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Geomagnetic storms and substorms

Magnetospheric storms and substorms, nature and topology of high latitude current systems

E.E. Antonova'?, I. P. Kirpichev2’1, V.V. Vovchenko?, M.O. Riazantseva'?, M.S. Pulinets’, I.L. Ovchinnikov',
S.S. Znatkova', M.V. Stepanova’

! Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow, 119991, Russia,
antonova@orearm.msk.ru

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

7 Physics Department, Science Faculty, Universidad de Santiago de Chile, Chile

The magnetospheric substorm is one of the most extensively stydied magnetospheric phenomena for the most than
50 latest years. However the mechanism of observed energy explosion and localization of substorm onset continue
to be widely discussed. We summarize the results of observations demonstrating the isolated substorm onset at
geosentric distances smaller than 10Re and discuss the nature of observed phenomena.

The nighttime region at geocentric distances ~7-10Re is ordinarily considered as the near tail region. However the
results of observations including latest THEMIS mission clearly demonstrate the existence of surrounding the Earth
plasma ring at these geocentric distances. The distribution of plasma pressure in the ring is near to azimuthally
symmetric. Daytime compression of magnetic field lines and shift of minimal value of the magnetic field till high
latitudes lead to splitting of daytime transverse currents in Z direction. As a result nighttime transverse currents in
the surrounding the Earth plasma ring are concentrated near equator, daytime transverse currents are spread along
compressed by solar wind field lines forming the cut ring current (CRC) which is the high latitude continuation of
the ordinary ring current. CRC is supported by directed to the Earth plasma pressure gradients. It is suggested that
isolated substorm onset is localized in CRC.

The role of CRC in the development of magnetic storm and the creation Dst variation is analyzed. We stress that the
development of partial ring current, which is one of the well-known features of magnetic storm, in the CRC region
helps to eliminate paradox, appeared when it was suggested that tail current can have the considerable role in Dst
formation. The contribution CRC in the process of Dst formation during magnetic storms is evaluated for selected
magnetic storms with known radial profile of plasma pressure.

On the aurora intensity variations before the auroral breakup
L.P. Borovkov (Polar Geophysical Institute, Apatity, Russia)

Sometimes before the auroral breakup the auroral arc intensity decrease is registered. This phenomenon is known as
the auroral fading. In this report the auroral brightness variations, including the fading, related to auroral activations
and breakups are discussed on the basis of optical spectral measurements of the OI 636 nm, Ha 656 nm and 1PGN2
660 nm emissions in Apatity.

Priority of Lomonosov in field of auroral research
S.A. Chernouss (Polar Geophysical Institute KSC RAS, Apatity)

Last year we have celebrated the 300 anniversary of the birth of Russian Academician Lomonosov. He was
encyclopedic scientists, left more than 15 volumes of publications in physics, chemistry, geophysics, geography,
philology, and other sciences and arts. Mikhail Vasilyevich Lomonosov (1711-1765) was born and raised in the
Arkhangelsk region in pomors family, where his childhood was lucky to repeatedly watch the aurora. Later, when he
became interested in their physical nature, it does not rely on other people's descriptions are often far removed from
reality, but on his own observations. He was the first, who proposed the electrical nature of the aurora. was. The
main his work on the aurora nature was the "Oration on aerial phenomena, proceeding from the force of electricity
proposed by Mikhail Lomonosov" , which was reported at the meeting of the Academy of Sciences November 26,
1753. According to Lomonosov, the electric force may be cause for auroras glow which in appearance resembles the
glow of the gas discharge. In particular, he wrote "So, it is likely that the northern lights are born from occurring of
the electric force in the air. It is confirmed by likeness of the phenomenon appearance and disappearance,
movement, color and form, which are shown in the northern lights and the electric light of the third kind .... ".
Fundamental task for a long time was to determine the height of the aurora. Lomonosov wrote, "The position of the
northern lights above the limits of the atmosphere shows a comparison of dawn with them". In those times and later
the scientists were challenged to define what constitutes the aurora - intrinsic luminescence of the atmosphere, or
reflected, scattered, or diffracted rays from external light sources. Lomonosov noticed that the stars can be seen
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through the lights, and on this basis concluded that ”All of the northern lights shown that light species may not be
vapor or clouds, shining under some lighting. They are almost always have a regular figure, and stars clearly seen
through the northern light luminousity". Thus it was shown that aurora is self luminosity phenomena of the
atmosphere but not reflected or scattered light of remote source. This discovery of the scientist were subsequently
confirmed by spectral measurements just one hundred year later by famous Swedish physicist Angstrom in 1866-67
years. The thought of Lomonosov on relationship of auroral colors with the particular substance was also promising:
“By the way if some main colors composed the white color born in the air then no doubt be that the main
components separately may seen too". Great interest are pictures and drawings of the aurora taken by Lomonosov.
Forty-seven drawings were engraved on 11 copper engraving and stored in the Museum of Lomonosov in St.-
Petersburg. We can see the typical forms of auroras on them. One can only wonder at the foresight of genius, who
anticipated that knowledge of the nature of the aurora, which have become accessible to us only in the 20 century.

Research into the characteristics of plasma injection penetrating to the geostationary orbit
LA. Chernyaev', V.A. Sergeev', S.V. Dubyagin', Y. Miyashita”

! Institute of Physics, Saint Petersburg State University, Saint Patersburg, Russia.
? Department of Geophysics, Kyoto University, Kyoto, Japan.

Many recent studies show that the bursty bulk flows (BBFs) make the main contribution to the Earthward plasma
convection from the magnetosphere plasma sheet. In this study, we identify key characteristics of BBFs and evaluate
their plasma and magnetic parameters, using the Geotail satellite located at the center of the plasma sheet at a
distance of 8-13 Rg from the Earth. The fact of the penetration into the inner magnetosphere was determined from
the geostationary satellites data (LANL). In the plasma bubble model, the motion is caused by the electric
polarization due to lowest values for the entropy Sg = PV'. To estimate the volume of earthward moving plasma
tubes we used the formula from the (Wolf et al, JGR, 2006).

On the one hand, we obtained that the BBFs with lowest values of entropy Sg and large amplitudes of dipolization
have a better chance to penetrate into the inner magnetosphere, and the penetration depth of the BBFs does not
depend on its initial velocity. That is good confirmation of plasma bubble model. On the other hand, the entropy
parameter depends on the radial distance. That contradicts the model of a plasma bubble.

We obtained that the depth of penetration also depends on the state of the magnetosphere, as expected. Plasma tube
compresses while moving toward the Earth (increasing concentration, plasma pressure and magnetic field). With
this motion the total pressure inside the plasma bubble remains equal to the total pressure in the surrounding plasma
tubes. The closer the registration point of BBF to the geostationary orbit, the greater the chance to discover the
plasma injection into the inner magnetosphere. This is unexpected and interesting result. Thus, this study identifies
the key parameters that control the penetration depth of the BBFs and provide some evidence in favor of plasma
bubble model.

Substorms associated with the fronts of high-speed streams in the solar wind
L.V. Despirak’, A.A. Lubchich', R. Koleva®

! Polar Geophysical Institute, Apatity, 184209, Russia
? Space Research & Technologies Institute, BAS, Sofia, Bulgaria

It is well known that the various structures in the solar wind flow are either related to the solar corona structure or
are created along solar wind propagation. Structures created while the solar wind propagates through the Solar
system are the regions of compressed plasma at the fronts of recurrent solar wind streams (CIR) and magnetic
clouds (Sheath). Auroral disturbances observed by Polar spacecraft during Sheath and CIR events had an unusual
form. On one side these disturbances exhibited typical substorm signatures — localized onset, poleward and east-
west expansion, but on the other side they had very large longitudinal dimensions and covered a very large area. To
examine weather these disturbances represent substorms we considered data from the Geotail spacecraft in the
magnetotail. Auroral bulge parameters were obtained by the Ultra Violet Imager onboard Polar; solar wind
parameters were taken from the OMNI data base. All auroral disturbances observed by Polar during Sheaths and
CIRs for the periods 1997-1998; 2000; October 2001 and December 1996 were studied. Selected are 9 events when
Geotail was in the plasma sheet during the auroral bulge formation related to Sheath and CIR. We show that some
signatures of a typical substorm were observed in the magnetotail, namely: 1) fast plasma flows associated with a
reconnection process (tailward/earthward flows) 2) a sharp decrease of the total pressure following the interval of a
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pressure increase. This enables us to consider the auroral disturbances during the fronts of high-speed streams as
substorm.

The vortex aurora structures inside the auroral bulge
N.P. Dmitrieva (St.-Petersburg State University, Physical Department, St.-Petersburg, Russia)

The main ionospheric manifestation of a substorm is a sudden poleward expansion of the night auroral oval
connected with the substorm explosive phase. The dynamics of aurora inside the auroral bulge during the expansive
phase is very complex and nonstationary. It is possible, however, to pick out some characteristic features of the
aurora dynamics within the auroral bulge region. One of these features is a formation of vortex in aurora where the
meridionally elongated structures firstly move equatorward and then turn to the east or to the west. Such structures
appear for about 5-10 min after auroral intensification and often are followed by pulsating aurora. We compare the
spatio-temporal pattern of auroras with THEMIS satellites magnetic field and plasma observations and suggest that
these equatorward drifting auroral structures are connected to the earthward fast plasma flows from the substorm
active region.

Contribution of magnetotail reconnection to the cross-polar cap potential drop
E. Gordeev', V.A. Sergeevl, T.L Pulkkinen®, M. Palmroth®

! Saint-Petersburg State University
2School of Electrical Engineering, Aalto University, Espoo, Finland
3 Finnish Meteorological Institute, Helsinki, Finland

Since the work of Dungey [1961], the global circulation pattern with two (dayside and nightside) reconnection
regions has become a classic concept. However, the contributions of dayside and nightside sources to the cross-polar
cap potential (PCP) are not fully understood, particularly, the relative role and specifics of the nightside source are
poorly investigated both in quantitative and qualitative terms. To fill this gap, we address the contributions of
dayside and nightside sources to the PCP by conducting global MHD simulations with both idealized solar wind
input and an observed event input. The dayside source was parameterized by solar wind-based ‘dayside merging
potential’ (&4 or DPD) @y = L.VB, sin4(9/2), whereas to characterize the nightside source we integrated across the
tail the dawn-dusk electric field in the plasma sheet to obtain the ‘cross-tail potential’ (®, or NPD). For the idealized
run we performed simulations using four MHD codes available at Community Coordinated Modelling Center
(CCMC) to show that contribution of the nightside source is a code-independent feature (although there are many
differences in the outputs provided by different codes). Particularly, we show that adding a nightside source to the
linear fit function for the ionospheric potential (i.e., using the fit function @g = K@y + K, @, + @) considerably
improves the fitting results both in the idealized events as well as in the simulation of an observed event. According
to these simulations the nightside source contribution to the PCP has a fast response time (< 5min) and a modest
efficiency (potential transmission factor from tail to the ionosphere is small, K;;<0.2), which is closely linked to the
primarily inductive character of strong electric field generated in the plasma sheet. The latter time intervals are
marked by strongly enhanced nightside (lobe) reconnection and can be associated with substorm expansion phases.
This association is further strengthened by the simulated patterns of precipitation, the Rl-type field-aligned
substorm current wedge currents and Hall electrojet currents, which are consistent with the known substorm
signatures.
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Observation of the onset of auroral substorm expansion at 56° geomagnetic latitude during a major
magnetic storm

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

It is known that the first onset of the auroral substorm expansion is connected with the brightness increase and break
up of the most equatorial arc. Subsequent substorm intensifications can be manifested in the occurrence and
brightening of auroral arcs at higher latitudes. As a result a formation of auroral bulge and a poleward shift of
westward electrojet maximum take place. The development of auroral bulge maps the precipitation dynamics of the
energetic particles during a magnetospheric substorm.

In this work the research results of auroral substorm during a major magnetic storm on March 20, 2001 (Dst =-150
nT) are submitted. The aurorac were observed at the Yakutsk meridian (130°E; 200°E, geom..) with the scanning
and zenith photometers in the 630, 557.7 [OI], 427.8 (N,") and 486.1 nm (H beta) emissions.

The main development features of the auroral substorm on March 20, 2001. Before the substorm onset the
equatorial arc is observed at low geomagnetic latitudes of 55-57°N (the dipole L=3.0-3.3). The intensity maxima of
630.0 and 557.7 nm emissions in the arc are separated in latitude at 1-1.5°. The zenith photometer registers an
intense H beta emission in the arc.

The first onset of substorm expansion with the equatorial arc break up and poleward extension of aurorae was
registered in the evening sector of MLT. The fast increase of the 427.8, 557.7 and 630.0 nm emission intensity in an
arc is accompanied by the decrease of H beta intensity by a factor of ~5. During the substorm intensification there is
the increase of the westward electrojet with a maximum at 56-57°N latitude.

In ~ 40 minutes the second intensification of a substorm begins after a short growth phase. It was manifested in the
smooth increase of 427.8 nm and H beta emission intensity in the auroral arc when its movement to the former
latitude. The explosive intensity increase and poleward shift of aurorae is accompanied by amplification and
extension of the westward electrojet up to the latitude of st. Tixie (66°N, geom.).

The aurorae dynamics are compared with the measurements of precipitating flux of electrons and protons aboard
DMSP F15, substorm injections at a geosynchronous orbit, variations in the solar wind and IMF and also images of
auroral oval from the IMAGE satellite. The results of ground and satellite observations are considered from a
position of change of the magnetic field configuration and the energetic particles flux in the inner magnetosphere
during the low-latitude substorm.

EURISGIC data services: Eurisgic.org
Yu. Katkalov', Ya. Sakharov', A. Viljanen2

'Polar Geophysical Institute;
’Finnish Meteorological Institute

The eurisgic.org website was developed by Polar Geophysical Institute to provide access to the continuously
updated archive of GIC recordings during EURISGIC project. The purpose of eurisgic.org is to provide the
information about GIC activity to the Consortium members and public. The public part of services is a near real
time view to the present GIC activity at a number of stations via online plots. The restricted part of services is
accessible only to EURISGIC Participants and provides access to the data in digital form.

The research leading to these results has received funding from the European Community's Seventh Framework
Programme (FP7/2007-2013) under grant agreement no 260330

Substorm development — current disruption or reconnection?
I.A. Kornilov, T.A Kornilova (Polar Geophysical Institute, Apatity, Russia. kornilova@pgia.ru)

Two models of substorm development dominate nowadays - current disruption (CD) and tail reconnection (TR)
paradigms. Both models have many experimental proofs, but most of them base on one, maximum 2-3 events case
study. We examined all THEMIS ground based and satellite data for about 200 substorms (2007-2011), and now can
suppose that both paradigms are valid. Both CD and TR processes take place, often in rather mixed and complicated
consequence of events during entire substorm development — from preliminary phase till substorm fading. On the
other hand, there are also examples when substorm was initiated by current disruption mechanism only, and, vise
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versa, exclusively by reconnection process (transient reconnection). Examples of these three possible cases are
presented and discussed in our report.

Spatio-temporal dynamics of counter-streaming auroras during the substorm active phase
T.A. Kornilova and I.A. Kornilov (Polar Geophysical Institute, Apatity, Russia)

Auroral forms arising in association with poleward boundary intensifications (PBIs) and reaching the pre-existing
growth phase arc, may trigger substorm onset (e.g., Nishimura et al., 2010). As known (Aikio and Kaila, 1996) such
auroral forms are observed after breakup onset as well. They may encounter poleward expanding auroras from
preceding breakup activations at equatorial boundary of the oval and penetrate through them preserving their entity.
On the basis of PGI and Canadian THEMIS all sky camera auroral TV observations with using special effective
keogram filtering, studying of counter-streaming auroral activations was carried out. An analysis of the velocities of
equatorward moving auroral forms inside the bulge (namely, optical intrusions from auroral poleward boundary and
auroral arcs referred to breakup at the equatorial boundary of the auroral oval) for 11 events allows us to suppose
that the electron acceleration mechanisms are different for counter-streaming auroras.

Substorm development on 11 February 2008 on the basis of THEMIS auroral and spacecraft data

T.A. Kornilova and I.A. Kornilov (Polar Geophysical Institute, Apatity, Russia)

THEMIS data and images from the THEMIS all-sky imager array were used to investigate in detail substorm of 11
February 2008. The THEMIS satellites in situ provided excellent opportunity to examine substorm development in
different regions in respect to auroral oval. All-sky data were presented in the form of mosaic pictures allowing us to
observe a substorm development over large region of the ionosphere. During the substorm P1 probe footprint was
located poleward of the auroral oval, while P2 was situated equatorward of that. Bulge propagation took place very
close to the clustered footprints of the P3, P4, P5. Relation between fine structure of auroras and electric and
magnetic field variations registered by THEMIS probes during substorm was considered. It was revealed that diffuse
luminosity changes occurring out of the auroral oval to a more extent depend on electric field variations but not on
that of the magnetic field. Dynamics of active auroras inside and out of the oval closely related with both electric
and magnetic fields. Pattern of counter-streaming auroras during expansive phase are clearly seen in the peculiarities
of the electric and magnetic fields and particle spectra.

Investigation of elementary geomagnetospheric substorms (EGSSs) associated with Bz-component
of interplanetary magnetic field (IMF)

J. Kovalevsky (Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation of RAS
(IZMIRAN), Troitsk, Moscow Region, Russia)

A system representation of EGSSs as totality interconnected physical processes suggest an integrity of their external
manifestation. This offers for EGSSs classification according to some basic process or sets of such processes. The

scale classification of 61 EGSSs is realized according to AE and D, indices and B, IMF component (in terms of

mean values AE , Dy, Bz and theirs standard deviations o (AE), o(D,,), o(B,) inevent time) with the aim

of separation of EGSSs clusters with rather alike inner (solar wind — magnetosphere couplings (SWMCs))
structures. Three EGSSs clusters types (C1, C2, C3) during moderate and small storms are separated. They are

—min
characterized by the following averaged (over the entire cluster events) basic processes peak values - C1: Bz =-9.0
——max —min —min ——max —min —min
nT, AE =937nT, Ds& =-68nT;C2: Bz =7.3nT, AE =782 nT, D& =-45nT; C3: Bz =-7.6 nT,

———max ——min

AE =897 nT, D& =-37 nT. The content physical analysis of the EGSSs for C1-3 is carried out on the base of
correlativity clustering of 32 processes characterizing every EGSS. The directly driven processes to the disturbances
generation are studied. The EGSSs of every cluster are characterized by common inner SWMCs structures (CP). In

turn the CP for all clusters exist: (AE)+[D_]+[B,]. However the EGSSs of Cl, C2 and C3 clusters have

different inner structures and hence are characterized by different of EGSS physical development of which are
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impossible to interpret by single known coupling function or parameter (say, B,, E and so on). The role of the

well-known epsilon-function of Akasofu in such EGSSs development is contradictory. It is found that investigated
EGSSs have a near linear relationships AE(B,), E(FM = VBs (nV*)"?), Bst(VzBs) ,
FEM6(E) = G(E) , where FEMG6 = 6 =dDR/dt+DR /6, and that AE-D_, relationships are varied

over wide limits (from strong to weak). It is argued in favor of hypothesis about connection between physical
peculiarities or SWMCs of obtained clusters EGSSs and their “external” characteristics (AE ,D_ and B,). Our

results support the idea about multicausality and multivariance of substorms.

Signatures of inverse turbulent cascade during auroral intensification
B.V. Kozelov, 1.V. Golovchanskaya (Polar Geophysical Institute, Apatity, Murmansk region, 184209 Russia)

By now, different types of scale-free behavior exhibited by auroral variations have been presented from analyzing
ground-based and satellite imaging observations. Signatures of spatial and temporal scaling in the magnetosphere-
ionosphere system have also been reported for fluctuations of electric and magnetic fields on the auroral field lines.
Within the second order statistics, scaling properties of fluctuations can be characterized by scaling index. Using
UVI images from the Polar satellite, we show that for auroral structures observed at the beginning of substorm
expansion, the scaling index varies from values less than unity to ~1.5, increasing with breakup progress. This
feature can be interpreted as a signature of inverse turbulent cascade which develops in the magnetosphere-
ionosphere plasma due to non-linear interaction of Alfvenic coherent structures according to the Chang et al. [2004]
scenario. Observational evidence of small-scale coherent structures is discussed with ground-based observations in
Apatity.

THEMIS observations of substorm intensification near inner edge of the plasma sheet
T.V. Kozelova, B.V. Kozelov (Polar Geophysical Institute, Apatity, Russia)

The changes of the magnetic field during a substorm in the near-Earth magnetotail follow well established pattern.
The magnetic field line stretching are due to an increase in the intensity and/or earthward motion of the cross-tail
current sheet during growth phase. An expansion of the plasma sheet and an injection of energetic particles
accompany the magnetic field dipolarization during substorm explosive phase.

Kozelova et al [1998] have presented the estimation of equivalent differential equatorial transverse currents d.J
associated with magnetic field perturbations during substorm explosive phase using measurements from one satellite
(CRRES). Here we show the development of these transverse currents dJ from the THEMIS observations during the
substorm intensifications on 6 January 2008 at premidnight sector at » ~ 5-10 Re.

Analysis of the current perturbations shows the existence different regimes of the current evolution in the near-Earth
plasma sheet. The satellite near the inner edge of the plasma sheet observed slow magnetic field line stretching and
the passage across of the Alfven convective boundary for hot electrons during growth phase. In this time the
westward current djyw was located tailward of the satellite location and moves earthward. However during sudden
rapid local magnetic field line stretching a short-time eastward current djg appears earthward of the satellite location.
Simultaneously the auroral arc appeared at the Sodankyla station. This variation may be associated with the quick
transition from the region with dipolar field to tail-like field region.

During the ground-based magnetic and auroral activations, the current sheet displays complex space-time
distribution including embedded reversals in the current direction within the dipolarization region. The energetic
particle injections are observed when the current djr appeares tailward of the satellite location. The observed
variations of particle fluxes and fields are consistent with the substorm current disruption model [Lui et al., 1988].
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The study of the dynamics of the equatorial region during auroral substorm expansion phase
according to Canadian all-sky cameras

A A. Krishtopov, N.P. Dmitrieva (Institute of Physics, Saint-Petersburg State University, Saint Petersburg, Russia)

During the substorm explosive phase equatorward motion of the discrete aurora equatorial boundary observed
simultaneously with a sharp auroral poleward boundary shift as well as equatorial drift of the individual auroral
structures inside auroral bulge area.

In this paper we study the equatorial boundary and auroral structures dynamics after auroral breakup. Using
Canadian all-sky cameras data we determine latitude-longitude position of the discrete oval boundary depending on
time.

The calculated substorm current wedge size and its longitudinal position were compared with the position of the
auroras active region. Extreme position of auroral structure traces and equatorward boundary was compared.

Substorm current wedge and Region-2-polarity current loop: magnetic observations on GOES and
THEMIS spacecraft chain during substorm expansion phase

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

! Physical Institute, St-Petersburg State University, St-Petersburg, Russia
? Space Weather Prediction Center, NOAA, Boulder, Colorado, USA
3 University of California, Los Angeles, USA

The 3-dimensional current system of magnetic substorm expansion phase is historically recognized as a cartoon-
like sketch model SCW which consists of westward electrojet flowing in the auroral bulge which is limited in
longitude by downward and upward field-aligned currents (FACs) at the east/west side of the bulge and they in turn
are closed in equatorial magnetosphere. We found that substorm current wedge (SCW) magnetic effects
quantitatively modeled on geostationary distance sector systematically differ from observed magnetic variations on
GOES spacecraft during expansion phase. Testing of single-loop quantitative SCW model showed that systematic
mismatch of observed and modeled magnetic variations on geostationary distance depends on (1) concurrent
magnetotail configuration, (2) spacecraft location and (3) substorm expansion phase time. This mismatch can be
partly attributed to additional Region-2-polarity FACs in the same longitudinal sector as Region-1 SCW loop and
associated with earthward flow of plasma which is heat the region of strong quasi-dipole inner magnetospheric field.
We analyze magnetic variations on THEMIS and GOES spacecraft radially-distributed in the night side of
magnetosphere with a view to evaluate the distance to equatorial termination of Region-2 current loop depending on
magnetotail configuration and estimate it's intensity using extended quantitative SCW model.

Observations of rocket exhaust optical phenomena by Finnish and Russian networks
Yu.V. Platov', S.A. Chernouss®, M.V. Uspensky®

! IZMIRAN, Troitsk, Moscow region, Russia
? Polar Geophysical Institute of the KSC RAS, Apatity, Murmansk region, Russia
3 Finnish Meteorological Institute, Helsinki, Finland

The results of research of the optical phenomena connected with rocket exhaust in the upper atmosphere are
submitted. The optical signatures in the upper atmosphere accompanying rocket launches made from the
Archangelsk region ranges have been registered for many years by ground-based network of all-sky cameras in the
northern regions of Russia and Finland as a part of routine auroral recordings. The most intensive, large-scale and
dynamical phenomena are caused by separation of rocket stages and shut off solid propellant of rocket engines and
physical conditions in the field of a rocket flight. Rocket plumes and large-scale diffuse formations have been
captured both by imagers and spectrographs. The dynamic and morphological features of the artificial clouds as a
function of the relative quantity of gaseous and dispersed components from the rocket and analysis of accompanied
phenomena are presented.
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Observations of proton auroras in Spitzbergen
A.V. Roldugin, S.V. Pilgaev and V.C. Roldugin (Polar Geophysical Institute, Apatity, Russia)

The regular observations of auroral spectra in Barentsburg start on 14 November 2011. Its spectral lines show
auroral intensity variation along geomagnetic meridian from north horizon to south one, spectral interval covers
from 420 to 780 nm, time resolution is 1 frame per minute. The events with hydrogen emission Ha are studied, and
geomagnetic situation during proton aurora is investigated.

