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Geomagnetic storms and substorms

Using adaptive model to investigate the dipolarization events
LA. Chernyaev', V.A. Sergeev', M.V. Kubyshkina', V. Angelopoulos®

'Saint Petersburg State University, Earth Physics Department, Saint Petersburg, Russia
*Institute of Geophysics and Planetary Physics, University of California, Los Angeles, California, USA

We obtain new parameter values for T96_01 model and project isotropic boundaries (IB) of energetic protons and
electrons from the neutral current sheet to the NOAA satellites altitude. We compare the position of the calculated
IB with observed. To determine the position of IB in the neutral current sheet used ratio Rc/p=8 (Rc — curvature
radius of the field line, p — gyroradius of particles). The isotropic boundaries according to the NOAA was
determined from the discrepancy between the trapped and untrapped particles.

We obtain significant discrepancy model and observed position of the IB (more than 1,5 degrees in corrected
geomagnetic latitude). So it is necessary to use other methods to reaserch dipolization events (for example, including
substorm current wedge module). However, the adaptive model can be used to describe the structure of the magnetic
field in the region before the dipolization.

Magnetic reconnection site in the magnetotail during different solar wind streams
L.V. Despirak', A.A. Lubchich', R. Koleva®

'Polar Geophysical Institute, Akademgorodok 26a, Apatity, 184209, Russia, despirak@gmail.com
Space Research and Technologies Institute, BAS, Sofia, Bulgaria

In this work we discuss the problem of the location of magnetic reconnection site in the magnetotail during
substorms associated with different solar wind streams. It was shown recently that solar cycle variations of the solar
wind control the location of magnetic reconnection in the tail. A well-known fact is that solar wind high-speed
streams have different nature during different phases of solar activity. During the declining phase and minima of the
solar cycle predominate the recurrent streams (RS) originating from coronal magnetic holes. During solar cycle
maxima the flare streams connected with coronal mass ejections prevail. We analyze the relationship between the
locations of the tail magnetic reconnection site during substorms connected with solar wind magnetic clouds (MC)
and recurrent streams. We use data from Geotail spacecraft in the magnetotail and solar wind parameters from Wind
spacecraft observations; the auroral bulge parameters were obtained by the Ultra Violet Imager onboard Polar. We
show that magnetic reconnection in the magnetotail takes place closer to Earth when substorm is observed during
MC, and further in radial distance for substorms during solar wind recurrent streams.

The relation of equatorward-moving auroral traces with energetic particle injections at the
geostationary orbit

N.P. Dmitrieva!, M.M. Beloshkurskayal, T.A. Kornilovaz, LA. Kornilov?

'Saint Petersburg State University, Saint Petersburg, Russia, e-mail: ndpshka@yandex.ru
Polar Geophysical Institute, Apatity, Russia

One of the main ionospheric substorm manifestations is the auroral bulge with bright arc at the polar boundary.
During the substorm expansion phase the discrete aurora region expands not only poleward but also equatorward.
Equatorward moving discrete aurora forms dynamic auroral bulge equatorial boundary. To find the magnetospheric
source of equatorward drifting discrete auroral structures the spatio-temporal comparison with energetic particles’
injection at geosynchronous orbit was done. It is shown that most of the drifting discrete structures observed by all-
sky cameras correspond to energetic particle fluxes bursts at geostationary LANL satellites located in the same MLT
sector. In the cases when the bursts are not observed at LANL spacecraft, the minimum latitude achieved by auroral
structures is higher than the LANL ionospheric projection. The possible relation between discrete drifting auroras
and non-stationary plasma streams in the tail plasma sheet is discussed.
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Scheme of space-time distribution of auroral luminescence in the dayside sector
Y.L Feldstein',V.G. Vorobjev?

'Pushkov Institute of Terrestrial Magnetism, Ionosphere,and Radiowave Propogation, Troitsk, 142190, Russia
’Polar Geophysical Institute, RAS, Apatity, Murmansk region, 184200, Russia

Schematic illustration of dayside auroral forms distribution, often cited in scientific literature, was developed by
Sandholt et al. (2002). The integrated scheme presents location of auroral forms for magneto-quiet (IMF Bz>0) and
magteno-disturbed (IMF Bz<0) intervals. Sandholt et al. (2002) divided the dayside aurorae into five types
depending on their morphological features and hypothesized origins. The midday sector is often dominated by one
or both types 1 and types 2 forms. The type 1 aurora usually observed during southward IMF and is characterized by
a quasiperiodic sequence of equatorward boundary intensifications (EBIs). Many EBIs are followed by poleward
moving auroral forms (PMAF). These authors assumed that the type 1 aurora is a low-altitude manifestation of
plasma entry from the solar wind in low-latitude boundary layer. The east-west component of these form motion is
regulated by IMF By component. The type 2 forms occurred during northward IMF orientation. Sandholt et al.
(2002) supported that type 2 forms represent an ionospheric signature of plasma and momentum transfer from the
solar wind along the poleward boundary of the cusp. Auroral forms of types 4 and 5 are the pre noon and after noon
multiple arcs. A belt of diffuse aurora, called type 3, is located on the equatorward side type 1 and 4 forms in the pre
noon sector. Dominated green line emission at 557.7 nm and very weak red line emission at 630.0 nm is the
pronounced feature of diffuse type 3 aurora optical spectra.

Available at present surface and satellite observations of auroral luminosity, precipitating at high latitudes plasma
fluxes of auroral energies allow to improve the existing scheme. The modified schemes of distribution of auroral
luminosity forms in the dayside sector are compiled taking into account both Sandholt et al. (2002), and Russian
researches. Magneto-disturbed intervals (Bz<0 nT). Ray arc in midday sector (type 1 aurora) with auroral luminosity
intensity intensifications (Al) is located near the projection at ionosphere height of the boundary between low-
latitudinal boundary layer (LLBL) and cusp (CU) at ®~75°. Al drifts poleward (poleward drifting auroral forms —
PDAF), east- west component of this drift is controlled by the IMF By component. Auroral forms of types 4 and 5
are pre noon and after noon multiple arcs of the auroral oval, connected with the central plasma sheet (CPS) in the
nightside magnetosphere. PDAF are observed inside the broad band of the red diffuse auroral luminosity ( duplet
(OI) 630.0 - 636.4 nm, type 6 aurora), and disappear inside the band not reaching its poleward border. The red band
is about 1°-2° wider then the auroral oval and with its poleward part is connected with the mantle (MA). A belt of
diffuse aurora, called type 3 aurora, is located on the equatorward side type 1 and 4 forms in the pre noon and noon
sectors. Dominated green line emission 557.7 nm is the pronounced feature of type 3 optical spectra. Magneto-quiet
intervals (Bz>0 nT). The whole system of auroral forms schifts poleward. Bundles of rays or ray arc in midday
sector (type 2 aurora) are located near the boundary between CU and MA at ©~78°. Auroral forms of types 4 and 5
are pre noon and after noon single arcs of the auroral oval. PDAF are observed inside the band of the red diffuse
auroral luminosity (type 6 aurora). East - west component of this drift is controlled by IMF By component. A belt of
diffuse aurora with dominate green line emission (type 3 aurora) is located on the equatorward side type 2 and 4
forms in the pre noon and noon sectors.

The role of IMF Bx component in the global magnetotail dynamics

E. Gordeev, M. Amosova, V. Sergeev (Saint Petersburg State University, St.Petersburg, Russian Federation)

Various internal and external parameters such as dipole tilt angle, IMF By component, orientation of solar wind
discontinuities, etc. can lead to global asymmetry in the magnetospheric system. The IMF Bx component is also
among them but was neglected in previous studies mostly because of absence of its significant correlation with
activity indices. Using global MHD simulations we found that IMF Bx considerably influences the pressure balance
between magnetotail lobes that leads to the deviation of neutral sheet position and geometry from nominal. The
effect is essentially transient and shows two different modes of vertical displacement of the tail neutral sheet. The
first mode, due to pressure imbalance between two lobes, is launched by IMF southward turning and qualitatively
agrees with Cowley’s (1981) model. The second mode is observed during explosive growth of the near-Earth tail
reconnection, it can be qualitatively treated in terms of the asymmetric reconnection theory (Semenov et al, 1998).
On the observational side, the set of Geotail (1995-2005) and Cluster (2000-2006) data complemented with solar
wind measurements was utilized to test Cowley’s theory and MHD simulation results. This statistical study reveals
clear IMF Bx - related displacement of magnetotail neutral sheet.
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Ground and satellite observations of the SAR arc in the dusk-bulge region of plasmasphere

I.B. Ievenko, S.G. Parnikov, V.N. Alexeyev (Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy,
Yakutsk, Russia)

It is known that stable auroral red (SAR) arcs are the consequence of interaction of the outer plasmasphere
(plasmapause) with energetic ions of the ring current. Arisen downward flux of the superthermal electrons along
magnetic field lines increases the ambient electron temperature at the altitudes of ionosphere F2 region in the form
Te-peak and as a result enhances the atomic oxygen red line intensity in SAR arc, which maps the plasmapause
(cold plasma density radial gradient).

A plasmasphere boundary location in the dusk-bulge region strongly depends on LT and shifts toward the lower
latitudes in the evening hours. The ground observer can register relative motion of this boundary projection at the
height of the ionosphere F2 region if it is manifested in some phenomenon.

In this work the results of observations with the meridian scanning photometer of the SAR arc equatorward motion
at 19-20 LT at the Yakutsk meridian (199°E geomagnetic longitude) during a weak magnetic storm recovery phase
February 7, 2000 are presented. The data of simultaneous registration of Te-peaks aboard DMSP F14 and F15 at the
meridian of optical observations and eastward of it shows that SAR arc maps the cold plasma density radial gradient
in the dusk-bulge region. A wide band of ionospheric drift (SAPS) also observed by F14 and F15 is probably a
specific signature of the dusk-bulge region of plasmasphere.

Visualisation tool for geomagnetically induced currents
Ju. Katkalov', M. Wik?, A. Viljanen®

'Polar Geophysical Institute, Apatity, Russia
2NeuroSpace, Malmo, Sweden
*Finnish Meteorological Institute, Finland

As part of the EU/FP7 project EURISGIC, a visualisation tool for geomagnetically induced currents have been
created. This tool have been developed for the purpose of demonstrating GIC in the wide European power grid for a
set of geomagnetic storms and artificial geoelectric field data.

Power grid data for Europe, consisting of substation coordinates, line- and transformer resistances, voltage levels
etc, were collected and stored in a MySQL database. At present the database includes information of about 1800
transformer stations and 2400 high-voltage lines for more than 30 european countries.

The application consists of two main parts: a server-side application and a client-side web application. The power
grid and GIC levels are visualised on an interactive map by the web-application, using Google Maps API and
JavaScript code, that is available online at http://www.eurisgic.eu/. The GIC levels are calculated by Octave. The
server-side application interact with the web-application and database and uses the JSON format for transmitting the
data.

The tool is useful for demonstrating GIC but also as a test-platform for a stand-alone application aimed towards e.g.
power companies, pipeline operators and universities.

The research leading to these results has received funding from the European Community’s Seventh Framework
Programme (FP7/2007-2013) under grant agreement 260330.

THEMIS observations of three similar dipolarization events
T.A. Kornilova, I.A. Kornilov (Polar Geophysical Institute, Murmansk Region, Apatity, Russia, kornilova@pgia.ru)

During one-hour time interval (11.02.2008, 00:00-01:15 UT) THEMIS spacecraft (X=-6 Re, Y=4 Re) detected three
almost identical dipolarization events coupled with very similar auroral activity of pseudobreakup type and rather
different dispersionless particle injections.

In the first event both electron and proton spectra are strongly oscillating (period about 2.5 minutes) and
anticorrelating. Electron spectrum also demonstrates anticorrelation of electron fluxes with energies 10-500 eV and
2-20 keV correspondingly, so in this case all electrons are accelerated from the local cold plasma background by
some active process at the front of dipolarization wave, and in this case dipolarization is a primary event.

In the second event electron fluxes were sharply increased without noticeable changes in electrons energy. Fine
details of depolarization (Bz components variations) for several seconds delayed of electron flux variations, so we
can suppose that dipolarization is a secondary process.
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In the third events there was no substantial changes in the total electron flux, but average electron energy increased
from 2 keV up to 12 keV.

Different electrons and ions energy spectra behavior and different time delays between particles injection and
depolarization demonstrate that magnetospheric plasma can release redundant energy by different ways having
rather similar external appearance in aurora and dipolarization.

Ground based, THEMIS and DMSP observations of 24.01.2012 CME event
LA. Kornilov', F. Sigernesz, T.A. Kornilova'

'Polar Geophysical Institute, Murmansk Region, Apatity, Russia, kornilova@pgia.ru
The University Centre in Svalbard (UNIS), N-9171 Longyearbyen, Norway, Fred Sigernes fred@unis.no

On the base of auroral white light TV observations at Lovozero, Barentsburg and Canadian Themis ASI data
magnetospheric and auroral effects of 24.01.2012 strong CME (Coronal Mass Ejection) event were investigated.
ACE, WIND, THEMIS and GEOTAIL satellites traced solar wind parameters, and information on precipitating
particles was taken from DMSP spacecraft data. Principally new feature in ours aurora study was using the data of
recently developed hyperspectral all-sky cameras (NORUSCA project) installed in Longyearbyen and Barentsburg
in 2011. Cameras use electro-optical tunable filters to image the night sky as a function of wavelength throughout
the visible spectrum with no moving mechanical parts. Comparison of fine details of aurora dynamics detected by
b/w cameras and spatio-temporal variations of 4278, 4861 (protons), 5577 and 6300 emissions with THEMIS and
DMSP satellites data on magnetic and electric fields and particle fluxes in magnetosphere and upper ionosphere in
energy range 10 eV — 500 keV allowed making some preliminary conclusions concerning details of solar wind
shock interaction with magnetosphere.

Behavior of ions near the substorm onset from THEMIS observations
T.V. Kozelova, B.V. Kozelov (Polar Geophysical Institute, Apatity, Russia)

The substorm associated slow and fast changes of ions near the Earthward edge of plasma sheet is examined using
data from THEMIS-C during the late growth and early expansion phases. The spacecraft at r ~ 6-6.5 Re observed
two ion populations with different behavior during the growth phase. The convection boundary of 10-keV electrons
was embedded in this ion region. A few minutes before the substorm onset, simultaneously with an intensification of
auroral arc in same longitudinal sector, the oscillations of the E and B fields and particles with period ~ 50-60 s start
near this convection boundary. The injection of higher-energy (81 -157 keV) ions occurs during substorm onset
simultaneously with the sharp pressure drop of ions of energies less than 29 keV. Sudden appearance of the current
disruption expressed by an equivalent dawnward current is observed in a transition between the inner
magnetosphere and active plasma sheet. Our analysis supports the idea about the ballooning instability near the
inner edge of the plasma sheet as associated with the initiation of substorm onset.

Extremely quiet 2009 state of geomagnetic field as a reference level amplitude of the local
geomagnetic disturbances

A.E. Levitin, L.I. Gromova, S.V. Gromov, L.A. Dremukhina (Pushkov Institute of Terrestrial Magnetism,
Ionosphere and Radio Wave Propagation (IZMIRAN), Troitsk, 142190, Russia)

Extremely quiet 2009 state of the geomagnetic field may be used as a reference level to create new technology of
quantitative assessment of geomagnetic activity which could be more opportune than that of AE(AU, AL), Kp, Dst
indices, out-of-date and not without drawback, since introduced more than half a century ago. Calculating the
external geomagnetic field hourly amplitudes applicable for any hour and any day of the whole survey period of any
observatory proceeding is basing on the ground based magnetometer measurements. The calculated values may be
used to find the amplitudes of the most magneto-quiet hour (day, month, year) and the most magneto-disturbed one
for the whole measurement period. These data allow to estimate and to draw maps of the recent geomagnetic
activity and the activity during specific geophysical events in the past at any point on the Earth. A detailed
description of the method is presented with examples for estimation of the local geomagnetic activity at Moscow
observatory. For the period 1958-2009 we calculated hourly values of H-component of the external geomagnetic
field at Moscow observatory, based on hourly values of H-component of extremely quiet 2009 as a reference level,
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and estimated correction for secular variation of the Earth’s magnetic field at the observatory location. Thus we
were able to assess local current geomagnetic activity and that for any hour (day, month, year) of the observatory
measurements, to study seasonal variations of geomagnetic activity, evaluate the external magnetic field
contribution to annual values of H-component of the Earth’s Main magnetic field which are used to estimate the rate
of change of the Earth's magnetic field.

On significant additional contribution of "old" tail lobes to substorm power

V.V. Mishin, V.M. Mishin, Yu.A. Karavaev and S.B. Lunyushkin (The Institute of Solar-Terrestrial Physics of
Siberian Branch of Russian Academy of Sciences, Irkutsk, 664033, Russia, e-mail: lunyushkin@iszf.irk.ru)

Each open tail lobe and polar cap (PC) during substorm (and storm too) consists of two different “old” and “new”
parts, observed prior and during the substorm correspondingly. Magnetic fluxes through these PC parts are denoted
Yo, and ¥, and total ¥ =¥y, +¥,. My talk is about Poynting flux transported from solar wind into
geomagnetosphere during substorms by corresponding two parts of geotail. Only the new variable magnetic flux W1
is usually taken into account in the transfer of magnetic flux, assuming ¥y, to be constant and passive part of the tail
lobe, not participating in the transfer processes. We study here the alternative approach, denoting it as that,
accounting beta-effects. In this approach, W, is changed during substorm and contributes essential part of input
energy flux €', exceeding that of ;. The initial method to account beta-effects was described by Mishin et al (2012).
This method have allowed to authors to obtain two values of €', the maximal and minimal possible values of €', but
not the real (unique) solution. In addition to it, we consider in the present talk the complemented method, which
gives unique solution of the equation system for calculation of the flux €'. Also we obtain estimates of energy W*,
accumulated in the tail during growth phase and energy W consumed during the active phase of the 27.08.2001
substorm. The results will be compared with those based on the known Perreault-Akasofu and Kan-Lee equation.

The 27 Aug 2001 magnetospheric substorm: Field-aligned currents and mesoscale plasma vortices
in the polar ionosphere

V.M. Mishin, V.V. Mishin and S.B. Lunyushkin (The Institute of Solar-Terrestrial Physics of Siberian Branch of
Russian Academy of Sciences, Irkutsk, 664033, Russia, e-mail: lunyushkin@iszf.irk.ru)

We present new data, which confirms the results of recent studies that processes, initiating the substorm, start in the
distant and the most distant open magnetotail, where medium-scale vortex plasma motions are appeared that travel
toward the Earth. Our analysis of the system of field-aligned currents (FAC) and ionospheric convection during the
27 Aug 2001 substorm development shows that explosive substorm onset occurred almost simultaneously on the
whole area of the night polar ionosphere and in the volume of the tail from the furthest from the Earth, where it was
in the beginning of the process, until the closest to the Earth. We propose a substorm scenario, containing new
elements: (1) the coherent development of a system of FACs and mesoscale convective vortices, (2) double-
expansion onset; (3) the dominant contribution of the meridional ionospheric currents to the general system of
currents, connecting the magnetosphere and ionosphere (4) expansion onset as a short circuit of currents in the tail
current disruption region and in the magnetosphere-ionosphere system, (5) short-circuit coverage of the total area of
polar cap and the oval and, therefore, the distant and the near tail.

The Magnetospheric Magnetic field deformation: Effects of double-loop Substorm Current Wedge

A.V. Nikolaev', V.A. Sergeev', N.A. Tsyganenko', H. Singer’, V. Angelopoulos®

'St.-Petersburg State University, St.-Petersburg, Russia
*Space Weather Prediction Center (NOAA), Boulder, USA
3University of California, Los Angeles, USA

Recent studies of magnetic field dipolarization amplitudes simultaneously observed by one GOES and four
THEMIS spacecraft radially-distributed in the magnetotail have confirmed a double-loop (R1-like plus R2-like)
geometry of the Substorm Current Wedge (SCW) and introduce and test the new magnetospheric quantitative model
SCW2L. To demonstrate and quantify the double-loop current system field line twisting effect we map fixed neutral
sheet points to the ionosphere using T89+DIP+SCW2L magnetic field model and show the possible shapes of active
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ionospheric structures (such as auroral bulge) can appear when the substorm current system arise. Using quantitative
SCW2L model and varying it's parameters (current intensities, I, / I; ratio, field line stretching amplitude and
equatorial current radial distance) we investigate ionospheric footprints shifts of such magnetospheric structures as
(1) streamers, (2) isotropic boundaries (IB), (3) region of tail current disruption and (4) region where the radial
plasma flow, which generates dipolarization front (DF), stops and forms R2-like equatorial current segment. Based
on these results, we discuss the dynamics of auroral forms which is contributed by the magnetic effects generated by
double-loop current system.

Proton precipitation in the auroral zone during interplanetary shock on 24 January 2012
V.C. Roldugin, A.V. Roldugin, S.V. Pilgaev (Polar Geophysical Institute, Apatity, Russia)

The SC event on 24 January 2012 at 1503 UT was accompanied by proton precipitation in the auroral zone
accordingly to appearance of Ho emission in meridian spectrometer data in Lovozero. The Ha emission shows up at
1506 and disappears at 1512 UT.

Other distinctive features of this event are cosmic noise absorption during the SC impulse, and absence of Ha
emission during long train of Pc5 pulsations, started immediately after vanishing of the hydrogen emission.

Modeling of GIC in the regional power system for strong geomagnetic storm
Ya. Sakharov', Ju. Katkalov', A.Viljanenz, R. Pirjola“, P.Wintoft*

"Polar Geophysical Institute, Apatity, Russia
’Finnish Meteorological Institute, Helsinki, Finland
3Natural Resources Canada, Ottawa, Canada
“Swedish Institute of Space Physics, Sweden

The new version of program for calculation of geomagnetically induced currents (GIC) in power lines was
developed in the Finish Meteorological Institute in frame of the EURISGIC project (European Risk from
Geomagnetically Induced Currents). Successful validation of the model in 2012 get chance to estimate possible
extremal value of GIC related with strong geomagnetic disturbances at former times. The geoelectric field was
calculated at the nodes of the model using data from IMAGE magnetometer stations in North Europe and 1-D block
models of the ground conductivity. Time-depending GIC was estimated then using the regional model of the power
grid at NW of Russia. Calculated extreme values of GIC at selected transformer substations can be used for analyses
of the impacts of strong geomagnetic storms on high-voltage systems.

The research leading to these results has received funding from the European Community’s Seventh Framework
Programme (FP7/2007-2013) under grant agreement 260330.

The structure of irregularities in disturbed high latitude ionosphere observed by GPS/GLONASS
TEC measurements

LI Shagimuratov, Iu. Cherniak, I. Ephishov, 1. Zakharenkova (West Department of IZMIRAN, Kaliningrad, Russia)

The radio signals of navigation systems that passing through the ionosphere have rapid variations of their amplitude
and phase - signal scintillations. The scintillations are caused by the permanent existence in the ionosphere of the
irregularities with wide range of scale. It is very important for performance of the GNSS navigation system
(GPS/GLONASS) to know information about estimates of scintillation and phase fluctuation effects on the accuracy
of the obtained position. Effects of the ionospheric irregularities on the GPS signals can be evaluated by
measurements of the differential phase time rate of dual frequency GPS/GLONASS signals. The permanent
observations carried out at the Arctic IGS (International GNSS Service) stations were used in order to study the
development of TEC fluctuations in the high latitude ionosphere. Standard GNSS RINEX files with 30 s sampling
rate data gives possibilities to detect the mid —and large-scale ionospheric irregularities.

For detection of ionospheric irregularities it was used the rate of TEC (ROT, in the unit of TECU/min, 1
TECU=10"° electron/m®) at 1 min interval. The temporal behavior of TEC fluctuations can be observed in time
variations in the dual frequency carrier phase along satellite passes. As a measure of the fluctuation activity level the
Rate of TEC Index (ROTI) based on standard deviation of ROT was also used. ROTI was estimated in 10-minute
interval.
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The ROT/ROTI techniques and IGS data were used to study the occurrence of TEC fluctuations at the northern
latitude ionosphere for selected geomagnetic storms occurred at the end of 23rd and beginning of new 24th solar
cycles.

Analysis demonstrates that fluctuation activity of GPS signals in the high latitude ionosphere is depended on
geomagnetic conditions. Intensity of fluctuations essentially increases during geomagnetic storm. The strongest
TEC fluctuations occurred as a short time rate of TEC enhancements of a factor of 2-5 relative to quiet time.

During geomagnetic disturbed conditions strong phase fluctuations can be registered at latitudes lower than 65°. The
study showed that the operating high-latitudes GPS stations can conduct the monitoring of the irregularity oval in
near real-time mode.

GPS observations of the Northern hemisphere were used as raw data for mapping the irregularities over the North
Pole. These maps illustrate the spatial structure of the ionospheric irregularities, so called irregularity oval, which
position is correlated with the auroral oval. During geomagnetic storms the intensity of the irregularities essentially
increases and their location expands toward equator.

This work was supported by Presidium RAS Program N22.

We are grateful to International GNSS Service (IGS) for GPS data and products.

Analysis of the energetic particle observations during satellite passes over the auroral bulge
S.A. Timofeeva, V.A. Sergeev (Institute of Physics, Saint Petersburg State University, Saint Patersburg, Russia)

During the substorm explosive phase the conditions of particle scattering in loss-cone and structure of the auroral
precipitation is changing because of the magnetic field reconfiguration. Interpreting the precipitation picture
(regions of wave-induced precipitation and regions of non-adiabatic current-sheet precipitation) observed before and
after the substorm onset and by comparing observation made inside and outside the active region we can obtain
information about the magnetic field reconfiguration. Particularly, by analysing the distribution of particle flux and
loss cone anisotropy as well as positions of the isotropic boundaries (IB) and their dynamics measured at low
altitudes we can identify the areas of dipolarization and plasma injection in the magnetosphere and define the type
of particle scattering mechanism.

In this paper we study 16 crossings of NOAA satellites across the nightside auroral oval near the substorm onset (8
cases before and 8 cases after the onset). In pre-onset crossings we observe the standard pattern of the isotropic
boundary energy dispersion and the peak of auroral precipitation near the electron IB. In the post-onset crossings the
same picture is observed if the satellite crosses the oval outside the active region. For crossing above the auroral
bulge, we unexpectedly observe the equatorward shift of the proton IB with (often) absent energy dispersion. By
contrast, the electron IB is shifted poleward by 4-5 degrees latitude (depending on the disturbance intensity), the
region in between proton and electron IBs is filled by high fluxes of isotropic protons and anisotropic electrons
suggesting a strong dipolarization and particle acceleration in the magnetosphere in the magnetic flux tubes of the
auroral bulge.

Dynamics of the auroral precipitation zones during recurrent stream on 19-22 February, 2006

O.1. Yagodkina, I.V. Despirak (Polar Geophysical Institute, RAS, Apatity, Murmansk region, Russia, e-mail:
despirak@gmail.com)

Dynamics of the electron precipitation boundaries during magnetic storms on 19-22 February, 2006 were
investigated. The magnetic storm with a minimum in Dst of -40 nT was driven by solar wind high-speed recurrent
stream. The locations of auroral precipitation boundaries from DMSP spacecraft observations were compared to
those obtained by an empirical model (http://apm.pgia.ru/). In this model the locations of different auroral
precipitation regions depend on geomagnetic activity level expressed by the AL- and Dst indices. It is shown a good
agreement between the observed with DMSP spacecraft and calculated data for different MLT sectors. This allows
us to use the model to examine the dynamics of auroral precipitation during the different intensity magnetic storms.
The significant latitudinal displacements of the diffuse auroral zone (DAZ) and the auroral oval precipitation (AOP)
along with an increase in magnetic activity were observed. The broadening of zones was more significant in the
night sector (21-24 MLT). It has been shown a noon-midnight symmetry, which is controlled by an AL index. On
the contrary, any differences in dawn-dusk widening (i.e., asymmetry) of the DAZ and AOP zones were not
observed which were demonstrated during magnetic storms associated with solar wind magnetic clouds.
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Kak Ham peoprann3oBaTh pacyeT reOMarHuTHO aKTUBHOCTH

A.E. JleButus, JL.U. I'pomora, C.B. I'pomos, JI.A. [pemyxuna (Mucmumym 3eMH020 MacHemu3ma, UOHoC@epbi u
pacnpocmpanenus paouosonn um. H.B.ITywkoea PAH (U3MHUPAH), Tpouyx, 142190, Poccus)

KonnuecTBeHHBIH pacdyeT T€OMarHUTHOM AaKTHBHOCTH JIOJDKEH HauyMHAThes C €€ KOHKPETHOro (pu3ndeckoro
omnpezaenenus. OJHOBPEMEHHO JIOJDKEH OBITh MPEATIOKEH KOHKPETHBIH METO/I pacyeTa KOJIMYECTBEHHOH BETMUUHEI
9TOI aKTHBHOCTH, KOTOpas MOXET OBITh WJIM PaBHa WIN IpOoNopuHuoHanbHa e€¢ Bennuune. Ceronns B MHTepHETE
MOXXHO HaWTH TOJBKO OJHO MOJOOHOE KOHKPETHOE (H3MUIECKOE OINpeeNieHe T'€OMAarHUTHOW AaKTHBHOCTH:
TeOMarHUTHasI akKTUBHOCTH (aHI. Geomagnetic activity) — 5T0 BO3MYIIEHHS MATHUTHOTO TIOJIS 3€MIIH, CBSI3aHHBIE C
H3MEHEHUSIMHA MarauToc(epHo-noHOChEepHOH TOKOBOWM cuctembl (Bukumemms). IlpaBma, psmoM ¢ 9THM
OIIPEZICTICHUEM HE YKa3aHO KaK KOHKPETHO MOJXKHO IIPOBOJUTH KOJIMYECTBEHHBIH PACdeT 3TOrO BO3MYILICHHS.
BMmecTto pa3zpaboTKu COBPEMEHHOTO KOJMUYECTBEHHOI'O PAaciyeTa T€OMarHUTHON aKTMBHOCTH, KaK Ha YPOBHE 3€MHOM
IMOBEPXHOCTHU, TAK MU B OKOJIO3EMHOM IIPOCTPAHCTBE, MbI MPOJOJIKACM I10JIb30BATHCA WHIACKCAMU r€OMarHUTHOM
AKTUBHOCTH, NOCTABIIMMHCA HaM OT 3aMCUaTC/IbHbIX YYCHBLIX 110 CHyTHHKOBOﬁ smoxu. B JOKJIAZIC YKa3bIBAKOTCA
3HAYUTECJIbHBIC HEJOCTATKU 3TUX UHJACKCOB, KOTOPLIC CBA3AHHLIC C TEM, YTO UX 3aMCYATC/IbHbBIC aBTOPbI HE BJIAACIIN
nHpOpManre, KoTopas IOsBHIAach B MEpPHOA CIYTHUKOBOH d1oxu. OJHOBPEMEHHO IpEJIaracTcsi METOo[
KOJIMYECTBEHHO! OLIEHKH JIOKAJIBHOM Ha3¢MHOM Fe€OMarHUTHOW aKTMBHOCTH INEPEMEHHOTO T€OMAarHUTHOIO MO Ha
OCHOBE pacueTa 4YacOBBIX AMIUIMTYJl T'€OMArHUTHOTO IMOJs, PETUCTPUPYEMBIX MHPOBOH CETBIO MArHUTHBIX
obcepBatopuii. OH omupaeTcs Ha YHUKAIbHOE COCTOSHHE COTHEYHOH M TeOMarHUTHOW akTUBHOCTH B 2009 romy,
YTO TO3BOJIIET BBECTH YPOBEHb OTCUETA YACOBBIX AMIUIMTYJ, KOMIIOHEHT BEKTOPOB TI'€OMAarHWTHOTO ITOJIS
PETUCTPUPYEMBIX STUMH oOcepBaTopuaMu. Dundeckoe COAepKAHUE MPEIIaraéMoil JIOKaTbHOW Ha3eMHOI
TE€OMAarHUTHOW aKTHBHOCTH 3TO - SHEPTUsl MAarHUTHOTO MOJIS, COAEPXKAIIAACST B YACOBBIX aMIUIMTYJaX KOMIIOHEHT
BEKTOpa IEPEMEHHOTO TE€OMAarHUTHOTO IIOJIS, PETMCTPUPYEMOro MAarHUTHOM oOcepsaropueil. Takas sHeprus
KOJIMYECTBEHHO ONPEACIACTCA KaK CyMMa KBaJIpaToOB aMIUIUTY /] YaCOBBIX JAHHBIX 3TUX KOMIIOHCHT WUJIU KaK TOJBKO
onHoit H xommnonentsl. Takum 00pa3oM, uMes: JaHHbIE T€OMarHUTHBIX U3MEPEHUI MUPOBOH ceTH 00CepBaTOpHH,
MBI nojriydyacm BO3MOXXHOCTb XapaKTepru3oBaThb Ha3€MHYIO T€OMAariuTHYO AKTUBHOCTH MEPEMEHHOT'O
TE€OMarHUTHOTO TOJIS.

