora in the meteor radar data.
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The first results of low-frequency ground-based measurements in the October 2016 ionosphere
heating experiment

O.M. Lebed, Yu.V. Fedorenko, S.V. Pilgaev, A.V. Larchenko (Polar Geophysical Institute, Apatity, Russia)

The experiments of high-latitude ionosphere heating by a powerful modulated radio signal allow to investigate the
physical processes occurring in the ionospheric plasma and also the mechanisms of excitation of the low frequency
waves in the Earth-ionosphere waveguide. The results can be used for communication purposes at low frequencies
and to study the distribution of conductivity in the Earth's core to obtain information about geological structure.

In this work we present the results of ground-based measurements of low-frequency electromagnetic ELF/VLF
fields at four high-latitude observatories. The ionosphere heating experiment was conducted by AARI at the
“EISCAT/Heating” high power HF facility in October 2014 and 2016. We modeled the spatial distribution of the
electromagnetic field components produced by the ionospheric ELF/VLF source using full-wave method and
analyzed the results of modeling with measurements of amplitudes, phases, phase velocity and waveguide mode
structure at the observational points. The results are presented and discussed.

Daytime sensitivity of the lower ionosphere to solar X-ray flares evaluated from VLF signal
measurements

Edith L. Macotela', Jean-Pierre Raulin?, Jyrki Manninen', Emilia Correia®® and Tauno Turunen'

'Sodankyli Geophysical Observatory, University of Oulu, Sodankyld, Finland
2 Centro de Radio Asrtonomia e Astrofisica Mackenzie, Universidade Presbiteriana Mackenzie, Sao Paulo, Brazil
3National Institute for Space Research, Sao José dos Campos, Sao Paulo, Brazil

Solar X-ray flares produce enhancement of ionization in the daytime lower ionosphere that modifies the propagation
of Very Low Frequency (VLF) radio signals. Considering the lower ionosphere as a detector of solar X-ray photons,
we investigate its sensitivity. This sensitivity is defined as the minimum X-ray fluence (F ;) necessary to produce a
detectable disturbance of the quiescent ionospheric conductivity using the VLF technique. We define F,;, as the
photon energy flux integrated over the time interval from the start of a solar X-ray flare up to the beginning of the
ionospheric disturbance. F,;, is computed for ionospheric disturbances, which occurred between December and
January since year 2007 till 2016. The computation made use of the X-ray flux in the energy band less than 2 A and
the amplitude of VLF signals emitted from USA (NAA), France (HWU) and Turkey (TBB). The signals were
recorded in Brazil and Peru (NAA), and northern Finland (HWU and TBB). We found a solar cycle dependence of
Foin, as well as, a dependence on the solar illumination conditions. Our results suggest that the lower ionosphere is
more sensitive to X-ray flares during the minimum epoch of solar cycle 24 and that the sensitivity decreases when
the Sun is more active. Similarly, our results suggest that the ionospheric sensitivity improves when the solar zenith
angle has lower values. Our findings also agree with previous results showing that the height of the lower boundary
of the ionosphere varies during the solar activity cycle.

Comparison of the ionospheric effects of the space weather and seismogenic disturbances
A.A. Namgaladze', M.A. Knyazeva', M.I. Karpov'~

"Murmansk Arctic State University, Murmansk, Russia
2Immanuel Kant Baltic Federal University, Kaliningrad, Russia

The state of the near-Earth environment is affected by the Sun, solar wind and galactic cosmic rays. These sources define the
Space weather through the magnetosphere-ionosphere-thermosphere convection. During and shortly after the periods of
enhanced solar and geomagnetic activities the upper atmosphere is disturbed mostly at high latitudes, but perturbations of
charged and neutral components reach lower latitudes, thus having global coverage. Recent studies revealed local
disturbances of the thermosphere and ionosphere on the eves of significant earthquakes, during volcano eruptions and intense
meteorological processes. The key features of local (the so called mesoscale) ionosphere disturbances and theirs distinguishes
from the global effects of the Space weather are discussed. The comparison conducted on the basis of satellite observations
and numerical calculations using the Upper Atmosphere Model.

The reported study was funded by RFBR according to the research project No. 16-35-00397.
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About localization of ionospheric exit point of natural VLF emissions by groundbased observation
A.S. Nikitenko, O.M. Lebed, S.V. Pilgaev, A.V. Larchenko, Yu.V. Fedorenko
Polar geophysical institute, Apatity, Russia, e-mail: alex.nikitenko91@gmail.com

Localization of ionospheric exit point of natural VLF emissions using ground-based measurements yields
information necessary to investigate propagation mechanisms and generation processes of the emissions and
evaluate a role of the emissions in magnetospheric and ionospheric dynamics. The electromagnetic field structure at
observational sites is affected by many factors including reflection from lower ionosphere, spreading and mode
coupling. The most significant factor is a reflection of VLF waves from the top boundary of the Earth-ionosphere
waveguide. However, such reflection is disappeared in frequencies lower by the cutoff frequency of the
Earth-ionosphere waveguide (about 1.8 kHz), because below the first transverse resonance frequency only TEM
mode can propagate. On the higher frequencies waves can propagate on TE and TM modes. The polarization
ellipse's and Poynting vector's orientations change due to interference of these waveguide modes.

We present a method for localizing ionospheric exit point of natural VLF emissions based on processing the
groundbased three-component observations conducted in Polar Geophysical Institute jointly with full-wave
modelling. The electromagnetic field at the top of lower ionosphere is considered as a sum of plane waves
propagation from magnetosphere with random phases, amplitudes, and directions. The initial results are presented.

Modeling the system of the ionospheric currents and its impact to the Earth’s magnetic field
B.E. Prokhorov', M. Férster', V. Lesur’, A.A. Namgalagze3, M. Holschneider”, and C. Stolle'*

'Helmholtz Center Potsdam, GFZ German Research Center for Geosciences, Potsdam, Germany
2Institut de Physique du Globe de Paris, Paris, France

*Murmansk Arctic State University, Murmansk, Russia

*University of Potsdam, Potsdam, Germany

e-mails: BorisProkhorov@yandex.ru; boris@gfz-potsdam.de

The system of the Earth’s ionospheric currents is a part of the global magnetospheric electrical chain. In this
electrical chain, the currents are generated by the solar wind and Interplanetary Magnetic Field (IMF) interaction
with the Earth’s magnetosphere. Those currents are transferred to the ionosphere of the Earth via the Field Aligned
Currents (FACs) and define the electrodynamics of the coupled Magnetosphere — lonosphere — Thermosphere (MIT)
system.

For this study, we model the dynamics of the ionospheric currents. For this purpose, we use the Potsdam version of
the Upper Atmosphere Model (UAM-P). This model describes the thermosphere, ionosphere, plasmasphere and
inner magnetosphere as well as the electrodynamics of the coupled MIT system for the altitudinal range from
80 (60) km up to the 15 Earth radii.

The obtained global 3D system of the ionospheric currents are used for the calculation of an additional portion to the
main geomagnetic field. These calculations are performed using the Biot-Savart law. The results are compared with
measurements of the Earth’s magnetic field.

Ionospheric disturbances observed prior to strong seismic events: An attempt of “automated”
computer analysis of TEC data

Yu.V. Romanovskaya', O.V. Zolotov*, E.V. Parkhimovich'

"Murmansk State Technical University, Murmansk, Russia
*Murmansk Branch of St. Petersburg University of SFS of EMERCOM of Russia, Murmansk, Russia

A number of papers considered ionosphere total electron content (TEC) disturbances observed during the periods of
preparation of particular seismic events. Nowadays NASA service provides huge volumes of the TEC measurements. The
analysis of such data can help to discover the TEC features which might be related to the so-called “ionospheric precursors of
earthquakes”. In this paper we present preliminary results of our attempt to realize an “automated” computer analysis of the
TEC data in order to detect features of ionospheric disturbances which can be related to strong seismic events.
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Study of long-term variations of mid-latitude ionosphere for clarify their forecast
D.B. Rozhdestvenskii', V.A. Telegin®, V.I. Rozhdestvenskaya®

' Trapeznikov Institute of Control Sciences, Moscow, Profsoyuznaya street ,65
2Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation RAS, Moscow, Troitsk,
Kaluga highway, 4

For successful prediction of foF2 important issue is the choice of the sampling interval, i.e. how often, for what
purposes and at what interval you need to measure. Methods of spectral analysis using the same methodology the
extraction of individual components from the data of critical frequency foF?2 and daily, seasonal, annual, perennial.
Based on 15-minute (At) of data of the critical frequency for mid-latitude station Moscow considers methodical
issues of the processing processes, based on the forecasting algorithms for functions with discontinuities and
transformations discrete processes defined on a finite interval. Breaking the process into separate frequency domain
allowed us to unify the technology of forecasting, increasing the prediction accuracy, because the extrapolation
interval is proportional to the number of sampling intervals, to define the rules further digital processing with the
help of numerical methods. So, for the ionospheric parameters measured with the highest possible frequency ranges
of partitioning with a minimum sampling frequency: high frequency -1/3 hours daily -1/24 hour, seasonal -1/3
months. low frequency - 1/3 of the year and ELF-1/20 years. The maximum frequency is determined by the
sampling interval in this range. Spectral analysis showed that the optimal operator of the primary processing of
observational data is an idealized filter fixed continuous averaging (ISE), which combines a moving average filter
and the ideal low-pass filter, the practical implementation of which is the same digital Chebyshev filters.

In the developed method of forecasting based on extrapolation of observational data, the representation of the
observed process in a modulated function allowed to carry out the operation of forecasting, demodulation, greatly to
suppress vibrations and Gibbs to show that the mechanism of transmission of information in the realm of the future
implicit in these fluctuations.

The advantage of this method of extrapolation is the use of experimental data - does not require empirical models of
the process under study. Further improvement of the forecast method, for example, radiates linked to the availability
of operational data on the state of the ionosphere in a specific region of reflection of radio waves, which leads to the
need of establishment of a network of ionospheric stations, especially in remote areas of the far North and on mobile
platforms in the water and the air.

Effects in GPS-TEC during auroral disturbance in the auroral, subauroral and midlatitude
ionosphere

IL Shagimuratovl, S.A. Chernouss?, LI Efishov!, M.V. Filatov, Iu.V. Cherniak', G.A. Yakimova'

"West Department of IZMIRAN, Kaliningrad, Russia
2Polar Geophysical Institute RAS, Murmansk, Russia

We analyzed space weather conditions during 7 January 2015 storm. The analyze is concerned latitudinal
occurrence of TEC fluctuations and dynamics of midlatitude trough during the geomagnetic storm in European
sector. It is known that the most intensive TEC fluctuations ordinary observed in the auroral area near midnight and
the main ionospheric trough. The fluctuation activity was evaluated by index ROT (Rate Of TEC). The rate of TEC
fluctuations obtained from dual-frequency GPS measurements European network. We analyzed latitudinal
occurrence of TEC fluctuations over Europe (near 20°N) from high to midlatitudes. The magnetograms of the
IMAGE (International Monitor for Auroral Geomagnetic Effects) network were used as indicator of auroral activity.
The feature of this storm was strong auroral activity occurred near noon. In this time strong TEC fluctuations were
registred in auroral and subauroral zone. Mark fluctuations were observed in GPS date at Kaliningrad station on
geographic latitude 57-58°N. It was found good similarities between temporary development of substorm activity
and intensity of TEC fluctuations of GPS signals. So during the time the auroral oval displaced to equator and
reached latitudes of 57-58°N.

