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Haubonee BeposTHBIC 3HAUCHUS CPEIHUX SHEPTUIT aBPOPATBHBIX
AJIEKTPOHOB U KOHIICHTPALIMU OKHUCH a30Ta JUIS MOJISIPHBIX CUSHUH B
MOJYHOYHOM CEKTOpE aBpOPAIbHON 30HBI

MertoauKa OLEHKH CpelHel SHePIHU aBPOPATBHBIX IEKTPOHOB IO
MHTEHCHBHOCTH dmucenn 427.8 HM ING N3

Cectp KaMep Bcero Heba APKTHUECKOTO U aHTAPKTUYECKOTO HaydHO-

HCCIIEI0OBATEIHCKOT0 HHCTUTYTA B BEICOKOITMPOTHOM APKTHKE

Tpanchopmarys criekTpa HU3K0O4aCTOTHBIX IIEPEIaTINKOB MU
pacIpocTpaHeH!H B IPHU3EMHOH II1a3Me

XapaKTEpUCTUKHU IIATEH B TPYMIIE MyJIbCUPYIOLUX MTOJIAPHBIX CUSHUM

MogenupoBaHue cBeueHUsI ATMOC(HEPHBIX TIOJI0C CHHTIIETHOTO KUCIOPOIa
Oz(bng+) B THOJIIpHOU HOHOC(hEpe

V3MEeHYHBOCTH COCTOSIHUSI BEICOKOIIMPOTHON HOHOC(EPHI B CIIOKOHBIX
YCIIOBHAX

[Mocnennsis Bepcust sMnupuyeckoit Mmojenu Beichinanuit APM_GEO

OMmupudeckas MOJeINb TOJI0KEHUS aBpOPAIFHOTO OBajla U TJIaBHOTO
HMOHOC(EpPHOTO MpoBaa

YactuaHoe OTpa’KCHUEC PAJUOBOJIH ACKAMCTPOBOI'0 1 METPOBOT'O
JAHUaIna3oHOB OT HCO,Z[HOpOI[HOCTeﬁ B HOHOC(I)epHOP'I IIasmMe

HefitpoHHBII BapuaHT 0OBSICHEHUS OJJHOTO TUTIA BOMYIICHUH BEpXHEH
aTMocdepsl

BoccranoBneHune napamMeTpoB JOKIBHBIX 00J1acTeil HOHOC(HEPHOTO
MorJIoIeH st MeTo10M MoHTe-Kapiio mo JaHHBIM IBYXTOYEUHBIX
PHUOMETPUUECKUX U3MEPEHUN

O npoBeeHNHN 3KCTIEPUMEHTOB M0 PATHONPOCBEUYNBAHHUIO HOHOC(EPHI
curHaiamu npudopa MASK
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Geomagnetic Storms and Substorms
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Geomagnetic storms and substorms

Preliminary Analysis Results of the Geomagnetic Event of 19-22 January 2026 from the lonosfer a-
M Satellites of the lonosond Proj ect

A.A. Chernyshov’, SA. Pulinets’, S.I. Svertilov?, D.V. Chugunin’, K.G. Tsybulya®, A.M. Padokhin®, V.V.
Bogomolov?, 1.V. Yashin® and M.M. Mogilevsky*

'Space Research Institute of the Russian Academy of Science, Moscow, Russia

?|_omonosov Moscow State University Skobeltsyn Institute of Nuclear Physics, Moscow, Russia
*Fedorov Institute of Applied Geophysics, Roshydromet, Moscow, Russia

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

The January storm was the culmination of a sequence of solar events. It was preceded by the formation of a large
and magnetically complex active region, which produced a series of powerful flares over several days. The direct
trigger was a long-duration X-class flare, accompanied by a massive, fast coronal mass gection directed straight at
Earth. The result of this direct "hit" was a sharp drop in the Dst index and a global magnetic storm. This event is
notable for the maximum solar proton flux density during the storm reaching 37,000 pfu (proton flux units -1
proton/(cm?-s-sr)). Thisis the highest level recorded in the 21st century. For comparison, the strongest proton storm
of the current 25th solar cycle previously recorded at the cycle's peak in October 2024 was about 1,800 units.
Comprehensive study of such extreme events is crucial both for fundamental science, which deepens our
understanding of solar-terrestrial connections, and for applied tasks related to protecting space-based and ground-
based technology. The ideal tool for such research is a multi-satellite constellation capable of simultaneously
covering different points in the near-Earth environment. This is precisely the opportunity provided by the Russian
"lonosond" project, which launched a constellation of four "lonosfera-M" satellites into orbit in 2024 and 2025.
Equipped with a suite of modern scientific instruments, these spacecrafts can conduct comprehensive measurements
of key plasma parameters, electromagnetic fields, and waves. The work uses data from the LAERT onboard
ionosonde, the NVK low-frequency wave complex, the SG and SPER instruments, which can detect solar cosmic
rays and particle precipitation, as well asthe MAY AK instrument for radio sounding of the ionosphere. This allows
for detailed investigation of the structure and dynamics of such powerful storms and their impact on near-Earth
space.
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Supersubstormsin the strong magnetic storm on 10-11 October 2024
Despirak I.V., KleimenovaN.G.2, Lubchich A.A.%, Gromoval.l.?

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

The am of this study is to conduct a detailed analysis of two strong geomagnetic disturbances (so-called
supersubstorms) during the severe magnetic storm of October 10-11, 2024. This was one of the strongest
geomagnetic storms (Dst ~—333 nT) in solar cycle 25. The storm was triggered by an isolated coronal mass g ection
(ICME), characterized by distinct sheath and magnetic cloud structures. Studying this isolated event allows us to
investigate the geoeffectiveness of both the sheath and the magnetic cloud, namely, to compare the features of
supersubstorms that occurred under the influence of the sheath or magnetic cloud of the CME. The interplanetary
shock was recorded at ~15:20 UT on October 10, 2024, and near ~15:50 UT the extremely large magnetic
disturbance occurred (SML ~ —4000 nT). This extremely intense geomagnetic disturbance could be referred to so-
called supersubstorms (SML<-2500 nT). There were 3 supersubstorm events recorded during the October storm
with peaks at ~15:55 UT and ~17:06 UT on 10 October, at ~08:15 UT on 11 October 2024. In this work we will
conduct a comparative analysis of two supersubstorm events, the SSS-1 and SSS-3, one of which was observed
during the Sheath and the other in the magnetic cloud. Analysis was carried by the data collected from the ground-
based networks (SuperMAG, INTERMAGNET and IMAGE) as well as from the magnetic registrations by the
Iridium constellation of 66 satellites at 780 km altitude, distributed over six orbit planes spaced equally in longitude
(AMPERE project). It was established that the supersubstorm observed in the initial phase of the magnetic storm
shortly after the shock was atypical, because it began in the daytime rather than nighttime sector, it was near the
polar rather than equatorial boundary of the auroral oval, during the expansion phase the ionospheric current rapidly
propagated to lower rather than higher latitudes, the peak amplitude of the substorm reached about 4000 nT in avery
local region in the absence of the extended westward electrojet in night sector. Whereas the supersubstorm during
MC demonstrated the typical features of substorm. Possible reasons for the differences related to the characteristics
of this coronal mass €jection are discussed.
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Extreme enhancements of the eastward electrojet
L.l. Gromova, N.G. Kleimenova?, S.V. Gromov*, L.M. Malysheva’

YZMIRAN, RAS, Troitsk, Moscow, Russia
2Schmidt Institute of Physics of the Earth, RAS, Moscow, Russia

The eastward electrojet is one of the important elements of the ionospheric currents associated with different
magnetosphere disturbances. Here we studied the extreme eastward electrojet enhancements basing on their ground
magnetic signature defined by AU-index. The values of AU index higher ~ 900-1000 nT can be attributed to the
extreme ones because they are amost twice as big as usual. We found only 16 such extremely strong AU-events
during 20002025 using 5-min data from the WDC Kyoto AE Index Portal. Our analysis of the space weather
conditions in which these 16 events were observed showed that they were recorded mostly during strong (|Dst| >
100 nT) magnetic storms. However, not every strong magnetic storm was accompanied by an extreme increase in
the AU-index. It was found that extreme AU increases occurred only under the positive IMF By values during or
after along period of negative or close to zero IMF Bz values. The extreme AU increases could be observed in any
phase of the magnetic storms but more often in the initial and main phases of the storm. In the initial storm phase,
these AU-events were relatively rare phenomena with a typical duration of about 2 h and association with jumps or
very significant enhancements (up to ~70 - 80 nPa) of the solar wind dynamic pressure (Psw) under positive IMF By
and negative IMF Bz In the main storm phase, these events often represented the sequences of ~ 30 min AU bursts
followed very strong (up to 50-60 nPa) bursts of the Psw and accompanied by fluctuationsin IMF Bz and By. In the
recovery storm phase, the very short (<30 min) bursts of the extreme AU increases were associated with abrupt
changes of the direction or values of the IMF components observed under the rather strong ring current (SymH ~
- (120-150 nT)). The Psw values were not the determinant parameter. The details of the studied events during some
strong magnetic storms are discussed.

Evaluating Neural Network Performance in Forecasting Key Geomagnetic Indices During Solar
Cycle 25

Mostafa Hegy (Geomagnetic and Geoelectric Department, National Research Ingtitute of Astronomy and
Geophysics, Cairo, Egypt. )

Abstract

Geomagnetic storms, characterized by sudden disturbances in Earth’s magnetic field, pose significant risks
to technological infrastructure and human activities. This study evaluates the performance of neural network (NN)
approaches for predicting different geomagnetic indices during Solar Cycle 25. Nonlinear Autoregressive Networks
with Exogenous Inputs (NARX) were trained and tested using solar wind parameters as predictors and geomagnetic
indices (Dst, Kp, and Ap) as outputs. The models were evaluated for prediction accuracy, robustness, and
computational efficiency using metrics such as root mean square error (RMSE), mean absolute error (MAE), and
the cross-correlation coefficient (R). The results demonstrated strong forecasting capability, achieving Root Mean
Squared Error (RMSE) values as low as 0.011 and correlation coefficients up to 0.99 for Dst index predictions.
These results highlight the NARX model’s robustness and accuracy in capturing the complex dynamics of
geomagnetic storms. This comprehensive evaluation supports the model’s utility for operational space weather
forecasting, providing significant improvements over baseline forecasting methods.
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Relationships between aur oral electrojets and ring current components

G.A. Makarov (Federal Research Centre “ The Yakut ientific Centre of the Sberian Branch of the Russian
Academy of Sciences’, Yu.G. Shafer Ingtitute of Cosmophysical Research and Aeronomy of SB RAS Yakutsk,
677980, Russia.)

The paper uses daily average values of the geomagnetic indices AU, AL, SYM-H, and ASY-H and interplanetary
parameters for the period 1981-2015. The dataset was divided into two parts, depending on the magnetic field
direction in the interplanetary sectors, and into five groups, depending on the solar wind (SW) speed. To highlight
the effect of the IMF sector structure, the differences A of their seasonal variations in the positive (+) and negative (-
) IMF sectors were formed in the indices. Simple waves with disturbance maxima in the autumn months are
obtained in all data groups. To eliminate the effect of the IMF sector structure, half-sums S of the seasonal
variations of the indices in the (+) and (-) IMF sectors were formed. The average annual values of the half-sums of
al indices increase with increasing SW speed. Variations in S(AU) are characterized by an annual wave with a
maximum in the summer months in al data groups and, as previously suggested, this is due to the influence of
illumination in the auroral zone. Variations in other indices, as expected, have equinoctial maxima in al activity
groups. A correlation analysis was carried out for 5 activity groups in general to identify: @) the relationships
between the differences in the indices in their seasonal variations in the (+) and (-) IMF sectors and b) the
relationships between the half-sums of the indices in their seasonal variationsin the (+) and () IMF sectors. It was
found that in both cases the closest relationship (Jr] > 0.96) isvisible in the ratios A(AL) and A(ASY-H), A(AL) and
A(SYM-H), A(ASY-H) and A(SYM-H), whereas in the pairs S(AL) and S(AU), S(AU) and S(ASY-H), S(AU) and
S(SYM-H) the relationship is lower (Jr] < 0.93). Thus, it has been shown that, when considering daily average data,
there are close relationships between the indices of the auroral westward electrojet and the symmetric and
asymmetric ring current components. The indices of the auroral eastward electrojet and the ring current components,
aswell astheindices of both auroral electrojets, are less closely related.

Multiple substorms and ring current dynamics during and post storm
V.V. Mishin®, Yu.Yu. Klibanova?, R.A. Marchuk®, V.E. Kapustin

Y nstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
’Federal State Budgetary Educational Institution of Higher Education "Irkutsk Sate Agrarian University named
after A. A. Ezhevsky ", Irkutsk, Russia

This paper examines an event of multiple substorms that were observed initially during a moderate storm on March
8-10, 2008, and for a week afterward, against the backdrop of a high-speed solar wind. From to the SUPERMAG
project website, we study the relationship of magnetic disturbances at low latitudes with the dynamics of the energy
flux from the solar wind into the magnetosphere and geomagnetic activity at auroral latitudes during and after a
storm
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Auroral Research with theSSUsing " UV Atmosphere' (Mini-EUSO) Telescope

V.D. Nikolaeva!, P.A. Klimov*?, N.V. Surovtsev?, A.V. Artemyev®, R.E.Saraev*?
for the JEM-EUSO Collaboration

1 D.V. Sobeltsyn Institute of Nuclear Physics, M.V. Lomonosov Moscow State University, Moscow, Russia.
2 Faculty of physics, M.V. Lomonosov Moscow State University, Moscow, Russia.
% Space Research Institute of the Russian Academy of Sciences, Moscow, Russia

Severa stientific instruments operate simultaneously aboard the International Space Station (ISS), enabling
investigations of the energetic radiation belt dynamics and their influence on the upper atmosphere. The
astrophysical detectors CALET and MAXI, mounted on the Japanese experimental module, primarily study cosmic
ray acceleration and gamma-ray bursts; however, CALET also measure electron fluxes at energies >1.6 MeV and
>3.6 MeV, while MAXI's Radiation Belt Monitor (RBM) resolves electron fluxes (>0.3 MeV) at 1 s cadence.

The "UV Atmosphere" (Mini-EUSO) telescope, deployed on the Russian segment of the ISS since 2019, features a
40° field of view, 490 cm? aperture for high sensitivity, and 2.5 ps temporal resolution, facilitating detection of
transient atmospheric emissions. While primarily targeting thunderstorm phenomena (ELVES, sprites, blue jets), but
in high latitudes, it can register both pulsating aurorae (PsA) and recently discovered optical microbursts (OMB).
However, such studies have not previously been conducted using this instrumentation.

The ISS's ~52° inclination precludes auroral oval overflights every orbit, but pre-noon sector passes over the
USA/Canada region become feasible during moderate-to-intense geomagnetic disturbances, when equatorward oval
expansion occurs. Since 2019, more than 150 measurement sessions have been conducted, during each the 1SS
completes 6 to 10 orbits around Earth at different longitudes and periodically enters the Canadian sector. For all
sessions, an analysis of the geophysical conditions, storm and substorm activity (SYM-H variation and AU/AL
indices) was conducted. A dedicated database catalogs "UV Atmosphere" sessions with accompanying geomagnetic
parameters: https.//uhecr.sinp.msu.ru/mini-euso-sessions.html.

Session 31 (11-12 January 2021) exemplifies optimal conditions: telescope operation over the Canadian sector at
peak geomagnetic latitudes, with the polar orbit fully nightside. Substorm activity during the storm recovery phase
positioned the auroral oval's equatorial boundary within the instrument's field of view, according to CARISMA
magnetometer data. Distinct auroral signatures revealed dynamic fine-scale spatiotemporal structure at the
equatorward oval edge, including equatorward expansion. Concurrent MAXI observations registered precipitating
electrons (E > 300 keV), while CALET data (E > 1.6 MeV) showed no variations.

This work was supported by Russian Science Foundation grant No. 22-62-00010 (https://rscf.ru/project/22-62-
00010/).

Features of Geomagnetic Disturbances in the Auroral Zone Generated by X-Ray Radiation from
Chromospheric Flareswith Intensities X => 10

V.A. Parkhomov', V.V. Mishin?, R.A. Marchuk?, Yu.V. Penskikh? S.Yu. Khomutov®

! Baikal Sate University, Irkutsk
Z Ingtitute of Solar-Terrestrial Physics SORAS, Irkutsk
® Institute of Cosmophysical Research and Radio Wave Propagation RAS, Paratunka, Kamchatka Krai

We present the results of long-term studies of geomagnetic disturbances in the auroral zone during chromospheric
flares accompanied by large X-ray fluxes (X ~ 10). For some flares, the excitation of long-period oscillations (T ~
100-500 s) was detected. A sharp, explosive substorm initiation was detected after the arrival of X-rays and
geomagnetic pulsations characteristic of a substorm expansion phase onset. Using the ISTP SbRAS magnetogram
inversion technique, maps of distribution of equivalent andcurrents were constructed for the March 7, 2012,
substorm. Hypotheses are presented for interpreting the substorm initiation by the flare's X-ray flux.
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Calculation of Hall and Pedersen currents using the magnetogram inversion technique during
geomagnetic distur bances

Penskikh Yu.V., Mishin V.V., Marchuk R.A. (Intitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia)

By solving the inverse problem of the magnetogram inversion technique, using data of geomagnetic variations field
from a worldwide network of ground stations, we obtain equivalent current functions. A method for calculating the
Hall and Pedersen currents using the gradient of equivalent current function in the approximation of uniform
conductivity and radial geomagnetic field is demostrated. The vector fields of the Hall and Pedersen currents are
shown. The calculation results based on the example of a strong substorm on December 20, 2015 are discussed.

Comparative analysis of ionospheric responses to geomagnetic events identified by the AE-index
during minimum and maximum solar activity

K.G. Ratovsky', VV.V. Klimenko? M.V. Klimenko?®, A.M. Vesnin', K.V. Beliuchenko?

Y nstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
*West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS,
Kaliningrad, Russia

This paper presents comparative analysis of ionospheric responses to geomagnetic events identified by the AE-index
(AE-storms) during solar minimum and maximum activity. The analysis includes the identification of geomagnetic
events based on the AE-index and the calculation of a "reference" ionospheric response. The "reference” response
represents the dynamics of the average ionospheric disturbance, obtained using the superimposed epoch method
with key moments corresponding to the AE-maximum for winter, spring, summer, and autumn AE-storms. As an
ionospheric characteristic, we used the regional electron content (REC), which is the average value of the total
electron content (TEC) over all longitudes for the selected latitudinal zone. The ionospheric disturbance represents
the relative (percentage) deviation of observed values from the 27-day running average REC. The division of AE-
storms into minimum and maximum solar activity was performed according to the following criterion: events that
occurred in years with the annual average F10.7-index < 110 s.f.u. were attributed to the minimum of solar activity
(193 events), and the remaining events were attributed to the maximum of solar activity (363 events).

An initial analysis showed that the "reference" responses to solar maximum AE-storms are more negative than to
solar minimum events. It was hypothesized that this difference is due to the higher percentage of isolated events at
solar minimum (44%) compared to those at solar maximum (25%). However, the analysis of only isolated AE-
storms confirmed that the "reference" response to solar maximum events is more negative than that to solar
minimum events. Larger differences are observed at the equinoxes compared to the solstices, and in the high-latitude
zone of the Southern Hemisphere compared to other latitude zones. An analysis of the reasons for the differencesin
"reference” responses between solar minimum and maximum is the subject of this paper.

The research was funded by the Russian Science Foundation (project No. 25-27-00217).
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Comparative analyss of MPB events over 13-month intervals around the December solar
minimums of 2008 and 2019

RaykovaL.!,GuinevaV.}, Werner R}, BojilovaR.?

gpace Research and Technology Institute (SRTI) — Bulgarian Academy of Sciences, Stara Zagora Department,
Bulgaria; heiti456@gmail.com

National Institute of Geophysics, Geodesy and Geography (NIGGG) - Bulgarian Academy of Sciences, Sofia,
Bulgaria

Abstract

This study presents a comparative analysis of midlatitude positive bay (MPB) events observed at the Panagyurishte
(PAG) geomagnetic observatory during two solar minimum periods centered on December 2008 and December
2019. The analysis covers 13-month intervals for each period, including six months before and six months after the
respective December minimum. MPB events are examined in terms of occurrence rate, diurnal distribution of onset
timesin Universal Time (UT), and event amplitudes.

This approach allows a direct comparison of MPB activity under similar low solar activity conditions and provides a
basis for assessing differences in event occurrence, timing characteristics, and amplitudes between the two periods.
The results show that, despite comparable low solar activity conditions, the two periods differ in the monthly
distribution of MPB events and in the distribution of events with moderate amplitudes (10-20 nT) and larger
amplitudes (>20 nT), as well asin small differencesin the UT distribution of event onset times. At the same time,
both periods exhibit an increased MPB occurrence in March and in September-October.

Modeling of spaceweather risksfor global infrastructure: project proposal

A.V. Rubtsov*?, V.A. Pilipenko®, D. Yuan'?, W. Chen™? I.V. Despirak®, A.A. Lubchich’, Ya.A. Sakharov®, P.V.
Setsko®, A.A. Vlasov® and Y. Zhu*?

! Shenzhen Key Laboratory of Numerical Prediction for Space Storm, School of Aerospace, Harbin Institute of
Technology, Shenzhen, China

2 Key Laboratory of Solar Activity and Space Weather, School of Aerospace, Harbin Institute of Technology,
Shenzhen, China

3 schmidt Institute of Physics of the Earth RAS, Moscow, Russia

* Polar Geophysical Institute, Apatity, Russia

® |nstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Space weather impact on modern high-technological infrastructure in space and on the ground receives more and
more attention every year from researchers and industry all over the world. These studies have an important
practical aspect — risk assessment for sensitive nationwide or even global infrastructure, such as power
transmission lines, pipelines, globa navigation satellite systems (GNSS), etc. Geomagnetically induced currents
(GICs) during intense geomagnetic disturbances have been proved to affect power line operation, sometimes leading
to power outage. But the real picture of physical processes behind the GIC enhancements is not clear yet.
Traditionally the intensity of GIC bursts in power lines is associated with the intensity of magnetic field time
derivative dB/dt. However, the measurements of GICs show the lack of one-to-one correspondence between GIC
intensity and dB/dt. Moreover, there are indications that GICs strongly depend on power grid topology, loca time,
location of auroral oval and auroral electrojets, crust conductivity, and possibly other parameters. lonospheric large-
scale turbulence in auroral and equatorial regions lead to increasing number errors and signal deterioration in GNSS
and radiowave propagation. Thus, the ionospheric turbulence and meso-scale ionospheric current disturbances
responsible for GIC bursts are different, but mutually related aspects of the space weather hazards. In this talk, we
will present a proposal for the project aiming to analyze nationwide and global effects of space weather using
ground-based and spacecraft measurements, and advanced numerical modeling. Utilizing observationa
infrastructure from the Chinese Meridian Project |1 and the Russian GIC monitoring network, we will assess the
physical vulnerability and potential socio-economic impacts on the national power grids of China and Russia
Unresolved problems of the GIC prediction methods will be discussed as well.
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GIC excitation in the night sector at the high-latitude substation Vykhodnoy
Ya Sakharov', V. Selivanov?, V. Bilin', V. Nikolaev®

! Polar Geophysical Institute, Murmansk , Russia, sakharov@pgia.ru

2 Center for Physical and Technical Problems of Northern Energy, Kola Science Center of the Russian Academy of
Sciences, Apatity

¥ Murmansk Arctic University, Apatity, Russia

The work examines the distribution of the amplitudes of bursts of geomagnetically induced currents over local time
for the Vykhodnoy substation, located in the auroral zone. To conduct our analysis, we used the GIT database,
created by the team in 2023.

The obtained amplitude distributions were compared with frequency graphs of GIC bursts occurrence of with an
amplitude greater than 2A. The results of the comparisons allow us to note that the qualitative identification of two
intervals of local magnetic time in which GIC bursts are observed, before and after midnight, does not contradict the
previously made conclusions of the work [ Milan et a , 2023] .

Occurrence Jet/ SAID in TEC variationsduring 20 April 2018 and 2020 distur bances
I.1. Shagimuratov?, 1.1. Efishov?, G.A. Yakimova', N.Y a Tepenitsyna' and M.V. Filatov?

"West Department 1ZMIRAN, Kaliningrad, Russia
’Polar Geophysical Institute, Apatity, Russia

An analysis of the Jet/ SAID occurence is presented for the geomagnetic disturbances of April 20, 2018 and 2020.
The probability of Jet/ SAID formation is highest at the equinox, which prevented consideration of this event. The
minimum Dst value was approximately 68 nT for both events and occurred around 13 UT. The geomagnetic index
AE exceeded 1200 nT in the interval 08-14 UT on April 20, 2020, and 1500 nT around 10 UT in 2018, respectively.
According to DMSP data for these geomagnetic conditions, the Jet was recorded at Canadian longitudes for both
events. During the Jet existence, a deep trough, narrow in latitude and elongated in longitude, was observed on TEC
maps. The trough was recorded at subauroral latitudes equatorial to the precipitation region. The trough was located
a latitudes 45°-50°N, near magnetic latitude 55°-62° (MLAT), during the morning hours (~05 MLT). A good
spatiotemporal correspondence was recorded between the polarization jet and the trough in the TEC variations.
Analysis suggests that the trough can be considered a signature of the Jet in the TEC measurements.
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Statistical study of injection penetration into the inner magnetospher e during geomagnetic storms
P.I. Shustov?, V.A. Frantsuzov', A.V. Artemyev?, A.A. Petrukovich®

! Space Research Institute of the Russian Academy of Sciences, Moscow, Russia
2 Department of Earth, Planetary, and Space Sciences, University of California, Los Angeles, California, USA

Energetic particle injections (10-300 keV) from the magnetotail plasma sheet play a crucia role in supplying the
inner magnetosphere during geomagnetic storms. These injections not only contribute directly to the formation of
the ring current but also transport energetic particles that serve as a “seed population” for relativistic electronsin the
outer radiation belt. Despite their importance, the efficiency with which injections originating in the near-Earth

magnetotail (L ~ 7 — 10) penetrate deep into the inner magnetosphere (L < 6) remains a subject of ongoing
debate.
In this study, we present a statistical analysis of injection penetration probability during geomagnetic storms (Sym-

H << —50 nT) over the period 2013-2019. Data from the THEMIS satellites operating in the nightside sector at

L > 6, and from the Van Allen Probes (RBSP), covering the region 4 < L. <2 6 were utilized. More than 4000
injection events were identified using THEMIS data, while approximately 2000 events were detected by RBSP. To
cross-match these events, a backward drift trajectory tracing method based on a dipole approximation was
employed. This approach enabled the exclusion of re-registrations of highly dispersed injections (i.e., drift echoes)
and the isolation of primary penetration events. To obtain an accurate estimate of the penetration probability, the
number of detected events was normalized by the satellites' residence time in different magnetic local time (MLT)
sectors. In addition, the dependence of the penetration probability on the geomagnetic storm phase (main phase
versus recovery phase) was examined.

The analysis confirms that the occurrence of fast plasma flows or magnetic field dipolarization in the magnetotail is
not a sufficient condition for deep particle injection. An estimate of the average conditional probability of injection
penetration from the near-tail into the inner magnetosphere during geomagnetic storms was obtained. The results
indicate that only a fraction of tail activations successfully overcome the entropy barrier and reach the inner
magnetosphere without significant losses at the magnetopause.

Sunward Plasma Flowsin the Dayside M agnetosheath
D.G. Sibeck (Heliophysics Division, NASA/GSFC, Greenbelt,, MD, USA)

Solar wind densities and dynamic pressures can fall abruptly upon the arrival of a magnetic cloud. Results from the
SWMF BATS-R-US global magnetohydrodynamic (MHD) simulation indicate that the arrival of a factor of 10
decrease in the solar wind density associated with an antisunward-moving tangential discontinuity in the solar wind
immediately causes the subsolar bow shock to move outward at a velocity half that of the solar wind. Shortly
thereafter, the subsolar magnetopause moves outward and magnetic field strengths within the dayside
magnetosphere fall. The sudden drops in solar wind densities and dynamic pressure reverse flows within the pre-
existing magnetosheath, resulting in cold dense inner magnetosheath plasma moving sunward and away from the
Sun-Earth line. Meanwhile, the newly-arriving magnetosheath plasma comes to a halt, resulting in a stagnant hot
tenuous plasma in the outer subsolar magnetosheath. Transient sunward plasma velocities peak at velocities half
those in the solar wind in the outer magnetosphere at and/or just inside the subsolar magnetopause. Towards the end
of the run, the magnetopause overshoots its final position and begins moving antisunward, indicating the start of an
oscillation, while the speed of the outward bow shock motion diminishes. Plasma briefly flows antisunward and
away from the Sun-Earth line throughout the magnetosheath.
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Scintillation of GPS signals during the polar substorm
O.1. Yagodkina®, V.B. Belakhovsky®, V.G. Vorobjev?, Yaqi Jin?, Wojciech J. Miloch?

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

Behavior of GPS signal scintillations at the high-latitude station New Alesund (NYA, 78.9° N, 11.95° E) during the
polar substorm on December 11, 2015 was studied. The trgjectories of some GPS radio signals passed evening side)
ionospheric irregularities in the form of auroral arc and glow patch formed during the substorm development. The
intense arc was located on the polar edge of the aurora oval, and the glow patch was recorded in the area of the
polar cap. From the radio signal package of 12 GPS satellites, those whose signals led to an increase in scintillation
were identified. The amplitude and phase indices of scintillations, ($4, dg), as well as the behavior of the total
electronic content (TEC) are considered. The dependence of the scintillation characteristics on geomagnetic activity
and on the geometry of the passage of the GPS radio signals through the irregularities is shown. Based on optical
and DM SP satellite observations, it is concluded that scintillations recorded during the expansive phase and the
beginning of the recovery phase of the substorm are caused by fluxes of precipitating electrons in both the E and F
regions of the ionosphere. During the recovery phase of the substorm, data from the low-altitude DMSP F16-F19
spacecraft made it possible to evaluate the characteristics of the penetrating electrons, as well as the size and the
intensity of the auroral arc and the patch. It is suggested that the increase in the $4 amplitude index at the substorm
recovery phase is associated with an increase in the solar wind dynamic pressure due to an increase in plasma
density Ne.

The 12 November 2025 Ugly Duckling Geomagnetic Storm: reasons and conseguences

Yu. Yasyukevich™?, E. Danilchuk*?, A. Beletsky®, E. Borvenko', A. Chernyshov?, V. Fainshtein®, V. Ivanova',
D. Khabituev?, M. Kravtsoval, A. Oinats’, S. Olemskoy', A. Padokhin*®, K. Ratovsky®, V. Sdobnov', A. Vesnin®,
A. Yasyukevich', S. Yazev™?

! Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

2 Irkutsk State University, Irkutsk, Russia

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

* Faculty of Physics, Lomonosov Moscow State University, Moscow, Russia;

® Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio wave Propagation of Russian Academy of
Sciences, Moscow, Russia

The 12 November 2025 G4 geomagnetic storm — the third most intense of solar cycle 25 — was triggered by
interplanetary coronal mass gections (ICMEs) which shock waves arrived to the Earth (at the L1 Lagrange point) at
22:15 UT and at ~23:38 UT on 11 November 2025, and was re-enhanced by another ICME arrived at 18:53 UT on
12 November 2025. The first ICME influenced not much on the geomagnetic activity, but influenced the
propagation of the second one. Minimal Dst index reached —217 nT, SYM-H index reached —254 nT, and maximal
Kp index reached 9- on 12 November 2025. This study presents a comprehensive analysis of the storm's causes and
its complex effects on near-Earth space, combining data from GNSS networks, ionosondes, optical instruments,
frequency radars (SuperDARN and SuperDARN-like), cosmic ray monitors, and solar wind satellites. The anaysis
reveals significant global ionospheric disturbances. The auroral oval expanded equatorward, reaching geomagnetic
latitudes of ~35°N in the American sector. We recorded super equatorial plasma bubbles almost reaching the auroral
oval boundary in the American sector. The crests of the equatorial ionization anomaly intensified exceeding 175
TECU, and shifted poleward by 8-10°. At mid-latitudes, the F2-layer critical frequency (foF2) exhibited a strong
negative disturbance (-50%) during the main phase, followed by an unusually prolonged and intense positive phase
exceeding +100%. These ionospheric perturbations, along with increased small-scale irregularities (quantified by
the Rate of TEC Index, ROTI), directly impacted technological systems. Precise Point Positioning (PPP) errors for
GNSS increased to 2—3 meters at high latitudes and in regions affected by the equatorial bubble. Additionally, the
event featured a significant Forbush decrease in cosmic ray intensity and 77th ground-level enhancement (GLE)
associated with the X5.1 solar flare. The results underscore the complex chain of processes from solar storm to
geomagnetic and ionospheric responses, highlighting the substantial risks posed by such strong storms to modern
satellite-based navigation and communication systems.
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Dynamics of relativistic electron fluxesin the outer radiation belt under theinfluence of along term
pressure pulse on January 8, 2018

ZykinaA.A.*? Kalegaev V.V.*2, VlasovaN.A.2
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The results of a study of the dynamics of relativistic electron fluxes in the Earth's outer radiation belt under the
influence of a prolonged (about 7 hours) pressure pulse on January 8, 2018 are presented. The analysis of variations
in the parameters of the interplanetary medium and the response of the outer radiation belt to external influencesis
carried out. The work is based on experimental data on the fluxes of relativistic electrons obtained from the GOES
geostationary satellite and the Van Allen Probes spacecraft (VAP-A and VAP-B), whose orbit passes through the
core of the outer radiation belt near the equatorial plane.

The event began at 6:46 UT with a sharp compression of the magnetosphere (the distance to the subsolar point
decreased by 3L in less than a minute), which was triggered by the arrival of a pulse of solar wind pressure. The 4-
fold increased pressure persisted for about 6 more hours, during which time the magnetosphere was in a compressed
state. According to the VAP-A data, spatiotemporal profiles of electron fluxes with energies of 0.1-2.7 MeV were
constructed. For all energies, an increase in the flux was recorded at 6:46 UT - areaction to the compression of the
magnetosphere.

Similarly, for electron energies of 1-2.7 MeV, repeated short-term increases in fluxes at a distance of 4-5 L are
observed after the start of the event. The period of repetition of the flow increases is different for each energy. The
reason for this could be an electric field detected by both VAP-A and VAP-B spacecrafts at the moment of arrival of
the pressure pulse and lasting about 1 minute. When passing through the region with an electric field, the electrons
accelerated and were fixed by VAP-A several times repeatedly with a period coinciding with the theoretical drift
period, which is different for each energy. These "peaks' in electron fluxes were recorded during the entire 6-hour
event on both V AP spacecraft with each passage through the ~3.5-4.5 L region.

Poab aamabdaTuyeckuX M HeaanadaTHYeCKHX MPOIECCOB B IHHAMHKE JJIEKTPOHOB BO BpeMms
MarHuTHeIx 0ypb 20.12.2015r. u 25.08.2018 r.

Aspa-T'opckas K.K. 1‘2, Kaneraes B.B. 1‘2, Bnacosa H.A.! , demexoB ATB

YHunA® Mry

2 Qusuueckuii Gaxyremem MI'Y, 2. Mockea, Poccus
‘nru

azragorskayaCG@my.msu.ru

[peacraBneHsl pe3ysbTaThl HCCIEAOBAHUS POJIM aauMadaTHUECKUX M HeaanabaTHMYeCKuX MpOLECCOB B JAWHAMHUKE
MOTOKOB 3JIEKTPOHOB BHELIHEr0 paJMAlMOHHOIO Tosica 3eMjM BO BpeMs IByX MarHuTHbIX Oypp 20.12.2015 u
25.08.2018 rr. (|Dstin|=170 #Tx 1 |DStyin|=205 uT1, COOTBETCTBEHHO), Pa3BUBAIOIIUXCS IO BIUSHHEM Pa3INUHBIX
YCIOBUIT B MeXIUIaHeTHO#H cpeze. IlepBas maruutHas Oyps (20.12.2015 r.) wHavamach W pa3BHUBaiach MO
BO3JCUCTBHEM TpuUIIeqmedl K 3emiie CIOXKHOH remnocepHOl  CTPYKTYphl, CcHOpMHUpPOBABIICHCS MpH
B3aUMOJICHCTBUM [IBYX KOPOHAJbHBIX BBIOpOCOB Macc. Bropas Oyps (25.08.2018 r.) mawansach B pe3ynbTare
NpUX0Ja OTHOCUTEIHHO CIa00ro MEXILIAHETHOIO KOPOHAIIBHOTO BHIOpOCa Macchl, a Ha (ha3e BOCCTAHOBIICHHS Ha
MarHuTocgepy 3eMIIi BO3/1eHCTBOBA BEICOKOCKOPOCTHOH ITOTOK COJTHEYHOTO BETPa U3 KOPOHAIBHOMN JIBIPHI.
[IpoBeneHs! ncciaenOBaHMUS MOTOKOB 3JIEKTPOHOB B IIMPOKOM dHeprerndeckoMm amamnazone — oT ~200 k3B mo ~3
M>5B — mojydeHHBIX Ha KocMuyeckux ammaparax Van Allen Probes A u B mnst 06eux Gypb, COOTBETCTBEHHO,
npubopom MagEIS. Jlns orenku poiu aguabaTHYecKux M Heaana0aTUYeCKHX MPOILECCOB MOCTPOCHBI MpOoduin
IUIOTHOCTH TIOTOKOB JJIEKTPOHOB B ()a30BOM IMPOCTPAHCTBE AJISl KAXKIOrO MpojeTa CIHYTHHKA uepe3 BHEUIHHil
paaralMOHHBIN TOsAC, CreHEPUPOBAHHBIE ¢ MCIONb30BaHneM Moaenn TS04 Ha caiite https.//rbspgway.jhuapl.edu/.
AHanu3 AMHAMUKK TPOQUICH MO3BOJISET OLEHHUTh POJIb PA3IMYHBIX KOHKYPUPYIOUIMX MPOLECCOB MOTEPh MU
YCKOpEHHsI-TIEpEHOca YaCTHIl Ha Pa3HbBIX 3Tarax pasBUTHS Oypb.

Ha ¢one agnabarndecknx M3MEHEHUH, CBS3aHHBIX C PAa3BUTHEM OYpPEBBIX TOKOBBIX CHCTEM BBIZEIEHBI IIPOIECCHI,
NPUBOASIINE K PEAUTLHBIM ITOTEPSM M YCKOPEHHIO YAaCTHLl, TAKUM KaK BBIXOJ] YACTHI] 33 MArHUTOMNAY3Y U JOKAILHOE
yckopenue. [TokazaHo, 9TO BEICOKOCKOPOCTHOH ITOTOK SIBISIETCS (akTOpoM, Oosiee 3PPEKTUBHO BO3ICHCTBYIOMINM
Ha IMHAMUKY ITOTOKOB JIEKTPOHOB.

HccnenoBanue BBINOJHEHO B paMKax rocynapcTBeHHoro 3aganus MI'Y um. M.B. JlomoHocoBa.
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AHanu3 re03¢PeKTUBHOCTH MATHUTHBIX O00JAaKOB B YCJIOBHSIX 25T0 COJHEYHOT0 HHKJIA,
NMpeaecTBYIOIMX Pa3BUTHIO cy00ypb

H.A. BapxaTOBl, C.E. PeByHOBl, O.M. BapxaTOBaz, E.A. PeByHOBaZ, A.M. Tonos*

1 . o . .
Huoicecopodckuii cocyoapemeennbiii nedazocuueckuii ynugepcumem um. K. Mununa, Huowcnuti Hogeopoo, Poccus
2 . . . .
Huoicecopoockuii cocyoapcmeennbiil apxumexkmypHo-cmpoumenvulil ynusepcumem, Huscnuii Hoseopod, Poccus

Pabora mocesiieHa aHamu3y reod(p(EKTUBHOCTH MarHUTHBIX OOJAKOB COJHEYHOTO BETpa Ha NpUMEpe HX
CIOCOOHOCTH BBI3BIBATh CyOOypeBble sBIEHHS. MarHuTHele o0Onaka o00JamaloT XapaKTepHOW MAarHUTHOU
CTPYKTYPOl M BO3MOXKHOCTBIO JUIMTEJIBHOTO, YIOPSJIOYEHHOTrO BO3/eicTBUS Ha MarHuTochepy 3emin. OTO
MO3BOJISIET HUCIIOJB30BaTh MX B BHJIE HMHAWMKaTOpa cyOOypb. lcciiemoBaHue BBINMOJIHEHO Ha Marepuanax 25-ro
COJIHEYHOTO IIMKJIA, KOTOPBIH XapaKTepU3yeTcs YMEPEHHOH COJHEYHOW aKTHBHOCTBIO. VIMEHHO mo3ToMy B
Ipezenax 3Toro Mukia Gpusndyeckue 0coOOCHHOCTH MarHUTHBIX 00JIAKOB CTAHOBATCS O0JIee 3HAYMMBIMH B IIPOIIECCAaX
TeHEepaIuy BHICOKOIIMPOTHOW I€OMAarHUTHONW aKTHBHOCTH, YeM YEJUHEHHBIC 3KCTpEeMaJIbHbIE 3HAUCHNUS TapaMeTpOB
COJIHEYHOT'O BETpa.

B nmaHHOM HCcneOBaHMM MHTEPBAIbl MAarHUTHBIX OOJIAKOB COJHEYHOT'O BETPa OMPEACISUINCH COTTIACHO KaTaJory
lan Richardson and Hilary Cane (https://izw1.caltech.edu/A CE/ASC/DATA/level 3/icmetable2.htm). C nos6ps 2019
r. mo siuBapb 2025 r. mo maHHBIM Katayora Obiio oTMeueHO 90 MarHMTHBIX 00NAKOB. DTH COOBITUSI OBUTM HaMHU
YTOYHEHBI Ha MPEMET YAOBJICTBOPEHUSI XapaKTepHBIM MPH3HAKAM MAarHUTHBIX OOJAKOB C IMOMOIIBIO MTPOTPAMMBbI
MOKMCKAa MAarHWTHBIX OOJakoB B MOTOKe maHHBIX [bapxatoB u ap., 2010 r.]. B pesympratre Hamu ObLIO
BepuduuupoaHo Bcero 40 MarHUTHBIX 00nakoB. OTOOpP aHAIM3UPYEMbIX CYOOYpb MPOBOIMWICS MO IOKa3aHUSIM
AL-uHOeKca BHYTPH MHTEPBAJOB, COOTBETCTBYIOIIMX BPEMEHH BO3JCHCTBHS OSTHX MAarHUTHBIX OOJAaKOB Ha
MarauTocdepy. [y onpeneneHus BpeMeHH Hadajla cyo0ypH HCIOIb30BAaJICs aBTOMATHUECKUI allTOPUTM, IETAITbHO
npesICTaBIeHHbII B padote [BopobbeB u ap., 2016]. B pe3ynbTate, Ha MHTEpPBaIax ACUCTBHUS BEPHU(DUIMPOBAHHBIX
MarHUTHBIX 00JIaKOB, OBIT 0OHApYkeH 31 MOCTOBEPHEIH ciy4ail cyOOyph, MU BBI3BaHHBIX.

HccnenoBanne BIMSHHUS NapaMeTpPOB MarHUTHBIX OOJIAKOB Ha cyOOypH ITOKas3ajo 3aMETHYIO CTATHCTHYECKYIO
3aBUCHMOCTb MHTCHCHBHOCTH CyOOyph OT BEJIMYMHBI MAarHUTHOTO IOJIS HA OCH CIIMPalbHOTO oOnaka. Takke ObUIo
OTMEUYCHO, YTO CHHMPAJIbHBIE MAaTHUTHBIC 00JIaka C OCAMH, ONM3KUMH K IUIOCKOCTH SKIMITHKU MPEo0IaialoT cpenu
COOBITHI, BBI3BIBAIOIINX 3HAYMTENbHBIC Cy0Oypu. M3BectHo [BapxaroB u ap., 2014], uro Takas «iexadas»
KOH(UTyparus 00JIakoB CITOCOOCTBYET O0jiee YCTOWIMBOMY BO3JICHCTBHIO HA MarHUTOC(hepy 3eMilu.

bapxamoe H.A., Kawununa E.A. Onpedenenue napamempos MAacHUMHbIX 00AAKO8 U NPOSHO3 UHMEHCUBHOCIU
mazcnumnwvlx 6ypo I Feomaznemusm u asponomus. T. 50. Ne 4. C. 477-485, 2010

bapxamoe H.A., Bunoepaoos A.b., Pesynosa E.A. Ilpossnenue opuenmayuu MAcHUMHBIX 00JAKO8 CONHEUHO20
sempa 6 ce30HHOU eapuayuu 2eomacnumuou akmusnocmu Il Kocmuueckue uccneoosanus, T. 52, Ne 4. C. 286-295.
2014.