HccaenoBanne TMHAMUKY MOJIOKEHHS IIa3MONAY3bI BO BpeMsi CMJIbHOW MAarHUTHOM cy60ypu
N0 JAHHBIM MEPHUIMOHAJIbHON LENOYKH CTAHIUI

10.A. Konbitenko, B.C. Ucmarunos, A.JI. Kotukos, M.C. [Terpuiues, I1.E. Tepemenko, A.B. [leTnenko,
J.b. 3aiiues, [1.1O. Capsrues (2. Cankm-Ilemepoype, CI16@ USMHUPAH, EM: office@izmiran.spb.ru)

B asrycre-centsiope 2012 r. Ha Tepputopun Kapemnm ObDia ycTaHOBIEHa MEpUIAMOHANBHAS IETIOYKA M3 IIATH
BBICOKOYYBCTBHUTEIFHBIX TPEXKOMIIOHEHTHBIX MAarHHTOBApHANMOHHBIX craHimid GI-MTS-1 B JHMara3zoHe
HCIPABICHHBIX F€OMarHuTHbIX MHUPOT O=59.5°-62.0°. PaccTosiHHEe MeXy COCETHUMHU CTAHLIUSIMU COCTaBIIsLIO ~70-
90 kM. CHHXpOHM3aLHWs 3alUCed BapWalMid MAarHUTHOTO IIOJIA ocymiecTBsuiach ¢ momompio GPS. CunpHas
MarHutHas cyo0yps nabmromanack 05.09.2012 ¢ 01:00 go 04:30 UT. Ha camoii ceBepHoit cranuuu (Kyzema)
BEJMYMHA MarHUTHOTO 1ol B H-kommonente cocrapisuia ~600 HTn. V3BeCTHO, YTO perucTpupyeMble Ha 3€MHOM
MMOBEPXHOCTH TEOMAaTHUTHBIC BapHalliil YCWJIMBAIOTCS B palloHEe TpOeKIMH I[ura3Momnay3el. [losTomy
MECTOIIOJIOKEHHE IIa3MOIay3bl Ha 3EMHOH IOBEPXHOCTH OIPENENsUIoch O MaKCUMyMy HHTEHCHBHOCTH
TEOMarHUTHBIX BO3MYIleHUH B Auamnazone yactoT F=0.001-5 'l u mo 3HaKy pa3HOCTU 3TUX WHTEHCHBHOCTEH Ha
COCEITHUX CTaHIIHSX.

Jlo Hayana cy0Oypu mia3mMoriay3a Haxouiach ceBepHee 62°. YCTaHOBIIEHO, YTO B TCYCHUHU CyOOypH IUIa3Mornaysa
HEOJIHOKPATHO CMeIlanach Ha IOr W JocThraja ImupoThl ~60°. Hambojee YeTKO MOJIOXKEHHE IUIa3MOIay3bl
OTCIIC)KUBAJIOCH 110 J@HHBIM Tropu30HTIbHOH H kommoHeHThl. OrmpezesnsieMoe IIOJIOKEHUE II1a3MOIay3bl
MIOJTBEPIKIACTCS TAKXKE TEM, YTO HA JJAHHOW IIMPOTE PETHCTPUPYETCs IpaHMIa pasjelia 3araJHoro U BOCTOYHOTO
AIEKTPOKETOB (pa3pbIB XapaHra), HIOCTPOCHHBIX 110 JAHHBIM MCIOJIh30BAHHBIX MATHUTHBIX CTaHIIUH.
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SAR arc formation due to the interplanetary shock and substorm on December 14, 2006
L.B. levenko (Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy, Yakutsk, Russia)

It is known that stable auroral red (SAR) arcs are the consequence of interaction of the outer plasmasphere with
energetic ions of the ring current. The diffuse aurora is caused by the low-energy electron precipitation from the
plasma sheet. Our studies at the Yakutsk meridian (199°E geomagnetic longitude) indicate that the SAR arc appears
and/or brightening during the substorm expansion phase. The SAR arc formation begins in the equatorward
boundary region of diffuse aurora (Ievenko, 1999; Ievenko et al, 2008). In this work the results of observations with
all-sky scanning photometer of SAR arc formation during a substorm whose expansion phase has begun in 15
minutes after the onset of SC due to the impact of the strong interplanetary shock are presented.

The main development features of the phenomena in the event of December 14, 2006. At 1415 UT the SC has
caused a dispersionless injection of energetic protons and electrons on the geosynchronous orbit in the morning
MLT sector with a subsequent extension of proton flux into the dusk sector as a result of the gradient drift in the
magnetic field. With a delay of 2 minutes an abrupt enhancement of the 427.8 nm emission in the nightglow in the
premidnight MLT sector at the Yakutsk latitude (56°N geom.) caused, probably, by precipitation of energetic neutral
atoms (ENA) has been observed.

At 1430 UT the intense substorm expansion phase with amplitudes of AL ~-1300 and ASY-H ~ 200 nT indices has
begun. At 1440 UT the photometer has registered the 630 nm emission intensification in the form of patch at 61°N
latitude. The red patch with a diameter of ~300 km appears in a vicinity of diffuse aurora boundary and moves
equatorward close to the Yakutsk meridian with the increase of velocity from 100 to 300 m / s. At 1510 UT the 630
nm emission intensification has been already observed in the form of SAR arc at ~57°N latitude.

Geosynchronous observations of the change of fluxes of energetic protons and electrons aboard the LANL
spacecraft in the evening and midnight MLT sectors indicates to the location of substorm injection centre close to
the Yakutsk meridian. This suggests that the dynamics of SAR arc formation in this event maps a prompt radial
diffusion (electric drift) of energetic particles from the central region of substorm injection into the inner
magnetosphere.

Dayside aurora
I. A. Kornilov', F. Sigernes®, T. A. Kornilova'

'Polar Geophysical Institute, Murmansk Region, Apatity, Russia, kornilova@pgia.ru
*The University Centre in Svalbard (UNIS), N-9171 Longyearbyen, Norway, Fred Sigernes fred@unis.no

Four cases of noon auroral activity (11.00-13.00 MLT) were studied on Barentsburg TV camera and DMSP satellite
data (07-08.12.2000, 22.12.2003, 12.12.2004). Keograms demonstrate poleward moving auroral forms (PMAFs) —
indication of dayside magnetopause reconnection. Events analyzed have three common features:

1. Aurora has well-pronounced beam structure, similar to the nighttime breakup, where most of precipitating
electrons are accelerated by field-aligned electric fields.

2. Tendency to anticorrelation of electron and proton fluxes was found - sure sign of electron acceleration by
parallel electric field.

3. Electron energy spectra often show the presence of second high-energy component.
Seven cases of noon aurora detected by Barentsburg NORUSCA hyperspectral TV camera together with DMSP data
were studied as well (December 2011 — January 2012). Camera recorded all-sky aurora images in 15 spectral lines
between 4000A and 8000A. Previous conclusions were well confirmed, and synthesized NORUSCA RGB images
(4278+5577+6300A emissions) directly demonstrate that diffuse and discrete beam-structured noon aurora caused
by different mechanisms — diffuse aurora have mostly red color (soft-energy precipitation), but beams are mostly
green (high energy of electrons).
We can suppose that low energy noon aurora caused by magnetopause field lines reconnection and direct
penetration of solar wind particles, but high-energy beam-structured aurora is the result of field-aligned currents
generation and electrostatic electron acceleration in parallel electric fields.

The study of magnetic barrier parameters dependence on the direction and intensity of the
interplanetary magnetic field
K.Yu. Slivka, V.S. Semenov, and N.P. Dmitrieva (Saint-Petersburg State University, Saint-Petersburg, Russia)

The magnetic barrier is the region with enhanced magnetic field magnitude and depleted plasma. It is formed in the
inner magnetosheath layer adjacent to the low-latitude dayside magnetopause.
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There is a general point of view now that a magnetic barrier can persist only for the northward direction of
interplanetary magnetic field (IMF) while it is absent for the southward direction. We make a special study to check
appearance of magnetic barrier for different directions of IMF. To this end a data base consisting 63 events of low-
latitude dayside magnetopause crossings by the THEMIS satellites was created and analyzed. In order to study the
variations of key plasma parameters and the magnetic field in the magnetopause and the adjacent magnetosheath in
a systematic way we used a superposed epoch analysis. It turns out that the magnetic barrier is the most pronounced
for the northward IMF. For the southward IMF we still were able to find events with signatures of magnetic barrier.
According to the theory magnetic barrier builds up more slowly than it collapses. Also we find out that the magnetic
barrier field at the dayside magnetopause is about 80% of the magnetospheric value for southward IMF cases with a
minimum magnetopause reconnection rate. In other hand, previous statistical studies showed that for southward
IMF the magnetic barrier field is no more than 50% of the magnetospheric value.

The model calculations of the Poynting flux over the auroral arc

M.A. Volkov (Murmansk State Technical University, 13 Sportivnaya Str., Murmansk, 183010, e-mail:
volkovma@mstu.edu.ru)

In this work the solution for the electric field across the auroral arc consistent with currents flowing into and from of
the arc hase been obtained. The model of the currents flowing into and from the arc has been specified but at the
same time the currents across the arc have been calculated taking into account the ionization and recombination
processes in the ionosphere. The solution for the auroral arc electric field depends on the background electric field
or the field of the large-scale magnetospheric-ionospheric convection. The case where the current across the arc has
opposite direction to the electric field has been considered. In this case, the arc is a generator of electromagnetic
energy, and the Poynting vector is directed upward from the ionosphere. Using the model of the magnetospheric-
ionospheric convection the areas where the arc can be the electromagnetic generator have been identified. The
results of the calculation have been compared with the observations.

Long -lived proton auroras equatorward of the auroral oval on the dayside
A.G. Yahnin, T.A Yahnina (Polar Geophysical Institute, Apatity, Russia (e-mail: ayahnin@gmail.com)

From the analysis of the IMAGE FUV instrument images we found a new (not described yet) type of sub-oval
proton aurora on the dayside. This is long-lived (up to several hours) aurora that occurs during relatively quiet
geomagnetic conditions and at relatively high latitudes in close relation with ground observations of geomagnetic
pulsations Pcl. The latter means that both proton auroras (precipitation of protons) and pulsations are the result of
the ion-cyclotron (IC) instability of the near-Earth plasma. Comparison with measurements onboard LANL
spacecraft shows that the instability does not relate to the high cold plasma density, that is, the instability develops
outside plasmasphere. The lack of the cold plasma explains the fact that related Pcl frequency are always above
equatorial gyrofrequency of He+ at the latitude of the proton auroras. We conclude that the IC instability is the
result of the increased anisotropy of energetic ring current protons drifting around the Earth. The anisotropy
increases in the day sector due to effect of the drift shell splitting.

AHOMAaJIbHbIe BO3MYIIIeHUs] B BEKOBBIX BapMalMsaX MATHUTHOIO 1oJisi 3eMJIM nepen
KaTacTpopuyecknuM 3emiierpsacenneM B Sinonun 11.03.2011

B.C. Ucmarunos, 0. A. Konbitenko, .M. ITonoB (2. Canxkm-Ilemepoype, CI16@ U3MHUPAH, EM:
office@izmiran.spb.ru)

11 mapra 2011 r. y BocTOo4HOrO moGepexbs SINOHUHM HMPOM30ILIO 3eMIIETpsCeHHE ¢ MarHutyaod M = 9. Dro
3eMJICTPSICEHUE OKa3aloch CHWIBHEHWIIMM 3a BECh CPOK ceiicMuueckux HaOmoneHui B SmoHuH. ONULEHTP
3eMJICTPSICEHUsI pacriojarajics IoJ ITHOM Mopsi Ha pacctosHuu ~130 kM or Oepera u Ha riyoune ~24 kM. Ilo
JAHHBIM JBYX MarHUTHBIX cTaHuui Ecamm u Musycaa, pacroyloxK€HHBIX Ha TeppUTOpUU SIMOHUM Ha PacCTOSHUU
~180-200 kM OT 3THIIEHTPA 3eMIICTPSICEHUS CCIIEIOBAIICH BEKOBBIC BapHAIMH TTIABHOIO MATHUTHOTO TIOJIS 3E€MITH.
BekoBble (CeKyssipHBIE) KOMIIOHEHTHI TJIABHOIO MAarHUTHOTO MO 3€MIIM W3MEHSIOTCS JOCTATOYHO TJIAAKO B
Te4YeHHUe NecsITKOB U coTeH Jier. Onnako B mepuoy 2000-2011 r. B paiioHe KatacTpopUUECKOTO 3eMIICTPSCCHHS Ha
TeppuTopud SNoHNKM OOHAPYKEHBI YEThIPE aHOMAJINK B BEKOBBIX BapHalMAX INIABHOIO MarHUTHOTO MOJIS 3eMIH C
JUIUTENBHOCTBIO OT TOJIyrofa 10 Tpex JieT. Bece aHOManuu pa3BHBalInCh OJHOBPEMEHHO C BO3HMKHOBEHHEM U
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Pa3BUTHEM JIOKAJBHBIX CEHCMOAKTUBHBIX 30H B mpenenax ~100 kM OT MCIOJB30BaHHBIX MArHUTHBIX CTaHIUN U
MIPEANIeCTBOBAIM CHJIBHBIM 3emiieTpsiceHnsiM (M>6). HamOonee OTYETIMBO aHOMAIMK BUIHBI B Pa3HOCTAX
COOTBETCTBYIOIIMX MATHUTHBIX KOMIIOHEHT M3MEPEHHBIX Ha ATHX JBYX CTAaHIHMAX PACIIOJIOKEHHBIX Ha PACCTOSHHUH
~19 xm gpyr ot apyra. [locnenHss anomanust ObUIa caMON CHIIBHOM M IPOSIBIISIIACE OKOJIO 3 JIET Iepes MOMEHTOM
katactpoduueckoro 3emierpsicenus (M=9) B Slnonun.

Bo3moxkHon l'[pPl'-lPlHOﬁ AHOMAJIbHOT'O TOBCACHHA MArHuTHOTO IMOJIA MEPEd 3EMIICTPACCHUAMU MOKET 6])ITI)
W3MEHCHUE IMPOBOJAUMOCTh B JIOKAJIBHOM OO0JACTH 3€MHOW KOPBI BCICACTBUEC TEKTOHHYECKHX mporeccoB. Ha
HAYaJIBHOM JTale TEKTOHMYSCKHE IMPOIECCHl MPHUBOAAT K TOBBINICHHIO TEMIIEPATyphl W, CJCIOBATENBHO,
MOBBIIICHUIO TPOBOJUMOCTH B  00NacTH OyAyIIero THIOICHTPAa 3CMICTPSACCHHs, 4YTO MPHUBOAUT K
repepacipe/ieIiCHHI0 3¢MHBIX TOKOB M M3MCHCHHI0O MarHUTHOTO IOJI Ha 3€MHOH MOBEpXHOCTH. B nmampHeitmem
TEKTOHWYECKHE TPOIECCHl MPHUBOAAT K YCWICHHIO TPEIIMHOBATOCTH B OOJIACTH OYIyIIero THIIONEHTpa U K
YMEHBIICHUIO TIPOBOJUMOCTH NIEpe] MOMEHTOM 3E€MIICTPSICEHHS.

AHHM30TPONHUS MPOCTPAHCTBEHHOT0 CKEHJIMHTA B MOJISIPHBIX CHTHUSIX M0 HA3eMHBIM HA0JII0IEHUAM
B AnaTurax

B.B. Kozenos (I1I'1 KHL] PAH, 2. Anamumut, Poccus, Boris.Kozelov@gmail.com)

I[lo opmaHHBIM Ha3eMHBIX HAOMIOAEHMH KOMIUIGKCA aBPOPAJbHBIX KaMEp AaHAJIU3UPOBAINCH  CIEKTPbI
IPOCTPAHCTBEHHBIX (DIyKTyalMii aBpOpaJbHOIO CBEYEHHS B aHM3OTPONHBIX (opmax (Iyrd, IOJIOCHI U CHCTEMBI
nyr). CIeKTpbl pacCUNUTHIBAIIMCH MO0 OJHOMEPHBIM CEYEHHSM HaOJIF0AaeMOro IByMEPHOTO PaclpeaeleHus] METOJOM
Jorapu(MHUUYECKUX UarpaMM C HCIIOJIb30BaHUEM JHCKPETHOI'O BEHBIET-pa3iiokeHus: no BeiiBieram Jobemm 3-5
nopsiakoB. Iloy4yeHbl 3aBUCUMOCTH CIEKTPaAJIbHBIX MHJEKCOB OT OpUEHTAIMM ceueHus. [IpoBesieHO cpaBHEHHE C
AQHAJIOTUYHBIMU XapaKTEPUCTUKAMH, TOJYYEHHBIMU U3 TEOPETHUECKUX MPEACTaBICHUIL.

OtroxaectBiieHue goaronepuogubix MI'I nyascanuii B Marnutocdepe MeToiaMu BelBJIeT-
CKeJIeTOHHOT0 aHAJIM3a KAK NPeABeCTHHKOB NPOTOHHBIX COJTHEYHBIX BCIbIIIEK

C.E. Pesynos, /I.B. lllagpyxos, H.B. Kocomanosa (Huowcecopodckuii I ocyoapcmeennwiii Iledazocuyeckuti
Yuueepcumem, Huowcnuii Ho2opoo)

Panee 6puto 3ameueno [beictpoB M.B., Kob6pun M.M., Cuermpes C.J[. Ksasumepmomgmueckue myiIbCcalluu
MarHuTHOTO TmoNs 3emnau ¢ mnepuomaMu 20-200 MHHYT M UX CBS3b C AQHAJOTHMYHBIMH ITyJbCALMSMH B
panuonsnyueHnn CoJHIIA TIepe] POTOHHBIMU BCbINKaMu // ['eomaraetusm u asponomus, 1979, T.2, ¢.306], uro
3a HECKOJIBKO JHEH 10 pa3BUTHSI COJHEYHOW BCIIBIIIKK B MarHUTOC(epe MOTYT HaOJIOAAThCS JOJITONEPHOIHBIC
(~20 mun) MI'Jl nynbcauuu, oOHapyKMBaeMble B KOMIIOHEHTAaX F€OMAarHUTHOT'O TIOJIi HA3€MHBIX 00CEpPBATOPHH.
Mertopl aHaIM3a JaHHBIX, OCHOBAHHBIE Ha AJITOpUTME Ipeodpa3zoBanust Oypbe B JaHHOM ClIydae MaJOIPHUIOIHBL,
T.K. OHM He coziepar nH(popMaluu o AMHAMUKE YaCTOTHOTO peXnMa OBICTPO M3MEHSIOIIerocs curHaina. B cBsizu ¢
9THM, B HWCCIICIOBAaHHM BBIIOJIHACTCS BEHBIET-aHAIN3 KOMIIOHEHT T€OMarHUTHOTO IIOJsl, ITO3BOJIAIOIINI
orciexuBartk sSBomonmio MIJl mymbcamuii B MarHUTOCepe Ha pasHBIX MacmTabax. bomee Toro, Hamm
UCIIOJIb30BaHA BEHBIET-CKEJICTOHHAS TEXHWKAa OOpPabOTKH MAaHHBIX, YTO JEJAeT HMHTEPIPETAlUI0 Pe3yIbTaTOB
MaKCHMAaJIbHO HarisiiHoW. B paboTe paccMaTpuBaeTcst BO3MOXHOCTh HCIIOJIb30BAHUS ATUX PE3YJILTATOB B KAUECTBE
MPE/IBECTHUKOB BO3HUKHOBEHHUSI MOIIIHBIX IIPOTOHHBIX COJTHEYHBIX BCIIBIIIEK.

HccnenoBaHue BBIMOJHEHO HA MUHYTHBIX JAHHBIX JJIsi KOMIOHEHT F€OMAarHUTHOTO II0JISl IECTH CPEeIHEUIMPOTHBIX
(310-640) obcepsaropwmii Leirvogur, Valentia, Kanoya, Hatizyo, Kakioka, Memambetsu B mmupokom Iuamna3zoHe
KOOpJMHAT, MOJYYCHHBIX ¢ pecypca http://wde.kugikyoto-u.ac.jp. Taxke aHaIM3UPOBATIKHCH OJHOBPEMCHHBIC
MHHYTHBIE  JIaHHbBIE O  MOIIHOCTM  PEHTICHOBCKOTO  W3JIyYeHHMs,  IPENOCTAaBICHHBIE  PECYpCOM
http://spidr.ngdc.noaa.gov/spidr, MUHYTHBIC JaHHBIC HAPAMETPOB COJIHEYHOTO BeTpa: Moaysib MMII, mioTHOCTh
nortoka, nasieHue (http://cdaweb.gsfc.nasa.gov). AHann3 MaHHBIX BBITIOJIHEH 3a IIOJIHBIE 5 MarHUTOCIIOKOMHBIX
JIHEH NpeAlIecTBYIOIUE PETUCTPAlH KOHKPETHBIX IPOTOHHBIX Benblmek Ha CoiHIe 1o AaHHBIM Katanora NASA
(http://cdaw.gsfc.nasa.gov).

BeiiBneT-ckeneToHHasT TEXHHKa, C pa3jiokeHHeM 1o OasumcHoi ¢QyHkmm J[lobGemmn dYeTBEPTOro MOpSAIKA,
NPUMEHSUIACHh JUIS 0OpabOTKH M COMOCTABUTEILHOIO aHAIM3a KOMIIOHEHT T€OMAarHUTHOTO OIS, (PUKCHPYEMBIX
Ha3eMHBbIMH O0cepBaTopusiMi. B pe3ysbraTe B MOJNYyYSHHBIX CKEJIETOHAX ObUIM OOHAPYKEHBI NOJITONEPHOIHBIC
MI'/l mymbcamum, perHCTpHpyEeMBIE 3a HECKOJIBKO ITHEW IO DPAa3BUTHS HPOTOHHON BCHBIIKHA. AHAJIOTHYHBIE
MyJIbCAllMU YaJ0Ch OOHAPYKHUTh U B MOAYJIE CKOPOCTH IOTOKA COJIHEYHOTO BeTpa. BBINONHEHHBIH aHAIM3 JBYX
MIPOTOHHBIX COJIHEYHBIX BCIIBIINIEK MOKa3al, uyTo Bemblimke X3.9 (11.03.2003, 09:43-10:19 UT) npenuiectBoBain
KoJIeOaHMsI TOPU3OHTAIILHON KOMITOHEHTHI T€OMarHUTHOT'O MOJIsl Ha BCEX MCCIEAYeMbIX CTaHIMsX 3a ~48-60 uacoB
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0 Hadana coObITHs, a Bembimke X3.6 (16.07.2004, 13:49-14:00 UT) — xonebaHus TOPU3OHTAITBHON KOMIOHEHTHI
TEOMarHUTHOTO TIOJIS Ha BCEX MCCIIEAYEMBIX CTaHIUAX 3a ~30-40 gacoB 0 Havama COOBITHS.

HoBblii THII BHICHINIAHUA YJHEPITUYHBIX POTOHOB K 3KBATOPY OT U30TPOIHOM IPAHUIIBI

T.A. SIxuauna, A.I'. Sxuun, T.A. [lonosa (Tlonsprutii ceogusuueckuti uncmumym KHIL] PAH, Anamumol,
tyahnina@gmail.com )

Mo maHHBIM HaOMIOAEHWI TOTOKOB SHEPTHMYHBIX INPOTOHOB Ha cuyTHHKax NOAA o0O0OHapyXeH HOBBIH THII
BBICHITIAHUI MPOTOHOB K AKBATOPY OT W3OTPOIHOW TPAHHWIBI — BBICHIIAHMA Ha ImmpoTax 65°-70° Ha OHEBHOI
CTOpOHEe. XapaKTEepHBIA MIMPOTHBIA pa3Mep TaKUX BBICHITaHUI — Oojee 2° TpagycoB, YTO TAaKXkKe, KPOME HIHPOTHI
HaOJIOICHUS, OTJIMYaeT WX OT HM3BECTHBIX THUIIOB JIOKATM30BAHHBIX (~1°) BBICHINIAHWUI MPOTOHOB, CBS3aHHBIX C
reoMarHuTHeIME TyJbcanusamMu Pcl u KYII. Beichimanus HaOMIOMAIOTCS 3a IUIa3MOIAy30# IMOCJE MEPUOJIOB
NOBBINIEHHON IreOMarHUTHON BO3MYIIEHHOCTH (HalmpUMep, F€OMarHUTHBIX Oypb). POCT 1MoTOKa BBICHIIAOIIUXCS
NPOTOHOB 4YacTo HaONIOJAeTcs NpH CKaykaxX JUHAMHYECKOro JaBJICHHs COJIHEYHOTO BeTpa. [Ipu mpeBbllIeHUH
MOTOKa MNPOTOHOB BennuMHBI ~105 (cM2 cp c)-1 B 0oOmacTH NPOTOHHBIX BBICHIIAHMKH MOTYT HaOIIONATHCS
NIPOTOHHBIE CHSHMA. [IOBBIIICHHBIE IIOTOKM BBICHINAIOMINXCS TMPOTOHOB KOPPENHPYIOT C T'€OMarHUTHBIMHU
myJbcalysMu auanasoHa Pcl. BeickazaHo mpearnosiokeHHe, YTO STOT THI BBICHIIAHHS IIPOTOHOB OOYCIIOBJIEH
B3aMMOJICHCTBHEM MOHHO-IIMKJIOTPOHHBIX BOJH C TIPOTOHAMH KOJBIIEBOTO TOKa, KOTOpoe Hambolee 3(PPEeKTHBHO B
THEBHOM CEKTOpe, TJIe B pe3yNIbTaTe PacHICIUICHUS Apei(poBBIX 000I0YEK HAa OTHOCHTEIBHO BBICOKHX IMTHUPOTAX
BO3HHUKAET 00JaCTh MOBBIIICHHON MONIEPEYHON aHN30TPOITMH SHEPTHYHBIX TPOTOHOB.
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Pg wave detected by array of satellites
V.B. Belakhovskyl, V.A. Pilipenkoz, S.N. Samsonov’, D.Yu. Klimushkin*

'Polar Geophysical Institute, Apatity, Russia

*Institute of the Earth Physics, Moscow, Russia

*Institute of Cosmophysical research and Aeronomy, Yakutsk, Russia
*Institute of Solar-Terrestrial Physics, Irkutsk, Russia

Pg geomagnetic pulsations in the Pc4-5 frequency range during 2007 were studied using the magnetometer and
particle data from geostationary GOES, LANL, and ETS-8 satellites, augmented by THEMIS satellite data. The
recorded pulsations had monochromatic wave forms and were observed during quiet geomagnetic conditions.
However, in contrast to the previously reported Pg wave events, these pulsations practically could not be seen by the
ground-based magnetometers. The geostationary observations showed that Pg pulsation had dominant radial and
field-aligned components. The cross-correlation between the GOES-10 and GOES-12 data yielded the azimuthal
wave number m~=20-25. The observations from the LANL satellites indicated that these Pg pulsations may be
generated by a cloud of protons with energies 50-75 keV due to some kinetic instability.

The investigation of the spatial distribution of auroral Pc5 pulsations and its connection with
simultaneous Pc5 pulsations in geomagnetic field and CNA

V.B. Belakhovsky', V.A. Pilipenko®

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

The coupling between the auroral Pc5 pulsations and simultaneous Pc5 pulsations in geomagnetic field and cosmic
noise absorption (CNA) has been studied using the data from magnetometer array CARISMA, riometer network
NORSTAR, and Barentsburg station. The aurora observations were made with meridian scanning photometers
(MSP). Geomagnetic Pc5 pulsations reveal the resonance properties: the decrease of the pulsations frequency with
the increase of the geomagnetic latitude, and the apparent propagation from low to high latitude. The geomagnetic
Pc5 pulsations were accompanied by corresponding auroral Pc5 pulsations in 557.7, 630.0, and 471 nm emissions.
The auroral Pc5 pulsations were found to propagate from low to high latitudes. Auroral and geomagnetic Pc5
pulsations were accompanied by the pulsations in CNA with the same frequency. Auroral PcS5 pulsations were
observed in a more narrow latitudinal interval than geomagnetic Pc5 pulsations. This fact shows that geomagnetic
Pc5 pulsations are the source for the auroral Pc5 pulsations. The ratio of 557.7/630.0 emissions indicates that auroral
Pc5 pulsations may be generated by accelerated magnetospheric electrons.

Comparative analysis of the ULF emissions fractal characteristics in quiet and disturbed conditions

T.V. Bondareva, N.A. Smirnova (Institute of Physics, St. Petersburg University, St. Petersburg 198504, Russia,
e-mail: b.ndareva@gmail.com)

In our previous presentations, a statistical analysis of the ULF emissions fractal characteristics versus Kp-index of
geomagnetic activity was introduced. On the basis of magnetic data obtained on a network of the 210 MM stations,
we have shown that the ULF emissions fractal dimension D decreased and the corresponding spectral exponent 3
increased with increasing of the Kp- index. Here we continue to consider the dependence of the ULF emissions
fractal characteristics on geomagnetic activity, fulfilling the case study of the D and B dynamics in quiet and
disturbed conditions, as it follows from the Dst-index variations. It is revealed that ULF emissions fractal dimension
drops sharply under transition from quiet to disturbed conditions, which means a change of the ULF emissions
behavior from antipersistent regime (during quiet conditions) to persistent regime (during geomagnetic
disturbances). The results obtained are discussed on the basis of the SOC (Self-organized criticality) consideration.
A possibility of using of the revealed peculiarity as a precursory signature of geomagnetic disturbance is considered.
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Cyclotron acceleration of radiation belt electrons by whistler-mode chorus waves
A.G. Demekhov (Institute of Applied Physics, Nizhny Novgorod, Russia)

We study the efficiency of nonlinear gyroresonant interaction of radiation-belt electrons with VLF chorus wave
packets. Model wave packets with linear and parabolic frequency drift and artificially imposed amplitude
modulation are used along with a realistic wave packet taken from Cluster data. It is shown that the amplitude
modulation in a wave packet decreases significantly the number of particles which are accelerated in the regime of
trapping by the wave field. We calculate the net energy balance between a particle population and a wave packet and
discuss its dependence on the wave amplitude and frequency drift.

Interplay of Alfvenic and electrostatic ion-cyclotron processes in the magnetosphere-ionosphere
coupling on small scales

L.V. Golovchanskaya (Polar Geophysical Institute, Apatity, Russia)

The role of the EIC waves in the development of the broadband ionospheric turbulence is considered. These waves
can be involved (a) by producing density variations, which alter the propagation of shear Alfven waves, leading to
the appearance of small spatial scale sizes in the plane perpendicular to the external magnetic field, and (b) by
producing a kind of anomalous perpendicular diffusion, which is important in the non-linear interaction of Alfvenic
coherent structures. On the other hand, the non-uniform electric fields (transverse velocity shears) of Alfvenic
turbulence change the dispersive properties of the medium and thereby influence the propagation of the EIC waves,
modifying their dispersion relation.