EURISGIC project: Geomagnetically indused currents in a power grid at the north-west of Russia
Ya. Sakharov', Yu. Katkalov', V. Selivanov %, M. Barannik?, A. Viljanen®

'Polar Geophysical Institute
?Centre for Physical and Technological Problems of Energy in Northern Areas
’Finnish Meteorological Institute

In accordance with Work Package 8 of EURISGIC Project a special system for GIC recording was set at the
Karelenego power grid. Original units were installed on the ground line of transformer station at five sites at Kola
Peninsula and Karelia. The data are transmitted from the remote station to the data storage center every hour to
provide near real time GIC records. Online access to Russian GIC records is available through eurisgic.org website
as a public part of data services. Finnish archival GIC records and magnetic field derivations from Finnish stations
are also available through website data services.

The research leading to these results has received funding from the European Community's Seventh Framework
Programme (FP7/2007-2013) under grant agreement no 260330

Investigation of the energetic particle precipitation during the substorm explosive phase

S.A. Timofeeva, V.A. Sergeev (Saint Petersburg State University, Physical Department, Saint Patersburg, Russia)

During the substorm explosive phase the magnetic field configuration is changing. In this connection, conditions of
particle scattering in loss-cone and structure of the auroral precipitation change also. Therefore interpreting the
precipitation picture (regions of wave-induced precipitation and regions of non-adiabatic current-sheet precipitation)
before and after the substorm onset we can obtain information about the magnetic field reconfiguration.

In this paper we study the energetic particle dynamics in the substorm, observed on April 19, 2009 at 02:32 in the
Canadian sector. In this event three spacecraft pass through the auroral bulge: NOAA 17- 2 minutes before, Metop -
3 minutes after and NOAA 18- 5 minutes after the substorm onset.

Using energetic particle data from these low-altitude spacecraft, which crossed the auroral bulge, we compare
precipitation structure before and after substorm onset to study their typical features. It is shown that after the onset,
the increase in the fluxes of energetic particles and isotropic boundaries shifts for electrons and protons are
observed. Also we can distinguish the areas of dipolarization, injections, and define the type of particle scattering
producing energetic particle precipitation.

Global distribution of ionospheric conductivities and auroral luminosity inferred from the Auroral
Precipitation Model

V.G. Vorobjev, O.1. Yagodkina, Yu.V. Katkalov, A.S. Kirillov (Polar Geophysical Institute, Apatity, Murmansk
region, 184200, Russia)

Auroral Precipitation Model (APM) which is placed now on the PGI website http.//pgia.ru/lang/en/webapps/ was
used to calculate the global distribution of integrated Hall and Pedersen ionospheric conductivities and auroral
luminosity in visible and UVI spectral ranges. The model of global distribution of precipitating ions was developed
to calculate ionospheric conductivities more exactly. Comparisons of electron and ion energy fluxes were carried out
in different MLT sectors. It was shown that the ion deposit in the global precipitation power is more pronounced

+
during magnetic quietness and in dusk sectors. Integral intensities of the Np LBH(L) band near 170.0nm, ING N»
at 391.4 nm, (OI) 557.7 nm (the transition 'S—'D in atomic oxygen), and the 1PG N3 band near 669.0 nm have

20



Geomagnetic storms and substorms

been calculated. To calculate (OI) 557.7 nm intensity the production of O('S) in the electron energy transfer process
Ny(A’2,") + OCP), the dissociative recombination, auroral electron impact and the production of electronically
excited N, by auroral electron impact were taken into account. A good agreement was revealed by comparison of
the LBH(L) global distribution observed by the IMAGE spacecraft and calculated from APM.

Monitoring of ionospheric and magnetospheric conditions from the Auroral Precipitation Model
and dayside aurora observations

V.G. Vorobjev, O.1. Yagodkina, Yu.V. Katkalov, A.S. Kirillov (Polar Geophysical Institute, Apatity, Murmansk
region, 184200, Russia)

The close connection of dayside precipitation with magnetic activity and interplanetary medium characteristics
opens an opportunity of continuous monitoring of ionospheric and magnetospheric conditions by using of dayside
aurora observations as the entrance parameter of the Auroral Precipitation Model (http.//pgia.ru/lang/en/webapps/).
In the ionosphere these are global distribution of auroral precipitation as well as global distribution of integrated
ionospheric conductivities and auroral luminosity in various emissions and bands. Latitudinal positions of
plasmapause and isotropy boundary, position and the size of the polar cap, value of the magnetic flux transferred
from the dayside magnetosphere into the tail, and global precipitation power and so on can be attributed to the
magnetospheric condition. Two time intervals on Dec. 27, 2000 and Dec. 12, 2004 of dayside aurora observations
with meridian scanning photometer at Barentsburg observatory were used for the definition of magnetospheric
variables. Satisfactory conformity of AL index values calculated from APM on the base of optical observations and
published by WDC was found. It was discovered that, at least in two above events, the AL index value in the
magnetic bay maximum was proportional to tail lobe magnetic flux rate (AF/At) during the substorm growth phase.

Dynamics of the localized precipitation of energetic protons during geomagnetic storm
T.A. Yahnina and A.G. Yahnin (Polar Geophysical Institute, Apatity, Russia)

Localized precipitation of energetic (E>30 keV) protons (LPEP), which is observed equatorward of isotropy
boundary, is the result of interaction between ring current protons and ion-cyclotron waves, and mark the field lines
where the interaction exists. The ion-cyclotron waves also precipitate relativistic electrons from the radiation belt.
Thus, LPEPs can be used for monitoring and investigation of the ring current / radiation belt losses. Using data from
three low-orbiting NOAA POES satellites we considered the dynamics of LPEPs during a strong magnetic storm
(Dst =- 472 nT at 19 UT on 20 November 2003). The highest proton flux was observed during the main and early
recovery phases. The flux decreased monotonically in a course of the recovery phase. During the main phase and
half a day after the Dst minimum, LPEPs of type 2 (those associated with low energy (E<20 keV) proton
precipitation) were generally observed. They occupied almost all MLTs and were located at low latitudes. Distinct
transition from LPEPs of type 2 to LPEPs of type 1 (containing only >30 keV protons) appeared in a day after Dst
minimum. During the early recovery phase LPEPs were concentrated in the morning and day sectors of MLT. Later,
they were observed mainly around noon and shifted to higher latitudes. We modeled plasmapause position at
different stages of the storm and found that most LPEPs tend to locate in the vicinity of plasmapause. However, at
the end of the recovery phase some LPEPs appeared on the dayside at high latitudes well outside the plasmapause.
We conclude that the intense cyclotron interaction of waves and particles during magnetic storm occurs at the cold
plasma gradients. At later stage of the storm recovery the interaction seems to be not related with plasmapause.
Probably, it is due to increased transversal anisotropy of hot protons at higher latitudes on the dayside, which results
from drift shell splitting of particles having different pitch —angles and drifting from night side to dayside in the non-
dipole magnetic field.
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I'eoMarHuTHas AKTUBHOCTH B INOJSAPHOH IIANKE NPH 3HAYMTEJIBHON CEBEPHONl BepPTHKAIbLHOM
kommnonente MMII

A.E. JleButun, JL.U. I'pomona, C.B. I'pomos, JI.A. [Ipemyxuna (Mucmumym 3eMH020 Machemusma, UoHocgepbvl u
pacnpocmpanenus paouosont um. H.B. Ilywikoea PAH (U3MHWUPAH), Tpouyx, Mockoeckas o6xn., Poccus)

Ha ocHOBe maHHBIX MAarHUTHBIX OOCEpBATOPHU CEBEPHOH MOJSPHOW INANKKA  HCCIEAYIOTCS Te€OMAarHUTHEBIE
BO3MYILEHHS, BO3HUKAIONINE B 3TOH 00JAcTH BBICOKOUIMPOTHOTO INPOCTPAHCTBA B MEPHOABI B3aHMMOICHCTBHS C
Maraurochepoil MexmianeTHoro marHutHoro moiisi (MMII), BeKTOp KOTOPOr0 HMMEET BBICOKOAMILTHTYIHYIO
CEBEPHYIO BEPTHKAIBHYIO KOMIIOHEHTY (Bz >> 1). DTH BO3MYIIIEHHS MOXKHO pacCMaTpHUBaTh Kak cyoOypH u Oypu B
HOJISIPHOM INIanKe, KOTOPbIE MeHEPUPYIOTCSA NMPOHUKAIONIMM B He€ B T€UEHHE HECKOJBKUX 4acoB mojapsn (ot 2-3
9acoB 10 >10 yacoB) 3JEKTPUYECKUM HOJEM COJTHEUHOTro BeTpa pu Bz >> 1. Takue BO3MyILEHHS NPUCYILU TOIBKO
HOH}IpHOﬁ marke, 1 mMpu uX BOSHUKHOBCHUHN 3HAYUTCIILHOI'O YCHUJIICHUA TOKOBBIX CHCTEM B O6J'laCTI/I aBpopaanOﬁ
30HBI HE MPOMCXOANT. BBICOKOAMIUIUTYIHOE CEBEpHOE MEXKIUIAHETHOE I10JI€ OJJHOBPEMEHHO C CEBEPHBIM IOJIEM
COZIEP)KUTCSI B MAarHUTHOM OOJaKe, B3aMMOJICHCTBYIOINM ¢ MarHuTocgepoi. [1o3ToMy 0fHO M TOXXKE MarHUTHOE
00JIak0 MOXKET BbI3BIBaTh pa3Hble MO0 MHTEHCUBHOCTH KJIACCHYECKHE MAarHWTHblE OypH WINM HE BBI3BaTh UX B
3aBUCHMOCTH OT TPACKTOPHH IPOXOXKAEHHs 3eMiln uepe3 3To obOmako. Kak mokaspiBaeT romoBas CTaTHCTHKA
pETUCTpaIii MArHUTHBIX 00J1aKOB, BEPOSITHOCTD IPOX0XKICHHUSI MarHUTOC(hEphl 4epe3 00J1acTH MarHUTHOTO 00J1aKa,
r/ie IPUCYTCTBYeT Hamboliee reodPeKTrBHAs FokHAs KoMmoHeHTa BekTopa MMII (Bz << -1) paBHa BepOATHOCTH
e€ MpOXOKIeHH Yepe3 00JacT, rAe NPUCYTCTBYET 3HAYUTEIbHAs ceBepHas komnonenta MMII (Bz >> 1uTn). B
JOKJIaJie IPUBOANTCS aHAJIN3 CUTyaluil, KOrJla MarHUTHbIE 00JaKa CO3/1al0T KaK KJIaCCHMYECKHUE MarHUTHbBIE Oypu
(Bz-xommonenTa MMII nmiutensHOE BpeMsl COXpaHSET OOJBINOE OTPHIATEIHHOE 3HAYEHHE), TaK U M MarHUTHBIC
Oypu TOJBKO B OOnacTd NoONApHOH manku (Bz-xkommnoneHta MMII jymTenbHOe Bpemst coxpaHsieT OoJblioe
MOJIOKUTEIHHOE 3HAYEHHE).

Pabota BrinonHeHa npu puHaHCOBOM nojuepxkke rpanta PODU Nel1-0500306.

Cynepoyps 06.04.2000: onpenejieHue CKPbITHIX 3aBUCMMOCTEil MArHUTHOr0 MOTOKA J10JIeil XBoCTa
OT 3HAYEHHIT TUHAMHYECKOTO JABJIEHUS ¥ 3JIEKTPUUECKOTO MOJIs COJTHEYHOr0 BeTpa

A.A. lllanoasnoga, I0.A. Kapasaes, B.B. Muntun, u B.M. Mumun (XC3® CO PAH, Hpxymck)

Bompoc o nuHEHHOW, WM HETWHEHHOW 3aBUCMMOCTM MAarHMTHOTO TOTOKa jaoieid xBocta ¥ oT mapameTpoB
COJIHEYHOTO BETpa aKTHBHO oOCyxaaercs B aureparype (Hampumep, Shukhtina et al., 2004, 2005; Lopez et al.,
2009). Ms! ucnons3oBanu aanHele WIND, u momyumnu BpeMmeHHBIE psansl u3MeHeHuil ¥ B xozme cymepOypu
06.04.2000, xoppenupoBaHHble ¢ U3MeHeHHAMHU napamerpoB CB: asnexrpuueckum nosnem Eg, ¥ nuHamMuyeckum
nasnenueM Pd. Vcronms3oBaics taxoke paspaboranssiii B Cubl3mupe BapuaHT TEXHUKH MHBEPCHH MarHUTOTPaMM
(TUM) nns o6paboTku m3mepernit 120 Ha3eMHBIX MarHeTOMeTpoB. [1oydeHbl KapThl pacupeneleHus B MOJSPHOM
noHocgepe IUIOTHOCTH NPOJOIBHBIX TOKOB, 10 KOTOPHIM OompeesieHbl BpeMeHHbIe psiabl V. [To 3TuM naHHBIM, Ha
OCHOBE OPUTMHAJIBHOTO UTEPALIIOHHOTO METOJa YMEHBIIAIONINXCS BKJIAJ0B, TOIYIEHBI Tpa()UKH N3MEHEHHS B X0JI€
cyrepOypu npomsBogHbix OW/OEg, m O0W/0Pd, m rpaduku CKpPBITEIX 3aBHCHMOCTEH 3THUX INPOU3BOJHBIX OT
napametpoB Eg, u Pd. Ommcansl pe3ysnbTaThl, CyIIECTBEHHO OTJIMYHBIE OT paHEEe HM3BECTHBIX. OTMEUEHBI SICHO
BbIpaKeHHBIE NTpU3HAKHU HackimeHus ¥ ¢ pocrom Eg,.
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Fields, currents, particles in the magnetosphere

Wavelet component manifestation of Solar Wind parameter disturbances which corresponding to
the plasma flows at the dynamics of magnetic disturbance spectrums along the geomagnetic
meridian

N.A. Barkhatov, S.E. Revunov, D.V. Shadrukov (Nizhny Novgorod State Pedagogical University)

At intervals of different strength of geomagnetic storms a comparison of the wavelet components in the form of
local maxima of the spectrum (skeletons), the horizontal component of the geomagnetic field disturbances in the
range of Pc4-5 along the meridional chain of stations and disturbances of Solar Wind parameters was made. In the
framework the algorithm quantifying the consistency of analyzed skeletons is developed. This approach allows
evaluating by latitude distributed response of the magnetosphere as geomagnetic field disturbances on the disturbed
parameters of the Solar flow. It in turn specifies type of a geoeffectiveness flow with which occurrence of a
geomagnetic storm is connected. As a result of the executed research following laws have been noted.

1) Before storm time response of the magnetosphere as geomagnetic field disturbances to the disturbed Solar flow
parameters is its quick response in high latitudes (an average of 5 min.) and delayed in the subauroral zone (an
average of 11 min.). This means that the area of the polar cap and fragmentary area of auroral oval directly exposed
to Solar Wind wave disturbance of advanced flow and sub-auroral region have wave effect like as inner
magnetosphere source.

2) Reaction time of the magnetosphere in geomagnetic field disturbances at the initial phase of the storm at all
latitudes considered equally small (an average of 5 min.). This means that the total compression of the
magnetosphere, caused by increase pressure of the Solar flow, facilitates the synchronization of disturbances along
the meridian taken. Probably that all stations of reception of the analyzed data, in this case, get to area of a polar cap.
3) At the main phase of storms under the influence of flow of type CIR magnetosphere reaction as geomagnetic field
disturbances at the disturbed Solar flow parameters by rapid response at high latitudes (an average of 4 min.) and
delayed in the subauroral zone (an average of 12 min.) is characterized. Under the influence of flow of type
magnetic cloud with the sheath and/or with shock wave reaction time at all latitudes equally and an average of 5
minutes considered. Perhaps this difference is caused by different geometry of curving power lines of the
magnetosphere under the influence of different flows, which leads to different moments of synchronization of
fluctuations at different latitudes.

Thus, it is shown how the dynamics of the spectrum components for disturbances of Solar Wind parameters
corresponding to the plasma flow, in the spectrums of observatories magnetograms are appears. This is especially
noticeable at the main phase of the storm: the disturbances of horizontal component of the geomagnetic field in the
range of Pc4-5 analyzed along the meridional chain of stations information about the type of approaching to the
magnetosphere disturbed Solar Wind flow is contain. Is also noted a decrease in the number of skeletons in the Solar
Wind parameters at the initial phase of geomagnetic storms. This indicates about increase in overall stability of the
frequency mode in the “Solar Wind-Magnetosphere” system on a time interval of Solar flow contact with the Earth's
magnetosphere.

Ions heating on the polar border of the aurora

D.V. Chugunin, M.M. Mogilevsky, I.L. Moiseenko, T.V. Romantsova (/KI RAN, Moscow, Russian Federation,
dimokch@iki.rssi.ru)

Data of plasma and electromagnetic fields on auroral polar border measured by Interball-2 (Auroral Probe) satellite
is presented during geomagnetic disturbances. It was shown that near midnight during auroral polar border crossing
ionospheric ions H+ and O+ with energy up to several keV were detected. At the same region AKR generation at the
satellite altitude was observed. On the aurora border ions have pitch-angle close to 90 degrees, i.e. local ions heating
occurs. From analysis it has been conclude that ions were heated up to 300 eV/s.

Response of the magnetosphere to an impulse of solar wind density at southward IMF in the
dynamics of aurorae near the plasmapause

L.B. levenko (Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy, Yakutsk, Russia)
A close connection of geomagnetic and auroral activity with the southward IMF Bz and solar wind (SW) speed is
well-known. The dawn-dusk SW electric field -V,'B, causes a growth of magnetospheric convection. Recently

Boudouridis et al. (2005, 2008) have shown that the increase of dynamic pressure owing to a fast growth of SW
density at southward Bz immediately strengthens the convection electric field in the magnetosphere.
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In this work we analyze manifestations of impulse increase of SW density at southward IMF in the dynamics of
SAR arc and aurorae in 427.8 (N, ), 557.7 and 630.0 [OI] nm emissions at the Yakutsk meridian (130°E) by data of
the meridian scanning and zenith photometers for the isolated event of December 28, 2010. It is generally accepted
that the observation of diffuse aurora (DA) and SAR arcs is an informative research technique of magnetospheric
processes in a vicinity of plasmapause. DA is caused by precipitations of low-energy electrons from a plasma sheet.
SAR arcs are a consequence of interaction of the outer plasmasphere with ring current energetic ions. During
substorms there is an increase of DA intensity and its equatorward extension up to a plasmapause projection which
is mapped by the SAR arc appearing at this time (Ievenko, 1999, 2008).

The main development features of the phenomena of December 28, 2010. After a fast southward turn of IMF B,
there is a slow depression of the Earth’s magnetic field at low latitudes with the ASYM-H / SYM-H = 3-4 ratio. The
velocity of decay of H-component increases as southward Bz decreases up to -10 nT at low SW speed of 300-330
km/s. From 12 UT the growth of magnetospheric convection is observed in the equatorward extension of DA at the
Yakutsk meridian in the evening sector of MLT.

A sudden pulse of SW density up to ~70 sm™ with a duration of ~10 minutes is observed in SI at low latitudes at
1340 UT and causes: 1) the impulse intensification of the westward electrojet at auroral latitudes at midnight sector
of MLT with a duration of SI and also the increase of ASYM-H up to ~100 nT; 2) the sharp brightening of auroral
arc at the geomagnetic latitude ~ 61-62°N and DA at lower latitudes; 3) the appearance of intense SAR arc in the
equatorial region of DA and its southward movement with velocity of ~70 m/s till 1630 UT.

Subsequent sudden changes of the SW density up to ~30 sm™ cause DCF magnetic field variations at low latitudes
in the midday and midnight sectors of MLT and are well manifested in the brightening of auroral arc, DA and SAR
arc during ~4 hours of observations. Magnetic and auroral activities promptly damp at 1730-1800 UT after the sharp
northward turn of IMF B,. We assume that the observed dynamics of aurorae and SAR arc in this event is caused by
the fast intensification of convection and asymmetric ring current in the magnetosphere as consequences of the
impulse increase of SW density at southward IMF.

Fine space-time structure of fields and particle fluxes measured by THEMIS
I.A. Kornilov, T.A. Kornilova (Polar Geophysical Institute, Apatity, Russia. kornilova@pgia.ru)

Well-known CLUSTER mission found many new phenomena in magnetosphere (flapping waves, for example). In
2010-2011 some THEMIS spacecraft were moving along almost the same orbits with a small space separation as
well. Two probes were in the solar wind at the distances about 50-60 Re above magnetosphere subsolar point, and
three others flew mostly inside magnetosphere at the different distances from the planet. In compare with
CLUSTER experiment, THEMIS probes precisely measured electric and magnetic field in a very broad dynamic
range, and large square ion an electron detectors had extremely good statistical accuracy, high angular and energy
resolution, allowing construction of particle fluxes energy spectra with an excellent quality. Unique ballistic and
equipment properties of THEMIS probes give a possibility to investigate fine structures in solar wind (shock waves,
reconnection exhausts, etc), and in magnetosphere (radiation belts and plasmasphere irregularities, depolarization
and particle injection front details and many other things). In this report we present some initial results of cross
correlation and differential analyzes of E, B fields and energetic spectra of electrons and protons in the range about
0.1-200 keV.

Investigation of fractal properties of geophysical data by two-dimensional wavelet analysis
V.A. Ljubchich (Polar Geophysical Institute, Murmansk, Russia)

Many physical systems have hierarchical structure, for example plasma turbulence or distribution of ore bodies.
Therefore physical fields observed on these systems have fractal properties. The wavelet analysis is useful tool for
investigation of fractal properties of two-dimensional arrays of geophysical data. The wavelet transformation is
decomposition of signal in term of wavelet basis functions. Local signal singularities, that defined by Holder
exponent a, are investigated successfully by the wavelet analysis due to high time-frequency resolution and self-
similarity property of wavelet basis functions. Signal features information is concentrated in skeleton of wavelet
transformation. The skeleton of wavelet transformation is a set of local maximum points of wavelet transformation.
The skeleton of wavelet transformation has tree-like structure for fractal arrays of geophysical data. The fractal
dimension d¢ and singularity spectrum f(a) of data array may be calculated from the skeleton of wavelet
transformation.

This report deals with two-dimensional wavelet analysis of magnetic data observed in the Pechenga ore region.
Main part of intensive local maximums of wavelet transformation is concentrated within productive ore layer of the
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Pechenga geological structure. Most singular Holder exponents a correspond to deposits of solid and breccioso
copper-nickel ore. The fractal dimension calculated from rate of skeleton ridge branching is equal d=1.60.

Thus, we may conclude, that the two-dimensional wavelet analysis is useful method for investigation of fractal
properties of geophysical data arrays, allowed to quantitatively estimate the degree of physical systems
heterogeneity.

Numerical modeling of non-linear interactions of small-scale field-aligned current filaments by the
macroparticle method

M.N. Melnik, O.V. Mingalev, 1.V. Golovchanskaya (Polar Geophysical Institute, Apatity, Russia)

Algorithm for 2D numerical modeling of the time evolution of field-aligned current filaments interacting non-
linearly under the action of Ampere’s force is presented. From the form of the governing equations it follows that
the macroparticle method can be applied for their solution, the macroparticle being a field-aligned current of a given
value. The macroparticles are moving and interacting in the self-consistent magnetic field, which is calculated at
each time step by solving the Poisson type equation for the vector potential over 1024x1024 grid with the periodic
boundary conditions imposed. The details of the simulation such as a numerical scheme, code parallelization, and
others are discussed.

Influence of the external magnetic field component By on the thin current sheet configuration
O.V. Mingalevl, LV. Mingalevl, M.N. Melnik', H.V. Malova®®, L.M. Zelenyiz, A.V. Artemyev2

! Polar Geophysical Institute, Apatity, Russia
2 Space Research Institute, Moscow, Russia
3 Institute of Nuclear Physics, Moscow State University, Moscow, Russia

Numerical self-consistent model of high-temperature collisionless magnetotail thin current sheets (TCSs) based on
macro-particle method has been used for investigation of the influence of the external magnetic field component ByE
on the TCS configurations with constant external B, and two self-consistent components of the magnetic field (B.(z),
B,(z) ) and current (j(z), j,(z) ) in GSM coordinate system.

Magnetic field parameters near the subsolar magnetopause in accordance with THEMIS data
M.S. Pulinets', M. Riazantseval‘z, E.E. Antonoval’z, I.P. Kirpichevz’1

! Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow, Russia
? Space Research Institute RAS, Moscow, Russia

We analyze the crossings of the magnetopause near the subsolar point using FGM and ESA devices of THEMIS
mission. The aim of the research was the understanding of the applicability of the frozen in conditions to the
processes of plasma flow in the magnetosheath. Variations of the magnetic field near magnetopause measured by
one of THEMIS satellites are compared with simultaneous measurements in the solar wind by another THEMIS
satellite. 30 and 90 s averaging of magnetic field in the magnetosheath is produced. The results of averaging are
compared with the results of measurement just after the magnetopause crossing. It is shown, that Bx component of
the magnetic field near magnetopause is near to zero, which supports the possibility to consider the magnetopause as
the tangentional discontinuity. Comparatively good correlation of By component in the solar wind and near the
magnetopause is observed. The correlation of Bz component near the magnetopause and IMF is practically absent. It
is shown, that in many cases the sign of the Bz component of magnetic field near the subsolar point does not
coincide with the sign of IMF Bz component. The results of the analysis create definite difficulties to simplified
theories of magnetic reconnection of solar wind magnetic field at the magnetopause.
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Study of magnetic field intensity in the magnetic barrier near the subsolar point of the Earth’s
magnetosphere in dependence on IMF

K.Yu. Slivka, N.P. Dmitrieva, and V.S. Semenov (Department of Geophysics, Faculty of Physics, Saint-Petersburg
State University, Saint-Petersburg)

The magnetic barrier is the region with enhanced magnitude of magnetic field. It is formed in the inner
magnetosheath layer adjacent to the dayside magnetopause.

There is a general point of view now that a magnetic barrier can persist only for the northward direction of 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 149 events of low-latitude dayside magnetopause
crossings by the Themis satellites with signatures of magnetic barrier, was created and analyzed. It turns out that the
magnetic barrier is the most pronounced for the northward IMF, the magnetic field intensity corresponds to the
Erkaev analytical estimation [Erkaev et al., 1992] in this case. For the southward IMF we still were able to find
signatures of magnetic barrier although it was highly disturbed by the reconnection.

