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Neural network classification of substorm activity caused by solar wind magnetic clouds
N.A. Barkhatov?, V.G. Vorobjev?, S.E. Revunov?, I.S. Undalova?

IMinin Nizhny Novgorod State Pedagogical University, Nizhny Novgorod
2Polar Geophysical Institute, Apatity

Using artificial neural network (ANN) of Kohonen layer type, images of causal relationship of substorm activity with
the Solar wind and interplanetary magnetic field parameters corresponding to the solar fluxes of magnetic cloud (MC)
type within its influence on Earth’s magnetosphere were classified. The study was performed using minute data
corresponding to the observation intervals of 33 MC’s, recorded in 1998—2012 [Barkhatov et al., 2014]. Solar wind
parameters, interplanetary magnetic field components (IMF), values of SYM/H and AL indices for magnetic activity
were analyzed for each MC interval. Based on available data, an information database was created, which contains 34
parameters. The analysis of classification results allows identifying the selected classes of substorms with a specific
combination of disturbances of the solar wind parameters and IMF in Solar wind magnetic clouds.

The implementation of machine vision algorithms was to develop a data presentation form for training and testing
the ANN. For these purposes, combinations of parameters involved in the classification were presented in the form of
three-, four-, etc. polygons. This way of presenting data arrays made it possible to monitor the ANN work and calculate
the classification success. The classification experiments were carried out with separate use of parameters
combinations that correspond only to the events causes (parameters related to the MC) and only the events
consequences (parameters related to the geomagnetic response of the magnetosphere). The resulting classes of causes
and effects classes were compared by a special algorithm. In the case of coincidence of causal parameters
combinations class with the substorm investigation class, the class was declared established.

As a result, each notable substorms class was identified with a specific type of Solar wind and IMF parameters
disturbance within MC body. Class 1 - manifestations in AL index dynamics in the form of solitary weak substorms
with slowly changing values of Bz component within MC body. Class 2 - moderate manifestations of substorm activity
in AL index dynamics in the form of solitary substorms or substorms series caused by sharp changes in Bz within MC
body. Class 3 - extreme manifestations of the substorm activity in the form of a substorms series with extreme AL
index values, accompanied by a significant growth rate of the integral value NV2 within MC body. It is shown that
the use of parameters combinations as ANN input allows determining levels for expected AL index intensity with
accuracy up to ~70%. The success of identifying specific cause-effect classes containing parameters of substorm
activity causes and its dynamics indicates a close non-linear relationship between AL index dynamics and MC
parameters.

This work was supported by Ministry of Education and Science of Russian Federation project Ne5.5898.2017/8.9
(Barkhatov N.A., Revunov S.E.).

Barkhatov N. A., Revunova E. A., Vinogradov A. B. Effect of Orientation of the Solar Wind Magnetic Clouds on the Seasonal
Variation of Geomagnetic Activity // Cosmic Research. 2014. V. 52. N. 4. P. 269-277. © Pleiades Publishing, Ltd., 2014. DOI:
10.1134/S0010952514040017.

The features of the influence of geomagnetic disturbances on a GIC growth in electric power lines
V.B. Belakhovsky?, V.A. Pilipenko?, Ya.A. Sakharov®, V.N. Selivanov*

IPolar Geophysical Institute, Apatity

2Institute of the Physics of the Earth, Moscow

3Geophysical Center of the RAS, Moscow

“Center of the physical and technical problems of North energetic of the KSC RAS, Apatity

In this work it is conducted the estimations of the influence of different types of geomagnetic disturbances (SC, TCV,
impulses, substorm, Pi3 pulsations) on the value of geomagnetically induced current (GIC) registered in electric power
lines of Kola Peninsula and Karelia. The registration system is created by the Polar Geophysical Institute together
with the Center of the physical and technical problems of North energetic. This system is single in Russia. The
registration system is oriented mainly in the North-South direction. For the registration of the geomagnetic field
disturbances the IMAGE magnetometer data are used.
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It is commonly accepted the models of GIC in which the main source of GIC is variations of the auroral electrojet
intensity producing the currents in latitude direction. On the base of this notion it is considered that the geomagnetic
disturbances are dangerous for the technological systems oriented in the East-West direction. In this work on the base
of analyses of geomagnetic field variability is shown that noticeable contribution to the growth of GIC value can have
not only auroral electrojet but also small-scale vortex current systems. Thus, the GIC are dangerous also for the
technological systems oriented in the North-South direction.

The Pi3 pulsations during a substorm with a vortex structure of the ionosphere current systems can lead to additional
growth of the GIC value. It is shown that in individual cases GIC can better correlate with the geomagnetic field
variations than with its derivate. So, the high values of the GIC can be caused not only by the temporal variations of
the geomagnetic field but also spatial variations of the vortex current systems connected with the field-aligned currents
in the magnetosphere.

The noticeable amplitude of the geomagnetic disturbance not always leads to the big vales of GIC. The space-time
distribution of the maximum of geomagnetic disturbances is not always coincide with the space-time distribution of
the maximum of derivate dX/dt. So, the problem of GIC prediction does not always come down to the predictions of
the strong geomagnetic disturbance.

Analysis of the substorm activity by THEMIS and ground-based observations — event
on 24 December 2014

1.V. Despirak, T.V. Kozelova, B.V. Kozelov, A.A. Lubchich
Polar Geophysical Institute, Apatity, Russia; e-mail: despirak@gmail.com

The analysis of the substorm activity on December 24, 2014 in the interval from ~ 16 to ~ 17:30 UT was carried.
During this period, the substorm disturbances of the fields and fluxes of energetic particles were recorded on THE and
THD satellites, which were in the midnight sector of the magnetosphere at r ~ 8.5-10.3 Re. The disturbances in the
geomagnetic field are registered at Tiksi (TIK), Dickson (D1X), Amderma (AMD), Lovozero (LOZ) stations and some
stations of the IMAGE magnetometer network. In addition, aurora activity was observed by all-sky camera in Apatity
(APT). Magnetic activity began at the DIX at To ~ 16: 10 UT, then the increasing of the westward electrojet occurred
at more western stations, from AMD at T; ~ 16:35 UT to LOZ at T, ~ 16: 45 UT. An analysis of ground-based data
showed that certain variations of the D-component of the magnetic field were registered and these variations
propagated at different longitudes during the moving of the westward traveling surge in aurora dynamic (WTS). This
is an effect of the upward from the ionosphere field-aligned current, which is located on the westward edge of the
propagating active auroral region. May be suggested that the active arc associated with the “onset” of this substorm
was located on the latitude, between THD and THE, because the different signs of the EX components on the two
satellites were observed near moment To. It's confirmed the almost simultaneous beginning of the growth of the
magnetic field and plasma fluxes in both satellites but with a slight advance on the more eastward satellite (THE).
This idea is supported the appearance of a discrete, localized on latitude, auroral arc, which propagated westward.
This arc arises over the Apatity, ~ the 2 MLT to the westward from the region of “onset”, and, perhaps, this arc may
be associated with auroral ‘horn’.

Different types of the solar wind and their influence on appearance of substorms
1.V. Despirak!, A.A. Lubchich?, N.G. Kleimenova?

'Polar Geophysical Institute, Apatity, Russia; e-mail: despirak@gmail.com
2Schmidt Institute of the Physics of the Earth RAS, Moscow, Russia

It is known that there are different large-scale structures and flows inside the solar wind, so-called “types” of the solar
wind. Each “type” characterized by certain values of the solar wind parameters, and these values can vary slightly
within the “types”. In this report we will considered six based solar wind types: the high speed streams from coronal
holes (FAST); the interplanetary manifestations of coronal mass ejections: the magnetic clouds (MC) or EJECTA, the
regions of compressed plasma before these streams — CIR and SHEATH,; the slow solar wind (SLOW) streams. The
aim of our work is the study of the solar wind types and their possible influence on the appearance of the specific
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high-latitude magnetic substorms. For this purpose, we combine the data of the ground-based magnetometers, OMNI
data base for the interplanetary medium parameters and the catalog of the large-scale solar wind phenomena
(ftp://ftp.iki.rssi.ru/omni/). Substorms were selected the data from global magnetometers network SuperMAG and
meridional magnetometer chain IMAGE. Three types of substorms have been considered: two types of the substorms
observed at the geomagnetic latitudes higher ~ 70° CGC (“polar” and “expanded” substorms) and the supersubstorms
(the particularly intense substorms with SML index < - 2500 nT). It is shown that the distribution of these 3 types of
substorms on the different streams and structures of the solar wind is almost opposite. “Expanded” substorms are
observed during FAST streams, in plasma compression regions (CIR and SHEATH) and sometimes during EJECTA
observed against the background of FAST streams. “Polar” substorms are observed during SLOW streams and
EJECTA that occur against the background of a slow stream and sometimes at the end or beginning of a FAST. The
Supersubstorms (SSS) were associated with SHEATH, MC, EJECTA and they almost did not observe during FAST
and SLOW streams.

Latitudinal occurrence TEC fluctuations over Europe during auroral disturbance
of 4 November 2018

I.1. Efishov?, I.1. Shagimuratov?, S.A. Chernouss?, M.V. Filatov?, N.Yu. Tepenitzina!, G.A. Yakimoval,
M.1. Karpov?

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

The storm started after noon 4 November 2018 and it was rather moderate. Maximal Dst riched -30 nT after noon
during November 4 and -53 nT in day time of November 5 respectively. We analyzed latitudinal occurrence of TEC
fluctuations in European sector using GPS measurement of EPN network. The fluctuation activity was evaluated by
index ROTI. The rate of TEC(ROT) fluctuations obtained from dual-frequency GPS measurements. The
magnetograms were used as indicator of auroral activity. Maximal fluctuation activity was observed in auroral and
subauroral zone. Strong fluctuations were registered of November 4 after 15 UT. The intensity of the fluctuations was
comparable with intensity November 5, although in 5 November auroral activity was stronger than 4 November. The
lowest stations at which marked fluctuations were observed at VAAS station, which located at latitude 62.8° N. It was
found good similarities between temporary development of substorm activity and intensity of TEC fluctuations GPS
signals.

Based on the daily GPS measurements from 130 - 150 selected stations, the images of spatial distribution TEC
fluctuations (index ROTI) in CGC and MLT coordinates was formed. Similarly to the auroral oval, these images
demonstrate the irregularity oval. The occurrence of the irregularity oval relates with auroral oval, cusp and polar cap.
Analysis showed that the irregularity oval expands equatorward with increase of the magnetic activity. The equatorial
border during November 5 was occurred about 60° N in midnight.

This investigation was supported by RFBR Grants Ne17-45-510341, Ne 19-05-00570 and partly Program Ne28 of
the Presidium of RAS.

High-latitude geomagnetic response to the of abrupt IMF changes during the 22 July 2009
magnetic storm

L.l. Gromova?, N.G. Kleimenova?, S.V. Gromov?, L.M. Malysheva?

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

The strongest magnetic storm has happened on 22 July 2009 in the deep minimum of the solar cycle activity. This
storm was short, only about one day duration. In the storm main phase, the SymH value reached almost -100 nT at ~
06 UT, after that, the IMF direction became northward, and the storm recovery phase started. But at about 07 UT, the
IMF turned southward, that caused the beginning of the second step of this magnetic storm. Near the maximum of this
stage, the strong irregularity in IMF appeared when the IMF By and Bz components simultaneously changed from
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~+7 nT to ~-14 nT and from ~-15 nT to ~+5 nT correspondingly. In this paper we analyzed the global effects these
abrupt IMF changes on the geomagnetic activity at the high-latitudes. The strong dayside magnetic bay occurred at
the Scandinavian IMAGE magnetometer chain. As a rule, such dayside magnetic bays are observed under the absent
of the night side substorm activity. However, in the considered event, the dayside polar magnetic bay was accompanied
by the intense high-latitude disturbances observed not only in the night side, but in the global scale as well. We suppose
that this dayside polar magnetic bay was not typical and was not associated with the local polar field aligned currents
enhancement. Probably, it was caused by the development of the global complicated system of the ionospheric currents
as a response to the abrupt IMF changes.

The variation of ionospheric plasma parameters in upper F-region during magnetic storm and sub-
storm activities

V.L. Khalipov, V.V. Afonin, R.Yu. Lukyanova, 1.B. levenko, A.E. Stepanov, G.A. Kotova, V.A. Panchenko

Complex optical and ionospheric measurements in the region of weak red arcs accompanying the development of a
polarization jet are analyzed. Measurements were carried out at subauroral stations Yakutsk and Maimaga. The spatial
position and intensity of the red arc was determined by a meridional scanning photometer. The temperature of the
neutral atmosphere was recorded with a Fabry-Perot interferometer. The results show that the temperature of the
neutral atmosphere increases in the red arc region, following the variations of the glow in the arc. By measuring the
parameters of thermal plasma on the Aureul-3, DE-2, Cosmos-900, Intercosmos-24, Interball-2 satellites temperature
variations of the electrons Te in the ionosphere at different phases of magnetosphere disturbances are considered. By
long-term satellite measurements in the upper F-region the effect of heating electrons up to 8000 K was detected when
the Alfven waves of the solar wind were acting on the Earth’s magnetosphere.

Dayside polar magnetic disturbances during a magnetic storm: Event on 4-5 June 2011
N.G. Kleimenoval, L.I. Gromova?, I.V. Despirak®, S.V. Gromov?, L.M. Malysheva®

1Schmidt Institute of Physics of the Earth, Moscow, Russia
2Pushkov Institute of Terrestrial Magnetism, lonosphere, and Radio wave Propagation, Moscow, Troitsk, Russia
SPolar Geophysical Institute, Apatity, Russia

The complicated event of dayside polar bay-like magnetic disturbances (’substorms™) at geomagnetic latitudes higher
70° has been analyzed. The event was observed between two-steps of the small (SymH ~-50 nT) magnetic storm on
4-5 June 2011, when the IMF By was positive. The MIRACLE model of the ionospheric equivalent currents classified
this event as the eastward electrojet. We assume that the sign of this dayside polar disturbance was controlled by the
sign of the IMF By. The considered magnetic storm was caused by the impacts of the sequence of the different types
in the solar wind: Interplanetary shock (IS, i.e., SSC), SHEATH and following it magnetic cloud (MC), again
SHEATH and following it EJECTA. The catalog of the large-scale solar wind phenomena (ftp://ftp.iki.rssi.ru/omni/)
and OMNI data base have been used for determination of the solar wind types. We found that the most favorite
conditions for the dayside polar perturbation excitation were created by the SHEATH passages, when the solar wind
dynamic pressure significantly increased. It was shown that both SHEATHSs were accompanied by occurrence of
dayside polar disturbances. No similar dayside polar disturbances were observed during the MC and EJECTA. A
possible interpretation is discussed basing on the multi-instrument observations including the geomagnetic field data
from the IMAGE magnetometer chain and INTERMAGNET data set, the Field Aligned Current (FAC) distributions
from the AMPERE set of 66 low-altitude commercial satellites measurements, the particle precipitations from DMSP-
16 and 18 satellites and the energetic electrons and X-rays data from Goes 13 and 15. We suppose that these dayside
polar magnetic disturbances are developed in the closed magnetosphere in the vicinity of the poleward border of the
auroral oval.
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Heliogeophysical factors that might induce errors in GPS operation during the NATO military
maneuvers code-named ""Trident Juncture™ from 10/25/2018 to 7/11/2018

B.V. Kozelov?, S.A. Chernouss?, I.1. Shagimuratov?, M.V. Filatov?, I.1. Efishov?, E.Yu. Tepenitsina?,
Yu.V. Fedorenko?, A.N. Milichenko?

1Polar Geophysical Institute, Murmansk-Apatity
2IZMIRAN, Kaliningrad

The largest NATO maneuvers since the Cold War code-named Trident Juncture (United Trident) held in the Euro
Arctic territory from October 25 to November 7, 2018. Soldiers from 32 Countries, including Ukrainians, Finns, and
Swedes, as well as in the airspace of Sweden and Finland were participated in the maneuvers on the territory of
Norway, in the Baltic Sea and North Atlantic. Disruptions of the Global Positioning System (GPS) work were marked
during the exercises as various sources reported. In this work, we present what response these events found in the
official press of Finland, Norway, Sweden and Russia, and why these disruptions caused by unpredicted natural helio-
geophysical factors. The data obtained at the GPS network in the west Arctic and Sub Arctic from Ny-Alesund to
Apatity and Kaliningrad were under consideration. Estimation of positioning deviations during United Trident
Juncture was done.

THEMIS observations of bursty bulk flows in the near-Earth magnetosphere during substorm
T.V. Kozelova, B.V. Kozelov
Polar Geophysical Institute, Apatity, Russia

It is well known that fast earthward plasma flows with positive Bz play a significant role in the transport of plasma
and magnetic flux in the near-Earth tail. A fast tailward flow with southward (negative) Bz is widely regarded as a
diagnostic signature of magnetic reconnection taking place on the earthward side of spacecraft. However, within 15
Re of Earth, such tailward flows with southward Bz are observed only in very rare cases. Compared to fast earthward
flows, very limited attention has been paid to tailward flows with positive Bz.

The present study examines tailward flow bursts with positive Bz in the near-Earth plasma sheet using THEMIS
measurements on Nov 14, 2014. Two satellites (THD and THE) were located in the ~00 MLT sector of the
magnetosphere at 9-10.5 Re. The beginning of the main bursty (with velocities 600-700 km/s) bulk flow (BBF) at this
event was observed simultaneously by two satellites ~5 min before pseudobreakup and ~20 min before the substorm
onset.

After the decay of BBF, the Earthward flows change the direction and weaker (200-300 km/s) flow bursts (FB)
appear. We found that tailward flow bursts with positive Bz are observed on the more tailward THD satellite. Fast
earthward plasma flows occur on the more earthward THE. The details will discuss later.

07 December 2015 polar substorm: Pre-onset phenomena and features of auroral breakup
V.V. Safargaleev?, A.E. Kozlovsky?, V.N. Mitrofanov!

Polar Geophysical Institute, Apatity, Russia
2Sodankyli Geophysical Observatory, Sodankyld, Finland

The preliminary results of a comprehensive analysis of the polar substorm (the term proposed by Kleimenova et al.,
2012) are presented. Data of simultaneous optical observations at obs. Sodankyld, SOD (Finland) and obs.
Barentsburg, BAB (Spitsbergen), satellites DMSP, WIND, THEMIS and GEOTAIL, as well as data from
SuperDARN and ESR radars were used. Analysis of auroral situation in combination with DMSP particle precipitation
data a few minutes before substorm onset shows that SOD was near the equatorial boundary of auroral oval whereas
BAB was far away from its poleward boundary, inside the polar cap. Polar substorm started as a negative bay at the
IMAGE network stations located near the presumable position of poleward boundary of the auroral oval. In the polar
cap the beginning of the substorm was preceded by the enhancement of antisolar convection, as well as the appearance
of density clouds (i.e. polar patches) in the ionosphere F-region, accompanied by a weak local increase in sky
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luminosity. At the IMAGE stations located closer to the equatorial boundary of auroral oval, 15-minute oscillations
of the H-component were recorded prior the onset. Oscillations were accompanied with an enhancement of auroral
activity above the North Scandinavia. In the case under consideration, the typical for substorms fast poleward shift of
auroras had a form of poleward progressing auroral structure resembling the auroral torch. Before the torch formation
an intensification of a diffuse arc occurred in this region of the ionosphere. The flashing arc could initiate the expansion
of auroras to the pole (Safargaleev et al., 2005). The shape of the torch is close to the 2D-configuration of ionospheric
equivalent currents. In the course of breakup development, the auroras at the pole edge of the auroral oval shifted
poleward while the auroras at its equatorial boundary moved equatorward, giving the impression of a "swelling"
magnetotail plasma sheet. It is assumed that a substorm could be triggered by a wave or resonant oscillations of the
magnetosphere, resulting from interaction of the magnetoshere with the large scale irregularity, having the form of a
quasi-sinusoidal variation in the Bz component of the IMF (period 15 minutes) recorded by the WIND and THEMIS
about an hour before the breakup. Attention is also drawn to the possible connection between the weakening of the
flux of energetic ions on the GEOTAIL (which is projected into the electrojet region) with the enhancement of the H-
component at the equatorial stations in the night sector. Some of the results confirm the results obtained earlier by
Safargaleev et al. (2018), some of the results are new. The study expands the statistics of the still little-studied
phenomenon of the “polar substorm” that contributes to the progress in understanding its nature.
V. Safargaleev acknowledges support from the Academy of Finland via grant 316991.

lon pressure at auroral precipitation boundaries and its association with solar wind
dynamic pressure

0.1. Yagodkina?, V.G. Vorobjev?, E.E. Antonova??

!Polar Geophysical Institute, Apatity, Murmansk Region, Russia
2Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow, Russia
3Space Research Institute Russian Academy of Science, Moscow, Russia

More than 5000 passes of DMSP F7 spacecraft through the auroral zone in the 21:00-24:00 MLT sector of both
hemispheres were used for examination of the ion pressure (Pion) at auroral precipitation boundaries. Pressure values
averaged for 5 seconds spacecraft observations of precipitating ions at poleward (Bpo) and equatorward (Beg)
boundaries of auroral oval precipitation (AOP) zone and their association with solar wind dynamic pressure were
analyzed. It was discovered that during magnetic calm (AL>-200 nT) as well as during magnetic disturbances ion
pressure at the AOP boundaries increase with increasing of solar wind dynamic pressure (Psw). In the average during
magnetic calm the ion pressure at Beq and Bpo boundaries increased from 0.3 to 1.3 nPa and from 0.1 to 0.3 nPa,
correspondingly, when Ps, changed from 1.0 to 7.0 nPa. Under the same Psy changes the Beq boundary shifted
equatorward from about 68.0° CGL to 64.5° CGL. The result testifies the increasing of the pressure gradient in the
inner magnetosphere under increased Ps, and the geomagnetic field becomes more dipole like.

lon pressure changes at auroral boundaries during all phases of synthetic isolated substorm with the intensity about
of -380 nT are shown. The average latitudinal profile of ion pressure in the region =1° of Beq at the time of substorm
onset is defined. At the onset time the average ion pressure at Beg was 0.85+0.15 nPa and latitude of Beq Was 65.2°+0.6°
CGL.

AHau3 pasBUTUSI MATHUTHBIX OYPb, THHIMUPOBAHHBIX PA3JIMYHBIMH CTPYKTYPaMH
COJIHEYHOI'0 BeTpa

JLA. Jlpemyxuna’, }0.11. Epmonaes?, .T. Jlonxkuna®

Unemumym semnozo maznemusma, uonocepul u pacnpocmpanenus paouosoan um. H.B. ITywxosa PAH,
2. Mocksa, 2. Tpouyx, Poccus
2Unemumym xocmuueckux uccnedosanuii PAH, 2. Mockea, Poccus

B pabore ananmsupyeTcsi XapakTepUCTUKH IVIaBHBIX (pa3 MarHUTHBIX OYpb, MHAYLIMPOBAHHBIX PA3IMYHBIMU TUIIAMHU
comeyHoro Berpa (CB), m ux cBs3p ¢ asnekrpuueckum mnoneM CB Ey=-V-Bz. Ha ocHoBanuum karanora
uneHTHOUIUPOBaHHBIX KpymHOMaciiTabHeix TumoB CB (ftp://ftp.iki.rssi.ru/pub/omni/) u 6a3er manaeix OMNI 3a
1995-2016 rr. 66utM 0TOOpanbl 230 M30JMPOBAHHBIX MarHUTHBIX OYph M MX MEXIUIAHETHBIE HCTOYHUKH: BBIOPOCHI
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kopoHaneHO# Maccel ICME, Brirouatoie Mmarauthbie obnaka MC u nopiiau Ejecta, ob6rnactu kommnpeccun Sheath
nepen ICME u obnactu B3aumopaercTBus pa3Ho-ckopocTHbIX 0TOKOB CB CIR. U3-3a HeOONbIION CTATUCTHKH HE
npoBomiock pasaenenue Ha Sheath mepen MC u Sheath mepen Ejecta, a Takxe ydeT Hamuuus WK OTCYTCTBHS
ynapHoii Bonusl iepen CIR. TIpoBeieHHBIN KOPPENSIMOHHBIN aHAIN3 TOKa3aJl, YTO MUHUMAJIbHBIE 3HAYEHUSI HHAEKCa
Dst-min (MakcuMaisHast WHTEHCHBHOCTH OYpH) TECHO KOPPeTIupyroT (C KosdduimentaMu koppemsmu > 0.6) co
CpemHUMHM 3a TIEPHOJ] TJIaBHOW (hasbl 3HaYCHUSAMH mojs Ey s Bcex Tumos Oypb, oxHako mis Sheath- u CIR-
MHIYIMPOBAaHHBEIX OYyph 3Ta CBsI3b Hamboiee cuibHas. TecHas koppemsimsa Mexay Dst-min u urrerpamom Ey (3a
nepuo]] Ti1aBHoOM (aser) xapakrepra ms CIR-, Sheath- u Ejecta-unmyruposanusix 6ypb, B To Bpems Kak aias MC-
coOBITHIT OHAa OTCYTCTBYeT (K03 dummeHT Koppemsnnu < 0.5). KoppensuoHnHast cBs3b MEXITy CpelIHEeH CKOPOCTHIO
pasBuTus Oypu Ha TiaBHOU ¢ase |ADSt|/AT u cpenanmu 3HaueHUssMHU EY cuimbHa utst 6ypsb, BeiBanHsix CIR, Sheath
u MC, Ho otcytctByer (Ko3(duument xoppemssuun < 0.5) mns Ejecta-unmyuupoBanubix Oypb. [IpoBeneHHbII
MHO)KECTBEHHBIH KOPPEJSIIMOHHBIA aHallu3, IIPU KOTOPOM B PErpecCHOHHOE ypaBHeHHe kpome moist Ey Bxomsr
3HAUEHMsl TapameTpa BapuaOelbHOCTH MEXKIUIAHETHOIO MArHUTHOTO TOJIsi ¢B, NaeT 3HauYuTeJIbHO JIydIlIne
ko3 durmentsr Koppesimu st CIR- u Sheath-coObrtuii (mo 3nauenumit >0.8). I[lodyueHHBIE pE3yIbTATHI
CBUJIETEIBCTBYIOT O TOM, YTO Pa3BUTHE MArHUTHOM OypH 3aBHUCHT OT THUIIA €€ MEXKILIAHETHOI'O HCTOYHHUKA.

PabGora BbimonHeHa mpu nopnepkke Poccuiickoro ¢onma (yHIaMeHTalbHBIX HccieAoBaHuil, npoekt 19-02-
00177a.

Hao0/101eH1e moIIpu3aMOHHOrO 1KeTa Ha noHochepHbIx cTanuusax SAkyrck (L=3.4)
u MockBa (L=3)

B.A. Ianuenko?, A.E. Crenanos?, B.JI. Xanumos®

YU3MUPAH, 2. Tpouyx, Mocksa
2UKDHA CO PAH, 2. Axymcek; e-mail: a_e_stepanov@ikfia.ysn.ru
SUKHU PAH, 2. Mocksa, Poccus; e-mail: kotova@iki.rssi.ru

AHaIM3MPYIOTCS IaHHBIE 3JIEKTPOHHOW KOHIIEHTPAIMHU U TPEXMEPHOW KapTHHBI HOHOC(EPHBIX Npeii(oB 1o gaHHbIM
DPS-4 B SIkytcke u MockBe. Co0ObiTust ¢ nossipusaionssiM uketoM (I1/]) B SIkyTcke 1 MockBe 0OBIYHO OTHOCSTCS
K pa3HbIM cyOOypsM B mpejaenax ogHou 6onbioit Oypu. s «rpaHcusnuu mo goarote» (T.e. Tuma "To ke, 9YTO U B
SIkyTCKe, TONBKO TO3Xke) CiMIIKOM Oosnbinoe paccrosuue. CoObituii ¢ I1]] B MockBe HaMHOro MeHbIE, YeM B
Skyrcke. Kpome toro, I1/] B Mockse nabmtonaercst npu DST oxono 100-200 HT, u AE nopsinka 1500 u Gonee, B TO
Bpemst kak mpu Takux DST n AE moisipu3aiioHHBIN JHKET UMEET MeCTO OBITh YK€ IokKHee SIKyTcka, mosTomy
COIIOCTABIIATh UX HE MPEACTABISIETCS] BO3MOKHBIM. TeM He MeHee MOJSIPH3AIMOHHBINA PKET MOXKET HaOIo1aThes B
MockBe 1 gaxke B OCBEHIEHHOU JieTHe# moHOochepe. Hecmorpst Ha mManyro cratuctuky I1J] B Mockse u T0, 9TO B
Mockse u Skyrcke coObitrst 1] 0OBIYHO OTHOCATCS K PasHBIM CcyOOypsiM, YCTAHOBJICHHBIE IO HAOJIIOACHHUSM B
SIkyTcke ocHOBHBIE 3akoHOMepHOCTH I1J] moaTBepxkAa0TCs U NaHHBIMU MOcKOoBckoro DPS-4. Mmeetcs B Buny, B
MIEpBYIO 04Yepe/b, ABYropOast 3aBUCMOCTb OT BPEMEHH BEPTUKAIBHOM CKOPOCTH TIIIa3MBl.

JKcTpeMalibHble BEJIMYUHBI TeOMHIYKTHPOBAHHBIX TOKOB B PErHOHAJILHOI JHEprocucTeMe
1. Caxapos?, B. Cenupanos?, B. bumun?, B. Huxonaes?

Y@IBEHY “Honspubiii 2eopusuueckuii uncmumym”, 2. Anamumer; e-mail: sakharov@pgia.ru
2Konvckuii nayunviii yenmp PAH, Poccus
S@unuan MAT'Y, 2. Anamumwi, Poccus

Bonee nmecstu neT HaMM BeETCS HENPEPHIBHAS PETHCTPAIlis reoMHIyKTHpoBaHHBIX ToKOB (I'MT) Ha moacTaHmmsax
MarucTpaibHBIX dJeKTpudeckux ceteit Ha CeBepo-3anane Poccun. Ananu3 ammuTyaubix 3Hadenuid [ UT B y3max
OHEPTrOCUCTEMBI ITO3BOJIACT HA q)OHe OTHOCHUTEJIBHO I'TaAKHUX SaKOHOMepHOCTCﬁ BBIACIINTH CIIydan ¢ MAaKCUMAJIbHBIMHU
aMIDTUTYIaMH TOKOB, SKCTpeMaabHble cOOBITHs. C TOUKH 3peHHs 00eCTICUeHHUsT CTAOMITLHOW PabOThI AIEKTPUIECKOM
CeTH UMEHHO 3TH, SKCTPEMAaJIbHBIC COOBITHS, MOTYT OKa3aThCs HarmboJee OMacHBIMHU.

B noknane paccMOTpeHBI ciay4dau pa3BUTHS T'€OMHAYKTHUPOBAHHBIX TOKOB MAaKCUMAaJIbHBIX aMIUIUTYH B y3Jax
MarucTpaibHON JUHUM 3JieKkTpornepeaaun «CeBepHbI TPaH3UT» MNPU PA3IUYHBIX F€OMArHUTHBIX BO3MYILEHUSIX.
O6cyxnaercs cBsi3b coobiTuil [UT ¢ ycnoBusiMu, BIHSIONIMMA Ha TCHEPALUIO TOKOB B YHEPrOCUCTEME, 2 UMCHHO
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BEJIMYMHON T'€OMArHUTHOTO BO3MYIIEHHSI, CKOPOCTHIO M3MEHEHHS TOPU30OHTAIBHOW KOMIOHEHTHI T€OMArHHTHOTO
TOJISL, TApAaMETPaMH U PACIIOIOKEHUEM JIMHUH DIICKTPOIIepe1aun.

PaboTa BBIMOJHEHA PU YaCTHYHOM moaepxkke PoccuiickuM (HOHIOM (yHIaMEHTATbHBIX MCCIIEIOBAHHIA, IPOEKT
p-a Ne 17-48-510199.

HoBasi MeTogUKA CpeIHECPOYHOTO MPOTrHO32 MATHUTHBIX 0YPb 10 JAHHBIM M3MEpPeHUl Bapuanuii
COJIHEYHOr0 BeTpa B Touke Jlarpanixa L

O.B. Xa6aposa?, T.I'. Korait?, O.B. Munranes?

Unemumym semnozo maznemusma, uonocghepot u pacnpocmpanenus paduosonn um. H.B. Iywikoea PAH, 2. Mockea,
2. Tpouyx, Poccus,; e-mail: olik3110@gmail.com
2PI'BEHY “Honspuuiii 2eopusuueckuii uncmumym”, 2. Anamumor; e-mail: mingalev_o@pgia.ru

[Ipennoxena HOBass METOMKA CPEIHECPOUHOTO IIPOTHO3a MAarHUTHBIX Oypb, SBJISIOMIASCS AATBHEHIINM Pa3BUTHEM
MPOTHO3a MarHUTHBIX Oypb, Oa3UpyIOLIErocss Ha W3y4YCHWH IUIa3MEHHBIX BapHaluii conHeyHoro Betpa B ULF
nuanasone (Xabaposa, Pyoenuux, 2003; Khabarova, 2007). 3a ocHoBy mporrosa Gepércs 3(p(HexT MOBBIMICHHS
BapuabeNIbHOCTH MJIOTHOCTH W MAarHUTHOTO TIOJISI COJIHEYHOT'O BETpa Mepes NPUXoJoM reod(deKkTHBHBIX MOTOKOB.
Hosas MeTouKa Mo3BOJIsIET IPOrHO3UPOBATh Pa3BUTHE MArHUTHBIX OYypb pa3nU4IHOI NIpHUpPOABI KaK C BHE3AITHBIM, TaK
U C IJIaBHBIM HayaJIoM He MeHee 4eM 3a 12 4acoB 0 JaHHBIM U3MEpPEHUH apaMeTpoB MIa3Mbl U MATHUTHOTO T0JIS
COJIHEYHOTO BETpa KOCMUYECKMUMH amiapaTaMu B Touke Jlarpamxka Lj.

ITomMuMo Bapuamuii IIIOTHOCTH ¥ MAarHAUTHOTO TOJIST, OTPAXKEHHBIX B BHIYMCICHUH NTPOM3BOJHON KOHIICHTPAIIMHN TI0
BPEMEHHU U CYMMBI KBaJpaTOB aMILTUTY] BEUBIET-TapMOHUK ¢ nepuoaamu 10-100 MUHYT, pacyeT NpOrHOCTUYECKOM
TOYKH OTIOBELICHHUS 0 Oype (anepra) MpOM3BOANTCS MO [UIA3MEHHOMY MapaMeTpy [ (OTHOLICHUIO JaBICHHMS IUIa3Mbl
K MarHITHOMY JIaBJICHUIO) U TIOTOKY SHEPTUYHBIX YAaCTHI B JMANIa30HE SHEPTHH OT coTeH k3B 1o 5 MaB.

Pabora BrmonHeHa pu nogaepxke rpantoB POOU 17-02-01328 u 17-01-00100.
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Reflection of particles from the surface of the Moon due to remanent crust magnetization
R. Belyaev, A. Divin, V. Semenov, |. Zaytsev (Institute of Physics, University of St-Petersburg, St-Petersburg, Russia)

The type of interaction of a dipole with the solar wind depends strongly on the magnetic dipole magnitude. If the solar
wind stopping distance (a point where dynamic pressure equals that of magnetic pressure) is comparable or smaller
than e.g. ion inertial length, the resulting interaction is controlled by kinetic effects. Hence inspecting ion and electrons
separately is the must to resolve the underlying physics. Of particular interest are Hall-scale minimagnetospheres
which are small enough to render ions demagnetized but retain froze-in electrons. In such a regime, the normal Hall
electric field establishes which reflects and scatters non-adiabatically incident ions. Such formations albeit highly non-
dipolar were found on the surface of the Moon, where the remanent crust magnetization (areas of the first hundreds
of kilometers and B fields up to 100-500nT) is strong enough to withstand the stress of the solar wind. 3D PIC kinetic
simulations were employed to study kinetic physics for dipolar and non-dipolar obstacles [Deca et al., 2016, 2018].

Direct measurements of particle fluxes from the Chandrayaan-1 spacecraft over magnetic anomalies have confirmed
the existence of re-deflected/scattered particles [Lue, 2011]. We present the study of the |B| field and reflected particle
flux correlations measured at low Lunar orbits (30-100 km). Using the |B| field data from the Tsunakawa model
[2015], and the reflected flux data from Lue [2011], we found a surprisingly good correspondence between these two.
The particle flux has a power law dependence for 20 nT<|B|<120 nT. In the small value limit (less than 30 nT) the
reflected flux (~0.01%) is nearly independent of |B| since it contains particles scattered off the soil and not by magnetic
anomalies. For the opposite case of strong fields, the reflection coefficient saturates at ~10% for the largest magnetic
anomalies, in agreement with past studies.