Application of extremely low frequency electromagnetic waves for subsurface-surface
communication in mines

V.A. Lubchich (Polar Geophysical Institute, Murmansk, Russia)

The report deals with problems of organization of extremely low frequency wireless subsurface - surface
communication in mines. In 2011 the experiment was carried out in the mine "Barentsburg" in the Spitsbergen. The
extremely low frequency radio signal, radiated by subsurface mobile low-power source of electromagnetic waves,
was recorded on the surface of the Earth. The radio signal was generated at frequencies of 10.9, 36.7, 76.2 and 159.4
Hz. The transmitter was located at a distance of 3.4 km from the receiver. The measured amplitudes of magnetic
field components, normalized on the current, amounted to |[Hz| = (3.7£1.7)-10° A/m, |[Hx| = (6.3%1.7)-10° A/m and
|Hy| = (1.740.6)-10” A/m, the X axis is directed along the magnetic meridian to the North. It was found, that the
measured values of the magnetic field greatly exceeded the normal values, computed for subsurface vertical
magnetic dipole. The normal values of magnetic field amounted to |Hz,| = 2.4-10"° A/m, |Hx,| = 2-10""" A/m and
|Hyo| = 1.7-10"> A/m. It was suggested, that the high values of the observed magnetic field amplitudes were caused
by influence of geoelectric heterogeneities in the Earth. Three dimensional modeling of nonhomogeneous ground
was performed by the method of grid approximation of Maxwell's equations in order to estimate this influence. The
model took into account the relief of the area, the proximity of sea bays and the presence of thin high conducting
coal seam. The model values of magnetic field amplitudes amounted to |[Hz,| = 2.1-10° A/m, |Hx,,| = 7.8-10"° A/m u
|Hy,| =3.7-10"° A/m. So it was demonstrated, that the largest increase of observed magnetic field amplitudes can be
determined by high conducting areas in the ground, for example, the coal seam.

Spectacular quasi-periodic VLF emissions in the auroral latitudes

J. Manninen', N.G. Kleimenova®, O.V. Kozyreva®

'Sodankyla Geophysical Observatory, Sodankyla, Finland
*Institute of the Earth Physics of RAS, Moscow, Russia

The new type of the long-lasting quasi-periodic (QP) VLF emissions in the frequency range of 1-5 kHz was found

during the winter Finnish VLF campaign (L = 5.3) in December 2011. These emissions were not accompanied by
geomagnetic pulsations. The considered QP emissions were recorded as unusually spectacular events with a
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duration of several hours, observed during the night-time under very quiet geomagnetic conditions (Kp ~ 0-1),
although the typical QPs usually occur during the daytime. The spectral structure of these QP events represented an
extended, complicated sequence of the repeated discrete rising VLF signals with duration of about 2-3 min each.
The repetition signal periods ranged from about 1 min to about 10 min. At least 5 such non-typical events are
observed during this campaign. A fine structure of the separated QP elements represented a mixture of the different
frequency band signals, which seem to have independent origins. It was found that the periodic signals with lower
frequency appear to trigger the strong dispersive upper frequency signals. The temporal dynamics of the spectral
structure of the QPs studied were controlled by some disturbances in the solar wind and interplanetary magnetic
field. The generation mechanism of the discussed QP emissions is not yet understood.

Quasi-periodic VLF emissions: An analysis of the periods on different time scales
J. Manninen', E.E. Titova’, A.G. Demekhov’, A.E. Kozlovskyl, D.L. Pasmanik®

'Sodankyla Geophysical Observatory, Sodankyla, Finland
Polar Geophysical Institute, Apatity, Russia
3Institute of Applied Physics, Nizhny Novgorod, Russia,

Quasi-periodic (QP) VLF emissions are characterized by periodic modulation of wave amplitude with periods from
a few seconds to minutes. During the ground-based campaign on VLF measurements in Northern Finland
(Kannuslehto, L=5.3) in December 2011-January 2012 different types of QP VLF emissions were observed
[Manninen et al.,. 2012].

In this report, we discuss observations of December 24, 2011, during which multiple characteristic time scales of the
magnetospheric whistler-mode waves manifested themselves especially clearly in the QP emissions. In particular,
we roughly determine the location of the QP source in the magnetosphere by analyzing the polarization and
frequency range of the VLF waves detected on the ground. We present observational evidence of the transition from
the linear to the nonlinear regime of magnetospheric wave-particle interactions. We also consider substorm-related
changes in the QP periods which differed from those discussed by Manninen et al. [2012], and propose an
explanation of the observed difference.

Manninen J., et al., Non-typical ground-based quasi-periodic VLF emissions observed at L~5.3 under quiet geomagnetic
conditions at night, JASTP http://dx.doi.org/10.1016/j.jastp.2012.05.007

Modulation of the total electron content by geomagnetic PcS pulsations
V_A. Pilipenko', V.B. Belakhovskyz, D. Murr’, M. Terramoto*

!Institute of the Earth Physics, Moscow, Russia

Polar Geophysical Institute, Apatite, Russia

Center of Atmospheric and Space Physics, Minneapolis, USA
“Nagoya University, Japan

The intriguing effect was found while analyzing the small-scale variations of total electron content (TEC) derived
from global positioning system (GPS) signals. We have searched for a possible response in TEC variations to
intense global Pc5 pulsations with period about few mHz covering the CGM latitudes ~58°-75° during the recovery
phase of the strong magnetic storms on Oct. 30-31, 2003. Earlier studies demonstrated that the GPS-TEC technique
is a very powerful method to study the propagation pattern of transient disturbances in the ionosphere, generated by
seismic or internal gravity waves. This technique has turned out to be unexpectedly sensitive to ULF waves as well.
During periods with intense Pc5 geomagnetic wave activity very clear pulsations with the same periodicity were
found in the TEC data from high-latitude GPS receiving stations in Scandinavia and Arctic Canada. The wavelet and
cross-spectral analysis show a high coherence (~0.9) between the periodic geomagnetic and TEC variations.
Moreover, the relative amplitude of TEC periodic fluctuations ATEC/TEC was even larger than relative amplitude
of geomagnetic variations AB/B. So far, the effect of TEC modulation by Pc5 waves is not well understood and is
still a challenge for the MHD wave theory. Various possible modulation mechanisms have been estimated, but no
mechanism was firmly identified.
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ELF electromagnetic disturbances in the outer ionosphere produced by the HAARP heating
facility

E.E. Titova', A.G. Demekhov’, A.A. Mochalov', A.B. Pashin', M.M. Mogilevskiy’

'Polar Geophysical Institute, Fersmana 14, 184209, Apatity, Russia
*Institute of Applied Physics, Ulyanov 46, 603950, Nizhny Novgorod, Russia,
Space Research Institute, Profsoyuznaya 84/32, 117997, Moscow, Russia,

Strong heating of the ionospheric plasma by high-power high-frequency radio waves can lead to the generation of
electromagnetic and plasma disturbances. We study characteristics of electromagnetic ELF turbulence at altitudes of
about 700 km, measured by DEMETER satellite above the HAARP heating facility. It is demonstrated that the
amplitude of the ELF noise increased 2-8 times above the HAARP transmitter during daytime passes of the
DEMETER spacecraft. The horizontal extent of the ELF disturbance region at the DEMETER altitude was about
50-70 km. We analyze the spectra of the ELF signals related to the HAARP operation and discuss possible
mechanisms for the excitation of ELF noise by HAARP heating facility at altitudes of the DEMETER spacecraft.

Unusual proton aurora correlated with unusual “Pc1”

A.G. Yahnin', T.A. Yahnina', E.N. Ermakova’, A.G. Demekhov’, F. Soraas*

'Polar Geophysical Institute, Apatity, Russia
Radio-Physical Institute, Nizhniy Novgorod, Russia
3Institute of Applied Physics, Nizhniy Novgorod, Russia
4Universily of Bergen, Bergen, Norway

Unusual proton aurora form was observed on 10 November 2004 by the IMAGE spacecraft - a long narrow arc in
the night—early morning sector at CGLat = 50 (L ~ 2.4). Observations from the low-orbiting NOAA satellite showed
that this arc is related to the localized precipitation of energetic (E>30 keV) protons. Such precipitation typically
correlates with EMIC waves associated with geomagnetic pulsations in the Pc1 range, and is believed to result from
ion-cyclotron interaction in the equatorial plane of the near Earth magnetosphere. Analysis of data of ground-based
magnetometers regularly observing the magnetic fluctuations in the range of Pcl (0.2-5 Hz) did not show any
signatures of the pulsations. However, an emission at higher frequencies (10-12 Hz) correlated with observations of
the proton arc was detected in data of the search-coil magnetometer at Novaya Zhizn station (L=2.6) near Nizhniy
Novgorod. This frequency does not match the classical Pcl range, and is higher than the He+ gyrofrequency at the
location of the equatorial projection of the proton arc. We interpret the emission as the H + band of the EMIC waves
generated near the extremely low-latitude plasmapause. The location of the plasmapause at L-shells close to that of
the proton arc is confirmed by the plasmapause modeling and IMAGE RPI observations.

XapaKTepncrnKn NMOTOKOB BBICBINMAIOIIUXCHA YACTUI B MYJbCHPYIOIIUX MOJAPHBIX CUAHUSAX 110
TPUAHTYJIAIINOHHBIM HA0II0IeHUAM B ANaTUTaX

b.B. Kozenos, E.E.Turosa (I1I'M KHL] PAH, 2. Anamumul, Poccus, Boris.Kozelov@gmail.com)

JlaHHble Ha3eMHOTrO KOMIUIEKCAa aBPOPAJIBHBIX KaMep aHAJIU3MPOBAIMCH ISl OINPEAEIeHUs] IPOCTPaHCTBEHHO-
BPEMEHHBIX XapaKTEPUCTHUK MOTOKOB BBICBINAIOLIMXCSA YACTHUI] B IMyJIbCUpYIOLIEH aBpope. Bech KOMIIIEKC COCTOUT
13 5 aBpOpaAIbHBIX KaMep C Pa3IMYHBIM IIOJIEM 3PCHHS, YTO MO3BOJISIET PETUCTPUPOBATH KaK KPyIMHOMAacHITaOHbIE
My TECUPYIONIUE TITHA, Tak U Menkue (~100 M) meranu B mymscupyrommx (opmax. HabmrogeHns w3 OByX TOYEK
BOJIN3M MarHUTHOTO 3€HUTA JAIOT BO3MOXKHOCTb ONPENEIHTh BBICOTY MAaKCHMyMa HMHTCHCHUBHOCTH aBPOPAJIbHOMN
(bopmbl, a abCoMOTHAs KATUOPOBKAa HHTEHCUBHOCTH CBEUCHUS — OLIEHUTH ITOTOK BBICHITAIOIINXCS YaCTHIL.
PesynbraTel aHanmm3a HaOIr0maeMON TOHKOW NPOCTPAHCTBEHHO-BPEMEHHOW CTPYKTYPHI MYJIBCHPYIOUINX CHSIHUI
CpaBHHUBAIOTCA C CYHICCTBYIOMIUMU TCOPETUICCKUMU MTPEACTABICHUAMMU.
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Hcnoab3oBanue gpa3oBbix ckopocteit YHY reoMarHuTHbIX Bapuauui JJIsl KCCIe0BAHUS
re03JIeKTPUYECKOH CTPYKTYPbI 36MHOMH KOPBI

10.A. Konwitenko, B.C. Ucmarunos, A.JI. Kotukos, M.C. [lerpuies, I1.E. Tepemenko, A.B. Iletnenko,
J.b. aitues, [1.10. Capsrue, A.I'. Kopobeiinukos, I'.M. ITonoB (c. Canxm-Ilemep6ype, CI160® U3MHUPAH, EM:

office@izmiran.spb.ru)

Jis oOHapy)keHUs TIyOMHHBIX aHOMAIHH AJIEKTPOIPOBOTHOCTH 3eMHOH Kopwl B paiione m. Tomys (Kapemms)
MIPOBE/ICHBI CHHXPOHHBIE HAOFOICHHSI BapHAIHI AJIEKTPOMArHUTHOTO ToJs 3eMii. B 3ToM paiioHe HaOMrOmaroTCs
BBIXOJIBI BBICOKOIIPOBOIAIINX ITYHTHTOHOCHBIX TOPOJ Ha 3eMHYIO TIOBEPXHOCTh. B mporecce skcriepuMenTa ObLIH
YCTaHOBIIEHBI 5 BBICOKOYYBCTBUTENBFHBIX TPEXKOMIIOHEHTHBIX MAarHWTOBapHannoHHBIX craHmuit GI-MTS-1
pasHeceHHBIX Ha 5-10 kM Apyr oT apyra. JMCKpPEeTHOCTh perucTpanuy NaHHBIX cocTtaBimsuia 50 I'm. us
WCCIICIOBAaHUA M3MEHEHUS KaXKYIIErocs YAETbHOTO COMPOTHBICHUS C TIyOMHOM Ha BCEX 5 IyHKTaX BEIIOJIHEHA
00paboTKa JaHHBIX JOBYMsS MeToJIaMM - Marautotesutypudeckoro (MT3) u ¢a3oBo-rpajeHTHOrO 30HANPOBAHUS
(®I'3). Meroxg ®PI'3 paspadoran B CII6® N3MUPAH u mis ero npuMeHeHHsT HEOOXOAWMO HAMYUE TPex
MAarouToBaprualluOHHBIX CTaHIJ,l/Iﬁ PpacnoJI0OKEHHBIX TPCYTOJIbHUKOM Ha 3eMHON TMOBEPXHOCTH.
®dazoBast CKOPOCTb MEXly apaMu CTaHLUH OIPEEISIETCsI CIICAYIONIM 00pa3oM:

V12 = 2ﬂfd2]An[B](U/Bz(t+T12)] V13 = 27'Efd31/1n[31(0/33(t+‘[]3)] (1)
3mech f— JacToTa Bapualuid, dr; =X,—X; — PACCTOSHHE MEXIy JBYMsS TOYKAMH HA 36MHOU MOBEPXHOCTH, B, B, u B;
— 3HaYeHUs1 UHOYKYUU MACHUMHO20 NOSl 8 MOMEHM 8peMeHU , Tj; U 753 — (Pa30BBIE 3aACPKKU TPU HCIIONB30BaHUA
COOTBETCTBYIOIIUX Map CTAHINIA B TPEYTOJIbHUKE.
3Has (a3oBBIe CKOPOCTH V5 u V)3 MOKHO OTIPENeTUTh BEKTOP CKOPOCTH BIIOIb 3€MHOM ITOBEPXHOCTH:
s BexTOpa (ha30BOM CKOPOCTH BIOJb 3¢MHOM [TOBEPXHOCTH:

a = arctg[(V1ac0s(a1)- Vi3c08(a2))/(Viac0s(ar)- Vizcos(ar))] [V|=Vipcos(at ay) (2)
Jns BekTOpa rpajiueHTa BJI0JIb 3€MHOW MMOBEPXHOCTHU:
a = arctg[(Grac08(a1)- G13¢08(a2))/(Giac0s(ar)- Giscos(ar))] |G|=G1o/sin(at ay) 3)

B BeIpaxenusix (2) u (3) Via, Vis, Gz, Gi3 — Benn4uHBI (Pa30BBIX CKOPOCTEH M TPAJUEHTOB B HANPABICHUH MEXIY
nmapaMy MarHUTHBIX cTaHiwid 1 u 2, 1 u 3. o - HammpaBlieHHE COOTBETCTBYIOMIETO BEKTOPAa OTHOCHUTEIHHO OCH 0T —
ceBep, |V| u |G| — BennuuHbl ($a30BOW CKOPOCTH W TPaJMEHTa BJAOJb 3€MHOW MOBEPXHOCTH. YTIBI d; U )
OTIPEJIENIAIOTCS Uepe3 KOOPAMHATHI MAarHUTHBIX CTaHIMid 2 U 3 (6a3oBast cTaHuus 1 pacmonoxeHa B Hauajae CUCTEMBbI
KOOpAuHAT): a;= arctg(x,/y,), a; = arctg(xs/y3).
[To BenmmumHe Ga30BOH CKOPOCTH MOXKHO ONPEEIUTh KaXylleecs yaeIbHOe CONpOTUBIIeHNE B OM:M:

p=0.1" V’T, rae V — (asosas ckopocTh B km/cek, T — HepHOJ B CeK.
CornocrapiieHue pe3yiabTatoB uHTepnperaund Meto 0B MT3 u ®I'3 nokazano xopoluiee X COOTBETCTBHE.

I'enepanus kose6annii yobiBawuero nepuoaa 006,1akom apeiidywouux npoToHoB
A.A. JTvo6unuy (Tlonsapreii eogpusuueckuti uncmumym KHI] PAH)

C uenpio M3y4eHHss MeXaHHW3Ma I'€Hepal I'€OMarHUTHBIX KojeOaHuil yOwBatomero nepuona (KVYII) nposeneHs
pacyeTsl WHKPEMEHTa LUKJIOTPOHHBIX BOJIH, BO30Y)XAAaeMbIX IPH KOHTAKTe JIpeH(YIOINX B JOJTOTHOM
HalpaBjIeHUH SHEPTUYHBIX NPOTOHOB, WHXXEKTUPOBAHHBIX BO BpeMsl CyOOypH, C XOJIOMHOH I1a3MochepHOi
ra3moil. MccnenoBana 3aBUCHMOCTDh XapaKTEPHCTHK TeoMarHUTHBIX mynbcanuii KYII (mimmrenpHOCTH, HAKIIOH,
YaCTOTHBIM Mana30H IyJIbCAIMi) OT CBOMCTB MUTY-YIIOBOTO paclpeneneHus] (OHOBBIX U APeH(YIOMHNX YaCTHII.
[MuTy-yrnoBoe pacmpeneneHne MOAEIUMPYETCs, B YAaCTHOCTH, MoJIMHOMaMmu JlexaHapa pa3sHOTO —TOpsAKa.
Omnpenenensl ycIoBusl, IpU KOTOPbIX Bo3MoxkHA reHeparyst KYII Ha yactoTax BblIIe 3KBaTOPUAIBHON THPOYACTOTHI
TeIHsL.
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AHOMAaJBLHBIH 6apoMeTpryecknii K03¢GPUIHEHT MUKPOCEKYHIHBIX MHTEPBAJIOB AJI5l HEHTPOHHOT O
MOHHTOpA

10.B. banabusn (lloaapusiil ceopusuueckunt uncmumym KHI] PAH, Anamumut, Poccus)

BricokockopocTHas cucrema cOopa naHHBIX HeWTpoHHoro MonuTopa (HM), paspaborannas B III'M, Benmer
HETIPEPHIBHYI0 (HUKCALUIO TOSBICHUS KaXIOT0 HMMITYyJIbCa C TOYHOCTBIO | MKC Ha craHmmsx bapeHmnOypr
(UImnuGepren) n bakcan (Ces. KaBka3). 3a mpomemue rogsl HakomieHo Gomee 310 HUMITYJIbCOB Ha Ka)KIOU
CTaHIIUU. B stom OrpOMHOM MACCHUBC NaHHLIX CIICHHAJIBHBIMU IIpOTrpaMMa 1o 3aJaHHOMY aJITOPUTMY IIPOU3BOJUTCS
MOUCK Ppa3NIMYHBIX COOBITHMH — OIpEAEICHHBIX IOCJEeNI0BATENLHOCTEH HMITYyJIbCOB. B mpenpyiymux paborax,
paccka3bIBaloIMX 00 3TOH cucTeMe, ObLIO MOKa3aHo, YTO paclpeieieHe BpEMEHHBIX HHTEPBaJIoB B AaHHbIX HM ¢
BBICOKOI1 TOYHOCTBIO IO qunHsieTcst 3akoHy [Tyaccona.

WzBectHO Tarke, yto cuer HM 3aBucuT OT arMocgepHOTo IaBlieHHs; OapoMeTpuuecKuid Ko3h(UIMEeHT st
crapnaptHoro HM cocrasmser 0.72 %/m0. Kak moxaspiBaroT m3MepeHHss atMocdepHOro paasieHus Ha HM,
TUIIMYHAS BapHaLWs JaBJICHUS IPU N3MEHEHUH ITOTOBI cocTaBisteT £20 MO, a B TEUCHHE T0O/1a CITyJaroTCs BapHaIllul
no +40 m0. Bapuanus nasnenus B 20 M6 cozmaet Bapuanmto B caiere HM ~15 %, uTo HaMHOTO OOJBIIIE CYyTOYHBIX
Bapuanuii mepBUYHBIX KocMuueckux ay4eit (~0.5 %). i3menenus B Temne cuetra HM BenyT K H3MEHEHHUIO CPEAHETO
WHTEpBaJia MeXIy uMmmynbcaMd HM, COOTBETCTBEHHO, W3MEHSIOTCS 3HaueHHWs pacmpenenerus llyaccona,
omnuckiBaromiero Gpuykryaruu cuera HM mipu naHHOM atMochepHOM JaBIeHUH.

BbuiM BBINIOJIHEHBI KaK TEOPETUYECKHE PAacyeThl 3aBUCUMOCTH IapaMerpa pacupeneneHus Ilyaccona ma HM ot
aTMOC(l)epHOFO JAaBJICHUA, TaK WU OKCIICPUMECHTAJIbHBIC U3MCPCHHA I3TOr'0 IapaMeTpa IIpU BapUalUiaX daBJICHUS.
OOHapy»XEHO IMOJIHOE COOTBETCTBUE PACCYMTAHHBIX BEIMYUH C PEAIbHO HAOIIOJaeMBIMH B LIMPOKOM JHaIla30He
3Ha4eHUH MHTEpBaIOB. [IpM 3TOM HalMuMe OrpOMHON 0a3bl JAHHBIX IO3BOJIMJIO ONpEAEIATh OapoMeTpHyYecKuit
ko3¢ ¢unnent He B nesnoM 1o HM, a juis pa3nuyuHbIX BpEMEHHBIX WHTEPBAIOB MEXIy MMIyibcamu. Hampuwmep,
OTIPEIETNTh OAPOMETPUUECKI KOAPQUIIMEHT TOJIBKO JUISL TEX MHTEPBAJIOB MEXIY UMITYJILCAMH, KOTOPBIE JIeKaT B
npenenax 1100-1110 mke, 1110-1120 mke u 1.1

Opnako, st Maibix HHTepBaIOB (MeHee 1000 MKC) MEXIy MMIyIbcaMu O0apoOMETPHUECKU KOA(D(DUIIHEHT Pe3Ko
OTKJIOHSIETCS OT PACUYETHOH 3aBUCHMOCTH W HAaYMHAET PAcTH. B TO ke BpeMsl W3 IMPEKHUX PadOT HM3BECTHO:
3HadeHre naTepBaia B 1000 MKc siBIsieTcs TpaHndHbIM. iMeHHO Tipu 3HaveHusx MeHee 1000 MKC OCHOBHOM BKIIAJ
B KOJHMYECTBO KOPOTKHX HHTEPBAJIOB BHOCST MHOKECTBEHHOCTH; IpH 3HaueHUsIX < 100 MKC 10y MHTEPBAJIOB,
CO3/IaHHBIX MHOXKECTBEHHOCTBIO, 00Jiee YeM Ha HOPSIOK MPEBOCXOANT YHCIIO TAKHUX )K€ MHTEPBAJIOB, ONIPEIEIIeMOe
pacnpenenenueM Ilyaccona.

HccnenoBanne 0OapoOMETPUUECKOl 3aBUCHMMOCTH B Pa3HBIX MHUKPOCEKYHIHBIX HHTEpBajiax II0Ka3bIBaeT, YTO
KOPOTKHE HMHTEPBAJIbI UMEIOT OTJIUYHBIA OT cTaHaapTHoro miist HM Oapomerpuueckuit koaddumment. [Ipenesns
JEWCTBHS OSTOr0 AHOMAJIBHOIO 0apoMETPHYECKOro KOI(Q@UIMEHTa COOTBETCTBYIOT IIpelesiaM  BIIUSHUS
MHOXXecTBeHHOCTH Ha cueT HM. OrtmernM, uto GapomeTpuyeckuii KO3()(UIMEHT SBISAETCS WHIUBHIYAILHON
XapaKTEePUCTUKOW KOMIIOHEHTOB BTOPUYHBIX KOCMHUYECKHX JIydeil, ONpeAeNsIomel cTerneHb nX B3auMOJICHCTBHS C
atMocdepoif. TakuMm 00pa3oM, MOTYYEHO CBHICTEIHCTBO, YTO MHOXKECTBEHHOCTH Ha HM mpoOM3BOIATCS OpyTroi
KOMIIOHEHTOW BTOPUYHBIX KOCMHUYECKUX JTy4el C HHBIM 0apOMETPUIECKUM KOI(DUIIHEHTOM.

New middle latitude station with multiplicity recording

Yu.V. Balabin, E.V. Vashenyuk, A.V. Germanenko, B.B. Gvozdevsky (Polar Geophysical Institute of RAS, Apatity,
Russia)

High-speed data acquisition system for a neutron monitor (NM), developed in PGI, by the present moment is
installed at the fourth station — in Moscow (cutoff rigidity 2.4 GV). Previously, similar systems were installed in
Barentsburg (Spitsbergen, cutoff rigidity 0 GV), Apatity (cutoff rigidity 0.6 GV) and Baksan (North Caucasus,
cutoff rigidity 5.4 GV). Due to this system multiplicity events of M from M = 5 to M = 100, which (as has been
shown in previous studies) are produced by individual energetic particles (M = 5-10) or local hadronic showers (M
> 10), were studied. Earlier observations were actually performed only for two distinct zones: at sea level near the
Polar Cycle and at high mountain middle latitude zone. However, the interaction of cosmic rays with the atmosphere
and the generation of multiplicity at sea level and at 2000 m are significantly different. Now we have the
opportunity to explore the events of multiplicity in different points with different cut-off rigidity at sea level. At the
same time the stations have the same type design of NM, except Apatity.

The results obtained on three stations show that the events of M > 10 can be produced only by the local hadronic
showers in the atmosphere over NM. This is supported by the same time profiles of multiplicity events at these
stations and the difference in the numerical values due to different cut-off rigidity.
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All GLEs in one package

Yu.V. Balabin, E.V. Vashenyuk, B.B. Gvozdevsky, A.V. Germanenko (Polar Geophysical Institute of RAS, Apatity,
Russia)

Using the data of the worldwide network of neutron monitors (NM) it is possible to determine parameters of the
solar cosmic ray (SCR) flux (spectrum, direction and pitch-angle distribution) during a ground level event (GLE).
This task involves the solution of an inverse problem using one or another model of the SCR flux. We have
developed a new advanced model for this problem. It is well suited for such complicated cases as two-directional
fluxes in loop-like structures of the interplanetary magnetic field or temporal separation of the SCR particles in
pitch-angles in regular interplanetary magnetic structures. We use a modern magnetospheric model TO1 for
calculations of asymptotic cones of NM stations.

The worldwide NM network during its existence registered totally 71 GLEs. The first one was in 1942 (18" solar
cycle) and the last one was on 17.05.2012 (24™ solar cycle). We have selected 51 events (from GLEO5 (23.02.1956)
to GLE71 (17.05.2012)) suitable for modeling. There are no enough stations in skipped GLEs. Selected GLEs have
huge range of increases from ~2 % up to ~5000 %. For the selection and processing of these GLEs we used a unified
methodology. The analysis of results showed that the majority of events have two components of the SCR flux: the
prompt component has an exponential spectrum and a narrow pitch-angle distribution, the delayed component has a
power-law spectrum and almost isotropic pitch-angle distribution. The prompt component is registered on the initial
phase of a GLE. It is generated on the Sun in the pulse phase of a flare. The delayed component comes to the Earth
later. It is generated by the stochastic acceleration mechanism. Moreover, the spectra of both prompt and delayed
components can be divided into distinct groups, i.e. values of EO (characteristic energy of exponentials) and y
(spectral index of power law) are formed groups, but are not scattered on the wide ranges.

The first GLE of new 24" solar cycle

Yu.V. Balabin, E.V. Vashenyuk, B.B. Gvozdevsky, A.V. Germanenko (Polar Geophysical Institute of RAS, Apatity,
Russia)

The first event of the solar cosmic rays in the new 24th solar cycle after 5 years pause has occurred 17.05.2012. It
was associated with a solar flare in NOAA region 1476 located at N11W76. It was also registered in soft X-rays as a
weak eruption 1F/MS5.1. Ground level enhancement (GLE) was observed on the worldwide network of neutron
monitors (NM).

This GLE is odd in some points. It was produced in a small active region (its square is 230) of beta type after weak
flare 1F. GLE started at 01:54 UT (Oulu), maximum was 18 % on Oulu and Apatity stations at 02:08 UT. South
Pole station recorded around 7 % increase reduced to sea level. This is the third magnitude station. Total duration of
GLE was around 1.5 hour.

Due to our advanced methodics (which was applied to more than five tens of GLE.) we derived main parameters of
GLE like spectrum, pitch-angle distribution and direction of anisotropy. There were used data of the worldwide
network (27 stations). To calculate asymptotic cones of the stations the magnetosphere model T-01 was applied.
Pitch-angle distribution has a gap near 90 degrees and the gap is real present according to NM data. We explain it
the next way. Relativistic protons passed from the Sun to the Earth along Parker’s line and didn’t scatter into quiet
interplanetary environment. In this case there can be lack of protons on ~ 90° pith-angles due to time delay because
such protons spread along magnetic line with low velocity.

The results of our modelling are presented at http://pgia.ru:81/cosmicray/GLE/

Fluctuations in the solar wind density and IMF and their ground effects

0.V. Kozyreva, N.G. Kleimenova (Institute of Physics of the Earth RAS, Moscow, Russia)

We studied the level of the ULF fluctuations in the solar wind density (Np) and IMF by applying the special ULF-
index, based on 1-min OMNI data. The data obtained during the solar activity minimum (2006-2009) have been
analyzed. It was shown that the strongest ULF fluctuations in the solar wind density and IMF were observed at the
forward fronts of the high speed solar wind streams in the compression solar plasma region which leads to
development of an initial phase of magnetic storm. We found that the amplitude of the fluctuations in the frequency
range of the 2-7 mHz very strongly increased with increasing the solar wind density. The same tendency was found
for the ULF fluctuations in the B IMF.
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The similar ULF-index (ULFgr), based on the 1-min data of the global magnetometer network in the Northern
Hemisphere, has been calculated and applied to study ground effects of discussed above ULF fluctuations in the
solar wind density and IMF in the high speed solar wind streams. We found that these effects depend on the sign of
the IMF Bz component. We showed that at the forward fronts of the high speed solar wind streams under IMF
Bz<0, the strongest ground effects in the geomagnetic pulsations generation were observed in the night-early
morning sector of the high latitudes of closed magnetosphere. However, under IMF Bz>0, the strongest
geomagnetic pulsations were observed in the morning or day-time sector of the polar latitudes, corresponded to the
open magnetic field lines. These pulsations could be, probably, caused by a penetration to the polar ionosphere and
nonlinear transformation of the solar wind hydromagnetic waves. In the maximum of magnetic storms, the IMF and
Np fluctuations suddenly dropped, however, the ground ULF pulsation activity in the closed magnetosphere became
stronger. The sourse of these ULF waves likely have an inside magnetosphere origin.

Simulation of the lead-free neutron monitor response function

E.A. Maurchev, A.V. Germanenko, Yu.V. Balabin, E.V. Vashenyuk, B.B. Gvozdevsky (Polar Geophysical Institute
of RAS, Apatity, Russia)

On Apatity Neutron Monitor Station for many years works a background radiation monitoring system. An important
part of one is a lead-less neutron monitor needed to expand an investigated neutron energy range. It should be noted
that unlike other detectors, such as a muon telescope with efficiency & =1 in a wide energy range, the efficiency of
neutron detectors is highly dependent on the incident particles energy. Exactly for this purpose it is necessary to
study in detail a characteristics of the detectors of this type with a numerical simulation.

The aim of this study is to simulate the lead-free neutron monitor response on the particles in the energy range 107-
10" eV and the efficiency calculation of the neutron detector.