The influence of the tailward magnetic field lines on the formation of the currents within the
Harang discontinuity

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

This work is focused on the formation of the electric fields and currents in the Harang discontinuity. The charge
separation in this region of the magnetosphere is the result of various protons and electrons drift in the
inhomogeneous magnetic field. The cold electrons move with velocity of the electric drift, while the hot ions move
with velocity of electric and gradient drift. The gradient drift is directed along the lines of the equal magnetic field.
Within the research the magnetic field model with the tailward magnetic fields lines has been used. In the
magnetosphere model the hot ions have velocity component directed away from Earth to the evening sector of the
magnetosphere at the distance of~10 Re. As the result, the negative charge, electric fields and currents have been
appearing in this region with the typical distribution of these electric fields and currents for the Harang
discontinuity.

Mapping the sub-oval proton aurora spots relatively plasmapause
A.G. Yahnin and T.A. Yahnina (Polar Geophysical Institute, Apatity, Russia)

Proton aurora spots are sometimes observed equatoward of the main proton aurora oval. The spots are long-lasting
phenomena occurring during recovery phase of geomagnetic storms; they co-rotate with the Earth remaining at
(approximately) the same latitude. They associate with quasi-monochromatic pulsations Pcl. The latest means that
proton precipitation responsible for these auroras relates to the ion-cyclotron instability. To understand where the
instability develops we mapped proton aurora spots onto the equatorial plane and compared the mapping results
with the plasmapause model introduced by Viviane Pierrard and colleagues. The model is based on the quasi-
interchange mechanism of the plasmapause formation and depends on the history of magnetospheric electric field
variations. At all, 13 proton aurora spots were considered. In 11 events we found that mapped spots are in a close
vicinity of the modeled plasmapause. In one of the two remaining events the proton aurora spot was mapped well
inside the modeled plasmapause. This event had been already considered in the literature (Frey et al., 2004).
Combining the data from FUV and EUV imagers onboard the IMAGE spacecraft, these authors showed that the
spot projection falls onto the cold plasma gradient inside the plasmapause. Thus, 12 of 13 events confirm the
suggestion that ion-cyclotron instability producing Pcl and proton aurora spots develops in the vicinity of the cold
plasma gradient (plasmapause). In the latter event the spot projection was well outside the plasmapause. One may
suggest that this event relates to the cold plasma structure detached from plasmapause. We conclude that
observations of proton aurora spots and related localized precipitation of energetic protons can be used as indicator
of plasmapause or gradient of the cold plasma in the equatorial plane.
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Unusual sub-oval proton aurora occurred on 10 and 11 November 2004: Image of plasmapause
T.A. Yahnina', A.G. Yahnin', F.Soraas

" Polar Geophysical Institute, Apatity, Russia
? University of Bergen, Norway

During interval of 01-03 UT on 10 November 2004 an unusual “proton aurora” (emission of the excited hydrogen
atoms generated by precipitating magnetospheric protons after charge-exchange with atmospheric constituents) was
observed from the IMAGE spacecraft well equatorward of the auroral oval. This was a narrow arc of “proton”
luminosity situated at L = 2.5 and MLT = 23 - 06. Localized precipitation of energetic (E>30 keV) protons was
observed by the NOAA POES satellite above the arc. At the end of considered interval the arc broke into separate
spots. For this case the plasmapause position was found using the model, which is based on the quasi-interchange
mechanism of the plasmapause formation and depends on the history of magnetospheric electric field variations.
This position fairly well agrees with the location of the proton arc. During interval of 06-09 UT on 11 November
2004 an arc-like structure formed from several proton aurora spots was also observed. In the morning sector this
structure was at L=2.5, and it jumps to L=4 in the pre-noon sector. This agrees with the form of the modeled
plasmapause, which exhibits a pre-noon “shoulder”. As known, sub-oval proton auroras are the result of interaction
of the ring current protons with ion-cyclotron waves. Relationship between the arc-like proton aurora structures and
plasmapause agrees with suggestion that favorable conditions for the ion-cyclotron instability occur at the cold
plasma gradient (plasmapause). This means that observation of sub-oval proton auroras can be used for monitoring
the plasmapause.

ABpopajibHOe KMJIOMETPOBOE U3JlyuYeHHe KaK HHANKATOp o0pa3oBaHus KaBepHbl KanbBepTa
W.J1. Mouceerko', M.M. Morunesckuii', T.B. Pomanmosa’, /I.B. I-IyryHnHl, 5. Xanamr®

I .
Hucmumym xocmuueckux uccaeoosanuti PAH, Poccus
2 o
Leump xocmuueckux uccreoosanui [1AH, Ionvwa

AspopansHoe KumnomerpoBoe Pammomsnmyuenue (AKP), Bmepsrie obGHapyxenHoe B 1965 romy Ha CHyTHHKE
«DIeKTpOoH», MPEACTaBIsAeT coO0il MHTEHCHBHOE W3IydeHHe MmarHuTocdepsl 3emim Ha uactoTax 30-800 xI'm.
OOmenpu3HaHHbBIM ~ MexaHu3MoM TreHepauun AKP  sgBnsercd IUKIOTpOHHAs Ma3epHas HEYyCTOWYHBOCTD,
pa3BHBaIOIIAsCS B aBPOPAJIbHOM 00JacTH, B T.H. KaBepHax KaibBepTa C MOHMKEHHOH IUIOTHOCTBIO ILIa3MBI, TIie
BBITOJHSETCS YCIOBHE foe/fee<<1 (fye U foe — MNa3MEHHAs U HUKIOTPOHHAS YaCTOTHI 31eKTpoHOB). McTounnku AKP
PpacroyioXKeHbl Hajl aBpOpaIbHOM HOHOC(EPOit Ha BEICOTOX 2-10 ThIC. KM, HA HHBapHAHTHBIX IIHUpOTax ~ 65°-70°.

Ha ocHoBe npsiMbIX U3MepEeHUH 3JEKTPOMAarHUTHOIO U3My4YeHHs B auamnazoHe yactoT 4 kl'n — 1 MI'u, caenanHbix
Ha Oopry cnytHuka MHTEPBOJI-2 npu nmomomm nputopa I[TOJIBPAJI, paccmarpuBaroTcsi BONPOCH T'eHepanuu
HHU3KOYAaCTOTHOTO aBPOpPAILHOTO KmioMeTrpoBoro wuamydeHus: (AKP) B mpocTpaHCTBEHHO OrpaHMYEHHOM
ncrouanke. Ocobennocteio opouTsl crrytanka MTHTEPBOJI-2 sBisiercst mnTeNbHOE ABIDKEHHUE BIOIh MarHUTHOM
obomoukn (L = const) B aBpopaimbHOH 00NacCTH MarHUTOC(EpHl, YTO MO3BOJSAET B ITOM OOJIACTH pa3IeITUThH
MPOCTPAaHCTBCHHBIE 1 BPEMEHHBIC H3MEHEHHS TAPaMETPOB U3JTyUCHUSI.

OO6HapyXeHHOE B IKCIIEpUMEHTe yBenmueHne HHTeHCHBHOCTH AKP BOIH3HM JI0KaIbHON THPOYACTOTHI 3JIEKTPOHOB,
MHTEPIPETUPYETCS HAMM KaK HaOJIIOAEHHE MEIJICHHBIX BOJHOBOAHBIX MOJ BHYTPH HCTO4HHKA. «Kiaccumueckoe»
AKP, npencrasisitoriee codoii R-X-Moay 37€KTpOMarHITHOTO U3JIy4eHHMs, SIBIISIETCS Pe3yIbTaTOM TpaHChopMaLuu
BOJIHOBOAHBIX MOJ| Ha I'paHHIIE UCTOYHUKA. V3 CpaBHUTEIBHOTO aHANIM3a W3MEPEHUH 3JIeKTPOMAarHUTHOTO MOJS U
NapaMeTpoB IUIa3Mbl JEJIAETCsl 3aKJIIOYEHHE, YTO Ha IIOJIIPHOW TIpaHUIE aBpOpaIbHOW 00JIacTH, BO BpeMms
TE€OMAarHUTHBIX BO3MYIIEHUII oOpa3yeTrcs 00JacTh C IOHMWKEHHOH IUIOTHOCTBIO (DOHOBOHM IUTa3Mbl — KaBepHA
KanbBepra. B aT0i1 06nacTu pa3BuBaeTcsi HMKJIOTPOHHAS Ma3epHasi HEYCTOMYMBOCTh, PE3YJIbTATOM YEro SIBISIETCS
HaOmonaemoe wu3nydeHne. OcOOCHHOCTH W3MEHEHHMsS MaKCHMyMa CIEeKTpa H3JIy4eHHs II03BOJISIIOT OLEHHTh
XapaKTepHBIE MPOIOJIbHBIE Pa3MepPhl HCTOYHHUKA.
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The morning auroral arcs associated with Pc5 geomagnetic pulsations
V.B. Belakhovsky', A.E. Kozlovsky?, V.A. Pilipenko®

! Polar Geophysical Institute, Apatity, Russia
2 Sodankyla Geophysical Observatory of the University of Oulu, Finland
3 Institute of the Earth Physics, Moscow, Russia

We study the event of Pc5 geomagnetic pulsations observed in the morning sector on 18 December 2001 at the
stations of /MAGE magnetometer network. The pulsations were observed in the wide range of latitudes from 58° to
76° MLAT. Geomagnetic Pc5 pulsations exhibit signatures of the filed-line resonance (FLR), namely, the decrease
of the frequency with increase of the latitude, change of the ellipse during the propagation thought the resonance
region, and phase propagation from low to high latitudes.

Corresponding variations of the ionosphere plasma velocity were seen by the VHF EISCAT radar, which beam was
pointed to north at low elevation (30°) to the horizon. The frequency of pulsations in the ionosphere plasma velocity
decreases with latitude. Signatures of the Pc5 pulsations were also seen in the data of ionosphere plasma velocity,
density, and ion temperature obtained from the EISCAT Svalbard radar.

The cosmic noise absorption did not demonstrate significant signatures of Pc5 pulsations in the data of riometers in
KIL (IRIS) and HOR (Spitsbergen). At the same time the Pc5 pulsations in aurora intensity in 630.0, 557.7 nm
emissions were observed by meridian scanning photometer in Barentsburg (Spitsbergen). The frequency of auroral
Pc5 pulsations and geomagnetic Pc5 pulsations seen on LYR stations are coincide. During this time auroral arcs
were observed by the all-sky TV camera in Barensburg. We suppose that Pc5 geomagnetic pulsations generated by
FLR modulate the intensity of morning auroral arcs.

Poloidal geomagnetic Pc5 pulsations and pulsations in the fluxes of energetic particles
V.B. Belakhovsky', V.A. Pilipenko”

' Polar Geophysical Institute, Apatity, Russia,e-mail: belakhov@mail.ru
2 Institute of the Earth Physics, Moscow, Russia

The event of 9 May 2003 when the poloidal geomagnetic Pc5 pulsations were observed at geostationary orbit on
GOES-10 spacecraft was considered. The radial se-component of the geomagnetic field on GOES-10 exceeds the
azimuthal sn-component. It is also seen the strong Pc5 pulsations in the module of the geomagnetic field. It
confirms that the observed Pc5 pulsations are pulsations of the poloidal type. The Dsz-index during this day has the
minimum value -50 nT.

It is seen the cloud of protons on LANL-1991 satellite before the appearance of the poloidal geomagnetic Pc5
pulsations. Obviously this cloud is the source of the observed poloidal geomagnetic Pc5 pulsations due to
development of kinetic instabilities. The poloidal geomagnetic Pc5 pulsations at GOES-10 spacecraft were
accompanied by the pulsations in the fluxes of protons with energies 50-75 keV at LANL-1991 spacecraft.

The geomagnetic Pc5 pulsations at geostationary orbit were accompanied by the Pc5 pulsations in fluxes of
energetic electrons at LANL-1991 spacecraft and in cosmic noise absorption (CNA) at MCM station with the same
frequency. The MCM station is located near the conjugate point according to the GOES-10 satellite. The coherency
between the geomagnetic field variations and variations of the fluxes of energetic electrons is 0.92, while the
coherency between the geomagnetic field variations and variations of CNA is 0.85 at the frequency of the maximum
power spectrum. The poloidal geomagnetic Pc5 pulsations were not well seen on the ground magnetometers due to
shielding effect of the ionosphere.

The important parameter of the pulsations is modulation depth. The depth of modulation for the Pc5 pulsations in
CNA reaches the value 85%.

So in our work we firstly show that the poloidal geomagnetic Pc5 pulsations observed on the geostationary orbit
were accompanied by the corresponding Pc5 pulsations in CNA near the conjugate point. Thus it is shown that the
poloidal geomagnetic Pc5 pulsations were accompanied by the pulsations of precipitated energetic electrons.
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Saturation of amplitude of whistler-mode waves generated in a nonuniform magnetic field and
possible consequences for the parameters of VLF chorus emissions

A.G. Demekhov (Institute of Applied Physics, Nizhny Novgorod, Russia)

We study numerically the wave amplitude saturation upon the generation of VLF chorus emissions in the Earth's
magnetosphere. The dependence of the characteristic amplitude of whistler-mode waves at the nonlinear stage on
the linear-instability growth rate is one of key relationships in the chorus generation theory which determines the
relation between the frequency drift rate and the linear growth rate. The latter relation based on analytical formula
for the saturated wave amplitude in a uniform medium (Trakhtengerts, 1984) has been employed when studying the
observational data on VLF chorus detected by Cluster spacecraft in the equatorial magnetosphere (Macusova et al.,
2010; Titova et al., 2011). In this paper we verify the analytical relationship obtained by Trakhtengerts (1984) and
update it for the nonuniform medium characteristic for the near-equatorial magnetospheric region. For that we use
the numerical model of self-consistent nonlinear resonant interactions between energetic electrons and whistler-
mode waves (Demekhov and Trakhtengergts, 2005). The implications for the estimates of electron-distribution
parameters based on the parameters of observed VLF chorus elements will be discussed. We also consider the
effects of the chorus generation on the electron velocity distribution and possible consequences for chorus
generation conditions.

Broadband electrostatic noise associated with Alfvenic turbulence in the topside ionosphere

I.V. Golovchanskaya, O.V. Mingalev, B.V. Kozelov, M.N. Melnik, and I.V. Despirak (Polar Geophysical Institute,
Apatity, Russia)

One phenomenon accompanying the Alfvenic turbulence in the high-latitude topside ionosphere is a broadband
electrostatic noise seen in the electric field spectra at frequencies from about 10-20 Hz up to 1-3 kHz. The nature of
this perturbation is not quite understood. We report two observational features that could, to a certain extent, shed
light on its generation mechanism: (i) the broadband electrostatic noise always develops in the non-uniform
background, i.e. in the presence of external gradients; (ii) it exhibits a clear seasonal variation, the intensity of the
noise being, at least, factor 3-4 higher in winter than in summer. The second feature is especially intriguing because
this perturbation lacks field-aligned currents, whose closure via poorly conductive winter ionosphere could require
stronger electric fields in winter season. We discuss different mechanisms of broadband electrostatic noise
generation and suggest that the inhomogeneous energy-density-driven instability (IEDDI) associated with localized
electric fields of the Alfvenic turbulence can produce a perturbation consistent with the reported features.

Geomagnetic pulsations associated with substorm
N.G. Kleimenova (Institute of the Earth Physics RAS, Moscow, Russia)

Different wave generation is a fundamental behavior of the magnetospheric plasma which is represented the
interrelated system of resonators and waveguides with a distinguished feature of the field line resonances. A most
part of the generated in the magnetosphere waves could be observed at the Earth surface as a wide range of
geomagnetic pulsations (or ULF waves), which are defined as fine indicators of a different plasma instabilities
development. The history of the pulsation discovery, their classification and the first pioneer results are presented.
Some forgotten and seldom referred evidences of the relationship between Pi2 geomagnetic pulsations and visible
auroras are shown. The substorm associated geomagnetic pulsations, exhibited the traditional substorm feature are
discussed. The high- and low-latitudes Pi2 pulsations, directly driven by compressional pulses during a substorm
onset and their possible effects at the day side magnetosphere are given. It is shown that the simultaneity of the
PilB, Pi2, and Pi3 pulsations burst exiting demonstrates their common nature at a substorm onset. Despite of the
well documented facts of the relationship between the morning Pc5 pulsations and substorm development, the role
of substorm in the generation of the magnetosphere field line resonances is still unknown.
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Spatio-temporal features of pulsating aurora: New observations and approaches

B.V. Kozelov, E.E.Titova, V.E.Yurov, L.P. Borovkov, S.V. Pilgaev (Polar Geophysical Institute, Apatity,
Murmansk region, 184209 Russia)

Optical observations with a new system of auroral cameras (MAIN - Multiscale Aurora Imaging Network) have
been analyzed to deduce spatio-temporal features of pulsating aurora. The observational system consists of 5
cameras which were installed at Kola Peninsula for observations of auroral structures at different scales: from fine
structured near magnetic zenith to all-sky luminosity. We discuss the traditional features of the pulsating aurora
(periods, spatial size, altitude), as well as new approaches: number of degrees of freedom, coherency, spatial modes,
etc. Comparison with previous experimental and theoretical results is presented.

Kink and sausage modes of the flapping oscillations in the magnetotail current sheet

D.I. Kubyshkina, D.A. Sormakov, V.S. Semenov, V.A. Sergeev (Institute of Physics, State University, St.
Petersburg, Russia)

Flapping oscillations observed in the current sheet of the Earth’s magnetotail, represent rather slow waves
propagating from the center to the flanks with a typical speed ~20-60 km/s, amplitude ~1-2R. and quasiperiod ~2-10
minutes. The relevant model is based on double gradient of magnetic field: gradient of tangential (By) component
along the normal (z) direction and normal component (B,) along the x-direction. Calculations were made for two
different variants of initial disturbance.

In the framework of this model the rotation of the vector of magnetic field in the plane Z-Y as well as vector of
plasma velocity is investigated to find differences between kink and sausage modes of the flapping oscillations.
Were observed that rotation of the vectors don’t depend from type of initial disturbance and it is also shown that the
speed of the rotation of the vector (v or B) gives the fundamental parameters of the model including double gradient
frequency.

The theoretical results are compared to the flapping oscillations observed by space mission Themis on 03.05.2008 in
the morning sector of the magnetotail. The observed rotation of the velocity vector simultaneously on two
spacecrafts of Themis mission corresponds to the kink mode of the flapping oscillations.

The results obtained show that data on rotation of v and B vectors can give important information about modes and
characteristics of the flapping waves.

Temporal change of the VLF hiss polarization: Case study of the event on 12 April 2011
J. Manninen', N.G. Kleimenova®, O.V. Kozyreva®

! Sodankyla Geophysical Observatory, Finland
2 Institute of the Earth Physics RAS, Moscow, Russia

VLF hiss burst was observed on 12 April 2011 at 04-06 UT in Northern Finland at the temporal station Kannuslehto
(L=5.3), which is located near Sodankyla at the auroral latitude. The event occurred at the end of the initial phase of
the small magnetic storm. Initial phase of the storm was distinguished by very high solar wind dynamic pressure (up
to 14 nPa) on 11 April 2011 at ~16 UT, which resulted a significant squeezing of the dayside magnetosphere.
Because of that the plasmapause could be shifted to L-shells less than 5.3. A few hours later, on 12 April 2011, in
the morning sector, an intense VLF hiss burst at 1.5-4.0 kHz was recorded at Kannuslehto. The VLF burst can be
attributed to the typical plasmaspheric hiss. A temporal dynamic change of the signal polarization properties was
found. At the beginning, the polarization of VLF hiss was left-handed, which can be interpreted by long distance
propagation in the Earth-ionosphere wave-guide. Mostly waves arrived from the north-south direction, probably
from lower latitudes. After one hour the wave polarization gradually turned to a strong right-hand polarization,
which can indicate that the ionospheric exit point of wave moved nearly overhead. Before the appearance of VLF
hiss burst, the solar wind dynamic pressure fell down to 1 nPa and the magnetosphere (and the plasmapause) began
to extend to its ordinary state. The plasmapause could be mapped near Kannuslehto station. The VLF waves arrived
from the north-south direction as well, but the intensity of northern and southern signals became comparable. We
suppose, that such dynamic change of wave polarization can be explained by the temporal dynamics of the
plasmapause due to VLF wave guiding effect along the plasmapause.

The VLF hiss was modulated by simultaneously observed geomagnetic pulsations of the Pc4 range. The Pc4
spectral maxima changed with time from higher frequency to lower that can be interpreted as a latitude shift of the
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resonant field lines. Thus, the temporal dynamics of the polarization of the VLF hiss as well as the change of the
resonant geomagnetic pulsations spectra may demonstrate the temporal dynamics of the plasmapause location.

Simultaneous observations of correlated quasi-periodic ELF/VLF wave emissions and energetic-
electron precipitation by DEMETER

D. Pasmanikl, M. Hayoshz, A. Demekhov', O. Santolikz, E. Titova®, and M. Parrot*

! Institute of Applied Physics RAS, Nizhny Novgorod, Russia

? Institute of Atmospheric Physics, Prague, Czech Republic

3 Polar Geophysical Institute RAS, Apatity, Russia

4 LPC2E/CNRS, 34 Avenue de la Recherche Scientifique, Orléans, 45071, France

One of the proposed explanations of the quasi-periodic (QP) VLF waves observed in the ionosphere is based on
their generation by energetic electrons in the equatorial region of the magnetosphere. These electrons then
precipitate into the ionosphere and their flux should be modulated with the same period as the QP emissions. The
main attention in our study is paid to the correlation between both features. We use the DEMETER spacecraft data
for this purpose. We have analyzed more than two hundred events of the QP wave measurements by DEMETER. In
this large data set, we have found several cases where precipitated electrons are highly correlated with the QP wave
bursts. To our knowledge, such observations made onboard satellites have not been reported earlier. We have found
the cases at both low (L < 4) and high (L > 4) Mcllwain parameter, however characteristics of the QP emissions (the
frequencies, the dynamic spectrums, the periods) differ for different latitudes. Energetic particle data from the
DEMETER satellite are supplemented by data from the NOAA-17 satellite. The orbit of this spacecraft is very
similar to the orbit of DEMETER. We discuss mechanisms of removal of energetic electrons from a generation
region and we compare the parameters of the observed events with the cyclotron maser model of the QP emissions.

Pcl1-2 auroral pulsations
V.C. Roldugin, AV. Roldugin and S.V. Pilgaev (Polar Geophysical Institute, Apatity, Russia)

There are regular optical observations of aurora in Lovozero (¢=68.0° N, A=35.0° E, ®=64.4°, A=114.3°) by all sky
camera “Spica”. This camera consists of «fish-eye» lens of model FE-0.8-MAO(4.2) manufactured by Main
Asrtonomical Observatory UAS, and CCD F-046 Stingray. The frame rate is one per second, the resolution is 360 x
360 pixels with two bytes per pixel.

The event of 2 February 2011 morning is considered. During recovery phase of negative bay about of 40 nT
between 0200 and 0400 UT some trains of geomagnetic pulsations Pc2 with 7.5 sec period and about of 0.04 nT
intensity appeared. Near the northern horizon a homogeneous arc was observed, and to the South from it weak
auroras with indistinct form were situated. We discriminate 11 circles in field of view: 3 near zenith and 8 along
azimuth every 45°, and determine averaged light intensity in each circle. Thus obtained variations of luminosity with
1 sec resolution in different circles are compared with magnetic pulsations with 0.1 sec resolution.

It is found that in the circles with aurora the luminosity variations correlate well with the geomagnetic Pc2
pulsations. The “pearl” structure is observed both in magnetic and auroral oscillations. The luminosity bursts are
accompanied by positive half-periods in Z-component, by negative ones in D-component, and the positive peaks in
H lag with the luminous peaks about of /2.
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Methods of fractal analysis of the high-latitude ULF emissions to study magnetosphere dynamics
and monitor the space weather

N.A, Smirnova', A.A. Isavnin', T.V. Bondareva', A.N. Vasilev’, Yu.V. Katkalov?

! Institute of Physics, St.-Petersburg State University, St.-Petersburg, Russia
? Polar Geophysical Institute, Apatity, Russia

Now it is recognized that the Earth’s magnetosphere exhibit the properties of the SOC (self-organizes critical)
systems. The main feature of the SOC state is fractal organization (power-law distributions) of the output parameters
in both space and time domains (scale-invariant structures and fractal noise or 1/f fluctuations). Hence we can use
fractal methods to study scaling properties of the magnetospheric emissions in different frequency ranges and thus
trace multi-scale magnetospheric processes.

Here we apply fractal methods to the high-latitude ULF emissions registered at Barentsburg (®m = 76°N) and
Lovozero (®m = 64°N) during one year period of 2008. The advanced equipment used at those stations and rather
high resolution of 10 Hz allow us to analyze appropriately fractal properties of the ground-observed magnetic
fluctuations in the wide frequency range from DC up to 3-5 Hz. We restrict our analysis to ULF range of f=0.002 —
2 Hz since it is the principal range of magnetospheric ULF waves, which play an important role in multi-scale
magnetosphere dynamics.

Three methods of fractal analysis are considered: 1) PSD (Power spectral density) method (Feder 1989, Turcotte
1997); 2) Burlaga-Klein method (Burlaga and Klein 1986); 3) Higuchi method (Higuchi 1988, 1990). Some
interesting peculiarities in dynamics of the ULF fractal characteristics have been detected and discussed on the basis
of the SOC consideration. The most interesting peculiarity revealed is the kink on the fractal curve at the time scale
near 0.5 sec. A similar kink was theoretically predicted by Milovanov and Zelenyi in 1996 on the basis of the
Geotail data analysis (Hoshino et al., 1994). We discuss such a correspondence and validate, that fractal
characteristics of the high-latitude ULF emissions can be used to study magnetosphere SOC dynamics and monitor
some plasma parameters related to the space weather.