Kinetic simulations of solar wind interaction with comets
A. Divin!, J. Deca?, V. Olshevsky?, V. Semenov?, . Zaytsev!

Ynstitute of Physics, University of St-Petersburg, St-Petersburg, Russia
2LASP, University of Colorado Boulder, 3665 Discovery Drive, Boulder, CO 80303, USA
3KTH Royal Institute of Technology, Stockholm 100 44, Sweden

In this presentation we utilize 3D PIC (Particle-in-Cell) approach to simulate kinetic interaction of a weak cometary
atmosphere with the solar wind. Conditions are taken similar to that of 67P/Churyumov—Gerasimenko at ~3 AU before
the comet transitions into its high-activity phase. Photoionization of the expanding ion cloud loads heavy cold ions
and warm (several tens eV) electrons. Particle dynamics of both cometary (water) ions and electrons, produced by the
ionization of the outgassing cometary atmosphere, is simulated self-consistently together with the upstream solar wind
plasma flow. We consider two primary cases: a weak outgassing comet (with the peak ion density ~10x the solar wind
density) and a moderately outgassing comet (with the peak ion density ~50x the solar wind density). The weak comet
is characterised by formation of a narrow region containing a compressed solar wind (the density of the solar wind
ion population is ~3x the value far upstream of the comet) and a magnetic barrier (~2x the interplanetary magnetic
field). Cometary electrons substitute solar wind one, leading to anisotropisation of the electron distribution function
and formation of the parallel electrostatic potential in the cometary wake. A moderately outgassing comet produces
more dynamics at the dayside region. Stagnation of the solar wind flow is accompanied by the draping of the solar
wind and magnetic pile-up formation producing a sharp boundary between the solar wind dominated region and
cometary coma which is unstable to Kelvin-Helmholtz-like vortices. Our kinetic model proves that even weakly
outgassing comets (without a noticeable optical coma) provide highly dynamic plasma environments.

Observations of the aurorae and SAR arc dynamics using the all-sky imagers during the substorm
expansion

I.B. levenko, S.G. Parnikov (Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy, Yakutsk, Russia)
Stable auroral red (SAR) arcs are the consequence of the interaction of ring current energetic ions with the
plasmapause. It is believed that SAR arcs are observed during magnetic storms, which are determined by a variation

of Dst geomagnetic index. Our studies of subauroral luminosity at the Yakutsk meridian showed that SAR arcs appear
and/or brighten during the substorm expansion phase as a result of rapid penetration of energetic ions of the
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asymmetric ring current into the outer plasmasphere (levenko et al., 2008). The asymmetric ring current arises as a
result of substorm injection of energetic particles. The injection occurs in a limited longitudinal sector of the night
magnetosphere and is mapped in aurorae in the form of auroral bulge.

This work presents the results of simultaneous observations with the all-sky imagers of dynamics of the aurora at
the Zhigansk station (62°N, 196°E, geom.) and formation of SAR arc at the Maymaga subauroral station (58°N, 202°E;
geom.). In the event on February 15, 2018 during the substorm expansion phase the auroral bulge expands from the
evening to midnight MLT sector. At the same time the SAR arc is formed (brightens) in the vicinity of the equatorward
boundary of diffuse aurora also eastward direction after the MLT midnight. We assume that in this event the SAR arc
maps the overlap dynamics of energetic ions flux with the plasmapause as a result of the extension of substorm
injection region and also of the electric drift of energetic plasma towards the east.

The research is partial supported by RFBR grants No 18-45-140037 p_a.

Observations of the aurorae and SAR arc dynamics using the all-sky imagers during
the convection enhancement

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

It is considered that stable auroral red (SAR) arc are observed during the recovery phase of magnetic storms when
there is an overlap of ring current energetic ions with the plasmapause. At the same time, numerous observations show
that SAR arcs are often observed at the beginning of the storm main phase (Shiokawa et al., 2013; Mendilo et al.,
2016). Our studies of subauroral luminosity at the Yakutsk meridian showed that SAR arcs arise and / or brighten
during the substorm expansion phase as a result of rapid penetration of energetic ions of the asymmetric ring current
into the outer plasmasphere (levenko et al., 2008). Moreover, we sometimes observe the appearance of SAR arcs
during the enhancement of magnetospheric convection without signs of substorms and stormtime.

In this work we present the results of simultaneous observations with the all-sky imagers (ASI) at the Zhigansk
(62°N, 196°E, Geom.) and Maimaga (58°N, 202°E; Geom.) stations for the event of occurrence of SAR arc during the
convection enhancement on March 15, 2018. The increased convection after the southward IMF Bz turning causes
activation and equatorward motion of the discrete and diffuse aurorae. The ASI at the Maimaga station registers the
formation of SAR arc in the 630.0 nm emission in the vicinity of the equatorward boundary of diffuse aurora
simultaneously in the midnight interval of ~ 3 MLT hours. It is assumed that in this event the SAR arc maps the
overlap of the plasmapause by the energetic ions flux in the MLT midnight sector. The flux of ions and electrons
arises as a result of radial motion to the inner magnetosphere in the convection electric field.

The research is partial supported by RFBR grants No 18-45-140037 p_a.

The investigation of amplitude-phase characteristics of fictitious magnetic currents, excited
by the controlled source of electromagnetic fields in three-dimensional inhomogeneous media,
based on the results of experimental studies by radiographic method

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

The application of the radiographic method allows to effectively visualize the location of anomalous areas with high
electrical conductivity, which can be associated with local ore bodies, by using areal surface observations of magnetic
components of the harmonic electromagnetic field from the controlled source. The visualization of distribution of
heterogeneities in the earth's crust by using the radioholographic method can be considered as a special case of the
inverse scattering problem. During measurements of electromagnetic fields at observation points the superposition of
two fields is recorded. One is the primary field from the controlled source, which, in holographic terms, can be treated
as a reference wave. The other is secondary anomalous field caused by geoelectric heterogeneities in the earth's crust,
which can be referred to as object waves. There is the integral equation that relates the holographic reconstruction of
the magnetic field of Hu with unknown distribution of the density of fictitious magnetic currents jm, which are sources
of anomalous fields. The system of linear equations with respect to unknown values jm at grid nodes is obtained after
grid approximation of the integral equation. The definition of these values is the solution of the inverse scattering
problem. In 2017-18 field experimental works were conducted by using the two-frequency radioholographic method
for localization of ore zones in the earth's crust within the Monchegorsk and Pechenga ore regions of the Kola
Peninsula. In the case of inductive excitation of electromagnetic fields in the earth's crust, when the horizontal
ungrounded loop is used as the emitting antenna of controlled source, the induced eddy currents are predominantly
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subhorizontal. Due to this, the vertical component of the fictitious magnetic current density jm. is the most informative.
According to the results of experimental studies, it was found that anomalous areas with high electrical conductivity
corresponding to the location of ore zones were distinguished both by the maxima of amplitudes of the vertical
component of the magnetic current density jm;, and by sharp jumps of phases, up to 180°. It was also noted that
anomalous zones with increased values of amplitudes of horizontal components of magnetic current density jmr have
near-surface character. Due to this, it can be assumed that such anomalous zones are caused by tectonic faults, which
are extremely widespread in ore regions of the Kola Peninsula. However, phase characteristics of horizontal
components of the magnetic current density are more sensitive to deep anomalies of the electrical conductivity of the
earth's crust. Sharp jumps of phases, up to 180°, are observed at about the same depth as for the vertical component
of the magnetic current density. Thus, the complex analysis of amplitude-phase characteristics of various components
of the function of sources of anomalous electromagnetic fields jm allows to determine the most complete picture of
the distribution of geoelectric heterogeneities in the earth's crust and to select those anomalous areas that are promising
for the detection of local ore bodies.

The study is executed at financial support of RFBR and the government of the Murmansk region (project No. 17-
45-510956).

Spatial structure of night-side magnetopause: Simultaneous observations of ARTEMIS and MMS
missions

A.S. Lukin'?, AV. Artemyev'?, E.V. Panov®, A A. Petrukovich?, E.V. Yushkov4

Space Research Institute of Russian Academy of Sciences, dep. 54, Moscow, Russian Federation
2Faculty of Physics, National Research University, Higher School of Economics, Moscow, Russia
SUniversity of California, Los Angeles, California, USA

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

SSpace Research Institute of Austrian Academy of Sciences, Austria, Graz

We analyze several intervals of data collected simultaneously (during one orbital period) by four MMS and two
ARTEMIS probes to find out features and differences in magnetopause structure on different radial distances from
the Earth. Using single spacecraft methods, we show that gradients of magnetic field and plasma characteristics (ion
temperature, plasma density and ion bulk velocity) can have different scales on the orbits of MMS and ATREMIS
satellites and its absolute values more often larger on the Lunar distance.

Analysis of the Jovian magnetosphere structure using Paraboloid model according to Galileo data
A.S. Lavrukhin, D.A. Parunakian, I.1. Alexeev
Skobeltsyn Institute of Nuclear Physics M.V. Lomonosov Moscow State University, Moscow, Russia

Jovian magnetosphere is the largest magnetosphere in the Solar system. Its main feature is the presence of large-scale
current carrying structure — magnetodisk, which enlarges the size of the magnetosphere by almost two times. Based
on data from the Galileo spacecraft, which completed 35 flybys of Jupiter in 1995-2003, we study the structure of its
current disk, the system of field-aligned currents, and the features of its own internal magnetic field using the
Paraboloid model of Jupiter’s magnetosphere.

On a switch-off slow shock existence in collisionless plasma: Particle-cell-simulation
I.P. Paramonik, I.V. Zaitsev, A.V. Divin, V.S. Semenov (Saint-Petersburg State University, Saint-Petersburg, Russia)

Petschek-type switch-off slow shocks have been considered as a main mechanism of magnetic energy conversion into
kinetic and thermal energy of plasma in MHD approximation during several decades. How-ever, despite significant
advances in collisionless reconnection physics, there are no convincing proofs that slow mode shocks exist and/or
stable in fully kinetic plasma. Phenomena like magnetic reconnection pro-duce beams and pressure anisotropies with
relation to magnetic field, which are known to modify MHD shock wave evolutionary conditions. In this study we
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aim at simulating unsteady 1D kinetic dynamics using PIC code which produces shock-like structures most closely
resembling the classical slow mode shocks. We performed a set of 1D simulations with different setups (which are
known to generate such shocks in the MHD approximation): (1) a flow-flow method starts from two colliding jets
producing fast and shock wave trains at later stages of the evolution; (2) a jet collides with a solid wall in the so-called
“piston” meth-od; (3) tangential discontinuity decay in the presence of a weak normal magnetic field. Our study shows
that the slow shock-like structures indeed persist in kinetic simulations. Such shocks are intricately attached to kinetic
instabilities excited at the shock front, which it turns depends on the B field direction.

Occurrence rate and intensity of energetic proton precipitation equatorward of the isotropic
boundary: Dependence on geomagnetic activity

N.V. Semenoval, A.G. Yahnin?, T.A. Yahnina!, A.G. Demekhov!?

!Polar Geophysical Institute, Apatity, Russia
2Institute of Applied Physics of RAS, Nizhny Novgorod, Russia

Using NOAA POES observations of energetic protons, we investigated statistical properties of localized precipitation
of energetic protons (LPEP) equatorward of the isotropy boundary. More than 41000 crossings of the sub-auroral
region covering all MLTs were analyzed. The global distribution of the LPEP occurrence rate was constructed. The
maximum of the occurrence was found in the day-afternoon sector at L>6-7. The distribution is very similar to that
obtained for EMIC waves on the basis of data of different spacecraft missions. This similarity statistically confirms
the suggestion that LPEP as the result of the ion-cyclotron instability (ICI) in the magnetosphere. The global
distribution of the proton flux intensity is investigated as well. The precipitating flux maximizes at L=4-5, that is not
coincide with the occurrence rate maximum. The large statistics enabled us to investigate the dependence of the LPEL
occurrence and intensity on the geomagnetic activity indices, magnetic storm phases, and solar wind parameters. The
obtained dependencies demonstrate some new features of the ICI development under different conditions. In
particular, the decrease of the LPEP maximal occurrence rate on the dayside under highest level of geomagnetic
activity was noted. We explain this fact by flattening of the night side radial gradient of proton flux during strong
disturbances and its effect on the transverse anisotropy of protons on the day side.

Remote sensing of magnetotail current sheet: Solar particle events
V.A. Sergeev (St. Petersburg State University; St. Petersburg, Russia)

Strong solar electron events provide the high flux of energetic electron-tracers to X-ray the magnetotail current sheet
structure and its variations. We used non-adiabatic particle scattering in the tail current sheet observed from polar
orbiting POES satellites to reveal magnetotail topology changes during various types of activity.

(1) For the substorm growth phase we were able to show an isolated substorm in which latitudinally-localized region
of anisotropic 30 keV electron loss cone embedded in the isotropic solar electron precipitation was persistently
observed, suggesting a persistent ridge-type BZ/j maximum in the equatorial plasma sheet at distances 15-20Re. We
discuss unfrequent observation of such events taking into account recent results of global MHD simulations.

(2) In the course of 10 hours of strong, steady solar wind driving following initial 3-4 hrs long period of large-scale
substorm-related reconfigurations and plasma injections, the near-Earth magnetic configuration evolved into a non-
standard type which lasted for 5 hrs until the end of this steady convection (SMC) event. During that time a dipolarized
region with complicated Bz landscape persisted in the midtail while the configuration was very stretched in the near
tail. This was manifested as a highly depressed magnetic Bz component at geostationary orbit and as persistent non-
adiabatic electron scattering at the periphery of the outer radiation belt. In addition, in situ observations suggest that a
thin current sheet extended longitudinally toward the dawn terminator. In the return convection region near the
terminator, observations of this azimuthal current sheet were sporadically interrupted/modulated by earthward-
convecting plasma structures, either remnants of reconnection-produced plasma bubbles or flapping waves. The
hybrid magnetotail configuration (dipolar in the mid-tail and stretched in the near tail) observed during this long-
duration SMC event poses a challenge for empirical magnetospheric modeling.
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Sub-ion magnetic holes: In-situ observations and possible connection to optical data
P.l. Shustov®?, Y. Nishimura®#, A.V. Artemyev®!, X.-J. Zhang®

1Space Research Institute, Russian Academy of Sciences, Moscow, Russia

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

3Department of Electrical and Computer Engineering and Center for Space Sciences, Boston University, Boston, MA,
USA

“Department of Atmospheric and Oceanic Sciences, University of California, Los-Angeles, CA, USA

SInstitute of Geophysics and Planetary Physics, University of California, Los-Angeles, USA

Recent in-situ spacecraft observations in the dipolarized magnetotail have revealed abundance of sub-ion scale (~ 100
km) magnetic holes. Such holes are local electron vortices supporting magnetic field depletion and plasma pressure
enhancement. In this presentation we discuss main properties of these holes, including direction of hole drift motion.
Because, pressure gradients supported by magnetic holes can be a source of field-aligned currents, it would be
reasonable to consider these small-scale pressure gradients as a possible source of small-scale aurora structures. We
discuss one event of THEMIS spacecraft in-situ observations of sub-ion holes and conjugated observations of small-
scale aurora structures by all-sky cameras. Comparison of spatial scales shows that we likely deal with the same
structures captured by THEMIS and detected by cameras.

Cold ion heating during magnetic reconnection
I.V. Zaitsev, A.V. Divin, V.S. Semenov (Saint-Petersburg State University, Saint-Petersburg, Russia)

Cold ion dynamic in antiparallel reconnection case appropriate to magnetotail is studied by means of 2D PIC
simulation and test-particle simulation. In particular, we investigate acceleration mechanism of cold ions related to
separatrix Hall electric field produced by fast-streaming electron jet. On distant separatrices where the reconnection
electric field is absent, cold ions are involved in the drift motion, suppressing the Hall term. Particle energization at
the reconnection exhaust boundaries is carried out with superposition of the strong localised Hall electric field and
homogeneous electric field of reconnection. In a such configuration magnetic moment pumping is produced with
following effective thermalization of previously cold population. We found that the ratio of ion gyroradius to electric
field gradient scale control the resulting energy gain. Thereby, cold ions preaccelerate in perpendicular to magnetic
field direction before they start of thermal motion while the hot ions scatter under dependence on phase of
gyrorotation.

Relativistic electron precipitation revealed from POES observations:
Dependence on geomagnetic activity

T.A. Yahnina, A.G. Yahnin, N.V. Semenova
Polar Geophysical Institute, Apatity; e-mail: tyahnina@gmail.com

To investigate relativistic electron precipitation (REP) events, we considered the data from a set of NOAA Polar
Orbiting Environmental Satellites (POES) during three half-year intervals. The intervals (July-December 2005, July-
December 2009, and July-December 2011) are characterized by relatively strong, weak, and moderate geomagnetic
disturbances, respectively. On whole, more than 1500 REP events were found. (Note that POES are able to reveal
only so called precipitation bands, not microbursts.) We demonstrate that the events tend to occur during
enhancements in geomagnetic activity characterized by the AE-index. This means that geomagnetic activity is related
to processes which scatter the electrons into the loss cone. Before the REP event the enhanced geomagnetic activity
is typically observed during several days, suggesting that this preceding geomagnetic activity creates the conditions
for acceleration processes in the magnetosphere. Global maps of the REP occurrence rate are constructed for different
levels of geomagnetic activity. The maps show that independently on the REP type the probability to observe REP
increases with the growth of geomagnetic activity. As to intensity of the precipitating electron flux, it does not show
clear dependence on the current geomagnetic activity. However, the mean value of the flux for a time interval
correlates with mean values of the activity indices.
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Current sheet model for the Earth magnetopause with strong plasma flows
E.V. Yushkov, A.V. Artemyev, A.A. Petrukovich
Space Research Institute of Russian Academy of Sciences, Moscow, Russia

Dayside and flank magnetopause can be characterized by strong gradients of plasma solar wind flows. We develop
here thin current sheet model, suggested in 2010 by Nickeler&Wiegelmann for flow gradients perpendicular to
separatrices. We consider cases with flows which are not parallel to magnetic field lines, because such cases look
more realistic for the Earth magnetopause. We study influence of these flows towards stationary current sheets in
quasi 2D-equilibria, using theory of ideal MHD. We obtain analytical solutions and compare them with spacecraft
data collected by THEMIS mission. We show relations between induced currents and Alfen Mach number / plasma
flow inclination. We discuss the restrictions of our model connected with MHD approach, plasma incompressibility,
2D-symmetry and suggest further extension of magnetopause CS models with solar wind plasma flows.
The work is supported by RFBR grant number 18-02-00218.

IHapameTpsbl Kanna pacnpeaejieHu HOHOB B IKBATOPHAJIbHOM IVIOCKOCTH HA TeOLeHTPUYEeCKUX
paccrosiHusAX MeHee 15 Re U npoenypoBaHie aBpopajJibHOI0 0BAJIA HA IKBATOPHAJIbHYIO
IUIOCKOCTh

W.I1. Kupnuues!, E.E. Aaronosa®!, B.I'. Bopo6ses®, O.U. Sroaxuna®, U.JI. OBUMHHHKOB?,
M.C. Ilynunen?, C.C. 3natkosa®, H.B. Cotauxos*, C.K. Murs?, I1.C. Kazapan*

Unemumym Kocmuueckux Hccnedosanuti PAH

2HUU s0eproii pusuxu umenu J.B. Crobenvyvina MI'Y umenu M.B. Jlomonocosa
SOIBHY “Honspuuiii 2eopusuueckuii uncmumym”’, 2. Anamumol

Adusuueckuii paxynomem MI'Y

YTouHeHHE TPOEUUPOBAHMS TPAaHHUIl aBPOPAITGHOTO OBajla Ha 3KBATOPHAIBHYIO IUIOCKOCTH METOJIOM
MOP}OIIOTHYECKOT0 POSIMPOBAHNUS TPEOYET ONpe/IeNeHHs PaclIpe/Ie/ICHNs JaBJICHNSI NOHOB Ha MaJIbIX BHICOTAX U B
9KBATOPHAJIBHON IUIOCKOCTH C Y4YETOM BKJIaJa YacTHI[ C DHEPrHsSIMH, 3HAYUTEJbHO IMPEBBILIAIOININMH TEIIOBBIE.
OyHKIMYU pacrpeesieHns] YacTUI] B 0ECCTOJIKHOBUTEIBHONW MarHUTOC()EpHOH 1a3Me XOPOIIO annpOKCUMHPYIOTCS
Karnrma-pacrpeaeieHusiMu.  Kamnma-pacrpeienieHus UME0T MaKCBEJJIOBCKHE S/pa U CTENEHHbIE XBOCTBI, 4YTO
M03BOJISIET H00ABUTh K OOBIYHBIM THJIPOJUHAMHYECKHM XapaKTePUCTHKAaM KOHIEHTpAIMU M TeMIEpaTypbl TPETHil
napametp — BeauuuHy K, XapakTepu3yrollyl MOKa3arellb CIEKTpa HAa JHEPTHsX, 3HAYMTEIHHO MPEBBIMIAIOIINX
TEIUTOBBIC. AHAaNW3 pe3ylbTaTOB HAOMIONCHUN mATHCHYTHUKOBOW Muccuu THEMIS mo3Bommn moxydnts
YCpEeIHEHHbIE paclpeeleH!s] MapaMeTpoB Kallla-alnipoKCHManuii HOHOB B HKBAaTOPHAIBHOW IUIOCKOCTH Ha
TEOICHTPUUYECKUX PAcCTOSAHUAX OT 7 1o 15 pammyco 3emimu. [IpoBenen ananmus paaunansroit 1 MLT 3aBucumocreit
MOJTYYEHHOTO paclpeeTIeHUs.
Pabota nonnepsxana rpanrom PODU 18-05-00362.

CranuoHapHasi MOJeJb MPOCTPAHCTBEHHO 2-MePHOI0 TOHKOI0 TOKOBOTO CJIOSI ¢ HOPMAJILHOM
KOMIIOHEHTOH MATHMTHOTIO OJISl ¢ KHHETHYEeCKUM ONMCAHNEM 3aMarHM4YeHHBIX 3JICKTPOHOB

O.B. Munranes?, U.B. Munranes?!, X.B. Manosa??, JI.M. 3enensrii®

*@IrBHY “Honapuwiii 2eogpusuveckuii uncmumym”, 2. Anamumor; e-mail: mingalev_o@pgia.ru
2Hayuno-uccnedosamensvckuii uncmumym adeproii puzuxu um. JJ.B. Crobenvyvina MI'Y, 2. Mockea
SUncmumym xocmuueckux uccnedosanuti PAH, 2. Mockeéa

JInst  cTanMoHApHBIX TPOCTPAHCTBEHHO JBYMEPHBIX TOHKHX TOKOBBIX ciioeB (TTC) B 0OecCTONKHOBHTEIHHOU
KOCMHUYECKOH IJIa3Me, aHAIOTUYHBIX [0 CBOUM CBOMCTBaM TOKOBOMY CJIOIO OJIMIKHETrO0 XBOCTa MarHUTOC(epbl Ha
npeBapuTeIbHOM (haze cyO0ypH, B KOTOPBIX MATHUTHOE ITOJIC OPTOTOHAIBHO TOKY ¥ HIMEET HEHYJICBYIO HOPMAIbHYIO
KOMIIOHCHTY, 3JICKTPOHBI 3aMarHHYCHBI,  MOHBI HE 3aMarHUYCHBI, PEIICHA TeOpETHYCCKAsl TPOOIeMa KHHETHYECKOTO
OIKCaHMS AJICKTPOHOB. B pe3ynbTare JJisi TOKOBBIX CIIOEB YKAa3aHHOTO THIIA CO3JIaHA TEOpPUs, KOTOpas MO3BOJIICT
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paccMaTpUBaTh MOJTHOCTHIO MPOCTPAHCTBEHHO ABYMEpHBIe uncieHHble Moaenu TTC, BloeHHbIe B peaTUCTUYHYIO
KOH(UTYypanuio MarHUTHOTO TIOJISl ¥ TUIa3MBbl OJIMIKHETO0 XBOCTa MarHUTOC(EpHI.

B npensnoxeHHo# Teopuu i onucanus oopasytomux TTC nagaronmx BIOJIb CUIIOBBIX JIMHUNA MarHUTHOTO TOJIS
MIOTOKOB NPOTOHOB HUCIIOJIb3YETCs ypaBHEHHe BiacoBa, a A onucaHus 3aMarHUYEHHBIX 3JIEKTPOHOB NMPHUMEHSAETCS
ypaBHeHHe BiacoBa B qpefioBoM IpUOIIKEHHN.

ITokazaHo, 94TO B paccMaTpHUBaeMO TNPOCTPAHCTBEHHO 2-MepHOH cranmmoHapHOi moctaHoBke B TC ¢azoBwie
TPaeKTOPUH 3JIEKTPOHOB AEIATCS Ha MPOJIETHBIC U 3aXBa4CHHbIC, @ UX (DYHKIUS paclpeneIeHUs BEIyINX [IEHTPOB
nMeeT BUA (PYHKIMH OT TpeX WHTETPaloB Apeii(poBoil cucTeMbl ypaBHEHHH ABIDKEHHS B 0-M TpHOIMKEHUH:
MarHuTHOTO MOMEHTA, MOJHOW SHEPTuH (TaMUIBTOHHAHA) M €IMHCTBEHHON KOMIIOHEHTHI BEKTOPHOTO MOTCHIIUAIA
MarHuTHoro nois. st onpenencHus 3Tol GYHKIMU pacrpeeIeHUsT He0OOX0IMMO 33aaTh IBE «BXOIHBIE» (YHKIIHU
OT TpeX YKa3aHHBIX MHTEIPAJIOB: IEpBasi OMUCHIBAET 3JIEKTPOHBI HA NPOJICTHBIX (Pa30BBIX TPAEKTOPHUSIX, KOTOPHIE
nepecekatoT TC, a Bropast OITUCHIBAET AJIEKTPOHBI Ha 3aXBa4€HHBIX (Pa30BBIX TPACKTOPHSX BHYTPHU CIIOSI.

B pesynbrare nosydaercs, 4TO 9TH JIBE «BXOIHBIC» (YHKIIMU OT TPEX YKA3aHHBIX BBIIIE MHTEIPAJIOB MIOJHOCTHIO
ompeessioT GYHKIHIO paclpeieieHHs BEAYIUX [IEHTPOB AIIEKTPOHOB. [Ipy 3TOM U1l KOHIIEHTPAIlMU ¥ IUIOTHOCTH
TOKa JJICKTPOHOB IMOJYYAIOTCSA MHTCTPAJIBHBIC BBIPAXKCHUA, KOTOPLIC 3aBUCAT OT 3THUX JABYX q)yHKHHfI, a TaKXe OT
MarHuTHoro mnojst. To ecTh BKJIaJ 3JICKTPOHOB B MAarHMTHOC U DJICKTPHUUCCKOC IMOJIC OMMCBIBACTCA aHAJIUTHYCCKHU
yepe3 3TH ABE «BXOAHBIEY» (YHKIMH. DTO NMPHUBOIUT K HEIMHEHHOMY SJUIMITHIECKOMY YPaBHEHHUIO 2-TO IMOpPSIKa
OTHOCHTEJIFHO €JMHCTBEHHOIH KOMITOHEHTHI BEKTOPHOTO NMOTeHNHnana. YHCIeHHOe pelieHHe KpaeBOM 3amadudl Uit
9TOTO YpaBHEHUs MMO3BOJISET HANTH cTallmoHapHY0 KoHpuryparmio TTC.

YcraHaBnMBaeTcs, 9TO MpH JaHHOM HaOOpe BHEITHMX BXOJHBIX IApaMETPOB BO3MOXKHA HE €AMHCTBEHHAS, a BOOOIIE
TOBOPsI, 0ECKOHEYHOE YHCIIO cTalMoHApHBIX KoH(urypannit TTC B 3aBucuMoCTH OT BUa QYHKIMH pacTIpeelIeHUs
QJICKTPOHOB Ha 3aXBaUYCHHBIX (1)8.30BI)IX TPpaCcKTOPUAX BHYTPHU CJI04, BaxKHasd pOJIb KOTOpOfI BbISIBJICHA 3/1CCh BIICPBLIC.
JleTanbHO UCClEeN0BAaH BaXKHBIA YaCTHBIN ciiy4all pacnpeneneHus Makcsesuia-bonbliMana a1 3JI€KTPOHOB.

Pabora BrimonHeHa npu noaaepikke rpanra POOU 17-01-00100.

KOppeKTHOE KHHEeTHYEeCKOe 1 ra3oJuHAMHYEeCKoe ONuCcaHue 3aMarHnYeHH o
0€CCTOJKHOBHUTEILHOM IJI1a3MBbI € Y4ye€ToM NMPoOaAOJBbHOI0 CHUJI0BOI0 PABHOBECHSA IJICKTPOHOB

O.B. Munranes!, 1.B. Munranes!, X.B. Manosa?®, A.M. Mepansiit®, B.C. Munranes?, O.B. Xa6aposa*

*OI’BEHY “Honapuwiii 2eogpusuueckuii uncmumym”, 2. Anamumor; e-mail: mingalev_o@pgia.ru

2Hayuno-uccnedosamenvckuii uncmumym aoepnoti puszuxu um. J.B. Crobenvyvina MI'Y, 2. Mockeéa

SUncmumym xocmuueckux uccredosanuii PAH, 2. Mockea

*Uncmumym 3emnozo maznemusma, uonocgepul u pacnpocmpaienus paouosonn um. H.B. IIyuxosa PAH,
2. Mocksa, 2. Tpouyx, Poccus

[Nokazano, uro cucrema ypaBHeHUH |-xuakoctHo MI'J] KOpPpPEKTHO OIMMCHIBAET TOJNBKO MPOIECCH B CIabo
HEOJHOPOAHOH TI1a3Me, HalpuMep, pa3iMyHble MarHUTOTHIPOIMHAMHYECKHE BOJIHBI, HO HE OTHMCHIBAET IPOLECCHI C
CHJIBHOW TMPOCTPAHCTBEHHON HEOJHOPOJHOCTBIO. DTa CHCTEMa SIBIISETCS AHAIOTOM MPHOIMKEHUS aKyCTHKUA B
ra3oBoil quHamMuke. [Ipemnoxeno ee 0000meHe, KOTOPOE JaeT KOPPEKTHOE ONMMCaHWe 3aMarHUYEeHHOHN IJIa3MBI B
CiIydae HaJH4YUsl CHIBHOW MPOCTPAHCTBEHHON HEOTHOPOTHOCTH, M IUIS ONMHUCAHUS KaKJOW KOMITOHEHTHI IIa3MBbI
HCTIONB3YeT cucteMy ypaBHeHui Uy-I'onpnbeprepa-Jloy.

B pabore BBIBOAWTCS CHCTEMa YpaBHEHHH IS OMNpEIENCHWS MAarHWUTHOTO M 3JIEKTPHYECKOro TMojieil B
3aMarHM9eHHOW OECCTONKHOBHTEIBHON IUa3Me. DTa CHCTeMa 3aMBIKaeT Kak CHCTeMy ypaBHeHuil BracoBa B
npeiipoBOM MPUOIIKEHNH, TaK M CUCTEMY MHOTOKOMITOHEHTHOWH MarHUTHOW ra30BOW JTUHAMHKH, COCTOSIIYIO JJIS
Ka)kJJOH KOMITOHEHTHI IU1a3MBbl U3 cucteMbl ypaBHeHui Uy-I"onbnoeprepa-Jloy. [lomyuennas cucreMa ypaBHEHHH 1St
NoJIel MMeeT SIUTMITUYECKUH THII, HE COJIEPKUT YaCTHBIX IIPON3BOIHBIX 110 BPEMEHH U OIIPEENIseT 10l B 001aCTH
MOJIETIMPOBaHMS B NPHOJVKEHMH  MTHOBEHHOTO  JAIBHOJCHCTBHMSA 1O  TEKYIIEMY  paclpeieIeHHIo
TUIPOAMHAMMYECKUX MEPEMEHHBIX Ka)10il KOMIOHEHTHI IUIa3Mbl U TPAaHUYHBIM YCJIOBUSIM C YYETOM CHUIIOBOTO
PaBHOBECHS JIEKTPOHOB BJ0OJb IMHUHA MarHUTHOTO NoJs. B 3T0i1 cucteme ypaBHEHHI MarHUTHOE MOJIE OIPEeNseTCs
ypaBHeHHeM ['aycca u ypaBHeHHEM AMIiepa, B KOTOPOM IUIOTHOCTH TOKa IIpeACTaBieHa 1Mo (Gopmyie apeidonoii
TEOpHUH KaK (YYHKIMA OT MATHATHOTO TIOJISL, TIOJTHOI IUIOTHOCTH MPOJIOIIFHOTO TOKA,  TAKXKE MOJHBIX MPOIOJIEHOTO 1
MONIEPEYHOT0 NABIEHUH Iua3Mbl. [l COJICHOMAANBHOW YacTH 3JIEKTPUYECKOTO IOJSI BBIBOJUTCS BEKTOPHOE
ypaBHeHue [lyaccoHa, B MpaBoi 4acTH KOTOPOTO CTOUT YacTHAs MPOU3BOIHAS MOJHOTO TOKA IO BPEMEHH, KOTOpast
gepe3 0000mIeHHbIH 3akoH OMa TmpeacraBieHa Kak (QYHKIHMS OT MarHWTHOTO TOJII W THAPOIWHAMUYECKUX
MEPEMEHHBIX KaXKI0H KOMIIOHEHTHI I1a3Mbl. [loTeHnnansHas 9acTh JIEKTPHIECKOTO OIS ONPEIENSAETCS U3 YCIIOBHUS
CHJIOBOTO PaBHOBECHSI DJIEKTPOHOB BJIOJIb JIMHWH MarHUTHOTO nosisi. PazpaboTaHa cxema NTEpallMOHHOTO Ipolecca
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JUISL YMCIIEHHOTO MHTETPUPOBAHMS KaK CHCTEMBI ypaBHeHUH BiiacoBa B npeiipoBOM MpUOIMIKEHUH, TaK U CUCTEMBI
MHOTOKOMITOHEHTHOH MarHUTHOM Ta30BOIl IMHAMHUKH BMECTE C MOJIYYCHHBIMU YPaBHEHUSIMH JUISl TIOJIEH .
Pa6ora O.B., .B. u B.C. MuHraneBbIx BHINOJIHEHa Py noaaepkke rpanra POGU 17-01-00100.

3aBHCHMOCTB CTAIMOHAPHBIX KOH(HUIrypanuii TOHKOr0 TOKOBOTO CJIOS ¢ IOCTOSIHHOM HOPMAJILHOM
KOMIIOHEHTOH MATHUTHOIO MOJISl OT CKOPOCTH 00pPa3yIOIIMX CJ10i MOTOKOB MPOTOHOB

O.B. Munranes?, .B. Munranes?!, X.B. Manosa??, M.H. Mensnux?, I1.B. Cenxo?, T.I". Korait?,
JI.M. 3enensrit®

Y*DIBEHY “Honspuviii 2eopusuueckuti uncmumym”, 2. Anamumst; e-mail: mingalev_o@pgia.ru
2Hayuno-ucciedosamenvcxutl uncmuntym soepuoii usuxu um. JI.B. Crobenvyvina MI'Y, 2. Mockea
3HHcmumym rocmuyeckux uccieooeanuit PAH, 2. Mockea

PaccmatpuBaercss  CTaMOHAPHBI  TPOCTPAHCTBCHHO  |-MepHBIM  TOoHKWA TokoBbi cimoit  (TTC) B
0eCCTOIKHOBUATEFHOW KOCMUYECKOM TIIa3Me, aHAJIOTMIHBIH IO CBOMM CBOHCTBaM TOKOBOMY CIIOO OJIIDKHETO XBOCTa
MarHuToc(ephbl Ha TPEABAPUTEIbHON (pase cyOOypu, B KOTOPOM MArHMTHOC IOJIE€ OPTOrOHAIBHO TOKY M HMEET
HEHYJIEBYI0 HOPMAaJbHYI0 KOMIIOHEHTY, JJICKTPOHBI 3aMarHM4eHbl, a MOHBI He 3aMarHuueHsl. [Ipumensercs
YHCJICHHAs MOJIEJb, B KOTOPOH s omucanus obpasyromux TTC magaromux BIOIb CHIOBBIX JIMHUHA MarHUTHOTO
MOJIsI TIOTOKOB IIPOTOHOB HCIOJB3yeTCsl ypaBHEHHEe BracoBa, KOTOpoe pellaercss 4MCIIEHHO, a AJs ONUCAaHUA
3aMarHMYCHHBIX 3JICKTPOHOB IPHUMEHsIETCs ypaBHeHUe BiacoBa B jpeli(oBOM NPHONMIKEHHH, AL KOTOPOTO
MOJIYYeHO TOYHOE pelieHue B hopMe pacnpenencans MakcBemia-bogpiMaHa B CTalIHOHAPHOM 3IIEKTPOMArHUTHOM
ToJie.