To determine the lead-less neutron monitor response function a simulation of propagation of a neutron incident on
the detector have been carried out with GEANT4 toolkit. For this simulation a software package including a
geometric model (4 counters surrounded by a polyethylene moderator), physical processes of particle interactions
with matter and a sensitive detectors implementation was created. As a source of particles a modeling particle
generator is used, which generates a parallel flow of monoenergetic neutrons incident on the detector. Model
neutron source is located at a height of 30 cm above the detector. It should be noted that with the available
experimental and theoretical data of other authors there is good agreement.

The search of positions of X-ray emission sources in the magnetic field obtained by solar flare MHD
simulation in a real active region

A. I. Podgorny' and I. M. Podgorny*

'Lebedev Physical Institute RAS, Moscow, Russia
’Institute for Astronomy RAS, Moscow, Russia.

The primordial energy release takes place in the solar corona above an active region at the height 15 - 30 thousands
kilometers. It is proved by precise flare X-rays observations on the solar limb. Flare energy accumulation can occur
in the current sheet magnetic field created by disturbances focusing in the vicinity of an X-type singular line.
Several others solar flare mechanisms are considered in many publications, majority of them are based on
assumption of a magnetic rope appearance in the corona. To define what mechanism is responsible for solar flare,
the 3D MHD simulations are done in the solar corona without any assumptions about the flare physics. The initial
and boundary conditions are taken from observations of a real active region before the flare. The calculations are
initiated several days before the flare, when strong disturbances in the corona are absent. Therefore, the potential
magnetic field in the corona, calculated from the field distribution observed on the photosphere, is used for setting
initial conditions. The magnetic field distributions measured on the photosphere are used for setting boundary
conditions during period of simulated active region evolution. Others boundary conditions are approximated by free-
exit conditions. The flare mechanism is shown by results of numerical simulation, instead of its artificially
introducing in setting the initial or boundary conditions. The main goal of MHD simulation in the solar corona is
finding-out of the physical mechanism of solar flare. The simulation shows that the current sheet appears in the
preflare state in the corona above an active region. The electrodynamical model of the solar flare based on current
sheet mechanism, which explains main flare manifestations, is proposed. The Hall electric field generates field-
aligned electric currents in the corona along the magnetic field lines that are crossing a current sheet. The hard X-ray
emission is caused by the electrons bremsstrahlung in the chromosphere, which are accelerated in field-aligned
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currents. The positions of sources of X-ray radiation can be found from magnetic field configuration obtained by
MHD simulation. According to the solar flare electrodynamical model the position of thermal X-ray is situated in
the current sheet, and positions of nonthermal hard X-rays are places of crossing of photosphere with the magnetic
lines, which are going out of the current sheet. The graphical system is developing, which can find these possible
positions of sources of X-ray radiation. For further study of the solar flare mechanism it is necessary to compare the
possible positions of sources of X-ray radiation founded from MHD simulation with X-ray observations.

The magnetic field dynamics of large active regions in the pre-flare state and during solar flares

.M. Podgorny', A.I. Podgorny?, and N.S. Meshalkina®

'Institute for Astronomy RAS, Moscow, Russia, podgorny@inasan.ru
*Lebedev Physical Institute RAS, Moscow, Russia
*Institute of Solar Terrestrial Physics SD RAS, Irkutsk Russia

Publications of the active region behavior before flares and during flares are controversial. In our report in Apatity
Seminar 2012 the preliminary data were demonstrated that the growth of the magnetic flux of the active region
before flares is appeared. The flares of X class are recorded, when the magnetic flux of an active region becomes
bigger than 1022 Mx. Apparently the new magnetic flux flowing up from the Sun surface is responsible for energy
accumulation in the corona. During a solar flare, when the accumulated energy is fast released, there are no specific
magnetic flux changes in the active region. This surprising fact follows from the analysis of the array data obtained
in recent years for big flares on the SOHO and SDO spacecrafts. It is shown the conservation of the magnetic field
distribution in active regions during the majority of flares. Some small magnetic field changes in the distribution of
the field appear that are typical for the time interval at the flare absence. A scheme for the formation and decay of
the flare current sheet is proposed, which shows that the dissipation of the current sheet magnetic field in the corona
must not lead to a perturbation of the magnetic field distribution on the Sun surface. These results are consistent
with the flare theory based on the slow accumulation of the magnetic energy in the current sheet and its explosive
realize due to current sheet instability.

Role of tilt orientation of BMRs and meridional circulation in the polar magnetic field reversal on
the Sun

N.V. Zolotova, D.I. Ponyavin (St-Petersburg State University, St-Petersburg, Russia)

Using Greenwich catalogue of sunspots and magnetic field observations it was shown that impulses of sunspot
activity during a course of solar cycle are responsible for residual magnetic field transported by meridional
circulation toward the poles. This, in turn, is related to the polarity reversal of the axisymmetric large-scale magnetic
fields. We perform parameter study of tilt angle orientation of the Bipolar Magnetic Regions (BMRs) with imposed
meridional flow profiles to model poleward magnetic field surges. Simulation was done in terms of point density
distributions of leading and following sunspots according to Hale and Joy polarity rules. It was demonstrated that
latitudinal profile of tilt orientation of BMRs is crucial in polar field reversal. A faster meridional velocity reduces
polar field. However results depend on size of the mesh grid. Latitudinal profile of meridional flow influences the
polar field strength as well.

Kondurypanusa MAarHuTHbIX 00J1aKOB M Ce30HHASI 3AaBUCMMOCTh F€OMATHUTHOM aKTUBHOCTH
H.A. bapxartos 1"2, A.E. JleButue’ , E.A. PeByHoBa :

1 o o o o
Huoicecopoockuii cocyoapcmeennulii apxumexmypHo-cmpoumenvusiii yrusepcumem, Huowcnuii Hoszopoo

2 o o o o
Huoicecopoockuii cocyoapemeentbiil nedazocuueckuti yHugsepcumem um. Kozvmor Mununa, Huoswcrnuti Hogeopoo
3

Hncmumym 3emMH020 Macnemusma, uoHocghepvl u pacnpocmpanenust paouosoan um. H.B.Ilywkosa, Mockea

Pabota moceseHa aHanM3y MPUYMH CE30HHOM 3aBUCHMOCTH T'€OMAarHUTHOW aKTUBHOCTU C YYETOM OpPHUEHTALUU
KPYIMHOMACIITA0HBIX IJIa3MEHHBIX CTPYKTYP THIIAa MAarHUTHBIX 00JIAKOB COJIHEYHOTO BETpa.

JnurensHoe HaOMIOJEHWE T'€OMArHUTHOW aKTHBHOCTH MOKAa3alo CYIIECTBOBAHUE €€ IIOJIyTOJOBBIX BapHaLUi,
KOTOpBIE MPOSABISIOTCS B IMEPHOABI BECEHHETO M OCEHHEr0 PAaBHOJIEHCTBUA B BHJE MAKCUMYMOB B JOJTOCPOYHBIX
CpEeHUX 3HAUYEHMSX Pa3IMYHBIX WHIIEKCOB I€OMAarHUTHOW aKTUBHOCTU. B Hacrosiiee BpeMs Uit OOBSICHEHHS STHX
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Bapuanuii MpeanokeHO M HMPOBEPEHO HECKOJBKO THIIOTE3: OCEBas THIIOTE3d, B KOTOPOH OCHOBHYIO POJb HIPaeT
renuorpaduyueckas MHUPOTa 3eMIIH, W TUIOTE3a PABHOJCHCTBHUS, COITIACHO KOTOPOHW T€OMAarHWTHAs aKTHBHOCTh
YBEITHUMBACTCS, KOTIA YIOJ MEK/Iy 3eMHBIM JMIIONEM M MOTOKOM COJHeuHoro Betpa cocrasisier 90°. OmHako Hu
OJlHa W3 MNPEII0KEHHBIX THUIOTE3 HE YYUTHIBAET NPOCTPAHCTBEHHYIO CTPYKTYpPy reo3(p(eKTHBHBIX MIa3MEHHBIX
noTOKOB. Bmecte ¢ Tem, Qopma M cTpykTypa BO3ZHHMKAIOLIETO IUIA3MEHHOTO IOTOKA ONPENENseTcs TUIIOM
COJIHEYHOI'O MCTOYHHKA, a €ro JeHCTBHE Ha 3eMHYI0O MarHUTOC(Epy 3aBHCHUT €Ile U OT B3aUMHOT'O PAaCIIOJIOKEHUS
COJIHEYHOTO MCTOYHHMKA M 3emin. Takue reod(d(ekTHBHbIE CTPYKTYpbl KaKk MarHMTHbIE 00JlaKa, B OTIMYHE OT
JPYTHX IJIa3MEHHBIX IIOTOKOB, 00J1a1af0T BBIPAXKEHHOM OpHUEHTalMel B IPOCTPAHCTBE, IOATOMY HMEHHO OHU MOTYT
CTaHOBUTHCS HCTOYHWKAMH MAarHUTHBIX Oypb pas3iIMYHOM WHTEHCHBHOCTH B TIEPHOABI PABHOJCHCTBHS U
COJIHILIECTOSIHUSI.

B pabote Ha peanbHBIX COOBITHSX NPELIOKEHAa M IMPOBEPEHA MOJENb CE30HHOW 3aBHCHMOCTH TE€OMarHUTHOH
AKTHBHOCTH, YYWTHIBAIOIIEH OPHEHTAIIMI0O MAarHUTHBIX OOJAKOB COJHEYHOTO BETPA OTHOCHUTEIBHO IUIOCKOCTH
skmunTUKU. COTacHO AaHHOW MOJENH, OPUEHTAIMs MArHUTHBIX OOJAKOB B MPOCTPAHCTBE JOJIKHA OTPAKaThCs B
uX re03((EKTUBHOCTH BCIICACTBHE M3MEHEHUS 3HAYEHUS MPOEKIMM MATHUTHOTO IOJISI HA OCH O0JaKka Ha 3eMHOM
JWIIONb B MEPHOABI PABHOJACHCTBUS M COJIHLECTOSIHUS. TakuM oOpa3oM, B HEPHOABI CONHIECTOSHHIS HanOOIbIINI
BKJIa]] B TEOMarHUTHYIO aKTHUBHOCTb JIOJDKHBI JIaBaTh 00Jlaka ¢ OONBIIMMH 3HaYEHUSMH YIjla HaKJIOHA OCH 00JaKka K
IIJIOCKOCTU OKJIIMITUKH, KOTOPBIC IO CTATUCTUKE SABJIAKOTCA AOBOJBHO PCAKUMU CO6]>ITI/IHMI/I B OKOJIOBEMHOM
MpOCTpaHCTBE. B TO BpeMs Kak B MEPUO/IbI PABHOACHCTBHS 00JIaka JIF000i OpHEeHTAIIMK TOJDKHBI 1aBaTh IPUMEPHO
PaBHO3HAYHBINA BKJIAJl B TEOMArHUTHYIO aKTUBHOCTh. B CBSI3W € ATUM YMCIIO ¥ HHTEHCHBHOCTHh '€OMAarHUTHBIX Oypb
B IIEPUOABI PAaBHOAEHCTBUH JIOJDKHO YBEIMYHTHCS 33 CUET MHOTOYHCIEHHBIX COOBITHH C HEOONBIIMMH YIIaMH
HaKJIOHAa OCH 00J1aKa K INIOCKOCTH JKJIUIITHKHY.

IIpoBepka TpPEeANIOKEHHOW THUIOTE3Bl MPOBEICHA HA 52 MarHUTHBIX OOJaKax pa3IMYHON OpHEHTAIWH,
3apETUCTPUPOBAHHBIX B OKOJO3eMHOM MpoctparcTBe ¢ 1980 mo 2004 rr. Pacuer m3MeHeHNs 3HAYCHHS TPOSKIINH
BEJINYMHBI MAarHUTHOTO TOJIs1 00JIaka HA 3eMHOHM JUITOJb MOKa3al, YTO B IEPHOIBI PAaBHOACHCTBUS JCHCTBUTEIHHO
OouspInii BKJIAZ B T€OMAarHUTHYIO aKTHBHOCTh JAlOT oOnaka ¢ HEOONBIIMMM 3HAUYEHHMSMH YIJIa HAaKJIOHA OCH K
IUIOCKOCTH SKIMNTHKUA. B mepuoipl COMHLECTOSIHUS [NaHHBIH THUN OOJAaKOB OKAa3bIBACTCS IPAKTUYECKH HE
re03(GEeKTUBHBIM, YTO U OTPAXKAETCS B CHIDKEHUN YPOBHS I'€OMAarHUTHON aKTHBHOCTH 3UMOM H JIETOM.

B3aumopeiicTBHe MaJbIX MATHUTOTHAPOAUHAMUAYECKHX BO3MYIIEHUI ¢ BpallaTeJbHbIM Pa3pbiBOM
B ILIa3Me HU3KOI0 JABJICHUSA

A.A. JTrobuwnu (Tlonapnwiii I eogpusuyeckuti uncmumym KHI] PAH)

AHanuzupyercst B3aumo/ieiicTue nagarmux MI'J[-BoiiH Manol aMIIUTYIbI ¢ BpallaTeIbHbIM Pa3pbIBOM B CHIIBHO
3aMarHMYCHHOW IU1a3Me, KOrja MarHUTHOE JAaBJICHHE MHOrO OOJibIlle IUIA3MEHHOro jaBiicHus. OnpeiesacHb
aMIUTUTYAbl YXOJSIIMX OT pa3pbiBa BOJIH B 3aBUCUMOCTH OT CBOMCTB BpallaTebHOTO pa3pblBa, TUIA MaJaroleit
BOJIHBI W yria naaeHus. [loka3aHo, 4To BpallaTelbHBIA pa3pblB B CHJIBHO 3aMarHMYEHHOW IJIa3ME OCTAaEeTCs
HEUTPaJIbHO YCTOMUYMBBIM — OTCYTCTBYET BO3MOXHOCTb CIIOHTaHHOro wu3inydeHuss uM MI'JI-BosiH moOCTOSHHOI
aAMIUIUTYBL.

OTpameHHe JUHAMHUKH COJIHEYHBIX IJIA3MEHHBIX NOTOKOB B BeiiBJI€T-CKEJIE€TOHHBIX KapTHHaXx
mapaMeTpoB OKO0J/JI03€MHOI'0 KOCMUY€CKOI0 MPOCTPaHCTBA

C.E. Pesynos, [1.B. lllagpykos, H.B. Kocomnanosa (Huoicecopodckuii I'ocyoapemeennviii Iledazoeuyeckuti
Yuueepcumem, Huorchuii Hoeopoo)

HUccnenoBanre IMOCBSIICHO YCTAaHOBJICHUIO CIHEKTPAIbHBIX OCOOCHHOCTEH COJNHEYHBIX IUIA3MCHHBIX IIOTOKOB B
tdopme marHuTHBIX OOMakoB (MC), obmactelr B3ammopeiictBus motokoB (CIR), ymapapix BomH (Shocks) u
BBICOKOCKOPOCTHBIX TOTOKOB OT KopoHANBHBIX Oblp (HSS), permcrpupyemsix Ha opbute 3eMiM HaTpyIbHBIMH
KOCMHYECKMMH anmaparamu. I10q000HBI MOAX0x K BONPOCY JHATHOCTUKH OJIKHETO OKOJIO3EMHOT0 KOCMHYECKOTO
IPOCTPAHCTBA IIO3BOJIUT HAa PaHHHX dTallaX HACHTUDHUIMPOBATE re03(PEeKTHBHBIC CTPYKTYPHI B IIOTOKE COTHEYHOTO
BETpa C LEJbI0 MPOTHO3UPOBAHUS ABOJIIOLMKA MarHUTOC(EepHOro Bo3MylIeHHs. BeliBier-ckeneToHHas oOpaboTKa
NPE/ICTAaBIsIET OJHOMEPHBI CUTHANI B pa3BepTKe 0 BPEMEHU M 4acTOTe, YTO JejaeT ee HauboJee IMOIXOISIIINM
METOAOM [JIA MCIIOJIb30BaHUA B PEIKHUME OHJIAMH MOHHMTOPHUHTIA IJIa3MCHHBIX ITOTOKOB.

Jns  TOCTAaHOBKM  YMCICHHBIX  OKCIEPUMEHTOB OTOOpaHO 1O 6 cCilyyaeB pa3sHOTHUIHBIX  COOBITHH,
3aperucTpupoBaHHbIX B repuog ¢ 2000 mo 2007 rr. mo nanubeiM KatanoroB NASA (http://cdaw.gsfc.nasa.gov) u
NOAA (http://ngdc.noaa.gov). Beero orodpano 24 coosrris MC (28.07.2000, 29.12.2000, 12.04.2001, 28.05.2001,
09.08.2001, 17.04.2002), CIR (27.07.2003, 05.04.2005, 07.05.2007, 20.09.2007, 27.09.2007, 25.10.2007), Shocks
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(19.12.2002, 27.02.2003, 14.07.2003, 17.07.2003, 12.04.2004, 22.07.2004), HSS (01.03.2000, 26.07.2003,
20.11.2004, 04.07.2006, 29.07.2007, 17.12.2007). C B36-y3n1a CDAW (http://cdaweb.gsfc.nasa.gov) s kaxaoro
U3 HAX OBUTM TOJYy4YeHBl MHUHYTHBIC ITaHHBIE MMapaMeTpoB COIHEYHOro BeTpa: N (mnotHOocTh), V (ckopocTs), T
(Temneparypa), P (nuHamuueckoe JaBiieHNe) U TaHHbIC O BEIMYMHE MEKIUIaHETHOTo MarHutHoro nouist (MMII) |B|,
Bx, By, Bz B COJIHEUHO-3KIMNITUYECKON CUCTEME KOOPAUHAT, 3apErMCTPUPOBAHHBIE HA MATPYJIbHBIX KOCMUYECKHUX
ammaparax.

[omy4yeHHbIe 7151 paCCMAaTPUBAEMBIX COOBITHI CKEJICTOHHBIE KaPTUHBI BOMYIIICHUH BBIIIE YKa3aHHBIX MTapaMEeTPOB
OTPaXXalOT BHYTPEHHIOI IHHAMHUKY IUIa3MEHHBIX MOTOKOB PA3HBIX THUIIOB M MacmrTaboB. Tak, motoku tuma MC
XapaKTepU3yIOTCA JONTONEPHOIHBIMU H3MEHEHUSIMH B KOMIIOHEHTaX MArHUTHOTO IOJIS, OBICTPHIMHA M3MEHEHUSIMHI
Ha Bcex Macmrabax KoiebaHuil B mapaMeTpax CKOPOCTH, INIOTHOCTH, TEMIIEPATyPhl M IaBICHUS Ha MEpeIHEeM Kpae
takux coObiTuii. IToroku Tuma CIR MOXHO OTOXKIECTBHTH IO OTHOCHUTEILHO OBICTPHIM HM3MEHEHHSIM BO BCEX
napamMerpax M BO BCEX aHAIU3UpyeMbIX Macmrabax kosebanuid. ITortokun Tuma Shocks BbI3BIBalOT pe3kue
M3MEHEHHS BO BCEX IapaMeTpax W OCOOEHHO 3TO 3aMETHO IPH aHAJTW3e HU3KOYACTOTHOM yacTh crmektpa. [Totokxm
tuna HSS MoxHO mueHTH(UIMpPOBAaTh Kak JOJTONEPHOAHBIE M3MEHEHHUS B IapaMeTpax CKOpPOCTH, IUIOTHOCTH,
TEeMIIEPaTyphbl, TABJICHHs U OBICTPbIC U3MEHEHHUS! B KOMIIOHEHTaX MarHUTHOTO TOJISL.
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Spatial distribution of NOx components during geomagnetic storms

F.S. Bessarab, Yu.N. Koren’kov, M. V. Klimenko, V.V. Klimenko (West Department of Pushkov IZMIRAN,
Kaliningrad, Russia)

Such minor neutral components as N(*S), N(*D), NO and non-thermal particles “hot N and O” take important place
in the thermodynamic regime of the Earth’s thermosphere and ionosphere. This contribution presents the model
calculation results of the global spatial distributions of metastable components N(*S), N(*D), NO and hot O in the
disturbed geomagnetic conditions. During geomagnetic storms Joule heating dissipation is the dominant form of the
magnetospheric energy input responsible for many chemical and dynamical variations in the thermosphere. Another
source of the energy in the high latitudes is a charged particle precipitation. This energy input leads to the dramatic
increasing of thermospheric temperature and nitric oxide (NO) density and thus radiative emission by NO. We give
for the first time a quantitative assessment of the relationship between the global Joule heating power and global
NO, N(* S), N(* D) distribution in comparison with particle precipitation power. It is found a global NO part of
cooling power under disturbed conditions. We also present a global distribution of another metastable particles and
their deposit in the thermodynamical regime of the thermosphere and ionosphere during geomagnetic storms.

Investigation of the polar cap soft electrons fluxes' influence on the latitudinal variations of the
ionosphere total electron content and peak F2-layer electron density

M.G. Botova', A.A. Namgaladzel, B.E. Prokhorov*?

'Murmansk State Technical University, Murmansk, Russia, e-mail: botovamg@gmail.com

Helmholtz Centre Potsdam, GFZ German Research Centre for Geosciences, Telegrafenberg, 144734 Potsdam,
Germany

3University Potsdam, Applied Mathematics, Interdisciplinary Center for Dynamics of Complex Systems (DYCOS),
14476 Potsdam, Germany

The paper presents the investigation of the polar cap soft electrons fluxes' influence on the latitudinal variations of
the ionosphere total electron content (TEC) and peak F2-layer electron density (NmF2).

The computer modeling was performed using the global three-dimensional self-consistent numerical model of the
Upper Atmosphere of the Earth (UAM).

The model calculations have been carried out for equinox and solstice conditions and different levels of solar
activity (F10,7 ~ 90 and F10,7 ~ 180). The latitudinal variations of the NmF2 and TEC were analyzed for the
meridional section 15-03 of the magnetic local time (MLT).

In UAM calculations with soft electrons fluxes ("polar rain") set according to Hardy et al. [1985], model TEC and
NmF2 values underestimate (except for summer conditions) both the GPS observed TEC values and IRI-2007
simulations at the main ionosphere trough region. To improve the agreement between model case and observation it
is necessary to increase the intensity of the "polar rain" for an order.

Auroral ovals and the irregularity ovals on the base of optical and GPS measurements
S.A. Chernouss', I.I. Shagimuratov®, LI. Efishov’

'Polar Geophysical Institute of KSC RAS, Apatity, Russia
*West Department of IZMIRAN, Kaliningrad, Russia

Some authors studied the dependence of a Total Electron Content (TEC) fluctuations on auroral activity mostly
during great planetary storms (Aarons et al., 2000; Afraymovich and Perevalova, 2006; Shagimuratov et al, 2008).
Comparison of the auroral oval and the oval of the TEC fluctuation at different activity presents in this report on
basis of auroral and GPS measurements at Arctic and Antarctic stations. The statistics of number and intensity of the
TEC fluctuations over polar ionosphere for quiet and disturbed geophysical conditions presented. The auroral oval,
depending on geomagnetic activity indices, presented by Feldstein, Starkov and Zverev data, used in the report.
Authors present the auroral oval and the oval of the TEC fluctuations as circular diagrams for better comparison of
them. As well as auroral oval the spatial and temporal occurrence of the irregularities can be visually presented in
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coordinates-of the geomagnetic local time and corrected geomagnetic latitude. We used high-precision dual-
frequency GPS phase measurements. as measurements of phase fluctuations activity, The rate of the TEC (ROT)
was used and fluctuation intensity was evaluated by using ROTI index calculated with 10 min resolution to
measuring of fluctuations activity. These images demonstrate the irregularity oval. similar to the auroral oval. The
occurrence of the irregularity oval relates both with auroral oval and cusp. It was revealed that location of the
equator-ward edge of the irregularity oval at magnetic midnight was 65°-68° CGL, for dayside, higher than 70°
CGL for quiet conditions. The irregularity oval expands equatorward with increase of the auroral and magnetic
activity. We show also structure and dynamics of aurora and some GPS parameters in case studies during high
activity. The study showed that the operating high-latitudes GPS stations can provide a permanent monitoring tool
for the irregularity oval in near real-time. he GPS measurements of northern and southern hemispheres were used to
study storm-time development of TEC fluctuations at conjugate area in polar cusp, auroral and subauroral
ionosphere. During magnetic storm the intensity of irregularities essentially increases and strong TEC fluctuations
can be registered at subauroral ionosphere. Maximal activity of both aurora and TEC fluctuations follow to a large
negative IMF Bz component. Storm time development of TEC fluctuations, caused by ionospheric irregularities,
controlled by UT. The results demonstrated that dynamics and structure of the irregularity ovals and the auroral
ovals well matched.

Case study of disturbed polar ionosphere impact on navigation systems by auroral and GPS data

S. Chernouss, M. Shvec, M. Filatov, O. Antonenko (Polar Geophysical Institute of the KSC RAS, Apatity-
Murmansk, Russia)

First part of this report devote to the experimental results of the effect of ionospheric disturbances , which marker is
an aurora, on GPS signal received by simplest single-frequency receivers "Garmin." These experiments were carried
out in Murmansk and Apatity and they features are under consideration. As it follows from these observations, in a
situation, when the aurora completely cover the field of view of GPS receiver, positioning quality should deteriorate.
This hypothesis could be checked by the precision observational data from dual-frequency receiver "Javad" installed
and work in the Polar Geophysical Istitute station at Spitsbergen. This Barentsburg station on Spitsbergen is rather
convinion to study the effects of auroral disturbances on GPS signals, measured on the Earth's surface since, often,
even during a small perturbation of the polar ionosphere, navigation satellite signal must pass through the auroral
oval. Thus, the signals of all satellites in working constellation, both equatorial and polar ones, should pass through
the disturbed ionosphere. Therefore, if we will to analyze together data from the GPS receiver, magnetometers and
all-sky cameras, we must obtain direct results of the effect. Day of 24.11.2009 characterized by a magnetic storm,
and the aurora, which covered the entire sky. We provided an analysis of pictures of all-sky camera installed at the
station Barentsburg. We can see aurora take up most of the sky, and completely cover the field (radiation pattern) of
the receiver in the images at 18:10 UT and at 18:20UT Maps of the navigation satellites positions and the aurora
was constructed over the point of both devices in different times. It was concluded that, in the time series of
positioning errors, these errors increase with the navigation signal propagation through the disturbed polar
ionosphere, which chracterized by occurence of the aurora.

The results are discussed in physical terms of high frequency waves propagation in the polar ionosphere.

VLF direction finder in Lovozero

M. Filatov, S. Chernouss, M. Shkrabalyuk, A. Nikitenko, A. Larchenko, S. Pilgaev, and Yu. Fedorenko (Polar
Geophysical Institute of the KSC RAS, Apatity, Russia)

The direction finding technique in very low frequency range is widely used to determine an exit point of
magnetospheric VLF emissions from ionosphere. There are two methods: i) method based on multistation
observations, the group velocity vector here is estimated from time delays of VLF signals recorded at several
spatially separated sites; and ii) method that uses the simultaneous recordings of three field components (Hx, Hy,
and Ez) observable on the ground. We present VLF direction finder that may implement both methods. It offers
extremely accurate time synchronization of data stream to UTC that after post-processing of recordings is about
several tens of nanoseconds so it may be used in multistation measurements. VLF recorder equipped with two
magnetic loop antennas and vertical dipole measures three electromagnetic field components in frequency range
from 700 Hz to 6.5 kHz. The latter VLF direction finder is now installed in the Lovozero observatory. These kind of
observations could be successfully used in experimental verification of the Flow Cyclotron Maser model in the
“Resonance” project.

This work is supported by the Programme 22 of the Presidium of Russian Academy of Sciences
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Auroral ionosphere dynamics during the two types of geomagnetic storms (CIR and CME)
D.A. Kargapolov, L.N. Makarova A.V. Shirochkov (Arctic and Antarctic Reserch Institute, St-Petersburg, Russia)

Auroral ionosphere dynamics during the geomagnetic storms is still not completely studied. Due to radio signals
total absorption (blackout) in the high latitudinal ionospheric lower layers the experimental study is not possible
during strong geomagnetic activity. In this work we studied the dynamics of auroral ionosphere during two different
types of geomagnetic storms: CME (Coronal Mass Ejection) and CIR (Corotating Interaction Regions - recurring
magnetic storms). Vertical sounding data and riometer absorption from Lovozero (Russia), Tromso (Norway) and
Sodankyla (Finland) sites were used. EISCAT incoherent scattering radar data (Tromso) was also taken into
consideration. CME type storms are connected with the Sun coronal mass emissions and increasing high energy
proton flux intensity causing polar cap absorption. Consequently there is a high level ionization in the lower layer of
the ionosphere and decreasing of the electron concentration in E and F-regions. At the same time there are no
changes in F2 layer structure. During the CIR storms, connected with high-speed solar wind stream without high-
energy particles interactions, changes in the ionospheric dynamics are associated with the auroral particles
precipitation from the magnetosphere tail during activation of the substorm activity controlled by the value of
magnetic PC-index. The experimental data shows changes in the auroral ionosphere occur with a ten minutes period,
determined by the time variations of the electric field and particles precipitation in the auroral zone. Data analyses
presented in this study demonstrates quite different response of the auroral ionosphere between these two kinds of
the geomagnetic storms.

Modeling of the TEC disturbances generated by seismogenic electric currents for different seasons
M.I. Karpov, A.A. Namgaladze (Murmansk State Technical University, Murmansk, Russia)

Numerical calculations of the ionosphere Total Electron Content (TEC) disturbances have been performed using
global Upper Atmosphere Model (UAM) for conditions corresponding to the Haiti (January, 2010) and Japan
(March, 2011) earthquakes. Vertical electric currents with the density of 20 nA/m” and flowing over area of about
250 by 2000 km have been setup as the sources of the seismogenic impact at the height of 80 km in the UAM
electric potential. Their action resulted in relative (%) TEC disturbances with the same key features as the TEC
variations observed before both these earthquakes. Deviations appeared mostly at night near the epicenter and
magnetically conjugated area; they were 20-40% by magnitude; and did not move during their lifetime. Maximum
of both modeled and observed TEC variations was pronounced in the area magnetically conjugated to the epicenter
for the Haiti case. Concerning Japan case, both modeled and observed disturbances were more symmetrical relative
to the geomagnetic equator. According to the UAM simulations, disturbances that are symmetrical relative to the
geomagnetic meridian of the epicenter were obtained by setting up vertical electric currents flowing to the Earth at
one side from the meridian and acting simultaneously with back currents set up at the opposite side from the
meridian.

Yakutsk Anomaly (YA) according to the satellite and ionosonde network observation data and its
representation using the GSM TIP model

V.V. Klimenko', A.T. Karpachev’, M.V. Klimenko', K.G. Ratovsky’

"West Department of Pushkov IZMIRAN, Kaliningrad, Russia
2Pushkov IZMIRAN, Moscow, Russia
3ISTP, Irkutsk, Russia

Recently a great attention is given to the longitudinal variations in the Earth's ionosphere. One of the most
interesting manifestations of such variations is the Mid-latitude Summer Nighttime Anomaly (MSNA). In the
summer Southern Hemisphere the MSNA is known as Weddell Sea Anomaly (WSA) and extensively investigated
both experimentally and theoretically. The main feature of the WSA is that near the location of Weddell Sea the
summer nighttime critical frequencies of the ionosphere F2 region exceed the daytime values. A similar-to-WSA
structure occurs in the Northern Hemisphere nearest the longitude of Yakutsk during local summer and named as the
Yakutsk anomaly (YA). The YA is much less studied in comparison to the WSA. We present the observations of the
IK-19 and CHAMP satellites and ionosonde network in Siberia for summer conditions at different levels of solar
activity. For a more detailed study of the YA and its comparing with WSA we present the calculation results
performed for the same conditions using the GSM TIP model. Based on this study, we conclude that the YA and
WSA have the same nature and are formed by the same mechanisms.
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Geomagnetic activity influence on the global changes in the ionospheric parameters during 2009
Sudden Stratospheric Warming

V.V. Klimenko, M.V. Klimenko, F.S. Bessarab, Yu.N. Koren’kov (West Department of Pushkov IZMIRAN,
Kaliningrad, Russia)

We present the GSM TIP simulation results of the ionospheric effects of 2009 Sudden Stratospheric Warming.
These results were obtained using the neutral atmosphere parameters (neutral density, temperature, and vector
velocity horizontal components of the neutral gas mass-average motion) at the GSM TIP lower boundary (80 km)
that are given with 6-hour intervals on the basis of TIME GCM model output data involving the data measurements
of the lower atmosphere parameters. Our research was initiated by the existing assumption that variations in the
upper atmosphere parameters at heights of F region observed during Sudden Stratospheric Warming can be related
not only with changes in the neutral atmosphere, but with the changes in the Earth's magnetosphere. To test this
assumption, we performed model runs both without and with taking into account the geomagnetic activity during the
considered period. We took into account the geomagnetic activity changes by specifying the potential difference
through polar caps and R2 FAC, depending on the AE index and high-energy particle precipitation as a function of
the Kp index. The conclusion is made regarding the geomagnetic activity contribution to the changes of the
ionosphere F region parameters during 2009 Sudden Stratospheric Warming.

