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

J.0. Adeniyit, B.W. Joshua?

!Department of Physics, University of llorin, llorin, Nigeria
2Department 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 llorin (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 hmF2 values.

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

J.0. Adeniyit, B.W. Joshua?

1Department of Physics, University of Ilorin, llorin, Nigeria, e-mail: segun47@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 lonospheric 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. Kozyreva3, L. Baddeley*, Ya.A. Sakharov?, S.N. Samsonov®
Polar Geophysical Institute, Apatity, Russia

2Geophysical center, Moscow Russia

3Institute of the Physics of the Earth, Moscow, Russia

4UNIS, Svalbard, Norway
SInstitute 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 |1 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. Despirak!, A.A. Lubchich?, N.G. Kleimenova?, V. Guineva 3

'Polar Geophysical Institute, Apatity, Russia
2Schmidt 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 (ftp://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
is dimming the potentially important and essentially three-dimensional processes. We present the results of global
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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. Despirak?, 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 (ftp://ftp.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 Dst 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.

17


ftp://ftp.iki.rssi.ru/omni/

Geomagnetic storms and substorms

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; T5 = 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
11-25nT, 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 geomagpnetic 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. Kleimenoval, L.I. Gromova?, S.V. Gromov?, N.R. Zelinsky?, L.A. Dremukhina?, L.M. Malysheva?,
N.E. Vasilieva!

1Schmidt Institute of Physics of the Earth (IFZ RAN), Moscow
2pushkov 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 (AL-
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?

ISPBF IZMIRAN, St.-Petershurg, 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, 1.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 Ty 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

19



Geomagnetic storms and substorms

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. Sakharov3

!Geophysical Center, Moscow
2Institute 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. Stepanov?, V. A. Sergeev’, N.P. Dmitrieval, D.A. Sormakov?, Y. Ogawa®

ISt. Petersburg State University, Ulyanovskaya 1, St. Petersburg 198504, Russia (e-mail: victor@geo.phys.spbu.ru)
2Arctic and Antarctic Research Institute, St. Petersburg, Russia.
3National 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 Ne proportionally to eTN = (Te)¥? /Ne. 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
I.I. Shagimurtov?, S.A. Chernouss?, |.E. Zakharenkova?, N.Yu. Tepetnitzina®, M.V. Filatov?, Yu.A. Kopytenko®

WD 1ZMIRAN, 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.
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ABpoOpaJIbHBIi 0BaJI M BHEIIHUIi 3JIeKTPOHHBII paaualMOHHbIH mosic (0030p)

E.E. Auronosa®?, B.I'. Bopooses®, M.O. Psazannesa?, W.I1. Kupninues?, O.1. Sroaxuna®, 1.JI. OBunHHMKOB?,
B.B. Bosuenko?, M.B. [lynunen?, C.C. 3uatkosal, A.W. Jlempanos!, H.B. Coraukos*, M.B. Crenanosa®

LHUHA®D umenu JI.B. Crobenvyvina MI'Y umenu M.B. Jlomonocosa, 2. Mocksa, Poccusi
2 UKH PAH, 2. Mockea, Poccus

8 Honapuwiii eopusuueckuti uncmunym PAH, 2. Anamumor (Mypmanckas o6n.)

4 Qusuueckuil paxynomem MI'Y umenu M.B. Jlomonocosa

S Vuusepcumem Canmowsizo 0e Qunu, Yunu

CyMMHpOBaHBI PE3yJabTaThl AKCIEPUMEHTAIBHBIX M TEOPETHYECKUX paboT, JEMOHCTPUPYIOIIMX TECHYIO CBS3b
aBPOPAJIBHBIX TIPOLECCOB C MpoueccaMu (OPMHUPOBAHMS BHELIHETO 3JIEKTPOHHOI'O pPaJMAllMOHHOTO Tosica B
marHutocpepe 3emun. PaccMOTpeHBl MpoOieMbl NMPOCUUPOBAaHHS aBPOPAIBLHOTO OBaja Ha JKBAaTOPHUAIBHYIO
TUIOCKOCTh, ()OPMUPOBAHUSI CUCTEMBI TOKOB B MArHUTOCIIOKOMHOE BPEMSI U BO BPEMsl MArHUTHBIX OYpPb, YCKOPEHHS 1
IOTEPh 3JIEKTPOHOB BHEIIHErO PAaJUALMOHHOrO mnosica. IIoBblICHHBIE TIOTOKU 3JEKTPOHOB BHEIIHEIO I0sACa, Kak
NPaBUJIO, BOSHUKAIOT Ha (ha3e BOCCTAHOBIICHUSI MArHUTHBIX Oypb. DJIEKTPOHBI TAKUX aHOMAaJIbHO BBICOKHX MOTOKOB
YacTO HAa3bIBAIOT «AJIEKTPOHAMH — KIJUIEpaMH CIYTHHKOB». OOCyXmaercst BKIaJ TypOYJICHTHOTO IepeHoca U
JIOKJILHOTO YCKOPEHHS B (DOPMHUPOBAHHE XapaKTEPUCTHK BHELTHETO 3IEKTPOHHOTO MOsCa.

CpaBHMTe/IbHbIE XapAKTEPUCTHKHU NapaMeTPOB MeKIJIAHETHOI cpe/ibl B epPUObI PerucTpanum
MArHUTOC(epPHBIX cy00yph Pa3IUYHOI HHTEHCUBHOCTH

B.T". Bopo0ses, O.U. Aronkuna, B.JI. 3Bepen

Honsproii eeousuueckuit uncmumym, Anamumaot, Poccus
e-mail: vorobjev@pgia.ru

PaccMoTpeHbl XapakTepHCTHKH MEXKIUIAHETHOW CpeAbl M MHAEKChl MarHUTHOW aKTHMBHOCTH KaK B MEpHObI (asbl
pa3BUTHsI M30JMPOBAHHBIX MAarHUTOC(HEPHBIX CyOOYph pa3HOW MHTEHCHUBHOCTH, TaK U B MHTepBajiax 1, 2 u 3 vaca 10
momeHTa To. Beero paccmotpeno 6osee 170 cy60ypb, HHTEeHCHBHOCTh KOTOPBIX ONpeAeNsiach Mo 1 MUH 3HAYEHUSIM
AL wunnexca. Iloka3aHo, yTo Ha3eMHbIe WHAEKCHI U IapaMeTpHl IUIa3Mbl COTHEYHOT'O BETpa BO3PACTAIOT C POCTOM
MHTEHCUBHOCTHU Tocieayoiei cyooypu. Tak, cinadbie cy60ypu (|ALmax| < 300 NT) Bo3uuKkaroT npu 3HaueHusx PC
uHgekca ~ 0.5, B 1o Bpemsi kak cwibHble (|[ALma] > 600 NnT) cy66ypu mpu PC~ 1.5 eamumi wunmekca.
CoortsetcTBytomue 3HaueHns1 DSt mHmekca cocraisarot mpumepHo -4 HTn u -17 HTn cootBeTcTBeHHO. Kak cKOpocTh,
TaK ¥ IUIOTHOCTD IUIa3MbI COJTHEYHOTO BETPa, YIOPsIOYEHHbIE OTHOCUTEIEHO HHTEHCUBHOCTH HAOIOIAEMBIX B 3TOT
nepros cyo0ypb, YBETHIHBAIOTCS C POCTOM IOCIEAYIONEeH cyO0ypeBoii akTHBHOCTH. M 3TO MPOUCXOIUT HECMOTPS
Ha TO, YTO B CPEIHEM CKOPOCTH COJIHEYHOTO BETPAa YMEHBIIAETCS C POCTOM €ro INIOTHOCTH. 3HAaueHHs 0KHOH Bz
KOMITOHEHTBI, KaK ¥ CJIEJ0BAJIO OJKUJATh, YBEINYMUBAIOTCS C POCTOM BEIMYMHBI MOCIEIYIOIEr0 BO3MYIIEHHS U C
npuOIKeHHEeM MHTepBajia cyMMupoBaHua K To. OtpunartensHble 3HaYeHns By kommonentst MMII nomMuHUpyIOT
Tt cnalbIX U cpeHuX cyo0yph, HO 3HaK By He nMmeeT 3HaUeHHS 71 CHIIBHBIX cy00ypb. CyO60ypH, 0cOOEHHO HU3KOI
U CpeJHell MHTeHCHBHOCTH, C HAaHOOJbIIEH BEpOsSTHOCThIO mosBisitorcst B uHTepBane 08-12 UT. B 310 Bpems och
TEOMarHUTHOTO JTUIOJS HAaKIOHEHa B yTPEHHIOIO CTOPOHY, M B COYETaHHH C OTPHLATENBFHBIMH 3HadeHWIMH By
KoMroHeHTEI MMII MOXHO 0XHIaTh MOSBIEHUS «3()(HEeKTHBHOW» OTpHUIaTeIbHON BZ.

HesiterbHocTh LlenTpa mporuo3os kocMu4eckoii noroasit U3SMUPAH
C.II Taiipam?®, A.A. AGynun', M.A. A6ynuna’, A.B. benos?, N.W. [Ipamymkuna’

YM3MHUPAH, 2. Mockea, Poccus
2IAIIOY BHK, 2. Byeypycnan, Poccus

OILHOﬁ M3 aKTYyaJIbHbIX q)yHﬂaMeHTaﬂbHLIX U TIMpUKIAJHBIX 3a4a4 COJIHEYHO-3€MHOM (1)I/I3I/IKI/I SABIIACTCA
336J’IaFOBp€M€HHO€ MIPOrHO3MPOBAHUEC TMMApPaMCTPOB KOCMHMYECKOM MOroJibl U OLIEHKa €€ BJIMSHUS Ha Ppa3JIMIHbIC
MNPpUPOAHBIC, TCXHOJIOTMYCCKUC U OHOJIOTHYECKHE CHUCTCMbI, HaXOOAIIMUCCA KaK Ha 3eMiie WM B OKOJIO3EMHOM
MMpOCTPAaHCTBE, TaK U B 1000 TOYKE COJHEUYHOM cucrteMbl. Ha ,HaHHLIﬁ MOMCHT B MHUPC CYHICCTBYHOT HCCKOJIBKO
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Hay4YHO-HCCIEJOBATENbCKAX ILEHTPOB, KOTOpBIE 3aHUMAIOTCA IPOTHO3UPOBAHMEM PA3IMYHBIX MapaMeTpPOB
KocMudeckor norofel. K TakuM mapameTpaM MOYKHO OTHECTH, HAIlPUMEDP, UHIEKCHI COJIHEYHOM W N€OMarHUTHOU
AKTUBHOCTH, TOTOKH COJIHEYHBIX KOCMUYECKUX Ty4el U MOTOKH PEIATUBUCTCKUX 3JIEKTPOHOB HAa F€OCTALIMOHAPHBIX
opbwurax.

B naHHOW craThe mnpexacTaBieHa oOmas uHpopManus o pabore lleHTpa NPOTrHO30B KOCMHYECKOHW MOTOBI
N3MUPAH. IlpuBeneHs! mpuMepbl OCHOBHOW MPOJIYKIIMK 3TOTO LIEHTPA: 0030pbI M IIPOTHO3bI KOCMUYECKOM OTO/IBI,
aneptsl u T.1. OmnucaHel OCHOBHBIE MPOOJIEMBI OpraHU3aluil, KOTOPBIE 3aHUMAIOTCS IPOTHO3MPOBAHUEM
KocMuueckoi norozpl. [Ipennoskena unest Co3qaHus €JMHON HAIIMOHAIBHON reTMore0(u3nIecKoi CiryKObl.

Bansinue By MMII Ha nHeBHBIe 0yXT000pa3Hble MATHUTHBIE BO3MYIIEHHS] B BLICOKHX HIMPOTAX
JL.I. I'pomosa, C.B. I'pomoB
Hnucmumym 3emnoeo macnemusma, uonocghepol u pacnpocmpanerus paouogoit, Mocksa, Tpouyk, Poccus

PaccmaTpuBaioTcs HEBHBIE MOJSIPHBIE OyXTOOOpa3HbIE MAarHWTHBIE BO3MYINEHWS Ha paHHEW cramuu (asbl
BOCCTAHOBJICHHS IBYX MHTCHCHBHBIX MarHUTHBIX Oypb: 24 mas 2000 r. (Dstmnin = -173 #Tm) u 22-23 utons 2015 r.
(Dstmin = -208 uTx), pa3BHBaBIIUXCS OPU MOXOXKKX YCIOBUSAX B MEXKIUIAHETHOM MarHuTHOM mone (MMII) u
coJiHe4YHOM BeTpe. OCOOEHHOCTBIO ATHX Oyph ObIIIO HETUIMYHOE JUIs (ha3bl BOCCTAHOBIICHHUS MOSIBIICHHUE JUTUTEIEHOTO
(1o 4 uyacoB) uHTepBaja OOJBLIMX OTpULATENbHBIX 3HaueHud Bz MMII (mo ~ -15 uTmn). IIpu sTom ckopocTh
COJTHEYHOTO BETpa OCTaBAJIaCh HECU3MCHHON M OTHOCHTENBHO BhicOKoW (600 - 700 kM/C) mpu HEOOJBIIOM, MAJIO
MEHSIOIIEMCST JuHaMuueckoMm aaBieHun. Opnako 24 wmas 2000 r. By xommonenta MMII ckaukooOpa3HO
BapbUpPOBATACh OT TMOJIOKUTEIBHBIX 10 OoJpmIMX oOTpuuaTenbHbiX (mo -18 HTn) 3Hauenmil, ocraBanach
OTpHIIATESIIbHOW OoJice 2 4acoB, 3aTeM CHOBA BO3BPAIAsCh K MOJOXHUTENbHBIM, a 23 uioHs 2015 By xommoHeHTa
MMII 6bu1a c11260 TOIOKUTENBFHOM B TEUEHHE BCETO MCCIIEAYEMOTo HHTEpBaia. Bo BpeMs aHaIM3UpyEeMBIX COOBITHI
pa3BUTHE Ha3eMHBIX BHICOKOIIMPOTHBIX F€OMAarHUTHBIX BO3MYILCHHI B HOYHOM CEKTOPE aBPOPATBbHON 30HBI OBLIO
CX0KHM, 3HaueHue mHaekca AL ciabo mensutock okoino -1000 HTn. ['eomarHuTHas aKTHBHOCTH B TIOJSIPHOM ITAIKe
XapaKkTepu3oBajach JHEBHBIMU cy0Oypsimu. Ha ckammuaaBckoMm mpodwmire IMAGE nHeBHBIE BBICOKOIIMPOTHEIC
Bo3mymieHns 24 mas 2000 T mpeacTaBsuTd cOO0H CEpUI0 IMOJIOKUTENBHBIX U OTPUIATEIBHBIX OYXT, CIIeJOBaBIIIX
JIpyT 3a APYrOM COTJIacHO M3MeHeHusM 3Haka By MMIIL. 23 wuions 2015 r. B m3yyaemslil 4-X 4acoBOil MHTEpBai
HaOmonanachk oTpunatenbaas 0yxta (10 -400 HTn). [TokazaHo, 4To Ha pa3BUTHE JHEBHBIX MOJSPHBIX OYXT (D > 70°)
24 mas 2000 r. oka3pIBaJIM BIUSHHUE 3aBHUCAIINE OT 3HaKa By nHeBHBIE BhICOKOMHPOTHRIE DPY-TOKOBBIE cHCTEMBI.
IpesocxoacTBo BenmnuuHbl By kommonentsl MMII Haj Bennuunoit Bz MMII (|Bz|/|By| Bapsuposaiocs ot 0.3 10 0.9)
obecnieumio ycmienue cucrembl DPY. Hamporus, Bo Bpemst Oypu 23 wmions 2015 r. Bz xommonenta MMII
npeobnamana Hang By (|Bz|/|By| = 3), coorBerctByromass DPY-tokoBas cucTema He pasBWIIach, MO3TOMY
orpunarensHas Oyxrta npu By >0 morna ObITe OblTa 00yCIIOBIIEHA APYTMMH HCTOYHHMKaMu. [Ipeamonaraercs, 4To
BiausiHue By MMII Ha 1HEBHBIE TONSIpHBIE CyOOypH CYIIECTBEHHO 3aBHUCHT OT BEJIMYMHBI OTHOIICHUS KOMITOHEHT
MMII |Bz|/|By| .

JIneBHbIe MaruuTocgepHo-uoHocdepHbie BO3MYIIEHHS KAK OTKJIUK HA pe3KHe BO3PACTAHUS
AMHAMMYECKOT0 TaBJIEHUsI COJTHEYHOro BeTpa: coobiTue 21-22 urons 2015 r.

JLA. Ipemyxuna, J.H. I'pomosa, C.B. I'pomoB

HUnemumym 3emnozo macnemusma, uonocgepwl u pacnpocmpanenusi paouogons um. H.B. Iywkosa PAH
(U3MHUPAH), . Mocksa, 2. Tpouyxk, Poccus
e-mail: dremukh@izmiran.ru

Hamre nccnenoBanue siBIsieTCs IPOJOIIKEHHEM padoT, MOCBSIICHHBIX aHaIN3y OJHON M3 MOIHBIX MAarHUTHBIX OYpb
24-ro uukma conHewHO#M akTMBHOCTH 21-23 wmroHs 2015 roma C DStmin = -204 vTn. B HuX paccMaTpUBarOTCS
reoMarauTHble 3((EKTHl B THEBHOM CEKTOPE BBICOKHMX NIMPOT HAa pasHbIX ¢azax Oypu. AHanmusupyemas Oyps
XapaKTepu3yeTcs HeOOBIYHO JUIMHHOM HayainbHOU (ha3oi, KOTOPOH MPEeALIeCTBOBAI JUIUTEIbHBIN (OKOJIO ABYX CYTOK)
MHTEPBaJ OYEHb CIIOKOIHOIO COJIHEYHOTO BETpa ¢ OJM3KMMHU K HyJI0 3HaueHusMu Bz m By MMIL B rteuenne
HavyaJbHOM (a3pl Oypy K MarHuTornayse MOJOIUIM TPU PE3KHUX YIAPHBIX (POHTA C BO3PACTAHUSIMU JHHAMHYECKOTO
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nasierust Pd 1o suauennii ~ 12, 10 u 60 ulla, 06yCIOBICHHBIX, B IEPBBIX IBYX CIYYasx, BO3PACTAHMEM IUIOTHOCTH
COJIHEYHOT'O BETPa NPH HU3KNX 3HAYECHHSIX CKOPOCTH, a B TPETHEM, CAMOM MOIITHOM, TAaK)X€ M BO3pacTaHNEM 3HAUCHUH
CKOPOCTH COJIHEYHOTO BeTpa. [J1aBHast (a3a Oypu Hadanach TOJIBKO MOCIE TPEThEero ckadka Pd, Bo Bpemst KOTOpOro
Bz MMII moBepHyach K I0TY M TOCTUTIIA 3HAUeHNUi ~-37 HT71. B HccieqoBaHNy NCTIONB3YIOTCS TaHHBIE O BapHAIIIX
1apaMeTpOB COJHEYHOTO BETPa M OJHOBPEMEHHBIX Ha3eMHBIX MarHUTHBIX M3MEPEHHH CKaHIMHABCKOTO MpOduMIIs
IMAGE u antunonsoii no LT ceBepo-amMepuKkaHCKO#M ceTH 00cepBaTOpHil, JaHHBIE O IIOTOKAaX SHEPTUYHBIX HOHOB U
MPOTOHOB B 00JIaCTH aBpOpPAILHOTO OBana co crimyTHUka DMSP, a Takxke naHHbIe M3MepeHHH MarHUTOC(EpHOTro
MarHMTHOTO TOJISI HU3KOOPOHWTAIBHBIMH ciyTHHKaMu muccun SWARM, TpaeKkTopHst KOTOPBIX JIEKHT BONW3U
MOJYJICHHO-TIOJlyHOUHOro MepuauaHa. Iloka3aHo, 4To cleHapuil pa3BUTUS BO3MYILEHHH B JHEBHOW MONSIpPHOMN
o0JiacTu onpeenseTcst NpeAbICTOPHEH YCIOBHUH B COTHEYHOM BeTpe, HanpasiaeHneM MMII 1 cOOTHOIIEHHEM MEXay
BEJINYMHAMH €T0 KOMIOHEHT BZ n By. AHanu3 crieKkTpanbHBIX 0COOCHHOCTEH 3HEPTUYHBIX 3JIEKTPOHOB M HOHOB HaJ
HCCIIeTyeMOil 00JIacThI0 MOKA3bIBACT BO3PACTAHME IOTOKOB AIIEKTPOHOB ¢ 3Heprusimu 0.1-3 k3B u mpoToHOB ¢
sHeprusiMu 1.0-10 k3B mocne kaxIoro OJUHAMHYECKOIO yJapa COJHEYHOro Berpa. [lomydeHHble B pe3yibTaTe
00paboTku MarHuTOrpaMMBbI cITyTHUKOB SWARM cBHIETEBECTBYIOT O TOM, UTO ITOCIIE BO3ACUCTBIS HA MATHUTOIIAY3Y
JVMHAMHYECKOTO yAapa B JHEBHOM CEKTOPE T'€OMAarHUTHBIX IIHPOT ~ (75-85)° pa3BHBaIOTCA NMPOAOIBHBIE TOKH C
IWI0THOCTBIO 10 ~ 0.5 wA/M?. Tlocne nosopora Bz MMII K 10ry HHTEHCUBHOCTb HPOJOJIBHBIX TOKOB BO3PACTaeT, a
30Ha UX JIOKATW3aIlMM CMEUIAeTCS K 3KBAaTOPUAIBHBIM IIMpoTraM Ha (5-7)°. MBI mojaraeMm, 4YTO pa3BUTHE H
MHTEHCU(UKALUS TaKMX TOKOBBIX CHUCTEM IPHUBOJUT K Pa3BUTHIO JHEBHBIX OTPHLATEIBHBIX OYXTOOOpa3HBIX
BO3MYIICHUH, PETUCTPUPYEMBIX HA3€MHBIMU MarHUTOMETPaMH.