We used the GPS measurements collected by 150-180 GPS stations to create TEC maps over Europe.

The dense European GPS network provides high spatial resolution of TEC maps (1°x1° on latitude and longitude).
TEC maps could be produced with 5 min interval. On base maps we formed the latitudinal TEC profiles. TEC
profiles demonstrated pronounced trough like structures during storm. Trough was recognized in day time during
maximal auroral activity. Location trough was occurred about 55°N.

This investigation was supported by RFBR Grant No. 16-05-01077, partly Program Ne7 of the Presidium of RAS.
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Physical mock-up of an electron spectrometer for studying fine aurora structure
S.D. Shuvalov, O.L. Vaisberg, D.A. Moiseenko, M.I. Markichev, A.Yu. Shestakov, R.N. Zhuravlev, V.N. Ermakov
Russian Space Research Institute, Moscow, Russia

Problems related to small-scale aurora structures, despite the long period of their active learning, have not been
solved to date due to the peculiarities of this phenomenon. Scale of these structures may be less than 1 km, so
measurements with very high spatial and time resolution are required (with speed of satellite of 8 km/s
measurements with frequency of more than 10 Hz are required).

So, creating an instrument that allows to measure energy spectra of electrons precipitating from magnetosphere to
upper atmosphere with high temporal resolution is an actual task. This study is dedicated to the development and
creation of the physical mock-up of such an instrument which provide simultaneous registration of electron spectra
with range of 1-10 keV.

To this moment, an electro-optical scheme of the instrument and design documentation are developed. According to
the model, instrument has 5°x5° field of view, electron energy range is 1-10 KeV, sensitivity allows spectra
registration with 10 Hz frequency with particles flux of no less than 10" cm™*c.

The study is supported by RFBR Grant Ne 16-32-00746.

Vertical velocities of the ionospheric plasma drift in the Polarization Jet
A.E. Stepanovl, V.L. Khalipovz, S.E. Kobyakoval, G.A. Kotova®, .A. Golikov'?, A.Yu. Gololobov®

'Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
2Space Research Institute RAS, Moscow, Russia
3North-East Federal University, Yakutsk, Russia

The experimental measurements of the ionospheric plasma drifts in 2006-2012 at the subauroral Yakutsk station are
considered. It is shown that there are two peaks of the vertical drift velocity before and after the maximum of the
horizontal velocity in the polarization jet. A comparison with the indices of geomagnetic disturbance, calculations
on the high-latitude ionosphere model, and a possible explanation for this behavior of the vertical velocity in the
band of the polarization jet are provided.

Observations of the stimulated electromagnetic emission at different orientations of the wave vector

E.D. Tereshchenko!, R.Yu. Yurik', V.L. Frolov?

'Polar geophysical institute, Murmansk, Russia
2Radiophysical Research Institute (NIRFI), Nizhny Novgorod, Russia

The results of the stimulated electromagnetic emission (SEE) observation are presented. The experiments were
carried out with at Sura heating facility in August 2005. The angular spectrum of thermal SEE components (DM and
BC) have been measured at the three receiving points of radio tomography which were located in the meridional
geomagnetic plane. The southern point was located at distance of 100 km but the northern point at distance of 140
km from the Sura heating facility. It was found that radiation from the disturbed region has wide pattern. The
spectral forms of the DM and BC features strongly depend on the angle between the direction of output radiation
and the geomagnetic field lines.

The work was supported by RFBR grants 15-05-02437-a and 16-05-01024-a (Yurik R. Yu.).

67



lonosphere and upper atmosphere

Multi-color photometry of twilight sky background using RGB all-sky cameras: Microphysical
investigations of aerosol in middle and upper atmosphere

0.S. Ugolnikov', L.A. Maslov', A.V. Roldugin?, S.V. Pilgaev’, A.A. Galkin®

'Space Research Institute, Russian Academy of Sciences, Moscow
2Polar Geophysical Institute, Apatity

Results of all-sky survey by color CCD-cameras can be used for retrieval of microphysical properties of aerosol at
different altitudes in the Earth's atmosphere. A number of cameras is installed in high altitudes for regular aurora
monitoring. Working on its purpose during the night, it can also be a tool for atmospheric research during the
twilight.

The basic advantage of color (RGB) cameras is the possibility to build the maps of sky intensity (and possibly
polarization) in different spectral bands. This allows to detect the definite component of twilight sky background
with special spectral dependency of contribution (stratospheric aerosol, for example) or self properties of scattering
(polar mesospheric or noctilucent clouds).

Background stratospheric aerosol was investigated basing on polarization measurements of sky background near
Moscow in March-July 2016. Effective radius of particles (180 nm) and aerosol scattering contribution in the total
background (about 0.2 for wavelength 620 nm in dusk segment) were estimated. These characteristics are close to
the ones obtained in space experiments like OSIRIS [1].

In August, 12, 2016, bright and expanded noctilucent clouds were observed in Lovozero station. RGB-photometry
had shown the tiny color change (bluing) of clouds in dusk segment, which can be interpreted as the Mie theory
effect allowing to find the effective particle radius - about 60 nm. It is in very good agreement with polarization data
[2] and other methods of remote sensing of noctilucent clouds. Bright clouds were observed near Apatity in second
decade of August second year at once, that can be related with Perseid meteor shower maximum and increase of
meteor dust particles number in the mesosphere.

The work is supported by Russian Foundation for Basic Research, grant 16-05-00170-a.

1. Bourassa, A.E., Degenstein, D.A., Llewellyn, E.J., 2008. Retrieval of stratospheric aerosol size information from O SIRIS limb
scattered sunlight spectra. Atmos. Chem. Phys. Discuss., 8, 4001-4016.

2. Ugolnikov O.S., Maslov LA., Kozelov B.V., Dlugach J.M., 2016. Noctilucent cloud polarimetry: Twilight measurements in a
wide range of scattering angles. Plan. Space Sci. 125, 105-113.

Riometer method of determining the geomagnetic cutoff rigidity using an empirical model of the PCA
V.A. Uliev, D.D. Rogov, A.V. Frank-Kamenetsky
Arctic and Antarctic Research Institute (AARI, St. Petersburg), e-mail: vauliev@yandex.ru

The geomagnetic cutoff rigidity (GCR) of spectrum of solar proton fluxes (PF) is determined either experimentally,
according to the registration of PF on satellites with a polar orbit, or theoretically based on calculations of
trajectories of PP in models of the magnetosphere. Recently it was developed an experimentally-theoretical
(riometer) method for the determination of GCR based on the comparison of the experimental absorption values of
the PCA, measured at a station of the auroral zone, and the calculated absorption values obtained using the
numerical (altitudinal) model of the PCA (NM).

In this paper, it is shown a version of the riometer method, which is used not for NM, and empirical (threshold)
model of the PCA (EM). The algorithm for calculating absorption with EM is much simpler, than the algorithm of
NM, and provides the prompt definition of GCR. Calculations show that the values of GCR obtained using EM,
closely matched with the calculated absorption values obtained using NM.
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F2 region response to geomagnetic disturbances across Indian latitudes: O('S) dayglow as a proxy
to thermospheric dynamics

A.K. Upadhayaya, Sumedha Gupta
Radio and Atmospheric Sciences Division, CSIR-National Physical Laboratory, New Delhi -110012, India

The morphology of ionospheric storms has been investigated across equatorial and low latitudes of Indian region.
The deviation in F2 region parameters at equatorial station Thiruvananthapuram (8.5° N, 76.8° E, 0.63S
Geomagnetic latitude) and low latitude station Delhi (28.6° N, 77.2° E,19.2 N Geomagnetic latitude) along with
modeled greenline dayglow intensities at thermospheric peak height have been studied during five geomagnetic
storm periods. Both positive and negative phases have been noticed during the study and it is observed that in spite
of local time variation in Dst, the corresponding deviation in F layer parameter vary with the intensity of the storm
as well as with latitude of the observing stations. The positive storm phase over equatorial station are found to be
more frequent while the drop in ionization in most of the cases have been noticed at low latitude station of varying
amplitude of deviations from the mean quiet day values. Due to disturbed electric field the simultaneous height rises
have been noticed at these stations, with higher amplitude at Delhi in between 0000 to 0600 EMT. Positive deviation
in foF?2 is also observed across low latitude station during the storm which is attributed to daytime eastward electric
field penetrating promptly from high to low latitudes. It is concluded that the reaction as seen at different
ionospheric stations may be quite different during the same storm depending on the station geographic and
geomagnetic coordinates, beginning time of the magnetic disturbance. Variations in modeled greenline dayglow
intensity at thermospheric peak height at equatorial and low latitude stations during these events showed a decrease
coinciding with the onset of the storm. A simulative approach in Glow model developed by Solomon [Solomon,
1992] is further used to estimate the changes in the volume emission rate (VER) of green line dayglow emission
under quiet and strong geomagnetic conditions. It is found that O('S) dayglow emission can be taken as a proxy to
themospheric dynamics.

Can UHF radars detect E-layer auroral radar backscatter at over-the-horizon distances?
M.V. Uspensky', V.B. Ovodenko?, I.V. Tyutin®

' Finnish Meteorological Institute, Helsinki, e-mail: mikhail.uspensky@jfmi.fi
2LDRSI, Moscow, e-mails: ovodenko@gmail.com, tyutin@physics.msu.ru

The “reflection” of high frequency radio waves in the auroral ionosphere, so-called the auroral radar backscatter, has
been known and studied now for nearly 80 years. This phenomenon is attributed to strong anisotropic radiowave
scattering by magneto-oriented plasma density fluctuations generally known as ionospheric E-layer field-aligned
irregularities (FAIs). The latter create strong and extensive clutter for VHF and UHF radars. Since this clutter is
produced by the E-plasma density FAIs, it has been widely accepted that it could be seen only at ranges limited by
the E-layer radio horizon of ~1200 km.