Ionospheric response on May 2, 2010 geomagnetic storm and its influence on HF radio wave
propagation at high-latitudes

D.S. Kotova!, M.V. Klimenko?, V.V. Klimenko?, V.E. Zakharov'

'I. Kant BFU, Kaliningrad, Russia
*West Department of Pushkov IZMIRAN, Kaliningrad, Russia

At the previous seminar we presented the numerical calculation results of the ionospheric effects of geomagnetic
storm on May 2, 2010 obtained using the GSM TIP model. In the given report we used these model results as an
inhomogeneous anisotropic medium for simulation of the HF radio paths using the model developed in the 1. Kant
BFU. Calculations were performed for several hypothetical high-latitude transmitters located in the different places
on the Earth's surface emitting HF radio waves of different frequencies in the zonal and meridional direction at
different elevation angles. The calculation results of radio paths in an active phase of the storm on May 2, we
compared with calculation results for the undisturbed conditions on May 1 and during the recovery phase of
geomagnetic storm on May 3. It is shown that the geomagnetic storm leads to significant changes in HF radio paths
at high-latitudes associated with changes such large-scale ionospheric irregularities as the main ionospheric trough
and tongue of ionization and, in particular, with the stratification of the main ionospheric trough, resulting from non-
stationary magnetospheric convection.

Practice of CCD cameras’ calibration by LED low-light source
B.V. Kozelov', B.U.E. Brandstrom?, F. Sigernes3, AV. Roldugin', S.A. Chernouss'

'Polar Geophysical Institute, Apatity Murmansk region, 184209 Russia
2Swedish Institute of Space Physics, Kiruna, Sweden
3The Kjell Henriksen Observatory, UNIS, Longyearbyen, Norway

Two CCD cameras used for auroral observations (Kozelov et al., 2012) have been calibrated by LED low-light
source PGI-Chernouss-38AM. The calibration factor as a function of the wavelength and the camera gain was
deduced. Previously the light source PGI-Chernouss-38AM (SID 105) was absolutely calibrated during the
intercalibrational of optical low light sources (Brandstrom et al., 2012), and it was found some issues motivated
additional studies of the light source. The current-voltage and emission intensity characteristics of the light source
have been measured. It have been found recommendation for the light source users: i) the current value should be
measured; ii) the light source should be equipped by external stabilized electric power source; iii) the setting “3” of
the lamp and region of wavelengths < 500 nm should be avoided due to peaked spectrum.
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The measuring of induction magnetometer transfer function
A.V. Larchenko, O. M. Lebed, Yu. V. Fedorenko (Polar Geophysical Institute, Apatity, Russia)

Observations of natural and artificial electromagnetic fields in ELF frequency range typically aim to acquire spectral
ant temporal behavior of field components. To evaluate power spectra, amplitudes and phases one have to know
transfer function of a data acquisition system. Although this transfer function may be theoretically calculated from
sensor parameters and sensor preamplifier circuitry, a common practice is to obtain it by calibration procedure. The
main difficulties arise from the fact that it is not possible to screen the sensor under calibration from external
electromagnetic noise. It places a limit to calibration accuracy, especially at lower frequencies below 1-2 Hz where
geomagnetic pulsations sometimes are so strong that make calibration if not impossible but unacceptably long to
reach desired accuracy by averaging. In the frequency range 50-300 Hz most of interference comes from impulsive
electromagnetic signals (atmospherics) produced by thunderstorms around the World.

In this work, we present a calibration procedure used in PGI to evaluate transfer functions of data acquisition system
that comprises three-component induction magnetometer. Atmospherics impulsive noise in the frequency range 50-
300 Hz is suppressed by median filter. In contrast to conventional method which includes estimation of amplitudes
and phases at number of frequencies considering them as an independent samples we make use of an a-priory
information that the transfer function of any sensor with preamplifier is a rational function of jo. Transfer function
may me expressed in terms of several zeros and poles of rational function. We calculate zeros and poles using the
Continuous Minimization by Simulated Annealing, and weight of each sample is not the same because noise
influence is altered with frequency. Our method has better accuracy against conventional one and more convenient
in use because it utilizes a-priory information of the transfer function form and expresses it in a small number of
poles and zeros.

Field structure of natural electromagnetic signals in ELF range in March 2012
O. Lebed, A. Larchenko, S. Pilgaev, O. Akhmetov and Yu. Fedorenko (Polar Geophysical Institute, Apatity, Russia)

In March 2012 a large sunspot unleashed several solar flares that affect propagation of ELF signals in Earth-
ionosphere waveguide and alter electromagnetic field structure in Lovozero (67.97N, 35.02E) and Barentsburg
(78.093N, 14.208E). We investigate jointly a response of magnetic field polarization in Lovozero and Barentsburg
to disturbances caused by flares, and E./H, ratio and Poynting vector in Lovozero in March 3™ -10™ compare to quiet
time since March, 20. Results show that electromagnetic field structure differs from that predicted by a simple mode
theory and required realistic propagation model including inhomogeneous lower and anisotropic upper boundaries
of the Earth-ionosphere waveguide.

Vertical electric field measurements in ELF range

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

Simple mode theory of electromagnetic field in Earth-ionosphere waveguide in the frequency range below 1000 Hz
predicts two main components — horizontal magnetic (H,) and vertical electric (£.) while most of observatories
measure only horizontal and vertical magnetic components. We present the data acquisition system now installed in
Lovozero that records £, component as complementary to H,, H,, and H, measurements. The transfer function of
newly installed £. component matches that of H,, H,, and H.. The circuitry of the electrical antenna amplifier is
adapted to operating conditions in Arctic. Here we discuss method of calibration that allows representing of transfer
function of both magnetic and vertical electric channels via combination of poles and zeros and present recordings
of natural and artificial signals.

A model study of the influence of artificial heating of the nighttime high-latitude ionosphere on the
spatial distributions of the ionospheric parameters

G.I. Mingaleva, V.S. Mingalev (Polar Geophysical Institute, Apatity, Russia)

It is well known that high-power high-frequency radio waves, pumped into the ionosphere, cause the variety of
physical processes in the ionospheric plasma. Some of such processes can result in the disturbances of the height
profiles of the ionospheric parameters at F-layer altitudes. It may be expected that these disturbances can cover some
area in the horizontal plane. To study the dimension of this area the numerical modeling can be applied.

n this study, the mathematical model of the high-latitude ionosphere, which can be affected by powerful high-
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frequency radio waves, developed earlier in the Polar Geophysical Institute, is utilized to calculate three-
dimensional distributions of the ionospheric parameters in the nighttime high-latitude F-region ionosphere. The
model takes into account the convection of the ionospheric plasma, strong magnetization of the plasma at F-layer
altitudes, and geomagnetic field declination. In the model calculations a field tube of plasma is traced as it moves
along a convection trajectory through the moving neutral atmosphere. The profiles against distance from the earth
along the geomagnetic field line of ionospheric quantities are obtained by solving the appropriate system of
transport equations of ionospheric plasma. By tracing many field tubes of plasma, it is possible to construct three-
dimensional steady distributions of ionospheric quantities. The model is based on numerical solution of the system
of transport equations, which consists of the continuity equation, equation of motion for ion gas, and heat
conduction equations for ion and electron gases. The model is able to take into account artificial heating of the
ionosphere by powerful HF waves.

The calculations were made for two cases. Firstly, we obtained the distributions of the ionospheric parameters under
natural conditions without a powerful high-frequency wave effect. Secondly, the distributions of the ionospheric
parameters were obtained on condition that the ionospheric high-frequency heating facility near Tromce,
Scandinavia, has been operated during the period of five minutes, with the heater being located on the night side of
the Earth on the magnetic meridian of 01.20 MLT. In the second case, powerful high-frequency waves lead to a
decrease of about 40% in the electron concentration at the level of the F2-layer peak over the ionospheric heater.
The cross section of the density depletion region has a diameter of about 100 km in the horizontal direction at the
level of the F2-layer peak.

This work was partly supported by the RFBR grant 13-01-00063.

Numerical modeling the influence of magnetic activity on the global circulation of the middle
atmosphere for January conditions

I.V. Mingalev, G.I. Mingaleva, V.S. Mingalev (Polar Geophysical Institute , Apatity, Russia)

The non-hydrostatic model of the global neutral wind system of the Earth’s atmosphere, developed earlier in the
Polar Geophysical Institute, is utilized to investigate how magnetic activity affects the formation of the large-scale
global circulation of the middle atmosphere and lower thermosphere. This model produces three-dimensional global
distributions of the zonal, meridional, and vertical components of the neutral wind and neutral gas density in the
troposphere, stratosphere, mesosphere, and lower thermosphere. The peculiarity of the utilized model consists in that
the internal energy equation for the neutral gas is not solved in the model calculations. Instead, the global
temperature field is assumed to be a given distribution, i.e. the input parameter of the model, and obtained from the
NRLMSISE-00 empirical model. Moreover, in the model calculations, not only the horizontal components but also
the vertical component of the neutral wind velocity is obtained by means of a numerical solution of a generalized
Navier-Stokes equation for compressible gas, so the model is non-hydrostatic. Simulations are performed for the
winter period in the northern hemisphere (16 January) and for two distinct values of magnetic activity (Kp=1 and
Kp=4). The simulation results indicate that magnetic activity ought to influence considerably on the formation of
global neutral wind system in the mesosphere and lower thermosphere. However, this influence is not
straightforward. From the simulation results obtained, we can see that the atmospheric temperature, calculated with
the help of the NRLMSISE-00 empirical model, does not depend on the magnetic activity below approximately 80
km. Nevertheless, the effect of magnetic activity on the global circulation of the atmosphere below 80 km exists.
This effect is conditioned by the vertical transport of air from the lower thermosphere to the mesosphere and
stratosphere. This transport may be rather different under distinct magnetic activity conditions. It can be noticed that
the utilized mathematical model was able to simulate this effect due to the fact that the model is non-hydrostatic.
This work was partly supported by the RFBR grant 13-01-00063.

Dynamics of the precipitation spectral characteristics during sawtooth substorms
V.D. Nikolaeva'?, A.L. Kotikov**, A.V. Shirochkov', L.N. Makarova',T. Raita*

"Urctic and Antarctic Research Institute, Saint Petersburg, Russia
*Saint Petersburg State University, Saint Petersburg, Russia
3SPbF IZMIRAN, Saint Petersburg, Russia

“SGO of the University of Oulu

Sawtooth substorms are magnetic disturbances in the polar cap and the auroral zone under conditions of steady and

strong solar wind. Sawtooth substorm displays features other than the classical substorm parameters.
Electron and proton precipitation of different energies during sawtooth substorms of March 20, 2001 and August 28-
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29, 2000 are examined in this paper. Synchronous changes of riometer absorption in the western and eastern
hemispheres superimposed on ionospheric current system, restored by Canadian and Scandinavian meridian chain of
magnetometers are taken into consideration.

Electron fluxes with energies from 6 eV to 30 keV (DMSP - 12, 13, 14, 15, satellite data) and proton fluxes from 1
to 100 MeV (GOES satellite data) are analyzed for different phases of sawtooth substorms. Vertical profiles of the
electron density along the satellites trajectories were calculated from DMSP data and compared with EISCAT
incoherent scatter radar measurements for substorms of March 20, 2001.Convection system and the potential across
the polar cap are obtained by SUPERDARN system.

This analysis allows to determine different spectrum regions responsible for the various physical processes in the
auroral ionosphere for different sawtooth substorms phases.

Estimation of artificially enhanced electron temperature in lower ionosphere with absorption of the
HF electromagnetic wave

A.B. Pashin, A.A. Mochalov (Polar Geophysical Institute, 184200 Apatity, Murmansk region, Russia)

In spite of long-time history of the experiments on ionosphere heating at present we have no direct measurement of
primary modified parameter, namely enhanced electron temperature. Our knowledge on its value is based on theory,
numerical modeling, or observation of disturbances being results of the temperature increasing. One of these
measurements is amplitude of artificial low frequency emissions excited under modulated heating of D-region
electrons. The generation of artificial magnetic pulsations — the emissions in frequency range around 1 Hz — shows
their sporadic nature. Sometimes during experiments detection of the pulsations is finished without significant
variations of parameters of the ionosphere. This peculiarity demonstrates incomplete of our knowledge on the
emission excitation and it requires to develop more direct experimental method of the enhanced temperature
estimation.

Clear dependence of absorption of HF electromagnetic wave on electron temperature gives an opportunity to
consider the measurements of the absorption value as a candidate for diagnostic of this parameter. Numerical
modeling shows that the value of the additional absorption during the heating should be significant enough for the
measurements and interpretations. The possibility to employ of the probe waves at different frequencies has an
advantage, unknown parameters such as electron density and undisturbed electron temperature may be excluded
from the solution. As a source of HF waves one may uses a cosmic radio noise or transmitter based on a satellite.

Southern boundary of the ultra relativistic electron precipitation on May 13, 1987
G. F. Remenets, A. M. Astafjev (Physics Department of St.-Petersburg State University, Russia)

Phenomenon of the ultra relativistic electron precipitation (UREP with energy is about 100 MeV) was analyzed in a
cycle of publications [1-5] since 1985 year. Today we know about these electrons that their flux density such, that
they, generating X- and gamma ray bremsstrahlung, create a sporadic D-layer of electric conductivity at the altitudes
of 10 — 40 km. Such sporadic layer forms a reflected signal (due to the partial reflections from the altitude intervals
where the conductivity gradient differs from zero) from the on ground monochromatic radio sources of very low
frequency (VLF) range (10 — 16 kHz). The effective height h of radio wave reflection is changing during a
disturbance since normal undisturbed value ~ 60 km to ~ 30 km in the maximum of powerful disturbance (PwD’s)
at daytime. For weaker disturbances (for strong (StD’s) and moderate disturbances (MdD’s)) the effective height
variations are less. These values were gotten due to the solution of the VLF inverse problem, in which according to
the time variations of the amplitudes an the phases of 3 radio signals for the auroral radio pass the effective height
and the reflection coefficient R were calculated as functions of time. It was supposed that at every moment of the
disturbance the radio pass was homogeneous, i. e. it was considered that the spacious horizontal scale of a
disturbance was greater than the length of the auroral radio pass (10.2, 12.1, 13.6 kHz) with its 885 km length. The
pointed VLF inverse problem is called here as an inverse problem of first kind. This problem for an event on 13
May was solved in [6], and it turned out that the variations of conductivity parameters were the following: h = 64 —
38 — 61 km, R[y'(h)] = 0.60 — 0.45 — 0.55, where ' is an angle of incidence of the first ray on the top boundary of
wave-guide with height h and where the middle values correspond to the maximum of disturbance. Uncertainty of h
and R was estimated at several km and 0.03 correspondingly.

The presented report is devoted to an inverse VLF problem of second kind, in which we used the amplitude and
phase variations of a radio signal (16 kHz) during the same disturbance but for a long partly auroral radio pass
(England — Kola peninsular, S=2497 km) for the determination of the southern boundary of the UREP on May 13,
1987. From direct comparison of the phase variations for the pointed auroral and the partly auroral radio passes it
was estimated earlier that the long radio pass was disturbed only partly from the northern end and that the disturbed
part was about 1/3 of its length [3, 4, 7]. But every disturbance is individual. It is necessary to have an algorithm for
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finding the position of a boundary between the disturbed and undisturbed parts of the radio pass for a given
disturbance.

So let us imagine a model of a wave-guide, which consists of two homogeneous parts at every moment of a
disturbance. The southern part of a wave-guide with length S*-d was modeled with the help of the middle latitude
ionosphere and did not depend on time. The northern part of the wave-guide (with length d) is characterized by the
changes in time (the same for all points) of the electric properties of the sporadic D-layer of conductivity, which the
VLF inverse problem of first kind had given. The position of a boundary between these two parts is an object of
search by the help of the inverse problem of second kind. For the pointed model we calculated the relative changes
of the amplitude and the phase variation for 16 kHz radio-signal as function of time. We included these two
functions into a function-discrepancy GG(d), which characterizes the difference between the experimental and
calculated functions of time, demanding that the initial values of experimental and calculated curves coincided with
each other before the disturbance. Such function GG we minimized relative to the value of d. In the case of our
event on May 13, 1987 to the values GG,,;,=0.1 GG,,;, corresponded the values of relative distance d/ Sz=(1815.00)%
and of the latitudes (65'+0.8")N. correspondingly. A function-discrepancy G(d), which contained only phase data,
was minimized, and the corresponding results were the same: d'/S?=(18+5.00)%; (65 +0.8")N. Continuation of the
calculations for a function-discrepancy G“”(d), which contained only the amplitude data, gave the following:
d*/S?=(30+6.00)%; (631N . It concludes, that even the most rough estimation according to the G“*(d) —
calculations indicates on the fact that on 13 May 1997 the southern boundary of UREP did not lowed then 63 of
North latitude for the radio-pass Ragby- Apatity.

So we have got an approximate solution of a problem about the latitude of the southern boundary of ultra relativistic
electron precipitation. The solution is approximate, because nothing is known about a possible movement of the
boundary while a disturbance. So the position of precipitation boundary founded is an effective one and equal to
65'N.

The same estimation may be fulfilled for the cases of proton precipitations but nobody has done it yet.
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Auroral riometer absorption may be caused by auroral protons
V.C. Roldugin, M.E. Shkarbalyuk, A.V. Roldugin, S.V. Pilgaev (Polar Geophysical Institute, Apatity, Russia)

Several events of riometer absorption in Lovozero. Sodankyla and Kiruna during H-positive magnetic bays are
investigated. We suppose that such auroral absorption cases are caused by auroral proton precipitation. This
hypothesis is verified by spectral observations of hydrogen emissions with meridian spectrometer in Lovozero.

Horizontal scale of the Ionospheric Alfven Resonator inferred from simultaneous auroral and
magnetic observations

N.V. Semenova, A.G. Yahnin (Polar Geophysical Institute, Apatity)

Analysis of induction-coil magnetometer observations of the resonance structure in spectra of electromagnetic noise
in the 0.1-10 Hz frequency range along with simultaneous auroral TV camera observations showed that the resonant
structure could be observed when relatively intense aurora is far enough from the magnetometer location. When the
auroral precipitation approaches the magnetometer site as close as ~150-200 km, the observations of the resonant
structure cease. The resonant structure, as believed, is related to the existence of the Ionospheric Alfven Resonator
(IAR). The disappearance of the resonant structure related to close approach of the aurora is, evidently, due to fast
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variations of the ionospheric parameters, which prevent the formation of stationary IAR, or to the increase of the
electron density in the E-region, which leads to the decrease the IAR quality. Thus, a minimal distance between
auroras and the magnetometer observing the resonant structure determines the horizontal scale of the IAR
responsible for the resonant structure seen on the ground.

Mesosphere temperature profile retrieval based on the wide-angle polarization measurements of
scattering radiation during the twilight period

0.S. Ugolnikov, I.A. Maslov (Space Research Institute, Russian Academy of Sciences, Moscow, Russia)

The work is devoted to the study of Earth’s mesosphere optical properties based on the measurements of twilight
sky intensity and polarization conducted at the latitude 55°N during the spring-summer period of 2011 and 2012
with wide-angle polarization camera (field of view is about 140°). The developed method of single scattering
separation and calculation of its scattering function is based on observational data over the whole measured part of
the sky. The analysis of multiple scattering properties helps to subtract it from the total background. Single
scattering field is retrieved at the altitude range from 70 to 85 km.

Observational analysis had shown that the single scattering polarization in the mesosphere is usually close to
Rayleigh value, revealing the domination of molecular scattering. For this case the altitude dependency of pressure
and temperature can be obtained.

The temperature values based on the twilight measurements are compared with the satellite infrared emission data
(experiment SABER onboard the TIMED satellite, experiment MLS onboard the EOS Aura satellite). The
comparison shows that the twilight values are little bit less than SABER ones, but exceed the MLS temperatures (the
difference between SABER and MLS data was found straight after the start of EOS Aura mission and reaches 5-10K
in the northern hemisphere during the summer).

The accuracy of temperature measurements and agreement with satellite data show the efficiency of twilight method
for the mesosphere temperature control. The problem is actual due to the increase of mesosphere trace gases (first of
all, CO,) density and their influence to the temperature by the radiative cooling process.

The work is done with the financial support of Russian Foundation for Basic Research, grant No.12-05-00501-a.

Optical characteristics of aurorae during undulation events on December 12,2010

V.G. Vorobjev, V.K. Roldugin, O.1. Yagodkina (Polar Geophysical Institute, Apatity, Murmansk region 184200,
Russia)

Large-scale undulations on the equatorward edge of diffuse aurora observed from two all-sky cameras at the Kola
Peninsula on Dec.12, 2010 were examined. Undulations appeared near 1400 UT about 12 min later the thumb-like
variation in the solar wind dynamic pressure with the duration of about 15 min and value changes from about 2 to 17
nPa. Undulations were observed about two hours up to 1610 UT, i.e. from about 1640 to 1850 of the geomagnetic
local time (MLT). According to triangulation measurements the height of undulations is evaluated to be 120 + 10
km. Luminosity waves of 100-300 km amplitude propagated westward with the velocity of about 0.7 - 0.8 km/s.
According to TV observations and results of MIRACLE project, undulations were generated at the equatorward
edge of the broad eastward electrojet, near the poleward edge of which discrete auroral forms were observed. The
eastward electrojet occupied all region of diffuse auroral luminosity of about 6°-7° of latitude. N-S oriented rayed
auroral bands, separated rays, patches and luminosity inhomogeneities moved inside of diffuse luminosity with the
average velocity of ~2.0 km/s that corresponds to the poleward electric field of about 100 mV/m. This auroral
velocity was in two and more time larger than velocity of undulations that testifies about different driving
mechanisms.

Mopeib pacnipocTpaHeHHs YJIbTPA U CBEPX HU3KOYACTOTHBIX CHTHAJIOB B BOJIHOBO/E
3emasi—HoHOC(Epa, OCHOBAHHAS HA YMCJICHHOM pellieHNH ypaBHeHni MakcBesljia ¢ y4eTom
peaJMcTUYHOI TEeH30PHOH MPOBOAUMOCTH HOHOC(EPBbI

O.U. Axmetos, 11.B. Munranes, O.B. Munranes, 10.B. ®enopenko, B.C. Munranes, O.M. Jlebens (I/lonaphoiii
eeousuueckuii uncmumym KHIL] PAH, Anamumol, mingalev_o@pgia.ru, akhmetov@pgia.ru)

Haumnas ¢ 1994 roma 3a pyOekoM OIyOJHMKOBAHO OOJBIIOE YHCIO paboOT, B KOTOPBIX MAJS HCCICIOBAHUSL

pacripoCTpaHCHUsA JBJICKTPOMArHUTHBIX CHUTHAJIOB B HIMKHEM JUAIIA30HE YaCTOT MCIIOJB3YIOTCA PAa3JIMIHBIC
YHUCJICHHBIC MOJICIM, OCHOBAaHHBIC Ha KOHC‘IHO—paSHOCTHOﬁ AlIpoOKCUMaINn ypaBHeHI/Iﬁ MakcBemna Ha
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MPOCTPAHCTBEHHOM CETKE CO 2-M MOPSIAKOM TOYHOCTH. Takue MOJEIM B aHIJIOS3bIYHON JIMTEPAType HPHUHSITO
HaspiBaTh FDTD-models. PaccMaTpuBaivch Kak JTOKAIbHBIE MOIEIH IJISl ONIPEACIICHHOIO OTPE3Ka B HHYKHEH 4acTH
IMana3oHa 4acToT, Tak M riaobamsHble FDTD-Momenn 1 HM3KOYACTOTHBIX CHTHAIOB. VMeeTcs HECKOJBKO
HAyYHBIX TPy, KOTOPBIE TIOCIEA0BATEIFHO Pa3BUBAIOT CBOU BEPCHH TII00ATBHBIX MOJIEIICH.

ABTOpamu pazpaboraHa TJ00anbHas 3-MepHas 4YHCJIEHHAsh MOJENb pAacIpOCTPaHEHMsl YJIbTpa M CBEpX
HU3KOYACTOTHBIX cHUrHaIoB (Hibke 100 I'ir) ¢ Manoil aMmIuTyoit B BOJHOBOAE 3eMisi—HOHOC]Eepa, OCHOBAaHHAS HA
pa3HOCTHOW anmpokcuMaru ypaBHenuid MaxkcBemna. [To cpaBHeHuio ¢ 3apyOekHbiMEH rioOanbHbiMH FDTD-
MOJIEIISIMH BIEPBBIE YUUTHIBAETCS PEATHCTHYHAS TEH30pHAs MPOBOJUMOCTh MOHOC(EpPHI, MUCIIOIB3YIOTCS B Pa3bl
MEHBIINE IIark IPOCTPAHCTBEHHOM CETKH, peaJMCTUYHOE IPaHMYHOE YCIIOBHE HA TpaHuLe aTMocdepa—imTocdepa,
a TaKke HoBast Oostee 3(h(eKTHBHASE METOIMKA YHCIEHHOTO PelIeHus ypaBHeHHI MakcBeiuia. bout BeinonHen Habop
pacdeToB pacIpoCTpaHeHUsT 00pa30BABIIETrOCs Ha IKBAaTOPE aTMOC(EepHKa — CUTHAIA OT CHIIFHOTO Pa3psiaa MOJHHH,
a TaKkKe CpPaBHEHHE DPE3yNIbTaTOB pacueToB ¢ mMerommMmucs B [II'M skcreprMeHTanbHBIME JaHHBIMH, KOTOpPOE
O00HApPYXWJIO XOpoIllee KadyeCTBEHHOE M KOJMYECTBEHHOE COOTBETCTBHE MEXIy HHMH. B dWacTHOCTH, moirydeHa
HabmomaeMasi B SKCIIEPUMEHTE 3aBHCHMOCTh CHTHAJIOB OT BPEMEHH B JTAaHHOM TOYKE W 3aTyXaHHE aHTHIIOJHOTO
(obomenmero BOKpYr 3eMiM) CHUTHala [0 CPaBHEHHWIO C MPSMBIM CHTHAJIOM, a TakXKe COBHANalomas c
OKCIICPUMECHTAJIbHBIMU JTAaHHBIMU pPa3jInvYHasA CKOPOCTb PACIPOCTPAHCHUSA CUIHAJIOB Ha JIHeBHOl‘/‘I M Ha HOYHOM
CTOPOHE.

KpOMe TOI'0, BBIMIOJTHEHHBIC PACYETHI IIPOACMOHCTPUPOBATIN TPUHINUIINAJIBHOC BJIUAHUE TCHSOpHOﬁ MIPOBOAUMOCTHU
HWDKHEW noHocgepsl, B 0COOCHHOCTH €€ XOJUIOBCKOI COCTaBIISIIOIIEH, HAa PaclipOCTpaHEHHE CUTHAJIOB, B TOM YHCIIE
U B TIPU3EMHOM CJIO€.

Co3gaHue Mozenu OTKPHIBA€T NPUHLIUIUAIBLHO HOBBIE BO3MOXKHOCTM B JHMarHOCTUKE COCTOSHHMS HIDKHEH
BBICOKOIIMPOTHOH HMOHOC(EpH MO JaHHBIM Ha3eMHBIX HM3MEpPeHHH Ha pamuorpacce muuHON 1300 KM Mexmy
Baperuoyprom (Ha o. llImunbepren) u JloBosepo (Ha Konbckom m-Be).

Pabora BrmoxHeHa ipu moaaepkke rpanta PODU Ne 13-01-000-63.

OOHapy:KeHHe MATHUTOTPABUTANIMOHHBIX BOJIH 10 JAHHBIM 0 BAPHANIMAX KOHIEHTPAHH
uoHochepHoro c1os F2 4 MarHuTHHIM HA0JII0IEHUSAIM B MEPUOILI BHICOKOIHEPTHYHBIX
reo(pu3nyecKnux coObITHIl

O.M. Bapxarosa'?, H.B. Koconanosa?, P.1. CepeGpsikosa’

1 o o o .
Huoicecopodckuii 2ocyoapcmeennbiil apxumexkmypHo-cmpoumenvhviid yHusepcumem, Huowcnuii Hoeeopoo, Poccus
2 o o o .

Huoicecopodckuii 2ocyoapcmeennviil nedazocudeckuti ynusepcumem, Huocnuii Hoeeopoo, Poccust

[Ipoanamu3upoBaHbl JaHHBIE KPUTHYECKUX YacTOT noHOCc(hepHbix cioeB E, Es u F2, a taxke X, Y, Z KOMIOHEHTHI
TEOMarHUTHOTO ToNsA co cranmuud Learmonth (21,9° ro.m., 114° B.A.) B MEpHOA CHWIBHOTO TIOJA3EMHOTO
3eMJIeTPACEeHHUs, KOTopoe mpom3onuto Ha riayonnae 10 kM 17 mronst 2006 1. B 08:19:25 UT Ha 3amamgHoM mobepexse
Wuponesun (9.33° ro.m., 107.26° B.n.). Marautyna coObITHS cocTaBisuia 7.7 OammoB mo mkaine Puxtepa. B
pe3ynbTare 3eMIIeTpsCeHs 00pa3oBaiach IyHaMH BEICOTOH Ooliee 5 MeTpoB.

B mpenenax BpeMEHHOTO WHTEpBalia, BKJIIOYAIOMIETO 3 IHS 10 COOBITHS, J€Hb COOBITHS, W 3 IHS TOCJIE HETO
BBINOJIHEH CIIEKTPAIbHBIA aHATM3 HOHOCHEPHBIX M MATHHTHBIX BO3MyINeHHME B guamasome 107+ 107 I'm.
ComnocTaBieHHEe MONYYEHHBIX AUHAMHYECKHX CIIEKTPOB U BCEX YKa3aHHBIX BBIIIE MapaMETPOB IEMOHCTPUPYET
CHHXPOHHOCTh MOHOC(EPHBIX M MATHUTHBIX BO3MYIICHHH B TeUeHHWE OBYX AHEH JO 3eMIIETPSICEHHS M JBYX THEH
oclie Hero Ha ONM3KHMX XapaKTEPHBIX 4acToTax B auamasoHe (2-4)-107 I'm. DTo MOXeT CBUIETEIbCTBOBATH O
CyII€CTBOBAHUHN B TaHHBIC IEPUOABI BO3MyHJ,eHPll>1, O6yCHOBﬂeHHle BOJIHAMU MAarHuTOIrpaBUTAlIMOHHOI'O THIIA.