JJi 9ECICHHOTO pelIeHUs CTallMOHApPHOTO ypaBHEHWs BlacoBa mprMEHEH HOBBIM pa3paOOTaHHBIA aBTOpaMHU
METOJ, B KOTOPOM [UIS alIIPOKCUMAITNH (PYHKIIMH pacipeeNieHIs NCTI0Nb3yeTcs (UKCHpOBaHHAS peryispHas ceTka
B KOOPJMHATHOM TPOCTPAHCTBE M TOABIDKHAS PETYJSIPHAsl CETKa B MPOCTPAHCTBE CKOPOCTEH C (PUKCHPOBAHHBIM
pa3MepoM U ILIaroM, ¢ LEHTPOM B JOKAJIbHOM MMAPOJINHAMUYECKON CKOPOCTH, U C BO3MOXKHOCTBIO OpPUEHTALlUHU €€
oceil MO0 MarHUTHOMY IIONI0. ODTOT TPHEM TIO3BOJISET OTCIECKHBATh HOCHTENb (YHKIMM PacHpeieCHUs B
MPOCTPAHCTBE CKOPOCTEH MPH MOMOIIM CETKH MHHHUMAJIBHOTO pa3Mepa. I1o cpaBHEHHIO ¢ METOJOM YacTHI[ HOBBIH
METOJl JaeT HAMHOTO 0oJiee TOYHYIO alpPOKCUMALUI0 (YHKIHMH paclpesielieHus U rpaHUYHbIX yciaoBuil. HoBbrii
MeTol ynoOeH Juisi mocTpoeHus: 3((EeKTHBHBIX MapasielbHbIX aJrOPUTMOB C BBINOJHEHHEM OCHOBHOM 4acTH
BBIUMCIICHUH Ha TpauyecKux IMpolleccopax, W IO3BONAET CO3[aBaTh YHCICHHBIE MOJEIH KPYNMHOMACIITAOHBIX
MPOIIECCOB B OECCTOIIKHOBUTEIBHOI KOCMHYECKOH IJIa3Me, 3aBE€I0OMO HEJOCTYIHBIE I MOICIHPOBAHUS METOIOM
YaCTHII.

Ha ocHoBe sToro merona [uisi mpocTpaHcTBeHHO onHoMmepHOl Moxaenu TTC c pacnpenenenunem MakcBesuia—
BonpMaHa Ui 3NEKTPOHOB CO3MaH HA0Op MPOTPaMM C PACUYECTOM TPACKTOPHH TPOTOHOB Ha TpadUUECKUX
mporieccopax, ¢ MOMOIIBI0 KOTOPOTO IMONYYeH sl KOH(PHUTYpamui TOHKOTO TOKOBOTO CJOS B CHMMETPUYHOM
MOCTAaHOBKE W HCCIEOBaHBl 3JeKTpocTaTmdeckue S((EeKTh, pPOib AHW3OTPOIHH JABIICHUS SJEKTPOHOB, POJIb
THIPOAMHAMHYECKOW CKOPOCTH 0Opa3ylomuX CJIOH MOTOKOB MOHOB, a TaKK€ TOYHOCTH BBHITIOJIHEHHS YPaBHEHHS
CHJIOBOTO OayaHca JUIs IPOTOHOB.

Paborta BbIONIHEHA TTpH TIoAepkKe rpanTa PODH 17-01-00100.
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The study of the singularities the ULF signal propagation in the atmosphere of high latitudes under
various heliogeophysical conditions

O.1. Akhmetov, 1.V. Mingalev, O.V. Mingalev, Z.V. Suvorova, V.B. Belakhovsky, S.M. Chernyakov
Polar Geophysical Institute, Apatity- Murmansk, Russia

The numerical experiment results of ULF signal propagation in a high-latitude earth-ionosphere waveguide under
various heliogeophysical conditions are discussed in this work. Based on the simulation of the 1500 Hz harmonic
signal propagation in a realistic high-latitude ionosphere, the features of the effect of electron density inhomogeneities
depending on their size relative to the wavelength are shown. An analysis of the characteristics of ULF signal was
carried out to identify those that could later be used to monitor the state of the ionosphere.

The conjugate observations of QP emissions on ERG satellite and Lovozero station
V.B. Belakhovsky?, K. Shiokawa?, A. Matsuoka®#, Y. Kasahara®, I. Shinohara®#, Y. Miyoshi?

Polar Geophysical Institute, Apatity, Russia

2Institute for Space-Earth Environmental Research, Nagoya, Japan
3Institute of Space and Astronautical Science, Japan

4Japan Aerospace Exploration Agency, Japan

SKanazawa University, Japan

In this work the simultaneous QP emission registered on ERG (Exploration of energization and Radiation in Geospace)
satellite and Lovozero station (Kola Peninsula) of Polar Geophysical Institute are investigated. We select only those
events when the ERG satellite and Lovozero station was geomagnetically conjugate. There are two types of QP
emissions: the typel of QP emissions is accompanied by the simultaneous ground geomagnetic pulsations with the
same frequency, the type2 of QP emissions is not accompanied. But small-scale geomagnetic pulsations do not
propagate to the ground due to damping in the ionosphere. So, these small-scale geomagnetic pulsations can also
produce QP emissions. In this work we consider one of such cases to deeply investigate the physical nature of QP
emissions.

The simultaneous OP emission on the ground and in space was observed during about 70 minutes in the evening
sector of MLT. It was recovery phase of the small geomagnetic storm. There is very high correlation between QP
elements on the ground and in space. The QP emissions was registered in a frequency range 1-2 kHz, the period of
QP emissions was approximately 40 seconds. Inside the QP emissions the higher frequency fine structures were
observed, the physical nature of this fine structure is not well understood. It is interesting that according to the ERG
satellite data QP emissions are observed only in electric field, in magnetic field QP emissions are not observed.

Itis found that QP emissions are not accompanied by the geomagnetic pulsations with the same period on the ground-
based magnetometers. But according to the magnetometer data of ERG satellite with using spectral analysis it is
identified the frequency very close to the frequency of QP emissions. The appearance of these QP emissions can be
associated with the small-scale Pc3 pulsations which seen in space and does not seen on the ground due to its damping
in the ionosphere. So these QP emissions should be attributed to the QP1 class. Thus, even if we don’t see geomagnetic
pulsations on the ground it does not necessarily indicate that this is QP2 class of QP emissions.

The study of the generation mechanism of monochromatic Pc4 pulsations with using
ERG satellite data

V.B. Belakhovsky?!, K. Shiokawa?, A. Matsuoka®*, S.-Y. Wang®, Y. Kazama®, S. Tam®, S. Kasahara’, S. Yokota?,
K. Keika’, T. Hori?, 1. Shinohara3#, Y. Miyoshi?

Polar Geophysical Institute, Apatity, Russia

2Institute for Space-Earth Environmental Research, Nagoya, Japan
3Institute of Space and Astronautical Science, Japan

“4Japan Aerospace Exploration Agency, Japan

SAcademia Sinica Institute of Astronomy and Astrophysics, Taiwan
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®National Cheng Kung University, Taiwan
"Tokyo University, Japan
80saka University, Japan

In this work we investigate the physical nature and generation mechanism of very monochromatic Pc4 pulsations with
using data of ERG (Exploration of energization and Radiation in Geospace) satellite. Such type of the pulsations is
exited during very low geomagnetic activity, these pulsations are do not seen on the ground magnetometers due to
damping in the ionosphere. The question about the generation mechanism of these pulsations is still open.

For the event 4 May 2017 according to the ERG satellite data the wave packet of Pc4 pulsations was registered after
midnight at 08-10 UT. The pulsations are mostly seen in radial component and also in azimuthal component of the
magnetic field; its frequency is about 13 mHz. On GOES-13 satellite located on higher L-shell than ERG satellite the
frequency of these pulsations is about 11.5 mHz. This property (decrease of the frequency of geomagnetic pulsations
with the increase of L-shell) testifies about the resonance nature of the pulsations.

During appearance of the Pc4 pulsations on ERG satellite the injection of electrons (mostly seen in 10-80 keV
energetic cannels) are registered. This injection is coincide with the small increase of AE index up 200 nT. So, this
injection is caused by the small substorm. Thus, it is found the experimental evidence that injection of electron cloud
into the morning sector can be reason of the excitation of monochromatic Pc4 geomagnetic pulsations. There are some
theories which can explain this mechanism.

Resonant interaction of energetic electrons with auroral kilometric radiation
V.S. Grach! and A.G. Demekhov?!

!nstitute of Applied Physics, Nizhny Novgorod, Russia
2Polar Geophsyical Institute, Apatity, Russia

We study the resonant interaction of energetic electrons with wave packets of Auroral Kilometric Radiation (AKR) at
fundamental cyclotron resonance. Electron parameters are chosen in order to ensure fulfillment of the resonance
condition for realistic AKR wave packets. We adopt the dipole model of the Earth’s magnetic field and take the
evolution of the wave packet into account.

We have shown that the resonant interaction of electrons with AKR can be very efficient for wave frequencies close
to the cut-off frequency and in a limited range of electron energies (1 keV<W,<50 keV for the considered AKR wave
packet). Lower-energy electrons have one resonance point within the packet, and high-energy electrons have two
resonance points with opposite signs of the effective inhomogeneity. Both linear and non-linear interactions take place.
For lower energy electrons non-linear interaction is possible for lower amplitudes then for higher energy electrons.
Non-linear phase bunching takes places for all considered energies, and particle trapping by the wave field is possible
only for electrons with low (<2 keV) and high (>25 keV) energy.

Modeling of auroral hiss propagation from the source region to the ground
O.M. Lebed?, Yu.V. Fedorenko!, N.G. Kleimenova?, A.S. Nikitenko?

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

An auroral hiss is one of the main types of VLF emissions in high latitudes. It is observed at frequencies above 3-4
kHz in the evening and night. The auroral hiss propagates in the magnetosphere and ionosphere as quasi-electrostatic
whistler mode waves at a wave-normal angle close to the 90° with respect to the geomagnetic field. The satellite and
ground-based observations accumulated extensive information on the structure of the waves, its morphology, and their
association with geomagnetic disturbances and visible auroras. However, the mechanisms of the auroral hiss
propagation from the source region to the ground are still poorly understood.

We present the model of auroral hiss propagation from the magnetosphere to ground that has been created to interpret
the high-latitude ground-based measurements. The main attention is paid to the numerical simulation of the scattering
of the electrostatic waves into the propagation cone at random ionospheric meter-scale irregularities located at the
altitudes from 1500 to 3000 km. The results of calculations of both the apparent backazimuth average values of the
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exit point from the ionosphere and their probability density functions are given. The simulation results are consistent
with the estimates, based on observations.

Categorization of dayside Pc4 pulsations: A Van Allen Probes statistical study
0.S. Mikhailova, D.Yu. Klimushkin, P.N. Mager (Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia)

The statistics of observations of Pc4 geomagnetic pulsations was obtained by using the VVan Allen Probes data. More
than 90 events on the dayside of the Earth have been found. Events were categorized visually. Pulsations were divided
into four categories: 1) amplitude modulated oscillations with poloidal or mixed polarization, 2) toroidal, 3)
compressional, 4) oscillations with the polarization change.

The work was supported by the Russian Science Foundation under grant 18-17-00021.

Ground-based high latitude observations of the VLF auroral hiss and comparison with the
modeling results

A.S. Nikitenko!, Yu.V. Fedorenko', O.M. Lebed?, J. Manninen?, N.G. Kleimenova®*, S.V. Pilgaev?,
A.V. Larchenko?

'Polar geophysical institute (PGI) Apatity, Russia; e-mail: alex.nikitenko91@gmail.com
2Sodankylid Geophysical Observatory, Finland

3Schmidt Institute of Physics of the Earth (IPE RAS), Moscow, Russia

4Space Research Institute (SRI RAS), Moskow, Russia

The results of the simultaneous ground-based observations of VLF auroral hiss at two spatially separated observational
sites (L~5.5) are presented. The observations have been carried out at Finnish station Kannuslehto and Russian station
Lovozero. At Lovozero, the data acquisition system consists of two horizontal components of the magnetic field and
the vertical component of the electric field. At Kannuislehto, the measurements of the vertical electric component and
two horizontal magnetic components started in November 2018. The Kannuslehto receivers were accurately
calibrated. The location of the auroral hiss ionospheric exit point was calculated considering randomness of the arrival
angle of the Poynting vector.

The model of the VLF emissions propagation in the lower ionosphere and the Earth-ionosphere waveguide was
developed and applied to estimate the VLF ionospheric exit point location. It is shown that the shape of the orientation
distribution of the VLF arrival angles depends on the mutual location of the ionospheric exit point and the ground-
based VLF receiver.

Peculiarities of VLF wave amplification during their propagation in the inhomogeneous
magnetospheric plasma

D.L. Pasmanik and A.G. Demekhov (Institute of Applied Physics of the Russian Academy of Sciences)

We study peculiarities of the cyclotron amplification of VLF waves during their propagation in the Earth's
magnetosphere in the presence of large-scale plasma irregularities, such as the plasmapause or density ducts.

Ray tracing approach is used to consider the wave propagation in the inhomogeneous magnetospheric plasma.
Variation of the wave amplitude due to the cyclotron interaction with the energetic electrons having an anisotropic
distribution function is studied. Change of direction of the wave vector along wave trajectory is taken into account for
calculation of the local value of the growth rate of cyclotron instability and for total gain of wave amplitude as it
propagates from the source.

The source in the equatorial region is considered and the cold plasma density distribution profiles observed by Van
Allen Probes satellites are used. It is shown that the existence of density gradients across the geomagnetic filed as well
as density ducts can provide wave propagation along the geomagnetic field and, thus, propagation of signals from
such a source to the ground. Results of this study can be used for the interpretation of the experimental data for
simultaneous observation of VLF signals by satellites and ground-based stations.
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Allocation of Pc3-4 pulsations on 28 January 2018
V.C. Roldugin and A.V. Roldugin
Polar Geophysical Institute, Apatity, Murmansk Region, Russia

The Pc3-4 periodic pulsations on 28 January 2012 were observed in aurora and in magnetic field at Lovozero and
Scandinavia, in electric and magnetic fields in satellites THEMIS A, D and E, situated over Siberia, in geomagnetic
field at low altitude observatories The pulsating area extended along latitude not less than 150°, pulsation propagations
observed in it with velocity about 3-4 degrees of longitude for 1 sec easterly.

Compressional ULF wave from multipoint THEMIS measurements in the dusk side magnetosphere
A.V. Rubtsov?, O.V. Agapitov?, P.N. Mager!, D.Yu. Klimushkin' and O.V. Mager!

!Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
2Department of Physics, Irkutsk State University, Irkutsk, Russia
3Space Science Laboratory, University of California, Berkeley, CA, USA

A compressional Pc5 wave accompanied by poloidal perturbation of the transverse magnetic field was observed by
the five THEMIS spacecraft in the dusk sector of the Earth’s magnetosphere at L ~ 10Rg on 21 May 2007. A poloidal
character of the wave was in agreement with the predominately azimuthal wave vector direction. The wave was
associated with localized hot proton injection from two consecutive substorms, when the cloud of energetic particles
comprised of the lower-energy protons from the earlier substorm was mixed with higher-energy protons from the
subsequent one. The clear signatures of the wave-particle drift resonance of protons modulated by the wave were
observed. The increase of the particle energy with the distance from the Earth and the observed strong dependence of
the wave frequency on the azimuthal wave number allowed to conclude that the observed wave was the drift
compressional mode generated by the gradient instability.

Characteristics of wave-particle interactions during magnetosphere compressions according
to the Van Allen Probes satellites

E.E. Titoval, A.G. Demekhov®?, A.A. Lubchich?, J. Manninen3, A.G. Yahnin?, T.A. Yahnina!

'Polar Geophysical Institute, Apatity, Russia
2Institute of Applied Physics, RAS, Nizhny Novgorod, Russia
3Sodankyli Geophysical Observatory, Sodankyld, Finland

Amplitude and spectral characteristics of VLF/ELF waves are analyzed using the data of Van Allen Probes satellites
(VAP) and the ground-based station Kannuslehto during multiple magnetosphere compressions. Two events
09/14/2017 and 08/01/2018 were considered, when significant magnetic field increases (up in to 10%) associated with
the magnetosphere compression were observed. The VAP-A and VAP-B satellites were near the equator in the
morning and day sectors at L = 4-6. Intensifications of whistler waves, correlated with variations in the magnetic field,
were observed in the VVLF range at frequencies of 2-6 kHz near one half of the electron gyrofrequency, and in the ELF
range (0.1 - 1 kHz). Using multicomponent satellite measurements and the calculated time-frequency dependences of
the cyclotron instability growth rates of whistler waves, we were able to localize possible generation regions of the
VLF/ELF radiation detected by the VAP satellites. The diffusion coefficients of energetic electrons were calculated
from the VLF/ELF wave spectra (for longitudinal propagation). It is shown that the diffusion coefficients of whistler
waves had two maxima: one at the energies around 0.1-1 keV, caused by VLF waves at frequencies of 2-6 kHz, and
the other at the energies of 10-100 keV, caused by ELF waves with frequencies of 0.1-1 kHz. In accord with ELF
observations, low-orbiting POES satellites detected precipitation of electrons with energies 30-300 keV at L = 4.5—
6.5 and in the range of 11-15 MLT.
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Simultaneous observations of EMIC and VLF waves during multiple magnetosphere compressions

A.G. Yahnin?, J. Manninen?, T. Raita?, T.A. Popova?, A.A. Lubchich?, T.A. Yahnina?, E.E. Titova?,
A.G. Demekhov?

Polar Geophysical Institute, Apatity, Russia
2Sodankyla Geophysical Observatory, Sodankyla, Finland
3Institute of Applied Physics of RAS, Nizhny Novgorod, Russia

A series of simultaneous EMIC and ELF/VLF wave bursts were observed onboard the VVan Allen probes (VAP) during
the event of multiple magnetosphere compressions on 14 Sept 2017. The bursts, which have the duration and cadence
of several minutes, were observed during about four hours when the spacecraft were on the day side and went through
their apogees. Similar temporal structures of the emissions were detected on the ground in the Pc1 and ELF/VLF
ranges by the network of induction coil magnetometers and by the ELF/VLF receiver in Kannuslehto, respectively.
Combining the VAP and ground-based wave data with particle precipitation data from low-orbiting POES satellites
allowed us to identify the precipitation pattern associated with both ELF/VLF and EMIC waves. This is the
enhancements of precipitating >30 keV energetic electrons and protons, which are localized within the zone of
anisotropic fluxes at L>4. This precipitation occupies the area around noon and has dimensions as large as several
degrees in latitude and several hours in MLT. The area of the precipitation significantly varies in time. We conclude
that this kind of precipitation is the result of pulsed development of the co-located ion-cyclotron and electron-cyclotron
instabilities stimulated by enhancements of the transverse anisotropy of the ring current and outer radiation belt
particles due to multiple magnetosphere compressions. The calculations of the ion-cyclotron instability growth rate
and the diffusion coefficient of near-loss cone protons were performed using plasma and wave parameters measured
with the VAP spacecraft. Similar calculations for ELF/VLF waves and electrons are presented in the companion report
by Titova et al.

Titova E.E., A. G. Demekhov, A. A. Lubchich, J. Manninen, A. G. Yahnin, T. A. Yahnina. Characteristics of wave-particle
interactions during magnetosphere compressions according to the Van Allen Probes data (this issue)

3KCHepHMeHTaJ’[LHBIe HCCJIeJ0OBAHUS MCKAKEHUH YaCTOTHOIO CIEKTpPa paauoCUrHajJaoB
AEKAMETPOBOIro AuamnasoHa B HeOIlHOpOZ]HOﬁ, HepaBHOBeCHOﬁ I/IOHOC(l)epe

A.Jl. Tomonog, H.B. Kanuréukor, A.H. MunnueHko
@I'BHY “lonapusiil ceopusuyeckuil uncmumym”, . Mypmanck, Poccus

BakHbIM CBOWCTBOM Mia3sMbl MOJSIPHOTO TE€OKOCMOCA SABISIETCS €€ HEOJHOPOJHOCTb M HEPAaBHOBECHOCTD.
HoHnocgepHple HEOTHOPOIHOCTH NPHHATO JENUTh Ha HEoJHOpoxHocTw F cios m HeomHopoaHoctn E cros.
YcraHoBieHO, 4YTO 001acTb HeogHoponHocTed E-crmosi pacnonaraercs Ha Bbicotax 100-130 kmitomeTpos.
OpueHTHPOBAaHHBIE BIOJIb T€OMAarHUTHOTO TIOJISI HEOAHOPOAHOCTH IIPEJCTABISIOT CO0O0H, B OCHOBHOM, CTPYKTYPBI C
Pe3KUMHU (IS IEKaMETPOBOTO JMara30Ha BOJH - 9TO PACCTOSHHS MEHBILIUE U CPaBHUMBIE ¢ JUTMHOI BosiHbl 10 — 100
METPOB) TPAHUIIAMH M TIEpPeTagoM KOHIeHTpannuu, gocturaromuM 100%. MakcumansHas JiTMHA HEOTHOPOTHOCTEH
BJIOJIb HAIIPABJICHUS MarHUTHOTO MOJISI 3eMJIM B 3TOM CJIO€ COCTABIISET HECKOJIBKO COTeH MeTpoB. HeomHOpogHOCTH
F- cost noHOC(EpHI CHITHHO BHITSHYTHI BIOJb HATIPABJICHUS TEOMArHUTHOTO TTOJISL, UMEIOT PE3KHe TPaHHUIIBI, O0IbIION
pa3dpoc pa3MepoB H (IIyKTyaluil IeKTPOHHOH MIIOTHOCTH, JOCTaTOYHO OOJBINNE BpEMEHA )KU3HU B PACIIOTIOKEHBI,
B OCHOBHOM, B 30HE€ OBaJIa MOJIAPHBIX CUsHMUM. [lepenaa KOHLEHTpauUid y 3TUX HEOAHOPOAHOCTEH TaKKe MOKET
nocturate 100%. HepaBHOBeCHOCTH 00YCIIOBIIEHA ITOTOKAMH 3apsDKEHHBIX YacTHII, BTOPTAIOMIMMHUCS B HOHOChEPY
BO BpeMs aBpopalbHBIX Cy0Oypb. [lpm mposerax paker duepe3 IUCKpeTHbIE (OPMBI MOJSPHBIX CHUSHUHN
PETUCTPUPOBAIIUCH MYyYKH JIEKTPOHOB, MPAKTUYECKU KOJUIMMUPOBAHHBIE BJOJb HANPABICHHS MAarHUTHOIO IOJISA
3emin. DHeprus KOJUIMMHPOBAHHBIX BIOJIb T€OMarHUTHOIO MOJISL yYKOB JIEKTPOHOB PETHCTPUPYETCA B Mpeenax
ot 0,5 1o 5 KaB. BuzyanbHbeIM posiBICHHEM HEOHOPOAHOCTH M HEPABHOBECHOCTH TOJIIPHON HOHOC(EPHI SIBIISIFOTCS
noJsipHele cussHUA. [IpencraBieHbl pe3synbTaThl MCCIENOBAHUM MCKaKEHHH YaCTOTHOTO CHEKTpa pagHOCHIHAJIOB
JIEKaMETPOBOTO JMANa3oHa, paclpOCTPaHAIOIIMXCA Ha paguoTpacce r. MockBa — r. MypMaHCK B pa3siIH4HBIX
reopu3ndecKkux ycnoBusix. JlatoTcs MHTEpIpeTanys MOJyICHHBIX PE3YIbTaTOB U MPEATIOKEHHS UX MPAaKTHIECKOTO
HCTIONB30BaHUs.
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006 ocodennocTu Bo3aeiicrBus MouHbIM KB pannousiyyeHueM noJisipHOro HArpeBHOI0 CTEHAA
HA HEPABHOBECHYIO IJIa3My

A.Jl. Tomonos, H.B. Kanntéakos, A.H. Mummaerko, M. Putsena, A. Bpekke

W3BecTHO, YTO NpHM BO3JCHCTBMM Ha MOJpHYIO HoHOchepy MommHbIM KB panuomsnyuyennem B moHOchepe
00pa3yloTcsi MarHUTOOPUEHTHPOBAHHBIE HEOJHOPOHOCTH JIEKTPOHHOM IUIOTHOCTH. PagnonsiydyeHne HarpeBHOTO
CTEH/Ia MPH B3aUMOJICHCTBHH C ITUMH HEOTHOPOJHOCTSMH IPETEPIIEBACT U3BECTHYIO TPAHCPOPMAIIHIO: TTOTIEPEYHAs
paZMoOBONHA CTaHOBUTCA MPOJOIBLHO-NIONEPEUHOH M 3aMe/isieTcs. B HepaBHOBECHBIX YCIOBUSIX MOXKET
peann30BaThCsl BO3MOXKHOCTh B3aMMOJCHCTBUSA TaKkOW pagUOBOIHBI C 3NEKTPOHHBIMH IydkamH. Tak Kak Juis
HarpeBHoro ctenna Tpomcé (Hopserus) pactpocTpaHeHne 3aMeIEHHOH MOIIIHON paJiMOBOJIHEL U paclipoCTpaHEHUE
My4Ka IEKTPOHOB MPOHUCXOJUT B IPOTHUBOIIOJIOKHBIX HAIIPABICHHUAX, PA3BUBACTCS IIEIBIA PSI CICU(UIECKUX JUTS
MOJIIPHOTO TE€OKOCMOCa ABJICHUH. B paboTe mpeacTaBieHbl pe3yIbTaThl SKCIEPHIMEHTA M0 UCCIIE0OBAaHNI0 HCKAKEHUH
CIEKTpPa MOIIHOH PaIHOBOIHBI HATPEBHOTO CTEH/IA.

IIpoHnKHOBeHME IEKTPOMATHUTHOTO H3JTyY€eHNsI HA POMBILLIeHHO#| YacToTe 50 I'iy
U ee TAPMOHMKAX OT JMHUH JIeKTponepeaay B BepXHIO0 HoHochepy

E.H. ®enopos?, H.I'. Masyp?, B.A. ITununenko?

YUnemumym ¢usuxu 3emau PAH, 2. Mockea
2Uncmumym xocmuyeckux ucciedoéanuii, 2. Mockea

B pabote monenupyercss MpOHUKHOBEHHE SJIEKTPOMArHUTHBIX MPOMBINUIEHHOW 4acToThl 50 I'l 1 ee TapMOHHK B
nonocepy u marautochepy. OreHeHa BO3MOXXKHOCTh PETUCTPAIMKA BO3MYIICHUN OT JHHHUU 3JCKTpoOmepenady Ha
I/IOHOC(I)epHI)IX BbICOTAX COBPEMCHHBIMHM CHYTHHUKOBBIMH MAarHUTOMETpaAaMU W OJCKTPUYCCKUMHU aHTCHHAMU.
Pa3zpaboran MeTon1 pacuéra mosist OT JITUHHOTO JIMHEHHOTO TOKA C Y4€TOM 0COOSHHOCTE, BO3HUKAIONTUX B pe3yJIbTaTe
pe30HaHCa Ha THPOYACTOTaX MOHOB. [10TydeHBI BHICOTHBIC 3aBUCHMOCTH MAarHUTHOTO M 3JICKTPHUYECKOTO TOJICH H
BEPTUKAIBHON KOMIOHEHTHI IDIOTHOCTH MOTOKA IEKTPOMATHUTHOM SHEPTHH HETIOCPEACTBEHHO HAJl HCTOYHIKOM.
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The solar wind magnetic clouds structures frequency features
O.M. Barkhatova!, N.A. Barkhatov?, V.G. Vorobjev?, S.E. Revunov?, D.S. Dolgova?

INizhny Novgorod State University of Architecture and Civil Engineering, Nizhniy Novgorod
2Minin Nizhny Novgorod State Pedagogical University, Nizhniy Novgorod
3Polar Geophysical Institute, Apatity

Direct measurements of the interplanetary magnetic field on spacecraft have shown that Solar wind magnetic clouds
are quite often the observed type of coronal plasma flows [Kilpua et al., 2013]. Interest in the study of magnetic clouds
is associated with their high geoeffectiveness. The structure of magnetic cloud can be divided into a shock wave at
the front of the cloud, a turbulent sheath between the shock wave and the leading edge of the magnetic cloud, the
leading field and the axial field contained in the cloud body, and the tail field. Geomagnetic disturbance is usually
associated with the cloud body parameters and the conditions for the Earth's magnetosphere passage through it. In the
works [Farrugia et al., 1998; Barkhatov et al., 2011] noted however that the presence of a sheath in magnetic clouds
makes noticeable adjustments to the predicted level of geomagnetic disturbance. In this regard, the analysis of
parameters evolution for cloud shells is important to determining their geoeffectiveness.

In the present work the ULF spectral composition for sheathes and bodies front edge of magnetic clouds of varying
length for 33 events was investigated. An analysis of the dynamics of the interplanetary magnetic field modulus, Solar
wind velocity and concentration made it possible to establish the cloud sheathes boundaries and mark the transition
areas to the cloud body. For all cases when going from the sheath to the cloud body, a sharp weakening of disturbance
intensity for all analyzed parameters is noted. The characteristic range of recorded ULF disturbances periods in the
event sheathes is from 15 to 25 minutes in the low-frequency spectrum band and about 5 minutes for the high-
frequency band. In the bodies of the events studied, both high-frequency disturbances with characteristic periods of
2.5-10 minutes and low-frequency ones with periods 15-25 minutes are also recorded.

A detailed analysis of study results Fourier and wavelet spectra for all events sheathes demonstrates significant
difference between the two selected groups. As it turned out, the first group included clouds with small length sheathes,
less than 2 hours (2 events) and the second group - clouds with long sheathes for more than 2 hours (31 events). The
frequency-spatial distribution of disturbance intensity in the cloud sheathes shows that intense disturbances are
recorded for the first group events throughout all sheathes with a spectral maxima cascade to the high-frequency region
with gradual damping of turbulent processes on a small scale. This confirms the presence of a turbulent regime in the
entire sheath for such cloud. Analysis of the wavelet spectra over the sheath demonstrates an increase in the
disturbances frequency to their back end. It should be noted that the most intense oscillations of magnetic field occur
at the sheath leading edge for first group events, while the ULF disturbances of Solar wind concentration and velocity
have the most intense spectral maxima in the sheath middle and back parts. This result is consistent with [Kilpua et
al., 2013], where it is argued that ULF oscillations for interplanetary magnetic field and pressure have different profiles
inside sheath: for the ULF magnetic field they are strongest in the sheath leading part, while pressure is increasing to
their back end.

More extended sheathes (second group events) are structures with strong fluctuations of magnetic field, Solar wind
velocity and concentration, exceeding their values in the cloud body. Such sheathes are characterized by disturbances
in the range 5-25 minutes, and there is a spatial distribution of spectral maxima over the sheath — magnetic field and
Solar wind parameters disturbances follow a series. Within each series, cascades of spectral maxima to the high-
frequency region are recorded. It indicates that the turbulent regime is not in the whole sheath, but only in these areas.
This may mean that long sheathes are not fully turbulent areas.

The studies were carried out with the financial support of the Russian Foundation for Basic Research, Project No.
18-35-00430 (Barkhatova O.M., Dolgova D.S.), and within the framework of the State Mission of the Ministry of
Education and Science of the Russian Federation No. 5.5898.2017 / 8.9 (Barkhatov N.A., Revunov S.E.).

Farrugia C.J. ,et . al., Geoeftectiveness of three Wind magnetic clouds: a comparative study // J. Geophys. Res., V.103, N A8,
P.17261-17278, 1998.

Kilpua E. K. J., Isavnin A., Vourlidas A., Koskinen H. E. J., and Rodriguez L. On the relationship between interplanetary coronal
mass ejections and magnetic clouds // Ann. Geophys., 31, 1251-1265, 2013. doi:10.5194/angeo-31-1251-2013.

Barkhatov N. A., Levitin A. E., Revunova E. A. Geomagnetic Storm Intensity Forecast Caused by Magnetic Clouds of Solar Wind
/IGeomagnetism and Aeronomy. 2014. V. 54. N. 6. P. 718-726. © Pleiades Publishing, Ltd., 2014. DOI:
10.1134/S001679321406005X
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Variations of the north-south component of cosmic ray anisotropy in various structures
of the solar wind

A.V. Belov, E.A. Eroshenko, V.A. Oleneva, M.A. Abunina, V.G. Yanke
Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, RAS, Moscow, Russia

We study the north-south component of cosmic ray anisotropy, determined by the global survey method for each hour
in 1957-2018. Examples are given of the behavior of the north-south anisotropy during large Forbush decrease, when
crossing the sector boundaries of the interplanetary magnetic field, in high-speed solar wind flows from coronal holes.
The north-south component differs from the equatorial component of the anisotropy in that it can be determined only
to within a constant and it essentially depends on the chosen base. Since the calculations in the global survey method
are performed separately for each month, there arises (and discusses in this paper) the problem of matching the results.
Long-term variations of the north-south anisotropy obtained after stitching the results by a special technique are
determined and studied.

The study of evolution long-term unipolar coronal hole in northern hemisphere in solar minimum
for 2015-2017

A.V. Borisenko (Lebedev Physical Institute RAS, Moscow, Russia; e-mail: sunw77@mail.ru)

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 10830A 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 10830A 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, 2].

Perhaps 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 unipolarity coronal hole 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 was obtained.

1. Jack B. Zirker // Rev. of Geophysics and Space Physics 1977. Vol. 15, No. 3.P. 257.
2. Nolte J.T., Krieger A.S., Timothy A.F. et al. Solar Physics, vol. 46, Feb. 1976, p. 303-322.

Using of the GPU calculations for study of solar flare mechanism via coronal MHD simulation
A.V. Borisenko?, I.M. Podgorny?, A.l. Podgorny*

!Lebedev Physical Institute RAS, Moscow, Russia
2Institute of Astronomy RAS, Moscow, Russia
e-mails: sunw77@mail.ru, podgorny@lebedev.ru

Comparison of observations with results of MHD simulation above the active region NOAA 10365 performed in
reduced time scale unequivocally is showed, that the flare takes place in corona as a result of release of energy, which
is accumulated in the magnetic field of the current sheet. For the first time, a current-sheet model for explaining the
mechanism of a solar flare was proposed in 1966 by S| Syrovatsky. The current sheet was obtained in solar corona by
MHD simulation above the real active region. Basing on the mechanism of flare energy release in a current sheet .M.
Podgorny proposed electrodynamical model of the solar flare which explains main manifestations of a flare. For more
detail study of the current sheet magnetic field configuration it is necessary to perform MHD simulation in real time
scale.
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In now time reduced 10000 time scale MHD simulation, spurious current density maxima appear which can masked
real current sheets. Simulation in real time during the first few minutes of evolution showed the absence of instability
at the boundary, which leads to disturbances with a large current to the generation of parasitic currents. Simulations
must be carried out so that, in the absence of disturbances at the photospheric boundary, it is possible to more
conveniently and more accurately determine the position of the current sheet, more precisely to obtain a magnetic
field configuration both near the current sheet and, especially, in a significant region containing the current layer and
adjacent to the photosphere boundary. Also, real-time simulation is necessary to accurately calculate the flash energy
accumulated in the magnetic field of the current sheet.

For this purpose, the “personal supercomputer” on the base of CUDA NVIDIA technology with the GPU Tesla
M2050 has been installed. Hardware and software were installed and tested.

The test of five-point method for implicit stable finite-difference scheme for 2D PDE solving accelerated x143
times.

We are currently study on MHD simulation above a multi-flare large complex active region NOAA 12192 to
determine current sheets in the corona. NOAA 12192 produced several X-class flares.