However, the UHF satellite data acquisition radars (SDAR) with sensitivity of ~107"" m™ (reference distance of 1000
km) reveal a number of long distance echoes (LDE) with short-to-moderate lifetime at over-the-horizon (OTH)
distances up to ~1700-1800 km (e.g. Leadabrand et al., 1965). Similar subauroral LDEs are often seen by the
Russian UHF SDAR located in the Krasnoyarsk region. However, the rectilinear altitudes of such echoes lay in
altitude band of 130-250 km, where the F- region FAIs (if they even exist) cannot be seen because of large aspect
angles. Due to enhanced atmospheric drag feasible satellite echoes from above altitudes are rather scarce and rear.
Earlier studies (Uspensky et al., 1993) and our recent modelling allow to suggest that the auroral (subauroral) LDEs
are in fact the OTH echoes that can be produced by the E-layer orthogonal/near-orthogonal auroral backscatter
(OAB). We further suggest that as a phenomenon, the OTH OAB under some circumstances could be physically
caused by the radiowave forward scattering in the D-layer (bottom E-layer) and/or the radiowave under/over dense
reflection by the meteor trail ionization.
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Dynamics of the ionospheric irregularities during severe geomagnetic storms in 2015 by ground-
based and space-borne GPS measurements

LLE. Zakharenkova, Iu.V. Cherniak, I.I. Shagimuratov
West Department of IZMIRAN, Kaliningrad, Russia

The most intense ionospheric irregularities have been observed during ionospheric storms, resulting from significant
increases in auroral particle precipitation and high-latitude ionospheric electric fields and currents lasting several
hours or more during magnetospheric disturbances. Here we report the features of the intense ionospheric
irregularities occurred during most severe storms in 2015. Occurrence of the intense high-latitude irregularities of
ionospheric plasma lead to significant consequences on satellite operations, radio wave propagation, and
performance degradation of services and applications related with the Global Navigation Satellite Systems (GNSS).
Our investigation is based on the measurements from ~2700 ground-based GPS stations and GPS receivers onboard
Low Earth Orbit (LEO) satellites — multi-satellite mission Swarm (A, B and C) which are placed on a polar orbit
with the altitudes of ~450-500 km. An analysis of the Rate of TEC index (ROTI) derived from LEO GPS data
allowed us to examine topside ionospheric irregularities and to compare them to the main ionospheric storm effects
observed in ground-based GPS data. We demostrated advantages of the combination of the ground-based GPS
measurements with GPS measurements onboard the Swarm mission to monitor the occurrence of the high-latitude
ionospheric irregularities over territory of Russia. Results of the joint analysis of the ground- and space-based GPS
observations have revealed that during the main phase of geomagnetic storms in 2015, large-scale irregularities of
the ionospheric plasma were observed over Russia within the latitude range of 50° -85°N. The most intense
ionospheric irregularities were registered in the auroral zone and at the main ionospheric trough. It was found that
all ground-based GPS stations located polarward from 55°N geomagnetic latitude, were affected by rapid changes in
the carrier phase of the navigation signal at all visible GPS satellites.

This investigation was supported by RFBR Grant No. 16-05-01077.

Analysis of Kuo et al [2014] approach to model lithosphere-ionosphere coupling system
0.V. Zolotov', B.E. Prokhorov?

' Murmansk Branch of St. Petersburg University of SFS of EMERCOM of Russia, Murmansk, Russia
2Helmholtz Center Potsdam, GFZ German Research Center for Geosciences, Potsdam, Germany

This paper presents the analysis of the Kuo et al. [2014] (doi:10.1002/2013J4019392) “An improved coupling
model for the lithosphere-atmosphere-ionosphere system”. That model uses system of equations for the ground-to-
ionosphere region that are the special case of the Ohm’s law (namely, considering the electric conductivity to be a
constant scalar along the altitude co-ordinate). Therefore, Kuo et al. [2014] approach seem not to describe ground-
to-ionosphere electric currents correctly.

SIBeHne cHHXpOHU3aUNU HOHOCGEepHBIX U reoMarHUTHbLIX YHY Bo3myuiennii B paiioHe CTaHUMU
KazaHb B reoOMarHuTOCIOKOMHBINH NepUO]

O.M. Bapxartosa'?, H.A. Bapxaros’, H.B. Koconanosa®

'dIBOY BITO "Huice20podckuil 20cydapcmeenblii apXumeKkmypHo-cmpoumensiolii yuusepcumenm"
*@I'BOY BIIO "Huscezopodckuii 2ocydapcmeentuiii nedazoeuyeckutl yuugepcumem um. K. Mununa"

Y CcTaHOBIIGHHE €CTECTBEHHBIX M HCKYCCTBEHHBIX HCTOYHUKOB BHyTpHMarHuTocdepHsix MI'J] BoiH - BaxkHas 3a71a4a
HCCIIeIOBaHMST MOHOC(HEPHOW M F€OMAarHUTHOW BO3SMYLICHHOCTH. BHeMarHuToc()epHbEIM HCTOYHUKOM TaKUX BOJH
MOXET SIBJIATHCS OBICTpBIE MAarHUTOBYKOBBIE BOMHBI (BM3), mpoHuKatomue B MarHuTocdepy U3 COITHEYHOTO BETpa
WIN TeHepupyeMble HeycToHunBocThi0 KenpBuHa-I enmpMronbna Ha Marauronayse. I1osBiieHre MarHUTO3BYKOBBIX
BOJIH MOXKHO CBSI3aTh C BHYTPHMAarHUTOC(EPHBIMH TIPOIECCAMH HMEIONIMMH OTPAKEHHWE B TPOBOISAIINX CIIOSX
noHocdepsl. ITO MOXKET OBITh OOYCIOBIEHO DPa3BHTHEM T'€OMarHUTHON OypH, HECTaOMIBHOCTBIO BOCTOYHOTO
IEKTPOIKETA W 3EMIICTPSICEHUSMH OONBIION MarHUTYbl. Lenbio HACTOSIIETo UCCIEIOBaHMS SIBISIETCS] H3YUCHHE
TIPUYMH CHHXPOHHU3AINH HOHOC(EPHONW M T€OMarHUTHON BO3MYILIEHHOCTH Ha CPEIHEIIMPOTHON cTaHiy KasaHb B
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HOYHBIE Yachl. [IpM 3TOM WCIOIB30BAMCh MAarHUTHBEIC W HOHOC(EpPHBIC MUHYTHBIC MAHHBIC, a TaKXKe JaHHBIC
MapaMeTPOB COTHEYHOT'O BETPa M MEXKILIAHETHOTO MarHUTHOTO Tosst (MMIT).

[To pe3ynbTaTaM BEIOIHEHHBIX HCCiIeqoBaHui 3 ceHTI0pst 2014 T. B reOMarHUTOCIIOKOWHOE BpeMsl Ha WHTEpBaJIC
04:00 — 06:00 mecTHOrO BpeMEcHH OOHApYXKEHA CHHXPOHHU3AIUS CICKTPATBHBIX OCOOCHHOCTEH JIWHAMHYECKHX
CIIEKTPOB KpUTHUYECKOM yacToThl cinost F2 u H, E, Z xomnonent Ha cranuuu Ka3zanp B HouHoe MecTHOe BpeMs. OHa
CBUJICTEIIECTBYET O BO3MOXKHOCTH COTJIACOBAHHOW MOHOC(EpHO# U reoMarHuTHOH M3 BO3MYIIICHHOCTH B 00J1acTH
CPEIHMX MIUPOT. XapaKTepHBIC MEPUOBI 00HAPYKEHHBIX M3 BO3MYIIEHUH OBUTH OIpE/elICHBl METOIOM BEHBIICT-
aHanm3a. X 3HaueHwns nexat B auanazone Y HU konebanuii (35 - 50 munyT). [Ipr aTOM cOBIaeHus ClieKTpaibHBIX
ocobeHHocTel orMeuaroTest st foF2 u H-kommonenTts! win s foF2 u E-KOMIOHEHTBI T€OMarHUTHOTO OIS, YTO
BO3MOXKHO CBSI3aHO C IMPOUCXONANICH CMEHOW IMOJIIpH3aldé BO BpeMsl pa3BuThs M3 mporecca. [mobanbHOCTH
paccMaTpuBaeMOro SBJICHHUS ObLla MPOBEpEHA MPH aHAJIM3E B TOM JK€ YaCTOTHOM JHANa30HE COrIaCOBAHHOCTU
BO3MYIIICHUN KPUTUYECKOM YacTOTHI Ha cTaHIMK Ka3aHb ¥ KOMIIOHEHT F€OMarHUTHOTO TMOJIsl Ha oOcepBaTopuu Port
Alfred (roxHOe TONyIIapue), pacroiOKEHHON Ha TOHM JKe JOJATOTE. BBIJIO OTMEUEHO COBMAJCHUE CIEKTPAaIbHBIX
MakcuMyMmoB Juisi foF2 u E-xomnonentsr (Port Alfred). Bosmymenus H-xomnonentst (Port Alfred) mpu stom
MPOMCXOMAT C 3aMETHBIM BPEMEHHBIM CIABHUIOM (10 15 MHHYT) OTHOCHUTEIHHO HOHOC(HEPHBIX BO3MYIICHUI.
BaxxHbIM siBiisieTcs coBnazienne Bo3myineHuid foF2 u E-kommonentsl (Port Alfred) B Te BpemeHna, korma ¢ foF2
coBnagaer H-kommoHeHTa Ha craHimu Ka3aHb. DTO CBUAETENLCTBYET O CMEHE Mojspu3anuu M3 kojeOaHuid mpu
Hepexo/ie U3 CEBEPHOTrO MOMYLIApHUs B FOXKHOE.

[Mowck mpenmonaraeMoro BHEMarHUTOC(EPHOr0 MCTOYHUKA B YCIIOBHSIX CIIOKOHHOW MarHutoc()epbl YCTaHOBHI
CHHXpOHM3auuio Bo3mymieHnid B, u B, komnonentr MMII ¢ oOHapyxeHHO!H paHee BO3MYIIEHHOCTBIO Ha CTaHIIMU
Kazanp B TOM ke ranazoHe MeproioB. DTO MO3BOJISAET MPEANOI0XKUTb, YTO ATHHHONEPHOAHbBIE Bo3MyeHns Y HY
JMana3oHa, OTMe4aeMble B KOMIIOHEHTaX By u B, MarHUTHOTO MOJIsi COTHEUHOTO BETpa HAXOAAT CBOE OTPaKEHHUE B
BO3MYUICHUSIX CPEJHEIINPOTHON HOUHOM HOHOC(EPhl U TeOMAarHUTHOTO TIOJISI.

IHoasspu3anHOHHBbIE XaPAKTEPUCTHKH ATbBEHOBCKHX PE30HAHCOB.
HonocdepHas nonsgipu3anuoHHas QpyHKIUA

H.B. Banos
THonsapnwiii ceouzuyeckuti uncmumym, 2. Anamumol

B cnekrpe ¢oHOBOro HH3KO4acTOTHOro Inmyma auanazoHa ot 0.1 mo 20 I'm Moryr HaOmoaaThes, pe30HAHCHBIE
cTpyKTypbl. CyIIECTBOBAaHME PE30HAHCHBIX CTPYKTYp CIIEKTpa CBSI3aHHO C HaJIM4YMEM JBYX CYLIECTBEHHBIX
obnacteil OTpa)keHUsl, TIEPBOi PACIIONIOKEHHON HIbKe MakcuMyMma Fo2 ciiosi, BTOpoil Ha BBICOTE JO HECKOJIBKUX
TBICSY KM, MHTep(hepeHIMs BOJIH OT 3THX obnactell (GOopMUpYyeT pe3oHaHCHbIE CTPYKTYphl. B manHo# pabote
npeyIaraeTcs MeToA, OCHOBAHHBII Ha aHAIM3€¢ OCHOBHBIX MOJISIPH3aLMOHHBIX XapaKTEPUCTHK CIEKTpa U, Kak Oyner
MIOKa3aHo Jajee, o0Mafarolnii pAaoM MPEUMYIIECTB [0 CPABHEHHIO C TPAIULHOHHBIM METOIOM, OCHOBAaHHBIM Ha
aHaJIM3€ CIEKTPAIFHBIX MOIHOCTEH KOMIIOHEHT MarHUTHOTO LIyMa.