Bopobves B.I., Heooxkuna O.H., 3eepes B.JI. Hccnedosanue usonuposannvix cy60ypuv. yciosus ceHepayuu u
xapaxkmepucmuxu paznuunslx ¢asz [l ['eomacnemusm u asponomus. T. 56. Ne 6. C. 721-732. 2016.
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Oco0enHocTHn 3alIMTbl BbICOKOBOJIBTHBIX CHJIOBBIX TpaHC(l)OpMaTOpOB npu NMOBBIIIEHHOM
TeOMATHUTHOM aKTHUBHOCTH

Baxuuna B.B., KysBmunoB A.A., UYepuenko A.H., ®emsit O.B., IlynosunuukoB P.H. (Toassmmunckuil
2ocyoapcemeennulil ynusepcumem, 2. Tonvsmmu, Poccus, VVVahnina@yandex.ru)

[IpemmaraeMpie B MHPOBOW NPAKTHKE PEIICHHS C WCIONB30BaHHEM OJOKHPOBOYHBIX JJIEMEHTOB 3a CUET
NPUHYANTEIBHOTO pa33eMyIeHHs HEHTpajged CHIOBBIX TPaHC(hOPMATOpOB (HAMpUMEpP, €MKOCTHOE 3a3eMIICHHUE
HEWTpaId, THUPUCTOPHAs CHUCTEMA 3alMThI) MPU IMOBBIIIEHHON T'E€OMArHUTHONH aKTHMBHOCTH HE IO3BOJISIOT
3 PEKTUBHO 3alIUTHTH BHICOKOBOJIBTHYIO DJIEKTPHUECKYIO CETh OT T€OMHIYIMPoBaHHBIX TOKOB (I'UT), T.K. MoryT
NPUBECTH JHOO K PE30HAHCHBIM SBJICHUAM, JHOO K MEPCHANPSDKCHUSM IMPH HECHUMMETPHUYHBIX KOPOTKHX
3aMbIKaHHUAX. TakKe TPH pas33a3eMIICHHMHA HEHTpasiell  BBICOKOBOJIBTHBIX — TpaHC(OpMaTopoB  TpebyeTcs
JIOPOTOCTOSAIIEE CIeNUAIFHOS KOMMYTallHOHHOE 000pyIOBaHHE.

Hambomee mepCHeKTHBHON 3almIMTON BBICOKOBOJIETHBIX ~CHJIOBEIX TpPaHC()OPMATOPOB TMPH  TOBHIIICHHOMN
TCOMAarHUTHOM aKTUBHOCTH OYJET MCIOIb30BaHUE YCTPOMCTB, coueTaromux B cede Gpynkpm morutopunra ['UT u
PE3UCTHBHO-TUPHUCTOPHOTO 3a3¢MJICHHS CHJIOBBIX TpaHC(OpPMAaTOpOB, KOTNa PE3WCTHUBHOEC 3a3eMIICHHE HEHTpam
HCTOJB3YeTCs TOJNBKO IIPH OAHOBPEMEHHOM BEBITIOJHEHWH IBYX KputepueB: ¢ukcamuu Bo3pactanmss [UT u
HACBHITIEHHOT'O COCTOSHISI MarHUTOMPOBOA MO 6-if TapMOHMKE TOKa HAMarHUYWUBAHUS, a MIPHU OTCYTCTBHU XOTS OBI
OJIHOTO U3 yKa3aHHBIX KPUTEPHUEB — PEXKUM TIyxo3a3eMJIeHHON HelTpanu. CTpyKTypHasi cxeMa TaKoro YCTPOHCTBa
samuThl (V3) npuBeneHa Ha pucyHke 1.
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Pucynok 1 — CTpykTypHas cxema yCTPOHCTBa 3alllUThl BRLICOKOBOJBTHOI'O CHJIOBOTO TpaHcopmaTopa ¢ (hyHKIHeH
MHIUKAITIHM HACHIIIIEHHOTO COCTOSHUS MarHUTOIIPOBO/IA.

Pa3paboTanHOE YCTPONCTBO 3aIIUTHI COCTOUT U3 ABYX IMOJCUCTEM:

- KaHaJa MOHWTOPHHTA, BKJIIOYaoUIero 010k u3MepeHus Toka Heirpamu 1T, Gmok oOpaboTKM M perucrpanuu
curtaisa BOuPC, tokoByto mernro TII mis mepenaun curhana B gucnerdepckuii nmyHkt JIT (momcucrema | Y3).
Kanan mornTopunra Y3 mMoxeT paboTaTs HE3aBUCHMO;,

- CHJIOBOTO OJoKa (pe3ncTOpHO-TUPHCTOPHBIH 0ok PTB) n 610Kka ympaBieHHs PeXMMOM 3a3eMIICHHS HeHTpaiu
BYP3 (nmoxcucrema Il ¥3).

B nmucnieryepckuii MyHKT 3HEprooObeKkTa nepenaetcss MHGOPMAIUs O TEKYIEM COCTOSHHU 3a3eMIICHUs] HEUTpalin
BBICOKOBOJIBTHOTO CHJIOBOTO TpaHcpopmaTtopa u ypoBHs I UT.
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IposiBnenne ¢uyKTyanuii HABHTAIMOHHBIX CHTHAJIOB, ACCONHHPOBAHHBIX C MOJSPHBIMH
cusiHuAMH. co0bITHE 24 MmapTa 2023roaa

n.n. E(I)I/ILHOBl, n.n. ]_HaFI/IMypaTOBl, M.B. ®unaros?

1 .
Kanununepaockuii unuan U3MHUPAH, 2. Kanununepao, Poccus
2 . .

Tonapuviil ceopusuueckuni uncmumym, 2. Anamumut, Poccus

[poBenén ananu3 cuuHTHLLIIMNA GPS-cHTHAIOB BO BpeMsi CHUSIHHM, KOTOpbIE PErHCTPHPOBAUCH Ha LIMPOTAX
Kupynsr (67.7N°) 24 mapra 2023roma. Ilokazama mpsiMas CBA3b CUMHTHIUISIMA C JUCKPETHBIMH (OpMaMu
NOJISIPHBIX CHSIHUM. B KavecTBe MHIMKATOpA CIMHTHIUIAINN HCmonb30Bansl HHaAekchl ROT/ROTI. Tpu mposBicHun
JMCKPETHBIX (OpM TMOJSIPHBIX CHUSHHUH PETUCTPUPOBAIMCh HMHTCHCHBHBIC KpaTKOBpeMeHHble Bcruiecku 1EC
¢Gaykryanuit B mpon€rax CHOyTHUKOB Hanx craHmueid HaOmonmenws. Muamexc ROT mpepprman 2-3 TECU
JUTUTENBHOCTBIO 2-3 MHH. BBISIBIEHO IPOCTPaHCTBEHHO-BPEMEHHOE COOTBETCTBHE KPATKOBPEMEHHBIX BCIUIECKOB B
Bapuanusax ROT c muckperHsIMH (OpMaMH MOJSAPHBIX CHSHMH.  Pe3ynbTaTel CBHUICTEIBCTBYIOT, YTO HHIEKCHI
ROT/ROTI, nonyuennsie u3 cranaaptabix 30 cek GPS - HabnromeHuit MOTYT OBITH HCIONB30BaHBI B KaueCTBE
WHIMKAaTOpa HAJIMYUS CHSTHUH B CITy4asiX, HEBO3MOXKHOCTH MX PETHUCTPAIIMH ONTHYECKUMH CPEICTBAMH.

Bausinue a3I/lMyTaJ'IBHOI7[ KoMnoHeHTbl MMII Ha pacnpeaejaeHue nNnpoaojJbHbIX TOKOB AJ Pa3HbIX
ypOBHeﬁ TeOMArHUTHOH aKTHUBHOCTH U yriia HaKJIOHA TUII0JIsA

Kanyctun B. 3., Mummn B.B., Ieuckux 10.B., Jynrouikuna C.b. (Mucmumym conneuno-3emmnoii gpuszuxu CO PAH,
Hprymck, Poccusi, kapustin@iszf.irk.ru)

Ha ocnoBe Texumku wunHBepcud Marautorpamm (THM) wuccinenoBaHO BIHSHHE KOMIIOHEHTHI MEKIUIAHETHOTO
marautHoro oyt (MMII) By Ha a3uMyTanbHYI0 aCHMMETPHIO KPYITHOMACIITAOHBIX PACTIPEACICHUI TPOIOIBHBIX
tokoB (IIT) mist psiga cobwituii B mepuo 2008 — 2009 rr. PacnipenesnieHust pacCUUTAHBI [0 JAHHBIM, YCPESTHEHHBIM
10 4eThIpéM ypoBHsIM reomaruuTHo aktuBHOCTH (AE < 100, 100 < AE < 300, 300 < AE < 600, AE > 600 uTx) u
HAaKJIOHY T€OMAarHUTHOTO IWIOJS B pasziHyHBIe ce30HBI roza. llpm oboux 3Hakax kommoHeHTRI MMII By u
YCHUJICHUH ypPOBHSI F€OMAarHUTHOM aKTHBHOCTU HAaMIECHBI CIEAYIOIIUE CTATUCTUYECKHE 3aKOHOMEPHOCTHU: B JETHEM
Ce30HE M CE30HE paBHOJACHCTBU HabOmromaercss ymeHblieHue acummerpun IIT, a B 3uMHeM ce30HE — He
HaOromaeTcs.

Bausinne azumyTtanbHoil koMmnoHeHTsl MMII Ha pacnpenesieHre NPOI0JABHBIX TOKOB VISl Pa3HBIX
YPOBHeii reOMAarHMTHOW AKTUBHOCTH U YIJIa HAKJI0HA AUTOJSA

Kanyctun B.3., Mumun B.B., Ienckux 10.B., Jlyntotikun C.b. (Mucmumym conneuno-semnoi gusuxu CO PAH,
Hprymck, Poccusi, kapustin@iszf.irk.ru)

Ha ocnoBe TexHumku uHBepcud MarautorpamMm (THM) wuccnenoBaHO BIHsSHHE KOMIIOHEHTHI MEXKIUIAHETHOTO
marauTHOro oyt (MMII) By Ha a3uMyTanbHYI0 aCHMMETPHIO KPYIMHOMACIITAOHBIX PACIpPEACICHUI NPOIOIbHBIX
tokoB (IIT) mist psiga cobeituii B mepuoa 2008 — 2009 rr. PacnipenesneHust pacCIuTaHbl MO AaHHBIM, YCPEIHCHHBIM
10 4eThIpéM ypoBHsIM reomaruuTHo aktuBHOCTH (AE < 100, 100 < AE < 300, 300 < AE < 600, AE > 600 uTx) u
HAaKJIOHY T€OMAarHHUTHOTO IWIOJS B pasziHuHBIe ce30HBI roxa. Ilpm oboux 3Hakax kommoHeHTRI MMII By u
YCUJICHHH YPOBHSI T€OMAarHUTHOM aKTUBHOCTH HAMIIEHBI CIEYIOIIUE CTATUCTUYECKHE 3aKOHOMEPHOCTH: B JIETHEM
Ce30HE M Ce30HE paBHOJACHCTBUs HabOmtomaercsi ymenbplieHue acummerpun IIT, a B 3uUMHeM ce30HE — He
HaOurofaeTcs.
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Bapuanum mnoToKoOB 3apsiLKEHHBIX YACTHI[ B OKO0J03€eMHOM MNPOCTPAHCTBE BO BpeMsi TeJInoO-
reopuznuecknx coobiTuii B 2025 r. [1o nanubiM Hadmoaennii Ha cnyTHUKaX KUOHOC®EPA-M»

CeseprunoB C.U., Slumn U.B., boromonos B.B., boromonos A.B., BacunseB H.A., EpemeeB B.E., Uiogun A.O.,
Mapuenko O.A., U.H. Msrkosa (MI'Y um. M.B. Jlomonocosa, . Mocksa, Poccust, SIS@COronas.ru)

B nokmaze mpencraBieHBl pe3yibTaThl HAONIOACHUI BapHalUil MOTOKOB 3apsDKCHHBIX YacTHII B OKOJIO3EMHOM
OPOCTPAHCTBE BO BPEMsi TEOMArHUTHBIX BO3MYIIICHHIA, 8 TAKKE MPUX0/Ia CONHEIHBIX KocMuaeckux ydeit (CKJI) mo
nauaaeiM pubopos CITOP/1, ycranoBneHHbIXx Ha kocmudeckux ammapatax (KA) «Monocthepa-M». CrieKTpoMeTpbl
mia3sMel U dHepruuHoit pagmanuu CIIOP/1 mnpennHasHaueHbl Uit HU3MEPEHUS TOTOKOB M au(pepeHInanbHbIX
DHEPreTUUECKUX CHEKTPOB HHU3KOAHEPIHMYHBIX 3JEKTPOHOB M MPOTOHOB B auanazoHe sHepruii 0.05 - 20 k3B, a
TaKKe 3apsHKEHHBIX YacTUI] CPETHUX M BBICOKHMX SHEPTHil: JJEKTPOHOB B dHepreTndeckoM unrepBasie ~0.15 — 10
M>5B u mpoToHOB B 3HeprerudeckoM uaTepBasie ~2.0 — 160.0 M»sB. B teuenne 2025 1. ocymecTBIsIICS MOHUTOPHHT
NOTOKOB DHEPTUYHBIX HJICKTPOHOB U MPOTOHOB B Pa3INYHBIX 00JACTIX OKOJO3EMHOT0 MPOCTPAHCTBA. [IpoBoaunics
aHAI3 JUHAMUKHU 3arOJHEHUS MOJSIpHBIX manok vactuiamu CKJL. Kpome Toro, paccMaTpHBaroTCs BapuHalUH
NPOCTPAHCTBEHHBIX paclpeesiCHUH MOTOKOB CYO-pEIATHBUCTCKHUX SJIEKTPOHOB BO BHEIIHEM PAJHAIlHOHHOM IOSICE
BO BpEMsI TEOMArHUTHBIX Oypb, a Takke AUHAMHKA MOTOKOB Hu3kodHepruvHbix (0.05 — 1.0 x3B) anexktpoHOB U
NPOTOHOB HAa pa3HBIX IIUPOTAX B OKOJIO3EMHOM IPOCTpaHCTBe. [yl yKa3aHHOrO COOBITHH NPOBOIUIOCH
COTOCTABJICHHE JaHHBIX MO MMOTOKAM 3apsDKEHHBIX YacCTHUI] C MOKa3aHUSIMHU NPUOOPOB, 00ECTICUNBAIOLINX KOHTPOIIb
MarHMTO-BOJIHOBOH 00CTaHOBKM Ha criyTHHKaX «MoHochepa-M».

OnnoBpemennsbie Hadaonenusi SAR-1yru B o6cepBaTtopusix UC3® CO PAH u K® U3MUPAH c
NMOMOIIBI0 HA00PA ONITHYECKUX HHCTPYMEHTOB

T.E. CBIpeHOBal, C.B. Hoz[neCHLn‘/'Il, A.B. BeneuKHﬁl, M.B. KIII/IMGHKOZ, H.C. HHKOBCKHfIz, P.B. Bacuises*

Yucse co PAH, 2. Upxymcxk, Poccus
2K® H3MUPAH, 2. Kanununepao, Poccus

B pabore mnpexacTaBieHBl BO3MOXXKHOCTH OIHOBPEMEHHOTO HaOMIOJEHUS COOBITHH B BepxHed armocdepe
OHOTHUITHBIMH I[BETHBIMH KaMepamu Bcero HeOa. OnHa kamepa ycraHoBieHa B obcepBatopun K@ N3MIUPAH B
noc. YnesiHOBKa, KanuHUHTpanckas o0nacTs, reorpadudeckue koopauHatsl 54 N, 22 E, Beicota 30 M Hajx ypoBHEM
Mopst. Bropas - B c. Topsl, B ['eodmsndeckoii oocepBaropun UC3® CO PAH, reorpaduyeckne xoopanHatsl 52 N,
103 E, BeicoTa 670 M.

I'eomarautHas O0yps 19 saBapst 2026 roga vaganace B ~ 19:30 UT, korma peruon Boctounoit EBporsr Haxoamics B
BeUepHEM cekTope, a Boctounas Cubupp - B HOYHOM. DTO NpPHBEIO K TOMY, 4TO Kamepa B obcepBaropuu Kd
N3MUPAH mno3Bosuia 3adukcupoBath cydaBpopaibHoe cBedeHrne STEVE, koTopoe CMEHMIIOCH Ayro# 3eeHBIX
MYJIbCUPYIOIINX CHSHUI BOJHM3M I0)KHOTO TOPU30HTA Kamephbl Ha mupoTax ~ 52 N. Bo Bpemsi reomarauTHoii Oypu
19-21 suBaps 2026 kamepaMu B 000MX pErMOHax ObLIM 3apETHCTPUPOBAHBI CPEIHEIIUPOTHBIC CUSHUS, B TOM YHCIIE
CTPYKTYpBbI, cooTBeTcTBYIoIne SAR-yram. Ilepron oJHOBpEMEHHOI perucTpalyu MPOTsHKEHHON JAYTH COCTaBHII
okono 30 muHyT. COBMECTHBI aHaJ M3 TOJYYEHHBIX CHUMKOB C HCIOJIb30BAHUEM METOJa KaTHMOPOBKH C
uneHTHUKaued 3Be3]] W IPUBSI3KH K reorpadMyeckuM KOOpAWHATaM IO3BOJIMJI OLIEHUTH IPOCTPAHCTBEHHO-
BPEMCHHBIC  XapaKTePUCTHKH  HaOmogaeMblx  sBieHMH. [lomoOHBIN  aHamM3  TO3BOJMT  OTCIIEKHBATH
MPOCTPAHCTBEHHYIO 3BOJIIONMIO KaK JIyT, TaKk W (JOHOBOH aBpopaibHOW akTUBHOCTH. OOCYXIaeTcs BO3MOXHOCTh
UCIIONIb30BaHMS MOAOOHBIX HHCTPYMEHTOB ISl OJHOBPEMEHHBIX HAOIONCHMH SBICHUI BepxHell aTtmocdepsl
3eMiu.

29


mailto:sis@coronas.ru

Geomagnetic storms and substorms

Ha6aonenust SAR-1yr B cpeqHUX MIMPOTAX BO BpeMsi reoMarHuTHbIX 0ypb 19-20 sinBaps 2026 r

T.E. CeipenoBa, A.B. Muxanes, A.b. beneukuii, C.B. I[lomnecusiii, P.B. Bacunbes (MC3® CO PAH, 2. Upkymck,
Poccus)

B paboTe paccMaTpUBAaIOTCS YCIOBHUs PErHCTpalid U 0coOeHHOCTH SAR-myr Bo Bpems OOJBLIOI reoMarHUTHOM
oypu 19-20 smBaps 2026 1. ['eomarHutHas Oyps XapaKTepHU30BAIACh MPEIIICCTBYIONNM OYEHb CHIIBHBIM
pamuanuoHHbIM mTopMOM (S=4) u OONBLION BETMYMHOW CKOPOCTH coiHeuHoro Berpa (> 1600 km/cek).
MakcumanbHoe 3HaueHne DSt cocraBuio BenmumumHy -218 NT, 4TO HE SBISETCS IKCTPEMAIBHO BBICOKHM IS
0O0JIBIINX T€OMarHUTHBIX Oypb. THUNUUYHBIN M HauOoJIee BEPOSTHBII IHUPOTHBIH quana3oH HaOmoaeHus SAR-nyr ~
45° — 60° reoMarHUTHBIX (IUMOJBHBIX) IAPOT MK Tapametp obomoukn Maxk-Wnseiina L ~ 2.0 — 4.0. Habmonenue
SAR-ayr ocymecTBisuiochk B I'eopusuueckoit oocepsaropun UC3® CO PAH (reorpaduueckue koopauHatsl 52°N,
103°E, reomarautHas aunonbHas mmpora ~ 42° N, L ~ 2.0). SAR-ayru HaGmoganics Ha (poHE MOJISIPHBIX CHAHHI
B ceBepHoOii wacTu HeGocsona (3muccuu [Ol] 557.7 um u Ny* 427,8 um u 630 HM) U CpEIHEIIMPOTHBIX CHSAHUI B
amuccun [Ol] 557.7 HM BIUTOTH /10 3CHUTHBIX HampaBieHH. B oTmenbHbIe MOMEHTHI BpeMeHH SAR-IyTH yXomiim
3 FOXKHBI TOPU3OHT B TOYKE HAOJIFOJCHHS, YTO MOXKET COOTBETCTBOBATH IT€OMAarHUTHBIM JMIIOJIBHBIM IIHPOTaM 38-
40° N. Kpome Toro, 20 ssHBapst ObLiTa 3aperucTpupoBaHa aBoitHas SAR-myra, pa3aencHHas 0 IMUPOTE.

KpacHble 1yru BbICOKOW WHTEHCHBHOCTH TPH BO3/1eiiCTBUH UMIIYJIbCOB JaBJIEHUSI COJTHEYHOTO
BeTpa

B.JI. XaJ‘II/IHOBl, A.E. Crenanos?

1 .
Jlobposonvhutii ucciedoeamens, 2. Axymcek, Poccus
Hucmumym kocmoghuzuueckux uccreoosanuti u asponomuu um. FO.I'. lllagpepa CO PAH, 2. Axymck, Poccus

[To nmeromumcs B MyOMUKAIIMAX ONTHYECKUX M3MEPEHHUH KPAaCHBIX AYT BBISABICHBI COOBITHS C MHTEHCHBHOCTBHIO
cBeuenusi nuHMM 630.0 HM B Heckonbko kPn. Takas reodusuueckas CHUTyalMsi pa3BUBAaeTCS NPU BBICOKOH
TE€OMAarHUTHOW aKTHMBHOCTH U CMEIIEHHHU Iuia3mornaysbl g0 L -o6onouku 3 - 2.5. iMnynec naBiieHHs COJHEYHOTO
BeTpa MOPOXIAeT AJIbBEHOBCKHE BOJIHBI, KOTOpPBIE PACIPOCTPAHSIOTCS BO BHYTPEHHIOW MarHutocdepy u
OKa3bIBAIOTCSI 3aXBaUC€HHBIMU B 001acTH HOHOC(epHOTro pe3oHaTopa. CoBepias MHOTOKPATHBIE KOJIEOaHUsI MEXKITY
CEBEpHBIM M IOKHBIM TIOJyIIApUSAMH, BOJHBI BBI3BIBAIOT pa3orpeB BepxHeil F-oGmactu woHOchepsr. s
AQHAIOTMYHONH Teo(U3NYecKOH CHUTyalliH pacCMOTPEHBI COOBITHS pasorpeBa oOmacth F mo wn3mepeHmsM
JNIEKTPOHHON Temneparypsl Ha crmyTHHkax Opeon-3 m DMSP. Kpacuele nyrm MoryT BO3HHMKaTh W Ha (hase
BHE3aITHOI'0 Hadajlla BO BpEMs MMIIyJbCa IABIECHUs COJHEYHOIO BETpa HA 3eMHYI0 MarHutocdepy, Korpa HeT
KOJIBIIEBOTO TOKA.
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L ocalization and mechanism of for mation of discrete formsof auroras

E.E. Antonova™? V.G. Vorobjev®, O.I. Yagodkina®, M.V. Stepanova® |.P. Kirpichev?, I.L. Ovchinnikov?, G.I.
Antonyuk®

Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow, 119991, Russia,
e-mail: elizaveta.antonova@gmail.com

“Space Research Ingtitute (K1) Russian Academy of Science, Moscow, Russia

3Polar Geophysical Institute, Apatity, Russia

“Department of Physics, University of Santiago de Chile, Santiago, Chile

A revision of the basic mechanisms of magnetospheric dynamics (see, for example, GRL, 2025,
doi:10.1029/2024GL 114315) includes clarification of the level of turbulence of magnetospheric domains, the spatial
localization of the auroral oval and aurora structures. Among the current tasks is also solving the problem of the
formation of narrow auroral structures, the dimensions of which along the magnetic field lines far exceed their
transverse dimensions. Such structures form rayed arcs, often called picket arcs. At the zenith, this form of auroral
display is called a corona. Rayed arcs are often observed at |atitudes of the auroral oval, but can also be observed in
the cusp region (GA, 2024, doi:10.1134/S0016793224600103). Rayed arcs are the brightest auroral structures, with
brightness far exceeding that of other auroral forms. During observations, small-scale fluctuations of the electric and
magnetic fields are simultaneoudly recorded, which led to the dominance of ideas about the acceleration of
electrons, causing the appearance of rayed arcs by Alfven waves and the flow of energy into the arc along magnetic
field lines. The advantages of an alternative mechanism, discussed in (Proc. XLVIII Annua Seminar, Apatity, doi:
10.51981/2588-0039.2025.48.002) for creating a rayed arc are highlighted.

Laboratory experiment on generating a spherical plasma cloud in a dipole magnetic field at the
Kl-1facility

A. A. Chibranov, A.G. Berezutsky, Y u.P. Zakharov, |.B. Miroshnichenko, V.G. Posukh, M.A. Rumenskikh, I.F.
Shaikhislamov, A.E. Ivanov, M.V. Loginov

ILP SB RAS, Novosibirsk, Russia, chibranov2013@yandex.ru

An experiment was conducted on the Kl-1 laser-plasma setup involving the expansion of a spherical laser plasma
cloud into a dipole magnetic field. The plasma cloud was created by irradiating a spherical polyethylene target with
four beams of a pulsed CO, laser. A dipole-configured magnetic field was generated by a solenoid inside a vacuum
chamber. Measurements were conducted using a system of combined magnetic and electric probes, as well as
photorecording systems.

As a result, three-dimensional probe measurements of the diamagnetic cavity and plasma flow dynamics were
obtained. It was shown that a spatially inhomogeneous diamagnetic cavity forms as the plasma cloud expands in a
dipole magnetic field. When the cloud expanded toward the increasing field, the cavity radius was R, = 7 cm, while
when expanding away from the dipole, R, > 11 cm. The formation of a shock compression layer with increasing
plasma density and magnetic field was detected in the direction toward the dipole.

The experiments were supported by Program 10 "Experimental Laboratory Astrophysics and Geophysics' of the
National Center for Physics and Mathematics.
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Characteristics of pitch-angle scattering of charged particlesin the current sheet useful for remote
sensing of Earth’s magnetospher e from low-altitude spacecr aft.

A.R. Dibaeva, V.A. Sergeev.
Saint Petersburg State University, S-Petersburg, Russia

One of the important mechanisms violating the adiabatic motion of charged particles in the magnetosphere is the
field line curvature scattering. This process leads to pitch angle scattering and loss cone filling as particles cross the
equatorial current sheet. This makes it possible to remote sensing of the magnetosphere's magnetic configuration
using observations of precipitating particle fluxes from low-atitude spacecraft. The method is based on the
consideration of the adiabaticity parameter K which isequal to the ratio of the radius of curvature of the field line to
the particle gyroradius calcul ated using the selected model.

We numerically trace the trajectories of the electrons for a simple current sheet model at different energies in order
to estimate the pitch-angle scattering amplitudes. First results obtained from the numerical simulation alow us to
analyze the dependence of the loss cone filling on electron energies and parameters of the current sheet model. The
results are compared with experimental observations obtained from the POES. We discuss preliminary conclusions
as well as directions for further development of the model including possible modifications to more accurately
describe the observed effects.

33



Fields, currents, particlesin the magnetosphere

SELECTION OF ZONES OF ANOMALOUS ULF GEOMAGNETIC DISTURBANCES OF
LITHOSPHERIC ORIGIN

V.S. Ismagilov, M.S. Petrishchev, Y u.A. Kopytenko

SPbF Izmiran, S. Petersburg, Russia. e-mail: ivs@izmiran.spb.ru

A statistical method is considered for isolating weak electromagnetic anomalies of lithospheric origin against the
background of strong technogenic interference. A study of ULF geomagnetic disturbances for the period 01.02 —
07.10.2000 was carried out at three magnetic stations located on the Earth's surface in a triangle ~4.5 km apart
(magnetic gradiometer) at a distance of ~62 km from the epicenter of the M6.9 earthquake that occurred on
07.01.2000. For the period 01.02 — 07.10.2000, dynamic histograms of probability distributions of the magnitude of
the ULF were constructed variations of the magnetic field in the frequency range of 0.04-0.2 Hz. During this period,
synchronous short—term (4-6 days) shifts in probability distributions were detected at all three stations of the
magnetic gradiometer in the direction of higher than background values of the COE. On the obs. There are no
anomalous displacements in Kakioka, which is about215 km away from the epicenter. This means that the
anomal ous events are not the result of high geomagnetic disturbances.

The most probable values of the RMS are used to construct the gradient vectors of the magnetic field. During the
background RMS values, the gradient vector points to the noisiest magnetic station. During periods of abnormal
increasesin RMS, the gradient vector rotates and points to the epicenter zone of the future earthquake.

BBIIEJIEHUE 30H AHOMAJIBHBIX YHY TEOMATHUTHBIX BO3MYIIEHUN JIATOC®EPHOI' O
MMPOUCXOXKIEHUA

B.C. Ucmarunos, M.C. ITerpumes, FO.A. KonbiTeHKO
CII6® U3MUPAH, C.-Ilemepbype, Poccus. e-mail: ivs@izmiran.spb.ru

PaccmarpuBaercsi CcTaTHCTHYECKUN CIIOCOO BBIACIEHUS CHAOBIX 3JCKTPOMArHUTHBIX aHOMAJIMH JHUTOC(HEpPHOTro
MPOUCXOX/ICHNUSI Ha (POHE CHIBHBIX MOMEX TEXHOTeHHOTo mpoucxoxaeHus. [IpoBeneno mccnenoBanne YHY
TEOMarHUTHBIX Bo3MytneHmi 3a mepron 01.02 — 10.07.2000 r. Ha TpeX MarHUTHBIX CTAHIMAX PACIIOJNIOKCHHBIX Ha
3¢MHOH MOBEPXHOCTH TPEYrOJLHUKOM B ~4.5 KM Ipyr oT Apyra (MarHWTHBIN TPaAUeHTOMETP) Ha PacCTOSHUU ~62
KM OT JmuieHTpa 3emuerpsiceHus M6.9, mpowmsomremmero 01.07.2000 r. 3a mepmonm 01.02 — 10.07.2000 r.
MOCTPOEHbl JWHAMHUYECKUE THCTOrpaMMbl pacnpeneneHuil BepositTHocTed BemumuuHsl CKO VYHY  Bapuanmii
MarHuTHOro mosiss B jauanazone vactoT 0.04-0.2 T'm. 3a 3TOT mepuox Ha BCeX TpPeX CTAHIUSIX MAarHUTHOTO
rpagueHToMeTpa OOHAPY)KCHBI CHHXPOHHBIE KpaTKoBpeMeHHbIe (4 — 6 CyTOK) CMEIICHHs paclpeaeieHuit
BEPOSATHOCTEH B CTOPOHY O0JbInuX, 4eM (oHOBHIe, 3HaueHNH CKO. Ha o6c. Kakmnoka, ynaneHHO#H OT aIHLeHTpa Ha
~215 KM 3TH aHOMaJbHBIE CMEIIEHUS OTCYTCTBYIOT. JTO O3HAYaeT, YTO aHOMAlbHble COOBITHS HE SIBJISIOTCS
CJIC/ICTBHEM BBICOKOM F€OMAarHUTHOW aKTUBHOCTH U CO3JIaHbl yIAJICHHBIM JINTOC(HEPHBIM UCTOUHHKOM.

[o naunbonee BeposiTHbiM 3HaYeHUsIM CKO mocTpoeHsl BEKTOpa IpaJJUeHTOB MarHUTHOTO T10Jis. B mepuox (oHOBBIX
snaueHndi CKO BekTOp rpagmeHTa ykas3plBaeT Ha HamOoJiee 3allyMJICHHYIO MAarHUTHYIO CTAaHIWIO. B mepuomsl
aHomanbHbIX yBenumueHnid CKO BekTop rpajayieHTa IMOBOPavyMBAacTCS M yKa3bIBaeT HA 30HY SMHUIEHTpa OyayIiero
3eMJICTPSICEHHSI.
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Electron precipitation from the Earth's outer radiation belt: scattering mechanisms, efficiency for
electrons of different energies, spectral and spatio-temporal characteristics

A.R. lvanova'®, V.V. Kaegaev*®, A.G. Demekhov?, T.A. Yahnind, I.A. Mironova®

! Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow, Russia
2 Polar Geophysical Institute, Apatity, Russia

® Faculty of physics, Lomonosov Moscow State University, Moscow, Russia

4 &. Petersburg Sate University, S. Petersburg, Russia

According to the NOAA POES/METOP satellites, statistics of relativistic and subrelativistic electrons precipitation
from the Earth's outer radiation belt during various geomagnetic disturbances were collected. Two different
magnetic storms were being considered: weak prolonged storm including the HILDCAA event on October 11-16,
2017, and powerful but rapidly fading storm on March 23-30, 2023. Precipitation caused by resonant interaction
with whistler waves, EMIC waves, and scattering on the curvature of a magnetic line were considered. The main
parameter studied was the slope of the integral energy spectrum (as a measure of the ratio of electron fluxes of
different energies) of the precipitation. Energy channels: >40 keV, >130 keV, >287 keV, >700 keV.

Precipitation caused by scattering on the curvature of the magnetic line have a compact range of slope values of the
integral energy spectrum and the distribution resembles a normal one. The results of the analysis for such
precipitation events are expected. The scattering efficiency of such mechanism is the same for al energies (and is
approximately equal to 1), therefore, the slope of these spectra corresponds to the slope of the spectrum of the
radiation belt trapped particles. From the theoretical concepts of EMIC waves, the maximum scattering efficiency
should be observed for relativistic electrons, and for subrelativistic electrons, the scattering efficiency should
decrease to lower energies. Hence, amore rigid integral spectrum is expected for the EMIC events (compared to the
scattering on the curvature of the magnetic line) and for most events this is the case. The unexpected soft events
were caused by two reasons: too much flux of subrelativistic particles or “contamination” by other scattering
mechanisms. The expected scattering efficiency, monotonously decreasing to lower energies, is not observed for al
considerable events. Possibly, this indicates the constant presence of an additional mechanism of subrelativistic
electron scattering.

Other precipitation (most likely caused by scattering by whistler waves) have the widest and most uniform
distribution of the integral spectrum slope. Perhaps such a wide distribution is caused by several mechanisms at
once, for example, by different types of whistler modes.

The spatial and temporal characteristics of precipitation events caused by different scattering mechanisms with
different slopes of the integral spectrum during two various magnetic storms were also considered.

Thisresearch is supported by Theoretical Physics and Mathematics Advancement Foundation “BASIS’.

Dynamics of electron fluxesin the outer radiation belt under inductive electric field variations
V.V. Kaegaev'?, K.Zh. Azra-Gorskaya'?, N.A. Vlasova', A.A. Zykina"?

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

Solar wind pressure pulses can initiate rapid acceleration of energetic electrons in the Earth's outer radiation belt,
which is caused by the generation of the inductive induction electric field in the magnetosphere. From the other
hand, substorms are also produce the inductive electric field and corresponding plasma injections inside the inner
magnetosphere. The intensity of these processes is related both to the parameters of the solar wind and the
interplanetary magnetic field, as well as to the state of the magnetosphere. We study and compare the effects of the
inductive electric fields produced by substorms and by pressure pulses on the dynamics of the outer radiation belt.
Geomagnetic disturbances that occurred on October 11, 2017, on January 8, 2018 and on June 22, 2015 have been
considered in detail.
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Small-scale density irregularitieswithin the plasmasphere
G. Kotova, D. Chugunin, A. Chernyshov, M. Mogilevsky, V. Bezrukikh
Space Research Ingtitute of Russian academy of Sciences, Moscow, Russia

The data from the wide-angle plasma analyzer (Faraday cup) installed on the Magion-5 satellite suggests the almost
constant existence of small scale density oscillations in the inner plasmasphere. The frequency of these oscillations
is close to 30 mHz and the spatial dimensions are about 100 km. The amplitude of these density fluctuations is
proportional to the background density itself. Data obtained during several plasmasphere crossings are presented and
analyzed.

The work was supported by a grant from the Russian Science Foundation No. 25-12-00059.

Analysis of interplanetary shock associated geosynchronous magnetic field perturbations during
the solar cycle 25

A.S. Lavrukhin®, K.B. Kaportseva', A.O. Shiryaev*?

! M.V.Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics, Moscow, Russia
2 M.V.Lomonosov Moscow State University, Faculty of Space Research, Moscow, Russia

Interplanetary shocks usually cause the sudden impulse / sudden commencement (SI/SC) of magnetic field on the
Earth surface. The magnitudes of observed SI/SC’s vary at different stations and are strongly influenced by various
SC-associated magnetospheric current systems. Using only ground stations data it is difficult to estimate the
contribution of magnetopause compression to SI/SC under the influence of an interplanetary shock and influence of
its inclination on the magnetopause compression asymmetry. Thus it may be useful to use the geosynchronous
spacecraft data. We have selected several SC/SI events during the ongoing 25th solar cycle, when the GOES 16,
17/18 spacecraft were located almost symmetrical about the x-axis on the dayside, to study the geosynchronous
magnetic field perturbations on the dusk and dawn sides and compare the observed asymmetries to the calculated
interplanetary shock inclination angle.

Quasi-stationary electron-scale current sheet: self-consistent structure and eectron acceleration by
the ambipolar dectricfield

M.V. Leonenko, E.E. Grigorenko, L.M. Zelenyi (Space research ingtitute of RAS, Moscow, Russia)

We report on observation of the self-consistent configuration of the intense Electron-Scale Current Sheets (ECSs)
located near the neural plane in the Earth’s magnetotail under the presence of strong guide field (By). During the
interval of interest ion Bursty Bulk Flow (BBF) moving tailward was observed in the extremely hot PS.

The ECSs with current densities j ~ 100 nA/m? have the specific 1D planar configuration self-consistently supported
by the delicate balance between central field-aligned current and perpendicular currentsin its southern and northern
edges. The field-aligned current is carried by the suprathermal high-speed electron beam, while the perpendicular
currents are supported by the diamagnetic and ExB drifts due to the presence of the strong ambipolar electric field
(~50 mV/m).

We demonstrate that the strong electric current in the ECSs can exist without strong electron anisotropy due to the
contribution of the diamagnetic and ExB drifts. We found that the vertical pressure balance in the ECSs is mainly
contributed not by the increase in guide magnetic field, but by the enhancement of the el ectron pressure.

It has been shown that the strong ambipolar electric field related to the ECSs can accelerate field-aligned electron
beams providing the energy gain up to ~ (6-8) keV. Such acceleration can have a cascade behavior by producing
new ECSs in other PS locations. The results of our study shed a new light on the mechanisms of the intense ECSs
formation and illustrate the variety of magnetic structures which could exist in hot collisionless plasma.

This work was supported by the Russian Science Foundation grant No. 25-42-00028.
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Dynamics of the high-latitude Earth's magnetospher e according to polar satellite data
AN. Manina™? V.V. Kalegaev'* V.N. Nikolaeva®; A.N. Ivanova®? N.A. Vlasova'

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

Satellite measurements of charged particle fluxes make it possible to study the structure and dynamics of the
magnetosphere during geomagnetic disturbances. The region of the inner magnetosphere is identified by
measurements of the fluxes of trapped particles, while the dynamics of the auroral magnetosphere is manifested in
spatiotemporal variations in the fluxes of charged particles in the auroral ova region. The most complete
information about the structure of the magnetosphere can be obtained in the presence of a third population of
particles, solar energetic protons, accessing the polar caps during solar proton events.

Such an event was recorded during the magnetic storm on 27/02/2023. Measurements of the Meteor-M2 and DM SP
polar satellites made it possible to determine the position of the high-latitude boundaries of the main magnetospheric
structures: areas of solar proton penetration (3-10 MeV); areas of auroral electron and ion precipitation (30 eV+30
keV); areas of electron capture (> 100 keV) in the outer radiation belt of the Earth. Analysis of satellite
measurements in the evening and morning sectors of the magnetosphere has shown that the boundaries of all
magnetospheric structures shift to lower latitudes during the main phase of the magnetic storm. In the orbits of polar
satellites, a morning-evening asymmetry is observed in the flaxes of trapped electrons and solar energetic particles
in the main phase of the storm, associated with the formation of a partial ring current in the evening magnetosphere.
The presence of solar energetic protons has been detected in the region of the auroral oval and in the region of the
outer radiation belt, which indicates the possibility of diffusive penetration of solar particles through the flanks of
the magnetosphere.

The research was carried out within the framework of the state assignment of the Lomonosov Moscow State
University.

Current Systems of a Diamagnetic Cavity

I.P. Paramonik?, A.V. Divin, A.A. Chibranov?, M.S. Rumenskikh?, I.F. Shaikhislamov?, V.S. Semenov!

! &. Petersburg Sate University, S. Petersburg, Russia, igorparamonik@gmail .com
2| nstitute of Laser Physics, SB RAS, Novosibirsk, Russia

Spherically symmetric expansion of a plasma cloud from a point source into an external magnetic field is a
fundamental model problem for describing various astrophysical phenomena in space plasma. Examples of such
events, occurring across a wide range of scales, include supernova explosions, coronal mass gections, the
interaction of the solar or interstellar wind with the galactic magnetic field, and experiments in the Earth's
magnetosphere (AMPTE, CRRES). As it expands, the plasma displaces the surrounding magnetic field and forms a
diamagnetic cavity.

Laboratory experiments with laser plasma at the Kl-1 facility (Institute of Laser Physics SB RAS, Novosibirsk)
established the existence of a weakly magnetized ion regime. In this regime, the gyroradius of particles in the
expanding cloud is comparable to or exceeds the magnetic stopping radius. At alate stage of the process, this leads
to anomaloudly fast magnetic field penetration into the cavity, accompanied by the generation of azimuthal Hall
magnetic fields. Particle-in-Cell (PIC) numerical simulations confirmed the presence of Hall fields in this problem
and reveaed the existence of a double, nested quadrupole structure of the azimuthal field, consisting of outer and
inner parts. Furthermore, both laboratory and numerical simulations confirmed the dependence of the field
configuration and intensity on the density of the external background plasma: the inner structure becomes less
pronounced as the background density increases.

This work demonstrates the current systems of a diamagnetic cavity associated with Hall magnetic fields for
different background plasma densities. Using 2D PIC simulations as an example, it is shown how these current
systems close in fundamentally different ways to produce distinct magnetic field structures under sub-Alfvenic and
super-Alfvenic plasma expansion regimes.
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Features of the expansion of plasma jets with unmagnetized ions acr oss ambient magnetic field in
laboratory experiments on the "Krot" plasma device for modeling effects of active space
experiments

A.S. Nikolenko, M.E. Gushchin, S.V. Korobkov, I.Yu. Zudin, K.N. Loskutov, A.V. Strikovskiy, N.A. Aidakina,
I.M. Vershinin, V.V. Kochedykov, D.S. Pleshkov

Federal Research Center A.V. Gaponov-Grekhov Institute of Applied Physics of the Russian Academy of Sciences
(IAP RAS), Nizhny Novgorod, Russia

The propagation of ionized matter flows across an external magnetic field is a fundamental problem arising in
various fields of space and laboratory plasma physics. In the near-Earth environment, these processes occur during
the interaction of the solar wind with the Earth's magnetosphere, as well as during active geophysical experiments
[1], such as Fluxus, North Star [2] in the ionosphere and AMPTE [3], CRRES [4] in the magnetosphere. The large-
scale plasma facility "Krot" is used to conduct laboratory experiments on limited modeling of phenomena arising
from the injection of plasmajetsinto the Earth's ionosphere and magnetosphere [5, 6]. Compact coaxial accelerators
are used as the source of plasma jets in laboratory experiments. These accelerators inject plasma flows into a
vacuum or less dense background plasma/neutral gas along or across a quasi-homogeneous magnetic field in an
"unbounded" expansion regime. The main results of studies of two scenarios for plasma motion across a magnetic
field in laboratory experiments are presented. When a jet is injected along the magnetic field (B,), deceleration of
the jet boundary across By leads to the development of a flute instability, classified as a Large Larmor Rayleigh-
Taylor instability (unmagnetized ions). When a plasma jet is injected across magnetic field in a vacuum, the plasma
collimates in a plane formed by the initial velocity and external magnetic field vectors—a "plasma slab.” The length
over which the plasma flow propagates across the field in a laboratory experiment exceeds one meter and is
approximately ten gyroradii of the jet ions. Based on a combination of experimental data from probe and non-
contact diagnostics, it has been investigated that the observed plasma motion is possible only due to its polarization
across the injection direction, V,,.

This work was supported by the Russian Science Foundation grant No. 24-12-00459.
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Empirical mode of energetic electron fluxes at GEO.
M.A. Shukhtina, V.A. Sergeev (Saint-Petersburg State University)

Abstract

We propose an empirical model for the omnidirectional fluxes of energetic electrons with energies 40-275 keV at
the geostationary orbit (GEO) during disturbed periods. Different from other models, it presents the electron fluxes
as the result of injections, superimposed on some quiet background. The injection strength is parametrized by the
positive increment of mid-latitude substorm MPB index (McPherron and Chu, 2017). The model is based on
observations from GOES-13 and GOES-15 spacecraft made in 2017 and is tested on the period 2012-2016. It
reproduces such well-known features, as midnight-dawn maximum, evening minimum and energy dispersion of the
peak fluxes, demonstrating the drift mechanism, governing the EE fluxes. The best correlations with observations
are manifested for moderate geomagnetic activity.

Unexpectedly it appeared that the model works even for supersubstorms, revealing the flux saturation prescribed to
the Kennel-Petschek limit.

We conclude that substorm-related injections are the main factor, driving the EE fluxes at GEO.

The work is supported by Saint-Petersburg State University (research Grant N 116234936)

McPherron, R. L., & Chu, X. (2017). The mid-latitude positive bay and the MPB index of substorm activity. Space
Science Reviews, 206(1-4), 91-122. https://doi.org/10.1007/s11214-016-0316-6
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Computation of energy- and pitch-angle-dependent drift shells shapes using particle tracing in GT
package

S.A. Proshin, V.V. Maakhov, A.G. Mayorov (National Research Nuclear University MEPhI, Moscow, Russia)

Standard methods for calculating drift shells (IRBEM, shellg) use a simplified approach by computing the value of
parameter L through tracing Earth's magnetic field lines. This method provides sufficient accuracy for solving many
problems in the area of Earths H™Ss radiation belts but is generally not suitable for precise reconstruction of shape
and position of drift shellsin fields with complex configurations. Furthermore, this approach does not account for
dependence on particle energy and equatorial pitch angle in radiation belt particles. Such differences can be
significant especially at the lower boundary of the inner radiation belt where flux values exhibit strong gradients
across geomagnetic coordinates.