Oco0eHHOCTH YACTOTHBIX CHEKTPOB TeOMATHUTHBIX NYJIbCAlMii B BBICOKOYACTOTHOI o0JacTH
auamna3ona Pcl (6-13 ') B mepuoa marautHoii oypu 20-29.11. 2003

E.H. Epmaxkosa?, A.T. Jlemexos?, A.I'. SIxuun?, T.A. SIxuuna?

YHUPDU HHT'Y um. H.U. Jlob6auesckozo, H. Hoszopoo, Poccus
2[Tonapuuiii 2eopusuueckuti uncmumym, 2. Anamumu, Poccus

Ha ocHoBe aHanM3a JaHHBIX MHOTOJIETHETO MOHUTOPHHTA TOPU30HTAIBHBIX KOMITOHEHT Y HU MarHuTHOTO ITyMa Ha
cpennenmpoTHoi obcepBaropun Homas XXusub (L=2.6) oOHapy>keH HOBBIM CiTydail HAONIOICHUS T€OMArHUTHBIX
MyJIbCalliil B BBICOKOYACTOTHON oOmactw amama3oHa Pcl (6-13 I'm), B momomHeHHWE K OMMCAHHOMY HaMH paHee
cobObrtuio 07-14.11.2004 [1]. TTog00HO BBIMICYHIOMSIHYTOMY CIIy4ar0, HOBOE COOBITHE 3apErHCTPUPOBAHO BO BpEMsI
CHJIbHOM MarHuTHOM Oypu (22 1 23 Hos0ps 2003). ['naBHast (a3a sIKCTpeMalibHOM reoMarHuTHOM Oypu 20-29 HoA0ps
2003 xapakTepr30Bajiach CHJIBHEHIIIMM M1a/ICHUEM HHJIEKca TeOMarHuTHOM aktiuBHOCTH DSt 10 3Hauenuit menee -400
HTa. «Bpicoko4acToTHBIe» Mmyibcaliy PCl ObUIM 3aperucTpupoOBaHbl BO BTOPOW U TPETHil THM BOCCTAHOBHUTEIBHOM
(da3pl Oypu. AHainM3 JaHHBIX HU3KOOPOHMTANBHBIX CIyTHUKOB NOAA, pericTpupyroommx BCIUIECKH B IOTOKax
BBICBITIAIONINXCS M 3aXBAYCHHBIX IIPOTOHOB, IO3BOJMI OOHAPYXWUTh TakWe BCIUIECKH B IEPUOJ HAOJIIOACHUS
BBICOKOYACTOTHOM 3MHCCHH B MHTEpBalle TeOMarHUTHBIX mUpoT 51.8° -54.19% uro cBUmETENHCTBYET O HATMYUH
obyacTeii MOHHO-IMKJIOTPOHHOM HEYyCTOWYMBOCTH B 3TOM 30HE. BeposTHO, OHa HaxoAwlach Ha TpaHUIe
IU1a3Monay3bl, CMECTHBILIEWCS Ha HU3KWE IIMPOTHI BO BPEMS CHIBHOTO TI'€OMAarHUTHOro Bo3MymieHHs. OleHka
TE€OMAarHUTHOTO TOJISl IO TEOMArHUTHOM IIHPOTE 00JaCTH BCIIECKOB B ITOTOKAX YHEPTHYHBIX ITPOTOHOB yKa3bIBAET
Ha TO, YTO 3MHUCCHUs HaOJIIOAa]ach Ha YacTOTaX BBIIE HYKBATOPHAJIBHOW T'MpOYACTOTHI MOHOB renus. Pe3ynbrars
UCCIICIOBaHMS aMIUIUTYTHO-9aCTOTHBIX CIIEKTPOB «BBICOKOYACTOTHBIX» PCl mymscammii 22-23.11.2003 mokasanm,
YTO CIIEKTPAJIHHO-BPEMEHHAS CTPYKTYpa 3TUX CHTHAJIOB CHJIBHO OTJIMYAETCS OT CIIydasi, OIFcaHHoro B padote [1]. B
JTOKJTaJIe 00CYKIAIOTCS 3T OCOOEHHOCTH M UX BO3MOYKHBIE O0OBSICHEHUSI.

1. Epmakosa E.H., SIxaun A.I'., SIxauna T.A., [lemexoB A.T"., Kotuk /I.C. Ciopaguyeckre reOMarHUTHBIE ITyJIbCAIIIH Ha YaCTOTaX
1o 15 I'm B mepuox mMarauTHO#M Oypu 7-14 Hoa6pst 2004 1: OcoOEHHOCTH aMIUTUTYJHEIX U MOISIPHU3AIMOHHBIX CIEKTPOB U CBSI3b C
HMOHHO-IIMKIIOTPOHHBIMH BOJIHaMH B MarHutocdepe // 3B. By30B — Pagnodpmusuxa. — 2015. — T. 58, Ne 8. — C. 607-622.
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HccnenoBanne kuneTuyeckux 3(p¢eKToB B TMHAMHKE HOHOB B 3aMKHYTHIX MATHUTONIa3MEHHBIX
KOHGUTypanusax ¢ MIUPOM MArHUTHOTO MOJIs

A.JO. Manbixun!, E.E. I'puropenxo?, X.B. Manosal?

YUKH PAH, 2. Mockea, e-mail: anmaurdreg@gmail.com
2HUUAD um. Crobenvyvina MI'Y, 2. Mocksa

MHoOTroYHCIEeHHbIE CIyTHUKOBBIC HAOTIONEHUS TOKa3alld, YTO B XBOCTE€ MarHMTOC(eps! 3eMIIH TOBOJIBHO YacTO
HaOMIOAI0TCST 3aMKHYTBIE MarHUTOIUIA3MECHHBIE KOH(QUIypanuM THNA IDIa3MOMIOB M MAarHUTHBIX OCTPOBOB C
HEeHyJeBol KoMmmoHeHToi By. L{enbto maHHO# paboOTH! ABIsSETCA M3YUCHHE KHHETHISCKIX OCOOCHHOCTEH AMHAMUKHI
HeaJuadaTHyeckux HoHOB B TokoBoM cioe (TC) BHyTpy mima3Mousia, U UX BIMSHUS Ha pacupesieieHue INIOTHOCTH 1
(YHKIMIO pacrpenesieHHs B MaKpOCKoMuueckux. J{ist 3Toro ObUIM MCCIEAO0BaHbl TPAGKTOPUHM TECTOBBIX C Maccoi
cootBercTByromei mporony (HY) B 3amaHHO# MarHUTHOW KOHQUTypald ¢ EAWHUYHBIM CTAIlHOHAPHBIM
TUIA3MOU/IOM, HaXOJSIIMMCS C XBOCTOBOM CTOPOHBI OT OJIMDKHEW MarHWTHOHW X-nuHuu. B paborte mcrnonb3oBanach
MOJIeNb 0OpaIEHHOTO MArHUTHOTO TIOJIsI, HA HEBO3MYLIEHHYIO KOH(Hrypanuio kotoporo (Bx(z), By=0, B,=const)
HaknajpiBanack B,(X)-Bapuaims, obecrednBaromnas HaM IIa3MOUI0-TI0JO0HY0 KOHPUTYpaLHio, B KOTOpoii By(X,2)
3a7aéTcs KOJOKOI000pa3HbIM mpoduiieM (MakcuMalbHOe 3HadeHue nous By(X,z) coorBerctByet 8nT). Takxke Besze
B CHCTEME IPHCYTCTBOBAJIO IIOCTOSHHOE W OIHOPOIHOE 3JeKTpuueckoe moie ytpo- Beuep (Ey=0.1 mB/m). B
ONMCAHHON KOH(UIypaluy 3alyCKalnch TECTOBBIC YaCTUIBI C XapPHCOBCKUM pacIpelelICHHEM IUIOTHOCTH B
MIPOCTPAHCTBE U KaIllla-pacipeIeNICHNeM IO SHEPTHH C N30TPOIHON (YHKIMEH pactpeeneHns mo cKkopoctsM. berio
MOKa3aHO YTO B IUIAa3MOMJIE C HEHYJIeBOM By— KOMNOHEHTOH, NMPOCTPAaHCTBEHHOE paclpeleieHUe ITIOTHOCTH
aCCHMETPUYHO, BO3HUKAET KOJIBIIEBOI TOK Jx-J;, IMPKYJISIHMS KOTOPOTO MOXET IOJepKKUBaTh nose By, momydena
KOHEYHasi YHKIHMS pacnpenesieHns. Pe3ybTaTsl qTaHHOH paboThI COTNACYIOTCS C paHee MOJTyUYeHHBIMU Pe3yIbTaTaMu
o muccun Cluster. JlaHHbIM pe3yabTaT ABISIETCS OCHOBOM JUIS JANbHEHUIIEro U3yYeHUsT B3aUMOJIEHCTBHS HOHOB C
HaOJII0JaeMBIMH B TIJIa3MOHIAaX JIEKTPOMArHUTHBIMH (DIIYKTYalUsIMH.

Pabota BeINoJHEHa NpH MojjiepkKe poccuiickoro donna ¢yHaameHtansHbix nccienoanuii (POOU N016-52-
16009; PO®U No 16-02-00479; PODU No 16-32-00721).

BiusiHusi reOMHIYKTHPOBAHHBIX TOKOB HA 000PY/I0BAHHE MATHCTPAIBHBIX YJIEKTPHYECKUX CeTei
S.A. Caxapos?, B.H. Cenupanos?, 5.B. Epumos?

UTonapuwii 2eogpusuyeckuti uncmumym, Poccus, e-mail: sakharov@pgia.ru
2Konvckuii nayunwiii yenmp PAH, Poccus

[MporomkuTebHBIE HCCIIEIOBAHMS BIMSHUS T€OMarHUTHBIX BO3MYILICHNH HA padOTY MarucTpalbHBIX JIEKTPHUECKUX
ceTeil B BBICOKMX HIMPOTAX MO3BOJIMIM YCTAHOBHTH HEKOTOpPbIE (PAKTOPHI, CIIOCOOHBIE MpUBECTH K cO0siM B paboTte
0o0Opy/OBaHUSI W HapyLIEHUIO DJIEKTPOCHAOKeHWst morpebuteneil. B  pabore o0cyxnaroTcss KpUTEpHH,
omnpenemnsronie Bo3aeiicreue ['UT Ha paboTty cunoBbix TpaHcdopmaropos. [IpeanoxkeHsl peKoMeHAaIMH 110 BBIOOpY
TUIIOB OCHOBHOT'O 3JIEKTPOTEXHMYECKOTO OOOpYHOBaHWS, B YAaCTHOCTH, CHIIOBBIX TPaHC(OPMATOPOB, NpPHU
IIPOEKTUPOBAHUM HOBBIX IOJCTAHLIMNA B CEBEPHBIX paiioHax Poccun.
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Fields, currents, particles in the magnetosphere
Effect of cyclic correction on solar quiet geomagnetic field variation

I.A. 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 220MM. 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. Dmitrieval, V.S. Semenov?, K.Yu. Slivka!, M.A. Shukhtina?, I.V. Kubyshkin®, N.V. Erkaev?®

1Saint-Petersburg State University, Saint Petersburg, Russia
2Institute 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

I.B. levenko, 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 of
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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. Kalegaev?, M. Panasyuk?, A. Hartford®, R. Millan®, V. Benghin?, A. Bogomolov?, V. Bogomolov??,
N. Chirskaya?, L. Lazutin®, I. Myagkova?, I. Nazarkov?, L. Novikov?, V. Petrov?, S. Svertilov'?, N. Vlasova?,
I. Yashin!, I. Zolotarev?, Y. Shprits*®

1Skobeltsyn 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
4|GPP/ESS UCLA, Los Angeles, CA 90095-1567, USA

SGeoForschungsZentrum 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. Titoval, Yu.V. Fedorenko?, A.V. Roldugin!, S.V. Pilgaev?, A.G. Yahnin?,
Shin-ichiro Oyama?

'Polar Geophysical Institute, Apatity, Murmansk region, Russia
2Institute 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®?, 1.V. Tyutin®, I.1. Alexeev!

Skobeltsyn Institute of Nuclear Physics, M.V. Lomonosov Moscow State University, Moscow, Russia
2Faculty of Physics, M.V. Lomonosov Moscow State University, Moscow, Russia
3JSC "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'2, A.V. Artemyev!3 E.V. Yushkov!?

Space Research Institute, RAS, Moscow, Russia
2Department of Physics, Moscow State University, Moscow, Russia
3Institute 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. Barinoval, V. Bogomolov*?,
M. Panasyuk?, V. Petrov?, I. Yashin!

I1Skobeltsyn Institute of Nuclear Physics, MSU, Moscow, Russia
2L omonosov 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 «Lomonosovy and «Vernovy»
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?, I.1. Alexeev?, E.S. Belenkaya?, M.L. Khodachenko?, E. Kallio?, M. Alho?

!Moscow State University Skobeltsyn Institute of Nuclear Physics
2Aalto 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. Semenoval, T.A. Yahninal, A.G. Yahnin?, A.G. Demekhov’ 2

Polar Geophysical Institute, Apatity, Russia
2Institute of Applied Physics, Nizhny Novgorod, Russia
e-mail: nadezhda.semenova@gmail.com

On the basis of NOAA 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.l1. Shustov®?, A.V. Artemyev®3, 1.Y. Vasko*, E.V. Yushkov'?

Space Research Institute, RAS, Moscow, Russia

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

3Institute of Geophysics and Planetary Physics, University of California, Los Angeles, California 90095, USA
4Space 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. Panasyuk?, V. Petrov?, I. Yashin?

Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow, Russia
2Physical 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. VinogradoVv?, 1.Y. Vasko?3, 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
SUnivercity 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?, AV. Artemyev3, A A. Petrukovich!

Space Research Institute, Moscow, Russia
2L omonosov 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.

PoJjib KHHETUKH HOHOB MPH U3MEHEHNH MACIITA00B TOHKOI0 TOKOBOTO CJI0SI
W.U. Anexcees!, FO.JI. Cacynos?, M.JI. Xonauenko®?, E.C. Benenrkas?, O.B. Munranes®, M.H. Menpaux®

IHUHUA® MT'Y, Mocksa, Jlenunckue eopvt, HUUAD MI'Y, Poccus
2UKH Ascmpuiickoii Axademuu Hayx, I'pay, Ascmpus
8[Ir'" PAH, Anamumui, Poccus

ToHkHE TOKOBBIE CJIOM MHTEHCHBHO N3Yy4aroTCd B MOCJICIHEC BPEMA KaK B CBA3HU C JII/IHaMPIKOﬁ TIEPECOCANHECHU A
MarHUTHBIX TIOJIEH, TaK M B CBSI3U CO CTPYKTYpPOW IJIa3MEHHOTO CIIOS XBOCTAa MarHUTOC(EpPHI BO BPEMs MOIIHBIX
BO3MYIIICHHUH, KOTJa HAOMIOMAIOTCS TOHKHE TOKOBBIE CJIOM C MacmTabaMd COU3MEPUMBIMH C JIAPMOPOBCKUM
panuycom yactuil. Hamu OyyT paccMOTpeHbI KhHeTHIecKre 3P PeKThl, KOTOphIEC CBSA3aHbI ¢ OYHUYUPOBKOW HOHOB IO
(haze JTapMOPOBCKOTO BpAIICHHS JJII HOHOB B OKPECTHOCTH TOKOBOTO CJIOS. YaCTHIIBI MPH 3TOM JABIKYTCS IO TaK
Ha3bIBACMBIM MEAHJPOBBIM TPACKTOPUAM M WX (Pa3bl JapPMOPOBCKOTO BPAMICHUS HU3MEHSIOTCS B OTPaHUYCHHOM
yIJI0BOM auamna3zoHe. Mcmonb3ys aHanu3 TpaeKTOpUi B 3aJaHHOM MAarHHTHOM MOJe, OYAyT MPOAEMOHCTPHPOBAHBI
MOJYYCHHBIC B MOCICTHUX paboTaX aBTOPOB PE3YNbTATHI MO 3aBUCHMOCTH CaMOCOTJIACOBAHHOTO PELICHUS IS
OTHOMEPHOTO IUIOCKOTO CJIOSl ¢ HOPMAlbHOW KOMIIOHEHTOW MAarHUTHOTO TIOJII OT HMHUTY-YIJIOBOTO PacIlpeaesICHIs
(hopMHPYIOIMUX CIION MyYKOB MOHOB, UAYIIMX K CJIOI0 M3 JOJEH XBOCTa M3 O0OMX TOJyIMIapwid. YUTeHa TEIUIOBas
JUCTIEPCHS IOTOKOB MOHOB M 3aBICHMOCTB ITOJTYIIUPHHEI CIIOSI OT OTHOIICHHUS HATIPABICHHOH 1 TETIJIOBOM CKOPOCTH.
IpoBeeHo cpaBHEHHE C HAOIOAEMBIMHU TTEPECEUCHUSIMI TOKOBOTO CJI0st XBocTa crryTHukaMmu Claster. Pemaromryro
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POJb B ONPEIEICHIH TUHAMHUKHA HOHOB U pacdeTe Mpo(MIeH TOKa B CIO€ UTPAET COXPAHEHWE MarHUTHOTO MOTOKA
yepe3 KBa3UIEPHOIUUECKUN 3IEMEHT TPACKTOPHM — ITOCTOSHCTBO MAarHWTHOTO MOTOKA YEpe3 IMOBTOPSIONINECS
9JIEMEHTHI TPACKTOPHH. B OZHOPOIHOM IOJIE 3TO MPUBOAUT K CBSA3U IUTU-YTJA C BEIMYHHON IOJISI, & OKPECTHOCTH
OECKOHEYHO TOHKOTO CJIOS 3TO IAET CBSI3b MEXIY MUTU-YIIOM H (a30ii epecedeHus HeHTPaIbHON MIIoCKoCcTH. [1pn
OIIpeJIeTICHUH NapaMeTPOB IUIa3Mbl — MOMEHTOB (DYHKLHMH pacIpeieieHHs - UCIIONb3yeTcs HE TOJIBKO TeopeMa
JlnyBuiIs, HO M yYUTHIBAIOTCS (pa30Bble OIpaHUYEHHS ITOJyYEHHBIE U3 TPACKTOPHOTO aHaimu3a. s WLTIoCTpayuu
MOJYYEHHBIX Pe3yJIbTaToB JUIs OM(YpPIMPOBAHHBIX TOKOBBIX CJIOEB INPHUBEAEHBI MPOQUIN M IUIOTHOCTH TOKa, W
IUIOTHOCTH IUIa3MBbl, MOJYYEHHbIE B YHCJIEHHBIX pacueTax B T'MOPUIHONH MOJENM C KMHETHKOW IJIi MOHOB H
0€3MaccoBO AIEKTPOHHOU JKUIKOCTBIO.

1. Sasunov Yu L., Khodachenko M.L., Alexeev I.1., 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 L.1., Belenkaya E.S., Semenov V.S., Kubyshkin 1.V., 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 I.1., 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

CTpYKTYpPBbI «KOCBIX» AJIbBEHOBCKUX BOJIH B HEOJHOPOAHOM X0/10HOI MAarHUTOC(EepHO-
uoHocdepHOH mIazme

M.A. Bonkos
Mypmanckuii 2ocyoapcmeennbiil mexnudeckuil yrueepcumem, 2. Mypmanck, Poccus, e-mail: volkovma@mstu.edu.ru

N3y4yeHsl 0COOCHHOCTH PAaCHpPOCTPAHEHHsI «KOCBIX» WJIM AWCIEPCHOHHBIX aIbBEHOBCKHX BOJIH B HEOJHOPOJHOM
XOJOAHOM mia3zMme. PaccMarpuBaeTcs mia3Ma HEOJHOPOAHAS MONEPEK MarHUTHBIX CHUJIOBBIX JIMHUH B HaIlPaBICHUU
CeBep-10r ¥ OJHOPOJAHAs B JOITOTHOM HampaBieHHMH. HeoTHOpPOAHOCTh BIOJIb MArHUTHBIX CHJIOBBIX JIMHUM He
YUYUTBIBAETCS, TIOOTOMY BOJIHBI PACHPOCTPAHSIIOTCS MEXIy CONPSDKEHHBIMH HOHOC(Epamu, KOTOpbIE CUHUTAIOTCS
TOHKHMH closiMH. MccnemnoBaHbl 00JaCTH MPO3PAaYHOCTH I 3THX BOJH B PA3JIMYHBIX YAaCTOTHBIX JHANa3oHAaXx.
Haiinens! ycnoBus, Mpy KOTOPBIX YaCTOTHBIM U MIPOCTPAHCTBEHHBIHN CIEKTp (B HAIIPABICHUN CEBEP-IOT) CTAHOBUTCS
JTUCKpeTHBIM. OneHeHB! MacIITaObl MOMEPEYHBIX CTPYKTYP «KOCBIX» aJbBEHOBCKHX BOJIH Ha ypOBHE HMOHOC(hEpHI.
O6cyxaaeTcs CBsI3b 3TUX CTPYKTYP C aBPOPAIEHBIMH SIBIICHHSIM.