BiusiHue 3J1eKTPOHHBIX BhICHINIAHUI Ha 3 (PeKTUBHBbIN K03QPuIeHT peKkOMOMHALMHU
B.E. MBanog, X.B. [lamkesuu
Honapuwiii ceopusuyeckuit uncmumym, Anamumol, Poccus

B paMkax dYHCIIEHHOH MOJAENH WCCIEIOBAaHBl OCOOCHHOCTH TOBEICHUSA A(PPEKTHBHOTO KOIPPHUIEHTA
PEKOMOMHALMH O, B 00JACTH NONAPHBIX cHsAHMI B uHTepBane BbicoT 90-200 xm. IlokasaHo, 4TO B MHTEpBaje
BeICOT 90-130 kM 3]dekTuBHBIN KOIPPUINEHT PEeKOMOWHAIIMKM HE 3aBUCHT OT IapaMeTPOB BEICHIMAIOMIETOCS
TIOTOKA BIIEKTPOHOB U ONpeeNsieTcs B OCHOBHOM KO3()(HIMEHTaMH CKOPOCTEH peaKLyii, 4TO COOTBETCTBYET paHee
MOMYyYCHHBIM W TIPEICTaBICHHBIM B JHTepaType pesynbrataM. OpHako B wmHTepBane BbicoT 130-200 M,
3¢ PeKTUBHBIA KO3(GGHUINEHT pPEeKOMOWHANINU JIEMOHCTPHPYET 3aBHCHMOCTh OT BBIIENHUBIIEHCS B aTMocdepe
SHEPTHH, KOTOpasi CTAHOBUTCS Bce OoIee BRIPAXKEHHOW ¢ yBEJIMUEHHEM BBICOTHL. IToka3aHo, 4To B MHTEpBasE BHICOT
130-200 KM BeIMYMHA O, HE ONpPEAENSAeTCs TONBKO COCTABOM M (PM3UKO-XMMHYECKMMH CBOMCTBAMH CpEAbl, a
3aBHCHT KakK OT MOTOKa SHEPTUH TaK U OT XapaKTepa YHEPreTHUECKOrO CIIEKTPa BBICHIMAIOIINXCS SIEKTPOHOB.
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Hcnonb3oBanue MeToAa MPUCTPEIKH U MPSIMOT0 BAPHAIMOHHOTO MeTO/a AJISl pacyeTa paguorpacc
KB-anana3ona B mepuoja reoMarHuTHhIX Oypb 26-29 centsiops 2011 r.

J1.C. Korosa', . A. Hocukos'?, M.B. Kimmenko', B.B. Kimmerxko'

' Banmuiickuii pedepanvuwiii ynusepcumem umenu Mmmanywia Kanma, 2. Kanununepao, Poccus

e-mail: igor.nosikov@gmail.com

*Kanununzpadckuii punuan Hncmumyma 3eMHo20 MazHemusma, UOHOCHEPyL t pacnpoCmpanenis, paouoeoH M.
H.B. Ihwrosa PAH, 2. Kanununepao, Poccus

B paGote npezacraBiieHbl pe3ynbTaThl pacyeToB paauorpacc KB-nnanazona Mexay BEICOKOIIUPOTHBIMH CTaHIIUSAMHU
HAKJIOHHOTO 3oHaupoBaHus JloBosepo-Canmexapa B IEpUOI TEOMarHUTHBIX Oypb 26 - 29 centsOps 2011 r.
B kauectBe Monmenmu cpenpl pacnpocTpaHeHUsl paavoBoiH BbiOpaHa ['nobanbHast CamocornacoBaHHas Mojenb
Tepmocdepsr, Nonochepst u IIporonocdepsr (I'CM THII), paspabGorannas B 30 N3MHUPAH. Ilposeneno
CpaBHEHHE JYYEBBIX TPAEKTOPUI pamuoTpace, Moly4eHHbIX ABYMS Pa3UUHBIMH MOAXO0AaMH: METOIOM IPUCTPENKH
W TpSAMBIM BapUalMOHHBIM MeEToAOM. B paboTre o00cykmaloTcs YCIOBUS NPHUMEHHMOCTH, IIPEUMYINECTBA,
HEJIOCTaTKU M TEPCIEKTHBHI HCIONB30BAHUS PAa3IMYHBIX MOAXOA0B K pacyeTy pajuoTpacc Uil KOMIUIEKCHOM
OLIEHKH BJIMSTHHUS HOHOC]EPHBIX AP (PEKTOB, BEI3BAHHBIX T€OMArHUTHBIMU OypsIMH, Ha KA4€CTBO PaUOCBSI3H.
Hccnenoanue BIonHeHO Npu puHaHcoBOM nopaepkke PODU B pamkax rpanta Ne 16-35-00590 mon_a.

Pe3ynbTaThl Ha3eMHBIX HA0JIIOIEHU M MOJeTUpPoOBaHus cTPYKTYpsI noas B UHY-OHY nuanazone
A.B. Jlapuenko, O.M. Jle6ens, }0.B. ®enopenko, C.B. ITunsraes
THonsapnwiii 2eoguzuyeckuil uncmumym, 2. Anamumul, Poccust

3HaHUE NapaMeTPOB BHICOKOLIMPOTHOM HIKHEH HOHOC(EpHI SBISETCA BaKHBIM Kak I (yHIaMEHTAJIbHBIX
uccieqoBaHui  (U3MYECKUX IPOIECCOB B HMOHOchepe W MarHutocdepe 3emiid, TaKk W JJIsl pElIeHUs psja
IpakTHYecKuX 3ajad. K HUM MOXHO OTHECTH, HampHMep, y4eT BIMAHHA HOHOC(Epbl Ha pe3yabTaThl
3JIEKTPOMAarHUTHOTO 30HMPOBAHUS 36MHOM KOpPBI, pad0Ty HaBUTAIIMOHHBIX CUCTEM U PaJMOCBA3b. B TO ke Bpems,
mobas uHpopMaLWsd O HpOQHIe 3IEKTPOHHOH KOHIEHTPALMd W NPUCYTCTBHM HEOXHOPOIHOCTEH B HIDKHEH
HoHOCc(epe Ba)KHa TIPU UHTEPIPETAIU JaHHBIX HaOmoaeHnii OHY curuanoB Ha 3eMHOM MOBEpXHOCTH. M3MeHeHus
npoduIs NPOBOAUMOCTH HIDKHEH MOHOC(EpPHI, BBI3BaHHBIC IeIHOre0()U3NUECKUMU BO3MYIICHUSAMH, BIMSIOT Ha
CTPYKTYPY MOJS PacHpOCTPAHSIOIIMXCS B BOJHOBOIE 3eMili-HOHOC(epa 3IEKTPOMArHUTHBIX CHTHAJIOB. JTO,
B CBOI OYepelb, IO3BOJSET IO JaHHBIM Ha3eMHbIX HaOmogenuit curHanoB CHY-OHY nuanazona
JMarHOCTHPOBATH COCTOSIHHE HIDKHEH HOHOC]epHI.

B nmokmame paccmaTpuBaroTcs pe3ynbTaThl HaOmogeHuid cTpykrypsl moiast MHY-OHY curHanoB mo JaHHBIM
perucTpanmu Ha BBICOKOMHPOTHOM cetn cranmmit [II'M B 00c. «Bepxuerymomckmit» (68.6° N, 31.79° E),
«JIoBozepoy» (67.97° N, 35.02° E) u «baperudypr» (78.06° N, 14.22° E). Pe3ynpTaTel HaOIIOJeHUN CPaBHUBAIOTCS
¢ pe3ynbratamu MojienupoBanus pactpoctpanenuss MTHU-OHY Bonu B BoiHOBOE 3eMisi-uoHochepa.

YucjieHHOe MOAeTUPOBAHNE BO3/1eiicTBHSI MOLIHOI paanoBoHbl KB-quanazona
Ha uoHochepuyo miasmy F-ciios

O.B. Munranes, M.H. Mensnuk, B.C. Munraies
THonapuwiii ceouszuyeckust uncmumym, 2. Anamumet, Poccus

[IpoBeneHo nccrnemoBaHue BIUSHAS MOITHBIX pannoBonH KB-nmnamasona Ha moBeneHne noHochepHoit mia3mer F-
cinosi. MommHbIe paJMOBONHBI HCIONB3YIOTCS TPHU MCKYCCTBEHHBIX BO3ACHCTBHAX Ha HOHOC(EpHYIO IUa3My, B
YACTHOCTH, BO BpPEMsI HAIPEBHBIX HKCIIEPUMEHTOB, KOTJJa HA3€MHBIE CTEHBI M3JTy4al0T BBEPX MOLIHBIE PAIHOBOIHBI
KB-mmnamazoHa, KOTOphIe MOTIIOMIAIOTCS B MOHOC(Epe M MPUBOAAT K ee Monupukarwu. VcciuemoBanrue BIHASHUS
MOIIHBIX paanoBoiH KB-auama3oHa npoBeAeHO METOAOM MAaTEMaTHUYECKOrO MOJIEIMPOBAHUSA C HUCIOIb30BAHHEM
paspaborannoii B [TomsapaoMm reoduzmdeckoM WHCTUTYTE YUCICHHON MOJEIH, OCHOBAHHOW HAa PEIICHUH METOJOM
KpPYIHBIX YacTUL cUCTEMBbI ypaBHeHH Bracosa-IlyaccoHa, B KOTOpo# ypaBHeHuUs1 BiiacoBa onuMChIBalOT MOBEAECHUE
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GyHKIUE pacrpeneneHus JIIEKTPOHOB M HWOHOB, a ypaBHeHHWE IlyaccoHa OITMCHIBAET CaMOCOTJIaCOBAaHHOE
SJIEKTPUYECKOE T10JIE B IJIa3Me.

Hccnenyercst 3aBUCUMOCTh TUIa3MEHHBIX MApaMETPOB TOIBKO OT KOOPAMHAT, MEPIEHIUKYISIPHBIX MarHUTHOMY
TI0JI0, TO €CTh 3aJlaya CUUTAETCS MPOCTPAHCTBEHHO 2-X MEpHOH. B urcieHHONH MOJIeNN YUYUThIBAETCSl ABMKEHHE KaK
3JIEKTPOHOB, TaK 1 HOHOB B OPTOI'OHAJILHOM T€OMarHUTHOMY TIOJIIO TJIOCKOCTH.

Pe3ynpTaThl pacyeTroB, MpeCTaBIsSCMbBIC B HACTOAIICH pabOTe, MONYYCHBI TIPU 3HAUCHHUSAX BXOJHBIX MapaMETPOB
MOJIEIH, THIIMYHBIX Ul HOYHOW MoHOcdepbl Ha Bbicore 300 kM. MomHas paguoBonHa KB-auanasona cuuranack
cTostyell OOBIKHOBEHHO! BOJTHOM, UMEIOIICH YaCTOTY BEPXHETHOPUIHOTO Pe30HAHCA. BEKTOpP 3JEKTPHUUECKOro MO
BOJTHBI JISKA B TUIOCKOCTH, MTEPIICHAUKYIIIPHONH MarHUTHOMY TOJTIO, B KOTOPOH JIGKHUT B 00JIaCTh MOJICITUPOBAHUS.
AMILTUTYABl OPTOrOHATIBHBIX KOMIIOHEHT 3JIEKTPHUUECKOI0 TOJISl BOJTHBI CUUTAINCh OJIMHAKOBBIMU U paBHbIMU 0,49
B/M Ha YPOBHE IYYHOCTH PAJHOBOJHBI, YTO BIOJHE JOCTH)KUMO, HANIPUMED, /U BBICOKOIIMPOTHOI'O HArpeBHOrO
crenna B r. Tpomce (Hopserus).

