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Features of high latitude magnetospheric topology, magnetospheric substorms and storms

E.E. Antonova'?, I.P. Kirpichevz’l, K.G. Orlova', I.L. Ovchinnikov?, S.S. Pulinets',
S.S. Rossolenko'?, M.V. StepanovaB, V.V. Vovchenko?

'Skobeltsyn Institute of Nuclear Physics Moscow State University, Moscow
“Space Research Institute RAS, Moscow, Russia
*Physics Department, Universidad de Santiago de Chile, Chile.

Structure of high latitude magnetospheric plasma domains is analyzed taking into account the latest results of
THEMIS project observations. Averaged radial distribution of plasma pressure near noon is obtained. Daytime
compression of magnetic field lines and the existence of magnetic field minima far from the equatorial plane are
taken into account. Dayside integral transverse currents at the geocentric distances 7-10 Rg are calculated in the
suggestion of the validity of the condition of magnetostatic equilibrium and compared with nighttime transverse
currents. Arguments supporting the hypothesis on the existence of high latitude continuation of the ordinary ring
current (the existence of cut-ring current - CRC) till geocentric distances ~10 Re are summarized. The role of CRC,
partial ring current and tail current in geomagnetic substorms and storms is discussed.

Relationship between space-time variations of the ground geomagnetic field and plasmasphere at
the recovery phase of geomagnetic storm

O.M. Barkhatova "% P.A. Bespalov °, A E. Levitin *

'Radiophysical Research Institute (NIRF1), 603950 Nizhny Novgorod, Russia

Nizhniy Novgorod State Pedagogical University, 603950 Nizhny Novgorod, Russia

*Institute of Applied Physics, Russian Academy of Sciences, 603950 Nizhny Novgorod, Russia

*Pushkov Institute of Terrestrial Magnetism, lonosphere and Propagation of Radio Waves (IZMIRAN), Russian
Academy of Sciences, 142190, Troitsk, Russia

Spectra of variations of geomagnetic field observed at network of ground stations at latitudes (37+74°) during weak
geomagnetic activity after magnetospheric storms are compared at different locations relatively to projection of
plasmapause. At locations mapped onto the dayside plasmaspheric bulge (50-60°) an enhancement of the high-
frequency part of spectra was noticed. At higher latitudes the general falling spectra was observed. Also, it was
shown that horizontal components of geomagnetic field vary synchronously at stations mapped onto the dayside
bulge. Correlation coefficients of variations at different stations were not less than 0.9. For stations mapped outside
the dayside plasmaspheric bulge the variations of the geomagnetic field were different, and correlation coefficients
did not exceed 0.3.

Thus, it was shown that existence of the dayside and evening plasmaspheric bulges influences on the magnetic
disturbances on the ground. Difference in the latitudinal ranges, where this influence was noticed, can be explained
by more significant localization of the dayside plasmaspheric bulge in comparison with that in the evening. The
considered magnetic disturbances correspond to geomagnetic pulsations Pc-4. According to the up-to-day view
these pulsations represent resonance oscillations of magnetic field lines. As the main source of these pulsations,
some processes on the periphery of magnetosphere are often discussed. However, in paper [1] some arguments in
favor of generation of such kind of pulsations in the region of field aligned currents at relatively low altitudes are
presented.

In our opinion, at the recovery phase of the magnetic storms it is naturally to expect the development of the field-
aligned currents in the vicinity of the plasmaspheric bulges. The currents should occur due to interaction of the ring
current ions with electromagnetic waves in the region of enhanced plasma density [2].

This work is supported by RFBR grants 08-05-12051.
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1. Olson J. V. ULF signatures of the polar cusp. J. Geophys. Res., 1986, V.A9, p.10055-10062

2. Grafe A., Bespalov P.A., Trakhtengerts V.Y., Demekhov A.G. Afternoon mid-latitude current system and low-
latitude geomagnetic field asymmetry during geomagnetic storms. Ann. Geophysicae, 1997, V.15, p.1537-1547
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Some temporal characteristics of the auroral proton precipitations from groundbase spectroscopic
measurements

L.P. Borovkov (Polar Geophysical Institute, Apatity, Russia)

During last 5 years more then 20 auroral proton precipitation events were registered by spectrograph at Apatity in
different geomagnetic conditions. Some parameters of the temporal/spatial variations of the Ha intensity, which
reflects the proton fluxes variations, are presented.

Development of substorm bulges during storms of different interplanetary origins
LV. Despirak', A.A. Lubchich', V. Guineva’

'Polar Geophysical Institute, Apatity, Russia
“Solar-Terrestrial Influences Laboratory, Stara Zagora, Bulgaria

Different structures in solar wind are observed depending on the type of solar activity: magnetic clouds (MC),
recurrent streams (RS), and regions of their interaction with undisturbed solar wind (Sheath and CIR). Three of
these structures, namely, Sheath, CIR, and MC, are the sources of geomagnetic storms. Furthermore, the storms
originating from these three sources differ in intensity, recovery phase duration, etc. We will search for
distinctions in the development of substorm bulges occurring during geomagnetic storms connected with the MC,
Sheath and CIR. Solar wind parameters were taken from the Wind spacecraft observations and the auroral bulge
parameters were obtained by data from the Ultra Violet Imager onboard Polar. We determined the longitudinal
and latitudinal dimensions of the auroral bulges, the poleward aurora propagation and the onset latitude of auroral
bulge. It is shown that auroral bulges development is different for these types of storms. The strongest auroral
bulge expansions are found for CIR- and Sheath-storms situations. In contrast to substorms during CIR-storms,
during MC-storms the latitudinal expansion of the auroral bulge is less pronounced, but longitudinal expansion is
stronger. We suggest the latter feature is explained by different configuration of the near-Earth magnetotail during
CIR- and MC-storms.

Comparison of different methods of tail magnetic flux calculation
E. Gordeev', M. Shukhtina', V. Sergeev', A. DeJong®

'Institute of Physics, SPbU, St.Petersburg, Russia
’Department Atmospheric Oceanic and Space Sciences, University of Michigan, Ann Arbor, MI, USA

One of the basic parameters, characterizing the state and dynamics of the Earth magnetosphere, is the magnetotail
magnetic flux F. However, until recently only rare estimates of the F value were available. Petrinec and Russell
(1996) proposed a method of magnetic flux calculation, based on measured tail lobe magnetic field and the
magnetotail radius R value as well as solar wind dynamic pressure and IMF Bz. However, the same solar wind
conditions may result in different magnetospheric states and, so, in different R values. We propose an alternative
method of R calculation based on instantaneous pressure balance at the magnetopause.

Recently global MHD modeling of magnetosphere became possible. It gives the opportunity to determine the
magnetopause position (i.e. the R value), the tail magnetic field and, finally, the magnetotail magnetic flux. In the
present study we compute magnetic flux for several simulated events. To determine the magnetopause, we compare
three different methods, based on: 1) density gradient, 2) current density peak, and 3) fluopause, which is the surface
of the boundary solar wind streamlines. All three methods demonstrate a good mutual agreement. Several simulated
events (including substorms) are compared using MHD modeling and our empirical method. The results of two
methods reasonably agree.

Polar cap images from Polar and IMAGE spacecraft allow determine the polar cap area, i.e. the polar cap magnetic
flux. The F value, obtained from polar cap images in several events (including steady magnetospheric convection,
substorms and sawtooth events), are compared with our prediction and show similar behavior, though the values
may differ. In conclusion, all three methods demonstrate comparable results. It opens the opportunity of using these
methods to monitor the tail magnetic flux on the regular basis, which is important for monitoring of the
magnetosphere.
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Data mining in for geophysical tasks
Yu. Katkalov, Ya. Sakharov (Polar Geophysical Institute, Apatity)

Some tasks in geophysics are required to obtain data from various storages such as files, databases, remote web
sites. It requires the ability to process of various types of data by using different tools and applications. We
developed approach which allows to obtain geophysical data from local or remote storages by using specified search
criteria. We used this approach to develop the tools for search events with certain level of magnetic activity. We
intend to develop a package of tools to automate the data search process in PGI Magnetic Database.

Magnetic superstorm “Bastille Day Event” (July 15-17, 2000): ULF-pulsations and substorms
N.G. Kleimenova, O.V. Kozyreva (Institute of the Earth Physics RAS, B. Gruzinskaya 10, Moscow 123995, Russia)

The superstrong magnetic storm of July 15-17, 2000 with Dst ~ -300 nT was caused by the coronal mass ejection
(CME), occurred on 14 July and so it was called “Bastille Day Event”. The front edge of a magnetic cloud formed
by this CME was characterised by the large and variable values of IMF (up to 70 nT) and the high solar wind speed
(up to 1000 km/s). The aim of our study was the analysis of the peculiarities of the ULF range (1-6 mHz) magnetic
pulsations, observed both on the ground and in the space, as well as substorms, exited mostly in the recovery phase
of this superstorm. The global maps of the Pc5 amplitude distribution were computed by using the multipoint
ground-based observations. It was found that in the storm initial phase the strongest ULF waves were observed at
the day-side polar cap. The storm recovery phase was characterized by the bursts of beautiful morning-daytime Pc5
pulsations demonstrating some unusual properties. There were two maxima in the wave spectra. The first spectral
maximum at 1-2 mHz was observed at geomagnetic latitudes > 62° and the second one at 3-4 mHz was observed at
the latitudes < 62°. The 3-4 mHz activity demonstrated the space asymmetry around the noon: the morning-side
pulsations were observed at much higher latitudes than the afternoon ones. The ULF waves were extended to the
equator, however, only in the 1-2 mHz range.

The strong morning-side polar cap substorm was developed in the early stage of the storm recovery phase under
large positive values of Bz and By IMF (up to +35 nT) and high solar wind speed (~850-900 km/s). This morning
polar substorm led to an unexpected occurrence of the evening ULF activity at the auroral latitudes. Moreover, two
hours later the global burst of monochromatic 1-2 mHz waves was exited with the strongest amplitude at the night
sector. These ULF waves were propagated from the night-side to the day-side, i.e. opposite direction to the
“classical” resonant Pc5 pulsations.

This study was partly supported by the RAS Program Ne 16.

Simulation of main ionospheric trough, light ion trough and polar cap patches during substorms

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

In this study the numerical calculation results of ionospheric effects of four modeling substorms which have begun
in different UT moments are presented. Calculations are executed on the basis of Global Self-consistent Model of
the Thermosphere, Ionosphere and Protonosphere (GSM TIP), developed in WD IZMIRAN for vernal equinox
conditions in the minimum of solar activity. In calculations we considered the magnetosphere convection electric
field with the set of potential differences through polar caps and field aligned currents of the second region with
taking into account particle precipitation and dynamo field generated by thermospheric winds. It is shown, that the
substorms cause strong positive disturbances in F-region of ionosphere in the night time sector. Negative
disturbances are much less and arise, mainly, at night in the middle and low latitudes. During substorms the
longitudinal extent of the main ionospheric trough is increased. The substorm with onset at 18:00 UT causes the
negative disturbances in high latitudes except for a southern polar cap. Besides, there is the "stratification" of the
main ionospheric trough. As a result in southern hemisphere the additional high-latitude trough which is absent in
quiet conditions is formed. "Stratification" of the main ionospheric trough occurs in northern hemisphere in 6 hours
after the beginning of the substorm. These "stratification" are the consequence of non-stationary magnetosphere
convection. The distinction between these events consists that the "stratification" in a southern hemisphere occurs in
active phase of substorm, and in northern hemisphere in recovery phase of substorm. During a substorm beginning
at 00:00 UT, foF2 increases in the whole of northern polar cap. Calculation results also have shown that the
maximal concentration of thermal protons at height of 1500 km during substorms is always higher, than at the same
UT moments in quiet conditions. For all substorms calculations show the displacement of the light ion trough to the
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equator that is in agreement with observations. The formation of polar cap patches during substorm in foF2 and in
concentration of hydrogen ions at height of 1500 km is shown.
The present work was done under support of the Russian Foundation of Basic Research (Grant No. 08-05-00274).

Study of magnetospheric substorm by auroral TV and THEMIS spacecraft data
I.A. Kornilov, T.A. Kornilova (Polar Geophysical Institute, Apatity, Russia. kornilov@pgi.kolasc.net.ru)

For the season 2007-2008, TV data from Loparskaya and Lovozero observatories were selected and processed
combined with THEMIS data for time intervals when two or more spacecraft were located inside the plasma sheet at
different distance from the Earth. About 20 days were chosen with 1-4 auroral activations for each day, so in total
about 50 events were studied with using all available THEMIS information about the fields, energetic particles and
plasma flows. It was found that every detected magnetospheric activity event has many individual features both in
TV and THEMIS data, and depends on previous auroral activity, activity in other regions of magnetosphere,
longitudinal drift of energetic particles, and so on. Case studies of one or two separate events are not enough for
revealing real time delays between different spacecraft measurements and TV data and understanding the sequence
of events during magnetospheric substorm. Multi-events and multi-detectors study we have conducted allows
making some very preliminary and initial conclusions:

1. Three primary elements of magnetospheric substorm (magnetic field dipolization, auroral breakup and high
energy particles injection, probably caused by magnetic reconnection) are not three manifestations of the same
process. Those are three different quasi-independent events separated in time and space.

2. Full scale substorm goes through all three stages, and starts from dipolization, then auroral breakup occurs, and
the last one is magnetic reconnection. Auroral breakup is definitely a result of dipolization, but not of reconnection;
on the contrary, reconnection is a consequence of breakup.

This study is supported by the RFBR grants 09-05-00818 and Program 16 of the RAS Presidium, Program VI.15 of
Division of Physical Sciences RAS.

Weak auroral activations and THEMIS measurements of electric and magnetic fields, energetic
particles and plasma flows

I.A. Kornilov, T.A. Kornilova (Polar Geophysical Institute, Apatity, Russia. kornilov@pgia.ru)

Five identical THEMIS satellites provide excellent information about waves, fields (B and E, three components),
energetic particles (electrons and ions) with energies from 30 keV to 6 MeV detected by SST — Solid State
Telescope, and from 3 eV to 30 keV detected by ESA — Electrostatic Analyser, plasma concentration, temperature,
and velocity. From TV observations for 2007-2008, weak auroral activations (of pseudobreakup type and weaker)
were selected that were conjugate with THEMIS observations (about 10 events in total). It was shown that all
auroral activations correlate with some perturbations in E and B fields detected by THEMIS satellites (though not
always looking like a real dipolarizations), and correlate with an increase in low energy electron and ion fluxes
(energy ranging from 5 to 10 keV). But the fluxes of high-energy particles (energies > 30 keV) were much smaller,
if occurred at all, than for full-scale breakup. Thus it can be concluded that the weak activations are not
accompanied by magnetic field reconnection.

This study is supported by the RFBR grants 09-05-00818 and Program 16 of the RAS Presidium, Program VI.15 of
Division of Physical Sciences RAS.

Auroral dynamics at different stages of storm recovery phase versus the strength of the main phase
T.A. Kornilova, I.A. Kornilov (Polar Geophysical Institute, Apatity, Russia)

Storm recovery phase is traditionally considered to be connected with the ring current decay, which, in turn, is
induced by the charge exchange process. As protons and oxygen ions have different characteristic times of charge
exchange, two stages of storm recovery phase exist: the early recovery phase and the late one. Here we present a
comparative analysis of spatio-temporal auroral dynamics in the dusk-midnight MLT sector during the early and late
recovery phases of 10 magnetic storms, considering Dst minimum value to be the energy characteristics of the storm
main phase. TV data of high-latitude observatory Barentsburg and of auroral zone observatories Loparskaya and
Lovozero, geomagnetic data, IMF and solar wind data are employed in this study.
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It is found that:

1) At the early storm recovery phase auroras occupy large latitudinal range (sometimes ®’~56-78°). During the late
storm recovery phase, auroras shift to higher latitudes.

2) An anti-correlation between the intensity of storm-time substorms and the intensity of the storm proper is
observed when SC event occurs in the course of storm recovery phase.

3) Substorms at the early recovery phase display specific features of substorms occurred during the main phase (e.g.,
long-living stable rays and bright auroral pulsations embedded in diffuse luminosity).

4) Peculiarities of auroral dynamics depend on combination of different factors: solar cycle phase, type of the solar

source driving the storm, IMF and solar wind parameters, previous magnetic activity, etc.

Difference in auroral dynamics is discussed.

This study is supported by the RFBR grants 09-05-00818 and Program 16 of the RAS Presidium, Program VI.15 of

Division of Physical Sciences RAS.

ULF-index variations during strong magnetic storms
0.V. Kozyreva' and N.G. Kleimenova'*?

'Institute of the Earth Physics RAS, B. Gruzinskaya 10, Moscow 123995, Russia
“Space Research Institute RAS, Profsouznaya 84/32, Moscow, 117997, Russia

Using new wave ULF- index we have carried out the statistic study of the wave geomagnetic activity level in the
morning, afternoon and night sectors during the strong magnetic storms (Dst,;, from -100 to -150 nT). It was found,
that during the initial phase of the magnetic storm the greatest intensity of the geomagnetic pulsations in the
frequency range 2-7 mHz was observed in the polar latitudes in the morning sector and in the auroral latitudes in the
night. During the main phase of the magnetic storm the greatest wave activity was unexpectedly observed in the
morning sector of auroral zone, not in the night: the intensity of pulsations in the night sector was two times lower
than in the morning. The basic contribution to the morning wave activity gave the geomagnetic pulsations of the
recovery phase of magnetospheric substorms associated with the storm main phase. During the recovery phase of
the magnetic storm the ULF wave activity in the auroral zone decreased and the level of the morning and night
pulsations became compared. The night ULF activity could be noted also in the subauroral latitudes.

Model of magnetic disturbances during the historic extreme magnetic storm of 1-2 September 1859
A.E. Levitin!, L.A. Dremukhina’, L.I. Gromova', N.G. Ptitsyna2

'Pushkov Institute of Terrestrial Magnetism, lonosphere, and Radiowave Propagation, Troitsk, Moscow region,
Russia

?St. Petersburg Branch of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, St.
Petersburg, Russia

The 1-2 September 1859 magnetic storm was the most intensive magnetic storm in recorded history. Very large
negative values of the H-component of the geomagnetic field (up to -1600 nT) in observatory Colaba (India) were
noted. The magnetic disturbance in Colaba were estimated using the model of magnetospheric current systems. It is
shown that the very rapid decreasing of H-components during the main phase of the magnetic storm and its rapid
recovery are caused by the temporal variation of intensity of the magnetospheric tail current system. During the
main phase of the magnetic storm the inner edge of plasma sheet rapidly shifts close to the Earth and then rapidly
returns to the magnetospheric tail.

This work is supported by RFFI grants 08-05-00896, 07-05-13524

Simultaneous analysis of daily variations in the overshoots of the magnetic field background in the
SHR frequency range and in the atmospheric electric field

V.V. Pchelkin, O.1. Akhmetov (Polar Geophysical Institute RAS, Apatity, Murmansk region, Russia)

Daily variations in the overshoots of the magnetic field background in the SHR (Shuman resonance) frequency

range are constructed by ELF (extremely low frequencies) magnetometer data in Lovozero observatory. These
variations are compared with those in the vertical component of the atmospheric electric field. The correspondence
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in the main maximum location is found for both types of variations. The correlation between main maximum
amplitudes is investigated.
This work was supported by the Fundamental Research Program of RAS Physical Science Department (Project 4.5).

Geomagnetic disturbances and railway automatic failures at Oktybrskaya railway
Y.A. Sakharov', N.V. Kudryashoval, AN. Danilin%, S.N. Saranskiy 3

'Polar Geophysical Institute RAS, Apatity
?Kola Science Center RAS, Apatity

? Oktybrskaya railway, Murmansk
e-mail: sakharov@pgia.ru

Geomagnetic disturbances at polar region are related with solar activity and leads to generation of geomagnetically
induced currents (GIC) in any long conducting systems as power lines, pipe lines or telemetry systems. We analyzed
the list of failure reports of signaling system from Oktybrskaya railway in comparison with magnetic recordings
from ground based stations. At least 11 events of false operation during magnetic disturbances were found in 2003
that support the idea of space weather impact to railway automatic systems.

Geomagnetically induced currents in power systems of the Kola peninsula
Ya.A. Sakharov!, A.N. Danilin?, V.N. Selivanov?, R.M. OstaﬁychukB, Yu.V.Katkalov', N.V. Kudlryashova1

Polar Geophysical Institute RAS, Apatity
%Kola Science Center RAS, Apatity

*Military Technical University, St-Petersburg
e-mail: sakharov@pgia.ru

The results of permanent registration of GIC in the power systems of the Kola Peninsula are presented. We have
registered DC in dead-grounded neutral of the power autotransformer at the power system substations of 110-330
kV class. GIC response in power lines is estimated for different level of magnetic activity in auroral sone.

Evolution of geomagnetic perturbations and aurora dynamics during the strong magnetic storms
events

S.I. Solovyev, R.N. Boroyev, A.V. Moiseyev (Yu.G. Shafer Institute of cosmophysical research and aeronomy SB
RAS, Yakutsk, Russia)

The results of a study of high-, low-latitude geomagnetic disturbances and aurora reaction to variations of solar wind
parameters and Dst according to the satellite and ground observations during periods of strong magnetic storms with
Dst <400 nT of October-November, 2003, 2004 are presented.

The following results are obtained:

1. It is shown that : a) impulsive (substorm) electrojet component leads to positive disturbances dH at low
latitudes with magnitude of~ 30-100 nT in premidnight-morning sector; b) regular (convection) electrojets
component is one of the possible reason of negative dH values at low latitudes and Dst growth.

2. It is shown that the growth of solar wind dynamic pressure (Pd) leads to positive variations of geomagnetic
field dH-component of low-latitude geomagnetic disturbances but only during IMF Bz positive. During the periods
of the negative IMF Bz with the same Pd magnitude at Bz>0 the negative dH disturbances at low latitudes are
registered. One of the reason of negative dH is the increase of Region 1 FACs at Bz<O0.

3. It is established, that maximal negative values of dH-component of geomagnetic field at low latitudes in 18-24
MLT observed during most southern position of equatorward boundary of auroral luminosity during the growth of
negative IMF Bz.

It is supposed, that in the magnetic storm the enhancement of partial-ring current which closed to the ionosphere by
the region 2 FACs at equatorward boundary of aurora oval is the main reason of geomagnetic field depression at low
latitudes.

The work was supported by RFBR grant Ne 09-05-98546 and partially by the SB RAS project Ne 69.
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Bay-like magnetic disturbances occurring in the auroral zone during periods of intense and long-
duration magnetic activity: Inconsistency with behavior of aurora

O. Troshichev and A. Janzhura (Arctic and Antarctic Research Institute, St.Petersburg, Russia)

Relationships between the magnetic disturbances in the auroral zone, aurora dynamics and particles injections at the
geostationary orbit have been analyzed for 62 of the bay-like magnetic disturbances repetitively occurring in the
auroral zone during intense long-duration activity. It is shown, that lack of the auroral breakup is typical of the
powerful disturbances and, therefore, these disturbances can not be assigned as the classical magnetospheric
substorms. In these cases aurora in the oval keep the marginal luminosity or, on the contrary, demonstrate the high
activity well before (up to few hours) the magnetic disturbance sudden onsets. The distinguishing feature of the
aurora activity is the double oval structure, which is the most noticeable near the dusk meridian. It is suggested that
the electric field variations, not auroral particle precipitation, is the dominating factor in generation of the westward
electrojet, which can extend from dawn to dusk in course of these bay-like disturbances. The close relation of the
aurora behavior to the substorm signatures at geostationary orbit breaks down as well. The conclusion is made, that
the powerful repetitive magnetic disturbances present quite another, than classical substorm, kind of the
magnetosphere disturbance.

The effect of electric field increasing on the substorm currents formation

M.A. Volkov (Murmansk State Technical University, 13 Sportivnaya Str., Murmansk, 183010, e-mail:
mavol2006 @yahoo.com, volkovma@mstu.edu.ru)

The stable state of the magnetic flux tube with the current and with the finite magnetosphere conductivity has been
studied in this work. The appearance of the finite anisotropic conductivity can be caused by thinning of the near-
Earth plasma sheet in the night- side magnetosphere. The finite conductivity leads to the increasing electric field
and to the formation of the longitudinal plasma pressure gradients also. The field-aligned currents flowing out of
and into the ionosphere ( the currents of the expansive phase of the substorm) appear in this region of the
magnetosphere.

Visual luminosity equatorwards of the auroral oval during magnetic storms
V.L. Zverev', Ya.l. Feldstein®, V.G. Vorobjev'

Polar Geophysical Institute, Apatity, Russia
’Institute of Terrestrial Magnetism and Radiowave Propogation, Troitsk, Russia

The comparison between equatorial boundaries of auroral discrete forms (auroral oval) and diffuse auroral
luminosity was carried out for periods of magnetic storms. Position of equatorial boundary of the night-side auroral
oval depending on the value of the Dst index was taken from the paper by Starkov [1993]. The limit of corrected
geomagnetic latitude (CGL) of visual auroras which were observed overhead of stations was received on the basis of
visoplots for IGY period [Auroral visoplots, 1964]. Twenty six magnetic storm events were used to determine the
equatorward boundary of visual auroral luminosity during Dst<-100 nT. When Dst changes from —100 nT to —400
nT the boundary of the visual auroral luminosity moves from about 51° to 44° CGL. According to visoplots the
equatorward boundary of the visual auroral luminosity shifts on about 7° to lower latitude from the equatorward
boundary of the auroral oval in intervals of magnetic storms. The auroral luminosity was registered at all latitudes
between equatorward boundaries of the visual auroral luminosity and the auroral oval. It means that during magnetic
storm the equatorward boundary of visual luminosity according visoplots does not reflect the location of discrete
auroral forms boundary. It is well known that a diffuse aurora equatorward of discrete auroral forms can intensify
considerably in intervals of magnetic storms. This special type of the auroral luminosity at mid-latitudes in the
forms of stretched diffuse areas is associated generally with the atomic oxygen 630.0 nm emission. Therefore the
lowest latitude of auroral luminosity on visoplots characterizes the equatorial boundary of diffuse auroras. The
region of red diffuse luminosity spatially coincides with region of diffuse electron precipitation covering the region
equatorward of the auroral oval up to latitudes of the main ionospheric trough. An electron energy flux and their
average energy sharp decrease from oval to lower latitudes. It leads to decrease of the diffuse aurora intensity and
respectively to the increase in the height the luminosity at lower latitudes. The intensification of the 630.0 nm
luminosity at mid-latitudes near of the main ionospheric trough was called stable auroral red arc (SAR-arcs).
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Between usual auroras and SAR-arcs does not exist an auroral gap. The latitudinal interval between the auroral oval
and SAR-arcs is filled by auroral particle precipitations and diffuse luminosity. Intensity of a diffuse luminosity
decreases to lower latitude becoming very weak or subvisual before SAR-arc.

References:
Starkov G.V. Planetary morphology of auroras / Magnetosphere-lonosphere Physics: Brief reference book. Ed.
Yu.P. Maltsev. St. Petersburg.: The Science. 184 p. 1993.

Annals of the International Geophysical Year. Vol. XXIX. I.G.Y. Auroral visoplots. Ed. B. McInnes. Pergamon
Press Ltd. 507 p. 1964.
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Ionospheric convection from Cluster EDI measurements: Comparison with the ground-based
IZMEM ionospheric convection model

M.Foerster', Y.I.Feldstein?, S.E. Haaland®*, L.A. Dremukhina®, L.I. Gromova®, A.E. Levitin®

'Helmholtz-Zentrum Potsdam, GeoForschungZentrum (GFC), 14473 Potsdam, Germany

*Pushkov Institute of Terrestrial Magnetism, lonosphere and Radiowave Propagation, Troitsk, Moscow region,
Russia

3Max-Planck-Institut fur Sonnensystemforschung, Lindau-Katlenburg, Germany

*Department of Physics and Technology, University of Bergen, Norway

Cluster/EDI electron drift observations above the Northern and Southern high-latitude areas for more than six and a
half years (Feb 2001 till Oct 2007) have been used to derive a statistical model of the electric potential distribution
for summer conditions. Based on potential pattern for different orientations of the interplanetary magnetic field
(IMF) in the GSM y-z plane, basic convection pattern (BCP) were derived, that represent the main characteristics of
the electric potential distribution in dependence on the IMF. The BCPs comprise the IMF-independent potential
distribution as well as patterns, which describe the dependence on positive and negative IMF B, and IMF B,
variations. The full set of BCPs allows to describe the spatial and temporal variation of the high-latitude electric
potential (ionospheric convection) for any solar wind IMF conditions near the Earth's magnetopause. The
comparison of the Cluster/EDI model with the IZMEM ionospheric convection model, which was derived from
ground-based magnetometer observations, shows a good agreement of the basic patterns and their variations with
the IMF. According to the statistical model, there is a two-cell antisunward convection within the polar cap for
northward IMF B," < 2nT, while for increasing northward IMF B, there appears a region of sunward convection
within the high-latitude daytime sector, which assumes the form of two additional cells with sunward convection
between them for IMF B,” ~ 4 + 5nT. This results in a four-cell convection pattern of the high-latitude convection.
In dependence of the £IMF By contribution during sufficiently strong northward IMF B, conditions, a
transformation to three-cell convection patterns takes place.

This work is supported by Deutsche Forschungsgemeinschaft (DFG), Norwegian Research Council, RFFI grants 08-
05-00896, 07-05-13524

Interpretation of wavelet spectra of high-latitude low-frequency electric field fluctuations
I.V. Golovchanskaya (Polar Geophysical Institute, Apatity, Russia)

An attempt to find signatures of MHD turbulence in the spectra of electric field fluctuations measured by the
Dynamics Explorer 2 spacecraft with 16 Hz (~ 500 m) resolution is performed. The refinements compared to the
earlier studies include (1) more indicative frequency range; (2) application of the discrete wavelet transform method
developed for estimating scaling data instead of conventional Fourier analysis; (3) discrimination between
fluctuations on the open and closed magnetic field lines. Power law spectral index (slope) of — 1.66 + 0.1 is clearly
demonstrated for scale lengths > 32 km. At sizes < 32 km and down to the resolution limit the slope changes for ~ -
2 both in the auroral zone and the polar cap. Such spectral behavior can hardly be interpreted as a Kraichnan regime
of 2D ionospheric turbulence, a scenario proposed by Kintner and Seyler [1985]. Nor can it be explained by scale-
dependent mapping of magnetospheric turbulence to ionospheric heights, as suggested by Weimer [1985]. It is more
likely that in addition to electrostatic turbulent fields originating in the magnetosphere and characterized by the
spectral index of —5/3, an electromagnetic component (incident and reflected Alfven waves) is present in the signal,
which influences the spectral shape in the higher frequency range.

Two regimes of ion non-adiabatic acceleration in the Earth magnetotail. Geotail and Cluster
observations

E.E. Grigorenko', L.M. Zelenyi', M. Hoshino?, J.-A. Sauvaud’
'Space Research Institute of RAS, Moscow, Russia

University of Tokyo, Tokyo, Japan

3CESR, Toulouse, France

Plasma Sheet Boundary Layer (PSBL) of the Earth magnetotail is an interface region where the manifestations of
powerful acceleration processes occurred in the Current Sheet (CS) in the vicinity of magnetic separatrix between
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open magnetic field lines and already closed field lines are observed. The phenomenon most frequently observed in
PSBL is highly accelerated (up to tens keV) field-aligned plasma beams streaming along the magnetic field lines
from the acceleration source. The characteristics of their ion and electron velocity distribution functions reflects
spatial and temporal properties of the acceleration sources which, in turn, are defined by the magnetic field topology
in vicinity of separatrix. Our observations in the PSBL of the Earth’s magnetotail revealed two different types of
plasma beams. The first type represents energy collimated ion beams having a rather long duration (up to 20 min)
and energies < 20 keV observing along with isotropic electron distributions. Multipoint Cluster observations
revealed that such beams represent plasma filaments elongated along the lobe magnetic field (~tens Rg) and strongly
localized (< 1 Rg) in the direction transverse to the magnetic field. Moreover, the overlapping of two ion beams
having very different field-aligned velocities was often observed in PSBL. These observational features may be
reproduced in large scale kinetic model of ion resonant acceleration in the CS with distant X-line. According to this
approach the acceleration source can not be considered as “uniform” one but represents wide region of CS with
finite Bz>0 and consisting of several spatially localized sites (resonances) at which ions are accelerated almost
without scattering and form localized beams in PSBL. In the other places of this acceleration region ions experience
strong scattering and are trapped in CS. Electron observations confirm that the acceleration actually occurs in the
region with closed magnetic field geometry. Another type of distributions represents powerful (up to 100 keV) ion
beams with large parallel temperatures. They are observed along with the anisotropic electron velocity distributions.
This feature is peculiar for the magnetic separatrix and indicates that the spacecraft crossed yet open or recently
closed magnetic field lines. Such ion beams may be produced by the spatially extended “merged” acceleration
source which is formed due to the overlapping of initially spatially separated resonances near X-line.

The contribution of the external geomagnetic field to the average amplitude of the Earth's magnetic
field recorded by a magnetic observatory

A.E. Levitin, L.A. Dremukhina, L.I. Gromova, E.G. Avdeeva (Pushkov Institute of Terrestrial Magnetism,
Ionosphere, and Radiowave Propagation, Troitsk, Moscow region, Russia)

Annual and secular variations of the geomagnetic field are caused by variation of Main Earth's Magnetic field,
generated of internal sources in the Earth’s core; variation of the field of magnetic anomalies; variation of the
intensity of magnetospheric current systems, generating the external geomagnetic field; variation of the intensity of
telluric currents. The contribution of the external geomagnetic field controlled by solar activity to the annual
amplitudes of the geomagnetic field is examined. Processing of geomagnetic data of some observatories for long
time interval (1950-1985) allows to estimate contribution of each monthly amplitude to the annual amplitude of the
geomagnetic field and the temporal changes of this contribution from year to year, and to analyze relation of
monthly variations of the geomagnetic filed with indices of the solar activity (F10.7), components of Interplanetary
Magnetic Field, velocity and density of Solar Wind. It is demonstrated dependence of variation of the geomagnetic
field on solar activity cycles, possibility to calculate secular variation of the geomagnetic field based on monthly
amplitudes, to estimate contribution of the external geomagnetic field to the secular variation of Main Earth's
Magnetic field.

This work is supported by RFFI grants 08-05-00896, 07-05-13524.

Ion energy spectra at L ~ 3.6 - 6.7 during disturbed geomagnetic conditions
T.V. Kozelova', L.L. Lazutin?, B.V. Kozelov'

'Polar Geophysical Institute, Apatity, Russia
Space Science Division, Scobeltsyn Institute for Nuclear Physics of Moscow State University, Russia

Differential energy spectra of ions with the energies 0.1-3200 keV has been considered using the CRRES data at L ~
2.3 - 6.7 in the nightside magnetosphere. During the events under consideration the CRRES was located near the
equatorial plane and crossed the inner part of the plasma sheet and the radiation belts.