Cucrema ypaBHeHHH 115 I100AJIbHOM YMCICHHOH KMHETHYECKOI MOeJIM MarHuTOC(hepbl
0O.B. Munranes?, .B. Munranes!, X.B. Manosa?®, M.H. Mensuux?, JI.M. 3enensrit®

Yonapuwii 2eopusuyveckuii uncmumym PAH, Anamumui, e-mail: mingalev_o@pgia.ru
2Hayuno-uccredoeamenvcxuti uncmumym soeproti gusuxu um. JI.B. Crxobenvyvina MI'Y, Mockea
3HHcmumym xocmuueckux uccrneoosanuu PAH, Mockea

I'mobGanbHble YUCIEHHBIE MOJENN OOTEKaHMsT MarHUTOC(Ephl COJHEYHBIM BETPOM MOXHO pa3/esIuTh Ha 3 THIIA
OTHOCHTEJIFHO  MCHOJIB3YEMBIX  CHCTeM  ypaBHeHMH. K  mepBoMy  THIy  OTHOCATCS — TJI00ajbHBIE
MarHUTOTMPOANHAMHYECKUE MOJIENH, B KOTOPBIX UCIOIB3YIOTCA CUCTEMA YPABHEHUH OTHOXKHUIKOCTHOM MarHUTHOM
THIPOAWHAMUKH JHOO B MACaTHHOM MPHOIMKEHNH, THOO0 ¢ MOJEIBFHON KOHEYHOH MPOBOIUMOCTBIO. DTH MOZIEIH HEe
BOCTIPOM3BOAAT OCHOBHBIE 0COOCHHOCTH MarHuTochepsl. Ko BTOpoMy THITY OTHOCSTCS TaK Ha3bIBa€MBIE TII00aTHHEIC
THOpHUIHBIE MOJENH, B KOTOPBIX «KHHETHYECKHE» HOHBI, MOIABIINE B MAarHMTOC(Epy W3 COJHEYHOTO BETpa,
MOJEIHMPYIOTCS METOAOM YacTHUIl B paMKaX ypaBHEHHs BiacoBa, a 37€KTPOHBI pacCMaTpHBAIOTCA Kak Oe3MaccoBast
KHJIKOCTb C M30TPOITHBIM JaBJICHHEM U ITOCTOSTHHOM TEMIIEPaTypO, 9TO HENIb3S MPHU3HATH (PU3MUECKH ITPABHIHHBIM.
K Tpersemy THITy OTHOCHTCSI €IMHCTBEHHAs KMHETHYECKas MOJENb, OCHOBaHHAs HAa METO/E YacTHIl, B KOTOPOU
paccMaTtpuBaeTcs cucTeMa ypaBHeHUH BracoBa-MakcBenia ¢ «MOAENbHBIMUY TSKEIBIMU 3JIEKTPOHAMHU (C Maccoi B
16 pa3 MeHbIIeH Macchl IPOTOHA) M ¢ MOAEIBHON CKOPOCThIO cBeTa, KoTtopas B 200-300 pa3 meHbie peansHOH. W3-
3a O4eHb IpyOOro MpoOCTPaHCTBEHHOI'O pa3perieHHs W OOJBLIOr0o YMciia MOAEIBHBIX YIPOILCHUI 3Ta MOJEIb He
MOXET IPETEHI0BATh Ha JAeTalbHOE OIMCAaHHE IPOLIECCOB B MarHUTOChEpe.
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B pabote paccmaTpuBaeTcs IBa BapHaHTa CHCTEMBl YPaBHEHUH I TI100aIbHOM YUCICHHON KHHETHIECKOH MOIeTH
o0TeKkaHHs MarHUTOC()epbl CONHEYHBIM BETPOM, KOTOpas MpeAHa3sHadeHa Al OMHCAHWA KpyITHOMAacITaOHBIX
MEJUIEHHBIX IPOLECCOB € LIAroM MPOCTPAHCTBEHHOM ceTKM okojo 100 kM u marom no Bpemenu nopsaka 0.01
CeKyH/bl. PaccMaTpuBaloTCs peanbHbIC 3HAYEHUS] CKOPOCTH CBETa M OTHOLICHHUS 3apsAAa K Macce Ul JIEKTPOHA.
IIepBas cuctema ypaBHEHHUI OIy4aeTcs B pe3ysbTaTe OCpeAHEHNs cucTeMbl BiacoBa-MakcBena o mia3MeHHbIM
KoJsie0aHusAM JIeKTpoHOB. OHa COCTOMT U3 ypaBHeHMH BiiacoBa 1yist Kaka0i KOMIIOHEHTHI IIa3Mbl M OCPEIHEHHBIX
ypaBHEHMH 71 MOJIeH, B KOTOPBIX MarHUTHOE TI0JI€ ONpeaeseTcsl U3 ypaBHEHUs AMIiepa, COJEHOHaNbHas 4acTh
3NEKTPUUECKOr0 MOJIS ompenensercss U3 ypaBHeHus @Dapanes, a HNOTEHLUAIbHAs 4YacTh 3JIEKTPUYECKOTO IOJIA
OIpeNieNaeTcsl U3 YpaBHEHHs TUAPOCTATUKHU 3JIEKTPOHOB BIOJIb CHJIOBBIX JIMHUN MarHUTHOTO noiisi. Bropas cucrema
MOJy4aeTcsl B Pe3ynbTaTe AONOIHUTENIBHOIO OCPEIHEHHUs NEpBOM CHUCTEMbI MO THPOBPALIEHHUSIM 3JIEKTPOHOB C
YYETOM MX 3aMarHMYEHHOCTH. B Hel Ayl ommcaHMs AMHAMUKH 3JIEKTPOHOB HCIONB3YeTCsl ypaBHeHHE BiacoBa B
npetihoBOM PUOTIKCHHH.

Taxoke paccMaTpuBaeTcs HESBHas MTEPAIlMOHHAsl CXEMa YHCICHHOTO PELICHUs 3THX ypaBHEeHHH. IIpenmoxeHHas
MOJIETb TIO0 CPABHEHMIO C CYNIECTBYIOIIMMH TMOPHIHBIMH MOJEISIMH JOJDKHA JIy4YIIe ONUCHIBATH TMHAMHKY KaK
WOHOB, TaK M 3aMarHMYCHHBIX 3JIEKTPOHOB, a TAK)KE B Pa3bl JIydIllee MPOCTPAHCTBEHHOE W BPEMEHHOE pa3peIlcHueE.
IIpu 3TOM OCHOBHO¥ 00BhEM BBIYHCIICHHI B HOBOM MOjieu OYeT BBIMOJHATHCS Ha rpaduueckux npoieccopax (GPU),
B TO BpeMsa KaK CYMECTBYIOIIUE MOACIN HUCHOJb3YIOT I BBIYMCIICHUMN IMpOUECCOPbI  KIIACTCPHBIX
CyNepKOMIBIOTEpOB. B pe3ynbraTe HOBas MoJeNb IO/DKHA JaTh BBIMTPHINI B OBICTPOJEHCTBHU Ha HECKOJIBKO
HOPAAKOB. DTO MO3BOJIUT OoJiee AETANBHO UCCIEAOBATh C €€ IOMOIIBIO ACTAIBHYIO CTPYKTYPY 30HBI IIEpEX0oAa OT
COJIHEYHOTOo BeTpa K MarHurocepe, a MMEHHO TOJOBHYIO YAApHYIO BOJIHY, NEPEXOIHbIH CJI0i, MarHuromaysy,
HHU3KOIIMPOTHBIN OTPAaHUYHBIN CIIOM M MaHTHIO, & TAK)KE UCCIIE0BaTh OOLIYIO CTPYKTYpY, GopMy Maruutocheps! 1
9HEPro-MaccooOMEH MEXIy MarHUTOC(epoil 1 COTHETHBIM BETPOM.

36






38



Waves, wave-particle interaction

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 drift-compressional mode.

Three-scale structure of diffusion region of magnetic reconnection in the presence of cold ion
component

A. Divin, V. Semenov, |. 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 lon 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.

39



Waves, wave-particle interaction
Backward wave oscillator regime in magnetospheric cyclotron maser for oblique waves
V.S. Grach! and A.G. Demekhov?!

nstitute of Applied Physics, Nizhny Novgorod, Russia
2pPolar 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?!

nstitute 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?

YInstitute of Physics of the Earth, Moscow, Russia
2Kjell 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. Manninen?!, N.G. Kleimenova?, L.I. Gromova®, E.L. Macotela?, T. Turunen?, A.E. Kozlovsky!

Sodankyli Geophysical Observatory, Sodankyld, Finland

2Schmidt Institute of Physics of the Earth (IFZ RAN), Moscow, Russia

3Pushkov 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 Sodankyld
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 Sodankylé (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 (Sodankyli 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 (Sodankylid 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 (Sodankyli 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??

nstitute of Applied Physics of the Russian Academy of Sciences
2pPolar 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. Pilipenko?, L. Baddeley?, and V. Belakhovsky?

!nstitute of Physics of the Earth, Moscow, Russia
2Kjell Henriksen Observatory, Svalbard, Norway
3pPolar 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
2Institute 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 NOAA 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*®4, and A.V. Larchenko?

Ynstitute 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 particle bounce period.
One of the consequences of resonant wave-particle interactions consists in energy exchange between waves and
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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. Titoval, 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
3Sodankyli 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.
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Comparison of 1D Particle-in-cell and 2D double-adiabatic MHD approaches in modelling firehose
instability development during magnetic reconnection

I.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 firehose 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 Pc1 range (Pcl or
IPDP), which are well known signatures of EMIC waves. However, the Pc1 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 Pc1 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 Pc1 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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AHaJIN3 POCTPAHCTBEHHO-BPEMEHHBIX 0CO0EHHOCTEl reOMarHMTHHIX NMyJbcanuii Pi3 meTonamu
HHTerpajibHBbIX NPeodpa3oBaHui

H.P. 3enunckuii, H.I'. Kiieiimenosa
HD3 PAH, 2. Mocksa, Poccus, e-mail: hello_nikita@mail.ru

HccnenoBaHbl IPOCTPaHCTBEHHO-BPEMEHHBIE XapaKTEPUCTUKH OKOJIOTIOJIYICHHOT'O BCIIJIECKAa MHTEHCUBHEBIX (10 150
HT1) reoMarHuTHBIX mynbcanuii Pi3 (2-7 MI'1y) Ha ckanauHaBcKoM Tpoduie maruutometpoB IMAGE B HavanbHytO
a3y marautHOW Oypu 22 sHBaps 2012 r. J{ns anamusa ObUTH MOIU(DUIUPOBAHBI aJTOPUTMBI MAaTEMATHUYCCKIX
METOJIOB MHTETPAIBHBIX IPeoOpa3oBaHnii, 0OBIYHO MPUMEHIEMBIX B H3YYE€HHN BPEMEHHBIX PsiioB. Vcmonb30BaHbI
BBIYMCIICHUA BbIIpsMIBTIoniero (yHkimuoHana «OOoOmeHHass aucrepcus COOCTBEHHBIX 3HAYEHHH MAaTPHIBI
KOBapHaIlW», XapaKTEPU3YIOUWIET0 MpPHpPAIIEHHEe CyMMapHOW TOPHU3OHTAJbHOM aMIUIUTYZABl — KOJEOAHWH
OTHOCHTEJIFHO (DOHOBBIX 3HAUYEHWH B BBHIOPAHHBIM WMHTEpBal BpeMeHH. Kpome Toro, mis aHanmm3a OTHEIBHBIX
KOMITOHEHT T'€OMAarHWTHBIX IyJibcaluii, a Takke KoMmoHeHT MMII ¥ MJIOTHOCTH COJHEYHOTO BETpa OBLI
WCIIONB30BaH APYrod BEIIPSMILTIONINNA MOTEHIHAN - "DHeprus ¢parMenta o63opa". B pesymnpraTe anamms3a ObLIO
o0Hapy»XeHo, 4TO OTGHIBTPOBaHHBIC B mosnoce 2-7 MI'1l reoMarHWTHbIC Mynbcaiu Pi3 Ha BceX reOMarHUTHBIX
mmpoTax (56-76°) ObLIM KOT€PEHTHBIMH, OJTHAKO UX CTPYKTYpa M3MEHsUIach CO BpeMEHEeM. AMILIUTY/ia yJbcaluii B
NOJISIPHBIX IIKMpOTax ObUTa B 3 pasa BhIIE, YeM B 00JACTH 3aMKHYTOM MarHuToc(epbl. BbIIBIeHB 0COOEHHOCTH
MIPOCTPAHCTBEHHO-BPEMEHHOM CTPYKTYPHI MyJIbcalluii B 3aBUCUMOCTH OT 3Haka Bz MMII. [TokazaHno, 4To KOpOTKuUit
(~10 mMuH) Bcrieck OOJBIIMX MONOKHUTENBHBIX (10 ~ +20 HTn) 3navennit Bz MMII npu Goapumiom (~20 uIla)
JMHAMHYECKOM JaBieHun conneuynoro Berpa (Pd) mpuBen k ouenb unTeHcHBHOMY (~150 uTx) Berutecky Pi3
TEOMAarHUTHBIX ITyJbCANi B MOJPHBIX mHpoTax (©>72°). [Ipu 3ToM B 3aMKHYTOH MarHuTOC()epe OCHOBHAS SHEPTHL
BOJIH OTMEYasach B Y-KOMIIOHEHTE IIOJIS, a UX CHEKTp HE 3aBUCE] OT MHMPOTHl. OCHOBHON MAaKCHMYM B CIICKTpE
KoyleOaHuit Ha Bcex mmporax (okomo 2.8 MI'm) Obur B OOmMHMX YepTax MOIOOCH CHEKTPAITLHOMY MAaKCHMYyMY
¢mokTyanuii B komroHeHTax MMII u Pd. MoXHO NperoyoKuTh, Y4TO HaOMroJaeMble Ha3eMHbIC ITyJIbCalUH
SBJISIFOTCSL PE3yJIbTaTOM WJIM IIPSMOTO NPOHWKHOBEHHS BOJIH M3 MEXKIUIAHETHOTO NMPOCTPAHCTBA B MarHutochepy
Yyepe3 KacloBble BOPOHKH, WM TpaHC(opMamuu 3TUX BOJH B TYpOYJIEHTHblE KOJIeOaHHs B MAarHUTOCIOE H
pacrnpoCcTpaHeHUH K 3eMJIe BIIOJIb BHYTPEHHEW ropiioBMHBI Kacna. [locienyromuii, Takol ke KOPOTKUH BCILIECK
6ompImNX, HO OTpUIATEeNbHBIX (10 ~ - 20 HTn) 3Hauennit Bz MMII mpuBen Kk pe3KoMy MPEKpaIleHHIo MOISIPHBIX
MyJbCcalliil ¥ BO30Y>KACHUIO HOBOTO BCIUIECKAa KONEeOaHMH B 3aMKHYTOH MarHuTocdepe, Hanbosiee HHTEHCUBHBIX B
X-KoMITOHEHTe MoJisl. Pe3oHaHCHas mpHUpoa 3TUX BOJIH BIIOJNHE BepOsATHA. Takum o0pa3oM, MpUMEHEHHE METOJI0B
HHTETPaJIbHBIX TPEOOpa30BaHMii TIOKA3aJI0, YTO [[BA MOCICIOBATEIBHBIX BCIUIECKA T€OMArHUTHBIX Myibcarmii Pi3,
HECMOTPS Ha KaXKYyIIYIOCS CXOXKECTh, MOT'YT UMETh PA3IMYHYIO TPUPOLY TeHEepalnu.

MonaeaupoBanue Bo30y:kKIeHusl HOHOCHEPHOTO U ATMOC(EPHOTro BOJTHOBOIOB MOJTHUEBLIMHU
pa3psaaaMu ¢ y4€TOM HAKJIOHA FeOMArHUTHOTO MOJIsI

H.T. Masyp?, E.H. ®enopos?, B.A IMumnenko2, H.B. Srosal

1U®3 PAH, Mockea
2UKH PAH, Mocksa

IIpemnoxeHa dHcIeHHas MoOAENb BO30OYXKICHHS aTMOC(EpPHOTO M HOHOC(EPHOTO BOJIHOBOAOB, a TaKKe
anbB(heHOBCKOTO MOHOC(EPHOro pe3oHaTopa B AMANa30HE OT JOJEH repra M0 HECKONBKHX TepIl TOYEUYHBIMHU
ucTouHukamMu. Pa3paboran 3QQeKTHBHBIA METOJ pacyera 3JCKTPHUECKHX M MATHUTHBIX MOJEH OT MOJHHMEBBIX
Pa3psIOB B pEATUCTUYHBIX MOJIENIIX HOHOC(EPHI ¢ y4ETOM HAKJIOHA reOMarHuTHoOro noist. [IpoBexeHo cpaBHEHHE C
pe3ynabpTaTaMH YIpPOIIEHHBIX METOJIOB pacdera 3/M moisl. YWCIEeHHOE MOJETUPOBAaHHWE ITOKAa3BIBAET, YTO
NPOCTPAHCTBEHHBIC M YaCTOTHBIE pAacHpeNesiCHHs 3/M I0oJeH, BO30Y)KICHHBIX Pa3psiioM MOJHHUH, ONpEAEIseTCs
B3aUMO/IeHiCTBUEM aTMOC(HEPHOTo BOJHOBOA, HOHOC(hEpHOTro BoHOBOa U TAP.
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Oco0eHHOCTH BCIJIECKOB reOMAarHUTHBIX MyJbcanuii, conposoxaaomux asa SSC 22.06.2015
B.A. TTapxomos?, H.JI. Bopozkosa?, A.I. SIxuun®, b. Llermexn®, B.D. Uumuxun?, C.10. XomyTos®, A.B. ITamunun®,
B.B. loB6Hs’

YBaiikansckuii 2ocyoapemeennviii ynusepcumem, 2. Upkymck

2Uncmumym xocmuueckux uccredosanuti PAH, 2. Mockea

3Monapusiii 2eousuueckuti uncmumym, 2. Anamumol

*Uncmumym 2eousuxu u acmponomuu AH Monzonuu, 2. Yaan-Bamop

SUncmumym xocmousuxu u pacnpocmpanenus paduosonn, JBHI] PAH, n. Iapamynxa
SUncmumym Conneuno-3emnoti @usuxu CO PAH, 2. Hpxymck

"Teopusuneckas obcepsamopus Bopox, HD3 PAH, n. Bopok

Ilo naHHBIM MHPOBOM CETH MHAYKIMOHHBIX MAarHUTOMETPOB HCCIEAYIOTCS MapaMeTphl, MPOCTPAHCTBEHHBIE
3aKOHOMEPHOCTH M CBSI3M C TIapaMeTpaMH OKOJIO3EMHON Cpelsl BCIJIECKOB TE€OMAarHUTHBIX —ITyJIbCalluii,
COTIPOBOKIAIONINX JIBa BHe3amHbIX Hauana 22.06.2015, koropseie 3apeructpupoBansl B 05.44 UT u 18.33 UT. IlepBoe
SSC 66110 BBI3BaHO MYB ¢0 cKopocThio 440 KM/C M CKaYKOM KOHIICHTPAIMU POTOHOB COJIHEYHOro BeTpa Ha 14 cm3,
Bropoe SSC Br3Bano MYB co ckopocTthio 712 KM/C U CKaYKOM KOHIICHTPAI[MH MPOTOHOB COJHEYHOTO BeTpa Ha 45
cm®. BeprukanbHas kxommoHenTa MMII mepen obeummu MYB B TedeHue 2 4acoB Oblla OpMEHTHPOBAHA
MIPENMYIIECTBEHHO K ceBepy. [lepBoe BHE3amHOE HayaJio COMPOBOXKIATIOCH BCIUIECKOM T'€OMAarHUTHBIX ITyJIbCanuil
tuna Psc 1-5, KoTopeie 0OBIYHO COMPOBOKAAIOT BHE3ANHbIE Havyana. Bropoe BHe3amHOEe HAdallo COIPOBOXKIAIOCH
rI100abHBIM BCIUIECKOM T€OMAarHUTHBIX MyJIbcalliii B 4acTOTHOM nuamazoHe 0.2 — 7 I'11 ¢ pe30HaHCHOU CTPYKTYpOi
CIEKTpA.

