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Supersubstorms appearance and the solar wind conditions
I.V. Despirak!, A.A. Lubchich!, N.G. Kleimenova?

Polar Geophysical Institute, Apatity, Russia
2Schmidt Institute of the Physics of the Earth RAS, Moscow, Russia

It is carried out the comparative analysis of the space weather conditions for supersubstorms (SSS) appearance. For
this purpose, the data of SuperMAG global magnetometers network and the data of IMAGE magnetometers network
were used. SSS events, the so-called supersubstorms, are particularly intense substorms (SML < - 2500 nT; AL < -
2500 nT). The solar wind and IMF parameters were taken from the OMNI database and the catalog of large-scale
solar wind types (ftp://ftp.iki.rssi.ru/omni/). Total 131 SSS events were registered for 1998-2016 years at SuperMAG
network and 26 SSS events at IMAGE network. It is shown that the SSS substorms were observed mainly during the
magnetic cloud (MC) of the solar wind (in 42% of cases) and during plasma compression region before MC or
EJECTA (SHEATH) (in 45.2% of cases). Sometimes SSS events were registered during EJECTA (in 8.3% of cases)
and during plasma compression region before high-speed streams CIR (in 2.5% of cases). Thus, it is seen that the SSS
events were associated only with interplanetary displays of the coronal mass ejections (Sheaths, magnetic clouds and
EJECTA) and almost did not observed during high speed streams from coronal holes (FAST). Perhaps, this is
happened due to the fact that SSS can occur during super (Dst<-250 nT) and intense (-100 nT> Dst>-250 nT) magnetic
storms. On the other hand, it is well known that these storms are usually caused by southward interplanetary magnetic
field component Bs during MCs or Sheaths. However, sometimes SSS events were registered during intervals with
Dst >-50 nT (in 13.4% of cases). But there are mainly events during storm onset (10.8%) and recovery phase (1.2%)
and only two SSS events were registered during non-storm conditions (1.2%).

Moreover, the considered SSS events demonstrated two types of the spatial-temporal dynamics: (a) similar to the
"expanded" substorms (in 39.3% of cases), that is, the spatial-temporal propagation of the distributions from auroral
to high geomagnetic latitudes and (b) similar to "classical” substorms (without high-latitude expansion) (in 60.7% of
cases).

We believe that the most likely space weather conditions for the SSS appearance are associated with enhanced values
of the solar wind speed and dynamic pressure, as well as the magnitude of the Interplanetary Magnetic Field (IMF)
under the southward direction of the IMF.

On the substorm development under different solar wind conditions
N.P. Dmitrieval, M.A. Shukhtinal, A.G. Yahnin?

1Saint-Petersburg State University, Saint-Petersburg
2Polar Geophysical Institute, Apatity

Longitudinal extent of the substorm current wedge calculated on the basis of data of mid-Ilatitudinal ground-based
magnetometers was compared for the substorm events developing under strong southward component (negative Bz)
of the interplanetary magnetic field and for the events under high-speed solar wind conditions. Those events were
selected for which the intensity of loading during the preliminary phase (additional magnetic flux in the magnetotail)
was approximately the same. It is shown that the current wedge longitude dimension is much larger and the maximum
latitude of its polar shift is smaller in the case of strong negative Bz. Earlier it was shown that strong negative Bz
during the substorm preliminary phase leads to the significant longitudinal expansion of the magnetic field stretching
region in the magnetotail. We conclude that morphology differences of the substorms are not related to their energy
characteristics, but to the magnetic field configuration of the nightside magnetosphere.
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Correlation relations between parameters of the Solar wind of different types and geomagnetic
activity indices for the period 1995-2016

L.A. Dremukhinal, Yu.l. Yermolaev?, I.G. Lodkina?

pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, Moscow, Troitsk, Russia
2Space Research Institute, Moscow, Russia

We investigate correlation relations between planetary indices of geomagnetic activity and coupling-functions for four
types of the solar wind (SW): interplanetary manifestation of coronal mass ejection (ICME), including magnetic cloud
(MC) and Ejecta, compression region before ICME (Sheath), and compression region before high-speed stream of the
SW (corotating interaction region CIR). For the analysis, we use data from the catalog of identified types of the SW,
presented at the web-site ftp://ftp.iki.rssi.ru/pub/omni/, for the period 1995-2016 covering full 23rd and most of the
24th solar activity cycles. During the period under study, 744 CIR events, 118 MC, 501 Sheath and 843 Ejecta were
identified. For all events ten coupling-functions (FC) were calculated on the basis of 1-hour parameters of the SW and
IMF from the OMNI data set (http://omniweb.gsfc.nasa. gov), which contains also the values of the Dst, Kp and Ap.
The analysis showed that the results do not depend on the interval of used data and have practically the same values
for the 23rd and 24th cycles of the solar activity. Correlation coefficients obtained as a result of the analysis vary from
0.3 to 0.82, depending on indices. The highest values were obtained for the Ap index, while the lowest values
corresponded to the Dst index. Coefficients of linear regression between the indices and the FC were used to quantify
the efficiency of impact of each FC on the magnetosphere. The analysis reveals that relationships between efficiencies
for different types of the SW vary depending on used FC.

Analysis of methods for estimating equivalent ionospheric current from meridian magnetometer
chain data

M.A. Evdokimova, A.A. Petrukovich
Space Research Institute of the Russian Academy of Sciences, Moscow, Russia

This work presents the investigation of methods for estimating equivalent ionospheric current using magnetic field
observations along a meridian chain of ground-based magnetometers. This problem is interesting because the data of
the magnetic field are given in the finite, rather small number of points. An overview of existing linear models was
given in the prior articles (A.L. Kotikov et al., 1987 and V.A. Popov et al., 2001). First of them describes current as a
number of infinitely thin and long current wires evenly disturbed. In the second model current is presented as a number
of evenly disturbed current stripes. Large number of model parameters provides best result for large number of
stations. In case of small number of stations these models give large errors. The best approach is to use nonlinear
model with small number uncorrelated parameters. The model of one current stripe with three parameters (current and
boundaries) was suggested. The analysis is carried out for several substorms.

High-latitude daytime magnetic bays in the September 2017 strong magnetic storm
L.I. Gromova?, N.G. Kleimenova?, S.V. Gromov?

!Pushkov Institute of Terrestrial Magnetism, lonosphere, and Radio Wave Propagation, Moscow, Troitsk, Russia
2Schmidt Institute of Physics of the Earth, Moscow, Russia

The magnetic storm on 7-8 September 2017 was one of the greatest storm in the declining phase of the 24-th solar
activity cycle. We present a study of magnetic bays occurred in the dayside sector of the polar geomagnetic latitudes
on 7 and 8 September under different IMF and the solar wind conditions basing on the data collected from the
Scandinavian IMAGE magnetometer chain. Typically, high-latitude daytime magnetic bay-like disturbances are
observed under the positive Bz component of IMF. However, during the initial phase of the storm of 7-8 September
2017, the dayside polar magnetic bay was recorded at the high latitude IMAGE observatories at 09-11 UT (12-14
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MLT), when the IMF Bz component slightly varied around zero. The appearance of this bay was preceded by a long
interval when the IMF Bz was negative and rather stable during 1.5 hours; that caused the night substorm activity
enhancement at the YKC, MEA stations (~200 nT). At the same time, the high-latitude IMAGE stations showed a
sequence of irregular short-term alternating bay-like disturbances. Around 09 UT, the IMF Bz changed from negative
to positive values modifying between -5 nT and +2 nT. In this time (near local noon), at the high-latitude IMAGE
stations NAL, LYR, HOR there was the negative polar magnetic bay occurred with the amplitude of ~400 nT
simultaneously with strong (up to -800 nT) night side substorms at BRW, CMO. The ground-based observed magnetic
data, the equivalent ionospheric current distribution modeled by of European Cluster Assimilation Technology
(ECLAT), and the AMPERE data upward and downward currents demonstrated the poleward shift of the closed
magnetosphere boundary under decreasing of the solar wind dynamic pressure (Psw) from 9 to 2 nPa. At the first
storm recovery phase (8 September, 08-11 UT), the steady positive IMF Bz (~ 5 nT) led to development of a typical
dayside magnetic bay at the high latitude which was observed at the IMAGE chain (11-14 MLT). Contrary to the
previously considered dayside polar bay on 7 September, during the 8 September bay there were no night side
magnetic disturbances (AL < -100 nT).

Simultaneous observations of a substorm by THEMIS and by MAIN camera system in Apatity
V. Guineva?, I.V. Despirak?, A.A. Lubchich?, R. Werner!

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

In this work we studied the development of a substorm during the geomagnetic storm on 23 December 2014 by data
of THEMIS D (THD) satellite, ground based magnetic field measurements and auroras observations by the Multiscale
Aurora Imaging Network (MAIN) in Apatity. Solar wind and interplanetary magnetic field parameters were taken
from the OMNI data base. THD was located at /X/~ 7Re from 18:30 to 19:30 UT in the time interval 23-24 December
2014 and the projection of its orbit crossed Kola peninsula in this time. A substorm was observed over Apatity from
19:19:50 UT on 24 December 2014. A comparative analysis between ground based and satellite data was carried out.
High energy electrons (1-10 keV) injections and reduction of the less energetic electrons flux (~100 eV) were observed
during the substorm. Particles density reduction was found at the time about the auroras intensifications. Plasma fast
flows were identified during the consecutive auroras intensifications.

A review of dayside diffuse aurora and throat aurora

Desheng Han
School of Ocean and Earth Science, Tongji University, Shanghai, China

Svalbard Island located in north of Europe is one of a few points where can make longtime optical auroral observation
at the cusp latitude on the dayside during the boreal winter season on Earth. Chinese Yellow River Station (YRS) is
situated at Ny-Alesund in Svalbard. Since November 2003, an optical observation system consisting of three identical
all-sky imagers supplied with the narrow band filters centered at 427.8 nm, 557.5 nm and 630.0 nm, has been
continuously operated at YRS up to now. Based on these observations, we have obtained new results on two aspects.
One is about dayside diffuse aurora and another is about a newly defiend auroral form, called ‘throat aurora’. These
new results have shed new light on many topics, such as how the cold plasmas in the dayside outer magnetosphere
are distributed, generated, and interacting with the magnetopause, and how the transient processes generated in the
magnetosheath can affact the solar wind-magnetosphere coupling. We thus proposed some new suggestions on these
topics, although all of these suggestions need to be confirmed in the future study. In this anual seminar for physics of
aurora phenomena, we would like to review our recent studies in detail and wish to explore the potential collabrations
with attendees from different fields and different groups.

The relevant publications are as follows:
Han, D.-S., et al. (2017), Coordinated observations of two types of diffuse auroras near magnetic local noon by Magnetospheric
Multiscale mission andground all-sky camera, Geophys. Res. Lett., 44, d0i:10.1002/2017GL074447.
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Han, D.-S., H. Hietala, X.-C. Chen, Y. Nishimura, L. R. Lyons, J.-J. Liu, H.-Q. Hu, and H.-G. Yang (2017), Observational
properties of dayside throat aurora and implications on the possible generation mechanisms, J. Geophys. Res. Space Physics,
122, doi:10.1002/2016JA023394. (Cover image paper for Issue 2, 2017).

Xiangcai Chen, De-Sheng Han, Dag, A. Lorentzen, Kjellmar Oksavik, Joran, Idar Moen, Lisa, Jane Baddeley (2017), Dynamic
Properties of Throat Aurora Revealed by Simultaneous Ground and Satellite Observations, J. Geophys. Res. Space Physics,
DOI:10.1002/2016JA023033.

Han, D.S., Y. Nishimura, L. R. Lyons, H. Q. Hu, and H. G. Yang (2016), Throat aurora: The ionospheric signature of magnetosheath
particles penetrating into the magnetosphere, Geophys. Res. Lett., 43, 1819-1827, d0i:10.1002/2016gl068181.

Han, D.S., X. Chen, J. Liu, Q. Qiu, K. Keika, Z. Hu, J. Liu, H. Hu, and H. Yang (2015), An extensive survey of dayside diffuse
aurora based on optical observations at Yellow River Station, J. Geophys. Res., 120, 7447-7465, doi:10.1002/2015JA021699.
(Cover image paper for Issue 9, 2015).

Testing of technique of medium-term forecast for magnetic storms in the solar maximum
conditions

T.G. Kogai', 0.V. Khabarova?

'Polar Geophysical Institute, Apatity, Russia
2Space Research Institute, Moscow, Russia

The technique of medium-term (1-3 days) forecast of magnetic storms developed by Khabarova [2003] has been
approbated for magnetic storms during solar maximum conditions (2011-2015) with using Wind satellite data. The
technique is based on the previous finding that magnetic storms are preceded by two peculiar variations in the solar
wind density n typically persisting for a few days before storm commencement (both are here examined). One is a
smooth density growth. This becomes an alert of magnetic storm when characterized by the time derivative dn/dt
greater than 0.005 cm=min-t. The other is an increase in the density oscillations with periods in the range

1-100 min. When the total wavelet power of such oscillations exceeds 250 cm™®min, this signifies that magnetic storm
will occur with high probability in the following few days. We show that the forecast technique employing variations
in the solar wind density, as described above, is applicable for magnetic storms occurring under both negative and
positive Bz IMF. The role of other solar wind disturbances is discussed.

Interpretation of auroral arc fading before substorm onset in terms of Alfven resonance scenario
T.A. Kornilova, 1.V. Golovchanskaya
Polar Geophysical Institute, Apatity, Russia

ULF oscillations of brightness of preonset auroral arc with amplitude growing in time is the principal feature allowing
for the interpretation in terms of Alfven resonance scenario. Here we demonstrate that in addition to other
characteristics of preonset auroral arc this scenario enables to explain its fading before onset. Namely, it appears that
the last half-period of the oscillations just before T, tends to be that of brightness minimum. In the schematics of
oscillating field-aligned currents associated with Alfven resonance, this half-period corresponds to predominantly
downward field-aligned current, ineffective in producing optical emissions.

High-speed plasma flows and dipolarization in the magnetopshere during substorm

T.V. Kozelova, B.V. Kozelov

Polar Geophysical Institute, Apatity, Russia

We analyzed the magnetospheric disturbances in the midnight sector during the substorm on November 14, 2014,

starting at 18:05 UT. The data used were observed by the THEMIS-D and THEMIS-E satellites located in the (~23:30-
00:00 MLT) sector of the magnetosphere at 10-11 Re, as well as recording of Pi2 pulsations at Lovozero station and
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ground magnetic data near the conjugated to the satellite ionospheric points. The beginning of the substorm was
associated with the bursty bulk flow (BBF) at a speed greater than 500 km/s, lasting about 5 minutes, recorded by two
THEMIS satellites (D and E).

To study the evolution of the near-Earth current sheet disturbances the contribution of current perturbations in
connection with substorms and to examine evaluate the role of currents related to BBF, it is necessary to study
independently the properties of the dynamics of the magnetic field and the perturbation of the flow.

Large-scale dipolarization of the magnetic field at longitudes of satellites lasted 40 minutes and consisted of several
small-scale activations/dipolarizations, of which three initial dipolarizations were observed with the onsets at 18:04:30
UT, 18:07:30 and 18:09 UT during the increasing of the growth phase of BBF. The dynamics of these dipolarizations
was analyzed in more detail using the construction of differential current perturbation vectors on the equatorial plane
of the magnetosphere.

Two types of small-scale dipolarizations were identified.

The first type of dipolarization is associated with the beginning of fast plasma flows enhancement toward the Earth.
This type represents the first short increase in Z-component of the magnetic field (Bz), followed by the thinning of
the current sheet (decrease of Bz) and the oscillation of the magnetic field. In the considered substorm, the period of
these oscillations was 60 s.

The second type of dipolarization is associated with reconfiguration of the near-Earth part of the tail currents from the
state of a thin layer with oscillating magnetic field in 40 s to a more dipole configuration. The increase of Bz is more
noticeable on the satellite located closer to the Earth. This transformation extends from the Earth to the tail and in the
azimuth direction. This dipolarization type is observed in places where the plasma flows slowed by encountering an
area with large valuesof the magnetic field and pressure. It is in this region that ballooning instabilities and other types
of current instabilities are usually observed, with which the beginning of the explosive phase of the substorm is often
associated.

Analysis of the substorm on November 14, 2014 shows that the perturbations leading to a substorm take place in the
perturbed current sheet at ~ 10 Re and can be stimulated by an increase in Bz associated with the BBF.

Impulsive disturbances of the geomagnetic field as a cause of induced currents in electric power
lines

V.A. Pilipenko'?, V.B. Belakhovsky?, Ya.A. Sakharov®, V.N. Selivanov*

'Geophysical Center, Moscow

2Institute of the Physics of the Earth, Moscow
3Polar Geophysical Institute, Apatity

“Kola Scientific Center RAS, Apatity

Influence of impulsive magnetosphere disturbances such as SC/SI impulses, TCV events, and impulses embedded
into substorms, and irregular Pi3 pulsations on geomagnetically induced currents (GIC) has been considered. GIC
were registered in electric power lines of Kola Peninsula and Karelia by the system of Polar Geophysical Institute and
Kola Scientific Center. Geomagnetic field variability was examined using data from the IMAGE magnetometer array.
Contrary to classic point of view it is found for some events that noticeable GIC can better correlate with geomagnetic
field variations B than with its derivate dB/dt. A relative contribution into GIC variations by temporal variations of
the geomagnetic field and by spatial variations of the vortex-like ionosphere current structures has been examined.

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

V.C. Roldugin, A.V. Roldugin
Polar Geophysical institute, Apatity, Russia
Spectral observations in Lovozero observatory reveal the cases of 630.0 nm emission enhancement in dusk during

quiet magnetic conditions and lack of INGN2+ or hydrogen emissions. The intensity of the red line reduces for one
— two hours to usual value after start of the observation. The DMSP satellites show strong intensification of electron
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flux under the electron energy decrease from 100 to 30 eV electron energy; the last value is limit of energy
measurements. The influence of the sunlight in F-region on the emission intensity is discussed.

Nighttime auroral transient event occurred on April 23, 2017 over Kola Peninsula
V.C. Roldugin, V.G. Vorobjev, A.V. Roldugin, O.I. Yagodkina, S.M. Cherniakov
Polar Geophysical Institute, Apatity, Murmansk Region, Russia

On April 23, 2017 a strange aurora has been observed over Kola Peninsula according to all-sky camera observations
in Lovozero: it appears as faint glow in the south horizon at 20:57 UT, becomes bright arc at 21:00, spreads out over
sky with big intensity, and vanishes to 21:05 UT. It looks as a brief auroral substorm by 5-6 minutes duration. For this
event satellite data, ground magnetic records and observations of the radar of partial reflections in the observatory
Tumanny are studied. We connect this “substorm” with 10 minutes change of sign of Bz component of interplanetary
magnetic field, visible in the ACE and other satellites data, which entailed some peculiarity of the bow-shock regions
near the magnetosphere. Though of significant auroral intensity the value of magnetic disturbance in H-component
was equal only 30 nT in Lovozero. The radar observations disclosed sizeable decrease of the signal amplitude at 85 —
110 km that testifies to high energy of precipitating electrons.

Magnetotail magnetic flux evolution during the substorm growth phase
M.A. Shukhtina, E.I. Gordeev, V.A. Sergeev
Institute of Physics, Saint-Petersburg State University, Saint Petersburg, Russia

The loading-unloading substorm scheme, proposed several decades ago, mainly focused on the middle magnetotail
region (tailward — 15 Rg), where magnetic flux accumulates and the near-earth neutral line (NENL) appears. On the
other hand it is well known that the maximum Bz depression in the tail during the growth phase is observed at X~-10
Re. The latter effect has not been quantitatively explained in the existing 2-D models. Recently Hsieh and Otto (2014)
based on regional 3-D MHD modeling suggested that this effect results from enhanced convection in the near tail,
starting just after dayside reconnection. Gordeev et al. (2017) confirmed this suggestion based on self-consistent
global MHD simulations. In particular, they found that the depletion of closed magnetic flux between X=-7 and X=-
20 Re (magnetic flux depletion, MFD) is ~30% of the flux accumulation in the lobes (MFA) during the growth phase.
The results of MHD simulations should be tested on real observations.

In our study we used simultaneous Cluster and Geotail observations in the near and middle tail together with solar
wind measurements. These observations allowed us to calculate simultaneously the magnetic flux values through two
tail cross-sections. The knowledge of these quantities gives the opportunity to estimate the MFA and MFD values.
The MFD value indeed turned out to be an essential part of MFA, confirming the results of MHD simulations.

Hsieh, M.-S., and A. Otto (2014), The influence of magnetic flux depletion on the magnetotail and auroral morphology during the
substorm growth phase, J. Geophys. Res. Space Physics, 119, 3430-3443, doi:10.1002/2013JA019459.

Gordeev, E., V. Sergeev, V. Merkin, and M. Kuznetsova (2017), On the origin of plasma sheet reconfiguration during the substorm
growth phase, Geophys. Res. Lett., 44, doi:10.1002/2017GL074539.

Development of the ""Aurora-Arctica’ information system with use of the GEOSMIS cartographic
web platform

I. Uvarov?, O. Nikiforov?, A.A. Petrukovich?, T. Podladchikova?

1Space Research institute of RAS
2Skolkovo institute of Science and Technology

A number of Earth remote sensing information systems have been developed in RAS IKI for more than a decade.

These systems are aimed at solution of scientific and applied problems and provide users with access to various types
of data, particularly, satellite imagery, and data analysis tools. The experience in creating this kind of systems enabled
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the development of the unified GEOSMIS technology, designed to handle extra large distributed multidimensional
archives of satellite data and derived data products.

This report presents the "Aurora-Arctica” information system developed in RAS IKI. It is designed for analysis of the
Earth ionosphere status, visualization of satellite, meteorological data and forecasts of aurora occurrence, with use of
the common cartographic basis.

The "IKI-Monitoring™ center for collective use provides access for the users of the "Aurora-Arctica" system to the
multi-year satellite observations data archive obtained using various remote sensing instruments (MODIS, AVHRR
and others), having total data volume over 1 PB. Earth ionosphere observation data obtained by the DMSP series
satellites are available in framework of the system among with solar wind data from NOAA and NCEP meteorological
data. Forecast of the auroral oval boundaries is being continuously made using the Starkov and Petrukovich models.
The functional capabilities of the GEOSMIS technology include: interactive selection of all kinds of data based on a
number of criteria (temporal, spatial and quantitative), imagery visualization with extra capabilities of RGB synthesis
selection and brightness correction fine tuning, image classification, maintenance of users' custom spatial objects
databases.

Solar wind plasma control of isolated substorm intensity
V.G. Vorobjev!, O.I. Yagodkinal, E.E. Antonova?3, V.L. Zverev!

!Polar Geophysical Institute, Apatity, Murmansk Region, Russia
2Skobelstyn Institute of Nuclear Physics, Lomonosov Moscow State University, Russia
3Space Research Institute, RAS, Russia

Analysis of 163 isolated substorms showed that their intensity, quantified as the maximum absolute value of AL index,
increases with the velocity (V) and density (N) of the solar wind plasma, and hence with the dynamic pressure (P).
The solar wind dynamic pressure is closely connected with magnetosphere energy loading, defined as the average
values of the electric field of the Kan-Lee (Ek.), and Newell parameter (d®/dt) for 1 h before the substorm onset. The
growth of dynamic pressure values is accompanied by the increasing of solar wind driving required for the generation
of substorms. This relationship between P and the values of the EKL and d®/dt is not observed in the others, arbitrarily
selected periods. It is expected that as a result of the processes, which accompanied by the solar wind dynamic pressure
increase, in the magnetosphere would be form a steady state conditions that increasingly impede the generation of
substorms. Thus, the larger P, the more power of the solar wind should be loaded in the Earth's magnetosphere during
growth phase to substorm generation. Subsequently, this energy will be unloaded during the substorm expansive
phases creating increasingly intense magnetic bays.

Non-triggered substorms and long-period ULF waves in the magnetosphere
N.V. Yagova, N.S. Nosikova, E.N. Fedorov
Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences (IPE RAS)

Substorms and similar transients developing without evident external trigger in the interplanetary space are analyzed.
“Non-triggered” substorms are classified in accordance with space weather conditions into two groups. The substorms
of the first group are actually caused by a trigger in the interplanetary space, caused by a jump in parameters of
fluctuations of IMF and solar wind dynamic pressure. The other group can be notated as really non-triggered
substorms, as the develop from intra-magnetospheric processes. Specific pre-substorrm ULF geomagnetic variations
in 1-4 mHz (Pc5/Pi3), frequency range, substorm precursors, are analyzed for both types of substorms and non-
substorm days.
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Cy00ypeBasi AKTHBHOCTb U OpHeHTANNs (PPOHTA YIAPHOIT BOTHBI MEKIJIAHETHOTO MATHUTHOTO
00J1aKa

H.A. Bapxatos!, B.I'. Bopo6ses?, C.E. Pesynos?, O.1. SIroakuna?, 0.A. Inapanxuii®

Huoicezopoockuti zocydapcmeennviii nedazozuueckuii yuueepcumem um. K. Mununa, 2. Huscnuii Hoezopoo
2[Tonapuoiii 2eouszuueckuti uncmumym, 2. Anamumol

[psmble n3Mepenns: MexIuiaHeTHoro MarautHoro noist (MMIT) Ha kocmuueckux anmapatax (KA) mokaszanu, 4ro
marHuTHbIe oOnaka (MO) conHeuHOro BeTpa OTIMYAIOTCS HaJTMYUEeM oOyiacTeil ¢ CHIIBbHBIM perynsipHeiM MMII u
peskumu pportamu [2]. ITo 3Toit mpuurHEe OHM ABISIOTCA HamOolee TeoMarHUTO3(p(PEeKTUBHBIMU KOPOHAIHHBIMHI
BeIOpocamMu Macchl. CTaTUCTHYECKHE HCCICIOBAHHS IOKA3alH, YTO TEJIO MAarHUTHOTO OOJlaka XapaKTEepH3yeTCs
CIIUPAJBHBIM BpalieHueM ycuiieHHoro MMII u Bo MHOTMX cilydasix mpeBapsieTcsl yAapHOM BOJIHOM Ha MepeaHeM
¢ponTe obmaka. B aToM ciydae Mexay yAapHOH BOJHOW M BEXyIIMM KpaeM MarHHTHOTO OOJiaka pEerHCTpUpyeTCs
TypOyseHTHas 00004Ka. Y aapHas BOJIHA BOSHUKAET NPAKTUYECKH OJHOBPEMEHHO ¢ KOPOHAIBHBIM BBEIOPOCOM, HO
BCJIC/ICTBHE BBICOKOH CKOPOCTH OHa Ha PAcCTOSHUSX IOpsiAKa 1 a.e. 3aMeTHO oTpbiBaeTcs OT cobctBeHHO MO.
VYnapHasi BoJHa NpH B3aMMOJEWUCTBHU ¢ MarHuToc(hepoil 3emMiM BBI3bIBACT BHE3AITHOE HAYaJl0 MAarHUTHOH OypH.
[Tockosnbky 000si0uKa 00JIaKa XapakTepu3yeTcsl Pe3KUM M 3HAYNTEIbHBIM H3MEHEHHEM KOMIIOHEHT MEKIUIAaHETHOTO
MarHMTHOTO T0JIs, TO OHA OTBETCTBEHHA 33 HAYJIbHYIO ()a3y MarHUTHOM OypH U MOCJIEN0BATEIbHOCTh CyOOypeBbIX
npoueccos [1].

[pencTaBmnsieTcst BaXXHBIM HUCCIIEI0BATh 3aBUCUMOCTh CyOOYpEBOM aKTUBHOCTH OT YPOBHSI TYPOYJIEHTHBIX JIBHIKCHUI
B obOonouke obOmaka. M3BecTHO, TypOyJeHTHBIE SIBICHHS B OOOJOYKE BO MHOTOM OIPENCISIOTCS OpHEHTalueH
IUIOCKOCTH yJapHOH BOJIHBI IO oTHOmeHno k MMII mornoniaeMoMy ynapHO# BOJTHOW NpH €€ paclpoOCTPaHCHUH B
COJIHEYHOM BeTpe. B CBS3M ¢ 3THM CyIIECTBYIOT TEPMHUHbI KBa3UIIAPAIIICIFHON M KBa3UIIEPIICHANKYISIPHOH yaapHOi
BOJIHBI, HanpsMylO CBSI3aHHBIE C YPOBHEM TYpOYJIEHTHOCTH B 00OJOYKe, CIEAyloIneil 3a ynapHOil BOJIHOM.
[Ipennaraemslii HaMH OPUTHHAIBHBIH METOJ ITOMCKA B COJIHEYHOM BETPE yIAAPHBIX BOJH B IOTOKE JaHHBIX ¢ KA n
YCTaHOBIICHHSI OPUEHTAllMM MX YAAPHBIX IUIOCKOCTEeH [3] MO3BOJISET cAenaTh BBIBOJ O CTENCHM BO3MYIIEHHOCTH
0007109KH. DTH pe3ybTaThl MCIOJIB30BAaHBI I MOHMCKA 3aBHCHMOCTH CyOOypeBOH aKTMBHOCTH OT OPHEHTAIMU
(bpOHTOB yIapHBIX BOJIH MarHUTHBIX OOJIAKOB COJTHEYHOTO BeTpa. [lokazaHo, 4TO B Cay4asx KBasWIapalljielbHbIX
yAapHBIX BOJH HHTEHCUBHOCTH CyOOYPEBBIX MPOIIECCOB HAPACTAET.

1.Wu C. C., Lepping R.P. Effects of magnetic clouds on the occurrence of geomagnetic storms: The first 4 years of Wind // J.
Geophys. Res. V. 107. Ne A10. P. 1314-1321. doi:10.1029/2001JA000161. 2002.

2.E.KJ. Kilpua, Y. Li, J.G. Luhmann, L.K. Jian, C.T. Russell. On the relationship between magnetic cloud field polarity and
geoeffectiveness // Ann. Geophys. V. 30. P. 1037-1050. doi:10.5194/angeo-30-1037-2012. 2012

3.bapxatoB H.A., PeBynos C.E. HeiipocereBas kinaccudukaius pa3pbIBOB ITapaMeTPOB KOCMIYECKO# Ta3mel. HayuHoe n3nanme:
ComneuHo-3eMHas pusuka. Bemyck 14(127). C. 42-51. 2010.

CranHoHapHbIe KOH(PUIYPAIMH TOHKOI0 TOKOBOIO CJIOS ¢ Y4€TOM 3aMarHHYeHHbIX 3JIEKTPOHOB
O.B. Munranes?, M.B. Musrranes!, X.B. Manosa?®, M.H. Memsaux?, I1.B. Cerxo!, JI.M. 3enensrit®

Yonapuoni 2eopusuueckuti uncmumym, 2. Anamumet, e-mail: mingalev_o@pgia.ru
2Hayuno-uccredosamenvckuti uncmuntym s0ephoti usuxu um. JI.B. Crobenvyvina MI'Y, 2. Mockea
3Hhtcmumym xocmuyeckux uccreoosanuu PAH, 2. Mockea

PazpaboTana dncieHHast MOJIeJIb Ha OCHOBE HOBOI BepCHU CHCTEMBl YPaBHEHHH CTAllMOHAPHOTO TOHKOTO TOKOBOTO
cios (TTC) ¢ TOCTOSHHOW HOPMAQJIBbHOW KOMIIOHEHTOH MArHUTHOTO TIOJSI C YYETOM DJEKTPOHOB H
anexTpoctatudeckux ¢ dextos. [lomyden psaa konpurypammii TTC B cHMMMETpUYIHOI TOCTaHOBKE.

B Monenn mOHBI ONMUCHIBAIOTCS ypaBHEHHEM BiacoBa, KOTOpoe pemraercsi YHCISHHO, a JUIS ONHCAaHMS 3JIEKTPOHOB
MPUMEHSETCS] aHATNTHYECKUi moaxon. [l YMCIeHHOTO pelieHns ypaBHeHHs BiacoBa BliepBble IPUMEHEH HOBBIN
pa3paboTaHHBIM HAMH METOJ, KOTOPHIA paboTaeT HANPAMYIO ¢ GYHKIMAMHU paclpeie’eHus U COUeTaeT JOCTOMHCTBRA
KaK METOJa YacTHI], TaK M CETOYHBIX METOMOB, HO CBOOOJEH OT MX HeAoCcTaTKoB. HoBEIM meronm ymoOeH s
nocTpoeHus: 3((PEKTUBHBIX NapaUICIbHBIX AJITOPUTMOB C BBIIOJHEHHEM OCHOBHOM 4YacTW BBIYMCICHUI Ha
rpauyeckux Mpoueccopax, M MO3BOJSET CO3/aBaTh UYWCICHHBIC MOJEJIM KpPYINHOMACIITAOHBIX IPOIECCOB B
0eCCTOKHOBUTEIbHONW KOCMUYECKOH IIIa3Me, 3aBeIOMO HEIOCTYIHBIE ISl MOJCIMPOBAHMS METOAOM dacTull. s
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annpoKcUMauy (QyHKIHMH pachpeieieHHus HCIONb3yeTcs (UMKCUPOBAaHHAs peryisipHas CeTKa B KOOPIUHATHOM
MIPOCTPAHCTBE ¥ MOJBIKHAS PETYISPHAS CeTKa B POCTPAHCTBE CKOPOCTEN ¢ (PMKCUPOBAHHBIM pa3MepPOM H IIarom,
C LEHTPOM B JIOKAJIEHON THAPOIMHAMUYECKONH CKOPOCTH, M C BOBMOXXHOCTBIO OPHEHTAIMH €€ OCeH 110 MarHUTHOMY
HOJII0. DTOT MPHUEM ITO3BOJISIET OTCIICKUBATh HOCHTEIb (DYHKUUH PACIpPEACNICHHsI B MIPOCTPAHCTBE CKOPOCTEH NpH
MOMOIIM CEeTKH MHHHMAaJIbHOTO pa3Mepa. Ilo cpaBHEHHIO ¢ METOJOM YacTHI] HOBBIH METOJ JaeT HaMHOTro Ooiee
TOYHYIO alIIPOKCUMAIHIO (QYHKIMH pacupeeeHus i TPAaHHYHBIX YCIOBHH.

Ha ocHOBe HOBOrO MeToza OBUTH CO3JaHBI 1Ba BapHAHTA NPOrPAMMBL: B IIEPBOM PAaCUCThl BHIIOJHSINCH Ha 8 HUTAX
4-sinepHoro mpoueccopa Intel i7 ¢ npakruaecku 100% pacnapamwtenuBannem mpu nomomu cucremsl OpenMP, a Bo
BTOPOM BapHaHTe OCHOBHON 00BEM BBIYMCIICHHH — pacdeT TPAeKTOPHH, BBINOJIHSIICSH HA IpaduecKoM IpoLeccope
(GPU) Titan 1080. Bropoii BapuaHT MpPOrpaMMbl MPOAEMOHCTpUpOBan mpumepHo B 20 pa3 Oomee BBICOKOE
OblcTponeiicTBre. Pe3ynbTaThl pacyeToB IO CPaBHEHUIO C paHEe BBINOJHEHHBIMH Pacie€TaMd Ha OCHOBE METOZa
YaCcTHIl MOJTBEPIMIIM CYLIECTBEHHO JIyYIllMe CBOICTBa HOBOTO MeToja. B uacTHOCTH, OH OKazajcs arnpHOpHO
CcBOOO/IEH OT psijia MOAEIBHBIX A(PPEKTOB, NPUCYIIUX METOY YacThILl. Tarke paBHOBECHas! KOHPUIYpaIys B HOBOM
METOJIe JJOCTUraeTCsl BCEro 3a HECKOJIBKO MTepauuii, B npeaenax 10, B To BpeMst Kak B pacyeTax MO METO/Y YacTHII
TpeOOBaJIOCh HECKOJBKO AECATKOB HTepanuid. Takum o0pa3oM, HCHOJIB30BaHHE HOBOIO METOAA IO3BOJSLET Ha
XOpOIIEM ITEPCOHATEHOM KOMITBIOTEpE C OJJHUM HJIHM JBYMs COBPEMEHHBIMHU rpaduyeckumu npoueccopamu (GPU)
Titan 1080 mopnenmpoBaThb 3aiaud, JUI1 KOTOPBIX B Cllydae HCHOJB30BAaHMS METOJA YacTHIl TpeOoBaics Obl
JOCTATOYHO MOIIHBIN KIIACTEPHBII CYNepKOMITBIOTED.

Pabora BrmoHeHa pu moaaepkke rpanra PODU 17-01-00100.