Evaluation of solar activity from the data of meter range solar radio emission
M.Y. Filippov?, A.A. Abunin?, N. A. Khodataev?

Yoint Stock Company «Academician A.L. Mints Radiotechnical Institute», Moscow, Russia

2Federal state budgetary institution of science Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio
Wave Propagation Russian Academy of Sciences, Troitsk, Moscow, Russia

3Kalmyk state University named after Mr. Elista, Russia

The dependence of the daily average power of the meter range solar radio emission with solar activity is shown. The
correlation coefficient is 0.75 in the analized period of 2 years of low solar. The method of calculating the index F10.7
for use in special tasks based on this dependence is created.

An event of anisotropic cosmic ray enhancement on 07 June 2015
A. Gil}, G. Kovaltsov?, V. Mikhailov®, A. Mishev*, S. Poluianov*, I. Usoskin®

Ynstitute of Mathematics and Physics, Siedlce University, Siedlce, Poland

2loffe Physical-Technical Institute, St. Petersburg, Russia

SMEPhI, Moscow, Russia

4Space Climate Research Unit and Sodankyli Geophysical Observatory, University of Oulu, Finland

We report an unusual event of Anisotropic Cosmic Ray Enhancement (ACRE) observed by neutron monitors at 12-
19 UT 07 June 2015. A statistically significant increase was registered only by southern polar stations with the highest
magnitude of about 6% at Dome C in Antarctica. In contrast, high-latitude stations in the northern hemisphere such
as Oulu, Apatity, Barenzburg, Peawanuck and others showed no response. The asymptotic directions of particles
causing the enhancement have been computed. The event was not aligned with the apparent direction of the
interplanetary magnetic field. Analysis of particle data from space-borne instruments (GOES, ERNE/SOHO,
PAMELA) has not shown any response. No signs of a solar energetic particle event have been found as well.
Heliospheric conditions near the Earth were not disturbed, but there was a fast ejecta from the Sun that passed south-
west of our planet. The Earth was exactly at its boundary at the time of the observed cosmic ray enhancement. We
suggest that this could lead to strong anisotropy of low-rigidity (<1 GV) particles causing the observed increase in
neutron monitor data.
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Investigation of the planetary distribution of the geomagnetic cutoff rigidity of cosmic rays
for different orbits for the 2020 for different models of the geomagnetic field

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

'Polar Geophysical Institute (PGI), Apatity, Russia
2pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, RAS, Moscow, Russian

The global distribution of geomagnetic cutoff rigidity for the 2020 has been calculated for various heights: 400, 2000,
6000, 9000, 12000, 18000, 24000, 35786 and 48000 km of model IGRF + T89. The heights are selected based on the
classification of orbits by height above the Earth's surface: low-orbit LEO, medium-orbit MEO, geostationary GSO,
and high-orbit HEO. Because of the three-dimensionality of the task, the calculations are extremely voluminous, and
such calculations must be carried out for specific tasks of radiation hazard. For some problems for more complex
models of Tsyganenko, such calculations were also carried out. It is important to know the planetary changes in the
geomagnetic cutoff rigidity at different depths in the magnetosphere in order to estimate the radiation.

Peculiarities of the time variations of the solar and heliospheric characteristics and GCR intensity
during minimum between solar cycles 24 and 25

M.S. Kalinin, G.A. Bazilevskaya, M.B. Krainev, A.K. Svirzhevskaya, N.S. Svirzhevsky, Yu.l. Stozhkov
P.N. Lebedev Physical Institute RAS, Moscow, Russia; e-mail: kalinin273@lebedev.ru

In the talk we analyze the regular data on the solar and heliospheric characteristics and stratospheric sounding of the
galactic cosmic rays (GCR) in the descending phase of the solar activity cycle 24. The integral intensity of T > 100
MeV is compared with the basic solar data, as well as heliospheric modulating factors - magnetic field (HMF), solar
wind and angle of inclination of the surface of inversion of the HMF relative to helioequator. The time variations of
intensity were simulated within the framework of the GCR modulation equation, in which the transfer coefficients
were formed on the basis of heliospheric data measured near the Earth.

It is concluded that the main reason for the slower growth of intensity at the approach to the minimum between solar
cycles 24 and 25 (min 24/25) compared to the expected growth is the residual strength of the HMF, higher than in the
previous min 23/24. For high energies (T ~10 GeV) model description is compared with the data of the world network
of neutron monitors, while for low energies (T ~ 200 MeV) - with the data of spacecraft ACE.

Comparison between the regular balloon and neutron monitoring of the GCR intensity
and the direct GCR measurements in the PAMELA and AMS-2 experiments

M.B. Krainev
Lebedev Physical Institute, RAS, Moscow, Russia

The regular balloon monitoring (RBM) of cosmic rays in the Earth’s atmosphere provides one of the longest
homogeneous time series on the galactic cosmic ray (GCR) intensity (in Murmansk and Moscow regions since 1957,
in Antarctica since 1962). However, both RBM and well-known neutron monitor (NM) time series refer to the count
rates of detectors of the secondary cosmic rays. So to use them for comparison with the observed or calculated GCR
intensity in the heliosphere one should first connect these count rates with some characteristics of the primary GCRs
near the Earth. Both for RBM and NM experiments there are special methods for the above connection which provide
the long-term time series of the expected GCR characteristics.

In the talk we correlate these GCR characteristics expected from the RBM and NM measurements with those
measured in PAMELA (in 2006-2015) and AMS-2 (since 2011) space experiments. We draw the conclusion that to
improve the above correlation the detailed calculations of the cosmic ray cascade in the atmosphere would be very
useful.
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The physical mechanism of the solar flare, studied on the basis of the results of observations and
MHD simulation

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

Ynstitute of Astronomy RAS, Moscow, Russia; e-mail: podgorny@inasan.ru
2| ebedev Physical Institute RAS, Moscow, Russia; e-mail: podgorny@lebedev.ru

During a solar flare, magnetic energy of ~ 10% erg is released for several tens of minutes, which is converted into
thermal energy of plasma heated to 30-50 MK, kinetic energy of coronal plasma ejection, accelerated charged particles
(protons - up to 20 MeV) and into energy of electromagnetic emission in a wide range (from radio emission to X-ray
and y-emission). The most interesting feature of a solar flare is the explosive release of energy high in the solar corona
- at altitudes of 15 000 to 30 000 km. The appearance of a flare in the corona is explained by the accumulation of
energy in the magnetic field of the current sheet, which is created in the vicinity of X-type singular line of magnetic
field. In the course of quasistationary evolution, the current sheet transforms into an unstable state, the instability
causes a flare energy release.

Based on the mechanism of energy release in the current sheet, using the results of numerical simulation and
observations, the electrodynamic model of a solar flare is proposed, explaining its main observable manifestations. A
source of thermal X-ray emission appears in the corona due to plasma heating to 30-50 MK as a result of magnetic
field dissipation in the current sheet. The hard X-ray emission is caused by the electrons bremsstrahlung in the
chromosphere, which are accelerated in field-aligned currents. The field-aligned electric currents in corona are
generated by the Hall electric field along the magnetic field lines that are crossing a current sheet.

To study the flare situation, numerical MHD simulation was performed in corona above the real active region. At
setting the conditions of simulation, no assumptions were done about the flare mechanism; all conditions were set
from observations. Despite the use of specially developed methods realized in the program PERESVET, the
calculation has been possible to carry out only in a strongly reduced time scale. But even in such an approximation,
the calculation made it possible to establish the appearance of a current sheet whose position coincides with the
position of the observed source of thermal X-ray emission.

A comparison of the spectrum of accelerated protons obtained by calculating the trajectories in the electric and
magnetic fields obtained by MHD simulation showed that the acceleration of solar cosmic rays occurs in the current
sheet by the electric field E=-VxB/c, and not in shock waves.

Analysis of the dynamics of the electron temperature of the solar atmosphere in the area of the appearance of solar
flares provides independent evidence of the coronal origin of the flare. The temperature was estimated from the
emission of spectral lines belonging to iron ions of a high degree of ionization (FeXVIII, FeXXIIl, FeXXIV, etc.). It
was shown that the solar flare is usually preceded by the appearance above the active region of a bright luminous
formation with a temperature of T ~ 6 MK, that is, significantly higher than the corona temperature. This is a local
formation (~ 10%° cm in size), we identify as a current sheet during the process of magnetic energy accumulation for
the flare. After several tens of hours, the plasma temperature at the flare place rises sharply, which leads to an increase
in the brightness of the observed glow above the active region in the lines of highly ionized iron.

Simulation in real scale of time should allow a more accurate compare of the positions of the appeared current sheets
with the observed formations of the heated plasma in the lines of highly ionized iron and make other comparisons
necessary for further study of the solar flare mechanism. For this purpose, the parallelizing of calculations is currently
underway on a supercomputer specially assembled for solving this task based on the Tesla M2050 multiprocessor
GPU graphics card.

Analysis of the interplanetary shock front fine structure, observed by BMSW experiment

O.V. Sapunova, N.L. Borodkova, G.N. Zastenker, Yu.l. Yermolaev

Space Research Institute of the Russian Academy of Sciences

The study dedicated to interplanetary shock's fronts because of their strong influence on the space weather and
researching processes taking place in collisionless plasma. Front's parameters are not studied by plasma measurement

as well as by magnetic field measurement. Spectrometer BMSW (installed onboard SPEKTR-R satellite) solves this
problem - it measures plasma flux magnitude and direction with time resolution 0.031 s and allowed us to study fine
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structure of the ramp region. Data from SPEKTR-R was completed by magnetic field measurements from ACE,
WIND, THEMIS and CLUSTER spacecrafts.

Ramp thickness was found to lies from 0.4 to 4 ion inertial length. Foot before the ramp and overshoot after the
ramp were observed. In some cases the upstream/downstream waves were observed in the front of interplanetary
shocks both in plasma and magnetic measurements. It was found that their wavelengths varied from 0.8 to 10 ion
inertial length.

Comparison of the diurnal variations of the bottom edge of the ionosphere during the proton
precipitations on 29 September 1989 and 19 October 1989

M.1. Sukhovey?, V.A. Shishaev!, G.F. Remenets?

!Polar Geophysical Institute, Apatity, Russia
2Saint-Petersherg State University, Saint-Petersburg, Russia

The purpose of our work is a solving of the reverse VLF problems during the powerful solar proton precipitations
(SPP), which began on September 29, 1989, 12:00 UT [1, 2], and October 19, 1989, 12:58 UT, namely we compare
quantitatively the daily variations of the fluxes of the solar protons with the daily changes of VLF signals for a
completely auroral radio path Northern Norway - the Kola peninsula (Aldra - Apatity). For the 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 analysis of VLF daily variations was used in [4]. We have established the following: the
dynamics of the effective height and reflection coefficient at sunset for 8 days, and 6 days for each event respectively.
The minimal value of the effective height was equal to 45 — 47 km for the first event, and it is was equal to 52 — 55
km for the second event, Fig. 1, despite the fact that the density of the proton fluxes with energies from 1 to 100 MeV
for the second event was higher than for the first event.
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Fig. 1. The computation results: Dynamics of the effective height at sunset. The variations of effective height h at
sunset (15:00 - 19:00 UT) for a week of measurements having begun with an absence of proton precipitations (18
October) and having continued with solar proton precipitation for the following days. The continuous curves — is an
analysis in the positive direction of time. The dashed curves — is an analysis in the opposite direction.

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

4. Remenets, G. F., 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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Analysis of thin current sheets in the solar wind
A.A. Vinogradov, LY. Vasko, A.V. Artemyev, E.V. Yushkov

Thin intensive current sheets play important role in solar wind dynamics. The MMS mission provides an opportunity
to study the thin current sheets in the solar wind with high temporal and spatial resolution. Analyzing magnetic field
data provided by the MMS mission during 2 days of November 2017, a detailed statistical analysis of current sheets
is accomplished.

The current sheets were primary detected using PVI (Partial Variance of Increments) method. Since the distance
between the MMS satellites is less than 10 km (which is less than the scales of the current layers), the multi-satellite
curlometer method was used to calculate the current. The applicability of this method is shown by comparing with
current estimated using the «timing» method. In order to find the current sheet reference frame, we apply combination
of the MVA (Minimum Variance Analysis) method and the time delay method. To examine the applicability of the
PVI method, we investigated events with high-amplitude localized currents and magnetic field corresponding to 1D
current sheet. We completed the full statistics of current sheets and calculated the occurrence rate of high-amplitude
current sheets. About 15% of current sheets were analyzed in burst mode. Current sheets with an amplitude of up to
150 nA/ m2 and a thickness of up to 10 km were detected. The statistical distribution of the amplitude, current density,
spatial scale and characteristic plasma parameters of the current layers were obtained (density, temperature, plasma
beta).

KopoHajibHbIe BBIOPOCHI MacChl € PA3JIMYHOM CTPYKTYPOl MATHUTHOI'O I10JISI
M.A. AbynuHa, A.A. A6ynnH, A.B. Benos, C.I1. I'aiimamn, U.1. [psmymkuna, JLA. Tpedunosa

Hucmumym 3emnoeo macnemusma, uonocghepul u pacnpocmparerus paouosoat um. H.B. Ilywkosa, 2. Mockaa,
Poccua

D heKTUBHOCTh MEXKITAHETHBIX BOBMYILICHHH C pa3JINUHON CTPYKTYPOIl aKTHBHO MCCIIEIyeTCsI, TOCKOJIBKY 3Ta TEMa
(GyH/IaMEHTaNbHO MHTEpEeCHa M Ba)KHA JJIsl MpakTHKH. Yalne Bcero M3ydyaercsl CBsi3b CTPYKTYPbl MEXKIUIAHETHBIX
BO3MYILEHUH C Te€OMAarHUTHOM akTUBHOCThIO. OJHaKo HeMmalo paboT u mpo BiusiHue cTpykTyphl ICMES Ha
MOJYJISIIIMI0O KOCMHUYECKUX JIyuell, TouHee Ha cBoiicTBa DopOymi-nmoHmwkeHud. Llens naHHOI paboThl — BBIIBUTH
OCOOCHHOCTH M XapaKTepHbIE YepThl MEXIUIAHETHBIX BO3MYIUEHHH C pa3sHON CTPYKTypOH, OCHOBHIBAasCh Ha
noJioxxeHnn Makcumyma MMIT 1 IOHSATH KakK CTPYKTypa HabJI01aeMbIX BO3MYILEHHIT CBs3aHa ¢ X 3P (HEeKTHBHOCTHIO
(criocoGHOCTBIO co3/1aBaTh POPOYII-NOHIKEHNS] B KOCMHYECKHX JIydaX M BO3PACTaHUs T€OMArHUTHOW aKTHBHOCTH).

B nocneame roabl OBIIO MOKAa3aHO, YTO MATHUTHBIN TOTOK COJIHEYHBIX SPYTINH, PACCUNTAHHBIH 110 HAOIIOJCHUSIM
JMMMHHTOB ¥ TIOCTIPYNTUBHBIX apKaJ, TECHO CBs3aH C BeIMYMHONW PopOyNI-MOHMKEHUH M CHIIOH reoMarHUTHBIX
Oypb, SIBIISIOIIUXCS CIEICTBHEM ATUX 3pynuuid. [TocKoIbKY B MOIIHBIX CHOPAIMYECKHX COOBITHAX HaOJIomaeTcs
KOMIUIEKC B3aMMOCBSI3aHHBIX SIBJICHHH, BKIIOYAIONIMK BMECTE C BHIOPOCAMH COJIHEUHOTO BemiecTBa 3((EeKTHBHOE
YCKOPEHHE, ECTECTBEHHO 0’KMJATh CBS3b MarHUTHOI'O IIOTOKA 3PYINLHUN U ¢ BEJIMYMHOMN IIPOTOHHBIX Bo3pacTaHuil. B
MpeacTaBiIsieMoll paboTe MpPOBEPSETCsS ATO MpearnoyiokeHne. [TomHbI MarHUTHBIN MOTOK JPYMIHMMA, a TaKXKe €ro
COCTaBHBIE YaCTH, CBA3aHHBIC C AMMMUHTAaMH U apKalaMH COTIOCTABIISIOTCS C IPOTOHHBIMHU COOBITHUSIMH IS SHEPTHA
nporoHoB >10 u >100 M»aB, nabnronaBuMucs Ha criytHukax GOES, 1 Ha3eMHBIMH BO3PacTaHUSIMHU COJHEYHBIX
KOCMHYECKHUX JIydeil.

Hcnosb30BaHue NOJIy4eHHBIX BO BpeMsl 110JIeTa HA caMoJieTe H3MepeHHii CKOPOCTH cyeTa
3apsi;KeHHOW KOMIOHEHThI KOCMHUYECKHUX JIy4eli B KauecTBe 0JJHOT0 U3 METO0B BeprpUKaAUH
nporpaMMHoro kommiexkca RUSCOSMICS

A B. T'epmanenko, E.A. Maypues, E.A. Muxanko

;

DI'BHY “Honapuwiii ceogpuzuyeckuii uncmumym”, 2. Anamumul, Poccus

B [onsiprom ['eodpuznueckom MHCTUTYTE NP MOMOIIY KOMIUIEKCHOM CHCTEMBI MOHUTOPHHTAa HETIPEPHIBHO BEJCTCS
perTucTpanus aApOHHON B AJIEKTPOMArHUTHOM KOMIIOHEHTHI BTOpUIHOT0 KocMudeckoro u3nyderus (BKU). C mensro
perucTpanuy 3apsKCHHBIX 9acTUI] (NMEKTPOHBI, MIOOHBI, TIPOTOHBI) M TOYHOW NMPUBS3KH HMOIYYCHHBIX TAHHBIX K
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MECTy M BpeMeHH OblI pa3paboTaH crienuaibHbli getekrop ¢ GPS Monynem u cucremoii cOopa 1o yrnpasieHueM
iaTel MUKponpoueccopa Arduino. [Ipu momoru atoro ycrporictsa B reueHue 2018 1. ObII IPOBEAEH Psi] HA3EMHBIX
n3MepeHuil, a ocenpto 2018 r. mpudop ObLI ycTaHOBJIEH Ha OOpTy a’spolyca U MPOM3BEN 3AINUCH CKOPOCTH CYETa BO
BpeMsl B3JIETa, 3aHSTHH BBICOTHI U ITOCAJIKE Ha MapIupyte r. MypmaHck — r. Mocksa — r. MunepansHble Bonsl. Takum
00pa3oM, IIPEACTABICHHBIC PE3YJILTATHI MTO3BOJIIOT IPOU3BECTH BEPU(PHUKAIINIO JAHHBIX MOACIUPOBAHNS HE B OTHOMN
TOYKE, a cpa3y Il HECKOJIbKUX 3HAYCHUI reorpa)MuecKux KOOPAMHAT, B TOM YHCIE W I WHTEpBaia BBICOT OT
ypoBHs 3eMiH 110 10 kM.
HccrenoBanue BHIIONHEHO P (prHAHCOBOM nogaepxke PODU B pamkax HaydarHoro mpoekTa Ne 18-32-00626.

CraTuCcTHKA U3MEpPeHHs paAualii Ha BBICOTaX pelicoBbIX camoseToB B 2017-2018 romax
B.B. Kosenos (DI'BHY «lloasipnuiii 2eopusuueckuii uncmumymy, Mypmanck-Anamumuot)

B noxmane aHaNMM3UPYIOTCS PE3yabTaThl M3MEPEHHS PaJnaliy Ha BBICOTAX PEHCOBBIX CaMOJIETOB, IPOBEACHHBIC B
2017-2018 rr. Ha Tpaccax Mypmanck (Anatutsl)-Mocksa (Ct. [TetepOypr), Ocmo-Tpomcé-Jlorrup u ap. M3mepeHus
MIPOBOIIIINCH TO3UMETpOoM panuammu Atom Simple ms cmaprdona/mranmrera, mroroBieHasM HIIIT Kb «Pamap»
Ha ocHOBe cuérumka [eiirepa CBM-20 (https://kbradar.org/p68397049-dozimetr-radiatsii-atom.html). {o3umerp
gyBcTBUTENCH K OeTa- (oT 300 k3B), raMmma- u perrreHoBckoMy (30 k3B - 3 M»sB) mnyuennto. Hcnonb3oBanoch
CTaH/iapTHOe npuiioxkeHue AtomSimple aist NpUBS3KU K reorpapuyeckoMy IHOJNOKEHUIO U MH(POPMAIHs O BBICOTE
nosieta camoJieToB ¢ pecypca https://www.flightradar24.com.

OOCykIar0Tcsi 3aBUCUMOCTH OT BBICOTBI, IIUPOTHI, TPEHIBI M BO3MOXKHOCTH BBIICJICHHS CHIHAla OT Bapualuil
KOCMHMYECKHUX JIydeil.

O noBeeHUM COJIHEYHBIX U reJIN0C(EePHbIX XapaKTepUuCTUK B (haze MUHUMYMA MEXKIY
COJTHEYHBLIMH IUKJIaMHu 24 u 25

M.B. Kpaitues (Qusuueckuii uncmumym um.ILH. Jlebedesa PAH, 2. Mockea)

Panee MBI OIIGHHJIM BO3MOXHBIE XapaKTEPUCTHKH Telrocdepsl, BaxHble A pacupoctpaneHus ['KJI (paguansHas
KOMITOHEHTa MEKIJIAHETHOTO MAarHUTHOTO MO By, HAKIIOH rennocepHOro TOKOBOTO CJI0S K 9KBAaTOPY Ot 1 CKOPOCTh
COJTHEYHOTO BeTpa Vsw), U omnpenensiemyto umu uHTeHCHBHOCTH [ KJI J(E) B cepenune 2019 r. [[eomacnemusm u
Asponomus, 58, Ne2, 177, 2018]. Dra omeHka ObDIa cHIelNaHa, UCXOAS W3 JIMHEHHOTO TpPEHAa B YKa3aHHBIX
renrocepHBIX XapaKTEpPUCTHKAX, HaOM0ZaeMoro B TPEX MpPEABIIYIIMX MHUHHMyMax MSTHOOOPa3oBaTeNbHOM
aktuBHocTH ConHnma. MomeHt tn=2019.5 Torma omneHmBaics Kak TPUOIH3UTEIBHOE BpEMsS JTOCTHKCHUS
MakcuMaiabHOU nHTeHCUBHOCTH ['KJI.

[Ipomenmue mocie 3TUX OIEHOK JIBa T0/1a MPOAEMOHCTPHUPOBANIHM, YTO HabII0gaeMoe MOBEIeHNE 00CYkKIaeMBIX
rejnocepHbIX XapaKTePUCTHK CYIIECTBEHHO OTIIMYAIOTCS OT UX ITOBEJCHHUS B IIPEIBIAYIINX COTHEYHBIX LuKiIax. Ha
OCHOBAHMHU 3THX JAHHBIX M CPaBHEHHUS Pa3BUTHSA 24-TO CONHEYHOTO IWKJIA ¢ mpenslaymmMu (¢ 1874 r., xorma
CYIIECTBYIOT JAHHBIE IO TUIOIIAIN ¥ KOOPAWHATAM COJTHEYHBIX ISATCH) MBI IBITAEMCS 1aTh HOBBIE OIICHKH {tm, By, oy,
Vsw}.

[ToBenenne Habmogaemoi u pacuetHoi mHTeHCUBHOCTH ['KJI B 3TOM (pase comneynoro mukna 24 obcyxmaeTcs B
noknane M.S. Kalinin et al., Peculiarities of the time variations of the solar and heliospheric characteristics and GCR
intensity during minimum between solar cycles 24 and 25.

MonenupoBaHue pe3yJbTaTOB IKCIEPHMEHTA PeryJIsipHOro 6a1J10HHOT0 MOHUTOPHHIA
KOCMMYECKHUX JIy4Yeil B clIydae HCNoJb30BaHus JaHHbIX PAMELA kak BX0gHOro mapamerpa
JHEePreTHYECKOro CeKTpa HCTOYHUKA nepBu4HbIX I'KJI

E.A. Maypues (QI'BHY «llonsphbiii eeopusuyeckuii uncmumymy, . Anamumoi)

CymiecTByeT orpoMHast 6a3a JaHHBIX, PEICTABIISIONIAas COO0H BRICOTHBIC TPOMUIN CKOPOCTH CYETa, TTOTyIESHHBIC B
pe3yJbTaTe 3aImycka mapoB-30HI0B C YCTaHOBIEHHBIMU Ha HUX cueTunkamMu CTC-6. OHO U3 MECTOTOIO0XKEHHH, T1Ie
PErYJISIPHO MPOBOASATCS IKCIEPHUMEHTBI C 3TUM O0OOPYAOBaHUsI, HAXOAWTCS B T. Amatutel. [loaToMy, cpaBHHBas
IKCIIEPUMEHTAJIbHBIC JaHHbIC C JAHHBIMA MOJCIMPOBAHUS U COOTBETCTBYIOIIMX reorpadMueckux KOOpPIHHAT,
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MOYKHO TPOU3BOAMTH BepU(PHKAIIMIO MOJENH, a TAaKXKe MOoJIydaTh Oosiee MOAPOOHYI0 MH(POPMAIHMIO O IapaMeTpax
BTOPUYHBIX KOCMHYECKMX Jyded B armocdepe 3emun. B mnpexacrtaBieHHON paboTe MPUBOIATCS PpE3yJIbTaThl
MOJICTIMPOBAHUSI IPOXOXKICHUSI MPOTOHOB uepe3 aTMocepy 3eMiiM U MX CPaBHEHHE C YCPEIHEHHOW BBICOTHOM
KPHBOH CKOPOCTH CueTa JuIi MHUHMMyMa COJHEYHOW akTUBHOCTH. OCOOEHHOCTBIO 3TOrO HCCIIECIOBAHMS SIBISIETCS
HCIOJIb30BaHUE CIEKTpa, NOoaydyeHHoro mpu nomomu annapata PAMELA B kadecTBe BXOAHOIO IapaMeTpa
reHepaTopa MepBUYHBIX YaCTHUII.

Pacuer ckopocTi HOHM3aUM HUKHeH aTMocdepb! 3eMJIM TPOTOHAMHU KOCMHYECKHUX JIy4Yel
B 00J1aCcTH BBICOKHUX HIHPOT Bo BpeMsi co0biTHst GLE No 61 u onenka BKJaaa B 3TOT MpoIlecc siaep
KHCJI0PO/a B CJIy4Yae CIeKTPAa YHCTO rajJJaKTHYeCKHX KOCMHYeCKHX Jydei

E.A. Maypues, 10.B. banabun (PI'EHY «llonsphuiii 2eopusuueckui uncmumympy, 2. Anamumot)

OCHOBHBIMH YaCTHIIAMH, BXOJSAIIMMHU B COCTaB MEPBUYHBIX COJHEUHBIX Kocmuueckux jiydeit (CKJII), sBnstorcs
MIPOTOHBI, UX J0JsI cocTaBngeT 10 90%. OcTaBmasicst 4aCTh COCTOUT U3 3JIEKTPOHOB U SIAEP C 3apsAIOBBIM YHCIIOM Z >
2. BsaumMomeicTBys ¢ BemiecTBOM atMocdepbl 3eMiid, 3TH YaCTHIbl HCIBITHIBAIOT CEPUM B3aMMOJCHCTBHU (B
OCHOBHOM, C SI[paMH a30Ta U KUCIOPOAA), TePsIs CBOIO YHEPT IO KaK Ha 3JICKTPOMArHUTHBIE TOTEPH, TAK U Ha SJICPHBIE
peaxIyH, B X0Jie KOTOPBIX POXKIAOTCA LieJble KaCKadbl BTOPHUYHBIX YAaCTHIL (JICKTPOHBI, IPOTOHBI, HEHTPOHBI, KAOHHI,
MIOOHBI, TaMMa-KBaHTBHI).

CoBpeMeHHBIE MTOAXO0J K HCCIeNoBaHHMI0 4dacTHl BTopmyHbIX KJI B atmocdepe 3emun BKIIOYaeT B ceOs Kak
9KCTIEPUMEHTAIbHBIE METOIBI, TAK ¥ YHCIEHHOE MoenpoBanue, Hapumep. B TII'M 6b11 pa3paboTaH crieruaibHbINR
Moaynb nporpammuoro kommiekca RUSCOSMICS, no3Bossitonuil AeTaabHO U3y4yaTh XapaKTEPUCTHKU KacKaJIoB
KJI n nomy4ate nx B BH/AE KOJMYCCTBEHHBIX 3HAUYCHHWH HHEPTeTUUECKHX CIIEKTPOB, BHICOTHBIX KPHBBIX, a TAKXKe
BKJIaJa B CKOPOCTh HOHOOOpa3oBaHus. B nanHO# paboTe MpeAcTaBIeHB! Pe3yJIbTATHI A1l YaCTHOTO CIIydasi, KOorza B
KauecTBE BXOJHBIX 3HAYCHHN Mojaenu ucrnoib3yroTcs cnekTpbl CKJI, coorBerctBytomue coowituio GLE No 61.
Hapsiny ¢ 3TuM npecTaBieHbl aHAIOTHYHBIE JaHHbIE, TOJYYEeHHbIC B Pe3yJIbTaTe MPOXOXKISHUs Yepe3 aTMochepy
3eMiH Aaep KUCIopo/ia NepBUYHBIX ramakTHdeckux KJIL.

Pabora BbIinonHeHa mpu noazepkke rpanra PH® Ne 18-77-10018.

Honnzauusa atMocdepsl 3eMH MPOTOHAMH KOCMUYECKHX Jydeil B ciiyuyae HCHOJIb30BAHUS
rJ100aIbHOI MO/e/IH ¢ y4eTOM 3HAYEHMIl KeCcTKOCTeli FeOMarHMTHOT0 00pe3aHus

E.A. Maypues, A.B. I'epmanenko, E.A. Muxainko, }0.B. banabun, b.b. I'Bo3neBckuit
@I'BHY «llonapnuiil 2eoghusuueckuti uncmumymy, 2. Anamumol

Broprasice B armocdepy 3emun, kocmmueckue syun (KJI) MCHBITHIBAIOT MHOXECTBO B3aUMOJEHCTBUI C
OKpPY>KaIOIIMM HX BELECTBOM, TEPSs IPU 3TOM CBOIO 3Hepruto. OJHUM U3 BaKHBIX JUIS UCCIEIOBAHUS MPOLECCOB
SIBIISIETCSI NOHU3ALNS, KOTOPask MHAYIUPYETCS STHMHU YacTHIIaMU B OOJIBIIIOM JTMaIia30He BBICOT, HAYMHAS TPUMEPHO
or 80 KM M BIUIOTE A0 YpoBHS 3eMiau. IIpu 3TOM, B 3aBHCUMOCTHM OT UX HAualbHOM AHEPrUU MEHSETCH,
COOTBETCTBEHHO, W CKOPOCTH MOHOOOpa3oBaHUs. B mpencraBieHHONW paboTe paccMaTpHBAaeTCS MOJEIHPOBAaHUE
npoxoxxaerns npotoHoB rajmaktudeckux KJI (I'KJI) B ciaydae ncnons3oBaHus ri1o0atbHON T€OMETPHUN aTMOC(EPEI,
noctpoerHoit Ha 6aze NRLMSISE-00, mpu 5ToM mar ceTku i BeIOOpa pu3mdeckux mapaMeTpoB (Temrmeparypa,
IUIOTHOCTB, COCTaB) COCTaBIsIeT 5 TpamycoB. CIEKTp MEpBHYHBIX YACTHI] COOTBETCTBYET MHHHMYMY COJHEYHOM
aKTHMBHOCTH, a 3Ha4eHHWS JKECTKOCTH TEOMAarHUTHOrO oOpe3aHus TmodydeHbsl mocpeactBom Moxaenu I[GRF.
Pe3ynbpraToM BBIUMCICHHU SIBISIETCS KapTa MOHU3AIMU atMocdepsl 3eMin ajs WHTepBaja mHpoTsl ot -90 1o 90
rpaaycos, moaroTel oT 0 1o 360 rpamycoB u BEICOTHI OT 0 10 80 kM. Takke MPOU3BOAUTCS BEpUPHKALHS MOICITHHBIX
JIAaHHBIX TP TIOMOIIM BBICOTHBIX MPOQHIIEH CKOPOCTH CUYETa, TIOJIyYEHHBIX B X0J1€ 9KCIIEPUMEHTA M0 3aITyCKy IapOB-
30H/I0B C YCTAHOBJIEHHBIMU Ha HUX cueTdrkamu [eifrepa.
HccnenoBanue BBIIOJIHEHO ITpU (prHAHCOBOM noanepxke PO®U B pamkax HayuHoro rnpoekra Ne 18-32-00626.
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CpaBHeHHe IaHHBIX IKCIEPUMEHTA M0 3aMyCKy IAPOB-30H/I0B C MOJYy4YeHHBIMH MPH MOMOIIH
RUSCOSMICS BbIcOTHBIMH NPOGUISIMU U AHAJIN3 NPeACTABIEHHBIX Pe3yJILTATOB

E.A. Muxanko, E.A. Maypues, A.B. I'epmaneuko (PIBHY «Iloaspuviii 2eopusuueckuii uncmumymy, 2. Anamumol)

PesynpraTroM MOJENMpOBaHMS NPOXOXKICHUS MPOTOHOB NEepBHYHBIX Kocmudecku Jsydein (KJI) uepes atmocdepy
3emuin mpu nomoinu nporpaMmMmHoro komiviekca RUSCOSMICS sBnsieTcss KOJUYECTBEHHAsh OLEHKA 3HAYEHUit
noTokoB yacTul BropuyHbix KJI Ha pa3ubix BeicoTax (110 80 km). J{nst o6ecriedeHust BLICOKOTO YPOBHS COOTBETCTBUS
peasbHBIM YCIIOBHSIM, 3TH JaHHbBIE JOJDKHBI NPOXOJUTH 00s3aTelbHYyI0 Bepudukanuio. Hawmydmmm meronom
ABJISIETCS UX CPaBHEHHE C BBICOTHBIMH NMPOQHISIMU CKOPOCTH CYETa, MOJYYEHHBIMH B XOJE€ 3KCIEPUMEHTOB IO
3aIlyCKy CTpaToc(epHBIX IIapoB-30HAOB C YCTAHOBJIEHHBIMH Ha HUX cueTuyukamu [eiirepa. HecmoTpst Ha TO, uTO
MIPOBEPKa KOPPEKTHOCTH IIPOUCXOAUT IS TOKATHHOTO y4acTKa, TAKOW ITOIX0A MOKHO Ha3BaTh IPEUMYIIICCTBEHHBIM,
MOCKOJIBKY TIOJIETHI TIPOBOIATCS HA MPOTSHKCHUN HECKOJNBKHX JECATKOB JIET M 00SCIEUMBAIOT XOPOMIYI0 TOYHOCTH
UMCIOIMUMCST  psAaM JaHHBIX. B mpencTaBieHHON paboTe paccMmaTpuBaeTcs BepH(UKANNSA pPe3yIbTaTOB
MOJICIINPOBAHISA, TIOTYICHHBIX JUIS CITydasi MUHUMYMa COJTHEYHOH aKTHBHOCTH.
HccrenoBanmne BHITONHEHO TIpH (prHAHCOBOM nogaepkke PODU B pamkax HaydarHoro mpoekTa Ne 18-32-00626.