HccnenyroTes mMMpOTHO-AOITOTHBIE 3aKOHOMEPHOCTH CIIEKTPOB MyJbCalnii, 0COOCHHOCTH UX PACHPOCTPAHEHUS U
JIOKAJIN3AIlHH, CBSI3b C TIapaMeTpaMu IJIa3Mbl B MarHUTOC(epe, COTHEYHOM BETPE U MEPEX0THOI 00s1acTy.
IIpoBepsroTcst BhICKa3aHHBIE paHEe aBTOPaMM INPEINOJIO0KEHUS O TOM, YTO MEXaHH3MOM TeHepaluu KojebaHui ¢
PE30HAHCHOH CTPYKTYPOIl CLIEKTpa MOKET ObITh HOHHO-IIUKJIOTPOHHAS] HEYCTOHYHMBOCTD IPOTOHOB KOJIBLIEBOTO TOKA,
a pe30HaHCHAsl CTPYKTYpa CIIEKTpa MyJIbCalluii MOKET OBbITh CBSI3aHa C HOHOC(EPHBIM aJbBEHOBCKUM PE30HATOPOM.

B3anmopneiictBue my4xoB rugpoMariuTHbIX BoIH ULF-ELF nnanazona ¢ nonocgepoii
E.H. ®enopos?, B.A IMumunenxo™?, H.I. Mazyp?, H.B. fIrosa’

LHU®3 PAH, Mockea
2HUKHU PAH, Mockea

Ha ocHOBe mOJHBIX BOJHOBBIX YpPaBHEHWI pa3BUTA YWCICHHAs MOJENb B3aUMOJCHCTBHS C HOHOC(Epod u
NIPOHMKHOBEHHSI K 3€MHOW MOBEpXHOCTH Iy4ykoB anb(pBeHoBckux BonH B ULF, ELF nmanazone. Ilapamerpst
noHocgepsl Haxomiarcss n3 Mozenu IRI. ['eomarHuTHOE mosie HE MPEIONAraeTcsi BEPTHUKAIbHBIM. JTa MOEIb
UCTIONB3YeTCs ISl MHTEPIIPETalliyi NPOX0KCHHUs BOJIH quana3oHa Pcl (B momoce 0.1-5 I'm) x 3emie.
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The Sun, solar wind, cosmic rays
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
A1 Podgorny?, I.M. Podgorny?, N.S. Meshalkina®

!Lebedev Physical Institute RAS, Moscow, Russia; e-mail: podgorny@Ilebedev.ru
2Institute of Astronomy RAS, Moscow, Russia, e-mail: podgorny@inasan.ru
3Institute for Solar-Terrestrial Physics SO RAS, Irkutsk, Russia, e-mail: nata@iszf.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 which
are used permit to stop of instability propagation inside the computational domain from the photospheric boundary.
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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®?

Sodankyli Geophysical Observatory, University of Oulu, Finland
2Space 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 hamed as
sub-GLEs.

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

0.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), Osn (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 to
the ramp thickness derived from the magnetic field measurements and lies within interval from 40 to 600 km. In some
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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.l. 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.

Ycaosusa CYII€CTBOBAaHUS GBICprIX MArHUTHBIX 00JIAKOB COJTHEYHOI' 0 BETPaA CONMPOBOKIAEMBIX
YaapHbLIMHU BOJITHAMH

H.A. Bapxaros?, E.A. PepynoBa®, A.b. Bunorpaos?

YHuoicecopodckuii 2ocydapcmeennniii nedazozuueckuti ynueepcumem um. K. Mununa
2Huoice20poockuil 20Cy0apcmeeHHblTl GpXUMeKmypHO-CIpOUMeNbHbII YHUBEPCUMen

W3BecTHO, YTO MarHUTHBIE 00JIaKa COTHEYHOTO BETPa YacTO COTMPOBOXKIAIOTCS YAAPHBIMHI BOHAMH U, CIIEIYOIIIMU
3a HUMH, TypOYJICHTHBIMU 000sI09kaMu. Takue CTPYKTYpHI SBISAIOTCS Hanbosee reodeKTUBHBIMU COOBITHSIMH 1
MIO3TOMY IPEJCTABIISET HHTEPEC N3YUEHHUE YCIOBHI CYIIECTBOBAHUI TaKUX MAarHUTHBIX OOJIAKOB.

B nacrostmeit pabote Ayt onpeAeneHns YCIOBHH, IPH KOTOPHIX MEepe] MAarHUTHBIMH 00J1aKaMH BO3HHUKAIOT yIapHbIe
BOJIHBI, PACCMOTPEHO 75 MarHUTHBIX 00JIaKOB, 3aPETMCTPUPOBAHHBIX B OKOJIO3EMHOM KOCMUYECKOM ITPOCTPAHCTBE C
1973 no 2012 rr. (OMNI, http://cdaweb.gsfc.nasa.gov/istp_public/) [1, 2]. CratucTudyeckuii aHamM3 JHHAMHKH
IapaMeTpOB COJIHEYHOT'O BETpa Mepe/i MarHUTHBIMHU 00JIakaMK TI0Ka3all, YTO U3 BCEX paccMaTpUBaEMbIX cOObITHI 30
HE UMEJH yJapHbIX BOJH, a 45 UMM CONPOBOKAANNCH. Viccie1oBaHNE BBIIIOJIHEHO MTyTEM COMOCTABIIEHHSI CKOPOCTEH
AIBBEHOBCKHMX M 3BYKOBBIX BOJIH B COJIHEYHOM BETPE CO CKOPOCTSIMH MarHMTHBIX 00JIakOB OTHOCHTENBHO (VOTH)
comHeyHOro BeTpa. OTHOCHTENbHAs CKOPOCTh MAarHMUTHBIX OOJAaKOB BBIUMCIIIACH KAaK Pa3HUIIA CKOPOCTEH Tena
obaKa M CpeIHero 3HaYeHUSI CKOPOCTH CONTHEYHOTO BeTpa mepen obmakoM (JUIst 00makoB 0e3 yIapHBIX BOJH) WIIN
nepen yaapHOW BOJHON (it 00JIakOB C yIAapHBIMU BOJHAMH). M3 TONydEeHHBIX COOTHOIIEHUH CIEAYeT, 4TO IS
MarHUTHBIX 00J1aKOB 0e3 yIapHBIX BOJH VOTH HIKE CKOPOCTEH 3BYKOBBIX H aJIbBEHOBCKUX BOJIH, B TO BPeMs KaK UL
00J1aK0B C yJapHBIMH BOJIHAMH HAOJIFOA€TCsI IPEBBIIIEHIE OTHOCUTEIBHOM CKOpPOCTH 001akoB Hag HUMH. ITpu aTomM
CKOPOCTbH O0JIAKOB C yIapHBIMH BOJTHAMH OTHOCHUTEIJIFHO ITOTOKA COJTHEYHOTO BETPA, KaK IMpaBHIIo, cBbIme 50 KMm/C.
BaxHBIM 00CTOSATENILCTBOM, BIHSIIOLIIMM Ha OTHOCHTEIIBHYIO CKOPOCTh MEIJICHHBIX 00JIAKOB, B HEKOTOPBIX CIIydasiX,
SIBIISIETCSI BBICOKOE 3HaUCHHE aTbBEHOBCKMX CKOPOCTEH B COJIHEUHOM BETPE, OKPYIKaIOIIEeM 001aka. ITO MOXKET OBITh
00BSICHEHO IIPH PACCMOTPEHUH NPUYMH PACIIUPEHMsI 00J1aKa M BBI3BAHHOT'O MM YCKOpeHHs oOyiakoB. Pacimpenne
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IUIa3MEHHOTO 00pa30BaHUsI HE TNPOHCXOAWT IPU BBHINOJHEHHHM YCIOBHS pPAaBEHCTBA HA €ro TPaHUIE CYMM
Ta30KMHETHYECKOTO W MAarHWTHOTO JaBieHWil. HapymieHme »TOoro paBeHCTBa BENET K CMEIICHWIO T'PaHUI]
IUIa3MEHHOTO 00pa3oBaHus. [l paccMOTpeHHsS NMPUYMH pacHIMpeHHs o0Jlaka M €r0 YCKOPEHHsl ObUIH H3ydYCHBI
W3MEHEHHSI CyMMapHOTO Ta30KMHETHYECKOTO ¥ MAarHUTHOTO JABJICHHUH, a TAK)KE N3MEHEHHS T'a30KHMHETHYECKOTO H
MarHUTHOTO AaBJICHHS MO OTIEIBHOCTH HAa T'PAaHUIIC CONHEYHBIM BeTep — MarHUTHoe o6jako. JIJii MarHUTHBIX
o0J1akoB 6€3 yJJapHbIX BOJIH YCTaHOBJIEHO paBHOBECHE CyMMapHOT'O ra30KHHETHYECKOTO U MarHUTHOTO JIaBJICHUS Ha
paccMaTpuBaeMoOi IpaHMLE, a Uil OOJaKOB C YJapHBIMU BOJIHAMM — 3HAUUTEIbHOE MPEBBIIICHHE CYMMAapHOIO
JlaBJieHUs B Tenie oOyaka. JlaHHOe 0OCTOSITENILCTBO CBHIETENBCTBYET O TOM, YTO I'PaHHIBI OOJAKOB C yAapHBIMHU
BOJIHAMM pPacIIUPSIOTCS M €ro BeAyllas TIpaHMLAa HPUOOPETaroT IOMOJHUTEIbHYI0 CKOPOCTh. AHaIM30M
COOTHOIIEHU! T'a30KMHETHYECKOTO M MarHUTHOTO JaBJICHHs B COJIHEYHOM BETpE W B Telie 00JjiaKa MOKa3aHo, 4To
OCHOBHOH BKJIaJl B yCKOPEHHE BEAyIel 4acTH oOslaka JaeT MarHUTHOE JaBJCHHE. | a30KMHETHYECKOE TaBJICHUC B
COJIHEYHOM BETPE M B Tejle O0Jlaka OKa3bIBACTCS Ha IMOPSIOK HIDKE MAarHUTHOTO W HE YYacTBYET B M3MEHCHUH
CKOPOCTH BEIyIIEH rpaHMIBl 00IaKa.

CBs3b IHHAMHKHU BbICOKOIIMPOTHOWH reOMATHUTHOI AKTHUBHOCTH C H3MEHEHUSIMH MapaMeTPOB
MATHUTHEBIX 00,1aK0B

H.A. bapxatos, C.E. PeByHoB, A.b. Bunorpanos, 0. A. I'naBankuit
Huoicecopoockuii cocyoapemeennwiti nedazoeuueckuti yuusepcumem um. K. Mununa

B npennaraemom ucciaenoBaHUM JENaeTcsl MOMNBITKA YCTAHOBJICHUS MPUYUHHO-CIEICTBEHHOM CBS3M AUHAMUKHU
BBICOKOITUPOTHOW T'€OMAarHUTHOH aKTMBHOCTH, OIHUChIBaeMoOW wHHAekcoM AL, ¢ maHHbIMEH 00 HM3MEHEHHSIX
MapaMeTpPOB COJHEYHBIX TUIa3MEHHBIX MOTOKOB, PETUCTpHUpPYEeMbIX maTpyibHbIMH KA. B kadecTBe ucciemyeMbIx
MOTOKOB BHIOpPaHbI MarHMTHBIC O0JIaKa COJIHCYHOTO BETPA, MOCKOJBKY 3TH IUIa3MEHHBIC 0Opa3oBaHus Haubojee
reodddexruBHbl. [locieqHee, 0nHAKO, HE O3HAYAET, YTO OHM BCETAa BBI3BIBAIOT INIOOAIBLHBIC MArHUTHBIC OYypH.
CrpykTypa OBICTPBIX MATHUTHBIX 00JIAKOB 3aMETHO YCJIOKHSETCS BO3HUKHOBCHHEM YIAPHOM BOJHBI U TYpOYJICHTHOM
oOnact 3a Hell. B CBSI3M ¢ ATHM NpeACTaBISIET WHTEPEC y4acTHE DIIEMEHTOB CTPYKTYPHI MarHUTHBIX OOJIAKOB B
nporiecce  (HOPMUPOBAHUS BBHICOKOIIMPOTHON TEOMAarHHTHOW aKTUBHOCTH. HecMoTps Ha MHOrooOpasme
KOHQUTypanuii MarHUTHBIX OOJAKOB W CIIOCOO BO3ACWCTBUSA HA 3€MHYIO MarHHTOCc(epy, 3aBHCAIINNA OT WX
MIPUIEIFHBIX TTApaMEeTPOB, 005A3aTEIHFHON OCOOCHHOCTBIO SBIIETCS MOBOPOT Bekropa MMII BHyTpH o6naka, 9To
oOecrieunBaeT BOSHUKHOBEHHE Te03(PPEeKTUBHON OTpHIATENFHON B,-KOMIIOHEHTHL.

BrmonaseMoe B paboTe YCTaHOBIICHHE 3aBUCHMOCTH JHHAMHUKY TOJSPHONH aKTUBHOCTH OT M3MEHEHHA MMapaMeTpOB
MarHuTHOTO 00JIaka, TO3BOJISIET BBISICHUTD, Kakasi KOH(QUTypaIis MarHUTHOTO O0JIaka U KaKOil KOHKPETHBIN SJIEMEHT
CTPYKTYpPbl MarHUTHOTO O0JIaka OTBETCTBEHHBI 32 BHJI T€OMAarHUTHOTO BBHICOKOUTUPOTHOTO BO3MYIIEHUs. [Iiist aThX
1ene MpUMEHsIeTCST HEeMpOCeTeBOM MOAXOJ C HCIOJb30BaHMEM PEeKyppeHTHOW Heipocetu Tuma Jnmana. C ee
MOMOIIBI0 MO JAMHAMUKE IapaMeTpPOB OKOJIO3EMHOTO IPOCTPAHCTBA BOCCTAHABIMBAIOTCS U IPOTHO3UPYIOTCS
TEOMAarHUTHBIC BO3MYIICHHS, XapaKTePU3YIOIIHE MOIPHYI0 Cy00ypro. IIOCKOJIIbKY COBPEMEHHBIC METOIBI
perucTpalnmy COJMHEYHBIX IOTOKOB MO3BOJISIOT MPOCIEANUT UX SBOJIOLHUIO B COJIHEYHOM BETPE HEMOCPEACTBEHHO OT
UX COJHEYHOTO HCTOYHHKA, TO Pa3pabaThIBacMBI B HACTOSINEM HCCICAOBAHWH METOJ B MEPCICKTHBE MO3BOJHT
BBINOJTHATH MIOUCK NPEIBECTHHKOB BEICOKOITMPOTHBIX TECOMAarHUTHBIX COOBITUI M 3THM CO3JaTh AJITOPUTM IPOTHO3a
cy00yphb 3a BpeMsi, TOCTUTAIOIIee HECKOIBKHIX CYTOK.

HcciienoBanme CBA3M MEXKIY BAPHANMSAMEI raMMa-u3Jy4eHUs M JIeKTPHUYECKUM MOJISIMH B
MPU3EMHOM cJioe aTMOChepbl

10.B. bana6un?, A.A. Toponos?, A.B. I'epmanenko?, b.b. T'Bozesckmiit

Yonapuoni 2eopusuueckuti uncmumym, Anamumol, Poccus
2Unemumym xocmogusuueckux ucciedosanuti u aspornomuu, Sgxymexk, Poccus

B xone nposenenust B 2016 T. COBMECTHBIX SKCIIEPUMEHTOB Ha CTAHITUAX KOCMHUYECKHX Jydel B SIkyTcke u Tukcu
OBIITM YCTAaHOBJICHBI JETEKTOPHI TaMMa-u3MydeHus, paszpaboranHsle B III'M. JleTekTopbl co3maHBl Ha OCHOBE
kpuctaimia Nal(T1), mmerot s dexkruBnbIil quana3zon 20-400 k3B 1 mocTaBiIeHb B peXXUM MOHUTOPHHTA (POHOBOTO
raMMa-u3JIydeHus, NPHUXOASAImero w3 artMmocdepbl. Ha STHUX CTaHIUAX Takke MPOMSBOIUTCA MOHHUTOPHUHT
HANPSHKCHHOCTH 3JICKTPUYECKOTO TMOJII € IOMOIIBI0 3JIeKTpocTaTHueckux (arokcmerpoB Boltex EFM-100.
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HaOmogaemple MHOTO JIET BO3pacTaHHsI raMMa-(OHa MPU 0CaJKaxX MOTYT OBITh CBSI3aHBI C 3JIEKTPUIECKIMU MOJISIMH,
MPUCYTCTBYIOIIMMH B JOXAEBBIX oOnakax. Hammdame ¢(arokcMeTpoB B mape ¢ AETEKTOpaMM TaMMa-H3ITydeHUs
MIO3BOJISIET IPOBEPUTH 3Ty runore3y. CoOpaHHbIE NaHHBIC W MPEIBAPUTENBHBIN UX aHAIN3 YKa3bIBAIOT HA HAJMUIHE
TaKOW CBSI3M, OJHAKO, HAMPSIKEHHOCTh ICKTPHUUYECKOTO IIOJI y 3€MJM (TAE NMPOBOIATCS M3MEPEHHS) U MEXIy
o0yakamMM He BCET/ia OTHO3HAYHO CBSI3aHBI.

BupryanbHblil HeHTPOHHBII MOHUTOP UIS1 M3Y4YeHUs] MHOKeCTBEHHOCTel
10.B. Banabuwn, B.B. I'Bo3neBckuii, A.B. Tepmanenko (Ionapuslii 2eogpusuueckuii uncmumym, Anamumsi, Poccus)

VYHHUKampHasE CKOPOCTHAsI CHCTeMa perucrpannu, paspadoranHas B [II'M u ycTaHOBICHHAs Ha psAe HEUTPOHHBIX
MoHHTOpOB (HM), 103BOJIsIET MPOBECTH SKCIIEPUMEHTHI 10 U3MEPEHUIO Pa3sMepPOB a{pOHHBIX JIUBHEH, MPUXOMSITIX
Ha HM. CkopoctHast cuctema perucrpanni GUKCHUpYyeT BpeMsi MPUX0/ia KaKA0ro uMityibca oT HM ¢ TouyHoCThIO 10
1 MKC 1 HOMep TPYOKH, B KOTOPOH OH BO3HUK. Hanmyme Takux TOUHBIX U MTOJPOOHBIX JAHHBIX IIO3BOJISET MPOBOJUTH
9KCIIEPUMEHTHI C 3aNIMCaHHBIMU B (aiin nanHbiMu HM, HICKOJIBKO He MEHsIsl pealibHyI0 KOHCTpyKuuto. CTaHaapTHbIIH
18-HM-64 MoxHO mnpeBpatuTh B "BUpTyalbHbIA" mpubop nroGol koHdurypanuu. st 3TOro HY)XHO JIMIIbL
crieuasbHas MporpaMma, BIACISIONIas U3 00IIero o0beMa JaHHBIX UMITYJIbChI 331aHHBIX KaHAJIOB C MX BpEMEHaMH
npuxozna. Hampumep, caenats HM cocrosimum u3 oxHoM TpyOku Homepa K. Mmn u3 mapsr cocemunx tpyook K n
(K+1). 1 B mro0oif u3 3aiaHHBIX KOH(HTYyparuii MOXKHO BBIJENATH COOBITHS MHOKECTBEHHOCTH IO 3aJlaHHOMY
anroput™y. VcciaenoBaHue OJHOTHIHBIX COOBITHII MHOXECTBEHHOCTH Ha JIMHEHKE BHPTYaldbHBIX IIPHOOPOB,
cocrostmux u3 Tpyokn K u tpy6km (K+n), rme n MeHseTcs OT SKCHEPHMEHTa K SKCIEPHUMEHTY, MOKa3auo, 4To
CYIIECTBYIOT ABa THIIA COOBITHH MHOXECTBEHHOCTH. IIepBBI THII — 3TO MHOKECTBEHHOCTb, COCTOSIIAs W3
UMITyJIbCOB, MPHUIIEAMNX OT JABYX COCEAHUX TPYOOK. BTOpO#l THII — MHOXXECTBEHHOCTH, B KOTOPYIO BOBJICUYEHBI
MHorue Tpyoxu, B ToM yucie K u (K+n). MHOXeCTBEHHOCTh MEpBOro TUMa (HE BBIXOJIIAs 32 COCEIHIOI TPYOKY)
BO3HUKAET OT SAJIEPHOTIO KacKazla B CBUHIE, BBI3BAHHOI'O OJMHOYHOM 3HEPru4yHON 4yactuuei. MHOXXECTBEHHOCTH
BTOPOTO THIAa BO3HHUKAIOT, BUANMO, OT aJIpOHHBIX JHUBHEH B atMochepe Hax HM, MOCKONBKY JECATKH MMITYJIHCOB
(KaXIBIN UMIYJIbC — 3TO PErHCTpPaIUs HEHTPOHA) IPOUCXOAIT B TEUEHHE COTEH MKC Ha TPyOKax, pacroyioKeHHbBIX
Janexko apyr ot apyra. [Ipu Tom, uTo B cpeiHeM MHTepBal Mexay umiyibcamu HM cocramsier 10-20 mc. beun
TaK)Ke BBIIIOJIHEHBI 3KCIIEPUMEHTHI ¢ 00JIee CIIOKHBIM PACHOI0KEHHEM TPYOOK, 3 KOTOPBIX OblIa nojrydyeHa (GpyHKIus
pazaBikeHns. COBOKYITHOCTb SKCIEPUMEHTOB I03BOJISIET 3aKIIOUUTh, YTO TOJIBKO IO HOMEPAa MHOYKECTBEHHOCTH ~7
COOBITHS CO3JIAIOTCSl OJHUM JIMIIb SIAEPHBIM KAacKaJoM B CBHUHIE. Bo MHOXecTBEeHHOCTSX ¢ OOIbIIMM HOMEPOM
HaYMHACT MPOSBIATHCSA 3PPEKT aApoHHOTO JUBHS B aTMocepe. I1o GyHKIMM pa3aBIKEHUS ONPEIEICHBI Pa3Mephl
ITHUX JIUBHEH.