Using VLF chorus elements observed by CLUSTER satellites for study of the backward wave
oscillator in the magnetosphere

E. Titova', B. Kozelov', A. Demekhov?, O. Santolik®, E. Macusova®, J.-L. Rauch?, J.-G. Trotignon4, D. Gurnett’,
and J. Pickett’

! Polar Geophysical Institute, Fersmana 14, 184209, Apatity, Russia

? Institute of Applied Physics, Ulyanov 46, 603950, Nizhny Novgorod, Russia,
3 JAP/CAS, Bocni II/1401, 141 31Prague, Czech Republic,

* LPCE/CNRS, 45071, Orleans, France,

3 University of lowa, lowa City, 14, 52242, USA

A generation mechanism for VLF chorus was suggested by Trakhtengerts [1995, 1999] on the basis of the backward
wave oscillator (BWO) regime of magnetospheric cyclotron maser. According to the BWO model, a sharp gradient
(or step-like deformation) on the electron distribution function is the most important factor of chorus generation, but
such a feature is very difficult to observe directly. The properties of the step in the BWO model determine the
dimensionless parameter q quantifying the excess of the energetic electron flux above the absolute-instability
threshold. This parameter, in turn, is related to the frequency sweep rate of chorus elements, which we obtained by
using the data from WBD instrument onboard CLUSTER satellites in the equatorial region for more than 7000
chorus elements. Then using the CLUSTER data for the plasma density and magnetic field we calculated q and
found that the q values depend only weakly on the density; the average values of q = 7 for the lower band chorus (f/
fH < 0.5) and q = 13 for the upper band (f / fH> 0.5). Such a large excess over the generation threshold obtained
from observations is consistent with the results of numerical simulation of discrete elements with rising frequency
(Demekhov and Trakhtengerts, 2008). Another important feature of the q parameter is significant scatter of its
values during each Cluster passage of the generation region. Using the obtained q values we estimate the relative
height of the step on electron distribution function to lie in the range from 0.01 to 0.3. The spread in q values
indicates the importance of the fluctuations of the distribution function in the formation of chorus elements.
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Mogesb moJisi cpeqHemupoTHLIX Pi2 myascanuii Ha noHocdepHBIX BHICOTAX
E.H. qDeﬂopOBl, B.A. HI/IJII/IHQHKOI’Z, b. Xaﬁnm3, I1. CaTKJII/I(b4, XL JI}op5

" U®3 PAH, Mockea (enfedorovl@yandex.ru)

2 UK PAH, Mocksa

T eousuneckuii Unemumym um. Jlopana, Bydanewm, Benepus

* Maznumnas o6cepsamopus epmanyc, Tepmanyc, FOAP

’ Hayuonansmwiii Hayunoui yenmp nayx o 3emne, ITomcoam, Fepmanus

[ome cpemuemmpoTHEIX Pi2 mymecannii HAa HOHOC(EPHBIX BBICOTAX IMPEICTAaBICHO B BHAE CYMMBI MapIHAbHBIX
anbBeHoBckoit 1 BM3 BomH. [IpemnokeHa Monenb pachpefeleHUs IONSA IyJNbCAIMA C y4eToM C(hHepHIHOCTH
3emim. Mozens mpuMeHuMa s epuogoB T>50 c. IlpeanmoskeH MeTOJ OIEHKH aMIUTUTYA HapIHalbHBIX BOIH.
Uurepnperupyrores oxaHoBpeMenHble HaOmogeHust Pi2 Ha cnytiuke CHAMP (h~350 km) u Ha OByX Ha3eMHBIX
COTPSDKEHHBIX CTAHLIUAX.

I'eomaruuTHbIe MyJbcanun quana3zona Pc2-3 na 3emie, B BepxHeii nonocgepe u B Marnurocdepe
H.B. fIrosa’, b. Xoitnmur?, E.H. ®ezopos’, I1. Kopau’

1
HUD3 PAH, Mockea, nyagova@yandex.ru

2
Teoghusuueckas obcepsamopus Tuxanu, n. Tuxanu, Benepus

3 .
Teopusuueckuii uncmumym um. Jlopana, byoanewm, Benepus

PaccmarpuBarotes mynbcaiuu auanazona Pc2-3 (80-250 mI'i) Ha 3emHO# moBepxHOCTH, B F-citoe nonocheps u B
marHuTocgepe. B ciyuasx, xorna curHan HaOmoJaeTcs OJHOBPEMEHHO Ha 3emiie M B HMOHOcdepe, aMILIUTya
CHTHAJIa Ha TIOBEPXHOCTH 3€MJIM B CpEJHEM Ha MOPSJOK HIXKE M3MEPEHHOIo B MOHOC(]EpE, a 4acToTa HECKOJIBKO
BBIIIIE, YTO MIPUBOJUT K OLIEHKE IPOCTPAHCTBEHHOI'0 MacuTaba B HECKOJIBKO JECITKOB KmiioMeTpoB. [Tomsipusanus
MyJbCalluii COTBETCTBYET alb()BEHOBCKOH Moje. Mopgoaornueckue CBOHCTBA M 3aBHCUMOCTH I1apaMeTpOB
paccMmarpuBaeMbIXx Pc2-3 mymbcamuii OT (akTOpOB KOCMHYECKOH TIOTOABI CYIIECTBEHHO OTJIMYAIOTCA OT
COOTBETCTBYIOIIMX ApaMETPOB CPENHEIIUPOTHBIX Pc3 mynbcaruii.
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Observing of atmospheric hadronic shower on the Barentsburg neutron monitor

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

The Barentsburg 18-NM-64 neutron monitor (NM) has a notable feature. It consists of three sections 6-NM-64,
which have spaced at about 5 m. Due to the new recording system with 1 mcs time resolution between pulses one
can study such fast and transient phenomenon like multiplicity. A multiplicity event is an isolated sequence of
pulses into a data set with short time intervals between them. In the present work a two-section multiplicity was
studied i.e. a multiplicity event, which is formed by pulses appearing simultaneously at two different sections. We
select only such two-section multiplicities in which each section must put more than 4 pulses into an event. In this
case a probability of a random coincidence of pulses in the data set is around 10®. It means one event in the NM
data per 5-10 days. But number of such events is 20-30 per a day really. We consider this to be the effect of
atmospheric hadronic shower on the NM. Cross-section size of such shower is estimated to be about 10 m. There is
no doubt of reality of the multiplicity, because other characteristics of two-section multiplicity events (like total time
duration, time profile etc.) are near to the same values of one section multiplicity.

Geomagnetic efficiency of Solar ejection depended on relative orientation of Sun and Earth
rotation axes

N.A. Barkhatov', E.A. Revunova', A.E. Levitin®

! Nizhniy Novgorod State Pedagogical University, Nizhniy Novgorod, Russia
? Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation, Troitsk, Russia

Seasonal variations of geomagnetic activity have two peaks which fit to spring and autumn equinoxes periods.
Analyzing such pattern it has been assumed that reason of these peaks is formation of active Sun areas which are
grouped in zones from 10 to 30 degrees northern and southern heliographic latitudes [Cortie, 1912]. Therefore
during the equinoxes periods when the Earth's latitude gelioprojection has maximum the most probable collision of
the Earth with Solar streams from active areas promotes. With time researchers began to consider geomagnetic
dipole inclination to ecliptic plane and effect of occurrence of these two peaks has connected with the following
situation. The interplanetary magnetic field (IMF) usually considered in Solar-ecliptic coordinate system whereas its
influence on geomagnetic activity depends on sign and amplitude vertical Bz vector IMF component in solar-
magnetospheric coordinate system when this field is brought to magnetosphere by Solar wind. Seasonal effect
described by Kp-index according to Russell and McPherron consist geomagnetic activity dependence on vector IMF
components. Positive polarity of this components IMF is the most geoeffective in the autumn and negative polarity
— in the spring [Russell and McPherron, 1973]. There is also representation about a direct connection between this
activity and relative orientation of electric field vector E of Solar wind and geomagnetic moment vector M
[Kuznetsova et al, 2006, and references]. However, as the electric field contains Bz component of IMF vector, it is
possible that the relationship Kp index with the angle between M and E vectors is due simply dependent cosine of
this angle of IMF Bz component in the Solar-magnetospheric coordinate system. In this connection, in [Barkhatov et
al, 2008] the estimation of relationship between Kp index with Solar wind electric field and with projection of this
field on the geomagnetic dipole has been executed. Method for calculating Solar wind electric field, showing its
greatest geoeffectiveness in form of correlation with an index of global geomagnetic activity Kp is developed.
Another cause of the greater number of magnetic storms and storms with strong intensity during spring and autumn
equinoxes may be seasonal dynamics of the Coronal Mass Ejections (CME) parameters like magnetic clouds
reached the Earth's magnetosphere. Due to changing of Sun rotation axis inclination to ecliptic plane during the year
the interaction probability of Earth with ejections from the “royal zones” increases during the equinoxes.
Accordingly, the generation probability of intensive magnetic storms increases also. This is possible because the
strong magnetic field, which is responsible for the magnetic storms intensity, is observed on the axis CME and Earth
will pass through center of CME during the equinox.

Establishing the influence of the Sun axis rotation orientation on the geomagnetic activity in the statistical analysis
of the seasonal distribution of CME Solar source locations causing geomagnetic storms was carried out. For this
purpose data of Solar catalogues for a complete Solar cycle 23 (1996-2006) has been involved. The carried out
analysis has shown that during the autumn/spring equinox Solar sources of geoeffective position CME source
mainly located above/below the Solar equator while during the periods of solstice coordinates are approximately
symmetrical distribution concerning equator. This effect is more pronounced during Solar minimum.
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Oscillations of a thin flux tube inside polytropic star
R.O. Bortnikov, V.S. Semenov (Saint-Petersburg State University)

According to the model of Babcock (1961), during the minimum of the solar cycle initially poloidal field receives
increasing toroidal term due to differential rotation below the convective zone. The stability of such toroidal fields is
considered. Toroidal field is modeled by a single thin flux tube, for which action integral was formulated by Erkaev
(1989) and Achterberg (1996). The equations of motion has been derived from action integral and in 1-dimensional
case of axisymmetric tube in equatorial plane effective potential was derived. It is shown that such tube may have
two regimes of motion: nonlinear oscillations in equatorial plane and emergence to the Sun’s surface. Dependence
of the regime of motion on the initial field strength in the tube has been studied.

Simulation analysis of galactic cosmic ray transport through the atmosphere

E.A. Maurchev, Yu.V. Balabin, E.V. Vashenyuk, B.B. Gvozdevsky (Polar Geophysical Institute, Russian Academy
of Sci., Apatity, Russia)

Using the PLANETOCOSMICS simulation framework we simulated the galactic cosmic ray transport through the
Earth’s atmosphere and estimated energy distributions of secondaries (protons, electrons, positrons, muons, photons
and neutrons) at various atmospheric levels. As the source spectrum of galactic protons at the boundary of
atmosphere the spectrum according to the standard 25645.122-85 has been used. In addition as a result of simulation
the histogram of energy deposited by cosmic ray showers in the atmosphere in function of altitude has been
obtained.

Gamma-ray spectrometers developed for problems of radiation monitoring: comparison of
simulations with experimental data

E.A. Maurchev, A.V. Germanenko, Yu.V. Balabin, E.V. Vashenyuk (Polar Geophysical Institute, Russian Academy
of Sci., Apatity, Russia)

For the solution of the wide range of radiation monitoring problems we use scintillation detectors Nal (Tl). In the
present work we have carried out simulations of scintillators of different geometry with GEANT4 toolkit to improve
the accuracy of the experimental data. As a model particle source the point source with a spectrum corresponding to
the *’Cs and **'Am has been used. In addition a gamma-ray registration efficiency in function of a scintillator
thickness has been obtained. The simulation results are in good agreement with experimental data.

Modeling of ground level X-ray radiation increases during atmosphere precipitations

E.A. Maurchev, A.V. Germanenko, Yu.V. Balabin, E.V. Vashenyuk (Polar Geophysical Institute, Russian Academy
of Sci., Apatity, Russia)

A X-ray monitoring at ground level showed systematic radiation increases during the precipitations (rain, snowfall).
At present time the measurements are performed with different spectrometers registering X-rays in a range from 20
keV to 4 MeV. In this work we modeled the process of X-ray origin in the atmosphere during precipitations using
simulation toolkit GEANT4. The computational model includes electric fields in nimbostratus clouds which
accelerates the electrons creating the bremsstrahlung X-rays. We also modeled the responses of the scintillation
gamma-spectrometers in use. Simulation results were compared with the experimental data.
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MHD simulation of solar flare - determination mechanism of the phenomenon or hypothesis testing
A. 1. Podgorny', I. M. Podgorny”

! Lebedev Physical Institute RAS, Moscow, Russia, podgorny@fian.fiandns.mitp.ru
? Institute for Astronomy RAS, Moscow, Russia, podgorny@inasan.ru

Currently, the different solar flare scenarios are discussed by several authors. Among them: the destruction of the
current sheet above the active region, the generation of the linear current along an arched magnetic line (a current
source located below the photosphere), magnetic rope ejection that penetrate a magnetic arch, MHD instability of a
magnetic rope producing the a coronal mass ejection, dissipation of the magnetic helicity ejecting from the active
region, and other. Independently of the fact, which the physical mechanism is responsible for flare creation, the
numerical simulation of flare phenomena should be executed under the initial and boundary conditions taken from
observations of a real active region before this flare. The mechanism of occurrence of a flare should be shown by
results of numerical simulation, instead of its artificially introducing in the initial or boundary conditions. The main
goal of solar flare numerical simulation is finding-out of the physical mechanism responsible for energy ~ 10* erg
accumulation over an active region before the flare. Using the measurements of the photosphere dynamics of the
before a flare the 3D MHD simulation performed without introducing any assumptions about the mechanism of
solar flares. It is shown that in the preflare state the current sheet appears in the corona above the active region. The
energy accumulated in the current sheet magnetic field is dissipated during the flare. The main problem of such
simulation is calculation of flare development in the real time.

The active region magnetic field association with solar flares
I. M. Podgorny', and A. I. Podgorny”

! Institute for Astronomy RAS, Moscow, Russia, podgorny@inasan.ru
2 Lebedev Physical Institute RAS, Moscow, Russia

At the active region NOAA 11158 traveling across the solar disk the magnetic field continuous evolution takes
place. The behavior of weak active regions appearing on the eastern limb of the Sun is considered, which become
stronger and stronger traveling across the solar disk. When the magnetic flux of the active region reaches the critical
value of ~ 10 Mx, the powerful (X2.2) flare is produced. The development of the active region is investigated in
the preflare time and during the flare. For performance the work the HMI SDO data were used with time resolution
45 s. However, the HMI SDO measures the component of the magnetic field along the line of sight, which strongly
depends on the position of the active region on the disk. To eliminate this dependence, the normal component of the
magnetic field is obtained by solution of the Laplace equation with boundary conditions in the form of the oblique
derivative of the magnetic potential. The comparison with the not flare productive active regions shows that the
increased flux is not a sufficient condition for the occurrence of a flare. The powerful active region with the dipole
distribution of the magnetic dipole type field does not produce flares. For flare appearance the magnetic field
distribution in the active region should not have a regular character — the magnetic field sources must be intruded in
the area of the field of the opposite sign. Only such photospheric field can form singular magnetic field lines in the
corona, around which the flare productive current sheets can be formed. No strong change of magnetic field is
observed during a flare. The observed weak localized change of the line-of-sight magnetic field component does not
produce appreciable influence on magnetic field distribution in the active region during a flare.

The interhemispheric asymmetry of the parameters of midday recovery (MDR) effect during PCA
events

V.A. Uljevl, M.L Tyastoz, 0.A. Danilova®, O.1. Shumilov®

! Arctic and Antarctic Research Institute (AARI, St. Petersburg) vauliev@yandex.ru

? St-Petersburg Filial of Institute of Terrestrial Magnetism, lonosphere and Radiowave Propagation of RAN (SPbF
1ZMIRAN) marta@mt4697.spb.edu

3 Institute of North Industrial Ecology Problems, Kola Science Center RAS oleg@aprec.ru

During PCA events at the stations of the auroral zone at midday, a decrease of the absorption, which is called the
effect of the midday recovery (MDR), is often occurred. Parameters of MDR (amplitude and frequency of
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occurrence of this effect) at the stations of the Northern and Southern hemispheres are compared. It is established
that the amplitude and frequency of occurrence of MDR are higher in the southern hemisphere than in the northern
one. It is suggested that the asymmetry of MDR parameters is due to interhemispheric differences of geomagnetic
cutoff rigidity and the temperature of the upper mesosphere at auroral zone. The calculations confirm this
assumption.

Study of the MHD discontinuities inside the reconnection exhausts in the solar wind

J.0. Vinnikova, Yu.L. Sasunov, V.S. Semenov (Institute of Physics, University of St-Petersburg, St-Petersburg,
Russia)

Magnetic reconnection is a fundamental plasma process, which is responsible for transformation of magnetic energy
to kinetic and internal plasma energy.

Data base of J.Gosling consisting of 102 magnetic reconnection events in the solar wind simultaneously detected by
ACE and Wind spacecraft over a period from 1998 to 2005 was used for our study. For every event profiles of
magnetic field components, magnetic field rotation angle, velocity components, proton temperature, concentration
as well as total (magnetic plus proton) pressure. Entropy is one of the most significant characteristics of dissipative
processes on slow shock waves and therefore it was investigated in details. The analysis of ACE and Wind data
show

Entropy increase is observed in 72 reconnection events (50 events of magnetic reconnection were detected by Wind
spacecraft and 22 by ACE). Consequently, there is a process of plasma heating and accelerating on slow shock
waves during the switch on phase of magnetic reconnection, which is in agreement with Petschek type reconnection
model.

It was determined that an angle between discontinuities bounded the exhaust regions varies from 6° to 23°, which
corresponds to the reconnection rate 0.1 — 0.4.

Electron temperature is nearly constant inside the exhaust region in contrast to the proton temperature which
noticeably increases, which means that protons are heated at the slow shocks whereas electrons do not.

The separation of Alfven discontinuity and slow shock wave was detected by Wind only once on 1998 — 03 — 25
according. For the rest of 101 events Alfven discontinuity features (field rotation) happen simultaneously with slow
shock wave features (increase of temperature, concentration and entropy and magnetic field intensity decrease). This
means that the exaust region is bounded not only by Alfvenic and slow mode waves but also, to a large extent, by
tangential discontinuities.

Impulses of sunspot activity and surges of magnetic field to the solar poles
N.V. Zolotova, D.I. Ponyavin (St-Petersburg State University, St-Petersburg, Russia)

The time-latitude diagram of the photospheric magnetic field of the Sun during 1975-2011 (Kitt Peak NSO, SOLIS
NSO, SOHO MDI data) is analyzed using Gnevyshev idea on impulsed structure of sunspot cycle and a flux
transport concept. We perform reconstruction of magnetic field surges from sunspot impulses without diffusion
assignment. Using the meridional flow and latitudinal segregation between the leading and trailing sunspot
distributions, it was shown that each sunspot impulse produces a poleward wave of new (trailing) polarity of
unbalanced magnetic flux. Old (leading) polarities do not annihilate across the equator, but are also transported to
the poles.

IIpumMeHeHHe TeOpUM PacHO3HABAHUA 00Pa30B [JIsl pelleHHs 321a4M 0TOOpPa TpedyeMbIX COOBITHI
B 0a3ax JaHHBIX MUPOBOIi ceTH HEMTPOHHBIX MOHHUTOPOB U Pe3YJIbTATOB M3MEPEHUIl MapamMeTpoB
MEKIUIAHETHOM cpelibl HA KOCMMYeCKHX anmnaparax

B.B. ITuenkun (Iloaspuwiii ceopuzuuecxuit uncmumym KHI] PAH)

B pabote paccmarpuBaercst mpobiaeMa aBTOMaTH3AIMK [TOUCKA B JAHHBIX MHPOBOM CETH HEWTPOHHBIX MOHUTOPOB U
B CIIyTHUKOBBIX JaHHBIX COOBITHH, yJOBJETBOPSIOUIMX 33/JaHHBIM TpeOoBaHusM. [Ipemaratorcs u o0OCyXIaaroTcs
JIECKPHIITOPBI, O3BOJISIOIIUE KOJIMUECTBEHHO ONKMCHIBATh MPUHIMITHAIBHBIE 0OCOOCHHOCTH TpeOyeMbIX (pparMeHToB
9KCIIEPUMEHTANIBHBIX PAJOB. Pa3paboTaHHbIC aqrOpUTMBI IPUMEHEHBI JUIs PELIeHHs 33Jad aBTOMaTH3MPOBAaHHOTO
0TOOpa COTHEYHBIX NMPOTOHHBIX COOBITHH 1 DOpOYII - TOHMKEHUH Pa3IMYHBIX THUIIOB.
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The display of heliogeophysical disturbance in midlatitude ionospheric activity index (IAI)
0.M. Barkhatova'?, I.A. Dodonova', N.V. Kosolapova2

! Nizhniy Novgorod State University of Architecture and Civil Engineering, Nizhniy Novgorod, Russia
? Nizhniy Novgorod State Pedagogical University, Nizhniy Novgorod, Russia

The estimation of influence degree of the Solar-Magnetospheric parameters for the ionospheric activity index IAI
[Barkhatova et al., 2011] computed at the station Moscow (55° N, 37° E) for 1986 was carried out. Such the
parameters were considered: the intensity of the auroral electrojets (index AE), geomagnetic field horizontal
component and intensity of long-wavelength X-ray (1-8 A) [Barkhatova et al., 2009]. To establish the relationship
of considered parameter with index [Al, the original values of all these parameters have been also indexed. In order
to eliminate the effect of regular events on the sought relationship index IAI has been preliminary cleaned. Any
long-period variation, diurnal variation, the 27-day cycle, as well as the phenomena associated with the terminator
passage were removed.

The influence observed Solar-Magnetospheric parameters on index Al variation was revealed due to comparing the
index IAI values to each of parameters. The estimation of contribution degree of each parameter to the index was
executed. The results showed that the contribution degree of auroral disturbances in the IAI index gives a value of
about 10%. The value of geomagnetic disturbance contribution to IAI is about 20%. The contribution degree of the
long-wavelength X-rays to the IAI index is about 10%. Thus, the total contribution of auroral disturbances,
geomagnetic disturbances and disturbances caused by long-wavelength X-ray emission effect to ionospheric
disturbance is about 40%.

Obtained result was used to recover the value of IAI index by the method of artificial neural networks. The best
result was achieved using a feed forward neural network. Input feed of each of additional parameters increases the
recovery efficiency on average at 6-7%. The maximum efficiency of 75% achieved by using such parameters
combinations: the geomagnetic field horizontal component plus index AE or geomagnetic field horizontal
component plus long-wavelength X-rays intensity.

Application of nonlinear dynamics methods to study the auroral region
A.A. Chernyshov', M.M. Mogilevsky', B.V. Kozelov’

! Space Research Institute of the Russian Academy of Science, Moscow, Russia
2 Polar Geophysical Institute of the Russian Academy of Science, Apatity, Russia

Most of the processes taking place in the auroral region of Earth's magnetosphere are reflected in a variety of
dynamic forms of the aurora borealis. In order to study these processes it is necessary to consider temporary and
spatial variations of the characteristics of the auroral zone. Most traditional methods of classical physics are
applicable mainly for stationary or quasi-stationary phenomena, but dynamic regimes, transients, fluctuations, self-
similar scaling could be considered using the methods of nonlinear dynamics. Therefore, development of methods
for studies of characteristics of nonlinear processes in open dissipative systems is now actual problem, in particular,
to study the auroral region of Earth's magnetosphere. Special interest is the development of the methods for
describing the spatial structure and the temporal dynamics of the auroral zone based on the ideas of percolation
theory and fractal geometry. The fractal characteristics (the Hausdorff fractal dimension and the index of
connectivity) of Hall and Pedersen conductivities are used to the description of fractal patterns in the ionosphere. To
obtain the self-consistent estimates of the parameters the Hausdorff fractal dimension and the index of connectivity
in the auroral zone, an additional relation describing universal behavior of the fractal geometry of percolation at the
critical threshold is applied.
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Diurnal dynamics of the broadband spectral maximum in the ULF background noise.
E.N. Ermakova', A.V. Pershin', T. Bosingerz, Q. Zhou®

! Radiophysical Research Institute, Nizhnii Novgorod, Russia
? Department of Physical Sciences, University of Oulu, Oulu, Finland
7 Electrical and Computer Engineering Department, Miami University, Oxford, Ohio, USA

The diurnal dynamics of a broadband spectral maximum (BSM) in the background magnetic noise at frequencies
between two and seven Hz is investigated. In previous studies the diurnal behavior of BSM at mid latitudes was
described as a shift of the central frequency towards higher frequencies from sunset towards local midnight
accompanied with a gradual broadening of the maximum [Belyaev et al., 2002; Ermakova et al., 2007]; the BSM is
an entire nighttime phenomenon. At low latitudes (Crete) the phenomenon is more of a sporadic nature and
manifests itself as quasi-periodic oscillations in the polarization parameter epsilon (degree of polarization in the
background noise) rather than a spectral maximum [Bosinger et al., 2009]. Here we give some more details in the
nighttime behavior of BSM for the past two years of rising solar activity in 2009-2011. A more sporadic nature of
BSM became evident now also for the mid latitude observation at “New Life” (56 N, 46 E). We focused particular
the frequency at which the polarization parameter epsilon changes sign from negative to positive values (right-
handed to left-handed circular polarization). Analyses of ionosonde data showed that such changes in the nighttime
behavior can be linked to variations of foF2. This is in accord with the conjecture that the lower boundary of the F
layer forms the upper boundary of the sub-IAR cavity. A sporadic jump of the central frequency of BSM to lower
values often around local midnight was also noticed. It was not accompanied with a change in foF2. Thus it may
indicate a redistribution of the electron density in the E layer Valley (hinting some connection to sporadic E
formation). Based on observations in “New Life” we examined also the occurrence rate of BSM on season and solar
activity.

Numerical calculations using IRI-2007 for the polarization parameter of the magnetic field components cannot
explain such sporadic changes of the BSM central frequency. We had also the possibility to use actual measured
electron density height profiles obtained from Arecibo. The calculated spectra confirm the sporadic occurrence of
BSM at these low latitudes; their appearance sometimes coincided with the formation of an Es - layer around 100
km. Using Arecibo data we did also some efforts to access the occurrence rate of BSM at periods of solar activity
minimum and maximum.