I'eoundopmanuoHHas cucTeMa MOHUTOPMHIA U MPOTHO3UPOBAHUS COCTOSTHUSI HOHOC(EpPbI B
apKTHYeCKOii 001acTH «KABpPOpPa - APKTHKA)

O.B. Huxudopos?!, A.A. Ilerpykosud’, U.A. YBapos!
HUKHU PAH, 2. Mockea

Lensto mpoexta no pazpadotku [[UC "ABpopa-ApkTuka" sBiseTcs o0ecrevueHrne uccileI0BaHnui B 001aCTH H3yUeHUS
HOHOC(EPHI, B IEPBYIO OUYEPE/Ib B ApKTHIECKOW 30HE, a TAKXKE JUIs pa3pabOTKH U BHEIPEHUsI METOI0B PaCcIIO3HABAHMS,
kinaccupuKanum, Kiacrepusanuu 1 ux uarerpanuu ¢ [ IC u 6a3aMu 1aHHBIX.
Haznauenue 'C:

- mpotoTun 6azoBoit [IC UKW PAH,;

- peleHne NpUKIaIHBIX 33129,

- YHUBEPCAJIbHBIN CTEHIT ISl TECTHPOBAHUS MOJieel HOHOC(HEPHT;

- COTIPOBOXKICHNE HAYYHBIX HCCIICIOBAHUIA;

- HCTIOJIb30BaHUE B 00Pa30BaTENbHON AEATEIFHOCTH, a TAKXKE JUIS MOMyIAPHU3aLUN HAyKH.
B mnacrosmee Bpems IUC «ABpopa-ApKTHKa» CONEPKHUT CleAyromuye (QyHKIMOHAIbHBIE BO3MOXKHOCTH:
KapTorpaduyeckas OCHOBA, BBIOOp TPOEKIMH, CO3JaHHWE JIETEHABI, a Talkke MOJIACpP)KaHBl psAx  (QYHKIWI:
peoOpa3oBaHue reOMAarHUTHON CHCTEMBI KOOPAMHAT B reorpaduyeckyro u o0parHo, otodpakeHue maHubix B UTC
u CET, MLT, comHeuyHast OCBEIICHHOCTh, [TO00D, BU3YAIN3aIMsA U SKCIIOPT JAHHBIX 110 JaTe, BPEMEHH, YaCOBOMY
MOSICY W M3MEpPsSIeMbIM TapameTpaM, M00aBJIeHHE TOYEUHBIX OOBEKTOB (TPYII), IBETOBas KOPPEKIHs, padora ¢
KOOpAUHATaMHU.
B nanpueiimem 'MIC «ABpopa-ApkTrka» OyJeT pa3BUBAThCS B HAIPABICHNUH YBEIUUCHHUS JJOCTYITHBIX TEMaTHUECKUX
0a3 TaHHBIX, B T.4. IOCTYIAIOLINX B PEXKUME PEalbHOr0 BpEMEHH, HHKOPIIOPUPOBAHHS MOJIEJIEH IIPOrHO3a COCTOSTHUS
HOHOC(EPHI, PaclIpeHHs CIIEKTpa CEPBUCOB JUIl KOHEYHOTO MOJIb30BaTeNs, a Take nononHenne ['MC «ABpopa-
ApKTHKa» YHHBEPCAILHBIMU PEIICHUSIMH reorpaduaeckux HHPOPMAIIMOHHBIX CHCTEM, KOTOPBIE MTO3BOJISIT YJO0HO U
(YHKIIMOHAIBEHO TOJIB30BATEIIO PEIIaTh BECh CIIEKTP HCCIIEA0BATEILCKHIX 3aad.
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JBa THIIA OTKJMKA MAarHUTOCGepbl B FeOMArHUTHBIX MyJabcanusax Psc Ha B3aumoneiicTeue ¢
MEKIJIAHETHBIMH YAAPHBIMU BOJIHAMU

B.A. ITapxomos?, H.JI. Bopoaxosa?, A.T. dxuun®, C.JO. Xomytos*, B. Lisrmap®, A.TO. Tamunun®, T. Paura’

'Baiikanvckuii 2ocyoapcmeennviii ynusepcumem, 2. Mpxymck, e-mail: pekines-41@mail.ru

2Unemumym xocmuueckux uccredosanuti PAH, 2. Mockea

onapuoiii 2eopuszuueckuti uncmumym, 2. Anamumol

ATeoqpusuueckasn obcepeamopus Iapamynxa, Mncmumym xocmogusuxu u pacnpocmpanenus paouosonn JJBO PAH,
n. Ilapamynxa, Kamyamcxuii kpau

SUncmumym acmponomuu u 2eopusuxu AH Monzonuu, 2. Yaan-Bamop, Monzonus

SUncmumym conneuno-semmoii gusuxu, CO PAH, 2. Upxymck

"Teogusuueckas obcepsamopus Cooanxions, 2. Cooanxions, QuHAAHOUS

[IpencraBneHsl pe3ynbTaThl H3yYSHNS TEOMarHUTHBIX ITyJIbcanuii Tima Psc 1-5, reHepupyeMbIx Ipu B3aUMOJEHCTBHN
¢ MarHuTOoCc(epol MEXKIUIaHETHBIX ymapHbBIX BoH (MYB). Paccmorpeno 30 coOwmitmii HaOmogenunit MYB Ha
cnytHuke Criektp P 3a nepuonx 2011 — 2017 r. [lnis aHamm3a UCIOIb30BaHbI TaK)Ke HAOMIOACHNS Ha criyTHHKax Wind,
THEMIS, RBSP-A, RBSP-B. OGHapy»eHO /1Ba TUIIa TEOMarHUTHBIX OTKIMKOB. B 20 cityuasx coOBITHS BHE3AITHOTO
Hauana 0ypu (SSC), KOTOpbIe ABJIAIOTCSA HHIUKATOPOM B3auMojieicTBUs MY B ¢ MarHuTochepoii, COmpoBOKAAIUCH
KJTACCHYECKUMH TeOMarHuTHeIME myibcanusmMu Psc 1-5 (0.5 — 600 cekynm). B 10 coObITHAX, KOTOpbIe OBLIH
uHuuupoBanbl MYB, pacnpoctpanstomunmucst co ckopoctsimu Vsh > 500 km/c, Ha ¢ponte SSC Habmronancs
KopoTkwii (3+20 ¢) Bcmieck (Iyr) TEOMarHUTHBIX MyJbCAIlUi B 4acTOTHOM auama3one 0.2-7 ', KOTOpBIi MOXKHO
paccMarpuBaTh KaK IIPEIBECTHHK BHE3alHOTO Hadanma Oypu. JleranmbHO WCClENOBaH OTKJIUK Ha TpH
nocienoBateabHBIXx MYB: 21.06.2015 (SSC 16.44 UT, Vsh =327 km/c), 22.06.2015 (SSC 05.44 UT, Vsh =440 km/c)
1 22.06.2015 (SSC 18.33 UT, Vsh =712 xm/c). [IBa nepBbix SSC conpoBoxaauch mynscamusaMu Psc 1-5. B Tpetsem
COOBITHH 3apeTHCTPUPOBAaH BCIUIECK ITyNbCAllii B 4acTOTHOM amamazoHe 0.2 — 6.7 I'm, koTopsri Habmromancs
rI00anbHO Ha CeTH 00CEepBaTOPHH M OJHOBPEMEHHO B Pa3IMUYHBIX CEKTOpaX MECTHOTO BPEMEHH M Ha Pa3HBIX
mupoTax. Bricka3aHo MpeArnoiokeHne, YTO pa3iuius B OTKIMKE F€OMarHUTHBIX MyJIbCAIMH CBS3aHO C Pa3In4usIMH
B MIPOIIECCaxX B3aMMOIEHCTBHS COJTHEUHOTO BETpa M MarHUTOC(hepsl MPH Pa3IMdHbIX CKOPOCTsX MY B.

I'eomaruuTHble HaOMI0AeHNs B 00c. JIoBO3epo

S1.A. Caxapos. B.1. Koconanenko

Honsapuwiii ceopuzuveckuti uncmumym, e. Anamumor - o. Mypmanck

[IpencraBineH cocTaB PETHCTPUPYIOMIEH ammapaTypsl JUIi MarHUTOMETpUYECKUX HabmrofeHuil B o0c. JloBosepo.

[IpuBenensl mnpuMepsl HCMONB30BaHMSA JdaHHBIX MBC 1pm  HccineqoBaHWMHM PAa3lIMYHBIX MAarHUTOC(EpPHBIX
BO3MYILICHHU.
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Fields, currents, particles in the magnetosphere

Estimation of energy from solar wind to the magnetosphere according to the results of global MHD
simulation

A.Y. Boldar, E.I. Gordeev, S.V. Apatenkov, V.A. Sergeev
Institute of Physics, University of St-Petersburg, St-Petersburg, Russia

This paper proposes and investigates the technique, which is based on the results of MHD simulation and allows to
determine the position of the 3-D magnetopause and different types of energy coming through it. Developed and
investigated in the previous work by Gordeev et al. (2017) it determines the magnetopause based on a sudden change
in the magnitude of the impulse across the magnetopause. Using the results of the global MHD LFM model, the energy
flux entering the magnetosphere through the magnetopause for different distances along the X axis of the
magnetosphere was calculated for the northward and southward IMF directions. The results obtained for the flow of
electromagnetic energy qualitatively resemble the results of Palmroth et al., (2003) who used the fluopause as an
approximation of magnetopause. The new method makes it possible to more accurately estimate the kinetic and
thermal energy fluxes in addition to the electromagnetic one. In the results, we note that inward fluxes of thermal and
kinetic energies under the northward IMF dominate over the flux of electromagnetic energy, and under the southward
IMF, the thermal energy flux remains comparable to the enhanced electromagnetic energy flux. We also investigate
the behaviour of each type of penetrating energy depending on the positions on the surface of magnetopause along the
axis of the tail.

Dynamics of the proton aurora and SAR arc as a result of eastward propagation of Pcl wave
excitation region along the plasmapause. Case study

I.B. levenko, S.G. Parnikov, D.G. Baishev
Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy, Yakutsk, Russia

The stable auroral red (SAR) arcs are the consequence of interaction of the plasmapause with energetic ions of the
ring current. The geomagnetic pulsations Pcl are registered on the Earth as a consequence of generation of
electromagnetic ion cyclotron (EMIC) waves in the equatorial plane of the magnetosphere. The EMIC instability
causes scattering of ring current protons into the loss cone. Precipitation of energetic protons and their charge exchange
at the heights of the ionosphere E layer can be observed as a proton aurora in the H-beta line of atomic hydrogen. In
this work the dynamics of the SAR arc, proton aurora and Pcl waves in the MLT evening sector at the Yakutsk
meridian (130°E; 200°E, geom., MLT midnight is 1550 UT) using the all-sky imager (ASI) and induction
magnetometer during the growth and expansion of intense substorms on December 31, 2015 is analyzed.

After the enhanced magnetospheric convection due to the southward IMF Bz turning ASI observes an equatorward
motion of the diffuse aurora (DA) boundary in the 557.7 and 630.0 nm emissions and H-beta (486.1 nm) band from
the northern horizon of observation station. The weak SAR arc is registered equatorward of DA since the beginning
of observations. During the expansion phase with the onset at ~ 1212 UT and epicenter in the midnight MLT sector
the SAR arc center is located at the geomagnetic latitude of 58°N at the zenith of the station. The band in the H-beta
emission is registered at the latitudes of 59-61°N. In 10 minutes after the start of substorm expansion ASI registers the
SAR arc intensity growth from the western horizon toward the east with an angular velocity of ~ 4 deg/ min. As a
result, along the arc a few intensity maxima are formed. At the same time, the narrow arc in the H-beta emission with
similar dynamics appears poleward of the SAR arc at a distance of ~ 0.6°.

The induction magnetometer detects a sharp increase of Pc1 pulsation amplitude at frequencies of 0.5-0.7 Hz during
the arrival of end of the arc in the H-beta emission to the zenith of observation station. The Pcl pulsations and the
dynamic proton arc are registered within ~ 30 minutes. The SAR arc is registered by ASI until about 1400 UT. We
connect the observed phenomena in the SAR arc and proton aurora with the eastward propagation of the excitation
region of EMIC waves along the plasmapause in the evening MLT sector.

The research is partial supported by RFBR grants No 15-05-02372 a and No 15-45-05090 r_vostok_a.
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Virtual magnetograms — new tool for the study of solar wind-magnetosphere coupling
0.V. Kozyreval, V.A. Pilipenko?, and A.A. Soloviev?

nstitute of Physics of the Earth, Moscow
2Geophysical Center, Moscow

Magnetic disturbances on the ground, being the images of processes of solar-wind/magnetosphere interaction, can be
monitored by comparing time-series of magnetic records on the ground with the space weather parameters. However,
a serious drawback of the analysis of ground-based magnetograms is the inevitable variation of the magnetic response
due to continual changes of the station location. An ideal, but impossible, solution of this difficulty, that will help to
discriminate temporal and spatial variations, would be the deployment of a “stationary” in situ observatory with a
fixed position in the solar-magnetospheric coordinate system. However, the desired result can be obtained with the
proposed technique of “virtual magnetograms” (VM). This technique has been implemented for key magnetospheric
domains (midnight auroral and dayside cusp regions) as an additional tool for monitoring the response of the
geomagnetic field to solar wind and IMF forcing. VM for a fixed reference system is reconstructed by 2D fitting and
interpolation of 1-min magnetograms from world-wide distributed magnetic stations. The VMs have been produced
for the period since 1996 up to nowdays. A wide range of space physics studies, such as substorm physics, solar wind-
ionosphere interaction, dayside-nightside coupling, etc. will benefit from the introduction of the VMs. The database
of calculated VMs for the dayside cusp and midnight auroral regions, as well as simultaneous interplanetary
parameters (solar wind electric field) and geomagnetic indices (AE-index), are available via the specially designed
site for all interested researchers for testing and validation.

On some possibilities of the regular balloon monitoring of cosmic rays in Apatity and Dolgoprudny
for studying the magnetospheric effects in cosmic ray intensity

M.B. Krainev!, G.A. Bazilevskaya®, B.B. Gvozdevsky?

!Lebedev Physical Institute, RAS, Moscow, Russia; e-mail: mkrainev46@mail.ru
2Polar Geophysical Institute, Apatity, Russia

The experiment on the regular balloon monitoring (RBM) of cosmic rays in the Earth’s atmosphere is carried out since
1957 in several locations, now three times a week at Apatity, Dolgoprudny (Moscow region), and Mirny (Antarctica).
The standard results include the mean count rates of the Geiger counter detectors and pressure for each minute of the
flight.
During the last decades (since 1996 at Dolgoprudny and since 2005 at Apatity), beside the standard results, the so
called detailed information (DI, the form of each recorded pulse) is registered for each flight. In the talk the possibility
of using RBM DI for studying the magnetospheric effects (the short time variability of the galactic cosmic ray intensity
due to the waves in the magnetosphere; the fine structure of the relativistic electron precipitations etc.) is discussed.
We acknowledge help from the Russian Foundation for Basic Research (grants 16-02-00100, 17-02-00584, 18-02-
00582).

Analytical model of the Jovian magnetodisc: The choice of the current density azimuthal
component dependence on distance from the planet

A.S. Lavrukhin®?, I.I. Alexeev?, E.S. Belenkaya?

!Faculty of Physics, Lomonosov Moscow State University, Moscow, Russia
2Skobeltsyn Institute of Nuclear Physics of MSU, Moscow, Russia

The Jovian magnetosphere contains a large-scale structure in the form of a thin current disk located close to the dipole
magnetic equator. This structure is related to the plasma torus lo and to beams of energetic particles. Inside the radial
distance ~ 20 R; plasma co-rotates with the planet as a rigid structure. Behind this radial distance, which is usually
called the Alfven radius, the plasma begins to lag behind the Jovian rotation, which leads to bending of the magnetic
field lines. At a radial distance of 50-60 R;, the current sheet becomes non-rigid and begins to react sensitively to
changes in the conditions of the solar wind.
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We have developed and compared analytical models of the magnetodisc with different spatial dimensions and various
dependencies of the azimuthal current density component on the distance. Simple models of an infinitely thin current
disk, azimuthally symmetric with respect to the axis of the magnetic dipole, are considered in this work. The
magnetodisk is located in the magnetic equatorial plane and depends on four parameters - distances to the inner and
outer edges of the magnetodisc and two parameters that determine the radial profile of the current density in the disk.
We consider linear and quadratic dependences j~1/r, j~1/r? and also their linear combination: j~a-1/r + b -
1/r%, where a and b are coefficients giving the total current in the disk. The current proportional to j~1/7 is related
to the interchanging instability; and in the case j~1/r2 the magnetic field flux of the disk Byp, - 2772 in the northern
and southern hemispheres is conserved, which corresponds to the free expansion of the plasma. We assumed that only
the azimuthal current jy;p, €xists in the magnetodisc. This greatly facilitates the development of an analytical model, since

in this case the vector potential of the magnetic field of the magnetic disk A, has only one non-zero component - Ay p,.

Modeling of the charged particles precipitation region from Earth’s radiation belts using
the Stormer’s theory

A.S. Lavrukhin?, 1.V. Tyutin?

'Faculty of Physics, Lomonosov Moscow State University, Moscow, Russia
2JSC Scientific Research Institute for Long-Distance Radiocommunication, Moscow, Russia

Charged particles precipitation regions from Earth’s radiation belts are modeled using the Stormer’s theory.
Precipitations occur as a result of different dynamic magnetospheric processes, which are intensified during
geomagnetic storms. Generally, particles are lost from radiation belts due to the scattering of particles in collisions
and scattering by magnetic inhomogeneities and plasma waves of different origin. These effects lead to a violation of
the adiabatic invariants of particles conservation and to the precipitation of particles into the atmosphere along the
magnetic field lines. Stormer’s theory of charged particles motion is used for determination of the charged particles
precipitation region dynamics by determining the boundaries of the allowed and forbidden regions of particles motion
of given energy. The boundaries of the precipitation regions and their change in time during the geomagnetic storm
development are determined.

The determination of the location of geoelectric inhomogeneities in the earth’s crust by using dual-
frequency radioholographic method

V.A. Lubchich, A.E. Sidorenko
Polar Geophysical Institute, Apatity, Russia

The radioholographic method is the promising tool for solving problems of ore geophysics. Holographic
reconstruction of geoelectric inhomogeneities in the earth's crust allows to effectively localize in space anomalous
regions with high electrical conductivity, associated with local ore bodies, by using areal surface observations of the
electromagnetic field. However, the analysis of previous results demonstrated the possibility of "false” anomalies in
the holographic reconstruction of the distribution of inhomogeneities. It was suggested to conduct observations at
several frequencies as one of the ways of rejection of such "false" anomalies. So in 2017 extended field works were
conducted at the site Loipishnjun in the Monchegorsk ore region by using the dual-frequency radioholographic
method. Results of field experimental studies have shown that the dual-frequency modification of radioholographic
method greatly improves the reliability of the holographic reconstruction of distribution of inhomogeneities in the
earth's crust. The comparison of results of the holographic reconstruction at different frequencies allows one to reject
"false™ anomalies, and to identify anomalous zones, which can be associated with ore bodies.

The study is executed at financial support of RFBR and the government of the Murmansk region (project No. 17-
45-510956).
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Two-dimensional self-similar plasma equilibria
A.S. Lukin?, 1.Y. Vasko®®, A.V. Artemyev**, E.V. Yushkov®®

I1Space Research Institute of Russian Academy of Sciences, Moscow, Russia

2Faculty of Physics, National Research University «Higher School of Economics», Moscow, Russia
3Space Sciences Laboratory, University of California at Berkeley, Berkeley, USA

“Institute of Geophysics and Planetary Physics, University of California, Los Angeles, USA
SDepartment of Physics, Moscow State University, Moscow, Russia

We develop fluid models of two-dimensional axially-symmetric force-free equilibria and discuss similar slab
equilibria. The group theory approach is used to find the symmetry groups and reduce the Grad-Shafranov equation
with exponential and power law nonlinearities to ordinary differential equations for the self-similar solutions that we
analyze analytically and numerically. Force-free equilibria of the developed class have magnetotail-type configuration
with magnetic field lines stretched in the radial direction and represent nonlinear force-free equilibria, because rot B
= a(r)B with a(r) # const. Making use of the same symmetry groups we generalize the developed force-free equilibria
by including a finite plasma pressure gradient and compare different equilibria of the developed class. These models
can be useful for describing structure and stability of current sheets observed in planetary magnetotails and formed in
the solar atmosphere.

Detailed regression model of plasma sheet By
A.A. Petrukovich!, A.S. Lukin®?

Space Research Institute, RAS, Profsouznaya st., 84/32, GSP-7, 117997 Moscow, Russia
2National Research University "Higher School of Economics", Staraya Basmannaya, 21/4, 105066, Moscow, Russia

In a statistical model plasma sheet By primarily depends on IMF B, and geodipole tilt z. With 11 years of Geotail
measurements we investigate a role of several other parameters with a linear regression model. Optimal averaging
window of IMF input, maximizing correlation and regression coefficients, is found to be 2.25 hours. Influence of IMF
B, and local By on IMF penetration (regression w.r.t. By'), as well as the deviations from the predefined warp
deformation are at the level 5-10% relative to the primary model coefficients. The IMF penetration beyond 25 Re is
somewhat larger for northward IMF, while closer to the Earth it becomes somewhat larger for southward IMF. These
smaller effects turned out to be rather uneven across the tail, making reliable quantification and physical interpretation
not always possible. The major reasons of difficulties are uneven coverage and internal correlations in the input space
(By'-7-B.') due to combination of spacecraft orbit and neutral sheet dynamics, effects of coordinate transformations,
etc. In particular origins of extremely large IMF B, penetration (order of 30-50% above the average one) for some
years and tail locations remains not fully clear. A larger multispacecraft dataset covering all seasons in all spatial
zones is necessary to further advance in this study.

Does local B-minimum appear in the tail current sheet during substorm growth phase?
V.A. Sergeev?, E.I. Gordeev?, V.G. Merkin?, M.I. Sitnov?

!Saint-Petershurg State University, St. Petersburg, Russia
2The Johns Hopkins University Applied Physics Laboratory, Laurel, Maryland USA

Magnetic configurations with dBz/dr>0 in the midtail current sheet are potentially unstable to different instabilities
considered for the explosive substorm onset. Their existence is hard to confirm from observations of magnetospheric
spacecraft. Here we use remote sensing from low-altitude spacecraft which controls the loss-cone filling rate during
electron—rich solar particle event, thereby providing an information about magnetic properties of tail current sheet.
We demonstrate a latitudinally-localized anisotropic 30 keV electron loss-cone region embedded inside an extended
region of isotropic solar electron precipitation. It was persistently observed for more than 0.5 hour during isolated
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growth phase event by six POES spacecraft, which crossed the premidnight auroral oval. The embedded anisotropic
region was observed ~1° poleward of the outer radiation belt boundary over 4-5 hours wide MLT sector, suggesting a
persistent ridge-type Bz%/j maximum in the equatorial plasma sheet at distances 15-20Re. We discuss infrequent
observation of such events taking into account recent results of global MHD simulations.

Sub-ion magnetic holes in the dipolarized magnetotail: Satellite observations and theoretical
models

P.l. Shustov®?, A.V. Artemyev®3, E.V. Yushkov'?, A.A. Petrukovich!

Space Research Institute RAS, Moscow, Russia
2Physical Department, Lomonosov MSU, Moscow, Russia
SUniversity of California Los Angeles, Earth, Planetary, and Space Sciences, Los Angeles, USA

We consider a sub-ion scale magnetic holes observed by THEMIS in the near-Earth depolarized magnetotail and
conduct statistics on this holes. Using this statistic, we have demonstrated that series of magnetic holes usually occur
behind the dipolarization front (rapid increase of the GSM Bz field) around the equatorial plane (GSM |Bx|<Bz).
Holes are characterized by intense electron currents flowing along hole boundaries and carried by hot electrons. These
electron population has transverse (relative to the background magnetic field) temperature much larger than the field-
aligned temperature. We proposed scenario describing a formation of this hot anisotropic electron population. The
scenario consists of models of electron anisotropic heating at the dipolarization front and generation of electron
currents due to diamagnetic and curvature drifts of anisotropic particles. Main conclusions of the proposed models are
in good agreement with the THEMIS observations.

Dependence of relativistic electron precipitation on geomagnetic activity
T.A. Yahnina, A.G. Yahnin, N.V. Semenova
Polar Geophysical Institute, Apatity, e-mail: tyahnina@gmail.com

The data from NOAA POES measurements of ~1 MeV electrons are used to compare characteristics of relativistic
electron precipitation (REP) for two half-year intervals in 2005 and 2009. It is shown that number of REP events is
for one and half order larger in 2005 (declining phase of the solar cycle) than in 2009 (minimum of the solar activity).
Also, the intensity of the REP events is higher in 2005. The probability to observe REP increases with geomagnetic
activity for both intervals. During both intervals three groups of REP events are observed as described in recent papers
by Yahnin et al. (2016, 2017). The different groups of REP events have different morphology and relate, probably, to
different mechanisms of the pitch-angle scattering. As suggested by Yahnin et al. (2016, 2017), the first group of REP
relates to scattering on the magnetotail current sheet, the second one can relate to scattering on the whistler mode hiss
waves, and the third one can relate to scattering on EMIC waves. Percentage of the events of the three groups is,
respectively, 26%, 59%, and 15% for 2005, and it is 7%, 74%, and 19% for 2009. This means that relative contribution
of different mechanisms to the production of the precipitation from the radiation belt varies depending on the solar
cycle epoch and corresponding geomagnetic activity.

Yahnin, A.G., T.A. Yahnina, N.V. Semenova, B.B. Gvozdevsky, and A.B. Pashin (2016), Relativistic electron precipitation as seen
by NOAA POES, J. Geophys. Res. Space Physics, 121, 8286-8299, doi:10.1002/ 2016JA022765.

Yahnin, A.G., T.A. Yahnina, T. Raita, and J. Manninen (2017), Ground pulsation magnetometer observations conjugated with
relativistic electron precipitation, J. Geophys. Res. Space Physics, 122, 9169-9182, do0i:10.1002/ 2017JA024249.
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Current sheet thinning in near and distant magnetotail by Cluster and THEMIS statistics
E.V. Yushkov?, A.V. Artemyev3, A.A. Petrukovich!

Space Research Institute, Moscow, Russia
2L omonosov University, Moscow, Russia
SUniversity of California, Los Angeles, USA

We compare thinning and stretching process for horizontal current sheets in near (X~ -10 Re) and distant (X~ -20 Re)
magnetotail, using data collected by Cluster and THEMIS spacecraft missions. We study relations between current
and plasma densities, lobe and Bz magnetic fields. We discuss the differences (and similarities) in electron
anisotropization for small and large Bz and By, and then suggest some possible mechanisms of anisotropy formation
and its evolution along the tail. We discuss plasma pressure gradients and cross-tail current profiles during thinning.
We show that the most thinning ends (onsets) can be associated with tailward plasma flows and compare these endings
near and far from the Earth.
The investigation is supported by RFBR grant Ne 16-32-00011.

Kanna pacnpenenenusi 1 0c00eHHOCTH MAarHUTOC()ePHOH TUHAMUKH

E.E. Auronosa®?, M.B. Crenanosa®, WL.II. Kupnuues?, M.J1. Opuunnuxos?, B.B. Bosuenko?, M.C. Ilymunen?,
C.C. 3narkosal, H.B. Cotauxos®, C.K. Murs?, I1.C. Kazapsan*

YHUU aoepnoii pusuxu umenu JI.B. Crobenvyvina MI'Y umenu M.B. Jlomonocosa
2Uncmumym Kocmuueckux Hccnedosanuii PAH

SUniversity of Santiago de Chile

Adusuueckuii paxynomem MI'Y

OYHKIUH pacnpee/iCHHs 3JICKTPOHOB U MOHOB B MarHuTocdepe 3eMin BO MHOTHX CIy4asiX MOTYT OBITh OMHCAHBI
Kalna-pacrpeae/iecHusiMA. Takue pacripe/eieHusT UMEIOT MaKCBE/UIOBCKHE siIpa M CTEIEHHBIC XBOCThL Karma
pacnpenerneHust GOPMHUPYIOTCS B XOJI€ peIaKCallii HEPAaBHOBECHBIX (PYHKIIUH pacipee/icHus K MaKCBEUIOBCKOMY
pacmpesieleHHI0 B YCJIOBHAX OECCTONKHOBUTENBHOM MarHuTocepHol Iuta3Mbl. llpuBeneHBl IMpHUMeEpSI,
JIEMOHCTPHPYIOIUE  BO3MOXKHOCTh  AQMMPOKCHMAIMKM  HAOM0JaeMblx  (GYHKIHUA  paclpelesieHHs] — Karima-
pacrnpesieNieHUsIMU B MAarHUTOCIIOKOWHBIX YCIIOBHSAX M OUKArIa pachpe/ieieHUsIMU [IPU CMEIINBAHNY TUIA3MEHHBIX
MOMYJISALUIA U3 IBYX UCTOYHUKOB. PaccMOTpEHBI U3MEHEHHs [IapaMEeTPOB Kalllla pacipeieieHlii BJI0JIb TPACKTOPHiA
nmonera cuytHukoB wMuccun THEMIS. Tlokazano, 49To ammpokcuMmarnuy Karha-paclpeleIeHUsIME  SBISIOTCS
3¢ HEKTUBHBIM METOJIOM HCCIIEIOBAHUS POLIECCOB YCKOPEHHUS M HATPEBA YacTHI[ B MarHutochepe 3emim.
Pabora monnep>kana rpantom PODU 18-05-00362.

CprKTypr «KOCBIX» AJIbBEHOBCKHUX BOJIH B HCOAHOPOAHOM IBYMEPHOM Mal"HHTOC(l)epHOM
pe3oHaTope

M.A. Bonkos

Mypmanckuil cocyoapcmeennulii mexnuieckutl ynugeepcumem, 2. Mypmanck, Poccus,
e-mail: volkovma@mstu.edu.ru

B pabote mccienoBaHel cOOCTBEHHBIE KOJEOAaHMS JBYMEPHOTO, HEOAHOPOIHOTO MAarHUTOC(HEpHOTO pe3oHaTopa.
Pemenne IMOJIYYCHO IJIA Cliy4dast OAHOPOJIHOI'O0 MAarHUTHOT'O ITOJIA 3emuii. MaruuTHbl€ CUJIOBBIE JTUHUH CUUTAIOTCS
HNPSMBIMH U COSAMHSAIOT HOHOC(HEPHI I0)KHOTO M CEBEPHOTO MONTymapuii. MarHUTHBIE CHIIOBBIE JIMHAN HIOTPY>KEHBI B
XOJIOJIHYIO TIIa3My, T.€. TEIUIOBBIE CKOPOCTH 3JIEKTPOHOB MeHbIle (a3oBOH CKOpPOCTH BOJHBI. HeoaHopomHocTh
MarHuToc(epHoil MIasMbl 3a7aeTcs Kak MOoNepeK, TaK U BIOJb MarHUTHBIX CHJIOBBIX JIMHUH. [lonepex MarHUTHBIX
CHJIOBBIX JINHUI HEOJTHOPOIHOCT 3a1aeTcs napaboiandyeckor GyHKIMeH, BlI0JIb MArHUTHBIX CHIIOBBIX JIMHUM B hopme
CTYNEHbKH B KOHLEHTPALMH O3JCKTPOHOB B CEBEPHOM M IOKHOM moiymapusx. CTylneHbKa B KOHLEHTPALUH
HaxXOAMTCS Ha PacCTOSTHUM TpeX paanycoB 3emin oT noHocdepsl. FloHocdepa paccmarpuBaeTcst Kak TOHKHUI ci10ii ¢
XOJIJIOBCKOH M TEJIEPCEHOBCKON MPOBogUMOCTIMU. OOCYKIaeTcs CBsI3b 3TUX CTPYKTYP C aBPOPaJIbHBIMU SIBICHUSIM.

28



Fields, currents, particles in the magnetosphere

Bo3pacTanusi HIOTOKOB PeJISITUBHCTCKUX 3J1eKTPOHOB 1-3 ceHTsi0psi 2016 roga B aBpopabHbIX
o0JiacTaAX Mo AaHHBIM mpudopa JAIIMMPOH

W.A. 3onotapes, B.B. berrun, O.}O. Hewaes, M.U. ITanacroxk, B.JI. [lerpos, U.B. Amun, A.M. AMerromkuH
HUUAD MT'Y, 2. Mockea, Poccus, e-mail: zolotarev@sinp.msu.ru

Hamu mpoBenen or0op Bo3pacTaHWil MOTOKOB 3apsDKEHHBIX YAaCTHL M MOIIHOCTH JO3bI B OOJACTH BHELIHETO
paauanroHHoro nosca B nepuof ¢ 1 1o 3 centsadps 2016 roxa. 01.09 paguanuonHsie ycaoBUsl COKOWHbIE. Bennunna
MaKCHMyMa paJuallMOHHOTO Mosica, HaxoauTcs Ha 3HaueHun L=4 menee 0,001 I'p/u. He Habmonaercss Manbix 1o
JUTATEEHOCTH 0COOEHHOCTEH, KpoMe oHOTOo IiepecedeHus nosica B 08:33:56 UT. [Jamee ¢ 10:12 2 centadps mo 16:32
3 ceHTAOPs MBI OTMe"aeM 12 mepecedeHnit mosica ¢ KpaTKOCPOYHBIMH 0COOCHHOCTAMHU. OCOOEHHOCTH TIPEICTABISIIOT
c000ii TIOBBIIICHMS TTOTOKOB YAaCTHI] W 103 Ha WHTEpBaJax BpeMeHH 10 20 CexyHI. AMIUTUTYAa BO3pacTaHUI
MIPEBBIIACT TAKOBYIO B MAaKCUMYME PAJHAIIIOHHOTO Mosica. Takue SKCTpeMallbHbIe BO3PACTaHHs MPOMCXOAAT Ha L-
obomoukax okoso 5. [Ipu 3Tom 11 Bo3pacTaHuit MBI OOHAPYKWIH Ha HOUYHOU cTopoHe MarHuTOC(epsl (MLT ot 18
JI0 6) ¥ TOJIBKO OJJHO Ha YTPEHHEH CTOPOHE MarHUTOC(hEpHlI.

AHaJyorn4Hble KPAaTKOCPOYHBIE BO3PACTAHMsI HAOIIOAAINCH B IaHHBIX JPYTHX MOJSIPHBIX CITyTHUKOB [1,2], a Takke B
OaJUTOHHBIX 3KcrepuMeHTax [3]. ABTOPBI 3TUX padOT CBA3BIBAIOT 3TH OCOOCHHOCTH C BBICHITAHUSIMHU IHEPTUUYHBIX
9JIEKTPOHOB B atMoc(epy, JIO0 ¢ COOBITHAMY PENSTUBUCTCKUX DJIEKTPOHOB HAa IPaHMUIIC BHEITHETO PaAHallMOHHOTO
nosca.

Bornpinast yacte myOIMKYEeMBIX NAHHBIX 10 PaJUallMOHHOW OOCTaHOBKE Ha MOJISIPHBIX CITyTHHKAaX HOABEPraeTcs
YCpEIHEHHUIO Ha BpEMEHHBIC HHTEPBAIIBI OT S MUHYT 10 16 cexyHna. ITo 310 mpudnHe KpaTKOBPEMEHHBIE BO3pacTaHHs
MIOTOKOB YaCTHUI] HE TOJIBEPTAIOTCS COACP)KAaTEIbHOMY aHaN3y. TeM He MeHee, MBI [TOKa3bIBaeM, uTo B JaHHbIX POES
¢ 2X CEKyHIHBIM BPEMCHHBIM pa3pellCHHEeM, MPHCYTCTBYIOT aHAIOTHYHBbIE OcOOeHHOCTH. Jlydmine ycmoBus ams
HaOMIOZICHUST KPATKOBPEMEHHBIX COOBITHI >HEPIHMYHBIX JICKTPOHOB OOYCIOBIIEHBI OOJIBIINM T'€OMETPHUYECKUI
daxtopom npubopa JIDIPOH no mepsomy aeTekTopy Gonee 6 cm?*crep, mo cpaBHeHuto ¢ 1072 cm?*crep ans
anekrpoHHOro Teneckona POES (mpu suepruu 1,5 MaB).

Hamu mpoBesneH aHaiaM3 reOMarHUTHOM OOCTaHOBKM B OTHOIIEHHH ITOMCKA IPEAIOCHIIOK 00pa30BaHHS MOTOKOB
sHepruuHbIX vactuil. [lo reomarautHOMy mHmekcy SYM/H B Hauame paccMatpiBaeMOro meproja HabIomaeTCst
TEOMarHUTHOE BO3MyleHue B -75 HT. Bo3pacTaHus IOTOKOB 4acTUl] IPOUCXOIAT BO BTOPOH IIOJIOBUHE BPEMEHHOTO
neproa, uepes 10 yacos nociie muaumyma DST (SYM/H). Ortknonenus naaexca SYM/H mpu Hanwywu Bo3pactaHuii
y’Ke He CTOJIb BelIHKH, 10 -50 HT.

Taxk xak Bo3pacTaHus HaOJIIOJAIOTCA B aBPOPAIBbHBIX 30HAX, KPUTEPHUEM MU3MEHEHHS TeOMarHUTHOI 00CTaHOBKH ObLI
BeIOpan AE wmHzmekc. OgHAaKko COINOCTAaBIEHHE BpPEMEHH OOHAPY)KEHHS BO3PACTAHHH IIOTOKOB HE BBISBISET
coBmajieHusl BeqmunHbl AE ¢ HamumuueM M BEMMYMHONW BO3pacTaHWi MOTOKOB 4acTHIl. Bmecto 3rtoro, BpemeHa
BO3pAcTaHUH XOPOIIO COBMAAalOT C PE3KUMH n3MeHeHWsMH BenmunHbl AE B 00e ctoponsl. Iloxoxum oOpasom
COOTHOCATCS BpeMEeHa BO3pacTaHHi ¢ m3MeHeHnsIMU uHaekca ASY/H. Taxke Mbl HabJIF0JaeM XOpOLIee COOTBETCTBUE
BEJIMYNHBI CKOPOCTH TIOTOKA M BPEMEHH HaOJII0/ITaeMbIX BO3PACTAHHH.

1.A.V. Bogomolov, I.N. Myagkova, V.V. Kalegaev, S.I. Svertilov, V.V. Bogomolov, M.I. Panasyuk, V.L. Petrov, and I.V. Yashin.
Precipitation of subrelativistic-energy electrons near the polar boundary of the earth radiation belt according to the data of
measurements on the vernov and lomonosov satellites. Cosmic Research (English translation of Kosimicheskie Issledovaniya),
55(6):446-456, 2017.

2.1.M. Myagkova, M.O. Riazantseva, E.E. Antonova, and B.V. Marjin. Enhancements of fluxes of precipitating energetic electrons
on the boundary of the outer radiation belt of the earth and position of the auroral oval boundaries. // Cosmic Research (English
translation of Kosimicheskie Issledovaniya), 48(2):165-173, 2010.