It was shown that the ion differential energy spectra at L ~ 3.6-4.5 consists of two different groups of ions, one of
them is populated by ions with energy below ~20 keV and another one — by ions with energy above ~70 keV.
Those parts of the spectra may be described by the thermal (Maxwellian) forms. The characteristic energy evens ~10
keV for low-energy portion of ion spectra. For high-energy portion the characteristic energy changes with the L
value according to adiabatic law ~L~. The ion flux for intermediate energies 20~70 keV increases with increasing L
and forms the kappa distribution which frequently characterize the energy spectra observed during low AE periods.
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Then, this spectral shape at L ~ 5.5 changes from the kappa form to the Maxwellian one with the energy peak on 25
keV.

At L ~ 5.9 - 6.6 the ion spectra in two energy ranges, E< 7 keV and E>70 keV, may be approximated by the same
kappa form, which remains nearly unchanged during the substorm growth phase and the small activations. The
spectral shape in the energy range 7-70 keV may be fitted by the Maxwellian form.

During the substorm expansion phase, the spectral shape was significantly variable above the knee of the ion spectra
(~35 keV). The energy spectrum clearly manifestates the drop in the flux at lower energies and the enhancement at
the higher energies. As a result, a new knee forms with the extreme energy ~250 keV. As a whole, as a result of the
substorm particle injection the characteristic energy of the Maxwellian shape changes from 10 keV to 22 keV.

We discuss the spectrum-preserving and spectrum-altering magnetospheric processes and compare our results with
other observations and model predictions.

Energetic electron precipitation measured by CORONAS-F satellite and polar magnetic
disturbances

0. Kozyreva', I. Myagkova®, N. Kleimenova'~

Unstitute of the Earth Physics RAS, B. Gruzinskaya 10, Moscow 123995, Russia
Skobeltsyn Institute of Nuclear Physics, Moscow State University, 119191, Moscow, Russia,
3Space Research Institute RAS, Profsouznaya 84/32, Moscow, 117997, Russia

The energetic (300-600 keV) electron precipitation at polar latitudes has been investigated on the base of
CORONAS-F satellite measurements. Low altitude (500-350 km) CORONAS-F satellite has a circular orbit with an
inclination of ~82.5° and orbital period (~1.5 hours), it corresponds to about 15 circuits per day. The data of the
polar cap passes on December 13, 2003 has been analyzed and compared with ground geomagnetic observation
from the stations located near footprint of the satellite pass in each given moment. We found that some polar cap
substorm activations were accompanied by the strong electron precipitation which observed during the substorm
growth as well as the recovery phase. The satellite data we compared with ground high latitude riometer
measurements at Hornsund station and ASC keogram.

Energetic electron flux precipitations near the outer ERB’s boundary and auroral oval position

I.N. Myagkova, E.E. Antonova, M.O. Riazantseva, B. V. Marjin (Skobeltsyn Institute of Nuclear Physics, Moscow
State University, 119191, Moscow, Russia)

The peculiarities of electron precipitation (with the energies more than 300 keV) to the pole of outer Earth’s
radiation belt observed during August-September 2003 are studied. Observations of CORONAS-F and Meteor-3M
satellites were used. Low altitude polar orbit (about 430-460 km, an inclination of ~82.5) of CORONAS-F satellite
permits to observed electron precipitations in North and South polar regions every 1.5 hours. Energetic electrons in
different energy ranges (0.3-12 MeV) were measured by semiconductor and plastic scintillator telescopes. Localized
electron precipitations were observed to the pole from the external boundary of the outer radiation belt. It is shown,
that such kind of precipitations can be observed for more than a half of polar crossings and part of them are
observed for more than 2 consequent satellite orbits. Results of observations are compared with data of auroral
satellite Meteor-3M. The detailed investigation of observed such as their asymmetry, frequencies, MLT-distribution.
The nature of observed phenomena is discussed.

This work was partly supported by RFBR foundation grants 07-02-92004-HHC a.

Comparison between substorm current wedges and dipolarizations during 2008 THEMIS tail
season

A. Nikolaev, V. Sergeev, N. Tsyganenko (St. Petersburg State University, St.-Petersburg, Russia)
V. Angelopoulos (UCLA, Los Angeles, USA),
H. Singer(NOAA, Boulder, USA)

The substorm-related magnetic field dipolarizations are contributed by different processes, including the global

reconfigurations, the effects of the substorm current wedge (SCW) and meso/small scale features associated with
inward-propagated sharp fronts and structures. We compare the observations of dipolarizations made by four GOES
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spacecraft and five Themis spacecraft with SCW boundary locations and intensity. These parameters were estimated
based on interpretation of midlatitude ground magnetic measurements using the inversion algorithm. Preliminary
results from statistical comparison of the SCW and dipolarizations during THEMIS tail season in January-March
2008 are shown and comparisons with a new SCW magnetospheric model are presented.

Small-base gradient analysis of high-latitude magnetic pulsations field by usage virtual stations of
BEAR network

A.V. Petlenko, Yu.A. Kopytenko (St-Petersburg Filial of Institute of Terrestrial Magnetism lonosphere and Radio
Wave Propagation RAS (SPbF IZMIRAN), St-Petersburg, Russia)

Virtual stations of BEAR magnetometers network were used for small-base gradient analysis of high-latitude
ionosphere magnetic pulsations field emulating. This allowed to determine parameters of movement of geomagnetic
pulsations sources even in the case when their size was too small in comparison with a distance between real
magnetic stations.

Origins of plasma sheet By magnetic field
A.A. Petrukovich (Space Research Institute, Moscow, Russia)

With 11 years of Geotail measurements we construct a model of plasma sheet By, depending on IMF By,
coordinates X, Y, and geodipole tilt angle. At midnight and pre-midnight local times By is positively correlated with
tilt (positive in summer). Thus in summer By is shifted towards positive values and in winter towards negative
values, so that up to several nT could be added to the IMF influence. The dawn side plasma sheet By generally does
not exhibit any tilt dependence, but within 15 Re the weaker negative correlation with tilt was revealed. The tilt can
control plasma sheet By via distribution of the region 1 FAC. Similar coupling between tilt and IMF By was earlier
found in the ionospheric convection patterns. Besides this average response, extreme By (|[By|>5 nT, By>IMF By)
were often observed (up to 20-25% of cases during solar maximum and in the pre-midnight sector within 20 Re).
They can not be explained by our statistical model and are preliminary interpreted as an "over-reaction" of the
magnetosphere in some individual events. Large By field radically changes dynamics of the current sheet and has to
be taken into account during substorm-related studies.

Comparison of saw-teeth oscillations at GOES and GEOTAIL satellites
V.C. Roldugin (Polar Geophysical Institute, KSC RAS, Apatity)

The oscillations of magnetic field in the magnetosphere with period about 2-4 hours (saw-teeth event) at GOES-8
and GOES-10 have been examined jointly with GEOTAIL data for several cases. During GEOTAIL being in the
geomagnetic tail, the oscillation periods are the same. There are phase shifts between the satellites from several
minutes to half an hour, the propagation direction occurs both earthward and anti-earthward, and there are changes
of character of disturbance in the tail depending on GEOTAIL position in the tail. The explanation of these specific
features of saw-teeth event is given on the base of the theory of tail oscillation made by Ershkovich with collegues.

Propagation of oblique interplanetary shocks through the magnetosheath
A.A. Samsonov (Institute of Physics, St. Petersburg State University, St. Petersburg, Russia)

We use a three-dimensional MHD model of the Earth’s magnetosheath to simulate the interaction of interplanetary
shocks (IS) with the bow shock and following variations in the magnetosheath for two cases. In first case, an IS has
the normal along the Sun-Earth line, in second case, another IS with the same density jump has the angle between
the shock normal and the Sun-Earth line equal to 41 degrees (we would call them the direct and oblique shocks
respectively). We find that a forward fast shock and a following train of discontinuities propagate through the
magnetosheath in both cases. The oblique fast shock crosses the flank magnetosheath in about 1 minute, and the
direct fast shock needs nearly the same time to cross the subsolar magnetosheath. We make simple estimations of
the shock propagation time in the magnetosphere to determine the time when the sudden impulse will be registered
by ground magnetometers. The theoretical predictions agree with observational facts.
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Generation of the field-aligned currents associated with the geomagnetic sudden impulse
A.A. Samsonov', D.G. Sibeck®

'Institute of Physics, St. Petersburg State University, St. Petersburg, Russia
’Goddard Space Flight Center, Greenbelt, Maryland, USA

We present results of the global MHD modeling of interaction between an interplanetary shock (IS) and the Earth’s
magnetosphere for the northward IMF orientation. It is known that the solar wind dynamic pressure is larger
downstream of the IS what results in magnetospheric compression. The geomagnetic sudden impulse or sudden
commencement is a global increase of the H-component observed by all ground stations. In addition to the global
variation, there is a double-pulse structure observed at high latitude stations and connected with variations of the
field-aligned currents (FAC). The numerical MHD modeling predicts the evolution of the FACs caused by the IS
passage. In the case of northward IMF, the model describes two current systems which correspond to the NBZ and
Region 1 currents. In the course of the shock’s propagation, these currents intensify successively. The NBZ current
peaks as the shock front reaches the terminator plane, while the Region 1 current peaks about 2-3 minutes later.
These currents are generated by dynamo regions in the magnetosphere. Using (E-J) contours, we observe
intensifications of the magnetospheric dynamo which we relate to intensifications of the FACs. The purpose of our
work is to describe the geometry of the magnetospheric-ionospheric currents which can be also applied to stationary
magnetospheric conditions.

Themis observations of dipolarizations and plasma injections associated with substorm current
wedge

V. Sergeevl, V. Angelopoulosz, T. Sugakl, S. Apatenkovl, 1. Kornilov3, T.Kornilova®, J. McFadden®, D. Larson®,
J. Bonnell*, M. Fillingim*

'St. Petersburg State University, St.Petersburg, Russia
*University of California, Los Angeles, USA

*Polar Geophysical Institute, Apatity, Russia
*University of California, Berkeley, USA

We briefly present a summary of recent results concerning the dipolarizations and plasma injections during the 2008
tail season of Themis. We found that the major plasma response to dipolarizations in this entry region consists of the
increase of plasma pressure, decrease of plasma tube entropy and (usually) density, combined with an increase of
plasma temperature and high energy particle flux. Dipolarisation-related response displays two distinct phases. Prior
(~1min) to the arrival of sharp dipolarization front (SDF), the large scale increase of plasma flow (up to km/s) and
pressure (up to 20-30%) is observed withing 1min from the ground Pi2 onset, this perturbation seems to be the
interaction region (sheath) of plasma structure intruding Earthward from the tail. The dipolarization front propagates
radially at slower speed (<100-200km/s). Following its arrival the plasma entropy decreases and flow intensifies but
looses a coherence at closely-spaced spacecraft. We interprete this stage as an encounter with the compact plasma
structure (bubble?), which is distinct by its sharp boundary as well as by its highly structured/granulated proper. We
were also able to identify the auroral signatures of the dipolarization region, whose observation indicate a dynamical
grainy structure of the injection proper and which may be a unique tool for further studies of plasma injections.

Seasonal effect in the latitudinal position of night - and dayside precipitation boundaries
V.G. Vorobjev, O.1. Yagodkina (Polar Geophysical Institute, Apatity, Murmansk region, 124200, Russia)

Auroral particle precipitation observed from DMSP F7 spacecraft for 1986 were used to examine seasonal variations
in the position of auroral precipitation boundaries. Average corrected geomagnetic latitudes (CGL) of different
auroral boundaries were calculated in the dependence on the geomagnetic activity level (AL index) for winter,
summer, spring and autumn seasons separately. In the northern hemisphere the most poleward boundary of the
nightside auroral precipitation (SDP,,) and the poleward boundary of the structured precipitation (AOP,,) were
found to be about 2° CGL in higher latitude during local winter than during local summer for all geomagnetic
activity levels. While the latitudinal location of the equatorward boundary of both the structured (AOP.,) and diffuse
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(DAZ,,) precipitation did not show a significant dependence on seasons. This result testifies that the winter AOP
region is wider than the summer AOP. Spacecraft observations in the southern hemisphere revealed the same
results: the nightside poleward boundaries of the SDP and AOP were situated in the highest latitude during local
winter. Return results have been received for the position of dayside precipitation boundaries. All poleward and
equatorward precipitation boundaries in the northern hemisphere were found in higher latitudes during local summer
than winter. According to this result it is possible to assume that the polar cap area does not depend on the season
but the polar cap simply moves sunward along the Xgsy axis during the northern winter and antisunward during the
northern summer. However big problems arise there with the magnetic conjugacy because the polar cap movement
is opposite in both hemispheres.

This study is supported by the RFBR grants 09-05-00818 and Program 16 of the RAS Presidium.

The response of midday aurorae to sharp changes of solar wind dynamic pressure under southward
and northward Bz IMF conditions

V.G. Vorobjev, V.L. Zverev, O.1. Yagodkina (Polar Geophysical Institute, Apatity, Murmansk region, 124200,
Russia)

Behaviors of midday aurorae associated with sharp increases of solar wind dynamic pressure (SC) occurred during
intervals of southward and northward interplanetary Bz were examined by using optical observations at Heiss Island
(HIS, ®'=75.0° N; MLT=UT+4.6) and Barentsburg (BAB, ®'=75.1° N; MLT=UT+2.5) stations. Observations by
the meridian-scanning photometer (MSP), spectrophotometer and all-sky camera were analyzed in this study. Two
SC events registered on December 18, 1985 (at 0647 UT) and on November 28, 1989 (at 0743 UT) were examined
in detail. Each event has its own peculiarities. The SC on Dec. 18, 1985 appeared under negative Bz IMF condition.
Just after SC the considerable intensification of (OI) 557.7 nm emission relative to (OI) 630.0 nm emission was
observed by the HIS’s MSP not only equatorward but at latitudes of the dayside red auroral bend. The sharp
decrease in the ration of Ig30/Iss7; testified for precipitation of a few keV magnetospheric electrons on closed
magnetic field lines. The SC on Nov. 28, 1989 appeared under positive Bz IMF orientation. The considerable
increase of the dayside red auroral bend intensity was observed in a few minutes after SC. The large value of the
Ie300/Is577 points to the sharp increase of the low energy (a few hundred eV) electron precipitation. The sources of
such type precipitation may be the solar wind plasma and/or low latitude boundary layer.

This study is supported by the RFBR grants 09-05-00818 and Program 16 of the RAS Presidium.

Magnetic field distortion in the process of plasma convection in the magnetosphere of the Earth:
Preliminary results of modeling

V.V. Vovchenko, E.E.Antonova>'

1Space Research Institute RAS, Moscow, Russia
Skobeltsyn Institute of Nuclear Physics Moscow State University, Moscow

The increase of plasma convection in the magnetosphere of the Earth leads to the increase of plasma pressure in the
inner magnetospheric regions. The effect is especially pronounced during magnetic storms when ion distribution
functions become nearly isotropic and plasma transport can have near adiabatic character. The distortion of the
magnetic field by the increase of plasma pressure is modeled using self-consistent modified Wolf-like model. Model
description is presented. Model describes the formation of asymmetric ring current, systems of transverse and field-
aligned currents and electric fields of large-scale magnetospheric convection. It includes the effect of local magnetic
field distortion due to the increase of plasma pressure in every point calculated in the suggestion of the validity of
the condition of magnetostatic equilibrium. It is shown, that due to magnetic field distortion closed inside the
magnetosphere isolines B=const at the equatorial plane which does not surround the Earth can appear.
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Spatial distribution of the auroral precipitations zones depending on different solar wind streams
O.L Yagodkinal, 1.V. Despirakl, V. Guineva®

'Polar Geophysical Institute, Apatity, Russia
*Solar-Terrestrial Influences Laboratory, Stara Zagora, Bulgaria

The dynamics of the spatial distribution of the different auroral precipitations zones during different solar wind
streams was studied by DMSP satellites data. The examination was implemented depending on the geomagnetic
disturbance level, expressed by the AL- and Dst indices. Three precipitation zones were determined: 1) DAZ zone,
coinciding with the diffuse auroral glow zone; 2) AOP zone, coinciding with the statical discrete auroral forms oval;
3) the band of soft diffuse precipitations SDP, enveloping the poleward boundary of the AOP zone.

The solar wind streams (recurrent streams from coronal holes and magnetic clouds) were defined by Wind satellite
data. The spatial localization of auroral precipitation zones was obtained during two recurrent streams, observed in
January and February 1997, and during two magnetic clouds, observed 10 January 1997 and 15 July 2000. The last
case was connected to the development of a strong geomagnetic storm excited by the magnetic cloud with extremely
high values of the solar wind parameters (Vx~1200 km/s, Bz~-60nT). The different precipitation structure during
the specified events was discussed. The obtained dynamics of the precipitation zones during recurrent streams and
magnetic clouds is in good agreement with the DMSP observations.

Dayside aurorae and geomagnetic variations associated with negative and positive solar wind
dynamic pressure impulses: case study

O.1. Yagodkina, V.G. Vorobjev, V.B. Belakhovsky (Polar Geophysical Institute, RAS, Apatity, Murmansk region,
184200, Russia)

Optical observations in Barentsburg (©’=75.1° CGL, MLT=UT+2.4) and geomagnetic variations from IMAGE
magnetometer network were used to examine auroral phenomena on November 28, 2000. This day the sharp
decrease (SI) and in about two hours sharp increase (SC) in the solar wind dynamic pressure were registered with
ACE and Wind spacecraft. The solar wind dynamic pressure drop from about 5 to 2 nPa in two minutes caused
about 20 nT decrease in the SYM-H from 0316 UT to 0330 UT. During this time the diffuse auroral luminosity at
latitudes below than 73° CGL were observed by all-sky TV camera and meridian scanning photometer in
Barentsburg. Fast equatorward movement and auroral luminosity decrease were observed after SI from 0325 to 0330
UT. Simultaneously, the sharp short-time increase in the westward electrojet intensity at the poleward edge of
aurorae (70°-72° CGL) as well as Pc5 geomagnetic pulsation activity at latitudes between 64.5°-66.5° CGL was
registered. The SC at 0531 UT was caused be the sharp dynamic pressure increase from about 2 to 7 nPa. About 1
minute increase in diffuse aurora intensity occurred just after SC near the southern horizon of Barentsburg and about
5 min later a new intensification accompanied with the discrete aurorae appearance poleward of the diffuse aurora
was observed. Sharp increase in Pc5 geomagnetic pulsation activity arisen from SC occurred from 66.5° to 71.5°
CGL (max at ~70.5 °) in the diffuse aurora region observed by IMAGE spacecraft.

This study is supported by the RFBR grant 09-05-00818 and Program 16 of the RAS Presidium.

Internet as the media for coordinated polar geophysical research

AN. Zaitsev, V.A. Shilimov (N.V.Pushkov Institute of Terrestrial Magnetism, lonosphere and Radiowaves
Propagation, RAS, Troitsk, Moscow region, Russia)

Future development of coordinated polar geophysical research is oriented on the achievements in the Internet
network which based on the rapid innovation in information technologies such as personal computers and high
speed links. Such new technologies drastically change the style and ways of research as well as access and
processing of the data. One of the first sample of the usage such new technologies at 1975-1985 we can refer
CDAW - Coordinated Data Analysis Workshops, when a few data intervals (substorms) were analyzed from
different points of view. As a result we get an initial unified knowledge about substorms which since that has
massive developments, see the reference as NASA source: http://spdf.gsfc.nasa.gov/spdf.html. Due to many
common interests, common techniques and overlapped activities it was proposed to produce the real-time Internet
services as AE-index project, AMIE (Assimilative Mapping of Ionospheric Electrodynamics),
http://amie.engin.umich.edu/~amie/, and SuperDARN ionospheric radars network, http://superdarn.jhuapl.edu/.

31



Fields, currents, particles in the magnetosphere

Next leap become the space multi-satellite experiments as Interball and Cluster which data base become first sample
as the “open source”. At nowadays we enter in the new stage of coordinated projects such as International Polar
Year (IPY), electronic Geophysical Year (eGY) and International Heliophysical Year (IHY). The eGY lead to the
new understanding what we might expect from coming changes on the “digital road in science”,
http://egy.org/index.php. Also real breakthrough happened in space experiments due to THEMIS projects, see
http://ds9.ssl.berkeley.edu/themis/news.html. 5 satellites operate in distant magnetosphere and the data available in
real time. In addition to such service the most of scientists are use the same software (IDL) to process the data.
Another point of coordinated programs — the virtual observatories with “open source” data bases as well as
computer programs. Now we have many data bases which united in one scheme with the same information and
communication technologies. As the new results we have a new real-time services in favor of coordinated polar
geophysical research programs. The samples already well-known as the real-time magnetometer network in Barents
Sea area, http://geo.phys.uit.no/eljet/, all-sky camera on South Pole station in Antarctica, http://aurora.iar.nagoya-
u.ac.jp/southpole/2008 NRTY/, the web-server of  cosmic ray stations in IZMIRAN,
http://helios.izmiran.rssi.ru/cosray. Almost 20 years we use the Intermagnet system (www.intermagnit.org) and now
they are make the next step — SuperMAG project (http://supermag.jhuapl.edu/), which based on worldwide
collaboration of ground based magnetometers generously supported by the National Science Foundation and NASA.
The aim of such project is to collect the data from polar magnetometers (variometers) and accept the software to
process and to distribute the data. Now SuperMAG include more than 200 stations. It is obvious that our work in
future must based on the recent results and methods of informatics (including data integration, data mining, and
knowledge extraction), networks, communication engineering, and computer science in space science research.
Modern Information Age will open the new possibilities to conduct the polar geophysical research first of all
through Internet. The success will be achieved by scientists who will gain enough skill on usage of Internet and new
computing technologies. The scientific tasks will exploded as we can approach to detailed description of physical
process in the magnetosphere in the format of “space weather”.

MyabTH(paKTAIbHbIE XaPAKTEPUCTUKH MATHUTOC(EPHOH AKTUBHOCTH KaK OTKJIMK Ha
CTOXacTHYeCKOe BO3/IeliCTBHE COJIHEYHOI0 BeTpa

B.B. Kozeno (Ilonapnuwiii ceogpuszuueckuti uncmumym KHI] PAH)

OpnHol U3 IO CHX MOP aKTyalbHBIX 33a4 SBISIETCS IIOUCK CBA3HM MEXKAY XapaKTEPUCTUKAMM COJHEYHOTO BETpa U
OTKJIMKOM MarHurocepHo-noHOC(epHOH cucTteMbl. MI3BECTHO, UTO 3Ta CBSI3b HEIMHEWHAsI, KPOME TOr0, CTPYKTypa
COJIHEYHOTO BETpa TaKKe BEChbMa CIIOKHA, YTO OrPAaHMYMBACT BO3MOXKHOCTH HOCTPOEHHS HPOTHOCTHYECKHX
Mozeneil. Pa3Burue 4MCIEHHBIX METONOB AaHAIU3a BPEMEHHBIX DPSNOB NA€T HOBBIE IOAXOJbl K PELIEHUIO 3TOM
3agaun. HenaBHO ObLIO MOKa3aHo, 4TO (QUIyKTyanuu rioOalibHBIX XapaKTEPUCTHK B psijie JIaBUHHBIX (Monenu Bak-
Tang-Wiesenfeld u Zhang) u typOynentusix (2D Navier-Stokes) cucrem MOryT OBITH ONHCAHBI CTOXACTHYECKUMHU
mddepenranbHBIMI ypaBHEHHSIMH C OKpPaLIEHHBIM IIYMOM B IPaBOM YacTH U IUPQPY3UOHHBIM KO3(D(UIHUEHTOM,
3aBUCSIIMM OT aMIUIMTYAbl (uiykryaumil. s TNpWIOKeHHWST K MarHuTocepHOW aKkTHBHOCTH HEOOX0AMMO
0000IIIeHe JaHHOTO MOAX0/Aa Ha Cilydail MyTbTH(QpaKTAIFHOTO IIyma. B mokiame oOCYXIAIOTCS pe3yIbTaThl
aHaMM3a MyJbTH(PAKTAIBHBIX XapaKTEPUCTHK CTOXACTHYECKOH KOMIIOHEHTHl BPEMEHHBIX psIOB HHICKCOB
TEOMarHUTHON akTHUBHOCTH C paspemeHueM | mumH. (AE) m 1 gac. (Dst) m COOTBETCTBYIOMIMX MapaMETpPOB
conHeuHoro Berpa (B,, vB,, |B|).

Biaunsinue aHM30TPONMH HCTOYHUKOB IJIA3MBbI HA CTPYKTYPY TOHKOI'0 TOKOBOI'O CJ1051 B XBOCTE
MarHurocgepbl

0.B. Munranes', I.B. Munranes ', X.B. Manosa 2’3, JI.M. 3enenbiii >

1 o .

Honapnoui 2eopusuueckunt uncmumym KHI] PAH, Anamumoi

2 .

Unemumym xocmuueckux uccnedosanuii PAH, Mocksa

3 . N

Hayuno-uccredosamenvckuii uncmumym sdeprou guzuxu um. /1.B. Crobenvyvina MI'Y, Mocksa

I[Ipn moMomM OCHOBaHHOW Ha METOJE MAaKpO-YaCTHI[ YHCICHHOW Mopenu ToHKOro TokoBoro cios (TTC)
HCCIIEIOBAH BOMPOC O BIUAHUU Ha cTpykTypy TTC aHM30TpOmMu 00pa3yIOMHMX CIIOH MCTOYHMKOB IUIA3MBI B JTOJISIX
xBocrta. [TokazaHo, 4To paBHOBECHBIE cUMMeTpHdHbIe KoHpuryparwu TTC cymecTByIOT s TOCTaTOYHO OOJIBIIIOTO
JMara3oHa 3HaUYeHUH MmapaMeTpa aHM30TPOIIMH HCTOYHUKOB, PABHOTO OTHOIICHUIO TEIUIOBOH CKOPOCTH K BEIHMYHHE
THIPOAMHAMHYECKOW CKOPOCTH, B YaCTHOCTH, IPH OYEHbL ¢Ja00 aHH3OTPOIHBIX HCTOYHHKAX (C OOJBIIUM
3HaUYEHUEM MapaMeTpa aHU30TPOITHH ).
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On existence of the shock wave inside the magnetosphere
V.B. Belakhovsky (Polar Geophysical Institute of Kola Scientific Center, Apatity, Russia)

Some shock waves with high magnetosonic Mach number in the solar wind using ACE and WIND spacecraft were
detected. For these shock waves the corresponding disturbances of the plasma parameters inside the magnetosphere
using geosynchronous LANL and GOES spacecrafts were found. It was selected only those SSC events when LANL
and GOES located on the dayside magnetosphere. Alfvenic Mach number for the disturbances inside the
magnetosphere was visibly less than unit. Therefore the magnetosonic Mach number was also visibly less than unit.
So it was considered that the shock wave does not remain shock inside the magnetosphere at geosynchronous orbit.

Generation of Pc5 pulsations under fluctuations of the solar wind dynamic pressure
V.B. Belakhovsky', V.A. Pilipenko®

'Polar Geophysical Institute, Apatity
Space Research Institute, Moscow

The intense Pc5 pulsations at the recovery phase of strong magnetic storm 31 October 2003 are considered. The
magnetospheric MHD waveguide turns out to be in a meta-stable state under high solar wind velocities, and quasi-
periodic fluctuations of the solar wind plasma density on October 31, 2003 stimulate the waveguide excitation. The
peaks in the spectra of magnetic field oscillations in the Pc5 band at ground-based stations are shifted to higher
frequency part in comparison with the peaks in the spectra of the solar wind dynamic pressure fluctuations. We
suppose that this effect associated with accelerated motion of the magnetopause. The addition of the inertia force to
the force balance at the boundary results in an increase of the Kelvin-Helmholtz instability (KHI) growth rate
[Mishin, 1993].This increase may be visualized as “plug-in” of a Rayleigh-Taylor instability into the KHI.
According to this mechanism, the evolution of ULF waves should correspond better to the derivative of pressure
than to pressure itself.

The comparison of the simultaneous Pc5 pulsations on morning and evening side of the magnetosphere show that
cross-spectra, azimuthal wave numbers, phase velocities was quite different on both sides. So we consider that the
direct driver of the Pc5 pulsations is disturbances inside the MHD-waveguide, but not disturbances on the
magnetopause, excited by the solar wind.

Generation of magnetic and particle Pc5 pulsations at the recovery phase of strong magnetic
storm

V.B. Belakhovsky', V.A. Pilipenko®

'Polar Geophysical Institute, Apatity
Space Research Institute, Moscow

The intense Pc5 pulsations at the recovery phase of strong magnetic storm 21 November 2003 are considered in
detail. A global structure of disturbance is studied using data from a world-wide array of magnetometers and
riometers augmented with data from particle detectors and magnetometers on board the geosynchronous GOES and
LANL satellites. The local spatial structure is examined using the Finnish riometer array and IMAGE
magnetometers. Though a general similarity between the quasi-periodic magnetic and riometer variations is
observed, their local propagation patterns turn out to be different. To interpret the observations, we suggest a
hypothesis of coupling between two oscillatory systems — magnetospheric Alfven resonator and the system
turbulence + electrons. The observed Pc) oscillations are supposed to be a result of the MHD waveguide excitation
at the dawn and dusk flanks of the magnetosphere. The magnetospheric MHD waveguide turns out to be in a meta-
stable state under high solar wind velocities. On November 21, 2003 a comparison of electron fluxes at LANL and
ground ULF observations shows that the magnetospheric waveguide is excited by particle injection into the morning
side of the magnetosphere.
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Generalization of the linear theory of absolute instability of whistler-mode waves in the Earth's
magnetosphere

A. A. Bespalov,' A. G. Demekhov’

'N. I. Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
*Institute of Applied Physics, Nizhny Novgorod, Russia

We perform a detailed analytical study of the linear stage of the backward-wave oscillator (BWO) regime in a
whistler-mode cyclotron maser in both homogeneous and inhomogeneous magnetic field. We obtain analytical
expressions for the growth rate of absolute instability of whistler-mode waves in the case where the unperturbed
distribution function has a step-like deformation in parallel velocities. This case corresponds to the favorable
conditions for the generation of VLF chorus emissions in the Earth's magnetosphere. The obtained expressions
cover the ranges of both small and large excess over the instability threshold, and they agree with numerical results.
Along with pure theoretical value, this result is important due to the fact that, according to the BWO model for VLF
chorus emissions, it is the linear growth rate which determines characteristic wave amplitude at saturation and the
frequency drift rate in individual chorus elements.

Nonlinear dynamics of a magnetospheric VLF backward-wave oscillator: Possible influence of
bounce oscillations of energetic electrons

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

We present some results of numerical simulations within the framework of a simplified nonlinear model of the
backward-wave oscillator (BWO) regime in a whistler-mode magnetospheric cyclotron maser. In particular, we
study the possible influence of bounce motion of energetic electrons in a geomagnetic trap on the nonlinear stage of
generation of VLF chorus emissions in the Earth's magnetosphere. If the particles coming back to the generation
region due to their bounce motion preserve the phase bunching they acquired during the previous pass through this
region, then falling tones can be generated in the system. The obtained result can be explained by the fact that in the
presence of an initial phase bunching, the interaction is more intense in the region where the particles move towards
the decreasing geomagnetic field and, hence, are adiabatically accelerated along their motion. This increase in the
parallel velocity corresponds to a decrease in the cyclotron-resonance frequency and thus a lower frequency is
generated at a later stage of interaction. These results allow us to assume that the generation of chorus elements with
falling frequency can take place if the the amplitude of bounce oscillations of the electrons generating chorus is
close to the characteristic length of the generation region.

Self-consistent model for cyclotron acceleration of radiation belt electrons by noise-like whistler-
mode wave emissions

A.G. Demekhov', A.V. Bashinov?, and V.Yu. Trakhtengerts'"

'Institute of Applied Physics, Nizhny Novgorod, Russia
*N. I. Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
'deceased

We develop a self-consistent analytical model for the acceleration of relativistic electrons in the Earth's
magnetosphere by noise-like VLF emissions generated due to the cyclotron instability of whistler-mode waves.
Within the framework of this approach, both the intensity of generated waves and the accelerated-electron flux are
determined by the power of particle source (injection) in the weakly-relativistic range of energies (10-100 keV). The
wave generation is described in the low-frequency approximation which allows one to neglect the energy diffusion.
We obtain an analytical solution for the stationary spectrum of accelerated electrons in the case of their almost
isotropic velocity distribution. This solution yields the relationship between the rate of injection of weakly
relativistic electrons, generating the waves, into the geomagnetic trap and the accelerated-electron flux. We
demonstrate that such an acceleration regime is most efficient at sufficiently large L shells.
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Peculiarities of sudden commencement manifestation in geophysical phenomena on subauroral and
auroral latitudes

A.V. Moiseyev, V.A. Mullayarov, S.N. Samsonov, S.I. Solovyev (Yu.G. Shafer Institute of cosmophysical research
and aeronomy SB RAS, Yakutsk, Russia)

Features of the connection of parameters variations of geomagnetic field, of VLF emission, and precipitation of
energetic particles (absorption of space radionoise) during periods of magnetic storm sudden commencements (SC)
for 2001-2002 are considered.

VLF emission on the st. Yakutsk L ~ 3, geomagnetic field and riometric absorption measurements in Yakut
meridional chain of stations (~190 magnetic meridian) were conducted, but most of riometric observations made at
the Tiksi station L ~ 6. It was found that at the subauroral latitudes the SC events were accompanied by variations in
the VLF emission (SCvIf) in 38% of events, and riometric absorption (SCrp) - in 22% of events. Simultaneous
events SCvlf and SCrp in 40% of all the SCs were registered.

An analysis of the solar wind and the IMF parameters variations during the time the relevant points before SC,
showed that when the events appeared only in SCvIf, they occur at higher initial density and velocity of solar wind
particles.

The study of MLT SCvlf and SCrp events occurence showed that the majority of the events recorded in the evening-
night sector. However, some of the events, occurring only in the VLF emission recorded in the 6-13 MLT sector, in
which the simultaneous events and events manifested only in riometric absoprtion are not available.

Considered peculiarities of the effects of SC in the VLF emission and riometric absorption, showed some
differences between the characteristics of energy spectra of particles responsible for these phenomena at subauroral
latitudes.

The work was supported by RFBR grant Ne 09-05-98546 and partially by the SB RAS project Ne 69.