A new multichannel analog-to-digital converter synchronizing data with GPS clock
M.V. Filatov, S.V. Pilgaev, A.V. Larchenko and Yu.V. Fedorenko (Polar Geophysical Institute, Apatity, Russia)

At present, an obsolete data acquisition system is used in a network of geophysical stations of the Polar Geophysical
Institute, Kola Research Center, Russian Academy of Sciences, to investigate geophysical signals in a frequency
band from hundredth portions up to 200 Hz. The system contains a recorder, 22-bit analog-to-digital converter
(ADC), and synchronizer, which ensures an accuracy of synchronizing to the real-time clock (UTC) with a root-
mean-square error of no more than 1 p. The drawbacks of the ADC of this system are the nonlinearity of the
amplitude—frequency response (AFR), absence of an antialias filter, and a low conversion frequency. A new unit
was designed to extend the input signal frequency range to 16 kHz, increase the ADC bit capacity to 24, and obtain
the linear AFR. Depending on the target system can be equipped with up to eight channels of analog input. The data
exchange with a recorder is carried out via the Ethernet interface.

The calculation of rate coefficients for the interaction of vibrationally excited singlet and triplet
molecular oxygen in the active medium of chemical oxygen-iodine laser

A.S. Kirillov (Polar Geophysical Institute, RAS, Apatity, Murmansk region, Russia)

Singlet (electronically excited alAg and blZg+ states) and triplet (ground X3Zg_ state) oxygen molecules play an
important role in radiational balance of auroral ionosphere, in the emitting of Atmospheric and Infrared Atmospheric
band at the altitudes of the nightglow, in chemical kinetics of the O,-1,-1 mixture in the active medium of chemical
oxygen-iodine laser (COIL). Using available in scientific literature experimental data on values of quenching rate
coefficients of 02(b12g+,v=1—3) by molecular oxygen at different temperatures we estimate parameters for analytic
formulas allowing calculate quenching constants of singlet oxygen. The calculated quenching constants for
02(b12g+,v=1—15) and Oz(alAg,v=1—20) by unexcited oxygen molecule at temperatures 7=300 and 155 K show good
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agreement with experimental data. Main channels of Oz(alAg,v:O—ZO) and Oz(blZ;,v:O—lS) quenching by
vibrationally excited oxygen molecule OQ(X3Zg’,v:1—4) are investigated. The calculated coefficients can be applied
in a modeling of vibrational populations of singlet and triplet oxygen molecules in the active medium of COIL.

The study of the influence of intermolecular electron energy transfer processes on vibrational
populations of Nz(aIHg) and Nz(A3Eu+) molecules in the mixture of N, and O, molecules

A.S. Kirillov (Polar Geophysical Institute, RAS, Apatity, Murmansk region, Russia)

Total quenching rate coefficients of three singlet and three triplet states of molecular nitrogen in the collisions with
O, molecules are calculated on the basis of quantum-chemical approximations. The calculated rate coefficients of
electronic quenching of N, molecules are compared with available experimental data. An influence of collisional
processes on vibrational populations of electronically excited Nz(ang) and N(A’Z,") molecules is studied for
conditions of laboratory discharge in N, and O, at admixtures of molecular oxygen 0-20% for the pressures 1-1000
Pa. It is indicated that molecular collisions cause changes in relative populations of vibrational levels of these states
and intensity relations of ultraviolet bands of N, with the rise in the pressure and O, admixture.

High- and mid-latitude ionospheric disturbances during geomagnetic storms

M.V. Klimenko, V.V. Klimenko (West Department of Pushkov IZMIRAN RAS, Kaliningrad, Russia,
e-mail: maksim.klimenko@mail.ru)

In this study, we use the modified GSM TIP model to explore how the thermosphere—ionosphere system responded
to the two geomagnetic storm events. Comparison of modeling results with experimental data at different high- and
mid-latitude stations has shown a good agreement of ionospheric disturbances. We examine in detail the formation
mechanisms of these disturbances and describe some of the important physical processes affecting the behavior of
the F-region. Above high- and mid-latitude stations during storm-time, we clearly see the G condition, when F2-
layer critical frequency becomes smaller than F/-layer critical frequency (sometimes even F2-layer maximum
disappears) and F'/-layer becomes the main maximum of ionospheric F-region. In addition the molecular ion density
during storm-time becomes particularly significant. The F-layer maximum height can increase up to 500 km during
storm-time due to the formation of maximum in molecular ions at this height because of non-uniform in height
ionization processes near solar terminator. We also considered the propagation of thermospheric wind surge forming
during geomagnetic storms.

Various magnetospheric inputs to the GSM TIP model for investigation of ionospheric response to
geomagnetic storm events on May 2010

V.V. Klimenko', M.V. Klimenko', V.G. Vorobjev?, O.I. Yagodkina®

' West Department of Pushkov IZMIRAN RAS, Kaliningrad, Russia, e-mail: vwk_48@mail.ru
* Polar Geophysical Institute KSC RAS, Apatity, Russia

Recent modifications to the Global Self-Consistent Model of the Thermosphere, lonosphere and Protonosphere
(GSM TIP) include adding the empirical model for high-energy electron precipitation and introducing a high-
resolution (1-min) calculation of cross-polar cap potential and region 2 field aligned currents (R2 FAC). We take
into account the 30 min time delay of R2 FAC variations with respect to the variations of cross-polar cap potential.
These modifications resulted in better representation of such effects as prompt penetration of magnetospheric
convection electric field to the lower latitudes and overshielding. This study presents the GSM TIP numerical
simulations of the ionospheric response to the two geomagnetic storm events on May 2010. We try to investigate the
problem of the model input parameters setting at the simulations of geomagnetic storms. In numerical experiments
such model input parameters as cross-polar cap potential and R2 FAC were set as function of different indices of
geomagnetic activity, Solar wind parameters and Interplanetary Magnetic Field. Current simulation uses two
different empirical models for high-energy particle precipitation — the model by Zhang and Paxton developed in
Johns Hopkins University Applied Physics Laboratory, Laurel, USA and Auroral Precipitation model developed in
Polar Geophysical Institute, Apatity, Russia. Our results shows a difference between both these two models of
particle precipitation and between the ionospheric effects of geomagnetic storm events on May 2010 obtained
with their use in the model GSM TIP.
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Background ionization calculation in the auroral ionospheric model
S.K. Kondratiev'?, V.D. Nikolaeva'?, L.N. Makarova', A.V. Shirochkov', V.N. Morozov’

! Arctic and Antarctic Research Institute (AARI), St. Petersburg, Russia
? Main Geophysical Observatory (MGO), St. Petersburg, Russia
? Saint-Petersburg University (SPbU), St. Petersburg, Russia

The auroral ionospheric model is currently developed in AARI, including all basic processes responsible for
ionosphere formation. Main attention should be paid to the description of auroral particles precipitation processes.
The correct description of the background ionization, including solar radiation ionization and ion generation and
dissipation in chemical reactions should be the first and the basic step in such model developing. lonization function
calculation was made taking into account the photon flux density dependence on Fj,; index and solar activity cycle
position. In addition to ionization functions, background ionization block includes more than 70 chemical ion
generation and dissipation equations. Neutral NO concentration is time-dependent and is also calculated using these
equations. Other neutral components concentrations are obtained by NRLMSISE00 model.

Calculation results were compared with data obtained by Tromso ionosonde in quiet conditions, depending on solar
activity cycle position, for different months and different time of day.

Modeling of the thermosphere-ionosphere system response to the high-latitude Sudden
Stratospheric Warming events

Yu.N. Korenkov, M.V. Klimenko, V.V. Klimenko, F.S. Bessarab, 1.V. Karpov (West Department of Pushkov
Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS, Pobedy Av., 41, Kaliningrad,
236017, Russia)

This report presents an investigation of thermospheric and ionospheric response to the sudden stratospheric warming
(SSW) events, which took place in January 2008 and 2009. These periods were characterized by low solar and
geomagnetic activity. Analysis was carried out within the Global Self-consistent Model of Thermosphere,
Ionosphere and Protonosphere (GSM TIP). SSW events were modeled by specifying the temperature and density
perturbations at the lower boundary of the GSM TIP model (80 km altitude). It was shown that when specifying
disturbances in the form of a stationary planetary perturbation s = 1 at the lower boundary of the thermosphere, one
could reproduce the negative electron density disturbances in the F' region of ionosphere during SSW events. The
analysis of observation data showed that the neutral temperature perturbations in the mesosphere and lower
thermosphere region during 2009 and 2008 SSW events was quite different, although the helio-geophysical
conditions during these periods were similar. Our scenario for the 2008 and 2009 SSW event in the GSM TIP
allowed to obtain results which are in a satisfactory agreement with the observation data.

On triangulation by auroral cameras

B.V. Kozelov, S.V. Pilgaev, L.P. Borovkov, V.E. Yurov (Polar Geophysical Institute, Apatity, Murmansk region,
184209 Russia)

The data of the MAIN (Multiscale Aurora Imaging Network) auroral cameras located in Apatity and all-sky camera
in Lovozero observatory have been used to triangulate auroral structures. Two pairs of cameras were employed i)
narrow (18°) field-of-view cameras with ~4 km distance between them and ii) two all-sky cameras which were ~86
km spaced. Triangulation abilities and discrepancies are tested by events of satellite flashes and meteor tracks. The
results are compared with previous results and theoretical estimations.
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Calibration of an induction magnetometer and a vertical electric field antenna

A.V. Larchenko, O.M. Lebed, R. Zubov, M. Shkarbalyuk, M. Filatov and 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 and vertical electric field antenna. Sinusoidal signal from
oscillator is applied to calibration coil via resistor thus generating calibrating magnetic field with amplitude given
while the same signal goes to vertical electric field antenna through small capacitor creating a calibrating signal with
arbitrary amplitude but a phase coinciding with calibration magnetic field phase. Voltage of oscillator output is
measured by the same AD converter. 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 jw. Transfer function may me expressed in terms of
several zeros and poles of rational function. We calculate zeros and poles using numerical optimization, 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.

Velocity of atmospherics along Lovozero — Barentsburg propagation path
O.M. Lebed, S.V. Pilgaev, Yu.V. Fedorenko (Polar Geophysical Institute KSC RAS, Apatity, Russia)

It is a well-established fact that electromagnetic field structure and group velocity of impulsive signals
(atmospherics) propagating in Earth-ionosphere waveguide depend on ionosphere profile. Propagation models
predict different values of local group velocities defined by day and night ionosphere while Schumann resonance
frequencies represent mean velocity. A comparison of measured local velocity obtained from time delay between
atmospheric’s arrivals to stations separated by about thousand kilometers and averaged velocity acquired from
Schumann resonance may help to verify propagation model and assess influence of ionosphere profile to group
velocity. We investigate group velocities of atmospherics using their arrival time to Lovozero (68°00'N, 35°03'E)
and Barentsburg (78°04'N 14°13'E) along about 1200 km propagation path and compare them to simultaneously
measured mean velocities acquired from Schumann resonance frequencies. In this study, we present velocity, and
source azimuth estimation approaches including calibration of equipment and power line noise suppression method
and preliminary results of atmospheric velocity comparisons during December 2011 — January 2012.

Ionospheric TEC variations before three recent strong earthquakes: A comparative study
A.A. Namgaladze', 0.V. Zolotov', B.E. Prokhorov*”

! Murmansk State Technical University, 183010 Murmansk, Russia

2 Helmholtz Centre Potsdam, GFZ German Research Centre for Geosciences, Telegrafenberg, 14473 Potsdam,
Germany

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

Relative ionospheric TEC (Total Electron Content) disturbances obtained from the GPS satellite data during March
8-11, 2011 and Oct. 20-23, 2011 (see http://goo.gl/zZRWI9H ) periods were investigated for Japan M9.0, March 11,
2011 and Turkey Van M7.1, Oct. 23, 2011 earthquakes, respectively, and they were compared with the results of our
earlier investigations for the Haiti Jan. 12, 2010 EQ. The effects that could be considered as possible earthquake
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precursors for all three events were revealed.

All three cases had persistent features: living (lasting ~6-8 hrs.) relative TEC disturbances (30-60% background
values) near the epicenter and magnetically conjugated areas (~15°%~30° via latitude x longitude) affected by the
terminator and subsolar point (they disappeared at the near-midday time).

We investigated as well how the results depend on the quiet background TEC choice. The quiet background values
were calculated as centered medians using from 3 to 27 days grouped by UT moments. It was shown that sliding
window width (SWW, see http://goo.gl/hlllV ) increase generally led to disturbances’ magnitude increase but the
isolines’ form being kept rather stable.

We discuss these TEC anomalies in terms of the electromagnetic lithosphere-ionosphere coupling mechanism and
interpret the disturbances as a result of the seismically induced electromagnetic [ExB] drift of the ionospheric F2-
layer plasma.

Study of fine structure of ionospheric current with the conjugate DMSP and EISCAT
measurements

V.D. Nikolaeva'?, A.L. Kotikov*®, T.I. Sergienko4, S.K. Kondratiev'?’

' Arctic and Antarctic Research Institute (AARI)

2 Saint-Petersburg University (SPbU)

* SPbF IZMIRAN

* Swedish Institute of Space Physics (IRF)

> A.I Voeikov Main Geophysical Observatory (MGO)

The purpose of this paper is to compare the results ionospheric conductivity calculations based on measurements of
fluxes of precipitating electrons measured on DMSP satellites and direct measurements of electron density from
incoherent scatter EISCAT radar.

To calculate the conductivity in real ionosphere conditions it is necessary to know the composition of the neutral
atmosphere, ion, neutral and electron temperatures, and the concentration of ions and electrons. The parameters of
the neutral atmosphere were obtained from NRLMSISE-00 model.

Electron concentration can be calculated from satellite DMSP data, measuring the flow of electrons precipitation in
various parts of the energy spectrum along the satellite trajectory.

Also, for conductivity calculations we used radar EISCAT data (Tromso), working in CP3 program (sounding not
only with the height, but also by latitude).

4 cases of synchronous operations of the radar EISCAT CP3 program and the satellite DMSP-13 and DMSP-14 over
the auroral oval (from 6 to 8 December 2004) were selected.

Based on the analysis of ionospheric conductivities obtained in two different ways it become possible to restore the
real distribution of the ionosphere and the field-aligned currents for the different phases of a substorm.

Absorption of high frequency waves in a heated ionosphere region
A.B. Pashin, A.A. Mochalov (Polar Geophysical Institute, Apatity, Russia)

Numerical modeling has been used for study of absorption of high frequency waves in ionosphere modified by
powerful ground-based HF transmitter. The ionosphere electron heating is accompanied by a growth of the HF wave
absorption in lower ionosphere. The additional absorption is great enough to be measured, and it is possible to use
the absorption for diagnostics of disturbed parameters of the ionosphere. Increasing of the diagnostic HF wave
frequency leads to absorption decreasing, so optimal frequencies belong to a range from 30 to 40 MHz. These
frequencies are usually used for cosmic noise absorption observations. Increasing of the diagnostic wave frequency
requires high stability of the wave power. This makes cosmic radio noise useless for the diagnostics. Manmade
source of the HF diagnostic wave is needed for this purpose.
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The event of riometer absorption on 5 May 2011 may be caused by auroral protons?
V.C. Roldugin and M.E. Shkarbalyuk (Polar Geophysical Institute, Apatity, Russia)

There are regular riometer observations in Lovozero (0=64.4°, A=114.3°) with 30 MHz frequency. The event of 5
May 2011 is considered. During small positive bay about of 40 nT in Lovozero and close Scandinavian stations in
evening time between 1630 and 1700 UT an absorption of cosmic noise about of 1.5 db occurred. A west auroral
electrojet may be situated this time at more high latitude, and the small positive bay can not be caused by its
spreading currents. During this absorption time Pc/ and Pc5 pulsations took place in Lovozero and in Scandinavia.
We hypothesize on the base of these facts that this riometer absorption was induced by energetic proton
precipitation.

Is the F2-layer Summer Nighttime Anomaly Midlatitudinal or Subauroral: an investigation by
means of global numerical modeling

Yu.V. Romanovskaya, A.A. Namgaladze (Murmansk State Technical University, Murmansk, Russia,
y-romanovskaya@yandex.ru)

Midlatitude Summer Nighttime Anomaly (MSNA) is an inverted diurnal variation of the F2-layer electron density
with maximal values at midnight hours and minimal values at day ones. The anomaly was detected both in the
Southern and Northern Hemispheres under undisturbed summer solstice conditions. The most well-known sample of
the MSNA is the Weddell Sea Anomaly in the Antarctic region with the maximal effect from 255° to 315° in
geodetic longitude and from 60°S to 70°S in geodetic latitude. In the Northern Hemisphere the inverted electron
density variations are observed at the meridians of 120-140° in longitude and from 40°N to 60°N in latitude. We
investigate physical mechanism of the MSNA using the global 3D numerical Upper Atmosphere Model and the
empirical IRI model. The relative roles of the thermospheric winds, plasmaspheric fluxes, magnetospheric
convection and energetic electron precipitations are considered. The calculation results are compared with
ionosonde data in order to obtain both qualitative and quantitative agreement with them. We conclude that MSNA is
rather subauroral than midlatitude F2-layer anomaly or at least both midlatitudinal and subauroral physical processes
participate in its forming.

Ionospheric fluctuations over high latitude using Greenland GPS network and aurora
I. Shagimuratovl, S. Chernouss®, Y. Cherniak’, I. Ephishovl

" IZMIRAN, Kaliningrad, Russia
2 PGI KSC RAS, Apatity, Russia

Comparison of the oval of TEC fluctuation activity with the auroral oval was done. GPS measurements of
Greenland network were used to study the occurrence of TEC fluctuations at the northern high latitude ionosphere
during period of solar minimum activity. GPS stations with geomagnetic coordinates higher than 55°N and different
longitudes were involved in this investigation. Dual-frequency GPS measurements for individual satellite passes
served as raw data. Standard GPS observations with 30 sec sampling interval provide information about occurrence
of middle- and large-scale ionospheric irregularities. As a measure of fluctuation activity the rate of TEC (ROT) was
used and fluctuation intensity was evaluated by using ROTI index calculated with 10 min resolution. In the report
occurrence GPS TEC fluctuations occurrence over Greenland during January- December 2007 are discussed. The
statistic of number and intensity TEC fluctuations over polar ionosphere for quiet and disturbed geophysical
conditions are presented. During a storm the intensity of TEC fluctuations essentially increased at subauroral,
auroral ionosphere and polar cup. Maximal intensity may observed during moderate conditions in polar cup and
cusp regions. Using the daily GPS measurements from stations, located over 60-87 CGL near the images of spatial
and temporal behavior of TEC fluctuations were formed (in Corrected Geomagnetic Coordinates - CGC and
geomagnetic local time - GLT). Similarly to the auroral oval, these images demonstrate the irregularity oval. The
occurrence of the irregularity oval relates with auroral oval, cusp and polar cap. It was revealed that for quiet
conditions location of the equatorward edge of the irregularity oval at magnetic midnight was 65°-68° CGL, for day-
side — higher than 70° CGL. The irregularity oval expands equatorward with increase of the magnetic activity.
Taking account permanent increasing number GPS stations in Greenland may more detaile picture irregularity oval
obtain. From the point of view we will show structure and dynamics oval also for September 2011 during high
activity. The study showed that the operating high-latitudes GPS stations can provide a permanent monitoring tool
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for the irregularity oval in near real-time. The results demonstrated that dynamics and structure of irregularity ovals
and auroral ovals well are matched.

Schumann resonance in the vertical magnetic field observed near geological faults
E.D. Tereshchenko, A.E. Sidorenko (Polar Geophysical Institute, Murmansk, Russia)

Measurements of extremely low frequency (ELF) magnetic background noise have been taken along the 30 km
length line crossing the geological fault. Schumann resonance effect was observed in both horizontal and vertical
field. The power spectral density of vertical component H, within the frequency range 0-30 Hz was significantly
increased close to the fault line. In such area vertical magnetic field of Schumann resonance was higher than
horizontal one. At the fault nearest point four Schumann resonances in H, were distinctly observed but only one first
resonance was observed at other points with the same signal processing parameters. Thus the typical transverse
electromagnetic field polarization in ELF range violates near geological faults. In particular, relatively high vertical
magnetic field strength is a consequence of electrical currents excitation inside an extended circuit of the geological
faults having raised conductivity. These currents excited by the natural electromagnetic ELF wave penetrated the
Earth's crust from the Earth-ionosphere cavity. The considered anomalous increasing of vertical magnetic field can
be used to locate the conducting Earth’s crust faults and in Schumann resonance research as well.

An underwater explosion and its acoustic effects on the D region of the polar ionosphere
V.D. Tereshchenko, S.M. Cherniakov, V.A. Tereshchenko, O.F. Ogloblina

Polar Geophysical Institute KSC RAS, Murmansk, 183010
E-mail: viadter@pgi.ru

Results of experimental researches of acoustic influence of the underwater explosion equivalent to 3-7 tons of
trinitrotoluene on the polar lower ionosphere by the method of partial reflections of radio waves are submitted. It
was shown, that passage of an air-blast wave caused quasi-periodic disturbances of total electron content in the D
region of the ionosphere with the periods of infrasonic (2-4 minutes) and internal gravity waves (6, 8 and 16
minutes). Duration of observable disturbances was about 20 minutes; the phase speed of registered waves was close
to the speed of sound in the lower ionosphere.

Experimental researches of wave disturbances in the polar lower ionosphere during the partial
solar eclipse on 1 June 2011

V.D. Tereshchenko, V.A. Tereshchenko, S.M. Cherniakov, O.F. Ogloblina

Polar Geophysical Institute KSC RAS, Murmansk, 183010
E-mail: viadter@pgi.ru

Ionospheric effects of a partial solar eclipse in conditions of a polar day under large zenith angles were investigated
by the methods of partial reflections and riometric absorption. Synchronous reduction of electron concentration in 3-
4 times at the heights of 85-90 km and increase of virtual heights of the reflecting layer approximately by 10 km
were shown. The feature of the parameters was presence of wave variations with the periods of 13-20 minutes. It
made difficulties for more exact definition of these parameters because of absorption had sharp changes at that
period.

Despite of the large zenith angles of the Sun () = 88° at the place of observation and ), = 78-80° at the heights of
70-120 km), effects of the eclipse were showed at all heights in the lower ionosphere and also in the magnetic field
of the Earth. It was marked, that observable fluctuations of ionospheric parameters arose because of influence of the
internal gravity waves generated by imbalance of heat at the shaded part of the atmosphere and supersonic
movement of the lunar shadow.
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Characteristics of the anomalous heat structures within dusty auroral dynamo layer
E.E. Timofeev', S.L. Shalimov?*?, O.G. Chkhetiani’, M.K. Vallinkoski*, J. Kangas4

" Admiral Makarov State Maritime Academy, St-Peterburg., Russia

? Institute of Physics of the Earth, Russian Academy of Sciences, Moscow, Russia
3 Space Research Institute, Russian Academy of Sciences, Moscow, Russia

* Space Physics Department of the University of Oulu, Oulu, Finland

In the present paper we analyze spatial and temporal variations of the ion (Ti) and electron (Te) temperatures
measured by the EISCAT facility within the dark dynamo layer over Tromso during two auroral substorms: March
15 and 23, 1988. High-frequency fluctuations of the temperatures are smoothed by sliding average method.
Smoothed temperatures are studied as functions of the ionospheric electric field strength (E) and electron
density(Ne). It is found that: 1) On time scales from 7 to 15 minutes, the temperature of ions and electrons vary in
antiphase: lon heating is accompanied by cooling of the electrons. 2) The time scales of about 30 to 45 minutes
revealed wavy anti-phase variations of Te and Ne. 3). The value of the temperature anomaly (Ti - Te) increases with
decreasing strength of the E-field and the increase in electron density at the maximum reaching of about 120 K. The
scale of the electron cooling, on average, about twice the size of ion heating. 4) For the values of the E-field above
the threshold of the FB-instability of and low Ne -level the temperature anomaly is replaced by classical picture of
overheating of the electrons (Te - Ti = ~ 50 K), typical of dust-free plasma dynamo layer. The experimental results
are compared with models of spatial patterns of dusty plasma, corresponding to a typical scale of wind and gravity
waves.

Numerical study of atmospherics EM field structure near day-night transition
R.A. Zubov, O.M. Lebed, Yu.V. Fedorenko (Polar Geophysical Institute KSC RAS, Apatity, Russia)

The electromagnetic field structure of impulsive signals (atmospherics) propagating in Earth-ionosphere waveguide
depends on conductivity profile and can be used to detect its inhomogenities. The E,/H ratio is one of the interesting
parameters of this structure. Data from Lovozero station shows diurnal variations of this quantity that cannot be
explained using classical mode theory of wave propagation. In this work we develop 3d numerical code that model
EM field of atmospherics in arbitrary isotropic media at local distances. This model gives qualitative agreement with
experimental data. It also predicts considerable growth of H, component under strong ionosphere inhomogenities, in
the first place under transition region between day an night.

MoaenupoBaHue B3aMMOCBA3HM HUKHEH M BepXHell aTMocdepbl
K.E. Benoymko (Mypmanck, MI'TY, kaghedpa pusuxu, beloushko@mail.ru )

PaccmarpuBaercs mpoOjemMa CO3MaHUs €AWHOW YHCIACHHOW Mmomenan armocdepsr 3emim. IIpoaHaan3HpOBaHbI
CYIIECTBYIOIIME MOJIENIM BEpXHEH M HWKHeHW aTMocdepbl M OCYIIECTBIEH BHIOOD KOHKPETHBIX MOZEIeH st
JlaNIbHEHIIEro UCIOIb30BaHUs B KayecTBe yacTeil Oymynield Meramozenn arMocdepsl 3eMid, Ipeiaraetes: o0mumi
AJITOPUTM O61)6£[I/IH6HI/IH 3TUX Moueneﬁ IMOCpCACTBOM O6MeHa TpaHUYHBIMU YCJIOBUSAMMU.