3.Bazilevskaya G.A., Kalinin M.S., Kvashnin A.N., Krainev M.B., Makhmutov V.S., Svirzhevskaya A.K., Svirzhevsky N.S.,
Stozhkov Y.1., Balabin Y.V., Gvozdevsky B.B Precipitation of energetic magnetospheric electrons and accompanying solar wind
characteristics. // Geomagnetism and Aeronomy. 2017. T. 57. Ne 2. C. 147-155.
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CucTreMa KHHETHYECKHUX YPaBHEHHH 1151 0€CCTOJIKHOBUTEIBHOH KOCMUY€ECKOii NJ1a3Mbl B
NpUOJIHKEeHUH CHJIOBOT0 PABHOBECHUSI 3JIEKTPOHOB B10Jb MATHUTHOI'O 110JIsI

O.B. Munranes!, 11.B. Munranes!, X.B. Manosa??, JI.M. 3encHsbIii®

onapuoni 2eopusuueckuti uncmumym KHIL] PAH, 2. Anamumer, e-mail: mingalev_o@pgia.ru
2Hayuno-uccnedosamenvcxuii uncmumym adepnoti gpusuxu um. J{.B. Cxobenvyvina MI'Y, 2. Mockea
SUncmumym xocmuueckux uccnedosanuti PAH, 2. Mockea

ITonyuyeHa cucTeMa KHHETUYCCKHX YPABHEHUI, KOTOPAsi OMKCHIBAET JOCTATOYHO MEIJICHHBIC KPYIMHOMACIITAOHBIC
TIPOIIECCHI B OECCTOIKHOBUTEIHHBIX MATHUTOIIA3MEHHBIX CTPYKTYPaxX C IPOCTPAHCTBEHHBIM pa3pelIeHneM IOopsIIKa
XapaKTepHOro0 THpOpaJuyca TEIUIOBBIX NPOTOHOB M YUYUTHIBAET CHUJIOBOE PAaBHOBECHE JJIEKTPOHOB BIOJIb JIMHUI
MarHMuTHOro mnoijisi. B 3TOH cucreme minazMa CUUTAaeTCsd KBAa3MHEUTPAJIbHOM, MArHUTHOE IIOJIE ONPENENIeTCs
ypaBHEHHEM AMIIepa, MOPOJOJIbHAS YacThb JJIEKTPUUYECKOTO TOJS YPaBHOBEIIMBAETCS MPOAOILHOH YacThbIO
JIUBEPreHIUN TEH30pa MAABJICHUS JJIEKTPOHOB, a OPTOrOHAJbHAs YacTh JJIEKTPUYECKOTO MO ONPEIEIISAIOTCS
TEKYLIUMH pacOpelesICHUs MU KOHUEHTPaluu, IUIOTHOCTH TOKAa W TEH30pa HaNpsHKEHUH BCEX IUIa3MEHHBIX
KOMITOHEHT B MPUOINKEHIUH MTHOBEHHOTO JANbHOACHCTBYSI M3 CUCTEM YpPaBHEHUH DILTUITHYECKOTO THIIA, KOTOPhIE
HE COJIepKaT MPOU3BOAHBIX 1O BpeMeHU. [Ipu BrIBOZIE 3TOM CUCTEMBI UCTIOJB3YETCA YCI0BUE KBa3UHEHTPAIIbHOCTH,
ypasaenus dapazes u ypaBHEeHUSI AMIIepa, a TakKe YpaBHEHUE JUISI TIOJTHON MJIOTHOCTU TOKA, KOTOPOE MOTydaeTcs
CYMMHPOBaHHEM BBITEKAIOIIUX U3 ypaBHeHUU BracoBa ruapoJMHAMHYECKHUX YpPaBHEHUN TMOTOKA HUMITyJbCa IS
Ka)KJ01 KOMIIOHEHTHI I1J1a3MBlI.
Ilony4yeH BapuaHT cCHCTEMbl YpPaBHEHMH Uil ciydyash 3aMarHUYEHHBIX 3JIEKTPOHOB, OINHUCBHIBAEMBIX YPABHEHHEM
Brnacosa B apeiipoBoM IpUOMIDKESHIH, KOTIa UX MPOCTPAHCTBO CKOPOCTEH SABIAETCS 2-MEPHBIM, UYTO CYIIECTBCHHO
SKOHOMMUT BBIYHUCIUTENIBHBIE PECYPCHI IPH YHCIEHHOM MOAEIUPOBAHUY.
[MomyueHHBIE CHCTEMBI ypaBHEHHUH MO3BOIISIOT pa3padaThIBaTh Kak TII00abHYI0 YHCICHHYI0 KHHETHYSCKYIO MOJICIb
3eMHOW MarHUTOC(epsl ¢ pa3peuIeHHeM IO MPOCTPAHCTBY Okoo 100 kKM, Tak W JIOKAJIBHBIC MOJCIH OTIEIBHBIX
o0acTet 3eMHOW MarHUTOCQEpHI ¢ emle 0oJee BEICOKUM Pa3pelIeHUeM.
JI71st TOSTydeHHBIX CHCTEM ypaBHEHUH MPeIIoKeH HOBBIM METO]T YNCIICHHOTO HHTETPUPOBAHUS, KOTOPBINA YI00€H JIIst
MIPOBEJICHUS MTapaJIeIbHBIX BRIYUCIECHUH Ha TpadUIecKuX Mpoileccopax, ¥ COYeTaeT TOCTOMHCTBA METOAA KPYITHBIX
YaCcTHIl U CETOYHBIX METOJIOB, HO CBOOOJIEH OT WX HEIOCTAaTKOB. Pe3ynbTaThl mpeicTaBlieHHOW paboThl CO3/at0T
TEOPETUUECKHE U METOIUYECKHUE MPEATIOCHUIKU JIs1 IETaJIbHOI'0 MOJIETUPOBAHUS LIMPOKOTO Kpyra akTyaJIbHbIX 3a]1a4
(hu3KKK OECCTONKHOBUTEIBHON MarHUTOC(HEPHOH MIa3Mbl ¢ UCTIOIB30BAHUEM MOJIYICHHOW CHCTEMBI YPaBHEHUIA.
Paborta BbInoNIHEHA 1TpH TIoAepkKe rpanTa POON 17-01-00100.

Cucrema ypaBHeHnﬁ MO e TOHKOI0 TOKOBOI'0 CJIOSI C IOCTOSTHHOM HOpMa.T[BHOﬁ KOMIIOHEHTOM
MArHMTHOI'O IOJIA € Y4€TOM 3aMarHUH4Y€HHbIX 3JI€EKTPOHOB

O.B. Munranes!, .B. Munranes?!, X.B. Manosa?®, M.H. Mensuux?, I1.B. Cernxo!, JI.M. 3enensrii®

Yonapuoni 2eopuszuueckuti uncmumym, 2. Anamumur, e-mail: mingalev_o@pgia.ru
2Hayuno-uccredosamenvckuti uncmuntym s0ephoti usuxu um. JI.B. Crobenvyvina MI'Y, 2. Mockea
3Hhtcmumym xocmuueckux uccreoosanuu PAH, 2. Mockea

BriBenena HOBas BepCHSI CHCTEMBI YPAaBHEHHH MOJENN CTAI[MOHAPHOTO IMPOCTPAHCTBEHHO |-MEpHOTO TOHKOTO
TokoBoro ciost (TTC) ¢ moCTOSHHON HOpPMaTbHONH KOMIIOHEHTOW MarHMTHOTO TIOJIS, B KOTOPOH IO CPaBHEHHIO C
cymectByromuMa MoaesiMu TTC Gosiee TOYHO ONHCHIBAIOTCS SIIEKTPOHBI M AJIEKTPOCTaTHIECKHE d(H(HEKTHI.

B Monenu moHBI ONMUCHIBAIOTCS ypaBHEHHEM BiacoBa, KoTopoe pemraeTcsi YUCISHHO, a IS OMCAaHMS AJIEKTPOHOB
MPUMEHSETCS aHANUTHYECKUH MOAXO0M. DJEKTPOHBI CUYHUTAIOTCS 3aMarHMYEHHBIMH W OIMCBHIBAIOTCS YpaBHEHHEM
Bnacosa B npeiihoBomM npHONMKEHHH, U1 KOTOPOTO IOJIYYEHO TOYHOE pelleHne — (YHKIMS paclpeaeieHus
anekTpoHoB Bo BceM TC. M3 sToro pemienus nosnydeHa ¢opmyiia, Aaromias B3aMMHO OJHO3HaYHOE BEIpayKEHHE
SNEKTPOHHON KOHLEHTpAalMM dYepe3 MOTeHLUall AJIEKTPUYECKOro moyiss UM MarHuTHoe mnoie. IloacranoBka artoit
¢dopmyisl B ypaBHeHue [lyaccoHa paeT HenMHEHHOE ypaBHEHHE OTHOCUTEJIBHO IIOTEHIIMANA MISKTPHUYECKOTO TI0JIs,
JUI KOTOPOrO CO3/JaHa METOAMKA YMCIEHHOro pemeHus. [1o 3ToMy 4YUCIEHHOMY peIIeHHIO A MOTeHLHana
paccunThIBaeTCs ICKTPOHHAsE KOHLEHTPALUsS B TOKOBOM ciioe. Takxke HosydeHsl (hOpMyIIbl, KOTOPBIE BBIPAKAIOT
MPOJONBHOE W TIONEPEYHOE NABICHHE JICKTPOHOB UYEpPE3 WX KOHICHTPANMIO M MAarHUTHOE IOJe, W (OPMYIIbI,
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BBIpa)KarolIHe MIOTHOCTh TOKA JJIEKTPOHOB Yepe3 UX KOHIEHTPAIMIO U MarHUTHOE noste. M3 aTux dopmyn cienyer,
4to eciu anekTponsl BHe TTC u3oTponssl, To oHM OynyT M3orponHsiMu 1 B TTC, npuuem ux temnepatypa Oyzaer
MIOCTOSTHHOM, a X TOK Oynet HyneBbIM. Ecin sxe anexktponsl BHe TTC aHU30TPOIHBI, TO OHU OYIyT aHU30TPOIHBIMH
u B TTC, npuyem ux nponoibHas TeMIreparypa OyaeT IOCTOSHHOM, a IIoNepeyHas TeMIiepaTypa O0yIeT yMeHbIIAaThCS
OT Kpast K LeHTpY cios. [Ipy 3TOM TOK 3JE€KTPOHOB OTJIMYEH OT HYJSA, M HOJACTAaHOBKA €ro BBIPAKCHUS depes
MarHUTHOE TIOJIE W KOHLECHTPALMIO 3JEKTPOHOB B ypaBHEHHE AMIlepa JaeT CHCTEMY HEJIHHEHHBIX
i depeHInanbHBIX YpaBHEHHH 1-T0 MOPSAAKAa OTHOCHTEIBHO CAMOCOTJIACOBAHHBIX KOMIIOHCHT MarHUTHOT'O OJIS.
Pabora BrmosHEHa nipu moaaepkke rpanra PODU 17-01-00100.

3aBHCHMOCTH BbICHITIAHUI YJHEPTUYHBIX MPOTOHOB BHYTPU AHU30TPOIMHOI 30HBI OT reOMArHUTHOM
AKTHBHOCTH

H.B. CemenoBal, T.A. SIxaunal, A.Tl'. Ixaun’, A.T. lemexo!?

Ulonapuwni 2eopusuyeckuii uncmumym, 2. Anamumor, e-mail: nadezhda.semenova@gmail.com
2Uncmumym npuxnaouoii pusuxu PAH, 2. Huscnuii Hoezopoo

ITocTpoeHs!l pacipeaecHus BEPOATHOCTH HAOMIOJACHUS BBICHIMAHUA SHEPTHYHBIX MPOTOHOB, CBA3aHHBIX C MOHHO-
muknoTponroit (ML) HeycTOHYMBOCTBIO, B 3aBHCUMOCTH OT AE-WHIEKCa TEOMAarHUTHOW aKTUBHOCTH. JTH
BEICHIIIAHUST PETHCTPUPYIOTCS HU3KOOPOWTANFHBIMH CITyTHHKaMH B 30HE, I/I¢ TOTOKH JHEPTUYHBIX YACTHIL
aHm30TponHEl. [loka3zaHO, YTO MpPH POCTE TEOMArHUTHOW akTUBHOCTH OT cinaboit (AE<100 vTm) mo ymepeHHOM
(100<AE<300 HTm) BeposATHOCTh HAaOIIFOJCHUS BEICHIIAHNH B JHEBHOM 007aCTH 3a TeOCTAIlIOHAPHOW OpOHTOi (TIe
HaOJIOMal0TCSl MaKCUMAaJIbHBIC 3HAYCHUS BEPOSTHOCTH HAOIIOICHNUS) PACTET, a MPH BBHICOKOH akTuBHOCTH (AE>300
HT1) - ymeHbITaeTcs. Beicka3aHo MPeaIoNoKeHue, 9To ITO SBISCTCS CICICTBIHEM IBYX KOHKYPHUPYIOIIHX (DaKTOpPOB:
1) pocTa MOTOKA YHEPTUYHBIX MPOTOHOB B PE3YJIbTATE MHIKEKIIMI YaCTHI[ BO BHYTPEHHIOI MarHUTOC(epy BO BpeMs
BO3MYIICHHH, U 2) YMEHBIICHHS PaJHallbHOTO TPAJANEHTA MOTOKA YaCTHIl, TAKKE CBA3aHHOTO C MHXKEKIUAMU. [1epBbIit
(dakTop BeaeT K pocTy uHKpeMeHTa U1l HeyCTOMYHBOCTH, a BTOPOH — K €r0 YMEHBIIICHHUIO 33 CUCT YMCHBIICHUS
MIOTIEPEYHON aHU3OTPOTIMH B THEBHOM CEKTOpE, KOTOpasi BhI3BaHA paclIeTIEHUEM APeH(POBBIX 000JI0UEK U TOITOMY
3aBUCHT OT PaJAHaIbHOTO TPaIUEHTA MMOTOKA YaCTHII.
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Numerical simulations of asymmetric kinetic magnetic reconnection: A case of realistic crossing
A. Divin, V. Semenov, |. Zaitsev

St. Petersburg State University, St. Petersburg, Russia

Several tens of reliable diffusion region crossings at the Earth's magnetopause have been reported to date by the MMS
mission. For better understanding the three-dimensional structure and reconstructing the spacecraft trajectory through
reconnection-generated structures it is important to utilise two- and three-dimensional high-resolution models of the
process to separate out spatial and temporary variations. In this work we investigate a particular case of asymmetric
magnetic reconnection using three-dimensional kinetic PIC code iPIC3D. Initial and boundary conditions mimic the
event of 6 December, 2015, fully described in [Khotyaintsev, 2016], where the ion diffusion region crossing was
studied. Numerical simulation allows to trace particular ions and electrons originating in the Earth's magnetosphere
and m-sheath, which have considerably different properties. It is found that the magnetosheath-originated electron
beam turns ~180 degrees inside the diffusion region and gets accelerated along separatrices. Electron distribution
functions are unstable to electron beam modes, producing flat-tops and intense electrostatic pulses near the X-line.
Distribution functions obtained in numerical simulations show a good agreement with data.

Excitation of the electromagnetic waves in the atmosphere by an Alfvenic beam
E.N. Fedorov, N.G. Mazur, V.A. Pilipenko, N.V. Yagova
Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences (IPE RAS)

A characteristic feature of the upper ionosphere is the occurrence of the ionospheric Alfven resonator (IAR) and the
ionospheric fast-mode waveguide (IFW), which can trap ULF electromagnetic wave energy in the Pcl frequency
range from fractions of a Hz to a few Hz. This wave trapping ensures the strong dependence of the ionospheric
transmission/reflective properties on frequency. We have developed a numerical model of the magnetospheric Alfven
wave interaction with the ionosphere and transmission to the ground based on the solution of multi-fluid
magnetohydrodynamic full-wave equations in a realistic ionosphere, whose parameters were reconstructed from the
International Reference lonosphere (IRI) model. The spatial structure of an incident Alfven wave is modeled as a
localized beam with a finite latitudinal scale and azimuthally propagating wave with wave vector k.. The 1AR and
IFW modes are coupled owing to the frequency-dependent Hall conductivity of the ionosphere and geomagnetic field
line inclination. The ground spatial and spectral structures of the Pc1 wave have been calculated for the local summer
day/night conditions at a middle latitude observatory. The model predicts several new features which may interpret
some observational results. Beneath the incident beam the ground magnetic response "duplicates” the incident beam
structure after accounting for a pi/2 rotation and some latitudinal shift. The upper part of the ULF spectrum (f>1 Hz)
is severely attenuated upon wave transmission through the daytime ionosphere. At nighttime the transmission of
Alfven waves has an oscillatory dependence on frequency, thus forming "transmission windows" at resonant
frequencies. The spectra are different at various distances from an incidence point: close to the source the frequency
of the fundamental AR eigenmode is highlighted, but at larger distances the spectral peaks with f>1 Hz associated
with the IFW modes emerge. A complicated interference pattern between IFW modes is revealed in the spatially-
dependent and frequency-dependent character of amplitude variations, especially at higher frequencies.

Complicated Pcl emissions in the late recovery phase of the last strong magnetic storm
in September 2017

F.Z. Feygin, N.G. Kleimenova, L.M. Malysheva, Yu.G. Khabazin
Schmidt Institute of Physics of the Earth (IFZ RAN), Moscow

It is well known that Pcl pulsations are typical storm recovery phase phenomena lasting several hours which are
observed under preference for quiet geomagnetic conditions. However, during the long recovery phase of the last
strong magnetic storm on 7-8 September 2017 (Dst ~ 150 nT, Kp =8), there was only one complicated Pcl event. It
was observed on 11 September at ~00.30-05.30 UT at the end of the rather strong (~600 nT) substorm which occurred
after long (more 30 hours) very quiet magnetic period with Kp=0. The Pc1 emissions were recorded at Scandinavian
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meridian region spanning at least 3.4 <L>6.2 (from NUR to KIL) demonstrating the very similar dynamic spectrum
at all 5 stations with the amplitude maximum at the lowest latitude station (NUR). At that time, the geomagnetic
conditions were moderately disturbed: Kp index was 3+, AE ~500 nT, the ionosphere above this meridian
demonstrated blackout (probably, due to polar cap absorption — PCA). The dynamic spectrum of this Pc1 event looked
like a superposition of two different emissions. One of them somewhat resembled “classical” Pcl pulsations, lasted
about 4 hours at slightly increasing central frequency (from ~1.4 to ~ 1.7 Hz), but with unusually large bandwidth
about 0.6 Hz. Such Pc1 emissions usually are generated in vicinity of the plasmapause. At this time, according to the
empirical models, the plasmapause was located at L~4.2. However, the maximal Pc1 intensity was observed at lower
latitudes — at NUR (L~3.4). We may suppose that it was result of the influence of the wave propagation in the
ionospheric Alfven resonator (IAR) at the latitudes where the pulsation frequency matches the 1AR specific frequency.
The second Pc1 emission event started about one hour later on (at ~ 01.30 UT) with a very sharp onset at higher center
frequencies rapidly decreasing from ~3 Hz to ~ 1 Hz as a series of separated wave packets with a large bandwidth of
~0.8 Hz. These Pc1l decreasing frequency emissions occurred simultaneously with the rapid decrease of the solar wind
dynamic pressure (Psw) from 6 nPa to 2 nPa (unfortunately, in the previous time, there was a gap in the OMNI IMF
and solar wind data) providing the plasmapause expanding to the higher L shells. Since the Pcl frequency is strongly
controlled by the magnetic field strength at the source area, the wave frequency decrease could be interpreted as a Pcl
source (or an anisotropic resonant protons location) shift to the higher L shells. The substorm, observed prior to
considered Pcl event, provided the injection of additional charged particles from the tail being then trapped. The
strong impulsive geomagnetic disturbances stopped the Pcl emission generation near 06 UT. A theoretical
interpretation of considered Pc1 event and possible scenario are discussed.

First results of exit point location estimation at high latitudes using probability density of Poynting
vector and the circular polarization index at the ground

A.S. Nikitenko, O.M. Lebed, Yu.V. Fedorenko
Polar Geophysical Institute, Apatity, Russia, e-mail: alex.nikitenko91@gmail.com

Ground-based measurements of natural VLF emissions show that amplitude independent parameters like the
azimuthal angle of Poynting vector or the circular polarization index experience random variations in time. These
parameters are characterised by probability density functions. The spatial distribution of the intensity of VLF
emissions propagating to the ground is known as an exit point. The configuration of the exit point and the mutual
location of the exit point and a registration site is reflected in the probability density functions of the parameters. We
propose a method for localization of the exit point by ground-based measurements of the vertical electric component
and the horizontal magnetic components. The method is based on an analysis of measured probability density
functions of the parameters. In this work, we present the results of estimation of the exit point position by ground-
based measurements of VLF emissions. The measurements were carried out in PGI observatories Lovozero and
Verhnetulomskiy. The estimation was made by comparison of measured wavefield parameters and the parameters
obtained by modeling of propagation to the ground of spatially confined random whistler plane waves (exit point)
placed at the altitude of 120 km. The parameters used are the azimuthal angle of Poynting vector and the circular
polarization index. The exit point is. The modeling of wave propagation from 120 km to the ground is carried out by
solving a wave equation in a horizontal stratified ionospheric plasma.

Dayside proton aurora equatorward of the proton aurora oval, EMIC waves, and plasmasphere
T.A. Yahnina, A.G. Yahnin, T.A. Popova
Polar Geophysical Institute, Apatity, e-mail: tyahnina@gmail.com

The data from IMAGE spacecraft showed the existence of two kinds of proton auroras equatorward of the proton
aurora oval on the dayside. The first one is so called proton aurora flashes, which appear as a response to strong
enhancements of the solar wind dynamic pressure and have a life-time of several minutes. The second one is relatively
weak proton auroras, which can be observed during several hours. Using the data of ground- and space-based
observations of EMIC waves we demonstrate that these two aurora patterns are closely relate to the development of
the ion-cyclotron instability. The corresponding EMIC waves often occur in the frequency range between the H+ and
He+ bands. Comparison with observations of the cold plasma density in the magnetosphere and with the results of the
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plasmapause modeling shows that the EMIC wave source is mainly located outside the plasmasphere. We interpret
the long-lived auroras as the result of pitch-angle scattering of the ring current protons by EMIC waves in the region
where transverse anisotropy of the ion temperature permanently exists due to the drift shell splitting. Proton aurora
flashes are the result of the additional anisotropy enhancements during magnetosphere compressions.

Evolution of slow-mode shocks and rotational discontinuities in kinetic simulations
.V. Zaitsev, A.V. Divin, V.S. Semenov
Institute of Physics, University of St-Petersburg, St-Petersburg, Russia

MHD models of magnetic reconnection predict standing slow mode shocks to be the main energy conversion region
during the process. In one dimensional approach, magnetic reconnection problem appears to be a Riemann task
described by current sheet decay into a wave train consisting of slow shock(s), rotational and contact
discontinuity(ies). This approach does not consider plasma anisotropy developing in reconnection exhausts, as well
as kinetic instabilities making it difficult to directly compare MHD model to spacecraft observations. The increase of
parallel ion pressure (over perpendicular to the magnetic field) at the current sheet edge creates conditions favourable
for anomalous shock shock generation which we investigate using PIC simulations with the code iPIC3D. Shock
waves are found to be affected by firehose-like wave activity and an ion-scale electromagnetic mode in the foreshock
region. Simulations with different guide fields and background plasma beta are systematically studied.

I'eomarauTHbIe NyJabcanuy 1 pojib B.A. Tpouukoii B cO31aHUN POCCUMCKON IIKOJIbI
HMX HCcJaeT0BaHUK

H.I'. Kiteiimenosa
HUD3 PAH, 2. Mocxkea, Poccus, e-mail: kleimen@ifz.ru

B npontom roay ncnonmauinocs 100 sreT co aHS poskAeHHs BhLAAIOIIET0Cs yueHoro-reodusnka Banepnn AnexceeBHbI
Tpomukoit (1917-2010), co3marens pOCCHICKON MIKONBI IO W3YYECHUIO TEOMATHUTHBIX MyJIbCallMH Kak
(yHZaMEHTAILHOTO E€CTECTBEHHOTO IIpoliecca MarHMToc(epHoil masmbl. McciemoBaHue KOPOTKOMEPHOIHBIX
Koyie0aHNi B MAarHUTHOM T0JIe 3eMJIM Ha4yajoch ¢ ycTaHoBleHHeM B.A. Tpouikoil AByX KojeOaTenbHBIX PEXUMOB:
HerpepbiBaoro (Pc) u wupperymsipaoro (Pi). Jlns u3ydenust 3Tux KojebaHuil 1mo e€ WHHUIMATHBE BO BpPEMsI
Mesxnaynapoaroro I'eodmsmaeckoro 'oma (1957-1959) B Poccun Obwio opranm3oBaHo 19 craHImil 3¢eMHBIX TOKOB,
nBe n3 kotopbix (bopok u JloBo3epo) 3aTem mpeBpaTHIMCh B 0a30Bble 00CepBAaTOpUH, TNie OBLIM YCTAHOBJICHBI
OCHOBHBIE (hyHIAMEHTAJIFHBIC 3aKOHOMEPHOCTH Pa3HBIX THUIIOB T€OMAarHUTHBIX Mynbcaruid. I[lepseie paboTsr B.A.
Tponukoit ObiTH OmyONMMKOBaHEI B Hauyane 50-X rogax IPOIIIOTO CTOJNETHS, M HHU OJWH W3 MOJYYCHHBIX €10
pe3yabTaTOB HE MOTEPSUT aKTyalbHOCTH B Hamm AHH. O G0ibIIOM MexIyHapoaHoMm aBTopurere B.A. Tpourkoi
CBUJICTENIECTBYET TOT (hakT, uro e€ nBaxkasl m3bupamm IIpesumentom MAT'A - kpymHOH MeEXTyHapOIHOH
Accommammu 1o I'eomaraeTnsmy u A’poHOMHUH. 3apyOe)kKHbIe KOJUIETH Ha3bIBAIN €€ «KOPOJEBON T'€OMAarHUTHBIX
nynbcauni». Tosnpko Onaromapss akTHBHBIM JeWCTBHAM W aBTopuTeTy B.A. Tpoumkoi crano BO3MOXHBIM
MPOBEJEHUE CUCTEMAaTHIECKUX CHHXPOHHBIX MEX/IyHapOIHBIX T€OMarHUTHBIX HAOJFOJICHUH B COTPSKEHHBIX TOUYKAX
Corpa-Keprenen, a Takke Ha '€OMarHUTHBIX moirocax Bocrok-Tyne. AHanu3 3TUX HaOMIOAEHUH MTO3BOJIMI HO-
HOBOMY MOJOMTH K BONpOCAM TE€HEpPALUH U PACIPOCTPAHEHUS TEOMArHUTHBIX IyJIbCAllMd B OKOJO3€MHOM
MPOCTPaHCTBE. DKCIIEPUMEHTAIBHO OBUIO YCTaHOBJIEHO, YTO OOJbIIas Y4acTh KOPOTKOIEPHOIHBIX T€OMarHUTHBIX
Kosie0aHni BO30YK1aeTCsl B 9KBATOPHAIILHOH IIIOCKOCTH MarHUTOC(Ephl U PacpOCTPaHAETCs BAOJIb CHIOBBIX JIMHUIH
r€OMarHUTHOTO 1MoJIst. B TO sxe BpeMst ObIJIO HalIeHO, BOJHOBBIE ITAKETHI TeOMAarHuTHBIX myibcarmid Pcl (f=0.2-5
I'), mosTHYECKH Ha3BaHHBIE «KEMUY)KHHAMI», B CEBEPHOM H I0)KHOM MOJIYIIAPHSIX PETUCTPUPYIOTCS OMIEPEMEHHO,
a He OJHOBPEMEHHO, KaK Haliro/aeMble B TOM jK€ JHana3oHe JacToT Kojebanus yOwBatomiero meproxa (KVYII),
3aHeceHHbIe B ['ocynapcTBenHslid peectp oTkpeiTuii CCCP. B.A. Tpownmkoii u e€ yueHnkamu ObIIO CO3aHO HOBOE
HampaBleHHEe B Teo(pH3WKe — IUATHOCTHKA COCTOSHHS MarHuToc(epbl Ha OCHOBE HA3eMHBIX HaOIIOICHHH
TE€OMarHUTHBIX IyJibcauuil. TakuM oOpa3zom, mox pykoBoacTBoM B.A. Tpourkoit Obu1 co3maH (yHAaMEHT s
JAIbHEHMIINX KaK HKCIIEPUMEHTANIbHBIX, TAK U TEOPETUUECKUX UCCIIEAOBAaHUH, KOTOPbIE OKA3aIu, YTO FT€OMarHUTHBIE
MYJbCALMU UTPAIOT KIIFOUEBYIO POJIb B JUHAMHMKE MarHUTOC()EPHOM MI1a3MBbI, YTO MOATBEPHKICHO MHOTOUUCICHHBIMH
MyOJMKALMSIMU TTOCTICTHUX JIET.
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HMupoxonoaocusie YHY Bo3MylIeHHs JIEKTPHYECKOr0 Mo B Mpuope:kHoii 30He OX0TCKOT0
MopH

10.A. Konsitenxko, B.C. Ucmarunos, M.C. Ilerpumies, I1.A. Ceprymun, A.B. Ilernenxo
CII6® U3MUPAH, 2. Canxm-Ilemepbype, e-mail: office@izmiran.spb.ru

B centsabpe 2017 1. CII6® M3MUPAH mnpoBen skcrepuMeHT 1o wuccienoBanuio YHY siekTpoMarHUTHBIX
Bo3MymieHHHT Ha mobepexxbe Oxorckoro Mops (0. Caxanme). Permcrtpamus MaHHBIX BBIIONHSAIACH JIBYMS
reo¢pusnaeckumu ctannusamu GI-MTS-1, pacrionoxeHHsIME Ha Oepery Bo3jie KPOMKH BOJBI M B TOUKE YAAJICHHOM Ha
160 M ot Oepera.

OOHapyXeHO, 4TO IIPU YCHJICHHH CKOPOCTH BETpa MPOUCXOIWT yBEINYEHHE MHTCHCHBHOCTU IIHPOKOIOJIOCHBIX
(F=0.001-0.1 T'n) YHY Bo3MymIeHHI 3IEKTPUIECKOTO MO B IpHOpexkHoii 30He. Ha ynanenHoii ot 6epera cTaHIuu
3TOT 3 deKT ocnadieH B 3-5 pa3. [lockonbky 3eMiiss HIMEET OTPHUIIATEIIBHBIN JICKTPUICCKHIA 3apsi, TO HaJl 3eMHOU
MMOBEPXHOCTHIO B a3po30yid HabmromaeTes ~20% MPEBBIIICHHE MOJIOKUTEIBHBIX 3apsSI0B HaJ OTPHUIATCIHHBIMH.
BepositHo, HaOmomaempie YHY Bo3MylIeHUs! BBI3BIBAIOTCS IEpEMEIICHHEM HEOIHOPOAHOCTEH DIIEKTPHYECKUX
3apsiIOB B a’pO30JIM HaJl 3JIEKTPOJAMM TEUIypudecKux JMHUH. C yCHJIEHHEM CKOPOCTH BeTpa KOHLECHTpPALHS
MOPCKOI1 a3p030J11 BO3JIe OEpPEroBOi JIMHUH H, CJIEI0BATEIbHO, KOHIIEHTPALUS [TOJI0KUTEIbHBIX 3apsJ0B BO3PACTAET
1 Bo3pacTaeT UHTeHCUBHOCTh Y HY Bo3myleHUI.

Taxoke 0OHapY)XEHO yBEIMUYCHHE MHTCHCHBHOCTH IIMPOKOMONOCHBIX YHY BO3MYyIICHHH 3JIEKTPHYECKOTO IOJIS B
TIeproAbl IPUINBOB. [IIIOTHOCTE MOPCKOH a3p030IIH, MO-BUIUMOMY, CHIIBHO NaJacT NPH YAAICHHH OT KPOMKH BOJBI.
Bo Bpemst npuiMBOB MOpPCKast BOa MPUOIMKAETCS K 3JIEKTPOIaM TEITypHUIECKHX JINHUH, yCTAHOBIICHHBIM Ha Oepery,
U ITIOTHOCTH a3PO030JIM M 3apsAJ0B HaJ JICKTPOJaMHU BO3PACTAET, M HAOIIOJaeTCs yCHIIEHHE IHUPOKOTIoyIocHBIX YHU
Bo3MyIeHnH. Ha ynaneHHOH oT Oepera cTaHIIMM KOHLEHTPAIHS a3po30Jieil Mana 1 3G QeKTa BIUSHNASA IPUINBOB HE
HaOmoaeTcs. B MarHnTHOM 1oJie CBsI3b BapHalMid C MPUIMBAMH U CKOPOCTBIO BETpa HE PETUCTPUPYIOTCS Ha 00EHUX
CTaHIUAX, BEPOATHO, BCIICACTBUC HeI[OCTaTO‘IHOﬁ YYBCTBUTCJIBHOCTH MAarHUTHBIX JAaTYHUKOB.

HeckobKo €JI0B 0 B3aMMOAeHCTBUM MAJIbIX BO3MYLIIEHHI ¢ YIAPHOIl BOJIHOI B BSI3KOIi cpee
A.A. JIro0umy
Tonapnovui eeogpusuneckuti uncmumym, Anamumot, Poccus

Xopomro m3sectHo (Lubchich and Pudovkin, 2004), uro mpu aHanu3e B3aMMOMAEHCTBHS MaibIX BO3MYLICHHH C
yIApHOM BOJHON B NPUOMIKEHUH HICAIBHOW Cpeasl CBOICTBA yAAapHOM BOJHBI YPE3BBIYAMHO CHIIBHO
naean3upyoTcs. @akTHUECKH MPEI0NaraeTcs, YT0 MOBEPXHOCTh YAApHOI BOJIHBI He 001aaeT HUKAKOH HHepIuen
n €€ MOXKHO IPOM3BOJBHO, HE BCTpeYas CONPOTUBIICHUS, CMECTUTh U3 IOJIOKEHMS] PAaBHOBECUS WM NPUAAThH e
MIPOM3BOJIBHYIO CKOPOCTh. JTO IPEIIIOJIOKEHNE, OOBIYHO HESBHOE, NPHBOJUT K CEPbE3HBIM MaTeMaTHYECKUM
TpynHOCTSIM. Hanpumep, npu penienny 3a/1aui METOI0M Pa3JIOXKEeHHUs 0 COOCTBEHHBIM BOJIHAM KoJieOaHuUs y1apHOH
BOJIHBI PACCMaTPUBAIOTCS KaK JIMHEIHO He3aBUCHMBIE Koebanust. OJHaKo, P UCIIOIb3YeMOH HIlean3alii OHH He
SIBIISIFOTCSL COOCTBEHHBIMH KOJIEOAHUSIMU CHCTeMBl. Bo3HHMKaeT HeycTpaHumoe nportuBopeune. OHO NPHBOIUT K
CTPaHHBIM OCOOEHHOCTSIM B PEIICHWH 3aJlad: B HEKOTOPOM Y3KOM JIMalla30He YIJIOB IaJEHHsI BO3MYIIEHHS MOTYT
pe3K0, MHOTAA PE30HAHCHO, YCHIMBATHCS MPU MPOXOKICHUH Yepe3 yIapHYI0 BOJHY; 001acTH roppupoBOYHON U
pacmagHoi HEYCTOWYMBOCTH YAapHOH BOJHBI HE COBIAAAIOT APYT C APYTOM H T.JI. DTH MPOOJIEMBI B PELICHUIX TaBHO
M3BECTHBI, a MyTH MX OOBICHEHWS B paMKaxX HCIONB3yeMOM Waeaim3alui octailoTcs HescHeiMu. Lubchich and
Pudovkin [2004] mpeamonoxuind, 9T0 € KOJEOAHHSAMH TMOBEPXHOCTH YIAaPHON BOJHBI CBSI3aHBI BO3MYIICHHUS
JTABJICHUS, IEHCTBYIOIIEr0 Ha TIOBEPXHOCTh YAAPHOH BOJHBI, IPOTOPIIHOHAIBEHBIE BO3MYIICHUIO CKOPOCTH YIApHOM
BOJIHBL. T0 €cTh, BO3MYIIEHHUS JaBICHIS SIBIIIOTCS aTPUOYyTOM KOJIeOaHNH MOBEPXHOCTH yAapHOH BOTHEL. [Ipn Takom
MOJIX0/Ie KOJIeOaH!sl MOBEPXHOCTH yJapHOI BOJIHBI CTAHOBATCSI COOCTBEHHBIMH KOJICOAHUSMH CHCTEMBI, H3BECTHbIC
CTPaHHOCTH B DEIICHHMSX HCUE3al0T, a HOBble He mosBisttorcs. OpHako, okasajock (Hampumep, Kyopssyes u
Ogcsinnuros, 2010), 4TO 4KMCIEHHOE PELIEHUE «B JOO» BA3KMX YyPaBHEHHWI COIJIACYETCS C HJICaJM3MPOBaHHBIMHU
pELICHUSIMH TSl MICANBHOM Cpebl  MPOTUBOPEYUT CKOPPEKTHPOBAHHBIM pellIeHusIM, nonydeHHbiM Lubchich and
Pudovkin [2004]. B pabote mpemiararotcst BO3MOXKHbBIC IIYTH YCTPAHECHHST BOSHUKILETO MPOTHBOPCUHSI.
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Huty-yraoBas 1uddy3us 3HeprudHbIX NPOTOHOB NpH UX B3aumoaeiicreun ¢ IMUILL BorHamu:
CpaBHeHHe Pe3yJbTATOB pacueToB ¢ JaHHbIMHE cnyTHHKOB THEMIS 1 Van Allen Probes

T.A. INonoga!, A.A. JTro6uuu?, A.I'. lemexos'?