We present rigorous calculations of drift shells in an undisturbed magnetosphere computed via trajectory
simulations of trapped protons within Earth's magnetic field. The form and location of each shell are reconstructed
based on girocenter calculations from obtained trajectories according to their strict definition [1]. Calculations were
performed using the GT environment [3] for protons with energies ranging from 10 MeV to 4 GeV under conditions
of an undisturbed magnetosphere covering values of parameter L between 1.1 and 6. Our analysis revealed that even
for minimum-energy particles, the shapes and positions of drift shells calculated by standard methods differ
significantly compared to those derived through tracers. The effect is particularly pronounced over the South
Atlantic Magnetic Anomaly region near the lower boundary of Earth's inner radiation belt. Vaues of pkhNeas
determined by these two approaches, may vary up to 0.02 Re, which is substantial given the sharp dependency of
fluxes on this variable in this region. Additionally, we employ more accurate models such as CHAQOS[2] for better
representation of the main component of Earth's magnetic field. We aso include lithospheric components modeled
with LCS.

1. J. G. Roederer, B«Coordinates for representing radiation

belt particle fluxB», Journal of Geophysical Research: Space

Physics, 123:1381, 2018.

2. Finlay et al., B«The CHAOS-7 geomagnetic feld model and observed changes in the South Atlantic AnomalyB»,
Earth, Planets and Space, 72:156, 2020.

3. https://github.com/agmayorov/GTsimul ation.git

Solar wind and geomagnetic activity conditionsfor energetic electron injectionsinto L<1.2
A.V. Suvorova (Skobeltsyn Institute of Nuclear Physics MGU, Moscow, Russia)

The sudden enhancements of quasi-trapped energetic electrons fluxes below the inner radiation belt (IRB) have
remained a puzzling phenomena for decades. It is known as enhancements of forbidden energetic electrons (FEE).
The FEE enhancements are studied using data from low-Earth orbit NOAA/POES satellites. Characteristic features
of FEE behavior include variations in the frequency of FEE occurrence depending on solar cycle and month (annual
variation). In the present study we conducted detailed analysis of several FEE events in order to find key solar wind
parameters and geomagnetic conditions which lead to the statistical properties of FEE. We found that (1) an abrupt
and significant change in the solar wind pressure is a key solar wind driver of the FEE enhancements observed; (2) a
significant difference in ionization between sunlight and the dark ionosphere is a necessary condition for FFE
occurence.
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Merging of OVATION Prime and ELFIN dataset: electron precipitation within 0.1-1000 keV
energy range

D.S. Tonoian®, X.-J. Zhang', A.V. Artemyev®

'University of Texas at Dallas, Richardson, TX, USA
University of Texas at Arlington, Arlington, TX, USA

Diffuse electron precipitation plays a crucia role in connecting Earth’s magnetosphere and ionosphere and provides
the most significant energy input for ionospheric ionization. Long-term, multi-satellite measurements from the
DMSP mission provide a fundamental dataset of such precipitation, which is combined into the OVATION Prime
model. However, this dataset and model are limited to energies <30 keV. A promising extension to higher energies
can be obtained from ELFIN CubeSat measurements of precipitating electron fluxes in the 50-6000 keV range,
although these measurements alone do not capture the important plasma sheet contribution at <50 keV. This study
aims to merge the ELFIN dataset with the OVATION Prime model to extend each ELFIN precipitating spectrum to
lower energies based on statistical DMSP observations. We describe the methodology for merging ELFIN and
OVATION Prime, present the results of our analysis of precipitating electron spectra over the 100-10°eV range.

Pa3paGorka Mogeaum A8 AaHAAM3a TEOMArHUTHO-MHAYUMPOBAHHBIX TOKOB HA OCHOBE
IKBHBAJIEHTHOM CXeMbl BHICOKOBOJILTHOM ceTd MypmaHcKoii o01acTH.

Brmna B.A.l, CenBaHOB B.H.Z, Caxapos AL

Y Monspuwiii Feogpusuyeckuii Unemumym, Anamumet, Poccus bilinviad@gmail .com
2 Llenmp uzurxo-mexnuuecxux npoonem snepeemuxu Ceeepa ®UL] KHI] PAH, 2. Anamumul

Jannas pabota BXOIUT B cocTaB Oojiee MIMPOKOW 3aiavd, HAIPaBJICHHOW Ha CO3JaHUE METOJid M MPOrpPaMMHBIX
CpeAcTB pacuyéTa TEeOMarHUTHO-MHIYIMPOBAaHHBIX TOKOB B JJEMEHTaX JHEProCHCTEMbI POU3BOJILHOI
KOH(UTypalny B 33/IaHHBIE MOMEHTBI BPEMEHH C HCIIO0JIb30BaHUEM JaHHBIX O BAPHAIMIX B MATHUTHOM I0JIe 3eMIIH.
B pabGore paccMOTpeH BBICOKOBOJBTHBIH y4YacTOK 3JEKTpO3HEpreTHYeckoil cetm MypmaHckod obnacty,
BKiovaronuii B ce0s 8 moxcranmmit 330 kB, 38 monmcranmmit 150kB u 36 moxcranmmii 110kB. B pamkax
uccieoBaHus OblIa copMupoBaHa 0a3a JaHHBIX, COAEpIKalias AeTATU3HPOBAHHYIO HHPOPMAIIHIO O OACTAHIMIX,
TpaHcopMaTopax M JHHUIX 3JIEKTPOIEpeaad paccMaTpUBacMOro ydacTka ceTd. Ha ocHOBe 3THX MaHHBIX Obuia
copMUpOBaHa SKBUBAJICHTHAs OJIEKTPHUYECKAs CXEMa pPacCMaTPHBAEMOTO YdYacTKa JJIEKTPHYECKOW CETH.
[locTpoeHne cxeMbl BBHINOJHEHO B aBTOMAaTHYECKOM pEXHME C TIPUMEHEHHEM COOCTBEHHOH IpOrpaMMBl,
UCTIONBb3YIOIEH NaHHble 6a3bl NaHHbIX. Cxema BkiIroyaeT B ceds 82 noacraniuu, 152 tpancdopmaropa, 166 JIDII.
Ha ocHoBe chopMHpOBaHHON SKBUBAJICHTHOI cXeMbI ObUT pa3paboTaH MPOTOTHIT MOJIEIH U BbiodaHeH pacu€r [UT
sl OByX 0a30BBIX CIICHAPHEB OJHOPOJHOTO TEO3JIEKTPHUYECKOTO Mot ¢ HanpsukéHHocThio 1 B/km,
OpPHEHTHPOBAaHHOTO B CEBEPHOM M BOCTOYHOM HampapieHusX. [lodyueHHble pe3yJbTaThl  MO3BOJHIH
NpOaHAM3UPOBATh pacipeeeHUe TOKOB B AJIEMEHTAaX CETH U MOJATBEPIUTh pabOTOCIOCOOHOCTh PEaTM30BaHHOTO
pacuy€éTHOrO TMOAXO0MAa, TaK JK€ MPOBEPHUTHh CIOCOOHOCTH Monenu paboTaTh € JKBHUBAJIECHTHBIMH CXEMaMH,
COZIEp>KalllIMU COTHH Y3JIOB U COTHH CBSI3€H MEX1y HUMH.

HccnenoBanue  BBINIOJIHEHO B paMKax rpaHrta Poccuiickoro HaywyHoro ¢onma Ne  25-29-01240,
https:.//rscf.ru/project/25-29-01240/.
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IMPOCTPAHCTBEHHO-BPEMEHHASI JTUHAMHUKA ITOTOKOB J2JIEKTPOHOB BHEIIHEI'O
PAJIMALIAOHHOI'O MOSICA 3EMJIA BO BPEMSI TEOMATHUTHBIX BO3MYIIIEHU A

I'py3nos . C.*? Kaneraes B. B.*?, Bnacosa H. A.?

Y dusuveckuii paxyromem MI'Y um. M.B. Jlomonocosa,
2 HUHSAD MIY, 2. Mockea, Poccus, gruzdov.ds20@physics.msu.ru

Bremnuii pagnannonusii nosc 3emun (BPII3) sBisieTcst oaHON M3 caMbIX TUHAMHYHBIX 00NacTei B MaruuTocdepe.
Haubonee cymectBennsie usmenennss BPII3 mpoucxomst mon BIMSHUEM COJHEYHOTO BETPA U CONPOBOXKIAFOTCS
TE€OMAarHUTHBIMH BO3MYIICHUSIMHA. BO BpeMsi Takux COOBITMH MOTYT HaONIONaThCsl CHIIbHBIC BapHallMM MOTOKOB
OHEPrUYHBIX DJICKTPOHOB, K3MEHEHHS IIPOCTPAHCTBEHHBIX MApaMETPOB BHEIIHETO nosica: MakcumyM BPII3 uiu ero
BBICOKOILIMPOTHASI TPAHUIIA.

Bapuarin 3axBaueHnbix (Ha opbure kocmudeckux arnmaparoB Van Allen Probes-A; -B) u kBasu3axBaueHHBIX (Ha
HHU3KOW TIONSApHOM opbure chyTHHKa MeTteop-M2) motokoB anekrporoB BPII3 w3yuanuch Ha pasHbIX (aszax
TE€OMAarHUTHBIX OYpb Pa3HOW MHTEHCHBHOCTH. BpeMeHHbIE M IPOCTPAHCTBEHHbIE MPOQUIN HOTOKOB AIIEKTPOHOB B
pasHbIX 3HepreTuueckux muanasonax (>0,1, >0.3, >0,7 u >2 M>B) GbuUlMd BOCCTAHOBJIEHBI W3 CITYTHUKOBBIX
MU3MEPEHUH, TIIONlydeHHBIX BO BpPEMsl HECKOJNBKHX II€peceueHuil paguamuoHHoro mosica. /[l aHammsa
HeaanabaTHYEeCKUX MPOLECcCOB YCKOpeHus 31ekTpoHoB BPII3 O paccunTansl MpoQMIIN INIOTHOCTH 3JIEKTPOHOB
B (pa30BOM NIPOCTPAHCTBE B 3aBHCUMOCTH OT apamerpa Ponepepa Ha ocHoBe mnanHbIX Van Allen Probes o morokax
3JIEKTPOHOB B 3aBUCUMOCTH OT UX JIOKAJIbHBIX MUTY-YTJIOB U MapadosionHoi Moaenu MmarantHoro noist A2000.

B pabore paccMOTpeHBI TpU yMEpPEHHO-ClIaOble MarHUTHBIE OypH, CONPOBOXKIAEMBIE MPOJODKUTEIHLHOMN
cy00ypeBoii aktuBHOcThIO: 01-05.02.2015, 6-12.11.2015 n 11-16.10.2017. [laHHBIE O MOTOKAaX JIICKTPOHOB B
makcumyme BPII3 Ha BBICOKMX MIMpOTax M BOJM3M T'€OMAarHUTHOIO 3KBATOpPa MMEIOT CXOJCTBO JUIs BCEX TPEX
COOBITHIA, B CBSA3H C YeM, IIPH HEOOIIBINON pasHUIE BO BPEMEHU MEXIY H3MEPEHUAMH IBYX CIyTHUKOB (He 6oiee 30
MHHYT), MOKHO OKHIATh TOX0KYIO TMHAMHKY TOTOKOB.

Ha rnaBHoi#t (daze Oypp cyOOypeBble aKTHBH3AIMM W PE30HAHCHOC B3aUMOCUCTBHE dYacTull ¢ BoaHamu OHY
JMara30Ha MPUBOMAT K yCKopeHmro wactuil Meubmmx 3uepruit (100-300 k3B); k koHIy (a3sl BOCCTAHOBIICHHSI
pacTeT KeCTKOCTh IHEPIeTUUECKOT0 CHEKTpa, MOTOK YacTull ¢ sHepruel E > 2 MaB yBennumBaetcsi mpuMepHO Ha
1.5-2 mopsiaka. Bo Bpems riaaBHBIX (a3 coObrtuit 06-12.11.2015 u 11-16.10.2017 motoku gactur ¢ E > 0.3 M»B. E
> 0.7 MaB, E > 2 M»sB yMeHbIIAIOTCs, YTO CBSA3aHO, MPEAMONIOKUTENbHO, ¢ Dst-adhdexkrom u morepsimu Ha
MarHuTornayse.

Bo Bpems cobprtus 11-16.10.2017 nabiromaetcs xapaktepHblii oTkIuK BPII3 Ha cy00ypeBbic MHXKEKITMH B HAYaJe
COOBITHS.  IIPEATIONOKUTEIBHO MOCJIEAOBATEIIFHOE BO3/CHCTBHE HMHIYKIHOHHOTO  3JICKTPHYECKOTO  ITOJI,
TEHEPUPYEMOro B XOJie cepuu CcyO0Oypbh, Ha YaCTUIIBI MEHBIIUX DHEPIHi MPUBOIMT K BO3PACTAHHIO MOTOKOB, YTO
HaOJII0AaeTCs M0 TPaJUeHTy TUIOTHOCTH 3JIEKTPOHOB B (hazoBoM npoctpanctse. s codbituit 01-05.02.2015 u 06-
12.11.2015 nogo6HOTO SIBJICHUS] HE HAOIIOaeTCsl.

IMomumo npouero, B codbitun 11-16.10.2017 Habmtomaercsi GOpMUPOBAHUE «IOMOTHUTEIHLHOT0» PaJUAIIMOHHOTO
nosica PeNIITUBUCTCKUX 3JIEKTPOHOB ¢ MakcuMyM Ha L~4.8. TlpucyrcTByer BpemeHHast 3aepxka B (OPMHUPOBAHUH
JIOTIOJTHUTEIBHOTO MaKCUMyMa JJIsl YaCTHIl PA3HBIX SHEPTHif, 4TO CBS3aHO C pa3HOH 3()(EKTHBHOCTBIO YCKOPEHHUS
3JIEKTPOHOB PAa3HBIX PHEPrHi. [IBYXIMKOBas CTpyKTypa HaOMIOJaeTcs Kak Ha BBICOKMX IIMPOTax, TaK W BOJIW3U
TE€OMarHUTHOTO HKBATOPA.

HccnenoBanue BBIIOJIHEHO 3a cueT rpaHTa Poccuiickoro Hayunoro ¢onna Ne 22-62-00048.

Oobaactu u 3¢PpexTUBHOCTE HM(PPY3NOHHOTO0 YCKOPEHHS INPOTOHOB TOJOBHOW YNApPHO BOJHOI
3eMJIM IpU pa3JMYHbIX HATIPABJIEHHUAX MEKIJIAHETHOTO0 MATHUTHOT'O MOJIA

10.A. Kponotuna, A.M. BeikoB (PTH um. A.@. Hopghe)

[ocTpoeHs! rHOpHUIHBIE KHHETHYECKHAE MOAEIH TOJOBHOM yAapHOW BOJHBI 3€MIIM IJISl PA3IMYHBIX HAIIPABICHUIMHI
MEKIUIaHEeTHOTOo Touisl. VicenenoBaHa 3aBUCHMOCTD HAIPaBJICHHS MEXIUIAHETHOTO II0JIS1 IIMPHHBI M PACIIOJIOKECHUS
oOnacTedl MHXKEKIIMM M YCKOPEHHS NPOTOHOB MO MexaHm3My Pepmu 1-ro mopsiaka, a Takxke 3PQPEeKTHBHOCTH
urKkekuu. [IoCcTpoeHbI TPaeKTOPUH U pacipeaeeH s HaITeIUIOBBIX IIPOTOHOB.

PaboTa BeInONHEHa npu moxanepxkke Poccuiickoro ¢onna ¢GpyHIaMeHTaNbHBIX HCCIenoOBaHHN, MpoekT Ne 25-72-
20007. MozenupoBaHUe OCYILECTBIISIIOCHh C UCIIOJIb30BaHUEM 000pyaoBaHus L{eHTpa KOJIEKTUBHOTO MOJIb30BaHHS
CBEPXBBICOKOIIPOU3BOIUTENBHBIMYU BBIUUCIUTEIbHBIMU pecypcamMu MI'Y umenu M.B. JlomoHOCOBaA.
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JlabopaTopHoe MoJeUpoBaHHEe 0eCCTOJKHOBUTEILHOIO B3aUMOJEHCTBHS JIa3epHOI MJa3Mbl C
HAMATHUYeHHOH ()OHOBOM Cpepoi MeTOJAAMHU CIIEKTPOCKONMHU

M.C. Pymenckux, A.A. UYubOpanos, A.I'. bepesyuxwuii, B.I'. ITlocyx, II.A. Tpymmn, [O.II. 3axapos, U.b.
Mupomnnyenko, U.®. Hlalixucaamos (Mucmumym aazeproii ¢usuxu CO PAH, Hosocubupck, Poccus)

HmnynscHOE pacmmpeHHe JIOKaIW30BaHHOTO IUIa3MEHHOTO 00jlaka B pa3pe)kCHHYI0 HaMarHMYEHHYIO Cpeny
CONpOoBOXKAAeTCs psitoM (pusnueckux 3¢dekToB, BO3AEHCTBYIONNX HA JUHAMHKY 3apsOKeHHbIX 4dactull. OauH U3
TakuxX 3((eKToB — MarHUTHO-TAMMHAPHBIH MEXaHU3M — IPEICTaBIsCT COOOH Iporiecc OeCCTOIKHOBHUTEIHHOTO
B3aMMOJICHCTBHA 3aMarHUUEHHON (POHOBOH ITa3Mbl M OBICTPON IUIA3MBI, PACIPOCTPAHSIOMIEHCS MOMEPEeK JIMHHHA
MarHUTHOTO MoJsA.  J[BM)KeHHe MiIa3Mbl MONEPeK MATHUTHOTO IOJS WHAYIHPYET a3MMYyTaJbHOE IJIEKTPHYECKOE
1ojie, YTO BBI3BIBAET Apeil] 3apsuKeHHBIX YacTHI (OHOBOH IUTa3Mbl B HampaBieHun ExB. Dto mpuBomut k
00pa30BaHUIO a3MMYTANBHBIX IIOTOKOB (OHOBOW IIa3MBl 32 CYET 3aMEUICHHsS HOHOB OBICTpPOI mHomnepevHoi
TUTa3MBI.

B skcniepumenTax Ha crenzae «KM-1» mposiBieHne MarHUTHO-JJaMHHApHOTO MeXaHW3Ma ObUIO 3a(MKCHPOBAHO B
YCKOPEHHH PA3IMYHBIX MOHHBIX ITOTOKOB IIPH IOMOIIM 3MHCCHOHHOH crekTpockomnuu. IIpu paccMoTpeHHn ciost
IUIa3MBl, COOTBETCTBYIOIIETO paJiycy MarHHUTHON KaBEpHBI, HaONIOJaloCh JOIUIEPOBCKOE CMEIleHHe auHuM Ha.
Kpowme Toro, nanusiii 3¢¢ekT ObUT MOATBEPKICH KOJUICKTOPHON NTHarHOCTUKOW a3MMYTaJbHBIX HOHHBIX ITOTOKOB.
Oror sddexT xapakrepeH i psna acTpopHU3MYECKUX U KOCMHUYECKHX MPOLECCOB, a TaKkKe aKTHBHBIX
AKCIIEPUMEHTOB B CJIOSIX aTMOC(Epbl 3EMITH.

B pabote mpexacraBieHsl pe3ynbTaThl JJAOOPATOPHOTO MOIETHPOBAHUS PACIIMPEHUs KBazuchepuueckoro obdiaxa
JIa3epHOM 1a3Mbl B POHOBYIO BOJOPOAHYIO IUIa3MYy C IPO0JbHBIM MarHUTHEIM ojieM (50—100 I'c) Ha BakyyMHOM
crenne «KM-1». [pu mupykumu marautHoro moisisi 50 I'c Ha paccrosHun 20 ¢cM OT MUIIEHH 3a(UKCHPOBAHO
3HAYMTEJbHOE [IOIUIEPOBCKOE CMelleHne JHHHKM Ho, cBuaeTenbcTByomee O (OPMUPOBAHMU a3UMYTaJbHBIX
MIOTOKOB MOHOB Bojioposa (oHoBoit riazmsl. [Ipn yBenmuuennu nmomst 1o 100 I'c Habmomaercst cxaTtue MarHUTHOM
KaBepHbl M NPOHHKHOBEHHE HMOHOB YIJIEpOJa JIa3epHON mia3Mbl Ha paccrosHue 20 cM, 0 4éM CBUAETEIHCTBYET
yCHJIEHHE WHTEHCHBHOCTHU CIIEKTPAIBHBIX JUHUH yriepona. /laHHble KOJJIEKTOPHOM NHArHOCTHKH TTOJITBEPKAAIOT
HAJMYUE HAMpPaBICHHBIX a3MMYTAJbHBIX IOTOKOB (BpAlllCHHE MNPOTHB YacOBOH CTPEJKH NpH HAOIIOACHUH CO
CTOPOHBI KaMepbl) Ha TpaHuIe KaBepHBI. [lomydeHHbIe pe3ybTaThl KAYECTBEHHO COTJTIACYIOTCS ¢ TEOPETUICCKUMHU
OpeICTaBICHUSIME O OECCTOIKHOBUTEIBHOM B3aUMOICHCTBUY Tu1a3Mm [1].

[1] Bashurin V. P., Golubev A. I, Terekhin V. A. The collisionless deceleration of an ionized cloud dispersing in a
uniform plasmain a magnetic field //J. Appl. Mech. Tech. Phys.(Engl. Trand.);(United States). — 1984. — T. 24. —
Ne. 5.
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0o OIITUMAJIBHOM mapamMeTpe CBSI3HN MEXKAY reOMarHuTHbBIMH BapuauusaMu H
reOMHAYUMPOBAHHBIMH TOKAMH

Slroa H.B.l‘z, CaxaposB H.A.S, Cenupanos B.H.*

Y ®edepanvnoe cocydapcmeennoe 6100acemnoe yupexcoenue nayku Huncmumym dusuxu 3emau um.
O.10. llImuoma Poccuiickoti Axademuu Hayxk (M®3 PAH), Mockea, Poccus, nyagova@ifz.ru
2 Dedepanvhoe cocydapcmeennoe Olodxicemnoe yupedxicoenue nayku I eoguzuueckuu yenmp Poccuiickoii akademuu
nayx (I'll PAH), Mockea, Poccus

Dedepanvhoe eocyoapcmeennoe 0i00dcemnoe Hayunoe yupesicoenue Illonspuviii 2eo@uzuyueckutl UHCMumym
(IIr'A), Anamumsi, Poccus
4 Lenwmp pusurxo-mexnuveckux npobnem suepeemuxu Cegepa — Guuanr Dedepanvhozo 20CyOaApCmMEEHHO20
610001cemno2o  yupedcoenusi nayku DedepanvbHo20 UCCIe008amenbcko2o yeumpa <«Konbekutli nayumwill yenmp
Poccutickoii akademuu nayx» (L{OC KHL] PAH), Anamumsi, Poccus

B pa6ote [1] ObLIO MOKa3aHO, YTO HMHTETPAIBLHOE MO0 MEPHIHMOHAIBHOU Ienovke craHimil 3uaueHue S(|dBy/dt|)
JEMOHCTPHPYET BHICOKHE YPOBHHU KOPPEILLMHU CO CPEIHEYACOBBIM YPOBHEM TI€OMHAYLUPOBaHHBIX TokoB (I'UT) Ha
cranimu Beixonuoit cetn usmepenuii TUT [2]. TIpousBoaHas mo BpeMEHU IUPOTHON KOMIIOHEHThI MarHUTHOTO
nonst By ompenensics mo BpeMEHHBIM BapHallisM CHTHala, a CyMMHPOBaHHE MPOM3BOIUTCSA IO TUCKPETHOMY
Ha0opy IMaroB MEXIy BPEMEHHBIMH oTcueramu. Hactosimias paborta siBisietcst mpojoipkeHneM [1] u Taxxke
MoCBAIIeHa 3a1auaM MoHUTOpHHTa ' U'T 1 anocTepHopHOil OLIEHKH MTPUYHHBI COOEB B TEXHOJIOTHYECKUX CHCTEMaX.
Pabora HareneHa Ha MOWCK ONTHUMAJIBHOTO Habopa mapaMeTpoB AJS ompeaeieHus Tekymero 3HadeHus ['UT mo
BapHaIisiM T€OMarHUTHOTO Mo, [[mg 3Toro mccinemyercs 3aBHCUMOCTh KO3(D(PUIIMEHTOB KOPpEsIUKA OT Habopa
BKIIIOYEHHBIX B aHAJIM3 CTAaHIMH M YaCTOT BPEMEHHBIX OTCUETOB. AHAIM3UPYETCS BIHUSHUE CYTOYHOH M CE30HHOU
BapHaIiii, ¥ 3aBICHUMOCTB OT MacmTaboB ocpennerus [ UT.
Pa6ota nomnepskana rpanrom PH® Ne 21-77-30010 (IT)
Jluteparypa
1. Caxapos f. A., Srosa H. B., [Tmumenko B. A. u np. Bo3MOXHOCTH 1 OrpaHUYCHUS IPUMEHEHUS HHJICKCOB
TCOMarHWTHOW aKTHBHOCTM B 3afadyaXx MOHHTOpHHra I eomHayunupoBaHHbIX TokoB // M3B. PAH. Cepus
¢busuueckas (B meyatn)
2. CemuBano B. H., Akcenosuu T. B., buun B. A. u ap. // Conneuno-3emuas ¢usuka. 2023. T. 9. C. 93-101
DOI: 10.12737/stp-93202311

CpaBHI/ITeJIBHLIe XapaKTCPUCTUKHU BoicbInanuid JHECPIrUYHBbIX IMPOTOHOB, CBA3AHHBIX H HE
CBSI3AHHBIX C BBICBINIAHUAMU PEJIATHBUCTCKHUX 3JICKTPOHOB

Sxuuna T.A., lemexoB A.I'., I[Tonosa T.A. (III'", 2. Anamumet, Poccus, tyahnina@gmail.com)

B paGote mpoBeaeH aHanu3 BhIChIManuii sHeprudHbIX (~40 k3B) npotonos B nntepBaie 08-18.10.2017 mo maHHBIM
Hu3KoopOuTanpHelx ciyTHHKOB NOAA/POES. DrToT WHTEpBal BKIIOYAET YMEPEHHYI0 MAarHUTHYIO Oypro.
PaccmarpuBaeMble HM30JIMPOBAaHHBIC BBICHIIIAHMSA YHEPTUYHBIX IPOTOHOB B aHM3O0TPOIHOM 30HE K 3KBATOPY OT
TPaHMIBI W30TPOIHMH TNPOTOHOB OBUIM pa3/esieHbl Ha JBe Tpynmbl. [lepBasi rpynma BKIIOYaeT BBICHINAHWSA, HE
CBSI3aHHBIC C BBICBHIIIaHHEM pensaTHBHCTCKUX (~800 k3B) a1eKTpoHOB, BO BTOPOHW TpymIe MPOTOHHBIC BBICHITAHUS
BCET/Ia CONPOBOXIAIOTCSI BBICHINAHUEM DPEISTUBHCTCKUX 3JIEKTPOHOB. [IpoBelneHO CpaBHEHHE XapaKTEpHCTHK,
TaKMX KaK. KOJIMYECTBO CiIydyacB HaOMNIOJCHUsS, MOTOK BBICBINAIONIMXCS YacTUI], T'€OMarHuTHas LIMPOTa M
nokanm3anus o MLT mist ykasanHbIX Tpynin. [TokasaHo, 4TO KOJIMYECTBO BEICHIIIAHUHN IIEPBO IPYIIIBI TPUMEPHO B
6 pa3 nmpeBbIIaeT KOJMYECTBO BBICHIIAHUIT BTOPO# rpynmbl. [Ipr 7TOM HHTEHCHBHOCTB BBICBIIAHUH NIEPBOH TPYIIITBI
3aMETHO yCTYyNaeT HHTEHCHBHOCTH BTOPOH rpymiisl. I'eoMarHuTHas IIMPOTA BRICHIIAHUH ITEPBOI IPYIIIBI B CPETHEM
OKa3aJach BBIIIE HAa 5 TpagycoB, YeM Ui BTOPOW Tpymmbl. MakCHMajdbHOE YHCIIO CIy4aeB IEPBOH TIPYIIIBI
HaOromaiocs B ImpeanoiaydeHHoM cekrope MLT, Torma kak BBICBIIAHHS BTOPOH TPYIBI, T.€. CBA3aHHBIE C
BBICHIMTIAHUSIMH PEJIATUBUCTCKHUX 3JEKTPOHOB, - B MocienonyneHHoM cektope MLT. Hapsay c BeICBIIaHHAMHU
IPOTOHOB B OKPECTHOCTH MPOCKIUK WX UCTOYHUKA (00c. JIOBO3epO) aHANN3MPOBAIKCH ITyJIbCalliy auanasona Pcl.
[lomydeHnsle pe3ynpTaThl MOTYT OBITh HCIIOJB30BaHBl U JIOKAJM3alWU O0JACTH HMOHHO-IMKIOTPOHHOMN
HEYCTOWYHMBOCTH 1 ONPE/ICIICHHS €€ XapaKTePHCTHK.
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Waves, wave-particle interaction

Microbursts Near the Electron Isotropy Boundary: Colocation of Curvature and Whistler-Mode
Scattering

A.V. Artemyev', P.A. Klimov??, V.D. Nikolaeva?, X .-J. Zhang®, V. Angelopoulos', K.D. Shchelkanov??

! Department of Physics, University of Texas at Arlington, Arlington, Texas, USA

2 Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow Sate University, 1(2), Leninskie gory, Moscow
119991, Russia

% Department of Physics, Lomonosov Moscow State University, 1(2), Leninskie gory, Moscow 119991, Russia

* Department of Physics, University of Texas at Dallas, Richardson, Texas, USA

Field-line curvature scattering (FLCS) within the plasma sheet—to—outer radiation belt transition region serves as a
key driver of energy-latitude dispersion in energetic electron precipitation observed at low latitudes. This
precipitation forms the isotropy boundary of electrons, located between the isotropic <200 keV electron fluxes of the
plasma sheet and the anisotropic relativistic fluxes of the outer radiation belt. During geomagnetically active
periods, the transition region becomes populated with plasma sheet injections that introduce various transient
electron precipitation mechanisms, significantly complicating the structure of the isotropy boundary. In this study,
we show that the timescales of these precipitations can reach subsecond levels, allowing them to be interpreted as
microbursts. Observations of such microbursts substantially enhance the spatial and temporal variability of the
isotropy boundary. By combining low-altitude ELFIN satellite measurements with high-temporal-resolution (~40
ms) near-UV imaging photometer data from the PAIPS project, we separate between FLCS-driven precipitation
patterns that form the isotropy boundary and electron scattering by whistler-mode waves, which generates
microbursts. We identify, for the first time, the near-colocation of these two precipitation mechanisms within the
transition region -- an important feature not previously reported.
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A comparative analysis of the influence of geomagnetic pulsations of various frequency on the
growth of GICsin power linesin the Murmansk region

Belakhovsky V.B.%, Pilipenko V.A 2, Selivanov V.N.3, Sakharov Ya.A.!

! Polar Geophysical Institute, Apatity

2 Schmidt Institute of Physics of the Earth, Russian Academy of Sciences, Moscow

% Center for Physical and Technical Problems of Northern Energy, Federal Research Center, Kola Science Center,
Russian Academy of Sciences, Apatity

belakhov@mail.ru

The paper presents a comparative analysis of the influence of geomagnetic pulsations of the Pg type and low-
frequency pulsations of the Pc5-6, Pi3 type on the growth of geomagnetically induced currents (GICs) in the power
transmission lines (PTL) of the Murmansk region using magnetometer data at the PGl Loparskaya observatory
(LOP) and data from the Vykhodnoy substation (VKH), located near Murmansk.

Previoudly, the issue of the influence of Pg pulsations (giant pulsations) on the growth of GICs has not been
considered in the scientific literature, since these pulsations have relatively small amplitude (within several tens of
nT) and are quite rare in the data of ground-based magnetometers. Pg pulsations belong to the Pc4 frequency range
and have a period of ~1.5-2.5 minutes; they represent a resonant wave structure in the magnetosphere, excited by
ring current protons as a result of the development of kinetic instabilities. In ground-based data, Pg pulsations are
more pronounced in the Y -component of the geomagnetic field. Due to their monochromatic nature, Pg pulsations
can be used as a marker for assessing the influence of geomagnetic disturbance frequency on the growth of the GIC.
Approximately ten events were analyzed. Although Pg pulsations resulted in a larger jump in geomagnetic field
variability (dB/dt) than Pc5-6/Pi3 pulsations, the GIC amplitude during Pg pulsation recording was smaller. The
pulsation amplitudes were comparable (10-20 nT), while the frequencies differed by a factor of 5-8. Thus, as the
frequency of geomagnetic pulsations decreased (from approximately 8 to 1.5 mHz), the GIC amplitude increased.

It is supposed that the skin effect causes low-frequency signals (Pc6 pulsations) to penetrate deeper into the Earth's
lithosphere. This leads to an increase in the loop area and the creation of a greater magnetic flux, which leads to a
higher induced EMF and, consequently, a higher GIC in the power transmission lines. The skin-layer thickness
estimates for Pg and Pc6 pul sations demonstrate agreement between this mechanism and experimental observations.
Therefore, when predicting the GIC in process lines, it is hecessary to consider not only the dB/dt variability of the
geomagnetic field, but also the frequency content of the signal.

The study was supported by grant No. 25-17-20038 from the Russian Science Foundation, https:.//rscf.ru/project/25-
17-20038/, and a grant from the Ministry of Education and Science of the Murmansk Region.
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Analysis of the ionospheric source of geomagnetic Pi3 pulsations using a complex of satellite and
ground-based measurements

Belakhovsky V.B."2 Pilipenko V.A.2

! Polar Geophysical Institute, Apatity, Russia
2 |nstitute of Solar-Terrestrial Physics of the Sberian Branch of the RAS, Irkutsk, Russia
® Institute of Physics of the Earth, Moscow, Russia

Pi3 pulsations provide a significant increase in magnetic field variability (dB/dt) and, consequently, an enhancement
of geomagnetically induced currents (GICs) in technological systems. Pi3 is one of the few remaining ULF
phenomena whose physical mechanism has not been definitively established, despite numerous morphological
studies. Here using data from the CARISMA and THEMIS magnetometer networks (Canada), NORSTAR
riometers, and GOES, MMS, THEMIS, and Cluster satellites the physical nature of Pi3 pulsations (5-20 minutes)
was investigated. The event on September 4, 2022, under consideration is unique because the main space missions
studying the magnetotail (MMS, THEMIS, and Cluster) were aligned roughly along the X-coordinate in the GSM
system in the magnetotail. This event is a moderate-intensity magnetic storm (Dst = -71 nT) caused by a corotating
interaction region. During the event powerful substorms with intensities of ~1500 nT were observed by CARISMA
network magnetometers. These substorms were accompanied by a noticeable increase in riometer absorption (>5
dB).

To more clearly identify Pi3 pulsations the raw geomagnetic data have been detrended using a smoothing procedure.
Pi3 pulsations lead to a noticeable increase in geomagnetic field variability (dB/dt) up to ~600 nT/min. A
comparison of Pi3 pulsations at closely spaced stations reveals a lack of clear correlation between them. Pi3
irregular pulsations intensely modulate electron fluxes in the magnetosphere, according to GOES satellite data and
riometric absorption. A comparison of magnetic field variations at GOES-16 geostationary satellite and at
magnetically conjugated SNKQ station shows that not all Pi3 trains at SNKQ station are accompanied by similar
pulsations at the GOES-16 satellite.

Thus, Pi3 pulsations observed on the Earth's surface may have not only a source in the magnetosphere associated
with the excitation of MHD waves, but changes in ionospheric conductivity due to substorm-associated precipitation
can be an additional source of these disturbances. Therefore, Pi3 pulsations observed at the Earth's surface may
represent a superposition of waves generated in the magnetosphere and ionosphere.

The study is supported by a grant Ne 24-77-10012 from the Russian Science Foundation.

Theinfluence of thermal B on the structure of Alfvén waves at Alfvén-Mach M A=0.2

A.G. Berezutsky, V.N. Tishchenko, S.S. Sharipov, I.B. Miroshnichenko, A.A. Chibranov, |.F. Shaikhislamov.
Institute of Laser Physics of the Sberian Branch of the Russian Academy of Sciences, Novosibirsk, Russia

This work presents the results of numerical simulations of Alfvén wave generated by periodic laser plasma bunches
in essentially sub-Alfvén bunch expansion. The calculations show that the Alfvén wave structure is preserved in the
range of p=10" to 10", while at p=1, the Alfvén "tail" observed in the M,=0.2 (Tishchenko V.N. et al. 2022) mode
increases in duration, reaching the region of bunch expansion.

The work was supported by the Foundation for the Advancement of Theoretical Physics and Mathematics “BASIS’.
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Stable dispersion analysis of an arbitrary distributed plasma system with noise
V.A. Frantsuzov?, A.V. Artemyev?, A.A. Petrukovich'

! Space Research Institute of the Russian Academy of Sciences (IKI), Moscow, Russia
2 Faculty of Physics, National Research Institute Higher School of Economics, Moscow, Russia
% Department of Earth, Planetary, and Space Sciences, University of California, Los Angeles, USA

Plasma micro-instabilities, although driven by the kinetic properties of charged-particle distribution functions,
largely control the dynamics of large-scale plasma systems. These instabilities are responsible for releasing the free
energy stored within particle distributions and for driving their relaxation toward more stable states. In the absence
of collisions — such as in space plasmas — micro-instabilities provide the primary mechanism for particle energy and
momentum exchange, enabling the system to evolve toward equilibrium.

The basic theoretical framework used to investigate plasma instabilities is perturbation theory, which treats
instabilities as spatially and temporally growing perturbations of an initial plasma state. Applied to particle velocity
distributions, this approach encompasses a wide range of instabilities and yields their dispersion relations (frequency
as a function of wave number) and growth rates. Historically, perturbation theory has been applied to model
distributions described by analytical functions designed to mimic characteristic features of realistic plasmas.
However, with the rapid development of in-situ charged-particle measurements from space missions, this approach
isincreasingly being used directly on spacecraft data interpolated onto velocity.

The integration of spacecraft observations with perturbation theory for instability identification introduces severa
new challenges. Firgt, distribution functions measured by spacecraft contain finite — and sometimes significant —
noise associated with measurement techniques, and this noise must be properly treated to minimize its impact on the
resulting wave modes. Second, unlike idealized model distributions tailored for the study of a specific instability,
real measured distributions may be unstable to multiple modes simultaneoudly, requiring accurate identification and
separation of these modes within perturbation analyses. Third, the natural boundaries of the measured vel ocity-space
domain must be handled carefully to avoid artificial effects on the computed wave modes. Today, severa well-
developed numerical codes address these challenges from different perspectives, however, the most general case
remains problematic. In this work we present an advanced version of such a dispersion solver that combines the
most desirable features of existing tools and provides improved capability for recognizing and separating multiple
wave modes in spacecraft-measured distribution functions.

Application of the Method of Linear Extrapolation of Dynamic Spectra of Whistlers Recorded in
Kamchatka for Determining Electron Concentration in the Plasmasphere

L.S. Marchenko, R.I. Parovik (IKIR FEB RAS, Paratunka, Kamchatka region, Russia)

Software packages have been developed based on the analysis of whistlers recorded in Kamchatka (the
"Karymshina' observation point) to determine the nose frequency using the linear extrapolation method and to
subsequently estimate the electron concentration in the plasmasphere (Park's method, DE1 model). In this process, a
graph of electron concentration versus time, N4(t), is constructed over the entire time interval of the whistler's
existence, and the data are then averaged. The obtained concentration estimates at an altitude of 1000 km correlate
with data acquired using the International Reference lonosphere (IRI) model.

The work was carried out at the expense of the State assignment of IKIR FEB RAS (reg. topic No. 124012300245-
2). The experimental data used in this work were obtained from the Shared Use Center “North-East Heliogeo-
physical Center” (SWHC CUC) CKP 558279.
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Comparative analysis of some results of quantitative processing of high-resolution data on chorus
with different dynamic spectrum structures

G.M. Neshchetkin'?, P.A. Bespalov'? and O.N. Savina“?

! Federal Research Center named after A.V. Gaponov-Grekhov, Institute of Applied Physics of the Russian Academy
of Sciences, Nizhny Novgorod, Russia, gneshchetkin @h se. ru
2 National Research University Higher School of Economics, Nizhny Novgorod, Russia

This paper presents a comparative analysis of selected results from the quantitative processing of high-
resolution data accumulated during the Van Allen Probe A mission. The analysisis based on high-resolution
data on the wave magnetic field of VLF chorus. Two original and complementary methods for processing the
observational data were used. The first method involves calculating the Hausdorff dimension to determine the
genera properties of a theoretical model suitable for a quantitative description of the dynamics of a system
that describes the excitation of VLF chorus with different dynamic spectrum structures. The second method
involves a direct search for the roots of the characteristic equation responsible for the linear stage of chorus
excitation. For the comparative anaysis, 22 typical examples of chorus with different dynamic spectrum structures
were selected - these are emissions with spectral elements in two frequency bands (below and above the gap
near half the minimum electron cyclotron frequency), in the lower and upper frequency bands. In al cases, the
dimension turned out to be fractiona and small (2<dim<10), indicating complex system dynamics. The
roots of the characteristic equation corresponding to the linear excitation stage of the chorus were determined. The
analysisrevealed a topologically stable structure in the distribution of the roots of the characteristic equation
for chorus with different dynamic spectrum structures.

The work of ONS and GN was carried by the Foundation for the Development of Theoretical Physics and
Mathematics "Basis’ (project No. 23-1-1-67-1).

A model of MGD wave transmission through the ionospher e to the Earth's surface: accounting for
the Hall effect and Earth's conductivity

Pozdnyakova D.D."2, Fedorov E.N.!, Pilipenko V.A.!

! schmidt Institute of Physics of the Earth of the RAS, Moscow, Russia
2 |nstitute of Solar-Terrestrial Physics of the Sberian Branch of the RAS, Irkutsk, Russia

A model for the transmission of Alfvén and fast magnetosonic (FMS) modes through the ionosphere to the Earth's
surface has been developed. The model is based on comprehensive analytical relations describing the interaction of
magnetohydrodynamic (MHD) wave harmonic with a plane-layered system magnetosphere — "thin ionosphere” —
atmosphere — Earth and can be used to study pulsations in the Pc2-5 and Pi2-3 ranges. This model alows the
isolation of the influence of individua factors on the interaction of Alfvén and FMS waves with the ionosphere,
such as ionospheric conductance, wave scale, geomagnetic field inclination, ground conductivity, etc. The spatial
structure of the multi-component electric and magnetic field formed in the upper ionosphere upon the incidence of
either Alfvén or FMS waves has been calculated together with the amplitude of the ground response. Attention is
paid to the study of ionospheric shielding of incident high-frequency (Pc2-3 ranges) Alfvén waves, caused by the
manifestation of the inductive Hall effect. For an incident FM'S mode, the influence of Earth's conductivity on wave
reflection is investigated. Specifically, reflection efficiency is compared for the granite crust and the ocean surface.
An explanation is provided for the polarization structure of Pi2 pulsation fields recorded by low-orbit satellites at
low latitudes.

This work was supported by Russian Science Foundation grant #24-77-10012.
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Atypical QP2 ELF/VLF Emissionswith Blurred Periodicity I nside the Plasmasphere
P.D. Shkareva', P.A. Bespalov'?, O.N. Savina®?
! Federal Research Center named after A.V. Gaponov-Grekhov, Institute of Applied Physics of the Russian Academy

of Sciences, Nizhny Novgorod, Russia, polina.shkareva@mail.ru
% National Research University Higher School of Economics, Nizhny Novgorod, Russia

The presentation reports on examples of atypical quasiperiodic (QP2) emissions in the ELF/VLF frequency range
observed by Van Allen Probes spacecraft inside the plasmasphere. The analyzed events are observed as sequences
of spectral bursts that retain the characteristic spectral morphology of QP2 emissions but are distinguished by the
absence of a well-defined temporal periodicity. The observed emissions occupy a frequency range of approximately
0.3-10 kHz. The duration of individua spectral burst varies from ~5 to 40 s, while the time intervals between
consecutive bursts span a wide range from ~60 to 300 s and do not form a stable repetition period. The characteristic
temporal scales of most events fall within ~90-240 s. The spectral structures exhibit a non-uniform intensity
distribution over frequency and time, as well as variations in spectral bandwidth reaching several hundred hertz.
Spectral analysis of magnetic field variations in the frequency range of ~4—11 mHz reveals no pronounced spectral
lines or regular geomagnetic pulsations synchronous with the occurrence of the spectral bursts. The presented
examples demonstrate the existence of atypical QP2 emissions with poorly defined temporal characteristics inside
the plasmasphere and illustrate the diversity of spectral-temporal manifestations of ELF/VVLF wave activity.

The work of ONS and PDSH was carried out by the Foundation for the Development of Theoretical Physics and
Mathematics "Basis' (project No. 23-1-1-67-1).

Mathematical Modeling of the Spatio-Temporal Evolution of a Surface-Induced Atmospheric
Acoustic Disturbance

E.S. Smirnova (Ishlinsky Ingtitute for Problemsin Mechanics of the Russian Academy of Sciences, Moscow, Russia,
Correspondence: smirnova.ekaterina.serg@gmail.com)

Spatio-tempora evolution of an acoustic disturbance generated by a localized source at the lower boundary of a
stratified atmosphere is modeled within a linear framework. Starting from the linearized conservation laws for
momentum, mass, and energy about a stationary background state, a closed Klein-Gordon-type equation with
variable coefficients is obtained, accounting for vertical inhomogeneity of the medium and the varying speed of
sound. The source isimposed through boundary forcing at the ground level, allowing a consistent formulation of an
initial-boundary value problem relevant to near-surface excitation. The modeling relies integral representations of
the solution and their asymptotic approximations derived for the associated initia—boundary value problem for
Klein—Gordon equation, providing analytical insight into the propagation dynamics of such acoustic disturbances.