B Teuenwne ABYX [lHeﬁ 0 paccMaTpuBacMoro CO6])ITI/I$I TaKKE 3aperucTpupoBaHO YBCIMYCHHUEC HMHTCHCUBHOCTH
CIeKTpa  KpuTHdeckoi uactorel ciosi F2 wuonocdepsr (fU0F2) u X-KOMIOHEHTHl T'€OMAarHUTHOTO IIOJISI HA
XapaKTepHOW YacToTe. 3a JIeHb J0 COOBITHS B TO K€ BPEMs BO3PACTACT U MHTCHCHUBHOCThH CIEKTpa KPUTHYECKOM
4acToTHl criopanuieckoro ciosi Es (fOEs). BeisiBiieHHBIC CIieKTpaibHBIE 0COOCHHOCTH MOTYT PacCMaTpPHBATHCS B
Ka4eCTBE BO3MOXKHBIX MPOSBICHUHN (U3NYECKUAX MPOIIECCOB, MPEANICCTBYIOIUX PAa3BUTHIO 3eMIICTpsiCeHUs. B ieHb
3eMJICTPSCEHUSI COBIAIEHHI CIIEKTPATBHBIX OCOOEHHOCTEH HMOHOCHEPHBIX M TEOMAarHWTHBIX MapaMeTpoB HE
OTMEYaeTCsl, OJHAKO UMEET MECTO 3aMETHOE YCIIICHHEe HHTEHCUBHOCTH criekTpa fUEs. B Teuenmne nByx nHe# mocie
3eMJICTPACEHUs] Ha JWHAMHYECKHX CHEKTpax HaOMomaeTcs CHHXpoHHOe Bo3myimeHwe fUF2, m Y-KOMIOHEHTHI
TEOMarHUTHOTO TOJSI, MpHYeM Ha CIEAYIONIMA [eHb IIOCNIe 3EMIIETPACEHHS B TO € BpeMs BO3pacTaeT H
uHTeHCHBHOCTh criekTpa fOEs. OOHapyXeHHblE COBNAJCHHS MOTYT CBUJETEIbCTBOBATH O T'€HEpaluu
MarHUTOTPaBUTALIMOHBIX BOJH M MOCJE BBICOKOPHEPTUYHBIX COOBITHHA. 3a TpH AHS 10 U MOCJE PacCMAaTPHBAEMOTO
COOBITHS COBITAZCHUSI CEKTPAIBHBIX 0COOCHHOCTEH HE OOHAPYKEHO.

Takum o0pa3zom, oOHApPYKEHHBIC OCOOCHHOCTH IUIA3MCHHON M MArHUTHON BO3MYIIECHHOCTH CBHUICTEIBCTBYIOT O
TOM, YTO BO3MYIICHHOCTh CIIOPAJUYECKOr0o cjos Es 3aMeTHO BO3pacTaeT 3a HECKOJBKO YacoB 0 COOBITHS U
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CoXpaHsieTcsl B TeueHne cyToK. CHHXPOHHbIE BO3MYILEHHUS CII0OEB HOHOC(HEPHOH HOHN3AIMN ¥ TEOMAarHUTHOTO T10JIS
B NEPUObI, NMPEIIECTBYIOMINE BEICOKO3HEPIUIHOMY T€0(DU3NUECKOMY COOBITHIO CBUIETENBCTBYIOT O HAIMYUH B
3TH BPEMEHA MAarHUTOT PABUTALMOHHBIX BO3MYIIEHUH, KOTOPBIE MOTYT CIYKUTh IIPEABECTHUKAMHU 3THUX COOBITHH.

HccnenoBanue BKJIaJa JOKAJIbHBIX TPO30BbIX 04aroB B ¢popmupoBanue PCC u Bapuanuii
noJsipu3aniu (poHOBOro MATHUTHOI0 IyMa

E.H. EpMaKOBal, I.C. Koruk!, A.B. Psa6os', A.A. Tauotun’

' Hayuno-uccnedosamensckuii paduogusuyeckuii uncmumym, H. Hoezopoo, Poccus.,
*Humcezopoockuii LITMC-P, H. Hoezopoo, Poccust

B pabote ucciienoBaHo BIHMSHHE MAacCKHPYIOIIEro (akropa OT JIOKaJIbHBIX IPO30BBIX o4aroB Ha crektpsl KHY
nosieit pu cymectsoBanuu cTpykryp AP u cy6-MAP B nokanbHOM noHOChEpe.

Ha ocHOBe oOpurMHanbHOH METONUKM OOpaOOTKM IaHHBIX 110 PErucTPaldii TOPH30HTAIBHBIX MAarHUTHBIX
KOMITOHEHT Ha CPEJHEIINPOTHOM IpHeMHOM IyHKTe «HoBast JKu3Hb» MccienoBaH BKJIAJ HCTOYHUKOB, YIAICHHBIX
Ha pa3HbIe PACCTOSHUSA OT MPUEMHOTO MyHKTA, B popmupoBanre PCC u Bapuamnuii noisipu3anuy GOHOBOTO IIyMa.
Meton mpenmomnaraer 3amanue ompezneneHHoro mopora (0.1 mo 0.9) oT MakCHManbHOTO 3HAYCHHS HMITYJIBCHOM
COCTAaBJISIOLICH ITyMa, IPH KOTOPOM OHA 3aMEHSIETCS] «OEIbIM» IIIyMOM, C aMIUIMTY/I0H, HE TIPEBBIMAIONIEH MOpoTa.
Pesynbrar 3ammceiBaJICSi B HOBBIA (aili M mojBepraicsi CrHeKTpaibHOMY aHanu3y. Jlaizee mnpoBoauics
CPaBHUTENBHBIM aHAIW3 BHOBH NOJYYEHHBIX M NEPBUYHBIX CHEKTPOB IPH pa3HbIX ypoBHsX mopora. ITo rioyOune
OCLMUILMHA PE30HAHCHBIX CTPYKTYP B 3THX CIIEKTpax JENAJICS BBIBOJ O BKJIA/IE HCTOYHHKOB, PACHONOKEHHBIX Ha
Pa3IMYHBIX PAacCTOSHUAX OT MPUEMHOT0 MyHKTa B (OPMHPOBAHME ITHX CTPYKTYyp. sl omnpenesneHus IOJIOKEHUS
JIOKAIBHBIX 04YaroB IIPUBJICKAIUCh JAHHBIE C METEOPOJIOTMYECKOr0 PpPaJuOJOKAaLMOHHOrO Komiuiekca MPJI-
5AKCOIIPH, pacnionoxxenHoro B H. Hosropoze.

Pabora monmnmepxkana rpantamu POOU 11-02-00419-a m MunucrepctBa oOpa3oBaHMs M Hayku Poccuiickoit
®Denepanun, rocyJapcTBeHHbIH KOHTpakT Ne 16.518.11.7066.

OKo0J10M0JIyIeHHOEe aBPOPAIBLHOE CBeYeHHe HAa BHICOKHX IHPOTAX

B.JL. 3Bepes', B.I'. Bopo6bes', SI.U. ®enpamrreiin’

1 o o
Honsapuwiil 2eopuzuveckuti uncmumym, Anamumoi, Poccus

2

Hncmumym 3emno20 macnemusma, uoHocghepvl u pacnpocmpanenus paouosonn, Tpouyx, Poccus

OnTrueckrie HAOMIOAEHUS TOJSPHBIX CHAHHH MEpPHAMOHAIBHBIM CKaHHpylouwM ¢oromerpom (MSP),
TEIEeBU3NOHHON Kamepoil Bcero Heba (TV—kamepa) Ha cr. Baperubypr (BAB; ®'=75.2°, MLT=UT+24) u
OTHOBPEMEHHBIC HAONIONCHHUSA BTOprafomuxcs dwactun coyTHukamu DMSP F12-F16 wucmoms3oBanbl s
HCCIICA0BaHMs CBA3WU JHEBHBIX IMOJIAPHBIX CUSHUH C TIa3MEHHBIMU CTPYKTypaMu BTOPTrarOmInXcCs 4aCTHUL. I[eTaJ'H)HO
UCCJIEJIOBaHbI JIBa COOBITHSI, KOr/la OPOUTHI CIyTHUKOB IEPECeKalH AHEBHYIO aBPOPAJBbHYIO 30HY OT IOJISIPHOM
TPaHUIIBl MAHTUH 10 1M PY3HOH 30HBI.

(1). 22 nexabpst 2003 r. oHOBpPEMEHHBIE HAOJIIOAEHHS HOJISIPHBIX CHUSIHUI W BTOPXKEHUH aBPOpaJbHBIX YacTHIl Ha
cinytHruke DMSP F16 npoBonunuce B unrepsane 09:01-09:04 UT.

Ocoboe BHUMaHHE 00pamanoch Ha MOJOKEHUE aBPOPATBFHOTO CBEUYCHHUS BO BPEMS MIEPECCUSHHS BHICOKOIITHUPOTHBIX
TUTa3MEHHBIX JTOMEHOB B MarHuToc(epe: mantuu (MA), kacra (CU) u Hu3KomupoTHOTo rpannyHoro cios (LLBL)
B 09:01:30-09:02:30 UT. Takue coOBITHS JOCTATOYHO PEIKH, TAK KaK MpOJIeTH ciyTHUKOB DMSP mpoucxonsT co
CKBaXHOCTBIO ~102 MuH, a HaOmrOIEHWs 3a CBEYEHHEM B 00JACTH Kacma BO3MOXHBI TOJBKO BOJH3H 3UMHETO
conHnectossaus B uHTepBane 08—11 UT. AHanu3 crieKTporpaMMbl SJIEKTPOHOB M HOHOB BJOJIb TPACKTOPHH MPOJIETA
CIYyTHHKA M CHEKTPOB BTOPTAIOIIMXCS YACTHIl TOKa3aj, YTO TOJO0KEHHE TPAHMIBI MEXAY MAaHTHEH W KaclioM,
omnpeneIéHHBIM aBTOMAaTHYECKUM MeToZioM APL, HeoOXxomuMo cMecTuTh Ha Oosiee Bhicokue mupoThl (~0.4°). yra
nossipHoro cusHus B 09:02:05 UT B npeanonosxeHnH BHICOTH 240 KM MPOEKTUPYETCS HAa TEOMAarHUTHYIO LIIHPOTY ~
73°. E€ mono)xeHHe XOpOIIO COBMAJaeT C IOJIOKeHHeM TIpaHuubl MaHTHsS — Kacn. B 09:01 UT. oTHomenue
UHTEeHCUBHOCTEH sMmuccuid 630.0/557.7 B myre paBHO 4, Y4TO COOTBETCTBYET CPEIHEH SHEPTHH BBICHIMAOIINXCS
anexTpoHoB ~0.2 keV. CriekTpsl ¢ MAaKCHMYMOM Ha 3THX 3Heprusx Habmoxatorcs no DMSP Ha npunontocHOM Kpae
JJIEKTPOHHBIX BEICHITTAaHMH. COTJIaCHO 3TUM JAaHHBIM BBICOTA JYTH JOJDKHA OBITH ~250 KM.

(2). 8 mexabps 2000 r. ogHOBpEeMEHHBIE HAOIIOJCHUS MOJAPHBIX CHUSHUA W BTOPTAIOMIMXCS YACTHIl MO JaHHBIM
cinytHrka DMSP F13 mpoBommmuce B 08:10:47-08:21:31 UT. Tpaekropus criyTHHKA Iepecekana moie 3peHus TV
KaMepbl BOJH3H Z CTaHIUHU U IIPOXOAMIIA MPAKTHYECKH BIOJb TeoMarHuTHO! napamienu E-W. [TonspHsie cusHuS B
08:12:00 UT pacnomnaraiuch mupokoi mosocoii B obnactu Z ct. BAB. B mpoekiuy Ha moBepXHOCTh 3eMJIM OHU
HaXOAWJIMCh B Ipeeax IIa3MEeHHBIX 00s1acTeil Maruutocdepsl: ManTus - kacit — LLBL — kacr - LLBL, xoTtopsie
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ObUTH OompeneneHbl aBTOMaTHYeckuM MerogoM APL, u uepemyrorcst depe3 HeOOJbIIME WHTEPBAIbBI IIHPOT.
[NonspHble cusSHUSA MMENM CIa00 BBIPQKCHHYIO JIyYHCTYIO HJIM BOJIOKHHCTYIO CTpYKTypy. Ha ocHoBe aHammsa
pEaNbHBIX CIIEKTPOB BTOPTAIOLIMXCS 3JIEKTPOHOB M MOHOB MPEIUIOKCHA Jpyras UASHTU(HKALUS TOMEHOB BJOJb
tpaektopuu DMSP F13: mantwus, kacm, LLBL.

BreiBon. ABTomartnueckuil Meton APL s ompeneneHus TpaHUI] IUIa3MEHHBIX JOMEHOB B JHEBHOM CEKTOpe
TpeOyeT KOPPEKTUPOBKH 110 PEAIbHBIM CIIEKTPaM BTOPrarolIuxcs 4acTull. [lonsipHble cUsHUsS HaOJIOAAlOTCS B
00J1aCTH rpaHUIBl BTOPXKEHUs YaCTHLl MaHTHs1/KacIl Ha BbIcoTax ~250 kM.

Oco0enHOCTH pacnpocTpaHeHUs PAJAHOBOJIH B MEPHOAbI BHICHIIAHUA YACTHIl B MUHU-
Mmaraurocgepax Mapca

A.I1. Kupees, A.M. Kpeivckuii (FOoicnoiit @edepanvhviii Yuusepcumem)

B skcnepumente o paguosonauposanuo Mapca MARSIS AIS 6sun onpeseneHs! 061acT, B KOTOPBIX OOBIYHO
PETUCTPUPOBAIIMCH CUTHAIBI HA YacTOTaX BBINIE f,,x HOHOC(hEepsl Mapca, OTpakeHHbIE OT HOBEPXHOCTH ILIAHETHI.
OnHako B 3THX OONACTAX CHUTHANIBI OTPAXXEHHBIE OT MOBEPXHOCTH Mapca HE PErHCTPHUPOBAINCH B HECKOIBKHX
BPEMEHHBIX HMHTEpBajla TPOTSDKEHHOCTBIO HECKOJNBKO JHEW KaXIblif, YTO KOPPETHpPOBAIO C MEPUOAAMH
BO3MYILEHHOTO COJHEYHOro BeTpa. llcue3HOBeHME OTpakeHHH OT IOBEPXHOCTH MOXET OBITh OOBSICHEHO
CTOJIKHOBUTEJIbHBIM moriomennemM curnana (Morgan et al, 2012). PaccesiHne paavoBOJH, CBSI3aHHOE C
00pa3oBaHNEM HEOAHOPOJHOCTEH B KOHLEHTPALUH JICKTPOHOB IPH BBICHINAHUHM YAaCTUI B MHHH-MarHuTocdepax
Mapca, Takke ocnaOnseT NpoXOmsdmuid  curHaid.  BememcTBue HarpeBa aTtMocdepbl BBICHITAFOIIMMHUCH
sHepruuHbiMH udactuiiaMu (Johnson, 1990) ucye3HOBEHHME OTPa)KEHHOTO CHUTHAJa JIOJDKHO COIPOBOXKIATHCS
HOABEMOM HOHOC(HEPHOTO MaKCHMMyMa M POCTOM IIKaJIbl BBICOT HeiTpasoB. CpaBHUTENBHBIH aHAU3 JIAHHBIX
MarHUTOMETPHUUCCKUX OKCICPUMEHTOB M JaHHbIX akcenepomerpa (Krymskii et al, 2004) mokasam, 4ro B
OKpPECTHOCTH BHEIIHMX TpaHMI] MHHU-Maruurocep Mapca W MX NOTEHIMAIBHBIX KacloB, TI'€ BO3MOXHO
BBICHIIIAaHHWE YaCTHII, IIKajda BBHICOT HEWTPAJIOB OOBIYHO BHINIE €€ CPEIHErO M0 MOBEPXHOCTH IUIAHETHl 3HAYCHHMSI.
Takum 00pa3oM, NpH NMPOXOXKAECHUN PaAMOCUTHANIA Yepe3 HIDKHIOI HOHOC(Epy B OKPECTHOCTH T'PaHHIl MUHH-
Maraurochep Mapca MOKHO OKHAATh POCTa €ro MOTJIOLICHUS.

Biausinue Bo3MylIeHNIi B IOJIAPHOI HOHOCdepe HA BAPHALMU ATMOC(HEPHOI0 FJIEKTPHYECKOr 0
1oJIs1

A.JL. Kotukos', A.B. ®pank-Kamenenxuii’, A.A. Kpyrnos®, H.I'. Kieitmenosa®, O.B. Kossipesa®, M. Ky6urku®,
A. Omxumex”

' Canxm-Iemepbypeckuii punuan uncmumyma 3eMHo20 MAZHEMUSMA, UOHOCHEPBL U PACRPOCTPAHEHUS. PAOUOBOTH
PAH, 2. Cankm-Ilemep6ype, Cankm-Ilemepbypackuii cocyoapcmeentulii yHugepcumem, 2. Cankm-Ilemepoype
‘QIrBy Hayuno-uccneoosamenvcxuii uncmumym Apxkmuxu u Aumapkmuxu, 2. Cankm-Ilemep6bype

* Unemumym gusuxu 3emnu PAH, 2. Mockea

4I/IHcmumym eeogpusuru Ionvcrkoii Akademuu Hayk, 2. Bapwasa

Bennunna atmocgepHoro snekrpudeckoro noist (E,) B yCIOBHAX «XOpOIIEH MOT0JbD) ONpENesieTcs] BeININHON
Pa3sHOCTH NOTEHIMAIOB (B JaJbHEHIIEM MOTEHIMANIA) MEXIy MOHOC(HEpPOH M 3eMHON HMOBEPXHOCTBHIO HaJ TOYKOU
HaOmoneHnsi. B BblcokMx mmpoTtax mnoreHuuan uoHocdepsl (U;)) co3maercs Kak METEOpOIOTHYECKHMH
reaeparopamMi  (U;,) (IpEeMMyIIECTBEHHO TPO3aMH), TaK W BHEMIHUMH WCTOYHHKAMH MAarHUTOC(HEPHOTO
mpoucxoxaeHus (Ue). COOTBETCTBEHHO, H3MEpsieMOe aTMOC(hEpHOE IEKTPHIECKOE MOJIe MOKHO TIPEACTABUTh KaK
E=E,int+E.x. Muoronernue nHabmomenus E, Ha cr. BocTok B AHTapKTHIE MO3BOIWIN pa3paboTaTh MeETO
pa3mencHuss THX HCTOYHUKOB. 3HaueHHWs E,,, MoIydeHHBIE MO TaHHBIM CT. BOCTOK, MO3BOMWINM BBIYUCIUTH
3Hadenns Ezext g o6c. XopayHan Ha apx. LlInundepren, rae peryisapHO perucTpupyloTcs Bapuanuu E,. Beimonxen
aHaJIM3 OJHOBPEMEHHBIX HAOJIOEHUH Bapuauuii npuseMHoro snekrpuyeckoro nois (E,), HopmupoBaHHOTO Ha
CpEe/IHECYTOUHOE 3HAYEHHUE, B PA3JIMUHBIX OONACTAX BBICOKMX HIMPOT. YCTAaHOBIIEHO, YTO B MOJIIPHOW miamke (CT.
Bocrok) Bapuanmu aTtMocgepHOro 3JIEKTPHYECKOTO IMOJIsl KOHTPOJIIMPYIOTCSl BapHALMSIMU TTOTEHIMANa HOHOC(EPHI
HaJl TOYKOI HAaOIrO/IeHNs! C BEICOKMM K03 duunentoMm koppessiun (R~0.7-0.9). B 006c. Xop3yHa, pacronoxeHHOH
BOJIM3M T'paHULBI MOJSIPHOM IIANK{, CHTyalus ciiokHee. B umHTepBanbl, xorna Xop3yHJ Haxoawics B o0iacTé
3aIagHoTO JICKTPOHKETA, 3Ta KOPPEIIHs 00bIaHO moyioxuTenbHas ¢ R ~ 0.60-0.85, a korna Xop3yH OKa3bIBaCs
B 00J7aCTH BOCTOYHOTO JIEKTPOKETA 3HAK KOPPEIIIIUN MOKET H3MEHUTHCS Ha OTPUIATEIIHHBIN.
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Biausinue rpaBuTAIIME HA PACIPOCTPaHeHHEe MATHUTO3BYKOBBIX BOJIH B HHKHel noHocdepe 3emiu
B.[. Tepemenko (Polar Geophysical Institute, Murmansk, 183010, e-mail: viadter@pgi.ru)

Ha ocHoBe pemieHust ypaBHEHHI MarHUTHOM THAPOANHAMHUKH IOIyYCHO JIOKAIBHOE ANCTIEPCHOHHOE COOTHOIICHHE
JUIl COOCTBEHHBIX HM3KOYACTOTHBIX KOJIEOAHMH YaCTHYHO MOHU30BAHHOTO Ta3a, HAXOJIIIErocs B MAarHUTHOM M
TPaBUTAILMOHHOM IIOJISIX, KOTOPOE UMEET CJICAYFOITHIA BHUI:

o' —a)z(a)j +@? + N —Nj)+N2a)stin2(p+(a)f, —Nan)SzcoszlS’Jercoszn):O

ra

aJbBEHOBCKAsl 4acToTa, H _ npuBenEHHAs BBICOTa aTMOC(hepsl,

2 72712 2722 _ _
e @a= k Vi s o; =k7c , N, =¢ / 2H , — TpeJieNibHasl aKyCTHYECKasi 4acToTa, Ny=V, / 2H ,

V,uc,

— TIpenenbHas
— aJbBEHOBCKash M ajuabaTHyecKas
3BykoBas ckopocti, @ —uacrora, ¥ — yron mexuy BoHOBBIM BekTopoM K H yckopenuem cuubl TaKecTH g , m_

YTOJI MEKIY TEOMAarHUTHBIM TIOJIEM By 4 g, g yron mexny K u By

TocTpoeHbI MOJSIPI U OMPECICHbI YACTOTHI, (ha30BbIE U TPYIIOBBIE CKOPOCTH COOCTBEHHBIX KOJICOAHUH HIKHEH
HOHOC(Eephl HAJ TEOMArHUTHBIM TIOJIFOCOM, 3KBATOPOM M B IPOMEXKYTOUHOH 30He. [lokazaHo, 4YTO THIO
HU3KOYACTOTHBIX KoNeOaHui, BO30YXIa€MBIX M PAacCHpPOCTPAHSIONIMXCS B HMOHOchepe 3emMid, 3aBHCHUT OT
FE€OMArHUTHBIX KOOPIUHAT TOYKHM HAOIOJICHUS M HANIPABJICHHS] PACIIPOCTPAHEHHUS BOJIHBI.

JByxnmapamerpuuyecKkuii XapaKkTep TepMO-aHOMAJIUM 3aNbIJIEHHOT0 HOYHOT0 AaBPOPAJIbHOI0
JMHAMO CJI0SI

E.E. TI/IMOd)eeBl, C.JIL Ianumos?* ,O.T. Uxernaan’> M K. Baumnkocki’, 1. Kanrac®

'Tocyoapemesennan mopckas akademus um. aom. C.O. Maxaposa, C.-Ilemepbype
2Hnemumym gusuru semnu um. O.FO. IlIvuoma, PAH, Mockea

S Unemumym xocmuyeckux ucenedosanuii, PAH, Mockea

*Uncmumym ¢usuxu ammocgepovr um. A.M. Obyxoea, PAH, Mockea

>Omoen kocmodusuku ynusepcumema 2. Oyiy, QuuiaHOUs

C menpro mampHeHmero wu3ydeHWs J(PQeKTa aHOMAaTBHOTO OXJaXKICHUS 3iekTpoHoB awmHamo ciost (JC) B
HACTOSIIEH padoTe aHATM3UPYIOTCS MMPOCTPAHCTBEHHBIE U BpeMeHHBIe Bapuaui noHHOH (Tu) u anextponH0it (T?)
TEMIIEpaTyp, a TaKKe BEIUYUHBI 3JIEKTPOHHOM IIOTHOCTH (Ne) M KOMIOHEHT BEKTOpa HOHOC(HEpHOTro
anexTpudeckoro nois (E-mons). Bapuanuu Bcex mapameTpos, uamepsieMbix cuctemoit pagapos EISCAT B xoxe 2-x
aBpopaibHBIX cy00ypp 15 m 23 maprta 1988 B 3enmre 00c. Tpomcé, CrimaxmBarOTCs METOIOM CKOJB3AIIETO
CpesiHero ¢ BHIOOPOM ONTHMAJILHOM IIMPUHBI KoppessiuoHHOro okHa. IlokazaHo, urto: 1) TemmepaTypHas
AHOMAJIMS C OXJIAXK/ICHUEM DJIEKTPOHOB 10 OTHOILIEHHUIO K Temreparype HoHOB (Tu - T> ) Ha Benuuuny ot ~15K 1o
~140K perucrpupoBasiach B Oojiee 4yeM B IOJIOBUHE BCero MHTepBaja u3MepeHuid. 2) Ilpu stom B obnacTsx
aHOManuyu BenuurHa Ne MOCTOSHHO IpeBbIaNa IOpOroBblil yposeHs ~ 5*10% /cM’, a mpu kpaTkoBpeMeHHbIX (5-15
MHHYT) HHBepcusix K pexxumy db-neperpesa (To>Twu), Haobopor, Obla HIDKEe yKkazaHHoro nopora. 3) ITogoOHble
MHBEpcHH 3HaKa BenuuuHbl (Tu - T> ) Habmoxannch B KaxI0M U3 4-€X ~2-X 4acOBBIX MHTEPBAJIAX M3MEPEHHH C
XapaKTepHBIM BpeMeHHBIM MacitaboM ot 40 o 70 munyT. 4) B eproasr mpoTrBO(a3HEIX BOIHOBBIX BapHauu 13
u Ne oxJiakeHHe 3JIEKTPOHOB NIPUMEPHO B/IBOE IPEBBIIIANIO HArpeB MOHOB Ipu TUnn4HOH BexnunHe (Tu - Ta )>
50K, a Benmmumabl E-nons vHe npeswimanyu nopora @b-aeycrorunBocta (15-20 MB/m). 5) [Ipu peskom pocte Ne 1o
BemunHel ~ 25%10* /e 3a Bpems ~7-10 MHHYT, HMIYJIbCHOE OXJIAXICHHE 3JIEKTPOHOB M HAYMHATIOCH M MPH
BenmmunHax E-mons 3amerHo mnpesbimaromux @Ob-mopor. 6) B mepuomer memmeHHbIX (~1-2 MB/M B MHHYTY)
Bapuanuii MOAYyNsl BEKTOpPa MOHOC(HEPHOTO JIIEKTPHUYECKOTO TIOJNIS, PErHCTPHPOBAINCH KBAa3HCTALMOHAPHBIC
TEIUIOBBIE CTPYKTYPHI C MPOCTPAaHCTBEHHBIMH Macimitabamu oT 7 10 45 kM. [Ipu stom BekTop E-mons maxommics
NPEMMYIIECTBEHHO B FOT0-3al1alHOM KBaJIpaHTe.

}laHa (1)I/I3I/II-ICCK8.H HUHTEpIIpEeTaAllA OCHOBHOM YaCTH OIMCAHHBIX BBIIIE PE3YyJIbTaTOB, OCHOBAHHAA Ha THIIOTE3C O
KOHKYPEHILIUH JBYX (pakTOpOB. KYJOHOBCKHX CHJI 3apPSDKEHHBIX MAaKpO-YacTHIL ITBUTH, 00ECIIeYNBaIOIINX JKECTKOCTh
CTPYKTYPHI IUIa3MEHHO-TIBUIEBOTO KpUCTAIa, W TOpOXIaeMod HeycroitunBocteio Papies-bynemana (PDb)
TUIA3MEHHON TypOYJIEHTHOCTBIO, CTpPEMSILEHCs pa3pylIUTh 3Ty CTPYKTYpy. MeXaHM3MOM TI'eHEpallM TEeIUIOBBIX
CTPYKTYP MOXET OBITh, HAIIPUMEP, HEJIMHEHHAs CTA/INsI HEYCTOHYMBOCTH 3KMAaHOBCKOT'O THIIA.
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Cesa3b HekoTOPBIX XapakTepucTuk ITIII ¢ TemnepaTtypoii BepxHeii Mme3oc(epbl
B.A. yﬂbeBl, O.A. IIaHI/IHOBaZ, O.1. HlyMI/mOB3

' Apkmuyeckuii u Anmapxmuueckuii Hayuno-uccreoosamensckuii uncmumym (AAHUH, CIT6), vauliev@yandex.ru
Canxm-Ilemep6ypeckuii punuan Hncmumyma 3emnozo Maznemusma, Honocghepul u Pacnpocmpanenus
paouosoan (CI160 USMHUPAH), md1555@mail.ru

* Uuemumym npo6nem npomviunennoii sxonoeuu Cesepa Konvckozo nayunozo Llenmpa PAH, oleg@aprec.ru

B pabore aHamm3upyercs MONTOBPEMEHHBIM TpeHH nByX xapakrepucTuk I[IIIII: BenWdwHBI TOTIOMICHHUS B
makcumyme [IITI (o maHHBIM CTaHUMI BHYTPH MOJSIPHOM IIANKK) W aMIUIMTYIbl d(deKra Moy IeHHOrO
BOCCTAaHOBJICHHA (TI0 JAaHHBIM CTAaHIMH B aBPOPAIbHOW 30HE). YCTAHOBIIEHO, YTO B TEUCHHE PACCMATPHBAEMOTO
mepuonaa (¢ 70-x mo 90-e Tompl) MPOMCXOAWIO yMEHBIIeHHe OoTHocuTenbHON ammuutyasl [T u ammmuTyast
HOJYJICHHOTO BOCCTaHOBJEHHUA. [laHHBIE IO TOIJIOLUIEHHUIO COIMOCTAaBJIEHBl C H3MEHEHHEM CIIEKTpa IIOTOKOB
COJIHEUHBIX MPOTOHOB, YPOBHSI I'€OMarHUTHOW aKTHMBHOCTH M TeMIlEpaTypbl Me3oc(epbl 3a yKa3aHHbBIH Mepuo.
@u3nuecKuil aHaJIM3 U PAcu€Thl MO3BOJIMIIM CHEJIaTh BBIBOA O TOM, YTO OCHOBHOM MPUYMHOM OTPULIATEILHOIO
TPEHJIa JAaHHKIX 110 TOTJIOMICHUIO SBISICTCS MTOHIDKEHHIE TEMITePaTyphl BEpXHEH Me30chepsl.

DJIeKTPOHHbIE U HOHHbIE BBICHINIAHNUS B YTPEHHEM U BeYepHeM CEKTOPaX B 3aBUCUMOCTH OT
YPOBHSI MATHUTHOMH aKTHBHOCTH

O.U. Sroakuna, B.I'. BopoObeB (Iorsapusiil ceodpusuueckuu uncmumym KHI] PAH, Anamumot)

HccrenoBanpl cpaBHUTEIBHBIE XapaKTEPHCTUKU 3JICKTPOHHBIX W HOHHBIX BBICHMaHWHA B yTpeHHeM (0300-0600
MLT, 0600-0900 MLT) u Beuepuem (1500-1800 MLT, 1800-2100 MLT) cekropax B 3aBUCHMOCTH OT YpPOBHSI
MarHUTHOM akTUBHOCTHU. [I0Ka3aHO, YTO B yTPEHHEM CEKTOpPE JOMHHHUPYIOT 3JIEKTPOHHBIC BBICHINAHUA. 37E€Ch B
00acTi CTPYKTypupOBaHHBIX BbIChIManuil (AOP) motoku sHeprun monoB (Fi) cocraBmstor meree 5% OT MOTOKa
sHepruu dektpoHoB (Fe). B obnactu aud¢ysnsix Beicbimanuii (DAZ) nons Fi ymeHbpliaeTcs ¢ pocToM MarHUTHOM
aKkTHBHOCTH OT ~25% 1pr AL=-100 uTn no ~5% npu AL=-1000 uTn. B BeuepHem cextope B obnactu AOP Taxoke
Mpeo0JIalaloT JJIEKTPOHHBIE BBICHINAHHUA, B TO BpeMsi Kak B DAZ TOTOKM SHEpruM HOHOB 3HAYMTEJBHBIC.
Otromrenue Fi/Fe uamensiercs ot 0.8 1o ~3.5 npu pocre AL ot -100 H#Tn 1o — 1000 HT .
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Variations of sea level pressure in the Northern and Southern hemispheres in association with
Forbush decreases of galactic cosmic rays

I.V. Artamonova, S.V. Veretenenko (Saint-Petersburg State University, Saint-Petersburg, Russia)

The investigation of atmospheric pressure variations during Forbush decreases of galactic cosmic rays (GCR) was
carried out; the data of NCEP/NCAR reanalysis for the cold half of year of the period 1980-2006 years were used.
The research showed that Forbush decreases of GCR are accompanied by significant variations of sea level pressure
in the North and South Atlantic regions and over the South Ocean in the latitudinal belts 45-70° in both hemispheres.
The maximum pressure values were revealed on the 3"-4™ days after Forbush decrease beginning over the North
Atlantic, Scandinavia and North Europe in the Northern hemisphere. In the Southern hemisphere the maximum
pressure was observed on the 4"-5" days after Forbush decrease onset in two regions: the first is over the South
Ocean between South Africa and Antarctica, the second is between Australia and Antarctica. It was assumed that the
revealed atmospheric pressure variations are caused by intensification of anticyclone activity associated with
Forbush decreases under study. The results obtained in this work showed that short-time variations of GCR may
contribute to the evolution of extratropical baric systems, as well as about an important role of galactic cosmic rays
in the Sun-Earth relations.