Spectrum of VLF signals from lightning in far-field region
AA. Ostapenkol, E.E. Titova', T. Turunen? J. Manninen?, T. Rajta2

'Polar Geophysical Institute, Apatity, Russia
Sodankyla Geophysical Observatory, Sodankyla, Finland

Analysis of VLF signals from lightings (atmospherics) in far-field region was performed using ground-based
observations in Northern Finland at the frequency range of 0-10 kHz. Using a wave equation the characteristics of
resonance waves of the Earth — ionosphere waveguide were computed to interpret an observed narrow-band
maximum of the amplitude in the vicinity of the first critical frequency (f ~ 1.6-2.2 kHz). The dynamic spectrum and
the values of wave fields in far-field zone at different distances from a source were calculated. Interference of wave
modes propagating in a waveguide with different phase speeds was computed, and the results correspond with the
experimental observations. The interference of modes can be used for estimating the distances to sources of the VLF
signals.

Mechanisms of the cusp-related Pc3-4 waves
V. Pilipenko'?, O. Chugunova'?, M. Engebretson’, T. Yeoman®*, and M. Vellante’

!Institute of the Physics of the Earth, Moscow
ZSpace Research Institute, Moscow
 dugsburg College, Minneapolis, MN
‘University of Leicester, Leicester, UK
’I’Aquila University, Italy

Pc3-4 pulsations were found to be an ubiquitous element of dayside ULF wave activity both at low-latitude and in
the cusp region. We compare simultaneous observations of Pc3-4 wave activity by search coil magnetometers at
three locations on Svalbard, covering geomagnetic latitudes 74°-76°, and by the low-latitude SEGMA magnetometer
array (36°-43°). The ULF meridional spatial structure is examined using the amplitude-phase gradient technique.
The cross-spectrum between low-latitude stations shows a typical pattern — maximal phase delay at specific
resonance frequency, which confirms that the ground ULF response at low latitudes is formed due to the conversion
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of external band-limited disturbances into standing field line oscillations. At the same time, the gradient analysis
shows no specific mode conversion pattern near the cusp region. The amplitude gradient mainly has the same
direction at all frequencies, and only during periods when the cusp is shifted to very high latitudes, the gradient may
change sign. The phase delay is chaotic and does not show any consistent pattern. This behavior corresponds to the
occurrence of a localized peak in the latitudinal distribution of Pc3-4 power not under the cusp proper as was
previously thought, but about several degrees southward from the equatorward cusp boundary. We suggest the
occurrence of different simultaneously operating mechanisms of propagation of upstream wave energy to the
ground. The estimate show that compressional Pc3 fluctuations leaking from the magnetosheath into the entry layer
of the magnetosphere can modulate the precipitating electron fluxes, which produce the ground response. This study
is supported by INTAS grant 05-1000008-7978.

Solar wind dynamic pressure pulses, subauroral proton flashes, and Pcl bursts
T.A. Popova', A.G. Yahnin', and H.U. Frey2

'Polar Geophysical Institute, Apatity, Russia
Space Sciences Laboratory, University of California, Berkeley, California, USA.

Among lots of isolated, sharp increases of the solar wind dynamic pressure registered in 2001-2005, those occurring
during proton aurora observations from IMAGE spacecraft were selected for this study (61 events). The plasma
pressure pulses were divided into two groups: 1 — those correlated with a sharp increase of the interplanetary
magnetic field (38 events), and 2 — those accompanied by a sharp decrease of the magnetic field value (23 events).
In agreement with some previous observations, many, but not all solar wind pressure increases were associated with
subauroral proton aurora flashes on the dayside (42 events). Most proton flashes (34, that is, 81%) were associated
with plasma pressure pulses of group 1, and only 8 (that is, 19%) with pressure pulses of group 2. Correspondingly,
most events without proton flashes were connected to pressure pulses associated with a magnetic field decrease. In
addition, ground observations of geomagnetic pulsations in the Pcl range in Lovozero (Kola Peninsula) were
considered. When the ground station was conjugated with a proton flash (20 events), a specific type of Pcl
pulsations, called hydromagnetic emission bursts or Pcl bursts, were always observed. During 22 other flashes the
ground station was far away (more than 2 hours of MLT) from the subauroral proton aurora region. In such cases the
Pcl bursts were registered only in two events. In 18 of 20 remaining events either irregular (PiB/PiC-like) noise was
observed or pulsations were absent. In two cases an intensification of regular Pcl was noted during the proton
flashes. Only one of 19 plasma pressure increases without subauroral proton flashes was associated with Pc1 bursts;
others were not.

The good correlation of proton aurora flashes and Pcl bursts agrees with the suggestion that both phenomena are
consequences of the ion-cyclotron instability developing in the near-Earth equatorial dayside magnetosphere during
magnetosphere compression. In turn, the compression is more pronounced for those solar wind pressure pulses,
which relate to a simultaneous increase of the interplanetary magnetic field.

Connection between geomagnetic Pc4 —5 and auroral pulsations in Barentsburg observatory

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

Several occurrences of regular geomagnetic pulsations Pc4-5 and about 10 minutes, observed at Spitzbergen and
Bjornaja in December 2007 — January 2008, are compared with photometric data in Barentsburg. Auroral pulsations

have a place in all cases. The sign of polarization of geomagnetic pulsation components in an auroral peak has been
studied subject to aurora location relatively a magnetic observatory.
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Parameters of auroral Pc5/Pi3 pulsations and geostationary electron flux at relativistic and keV
energies

N.V. Yagova', V.A. Pilipenko'?

'Institute of the Physics of the Earth, Moscow
Space Research Institute, Moscow

A correlation exists between spectral power S of long period auroral ULF geomagnetic pulsations (Pc5/Pi3) and
electron flux J, in the radiation belt. The J, — S correlations for short-time irregular variations is positive at zero
timeshifts for energies below 300 keV, while for relativistic energies positive correlation exists only at timeshifts
more than one day. In the present paper the details of temporal behavior and spatial distribution of J, — S correlation
are analyzed. It is found that maximal correlation exists not at conjugated position, but for observatories shifted at
about 7/2 from it. The absolute values and timeshifts of maximal correlation depend also on ULF spectral and
polarization content and spatial scale.

Statistical study of properties of Intervals of Pulsations of Diminishing Periods (IPDP) and their
relation to subauroral proton arcs

T.A. Yahnina!, A.G. Yahnin', H.U. Freyz, J. Manninen®

'Polar Geophysical Institute, Apatity, Russia
2Space Sciences Laboratory, University of California, Berkeley, USA
3Sodankyla Geophysical Laboratory, Sodankyla, Finland

We performed a statistical analysis of IPDP properties on the basis of data from three stations (IVA, OUL, NUR) of
the Finnish meridional chain of induction coil magnetometers for the two-year period 2004-2005. Latitudes of these
ground stations are 65.1, 61.7, 56.9 CGLat, respectively. In all, 153 IPDP events were selected that occurred
between 12 and 23 MLT. As well known, the end frequency observed in IPDP depends on the latitude of
observation: the lower the latitude of a ground station the higher frequency is observed. This agrees with a general
view on IPDP as a kind of ion-cyclotron waves generated in the near-Earth equatorial magnetosphere. The end
frequency in IPDP tends to increase with MLT at any station. Also, there exists a tendency to observe IPDP at later
MLTs at lower latitude stations. This suggests the IPDP source is situated in the day-to-late evening sector of the
magnetosphere and elongated from a larger distance from the Earth at its dayside end to a smaller distance in the
evening. Comparison with proton aurora observations from the IMAGE spacecraft (35 events) confirms this
suggestion. We found that IPDP are associated with the appearance of subauroral proton arc-like structures. These
“arcs” are observed in the evening sector equatorward of the proton oval. Typically, the dayside (westward) end of
the “arc” collocates with the equatorial edge of the proton auroral oval while the nightside (eastward) end is
detached from the oval. It is known that such arcs are mapped onto the equatorial plane to the plasmaspheric plume,
which geometry is similar to that of the IPDP source deduced from the above-mentioned morphological properties
of IPDP. In addition, we noted a close correlation of IPDP and the appearance of the proton arcs with substorm-like
proton injections. We conclude that both IPDP and associated proton arcs are the result of the ion-cyclotron
instability developing when the proton cloud injected on the night side contacts the cold plasma of the
plasmaspheric plume.

Pacnipenesnenue mo HeGecHol cepe MHTEHCMBHOCTH CHHXPOTPOHHOTO PAIMOU3TyYeHUsI
PeJSTHBHCTCKHUX 3JIEKTPOHOB, 3aXBAYEHHBIX B IUNOJIbHOM MATHMTHOM I0Jie 3eMJIH

B.B. Kitumenko (Mrncmumym npuknaonou ¢usuxu PAH, 2. Husicnuti Hoszopoo)

Ora paboTa JONONHSET PsAJ MyOJIMKalni, COAepIKAIIUX BBIYUCICHUS XapaKTEePUCTHK CHHXPOTPOHHOTO U3JIyYEeHUs
3JIEKTPOHOB B JTUMOJBHBIX MAarHUTHBIX HOJSIX, B YaCTHOCTH B PaJUAallMOHHBIX MOsicax 3eMJIH. 371eCh BBITOJIHEHbI
pacyeTl HMHTEHCHBHOCTH CHHXPOTPOHHOTO PaJMOM3IIyYCHUS PAJUALMOHHOTO I0sica, C(HOPMHUPOBAHHOTO
JJIEKTPOHAMH C PENIITUBUCTCKOM MaKCBEIUIOBCKOHM (DYHKIMEH pacrpeneseHnsi M0 SHEpPIusM, IHTY-YIIOBBIM
pacmpezieneHreM ~sin"o, ¥ ¢ TAyCCOBCKUM IIPOCTPAHCTBEHHBIM DACIHpEICICHHEM B 3KBATOPUAIBHOM IUIOCKOCTH
Ne~exp[-(L-Lie)/AL%], L — mapamerp Max-HMnBaiina. [lomydeHs! ABYMepHbIE PACIPENEICHHS PaTHOAPKOCTH B
KOOpJMHATAaX a3MMYyT-3€HUTHBIM yroia Uil HaOdrofarens, pAacloNIOKEHHOTO Ha  IOBEPXHOCTH  3eMIIH.
JleTekTHpoBaHNE CHHXPOTPOHHOT'O M3JIyYEHHs C IIOMOIIBI0 Hanboyiee paclpoCTpaHEHHOIO THINA NMPUEMHHUKOB —

39



Waves, wave-particle interaction

puometpoB 30-40 MI'1, mpakTHYECKH OCYIICCTBAMO, €CIH IOTOKH PEIITUBUCTCKHX IEKTpoHOB (~1 M»3B) B
BepILIHE CHIOBO# TpyOKu npesbimaot ~107 em™c™.

[MoMuMO HOCTOBEpHOTO Ciydas PETHCTPALlUN CHHXPOTPOHHOTO HM3IIyYeHHS OT HCKYyCCTBEHHOTO PaTUallOHHOTO
mosica BO BpeMs SIEPHOTO dKcmepuMenTa B marHuTocdepe B 1962 1. [Omepamus «Mopckast 3Be3ma». COOpHHK
crareii. Ilog pen. M.A. Xymmna. M.: Arommsnmar, 1964.] u3BecteH eme psA OYECBHOHBIX HAOIIOJCHHUN
WHTEHCHBHOTO PaJIMOU3IIyueHUs] U3 BO3MYILEHHOW MarHuTocdeps! (noHocdepsl) Ha yactorax oT 30 mo 225 MIL,
KOTOpBIE ¢ OOJBIION BEPOSTHOCTBIO SIBIISIOTCS PE3YJIBTATOM CHHXPOTPOHHOTO M3JIyYEHUS B MOMEHTHI YCHJICHUS
TOTOKOB PENIATUBUCTCKHX IEKTPOHOB Bbimre ~10 cm>c™.

3aKOHOMePHOCTH MATHUTOC(EPHOIo OTKJIMKA Ha 00JIbIIME H Pe3KHe CKAYKH MOTOKA COJTHEYHOIr0
BeTPa B TeOMArHUTHBIX MYJIbCANMAX YaCTOTHOrO auamna3zona 0.2 - 5 I'n

B.A. ITapxomoB 1., I'.H. 3actrenkep 2 , M.O. Ps3annena 24 , b. Llormen 36 , T.A. TTonosa’

' Baiixanbcxuii 2ocydapemeennviii ynusepcumem, Mprymek

2 Hnemumym kocmuveckux uccredosanuii PAH, Mockea.

> Unemumym conneuno- semnoii usuxu CO PAH, Hpkymcxk
*HUHA® MT'Y umenu JI.B. Cxobenvyuna .

> [Monspusiii 2eopusuueckuii uncmumym K@ PAH.

®Ifenmp uccnedosanuii no 2eodusuxe u acmpornomuu AH Monzomuu

Ha ocHoBe HabmromeHuil Bapmanuii MOTOKAa COJHEYHOTO BeTpa Ha CHyTHHKE MHTep6od-1 M TreoMarHUTHBIX
MyJbCalliii Ha JABYX CPEIHEIIMPOTHBIX W OJHOW aBpoOpalbHOW 00CepBaTOPHSIX  IPEICTABICHBI PE3YIbTaTHI
UCCIICIOBaHHS MAarHUTOC(EPHOTO OTKJIMKA Ha OOJIBIINE CKAYKH MOTOKA (IaBJICHHs) COJTHEYHOro BeTpa (~ 4x10% em™
¢, npm wmMTenpHOCTH ckauka He Goree 60 CeKyH).

IToka3zano, 4To Takue BO3pacTaHUs MOTOKA MOHOB COJHEUHOTO BETpa KaK MPH HEM3MEHHOW CKOPOCTH, TaK W JJs
CllydacB TpHUXOoJa K 3eMiie  MEXIUIAHETHBIX YOApHBIX BOJH, IMPH Pa3IMYHOM HAIPABICHUH BEPTUKAIBHOM
KOMIIOHEHTHI MEXKIUIAHETHOTO MAarHUTHOTO IIOJIA , MOTYT BBI3BaTh MAarHUTOC(EPHBIH OTKIUK B BHJIC YCHICHUH

TOKOBBIX CHCTEM — KOJIBIIEBOTO TOKa (MOJIOKUTEeNbHOe Bo3pactanue SYM H), 3amagHOd W BOCTOYHOM
anekTpocTpyit (Bozpactanme AU u AL), COTPOBOKAAEMBIX TPEMSI BUJAMH PEXUMOB BO30Y)KICHHUS T€OMAaTrHUTHBIX
MyJIbCALUN:

1) reHepanueli KPaTKOBPEMEHHOTO BCIUIECKA MIMPOKOTIONIOCHBIX ITyJbcaliid Trma Pi, IMEIOmuX IryMonoqo0HbIi
CIIEKTD;

2) TeHepalueill KpaTKOBPEMEHHBIX KojebaHui ¢ uaMmenstomieiics dactotoi PCF B mmamazonme 0.2 — 5 I'm ¢
nesuarmeii yactorsl okoio 0.4 I'u/mun. ;

3) orcyTcTBHEM MyJbcaluii B 4acTOTHOM auamnazone 0.2 — 5 [’ npu Hamuuny HU3KOYAaCTOTHBIX MyJIbCAIMi THIA
Psc 3 -5.
[epBelii 1 BTOpOM BHIBI MyJibCalUii HaOdromaroTcsi Toybko it 20% cOOBITMH CO CKaykamMu IIOTOKa, a BCe
OCTaJIbHBIE TaKKWE COOBITHSI OTHOCSTCS K TpeTheMy THUIly. OHAKO MOYTH [UIsl BCEX CIIyYaeB MPUX0JIa MEKIUIAHETHBIX
yIapHBIX BOJIH HaOJfO#aeTcss BO30y)KAEHHE I'€OMAarHUTHBIX IyJbCAllMM IIEPBOTO WJIM BTOpOro THma. OTMedeHo
CYIIECTBEHHOE BIIMSIHUE HAIPABJIECHHUS MEXIUIAHETHOTO MarHUTHOTO IIOJIsI Ha BO30YXKIEHHWE MyJbCaluii pa3HBIX
tunoB. OOCYKIat0TCs BO3MOXKHBIE MEXaHI3MBI HAOIFOTaeMBIX 3aKOHOMEPHOCTEH.

40



un, Solar Wind, Cosmic Ray

Sun







The Sun, solar wind, cosmic rays

Real-time forecast of radiation-hazardous fluxes of solar cosmic rays on the data of the neutron
monitor network

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

The worldwide network of neutron monitors remains till now by a sole reliable data source about relativistic solar
protons (RSP), registered during Ground Level Enhancement (GLE) events.

The parameters of RSP are obtained by methods of optimization (least square procedure) from the neutron monitor
network data. No less than 25-35 stations are required for such analysis. The detailed computations of asymptotic
viewing cones of the neutron monitors in modern models of a geomagnetic field are required also. And a huge bulk
of accounts takes the solving of a least square problem of definition of the solar proton parameters from the neutron
monitors data. In a task of early operative definition of radiation-hazardous fluxes of solar cosmic rays the basic
goal is the estimation and forecast of solar proton spectrum in the energy range of tens and hundreds MeV. This is at
the lower edge of a spectrum of solar protons determined on the data of neutron monitors. It is clear that applying of
the above mentioned technique for the purposes of the operative forecast of radiation hazard is inexpedient because
of required large number of stations, and also large bulk of calculations. We developed the short cut technique of
definition of a spectrum of solar protons on the data of the limited number of neutron monitor stations (less than 20)
and with the simplified procedure of accounts adapted for the purposes of the operative forecast. The results of
computations of spectra of solar protons with the short-cut technique practically do not differ from spectra obtained
with a complete technique at energies less than 5 GeV. Thus the good agreement between derived from the neutron
monitor data intensities of solar protons in an energy range of hundreds MeV with the data of direct measurements
of solar protons at GOES-series spacecrafts and balloons is observed. The maximum of increase on neutron
monitors outstrips on several hours (5-10) an appropriate maximum of radiation-dangerous fluxes, registered by
spacecrafts of GOES- series. Thus, the technique of the early forecast of radiation hazardous fluxes of solar cosmic
rays in space on the basis of the neutron monitors data obtained in real time by the neutron monitors network is
created.

Numerical simulation of solar cosmic ray acceleration during a flare
Yu.V. Balabin', LM. Podgorny?, A.I. Podgorny®, and E.V. Vashenyuk'

'Polar Geophysical Institute RAS, Apatity, Russia
*Institute for Astronomy RAS, Moscow, Russia
3Lebedev Physical Institute RAS, Moscow, Russia

The set of neutron monitors measurements reveals two components of relativistic protons that accompaniment a
flare. The prompt component of relativistic protons is created simultaneously with flare hard X-ray radiation. It
possesses information about the mechanism of particle acceleration in a flare up to ~10 GeV. Prompt component
shows the exponential spectrum with W, order of 0.5 GeV. The possibility of particle acceleration in a current sheet
has been considered in the frame of the elctrodynamical solar flare model. Particles can get energy during
acceleration in the Lorenz electric field along a singular line. The similar mechanism of acceleration has been
observed in the powerful pinch discharge. In previous simulation work it has been shown that exponential spectrum
appears, if the electric field is applied along a magnetic symmetrical X-type singular line. Such simulation can be
considered as a first step for reality, because the real field distribution in more complicated. Now numerical
simulations have been carried out for the real magnetic and electric configurations calculated in MHD numerical
experiments for the famous Bastille flare. The result of simulation shows that the spectrum of accelerated protons
during a flare indeed is the exponential one. The rate of reconnection for W, ~ 0.5 GeV is order of 107 cm/s.

Variations of aurora emissions during substorms connected with different solar wind streams

L.V. Despirak', Zh. V. Dashkevich', V. Guineva®

'Polar Geophysical Institute, Apatity, Russia
*Solar-Terrestrial Influences Laboratory, Stara Zagora, Bulgaria

Spistbergen photometer data from the 2005/2008 winter seasons have been used to study the variation of auroral

5577 A and 6300 A intensity ratio in different conditions of interplanetary medium and various geomagnetic
activity. Solar wind and interplanetary magnetic field parameters were taken from CDAWeb
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(http://cdaweb.gsfc.nasa.gov/cdaweb/istp_public/).Using WIND satellite data for the examined periods, the different
solar wind streams were revealed: recurrent streams from coronal magnetic holes and magnetic clouds connected
with non-stationary processes at the Sun. Substorm onset time and further development were verified by ground-
based data of IMAGE magnetometers network and by data of all-sky camera at Spistbergen. The auroral 5577 A and
6300 A intensity ratio behaviour is shown and disscussed. The particularities in behaviours of the emission
intensities and the 6300/5577 ratio during substorms observed by solar wind recurrent streams and by magnetic
clouds are discussed. These estimations were obtained for storm and nonstorm substorms as well.

Monitoring of various kinds of cosmic radiation for environmental studies

A.V. Germanenko, Yu.V. Balabin, E.V. Vashenyuk, B.B. Gvozdevsky, L.I. Schur (Polar Geophysical Institute,
Apatity, Russia)

In 2008 the monitoring of a gamma-radiation and low energy neutrons at cosmic ray station in Apatity is begun.
These kinds of radiations can have the important value for environmental studies. The registration of gamma-
radiation is made with the help of a NaJ crystal: 6.3x2 cm and a photo multiplier with two energy thresholds: > 20
and > 100 KeV. The background of low-energy neutrons is measured by a lead free section of a neutron monitor: 4
neutron sensitive counter tubes SNM-15 filled with BF; gas enriched with B'® isotope. Tubes are surrounded by
cylindrical layer (2.5 cm) of polyethylene moderator and are capable detecting atmospheric neutrons of thermal and
quasi thermal energies. The standard neutron monitor with tubes covered with the 5 cm of lead has the lower energy
limit > 50 MeV for detecting of neutrons.

At registration of gamma-radiation the sporadic increases of count rates correlating with atmospheric precipitations
are found out. As the reason of these increases can be bremsstrahlung from particles accelerated in an electric field
between clouds and the ground. The probable connection with atmospheric radio nuclides is considered also. The
basic source of neutrons registered by the lead free section are the moderated neutrons of secondary cosmic
radiation. It is specified by the high correlation between the data of lead free section and the standard neutron
monitor. At the same time, in a count rate of lead free section the appreciable contribution is given by particles of a
radioactive background of the terrestrial core. It specifies peak in a frequency spectrum with the period of the Moon.
Radioactive emanation of the terrestrial core as is known are related with a tidal wave, caused by the Moon.

Solar wind dynamic pressure jumps characteristics and their magnetospheric effects
N.A. Glotova, M. A. Shukhtina (St. Petersburg State University, St. Petersburg, Russia)

To study the solar wind - magnetosphere interaction it is necessary to determine the time, when the structures,
registered at a distance of 100-200 Re from Earth, come to the Earth bow shock(BS). Until recently, the solar wind
parameters were usually transferred by convection time dt = dx / Vsw, implying the front of the structures moving
with the solar wind and perpendicular to the Sun-Earth line. However the discontinuity normals, as well as the
normals to the solar wind phase fronts, are often tilted to the Sun-Earth line, which is taken into account in the
recently created OMNI data base (http://omniweb.gsfc.nasa.gov). This base contains solar wind/IMF parameters,
transferred to the Earth bow shock, and is created for smooth variations of solar wind parameters. The purpose of
our work is to test the OMNI base for interplanetary discontinuities, using ground observations. We study the
response time of the ground SYM-index to solar wind dynamic pressure (Pd) jumps, recorded by remote (100-
200Re) spacecraft and transferred to BS according to OMNI and by convection time. We also transferred solar wind
structures using methods of normal and velocity calculations for given discontinuities. 2 types of discontinuities
corresponding to Pd jumps: tangential (TD), and fast shocks (FS) were considered.

Time delays between Pd jumps at the BS, (1) taken from OMNI and (2) transferred by convection on the one hand,
and jumps of ground SYM- index (SIs) on the other hand, were studied separately for TDs and FSs. We also
compare normals from OMNI and obtained by methods for concrete discontinuities.

62 SYM jumps, corresponding to 35 TDs and 27 FSs, were analyzed. The results are as follows: According to
OMNI, TDs come to the bow shock on average 4 min before SIs on the ground. For convection translation the
average delays are also 4 min, but the scatter is larger. Thus the OMNI procedure is better compared to the
convection one.

For shocks OMNI gives unrealistic results: on average the Pd jumps come to the bow shock 4 min after the ground
SIs. As for normals, the average angle between normals from OMNI and our normals for TDs is 13 degrees and 66
degrees for FSs.

We conclude, that the OMNI data base is good for TDs and can not be used for FSs.
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When using normal and velocity calculation methods for the FSs,we obtain that the FS on average comes to the BS
5 min before Si.

Our calculations of TD and FS propagation time from the BS to the ground agree with theoretical and MHD
estimates.

Participation of the Apatity neutron monitor in the international Neutron Monitor Data Base
B.B. Gvozdevsky, Yu.V. Katkalov, E.V. Vashenyuk (Polar Geophysical Institute, Apatity, Russia)

By the end of 2008 the international Neutron Monitor Data Base (NMDB) was created in a frame of the 7-th
European Framework Programme (PFP7) Project. At present 20 NM stations, mostly European, submit real-time
data with 1-minute resolution to the database. Apatity neutron monitor is one of the stations. We have developed a
software automatically delivering our data to the database once per minute via Internet. The NMDB server is located
at the Christian-Albrechts University of Kiel, Germany. It is running MySQL Server. Our software employs the Perl
and SQL functionality to connect to the server and to upload the data, as well as to collect the data of other stations
for using. The data of the networks of neutron monitor stations will be used for diagnostics in real time of a state of
near-earth space. In particular they will allow operatively detecting a beginning of the GLEs (Ground Level
Enhancements), related to solar cosmic rays and Forbush effects. To reveal these events on the data of only one
station often is impossible. We also develop a technique of definition of the characteristics of primary solar cosmic
rays on the data of neutron monitors which are included in the NMDB network. On the basis of our technique the
operative forecast of radiation hazard in space and on the high latitude airline routes, probable effects of cosmic
radiations on humans, technological systems, and the environment is possible also.

The magnetosphere time response to the IMF Bz turning
M. Ivanova, N.P. Dmitrieva (St. Petersburg State University, St. Petersburg 198504, Russia)

We analyzed the time response of the polar cap electric field to the IMF Bz turning. Using the magnetic and plasma
data from Wind, ACE, Geotail, Themis B and Themis C spacecraft 39 solar wind directional discontinuities (DD)
were examined. 20 events with N-S Bz turning and 19 events with S-N Bz turning were selected. The multi-
spacecraft method was used to estimate the propagation time of the DD fronts. The reference time for the electric
field response is the moment of DD arrival to the bow shock nose. The uncertainty of the arrival time estimate does
not exceed 2 min. PC-index was used as an instrument to observe the polar cap electric field variations. The average
time response value 13.6+6.4 min for all events was obtained, this value being 15.1+6.7 (12.2+5.8) min for the N-S
(S-N) turning. This result confirms the conclusion of N.V. Erkaev (Planet. Space Sci., 2003, 745-755) whose
analytical computation gives the magnetic barrier formation time of about 10 min. for typical solar wind parameters.

The short-term forecast of Solar wind magnetic cloud parameters reaching vicinity of the Earth
E.A. Kalinina ', N.A. Barkhatov "2, A.E. Levitin *

'Nizhniy Novgorod State Pedagogical University, 603950 Nizhny Novgorod, Russia
2Pushkov Institute of Terrestrial Magnetism, lonosphere and Propagation of Radio Waves (IZMIRAN), Russian
Academy of Sciences, 142190, Troitsk, Russia

Geomagnetic storms frequently occur as result of interaction of the magnetosphere with ejection of the solar plasma
in a form of magnetic cloud. If key parameters of the magnetic cloud reaching the Earth are known, they can be used
for the forecast of intensity and duration of geomagnetic storm. The method of determination of orientation of such
magnetic cloud, its cross size, a magnetic field on its axis and impact parameter is presented. It allows concretization
of a passage trajectory of the Earth through the cloud using measurements of the interplanetary medium parameters
onboard the patrol spacecraft taking place in a libration point.

The method consists in comparison of measured components of the magnetic field vector in a cloud, with their
modelled values. For this purpose the data base of the magnetic clouds parameters is created based on experimental
data obtained during the real passage of the magnetosphere through the solar plasma ejections. Number of the used
modelling clouds representing different possible variants of the Earth passage trajectories and allowing
determination of their parameters is about one million. The developed method is tested on statistics of real events.
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On the basis of numerical experiments the estimation of quantity of initial measurements onboard the patrol satellite,
needed for determination of the magnetic cloud parameters is carried out.

After determination of these characteristics the forecast of the interplanetary magnetic field Bz component, which
magnetosphere should meet in a magnetic cloud, is carried out. This enables the forecast of the Dst-variation
expected during interaction of the given cloud with magnetosphere. The number of needed initial measurements of
interplanetary medium parameters, that is, forecast time from the moment when the patrol spacecraft enters a cloud,
appears less for the magnetic clouds having a smaller inclination to the ecliptic plane.

This work is supported by RFBR grants 08-05-12051.

Solar wind parameters and relativistic electron flux variations (2001-2005 years) correlations
studies

LN. Myagkova, A.V. Bogomolov (Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow)

Dynamics of the relativistic electron flux in the Earth’s outer radiation belt of the Earth (ERB) (3<L<5) and their
acceleration mechanisms have been discussed for a long time. However, there is still no clear theory of the
acceleration of electrons to the relativistic energies describing all the principal features of their variations. In this
work the correlation between the relativistic electrons flux measured at low orbits on board CORONAS-F satellites
and solar wind parameters such as velocity and density have been studied during September 2001 — June 2005 year
time period.

We have found, that the significant increasing (more than in order) of electron mean flux in the outer ERB was
observed during time period from 2001 to 2003 years. The correlation of mean electron flux variations at low
altitudes and at geostationary orbit with the solar wind parameters was carefully investigated.

Effect of substorm in the propagation of the galactic cosmic rays
V.V. Pchelkin (Polar Geophysical Institute RAS, Apatity, Murmansk region, Russia)

By the method of trajectory calculations with the use of empirical model of the current wedge the influence of
substorms on asymptotic directions and cut-off rigidity of the cosmic rays is investigated. It is shown that, to the
first approximation, the influence of substorm in the analysis of galactic cosmic rays propagation in the
magnetosphere can be neglected.

The method of search for possible solar flare positions in the corona
A. 1. Podgorny (Lebedev Physical Institute RAS, Moscow, Russia)

To find solar flare positions in the corona above an active region the search of singular magnetic lines in the
potential magnetic field usually employed. It is supposed that such method can be used for solar flare prediction.
But such approach does not take into account the magnetic field of several current sheets appeared in the corona
before the flare. Often for calculations of the potential magnetic field the rough approximation of the active region
magnetic field by magnetic charges is used, and the magnetic field between spots is not taken into account. Such an
approach often meets difficulties during analysis of complicated active region configurations. Here we present the
method of direct search of current sheets in the magnetic field above the active region in a preflare state. The
magnetic field configuration in the corona is calculated by MHD numerical simulation with the initial and boundary
conditions obtained from observed magnetic maps on the photosphere. The current density local maximum has been
found in 3D space. It must correspond to the current sheet center. The current sheet plane must be perpendicular to
the plane which contains the point of the current density maximum, and this plane must be perpendicular to the
magnetic line passing through this point. Magnetic field lines in this plane correspond to the magnetic configuration
of the current sheet. The numerical code of visualization of the field configuration in an arbitrary plane with
simultaneous calculation of the current density maximum in 3D space is developed. This code permits prompt
finding current sheet position for the flare prediction. Flare positions and field configurations are demonstrated for
the active region AR 0365. The method permits to investigate the behavior of the magnetic field and plasma in the
current sheet vicinity.
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Solar flare model — comparison with complex space crafts observation
I. M. Podgorny', and A. I. Podgorny®

'Institute for Astronomy RAS, Moscow, Russia
*Lebedev Physical Institute RAS, Moscow, Russia

The solar flare model obtained from 3D MHD numerical simulation has been discussed in previous Apatity
conferences. The main point of the model consists in primary energy release in the corona due to magnetic energy
dissipation in a current sheet. Now a possibility appears for detail comparison of this model with simultaneous
observations of a flare by several space crafts (RHESSI, Stereo A and B, and GOES). An unusual position of the
active region and spacecrafts permits to obtain new information about a flare event. The M2 flare 25.11.2007 has
been produced above the active region situated behind the solar limb. This active region was observed by Stereo A
and Stereo B. RHESSI can measure thermal X-ray emission from the current sheet and X-ray radiation above the
flare current sheet. This space craft has been shielded from powerful X-ray radiation in legs of the flare loop by the
Sun body that permits to detect very weak radiation from the corona. The weak flux of hard X-ray from corona
(above the thermal source) is revealed together with III-type radio emission. The electrons with energy order of 50
keV responsible for these radiations are moving along magnetic lines. They reach the Earth orbit and are observed
by GOES. This hard pulse of X-ray shows a thin target spectrum. Electrons producing these radiations are
accelerated in field-aligned currents generated by Alfven wave which is excited by the Hall electric field in the
current sheet. The field aligned currents are connected due to Alfven conductivity. Another system of field aligned
currents is connected in the chromosphere, where accelerated electrons produce the thick target power spectrum.
Strong flux of hard X-ray radiation is measured by Stereo spacecrafts. All scenario of solar flare development is in
agreement with the electrodymamical solar flare model prediction.

The beginning of new 24-th cycle in solar and geomagnetic activity generation

T.E. Val'chuk (Pushkov Institute of Terrestrial Magnetizm, lonosphere and Radio Wave Propagation RAS, Moscow
reg., Troitsk, e-mail: valchuk@izmiran.ru)

The general solar magnetic field is presented by quasi dipole structure in solar activity minimum. The heliosphere
plasma layer (HPL) divides the giant solar wind flow into two regions of preferred polarity in connection with the
solar hemisphere polarity. On the Earth orbit the polarity alternation is the interplanetary magnetic field (IMF)
sector structure variations. Heliosphere current layer (HCL) is situated inside the HPL. Current layer is much more
thin; the IMF polarity changes into opposite polarity after this layer transition. HPL and HCL are the long lived
solar activity phenomena. The changing of sector structure boundaries shows the dynamics of solar activity in the
equatorial belt of the Sun.

The plasma and IMF data in 2007-2008 were treated with the aim of detailed examination of HPL character in the
initial phase of new solar activity grows. Only in the deep solar spot minimum the HPL has the most flattening
configuration in heliosphere and near to ecliptic plane.

Solar wind plasma is the fractal medium, reflecting in fractal dimension (FD) the sector structure transitions. The
control of HPL variations from one Carrington rotation (CR) to another CR helps to identify the connection between
solar wind parameters and solar activity phenomena. The transition of HPL is revealed as the FD diminution (down
to 1.5 in the most cases). The sharp decrease of the FD is the feature of another fractal structure in HPL region.