Jonronepnoannie M3MeHEeHHS KeCTKOCTel TeOMATHUTHOTO 00pe3aHusl MUPOBOI CeTH HeHTPOHHBIX
MOHHUTOPOB

b.b. I'Bo3nesckuii, JI.W. Jlopman, A.A. A6yuun, P.T. I'ymuna, A.B. benos, E.A. Epomenko, B.I". SInke

B npemaraemoii pabote ¢ ToA0BEIM pazpemeHuemM i nepuoaa 1950-2020 roga METOAOM TPACKTOPHBIX PACUETOB
MIOJTy9YECHBI BEPTHUKAIBHBIE JKECTKOCTH T€OMarHWTHOTO oOpe3aHus s MUpPOBOH CeTH HEWTPOHHBIX MOHHTOPOB.
XKectkocTn reomMarHUTHOTO 0Ope3aHus moiay4deHsl mo mozxenu Definitive Geomagnetic Reference Field ms 1950-
2015 u International Geomagnetic Reference Field mms 2020 roma. Pe3ymbTaThl pacdueToB CBHAETEIBCTBYIOT 00
O6H_IeM MHOHM)KEHHUHU JKECTKOCTEH I'€OMarHUTHOT'O O6p€38.HI/Iﬂ MPAKTUYECKHU BO BCEX IMYHKTAX, KOTOPOE CBA3aHO C
06IJ_II/IM INOHM>XKXCHUEM I'€OMAarHuTHOI'O I10JIS 3a paCCManHBaeMBIﬁ TIepuona. BrimosiHeH Takxke IIPOTHO3 TNIAHETAPHOT'O
pacrpeneneHus JKeCTKOCTe TeoMarHuTHOro oope3anus 1o nepuona 2050 romos.
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Pacumiupenue KOMILUIEKCHOM YCTAHOBKM perucTpauum kocmuuyeckux jgydeid Ha lInundeprene
A.B. I'epmanenko, 10.B. bana6un (ITospuviii eeogpuzuneckuti uncmumym, Anamumsi, Poccus)

Ha cranimmn kocMuueckux jydeld B AnaTurax co3jaHa KOMIUIEKCHAsl CHCTeMa MOHUTOPHHIA PaIMalliOHHOTO (hOHA B
Pa3NUYHBIX BHJAAX H3IyYeHHH: HEMTPOHHON KOMIIOHEHTBHI, HU3KOIHEPIMUHON 3apsKEHHOW M HU3KOIHEPTHUHOU
9JIEKTPOMAarHUTHON KOMIIOHEHT. Ha cTaHimm KocMu4ecKkux Jrydeil B bapeHudypre, ogHako, 10 HETaBHEr0 BPEMEHU
Habop JeTeKTOpOB ObUT OorpaHuyeH. bbun npoBeaeHs! padoThl O paclIMpEeHHI0 YCTaHOBKU B bapeHuOypre, myTém
YCTaHOBKH HOBBIX JJETCKTOPOB M PACHINPEHHS BO3MOXKHOCTEH YK€ YCTaHOBIEHHBIX. B 9acTHOCTH OBLIN yCTaHOBIICHBI
JIETEKTOPHI HU3KOIHEPTHYHOW HEUTPOHHOM KOMIIOHEHTHI U IETEKTOP 3apsHKCHHOW KOMIIOHEHTHI. C yCTaHOBKOW 3THX
JETEKTOPOB MOXHO CKa3aTh, YTO KOMIIIEKCHBIC CHCTEMBI MOHUTOPHHTA BCEX OCHOBHBIX KOMITOHEHTOB KOCMHUYECKHUX
mydeii B Amatutax u bapeHnOypre cramy oJMHAKOBBIMH M OOECIIEUHBAIOT PETHCTPAINIO0 OCHOBHBIX KOMIIOHEHTOB
BTOPUYHBIX KOCMHYECKHX JIydeid. ONMHAKOBOCTh BaXKHA, MOCKOJIBKY OOECIICUYMBAIOTCS OJMHAKOBBIE M3MEPEHHS B
JABYX pPa3sHCCCHHBIX TOUYKaAX.

I'nodanbHas Mogenb HOHM3AUMH aTMOC(epbl 3eMJIN NPOTOHAMHU FAIaKTHYECKHX KOCMHYECKHX
Jy4eit

E.A. Maypues, 10.B. banabun ([Torsapnuiii ceopusuueckuii uncmumym PAH, Anamumeor)

OJHUM U3 OCHOBHBIX HCTOYHHKOB MOHU3AIMHU aTMOC(hephl 3eMITH CITy»KaT KocMuieckue iyun, ranakruaeckue (I'KJT)
u conaeunsie (CKJI). IlepBudHbIe KOCMUUECKHUE JIyYH, COCTOSIHE B OCHOBHOM U3 IIPOTOHOB, HOHU3UPYIOT BEPXHHE
cion arMocdepbl, a TaKKe B3aWMOACHCTBYIOT C SApaMH OKPY)KAIOIIEro BeUIeCTBa (B OCHOBHOM, 3TO a30T H
KHCJIOPOA), POKAas KacKaJsl BTOPHUUHBIX KOCMHYECKUX JIydeH, KOTOpbIe, B CBOIO OYepeab TaKXkKe y4acTBYIOT B
MOHOOOpa3oBaHUK Bcel HIKHEH atMocdepbl. B naHHO# paboTe paccMaTpuBaeTCs MCIOJIb30BaHHE IPOrPAMMHOTO
koMmiuiekca RUSCOSMICS©O, ocHoBaHHOrO Ha 4ucieHHOM Mmerone Moute-Kapio, s 3ajjaun pacuera CKOPOCTH
WOHM3ALUK U1l pa3JINdHbIX 3HAUYCHHH reorpaduueckoi MHUPOTH U A0NToThHl. [IpuBoasTcs nmpoduian HOHU3ALUH B
3aBUCHMOCTH OT BBICOTBI, JAIOTCS WX KOHKPETHBIE YHCIICHHBIE OLEHKH M ONPENEISIOTCS IKBHBAJICHTHBIC 03B
W3ITy4CHHSI.

MOI[e.TIHpOBaHI/Ie PE30HAHCHOI'0 YCKOPEHUS MPOTOHOB B MArHUTHOM OCTPOBE€ B CKJIAJIKE
reJmoubepﬂoro TOKOBOTO0 CJ10HA

0.B. Munranes?!, O.B. Xa6aposa®®, X.B. Manosa*?, I.B. Munranes?, P.A. Kucios®, M.H. Menbuux?,
I1.B. Cenxo®, J.M. 3enéusrit®

YTonapuonii 2eopusuueckuii uncmumym PAH, Anamumer, e-mail: mingalev_o@pgia.ru

2Uncmumym 3emHo20 Maznemusma, uoHocepul u pacnpocmparnenus paouosonn um. H.B. ITywikosa PAH,
Mockosckas oban., . Tpouyk, Poccus

SUncmumym xocmuyeckux uccnedosanuii PAH, Mockea

*Hayuno-uccredosamenvckuii uncmumym aoephoti puszuxu um. J.B. Crobenvyvina MY, Mockea

B pabote npennoxeHa aHAIUTHYECKAsT MOJEIH 3JICKTPOMATHUTHOTO TOJIS B 3JCKTPOHEHTPAIILHOM MEPHOIUICCKH
KOJICOJTIOIIEMCSl MATHUTHOM OCTpOBE. B Mopenu 31eKTpudeckoe Mojie SBISIETCS YUCTO MHAYKIUOHHBIM H UMEET
CYIICCTBEHHYIO IPOJOJBHYI0 KOMIIOHEHTY MOYTH BO BCEM OCTPOBE BO BpeMsl OOJBIIEH YacTH €ro IepHoja
koseOannii. C TOMOIIBI0 3TOM Mozenw ObLT BBIOpaH DSl MOJICIBHBIX ITAPAMETPOB, KOTOPHIC COTJIACYIOTCS C
OKOJIO3€MHBIMU HAOIIOACHUSIMH MAarHUTHBIX OCTPOBOB ¢ pa3mepamu ~0.01 a.e., pacpoCTpaHSIOIIUXCS BMECTE C
COJTHEYHBIM BETPOM BIOJb renuocgeproro TokoBoro cios (I'TC). beuto BEIOpaHO MIMPOKOE MHOKECTBO HadaIbHBIX
TOYCK BHYTPU OCTpPOBa, U Ha6op Ha4YaJIbHBIX MOMECHTOB BPEMCHH, KOTOPBIC COOTBETCTBYIOT PA3JIMYHBIM (I)aSaM
konebaHnii ocTpoBa. B KauecTBe HayalbHBIX CKOPOCTEH HCIIOIBb30BANACh MOAPOOHAs CeTKa B IMPOCTPAHCTBE
CKOpOCTeH B chepruecKoil cucTeMe KOOpIMHAT ¢ HAYaIbHBIMU KHHETHYECKUMU SHEPTUAMH B tuamna3zoHe oT 10 3B 10
100 k3B u marom B 10 1o yriam HampasiieHUs] CKopocTd. HadanpHas sHeprust MeHsu1ach ¢ marom 10 3B B quanasone
o1 10 3B 110 0.5 ¥3B u ¢ marom 0.5 k3B B muanazone ot 0.5 k3B 10 100 k3B. J{ns ka)xaoro BapuaHTa MO MOIETHHOTO
OCTpPOBa M I KAXKJOr0 HAYAIBHOTO YCIOBUS (HAYaJIbHOW TOYKH, HAYaJIbHOTO MOMEHTAa BPEMCHH Y HAa4yallbHOU
CKOpPOCTH) OBLTH MPOBEACHBI PacueThl TPACKTOPHIA MPOTOHOB BIUIOTH JO BBUICTa M3 OCTPOBa B CHCTEME OTCUCTA,
JIBIDKYILCHCS BMECTE C COJIHEYHBIM BeTpoM. [lo pe3ynpTaraM 3THX PacyeTOB Ui Ka)KIOW HAYaIBHOW TOYKH,
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HAYaJIbHOTO MOMEHTA BPEMEHH M AJSI K&KIOTO YpPOBHS HAadadbHOW SHEPTHM ObIIM HaHAEHBI cpemHss (1Mo yriam
HaNpaBJICHU HA4aJIbHON CKOPOCTH), MaKCHMallbHasi 1 MUHUMAaJIbHAs! SHEPTUsl BEUIETEBIINX M3 OCTPOBA POTOHOB, a
TaKKe cpemHee (1Mo yriaM HallpaBJICHUs CKOPOCTH), MAaKCHMalIbHOE 1 MUHUMAJIbHOE BPEMS HaXOKACHHS TPACKTOPHU
B ocTpoBe. Taxke Uil AMArHOCTHKH aHM30TPOIIMH CKOPOCTEH BBUIETa PacCUMTHIBAIACH (DYHKIUS pacIpeaciIeHUs
TpaeKTOpuUil 0 yrjlaM HalpaBlIeHHs] CKOPOCTH BbuieTa. [loka3aHo, UTo /Ui HauanbHBIX 3Hepruil B nuamnasone ot 0.5
k3B 1o 100 k3B nmerot Mecto pe3oHaHCHBIE 3P (EKTH YCKOPEHHSI IPOTOHOB MPOIOIbHBIM 3JIEKTPHYECKUM MOJIEM 10
CpeqHel sHepruu BbLIETa B COTHU K3B u pmaxe cBeime 2 M»3B, mpuuem HampaBieHHs CKOpOCTeHl YCKOPEHHBIX
IIPOTOHOB HMEIOT CHJIBHYIO aHM30TPOIMIO, a MaKCUMalbHO AOCTHXHMAas JHEPrusl CYyIIECTBEHHO 3aBHCUT OT
HavyaJIbHBIX MapaMeTpoB. TakuM 00pa3oM, KOJICOTIONINICS MarHUTHBI OCTPOB B COJTHEYHOM BETPE MOIKET SBISATHCS
3¢ QEKTUBHBIM YCKOPUTEJIEM IPOTOHOB. [IpoBeieHHOE MOIeIMPOBaHUE MTO3BOJIAET OOBSICHUTD YacTO HAaOII01aeMble
BOIM3H TenMnoc(hEepPHOTO TOKOBOTO CIIOSl aHM30TPOIHBIE MOTOKM YACTHIL C SHEPTUSIMU OT COTEH K3B 10 HECKOIbKHX
Mb>B. IlpononbHOe HMHAYKIMOHHOE 3JEKTPHYECKOE IOJE€ B MAarHUTHOM OCTPOBE, DPACIOJIOKEHHOM BHYTPH
KoneOomelicss kpynmHoMmacmradbuoit cxmagku ['TC, cmocobHO 3PpPEeKTHBHO YCKOPATH MAAAONIHe Ha MAarHUTHBINA
OCTPOB TIPOTOHBI, MPEIYCKOPEHHBIE 10 SHEPTUH mopsiaka KB mim necsatkoB k3B. [lepBuuHOE yckOpeHHE MOXKET
MIPOMCXOUThH B PE3YJIbTATE MAarHUTHOTO NEPECOCTUHEHHS, KBAa3HUPETYIIPHO MPOTEKAIONIETO IO BCE MOBEPXHOCTH
I'TC, unu xe B pe3yabTaTe CKaTUS WIK CIMSHHUS MAarHUTHBIX OCTpOBOB BHYTpH ckianok ['TC. IlpumeuarensHo, 4To
CpeHssl SHEPTUs BBUIETA U3 CHCTEMBI OYEHB cl1ab0 3aBUCUT OT HauyaJIbHOM 9HEPTUH MPEAYCKOPEHHBIX IPOTOHOB, TO
€CTh YacTHUIBI C MEHBUIIMMM HayalbHBIMU 3HEPTUSMM HCIHBITHIBAIOT OOJblllee OTHOCUTENBHOE YCKOPEHHE, YeM
YaCTHUIIBI C H3HAYAJIbHO 00Jiee BHICOKMMHU HaYaJIbHBIMHU SHEPTHSMHU.

HoBblii y3koHANIPaBJIEHHbI HEMTPOHHBIN CIIEKTPOMETP B KOMILUIEKCHOM ccTeMe MOHUTOPUHIA
E.A. Muxanko, A.B. I'epmanenko, }0.B. baraoun, E.A. Maypues
Honsapuwuii 2eopusuueckunt uncmumym, Anamumol, Poccust

[Tpu B3aMMOJEHCTBIM KOCMUYECKHX Jiydel ¢ aTMocdepoii 3emin o0pa3yroTcs HEHTPOHBI B IIUPOKOM JTHAIa30HE
9Hepruii: ot TemaoBsIX 10 1 I'9B u Beime. Mimeromnasicst B [onsipaom ['eoduznueckom uncturyre (I1I'N) kommexcHast
CHCT€Ma MOHHUTOPHHIA IO3BOJISIET PETUCTPHPOBATH HEHTPOHBI pasnu4HbIX >Hepruil. CTaHAApTHBIN HEHTPOHHBIN
MoruTop 18-NM-64 (HM) uyBcTBHTENEH K HEHTpOHAM ¢ 3HEprusaMu >50 MaB. beccBuHIIOBas CEKIHsS HEHTPOHHOTO
MoruTtopa (BCHM) peructpupyeT HEHTPOHBI ¢ 3HEPTHsIMH OT COTeH K3B mo emmnmn M»>B. JlomonHuTEnhHO Ha
CTaHIMM HEHTPOHHOTO MOHHMTOpA T. AmaTHTH OBII pa3paboTaH M yCTAHOBJICH HEWTPOHHBIN CHEKTPOMETP C TPEeMs
SHEPreTUYECKUMH KaHalaMH, JUarpaMMa HaIlpaBIEHHOCTH KOTOPOTO COCTAaBIISIET JECATKH IpamycoB. JpyruMmu
CJI0OBaMH, C MOMOUIBIO TOrO AETEKTOpa MOKHO NPOBOAUTH M3MEPEHHS DHEPreTHUECKOro CHEKTpa HEHTPOHOB B
Pa3HbIX HarpaBieHUAX. DY EKTUBHOCTh PETUCTPAMM W AWarpaMma HalpaBJICHHOCTH HOBOTO JIETEKTOpa ObUIH
npeABapuTeNbHO cMojenupoBanbl npu nomomu nakera GEANT-4. CoOpaHHble B TE4YeHMHM TOJa JaHHBIE
00paboTaHbl, MOTyYEHBI IPEIBAPUTEIBHBIE PE3YITbTATHI.

O MexaHH3Me YCKOPEHHS YACTHI] B KOCMHYECKOM MPOCTPAHCTBE
W.M. Hoaropusii', A.W. IlogropHsi?

YUncmumym acmponomuu PAH, 2. Mockea, e-mail: podgorny@inasan.ru
2Pusuveckuti uncmumym PAH um. IT. H. Jlebedesa, 2. Mockea, e-mail: podgorny@inasan.ru

OTKpBITHE KOCMHYECKHX JIydel SBUIOCh Hanbojee PEeBONIONMOHHBIM COOBITHEM COBPEeMEHHOU (u3nku. BriepBbie
OBUIO TOKAa3aHO CYIIECTBOBAHME PAa3HOOOPA3HBIX 3JIEMEHTApHBIX YacTHI, T.€. HA4daJoCh OypHOE pa3BHUTHE
COBpEMEHHOM sAnepHoi pusuku. MHTEpec K Gpu3MKe KOCMIYECKUX JIydeil SBUIICS CTUMYIIOM JUIS pa3paboTKH MepBhIX
CHEeMaTN3UPOBAHHBIX KOCMUYECKHUX allapaTtoB. B necsaTkax KHUT paccMaTpUBAIOTCS BO3MOXKHOCTH YCKOPEHHS
YacTHIl B KocMoce. Bce 3T paboThl OCHOBaHBI Ha HUYEM HE JIOKAa3aHHBIX IIPEIIIOJIOKEHUSX HE MOTYT OBITH
TIOJTBEPK/ICHBl MHOTOJETHUMH HaOmoneHussMu. OTKPBITHE COJHEYHBIX KOCMHMYECKHX Jyded W uHpopmanus,
MOJy4eHHAs: U3 MUPOBOM CETU HEWTPOHHBIX MOHUTOPOB U MU3MEpPEHHH Ha KOCMUYECKUX almapaTax 3a IpeAeaaMu
MarHuTHOTO MOJIs 3€MJIM, IO3BOJIAET OAHO3HAUHO YTBEPXKJAaTh, YTO UCTOUHUKOM COJIHEUHBIX KOCMHUUYECKUX JIyudeit
SIBJISIFOTCS COJIHEYHbIE BCHBIIKY. HabmroaeMble CIIEKTphI TPOTOHOB MOTYT (DOPMHUPOBATHLCS MPH PacIajie TOKOBOTO
c1osi. OTU SBJICHHS XOPOILO ONMUCBIBAIOTCS MEKTPOIMHAMUYECKOM MOJEIBIO COHEYHOM BCIBIIIKY, IOCTPOEHHO! Ha
OCHOBE JaHHBIX HAOJIOACHUH M YUCICHHOTO MAarHUTOTMAPOJMHAMHUYECKOTO MOAEIHPOBAHUS NPH HCIIOIB30BAHUH
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HavyallbHbIX ¥ TPAaHIYHBIX YCIOBUI MOJEIMPOBAHMUS, B3ATHIX U3 HAOIIOICHNS aKTUBHBIX 001aCTe! epe BCIIBIIIKOH.
AHanorn4yHOE SIBICHWE YCKOPEHHS NPOTOHOB paHee HAOIIONANOCh B J1a0OPAaTOPHBIX HCCIEAOBAHUSIX MOIHOTO
HMITyJIbCHOTO Ta30Boro paspsza. K coxaneHuro, HOBbIe HAOIIOJAaTENbHBIC JAHHBIE TT0 COTHEYHBIM BCIBIIIKAM CceHvac
OTCYTCTBYIOT M3-32 aHOMAJIbHO HHM3KOIl akTuBHOCTH COJNHIA B TEKYIIEM COJHEYHOM LHKJIE. [IporHo3 comHeTHOH
AaKTHBHOCTH OCTaeTcs HE peuieHHoil npoOiemoil. [Ipn coBpeMEeHHOM NpENCTaBIEHHMH O KOCMHUYECKHX Jydax
BO3HHMKAeT MPUHIUIHATIBHO Ba)KHBIM BOMNPOC: MOXKET JIM MEXaHU3M YCKOPEHHUS IPOTOHOB COJHEYHOMN BCIHBIIIKU
OOBSCHUTH YCKOPEHHE YaCTHUI] FaJJAKTUYECKIX KOCMUYECKUX JTydeH.