The study was supported by the Government program (contract /2124012500442-3)
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Tpaﬂcq)opMauml CIIEKTPAa HU3KOYACTOTHBIX NMEPECAATIUKOB IIPU PaAaCIpoCTPpaHCHHUU B l'lpH3eMHOﬁ
mjiasme

B.N. Konnalcl‘z, M.M. MorI/IJIeBCKI/H‘/'IZ, M.A. EBZ[OKI/IMOB&Z, J.B. I-IyryHI/IHZ, E.E. TI/ITOBaZ, A.A. qepHBIH.IOBZ,
C.E. AHZ[peeBCKHfIl, 10.B. I_Hn}oraeBs, M.II. H{I/IHBHOBA, H.B. I-IepHeBas, E.W. Mankugn®

Y u3MuUPAH, , Tpouyx, Mockea, Poccus

2 UKU PAH, , Mocxkea, Poccus

S HUP®U HHI'Y, , H.Hogeopood, Poccus

4 000 «HIIIT «ACTPOH DJIEKTPOHUKA», Open, Poccus
®> UKHP JIBO PAH, Ilapamynka, Poccus

[IpuBonsiTCs pe3ysnbTaThl aHAIN3a CIEKTPAIBGHBIX XapaKTEPHCTHK H3JIyYeHHUS IBYX HA3€MHBIX HH3KOYAaCTOTHBIX
nepenarunkoB: JJI/NDT, pacnonoxenHoro B Smonuu, pabotatomero Ha uacrore 22,2 k[ u NPM,
pacrionioxkeHHoro Ha ['aBaiisix, paboratomero Ha wacrore 21,4 k['m. M3mepeHuss BomHOBOH (opMBI CHTrHaNa
NPOBOJMINCE Ha 60opTy criyTHHKOB «HMoHochep-M» 1 B myHkTe HaOmoaeHui «p.Kapemvimua» (MKUP IBO PAH,
[aparynka). HMznydenue, nporuenmee HoHOchepy Han MEPEAATYHKOM, MPEACTABIACT CO0OH KBa3HULIYMOBOM
CUTrHaJ 0e3 SBHBIX PU3HAKOB MOAYIISIMU. B conpsbkeHHO# 001acTH IyMOBO# CHEKTp M3IydeHHs Ipeodpasyercs B
MOCIIEZI0BATEIBHOCTD PAAUONMITYJIHCOB, YaCcTOTa 3allONHEHHST KOTOPHIX M3MeHserTcst B auamasone +/- ~100 T ot
LEHTPAILHON YacTOThl M3JIydeHHs. [lepHon clielloBaHUs HMMITYJILCOB HOCHT KBa3WMIEPHOAMYECKHI XapakTep W
nocreneHHo u3mensiercss ot 1,5 mo 0,2 cexynn.  Jlucmepcusi HMMIyNIbCOB B OONBIIMHCTBE HW3MEPEHUI
MOJIOKUTENbHAs U BapeupyeTcs B npenaeiax 100 — 400 I'u/cek. B ormenbHbIX ciiydasx HAOIH0aeTCS OTPHLATEIbHASL
JUcTiepcuss HUMIYIbcoB. lIpoBomurcsi cpaBHeHHE H3MepeHHt Ha crnyTHukax <«Monocdepa-M» u JIEMETEP.
O0cyxnaercst BO3MOXKHBIN (PU3NYECKHII MEXaHN3M, NPUBOAALIMHI K TpaHC(HOpMALUK CIIEKTPA CUI'HAJIOB.

Hazemnrie mamepenus O0putn mposeaeHsl Y.H.B. u M.E.. npu ¢uHanCcOBOU moaaepkke Poccuiickoro HayIHOTO
¢donnma (mpoext Ne 25-12-00059) m uwactuyHO B pamkax rocymapctBeHHoro 3amanus MKHUP JIBO PAH (per.
Ne 124012300245-2).

HepBLIe pe3yJabTaTbl CTATUCTHYECCKOI0 aHalu3a JAUCKPETHBIX 3JJIEMEHTOB XOPOBLIX OHY-
H3.le‘leHI/Il7[ Ha OCHOB¢ HeiflpoceTeBoro AETEKTUPOBAHUSA

Jlapuenko A.B., [lemexoB A.T". (IToaspnoiii I'eopusuueckuii Hnemumym, 2. Anamumot, Poccus)

B pabore paccmarpuBaeTcs BO3MOXKHOCTH HCCIEJOBAaHMSA CTATHCTHYECKHX 3aKOHOMEPHOCTEH JHMCKPETHBIX
sneMeHTOB XOopoBblx OHU-m3nmydeHuii Ha OCHOBE aBTOMAaTHU3MPOBAHHOIO HEMPOCETEBOrO0 MOAXOAAa K HX
BbIJIeNIeHUIO. VIHTepec K MOJ0OHOMY aHainu3y OOYCJIOBJIEH BaKHOM POJBIO XOPOBBIX H3IY4EHHH B Iporeccax
B3aMMO/ICHCTBHSA BOJIH U YaCTHUIl MarHuTOC(hepe 3eMIIM U UX BIUSHHEM Ha TUHAMUKY PaJdallMOHHbIX MOSCOB.

Panee craTuctuueckue xapakTepHUCTUKH XOpoBbIx OHY-m3nmydeHuit MccienoBalMCh, Kak HPaBHIIO, Ha OCHOBE
BBIOOPOK, CPOPMHUPOBAHHBIX BPYYHYIO MO0 AMHAMHUYECKHM CIIEKTPOTpaMMaM, YTO HAK/IaJbIBaJO CYLIECTBEHHbIC
OTpaHUYEHUS KaK Ha 00bEeM aHAJTM3UPYEMbIX JaHHBIX, TAK H Ha BOCIIPOU3BOJNMOCTD PE3yIbTAaTOB.

B HacTosmem noknaje mnpeasaraercs ajJbTEpPHATUBHBIN MOAXOJ, OCHOBAaHHBIM Ha HCIOJb30BaHUU HEWPOCETEBOTO
MeToJla IETeKTHPOBAHUS IUCKPETHBIX 3JeMeHTOB XopoBbIXx OHYU-msmyuennii, pa3zpaboTaHHOTO s 3amad
ABTOMATHUYECKOT0 aHan3a AMHAMUYeCKuX crekTpoB. Heliponnast cetb Mask R-CNN, o0OyueHHas Ha pa3MedeHHBIX
JAHHBIX, MO3BOJSIET BBINOJHATh MHUKCEIbHYIO CETMEHTAIMIO OTJACNIBHBIX JIEMEHTOB XOPOB M OINPENENATh HX
BPEMEHHO-YaCTOTHBIC IPaHMIIBI O€3 y9acTHs oneparopa.

C ucmojp30BaHHEM OTrpaHMYCHHOro Habopa HaHHBIX crnyTHHKOB Van Allen Probes na ocHoBe pe3ynbraTtoB
HEUPOCETEBOT0 JETEKTUPOBAHMS NIPOBEACHA MapaMETPU3aLHsl XOPOBBIX JIEMEHTOB, BKIIIOYasl OLICHKY XapaKTepPHBIX
YaCTOTHBIX JWAIa30HOB, UIUTEIBHOCTEH, CKOPOCTEH 4YacTOTHOTO Jpeiida W Apyrux XapakTepucTHK. B moxiane
MIPUBOJATCS CTATUCTUYECKHE PACIIPEICICHNUS TIOIyYEeHHBIX TapaMeTpPOB.
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CoBmecTHbIl  aHaiu3 aBpopanbHoro xucca W [DHCC-cumHTHAASIMA 1451 AHATHOCTHKH
MeJIKOMACIITA0HOH CTPYKTYPbI HOHOChePHI

Hukurenko A.C., ®enopenxo 10.B. (Homspuwii [I'eogusuueckuit Hncmumym, 2. Anamumel, Poccus,
alex.nikitenko91@gmail.com)

[IpoBeneHO HccieOBaHNE B3aMMOCBSI3U MEXKIYy Ha3eMHBIMU HaOroneHusIME aBpopanbHoro OHU-xucca u hazoBeIx
CUMHTWULIIIAA CHUTHAJIOB TJI00AMbHBIX HABUTAMOHHBIX CIyTHUKOBBIX cucteM (THCC). JlanHbie 1O XHCCY
nonydeHsl B obcepatopuu JloBozepo (okrsiops 2021 — mexabpp 2023 rr.), HaHHBIC MO CHUHTWIIAIHUAM — C
nomoripio THCC-npuémunka PolaRX5S B Anaturax (~80 kM ot JIoB03€po).

BrisiBiieno 8 coObITHI ¢ SIBHOH BPEeMEHHOMN CBS3bHO BCIUICCKOB XHCCAa W YCWJICHUS CUMHTHULANUN. OnpeneneHue
a3uMyTa MpPUXOoJia U MOJSIPU3AIMU XUCCa MOKa3alo, YTO 00JaCTh €ro «3acBETKH» Y 3€MIIM JIOKAJTU30BaHa BOJIM3U
MPOEKIUK JTUHUU «ATaTHThI—CITyTHHK» Ha BhicOTY 300 kM. OnTrdeckue Habmoaenust all-sky kameps! moaTBepauiu
HAIIMYHE aBPOPANBHBIX YT B 3TUX K€ 00IACTIX.

[lomyyeHHOE TPOCTPAHCTBEHHOE COBMAJCHHE VKa3blBaeT Ha OOMmyl0 (QH3WYECKYI0 TPUYUHY SBICHUH.
Ipeamonaraercst, 4ro oba mpollecca CBSI3aHbI C paccesHUEM Ha MeJIKoMacliTabHbIX (COTHH METpOB)
HEOJHOPOJHOCTSX 3JCKTPOHHOW KOHICHTpAanWU B HOHOchepe. Takum o0pa3oM, OJHOBpPEMEHHAS PETHUCTPAIHS
X#cca ¥ CHUHTIUTSAIIA MOKET OOBSCHATHCS BO3ICHCTBHEM OJHHUX U TEX JK€ HEOJTHOPOIHBIX CTPYKTYP.
HccrnenoBanre  BBIIIOJHEHO 3a c4yeT rpaHTa Poccuiickoro  HayuHoro ¢omma Ne  25-17-20038,
https.//www.rscf.ru/project/25-17-20038/ u rpanta MuHucTepcTBa 00pa3oBaHus 1 HaAyKd MypMaHCKO# 00macTu».

Bo3oyxnenue nckyccrBeHHblx YHU-KHY curna/ioB ¢ HCnoJib30BaHUEM JIMHUM JJIeKTpoIepenayu
KaK rOPU30HTAIbHON aHTeHHbI B 3Kkcnepumente FENICS-2024

*kk

B.A. HI/I.HI/IHQHKOLZM, H.B. CaBenLeBal'Z*, 10.B. CDez[opeonsm, E.H. q)e):[OpOBl**M, B.B. Kono6os ™"
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3 Honsapnoui I'eogpusuueckuii Hnemumym, Anamumot, Poccust
4 Konvckuii nayunvitl yeump PAH, Anamumot, Poccus
*e-mail: nasa2000@yandex.ru

**e-mail: space.soliton@gmail.com

***e-mail: yury.fedorenko@gmail.com

****amail: enfedorovl@yandex.ru

*****email: v.kolobov@ksc.ru

B wurone-aBrycte 2024 roma Ha KoibCKOM MOJIyOCTpOBE OBII MPOBEACH DKCICPUMEHT IO T'€HEPAIMH YIIbTpa-
au3kouactoTHbix (YHY) u kpaiine-uuskouactotapix (KHY) curHamoB B HOYHBIE Yachl € HCIOJIB30BAaHHEM
BBIBEJICHHO# U3 paboThl uHuu snekrponepenayun (JIDII) ¢ paccrosauem mexmy 3azemmutensimu 130 KM B KauecTBe
TOPH3OHTAIBHON M3IyYarolieil aHTeHHBI. YacToTa reHepaTropa OT ceaHca K ceaHcy MeHsuiach oT 1 mo 194Tu. B
pabote mpexacTasiens! pe3yiabtarsl peructpamn YHY (<10 I'm) u KHY (>10 I') curuasnos Ha cranmusx JIoosepo,
Bepxuerynomckuit u bapennOypr, ynaneHHbIx ot nepenatomieid iuaun Ha 50, 185 u 1130 kM. 3apeructpupoBaHb
curHaibl ¢ yactoramu ot 1 o 64 I'n. [IpoBeneHo comocTaBieHne ¢ TECOPETHUECKUMHE OLIEHKAMH C UCTIONb30BAaHHEM
yucnenHoit Mogenu YHY/KHY-nons B atmMocdepe u noHOCdepe, CO3AaBAEMOro JIMHCHHBIM MPH3EMHBIM TOKOM.
[IpoBeneHHbIe HAOMIOACHHS MOKA3aIN HEPCIICKTUBHOCTh AKTUBHBIX 3KCIIEPUMEHTOB C Hcnosb3oBanueM JIOIT mis
B030YyxneHus uckycctBeHHbIX Y HU/KHY-curnanoB Ha GOJIBIION TUIOMIAIH.

Pabora moxnepxana rpantom PH® 21-77-30010-11.
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Bo3oy:xnenue uckyccreeHubix Y HU-KHU curnanor B axcnepumente FENICS-2024

*kk

H.B. CaBenLeBal’z*, B.A. HI/IJ’II/IHGHKOLZM, 10.B. fDez[opeonsm, E.H. q)e):[OpOBl**M, B.B. Kono6os*™™"

! HUnemumym @usurxu 3emnu PAH, Mockea, Poccus

2T eogusuueckuit yenmp PAH, Mockea, Poccus

3 Honsproui Ieogusuueckuiit Mnemumym, Anamumet, Poccus
4 Konvckuil Hayunwlii yeump PAH, Anamumeot, Poccus
*e-mail: nasa2000@yandex.ru
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***e-mail: yury.fedorenko@gmail.com
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B wurone-aBrycre 2024 roma Ha KoibCKOM MOJIyOCTpOBE OBLI MPOBEACH SKCICPUMEHT IO T'€HEPAIMH YIIbTpa-
Hm3kovyacToTHeix (YHY) wu kpaiine-HuskowyacToTHbix (KHY) curHamoB B HOYHBIE Yachl C HCIIOJIB30BaHHEM
BBIBEICHHOIN W3 pabOThl JIMHUM 3JEKTPONEpeaadn C paccTosHHeM Mexay 3aszemumrtensiMu 130 km B kauecTBe
TOPHU3OHTAILHOM M3NyJaronield aHTeHHBI. YacToTa reHepaTopa OT ceaHca K ceaHcy MeHsutach oT 1 mo 194 T'n. B
paboTe npezacTasieHsl pe3yaptarsl peructpauun YHY (<10 I'u) u KHY (>10 I'n) curnanos Ha craHuusx JloBosepo,
Bepxuerynomckuit u bapeHnOypr, ynaneHHbIX oT nepenatomieid tuaun Ha 50, 185 u 1110 kM. 3apeructpupoBaHb
curHajibl ¢ yacroramu ot 1 1o 64 I'u. [IpoBeneHo comocTaBIeHUE ¢ TEOPETHYECKUMHE OLIEHKAMHU C UCTIOJIb30BaHHEM
yucnenHoit mMogenu YHY/KHY-mons B atmocdepe u noHocdepe, CO31aBAEMOr0 JIHHEHHBIM MPH3EMHBIM TOKOM.
[IpoBeneHHBIE HAOMIONCHNS MTOKA3aJIH MEPCIIEKTUBHOCTH 3TOTO THIA aKTHBHBIX 3KCIIEPUMEHTOB AJIS BO30OYXKACHUSL
uckyccrBeHHbIX YHU/KHY-curnanos Ha GOJIBIION TUIOIIAIH.

YcuneHnusi moToka cyOpeJATHBHCTCKHX 3JI€KTPOHOB HAa IeOCTAIMOHAPHOI Oop0uTe BHE CHJIBHBIX
TeOMATHUTHBIX BO3MYIIEHUH ¥ MapaMeTpbl JJTHHHONEPHOIHBIX T€OMATHUTHBIX MYJIbCAIIUH

Crykos JI.A., SIrosa H.B. (M®3 PAH, 2. Mocksa, Poccus, dstkov922@yandex.ru)

VYcunenust moToka CyOpPETITHBHUCTCKHX JJICKTPOHOB OTOOpaHBI MO JaHHBIM H3MEPEHHH Ha I'€OCTAIHOHAPHOM
cnytauke GOES. KontponbHas rpymnma chopMupoBaHa H3 HHTEPBAJIOB 0€3 YCHIICHHH IPU TeX K€ 3HAYCHUSIX
FEOMAarHUTHBIX MHAEKCOB [1]. lynsi 0TOOpaHHBIX COOBITHI paccMAaTpPUBAIOTCS CBOMCTBA IEOMArHUTHBIX MYJIbCAIUN
muanasoHa 1-5 mI (Pc5-6/Pi3) nmo pmaHHbIM u3MepeHHI HA TOM e CIyTHHKE. J[1s OTAENbHBIX COOBITHI
AHAM3UPYIOTCS BOJIHOBBIE (DOPMBI, CLIEKTPAIBHBIN COCTAB U MOJSPHU3ALUS MYIbCAIMi, 8 TAK)KE UX B3aUMOCBSI3b C
BapUalMsIMKU TOTOKa 3JeKTpoHOB ¢ 3Heprusamu or 40 mo 500 x3B. Ananusupyercst CBsS3b MyJbCallMil C
GiyKTyanusiMu JTAHAMHYECKOTO JABJICHUS COJHEYHOTO BETPa M MEKIUIAHETHOTO MArHUTHOTO TOJS B TOM JK€
YaCTOTHOM JIHAIla30HE M Ha3eMHBIN OTKIUK 1o naHHbIM crannuii cethu CARISMA.

Pabora BeimosHeHa B pamkax I'ocynapctBenHoro 3aganus D3 PAH.
O. A. Crykos, H. B. fIrosa. Iloroku snextponoB ¢ sneprusimu 40-500 k3B Ha reocraruoHapHoil opOuTe BHE

CHJIBHBIX T€OMArHUTHBIX BO3MYIIEHHH W IapaMeTpsl MexiuiaHetHoi cpeasl // ConHeyno-3emuas ¢usuka (B
[e9aTH)
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Extreme Space Weather Eventsin 2025-2026
M.A. Abunina, N.S. Shlyk (IZMIRAN)

This study presents a comprehensive analysis of the most powerful events in the interplanetary medium that triggered the
strongest responses in geomagnetic activity (Kpmax > 8-) during 2025-2026. Variations in solar wind parameters,
geomagnetic activity, and cosmic rays were examined for the periods of January 1-2, April 16, June 1-3, and November 11—
13, 2025, January 19-21, 2026. Solar sources were identified for all events, and their characteristics are discussed. All events
under consideration were caused by complex interplanetary disturbances with two or more solar sources.

An approach to cataloging and studying inter planetary distur bances caused by stealth CMEs
Belov S.M., Shlyk N.S., AbuninaM.A. (IZMIRAN, Moscow, Russia)

Coronagraphs on spacecraft near Earth are the primary instrument for observing coronal mass gections (CMEs). Their data
(particularly from SOHO/LASCO) have been used for many years to catalog interplanetary disturbances. However, a problem
isthat CMES occurring in the central region of the solar disk are often invisible in the coronagraph's view plane. This problem
is made significant by the fact that these gjections are the most likely onesto reach Earth. Therefore, coronagraph observations
are clearly insufficient for a comprehensive cataloging of geoeffective CMEs. Our group is developing the Forbush Effects and
Interplanetary Disturbances (FEID) catalog, which contains over 9,300 events. Since we aim to fully describe all events and
their solar sources, identifying all geoeffective CMEs is a pressing issue. In 2024, we began manually cataloging CMEs
invisible to coronagraphs using SDO images, noting the gection time and position on the solar disk. This report will present
statistics on such CMEs for 2024 and assess the viability of our approach. Other solutions, such as software-based dimming
detection, will aso be discussed.

Potential Field Source Surface and Non-linear Force-Free Field Extrapolation to Model Magnetic Field
Structurefor a Giant Solar Filament

Abbi S. Demissie’, Tilaye Tadesse?, Araya Asfaw?, Tong Shi®

! Institute of Geophysics, Space Science, and Astronomy (IGSSA), Addis Ababa University, Addis Ababa, Ethiopia
2 Space Radiation Analysis Group, NASA Johnson Space Center, 2101 E NASA Pkwy, Houston, TX77058, USA
% Department of Climate and Space Sciences and Engineering, University of Michigan, Ann Arbor, MI, USA

Abstract

Solar filaments are intriguing structures suspended in the solar corona at heights up to 100 Mm above the chromosphere, but
they are made of chromospheric material which is one hundred times cooler and denser than the coronal material. Studying
filament magnetic field structures, magnetic energy and electric current density is crucial to know its stability, because unstable
conditions can result in explosive events like flares and coronal mass gections (CMES). A few recent studies have been
conducted to model large-scale filaments in the quiet Sun though the magjority of studies focus on modeling small-scale active
region filaments. This study is the first to use potentia field source surface (PFSS) and non-linear force-free field (NLFFF)
models in spherical geometry to study a giant filament (with length more than 800 Mm) along a polarity inversion line (PIL) in
a weak-field region (with photospheric field region of ~ 50 G). The two modeling methods are applied to data obtained from
a giant filament observation on February 10, 2015 with preprocessing of photospheric full-disk vector
magnetograms from the Helioseismic and Magnetic Imager (HMI) and Vector Spectromagnetograph (VSM) using
optimization procedure to make the boundary data more consistent with the force-free principle. The large-scale magnetic
configuration surrounding the filament is derived from the PFSS model, while the NLFFF extrapolation provides a detailed
three-dimensional structure of the filament using both HMI and VSM data. Results from both instruments show good
agreement. The NLFFF extrapolation based on HMI data yields higher total and free magnetic energy compared to VSM data.
Moreover, the total surface electric current density is greater with VSM data, consistent with the magnetic field strength
derived from both instruments.

Keywords Sun: Magnetic field structure, magnetic energy. Sun: corona, filaments, prominences. Methods. numerical
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Geomagnetic cutoff of high-energy solar cosmic rays during strong magnetic storms

A.V. Dmitriev (SINP MSU, Moscow, Russia, dalex@srd.sinp.msu.ru)

The dynamics of the geomagnetic cutoff latitude of solar cosmic rays (SCR) was studied during three strong geomagnetic
storms in September 2017, May 2024, and November 2025. Fluxes of high-energy solar protons with energies above 16 MeV
were observed by the low-altitude polar satellites of the POESIMETOP mission. SCR cutoff latitudes were determined in the
Northern and Southern Hemispheres, both during quiet periods and during the geomagnetic storms. The experimental results
are compared with an elliptical SCR cutoff model [1]. It is shown that, on average, the model provides a good prediction of the
experimental data over the dynamic range of its input parameters. However, outside the dynamic range, particularly in the
range of geomagnetic dipole tilt angles and geomagnetic activity levels, the model produces significant systematic errors,
indicating the need for further improvement. Perspectives of improving the modeling of the SCR geomagnetic cutoff during
strong magnetic storms are discussed based on new experimental data.

The study was conducted as part of a state assignment from Lomonosov Moscow State University.

Dmitriev, A. V., P. T. Jayachandran, and L.-C. Tsai (2010), Elliptical model of cutoff boundaries for the solar energetic
particles measured by POES satellites in December 2006, J. Geophys. Res., 115, A12244, doi:10.1029/2010JA015380

Modeling the Propagation of Interplanetary Coronal Mass Ejections during the 1-3 August 2024 Event
Using the Drag-Based M odel

K.B. Kaportseva', A.A. Vakhrusheva®?, Y.S. Shugay', A.O. Shiryaev* 3, A.S. Lavrukhin®

! M.V.Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics, Moscow, Russia
2 M.V.Lomonosov Moscow State University, Faculty of Physics, Moscow, Russia
% M.V.Lomonosov Moscow State University, Faculty of Space Research, Moscow, Russia

The interplanetary conditions during 31 July—2 August 2024 are analyzed, when interplanetary disturbances associated with
coronal mass gjections (CMEs) were registered near the Earth and resulted in a geomagnetic storm with a minimum Dst index
of =101 nT (Kp = 7). The main sources of the disturbances were CMEs observed on 31 July—2 August and associated with
flare activity in active region NOAA 3768, which was located in the western part of the solar disk during the studied period.
According to the CACTus, DONKI, and LASCO CDAW databases, the CME speeds ranged from 500 to 1100 km/s. The later
CMEs propagated through a disturbed solar wind, which affected their propagation speed in the heliosphere and, consequently,
their arrival time at the Earth. The geomagnetic storm commenced with the arrival of an interplanetary shock on 3 August at
about 23:00 UT, followed by a decrease of the Dst index to —101 nT. The arrival of interplanetary disturbances was also
detected by the STEREO-A spacecraft, located about 20° west of the Earth, and by the Parker Solar Probe, located about 10°
west of the Earth at a heliocentric distance of ~0.7 AU. The CME propagation was modeled using the drag-based model
(DBM). Different scenarios of CME propagation and interaction at various heliocentric distances were considered.
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Parameter Sensitivity Analysis and uncertainty estimation in Magnetospheric Particle Tracing Using
Flexible GT Tool.

V.V. Maakhov, A.G. Mayorov (National Research Nuclear University “ MEPhI”)

Particle tracing in electro-magnetic fields is a well-established technique widely applied for many physics tasks in the Earth's
magnetosphere. Nowadays, there are a large number of tools available for researchers. However, no matter how routine the
procedure is, it nevertheless requires tuning a large number of parameters, which obviously affects the shape of individual
trajectories and accuracy of their reconstruction. Yet, for all its widespread use, there is little to no discussion in literature
devoted to parameters selection and their effect on the accuracy as well as to the accuracy of the procedure itself in this region.
Moreover, avast mgjority of the tools neither allow fine tuning nor provide a thorough description of hardcoded parameters.
Here, we analyze the effects of the most explicit parameters on individual trajectories for particles from three geomagnetic
sources: galactic cosmic rays, abedo, and the penumbra region. Parameters examined include solver type (e.g., Runge-K utta,
Buneman-Boris and other), step scheme (adaptive or fixed), step length (seconds for fixed steps, points per Larmor
radiug/period for adaptive), break conditions, set of Earth's magnetic field (EMF) components (main, external, lithospheric),
degree of accuracy in the main magnetic field description (provided by different models). We employ our particle tracing tool
GT [], developed with emphasis on flexibility and parameters customization as well as thorough description of the tracing
region. The tool allows toggling all the aforementioned parameters in particular offering notably wide possibilities in defining
the EMF.

In addition, we will discuss trgjectories uncertainties associated with different parameters, and their effect on computation of
guantities that are more general and structures: asymptotic directions, interaction points, cutoff rigidities, penumbra structure.
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Calculation of theangular distributions of cosmic ray particlesin the Earth'satmosphere
Maurchev E.A.%, Krainev M.B.% Didenko K.A.*

! Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation
Russian Academy of Sciences, Moscow, Russia
2 ebedev Physical Institute, RAS, Moscow, Russia

The paper considers the modeling of the cosmic ray (CR) particle transport through the Earth's atmosphere using the
RUSCOSMICS model. Primary CR consist of protons by almost 90%, the remaining 10% are mainly helium nuclei, heavier
nuclei and electrons (less than 1%). Therefore, the model primary particle generator is defined as a source of protons and
helium nuclei with differential energy spectra corresponding to the galactic CR (GCR) spectra. Atmospheric parameters are
defined with the NRLMSISE-00 model, the geometry is used in a "flat" approximation with a height boundary of 100 km,
while the sensitive volumes are determined in increments of 1 km.

As a result, information is collected on the angular distributions of secondary CR with different values of the lower energy
threshold depending on the type of particle (protons E;;>5 MeV and E;;>30 MeV, electrons E;>0.2 MeV and E,>5 MeV and
muons E,;, >15 MeV and E,, >100 MeV). These thresholds are determined based on the parameters of the detector used to
register the ionizing component in the regular balloon monitoring of CR conducted by the S.N. Vernov Laboratory of Solar
Physics and Cosmic Rays of the Russian Academy of Sciences (LPI RAS). The resulting angular distributions are planned to
be used in the interpretation of the data obtained during this monitoring.

Pacuer yrjioBbIX pacnpe/ejieHuii YacTHIl KOCMUYECKHUX Jy4deil B aTMocdepe 3emiu
Maypuen E.A.l, Kpaiines M.B.Z, Jnnenko KAl

1
Uncmumym 3emnoco macnemusma, uonocgepvl u pacnpocmpanenuss paouosoan um. H.B. Ilywkoea PAH, 2. Mocksa, e.
Tpouyx

2 .

Qusuyeckuu uncmumym um. [1.H. Jlebedeea PAH, 2. Mocksa

B pabore paccmarpuBaeTcsi MOJCIUPOBaHHE MPOXOXKACHHS dacTull kocMuueckux nydueit (KJI) uepes armocthepy 3emiu mpu
nomotu Moaean RUSCOSMICS. Tlepeuunsie KJI moutn Ha 90% coctosit u3 nmpoToHoB, octaibHbie 10% — 3T0 B OCHOBHOM
sApa remus, Ooiiee TsOKeNmble sapa W ANeKTpoHsl (Menee 1%). Ilod3ToMy MOIENBHBIN TIEPBHYHBIM HCTOYHHUK YaCTHI]
OmpezieIseTcss Kak HCTOYHHMK TPOTOHOB U siiep redust ¢ JuddepeHIHanbHbIME  SHEPreTHYECKUMH  CIIEKTPaMH,
cooTBeTcTByIOmMME criektpam Tamaktudeckux KJI (IKJI). ITapamerpst atMocdepbl 3adafOTCs OPH TOMOIIHA MOJIEITH
NRLMSISE-00, reomerpus wucmomp3yercs B <«IUIOCKOM» mpuOmmxkennd BeicoTod 100 kM, mpu 3toM ¢ marom 1 kM
OTIpeZIeTICHBI ICTEKTUPYIOIIHNE 0OBEMBI.

B xauectBe nosrygaemoro pesynbTata cobupaercss HH(Gopmanus 00 yrioBeIX pacnpenenaeHusx Bropuaaeix KJI ¢ pasnuaHbivMu
3HAYEHMSIMH HIDKHETO II0pOTa 110 SHEPTHH B 3aBHCUMOCTH OT THIIA YacTHIB! (npoToHs! E1p>5 MaB u E;>30 MaB, a1exTpoHs!
E1e>0.2 MaB 1 Ex>5 M»B 1 mroons! E;>15MaB u E;>100 M3B). Otu moporn onpenensroTcs, HCX0Id U3 IapaMeTpoB
JIETEKTOPa, UCIIOJIB3yEeMOT0 Ul PETUCTPAllM MOHM3HUPYIOIIEH KOMIIOHEHTHI B PEryIIpHOM OannoHHOM MonutopuHre KJI,
npoBogumoM Jlaboparopueit @usuku Conaua n xocmmueckux nydeil mMm. C.H. BeprnoBa ®UAH. Ilomydaemblie yrioBble
pacnpeieneHus INIAHUPYETCS UCIIOJIb30BATh B MHTEPIIPETALMH MOTy4aeMbIX BO BPEMs 3TOI'0 MOHUTOPUHTA JAHHBIX.
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The main magnetic lines of the pre-flare arcade, on the surface of which the current density isincreased
A.l. Podgorny®, I.M. Podgorny?

! ebedev Physical Institute RAS, Moscow, Russia, podgorny@lebedev.ru
?|nstitute of Astronomy RAS, Moscow, Russia, podgorny@inasan.ru

The analysis of the pre-flare configuration on May 26, 2003, above the active region AR 10365 at 02:32:05, three hours
before the M 1.9 flare at 05:50:03, was continued. The configuration was obtained by MHD simulation in the corona. To study
the physical processes occurring in the solar corona during a flare, it is necessary to establish with sufficient accuracy the
properties of the magnetic field configurations near points on the magnetic arcade lines. These configurations may have the
property of accumulating magnetic energy of a solar flare and causing flare instability. However, in the real field of the solar
corona this process is difficult to establish due to the superposition of additional field configurations, which leads to the
appearance of additional physical processes. The determination of such configurations in a complex field of arcades in the
corona is necessary for studying the physical mechanism of solar flares, with the aim, in particular, of creating a system for
predicting solar flares based on an understanding of their physical mechanism, using the results of MHD simulation. For this
purpose, al the main magnetic lines of the arcade were found, which pass through three-dimensional current density maxima
that form a chain, or which pass through plane current density maxima in planes perpendicular to the main magnetic lines.
Areas on the main arcade lines were found where the properties of configuration promote the occurrence of a flare. Such
properties appear in the section of lines located at the top of the loop and continuing in the region projected along the line of
sight onto the bright region of the flare emission on the solar disk.
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Interplanetary radio emission dueto CME-CME interaction
D. Pulatov (Samarkand State University, Samarkand 140104, Uzbekistan)

We analyzed the interaction between two CMES observed in the interplanetary medium at 18:06 UTC and 19:30 UTC on 6
April 2001, respectively, and the associated long-wavelength radio observations using DH type Il burst. We identified the first
(CME1) and second (CME2) CMEs and their associated DH type Il burst using the SOHO/LASCO catalog and the
Wind/Wave catal og, respectively. CMEL traveled through the SOHO FOV at alinear velocity of 648 km/s at an position angle
(PA) of 106°. CME2 is a halo-CME, traveled much faster than the CMEL, at a linear speed of 1270 kms—1 and interacted with
CMEL at 20:42 UTC at a distance of 11.82 Rs. The CME that separated at 19:30 UTC reached Earth on 8 April and caused a
geomagnetic storm (Dst = -59 nT). Both CMEs gjected from the NOAA AR9415 active region in the eastern part of the Solar
surface and did not trigger a Solar Energetic Particle (SEP) event. As a given Gopalswamy et a (2008), space weather events
are more likely to trigger a SEP event if a CME originating in the western hemisphere is accompanied by a DH type |1 burst.
The DH type Il burst began at 19:35 UTC on 6 April and ended at 01:50 UTC on 7 April and duration for ~6 h. The center
frequency of the emission in the DH spectrum during the interaction appears to decrease with increasing interaction height.

Forecasting Solar proton event power using machine lear ning method
S.V. Roslavtsev!, N.A. Vlasova?, V.V. Kalegaev*?
! Lomonosov Moscow State University,Faculty of Physics, Moscow, Russia

2 Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia
Email: rosavtcev.sv22@physics.msu.ru

Solar proton events (SPES) represent one of the main manifestations of solar activity and constitute a radiation hazard factor in
space weather, making the forecasting of SPE power an urgent problem. The primary sources of solar energetic particle fluxes
are considered to be two components of the explosive process on the Sun: solar flares and coronal mass gjections (CMES).
Currently, experimental data available in real-time are limited to flare characteristics only, namely soft X-ray solar radiation
(0.05-0.4 mm and 0.1-0.8 mm) during the flare: the flare onset time and maximum radiation flux density (X-ray flare
classification). The maximum solar proton flux is typicaly achieved several hours (>2 hours) after the initial detection of
protons in near-Earth space. Therefore, for real-time forecasting of SPE power, the event onset time can be utilized.
Experimental data from geostationary GOES satellites are available every 5 minutes.

The objective of this work is to develop a real-time forecasting system for two SPE characteristics: the maximum proton flux
with energy >10 MeV and the time of its occurrence (duration of the flux rise phase). To address this task, three machine
learning models were developed using the following algorithms: linear regression, random forest, and gradient boosting.
Model training was performed using data from the SPE catalogs of the 23rd and 24th solar activity cycles, available on the
Space Weather Center website of Moscow State University [https://swx.sinp.msu.ru/apps/sep events cat/]. Events were
selected where the proton flux with energy >10 MeV exceeded 10 particles/(cn?-s-sr). The input parameters for the models
were the X-ray flare classification and the time interval between the onset of the flare and the beginning of the solar proton
flux increase. Model validation was performed. Model accuracy was evaluated using data from the 25th solar activity cycle
SPE catalog.The prediction results are presented, the contributions of input parameters to model forecasting are evaluated, and
the feasibility of using machine learning algorithms for solving this task is discussed. The research was conducted as part of
the state assignment of Lomonosov Moscow State University.
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Differentiation of Coronal Holes and Filamentswith AlA 3044 and HM| Data
A. Shiryaev'?, K. Kaportseva®, Y u. Shugay™

! gpace Physics Laboratory SINP MSU
2 Space Research Faculty SNP MSU

Coronal holes are sources of quasi-stationary high-speed solar wind streams with typical velocities of about 500-800 km/s
[Veselovsky 2010]. Long-lived coronal holes lead to the formation of stream interaction regions (SIRS/CIRS), which are
characterized by enhanced plasma density and can cause moderate geomagnetic disturbances and recurrent geomagnetic
storms.

The association between coronal holes and high-speed solar wind streams makes it possible to use coronal hole areato estimate
the solar wind speed near Earth [Shugal 2021]. Identifying coronal-hole boundaries and estimating their areas requires
segmentation of solar images acquired in the 193 A and 211 A channels of the SDO/AIA observatory. In these wavelength
ranges, corona holes appear as regions of reduced intensity [Garton et a. 2018; Heinemann et a. 2019]. Because solar
filaments also appear as dark structures in images at these wavelengths, the development of methods to discriminate between
filaments and coronal holes can improve the accuracy of coronal-hole boundary determination.

Filaments absorb and resonantly scatter radiation in the He 1l emission line [Garton et al. 2018], and therefore appear as dark
regions in images at 304 A. Since emission at this wavelength originates in the chromosphere, the presence of coronal holes
does not suppressitsintensity, and coronal holes do not appear as dark regionsin images at this wavelength.

M agnetograms provide an additional source of information on coronal holes. Coronal holes correspond to regions of open solar
magnetic field lines and are characterized by a predominantly unipolar magnetic field [Zhang et al. 2003]. Solar filaments are
oriented along magnetic polarity inversion lines, whose locations can be identified from HMI magnetograms.

This work presents results of applying these methods to exclude filaments during the automatic determination of coronal hole
boundaries. The impact of filament exclusion on the accuracy of solar wind speed prediction based on coronal-hole area is
evaluated.

Veselovsky, I. S, A. V. Dmitriev, and A. V. Suvorova. 2010. “ Algebra and Statistics of the Solar Wind.” Cosmic Research 48
(2): 113-28.

Shugai, Yu. S. 2021. “ Analysis of Quasistationary Solar Wind Stream Forecasts for 2010-2019.” Russian Meteorology and
Hydrology 46 (3): 172—78.

Garton, T. M., P. T. Gallagher, and S. A. Murray. 2018. “ Automated Coronal Hole Identification via Multi-thermal Intensity
Segmentation.” Journal of Space Weather and Space Climate 8: AQ2.

Heinemann, S. G., et al. 2019. “ CME-HSS Interaction and Characteristics Tracked from Sun to Earth.” Solar Physics 294
(9): 121.

Parenti, S. 2014. “ Solar Prominences; Observations.” Living Reviewsin Solar Physics 11.

Zhang, J., et al. 2003. “ Interplanetary and Solar Surface Properties of Coronal Holes Observed during Solar Maximum.”
Journal of Geophysical Research: Space Physics 108 (A4): 2002JA009538.

Influence of fast ICM Eson high-energy (>2 MeV) magnetospheric dectron flux

N.S. Shlyk, M.A. Abunina, A.V. Belov, S.M. Belov

Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation of Russian Academy of Sciences
(IZMIRAN), Moscow, Troitsk, Russia, nshlyk@izmiran.ru

The behavior of high-energy electrons in the Earth’'s magnetosphere is till an actual problem due to the fact that large
enhancements in relativistic electron fluxes can lead to failures in the operation of spacecraft. 1t's well-known that the main
cause of such electron flux enhancements is the influence of high-speed streams from coronal holes but how can an
interplanetary coronal mass gection (ICME) affect it? Using the FEID database (https.//tools.izmiran.ru/feid) fast geoeffective
ICMEs were selected and their impact on the flux of high-energy (>2 MeV) magnetospheric electrons were analyzed. The
results show that there are different scenarios depending on ICMEs speeds, the background electron flux and additional
influence of other solar sources.
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Comparison of Geoeffective Coronal Mass Ejection Speedsin Different Catalogs

N.S. Shlyk, M.A. Abunina (Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation of Russian
Academy of Sciences (IZMIRAN), Moscow, Troitsk, Russia, nshlyk@izmiran.ru )

Coronal mass gjections (CMEs) influence space weather to a high degree, and CME initial velocities are often required input
parameters for various forecast models of geomagnetic disturbances or high-energy particle fluxes. This research discusses the
discrepancy between CME initial velocities determined automatically in near-real time (CACTUS catalog,
https://www.sidc.be/cactus/catal og.php), those included in the publicly available catalog of interplanetary CME propagation
modeling (DONKI, https://kauai.ccme.gsfc.nasa.gov/DONKI/), and those calculated with a significant delay after more
thorough data processing (LASCO catalog, https://cdaw.gsfc.nasa.gov/ICME_list/). In particular, interplanetary CMEs that
reached Earth’s orbit between 1997 and 2024 are considered (FEID database, https://tools.izmiran.ru/feid), for which a one-to-
one correspondence was established between all catalogs (for the DONKI catalog — since 2010). Estimates of the relationship
between initial velocities for different CME types and solar cycles were obtained, which can be used to generate various
forecastsin quasi-real time (with the minimum delay provided by CACTUS and DONKI).

A servicefor reconstructing the atmospheric ionization component induced by galactic cosmic rays
SA. Siruk!, V.V. Alekseev?, V.A. Kuzminov®, A.G. Mayorov', R.F. Y ulbarisov*

! National Research Nuclear University MEPhI, Moscow 115409, Russia
2 P. G. Demidov Yaroslavl Sate University, Yaroslavl 150003, Russia
% Jate Scientific Research Ingtitute of Aviation Systems (GosNIIAS), Moscow125319, Russia

Cosmic rays (CR) are high-energy particles propagating through space. The interaction of cosmic rays with Earth's atmosphere
initiates a complex array of physicochemical processes. Secondary particles generated during the development of the
atmospheric cascade produce ionization in the lower and middle atmospheric layers. The maximum intensity of this processis
observed in the Arctic and Antarctic, where the geomagnetic field weakly impedes the penetration of low-energy particles. The
resulting ionization has multifaceted effects on atmospheric properties, atering its conductivity and transparency, as well as
influencing the rate of chemical reactions.

To monitor atmospheric ionization levels and study related phenomena, we developed a service for reconstructing the
atmospheric ionization component induced by galactic cosmic rays. This involved creating a system capable of reconstructing
GCR energy spectra with daily temporal resolution with high accuracy, based on measurements from the globa neutron
monitor network and artificial neural networks. Subsequently, for a given spatial location, the influence of geomagnetic cutoff
on the GCR spectrum is taken into account, followed by a calculation of the GCR-induced ionization at a specified
atmospheric depth. The service enables the generation of real-time atmospheric ionization (in ion pairs per gram) maps from
the ground to the top of the atmosphere, or maps for any specified past moment.

Future development plans include extending the service to account for other cosmic radiation components, calculating
radiation dose exposure for aircraft crews and spacecraft, and other related applications.
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The planned experiment for measuring cosmic raysin the Russian Arctic

E.A. Skorikova, I.A. Lagoida, A.l. Madzhidov, A.G. Mayorov, S.AA. Siruk (National Research Nuclear University MEPhI,
Moscow 115409, Russia)

Cosmic rays (CR) are high-energy particles propagating through space that originate either within our Galaxy or are produced
by the Sun, leading to their classification as Galactic Cosmic Rays (GCR) and Solar Energetic Particles (SEP), respectively.
Fluxes of GCR are subject to solar modulation and thus vary in time, while SEP appear sporadicaly, and their frequency of
occurrence depends on the phase of the solar cycle. Ground-based detectors register secondary particles generated in air, and
their sengitivity to variations in the primary CR spectrum is determined by their design as well as environmental characteristics
— gpecifically, the geomagnetic cutoff rigidity and atmospheric depth at the instrument's location. The geomagnetic cutoff is
maximal near the equator and becomes marginal close to the magnetic poles, so detectors placed in the Arctic and Antarctic are
more sensitive to changes in CR spectrum outside atmosphere and magnetosphere. The atmospheric cutoff decreases with
atitude, so high-altitude polar detectors are especially promising in terms of CR monitoring and are able to detect weak SEP-
events that cannot be registered by other ground-based facilities. Currently there are only two high-atitude polar CR
observatories — SOPO/SOPB and DOMC/DOMB — and both of them are located in Antarctica, so there are no such
detectors in northern hemisphere.

It is planned to establish a facility comprising a complex of neutron detectors of various designs and to conduct cosmic ray flux
measurements in the Russian Arctic. The preliminary experimental program includes measurements under diverse conditions
(including deployment of the setup at an altitude of approximately 1000 m above sea level), the study of primary CR flux
variations, and the identification of the effects associated changing environmental parameters. This report presents the
experiment's concept, as well as results from preliminary modeling, calibration, and testing of the detection system.

White light corona during therising phase of the 11year solar cycle

Desislava Teneva (Space Research and Technology Institute, Bulgarian Academy of Sciences, Stara Zagora Department, Sara
Zagora, Bulgaria)

Abstract

Structure of the solar corona highly depends on the level of the 11-year solar cycle activity. Its analysis gives an important
knowledge about the solar magnetic fields, its evolution and origin. We have a series of ground-based observations of the
white light corona during total solar eclipses (TSE). Using high resolution pictures of the eclipsed sun we create composite
images for studying small- and large-scale structures of the corona and comparison with satellite photos. Here we consider
1999, 2012 and 2024 total solar eclipses, which are during the rising phase of solar cycle 23, 24 and 25 accordingly.