YITH, . Anamumui, Poccus
2UII® PAH, 2. Huochuii Hoszopoo, Poccus

ITo manabmM crrytHIKOB THEMIS 1 Van Allen Probes npoananm3upoBaHo HECKOIBKO caydaeB HabmoxgeHns DMUL]
BOJIH B Pa3iIMYHBIX YaCTOTHBIX MHTEPBAJIaX (2 MIMEHHO, IPOTOHHOM, TeNIMeBOI M KUCIOPOAHOI mojocax). OTMETHM,
YTO BO BPeMsI pacCMaTPHBAEMBIX COOBITHI HaOJIIOAATUCEH BBICHIIIAHHS YHEPTUYHBIX IPOTOHOB HA HU3KOOPOHUTAIBHBIX
cnyraukax POES. Hcnone3ys wactoTHbI Tpoduns wHTeHCHMBHOCTH OMUIl BONH, maHHBIE O BeNHYHHE
MaFHI/ITOC(l)epHOFO MArHuTHOTO IIOJIA U IINIOTHOCTU XOHOZLHOﬁ IJIa3MBI, 6I>IJ'II/I pacCcUUTaHbL KOB(b(bI/IHI/ICHTbI IIUTY-
yrinoBoil nuddy3un SHEPrUYHBIX MPOTOHOB HA pa3HBIX HSHEPrUsiX M IMUTY-yIiax. PacueTsl NpOBOJWIMCH B
MPEANOI0KEHHH, YTO XOJIOAHAS [1a3Ma COAEPIKHUT JIEKTPOHBI, IPOTOHBI, OHOKPATHO HOHW30BaHHbBIC NOHBI TeJIHs 1
Kucjaoponaa. Pe3yHbTaTbI Pacy€ToOB COIMOCTABIAINCE C UBMCPCHHBIMU MUTY-YIJTIOBBIMHU PACIIPCACICHUAMUN MOTOKOB
OHCPIUYHBIX IPOTOHOB. B ejioM, BUA UBMEPCHHBIX MUTY-YIJIOBBIX pacnpeueneﬂnﬁ COTJIACYCTCA C OXKMAACMBIM Ha
OCHOBaHMH pacyera Ko3(QOUIMEeHTOB MUTY-YIII0BOI quddy3un.

AHoOMAaJbHBIE MYJIbCALMH IepPHOBOro IUANAa30Ha Ha ¢a3e BOCCTAHOBJIEHUSI MATHUTHOI Oypu B
ceHTsiOpe 2017 r.: TMHAMHUKA MYJIHCAIUA B KOHTEKCTE U3MEHEHHUs] MAPaMeTPOB MEKILIAHETHOM
cpeabl

B.B. Cagapranees?, IL.E. Tepemenko?!

117011;1pr112 eeousuneckutl uncmumym, Mypmanck - Anamumaot
2CI16® U3MHUPAH

IIpencraBneHsl peABapUTENbHbBIE PE3yAbTATHl HCCIEOBAHUS CTPYKTYPhI M TUHAMUKHA HEOOBIYHOTO BO3MYIIICHHUS B
JMana3oHe reoOMarHUTHBIX mynbcanuit Pcl, nabmonaemoro 10 centsopst 2017 r. Ha mo3zaHei (asze BOCCTaHOBIECHUS
CHIIbHOW MarHuTHOW Oypu. Ilynbcanum ObuIM 3adUKCHUPOBaHBl WHIYKIMOHHBIMM MarHutomerpamu [II'M B
obcepBatopusix moc. Bepxaerymomckuii (Konbckuii m-oB) m Ha KpacHoM o3epe (JleHoOmactp). ['eomarHutHas
AKTHBHOCTH UMeEJIa CJIOXKHYIO CTPYKTYPY B BHJE MYJIbCANi THIIA «KEMUYXHH» (rana3oH dactot 1-1.5 I'n) u cepuit
Y3KOIIOJIOCHBIX BCIUIECKOB (JIMaria3oH 4actoT 2-3 I'I) ¢ meprosoM ciieIoBaHusl, MEHSIOIUMCS BO BpeMeHH ¢ 7 1o 15
MuHYT. [Tocnennss ¢popMa akTHBHOCTH SIBIISIETCSl peIKUM coObiTHeM. CorocTaBlieHne IMHAMUKH ITysbcannii Pcl ¢
napaMeTpamMH MEXIUTAHETHOH cpeJibl IPOUCXOAUIIO C UCHOIb30BaHUEM JaHHbIX ciyTHUKOB THEMIS, u3 kxoTopsix
JIBA HAXOJIJIHUCH B COJIHEYHOM BETpE, JBA — B EPEXOTHON 007IaCcTH BOJIHM3H ITOACOTHEYHOW TOYKM HA MarHUTOIIAY3€
W OIWH TaKkkKe BOJIU3M MOJCOIHEYHOH TOYKH, HO BHYTpHM MarHuTocdepsl. IlokasaHo, 4TO M3MEHEHHME HeCyIien
YacTOTHl M WHTCHCUBHOCTH MYJbTHUIUIETHBIX XEMUYXXHUH SBWIOCh OTKIMKOM Ha CKa4eK IMHAMHYECKOTO JaBICHHUS
COJTHEYHOTO BeTpa, OOHApYXEHHBIH 1O MaHHBIM SKBAaTOPHANBHBIX MAarHWTHBIX craHmuid. Cepus Oomee
BBICOKOYACTOTHBIX BCIIECKOB C IEPHUOJOM CIIEOBAaHHMS 7 MHHYT MOXET OBITh CBA3aHA C KojebaHuAMH Bz
kommoHeHTsl MMII 6nu3koro nepuosaa. Bemecku ¢ nepuonoM criepoBanus |5 MHHYT MOTYT OBITH PE30HAHCHBIM
OTKJIMKOM MarHuTocgepsl Ha ITHAAUATUIMUHYTHBIH 9KCKYypC IHEBHOM MarHUTOINAy3bl MO HAIPABICHHUIO K 3emile.
Kpome 3TOrO, TEeXHMUECKHE BO3MOXKHOCTH CHCTEMBI cOOpa JaHHBIX MO3BOJIMIIM HAaM MPOBECTH CPABHUTEIBHBIN
aHaJIM3 UHTEHCUBHOCTH ITyJbcannii Ha KonbckoM n-Be U B JIeHOOIAacTH, YTO MpH AabHEHIIeM HCClleIoBaHNH Oy ieT
CIIOCOOCTBOBATD OMPEAEIECHUIO MECTOIIOIOKEHHST X HCTOUYHHMKA B MarHuTocdepe.
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Jlokanu3zauusi MCTOYHUKOB KBazunepuoanyeckux OHY uziyyenuii B Maruurocgepe
Mo pe3yJibTaTaM OIHOBPeMeHHbIX HA0MI0/leHUii Ha cmyTHUKaAX Van Allen Probes u na 3emue

E.E. Turopal, AT. Jlemexos'?, O. Mannunen®, A.A. JTro6uuyl, JIJI. [Tacmanuk?, A.B. Jlapuenko®

YIr", 2. Anamumet, Poccus
2UIID PAH, 2. Huxcnuii Hoszopoo, Poccus
STeopusuueckas obcepeamopus Cooankions, Ouuianous

PesynbraThl 0ogHOBpeMEHHBIX CITyTHUKOBBIX (Van Allen Probes) u Hazemubix Ha0moaeHnit OHY BoH UCTIONB30BaHbI
U JIOKaNU3aIlid WCTOYHUKOB KBasunepuoamdecknx (QP) m3myuennii B maraurocthepe. HazemHple HaOrOMeHMIA
OHUY m3myuennii mpoBoAWICh Ha cTannuu Kannycnexto (67.74°N, 26.27°E; L = 5.5) B ceBepHoit Gunnsaanu. Ans
10 mpometoB VAP-A u VAP-B B »KkBaTOpHanpHON 005acTH MarHUTOC(eEphl HAWACHO B3aMMHO OIHO3HAYHOE
cootBeTcTBHE Mexny QP smemeHTamu Ha 3emiie W Ha CIyTHHKaX. 3TO COOTBETCTBHE HaOMIOAlIOCh B IIMPOKOM
nmuamazoHe mupot (~20°) u gonrot (~90°) Ha paccrosaHIAX 10 3000 KM MKy TEOMarHUTHOM MPOCSKITNEH CITyTHHKOB
Ha 3emutto U crannuei Habmonenns Kannycnexro. Bonbimme npocTpaHcTBeHHbIE MacIITaObl 00JIaCTH HAOIIOACHHS
KBa3WUIEPHOINYECKUX M3JIYYCHUH, KOPPEIMPOBABUIMX C CHUTHaJaMH Ha 3eMmiie, MOIYT OBITb CBSI3aHBI C
HEKaHAIMPOBaHHBIM pactpoctpaHenueM OHY BomH B MarHuTocdepe W BO3MOXKHOCTBIO MX MHOTOKPAaTHOTO
OTpaXXCHUsI OT MOHOC(EpPHl WM OT 0o0NacTel, rie MX YacToTa NPHONMKAETCS K 4acTOTE HIDKHEro TMOPHIHOTO
pe30oHaHca.

EcrectBeHHO cunTath, 4To QP n3iMyueHHs: reHEPUPYIOTCS B PE3yJIbTaTe Pa3BUTHS LIMKIOTPOHHON HEYCTOHYMBOCTH B
MarauTocgepe [1,2]. Torma obmacTe uX TeHepaluy IOJKHA HAXOAUTHCS BOJI3M T€OMarHUTHOTO SkBaTopa, OHY
BOJIHBI JIOJDKHBI PacIpPOCTPAHATHCS MPEUMYIIECTBEHHO BJIOJb T'€OMArHUTHOTO IOJISI U 3aBHCHMOCTh MHKPEMEHTa
CBHUCTOBBIX BOJIH OT YacTOTHl B paifOHE UCTOYHMKA OJDKHA OBITH OJHM3Ka K HaOmomaeMoMy criekTpy QP nzmydenuid.
[TosToMy, HCTIONTB3ysT MHOTOKOMITOHEHTHBIE H3MEPEHHS Ha CIyTHHKax Van Allen Probes, MbI onpenenunyu yqacTku
TPAeKTOpUH CIIyTHUKOB, Ha KOTOPHIX Bekrop [loitHTmHTa QP mM3mydeHmii ObUT HampaBiIeH OT 3KBATOpa, a YTIIBI
BOJIHOBBIX HOpMajel ObutM Manbl. Takxke 1Mo JaHHBIM O (PYHKIMHM paclpeeseHUs] SHEPIHYHBIX 3JIEKTPOHOB U
KOHLIEHTPAILMM XOJIOJHOM IUIa3Mbl, U3MEPEHHbIX crnyTHHKamu Van Allen Probes, OblIM BBIOJHEHBI pPacueTh
HMHKPEMEHTa CBICTOBBIX BOJIH JJIS TPOAOJIBHOTO PACIPOCTPAaHEHHS, KOTOPBIE OBIIIM COMOCTAaBJICHBI C HA0II0JaeMBIMU
cnextpamu QP m3nydenuit. B pe3ynbraTe Ui HECKOJIBKUX MTPOJIETOB OBIITH BBIBIEHBI 00JaCTH, YAOBIETBOPSIOIINE
KputepusiM uctouHnka QP u3iyuennii. OTu 061acTy OKa3aInch JIOKaTU30BaHb! B uHTepBajie L o6omouek L =4 + 5.5,
a MX xapaktepHble pa3mepbl 0t AL =~ 0.1 — 0.2.

1.becnanos I1.A., Tpaxtenrepu B.1O. AnsdBenoBckue mazepsl. 'opekuii: UTI® AH CCCP, 190 ctp., 1986.

2.Tpaxrenrepu B.1O., Paiikpodt M./Ix. CBuCTOBEIE U anb($BEHOBCKHE [IMKIOTPOHHBIE Masepsl B kocMoce. M.: dm3matiut, 344
cTp., 2011.
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Results of solar cosmic rays flux observation on several spacecraft at different orbits in September
2017

V.S. Anashin, G.A. Protopopov, N.V. Balykina, A.U. Repin, V.I. Denisova, A.V. Tsurgaev

1Branch of JSC URSC — ISDE, Moscow, Russia
2Fiodorov Institute of Applied Geophysics, Moscow, Russia

To estimate remaining resource of onboard equipment, which operates under permanently unfavorable impact of space
radiation (SR) and to use different radiation hardness improvement methods it is necessary to monitor constantly SR
exposure to onboard electronic components, moreover the SR exposure monitoring method should be similar to effects
in real electronic components. Such approach is realized in Roscosmos Monitoring System of SR exposure on
electronic components. This Monitoring System is not an alternative, but an addition to existing science systems. The
Monitoring System includes the scientific monitoring system (ground-based segment) and the engineering monitoring
system (space-born segment). The ground-based segment includes forecasts of different space weather characteristics
as well as on-board and ground measurements from third-party organizations.

The paper presents results of solar cosmic rays measurements results on several spacecraft at geostationary orbit and
polar orbit (data are supplied in the Monitoring System) in September 2017. The measurements results were compared
with analogous data for other solar particle events, as well as contributions of these events in total level of space
radiation exposure on electronic components were estimated.

The study of coronal holes and related space weather phenomena in the CRAO
A.V. Borisenko
Crimean Astrophysical Observatory, Nauchny, Russia

The systematic study of coronal holes began in the late 1970s with the coordinated scientific program of observations
of the SkyLab orbital observatory and ground-based observations in the Hel 1083nm line (Kitt Peak Observatory,
USA).

In the Soviet Union began to study coronal holes in Laboratory of Sun Physics of the Crimea Astrophysical
Observatory since the late 80's under the leadership of N.N. Stepanian on the Hel 1083nm spectroheliograms data of
the universal spectrophotometer of the BST-2 telescope.

The analysis of the observations obtained from the data of the satellite ACE / SWEPAM showed that in the Quiet Sun
coronal holes are the only sources of fast solar wind (> 450 km/s for Period 2015-2017). Thus confirmed was received
earlest scientific results in study coronal holes [1].

Coronal holes are the only source of high-velocity streams of solar wind particles for the "quiet" Sun, which in
disturbing the Earth's own magnetic field and affect atmospheric effects, causing auroras boreails, geomagnetic storms
and may be reason global earth disasters.

A direct relationship between the change in the area of coronal holes single polarity and the speed of the solar wind
for whole visible disk was obtained. With the growth of the coronal hole area, the speed of the solar wind increases
and vice versa. A correlation coefficient of 0.7 is obtained.

1. Jack B. Zirker // Rev. of Geophysics and Space Physics 1977. Vol. 15, No. 3.P. 257.

Peculiarity of long-term changes in the geomagnetic cutoff rigidity of cosmic rays of inclined
directions

B.B. Gvozdevsky?, A.V. Belov?, R.T. Gushchina?, O.A. Danilova?, E.A. Eroshenko?, V.G. Yanke?

'Polar Geophysical Institute, PGI, Apatity, Russia
2Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, IZMIRAN, Moscow, Russia

Geomagnetic cutoff rigidities of inclined directions for 25 muon telescopes of the World network are obtained by the
method of trajectory calculations for the period 1950-2015 and the forecast to 2050 with an annual resolution. The
International Geomagnetic Reference Field (IGRF 12) was used as a model of the geomagnetic field. The results of
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calculations indicate the manifestation of two World anomalies: North Atlantic and South Atlantic. In the former zone
the cutoff rigidity increases, in the latter zone it decreases, and on a global scale the cutoff rigidity decreases. Some
inclined directions demonstrate an irregular dependence of the cutoff rigidity on time. These are southeast directions
for detectors in the zone of North Atlantic anomaly and northwest directions for the zone of South Atlantic anomaly.
Such an irregular course is most likely due to the large variability of the penumbra zone for these inclined directions.

On the trend in the heliospheric characteristics and galactic cosmic ray intensity in the minima
of the last solar activity cycles

M.B. Krainev, G.A. Bazilevskaya, M.S. Kalinin, N.S. Svirzhevsky, A.K. Svirzhevskaya
Lebedev Physical Institute, RAS, Moscow, Russia, e-mail: mkrainev46@mail.ru

The linear trends are observed in the main heliospheric characteristics (the solar wind velocity and dynamic pressure;
the radial component of the regular heliospheric field; the tilt of the global heliospheric current sheet to the solar
equator) in the periods of minimum of the last three sunspot cycles (SC 22-24). As a result the intensity of the galactic
cosmic rays (GCR) in the last sunspot minimum (2009) reached the record high levels for all energies and became the
main risk factor for the interplanetary flights.
Using the extrapolation of these trends, the observed behavior of the heliospheric and cosmic ray characteristics in the
current SC 25, and the numerical model of the GCR intensity modulation we estimate the expected heliospheric factors
and GCR intensity in the forthcoming sunspot minimum (~ 2019-2020).

We acknowledge help from the Russian Foundation for Basic Research (grants 16-02-00100, 17-02-00584, 18-02-
00582).

Structure and dynamics of the solar corona observed during different phases of the solar cycle
P. Stoeval, A. Stoev?, S. Kusin?, B. Marzouk®, A. Pertsov?, M. Semeida®

Space Research and Technology Institute, Bulgarian Academy of Sciences, Stara Zagora, Bulgaria
2L ebedev Physical Institute, Russian Academy of Sciences, Moscow, Russia

3National Research Institute of Astronomy and Geophysics, 11421 Helwan, Cairo, Egypt

e-mail: penm@abv.bg, kuzin@maill.lebedev.ru, bmarzoke@yahoo.com

Study of the solar corona is very important from point of view of solar physic and solar-terrestrial relations. The solar
corona is composed of both closed magnetic loops emerging from the photosphere and “open” magnetic field regions
that form the heliosphere.

White light corona can be observed only during total solar eclipses (TSE) because its intensity is much lowerthan the
brightness of the sky. Observations of the total solar eclipses (TSE) in 1990, 1999, 2006, 2008, 2009, 2012 and 2017,
which are at different stages of the solar activity cycle, were conducted. Our expeditions and experiments were part
of the Bulgarian National scientific program for observation of the specific total solar eclipse in collaboration with
scientists from Russia, France and Egypt. The sites were chosen to be in the line of totality. We have made an analysis
of the white light coronal structures and shape. Polar plumes, dome-shaped and “helmet” type structures are the basic
coronal formations. They are evident from composited images of different number of negatives taken with a variety
of exposures. Our composited images are compared with the images of the C2 coronagraph of Naval Research
Laboratory’s LASCO instrument on ESA’s Solar and Heliospheric Observatory (SoHO).

The structure, shape and brightness of the solar corona significantly depend on the activity of the sun. The corona is
very bright and uniform at solar activity maximum. We can observe a lot of bright coronal streamers and other active
regions on it. During minimum of the solar activity the corona becomes asymmetric - it stretches at the equator. The
Ludendorff flattening index (ellipticity) is the first quantitative parameter introduced for analysis of the global
structure of the solar corona. It is anticorrelated with solar activity and varies between minimum and maximum.
Analysis of the ellipticity coefficient and phase of the solar cycle show that white light corona during the 2006, 2008,
2009 and 2017 TSE (solar minimum) is asymmetric in contrast to solar corona observed during the 1990, 1999 and
2012 solar eclipses (solar maximum). Moreover, value of the photometric flattening index at a cycle minimum can be
used to forecast the amplitude of the cycle.

These results can contribute to development of contemporary notion of the physical characteristics, shape and structure
of the solar corona and its evolution with the solar activity cycle.
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The configuration of the magnetic field in the corona above the active region in which the energy
is accumulated for solar flares

A.l. Podgorny?, I.M. Podgorny?

! ebedev Physical Institute RAS, Moscow, Russia, e-mail: podgorny@Ilebedev.ru
2Institute of Astronomy RAS, Moscow, Russia, e-mail: podgorny@inasan.ru

High resolution X-ray observations for flares on the limb shows on primordial release of flare energy on the height
15000 — 30000 km. The primordial flare energy release in the corona is also confirmed by ultraviolet observations in
the lines of highly ionized iron, the absence of any appreciable change of the observed magnetic field on the solar
surface during the flare, and other observations.

The accumulation of magnetic energy occurs in the field of a current sheet which is formed in the vicinity of an X-
type singular line of the magnetic field line under the influence of disturbances propagated from the solar surface. The
transition of the current sheet to an unstable state during quasi-stationary evolution causes the flare magnetic energy
release.

The most popular alternative mechanism is associated with the accumulation of magnetic energy in the field of the
magnetic rope, or assume a configuration with accumulated energy from the very beginning.

The electrodynamical model of a solar flare based on a current sheet is proposed, which explains the observational
manifestations of the flare. To study the mechanism of the solar flare, numerical MHD simulations were carried out
in the corona above the real active region. At setting initial and boundary, no assumptions were done about the
mechanism of the solar flare. All conditions were taken from observations. The magnetic field measured on the solar
surface was used as the boundary condition. Numerical MHD simulation showed the appearance of a current sheet in
the corona above the active region. The current sheet position coincides with the location of the source of thermal X-
ray radiation.

The magnetic lines form a complex configuration near the current sheet in corona due to appearance of longitudinal
(directed along the singular line) magnetic field component. From behavior of 3D magnetic lines it is difficult to
define the current sheet position. To study the location of the current sheet, it is best to use the magnetic field lines in
the plane of the current-sheet configuration (i.e., in the plane perpendicular to the magnetic field vector in the center
point of the current sheet, in which the current density reaches a maximum). These lines give a visual representation
of the process of energy accumulation in a current sheet as a result of the plasma motion caused by magnetic forces
directed perpendicular to these lines.

The previously performed MHD simulation in the corona could be carried out only in a strongly (in 10* times) reduced
time scale, which leads to a decrease in the accuracy. At the present time, it is performed parallelizing of numerical
solution of the MHD equations for the calculations on a supercomputer in the real time scale.

On the possibility of prognosis of solar flares and proton events from behavior of the ultraviolet
emission

I.M. Podgorny?, A.I. Podgorny?

!Institute of Astronomy RAS, Moscow, Russia, e-mail: podgorny@inasan.ru
?_ebedev Physical Institute RAS, Moscow, Russia, e-mail: podgorny@Ilebedev.ru

The behavior of the spectral lines of high-ionized iron atoms 193A FeXXIV, 94A FeXVIII, 131A FeXXIIl and others
during solar flares and in the pre-flare state are analyzed. The data of the USA SDO spacecraft are used. The
appearance of the pre-flare structure in the solar corona above an active region is shown. The structure with a
temperature of about 6MK is observed, while the numerical MHD simulation shows the current sheet formation above
an active region, and the energy accumulation in its magnetic field for a flare takes place. Such structures can be used
to predict the flare appearance and generation of solar cosmic rays. During the flare, the local heating of the plasma
cloud occurs to the temperature of at least 20MK at the place where the pre-flare structure has been observed before
the flare. Pre-flare structures occur usually a day before a flare. A rare and complex event was appeared on September
4 -10, 2017. The event occurred during the minimum of solar activity. It was accompanied by solar cosmic ray fluxes.
The flare X8.2 was occurred on September 10 above the active region that completely located on the back side of the
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solar disk behind the western limb. The proton flux at the Earth could be detected only, if the proton flux of this flare
is propagating along the magnetic field lines of the Archimedes spiral. The front of the flux of solar cosmic rays is
registered by the GOES apparatus with the delay not exceeding the proton transit time and has a very steep increasing.
The arrival of solar cosmic rays from western flares with the delay equal to the transit time and the coincidence of the
measured spectrum of the fast (prompt) component of solar cosmic rays with the calculated spectrum of protons
accelerated in a flare current sheet are the direct proof of the proton acceleration in a flare.

Kinetic-scale plasma turbulence in the Earth's magnetosheath affected by the bow shock and
the magnetopause

L.S. Rakhmanova, M.O. Riazantseva, G.N. Zastenker, M.I. Verigin
Space Research Institute, Moscow, Russia

Magnetosheath serves as a link between the solar wind and the Earth's magnetosphere. Processes which take place in
this region are of a great importance for so-called "space weather forecasts". While large-scale processes are well
described with the help of gasdynamic and magnetohydrodynamic models, high-frequency variations of plasma and
magnetic field parameters are not reproduced satisfactorily by existing models. Plasma in the magnetosheath are
highly turbulent. Turbulence in the magnetosheath are affected by the boundaries - the bow shock and the
magnetopause - and differs from freely developing solar wind turbulence. In the current work properties of turbulent
cascade are investigated statistically in several regions - close to the boundaries and in the middle magnetosheath - in
order to find out the bow shock and the magnetopause effects on the turbulence. lon flux measurements from Spektr-
R spacecraft are used with 31 ms time resolution. The study focuses on the frequencies of transition from
magnetohydrodynamic to Kkinetic scales, i.e. in the range of frequencies around proton gyrofrequency and above.
Shapes of frequency spectra are considered at different locations inside the magnetosheath as well as spectral indices
such as spectral slope at kinetic scales and the frequency of transition. Spectrum shape are shown to be highly
influenced by the position inside the magnetosheath. Spectra with bumps at the transition scales occur usually close
to the bow shock while spectra with plateau usually can be found in the vicinity of the magnetopause. Also, spectra
with the most steep kinetic part are observed near the quasi-parallel bow shock.

Fine structure of the interplanetary shocks observed by BMSW experiment onboard the SPEKTR-R
0.V. Sapunova, N.L. Borodkova, G.N. Zastenker, Yu.l. Yermolaev
Space Research Institute of the Russian Academy of Sciences

Interplanetary (IP) shocks are one of the main factors influencing on the space weather. The fine structure of the front
of collisionless shock has been investigated for planetary shocks from magnetic field measurements whereas IP shocks
are less often studied. BMSW plasma spectrometer onboard the Spektr-R satellite, launched in 2011, measures the ion
moments with high-time resolution — 0.031 s and it allowed us to study ramp region of the IP shocks using ion
moments, which were completed by magnetic field measurements from ACE, WIND, THEMIS and CLUSTER
spacecraft.
All registered IP shocks were studied and their main characteristics were calculated: B (the ratio of the solar wind
thermal to the magnetic pressure), Ogn (the angle between the upstream magnetic field and shock normal direction),
Mms (Magnetosonic Mach number — the ratio of the IP velocity to the propagation speed of magnetosonic waves), IP
shock velocity. The study shows that the ramp thickness defined from plasma measurements roughly corresponds to
the ramp thickness derived from the magnetic field measurements and lies within interval from 40 to 600 km. In some
cases the precursor waves were observed in the front of subcritical shocks both in plasma and magnetic measurements.
It was found that their wavelengths varied from 70 to 400 km.

Research was supported by the Russian Foundation for Basic Research, grant 16-02-00669 A and grant 16-02-00125 A.
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Diurnal variations of the bottom edge of the ionosphere during the proton precipitations on and

after 29 September 1989
V.A. Shishaev !, M.1. Suhovey?, G.F. Remenets?

!Polar Geophysical Institute, Apatity, Russia

2Saint-Petersherg State University, Saint-Petersburg, Russia

The purpose of the report is to quantitatively compare the daily variations of the flux of solar protons, which began
on September 29, 1989, 12:00 UT [1, 2], with the daily changes of VLF signals for a completely auroral radio path
Northern Norway - the Kola peninsula (Aldra - Apatity). For realization of this purpose we have used the satellite data
[1], the experimental VLF data of the Polar Geophysical Institute of the Kola Science Center, RAS, Apatity,
Murmansk region [3] and a self-consistent method of a VLF inverse problem solution [2]. The pointed method for an

analysis of VLF daily variations was used in [4].
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Figure 1. The sunset changes of the electric atmosphere
properties before (the curves 1 and 2) and after the solar
proton precipitations in terms of effective altitude h for a
near-earth waveguide. The solid lines show the result for an
analysis for the positive direction of time, a dotted line
shows variations for negative direction of time; the numbers
1-10 indicate the dates: 1, 2 - 28 Sep.; 3, 4 - 29 Sep.; 5, 6 -
30 Sep.; 7,8 -1 0Oct.; 9, 10 - 2 Oct. The chart above shows
the timing of the sunset at the altitude of 0 km (solid line),
60 km (dashed line), 90 km (dash-and-dot line) for a point of
the radio path in Aldra and Murmansk reg. Apatity.
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We have established the following: 1) The presented
graphs on Fig. 1 give an error estimate of the method by
comparing the analysis of sunset VLF variations for the
positive direction of time (solid lines) with the analysis for
the negative direction of time (dashed lines).

2) With the change of proton flux density in the period
from September 29 to October 2, 1989 the daily variation
of the effective height h at sunset changed from 4 km on
September to 10 km on October and the reflection
coefficient of first ionospheric ray at a sunset was
constant. In this date period a value of effective altitude
changed from 46 km to 54 km at 15:00 UT, from 52 to 63
km at 19:00 UT and a value of reflection coefficient has
changed from 0.8 to 0.6.

3) From October 3 to October 6, the proton flux density
has not yet come to its undisturbed value but has seriously
weakened. During these dates the coincidence of solutions
in positive and negative direction of analysis was worse
than for the previous dates. The causes for this item ought
to be stated yet.

1. https://www.ngdc.noaa.gov/stp/satellite/goes/dataaccess.html
2. Remenets G.F., Beloglazov M.I. Dynamics of an auroral
ionospheric fringe at geophysical disturbances on 29 September
1989 // Planet. Space Sci. 1992. Vol.40. P.1101-1108.

3. Beloglazov, M. I, and G. F. Remenets. Very Long Wave
Propagation at High Latitudes. 1982. "Nauka", Leningrad,
Russia (In Russian).

4. Remenets, G. F., and M. I. Beloglazov, An initial analysis of
the dynamics of reflection properties of the low ionosphere at
dawn for an auroral radio pass (according to the VLF data).
Geomagn. Aeronom. 1985. V. 25. P. 69-72. (In Russian).
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Kinetic scale current sheets in solar wind
A.A. Vinogradov*?, 1.Y. Vasko?3, A.V. Artemyev*, E.V. Yushkov!?

!Lomonosov Moscow State University, Faculty of Physics, Moscow, Russia

2Space Research Institute of Russian Academy of Science, Moscow, Russia

3Space Sciences Laboratory, University of California at Berkeley, USA

“Department of Earth, Planetary, and Space Sciences and Institute of Geophysics and Planetary Physics, University
of California, Los Angeles, California, USA

We present 50 current sheets (magnetic field discontinuities) with spatial scales below a few ion inertial lengths
(crossed faster than 4 seconds) observed by the Cluster spacecraft in the solar wind. The local coordinate system of a
current sheet is determined using the combination of the MVA (Minimum Variance Analysis) and the time delay
(timing) methods. Using these methods we have selected locally one-dimensional current sheets and computed the
propagation velocity of a current sheet in the satellite reference frame, the current densities and the current sheet
spatial scale. The analysis has shown that the thinnest current sheets in the solar wind are commonly force-free, i.e.
the current density is predominantly parallel to the magnetic field. We provide statistical distributions of the current
density amplitude, spatial scale and characteristic plasma parameters (density, temperature, plasma beta) and argue
that ions should be non-gyrotropic. The thinnest current sheets have current density amplitudes from a few tens up to
50 nA/m? that makes them important factor for particle heating in the solar wind.

The role and technique of accounting of penumbra at estimation of the effective geomagnetic cutoff
rigidity of cosmic rays

V.G. Yanke?, B.B. Gvozdevsky?, A.V. Belov?, R.T. Gushchina?, E.A. Eroshenko?

!Polar Geophysical Institute, PGI, Apatity, Russia
2pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, IZMIRAN, Moscow, Russia

To explain the observed effects in the long-term changes in the rigidity of geomagnetic cutoff and the behavior of the
asymptotic directions of arrival of cosmic rays, the temporal changes of the penumbra have been investigated in detail.
The planetary distribution of the penumbra and the variability of this distribution over the entire observational period
of cosmic rays are shown. Particle trajectories are studied, especially in the region of the penumbra. For practical use
the penumbra accounting method is considered. The easiest way is a simple summation of the allowed and forbidden
regions which compose the penumbra region. More correctly, such summation should be carried out using, as a weight
function, the expected spectrum or spectrum of variations of cosmic rays. This is true outside the atmosphere. To take
into account the influence of the atmosphere, this influence is included in the weight function, which is convenient to
do by involving the coupling functions for various secondary components of cosmic rays.

YHukanbHast 60a3a JaHHBIX TPAH3MEHTHBIX IBJICHUIA B KOCMUYECKHUX JyUaX H MeKILUIAHETHOI cpeje

A.A. AGyrun!, M.A. AGyrunal, A.B. Benos?, C.IL laiigam?, E.A. Epomenko!, E.A. Maypues?, B.A. Onenesal,
WM. Tlpamymkuna®, B.I'. SInke!

YYU3MUPAH, 2. Mockea, Poccus
2[ITH, 2. Anamumot, Poccus
STAIIOY BHK, 2. Byzypycnan, Poccus

Jlnst BcecToponHero nzyuennss @opOym-3GpGeKkToB U UX CBSI3U C COTHEUHBIMH, MEKIUTAHETHBIMA M TE€OMAarHUTHBIMHU
Bo3MymieHHAMH coTpyaaukamu U3MHNPAH 6pina co3mana (M HEpephIBHO HOMOIHIETCS) YHUKAIbHAS 0a3a JaHHbBIX
TPaH3UEHTHBIX SBICHUI B KOCMUYECKUX JIydax ¥ MEXIJIAaHETHOH cpefie. B Hel BapuaIiy INIOTHOCTH U aHU3O0TPOIINH
KOCMHUYECKHX JIy4ei 00beJUHEHBI C COTHEYHBIMH, MEKIUIAHETHBIMU U T€OMarHUTHBIMY napaMmeTpaMu. Kocmudeckue
JIy4H TIPECTaBJICHbI PE3yJbTaTaMu INI00aJbHOW ChEMKH 110 JaHHBIM BCEH MUPOBOM CETH HEWTPOHHBIX MOHHTOPOB
(GSM) pns xéctkoct 10 I'B, a unHpopmanmust 1o CcoOJHEYHOMY BeTpy B3sATa u3 0aszel JaHHbIX OMNI
(http://omniweb.gsfc.nasa.gov). ba3a gaHHBIX BKIHOYaET B ceOs OONIBIIOE KOTMYECTBO PA3IHYHBIX XapaKTEPUCTHK 10
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~7150 ®opOym-3¢pexTam, oXBaThIBAIOMIKUX Ooyee YeM MOJIyBEKOBOW mepuon HaOmoxenuid (1957-2017 rr.). B
MPE/ICTaBICHHOI paboTe MPOJIEMOHCTPUPOBAHBI HEKOTOPBIE N3 BOBMOXKHOCTEH JaHHOTO HHCTPYMEHTA.

Coo0biTHe GLE 10 cenTnops 2017
10.B. bana6un, b.b. ['Bo3nesckuii, A.B. I'epmanenko, E.A. Maypues, E.A. Muxanko
Honsapuwiii ceopuzuveckusi uncmumym, e. Anamumot, Poccus

B 2017 romy mefitporrbiMu MoHuTOpamu (HM) Opii0 3apermctpupoBano HoBoe coObiTne (GLE) B comHedHBIX
KOCMHYECKHX JIydaX. JTO mepBoe momoOHoe cobbitre ¢ 2012 roma u Bcero BTOpoe B 24-M IHKIIE CONHEYHOM
aktuBHOCTH. COOBITHE MPOM3OILUIO OT AKTHBHOM obGmact A2673 tmma " Beta-Gamma-Delta", nasrmeit cepuro
CHJIBHBIX BCHIBIIICK B ceHTs10pe 2017. PeHTreHOBCKas BCIIBINIKA, OT KOTOpOi npounsonuio coositie GLE, nmena kimacc
X8.2 (xoopauuatsl Bembimkn SO8WS83) mawamace B 15:35 UT, makcumym mocturayt B 16:06 UT. Amrmmmrtyna
Bo3pactanus Ha HM He mnpeBbicwia 6% 10 MATHMHUHYTHBIM JaHHBIM, OJHAKO, €0 YBEPEHHO HAOMIOIAIH AECSITKH
cranimid MupoBoii cetn HM. CoGpitiie GLE ObUTO NpoaHaIM3UPOBAaHO; HECMOTPSI HA MAIIYI0 aMILTUTYY, JaHHBIC
MHUPOBOH ceTH OB 00PabOTaHBI IO CIICIIUATBFHON METOIUKE, CO3TaHHOI B JabopaTtopuu KocMudeckux yueid [T,
Ocobennocteio nanHoro GLE sBisiercst cunpHas aHU30TpONMs HAa HadalbHOM (ha3e cOOBITHS: HIMPHHA TOTOKA
COJIHEUHBIX KOCMHYECKHX Jyded BHauaje coctaBisuia 30-40 rpagycoB. DTO XOpOIIO BHAHO YK€ M3 CPaBHEHUS
npodueii Bo3pacTaHus Ha Pa3HBIX CTAHIMSX.

beumn nosnyudeHs! nuddepeHranbHble CIIEKTPhl COJIHEUHBIX KOCMUYECKHX JIydeld B pa3Hble MOMEHTHI COOBITHSL.
CrexTpsl UMEIOT EPEMEHHbIH HAKIIOH CO CPEAHUM II0Ka3aTeneM, OJM3KUM K Y = -4, 9TO COOTBETCTBYET JIOBOJIHHO
JKECTKOMY CHEKTPY I COTHEYHBIX KOCMUYECKHUX JTydeil. [lomydeHHBIE CTIEKTPHI yIOBIETBOPUTEIBHO COTIACYIOTCS
C TaHHBIMH O MOTOKAX YHEPTHYHBIX IIPOTOHOB, TOJYYCHHBIX HA KOCMHUYECKHX aMlapaTax.