Hccnenytorcst Takie BOIIPOCHI, KaK CE30HHAsI M CyTOYHasi H3MEHYMBOCTh B HOHOChepe U TepMocdepe, yrpasisieMas
METEOPOJIOTHUECKUMH POLIECCaMK; OTKIMK 3KBaTOPHAIbHONW HMOHOC(hEphl HAa BHE3AIHbIE Pa30rpeBbl B 3UMHEH
NOJISIPHOM cTparocdepe; TemrepaTypHasi ”HBEpcus B Me3ocdepe.

[IpencraBneHsl pe3yabTaThl HEKOTOPHIX COBMECTHBIX pacd€éToB Ha OCHOBE Monenu BepxHel atmoctepsl UAM u
Mozenu obmei nupkysuu NBM PAH.
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HccnenoBanne Bapuanuii cOOCTBEHHBIX 4YACTOT HOHOC(EPHOro aJbBEHOBCKOr0 Pe30HATOpPAa Ha
CPeHHX IMHPOTaX

E.H. Epmaxosa, C.B. ITomsikos, A.B. Ilepmun (Hayuno-ucciedoeamenvckuii paduopuzuyeckuli UHCMumyn,
H. Hoeeopoo, Poccust)

W3BecTHO, YTO COOCTBEHHBIE YAaCTOTHI HMOHOC(EpPHOrO ajdbBeHOBCKoro pe3onatopa (MAP) ompenenstorcs
MOKa3aTeseM MPEOMIICHHS] aJbBEHOBCKMX BOJIH HAa BBICOTAaX MakcMMyMma F-cios, a, cienoBaTenbHO, 3aBUCST OT
BEIMYMHBI 3JIEKTPOHHOW KOHIIGHTPAlMM HAa 3THX BbIcOTax. IIpM BapHanmusx KOHLIEHTPALUH, OOYCIOBIEHHOMN
Hanu4YueM HOHOC(epHBIX Bo3MmylieHni n BI'B, Bo3MOXHBI Bapuanuu rapMoHHUK TpaguunoHor PCC ¢ temu xe
BPEMEHHBIMU NTEPHOAAMHU.

Ha ocHoBe mocTpoeHust ¥ aHaju3a CyTOYHBIX CIIEKTPOIpaMM MarHUTHBIX KOMIIOHEHT (hoHoBoro myma C-10 & B-3,
U3MEpPEeHHbIX Ha cpenHemmpoTHoM nyHkTe “HoBas JKusup” (Hwkeropojckas obnactb, Poccust), oOHapyxeHbI
TIEpUOABI C perucTpanuell KpyImHOMAcIITaOHBIX BapHauuii (0T 2 10 6 YacoB) OCHOBHBIX YacTOTHBIX TapMOHHK
TPaANIOHHONW Pe30HAaHCHOU CTpYKTYphl. Hanbosnee cuibHbIe Baprualuy ObUTH 3apeTHCTPUPOBAHBI OKOJIO IOIYHOUH
B aexabpe 2009-2010 rr. AGcomoTHas Ti1yOMHa Bapualuy yBeJIMYMBaIach C pOCTOM HOMEpa rapMOHHMKH M MOTJIa
mocturate 0.5-1.5 Tm. W3menenwst coOctBeHHBIX YacToT WMAP cBs3aHBL, MO-BUAMMOMY, C HaJHIHEM
KpYIHOMAcIITaOHBIX BOJIHOBBIX BO3MYILIEHHH B HOHOcdepe. bbbl mnpoBemeH aHaiaM3 ORHOBPEMEHHBIX C
perucTpamyeld Bapuanuii coOCTBeHHBIX uacToT WAP 3ammceli mMoOHO30HAa Ha OmmKaled K MPUEMHBIM
HU3KOYAaCTOTHBIM ITyHKTaM CTaHIMKA H aHaiuu3 cyrouHoro xoxa fOF2. OOGHapykeHBI Bapualiii >JIEKTPOHHOH
KOHLIEHTPALMKM Ha BBICOTAaX MakcuMyma F- cios, coBmajaromiye 1o BPEMEHH C BapHAaILlUsIMU, OOHAPYKCHHBIMHU B
rapmoHukax PCC. Ilo aOCOMIOTHBIM BEIMYMHAM BapHalldy TapMOHUK OBUIM CIENaHbl OLEHKH OTHOCHTEIBHBIX
U3MEHEHUN DJJIEKTPOHHOM KoHuUeHTpauuu B F —cioe. [lonydyeHHble 3HauY€HUS W3MEHEHUH KOHLIEHTPALMM, Kak
NPaBHJIO, COOTBETCTBOBAIN JaHHBIM MOHO30HIOBBIX HaOmoaeHuid. [Ipu aHanmuse Bapuanmuii COOCTBEHHBIX 4acTOT
UAP no usmepeHusM B AByX pasHeceHHbIX nmyHKTax (“Hoas XKuzup” u “Crapas IlycTeiHb” — pacrojioxkeH Ha
paccrosiauu 135 KM OT repBoro) oOHapy»KeHa pa3HuIla B BEJMYMHE aMIUTUTY (bl BApHaLiii OCHOBHBIX TAPMOHUK.

Hal0nronaemble «pe3oHaAHCHBIE» CTPYKTYPHI M crieKTpbl UAP
A IO. lllexoroB, E.H. ®enopos

B noxnane npuBOAsTCS pe3ysbTaThl aHAIM3a MarHUTHBIX Tnojied B nuana3zoHe 0.1-4 T'u. Mcnonb3oBaHbl JaHHBIE
CeMM HMHAYKIMOHHBIX MarHuToMeTpoB mnoiisipHoil cetn STEP, pacnonoskennsix Ha Tepputopun CHIA u Kanazgsr.
[TokazaHo, yTO rpebeHuYaThIe CIIEKTPHl B JWANa3OHE IEPBBIX Trepll, OOBIYHO acCOLMHPYEMBIE C HOHOC(HEPHBIM
QIb()BEHOBCKMM PE30HATOPOM, MOTYT BBI3BIBATHCS JABYMS IOCIIEIOBATEIBHBIMUA MMITYJIbcaMH. 1epBbIi MMITyIIbC
MIPUXOIUT B TOYKY HAOJIOAEHHS [0 BOJHOBOAY 3eMJII-HIDKHsS HOHOc(epa, BTOPOW, C HPOTHBOIOJIOKHOMN
MOJISIPHOCTBI0 — OTPA3HWBIIUCH OT BepxHel rpaHurnsl F-cimos. Bpems 3amepikku coBmamaeT ¢ oOpaTHOH 4acTOTOM
¢yamamentanpHol rapmoHukn MAP. Takum oOpa3zom, HaOmoqaeMble TpeOeHIaThIe CIIEKTPHI B IUANa30He MEPBBIX
repil He Beerna sSBistoTes cnekrpamu UAP.

CeiicMo-noHoc(epHas qenpeccusi B OKPeCTHOCTH MOIIHBIX 3eMJIETPSICEH Ui
A IO. lllexoros, E.H. ®enopos, M. XasikaBa

Ceiicmo-noHOC(epHass nempeccuss — 3TO yMeHbIneHue ¢urykryarmuii YHY momnst 3a HECKONBbKO [OHEH mepen
3eMJIeTpsCeHHEM. B mokiane TpUBOMATCS MPUMEPBI STOTO SBICHHUS B OKPECTHOCTH MOIIHBIX 3€MIIETPSICEHUH C
MarauTygou 6onee 8§, kotopbie mpomsonutd B 2006-2011 roxax B Anonun u Ha Kypmnax. Vcmomns30BaHbl JTaHHEBIE
TpEX SMOHCKUX (eppPO30HIOBBIX MAarHETOMETPOB, YCTAaHOBJICHHBIX Ha CTaHIUAIX Memambercy (XoKkaino),
Kaknoka (Xoncrwo) u Kanoiis (Krocro). Ux B3ammuble pacctosaus npumepHo 700 m 900 km. Jlempeccus
MakcuMaiabHa B yacToTHOM auanazoHe 0.02 — 0.05 I'i. DddekT ycTOHYHMBO PErUCTPUPYETCS HA PACCTOSHHUIX 0
1000 kM OT nIMLIEHTpA.
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Anisotropy variation of low energy neutron background in the atmosphere
Yu.V. Balabin, E.A. Maurchev (Polar Geophysical Institute KSC of RAS, Apatity, Russia)

A low energy (up to 1 eV) neutron detector with fan acceptance diagram was processed in Polar Geophysical
Institute. The detector is set on a neutron background monitoring. Short- and long-term variations were found. A
long-term variation is seasonal. There are short-term variations, which are connected to precipitations. It is
suggested that an excess of hydrogen atoms into the environment (wet soil and drops into the atmosphere in
summer, snow blanket in winter) is caused of it. Hydrogen atoms are more effective to reduce and scatter energetic
neutrons and make neutron flux more isotropic.

Total ozone content over the Kola Peninsula: 1973-2011
V.I. Demin', G.P. Beloglazova', A.M. Zvyagintsev’

! Polar Geophysical Institute, Apatity, Russia
2 Central Aerological Observatory, Moscow, Russia

During 2011 year the total ozone content over the Kola Peninsula was less than normal values. Abnormal low ozone
contents were measured in the region during March 27 — April 2, 2011 when negative anomalies were reaching 35-
42% from typical seasonal values. This episode was caused by extended the arctic air masses with very low ozone
concentration from the North Pole to southern Scandinavia.

Although the total amount of Arctic ozone measured was much more than typically seen in an Antarctic spring, the
amount destroyed was comparable to that in some previous Antarctic ozone holes for the first time. Previously the
phenomenon of a similar duration, ozone depletion and spread area, in the Arctic was not observed. It is suggested
that unprecedented depletion of ozone layer above the Arctic last winter and spring caused by an unusually
prolonged period of extremely low temperatures in the stratosphere. The appearance of similar Arctic ozone hole in
the future is open to question.

During the two last decades the total ozone content over the Kola Peninsula was less than mean values over the
period of 1973-1990 years and less than mean for the period of 1950-1972 years which were calculated using ozone
measurements in Tromse. No significant negative ozone trend is seen for the latter period.

Atmospheric circulations epoch and long-range total ozone variations
V.I. Demin', A.M. Zvyagintsev’

! Polar Geophysical Institute, Apatity, Russia
2 Central Aerological Observatory, Moscow, Russia

Using ozone measurement series from Arosa to illustrate (the series from Arosa is the longest in the world (since
1926) we show that long-range total ozone variations can be clearly explained on the basis of hypothesis about
circulation epochs. During each circulation epoch the definite circulation patterns in the atmosphere is observed
more frequently in comparison with its climatic normal values.

According G.Vangengeim classification there are three so-called circulation forms — one zonal (W) and two
meridional circulation forms (E and C). Ozone contents were calculated for main circulation forms. Statistically
significant difference between total ozone contents in various circulation forms allows long-ranges ozone changes to
be forecasted as the circulation epoch can last for decade or more years.

A model study of how solar activity affects the global circulation of the middle atmosphere for
January conditions

I.V. Mingalev, G.I. Mingaleva, V.S. Mingalev (Polar Geophysical Institute , Apatity, Russia)
To investigate how solar activity affects the formation of the global circulation of the middle atmosphere, a
mathematical model of the global neutral wind system of the Earth’s atmosphere, developed earlier in the Polar

Geophysical Institute, is applied. The applied model produces three-dimensional global distributions of the zonal,
meridional, and vertical components of the neutral wind and neutral gas density. The peculiarity of the utilized
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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 hydrostatic equation is not applied.
Simulations are performed for the winter period in the northern hemisphere (16 January) and for two distinct values
of solar activity (Fio;=101 and 230). The simulation results indicate that solar activity ought to influence
considerably on the formation of global neutral wind system in the middle atmosphere and lower thermosphere. The
influence 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 solar activity conditions.

This work was partly supported by the RFBR grant 10-01-00451.

The increase of NO, content in the polar middle atmosphere during intensive solar proton events
L.I. Miroshnichenko', A.S. Kirillov?, R. Werner’, V. Guineva®

"' IZMIRAN, Troitsk, Moscow Region, Russia
? Polar Geophysical Institute, RAS, Apatity, Murmansk region, Russia
3 Space and Solar-Terrestrial Research Institute, BAS, Stara Zagora, Bulgaria

In this study we investigate periods of enhanced production of NOx in the middle atmosphere during intensive solar
proton events (SPE), especially due to invasion of intensive fluxes of high-energy solar cosmic rays (SCR). One-
dimensional non-stationary model of a chemical composition of the middle atmosphere is applied. Our study is
based on the model of upper limit spectrum (ULS) for SCR. Energy distribution of solar cosmic rays is suggested to
be a power-law function with a changing spectral index up to maximum expected energies of 10 GeV. Model
calculations of enhanced NOx concentrations in the middle atmosphere are made for different periods of time in the
course of the events for three energy intervals: 10 MeV — 100 MeV, 100 MeV - 1 GeV, 1 GeV - 10 GeV. Possible
influence of the enhanced NO, and NO; concentrations on the atmospheric transparencies in visible region of the
solar spectrum is discussed.

Stratospheric NO2 long time trends obtained at the Stara Zagora station and some NDACC
stations

R. Werner', D. Valev', At. Atanasov', V. Guineva', I. Kostadinov?, G. Giovanelli, A. Petritoli’, F. Ravegnaniz,
S. Masieri’, A. Kirillov®

! Space Research&Technologies Institute (SR&TI), BAS, Stara Zagora Department, Stara Zagora, Bulgaria
? Institute of Atmospheric Science and Climate (ISAC), Bologna, CNR, Italy
? Polar Geophysical Institute, RAS, Apatity, Russia

Increase or decrease of stratospheric NO2 density can change the ozone concentration, which act on the radiative
balance in the stratosphere and troposphere. Therefore the NO2 trend analysis is very important for the global
climate change study. Daily time series of the NO2 slant column amounts obtained by the GASCOD-BG instrument
at Stara Zagora and of European NDACC stations near 40°N and two subtropical stations are analysed. Extreme
values, which can be a result of tropospheric pollutions or of strong lightning processes, are removed. Monthly
averages are determined by means of the remaining values. The series are homogenized based on linear regression
between neighbour stations using Ordinary Least Squares, by interpolation and by filling of data gapes using
seasonal means. To determine the linear trend a multiple linear regression model, including different impact factors
is used. The influence of the solar activity and the aerosol loading are tested. The QBO effect on the NO2 variation
is checked. The significances of the impacts are tested, taking into account the auto-correlation of the NO2 residuals.
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Differences between Antarctic and Arctic spring ozone losses
A M. Zvyagintsev (Central Aerological Observatory, Dolgoprudny, Russia)

This work surveys the depth and character of ozone losses in the Antarctic and Arctic using available long balloon-
borne and ground-based records that cover multiple decades from ground-based sites. Such data reveal changes in
the range of ozone values including the extremes observed as polar air passes over the stations. Antarctic ozone
observations reveal widespread and massive local losses in the heart of the ozone ‘‘hole’” region near 18 km,
frequently exceeding 99 % in ozone mixing ratio. Although some ozone losses are apparent in the Arctic during
particular years (the strongest losses were observed in 1997 and 2011), the depth of the ozone losses in the Arctic
are considerably smaller, and their occurrence is far less frequent. Many Antarctic total integrated column ozone
observations in spring since approximately the 1980s show values considerably below those ever observed in earlier
decades. For the Arctic, there is evidence of some spring season depletion of total ozone at particular stations, but
the changes are much less pronounced compared with the range of past data. Minimal column ozone values in
Antarctic holes are below 100 D.u. and minimal spring Arctic column ozone values exceed 230 D.u. Thus, we
confirm S. Solomon et al. affirmation (2007) that the observations demonstrate that the widespread and deep ozone
depletion that characterizes the Antarctic ozone hole is a unique feature on the planet. In order to Arctic spring
ozone losses would become comparable with Antarctic ones meteorological conditions (in the first place,
temperature and stability of polar vortex) have to become similar, too.

Bapuanuu crniekTpoB raMMa-u3Jy4eHHusi BO BpeMsi 0CaKOB

10.B. bana6un, A.B. I'epmanenko, b.b. I'Bosnesckuii, 2.B. Banientok (IToasiprolii eeopusuneckuit uncmumym,
Anamumul, Poccust)

B Hacrosimieit pabote npoaomKaeTcst UcciIeOBaHNe BO3PACTaHUH €CTECTBEHHOTO PEHTI€HOBCKOTO (hOHA BO BpeMs
0Ca/IKOB, PETHCTPUPYEMBIX Ha CTAaHIMAX KOCMHUYECKHMX Jyued B Amarurax u bapennOypre. Ha ocHoBe naHHBIX
MHOTOJICTHUX HaONIOIeHWH U 00pabOTKM COTEH COOBITHH BO3PACTAHUH BBISBICHH HEKOTOpPHIE 3aKOHOMEPHOCTH.
Bo-nepBeix, HaOmomaeTcsi JIMHEHHAs CBsI3b MEXIY IOKasareleM CIEKTpa pPEHTICHOBCKOTO HM3JIyYeHUs |
aMIUTUTYION BO3pacTaHus. Bo-BTOpHIX, mMeeTcss BpeMeHHO# caBur (20-30 MHHYT) MEXIy CpemHUM TpoduieMm
BO3PACTaHMS PEHTTCHOBCKOTO M3JIyUeHHUS M CKOPOCTBIO BRINAAEHHS 0calkoB. [Ipeanokena Monenb, OCHOBaHHAs Ha
YCKOPEHHH 3apaKeHHBIX YacTHI[ B BJIEKTPUYECKUX MOJAX B O0JIaKaxX, KOTOpas YIOBIETBOPUTENHHO ONHCHIBAET
HaOr01aeMbIil 3P PEKT.

HenpepbsiBHasi perucrpanusi CHEKTPOB IaMMa-H3JIy4eHHUs] B IIHPOKOM JHANA30HE JHEPIrHil BO
BpeMs aTMOC(EpPHBIX 0CaAKOB

10.B. bana6un, A.B. 'epmanenko, b.b. I'Bo3nesckuii, 9.B. Batuentok (Iloasipruiii 2eousuueckuii uncmumym,
Anamumul, Poccust)

Ha cranuum xocmuueckux nyued [II'M B Amaturax co3maH mpuOOp JUisi HENPEPHIBHOW PErMCTPALMM CIIEKTPOB
ramMma-usnydenus. Mcnons3oBan cnekrpomerp BJIOI2-39, umeromuil pazMepbl CHUHTHIUISUOHHOIO KpHCTasla
(150x100mMm). Perucrpamust ceKTpoB raMMa-M3JIy4eHHs HPOU3BOIUTCS C BBICOKHM pa3pelleHHEM IpH ITOMOIIN
4096-kaHaTBPHOrO aMIIUTYIHOTO aHAIN3aTOpa B Auanasone 3Hepruil ot 100 k3B no 4 MaB.

B pesynerare 00pabOTKH SHEPTETHIECKUX CIIEKTPOB, TOIYIEHHBIX BO BpeMs BO3pacTaHH (M BBITAJACHUSI OCAIKOB),
W CpaBHEHHMS HMX CO CIIEKTPaMH, IOJyYCHHBIMH B SCHYIO IIOTOXy, HAaHJ€HO, YTO COOCTBEHHO BO3pacTaHue
BBI3BIBAETCS JJOMOJIHUTEIBHBIM OTOKOM H3JIyYEHHUS! C SKCIOHECHIMAIBbHBIM 3HEPreTHYECKUM CIIEKTPOM. 3HauCHHE
XapakTepuCTHIecKor sHepruun cocranigeT okoio 300 xk3B. Kakux-mbo niHMH, CBI3aHHBIX ¢ PaIUOHYKIHIAMH, HE
oOHapyxeHo. HabmromaeTcst d4eTKuil BepXHHMH SHEPreTHYECKUH MpeneN H3IydeHUs, CONMPOBOKIAIONMIETO OCAIKH,
KOTOpBIi1 cocTaBister 1.6 MaB.
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Bapuanum ecTecTBeHHOI0 PEHTTeHOBCKOI'0 M3JIy4YeHHsl B PU3eMHOIl aTMocdepe HA pa3JIMIHBIX
IIHPOTAX

10.B. BaJ‘Ia6I/IH], H.M. CaJ'II/IXOBz, O.H KpSIKyHOBaz, .. HaKZ, AL U_[er[eTOB3, A.B. FepMaHeHKOl,
3.B. Baurenok'

! Honspuwnii 2eogpusuueckuti uncmumym KHI] PAH, Anamumui, Poccus.

2 ITOO "Hncmumym uonocpeper” AO "Hayuonanbhblii yenmp KOCMUUeckux ucciedo8anuti u mexnonoaui”,
Anmamet, Kazaxcman.

S OHAH, Mockea, Poccus.

HccnenoBaHbl Bapyualvyd €CTECTBEHHOI'O PEHTTEHOBCKOTO ()OHA B MPHU3EMHOM Ciioe aTMoc(epbl B IHEPTreTUIECKOM
muamnazoHe oT 20 k3B 10 coteH k3B ¢ pa3OucHueM Ha 2 mojmuamna3oHa. V3MepeHuss peHTTeHOBCKOro (oHa
BBINOJIHEHBI HAa TpeX CTaHUuAX: T. Anatutsl (Mypmanckas o61.), . bapenuoypr (apx. llnuudepren) u r. AnMaTsl
(Kazaxcran) ¢ mnoMomIpl0 CHMHTWIULILMOHHBIX JeTekTopoB. OOHapykeHa YCTOHYMBas CBs3b BO3pacTaHWil
PEHTI€HOBCKOTO (pOHA C BHINaJEHHEM ocankoB. [Ipodunu Bo3pacTaHuii Ha BCeX CTAHIMSAX MMEIOT OJIUHAKOBYIO
bopmy.

OmnpeneneHpl Bapualiid MOKa3aTels JHEPTETHYECKOTO CIEKTPa PEHTTEHOBCKOTO M3IYYCHHUS BO BpPEMs BO3pACTaHUI.
Haiineno, 9To Bo BpeMs BO3pacTaHUI MPOUCXOINUT YKECTOUCHHE CIEKTpa (TI0Ka3aTellb YMEHBIIIAETCS), KpOME TOTO,
HaOIIOaeTcsl JIMHEeWHas CBSA3b MEXIy aMIUINTYJIOHW BO3pAacTaHWS W OTHOCHTENBHON BapHalfied MoKa3aTews:
OoJpIIeH aMIUTUTYAE BO3PACTAHUS COOTBETCTBYET O0Jiee JKECTKUI CIIEKTP.

HccaenoBanue aMILIMTYIHOTO pacipenenenusi noroka armocepuxos B YHU-OHY nuanazonax
NP IBYXKOMIIOHEHTHOM perucTpamnum.

B.U. Kupumios, A.A. Tanaxos, M.U. benornasos, B.B. ITuenkun, O.U. Axmeros (Iorspustil I eogpuszuueckuti
Hnemumym, Anamumui, Poccust.)

B pabote aHanu3upyroTcsi pe3ysbTaThl U3MEPEHHUH IByX FOPH30HTAJILHBIX KOMIOHEHT MarHUTHOW COCTaBJISIONIEH
UMITYJIbCHOTO €CTECTBEHHOTO IIIYMOBOI'O 3JIEKTPOMAarHUTHOTo nojst Ha yactoTtax 0.6 k' u 6 kI'1, mpoBeZieHHBIX B
Teuenne Hos0ps 2011 roxa. Perucrpanus cdeprkoB BBINOIHAIACH C TOMOLIBIO KOMIUIEKCA anmnaparypsbl, KOTOPBIH
6611 paspadoran B [TomsipHom reodusnueckom nHetutyre KHI] PAH 1 ycranosnen Ha apxunenare llInunbepren.
OnTUMH3AIMOHHBIMU METOJaMHM  ObUIM HalJeHbl mHapaMeTpbl (YHKIMHM pacrlpelesieHns] aMIUTUTYJl II0TOKa
atMoc(epukoB. lccienoBana CyTodHasi BapHalMs YUCIa PETHCTPUPYEMBIX aTMOC(HEPHKOB B E€AMHHILY BPEMEHH.
[IpoBeneHo cpaBHEHHE CTATUCTUYECKHX XAPAKTEPUCTHUK MOTOKA aTMOC(EPHKOB PETHCTPUPYEMBIX Ha apXHIlesiare
HInudeprex ¢ aHATOTMYHBIMHU XapaKTEPUCTUKAMH, TTOIYIEHHBIMH B oOcepBaTopun «JloBozepoy.