H3MeHeHHne XapaKTepPUCTUK TYPOYJIEHTHOCTH IVIa3Mbl HA MOHHBIX MacIITa0ax NMPHU NepeceyeHu U
O0KO0JI03€MHOM YIapHOii BOJIHBbI

JI.C. PaxmanoBa, M.O. Psizanuesa, . H. 3actenkep (Mncmumym Kocmuueckux Hccaedosanuil, 2. Mockea, Poccust)

MarHuTOoCIIOM SIBJISETCS EPEXOAHON 00IACTHIO MEKy HAOCTAIOIIMM MOTOKOM COJTHEYHOT'O BETpa M MAarHUTOC(EpOii
3emin. TypOyneHTHOCTD SBIAETCS XapaKTepHOH 4epToi MIa3Mbl COTHEYHOTO BeTpa M MarHutocnos. Ilepeceuenue
MJIa3MOM OKOJIO3EMHOM y/IapHOM BOJHBI MOXET COMPOBOXKIATHCS MHKEKIUEN JONOJHUTEIbHON SHEPTUH B CUCTEMY,
YTO NpHUBEJET K M3MEHEHHUIO BHJAa U CBOICTB TypOyJeHTHOTo Kackama. B HacTosmel paboTe paccMOTpeHO, Kak
nepeceueHne 0KOJI03eMHOM yIapHOi BOJHBI BIMSET Ha XapaKTePUCTUKH YAaCTOTHBIX CHEKTPOB (IIYKTyaIliil OTOKa
noHoB B auanazoHe yactoT 0.01-10 I'm. [Ing aHanm3a CHoIh30BaICh U3MEPEHNUs TOTOKa HOHOB Iprubopom BMCB
Ha crryTHHKe CriekTp-P. MccnenoBannuch HECKOIBKO NepecedeHN i OKOJI03EMHOM YAapHON BOJHBI, ISl KOTOPBIX OBIITH
JIOCTYIIHBI JIJaHHBIE ¢ BpEeMEHHbIM paspemreHneM 31 mc. PaccmarpuBanace opma M XapakTepUCTHKH YaCTOTHBIX
CIEKTPOB (IIYKTyalii MOTOKAa HMOHOB IIepel W 3a (POHTOM OKOJIO3EMHOM YIAApHOW BOJIHBI, a Takke (YHKIHS
pacnipenenenus ¢urykryanuid. st GaykTyaunii miasMeHHBIX TapaMeTpoB IOAOOHBIN aHaIN3 IIPOBOIUTCS BIIEPBEIE.
[TokazaHo, 4TO mepecedeHHe OKOJIO3EMHOW yIapHOH BOJHBI MOXET HPUBOAWTH K HAPYIICHHIO XapaKTEPHOTO
KOJIMOTOPOBCKOTO BHJa TypOyJIEHTHOTO Kackajia, KOTOPBHIA Jajiee BOCCTAHABIMBAETCS IO Mepe IPOJBHKECHHUS
IUIa3MBI BIUTYOb MarHUTOCIIOS.

CBSI3b MATHUTHOI0 NMOTOKA COJTHEYHBIX PYNIHUHA ¢ BeJTNYMHON MPOTOHHBIX BO3PACTAHU I
JI.A. Tpedunosa, A.B. benos, .M. Ueprok, A.A. AOynnn, M.A. AGynuna, C.I1. laiinam, M.W. [Ipsamynikiunaa

Hucmumym 3emnoeo macnemusma, uonocghepol u pacnpocmpanerusi paouogoan um. H.B. I[Tywkosa, 2. Mockaa,
Poccus

B mocnexnune rop OBIIO MOKa3aHO, YTO MATHUTHBIN IOTOK COJTHEYHBIX SPYIIINHA, PACCUNTAHHBIA 110 HAOIIOICHUIM
JTUMMHHTOB ¥ TTOCTIPYNTHBHBIX apKaj, TECHO CBS3aH C BeNMYMHOW DOpOYyII-TIOHIKEHHH U CHIIOW TeOMarHUTHBIX
Oypb, SIBIAIOMIMXCS CIEACTBHEM J3THX dpynuuid. [I0CKOIBKY B MOLTHBIX CIOPaIHYECKUX COOBITHAX HabIromaeTcs
KOMIUIEKC B3aMMOCBSI3aHHBIX SIBICHHH, BKIIOYAIOIINN BMECTE C BBHIOpPOCAMH COJHEYHOTO BemecTBa 3¢ddexTrBHOE
YCKOPEHHE, ECTECTBEHHO 0XKMJATh CBA3b MATHUTHOTO MOTOKA APYNIUIl ¥ C BEIUUMHON IPOTOHHBIX Bo3pacTaHuil. B
Hpe/CTaBIsieMOl paboTe MpoBepsieTcsl 3TO Nperosioxkenue. [1omMHbBIE MarHUTHBIN MTOTOK PYIIIHUNA, a TaKXKe €ro
COCTaBHBIC YaCTH, CBA3aHHbIE C AUMMUHIAMH M apKa/laMH COIIOCTABIISIIOTCS C IPOTOHHBIMH COOBITHSIMU JUISI SHEPT Ui
nporoHoB >10 u >100 M»B, nabmoaasummucs Ha cinytHukax GOES, u Ha3eMHbIMHM BO3pacTaHMSIMH COJIHEYHBIX
KOCMHMYECKHX JTydeil.
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Radio tomographic studies of the ionospheric effects of particle precipitation
E.S. Andreeval, E.D. Tereshchenko?, M.O. Nazarenko?, I.A. Nesterov?, A.M. Padokhin?

IM.V. Lomonosov Moscow State University, Faculty of Physics, Moscow, Russia
2Polar Geophysical Institute, Murmansk, Russia

The ionization of the upper atmosphere is mainly caused by the X-ray and UV/EUV electromagnetic radiation from
the Sun. At the same time, subauroral and auroral ionization is significantly contributed by corpuscular fluxes. Due to
the stronger connection to the magnetosphere, the subauroral and auroral ionosphere noticeably differs from the
midlatitude ionosphere. The ionization rate in the midlatitude ionosphere is almost fully determined by short-wave
solar radiation whereas important role in ion production in the high latitudes is played by particle fluxes from the
magnetosphere which are even the only source of ionospheric ionization during polar night. lonization produced by
the corpuscular fluxes from the magnetosphere is typically small compared to the ionization by the electromagnetic
radiation; however, its contribution can still be noticeable during the sufficiently strong geomagnetic storms and in
the nighttime when ionization of the ionospheric plasma by solar electromagnetic radiation is inefficient.

Our presentation is devoted to studying the ionospheric effects of particle precipitation based on radio tomographic
(RT) imaging of the ionosphere. Particular attention is focused on the results of RT reconstructions of the ionosphere
which were obtained in the different years at the receiving stations of the Svalbard—Murmansk—Moscow Russian RT
chain. We identified particle precipitation events based on the satellite particle flux measurements by the DMSP
satellites. We present and discuss the examples of the comparison of the ionospheric RT images with the fluxes of
precipitating particles measured by DMSP satellites as well as with the auroral oval data.

The RT images of the ionosphere show multi-extremum patterns of ionization with the presence of wavelike
disturbances on the spatial scales from dozens to hundreds kilometers during the severe geomagnetic storms. The
spatial scales of corpuscular precipitation in these cases widely varied from a few to ten degrees in latitude. An overall
qualitative agreement is observed between the spatial structure of the corpuscular ionization in the RT images and the
latitudinal distributions of the fluxes of precipitating particles.

The work was supported by the Russian Foundation for Basic Research (grants 17-05-01250 and 19-05-00941)

Short bursts of photometric signal during auroral atmosphere radiation

A.B. Beletskii!, R.V. Vasilev!, T.Ye. Syrenoval, R.A. Rakhmatulin®, A.V. Mikhalev!, A.Yu. Pashinin?,
A.V. Oinats?, K. Shiokawa?, N. Nishitani?

1ISTP SB RAS, Irkutsk, Russia
2Institute for Space-Earth Environmental Research, Nagoya University, Nagoya, Japan

In this paper we present preliminary results of synchronous geomagnetic field pulsation measurements and auroral
airglow observed at the Istok high-latitude station (ISTP SB RAS). We used data obtained by Lemi-30 three-
component induction magnetometer, and PWING project instruments [Shiokawa et al., 2017], which includes VLF
loop antenna, riometer, and all-sky camera recording the spatial distribution of the atomic oxygen, hydroxyl, and
atomic hydrogen emission intensities. We also used data of photometer with silicon photomultiplier detectors. The
photometer is directed to the zenith and allows to record auroral glow variations with 10 ms time resolution. For
allocation of the spectral ranges, interference filters with bandpass centers of 391.4 nm, 427.8 nm, 557.7 nm, and 630
nm, and a half-width of 10 nm were used.

Observational data was collected during campaigns in September and November - December 2018. Bursts signals
with duration of units to tens milliseconds were recorded in various spectral channels of photometer. These bursts are
similar in characteristics to the optical flashes detected at high latitudes in 557.7 nm and 630.0 nm during auroras
[Nadubovich, 1970; Kuzakova, 1972], and then at subauroral [Korobtsova, 1981] and medium [Ermilov and Mikhalev,
1989; Mikhalev and Beletsky, 1998] latitudes. Bursts of photometer signals on September 8 and December 1-2, 2018
were recorded under conditions of auroral and geomagnetic pulsation development. The bursts occurrence rate of
photometer signals increases just before geomagnetic disturbance appearance and decreases during prominent
disturbance. During magnetically quiet days (November 29 and 30, 2018) the bursts occurence rate does not exceed
2 events in 6 minutes. The bursts occurrence rate during geomagnetic disturbance developments (December 1 and 2,
2018) reached 9 events in 6 minutes. Pronounced variations in the 557.7 nm and 630 nm emission intensity were
observed from 10 to 13 UT on December 1, 2018, which were not accompanied by disturbances either in magnetic
field or in geomagnetic pulsations.
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Analysis of the periods of variation of the F2-layer critical frequency during sudden stratospheric
warmings (SSW) of 1966-2009 for Kaliningrad station

F.S. Bessarab?, Y.N. Korenkov?, A.V. Timchenko?, O.P. Borchevkinal?, K.G. Ratovsky?®

Immanuel Kant Baltic Federal University, Kaliningrad

2Kaliningrad Branch Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation
(IZMIRAN) Russian Academy of Sciences, Kaliningrad

3Institute of solar-terrestrial physics SB RAS, Irkutsk

The paper presents a study of wave variability in a parameters of the ionosphere during sudden stratospheric warmings.
The main objective of the work was to determine the periodic changes in the critical frequency of the F2 layer, which
can be associated with the period of the planetary waves generated in the stratosphere during the SSW period. For the
analysis, we used an average daily foF2 values measured at the Kaliningrad ionospheric station (54.6° N, 20° E) and
the Irkutsk (52.17° N, 104.18° E) in December — March periods for several years in which a major sudden stratospheric
warmings were observed. For all cases considered, low solar activity is common. To detect oscillations with periods
of planetary waves in a time sequence of foF2, we used the method of continuous wavelet transform. In this paper,
special attention was paid to the period from 4 to 10 days, 11-16 and 26-29. It is noted some particular behavior of the
spectral energy of said vibrations in the monitoring period.

Determination of temperature in the mesosphere using partial reflection method
S.M. Cherniakov, V.A. Turyansky
Polar Geophysical Institute, Murmansk, Russia

One of properties of the partial reflection radar is ability to receive partial reflections of ordinary and extraordinary
transmitted waves from heights of the lower ionosphere. The height profile of the reflected signals can be recorded
with the altitude step of 0.5 km. It gives the opportunity to calculate spectral characteristics of the temporal variations
at any fixed height. It was found that the components of the time spectrum of the amplitude variations which
corresponding to resonant periods of the atmosphere (the acoustic cut-off and the Brunt-Viiséld ones) in certain cases
were intensified. For consideration of the cases it was used quite geomagnetic days and passages of the solar terminator
as a source of disturbances in the atmosphere which could generate the characteristic frequencies. On the basis of the
theory of acoustic-gravity waves and the empirical model of neutral structure and temperature of the atmosphere
NRLMSISE-00 identification of the experimental periods corresponding to the atmospheric resonances was executed
and calculation of temperature of the neutral atmosphere and sound speed at mesospheric heights was carried out. The
received results showed satisfactory consent with data of other independent observations.
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Satellite L - and C-two-band radar in the task of monitoring the ionosphere
M.Y. Filippov?, A.S. Logovsky?, A.V. Timoshenko?!, Y.V. Yasukevich?

LJoint Stock Company «Academician A.L. Mints Radiotechnical Institute», Moscow, Russia
2Institute of Solar - Terrestrial Physics, Siberian Branch of the Russian Academy of Sciences, Irkutsk, Russia

The possibility of application of the developed L- and C- two-band satellite radar, planned to be placed on a low-orbit
spacecraft (SC), in order to determine the total electronic content (tec) of the ionosphere on the basis of measured
delays of the reflected signal from the Earth's surface is shown. On the basis of models of the ionosphere the
requirements of the resolution on the distance coordinate are substantiated. The required accuracy will be achieved
through the use of special signals and holographic methods implemented in the equipment of remote sensing of the
Earth, which include the applied locator.

Automatic analysis of fmin increases during X-ray solar flares
V.A. Ivanova, K.G. Ratovsky, O.l. Berngardt, 1.D. Tkachev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Studying ionospheric response to solar flares allows one to investigate plasma processes in the ionosphere and
therefore is widely used in ionospheric studies. The growth of the number of ionospheric instruments requires
development of algorithms that allow processing a large amount of the data in automatic mode. Development of such
automatic techniques is essential for modern geophysical analysis. Institute of Solar-Terrestrial physics have a wide
network of ionosondes, both impulse ones and chirp ones, that can be used for analysis of spatio-temporal variation
of the ionosphere during solar flares.

In this work we describe the program for study of minimum frequencies of ionogram echoes (fmin) during solar X-
ray flares. The program has been tested using data obtained at the Irkutsk (52.4N, 104.3E) and Norilsk (69.2N, 88E)
DPS4 digisondes during six X-ray solar flares, where the effects in fmin Were observed at both ionosondes. The
temporal resolution of the obtained data is 15 minutes.

The program is based on calculating the parameters of the impulse response of fmin and impulse shape of X-ray flare
(according to GOES 0.1-0.8 nm channel data) by the same technique: we calculate the delay between the beginning
of the increase of the variations of X-ray intensity (or fmin) and the moment when the variation of X-ray intensity (or
fmin) falls to 2.7 of its maximal value. This allows us to calculate the duration of flare and the response to the flare
by the same way. We have shown that the temporal resolution 15 minutes is not enough to study fine structure of the
ionospheric response during these X-ray flares.

This work was supported by the Russian Foundation for Basic Research (project No. 18-05-00539 A). HF facilities
from Angara Center for Common Use of scientific equipment were operated under budgetary funding of Basic
Research program 11.12.

The study of the role of intermolecular processes in the kinetics of No(A%Z,*) in upper atmospheres
of planets of Solar System

A.S. Kirillov!, R. Werner?, V. Guineva?

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

We study the electronic kinetics of metastable molecular nitrogen N(A3Z,*) in upper atmospheres of N-rich planets.
The simulation of N2(A3X,*) vibrational populations at the altitudes of upper atmospheres of the planets is made. The
mixtures of N2-O2 and N2-CH4-CO is considered for the atmospheres of Earth and Titan-Triton-Pluto, respectively.
The role of molecular inelastic collisions in intermolecular electron energy transfer processes is investigated. The
influence of metastable molecular nitrogen N2(A3Z,*) on the electronic excitation of O, and CO molecules in inelastic

47



lonosphere and upper atmosphere

collisions is studied. It is shown that the increase in the density of upper atmospheres of the planets leads to more
significant excitation of electronically excited O, and CO by intermolecular electron energy transfers from No(A3Z,*).

Measurements of the cosmic radio noise absorption at a frequency of 30 MHz in the observatory
""Lovozero"

V.1. Kosolapenko, A.A. Galkin (Polar Geophysical Institute, Apatity)

A brief description of the riometer (antenna and receiving equipment) designed to measure the absorption of cosmic
radio noise at a frequency of 30 MHz installed in the geophysical observatory "Lovozero" (67.97N, 35.01E) of Polar
Geophysical Institute is given. An original method for estimating the daily variations of the cosmic radio noise for
quiet days (days with no interference and significant absorption) is proposed. Based on this method, a computer
program is implemented to calculate cosmic radio noise absorption.

Comparison of two approaches for a point-to-point radio wave ray tracing in analytical medium
D.S. Kotoval, I.A. Nosikov?t, M.V. Klimenko?, E.R. Somina?

West Department of Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, RAS, Kaliningrad,
Russia
2|, Kant Baltic Federal University, Kaliningrad, Russia

In this study comparison of the method of characteristics and the variational method was presented using analytical
medium. Both approaches were performed for a HF ionospheric ray tracing. The method of characteristics is used to
solve the eikonal equation. The variational method based on optimization of the optical path length (phase distance)
with given boundary condition. The features of the both methods interaction were used to obtain the full number of
solutions were identified. This technique made it possible to find optimally a set of solutions (ray paths) and calculate
the parameters of the radio wave at the desired endpoint (signal attenuation). Thus, this technique combines advantages
of both characteristics and variational methods.
This work was supported support by Russian Foundation for Basic Research grant Ne 18-05-00594.

Monitoring and interpretation of ionospheric irregularities with different spatial scale in the East
Siberian region during the geomagnetic storm of May 27-28, 2017

D.S. Kotova?, I.E. Zakharenkova!, M.V. Klimenko?, V.B. Ovodenko?, I.V. Tytin®*4, D.V. Chugunin®®,
A.A. Chernyshov!®, K.G. Ratovsky®, N.V. Chirik*?, M.V. Uspensky’, V.V. Klimenko?!, R.A. Rakhmatulin®,
A.Yu. Pashininé, A.V. Dmitriev8, A.V. Suvorova®, P.A. Budnikov®, J.C. Coxon'®

1West Department of Institute of Terrestrial Magnetism, lonosphere, and Radio Wave Propagation, RAS,
Kaliningrad, Russia

2Immanuel Kant Baltic Federal University, Kaliningrad, Russia

3JSC Scientific Research Institute for Long-Distance Radiocommunication, Moscow, Russia

4M.V. Lomonosov Moscow State University Skobeltsyn Institute of Nuclear Physics, Moscow, Russia

5Space Research Institute of the Russian Academy of Sciences, Moscow, Russia

®Institute of Solar-Terrestrial Physics of Siberian Branch of Russian Academy of Sciences, Irkutsk, Russia

"Finnish Meteorological Institute, Helsinki, Finland

®National Central University, Taoyuan City, Taiwan

°Fedorov Institute of Applied Geophysics, Moscow, Russia

%Department of Physics and Astronomy, University of Southampton, Southampton, UK

In this study presents the results of the research of ionospheric irregularities of various scales based on the multi-
instrumental data in the East Siberian region in Russia during the geomagnetic storm of May 27-28, 2017. Spatial
inhomogeneities of the electron density were observed in the high-latitude ionosphere using ground-based global
navigation satellite systems receivers and direct measurements of electron density by low Earth orbit satellites.
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According to the UHF radar data, an intense auroral radar backscatter was detected immediately after the initial phase
of the geomagnetic storm. At the same time, we recorded fluctuations of the total electron content using GPS receivers
and the presence of E-layer irregularities according to the ionosonde data in Norilsk area. The time of registration of
the irregularities by several scientific instruments is consistent with the spatial and temporal changes of the field-
aligned currents of the second zone based on AMPERE low Earth orbit satellites.

This work was supported by the Russian Science Foundation grant Ne 17-77-200009.

Triangulation of auroral structures in Barentsburg
B.V. Kozelov, A.V. Roldugin, S.V. Pilgaev, V.F. Grigoriev (Polar Geophysical Institute, Murmansk-Apatity)

The precipitations of energetic electrons observed at the Spitsbergen latitude, which manifest themselves in the optical
range as auroras, differ in their origin and morphology from the precipitations in other regions of the auroral zone.
The electron energy determines the height of the auroral luminescence, which in the experiment can be determined
from triangulation observations.

In 2018, optical devices of the Polar Geophysical Institute on the Spitsbergen archipelago were supplemented with
an additional camera. The camera is installed in the Barentsburg settlement, 4 km south of the main optical pavilion
and has a field of view of about 45 degrees. In patrol mode, the camera is directed to the zenith, which allows, together
with the data of the all-sky camera, located in the main optical pavilion, to obtain information about the height of the
observed structures of auroras in the vicinity of the zenith. The report contains the parameters of the optical system
used for triangulation and examples of the registration of auroral structures.

lonospheric quasi-periodic oscillations in the Pc5 band as observed by the Sodankylé digital
ionosonde

0. Kozyreval, A. Kozlovsky?, V. Pilipenko?

YInstitute of Physics of the Earth, Russian Academy of Sciences, Russia
2Sodankyli Geophysical Observatory, University of Oulu, Sodankyld, Finland

The study is based on the data of the rapid-run ionosonde at the Sodankylad Geophysical Observatory at auroral latitude
which routinely performs one-minute sounding since 2007. The ionospheric oscillations corresponding to Pcb
geomagnetic pulsations were found in variations of the virtual height of the F layer and the intensity of ionosonde
reflections from E and F layers. Besides that, pulsations of intensity of reflection from E and F layers typically contain
essential second harmonic. Our study has shown that some frequencies (and, probably, spatial scales) are persistently
highlighted in the ionospheric turbulence which suggests that additional process apart from turbulent cascade is
contributing to the observed temporal variability. The ionosphere “2-nd harmonic" oscillations are not related to
accompanying geomagnetic Pc5 pulsations or cosmic noise absorption. During many events ionospheric quasi-
periodic fluctuations with frequencies in the band ~3-5 mHz are observed without any accompanying geomagnetic
ULF activity. The ionosonde observations confirmed the persistent occurrence of quasi-periodic ionospheric
inhomogeneities found in Pc5 band during SuperDARN observations.

Relationship the electromagnetic ELF/VLF waves parameters emitted by EISCAT facility with
dynamic of the auroral electrojet

A.V. Larchenko, Yu.V. Fedorenko, S.V. Pilgaev (Polar Geophysical Institute, Apatity, Russia)
We present the results of multi-station ground-based observations of low-frequency electromagnetic fields from
ionospheric source initiated by powerful high frequency (HF) radio-waves emitted by EISCAT/heating facility. The

HF heating modulates the electron temperature in the D-region ionosphere that leads to conductivity modulation. The
auroral electrojet electric field with modulated conductivity generates a time-varying current which radiates VLF
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electromagnetic waves at the modulation frequency. In this work, we study the relationship between the intensity of
the EISCAT-generated ELF/VLF signals and the ionospheric equivalent currents calculated from ground-based
magnetometers data (IMAGE stations).

The report is dealing with the results of two heating experiments carried out by AARI in October 2016 and by the
China Research Institute of Radio Wave Propagation in November 2017. The components of the ELF/VLF
electromagnetic field have been recorded by high-latitude stations, namely “Lovozero”, “Verkhnetulomsky” and
“Lotta” at the Kola peninsula, “Kannuslehto” (Sodankyld, Finland), and also at the “Barentsburg” (Svalbard, Norway).

We present some data showing that the time variations of the received ELF/VLF wave amplitudes in about 50% of
all cases taken into the statistical analysis are strongly correlated with the variations of the ionospheric equivalent
currents. In these cases, we also tried to reveal a relationship between the auroral electrojet dynamic and the parameters
of the generated ELF/VVLF waves.

Characteristics of atmospheric waves induced fluctuations in O, and OH(6-2) airglows observed by
the ground-based spectrometer

Weijun Liu, Jiyao Xu, and Wei Yuan*

State Key Laboratory of Space Weather, National Space Science Center, Chinese Academy of Sciences, Beijing
100190, China
*: e-mail: wyuan@swl.ac.cn

Airglow emissions are controlled by both the chemistry and dynamics. When atmospheric waves propagate through
the emissions layers, the airglow emission intensities and the brightness weighted temperatures have different
responses. The atmospheric waves induced oscillations in O, and OH(6-2) airglows observed at Xinglong of China
(40°24° N, 117°35” E) have been extracted. The Krassovsky ratio n is calculated in the gravity, tidal and planetary
wave periods. The results show that in the gravity and tidal wave periods: For the O, there is a trend for |n| increasing
with the observed wave periods. The phase ¢ of n are mostly negative, and have no clear trend for it varying with
wave periods. However, there are some positive values of ¢ for the short period waves, especially in the range 1-hour
to 2-hours. For OH, |n| firstly increases with wave period from 1-hour to 3-hours and then has no clear trend for
increasing with wave periods as Oz. The phase ¢ is also similar to that of O, with positive values in the short wave
period, but the averaged value is clear less than that of O,. The observed phase ¢ of the two airglows is almost negative
which means the temperature perturbation always leads intensity perturbation. The planetary waves with periods in
the range from 2 to 24 days are successively derived, and then the 1 is averaged for each period wave. It is indicated
that the values of |n| are almost a constant and don’t change with wave periods. The phase differences of i) also have
no trend with period.

Modeling vertical and oblique ionograms in artificially disturbed ionosphere based on
radiotomographic data

A.M. Padokhin, E.S. Andreeva
Lomonosov Moscow State University, Moscow, Russia

The paper presents the results of numerical simulation of the propagation of HF radio waves in an artificially disturbed
ionosphere during Cyclone-3 vehicle launch from the Plesetsk cosmodrome on December 18, 1991, powerful
industrial explosion on the Kola Peninsula on April 8, 1990 and ionospheric modification experiment at the SURA
heating facility on August 18, 2011. Radiotomographic crossections show that artificial ionospheric irregularities
during the studied events are quasi-wave perturbations that have a significant effect on the ray paths of the HF radio
waves and ionograms of vertical and oblique sounding. This manifests itself in the form of characteristic features of
HF ray paths including artificial waveguides to the outer ionosphere heights, multiple reflections from local maxima
of the electron density and additional traces on ionograms caused by the passage of traveling ionospheric disturbances.
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Using the phase velocities of geomagnetic pulsations for study of the characteristics
of the Earth’s crust

M.S. Petrishchev, Yu.A. Kopytenko, V.S. Ismaguilov

Pushkov Institute of terrestrial magnetism, ionosphere and radio wave propagation of the Russian academy of
sciences, St. Petersburg branch, St. Petersburg, Russia

We present the results of applying the method of phase-gradient sounding (PGS) to study the geoelectric
characteristics of the Earth's crust. In this method, magnetic gradientometers are used for construction of gradient and
phase velocity vectors along the Earth’s surface. The magnetic gradientometer consists of three three-component
synchronized magnetic stations located in tops of a triangle at small distances (1-5 km) each from the other. The
gradient vectors are directed to a local source of the ULF EM disturbances, and the phase velocity vectors - from the
source. The vector directions give an opportunity to determine a location of geoelectric anomalies. Values of the phase
velocities allow to calculate apparent resistivity of the Earth's crust for different frequencies in ULF range (F=0.001-
10 Hz). PGS results are presented for several regions of the Baltic Shield.

O-wave and E-wave attached to the partial reflection PGI radar in Tumanny at the noctilucent
clouds time on 15 August 2015

V.C. Roldugin, B.V. Kozelov, S.M. Chernyakov and A.V. Roldugin
Polar Geophysical Institute, Apatity, Murmansk Region, Russia

On 15 August 2015 noctilucent clouds were observed over the Kola Peninsula. There were photographed 372 imaged
by camera from Apatity and the movie from observation post near Apatity. The optical data are compared with the
data of partial reflection radar in Tumanny. When the noctilucent clouds fall into visual field of the radar, significant
increase of electron density was registered in D-region, on 85 km altitude and lower. We think that this increase is
due to different ratio of amplitudes of o-wave and e-wave: after the NLC occurrence over the radar the amplitude of
extraordinary radio wave becomes significantly less then amplitude of ordinary wave.

Evaluation of the impact of the North magnetic pole movement on the calculations for the auroral
and subauroral ionosphere

M.V. Rybakov?, A.A. Namgaladze?, Yu.A. Shapovalova, V.K. Koshelevsky?, M.A. Knyazeva?

YInstitute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation of N.V. Pushkov, St-Petershurg
Branch, St-Petersburg, Russia

2Murmansk Arctic State University, Murmansk, Russia

3Polar Geophysical Institute, Murmansk, Russia

The paper shows the effect on the electron density in the F2 layer of the ionosphere of the long-period drift (1990-
2013) of the north magnetic pole (NMP) through the associated displacements of the auroral oval, the region of
precipitation of energy particles and field aligned current zones. The drift impact assessment was performed in the
semi-empirical version UAM TM of the UAM model for the subauroral and auroral zones of the northern hemisphere.
The calculations were compared with the data of the vertical radio sounding in 2013 at the observatories in Voejkovo,
Sodankyld, Tromse and with the IRI-Plas model. In Voejkovo, sounding was performed by a digital ionosonde CADI,
in Sodankyld by an ionosonde Alpha-wolf, in Tromse - DIGISONDE. Calculations for the IRI-Plas model are
corrected by GPRS data, therefore, are used as averaged observational data. In the calculations in the UAM TM model,
the shift of the magnetic pole was taken into account as a change in the connection between the geographic and
geomagnetic coordinates of the polar cap, the precipitation zone, and the field aligned currents. For all calculations,
the position of the polar cap and the corresponding zones of precipitation and field aligned currents were equally
calculated in the grid of dipole coordinates from the magnetic pole, but the geographical coordinates of these zones
varied depending on the geographical position of the magnetic pole.
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The results showed that the entire pattern of critical frequencies of the northern hemisphere layer F2 (foF2) is depended
on the NMP drift. The diurnal foF2 graphs were calculated for the positions of the observatories. Forms of these
graphs of foF2 observations in 2013 and graphs for the IRI-Plas model are better agreed with the UAM TM calculated
graphs for the NMP in 2013 than for the NMP in 1990. For the auroral zone, the foF2 values for the NMP in 2013 are
lower than the observed ones, and for the subauroral zone, with the good agreement in the morning and daytime, the
foF2 model values are lower in the evening and higher at night. Specifying the shape of the precipitation zones and
field aligned currents can improve the agreement of the model and real data.

It is concluded that a significant drift of the NMP for the period 1990-2013 had a strong effect on the electron
concentration profile in the northern hemisphere. The effect was especially evident in the calculations for the
subauroral zone in the evening and at night, in the auroral zone - during the day.

The influence of the ionosphere on the propagation of low-frequency radio waves from the results
of experiments with powerful controlled sources in the experiment "FENICS-2014"

P.E. Tereshchenko?, A.E. Sidorenko?

!Pushkov Institute of Terrestrial Magnetism, the lonosphere, and Radio Wave Propagation, Russian Academy
of Sciences, St. Petersburg
2Polar Geophysical Institute, Murmansk

Based on experimental studies on the reception of signals from a controlled source in the near zone in different
geophysical conditions, the presence of field amplitude variations in the lower part of the ELF band and at lower
frequencies was noted. At the same time, there is no variation in the VLF range. To assess the factors responsible for
this feature of the field behavior, the question of the excitation of the electromagnetic field of the ELF band and lower
frequencies in the Earth-ionosphere waveguide was considered and theoretical calculations were proposed showing
that the influence of the ionosphere in the near zone can be noticeable at low Earth conductivity.

Simultaneous observations of fast optical events in the Earth’s atmosphere by optical devices
complex

I.D. Tkachev, R.V. Vasilyev, A.V. Mikhalev, S.V. Podlesny
Institute of Solar-Terrestrial Physics SB RAS, Russia

In 2018, in the tasks framework RFBR grant, in addition to constant the night sky glow monitoring, a series of
experiments were carried out to register fast variations in the spatial intensity distribution of the night sky radiation in
the spectral range of 400-900 nm by an optical instruments complex. Measurements were carried out during the new
moon period (~ 2 weeks) in cloudless weather on the geophysical observatory territory of ISTP SB RAS. The
experiments took place in March, April, October and December 2018. The devices complex includes: A photometer
assembled on the basis of SONY ICX285AL CCD matrix and a high-aperture lens Jupiter 3; Highly sensitive optical
system created on the basis of the 3rd generation EPM102G-04-22C electron-optical converter (EOC) and the Baumer
HXG40NIR camera based on CMOSIS CMV4000 1 matrix; Fast four-channel photometer with sensors based on
silicon photomultipliers.

Using the methods and data processing algorithms developed and tested in the previous year of the project, the
primary analysis of an obtained data in the experiments described above was carried out. The paper presents a table
in which events are indicated that exceed the three sigma threshold, and the number of events simultaneously recorded
by two devices is also noted.

During the processing, it was definitely that fast optical events are better distinguished from the data set, if we
consider the statistical characteristics not of an integral quantity, but its derivative. When calculating the derivative, it
is possible to remove the trend of fluctuations in the glow of the night sky. The fast flashes effect is more pronounced
in the standard deviation behavior. The photometer data presented in the work clearly shows how the rapid variations
frequency increases in the evening and morning time. Also in the photometer data, we observed prolonged fluctuations
(~ 15 min) of the mean-square deviation. Such a change in the mean-square deviation is caused by variations in the
intensity of the night sky glow. Why this effect is manifested in the photometer data, and in the EOC data is not so
pronounced remains a question for further research.
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Thus, the tasks for further work is an automated sampling simultaneously recorded events by several devices using
new algorithms, more detailed statistical characteristics study and cause-effect relationships of these events
occurrence. Data processing for the entire observation period (2017-2019) and the creation of full recorded events
database.

The work was performed within the framework of the RFBR grant No. 17-05-00492. The results were obtained
using the equipment of Center for Common Use «Angarax http://ckp-rf.ru/ckp/3056/.

Clouds and aerosol in stratosphere and mesosphere: Polarization analysis and trends in the
beginning of 21st century

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

As it became obvious since late XIX century, clouds and aerosol can appear not only in troposphere but also in higher
layers of the atmosphere of the Earth. Following the strong eruption of Krakatoa volcano in 1883 were the phenomena
of red and purple light of dusk segment caused by stratospheric aerosol and discovering of noctilucent (or night-
shining) clouds in high-latitude summer mesosphere.

Basic source of stratospheric aerosol is sulfur dioxide of volcanic origin. However, even during the volcanically
quiet epochs background aerosol was also observed. It can be partially related with anthropogenic emissions of sulfur-
containing substances, and the level of stratospheric aerosol had shown the positive trend in first decade of XXI
century. Noctilucent clouds occurrence frequency is also increasing during recent decades, that can be related with
negative temperature trend in summer mesosphere caused by radiative cooling mechanism at greenhouse gases
molecules. Another factor defining the clouds occurrence is meteor activity.

The work is based on polarization measurements of twilight sky background by all-sky cameras. These
measurements can be used to find the mean size of aerosol and cloud particles with accuracy comparable with present
lidar and satellite techniques. Mean size of noctilucent cloud particles is directly related with temperature profile of
upper mesosphere and can be used as a marker for climate conditions of this layer. As an example, polarization
measurements of bright noctilucent clouds in late June 2018 near Moscow had shown the increase of mean particle
size to 60 nm, that was in a good agreement with temperature drop down to 125K at 80-82 km in the same time by
TIMED/SABER satellite data. This allowed rejecting the hypothesis of clouds relation with meteorite impact in central
Russia at June, 21.

Polarization analysis during the whole twilight makes possible to retrieve the vertical profile and total amount of
stratospheric aerosol. This value had shown the negative trend in 2011-2018, returning to level of early 2000s in the
present time. It shows small influence of anthropogenic factors to the stratospheric aerosol level, and increase in 2000-
2010 can be related with medium volcanic eruptions during that period.

All these examples show wide possibilities of color and/or polarization measurements of twilight sky by means of
all-sky cameras for different aspects of atmospheric physics, including the recent trends and anthropogenic influences.

Fast variations of the upper atmosphere airglow due to meteor and human activity
R.V. Vasilyev!, A.B. Beletsky?, K.I. Ivanov?, E.S. Komarova?, A.V. Mikhalev!, S.V. Podlesny*!

Unstitute of Solar-Terrestrial Physics SB RAS
2Irkutsk state university, Physical department

We report about recent researches of the long-lived meteor trails and artificial increasing of the red airglow with 630
nm wavelength (atomic oxygen, D — 3P transition) in the upper atmosphere. Events appear as a spot or ring of the
enhanced glow with diameter of hundreds of kilometers and have a lifetime from several minutes till tens of minutes.
The phenomena proceed at different height levels and have a different origin, whereas the dynamic in temporal and
spatial domain are similar. The data obtained can conclude that both phenomena have the same nature - influence of
meteor matter or satellite engine products on the chemical reactions in the upper atmosphere. Statistics and stereoscopy
of the events can give us the possibility to separate and control the moments of the satellite engine operations and
perform the additional investigations of the mesopause region.
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3D structure of upper atmosphere wind from optical and radiophysical observations
R.V. Vasilyev, M.F. Artamonov, A.V. Medvedev, K.G. Ratovsky, M.V. Tolstikov
Institute of Solar-Terrestrial Physics SB RAS

We defined the full vector of the upper atmosphere neutral wind velocity at two height regions: near the maximum of
the electronic concentration in lower thermosphere and near the menopause using radiophysical (IS radar, ionosond)
and optical (Fabry-Perot interferometer) methods of observations. The wind velocity vector from radiophysical data
was derived using internal gravity wave (IGW) parameters observed by triangulation method on Irkutsk IS radar and
ionosonde DPS-4. The wind structure from optical data was derived using observation of the Doppler shifted natural
airglow lines of oxygen and hydroxyl due to the wind. We found diurnal variation of the vertical wind velocity with
value about 10 m/sec for ~250 km height which is absent for ~100 km height level, whereas 100 km vertical wind has
the seasonal variation with the similar value. Horizontal wind velocity for both methods is in consistence with the
HWM (both 07 and 14) model data.