Pacuets! nokasanu, 4To B 00JIACTH MOCIMPOBAHUS, KOTJa OHA HAXOIWIACh HA YPOBHSAX MYyYHOCTCH M HA YPOBHSIX
Y3JIOB CTOSYEH BOJIHBI, COBEPIICHHO MO-PAa3HOMY BENU ce0s THAPOIUHAMHYCCKHE CKOPOCTH 3apsKCHHBIX YaCTHUI]
(27IEKTPOHOB M TIOJIOKUTEIILHBIX MOHOB). Ha ypOBHSIX y3JIOB 3TH CKOPOCTH OCTaBAJIMCh OJU3KUMHU K HYIIO. A Ha
YPOBHSIX IYYHOCTEH BEKTOPHI THUAPOJUHAMUYECCKUX CKOPOCTCH 3apsHKCHHBIX YacTUI[ (IJICKTPOHOB U
MOJIOXKHUTEIBHBIX MOHOB) BPAIIAJUCh C YACTOTOM, PaBHOM YacTOTE MOIIHON paguoBONHBL [Ipu 3TOM BeTHUUMHA
CKOPOCTH D3JIEKTPOHOB CYIIIECTBEHHO IPEBBIMIANA BEIMYUHY CKOPOCTH TONOXKUTEIBHBIX HMOHOB W JOCTHUrasa
HECKOJIbKMX KM/CeK. DTOT (DakT MO3BOJIMI HAM BBICKAa3aTh THIIOTE3Y O TOM, YTO OOHApYKEHHbIH 3((deKT, Hapsay ¢
APYTrUMHU U3BECTHBIMHU MEXaHU3MaMU, MOXET IMPUBOAUTH K JIOKaJIbHOMY HArpe€By IJIa3Mbl B 06J'IaCTI/I BO3HCﬁCTBHﬂ
MOIIHBIX paanoBoiH KB-auamazona.

Ocobennoctu perucrpanuu u 00padorku 1anubix CHU-OHY curnasioB Ha oocepBatopusix III'U
B apKTH4Y€CKOH 30He

C.B. ITunsraes, A.B. Jlapuenko, O.M. Jle6ens, M.B. @unatos, A.C. Hukutenko, 10.B. ®enopenko
Honsapnoii 2eousuyeckuil uncmumym, 2. Anamumul, Poccust

[lpu mpoBeAeHUM OSKCHEPUMEHTAIBHBIX HCCIEAOBAHUI Teo(U3NUECKHX SIBJICHHH YacTO KpOME CTaHIApTHOM
anmaparypsl He0OXOIMMO aJaNTHPOBaHHOE K HaYYHBIM 3aadaM H3MeEpHTeNbHOe 000pyNOBaHHE C YHUKAJIbHBIMH
xapakrepuctukamu. B Ilomsprom reodusmueckom wuHcrturyre (IITM) paspaboranbl, CO3[4aHBl U YCIEIIHO
9KCIUTyaTHPYIOTCS TNPHUOOPBHI, INpedHa3sHAaYeHHBIE U1 MHOTOKOMIIOHEHTHBIX W3MEpEHHHl HH3KOYacTOTHBIX
anexkrpomaruutHeix nojed KHY, CHY nu OHY nuana3onoB. VX OTIHYHATENBEHOI YepTOii SBISETCSA BHICOKOTOUHAS, C
ommOKOW, HE NpPEBBIAIONICH eIWHHI MHKPOCEKYHJ, CHHXPOHH3aIUs pe3yabTaTOB H3MEPEHHH C MHPOBBIM
BpeMeHeM, ocyllecTBIsieMas ¢ momolibio npuemMHrnkoB GPS/GLONASS.

B nanHoit pabGore mpescraBieHa pa3paboraHHas B [lomsipHOM reou3uYecKOM HHCTHTYTE armaparypa s
HA3eMHBIX HAaOIIFOJeHNIT HU3KOYaCcTOTHBIX 3ekTpoMarauTHEIX noneit KHY, CHY u OHY mguana3onos. [IpuBoautcs
KpaTKoe OIHCaHWE NPHOOPOB, AHAIMZHPYIOTCS MX OCOOCHHOCTH, OTIMYAIOUINE 3TH HPHUOOPBI OT CTaHAAPTHOH
reo(yu3n9IecKoit anmapaTypsl, a TAKKE OMHCBIBAIOTCS AITOPUTMBI M IPOTPaMMBl, TIpeTHa3HAYEHHbIE 151 00pabOTKH
I(GPOBEIX reopHU3NUecKuX MAHHBIX, OTCYETHl KOTOPBIX CHHXPOHH3UPOBAHBI C MHPOBBIM BPEMEHEM C BBICOKOW
CTENCHBIO TOYHOCTH.

YerpoiicTBO VI KAIMOPOBKH PErHCTPATOPOB 3JIEKTPOMATHUTHOTO OISt
C.B. ITunsraes, A.B.JIapuenko, O.M. Jlebenp, M.B. ®unatos, A.C. Hukurenko, }0.B. ®enopenko
Honapueiii ceoguzuyeckutt uncmumym, 2. Anamumul, Poccus

B III'N ucnonb3yercs ceTh BBICOKOIIMPOTHBIX CTAHLUMH HAa36MHOM PETHCTPALMK KOMIOHEHT 3JIEKTPOMArHUTHOIO
not KHY, CHY u OHY nmanazonos. [Ipu nccnenoBanny 3¢ QekToB pacnpocTpaHeHHs 3JIeKTPOMarHUTHBIX BOJIH B
BOJTHOBOZIE 3eMJII-MOHOC(Epa BOZHHUKACT PsiI 3aad, NMPH PEIICHHH KOTOPBIX TpeOyeTcsl Mpenn3nOHHAs NPHUBSI3Ka
U(POBBIX JAHHBIX K MUPOBOMY BpeMeHH. [IpaBHiIbHOCTh HHTEPIIPETAMH JaHHBIX U3MEPEHHI BCEIeNI0 3aBUCHT OT
TOYHOTIO 3HAHUS XapaKTEPUCTHK U CBOWCTB JAaTYMKOB, BXOAAIIMX B KOHCTPYKIUIO PETHCTPATOPOB, U TOYHOCTH
OIpENIENICHUs NEPEJATOUHBIX XapaKTEPUCTHK UX W3MEPUTENIBHBIX KaHAJNOB. B Xone MpOBEAEHHBIX UCCIEAOBAaHHN
OBbLIO BBISIBIICHO, YTO JUIS OIIPEAEICHUS XapaKTePUCTHK M3MEPHUTENBHBIX KaHAJIO0B reo(pH3MIecKoro 000pyI0BaHus ¢
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TpeOyeMOoil TOUHOCTBIO HEOCTATOYHO pacyeTa IO AJIEKTPHUECKHM CXeMaM W HeOOXOAWMO IPOBEAEHHE MPSIMBIX
n3MepeHnii. ABTopamMHu ObLTa pa3paboTaHa METOIMKA aMIUIMTYAHOW M (ha30BOW KaaHMOPOBKM H3MEPUTENBHBIX
kanaioB KHU-CHY u CHY-OHY perucrparopos, a Takke pa3paboTaHO M CO3/1aHO YCTPOHCTBO ISl TIPOBEACHUS
JaHHBIX U3MepeHuil. PazpaboTaHHOE yCTPOMCTBO MPECTABISET COO0M T'eHepaTop CUIHAIOB C PUBS3KOW BOJTHOBOM
¢opmel curHana x curnany GPS mpuémuunka. Vcnonp3oBaHue gaHHOro reHepaTtopa s kamuOpoku CHY-OHY
peructpatopa B JIoBO3epO TO3BONMIO pacCUUTaTh aOCOJIOTHYIO 3a/IepKKy, BHOCHMYIO IPOLECCOM aHAJIOro-
uudpoBoro mpeodOpa3zoBaHUS W y4ecTb €€ NIPH HMHTEPIPETAlMU pe3yNbTaTOB HM3MEPEHHH B OKCIIEPUMEHTE I10
MoauduKanuuyu ~ MoHOC(hEps  MOIYIHPOBAHHBIM  KOPOTKOBOJNHOBBIM ~ CHUTHAJIOM  HAarpeBHOrO  CTEH/IOM
«EISCAT/heating» 2016 roxa.

B3anMocBsI3b OpHEeHTAIIUY NONEPEYHOI AHN30TPONUM MEJIKOMACIITAOHBIX HEOAHOPOIHOCTEl
B F-001acTu cy6aBpopanbHoil HoOHOC(EPHI U TOPU3OHTAILHOI0 BETpPa

H.}O. PomaHoBa
Honapuwiii eeouzuueckutt uncmumym PAH, Mypmanck

Ha ocHOBe aHHBIX CITyTHHKOBOT'O Pa/IMO30HIMPOBAHMS, MOJTYUYEHHBIX IETTOYKON cTanimii MockBa-babaeBo-Kemp,
orpejieJieHa OpUEeHTalMs TornepedyHor aHuzorponuu W, MenkomaciiTaOHBIX (OT HECKOJIBKHX COTEH METPOB /0
HECKOJIbKMX KHJIOMETPOB) HEOJHOPOIHOCTEH AJIEKTPOHHOM MioTHOCTH B F-o0nactu cybaBpopaiibHOi MOHOChEPHI.
Jannble nonmydensl B iepuos ¢ oktsiops 2008 r. mo mapt 2012 r. J{7st KaKA0ro KOHKPETHOTO Cy4dasi perucTpaiun
MEJIKOMACIITa0HbIX HEOMHOPOIHOCTEH pPacCYMTAaHO HAIMpaBlICHHE TOPHU3OHTANBHOrO BeTpa (Momens HWMO7).
YucneHHOe COMoCTaBIeHHE IKCIEPUMEHTAIBHBIX U TEOPETUUECKHUX JaHHBIX MTOKa3aJio, YTO B OOJIBIIMHCTBE CIIy4acB
MEJIKOMACIITaOHbIe HEOMHOPOAHOCTH B IEPICHANKYIIPHOH K MAaTHUTHOMY IOJIIO IUNIOCKOCTH BBITATUBAIOTCS BHOJb
HaIPaBJIEHUSA TOPU3OHTAIBHOIO BETPA.

(0] HEKOTOPLIX ACIEKTAaX UCMOJIb30BAHUSA JAHHBIX HAO0JII0IEHUIi TI0JTHOTO 3JICKTPOHHOI'O
CcoepKaHuA I/IOHOC(l)epbl B LEJIAX MTOCTPOCHUA METOIUK MPOTrHO3a CUJIBHBIX 3eMJ'leTpflceHPIﬁ

E.C. Tpyxanosa, O.B. 3onoros

Mypmanckuii punuan Canxm-Ilemep0ypecko2o ynugepcumema 20¢y0apCcmeeHHOU RpomuEonONCapHoOL CLyicObl
MYC Poccuu (M® CIl6 YITIC MYC Poccuu)

B pabote aHanM3upyIOTCS SBICHHSA — BO3MOXHBIE HOHO(DEPHBIE NPEABECTHUKH CHIIBHBIX CEHCMUYECKUX COOBITHH.
Ha ocHOBe COBpeMEHHOTO COCTOSHHSI MPOOJIEMBI OCYIIECTBIICHUSI CBSI3M CUCTEMBbI "JHToc(epa-uoHochepa’ u
ocobeHHOcTel nposiBiieHUs (3 (EKTOB) ATOM CBSI3M B BapHALMAX ITOJHOTO 3JIEKTPOHHOTO COAEPIk aHH HOHOCHEpHI
B NEPHOJbI, NMPEAIIECTBYIONNE CHIBHBIM 3eMIICTPSCEHUAM, NPEIJIOKeHA CXeMa MOCTPOSHUS METOAMKH IPOrHo3a
CHJIBHBIX CEH{CMHYECKHX COOBITHI Ha OCHOBE aHAJIN3a JaHHBIX CITyTHHKOBBIX HAaOJIOICHHUH.