Solar corona photographs in white light during the 1999 TSE are obtained by a large-aperture cameras (200/1000mm and
telescope 150/2250mm Meniskas - Cassegrain), and telescopes-refractors (63/840mm). Black and white professional
photographic films Kodak T-MAX 200 Pro with unique structure are used.

During the 2012 TSE, solar coronais observed with 300 mm objective and 2000 mm M acsutov-Cassegrain telescope. Photos
are made with different exposures in order to obtain high-resolution composite images. The eclipse observations are compared
with near-simultaneous SOHO EUV and SOHO LASCO visible-light coronagraphic images.

The coronain white light during the 2024 T SE was observed with a 400mm Canon EOS R8 lens.

Analysis of the Ludendorf flattening indices and phase of the solar cycle shows that white light corona is an intermediate pre-
maximum type. Streamers with different structure and extention as well as their connection with the active zones of the sun
are considered.

Structures of the 1999, 2012 and 2024 corona are compared with the coronas observed during the 1936, 1945 and 1966
eclipses, which are also during the solar cycle rising phase of similar in yearly mean sunspot number cycles — 17, 18 and 20
accordingly.
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I nteraction of coronal mass g ection observed on 18 January 2026 with high speed stream of solar wind
A.A. Vakhrusheva®?, Y.S. Shugay®, K.B. Kaportseva®?, V.V. Kalegaev" 2

! Skobeltsyn Institute of Nuclear Physics, MSU, Moscow, Russia
% Faculty of Physics, MSU, Moscow, Russia

Coronal mass gjections (CMESs) are plasma bursts from the Sun to interplanetary space. CMEs are one of the manifestations of
solar activity and one of the sources of geomagnetic disturbances. The strongest magnetic storms may be caused by interaction
of CMEs with high-speed streams from coronal holes and interaction of CM Es with each other [1].

Interacting with background solar wind, CMEs can change shape, accelerate or decelerate, or change their propagation
direction [2]. Interaction of CME and high-speed stream often leads to CME acceleration, density increase and increased Bz
[3].

On 18th January 2026 a fast halo CME was observed, associated with X1.9 flare. A strong geomagnetic storm caused by
arrival of this CME to Earth started on 19 January, Dst index reached -218 nT. In this work, we investigate this event and
model CME arrival to Earth using Drag-Based model [4] and taking into account CME interaction with high speed solar wind.

A. Vakhrushevais supported by Theoretical Physics and Mathematics Advancement Foundation “BASIS’ (Ne 25-2-2-71-1).
1. Scolini et al. // ApJS. 2020. V. 247. Ne 1. P. 21.
2. Temmer et a. // Living Sol Phys. 2021. V. 18. A. 4.

3. Kay et a. // Space Weather. 2022. V. 20. Ne 9.
4.Vrsnak et a. // Solar Phys. 2013. V.285. P. 295.
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HoBoe xpynnoe coobiTne: GLE77 (11.11.25)

10.B. bamabun, B.b. I'Bo3nesckuii, A.B. I'epmanenxo ([Tomapuvlii eeopusuueckuti uncmumym, 2. Anamumol, Poccus,
balabin ia.ru)

Ha cmage comaeunoit aktuBHOCTH 25-T0 nukia B 2025 1. mpoH301uI0 KPYITHOE BO3PACTAHUE B COTHEUHBIX KOCMUYECKUX TyIax
(GLE). Emy mnpucoeHo o6o3nauenne GLE77. Dto mepBoe xpynHoe coObite ¢ 2012 r., Ha npoTsxeHud 13 et
peructpupoBanuck GLE tompko manoit ammmuryaer 3-6 %. GLE77 mpousonuio ot BCHBIIKA B aKTHBHOH oOmactu 4274 ¢
koopauHataMu N23W24. B onrudeckoM uama3oHe BCHBIIIKA HMena kKiace 3B, oHa coOmpoBOXKHainach PEHTTCHOBCKUM
U3JIy4YeHrueM, MakcuMyM kotoporo Habmomancs B 10:04 UT, kiacc Bembimiku X5.1, u paguosciuieckom |l tuma. CoObiTie
3apErUCTPUPOBAHO MUPOBOU CEThIO HEUTPOHHBIX MOHHUTOPOB (HM). Camoe panHee Bo3pacranue (0 MHHYTHBIM TaHHBIM)
Haganocs B 10:12 UT Ha momsipubix cranimsx Moycon (Anrtapkriga) u Heroapk (Kananga). B ato ke Bpems 10:12 UT mo
MHUHYTHBIM JaHHBIM Bo3pacTtanue otMeTra HM B Mexuko, mOporoBas »ecTKOCTh Ui KOTOporo coctasimsier RC = 7.5 I'B.
Hanee nenblit psa cTaHuMid nokaszanu peskuil poct, noxoausinuii 10 40 % 3a 5 munyr. HamnbGonbmyto cpeau Bcex HM
aMIUIMTYAy Bo3pactaHus nokasanu HM Hawn ~150 % u Moycon ~133 %. Bozpacranue ammutynoii 5-20 % nabnroganoch
Ha CpeJHENIMPOTHRIX cTaHiusx UpkyTrck, Mocksa, HoBocubupck u ap. Ha psae HM (Amatutsi, [leBanyk, FOxHbIH mosroc)
OTMEYeHO Ooliee OTHOTO JIOKATHHOTO MAaKCHMyMa, YTO TOBOPUT OO0 OCOOBIX YCIOBHAX TEHEpPAIlMH ¥ PACIPOCTPAHCHUS
CONTHEYHBIX KOCMHUYCCKHX Iydei. MeXIUtaHeTHass 0OCTaHOBKA Ha MOMEHT BCHBIIIKHM H B IOCIEAYIOIIHE Yachl ObLia
CIIOKOITHO¥, MarHUTOC(epa TaKKe HAXOJUIACh B CIIOKOHHOM COCTOSIHUH.

CoOpaHbl He0OXOAMMBIC JaHHBIC, IPOU3BecH aHan3 coObiTus GLE77 u BBIMONMHEHO perieHue oOpatHOM 3amaun. [lomyueH
psn sHeprerudeckux crektpoB CKJI B mociemoBaTenbHble MOMEHTHI BpEeMEHH OT Havana cooObitus no 15 UT. GLET77
JEMOHCTPHPYET HEOOBIYHYIO IMHAMHUKY I[ApaMETPOB  CIEKTPOB. DHEPreTHYECKHE CIEKTPHl  BHAYale  HMMEIOT
AKCIOHCHIHAIBHYIO POPMY M Y3KOE MUTY-YIII0BOE PACIpEAe/ICHIE, 3aTEM IMOCTEIICHHO IEPEXOIAT K CTCIICHHON 3aBUCMOCTH,
a MMUTY-YTJIOBOE PACIPEIC/ICHUE YITHPSACTCS, MOSBIIACTCS 00paTHBIN MOTOK. [10100HbIC U3MEHEHHS B CIICKTPE, [MO-BUANMOMY,
cBs3aHbl ¢ ocobeHHocTs MU pacnpocTpanenue CKJI B mexmmaneTHOM mpocTpaHcTBe. 3a 4 AHA 70 dTOro 3emuisd Imomajia B
KOPOHAJIbHBIN BBIOpOC Maccel u Habmomancs ®opOymr-addext, a k koHimy cyrok 11.11.25 k 3emsie momomies HOBBIN
KOpPOHAJILHBEIH BBIOPOC C yOapHO# BONMHOH Ha (poHTe. DTO O3Hadaer, uto Ha MoMeHT GLE77 »1oT (poHT Haxommics He
CJIMIIKOM JajJeKko oT 3eMiH U Mor BIUATH Ha moTok CKJI. 3HaueHme XapakTepucTHieckoil sHeprun Ey skcroHeHIHaIpHOTO
creKkTpa B Hadane coObitus mocturiu 3HadeHus 0.72 3B, a mokaszarens cremeHHOro crekrpe coctaBmi -3.8. Ob0a stu
3HAYCHHUE MPEBHIMAIOT THUIIHYHBIC 3HA4eHUs it coobitnsa GLE. 3to mosBomser Ha3zBaTh manHoe GLE »kecTkmM: B moToke
COJTHEYHBIX KOCMHYCCKUX JTydeil OIS BRICOKOOHEPTUIHBIX YACTHI] ObllTa HeMaJIas.

[omyuennrpie cnektpbl CKJI MOryT HCIONB30BaThCs I pacdeTa HOHHM3AIMUA aTMOC(ephl Ha Pa3NUYHBIX BBICOTAX, IS
BBIUUCIICHHS JKCIO3UIIHOHHON 03Bl M IPYIMX NPUKIAMHBIX 3ajad, CBA3aHHBIX C OIICHKON BO3JCHUCTBHS KOCMHUYCCKHX
(hakTOpOB Ha HA3E€MHBIE CUCTEMBI.
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AHanu3 ciaoxkHoro coobitusi GLE74 (11.05.24)

10.B. bamabun, B.b. I'Bo3nesckuii, A.B. I'epmanenxo ([Tomspuvlii 2eopusuueckuti uncmumym, 2. Anamumol, Poccus,
balabin ia.ru)

B mae 2024 ronma Bo BpeMs CHIBHOU reoMarHUTHOH Oypu m ®@opOym-3ddekra mpomsonuio cooritue GLE. Bo3spactanue B
KOCMHYECKHX JydaxX OBIJIO 3aperHCTPUPOBAHO MHPOBOW CETHIO HEMTPOHHBIX MOHUTOPOB. CHibHasi MarHUTHas Oypsi sSBHJIAch
CJIC/ICTBHEM TIPHXOJa KOPOHAJIBHOTO BEIOpOCa Macc, MPOM3OIIEALIEro 32 HECKOIBKO JHEH O 3TOro BO BpeMs MpeablayIneit
Berbimky Ha Comune. OtoT BeIOpoc noctur 3emim Kk KoHIy cyrok 10.05.2024 w mpoumssen 3HauutenbHoe PopOyr-
NOHIKEeHUE. ['eHepalysi COTHEUHbIX KOCMHYECKHX JIyueil mpoucxonuia B akTuBHON obOnactu AO 13664 tuna Beta-Gamma-
Deltac xoopmunaramu S17WA47, Benbinika nmena kiace X5.8, makcumym m3nydenus qocturayt B 01:39 UT 11.05.2024.
MaruutHas 0ypst u PopOynr-addekr ocnoxusitor ananuz GLE74. Ha moment Hauana GLE74 na 3emiie OyiieBana MarHuTHas
Oyps, Dst-unnexc omycruincst Huwke -400 HTn, a B KOCMHYECKHX JydaX B KOHILE MPEIbIAYIIMX CYTOK Hadancs PopOyi-
a¢dekT, BEIZBAaHHBIN PUX0AOM ILIa3MEHHOTO 0o0Jaka OT npeasiayeil. [loHrmkeHne moToka KOCMUYECKHX JIydell B CIIeICTBHE
Dopoymi-3¢hhexra Ha MOIAPHBIX HEHTPOHHBIX MOHHUTOpaX cocTaBuio ~10%. Hebonpuias ammiutyna GLE takxke ocioxHseT
BBIJZICTIEHHE COOCTBEHHO BO3pacTaHus Ha (hOHE OOILIEero MOHIKEHNUS ypoBHs cdera. Ha HEHTPOHHBIX MOHHTOpax B AmaTHTax U
BapennOypre (LInuubepreH) Bo3pacTaHHWE MOTOKA KOCMHYECKHMX Jydeil coctaBuiio 4-5% No MSATUMHUHYTHBIM JaHHBIM.
Hawnbonpuryro aMmnTyny nokasaia cranuus Kepremen: 6%. (MMeercs B BUIY HOPMAIN30BaHHAs K YPOBHIO MOPS aMIUIHTYAA
BO3pacTaHusl.)

JlaHHBIX MHPOBOWM CETH JOCTATOYHO [UIS pEIICHHWs OOpaTHOW 3amadd. OINpelesieHHEe IapaMeTpoB IIOTOKa COJIHEYHBIX
KOCMHMYECKHX JIyded. [[ms wucmonb3yemMod METOOWKH IIPSIMOTO pemieHus oOpaTHON 3amaund TpeOyeTcs BBIYHMCICHUE
ACHMITOTHYECKHX KOHYCOB IpHeMa HEWTPOHHBIX MOHUTOPOB. HeomnpeeneHHOCTh COCTOSIHUSL MarHUTOCc(hephl BO BpeMsi Oypu
BHOCHUT OCHOBHYIO OINMOKY TPH pEIICHHH, IO3TOMY BaKHO TOYHOE 3aJaHHE COCTOSHHUS MarHuTocdeprl. OOBIYHO
ucnonb3yercss Mozenb llpiraHenko-01, xopomio omuckiBaromiass MarHurocdepy B CHOKOMHOM M Cllerka BO3MYILICHHOM
COCTOSIHUH, OJIHAKO, B CJy4ae CHJIBbHBIX MarHuUTHBIX Oypb OHa HempuMmeHuMma. J{Jsi 3alaHusi COCTOSIHMSI MarHUTOC(Ephl B
OypeBbIX YCIOBHAX MOAXOAMT Mojmeib Llpiranenko-03, koTopas paHee HCHOJb30Bagach B coObiTid GLEG6 u mokasana
XOpOIINE pe3yNbTaThl. Pe3yiabTaToM BBIMOJIHEHUS pEIICHHS SBILSIFOTCS JHEPreTHYECKHE CHEKTPhl M IMHTY-YIJIOBOE
pacripeienieHie MOTOKa COJIHEUYHBIX KOCMUUYECKHX JIydel Ha MPOTSHKCHUN MaKCUMAIBbHOU (ha3bl COOBITHS C IIAarOM B S MHUHYT C
02:30 mo 04:00 UT. ITapameTpbl CHIEKTPOB HE3HAYMTEIBHO OTIMYAIOTCA OT crnekTpoB ainst GLEGG. O6a coObITHs SBISFOTCS
JOCTaTOYHO KECTKHMH, ITOKa3aTeb CTEIICHHOT'0 CIIEKTpa IPUMEPHO paBeH -4.
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AHoMasibHOe DopOy-noHukenue 7 ceHTsiopsa 2025 r.

10.B. bamabun, B.b. I'Bo3nesckuii, A.B. I'epmanenxo ([Tomapuvlii eeopusuueckuti uncmumym, 2. Anamumol, Poccus,
balabin ia.ru)

MupoBasi ceTh HeHTpoHHBIX MOHUTOPOB (HM) 6-7 centsiopst 2025 r. 3apeructpupoBalia aHOMAaIbHOE MaJeHHe HHTEHCUBHOCTH
KOCMHYECKHX Jydeil. Ha oTaenbHbIX cTaHIMsAX moHmkeHue coctaBmito dosee 20 %. Takoe 3HAYMTENLHOE CHIKEHUE MOTOKA
KOCMHYECKHX JIydeil OTMe4aJIoch O4eHb penko. Ha 3HaunTenpHON yacTu craHimid mageHue cocrasuio 10-15 % u 3aTponyso
KaK BBICOKOUIMPOTHBIEC, TaK M HHU3KOLIMPOTHBIC CTaHIMH. Takoe CHIKEHHE THIIMYHO M1 CHIbHBIX PopOynr-addexros.
Opnnako, cnycrs 10-12 yacoB uHTeHCHBHOCTH KJI BepHysach B NHpEeKXHEMY YPOBHIO, 4TO HE XapakTtepHo aiusi DopOyi-
a¢dexTa, BBI3BAHHOTO IPOXOKACHNUEM BOIM3K 3eMIIM KOPOHANBHOTO BeIOpoca Macchl. Hetunuuno mis @opOymi-noHMKEHUS
HaJIMYKle CHJIbHOW aHW30TPOIHHU. HEKOTOPHIE MOJSIpHBIE OiM3KopacnonoxeHHbie HM mokasany 3HaunTeIbHOE paszindue Kak
M0 BEJMYMHE TIOHIDKCHUS, TaK U 110 BpEMEHHU ero HactyruieHus. Hanpumep, B Anatutax cHwkeHue B Hauyane cytok 07.09.25
cocraBmiio B muaumyme 10 %, a B Bapenrnoypre 17 %. Ha roxxuo-mossiproit crannuu HM Jfom-Cu 0TMEYeHBI 1Ba JIOKATbHBIX
MUHUMYMa. [1epBbIil TOCTUTHYT ObUT NPUMEPHO OJHOBPEMEHHO ¢ ATNAaTHTAMH U TAaKOil JKe 10 BEIUYHHE, a BTOPOH Ciryduics 6
yacoB cmycTs U cocraBui 25 %. Maraurocdepa Haxonwiach B CIIOKOWHOM COCTOSHUM, JAHHBIE O MEXKIUIAaHETHOH cpene
MIOKA3bIBAJIM, YTO OHA TOXKE HAXOIUTCS B CIIOKOHHOM COCTOSIHMHM. HeoObluHOE MOHMKEHHE BBI3BAJIO HHTEpEC, ObLIN COOpaHbI
JOCTYIIHBIC JAHHBIE M TPOBEICH aHAIM3 3TOTO COOBITHA. [ aHanmnM3a HMCHONb30BaHA METOIMKA, NPUMEHSIOMIAsCS JUIs
cobObrtnit GLE: pacuer orkimka mMupoBoii cetn HM Ha aHM30TPOITHBIA OTOK M BBIYMCIICHHE XapaKTEPUCTHUK IOTOKA, JIydIe
BCETO COOTBETCTBYIONIMX HaOmromaeMbiM u3MeHeHMsM Ha HM. OOGbrunoe PopOynI-noHMKEHHE HMEET HEOCTATOYHYIO
AQHM30TPOIHIO, YTOOBI METOAMKA MOIVIa OBbITh TNPHMEHEHA, OJHAKO, MpPOMCIIE/ANIee AHOMANbHOE IIOHWKEHHE BECbMa
AQHM30TPONHO, 4TO HeTUnu4Ho st PopOym-3ddexra. IlomydeHo ycToiuMBOe pellieHHe B MOCIEIOBaTEIbHbIE MOMEHTHI
BPEMEHH Ha MPOTSHKEHUH MOJYCYTOK. PellleHusl TOKa3bIBalOT HEIPOTHBOPEUMBYIO AMHAMUKY MapaMeTPOB: HAYAJIO U Pa3BUTHE,
JOCTHKEHHE MUHUMYMa U BOCCTAHOBJICHHE MOTOKa Tociie DopOyII-TIOHMKEHUS.

AHanu3 Moy4eHHOro PEeLICHUs] B COBOKYITHOCTH C JAHHBIMHU O MEXKILIAHETHON Ccpelie Ha MPOTSHDKEHUH HECKOJBKUX CYTOK JIaeT
cneayromiee. B cepenuHe cyTok 6 ceHTsA0ps 3eMisi Bomuia B OOMIMPHYIO 00J7acTh MEKIIAHETHOTO MPOCTPAHCTBA C
PeryIsSpHEIM MAarHHTHBIM 1071eM. O6IacTh XOPOIIO BhIIEANACh HU3KO IUTOTHOCTIO COTHEYHOro Berpa: Meree 0.5 cm™, a B
cepemuie ymenpmanack 10 0.1 cm™. O pasmepe 06macTi rOBOPHT (aKT, UTO IPH CKOPOCTH COTHEIHOro Betpa >600 km/c ona
NPOXOJHIa MUMO 3eMITH JIBOE CYTOK. DTO cooTBeTcTBYeT npoTsnkeHHocTH 90-100 mutH.kM, 6onee 1/3 paccrosHus oT 3eMitl 10
Connna. [IpoTsHKEHHOCTh M PEryJsIpHOCTh MEKIUIAHETHOTO MAarHHUTHOTO TIOJIT 3HAYMTENBHO ocnabmina mud@y3uio 4acTHIl
KOCMHYECKHX JIydel MONepeK CHIOBBIX JIMHUM, COXpaHUB €€ 3HaYEeHHUE BJOJb CHJIOBBIX JIMHMH. [IpH TakuX yCIIOBHSX ITyOOKO
BHYTpH 00JacTd o0O0pa3oBaiich HampaBieHUs (y3KHE TeEJECHBIC YIVIBI) C CYLICCTBEHHBIM HEJOCTATKOM YaCTHILI.
AcUMNTOTHYECKUI KOHyC mpuema kaxaoro HM 3a cyer BpamieHus 3eMIIM MONAafaj B OTH YNkl B Pa3iMYHbIE MOMEHTBI
BpEMEHU. OJTUM OOBICHIETCS 3aJepiKKa IOCTIDKCHUS MUHMMyMa Ha pasHbix HM. Paznauums B riyOMHE MHHUMYMOB
OOBSICHAIOTCS TEM, YTO YIJIIOBOM pa3Mep acHMITOTHYECKOrO KOHyca mpuema y kaxaoro HM cBoii, u obeqHeHHBIe 001acTH
COCTaBJIAOT pasHble 40aM 1 pa3Hbix HM.

Hceneoosanue evinonneno 3a cuem zpamwma Poccutickoco nayunozo gonoa Ne 25-17-20038, https.//rscf.ru/project/25-17-
20038/ u epanma Munucmepcmea o6pazosanus u Hayku Mypmanckoi obracmu
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Kpynusie ®@opoym-3dgdextsr B 2025-26 .

10.B. Bana6un, b.b. I'Bo3nesckuii, A.B. 'epmanenko, E.A. Muxanko, A.I'. Cyxapes (I[Toaspnulii 2eopuzuveckuii uncmumym,
2. Anamumpt, Poccus, balabin@pgia.ru, germanenko@pgia.ru )

ConHevHasi aKTUBHOCTb UJIET Ha cHajl, 25-i COJTHEYHBIN IUKJI OJIM3UTCS K 3aBeplIcHUI0. TeM He MeHee aKTUBHOCTh OCTaeTCs
BBICOKOH, Ha COJHIlE IPOJOIDKAIOTCS BCIBIIIKK M KOPOHAJIBHBIE BHIOPOCHI MAacchbl, KOTOPbIE, JOCTUTHYB 3€MJIH, BBI3BIBAIOT
Dopoym-3ppexter. Cyrp PopOynr-sdpdexra B 4acCTHUHOM SKPAaHUPOBAHMU OOIIMPHBIMH OOJAKaMH COJIHEYHOHM ITIa3Mbl
KocMuueckux nyueil. Helirponusimu Mmonutopamu (HM) B Anaturax u bapeH10ypre 3aperucTpupoBaHbl HECKOJIBKO KPYITHBIX
Dopoyu-3pdexroB B 2025 n B Hauane 2026 r. B Anarutax MOHUTOPUHI KOCMHYECKUX JIy4el BENETCS TpeMs pa3iIMnYHbIMHU
npudopamu: ctanaaptHeiM 18-HM-64, deccBunnoBoit cexkuuneit 4-HM-64 u nerextopom TeruoBbix HeiirponoB 3-CHM-18. B
bapenudypre nmeercst Tonbko cranaaptHeiii 18-HM-64. Kpome Toro, B Anaturax u bapeHuOypre ycTaHOBJICHbI MIOOHHBIE
TENIECKOIIbI, MMEIOINe BBHICOKUE JHEpreThueckue nmoporu. llepedncieHHble NPHOOPBI Pa3iMYalTCs B MEPBYIO Ouepeib
pabounuMH 3HEpreTHYecKUMHU auanazoHaMu, U DopOym-3¢¢eKTs!, 3aperucTpUPOBaHHBIC PA3HBIMHM JIETEKTOPAaMH, HMEIOT
pa3nuuHoe BenM4MHY. [Ipou3BeleHbl cpaBHeHHME M mHocieayoouuid anams DopOym-3¢h(GexToB, 3aperHCcTPUPOBAHHBIX
nepeurciaeHHpIMHA TTpubopamu B 2025-26 . CroxXHBIM M KOMILIEKCHBIM SIBJISETCS cOObITHE ABOHHOTO PopOym-addexra B
Havaye ceHTs0pst. Campril MomHbIH PopOym-3¢ddexT nponsomen 19.01.26.

Ha0uioaeHnst coJTHEYHbIX U ATMOC(EPHBIX BCILIECKOB KECTKOI0 PEHTT€HOBCKOI0 M raMMa H3JIy4eHHs ¢
nomomubio npuéopos CI'/1 na cnyrnukax <KMOHOCPEPA-M>»

Boromornos B.B., Ceeptunos C.U., Slmmn U.B., boromonos A.B., Bacunses H.A., Epemees B.E., Utogun A.@.,
Kyuepenko U.A. (MT'Y um. M.B. Jlomonocosa, 2. Mockea, Poccus, bogovit@rambler.ru )

B nmokiaze mpencTaBieHbl pe3yabTaThl HAOMIOACHHUN CONHEYHBIX BCIBILIECK B KECTKOM PEHTTCHOBCKOM M raMma Juana3oHax,
KoTopbie mpomsonntn B 2024, 2025 rr.. [IpuBoasatcs mpuMepbl BpEeMEHHBIX MPOQUICH BCINICCKOB COJIHEYHOTO H3ITyYCHHS B
pa3HBIX DJHEPreTHUECKHX HWHTEepBalaX, pPAacCMaTPUBAETCSI METOJHMKAa BOCCTAHOBIICHHS JSHEPreTHYECKHX CHEKTPOB IO
MOKa3aHHUSAM B HIMPOKUX DHEPreTUUECKHX MHTEpBaJiaX, a TaKXkKe 10 M3MEPEHHsSM B CHEeKTpajbHOW Mone. Ocoboe BHMMaHUE
yIieseHo coOBITHAM B Hauase HosIOpst 2025 T., KOTOpbIe MPHUBEIN K CUIIBHBIM T€OMarHUTHBIM BO3MYIICHHSIM.

HaOmonenus ocymecTBisuiich Ha cnyTHukax «MoHocdepa-M». B Hacrosiiiee Bpems pa3BepHyTa IPYHIUPOBKA U3 YEThIPEX
Takux Kocmudeckux ammaparoB (KA) «Monochepa-M», npenHasHAYEHHBIX B TOM YHCIC JUII MOHHTOPHHTAa (DH3MUECKHX
nporeccoB B atMocdepe, HoHochepe 1 MarHuTocdepe 3eMi, a Takke NaTpyIMpPOBaHUS BCIbIIEYHONW akTUBHOCTH COJHIIA.
Ha xaxngom wu3 ykasanHbiX KA ycranoeieHsl npubopsl CI'/1, mpexacraBnstonpe coOOW CHUHTHULIMMOHHBIE TaMMa-
CIIEKTPOMETPBI Ha ocHOBe KprcTawios Csl(TI) uumuprueckoii gopmbl 06bemom A8 8 em. TIpubopsr CI'/1 npennasHaveHs!
JUIsL MOHUTOPHHIA TaMMa M3JTy4eHUs U3 aTMOc(ephbl 3eMIH, a TaAKXKe KOHTPOJIS BCIBILIEYHOH akTHBHOCTH COJTHIA B )KECTKOM
PEHTTEHOBCKOM U ramma. 'amma-criekrpomeTpbl CI'/1 obecrieunBarOT H3MEPEHHE B OKOJIO3EMHOM IPOCTPAaHCTBE HOTOKOB H
I hepeHInaIbHBIX YHEPIETHYECKHX CIIEKTPOB JKECTKOTO PEHTTEHOBCKOTO M FaMMa-U3TydeHus B quanazone sHepruid 0.02 —
10.0 MsB mpu sHeprertuueckoM paspemennn 7.2% wa mmaun >'Cs (0.662 MaB), a Takke IMOTOKOB 3apsDKCHHBIX YaCTHII
(rmaBHBIM 00pa30M 37eKTPOHOB ¢ 3Heprusmu 6oiiee 0.3 MaB) u HeHTPOHOB.

B pabote Tarxke aHaIM3MPYIOTCS BO3MOXKHOCTH 3TOW ammaparypbl IO JETEKTHPOBAaHHIO raMMa-BCIIBIIIEK M3 aTMoc(epsl
3emmu. B 9acTHOCTH, paccMarpuBaeTCs aMIUIMTYAHOE paclpeseiecHne KpaTKOBpeMeHHBIX (MeHee 1 MC) BO3pacTaHHit
CKOPOCTH CYeTa B KaHalaxX OJHOTO M3 MPUOOPOB, MOJYUYEHHOE Ha OCHOBE HAOJIOJICHUI B TEUEHHE HECKOJIBKUX MECSIEB, YTO
MO3BOJIAET OIIEHHUTH OXKHIaeMOe KOJInuecTBO cobbiThit Tuna Terrestrial Gammaray Flash (TGF).
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Hogplii MeTon oumeHkn umces PeifHoibAca B IJIa3MEHHOM IOTOKE HA NMPHMepe JaHHBIX CIHYTHHUKOBOW
muccuu PARKER SOLAR PROBE

HykaHoB I/I.A.l‘z, FOmikoB E.B.l‘s, Coko510B I[.I[.l‘z, ®puk r.t

Y MY um. M. B. Jlomonocosa, @Qusuyeckuil gpakyremem, 2. Mockea, Poccus,
2 U3MUPAH, , 2. Tpouyx, Poccus,

S UKW PAH, , 2. Mockea, Poccus,

‘umcc YpO PAH, a. I[lepmv, Poccus

dukanov.ia21@physics.msu.ru

MaruutTHoe M KHHeTHYeckoe uuciaa Peiinonmbaca (Rm, R€), sABIAOTCS MapameTpamu Mogo0ust (GU3HYECKUX IPOIECCOB,
OpoTeKaNMX B MaruuroruapoanHamuueckux (MI'J]) cucremax [1]. OHM XapakTepu3yrOT B3aUMOOTHOILICHUE MEXKIY
JUccHNaneld W HelWHeWHbIMH  d(h(dekTamMu TeUeHHs, Omnpeaesss pa3BUTHE TypOyJICHTHOTO KacKana, JIHHY
WHEPIMOHHOTO HHTEpBaia TYpOYJICHTHOI'O CIIEKTpa, CKOPOCTh IUCCHMAIMK. 3ajava pPEeKOHCTPYKUIWH dYucen PelfHomnbaca
M0 CIICKTPANBEHBIM WM KOPPEISAIMOHHBIM XapaKTePUCTUKaM IIpoliecca IpH3HaHA KIACCHYCCKOH 3amadeil acTpodusuku H,
B YaCTHOCTH, (H3WKH COJHEYHOrO BeTpa. TeM HE MeHee JUIS IUIA3MBbl CONHEYHOI'O BETpa BOIMPOC OLEHKH YHUCET
PeliHoNB/ICa BRITISANT BeChbMa MPOOJIEMATHYHO, TOTOMY YTO, C OJHOM CTOPOHBI, CYIIECTBYET MHOXECTBO padoT, B
KOTOPBIX 3TH YHCIIAa YK€ aHATH3UPOBAJIKCH, CM., HATpumep, 0030p [2], ¢ mpyroit CTOpoHbI, pa3dpoC CYIIECTBYIOMIMX OICHOK
MOKPBIBAaET IIPH 3TOM MHOTO HOPSIKOB, a 3TO, B CBOIO OYEepeb, HABOAUT Ha MBICIIb, O IMPOOIeMe HCIOIb3YEeMBIX IS OIIEHOK
METOJOB.

CaMbIM pacmpoCTpaHEHHBIM METOJOM OIEHKH 4ucenl PelHombjca SIBISETCS ONMOCPEAOBaHHBIA CIIOCOO, OCHOBAaHHBINM Ha
CBSI3U KOppeAnuOHHOro M TeitmopoBckoro macmraba. 3aMeTuM, 4TO Jajnee Mbl OyZeM TOBOPHUTH NPEHMYIIECTBEHHO HE O
yucnax, a o yucie PeiiHonbnca, mpenmonaras B paMmKax JokiIaaa paBeHcTBO Re m Rm, To ecth OiM30CTh K eauHMIIE
MarHuTHOro ymcna [Ipanarns (4To SIBIsIETCSl pasyMHBIM M B KOHTeKcTe coiuedHoro Berpa [3]). TeiinmopoBckuit maciira0,
OTIPENeISAIONINA WHTCHCUBHOCTh JWCCHUIAIMK JHEPTHH, BBIYHCIACTCS OOBIYHO TI0 aBTOKOPPEIIHUOHHOW (QYHKIUU
(IYKTYyHpYIOIIET0 MAarHUTHOTO TIOJII METOJOM PuyapicoHa, mIHpOKO W3BECTHBHIM B jureparype. [lomxox Puvaprcona,
MIOMOTasl TMPEOAOJIETh HHCTPYMEHTATBHBIC OTPAHUYCHHUS, TOAPA3yMEBACT JKCTPAIOIAINIO aBTOKOPPEIAIMOHHON (YHKIUU
B 00JacTh WACATLHOTO TPUOOPHOTO paspelieHus, TO eCTb B 00JacTh dYpe3MepHO Maibix MacimTaboB. OCHOBHas
npobeMa COCTOMT B TOM, YTO B CYIIECTBYIOIIMX CIIyTHHKOBBIX MHUCCHSX, pa3pelaronias cliocoOHOCTh BCEX MarHUTOMETPOB
HEeIOCTAaTOYHA JJIS OJHO3HAYHOTO ompesesieHus TeilmopoBckoro Macmradba — 3TO U SBIAETCS MPUIMHON HACTOIBKO CHIBHOM
omubOku B orienke Rem Rm.

B nmoxmaze MBI MOKa3piBaéM TOHKHE MOMEHTHI NPHJIOXKEHHS 3TOrO METOJAa, a TaKKe MpeajaraeM BO3MOXKHBIE PELICHHUS
C TOMOIIBI0 TaK HAa3bIBaeMOro KackamHoro (oGomoueynoro) MI'JI-momenupoBanust [4] Ha YHCIEHHO pacCYMTAHHOIM
OBOJTIOIAY CIIEKTPOB COIHEYHOTO BETpa W3 HAYAIbHBIX JaHHBIX, COOpaHHBIX BOM3u ConHIA COyTHHKOBOM Muccueit Parker
Solar Probe, cm., nanpumep, [5]. JeMOHCTpupys HEIOCTATKM METOAa PuyapjacoHa, Mbl MpeajiaraeéM HOBBI METO[
OIICHKH, OCHOBaHHBII Ha B3aUMOCBS3M JTHX 4YHCEI C PACHOJOXKCHHEM TOYKH TMepernda KOppeIsIUOHHON (YHKIUH.
Hcnonp3ys 3TOT METON, MBI TNPHMEHSEM €ro 3aTeM K peallbHBIM JaHHBIM M JaeM IycTh U TpyOyio, HO TEPBYIO
CYILIECTBEHHO YTOYHEHHYIO OIICHKY uuncen PefiHoJbAca B COJTHEUHOM BETpE, U MPOBOJIUM CPaBHEHHE C CYLIECTBYIOLIUMU
paHee OLIEHKaMH.

1. Jlanpay JI. 1., JTudumn E. M. DnekrpoanHamuka cruiomseix cpea. — [ocrexuznar, 1957.

2. Wrench D. et a. What is the Reynolds Number of the Solar Wind? — The Astrophysical
Journal. —2024. — T. 961. — Ne. 2. — C. 182.

3. Pérez-de-Tejada H. Empirical values of the transport coefficients of the solar wind: Conditions
in the Venus ionosheath — The Astrophysical Journal. —2004. — T. 618. — Ne. 2. — C. L145.

4. Abushzada |. et al. Turbulent dynamo in the shell model and the Kazantsev-Kraichnan
approach — Physical Review E. —2025. — T. 112. — Ne. 1. — C. 015104.

5. Raouafi N. E. et a. Parker solar probe: Four years of discoveries at solar cycle minimum —
Space Science Reviews. —2023. - T. 219. — Ne. 1. - C. 8.
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3akonomepHocTu Perynasipaoro basionHoro MOHNTOPHHTa KOCMHMYECKHUX JIy4yell, TpeOylomue 00bACHEeHUs
NP MOJEJMPOBAHUM IKCIIePUMEHTa

Kpaiines M.b. (PHAH)

DKCIepUMEHT MO peryisipHoMy GammoHHOMY MoHuUTOpUHrY (PBM) KocMuueckux jydeil B 3eMHOH aTMocdepe MpOBOIUTCS
®UAH c¢ 1957 r. mo Hacrosmee BpeMs. B pasaele roma mpuOopsl PBM BeIIyckanuck B pa3HBIX ITyHKTaxX, ¢ pa3HOH
MePUOTUYHOCTRIO U B pa3HOM cocTase. [lomaBisromas gacte WHGOpMaNKH, HMoTy4aeMoi B skcnepuMmente PBM, cBs3aHa ¢
rajaktuaeckumMu kocmudeckumu sydamu (I'KJT). Jlns onpenenenust mo pesyiprataMm PBM xapakrtepuctuk nmepsuunbix I'KJT B
renuocgepe HeoOX0TUMO CHCTEMAaTHIeCKOe MOACTUPOBAaHUE SKCIIEPUMEHTA.

Joxman Oymer mocBsmEH GOpMHUPOBAHUIO HaOOpa OCHOBHBIX 3aKOHOMEPHOCTEH, HaOrogaeMbIX B 3kcnepuMente PEM - B
pasHBIX MYHKTaX €ro IMPOBEACHHUS HA NPOTSHKCHUH HECKOJBKUX LHUKIOB CONHEYHONW AaKTUBHOCTH. DTH 3aKOHOMEPHOCTHU
HEo0X0MMO OOBSICHUTH NTPHU MOJEIMPOBAHUN MTPOoX0oxkaeHHs nepBuaHbIX ['KJI uepe3 maraurocdepy u UxX B3aUMOACHCTBHS C
aTMocdepoit 3emI.
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Evolution of lonospheric Irregularities Over the American Sector During the May 2024
Geomagnetic Super storm

C.M. Anoruo, P.R. Fagundes, V.G. Pillat (Laboratorio de F:sica e Astronomia, Universidade do Vale do Para:ba
(UNIVAP), Urbanova, Brazl)

Abstract

lonospheric F-region irregularities are typical post-sunset background electron density inhomogeneous structures
that are both storm-induced and naturally occurring equatorial plasma bubble (EPB) phenomena. Their dynamic
morphology and latitudina occurrence differ depending on the observational technique, including ionograms from
ionosondes and ROT and ROTI derived from GPS-TEC measurements, which are commonly used to detect
equatorial spread-F (ESF) and EPB-related irregularities. In this study, we investigate how the May 2024
geomagnetic storm modified ionospheric conditions over the American sector during a 30-day interval spanning
quiet and storm-time periods. Manually scaled ionograms from Araguatins (ARA; within the equatorial anomaly:
5.6°S, 48.1°W, dip latitude 6.2°S) and Sao José dos Campos (SJC; outside the equatorial anomaly: 23.2°S, 46.0°W,
dip latitude 22.1°S) were used to derive h'F, foF2, and ESF occurrence in both range and frequency spread-F. These
results were compared with irregularity structures detected from ROT and ROTI across 14 GPS-TEC stations
distributed over eastern and western America. The analysis reveals strong agreement between the techniques and
significant storm-induced enhancements in ESF and F-region irregularities. The observed structures are attributed to
the combined effects of post-sunset pre-reversal enhancement (PRE), dusk-side prompt penetration electric fields
(PPEF), and storm-time neutral wind—driven dynamo electric fields.

The impact of high-latitude ionospheric disturbances on GNSS signals during strong magnetic
storms of the 25" solar cycle based on observationsin the European part of Arctic

Belakhovsky V.B.}, Vasilyev A.E.2 Kalishin A.S2 Jin Y.# Milosh V.%, Dolgacheva S.A .2

! Polar Geophysical Institute, Apatity, Russia

2 Institute of Applied Geophysics named after Academician E.K. Fedorov (IPG), Moscow, Russia
% Arctic and Antarctic Research Institute (AARI), S. Petersburg, Russia

* University of Oslo, Oslo, Norway

The increase of scintillations of GPS/GLONASS signals was analyzed using the Septentrio GNSS receiver installed
in the city of Apatity and the NovAtel GPS receiver installed at the Skibotn station (Norway). Data from the vertical
sounding ionosonde at the Lovozero hydrometeorological station and data from the EISCAT incoherent scatter radar
in Tromso were used to identify ionospheric disturbances. To record the aurora during the period of increasing
scintillations, data from the all-sky cameras at the PGl Lovozero observatory, as well as at the Shibotn station, were
used. Strong magnetic storms (Dst< -100 nT) for 2021-2024 years were examined.

It has been shown that tongue of ionizations (TOI) as well as polar cap patches (PCPs) in the daytime sector,
associated with disturbances in the plasma concentration in the F-region of the ionosphere, are capable of leading to
a comparable (and even greater) increase in the level of phase scintillations compared to substorms. During
moderate geomagnetic disturbances, the increase in phase scintillations is mainly associated with disturbances in the
E-layer of the ionosphere during substorms. TOI during periods of strong magnetic storms lead to a simultaneous
increase in the phase and amplitude indices of scintillations at high and polar latitudes.

The study was supported by grant No. 25-17-20038 from the Russian Science Foundation, https://rscf.ru/project/25-
17-20038/, and a grant from the Ministry of Education and Science of the Murmansk Region.
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Three-dimensional structure of the manifestation of the polarization jet in the electron density
during the “Victory Day” May 2024 geomagnetic storm.

K.V. Beliuchenko™?, M.V. Klimenko?, V.V. Klimenko?, 1.S. Y ankovskiy?, I.A. Nosikov?, A.V. Timchenko?

Y mmanuel Kant Baltic Federal University, Kaliningrad, Russia
“West Department of the Pushkov Institute of Terrestrial Magnetism, lonosphere, and Radio Wave Propagation of
the Russian Academy of Sciences, Kaliningrad, Russia

Based on the Global Self-Consistent Model of the Thermosphere, lonosphere, and Protonosphere (GSM TIP), the
ionosphere's response to the May 2024 geomagnetic storm was calculated. The three-dimensional response structure
of the electron concentration over Eastern Europe was studied during the period of 17-21 UT on May 10, 2024. The
simulation results revealed a fine structure in the width of the sharp decrease in the electron concentration in the F2
region, which is associated with the supersonic electromagnetic plasma drift (polarization jet) that forms in the
simulation results. According to observations by the Kaliningrad Observatory, a U-shaped trace was observed on
vertical sounding ionograms and STEVE images of the entire sky during the period under consideration, which isa
manifestation of the polarization jet. STEVE's time-varying offsets from the all-sky camera were used to estimate
the rate of electromagnetic drift. The estimates indicate the formation of supersonic velocities of ~700-900 nvs,
which is consistent with the simulation results.

The work was carried out with the support of the Russian Science Foundation.
Grant No. 25-27-00217.

Results of the first months of operation of the payload for the upper atmosphere study on the small
satellite " SINP-M SU-80"

V.V. Bogomolov*?, A.A. Belov', A.V. Bogomolov?, E.D. Voskresenskov?, A.F. lyudin®,
P.A. Klimov}, I.A. Kucherenko?, A.S. Murashov?, S.I. Svertilov*?

! _M.V. Lomonosov Moscow State University, D.V. Skobel’ tsyn Institute of Nuclear Physics
2_ M.V. Lomonosov Moscow State University, Physical Department

The small satellite SINP-MSU-80 (formerly known as "Scorpion”) in the cubesat 16U format was launched on
December 28, 2025 into a circular polar orbit with a height of about 500 km. The satellite is equipped with a
complex of scientific instruments designed in SINP MSU primarily for the study of transient phenomena in the
upper atmosphere. It includes the TGS gamma-ray spectrometer for detecting atmospheric gamma-ray bursts (TGF)
and the SONET optical and UV photometer spectrometer for studying high-altitude atmospheric discharges. Space
radiation detectors and a biocontainer for the study of the influence of space factors on microorganisms are aso
installed on the SINP-M SU-80 satellite.

The TGS gamma-ray spectrometer providing measurements in energy range from 50 keV to 10 MeV, consists of 4
independent modules with a total area of ~250 cm?. The device will generate both monitoring data (count rate in 7
channels) and data in the event-by-event format, which allows recording the time profile of atmospheric flashes with
microsecond accuracy. SONET scientific equipment for optical measurements includes a fast imaging photometer
AURA-T, a spectrometer measuring the time profiles of flashesin 4 spectral intervals corresponding to nitrogen and
oxygen lines, and a pinhole camera with an angular resolution of 30 mrad.

During the flight tests of the SINP-MSU-80 satellite, the readiness of the payload for a space experiment was
confirmed. The synchronization of scientific equipment with microsecond accuracy provided by satellite systems
allow joint measurements of optical and hard radiation from various atmospheric transients (TGF, TLE). Daily data
amount of several tens of megabytes will make it possible to transmit detailed information about these phenomena.
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Comparison of nighttime horizontal wind dynamics using Fabry-Perot interferometer and HWM
model data

Budovkina A.A., Edemskiy |.K., Vasiliev R.V. (Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia)

This paper compares the zonal and meridional components of the neutral wind, derived from atmospheric airglow
observations obtained with a Fabry—Perot interferometer, and those calculated using the empirical Horizontal Wind
Model (HWM). The interferometer is installed at the Geophysical Observatory of the Ingtitute of Solar-Terrestrial
Physics SB RAS (Tory, 52° N, 103° E). Since the data underlying the HWM model were obtained primarily in the
Western Hemisphere, verification of the model applicability for the East Siberian region remains a pressing issue.
This paper uses observational data from 2021-2025 for the local night (10-24 UTC). The analysis is performed
separately for the airglow of the green oxygen line (80-120 km) and the red oxygen line (200—400 km), allowing for
a comparison of the neutral wind characteristics at different altitudes. The data are divided by season based on the
solstices and equinoxes and filtered by cloud cover. Model calculations were performed using versions HWM93,
HWMO07, and HWM14.