CoJiHeYHbIe MCTOYHUKH M XapaAKTEPUCTHKH MATHHTHBIX 00JIaKOB COJIHEYHOT0 BeTpa
H.A. Bapxaros!, E.A. Pepynosa?, P.B. Pomanog’, B.I'. Bopo6nes®

YHuoicezopoockuti zocydapcmeennviii nedazozuueckuii yuueepcumem um. K. Mununa, 2. Huoscnuii Hoe2opoo
2Huoice2opodckuil 20cy0apCcmeenHblil apXumeKmypHo-cmpoumensHulil yuusepcumem, 2. Huowenuti Hoezopoo
STTonapuuiii 2eogpusuueckuii uncmumym, 2. Anamumol

Koponamsaeie BbiOpockl Maccel (KBM) wu, ocobenHo, wmarHutHble oOmaka (MO) sBISIOTCS —CaMbBIMH
BBICOKOYHEPTCTHUICCKAMHU CONMHEYHBIMU siBIeHUAMHU [1, 2]. I[lporHo3 reomarHutHO# 3ddextnBHOCTH KBM
HYKJaeTCsl B JAHHBIX 00 MX COJHEYHBIX UCTOYHHKAX M MX CTAPTOBBIX (PU3MUECKUX XapaKTepucTukax. s 3Toro
pa3paboTaHa METOAMKA YCTAHOBJCHHS JOKAIM3AaNUXA M KOHQUTYpAIHH COJHEYHOro UcTouHHKa MO 1Mo JaHHBIM
kopoHorpados u ¢ororpadpusm EIT MDI SOHO dotochepsr [3]. Ha 3T0it 0OCHOBE BBITOJHEHO CTATUCTHYECKOE
HCCIIeI0BaHHUE 3aBUCUMOCTEH MPOCTPAHCTBEHHBIX XapakTepucTuk uctouHnkoB KBM tunma MO ot pacnosnoxeHus Ha
COJIHEYHOM JIUCKE, KOHKPETHO, 3aBUCMOCTH PACIPEIEICHUS COJTHEYHBIX HCTOYHUKOB PA3IUIHON MPOTSHKEHHOCTH U
WX YTJIOBOW OPUEHTAITMH BUANMOM YaCTH COJTHEYHOTO UCTOYHUKA OT €r0 KOOpIUHAT.

BrinosnHeHo conocTaBieHre NapaMeTPOB COJIHEUHBIX HCTOYHUKOB ¢ XapakTtepucTukamu MO 3aperucTpupoBaHHBIMHU
Ha KA. IlonyuyeHsl 3aBUCUMOCTb CKOpoCcTH MO OT MUHUMAaJIbHOM MIMPOTHI M, COOTBETCTBYIOLIEH €il JONroTHI,
HCTOYHHKA; 3aBHCHUMOCTh MAaKCUMAJIbHON HANPSKEHHOCTH MarHUTHOTO moist (MIT) MO oT MUHHUMATBHOM HMIMPOTHI
Y, COOTBETCTBYIOIIEH €l JOJTOThl HCTOYHUKA; 3aBUCUMOCTh BZ-KOMIIOHEHTBI MakCUMaJIbHOM HanpsbkeHHocTH MIT
MO oT MHHMMAaJbHOW WIUPOTHl U, COOTBETCTBYIOIIEH €M JONrOThl MCTOYHMKA; 3aBHCHUMOCTh IIUPOTHOTO M
JoJrotHoro yrioB Bektopa MII MO oT MUHUMaIbHON MIMPOTHI M, COOTBETCTBYIOLIEH €M 10ITr0Thl HCTOYHHKA.
OO0pamieHo BHUMaHHE Ha CYIIECTBOBAHHE 3aBUCHUMOCTH 3JIEMEHTOB T€OMArHUTHOW aKTUBHOCTH OT IapameTpoB
COJIHEYHBIX HCTOYHHKOB CTPYKTYp COJIHEUHOTO BeTpa. HaljaeHbl CBsSI3W KOOPAWHAT COJHEYHOTO HCTOYHUKA C
TEOMAarHUTHON aKTUBHOCTHIO 000109k MO ¥ KOOpAWHAT COJHEYHOTO UCTOYHHKA C TEOMArHUTHOW aKTHBHOCTHIO
tema MO.

1. Bapxaros H.A., Jleeutun A.E., PesynoBa E.A. Knaccudukanust KOMIIIEKCOB KOCMUYECKOH MTOTOIbI C YYETOM THIIA COITHEYHOTO
HUCTOYHHUKA, XAPAKTECPUCTUK IUIA3MEHHOI'0 IIOTOKa M CO34aBa€MOro UM I'€OMarHuTHOIO BO3MYIIEHUS /| TeoMarHeTusMm u
aspornomus. T. 54. Ne 2. C. 185-191. 2014.

2. E.KJ. Kilpua, Y. Li, J.G. Luhmann, L.K. Jian, C.T. Russell. On the relationship between magnetic cloud field polarity and
geoeffectiveness // Ann. Geophys. V. 30. P. 1037-1050. doi:10.5194/angeo-30-1037-2012. 2012.

3. https://sohowww.nascom.nasa.gov
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JAuarpamMMa HanpaBJIeHHOCTH U reoMeTpuueckuid paKkTop TeJeCKOMUYECKUX CHCTEM 3apsisKeHHbIX
YACTHL C Y4€TOM PeaJIbHbIX TOJIIUH 1eTeKTOPOB U UX 3¢ deKTHBHOCTEl U CpaBHeHHEe
¢ IpuOJIUKEeHUEM TeOMeTPUYECKOil ONTHKHA

E.A. Maypues?, A.A. A6ynun?, IL.T. KoGenep?

Ylonapuwi 2eogpusuveckuii uncmumym, 2. Anamumut, Poccus, e-mail: maurchev1987@gmail.com
2U3MHUPAH, 2. Mockea, Poccus, e-mail: abunin@izmiran.ru, kosmos061986@yandex.ru

[MoyueHpl aHAIMTUYECKUE BBHIPAKEHUS AJIS TUarpaMMbl HAaIPaBICHHOCTH W T€OMETPUUYECKOTo (hakTopa METOJ0M
«TEHEBBIX 00IacTe» I HanboIee PaCIPOCTPAHEHHBIX TEIECKONMMUECKIX CHCTEM B IPUOIIIKEHNT T€OMETPHIECKON
ONTHKH. [l BaKHOTO CIlydas TEJIECKOIMMIECKOH CHCTEMBI, B KOTOPOM pAacCTOSHHE MEXIy ICTEKTOPaMH
(cyeTynkamH, COUHTHIUIATOPAMH) CPAaBHUMO C MX TOJIIMHAMH, IPOBEICHO MOJACINPOBAHUE C yIETOM KOHKPETHOH
TeOMETpPUH CUCTEMBL. KpoMe Toro, mpyu MOAEInpoBaHUH ydTeHa 3P (QEeKTHUBHOCTD U

Hcnonb3oBanue makera RUSCOSMICS B 3aa4yax onieHKH CKOPOCTH HOHHU3ANHU aTMOC(hepbl
3eMJI IPOTOHAMHU KOCMHMYECKHUX JIy4eH

E.A. Maypues, 10.B. banabun
Honsapuwiii 2eogpuzuueckuti uncmumym, 2. Anamumet, Poccus, e-mail: maurchev1987@gmail.com

B 3710i1 paboTe paccMOTpEeHO MOACTMPOBAHUE POXOKACHHUS MPOTOHOB KOCMUYECKHUX JIyuel yepe3 atMochepy 3eMin
U MX BKJAJ B MPOIIECC MOHM3ANUU Ha BbicoTax oT 0 1o 80 kM Bo Bpems aByx coObituii GLE Ne65 u GLE Ne 67.
Pacuersr npoBoammck mpu momontu kommwiekca RUSCOSMICS, pazpaborarnoro Ha 6a3e GEANT 4 B mabopatopun
KOCMHUYECKHX JIydei I. AnatuTsl. [lapamerpusariust cTog00B BO3IYIIHOW MAcChl ATt 3aJaHHBIX 3HAYEHUH )KECTKOCTH
TeOMarHUTHOTO 00pe3aHus moirydeHa ¢ ucrnoib3osanneM Moaenn NRLMSISE. Kitacc Toue4HOT0 HCTOYHHKA YACTHI
HacienoBan ot General Particle Source m mMmeeT crnekTpanbHbIe XapaKTEPUCTHUKH, COOTBETCTBYIOIINE MOMEHTaM
Bpemenn 28.10.2003 wm 02.11.2003. Ha wuHTepecyrOmMX BBICOTAX PACHOJOKECHB YYBCTBHTEIBHBIC OOBEMEL,
obmanaromue kak Metogamu kinacca G4SensetiveDetector, Tak ¥ onpeieICHHBIMU HaMH, U TTO3BOJIAIONINE COONpPATh
nHpopmanuio 00 SHEPrur, OCTABICHHOW B3aMMOJICHCTBYIOIIEH YaCTHIIEH, a TAKoKe IEPECUUTHIBATh €€ B KOJIMYECTBO
MOHOB, oOpasyromuxcst B 1 cekyHay. B Xxone MojenupoBaHMs TIOJy4eHbI BBICOTHBIE HPO(UIN CKOPOCTH
MOHOOOPa30BaHMsI IS Pa3INUHbIX 3HAYEHHUI IIMPOTHI U 10AT0ThL. Takke npoBeneHa BepuduKaiys MoJeIH METOI0M
CpaBHEHUS YHCICHHBIX PE3yJIbTaTOB U SKCIIEPUMEHTAIBHBIX JJAHHBIX, TOJIyYCHHBIX BO BpPEeMs 3aIlyCcKa IIapOB-30H/I0B
C YCTaHOBJICHHBIMU Ha HUX cueTdynkaMmu I'eiirepa. [IpoBesieH aHanu3 U MOKa3aHO XOPOIIEE COOTBETCTBHUE.

MoOnabHbIH MaJIOradapuTHBINA A1eTEKTOP BTOPUYHOMH 3JIEKTPOHHO-MIOOHHOH KOMITOHEHTHI
E.A. Muxainko, H0.B. banabun, E.A. Maypues, A.B. 'epmanenko
Tonspuwiil ceopuzuueckusi uncmumym, 2. Anamumsi, Poccus

B na6opartopuu kocmudeckux ydeii [II'M (r. AmaTuTh) BeneTcs MOCTOSHHAS PETUCTPAIIHS TAKUX YaCTHIL Pa3TUIHBIX
THUIIOB, TIPU ITOMOIIX KOMIDIEKCHOM CHCTeMbI MOHUTOpHHTA. [ ymydiieHuss HHPOPMATUBHOCTH MIPOU3BOJIAMOIO
MOHUTOPHHTA B JIONOJHEHHE K CUUHTHUISILIUIOHHOMY CIIEKTPOMETPY, PETUCTPUPYIOIIEMY KaK 3apsKeHHbIE YaCTHIIbI,
TaK U TaMMa-KBaHTHI, ObLI pa3pab0TaH U BBEACH B HKCILTyaTAlUIO ACTEKTOp 3apsokeHHO# kommoHeHTH ([I3K) Ha
ocHOBe cueTunkoB [ elirepa-Mriomrepa. OCOOEHHOCTBIO 3TOTO JETEKTOPa SBISETCS TO, YTO OH MO3BOJISET BHIIEITUTH
13 BCEH AIEKTPOHHO-(HOTOHHOW KOMIIOHEHTHI BTOPUYHOTO KOCMHUYECKOTO H3ITyUEHHUST pETUCTPUPYEMOI HAMH, TOIBKO
3apsHKEHHYI0, @ UMEHHO: MIOOHBI, 3JIEKTPOHBI, TO3UTPOHBI. [IperMyInecTBOM JaHHOTO NETEKTOpa SIBISETCS €ro
MOOWJILHOCTb, TOJIydeHHas Oyarojgaps HCIONb30BaHHIO KOMHAkTHBIX cueTdukoB (CTC-6). Bbeuio mpowusBeneHo
YCOBEpIICHCTBOBaHKE 3JeKTpudeckoii cxemsl J[3K mpm momomm yctaHOBKHM B MpHOOp CTaOMIBHOTO MCTOYHHKA
BBICOKOT'O HaNpPsDKEHUS UL oOecriedeHnst paboThl cueTInKOB. Taroke pazpaboTaHa cxeMa HU3KOBOIBTHOTO ITUTAHHS,
00eCIeYynBarOIIas BHICOKYIO 3HEPro3(h(HEeKTUBHOCTH U, COOTBETCTBEHHO, aBTOHOMHOCTh BCETO JICTCKTOPA B IICJIOM.
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The response of the ionospheric F2 layer peak parameters around the crest of the EIA to some
space weather events

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

1Department of Physics, University of llorin, llorin, Nigeria, e-mail: segun47@yahoo.com
2Department of Physics, Kebbi State University of Science and Technology Aliero, Kebbi State, Nigeria,
e-mail: benjaminjoshua7@gmail.com

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

The structural pattern and degree of perturbation in the ionosphere based on the radio
tomography data under different geomagnetic activity levels

E.S. Andreeval, E.D. Tereshchenko?, M.O. Nazarenko?, I.A. Nesterov!, A.M. Padokhin!

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

The results of studying the structure of the ionosphere under different geomagnetic conditions by satellite radio
tomography (RT) are presented. The techniques used include the low-orbiting (LO) RT based on radio transmissions
from the Parus/Tsikada low Earth orbiters and the high-orbiting (HO) RT employing the signals from the high-orbiting
global navigational satellite systems (GNSS). RT diagnosed a variety of the ionospheric structures: multi-extremum
distributions of electron density with anomalous high values, steep gradients of electron density, narrow density
features elongated in the direction of the geomagentic field, wavelike structures, blobs, patches, ionization troughs,
ionospheric traces of particle precipitation, etc. Particular attention is placed on the results of RT reconstructions based
on the data from the Russian (Moscow-Svalbard) RT system. The ways for constructing new indices of perturbation
of the ionospheric plasma which take into account the specificity of the HORT and LORT data are discussed. The
suggested new indices of the degree of ionospheric perturbation are compared to the geomagnetic activity indices.

The research is supported by the Russian Foundation for Basic Research (projects nos. 16-05-01024 and 17-05-
01250).

Production and quenching of Herzberg states of molecular oxygen in the nightglow of Venus, Mars,
Earth

0.V. Antonenko, A.S. Kirillov, Yu.N. Kulikov
Polar Geophysical Institute (PGI), Apatity, Russia, e-mail: antonenko@pgia.ru

The processes of production and quenching of Herzberg states of molecular oxygen in the atmospheres of Venus,
Mars, and Earth at the heights of the nightglow are discussed. The altitudes with high concentrations of atomic oxygen
related with the dissociation of O, by solar UV radiation are considered. Principal differences in the kinetics of O»
Herzberg states in the Earth's atmosphere and in the atmospheres of Venus and Mars are discussed. The calculated
quenching constants for vibrational levels of three Herzberg states of molecular oxygen are compared with the
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experimental data. Altitude profiles of concentrations of the electronically excited oxygen molecules in the upper
atmospheres of Venus, Mars, and Earth for various vibrational levels are calculated.

Estimation of the mode conversion effect for a VLF inverse problem solution in the cases of ultra-
energetic relativistic electron (~ 100 MeV) precipitations

A.M. Astafievl?, G.F. Remenets!

!Physics Department of St. Petershurg State University, St. Petersburg, Russia
2IEE-RAS, St. Petersburg, Russia

Previously [1, 2] we have determined the southern boundaries of ultra-energetic relativistic electron precipitations
(UREP) which had been registered by a VLF-method. The method is based on continuous ground-based measurements
of amplitude and phase disturbances for several VLF-signals for two radio paths: one path S1 (North Norway — Kola
Peninsula) was completely auroral and the second path S2 (United Kingdom — Kola Peninsula) was partly auroral.
The part of atmosphere which is higher than 61° of magnetic latitude is electrically disturbed while an UREP. Due to
a precipitation a profile of electric conductivity changes, a sporadic Ds-layer under a regular ionosphere D-layer
appears due to the bremsstrahlund X-ray radiation by the electrons precipitating. Therefore the radio path S2 becomes
significantly inhomogeneous along its length. Inhomogeneity of the radio path is a cause of conversion of a normal
wave of the earth-ionosphere guide into other normal waves. We ignored this effect in our previous publications. Here
we take into account the effect of conversion of the normal waves in order to estimate its influence on the value of
southern boundary calculated in our works [1, 2].

To assess the impact of these effects on the main result (latitude of the southern boundary) a task of mode reflection
and conversion at a single step (abrupt) change in the properties of earth-ionosphere VLF waveguide [3, 4] was solved.
For it we used from a work [5] two models of the effective electron density distribution for disturbed and not disturbed
auroral part of the radio path S2. Calculation for powerful disturbances (PwD’s) showed that reflection mode does not
exceed 1%. The field in the disturbed auroral waveguide is represented by main normal wave and second normal
wave. The main wave decreases at 14%. The phase of the main wave is shifted on 2.2 mcs. The pointed values are the
above estimations of the conversion effect because in the work which we are commenting the weaker disturbances
were used (the strong ones and moderate ones) and the signal/noise ratio for the amplitudes was about 10 before a
disturbance and at several times less during it. If one considers that in the reality instead of an abrupt change a
relatively smooth change of the electric properties has place then the neglecting of the overexcitement effect while the
southern boundary determination was acceptable.

1. Remenets G. F., Astafiev A. M., 2015. Southern boundaries of ultraenergetic relativistic electron precipitations in several cases
from 1982 - 1986 years. // J. Geophys. Res., Space Physics, vol. 120(5), pp. 3318-3327. doi: 10.1002/2014JA020591.

2. Remenets G. F., Astafiev A. M., 2016. Solution uniquity of an inverse VVLF problem: A case-study of the polar, ground-based,
VLF radio signal disturbances caused by the ultraenergetic relativistic electron precipitations and of their southern boundaries //
Advances in Space Research, vol. 58, pp. 878-889. doi: 10.1016/j/asr.2016.05.45.

3. Wait J. R., Spies K. P., 1968. On the calculation of mode conversion at a graded height change in the earth-ionosphere waveguide
at VLF // Radio Sci., vol. 3, pp. 787-791.

4. Wait J. R., 1968. On the theory of VLF propagation for a step model of the nonuniform Earth-ionosphere waveguide // Canad.
J. Phys., vol. 46, issue 17, 1979-1983.

5. Beloglazov M. I., Remenets G. F., 2005. Investigation of powerful VLF disturbances // Intern. J. Geomagn. Aeronomy, vol. 5,
no. 3, April issue, GI3004. doi:10.1029/2005G1000101.

The influence of different ionospheric disturbances on the GPS scintillations at high latitudes

V.B. Belakhovsky?, Y. Jin?, W.J. Miloch?

Polar Geophysical Institute, Apatity, Russia
2Department of Physics, University of Oslo, Oslo, Norway

In this work we compare the influence of auroral particle precipitation and polar cap patches (PCP) on scintillations
of the GPS signals in the polar ionosphere. We use the GPS scintillation receivers at Ny-Alesund and Skibotn, both
of which are operated by the University of Oslo (UiO). The presence of the auroral particle precipitation and polar
cap patches was determined by using data from the EISCAT 42m radar on Svalbard. We analyzed approximately 100
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events for years 2010-2017, when simultaneous EISCAT 42m and GPS data were available. For some of the events,
the optical aurora observations of Polar Geophysical Institute (PGI) and UiO on Svalbard were also used. We consider
the following types of the auroral precipitation: i) the dayside and morning precipitation, ii) precipitation on the
nightside during substorms, iii) precipitation associated with the arrival of the interplanetary shock wave. All
considered types of ionospheric disturbances lead to enhanced GPS phase scintillations. For the polar cap patches, the
morning and daytime precipitation (i), and precipitation related to the shock wave (iii), the phase scintillations index
reaches values less than 1 radian. We observe that auroral precipitation during substorms leads to the greatest
enhancement of the phase scintillation index (up to 3 radians). Thus, the substorm precipitation has the strongest
impact on the scintillation of GPS radio signals in the polar ionosphere.

Reaction of the geomagnetic field to the flights of the Vilyuisk and Sayanogorsk meteors
S.M. Cherniakov, R.A. Rakhmatulin, S.V. Nikolashkin

Reactions of the geomagnetic field to destruction of meteors over Vilyuisk, Yakutia (4 March 2014 21:29 UT; 64.3°N,
123.1°E) and Sayanogorsk, Khakassia (6 December 2016 11:37 UT; 52.9°N, 91.4°E), and behavior of the
geomagnetic field in control days on 7-8 March 2014 and on 4 December 2016 according to the data of the magnetic
observatory "Irkutsk" of the Institute of Solar-Terrestrial Physics SB RAS (52.23°N, 104.25°E) are considered. The
analysis of the variations of the geomagnetic field components has shown that flights and explosions of meteors were
followed by appearance of geomagnetic disturbances. The periods of wave disturbances and speed of their propagation
from the places of meteor explosions are estimated.

lonospheric effects of meteor explosion over North Finland on November 2017
S.M. Cherniakov, V.A. Turyansky, A.D. Gomonov
Polar Geophysical Institute, Murmansk, Russia

On 16 November 2017 at 16:40:22 UT over Northern Finland there was a powerful explosion of a meteor. Response
of the ionosphere to this explosion was fixed by the partial reflection facility at the radio physical observatory
Tumanny and by the all sky camera at the radio physical observatory Verkhnetulomsky. Using variations of the
ordinary wave amplitude at the height of 90 km the periods corresponding to the acoustic cut-off and Brunt-Vaisala
periods were identified and they were equal to 4.19 and 4.64 min, respectively. It allowed calculating temperature
(189 K) and speed of sound (275 m/s) at this height. Optical registration of the meteor flight allowed calculating exact
time and the place of explosion of the meteor. Explosion caused appearance of the considerable disturbances in the
ordinary wave amplitude. The first disturbance was at the height of 95 km at 16:57:43 UT, the second — at 17:21:39
UT at the height of 90 km and the third — at 17:50:42 UT at the height of 85 km. The first and second disturbances
had an impulse-like appearance, the third — the type of a wave packet. Speed of propagation of the first disturbance
was equal to about 395 m/s, the second — 165 m/s, and the third — 100 m/s that could correspond to propagation from
the explosion of a shock wave, a shock slow magnetohydrodynamic wave and a slow magnetohydrodynamic wave,
respectively.

Comparison of occurrence of the TEC irregularity oval and the optical auroral oval model
S.A. Chernouss?, I. Shagimuratov?, M. Filatov!, I. Efishov?

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

The work is devoted to an assessment of the practical possibility of using the parameters and characteristics of the
auroral oval, discovered in the sixties of the last century, in novadays. A comparison is made between the location of
the model representations of the auroral oval and irregularities boundaries oval. The present paper concerned with the
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solution of the small-scale ionospheric irregularities occurrence predicting. They arise simultaneously with the
appearance of discrete forms of auroras in the polar ionosphere. A relationship between two types of ovals permits us
to provide a reliable forecast of the appearance of ionospheric irregularities, which affect the propagation of high-
frequency navigation signals. It was done on the basis of quantitative dependences of spatial-temporal total electron
content distribution in the polar ionosphere and the same distribution of aurora. It was own by the all sky ground
cameras, partially at the Lovozero Observatory. A preliminary conclusion is made about a rather good correlation of
the boundaries development tendencies, obtained by the two methods.

This investigation was supported by RFBR Grants N0.17-45-510341 p_a and partly Program Ne28 of the Presidium
of RAS.

Photochemical model for atomic oxygen ion retrieval from ground-based observations of airglow
Y. Duann?, L.C. Chang?, Y.C. Chiu!, 1.V. Medvedeva? and K. Ratovsky?

12Graduate Institute of Space Science, Nationl Central University, Taiwan,

e-mail: cntwtpe@gmail.com, loren@jupiter.ss.ncu.edu.tw

3Institute of Solar-Terrestrial Physics (ISTP), Russian Academy of Sciences, Irkutsk, Russia,
e-mail: ivmed@iszf.irk.ru, ratovsky@iszf.irk.ru

To study the chemistry and composition of the upper atmosphere, we can utilize airglow emissions from the
photochemical reactions of the ions in this region. When the atomic oxygen ions distributed in the ionospheric F region
experience an energy level transition, visible light with a wavelength of 630 nm is released. We used the photometer
system built by our team to perform ground-based observations of airglow over the sky of Taiwan at Lulin Observatory
(23°28°07”N, 120°52°25”E) during nighttime. We combined the mean values of our observations every 10 minutes
with a photo chemistry model based on the formula derived from the theories of R. Link and L. L. Cogger (1988),
Sobral et al (1993), and Vladislav Yu. Khomich et al. (2008). With these different methods, we can estimate how the
density of oxygen atomic ions varies with time and altitude, and compare the results from empirical models with
satellite-based observation data from FORMOSAT-3/COSMIC. This system will be used for long term observations
to study the whole year variation of upper atmosphere composition.

Ground-based airglow photometer observations throughout 2016 from the Institute of Solar-Terrestrial Physics (ISTP)
in Irkutsk, Russia are also analyzed using these models. The atomic oxygen ion density calculated by our
photochemical models show a similar tendency as the ground-based time variation of airglow radiance (Rayleigh) and
the electron density observations of FORMOSAT-3/COSMIC. The pattern of atomic oxygen ion variation is resolved
by our inversion model, which will be utilized for further analysis of ionospheric composition variation in the future.

A comparative analysis of the electron concentration from the observations of the partial reflections
facility and the IRI model

A.D. Gomonov, Yu.A. Shapovalova
Polar Geophysical Institute, Murmansk, Russia

A comparative analysis of the diurnal variations of the electron density in the altitude range of 65 to 90 km has been
carried out according to the data of the partial reflections facility of the Polar Geophysical Institute, which located at
the radiophysical polygon "Tumanny" (69°N; 35.7°E) and the empirical model IRI-2016. The comparison was made
for the conditions of the vernal equinox (March 2017) under conditions of low geomagnetic and solar activities.

As aresult of the analysis, certain features that are not reproduced by the empirical model are identified in the observed
daily variations of the electron concentration.
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Performance of NeQuick-2 model and IRI-Plas 2017 model during solar maximum year in 2013-
2014 over global equatorial and low latitude regions

K. Huore!, F.N. Okeke?

1Department of Physics, Anchor University Lagos
2Department of Physics and Astronomy University of Nigeria, Nsukka

This paper inspect the prediction Capability of Nequick-2 model and the latest version of International Reference
ionosphere IRI Extended to the Plasmasphere (IRI-Plas 2017) model in predicting the Total electron content (TEC)
over nine different equatorial and low latitude regions across the globe during solar maximum year 2013-2014. In all,
the diurnal and the seasonal variations agree fairly well with GPS-TEC in all the station although with some upward
and downward offsets. The observed GPS-TEC shows the presence of winter anomaly which is high in December
(DecSol) and Low in June solstices (June sol). The monthly and seasonal variations of the NeQuick-2 model TEC
with IRI-Plas 2017 model has been compared with the GPS-TEC. From the prediction errors, it shows that the monthly
and seasonal variation of the IRI-Plas 2017 Overestimate GPS-TEC in all the regions when compared with NeQuick
-2 models except in Addis Ababa station where there is a good agreement with the GPS-TEC. The NeQuick -2 model,
in general performed better when compared with IRI-Plas 2017 in months and in season. These models exhibit
latitudinal variation and showed a seasonal trend. The main problem of the NeQuick-2 model TEC representation is
not situated in the Plasmaspheric part, its absence in NeQuick-2 model or its presence in IRl Plas 2017 model, the
main source of the resulted discrepancies is still in the IRI topside ionosphere representation.

Study of HF radio waves absorption effects during X-ray solar flares using amplitude
characteristics of chirp signals

V.A. Ivanova, A.V. Podlesnyi, B.G. Salimov, A.A. Naumenko
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Using oblique incidence sounding data obtained over Salekhard-Norilsk and Amderma-Norilsk paths in 2016 we study
response of amplitude characteristics to the M-class of X-ray solar flares. We use two approaches for the analysis of
amplitudes. The first approach is based on the evaluation of mean maximum amplitude for each frequency of radio
signal registered at the oblique incidence sounding ionogram. The second approach is based on the summation of HF
signals amplitudes over the frequency range with the step from 0.1 to 0.3 MHz with the goal of more accurate
recording of information about the useful signal. We have carried out the comparison of results for both methods. We
determined that the method of analysis of HF signal amplitude sums over the frequency range is more acceptable for
the goal of evaluation of absorption effects over northern paths. For several X-ray flares we have calculated variations
of amplitude sums and mean maximum amplitudes for the frequency range of chirp signal depending on the intensity
of the solar flare. Decrease of the value of maximum amplitude sums has been determined for the moments near
maximum intensity of solar flare. This effect is connected with the increase of HF radio signal absorption at the D-
region of ionosphere while the ionization of D-region is increased during the X-ray solar flare event.

This work was supported by the Russian Foundation for Basic Research (project No. 18-05-00539 A). Experimental
data were recorded by the Angara Multiaccess Center facilities at ISTP SB RAS.

Formation of high density regions in the plasmasphere by vertical fluxes of cold ions from
the ionosphere

V.L. Khalipov?, G.A. Kotova?, M.1. Verigin!, A.E. Stepanov?, D.V. Chugunin?

1Space Research Institute of RAS, Moscow, Russia
2Shafer Institute of Cosmophysical Research and Aeronomy, SB RAS, Yakutsk, Russia

Cold plasma measurements onboard the INTERBALL spacecraft reveal the regions in the plasmasphere where the
density was 3 — 5 times higher than in the neighbor regions. Such regions were mostly observed after the substorm
activations. Ground based and satellite measurements in the ionosphere during substorms, showed that fast
upstreaming plasma fluxes are formed in the polarization jet band. The vertical velocity of such fluxes achieves 1.0 —
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1.5 km/s at the height of DMSP satellites (~850km). The case study comparing the observed high-density structures
in the plasmasphere with high speed plasma streams from the ionosphere during the polarization jet development,
taking into account the time of plasma transport from the ionosphere to the plasmasphere, reveals the interconnection
of these phenomena.

Geophysical verification of mechanizms for the polarization jet formation
V.L. Khalipov?, A.E. Stepanov?, G.A. Kotoval, E.D. Bondar?

1Space Research Institute of RAS, Moscow, Russia
2Shafer Institute of Cosmophysical Research and Aeronomy, SB RAS, Yakutsk, Russia

Observations of polarization jet (PJ) by the coherent backscattering radar — SuperDARN - in Tasmania showed that
PJ is developing during the substorm break up. These observations confirm the conclusion made previously from the
data of Yakutian chain of ionosondes. This fact is very important for the analyses of possible mechanisms of PJ
formation. The SuperDARN data also evidences on the existence of large sporadic electric fields at the moment of PJ
formation, and this suggests that thermoelectric mechanism of electric field creation in the mode of voltage generation
is effective. The connection of PJ with the injection of ions into the inner magnetosphere is considered in details using
simultaneous measurements by the ionosonde chain and onboard AMPTE/CCE. It is shown PJ is formed on the
ionospheric projection of the inner injection boundary of ions with the energy of 20-30 keV. According to ground-
based measurements on the longitude chain of ionospheric stations the velocity of westward motion of the source
responsible for the PJ formation is 3 hours MLT per hour at L=3. This corresponds to the velocity of azimuthal drift
of ions, observed by AMPTE/CCE. The mechanism of PJ generation should be effective even in the conditions of
high electrical conductivity in sunlit summer ionosphere. In the region of PJ formation due to strong heating of neutrals
under the action of electric field, the thermospheric circulation is completely reconstructed.

Vibrational populations of electronically excited states of molecular nitrogen in the atmosphere
associated with sprites

A.S. Kirillov
Polar Geophysical Institute of Russian Academy of Sciences, Apatity, Murmansk region, Russia

The spectra of sprites are composed primarily of N first positive group (1PG) (B3IT;—A%z,*) and second positive
group (2PG) (C°I1,~B°I1y). We pay special attention to the simulation of electronic kinetics of the B®Ig and C®I1,
states at the altitudes of middle atmosphere. The simulation includes the consideration of removal processes in
inelastic molecular collisions. We compare the N2(B) and N2(C) calculated vibrational distributions in sprites with
those available in scientific literature. It is shown that intermolecular and intramolecular electron energy transfer
processes influence on the vibrational populations of N2(B) and N2(C) with the increase of atmospheric density.

Intermolecular electron energy transfer processes in upper atmospheres of Titan, Triton, Pluto
A.S. Kirillov?, R. Werner?, V. Guineva?

Polar Geophysical Institute of Russian Academy of Sciences, Apatity, Murmansk region, Russia
2Space Research and Technology Institute of Bulgarian Academy of Sciences, Stara Zagora Department, Stara
Zagora, Bulgaria

The simulation of N2(A3%,*) and CO(a%) vibrational populations at the altitudes of upper atmospheres of Titan,
Triton, Pluto is made. The simulation includes the consideration of the electronic excitation of N, and CO triplet states
by photoelectrons and the quenching processes in spontaneous radiation and in inelastic molecular collisions. Upper
atmospheres of the planets are considered as mixtures of molecular nitrogen N», methane CHa, carbon monoxide CO.
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The influence of metastable molecular nitrogen N2(A3%,*) on the electronic excitation of CO molecules in inelastic
collisions is studied. The role of molecular inelastic collisions in intermolecular electron energy transfer processes is
investigated. It is shown that the increase in the density of upper atmospheres of the planets leads to more significant
excitation of lowest vibrational levels of CO(a’[T) by intermolecular electron energy transfers from N2(A3%,*) in
comparison with direct excitation of the a®IT state by photoelectrons.

lonospheric response to 2015 St. Patrick geomagnetic storm

M.V. Klimenko!?, V.V. Klimenko?, I.E. Zakharenkova?, K.G. Ratovsky?, R.V. Vasiliev?, R.Yu. Lukianova*®,
1.V. Despirak®, B.V. Kozelov®, S.M. Cherniakov®, A.V. Dmitriev’®, A\V. Suvorova’®, E.S. Andreeva’,
A.M. Vesnin®, E.D. Tereshchenko®

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

2|, Kant Baltic Federal University, Kaliningrad

SInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk

4Geophysical Center RAS, Moscow

SSpace Research Institute (IKI) RAS, Moscow

SPolar Geophysical Institute, Apatity

"Lomonosov Moscow State University, Moscow, Russia

8Institute of Space Science, National Central University, Jhongli, Taiwan

This study presents an analysis of geomagnetic disturbances and ionospheric electron density distribution during the
2015 St. Patrick's Day geomagnetic storm. To study this event we have used the satellite-borne and ground-based
observations. The St. Patrick's Day geomagnetic storm covered the interval of 15-23 March 2015, when there were
occurred solar eruptive phenomena (a long-enduring C9-class solar flare and associated CME(s) on 15 March) and a
strong geomagnetic storm on 16-18 March (Dst dropped as strong as —228 nT). This geomagnetic storm is still the
strongest one observed in the current solar cycle. The severe geomagnetic storm on 17-18 March 2015 led to complex
effects on the ionosphere. We consider major features of the positive and negative ionospheric storms development at
mid- and high-latitudes. One of the interesting phenomena was observation of the positive ionospheric disturbances
during the recovery phase. Using the Global Self-consistent Model of the Thermosphere, lonosphere and
Protonosphere (GSM TIP) we examined the main physical processes that played a major role in dramatic changes of
the total electron content and the F2 layer peak electron density during this storm event. We have found that in general,
the GSM TIP model give reasonable prediction of both positive and negative ionospheric storms. Most difficulties
have been arisen in prediction of a strong positive storm at low latitudes above the Pacific and in the South Atlantic
Anomaly region on the main and recovery phases. The positive storm could be explained with the additional ionization
by high energy electrons. Dynamics of negative ionospheric storms at middle latitudes was predicted by the GSM TIP
model quite well though the amplitude of storms was underestimated. The latter could result from underestimation of
the N> contribution especially under conditions of unusual anomalous expansion of auroral oval toward the middle
latitudes during the 2015 St. Patrick’s Day storm.

The work of M.V. Klimenko and I.E. Zakharenkova (model runs, comparison of model input parameters (high
energy particle precipitation) with observational data and analysis of ionospheric disturbances at high latitudes, GPS
TEC data processing and analysis) were supported by the Russian Science Foundation (grant 17-77-20009).
Comparisson and analysis of IRTAM and GSM TIP model results were performed by A.M. Vesnin at financial support
of Russian Foundation for Basic Research (grant 17-305-500054). The work of E.S. Andreeva (radio tomography data
processing and analysis) was supported by the Russian Foundation for Basic Research (grant 16-05-01024).
Processing of observation data (ionosonde, and POES satellite) and its interpretation were performed by K.G.
Ratovsky, V.V. Klimenko, A.V. Dmitriev, A.V. Suvorova at financial support of Russian Foundation for Basic
Research (grant 18-55-52006).
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Triangulation of auroral rays in Apatity by MAIN system
B.V. Kozelov, V.E. Ivanov, Z.V. Dashkevich
Polar Geophysical Institute, Apatity, Russia, e-mail:boris.kozelov@gmail.com

The Multiscale Aurora Imaging Network (MAIN) system of auroral cameras has two identical synchronized digital
cameras with diagonal field of view of 18 degrees [1]. The cameras are equipped with glass filters that separate the
blue-green part of the visible spectrum [2]. The observation points are separated by 4 km in longitude, so it is possible
to triangulate small-scale auroral forms. Here we analyzed observations of auroral rays near local magnetic zenith.
Successful identification of solitary rays in images from both cameras allows us to deduce the altitudinal profile of
auroral emission [3]. The spectra of precipitating electron fluxes were estimated from these altitude profiles using a
numerical model of electron degradation in the atmosphere [4, 5]. It is concluded that the brightening in rayed forms
is usually accompanied by a hardening of the spectra of precipitating electrons.

[1] Kozelov B.V., Pilgaev S.V., Borovkov L.P., Yurov V.E., Multi-scale auroral observations in Apatity: winter 2010-2011 //
Geosci. Instrum. Method. Data Syst., 1, 1-6, 2012, www.geosci-instrum-method-data-syst.net/1/1/2012/doi:10.5194/ gi-1-1-
2012.

[2] Kozelov B.V., Brandstrom B.U.E., Sigernes F., Roldugin A.V., Chernouss S.A., Practice of CCD cameras’ calibration by LED
low-light source. // “Physics of Auroral Phenomena” — Apatity, 2013. - P. 151-154.

[3] Dobrolenskiy Y. S., Kozelov B. V., Kuzmin A. K., Lyahov A. N., Maslov I. A., Merzlyi A.M., Pulinets S. A., Chernous S. A.
Researches of Auroral Characteristics and Altitude-Latitude Emission Structures of the Earth’s Upper Atmosphere and
lonosphere by Means of Space Reconstruction of Auroral Images Detected from the Orbit Perspective Microsatellite // In book:
mechanics, management and informatics. — Moscow: IKI RAS, 2015. - ISSN: 2075-6836. - T.7. Ne4 (57). - P.77-90 (in Russian).