Binsinme reoMeTrpHM TeuyeHHs] BO3AYLIHBIX Macc B 00J1aCTH BHYTPUTPONMYECKOil 30HBI
KOHBEpPreHUMH Ha npouecc (POpMUPOBAHUS HUKJIOHUYECKUX BHXpeil

I/I.B.MI/IHFaHeBl, H.M.Acraq)LeBaz, K.F.OpJIOBl, B.C.Mumnranes', O.B.Munranes', B.M. Yeuetkun’

1 N .
Honspuwiii ceogpuzuneckuti uncmumym Konvckoeo nayurnozo yenmpa PAH, Poccus
2 .
Hnemumym xocmuueckux uccaedosanuti PAH, Poccus
3 .
Hnemumym npurxnaonoii mamemamuxu um. M.B.Kenoviwa PAH, Poccus

B nmanHON paboTe mNpH MOMOIIM YHCICHHOTO MOJCIMPOBAHUS HCCICIYETCS BIMSHHE TIE€OMETPUYCCKOM
KOH(UTypanuy TEe4YeHHsI BO3IYIIHBIX Macc B O0JacTH BHYTPUTPOIMYECKOW 30HBI KOHBEPIEHLMH Ha IPOLIECC
(opMHpOBaHUS NIMKIOHMYECKUX BUXpEeHd B 3TOW 00NAacTH NpHW TOSBICHUH PA3IMYHBIX BO3MYIIEHHH TEYEHUS.
[IpoBoauTCS cpaBHEHHE IOJIYYEHHBIX PE3YJIbTATOB MOJEIMPOBAHUS C JAHHBIMH MHKPOBOJIHOBOTO CITyTHHKOBOTO
MOHHTOpPHUHTA TIIOOANBHBIX PaIUOTEIUIOBBIX Mojeid 3emmn w3 anekrpoHHON koswtekimn GLOBAL-Field. Kax
MOKA3bIBAIOT JaHHbIC HAOJIOICHHUIl, B NEPUOJbI aKTHBHOTO OOpa30BaHMS TPONMYECKUX IMKIOHOB HAIlpaBJICHUE
LEHTPaJIBHOTO TEUYSHHUsI BO BHYTPHTPOIIMYECKOI 30He KOHBEPIeHIIMH MOXKET OTKJIOHATHCS OT HAlPaBJIICHUS C 3amaja
Ha BocToK Ha 10-20 rpagycoB, IpH4YeM B 3TOM TEYEHHH MOTYT MOSBIISATHCS OIMH MM HECKOJIBKO HMCKPHUBIECHHBIX
Y4YacTKOB, YTO MOXET IPHBOJHUTH K 00pPa30BaHMIO OJHOTO, IBYX, TpeX M OoJiee UKIOHWYECKHX BHXpeil. Pabora
BBITIOJIHEHA TIpU (PMHAHCOBOH moaepxkKe rpanta PODU Ne 10-01-00451.
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OTpaskeHue CyTOYHOr0 MepeMelleHusi J0JITOTHOr0 MAKCUMYMa IJ100aJIbHO# rPo30BOii AKTUBHOCTH
B YIJIOBBIX pacrnipeaeeHUsIX NIYMOBBIX 3JIeKTPOMATHUTHBIX CUTHAJIOB IMANA30HA YacTOT MePBOro
HIYMAHOBCKOI'0 pe30HaHca

B.B. [Muenxun ({loaapusiil ceopusuveckun uncmumym KHI] PAH)

AHanu3upyroTCcs BOMPOCH CBS3M YIJIOBBIX PACHPENENICHUN AJIEKTPOMArHUTHBIX LIYMOBBIX CHUTHAJIOB JHANa3oHa
yacToT 6-11 I'm ¢ mpocTpaHCTBEHHBIM paclpeneiIeHUEM IPO3 10 MOBEPXHOCTH 3eMin. [I0Ka3aH OTKIMK CYTOYHBIX
BapHalliil JOMUHUPYIOIIMX HalpaBlIeHUH NMPUX0Ja IIyMOBBIX CHUTHAJIOB Ha CMELIEHHE JOJITOTHOTO MaKCHMyMa B
MIPOCTPAHCTBEHHOM pAaCHpEeAeICHUH TPO30BOM AKTUBHOCTH, CBA3aHHOE C BpAIlEHHEM 3eMIIH. YCTaHOBIIECHO
ocJa0JyieHne BBIPRKEHHOCTH 3TOTO0 OTKJIMKAa B 3UMHHUI Ce30H, OOBSICHSEMOE YMEHBUICHHEM IUIOMIafeld Oo4aroB
MUPOBBIX LIEHTPOB IPO3 3UMOI.

CBfI3b Ce30HHBIX H3MeHEHMIl TIJ100a1bHOI Tpo30BOH AKTHMBHOCTH € Ce30HHBIMHM BapHalMsiMH
AMILUIUTY/IHBIX XaPAKTEPUCTUK HIYMOBOI0 3JIEKTPOMATHUTHOIO MOJIS HMana3oHa yacror 6-11 I'u.

B.B. IMuénkun (I{oasiprouii eeopusuneckuii uncmumym KHI] PAH)

B pabore mpoBeneHO comocTaBieHHE Pe3yJIbTaTOB M3MEPEHUH IIyMOBOTO 3JIEKTPOMAarHUTHOTO IIOJISI HAa 4acTOTax
paifoHa TEpBOrO IIYMAaHOBCKOTO pe30HaHca, NpoBeneHHBIX B TedeHme 2006-2009 romoB B obcepBaTtopuu
«JloBo3epo», C IaHHBIMH CITyTHHKOBBIX HAONIONEHWII 3a 4YHCIOM MOJHHMEBBIX pa3psAfAoB M HA3eMHBIMH
HaONMIONCHUSIMH 332 YHCIOM rpo3. [loka3aHO yBEIWYEHHE CPEJHEro YpOBHS LIYMOB NpPH YBEJIWYEHHH 4HCIA
MOJIHUEBBIX YAApOB, ONPEACIIEMOM IO HAONIOJCHUSIM Ha CI[yTHHKE, JIETOM IO OTHOIICHHIO K 3MME (CE30HBI
ceBepHOro mourymapus). [loka3aH aHAJOTHYHBIA CE30HHBIM IOJOKHUTENBHBIA TPEHI 3aBUCHMOCTH AMIUIATY]IBI
LIYMOB OT CYMMAapHOM IO, OXBaYEHHOU I'PO3aMHu.
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On correlation between superweak radiation readings and cosmophysical factors

E.S. Gorshkov, V.V. Ivanov (St. Petersburg Branch of the Institute of Terrestrial Magnetism, lonosphere and Radio
Wave Propagation of The RAS)

The available findings on cosmobiological correlations with vital processes in living organisms raise an issue of
whether cosmophysical factors (CPF) can influence the inner elements of devices registering various physical fields
and, consequently, their readings. In order to obtain direct evidence of the influence, we used a supersensitive sensor
for superweak radiation (SSR) in the longitudinal study during the 46th Russian Antarctic Expedition at the
Antarctic station Vostok Apr 20 — Dec 21, 2001. The output variable, which is a function of internal resistance of
SSR forming elements, was registered. The reason to choose the sensor was its successful application for the
intervals including instants of the Moon and Sun meridian and horizon transits. These astronomic phenomena, in
certain cases, provoked substantial changes in its conductivity.

In our study, the meridian-oriented sensor was placed inside a customized metal screen covered with a heating cable
and foam enclosure for temperature stabilization. The thermometer was positioned so that its head was 2-3 cm away
from the sensor. The SSR output signal was being recorded to PC (using DIGISCOP software) via multi-meter with
a sampling period of 5 minutes. Temperature and sensor’s readings correlated at -0.7.

To completely eliminate the influence of temperature on the analyzed data, we used new information-bearing
characteristics of SSR, which were conventionally named density (absolute deviation of current multi-meter
readings from the model curve - dDB) and reliability (number of intersections with the curve during the day - f).
Here the model curve was defined on the basis of the most appropriate description of the linear relationship between
two parameters within each current 5-day interval: Dbmod = A — BUT, where T is current temperature, Dbmod —
prototype curve values, A and B — coefficients. Estimate values of dDB and f averaged over 9 spots were used for
studying the correlations of their fluctuations with CPF variations.

The obtained results bring the following facts to our attention:

The oscillatory nature of dDB and f fluctuations manifested itself clearly with the period of appr. 18-21 days). For
both indices, the amplitude of oscillation is £30-40% from the average values. The relative changes of dDB and f
are opposing (r = -0.69). Changes of f retarded in phase for 2 days from changes of dDb (r = -0.71 at the inversed
juxtaposition of curves). In addition, readings of the sensor practically did not correlate with temperature
(correlation coefficients between T and dDB and f are 0.08 and -0.08, respectively). The changes in daily average
values apparently correspond with such seasonal factors as Polar day-night alternations. Particularly, during a polar
night dDB decreases to the minimum, while f raises to the maximum.

Matching polynomial trends (fifth-order polynomials) for dDB and f with the equation of time (ET) and the equation
of equinoxes (EE) revealed significant correlations of ET and EE variations with f (direct correlation at r = 0.53, r =
0.83) and dDB (inverse correlation at r = -0.25, r = -0.64). The polynomial trends for readings correlated at r=-0.84.
At the same time, short-period fluctuations of dDB and f corresponded with sign reversal for the sector structure of
the interplanetary magnetic field (IMF). The correlations between them are 0.52 and -0.46, respectively.
Additionally, the changes of readings are indirectly (via affecting IMF) influenced by the Moon orbital position
(phase) and its orbital velocity. There are no sufficient evidences of solar radio intensity (SRI, 10.7 cm) and basic
solar disturbances (A in the equation of lunar motion) influencing dDB and f .

Spectral analysis of the variations in the sensor’s density and reliability values revealed periods which are similar to
the periods of SRI variations (51.2, 25.6, 28.44 days), A -15.06 days and IMF (25.6, 28.44 and 15.06 days).
Therefore, the similarity of the above-mentioned periods and the presence of correlations between dDB and f
variations and variations in gravitational indices of the Sun, the Earth, the Moon and IMF confirm the
correspondence of the internal processes in supersensitive sensor with the influence from cosmophysical factors.
Here the relatively high correlation of SRI value variations and IMF variations can be attributed to the impact of a
gravity-determined IMF-relevant factor onto the screened sensor. In case of the positive IMF sector structure this
factor causes increasing of the sensor’s density, which contributes into measuring error.

Characteristics of changes in length of subjective minute at different space-and-time conditions

V.V. Ivanov, E.S. Gorshkov ( St. Petersburg Branch of the Institute of Terrestrial Magnetism, lonosphere and
Radio Wave Propagation of The RAS)

Length of subjective minute (LSM) is a psychophysical index and an important component of the general process of
space and time perception in humans. To estimate LSM we used the well-known test, which was performed in the
following way: test person turned on the stopwatch, evenly, calmly, without pauses counted to 121-180 and then
documented the completion time.
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The study of LSM registered in one individual during February 2001 — January 2002 (7-8 times a day, at an average)
at the polar station Vostok (Antarctics) demonstrated that the values vary in a wide range between 36 and 88 sec
(daily average values- between 45 and 62 sec). The values distribution is normal. The variations of LSM during a
day correspond to the day-night alternation: the highest values were registered from 3 to 7 a.m. (56-63 sec), while
during the day they did not exceed 54-55 sec. Three local minimums (50-52 sec) were found - at 9 a.m., 1-3 p.m.
and 7-9 p.m. The changes in daily average LSM values (averaged over 5 spots) well agree with such seasonal
factors as alternation of polar day and night. Within the period including the polar night divide, LSM first grows
from 47 to 55 sec and then decreases to 52-53 sec. As the Sun rises over the horizon and the polar day begins, LSM
reaches its highest point of 59 sec. Matching the daily average values of LSM and heart rate, LSM and respiration
rate showed inverted correlations between them at r = -0.43 and r = -0.52, respectively.

As we know, timing characteristics of all processes in human body are interdependent and synchronized. In this
context, we would like to consider the relation between two biological rhythms — LSM and length of R-R intervals
in electrocardiogram (RR, sec). We valued LSM and RR (by defining shares of their components in total sums
during the whole year analyzed) and compared them. The analysis of daily average difference ( %) between RR and
LSM reveals a linear trend gradually transiting from the negative to the positive value area. It means that there are
certain values of LSM and RR (heart rate) at which these biological rhythms are synchronized. The values are: HR =
63.3£0.7 beat/min, RespR = 9.2+0.4 respiratory cycles/min, LSM = 53.540.5 sec. It should be mentioned that the
obtained values of HR and RespR relate to the optimal cardiac functioning.

The further study of LSM was performed in 2002-2008 to estimate the influence of such astronomic phenomena as
new moon (NM), full moon (FM), solar and lunar eclipses (SE, LE) onto LSM variations. Over 20 sets of
registering LSM during 6 to 12 hours were done. In each case the variations of LSM were similar: within 2-2.5
hours it increased to the maximum, exceeding 1.5-1.8 times the background level (at the moment of the Sun, the
Earth and the Moon’s collinear positioning), and then decreased within appr. 2 hours. The average values of LSM
peaks are: 86,3 sec at FM, 99,5 sec at LE, 85 sec for NM, 90,3 sec for SE and 65 sec for “background” intervals.
The pattern of LSM peaks distribution during a day was defined. According to it, LSM extreme values are located
within the interval of 4-6 hours, which clearly agrees with its daily distribution.

We also estimated the possible influence on LSM from a rare planetary phenomenon (previously observed in 1882),
connected with the Venus transiting across the disk of the Sun on June 6, 2004 (from 9.13 a.m. till 3.16 p.m.), by
analyzing the registered LSM variations from 6 a.m. till 6 p.m. We found that the LSM variations during the outer
intervals (approaching the solar disk and moving away from it) and during NM (FM, SE, LE) are similar. LSM
raises dramatically (from 67 to 79 sec) about 2 hours prior to the planet starting moving across the disk. After that it
drops down to the background level, noticeably dips with the beginning of the eclipse and keeps decreasing more
intensely down to the minimum (52 sec) as the planet reaches the point equidistant to the limb of the Sun. Then
LSM increases to 74-76 sec (during the time interval of the eclipse ending), which is followed with a sharp decline
to 55-57 sec in the next 3 hours.

Similar changes of LSM were registered during the Mercury transiting across the disk of the Sun on November 8-9,
2006 (the phenomenon previously observed in 1886).

We studied the dynamics of LSM for each case: in the Antarctic, at NM (FM, SE, LE), at the Mercury and Venus
transiting across the disk of the Sun. LSM varies in an evidently similar manner. The only difference is duration of
the eclipse phase: from several minutes for NM (FM, SE, LE) to about 6 hours for the Mercury and Venus transiting
across the solar disk and over 4 months for the polar night. Such a pattern of LSM changes in various situations
reflects the similarity of the processes, related either to the fact of three celestial bodies conjunction: Sun-Earth-
Moon (Mercury, Venus) or to the solar “eclipse” akin to the polar night.

The findings confirm the direct relation of the phenomena in question to the dynamics of biospheric processes.

Solar activity and life expectancy of patients in the mental boarding
R.E. Mihaylovl, H.K Belisheva', R.G. Novoseltsev?, S.D. Cherneyz, AN. Vinogradov1

! Kola Science Centre of the Russian Academy of Sciences
? State regional stationary establishment of social service of system of social protection of the population, the
Apatity Psychoneurological Internat

In this study we examine the dependence of the life expectancy of patients psychoneurological internat of the level
of solar activity (SA) in the year they were born. The material of study were health-statistics on the dates of birth
and death in patients of internat in 1984 - 2009 year (total 967 cases). Years of birth of people investigated include
the period from 1895 to 1984 years. As an indicator of the CA used the Wolf numbers. Statistical comparison of
samples of patients born during the high and low SA was conducted by using the methods of Mann-Whitney and
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Wald-Wolfowitz at a significance level of p <0.05. We have shown that the average lifespan of people born in years
of low SA at 8.4 years later. Also shown is the high sensitivity of males to these influences.

Cytogenotoxic effects of the ionizing radiation in the minners buccal cells

D.A. Petrashova, N.K. Belisheva (Kola science centre of the Russian academy of science, Apatity, e-mail:
petrashova@admksc.apatity.ru)

Deep-mined output containing naturally occurring radionuclides such as uranium, thorium and radium is dangerous
to the health of miners due to irradiation of different kinds of mixed ionizing radiation: inhalation / ingestion of dust
particles containing radium, radon inhalation, and its decay products, external irradiation of the body, inhalation of
dust particles mixed radioisotopes. The objective of this study was to evaluate the cyto- and genotoxic effects of
natural ionizing radiation on buccal cells of the underground miners working in the ionizing radiation terms.
Material studies were samples of buccal cells of the miners working in the loparite ore output (Lovozero district,
Murmansk reg.) and the control group of the healthy men living in the Apatity. The test groups consisted of 10 and 8
male smokers, respectively, at the age of 25 to 40 years.

It was established the binucleated cells frequency in the miners group to be 26.2 times more than in the control
group. The micronuclei cell frequencies were not significantly different in the both groups (p = 0.37). The cell death
by necrosis type occurs 1.9 times more often in the miners group than in the control group (66.9% vs. 35.2%,
p=0.0001), with the cell death by apoptosis type occurring in the 1.8 times more in control group than in the miners
group (5.9% vs. 3.3%, p=0.0771).

Thus, the cytogenetic effects of the natural mixed ionizing radiation in the miners buccal calls are manifested in the
reducing of the normal cell frequency, in the increasing of the necrotic cells and in the increasing of the binucleated
cells in 26 times in compare with the control group.

The binuclear cell frequency increasing in the miners group in compare with the control group may indicate the
influence of the ionizing radiation on the cytocinesis. The cell culture studies showed the multinucleated cells
frequency to increase synchronously with the increasing of the neutron component intensity by Earth surface
(Belisheva et al., 2012). It is possible that the neutron component contributes to irradiation of the natural ionizing
radiation through interacting of the alphas with atmosphere molecules. This contribution may appear in the
increasing of the multinucleated cells frequency in the miners buccal cells.

The increasing of the binucleated cells frequency and the decrease of the apoptosis frequency in the miners buccal
cells in comparison with control groups denotes low efficiency of the apoptosis mechanism. It is adverse prognostic
appearance, to prove genotoxic high rate of the irradiation of mixed ionizing radiation in the deep-mined output
conditions.

This study was supported by RFBR grant and administration of the Murmansk region, project number 10-04-98
809-r_sever_a.

Du3u0JI0rHYecKasi 0CHOBA YyBCTBUTEJIBLHOCTH OPraHN3Ma K reJimoreo(pu3n4eckKkuM areHram
H.K. Bermumresa, /I.A. [lerpamosa, A.A. MapteiHOBa, B.B. [Toxkapckas, C.B. [IpsanYaNKOB
Hayunwiii omoen meduro-o6uonocunecxkux npooaem adanmayuu wenogexa 6 Apkmuxe, KHI] PAH, 2. Anamumut

Llens paboTHI COCTOSIIA B BBISIBIICHHE BHYTPHCUCTEMHBIX CBSI3€H B OpraHM3Me U BO3MOXKHBIX MUILIEHEH BO31EHCTBUS
Bapuanuii renuoreodusnueckux areHtoB. MccineaoBanus IpoBOIUIN HA OJJHOPOIHOM 1O BO3PAcTy M IOy IpyIIIe
UCTIBITYEMBIX My’KCKOro mosa (11 uenoBek), y KOTOPBIX €XEeIHEBHO Ha mpoTskeHuu 20 1HeHl oreHHBaiu
¢usmonornueckoe cocrosiane opranmsMa (ampenb, 2008 r.). MHaMkaTtopamu (U3HOJIOTHYECKOTO COCTOSIHUS
CIy)KWJIM TIOKa3aTenud (pyHKIMOHAIBHON aKTHBHOCTH NepH(EpUUEcCKON KPOBH, CEpleYHO-COCYIUCTOH CHUCTEMBI,
NCUXO0(HU3HOJIOTHYECKNE XapaKTEPUCTHKH, OTPaXKalolUe PEeryJsITOpPHBIE BO3IEHCTBHS CO CTOPOHBI IIEHTPAIBHON 1
BETeTaTUBHOM HepBHOW cucteMbl. O (YHKIMOHAIGHONH aKTHBHOCTH KPOBH CYAWJIM Ha OCHOBaHWH KIMHHYECKOTO
aHanu3a ¥ (OpMyJIbl OO KPOBH; COCTOSIHHE CEPACYHO-COCYANCTOH CHCTEMBI AETEKTUPOBAIH C MPUMEHEHHEM
npudopa AKP — aprepuoxapanopurmorpada, Mo3BOJSIOLIET0 PEruCTpUpoBaTh 3nekrpokapaunorpammy (OKI) u
MyJBCOBYIO BOJHY aprepuansHoro pnasineHus (A/l). CroexrpaipHass IUIOTHOCTH MOIIHOCTH BapHaOEIbHOCTH
cepaeuHoro purMa (BCP), cucronmndyeckoro M AMACTONMYECKOTO [IABIEHUS B PA3IMYHBIX CHEKTPAIbHBIX
JMara3oHax XapaKTepu3yeT aKTHBHOCTh BEreTaTUBHOM HEPBHOW CHUCTEMBbI W Jpyrue IoKa3aresd. | aBHble
cnekTpanbHbie cocrapisone BCP u BapumaGensHocTH — auactonudeckoro (JJAJl) u cucromuueckoro (CAJ)
JIaBJICHUS] BKJIFOUAIOT o4eHb HHM3KkodacToTHbI VLF (very low frequency < 0.04 I'y), Huskowactotaeidi LF (low
frequency 0.04 — 0.15 T'm) u BeicokowactoTHbld HF (high frequency 0.15 — 0.4 T'm) nuanasoHsl KoseOaHMH.
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[cuxodu3nonorndeckoe COCTOSHHE OLEHWBANM 10 MomudumupoBanHoMy Tecty CAH u  mmrensHOCTH
WHAUBHAyanbHON MHuHYTH (JJVIM). AHanmu3 ycpeaHEHHBIX MOKazaTeseil, 0 aHCAaMOMIO0 MCIIBITYEeMbIX, 338 KayKIbII
JIeHb WCCIIEOBaHUs TI0Ka3al, YTO CKOPOCTh ocenaHus 3puTporutoB (COD) sABIsETCS WHTETPATBHBIM MOKa3aTeleM
COCTOSIHHS TepU(epuuecKodl KpOBH, CEpPAEYHOCOCYAUCTOH CHUCTEMBI M ICHUXO(MH3HOJIOTHYECKOTO COCTOSHUS
oprann3ma. Oxazanoch, uto COD wumeer 3Haunmmble (p<0,05) MONOKUTEIbHBIE KOPPEISILUU C COJCPIKaHHUEM
sputpouuros (r=0,45), tpomboruroB (1=0,46), cepneunsim putmoM (CP) (r=0,47), MOIHBIM CHEKTPOM MOILTHOCTH
cucronunueckoro (TPS), r=0,53 u mmacronmnveckoro (TPD), r=0,54, aprepuanbHoro nasnenusi. OTpuuaresibHble
cBs3u (p<0,05) Obutn Haiinensl Mexay COD u BapmabenbHOCTHIO MHTEpBaJIOB cepaedHoro putMa (RR), r=- 0,44,
nyascoM (Ps), = -0,49 u nactpoenuem, r= -0,44. B cBoro odepenp, HacTpoeHHE OBUIO MO3UTHUBHO cBsizaHo ¢ HF
(r=0,47), xak u camouyBctBue(r=0,44), wu, HeratusHO, ¢ LF (r= - 0,50) u TPD (r= - 0,48). IUM ObU1a O3UTUBHO
cesazaHa ¢ CAZl (r=0,45), a A - ¢ CA/l (r=0,80) u monommramu kpoBu (r=0,46), Ipu BO3pacTaHUH KOTOPBIX
YMEHBIIANIOCh COAEP)KaHHE NalouKosAnepHbIX HehTpodmioB (1= -0,45). CoorHomeHne JIUMQPOLUTOB U
CerMeHTOsIepHBIX HelTpodminoB (r= -0,87) B KpOBH SIBISIETCS BEIYIIMM PErylsiTOpoM ee (PyHKIIHOHAIBHOTO
COCTOSIHUSI, OT KOTOPOT'0, Haps/Ly ¢ MOHOLIUTAMH, 3aBUCUT IMMYHOPE3UCTEHTHOCTh Oopran3mMa. OJHaKko 3HaUYMMBIX
CBSI3CH MEXKAY STHMHU KJIETKaMH KPOBM U JIPYTMMH CHCTEMaMM OpPTaHM3Ma 4elIOBEKa BBIABIEHO HE Obu10. OLeHKa
CBA3U MCXKAY IIOKa3aTC/IaAMU (l)I/I3I/lOJ'IOFI/l'-IeCKOFO COCTOSAAHMA OpraHu3Ma W BapuallusiMU FeJ'Il/IOFCO(i)I/I?)I/ILIeCKI/IX
areHToB I0Ka3alia, YTO COAEP)KaHNEe CErMEHTOSIEPHBIX HEUTPO(DHUIOB BO3pacTaeT IpH BO3PACTAHUHM I€OMarHUTHOM
aktuBHocTH (I'MA), ouenenHoit mno Kp-ungekcy (1=0,44), a conepxkaHue JMM(OLUTOB CHIDKAETCS IPH
BO3pacTaHUM HYKJIOHHOM KOMITOHEHTBHI BTOpHYHBIX KocMmudeckux Jiyded (KJI) y mosepxnoctn 3emmu (1= -0,44),
p<0,05. COD Bo3pacraet mpu BO3pacTaHUH Y- KOMIIOHEHTHI reoMarHUTHOTO 1oist ('MII) u mIOTHOCTH MOTOKOB
KJI B oOKOJO3eMHOM IIpOCTpaHCTBE: KOI((PHIMECHTH KOPpENsIHU C MNpoToHaMu ¢ sHeprueid >100MsB u
CKOPPEKTHPOBAaHHON Ha JaBJICHHWE CKOPOCTBIO cueTa HeWTpoHHOTO MoHHTOpa r=0,52 u r=0,50, coOoTBETCTBEHHO,
mpu p<0,05. 3raunmsie csa3u (p<0,05) motokoB KJI B 0K0II03€MHOM IPOCTPAHCTBE, HYKIOHHOH KoMmoHeHTH KJI y
TIOBEPXHOCTH 3eMJIH C ITOKa3aTeJsIMK (PU3HOIOTHUECKOTO COCTOSHHS OPTaHU3Ma ITOKa3bIBAIOT, UTO 3a HCCIIEyEeMbIi
nepuon Bpemenn KJI umenu Bexyinee 3Ha4YeHUE I COCTOSTHUE OpraHu3Ma. Tak, Py BO3pacTaHWU MHTCHCUBHOCTH
KJI Bospacrano comepkanune B mnepudepudeckoil kpopu JieHkonuToB (r=0,44), MasOYKOSACPHBIX HEUTPOQHIOB
(r=0,61), yBemmumBanace COD (1=0,52), cHmxanoce coxepxkanue TpombouutoB (r= -0,45) u mumdoruroB (1= -
0,44). TIpu sTOoM BO3pacTanga CKOPOCTh cepaeuyHoro purMma (r=0,66), cHmkamach ero BapuadbenbHOCTh (1= - 0,64),
Bo3pacrasia Hu3kouactotHas (r=0,50) ¥ cHMKanach BHICOKOYACTOTHAsS (I=-53) KOMIIOHEHTHI B CIIEKTPE MOILIHOCTH
cepeuHoro purMa. CMBICIIOBOE COAEp)KaHME TaKMX CBs3€H MOKa3bIBaeT, YTO BO3pacTaHue MHTeHCUBHOCTH KJI
MPUBOJUT K  HAaNpsDKEHUIO — aJalTHUBHBIX — PEakUMid  OpraHM3Ma,  IpOSIBISIIOIIMXCS B CHIDKCHUH
MMMYHOPE3UCTEHTHOCTH, HANpPsDKCHUH LEHTPAIFHONH M BEreTaTUBHOM peryssinuy (YHKIUHA OpraHu3Ma, BKIIOUYas
CEep/ICYHO-COCYAUCTYIO CHCTEMY, B YXYIIICHHH CAMOYYBCTBHS, B CHIDKCHHM AKTUBHOCTH W HACTPOEHHS, HUTO
ClleflyeT M3 aHaln3a BHYTPUCHCTEMHBIX CBsi3eil. MexaHn3M BIMSHHS BTOpPHYHBIX KoMmnoHeHT KJI Ha opranusm
YeJI0BeKa CBSI3aH ¢ (PM3MKO-XMMHUYECKHMMH MPOLECCaMH paJalliOHHON IPUPOABI, 00YCIOBICHHBIMU BO3JEHCTBHEM
HU3KOMHTEHCHBHOT'O U INIOTHOMOHU3HUPYIOIIETO U3JIyUCHUS Ha KJIETOYHOE M MEKKJIETOUHOE BELIECTBO.