Perncrpanusi pakypcHOro paccestHusi paInoBOJIH HA pajiape 1eHHMeTPOBOr0 AMANAa30Ha
¢ LIMPOKHUM CEKTOPOM 0630pa

W.B. Trotun, B.b. OBogenko, C.A. Ilymait
OAO "HIIK "HHUHJIAP"

DKCIIepUMEHTATBHBIM HCCIIEIOBAaHUAM pakypcHoe paccesHue paanoBonH B YKB m KB mmamazonax mocBsieHo
3HAYNTEITHHOE KOJINYECTBO PabOT. DKCIEpPUMEHTAIbHBIE AAHHBIE IO PETHCTPAIMM aHM30TPOITHOTO PACCESHUS Ha
NOHOC(EPHBIX HEOTHOPOAHOCTIX ciosl E, momydeHHbIe Ha pajgapax B pPeXXHMeE HENPEpBIBHOIO CKAaHMPOBAHHMS I10
a3UMYTy B TEUEHHE CYTOK, B IUTEPAType MPAKTUIECKA HE PACCMATPUBAIINCh.

B pabore npou3BoANTCS aHAIN3 TPOCTPAHCTBEHHO-BPEMEHHOTO PacIpeesieHnsl 00paTHOTO paccessHUsI PagroBOIIH
Ha HOoHOC(EepHBIX HeoqHOpoaHOCTAX E ciost Bo Bpemst reomaranTHOM aktuBHOCTH 20 stHBaps 2016 roxa.
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Ballooning observation plan in sub-auroral zone
Tao Chen
National space science center, Chinese academy of sciences

Solar activity will directly and indirectly lead to the enhancement of high enegy electron flux near geospace, due to
the triggering of electromagnetic wave in magnetospheric plasma region, the outer radiation belt relativistic electron
will main precipitate to the polar region atmosphere and produce large amount of x ray bursts which in turn change
the ionization rate of the atmosphere, further induce the variation of other atmospheric parameters. The main outer
radiation belt fill the magnetosphere space that covers L=3-7, the corresponding filed line foot points’ geomagnetic
latitude being 56°-68° where is basically sub-auroral zone. The characteristics of the relativistic electron
precipitation have been reported based on low altitude satellite data. Future high latitude have been proposed in this
report. The ballooning experiment might observe 200keV-15Mev X ray that connect the dynamic state of the lost
relativistic electron in the outer radiation belt. And more, simultaneously observe three dimensional atmospheric
electric field variation at different height, determine temporal and spatial characteristics of the atmospheric electric
parameters caused by the x ray radiation, establish the basic observation condition for studying the relation between
space weather and atmospheric evolution.

Impact of radiation belt energetic electron precipitation on total 0zone column over high latitudes
A.V. Karagodin and I.A. Mironova
Saint-Petersburg State University (SPbSU, Saint-Petersburg, Russia) 199034, Russia, St. Petersburg

In this paper we investigated a response of the total ozone column on precipitations into the atmosphere of the
relativistic electrons from the radiative belts. Here we used the method of superposed epoch analysis and as key
dates was chosenthe of events of relativistic electron precipitation from 1961 to 2014. The list of events was
prepared by members of the balloon experiments of the Lebedev Physical Institute of RAS. For our study, we
selected the events registered during the winter months (from November to February) from 1970 to 2012. These
years were chosen, based on the data of the total ozone column obtained during the measurements GOME,
SCIAMACHY, OMI. A long series of measurements of the total ozone column allowed studying 90 events of
relativistic electron precipitation by superposed epoch analysis; we have possibility to divide all events according to
different characteristic energies of electron precipitation. The latitudinal dependence of the obtained response, about
68° N, was limited by balloon measurements. The results of superposed epoch analysis show that total ozone
column responds to relativistic electron precipitations. In the polar region the total ozone content is reduced after
relativistic electron precipitation and the minimum is observed on the first day after the event.

On the question of Urban Heat Island occurrence behind the Polar Circle
E.A. Kasatkina, O.1. Shumilov, A.G. Kanatjev
Polar Geophysical Institute, Apatity, Russia

Generation of Urban Heath Island (UHI) is considered as one of the major problems in the XXI century. Before, to
the UHI problem in the Arctic it had not been paid enough attention. To date, there are many studies that discuss the
generation of heat islands in big cities located in the middle and low latitudes, and almost nothing is known about
the UHI occurrence behind the Polar circle. However, heat islands in polar cities are fundamentally different from
those at lower latitudes. North of the Polar Circle, the Sun is completely below the horizon in winter and there is no
income of solar radiation during some period of time, called the polar night. The solar contribution to the UHI is
negligible during the polar night. Here we analyze temperature data collected using a car in the two polar towns
Kirovsk (67.62 N, 33.67E) and Apatity (67.57N, 33.38E) and in the surrounding rural areas during the polar night.
Our results show that temperature variations within and outside these cities are caused by either the local orographic
effects, or physical condition of the atmospheric boundary layer.
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Monitoring of variations of a middle atmosphere ozone in polar latitudes of Arctic during
stratospheric warming in the winter 2016

Y.Y. Kulikov', S.I. Osipov®, A.V. Poberovsky’, V.G. Ryskin', V.A. Yushkov’

'Institute of Applied Physics, N. Novgorod, Russia
*Saint Petersburg State University, Saint Petersburg, Russia
3Central Aerological Observatory, Dolgoprudny, Russia

We present some results of measurements of the ozone emission line in January-March 2016 by method of
microwave radiometry. Measurements of spectra of middle atmosphere ozone were executed with the help of mobile
radiometer (work frequency 110836.04 MHz). The device was installed in 2007 at physical faculty in Peterhof
(60N, 30E) in 28 km from the centre of Saint Petersburg [1]. 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 SABER, and also
with the data of ozonesonde at station Salekhard (67N, 67E), Sodankyla (67N, 27E) and Summit (73N, 38W).
Significant variations in ozone number densities, which were caused by sudden stratospheric warming in winter
2016, were observed in the atmosphere over Peterhof at altitudes of 40 to 60 km.

The work was supported by the RFBR grant 15-05-04249.

1. Timofeyev Yu.M., Kostsov V.S., Poberovsky A.V., Kulikov Yu.Yu., Krasilnikov A.A. Measurements of the ozone vertical profiles of
St.-Petersburg by ground-based microwave instrument. The bulletin of the St.-Petersburg University. Release 4, P. 44-53, 2008.

Observations by partial reflection radar in Tumanny during noctilucent clouds
V.C. Roldugin, S.M. Chernyakov, A.V. Roldugin, O.F. Ogloblina
Polar Geophysical Institute, Apatity

At 8 —12 August 2016 the noctilucent clouds (NC) were observed over Kola peninsula and they were photographed
by all-sky camera in Lovozero. They settled over the partial reflection radar in Tumanny observatory also. On 12
August the radar disclosed a specific reflection on the altitudes 83 —86 km which may be connected with NC.
The wave structure of NC was seen well this day.

A new evidence of the close relationship between global temperature anomalies and CO,

R. Werner
Space Research and Technology Institute, Strara Zagora Department, Bulgaria

The slow down of the World economic development during the World War I, the Great Depression and the World
War II lead to a deceleration of the CO, emissions. The adjusted global temperature determined by removal of
temperature influences other than related to CO, follows close the CO, radiation term. The difference between the
estimated adjusted temperature time evolution with and without the CO, slow down and also the short time trends
demonstrate very clear the close relation between the temperature change and the CO, radiative forcing. It is shown
that the slow down of the CO, emission in the period from 1939 up to 1950 and the related CO, concentration in the
atmosphere, caused by human activities, generate a more slow increase of the temperature. Therefore, CO, is the
leading variable of the relation surface temperature - CO,.
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JJ1eKTPOHHO-BO30Y:K/IeHHbIEe KHCJI0POAHbIE COCTABJSIONINE B aTMOCcdepax NJIaHeT 3¢MHOil rpynnbl
O.B. Anronenko, A.C. Kupumnos, 10.H. Kynukos
Honapuwiii eeouzuueckuni uncmumym (IITH), 2. Anamumet, Poccus

PaccmoTpensl  mporiecchl  BO3OYXKACHHS U TallCHUs 3JICKTPOHHO-BO3OYXKICHHBIX cocTosHui [ 'eprbepra
MOJIEKYJISIDHOTO KHUCIIOpojga B aTtMoc(epax IUIaHET 3e€MHOM TPYIIBI Ha BBICOTAX CBEUYCHHS HOYHOrO HeOa.
OOCyXIaroTCsl TPUHIAITHAIBHBIC PA3JIUYAs KUHETHKH JJICKTPOHHO-BO30YKICHHBIX COCTOSHUN O2 B HOYHBIX
atMocdepax 3emim u Beneprl. [IpoBeneH pacuer KomeOaTeIbHBIX HACCIICHHOCTEH COCTOSHHN ¢'Zu’, A%Au, A'zu’
Ha BBICOTax CBEYEHMs1 HOYHOro Heba IiaHeT 3eMHO# rpymmbl. HabGmromaercst xopoliee corjiacue pes3yibTaToB
pacuera ¢ pe3yJabTaTaMH HA3eMHBIX HAOJIOJCHUN W CHCKTPAJIbHBIMH JaHHBIMH, MOJYYCHHBIMH ¢ Oopra
KOCMUYECKHUX JIETaTeIbHBIX allapaToB.

®oHoBoe ramma-usiaydenue 0.2-5 MaB B npuzeMHoM cjioe aTMochepbl
10.B. banaoun, A.B. 'epmaneHko
Tonapuulii ceogusuueckuil uncmumym, 2. Anamumot, Poccust

B na6opaTop1/m KOCMHUYCCKHUX nyqef/'l BEACTCSI MOHUTOPUHI MATKOI'O raMMa-u3JIyd€HUs, IPUXOAAIIeTOo Ha JETEKTOP
U3 BepxHed monycdepsl. HernpepbiBHO n3Mepsiercst nuddepeHManbHblii CIEKTp raMMa-H3IydeHHs] B Jana3oHe
0.2-5 M»B. HaxkoruieHsl gaHHBIC 32 A JIET, BBIACICHBI BapUalli Pa3HON MPHUPOIBI M MEpUOTUYHOCTH. B manHOH
pabore IpeAcTaBlieHbl pe3yNibTaThl CIELUUaIbHOW 00paboTkM crektpoB. [Ipexne Bcero, mnonydaeMbiid
muddepeHInanbHbIi cekTp ObLT pa3out Ha moiockl IupuHOi 200 k3B. Hanuuue Gonbiioit 6a3bl JaHHBIX
MO3BOJIMIIO C XOPOIICH TOYHOCTBIO ONPEASTUTH OapoMeTpudeckre Kod(PQUIMEHTH AT BCeX MOJIOC OTACIBHO.
Oka3zajock, 4TO C YBEIMUCHUEM DHEPIrun OapoMeTpuuecKuid koadduiment Boszpacraer ot 0.16 %/m6 (200 x3B) o
0.4 %/M6 (5 M»aB). Kpome Toro, pa3bueHne Ha HOJOCHI BBIABWIO M NPUHIMIINAIBHOE pa3jiduve ABYX THUIIOB
Bapuanuid, HaOMIOZAaeMbIX B MATKOM (OHOBOM ramma-m3inydeHud. Ce3oHHAs Bapuanus B AIIAaTUTaX COCTABIISET
~25 % u mpocTupaercs Toiabko a0 dHepruil ~800 k3B, B To Bpems Kak Bo3zpacTaHus ramMma-(oHa IPH OCaaKax
(8 Anmatutax pocturatoT ~ 50 %) uerko mpossisirorces 10 2.5 MaB. IIpu 3ToM ce30HHas Bapuanus ONpeaenseTcs
TOJNIINHOM CHE)KHOTO IIOKPOBA, a BO3PACTAHMS BBI3BIBAIOTCS OCaIKaMHU B JTFOOOM BHIE.