Positioning of small-scale irregularities of the subauroral ionosphere with help of chirp HF radar
bistatic configuration during magnetic storm 22-23 June 2015

G.G. Vertogradov?, V.P. Uryadov?, M.S. Sklyarevsky?, F.l. Vybornov?

1Sothern Federal University, Rostov-on-Don, Russia
2Radiophysical Research Institute UNN, Nizhny Novgorod, Russia

The results of observations of anomalous signals using a chirp ionosonde-direction finder during magnetic storm on
22-23 June 2015 on the Cyprus - Rostov-on-Don path are presented. On the basis of simulation, it is shown that diffuse
signals with large delays recorded at frequencies above the MOF through the F-layer of the ionosphere are due to the
scattering of radio waves by small-scale irregularities of the subauroral ionosphere localized in the vicinity of the
southern auroral oval boundary.

Positioning of high-latitude ionospheric irregularities with help of chirp HF radar bistatic
configuration on the Alice Spring (Australia) — Rostov-on-Don (Russia) transequatorial path

G.G. Vertogradov?, V.P. Uryadov?, M.S. Sklyarevsky?, F.I. Vybornov?

1Sothern Federal University, Rostov-on-Don, Russia
Radiophysical Research Institute UNN, Nizhny Novgorod, Russia

The positioning capabilities of high-latitude ionospheric irregularities using the chirp of the ionosonde radio direction
finder used as an over-the-horizon HF radar of bistatic configuration on the Alice Springs (Australia) -Rostov-on-Don
(Russia) transequatorial path were implemented. It is shown that the anomalous signals observed on the Alice Springs
— Rostov-on-Don path, arriving from azimuths 10-25° with delays that exceed the delayed signal by 10-16 ms are
caused by scattering of radio waves by irregularities of high-latitude F-layer ionosphere localized in the evening sector
of the auroral oval at latitudes ~ 70-80°N.
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The ground-based airglow observation network over China and some recent observation
and research results

Jiyao Xu, Wei Yuan

State Key Laboratory of Space Weather National Space Science Center, CAS
e-mail: xujy@nssc.ac.cn

Topography of China is very complex, which includes wide range of sea, coast, plain, and highest Tibetan Plateau on
the Earth. From north to south, it spans from the mid latitude to the tropical climate zone. To well understand
topographic effects on the mesosphere and thermosphere, we established the ground-based airglow networks over
China, which contains 15 stations. This network has two airglow layers, the OH airglow and the Ol airglow. This
paper introduces some research results by using the network observations, which include gravity waves induced by
thunderstorm and typhoon, effect of Tibetan Plateau, medium-scale TID, and plasma bubble.

The global structure of the thermospheric density caused by auroral heating
Jiyao Xu, Wei Yuan

State Key Laboratory of Space Weather, National Space Science Center, Chinese Academy of Sciences
e-mail: xujy@nssc.ac.cn

We use thermospheric mass densities measured by theaccelerometers on satellites of GRACE at ~480 km and CHAMP
at ~380 km from 2002-2010 to study the longitudinal and latitudinal distribution of the diurnally averaged
thermospheric mass density. The result shows that there are strong longitude variations in the diurnally averaged
thermospheric mass density. These variations are global and have the similar characteristics at the two heights under
geomagnetically quiet conditions (Ap<10). The largest relative longitudinal changes of the diurnally averaged
thermospheric mass density occur at high latitudes from October to February in the Northern Hemisphere and from
March to September in the Southern Hemisphere. The positive density peaks locate always near the magnetic poles.
The high density regions extend toward lower latitudes and even into the opposite hemisphere. This extension appears
to be tilted westward, but mostly is confined to the longitudes where the magnetic poles are located. Thus, the relative
longitudinal changes of the diurnally averaged thermospheric mass density have strong seasonal variations and show
an annual oscillation at high and middle latitudes but a semiannual oscillation around the equator. Our results suggest
that heating of the magnetospheric origin in the auroral region is most likely the cause of these observed longitudinal
and latitudinal structures. Our results also show that the relative longitude variation of the diurnally averaged
thermospheric mass density is hemispherically asymmetric and more pronounced in the Southern Hemisphere.To
check how deep the auroral heating can affect the atmosphere, we analyze the diurnally averaged temperatureobserved
by TIMED/SABER and MIPAS. Results indicate that there is similar structure in the lower thermosphere and the
impact of auroral heating on the thermodynamics of the neutral atmosphere can penetrate down to about 105 km under
geomagnetically quiet conditions.

HccnenoBanne BIMSTHUSI BapUALHil AaTOMAPHOT0 KHCJI0POIa HA HHTEHCHBHOCTh CBEYEHHS B
aTtMmocdepe 3emiau

0O.B. AnTonenxo, A.C. Kupuios, F0.H. Kynnukos
@I'BHY “Honapuwiii 2eogpusuveckuii uncmumym”, 2. Anamumut, Poccus, e-mail: antonenko@pgia.ru

O06cyxnaroTcsi 0cOOEHHOCTH KMHETHKN BO30YXKICHHS SJICKTPOHHBIX YPOBHEH SHEPTUH KHCIOPOIHBIX COCTABIISIONINX
B armocdepe 3emin. OOCYXHAIOTCS TaK >K€ IPOIECCH peNlaKCallM AJIEKTPOHHO-BO30Y)KJIEHHBIX COCTOSHUI
MOJIEKYJISIPHOTO KHCJIOPOAa B aTtMocdepe 3eMiIM Ha BHICOTAX CBEUEHHs HOYHOIrO Heba, riae HaOII0atoTCsl BRICOKHE
KOHLICHTPALMK aTOMapHOro Kuciopoza. IlokaszaHo, 4To paccyuTaHHbIC KojeOaTesIbHbIE HACEJICHHOCTH COCTOSHUMN
lepubepra HMEOT pa3NMYHYI0 3aBUCHMOCTH OT KOJe0aTelIbHOro HOMEpa JUIl PacCMOTPEHHBIX —CIIy4acB.
HabmonaeTcs xopoliee coriacie pe3yIbTaToB pacdeTa ¢ pe3yabTaTaMi Ha3€MHBIX HAOIOACHUN U CIEKTPATbHBIMHU
JTAaHHBIMH, TIOJTy4EHHBIMH C 00pPTa KOCMHYIECKHUX JICTATEIBHBIX AIIapaTOB.
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¢ dexTUBHOCTH KAHATOB BO30YxKIeHUs IMUccHil 557.7 M 1 630.0 HM B MOJISIPHBIX CUSTHUAX
XK.B. Hamkesud, B.E. UBanos (DI'BHY “llonspusiii 2eogpuzuneckuii uncmumym”, 2. Anamumoi, Poccust)

Bricotapie pacmpeneneHue 3(h(QeKTHBHOCTH 6-TH OCHOBHBIX KaHAJOB BO30YXKAEHUS smuccuit 557.7 HM u 7-TH
OCHOBHBIX KaHaJIOB BO30yxaeHus smuccuu 630.0 HM B YCIOBHSAX MOJNAPHBIX CHUSHHN HCCICAOBATINCH B paMKax
(PU3UKO-XUMHUYECKONH MOJENN, ONHMCHIBAIONIIEH MPOLECCH IUCCUNAIMK JHEPIHH BBICHIMAIOMINXCS 3JICKTPOHOB.
TMokasaHo, uTo B UHTEpBasie BbicoT 90-200 KM NpeobaJarolM KaHauoM Bo30ysxkaeHus 1D coCTOsHUsS aTOMapHOIo
KUCJIOPOAA SIBISIETCSl NMPAMOW y/Aap SHEPrHMYHBIX JJIEKTPOHOB C MOJICKYJSIPHBIM WM aTOMapHBIM KHCJIOPOJIOM,

O+e*—> O(1 D)+eu O, +e*—> O(1 D) +e. Jlus IS cocTosHus aTOMAapHOTO KHCIOPOJA Ha BBICOTAX MAKCUMyMa
BBICOTHOT'O PO SMUCCHHU 557.7 HM MPEUMYIIECTBEHHBIM KaHATIOM BO30YXKICHUS SIBJISCTCS [Iepeiada SHEPruu
0T BO30YXJICHHOTO MOJICKYJIIPHOTO a30Ta K aTOMapHOMY KHCJIOPOIY NZ(A3ZK)+O—> N, +O(1S) . C poctom

BBICOTHI POJIb MpsMOTo yaapa O + e*—>O(18) +e B Bo36yxaenue O(1S) pacTeT u CTaHOBMTCA JOMUHHpYIOLIEH Ha
BbicoTax 170-200 km.

MoaeanpoBaHue HUI3KOYACTOTHHIX CUTHAJIOB B OJIMKHEH 30He mepeaaTunka
N.B. Munranes, O.U. Axmeros, 3.B. CyBopoa, O.B. Munranes, F0.B. ®enopenko
OI'BHY “Honapuwiii 2eoguszuveckuii uncmumym”, 2. Anamumet, Poccus, e-mail: mingalev_i@pgia.ru

B nanHo# paboTe mpeacTaBIeHb Pe3yIbTaThl YUCICHHOTO MOJEIUPOBAHHS MOJIS DJIEKTPOMArHUTHOTO CUTHaja OT
HCKYCCTBEHHOTO NepenaTyrka ¢ yactoramu 1-100 I'p B BoiHOBoOAE 3emisi-moHOchepa. [nuHa nepeqaTiuka OKoJIo
100 kM. PaccmaTpuBaroTcst HECKOJIBKO BAPHAHTOB paclpe/ieeH s KOHLCHTPALUH JIEKTPOHOB B HOHOC(Epe, a TaKKe
HECKOJIEKO BapUAaHTOB paclpe/ieIeH s IPOBOAMMOCTH B IUTOC(EpE, B TOM YUCIIE HAJTMYUE Pa3JIOMOB B OJIMKHEH 30He
nepeaaTyrka. O0cyxaaeTcs BIMSHAEC KOHLICHTPALMHK dJICKTPOHOB B HOHOC(EPE U pacipeieNieHusl IPOBOJUMOCTH B
auTocdepe Ha 3aBUCUMOCTD aMIUTUTYABI CHTHAIA B OJIVDKHEH 30HE NepeaTauKa OT YaCTOTHI.

Jas ~ MOJeNMpOBaHMS  WCIOJNB30Balach  YHCICHHAas  MOJENb  PACIPOCTPAHEHHS  HU3KOYACTOTHOTO
3JIEKTPOMAarHUTHOTO CHT'HAJIAa B BOJIHOBOJE 3eMisi-HoHOc(hepa. Mozaens OCHOBaHA Ha YUCIEHHOM HHTETPUPOBAHUU
cUCTeMbl ypaBHeHHII MakcBemna B mpoBojsmiell cpene. B murocdepe Tox ompenensercs mo 3akoHy Oma, a B
HoHOC(epe TOK ONMpEeAeNIieTCS W3 JMHEapH30BAHHOTO YPABHEHUS NOTOKA MMILYJIbCA A JICKTPOHOB C y4ETOM
BHEILIHEr0 TeOMAarHUTHOrO mojs. J[jis 4YMCIEHHOrO HMHTETPUPOBAaHMs MPHUMEHSETCs SIBHas CXeMa, B KOTOPOM
ANIEKTPUYECKOE W MAarHUTHOE TIOJISl BBIUMCISIFOTCS B OJHHM M T€ )K€ MOMEHThI BPEMEHH B OJMHAKOBBHIX Y3J1ax
NPOCTPAHCTBEHHOH CETKH, a TaKKe HCIOJNB3yeTCs pacllelIeHHe IO NPOCTPAHCTBEHHBIM HAIPABJICHUSAM H
¢m3nueckuM mponeccaM. Kpome TOro, HCHoNb3yeTcsl NMPOTUBOIIOTOKOBAs ANMPOKCHMALHUS MPOCTPAHCTBEHHBIX
Npou3BOAHBIX (MeTox ['oyHOBa ¢ KOppekuuei NoTokoB). CxeMa sBIsieTCs KOHCEPBAaTHBHON, MOHOTOHHOM, HMeeT 2-
f OPSAIOK TOYHOCTH MO BPEMEHH U 3-i 10 MPOCTPAHCTBEHHBIM MEPEMCHHBIM.

Pabora BrImosiHEeHA 1TpH prHAHCOBOH noaepxkke PODU, npoekr 17-01-00100.

Cucrema ypaBHeHUI 1151 3JIeKTPOMATHUTHOIO TOJISl IPH MOAETHPOBAHNH KPYITHOMACIITA0HBIX
NMpoueccoB B MOHOC(epe

W.B. Munranes?, O.B. Munranes!, A. M. Mépansiit?, B.C. Munranes!, M.B. Knmumenko®, B.B. Knumenko®

@IrBEHY “Honapuwiii 2eogpusuveckuii uncmumym”, 2. Anamumoi, Poccus; e-mail: mingalev_i@pgia.ru

2Uncmumym xocmuueckux uccredosanui, 2. Mockea

SKanununzpadckuii punuan Hucmumyma 3eMHo20 MAZHEMU3Md, UOHOCHEPbL U PACHPOCPAHEHUS. PAOUOBOTH UM.
H.B. ITywxosa, 2. Kanununzpao, Poccus,; e-mail: maksim.klimenko@mail.ru

B JAOKJIaA€ pacCMaTpruBaACTCA npo6neMa IMOJIHOCTBIO CaMOCOTJIACOBAHHOI'O ONNMCAHNA MAarHUTHOTO U 3JICKTPUICCKOTO
roJjei npu MoACJIMPOBAaHUUN prHHOMaCIIITa6HLIX IMMpOLECCOB B I/IOHOC(i)epe. Honyqua cucreMa ypaBHeHI/Iﬁ JJIA OTUX
l'IOJ'IeI7[, KOTOpasd uMeeT SIUINTHYCCKUI THUIL, HC COACPIKUT YaCTHBIX TPOU3BOAHBIX 110 BPEMCHU U ONPECACIIACT IOJI B
obnactu MOACINPOBAaHUA B HpI/I6J'II/I)K€HI/II/I MI'HOBCHHOI'O HaﬂLHOHGﬁCTBHﬂ o TEKyHIeMYy pacipeaciCHUIO
TUAPOANHAMHNYCCKUX NEPEMEHHBIX Ka)KHOﬁ KOMIIOHCHTHBI IJIa3Mbl U T'PAHUYHBIM YCJIOBUSAM C YUCTOM CHJIOBOT'O
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PaBHOBECHSI 3JIEKTPOHOB BJIOJIb JIMHUI MarHUTHOTO 1ToJIst. B 9TOM cucTeMe ypaBHEHUI MArHUTHOE T10JIE ONPEIeIsieTCs]
ypaBHeHHeM ['aycca u ypaBHeHmeM Awmmepa. ITnmoTHOCTH Toka mpencraBieHa Kak (yHKOUS OT MarHUTHOTO H
JIEKTPUUYECKOTO IOJIeH, a TaK)Ke I'MIAPOJMHAMHYECKUX MTapaMeTPOB MOHOB U 3JIeKTpoHOB. CoJieHOUAaNbHas 4acTh
AJIEKTPUUYECKOTO T0JIS OIPEAeIseTCS BEKTOPHBIM ypaBHeHHeM [lyaccoHa, B paBoif 4acT KOTOPOTr'O CTOUT YacTHas
NPOW3BOAHASA IIOJHOTO TOKA II0 BPEMEHH, KOTOpas IpeicTaBieHa Kak (YHKIUS OT MAarHHTHOIO IIOJNA H
THAPOIUHAMUYCCKAX NEPEMEHHBIX KaXKJIO0H KOMIIOHEHTHI IUIa3Mbl. [loTeHInanbHas 4acTh 3JIEKTPHYSCKOTO IO
oIpesensieTcs U3 YCIOBHS CHIIOBOIO PaBHOBECHUS HJICKTPOHOB BIOJb JIMHHWI MarHWTHOTO mojd. PaccmarpuBaroTcs
CHCTEMBbl YpaBHEHWH, omuchiBatomue IuHaAMHUKY F n E-cioeB moHochepsl. OOCYKAAIOTCS CXeMa YHCICHHOTO
HUHTETPUPOBAHUS 3TUX CHCTEM BMECTE C MOTyYSHHBIMH YPABHEHUAMH IS TTOJICH.
Pa6ora O.B., 1.B. u B.C. MuHraneBsIx BIIONHEHA K puHAHCOBOH moanepxke POOU, npoexr 17-01-00100.

MogaeanpoBanue yciaoBuii paguocssazu B KB 1uanazone B ApKTHKe IPH Pa3IHYHbIX
reo(pu3nYecKux yCcJI0BUAX

W1.B. Munranes?, 3.B. Cysoposa’, A.M. Mepssiii?, B.C. Munranes!

\@I'BHY “Honapuwiii 2eogpusuyeckuii uncmumym”, 2. Anamumol, Poccus
2Uncmumym xocmuueckux uccnedosanuti (MKH), 2. Mockea, Poccus

[IpeacraBneHo KpaTKoe ONMHUCAHKUE MOJEIH Ul PacueTa Jy4eBbIX TPACKTOPUH KOPOTKHX PaJMOBOJH U MOTJIOLUICHUS
3THX BOJIH Ha TPACKTOPUAX. DTH pacdeThl NPOBOIATCA B IMPUOMIDKCHUH TCOMETPHYECKOW ONTHKH C YYETOM
aHM30TPOIHH MOHOC(EPHOI MIa3MBl M OTKIIOHSIOIIETO MOTJIOMICHHS 33 CUET CTOJIKHOBEHHH 3JICKTPOHOB 0€3 KaKnX-
6o ympomeHui. [ pacdeTa KOHLIEHTPALMH U TEMIIEPATYPhI 3JEKTPOHOB B HOHOC(EPHON IIIa3Me HCHONB3YETCS
sMmmpHrdecKas Moenb noHocepsr IRI-2016, a as pacdera 9acTOTHI MX CTOIKHOBEHHUI UCTIONB3YIOTCS TeMIIepaTypa
1 KOHLEHTPALMH HEHTPaJIbHBIX COCTABISIIONIMX aTMOC(HEpPbl, PACCUNTAHHBIE C MOMOIIBIO SMIMPUIECKOH MOJIEIH
NRLMSISE-00. IIpencraBieHb! pe3yIbTaThl PAaCYETOB IT0 BO3MOXHOCTSM OJHOCKauKOBOH cBs3u B KB muamaszone B
apKTUYECKOM PErHOHE B Pa3HOE BPEMsI CYTOK ITPU PA3IMYHBIX re0(pHU3NIECKUX YCIOBHSX U IPOBOJUTHCS 00CYKICHNE
9THX PE3yJIbTATOB.
Pabora BbinonHeHa mpu GpuHaHCOBOI nonepxke PODU, npoekt 17-01-00100.

EcrtecTBennsie dsekTpoMarauTHbie mymbl Y HY-KHY nnana3zona 5-20 I'u B F-c1oe nonocgeps! no
JaHHBIM CMYTHUKOB SWARM

H.C. Hocuxosa?, H.B. SIrosa?, B.A. ITununenxo', E.H ®enopos!

YWUncemumym ¢usuxu 3emnu PAH, 2. Mockea, Poccus
2Hayuonanvuoii uccnedosamenvckuti ssoephviii ynueepcumem “MHDH”, 2. Mocksa, Poccus
3HHcmumym Kkocmuueckux uccnedosanuti (UKH), e. Mockea, Poccus

HccnenyroTes cBoicTBa UMITYIbCHBIX M KBA3UIIEPHOIMUECKUX BOSMYIIIEHUH B HOHOC(hepe 3emin Ha BeicoTax F-cios
110 JaHHBIM cITyTHUKOB SWARM. Jlis1 pazneneHnst HCTOYHUKOB MarHUTOC(HEPHOTO ¥ aTMOC(HEPHOTO MTPOHCXOKACHUS
UCTIONB3YIOTCS TaHHBIE MarHUTOC(EPHBIX CITyTHUKOB M 0a3a JaHHBIX 110 MOJIHMEBBIM paspsiaM. CylniecTBEHHBIM
OTJIIMYMEM KOJIeOaHUH MarHUTHOTO TOJIsl BOJIM3M YaCTOTHI MIEPBOTO IIyMAaHOBCKOT'O Pe30HaHca Ha 3eMiie U B BEpXHEH
HoHOChepe SIBISIETCSI TO, YTO B MFOHOC(Epe 4acToTa BblJieIeHa cl1abo M B MATHUTHOM I10JIE MOXKET MPOSIBISITHCS TOJIBKO
NPU PEAKUX CHJIBHBIX COOBITHsIX. [IpoBeieH 0TOOp MOJHHEBBIX Pa3psiIOB IKCTPEMAIBbHBIX aMIUIUTY/ U METOJ0M
HAJIOXKEHHBIX OMO0X OLEHEeHAa MaKCHMallbHas aMIUIUTyJa CUrHaja B HOHocepe B JAuamna3oHe LIyMaHOBCKOTO
pe30HaHca, BO3MOYKHO CBsI3aHHAs C IPOHMKHOBEHUEM CHUTHANa B HOHOCGepy. [loydeHHbIe 3HaUeHHs] CPABHUBAIOTCS
C pe3yJibTaTaM{ YHCJICHHBIX PacyeToB NMPOHMKHOBEHHS OTKJIMKa MarHHUTHOTO MOJsi B MOHOC(eEpe Ha MOJIHHEBBIN
paspsia.
Pabota nonnepsxana rpanrom PODU 18-05-00108.
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Peructpatop sexTpomarautHoro mojass OHY/HY quana3ona
C.B. Iunpraes, A.B. Jlapuenko, M.B. ®unaros, F0.B. ®exopenko, A.C. Hukutenko
QI'FHY “Hoaspuvui ceousuyeckuil uncmumym”, 2. Anamumut, Poccus

B nacrosmee Bpems B 06c. [II'M JIoBo3epo BemyTcs maTpyIbHBIE HAOIIOISHIS KOMIIOHEHT 3JIEKTPOMarHUTHOTO (OM)
moyst B muamazoHax 4actot: oT 0.001 I'm no 5 I'm marauroBapuannonnoii cranmueit (MBC), ot 0.01 I'm mo 500 I'g
KHY/CHY npuemuukom u ot 30 I'm — 14 kI'u CHY/OHY npuemankoM. B mensx pacmupeHusi perucTpupyeMoro
JauanasoHa yactor DM moist pa3paboTaH W BBeAEH B ombITHYIO skcruryatanmio OHU/HY npuemuuk, ¢ pabounm
nMama3oHoM 4actoT 5-50 k1.

[Tpuemuuk paspaboran Ha ocHOBe MUKpokoHTpoutepa LPC4357, ocHamennoro siapom Cortex-M4. briok anasnoro-
U(PPOBOr0O MpeoOpa3oBaTelis BHINOIHEH C KCIOJIb30BaHHEM MHKpocxeM AD7767, MO3BOJSIOMIUX MPOU3BOIAMUTH
onn(poBKY JaHHBIX C YaCTOTOHM Auckperm3anuu 10 128 k['1. B kauecTBe HCTOYHHMKA OMOPHOH YaCTOTHI TAKTOBOTO
CHTHaJa YCTPONCTBa ucnob3oBaH crenuanuzupoBantbiii GPS/TTIOHACC npuemuunk u-blox lea-m8t, ocnamennbiit
BBICOKOCTAOMJIHHBIM TEHEPATOPOM € TepMOKoMITeHcanuei. OcoOeHHOCTIMH MPUEMHHUKA SBIISIOTCS TaTbBaHUIECKOE
pa3zencHre IU(PPOBON M aHAJIOTOBOM YacTel M BHICOKOTOYHAS MPUBA3KA OTCYCTOB JAHHBIX K MUPOBOMY BPEMECHHU.
[IpreMHUK OCHAIIIEH aHTEHHOW CHCTEMOM CPAaBHUTENEHO HEOOIBIIIX Pa3MEPOB, YTO MO3BOJIIET €r0 IKCILTyaTHPOBATh
Kak 00CepBaTOPHH, TaK U B TIOJIEBEIX yCIOBHUSX.

BBoJ B 9KCIUTyaTaIMio JaHHOTO MPHEMHUKA IT03BOJISET TPOU3BOAUTE PETUCTPAINIO KaK HCKYCCTBEHHBIX CUTHAJIOB
panuonasuranuonusix OHU/HY mepenaTynkoB, TaK U CUTHAJIIOB €CTECTBCHHOTO MPOMCXOXKICHHS, B YaCTHOCTH
BbIcOKOoYacTOTHBIX OHY a5iekTpocTaTnieckux KoyieOaHuil 1 aBpOpabHBIX HIMITCHHIH.

Hccnenoanne ocodennocreii F-paccesnus B 3uMHNI nepuoja mo AanHbiM cnyTHuka UK-19
B.A. Tenerun, H.A. Isatko, 11.B. Koueros

Hnemumym 3emmnozo macnemusma, uonocghepuvl u pacnpocmpamenus paouosoan um. H.B. Ilywkosa PAH,
2. Mocksa, 2. Tpouyx, Poccus

B Hacrosiei paboTe BBIOIHEHA OIIEHKA YaCTOTHI MOSBJICHUS Pa3sHBIX THIOB F-paccestHus B pa3iUYHBIX MHTEPBAJIax
WHBAPHAHTHBIX IIUPOT B 3aBUCUMOCTH OT JIOKAIFHOTO BpeMeHH. VIccenoBaHus MPOBEICHBI I 3MMHETO MepHojia Ha
OCHOBE JIAaHHBIX, MIOJIyYESHHBIX C HCTIOJIb30BaHHeM noHo3oHaa VIC-338, ycraHoBneHHoro Ha Oopty criytanka MK-19.

OO0 opueHTAIUM MONEPEYHOI AHU30TPONMU MEJTKOMACHITAOHBIX HEOAHOPOAHOCTel F-00/acTu
B HanpasJjeHuu apeiiga Hax Mocksoii B ssuBape 2014 roga

B.A. Tenerun', H.JO. Pomanosa?, B.A. Ianuenko?, I'.H. XX6ankos®

Unemumym semnozo maznemusma, uonocgepul u pacnpocmpanenus paduosonn um. H.B. Iywixosa PAH,
2. Mocksa, Poccus

2PI’BHY “Honapuwiii 2eopusuveckuii uncmumym”, 2. Mypmanck, Poccus;, e-mail: romanova@pgi.ru

SHUHU ¢usuxu 10xcHozo gedepanvrozo ynusepcumema, 2. Pocmoe-ua-Ijony, Poccus

Jannas pabota sBIsSeTCS NPONODKEHHMEM HCCICIOBaHMS CBS3M HampaBieHus apeiipa ExXB u opuenTanmm
MOTIEPEYHON aHU3OTPOTIMM MEJKOMACIITa0HBIX (HECKOJBKO COT METPOB) HEOMHOpoaHOCTe F-obmactm Hajg
MockoBckuM pernoHoM. [IpoBeieHO YHCIeHHOE COMOCTaBIEHHE ITHX IKCIIEPHUMEHTAIBHBIX JAHHBIX, TOTyYCHHBIX B
suBape 2014 roga. Hanpasnenue apetia 311€KTpOHOB OIpeIeIeHo ¢ IOMOIIbIo HoHo30H1a DPS-4, yctanoBneHHOTO
B MU3MMHPAH. Opuenranus NONepeyHOH aHW30TPOIMH OIpelesieHa METOAOM MaTeMaTH4ecKod 00paboTKH
CIIyTHUKOBOTO PaJIMOCUTHAJA, MPHHATOTO HAa3eMHBIM TOMOTrpaHUYecKUM NPHUEMHHKOM, YCTaHOBIEHHBIM B MI'Y.
[MomydeHo Xxopolliee cornacue Mexy KCIEePUMEHTAIbHBIMU AaHHBIMU. OHO OOBSICHSAETCS TEM, YTO HaIpaBJICHHUE
npeiida Ob110 onpeeneHo B 001aCTH MaKCUMAIIBHO OJIM3KOH K IPOCTPAHCTBEHHOMY HOJIOKEHHIO MEITKOMACIITAOHBIX
HEOJHOPOAHOCTEM.
Paborta BbITIONIHEHA [TPH TToAepkke rpanTta PODU Ne 19-05-00941.
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CrneKkTpajbHbI aHAJIH3 CHTHAJIOB KOT€PEHTHOI0 7Xa 0T HOHOC(EPHBIX HEOTHOPOIHOCTEMH
N.B. Trotun
OAO «HIIK « HUHJ[AP», 2. Mocksa, Poccus

C reoMarHWTHOH Oypel cBsf3aHAa MENOYKA COOBITHA W SIBICHHWH, MPOUCXONIIMNX B KOCMHYECKOH Cpere.
BBICOKOCKOpOCTHAsT IIa3Ma COJHEYHOTO BETpa IPOHWKAET B OKOJNO3€MHOE KOCMHYECKOE IIPOCTPAHCTBO,
nedopMupyst CTPYKTYpy MarHuTocdepsl 3eMin M IepelaBas BO3MYILEHHE B CHCTEMY TepMocdepa-noHochepa.
Honocdepa 3emiu urpaet KIr0UYEBYIO POJIb B KOCMHUECKOH painoCBsI31, paIUOIOKalluH, HABUTalluH 1 SKCILTyaTalluK
CIyTHUKOBBIX HAaBHTallMOHHBIX CHCTeM. B paboTe mpeacTaBieH CIEKTPAJIBHBI aHAIN3 HOHOC(EPHBIX
HEOJHOPOAHOCTEH pa3IMYHBIX MacmTaboB Haa HopuinbckoM Bo BpeMs reomarauTHoi Oypu. Pagap YKB nuanasona
PETHCTPUPOBAJI HHTEHCUBHOE aBpOpalbHOE 00paTHOE paccesHue Ha BbicoTax E obnactu cpa3y e nocie OKOH4YaHUSL
HadYaIbHOH (ha3bl TeOMarHUTHOM OypH.

AHoMaabHoe n3MeHeHue noromenusi ITITII B nepuox nHeBHO# (a3bl 3pdexTa N1eHb-HOUb
BapHalHMHU

B.A. Vubes, II./1. Poros, A.B. ®pank-Kamenenxuit

Aprkmuueckuii u Anmaprmuueckuti Hayuno-ucciedosamenvcrui uncmumym (AAHUN), e. Canxm-Ilemepbype
e-mail: vauliev@yandex.ru

Paccmortpeno serenne [T, npouncmenmee 11 — 15 centsiops 2017r., 3aperucTpupoBaHHOE pHOMETPaMHU Ha TPEX
CTaHLMSX, PACIOJIOKEHHBIX B LICHTPE aHTApKTUUECKON NojspHol manku: Boctok, Muphsiii u IIporpecc. Ha Bcex
craruusax Bo Bpems [T nposBngercs 3¢ dexT nens-Houb Bapuanmu (JJHB): moBsIIIeHHbIE TOTIIOMIEHHUS B MECTHBIE
yTpeHHHE U JAHEBHbIC 4achl (qHeBHas (asa /IHB) u noHmKeHHbIE MOTIIONICHUsS] — B MECTHBIE BEYEPHUE M HOYHBIE
yacel (HouHas daza JJHB).

TeHaeHIHs PE3KOTO TOBBINICHHS TOTJIONICHHsT Ha qHeBHON (ase [IHB B yTpeHHHE yachl COXpaHACTCS Ha BCEX
craniusx noutu Bo Bce anu [T, Oxnako 13 centsiOps Ha ct. Bocrok u IIporpecc Ha nHeBHOU ¢aze [JHB B
yYTpeHHHE (M OTYacTH B JHEBHBIE) YaChl MOTJIONIEHHE BO3PACTAET O4YeHb MEJICHHO. Takoe MeaJieHHOe BO3pacTaHne
Ha3BaHO YyTpeHHe-gHeBHOW aHomamuer (YJA) mormomenws. [Ipu 3tom Ha cranmmm Mupsbii 3¢dexr YA
otcyrcTByeT. OPdexT YA oOHapyKeH BIIEPBEIE.

IIpennonaraercs, uro »¢pdexkt YA obOycrmoBneH armochepHbIMEH (TIpeXIe BCETO NPWIMBHBIMH) BOJHAMH,
pacIpocTpaHsIonMMUCS 13 Tporocdepsl BBEpX B Me3ocdepy, KyAa NPOHUKAIOT MOTOKH COJHEYHBIX HMPOTOHOB,
BebiBatonre [IT1II. BosHbl BIUSIFOT Ha XMMHYECKHH cocTaB Me3ocdepbl, 4TO M NPHUBOAWUT K YMEHBIICHHIO
MOTJIOIICHHS B YTPEHHHUE (M OTYACTH B THEBHBIE) YaChl, T.€ K MposiBieHHo d3ddekra V/IA.

YTpeHHe-n1HeBHasi aHOMauns n3MeHenns noryomenus I B mepuox nueBHoi ¢a3nl 3¢dexTa
AeHb-HOYb BapHALMH

B.A. Vases?!, [I./I. Poros!, A.B. ®pank-Kamenenxuii*

Apxmuueckuit u Aumapxmuueckuii Hayuno-uccnedosamenvckuii uncmumym (AAHUH), 2. Canxm-Tlemepoype
e-mail: vauliev@yandex.ru

Paccmortpenst 3 sBnenus [T (mormomeHus THIIA TOSPHON IANKH), TPOUCIIECAIINE B Nepuo 2 — 16 ceHTsaops
2017 1., 3aperucTpupoBaHHBIC PHOMETPAMHM Ha TPEX CTAHIMAX, PACHOJIOKCHHBIX B IIEHTPE aHTapKTHYECKOH
nosspHoi manku (Boctok, MupHstit u [Iporpecc). Ha Bcex crannmsix Bo Bpems [T nposiBnsiercst adhdexT neHsb-
Houb Bapuaimu (JIHB): pe3koe moBbIlIeHHE MOTIIONICHUsI B MECTHBIE YTPEHHE-IHEBHbIE Yachl (HeBHas ¢a3a [[THB)
U pe3KOe YMEHBIICHHE TIOTJIOIICHUSI — B BeUepHe-HOUHbIe Yackl (HouHas ¢a3a IHB). B nueBHbIC yackl Bapuanus
MOTJIOIEHHS] aHAJIOTHYHA U3MEHEHUIO0 HHTEHCUBHOCTHU MOTOKOB IpoTOHOB (III1) comHeYHbIX KOCMUYECKUX JIyuel, ¢
sueprueit Ep > 10 M»aB, BoizbiBaroiux sinenust [T

OTH TeHIEHIMH (PEe3KOTo MOBBIMICHHUS IMOTJIONICHUS B YTPEHHHME Yachl Ha nHeBHOH (aze JIHB m cooTBeTcTBHE
Bapuarnuu naeBHOTo noryomieHus [T n3amenenuto nateHcMBHOCTH 111 B 3TOT ke MEepHOT) COXPaHSIIOTCS Ha BCEX
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crannusax noutu Bo Bee auu [T, Ognako 13 ceHTsA0ps HA BceX CTaHIUAX Ha JJHEBHOM ¢ase [I[HB B yrpeHHUE Yach
HOIJIOUICHUE BO3pAcTacT OYEHb MEUICHHO, U Bapyalysl OIJIOIIEHUSA HE COOTBETCTBYET U3MEHECHUI MUHTCHCUBHOCTH
[IT B 3TOT Mepuoa. AHOManbHOE M3MEHEHHE IOTJIOUICHUS B yTpeHHe-AHEBHbIE 4Yackl BO BpeMms sddekra THB
Ha3BaHO 3ddexToM yrpeHHe-HeBHOW anoManuei (YA). Dddexr YA oOHapyKeH BIEpBBIE.

B paboTte aHanmm3upyroTCs BOZMOXKHBIE IPUIHHEI IposiBiIeHus dpdexta Y A: pmusane 111, er3pBaromux [T,
Ha TEMIIEPaTYPHBIA U ANHAMHUYECKHH PEXHUM Me30C(epsl, BIUSHNEC HHTCHCUBHOCTH IOTOKA I'PABUTALMOHHBIX BOIH
Ha TEMIIEpaTypy BEpXHEH Me30Chephl.

Biansinue coHeYHON M MATHUTHOM aKTUBHOCTH Ha MoHOc(epHbIil KB kanasx nmo 1aHHbIM
HAKJOHHOTO 30HAUpPOBaHMs B ceHTs0pe 2017 1.