[4] Ivanov V.E., Kozelov B.V. Transport of electron and proton-hydrogen fluxes in the Earth’s atmosphere // Apatity: KSC RAS,
2001.- P.260 (in Russian).

[5] Dashkevich Z.V., Kozelov B.V. Synthetic radiation spectra of some systems of blue-green spectral bands // “Physics of Auroral
Phenomena” - Apatity, 2015. - P.123-126.

The ionospheric ELF/VLF source electromagnetic field and the lower ionosphere electron density
profile by ground-based observations in ionosphere heating experiments

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

We present the results of ground-based observations of low-frequency electromagnetic fields from ionospheric source
initiated by powerful HF radio-waves emitted by EISCAT facility. The report is dealing with the results of the heating
experiment carried out by AARI in October 2014. The components of the ELF/VLF electromagnetic field have been
recorded by the observatories in the PGI high-latitude stations network: namely in the “Lovozero”, the
“Verkhnetulomsky”, and also at the Barentsburg station (Svalbard, Norway). The electromagnetic field parameters,
such as circular polarization index of the horizontal magnetic field and wave impedance at the frequencies of 1017,
2017, and 3017 Hz, are considered. The results of observations are compared with the results obtained by modeling
of the electromagnetic ELF/VLF waves generation and their propagation in the Earth-ionosphere waveguide.

High-latitude lower ionosphere sounding using results of heating experiment in October 2016
O.M. Lebed?, Yu.V. Fedorenko?, N.F. Blagoveshchenskaya?, A.V. Larchenko?, S.V. Pilgaev!

Polar Geophysical Institute, Apatity, Russia
2Arctic and Antarctic Research Institute, St. Petersburg, Russia

The experiments of ionosphere heating by a powerful modulated radio signal on high latitudes are conducted to

investigate the mechanisms of excitation of low-frequency waves in the Earth-ionosphere waveguide and the physical
processes in the ionospheric plasma. The powerful HF radio wave creates a low-frequency ionospheric source. In this
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work, we show that the electromagnetic field excited in the Earth-ionosphere waveguide by this source can be used
for lower ionosphere sounding.

We present an approach to solving of the inverse problem of estimation of the ionosphere electron density profiles
using ground-based measurements. The basic idea of the approach is that we estimate the profile of the lower
ionosphere at altitudes within 60-120 km range comparing the measured phase velocities with those obtained by the
full-wave modeling. To find the optimal profile we employed the Monte-Carlo search in which the trial solutions are
random modifications of the basic electron density profile preserving its shape and continuity. As a basic profile, we
took the profile from the IRI-2016 model. We used ground-based measurements of electromagnetic ELF/VLF fields
at the PGI observatories “Lovozero” and “Verkhnetulomsky” at the frequencies 1017 and 3017 Hz to obtain phase
velocities of TEM and TEO1 waveguide modes. The experiment was conducted by AARI at the EISCAT/Heating
facility (Norway) in October 2016. The peculiarities of the solutions to the inverse problem and their confidence
intervals are discussed.

Simulation of oblique sounding ionogram at high latitudes
I.A. Nosikov?, M.V. Klimenko'?, P.F. Bessarab®, G.A. Zhbankov* and E.R. Somina?

!West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation of the
Russian Academy of Sciences, 236017, Kaliningrad, Russia, e-mail: igor.nosikov@gmail.com

2Immanuel Kant Baltic Federal University, 236041, Kaliningrad, Russia,

3Science Institute of the University of Iceland, 107, Reykjavik, Iceland

4Southern Federal University, 344006, Rostov-on-Don, Russia

In current work the simulation results of oblique ionograms are presented using the International Reference lonosphere
Model (IRl — 2007) and the numerical model of HF radio wave point-to-point ray tracing. The several examples of
ionogram synthesis for high-latitude ionosphere are shown and compared with experimental data. The special feature
of our work is an application of the direct variational method for point-to-point ionospheric ray tracing based on the
Fermat’s principle. There are several advantages of the direct variational method over traditional methods for the
ionogram simulation: (1) position of receiver and transmitter are kept fixed during optimization procedure; (2) global
automatic optimization for both high and low rays; (3) robust simulation in case of the minimum and maximum usable
frequencies.
This work was supported by the Russian Science Foundation (project Nel7-77-20009).

BDS-GEO TEC variability at different time scales
A.M. Padokhin®, N.A. Tereshin!, G.A. Kurbatov!, A.S. Yasyukevich?, Yu.V. Yasyukevich?

Lomonosov Moscow State University, Faculty of Physics, Russia
2Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

With the development of GNSS systems, the coherent multi-frequency L band transmissions are now available from
a number of geostationary satellites. These signals can be used for ionospheric TEC estimations in the same way as
widely used GPS/GLONASS signals, taking the advantage of almost motionless ionospheric pierce points. Among
these geostationary satellites, Chinese BDS-GEO are of the peculiar interest, providing the best noise pattern in TEC
estimations, which corresponds to those of GPS/GLONASS systems.

In this work we discuss the capabilities of BDS-GEQ data for studying ionospheric variability driven by space weather
and meteorological sources at different time scales. Analyzing data from IGS/MGEX receivers we present seasonal
variations of geostationary TEC in equatorial ionosphere and its relation to Solar activity, as well as day-to-day TEC
variability driven by Solar flares, geomagnetic storms and SSWs. Our results show large potential of geostationary
TEC estimations with BDS-GEO signals for continuous monitoring of low-latitude and equatorial ionosphere.
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An empirical scintillation model for a mid-latitude station, Weihai, China
S. Priyadarshi, Q.-H. Zhang and Y. Wang

Shandong Provincial Key laboratory of Optical Astronomy and Solar-Terrestrial Environment, Institute of Space
Sciences, Shandong University, Weihai, China 264209
e-mail: spriyadarshi@sdu.edu.cn

Mid-latitude ionospheric scintillation has been studies in very poor proportion as compared to the equatorial and high
latitude ionospheric scintillation. Mid-latitude ionospheric scintillations are often associated with either day time
photo-ionization or due to the storm enhanced density. Using phase screen model and the wave propagation theory in
random media, we have identified the orientation of the ionospheric irregularities over Weihai to the local geomagnetic
field. Amplitude and phase scintillation data observed using GPS scintillation receiver deployed at the mid-latitude
observation station Weihai have been used along with K-index derived from the horizontal magnetic field component
of the local magnetometer. The proposed model uses the scintillation indices relationship with the local K-index. We
identified the scintillation dependence over local K-index during geomagnetic quiet and disturbed condition. This
dependence coefficient is used on the real scintillation data for modeling. The presented model has been validated by
comparing it to the real observations. The co-relation coefficient is more than 90% during the disturbed as well as
quiet geomagnetic conditions.

The response of the ionospheric TEC on travelling convection vortices
V.E. Pronin?, V.A. Pilipenko?, V.I. Zakharov?, and D.L. Murr®

'Faculty of Physics, M. V. Lomonosov Moscow State University, Moscow, Russia
2Institute of Physics of the Earth, Moscow, Russia

3Augsburg College, Minneapolis, USA

e-mail:tolgamrab@yandex.ru

We examine the manifestation of Travelling Convection Vortices (TCV) in the ionosphere of the Earth in a form of
fluctuations of its Total Electron Content (TEC).
To detect TCV event we have used magnetometer data from the ground arrays CANMOS and CARISMA. TEC
fluctuations were obtained by processing GNSS data from IGS and UNAVCO stations. The use of array of GPS
receivers enables us to monitor the origin and dynamics of disturbance and also to obtain its physical parameters such
as its amplitude and propagation speed along the ionosphere.
For processing GPS data we have developed an algorithm that allows to detect isolated TEC fluctuations of specific
duration and to find their location (and the corresponding time) on the map. In this way we successfully find a
considerable agreement between data from ground-based magnetometers and ionospheric TEC data.
The formation of TCV is observed almost simultaneously in both data time series and it is localized in a very small
map region. We have also estimated the horizontal propagation speed of ionospheric disturbance. The calculated speed
values (about some km per sec) are in agreement with expected velocities of the ionospheric projection of the solar
wind flow around the magnetopause.

This collaborative research is supported by RFBR grants 14-05-00588, 16-05-1024.

Software detection of ionosphere precursors to earthquakes: Problem statement
Yu.V. Romanovskaya?, O.V. Zolotov?, M.A. Knyazeva?, E.V. Parkhimovich®

Murmansk State Technical University, Murmansk, Russia
2Murmansk Arctic State University, Murmansk, Russia

Studies of the lithosphere-ionosphere coupling last more than four decades and still have no a widely accepted
solution. Many researchers analyze the ionosphere total electron content (TEC) maps to reveal possible ionosphere
responses to the impacts of seismic origin. We expect the wide use is due to the availability of a huge amount of TEC
data in open access with good spatial and temporal resolution. However, “manual” analysis of those data is a very
man-power consuming procedure. Therefore, many researchers consider TEC variation just at a point or a few points

55


mailto:spriyadarshi@sdu.edu.cn

lonosphere and upper atmosphere

(which is not hard to automate). The points in consideration are usually the near-epicenter and / or magnetically
conjugated one. Full 2D TEC maps are not usually analyzed but taking into account the whole map is an essential
factor to derive the spatial features and to reveal the statistical significance of possibly related to seismic events
disturbances. In this paper we formulate the base principles that must be followed to create a software system for an
automated detection of the ionosphere TEC precursors to earthquakes. We describe the developed prototype of such
software system and discuss the first test results.

IAR pulses and regional thunderstorms
A.Yu. Schekotov, N.V. Yagova, E.N. Fedorov, V.A. Pilipenko, N.S. Nosikova
IPE RAS, Moscow

Fedorov et al. (2014) have shown that SRS IAR are predominantly generated by simple reflection. In the time domain
their waveforms correspond to a pair of subsequent pulses. The present study develops the results of the technique of
source localization, suggested by Nikolaenko et al. (2014). For that, we use polarization parameters of pulse pairs in
the AR frequency range to localize the source of these pulses. The data analyzed was recorded at a network of search-
coil magnetometers in Canada. The data processing includes detection and synchronization of over-threshold pulse
sequences at three or more points, preliminary localization of the source, and an iteration procedure to localize a more
precise source position. Local thunderstorm activity as a possible source of these pulse sequences is discussed.
The study is partly supported by the RFBR grant 18-05-00108 A

Fedorov, E., A. Schekotov, Y. Hobara, R. Nakamura, N. Yagova, and M. Hayakawa (2014), The origin of spectral resonance
structures of the ionospheric Alfvén resonator. Single high-altitude reflection or resonant cavity excitation?, J. Geophys. Res.
Space Physics, 119, 3117-3129, doi:10.1002/2013JA019428.

Nickolaenko A.P., Schekotov A.Y., Hayakawa M., Hobara Y., Satori G., Bor J., Neska M., Multi-point detection of the ELF
Transient caused by the gamma flare of December 27, 2004, 57(2), 125-140, 2014.

Occurrence of the Main lonospheric Trough in GPS-TEC measurements
I.I. Shagimuratov?, G.A. Yakimova?, S.A. Chernouss?, I.1. Efishov?, and L.M. Koltunenko*

West Department IZMIRAN, Kaliningrad, Russia, e-mail: shagimuatov@mail.ru
2Polar Geophysical Institute, Apatity, Russia

For analyses of the trough occurrence in TEC the latitudinal profiles formed from TEC maps over Europe have been
used. GPS/GLONASS observations collected by International European Permanent Network (EPN) were used to
create TEC maps. More than 150 stations from Europe were included in the analysis. The large number of GPS stations
in Europe provides good coverage for GPS data and enable high-accuracy TEC maps with a temporal resolution of 5
min to obtain. The profiles were created with resolution of 1° at fixed longitude of 20°E in latitudinal range 40-74°N.
We analyzed the dynamics of trough minima location for winter (December, 2015), equinox (March, 2015) and
summer (Jun, 2015) and accordingly storm days December 20, March 17 and Jun 22, 2015. In winter the trough was
regularity registered during quiet as well as disturbed days. In quiet geomagnetic condition, on average, the low
location the trough was occurred at 60°N of geographic latitude in night time. In day time the trough was raised higher
than 73°N. The relation of TEC in the trough minimum to the equator and polar walls amounted to a factor more than
of two.) In range of time of 09-16 LT the trough do not registered in GPS-TEC observations. During storm 20
December 2015 (XKp~45, Dst~ -155nT) trough shifted to equator. The lowest location of trough was near 50-51°N.
During March15, 2015 the trough in whole was located at latitudes higher than in December 2015. During strong
storm of March 17, 2015 (ZKp~48, Dst~ -223nT) trough shifted to equator. The lowest location of trough reached, as
well as in December storm, latitude of 50-52°N. During Jun 2015 the trough was observed only during strong storm
day of Jun 22-23, 2015 (XKp~42, Dst~ -200nT). The trough was weakly pronounced. The relation of TEC in the
trough minimum to the equator and polar walls amounted to a factor 1.5-2.0. The lowest location of trough was near
52-56°N.

This investigation was supported by RFBR Grants No. 16-05-01077 and 17-45-510341, partly Program Ne7 of the
Presidium of RAS.
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Study on the types of ionospheric spread-F at different low latitudes
J.K. Shit, G.J. Wang?, Z. Wang?, X. Wang?, G. Zherebtsov?, K. Ratovsky?, N. Polekh?

!National Space Science Center, Chinese Academy of Sciences, Beijing, China
2Institute of Solar-Terrestrial Physics, Russian Academy of Sciences, Irkutsk, Russia

According to the URSI’s handbook, the spread-F (SF) is divided as four types: frequency SF, range SF, mixed SF,
and branch SF. According to the data from different low latitude stations including Zhigansk (123.4°E, mag.56.2°N),,
Norilsk (88.0°E, mag.60.3°N), Yakutsk (129.6°E, mag.53.1°N), Hainan (109.1°E, mag.9.2°N), Vanimo (141.3°E,
mag.11.2°S), and Tucuman station (294.6°E, mag.15.5°S), we perform a statistical study on the ionospheric SF. The
results show that the SF has different properties at different latitude. At high latitude, the type of the SF is just as that
mentioned above. However, at low latitude, the branch SF never occurred and a new type of SF, named strong range
SF (SSF) drawn from the range SF, often took place. The SSF has a characteristics of that diffuse echoes in the
ionogram extend from low frequency to high frequency and make the critical frequency is not definable. The SSF was
observed only at low latitude, and had a maximum occurrence before midnight. The SSF had closer correlation with
the ionospheric scintillations but the other types of SF had not. Since the ionospheric scintillation at low altitude is
caused by the EPBs, the SSF should have similar physics mechanism with the EPBs. Therefore, we suggest that, at
low latitude, the ionospheric SF should be divided into four types, i.e., frequency SF, mixed SF, range SF and strong
range SF, at high latitude, the types of the SF are just as that described in the URSI’s Handbook.

lon upward flows in subauroral polarisation jet
A.E. Stepanov?, A.Yu. Gololobov?, V.L. Khalipov?, I.A. Golikov!

Ynstitute of Cosmophysical Research and Aeronomy, Yakutsk, Russia
2North-Eastern Federal University, Yakutsk, Russia
3Space Research Institute, Moscow, Russia

Polarisation Jet, or SAID, is a narrow band of fast westward convection which can appear during magnetic storms in
the subauroral zone approximately along the nightside plasmapause. It causes strong heating of subauroral plasma due
to collisions, fast plasma outflows, and ion conic formation. It results at F-region altitudes in upward or downward
plasma motions, a narrow drop in density, or "trough in the trough™, changes in ion composition, an electron
temperature peak, weak SAR-arc, density inhomogenieties and other effects. Data on ion drifts and field-aligned ion
outflows from Kosmos-184 and DE-2 satellites at ionospheric altitudes are analysed. Model calculation have shown
that bi-Maxwellian ion distributions resulting from perpendicular ion heating in regions where the magnetic field is
inclined to the satellite velocity vector, can produce vertically asymmetric fluxes in a driftmeters frame which mimic
fast field-aligned ion flows. It is shown that in many cases the data within the Polarisation Jet are consistent with the
contribution of the perpendicular ion heating as an additional cause of the observed fast convection.

An analysis of one approach to model electric currents of seismic origin floating between the Earth
and ionosphere

O.V. Zolotov

Murmansk Arctic State University, Murmansk, Russia

Kuo et al. [2011] and Kuo et al. [2014] modeled the ionosphere response to the seismic electric currents and seemed
to solve the problem of the seismic impact propagation through the neutral atmosphere. Prokhorov and Zolotov [2017]
demonstrated that Kuo et al. [2014] formulation of the Ohm’s law may be obtained as a special case of Kuo et al.

[2011] equations and, therefore, is expected to have the same problems. Recently Kuo and Lee [2017] published a
reply. This paper analyses their approach to justify the Kuo et al. [2014] solution of the system of equations.
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UAM and another models intercomparison for subauroral ionosphere: Preliminary results

0.V. Zolotov!, M.V. Rybakov?, A.A. Namgaladze!, M.A. Knyazeva?, B.E. Prokhorov?, M.l. Karpov4,
S.A. Parfenov?

Murmansk Arctic State University, Murmansk, Russia

2Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation of the Russian Academy of
Sciences Saint Petersburg Branch (SPbF IZMIRAN), Saint Petersburg, Russia

®Helmholtz Center Potsdam, GFZ German Research Center for Geosciences, Potsdam, Germany

4lmmanuel Kant Baltic Federal University, Kaliningrad, Russia

This paper presents the preliminary results of the Upper Atmosphere Model (UAM) intercomparison with the
Voeikovo observatory CADI digisounder data for the February 2013 as well as with the other well known ionosphere
models — TIE-GCM (2 versions), CTIPe (3 versions), UAM-P (Potsdam version of the UAM). The aim of this
investigation is to estimate the accuracy ot the UAM subauroral ionosphere modeling. The preliminary results (without
any calibration) show that (1) TIE-GCM in general reproduce the form and amplitude of the NmF2 at day-time, other
models, including the UAM, underestimate the NmF2 values at day-time; (2) TIE-GCM and CTIPe significantly
overestimate the observed NmF2 values at night; the overestimate for TIE-GCM is larger over the CTIPe’s ones; both
UAM and UAM-P in general underestimate NmF2 night values, also regions with overestimations exist.

MopeanpoBaHue IPOLECCOB PacPOCTPAHEHHUA JIEKTPOMATHUTHBIX BOJIH B BOJIHOBOJE 3eMJIs-
HoHocdepa ¢ y4eToM aHU30TPOIHOI HOHOChepHI

0.U. Axmetos, U.B. Munranes, O.B. Munranes, 3.B. CyBoposa, 10.B. ®egopenko
T PAH, 2. Anamumui, Mypmanckas oox., Poccus, e-mail: akhmetov@pgia.ru

B noxnazge paccMaTpuBaroTcs pe3yiabTaThl YUCICHHOTO MOAECTUPOBAHUS PACIIPOCTPAHEHHUS IIEKTPOMATrHUTHBIX BOJIH
¢ gacrotamu oT 20 10 2000 I’y OT ecTeCTBEHHBIX M MCKYCCTBEHHBIX MCTOYHUKOB B BOITHOBOJIE 3eMIII-HOHOChEpa.
OO0cyxnaroTcss OCOOCHHOCTH TPEIIOKEHHOW aBTOpaMHU SIBHOW KOHCEPBATHBHON CXEMBI DACIICIUICHUS IS
WHTETPUPOBAHHUSA YpaBHeHHI MakcBelllla ¢ y4eTOM aHH30TPONHH Cpelbl. BBIABICHBI OCOOCHHOCTH BIHSIHUS
mapaMeTpoB HOHOC(HEPHOI TIa3MEI Ha pacipocTpareHue paauoBord OHY nuama3oHa B 3aBUCHMOCTH OT Pa3IMIHBIX
renmuoreopu3ndeckux yciaoBuil. I[loka3aHO COOTBETCTBHE MOJIENBHBIX PE3YyJIbTaTOB pPEaJbHBIM HAOIOICHUSIM
BapHAaIUii SJIEKTPOMArHUTHOTO TI0JIs, pETUCTPUPYEMBIM B oOcepBaTopusx [1T'H.
Paborta BbInoNIHEHA 1TpH rHAHCOBOH noepxke PODU, npoexr 17-01-00100.

HNonocdepHasi u reoMarHuTHAs1 BO3MYLIEHHOCTH HA (poHe cy00ypeBbIX IPOLECCOB
O.M. Bapxarosal?, H.B. Koconanosa?, H.A. Bapxatos?, B.I'. Bopo6beB®

Y®dIBEOY BIIO "Huoice20podckuii 20cy0apcmeenviii apXumeKmypHo-cmpoumensolii yrusepcumem”
2PIr'BOY BIIO "Huocezopodckuii 2ocydapcmeennbiii nedazozuveckuii ynusepcumem um. K. Mununa”
$onapuuiii 2eouszuueckuti uncmumym, 2. Anamumol

VYcranosneHo, yto MI'J] BO3MYIIEHHOCTh, XapakTepusyemass HOHOC(EPHBIMH M TE€OMarHUTHBIMH BOJHOBBIMHU
MPOLIECCaMU, PETUCTPUPYETCS B MIEPHOABI BO3JACHCTBUS HA MarHuTocepy MposBIEHUN COTHEYHOW aKTUBHOCTH. B
9TH K€ TIEPHOJBI UMEIOT MECTO TMOCIE0BATEILHOCTH CyO0yph, a MHOT/IA BO3HUKAET W TJI00aIbHAS T€OMarHUTHAS
oypst [Jlazymun, 2012].

BaxHol 3amadeii 37ech SBISCTCS UCCIEAOBAaHUE MPUYHH IPOUCXOXKICHHS caMOl CyOOypH M CYIICCTBOBAHHS B €€
WHTEpBaJiec HU3KOYACTOTHBIX BHYTPUMArHUTOC(HEPHBIX BO3MYILCHHUNA. B JuTepaType onucaHO MHOXKECTBO COOBITHI
pa3BuTHs CyOOYpEeBOi aKTUBHOCTH, BEI3BAHHON U3MCHCHUSMU MAPaMETPOB COMHEYHBIX IIA3MCHHBIX MOTOKOB. [1pu
3TOM U3BECTHO, YTO MarHUTHBIC o0naka (MO) COTHEYHOT0 BeTpa SBISIOTCS Hanboliee reodpPeKTUBHBIMA U3 HUX. B
CBA3M C OTHM, aKTyaJdbHO YCTAHOBIICHHEC BHEMAarHHUTOC(EPHOro arcHTa HECTAOWIBHOCTH aBPOPAaIbHBIX
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JJIEKTPOJPKETOB, KOTOpas B CBOIO O4YEpeAb IPOSBISETCS BO BHyTpuMarHutochepHbix MIJ[ BO3MyLIEHUSX.
[IpeacTaBusIOT TaK)KE MHTEPEC YCIOBUS 3TOTO SBICHHS.

B nanHol pabote BhimonHeH ananu3 MI'J] Bo3myleHn#, perucTpupyeMbix B HoHOChepe U MarHuTocdepe 3eMin B
HHTEpBAJIBL, OTBEYAIONINe CyOOypsM, cleqylomM 3a yaapHBIMH BomHamMu MO. DTH WHTEpBaibl MPaKTHYECKH
OTBEYANIM JTally MPOXOXKICHUS MaraHuTochepsl depe3 TypOyneHTHyr0 ob6macte MO. VIHTEHCHBHOCTB
paccMaTpuBaeMBIX CyOOyph OIleHHBaIach Ha OCHOBE 3HaUeHUH nHaekca AL 1 nexana B quamazone ot -500 mo -1300
vT1. U3ydenne MI'Jl Bo3MymieHHH BHITIONHSIACh HA OCHOBE OJHOBPEMEHHBIX HaOIroeHuit 3a Bapuamsivu [19C, H
n D KOMIIOHEHT T€OMarHUTHOTO IMOJSL. AHAJTM3HPOBAINCH CIydaHd COBMAACHHS OCOOCHHOCTEH BEHBIIET-CHEKTPOB
HOHOC(EPHBIX U reOMarHUTHBIX Bo3mymieanit MI'J] tuma. VccienoBanue mokasasuo, 9ToO B AWANa30HE MEPHUOJIOB OT
20 no 40 MUHYT B MECTHOE HOYHOE BpeMs Ha Cy0OypeBOM HMHTEpBajie OTMEYaeTCs CHHXPOHHas HOHOchepHas u
TeOMarHUTHas BO3MYILIEHHOCTb PErHCTpUpYyeMasi Ha 00CepBaTOPHsIX, paclojoKEHHbBIX B HHTepBasie UpoT oT 20° 10
70° c.m.

[Mockonbky orMeuenHas chiaxponHas MI'/] noHocdepHas 1 reoMarHuTHasE BO3MYIIIEHHOCTh HAOJII0OAaeTCs B IEPUOIBI
cy00ypb, TO OHa MOXKET OBITh FeHEPUPOBaHA HECTAOMIBHOCTBIO 3amaaHoro anekrpomkera (AL) [Fapxamosa u op.,
2017]. BosmoxkHOCTh ipoHUKHOBeHUs1 MI'J] Bo3MylieHnil Ha riio0abHbIE PACCTOSHUSI 00ECTIeUnBACTCSl yYacTHEM
HOYHOHW HOHOC(epsl B cyOOypeBOM Ipoliecce B KauecTBE HJIEMEHTA KPYMHOMACIITA0HON TpPEXMEpHON TOKOBOIA
CHCTEMBI — TOKOBOTO KiIHA cy00ypu (SCW). B cBoto ouepens HecTaOMIIBHOCTB 3JIEKTPODKETA TI0 BCEH BEPOSTHOCTH
SIBISIETCSI CIEJCTBUEM BOJIHOBBIX SBICHUH NMPOHCXOAAIINX B TypOyIM30BaHHOW 00nacTu ciemyromei 3a yrapHoOH
BosnHON MO.

bapxamosa O.M., Koconanosa H.B., Bapxamoeé H.A., Peeynoe C.E. CoObITHE CHHXPOHHBIX BO3MYILICHHH B HOHOC(Epe U
reoMarHUTHOM Tioie Haj cTannued Kasans / Conneuno-3emuas ¢usmka, 2017, T.3, Ne 4, c. 24-36
Jlazymun JI.JI. MupoBbIe 1 IOJsIpHBIE MarHUTHEIE Oypu. U3x. MI'Y. 214 ctp. 2012.

O cBSI3M MPOCTPAHCTBEHHOM IJIyOMHBI (POHTA 30HAMPYIONIET0 ITEKTPOMATHUTHOTO MMITYJIbCa B
cpeae ¢ qpucnepcueii ¢ 3pPeKTUBHOCTHIO 00HAPY:KeHHUS 00bEKTOB

JLb. Bonkomupckas, O.A. I'ynesuu, A.C. Kiopersn, A.M. Mép3nbiii, A.E. Pe3nukos, B.1. Caxtepos,
B.B. TuxoHos

U3MUPAH, 2. Tpouyx, Poccus, e-mail: alex_reznikov@inbox.ru

PaccmarpuBaeTcst CBSI3b KPYTH3HBI (POHTA 30HAMPYIOMIET0 MMITyJIbca ¢ OOHApPYKEHHEM MaJIbIX MO0 CPaBHEHHUIO C
JUTMHON HECYIIeW BOJHBI HEOJHOPOJTHOCTEH B cpenax ¢ nucnepcueid. COBMECTHBINM aHANW3 IKCIEPUMEHTAIbHBIX
JTaHHBIX 3()(HEeKTUBHON MOJIOCHI MPOITYCKaHMS IPU 0JTHOCKAYKOBOM PAacIpOCTPAaHEHUH JEKaMETPOBBIX BOJIH Ha Tpacce
Mocksa-ExaTepuHOypr ¥ pe3yibTaToB CBEPXIIMPOKONOJIOCHOIO Te€O0paJHOJIOKAIIMOHHOTO 30HIAMPOBAaHUS Ha
JIeCSITKaxX M COTHSX Merarepll MPUPOIHBIX CPe] C CUIBHOH aucnepcreil co3maéT MPEeANOChUIKH AT MPOBEACHUS
HaTypHBIX 3KCIIEPUMEHTOB I10 BO3BPAaTHO-HAKJIOHHOMY 30HIMpOBaHHMI0 HoHOc(epsl. [lpemnaraercs cosznanue
KOHCTPYKTHUBHO IPOCTBIX ONTORJIEKTPOHHBIX KOMMYTATOPOB [1], crTocoOHBIX (hOpMHUPOBATH UMITYJIbCHI HAIIPSKEHUS
OT €JMHUII 10 AECSATKOB KHJIOBOJIBT C PPOHTOM OT JIECATKOB JI0 COTEH MMMKOCEKYH Ha 50-OMHOM aKTHBHOW Harpyske.
Jist mpoTshkEHHOM (ha3upOBaHHOM aHTEHHBI MOXKHO c()OPMHUPOBATH PPOHT 30HAMPYIOLIETO UMITYJIbCA, HE MEHEE YeM
n3 100 sneMeHTOB ¢ Majoil IpOCTpaHCTBEHHOW TIinyOmHOW (MeHee Mmerpa). it 3pQeKTUBHOrO ynpaBiIeHUS
KOMMYTaTOpOM W ()POHTOM 30HIUPYIOLIEr0 CHI'Hajla MOXHO HCIIOJIb30BaTh MMITYJIECHl CBETA C JUIUTEIBHOCTHIO
MOpSAKA JECATKOB MMKOCEKYH/ U dHeprueit, npumepHo B 1000 pa3 MeHbIIe, yeM:

a) M3Ty4aeTcs MHOTHMMHU COBpeMEHHbIMHM MHKOCeKYHAHBIMH Nd:YAG nazepamu ¢ mmmHON BOJHBI 1.064 MKM,
MTOIXO/IAIICH I KPEMHHUEBBIX (DOTOANOOB U

0) HeoOxomuma Ayt pabOThl KOMMYTAaTOpPOB Ha OCHOBE (HOTOCOTPOTHBIICHWH HWCIOIH30BAHHBIX TPU CO3JAHHUH
CBEpXITUPOKOTIONOoCcHOTO panapa [2], B CBY nuanazowne.

1. A.C. Kropersa [InkocekyHIHOE MEpEKTIOYEHHE BEICOKOBOJIBTHBIX OOPAaTHOCMENIEHHBIX P+—n—n+-CTPYKTyp B IIPOBOJSINEE
COCTOSIHME TIPH UMITYJIbCHOM OcBelieHrnH. Du3KKa 1 TEXHUKA MTOTyNpOBOIHUKOB, 2014, Tom 48, Bhim. 12 cTp. 1686-1692.
2. M. Lalande, J.C. Diot, S. Vauchamp, J. Andrieu. Progr. In Electromagnetics Res. B, 11, 205 (2009).
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OneHka KOHIEHTPAIMH OKUCH a30Ta B MOJSIPHBIX CHSTHUSX 10 JAHHBIM Ha3eMHBIX
¢oTomeTpuuecknx HabIIOIEHUIT

JK.B. Jamkesu4, B.E. FIBaHoB
@I'BHY onapuwiil 2eogpusuueckuit uncmumym, 2. Anamumet, Poccus, e-mail: zhanna@pgia.ru

Ipennoxen meron ouenku koHueHTpauun NO B MOJSIPHBIX CHSHUSX IO JTAHHBIM (POTOMETPHYECKUX M3MEPEHHIH
amuccuid 391.4 um, 557.7 um 1 630.0 HM. B 060cHOBaHMM MeTO1a JIEKUT (DAKT 3aBUCUMOCTH HHTEHCUBHOCTH SMUCCUH

+
557.7 HM OT KOHIIGHTPAIIUN OKUCH a30Ta Yepe3 TUCCOIMAaTUBHYIO0 PEKOMOWHAIINIO HOHA O2 U €ro Tall€HUE OKUCHIO

a3orTa.

INomydens! onenkyn conepxanust okucu azora NO B MOTAPHBIX CUSHHHN, CAETaHHBIE HA OCHOBE aHAJIN3a PE3yIbTaToOB
Ha3eMHBIX (OTOMETPUYECKAX W3MEpEeHUH MHTEeHCHBHOCTeH smuccuid 427.8, 557.7 m 630.0 um. IlokaszaHo, 49TO
KOHIIEHTPAIUsI OKHCH a30Ta B MAKCHMyME €€ BBICOTHOTO MpOoQuiisi JiexuT B unTepBane ot 1-108 1o 3.3 -108 cm®,
3aMeueHO, 4TO TIOJydCHHBIC OLEHKH CBHICTENBCTBYIOT 00 OTCYTCTBHM HPSIMOH KOPPEIALMH MEXIY
WHTEHCUBHOCTBIO CBEUEHUS SMHUCCUU 427.8 HM M BETMUMHOIN KOHIIEHTPAIMKA OKUCH a30Ta.

AHaJIM3 BBICOKOIIMPOTHBIX HOHOTPAMM HAKJIOHHOTO 30HIMPOBAHMS B MEPHO/ FT€OMAarHUTHOH Oypu
17 mapra 2015 r.

J.C. Koroal?, M.B. Kinumenxo'?, B.B. Knumenxo?, JI.B. bnarosemenckuii®, B.E. 3axapos?

Kanununepaockuii punuan Hncmumyma 3emno2o maznemuzma, UoHOChepbl u pacnpocmpanenus paduoGoiH um.
H. B. Iwkosa PAH, e. Karununepao, e-mail: darshu@yandex.ru, maksim.klimenko@mail.ru, vwk_48@mail.ru
2Banmuiickuii pedepanvuviii yuusepcumem um. M. Kanma, 2. Kanununzpao, e-mail: vezakharov@kantiana.ru
8Canxm-Ilemepbypackuii 20cy0apcmeenvlii yHuepcumen aspokocmuecko2o npubopocmpoenus, 2. Canxm-
Iemepbype, e-mail: donatbl@mail.ru

TpexmepHas drcIeHHas MPOrpaMMa pacIpoCTPaHeHNsI KOPOTKUX PaJIMOBOJIH B HOHOC(epe Oblia JOTOIHEHA OJIOKOM
NpUCTPENKH Ul HaxoxzaeHus KB paanorpacc Mexmy nepesaTiukoM W IpueMHUKOM. HoBbIi 010K mo3Bosim
MOJy4aTh MOJENbHBIE HOHOTPAaMMBl HAKJIOHHOTO 30HAMPOBaHUA. DBbBUIO NPOBEZEHO MWCCIIEAOBAHUE BIHMSIHUSA
CUJIbHEWINIEH B 3TOM COJIHEYHOM IIMKIE TeoMarHuTHOW Oypu 17-18 mapra 2015 roma Ha pacmpoctpanenne KB
panuoBonH. IlpoBeneHO cpaBHEHHE Pe3yabTATOB MOIEIHPOBAHMSA C JAHHBIMU HaOmroneHHil. B kauecTBe cpensl
pacnpocTpaHeHus] paIuoBOIH B paboTe mucmosib3oBanachk I mobdansaas CamocornacoBanHas Mogens Tepmocdepsl,
Honocdepst u Ilporonocdepst ('CM TUII), T.k. mogens I'CM TUIT kauecTBEHHO M KOJIMYECTBEHHO OIMKCANa OTKIHK
noHocepsl Ha BBIOpaHHOE TEOMarHuTHOe CcoOOBITHE. IloydeHHBIE pe3yibTaThl MOJIEIMPOBAHUS XOPOIIO
COIJIACYIOTCS C SKCHEPUMEHTAIBHBIME HOHOTpaMMaMHu. B repuos reomarautHo# Oypu HaOmonancs ycuineHHbIi E-
CJIOH, KOTOPBI BOCHPOM3BOJUTCS B MOJENIBHBIX HMOHOIpaMMax, a 3HA4UT U OIUCBIBAETCS MOJENBIO CPEeIbl
pacnpoctpaHenus. Iloka3aHo, 4YTO pe3ylnbTaThl, MOJyYEHHbIE MHPH COBMECTHOM HCHOJB30BAHUU MOJENEH
pacnpocrpanenus paanososH u ['CM THUII, anekBaTHo onmceiBatoT KB-panuoTpaccs! B moHOC(hepe 3eMId B IEpro ]
CHJIbHBIX T€OMarHUTHBIX Oypb, a MPECTABICHHBIH KOMIUIEKC NMPHUKJIAIHBIX TPOTPaMM MOXKET ObITh HCIIOJIb30BaH B
MPaKTUYECKHUX LIENISX.