XapakTepHCTHKH TypOyJIeHTHOCTH IJIa3Mbl MATHUTOCJIOS Mepe U 3a (PPOHTOM MeKIJIAHETHOH
YAApHOIi BOJIHBI

JI.C. PaxmanoBa, M.O. Ps3zanuesa, H.JI. bopoakosa, O.B. CanyHosa, I'.H. 3actenkep
HUnemumym Kocmuueckux HUccrneoosanuii PAH (MKU PAH), Mockea, Poccus

Pa6ota nocesieHa oqHOMY 13 HanOoiee re03()(HEKTUBHBIX SBJICHUI B OKOJIO3€MHOMN IPOCTPAHCTBE - MEKIUTAHECTHBIM
ymapabiM BoHaM (MYB). Maraurtocioii, pacmonokeHHBIH HETOCPEACTBEHHO Iepel] MAarHUTOIAy30H, CITYKHT
CBS3YIOIINM 3BEHOM MEXIY CONHEYHBIM BeTpoM W MarHuTocdeporr 3emum. Jlrobas MVYB, mepenm Tem Kak
BO3/ICHCTBOBAaTh HEIOCPEICTBEHHO Ha MarHMTOC(epy, CHadana IepeceKacT OKOJO3EMHYIO YIApPHYIO BOJHY H
MPOXOANT Yepe3 MarHUTOCIION, OKa3bIBas BIMSHNE Ha IU1a3My 3TOH nepexoaHoi odnactu. Kak OblIo mokasaHo panee
B JINTEPATYpPE, MAaTHUTOCIIOM - TypOyJIeHTHast 00JIacTh, I'/Ie MapaMeTphl IUTa3Mbl 1 MATHUTHOTO OJIST (QIIyKTYHPYIOT B
IIMPOKOM JMana3oHe 4actoT. B naHHO# pabote Ha ocHoBe (Dypbe-aHaiM3a W aHanW3a CTPYKTYPHBIX (DyHKUIMI
BBICOKHX TOPSIJIKOB MPOBOJUTCS CPAaBHEHUE XapaKTEepUCTUK TypOyJIEHTHOCTH IUIa3MBbl mepes U 3a ppontom MYB,
peructpupyemoil crytHukoM CnekTp-P B Marautocnoe. MccnemoBaHne OCHOBaHO Ha JaHHBIX Ipubopa BMCB,
HU3MEPSIONIEr0 XapaKTepUCTUKU IUIa3Mbl C BPEMEHHBIM paspemeHreM 31 Mc. AHaIM3UPYIOTCS HECKOJIBKO CIydaeB
peructpaini MYB u paccmarpuBaeTcsi 3aBUCUMOCTD XapaKTEPUCTUK TYpOYJIEHTHOCTH IIJIa3Mbl MAarHUTOCIIOS 32 MX
¢ponrom ot napamerpoB MVYB - tonuuHbl (h)poHTA, CKOPOCTH, HAKJIOHA, yrila MEXIY HOPMalbl0 K (POHTY M
MEKIUIAaHETHBIM MarHATHBIM TIOJIEM.
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Evaluation of TEC adaptation technique of the IRI-Plas model

S.J. Adebiyi?, B.O. Adebesin?, S.O. Ikubannit, B.W. Joshua?

!Department of Physics, Landmark University, P.M.B. 1001, Omu-Aran, Kwara State, Nigeria
2Department of Physics, Kebbi State University of Science and Technology Aliero, Kebbi State, Nigeria

Empirical models of the ionosphere such as the International Reference lonosphere (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 (IR1-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 foF2 estimation error is generally higher/smaller
at the trough/crest for both quiet and disturbed conditions. The hmF2 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. Andreeval, E.D. Tereshchenko?, M.O. Nazarenko?, I.A. Nesterov!, N.Yu. Romanova?

IM.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: lonospheric and geomagnetic effects in the lower ionosphere of high latitudes
S.M. Chernyakov?, S.V. Nikolashkin?, V.A. Tereshchenko!

!Polar Geophysical Institute, Murmansk, Russia
2Institute 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 Bogoslovka,
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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 ExB drift velocities from magnetic field variation

K.A. Diaby, O.K. Obrou

Laboratoire de Physique de l'Atmosphére 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(A3Z,+,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®I1 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?, I.E. Zakharenkova?, K.G. Ratovsky*, R.Yu. Lukianova®®, I.V. Despirak’,
B.V. Kozelov’, S.M. Chernyakov’, 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

2]. Kant Baltic Federal University, Kaliningrad

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

“Institute of Solar-Terrestrial Physics SB RAS, Irkutsk

SGeophysical Center RAS, Moscow

®Space Research Institute (IKI1) 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, lonosphere, 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(0)/n(N>) ratio and a decrease in n(N2) 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. Kotoval?, M.V. Klimenko*?, V.B. Ovodenko®, Yu.V. Yasyukevich*®

West Department of Pushkov IZMIRAN, RAS, Kaliningrad, Russian Federation, e-mail: darshu@yandex.ru)
2Immanuel Kant Baltic Federal University, Kaliningrad, Russian Federation, e-mail: maksim.klimenko@mail.ru
3Joint Stock Company Scientific research institute of long-distance radio communication, Moscow, Russian
Federation, e-mail: ovodenko@gmail.com

4Institute 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., SKiYMET) 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
Sodankyla 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®3 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 (Fmin) necessary to produce a
detectable disturbance of the quiescent ionospheric conductivity using the VLF technique. We define Fmin 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. Fmin 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 Fmin, 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?!?

IMurmansk 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. Forster?, V. Lesur?, A.A. Namgalagze®, 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

SMurmansk Arctic State University, Murmansk, Russia

4University 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.

lonospheric 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
2Murmansk 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.1. Rozhdestvenskaya?

Trapeznikov Institute of Control Sciences, Moscow, Profsoyuznaya street ,65
2pushkov Institute of Terrestrial Magnetism, lonosphere 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 foF2 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

I.I. Shagimuratov?, S.A. Chernouss?, 1.1. 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°%1° 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.l. 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 107 cm2*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. Stepanov?, V.L. Khalipov?, S.E. Kobyakova?, G.A. Kotova?, I.A. Golikov'?, A.Yu. Gololobov®

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

0.S. Ugolnikov!, I.A. Maslov?, A.V. Roldugin?, S.V. Pilgaev?, A.A. Galkin?

1Space 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 OSIRIS limb
scattered sunlight spectra. Atmos. Chem. Phys. Discuss., 8, 4001-4016.

2. Ugolnikov O.S., Maslov I.A., 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 foF2 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@fmi.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 FAISs, 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 ~10"1" 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 FAls (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

|.E. Zakharenkova, Iu.V. Cherniak, I.1. 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:10.1002/2013JA019392) “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.

SIBIeHne CHHXPOHU3ANMH HOHOC(EPHBIX U reoMarHuTHBIX Y HU Bo3MyIennii B paiioHe cTaHIIUH
Ka3aHb B reoOMarHMTOCIOKOMHBIN MEPUOJ

O.M. Bapxarosal?, H.A. Bapxaros?, H.B. Koconanosa?

YdIrBEOY BIIO "Huoice20podckuii 20cy0apcmeenviii apXumeKmypHo-cmpoumensblii yrusepcumem”
2pI'BOY BIIO "Huoice2opodckuii 2ocyoapemeeniviii nedazoauveckuti yrusepcumem um. K. Mununa"

YcTaHOBIIEHHE €CTECTBEHHBIX W MICKYCCTBEHHBIX HCTOYHHKOB BHyTpHMarauTochepasx MI'J] BomH - BakHas 3a71a4da
HCCIIeTIOBaHUA MOHOC(HEPHOH M TeOMarHUTHOH BO3MYIICHHOCTH. BHeMarHMTOC(EepHBIM MCTOYHHKOM TAKUX BOJH
MOJKET SABJIATHCS OBICTPBIE MarHUTOBYKOBBIC BOJHBI (BM3), mpoHMKaromie B MarHuTochepy U3 COTHEYHOTO BETpa
WIN TeHepHUpyeMble HEyCTOHunBOCThI0 KenbBuHA-I enbMrosbpla Ha MarHuTonayse. I1osiBICHHE MAarHUTO3BYKOBBIX
BOJH MOJKHO CBSI3aTh C BHYTPHMarHUTOC(EPHBIMH TIPOIECCAMHM HMEIOUIMMHU OTPaXKEHHE B IPOBOJSIMIMX CIIOSX
HMoHOC(Epbl. DTO MOXET OBITh OOYCIOBJIEHO Pa3BUTHEM TI'€OMarHUTHOM OypH, HEcTaOWJIBHOCTBIO BOCTOYHOTO
JNEKTPOJDKETA Y 3eMIICTPSICEHUSIMU OOJIBIION MarHUTYbl. L{esiblo HACTOSIIIET0 MCCIIECAOBaHUs SIBISETCS N3ydCHUE
NPUYUH CHHXPOHHU3ALUH HOHOC(EPHOH M reOMarHUTHOM BO3MYILIICHHOCTH Ha CpeJHEMINpOTHON cTaHiuu Kasans B
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HOYHBIE 4achl. [Ipw 3TOM HCIONB30BaNNMCh MAarHWTHBIE M MOHOC()EpHBIE MUHYTHBIC NaHHBIC, a TAKXKE JAaHHbIC
TapaMeTPOB COMTHEYHOTO BETPa M MEXIUIAHETHOTO MarHuTHOTO 1oyt (MMIT).

[To pe3ympTaTaM BHIIIOJIHEHHBIX HccienoBaHnil 3 ceHTAOps 2014 T. B reOMarHUTOCIIOKOHOE BpeMs Ha WHTEpBae
04:00 — 06:00 mectHOrO BpeMeHH OOHapy)K€Ha CHHXPOHHW3AIMS CIEKTPaIbHBIX OCOOEHHOCTEH AMHAMHYECKUX
CHEKTPOB KpUTHYECKOW yacToThl ciost F2 u H, E, Z komnonenT Ha crannuu Kazanb B HouHoe MecTHOe Bpems. OHa
CBUJIETENNBCTBYET O BOBMOYKHOCTH COIJIACOBAHHOM MOHOC(EPHON M reOMarHUTHOH M3 BO3MYILEHHOCTH B 00JacTH
CPeIHUX MHPOT. XapaKTepHbIC MEPUOAbI 0OHAPYKEHHBIX M3 BO3MyIIeHHI OBLIM OIpe/eieHbl METOIOM BEWBIIET-
aHanu3a. X 3Hauenwms nexar B auanazone Y HY xonebanwuii (35 - 50 munyT). [Ipn 3TOM COBIaZieHUs CIEKTPaIbHBIX
ocobennocteit ormeuarorcst s foF2 u H-kommonenTsr win st foF2 n E-KOMIOHEHTHI T€OMArHUTHOTO TIOJISL, YTO
BO3MOXKHO CBSI3aHO C IIPOMCXOJIIEH CMEHO# mousisipu3anuu Bo BpeMs paszButusi M3 mpounecca. I'mobanbHOCTB
paccMaTpUBaeMOro SBICHHA ObUIA MPOBEPEHA IIPU aHAIW3€ B TOM JK€ YAaCTOTHOM [HMANa3OHE COTIACOBAHHOCTH
BO3MYILCHNAN KPUTHIECKOH 4aCTOTHI HA CTaHIMHU Ka3aHb M KOMIIOHEHT F€OMAarHUTHOTO MOJIs Ha obcepBaTopuu Port
Alfred (toxxHOE TONyLIapHE), PACIIOIOKEHHOH HA TOH K€ Hoirore. BpUTO OTMEYEHO COBIAIEHHE CIICKTPAIbHBIX
makcumymoB it foF2 u E-xommonentsr (Port Alfred). Bosmymienus H-xommonentst (Port Alfred) mpu stom
MIPOHUCXOJIAT C 3aMETHBIM BPEMEHHBIM CIIBUTOM (70 15 MHHYT) OTHOCHTEILHO HOHOC(HEPHBIX BOSMYIICHUH. BaykHbIM
sBIsieTcst coBnazenue Boamytenuii foF2 u E-xomnonents (Port Alfred) B Te Bpemena, koraa ¢ foF2 cosnagaer H-
KOMIIOHCHTa Ha cTaHIu Ka3aHb. JTO CBUACTENBCTBYET O CMEHE Mosspu3anud M3 KonebaHuil pu mepexoje U3
CEBEPHOTO MOJYIIAPHS B 0XKHOE.

IMouck mpenmnonaraeMoro BHEMarHMUTOC(EPHOIO HMCTOYHHMKA B YCIOBHUSIX CIOKOMHOW MarHUTOC(Eepbl YCTAaHOBHI
CHUHXpOHM3aLUI0 Bo3MymieHnid By u B, kommnonentr MMII ¢ oOHapyeHHOH paHee BO3MYIIEHHOCTHIO Ha CTAHIIMU
Kazanp B TOM e Iuamna3oHe MeprHoA0oB. DTO MO3BOJISIET MPEOIOKUTh, YTO JIMHHOIEPHOAHbIe Bo3MymeHns YHY
JIMara3oHa, OTMeJaeMble B KOMIIOHEHTaX By u B; MarHnTHOTO MO CONMHEYHOTo BETpa HAXOIAT CBOE OTPasKCHUE B
BO3MYILECHUAX CPEIHEIIMPOTHON HOUHON HOHOC(HEPHI M TEOMAarHUTHOTO TTOJIS.

Iossipu3anMOHHBIC XapAKTEPHCTHKHU AJ1bBEHOBCKUX pe30oHaHcoB. MonocdepHast mossipuzanuoHHast
bynxuns

H.B. BanoB
Honapuviii ceousuueckuit uncmumym, 2. Anamumoi

B cmekrtpe ¢oHOBOro HM3KOYAacTOTHOrO Iryma mauamazoHa oT 0.1 mo 20 I'm moryt HaOmromaThes, pe30HAHCHBIC
cTpyKTypbl. CyliecTBOBaHHE PE30HAHCHBIX CTPYKTYP CIIEKTpa CBS3aHHO C HAJIMYUEM JIBYX CYLIECTBEHHBIX oOsacTel
OTpaXXeHUsI, TIEPBOM PACIONOKEHHON HIKe MakcuMmyMma Fo2 ciosi, BTopoil Ha BBICOTE 0 HECKOJIBKHX THICSY KM,
uHTepdepeHIns: BOJIH OT THX obJyiacTeil (opMUpyeT pe30HaHCHBIE CTPYKTYphl. B jaHHO# pabote mpeanaraercs
METOJI, OCHOBaHHBI Ha aHaJIM3e¢ OCHOBHBIX MOJIPH3AIMOHHBIX XapaKTEPUCTHK CHEKTpa M, Kak OyIeT IOKa3aHo
Janee, o0Nagarouuil pSIOM NPEHMYIIECTB MO CPAaBHEHUIO C TPAAMIIMOHHBIM METOJOM, OCHOBaHHBIM Ha aHAJIM3e
CHEKTPAITbHBIX MOIIHOCTEH KOMIIOHEHT MarHUTHOTO IIyMa.

Bansinue 3J1eKTPOHHBIX BBICHINAHHI HA 3(pPeKTHBHBINA KO3(PPHIMEHT peKOMOHHALINH
B.E. MBanos, X.B. [Jamkesuu
Honspuwtil ceopuzuueckust uncmumym, Anamumsi, Poccus

B pamkax 4rCIeHHOM MOAEIH HCCIIeJOBaHBI 0COOCHHOCTH MOBEACHNS 3P PEeKTHBHOTO K03 uitnenta pekoMOnHAIH
0y B 00JacTH MONAPHBIX cUsSHUHA B nHTepBane BIcOT 90—-200 kM. ITokasano, uyto B mHTEepBasie BeIcOT 90-130 kM
3¢ PeKTUBHBIH KO3()(PUINEHT PEeKOMOMHAIMN HE 3aBHUCHUT OT MapaMeTPOB BBICHINAIOIIETOCS MOTOKA 3JIEKTPOHOB H
OTIpeJIeTIsIeTCsl B OCHOBHOM KO3((HIMEHTAMH CKOPOCTEH pEeakIMid, YTO COOTBETCTBYET paHee MHOIyYEHHBIM H
IIPE/ICTaBICHHBIM B InTeparype pesynbraram. OgHako B uHTepBae BeicoT 130-200 kM, 3¢ eKTHBHBIN KO PUIIUEHT
PEKOMOMHAIINK JEMOHCTPHPYET 3aBUCHMOCTb OT BBIJICIUBILIEHCS B aTMOc(epe SHEpTUH, KOTopasi CTAaHOBUTCS BCE
OoJsiee BBIpaXKEHHOI ¢ yBenuueHuneM BbICOTHI. IlokazaHo, yro B mHTepBase BbIcOT 130-200 KM BeJMYMHA O, HE
OTIPEJIETISIETCSI TONBKO COCTABOM M (PU3UKO-XUMHIECKUMH CBOHCTBAMHU CPEJIBI, @ 3aBUCHUT KaK OT OTOKA SHEPTUH TaK
U OT XapaKTepa SHEPTETHIECKOTO CIIEKTPa BBICHITAIOIINXCSI JICKTPOHOB.
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Hcnoan3oBaHue MeTOJa MPUCTPEJKH U MPSAMOr0 BAPHANIMOHHOI0 METO/1a /ISl pacueTa pajnorpacc
KB-anana3zona B nepuoja reoMarHuTHbIX Oypb 26-29 centsiops 2011 r.

J.C. Kotosa'?, 1. A. Hocuxos'?, M.B. Kmumenko?, B.B. Knmumenko!

'Banmuiickuii pedepanvuviii ynusepcumem umenu Hmmanyuna Kanma, 2. Kanununepao, Poccus

e-mail: igor.nosikov@gmail.com

2Kanununzpadckuti punuan Uncmumyma 3eMH020 MazHemusma, UoHOChepbl u pacnpocmpanenus paduoeoit um.
H.B. Ilywkosa PAH, 2. Kanununepao, Poccus

B paborte npencraBineHsl pe3yIbTaTel pacieToB paguorpacc KB-nnanazoHa MexIy BEICOKOIMINPOTHBIMY CTaHIMSMHI
HaKJIOHHOTO 30HAMpoBaHus JloBozepo-Canexap/ B Iepruoj reOMarHuTHBIX Oypb 26 - 29 centsiopst 2011 r. B xauectse
MOJICTIH CpeNbl PacIpOCTPaHEHHsl PaJnOBONIH BhiOpaHa [nobGampHas CamocoriacoBanHass Moaens Tepmocdepsr,
Hounochepst u IIporonochepsr ('CM TUII), paspadbotannas B 30 U3BMUPAH. [IpoBeneHo CpaBHEHHE JIyUEBBIX
TpPaeKTOpUIl paauoTpacc, IMOJYYEHHBIX MABYMS Ppa3IMYHBIMH IOJXOJAMHU: METOJOM IPUCTPENKH U MPSMBIM
BapHaIlMOHHBIM MeTOoOM. B pabore 0OCYyXIaloTCs YCJIOBHS NPUMEHHUMOCTH, HPEHUMYIIECTBA, HENOCTaTKH U
MEePCHEeKTUBBl UCIOIB30BAHUSA PA3IMYHBIX MOJXOJOB K pacyeTy paguoTpacc A KOMIUIEKCHOW OLIEHKH BIIUSHHA
HOHOC(EPHBIX 3P PEKTOB, BBI3BAHHBIX T€OMarHUTHBIMU OypsIMH, Ha Ka4ECTBO PaJNOCBSI3H.

HccrnenoBanne BHIIONHEHO TpH pUHAHCOBOH moauepkke PODU B pamkax rpanta Ne 16-35-00590 mon_a.

Pe3yabTarhl Ha3eMHbIX Ha0JII0leHUIl U MoAeIMpoBaHus cTPYKTYphbI nojst B UHY-OHY nnanazone
A.B. Jlapuenko, O.M. Jlebens, FO.B. ®enopenko, C.B. [Tunsraes
Honsiproui eeopusuueckun uncmumym, 2. Anamumot, Poccus

3HaHME TNApaMETPOB BHICOKOIIMPOTHONH HW)KHEH HOHOC(EPHI SBISIETCS BAXHBIM Kak Ui (pyHIaMeHTaIbHBIX
UCCIIeIOBaHNH (HU3MYECKUX IpoleccoB B HOHOcdepe M MarHuTOchepe 3eMild, TaKk W Uil peIIeHHs psija
npakTHdecknx 3agad. K HUM MOXHO OTHECTH, HampuMep, y4eT BIMSHHA HOHOC(Eephl Ha pPe3ysbTaThl
3JIEKTPOMAarHUTHOTO 30HJUPOBAHMS 36MHOI KOpPBI, pabd0Ty HaBUTAIIMOHHBIX CHCTEM M PaaHOCBA3b. B To jxe Bpems,
nmo0ass uHpOpMaIs 0 mnpoduie 3JICKTPOHHOW KOHIICHTPAIMM W MPHUCYTCTBUU HEOJHOPOJHOCTEH B HIDKHEH
HoHoc(hepe BayKHA MPHU UHTEPIPETANUHU AaHHbIX HaOmoaeHnii OHY curHaioB Ha 3eMHOW MOBEPXHOCTH. VI3MeHeHMs
npoduis MPOBOAUMOCTH HIKHEW HOHOC(EpHI, BHI3BAHHBIE T'E€IHOT€O(PHU3NYECKUMH BO3MYIICHHSIMH, BIHUSIOT Ha
CTPYKTYPY TOJISI pACTIPOCTPAHSIOIIMXCS B BOTHOBOIE 3eMiIsi-HOHOC(hepa 2IeKTPOMAarHUTHEIX CUTHAJIOB. JTO, B CBOIO
ouepellb, TO3BOJSIET MO JaHHBIM Ha3eMHbIX HaOmronenuil curnaisoB CHY-OHY nuana3oHa nuarHOCTHpOBATH
COCTOSIHHE HW)KHEH HOHOC(EpHI.