B.IL. Ypsnos, ®.U. BeibopHoB, A.B. Ilepmma
HUP®U HHT'Y um. HU. Jlobauesckozo, 2. Huscnuii Hosoeopoo

IIpencraBneHs! pe3ynbTaThl SKCIEPUMEHTAIBHBIX HCCIIEOBAaHUH BapHanuii mapamerpoB noHocheproro KB kanama
BO BpEMsI COJTHEYHOW M MarHUTHOW aKTHMBHOCTH B ceHTsi0pe 2017 r. mo naHHbIM HaksioHHOTO JIYM-30H1MpOBaHuMsI.
OoOHapyxeH mnpenOypeBoit 3¢ ekt mnoBbiuenus FMHY (MakcumanbHOW HaOnrogaeMoll 4acTOTh) Ha Tpaccax
HaKJIOHHOTO 30HIMPOBaHMS. YCTAaHOBJEHO, YTO OTpHLATe]bHas (aza MarHUTHOW Oypu NpuUBeNa K CHIBHOW
Jierpajialiiy noHoc(epHOro KaHaja U JIJIMTEIbHOMY OTCYTCTBUIO pueMa KB-curHanoB Ha cy0aBpopaibHbIX Tpaccax
Y B MEHbIIEH CTETICHN Ha CPEAHEIINPOTHOM Tpacce. B akTHBHBIN niepron OypH auana3oH 4acToT mpoxoxaeHus KB
curtaigoB Af = FMHY — FHHY, T.e. pa3HOCTh MEX1y MaKCHMAIIbHON M HaWHU3IICH HAOII0JAEMBIMH YaCTOTAMH,
COKpaTmics B 2-3 pa3a [0 CPaBHEHHMIO C HEBO3MYIIIEHHOH HoHOCchepoii. Iloka3aHo, 4To BO BpeMst MarHUTHOH OypH Ha
cy0aBpOpaIbHOM Tpacce YCIOBHS PAacHpOCTpaHEHHs depe3 cropanuueckuid ciod ES cymecTBeHHO mydine, dem
pacnpoctpanenue F-Monoii yepes BepxHIO0 HOHOChEpY.
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Specificities of the vertical temperature profile in hilly terrain and its influence on the estimation
of the urban heat island intensity in Apatity

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

The study of the air temperature distribution in hilly terrain at the Kola Peninsula has been carried out. Air temperature
profiles was measured with a drone up to 250 meters above the ground. At wintertime the vertical temperature profiles
within the surface layer over the plain differ from the vertical gradient over the hilly terrain where the radiative cooling
under the clear sky conditions leads to the cold air drainage and formation of the cold air pools in low lying areas.

Apatity is located at the upper part of the hill, which is 20-70 meters above surrounding plain. The urban heat island
effect and cold air drainage causes the warmer air temperatures in the city in comparison with the nearby suburban
and rural areas. In winter the mean temperature difference is 1-3°C, but it can reach 10-15°C in extreme cases.

Weather stations and drone measurements show that the urban air temperature does not exceed the temperature at
the same height outside the city including the rural hilltops. There is no reason to conclude that there is the intensive
urban heat island because the warm anomaly with the intensity up to 15-18°C occurs at the same time on rural hilltops
without any anthropogenic influence. Such significant temperature differences in hilly terrain are caused by the long-
time radiative cooling during the polar night.

Modeling of infrasound wave propagation in the atmosphere from the Vitim and Chelyabinsk
bolides

E.A. Kasatkina®2, O.1. Shumilov!?

Polar Geophysical Institute, Apatity, Russia
2Institute of North Industrial Ecology Problems, Kola Science Centre RAS, Apatity, Russia

The results of modeling of the infrasonic signal propagation from Vitimsky (September 24, 2002) and Chelyabinsk
(February 15, 2013) fireball explosions are presented. For calculations, the method of ray tracing modified for
infrasonic waves was used, and atmospheric models MSISE 2000 and HWMO7 were used. The data of infrasonic
wave and ionospheric effect registrations at Kola Peninsula stations located at distances of about 4,000 and 2,000 km
from the sites of the Vitimsky and Chelyabinsk bolide explosions respectively are presented. According to the
preliminary model simulations, it was found that atmospheric conditions were favorable for the emergence of
atmospheric acoustic ducts and propagation of infrasonic signals from these sources in the north-west direction.

Intensities of first and second positive system bands of N> in the Earth’s middle atmosphere during
precipitations of relativistic electrons

A.S. Kirillov, V.B. Belakhovsky (Polar Geophysical Institute, Apatity, Murmansk region, Russia)

Relativistic-energy electrons (with the energy > 1 MeV) at near Earth space are produced at the outer radiation belt.
The study of trapped relativistic electrons is one of the main direction of space weather because these electrons can
destroy the equipment on satellites that even can lead to loss of the satellite. The relativistic electron precipitation
(REP) into the atmosphere is one of the main mechanisms of the losses of outer radiation belt. REP is caused by the
interaction of electrons with the low-frequency electromagnetic waves and mostly confined to subauroral latitudes.

The REP change the chemical composition of the upper stratosphere and low thermosphere participating in creation
of odd nitrogen (NOx=N, NO, NO;) which reduce the ozone content in atmosphere. Also, the energetic electrons
penetrating in the middle atmosphere lead to enhanced ionization, dissociation, electronic and vibrational excitation
of main atmospheric components. In scientific literature there are the profiles of ionization rates in the Earth’s middle
atmosphere induced by relativistic electron precipitations. Main aim of the paper is the study of electronic kinetics of
N2 triplet states in the middle atmosphere during relativistic electrons penetrations taking into account collision
processes at the altitudes.

The results of calculations of emission intensities of first (750 nm and 670 nm) and second (337 nm) positive
molecular nitrogen systems in the Earth’s atmosphere during the precipitation of relativistic electrons (100 keV - 10
MeV) are presented. The calculation takes into account the quenching of triplet states of nitrogen in molecular
collisions with the participation of N, and O, molecules. Firstly, it is shown that there is a significant decrease in the
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emission rates of the bands of N, first positive system at lower altitudes in comparison with ones of the bands of N,
second positive system.
This work is supported by the grant 18-77-10018 of Russian Science Foundation.

Microwave observation of middle atmosphere ozone during polar night in December 2017
and 2018 at Apatity

Y.Y. Kulikov!, A.F. Andriyanov?’, V.I. Demin?, A.S. Kirillov?, B.V. Kozelov?, V.G. Ryskin?,
V.A. Shishaev?

nstitute of Applied Physics, Nizhny Novgorod, Russia
2Polar Geophysical Institute, Apatity, Russia

We present data continuous series of microwave observation of the middle atmosphere ozone in December 2017 and
2018. Measurements were carried out with the help of mobile ozonemeter (observation frequency 110836.04 MHz)
which was established in Polar Geophysical Institute at Apatity (67N, 33E). The parameters of the device allow to
measure a spectrum of the emission ozone line for time about 15 min with a precision of ~ 2%. On the measured
spectra were appreciated of ozone vertical profiles in the layer of 22 — 60 km which were compared to satellite data
MLS/Aura and with the data of 0zonesonde at station Sodankyla (67N, 27E). The microwave data on the behavior of
mesospheric ozone (altitude 60 km) indicate the presence of both photochemical and dynamic components in its
changes.
The work was supported by the RFBR grant 18-45-520009.

GNSS-R estimations of snow depth in Northern Europe
A.M. Padokhin, S.A. Kalashnikova, N.A. Tereshin (Lomonosov Moscow State University, Moscow, Russia)

The results of snow depth estimation by GNSS reflectometry (GNSS-R) are presented. We consider seasonal snow
accumulation, which is important for climate system, based on the data of several IGS permanent stations in Northern
Europe. We discuss the accuracy of such estimations and the influence of the terrain slope on the obtained results.

CpaBHeHus cOOBITHII BO3pacTaHUsl raMMa-(oHa MPH 0CAIKAX B BLICOKOTOPbe
M PABHUHHOW MECTHOCTH

10.B. bana6un, b.b. I'Bo3neBckuii, A.B. 'epmanenko, E.A. Maypues, E.A. Muxanxko, JI.U. lyp,
B.®. I'puropses

@DI'BHY “Honapuwii eeogpuzuyeckuii uncmumym”, 2. Anamumul, Poccus

K Hacrosimemy BpemeHHM HaOMIOAEHUS 32 MSTKHUM (POHOBBIM Tamma-u3iydenueM (20-400 kaB) B mpusemHOM ciioe
aTMochepbl IPOBOATCS Ha HECKOJIIBKUX CTAHIUAX, KOTOPBIE MOXKHO Pa3JIeNIUTh M0 MeCTy pacnoioxenus. [lomspHsie
paBHHHHBIE cTaHINHU bapeHnOypr, Amatutsl, TUKCH pacmonokeHs! 3a OIIpHBIM Kpyrom. Crarnnu Sxytck u PoctoB
HaxXxoAsATCsl B paBHUHHONW MecTHOocTH. JIBe crammmm Xynyraih (3000 m) u Heditpuno (1700 M) sBasroTCS
BBICOKOTOpPHBIMH. Ha Bcex yKa3aHHBIX CTaHIUSAX W3MEPEHHS BBIIOIHAIOTCS HA OJHOTHUIHBIX JIETEKTOPaXx,
M3TOTOBJICHHBIX B JTaboparopun kocmuueckux nayded III'M. Ha craHmmsax B TedeHne BCero roja HaOJIOJArOTCA
BO3pacTaHusi raMMa-oHa NpH ocajkax. Bo3pacTaHus NIPOUCXOIAT TOJBKO B JICKTPOMArHUTHOH KOMIIOHEHTE,
BO3HHUKAIOIIEH B armocdepe OT KocMudeckuxX Jsydeid. CpaBHEHHE XapaKTepUCTHK BO3PACTAHHH (aMIUTHTYIa,
JUINTEBHOCTD, HAJINYME JIOKAJIBHBIX MAaKCHMyMOB M Jp.) NOKa3bIBaeT, YTO B IEPBYIO OUYEpEAb BIMSIOMINM Ha
XapaKTEepUCTUKH BO3pPAcTaHUIl SBNISETCS BbICOTA HaJ ypoBHeM Mops. Torjga kak OTJIMYMS, CBA3aHHBIE C APYTUMH
reorpauuecKUMU OCOOCHHOCTSMH CTAaHUMH (LIMPOTA, NPUOPEKHOE WIM KOHTHHEHTAJIBHOE PacIlojoKEHHE), He
CTOJIb CYLIECTBEHHBI. /laeTcsi BO3MOXKHOE 0OBSICHEHHE 9TOMY Pa3jInyuIo.
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O BAMSIHUM COJTHEYHOH paguanuu Ha GopMUPOBaHMeE OCTPOBA TeIIA B I'. AIATUTHI
B.NU. Jemun?, B.B. Kosenor?!, 10.A. Top6anp?, 10.B. Menbuop®

Y'@IBEHY “Honspuviii 2eopusuueckuii uncmumym”, 2. Anamumui, Poccust
2C3® DI'BY "Asuamemmenexom Poceudpomema”, 2. Mypmanck, Poccus
3Teppumopuanvno-cumyayuonnwiii yenmp OKY Ynpoop «Konay, 2. [lemposasoock, Poccust

[MornomieHre 1 coxpaHeHHe rOPOJAOM COJIHEUHOM SHEPIHH SIBISIECTCSI OJJHOIM W3 OCHOBHBIX MPUYMH BO3HUKHOBEHHS
«TOPOJICKOr0 OCTpOBa Teria». HecMoTpst Ha OOJBIIYIO MJIOIIA/b ITOTJIOMIAIONINX TOBEPXHOCTEH, 1 3HAUUTEIbHYIO
MIPOJIOSDKUTENFHOCTD COJTHEYHOTO CHSIHUS JIETOM (BKJIFOYasl M INEPUOA TOJIIPHOTO JHS), THEBHBIC TEMIEPaTyphl
BO3/lyXa B T. ANATUTBl M €ro OKPECTHOCTSAX M3-3a CWJIBHOTO TypOYJEHTHOTO MEepEeMEIIMBAHUS OTIMYAIOTCS
HesHauutenbHo (~0.5°C). HambGosbimme pasmmuuns (qo 6—8°C) BO3HHMKAIOT B HOYHBIE Yachl WJIM B TEPHOJ C
OTpHULATENBHBIM paJHallMOHHBIM OalaHCOM, CYLIECTBYIOIINH NP HU3KOM BeicoTe COJTHIA HaJl TOPU30HTOM. AHAIIH3
METEOPOJOTHYESCKIX U3MEPEHHUIT II0Ka3all, YTO Pa3HOCTh HOYHBIX TEMIIEPATYP B TOPOJIe ¥ B BEpXHEH 4acTH (POHOBOTO
XOJIMa HE 3aBHCHUT OT KOJHWYECTBA HAKOIUICHHOH B HCKYCCTBEHHBIX KOHCTPYKLMAX (CTCHBI 3aHHM, JOPOTH H T.II.) B
NPENIIEeCTBYIONIMI THEBHOW MEPHON COJHEYHOH paauanuu. [1aBHEIM (akTopOM BOSHUKHOBEHHS MOJOKHTEIHHON
AQHOMAJTMH B T. ATIATUTHI SIBJISCTCS €ro MOJIOKEHHE B BEpXHEH YacTH X0JIMa.

KoHueHTpauuu Npu3eMHOr0 030HA B I'. AIIATUTHI B AaHOMAJIBHO kapkue nepuoiabi 2018 r.
B.U. lemun, B.A. Huiiaes (@IBHY “Honapuwiii ceopusuueckuti uncmumym”, 2. Anamumot, Poccus)

B ntone n Hawane aBrycta 2018 r. KOHIEHTPAIMK 030HA B T. ATIATUTHI B IPU3EMHOM CJIOE OKa3aJMCh 3HAUUTEIbHO
BBIIIIE CBOMX XaPAKTEPHBIX MHOTOJIETHUX 3HaueHUH (10 114 MKI/M® IpH cpeHUX MaKCHMMAJIBHBIX OKOJIO 60 MKI/MS).
Onu304b6I C TOBBICHHBIMU Ul PETHOHA KOHLEHTPALMSAMHU INPHIIINCH HA IIEPHOJ], aHOMAIIBHO JKapKoW M CyXOi
TIOTO/IbI ¥ MOTJIN OBITh BBI3BAHBI COUETAHUEM YCIIOBHH, CITIOCOOCTBYIONINX (POTOXMMHUYECKOI r'eHepaIiy 030Ha: sICHas
CONTHEYHasl TOTo/a, MaKCHMajbHbIE TeMIepaTypbl Bo3ayxa mpeBbimanu +30°C, B BO3IyxXe NPUCYTCTBOBAJIN
MIPOAYKTHI TOPEHHS OT JECHBIX U TYHAPOBBIX MOXKAPOB.

Oco0eHHoCTH pacnpee/iecHHs TeMnepatypbl Bo3ayxa Hax Koabckum 3aimnBoM B 1. MypMaHcke
M.O. Kysnenosa®, b.B. Koszenos?, B.1. [Jemun?

YMypmancruii 2ocyoapcmeennviii mexnuueckuti ynueepcumem, 2. Mypmanck
2PI'BHY “Honapuwiii 2eogpusuyeckuti uncmumym”, 2. Anamumot, Poccus

B nepuon ¢ centsaops 2017 mo saBaps 2018 IT. mpoBOAMIHCE U3MEPEHHS TEMIIEpaTyphl BO3ayXa B I. MypMaHCKe
BJIOTH MocTa Hax Konbckum 3amuBoM. [ m3MepeHns HCIOb30BAJICS YCTAaHOBIICHHBIH Ha aBTOMOOMIIB IPHOOP, B
cocTaB KOTOpOTo BXoauT Iudposoit tepmogatauk DS18S20 u GPS-npuemunk. Temmepartypa Bo3xyxa M KOOPIUHATHI
OJTHOBPEMEHHO 3aIHCHIBAIIICH B MIAMATh MPHOOpa ¢ BPeMEHHBIM pa3penieHneM 7-8 cexyHa. HecMoTps Ha pa3sHOCTb
TEMIIEpaTyphl BOJBI U BO31yXa, AOCTUTAroNEeH B 310 BpeMs roga 10-15°C, orerstomuii 3¢ QexT 3aniBa oKazaics
cabbIM |, TI0 TIPEeBAPUTENILHBIM OlleHKaM, He npeBbimaromum 0.5-0.7°C.

Pe3yabTaThl YHCIEHHOTO0 MOAETUPOBAHNUSA 3aPOKAEHUS] KPYITHOMACIITAOHBIX BUXpell B 3eMHOI
Tponocdepe B 00;1aCTH BHYTPUTPONUYECKOH 30HBI KOHBEPreHINH

W.B. Munranes, K.I'. Op:os, B.C. Munranes

;

@I'BHY “onsapuviil eeopusuveckuil uncmumym”, e. Anamumut, Poccus

Panee B [lonsipHOM reodusnyeckoM MHCTUTYTE OblIa pa3paboTaHa perMoHajbHAs TPEXMEpHas HECTAllMOHApHAas
MaTeMaTHYecKasi MOJeNb TOPU30HTAIBHOTO M BEPTHKAJIHHOTO BeTpa B HIDKHEH atmocdepe 3emin. DTa MOIENb
OCHOBaHA Ha YHCJICHHOM PEIICHUH YPaBHCHHWH HEPa3pBIBHOCTH W ABIDKCHUS JJIS TOPU3OHTAIBHBIX U BEPTUKAIBHOM
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KOMITOHEHT CKOPOCTH BSI3KOTO C)KHMaeMOro rasa, a TakKe YpaBHEHUsI TeIJIOBOro OajlaHca, B KOTOPOM YUUTHIBAIOTCS
MPOLIECCHI HAarpeBa-oXJIAXKICHUS BO3yXa KaK 3a CUET MOTJIOLICHHUS-UCITyCKaHUs MH()PAKPACHOTO H3IyYeHHS, TaK U
3a cyeT (a3oBBIX IEPEXO0JI0B BOJSHOTO Mapa B MUKPOKAIUIM BOJBI M YaCTHUIIBI JIbAa. B 3ToW Moneny BepTHKaIbHAS
CKOPOCTB Ta3a HaXOJUTCS HE U3 YCIOBHS THAPOCTaTHYECKOTO PABHOBECHS, KaK B OOJIBITMHCTBE OJAO00HBIX MOIENEH,
a IMyTeM YHCJICHHOTO PEUICHUS IOJIHOTO yPABHEHMS IBIDKCHUS I BEPTUKATHHOW KOMIIOHEHTBI CKOPOCTH 0€3
MpeHEOPEKCHNS KAKUMU-TTHOO0 WICHAMH, T.€. MOJIEINb SBIISETCSA HETHIPOCTATHIECKON. DTa MaTeMaTHIecKas MOAEb
MO3BOJISIET PACCUUTHIBATH 3aBUCSIIHE OT BPEMEHH IPOCTPAHCTBEHHBIE DPACHpENENICHHs IUIOTHOCTEH BO3myxa,
BOJISTHOTO T1apa, MUKPOKAIENb BOABI M YaCTHIl JIb/A, 30HAIBHON, MEPUINOHATIBHON M BEPTHKAIBHOW KOMIIOHEHT
CKOPOCTH CMECH BO3/yXa M BOASHOTO Mapa, a TAKXKE TEMIIEPaTyphl aTMOC(EPHOTO ra3a Ha OTPE3Kax BPEMEHNU HOPSAIKa
CYTOK M 0oJiee B IIPOCTPAHCTBEHHO OI'PaHWYEHHOM TPEXMEPHOH 00IacTH MOJECIUPOBAHMSA, KOTOPAs MPEACTABIACT
co0Oi yacTh MIAPOBOTrO CJIOS HAJ OIPAaHWYEHHBIM YYaCTKOM 3€MHOH MOBEPXHOCTH M KOTOpas IO BBICOTE
npoctupaercs ot 0 10 15 k.

Panee kpaTko onmcaHHas BbIIIE MaTeMaTHuecKas MOEIb BETPOBOW CHCTEMBI 3¢MHOW arMoc(epbl NPUMEHSIACH
JUISL YUCIICHHOTO MCCIICOBAHMUS TIPOLECCOB 3apOXKACHUS KPYITHOMACIITAOHBIX TOPU3OHTANIBHBIX BUXpEil B 36MHOM
Tpornocdepe B 007acTH BHYTpUTpoIrueckoi 30HbI KouBepreniuu (B3K). Onqnako, pe3ynbTaThl 3THX UCCIICAOBAHHMA
OBUTM M3JIOKEHBI B CEPHM PabOT, KOTOpbIE ObLIM ONMyOJIMKOBAaHBl B PAa3pO3HEHHBIX HAYYHBIX H3AaHUsX. Llenbio
HacTosIIeH paboTh! ABIsIETCSt 0030p 1 0000IIEeHNE BCeX YIOMSHYTHIX BBIIIEC PaHEe OITyOJIMKOBAaHHBIX PE3YIbTaTOB, a
TaKKe WX MHTEPIPETAlHs MIPU ITOMOIIH €JUHOTO (PU3NIECKOro MeXaHW3Ma, B KOTOPOM BO3HHKHOBEHHE BBIITYKJIBIX
yaactkoB mmmHOW 800-1000 kM B ouepranmsax B3K wrpaer rimaBHy0 poib B 3apOoKICHHH KPYITHOMACIITaOHBIX
BUXPEBBIX TEUCHUH (IIMKIIOHOB M aHTHIUKIOHOB) B okpecTHOCTAX B3K B HIDKHEH aTMocdepe 3emin.

Pabora BRITIONTHEHA ITPH YacTUYHOM Noaepskke rpaata PODU Ne 17-01-00100.

ITaJlOHHBbIE PACYETHI IOJISA COJTHEYHOI'0 U3J1yYeHHs B HHoKHeH U cpeHell atmocdepe 3emiuan
K.I'. Opnos, E.A. ®enortosa, 1.B. Munranes

OI'FHY “Honspuvui ceousuveckuu uncmumym”, 2. Anamumot, Poccus
e—mails: mingalev_i@pgia.ru; orlov@pgia.ru; godograf87@mail.ru

B nanHoIt paboTe mpeacTaBieHb! pe3ylbTaThl ITAJIOHHBIX PACYETOB ITOTOKOB COJTHEYHOTO M3IyUeHHUs B aTMochepe
3eMiIn Ha CpeHUX MHMpoTax B AuanasoHe 2000-50000 cm™, BbINoIHEHHBIX ¢ paspemienueM 1o yactote 0.001 cm™
NP HATUYMK OOJAYHBIX CJIOEB HIDKHETO, CPEHEr0 M BEPXHEro SPYyCOB, OONAMaroIIuX OONBIION ONTHUECKOU
tonuHol. llenbio aaHHOM pPaboTHl OBLIO HCCIeOBaHME TIPaHHI] W3MEHEHHsS CKOPOCTH HarpeBa aTrMocqepbl
COJIHEUHBIM HM3JIyYeHHEM, IIPH HaJIWYMU yKa3aHHBIX OOJayHbIX CJIOEB, a TAaKXKe BIMSHHUS 3THX CJIOCB Ha IIOJIE
COOCTBEHHOTO M3JIy4eHHUs aTMocdepsl. B pacueTax MCmoiap30Balliick paBHOMEpHAs CETKa IO BBICOTE ¢ ImaroM 200
METpPOB W PaBHOMEPHAs CETKa IO 3CHUTHBIM YTJaM ¢ IaroM MeHee 9 rpamycoB. KoagpumueHTs MOJIEKYISIPHOTO
TIOTJIONEHHS PACCYUTHIBAIIICEH C MCIIONB30BAHUEM CIIEKTpOCKommIeckoit 6a3el qanHeix HITRAN 2012.
Pabora BrImosiHeHa pu puHAHCOBOI noaepxkke PODU, npoext 17-01-00100
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The effect of space weather in the polar cusp on human body at the Spitsbergen archipelago
N.K. Belisheva (Research Centre for Human Adaptation in the Arctic KSC RAS, Apatity, Russia)

The unique data characterizing morbidity of the population in the Russian settlements of the Barentsburg (1980-2008)
and of the Pyramid (1980-1998), were selected for the study effect of the space weather in the polar cusp on the human
body at the Spitsbergen archipelago. To characterize the space weather, the extend geophysical and solar data were used
in the work. Geophysical feature of the arch. Spitshergen is its location in the cusp region - a kind of funnel on the dayside
of the magnetosphere with near zero magnetic field magnitude. The open field lines of the cusp are connected with those
of the interplanetary magnetic field (IMF), which allows the shocked solar wind (SW) plasma of the magnetosheath to
enter the magnetosphere and to penetrate to the ionosphere. The effects of the intreactions of the SW with the Earth’s
magnetosphere as weel as a multiple phenomena originating as consequences of such interactions in the cusp areas, are
referred to the space weather. The feature of the cusp is the existence of the geomagnetic pulsations not only in the period
of geomagnetic disturbances, but also during the quiet period. One was shown that narrow band waves at frequencies
~0.2 to 3 Hz [Le et al., https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20010028950.pdf] are a permanent feature
in the vicinity of the polar cusp. It is an established fact that the daytime polar cusp latitudes are typically characterized
by very long period (T ~ 4-60 min) geomagnetic pulsations observed both in daytime and nighttime hours [Kleimenova
et al., 1996; Kozyreva, 2013]. Diverse radiation (from ULF to VHF) and waves in the field of polar cusp, covering
the entire range of the body rhythms, give credit for studying the effects of space weather in the polar cusp. Assessment
of the relationship between the dynamics of the monthly and the annual values of the morbidity in Russian settlements
and average monthly magnitudes indicators of space weather revealed that, practically, the all forms of morbidity are
associated with solar activity (SA): with F10.7 index, with variations of SW, with IMF parameters, with indices of the
local geomagnetic activity (GNA) in the polar cusp. It was found that mental disorders (MD) are associated with the
variability of the SW and the radio emission of the Sun, as well as the incidences of the injuries and the poisoning. A
high degree association of the diseases of arteries, arterioles and veins (DAAV) with parameters of the SW and with
induces of the GMA in the polar cusp, was shown. A high sensitivity of the female organism to variations of space
weather in the polar cusp was revealed. The differences in the links between the morbidity and indices of geocosmic
agents were revealed for the polar day and for the polar night. Significant correlation between MD and the DAAV,
between MD, DAAYV and solar activity in polar day and their absence during the polar night indicated common causes
of the morbidity associated with geophysical agents in the polar day. It was found that diverse diseases are associated
with a difference combination of the separated characteristics of the SV, INF, GMA, and SA, the significance of which
for the morbidity varies with the season. One shown the certain diseases are associated only with the polar day or only
with the polar night. In general, the polar day is characterized by a larger number of influencing physical agents on
the human body, than the polar night. Therefore, it is highly desirable to conduct daily monitoring of the state of the
body during the polar day and the polar night in order to identify the degree of sensitivity of the body state to variations
of geocosmic agents depending on the season of the year. It is especially important to study the dependence of the
functional activity of the brain on the long-period oscillations that could be affect on the sensory sensitivity [Filippov,
2011], the vigilance mechanisms, the state of the changed consciousness [Aladzhalova, 1979]. The task of studying
the labour activity in the difficult arctic conditions should include the search of criteria for identification of the person
mental state, the capacity to the responsible work, as well as predicting a shift in the functional state of the brain. The
solution of such a problem should take into account the possibility of modulation of the mental and of the physiological
state of people of the dangerous professions by the high latitude geocosmic agents, the effects of which might also
express in the seasonal manifestation of morbidity.

Biorhythms in northern arboreal plants at solar cycle descend phase
P.A. Kashulin, N.V. Kalacheva, E.Y. Zhurina, M.V. Smirnova, V.K. Zhirov
Polar-Alpine Botanical Garden-Institute, Apatity, Russia

The comparative monitoring of northern trees photosynthetic performance was conducted in terms of foliage red
chlorophyll fluorescence measurements in situ for a number of indicator wild and cultural plant species vegetated at
Kola North. The daily data for outdoor plants are presented for 5 vegetative seasons since summer of 2014 yr, and the
year-round monitoring data also for the indoor plants, respectively. The climate factor values measured locally near
the plant blades were as follows: PAR, UV, atmosphere pressure, temperature and humidity. The fluorescent
parameters obtained with PAM-2100, «WALZ, Effetrich» apparatus were as follows: Fo and Fm — minimal dark and
maximal light induced chlorophyll emissions, respectively; relation (Fm — Fo)/Fm which was treated as photo-system
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Il maximal photochemical quantum yield. The chlorophyll fluorescence measurements for the species: Salix caprea
L., Populus tremula L., Betula pendula Roth, Lonicera edulis Turcz. Ex Freyn., Lonicera tatarica L., Syringa josikaea
Jacq. fil were carried out daily from onset of June to October for every year. Under indoor lab conditions the cultural
forms of Ficus benjamina “Danielli” and vine Pereskia aculeate were used.

The either chaotic or cyclic temporal patterns of fluorescent data protocols were revealed in various years and
months. Character of the dynamical features was species and bade crone position dependent also. As a whole the
chaotic patterns were prevailed in 2014-2015 yrs and lasting robust cycles in 2017-2018 yrs, respectively.

The most robust cycles registered were as follows: circaseptan and circasemiceptan, the cycles about 14-day, as well
as a number of more prolonged periods were found also. The robust 27-day recurrent cycles or near so ones were
registered in indoor plants since summer of 2017 yr up now. The advanced plant reactions with two temporal gap
classes: shot-term (2-3 days) and long-term (6-8 days) ones on the eve of the large-scale Solar mass injections were
registered.

The plausible casual-effect links of the plant photosynthesis performance with climatic, geophysical indices and
plausible cosmic provenance of the cycles found are considered.

Solar signals in Arctic tree-ring indexes
O.1. Shumilov'?, E.A. Kasatkina? and M. Timonen®

'Polar Geophysical Institute, Apatity, Russia
2Institute of North Industrial Ecology Problems, Kola Science Centre RAS, Apatity, Russia
3Natural Resources Institute Finland (LUKE), Rovaniemi, Finland

To analyze the possible Sun-climate connection the regional tree-ring chronology covering the period from 1445 to
2005 was analyzed. Tree-ring data of pine Pinus sylvestris L. were sampled near the northern tree-line at Loparskaya
station (68.6 N, 33.3 E) and Finnish Lapland. The oldest living tree had age more than 560 years. In the data processing
we used modern methods of tree-ring analysis (cross-dating and standardization) with the help of COFECHA and
ARSTAN programs. The analysis revealed significant cooling events, coinciding with the main minima of solar
activity: Spoerer (1400-1540), Maunder (1645-1715), Dalton (1790-1830), and Gleissberg (1880-1910) Grand Solar
Minima. The application of wavelet decomposition analysis identified the existence of the main cycles of solar activity
(5.4, 11.7, 22, and 80-100 years) in tree-ring width variations. The main solar factors influencing on atmosphere and
climate are solar radiation and galactic cosmic rays (GCR). Note, that GCR act the cloud cover of the atmosphere. As
solar and cosmic ray activity indicators we used the geomagnetic aa index, annual sunspot number and Be™10
cosmogenic isotope records. In the processing we used the cross wavelet transform and wavelet coherence analysis.
These results confirm the existence of solar activity effect on climate and tree growth above the Arctic Circle.

Menuko-ouonornyeckue 3p¢geKThbl BO3AeiiCTBUSI F€OKOCMUYECKUX AT€HTOB HA OPraHu3M YeJIOBeKa
B yciaoBusx apx. lllnundepren

H.K. benumeBa, A.A. MaptsinoBa, C.B. IIpsanaankos, H.JI. ConoBseBckas, T.C. 3aBaackas,
B.B. Meropckuii

HUI] MBII KHI] PAH, 2. Anamumui, Poccus

Lenpto ccnenoBaHuii IBUIOCH H3YUSHNE MEIUKO-0HOIOrnueckux 3(h(heKTOB BO3ICHCTBHS FT€OKOCMIYECKHX areHTOB
('KA) B oOnacti moispHOTO Kacma C 1enblo 3()(EKTUBHBIX INPOTHO30B IICHXOIMOIMOHAIBEHOTO COCTOSHUS
MOJIIPHUKOB JIUIsL CHYOKEHHSI PUCKOB, O0YCIIOBJICHHBIX «UEJIOBEUECKUM (DAaKTOPOM», B yCIOBUAX apX. Llnmuubepren.
HNccnenoBanne nposoamiock ¢ 30 urong mo 19 asrycra 2017 r. ¢ yuacTueM BOJOHTEPOB, KUTeleH 1. bapeHnOypr.
Bcero obcnenoBaHo 43 uenoBeka, ¢ IPUMEHEHHEM METOJIOB OLIGHKH COCTOSIHHUSI CEPACYHO-COCYIUCTOW CHCTEMbI
(mpubopHo-anmaparypHsiii kommieke «OMEI'A-M»y); QyHKIIHOHAIEHOTO COCTOSIHUS MO3ra (3JIeKTposHIedanorpad
«Ounedanan-131-03»; nCHUX0()HU3MOIOTHIESCKOTO TECTHPOBaHUSA ¢ IpuMeHeHneM kKomiuiekca PEAKOP Ha 0ase
anekTpo3Hedanorpada ¢ omonorudeckoir oopatHoii cBa3bio (BOC); oneHKH NMCHXO0(PU3NOIOTHIECKOE COCTOSHHE
opranusMa Ha ocHoBe ornpocHukoB CAH (camodyBcTBHE, aKTHBHOCTH, HacTpoeHue), Crnunbeprepa-Xauuna; ['PB-
OLICHKH COCTOSIHMSI OpraHM3Ma IPOBOJMIACH C HCIOJIb30BAaHUEM HMMITYJILCHOTO aHanu3aropa «['PB-kommakTy;
OLICHKM BPEMEHM CBEPTHIBAEMOCTH KpPOBH. ['eoKkocMHYeckne JaHHble OBUIM TIOJIydeHBl Ha  caiiTe
http://nssdc.gsfc.nasa.gov/omniweb/, nanubie o BapuanusiM HHTEHCUBHOCTH HEUTPOHHON KOMITIOHEHTHI BTOPUYHBIX

66



Heliobiosphere

kocMuueckux Jydeit (KJI) y noBepxnoctr 3emiun B 1. bapeHuOypr Obun mojydeHsl B 1aOOpaTOpUH KOCMHUYECKHX
nyueit B [lomsipHoMm reodusnyeckom mucruryre PAH (ct. bapenuOypr). Cratuctiyeckas o0paboTka pe3ysnbTaToB
npoBoawiack ¢ npuMmeneHuem mnakera nporpamm STATISTICA 10. [IpoBeneHHBIe HCCIENOBaHUS MOKA3ald, YTO
(YHKIIMOHAIEHOE COCTOSIHUE OpraHU3Ma YeIoBeKa B 00JaCTH MOJSIPHOTO Kacla MOIYJIMPYETCs pa3HbIMU IPYIIaMH
I'KA, accounupoBaHHBEIMH C CONHEYHOW akTHBHOCTBIO (CA), ¢ MEXIUIaHEeTHBIM MarHUTHBIM moeM (MMII), c
comHeuHsiM BeTpoMm (CB). Ilokazano, dWro  mcumxosamormioHanmsHOe cocrosHue, ([I9C) xapakrtepmsyemoe
camouysctBueM (CAM), aktuBHOCTEIO (AKT), Hactpoernem (HACT), TMIHOCTHOH TPEBOKHOCTHIO, IITUTEIEHOCTHIO
nHAnBHAAyanbHOW MuUHYTH (JJVIM), xoxxHO-TamsBanmyeckort peakuueii (KI'P), Hapsay c moka3zaTeneM HACHIIICHUS
TeMOTJIO0MHA apTepHabHON KpoBH KuciopoaoM (0O2), MOTYIHPYIOTCS TPpyMIIoi (hakTopoB, acCOMUIPOBAHHBIX ¢ CA
(R — umcma Bombda), reosddexrusasivu mapamerpamu CB ¥ Ha3eMHBIMH areHTaMH, OTPAKCHHBIMH B HHICKCAX
I'MA. Oo6HapyxeHo, uto npu Bozpactanun [ MA cHmxarotcst 3Hauenus: nokasateneid [10C, CAM, AKT, HACT,
J1M, O, u Bo3pactaeT nokaszatenb cutyaTuBHoll TpeBoxHOCTH (CT). To ectsh, ymMepenHoe Bo3pacTanue I'MA Ha
crage 24 mukna CA, NPUBOAUT K YXYAIICHUIO MCUXOAIMOIIMOHAIBHOTO COCTOSTHUS skuteneit apx. Llnunbepren.
Brisienena Bropas rpynmna ['KA, xotopas okazanach acCOIMUPOBAHHOI C BapuaOEIbHOCTBIO CEPISYHOr0 pUTMa
(BCP). Ilpu nonoXuTenbHbIX 3HAUYCHUAX BZ-KOMIOHEHTH!, IIPU BO3pacTaHUM IOTOKOB MPOTOHOB € 3HEpruaMu >30
MbB, nokaszarenu BCP ymyummaiorcsi, ¥, COOTBETCTBEHHO, YXYALIAeTCsA MPU CMEHE CEBEPHOro HampaBiieHus Bz-
KOMITOHEHTHI Ha fokHoe. [Ipeamomnaraercst, 4T0 pU3NIECKUMH areHTaMH, MOAYJIUPYIOIMMHI B YCIOBHAX IOJISIPHOTO
Kacma cocTosiHue cepaedHo-cocyaucToii cucreMsl (CCC), Moram Obl OBITH IyJbCAIINH, XapaKTEpHbIE U1 00JacTi
MOJIIPHOTO Kacma ¥ 3aperuCTPUPOBAHHBIC B CXOIHBIX Ie0(pU3NUECKUX YCIoBHAX Npu HU3Koi [MA [Kypaorckosckas,
Knaiin, Jlagpos, 2016]. IIpoBeieHHbIC WCCIEAOBAHUS TO3BOJMIM OOHAPYXKUTH JBE OOJBIINE TPYIIIIBI
F€OKOCMUYECKUX areHTOB, accolmupoBaHHbIX ¢ CA, ¢ mapamerpamu MMII u CB, KoTOpble MOAYIUPYIOT OTACIBHBIE
(GyHKIMOHANBHBIE CUCTEeMBbI opranu3ma. [lepBas rpynmna Bkiodaet nokasareian CA, reodddeKTuBHbIC apaMeTpsl
MMII u CB, a Takxe u uHaekcsl  MA. ®usndeckue areHThl 3TOW TPYMIBI MOAYJIUPYIOT NMCHXO3MOIMOHAIBHOE
COCTOSIHHE U, BEPOSITHEE BCETO, BIMSAIOT Ha EHTPAILHYIO HEPBHYIO CUCTEMY U (D)YHKIIMH I'OJIOBHOTO Mo3ra. Bropas
rpynna ¢pu3MYeckux areHToB He cBsizaHa ¢ ['MA, u npexacraBnena mapamerpamu MMII, acconunpoBaHHBIME C
MyJbCALMSAMHU B JUaNa3oHe KpaliHe HU3KUX 4acTOT B 00JacTH HOJIpPHOrO Kacma, ¢ mapamerpamu CB, a Taxke ¢
MOTOKAMH TPOTOHOB ¢ 3HeprusiMu >10 MoaB [Femuwesa u op., 2018]. Drta rpynma areHTOB acCONMHUPOBAaHA C
MOJYJSIIIEeH COMaTHYeCKUX (QYHKIMH OpraHu3Ma, PETYIHPYEMBIX, TJIaBHBIM 00pa3oM, aBTOHOMHOH HEpBHOM
cucremoif. Ilonmyuennsie pesynbraThl mokasany, 4to y 100% wuCHBITYeMBIX ICHXO(H3MOIOTHYECKOE COCTOSIHUE,
3aBUCHT OT T€OKOCMUYECKHX areHToB. IHTEHCMBHOE OCBOCHME APKTHKH AMKTYET HEO0O0XOOMMOCTh 3()(HEKTHBHBIX
MIPOTHO30B IICHXO3MOIMOHAIBEHOTO COCTOSHHUS MOISIPHUKOB IJIsl CHUKEHHSI PUCKOB, 00YCIIOBIEHHBIX «UEJI0OBEYECKUM
¢dakropom». JlaHHOE WCClIEeOBaHWE MOXET BHECTH BKJIaJ B pa3pabOTKy JOJTOBPEMEHHBIX IPOTHO30B
TICUXO3MOIMOHAIBHOTO M TMCUXO(QHU3HOJOIMYECKOTO COCTOSIHUSI OPTaHM3Ma YEJIOBEKAa B YCIOBHAX apKTHYECKHX
HIUPOT.