HccrnenoBanue BHITIONHEHO 3a c4eT rpaHTa Poccuiickoro HaygHoTO hoHAa (mpoext Nel7-77-20009) u mporpammsl
MOBBIIIEHHS] KOHKYpeHTOoCcTIocoOHOCTH «5-100» BDY um. U. Kanra, pabota brnarosemienckoro /1. B. BoImonHsIaCch
npu nojyiepxke rpanta PODOU Ne 18-05-00343.
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lonosphere and upper atmosphere

Bo3myuieHusi BepxHeii noHocgepbl 1 reOMarHuTHOTo moJjs Hajg Taiipynom VongFong 2014 r. mo
AaHHBIM cnyTHHUKOB SWARM

B.A. Maptunec-Benenxo?, B.A. ununenxo?, B.W. 3axapos®

YUnemumym gusuxu 3emau PAH, 2. Mockea, e-mail: lera_m0@mail.ru
2Unemumym xocmuveckux uccredosanuii PAH, 2. Mockea, e-mail: pilipenko_va@mail.ru
SMI'Y um. Jlomonocosa, 2. Mockea, e-mail: zvi_555@list.ru

CunbHBIE METEOPOJIOTHYECKUE BO3MYIIEHHS B aTMOC(epe, CONPOBOXKAAIOIINECS TeHepalieil aKyCTHYECKUX BOJIH U
TypOyJIEHTHOCTH, MOTYT OKa3blBaTh BIMSHHE W Ha HOoHOCc(epy. B mociemnne ronsl HMposBICHUS aTMOC(EPHBIX
BO3MYILCHHI B HOHOC(Epe yaaeTcss oOHapyKXHBaTh W MO JAHHBIX HU3KOOPOWTANBHBIX CITyTHHKOB. I M3y4eHHS
MEXaHHM3MOB BO3JCHCTBUS METEOPOJIOTHYECKHX IPOIECCOB Ha HMOHOC(Epy MBI NPOAHATM3UPOBAIN JaHHBIC
AJIEKTPOMArHUTHEIX W IUTa3MEHHBIX m3MepeHnid Ha cmyTHHKax SWARM Bo Bpems mponeToB Haa TaidyHOM
VongFong 2014 1. Bo Bpems wuHTEHCHBHOH (a3sl TaiipyHa (co ckopoctamu Berpa Oomee 100 y310B)
3apeTUCTPUPOBAHO HAIMYHE B BEpXHEH HOHOCepe "MarHuTHOM psaou" - pmykryarnmit manoit ammummatyast (0,1-5 aTm)
¢ npeobIaaroM MEPUOA0M OKOJIO HECKOJIBKHUX AECATKOB CEKYH/I, BHI3BAHHOW MEJIKOMACIITAOHBIMU POIOTbHBIMH
TOKaMHU. MarHuTHbIE BCILIECKU COIPOBOXKIAIOTCSI OJHOBPEMEHHBIMU YCHWJICHHSIMH WHTEHCUBHOCTH (IyKTyalui
9JIEKTPOHHO# IUIOTHOCTH C OTHOCUTENIEHON BEJIMYMHOMN J10 HECKOJIBKUX JIECATKOB %0.

Mogesn pacuera JiyueBbIX TPAEKTOPUIl KOPOTKUX PATUOBOJH € Y4€TOM AHHU30TPONUM
HOHOC(]epHOIT I1a3Mbl U OTKJIOHSIIONIEr0 NMOTJIOIICHUA

W.B. Munranes, 3.B. CyBopoBa, B.C. Munranes
IITHU PAH, 2. Anamumui, Mypmanckas ooa., Poccus, e-mail: mingalev_i@pgia.ru

B pabore H3IOXKEHO KpaTkoe ONMHMCAHUE MOJCNH [UIsl pacyeTa JIy4eBBIX TPACKTOPHHA KOPOTKUX PaJUOBOIH H
NOTJIOLICHHS TUX BOJH Ha TPACKTOPHAX. DTH pacyeThl MPOBOAATCS B MPHOIMKEHHU T€OMETPHYECKONH ONTHUKH C
Y4ETOM aHH30TPOIUH HOHOC(EPHOH IUIa3MbI ¥ OTKJIOHSFOLIETO MOTJIOMICHHS 38 CUeT CTOJIKHOBEHHUH 3JIEKTPOHOB O3
KaKux-1u00 ympouieHud. s pacueTa KOHICHTPALUH JICKTPOHOB M YaCTOTHI UX CTOJKHOBEHMI B HOHOC(HEpHOI
IIa3Me MCIONB3yeTCsl IMIUpHYeckas Moaens noHochepsl IRl 2016. IpencraBneHHas MOAENb pacyera JIy4eBBIX
TPaeKTOpUi NpejHa3HAa4YeHa JUISi ONPENENICHUS BO3MOXKHOCTH PAJMOCBSI3M HAa KOPOTKUX BOJIHAX MEXIY IBYMS
TOYKAMH Ha MOBEPXHOCTH 3eMIIM U OIpEAEJCHUs ONTHMAIbHBIX YacTOT JJIsi 3TOW CBSA3M MO COOTHOILICHHUIO
CUTHAJI/IIYM B IPUEMHHKE.
Pabora BbinonHeHa mpu GpuHaHCOBOI noepxke PODU, npoekt 17-01-00100.

IIpuxkaaanas Moaeb pacyeTa pacnpoCcTPAHEHUSI KOPOTKHUX PaMOBOJIH
W.B. Munranes, 3.B. CyBopoBa, A.M. Mépansrii, B.B. Tuxonos, B.B. Hukumos, B.C. Munranes, O.B. Munranes

B nokmame mpeacTaBieHO OMHCAHWE MPHKJIATHOM MOJENH, NMpeIHa3HAYCHHOH Ui OIpenaeNeHHs BO3MOXHOCTH
pPaanOCBS3M Ha KOPOTKUX BOJIHAX MEXKIY JBYMS TOYKAMH HA MOBEPXHOCTH 3E€MIIM U OTPENENIeHUS] ONTHUMAaIbHBIX
9acToT I paboumx KaHAJOB 3TOW CBA3M. B Momenn oCyIIeCTBIAIOTCSA pPacyeThl JIydeBBIX TPAEKTOPHIl KOPOTKHX
PaIvoOBOJIH M IOIJIOMEHNS! 3THX BOJH Ha TPAGKTOPHAX. DTH pacueThl MPOBOIATCSA OoJibmIoro Habopa 4acToT 3
nuarasona 3-30 MI'n B npuOIMKeHNH TeOMETPHYECKOH ONTHKH C YYETOM aHW30TPOIHMU MOHOC(HEPHOH IIa3Mbl U
OTKJIOHSIIOLIIETO TMOTJIOMIEHHS 3a CYET CTOJIKHOBEHHH 3JIEKTPOHOB 0e3 Kakmx-lmbo ynpomeHud. s pacdera
KOHLEHTPALMH 3JEKTPOHOB M YACTOTHI MX CTOJKHOBEHHH B MOHOC(HEPHOHN IJIa3Me HCIOJB3YETCsl IMITUpUYEcKast
Mmojenb nonocdeps! IRl 2016. Takxxe B MoJenH pacCUUTHIBAETCS aMIUIMTYAA PaAHOCUTHAIA B IPUEMHON aHTEHHE U
OIIpeJessIeTCsl COOTHOIIEHNEe CUrHAN/ryM. Ha ocHOBaHMM MOCIETHEr0 COOTHOMICHHS OTPEIEIISIFOTCS] ONITHMAIbHBIC
JaCTOTHI ISl PaHOCBSI3H.
Pabora BeInosIHEHA npH GrHAHCOBOM noaaep:kke PODU, nmpoext 17-01-00100.
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Bo3Mo:KxHOCTB CO31aHNUSI CAMOCOIJIACOBAHHOI COBMECTHOM MOJIe/ 1M MATHUTOC(hePbI U HOHOC(ePbI

N.B. Munranes, O.B. Munranes, A.H. JIsxos, A.M. Mepansiii, B.B. Tuxonos, B.B. Tpekun, B.C. Munranes,
M.B. Knumenko, B.B. Kinumenko

B nmokmame paccMarpuBaeTcs IiepedeHb INPHKIATHBIX BONPOCOB, UL KOTOPBIX BaXKEH IPOTHO3 COCTOSHUS
MarHUTOChepsl ®  uoHOocheprl. OOcyxmaroTcs TiaBHbBIE (QHU3MUECKHE IIPOLECCH, 00eCIeUnBaIoNINe
CaMOCOTJIaCOBAaHHOCTh CUCTEMBI ""MarHuroc(epa-noHochepa-pepxuss u cpensis armochepa”. [IpoBoautcs 0630p
CYIIECTBYIOIMX THUIIOB MoJiesied MarHuTocdepbl U HOHOC(Ephl M TEOPETHYECKUX IOAXOA0B K OIHCAHHIO
MPOTEKAIOIINX B MarHuTochepe u noHochepe PU3NIECKUX MPOIIECCOB, Ha KOTOPBIX OCHOBAHBI CYIIECTBYIOIIUE THUIIBI
Mozeneil. Taxoke mpoBoguTca 0030p CYLIECTBYIOIIMX Mojened BepxHeil u cpemneil armocdepsl. O6cyxaaroTcs
HEOOXOMMOCTb M TEPCIEKTUBBI CO3JaHHs CaMOCOIJIACOBAaHHOW MOZEIHM cHCTeMbl "MarHutocdepa-uoHocdepa-
BEpPXHsIS U CpenHss aTMoc(epa”, a TakKe TCOPETHUECKUI MOAXO K OIMCAHUIO B 9TOH CHCTEME BIKECHHS HOHOB H
9JIEKTPOHOB, DBOJIFOLUH CaMOCOTJIACOBAHHBIX MAarHUTHOTO M AJICKTPUYECKOro moueil. PaccmaTpuBaroTcsi cucTeMsl
YpaBHECHUH, ONHCHIBAIOIINE JWHAMHUKY OTHENBHBIX YacTed HSTOW CHCTEMBI, a TaKKe YpaBHEHHS I
CaMOCOTJIACOBAaHHBIX MArHUTHOTO M JIEKTPHYECKOTO HOJICH B 3TOW CUCTEME.
PaGora BrmonHeHa pu puHaHCOBOU oanepxkke PODU, mpoekt 17-01-00100.

BoiesieHue BHICOKOYACTOTHBIX COCTABJISIONINX BAPUAIHIl KPUTHYECKOH YaCTOTHI MeTOAAMHU
CNEKTPAIbHOT0 aHAIHN3A

J.b. PoxxnectBenckuii, B.A. Tenerun, B.. PoxxnectBeHckas

Hucmumym 3emnoeco maznemusma, uonocghepul u pacnpocmpanerus paouogoat um. H.B. ITywkoea PAH,
2. Mocksa, 2. Tpouyx, Poccus

Beienenue criekTpaibHbIX 00J1acTeil MPOrHO3UPOBAHMUS OCYNIECTBISIETCS C MOMOIIBIO HU(PPOBBIX HU3KOYACTOTHBIX
¢unpTpoB. s nepBUIHOM 00pabOTKU TaHHBIX HOHOC(HEPHOTO 30HUPOBAHNS, NOTYIESHHBIX C TIOMOIIBIO HOHO30H 1A
DPS-4 kputnueckux yactor ciost F2, ucnosb3oBanuck Gpuinbtpsl Yebbimesa. {1t peasbHOTO Mpolecca KpUTHIECKUX
Y4acTOT BBIJICJICHBI 00JIACTH TPOTHO3UPOBAHUS OTAEIBHBIX CIEKTPAIBHBIX COCTABIAIOMMX. [IpoBeieH aHaIM3 BKiIaga
OTAEJTBHBIX COCTaBIAIOMIMX B (OPMHpPOBaHME KPUTHYECKOM dacToTel ciosi F2. Paspenenuwe cyrouHoit u
BBICOKOYACTOTHOH COCTaBIIAIOIICH, MOJY4YE€HO C MOMOIIBIO LMKJIA HPOrpaMM, CO3JaHHBIX Ha OCHOBE aHalM3a
CJIOKHOTO CHT'HaJa. AMIUINTY/AA BRICOKOYACTOTHOM COCTaBIISIONIEH VISl CPEJHEIINPOTHON HOHOC(HEPHI KaK IIPaBUIIO
He mnpeBpliaer 0.5 MI'n B neTHuil nepuoa BpeMEeHH. B BBICOKOYACTOTHOM COCTaBJISIOLIEH HPUCYTCTBYIOT
cocTasisonye ¢ nepronamu ot 30 MuH (vacrora HaiikBucra) 10 3-x uacoB. PacueTs! MOKa3bIBalOT, YTO IPUEMIIEMbIC
3HA4YEeHUs MMPOTHO3a BHICOKOYACTOTHON COCTABIISIONIEH KPUTUIECKOH 9acTOTHI MOTYT OBITh MOJydYEHBI B HHTEpBaJe
ot 0,5 1o 5 yacos.

Koppensiuusi Me:xxny HanpaBJieHMeM Jpeiida 1 opHeHTALHel monepevHoii aHM30TPONHHA
MeJIKOMACIITA0HBIX HEOTHOPOAHOCTel B HOHOC(hepe Hax MockBoii

H.IO. Pomanosal, B.A. [laruenko?, B.A. Tenernn?

onapuoiii 2eopuszuveckuti uncmumym, 2. Mypmanck, Poccus
2Dedepanvroe 2ocydapcmeentoe 6100xicemuoe yupesicoenue nayku Mucmunym semHo20 MazHemusma, uoHochepol
u pacnpocmpanenusi paouosonn um. H.B. Ilywuxosa PAH, 2. Mockea, Poccus

[IpoBeneHO uMCIEHHOE CpaBHEHHE HSKCIIEPUMEHTAIbHBIX AaHHBIX, ITOJNy4eHHBIX B F-o0mactn MoHOCQepsl Haj
MockoBckuM pernoHoM. Mcnonb3oBaHbl JaHHBIE, TOTy4eHHBbIE B sHBape 2015 roga. CpaBHEHHE IPOBOJUIOCE MEXKTY
HarpaBjeHueM apeiida anekrponos (nonozonn DPS-4, ycranosnennsiii B U3BMMUPAH), u opueHTanueii nonepeyHoi
AQHM30TPOIIMM  MEJIKOMACIITa0HBIX (HECKOJBKO COT METPOB) HEOJHOPOJHOCTEH 3JIEKTPOHHOM IUIOTHOCTH
(panmoTomorpaduiecKuii MpUEeMHHUK, co31aHHbIH B [1ospHOM reon3nueckoM HHCTUTYTE, yCTaHOBICHHBIH B MI'Y).
ITomydeHo xopomiee coryacue MEXAy SKCHEPHMEHTAIbHBIMH JaHHBIMHU. B psne ciydaeB pa3nudHble 3HAYCHUS
OPHEHTAINH TIOTIEPETHON aHN30TPOIIMY COOTBETCTBOBAIN N3MEHEHHIO B HANIPABJICHUH Jpeiida.
Paborta BbITIONIHEHA [TPH ToAAepkKe rpanTa PODU Ne 16-05-01024 A.
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Hab6.01eHue MeJIKoMAacCIITA0OHBIX HeoqHOpoaHOCTel 8 ceHTsIOpsi 2017 1. B IepuoJ reOMAarHUTHOT O
BO3MYIIIEHHS

H.}YO. Pomanosa
Honsapuwiii 2eopuzuueckuii uncmumym, 2. Mypmanck, Poccus, e-mail: romanova@pgi.ru

B nepuon reomarHuTHOr0 Bo3MymieHust B ceHTs10pe 2017 ., koraa MUHUMallbHOE 3HaueHne DSt qocturio BennunHb
Dstmin = -142 uTn 8 centsiops 2017 r. (mo manubmM http://wdc.kugi.kyoto-u.ac.jp/dst_realtime/201709/index.html),
panuoToMorpaduuecKuMu CTaHIMsAMH B 1. Bepxuerymomckuit u r. Kemp ObutM 3aduKcHpOBaHBI WHTEHCHBHBIE
aMIUTUTYIHbIC CHUHTWUILAINHA CIYTHUKOBOTO CHUTHANA B mepuoj ceaHca 15:25 + 15:45 UT. CryTHUKOBBIN cHTHAT
TIpOIIEeN Yepe3 HOHOChepy 0T HU3KOOpOUTaIbHOTO cryTHHKA (~ 1000 kM) 1 OBII MPUHAT HA3€MHBIMU IPHEMHUKAMI.
AMIUTATYIOHBIE CHUHTIIULIAA CBHICTEIHCTBYIOT O MPHUCYTCTBUH B F-o0mactm moHOCheps! MerxoMacImTaOHBIX
HEOJHOPOJHOCTEH AIEKTPOHHON IJIOTHOCTH. VIHTEHCHBHOCTh CHMHTHIUIALUEN MO3BOIHIIA ONPEISIUTh MapaMeTphI
STHX HEOTHOPOTHOCTEH. BakHO, YTO B aHAJOTWYHBIA IEPHON BPEMEHH TMPENBIIYININX CYTOK (IO Hayaia
TC€OMarHUTHOTO BO3MYILEHUsI) HE HAOJIOMAINCh aMIUIUTYIHBIC COUHTIJUIAINN NMOJOOHON MHTEHCHBHOCTH. Taroke
BaXXHO, YTO B JHCBHOC BpEM: B CIIOKOMHBIX T'€OMAarHUTHBIX YCIOBUAX MHTCHCHUBHOCTDH CHI/IHTI/IHHHHI/Iﬁ 4yacTO HE
JIOCTATOYHA JIJIsI OTIPEICIICHHUS MapaMeTPOB HEOTHOpoAHOCTeH. TakuMm oOpa3oM, HaboaaeMbie 8 centsiops 2017 1. B
15:25 + 15:45 UT COMHTWIISILMA €CTh CIIEACTBHE T€OMarHUTHOTO BO3MYILEHHS.
Pa6ota BeInonHeHa mpu noaepkke rpanta PODOU Ne 16-05-01024 A.

JIBa HOBBIX acnekTa npumeHenusi KB-paanosokauuu B ApKTHKe
B.A. Tenerun'?

YUncmumym semmnozo maznemusma, uonocgepuvl u pacnpocmpanenus paouogsoan um. H.B. Iywixosa PAH,
2. Mocksa, 2. Tpouyx, Poccus
2Uncemumym oxeanonozuu um. ILIT. Illupwosa PAH, 2. Mockea, Poccust

AKTyapHOCTh pacCMaTpHUBAEMOT0 MaTepraia 00yCcIOBIeHa He00X0AUMOCThIO 3 pexTrBHOTO 0OcBOCHH CeBEpHOTO
MOPCKOI'O IyTH.

[epBEIif acIeKT OTHOCHTCSI K PEUICHUIO 3a/Ja4 OIepaTHBHOI okeaHorpaduu st mopeit CeBepHoro JlemoBuroro
OKeaHa Ha OCHOBE MCIIOJIb30BaHM METOJIOB M cpeacTB npubpexHoit KB-pamunonokamun. OTpaboTKa 3TOT0 MoAX0oaa
BEJIETCS B HACTOSILEE BpEMs Ha YEPHOMOPCKOM MOJIUroHe. B nanpHeieM npeanonaraercs, 4To AaHHAsE TEXHOJIOTHS
OyzeT amanTupoBaHa K ycloBusaM Mopei CeBepHoro JlemoBUTOro OKeaHa.

BTopoii acrieKT OTHOCUTCS K BO3MOKHOCTSIM NMPHUMEHEHHsS B BBICOKHMX LIMPOTaX, co3naBaemMoil B Poccun cucremsl
BHEIIIHET0 30HIupoBaHus noHochepsl 3emin. Hamuuue B aBpopaibHOi HOHOC(hEpPEe HEOAHOPOTHOCTEH, BHITSHYTBIX
BIIOJIb MAarHUTHOTO TIOJIS, OKA3bIBACT 3HAYMTENILHOE BIMSHHE Ha pacrlpocTpaHeHue paanoBosH KB-amamasona u
JIOJDKHO YUUTBIBATHCS IPU MHTEPIPETAIIMH HOHOTPAMM BHEIIIHETO 30HAMPOBaHMs. B kauecTBe mpuMepa MOTyT ObITh
HCIIOJIb30BaHbI aHHble criyTHHKa MK-19.

AHAaJM3 HOHOTpPaMM BHelllHero 3oHaupoBanus UK-19 B 001acTu aBpopaabHOro oBaJjia s
yCJIOBHI PAaBHOAEHCTBUS

B.A. Tenerun®, B.I'. Bopo6ses?, O.U. Sroxxuna®, B.W. Poxnaectenckas®, E.B. Ocunenkosa®

YUnemumym semmnozo maznemusma, uonocgepul u pacnpocmpanenus paouoeonn um. H.B. Iywikoea PAH,
2. Mocksa, e. Tpouyx, Poccus

2[Tonspuwviii zeopusuueckuti uncmumym, 2. Anamumoi, Poccus

3Mocrosckuii mexnonozuueckuii ynusepcumem (MUPDA), 2. Mockea, Poccus

AHanu3 noHOTpaMM BHelmHero 3oHgupoBanus MK-19 orpaHuumBaics pacCMOTPEHHEM CIIydaeB, KOT/Ia CIIYTHHK
HaXOJIMJICS B BHICOKUX IIHPOTAX CEBEPHOTro moayiapus. Takum o0pa3om, UCCIeA0BATICH HOHOTPAMMBbI B 00JIACTSIX:
i y3HBIX BBICHITIAaHUH dKBaTOpPHAIIbHEE OBajla, OBaia JUCKPETHBIX (JOPM CUSHH, MATKOTO TH(H(Y3HOTO CBEUSHUS
MOJIFOCHEE OBaJIa M MOJISIPHOH 1Ianku. PaccMoTpeHue mpoBOAMIIOCH IS PA3IMYHBIX YCIOBHI MarHUTHO# aKTUBHOCTH.
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Yuder ocobeHHOCTEl TUATPAMM HANPABJIEHHOCTH [IJI51 PETPOCNEKTHUBHOI0 aHAIN3A U
COOTBETCTBYIOLIEH HHTEPNPETAIIMH HOHOTPAMM BHEIIHEro 30HAUPOBAHUS

B.A. Tenerun®, B.A. T'ap6auesuu’, 1.1. Usanor?, A.A. Kanrior!

YUncmumym semnozo maznemusma, uonocgepul u pacnpocmpanenust paouosont um. H.B. Iywxoea PAH,
2. Mocksa, 2. Tpouyx, Poccus
2IOxcnvui pedepanvuviii ynueepcumem, IODY, 2. Pocmos, Poccus

Ha npumepe cnyrauka WK-19 paccMOoTpeHBI M OOBSICHEHBI acleKThl CKauKOOOpa3sHOTO WM3MEHEHHs XapakTepa
MOHOTPaMM BHELIHETO 30HANPOBAHUS TIPH NEPEX0JIC OT OJHOTO JHAaIla30Ha YacTOT PaAHO30HAUPOBAHUS K IPYTOMY
B PaMKax OJHOTO ¥ TOTO JKE€ CeaHca paJlo30HINPOBAHUS. Y CTAHOBIICHA OTPEIEIIAIOAs POJIb TEOMETPHH AUATrPaMM
HaINpaBIEHHOCTH HE3aBUCHMO (YHKIMOHHUPYIOMHX (pparMeHTOB aHTeHH. [loHMMaHME NTaHHOTO BONPOCA SBISACTCS
HEOOXOANMBIM AJISI MHTEPIPETAU HOHOTPAMM BHEIIHETO 30HIMPOBAHMS B BBICOKHX LIMPOTAX, OTIMYAFOLIMXCS
HaJIMYHeM OOJIBIIOTO YKCiIa HEOHOPOIHOCTEH, BBITSHYTHIX BJIOJIb MATHUTHOTO MOJIA.

Hccnenoanne siBinenusi F-paccessnust no 1anubiM cnyTHuka UK-19 B mepuon paBHogeHCTBUSA
B.A. Tenerun®, A.T. Kapnaues®, H.A. Jlatko?, C.O. T'ankun?

Uncmumym semnozo maznemusma, uonocgeput u pacnpocmpanenus paduosoni um. H.B. Iywxosa PAH,
2. Mocksa, 2. Tpouyx, Poccus
2Mocko8CKUTI MEXHONOUYECKUT yrusepcumem (MHUP3A), e. Mockea, Poccus

[lpu BHemHEM 30HIMPOBAHMM HOHOC(EPHl MOXXHO BBLACIUTH TPU XapaKTEpHBIX THIIA PACCESHUS CHUTHANA Ha
HEOJTHOPOJHOCTSAX, HAOJ0AaeMbIX Ha BBICOTE CIyTHHKA (THM F1), B IeHTpe HOHOTrpaMMBbl BHEIIHETO 30HIUPOBAHUS
(tun F2) u B makcumyme cinost F2 (tun F3). B HacTosmeit paboTe aHamu3upyeTcs paciupeaeeHne pa3InyHbIX THIIOB
paccesHus 10 JIOKaJbHOMY BPEMEHH, MHBApHAHTHOW IIUPOTE U TeorpaduIeckoii 10aroTe B IEpHO] paBHOJACHCTBUS.
AmnHanu3 BbINOJNHEH Ha ocHOBe Oojiee yeM 50 000 moHOrpaMM BHEUIHETO 30HAMPOBAHUS, MOJNYYSHHBIX HA CIIyTHHUKE
HK-109.

AnoMaabHoe n3MeHenue norJouenus I B nepuox nneBHO# a3sl 3 dexTa 1eHb-HOYb
Bapualuu

B.A. Viees, I.10. Poros, A.B. ®pank-Kamenenxmuii

Apxkmuueckuii u Aumapkmuueckuti Hayuno-uccreoosamenvcxkuu uncmumym (AAHUH, CI16), omoen eeoghusuxu
AAHHU, e-mail: vauliev@yandex.ru

Paccmotpenst 3 ssaenust IIIII B centsiope 2017r., 3aperncTpMpOBaHHBIE PHOMETpPAMH Ha TPEX CTaHIMSAX,
PacIoNIOKEHHBIX B LIEHTPe aHTapKTHUYeCKol monsgpHoi manku: Boctok, MupHnsiil u IIporpecc. Ha Bcex craHmusix
nposiBisgercs 3¢ ekt neHs-HOUb Bapuaruu ([{HB): pe3koe moBbIIIeHHE MOTJIONIEHHUS B YTPEHHE-IHEBHBIC YaCHI
(maeBHas daza JIHB) u pe3koe yMeHbIIIEHHE TIOTJIONICHUS — B BeUepHe-HOUHbIE Yackl (HouHas ¢aza JJHB). B nHeBHbIC
Yyachl Bapualys IOTJIOIIEHHUS aHAJTOTWYHA M3MEHEHHWI0O WHTEHCHBHOCTH MOTOKOB HpoToHOB (IIIT), BBRI3BIBarommx
sieimeHust TTITLLIL.

OTU TeHACHIUHU (PE3KOTO MOBLIIMIEHUS TOTJIONIeHU Ha JHeBHOU (ase [JHB, n cooTBeTcTBHE Bapuanny JHEBHOT O
nornomenus [T u3menenuro uaTeHCHMBHOCTH 111 B 3TOT k€ MEpPHO) COXPAHSIOTCS MOYTH Ha BCEX CTAHIMAX
nouty Bo Bce anu [T, Ognako oTMedeHsl JBa ciayyasi, KOorja Ha OJJHOM cTaHuuu B ouH u3 auei [T Ha nHeBHOM
¢aze /IHB mormnomeHne Bo3pacTaeT O4eHb MEIJICHHO M BapHalMsl IOIJIOIICHMS HE COOTBETCTBYET M3MEHEHHIO
unteHcuBHocTH [1I1 B 3TOT Mepuoa. OTu cydau Ha3BaHbl yTpeHHe-AHEeBHOM anomanuei (Y I A). IIpu atom Ha npyrux
craHimsX gHeBHas anoMmanus (Y A) orcyrerByer. Dddekr YA oOHapyKeH BIEPBBIE.

[pennonaraercs, urto mnosiBieHne YJIA 00yclOBIEHO BBICOKOH JIOKaJbHOM aKTHBHOCTBIO BHYTPEHHHX
TPaBUTALIMOHHBIX BOJH B PACCMATPUBAEMBIH EPUOL.
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H3mepenust kpacHoii 1yru u miazmocgepbl BO BpeMsl pa3BUTHS NMOJISIPU3alHOHHOr0 A:xketa 10
siuBaps 1997 r.

B.JI. Xanmunos?, N.B. Uepenko?, B.B. Bespykux', A.E. Crenanos?

YUncmumym xocmuveckux uccnedoeanuii, 2. Mockea, Poccust
2Unemumym xocmousuueckux uccredosanuti u asporomuu um. F0.I. lagepa, 2. Axymcxk, Poccus

PaccMoTpeHb! JaHHbIE KOMILIEKCHBIX CHHXPOHHBIX M3MepeHHH Bo Bpemst coObiTis 10 suBaps 1997roxa, korna npu
1oxxHoM MMII ¢ Bz = -10.30Tn npowu3onien cka4ok IIOTHOCTH COMHEYHOro Berpa. [InoTHocTh NSW Bo3pocna ot 6
10 16 em® B 10.50 UT. TonoxeHue miasMonayssl o u3MepenusM npubopa ALPHA-3 - na cnythuke INTERBALL
— AURORAL PROBE m3menumocs ¢ L= 4.2 no L = 2.4 B panHeMm BeuepHeM cekTope. HazemHsle noHochepHsie
usmepenus c1. dkyrck (L = 3.0, A = 130° E) cBUETENLCTBYIOT O Pa3BUTUM MOISAPU3ALMOHHOIO JKeTa. M3Mepenus
Ha cnytHuke DMSP F-13, o0HapyXuBaroT monocy 3amagHoro apeiida co ckopoctsio 2000 M/cex. Ha 3Tux *ke L
obonoukax. Ilo cmekTpooToMeTpUudecKMM JAaHHBIM cT. Maiimara (L=3.2, A=130° E) peructpupyercs
MyJabTUIIeTHass SAR 1myra, sKBaTopHaibHAs T'PaHUIIa KOTOPOH NIPUMBIKAET K IIa3MOIIay3e ¢ BHEITHEH CTOpOHEL. B
MOCJIEIYFOLIHE YaChl TPOMCXOAMIO Bo3pacTaHue L— 000J104KH Mm1a3Momnays3bl, IpU 3TOM LIKPOTHOE ToioxkeHue SAR
—/IyTH HE HM3MEHsJIOCh. BBUIM paccMOTpeHBI TPU ciydasi CHHXPOHHBIX M3MepeHud SAR-ayr Ha cr. Maiimara u
panuaibHbBIX Mpoduield HOHHOW KOHIeHTpauuu mno uaMmepenusiM Ha cnytHuke VAN ALLEN PROBE. Bo Bcex
ciyyasx SAR — arc passuBaiack Ha L 00omoukax pe3koro paauaibHOTO rpaJiieHTa KOHIEHTPAIMK HOHOB BOJOPOIa
U TIPUMBIKaa K IUIa3MOIIay3€ C BHEIIHEH CTOPOHBI.
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The contribution of bremsstrahlung effect to the ionization of the polar atmosphere during the
relativistic electron precipitation

K.S. Golubenko, I.A. Mironova
Saint Petersburg University, Saint-Petersburg, Russia

In this paper we consider the contribution of bremsstrahlung effect to the ionization of the polar atmosphere during
the relativistic electron precipitation. For comparison of the obtained results, the ionization profiles prepared for CMIP
6 (Coupled Model Intercomparison Project Phase 6) are used. A one-dimensional chemical model of the atmosphere
was used to verify the computed ionization and analysis of the chemical composition of the polar atmosphere. The
results of our analysis show the importance of taking into account the relativistic electron precipitation and their
bremsstrahlung effect for analyzing the properties of the middle atmosphere during the perturbed conditions of the
magnetosphere and the solar wind.

Microclimatic variations of air temperature in the Spitsbergen archipelago
B.V. Kozelov, V.I. Demin
Polar Geophysical Institute, Apatity, Russia, e-mail: boris.kozelov@gmail.com

Trial measurements of the spatial distribution of surface air temperature in the Spitsbergen archipelago in the city of
Longyearbyen and in the vicinity of the village of Barentsburg were carried out in the conditions of the polar night
from October 28 to November 3, 2017. The measured temperature varied from -1 ° C to -8 ° C in the absence or weak
(less than 3 m/s) wind.

The main attention was paid to microclimatic variations of temperature under the influence of the relief forms and the
proximity of the water area. A decrease in the air temperature in negative relief forms was detected, with the
temperature variation near the surface greater than at some height above it. The effect of the open water surface on
the thermal regime of the coastal territories turned out to be poorly expressed and, apparently, was blocked by
orographic effects.

The possibility of revealing local variations in temperature in the central part of Longyearbyen and their possible
causes was estimated from the data of route temperature measurements and images in the thermal (infrared) range.

Simultaneous monitoring of middle atmosphere ozone at Apatity and Peterhof in the winter
2017/2018

Y.Y. Kulikov!, A.F. Andriyanov?, V.I. Demin?, A.S. Kirillov?, B.V. Kozelov?, S.1. Osipov®, A.V. Poberovsky?,
V.G. Ryskin!, V.A. Shishaev?

!Institute of Applied Physics, Nizhny Novgorod, Russia
2Polar Geophysical Institute, Apatity, Russia
33aint Petersburg State University, Saint Petersburg, Russia

We present preliminary results of observations of the ozone emission line in winter 2017/2018 by method of
microwave radiometry. Measurements of spectra of middle atmosphere ozone were executed with the help of two of
mobile ozonemeters (observation frequency 110836.04 MHz). One spectrometer was installed at physical faculty in
Peterhof (60N, 30E) in 28 km from the centre of Saint Petersburg [1]. Other spectrometer was installed at Polar
Geophysical Institute in Apatity (67N, 33E). Both devices had identical techniques as measurement and an estimation
of vertical structures of ozone. Results of joint ground-based measurements of middle atmosphere ozone content with
the use microwave equipment are presented. The importance of similar observations in the studying of the influence
of various disturbances on ozone layer is discussed. The comparative analysis of received results with satellite
MLS/Aura data, and also with ozonesonde data at station Sodankyla (67N, 27E) and with model profiles are given.
The work was supported by the RFBR grant 15-05-04249.
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1. Y.Y. Kulikov, S.1. Osipov, A.V. Poberovsky, V.G. Ryskin, VV.A. Yushkov. Monitoring of variations of a middle atmosphere
ozone in polar latitudes of Arctic during stratospheric warming in the winter 2016. XL Annual Seminar «Physics of Auroral
Phenomenay. Proceedings. 13-17 March 2017. P. 131-134, Apatity, 2017.

Influence of the solar activity on cave air temperature regimes
P. Stoeva and A. Stoev

Space Research and Technology Institute - BAS, Stara Zagora Department, Stara Zagora, Bulgaria,
e-mail: penm@abv.bg, stoev52@abv.bg

Caves and their evolution are influenced by solar activity as all the natural processes. The study of this influence needs
constant monitoring of the air temperature and physical parameters of the cave — rock temperature, condense
processes, heat exchange etc.

We discuss cave air temperature response to climate and solar and geomagnetic activity for four show caves in
Bulgaria (latitude p=42.50°, longitude A=25.30°) for a period of 46 years (1968 — 2013). Everyday noon measurements
in Ledenika, Saeva dupka, Snezhanka and Uhlovitsa cave have been used.

Cave temperatures in the zone of constant temperatures (ZCT) are compared with surface temperatures recorded at
meteorological stations situated near about the caves — in the towns of Vratsa, Lovech, Peshtera and Smolyan,
respectively.

The Hansen cave, Middle cave and Timpanogos cave from the Timpanogos Cave National Monument, Utah, USA
have also been examined for comparison (latitude ¢p=40.27°, longitude A=111.43°).

It has been found that the correlation between cave air temperature time series and sunspot number is better than that
between the cave air temperature and Apmax indices; that t°zcr is rather connected with the first peak in geomagnetic
activity, which is associated with transient solar activity (CMEs) than with the second one, which is higher and
connected with the recurrent high speed streams from coronal holes.

Decreasing trends in the air temperatures of all examined show caves have been identified, except for the Ledenika
cave, which is ice cave. The well known mechanism of cooling is clearly expressed — the dry surface air lowers the
temperature of the cave air and the drier air evaporates water from the cave environment, which further cools the cave.
On the contrary, increasing trends in the air temperatures on the surface, measured at the meteorological stations near
about the show caves in Bulgaria have been identified. The trend is decreasing for the Timpanogos cave system, USA.
It can be concluded that surface temperature trends depend on the climatic zone, in which the cave is situated, and
there is no apparent relation between temperatures inside and outside the caves.

Our results can help in studying heat exchange between the surface and subsurface air and its influence on cave
ecosystems.

Determination of the total ozone column with consideration of the cloud optical depth
R. Werner, B. Petkov?, D. Valev!, A. Atanassov?, V. Guineva!, A. Kirillov®

1Space Research and Technology Institute (SRTI) - BAS, Stara Zagora Department, Stara Zagora, Bulgaria
2Institute of Atmospheric Sciences and Climate (ISAC)- CNR, Bologna, Italy
3Polar Geophysical Institute (PGI) - RAS, Apatity, Russia

Since the installation of a GUV-2511 instrument in February 2015 automatic measurements of the solar irradiances at
wavelengths 305, 313, 320, 340, 380, 395 nm in the UV spectral range and the irradiance at the wavelength interval
from 400 to 700 nm in the visible range have been carried out. The GUV instrument receives the irradiance from the
sky. Therefor a simple calculation based on the Beer-Lamber Law is not applicable. So-called Lookup tables are
prepared - for a multitude of ozone values irradiance ratios depending on different parameters as zenith angle and
cloud optical depth were calculated previously using the Tropospheric Ultraviolet and Visible (TUV) radiation transfer
model. The total ozone column amount was retrieved by interpolation of the tables for real measured ratios of
irradiances at 313nm, a wavelength with significant ozone absorption, and a second irradiance at 340 nm, which is
insensitive against ozone absorption. For the estimation of the optical depth the ratio of the observed irradiance and
the estimated irradiance for cloudless conditions at 380 nm is determined depending on the zenith angle. In addition
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a lookup table was previously calculated to obtain the actual optical depth in dependence from the zenith angle and
the irradiance ratios at 380 nm. Ozone column data from OMI-instrument satellite Aura on the Earth Observing System
were used for comparisons and to set the exact wavelength centre position for the 313 nm filter to minimise the ozone
retrieval error for our algorithms. All observations from February 2015 up to January 2018 were included in the data
processing. By regression of our ozone data against the OMI data, when 0zone amounts were retrieved for the same
days, the exact central wavelength for the 313 nm filter was determined.