The results obtained can be used to assess the applicability of various HWM versions in interpreting experimental
data and modeling upper atmospheric dynamics over Eastern Siberia.

CpaBHeHHMe JUHAMHKHM HOYHOI0 FOPH30HTAJBLHOrO BeTpa MO JAaHHBIM HHTepdepomerpa Dadpu-
Ilepo u mogpestn HWM

Bynoekuna A.A., Enemckuit UK., Bacunses P.B. (Mucmumym corneuno-zemnoii ¢usuxu CO PAH, 2. Upxymck,
Poccus)

Pabora mocpsieHa CpaBHEHHUIO 30HAIFHONH M MEPUAMOHATIFHONH KOMIIOHEHT HEHTPaJbHOTO BETpa, MOJIYYECHHBIX 110
JAHHBIM aTMOC(EpHOro CBeYeHHs, perucTpupyemoro uHTephepomerpom Dabpu—Ilepo, ¥ paccUMTaHHBIX C
HCIIONB30BaHMeM smmupuueckoit momenu Horizontal Wind Model (HWM). HWurepdepomerp ycraHOBIEH B
Ileopmsuueckoit obcepBatopun WuctutyTa conueuno-3emuoi ¢usuku CO PAH (c. Topsr, 52° N, 103° E).
ITockonpKy naHHBIC, Jexkamue B ocHoBe Moaenn HWM, moimydeHsl npenMyIecTBeHHO B 3alaJHOM IOJTyIIapuH,
IpOBEpKa NPUMEHNMOCTH MoJienH 171t BocTouHO-CHOMPCKOTo perioHa ocTaéTes akTyalbHOH 3a1auei.

B pabote ucnonb3yrorcs nannbie Habmogenuit 3a 2021-2025 rr. ais BpeMenu nokanbHOH Houm (10-24 UTC).
AHanu3 npoBOAUTCS pa3ieibHO st aTMoc(epHOro cBeueHus 3enéHoi uuun kuciopona (80-120 kM) u kpacHoi
auHEU Kucsopona (200400 kM), 94To MO3BOJISAET COIOCTABUTH XapaKTEPUCTHKU HEHTPaNIbHOTO BETpa HA Pa3IHIHBIX
BbIcOTax. JlaHHBIE pa3/esieHbl 10 CE30HaM OTHOCHTENBHO JHEH COJHLECTOSHHUH W PaBHOACHCTBHHA U
OT(MIBTPOBAHHI IO YCIOBHIO 00MavHOCTH. MOenbHBIC PacYETHl BHIIOIHEHEI ¢ HCITONb30BaHueM Bepceuit HWM93,
HWMO7 u HWM 14.

[TomyyeHHBIE Pe3yIbTATHl MOTYT OBITH MCIIOJIB30BAHBI I OLIEHKH NMPUMEHUMOCTH pa3nn4HbIX Bepcuit HWM mpu
MHTEPIPETALNH dKCIIEPUMEHTAJIBHBIX JaHHBIX U MOJACIMPOBAHUH AMHAMUKHU BepxHed atmocdepsl Hax BocTouHoi
Cubupsro.
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Observation and modeling of ionospheric effects of the midnight temperature maximum at
midlatitudes.

Edemskiy I.K., Budovkina A.A., Vasiliev R\V., Tashchilin A.V. (Institute of Solar-Terrestrial Physics SB RAS,
Irkutsk, Russia)

We investigate the ionospheric manifestations of the midnight temperature maximum (MTM)—an increase in
atmospheric temperature at atitudes of 250-400 km near local midnight. The 630 nm airglow exhibits an increase in
intensity during the night and is consistent with a change in the altitude of the electron density maximum, indicating
an increase in temperature. Numerical modeling using the ISTP plasmasphere-ionosphere model clearly confirms
the necessity of correct accounting for the dynamics of the neutral atmosphere, expressed predominantly by the
neutral wind, using severa different methods for incorporating the latter in the calculations.

Presented atmospheric airglow observations were obtained using data from the Optical Instruments of the National
Heliogeophysical Complex; ionospheric parameters were determined using data from the ISTP radiophysical
instruments: an ionosonde and the Irkutsk incoherent scatter radar.

HaoOnronenue u mogeupoBanue HOHOC(PEPHBIX 3G (PEeKTOB MOJYHOYHOI0 MAKCHMYMA TeMIIePATyPbl
B CPeIHMX LIMPOTAX.

Enemckuit UK., BynoBkuna A.A., BacunbeB P.B., Tammnuna A.B. ( Hucmumym coaneuno-zemnoti ¢usuxu CO
PAH, 2. Upxymck, Poccus)

B pabore wuccieayroTcs HOHOC(EpHBIE MPOSBICHUS IMOJIYHOYHOIO TeMIeparypHoro wmakcumyma (midnight
temperature maximum, MTM) - pocrta Temneparypsl atmoc(hepsl Ha BbicoTax 250-400 kM BOMHM3M BpeMEHH
JoKaneHON monHoun. @oHoBoe cBeueHue armocdepsl B auHUM 630 HM JEMOHCTPUPYET POCT MHTEHCHBHOCTH B
HOYHOE BpeMs M COIJIacyeTcsi C HW3MEHEHHEM BBICOTBI MaKCHMyMa KOHLEHTPALMM JJIEKTPOHOB, YTO
CBHIETEIBCTBYET O pOCTe TeMIeparypbl. UHCIEHHOE MOIENUPOBAaHUE C HCIOJIB30BAHMEM IIa3MOC(EpHO-
nonocpeproit moxemn MC3® HarmsIIHO NOATBEPKIACT HEOOXOIMMOCTh KOPPEKTHOTO Yyd4eTa JAWHAMHKH
HeWTpanbHOro arMoc(epsl, BhIpaXKaeMoON MPEHMMYLIECTBEHHO HEHTpaJbHBIM BETPOM, Ha MPHUMeEpE HCIOJIb30BAHUS
HECKOJIBKUX Pa3IMYHBIX CIIOCOOOB yyeTa MOCIESIHEro B pacyeTax.

HaOmionenust armocgepHOro cBedeHUs B paboTe moiydeHsl mo gaHHeIM YHY Onrnyeckne HHCTPYMEHTHI
HanuoHanmpHOro reorenno(u3u4ecKoro KOMIUICKCA, MapaMeTpbl HOHOC(Ephl ONpeAeNsuluCch MO  JIaHHBIM
panuodmndecknx nHCTpyMeHToB VIC3®: nono3oHma u IpKyTCKOro panapa HEKOT€pPEHTHOTO PACCESHHUS.
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Variationsof NO Emission at 5.3 pm Observed during the Geomagnetic Storm on 24 April 2023

Hong Gao, Jiyao Xu, Yaun Zhu (State Key Laboratory of Solar Activity and Space Weather, National Space
Science Center, Chinese Academy of Sciences, Beijing, China)

The response of NO emission at 5.3 pum in the thermosphere to the geomagnetic storm on 24 April 2023 is analyzed
using TIMED/SABER observations and TIEGCM simulations. Both the observations and the simulations indicate a
significant enhancement in NO emission during the storm. Observations show two peaks around 50°S/N in the
atitudeatitude distribution of NO emission and its relative variation. Additionally, the peak emission and
enhancement are stronger on the nightside compared with the dayside. The peak atitude in the Northern
Hemisphere is approximately 2—10 km higher than in the Southern Hemisphere; meanwhile, the peak altitude on the
dayside is approximately 2—8 km higher than that on the nightside. Simulations reveal three peaks around 50°S, the
equator, and 65°N, with peak altitudes at higher latitudes being dightly lower than those observed. In genera, the
atitudeatitude distribution structure of the relative variation in simulated NO emission matches observations, with
two peaks around 50°S/N. TIEGCM simulations suggest that the increase in NO density and temperature during a
geomagnetic storm can lead to an increase in NO emission at most atitudes and latitudes. Furthermore, the
significant enhancement around 50°S/N is mainly attributed to the changesin NO

density.

Comparative Analysis of lon and Electron Contributions to lonospheric lonization at Subauroral
Latitudesfrom EL FIN-DM SP Conjunctions

S.R. Kamaletdinov, A.V. Artemyev (Department of Earth, Planetary, and Space Sciences, University of California,
Los Angeles, USA)

Electron and proton precipitation into the nightside ionosphere is a key process in magnetosphere—ionosphere
coupling. Although auroral electron precipitation at ~ 0.1-10 keV has traditionally been regarded as the main driver
of auroral emissions, recent studies demonstrate that energetic electrons and protons (>30 keV) can contribute
substantially to ionospheric energy deposition, particularly during storm times. While energetic electron
precipitation has been studied extensively, the role of energetic proton precipitation remains poorly quantified. Here,
we use coordinated ELFIN and DM SP measurements, covering electron and ion precipitation from ~ 30 €V to ~ 6
MeV, to quantify their respective contributions to ionospheric density enhancements. We show that, at subauroral
latitudes, energetic protons precipitation in the E-region can contribute comparably to the impact of energetic
electrons. These results are further supported by magnetospheric observations from the Arase and THEMIS
spacecraft and by ground-based incoherent scatter radar measurements from PFISR.
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lonospheric Response to Geomagnetic Storms: Insights From GSM TIP Modeling and Ground-
Based Observationsat WD | ZMIRAN

M.V. Klimenko, V.V. Klimenko?, F.S. Bessarab', K.V. Beliuchenko®, K.G. Ratovsky?, 1.S. Yankovsky®,
A.V. Timchenko"

"West Department of Pushkov IZMIRAN, Kaliningrad, Russia
?ISTP SB RAS Irkutsk, Russia

This work investigates the spatio-temporal features of electron density distribution in the high- and mid-latitude E
and F regions, as well as the topside ionosphere, during geomagnetic storms. Using the Global Self-consistent
Model of Thermosphere, lonosphere, and Protonosphere (GSM TIP), we identify several novel aspects of
ionospheric physics and morphology during and after geomagnetic storms: 1) the high-latitude positive vertical total
electron content (TEC) response with maximum in winter; 2) the longitudinal dependence of positive daytime after-
storm disturbances in F-region electron density with maximum in Asia sector. The modeled features are validated
through a comparative analysis with independent simulation results and various experimental data, including
manually scaled ionosonde parameters, all-sky imager observations, and TEC derived from GPS/GLONASS
measurements. Additionally, the study examines globa and regional electron content variations during disturbed
periods. Our results demonstrate the reliability of the GSM TIP model in capturing complex ionospheric responses.
Finally, we highlight the necessity of further validation using unique topside sounding data from the newly launched
lonosphere-M satellite constellation.

Thisinvestigation was carried out with the financial support of the Russian Science Foundation grant 25-27-00217.
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Pulsating Aurora Imaging Photometer s System: selected results and plans of the project

PA. Klimov*?, A.A. Belov!?, A.S. Kirillov®, A.L. Kotikov*, B.V. Kozelov®, A.S. Murashov?, V.D. Nikolaeval,
A.V. Roldugin®, R.E. Saraev'?, K.F. Sigaeva'?, S.A. Sharakin', K.D. Shchelkanov*?, A.A. Trusov?, M.Y u. Zotov*

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

2 Faculty of physics, M.V. Lomonosov Moscow State University, Moscow, Russia.

® Polar Geophysical Institute, Apatity, Russia.

4 &. Petersburg Branch of the Pushkov Institute of Terrestrial Magnetism, lonosphere, and RadioWave
Propagation, Russian Academy of Sciences, Saint Petersburg, Russia.

The PAIPS (Pulsating Aurora Imaging System) is a stereometric system of imaging photometers and spectrometers
placed in two geophysical observatories (Verkhnetulomskaya and Lovozero) separated by 153 km. The system has
been operating since fall 2021 and provides measurements of auroral emissions spatiotemporal structure with high
temporal resolution (1 ms). Over the course of four seasons of the project's operation, a database of pulsating
aurorae (PsA) was created and analysed. A stereometric method for estimating PsA altitudes based on per-pixel
signal frequency analysis was developed and implemented.

A new type of auroral emission — optical microbursts (OMB) — was discovered. OMBs are bright short-lived
optical flashes with a characteristic duration of about 100 ms, occurring in groups lasting from seconds to hours.
Over 4 seasons, 102 OMB series were detected. OMBs predominantly occur in the evening sector during the
recovery phase of geomagnetic storms or sub-storms, with rare exceptions. Satellite charge particle detectors data
analyses demonstrate that OM Bs are associated with regions of increasing electron fluxes >100 keV within or at the
polar boundary of the outer radiation belt. A spectrometric method for atitude estimation was developed, based on
intensity ratios of molecular nitrogen lines and bands. Detector responses to nitrogen emission spectra were
simulated for electron energies from 1 keV to 4 MeV. Comparing model and experimental data yielded OMB
emission altitudes and precipitating electron energies around 100 keV.

Various algorithms for selecting and reconstructing track events from imaging detectors were developed. Several
tracks similar to those expected from EAS were found in PAIPS data. Confirming their EAS origin would enable
widespread use of small fluorescent telescopes for studying cosmic rays at EeV energies, including in the future
Taiga-100 experiment.

The project intends to conduct further investigations into transient auroral emission phenomena, including OMBS,
pulsating and flickering aurorae. To this end, the network of observation stations will be expanded to subauroral and
polar regions (Barentsburg and Krasnoe Ozero). New photometric and spectrometric equipment will be developed.
The project encompasses the development of an online software platform designed for simulating and computing
optical emissions induced by high-energy particle precipitation. This platform accommodates both localized events
and phenomena spanning the entire auroral oval, while providing compatibility with theoretical models and
empirical spectra of precipitation fluxes.

The work was supported by the Russian Science Foundation grant no. 22-62-00010 (https://rscf.ru/project/22-62-
00010/).
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Methods for Spatial Processing of LEO Satellite Signals in the Diagnostics of Small-Scale
lonospheric Inhomogeneities

S.I. Knizhin'?, P.E. Prodant, M.A. Zverev!, D.V. Kotov!, S.N. Kolesnik?, VV.P. Lebedev?

L Irkutsk Sate University, Irkutsk, Russia
2 Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

The study of physical processes within the Earth's ionospheric plasma is essential for addressing a broad range of
fundamental and applied challenges. Satellite-based diagnostics currently stand as one of the most effective methods
for ionospheric research, categorized into ray-based and diffraction-based approaches. Ray-based diagnostics, the
more established of the two, rely on the geometric optics approximation, where received signal characteristics are
treated as linear integrals along the propagation paths (straight lines at high frequencies).

In contrast, diffraction-based diagnostics account for diffraction and multipath effects. While the Born-Rytov
approximation is suitable for environments causing weak phase and amplitude fluctuations, strong fluctuations
typically necessitate the phase screen approximation. However, the latter requires a priori knowledge of the
inhomogeneities spatial distribution.

The Double Weighted Fourier Transform (DWFT) method overcomes these limitations, allowing for the analysis of
diffraction and multipath effects under conditions of strong turbulence without prior information regarding the
location of plasma structures [1-2]. To enhance diagnostic resolution, dual spatial processing of the field can be
employed, applying the DWFT relative to both source and receiver coordinates [1-2]. Experimentally, this spatial
processing can be implemented using a network of synchronized Software-Defined Radio (SDR) receivers. Each
node operates in a dual-channel mode at 150 MHz and 400 MHz to capture the signals from Low-Earth Orbit (LEO)
satellites.

1. Tinin, M., & Knizhin, S. (2020). Some possibilities of spatial signal processing in an inhomogeneous medium
based on DWFT. Radio Science, 55, €2019RS006908. https.//doi.org/10.1029/2019RS006908

2. Knizhin, S. 1. (2020). Using spatia radio wave field processing for diagnostics of inhomogeneous plasma. Waves
in Random and Complex Media, 31(6), 2115-2134. https.//doi.org/10.1080/17455030.2020.1721613

Middle atmosphere and ionosphere responses to particle precipitation during the solar and
geomagnetic disturbances of October 2003.

E.M. Kochneva' , A.D. Mironov*, G.A. Bazilevskaya® , V.S. Makhmutov? , I.A. Mironova® , E.V. Rozanov*

! Saint-Petershurg Sate University, Saint-Petersburg
2 ebedev Physical Institute of Russian Academia of Sciences

During the last half of October, 2003, a series of the largest solar flares occurred, accompanied by coronal mass
gjections. By causing extremely strong geomagnetic storms, these gjections led to the increase of atmospheric
ionization. An excessive increase in the concentration of nitrogen and hydrogen radicals, HOx and NOx, occurred,
which contributed to the destruction of mesospheric ozone. The effect was particularly strong in the Northern
Hemisphere, since polar winter had aready begun at that time and nitrogen radicals were not destroyed by
photolysis. The individual effects of protons and electrons on radical production and their impact on the ozone layer
have been widely studied. In the present study, the separate and combined effects of protons and electrons on
ionization, ozone depletion, and electron content in the D-region of the ionosphere were evaluated using the model
RACOP with ion chemistry. Variations in proton and electron fluxes were obtained from balloon measurements
conducted by the Lebedev Physical Institute.
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Solution to the Classification Problem of Auroral Scattering of Radar Signals Using Machine
Learning Models

G.A. Kupriyanov*?, I.A. Goncharenko™? , 1.V. Tutin?

Physics Department, Moscow State University, Moscow, 119991 Russia
2JSC Scientific Research Ingtitute for Long Distance Radiocommunication, Moscow, Russia

This work investigates the possibility of building a classifier for auroral radar signals using interpretable machine
learning (ML) methods.

The task of classifying auroral signals is a relevant problem in space monitoring technologies. Due to the lack of
theoretically justified criteria for classification, a data analysis and ML model construction approach is considered
[1, 2]. Based on data from a decimeter-range radar directed northward and located in the Krasnoyarsk Krai region,
binary classification models were built: Random Forest, Gradient Boosting, Multilayer Perceptron, and
Kolmogorov-Arnold Network. A comparative analysis of their performance, interpretation of their operation, and
selection of input features were carried out.

The conducted study facilitated the identification of the most significant features and the determination of effective
ML models for solving the given task.

Literature:

[1] Berngardt, O. I., Kusonsky, O. A., Poddelsky, A. I., & Oinats, A. V. (2022). Sdf-trained artificial neural network
for physical classification of ionospheric radar data. Advances in Space Research, 70(10), 2905-2919.
https://doi.org/10.1016/j.asr.2022.07.054

[2] Kunduri, B. S R., Baker, J. B. H., Ruohoniemi, J. M., Thomas, E. G., & Shepherd, S G. (2022). An Examination
of SuperDARN Backscatter Modes Using Machine Learning Guided by Ray-Tracing. Space Weather, 20(9).
https://doi.org/10.1029/2022sw003130

Pemenue 3amaum kKjaaccupukaluy aBpPOPaJbLHOIO paccesiHdsl PaJMOJIOKANMOHHBIX CHTHAJOB C
MOMOIIbI0 MO/IeJIeii MAIIIMHHOTO 00y4YeHust

I'.A. KprI/ISIHOB12 , LA, FOH‘JapeHKOl’Z , I.B. Trotun?

1 . . .
Qusuueckuil gaxyiemem, Mockoeckuil cocyoapcmeennviil yhusepcumem umenu M. B. Jlomonocosa, Mocksa,
119991 Poccus

2 . .

AO «Hayyno-uccaedosamenvbckuil uHCmumym oanvhetl paouocesasu», Mockea, Poccus

B nanHoii pabore ucciemyeTcss BO3MOXKHOCTh TMOCTPOCHUS KiacCH(UKATOpa aBpOPalbHBIX PaIHOJIOKAHOHHBIX
CHTHAJIOB C TIPUMCHCHHEM HHTEPIPETHPYEMBIX METOI0B MamuHHOro 06yueHus (MO).

3agadya KIacCU(pUKALMK aBPOPAIBHBIX CHUTHAJIOB SBISAETCS aKTyalbHOW MPOOJIEMOI B TEXHOJOTHAX MOHHUTOPHHTA
KOCMHYECKOTO TPOCTPAHCTBA. BBUAY OTCYTCTBHS TEOpEeTHUECKH OOOCHOBAHHBIX KPHUTEPHEB Ul KIacCH(UKAINH,
paccMaTpHBaeTCs MOAXOI aHalM3a JaHHBIX M mocTpoeHus Mmojeneit MO [1, 2]. Ha ocHoBe HaHHBIX pamapa
JEIMMETPOBOTO JMala3oHa CEBEPHOTO HAIPaBIICHHS, PAcIIoyoKeHHOTo B KpacHospckoM kpae, ObUIH MOCTPOEHBI
MoJienM OMHAapHOM KiaccH(UKaMu: CIydalHbBIN Jiec, TPaAueHTHBI OYCTHHI, MHOT'OCIIOWHBIN INEpCEeNTpPOH, CETh
KomnmoropoBa-Apronbsaa. IIpoBeneH WX CpaBHUTENBHBIM aHANM3, HWHTEpHpeTanus paboTel U OTOOpP BXOMHBIX
MPHU3HAKOB.

[IpoBeneHHOEe WcCCiIEAOBaHUE TO3BOJMIIO BBIIBUTH Haubosiee 3HAYMMBIC MPU3HAKH U ONpeneinTh 3()(eKTHBHbIC
Mojenu MO a5s pemeHust TOCTaBICHHON 3aayui.

Jlumepamypa:

[1] Berngardt, O. I., Kusonsky, O. A., Poddelsky, A. 1., & Oinats, A. V. (2022). Salf-trained artificial neural network
for physical classification of ionospheric radar data. Advances in Space Research, 70(10), 2905-2919.
https://doi.org/10.1016/j.asr.2022.07.054

[2] Kunduri, B. S R., Baker, J. B. H., Ruohoniemi, J. M., Thomas, E. G., & Shepherd, S G. (2022). An Examination
of SuperDARN Backscatter Modes Using Machine Learning Guided by Ray-Tracing. Space Weather, 20(9).
https://doi.org/10.1029/2022sw003130
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Estimation of the upper atmosphereionization rate during X-class solar flares

Lobanova V.S., Ryakhovsky I.A., Korsunskaya J.A., Poklad Y.V., Sapunova A.l. (Sadovsky Institute of Geosphere
Dynamics, Russian Academy of Sciences, Moscow, Russia)

In this study, experimental and theoretical methods were used to evaluate the impact of solar flare electromagnetic
radiation on the state and dynamics of the Earth's upper atmosphere (60-600 km). Since the ionization rate is one of
the most important parameters of ionospheric disturbances, its vertical profiles were calculated for two X-class solar
flares that occurred on September 6, 2017, using the empirical FISM2 Flare solar irradiance model and the
NRLMSISE-00 neutral atmosphere model. The results were verified using data for total electron content obtained
with GNSS receiver located at the Mikhnevo mid-latitude geophysical observatory. It was found that the
combination of empirical models qualitatively estimates the temporal dynamics of the increase in the ionization rate,
and the observed excess of calculated data over measurement results may be due to the influence of recombination
processes not considered in the calculations. Overall, the results obtained confirm the validity of the proposed
approaches and open up opportunities for further research in this area. The study was supported by the Ministry of
Science and Higher Education of the Russian Federation, project registration number 122032900175-6.

OneHka CKOPOCTH MOHM3AaLMU B BEPXHHUX CJI0SIX aTMoc(epbl BO BpeMsl COJIHEUHBIX BeNbllek X-
KJ1acca

Jlo6anosa B.C., Psxosckuit U.A., Kopcyuckas FO.A., Toknan FO.B., CanynoBa A.W. (Mucmumym Ounamuxu
2eocghep umenu akademurxa M.A. Cadosckozo PAH, 2. Mockea, Poccust)

B HacTosiieM HCCIEeIOBAHUH C IIOMOLIBIO YKCIIEPUMEHTATIBHBIX H TEOPETUYECKHX METOIOB OLCHHBAIOCH BIIUSHUC
9NIEKTPOMArHUTHOTO W3JyYCHHs COJHEYHBIX BCIBIICK HA COCTOSHHE M TUHAMUKY BEPXHHX CIIOCB aTMOC(EpBI
3emiu (60-600 km). TTOCKONIBKY CKOPOCTh HOHU3ALUY SBISAETCSA OJHUM U3 BAKHEHIIUX MApPaMETPOB HOHOCHEPHBIX
BO3MYILEHUH, OBbUIM paccyMTaHbl €e¢ BepTHKaJbHbIE NPO(GMIM AJsl IBYX COJIHEYHBIX BCIBIIIEK X-Kiacca,
npousotenmux 6 centsiops 2017 roaa, ¢ UCMOIB30BAaHUEM SMIMPHYCCKOH MOJIENTH COTHEUHOTo u3nyuenus FISM2
Flare u momenu netitpanproii armochepst NRLMSISE-00. Pesysnbrarsl BepubHIMPOBAINCH C HCIIOIB30BAHHEM
JIAHHBIX O TOJIHOM DJIEKTPOHOM COJIep)KaHHH, MOJy4eHHbIX ¢ nomoriblo GNSS-npuemMHHKa, pactoioXeHHOTO B
CpPEeIHEMNPOTHOH reodu3nveckoir oOcepBatopun «MuxHeBo». bBbIIO  ycTaHOBIEHO, YTO KOMOWHAIIHS
SMIIUPUYECKUX MOJieiell Ka4yeCTBEHHO OIICHUBAET BPEMEHHYIO JHUHAMHKY YBEJIHYECHHS CKOPOCTH HMOHHW3AlMH, a
HaOllfonaeMoe INPEBBILICHUE PACYCTHBIX MAaHHBIX HAJ pPe3yJbTaTaMHd H3MEPCHUH MOXET OBITH OOYCIOBJICHO
BIMSHAEM MPOLECCOB PEKOMOMHAIMK, HE YYTCHHBIX B pacyeTax. B 1eloM, TOJIydYeHHbIC pe3yJbTaThl
MOATBEPKIAIOT OOOCHOBAHHOCTh MPEUIOKEHHBIX IIOJXOJOB W OTKPBIBAIOT BO3MOXKHOCTH JUIsl JANbHEHIIHX
uccliefoBaHuil B 3TOi oOxacTu. VcciaemoBaHue BBIIIONHEHO MPH MOJJCPKKE MHUHHCTEPCTBA HAYKH W BBICLIETO
oOpazoBanus Poccuiickoit @enepanuu, mpoekT Homep per.Nel122032900175-6.
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The influence of horizontal wind components on vertical drift and the formation of a sporadic E
layer in theionosphere.

Senyagin E.D., Timchenko A.V.}, Bessarab F.S.%, Klimenko M.V}

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

This paper explores the relationship between the spatio-temporal dynamics of horizontal wind and the occurrence of
Es layers. The analysis uses wind data obtained from the globa horizontal wind model (HWM-14) at atitudes
ranging from 80 to 140 km. The simulation results are compared with direct experimental observations of Es layers
recorded by the vertical sounding ionosonde at the Kaliningrad Magnetic and lonospheric Observatory (coordinates:
54.36° N, 20.12° E) from December 2014 to December 2024.

Funding. The research was funded by the grant Russian Science Foundation N°-23-77-10004,
https://rscf.ru/project/23-77-10004/.

NEURAL NETWORK ALGORITHMS FOR DETECTING AURORAL OPTICAL
MICROBURSTS

Shchelkanov K.D.*? NikolaevaV.D.}, Klimov P.A 12
!Nuclear Physics Research Ingtitute, Lomonosov Moscow Sate University, Moscow, Russia,

shchelkanov.kd18@physics.msu.ru
*Faculty of Physics, Lomonosov Moscow State University, Moscow, Russia

Within the framework of the PAIPS project (Pulsating Aurora Imaging Photometer System) — a system of UV
photometers with high temporal resolution on the Kola Peninsula — a new class of auroral phenomena was
discovered: optical microbursts (OMB) [1]. OMB is a series of flashes lasting from 10 seconds to 3 hours with peaks
duration about 100 ms.. OMBs are observed in the evening MLT sector. Over three observation seasons (from 2021
to 2024), 93 groups of such events have been registered; the catalog, lightcurves, and observation conditions are
available on the project website: https://uhecr.sinp.msu.ru/paips.html. The formation mechanism of OMBSs remains
unclear.

To study the spatial distribution of OMBS, expansion of the PAIPS meridiona network is planned, which requires
automation of processing large data volumes. For this purpose, neural network methods for OMB recognition in
PAIPS data are being developed, which will simplify the search for OMBs and increase the efficiency of event
selection both in archival data and in newly incoming data from the expanding observation network.

Currently, a binary classifier based on a hybrid architecture consisting of convolutional (CNN) and LSTM blocks
has been realized. The classification accuracy on the test sample is 94%. As a validation test on rea data, two
previousy manually reviewed datasets were selected. The classifier correctly identified al series previoudy
detected during visual analysis with a simple threshold trigger, and also discovered one additional OMB series,
which demonstrates the effectiveness of the developed algorithm. Recall on these test datasets was~100%,
suggesting alow miss rate under the tested conditions. For a more complete study of optical microbursts, this model
was applied to archived data from the PAIPS photometers.

This work was supported by the Russian Science Foundation grant Ne 22-62-00010.
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The impact of X-ray radiation from a solar flare on ionospheric parameters and the state of the
Earth-ionospher e waveguide

V.V. Surkov, D.V. Zinkin, V.A. Pilipenko (Schmidt Institute of Physics of the Earth of the RAS, Moscow, Russia)

In this study, we develop a theoretical model [1] of the effect of X-ray radiation from a solar flare (SF) on the
properties of the lower ionosphere and the Earth-ionosphere waveguide. In our model, we investigate the time
dependences of ionospheric parameters during X-ray radiation, in contrast to the model [1], which deals with
ionospheric parameters averaged over the time of SF. A flat flux of time-varying X-ray radiation incident on the
ionosphere is considered. The interaction of this radiation with the ionosphere leads to the ionization of air
molecules and the production of free electrons. The photons in the incident flux is assumed to be distributed in their
energy according to Planck's law. The time dependence of the radiation temperature is estimated using data from a
two-channel X-ray sensor on board the GOES satellites. The photon energy absorption coefficient is assumed to
depend on the photon energies and air density. In this approach, the ionization rate is calculated as a function of
atitude and time. Changes in the number densities of electrons and ions are described by a set of differential
equations, which take into account the rates of production and recombination of particles. The solution of these
equations is used to calculate changes in ionospheric conductivity which affect the properties of the upper wall of
the Earth-ionosphere waveguide.

The theory was applied to study the relationship between the intensity of X-ray radiation and the change in the
welighted average frequency of Schumann resonances (SRs), which was observed for a number of SFs of various
classes. The frequency shifts of the SRs were calculated for 80 SFs observed between 2002 and 2017. The time
series recorded by on-board X-ray sensors on the GOES satellites were used as the initial data. The results of our
calculations are in good agreement with the experimental data[2].

The study is supported by the grant 25-27-00539 from the Russian Science Foundation.
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lonizing effect of the forbidden energetic electronsin the F-region of the low-latitudeionosphere
A.V. Suvorova (Skobeltsyn Institute of Nuclear Physics MGU, Moscow, Russia)

Trapped energetic electrons in the range of tens and hundreds of keV of the inner radiation belt (IRB) can penetrate
into the quasi-trapped (forbidden) zone at drift shellsL < 1.2. Measurements of the >30 keV and >100 keV electron
fluxes onboard the NOAA/POES satellites are used to select FEE events. The forbidden zone spatially overlaps with
the F region of the ionosphere. It was shown that high-intensity fluxes of these electrons, called forbidden energetic
electrons (FEE), can produce ionizing effect in the low-latitude F region. The ionizing effect of FEE was studied for
several case-events associated with geomagnetic storms. The ionospheric ion density Ni data from C/NOFS satellite
and Global lonospheric Map (GIM) of vertical total electron content (VTEC) are used for analysis of changes of
ionospheric ionization. A direct proof of the ionizing effect of FEE fluxes is provided. The effects of ionizing
particles become more evident during the recovery phase of storms, when storm-time neutral wind and
electrodynamical mechanisms cannot explain the observations. The ionizing effect of particles helps to interpret
complicated cases of long-duration ionospheric positive storms (increase in total electron content). Significant long-
lasting increases in VTEC and Ni spatially and temporarily coincide with FEEs.

83


https://doi.org/10.1016/j.jastp.2025.106537
https://doi.org/10.1007/s11141-017-9789-8

lonosphere and upper atmosphere

lonospheric features in the E-region during geomagnetic and meteorological disturbances
according to vertical sounding data in Kaliningrad

A.V. Timchenko, V.V. Nosikova, I.A. Nosikov, O.P. Borchevkina (West Department of Pushkov Ingtitute of
Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS, Kaliningrad, Russia)

This paper presents an analysis of the dynamics of ionospheric parameters based on vertical sounding ionosonde
data during certain geomagnetic storms and severe meteorological events in Kaliningrad, as well as during calm
conditions. Features are highlighted on altitude-amplitude maps for the periods under consideration.

The research was funded by the grant Russian Science Foundation N°-23-77-10004, https.//rscf.ru/project/23-77-
10004/.

Optical Multi-Camera Techniques for the Study of Altitude, Vdocity, and Microphysics of the
Cloudsin Upper Atmosphere

O.S. Ugolnikov (Space Research Ingtitute, Russian Academy of Sciences, ougol nikov@gmail.com)

The trends in greenhouse gases, humidity, and temperature significantly impact the properties of clouds in the
middle and upper atmosphere, specifically polar stratospheric and noctilucent clouds. The key characteristics
sensitive to these changes are mean altitude and particle size. These properties can be measured using an array of
wide-angle cameras on the Earth’ s surface.

The mean dltitude of the clouds can be determined by two independent techniques: field correlation (an improved
triangulation method) and color analysis near the Earth’s shadow. Applied to noctilucent clouds, both techniques
achieve an accuracy of within a few hundred meters, and results from the same cloud ensembles are in good
agreement. Field analysis also allows for the determination of all three velocity components of the clouds, including
the vertical.

Multi-color photometry using calibrated cameras enables the measurement of mean particle size in different cloud
fragments and can potentially track changes over time. This data can be used to test theories of particle growth and
evaporation in the mesosphere.

Noctilucent clouds; Trends and Anomaliesin 2020s

O.S. Ugolnikov (Space Research Ingtitute, Russian Academy of Sciences, ougol nikov@gmail.com)

Changes in climate conditions in different atmospheric layers are driving trends in the observable characteristics of
noctilucent clouds and are also leading to the emergence of phenomena not previously observed. These events are
fundamentally linked to wave activity in the middle atmosphere, which has aso shown a tendency to increase in
recent years.

Noctilucent clouds are known as a summer phenomenon, consistent with the well-known reverse annual temperature
cycle of the mesosphere. However, in December 2024, structures identical to noctilucent clouds were observed in
winter skies over a vast territory in Siberia. The umbral (shadow-based) method of atitude estimation placed these
clouds at approximately 70 km. This is about 10 km below the typical atitude of summer noctilucent clouds and
coincides with the altitude of a rapid temperature drop according to satellite data. This extraordinary event was
triggered by a sudden stratospheric warming near 40 km a few days prior, which altered wave propagation and
shifted the wind patterns from a winter to a summer-like state. While this type of mesosphere-stratosphere wave
coupling is known, it has not previously caused such a pronounced temperature drop in the mesosphere.

During the summer of 2025, noctilucent clouds exhibited a distinct 5-day periodicity in their occurrence, which
remained stable from mid-June to mid-August. This period corresponds to the (1,1) Rossby wave mode, which is
also known to influence the mesosphere and noctilucent clouds,; however, it has not been so strong and stable in
previous measurements. The amplitude of this 5-day temperature wave in the upper mesosphere in 2025 was twice
the maximum recorded over the previous 20 years of the 21st century by the EOS Aura/lMLS satellite, and is
possibly the highest observed in this atmospheric layer during the summer in the history of observations. A large
number of optical detections across a wide longitudinal range in Russia allowed for a phase comparison between
cloud occurrence and temperature, which is crucial for the study of ice nucleation.
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Reconstruction of 2D Medium-Scale | onospheric Structuresvia GNSS Phase M easurements
M.A. Volkov !, A.D. Gomonov?, A.V. Gurin, I.S. Maximov*

! Murmansk Arctic University, Murmansk, Russia
2 polar Geophysical Institute, Murmansk, Russia

This study addresses the reconstruction of the ionospheric electron density distribution above Murmansk, utilizing
Total Electron Content (TEC) derived from GNSS phase measurements. Within a spherical ionospheric framework,
the vertical electron concentration is modeled by a Gaussian function coupled with a polynomial; the latter
represents a two-dimensional Taylor series expansion in terms of angular coordinates relative to the observation
point. These angles are defined by the Earth's radius and the satellite's projection onto the respective meridian and
parallel planes. To solve for the unknown coefficients of the third-degree polynomial, ten simultaneous TEC values
from multiple satellites are required. To account for phase ambiguity, pseudorange data are incorporated into the
processing. Given that noise in the TEC data can degrade reconstruction accuracy, we employ Singular Value
Decomposition (SVD) as a robust alternative to direct inversion methods. Finaly, the resilience of the proposed
solution against noise is validated through a Monte Carlo analysis.

Mid-latitude auroral emissions associated with proton precipitation
V.G. Vorobjev', O.I. Yagodkina, 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

Brightness of auroral emissions caused by precipitating protons as well asalevel of ion pressure in the ionosphere is
determined generally by averaged energy (Ei) and energy flux (Fi) of precipitation. Thus, it can be expected that
latitudinal profiles of both the proton exciting auroral luminosity and ion pressure will be very similarly. The ion
pressure (Pi) has a well-defined maximum, which is located close to the eguatorial boundary of the auroral oval
during the period of magnetic disturbances. With an increase in magnetic activity, the position of the Pi maximum
shifts to lower latitudes, and the ion pressure increases generally due to an increase in Fi. So, during periods of giant
magnetic storms, proton exciting auroras of significant intensity can be observed in the middle and even in low
geomagnetic latitudes.

Observations of precipitating ions from DMSP F7 and F9 spacecraft in the time interval 21-24 MLT during calm
periods and during giant magnetic storms on February 07-09, 1986 (Dst= -307 nT) and March 13-14, 1989 (Dst= -
589 nT) were used to evaluate the brightness of proton exciting auroras. The intensity of Ho. (656.3 nm), ING N,"
(427.8 nm), and 1PG N, (670.5 nm) emissions were estimated under the assumption that al ion precipitation is
caused by protons. It is shown that Ho. emission is the most intense. The brightness of this emission usually exceeds
1 kR when its maximum was observed at latitudes below 60° CGL. The average latitude profiles of Ei, Fi and
auroral emissions were constructed according to F7 and F9 observations at the high magnetic activity level <Dst> =
-320 nT and <AL> = -790 nT. The average maximum of Ha intensity was ~3.5 kR at the latitude of about 53° CGL
and can reach 6-8 kR when it was located in lower latitudes. For comparison, the average intensity maximum of
427.8 nm and 670.5 nm proton exciting emissions at the latitude of about 53° CGL were approximately 1.0 kR and
0.8 kR, respectively. Latitudinal profiles of proton and electron exciting auroras are discussed.
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UV-, VIS and NIR-emission of 10keV electron beam excited air at 1 to 1000mbar pressure

J. Wieser (excitech GmbH, Branterei 33, 26419 Schortens, Germany, jochen.wieser @excitech.de;)

Various atmospheric phenomena, such as lightning or so-called air showers, sprites, blue jets, and elves, as well as
auroras, are accompanied by light emission from excited air species. Differences in their spectral features may
indicate distinct excitation mechanisms, including electrical discharges, high-energy particle excitation, or runaway-
electron beam excitation, provided that thorough laboratory experiments are available for comparison.
In this work, a tabletop system for electron-beam excitation of gases at relatively low energies (keV range) and
pressures ranging from vacuum to several atmospheresis presented. Specifically, a 12 keV electron beam, generated
in an evacuated, sealed cathode-ray tube (CRT), is transmitted through a 300 nm-thick SIN membrane into a target
gas volume, leading to electrons with energies of approximately 10 keV that excite the gas.
Emission spectra of laboratory air over the wavelength range from 300 to 1000 nm, excited by this 10 keV electron
beam, are presented and discussed for pressures between 1 and 1000 mbar.

PesynbTarbel mepBBIX MecsileB Ppa0doOThI MOJ€3HOW HArPy3KM [JIsl HCCIeI0BaHUS BepXHei
atmocgepnbl Ha masnoMm cnyTHuke <HUUAD-MI'Y-80»

B.B. BOFOMOHOBl‘Z, A.A. BeJ‘IOBl, A.B. BOFOMOJ‘IOBl, E.[. BOCerCCHCKOBZ, A.D. I/IIOI[I/IHl, I1.A. KJ‘II/IMOBl,

Hn.A. quepeHKOZ, A.C. MypamOBl, C.H. CBepTI/mOBl’2

1 . . .
Mocxkosckuii eocyoapcmeennvitl ynugepcumem um. M.B. Jlomonocosa, Hayuno-ucciedogamensckuti uncmumym
s0eproil pusuxu um. /[.B. Crobenvyvina
2 . . .
Mocxosckuii eocyoapcmeennbviii ynusepcumem um. M.B. Jlomonocosa, gpuzuueckuii ghaxyromem

Maueriii ciytauk «<HUUSID-MIY-80» (npexnee HasBanue «Ckopruon») B popmate kyoeat 16U 6bit 3amymien 28
nexadpst 2025 r Ha KpyroByr HOJSIpHYIO opOHTY BbicoTOM okoiio 500 kM. Ha cryTHHMKe ycTaHOBJIEH KOMILIEKC
HayyHo! ammaparypsl HUWS® MI'Y, npeaHazHaueHHbIM B MEpPBYIO Ouyepelb AJIs UCCIENOBAHUS TPaH3UEHTHBIX
ABJICHUH B BepxHeil atMocdepe. B ero cocraB BxomsaT ramma-cekrpomerp TI'C mis peructpannu atMocdepHbIX
ramma-enbiniek (TGF) u ontuueckuit u YO crnekrpomerp-poromerp COHOT mnsi mccnemnoBaHHs BBICOTHBIX
aTMocepHBIX pa3psaoB. Takxke Ha coyTtHuke «HUUAD-MIY-80» ycTaHOBIGHBI HETEKTOPH KOCMHYECKOM
pamManmu W OMOKOHTEHHEp [UIi HCCIENOBaHWSA BJIMSAHMA (PAKTOPOB KOCMHYECKOTO TIPOCTPAHCTBA Ha
MHUKPOOPTaHH3MEI.

T'amma-criektpomerp TI'C, ocymiecTBiustonuii uamepenuss B auanazore ot 50 k3B mo 10 M»sB, cocrout u3 4-x
HE3aBUCHMBIX MOJyJed oOmiei miomansio ~250 cM?. B mpubope HopMUpPYIOTCS KaK MOHHTOPHHIOBBIC JTaHHBIC
(cxopoct cuera B 7 KaHamax), TaK W JaHHbIC B (popmaTe MOCOOBITHHHOW 3alMCH, MO3BOJLSIONICH 3aIicarh
BpeMeHHOH Tnpoduis arMochepHOil ramMMa-BCIBIIIKA C MHUKPOCEKYHIHOH TOYHOCTBIO. B cocraB Hay4HOIl
anmapatypel COHOT mnst onTudeckux H3MepeHHH BXOAAT ObICTpbIA u300paxatoumii poromerp AYPA-T,
CIIEKTPOMETP, N3MEPSIONINIA BpeMEeHHbIE PO(IIIN BCHBIIEK B 4-X CHEKTpaJbHBIX MHTEPBaNaX, COOTBETCTBYIOLINX
JMHUSIM a30Ta U KHCJIOpo/a, M TMMOoBast kamepa—o0cKypa ¢ yrioBeIM paspemernem 30 Mpa.

B xoze nérapix ucnprranuii cnytauka «<HNUWS®-MIY-80» 6b1a moaTBep)kKIeHa TOTOBHOCTH ITOJIE3HOW HArpy3Ku K
NPOBEICHUI0O KOCMHYECKOro dKcrepruMeHTa. CHHXpOHM3alMsA HAy4YHOW ammapaTypbl C MHKPOCEKYHIIHOH
TOYHOCTBIO, oOecrieunBaeMasi OOPTOBBIMH CHCTEMaMH, TI03BOJISIET IIPOBOIUTH COBMECTHBIC N3MEPEHNUS] ONTHYECKOTO
U KECTKOTO HU3MydeHHs pa3audHbix arMocdepubix TpansueHtoB (TGF, TLE), mpu stom cyTtouHblli 00BEM
UHQOPMALIMU B HECKOJIBKO JICCITKOB MerabalT JaeT BO3MOXKHOCTH IepeaaTh Ha 3eMIII0 AETalbHYI0 HH(POPMAIHIO
00 3TUX SBICHUAX.
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JKcTpeMajbHble  HMHTEHCMBHOCTH  CBeYEeHHMs HOHOC(epbl, MHAYNMPOBAHHOIO  MOIIHBIM
KOPOTKOBOJIHOBbIM M3JydeHueM cTteHaa CYPA, Bo Bpems pa3BuUTHSA crnopaguyveckoro E cjos
HOHOC(epPHI

A.B. BeneuKHﬁl, .. TKaqul, C.M. Fpaqz, H.A. HaCLIp0B3, JLA. KOFOFI/IHs, P.B. BaCHnLeBl, B.B. EMeHLﬂHOBs,
I0.K. Jleroctacsa’ , A.B. I_HI/IHJZ[I/IHZ

Yyuc3o co p4H, HUprymck, Poccus
2 HHT'Y um.H.H. Jlobauesckozo, Huocnuti Hoseopoo, Poccus
SKo V, Kazanw, Poccus

C nauana 2010-x ronoB Ha creHne CYPA peryssipHO MpoOBOISTCS SKCIEPHUMEHTAIbHbIC KaMITAaHUU 10 PErHCTpannui
UCKyccTBeHHOro ontudeckoro cBedeHus (MOC) wuoOHOC(Epbl ¢ HCMOJBb30BaHHEM KOMIUIEKCA ONTHYECKOTO
obopynoBanust. HabmoneHus, B TOM 4HCIie MHOTOIIO3UIIMOHHBIE, TIPOBOJIATCS C TIOMOILBIO KaMep U (OTOMETPOB C
Y3KOMIOJIOCHBIME (QruibTpamMu. Perucrpupyrorcs sMuccun atoMapHoro kuciopoma 630 um m 557.7 M, a Taxke
JMHUS HOHOB MonekynspHoro azota INGN,"(0 — 0) 391.4 M. Kpome sToro B skcnepumente arycra 2024 rozna
HCII0JIb30BaIacCh MIMPOKOYyrojbHas 0030pHas RGB kamepa. B manHo# paboTe MPHUBOAWTCS aHAIN3 SKCTPEMAIbLHO
Beicokux uHTeHCHBHOCTe MOC nonocdepsl, 3apeructpupoBaHHoro 5 aBrycra 2024 roma BO BpeMsl pa3BUTHS
MOIIHOTO CIOopanuyueckoro ciost E. IHTeHCUBHOCTh MHAYLMpPOBaHHON sMmuccuu 557.7 HM nocturaia ~ 300 Po.
Kpome sroro nabmoganocs MOC B nuaun 391.4 HM M, HPEIIONOKUTENBRHO, THApoKcmia B mojocax OH(9-3) u
OH(5-0). B HeckombKHX [UKIAX HATPEBa HOHOCHEPHI HAOIFOATHUCH MSITHA TTOIABICHHS HHTCHCUBHOCTH 10 TaHHBIM
CHHETO KaHajga 0030pHOM kamepsl Ha ()OHE pOcTa HWHTCHCHBHOCTH ImHUH 391.4 HM, 3aperuCTpHUPOBAHHON
doToMeTpom. DTO MOXKET yKa3blBaTh Ha OHOBPEMEHHOE JeiicTBHME MeXaHH3MOB reHepaiuu usaydenus INGN," u
MOJIABJICHUE M3JyYeHUs] KOHTHHYyMa B CIEKTPAJIbHOM JHAMAa30HE CHHEro0 KaHajga 0030opHOi kamepsl (~ 410-520
HM), TIPE/IIOIOKUTEIbHO 06yCIoBIeHHOro m3myderneMm NO, .