Bruan reauoreodu3dnyeckux areHTOB B CTPYKTYpy 3a0osieBaeMocTH HacejeHusi MypMaHCKOM
obJsacTu

H.K. Bexmmesa’, H.B.TaJIBIKOBaz, H.A MenbHuK®

] o

Hayuynutii omoen meouxo-ouonoeuueckux npobrem adanmayuu dyenosexa 8 Apxkmuxe, KHI] PAH, e. Anamumsi
2

@I'VH Cegepo-3anadHozo HayyHo2o yenmpa 2uzuensl U 00uecmeeHHo2o 300posui Pocnompebuaosopa

3 L
VYupeorcoenue Poccutickoti akademuu Hayk Hncmumym xumuu u mexono2u peoKux 1emMeHmos U MUHEPATILHOZO CbiPbsl UM.
U.B. Tananaesa KHL] PAH

B paboTe BBIsSBIICH BKJIAJ BRICOKOIIMPOTHRIX I'eTUOreO(hU3NICCKAX areHTOB B KAPTHHY 3a00JIEBACMOCTH HACCIICHUS
B MypMaHckoi obnactu. beuto mokazaHo, 94To 4uCio 3HAYUMBIX Koppersinui (p<0.05) Mexy 3a00J1eBaeMOCThIO Y
Jereil u renmuoreou3nUecKUMu MokaszaTessiMy B riepuo ¢ 1995 mo 1999 r.r. 6oinbiie, 4eM y B3pOCIOro HaceleHus,
YTO CBHICTEIBCTBYET O OOINBIIEH UyBCTBUTEIFHOCTH IETCKOTO OpPTaHM3Ma K BapHALUSAM TelHOre0(U3NISCKAX
areHToB. BrIgBiIeHO, uTO 00mIas 3a00JIeBaeMOCTh, YUCIO CIy4acB HOBOOOpA30BaHWM, OOJNE3HH MOUYEHIOIOBOW H
KOCTHO-MBIIIICYHOW CHUCTEM, Kak y AeTel, TaKk M y B3pPOCIBIX MMEIOT TEHIEHIIMIO BO3PACTaTh MPU BO3pPACTaHUHU
comHeyHor akTuBHOCTH (CA), CONPSDKEHHOW € BO3pacTaHUEM WHTCHCUBHOCTH HYKJIIOHHOM KOMIIOHEHTHI
comaeuHslx kocmuueckux syded (KJI) y moeepxnoctn 3emnm (GLE). He wumckmiodeHo, 4to BIMSHHE Ha
3a00JIeBaEMOCTh MOXET BHOCHUTH Be-7, reHepalusi KOTOpOro YBEIHMYUBAETCS B MEPUOJ COJIHEYHBIX MPOTOHHBIX
coObiTuii. Bmecre ¢ Tem, Takue Ho3ojormdyeckue (Gopmbl Kak OOJE3HM HEPBHOM CUCTEMBI, OOJE3HU KOXKU M
MOJIKO’KHOW KJICTYATKH (AEPMATUTHI, DK3EMbI M JIp.) UMCIOT MPOTHBOIIOJIOXKHBIC 3HAKU KOPPEISAIHH Y JCTCH H
B3POCIBIX, YTO, BEPOATHO, OTPAXKACT PA3IUYHYI) UYyBCTBUTCIHHOCTH JETCKOTO W B3pPOCIOr0 OpraHm3Ma K
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«II030BOMY» COOTHOIICHUIO BO3AEUCTBUM Bapuanuii reomarautHoro monst (I'MII) u KJI. Beuto moxaszaHo, dro
NepuHaTajdbHasi CMEPTHOCTh M MEPTBOPOXKACHHOCTh alIbTEPHATHBHO CBs3aHBl ¢ ['MA © BapHamusMu
unreHcuBHoctn KJI. Tlocnme poxneHust XapakTep CBsi3M 3a00JIEBAGMOCTH y JIeTed C rearoreo()u3nuecKuMu
areHTaMH MEHSETCS Ha IPOTHUBOIOJIOXKHBIA: Bo3pacTaHme wuHTeHcHBHOCTH KJI compsokeHO ¢ yBeTMUeHHEM
3a00J1eBaéMOCTH JleTe [0 MEepBOro roja >KM3HHU. OTa TEHACHIUS COXpaHsAeTCs U B JAajbHEHIIeN J>KU3HU.
ComnocTaBneHue ciydaeB BpOxJIeHHbIX MopokoB pa3sutus (BIIP) y mereit B KannamakmickoM, MoHYeropckoM u
JloBo3epckom paiionax Ha 1000 poxxaeHUi TOKa3ajio, 4To CpeaHeroaoBoe yucio ciydaes BIIP 3a 10 et (¢ 1989 mo
1998) B JloBo3epckom paiione (92.0£16.4) B 5.2 u B 3.6 pa3a npesbimaet yactory ciydaes BIIP B Kannanakmickom
(17.6+4.4) m Monueropckom (25.9+£3.2) paiionax, cooTBeTcTBeHHO. OKa3zanock, uto B Kanganakiie 1 MoH4eropcke
yactora BIIP umeer npsmyio koppemsunto ¢ CA u GLE, a B JloBo3epckoM p-He, HanmpoTuB, uactota BIIP
cHmkaercs mpu Bo3pactanuu CA. Ilpm >ToMm, Hambomee cuibHble cBss3u (p<0.05) wgactorer BIIP ¢
rennoreo(pU3NIECKUMH areHTamMu  xapaktepHel mns Kanmanakmm u JloBosepckoro paiiona. OTeHKa CBSI3U
3a00J1eBaeMOCTH HOBOpOXJIeHHbIX B Kanpnanakiie 1 MoHYeropcke ¢ BapualusMH TeIMOre0(pU3nIeCKUX areHTOB
MOKa3BIBaET, 9T0 B MoHUETOpcKke 3a00J1eBaeMOCTh HOBOPOKICHHBIX BO3PACTAeT IPH BO3PACTAHHH MHTEHCHBHOCTH
KJI (1=0.73, p<0.05), xak u B memoMm mo MypmaHnckomy peruony. [ms Kampmamakmm 3HaunMBIe CBS3H MEXKIY
3a200J1eBaEMOCTHIO HOBOPOXKACHHBIX U BapHallMSIMHU TeIMOre0(pU3NIeCKUX areHToB He oOHapyxeHbl. [IpoBeneHHbIE
UCCJIEJIOBaHUs TIOKa3aJli, YTO TeIHoreo(pr3nYecKue areHThl CYLIECTBEHHO BIIMSIOT Ha KapTUHY 3a00J1€BaeMOCTH
HaceneHus B MypMaHckoi o0jactu. 3abosieBaeMOCTh AeTedl M B3pOCIbIX B MypMaHCKOM DPErHOHE B ICJIOM
BO3pacTaeT MpH BO3PACTaHHMM WHTEHCHBHOCTH NPHPOIHBIX HCTOYHWKOB HOHHM3HMPYIOIIETO H3Iy4YeHHUs. ITO
MPOUCXOJUT B nepruoa MuHUMyMa CA ¥ BO BpeMsl COJTHEUHBIX NMPOTOHHBIX COOBITHH, conpoBoxkaatomumxcst GLE, n,
BO3MOJKHO, JONOJHUTENIbHON reHepanuell B BepxHeill atMmocdepe Be-7. OnHako mnepuHaTaigbHAs CMEPTHOCTh
CHW)KaeTcs MpH Bo3pacTaHuu nHTeHcuBHOCTH KJI M Bo3pacraet ¢ yBenuuenuem I'MA.

3aBUCHMOCTB aJaNTALUM J1eTell 3an0/Ipbsl K CPeJHUM LHIMPOTAM OT F€OMATHUTHBIX BO3MY LI EHHU A
A.A. MaprteiaoBa, C.B. Ilpssanunukos, T.b. HoBukosa, H.K. benumesa
Hayunwii omoen Meoduxo-ouonocuueckux npobnem adanmayuu yenosexa 8 Apkmuxe, KHIL] PAH, . Anamumut

HccnenoBanme ObLTO BRITOTHEHO Ha 0a3ze 03m0poBUTENbHOTO Komiuiekca «Oxout» KHII PAH c. AnekcanapoBka-
JHouckas IlaBmoBckoro paiiona Boporexckoit obmactu. Llemb mccimemoBaHus cocTosiia B OICHKE OCOOCHHOCTEH
amanranuu Aetedt 3amoisipbs (B Bo3pacte oT 10 mo 18 jer) x ycioBWSAM CpemHHX MIUPOT. AJaNTaldOHHEIC
BO3MOXKHOCTH OpraHM3Ma OLIEHHBAJIN C OMOIIBI0 Ipudopa «Omera-M», OCHOBAHHOTO Ha aHaM3e OUOIOTUYECKUX
PUTMOB OpraHM3Ma YeNOBEKa, BBIACISEMBIX M3 AJIEKTPOKAapAHMOCHTHAJNA B IMHPOKOM JAHMANa30HE 4acToT. Meton
OCHOBaH Ha HOBON WH(OPMALMOHHOW TEXHOJOTHH aHAIW3a OMOPUTMOJOTHYECKHX IPOIECCOB «(ppaKTaITbHOM
HelponuHaMuKKW». CUCTEMHBIN aHAIN3 BKITIOYAJI YETHIPE PEKUMA: BapUAIMOHHBIN aHAJIN3 PUTMOB Cep/lla — OI[eHKa
rokasarejieli BereTaTuBHOM peryjaagun MEeTtogaMu CTaTUCTUYECKOI'0, BPEMCHHOT'O U CIICKTPAJIbHOI'O aHaJiu3a
PUTMOB cCepAlla; HEMPOAMHAMUYECKMM aHajiu3 — OLEHKa IOoKa3aTejedl LEHTPaJbHOM PEryJsiliMd U COCTOSIHUS
SHJIOKDHHHOW CHUCTEMBl METOAaMH HEHPOAWHAMHYECKOTO aHalli3a OWOJIOTMYECKMX PUTMOB OpraHHM3Ma;
KapTUpOBaHHE OMOPUTMOB MO3ra — OLIEHKAa NCHXO(U3UOIOTHUECKOT0 COCTOSHHMS TAalleHTa MeTojgaMu (a3oBoro
aHaM3a ¥ KapTHPOBAHUS OMOPUTMOB MO3ra; (PpaKTalbHBIN aHAIW3 — OLEHKA CTENCHH TapMOHHU3AINMH OHMOPHUTMOB
OpraHu3Ma U olpeesieHre HHPOPMAIMOHHOTO TTOKa3aTellsl MMMYHHOTO CTaTyca MEeToJaMH (PpakTaIbHOTO aHaJn3a.
OrmeHka CpeHero 1Mo BEIOOpKE YPOBHS ajanTalliiy JeTel Mokas3aia, YTO aJalTallMOHHBIA pe3epB KOJeOIeTcs OT
49.6% no 74.6%, mpu HOpMe BbIme 50%, W, y OTHENBHBIX AETEH, OH HIDKE HOPMBL Te e 3aKOHOMEPHOCTH
MIPOCIICKUBAIOTCS B BEreTaTMBHOM W LEHTPAIBHOW PETryIALMU CEpACYHOTO PHUTMA, ICHXOIMOIHOHAIBHOM
COCTOSIHUHM, a TaKKe B HMHTETPAIBHOM IIOKa3aTele ICHXO(HU3NOIOTHYECKOTO COCTOSHHA. BBICOKHMH ypOBEHB
HaIPSDKEHUS. PErYISTOPHBIX CUCTEM OPraHU3Ma y AETEH BBIPA3UIICS B IIPEBBILICHUM CPEIHUX 3HAYCHUM 10 IpyIIe
WHJeKca BeretatuBHOro pasHoBecus (171.35+£26.05), mpu HOopme 35-145 y.ed., u moxazarerne aJleKBaTHOCTH
npoueccoB perymsiuun (51.15+4.74), npu Hopme 15-50 y.ex., Ilpu 3TOM, y OTHEIBHBIX HCIBITYEMBIX WHIEKC
BEreTaTUBHOTO pPaBHOBECHS JOCTUTas 3HaueHHH 391.4, 4TO CBHIETENBCTBYET O NPENOOJIE3HEHHOM COCTOSHUHU
opranu3Ma. AHaJIM3 Pe3yJIbTaTOB MOKa3all, YTo Mo HHjAeKCcy HanpspkeHust (MIH) perysisTopHBIX cucTeM opraHusMa,
MOJHOLEHHOH ajanTanyy K CMEHe LIMPOTHOTO Mosica y AeTel He NpoucxoauT. OLeHKa CBA3H CPeJHUX 3HAUEHUH Mo
BEIOOpKE ITOKa3aTeJeil BEreTaTUBHOW pPETyNsiIuH C TeoMarHuTHOW aktuBHOCTBIO (['MA) mokasama, 4910 B
MarHUTOBO3MYIICHHBIC JHU, OICHEHHBIC HA OCHOBE BapHallMd X-KOMIOHEHTH reoMarautHoro nonst (IMII), atot
nmokazarenb Bo3pactaer(r= -0.70, p<0.05). Takum 00pa3oM, T€OMarHUTHHIE BO3MYIICHHUS MOBHIMIAIOT YPOBECHb
aJanTanyuy IeTei 3amoiisipha B CpeOHHMX MmmpoTax. [lomydeHHbIE pe3ynbTaThl MOKA3bIBAIOT, YTO OPTaHM3M JIETeH
MPO’KUBAIOIINX B BBICOKHX IIUPOTAX, HYXKIAeTCS B ONPEAETICHHON «I03e» pa3ApakuTelsi, KOTOPBIM B YCIOBHUSIX
3anonsapbst sBisrOTCs Bapuaruu ['MIT.

71



AUTHOR INDEX

A
AKhMEtOV O.L. ..o 62
ALeXYEV V.IN. Lot 16
ANEEloPOUlOS V..ot 19
Antonova E.E.......... . 13,27
Artemyev ALV, i 27
Astafieva N.M.. .ooooiiiiiiiicece e 62
AtaNaSOV At .ooeviiiiiiiceiee e 60
B
Balabin YU.V...coocooviiviiiieeeceeeeee 41,42, 59, 61, 62
Barannik M
Barkhatov N.A.......cooiiiiiiieie e 25,41
Barkhatova O.M. ..........ccooeeiiiiiieieceeeceeee e 47
Belakhovsky V.B....
Belisheva N K.......cooooiiiviiiiiiiiieeceeecee 68, 69, 70, 71
Beloglazov MLL.. .o 62
Beloglazova G.P. ....
Beloushko KLE.......ccooiiiiiiiceeeeeeeeeee e 55
Bessarab F.S. ..o 50
Bondareva T.V......cccooiiiiiiiiiiiceceeceee e 37
Borovkov L.P. .....covioiiiiiciieeeeeee 13, 35, 50
Bortnikov R.O. ....oovviiiiiiicecececeeeeeeee e 42
BOSINEET T ..ot 48
C
Chechetkin V.M. .....coooiiiiiiiiiiccecceecee e 62
Cherney S.D. ..........
Cherniak Y. ..oooiioieccieceeeeeee e e
CherniakoV S.M......cooiiiiiiiiceeceeeece e
Chernouss S.A. ...
Chernyaev LA ..o 14
Chernyshov A A. ..ot 47
Chkhetiani O.G
Chugunin D.V. ..o
D
Danilova O.A........c.oooeieeeeeeeeee e 43
Demekhov A......ooooviiiieceeeeeeeeeeeee e, 34, 36, 37
Demin VL oo 59
Despirak LV. ......
Dmitrieva N.P......oooooiiiiiiiiieiieeeceeeeeeeee 15, 19, 28
Dodonova LA. .....ccoooviieieeeeee e 47
Dremukhina L.A. ....
Dubyagin S.V. oot 14
E
EphiShov L..c.coiiiiiiiicceeceee e 53
Ermakova EXN. ......cooooiviiiiiiieeee e 48, 56
F
Fedorenko Yu.V. ...cccooooiiiiiiiecceceee e, 48,51, 55
Fedorov EXN. i 38, 56
FAlatov M. ...oooeiiececceececeecee et 48, 51
G
Galakhov AL A. ... 62

72

Germanenko A V. ...ccoevvvieiieieiieeeeeeeeennen 41, 42, 61, 62
GIOVANEIll G ...ooovvieveiceeccce e
Golovchanskaya LV, ..o,
Gordeev E. ................
Gorshkov E.S. ... 67
GromOV S.V. oottt e 22
Gromova L.I..... .22
GUINEVA V. oo 60
GUINELE Do 37
Gvozdevsky B.B. ...c.cccoeiiniieiiieieeeee e 41, 42, 61
H
Hanash Ya...........
Hayakawa M. ......
Hayosh M. ...o.oioiiiieeeee e
HEIlig B oot 38
|
Tevenko LB......oooovioviiiiceccececee e 16, 25
ISAVIIN ALA. oo 37
IVanoV V.V oo 67
K
Kangas J. ..cooueeoiiiii e 55
Karavaev YU. A ...cocoiooiiiieiieeceeeeee e
Karpov L.V. .........
Katkalov YU. cocoeeeivieiieieeecee e 16, 20, 21, 37
Kirillov A.S. ..o 20, 21, 48, 49, 60
Kirillov V.I..........
Kirpichev LP. ..o 13,27
Kleimenova N.G. ......coooviiiiiiiiiiiiieiieeeceeeeeeee 34,35
Klimenko M.V. ....... ....49, 50
KImenko V.V. ..o 49, 50
KoleVa R. ..o 14
Kondratiev S.K.... ....50, 52
Korenkov YU.N. ....ooooiiiiiiiiiciice e 50
Kornilov LA. c..ooooviiiieieeeee e 16, 17, 26
Kornilova T.A. ...coooeoeiieeeeeeceeee e 16,17, 26
Kos0lapova N.V. ..o 47
Kostadinov I............ ...60
Kotikov A.L. .... .52
Kovacs P. ............ .38
KovaleVsKy J. ..cvevvirieiieieiecieeeeeeeseeee e 17
Kozelov B. V..o 18, 34, 35, 37,47, 50
KOZelova T.V. oot 18
Kozlovsky A.E.... ..33
Kozyreva O.V. ..o 35
Krishtopov ALA. ..o 19
Kryakunova O.N. .62
Kubyshkina DI ..o 35
L
Larchenko A.V......ooooiiiiioiiiieie e 48, 51
Lebed O.M. ......... ...51,55
Levitin AE.......... ..22,41
Ljubchich VLA ..o 26
Lubchich A.A...... .14
Lyur HoL.oooo e 38



M

Macusova E....oocueiviiiiiiiiiieee e
Makarova L.N. ..
Malova H.V. oo 27
Manninen J........ccooovvieiiiiiiiiiiee e 35
Martynova A.A.
MASIEIT S .o 60
Maurchev E.A. ... 42,59
Melnik M.N. ..... ..27,34
Melnik NLA. oo 70
Mihaylov R.E......coooiiiiiiiieieeeeeeee e 68
Mingalev L.V..... .. 27,59, 62
Mingalev O.V. .. ... 27,34,62
Mingalev V.S. ..o 61,62
Mingaleva G.L. ..o 59
Miroshnichenko L.I.........c.cccooooiviiiiiiiiicieeeeeee e 60
Mishin V.V, e 22
Mishin V.M. ..o
Miyashitd Y...ooeoeoieiiininiiencicteene e
Mochalov A A
Mogilevsky M.M. ....c.cccvvirieiiiieieeeeieneeieieee 25,29, 47
MoiSeenko L. .....oooviiiiiiiiiiieieeeee e 25,29
MOT0ZOV V.N. oo 50
N
Namgaladze AL A....cooooeiiiieeeieeeeeee e 51,53
NiIKOIAEV A V. oo 19
Nikolaeva V.D. . ... 50,52
NOVIKOVA T.B..coviiiiieiiececeeeeee e 71
NOVOSEItSEV R.G. ..o 68
@)
Ogloblina O.F. .....ccocoveiiieieiieieieceeeeee e 54
Orlov K.G. oo 62
OvchinniKov LL. ......coooiiiiiiiiicceeceeeeeee e 13
P
PaK G.D.cooieicieceeceeeeeeet et 62
Palmroth M. ..o 15
Parnikov S.G...ooovvieviieieiecee e 16
Parrot M. .....ooiiiiceee e 36
Pashin AB. .....oooiiieeeeeeeeeee e 52
Pasmanik D.......c.cooooiiiiiiiiice e 36
Pchelkin V.V ..o 44,62, 63
Pershin A.V
Petrashova D.A. ........coiioiiiieeeeeeeeeeeee e 69
Petritoli A oo 60
Pickett J
Pilgaev S.V. oo 20, 35, 36, 48, 51
Pilipenko VLA, .o 33,38
Platov Yu.V. .....
Podgorny AL ...cooooiiiiiiii e 43
Podgorny LM. ..c..cooiiiiiiiiiiiieeeeeeeeeee e 43
Polyakov S.V. .o 56

Ponyavin DI ..o 44
Pozharskaya V.V.....cccooiiiiiiieeceeeceeeeeee e 69
Prokhorov B.E........c.cooviiiiiiiiieeeeeeeeeeeeee e 51
Pryanichnikov S.V. .. .. 69,71
Pulinets M.S............. .. 13,27
Pulkkinen T.L.......oooiiiiiiiiiiieeeeeee e 15

R
Rauch J-L. c.ooooiiiiice e 37
Ravegnani F
Revunov S.E. ..o 25
Revunova E. Ao 41
Riazantseva M.O. ..... ..13,27
Roldugin A.V. .o 20, 36
Roldugin V.C...ooooiiiiieieieeee e 20, 36, 53
Romanovskaya Yu.V...
Romantsova T.V..........
S
SaKharov Ya. ...ccoecveieiieiieeieeeee e 16, 20
SalThoOV N.M. .o 62
Santolik O........coouiiiiiiiiiiieecce e
Sasunov Yu.L. ..........
SCheKotoV ALY U. .ooviiiiiiiieeieeeeee e 56
Schepetov A.L. ..c..cocoiiiiininiecirneeeeeeeeee e 62
Selivanov V. ......
Semenov V.S, . 28, 35,42, 44
Sergeev VLA, oo 14,15, 19, 20, 35
Sergienko T.I. ....
Shadrukov D.V. ... 25
Shagimuratov L .......coceeoeiiiiininieieeeeee e, 53
Shalimov S.L. ..cc.oiooviiiiieiiecieeee e 55
Shapovalova A A.......cccoevenieieiiiineneceeee e 22
ShiroChKOV A.V. ... 50
Shkarbalyuk M. ..... ..51,53
Shumilov O.L. ...coeeeiiiieceeeeeceee e 43
Sidorenko ALE. .....ooviiiiieeeeeeee e 54
SINEEr Hooooveeee e 19
SHVKA KLY U oo 28
SMIrNOVAa NLA. ..o 37
S0TAAS F.ooiiiiiieieee e 29
Sormakov DA ... 35
Stepanova M.V
SULCHTTE P
T
Talykova L.V ..o 70
Tereshchenko E.D. ......ccccooviiiiiiiiiiiiieceeeeceee e 54
Tereshchenko V.A. ......ccooviiiiieiceeeceeeeee e 54
Tereshchenko V.D. ......ccoooviiiiiiiiiieieceeeeeeeee e 54
Timofeev EE. ..o 55
Timofeeva S.A........oooiiiieeeeeeeeeeee e 20
Titova E.E.......... ....35, 36, 37
Trotignon J.-G. c..ooveiiiiiiininicccecceeee e 37
Tsyganenko NLA. ..o 19
Tyasto ML .o 43
U
UV VLA et 43
Uspensky M.V ..ooiiiiiiiiiiieeeeeeeet e 19
Vv
ValeV Do 60
Vallinkoski MK .....cooiiiiiiiiieceeeee e 55
Vashenyuk E.V .41,42,61, 62
Vasilev AN oo 37

73



Viljanen A. ..o 16, 20

ViINnikova J.O.....oooiiiiiciececee e 44

Vinogradov AN, ..ot 68

VOIKOV IMLA ..o 28

Vorobjev V.G. ....occiiiiiiiiiieieieeteieeee st 20, 49

Vovehenko V.V, e 13
w

Werner R. ..o 60
Y

Yagodkina O.1. ....cccooveieiieieierieeeeee e 20, 21, 49

Yagova NoV. ittt 38

Yahnin A.G...... 21,28, 29

Yahnina T.A. ... ..21,28,29

YUroV V.E. ... 35,50
Z

Zelenyi LM ..oooiiiiiieieieeeeeeee e 27

Z010toVa N.V. i 44
ZUDOV R.A. oo 51,55
ZvyagintseV A.M. ....coooviviieieiiiieieeee et 59, 61

74