Modeling of the lower and upper atmosphere interconnection

K.E. Beloushko (Physics Department, Murmansk State Technical University, Sportivnaya St., 13, 183010
Murmansk, Russia;e-mail: Beloushko@mail.ru )

Attempt to develop the united numerical model of the Earth’s atmosphere is undertaken. At the moment there is a
need to create a single numerical model of the gaseous envelope of the Earth, which would advance in the study of
the global electric circuit, the meteorological effects on the lower ionosphere, atmospheric tides, acoustic-gravity
waves, stratospheric anomalies, etc. Purpose of the project is development of the general methodologies and
technologies of coupling of models with use of the so-called frame approach. Coupling of the upper and lower
atmosphere models will allow not only to develop united model, but also thus to remove the uncertainty, connected
with assignment of the upper boundary conditions in lower atmosphere and lower boundary conditions in upper
atmosphere. As a result of named problem analysis the following algorithm for coupling of models is offered: in the
area, where the model grids intersect, it is proposed to carry out an iterative exchange of data. Results of some
joined simulations on the basis of model of upper atmosphere UAM and model of general circulation of INM RAS
are presented and discussed.

Sensitivity of the tropospheric circulation to the GLE
V.I. Demin (Polar Geophysical Institute, Apatity)

The atmospheric circulation processes belonged into one of elementary circulation processes (ESP) types, if the
following criteria were met:

1) similar development and geographical distribution of the leading (directing) pressure areas;

2) similar direction of prevailing winds;

3) similar attributes of the main invasions of air masses.
Thus change of ESP is indicator of transformation of large-scale atmospheric circulation. This suggests the use of
ESP for estimation the sensitivity of the tropospheric circulation to the GLE.
Research shows that frequencies of changes of ESP before and after the GLE are similar. This proves the weak
influence of GLE on the troposphere circulation. At least this influence is not detected by the standard techniques of
synoptical analysis.

Long-term changes in the vertical air temperature profile in the Khibiny Mountains

V.1 Demin', P.A. Chernous®, V.N. Moroz’

'Polar Geophysical Institute, Apatity
Centre of Avalanche Safety, "Apatit" JSC, Kirovsk

Average summer temperatures in the Khibiny mountains for period of 1961-2011 years are more than ones for

period of 1881-1960 years by 0.3-0.4°C. This is corresponds to movement of summer isotherms by 30-50 m
upward. At the same time since end of 19th century the upper tree-line in the Khibiny Mountains has risen up by
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100-150 m. It is suggested that the observed rise of upper tree-line limits in the Khibiny is mainly due to long-term
(centuries) climate changes and to a lesser degree is response to short-term (decades) climatic variations including
the present-day warming.

Seasonal changes of diurnal variation of atmospherics ELF-VLF range on observations at the Kola
Peninsula

V.1 Kirillov, V.V. Pchelkin, M.I. Beloglazov, A.A. Galakhov (Polar Geophysical Institute, Apatity)

The results of measurements of the pulsed component of atmospheric electromagnetic noise at the 600 and 6000 Hz
which were performed in June-November 2012 at the observatory PGI "Lovozero" were study. The measurements
were carry out using atmospherics registrator developed in the PGI. Two orthogonal frame used as antennas oriented
along and across the magnetic meridian. For analysis were selected days, during which the AE - index does not
exceed 300 nT.

In addition, we considered only atmospherics with amplitudes levels over 100 relative units (range of amplitudes
measured from 0 to 833 relative units).

Based on the analysis, the following conclusions concerning the atmospherics of this type:

1. Density recorded atmospherics Nyoyr (number of pulses in 1 hour) at frequency of 6000 Hz is much larger
than 600 Hz.

2. Pronounced daily maximum observed in the summer months at both frequencies and in both components
("N-S", "E-W"). Nearest thunderstorms of midlatitude is the most likely source daily high.

3. In contrast to the ELF range, does not show significant difference in the diurnal variations of atmospherics
at both frequencies in the components of the "N-S" and "E-W" both Ny,,, and on the average hourly
amplitudes.

4. Probability distribution of the levels of atmospherics can be approximated by the formula known from the
literature form: P(X) = [1 + (X/Xs,) k], where the parameter k of this relationship varies from 2.2 to 3.2
for the 600 Hz and from 1.5 to 2 for 6 kHz.

Influence is artificial the indignant ionosphere on mesospheric ozone
Y.Y. Kulikov', V.L. Frolov®

'Institute of Applied Physics, N. Novgorod, Russia
*Radiophysical Research Institute, N. Novgorod, Russia

The experiments, carried out at the SURA heating facility in 2009 — 2012 allow revealing a new physical
phenomenon: the decrease of the microwave intensity in the line of the atmosphere ozone at frequencies of about
110836.04 MHz during modifications of the Earth’s ionosphere by powerful HF radio waves. Features of this
phenomenon are the following:

The decrease of the ozone line spectral intensity is observed not only in a region located directly over the SURA
facility but also in a region spaced of about 150 km and more to the south from it. The value of the ozone spectral
intensity varies proportionally to the pump wave power. Quantity evaluation of vertical density profiles, made
basing on ozone line spectral intensity measurements, gives a decrease by 18% in the ozone density at altitudes of
about of 60 km relatively to its background value, which is of about 50% of its daily variations due to sunset and
sunrise.

As interpretation of observably effect are considered:

1. Amplification of formation of negative ions mesospheric ozone owing to increase of electron temperature at
heating the low ionosphere by high-power radio waves [1].

2. Action on mesospheric ozone by internal gravity waves generated in the ionosphere E-region heating by its HF
heating [2-4].

3. Impact of ion chemistry on correlation between changes of mesospheric ozone and the total electron content in an
ionosphere Impact of ion chemistry on correlation between changes of mesospheric ozone and the total electron
content in an ionosphere [5]. It is necessary to note, that the total electronic contents appreciably changes at
modification an ionosphere by powerful HF radio waves [6].

1. Kulikov Y.Y ., Frolov V.L., Influence of HF powerful radio waves on the ozone number density in the Earth’s atmosphere. The Seventh
International Kharkov Symposium on Physics and Engineering of Microwaves, Millimeter, and Submillimeter Waves (MSMW’10) Proceedings,
Kharkov, Ukraine, June 21 — 26, 2010. doi:10.1109/MSMW.2010.5545979

2. Grigor’ev G.I. and Trakhtengerts V.Yu., Emission of internal gravity waves during operation of high-power heating facilities in the regime of
time modulation of ionospheric currents. Geomagnetism and Aeronomy, V. 39, No. 6, P. 90-94, 1999.
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3. Kulikov Y.Y., Grigor’ev G.I., Krasilnikov A.A., Frolov V.L., Variations of mesospheric microwave emission by modification of the low
ionosphere by powerful HF radio waves. Radiophysics and Quantum Electronics. V. 55, No. 1-2, P. 57-65, 2012.

4. Kulikov Y.Y., Frolov V.L., Grigor’ev G.I., Demkin V.M., Komrakov G.P., Krasilnikov A.A., Ryskin V.G., Response of the mesospheric
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Numerical simulation of the initial stage of the formation of large-scale cyclonic vortices in the
vicinity of the intratropical convergence zone

I.V. Mingalevl, N.M. Astafieva’, K.G. Orlov', V.S. Mingalevl, O.V. Mingalevl, V.M. Chechetkin®

Polar Geophysical Institute, Apatity, Russia
2Space Research Institute, Moscow, Russia
3Keldysh Institute of Applied Mathematics, Moscow, Russia

The regional non-hydrostatic mathematical model of the neutral wind system of the lower atmosphere, developed
earlier in the Polar Geophysical Institute, is utilized to investigate the initial stage of the origin of large-scale
cyclonic vortices in the vicinity of the intratropical convergence zone. The mathematical model is based on the
numerical solution of the system of transport equations containing the equations of continuity for air and for the total
water content in all phase states, momentum equations for the zonal, meridional, and vertical components of the air
velocity, and energy equation. The model produces time-dependent three-dimensional distributions of the
atmospheric parameters in the height range from 0 to 15 km over a limited region of the Earth's surface. Simulations
are performed for the cases when this region is intersected by the intratropical convergence zone. It was supposed
that, at the initial moment, the intratropical convergence zone contains the convexity in the north direction,
moreover, the zonal wind velocities at more northern latitudes relatively the centerline of the intratropical
convergence zone are larger than those at more southern latitudes relatively it, with the west crook of the convexity
being sharp while the east crook of the convexity being gently sloping. Simulation results indicated that the twin
tropical cyclones were formed during the period for about three days. The cyclones were formed one after another in
the course of time. The rotational center of the first cyclone is close to the northern edge while the center of the
second cyclone is close to the southern edge of the initial intratropical convergence zone to a moment of 70 hours
after the beginning of calculations. The radii of these cyclones are about 600 km. The horizontal wind velocity in the
cyclones achieved values of 15-20 m/s during the period of about three days.

This work was partly supported by the RFBR grant 13-01-00063.

Simulation study of the mechanism of the formation of polar cyclones at high latitudes of the
northern hemisphere

[.V. Mingalev, K.G. Orlov, V.S. Mingalev (Polar Geophysical Institute, Apatity, Russia )

To investigate the initial stage of the formation of polar cyclones at high latitudes of the northern hemisphere, the
regional mathematical model of the neutral wind system of the lower atmosphere, developed earlier in the Polar
Geophysical Institute, is applied. The mathematical model is based on numerical solving of non-simplified gas
dynamic equations and produces three-dimensional distributions of the wind components, temperature, air density,
water vapor density, concentration of micro drops of water, and concentration of ice particles in the height range
from 0 to 15 km over a limited region of the Earth's surface. The dimensions of this region in longitudinal and
latitudinal directions are 36° and 25°, respectively. The southern boundary of the simulation region was located at
55° N. It was supposed that, at the initial moment, this region is intersected by an arctic atmospheric front.
Simulations were performed for various cases in which the initial forms of the arctic atmospheric front were
different and contained convexities with distinct shapes, with the distributions of wind velocity in the vicinity of the
arctic atmospheric front having been chosen different. Simulation results indicated that the origin of a convexity in
the configuration of the arctic atmospheric front can lead to the formation of a polar cyclone during the period for
about one day. The cyclone has a horizontal extent of about 1000 km. The horizontal wind velocity in this polar
cyclone can achieve values of 15-20 m/s during the period of 25 hours. The simulation results show that the key
factor in the mechanism of the formation of polar cyclones is the origin of a convexity in the configuration of the
arctic atmospheric front. As a consequence, instability of the shear air flow arises. This instability leads to
considerable transformation of the wind field. As a result, polar cyclones may be formed in the vicinity of the initial
position of the arctic atmospheric front in the course of time.

This work was partly supported by the RFBR grant 13-01-00063.
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On one kind of anomalies in angular distributions of the natural electromagnetic emissions in the
ELF range from measurements in Lovozero observatory

V.V. Pchelkin (Polar Geophysical Institute, Apatity, Russia)

Using continuous measurements of magnetometers in Lovozero observatory (2006-2009 years), arrival directions of
registered natural electromagnetic emissions in the ELF range were calculated and analyzed. Abnormality
continuous tracks in angle distribution of high - amplitude signals were found. Estimate of azimuth and time range
of this tracks have made. It was suggested that the cause of this anomaly is the thunderstorm activity near the
observation point (up to 500 km).

Investigations of Antarctic stratosphere gas composition based on the high-resolution spectroscopy
of the Moon during the lunar eclipse

0.S. Ugolnikov ', A.F. Punanova *, V.V. Krushinsky *

1Space Research Institute, Russian Academy of Sciences, Moscow, Russia
*Kourovka Astronomical Observatory, Ural Federal University, Ekaterinburg, Russia

The work is devoted to the southern polar stratosphere investigations based on the high resolution spectroscopy of
the Moon inside the umbra of the Earth. During the eclipse the Moon is emitted by the radiation refracted in the
atmosphere of the Earth. The altitude and coordinates of the ray perigee are determined by the moon surface point
position inside the umbra. The radiation transfer geometry is analogous to the space limb atmosphere measurements
allowing to scan the distant atmosphere regions at several thousand kilometers from the observation point. Lunar
eclipse is the only ground-based possibility to hold such measurements. Using the large-aperture astronomical
technique and high resolution spectrographs we can hold the line-by-line analysis of the polar stratosphere
components.

The work is based on the spectral measurements of the Moon near the southern umbra border during the total eclipse
of December, 10, 2011. The radiation was transferred through the Antarctic stratosphere near the seasonal ozone
depression, that makes the investigation especially interesting. The observations were held at 1.2-meter telescope of
Kourovka observatory with fiber high resolution spectrograph (R about 30000). Measurements covered the spectral
range from 450 to 780 nm and were calibrated by the analogous spectra of uneclipsed Moon and standard star. This
allowed to hold the correct account of atmospheric lines above the observation point.

Observational spectra contain a lot of atmospheric lines (O,, O3, O4, H,O, NO,). Three oxygen bands (630, 690 and
765 nm) together with O4 absorption features between 450 and 600 nm were used to retrieve the effective trajectory
of the radiation transfer through the Antarctic stratosphere depending on the wavelength and estimate the influence
of aerosol scattering. Other gases bands give the values of tangent column densities of these gases in the lower
Antarctic stratosphere. The accuracy is especially high for ozone, since the observational range covers the majority
of Chappius bands, where absorption by the tangent trajectory is very strong (up to a factor of 6).

The work is done with the financial support of Russian Foundation for Basic Research, grant No.12-05-00501-a.

Comparison of air quality in Moscow and London megacities
A.M. Zvyagintsev', LN. Kuznetsova®

! Central Aerological Observatory, Dolgoprudny, Russia
Hydrometeorological Research Center of Russia, Moscow, Russia

Economic and social activities in megacities lead there to concentrated emissions of air pollutants. The negative
impact of megacities on local air quality has long been recognized. We give an overview of air quality in two
biggest European megacities: London and Moscow. Using long-term data bases we analyzed there periodical and
aperiodical (trends) variations of trace gases (CO, NOx=NO+NO2, SO2 and ozone) and aerosols (PM10 and
PM2.5). Mean long-term diurnal and seasonal variations of concentrations of pollutants are presented.
Concentrations of primary pollutants and aerosols at nearest (ca. 1 km) urban roadside and background stations may
differ up 10 times and more, concentrations of secondary pollutant (ozone) may differ 2-3 times. The lowest
concentrations of primary pollutants and highest ones of secondary pollutant are observed during weekends. In
London remarkable decreasing of concentrations of most primary pollutants and some increasing of primary one are
observed in the past 15 years, in Moscow no conclusion on long-term changes of concentrations of pollutants don’t
be done due to fewer period of observations and higher variations of concentrations of pollutants.
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Ce30HHbIE BAPDHALMYU B PA3JJMYHBIX KOMIIOHEHTAX BTOPUYHBIX KOCMUYECKHUX JIy4eil
10.B. bana6un, A.B. I'epmanenxko (Iloaapuviil Ieopusuueckuit uncmumym KHIL] PAH)

B nmaGopaTopuy KOCMHYECKHX JIydell B TEUYCHUE HECKOJIBKHX JIET BEICTCS HEIPEPHIBHBI MOHHTOPUHT PAa3TUYHBIX
KOMIIOHEHTOB BTOPHYHBIX KOCMHYecKHX nyded. K Hacrosimemy BpeMEHH MMOMHMO CTaHIAPTHOTO HEHTPOHHOTO
Monutopa (18-HM-64) paboTaroT AeTeKTOp raMMma-KBaHTOB Ha CIMHTIILUIAIMOHHOM KpPHCTaJUle, OSCCBHHIIOBAS
cekiust HelitporHoro moHuTopa (BCHM), merexTops! 3apsbkeHHONW KomrmoHEHTH (/I3K) u TemmoBbIX HEWTpPOHOB
(ATH). CrIMHTWUISIIAOHHBIA JAETEKTOP PETUCTPHPYET KBAHTHI ¢ dHeprusMu oT 20 k3B mo 5 M»sB, HeliTpoHHSBIH
mouutop (HM) uyBcTBUTENEH K HeWTpoHaMm ¢ 3Heprusamu Oonee 50 MaB, BCHM — k HeHTpoHaM ¢ 3HEPrUsIMH
cotHH K3B — enuanns MaB, /ITH — temmossie mHelitpons! (mopsaaka 0.03 »B), JI3K perucrpupyet Bce 3apsyKeHHbIE
YaCTHLBI (MIOOHBI, 3JIEKTPOHBIL, TIO3UTPOHBI) C dHEpPrusiMu Ooiee 2 MaB.

JlarHbIC CO BCEeX MPHUOOPOB MOCTYHAIOT B OOIIYIO CHCTEMY perucTpaiuu. Mx aHaiu3 3a MOCICIHUE HECKOIBKO JIET
[I0Ka3aJl HAJIM4YME CE30HHBIX BapUallMi B HEKOTOPBIX KOMIIOHEHTaX KOCMUYECKMX Jydeil. B psany «HEHTpOHHBIL
MOHUTOpP — OCCCBUHIIOBas CEKIUS — JCTEKTOP TEIUIOBBIX HEHTPOHOB» aMIUIMTYyJa BapHallid HapacTaeT ¢
YMEHBIICHUEM SHEPreTUYeCKOro Iuamna3oHa npuHuMaeMbix HedTpoHoB. Ha HM Bapuanus nynesas, na ATH —
oko0110 10 %. [IT0THOCTh MOTOKAa HEUTPOHOB OOJIBIIMX IHEPTUH ONpeAesieTcss KOCMIYSCKUMU JIy9aMH, TOT/Ia Kak
HEHUTPOHBI MEHBIINX SHEPTHHA IONYYarOTCS B pe3yNbTaTe TOPMOKEHHS BBICOKOIHEPTMYHBIX, CIIEJOBATEIBFHO, HX
MOTOK CYIIECTBEHHO 3aBHUCHUT OT YCIIOBHH COCTOSHHS cpensl. HambosbImas 1o aMIDIHTyIe W YETKO BBIPaKEHHAS
BapHaIus HabIogaeTcs B KaHajle CHUHTIUIAIMOHHOTO aeTekTopa — 6onee 20 %. ["aMMa-m3irydeHre B IpU3eMHOM
cioe arMocdepbl BO3HHUKAET KaK TOPMO3HOE HM3JIYYCHHUs] DHEPIHMYHBIX DJIEKTPOHOB, MOSBIISIOIIMXCS OT pacraja
MIOOHOB, ¥ MOXHO IPEINOI0XKHTh, YTO JIEKTPUIECKOe ToIe aTtMochepsl BIMIET Ha MOJHYIO SHEPIHI0O MIOOHOB,
YTO, B KOHCYHOM CUETEe, CKa3bIBACTCS HA IIOTOKE raMMa-KBaHTOBR.

banaHc sHepruM u MPOUCXO0kK/AeHUuEe BO3PACTAHUI MPU3EeMHOT0 raMmmMa-(poHa

10.B. bana6un, A.B. 'epmanenko, O.B. Bamentok, b.b. I'Boznesckuit (Iloaspuoiii I'eogpusuyeckuii uncmumym
KHI] PAH)

B tewenne 2012 roma ObIIO TPOJOHKEHO WCCIEAOBaHWE BapHaldid MPU3EMHOTO TaMMa-(hoHa, CBS3aHHBIX C
aTMoc(epHBIMH OCagkaMH. B Hacrosmedl paboTe MPEACTaBICHBI PE3YyNbTaThbl psAAa HOBBIX 3KCIEPUMEHTOB,
MIPOBEICHHBIX HAa YCOBEPLICHCTBOBAHHOM CHCTEME PErucTpalMy ramma-u3inydeHus. OCHOBOM CHCTEMBI ABISETCA
Habop M3 Tpex NpUOOPOB ISl M3MEPEHHs PaAMallMU: MaJoro W OOJIBIIOrO CUMHTWILISIIMOHHBIX JETEKTOPOB Ha
ocHoBe KpuctaiuioB Nal(T]) a Takxke AeTeKTopa 3apsHKSHHBIX YacTHI] HAa OCHOBe cuérumkoB [ eiirepa-Mrosuiepa.
Manblif CHMHTWIISILIMOHHBIN JETeKTOp UMeeT pasMepbl ¥63x20 MM u sHepretuueckuil auanazod 20-300 k3B,
Oospmioit — pasmepsl ©@150x100 MM u sHeprermueckuii amamazon 0.2-5 MbsB. C nomombio Goibmioro
CUMHTWIISLIMOHHOTO I€TEKTOPAa U MHOTOKaHAJIbHOTO AMIUIUTYJHOTO aHAJIN3aTOpa HEMPEPHIBHO BELYTCS U3MEPEHUS
I pepeHINaTBHOTO CIIEKTPa TaMMa H3ITydeHHs ¢ BpeMEHHBIM pa3perienueM B 30 muHyT B Auanazone 0.2-5 M»aB.

Beina mpoBeneHa cepusi IKCIIEPUMEHTOB, COCTOSAIIMX B TOM, YTO Ha JUIMTEIBHBIH CPOK OJWH M3 JIETEKTOPOB
0OKITaapIBaJICsA CO BCEX CTOPOH CBHHILOBBIMH KUPIHYAMHU (3aKpPBITOE COCTOSIHUE). Mallblii AETEKTOp MO CBUHIIOBOI
3alIMTON HE MOKA3bIBACT BO3PACTAHUI BO BPEMsI OCAJKOB, B TO BPEMs KaK B OTKPBITOM COCTOSIHUHM PETHCTPUPYIOTCS
BO3pAacTaHMsl MPAKTHYECKH NPU KaKAOM CIydac BBIMAZCHUS OCagkoB. J[eTEKTOp 3apsKEHHBIX 4YacTHI], KaK B
OTKpPBITOM COCTOSTHHH, TaK U B 3aKPBITOM HE OOHApyKMBAET HUKAKUX BO3PACTaHHH. BONbIIOH IeTEKTOp B OTKPBITOM
COCTOSIHMM TIOKa3bIBaCT TAKUE >K€ BapHalMyd TamMma-(QoHa, KaK M MaJblid, OIHAKO, U B 3aKPHITOM COCTOSIHUHU
0OHapy)XKMBAIOTCSl BapHallMW, CBSI3aHHBIE C OCAaJKaMM, HO aMIUIMTYAOH B HECKOJIBKO pa3 MeHblue. M3mepenus
muddepeHInanbHbIX CIIEKTPOB raMMa-U3JIyuYeHHs: Ha OOJIBIIOM JIETEKTOPE B 3aKPHITOM M OTKPHITOM COCTOSHHSX
MOKa3bIBAIOT, YTO (popMa CHEKTPOB JOOABOYHOTO M3ITyUCHHUS, BBHI3BIBAIOIIETO BO3PACTAaHMS, HE W3MEHSETCS, JIUILb
yMeHbIIaeTcsi abCOIIOTHOE 3HAYCHHUE MTOTOKA.

TonmuHa cBUHIIOBOH 3amMTHI (5 €M) TakoBa, YTO HU 3JEKTPOHBI, HU raMMa-KBaHTHI JI0 3HEPIruil B necsaTku MaB
MPOHUKHYTH Yepe3 Hee He MoryT. ClieioBaTesIbHO, pe3yIbTaThl CEpHH MPOBEACHHBIX 3KCIIEPUMEHTOB YKa3bIBAIOT Ha
TO, YTO B HAOJIOJAEMBIX BapHAaLMsIX raMMa-(OHa UX MEPBUYHBIM NCTOYHUKOM SBIISIFOTCSI MIOOHBI, POXKIAIOLINECS B
aTMocdepe OT MePBUYHBIX KOCMHUYECKUX JIydel W 0ONajaroline BBICOKOH MPOHUKAIOMIEH CrocoOHOCTRIO. Takke
CJlelyeT BBIBOJ, YTO BapHalMH OOYCIIOBIEHBI TOW K€ MPUYMHOM, YTO M MOJOOHBIE COOBITHA B yYMEPEHHBIX U
TPONMUYECKUX LIMPOTaX — JOYCKOPCHUE MIOOHOB B 3JIEKTPUYECKHX IOJSIX JOXKIEBBIX 00IaKOB. VIMEHHO MIOOHBI
SIBJISIFOTCSL TEMU YaCTHLIAMH, KOTOPbIe HAOUPAIOT JAOTOJHHUTENLHYIO SHEPTHIO B JIEKTPUUECKHX TMOJISIX B 00JaKax U
MIEPEHOCAT €€ B HUXKHHE CJION aTMOC]EpBI.

Hcxons u3 pe3ynbTaToB HAOIIOACHUH ObUT MMOJICUYUTAH SHEPreTHYCCKU OayiaHC. J[OMOITHUTEIbHBII TTOTOK SHEPTHH,
BO3HHKAIOIIM [PH BO3PACTAHHHM raMMa-()OHa, COCTaBIseT 0Kojo 23 kdaB-cm>c. IIpu cymecTByommIeil IIOTHOCTH
MOTOKa MIOOHOB Y 3€MJIM M CPEIHEH TOJIIMHBI 00JlaKa Takoi JONOJHUTENbHBIN TOTOK SHEPruM obecneyeH OyneT
NpY HaNpsDKEHHOCTH 1oJist B obiake Bcero 1.2 kB/M. DTo BHonHe peanbHas BeIMYMHA, OOJNBIIMHCTBO W3MEPEHUH
AJIEKTPUYECKOTO OIS B 00JIaKax Jal0T BENUYHUHY 2-5 KB/M.
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Bo3pacranus ramma-goHa u cocTosiHue aTMOC(epbl B IPU3EMHOM CJI0€

A.B. T'epmanenko, }0.B. bana6un, 3.B. Bamenrok, b.b. ['Bo3aesckuii (Tlowsiproiii I'eousuneckuii uncmumym
KHI] PAH)

Ha ocHoBe MHOTONIETHEH 0a3bl JaHHBIX, HAKOIICHHON Ha CTAaHIIMM KOCMUYECKHUX JIyuei B AmaTuTax U cojepkarieit
COTHHM COOBITHH C BO3pAacTaHUSIMU raMMma-()oHa B IIPU3EMHOM CJIO€ aTMOC(hEphI, IPOBEIECHO HCCIIEI0BaHHUE C LIEIBIO
MOMCKA BO3MOXHBIX KOPPEISIUIA 3TUX BO3pacTaHuii ¢ coctostHueM atMochepst. [Toaasmsroiiee GONBIINHCTBO ATHX
COOBITUS COMTPOBOXKIAOTCS OCAIKAMHU U IUIOTHOW OOJaYHOCTBIO, OJJHAKO, PAHEEe TAKOE 3aKIFOUEHHE OCHOBBIBAIOCH
Ha CyOBEeKTHUBHBIX OlleHKaX. [logpoOHas 06aza MeTeoJaHHBIX, COMEpIKAIIasl ITapaMeTphl aTMOC(EPH U METEOYCIOBHS
3a mepuox ¢ Hadanma 2010 roma mo 2013 rox, Obuia B3sita ¢ caiita RP5.RU. Hcnonb3oBaHO OKOJO JecsTKa
MapamMeTpoB, OMUCHIBAIOUINX METEOYCIOBHs U COCTOsSIHHE aTMoc(epbl, KOTOPbIe MOIJHM Obl OKa3aThCsl Ba)KHBIMHU
(daxTopamu, BIMSIOIIMME Ha BO3pacTaHus. BbIsiBIieHa KOPPENSLUs MEXIY CKOPOCTbIO BETpa U BBICOTON HMXKHEH
rpaHubl O0JIAYHOCTH, a TaK)Ke OT TUna objayHocTh. J[s Bo3pactaHMii XapakTepHa, MOMHUMO OCAJKOB, THUXas
norojia ¥ HuU3Kas O0JayHOCTh. BypW, IITOpPMBI, METENH, a TakXKe MelKas MOpOCh HE COIPOBOXIAIOTCS
BO3pacTaHusiMu ramma-goHa. [IpoBeneHHOe HCCIielOBaHHE IONTBEPXKAAET U OOOCHOBBIBAET Ha (DaKTHYECKOM
MaTepuale IMpPEeAIooKEeHHe, YTO JJIsl COOBITHI BO3pacTaHUsl BAXHBIM (aKTOPOM SIBIISIETCSI COCTOSIHUE HUMEHHO
mpu3eMHOT0 (10 600 M) citost aTMOc(epHI.

MeTton pacuera pagualMOHHBIX OTOKOB B aTMOocdepax 3eM/IH M APYIrUX IVIAHET, YIOOHBIH 1151
NPUMEHEeHHsI NapaJlleJIbHbIX BbIYMCICHMIA

W.B. Munranes, E.A. ®enorosa (Ilonspruiii ceogpusuueckuti uncmumym KHIL] PAH, Poccus)

B manHO# paboTe M3maraeTcs HOBBIH METOJ pacdeTa PaJUallOHHBIX IMOTOKOB B INIAHETHBIX aTMOC(epax C yI4eToM
COOCTBEHHOTO H3IYYCHHS aTMOC(HEPHOTO Ta3a W C YyYETOM MOJIEKYJISAPHOTO M a’dpO30JILHOTO paccesHus. Metox
HCIIOJIb3YET TPAAUIMOHHOE |-MepHOe NpuOIMKEeHHe TOPU30HTAIBHO OJHOPOAHON aTMocdepbl. MeTol OCHOBaH Ha
MIPEICTABIICHUN TOJIS U3IyYCHUS B y3KOM CIIEKTPaJIbHOM HHTEPBaje B BHAE CYMMBI M3IyYCHHS HE HCIIBITABIIETO
paccesHus, H3JTyYeHHsI, HCIIBITABIIEr0 OJHOKPAaTHOE paccessHue, U3yUYeHHNs, NCIBITABIIETO IBYKPATHOE PacCEsHUE,
Y TakK jajiee 70 U3NyueHusl, UCTIBITABIIer0o m-KpaTHOE paccessHue BKIIOUUTENBHO. [Ipu 3TOM uncio m onpenensiercs
HEOOXOMMMON TOYHOCTBIO B pacueTe CKOpocTed HarpeBa. [IpoBe/eHHBIC TECTOBBIC PAacyeThl MOKA3ald, YTO JUIs
TOYHOCTH 2% B pacyere CKOpOCTel HarpeBa-OXJaKAeHHs aTMoc(epbl Kak MpPaBHIIO JOCTATOYHO Y4YHMTHIBATH 50
MOPSAKOB paccesHusl, a yueT 100 mopsaKoB paccessHUs 00eCIeunBacT KaK MPaBUIIO TOYHOCTh He Xyxke 1%. JlaHHbri
METOJ] pacueTa JOCTAaTOYHO IPOCT B MPOTPAMMHOM peaiu3ald ¥ MO3BOJIET 3()()EKTUBHO HCIIONB30BaTh
MapajuieIbHbIC BBIYUCICHHUS MPHU pacyeTe paJUaliOHHBIX MOTOKOB B OJHOM CIIEKTPAJLHOM HHTEPBAJEC, YEro HE
MTO3BOJISICT HATIPAMEP METOJ TUCKPETHBIX opauHaT. ['maBHas 0cOOEHHOCTh JaHHOTO METOJa COCTOUT B TOM, YTO OH
norryckaeT 3(QQeKTruBHOE MPUMEHEHHE MapaUIe]bHBIX BBUUCICHHH KaK Ha OOBIYHBIX IPOIEccOpax, TaKk W Ha
rpadudeckux mnporeccopax pupmel NVIDIA.