Pabora BrimonHeHa ¢ ucnosnb3oBanneM YHY «Crenn CYPA», obopynoBanus YHY «Ontuueckue HHCTPYMEHTBI»
npu noaaepxkke Munobprayku (cyocumunst Ne 075-GZ/C3569/278) u rpantos PH® 23-77-10029 u 25-72-20019.

KaroueBble ciioBa: moHocdepa; crnopanuueckuii cioid E; cTumynupoBaHHOe cBeueHHe aTMocdepbl; MOIIHOE
panuounsnyudenue; cteHn CYPA
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IepBbie pe3yabTaThl 3kcniepumenta CYPA —Honocdepa-M B aBrycte 2025 roaa.

I'pau C.M., Ilynunen; C.A., ITagoxun A.M., UepnbimoB A.A., lluagun A.B., Kororun JI.A., Haceipo MN.A.,
beneuknii A.b., Tkaue U.[., EBnokumosa M.A., Yyrynun /J[.B., Jlerocraesa lO.K., Emenbsnos B.B.,
Kyp6atos I'.A.

HHT'Y um. HH. Jlobauesckoeo, e. Huxcnuii Hoeeopoo, Poccus

Hucmumym xocmuueckux uccnedosanuti PAH, 2. Mockea, Poccus
Kaszancxuii (Ipusonsicckuit) gpedepanvhuiil ynusepcumem, 2. Kazanw, Poccust
Hnemumym conneuno-zemuoui pusuxu CO PAH, e. Upkymck, Poccus
H3MUPAH, 2. Mockea, e. Tpouyx, Poccus

MI'Y um. M.B. Jlomonocosa, 2. Mockea, Poccus

IIpencraBneHsl MEpBbIE PE3yNbTaThl HKCIHEPUMEHTA I10 HCCIIEIOBAHMIO B3aMMOAEHCTBHUS MOITHBIX PAJUOBOJIH C
nonochepHoit miasmoii npu nposerax MC3 Nonochepa-M Nel u Ne2 nan crermom CYPA. 20 u 22 asrycra 2025r.
UC3 mnepecekanu MNpOeKIHIO auarpamMMbl HampasieHHocTu ([JH) creHma mpakTH4ecKd BAOIb T'€OMArHHUTHOTO
MepHanaHa B BeuepHee BpeMs. Bo Bpems mponérop MC3 Bo3aelcTBHE OCYHIECTBIIOCH BONMHOW Hakauku (BH)
O0OBIKHOBEHHO mosrsipm3anud, 3¢ dexkruBHas momHocTs npesbimana 200 MBT. 20 aBrycra JIH Obuta HakIToHEeHa Ha
12° k rory OT BEpTHKAJH B IUIOCKOCTH T€OMarHUTHOTO MepuanaHa; 22 aBrycra JIH Oputa HampaBieHa BEpTHKAIBHO
BBepX. B o0omx skcrmepumenTax yactora BH Obma MeHbIIE mopsaka KPUTHYECKOW dacTOThl cios F2. Bpems
nposieta cnyTHuka Hang JIH crenma cocrasmsuio =~ 25 ¢. BH Brmouanack mo Bxoma MC3 B 00macTh 3acBEeTKU
W3ITy4YEeHHEM CTEHIa 3a BpeMs, IOCTaTOYHOE JIS Pa3sBUTHs MCKYCCTBEHHBIX MOHOC(EPHBIX BO3MYyILeHHH. B xoxe
AKCIIEPUMEHTa PErHCTPHPOBAINCH MOHOTPAMMbl BEPTHKAJIBHOTO 30HAMPOBAaHHUS ¢ Tomolblo noHo3oHaa CADI
BOJIM3M CTEHJZIa, U BHEITHETO 30HJAMPOBAHMS C UCMOJIb30BaHHEM O0pTOBOTO MOHO30HAa JIADPT, ocymiecTBismoch
npocBeunBaHue HoHOChepsl ¢ momoribio GoproBoro MASIKa korepentHsiMu curHagamu 150/400 MIm,
pErHuCTpaIysi UCKyCCTBEHHOTO PAJHOM3IYUCHUST M MCKYCCTBCHHOTO OmMTHYECKOro ceueHus moHochepsr (MOC) ¢
mmmHamu BotH 630 M, 557,7 M 1 391,4 HM ¢ ToMOIIbI0 TPEXKAHAIEHOTO (OTOMETpa BONMM3M cTeHaa u matu [13C
KaMmep B TpexX pasHeceHHbIX Ha 120-270 kM perucTpaluoHHBIX MyHKTaX (22 aBrycra peructpaunus MOC He Benach
U3-32 CHJIBHOM OOJAYHOCTH), & TAKIKE PETUCTPALIUS MATHUTHON U 3JEKTPUYECKONW KOMIIOHEHT 3JICKTPOMATHUTHOTO
MOJISL B HU3KOYACTOTHOM JIMAIla30He ¢ MOMOIIEI0 6opToBoro mpubopa HBK.

DKcIpecc aHalM3 JaHHBIX SKCIIEpUMEHTOB Mokasal, uyTo 20 aBrycra pacnoioxenue obnacter reHepanuu MOC u
NOHIKEeHHOU (B pe3ynbTate Bo3aeiicTBusi BH) 31eKTpOHHOW KOHIEHTPAIMKA TMPAKTUYECKH COBMNANATH U
HAXOJIMJIACh BOIM3M «MAarHUTHOTO 3CHHUTAY; HaOmoaaBiieecs ymenoinenue sprkoctd MOC B munusax 557,7 u 391,4
HM Bo Bpemst niposiéra MIC3 cBsi3aHo, 10 BCeil BUANMOCTH, C YBEJIMYEHHEM BBICOTHI HOHOC]EpHI. 22 aBrycra 001acTh
MOHM)KEHHON 3JIEKTPOHHON KOHIIEHTPAIIMH ObliIa HECKOJIBKO CMEIEHA K CeBepY OTHOCHTEIBHO IICHTPAIHHOTO JTyda
JIH. Bo BpeMms nposieToB Ha/l paboTaloMUM CTEHAOM HaOII0AaI0Ch pocaurnBanre sHeprud BH 1o BeICOT BepxHei
MOHOC(EpBI, a TaKkke HEKOTOPOE YCUJICHHE W YIIMPEHHE CHEeKTpa HU3KOYACTOTHBIX DJIEKTPOMArHUTHBIX HIYMOB B
quanasoHe 10-20 k['m, perucTpupoBaBIIMXCsi Ha cIyTHHKe. [lodyueHHbIe pe3ynbTaThl HYKAAOTCS B Oolie
JIETaTbHOM aHAIIH3E.

Pabora BremmonHeHa ¢ ucnonb3oBanueM YHY «Crern CYPA», obopynoBanus YHY «OnTrueckie HHCTPYMECHTBI»,
000pyI0BaHUs, MOTYICHHOTO B pamMKkax IIporpammer pasButus MI'Y, a Taxke mnpu nopmepxkke rpantoB PHO 23-
77-10029 u 25-72-20019.

88



lonosphere and upper atmosphere

Haub6osee BEPOSAITHBIC 3HAYCHUA CPECAHHUX 3Heprni71 ABPOPAJTBHLIX 3JIEKTPOHOB M KOHLUECHTPAUUHA
OKHCH a30Ta AJid MOJSAPHBIX CHUSIHUII B MOJYHOYHOM CEKTOPE aBpOpa.]IbHOﬁ 30HbI

JK.B. Hamkesud, B.E. BaHoB ([{omsapnusiii 2eopusuueckuii uncmumym, Anamumot, Mypmanckas obracme, Poccus

E-mail: zhanna@pgia.ru)

Ha ocHOBe MOJeIMpOBaHUS CBEUYCHUH MOJSPHBIX CHSHHIA MOTyYyeHa 3aBUCHUMOCTH BBICOTHI MakCHUMyMa OOBEMHOMN
HHTCHCHUBHOCTH MOJIOCHI A427.8 HM OT cpemHe#d SHEprHMHM IOTOKA BBICHIIAMONIUMXCS JJICKTPOHOB. Ha ocHOBe
MOJyYCHHOW 3aBHCHMOCTH W SKCICPHUMEHTAIBHBIX IaHHBIX MOCTPOCHO CPEAHECTATUCTHUYECKOE paclpeIe/iCHUE
CpeIHel 3HEPruM IMOTOKOB aBPOPAIBHBIX 3JIEKTPOHOB, OTBETCTBECHHBIX 3a IMOJSIPHBIC CHSHHS B IOJYHOYHOM
CEKTOpE aBPOPANILHOM 30HBI, MAKCHMYM KOTOPOTO JIOKaIU30BaH B 0011acTH cpeaHux suepruii Eg, ot 3 10 4.5 x3B.
IToka3aHo, 4TO YAOBIETBOPUTEIBHOE COTJIACHE CMOJIEIMPOBaHHOM 3aBucuMoctH |(A557.7)/1(A427.8) ot |(A427.8) ¢
9KCIEPUMEHTAIBHBIMU JAHHBIMH ISl TOTOKOB BBICHIMAIOIINXCS DIEKTPOHOB CO CpeAHuMH dHeprusmu 3+4.5 koB
MOYHO TOJNyYHTh TOJIBKO JUISl KOHIGHTPAIWHA OKKCH a30Ta, Jekanmx B uuTepBane [NO|ma = 2x10%+4x10" em™,
IIpu >ToMm Habmonaercs 3aBUCUMOCTD [NO]a OT ypOBHS T€OMarHUTHON akTUBHOCTH A,,. C yBelIHYeHHEM HHIEKCA
reOMarHUTHOH aKTHBHOCTH A, oT 5 10 40 xonnenTparus okuch a30Ta [NO]n yMeHbIIaeTes ¢ 2% 108 1o 4x 107 e,
INomy4eHHbIe 3HAYEHNS CPEHEH HEPTHN BBICHINAIONINXCA 31eKTpOHOB Ey, 1 koHneHTpanuii okuch a30ta [NO]max
MOTYT OBITh HCIIOJIb30BAHBI MPU PEIICHUH PA3IMYHBIX 3a7a4 10 MOJCIMPOBAHHUIO aBPOPAIbHBIX COOBITHIA Kak
BXOJIHBIC CPEIHECTATHCTHYCCKUE TTAPAMETPHI.

MeTOZIHKa OIICHKHN cpezmeﬁ JHEPIuu aBPOPAJIBHLIX 3JIEKTPOHOB 110 HHTCHCUBHOCTH OMUCCUU 4278
HM ING Nj

XK.B. Mamkesuu, B.E. Usanos (ITospuslit 2eopusuueckuil uncmumym, Anamumot, Mypmanckas obracms, Poccus

E-mail: zhanna@pgia.ru)

[Toxa3aHa BO3MOXXHOCTh OLCHKH CpEIHEHl OSHEPriuM IOTOKA BBICHINAIOMINXCS 3JCKTPOHOB MO BEIHMYHHE
HMHTCHCUBHOCTH H3JIy4EeHHS OJHON NUHHUHU mossipHOro cusitms | 427.8 um. B 0oCHOBY mpemsioxkeHHOH MeTOmUKH
MOJIOXKEHA JKCICPUMEHTANIbHAS 3aBHCHUMOCTh OTHOLICHHS lg300/lsp7g OT HMHTEHCHBHOCTH l4978. CormacHo
9KCIICPUMEHTAIBHBIM JTaHHBIM, OTHOIICHHUE lg300/l427.8 JEMOHCTPUPYET HENIPEPHIBHOES YMEHBILICHUE C YBEIHICHHEM
MHTCHCUBHOCTH 3MHUccHH 427.8 HM. [10CKONBKY OTHOIICHHE MHTCHCHBHOCTCH STHX 3MHUCCHH CIa00 3aBHCHUT OT
BEJINYMHBI TOTOKA BBICHITIAIOLIUXCS DJICKTPOHOB, MOYKHO T0JIaraTh, YTO YBEJIHUSHUE HHTEHCUBHOCTH dMuccuun 427.8
HM ISl «CPEAHECTATHCTHYECKOT0» MOJSIPHOTO CHSHHS B OCHOBHOM ONPENENSETCs YBEIHUSHUEM CPEIHEH dHepTuu
aBPOpANIBHBIX 3JIEKTPOHOB. Kak mokaszanu pe3ysbTaThl MOJIEIBHBIX PacyeToB, BIMSHHE Ha 3aBUCHMOCTH CpeIHEH
3HEPTHH TI0TOKA aBPOPANBHEIX JEKTPOHOB E, 0T oTHOIIEHUS |g300/14278 TpEX hakTopoB, (HopMBI 3HEPreTHIECKOTo
CHEKTpa aBpOpPalbHBIX O3JIEKTPOHOB, COACPKAHUS aTOMAapHOTO KHUCIOpoJAa HeHTpajdbHOW armocdepbl U
KoHLeHTpauu HeueTHoro aszora NO, He mnpepbimaer 20%. [losToMy, mnpuHMMas BO BHHUMAaHHE
9KCIEPUMEHTAIBHYIO 3aBUCUMOCTD OTHOIIEHUSI HHTEHCUBHOCTEH lgz00/l 4278 OT uHTEHCHBHOCTH AMuccun 427.8 HM
U CMOJEIMPOBAHHBIEC 3aBHCHMOCTU CpelHeH dHepruei E., oT OTHOIIEHHUA lgz00/laz7s MOXKHO yCTAHOBUTH CBSI3h
Mexnay E¢, 1 HHTEHCUBHOCTH 3MHCCUH 427.8 HM.

Takasi 3aBHCHMOCTb CpeIHEH YHEPrHH MOTOKA aBPOPATBHBIX HJICKTPOHOB OT MHTEHCHBHOCTH M3JYYCHHUS SIMUCCHH
427.8 HM B TOJAPHBIX CHAHUAX OBLIa paccyWTaHa B paMKaX MOIETH aBpOPaTBbHOW MOHOChephl. AHaTUTHYCCKAS
annpoKCHMAaIHsl MOJYYEHHOH 3aBUCHMOCTH MOXET OBbITh HCIIOJIb30BaHA B pa3pabOTKe METOAWK OINepaTHBHON
JINarHOCTHKH.
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Cecthb KaMep BcCEro HeOa ApKTI/l'leCKOFO U AHTAPKTHYECKOI0 HAYYHO-HCCICA0BATECJIbCKOI0O
HHCTUTYTa B BLICOKOHIHPOTHOﬁ ApKTI/IKe

3aropckui [.A., Jlonrauesa C.A., Kamummn A.C., Eropos .M., TemwtsikoB A.B. (l'ocydapcmeennvlii Hayunbiil
yeump Poccutickoii Dedepayuu Apxmuueckuti u aHMAPKMUHECKUU HAYYHO-UCCAEO08AMENbCKULL UHCIMUMYM,
Canxm-Ilemep6ype, Poccus, * E-mail: gazagorskiy@aari.ru)

B otnene reopusuku ApKTHYECKOTO M aHTAPKTHYECKOTO HaydyHO-HccienoBarenbckoro uHctutyra AAHNN
aKTHBHO pa3BUBAIOTCS ONTHYECKHE CpeAcTBa Treodu3nueckoro MoHuUTOpuHra. Kak H3BECTHO, K OCHOBHBIM
NPOSIBJICHUSIM T€OMAarHUTHOW aKTMBHOCTH B BBICOKMX IIMPOTaX OTHOCSTCS BBICHIIAHMS SHEPrHUYHBIX YaCTHUI]
MarHuToC(EepHOro MPOUCXOXKICHUSI W CBSI3aHHBIE C HUMHU MNOJsIpHbIe cusiHuA. [lo 3Toil mpuuMHe, Ha3eMHBbIi
MOHHUTOPHHI OINTHYECKUX SIBJICHUH B aBpOPaJbHOW 30HE siBiseTcss ogHuUM U3 kimoueBbiX. C 2022 roma AAHUU
pa3BopaunBaetr ceth kamep Bcero Heba (KBH). Ha nanHOM 3Tame pa3BHTHS CETH OpPraHH30BaHbI HAONIONCHUS B
IBYX TOYKaX, OJHAa Ha JenoBoil Ga3ze Mpic bapaHoBa, BTOpas B JefoBOM Jarepe ONHM3b JIEIOCTOHKOMN
caMoIBIKyIIelcs miaThopMel «CeBepHBIH Homoc». 3a BpeMs paboThl ABYX Kamep Oblila HaKOIUICHA 3HAUYNTEIbHAs
cratucTika. OCHOBY CTAaTUCTHUECKMX JAaHHBIX COCTaBISIOT KaJApbl C TIOJMSPHBIMH CHSIHUSIMH  Pa3IMYHBIX
Mopgosoruid. Takke Obla MOJy4eHa CTATUCTHKA M0 HAOIIOICHHUIO BHYTPCHHHUX IPaBUTALMOHHBEIX BoiH (BI'B) mo
KamepaM ctaHuuu ¢ Meica bapanosa.

Tpaﬂcq)opMauml CIIEKTPAa HU3KOYACTOTHBIX NMEPECAATIUKOB IIPHU PaAaCnpoCTPpaHCHHUU B l'lpH3eMl-l0ﬁ
mjiasme

B.N. Konnalcl‘z, M.M. MorI/IJIeBCKI/H‘/'IZ, M.A. EBZ[OKI/IMOB&Z, J.B. I-IyryHI/IHZ, E.E. TI/ITOBaZ, A.A. qepHBIH.IOBZ,
C.E. AHZ[peeBCKHfIl, 10.B. I_Hn}oraeBs, M.II. H(I/IJ'IBLIOBA, H.B. I-IepHeBas, E.W. Mankugn®

! HU3MUPAH, Tpouyk, Mocxkesa, Poccus

2 UKU PAH, , Mocxkea, Poccus

S HUP®U HHI'Y, , H.Hog2opod, Poccus

* 000 «HITIT «ACTPOH DJIEKTPOHHKA », Open, Poccus
S UKUP JIBO PAH, Ilapamynxa, Poccus

[IpuBoasiTCs pe3ysibTaThl aHAIN3a CIEKTPAIBHBIX XapaKTEPHCTHK H3JIyYeHHUS IBYX HA3€MHBIX HH3KOYAaCTOTHBIX
nepenatunkoB: JI/NDT, pacnonoxenHoro B Smonuu, pabotatomero Ha uacrore 22,2 k[ u NPM,
pacrionoxkeHHoro Ha ['aBaiisix, paboraromero Ha wacrore 21,4 kl'm. M3mepeHuss BOIHOBOH (opMBI CHTrHaNa
NPOBOJMINCE Ha 60opTy criyTHHKOB «HMoHochep-M» u B myHkTe HaOmoaeHui «p.Kappmvimua» (MKUP IBO PAH,
IMaparynka). W3znaydenue, mpormeamee noHocdhepy Hax MEepemaTIMKOM, MPEICTAaBISET cO0O KBa3HIIYMOBOI
cUrHaj 0e3 SBHBIX MPU3HAKOB MOAYJISIMU. B compshkeHHO# 001acTH IyMOBO#! CHIEKTp M3JIyueHHs Ipeodpas3yercs B
MOCIIEZI0OBATEIBHOCTD PAJANONMITYJIHCOB, YacTOTa 3AIlONHEHHST KOTOPBIX M3MeHsieTcst B auamasone +/- ~100 T ot
LEHTPAJILHON YacTOThl M3JIydeHHs. [lepHon clieloBaHUs HMMITYJILCOB HOCHT KBa3WMIEPHOAMYECKHI XapakTep W
nocreneHHo u3mensiercss ot 1,5 mo 0,2 cexynn.  Jlucmepcusi HMMIyNIbCOB B OONBIIMHCTBE H3MEPEHUI
MOJIOKUTENbHAs U BapeupyeTcs B npeaeiaax 100 — 400 I'u/cek. B ormenbHbIX ciiydasx HAOIH0a€TCS OTPHLIATEIbHASL
JCTIepCcHsT UMIYJIbCOB. [IpoBoamTcsi cpaBHeHHWe wu3MepeHHi Ha crnyTHHKax <«Honocdepa-M» u JEMETEP.
O6cyxnaercst BOSMOXKHBIN (pr3NUecKuii MEXaHN3M, NPUBOAALINHI K TpaHC(OpMALK CIIEKTPA CUTHAJIOB.

O6paboTka n uHTepnperanus 6oprosoil nHdopmanuu BemonHena K.B.M., M.M.M., EM.A., 4.]1.B., Y.A.A. npu
(unaHcoBo# mojmepxke Poccuiickoro Hayunoro ¢ouga (mpoekt Ne 25-12-00059). Hazemubie uzmepeHusi ObLTH
nposeaensl Y.H.B. u M.E.. npu ¢unancoBoii momuepxke Poccuiickoro nayunoro ¢onmga (mpoekt Ne 25-12-
00059) u yacTu4HO B pamkax rocyaapcrseHHoro 3ananus UKUP IBO PAH (per. Ne 124012300245-2).
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XapaRTepncTnKn NATEH B Irpynmne nyjJbCUPYIOIINX MOJAPHBIX CUSTHHI

Bb.B. Kosenos (Iorspnutii 2eogpusuveckuii uncmumym, 184209 Axademeopoook 26a, 2. Anamumut, Mypmanckas
061., Poccus)

ITo oOHOBpPEMEHHBIM HaHHBIM HaOIIOJCHHH Kamepod Bcero Heba Ha BepxnerynomckoM mnomurone (VTL) u
Kamepoii ¢ MaJbIM HoJieM 3peHus B obcepBaropuu JIoBoozepo (LOZ) TpuaHrymsiuei onpeaensiack BEICOTA MATCH
B Tpymnax mnynecupyromux nosspHeix cusaui (IIIIC). Tlo BhIcOTe ompenensiach 3aBUCUMOCTb JHEPTUH
Be3BaBmMX IITIC snekrpoHoB oT L-00onouku. B mpoaHanm3upoBaHHBIX CIydasx IIOJy4eHO, YTO MEHbIIMM L
COOTBETCTBYIOT OOJIBIIME DHEPTUH 3JICKTPOHOB B KAXKJIOM COOBITHH, YTO COBIAJAET C OXKHAAEMON 3aBUCHUMOCTBHIO
JUIl  B3aMMOJICUCTBHS BOJIH C uyactuuamu B MarHutocdepe. Merogom SVD  BBISBISIMCH OCHOBHBIE
MPOCTPaHCTBeHHbIE KOMIOHEHTH (coOctBeHHble ¢yHKuuu) B IIIIC, ompeneneHsl XapaKTEPUCTUKH BPEMEHHOI
JTUHAMUKHA OCHOBHBIX IIPOCTPAHCTBEHHBIX KOMIIOHEHT.

1 o
MogaenupoBanue cBeueHusi ATMOCEPHBIX 0J10¢ cHHIVIETHOro Kuciopoaa Ox(b'S;") B mosnsipuoii
uoHocepe

10.H. Kynukos, A.C. Kupwiios (l{onapruiii ceogpusuueckuti uncmumym, 2. Anamumot, Poccus)

KoadduineHTs! ramennus CHHIVIETHOTO KHCIOPOAa Oz(bng+) IIPU HEYNPYTUX CTOJIKHOBEHHAX ¢ Mosiekynamu O; u
N, paccuuTaHpl COIJITaCHO KBaHTOBO-XMMHUYECKMM TPHOMIDKCHHSM U HCIONB3YIOTCS JUIA  ONpE/eNICHHs
KoJIeOATeNbHBIX ~ HACENICHHOCTEH  3JIEKTPOHHO-BO30Y)KAECHHOTO  MOJIEKYJSIPHOIO — KHCJIOpOJa Ha  BBICOTAax
BBICOKOIIUPOTHON HOHOC(EpHl 3eMJIM TPH BBICHIIAHUHM aBPOPAJbHBIX AJIEKTPOHOB. IIpeacTaBieHbl pe3yiabTaThl
pacyéToB OTHOCHTEIBHBIX HACEJICHHOCTEH CHHIJIETHOTO KHCIIOPOAA Oz(bng+,v), 00pa3oBaHHOTO B Ciy4ac
BBICBINIAHUSI B aTMocdepy 3eMiin BBICOKOIHEPIMYHBIX 4acTHIl. MccleayroTcss BKJIaJbl Pa3IMYHBIX MPOLIECCOB B
00pa3oBaHUE CHHITICTHOTO KHCIOPOJa Oz(bng+,V=O-2) u B cBeueHne AtmochepHbIXx momoc 762, 771, 780 Hm
MOJIEKYJIIPHOTO KHCIIOPO/ia, CBSI3aHHBIX C M3JIy4aTeNIbHBIMU NIEPEX0AaMH Ha OCHOBHOE COCTOSIHHE XSSg_. [NokazaHo,
9TO JOMHUHHPYIOMIWA BKJIaJ B 00pa30BaHHE CHHTIICTHOTO KHUCIIOpOJA Oz(blsg+,v=0-2) U cBeYeHHE ATMOCQEpPHBIX
nojoc 762, 771, 780 HM BHOCST HEyNpYyrue CTOJKHOBEHUS Mojekynl O, ¢ aBpOpajbHBIMH AJIEKTPOHAMH H C
MeTacTabHIbHBIM aToMapHBIM KiciopogoM O('D).

HN3MeHYHBOCTb COCTOSTHUS BBICOKOHIHpOTHOﬁ I/IOHOC(l)epI)I B CMIOKOMHBIX Yci10BUSAX

Mumnranes U.B., T'omonoB A.Jl., UepuskoB C.M., Pomanosa H.1O., TlpuBanos A.B. (ITonspuwiti 2eogusuueckuil
uncmumym, 2. Anamumet, Poccusi, mingalev_i@pgia.ru)

IIpencraBneHsl pe3ynabTaThl aHaIM3a JaHHBIX MOHO30HAA HAKJIOHHOIO 30HAMPOBaHUS HAa KOPOTKOW panuoTpacce
Mypmanck-Tymanublid ayuHo# okono 100 kM Aisl OLIGHKM pa3sHOOOpasusi THIIOB COCTOSHHS HOHOC(EpHl B
CHOKOWHBIX YCIIOBHSAX U JAHHBIX O HIMPOTHBIX Mpoduisix noHochepuoro BIIDC, B aBpopaibHOl 1 Cy0aBpopaibHON
30HE, MOJTYYEHHBIX C UCIIOJIb30BaHHEM (Da30pa3HOCTHOrO MeTojAa. AHANIN3 JaHHBIX MOKa3al, YTO 4acTO CIIy4aroTCs
CUTYallUH, KOTJIa B CIOKOMHBIX YCJIOBHSIX LISl IBYX MOMEHTOB BPEMEHH, OTIINYAIOIINXCs Ha 24 ninu 48 yacoB umeer
MECTO Ka4eCTBEHHO Pa3HOE COCTOsIHHE HOHOChepHl. [Ipyroii BaXHOH 0COOCHHOCTHIO TIOBEICHNS BBICOKOIIMPOTHYIO
nOoHOC(EPHI, ITOATBEP)KACHHOH B X0JIe aHAIM3a JaHHBIX, SBJIAETCS BO3MOXKHOCTH OBICTPOTrO M3MEHEHHS IapaMeTpoB
noHoc(epsl ake B CIIOKOWHBIX YCIOBUSX. M3510)KeHHBIC pe3ysbTaThl aHAJIM3a JTaHHBIX HAOJIOACHHUH IMO3BOJISIOT
cAenaTh BBIBOJA O TOM, YTO B PAMKAX MPUHATOIO B CYHMIECTBYIOIIUX dMIUPUYECKHX MOJEIAX MOAX0Ja K ONUCAHHIO
pacrpezeneHuii mapamMeTpoB HOHOC(EPHO! IIa3Mbl HEBO3MOXKHO ONHMCATh PEalbHOE MOBEACHHE BHICOKOMINPOTHON
HOHOC(EPHI ke B CHOKOWHBIX yCIOBHAX. JIs perienus 3Toii 3a1aun TpedyeTcst pa3padbaThiBaTh HOBBIH MTOIXO/.
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Mocaennsisi Bepcus aMnupuyeckoii Moxean Boicbinanuii APM_GEO

O.B. Munranes, M.H. Mensuuk, B.I'. Bopooses, O.U. Sroaxuna ([lonspuviii 2eopusuueckuii uncmumym, 2.
Anamumwt, Mypmanckast 061.)

B III'M paspaboTaHa W B TEUYCHWE MHOTHX JIET COBEPIICHCTBYETCS SMIMPUYECKash MOJEIb aBpOpalbHBIX
BBICHIIIAaHUN 3JICKTPOHOB M TPOTOHOB Juisi ceBepHoro nonymapus APM_GEO, kortopas MHOTO JIeT IIHPOKO
HCIIONIB3yeTCsS B POCCUICKOM HaydHOM cooOmiecTBe. BXoaHBIMU mapameTpaMy MOJENH SBISIFOTCS J1aTa, BpeMs IO
UT u 3HaueHUs TeOMarHuTHBIX nHIekcoB Dst u AL. B Mozenu B uchpaBieHHBIX TEOMarHUTHBIX KOOPJMHATAX U B
reorpauueckux KOOpAMHATAaX pAcCUUTHIBAIOTCS TPAHUNBl 30H BBICBIIAHMM, a TaKkKe PaCCUUTHIBAIOTCS
pacmpeneneHus CpefHeil SHepruu U IUIOTHOCTU IIOTOKAa SHEPIMU BBICHIIAIOIIMXCS 3JIEKTPOHOB M IIPOTOHOB Ha
CETKe, PETyJIAPHOH 110 JOJIT0Te U ¢ (PUKCHPOBAHHBIM YHCIIOM TOUYEK IO IIUPOTE B KaXKIOH U3 NPHCYTCTBYIOIIHNX 30H
BBICHIMTAHUH. ['paHUIlAMU CTATHCTUYCCKOW O0OOCHOBAHHOCTH MOCTH sABJAOTCs ycmoust Dst>-200 uTa u AL > -
1500 uT.

IIpoBeaeHa nopaboTKa U MPOBEPKa HA JaHHBIX U3MepeHuid HOBo Bepcuu Moaean APM_GEO ¢ nenbto obecneunTsh
¢usHyecKky TpaBWIbHYIO ()OPMY 30H BBICHIIAHMHA NPH JIOOBIX 3HAUCHHMAX HHJEKCOB M WX COOTBETCTBHE C
W3BECTHBIMH JTaHHBIMH JUIS SKCTPEMAIBHO CHJIBHBIX MAarHUTHBIX Oypb. JlopaboTaHHAs BEepCHs MOJEIH COXpaHsET
(u3MYECKH MTPAaBWIBHYIO BRITYKIYIO (hopMy IpaHuI] AT JIIOOBIX OONBIINX 3HaYEHUH Moxynel nHuekcoB Dst u AL
BHE YKa3aHHBIX AMAIa30HOB CTATHCTHYECKOM OOOCHOBAHHOCTH, a TAK)KE€ COOTBETCTBYET M3BECTHBIM JIaHHBIM IS
OYCHb CHIBHBIX MarHUTHBIX Oypb 1 cyOOyps.

Cosaan komiuieke nporpamMm moaenu APM_GEO na si3sike FORTRAN, K0TOpBIi MakCHMaIbHO ONTUMHU3UPOBAH U
UCIIOJIB3yeT NapalyenbHble BHIYUCICHH Ha Apax HEeHTPAJIbHOTo Ipolieccopa ¢ MoMolbio cuctemsl Open MP.

Dst=-59), AL=-500, Kp=9
Hara 1989.03.14, UT=01:15 Dst=-590, AL=-S500, Kp=9Y
Jonwa OIC v prcwnanwii. Ceorpaduaeckne xoopannarst Jous OIIC v suesianmil. CGM-koopamnars

\SE

Puc. 1. TlosoxeHre 30H BBICHIIAHHA BO BpeMs CuibHeimedl marHutHoi Oypu 12-14.03.1989r1. B MOMEHT
muanMyma Dst = =590 uTn npu ymepenno Bo3myieaHoM AL = —500 aTa u Kp = 9.
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3Ml’ll/lpl/l‘leCKaﬂ MOAECJIb MOJOKCHUSA aBPOPAJTBHOI0O 0BAJIa U I TaBHOI'O nonocc])epﬂoro nmposBaJia

O.B. MI/IHI‘aJIeBl, M.H. MeJII)HI/IKl, B.I. BopoGLeBl, O.1. HFOI[KI/IHal, C.M. qepHﬂKOBl, AL FOMOHOBl,
H.IO. POMaHOBal, A.C. KaJ‘II/IH.II/IHZ, W.B. Munranes®

1 . .
Tlonspuwiil 2eopusuveckuii uncmumym, 2. Anamumot (Mypmanckas 061.)

2 - . N

Apxmuyeckuti u anmapkmuieckull HayuHo-uccieoosamenvckutl uncmumym, Cankm-Ilemepoype

Owmmmupudeckas mogens APM_GEO ¢ reomarautHbIME mWHAekcamu DSt m AL B xadecTBe BXOTHBIX MapaMETPOB
nokasana ce0si 3HaUUTENbHO 0oJiee aJaliTUBHOM K OTOOPaKEHHIO TOJIOKESHHUSI KPYITHOMACIITAOHBIX HEOAHOPOHBIX
CTPYKTYP BBICOKOIIMPOTHONH HOHOC(EPHI CPAaBHEHHIO C SMIMPUYECKUMH MEIHMAaHHBIMH MOJEISIMH HOHOC(EDHI,
HMEIOLIMMH B Ka4e€CTBE F€OMAarHUTHBIX BXOJIHBIX ITaPaMETPOB TOJBKO WIIM 3-X YacOBOI T€OMarHUTHBINA UHIEKC AP
ui ueaeke Kp.

OTcroia BBITEKAET CIIEAYIOLIHIA 3aMbICeN co3Aanus Oonee anantuBHoi Momudukanuu moaenu I'JIMU, B koTopoit k
€/IMHCTBEHHOMY T'€OMarHUTHOMY BXOJHOMY MapaMeTpy — B3BELICHHOMY HHICKCY AP H00aBISIOTCS TEKYIINE
3HaueHus1 nHaekcoB Dst, AL u Kp. Pacnpenenenue nmapaMeTpoB HOHOC(hEpHI CIEAyeT HATATUBATH 110 METOIMKE,
ucnone3yemMoir B monenu ['JIMU, Ha MoamuIpoBaHHBIC TNIABHBIC JIMHUH, Korma monoxkeHue AQO Oepercs mo
monenmu APM_GEOQO, a TUII «npukienBaeTcs» K 9KBaTOPHAIBHOMN IPaHUIIC 30HBI KECTKUX TUPPY3HBIX BHICHITAHUI
anektpoHoB (DAZ) co CTOpOHBI 3KBaTOpa C IMOMOIIBI KAaKOW-THOO ero 3MIHMPHYECKOH MOIenu, KoTopas
ompeersieT 3aBUCHMOCTh OT HHAeKkca Kp caBMra 1o HCTIpaBICHHOW TE€OMarHUTHOH IIHMPOTE MEXKAY
9KBaTOpHaIbHON rpanunei 30861 DAZ u muanmymom I'UII, a Takxke 3aBUCHMOCTB OT HHAEKca Kp aHaIOru4HOrO
casura Mexay muaumyMoM I'UII u sxBaTtopuansHoii rpanuneit I'UIL.

Hawnbosee moaxomsieii A1t TaKO# MpoLieyphl BISIETCS aMImpuyeckas mosens [ UIT, npemtoxennas B pabote [Na
Yang, Huijun Le, Libo Liu, Stetistical analysis of ionospheric mid-latitude trough over the Northern Hemisphere
derived from GPS tota electron content data. // Planets and Space. 2015. 67:196. DOI 10.1186/s40623-015-0365-
1]. B aroii paboTe MpemToKEHBI CIACAYIONINE SMITUPHUUCCKUAEC 3aBUCUMOCTH CJBUTA B TPajycax IO HCIPABICHHON
FEOMarHUTHOM IIKpPOTE dQ 1;I/H_I(Kp) Mexay mnossipHodl rpanuued T'MII m ero MuHUMyMOM, a TaKxke

ananormunsii caeur dQ EHH( Kp) Mexay MuauMmymoM I'UIT u sxBaTopuansHoil rpanunei I'UIT

dQ1"(Kp) =5.01- 0.13Kp, dQ3"(Kp)=8.08- 0.57Kp.

Dst=-8. AL=-2, kp=1
Jara 2008.11.02 ., UT = 20:50 Dist=-%, aL=-2, Kp=1
Fone OTIC v presinaanii. Fenrpafuyaeckne BOGpIHHETHE Fonp OIIC » pewesinaunii, COM-goopanya s
| 5
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YacTuyHOE OTPa’KeHHE PAJMOBOJIH JeKAMEeTPOBOI0 H METPOBOIro JUANIA30HOB OT HEOJHOPOJHOCTEH
B HOHOChepHOH IIa3me

Munranes I/I.B.l, CyBopoBa 3.B.1, Mep3nbiit A.M.z, Suakos A.T.2

1H0ﬂﬂpﬂbn? 2eogpusuyeckuil uncmumym, 2. Anamumet, Poccus, mingalev_i@pgia.ru
2UKH PAH , 2. Mockesa, Poccus

B noxmame W3MOXKEHBI pE3yNbTaThl YHCICHHOTO MOJEIHMPOBAHUS OTPAKEHUS PaJMOBOIH IEKAMETPOBOTO U
METPOBOIO JMANa30HOB OT pa3IMYHBIX HEOJHOpOAHOCTeH mnasMbel B E-cmoe wuoHocdepsl. OOcyxnaercs
3aBHCHMOCTh AMIUIUTYIBl OTPAXKEHHOTO CHTHAJA OT KPUTHYECKOM YacTOTHI Mila3Mbl BHYTPH HEOJHOPOAHOCTH U
JIpyTHE acHeKTH.

HelTpoHHBII BAPHAHT 00bSCHEHHSI OTHOTO THIIA BO3MYIIeHHIT BepXHell aTMochepsbl

3.I. Mupmosuu (I'BI10Y MO «Koanedxc «Iloomockoswe», mirmovich1940@mail.ru)

O HeoOXOAUMOCTH KOPPEKTHPOBKH KPHTEPHEB MOTECHIMAIBHBIX MCTOYHHUKOB 4pe3Bbruaiinpix cutyaunuii (UC) B
oKono3eMHOM KocmuueckoM mpoctpanctBe (OKIT) Kak BaKHBIX COCTaBISIFONIAX «KOCMHYECKOW TIOTOJBI,
pa3paboTaHHBIX Yu€HbBIMH W crenmanucramu [uapomereociyx0bl Poccun u BBeneHHbix B 1993 rogy kak B
MOHOC(EPHO-MarHUTHOH, TaK M B PAIMALIOHHOW COCTaBIISIONICH, TOBOPHIIOCH aBTOPOM B HECKOJIBKHX PaboOTax
(mampumep, [1]). Tak, B 3TUX KPUTEPUSIX HET BIHMSIHHA [C€OMATHHTHBIX Oypb Ha OOBEKTHI JHEPIeTHUKH, PadoTy
YIOPABISIONIMX M W3MEPUTENBHBIX HAay4YHBIX NPUOOPOB JIIOOBIX OPOUTANBHEIX KocMuYeckux ammaparoB (KA),
orcyrcTByeT yuéT 3arpsisHeHuss OKII «cnyTHHUKOBBIMY» (B T.4. OMACHBIM) M APYTMM MYCOPOM, PUCK OT KOTOPOTO
CTal yrpo3od BOOOIIE KOCMHYECKHM MCCIIEAOBaHUAM TMocpencTBoM KA, deMy IOCBSIIEHO Y€ HECKOJBKO
JeTalbHBIX uccienoBanuii. Ho Takke HEOOXOJMM MEPECMOTP COCTaBa CONHEYHBIX KocMuueckux nydueir (CKJI),
0COOEHHO KOJIHMYeCTBa HEHTPOHOB B HHUX, YTO BaXXHO I OE30MACHOCTH IOJIETOB Ha JUIMHHBIX aBHaTpaccax U
KOCMOHABTOB Ha opOuTe, a TakKe A KOPPEKTUPOBKH B3TJISA0B HA HAJMUKE U PONU HEHTPOHOB B SHEPTETHUECKOM
nesrensHocTd ConHia (B cBeTe M3MepeHuii HeiTpoHoB ¢ E > 20 MsB wa UC3 "SMM", UC3 "KOPOHAC-®", Ha
a’spocrarax W B APYTHX IKCIEPUMEHTAX), XOTS MEXAHU3M HX BBIOPOCA B KOCMHYECKOE MPOCTPAHCTBO MO-TIPEKHEMY
HE sICEH.

Hetitponsr B cocraBe CKJI — 3T0, Kak IpaBMIIO, BEICOKOYHEPT€TUUHBIE YaCTHIBI, 00pa3yronuecs Ipu COTHEYHBIX
BCIIBIIIKAX, JBIDKYIINECS C PENSTUBUCTCKUMHE cKopocTsamu (¢ ~ 3108 km/c). Ux Bpemenn xuzuu (~ 11 — 14 muH.)
Kak pa3 XBaTaeT, 4ToObl mpeojoneTh paccrostHne oT CoyHIIa 10 BCTpeun C BepxHeld armocdepodt 3emin
NpaKTHYECKN BMecTe ¢ (hoTOHAMH, Oaroapsi cBOeH BHICOKOH KHHETHYECKOH SHEPTHH.

[NomymnsipHbIA CErofHs B OTEYECTBEHHOH M 3apyOesKHOH IeyaTd, HO HE MONYyYUBIIMH aJeKBaTHOTO OOBSICHEHWS,
OTKpbITHIA aBTOpoM emé B 1972 romy [2 — 5] addexr onepexeHuss OTACIBHBIM KIACCOM MOJOKUTEIBHBIX
TepMochepHO-noHochepHbIx Bo3myinenuii (TYB) Hauana MarHuTHON OypH B IOCJIENOIYAEHHBIE YaChl, C HAYAIOM
HHOT/A TIOYTH OJJHOBPEMEHHO C COJHEYHOM BCIBIIKOHN [2, 3], K 0OBSICHEHNUIO KOTOPOTO ABTOP XOTE OBl IPHUBIICYD
BO3JICHCTBHE PEHTTEHOBCKON M HEUTPOHHOM KOMITOHEHTAMH HA MOJIEKYJISPHBIN COCTaB BepXHeH Tepmochepsl (a He
TOJBKO Ha obmacth D), MOBBIIAas KOHIEHTPALMIO €€ aTOMHOW COCTaBjstonield. Takne HEHUTPOHBI HE HMEIOT
OTHOIICHHA K THEBHOMY KacIly, BO3/ICHCTBHEM KOTOPOTO aBTOP MOHAYalTy OOBACHSII 3TO ABJICHUE IO IPEATIOKCHHIO
0. lanbriepuna B cBOCH muccepTarmu [4].

Jlurepartypa

1. Mupmosuua, DO.I'. IloTeHumanpHble HCTOYHHWKH  UYPE3BBIYAWHBIX  CHTYallMd  TeJHMOreo(H3NIecKoro
npoucxoxaerus / 16-s Beepoce. oTkpbiTas HayuH. KOH(). «Du3uka mia3Mbl B CONHEYHO# cucteme», M., UKU
PAH. 2021. C. 279.

2. Mupmosny, O.I'. dyHaaMeHTaNbHOCTH SIBJICHUS OIEPEKEHHs Hadajla MarHWTHOM Oypum OJHMM M3 THIIOB
TOJIOXKUTETBHBIX BO3MYIICHH cpeaHenmpoTHOit noHocheps: / Tam xe. C. 192,

3. Mirmovich, E.G. lonospheric Behavior during August 2-11, 1972... over Khabarovsk. Report UAG, Ne.28,
WDCenter A, Boulder, Colorado, USA, 1973, part |1. PP. 557-561.