B nmoxmame paccmarpuBaroTCs pe3ynbTaThl HaOmromeHWi cTpykrypbl moinsi MHY-OHY curHanoB mo IaHHBIM
perucTpanuy Ha BEICOKOMMPOTHOM cetu ctaniuii [II'U B 06c. «BepxreTynomckuin» (68.6° N, 31.79° E), «JIoBozepo»
(67.97°N, 35.02° E) u «bapennoypr» (78.06° N, 14.22° E). Pe3ynpTaThl HAOIIOACHUIT CPAaBHIBAIOTCS C Pe3yIbTaTAMH
MojenupoBanus pactpocrpadenuss MHU-OHY BosH B BoiHOBOAE 3emitsi-noHOC(Epa.

YucaeHHoe MoJeJIUPOBaHUE BO31eCTBUS MOIIHOM paguoBoaHbl KB-1uanazona Ha nonocgepnyio
miaa3my F-cios

O.B. Munranes, M.H. Menbauk, B.C. Munranes
Honsproui eeousuueckuit uncmumym, 2. Anamumst, Poccus

IIpoBeneHo mccnenoBaHue BIUSHHUA MOIIHBIX pannoBonH KB-nunamasona Ha moBeneHne noHochepHoi miaa3msl F-
ciosi. MomrHple pajroOBOIHBI HMCHOJB3YIOTCS NPH HCKYCCTBEHHBIX BO3JIEHCTBHAX Ha HOHOC(EpHYIO IUIa3My, B
YaCTHOCTH, BO BPEMsl HArPEBHBIX SKCIIEPUMEHTOB, KOI'/la HA36MHBIE CTEH/Ibl U3JIy4alOT BBEPX MOILHBIE PaJHOBOIHbI
KB-ananazona, KOTopble MOTIIOMAIOTCS B MOHOC(epe u HMpUBOAAT K ee Momupukanmu. McciaenoBaHnue BIMSAHUS
MOIIHBIX panaroBoiH KB-auama3oHa nmpoBeleHO METOIOM MAaTEMaTHYECKOTO MOJIEIUPOBAHUS C HCHOJIb30BAHUEM
paspaboranHoii B [lonsipHOM Te0()M3NUECKOM MHCTUTYTE YMCICHHOW MOJENH, OCHOBAHHON HAa PEIICHHH METOIO0M
KPYIIHBIX YaCTHULl CUCTEMBI ypaBHeHU# Bnacosa-Ilyaccona, B koTopoil ypaBHeHus: BiacoBa onuchIBaroT NOBEACHHE
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GbyHKIMHA pacnpeneneHus 3JIEKTPOHOB M HOHOB, a ypaBHeHHE IlyaccoHa ONMCBHIBAET CaMOCOTIACOBAHHOE
JNEKTPUYECKOE TI0NIE B IUIa3MeE.

Hccnenyercd 3aBUCHMMOCTB IUIA3MEHHBIX MApaMETPOB TOJIBKO OT KOOPAWHAT, NMEPIEHAMKYISIPHBIX MarHUTHOMY
TI0JIFO, TO €CTh 33J1a4a CYUTAETCS POCTPAHCTBEHHO 2-X MEPHOU. B uncIeHHON MOJEIN YUUTHIBAETCS ABUKEHHUE KAK
9JIEKTPOHOB, TaK U HOHOB B OPTOrOHAJIBHON N€OMarHUTHOMY IOJIIO TJIOCKOCTH.

PesynbraThl pacueToB, IpelcTaBiIseMble B HACTOsIIE paboTe, MONyYESHBI NIPU 3HAYEHUSIX BXOJHBIX MapaMETPOB
MOJIETIH, TUIMYHBIX JUI1 HOYHOW MoHocdepsl Ha BbicoTe 300 kM. Momnas paanoBonHa KB-auanasona cuuranach
cTOsTuei! OOBIKHOBEHHOH BOJIHOM, MMEIOIEH YacTOTy BEPXHETHOPHIHOTO pe30oHaHca. BeKTop aJeKTpH4ecKoro moJs
BOJIHBI JIE)KAJI B IUIOCKOCTH, MEPIECHINKYISIPHOW MarHUTHOMY IOJIIO, B KOTOPOW JIEXKHT U 00J1aCTh MOJEINPOBAHUSL.
AMIUTY Bl OPTOTOHATBHBIX KOMIIOHEHT IEKTPUUYECKOTO MOJISL BOJIHBI CUUTAIUCH OJJUHAKOBBIMU U paBHBIMHU 0,49
B/M Ha ypOBHE IIYYHOCTH PaJHOBOJHBI, YTO BIIOJHE IOCTH)KHMO, HAIIPUMEp, VI BBICOKOIIMPOTHOTO HAarPEBHOTO
crerna B . Tpomce (Hopserus).

Pacuersl moka3zany, 4To B 00JIaCTH MOJEIMPOBAHMS, KOT/Ia OHA HAXOAWIACh HA YPOBHSIX ITyYHOCTEH M Ha YPOBHAX
Y3JIOB CTOSYEH BOJIHBI, COBEPILICHHO II0-Pa3HOMY BEJIH ceOs IMIPOJMHAMHYECKHE CKOPOCTH 3apsDKEHHBIX YaCTHUI]
(371€KTPOHOB W TOJIOXKHUTEIBHBIX HOHOB). Ha ypOBHSX Y3JI0B 3TH CKOPOCTH OCTAaBAJIMCh ONM3KMMH K HymO. A Ha
YPOBHSX ITyYHOCTEH BEKTOPHI THAPOANHAMHUYECKUX CKOPOCTEH 3apsKEHHBIX YACTHI (3JIEKTPOHOB U MOJ0KUTEIBHBIX
HMOHOB) BpallaJIUCh C YAaCTOTOM, PAaBHOM YaCTOTE MOIIHOM pagnoBOIHBL. [Ipy 3TOM BeTMUMHA CKOPOCTH AJIEKTPOHOB
CYIIECTBECHHO MPEBbIIIATIA BEIUINHY CKOPOCTHU IMOJIOKUTCIIbHBIX HOHOB U JOCTUT'a]lIa HCCKOJIBKUX KM/CeK. 10T q)aKT
MO3BOJIMJI HaM BBICKAa3aTh THUIOTE3y O TOM, YTO OOHAapyXKeHHbIH 3(QdekT, Hapsay ¢ APYTMMH H3BECTHBIMH
MEXaHU3MaMH, MOXET MPUBOJUTDH K JIOKAJIbHOMY HAarpeBy 1ia3Mbl B O6J'IaCTI/I BO3ZLCI‘/IICTBI/IH MOLIHBIX paJIXOBOJIH KB-
JUarna3oHa.

Ocobennoctu perucrpauuu u 00padorkn 1anubix CHU-OHY curnasos Ha oocepBaropusix III'K B
APKTHYeCKOM 30He

C.B. ITuneraes, A.B. Jlapuenko, O.M. Jlebenp, M.B. ®unaros, A.C. Hukurenko, H0.B. ®degopenko
Honapuviii ceopusuueckun uncmumym, 2. Anamumot, Poccus

Ilpn mpoBeneHWHM S3KCIEPUMEHTAIBHBIX HCCIEOBaHWN Te0(pU3NYECKUX SBICHHH YacTo KpOME CTaHAAapTHOH
annapaTypbl HEOOXOJMMO aJanTHPOBAHHOE K HAyYHBIM 3aJlauaM M3MEpUTeIbHOE 00OpYAOBaHUE C YHHKAIbHBIMU
xapaktepuctukamu. B Ilomsapaom reodmsmueckom wnHcturyre (IITM) paspaboranbl, CO3JaHbl W YCHELIHO
9KCITYaTUPYIOTCS TIPHOOpPBI, TpeIHa3HAYE€HHbIE Ui MHOTOKOMIIOHEHTHBIX M3MEpPEHHH HHM3KOYaCTOTHBIX
anexkrpomarHuTHeIX nojet KHY, CHY nu OHY auana3oHoB. MIX OTIHYMTENEHON YepTOH ABISAETCSA BEICOKOTOYHAS, C
OIMOKOH, HE TPEBBIMIAONICH eIUHUI] MHUKPOCEKYH[, CHHXPOHM3alHs pPe3yJIbTaTOB H3MEPEHHH C MHPOBBIM
BpEeMEHeM, OCyIecTBIIsIeMast ¢ moMonisio mpueMHnkoB GPS/GLONASS.

B nanHo#i pabote npencraBieHa pa3padoranHas B [10aspHOM reopu3nuecKOM HHCTHTYTE anmapaTypa s Ha3eMHbBIX
HaOJI0IeHUIT HU3KOYacTOTHBIX 3ekTpoMarHuTHEIX mojieit KHY, CHY n OHY nuamaszonos. IIpuBoauTcs kpatkoe
oTMcaHue MPHOOPOB, aHATU3UPYIOTCS UX 0COOCHHOCTH, OTIIMYAOIINE 3TH MPUOOPHI OT CTAaHAAPTHOM reopu3nuecKoit
annapaTypbl, a TaK)Ke OINUCHIBAIOTCS aJTOPUTMBI M MPOTPaMMBI, IpeJHa3HaueHHbIE i 00paboTKu LU(POBBIX
reoU3N4YecKuX JaHHBIX, OTCYETHl KOTOPBIX CHHXPOHM3UPOBAHBI C MHPOBBIM BPEMEHEM C BBICOKOW CTEIEHBIO
TOYHOCTH.

YecTpoiicTBO A1 KAINOPOBKH PerucTPaToOpPoOB 3J1eKTPOMATHUTHOIO MOJIS
C.B. ITunsraes, A.B.Jlapuenko, O.M. Jlebenp, M.B. ®unaros, A.C. Hukutenko, 10.B. ®enopenko
Honapuvui ceopusuueckuit uncmumym, 2. Anamumut, Poccus

B IIT'U ucnone3yercs ceTb BBICOKOLIMPOTHBIX CTaHIUM Ha3eMHON PErucTpalud KOMIIOHEHT JJIEKTPOMAarHUTHOIO
noixs KHY, CHY u OHY nnanazonos. [Ipu uccnenoBannu 3peKkToB pacpoCTpaHEHHs IEKTPOMarHUTHBIX BOJIH B
BOJIHOBOZIE 3eMirsi-MoHOC(epa BO3HHMKACT psill 331ad, NPU PEILICHUH KOTOPBIX TPEOyeTCsl NMPEeLU3UOHHAs NPUBS3Ka
U(POBBIX JaHHBIX K MUPOBOMY BpeMeHH. [IpaBUIbHOCTh HHTEPIIPETALNH JAHHBIX N3MEPEHUH BCEIETI0 3aBHCUT OT
TOYHOTO 3HAaHMS XapaKTEPUCTUK M CBOWCTB JAaTYMKOB, BXOISIINX B KOHCTPYKIHIO PETHCTPATOpPOB, M TOYHOCTH
OTIpEICTICHUS] TIEPEIaTOUHBIX XapaKTEPUCTHK MX M3MEPHUTEIBHBIX KaHAIOB. B XOae NMpOBEICHHBIX HCCIEIOBaHMI
OBLIO BBISIBICHO, YTO JUIS ONIPEACICHHS XapaKTEPUCTUK M3MEPHUTEIbHBIX KAHAIOB re0(pH3MIECKOro 000pyI0BaHHS C
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TpeOyeMoil TOYHOCTBIO HEIOCTATOYHO pacyeTa IO JIEKTPHUECKHM CXeMaM M HEOOXOAMMO NPOBEACHHE MPSIMBIX
n3MepeHuil. ABTopamu Obuta pa3padoTaHa METONWKA aMIUTUTYOHON M (ha30BOH KaTMOPOBKH H3MEPHTEIBHBIX
kananoB KHY-CHY u CHY-OHY peructpatopoB, a Takke pa3paboTaHO M CO3MAaHO yCTPOMCTBO IS MPOBEICHUS
JAaHHBIX M3MepeHuil. PaspaboTranHoe ycTpoilcTBO MpeacTaBisIeT CO00i reHepaTop CHTHAJIOB ¢ MIPUBS3KON BOTHOBOM
¢opmbl curnana k curnany GPS mpuémuuka. Mcnonb3oBanue nanHoro reHeparopa aiist kanubposku CHUY-OHY
peructparopa B JIoBO3epo MO3BOMWIO pacCUUTaTh aOCONIOTHYIO 3aJepKKy, BHOCHMYIO IPOLIECCOM aHaloro-
mdpoBoro npeoOpa3oBaHMs M Y4ecTb €€ NPH HMHTEPIPETalud Pe3yJIbTaTOB HM3MEPEeHHH B DKCIEPUMEHTE 10
MOIU(UKAUMK  HOHOC(HEpPH  MOIYIMPOBAHHBIM  KOPOTKOBOJIHOBBIM ~ CHUTHAJOM  HAarpeBHOrO  CTEHIOM
«EISCAT/heating» 2016 rona.

B3aumocBs3b opHeHTALIMY NONIEPEYHOH AHN30TPONUH MeJIKOMACIITAOHBIX HEOHOPOAHOCTEl B F-
00J1acTu cy0aBpopaIbHOii HOHOChEPHI U TOPU3OHTAIBLHOIO BeTpa

H.}O. Pomanosa
Honsiproui eeousuneckun uncmumym PAH, Mypmanck

Ha ocHOBe JaHHBIX CITyTHHKOBOTO PaJHO30HANPOBAHUS, TTOJYIEHHBIX EMOYKOH craHnuii Mocksa-babaeso-Kems,
OTIpeZielieHa OpPHEHTAIMs IonepedHol aHu30Tponuu Pa MenkoMacmTaOHBIX (OT HECKOJIBKHX COTEH METPOB IO
HECKOJIbKIX KHJIOMETPOB) HEOJHOPOIHOCTEH 3JIEKTPOHHOHN IUNIOTHOCTH B F-001acTu cybaBpopanbHOil HOHOCGHEDHI.
JanHbie moydeHsl B iepuo ¢ okTsa0ps 2008 r. mo mapt 2012 r. s KaI0ro KOHKPETHOTO CITydasi PerHCTPauu
MEJIKOMACIITaOHBIX HEOTHOPOJHOCTEH pAcCUMUTAHO HAMpABICHHE TOpU30HTAIBHOTO BeTpa (Momens HWMO7).
YucneHHOe CONOCTaBIEHHE IKCIIEPUMEHTAIBHBIX U TEOPETUUECKHIX JAHHBIX [T0KA3aJI0, YTO B OOJIBIIMHCTBE CIIy4acs
MeJIKOMacIITaOHble HEOJHOPOJAHOCTH B MEPICHIUKYIIIPHOH K MArHUTHOMY TIOJIIO TUIOCKOCTH BBITSTHBAIOTCS BIIOJIb
HaIpaBJIEHUs TOPU30HTAILHOTO BETpa.

O HEeKOTOPBIX aCHEeKTAX UCIOJIb30BAHUS JAHHBIX HA0II0AeHU I I0JIHOT0 3JIEKTPOHHOT 0
coJepskaHusi HOHOC(ePHI B LEJSAX MOCTPOEHHS METOAMK MPOrHO3a CHIIbHBIX 3eMJIeTPSICEeHMIt

E.C. Tpyxanosa, O.B. 3om0T0B

Mypmancxuii punuan Canxkm-Ilemepoypeckozo ynugepcumema 20Cy0apCcmeeHHol NPOmuGonoACapHoU CryHcovl
MYC Poccuu (M® CII6 YI'TIC MY9C Poccuu)

B pabote aHanu3upyroTcs SBIEHUS — BO3MOXKHBIE HOHO(EPHBIC MPEABECTHUKH CHIIBHBIX CEHCMUYECKHX COOBITHH.
Ha ocHoBe coBpeMEHHOTO COCTOSHHS IPOOJIEMBI OCYIIECTBICHHS CBSI3M CHUCTeMBI '"inTocdepa-noHoctepa"' n
ocobeHHocTel mposiBiieHHs (3P (EKTOB) ITOH CBSI3M B BAPHAIHMX MOJTHOTO 3JIEKTPOHHOTO CO/IEpKaHMsI HOHOC(EpHI B
MIEPHO/IBI, TPEMIECTBYIOMNE CHIBHBIM 3€MIIETPSCEHUSIM, NMPEIIOKEHa CXEMa IOCTPOCHHS METOAMKH HpPOTHO3a
CHJIBHBIX CEHCMHYECKIX COOBITHI Ha OCHOBE aHAIIN3a JAHHBIX CITyTHUKOBBIX HAOIIOICHUI.

Perncrpanusi pakypcHoOro paccesiHusi paoBOJIH Ha pajape AelUMeTPOBOr0 ANANA30HA C
IIHPOKUM CEKTOPOM 0030pa

N.B. Trotun, B.b. OBonenko, C.A. [lymaii
OAO "HIIK "HHUUJ[AP"

OKCIIepUMEHTAJIFHBIM HCCIIEJOBAHUSAM pakypcHoe paccesHue paanoBoiH B YKB n KB nmamazonax mocsimmieHO
3HAYUTEIbHOE KOIWYECTBO PabOT. DKCIEPHUMEHTAIbHBIE JaHHBIE [0 PETHUCTPALMK aHW30TPOITHOTO PACCESTHHSA Ha
HOHOC(EpHBIX HEOJAHOPOTHOCTIX ciogd E, momydeHHBIe Ha pajgapax B peKHME HENPEPHIBHOTO CKAHWPOBAHUS IO
a3UMYTy B TEUCHHE CYTOK, B IUTEPAType MIPAKTUIECKH HE PACCMATPUBANIKCE.

B paboTe npousBoaMTCs aHaIM3 MPOCTPAHCTBEHHO-BPEMEHHOI'O pAacHpe/ielieHHs] 00paTHOTO paccestHUs PagroBOIIH
Ha MOHOC(EPHBIX HeoqHOpoJHOCTIX E citos Bo Bpems reomarunTHoi aktuBHOCTH 20 siHBaps 2016 roza.
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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 ozone 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.l. 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.1. Osipov?, A.V. Poberovsky?, V.G. Ryskin!, V.A. Yushkov?

nstitute of Applied Physics, N. Novgorod, Russia
23aint 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 0zonesonde
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 |l 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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DJIeKTPOHHO-B030Y:KIeHHbIe KHCJIOPOIHbIE COCTABJSIIONIUE B aTMoc(epax NJjIaHeT 3eMHO#l TPyNbI
0O.B. Anronenko, A.C. Kupunnos, 10.H. Kynukxos
Honsapuvui eeopusuueckun uncmumym (II'H), e. Anamumei, Poccus

PaccMOTpeHbl  TIpoLiecChl  BO3OYKIEHMS M TallleHUs 3JIEKTPOHHO-BO30YkKIEHHBIX cocTosiHMi ['eprbepra
MOJIEKYJIIDHOTO KHCIIOpoia B aTMoc(epax IUIaHET 3eMHON TpYNNbl HAa BBICOTAX CBEYEHHS HOYHOrO Heba.
OO6CY,Iar0TCs NPUHIUMUATLHBIE PA3IMYUs KHHETHKH SIEKTPOHHO-BO30YXKIECHHBIX COCTOSHUH O2 B HOYHBIX
armocgepax 3emnu u Benepsl. [TposesieH pacueT konebaTeNbHbIX HacedeHHocTel cocTosuuil ¢1Zu™, AAu, ASTu* Ha
BBICOTAX CBEYEHMs HOYHOTO Heba MIaHeT 3eMHOM rpymnbl. HabmoaeTcs Xopoliee coracue pesysibTaToB pacdera ¢
pesyJbTaTaMi Ha3eMHbIX HAOJNIOICHHI M CIEKTPATbHBIMU JIAHHBIMH, TIOMY4EHHBIMH C 0GOpTa KOCMHYECKHMX
JieTaTeNbHbIX annapaTos.