The geomagnetic disturbance is not valuable in the minimum of solar cycle No23. Corotating interaction regions
(CIR) were the general reasons of geomagnetic disturbances in 2007-2008. Extra magnetosphere storm, similar to
great geomagnetic storm 13-14.12.2006, is absent in two last years.

The last FD result is connected with the coupling two sector boundaries in the middle of Carrington rotations
Ne2060-2064 in the end of 2007. The possible explanation may be proposed: the Wind trajectory is sink into the
thickness of HCL, but the heliosphere current layer is not cut in that case. It is the situation of two-sector structure of
IMF, but the typical FD diminution is repeated in these CRs on the old places of the sector boundary coupling. It is
the situation of HPL flattening. In 2008 2-th sector structure transforms into 4-th sector structure.
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Ko3¢ppuumentsl TpancnoptHoro ypasuenus Ajsi I'KJI B renunocgepe ¢ TOKOBBIM €j10eM KOHEYHOMH
TOJILUHBI

M.C. Kanmunann, M.b. KpaitneB (Pusuueckuii uncmumym um.I1.H. Jlebedesa PAH, Mocksa)

Ha ocnoBe Mozenmu remmocepbl ¢ TOKOBBIA CIIOEM KOHEYHOHM TOJIIHMHBI, BKJIIOYAIOMICH BCE TPU KOMIIOHEHTHI -

B,,B,,B,- MaruutHOTO MOJA, TPEIOKEHHOH HAMU paHee, BBIMUCISIOTCA KHHETHHECKHE Kod(hdHUMEHTHI

TpaHcnopTHOro ypaBHeHUs mius ['KJI. YcpenH€éHHBIE TO a3uMMyTalbHOMY YTy 3HadeHHS KOd3()(QUIIMEHTOB
WCIIONIB3YIOTCSl TIPH  YHMCIEHHOM pEIICHWH JBYMEPHOTO II0 MPOCTPAHCTBEHHBIM KOOpPAWHATAM YpPaBHEHUS
moayssinuu ['KJI. AHanu3upyroTcss IpOCTPaHCTBEHHBIE XapaKTepUCTUKU UHTeHCUBHOCTH ['KJI, 4uyBCcTBUTENbHBIE K
CTPYKTYpe rennoc(epHOro TOKOBOTO CJI0S1 KOHEUHOM

TOJIIIMHBL.

Mopaean requocgepHOro TOKOBOIo €JI0si KOHEYHOM TOJIMHBI
M.C. Kannaun, M.b. Kpaitaes (@Qusuueckuti uncmumym um. I1.H. Jlebeoesa PAH, Mocksa)

PaccmoTrpeHns! 1Ba MexaHn3Ma 00pa3oBaHUS TeIMOCHEPHOTO TOKOBOTO CIIOS KOHEYHOW TONIIMHBI, IMEIOIIETO BCE

Tpu kommnowentsl - B,,B,,B, wmarmntnoro mnoms. CraumoHapHbIi MeXaHM3M CBf3aH ¢ HammaueMm B, -

KOMITOHEHTbI MarHUTHOTO TIOJI Ha ITOBEPXHOCTH MCTOYHHKA BONM3M TOKOBOTO CJIOsl. BTOpO#l MexaHM3M CBsi3aH C
HECTaIlMOHAPHOCTHIO CaMOTO TOKOBOT'O CJIOSI, TONIIMHA KOTOPOTO OIpPEAENseTCS U3MEHEHHEM yIJla €r0 HaKJIOHa K
TeJIMO3KBATOPY 3a CONHEYHBIH 000poT. OCHOBHBIE MapaMeTpbl MOJEIH OLIEHWBAIOTCSA HAa OCHOBE paccd€TOB
MarHUTHOTO HOJIS HA MOBEPXHOCTH MCTOYHUKA B PaMKax MOTEHIHAIBHOTO Mpubmmkenus (Monens Ctenpopackoro
yauBepcureta, CIIIA). Monens MoxkeT ObITh IpUMEHEHa AJIS TeopeTHUecKux ucciepoBanuil moxysaiuu ['KJI Ha
OCHOBE TPAHCIOPTHOT'O YPaBHEHHUSI.

B3aumojgeiicTBue nagamomeil ruIPoOINHAMMYECKON BOJIHBI € YIaPHOH BOJIHOM: CPABHEHHE MEXKIY
AHAJMTUYECKHM pelleHueM JJIs1 M1eaJIbHOM cpelAbl U YHCJACHHBIMU PAcYeTaMHM sl BA3KOM cpeabl

A.A. JTro6unu, N.B. Iactiupax (Iorapustii ceogpuzuueckuti uncmumym KHIL] PAH, Anamumol, Poccust)

IIpoBeneHO 4MCIIEHHOE MOJEIMPOBAHUE B3aUMOJACUCTBUS MaJarolled TUAPOJMHAMUYECKOW BOJHBI C yJAapHOH
BOJIHOH U151 BA3KOH cpenbl ¢ uncioM Ilpanaris Pr = 3/4. PaccMaTpuBaiInCh Citydau IaJeHUs] 3BYKOBOM BOJHBI CO
CTOPOHBI CXXAaTOW Cpejbl, a TaKKe HPSMON M 0OpaTHOW 3BYKOBOW BOJIHBI M HTPOINHUIHONW BOJIHBI CO CTOPOHBI
Heckatol cpensl. Ha rpanunmax o0nact MoJIeMpOBaHMs, BKJIIOYAIOIIEH yIapHyIO BOJIHY, 33JaBaIUCh TPaHUYHBIC
YCIIOBUSL MCXOIS M3 aHAJIUTHUYECKUX PELICHUN COOTBETCTBYIOLIEH 3alaud B MJCAIbHOM Cpejie, ONUChIBAEMOM
ypaBHeHHeM Oiepa. i1 cpaBHEHHs HCIIONB30BANUCH /1BA THIIA PEIICHWH, KOTOpPHIE NAOT pa3Hble TPaHWYHBIE
ycrmousa. ONHO W3 HUX YYHUTHIBA€T JAWHAMHYECKHA W KUHeMaTHIecKui 3((deKTr, CBI3aHHBIE C KOJICOAHUSIMHU
MOBEPXHOCTU yIApHON BOJHBI, a BTOPOE€ — TOJbKO KHHEMATHUeCKHd S(¢eKkrT. DT pelleHHus I0-pasHoOMY
OINMCBHIBAIOT PE3yJIbTAaT B3aMMOICHCTBHSA MAJAlOIIMX BOJHOBBIX BO3MYIICHHH COJHEYHOTO BeTpa C JOOOBOM
yIapHOU BOJIHOM M AAlOT pa3HbI€ yCIOBUS, IPU KOTOPHIX BO3MOYKHO CIIOHTAHHOE M3JTy4YE€HHE BOJIH YAAPHOU BOJIHOM.
B pesynbrare 4HMCIEHHOTO MOJECIMPOBAHMS ONpEAENsUIach aMIUIUTya KoyieOaHWW IIeHTpa yJapHOW BOJIHBL. JTa
BCJIMYMHA CpaBHUBAJIAChb CO 3HAYCHUAMH, JaBaA€MbIMU AHAJIUTUYCCKUMHU PCHICHUAMU. bruio II0Ka3aHoO, 4TO
pe3yJIbTaThl YUCIEHHOTO MOJEIUPOBAHUS B BA3KOH Cpeie XOPOUIO COTIACyIOTCA C aHATUTHYECKHMHU PEIICHUSIMU B
HJeanbHON cpesie A BCeX pacCMaTpHBaeMbIX TUIOB Majaroniux BoiH. Cornacue sIBISETCS OAMHAKOBO XOPOLIUM
JUISL aHAINTHYECKNX PELIeHHH, TIOyYeHHBIX KaK IIPpH ydeTe TuHaMuueckoro 3¢ ¢exra, Tak u 0e3 ero yuera. Cuenan
BBIBOJ O TOM, YTO TOJIbKO CPaBHEHME IMOJYUYEHHBIX PELICHUH C SKCIEPUMEHTAJIbHBIMU PE3YJIbTaTaMU IMO3BOJIUT
OTIPENIeNIUTh, KAKOH M3 IBYX THIIOB PEIICHUN SBISIETCS (PU3MUECKH KOPPEKTHBIM.
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lonosphere and upper atmosphere

Appearance and interpretation of a Broadband Spectral Maximum (BSM) in low latitude ULF
magnetic noise observations: effect of a MHD cavity in the ionospheric E-F1 valley

T. Bosinger', A. G. Demekhov?, and C. Haldoupis®

'Department of Physical Sciences, University of Oulu, Finland
*Institute of Applied Physics, 46 Ulyanov st., 603950 Nizhny Novgorod, Russia
3Physics Department, University of Crete, Iraklion, Greece

We demonstrate by frequent observations and modeling that the concept of the so called broad-band spectral
maximum (BSM) in the ULF magnetic noise is fully valid and applies excellently to observations made at a low
latitude station. This spectral feature was introduced by Belyaev et al. (2002), and its first rigorous model based on
the resonant properties of the ionospheric E/F1 region valley was suggested by Ermakova et al. (2007). In contrast
to the reported mid and high latitude observations, the BSM phenomenon seems to be a regular feature detected
every night on the island of Crete (L = 1.4). It shows up in a broad band maximum in the power spectral density
below the first Schumann resonance but typically above the frequency range carrying IAR signatures. The
phenomenon is, however, best portrayed in the behavior of the ellipticity which reveals another signature of the
phenomenon: long (several hours), quasi-periodic pulsations of the ellipticity just in the BSM frequency range
indicating ongoing, large scale changes in the ionospheric E/F1 valley.
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Display of magnetogravitation waves caused by auroral electrojet dynamics in traveling
ionospheric disturbances

O.M. Barkhatova "% N.A. Barkhatov "%, G.1. Grigor’ev !

'Research Radiophysical Institutes (NIRFI), 603950 Nizhny Novgorod, Russia
*Nizhniy Novgorod State Pedagogical University, 603950 Nizhny Novgorod, Russia

It is known, that due to substorm activity the acoustic-gravitational disturbances of different spatial scales
manifested in traveling ionospheric disturbances (TID) appear in high-latitude terrestrial atmosphere. On the other
hand slow magnetohydrodynamic (MHD) disturbances can take place in ionosphere. In the density stratified
atmosphere these disturbances can involve in the wave movement not only ionized component, but also neutral
component. As result, so-called magnetogravitation waves (MGW) are formed which velocity appears above the
acoustic-gravitational wave (AGW) velocity, but is lower than MHD wave velocity [1].

Existence of MGW caused by the activity of the eastward and westward auroral electrojets conduces to that
substorm activity can be noticed in TID earlier, than one usually suggests. For detection of such MGW feature the
experimental data on decametric radiowave propagation on middle-latitude and subauroral traces of inclined
ionosphere sounding were used. The traces are Inskip - Rostov —Don, Cyprus - Rostov — Don, Irkutsk - Rostov —
Don and Norilsk - Rostov —Don. The data were obtained in December 2006 and March, 2007 in conditions of weak
geomagnetic disturbances. Maximum observed frequency (MOF) was considered for local day time intervals. This
allows to exclude TID connected to passing the terminator passage and to study the effect of substorm activity.

The analysis of linear correlations of MOF for each of inclined sounding traces with AU, AL index values
describing intensity of eastward (AU) and westward (AL) electrojets was performed for different time shifts of MOF
relatively to the indices. As result, the time shifts between AU, AL and MOF corresponding to the highest
correlation were established. These time shifts should correspond to the time needed for transportation of
gravitational indignations from auroral zone to points of radiowave reflection. Among the values of the time shifts
the times 5-10 mines were noted representing increased propagation velocity of disturbances in comparison with
typical AGW velocity for considered traces. Such cases can be connected to the MGW propagation.

Spectra of disturbances in AU, AL indices and in MOF for cases of their enhanced correlation show coordination of
the spectral features. The analysis of MOF spectra calculated along a line of probable propagation of gravitational
waves towards equator suggests a weakening of the high-frequency part of spectra at lower latitudes. This can be a
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consequence of the greater attenuation on long-distant traces of middle-scale gravitational waves in comparison with
large-scale waves. Also, this can be a possible consequence of interaction AGW with a geomagnetic field with
MGW formation.

The performed numerical modelling of the transportation of MHD disturbances demonstrates an opportunity of their
generation by electrojet perturbations and their influence on TID observed on the inclined radiosounding traces.

This work is supported by RFBR grants 08-05-12051.
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VLF characteristics of magnetic cutoff in the cases of ultra relativistic electron precipitations

M.I. Beloglazov (Polar Geophysical Institute, Apatity),
G.F. Remenets (Physics Department of St.-Petersburg State University)

Continuous, synchronous, many year (1982-1986), on ground registration of VLF signals for short (Aldra-Apatity,
S1 =885 km, f, =10.2; 12.1; 13.6 kHz, i = 2, 2, 3) and long (Ragby-Apatity, S2 =2400 km, f4=16 kHz) radio

traces has revealed new geophysical phenomena. The essence of it in the ultra relativistic ( £, ~ 100MeV) electron

precipitation into middle polar atmosphere with the synchronous generation of X-rays of such intensity that they are
capable to produce a sporadic D-region middle atmosphere (10 — 40 km) ionization. The effective altitude of such
layer of electric conductivity may achieve a value of 30 km. The time scale of the event is equal to 5 min — several
hours, the space scale is equal to one thousand — several thousand km. A crucial item in the proof of electron nature
of the events is the existence of the magnetic cutoff in the VLF disturbances. The purpose of the report is to
represent the quantity VLF characteristics of all anomalous disturbances, which were registered in Apatity in 1982 —
1986 years.

All the anomalous disturbances were divided at 4 classes according to the intensity (to the depth) of compensation
between the ground diffraction wave and the first ionosphere ray. These disturbances were named as powerful (Pw),
strong (St), moderate (Md) and weak.

For 5 years there were only 4 daytime Pw disturbances (PwDs), which we represent below, indicating the calendar

dates, the UT times of beginning (7)), of the disturbance maximum (7, ) and of the disturbance end (7)), the
amplitude ratios n;=( 4, (T, )/ A,(T,)) and the phase decreasings A, =(¢, (1) - ¢,(T,)) for 4 frequencies in

mes with error =5 mcs. The data for the forth frequency f, and the long radio trace with .S, are distinguished

by solid print. The amplitude data were gotten by the help of apparatus, the effective radio band of which was equal
to 20 Hz.

22 April 1984 . 25 March 1986 1. 27 March 1986 . 23 April 1986 .
3.204.057.00 9.00-11.10-13.20 12.35-13.10-19.00 18.30-19.15-20.00
0,10+ 0,03 13,6 Mkc 0,09+ 0,04 8,5 Mxc 0,09+ 0,04 19,0 mkc 0,08 +£0,04 15,5 mkc
0,25+ 0,03 13 mrc 0,12+ 0,03 10,5 mMxc 0,18+ 0,05 10,5 mkc 0,10+ 0,05 13 MKc
0,27+0,06 11 mxc 0,06 + 0,07 10,5 MKkc 0,0 9,5 Mkc 0,0 15,5 Mxc
0,12+0,07 11 mxkc 0,07 £ 0,03 18,5 mkc 0,36 £ 0,07 9,0 mxc 0,27 £ 0,05 6 mkc

In these cases, just as in all other cases of PwDs, StDs, MdDs, the anomalous VLF disturbances at short radio trace
were accompanied by the signal attenuation and signal phase decreasing for the long radio trace. At the same time
the maximum phase decreasing never prevailed upon the maximum phase decreasing for short radio trace. That may
mean only one experimental fact. That the long radio trace, which is 3 times longer than the short one, is only partly
disturbed in all cases and that this disturbed part in its length is comparable with the length of the short radio trace.
So we have the effect of the magnetic cutoff relative to the charged particle precipitations.
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So the experimental data for 111 events for 5 years represented in this report are a solid proof of magnetic cutoff
existence in the cases of abnormal VLF disturbances. This fact we declared earlier [1-3] but publicize the
corresponding full volume of experimental data at first. Once more we attract attention of a reader to the fact [1-3]
that an amount of the abnormal events per year increased monotonously and significantly from 1982 till 1984 (23,
30, 43 events accordingly) before getting its minimum value in the 1985 y (5 events) of Solar activity minimum and
getting value 10 in 1986 y.

1. Remenets G. F., Beloglazov M. Iv. Ground VLF monitoring of the ultra relativistic electron precipitations. In:
Problems of Geospace 2. - Austria, Vienna: Austrian Academy of Sci. Press, 1999. P. 275-281.
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CIIory. Cepus 4. 2001. Bem. 3 (No. 20). C. 23-38.
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About solving ability of the self-consistent method relative to the VLF inverse problem in
nonstationary conditions

M. L. Beloglazov (Polar Geophysical Institute, Apatity)
M. V. Kukovyakin, G. F. Remenets (Physics Department of St.-Petersburg State University)

The results of numerical analysis of an abnormal electric conductivity disturbance of middle auroral atmosphere
caused by ultrarelativistic electron precipitation are introduced. The analysis was fulfilled on the basis of PGI RAS
experimental data for radio trace Aldra - Apatity (885 km) on 30 April 1992 (13.00 — 13.30 UT) (Fig. 1). These

experimental data are the amplitude and phase changes in time of the radio signals with frequencies f; = 10.2, 12.1

and 13.6 kHz (VLF radio band, i = 1, 2, 3). In our previous publications the reflection coefficient module of the first
ionosphere ray R and the effective altitude / of an electric conductivity layer as functions of time were determined.
Here a question about possibility to introduce a third parameter is considered. In this work we considered the
frequency dispersion of 4.

For this purpose three VLF inverse problems were solved. For each of them own definition of an effective altitude
h, was used. Each definition was strictly related to frequency f;. In order to answer the above question the self-

consistent method of VLF inverse problem solving was used. The method suggests the plenty of data. Due to this,
minimization of a functional, which contains the differences between the experimental and calculated values,
relative to the values of time functions R(?) and A(?) at a fixed moment ¢’, was possible. For every of three inverse

problems it solved twice: in positive and negative directions of time, i. e. for " =¢, and ¢’ = ¢, , respectively. Here

t, and ¢, are the initial and final time moments for the given disturbance. In the first inverse problem the f u f,

experimental data were used, in the third inverse problem - f, and f; were used, and in the second problem the

experimental data for all three frequencies were used.

Thus, due to the relative changes of signal amplitudes and variations of signal phases the absolute values of
reflection coefficient module for the first ionosphere ray R and of the effective altitude % of the electric conductivity
layer as functions of time were determined.
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Fig. 1. Experimental input data during the Fig. 2. Frequency dispersion (at the radio band 10 — 14

ultrarelativistic  electron precipitation into polar kHz) of the effective altitude, depending on time, during

atmosphere on 30 April 1992 the ultrarelativistic electron precipitation into polar
atmosphere on 30 April 1992
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Three curves in Fig. 2 formed a regular sequence as functions of 4 without chaotic crossings, which necessary
appear when the errors of input data and calculations are too high. Thus, there exists a perspective to solve the
inverse problems at nonstationary conditions more accurately than it has been done before, by introducing a third
parameter characterizing the electric properties of an ionized atmosphere layer.

Equatorial neutral temperature and total mass density minima as effect of the thermosphere-
ionosphere coupling

E.N. Doronina, A.A. Namgaladze (Murmansk State Technical University, Murmansk, Russia)

The numerical experiments on the relative role of different thermospheric heat sources in the formation of the
equatorial day-time neutral temperature and total mass density minima at the heights of upper thermosphere have
been made using the theoretical global Upper Atmosphere Model (UAM). The results have showed that these
minima are forming by absorption of the solar ionizing EUV radiation. This radiation is absorbed most effectively at
the thermospheric heights of about 150-170 km and heats the neutral gas through the thermosphere-ionosphere
coupling by the photons — photoelectrons — thermal electrons — ions collisions. This ionosphere-thermosphere
heating by the EUV-radiation and the rotation of the Earth generates the tidal structure with the minimum on the
day-side near the equator with maxima on both sides from him.

Theoretical investigations of the diurnal variations of the spectral resonance structure parameters
in background magnetic noise at high latitudes.

E.N. Ermakova, D.S. Kotik (Radiophysical Research Institute, 25 B. Pecherskaya st. Nizhniy Novgorod 603950,
Russia)

The numerical simulations of the magnetic tangential components were fulfilled in frequencies range 0.1-15 Hz for
high latitude stations Barentsburg (14.12 E, 78.09 N.) basing on the solution of the problem of the waveguide Earth
- ionosphere excitation by ground located source like vertical electric dipole [1,2]. Peculiarities of diurnal variations
of the spectral resonance structure (SRS) parameters were investigated. For modeling the ionosphere (International
Reference Ionosphere - IRI-2001 and IRI-2007), and ionosphere model based on the EISCAT Svalbard radar data
(http://madrigal.haystack.edu/models/) were used. Modeling was performed for different seasons suggesting weak
geomagnetic activity (Ap=15) and minimum solar activity (F10.7D=75--85). The results of the calculations showed
that ionospheric model based on the EICSAT radar data most adequately describes the experimental data. In paper
[3] it was shown that occurrence of SRS displays a distinct diurnal variation with minimum at 09 - 12 UT. Our
calculations also suggest diurnal variations of the SRS oscillations depth (SRS occurrence) practically for all
seasons. Thus, the calculations suggest that solar illumination could be one of the factors affecting the diurnal
changes of the SRS parameters at high latitudes under conditions of weak geomagnetic activity.

In addition, results of the SRS modeling using the ground based sources (the ULF waves penetrate into the
ionosphere from earth-ionosphere waveguide) were compared with the results of reflection coefficient calculations
for low frequency waves incident to the ionosphere from above.

The work was supported by RFBR grant 07-02-01189.
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On the connection between intensity of atmospheric electric field as measured at ground surface
and ionospheric electric field in the Central Antarctica

A.V. Frank-Kamenetsky', L.N. Makarova', V.N. Morozov ?, A.V. Shirochkov', G. Burns’

"YUretic and Antarctic Research Institute, Saint — Petersburg, 199397, Russia,
Main Geophysical Observatory, Saint-Petersburg, 194021, Russia,
3Australian Antarctic division, Kingston, Australia

Regular measurements of the atmospheric electric fields performed at Vostok Station (¢ = 78.45° S; A = 106.87° E,
elevation 3500 m) in Antarctica demonstrated that extremely intense electric fields (1000 — 5000 V/m) can be
observed during the snow storms periods (Fig.1).As a rool such storms are observed when the wind velocity exceed
6 m/sec. Usually the measured value of the near ground surface atmospheric electric field at Vostok is about 100 —
250 V/m during the periods with “good weather” conditions. Detailed description of the technical and methodical
aspects of these measurements can be found in [Frank-Kamenetsky et al, 2001]. Observed intense electric fields at
Vostok station undoubtedly indicate existence of the giant electric charges. The problem is immediately aroused
whether these intense electric fields produced by drifting or filling snow can re — distribute electric potential in the
ionosphere. The scientific value of this problem is twofold: we could clarify suggestion that strong near ground
electric fields produced by the snow storms (or by lithospheric perturbations, such as earthquakes) could influence
distribution of electric potential in the ionosphere and vice versa — could external sources, such as the solar wind and
IMF, contribute to intensity of the atmosphere electric fields measured near the ground surface. Two different ways
to explore this problem were chosen in this paper.

Global structure of gravity wave excitation from CHAMP satellite observations and its impact on
general circulation of the upper atmosphere

N.M. Gavrilov (Saint-Petersburg State University, Atmospheric Physics Department, St. Petersburg, Russia)

An analysis of variances of the atmospheric refraction index measured with CHAMP satellite receiving radio signals
from GPS satellites has been performed. The height-latitude-longitude distributions of the variances up to altitudes
35 km and their annual and inter-annual variations were studied. A simplified parameterization of wave dynamical
and thermal impacts for inclusion into general circulation models was developed. A study of sensitivity of the mean
general circulation of the middle and upper atmosphere to the horizontal inhomogeneity of IGW sources is made
using the COMMA-SPBU numerical model. Taking account of IGW sources inhomogeneity gives a better reverse
of the zonal wind near the mesopause. Overall structure of the mean zonal wind distribution is most sensitive to the
distribution of wave variance at middle latitudes.

The auroral emissions and the electron precipitation under different geomagnetic conditions
V. Guineva', L. Despirakz, R. Werner', E. Trondsen’, S. Marple * K. Dahle’, P. Stauning6

'Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Sciences, Stara Zagora Department, 6000 Stara
Zagora, P.O.Box 73, Bulgaria

Polar Geophysical Institute, Apatity, Russia

3University of Oslo, Department of Physics, Norway

*Lancaster University, Department of Communications Systems, UK

>Andoya Rocket Range, Andenes, Norway

Danish Meteorological Institute, Copenhagen, Denmark

The opportunity for simultaneous multi-instrument observations by different instruments, as well by sets of
instruments of the same kind, nowadays is a precondition for an extensive research of the ionosphere phenomena.
For this study, simultaneous ground based observations’ data of the OI 5577 A and 6300 A emissions, the electron
precipitation flux and the terrestrial magnetic field have been used from the following instruments: the All-Sky
Imager (ASI), ALOMAR Imaging Riometer for Ionospheric Studies (AIRIS) and the magnetometer, positioned at
Andgya Rocket Range (ARR), Andenes (69.3°N, 16.03°E); ASI, 64-beam Imaging Riometer and the magnetometer
at the Auroral Observatory, Longyearbyen, Svalbard (78.20°N, 15.83°E); IRIS at Kilpisjérvi, Finland (69.05°N,
20.79°E).
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Several cases are examined under disturbed and quiet geomagnetic conditions: four events were registered during
substorm development, on the most disturbed days of November 2005 and January 2006; one event occurred on the
quietest day of the measurements in November 2005. The changes of the emissions and the absorption at 38.2
MHz, related to the different geomagnetic conditions have been studied. Estimations of the particle precipitation
spectra in the different cases have been obtained. The correlation between the 5577 A and 6300 A emissions and the
absorption at 38.2 MHz has been examined.

Data access has been provided under the Project “ALOMAR eARI” (RITA-CT-2003-506208), Andenes, Norway.
This Project received research funding from the European Community’s 6™ Framework Program.

High-speed spectrograph in visible spectral range for nightglow and aurora observations
Ya. Ignatovich, S. Chernouss, A. Roldugin (Polar Geophysical Institute KSC RAS)

Design of high-speed spectrograph for nightglow and aurora observations is under consideration.

Spectrograph consists of monochromator with transmitting grating coupled with digital EM CCD camera
PhotonMAX. Entrance lens field of view can be varied in dependence on scientific task from narrow angle up to
fish-eye scales. The device permits to register atmospheric and aurora emissions in free spectral range 450 — 670 nm
with temporal resolution smaller than 1 second. Maximal spectral resolution is about 1.2 nm. The special programs
“WinView” and “WinSpec” give us a possibility to obtain distribution of emission intensities along selected
direction in the camera field of view. Comparison the spectrograph with other devices of this type is under
discussion. Primary results of laboratory and field testing of the spectrograph are presented.

Singlet and triplet molecular nitrogen in auroral ionosphere
A.S. Kirillov (Polar Geophysical Institute, Apatity)

Molecules of singlet (a', a, w states) and triplet (A, B, W, B', C states) molecular nitrogen play very important role in
electronic kinetics of the atmosphere in the aurora, sprites, laboratory discharge and afterglow etc. An application of
Landau-Zener and Rosen-Zener approximations allows us to calculate quenching rate coefficients of singlet and
triplet molecular nitrogen in collisions with N, and O, molecules. The calculation has shown the contribution of
intramolecular and intermolecular electron energy transfer processes in molecular inelastic collisions. The rate
coefficients are applied in the calculation of vibrational populations of singlet and triplet molecular nitrogen in
auroral ionosphere. The estimation of relative intensities of ultraviolet Lyman-Birge-Hopfield and Vegard-Kaplan
bands show a dependence on the altitude of the atmosphere. We compare the results of our calculations with the data
of some rocket measurements.

Electronically excited molecular oxygen in the region of the nightglow of the atmosphere
A.S. Kirillov (Polar Geophysical Institute, Apatity)

We analyse the peculiarities of electronic kinetics of O, in the region of the nightglow. Special attention is paid to
the study of rates of molecular collisional processes. Using quantum-chemical approximations we have calculated
quenching rate coefficients for Herzberg states of molecular oxygen. The results of the calculation show good
agreement with available in scientific literature laboratory experimental data. The rate coefficients are applied in the
calculation of vibrational populations of O,(A), O,(A"), Ox(c) in the nightglow. We point out on important role of
intramolecular processes in the collisions at the altitudes of 90-110 km. The function of the production of
electronically excited molecular oxygen is estimated for the process of atomic oxygen recombination. We compare
the calculated populations of Herzberg states with the data of ground-based, rocket and telescope measurements.

Numerical modeling of the ionosphere effects of 01 August 2008 solar eclipse
M.V. Klimenko, and V.V. Klimenko (West Department of IZMIRAN, Pobedy Av., 41, Kaliningrad, 236017, Russia)
On August 01, 2008 a total eclipse of the Sun was visible from within a narrow corridor that traversed half of Earth.

The path of the Moon’s umbral shadow began in northern Canada and extends across Greenland, the Arctic, central
Russia, Mongolia, and China. A partial eclipse was seen within the much broader path of the Moon’s penumbral
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shadow, which included northeastern North America, most of Europe, and Asia. The total eclipse lasted for 2 hours,
and covered 0.4% of the Earth's surface in a 10200 km long path. This eclipse has caused the special interest that its
way passed through area of high latitudes. In this study the numerical calculation results of ionosphere effects of this
solar eclipse are presented. Calculations are executed on the basis of Global Self-consistent Model of the
Thermosphere, lonosphere and Protonosphere (GSM TIP), developed in WD IZMIRAN for summer conditions in
the minimum of solar activity. The behavior of various parameters of F-region and the lower ionosphere during solar
eclipse has been obtained as a result of numerical calculations. The global maps of disturbances of various
ionosphere parameters during solar eclipse are built. The calculation results are compared to experimental data.

Numerical modeling of the ionospheric precursors of high-latitude earthquakes

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

Recently the number of scientists from different areas of geophysics which on the basis of experimental and
theoretical researches try to predict the earthquakes has increased. Not last place in the list of these researches the
researchers of ionospheric precursors of the earthquakes are ranked. The earthquake on Alaska in 1964 became the
first earthquake on which the researchers of the ionosphere have turned a fixed attention. Intensive searches of the
ionospheric precursors of earthquakes are spent within last two decades by numerous groups of researchers. The
assumption that observable of some days prior to earthquake the ionospheric effects are caused by the disturbances
of the zonal electric field in the near-epicentral area, stated by A.A.Namgaladze, was checked up in numerical
calculations with use of the models GSM TIP and UAM, and has found the confirmation. We used this mechanism
in numerical experiments for reproduction of observed changes in the ionosphere prior strong high-latitude
earthquakes on Alaska in 1964 and 2002 and in Antarctic in 1998. Besides there is a hypothesis of formation of the
ionospheric perturbations seismogenic origin owing to propagation and dissipation in the upper atmosphere of the
small-scale internal gravity waves (IGW) generated in the epicenter of the future earthquake. It is supposed, that
such waves, can be excited in the area of preparation of earthquake, and their vertical propagation provides the
localization of the effects dissipation above the epicenter of earthquake. We have simulated the effects of small-
scale IGW for the same earthquakes on Alaska and in Antarctic with use of the model GSM TIP. The numerical
experiments have shown, that the local perturbations of zonal electric fields and the small-scale internal gravity
waves generated in the near-epicentral area allow reproducing the morphology of ionospheric disturbances observed
in the periods of seismic activity. Comparison with experimental data has revealed the satisfactory agreement.

Numerical modeling of ionospheric parameters during sequence of geomagnetic storms on
September, 9-14th, 2005

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

On September, 9th, 2005 the weak geomagnetic storm with the sudden commencement at 14.01 UT was observed.
The same day there was a solar flare of class X17. This flare was one of 10 most powerful solar flares registered for
all history. Thus there was an emission coronal mass and the arisen shock wave has reached the Earth at 09.30 UT
on September, 10th, 2005, having caused a weak geomagnetic storm with the sudden commencement which then
was replaced by a strong magnetic storm with the sudden commencement at 01.14 UT on September, 11th, 2005.
This storm which proceeded down to September, 15th, 2005, has been caused by the second shock wave from the
following solar flare. The storm has caused the strengthening of auroral activity, radio blackout and strong
ionospheric storm. In the given study the ionospheric effects of sequence of geomagnetic storms on September, 9-
14th, 2005 are considered.

Preliminary results of numerical calculations of ionospheric parameter behavior during sequence of geomagnetic
storms with use of the Global Self-consistent Model of the Thermosphere, Ionosphere and Protonosphere (GSM
TIP), developed in WD IZMIRAN and added by the new block of calculation of electric fields of magnetosphere
and thermosphere origin in the Earth's ionosphere without taking into account of thermospheric tides are presented.
Storms have occurred at a mean level of solar activity (F10.7 = 95 - 120). Values of a three-hour index of
geomagnetic activity Kp during storms on September, 9th, 10th and 11th, 2005 reached its maximal values 4.3, 5.7
and 7.7 accordingly.

As initial conditions the values of all ionospheric parameters calculated for quiet conditions (Kp = 0.7) at 09.00 UT
on September, 9th, 2005 have been chosen. During the simulation of quiet behavior of ionospheric parameters
between 09.00 UT 09.09.2005 and 24.00 UT 14.09.2005 only the change from day by day of the level of solar
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activity F10.7 was considered. Thus the value of the Kp-index did not vary, remaining equal 0.7. At simulation of
the quiet conditions the potential difference through polar caps and field aligned currents of the second region were
set as function from Kp. Thus the time delay of variations of the second region field aligned currents, equal of 30
min. relative to the variations of the potential difference through polar caps was considered.

It is analyzed the obtained calculation results for the set of ionospheric stations. The comparison of these results
with experimental data obtained at stations Irkutsk (52.2°N, 104.2°E), Yakutsk (62.0°N, 129.4°E) and Millstone Hill
(42.6°N, 71.5°W) is lead.

This study is supported by RFBR grant Ne 08-05-00274.

Effectivity of the plasmasphere as a source of the maintenance of the night-time ionospheric F2-
layer

M.A. Knyazeva, A.A. Namgaladze (Murmansk State Technical University, mariknyazeva@yandex.ru,
namgaladzeaa@mstu.edu.ru)

The processes of the filling and depletion of the plasmasphere were modeled by using the global numerical Upper
Atmosphere Model (UAM). The global distributions of the electron density and the geomagnetic field-aligned
plasma fluxes were calculated without taking the wind induced and the electromagnetic drift of the plasma. The
initial ionosphere and plasmasphere were supposed as fully depleted.