Tunsl npoduJieil Bo3pacTanuii raMmma-¢oHa P 0CATKAX U UX CBA3b C aTMOC(EPHBIMHA
ABJICHUSAMH

10.B. banabun
Honspnoii ceogusuueckuit uncmumym, 2. Anamumot, Poccus

MonuTopuHr GoHOBOrO hoHOBOrO ramMmma-uzinydenus (20-400 k3B) B npuzemHoii cioe aTMochepbl, TPOBOJUMBIN Ha
CTaHIMAX Anatutbl U bapeHUOypr, rmokaszan HaJM4YUe SBJICHUS: BO3PACTaHHs MOTOKAa IraMMa-H3JIyueHHs] BO BpeMs
ocankoB. Bo3pacTaHuss mpOUCXOIAT KPYIJIBIH TOA MPU OCaJKaxX U JOCTUraloT aMIuIuTyAsl 60 %, XOTs B cpelnHeM
Bo3pacranue coctasiseT 20-30 %. B nanHo# paboTe HCIONB30BaHbI pE3YJIbTaThl 3TOI0 MHOTOJIETHETO MOHUTOPUHTa,
JIOTIOJTHEHHBIE JTAHHBIMU O COCTOSIHUM aTMoc(epbl ¥ METEONapaMeTpOB, NOIYUSHHBIX HA METEOCTaHLMIX. AHAIN3
npodueit Bo3pactanuii raMMa-(oHa pH ocaaKax ObLI IPOBEIEH C yIETOM COCTOSHHS aTMOC(EPHI ¥ TPOUCXOASIINX
B HEl METEOSBIICHHUH: TEMIIEPaTyphl, OCaJKOB, BeTpa, 00MadyHOCTH, TyMaHa u ap. [Ipodumm Bo3pacTanmii Takxe
paznensuinchk 1o Qopme; ObUTH BBIZICICHB! HECKOJBKO THUIMHYHBIX Ipoduieii (C KpyThIM (POHTOM M MEIJICHHBIM
CIazioM, CUMMETPUYHBIC (TpeyroibHbIe), ¢ IuaTo). [IoCKOMBKY CTaHTapTHBIE METEOHAOIIONCHMS MPOBOAATCS C
MEPHOANIHOCTBIO 6 YacoB, TO JJIsI KOPOTKUX BO3pacTaHUi (2-5 Jaca) 3TH JaHHBIE HEIOCTATOYHEI. B TO jxe BpeMs 11t
BO3pPAacTaHWH TUTENBHOCTBIO OT JECATH YacOB OHHU BIIOJHE MOJXOIST M IO3BOJIIIOT BBIIBUTH HEKOTOPHIE CBSI3H
MeXAy HUMH. Takke Npou3BeJeH KPUTUUECKUI aHAIU3 BBISIBICHHBIX CBA3CH.

Bo3pacranus ramMa-¢oHa npu ocagkax: XapakTepucTHKH cOObITHI U UX CTATHCTHYECKHUE
0CO0EHHOCTH

10.B. bana6un, b.b. I'Bo3nesckuii, A.B. I'epmanenko, E.A. Maypues, E.A. Muxanko, JL.U. llyp
Honsipnoui eeopusuneckuit uncmumym, 2. Anamumet, Poccus

B pesynbraTe MHOTOJIETHETO MOHUTOPHHTA Ha MOJSIPHBIX CTAaHIMSIX AnaTuThl U bapeHoypr coOpaHa yHUKanbHas U
oOmmpHas 6a3a maHHBIX 00 ypoBHE (oHOBOTO ramma-m3nmydernus (20-400 x3B) B mpuzemHO# croe aTMocheps! 3a
nepuon 2009-2017 r. OHa AONOJIHEHA W3MEPEHUSIMU, NPOBEICHHBIMU Ha pPsA€ CPEIHEIIMPOTHBIX CTaHUUN B
nocjeqHue roasl. Bee M3MepeHus BBHIMONHEHB Ha OJHOTHITHBIX AeTeKTopax, M3roToBieHHBIX B III'M. Ha Bcex
CTaHIUAX ¥ Ha MPOTSDKEHUH MHOTHX JIET HAaOJIFOJacTCs sIBIICHHE, BIIEPBBIC OOHAPY)KEHHOE aBTOPaMU: BO3pacTaHHE
ramma-(oHa IpH ocagkax. [I[pudem, Kak yCTaHOBICHO OBLIO JOTIOHUATEIFHBIMU SKCIICPUMEHTAMH, 3TH BO3PACTAHUS
HE CBsI3aHBI HU C PAJUOHYKIIUIaMH B OCaJIKaX, HU C YBEIMYCHUCM KOHIICHTPAIIMH PaJIOHA B IPU3EMHOM CJIOE BO3IyXa.
OHu HaOIIOJAOTCS TOBKO B AJIEKTPOMArHUTHOM KOMITOHEHTE, BO3HUKAIOIIEH B aTMOC(hEpe OT KOCMHYECKUX JTyUei.
KommnekcHass oOpaboTka 3THX JaHHBIX TIOKa3ajga, 4YTO XapaKTEPUCTUKH COOBITHH (Takue Kak aMILTuTy[a,
JUTMTENTLHOCTh, CKOPOCTh HApacCTaHWS W CMaja, MOJIHAS SHEPTHs) UMEIOT YETKUE Pa3Inuus M0 CE30HY Ha KaXIoi
CTaHIMK. B TO e BpeMsi HEKOTOPbIE XapaKTEPUCTHKH OKA3aJHCh MO 3aBUCSIIUMU OT PACIIONOXKECHHS CTAHIIMH
(monsipHBIE WK CpeTHEeNTNpOTHBIE). [locenHee TOBOPUT O TOM, YTO 3TO sIBJICHUE (BOo3pacTaHue raMMa-(oHa Mpu
ocasikax) 00yCJIOBIEHO €MHBIM MPOIIECCOM B aTMocdepe.
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Ewre pa3 o ce30HHBIX BapuanMsaxX MATKOro raMMa-u3JiyuyeHusi B HUaKHel atmocdepe
0. Banabun!, A. Jlykosnukosa?, A. Toponos®, A. epmanenxo?, b. [Bo3aeBckuiit

Honspuwviii 2eopusuueckuii uncmumym, Anamumst, Poccus
2Uncmumym conneuno-semnoti pusuxu, Upxymex, Poccus
SUncmumym xocmousuueckux uccredosanuii u asponomuu, Sxymex, Poccus

Hanmume 10BOJIBHO JUIMHHOTO Psi/ia HAOMIOACHUH Ha IBYX CTaHIMSAX KOCMUUYECKHX Jtyuel (Anarutel u bapennoypr),
a TaKKe MOSBJIEHHE HOBBIX TOYEK HAOIIOAECHHUH B Ipyrux kiuMarndeckux 3oHax (Tuxcwu, Skyrck, CasHbl, PocToB)
BMECTE C HOBBIM IOJXO0JIOM K CPAaBHEHHIO JaHHBIX OT Pa3HBIX CTaHIMUI [TO3BOJIMIN TIOJIyYUTh HOBYIO HH(OpManuio.
V3mepeHus BHIMONHSOTCS OAHOTHITHBIMHU JIeTEKTOpamH, nrotosieHusiMu B [IT'U, Ha ocHoBe kpuctamta Nal(TI).
Onn nmerot 3¢ dextuBHbIA auana3zon peructpannu 20-400 k3B U MOCTaBICHB B PEKUM MOHHUTOPUHTA (POHOBOTO
raMMa-u3JIydeHus], IPUXOSIIETO U3 BEpXHEH nomycdepsl u3 aTMoc(ephl. YK€ H3BECTHO, YTO CE30HHAS BapHALMS
CBSI3aHA C HAJMYMEM CHEKHOTO IMOKpOBa Ha 3eMHOM moBepxHOocTH. [IpencraBinenne mpodumeii B aOCOMIOTHBIX
eAnHHULAX (CKOPOCTh cYeTa B MMII/MUH) MOKA3aJI0, YTO MAaKCUMYM IIOTOKA, MPUXOISAIINICS HA TEIUIBI OECCHEXHBIN
MIEpHOJ, U3 TO/1a B TOA Ha CTAHIMHU JICPXKUTCA HA MOCTOSIHHOM YPOBHE, TOTJIa KaK MHHHUMYM, Ha Ka)KIOH CTaHINH
HACTYTAIONNHA BECHOH Iepes TassHUEM CHeTa, 3aBUCHUT OT TOJIIMHBI HAKOMHMBIIETOCs 3a 3UMY cHera. Pa3a pocTta oT
MUHHMYyMa K MakCHMyMy OYeHb KOpOTKas M COBHAJaeT ¢ MEPHOAOM CXOJa CHEeXXHOro mokposa. Kpome Toro, B
MHUHAMYME W Ha (a3e pocra OTMEHYaeTcsl 3HAYUTEJIbHOE yMEHBIICHHE COOBITHH BO3pacTaHUs raMMa-H3ay4eHHs,
CBS3aHHBIX C OCaJKaMM, XOTS BECHOW IOrojia HEYyCTOWYMBasg M ¢ OOMIBHBIMH ocaakamu. Ce30HHas BapHalus Ha
craHuuu B PoctoBe-Ha-J[0HY OTCYTCTBYET, KaK M IOCTOSIHHBIN CHEXHBII MOKpoB. Kpome Toro, B 3uMHHUI IepHo Ha
BCEX CTAHLUAX HAOIIONAIOTCS JUINTENbHBIE (MHOTHE AHHU, 10 Heaenu) Bapuanuu (1o 10 %) ¢ oueHb pacTIHYTHIMU
(poHTaMH, KOTOpPBIE HU C KAKUMU aTMOC(EPHBIMU SIBICHUSMH HE yIIAeTCsl CBSA3AT.

CyTo4yHasi BApHAIMSI MATKOT0 raMMa-H3JIy4eHHsi B HHKHell aTMocdepe
I0.B. Bana6un!, A.A. Toponos?

onapuwuii 2eopusuueckuii uncmumym, 2. Anamumut, Poccust
2Uncmumym xocmousuueckux ucciedosanuii u asporomuu, 2. kymex, Poccus

[To ranHBIM MHOTONIETHUX HaOMIOACHUI Ha psie cTanimi ot Llnuubeprena 1o PoctoBa B moToke MArkoro hOHOBOTO
ramma-m3ydeHust (20-400 k3B), mpuxoasmiero w3 aTMocdepsl, HAOIIOAaeTCS CYTOYHAS BapHanus. B criokodHbIe THH
OHa HaOIoJaeTcss OTYETIMBO. METOOM HAIOXKEHHMS 30X OHa ObLIa MOJydYeHa KaK CPEAHEee 10 COTHH THEBHBIX
npoduieil. AMIUTUTY1a CYTOYHON Bapuanny cocTaBisieT 2-4 %, pa3au4asch OT CTAHIMHU K cTaHIMHA. POHOBOE raMmma-
M3JIyuyeHHe BO3HUKAeT B arMocdepe Kak BTOPHUYHOE NMPHU B3aUMOJICHCTBHM KOCMHUUECKHX JIyueil ¢ aTMochepoil.
OCHOBHOW BKJIaJ, BHOCST CIEAYIOIIHE IPOIECCHI: pachaj KOPOTKOKUBYIIMX YacTHI[ (Pa3lWYHBIX ME30HOB),
AHHUTHWISIIIUSL TIO3UTPOHOB, TOPMO3HBIE Mpotiecchl 1 Komnror-adgpdext. B pedynpraTe 3TOT0 B MOTOKE (POHOBOTO
raMMa-u3JIydeHus: MOTYT HPUCYTCTBOBaTh BapHallld, OOYCJOBJIIEHHbIE KaK W3MEHEHHEM IEPBUYHOIO IOTOKA
KOCMHYECKHX JTy4eH, TaK ¥ JIOKAIbHBIMH IIpoIieccaMu B aTMocdepe. MI3BecTHO, 4TO MOTOK KOCMHYECKHX JIyd9el nMeeT
HEeOOJIBIIYIO CYTOYHYIO BapHanuio (10 JaHHBIA HEHTpoHHBIX MOHUTOPOB (HM) ~1 %), omHaK0, KOPPENAIUs MEXIY
cyrouHo# Bapuanueil Ha HM u Ha netekrope raMma-u3ITydeHHs OTCYTCTBYET: B IHU C XOPOIIEH CyTOYHOM BapHaluei
Ha HM B ramma-u3iaydyeHuu cyTouHoH Bapuanuu HeT. Kpome Toro, He COBNafaroT 3KCTPEMYMBI CyTOUHBIX BapHalUil.
CrenaH BBIBOJ, YTO Majlbleé BapUallM¥ KOCMUYECKHX JIydell TUIIA CyTOUHOW HE OKa3bIBAIOT CYILIECTBEHHOT'O BIUSHUSA
Ha MSTKoe (POHOBOE ramMMa-M3ydeHHs. B Toxe Bpems yeTkas CyTOYHas Bapuanusi MMOTOKA TaMMa-H3JIydeHUs
O3Ha4aeT, 4To B aTMoc(epe HMMEIOTCS MPOLECCHl, BIUSIONIME Ha TeHEPAIlMI0 TaMMa-u3inydeHus. PaccMoTpeHb
HECKOJIBKO MPETONI0KEHUI 0 BO3MOXKHBIX IPUYMHAX STHX BapUalUi.
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Low atmosphere, ozone

MukpokjJuMaTH4YeCKHe BAPHALNIMU TEMIIEPATyPhI BO31yXa B YCJIOBHAX C1a00BCX0JMIEHHOI0
peiabeda

B.U. Jdemun?, E.A. 3apos?

Uonapuoni 2eopusuueckuti uncmumym, 2. Anamumol
2J0z0pckuii 2ocyoapcmeennviii ynusepcumem, 2. Xanmoi-Mancutick, Poccus

HccnenoBaHbl MHUKPOKJIMMATHYECKHE BapuallMd TEeMIIEpaTypbl BO3[yXa Ha TEPPUTOPHU IOJIEBOIl y4eOHO-
JKCIepUMeHTaNIbHO cTaniun «MyxpuHo» (YOropckuii yausepcuret, Xantsl-MaHcuiickuii AO). OGHapy eHo, 4To
B YCJIOBHSIX 1a)K€ OUCHb BEIPOBHEHHOT'O y4acTKa C OTHOCHTEIBHBIMHU NPEBBIIIECHUAMHE 10 2 METPOB B IPU3EMHOM CIIO€
BO3HUKAIOT XOJIOIHBIE U TETIIBIE 00IACTH C PA3HOCTHIO TEMIIEPATyp MEXIy HUMH, JOCTHTAIONIMMHU B 3UMHEE BpEMs
2-2.5°C.

O poJid Ten10Bo# 3HEPrud B (JOPMHUPOBAHUH OCTPOBA TEIIA B I'. AIATHTHI
B.U. lemun?, .B. Ko3enos?, A.Il. Cobakun®

YTonapuoii 2eopuzuueckuti uncmumym, 2. Anamumot
2Anamumcxan TOL] Gunuana "Konvcxuu" ITAO "TT'K-1", 2. Anamumui

HccnenoBaHo BIUSIHUE SHEPrUM, 3aTPadeHHON HAa 00OTpeB I. ANATUTHI, HA TEIJIOBON PEKHUM HPHU3EMHOTO CIIOS
Bo3ayxa. [loka3zaHo, YTO BO3HMKHOBEHHE MOJIOKUTEILHON aHOMAIMH TEMIIEPATyphl BO3MyXa BHYTPU TOPOICKOM
3aCTPOMKH MO CPAaBHEHHMIO C TMPUTOPOJAMH, AocTuraromiedl 3umoi 16°C, ompenensercs METeOpOJOTHUYECKUMHU
MpoLeCCaMH U He 3aBUCHUT OT 00beMa MOTPeOICHHON rOPOOM TETUIOBOM SHEPTHUH.

IIpumeHeHne MaTeMaTHYeCKON MOJeJIM [JIsl HCCIICA0BAHUS BIUSIHUSA peabeda 3eMun HA
rJ100JILHYI0 HUPKYJIALNIO ee cpeaHel aTMocdepbl

N.B. Munranes, K.I'. Opnos, B.C. Munranes
Honsipnoui eeopusuneckuit uncmumym, 2. Anamumot, Poccus

Pa3paborannas panee B IlonsspHOM reoQU3MYECKOM WHCTHTYTE MATEMATHYECKash MOJENb TPEXMEPHOH CHUCTEMBI
HEUTpPaILHOrO BETpa B HWKHEW W cpenHel aTMocdepe 3emin Obliia yCOBEPIEHCTBOBAHA 3a CUET ydera peibeda
MOBEPXHOCTH IUIAHETH W Oblla NPUMEHEHA Ui UCCIEJOBaHHS BIHMSIHUS penbeda IUIaHeThl Ha (OPMHUpPOBAHHE
ro0anbHOW UUPKYJISIUK 3eMHON aTtmocdepbl. DTa MOJENb OCHOBAHA HA YHCICHHOM PEIICHHH CHUCTEMBI
HECTAIMOHAPHBIX TPEXMEPHBIX YpaBHEHUI MepeHoca, BKIouawiied B cebs ypaBHenus Hasbe-Crokca st
C)KUMAEMOTO BSI3KOT'0 ra3a, a TAK)Ke yPaBHEHHI HEPA3PhIBHOCTH U TEILIOMPOBOAHOCTH JJIsl HEero. Moielb MO3BOJISET
PACCUHTHIBATH TPEXMEPHBIE TII00ANBHBIE pacpeelieHUs] 30HAITLHOM, MEpUINOHATIHLHON U BEPTUKATIHHONW KOMIIOHEHT
CKOPOCTH HEHTPAJIBbHOrO BETpPa, TEMIEPATyphl W IUIOTHOCTH BO3AyXa Ha YPOBHSX Tpomochepbl, cTpaTochepsl,
Me3ochepsl U HIKHEH Tepmocdepbl 3emin. B Mogenu BepTHKadbHAas CKOPOCTh T'a3za HAXOAWUTCS HE W3 YCIOBHS
TUAPOCTATHYCCKOTO PABHOBECHUS, 4 IYTEM YHUCJICHHOI'O0 PCUICHUA ITOJTHOI'O YPABHCHUA ABUXCHUSA JJIA BepTPIKaJ'[LHOﬁ
COCTABJISOIICH CKOPOCTH 03 MpeHEOPEIKSHHsT KaKUMHU-THO0 wieHamH. [Ipyu 3TOM Bce TPH KOMIIOHEHTHI CKOPOCTH
PacCUUTHIBAIOTCSI TIPH MIOMOIIU YHUCICHHOTO PEIIEHHs MOJHBIX YPaBHEHHUN JIBMXKEHUSI BSI3KOTO C)KUMAEMOro rasa, u
ypaBHEHHE THAPOCTATHMKA HE TMPUMEHSETCS, TakuMm o0pa3oM, MaTeMaThdeckas MOJEb  SIBIISETCS
HETHIPOCTATUIECKOU.

BbLTH BBITIOJTHEHBI PACYETHI TUIAHETAPHOUN CUCTEMBI HEUTPAILHOTO BETPA B 3eMHOI aTMOChepe B SIHBAPCKUX YCIOBHIX
[P [IOMOIIH JIByX BAPUAHTOB 3TOW MOJIENH, B MEPBOM M3 KOTOPBIX MOBEPXHOCTh 3€MIIM CUMTACTCS TJIAJIKOU, & BO
BTOPOM YCOBEPIIIEHCTBOBAHHOM BapHaHTE MOJIEIM YUYUTHIBAETCS peibed) 3eMHOI MOBEpXHOCTU. Pe3ynbTars
MOJACIUMPOBAHUA IIO0Ka3ajanu, YTO pem)e(b IUIAHETHhI JOJIP)KEH OKa3bIBaThb 3aMETHOC BIIHWIHHUC Ha FHO6aHBHBIC
pacnpeieneHuss CKOPOCTH TOPU30HTAILHOTO BeTpa B armocdepe 3eMild He TOJbKO B IMpPHIIEraroliell K 3eMHOMN
MMOBEPXHOCTH Tpornochepe, HO M Ha BBIIIESKAITUX YPOBHAX cTpaTochepsl U Me30C(ephI.

PaboTa BBITIOIHEHA [TPY YaCTHYHOM Mo aepkke rpanta POD®U Ne 17-01-00100.
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Low atmosphere, ozone

I'azonuHamu4eckasi MoJe/b 001Iel NMPKYJISUMH HUKHEH 1 cpeaHeil atMocdepbl 3eMin ¢
BBICOKHMM MPOCTPAHCTBEHHBIM pa3pelieHueM

W.B. Munranes, K.I'. Opnos, B.C. Munranes, E.A. ®emorosa
IITU PAH, 2. Anamumui, Mypmanckas ooa., Poccus, e-mail: mingalev_i@pgia.ru

B nanHOIi paboTe M310)k€HO KpaTKOoe ONMCaHNe MOAENH 001Iel HUPKYJSIIUY HIDKHEH 1 cpenHelt atMocdepsl 3emin,
NpeHa3HaYeHHON AJIsl M3Y4eHHs! JAWHAMHUKH atMocgepbl B IIMPOKOM JWana3oHe MPOCTPAaHCTBEHHO-BPEMEHHBIX
MacuTaboB. Mozenb OCHOBaHa Ha YMCICHHOM MHTETPUPOBAHUM MOJHOW CHCTEMBl YPaBHEHUIH NUHAMHKH BSI3KOTO
aTMOC(EpHOro ra3a Ha IPOCTPAHCTBEHHOW CETKE C BRICOKHMM pa3pemeHreM. B Monenn yunTeIBatoTes penbed 3eMHON
MOBEPXHOCTH W HaJIMYHME B aTMoc(epe a’po30ieil B BHIEC MHKPOKAIeIb BOABI M JEASHBIX MHUKPOYACTHII, a TaKKe
(azoBble epexoAbl BOISHOTO Iapa B a3P030JIbHBIC YaCTULBI H 00paTHO. B Monenm npenycMoTpeHa BcTaBka 001acTh
CO CBEPXBBICOKHM pa3pelIeHHeM, B KOTOPOH IIar CETKH [0 FOPU30HTaIbHEIM HalpasieHUsM B 4, B 8 win B 16 pa3
MEHBIIE, YeM B OCTAIBHOH 00JIaCTH MOIENHPOBaHHA. BakHas 0COOCHHOCTH HalIell MOJEIH COCTOHMT B TOM, YTO €€
JMHAMHYECKOE PO MOJHOCTBIO padoTaeT Ha rpaduueckuX MpoLeccopax M MCHONb3yeT MACCUBHO HapailenbHbIe
BBIYHCIICHHS. DTO MO3BOJISIET IPOBOIUTH pAacyeThl HA COBPEMEHHOM IIEPCOHAILHOM KOMITBIOTEPE C ABYMsI Wiin Ooiee
rpagu4ecKUMH YCKOPHUTEIISIMH HOCJIETHETO IOKOJICHUS.
Paborta BbImoNIHEHA 1TpH prHAHCOBOH noaaepxke PODU, npoexr 17-01-00100.

[MapameTpu3anum oNTHYECKUX NIAapPaMeTPOB B AajibHeM U cpenHeM UK nuanazonax B HU:KHel 1
cpeaneii atmocgepe 3emin

E.A. ®enorona, K.I'. Opsos, U.B. Munranes
Honsapuoui 2eopusuueckun uncmumym PAH, 2. Anamumot

B nanHo# pabGoTe mpencTaBiIeHO HOBOE CEMEHCTBO MapaMeTpH3aliii MOJIEKYJISIPHOTO TIOTJIONMIEHUS B atMocdepe
3emii B yactotHOM muamazoHe 10-2000 cml B MHTEpBaJIE BBICOT OT MOBEpXHOCTU 3eMiu A0 75 kM. IIpoBeneHo
CpaBHEHHE PE3YJIFTATOB PAaCUETOB MOJS COOCTBEHHOI'O HM3JIydeHHS] aTMOc(epsl 3eMIH, ¢ HCIOIb30BaHUEM ITHX
napaMmeTpu3anuii ¢ pesyibTaraMu 3TaloHHBIX pacuetoB (Line-by-Line). Paccmorpensl kak ciy4ail 6e3001auHOR
aTMoc(epsbl, Tak ¥ CIIydad HATHIHS 00JIAUHBIX CJIOEB HIKHETO0, CPEJJHET0 ¥ BEPXHETO SIPYCOB, 001a1atomux 00Ib1Ioi
ONTHYECKOM TONMIMHON. DTaJOHHBIE PACYETHI BEIIOIHEHHI ¢ pa3pelleHrueM 1o dactoTe uamydenus 0.001 cm™. Tlpu
pacyerax MCHOJIB30BaJIOCh MPUOIIMIKEHNE TOPU3OHTAIILHOM OJTHOPOJIHOI aTMOC(hephl U YUUTHIBAJIOCh MOJIEKYJISIPHOE
paccesnue. /{1 YUCIEHHOTO penieHns | -MepHOTo IO POCTPAHCTRY ypaBHEHHUS IEPEHOCA U3ITyISHHS HCIIOTIB30BAJICS
HOBBII BapHaHT METOa AUCKPETHBIX OpJANHAT. B pacdyerax HCIIOIB30BATUCH PABHOMEPHASI CETKA MO BBICOTE C IIArOM
200 MeTpOB ¥ paBHOMEpPHAsI CETKa 10 3CHUTHBIM YTJIaM C Irarom Mexee 9 rpanycos. KoadduiineHTsr MOJIEKYIISIPHOTO
MIOTJIOIEHHSI PACCUUTHIBAINCH C UCTIONB30BaHUEM clieKTpockonudeckoi 6a3pr nanHbrx HITRAN 2012. O6cyxnaetcs
TOYHOCTB NPEJICTABIEHHBIX apaMeTpHU3aIMi, a TAKXKe BIMSHUE 00JIaYHbIX CJIOEB Ha 1T0JIe COOCTBEHHOTO M3JTydEeHUS
B HIDKHEH M cpeqHell atMmoc(epe. Pe3ynbTaTsl pacdeToB IOKa3ald, 4To B CIEKTpatbHOM nHTepBane 10-2000 cm™ B
Jrarazone BBICOT 0T 0 1o 70 KM ¢ ITOMOIIBIO TapaMeTPHU3aLiH, COJepIKaIeii HECKOIBKO COTEH MOJICJIBHBIX KaHAJIOB,
MOYHO JIOOMTBCSI TOUHOCTH B PacueTax CKOpOCTel HarpeBa-BhIXOJaXuBaHus aTMocdepHoro raza pyqrre 0.5 K/cytkn.
Jus pmoctmkenuss toynoctd Jydime 0.2 K/cyTkm BbicoTa, Ha KOTOpOW IPOM3BOAUTCS OOBEIMHEHHE Y3KHX
CHEKTpAIbHBIX KaHAJIOB B HIMPOKHE MOJIEJIBHBIE KaHalbl, JNOJDKHA HaxoAuThcs B mpenenax 40-45 xm. Taxke
pe3yabTaThl PAcUeTOB IOKA3alM, YTO YBEIMUYEHHE YNCIIa MOJENBHBIX KaHAJOB HE BCETAAa COMPOBOXKIACTCS
MTOBBIIIEHNEM TOYHOCTH.
PaboTa BbInONIHEHA 1TpH (rHAHCOBO# moiepxke PODU, npoekt 17-01-00100.
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Heliobiosphere
Footprints of volcanic activity in polar tree rings
E.A. Kasatkina, O.I. Shumilov?, M. Timonen? and A.G. Kanatjev*

!Polar Geophysical Institute, Apatity, Russia
2Natural resources Institute Finland (LUKE), Rovaniemi, Finland

Volcanic activity is considered to be one of the most important factors of climate variability throughout the Holocene
prior the industrial period. Volcanic eruptions emit huge amounts of volcanic dust, sulfur dioxide and water vapor
into the atmosphere, which, through the formation of an aerosol layer, can change the radiation balance of the
atmosphere, thus impacting climate. Sulfate aerosols that enter the stratosphere after powerful volcanic eruptions exist
there for several years. The aim of this study is to verify a hypothesis concerning the possible climatic response in
polar region (Kola Peninsula and Finnish Lapland) to the most powerful volcanic eruptions (VEI>4) during the last
millennium. The analysis was based on the Kola (1445-2005) and Finnish supra-long (~ 7500 years) tree-ring
chronologies. These chronologies were developed from Pinus sylvestris L. (scots pine) samples collected near the
northern tree line at Loparskaya station (68.6 N, 33.3 E) and Finnish Lapland (68-70 N, 20-30 E), respectively. It was
shown that sometimes volcanic eruptions may mask or enhance the action of solar activity, depending on the time of
the event. The 1815 eruption of Tambora in Indonesia (VEI>7), which was the most powerful over the study period,
occurred during the Dalton minimum of solar activity and seemed to intensify the regional climatic response. A
superposed epoch analysis indicated a significant decrease in polar tree-ring growth over 7 years after the eruptions
with subsequent recovery to its normal level. Our results showed that the most powerful eruptions of low-latitude
volcanoes lead to a tree growth depression above the Arctic Circle. For example, the 1600 Huaynaputina eruption
(VEI=6), which was the largest volcanic eruption in South America over the past 2000 years, caused the most
significant (by 25% relative to the previous year) depression in tree growth. By contrast, eruptions of high-latitude
Icelandic volcanoes (Katla (1721, 1755); Laki (1783); Askja (1875)) had no significant impact on the climate of Kola
Peninsula and Finnish Lapland. Possible reasons for the lack of a regional response to the eruptions of Icelandic
volcanoes were considered. The results open new possibilities of using polar tree-ring widths as indicators of volcanic
activity above the Arctic Circle.

The advanced vascular plant reactions on the large-scale Earth directed Solar CMEs
P.A. Kashulin, N.V. Kalacheva, E.Y. Zhurina
Polar-Alpine Botanical Garden-Institute of RAS, Apatity, Russia

To detect the fine plausible responses of terrestrial biota on either global climatic changes or on the space physical
events the long-term monitoring of terrestrial biota at various latitudes is of actual significance scientific task. We
carry out the regular observations upon vascular plants physiological activity since 2014 yr in terms of Pulse
Amplitude Modulated (PAM) chlorophyll fluorescence measurements. The non invasive optical methods allow one
to control daily state of the plants organisms in situ and their current reactions on the environment. In July of 2016 yr
the abrupt fall of Betula and Salix indicators trees foliage variable fluorescence was detected after large CMEs and
three days before the follow Earth’s Magnetosphere disturbance. In 2017 yr a number of explicit plant responses on
splashes of solar activity were detected which were preceded the solar events in terms of W numbers and visible
Sunspot Area and F17 cm wave emission. The advanced plant reactions with two temporal gap classes: shot-term (2-
3 days) and long-term (6-8 days) were registered. The reactions appeared as sharp sudden changes in chlorophyll
fluorescence daily run and were detected among both indoor decorative and wild outdoor species. Those responses
seem as an early physiological prediction on follow consequence of the solar and geophysical events and plausibly
may be treated as a Velkhover — Chizhevsky effect in relation to vascular flora objects. The effect was discovered in
20-30-s of 20™ century among some corynebacteria strains and widely known since 1967.
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Heliobiosphere
Dendrochronological dating of Russian Pomor stations at South Spitsbergen
O.1. Shumilov?, M. Krapiec?, E.A. Kasatkina!, J. Chochorowski® and A.G. Kanatjev*

Polar Geophysical Institute, Apatity, Russia

2Faculty of Geology, Geophysics and Environmental Protection, AGH — University of Science and Technology,
Krakow, Poland

3Institute of Archaeology, Jagiellonian University, Krakow, Poland

The matter of the discovery of Spitshergen archipelago by the Russian Pomors before Willem Barents (1596) remains
controversial and needs reinforcement with new data. The results of the dendrochronological analysis of the three
Russian hunting stations at South Spitshergen (Bjornbeinflyene, Palffyodden, and Schonningholmane) are presented.
These stations were discovered during excavations conducted by the Polish archaeological expedition of Jagiellonian
University in the Sorkappland and Hornsund fjord regions of Spitsbergen. Traditionally, the Pomor hunting huts were
mostly prefabricated and brought from the mainland, and only the oldest ones were built of driftwood timber. Wood
samples found during excavations are fragments of wood dwellings, monumental crosses, and a shipwreck.
Measurements of annual growth widths were made and analyzed with help of radiocarbon dating and wiggle-matching
method at the University of Science and Technology and the Laboratory of Absolute Dating (Krakow, Poland). Here
we present the results of dendrochronological dating of some floating chronologies. In total, 8 samples of larch (3
pieces) and pine (5 pieces) were examined. These samples are constructional elements of dwellings, appearing to be
prefabricates brought from the continent. To obtain absolute dates, these floating chronologies were cross-dated
against more than 200 master tree-ring chronologies from Siberia, Komi, Archangelsk region, Karelia, Kola Peninsula,
and Northern Fennoscandia, including our own data. Cross-dating was performed by CORINA software which
includes t-values calculated with different detrending options. Samples from two stations (Bjornbeinflyene and
Schonningholmane) were successfully dendro-dated with the existing master tree-ring chronologies. The dendro-
dating obtained for the wood samples from these two stations were established as AD 1759-1812 (t=5.7; pine,
Archangelsk region) and AD 1698-1776 (t=4.6; larch, Yamal Peninsula) respectively. The first dating does not
contradict the results of radiocarbon and archaeological dating. The discovery of some relics in Bjornbeinflyene
(kaolinite pipe) helped determine 1770-1810 as the time period when the hut was used. In other cases, additional
information is required. Nevertheless, the second dating is consistent with the fact that since the XV century, the
Pomors regularly went on their ships from Arkhangelsk to the Yamal Peninsula and the Gulf of Ob where they founded
the town of Mangazeya. This route, known as the Mangazeya seaway, was an early precursor to the Northern Sea
Route. Our results confirmed the radiocarbon wiggle-matching dating of Russian hunting stations at South
Spitsbergen.

Biological effects of natural geomagnetic disturbances. A review of possible physical mechanisms
N.V. Yagova and E.N. Fedorov
IPE RAS

The main problem in the total problem of biological effects of natural geomagnetic disturbances is a deficit which
riches 5-7 orders of magnitude between modelled current and fields in biological media by slow and weak fields
caused by geomagnetic disturbances, including the most severe storms, and reported correlations between biological
objects and geomagnetic disturbances. Several mechanisms, such as super-paramagnetic properties of specific
proteins, can partly compensate this deficit. This allows to discriminate between studies, based on false correlations,
and the effects, which may be related to geomagnetic disturbances. In the present review, we give a summary of
biological phenomena related to magnetic field variations of “geophysical” amplitudes and frequencies. We attempt
to classify reported biological studies in accordance with possible physical mechanisms.
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Heliobiosphere

Koau4yecTBeHHAs1 OlIeHKA IBUTraTEJIbHOM AKTUBHOCTH CEPbIX TI0JIeHEl MPU BO31eCTBMU HA HUX
HU3KOYACTOTHBIX JJIEKTPOMATrHUTHBIX MoJIei

B.®. I'puropses, A Il SlkoBneB

Uonapuoni 2eopusuueckuti uncmumym PAH, 2. Mypmanck
2Mypmanckuii mopckoii buonozuueckuti uncmuniym, 2. Mypmanck

B HacTosiee BpeMsi MMEETCS JOCTAaTOYHO CBEACHHUH O TOM, 4YTO clla0ble KOMOWHHPOBAaHHBIC (MIEPEMEHHBIC H
MOCTOSIHHBIC) MATHUTHBIC TOJS C aMIUIMTYJOW, OJNM3KOH K MAarHUTHOMY IMOJIF0O 3EMIIM, CHOCOOHBI BBI3HIBATH
W3MEHECHHSI B METa0OJM3ME CaMBIX Pa3IMIHBIX JKUBBIX OPTaHU3MOB — OT YEJIOBEKa 10 MUKPOOpraHu3MoB. B
COBPEMEHHOM MHpe, W300MIyIOmEeM OBITOBEIMH JIIEKTPUYSCKUMHU IMPHOOpPaMH, SBISIOIIMMUCS HCTOYHUKAMHU
3JEKTPOMArHUTHOTO IMOJI, AKTYaJlbHOCTh MCCIENAOBAHUS MEXAHU3MOB [EHCTBUS TaKUX IOJEH HE BBI3BIBAECT
COMHCHHUS.

COBOKYITHOCTh COBPEMEHHBIX TAHHBIX MarHUTOOHOJIOTHH MTO3BOJISIET TOBOPHUTH O TOM, YTO OHOJOTHYECKOE IeHCTBHE
BEChbMa CJIa0BIX IIEPEeMEHHBIX MATHUTHBIX TOJICH, CBSI3aHHBIX C TCOMAaTrHUTHON aKTUBHOCTBIO, SIBISICTCS PEalbHOCTHIO.
I'eoMarHUTHBIC BO3MYIIEHHS MOTYT BBI3BIBATH B OPraHM3ME KMBOTHBIX HECHCIM(PHUUCCKYIO PEAKIUI0 10 THITY
0O0IIIero aJanTalHOHHOTO CHHAPOMA, BO3HHKAIOIIETO IMOJ JCHCTBHEM JIFOOBIX BHEIIHHX (DaKTOPOB cTpecca.
Bo3MoxHO pa3zBuThe U crieliuUUEecKUX peakiuii.

ABTOpaMu OBIJIO TTOKA3aHO, YTO HKCIO3UIUS CEPBIX TIOJICHEH B AJIEKTPOMArHuTHOM moJie ¢ yactoramu ot 0,01 I'p mo
36 I'm Ha OPOTSKEHMM pa3IMYHBIX MPOMEXYTKOB BpeMeHH (0T 20 MHHYT A0 8 4acoB) BBI3BIBACT W3MCHEHUS
AKTUBHOCTH JKHBOTHBIX KaK B CTOPOHY YTHETCHHS, TaK M B CTOPOHY BO30YykIeHus. J[aHHBIE 2QPEKTHI 3aBUCAT OT
BpeMeHH dkcro3unud 1 yactoTel OMII [1,2]. B manHoi paboTe MBI MOKa3and, Kak M3MEHSIETCS, TaK Ha3bIBaeMBIiH
«MHJIEKC aKTUBHOCTH» >KUBOTHBIX — MAaTEMaTHUYECKOE OTHOLIEHHUE MPOSIBICHUSI aKTUBHOCTH K YHMCIY pErucTpanuu
OTCYTCTBHUSI IBUTATEIbHON aKTUBHOCTH, IIPU BO3AECHCTBUY Ha CEPBIX TIOJIEHEH 3JIEKTPOMArHUTHOTO MOJS C YACTOTOM
8 I't, mpu SKCTIEpUMEHTaX ¢ KMHUMBIM BO3JCHCTBHEMY U ITPH (YOHOBBIX HAOIIOACHUAX.
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