BiusiHue MUKPOKJIMMATA HA HA/IEKHOCTH BOCCTAHOBJICHUS AJUHHBIX TeMIIePATYPHBIX PAI0B
B.A. lemun
Honsapnwiii 2eoguzuyeckuti uncmumym, 2. Anamumol

MHUKpOKITMMATHIECKUI PEKUM B MECTaxX pa3MelleHHs THAPOMETEOPOIOrHIeCKUX CTAHIMI OKa3bIBaeT BIUSIHUE HA
Pa3HOCTh TEMIIEPATYPhl BO3/1yXa MEXKy HUMH, YTO CKA3bIBACTCS HA HAJIGKHOCTU BOCCTAHOBJICHHUS TEMIIEPATYPHBIX
PSAIOB HA CTAHIMAX C KOPOTKUMH PSIaMU HAONFOIEHWA TI0 TaHHBIM ONIDKaNmuX IMHHOPSAAHBIX. JddekT BrI3BaH
TE€M, YTO MHKPOKIMMATUYECKHE OCOOCHHOCTH TMPOSBISIIOTCS TMPU ONPEICICHHBIX TOrOAHBIX  YCIOBHSX,
MOBTOPSIEMOCTh KOTOPBIX B Pa3Hble MAKPOIUPKYISIIMOHHBIE 3MOXHU pa3indHa. HermocTosSHHBIN XapakTep pa3HOCTH U
JaXe €€ MHOTOJNETHHI TPeHJ 3aTpyAHseT H3ydeHHWEe psa KIAMaTUueckuX sBieHuil. Hampumep, Ha
THPOMETEOPOIOTHYECKON CTAaHIIMU B T. MypMaHCKe CTAHOBHUTCS TEIIee OTHOCHTEILHO OJHUX (DOHOBBIX CTAHIIUH,
YTO MOIJ0 Obl PACCMATPUBATHCS KaK HMHTCHCH(UKAIMS TOPOACKOTO «OCTPOBA TEIUIa», HO OJHOBPEMEHHO
CTaHOBHUTCS XOJIOJHEE OTHOCUTENBHO JAPYTUX.
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MuxkpokJanMaTnyeckasi H3MEeHYMBOCTh TEMIIEPATYPHI BO3AyXa B X0JIMHCTOM peiibede
Ha KoJanckoMm nm-ose

B.J. lemun', B.B. Kosexnos', H.I. EJ‘II/I3apOBa2, 1O.B. Menbmios®

1 . .
Honapuwiil ceoghuzuyeckuti uncmumym, 2. Anamumol
2

AMCT «Anamumery C3® OI'BY "Asuamemmenexom Poceuopomema', 2. Anamumei
3 Teppumopuansno-cumyayuonnsii yenmp OKY Ynpoop «Konay, o. [lempozagodck

HccnenoBana MHUKPOKIMMATHYECKas U3MEHUYMBOCTh TEMIIEPATYPhl BO3[yXa B YCIOBHAX XOIMHCTOrO penbeda Ha
Kosbckom m-oBe. PazHocTH TeMnepaTyp Ha BepIIMHAX XOJIMOB M Ha NPHJICTAOIINX TOHMKEHHBIX yIaCTKaX 3UMOH B
ycnoBusx Oe3obiayHoro Heba u cmaboro Berpa gocturaioT 10-20°C. 3amerHble BapHalMyd TeMIEPaTypbl
(mo 5-10°C) HabmromaroTcs naxe B cI1abOXOIMHCTOM penbede Mpu mepemnanax BeICOT MeHee 15-20 m. B termoe
MONTYTO/IHe JUAINAa30H BapHaIMil MEHbBIIE HM3-3a HEMPOJOIKUTEIBHOCTH HOYHOTO BPEMEHH, HEOOXOTHUMOrO st
paaHaIMOHHOTO OXJIAXKICHHUSI TIPU3EMHOTO Closi Bo3myxa. OMHAKO M B 3TOT CE30H Pa3HOCTH B OTACIBHBIX CIydasx
npeBbIiaoT 5-7°C. 3HaYUTEIbHbIC MUKPOKIUMATHYECKIE HEOMHOPOIHOCTU B MOJIe TEMIIEPATyPhl BO3/1yXa BHOCST
CHJIbHBIC UCKaKEHUSI B TPAIUIIOHHBIC METO/IbI OIICHKH HHTEHCHBHOCTH T'OPOJICKOTO «OCTPOBA TEILIa.

Bimsinue kos1e6anmii aTMoc(epHOro 1aBJieHusi B Tponocdepe Ha BO3MYIIIEHHE TapaMeTPoOB TepMoc(epbl
I0.A. Kyp)lﬂeBal, N.B. Kapl'lOBl’z, O.IL BopquKHHa', IT.A. BaCI/IJ'II:.CB], C.I1. KureBerkwuit'

' Banmuiickuii @edepanvhbiii Yiusepcumem umenu M. Kanuma, 236016, Poccus, 2. Kamnunepao, yn. A. Hesckozo, 0. 14
23anaonoe Omoenenue Hncmumym 3emnozo Maznemusma, Honocepor u pacnpocmpanenus paduosonn PAH
236010, Poccus, e. Kanununepao, np. Ilo6eovi, 41

AxycTHKo-rpaBuTalonHbie BosHbl (AI'B), pacnpocrpansiomiuecs U3 HKHel aTMocepbl, MOTYT IOCTHIaTh BHICOT
BepxHel aTMoc(epbl U BCIEACTBUE IPOLECCOB ANUCCHUMALMU CYIIECTBEHHO BIMATH XapaKTEPUCTHKU BapUaldi
napamerpoB cpeabl. Bmecte ¢ tem, xapakrepuctuku AI'B, xoTopbie MOryT Bo30yxaaThcsi B HIDKHEH atMocdepe,
HEJOCTaTOYHO H3BECTHBL. B paboTe paccMaTpHBAIOTCS pe3yabTaThl YHCICHHOTO SKCIIEPUMEHTa, B KOTOPOM
MOZEIHUPYIOTCS Impouecchl Bo30yxaeHnss AI'B m uX pacrmpocTpaHeHHsI B BEpXHIOIO atMmoc(epy BCIEICTBUE
Koje0aHui NpH3eMHOro AaBieHus. OCOOSHHOCTh IPOBEJCHHOTO YHCIEHHOTO KCIIEPHMEHTa COCTOMT B TOM, YTO
XapaKTEePUCTUKK KOJeOaHWH MABJICHUS ONpPENeNeHbI 10 pe3yiabTaTaM JMIAPHOTO 30HAMPOBAaHHS Tpomocdepsl B
TIepUOJI MPOXOXKACHUS coTHeuHOoro TepmuHaropa B Kanmuaunrpane 20.03.2015r.

B paboTe BBINONHEH aHaNW3 PE3YJIbTATOB PACUETOB M IOKA3aHO, YTO W3MEHEHHE XapaKTEePUCTHK KojeOaHHH
JaBJeHHS B HIDKHEH aTMocdepe B IEPHOI NPOXOXKICHUS COMHEYHOrO TEPMUHATOpA NPHBOIUT K HU3MEHEHHIO
CHEKTPAJbHBIX XapaKTEPUCTHK Bapualuii MapaMeTpoB TepMoc(ephl, YTO YyKas3blBaeT Ha 3(P(PEKTHBHOCTH
tponochepusix AI'B B BO3MyIlIeHHH BapHalii TapaMeTPOB BepXHel aTMOchephl.

Bausinne onTHYeCKH TOJICTHIX 00JIAYHBIX CJI0EB HA MOTOKH COOCTBEHHOT0 M3JIY4YeHHH aTMOc(hepsbl
E.A. ®enoroa, 1.B. Munraines, K.I'. Opmos
Honapuwiii ceopuzuyeckus uncmumym PAH

B maHHOI paboTe M3IIOKEHBI PE3YJIbTAThl ATAIOHHBIX PAcYeTOB ITOTOKOB COOCTBEHHOrO M3IIy4eHHs B aTMocdepe
3eMIIM Ha CPeHHX MMPOTaX B AuanasoHe 10-2000 cM™', BEIMONHEHHbIE ¢ paspemenneM no yactore 0.001 cm™ mpu
HaJIMYMH O0JIAYHBIX CIIOEB HIKHET0, CPEAHETO M BEPXHEro SPYCOB, 00JIAIAOMHX OOIBIION ONTHYECKON TOIIIHMHOM.
Lens nanHOM pa®OTHI COCTOMT B ONPEAEIEHHH I'PAaHHI] U3MEHEHHs CKOPOCTH HarpeBa arMocdepbl COOCTBEHHBIM
M3Ty4eHNEM, TPH HAJIWYWM yKa3aHHBIX OOJIAYHBIX CJIOEB, a TAKKe B M3YYEHWM BIMAHHSA 3THUX CJIOEB Ha IIOJNE
COOCTBEHHOI'0 M3ITy4E€HUs aTMOC(HEPHI.
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Suicides and cardiovascular mortality in relation with geomagnetic disturbances, socioeconomic
and man-made factors in the auroral zone

O.I Shumilov', E.A. Kasatkina' and A.V. Chramov®

'Polar Geophysical Institute, Apatity, Russia
*Saint-Petersburg state electrotechnical university “LETI”, Saint-Petersburg, Russia

To study the impact of natural (geomagnetic disturbances), socioeconomic and man-made factors on mortality from
suicides and cardiovascular diseases (CVD) we analyzed cases of 9057 CVD deaths and 908 suicides occurred in
the town of Kirovsk (Kola Peninsula, 67.6 N, 33.6E) for the period of 1948-2010. A sharp increase has been
observed in the rate of CVD deaths (but not suicides) since 1991, which, more likely, was connected to
socioeconomic stresses during that period in Russia. Some reduction of suicide and CVD mortality rates in the
period of 1985-1990 seemed to be result of anti-alcohol campaign. The rates of suicides and CVD deaths were
analyzed with respect to seasons of the year. Our analysis revealed significant differences in seasonal distribution of
CVD mortality depending on sex and age groups in their response to geomagnetic disturbances. The influence of
geomagnetic disturbances is predominant in female and older male (>70 years) CVD deaths. In the seasonal
distribution of suicide in Kirovsk, there are three maxima [March-May (P<0.001), July (P=0.006), October
(P<0.001)], coinciding with the maxima in the distribution of the most intense (Ap>150 nT) magnetic storms.
Spectral analysis revealed periodicities which may be related to the main 11-year cycle of solar activity and (or) its
harmonics (aa-index of geomagnetic activity). Possible mechanisms of these impacts are discussed.