The model calculations show that the A" fluxes at the 1000 km directed from the plasmasphere to the ionosphere at
the night-time are maximal at the subauroral latitudes (~55°—60°) and they form the electron density maxima in the
ionospheric F2-layer. These maxima of the electron density do not coincide with the night-time middle-latitude
enhanced electron density regions (EEDR’s) because the EEDR’s are observed at the lower latitudes and they are
formed by the wind induced transportation of the ions along the geomagnetic field lines.

The origin of the subauroral maxima of the electron density and the /" fluxes has been explained by the peculiarities
of the geomagnetic field geometry. The vertical component of the field-aligned plasma pressure gradient decreases
because of the inclination of the geomagnetic field decreases by the passage from subauroral to lower latitudes. The
high-latitude geomagnetic force tubes are practically depleted due to the volumes of these tubes increase steeply. It
results that the effectivity of the plasmasphere as a source of the plasma for the night-time ionospheric F2-layer are
maximal at the subauroral latitudes.

A model study of the 3D-topology of the enhanced electron density regions in the night-time
ionospheric F2-layer

M.A. Knyazeva, A.A. Namgaladze (Murmansk State Technical University, mariknyazeva@yandex.ru,
namgaladzeaa@mstu.edu.ru)

The 3D-topology of the enhanced electron density regions (EEDR’s) in the night-time middle-latitude ionospheric
F2-layer and their manifestations in the plasmasphere have been modeled by using the different versions of the
global Upper Atmosphere Model (UAM) and the empirical model of the ionosphere IRI-2001 for various helio-
geophysical conditions.

It has been shown that two types of the EEDR’s exist in the latitude-longitude distribution of the NmF2: 1) with the
electron density isolines in the form of a “ridge with decreasing altitude” and 2) with the closed isolines in the form
of a “hill”. Both types of the EEDR’s extend to the plasmasphere along the geomagnetic field lines (1.3<L.<2.4) as it
is seen in the latitude-altitude distributions of the electron density. The EEDR’s are reproduced both by the IRI-2001
and by all UAM versions. The physical mechanism of the forming of these regions is based on the joint action of the
plasma flows from the plasmasphere and the wind induced transportation of the ionospheric plasma along the
geomagnetic field lines. The wind induced vertical ion velocity results in the lowering of the plasma recombination
rate due to the plasma transfer to the higher altitudes. The horizontal component of the wind induced velocity causes
the equatorward displacement of the EEDR’s e relatively to the maximum of the wind induced vertical ion velocity.
The LT-variation of the EEDR’s looks as a displacement of these regions to the higher or lower latitudes by the
passage from evening to morning hours. It takes place when the subsolar point is shifted relatively to the
geomagnetic equator (depending on the season and UT moment). The season variation of the EEDR’s is the
following: 1) the first type of the EEDR's is formed in the summer hemisphere, the second type — in the winter one
and 2) the asymmetry of these regions relatively to the equator takes place. Electron density in the EEDR's increases
with the increasing of the solar activity. The seasonal, UT-, LT- and solar activity effects of the EEDR’s are formed
by the corresponding variations of the thermospheric wind velocity at the ionospheric F2-layer altitudes.

58



lonosphere and upper atmosphere

Properties of the low frequency waves in the multi-component ionospheric plasma
D.S. Kotik (Radiophysical Research Institute, 603950, Nizhny Novgorod, Russia)

The refractive index and polarization of electromagnetic waves in frequency band from first Hertz up to several
kilohertz were analyzed through all ionosphere thickness from the bottom to the topside. The modeling of refractive
index height profiles of the ULF/VLF waves was based on the magneto ionic theory and international standard
models of medium parameters: International Reference Ionosphere - IRI-2001, MSIS-E-90 Atmosphere Model and
DGRF/IGRF Geomagnetic Field Model 1945 — 2005 (see http://ccmc.gsfc.nasa.gov/modelweb).

The main attention was devoted to the ULF part of the band. It was shown that the waves at frequencies 1-20 Hz are
circularly polarized and the refractive indexes are frequency depended. The values of refractive indexes of normal
waves in the upper ionosphere tend to the values of Alfven and magnetosonic ones only at the limit when the
frequency tends to zero. The polarization of normal waves also became linear only at the same limit. In the E region
of the ionosphere the refractive index of one of the normal wave rather differs from Alfven wave value and looks
like whistler one. The second normal wave in the same region is damped.

The seasonal variations of the refractive indexes profiles during solar cycle were explored. The consequences of
above-mentioned variations and several others peculiarities were discussed in respect to the experimentally observed
phenomena in the background magnetic noise spectrums. The comparison with new IRI-2007 model was made.

GPS deviations dependence on geophysical and atmospheric disturbances
V. Maklakov', S. Chernouss ', N. Kalitenkov**, O. Antonenko?, A. Kalitenkov’

'Apatity Branch of the Petrozavodsk State University, Apatity
Polar Geophysical Institute of the Kola Science Centre RAS, Apatity
3Murmansk State Technical University, Murmansk

Experimental studies of deviations in positioning of GPS in high latitudes are under consideration. Two factors
influencing on GPS signal propagation are taken into account.

First one is low atmosphere events like cloudiness and precipitation, and second one is ionospheric disturbances
associated with aurora. Experiments on continuous registration of GPS signal were carried out in Apatity and
Murmansk in 2007-2009. Time series of GPS deviations were compared with simultaneous measurements of auroral
and geomagnetic field variations in the network of stations of the Barents Region and weather parameters obtained
from local meteorological observations. Simultaneous satellite data from NOAA and DMSP also were under
analysis. The distribution of deviations and their amplitudes are shown. Comparison of temporal variations of the
GPS deviations and auroral intensity spatial and temporal variations demonstrates a good correlation in case studies.
It was found that deviation values depend on precipitations. Physical mechanisms of the GPS accuracy dependence
on atmospheric and geophysical factors are discussed.

Model simulation of the large-scale mid-latitude F-layer modification by powerful HF waves with
different powers in the daytime

G.I. Mingaleva and V.S. Mingalev (Polar Geophysical Institute, Apatity, Russia, e-mail: mingalev@pgia.ru)

The mathematical model of the ionosphere, developed earlier in the Polar Geophysical Institute, is utilized to predict
the large-scale F-layer modification by high power, high-frequency radio waves. The utilized model produces the
time variations of the electron density, positive ion velocity, and ion and electron temperature profiles within a
magnetic field tube over an ionospheric heater. The model is able to take into account the action of powerful HF
waves on the ionosphere. The calculations are performed for the point with geographic coordinates of the “Sura”
heating facility (Nizhny Novgorod, Russia) for daytime autumn conditions. Simulations are made for different
cases, in which the effective absorbed power (EAP) has distinct values belonging to the 5-100 MW range. The
results of modeling indicate that conspicuous variations of the electron temperature, positive ion velocity, and
electron density profiles can be produced by HF heating during the period of 5 min in the daytime mid-latitude F
region, with the maximal amplitudes of variations depending appreciably on the values of the EAP. It turns out that
the more the EAP is, the higher values of maximal amplitudes of variations of ionospheric parameters, produced by
HF heating, ought to be.
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Excitation of the artificial magnetic pulsations by SPEAR: a case study

A.A. Mochalov, A.B. Pashin (Polar Geophysical Institute, Apatity, Russia)
T. Yeoman (University of Leicester, Leicester, UK)

A series of heating experiments have been carried out on 2006 at SPEAR heating facility at Svalbard. The
experiments on modulated ionosphere heating were mainly aimed on injection of the artificial MHD waves into
upper ionosphere. Ground based observations of the artificial magnetic pulsations near heating site provided by
Polar Geophysical Institute at Barentsburg show some interesting features. Two events of heating experiments for
July 12 and July 15, 2006 are studied. For the both events the ionosphere heating occurred from 05.30 to 06.30 UT,
k-index was equal 4. The ionosphere modification took place on neighboring days at the same local time however
the differences in the ionosphere response are evident. A spectral density of the magnetic field variations for July 12,
2006 shows the clear artificial emission at the spectrogram of the H-component marks whole one hour interval of
the heating. In the D-component an interference of the background emissions and flickering signal at the modulation
frequency can be recognized. Power spectra for July 15, 2006 shows a weak narrow banded signal at 3 Hz is seen in
the H-component for 10 minutes time interval. Nothing is observed in the D-component.

Transient luminous events: challenge for theory and ground-based/space-borne observations

E.A. Mareev, V.V. Klimenko, S.A. Yashunin (/nstitute of Applied Physics, Russian Academy of Sciences, 603950
Nizhny Novgorod, Russia)

Optical phenomena like sprites and elves in the middle atmosphere and lower ionosphere (often referred as TLEs -
transient luminous events) in association with lightning discharges have become a very popular and interesting
subject in atmospheric electricity and space physics during the last several years. But it is only recently that sprites
have been identified as vertically extensive optical flashes that are initiated near the base of the ionosphere
following intense lightning discharges and develop very rapidly downwards and sometimes upwards at a speed
which can exceed one tenth of the speed of light.

Recent observations of transient luminous events (TLEs) in the atmosphere encouraged new efforts in the research
of intensive lightning discharges, their parent thunderstorm systems and the global atmospheric electric circuit. It is
obvious now that all these fields of research are closely related each to others. This paper reports some recent results
in the study of TLE electrodynamics. A special attention is paid to the ways for ground-based support of space
missions focused on the investigation of TLEs and their parent thunderstorms from space. Possible effects of
perturbations of mesospheric composition and chemistry due to sprite generation in the global electric circuit are
briefly discussed as well.

Quasi-stationary and fast transient processes connected with powerful lightning discharges and large-scale
thunderstorm systems are analyzed. The main physical ideas served as the foundation for sprite and sprite-producing
cloud modeling are discussed with rather simple examples.

Approximate solutions of the kinetic equation for electros in weakly ionized plasmas in the electric field are
considered. They allows us to describe the main characteristics of the avalanche stage of the discharge, to determine
the conditions of further discharge development as well as to find realistic estimations of the parameters needed for
the observation planning: discharge current density, electromagnetic emission intensity etc. Features of the fine
structure of the discharges in the range of parameters 1-10 m can be also derived.

The role of lightning channel dynamics and especially the M-component mode of charge transfer to ground in
lightning discharges in initiating sprites and spite halos turned out to be very important. M-components serve to
enhance the electric field at high altitudes and, as a result, may increase the probability of sprite (halo) initiation. It
appears that occurrence of an M-component shifts electric field maximum from the axis of the vertical lightning
channel and therefore increases the likelihood of initiation of sprites displaced from the channel axis. Since M-
components follow return strokes after a time interval of a few milliseconds or more, they may be primary producers
of so-called delayed sprites.

Preliminary results of ELF amplitude and phase measurements at Apatity and Barentsburg
S.V. Pilgaev, O.M. Lebed and Yu.V. Fedorenko (Polar Geophysical Institute, Apatity, Russia)

In December 2008 at Apatity and Barentsburg we made simultaneous measurements of the vertical electric
component of 82 Hz radio signal from Russian ELF transmitter located on the Kola Peninsula. This experiment

60



lonosphere and upper atmosphere

aimed to study phase and amplitude variations in the transmission of ELF signals in the Earth-Ionosphere Wave
Guide. The receiver phase stability at both sites is achieved by locking data acquisition system clock to the GPS
(Global Positioning System) Pulse-Per-Second (PPS) resulting in long-term zero phase drift. The phase and
amplitude variations in quiet and disturbed geomagnetic conditions are presented and discussed.

Condensation of combustion products and optical phenomena in the upper atmosphere, connected
with rocket engines operation

Yu.V. Platov (Pushkov Institute of Terrestrial Magnetism, lonosphere and Radiowaves Propagation, RAS, Troitsk,
Moscow region, Russia)

The process of condensation of water and carbon dioxide vapors in a rocket exhaust in the upper atmosphere is
examined. The equations of thermal balance and evolution of size condensed particles in the rocket plume are solved
for real engine conditions. It is shown that sizes of ice particles can reach ~ 100 A. The life time of such particles
dew to sublimation processes is about 2 minutes. The condensed particles are formed “dust” clouds of rocked
exhausts with characteristic sizes up to ~400 km, which can be observed in scattering sun light. The comparison
with results of “rocket” optical phenomena recording is presented.

“Fock Diffraction Wave” and ultra high relativistic electron precipitations into polar middle
atmosphere (Devoted to the 110 birthday anniversary of academician V.A. Fock)

G.F. Remenets (Physics Department of St. Petersburg State University)

At the War II evacuation time Fock V. A. wrote a work “Radio Wave Diffraction Around Earth” [1], which was
published as a little book in soft cover in 1946. I hold it in my hands at first in my life more than 40 years ago when
I had become an initiating young specialist at the Physics Department of Leningrad State University. At those time [
could not imagine that after 30 years of my scientific activity I should return to it in order to prove with a scientist of
PGI RAS Beloglazov M. 1. an existence of a new geophysical phenomena on the basis of on ground measurements
of radio signal amplitudes and phases in an auroral region. The essence of the phenomena is a spontaneous
ultrarelativistic (with energy ~ 100 MeV) electron precipitation into polar middle atmosphere. This precipitation
generates the X-ray and gamma quantum streams, density of which is enough for middle atmosphere ionization in
the 10 — 40 km altitude interval. So a sporadic D layer of atmosphere ionization appears in addition to the regular D
layer of ionosphere and an effective altitude of the “ground — layer ionized” wave guide diminishes in two times, id.
est. it becomes equal to 30 km instead of 60 km.

The Fock diffraction wave, which is a quite strict consequence of the Maxwell equations for a boundary problem
with a sphere of great dimensionless radius and a radio source on it, quantitatively describes the field in the region
of half shade and full shade on the sphere surface. After 55 years, after the experimental proof of ionosphere
existence due to the fact of first order interference existence between the direct wave and the wave reflected from
above, Beloglazov M. 1. and I collided with the following experimental fact. Sometimes (very rarely, one — several
times a year) at the conditions of a pure “geophysical calm” the amplitudes of radio signals with different
frequencies from the most powerful radio source with band of several tens of km diminished at more than ten times
at the distance of ~ 900 km. At such distance a receiving on ground point is located in the shadow region relative to
an on ground source (the shadow is caused by the spherical Earth surface). The diffraction wave, which is a surface
wave, the amplitude of which decreases exponentially as function of altitude, is indifferent relative to the electric
properties of the middle atmosphere. The experimental fact that the signal in the pointed conditions disappears in the
apparatus with 20 Hz receiving band may mean only one thing, that the Fock diffraction wave is compensated by the
wave, which reflects from a sporadic layer of atmosphere electric conductivity with an effective altitude ~30 km.
This value is gotten by solving an inverse problem relative to the layer parameters, for which full compensation
takes place. In normal conditions and in the cases of all other geophysical disturbances, as it follows from the
Maxwell equations, the wave, reflected from above, is described by the geometry optic approximation. But in
conditions of our abnormal disturbance “the signal from above” achieves the diffraction properties too. So the phase
and amplitude conditions for the compensation become qualitatively different from the optics conditions. The stated
thought is revealed in the report.

1. ok B.A. ludpakuus pagroBosiH BOKpyr 3eMHol nmoBepxHocTh. M., JI.: AH CCCP, 1946. 54 c.
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Polarization ellipse variations of Schumann resonance in horizontal and vertical planes according
to observations in Barentsburg and Lovozero

V.C. Roldugin, A.N. Vasiljev (Polar Geophysical Institute, KSC RAS, Apatity)

The diurnal variations of all parameters of polarization ellipse of the first Schumann resonance, observed in
Barentsburg and Lovozero observatories, are investigated for 1 —10 December 2007 data. Therein the near identical
measurements of all three magnetic components of ULF emissions in frequency range of 0.1 — 10 Hz are carried out.
The ellipses have been examined in two planes, NS-WE and NS-Z, and usual values of an ellipse are determined: a
value of minor semiaxis, a tilting of major axis about W-E and N-S directions, an eccentricity and a rotating sense.
The ratio of the vertical amplitude to the total horizontal one is different in both stations: at Barentsburg it is
averaged as 0.7 — 0.9, and in Lovozero it is equal to 0.3-0.5. So, the minor semiaxises in the NS-Z plane are less
then in the NS-WE plane at both stations. They have small different diurnal courses. In Barentsburg the major axis
is tilted about W-E at 60°, and at 2°-5° about N-S; in Lovozero the values are 70° and 7°-10° correspondingly. The
eccentricity in the horizontal plane is equal to 0.80-0.85, and in the vertical planes it is equal to 0.9. It was found
also, that the polarization vector rotates mainly clockwise at both stations and in both planes; sometimes duration of
clockwise intervals exceeds anticlockwise time interval fifty times over and more. We justify this phenomenon as
different influence of the Earth’s magnetic field on the SR wave under northward and southward wave propagation.

Features of pulsating arcs inferred from ALIS triangulation measurements
V.V. Safargaleev', D.N. Shibaeva’, T. Sergienko’, I. Sandahl’, U. Brindstrém’

'Polar Geophysical Institute, Apatity, Russia
*Kola Branch of Petrozavodsk State University, Apatity, Russia
Swedish Institute of Space Physics, Kiruna, Sweden

Pulsating auroras are characterized by repetitive intensity modulation in the auroral luminosity. In contrast to
discrete auroras, the properties of pulsating auroras are less investigated, since one needs instruments of high
sensitivity as well as rather high temporal and spatial resolution for their study. Over 10 years ago, the Auroral
Large Imaging System (ALIS) was designed to handle short-lived small-scale auroral forms of low intensity. We
present here results of an investigation of one type of pulsating auroras -pulsating arcs — performed using the
capability of ALIS. The observations were performed during the recovery phase of a substorm that is the most
typical time for occurrence of pulsating auroras. During the interval, three ALIS digital cameras with fields of view
of 57x57 degrees were operating, allowing us to estimate the altitude of the pulsating patterns in the overlap area
(60x80 km) with high veracity. It is well known that the altitude of the aurora gives information about the energy of
electrons causing the luminosity. The auroras considered looked like a series of thin faint stripes pulsating with a
repetition period of a few tens of seconds and drifting slowly equatorward. The triangulation measurements showed
that the altitude of the arcs was different for different arcs in a series but did not vary with the intensity variation in
each individual arc within one “switch on/off” cycle. This means that the electron precipitation responsible for the
arc formation was caused rather by scattering into the loss cone via wave-particle interaction than by field-aligned
acceleration in a parallel electric field. In general, the finding is in the agreement with the theory suggested for
another type of pulsating auroras - pulsating patches. However, it is not in the consistence with the recent particle
measurements by the FAST when it passed above the similar structure (Saito et al., 2002). The possible reason for
the generation of the equatorward drifting series of pulsating arcs is discussed.

Responses to the earthquakes in the lower high-latitude ionosphere

N.G. Sergeeva, O.F. Ogloblina, B.E. Vasiljev, S.M. Chernyakov (Polar Geophysical Institute, Murmansk,
Sergnell@mail.ru)

The experimental data obtained with the partial reflection radar located at the Kola Peninsula (Tumanny
observatory, 69.0°N, 35.7°E) during the period from May to August 2006 are analyzed with the aim to reveal the
ionospheric responses to earthquakes. During the analyzed period under different geophysical conditions some 40
strong earthquakes with the magnitudes from 5.8 till 7.7 on the Richter scale occurred in the region of island Java.
These earthquakes were recorded by seismic stations located at the Kola Peninsula and the Northern Scandinavia.

The earthquakes which occurred under very quiet geomagnetic conditions and weak solar flares were chosen to find
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the responses to earthquakes in the lower ionosphere. Thus, 10 strong earthquakes were selected. For these
earthquakes general behavior of the lower ionosphere parameters was found.

On days of earthquakes, the internal gravity waves with the periods of 3-6 hours were observed in the daily spectra
of the ordinary component of a partly- reflected signal along with the tidal atmospheric waves with the periods of
24,12, 10 hours.

We have been analyzed the amplitudes spectra of the ordinary component of the partially reflected signal on other
days under the same geomagnetic conditions, but without the earthquakes. There were only two such days during
the interval under consideration. Only the tidal atmospheric waves with periods of 18, 12, 8 hours were observed.
Thus, we may conclude that the amplitude fluctuations of the ordinary component of the partially reflected signal of
few hours period are connected with the internal gravity waves related to the earthquakes.

This study was supported by Russian Foundation for Basic Research (grant Ne 07-05-00012).

On the problem of correct collocation of ground based (optical) and high-altitude satellite
measurements

D.N. Shibaeva', V.V. Safargaleev’, T.I. Sergienko’, I.A. Kornilov*

'Kola Branch of Petrozavodsk State University, Apatity, Russia
’Polar Geophysical Institute, Apatity, Russia
3Swedish Institute of Space Research (IRF), Kiruna, Sweden

The data of multi-spacecraft projects such as CLUSTER and THEMES, when compared correctly with the
ionospheric measurements in the conjugated area, could provide insight into nature of the number of magnetospheric
processes. In our study we concentrate on the problem of satellite-auroras conjugation. This is the two-step process
that includes (1) the mapping of auroras and (2) satellite projection to the ionosphere. The event considered is the
passage of CLUSTER quaternion through the Lovozero all-sky camera conjugated area (L ~ 4.5) during the interval
of pulsating auroras. For aurora mapping we used the package of procedures developed for the Auroral Large
Imaging System (ALIS). The package Orbit Visualization Tool (OVT) provided the coordinates of satellite footprint
for different models of geomagnetic field. Our study shows that the largest discrepancy (300 km) is between
dipole+T96 and IGRF+T96 models, so in different models the satellite was probing quite different auroral
situations. The IGRF+T96 and IGRF+T89 models gave the difference in satellite projection of about 100 km. This
leaded to the association of the satellite measurements with different auroral structures. The smallest discrepancy in
projection (few kilometers) was for IGRF+T02 and IGRF+T96 models. But even in this case, there was a doubt
whether the satellite is inside or outside the auroral structure. We should note that Lovozero is on the closed
magnetic filed lines, the shape of which is often regarded as a “dipole-like”. The situation with detail association of
the auroras with satellite measurements seems to be more dramatic if the satellite is in the distant magnetotail or in
the lobes.

Nightglow observations of short-period global atmospheric waves
G.M. Shved', N.V. Karpova', P.P. Ammosov?, and G.A. Gavrilyeva®

ISt. Petersburg State University, St. Petersburg-Petrodvorets, Russia
*Institute of Cosmophysical Research and Aeronomy, Yakutsk, Russia

From 12 November of 2007 to 14 February of 2008 the nighttime emissions of hydroxyl (6-2 band) and oxygen
(Atmospheric system, 1-0 band) were measured at the Maimaga station (63°N, 129.5°E). The measurements have
resulted in the series of rotational temperature near the altitudes of 87 and 94 km, respectively, for 67 nights with
sampling time of 10 min. The spectral analysis with the Lomb-Scargle method for unevenly spaced data has been
applied to the series of several days duration. The steady-frequency harmonics in the ~ 2-10 h period range have
been detected. The high subharmonics of solar tide with numbers up to m =10 (2.4 h period) and a harmonic at the
9-10 h period, which may be associated with normal atmospheric modes, have been revealed in the spectra. (The
study was supported by the Russian Foundation for Basic Research, the project 07-05-00475.)
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Thomson scattering of electromagnetic waves in the polar mesosphere containing the charged dust
V.D. Tereshchenko (Polar Geophysical Institute, Murmansk, 183010, Russia; E-mail:viadter@pgi.ru)

Now in number of methods of research polar mesosphere included strongly has come Thomson (or incoherent)
scattering. For determination of medium parameters by this method it is necessary to know character of influence of
the charged particles of sorts which are taking place in mesospheric plasma, on a spectrum and total power of
scattered radiation. In work formulas for differential and total scattering cross sections of radio waves in plasma
with a magnetic field, containing the charged dust are received. It is made by solving the kinetic equations with the
BGK model collision integral. Calculations show that presence in mesosphere the charged dust results to the widest
spectrum and increase of intensity of scattered radiation. The widest spectrum will be for negative dust particles.
Thus total power of scattered radiation will be approximately twice more, than in absence of the charged dust.

The study was supported by the RFBR grant Ne 07-05-00012 and the Federal target program (the state contract
4/T®/H-08 from September, 09, 2008).

About behavior of the polar lower ionosphere during a solar eclipse on August, 1, 2008

V.D. Tereshchenko, E.B. Vasiljev, V.A. Tereshchenko, O.F. Ogloblina, S.M. Chernyakov (Polar Geophysical
Institute, Murmansk, 183010, E-mail: viadter@pgi.ru)

The ionospheric effects of solar eclipses are studied for a long time. However till now there is no full clearness in
understanding of the phenomena occurring in the ionosphere. Besides, reaction of the polar ionosphere to solar
eclipses was investigated rather seldom. The solar eclipse on August, 1, 2008 in Murmansk began at 08:46 UT. The
maximal phase of the eclipse has made 0.81, which took place at 09:51 UT. The end of the eclipse was at 10:56 UT.
In work results of observations of this solar eclipse, received on installations of partial reflections and vertical
sounding of the ionosphere near to Murmansk are submitted. Good conformity between the data, received by two
methods is established. It is shown, that the maximal phase of the eclipse of electronic concentration at heights of
75-85 km in 2-3 times become lower, than prior to the beginning of the eclipse. Thus the minimal frequency of the
reflection measured with the help of the ionospheric sounding station, decreases in 1.4 times, and the total electronic
contents at heights from 55 up to 110 km — in 2.5 times. The effect of the eclipse is shown and in similar quasi-
periodical fluctuations of considered parameters. The behavior of regions F1 and F2 the polar ionosphere during the
eclipse qualitatively corresponds to earlier carried out researches.

The study was supported by the RFBR grant Ne 07-05-00012 and the Federal target program (the state contract
4/T®/H-08 from September, 09, 2008).

Backscatter volume cross sections and amplitudes of electrostatic electrojet fluctuations inferred
from joint STARE and EISCAT measurements

M.V. Uspensky', A.V., Koustov® and P. Janhunen'

' Finnish Meteorological Institute, Helsinki, Finland
*University of Saskachewan, ISAS, Saskatoon, Canada

STARE Norway and Finland radar data for the afternoon-evening were combined with EISCAT CP1 measurements
of the electron density and electron drift velocity vector to investigate variations of the volume cross section (VCS)
of auroral backscatter with electric field, electron density and flow angle of observations. Our statistics consists of
~6000 points for flow angles of 40-85°, electron drifts between 500-2000 m/s, effective electron densities of (0.3-
1.5) 10" m™ and the height thickness of the backscatter volume between 12 and 17 km. It is shown that the flow
angle variations of VCS is significantly weaker than reported in the past (~5 dB within the range of available flow
angles) and it is not symmetric with respect to the direction of the electron drift. By adopting a semiempirical
equation for normalized spatial power spectrum of auroral E-region irregularities, the relative amplitudes of

12
electrostatic electrojet density fluctuations <(6N /N )2> were estimated. The obtained values of several (up to

10) per cent are consistent with reported in situ rocket measurements. The VCS values are shown to depend almost
linearly on product of the square of the electron drift velocity and the square of the effective electron density
magnitude.

In our observations we found existence of backscatter irregularities of close intensity in condition with the
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backscatter aspect angle of ~1° and in the band of the large (e.g. >60°) flow angles, where linear fluid and kinetic
plasma theories invariably predict negative growth rates. The observations can be reasonably explained by efficient
nonlinear wave-wave coupling similar as it described by Kudeki and Farley (1989) and Lu et al. (2008) for the
equatorial electrojet.

Impact of the ionospheric perturbations on the radio occultation meterological sounding of the
Arctic atmosphere

V.1. Zakharov, V.E. Kunitsyn, Ya.A. Ilyushin (Moscow State University, Moscow, Russia)

Radio occultation refractometry of the atmosphere is an effective technique of the meteorological monitoring.
Inversion of signal phase yields the vertical profile of atmospheric refractivity, which is determined by the
meteorological parameters. These techniques are ultimately required in the Arctic region, where meteorological
observations wtih the traditional instruments are especially difficult.

An original approach for correction of CHAMP GPS occultation data, incorporating radiosondes profiles and high
resolution regional prognostic model, has been proposed in [1]. It has been tested on the real occultation data from
the Arctic region, using the climatic model HIRHAM4 (AWI, Potsdam) and the radiosondes data from the WMO
network for the period 2001-2007.

Tests shows that the proposed approach in fact improves the profiles in more than 65% situations. However, high
solar activity (Kp >4 ... 5) and geomagnetic variations ( [Dst[>60 ) reduce the correction efficiency. This is due to
the polar ionospheric perturbations which are ignored in the correction techique.

For these reasons, numerical simulations of the GPS occultation experiments [2] accounting for the ionospheric
perturbations have been performed. Phase and amplitude fluctuations of the signals due to ionospheric perturbations
have been investigated. Possible approaches to the reconstruction of the global ionospheric structure in the vicinity
of the auroral oval from the tangentially propagating navigational satellite signals are also discussed [3].

References

1. V. Kunitsyn et al. / Phys.Chem.Earth 29 (2004) 277-286
2. Ya.A. Ilyushin //J. Atm. and Solar-Terr. Phys. 70 (2008) 1863—1869.
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Numerical simulations of the ionospheric TEC disturbances associated with the New Zealand
earthquake of Nov. 22, 2004

O.V. Zolotov, A.A. Namgaladze, O.V. Martynenko, B.E. Prokhorov (Murmansk State Technical University,
Murmansk, Russia; ZolotovO@gmail.com)

The paper presents the results of the investigation of the anomalous ionospheric TEC (total electron content)
variations as pre-earthquake signatures for the strong seismic event of Nov.22, 2004, 20.26UT (07.26LT),
New Zealand (46.69 S; 164.78 E), M 7.1.

The ionospheric TEC variations have been estimated using GPS (Global Positioning System) observational data of
the IGS stations (Australian and New Zealand) and ionosonde measurements as well. We also have built and
analyzed differential TEC maps for a few days before and after the seismic event basing on the global TEC maps
provided by IGS community. The observed anomaly looks like local TEC reduction at the near-epicenter area (about
~40 degrees in longitude and ~25 degrees in latitude) and reaches values up to -43% relative to the non-disturbed
level during a day before the earthquake.

The numerical model simulations have been based on a previously set hypothesis that the vertical drift of the F2-
layer ionospheric plasma under influence of the zonal electric field of presumably seismic origin is the main reason
for the observed disturbances in the TEC. To check the hypothesis for the case of the New Zealand earthquake we
have carried out numerical calculations by means of the global time-dependent 3D self-consistent Upper
Atmosphere Model (UAM). The seismic electric fields have been modeled by setting different additional electric
potentials at the boundaries of the forthcoming strong shock event near-epicenter area with negative charges at the
west and positive charges at the eastern boundary.

Model results reproduce well the observed TEC behaviour at the southern hemisphere. Corresponding TEC
disturbances at the magnetically conjugated northern region are weaker both in the model case and GPS-
observational data.

The work was partially supported by grant No. 08-05-98830 of the Russian Foundation for Basic Research.
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Sensitivity of the Upper Atmosphere Model results to the input parameters specification for
geomagnetic storms modelling

Yu.V. Zubova, A.A. Namgaladze (Murmansk State Technical University, Murmansk, Russia)

The global numerical models are used as a powerful tool for investigation and prediction of the upper atmosphere
behaviour under different geomagnetic conditions. Numerical modelling of geomagnetic storms has great
difficulties related to the specification of the input parameters such as the characteristics of the field-aligned currents
system, precipitating electron fluxes, the O with N, reaction rate, the neutral atmosphere and thermospheric
circulation parameters. We have performed numerical experiments in order to estimate the sensitivity of the Upper
Atmosphere Model results to these input parameters. The theoretically calculated electron density, ion and electron
temperatures were compared with the data of the incoherent scatter radars observed the ionospheric E and F region
variations during the March 2001 and April 2002 magnetic storms. The comparison has showed that the method of
the neutral composition and temperature calculation has the most significant influence on the global model results.
The vibrationally excited molecular nitrogen taken into account by geomagnetic storm modeling improves the
agreement of the theoretical results and the observed ionospheric parameters. The method of the precipitating fluxes
specification influences on the electron density theoretically calculated for not only the high-latitude E region, but
also the high-latitude and subauroral F region. The method of the thermospheric wind calculation plays the
important role for the modeled middle-latitude electron density. The theoretically calculated night-time subauroral
electron density is highly sensitive to the specification of the field-aligned currents particularly to the amplitude and
location of the second zone currents.

JKcnepuMeHTaIbHbIe HCCIeJOBAHUA CIEKTPAJIbHBIX CTPYKTYP B (OHOBOM HM3KOYACTOTHOM LIyMe
METO/I0M Pa3HEeCeHHOr 0 MpuemMa.

E.H. Epmakosa, C.B.ITonsikos, 1O. B. Illitoraes, A.B. lllennukoB (Hayuno-ucciedosamenbckutl paduoguzuyeckuti
uncmumym, H. Hoeeopoo, Poccus)

B pabore uccienoBanbl JaHHBIE JBYXITYHKTOBOH pEervMcTpalii KOMIIOHEHT (POHOBOTO IIyMa IpH pas3HbIX Oazax: 50
kM - «HoBast XKuzue» 56 N, 45,45 E u MoOwibHbIN ipueMHbIi yHKT; 400kM - «Hoas XKuzue» u «bopox» 58,07 N
38,23.

Ha mpumepe pasHeceHHOro mpueMa ¢ 0a30if B 50 KM WM PETUCTpAIMM CHJIBHBIX CHOPAIUYCCKUX 3MHUCCHIA B
muarazoHe Pc-1, mpuxonsmux B MyHKTH npueMa («HoBast )KM3HB» M MOOWJIBHBIN IIYHKT) C CEBepa, BBHIIIOJTHEHO
AKCIIEPUMEHTAIBHOE UCCIICIOBAHAE BO3MOXKHOCTH OJHOBPEMEHHOTO PAaCHpPOCTPAHEHUS HU3KOYACTOTHBIX TOJEH B
BOJIHOBOJE 3eMisi-noHocepa u uoHochepHom MIJI-BomHOBOme. lcciemoBaHne MPOBOAWIOCH Ha OCHOBE
KOPPEJSIIHOHHOTO aHaJIN3a B IOCTPOCHHUS CIIEKTPOB Pa3HOCTHOTO CHUTHAIA.