3HavyeHHe reo(PU3NYECKUX ATEHTOB M JHI0TeHHOI MUKPO(JIOPHI B 3200/1¢BAMOCTH MYKYHH
00s1e3HAMH M04en0J10BoM crucTeMbl HA Koibckom Cesepe

T.C. 3aBaxckas, H.K. benuiesa (HUL] MBIT KHI] PAH, 2. Anamumul, Poccust)

Ienb wiccaem0BaHMS COCTOSUIAa B BBISIBICHHH CBSI3U MEXAY JHHAMHUKOHW 3a00J1€BaeMOCTH MOUYEKaMEHHOUW OO0JIE3HBIO
(MKB), 6one3nsimu nipencrarenbHoi sxenessl (BIDK), yactoToil BcTpedaeMocTH onpeieieHHBIX THIIOB MUKPOQIIOPEI,
BBISIBIIIEMBIX B MOY€ Y MY)KUHH, ¥ BApUAIMSIMA reo(pr3ndecKux areHToB. MatepuaioM [T NCCIeIOBaHNS CIIYKIITH:
1) maHHBIE aHAIN30B MOYM Yy MYKYHH, NMPOXKHMBAIONINX B AmaruTcko-KupoBckom paifoHe MypmaHcKo# oGmacTu
(MO), no exeroaHol YacToTe BCTpedaeMocT MUKpodiops! (1617 aHanm3oB Moun oT 1398 My>xunH crapire 18 ner),
3a mepuox ¢ 2008 mo 2016 r.r.; 2) cTaTHCTHYECKUE JaHHBIC MO €KET0THOM 3200JIeBACMOCTH HACSIICHUS Ha OTACIHHBIX
tepputopusix MO 3a nepuog ¢ 2006 o 2016 r.r.; 3) cpenHeronosble 3HaueHUsS 44-X reopU3MUECKUX MHIEKCOB 32
nepuox ¢ 2006 mo 2016 r.r. [laHHBIE CTaTHCTHYECKH OOpalaThIBAJIMCh C NPUMEHEHHEM MaKeTa Iporpamm
STATISTICA 10, yposeHb 3HaummMoctu coorBercTBOBa)I P <0.05. B pesynbrare NmpoBeNeHHBIX HCCIIETOBAHUH
MIOKa3aHa COTPSKEHHOCTh MEXy TMHAMHUKON KaueCTBEHHOTO M KOJIMYECTBEHHOI'O COCTaBa MUKPO]IIOPEI B MOYE Y
MyX4nH B Anatutcko-Kuposckom patione MO, o6meii 3a6oneBaemoctsio MKbB 1 BITK Ha OTIenbHBIX TEpPUTOPUIX
MO wu BapmamusMu Teo(pHM3MUYECKHX areHToB. lIpeamonaraercs, YTO CHHXPOHHOCTh B PacIpOCTPaHEHHOCTH
3aboneBannii MKB n BIDXK y myxunna Ha Konbckom CeBepe, a TakkKe B 4aCTOTE BCTPEIAEMOCTH OTPEACTICHHBIX
9HIOTEHHBIX MHKPOOPTAaHM3MOB SIBIISETCSA CIICACTBHEM HHTErPAIbHOTO BO3ACHCTBHUS reO(pHU3NIECKUX arcHTOB Ha
MHKpO(}IOpY, Ha OPraHn3M, U HA PE3yIbTaT B3aUMOACHCTBISI MUKPO(IOPEI C OPraHU3MOM.

B coBOKyITHOCTH, NOJIyY€HHBIE PE3YJIBTATHl B JAHHOM HMCCIIEOBAHUH M JINTEPATyPHBIE JAHHBIE CBUAETENLCTBYIOT
TOM, YTO Teo(U3NYecKHe areHThl MOTYT OJHOBPEMEHHO MEHSTH CBOWCTBA MHKPO(MIOpHI, UMMYHOPEAKTUBHOCTH
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OpraHu3Ma, U Kak CIEJCTBUE, Pe3yJbTaT B3aUMOJCHCTBHS MHUKPO(MIOpHI C opranu3MoM. MHTerpainbHbiid 3 et
BO3JICHCTBHSI Teo(U3MIECKUX areHTOB Ha MHUKPOQIJIOPY M OpraHW3M YelOBEeKa MpOSIBISIETCS B CHHXPOHHOCTH
3aboneBaeMoctt MKB u BIDK ¢ wacroroif BcTpedaeMOCTH OINpEIENCHHBIX INpeicTaBUTENeii MHUKpPO(QIOpHl B
opranusMme MyxuuH Ha Konsckom CeBepe. BoIsiBiIeHO, 4TO KaueCTBEHHBIH cOCTaB MUKPOOPTaHU3MOB, Hall/ICHHBIX B
o0pa3max MoYr y My»X4YHH B ATTaTHTCKO-KHpOBCKOM paiioHe, COOTBETCTBYET CIEKTPY MUKPOOPTaHI3MOB, HanOoIee
YacTO BBIABJISEMBIX TIPH 3a00J€BaHMSIX MOUENOI0BOM chcteMsl: Acinetobacter baumannii; Candida sp.; E. Coli;
Enterococcus faecalis; Enterococcus faecium; Klebsiella pneumonie; Proteus mirabilis; Pseudomonas aeruginosa;
Staphylococcus aureus; Staphylococcus epidermidis; Staphylococcus haemolyticus; Streptococcus pneumoniae;
Streptococcus pyogenes, Streptococcus spp.. JinHaMuka Ka4eCTBEHHOTO M KOJMYECTBEHHOTO COCTaBa MUKPO(IOPEI,
BBISIBIICHHBI B MOYe y MYX4YWH B AmatuTcko-KupoBckoMm paiioHe, compsikeHa C pacHpOCTPaHEHHOCTHIO OOrIen
3aboneBaemoctit MKB u BITXK Ha otnensnbix Tepputopusx MO. Obmas 3a6oneBaemocts MKB 1 BITXK 3a nepuon
2006-2016 r.r. mouTtH Ha Bcex Tepputopusix MO conpspkeHa ¢ BapHalusMu reopU3NUECKUX areHTOB, 32 HEKOTOPBIM
uckimodeHueM. B nienom, nmpu Bo3pacranuu 'MA 3aboneBaemocts MKB u BITXK na Konbckom CeBepe Bo3pacTaert.
WckmoueHnss CBUICTENBCTBYET O Oojee Ba)KHOM 3HAYCHUHM JIOKAIBHBIX TEPPUTOPUABHBIX BKIAZOB B
3a00JIeBaEMOCTh MOYETIOJIOBOW CUCTEMBI Y MYXXUYHUH, YeM Te0()U3NUECKUX areHTOB. MUKPOOPraHU3Mbl, CIIOCOOHBIE
BBI3BIBATH XPOHHUYECKHE 3a00seBaHus opraHoB mouernonoBoit cucrembl MKbB u BIDK umeror 3naunmsere (P<0.05)
CBA3M C TEOPH3UUECKUMH arcHTaMu. Pe3ynbpTaTel MPOBEACHHOTO WCCICAOBAaHHMS W JUTEpPAaTypHBIC IaHHBIC
CBUJICTEIILCTBYIOT, YTO Te0()N3NICCKHE aTeHTHI MOTYT BIHSTH Ha CBOHCTBAa MUKPO(IOPHI, HA HMMYHHOPEAKTHBHOCTh
OpraHu3Ma, U KaK CIICICTBUE, HA pe3yIbTaT B3aUMOCHCTBUS MUKPO(IOPHI C OPTaHU3MOM.

KocMuveckue JJyun Kak (aKToOp BOJIONHH OHOKOCHOT0 BellecTBAa
M.B. Paryssckas', H.K. Benumepa?

1U3MHUPAH, 2. Mockea, Poccus
2HI/IL[ MBIl KHI] PAH, 2. Anamumui, Poccus

Kocmunueckue sryun (KJI) npencraBistor co0oi MOTOK 3JIEMEHTAPHBIX YaCTHIl BHICOKOW 3HEPIUH, MPUXOSIINX Ha
3eMiTio pUOIM3UTENTHLHO H30TPOITHO CO BCEX HAIIPABIEHHH KOCMUYECKOTO MPOCTPAHCTBA, a TAK)Ke POXKACHHOE MU
B arMocdepe 3eMiIi BTOPUYHOE M3JIydeHHE, B KOTOPOM BCTPEYAIOTCS MPAKTUYECKH BCE W3BECTHBIE DIIEMEHTAPHBIC
vactuitsl [Jopman, 1963]. CroiictBo KJI, kak ¢akropa 3BOIOIMH, ONPEAETIETCS UX (PU3MIECKAMH CBOUCTBaMH. Y
nosepxHocTy 3emnu KJI mpencraBistior co0oif HHM3KO- M IUIOTHO MOHM3MPYIOUIHNE MCTOYHMKHM n3nyderus (M)
HU3KOM MHTeHCHBHOCTH. JltoObie Buabl MU, noHusMpyloliee NeCTBHE KOTOPHIX OOYCIIOBIIEHO SApaMu OTIauH,
OCKOJIKAMH JIEJICHUS H JIp., UHAYIMPYIOT paualiiOHHO-XUMHUECKHE H3MEHEHUS B ITOJIMMEpax, Kak M B JIP. BEI[ECTBAX
C KOBAJCHTHBIMH CBS3SIMH. PajnaliiOHHO-XMMHUYECKHE IPEBpAIlEeHHsT B MOJIMMEpax INPHBOAAT K H3MEHEHHUIO
CTPOEHHMSI MOJIMMEPHBIX MOJIEKYJI M X (PU3NYECKUX CBOMCTB, HHUIIMUPYET ETTHbIE PEaKInH, HalIp., HOJINMEpU3alIHIo,
00pa3oBaHe XUMHYECKUX CBSI3CH MEX1y MOJIEKyJIaMH (CIIMBaHKE), Pa3pbIBBI MOJIEKYH (AECTPYKIUs), 0Opa3oBaHuE
WJIM YHUYTOXKEHHE IBOWHBIX CBA3EH Pa3IMIHOTO THIIA, BBIJICJICHNE T'a3000pa3HbIX MPOIYKTOB (BOJIOPOAA U 1Ip.) H T.I1.
CmmBaHue ¥ IeCTpyKIHs — HanOoJiee BayKHbIE PEaKiMy B OJIMMEpax, CHIbHEE BCETO U3MEHSIOINE NX (pU3HIecKue
cBolicTBa. ['eHeTHUECKHME HApYIIEHUs B KJIETKax, BeI3biBaeMble 11, HaOmronaroTcst OOBIYHO yXKE MPH CTOJb MaJIbIX
J103aX, YTO B OTHOLIEHUH ITHX MOBPEXKACHUI NMOpOr ASHCTBUS PaJUalluy MPaKTHUECKU OTCYTCTBYeT. IMeHHO 3Tu
cpoiictBa KJI, xak mpupoanoro ucrounuka WV, ompenensroT MX poib B 3BONIONHUU OHOJIOTHYECKUX CHCTEM H B
M3MEHEHNH KOCHOTO BEIIeCTBa B 3eMHON Kope. BriepBrie Ha 3KCIEpHMEHTaTbHOM MaTeprasie MOKa3aHO 3HaYCHHE
BO3pacTaHUN NIOTOKOB cOoIHEYHBIX KJI, CONpsKEHHBIX ¢ BO3pacTaHUEM HEMTPOHHON KOMIIOHEHThI BTOpUUHBIX KJI y
noBepxHocTH 3emiw, u Bapuarmid ramakrnaecknx KJI (I'KJI) mmg reHeTndeckoro MaTepualia KIETOYHBIX CHCTEM
[Belisheva, Semenov, Tolstyh, Biernat, 2002; Belisheva et al, 2003; 2004; 2005; 2006; 2012]. BeisBieHs
6uosddexrusupie 10361 KJI B mepuomast GLE [Belisheva, Maurchev, Vashenyuk, 2014], moxkasausr 3¢dexTsi
9KpaHUPOBAHMS OMOJIOTHUECKHX OOBEKTOB OT HM3KO WHTEHCHBHOHM »HepreTnueckoil kommoHeHTHl KJI, BbIsBiEeHa
CONPSDKEHHOCTh M3MEHEHHS OKpPAacKM BOJIOTHHOBBIX T'paHyl B OakTepHANbHBIX KYJIBTYpax C BapHalUsIMHU
rajaktrnaeckux KJI [Gromozova E., Ragulskaya at al., 2012]. Biusinue KJI Ha cBOMCTBa BOJMIIOTHHOBBIX IPaHyJI, KaKk
nomgocdara, cBuperenbcTByeT 00 ydactun KJI B TpaHchopmanum KOCHOTO BemlecTBa 3eMHOM Kopbl. He
uckimoueHo, yro ['KJI BHecin onpeneneHHbI BKJIAA B CIIOCOOBI HAKOIUIEHHS YHEPIHH B JPEBHUX 3KOJIOIMYECKHX
cooOmecTBax, KOTOpble MOIU(DUIMPOBAINCE B  PE3yJbTaTe M3MEHEHUS (PU3MKO-XMMHYECKHX CBOMCTB
HEOPraHMYECKOTO W OPTaHUYECKOTO BEIIECTBA. DTO MPHUBEIO K OTOOPY ONTHUMAIBHBIX CTPYKTYP «IHEPTETHUECKUX
JIETIO», CIOCO0O0B KOHIEHTpaIuu (ocdopa, KUCIopoaa U Kelle3a B KUBBIX opraHm3Max. OJHUMH W3 TIEPBHYHBIX
JUTITENBHBIX XPaHWINIL SHEPTHN B OMOJIOTHYECKUX CHCTEMax paHHeH 3eMi ABisAoTcs noaudochaTsl — MOTUMEPHI
opTopocPOpHON KUCIOTHI, OCTATKA KOTOPOW COETUHEHBI aHTUAPHIHBIMH MOJU(OCHATHHIMU CBA3SMHU. DTH IPO-
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OMOJIOTNYECKUE CTPYKTYPHI IO CUX IOp NMPHUCYTCTBYIOT B OAKTEPUAJBHBIX KJIETKAaX B BUJE BOJIOTHHOBBIX TPAaHYIL.
Bo3M0kHO, K IpPO-OMOJIOTMYECKUM CTPYKTYpaM OTHOCHUTCS M T'€M, COJEpXKAIlUi aToM JKeje3a, CBS3bIBAIOIINIA
KUCJIOPOZA, M BXOIMIIMA B MOJIEKYJIy TeMOIVIOOMHA. OTH CTPYKTYpPbl MOIJM OBl CHHTE3UpPOBAThCS e€mE B
MOJIEKYJISIDHBIX T'aJlaKTH4ecKuX obnakax mpu aktuBHOM ydactuw ['KJL. o sddekTuBHOCTH HaKOIJIEHUsS! SHEPTUH
3TOT CMOCOO MPOUTPHIBACT 3BOJIIOIIMOHHO 00JIce MO3JHEMY CHHTE3Y M ACIOHHPOBAHUIO SHEPTHHU B YTIIEBOJOPOAHBIX
CBSI35X, OCYIIECTBISIEMBIX IIPH YIACTHH COJHEYHOH SHEPTUH, YTO HE TPEeOyeTCs AT IIPOIIEcca HAKOIUICHNS SHEPTHU
B nosmudocdarax. [1o3ToMy HMEHHO 3TOT CHOCOO HAKOIUICHHS SHEPIMH MOT 3aKpPETHThCA B TIEPBBIX 3EMHBIX
OpraHM3Max ITyTeM 3BOFOIMOHHOTO 0TOOpa mox Bo3aeiictBueM I'KJI Ha moBepxHOCTH U B aTMocdepe paHHeH 3emi,
6o emé panpiie, Ipu GOPMUPOBAHNH MTPOTOILIAHETHOTO oOaka. Micnonp3oBanne sHeprun KJI mnst popmupoBanms
0OMEHHBIX TPOIIECCOB B IEepBUYHON Onochepe 3eMir MO0 OBl KOMIIEHCHPOBATH MEGUIUT M3ITYUSHIS] MOJIOIOTO
CoJHIa, U CTaTh OJHUAM U3 MyTel pelIeHus «mapagokca cinadoro monomoro Connia» [Ragulskaya, 2017; 2019].

OueHka BJIUSIHUSI TEOKOCMUYECKUX areHTOB HA NCUX0(HU3H010TNYeCKOe COCTOSIHIE YeJI0BeKa
¢ IpMMeHeHneM MeToja razopa3psaanoii Busyaausauuu (I'PB)

H.JI. ConoBresckas®, E.E. InoBckas?, P.P. IOCY60B2, H.K. Benmmesa!

YHUI] MBI KHI] PAH, 2. Anamumul, Poccus
2000 «Buomexnpozpeccy, 2. Cankm-Ilemepbype, Poccus

lazopaspsianas  Busyanusanuss (I'PB)  wam  Guosnmexktporpadust  sBISETCS  UYYBCTBUTEIBHBIM — METOJIOM,
PETHCTPUPYIOLIMM U3MEHEHHSI B TICUXO(PHU3UOIOIUIECKOM COCTOsSIHUU opranusma [ Yuaros u op, 2000; Honywun u
op., 2014; Kopomxos, 2007, Kobayashi, 2003]. [ns oueHKH BIHSHHS TE€OKOCMHYECKHX areHTOB Ha
MICUXO0(HU3HOJIOTHIECKOE COCTOSHHE YeTI0BeKa ¢ mpuMeHeHneM Metona I'PB, exxecyTouHo, Ha rpymnmax 100poBOJIBIEB
¢ 25 uronia o 13 aerycra B 2017 roxy u ¢ 29 utons no 18 asrycra B 2018 r. npoBoaunacs I'PB-perucrpanus c
MpUMEHEHHEM uMITyJibcHOro ananuzatopa «I'PB-kommnakt» EIOYU 941 0204 00 00TY, cepuiinbiil Beityck, OOO
«buotexnporpeccy, ceprudurar coorBerctBusi NPOOC RU.MHO05.H00725, N 0490215. [Ipu wucnonp30BaHUU
Metona I'PB ocHOBO# aHanm3a SBISETCS «CHHUMOK» CBEUEHUS, BO3HUKAIOIIETO BOJIM3M MOBEPXHOCTH MANIBLEB PYK,
Tak HazpiBaemas ' PB-rpamma. ITonyuennsie I'PB-rpammelr oO6pabaTsiBainck ¢ MpuMeHeHHeM IporpaMMel «GDV
Energy Field», kotopas mpeobpasyer I'PB-rpaMMbl B Takue MOKa3aTelH CBEUYCHMS, KaK 3HAUCHHS ILIOLIA]IH,
ko3 dunrenta GOpMbl, SHTPONUK M CUMMETPHH, IPEICTABICHHBIX B TPeX MPOEKLUsX: NpaBoil, GHpoHTAILHOM,
neBoit. Cremka I'PB ocymiectisiiach B pexumax perucrpauuu ['PB-rpamMm maneieB pyk «0e3 ¢uibTpa» U «C
¢ubTpom». Ha I'PB-rpammax «6e3 ¢unbTpay oTpakaercsi MHTErpajibHas XapaKTepUCTHKa COCTOSIHUS OpraHu3Ma,
orpeziersieMast BKJIaJIOM B Hee [IEHTPaJIbHON M aBTOHOMHOM HEpBHOH cuctemamu, [IpumeHeHne GuibTpa no3posseT
OTCeKaTh BKJIaJ] aBTOHOMHOM HEPBHOM CUCTEMBI B XapaKTepHCTHKY Noka3zareiei I PB-rpamm, peructpupys 6asucHbie
XapaKTePUCTUKN (DYHKIMOHAIBHOTO COCTOSHUS opraHm3Mma.l eodusndeckue areHThl OTpaskallll CpeIHECyTOUYHbIC
MOKa3aTelH, XapaKTepU3yIone COJNHeYHyl0 akTUBHOCTE (CA), COCTOSIHME MEXIUIAHETHOTO MAarHUTHOTO MOJIS
(MMII), cxopoctu u BapuabenpHOCTH conHewHOro Berpa (CB), HazeMHBIE MHICKCHI T'€OMAarHUTHOH aKTHBHOCTH
(TMA) u ap. (https://nssdcftp.gsfc.nasa.gov/). laumsie mo BapuanusM kocmudeckux sydeit (KJI) y moBepxHOCTH U
pacueTHbIe TUWIOTHOCTH MOTOKOB KJI B OK0OJ03eMHOM NMPOCTPAHCTBE OBUIH MOJTyYEHBI B Ja00PaTOPUN KOCMHYECKUX
ny4eir B [Tomsprom reodmsmueckom mHcTHTyTe PAH (cT. BapennOypr). KoppensnuoHHsIi aHaTN3 POBOIMIA C
nucnons3oBanueM makera mporpamm «STATISTICA 10.0» Ormenka BO3MOXHOCTEH MeTOIa Tazopa3psaHON
Bm3yanu3arun (I'PB) mis gerexiinyi Bo3geCTBUS TEOKOCMHUYECKHUX areHTOB HA OPTaHM3M YeJIOBEeKa IToKa3ala, 9To
MIPOEKITHSI TUTOIIAAN CBEUCHHS ¥ KO PHUINEHTH HOpMBI HanOOJIee TyBCTBUTEIBHBI K BApHAIIMAM KOCMO(PH3HYECKIX
areHToB. BhIsBIIeHa CBSI3b MEXAY CPEAHECYTOUHBIMHU 3HAUCHHMSMH NMPOEKLUH IUIOmaay ceedenus (0e3 guibrpa) y
UCTBITYEMBIX, WM CPEJHECYTOUYHBIMHM 3HAUCHHMAMU [OTOKAa NPOTOHOB ¢ »HHeprusmu >10 M»3B. Ilokasana
COIPSHKEHHOCTh JTMHAMHKH CpPEJIHECYTOYHBIX 3HAYeHWH (pPOHTaIbHOM mpoekuuu sHTpormu (6e3 ¢umbtpa) c
BapHalUsIM{ UHTEHCUBHOCTH CKOPOCTH CU€Ta HEMTPOHHOIO MOHHUTOPA, OTPAXKAIOIIEr0 MHTEHCUBHOCTh BTOPUYHBIX
kocmuueckux Jgyueit (KJI) y moBepxHoctn 3emin. OOHapys>KeHO, YTO CHIKEHHE IUIOTHOCTH IOTOKAa HMPOTOHOB C
sHeprusmMu >10 M»3B compskeHO C BO3pacCTaHHMEM CUTYaTHBHOH TpPEBOXKHOCTH, CHUXKEHHEM HACTPOEHHUS,
BO3pacTaHWEM CPEHECYTOYHBIX 3HAYSCHHUH MJIOMaau cBeUeHus. B nccienoBanusax, mpoBeneHHBIX B 2018 1., moMuMo
I'PB rpammM, peructpupoBaiacs KoxxkHo-TanbBaHndeckas peakuus (KI'P), mpuMensemas B KpUMHHAIUCTHKE H MIPH
WCTIONIb30BaHUN Ouojorudeckoii obpataoit cBsazm (BOC-tepanuu). Bpiio mokazaHo, YTO IMOKa3aTedH TUTOMIAH
CBCUCHHUS B PEKUME perucrpaiuu 0e3 ¢uisTpa U ¢ ¢misTpoM umeror 3Hagmmbie (P<0.05) koppemsiimm co
CcpeaHeCcyTOYHBIMHU 3HaueHusIME Moaynst MMIT; ¢ yrimoBoit xapakrepuctukoit CB (Bulk flow longitude, rpaxycer); ¢
IUIOTHOCTBIO TIOTOKA IPOTOHOB ¢ SHeprusMu >10 Mb3B, ¢ unciom Maxa. 3uaunmbie (P<0.05) xoaddummeHTs
KOPPEJSLHSL CO CKOPOCThIO HEHTPOHHOTO CYeTa M aTMOC(EPHBIM JIaBIICHHEM BBISBIICHBI JUIS TOKa3aTesel IUIoau

69



Heliobiosphere

CBeueHUs1 NHUIb pu peructpanuu ['PB B pexume c ¢uibtpom. [lonmyueHHbIe AaHHBIE, XapaKTEpHU3YIOIIHE
3aBUCUMOCTh Moka3aTeneil I'PB-rpamm, oT Bapuanuii NmIOTHOCTM HOTOKa IPOTOHOB C »HeprusmMu >10 Mb»B,
MOJTHOCTBEO COTVIACYFOTCSI C Pe3yNbTaTaMK HCCIIeJOBaHuU, mpoBeaeHHbIX B 2017 1. [Feruwesa u dp., 2017]. Haiineno
Xopollee COOTBeTCTBUE MexAy mnokasaremsimMu I'PB rpamm, KI'P, minTensHOCThIO MHAMBUAYaJIbHOW MUHYTHI U
Bapuarusivu  uHIekcoB CA u CB. BeuBnennsie koppemsmmu mexay KI'P wm mokaszatemsmu ['PB  BHOCST
OTIpEZICTICHHBIH BKIIa] B IOHUMAHIE MEXaHU3MOB, CBA3BIBAIOMINX MEKAY COOOH MCUXO(N3HOIOTHIECKOE COCTOSHIE
opraamsma u ocobenHoctu [ PB rpamm. B wactHocTH, KI'P, mm anekrprdeckas aktuBHOCTH Koxu (DAK), sBrseTcs
OMORTIEKTPUIECKON peakInei, perucTpupyeMoil ¢ moBepxHocTH koxwu, kak U I'PB. Ilpmuem, xaxk u I'PB, KI'P
SIBIIIETCSl TIOKA3aTeJIEM BET€TaTUBHON HEPBHOW CHCTEMbI, HO, B ominuue oT I'PB, mmpoko npumeHseMoil B
ncuXo(pu3noNOruu. Pe3ynbTaTel  HMCCIENOBAaHMH  CBUAETEIBCTBYIOT O BBICOKOW CTETIEHW  3aBHCHMOCTH
TICHX03MOLIMOHAIILHOTO COCTOSIHMSI OpraHu3Ma 4desioBeka Ha apx. llmumnbepreH oT Bapuaumii reoKOCMHYECKHX
areHToB. Meton I'PB mo3Bosisier perucTtpupoBaTh INCUXOTPONHOE BO3AEHCTBHE TI'€OKOCMUYECKHX areHTOB Ha
OpraHu3M 4YeJIoBeKa.

IHonsipubie cusinus B :kuBonucu Hukosias Pepuxa
C.A. Yepnoyc

OI'BHY “Honspuoui eeopusuueckuni uncmumym”, 2. Anamumot, Poccus
Axademux MAHOIF (Meosicoynapoonas akademusi HayK 3K0a02uul U 6€30nacHocmu,)
Mypmancroe omoenenue Pycckozo ceoepapuueckozo obuecmsa

e-mail: chernouss@pgia.ru

[MonsipHble cusiHus — siBJIeHHE KocMuueckoe. OHO MPOUCXOAUT Ha BBICOTaX aTMocdepsl OoJiee cTa KWIOMETPOB U B
€ro U3MEHEHHUSAX, BUAUMBIX C 36MHOM MOBEPXHOCTH, KaK Ha 3KpaHE OTPOMHOI0 TEJIEBU30pa OTPaXKatOTCS MPOLIECCHI,
npoucxoasamue B kocMoce. OHO WMeeT Mo KpaiHeH Mepe TpPH HIIOCTACH (COCTABISIOMIKE): HAYYHYIO — 3TO
KOCMHYECKHE HCCICIOBAHUS, XYJOKESCTBEHHYIO - 3TO HENPeB30OWICHHAsS Wrpa GopM M Kpacok cBeTa Ha HeOe, U
MHUCTHYECKYIO — 3TO HHTEPIIPETAIUS STOTO MPUPOIHOTO SBICHUS MUPHUSCKUMHE CIOKETaMHU, O0KBIM ITPOMBICIIOM H
TallHBIMU 3HaHUAMU. B TBopuecTBe H. Pepuxa MOXHO yBUAETh HECKOJIBKO MOJIOTEH, HA KOTOPBIX, 10 MHEHUIO MHOTUX
uccienoBaTenel, n300pakeHbl MOJISIpHBIE CUsHUS. B mepByro odepens 310 «Mouceit-Bogurensy. Onucanuo 31oit
KapTHUHBI MTOCBSIIEHO OOJIBIIOE KOJMYECTBO HAYYHBIX TPYIOB. Bee oHM, HaunHast ¢ pabots! (mucema) Enensl Pepux,
CKOHIIEHTPUPOBAHBI Ha OOCYXICHHM HM3BECTHOTO OHMOJIEHCKOTo CIO’KeTa O TOM, YTO BOXKIb E€BPEHCKOro Hapoja
Mowceii nonyumn Ha rope CunHaii u 3amucan OTKpOBEHHE CBBIIIE — JECSTh 3aloOBElC W MPU STOM OBLI
60KEeCTBEHHBII CBET. DTOT CBET M HM300pakeH Ha KapTHHE B BHJE TNOJIIPHBIX CHSIHUN, KOTOpBIE MPEICTABICHBI
CKpymyne3Ho TouHo. [TonspHbie custHus Pepux Mor cam HaOM01aTh B IEPUOJT KapEIbCKOTO MEPHOJIa CBOSH KU3HU U
TBOPYECTBA, M OHU MOTJIH IIPOU3BENH HA HETO HEU3TIaAUMOe BrievaTieHue. JInbo eMy mociry Kuiar OCHOBOH IpyTHe
HCTOYHUKH.

CrouT 3amaThcs BOIPOCOM, IIOYEMY B KauecTBe 00KECTBEHHOTO CBETa OBUIM BBIOpAaHBI HE MOJHHH, HE YTPCHHHE
WJIM BE€UEpHHE 30pH, HU JIPYTHe ONTHYECKUE SBICHHUS aTMOC(EpBl, @ IMEHHO IOJISIPHBIE CUSHHUS, IPHYEM TaKue MX
(hopMbI, KOTOpBIE N300paXEHBI HA KapTHWHE, HUKOTAA HE BCTPEeHalNCh Ha CyOIKBaTOpHaibHBIX mMpoTax. OTBeT
OYEBHJICH — 3TO BEJIMKOJIEIHAs MHTYMIUS U 00pa3oBaHHOCTh XyAoKHHKA. Bo Bpemena H. Pepuxa Tombko oueHb
HEMHOTHE YUCHBIC - Y3KHUEC CIICIIUAJIMCTDI 3HAIN, YTO CUAHUA — ABJIICHUEC KOCMHUYCCKOC.

YJII/IBI/ITCHBHO, YTO MOJIAPHBIC CUSAHUA, I/1306pa)l(eHHBIe Ha KapTHUHE, SABJIAIOTCA IMOYTH TOYHON KOITHEH TpaBHOPBI
(hpaHITy3cKOT0 XyI0KHHUKA, KOTOPBIHA B COCTaBE MOJSPHON sKcneaumyn nocetu Ceseprayto Hopseruro B Hauane XIX
BCKa. CneﬂyeT 3aMETUTH, YTO JABYX MOJHOCTBIO OAWMHAKOBBIX, TaAK HA3bBIBACMBIX «IHUCKPECTHBIX» q)OpM TIMOJIAPHBIX
CUSTHMH 10 CHIX TIOp He HaOII0IaI0Ch He TONBKO B AKBATOPHAIBHOM 30HE, HO M B aBPOPAIBHBIX MHPOTax. B ueM TyT
neno? Ckopee Bcero aeno B Meroje. lupoxwii B3rysg Ha YCTPOHCTBO MHpa W OTPOMHAs SPYAMIHS MO3BOJISIIA
XYAOKHHUKY HCIIOJIb30BaTh Ul PEATN3allMi CBOMX 3aMBICIIOB, Ka3aJOCh, HECOBMECTHMBIE COOBITHS, HO TIPH 3TOM
NpUOETHYTh K METOly 3aMMCTBOBaHMs. Takol METO/ B T€ BpeMeHa IIMPOKO UCTIONb30BaNICs. B noxiase npusomsTes
U Jpyrue KapTuHbl Pepuxa, HaloMUHAOIIUE KapTUHBI MOJISIPHBIX CUSHUM, Hanpumep, «MocT cinaBbl» U «CeBepHas
TIOJIHOYB» W BO3MOJXKHBIE aHAJIOTH ATUX M300pa)keHUH, cienaHHble B XIX Beke, a Takke COBpPEMEHHbIE IIBETHBIE
aBTOpckue Qortorpaduu n ¢uieMbl 3T0T0 sABNEHMA. [IpeacraBieHbl oNMUcaHUs CHSAHUHA, HAOIIOJaBIIMXCS BOJIM3H
9KBaTOpa, B YaCTHOCTH, B ipeBHeM Pume u B Erunre.
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