Pabota BemonHeHa npu puHAHCOBOH Noaaepxkke rpanTa PODU Ne 13-01-00063.
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Biological effects, neutron fluxes and ambient equivalent doses near the Earth surface during GLE
events in October 1989

N.K. Belisheva', E.A. Maurchev’, E.V.Vashenyuk®

'Kola Science Centre RAS, Apatity, Russia
2Polar Geophysical Institute KSC RAS, Apatity, Russia

A direct evidence of biological effects of solar cosmic rays (SCR) is demonstrated in experiments with three cellular
lines growing in culture during three events of Ground Level Enhancement (GLEs 43,44,45) in the neutron count
rate detected by ground-based neutron monitor in October 1989. Various phenomena associated with DNA lesion on
the cellular level demonstrate coherent dynamics of radiation effects in all cellular lines coincident with the time of
arrival of high-energy solar particles to the near-Earth space and with the main peak in GLEs. Cluster damages,
local clusters of the disorders of nuclear structure such as multinuclear cells (MNC), gigantic cells (GC), apoptosis,
necrosis, cell aggregation and “free space” around MNC and GC were observed in the all cellular lines. These
results were obtained in the course of six separate experiments, with partial overlapping of the time of previous and
subsequent experiments, which started and finished in the quiet period of solar activity (SA). A significant
difference between the values of MNC in all cellular lines in the quiet period and during GLE events indicates that
the cause of radiation effects in the cell cultures is an exposure of cells to the secondary solar CR near the Earth’s
surface. Time coincidence of numerous disorders of nuclear substances in three cell lines with solar proton events
and Ground Level Enhancement gives the basis to consider the increase of secondary component of SCR as a reason
of discovered phenomena. For examination of this version, the calculation of the cascades of particles in the
atmosphere on the level of Apatity (950 g/cm®) by using the PLANETOCOSMICS 2.0 package based on GEANT4
(Maurcheyv et al, 2011) has been performed. Since the flux of particles at sea level is more than 97% neutrons, we
took into account only the neutron fluxes. Two-component structure of increase of high energy particles were
detected in solar proton intensity associated with GLE 43, 44, 45.This structure included a fast component and a
delayed component, which together contributed to increase in proton intensity. In this research, neutron fluxes
generated by fast and delayed components of solar protons were considered separately. Spectrum of the secondary
neutrons typically consists of four major components:‘‘cascade peak’’with energy at about 100 MeV, when a
minimum of cross-sections under inelastic neutron scattering with the nuclei of the matter show a minimum
(Abfalterer et al., 2001);‘‘evaporation peak’’ at energies of about 1 MeV, due to emission of evaporation neutrons
from nuclei excited by collisions with other particles; third peak are produced by thermalized neutrons at energies of
low 10 keV/tens of meV; fourth component is presented by epithermal neutrons are responsible for the shape of the
spectrum between the thermal and the evaporation peak. I according to “Summary of Recommended Radiation
Weighting Factors and Q-L Relatiioships” (IAEA, Annex I, 1999) we have separated the neutron spectrum
respectively to energy ranges and to weighting factors. The drastic increase of neutron fluxes relatively typical level
in the range of fast and medium neutron energy with weighting factor 20 was found for fast component of GLE 45.
The similar neutron spectra with drastic increase of neutron flux was observed for delayed component of GLE 43.
For explanation of multiple radiation effects in cellular cultures during GLEs, the contribution of the neutron fluxes
with certain energy range from fast and delayed components and, respectively, Ambient Dose Equivalent (ADE)
were calculated. The total number of neutrons generated by a fast and delayed components during GLE 43
amounted to 13801,7 n/cm?*h with ADE 3,17 microSv cm’h; during GLE 44 - 5714,10 n/cm’/h with ADE 1,32
microSv cm’h; during GLE 45 - 19807,1 n/cm”h with ADE 4,56 microSv cm?h. The sum of ambient dose
equivalent during three days from three cases of GLEs amounted about 217 micro SV cm?/day, that is almost half of
daily doses which were measured on the board of space stations (Reitz et.al., 2005; Semkova et al,2012). The sum
of calculations gives only preliminary estimations of number of particles and ambient dose equivalent during GLE’s
events. Nonetheless one can see that about 40000 neutrons per hour passed the cellular monolayer of every cellular
lines during three GLE events. It is mean, that in average, every second cell were passed by one or several particles.
The increase of neutron fluxes during three GLEs in the range with high Linear Transfer Energy (LTE) is evidence,
that charged particles, gamma rays, heavy recoils which were generated in result of neutron interactions with
carbon, nitrogen, oxygen could be responsible for phenomena in cellular cultures during GLEs. These components
could be generated in result of neutron interaction with matter according to neutron energy and composition of
biological substances. The type and multiplicity of finding phenomena in cellular cultures during GLE’s have
demonstrated that revealed effects could be arise in result of interactions of particles and recoils of the high LET
with cellular substance. Presented results are the first direct and visible evidence of biological effects of cosmic rays
in the ground-based experiments.
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About interrelation of biochemical and physiological indicators with the cosmophysical factors, the
system of data processing of Deep Data Diver revealed with use

E.S. Gorshkov, V.V. Ivanov (St. Petersburg Branch of Institute of terrestrial magnetism, ionosphere and
distribution of radio waves of the Russian Academy of Sciences, 199034 St. Petersburg, Mendeleevskaya St., 1)

Carrying out monitoring researches of the biochemical mechanism of adaptation of the person to extreme conditions
of Antarctic was accompanied by simultaneous registration of a number of indicators - physiological,
psychophysical, and also cosmophysical factors and meteorological data. Selection of most informative of them by
the analysis of charts of dispersion of each couple of variables, their regression curves with confidential intervals of
95% and levels of correlation communication between indicators is made. As dependent variables quantities (3 s#,
>ur) and concentration (Csu, Cur) thiols and urochrome in urine were accepted. It is shown that practically all
physiological (except for pulse rate) and cosmophysical (except components of a magnetic field of Earth) have
distributions other than the normal. Correlation communications were considerably shown only in group of
biochemical indicators. Possibilities of use of various methods of the mutual analysis of various parameters are
investigated. Their main conceptual restriction, consisting that they allow to find only numerical dependences
between variable (groups), instead of internal causal relationships lying in their basis is revealed. Use of the Data
mining methods (detection of knowledge in a database) and, in particular, one of its systems realizing the new
principle and technology of search of logical regularities in studied data (Deep Data Diver), allowed to solve the
problem designated above. Thus the Deep Data Diver system is intended for search in diverse data of if-then of
rules, at which assessment two characteristics — rule Rij accuracy (a share of cases of Bj among Ai cases) and
completeness (a share of cases of Ai among Bj cases) are used. The analysis of interrelations of each couple of
variables is made: biochemical indicators, on the one hand, and physiological, psychophysical - with another. For a
number of biochemical indicators logical laws (according to the rule Deep Data Diver), reliable and unambiguous
(owing to manifestation of characteristics of each law in the only interval of the analysis) are defined. It is shown
that to low levels of biochemical indicators there correspond high values of the pulse rate (PR), the breath frequency
(BF), arterial pressure, etc. And to high levels - low values of physiological and psychophysical indicators. Ranges
of values of the biochemical indicators characterizing norm of a functional condition of thiol-urochrome system of
an organism are determined. Ranges of values of the biochemical indicators characterizing norm of a functional
condition of thiol-urochrome system of an organism are determined. It appeared that to them there correspond the
intervals including values of medians of indicators: Y s = 27.5£1.5, >ur = 19.5£1.4, Csu = 45.5£2, Cur = 36.5£3.5,
state of emergency PR = 63 beats/min, BF = 9.2 beats/min. Thus values of state of emergency, PR, BF and their
relation of PR/BF = 6.85 are related to the optimum organization of warm activity and to a "gold" proportion. The
analysis of interrelations of each couple of variables is made: biochemical indicators, on the one hand, and
cosmophysical factors and meteorological data, - with another which allowed to receive the regularities defining
new elements of relationship between them. As the oxidability index of thiols lok is, some kind of, criterion of an
assessment of oxidation-reduction balance in a live organism, search of reliable internal communications between it
and studied indicators, cosmophysical factors and meteorological data with use of the same elements of technology
of logical search of regularities (Deep Data Diver) is carried out. The interesting facts defining relationship between
them are received. In particular, it appeared that optimum values of state of emergency, PR, BF and their relation are
connected with a minimum level of ok and value of duration "individual minute", equal 60 with, i.e. average norm.
Thus, use of new approaches to processing of a multidimensional database from a technique of the Data mining,
realizing the principle and technology of search of logical regularities in studied information (Deep Data Diver),
allowed to find a number of internal communications and the regularities concerning influence of cosmophysical
and other factors on a condition of thiol-urochrome system of a human body and its adaptation opportunities. The
received facts can be used, in some cases, for forecasting of a condition of system of antioxidant protection (the thiol
status of an organism) in which mechanism the leading role is allocated for thiol connections.

Cosmophysical conditionality of fluctuations of a ratio of pulse rates and breath in the conditions of
Antarctic

V.V. Ivanov, E.S. Gorshkov (St. Petersburg Branch of Institute of terrestrial magnetism, ionosphere and
distribution of radio waves of the Russian Academy of Sciences, 199034 St. Petersburg, Mendeleevskaya St., 1)

Dynamics of the relation of pulse rate to the frequency of breath of PR/BF registered at one person (on the average —
7-8 times per day) during 29.01.2001-26.01.2002 at the polar Wostok station (Antarctica) is investigated. Range of
change of the relation made 5.0 — 13.5 (average value - 7.0, a standard deviation of 0.92 or 13% from an average).
The law of distribution of an indicator is close to the normal. Daily distribution of an indicator has wave character.
Authentically (in relation to a confidential interval of CI-95) minima (2-4, 10-12 and 16-18 hour) and maxima (0-2,
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8-10 and 14-16 hour) are shown. The norm of the relation of PR/BF, by a way of comparison to the similar relation
of biochemical indicators, - concentration thiols and urochrome which registration was carried out to the same time
is determined. The average level of PR/BF equal 7 + 0.5, can be conditionally taken for individual norm. And
regularity violations at PR/BF exit out of the specified limits (PR/BF < 6.5 or PR/BF > 7.5) can be (as a first
approximation) a symptom of dysfunction or influence of an external factor. It is shown that changes of average
daily data have oscillatory character. Spectral Fourier analysis revealed existence in a range of the relation of the
main harmonicas with the periods of 56.89, 51.2, 64.0, 30.12, 39.38, 46.55, 42.67 and 34.13 days. It is possible to
see that some of the periods are very close on the values to the periods: variations of indicators of a condition of
solar and geomagnetic activity, fluctuations of the relation of thiols and urochrome concentration, variations of the
main inequalities in the geocentric ecliptic longitude of the Moon, caused by indignations from the Sun. In
particular, rhythms of 30.12 and 34.13 days evictions close to the period 31.8 days are observed. One of rhythms of
solar and geomagnetic activity of 44.0£1.0 days is defining in PR/BF fluctuations and is shown in a range in the
form of harmonicas with the periods of 39.38 and 42.67 days. Dynamics of averages for a week of levels of the
relation of PR/BF will well be coordinated with such seasonal factors, as change of polar day and polar night. On
the border defining the beginning of polar night, PR/BF ~ 6 also has the minimum value. With the advent of the Sun
over the horizon and the beginning of polar day level of the relation reaches a maximum — about 9. The analysis of
correlation communications of average daily fluctuations of PR/BF with variations of cosmophysical factors of the
electromagnetic (solar activity - SA, etc.) and not electromagnetic (time equation - TE, the equation of equinoxes,
Moon phases, etc.) nature, and also meteorological data (temperature, humidity of air, etc.) showed the correlation
(exceeding on the module 0.5, p < 0.05) between PR/BF, on the one hand, and SA (r = 0.61), TE (r = -0.63),
temperature (r = 0.56) and humidity of air (r = 0.53), - with another. Comparison of the 1st making TE and
polynomial trend of average daily data on PR/BF relation is carried out. It is shown that both curves are almost in an
antiphase, however changes of a physiological indicator happen to lag on a phase approximately for a month from
changes of the 1st component of TE. After comparison of the 2nd component of TE and the new polynomial trend
defined for a deviation of an indicator of PR/BF from the first polynomial trend, it will appear that both curves
almost coincide on a phase. However and in this case changes of a physiological indicator happen to lag on a phase
approximately for a month from changes of the 2nd component of TE. Comparison of a deviation of PR/BF from
the sum of polynomial trends and some cosmophysical factors is carried out. By comparison to SA (r = 0.24)
appeared that correlation between a physiological indicator and SA increased in process of approach and approach
of polar day: for an interval from the middle of polar night until the end of work the coefficient of correlation made
0.33, at a stage - the termination of polar night — the work end - 0.52. PR/BF change in bathing days (more than 40)
is analysed. Dynamics of an average indicator for time of carrying out "action" with 9 to 12 and with 13 to 16 has
similar character. In both cases PR/BF level increase to a maximum with 7.0 to 7.3 and 7.7 came after a capture of
two tests of urine. Decrease in the PR/BF level to initial value happened approximately in 8 hours after influence"
thermal" a factor. However the PR/BF level after influence of a studied factor in the second case exceeds norm
(7.5). Thus, the relation of PR/BF testifies to existence of communication of an indicator with environment
influence. In particular, with variations of a gravitational field, with the solar and lunar phenomena, change of
seasons of year. There is a possibility of the objective and quantitative analysis of reaction of an organism on
cosmophysical factors.

The interrelationship of the physiological parameters and effects of heliogeophysical agents

A.A. Martynova, N.K. Belisheva, S.V. Pryanichnikov, V.V. Pozharskaya (Kola Science Centre RAS, Apatity,
Russia)

The task of the study was to assess the interrelationship of psychophysiological indicators of the body state and the
revealing of correlations between the dynamics of psychophysiological state and variations of heliogeophysical
agents. The study was conducted on a group of volunteers (12 men) aged 19-37 years. Psychophysiological
parameters of the body state were daily registrated for 25 days (24.09.2012 — 10.18.2012).). The special indices of
Heart Rate Variability (HRV) measured with using of a non-invasive analyzer "OMEGA-M" were selected in the
research. In these indices were included such indicators as magnitudes of Adaptation (A), Arterial Blood Pressure
(systolic - ABPs and diastolic - ABPd) , Heart Rate (HR). ABPs, ABPd, and HR were recorded in the supine and
sitting. In addition, the duration of the individual minute (DIM) were evaluated. DIM is usually considered as a
psychophysiological indicator which reflects the integral functional state of human body, as well as exogenous and
endogenous influences and the direction of adaptation. Along with this, the indices of the situational and personal
anxiety (SA and PA, respectively) were calculated (by the Spielberger-Khanin) and indicators of self-sensation of
self health (S), Activity (Act) and Mood (M) were estimated by using “SAM” method. The indices of geomagnetic
activity (GMA) (http://www.sgo.fi/), neutron count rate (neutron monitor station in Apatity, PGI KSC RAS), indices
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of the Solar activity and the phases of the Moon were used for correlations with psychophysiological parameters.
The results shown that magnitudes of DIM varied widely in the fairly homogeneous sample of healthy mans in the
range of individual values from 52.4 £ 5.7 to 135.7 £ 4.2 at average value for a sample of 75.1 + 2.0 (229
measurements). Such variability of the DIM, probably, could reflect different levels of adaptation and different
psychophysiological state of the separate persons. Shown that the value of the DIM in healthy adult persons is stable
indicator which proportional to the degree of emotional stress, while the DIM is significantly decreased under low
adaptation. This is explained that the DIM correlates with changes of the somatic and vegetative indicators of the
body state and therefore, it reflects to some extent, the adaptation of the body (N. Moiseeva, 1989). In this study it
was revealed that the DIM significantly correlates with ABPs in the sitting position (r =- 0.57, p <0.05), with ABPd
in supine and sitting (r = - 0.50, r = - 0.63, respectively, p <0.05), with HR as in supine and sitting (r = 0.73, r =
0.43, respectively, p <0.05), with the level of SA and PA (r =-0.59, r = -0.49, respectively, p <0.05), with indices of
S, Actand M (r = 0.46, r = 0.74, r = 0.48, respectively, p <0.05), as well as with the heliogeophysical indices: with
the increase of Moon's disk (r = 0.47, p <0.05), with the flux of the solar X-rays (1 -8 A) and with the Wolf numbers
(r=-0.51, r = - 0.56, respectively, p <0.05). Significant correlations were found between the ABPs in supine and
sitting (r = 0.54, r = 0.41, respectively, p <0.05), the PA (r = -0.46, p <0.05), the M (r = 0.48, p <0.05) and GMA
indices. Indicator of adaptation (A), was associated with ABPd and HR in a sitting position (r = 0.40, r = -0.41,
respectively, p <0.05), as well as with X-rays of the Sun and the Wolf numbers (r = 0.41, r = 0.45 , respectively, p
<0.05). Thus we have shown: 1) the psycho-physiological state of the body in a large extent is determined by
hemodynamics, in particular, by the blood pressure and by the heart rate, that was manifested in the DIM: decrease
of the systolic and diastolic blood pressure leads to an increase of the DIM, 2) DIM positively correlates with self-
sensation of self health (S), Activity (Act) and Mood (M) and negatively, as SAN, with personal anxiety. That is,
the increase of S, Act, M, leads to an increase of DIM and decrease of anxiety 3) Such indices as blood pressure,
heart rate, SAN, DIM, situational and personal anxiety, to some extent, are controlled by the heliogeophysical
agents which can modulate the functional state of the body. What is the contribution of internal and external agents
in adaptation, stability and vulnerability of the human body should be determined in the further studies.

Frequency distribution of deaths in psychoneurological boarding by phases of the solar cycle and
the relationship of mortality with variations of geophysical agents

R.E. Mikhailov', H.K. Belisheva', R.G. Novoseltsev>, S.D. Chernej2

'FGBUN Kola Scientific Center
ZState regional stationary establishment of social service of system of social protection of the population, the Apatity
Psychoneurological Internat

In this study we investigated the frequency distribution of deaths by phase cycle of solar activity (SA) and the
relation of mortality with variations of geophysical agents. Was used the health-statistics on the dates of birth and
death in patients of psychoneurological boarding from November 1984 to December 2009., and some indicators
characterize SA: Wolf numbers (W), the mean value of the GMP nT (| B |), Magnitude of Average Field vector
GMP (B), the variability of intensity and vector GMP (sigma | B | and sigma B, respectively), the indices of the
GMA: Kp, AE, ap, PC (N), solar radio emission with a wavelength of 10.7 cm (f10.7 ). In the analyzed period at the
boarding occurred 967 deaths, of which 70% are related to cardiovascular disease (CVD). In work results of the
correlation analysis (p <0,05) showing a significant association of average mortality from CVD with some
indicators SA and GMP. Also, a comparative analysis of two samples of subjects born in the years with varying
levels of SA, it was shown that people born in years with high SA are more vulnerable to the effects of variations in
geophysical agents than those born in years with low SA. It has been shown that men are more sensitive to
variations of geophysical agents than women.

Evaluation of the natural ionizing radiation genotoxicity on the meristematic cells of the Vigna
radiata

D.A. Petrashova, N.K. Belisheva, N.A. Melnik (Department of Medical and Biological Problems of human
adaptation in the Arctic, KSC of the Russian Academy of Sciences, e-mail: petrashova@admksc.apatity.ru)

Underground mining of ores containing natural radionuclides such as uranium, thorium, radium, is dangerous to the
health of workers. The aim of our study was to determine the genotoxic effects of the natural ionizing radiation
sources formed during underground mining for the extraction of ore loparite (Murmansk region). For indication of
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genototoxic effect of natural radiation the ana-telophase method for cytogenetic analysis of meristematic cells
(Vigna radiata (L.) R.Wilczek) was used.

Seeds (in triplicate) were placed on 50 pcs. in Petri dishes with moist filter paper, where they were held for 5 days
under the mine conditions at to t =7 © C. Control samples were held at the same temperature for the same time in the
laboratory in Apatity. Sprouting was carried out in the dark to avoid the effect of the light on the rhythm of mitotic
activity. Procedure of root fixing and preparing of sample for analysis were conducted according to Butorina and al
(2008). Microscopic analysis was performed using light microscope AXIOSTAR PLUS (Karl Zeiss, 15x40). Eight
slides were prepared from each Petri dish and 1000 cells were evaluated per slide to determine mitotic index (MI)
and cytogenetic pathologies. Measurement of natural radionuclides (232Th u 238U, 40K) on the ore body surface
and in different compartments in the Lovozero district mine shaft (Revda) have shown that exposure dose at the ore
body exit surface was 1.9 mSv/h while the gamma-ray background and the exposure rate throughout the mine were
in the range of 0.5-1.5 mSv/h in the absence of tehnogenic radionuclides (137Cs, 90Sr et al). The daughter products
of 226Ra, 228Ra, 224Ra such as radon, thoron, RaA, RaV and RaS were found in the airspace of all mine sections.
The maximum concentrations of radon (20,000 Bq/m3) were found at the working surface and in poorly ventilated
areas (Ilerpamosa u ap., 2011). The Petri dishes with seeds of V. radiata were incubated on the working surface
with maximum concentrations of radon inside of mine. The results are presented in the table. The cytotoxic effects
in the V. radiata meristem are manifested in mitotic index reducing, lagging chromosomes, bridges in telophase,
chromosomes fragmentation and chromosomes stickiness, multiple and multi mitosis.

Table. Mitotic index and cytogenetic pathologies

Data Control Exposure Exposure Exposure
1 2 3 4
MI, % 4,6+1,27 3,2+0,71 2,3+0,56 1,2+0,27
Percentage mitosis 9,3+0,29 4,14£2,08 21,7+6,20 39,9+12,54
abnormalities, %

It was found that the mitotic indices and the number of violations of mitosis were different in the seed from different
Petri dishes despite the fact that dishes with seed were located on the same place of the mine. Such differences are
likely due to the fact that the samples received the different radiation doses in the result of exposure to the mixed
and heterogenic kind of radiation.

According to published data, the increase of the number of pathological mitoses is observed under radiation damage
and viral infections. In the cases of the exposure of ionizing radiation on human body, a dramatic reduction in
mitotic activity with its subsequent recovery could observed. In such situation the increase of the number of the
abnormal mitosis can be revealed during proliferation recovery.

The results presented consistent with the received data on the cytogenetic abnormalities in buccal epithelium of
miners working in the same conditions of mixed ionizing radiation.

Psychophysiological effects of heliogeophysical agent
S.V. Pryanichnikov, N.K. Belisheva, A.A. Martynova, V.V. Pozharskaya (Kola Science Centre RAS, Apatity)

The study of the influence of heliogeophysical agents on the human body took on a mass character. However,
"individual characteristics, the nature and expression of the heliomagnetic reactions and their role in the
psychosomatic state, in the dynamics of adaptation...as well as the neurophysiological mechanisms of individual
adaptation to high latitudes ... still not well understood" , (Soroko, 1985; Shepovalnikov, Soroko, 1992). Despite on
the fact that the geomagnetic field (GMF) disturbances is considered as a hazard factor (Breus et al., 2002), It was
be shown that the prevalence of the paradoxical reactions, confusion (Belisheva et.al.,, 1995), as well as the
psychopathic reactions (Belisheva, Kachanova, 2002) increases in the lack of geomagnetic activity (GMA). In order
to understand the mechanisms by which heliogeophysical agents affect on an individual level, and thus to predict the
consequences of these impacts for a particular person, the prolonged multidimensional study need to conduct. The
analysis of the link between the psychophysiological dynamics and the variations of the cosmophysical environment
characteristics should be included in such study. The aim of this study was to reveal the link between the psycho-
physiological dynamics of the individual body state and variations of the heliogeophysical agents. The study was
performed on male volunteers (12 men, mean age 25 years), for 25 days (09.24.2012 — 10.18.2012). In the course of
the daily research of the psychophysiological parameters of the examinees, the indices of situational and personal
anxiety (SA and PA, respectively) were estimated by the Spielberger-Hanin method; the self-sensation of self health
(S), Activity (Act) and Mood (M) (SAM method) were also calculated. In addition, magnitudes of the rate of
adaptation (A), of the psycho-emotional state (PS), of the integral health index (IH), of the mean cardiac interval
(RR), of the regulatory system stress index (IS), of the high-frequency (HF), low frequency (LF), of the ratio of the

73



Heliobiosphere

frequency bands (LF / HF) and the total frequency range (Total) in the heart thythm were estimated by using of the
"OMEGA-M" analyzer. To find the correlation between the psychophysiological parameter dynamics and the
indices of the heliogeophysical agents, the data of the local GMA (http://www.sgo.fi/), of the neutron count rate
(Apatity, PGI KSC RAS), the solar activity, of atmospheric pressure and temperature were used. The results shown
that the magnitude of the cardiac interval (RR) is a main indicator of the body functional state, which determines the
psychophysiological state. In particular, it was found that magnitudes of the A, IH, HF increase with increase of
duration of the R-R interval. However, increase of R-R interval is accompanied by increase of the anxiety, (SA and
PA) and by the decrease of the health level (S) and the activity (Act). Can be assume, that the magnitude of the RR
interval has threshold at which the signs of correlations with some physiological parameters could be reversed. The
negative correlations with GMA (Ak-average index for day of GMA) and the positive correlations with the Wolf
numbers were also found for the RR interval (r = -0.42 and r = 0.45, respectively, p <0.05). The need to study the
individual reactions on the GMA was confirmed by the detail analysis of the correlations between anxiety and GMF
variations for every person. It turned out that 16.7% persons had no significant correlations between the anxiety and
GMA; 41.6% persons had negative correlations (p <0.05) between the situational anxiety (SA) and GMA, that is
when the GMA increases, the SA decreases. The personal anxiety (PA) of 25% persons also decreases with
increasing of GMA. And the anxiety of 16.7% persons increases with increasing of GMA. Thus, the prediction of
personal psycho-physiological reactions to the act of the heliogeophysical agents requires a detailed study of
individual neurophysiological mechanisms which mediates the impact of environment on the body..

Impact of solar and volcanic activity on the growth of pine trees at Kola Peninsula over the last 560
years

O.1. Shumilov, E.A. Kasatkina and A.G. Kanatjev (Institute of North Industrial Ecology Problems, Kola Science
Center RAS, Apatity, Russia)

In the paper we analyzed the external factor (solar activity, volcanic eruptions) influence on tree growth at the Kola
Peninsula, northwestern Russia. Pinus sylvestris L. (Scots pine) tree-ring chronologies collected nearby the northern
timberline (68.63N, 33.25E) include the oldest (1445-2005 AD) living pine tree found up to date in the Kola
Peninsula. A total of 18 living trees Pinus sylvestris were sampled taking two cores. Tree rings measured with a
precision of 0.01 mm by using an image analysis system (scanner and relevant software). The samples were cross-
dated using standard dendrochronological practices and the COFECHA program. A negative exponential curve was
used to remove the age trend from individual annual ring series prior to construction of the chronology using the
ARSTAN modeling. It was shown that the past climatic variations in the Kola Peninsula were fairly strongly
connected to solar variability and volcanic activity. A superposed epoch analysis of 18 large (Volcanic Explosivity
Index, VEI>5) volcanic events revealed a significant suppression of tree growth for up to 8 years following volcanic
eruptions. The data analysis enabled us to get some conclusions on the past climate variations and to demonstrate
the relation of global and regional climatic variations in the European North.

Space weather and injury rates among people living and working behind the Polar Circle
O.L Shumilov', E.A. Kasatkina', T.B. Novikova® and A.V. Chramov’

'Institute of North Industrial Ecology Problems, Kola Science Center RAS, Apatity, Russia
’Main Hospital, Kola Science Center RAS, Apatity, Russia
*Baltic State Technical University, S.-Petersburg, Russia

In the work we considered the traumatism level of employers working at the joint stock company Apatit, the largest
mining and concentrating enterprise in Europe and Russia, for the period 2000 2010 years. The enterprise is located
in twin towns Kirovsk and Apatity (67.58 N; 33.31 E) right at auroral zone of geomagnetic activity. It was shown
that the injury rate resembles that of suicides for peoples living in Kirovsk (not only miners). In a seasonal
distribution one can select several clear occurrence maxima: in March-April, June-Jule, September-October and
December-January. The first three maxima coincide with thats in the seasonal distribution of the most intensive
geomagnetic (Ap>150 nT) storms for the period considered. The forth winter maximum coincides to the maximum
in the seasonal distribution of cardiovascular diseases in Kirovsk and seems not to be connected to geophysical
distribution and takes place during the hardiest life period of people living far in the North (dark and cold Polar
Nights). Analysis of some concrete geomagnetic storms and trauma appearance behind the polar circle supports
above mentioned connection between geomagnetic disturbances and extreme situation events. The conclusion may
be used in preventive measures of traumatism taking into account the world wide tendency of spreading economic
activity to the Arctic (and possibly Antarctic) region of the Earth.
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Influence heliogeophysical agent on the functional state of human peripheral blood conditions of
the Arctic

T.S. Zavadskaya', N.K. Belisheva', I.V. Kalashnikova®

'FGBUN Kola Scientific Center
*FGBUN Polar Alpine Botanical Garden-Institute KSC RAS

The study was conducted on a group of healthy male volunteers (7 men, mean age 33 years) during the period from
20 to 30 December 2010. Data on the dynamics of the functional state of the peripheral blood were obtained on the
basis of the daily clinical analysis obtained by using automatic hematology analyzer ABACUS. Data characterizing
heliogeophysical agents include parameters of the interplanetary magnetic field, solar wind plasma, the solar activity
(SA) and geomagnetic field activity (GMA) indices (http://omniweb.gsfc.nasa.gov/html/ow_data.html # 1). In
addition, the geophysical agent indices near the Earth’s surface were selected at the latitude of site, where studies
were carried out (Apatity, 67.57 ° N, 33.4 ° E). These indices included: variations of the geomagnetic field (GMF),
the neutron count rate (station of neutron monitor, PGI KSC RAS, Apatity) corrected and uncorrected on
atmosphere pressure. Statistical analysis was performed by using of the software package Statistika 6.0. By analysis
of peripheral blood dynamics, the significant functional changes of the system of platelets were revealed. The mean
of platelets (PLT) exceed to the upper boundary of norm (360.7 = 11.7 * 109 / L), where normal range is 180-320 x
109 / 1. Moreover, this index can reaches up to 416.0 x 109 / 1 in some persons. Generally, during the study of the
peripheral blood, the content of the plates were typical for thrombocytosis. At the same time, the average volume of
the platelets (MPV) were increased by factor 2.3 in comparing with the normal (21.5 £ 0.8 mkm3 and 8,9,-9,5
mkm3, correspondingly). In the same time, the plateleterit (PCT) (0.8+£0.04%) and platelet distribution width
(PDWoc) (41.8 £ 3.8%) were by factor 2 higher than the normal values (0.15-0.4% and 1-20%, respectively). It was
revealed that homeostasis shifts are manifested by a moderate erythrocytosis, by increase of hemoglobin with a
decrease of hemoglobin concentration in erythrocyte, by increasing heterogeneity of red blood cells, by increasing
of the number, size, heterogeneity of platelets and by increasing of platelet crit. To determine the variations
heliogeophysical agents dependence of the blood functional state correlation coefficients between the daily average
values of indices of peripheral blood and averaged per day heliogeophysical indices were calculated. The obtained
data manifested the modulation of the peripheral blood functional state by the heliogeophysical agent variations in
the Arctic. Adaptation to their effects could be leads to a shift of homeostasis associated with the increased risk of
cardiovascular events in the healthy young adults.
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