[lo wabmromenmsim B myHkTax «bopok» m «HoBas JKusHp» HccienoBaHbl W BBIIBICHBI Pa3HbIC CBOWCTBA
CHEeKTpaIbHON pe3oHaHCHOH cTpykTypsl CPC Ha 3TuX myHKTax. beumn 06paboTaHb! U MpOaHAIH3HMPOBAHBI BECEHHE-
OCEHHHE IEPHOJbI, KOTrJa PE30HAHCHAs CTPYKTypa Hawbojee sSpPKO BBIpaKCHAa HAa CPEJHUX IMIHpoTax. Pa3Hbie
cBoiictBa CPC wdame perucTpupoBalivch B BEUYEpHUE Yachl IOCTE 3axoAa coiHIa. JIByXIyHKTOBas cxema
perucTpanyy MoJieil U MCIOJIb30BaHUE CIICLHAIBHON MPOrpaMMbl Uil 00pabOTKM JTaHHBIX MO3BOJIMIM  BBISIBUTH
pasiuuus B TIyOWHE PE30HAHCHBIX OCHWUIIIMNA U OCHOBHBIX YaCTOT HAa CTAHIUSIX, PA3HECEHHBIX Ha PACCTOSIHUC
nopsinka 400 kM. CmemeHue ocHoBHBIX yacToT CPC mpuBOIMIO K KaxyleMycs CMEIIEHHIO YacTOT MEepPBOIO
[ITymMaHOBCKOTO pe30HaHCAa Ha MPUEMHBIX ITYHKTaX M3-32 OOJBINOW TITyOHMHBI MOAYIIAIIUN M OOJIBIIOTO JUara3oHa
4gacToT, B kKotopoM Habmonanaces CPC. [Ipu m3mepenmsx Ha 6aze B 50 kM Ob1u10 00HapyskeHO, gTo cBoiicTBa CPC
WICHTUYHBL.

PaGora BrmoxHeHa npu PpuHaHCOBOM Toguep:kke PODU, rpant Ne 07-02-01189.

GPS no3unuoHNpoBaHHE U aBPOPAJIbLHbIE BO3MYILIEHUSI

H. Kanurénkos'?, C. Ueproyc’, A. Kanuréukos'

1 . . .
Mypmanckui 2ocyoapcmeentuiii mexnuieckuu ynusepcumem, Mypmanck
2 . N

Honapuoiil ceopusuveckust uncmumym KHI] PAH, Mypmarnck

[IpencraBneHsl pe3yibTaThl JBYX  CEPHH  AKCHEPUMEHTAIBHBIX HCCIENOBaHMNA w3MeHeHus ToyHocth GPS
MMO3UIIMOHUPOBAHUSI BO BpeMs PAa3BUTHS aBPOPAIBHBIX BO3MYLICHHWH. B TepBOH CepuH HKCIEPHUMEHTOB
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HaBUTAIIMOHHBIN PUEMHUK paboTai B peKUMe IIOJHOTO 0030pa Heba M IPUHUMAT HaBUTAITHOHHYIO0 HH(OPMAIIHIO
OT IOCTATOYHO OOIBIIOTO (M30BITOYHOT0) KOJTMYECTBA (KaK MPABWIIO, OT ABCHAIIIATH) HABUTAIIMOHHBIX CITyTHUKOB,
YTO AaBajlo BO3MOXKHOCTb BBEIOMPATh 11 00pabOTKU MX ONTUMAIBHOE Co3Be3ue. Bo BTopoii cepun SKCIEpHMEHTOB
HCKYCCTBEHHO OJIOKMPOBAIACh PAANOBHIMMOCTD FOXKHOW YacTH HeOOCBOA, U HABUI'ALMOHHBIH IPHEMHHUK paboTa ¢
CUrHaJlaMu OTpaHUYC€HHOI0, HO JOCTATOYHOT'O JJIA HaBUT'alIMUOHHBIX uenel‘/i KOJIMYECTBA CIIYTHUKOB, HAXOAUBIINXCS
B 30HE €r0 BHIMMOCTH, TO €CTh CO CIIyTHMKaMH CEBEpPHOW 4YacTu HeOocBoja. PajgMocurHaimbl 3THX CIYTHHKOB
pacnpocTpaHsIOTCs uyepe3 MoHOChepy aBpPOPaIbHOM 30HBI M MOJISIPHOM INANKH, KOTOpasi MPAKTUYECKH MOCTOSHHO
BO3MYILEHa M MEHSETCS JIMIIb CTEHNEeHb €€ BO3MYIIEHHOCTH. 3a BpeMs OKCIIEPUMEHTOB OBUIM OTMEYEHBI
OTHOCHTEJIEHO CIIOKOIHBIE TIEPHOJIBI, @ TAKXKE PETUCTPUPOBAIIMCH PE3KUE U MIyOOKHE BapHallMy TOPU30HTAILHOMN
KOMITOHEHTBI HaIPsHKEHHOCTH T€OMarHUTHOTO TOJISl U M3MEHEHUS! MTOJIOKEHHMS M NHTEHCHBHOCTH ()OPM HOJISIPHBIX
cusHHA Ha ceTn oOcepBatopuii bapenmpermona. 3 aHamm3a BpeMeHHBIX Bapuammid morpemHoctn GPS,
aBPOpPAIBHBIX W TCGOMarHWTHBIX BapHAlMil CleqyeT, 4YTO 3HAYUTENbHBIE BBIOPOCHI  IOIPELIHOCTEH
NO3ULMOHUPOBAHHUS PETUCTPUPYIOTCA OJHOBPEMEHHO CO 3HAYMTENBHBIMH II0 BEJIMYMHE  BapuaumusamMu H-
KOMIIOHEHTBI T€OMAarHUTHOTO IOJS M BapHAUUSMU IPOCTPAHCTBEHHO-BPEMEHHOH CTPYKTYpPBI IOJSPHBIX CHSHHMIL.
Io pe3ynpTaTaMm BTOPOW CEepUM 3KCIEPUMEHTOB ClIeNaH BBIBOJ, YTO PaJMOCUTHAJIBI CO CIyTHHKOB ITPOXOAS Yepes
obsiactu MoHOC(Ephl, TAE PEruCTPUPYIOTCS AUCKPETHbIE (OPMBI HOJSPHBIX CUSHUH, TEPSIOT UHOOPMALMOHHYIO
CHOCOGHOCT]), 9TO HNPUBOAAT K TaK HA3bIBAEMOMY HApPYIICHUIO HEJIOCTHOCTH CUCTEMbI U YXYAUICHHUIO TOYHOCTHU
MO3WIMOHUPOBAHUS JTMOO MOJIHOMY COO0 PabOThI HABUI'ALIMOHHOM CHCTEMBI.

HOJ’[ﬂpHBIe CUAHHUA KAK HHIANKATOP BOSMYIIICHHOCTHA CPEAbLI PACIIPOCTPAHCHUA HABUTANUOHHBIX
paanuoCUrHajoB

H. Kamuréukos'?, C. Yepuoyc 2 A. Kanuréukos', O. Antonenko’, M. MBantorns’

1 . . .
Mypmanckuii 2ocyoapcmeennblil mexHuueckutl yuusepcumem, Mypmarnck
2 o o

Honapuwiil eeopuzuueckuu uncmumym KHI] PAH, Anamumot

s onpenenenus reorpaduaeckux paiiloHOB, B KOTOPBIX BO3MOXKHBI HapymeHus padotel GPS (cOon, ymeHbIIeHHE
TOYHOCTH TIO3WIIMOHUPOBAHUA), a TakXKe BPEMEHH CYTOK, KOTJa TaKWe HapymeHus OyIyT OTMedarhces,
MIpeIaraeTCs MCIOIB30BATh «CHHONITUIECKHE» KapThl OBala MOJSPHBIX CHSAHUN IS Pa3IMIHBIX TeO(U3NICCKUX
ycrmoBuid M pa3HbIX MoMeHTOB mupoBoro (UT) Bpemenu. PaccmarpuBaroTcss HECKONBKO BO3MOXKHBIX CIIOCOOOB
peanu3anyy JHarHOCTHKH aBPOPAJIFHON aKTHBHOCTH: Ha3eMHBIE ONTHYECKHE n3MepeHus ¢ nomorsio [13C kamepst
C TIOJIEM 3pEHHMs, COBIAIAIOIINM C IUarpaMMoil HanpaBieHHOCTH GPS nprueMHuka; cryTHUKOBbBIE

ONTHUYECKUE HW3MEPEHHUS C BBICOKOANOTCHHBIX W HHU3K0OpOUTambHbIX WMC3; u3MepeHHs TOTOKOB YaCTHII,
B030y K aatomux nosspusie cusaus, ¢ UC3 DMSP. B noknane npeacrasieHa mporpamma onpeeieHus! IoJI0KeHUs
W HMHTEHCUBHOCTH aBPOPaJbHBIX BbIChIMaHuid 1o jaHHbiM KMC3 DMSP B mone 3peHus, COOTBETCTBYIOLIEM
JarpaMMe HaIlpaBICHHOCTH aHTeHHBI GPS mpuemHHKa, ¢ TOMOIIBIO CPEICTB BU3YaIBHOTO MPOTPAMMUPOBAHUS
«Borland Delphi 7 Studio». OOcyxnmaroTcsi  KOCBCHHBIC METOJBI OIPEACICHUS H3MCHCHUI MapaMeTpOB
aBpOpaJbHOTO OBajla MO TEOMATHUTHBIM MHaHHBIM Ha CETH CTaHIui. [lokaspIBaeTcsi, YTO WCIIOJIB30BaHHE
TEOMarHUTHBIX MHIIEKCOB Ha Pa3IMYHBIX BPEMEHHBIX MacIITadax (0T 15 MUHYT U BBIIIE) TO3BOJISAET OMPEACIIATH KaKk
mapaMeTpsl U IWHAMHKY aBPOPAIBHOTO OBAJIA, TaK U MOJOXKEHHE MPOCKIUH BO3MYIIEHHBIX 00JacTeil HOHOC(hEpHI
Ha 3E€MHYI0 TOBEpXHOCTh. lIpoBermeHa omeHKa BO3MOMKHOCTH MPAKTHYECKOTO HCIOJIB30BAaHMUS CYIIECTBYIOIINX
MoOJIeJield MPOTHO3a TOJIOKEHUSI aBPOPaJbHOTO OBajla Ha MNpPUMEpE JAaHHBIX AJISSCKHHCKOTO Teo()HU3UYECcKOro
WHCTUTYTA.

Ha KOHKpETHBIX CHUTyalMsSX I[IOKa3aHO, YTO «CHHONTHYCCKHE» KapThl YAOOHBI JUIsI  Pa3IMYHOIO poja
COTIOCTaBJICHUI MPU PEIICHUU HABUTAIIMOHHBIX 3a/a4 M 3a7ady JUHAMHUYECKOrO MO3ULIMOHUPOBAHUS, MOCKOJIBKY
MO3BOJISIOT JJIs1 KOHKPETHBIX MOMEHTOB BPEMEHHU W KOHKPETHBIX BEJIMYMH F€OMArHUTHOTO BO3MYIIICHHUS MPHUBSI3ATh
o0nacTd  cpembl  pacmpoCTpaHCHHs  WH(POPMALMOHHO-HABUTAIIMOHHBIX  PAJMOCHUTHAIOB,  IOPaXKCHHBIC
HEOTHOPOJHOCTSIMH 3JICKTPOHHOH TUIOTHOCTH K MapHIPYTy IUIABAHUS MM MECTY TPOBEJCHHS CIICIIUABHBIX padoT,
YTO, B CBOIO OYEPE/Ib, IO3BOJISICT CIUTAHUPOBATH YIPEXKIAIOIINE JSHCTBYSI IO TyOIHPOBAHUIO CHCTEM PaIHOCBSI3H U
panInoHaBUTALINH.
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Honocdepubie antennbl KB 1uanaszona

H.B. Kanuténkos, A.H. Kanmurénkos, B.1. Muskun, A.B. I'ypun, A.H. Kyuypa (Mypmarnckuii I'ocydapcmeentvitl
Texnuueckuii Ynueepcumem, Mypmanck)

[IpencraBneHbl pe3ybTaThl UCCICIOBAHUS OJHONH U3 0COOCHHOCTEH MOHOC(EPHOrO PacHpOCTPaHEHUS PaTHOBOIH
KOPOTKOBOJIHOBOTO [Hara3oHa, HaOIomaeMOl Ha BBICOKOIIMPOTHBIX paguoTpaccax IMpH H3ITyICHUH B
HaNPaBJICHUAX IOT-CEBEp, 3alaJ-BOCTOK, BOCTOK-3amaj. PaJnoBOIHEI IPH TaKOM pAacIpOCTPaHEHWH Ha
HUCXOMAIIEM YYacTKe TPACKTOPHUH MPOXOIAT dYepe3 001acTé HOHOC(]epsl, MOpakeHHBIE HEOTHOPOIHOCTIMH
3JIEKTPOHHOU TJIOTHOCTH, OPUEHTUPOBAHHBIMU BIOJb HAMPABIECHUS T€OMAarHUTHOTO TTOJISL.

OpHUEHTUPOBAHHBIE BJOJb HAMNpPAaBIECHUS TEOMAarHMUTHOTO TIOJs HEOJHOPOJAHOCTH OJJIEKTPOHHON KOHIICHTPAIUH
HUMEIOT JOCTATOYHO IMIMPOKHUH CIIEKTp MacmTaboB M pacmlpeesieHbl, Kak MPaBuiio, Mo Beel Tomme noHocdepsl. Bo
BpeMsi aBpOpalbHBIX CyO0Oyph HX KOJHMYECTBO CYIIECTBEHHO BO3pacTaeT Ha BbicoTax £E-cnosi. [lnotHocTb
HEOJIHOPOJHOCTEH OSJEKTPOHHOM KOHLEHTPALUK OMpEAENseTCs CTENEeHbI0 MAarHUTHOW aKTHBHOCTH, a UX
JIOKAJTU3aIl¥sl TECHO CBsI3aHAa C JIOKAIH3aueld (OpM MOJSPHBIX CUSHUA. MaKCUMAaIBbHO PE3KHUE HEOTHOPOIHOCTH C
MepernaoM 3JICKTPOHHOW KOHIeHTpanuu, gocturaromeit 100 %, HabmonaroTes B MecTaxX JOKadu3aluu Hanbolee
WHTCHCUBHBIX TUCKPETHBIX (DOPM TOJISIPHBIX CUSHHA.

[IpuBomsTcss pe3ynbTaThl pacdyera AHarpaMM HANPaBICHHOCTH IMEPEU3NYYCHHS TaKUX 00JacTed s pasIHYHBIX
COYETaHUI: YacTOTa PACIIPOCTPAHSIIOIIEHCS PaaHOBOIHBL, INIOTHOCTh HOHOC(HEPHBIX HEOJHOPOAHOCTEH, IUIOTHOCTD
(hoHOBOH TIIa3MBI, JITMHA HEOTXHOPOJHOCTH BJOJIb HATPABJICHUS T€OMarHUTHOTO Noist. OOCYyXIaeTcs BO3MOXKHOE
MIPUJIOKEHUE MOJYYCHHBIX Pe3yJIbTaTOB K CiIydyaro TpaHcHoHochepHoro pacnpocrpanenust KB paauoBonH.

F-paccesinue B 1HeBHOW MoHOC(depe cCpeTHUX IHMPOT, CBA3AHHOE ¢ KPYIHOMACIITAOHBIMH
HEOTHOPOJHOCTSAMU KOHIEHTPAUMU HOHOC(EPHOI NJIa3Mbl, BbIIEJIEHHBIM M0 JAHHLIM
HNuaTeprocmoc-19

10.A. CYKOBaTOBl, A.T. Kapnaqesz, B.A. Tenerun’

' Anmatickuii 2ocyoapemeennviii ynusepcumem, sukovatovy@mail.ru
*U3MHPAH, Tpouyx, telegin@izmiran.ru

B pabore paccMoTpeHBl JBa ciydas JIOKQIW30BaHHBIX HEOJHOPOIHOCTEH KOHIIEHTpaluM HOHOC(HEpHOI
CPEIHEIINPOTHON MIa3Mbl, IPUBOAAIIME K MOSBICHUIO BHEMIHETO F-paccestHus B MOMEHT MIPOXOXKIEHHS CITyTHHUKA
HaJ HUMHU. [lepBbIil ci1ydail COOTBETCTBYET MAaKCUMyMY KOHLIEHTpAIMK, BTOPOM — MUHUMYMY. {151 TeopeTrnueckoi
MHTEpIIpEeTalny yKa3aHHbIX CJIydaeB BHEIIHEro F- paccessHus MBI HCIONB3YyeM TIpaJueHTHO-Iper(oByro
HEYCTOINYMBOCTD I1a3Mbl BHEIIHeH noHoc(hepsl. C 3TOM 11eJ1bI0 U3 YPaBHEHUH KBA3UTHIPOIUHAMUKH HOHOC(HEPHOI
IIa3Mbl Ui (PU3UUECKUX YCJIOBHH, COOTBETCTBYIOIIMX HAONIOJCHUSIM, MOIY4EHO BBIPaKCHHE Al MHKPEMEHTa
rpajineHTHO-IpeiiGoBoi HeycTouMBOCTH U eKkpeMenTa Auddy3uoHHOTO 3aTtyxaHus npeidosbix BonH. C yueTom
Bbl6paHHOf/lI HaMH1 TE€OMETpUU, HaGJ'llOJIaeMbIX rpaJuUCHTOB KOHICHTpAIlUM W IapaMETpPpOB IJIa3MbI BHEIIHEH
UMOHOC(Epbl TOJNyYeH JOCTATOYHBIM KPUTEPU BO3HUKHOBEHUS T'PaIMEHTHO-APEl(OBOI HEYCTOHYMBOCTH.
OKa3aJ'IOC]), 4qTo Ha6fl}OIlaeMl)Ie TpaaruCHTBI JOCTATOYHBI I BBINIOJIHCHUS KPUTCPUS PAa3BUTUA HCyCTOﬁ‘iHBOCTH B
00ouX paccMaTpuBaeMbIX citydasx. [Ipy pa3BUTHM HEYCTOMYMBOCTH MPOMCXOMUT TeHepauust Aper(OBBIX BOJIH C
JUIMHaM# BOJIH, MHOTO MEHBIIMMH Pa3MepoB HaOII0JaeMbIX HEOJAHOPOAHOCTEH, B MOHOC(hepe oOpa3yeTcss TOHKas
CTPYKTYpa, KOTOpasi U MPUBOAUT K MOsBIEeHUIO F-paccesHus.
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Features of cosmic rays influence on ionization in a troposphere of high latitudes
O.1. Akhmetov (Polar Geophysical Institute RAS, Apatity, Murmansk region, Russia)

The investigation of cosmic rays influence on electrical characteristics of the atmospheric ground layer in high
latitudes is presented. The analysis of the experimental measurements of an atmospheric current, vertical component
of electric field, cosmic rays intensity and the calculation specific conductivity of atmosphere in 2006-2006 are
shown for all kind of seasons. The daily average variations for each season and conductivity estimation biased on
balloon born measurements of the cosmic rays intensity are discussed.

It is shown that the atmospheric specific conductivity in a ground layer depend on the cosmic rays intensity during
winter and spring seasons in the atmosphere of high latitudes. Seasonal dependence of the cosmic rays intensity
influence on the average specific conductivity is disclosed and its magnitude is estimated.

The value of specific conductivity calculated by the atmospheric current density and the vertical component of
electric field data is in agreement with the value calculated from balloon born of the cosmic rays intensity
measurements.

The work was supported by the RSA DPS program “Atmosphere electrodynamics, radiophysical methods of
atmospheric process researches” (project 4.5).

Spectral characteristics of an atmospheric current density and atmospheric pressure in high
latitude atmosphere

O.1. Akhmetov (Polar Geophysical Institute RAS, Apatity, Murmansk region, Russia)

The investigation of an atmospheric current and atmospheric pressure noise characteristics in summer 2008 is
presented, the problem of possible source of observed self-similarity in measured signal is discussed.

The multifractal analysis of the atmospheric current and atmospheric pressure micro pulsations is carried out by
Abry’s method based on hypothesis of self-similarity in observed signal [1-3]. Spectral indices of the atmospheric
current and atmospheric pressure micro pulsations are estimated by global wavelet transform.

It is shown that the atmospheric current signals with a power spectrum probably caused by turbulent aerodynamic
processes under a disturbed atmosphere. Spectral index values of such signals are in the range from 2 to 3,7. The
atmospheric current signals have not power spectrum under an undisturbed atmosphere condition. That may be
caused by dominating contribution a global current to observed signal.

The pressure micro pulsations have a power spectrum with value of spectral indices about 2 under an undisturbed
atmosphere condition while spectrum of pulsations in a disturbed atmosphere is not a power spectrum.

1. Abry P., Goncalves P., Flandrin P. Wavelets, spectrum analysis and 1/f processes. Wavelets and Statistics.
Edited by Antoniadis A. and Oppenheim G. Springer-Verlag. 1995. p.15.
2. Abry P., Flandrin P., Taqqu M.S., Veitch D. Self-Similarity and Long-Range Dependence through the

Wavelet Lens, Invited chpater for: Theory and Applications of Long Range Dependence, edited by Doukhan P.,
Oppenheim G., Taqqu M.S., Birkhauser, Boston, 2002.

3. Lashermes B., Roux S.G., Abry P., Jaffard S. Comprehensive multifractal analysis of turbulent velocity
using the wavelet leaders// European Physical Journal B, 2008, vol.61, No.2, p.201.

Global thunderstorm activity during 2001 and 2007 according to observations of the Schumann
resonance intensity in the Arctic

M.I. Beloglazov, O.1. Akhmetov and A.N. Vasiljev (Polar Geophysical Institute, Apatity, Russia)

Study of relationship between electric, aerosol, chemical and thermobaric components of atmosphere peculiar
importance demands analysis of global electric circuit’s (GEC) role in solar-terrestrial relationships system and
climate fluctuation. The central place in GEC is taken by problem of the global atmospheric current generator. It
could be considered as a global thunderstorm generator that is operated by lightning activity and atmospheric
ionization.

One of the basic ionization sources in troposphere and stratosphere is galactic cosmic rays (GCR). Probably, GCR
intensity variation should result in to changes of lightning formation processes. Atmospheric noise electromagnetic
field (ANEMF) intensity in frequencies of Schumann Resonances (SR) can be an indicator of global thunderstorm
activity in this case. Therefore it is possible to expect, that there is certain dependence SR intensity on the Sun
activity state. However, this problem is studied till now insufficiently.
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Diurnal and seasonal variations of intensity ANEMEF in the first SR frequency (about 8§ Hz, SR-1), measured in
Polar geophysical institute of Russian Sciences Academy "Lovozero" station (67,97°N, 35,02°E, Kola peninsula),
during 2001 and 2007 are viewed below. According to observation in Apatity (Kola peninsula,
http://pgia.ru/CosmicRay/Default.htm) neutron component of the GCR intensity at the ground level in 2007 (year of
the quiet Sun) was about 15 % higher thean in 2001 (year of high solar activity). The initial data for every days were
separated into 20 minutes intervals with overlap of 50 % for calculation of diurnal variations of amplitude SR-1.
Power spectrums for each of them were made by modified Welch’s periodograms method.

The analysis indicates, that ANEMF intensity variations measured in the SR-1 frequency on Kola peninsula are
representing overall picture of space-time variations basic regularities of global thunderstorm activity, namely:
maximum of thunderstorm activity nearly 16+18LT and increase of thunder-storms number during summer time in
northern hemisphere. According to the existent basic knowledge about behavior regularity of global thunderstorm
activity, SR-1 power variations allow to reveal some specific space-time singularities of thunder-storms intensity
variations too. In particular, about 06UT the evidently expressed maximum of the SR-1 power is found out. The
most probable reason of that can be presence of the thunderstorm center in the west side of central part of the Pacific
ocean with an activity maximum in the interval 21-22LT. The power of this center some times is less than each of
three basic world thunderstorm centers. It's shown, that increase of the solar activity level (the reduction of galactic
cosmic rays intensity) causes to increase of SR-1 power, that demonstrates increasing of global thunderstorm
activity in this period.

This work was supported by the Fundamental Research Program of RAS Physical Science Department (Project 4.5).

Optical quantum amplifiers simple realization

V.V. Bertsev, L.A. Petrunkin, D.N Glebovsky (Sz.- Petersburg State University Center for Social Assistance
Scientifically-Productive Division, Chemistry and Physics Section Interference Spectroscopy Laboratory)

The report concerns to methods of observation of weak atmospheric and auroral emission at acceptable level of
signal/noise ratio. A possibility to realize a quantum amplifier to register low light level intensity by laser amplifier
is under discussion. The main idea is that including of negative feedback into a quantum generator leads to its
transformation in quantum amplifier.

In our experiment He-Ne optical quantum generator (laser) LGN-105 has been used. The feedback was realized by
special addition mirror in the LGN-105. In this situation we had no induced radiation at laser working wavelength
(632.8 mm), i.e. negative feedback is 100% at this frequency (472.3 THz). After that we have closed additional
mirror (by hand, glass, black paper, metal). In this case negative feedback would be 0%; consequently we have seen
laser radiation at wavelength 632.8 mm (the case of isolated laser). Thus we have realized optical quantum amplifier
at 472.3 THz. Energy amplification of this type amplifier is more than 10'%.

If we close additional mirror by fluoroplastic (teflon) than visible generation is absent (full transparency at 3.39u,
100% negative feedback). If we pass methane between laser and additional mirror, visible generation appears
(absorption at3.39u is present, negative feedback is attenuated). Thus realization of the quantum amplifier may be
simple and high sensitivity methods for auroral and nightglow emissions registration. Comparison of the traditional
methods used devices with photo-cathode and CCD sensors is done. Possibility of detection the low-level methane
concentration is proposed. This kind of measurements could be useful in atmospheric research.

Altitude distribution of air temperature in the Khibiny massif and mesoclimate zoning

V.1. Demin (Polar Geophysical Institute, Apatity, Russia)

Meteorological observation data in the Khibiny massif were corrected to common period. Typification of station
locations was carried out for estimation of data representativeness. The found functions of the altitude distribution of

the air temperature explain more than 95% of the spatial variability of temperature in the region. The results were
used for mesoclimatic zoning of the Khibiny. The mesoclimatic zone map was created using GIS based software.
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Air temperature dynamics in the Kola Peninsula and determination of optimal time period for
calculation of climatic parameters

V1. Demin (Polar Geophysical Institute, Apatity, Russia)

Dynamics of the air temperature in the Kola Peninsula were studied. The difference between the mean monthly
temperatures of the previous and following decades can reach to 1-3°C. The increase of the calculation period up to
30 years does not allow finding more stable statistical characteristics too. There is necessity of prolonged periods
(50-80 years). However the long-term climate changes come into particular prominence during these prolonged
periods. Temperature variations cause the nonstationarity of series and its difference from the Markov process
because of the long-term tendency to the warming. This fact gives rise to problem for determination of optimal
time period which is necessary for calculation of the stable mean climatic features that use in the economic activity.

Surface ozone variations during snowstorm and drifting snow
V.I. Demin, M.I. Beloglazov (Polar Geophysical Institute, Apatity, Russia)

The relation between the ozone concentration and the wind snow removal was studied on the assumption that the
corona discharge is possible close to snowflake during snowstorm because of the strong local electrical field
amplification at the end of dendritic crystals.

The data of ozone and the horizontal snow transfer measurements at the Lovchorr Mountain during snowstorm and
drifting snow were used. The effect of this possible process of ozone generation in the surface layer has not been
detected.

Mountain and valley circulation in the Khibiny mountains
V.1. Demin, M.1. Beloglazov (Polar Geophysical Institute, Apatity, Russia)

The conditions for appearance of the mountain-valley circulation in the Khibiny Mounains are unfavorable as a
whole because of geographical location. However the question on its presence in the literature remains open. First
and foremost it is caused by deficient sensitivity of the standard techniques of the wind data processing.

The wind observations at the top of Lovchorr Mountain were analyzed for the detection of the mountain-valley
circulation in the Khibiny. The index of periodicity of wind was calculated for every season as sum of difference of
deviations from norm of wind recurrences of opposite directions. Some grouping of main wind directions during
day was detected that reveals the weak mount-valley circulation. The presence of the mount-valley circulations in
summer detected by ozone variations at the Lovchorr Mountain too. However the contribution of the mountain and
valley circulation to the ozone variations is less than 1.5 ppb.

Ozone and turbulence in the tropo-stratosphere from simultaneous radar and ozonesonde
measurements in Japan and Indonesia

N.M. Gavrilov', S. Fukao®, M. Fujiwara3 , H. Hashiguchiz, T. Koide*, Mamoru Yamamoto® and Masayuki
Yamamoto®

'Saint-Petersburg State University, Atmospheric Physics Dept., St. Petersburg, Russia

% Kyoto University, Research Institute for Sustainable Humanosphere, Kyoto, Japan
3Hokkaido University, Graduate School of Environmental Earth Science, Sapporo, Japan
*Japanese Meteorological Agency, GEMD, Ozone Layer Monitoring Office, Tokyo, Japan

Results are presented of the analysis of simultaneous observations of atmospheric mesoscale dynamics with MST
radars in Shigaraki, Japan (35°N, 136°E) and of ozone in the tropo-stratosphere with ozonesondes in Tsukuba, Japan
(36°N, 140°E), also in West Sumatra, Indonesia ( 0.2 S, 100.3 E). From the World Ozone Data Centre we selected
236 ozonesonde profiles measured in Tsukuba at approximately same latitude as that of Shigaraki at the days of MU
radar observations during years 1986 - 2007. The ozonesondes give information about vertical profiles of ozone and
temperature at altitudes up to 30 km. Simultaneous measurements are used to study height structure and temporal
variations of tropospheric and stratospheric ozone and their relations to variations of dynamical characteristics of the
atmosphere during the experiment. Particular attention is given to clarification of the role of turbulent diffusion and
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mesoscale dynamics in the tropo-stratospheric ozone exchange. A broad region around the tropopause was
dynamically active. Maxima of turbulent diffusivity were observed at 8 - 14 km altitude. Such maxima may produce
vertical turbulent ozone fluxes across the tropopause with magnitudes comparable to those required for the global
ozone budget. There are some differences in turbulent transport of ozone in the tropo-stratosphere at middle and low
latitudes.

High resolution spectroscopic measurements and theoretical absorption spectra of the O,
atmospheric system

V. Guineva', R. Werner', I. Vince?

'Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Sciences, Stara Zagora Department, Bulgaria
*Astronomical Observatory, Belgrade, Serbia

The rotational absorption lines from the P branch of the molecular oxygen atmospheric system (1,0) band (687 nm -
697 nm) have been used for the effective temperature evaluation. Ground based spectroscopic observations have
been performed during June/July 2006 at the solar telescope of Belgrade Astronomical Observatory. A spectral
resolution of about 10° has been achieved. The linear dispersion is 20.8 mm/nm (about 900 pixels/nm) at A<690 nm.
The CCD camera’s chip covers about 0.4 nm of the spectrum and one doublet can be observed at a time. A set of
observations, consisting of 20 measurement days, were performed. Every observational set consists of the CCD
spectrograms centered at the wavelengths of the chosen 13 line doublets with rotational quantum numbers from 1 to
25. The signal to noise ratio has been estimated about 400. A synthetic spectrum of the (1,0) band has been created
based on line-by-line calculations. Typical summer temperature profiles have been used. The theoretical equivalent
widths have been computed. The theoretical and measured line profiles and their equivalent widths have been
compared. A good agreement has been obtained in all cases taking into account the presence of water vapour lines.
The dependence of the equivalent widths on the rotational quantum number has been worked out assuming strong
absorption. It allows the evaluation of the effective atmosphere temperature. The possible contaminations in some
cases are discussed. The theoretical estimates and the measurement results have been examined.

Millimeter-wave measurements of the variability of the mesospheric ozone in polar latitudes

A.A. Krasilnikov, L.M. Kukin, Y.Y. Kulikov, V.G. Ryskin (Institute of Applied Physics, Russian Academy of
Sciences, Nizhny Novgorod, Russia)

The observations were made with a ground-based millimeter wave instrument — mobile ozonometer [1] at Apatity
(67°N, 35°E), measuring the thermal emission line in the pure rotational spectrum 6,5 — 6, transition of ozone at
the resonance frequency 110836.04 MHz. The measurements of spectra of atmospheric emission were carried out by
the method of its calibration on hot and cold reference loads. Measurements of ozone vertical profiles (altitudes 22-
60 km) from 20 to 28 April, 2007 were going on. The irregularity of diurnal variations mesospheric ozone is found
out. Our data on behaviour O; at height of 60 km are compared to measurements of a German microwave
spectrometer which is installed on Ny Alesund, Svalbard (79°N, 11°E). For an explanation of an irregularity of a
daily course the information about the charged particles precipitation in the upper atmosphere is involved.

The study was supported by the grants 06-05-64734, 07-05-10042 of Russian Foundation for Basic Research.

1. Y.Y. Kulikov, A.A. Krasilnikov, A.M. Shchitov, New mobile ground-based microwave instrument for research of
stratospheric ozone (some results of observation), The Sixth International Kharkov Symposium on Physics and
Engineering of Microwaves, Millimeter, and Submillimeter Waves (MSMW’07) Proceedings, Kharkov, Ukraine,
June 25-30, 2007. V.1, P. 62-66, 2007.
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The response of the ozone and dioxide of nitrogen of the middle atmosphere to the solar irradiance
variability during total eclipse August 1, 2008 in Siberia (mountain Altai)

Y.Y. Kulikov', M.B. Emelyanov', A.A. Krasilnikov', L.M. Kukin', L.V. Lubyako', A.V. Poberovskiy”

!Institute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod, Russia
’Institute of Physics, University of St.-Peterburg, St.-Peterburg, Russia

The microwave observations were used portable ozonometer (observation frequency 110.8 GHz, single-sideband
noise temperature 2500 K) and heterodyne receiver at frequency 93 GHz with double-sideband noise temperature
1000 K to for definition of tropospheric attenuation.

The measuring procedure of atmospheric transparency on thermal emission was method of a variation of zenith
distance. Besides in the program of observation of a solar eclipse small-sized spectrometer Ocean Optics HR4000
for measurement of dioxide of nitrogen (NO,) was involved.

It is the diffracted spectrometer with the spectral resolution 0.6 M in the region of a spectrum 398-607 HMm.
Technique of definition of NO, total content is measurements of atmospheric scattering of sunlight coming of
zenith. Time of registration of one spectrum there is from 15 ms up to 60 s depending on intensity of a light stream.
Duration of measuring campaign was from July, 26 on August, 6, 2008. Microwave ozonometer was located in
settlement Jodro (50.4°N, 87.0°E) at Chuisky trakt, height above sea level 800 m. The receiver on frequency 93
GHz and the infrared spectrophotometer were at height of 2200 m on distance about 6 km from Jodro. As a result of
observations the data on variations mesospheric ozone and NO, total content up to, in time and after a total solar
eclipse are received. In particular, to fix increasing of the NO, total content during an eclipse. The unique data about
variations of a transparency of the lower atmosphere are received during an eclipse in a millimeter wave band.