®onoBoe ramma-uziayuenue 0.2-5 MaB B npuszeMHoM ciioe atmocgepbl
10.B. bana6un, A.B. 'epmaneHko
Honapuwiii ceousuueckust uncmumym, 2. Anamumet, Poccus

B nmaGoparopun KOCMHYECKHX JIydel BEJETCS MOHUTOPHHT MATKOTO FaMMa-H3JIydeHHUs, IPUXOSIIETO Ha AETEKTOP
n3 BepxHell nonycdepsl. Henpepreiao nzmepsiercs auddpepeHnnanbHbIi CIeKTp raMMa-u3iaydeHus B quanasone 0.2-
5 M»aB. HakoruieHbl TaHHBIC 32 PsiJ JICT, BBIICICHBI BApUAIIMH PAa3HOM MPUPOIBI U IEPUOTUIHOCTH. B manHO# padoTte
NPE/ICTAaBIICHBI Pe3yJIbTaThl ClIeHaIbHONW 00paboTKu criekTpoB. [Ipexne Bcero, moiydaemslid nuddepeHimanbHbIil
cnektp Obul pa3duT Ha mojocel mupuHOi 200 k3B. Hammuwme Gosplioit 0a3pl JaHHBIX MO3BOJIMIIO C XOPOILEH
TOYHOCTBIO OTNpENeNuTh OapoMeTpuueckne Kod(pduUIMEHTH s Bcex Mmojioc OTnaeNbHO. Okazaioch, 4TO C
YBEJIMUCHUEM YHEPIUU OapoMeTpuueckuii koaddummeHt Bozpacraet ot 0.16 %/mM6 (200 k3B) 10 0.4 %/M6 (5 MaB).
Kpome Toro, pazbueHne Ha I10JI0CH! BBISIBUIIO M IPUHIMIIMAIBEHOE pa3jInuie ABYX THIIOB BapHaIliii, HAOII0IaeMbIX B
MSTKOM ()OHOBOM ramMma-u3inydeHun. Ce3oHHas BapHanus B AaTHTax cocTaBisieT ~25 % W IMPOCTHUPAETCS TOIBKO
1o sHepruii ~800 k3B, B To BpeMs Kak Bo3pacTaHus raMMa-(oHa rmpu ocaakax (B AnatuTax gocturatot ~ 50 %) geTko
nposBisiores 10 2.5 M»sB. Ilpu 3TOM ce30HHas Bapualus ONpelenseTcs TOJIIMHOM CHEXHOro IOKpOBa, a
BO3pPACTaHMS BBI3BIBAIOTCS OCA/IKAMH B JIIOOOM BHUJIE.

BiansiHue MUKPOKJIMMATA HA HAJEKHOCTh BOCCTAHOBJICHHSI JJIMHHBIX TEMIIEPATYPHBIX PSA/I0B
B.N. lemun
Honapuviii ceousuueckust uncmumym, 2. Anamumoi

MUKpPOKIMMATHUECKUI PEKUM B MECTaX Pa3MELIEHHs THAPOMETEOPOIOrHYECKUX CTAHIIMN OKa3bIBaeT BIMSHUE HA
Pa3HOCTh TEMIIEPATYPBI BO3AyXa MEXKAY HUMH, UYTO CKa3bIBACTCS HA HAJIEKHOCTH BOCCTAHOBIICHUS TEMIIEPATYPHBIX
PSAIOB HA CTAHIMAX C KOPOTKUMH PAJaMH HAOIIOCHUH TI0 JaHHBIM ONMKANIINX [UIMHHOPSAHBIX. D¢ (EeKT BhI3BaH
T€M, UYTO MHKPOKINMATHYECKHE OCOOCHHOCTH TPOSBISIOTCA TIPH OMpPENENeHHBIX IOTOAHBIX YCIIOBHSAX,
MTOBTOPSIEMOCTH KOTOPHIX B Pa3HbIe MaKPOUMPKYIIAIMOHHBIC STIOXH pa3indHa. HemocTosHHBIN XapakTep pa3HOCTH U
JlaXe €€ MHOIOJIETHMM TpeHA 3aTpy[HseT M3ydeHHE psfa KIMMaTU4ecKux sBiaeHuil. Hanpumep, Ha
THIPOMETEOPOJIOTHYECKON CTaHIMK B T. MypMaHCKE CTAaHOBHTCS TeIIee OTHOCHUTENFHO OJHUX (DOHOBBIX CTAHITUH,
YTO MOTJIO OBI pAaCCMaTPHUBATHCS KaK MHTEHCHU(HUKAIINSA TOPOJICKOTO «OCTPOBA TEIIA», HO OTHOBPEMEHHO CTAHOBHUTCS
XOJIOZIHEE OTHOCUTENBHO JIPYTUX.
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MukpokjJnMaTHYeCKasi U3MEHYHBOCTH TeMIEePaTyphbl BO3IyXa B X0JIMHCTOM pebede Ha
KoJuabnckom m-oBe

B.U. Jlemun!, 5.B. Kosenos!, H.W. Emuzaposa?, FO.B. Menbuios®

Yonapuwiii 2eogpusuneckuti uncmumym, 2. Anamumol
2AMCT «Anamumuiy C3® OI'BY "Asuamemmenexom Pocauopomema”, 2. Anamumei
$Teppumopuanvno-cumyayuonnwiii yenmp @KV Vnpoop «Konay, 2. I[lemposaeodck

HccrnenoBana MUKpOKIMMATHYECKass H3MEHYMBOCTh TEMIIEPATyphl BO3AyXa B YCIOBHSX XOJMICTOTO pelbeda Ha
Komnbckom m-oBe. PazHocTH TemmnepaTyp Ha BepIIMHAX XOJIMOB M Ha MPUIICTAIONTNX TOHIDKEHHBIX yYacTKax 3UMOH B
ycnoBusx 6e300mauHoro Heba u cnadoro Betpa mocturarot 10-20°C. 3ameTHBIC Bapualmu TeMiepatypsl (10 5-10°C)
HAOJFOIAIOTCS TaXKe B CIIa0OXOJIMHUCTOM peibede mpu mepemnagax BeICOT MeHee 15-20 m. B temmoe momyrosue
JAuara3oH Bapnaunﬁ MCHBIIC M3-3a HCIPOAOJLKUTEIbHOCTH HOYHOTO BPEMCHH, HCO6XO[[I/IMOFO U paJualinOHHOT O
OXJIaXIEHHUSI IPU3EMHOT0 cJI04 Bo3yxa. OTHAKO U B 3TOT CE30H PA3HOCTH B OT/JCJIBHBIX CIIydasx MpeBhIIaoT 5-7°C.
3HaYUTENLHBIE MUKPOKIIMMATHYICCKUE HEOAHOPOJHOCTH B IOJIC TEMIICPATYPhI BO3yXa BHOCAT CUJIbHBIC UCKAXKCHUSA
B TpaAUIUOHHBIC METOABI OLICHKU NHTCHCUBHOCTU I'OPOJACKOTO «OCTpOBaA TCILJIa».

Bausinue kosie0anuii aTMoc¢)epHOro JaBJieHUs1 B Tponocgepe Ha BO3MYLIEHHE IAPAMETPOB
TepMocdepbl

IO.A. Kypnsesa?, 1.B. Kapnos'?, O.I1. Bopueskuna®, I1.A. Bacumbes!, C.I1. Kmesenxuii*

Banmuiickuii Dedepanvuvui Ynueepcumem umenu U. Kanma, 236016, Poccus, 2. Kannunzpao, yi. A. Heeckozo, 0. 14
23anaonoe Omoenenue Hncmumym 3emnozo Maznemusma, Honocgepui u pacnpocmpanenus paduosonn PAH
236010, Poccus, e. Kanununepao, np. [lobeowt, 41

AxycTHKO-TpaBUTaIlOHHBIE BOJIHBI (AI'B), pactpocTpansiomuecs u3 HXKHEH aTMoc(epbl, MOTYT IOCTHTaTh BHICOT
BepXHeH aTMocdepbl W BCIEACTBHE IPOIECCOB TUCCHUIAIMM CYIIECTBEHHO BIMATH XapaKTEPUCTUKU BapHaIui
napaMeTpoB cpeabl. Bmecte ¢ Tem, xapakrepuctuku AI'B, koTopbie MOryT Bo30yKaaThcs B HIDKHEH atmocdepe,
HEIOCTaTOYHO H3BECTHBHI. B paboTe paccMaTpuBalOTCS pe3yibTaThl UYHUCIEHHOTO JKCIEPHUMEHTa, B KOTOPOM
MOJICTIMPYIOTCSl Tpoliecchl Bo30yxaeHus AI'B M ux pacnpocTpaHeHHs B BEpXHIOW aTMoc(epy BCIEACTBHE
KosilebaHui mpu3eMHoro naBieHus. OCOOCHHOCTh MPOBEAEHHOTO YHCICHHOTO IKCIIEPHMEHTa COCTOMT B TOM, YTO
XapaKTepUCTHKH KoJieOaHWH NaBIEHUS ONpeNeNeHBl 10 pe3ynbTaTaM JIMAAPHOTO 30HIUPOBAHMSA Tporocheps! B
NepHo MPOXOXKIAEHHUS COIHEuHoro repmuHaropa B Kanununrpazge 20.03.2015r.

B paborte BBITIOJIHEH aHATIN3 PE3YIIBTAaTOB PACYETOB 1 OKA3aHO, YTO M3MEHEHNE XapaKTePUCTHK KOIeOaHU aBIeHUS
B HIKHEH aTMocdepe B Meproj MPOXOXKICHUS COJHEYHOTO TEPMHUHATOPA NPUBOANUT K M3MEHEHHIO CIIEKTPAIbHBIX
XapaKTEepUCTHK BapHallMi IapaMeTpoB TepMoc(depbl, 4To yKa3blBaeT Ha 3(QeKTUBHOCTH TponochepHsix AI'B B
BO3MYILCHNH BapHalKii MapaMeTpoB BEpXHEH aTMoChephl.

Binsinne onTHYECKH TOJCTHIX 00JIaYHbBIX CJIOEB HA MOTOKH COOCTBEHHOI0 N3JIYyYCHUSA aTMOC(l)epLI
E.A. ®enorosa, U.B. Munranes, K.I'. Op:os
Honsproiu eeogusuueckuii uncmumym PAH

B nanHO# paboTe M3I0XKEHBI PE3YJIBTATHl ITAJOHHBIX PAaCUETOB IIOTOKOB COOCTBEHHOTO HM3Iy4eHHs B aTMocgepe
3eMiIM Ha CPEJHMX WHUPOTax B AuanazoHe 10-2000 cM™?, BeimonHeHHbIE ¢ paspemenueM no dactore 0.001 cM™ npu
HAJIMYXAN O0JIAYHBIX CIIOEB HIDKHETO, CPEJHETO U BEPXHETO SPYCOB, 00JIAAAIONTNX OONBIION ONTHYECKON TONIIHHOM.
Henp manHON pabOTHI COCTOMT B ONPEACICHUH I'PAaHHIl M3MEHEHHUS CKOPOCTH HarpeBa arMocheps! cOOCTBEHHBIM
M3Ty4YeHHUEM, TPH HAIMYMK YKA3aHHBIX OOJIAYHBIX CJIOEB, a TAaKKe B M3YYCHHWH BIHSHHSA 3THUX CJIOEB Ha II0JE
COOCTBEHHOTO M3JIYICHHS aTMOCQEPHI.
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Suicides and cardiovascular mortality in relation with geomagnetic disturbances, socioeconomic
and man-made factors in the auroral zone

O.1. Shumilov?, E.A. Kasatkina® and A.V. Chramov?

Polar Geophysical Institute, Apatity, Russia
2Saint-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 HCKYCCTBCHHBIX 3JICKTPOMATrHUTHBIX nmoJjie Ha YyacTrorax IMYMAHOBCKHUX PE€30HAHCOB Ha
ABUTATCJIbHYI0O AKTUBHOCTDB CEPOIro TIOJICHSA

B.®. I'puropees?, A.Il. Skoies?

Ylorapuwi 2eogpusuyveckuii uncmumym, Mypmanck, Poccus
2Mypmanckuii mopckoti 6uonozuueckuti uncmuntym, Mypmanck, Poccust

[Ipobnema wm3ydeHHs MEXaHW3Ma MOJIYYCHHS HHPOPMAIMK O THAPOMETEOPOIOTHYECKHX IIpoIeccax B Cpele
0o0uTaHNs, OPHEHTAIINY B IIPOCTPAHCTBE MPH MUTPALHUAX U MIPH OIEHKE X012 BPEMEHH Y MOPCKUX MIIEKOITUTAIONTIX
SIBIISIETCSL aKTYallbHOM M 00YCIIOBJICHA YpE3BhIYAHO OTpaHUICHHBIMHU 3HAHUSAMH B 3TOW obOnactu. PaHee, aBTopamu
ObUT10 ToKazaHo (Axoseres u dp., 2016), 9TO HHU3KOYACTOTHBIE SJIEKTPOMArHUTHBIC TTOJSI OKa3bIBAIOT BIUSHUE HA
JIBUTATEIbHYI0 aKTHBHOCTH CEpHIX TIOJEHEH. B manHO# padoTe mccienoBaHO BIMSHUAE IEKTPOMArHUTHOTO TOJS C
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gacrotoi 8 I'y Ha ceporo TroneHs (ITarent Ne 166414, 2016). IlocTpoeHbl pUTMOTPaMMBbI ABUTATEIEHOW aKTUBHOCTH
kuBOTHOro. Iloka3aHo BIMSHHE Ha JABUraTeIbHYI0 AKTUBHOCTh S>KMBOTHOTO MPOJODKUTENBHOCTH W3IyUYCHUS
3J€KTPOMAarHUTHOTO MOJIS.

Sxosnes A.IL, Muxaiimok A.JL., I'puropees B.®. OneHka n3MeHeHUH TapaMeTpoB MOBEACHUS CEpOro THOJICHS IPH BO3CIHCTBUY Ha HETO
ANIEKTPOMArHUTHBIX TIOJIEH IKCTpeMATbHO HI3KUX YactoT B auarnasone 0.01-36 I' // Bectauk MI'TY. - 2016. T. 19. Ne 1/2. C. 345-352.
YcTpoicTBO AT MCCNeOBaHMS BIMSIHUS HCKYCCTBEHHOTO 3JIEKTPOMATrHUTHOTO MOJI Ha BOJHBIE OHoNIOrHdeckue o0beKThl: [laTteHT Ha
none3nyro Mozenb Ne 166414 Poc. deneparms, MIIK51 G 01 R 1/00 (2006/01)/E.J. Tepetenko, B.®. I'puropses - 3asBka Ne
2016125093; mpuopuret nzodperenus 22.06.2016; Cpoxk neiictust matenta 22.06.2016, omy6m. 27.11.2016, bron. Ne 33.

Conpsi:keHHOCTh POCTA MUKPO(IOPHI B OMOJT0TMYECKUX CPelax YeJ0Be4YeCKoro Opranusma ¢
BApUALIUSIMU reJIMoreou3nvecKux areHToB B BHICOKUX IIUPOTAX
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B pabore mpencTaBieHBl pe3yNbTaThl OLIGHKH CBA3M MEXIY €XETOJHOH M eXeMECAYHON BCTPe4aeMOCTBIO
npe/iCTaBuTeNeH MHUKPOQIIOPHl B PAa3IMYHBIX OHOJIOTHYECKHUX CpelaX YeIOBEYeCKOTO OpraHm3Ma, HHAEKCAMH
reomarauTHOM (I'MA) wu commeunoit aktuBHocTH (CA). HccnemoBanue BHIIONHEHO Ha pe3yibTaTax
MHUKpPOOHOJIOTHYECKOTO aHalN3a, MPOBEJICHHOTO Yy OTAEIBHBIX IIPEACTABUTENCH HACENCHHUS, NMPOXKHUBAIOIIETO B
BbIcokuX mmpotax (66.3N u 33.7E, Anaruto-Kuposckuii pation MypmaHcKkoit o0macTi). AHaTU3BI BCTPEYAECMOCTH
MHKPO(MIOPHI ONPEAEIEHHOTO BUIOBOTO COCTABA B PA3IMYHBIX OMOJIOTHIECKUX cpeslax (Ma3KH U3 HOCOTJIOTKH JIeTei
W B3pOCIBIX, [EPBHKAIBHOIO KaHaJla >XCHIIWH, MOYM M JIp., Bcero 25487 aHamm3a) ObUIM NPOBEACHHI B
MuKpobuonorudeckoii tadoparopuu ['OBY3 AKUI'B r. Kupogscka 3a nmepuon ¢ 2008 o 2015 roza.

OreHKa CBSI3M MEXIy AWHAMHMKON 3HAUCHHH €XETOJHOH M eXEeMECAYHON BCTPe4aeMOCTH DPAa3IHYHBIX BHIOB
MHUKpO(DIIOpHI BO BCEX NMPOM3BEACHHBIX B TEUSHUE rojla MU Mecsla aHanu3ax, HopMupoBaHHbIX Ha 1000 uenoBek, u
cpenHeroJoBeiMu BenuurnHaMu uHIekcoB [ MA u CA moka3zana, uTo Bce BHIbI OaKTepuil MOKHO pa3JieNiuTh Ha JIBE
rpynmsl. B mepByro rpyniry BXOAST MHKPOOPTaHM3MBI, YHCIEHHOCTh KOTOPBIX BO3pAacTaeT IPH BO3pAaCTaHUU
reomarHuTHOH (I'MA) u comnneunoil aktuBHOCTH (CA); BTOpYIO TpYHIy MPEICTABISIOT MHUKPOOPTAHU3MBL,
YHUCJIEHHOCTb KOTOPBIX CHIKaeTcst mpu Bozpactanuu [ MA u CA.

[omoxutenpHas 3HaumMas (p<0.05) koppemsmust oOHapy)XeHa MEXIY €XKErOJHON YHCIEHHOCThIO [ 'paMm(+)
namouek, Neisseria memmaror., E. Coli, Staphylococcus haemolyticus, Enterococcus faecalis, Streptococcus viridans,
Streptococcus Herem., unaekcamu ['MA (Kp-unmekc, ap-index, AE-index, AU-index) u ungekcamu CA (R,
f10.7_index), a Takxke MeXIy €XKEMECAYHOH CyMMapHOH YHCICHHOCTBIO TEX K€ MHKPOOPraHM3MOB BO BCEX
MPOM3BEICHHBIX aHAJINM3aX, U cpeAHeMecsayHbIMU 3HadeHusiMu uHiaekcoB I'MA u CA. Kpome Toro, BbIsIBIE€Ha
KOppeNSAMs MEKIYy €XKEMECIYHOM CYMMapHOM BCTpEYaeMOCThIO Jposokenono0Hbpix rpubos Candida sp.,
cpenHemecsiaHbIMU 3HaueHussME HHAEKCOB CA (R, f10.7_index) u pc-unmexcom.

OtpunatenpHas 3Hauumas (p<0.05) koppensust Mexay cpeaneroqoBsiMu mHIekcaMud [MA n CA u exerogHoi
CyMMapHOM BCTPEYaeMOCTHI0 MHUKPOOPTaHM3MOB BO BCEX IPOM3BE/ICHHBIX aHAINW3aX ObUIA BBIBIEHA TOJBKO JUIA
npezacraBuTeneit Streptococcus pyogenes. OgHako npu ypoBHE 3HauuMOCcTH P>0.05, oTpHIaTe/IbHBIC KOPPEISAIHH C
nagekcaMu TMA u CA ObutM HalIeHbI I €XKErOJHBIX 3HAUYEHWH CymMMapHOU BcTpewaemoctu Staphylococcus
aureus, mudrepounos, Gardnerella vaginalis, Enterococcus faecium. Bwmecte ¢ Tem, 3Haummbie (p<0.05)
OTpHIaTENIbHBIE KOPPEISILIMH MEX/Ty BCTPEYaeMOCThIO 3THX K€ BUJOB MUKpoduiops! 1 nHjaekcamu [ MA u CA Obin
OoOHapy>XeHbI TIPH COIIOCTABIICHWH 3HAYEHHH €XEMECSYHOW BCTPEYaeMOCTH MHKPOOpraHuM3MoB Streptococcus
pyogenes, Staphylococcus aureus, nudrepounos, Gardnerella vaginalis, Enterococcus faecium.

[IpoBeneHHOe WcciIeOBaHNE TOKa3bIBAET, YTO POCT MHUKPO(DIIOPH B UYEIOBEYECKOM OPraHM3ME B Pa3IMYHBIX
OMOJIOrMYecKNX cpelax KOHTPOJIMpPYETCS TIJI00aNbHBIMM M JIOKAJIbHBIMH (pakTopamu (HU3MYECKOH NPHPOIbI,
accoruupoBaHHbIME ¢ CA. TlomydeHHBbIe pe3yabTaThl HE TONBKO MOATBEPKAAIOT BEIBOABI A.JI. UmKeBCKOTO 0 CBS3H
MeXay poctoM MHuKpoduiopel 1 CA, HO Takke pa3BUBAIOT €r0 yYCHHE, AEMOHCTPHPYS XapakTep CBSI3U MEXIY
ONIPEZCTICHHBIMA MPEACTABUTEISIMA MHKPO(QIIOPHl B UYEJIOBEYECKOM OpTaHM3ME M BapHalusAMH Ha3eMHBIX
reou3ndecknx (HakTOpOB CPe.Ibl, ACCONMUUPOBAHHBIX ¢ CA.
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