Possible amplitudes of electromagnetic fields in biological media caused by electromagnetic
disturbances and a critical review of reported bio-geomagnetic effects

N.V. Yagova and E.N. Fedorov
Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences (IPE RAS)

A contradiction exists between the reported effects of geomagnetic disturbances in biological objects and negligible

values of calculated fields and currents caused by natural geomagnetic disturbances within routine electromagnetic

models of biological media. Generally, this contradiction may exist for three possible reasons:

1) False correlations because of incorrect statistics, or of an existence of a more powerful factor (atmospheric
pressure, etc.) correlating with space weather variations

2) Local inhomogeneities in biological media which can influence the basic equations and lead to measurable
variations in cell/tissue parameters.

3) Existence of specific resonances at ULF/ELF frequencies in the case of a spatial and temporal synchronism of
internal and external variations of cell/tissue parameters.

We present estimates of variations of electromagnetic parameters of biological media caused by inner processes and

possible contribution of external electromagnetic fields. We review the reported bio-geomagnetic effects in order to

discriminate between those that cannot be directly influenced by space weather (p.1) and those that can be

physically related to it (p.2 and 3).

Bausinus HCKYCCTBEHHBIX 3JIEKTPOMArHUTHBIX moJjieii Ha YacTorax HIYMAHOBCKHX PE30HAHCOB Ha
ABUTATCJIbBHYI0 AKTUBHOCTDb CEPOTro TIOJICHHA

B.®. I'puropses’, A.I1. SxoBnen

1 . .
Honapnwiil eeopusuyeckun uncmumym, Mypmanck, Poccus

2 o N y

‘Mypmanckuti mopckoii buonoeudeckuti uncmumym, Mypmanck, Poccus

[IpoGnema w3ydeHUss MeXaHW3Ma MOMy4YEeHHs HH(POpMAIMM O THIPOMETEOPOJIOTMYECKHX IIpoIeccax B Cpere
00HMTaHWA, OPUEHTAIMN B IIPOCTPAHCTBE MPH MHUTPAIMAX U TIPH OIIEHKE X012 BPEMEHH y MOPCKUX MJIEKOIUTAIOIINX
SIBIISIETCSI aKTyaJIbHOW M 00yCIIOBIICHA Ype3BbIYaifHO OrpaHMYEHHBIMH 3HAHUSIMH B 3TOH oOnactu. Panee, aBTopamu
6b110 TIOKa3aHo (Akosnes u Op., 2016), 9YTO HM3KOYACTOTHBIE AIIEKTPOMArHUTHBIE TOJIS OKA3bIBAIOT BIMSHHE Ha
JIBUTATENIbHYIO AaKTHBHOCTh CEpBIX TIOJEeHEeH. B maHHO# paboTe nccienoBaHo BIMSTHHUE 3JIEKTPOMArHUTHOTO IONS C
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yactoroi 8 I'm Ha ceporo Ttionens (Ilatenr Ne 166414, 2016). IlocTpoeHBI pPUTMOrPaMMBbl JBHTaTEIbHOM
aKTHBHOCTH >KMBOTHOro. [lokazaHO BIMAHHE Ha JBHUraTeNbHYI0 AKTHBHOCTH >KMBOTHOTO NPOJOIKHTEIFHOCTH
W3JTy4eHHUs 3JIEKTPOMArHUTHOT'O TIOJIS.

SxoBnes A.IL, Muxaiimok A.JI., I'puropses B.®. Orenka m3MeHeHui apaMeTpoB TIOBEACHHS CEPOro TIONICHS TIPH BO3ICHCTBHIY Ha HETO
ANIEKTPOMArHATHBIX TIOJIEH SKCTpeMaIbHO HIBKUX YacToT B iparnazoHe 0.01-36 '/ Becrauk MI'TVY. -2016. T. 19. Ne 1/2. C. 345-352.
YCTpOoiicTBO IS MCCIIEI0BaHMUS BIIMSIHUSI MCKYCCTBEHHOT'O AJICKTPOMATHUTHOTO TIOJISL Ha BOJIHBIE OHONOrHmIeckrue 00beKThI: [laTeHT Ha
none3nyro Mozelib Ne 166414 Poc. @eneparms, MIIKS1 G 01 R 1/00 (2006/01)/E. [, Tepemenko, B.®. I'puropees - 3asBka Ne
2016125093; npropuret m3o6perenus 22.06.2016; Cpok peticrust marenta 22.06.2016, omy6m. 27.11.2016, Brom. Ne 33.

ConpsiZKeHHOCTh POCTa MHKPOGIOPBI B 0HOJIOrHYECKHX CPeax YeJI0OBe4eCKOro OpraHu3Ma ¢
BapHaIlUsIMHU TeJIHOre0(U3NYeCKUX aTeHTOB B BLICOKUX HIMPOTAX
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B pabote mpesacTaBieHbl pe3yNbTaThbl OLECHKU CBSI3U MEXIY €XKETOAHOW M €XEMECSYHOW BCTPEYaeMOCThIO
Npe/CTaBuTeIed MUKPOQIIOPbl B Pa3MYHBIX OHOJIOTMYECKUX CpelaX 4eNIOBEYECKOro OpraHu3Ma, WHIEKCaAaMH
reomariutHoH (I'MA) wu conneunorr axtuBHoctH (CA). MccienoBaHue BBINONHEHO Ha — pe3ylbTaTax
MHUKpPOOHOJIOTHYECKOI'0 aHalk3a, MPOBEACHHOTO Y OTAENBHBIX IPEACTaBHUTENeH HACEIEeHUs, IPOXKHBAIOLIErO B
BbIcokuX muporax (66.3N u 33.7E, Anaruro-Kuposckuii paiion MypMaHCKoii 001acTh). AHAJIM3bI BCTPEYAEMOCTH
MHKPO(IIOPH! ONpPENEICHHOI0 BHAOBOTO COCTAaBa B PA3IMYHBIX OMONOTMYECKHX cpefax (Ma3Kh U3 HOCOITIOTKH
JeTeil U B3pOCTBIX, IIEPBUKAIBPHOIO KaHaja >KEHIIWH, MOYM U 1p., Bcero 25487 ananmm3a) ObUTH IpPOBEICHHI B
Mukpob6uonorudeckoii tadopatopun 'ObY3 AKIUI'B r. Kuposcka 3a nepuos ¢ 2008 no 2015 rona.

OrmeHka CBSI3M MEXKIY IUHAMHUKON 3HA4YEHUI €XKErogHON M eXEMECSYHOM BCTPEYaeMOCTH Pa3IMYHBIX BUIOB
MHUKpPO(DIIOpBI BO BCEX NMPOU3BEACHHBIX B TEUSHHE I'Ofla U Mecslia aHalli3ax, HopMupoBaHHbIX Ha 1000 yenosek, u
CpenHeroqoBsIMH BennunHaMu uHaekcoB I'MA n CA mokasana, yTo Bce BUABI OaKTEpHii MOXKHO pa3feliuTh Ha ABE
rpynnsl. B mepByio rpynmy BXOIST MHMKPOOPTaHHW3MBI, YHCIEHHOCTh KOTOPBIX BO3PAcTaeT IPH BO3PACTAHUU
reomarHuTHOM (I'MA) u comneunoit aktuBHocTH (CA); BTOPYIO TPYHIIy TPEACTABIAIOT MHKPOOPTaHU3MEI,
YHCJICHHOCTh KOTOPBIX CHIbKaeTcs mpu Bo3pactanuu I MA u CA.

[onoxurensHast 3naummasi (p<0.05) koppensius oOHapykeHa MEXKIy EKEroJHON 4YHCIeHHOCThI0 [ 'pamm(+)
nanovek, Neisseria Henaror., E. Coli, Staphylococcus haemolyticus, Enterococcus faecalis, Streptococcus viridans,
Streptococcus Herem., unaekcamu ['MA (Kp-ungekc, ap-index, AE-index, AU-index) u wungekcamu CA
(R, f10.7_index), a Takke MeXay €KEMECSYHOH CyMMapHOW UYHCICHHOCTBIO TE€X K€ MHUKPOOPraHH3MOB BO BCEX
MIPOM3BEACHHBIX AHAIN3aX, W CpeJHEMeCSYHbIMU 3HaueHWsMH uHIekcoB MA u CA. Kpome TOro, BbIsBIEHA
KOPPETAIUsT MEXIYy eKEeMECIIHOH CyMMapHOW BCTPEYaeMOCThIO JApoxokenoqo0Hbix rpuboB Candida sp.,
cpenaeMecsaHbIME 3HaYeHUsIME nHAEKcoB CA (R, f10.7_index) u pc-uHmexcom.

OtpunarensHas 3naunMas (p<0.05) xoppemsanus mexny cpemHerogossiMu uHAekcaMu I MA n CA u exerogHoin
CyMMapHOH BCTPEYaeMOCThI0 MUKPOOPTaHH3MOB BO BCEX IPOM3BEACHHBIX aHAIM3aX Oblja BBISBJIECHA TOIBKO IS
npencraButeneit Streptococcus pyogenes. OnHako npu ypoBHe 3HaUMMOCTH p>0.05, oTpHIlaTeIbHBIC KOPPEIALNHN C
nanekcamMu MA u CA ObutH HaWAEHBI JUI €XKErOAHBIX 3HAYCHWH CyMMapHOH BcTpedaemoctu Staphylococcus
aureus, mudtepounoB, Gardnerella vaginalis, Enterococcus faecium. Bwmecte ¢ Tem, 3Haummbie (p<0.05)
OTPHIIATEIEHBIE KOPPEIAIMA MEXIY BCTPEYAEMOCTHIO ITHX e BHIOB MUKpoduopbl u mHaekcamu MA u CA
ObLTH OOHAPYXKEHBI IIPU COMOCTABIICHNH 3HAYCHHH €KEMECSUHON BCTPEUaeMOCTH MUKPOOPTaHU3MOB Streptococcus
pyogenes, Staphylococcus aureus, nudreponno, Gardnerella vaginalis, Enterococcus faecium.

[IpoBeneHHOE HCCIEAOBaHME TTOKA3BIBAET, YTO POCT MHUKPO(MIOPHI B YEIOBEUYECKOM OPTaHM3ME B PA3THIHBIX
OMONIOTMYECKUX CpelaxX KOHTPOIUPYETCsS TIO0ANbHBIMH W JIOKANBHBIMU (DakTopaMu (pu3myeckoil TpupOEI,
accorupoBaHHbIME ¢ CA. [TomydeHHBIE pe3yabTaThl HEe TOIBKO MOATBEPKAArOT BEIBOABI A.JI. UmKeBCKOTo 0 CBSI3U
Mexay pocroM Mukpodiopsl n CA, HO Takke pa3BUBAIOT €r0 y4YEHHE, AEMOHCTPHPYS XapakKTep CBSA3U MEXIy
OTIPEJIETICHHBIMA  TIPE/ICTABUTEISIMA  MHUKPOGUIOPHI B  YENOBEYECKOM OpraHM3ME W BapHalsIMH Ha3eMHBIX
reor3nIecKux (GaKTOpOB Cpe/Ibl, ACCONMUPOBAHHBIX ¢ CA.
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