The study was supported by the grants 06-05-64734, 08-05-10047 of Russian Foundation for Basic Research.

Peculiarity of behavior of temperature in St.-Petersburg during last 25 years
A.A. Lubchich (Polar Geophysical Institute, Apatity, Russia)

The monthly average temperature of air in St.-Petersburg since 1775 is studied. It is shown that over last 25 years
the pace of warming increases in all months with the exception of November. The temperature during a winter
period grows rather fast in comparison with a summer (e.g., over 250 years the temperature of air increased by 4.5
degrees in January in comparison with 0.8 degrees in August). Over 20 century, the correlation of temperature and
its spectra in St.-Petersburg, Petrozavodsk, Kandalaksha, and Murmansk is analyzed (see Figures 4-5 on the poster).
The possible dependence of temperature changes from variations of the solar and magnetic activity is discussed. The
behavior of daily average temperature of January in St.-Petersburg over last 100 years is also analyzed. The daily
temperature of January averaged over 100 years monotonously decreases, varying from —6.4 to —8.2°C. Any
significant peculiarities in its behavior (e.g., so-called Christmas frosts or Epiphany frosts) are not found. However,
extremely cold days with daily mean temperature below -30°C are on January, 9-17".

Recent progress in the global electric circuit research
E.A. Mareev (Institute of Applied Physics, Russian Academy of Sciences, 603950 Nizhny Novgorod, Russia)

The global atmospheric electric circuit, i.e. the quasi-stationary current contour supported by the operation of
different (primarily thunderstorm) generators over the globe, being an inherent part of the Earth’s environment,
occupies a unique place at the interface between the lithosphere and ionizing gaseous envelopes — ionosphere and
magnetosphere. It forms due to continuous operation of ionization sources providing the exponential growth of
conductivity in the lower atmosphere, from one hand, and to continuous operation of thunderstorm generators
providing a high rate of electrical energy generation and dissipation in the troposphere. Therefore, the global circuit
is upon the influence of both geophysical and meteorological factors, and can serve as a convenient framework for
the analysis of possible inter-connections between the atmospheric electric phenomena, climatic processes and solar-
terrestrial coupling. Recent experimental and theoretical studies allow deeper understanding of global electric circuit
operation. This talk summarizes some recent results and outstanding problems in this field.

The progress in the global circuit operation is connected first of all with the better description of the electric sources
in the circuit and their contribution to the current and energy balance. One of the most interesting problems is the
role of mesoscale convective systems (MCS). It was shown recently that MCS stratiform regions make an especially
large current contribution to the global circuit. On the other hand, stratiform regions of MCS are characterized by
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enhanced rate of powerful positive flashes, which are known to correlate with sprites. The generation of extensive
layers of positive charge in thunderstorms, meteorological conditions for their formation and their abundance on the
globe are intriguing problems of atmospheric electricity.

The lifetime of electric energy in the atmosphere is introduced and investigated as the total electric energy of the
atmosphere related to the total mean rate of electric energy dissipation. This lifetime, as determined from general
estimations and convenient analytical expressions, turns out to be very small — from about 10 to about 100 seconds,
depending on the assumptions on the control parameters of principal sources in the global electric circuit. In
particular the energy lifetime is less than the relaxation time of the “global condenser” and field relaxation time near
the ground surface.

A series of new numerical models has been elaborated allowing the description of nonstationary and
electromagnetic processes in the global circuit. We have examined in particular the way in which different types of
lightning flashes, both cloud-to-ground (CG) and intracloud (IC) flashes, drive current in the global circuit. A
numerical model of the transient electric field due to CG and IC lightning flashes and their Maxwell relaxation (slow
transients) is developed. The electric field (£) and current distributions, the decay time of £, and the total charge
transferred to the ionosphere and the ground are calculated. Because of the slow transients, only a portion of the
charge neutralized by a flash contributes to the global circuit, with the efficiency depending on the altitudes of the
lightning charges. Typical CG flashes have efficiencies of 55-75%, and typical IC flashes have 5-15%. Total current
estimations of the combined CG and IC slow transient processes in the global electric circuit range from 50-400 A.
A problem of distinguishing between the global and local variations of the electric field and current in the global
atmospheric electric circuit is a long-term fundamental problem of atmospheric electricity. Synchronous changes of
the aeroelectric field at widely spaced stations could serve as a direct manifestation of the global operation of the
circuit. Synchronous observations of the electric field have been performed in summer periods of 2005 - 2008 at
three stations, spaced at the distances 100 to 370 km each from another. Demonstrating an occasional presence of
the diurnal variation over the land, these results show clearly the coupling of electrodynamic perturbations with the
regional atmospheric dynamics, operation of convective generators and electro-aerodynamical turbulence of the
lower atmosphere.

A simulation study of the transformation of circumpolar vortex flows of the lower and middle
atmosphere during the period from January to June

I.V. Mingalev, K.G. Orlov, and V.S. Mingalev (Polar Geophysical Institute, Apatity, Russia, e-mail:
mingalev@pgia.ru)

The mathematical model of the global neutral wind system of the atmosphere, developed earlier in the Polar
Geophysical Institute, is utilized to investigate the transformation of the planetary circulation of the lower and
middle atmosphere during the period from January to June. The utilized model produces three-dimensional global
distributions of the zonal, meridional, and vertical components of the neutral wind velocity and neutral gas density
at the levels of the troposphere, stratosphere, mesosphere, and lower thermosphere. The characteristic feature of the
model is that the vertical component of the neutral wind velocity, as well as horizontal components of the neutral
wind, are obtained by means of a numerical solution of the appropriate momentum equation for a viscous gas
without any simplifications of this equation, with the hydrostatic equation being not used. Moreover, the model does
not include the internal energy equation for the neutral gas. Instead, the global temperature field is assumed to be a
given distribution obtained from the NRLMSISE-00 empirical model. In the model calculations, global distributions
of the atmospheric parameters were computed for conditions corresponding to six dates, which belong to six
different months beginning from January. The results of modeling indicate that the horizontal non-uniformity of the
neutral gas temperature, which is distinct in different months, influences essentially on the transformation of
circumpolar vortex flow of the lower and middle atmosphere during the period from January to June.

This work was partly supported by the Basic Research Program No.16 of the Presidium of the Russian Academy of
Sciences and by the RFBR grant 08-01-91304-Ind.
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The ionization of the Earth’s atmosphere and ozone layer’s variations after solar proton events
during January 2005

LN. Myagkova', A.V. Kukoleva®, A.A. Krivolutsky?, T.Yu. Vyushkova®, A.A Kuminov *

1Scobeltsyn Institute of Nuclear Physics, MSU, Moscow, Russia
*Central Aerological Observatory Dolgoprudny, Russia

Results of calculations of ionization and ozone response variations polar regions of atmosphere of the Earth at
altitudes from zero to 120 km caused by solar protons, generated in the flares occurring on the Sun in second half of
January, 2005 are presented. Differential spectra of solar protons were calculated according to GOES-10 and
CORONAS-F satellites data.

Solar flares produce the intensive fluxes of high-energy protons and strongly influence on the near-Earth
environment and Earth’s atmosphere. Solar protons penetrating into high latitudes in the Earth’s atmosphere cause
its ionization and transform its chemical compound. The response of an ozone layer on additional NOx and HOx
manufacture the middle atmosphere depends not only on solar protons intensity, but also on solar particle spectrum,
and modeling of the processes in atmosphere of the Earth, based on experimental data about flux and spectra of solar
particles is an actual problem.

It was shown that solar proton events of January, 2005 have strongly influenced a condition of high-altitude
atmosphere of the Earth. The obtained results of the modeling based on the polar low-altitude satellitt CORONAS-F
data (which was during the considered period at altitude about 400 km) are significantly differ in comparing with
ones based on the data of geostationary satellite GOES-10. It is probably caused by distinction of observable fluxes
and spectra of protons (in particular with 1-5 MeV energy) at the geostationary orbit and at low (400-500 km)
altitudes.

This work was partly supported by RFBR foundation grants 07-02-92004-HHC a.

Study of Q-type ELF bursts in the Shuman resonance frequency range.

V.V. Pchelkin, M.1. Beloglazov, A.N.Vasiljev, A.l. Voronin (Polar Geophysical Institute RAS, Apatity, Murmansk
region, Russia)

Q-type ELF bursts are studied by using the data of ELF range magnetometer of the observatory Lovozero. The
selection of the bursts has been performed with a specially designed program of intellectual search. For the selected
cases, the estimates of the Earth-ionosphere resonator quality, as well as of the first resonator mode, have been
made. They are compared with the analytical estimates and with the results of Fourier analysis. The directions of
signal propagation have been determined for all cases, and their distribution function was constructed.

Vertical profiles of NOy in the middle atmosphere at high latitudes during quiet period and solar
proton events

A.B. Ponomarev', L.I. Miroshnichenko?, A.S. Kirillov'

'Polar Geophysical Institute, Apatity, Murmansk Region, Russia
2IZMIRAN, Troitsk, Moscow Region, Russia

A one-dimensional time-dependent model of the middle atmosphere is applied in the calculation of vertical profiles
of NO, at high latitudes. The results of the calculation are compared with the data of satellite and balloon-borne
measurements. Also we investigate periods of enhanced production of NO, in the middle atmosphere during very
intensive solar proton events (SPE), especially due to invasion of intensive fluxes of high-energy solar cosmic rays
(SCR). 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
100 GeV. Model calculations of enhanced NOy 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.
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Response of the atmosphere-ocean system to solar activity variations of different time scales
O.M. Raspopov'?, V.A. Dergachev’

ISt. Petersburg Filial of Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radiowave Propagation of
RAS, St. Petersburg Russia, oleg@or6074.spb.edu

*Joffe Physical-Technical Institute of RAS, St. Petersburg, Russia

*Polar Geophysical Institute of Kola Scientific Center of RAS, Murmansk, Russia

Analysis of the influence of solar activity variations on the lower atmosphere involves consideration of atmospheric
effects of either short-term solar activity variations (hours or days) or long-term solar cyclicity (tens and hundreds of
years). Differences in development of the physical processes in the atmosphere associated with solar activity (SA)
variations of different time scales are often ignored when the data are treated. However, it is important to bear in
mind, for example, that in the processes caused by long-term SA variations a significant role is played by
atmospheric circulation leading to regional responses of atmospheric parameters to global solar forcing. In the case
of decadal variations (11- and 22-year solar cycles) the solar signal can interact with inherent noises in the
atmosphere-ocean system of the same frequency range. Experimental data show that this interaction can result in a
2-3-fold solar signal amplification.

Effects of solar activity and cosmic rays on the lower atmosphere (on memory and the 75th
anniversary of PGI seminar founder prof. M.1. Pudovkin)

O.M. Raspopov'?, S.V. Veretenenko®

ISt. Petersburg Filial of Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radiowave Propagation of
RAS, St. Petersburg Russia, oleg@or6074.spb.edu

*Joffe Physical-Technical Institute of RAS, St. Petersburg, Russia

3Polar Geophysical Institute of Kola Scientific Center of RAS, Murmansk, Russia

A review of the data obtained by M.I.Pudovkin, his co-workers and followers on the problem of the influence of
solar activity on atmospheric processes and climate change are presented. Later research activities in this field are
mentioned. Attention is drawn to the necessity to include into consideration the atmospheric circulation when
analyzing the formation of the global pattern of the atmosphere-ocean system response to solar forcing.

Peculiarities of connection between space-time variations of precipitation and geomagnetic activity
O.A. Rubtsova, V.A. Kovalenko, S.I. Molodykh (Institute of Solar-Terrestrial Physics SB RAS olga@iszf.irk.ru)

Currently mechanisms of solar activity effects on weather and climate have been discussed. In [1,2], authors
proposed a physical mechanism of solar activity effects on climatic characteristics and the atmospheric circulation
through the atmospheric electricity. A model of the solar activity effect on climatic characteristics of the Earth’s
troposphere was elaborated on the basis of the mechanism under consideration. The model key concept is the
heliogeophysical disturbance effect on the Earth climatic system’s parameters, which influence energy flux going
from the Earth to space in high-latitude areas. When the solar activity increases, radiation cooling of high-latitude
regions decreases, thermobaric field restructures, average meridian gradient of temperature between polar and
equatorial regions decreases, defining the atmospheric circulation. Precipitation is a quantitative and the most
sensitive indicator of the atmospheric circulation change.

NCEP/NCAR Reanalysis and CMAP data were used to analyze particularities and regularities of long-term
variations in amount of precipitation in 1950-2007. Global decrease in amount of precipitation was found to
dominate till late 1990s. It started increasing only 10 years ago. Peculiarities of distribution and long-term variations
in amount of precipitation in different latitudes and longitudes were also considered.

Correlation analysis of connection between the amount of precipitation and the geomagnetic activity and atmospheric
circulation was carried out. Peculiarities of the space-time distribution of correlation coefficients were studied. The
connection was found out to depend on a season. Cold periods in the northern hemisphere were characterized by a
direct relationship between the geomagnetic activity and amount of precipitation in high latitudes, whereas a negative
relationship was observed in subequatorial latitudes.

One of the main statements of our model is corroborated by the results obtained from the analysis of changes in the
geomagnetic activity, troposphere’s thermobaric characteristics and precipitation.
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1. Rubtsova O.A., Kovalenko V.A., Molodykh S.I. Isolated heliogeophysical disturbances in the high-latitude
troposphere // Optika Atmosfery i Okeana, 2008. V. 21, No. 6, P. 532-535.

2. Zherebtsov G.A., Kovalenko V.A., Molodykh S.I., Rubtsova O.A., and Vasil’eva L.A. Impact of helio-and
geophysical disturbances on thermobaric and climatic characteristics of the Earth’s troposphere // Cosmic Research,
2008. V. 46, No. 4, P. 358-366.

Solar wind influence on atmosphere processes in winter Antarctica

O. Troshichev, L.V. Egorova, A.S. Janzhura and V.Ya. Vovk (Arctic and Antarctic Research Institute,
St.Petersburg, 199397, Russia)

Galactic cosmic rays altered by the solar wind are traditionally regarded as the most plausible agent of the solar activity
influence on the Earth’s atmosphere. Meanwhile, it is well known that severe reductions in the galactic cosmic rays flux,
known as Forbush decrease (FD), are caused by the solar wind of high speed and density, which sweeps the galactic
cosmic rays on its way. Since the FD beginnings are registered at the Earth’s orbit simultaneously with dramatic
disturbances in the solar wind, the atmospheric effects, assigned to Forbush decreases, can be, in reality, result of the
solar wind influence on the atmospheric processes. The paper presents the summary of the experimental results
demonstrating the strong influence of the interplanetary electric field on atmospheric processes in the central Antarctica,
where the large-scale system of vertical circulation is formed during the winter seasons. The influence is realized
through acceleration of the air masses, descending into the lower atmosphere from troposphere, and formation of
cloudiness above the Antarctic Ridge, where the descending air masses income into the surface layer. The acceleration is
followed by sharp increase of the atmospheric pressure in the near-pole region, which gives rise to the katabatic wind
strengthening above the entire Antarctica. The cloudiness formation is resulted in the sudden warmings in the surface
atmosphere, since the cloud layer efficiently backscatters the long wavelength radiation going from the ice sheet, but
does not affect the adiabatic warming process of the descending tropospheric air masses. When drainage flow strong
strengthening the circumpolar vortex about the periphery of the Antarctic continent decays, the surface easterlies typical
of the coast stations during the winter season are replaced by southerlies and the cold Antarctic air masses rush in the
Southern ocean.

Polarization detection of dust and aerosol in the middle and upper atmosphere
0.S. Ugolnikov, I.A. Maslov (Space Research Institute, Moscow, Russia)

The work is based on the twilight method of atmosphere sounding. During the different stages of twilight the sky
background is formed by the scattering of solar emission at different altitudes in the atmosphere and it helps to
investigate the atmosphere layers separately. Polarization measurements allow to reduce the large contribution of
multiple scattering and to expand the information on the scattering properties. Polarization of the twilight sky is
sensitive to the dust and aerosol in the different layers of the atmosphere. Usually they decrease the value of
polarization during the corresponding stage of twilight.

The level of stratospheric aerosol is quite low in the most part of time. It increases, in particularly, after the strong
volcanic eruptions. Sufficient contribution of aerosol scattering in the stratosphere was detected above the
observation point (Crimea, Ukraine) in December, 2006. The comparative analysis of a number of twilights allowed
to estimate the aerosol to molecular scattering ratio (0.1-0.2) and the polarization of aerosol scattering by the angle
90° (0.28). Stratospheric aerosol is possibly related with Rabaul volcano eruption in October, 2006.

The dust scattering is seen in the mesosphere after the maxima of major meteor showers. Polarization analysis
helped to detect the Leonids dust inflow in November, 2002, at the altitude above 90 km and its slow shift
downwards during the following days.

Lunar eclipses optical profiles: Aerosol, water vapor and ozone relations

0.S. Ugolnikov, I.A. Maslov (Space Research Institute, Moscow, Russia)

The work contains the review of 5 lunar eclipses observations in 2004-2008. Holding the surface photometric
measurements of the Moon in the umbra, penumbra and outside the penumbra, the optical map of the umbra is built.

This map is reflecting the optical conditions of the limb atmosphere regions where the solar emission is refracting to
the shadow regions. The geometry of the eclipse gives the possibility to investigate the different atmosphere layers
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above the limb locations analogous to the space limb measurements. Here the role of spacecraft is played by the
Moon.

The measurements in the near-IR range outside the atmosphere gases absorption bands show the umbra
inhomogeneity and difference with the results of gaseous model calculations. This difference is related with the
aerosol extinction that can be retrieved from the data. Results show the increase of the aerosol amount in the upper
troposphere above the equatorial continental locations for the eclipses of May, 04, 2004 and March, 03, 2007.
Equatorial maritime locations contain less aerosol, as it was seen during the eclipses of February, 21 and August, 16,
2008. The correlation of aerosol and cloud clusters is clearly seen worldwide. The regions of high aerosol
concentration in the southern polar hemisphere also coincide with the minima of total ozone amount. In the northern
polar atmosphere this relation is unseen. The fact can be related with the different polar stratospheric vortex activity
in two hemispheres.

The measurements in the water vapor absorption band conducted during the eclipse of March, 03, 2007, show the
good correlation of results with the space measurements of total water vapor amount. This relation allowed to
determine the scale of water vapor vertical distribution, that is close to 1.3 km, slightly varying with the latitude.

Near tropopause inter-annual ozone variation at European high latitudes

R.Werner', K. Stebel®, H.G. Hansen®, U.-P. Hoppe4, M. Gausa’, R. Kivi®, P. von der Gathen’, Y. Orsolini?,
N. Kilifarska®

'Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Sciences, Stara Zagora Department, Stara Zagora,
Bulgaria

*Norwegian Institute for Air Research (NILU), Kjeller, Norway

*Norwegian Institute for Air Research (NILU), The Polar Environmental Centre, Polarmiljosenteret, Tromso,
Norway

*Norwegian Defence Research Establishment (FFI), Kjeller, Norway

>Andoya Rocket Range, ALOMAR, Andenes, Norway

SArctic Research Centre, Finnish Meteorological Institute, Sodankyld, Finland

"Alfred Wegener Institute for Polar and Marine Research (AWI), Potsdam, Germany

8Geophysical Institute, Bulgarian Academy of Sciences, Sofia, Bulgaria

The geographic area at high latitudes beyond the polar circle is characterized by long darkness during the winter
(polar night) and by a long summertime insolation (polar day). In consequence the polar vortex is formed and the
surrounding it strong polar jet is characterized by a strong potential vorticity gradient representing a horizontal
transport barrier. The ozone dynamic at the lower and middle stratosphere is controlled by both chemical destruction
processes and transport processes.

To study the inter-annual ozone variation at high latitudes ozone vertical distributions are examined, gathered from
the Arctic Lidar Observatory for Middle Atmosphere Research (ALOMAR) (69.3°N, 16.0°E,) station at Andenes
and of ozone soundings of the stations at Sodankyld (67.4°N, 26.6°E) and at Ny-Alesund (78.9°N, 11.9°E). The
data sets cover the time period from 1994 up to 2004. We find a second ozone maximum near 13 -15 km, between
the tropopause and the absolute ozone maximum near 17- 20 km. The maximum is built up by the combination of
air mass transport and chemical ozone destruction, mainly caused by the NO, catalytic cycle, which begins after the
polar night and intensifies with the increasing day length. The formation of a troposphere inversion layer is
observed. The inversion layer is thicker and reaches higher altitudes in winter than in summer. However the
temperature inversion during summer is stronger. The formation of an enhanced ozone number density is observed
during the spring-summer period. The ozone is accumulated or become poor by synoptic weather patterns just
above the tropopause from spring to summer. In seasonal average an ozone enhancement above the tropopause is
obtained.

The stronger temperature inversion during the summer period inhibits the vertical stratosphere-troposphere
exchange. The horizontal advection in the upper troposphere and lower stratosphere is enforced during the summer.
The combination of these mechanisms generates a layer with a very low ozone number density above the
troposphere inversion layer subsisting from June/July up to the late autumn.
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Total ozone variability over the Russian territory during the period 1973-2008
A.M. Zvyagintsev', L.B. Ananiev®, and A.A. Artamonova’

'Central Aerological Observatory, Dolgoprudny, Russia
’Hydrometeorological Research Center of Russia, Moscow, Russia

Based on the data from the ground M-124 ozonometer network and TOMS/SBUYV satellite-borne observations, total
ozone (TO) variability over Russia during 1973-2008 is analyzed. TO time variations are well enough described by
a regression model including a piecewise linear trend and the affecting factors such as solar activity, Quasi-Biennial
Oscillation (QBO) of the zonal equatorial wind and Arctic Oscillation (AO). During the period 1979-1995, a
negative TO trend was observed all over the Russian territory, while during 1996-2007, a positive trend was
observed, which was close to the former in absolute value. The determination coefficient of the regression model of
the mean-monthly TO anomalies within the zonal belts and separate cells in the mid latitudes of the Northern
Hemisphere is 35-80 %. The influence of QBO and AO on TO is essentially different in different seasons, being the
most pronounced at the end of the cold season and the slightest at the end of the warm one. The mean December-
March AO index considerably determines TO values almost throughout the following months of the current year,
especially in the high latitudes of the Northern Hemisphere. The AO may cause TO deficit over the northern areas of
Sakha-Yakutia in early spring to reach 40-50 D.U. or more, while the influence of QBO is 1.5 times weaker. The
mean annual TO value in 2008 is largely determined by the corresponding AO and QBO values.

Surface ozone variations in Moscow and Kyiv
AM. Zvyagintsevl, LN. Kuznetsova’, E.A. Lezina’, Ya.0. Romaniuk®, and M.G. Sosonkin*

'Central Aerological Observatory, Dolgoprudny, Russia
’Hydrometeorological Research Center of Russia, Moscow, Russia

*Moscow Service of Ecology Monitoring (Mosecomonitoring), Moscow, Russia
*Main Astronomical Observatory of the NAS of Ukraine, Kyiv, Ukraine

Surface ozone measurements in two megacities, namely Moscow (56 N, 38 E, 190 m a.s.l.) and Kyiv (51 N, 31 E,
120 m a.s.l.), are compared. Seasonal-diurnal variations of ozone and temperature are presented. Ozone temporal
series in both cities are similar and according our classification may be referred to ones for semi-polluted non-
elevated sites. There are two maximums (in spring and summer) in ozone seasonal variations and only one
maximum (in summer) in temperature variations at both sites. The mean ozone concentrations for any time and any
day as well as temperatures in Kyiv are higher than appropriate ones in Moscow. The summer ozone maximum can
be attributed to photochemical processes. The spring ozone maximum is more likely caused by dynamical/transport
processes than by photochemistry. In both cities ozone episodes appear for some adverse meteorological situations
which are dangerous for human health. They often are observed in July-August period; their number in Kyiv is
higher than in Moscow. A statistical models of ozone concentrations for both cities are created; ozone concentration
is presented as regressive function of temperature, relative humidity, wind speed and its direction in planetary
boundary layer. Such models can be used for ozone concentration forecasting.

I[eTeKTI/IpOBaHI/Ie MJJAaHETAPHOT0 Yucjia MOJIHMA HA OCHOBE CTATHCTHYECKOI0 aHAIU3A
XAPaAKTCPUCTHUK IJICKTPOMATrHUTHOI'O HIyMa B THANIA30HC ITYMAHOBCKHUX PE€30HAHCOB

B.I'. Barkun, B.B. Kimmmenko, F0.B. Hlmoraes (Mucmumym npuxknaouoii ¢usuxu PAH, 2. Huscnuii Hogeopoo)

Yucno MOJHMH B E€IMHUIYy BpPEeMEHM B MHPOBBIX TPO30BBIX OdYarax sBJISETCS BaKHBIM [apaMeTpoM,
xapakrepusyomuM DJ[C riaobanbHON 37IEKTPUYECKON LEMH, a TAKXKE MOIIHOCTh [€HEepaTopa 3JIEeKTPOMArHUTHOTO
1ryma B rnojioctu 3emirsi-oHocdepa. OObIYHO 1mocUeT MOJTHUN npou3BoauTes ¢ 6opra MC3 110 4ncity onTuuecKkux
Benblmek. ONTHYECKUMHM — BCIIBINIKAMU  COIPOBOXKAAIOTCS BCE pas3psiibl, BKJIIOYAas BHYTPHOOIA4yHblE U
MeK1yo0auHble, TOTAa Kak OCHOBHBIMH reHepaTtopamu DJ]C u mryma siBisitoTcst pa3psiibl odsako-3emis. B nanHoi
pabore mpeIoKeH M ONpoOOBaH METOJ AETEKTHPOBAHWS YHWCIa MOJHHH B MHPOBBIX TI'DO30BBIX IEHTpax MO
CTaTHCTHUYECKUM XapaKTEPUCTHUKAM 3.M. IlTyMa, HaOmoxaemoro B nojoce 1-30 I'u. Mcxonst u3 BUia aMIIMpUIECcKOi
(GYHKUMHM pacrpeiesieHns] MIHOBEHHBIX 3HAYEHHMH LIyMa, MMEIOIIEeH MEIJICHHO CIANalolfe KpBUIbS, 3aJaeTCs
JBYXKOMIIOHEHTHAsT MOJEJbh HCTOYHHKA IOyMa B BHIE CyMMBl HOPMAJIBHOIO IIyMa M HMITYJIECHOIO IOyMa,
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COCTOAIIETO W3 IMOTOKA DJKCIIOHEHIIMANBFHO 3aTyXaoIluX pPaTdoOWMIYJIhCOB. B pamMkax 3agaHHON MonaenH
AQHATUTHYECKH BBIYUCIIAETCS IUIOTHOCTh BEPOSTHOCTH MTHOBEHHBIX 3HAYCHHH IIyMa. 3aTeéM C ITOMOIIBIO
MPOIEeAYPsl MHUHUMHU3AINH HEBS3KH MEXKAY SMIHPUYECKUM M PACUCTHBIM PACTIPEACICHUSMH ONTHUMHU3UPYIOTCS
nmapaMeTpsl MOJENH, B YHCJIE KOTOPHIX M IJIOTHOCTh MMITyJBCOB B €IUHMILy BpeMeHH. [ITOTHOCTH WMMIIyJIbCOB,
NOIyYeHHbIE B pe3ysbTaTe OOpabOTKH SKCIEepUMEeHTaIbHBIX maHHbIX (~10+30 ¢'), ¢ pasymHoil TouHOCTBIO
COTJIaCYIOTCS C YHCIIOM ONTHYECKUX BCIBIIIEK JeTeKTupyeMbix Ha UC3.
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Functional state of human organism depends on intensity of cosmic rays modulated by solar cyclic
activity

N. K. Belisheva (Polar-Alpine Botanical Garden Institute, KSC RAS, Apatity, Russia)

Composition of peripheral blood and functional state of cardio-vascular system of the healthy examinees were
compared in the years with high (1991) and low (2008) Solar cyclic activity (SCA) and, correspondently, high and
low geomagnetic activity (GMA), low and high intensity of Cosmic rays (CR). The quantity of stick neutrophils,
monocytes, eosinophils, leucocytes in peripheral blood of examinees have been 0,65 = 0,09; 5,04 = 0,36; 1,70 £
0,32; 5,66 = 0,09, (p<0,01), correspondently, in the year with high SCA (1991). The means of these indices have
increased in the year with low SCA (2008) up to 3,58 £ 0,19; 10,57 + 0,20; 3,78 £ 0,16; 6,14 £ 0,11 (p<0,01),
correspondently. The number of segmented neutrophils, lymphocytes, in opposite, have increased in the years with
high SCA (50,80 + 0,72; 41,72 + 0,75 correspondently, p<0,001) and decreased in the years with low SCA (44,59 +
0,75; 36,51 £ 0,64 correspondently, p<0,001). The differences were also found between correlations of cardio-
vascular state indices, variations of geomagnetic field and CR in the years with high and low SCA. In result of
experimental research we found, that functional state of organism are modulated by “dose” ratio of geomagnetic
field (GMF) variations and the secondary component of Cosmic rays (CR). We revealed the possible mechanisms
for modulation of organism functional state: 1) Alterative regulation by GMF variations and neutron intensity near
the Earth’s surface, when the one in a two component has maximum value and other — minimum value. 2)
Complementary (additional) regulation, when the values of the GMF variations and neutron intensity near the
Earth’s surface reciprocally supplement each other. 3) Prevalent regulation by GMF variations or neutron intensity
near the Earth’s surface, when the one in a two component has predominant significance over other. By comparison
of functional state of human blood in the years with high (1991) and low (1996, 2008) SCA we found that the
decrease of geomagnetic activity and the increase of intensity of CR impact on composition of peripheral blood. An
increase of 20 percent of CR intensity near the Earth space produces the increase of leucocytes, monocytes,
eosinophils, stab neutrophils (immature forms of blood cells), the decrease of lymphocytes, segmented neutrophils.
Moreover, in the years with high intensity of Cosmic rays on the minimum of SCA, multiple phenomenon,
associated with abnormal growth, appearance of nanuses (dwarfs), gigants, morpohsis on plant were observed.
Similarity effects exposure of plant to ionizing radiation in the result of Chernobyl catastrophe have been discovered
on pine, betula, oak in 1987 years. Analogical morphosis have been observed on new born children in result of
exposure of Iraq inhabitants to depleted uranium. Because effectiveness of ionizing radiation has not threshold,
similar biological effects can be induced by high, low, weak and hyperweak doses of radiation, including the impact
of Cosmic Rays. The probability of appearance of different deviations from normal development of organism
increases on the minimum of SCA associated with the increase of CR intensity.

Comparison studies exposure of human organism to cosmic rays in control group and under
chronic irradiation by natural radio nuclides

N.K. Belisheva', N.A. Melnik®, S.A. Chernouss®, O.V.Antonenko’, E.V.Perminova’, A.L.Kosova’,
A.N.Vinogradov*, T.B.Novikova’

'Polar-Alpine Botanical Garden-Institute KSC RAS, Apatity, Russia

*Institute of Chemistry and Technology of Scarce Elements and Mineral Source, Apatity
3Polar Geophysical Institute, Apatity, Russia

*Regional Seismic Centre, Apatity, Russia

> Hospital with Policlinic attached to Kola Science Centre RAS, Apatity, Russia

The aim of investigation was that estimate exposure of human organism to natural ionizing radiation sources,
including the secondary component of cosmic rays (CR) near the Earth surface and natural radio nuclides. Research
was carried out on the control group of examinees and persons has been exposed to natural radio nuclides. In the
course of this study, some morpho-functional characteristics of peripheral blood and indices of cardio-vascular
system state were assessed on daily basis through one month on the control group. The assessment exposure of
human organism to natural radio nuclides was carried out on medical examination of persons at Institute of
Chemistry and Technology of Scarce Elements and Mineral Source. The long time (1976-2008 years) these persons
contacted with samples of minerals incorporating natural radio nuclides. Dynamics of functional state of human
organism was compared with associated variations of CR, geomagnetic field and atmospheric pressure. The
significance correlations were found between CR variations and indices of functional state of peripheral blood in
control group and among persons have been irradiated by natural radio nuclides. We found that the number of
significance correlations of indices of functional state of peripheral blood with CR were more in control group than
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in one of irradiated persons. Average indices of blood functional state of irradiated persons were similar with one
manifesting under increase of intensity of CR in control group. Moreover, chronic ionising irradiation transforms the
organism sensitivity to external impact and cause a realignment of the blood components with respect to one
another. The features of such changes depend on accumulated doses of irradiation and person’s organism functional
state. Lymphocyte, segmented neutrophiles, stick neutrophils have manifested the most sensitivity to variations of
CR intensity in control group, whereas hemoglobin, erythrocytes and thrombocytes were more sensitive in irradiated
persons. In addition the correlation between frequencies of heat rhythm, arterial pressure and functional state of
peripheral blood as well modulation of cardio-vascular state by the complex of physical agents, including the CR,
were shown in control group. The similarity exposure of effects to weak doses of natural radio nuclides and of
secondary component of CR near the Earth’s surface are discussed.

3aBUCHMOCTB COCTOSIHMS JiecOB MypMaHCKOIr0 pernoHa OT Bapyaluii re1uoreopu3nyeckKux
areHTOB

A.A. AJ‘IXI/IM‘{I/IKOBI, H.K. BennmeBaz, I.B. Kanamuukosa®

1 o o
Komumem no necrnomy xoszavicmsy Mypmanckoii obnacmu, Mypmanck, Poccus

2 .ol .

THonapro-Anenutickuii Bomanuueckuti Cao-Uucmumym KHL] PAH, Anamumut, Poccus

B pabore ucnonp30Bany CTaTUCTHYECKUE JaHHbIE MypMaHCKOTO KOMHTETa IO JIECHOMY XO3SHCTBY O COCTOSIHUH
necoB Mypmanckoit obmactu ¢ 1958 mo 2005 r.r. OTu JaHHBIE BKIIOYAIH CPEIHETOJOBOE YUCIIO JECHBIX MT0KapOB U
IUIOLIa Q1 BO3TOPaHUs, a Takke 3a00JIeBaEMOCTb Jieca, OLIEHEHHOE 110 YHCIIy 04aroB MOpakeHusi 0OJIE3HsIMU Jieca.
JluHaMuka TOKa3aTenell COCTOSHUS Jieca Oblla COINOCTaBJIEHA ~ CO CPEAHErOZ0OBBIMH 4YMCiIaMu Boibda,
WHTEHCUBHOCTHI0O HEUTPOHHON KOMIOHEHThI kocmuueckux nydedt (KJI) y moBepxHoctu 3emiu, AEeTEKTUPYEMOit
HEUTpOHHBIM MOHHTOpPOM (Amarutsl, [lonsipublii reodusmueckmit mHcTHTyT KHI[ PAH), unciom ciydaes
BO3pacTaHus HEHTPOHHOW KOMIIOHEHTHI y ITOBEPXHOCTH 3€MIIM B PE3yJbTaTe COJHEYHBIX MPOTOHHBIX COOBITHI
(ground level enhancement —GLE) wu wunHreHcuBHOCThIO GLE, oOmlEHeHHOH 1O KOJMYECTBY CTaHIMH,
3apErHCTPUPOBABIINX 3TH cOObITHA. CllelyeT OTMETHTh, YTO Ha KAadeCTBO CTATHCTHUYECKHMX NAHHBIX IO OIIEHKE
COCTOSIHHMS JIECOB TIOBJIMSUIM COOBITHS TMEPECTPOIKH, MOATOMY HaHHbBIE 90-X TrOfoB M Jajee MMEIOT 3HaYUTEIbHbBIC
morpenrHocT. TeM He MeHee, CONOCTaBIICHIE CPEIHET0JOBBIX 3HAUEHIH KOJIMYECTBA U IUIOMaeH moxapos ¢ 1958
mo 2005 r.r. ¢ mokazaTensMH coiHedHOW akTUBHOCTH (CA) M MHTEHCHUBHOCTHIO HEHTPOHHOM KOMIIOHEHTHI Y
MOBEPXHOCTH 3EMIIM BBIABMIO MEXIY HHMH 3HauMMble Koppemsiuuu. OKa3anoch, YTO YHCIO IOKapOB HMEET
BBIP@KEHHYIO IE€PUOJWYHOCTh, MPUYEM 4YHCIO IOKapoB Bo3pacTaeT depe3 5 yer mocie mMuHuMyma CA u
MakcuManbHOW uHTeHcuBHOCTH KJI Ha wMmunumyme CA. KoadduimeHnt koppensuuu ¢ HHTEHCHBHOCTBIO
HEHTPOHHOW KOMITOHEHTBHI cO caBurom B 5 et cocrasisier 0,4 (p<0,05). Bonee Toro, comocraBiieHHE YHCIA
noxapoB ¢ GLE BBISIBUIIO MeXay COJIHEYHBIMH NMPOTOHHBIMHM COOBITHSIMH, YHCJIOM M IUIOIIA/IbI0 BO3TOpaHUM
orpeziesIeHHbIe CBsI3U. Tak, MaKCMMaJIbHOE YMCIIO TI0XKapoB U IUIOMIaAe Bo3ropanus orMeueHo B 60-e, 70-e roasl 1
80-e roxpl, a Tarke TpeHn Bo3pactanus nocie 90-ro roga. B 1960 r. 6suto 3apeructpuposano 5 ciryyaes GLE Ha
237 cranmmsax, ¢ 1971 mo 1973 — 5 cirygaeB GLE, B 1981-1982 r.r. 3apeructpupoBaso 5 cirydaeB GLE, a B 1989 1. -
7 cmygaee GLE. OpHako, HecMOTps Ha SIBHYIO CONpPSDKEHHOCTH SIBJICHHH BO3TOpaHUS Jieca M COJHEYHBIX
MIPOTOHHBIX COOBITHH, CIEAYeT AyMaTh, YTO NMPUIMHOH, CIIOCOOCTBYIOUIEH JIECHBIM I0KapaM, MOTJIM OBl CITYyXXHTh
METEOpOJIOTHYECKHE areHThl, BapHalMd KOTOPBIX, B CBOIO ouepenb, oOycmosineHsl CA.. HccienoBanne
3a00/1€BaEMOCTH Jieca W BapHalUil TIelHOreo(U3NUecKHX AareHTOB BBUIBUIO CYIIECTBEHHBIE CBS3U MEXKAY
KOJIMYECTBOM OYaroB IOPaXKEHWs Jieca ONpPEIENCHHBIMH OoNe3Hs MM (p)KaBUMHA XBOM, PaK CEpsIHKA, CHEKHOE
LIIOTTE, COCHOBas TyOka, enoBasi ryOka, kopHeBas ryoka) u CA. Okazanoch, YTO MakCHUMyM 3a00JIEBa€MOCTH
npuxoaurcsi Ha MUHUMYM CA TIpy BO3pacTaHWM MHTEHCUBHOCTH HEHTpOHHOH kommnoHeHThl KJI y moBepxHocTn
3emuu. Tak, mpu cpefHeM 4ucie odaroB nopaxeHus jeca 3990 +448.4, B 1996 r. na muaumyme CA 4uciio oyaros
nopaxkeHusi Bo3pocio a0 176409, uto B 44 pasza mpeBBICWIO CpeJHUH YpOBEHb 3a00JE€BaeMOCTH Jieca II0
Mypmanckomy pernony. KoadduiueHT xoppemsiun Mexay YHCIOM o4aroB nopaxenus yeca 1 CA cocraBui -
0.88 (p<0,01), a c mokazaTenaeM MHTCHCHUBHOCTH HeWTpOHHON KoMmmoHeHTHI 0.48 (p<0,05). Taxum obpazom, HaMu
BBIABIICHA OMNpEIEICHHAas CBA3b MEXKIy COCTOSHHEM JiecoB B MypMaHCKOW 00macTh W BapHalusIMHu
reanoreo(pu3nYeckux areHToB. OHAKO VISl BBIICHEHUS] IPUYHUHHO-CIICICTBEHHOH CBsi3u Mexay CA M COCTOSTHHEM
JIECOB TPEOYIOTCS IOTIOJHUTEIBHBIC HCCIIETOBAHUS.
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Bausinue rpaBUTAlMOHHBIX B03MyIIIeHI/II71 HA aHOMAJIbHOC IMOBCACHHE Y€JIOBEKA U BBICIINX
KHBOTHBIX

B.M. Bopob6eitunkos', O.A. Tpommnues',d.C. F'opmkos”, B. B.Crenanos'

'Tocyoapemeennoe yupescoenue "Apkmuyeckuii u aHmapkmudeckuti Hay4Ho-Uccaed08amenbekuti uncmumym”,
Canxm Ilemepbype, Poccus

*Canxm-ITemepbypeckuii Punuan Mncmumyma 3emMHo20 MazHemuzma, uoHocGepsl u pacnpocmpaneniis. paouosoH
PAH, Canxm-Ilemepoype, Poccusa

K HaCTOAIIEMY BPEMEHU HAKOIUICH 3HAYUTEJILHBIN MaTtepual O BIUAHUN .HyHbl Ha (l)I/l3I/lOJ'IOFI/I'-IeCKOC COCTOsSITHUE
OopraHusma 4€jI0BE€Ka, B 3aBUCUMOCTH OT JIYHHBIX (1)8.3. B YaCTHOCTH, BBISIBJICHO BJIMSIHUC .HyH])l Ha TEYCHUE OCTPBIX
MICUXOTHYECKUX COCTOSTHUM Y€JIOBCKA, MOKa3aHa CBA3b C PA3JIMYHBIMU IICUXUYCCKUMU 3a60ﬂeBaHI/l§IMI/I, 3Hl/IJ'l€l'lCl/I€l7[,
COMHAMOYIJIU3MOM, C CYHITUIHBIMA MPOSBICHUSAMIE, OOHAPYKEHO BIHMSHHE JTYHHBIX (a3 Ha MOBEJCHYCCKHUE PCAKIIHH
3I0pOBBIX JIIOJEH, B TOM UHUCIE HA aCOLUAIBHOE MOBEACHUE YeIOBEKa, OTMEUYEHO BiMsHUE JIyHBl Ha MOBeAEHUE
BBICIINX JKUBOTHBIX. HecMoTpst Ha TO, YTO HCCIIEOBATENM JaBHO OOpaTHiIM BHUMaHHE Ha reodusnueckue U
MOTOTHBIE (PAKTOPEI, COMPOBOKIAIONINE BIUsHIE JIYHBI COCTOSHHE JIO/IEH, TOKa3aTh HETIOCPEACTBEHHOE BIIUSHUE
JIyHBI Ha TIOBEJCHUE YeNIOBEKA M KUBOTHBIX MPEACTABIICTCS CIOXKHO 3ajadeii. B HaImMX MCCIieIOBaHUAX BIIEPBBIE
JTIOKA3aHO CYIIECTBOBaHHE HOBOT'O MEXaHHM3Ma BO3ICHCTBUS KOCMHYECKUX (PAaKTOpOB Ha OHOIIOTHYECKHE CHCTEMEI,
Onarojapsi 4eMy YCTaHOBJIEH HEW3BECTHBIH paHee (EeHOMeH, OOBsCHsIOIUKA BiusHue JIyHbI Ha aHOMalbHOE
MOBEJICHUE YEJOBEKAa M J>KWBOTHBIX. YKAa3aHHBIA MEXaHH3M TMPOSBISETCS B TOM, YTO B IEPHOA HOBOJYHHUS H
MOJTHOIYHHSI TI0J] Bo3AeHcTBIEeM JIyHBI ycKopseTcs mporiece pa3MHOXKeHus kummedHoi nmainodku (E.coli) B Toncrom
KUIONCYHUKE YCJIOBCKA U JKMUBOTHBIX, aKTUBHOCTb KOTOPOI'0, B CBOIO OYE€PEC/b, PETYIUPYCTCA BHCIIHUMHA YCIIOBHUAMU.
B pesynbrare sToro nponecca, B E.coli nporcxonur uHTeHCH(UKAIMS METad0IN3Ma U, COOTBETCTBEHHO, CKOPOCTh
IMOCTYIJICHUS €€ MeTa60J'll/ITOB B KpPOBb XO3sIMHA, YTO HNPHUBOAUT K HAPYIICHUAM WU C6OHM pa6OTbl JKHN3HCHHO
B)XHBIX CHCTEM 4YeJIOBeKa M XHMBOTHBIX. [Ipn 3TOM, Ipouecc Meraboiau3Ma M IMOCTYIUICHHS! METaOOJIUTOB B KPOBb
MPOHCXOJUT B IMOJHOJYHHE 3HAYNTEIHHO MHTEHCHBHEE, YeM B HOBOJYHHE. DKCIIEpUMEHTaJbHbIE HAONIOACHUS 3a
M3MEHEHHUsIMHU npojospkuTessHocTH Jar-dassl (L) E.coli B 3aBucuMoctu ot ¢asbl JlyHsl IpOBOIMIINCE B EPHOA C
2002 mo 2006 r.r. IlpeamodreHre OTAaBaJIOCh HOBOIYHHSIM M MOJHONYHHSM, CONPSDKEHHBIM, COOTBETCTBEHHO, C
CONTHCYHBIMH ¥ IyHHBIMH 3aTMEHHAMH. Kak TmoKas3amu pe3ysibTaThl HAONIONSHWH, I BCEX ASTHX COOBITHHA
XapaKTepHBl OO0IMMEe NPHU3HAKU: CYIIECTBCHHOE YMEHBIICHHE IIPOJODKUTENFHOCTH L ¢ mociemyromuM ee
BOCCTAHOBJICHHEM (IIOJHBIM WJIM YaCTHYHBIM); HM3MEHEHHE NPOJOJDKUTENBHOCTH L, Kak MpaBWIIO, 32 HECKOJBKO
4acoB [0 HacTymuieHus: HaOmomaemoit ¢(asel JlyHbl (Y4TO HCKIIOYaeT CBsI3b H3MEHEHHH BpemeHn L ¢
«IKPAHUPOBAHUEM) COJ'IHLIa); IMMPUBA3aHHOCTh MHWHHUMAJIbHBIX 3HAYCHUH MPOAOKUTCIIBHOCTH L x MomeHnTam
MaKCUMYMOB COOBITHMH. MBI MOKa3anu, 4YTO JJIsi BCEX YIOMSHYTBIX COOBITHH XapaKTEpHO CYLIECTBEHHOE
yYMEHbIIeHNE NPOAOIDKUTEIBHOCTH L ¢ mocneayrommM, nocie npoxoxxaeHus JIyHol 3eHUTa, ee BOCCTaHOBJICHUEM.
Korna Jlyna nepecekaer smanto 3emisi—CoutHue no3aan 3emiu (nosnHoiyHue), L cokpamaercst 1o 1 waca (Bo Bpemst
JyHHOro 3arMenus — 1o 0,5 yaca), mpu 3TOM NEPHOA YMEHBIIECHHS M IIOCIEIYIOIIEro BoccTaHoBieHUs L mo
HeBo3myImieHHoro ypoBHs (L ~ 3,5 gaca) 3anumaer okxono 10 gacoB. Korma JlyHa mepecekaer NHHHIO 3eMiisi—
Comane mepen 3emieit (HoBomyHme), L ymeHpmmaercs mo 1,5 waca, HO UIMTENBFHOCTh 3TOTO YMEHBIICHHS
cocTaBiisieT Beero b ~ 0,5 yaca. Bo Bpemst colHeUHOTo 3aTMeHus L majgaeT 10 Hyuisl, a Iepuo COKpalieHHol L
mtesi Oomee 10 dacoB. 3aKOHOMEpPHBIM CIIEACTBHEM HAOIIOJAaeMOT0 COKpAaIleHWs L sBIsSeTcs YCKOpEeHHOE
pasMHOKeHHE OaKTepuil B OKCIIOHEHIMAIbHOW (aze mx pocta. Peskoe cokpameHnune L mpuBOAWT K BO3pacTaHHUIO
CKOPOCTH CHHTE€3a W BBIIEIECHUS METaboJMTOB OaKTEepHsIMH, B pe3yJbTaTe dYero BO3PACTAET IIOCTYIUICHHE
MPOJYKTOB UX YKHU3HEAEATEIBHOCTH B OPraHU3M 3a CUET BCAChIBAIOIIEH (QYHKIMHU KHIeyHuKa. Hamm rccnenoBanus
MOKa3aiu, 4TO Uil JKH3HENEATEeNbHOCTH OakTepuil OoJjpliee 3HadeHHMe umeeT nosoxeHne ComHua u JIyHb
OTHOCHUTENIBHO 3eMJIM, a HE OTKPBITOCTh WM 3aKpbITocTh ConHLA (IHS, HO4M, 3aTMeHUs). OmnMcaHHbIE SBICHUS
MO3BOJISIIOT TIPEAIoaraTb, 4ro (akTop, NEWCTBYIOIIUI Ha MCCIEAyeMbIe IPOLECChl, UMEET I'PaBUTALMOHHYIO
npupoxy. I[lomy4yeHHbIe pe3yabTaThl MO3BOJIAIOT YTOUYHHUTH CYLIECTBYIOIINE MIPEACTABICHUS O MEXaHU3ME BIIMSIHUS
TPaBUTAIIMOHHBIX CHJI, CBA3aHHBIX C B3aMMHBIM MotoskeHreM CoutHia, 3emin U JIyHBI ¥ IPUBS3aHHOM K MOMECHTaM
HACTYIUICHHUS ompereneHHbIX (a3 JIyHel Ha MOBEIEHHWE YENIOBeKa M BBICIIMX JKUBOTHBIX, COTJIACHO KOTOPBIM
yKazaHHOE BJIHSHHE OCYIIECTBISETCS TNPIIUBHBIME Tporeccamu. B Hactosmied paboTe MOKa3aHO, YTO TaKoe
BIMSIHAE Ha aHOMAJIFHOE IOBENICHHE YEIIOBEKa M BBICIIMX JKUBOTHBIX BBI3BIBACTCS AKTHBHBIM IIOCTYIUICHHEM B
KPOBb METaOONUTOB KHIIEYHON ITaJOYKH, OOYCIOBICHHBIM €€ YCKOPEHHBIM DPa3MHOKEHHEM 0]l ACHCTBHEM
TPaBUTAIIMOHHBIX CHJI CBSI3aHHBIX C B3aMMHBIM rosioskeHreM Conama, 3emin u JIyHbI M IpUBA3aHHBIX K MOMEHTaM
HACTYIUICHHSI OTpeieieHHbIX (a3 JIyHbI.
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O BoCHIPUSITUM BPEMEHHU B IKCTPEMAJIbHBIX YCJIOBUSIX APKTUKHM H AHTAPKTUKH
B.B.I/IBaHOBl, 3.C.Fopm1<031, H.K.EGHI/ILHGBaZ, B.B.MemepsmOB1

1 .
Canxm-nemepbypeckui Qunuan Uncmumyma 3emMHo20 MazHemusma, UOHOCPHEPbL U pACHPOCMPAHEHUs. PAOUOBOIH

PAH, Canxm-Ilemepoype, Poccus

2 o Z o o
Honapno-Anenuiickuiit Bomanuueckuti Cao-Uncmumym KHIL] PAH, Anamumul, Mypmanckou o6x., Poccus

[IpoGnema BoCHpHATHS BpEeMEHH TIPHUBJICKAET HeOciabeBaiollee BHUMAHUE HCCIIEAOBATENCH, MpUYEM
WHAWBHIyaTbHAS OLIEHKA TCYCHUS BPEMEHH CBS3BIBAcTCA C (PyHKIMEH “ONOTOTHYECKUX YacoB™.

Kaxaplii oprann3M XHBET IO CBOMM COOCTBEHHBIM HHIWBHAyalbHbIM udacaM. Ha ocHOBe MHOTONEeTHHX paboOT
XPOHOOHMOJIOTOB YCTAaHOBJICHO, YTO TEMIIBI BPEMEHHM OCOOBIM 00pa3oM CKa3bIBAIOTCS Ha (YHKLIHOHAIEHOM
COCTOSIHMM YEJIOBEYECKOTO OpraHm3Ma. ECTeCTBEHHO, 4TO YCIOBUSI CpeAbl OOMTaHUS TaKKe BIMSAIOT HAa XOJ
“OMOJIOTNYECKHUX YacoB”.

B cBs3u ¢ 3tUM OCO6])II>1 HUHTEPECC BbI3bIBACT OLICHKA BJIMAHUA Ha JUHAMUKY HWHAWBHUIAYAJbHOTO XOJa BPEMCHU
SKCTPEMAJIBHBIX YCIIOBUHM BBICOKUX LIUPOT.

B nanHoi#t paboTe mpuBeneHBI pe3ynbTaThl UCCIENOBaHMM, BBHIIIOJHEHHBIX B pa3HOE BpeMs B ADKTHKE (SHBapb-
¢espans 1995 r.) u Anrapkruxe (ssaBapb 2001 - ssaBaps 2002 rT., B cocrase 46 PAD).

B 1995 r. mpoBenena perucrpanys JUIMTEIBHOCTH HHIMBHIYaIbHOH MHUHYTHI (JJUIM) y 8-MM HCHBITYyeMbIX —
COTPYAHHKOB MAarHUTHO-HOHOc(epHOW craHmmu “‘Komba” (o. /Jumkcon). HabOmromeHus mTpoOBOOMIMCH IO
CTaH/JapTHON METOAMKE TPW pa3a B JEHb B OJHO W TO K€ BpeMs. B aHamm3e HCIOJIB30BAHBI CPEAHECYTOUHBIC
3Hadenus [JUUM.

Pesynbratbl. Kaxaplii UCHbITyeMblii MMeNl CBOW WHIMBHMIyalbHbIH guana3zoH usMmenenuss JIMIM wu3 oOuiero
nHTepBana ot 35 o 150 c. Ileprox HabmOAEHMI NpHUIIENICsS HA MOMEHT IIepexo/ia OT MOJIAPHON HOYH K OJSIPHOMY
JHI0. XapakTepHO, YTO C MPHOIMIKCHUEM IOJIIPHOTO JHS Y YacTH MCIBITYeMbIX HAOJIOMAJICS 3aMETHBIA Craj
ypoBHst JIUM c pnanbHeiimeid ero crabwinzanuedl B nepuoj moisipHoro aHs. [Ipu 3TOM mepenan 3HaueHHH
(0coOeHHO y JIBYX HCIBITYEMBIX) OKa3aJics 3HauuTeNbHBIM: 35 ¢ (45 %) u 15 ¢ (20 %). Cienyer OTMETHTb, UTO Y
nByx ucnbiTyeMbix JIMM ocraBancst nocratouno crabwibHbIM (40 = 5 ¢ m 60 £ 6 c) B TeueHHe BCero mepuona
HAOIIOICHUH.

B AnxrapkTike HaOJIOAEHHUS HA CTAaHIIMKM BOCTOK BBINOSHEHBI OHUM HCHBITYEMBIM M3 TOW K€ IPYIIIBI, KOTOPBII
OTIIMYAJICS BBICOKOH cTa0mIsHOCTRIO JJUM mipu paboTte B APKTHKE, COTIOCTABUMBIM C XOJIOM (PU3UIECKOTO BPEMEHU
(60 c). Peructparmus JJUM npoBomunacek B cpegHeM 7-8 pa3 B CYTKH. B aHamnm3e HCHOIB30BAHBI CPEIHECYTOUHBIC
3HAYCHHUS.

Pesynbratel. C npubinmxeHreM nojsspHoit Hou B TedeHue 15-20 nHeii HaOmronanocs Bo3pacranue yposHs JJUM c
47 mo 57 c¢ ¢ mocnexyrouM craaoMm a0 52 c. B tewenme momsipHON HOuM (~ 4 mecsana) ypoerb MM Obin
oTHOCUTENbHO cTadmieH (54 = 1.5 ¢). C npubnamwkeHneM MOJISIPHOTO JAHS HAOJI01aJ0Ch MOHOTOHHOE (B TEUECHHUE ~
25 nueit) Bo3pactanue UM c 54 no 59 ¢ ¢ mocneayromuM crajgoM YPOBHSI 10 55 ¢ MPpU yCTaHOBJICHUU MOJSPHOTO
ITHSAL.

Takum o0Opa3oM, B 000MX 3KCIIEPUMEHTAX MPOSBUIACH SBHAsI CBsA3b AuHAMUKU JIUM ¢ Ce30HHBIMH COOBITHSMH
(mepexo/1 OT HOYH KO JTHIO ¥ HA000poT). Hamu4wme 3Toi CBSA3M U HHAMBHIYAIBHEIX 0COOCHHOCTEH B fuHamuke M
CBHJICTENIBCTBYET 00 HHPOPMATHBHOM 3HAYE€HHUH 3TOTO ITOKa3aTelIsl sl )KU3HEAESTEIbHOCTH YeI0BeKa.

K Bonpocy o cpaBHUTeJIbHON aJanTalUM CepAeYHO-COCYAUCTONH CHCTEMbI M AbIXaHUS NPH CMeHe
KJIUMAaTOrpagu4eckoro paiioHa u octpoM HH(peKIHOHHOM 3200/ IeBAHNU

T.I. Kysnenosa', B.B. MBanos®, 3.C. Topuikos”

1
Hnuemumym ¢usuonocuu um. U.11.11asnosa PAH, Canxkm-Ilemepbype, Poccus
2 .

Canxm-nemep6ypeckuu Quauan Mncmumyma 3emMHo20 MacHemusma, UoHOCEHepbl U pacnpocmpanerus paouo8oH
PAH, Canxkm-Ilemepoype, Poccus

HccenenoBanne mpoBeAeHO Ha OJHOM M TOM JKE€ HCIIBITYEMOM B CHTYaIUSAX Pa3sBHTHSA OCTPOTO MHQEKLIHOHHOTO
3a00JIeBaHMS U NEPECTPOIKKM romMeocTasa IpU M3MEHEHHH KiIuMartoreorpaduueckoro (akropa — SKCIEAUIUHN M3
Cankr-IlerepOypra Ha 0. /IUKCOH 1 00paTHO, JUIMBIIEHCS JIBa MOJISIPHBIX Mecsia. J[s oneHkn (QyHKINOHAIBHOTO
COCTOSIHMSI opraHu3ma ucrosib3oBanu oTtHouenue (K) wactorel mynbca (UIT) x wactore meixanust (Y1) - K =
UYI1/Y/1, arTpakTopHasi OLleHKa CEpJIeuHOro puTMa 1 KoppessinnonHas 3aBiucumoctb YT u U/l B aTuX curyanmsx.
AHanu3 Moy4eHHbIX (aKkTOB IMO3BOJIMII MPHUATH K 3aKIIOUEHHIO, YTO 00a Ipoliecca NMEIOT CXOAHYIO KapTHHY.
[lepemernenne Ha 3aman (IO CPaBHEHHIO C MEpeMEIIEHHEM Ha BOCTOK) CONPOBOXKAAIOCH Oojiee OBICTPOI
MepecTpoiKoii OMOPUTMOB OpraHu3smMa M Oojiee BBIPAKXEHHBIM CHHIPOMOM aJaNTallid — JECHHXPOHO30M, T.C.

88



Heliobiosphere

WHTEHCUBHOCTH BO3IICHCTBHS BO3pacTaia. B yCIOBHAX BBICOKMX CEBEPHBIX IMUPOT IMPOIECC aalTAHH MPOXOIUIT
Oosiee 1aBHO, yeM mociie Bo3BpauleHus B Cankrt-IlerepOypr, korma Obul 3aMKCHPOBAH CPBIB aJalTallld, YTO
MOJKHO CBSI3aTh C TEPECTPONKON IMHUPKATAHBIX PUTMOB (DM3MOJOTHUECKUX (YHKIIMHA M3-3a “BBIMAACHUS B MEPHOX
MOJISIPHOM HOUM (POTONIEPHOIU3MA U3 OOLIEr0 KOMIUIEKCa CHHXPOHH3aTOPOB.

B nepuon pa3ButHst 3a00J1eBaHUsI ATOT MPOLECC TPOUCXOAMIT 0oJIee pe3KOo ¢ OOJBIINM HaNpPsHKEHHEM MEXaHH3MOB
pEryJIsILU CEPAEYHOr0 pUTMA.

Koppensauonnstit ananu3 UII u YJ[ BeIABUI “IipoBajbl” B KOPPEISILMOHHON 3aBUCUMOCTH JUIUTENBHOCTBIO B OJIH
Mecsll Kak B IEpHOJ pa3BUTHs 3a00jeBaHMs, TaKk M B Iepuol npeObiBaHus ucnbiryemoro B Cankr-IlerepOypre
TIOCJIE BO3BPAIIEHHS U3 3aI0JISIPHOM 30HbI.

B memom e mpomecc BO3BpallleHHs K “HOpMaJbHOMY , XapaKTepHOMY MJsl JTAHHOTO HCIBITYEMOTO, YPOBHIO
K03 pHIIMEHTa KOPPEISAIHIH IS TIEPBOTO U BTOPOTO CIYYaeB COCTABIII 4 M 7 MECAIEB, COOTBETCTBEHHO.
Hcnonp3oBaHne aTTPaKTOPHOTO aHANM3a YaCTOTHI IyJbCa M OICHKH HANPSHKEHHOCTH MEXaHH3MOB PETYIIALIUN
CEep/ICYHOr0 pUTMA MOKAa3aJo, 4YTO COCTOSHHE OOJIe3HH M PEe3KOe M3MEHEHHe KIMMaToreorpaguyeckoro gaxkropa
COOTBETCTBOBAJ MAaKCHMAJIBHBIM 110 MOJYJIIO YPOBHSM IOKa3aTeNed aputMuueckoi HanpspbkeHHOCTH (-0.42 1 -0.6,
COOTBETCTBEHHO). Ilpm 3TOM cocTossHHE TpenbOIe3HH XapaKTepHU30BaJIOCh BapuabernbHON HANPSKEHHOCTHIO
cepaeuHorr nestensHocTH (0.53). Ilpomecc agantanuyM K YCIOBHSIM 3amoiiphsi COMPOBOXKAAICSA IaJeHHEM
Mokasarejisli HaIlps)KCHHOCTU OT HNPAKTUYCCKH HYJICBOTO YPOBHSA (le/I HaXO0XJACHUU HUCIILITYEMOI'O B CaHkrt-
[etepOypre) no (-0.6). B manpHeiimemM oba mokasaTelisi HANPSHKEHHOCTH PE3KO U3MCHHJIM CBOM YPOBHHU M 3HAKH,
JOCTHTHYB MakcuMalibHbBIX 3HaueHud 0.68 m 0.62, xapakrepusyoomux BapuaOelbHYI0 HarpsbKeHHOCTh. [Iporecc
JOCTIKEHUsT ““HOpPMaJIbHOTO YpPOBHS IIOKa3aresisi HamnpspkeHHOcTH (£0.25) s mepBOoro W BTOPOTO CIydaeB
coctaBui 9 u 8§ MecsIeB, COOTBETCTBEHHO.

HononuureneHplid aHanu3 AuHamuku nokazatened - YIL, Y m K - B mpomecce amantauuu K BO3JAECHCTBHIO
KIIMMaToreorpapudeckoro (akropa BBELBIJ HaJWdUe IBYX aJCKBATHBIX CPBIBOB aalTallid, MPHYPOUYECHHBIX K
“nepBomy” mosiBieHnto ComHna u K “miepBeiM” mHAM B Cankr-IletepOypre mocie Bo3Bpamenus ¢ [ukcoHa. [Ipu
STOM HEPBBIA “CPBIB” COOTBETCTBYET TAKOMY K€ YPOBHIO ITOKa3aTesl apUTMUYECKON HANpsKEHHOCTH, Kak M
BTropoii (-0.6). IlposiBieHHas peakius OpraHM3Ma HCIBITYEeMOro Ha “mnepBoe” mosiBieHue ucka CoiHIA Haxa
TOPH30HTOM CBA3aHO C BIMSHHEM COJIHEYHOH AaKTHBHOCTH Ha OPTaHM3M 4YeNIOBEKa, BIIEPBBIE OOHAPYKEHHBIM
A JL.UmKeBCKUM ITpU HCCIIEI0OBAHUH 3a00JIEBAEMOCTH U CMEPTHOCTH.

Takum 00pa3oM, MOXXHO MPEAINOJOXKHUTh OOLIME 3aKOHOMEPHOCTH B JUHAMHKE (DYHKIMOHAIBHOTO COCTOSHUS
opraHu3Ma, o0eclieudBalolleld ero romeocra3 B Hepuoa OOJNE3HM M TNPH  PE3KOM  HM3MEHEHUH
kiauMaroreorpaduueckoro Qakropa. OIHAKO TNpH Pa3BUTHH OCTPOrO 3a00JEBaHMS IIPOLECCHl IIEPECTPONKH
(hYyHKIIMOHAJIBHOTO COCTOSIHUS IIPOTEKAIOT OoJiee “OCTpo”, a MpU CMeHe KIMMaToreorpaduyeckoro ¢axropa Ooiee
TUTaBHO, C MEHBIIIEH, HO BRIPAXXCHHOW HArpy3KOil Ha CEpACYHO-COCYIHNCTYIO U ABIXaTeIbHYIO CHCTEMBI.

3KCHepHMeHTaJILHLIe HCCJIe0BAHMS 0CIa0JIeHNsI OMOJIOrHYeCKH AKTHBHOI'O COJTHEYHOI 0
HU3JIYYECHUSA 110 USMEPECHUAM B Anarurax

C.A. Yepnoyc, B.A. llumiaes, O.B. Auronenko, M.1. benornazos (Iloaspruiii ceopusuueckuii uncmumym KHI]
PAH, Anamumut)

CriekTpanbHbIe I3MEPEHH HHTEHCUBHOCTH OMOIIOTHYECKH aKTUBHOTO yibTpaduoneToBoro (Y®) n3nydeHus, Kak B
ApKTHKe, Tak 1 B AHTapKTHKE MOKA3bIBAIOT, YTO 00JaKa MOTYT CYIIECTBEHHO OCIAa0HTh 3TO M3Iy4YCHHE, KaK Ha
MacmTabax CyTOK, TaK M Ha MacHITabax 4acoB WIJIM JaXKe JECATKOB MHUHYT. DTO CO3AaeT MpoOeMy HE TONBKO UL
WCCIICIOBAaHHS JIOJITOBPEMEHHBIX TPEHIOB COOCTBEHHO MHTEHCHBHOCTH Y® W3Iy4eHHs, HO W IUII MOHHUTOPHHIA
BapwuaIuii oomero cogepkanus ozoHa (OCQO), pacueTsl KOTOPOro 0A3UPYIOTCS HA U3MEPCHUSX UMHTCHCHUBHOCTH Y D
panuaiuu. OmKUOKY TaKoro pojia TPYAHO OOHAPYKUTh NPU CTAHJAPTHBIX CXeMaX U3MEPEHUsI ¢ HU3KMM BPEMEHHBIM
paspemieHneM, Hampumep, o3oHomerpoM M-124 wim  usmepurenem PobGeprcona-beprepa . M3mepenus,
MPOBOJUMBIE C 0OJiee BBICOKMM BPEMEHHBIM pa3pelICeHUEM, TIO3BOJIAT HACHTU(UIIMPOBATH BOSMOXKHBIC OIIHOKU H
Y4eCTh HX.

OKcriepuMeHTanbHas 0a3a HAONIONCHWI OCHOBAaHA HAa PETYJSPHBIX HEMPEPBIBHBIX WU3MEPCHUSIX WHTCHCHBHOCTH
CONTHEYHOH yNbTpadroneToBoi paguanun B auana3oHax crmekrpa UV-A (315-400 wm) u UV-B (280 — 315 HM), a
TakKe Ha M3MEPEHUSAX (DOTOCHHTETHUYECKH aKTWBHOW pamgmarun PAR B BuanMoW 00IacTw CHEKTpa ¢ HMOMOIIBIO
KauOpOBaHHOTO B aOCOoMOTHBIX eaunuiax npuoopa ELDONET Ha crparocdeprom monurore I1II'M B Anaturax ¢
2006 Toma mo HacTosmiee BpeMs. MccnemoBaHus BIMSIHAS OOJAYHOCTH W TIOTJIOIIEHUS O30HOM Ha HM3MEHEHHMSI
MHTEHCHBHOCTH COJIHEYHOTO YJbTPa(UOIETOBOrO H3JIYYEHHs B IMPHU3EMHOM ClIo€ arMocdepbl MOKa3ajiH, 4YTO
ocna0JIeHuEe COJHEYHOr0 M3JIyYCHHs OOJIAYHOCTHIO CJ1a00 3aBUCHT OT CHCKTPAJIBHOTO JMAana3oHa HAOIIOICHUH.
[TocTpoena rucrorpamMma, XapakTepusyollas KOJIWYECTBEHHO BKJIaJ] 00JayHOCTH B oOiee ocnabineHue Y
n3nyuenusi. [lokazano, 4yTo HempepbiBHbIE 3amucu uznydeHus B UV-A u UV-B nuanazoHax Moryt OBITh
WCTIOJIB30BaHbI IPH OlleHKe TouHOCTH m3Mepernit OCO cTaHIapTHBIMU CETEBBIMU IPUOOpaMHU.
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