4. Mupmorny, D.I'. HccremoBanne U TporHo3 tepmochepHo-noHOChHEepHbIX Bo3MyIneHuit / ABroped. aumce...
kaHz. ¢us.-mar. Hayk. Upkyrck. 1981. 23 c.

5. Janunos, A.Jl., Mupmosuu 3.I"., Mopo3osa JI.JI. O Bo3MOXKHOI IpHpoAe MOTOKUTETHHOHN (a3sl HOHOCHEPHBIX
Oypb // TeomarH. u asponom. T. 25, Ne5. 1985. C. 768—772.
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BoccraHnoBJienue mapaMeTpoB JOKAJbHbIX odsacreit nonoubepﬂoro norJjiounieHusa MmerogomMm MoHTe-
Kap.no MO0 JAHHBIM IBYXTOYCYHBIX PUOMETPUYECCKHUX H3MepeHI/Iﬁ

Hukwurenko A.C., Jlebenp O.M., @enopenko F0.B., Jlapuenko A.B. (Ilonspuwiii I'eoppusuueckuti Uncmumym, 2.
Anamumuwi, Poccus, alex.nikitenko91@gmail.com)

Pabora HampaBieHa Ha KOJMYECTBEHHYIO IPOBEPKY MPEAIIONOKEHHS, OOBACHSIOMIEIO OJHOBPEMEHHYIO HA3EMHYHO
peructparmio BermieckoB OHU-Xucca W 3HAYUTENHHOTO PHOMETPUYCCKOTO TIOTJIONICHHS MX MPOCTPAHCTBEHHBIM
pasuecenneM. Jliist aToro paspaboTaHa unciIeHHas Mozeib (Meto MonTe-Kapiio), BOCCTaHABIMBAOMIAS TTAPaMETPhI
raycCoBOil JOyrH TMOTJIOIICHHS TI0 MJaHHBIM JABYX puoMmerpuueckux cranmmii  (JloBosepo, TymaHHBI#).
IMpumenenne K coObiThsiM 2023 T. TTO3BOITIIIO BOCCTAHOBUTS Jiokanu3oBaHHble (~90-100 kM) 0671aCTH MOTIIONICHHMS,
CMEIIEHHbIE K CTAHIMHM ¢ MaKCUMyMoM curHajia. CoBIajeHHe MX MOJIOKEHUs ¢ aBpopanbHbiMu gyramu (all-sky
Kamepa) W OLeHKH dHepruil amekTpoHoB (40-50 k3B) yka3blBalOT Ha CBA3b C BBICHIMAIOIIMMUCS YacTHLAMH.
PaspaboranHas Mojenp JoKazaia CBOK 3(G(EKTHBHOCTh Ui IUArHOCTUKH. [loJydeHHBIC pe3ynbTaThl AAIOT
KOJIMYCCTBCHHOE  MOATBEPXKACHHE, YTO  COBMECTHAas  pPErucTpauus  sBICHUHI  BO3MOXHAa  Orjaronaps
NPOCTPAHCTBEHHOMY Pa3JeiCHHIO 00JaCTH FeHepaliy XUcca W 30HbI MOTJIOMICHHS B paMKaxX OJHOH aBpOpaibHOI
CTPYKTYpbl. OrpaHHYeHHEM METO/A SBISIETCS HEOJHO3HAYHOCTh PEIICHHI NPH OJIM3KUX YPOBHAX HOTJIOLICHHS, YTO
TpeOyeT paclIMpeHH s CeTH HAOMIOACHHUI.

O npoBegeHUM 3KCIEPUMEHTOB IO PAAUONPOCBEYMBAHHI0O HMOHOC(eEpHl cUTHATIaAMH Npudopa
MASK

Mamoxun A.M., Kypbatos I'.A., Kpeueros H./., Tymanosa 10.C., UepusimoB A.A., Auapeesckuii C.E., Caaksan
O.T., Kuwxun C.U., [Iponan IL.E.

HU3MHUPAH, 2. Mocksa, . Tpouyx, Poccus

MI'Y um. M.B. Jlomonocosa, 2. Mockea, Poccus

Huemumym xocmuyeckux uccnedoganuti PAH, 2. Mockea, Poccus
THonspnwuii eeopuzunecxuti uncmumym PAH, e. Mypmanck, Poccus
ury, e. Upxymcexk, Poccus

B 2024 u 2025 rr. Ha opOuTY OBLTH BBHIBEACHHI JBE Mapbl CyTHUKOB «loHOC(epa-M» poccHiiCKOro mpoeKkTa
«Monozoun». Cpean HaydyHOro o0OOpYHOBaHMS CIyTHHKOB HaxoxuTcs npubop MASIK — korepeHTHbII
nByxuyactotHeiit mepepatuuk VHF/UHF nuanasona. Takum 00pa3oM BrepBbie 3a MHOTHE TOIbI TMOSIBHIACH
BO3MOXKHOCTbH ITPOBONTH PETYJISIPHBIE SKCIEPUMEHTHI 110 PaJHONPOCBEYNBAHUIO HOHOChEpHI Hax Tepputopueii PO
C HHU3KUX TOJSPHBIX oOpOuT. JloKimanm mOCBAIIEH OCOOCHHOCTSAM MPOBEACHUS TaKHMX OKCIHEPHUMEHTOB C
UCIIONIb30BAaHMEM HMMEIOIIETOCs B  HAay4HbIX oOpraHusanusx P® npuemMHOro o00OpynOBaHMs, BKIIIOYAs
criermanmupoannsie mpueMHUKE AJIK-AM u 1TS30(3)S, a Takke pa3paboTKe MPOTOTHIIA HOBOTO MH(PPOBOTO
NPUEMHHKA, HA OCHOBE TEXHOJIOTHW TMporpaMMHO ompeneisemoro paano (SDR) u momymsipaeix mrat BY
nporotunupoBanuss HackRF n USRP, Brimouast anroputMbl o6pabOTKM M aHANH3a JAaHHBIX, TPUMEHSIEMBIC IS
OLIEHKH  TMOJHOTO  JJEeKTpoHHOro  cojepkanusi TEC.  OOcyxnmatroTcsi — pe3ysbTaTbl  CONOCTABICHUS
9KCTIEPUMEHTAIBHBIX TaHHBIX, OJTYYCHHBIX Ha CIICIMAIM3UPOBAHHBIX IPHEMHHKAX U pa3pab0TaHHOM IIPOTOTHUIIE, B
TOM YHCJIE B YCJIOBHAX MHTCHCHUBHBIX PaJMOYacCTOTHBIX ITOMEX. B moxiaze aHaIM3WpYIOTCS pe3yibTaThl IEPBBIX
9KCIIEPUMEHTOB C MCHOIb30BaHueM npubopa MASIK, mpenyoxeH OpUrHHANBHBIA METOJl JIOKAJILHOM KOPPEKINU
nonoceproit momenu NeQuick2 1o gaHHBIM OJHOTOYEYHBIX HAONIOJCHUHN, OOCYKIAIOTCS MEPCIEKTUBBI
BOCCTAHOBJICHUSI PaOOTHI POCCHHCKONW TPaHCKOHTHHEHTaNbHOW PT cucTteMbl M pa3BepTHIBAHMS HOBBIX NMPUEMHBIX
ITyHKTOB.

PaboTa BhITIONIHEHA ¢ UCTIOIB30BAaHUEM, 000PYAOBaHMS, OTy4eHHOrO B pamkax [Iporpammsl pazsutus MI'Y.
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KOPPEKIIUSI IAPAMETPOB MOJIEJIM NEQUICK2 B EBPOIIEMCKOM PETMOHE HA
OCHOBE 23KCIHEPUMEHTAJUIBHBIX JTAHHBIX BEPTUKAJIBHOT'O 30HAUPOBAHUSA U
I'HCC NTPOCBEYUBAHUA

I1aBnoB I/I.A.l’z, Ilagoxun AM.?

1H3MHPAH, 2. Mocksa, 2. Tpouyk, Poccus
2MIY um. M.B. Jlomonocosa, e. Mockea, Poccus

Pabora moCBsIIeHa HMCCICIOBAHUIO ABYX IMOAXOM0B K perrHoHanbHON Koppekimu monenn NeQuick2. Ilepssiit
ocHoBaH Ha ucnoip3oBanny faHHEIX [HCC TEC u moabope coOTBETCTBYIONIETO PETrHOHAIBHOTO pacIipeaeIeHus
a¢dextuBHOoro mHmekca F10.7, sBrsiomerocs apaiiBepoM Mojend. MHTepmonsamms 3HaYCHHH 3PPEKTHBHOTO
napaMeTpa MOJEIH TIPH 3TOM IIPOMCXOIUT METOJOM YHHBEPCAJIBHOTO KpUTMHTra. BTopoil momxon ocHoBaH Ha
OJTHOTOUEYHON KOoppeKiun onxHoBpeMeHHO Mo naHHeM [HCC ¥ BepTHKANbHOTO 30HIAMPOBAHUS, NPH 3TOM
OTIPEETIAIOTCS. ONTHUMAIbHBIE TApaMeTPbl BBICOTHOTO MPOQUIS BJICKTPOHHON KOHLEHTpAauu ¢ W [ BbIIIE
MakcumyMa cios F2, obecreunBaromiue coriacue MOJCITBHBIX OIICHOK Kak mapamerpoB cios F2 tak m TEC c
AKCIEPUMEHTAIBHBIMU JNaHHBIMHU. B mccnenoBanun ucnois3ytores naHaele [HCC cetm EUREF u eBpomeiickux
MOHO30HJ0B, Bxomsamux B cetb GIRO 3a Becs 2018 roa, xapakTepHbI HU3KOW COJIHEYHON aKTUBHOCTBIO U
c1a00BO3MYIIIEHHBIMU T€OMarHUTHBIMH YCJIOBUSIMH. [l0oKka3aHo, YTO MEPBbIH MOAXOJ MPUBOJIUT K CUCTEMAaTHYECKOM
MePEOIeHKe KPUTHIECKOH dacToThl foF2 B CKOpPpEKTHPOBAHHOW MOICTH, XOTS W C YMEHBIICHHEM HCIEPCHH
OTHOCHTEJIbHO HECKOPPEKTHUPOBAHHOW MOJETH. DTO MPOUCXOJMT M3-32 HEJIOCTATKOB MapaMeTpHU3aliy BBICOTHOTO
npoduis 3IEKTPOHHON KOHIEHTpalWHU BbIIE MakcumyMma F2-cios, KOTOpBIH BHOCHT OCHOBHOM BKJIaa B
HaOmonaemble 3HadeHus: 1EC. C uncnonb3oBanneM coBMecTHBIX HaHHBIX ['HCC M MOHO30HAOB NOKa3aHO, YTO
ONTUMAJBHBIC MapaMeTpsl g U I, ONMHCHIBAaKOIIKE 3Ty obnacth B Monxenn NeQuick2, UMET sSpKo BBIpaKCHHBIH
CYTOYHBIH M CE30HHBIH XOJI, B OTJINYNE OT CBOMX ITOCTOSIHHBIX 3HAYCHUH, UCIIOIb3YEMbIX B MOJIEIIH IO YMOTYaHHUIO.

BoccTranoBiieHue napamMeTpoB HOHOC(EPHI 10 CUTHAJIAM NepeIaTYNKOB TOYHOro Bpemenn BETA.

10.B. Tlokmax, B.I. Taspumos, B.M. Epmak, B.C. Jlo6anoBa, U.A.Psxosckuii, A.W.Canyunosa. (®IHYVH
Hnemumym ounamuxu 2eocpep umenu axademuxa M.A. Cadosckoeo PAH, 2. Mocksa, Poccus, poklad@mail.ru,
boris.gavrilov34@gmail.com, ryakhovskiy88@yandex.ru)

B eBporeiickoit wactu Poccun m bemapycu paboTaror 4 mepemaTyMKa CHCTEMBI MEpeNadyd CHUTHAJIOB TOYHOTO
Bpemernn BETA. Onm pacnosoxkensl okono Hwkaero Horopoma, Mononeuno, Apxanrenscka u KpacHopmapa.
Kaxnprit nepenatank padotaet 1 yac B CyTKH U IMOCIICIOBATEIBHO U3IyYaeT CUTHAN Ha yactorax 25, 25.1, 25.5, 23
u 20.5 k['11. B mepenaBaeMbIx CUTHANAX €CTh CHTHAIBI 0€3 MOIYJISIMHU, T.€. YHCThIA cuHyc. [Ipu 3toM ero dasa
nepeaBacMbIX CUTHAJIOB NIPUBs3aHa K HYJICBOH CEKyH/IE.

B manHO# paboTe MpeacTaBsieTCs METOAMKA BOCCTAHOBJICHHUS BHICOTHOTO TMPOMHIIS 3JICKTPOHHON KOHIIEHTPAIMH B
D-ciioe nonochepsl B paMKax JByXIapaMeTpHUIecKoil Moaenn Yaiira (mapamerpst W' u ) mo ¢a3oBsiM u3MepeHHIM
NPUHATBHIX CHUTHAIOB OT 3TUX MEPEIATYHKOB, MPU YCJIOBUU OTCYTCTBHS PCHTICHOBCKHX BCIBIIICK. [lomydeHHBIC
pe3yabTaThl CPABHUBAIOTCS C PE3yJbTaTaMH BOCCTAHOBJICHHS IapaMeTPOB HOHOC(HEPHI MO paHee OmyOIMKOBaHHON
METOAMKE Ha JIByXYAaCTOTHOW Tpacce pacmpocTpaHeHus curHaioB ot mepenatyukoB GQD um GBZ u mpunsTHIX B
I'dO «Muxueso».

KoMmOuHams 3THX ABYX METOIUK MO3BOJHT BOCCTAHABIMBATH MapaMETPhl HIKHEH HOHOC(HEPHl BHE 3aBHCHMOCTH
OT HATMYUS PEHTTCHOBCKHUX BCIIBIIICK.

Pabora BemonmHeHa B pamkax [ocymapctBenHoro 3amanus Ne 122032900175-6 ¢ wucmonb3oBaHHEM TaHHBIX
MOJYYCHHBIX Ha CPEAHCIIMPOTHOM KOMITICKCE Te0(U3NICCKAX HAOMIOACHUH «MIXHEBOY.

Te3ucel Anarurel 2026
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Jonronepuoannie Bapuanuu F-paccesiHusi M KPUTHYECKOI 4acTOTHI ¢jioss F2 B 3aBHCMMOCTH OT
COJIHEYHOV aAaKTUBHOCTH.

PoxxnectBenckuii .., PoxxnectBenckas B.M., Tenerun B.A. (Mucmumym semnozo macnemusma, uonocghepor u
pacnpocmpanenust paouogonn um. H.B. Iywxoea PAH, Mocksa, 2.Tpouyx)

[MpuunHo#t F-paccestans sBIsiCTCS HEOJHOPOJHOCTH IIIEKTPOHHON KOHIEHTpauuKu HoHocepHoro cios F2. 3amaua
OTIpEJIeTICHUs] AJIEKTPOHHON KOHIGHTpAIMU M €€ BapuallMd OTHOCUTCS K KJaccy OOpaTHBIX 3ajad, SBIISIOMINXCS
Hambosiee CIOXKHBIMM B 4YacTH pa3pabOTKHM aJeKBaTHBIX METOAOB H aJIrOPUTMOB 00paboTKH. [y ycremHoro
peleHust 00paTHBIX 3ama4y Tpedyercs 3(h(HEeKTUBHBIC METOABI aHANM3a U 00pabOTKK pe3yapTaToB HabmoaeHu. K
OJTHOMY M3 M3BECTHBIX CLIOCOOOB HAOJIONEHHSI OTHOCHUTCS METO]] M3MEPEHHS IMPUHBI CJieJja OTPAKEHHOT'0 CUTHAJIA
B pe3yJbTaTe BEPTUKAIBLHOTO 30HIUPOBaHHs HOHOC(EpHO! Ma3Mbl. [IpHHATO cuMTaTh, YTO (UIYKTyalus MIMPUHBI
cllesia CBs3aHA C M3MEHEHHEM JJIEKTPOHHOHM KOHIEeHTpauuu F cros. [[ns ompeneneHust mapameTrpa W3MEHYHBOCTH
LenecooOpa3sHo  M3MEpEeHHe LIMPHHBI CJIE/d, NPEICTABICHHOTO B BHIE IUCKPETHOTO psAAa PaBHOYIAJICHHBIX
OTCYETOB C HHTEPBAIOM IHCKpPETH3alWH, paBHBIM 15 muHyTam. Psn ¢ Takod BpeMEHHOH IMCKpeTH3alueit
MIO3BOJISIET IIPEAaBaTh WH(POPMAIMIO B BUJE CYMMBI 'apPMOHHYECKHX COCTABIIIONIMX ¢ NepuopoM He meHee 30
MUHYT.

Awnanu3 naHHbeix F-paccesnus (dfS) mpoBomuics MeETOOOM CIEKTPaIbHOTO aHAIW3a, MO3BOJLSIIOIIAM C IMOMOIIBIO
uudpoBoil (GUIBTpaIMK MPOBOIUTH Pa3oKEHHE CUTHaja Ha OT/ACNbHbIE CIIEKTPAJIbHBIE MOJIOCHI U BBIACIATH
rapMOHUYECKHE COCTABJIAIOIIME Ul OLCHKH SHEPreTHMYeCKUX M WHTErpajbHBIX CHEKTPOB HCCIEIyeMOro Hadopa
nmanbeix foF2 w dfs. C sroii  membro ObL1 paspaboTaH Meron cuHTe3a YeObIIEBCKOro HU(POBOro (GHIBTpa C
KO3 PHUIUEHTOM MOAaBICHUS B mojioce cpe3a He MeHee 400 J10. B 1iensix moaydeHust AeTalbHOTO aHaaH3a sIBICHHS
F — paccesiHus, 10 JAaHHBIM BEPTHKAIBHOTO 30HIAMpOBaHus fOF2, MPOBOIMIOCH HCCIEAOBAHHME IMHAMHUUYCCKUX
XapaKTEPUCTHK B Pa3JIMYHbIX JUala30HaX, HAUMHAs C IIOCTOSIHHOM COCTaBIAIoNIel 10 yacToThl HalikBucTa.
Pa30OueHne Ha CreKTpaibHBIC AUANA30Hbl OCYILECTBISIIOCh Ha OCHOBE TapMOHHYECKOro (CIEKTPaJbHOTO) aHaJH3a,
¢ momoinsio Oyoka MUQPoBEIX (GuiIbTpoB. CHEKTPHI HCCIEIyEeMBIX HPOLECCOB PACCUUTHIBAINCH JUII BBIOOPOK
JUINHOHM B 288 0TCYETOB, YTO COCTABISLIO NPH WHTEPBaJe 30HIMPOBAHMS MOHOCQEPH!, paBHOM 15 MHuHYyTaM, Tpoe
CYTOK.

st Ka)XIoro M3 JMana3oHOB IONYYCHBI CHIEKTpasibHbIe XapakTepuctuku fOF2 u dfS, u mpoBeneHo cpaBHEHHE C
xapakTepuctukamu conaeuHoit aktuBHOoCTH (CA) (umcna Bosbda) B mepromsr MakcumymoB (2915, 2024 rr.) u
muauMyma (2021 r.) CA.

Jlist monyueHHs: JUHAMHYECKOTO MOBeIeHUs F-paccesHust BO BpeMEHH, HCIOJB30BAJCS CIOCOO OIpeleseHus
M3MEHEHHs] DHEPIHU JUCKPETHOTO Mpoliecca. DHEPrHi0 Npolecca Ha UHTEpBalie 3 CYTOK MOXKHO IOJYYHTh IyTeM
OIIpeJieTICHUs] MHTErpajia Mo 4acToTe OT YHEPreTHUECKOro CIEeKTpa Mpolecca, PaCCUUTaHHOTO Ha 9TOM HHTEpBaJe.
Jlnst monmydeHWsT M3MEHEHHWsI SHEpPTMHM Ipollecca Ha BCEM HMHTEpBAJe H3MEpEeHHUs, JIOCTATOYHO PpacCUUTATh
SHEPreTUYECKHE CIIEKTPHI ISl BBHIOOPOK, CABMHYTBHIX OTHOCHTENILHO HCXOJHOW BBHIOODKM Ha OJAWH, WM Ooiee
orcueToB. HazoBeM pe3ynbTaT onucaHHON MPOLEeypbl HHTETPAILHBIM 3HEPIeTHYECKUM CIIEKTPOM.

Jliist pacdeTa crieKTpa aHaJIM3UPyEeMOTO MpoIlecca MPOBOAMIIACE OIEHKA BKJAJa OTASIBHOTO JUCKPETHOTO OTCUETa
B CHeKTp mporecca. [l OLEHKH 5Heprud (QIyKTYHpYIOIIEro mpolecca HCIOIb30BAINCH TapMOHHYECKHE
COCTAaBJIAIONINE ¥ UX HHTETPAII TI0 YacTOTe.

C moMomnIpi0 TaKOro JITOPUTMA MOSBHIACH BO3MOXKHOCTH IOJYYHTh KPUBYIO W3MEHEHHS BO BPEMEHH SHEPTUH
mporecca. Takol anropuTM IO3BOJISICT HPOBOJWTH CPABHEHHE BO BPEMEHH JHEPTHUU PA3HBIX TI'€O(U3NIECKHUX
MPOLIECCOB Ha (PUKCHUPOBAHHBIX MHTEPBAJIaX BPEMEHH.

B pesynbrate o0OpaboTtku manHbix gt 2015, 2021 m 2024 ronoB MONIy4eHO, YTO B NEPUOJBI MaKCUMYMOB
conueynoit aktuBHOCTH (2015 n 2024rr.) nHTerpanbHsie crekTpsl fOF2 Haxomumuch B xoporneM coriacud. OHH
ONM3KH TI0 aMIUIuTyae. AMIUIMTYAa uHTerpainbHoro crektpa 2021 rosaa, KOTopblii oTHOCHTCS K MUHHMYyMYy CA,
ObiTa B 7Ba pasa Hmwke. OTMetuM, uro cpeauue 3Hadenus fOF2 B rog munumyma CA (2021) wa 2-6 MI'n Takxke
Hiwke.  Cnektpel dfS st Tpex HcClelyeMBIX JeT He OOHApyXXKUBAIOT YCTKOW 3aBHCHMOCTH OT COJHCYHOM
akTuBHOCTH. OJHAaKO, 0 criektpam dfS BUIHO, 4To siBieHne F-paccesHus NposBIsieTcs BO BpeMsi MarHUTHBIX OYpb.
OTOT pe3ynbTar nosrydeH no nanasiM 2015 rona.

Bo BpeMeHHBIX 3HEPTeTHYECKUX CIIEKTPaX XOPOIIO MPOCIIEKUBAIOTCS CE30HHBIE BapHalliH.

Takum 00pa3oM, rapMOHHYECKHE COCTABIIAIONINE ITO3BOJISIOT MPOBOJUTE OoJiee ACTAIbHBIH W HATJISAHBINA aHAIU3
nanueix fOF2 u dfs.,
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HpochaHCTBeHHo-pacnpeueneﬂﬂaﬂ CHCTEMA perucrpauu CUrHajioB OHY aguana3ona

Psxosckuii U.A., Ioknan H0.B., Jlecuukos I'.A., Epmak B.M. (Mucmumym ounamuxu 2eocgep umenu axademuxa
M.A. Cadosckozo PAH, 2. Mockéa, Poccus)

Ha ceropmsmnuii neHp 3nekrpoMmarHutHoe wuanydeHne OHY-nuanasoHa sBisieTcss OJHMM W3 HauwOolee
3¢ GEKTUBHBIX HHCTPYMEHTOB JUIS MCCIICOBAHUS COCTOSIHUS M TUHAMHKH HIDKHEH noHocgepsl. IMEHHO Ut 3THX
neneid OBUT CO37aH BBICOKOYYBCTBHUTEIIBHBIA KOMIUICKC, ITO3BOJISIONIMK PErHCTPUPOBATh M aHAIN3UPOBATH
BapHalUM IEKTPOMarHuTHeIX curHanoB OHY nuana3zoHa eCTECTBEHHOTO U aHTPOIIOTEHHOT'O MIPOUCXOKACHUS.
OCHOBOI1 ~ KOMILIEKCAa  CIIy)KMUT  pa3paboTaHHbIi B J1laboparopuu  JHUTOC(HEpHO-MOHOCHEPHBIX  CBs3eil
BBICOKOYACTOTHBIM peructparop «BekTop-4». DTo ycTpoiicTBO obecrieunBaeT MPEIM3HOHHYI0 CHHXPOHH3AIHIO
m3mepenuit mo THCC u HenpephIBHYIO 3alKCh JAaHHBIX ¢ 4acToToi auckpermzanud q0 130 k[11 HAa KaXIbId U3
4YeThIpEX KaHaJoB. BpIcokas dyBCTBUTENBHOCTh Komiuiekca B OHY-gmama3zome nocturaercs Omaromapst
HCIIOJIB30BAHUIO NIMPOKOMOIOCHBIX MarHUTHBIX aHTeHH «Ilmytom» (800 I'm — 50 kI'1r), paspaboranusix B UAT
PAH. Coueranue TOYHOW BpPEMEHHOW MPUBA3KH PETUCTPAaTOpa M YYBCTBUTEIHHOCTH AHTCHH OTKPBIBAET
BO3MOXHOCTb CO3[aHMsl IPOCTPAHCTBEHHO-PACIPENECNEHHBIX CETed CHHXPOHHOM pETrUCTpalMu. Takue CeTH
MO3BOJISIIOT JE€TEKTUPOBATh MIHUPOKUIN CIEKTP CUTHAJIOB — OT MOJIHUEBBIX pa3psaaos 1o CIIB craHnuii, a Ha OCHOBE
CIEIMAIbHBIX METOIMK — PEKOHCTPYHPOBaTh IapaMeTphl M OTCIC)KHBATh JUHAMHMKY HIDKHEH HOHOCc]epsl B
pealbHOM BpPEMEHU.

BakHbpIM IpeuMyIIecTBOM KOMILIEKCA SIBISETCS €ro peanu3alys Ha JOCTYNHOM OTE€4eCTBEHHOM KOMIIOHEHTHOH
6a3e, yTo oOecrneynBaeT OTHOCHUTENIFHO HU3KYIO CTOMMOCTh II0 CPAaBHEHHIO C 3apyOC)KHBIMH aHAJIOTaMH M JeflaeT
HKOHOMHYECKH 11e71eCO00pa3HbIM pa3BEPTHIBAHNE MACINTAOMPYEMbIX H3MEPUTEIBHBIX CeTel Uil (yHIaMEeHTaIbHBIX
Y MIPUKJIAJHBIX Te0(H3NYECKUX UCCIICOBAaHNH.

HccrnenoBanue BBIIOJHEHO MPH TOJJAEPKKE MHMHHCTEPCTBA HAyKH M BBICIIEro oOpa3oBaHus Poccuiickoif
Ddenepanun, npoekT HoMep per.Ne122032900175-6.

Hccnenopanne Biausuus Jlynsl Ha noHochepy 3emin

CanynoBa A. U., Psxosckuii U.A., Tloknax F0.B., Jlo6anosa B.C. (Mucmumym ounamuxu 2eocghepbl poccuiickoil
axademuu Hayx, 2. Mocksa)

B nmanHO# paboTe mpexacTaBieHBl pe3yibTAaThl KOMIUIEKCHOI'O aHAJIN3a MHOTOJETHEH AWHAMHMKH a0COJIOTHOTO
3Hagenus [19C u xapaxrepuctuk OHUY-curnanos. HempepsiBHas peructpanus curtaioB 'HCC u amminTtyaHO-
(ha3oBeix xapakrepucTk curHanoB CJIB-pamuoctannuii B @O «Muxueso» ¢ 2014 roaa mo3posiuia moryduts 11-
TH JIETHUH s HETIPEPHIBHBIX HAOIIONCHHH.

Ha ocHoBe criekTpagbHOrO aHanW3a MHOTOJIETHUX AAHHBIX OBUIM BBIIENICHBI JOMHHHUPYIOUINE NEPUOIMIHOCTH U
OLICHEHBl  aMIUTUTYIHO-(a30Bble  XapaKTEPHCTHKH  COOTBETCTBYIOIIMX TapMOHMK. B Xome  aHammsa
UICHTH(OULIUPOBAHEl HW3BECTHBIC MNEPHOJMYCCKHE BapUalMM — TAaKHE KaK MOJYyCYTOYHbIe (0OYCIOBICHHBIC
NPWIMBHBIM B3auMozeiicTBreM ¢ JIyHOM), CyTOYHBIE (CBsI3aHHBIC C TEPMHUHATOPOM), a TAK)KE TAPMOHHKA, CBA3aHHAS
¢ mudpdepennmanbapM BpamenneM Conaia. OcoOblif MHTepec IpencTaBisieT OOHapyKeHHass TapMOHHKa C
neprosoM 29.5 CyTOK, COBNAJAIONMM C CHHOJMYECKUM JYHHBIM MecsleM, NpuuéM cMmeHa e€ (a3 CHHXpPOHHA C
¢bazamu JIyHbI (MAKCHMYM COOTBETCTBYET MOJHOIYHHIO, MUHUMYM — HOBOJIYHHIO).

CoBMecTHBIN aHanu3 psnoB abcomoTHoro 3HaveHus [19C u u3MeHeHMH aMIUIMTYAHO-(A30BBIX XapaKTEPHCTHK
curHasioB CJ/IB-panuocTaHnuunii O3BOIMI HE TOJIBKO YCTAHOBUTH (PU3MUECKUE MPUYUUHBI, JIEKAIINE B OCHOBE 3TUX
[UKINYECKUX W3MEHEHHH, HO M OLEHHTh CTEICHb BO3JCHCTBUS JYHHO-TPHUIMBHBIX MEXaHH3MOB Ha COCTOSHHE
HOHOC(EPHI.

HccnenoBanue BBIMOMHEHO TPH IOJUIEPXKKE MHMHHCTEPCTBA HAyKW M BBIcHIero obOpasoBaHus Poccuiickoit
denepanun, mpoekT HoMep per.Ne122032900175-6.

98



lonosphere and upper atmosphere

AuexkrpomaruutHble KHU mymbsl B 00JacTH aBpOpPaJibHOIO OBaJia 1O JAHHBIM CIYTHHKOB
«MOHOCDEPA-M»

CaBeJibeBa H.B.l’z, [Tnmunenko B.A.l‘s, ITynunen C.M.S, SlronxkuHa O.I/I.4, ITo3gHsAkoBa I[.I[.l

1
Hnemumym ¢usuxu 3emnu PAH, Mockea, Poccus
2 N
Teoghusuueckuii Llenmp PAH, Mockea, Poccus
1 .
Hucmumym xocmuyeckux uccnedoganuti PAH, Mockesa, Poccus
4 o o
Honspnuuii eogpusuueckuii Hucmumym, Anamumot, Poccust

E-mail: nasa2000@yandex.ru

[Iupora 5KBaTOpPHANIBLHONH TpPAHUIBI OBaja MOJSPHBIX CHUSHUN SBISETCS OIHMM W3 KIIOUEBBIX IapaMeTpoB
KOCMUYECKOH MOTOABl, IO3TOMY KOCMHYECKOE COOOIIECTBO INPHKIAIBIBACT HEMAJO0 YCHIMHA JUIS IOCTPOCHUS
MoJieJiel, TTO3BOJIIIONIMX IIPECKa3aTh IIOJIOKEHUE aBpopanbHOro oBana. C 3allyCcKOM CEMEWCTBa POCCHHCKHX
cnytHuKoB MoHocdepa-M mosBuiach BO3MOXKHOCTb J€TaJIbHO MCCIIEIOBATh JTaHHYIO 00JIacTh, TaK Kak OpOUTHI BCeX
YeThIpeX CITyTHHKOB IIEPECEKal0T €€ 10 HECKONIBKY pa3 B JIeHb. B nmaHHOH paboTe ampoOHpoBaHa BO3MOXHOCTH
OTIpeJIeTICHUs] TEKYIIEro IOJIOXKEHHUs TPaHWI] aBpOPAIFHOTO OBaja II0 JAHHBIM PErHCTpPaluH JIEKTPUYECKOH
KOMITOHEHTHI IIYMOB Ha HM3KOOPOWTAIBHBIX ciyTHHKaX MoHocdepa-M. YpoBeHb MOHHM3AIMH U TypOYJIEHTHOCTH
HOHOC(EpHOH IMIa3MBl B aBPOPAIbHOM 00NACTH KPaTHO yBETHMYMBAIOTCS BO BpeMsl MarHUTHBIX Oyps U cyOOypb.
[Tpu nepexone CryTHUKA U3 CPETHUX LIMPOT B aBPOPaJIbHbIC HAOMIOAAETCSl PE3KUil BCIUIECK NEKTPUUECKHUX IIIYMOB,
YTO MO3BOJISAET ONPEACIUTh IPAHUILIBI 00IACTH, TJ€ MPOUCXOIUT TEPEX0/1 OT HEBO3ZMYLICHHON HOHOC(EPHI CPeTHUX
HIMPOT K BO3MYILUEHHOW aBpoOpajbHOW. B nokiame mpeicraBiieHbl pe3ysbTaThl aHainW3a JaHHBIX CIYTHHUKOB
cemeiictBa MoHocdepa-M, coOpanHble mpu nposierax Haja CeBepHBIM MOJIyIIapUeM BO BpeMsi MarHuTHOH Oypu 14-
15 cenrs6ps 2025 1. ¢ ymepenHo#t uHTeHCHBHOCTBIO (DSt~-75HTn) u crmaboit cy6OypeBoii aktuBHOCTRIO (AL<-
1000 HTx). Pe3ynpTaThl onpeeneHns IpaHML] aBpOPaJbHOTO OBaja 110 JaHHBIM CIIyTHHKOB ceMeiicTBa MoHochepa-
M cpaBHHBAIOTCSI ¢ AaHHBIMHM IO IPOJONBHBIM TOKaM Ha cmyTHHKax cemeiictBa SWARM. Taxke mpoBogurcs
CpaBHEHHE I'PaHHMI] aBPOPAITBLHOTO OBAJIA, MOJIYYEHHBIX 110 CIyTHHKOBBIM JaHHBIM, C TPaHUIAMH, PACCUMTAaHHBIMHU
o moaenu OvationPrime u mozaeneit APM/APM_GEO, paspa6otanubix B [omsipaom ['eodpusudaeckom UHcTUTYTE.
Tem cambIM, IIpOBeA€Ha B3aMMHAs anpoOamysl PasHBIX METOJOB ONPEICIEHHS ITOJIOKEHUS! aBPOPAIBHOTO OBaja.
Pabota yactuuHo noxaepkana rpantom PH® 21-77-30010-11.
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Hccaenopanue noJsipu3aliliOHHOIO JKETA 110 U3MEpeHUusIM cnnyTHUKOB Monocdepa-M
Cunesna A.A.M2, Yepnsimos A.A.% Tymusen C.A.Y, Uyrynns J1.B.Y, Morunesckuit M.M.*

YUKH PAH, 2. Mockea, Poccus, Sinevich.aa@gmail.com
2)3MUPAH , 2. Tpouyx, e. Mockea, Poccus

Honspusaunonnsiii mxer (Polarization Jet, PJ), B aHrMosA3bIYHOM JUTEpaType W3BECTHBIH Kak Cy0aBpopasbHbIH
woHnblii apeii (SubAuroral lon Drift, SAID), dopmupyercs B cybaBpopaibHO# 00nacTd HOHOC(EPHI
(reomaruuTHse WHPOTH 70°-50°) M mpencraBmsier coboi y3Kyro Mo mmpote (1°-2° MHUPOTHI) MONOCY CHIBHOTO
MOHHOTO Jpeiida Ha 3amaja Ha BbicoTax F-ciost BOJIM3M rpaHuIbl IPOEKIMH I1a3mMonay3bl. CKOpocTh Apelida HOHOB
B TaKOH MOJIOCE MOXET JOCTUIaTh HECKOJIbKMX KHJIOMETPOB B CEKYHIY, a HEOIHOPOJHOCTH ILIa3MEHHBIX
napaMeTpoB BHYTPU MOTYT UMETh MacIITa0bl BILIOTH O AECSITKOB-COTEH METpPOB. Takue BBICOKHE CKOPOCTH M
Takas CTPYKTypHPOBAaHHOCTh ILJIa3Mbl BIHSIOT Ha MPOXOXKICHUE PaJHOCHIHANA M MPOSBISIOTCS Ha MOHOIpaMMaXx,
MOJTyUICHHBIX Ha3eMHBIMH HOHO30HAaMu. OnHako uccienoBanue mapametrpoB PYSAID HazeMHBIME HOHO30HIAMH
3aTPYy/JHEHO, MOCKOJBKY IJIS 3TOro HeoOXoaumo, uToObl reorpaduueckoe pacnonoxenune PJSAID cosmano c
HaIpaBJeHNEM 30HIMPOBAHMS MOHO30H/A, 9TO OBIBACT OCTATOYHO peako. Kpome Toro, 30HAMpOBaHWE C 3eMIH
OTPaHHYEHO BBICOTOH TJIABHOI'O MOHOC(EPHOr0 MaKCHMyMa, YTO He mo3BoiisieT uccienoBath PYSAID B BepxHeit
yacTu F-ciost — Ha BbIcoTe M3MepeHuil HoHochepHbIX cmyTHUKOB (450-800 kM). 30HAMpPOBaHUE, OCYILECTBICHHOES
GOpTOBBIM HOHO30HIOM C BBICOTBHI OpOUTHI KOocMuueckux ammapatoB «Monocdepa-M» (800 km), mo3BosseT
HOJTyIHUTh HOHOTPAMMBI BepxHeit yactu F-ciost nonochepst B mooce PYSAID Hax mo6oii reorpaduaeckoil TOUKOwM
(B TOM umciie HaJ OKEaHOM) M CPaBHHTh HX C JaHHBIMH H3MEPEHHI APYTrHX CIIyTHHKOB, OOOPYIOBaHHBIX
npeiipmerpamMn u 3onpamu Jlenrmiopa. Kpome Toro, sTo maer BO3MOKHOCTh OIHOBPEMEHHOTO 30HIMPOBAHUS
PJSAID HazemHBIM U GOPTOBBIM HOHO30HIOM. B naHHOM paboTe BIIEPBbIC UCMOIb30BaHBI H3MEPEHHS HOHO30HIA
JIADPT Ha 60opty cryTtHuKa «MoHOChEepa-M» st uccnegoBanust ctpykrypsl I1/[. Kpome Toro, 6pu10 mpoBeaeHo
CpaBHEHHE KaK C JaHHBIMH W3MEPCHHUH APYrHX NpUOOpPOB HA Pa3IMYHBIX CIHYTHHKaxX, Tak U C H3MEPEHHSIMHU
Ha3eMHBIX HOHO30HIOB.

Pa6ota moxnepskana rpanrom PH® (Ne 25-12-00059).
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HakJyioHHOE 30HAUpOBaHUE cy0aBpopaIbHOI HOHOC(EPHI 10 JAHHBIM JMTM30HI0B Ha paguorTpacce
Axyrek — Kuranek

A.E. CTeHaHOBl, B.JIL. XaJ'II/IHOBZ, K.I'. PatoBckuif®

1 .
Hucmumym kocmogusuueckux ucciredosanui u asporomuu um. F0.I'. llaghepa CO PAH, 2. Axymck, Poccus
2 N
Jlobposonvrulii uccreoosamens, 2. Axymcek, Poccus
Hnemumym conneuno-zemuou gpusuxu CO PAH, e. Upxymck, Poccus

PaccmatpuBaeTcst IPOXOXKICHUE PAJHOBOIH KOPOTKOBOJIHOBOTO JMana3oHa Ha cy0aBpOPaJbHOW OJHOCKAYKOBOI
Tpacce HAKJIOHHOTO 30HAMpoBaHus SIkyTck — XKuranck (~ 620 kM) ¢ npumenenuem auru3ornoB DPS-4. ITokasano,
YTO HapsIy C THITUYHBIMH CJIeJlaMU OTPAKCHUI HA MOHOIPaMMaX BEPTHUKAIBLHOTO 30HIMPOBAHMS PETUCTPUPYIOTCS
JOIIOJTHUTEIbHBIC XapaKTepHbIe CJIeIbl HAKIOHHOTO PaIMO30HAMPOBAHMS HMOHOC(EpHl. AHAINW3 TaKHX
JOTIOJTHUTENBHBIX CIIE0B OTPAXKEHHI MOKa3aj, YTO HAKJIOHHBIC CUTHAJIBI HAOMIOJAI0TCS MOYTH KPYIIIOCYTOYHO, 32
UCKJIFOYCHHEM TIEPUOAOB HMOHOC(HEPHBIX BO3MyLIeHHH. Takke MPOBEICHO COMOCTABICHHE HAKJIOHHBIX CIEIOB Ha
MOHOTpaMMax C pacdyeTaMH PaclpOCTPAHCHUs PaJHOBOJH Ha MPOCTOM MoJenu mapadojM4ecKoro cios, Ho 6e3
ydera TEOMAarHMTHOrO Mojs 3emMid. B OCHOBY YHCICHHBIX pacyeTOB MOJIOKEHBI pealbHBIC [apaMeTphbl
cy0OaBpopaneHoit HoHOchepsl. [lokasaHo, 4To Handosee OIU3KOE COOTBETCTBHE C HAKJIOHHBIMH PaJAHOO0TPKCHUSAMH
Ha HMOHOrpaMMax HaONIJaeTcs NpH TOPU30HTAIbHO-CTPATH(GUIMPOBAaHHOW HOHOC(hEpPEe MEXIY OKOHEYHBIMHU
MYHKTaMH.

O pa3paboTke Moaeau Kpaiinero yabtpaduoaerosoro usiayuenus Coanna MEUVM — Murmansk
Extra-Ultraviolet Model

AA. TaTapHI/IKOBl’z, 0.B. 3on0tos’, B.E. HpoxopOBZ, 10.B. Pomanosckas®, F0.A. Illanosanosa®?

Kageopa ungpopmayuonnwiii mexnonoeuti, Mypmanckuii apkmuuecxuii ynusepcumem, 2. Mypmanck, Poccus
2Hayuno-uccredosamensckan  nabopamopus  «Komnviomepnoe MoOeiuposanue —Qusuueckux npoyeccos 8
oxonoszemuou cpede», Mypmanckuil apkmuyeckuti ynugepcumem, 2. Mypmanck, Poccus

3Jlabopamopus.  paduonpoceeuusanus u usyuenus uornocepvi, Ilonspuwlii ceodusuueckusi uncmumym, e.
Mypmanck, Poccus

B paboTe mpezcTaBiieHa peanu3anus MoJenu KpaidHero yiptpaduoneroporo (KY®) coiqHeyHOro paguousiydeHus
MEUVM, odopmiennoii B Buge Python3-makera, Bxirouaromiero B cebs tpu mogenn: MEUVM-BA (Murmansk
Extra-Ultraviolet Model — Bin Averaged), MEUVM-BR (Murmansk Extra-Ultraviolet Model — Bin Regression) u
MEUVM-R (Murmansk Extra-Ultraviolet Model — Regression).

Mogens MEUVM paccunteiBaer motok comuedHoro KY® msmyderust (0-190 am) mist 190 cnekTpaibHBIX
MHTEpBAIOB C ImaroM 1 HM, MOCTpoeHa N0 JaHHBIM ciyTHUKOBOW Muccuu TIMED 3a nepuox 08.02.2002 no

31.12.2024, w wucmomp3yeT B KadecTBE BXOJHOTO IapaMeTpa WHACKC Fam_»;. KauectBo kaxkmoit momenn

2
OIICHUBAJIOCH KO3 PHUIIIECHTOM ICTCPMIHAIIUHI R¢m kaxaoM u3 190 nHTEpBaIIOB.
Python-maker meuvm paccuuThIBaeT CIIEKTPHI, a HE OTACIbHBIC CHEKTPAJIbHBIE HHTEPBAJIbI, TO3BOJISCT IPOBOAUTH

BBLIYMCIIEHHS KaK LTS OJIHOTO, TaK H JUIsl HECKOMbKMX 3HaueHuit mapametpa F o 7. [TakeT pasmeléH B cTanaapTHOM
perozutopun  Python makeros PYPl u MoxeT OBITh YCTAaHOBJEH C HCIOJB30BAHHEM CTAHIAPTHON YTHINTHI
PIP/PIP3. Taket pactpoctpansiercst moa cBoboauo# muiensueit Apache 2.0, nomyckaromieil kKak KOMMEPYECKoe, TaK
1 HEKOMMEPYECKOE HCIOIb30BaHuUE.
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Mopdgoaorus noasi nona H' y nHumkneil rpanuubl 3k3ocdepbl BOIM3M TepPMHHATOPA B SIHBape
2025r.

A.B. TeproiuaukoB (Mucmumym npuxnaonoil eeogusuxu umenu Axademuxa E. K. @edoposa (UIII), Mocksa,
Poccus)

C 2010 r. macc-criektpomerpamu KA "Mereop” m3Mmepsiercs razoBbiii coctaB armocdeprsr. C 2023 r. macc-
CIIEKTPOMETPHI 10 TEXHHYECKOMY peIeHHo [1] Hemoap3yroTest B KauecTBE HOHO30H/I0B [2].

Jlnst aHanM3a MHCTPYMEHTAJBHBIX U3MEPEHHUIl pa3pabdoTaHa TEXHOJIOTHS BOCCTAHOBJICHHS CPEIHECYTOYHOTO IOJIS
IUIOTHOCTH MOHOB IO pe3yJbTaTaM MOBUTKOBBIX HM3MepeHHH. J[JIss MHTEpIONSIMU AaHHBIX B Y3JIbI PeryJisipHOM
reorpaMuecKoil CETKH HCIOJIb3YEeTCsl pa3jioKeHue B psi MO chepruueckuM (QYHKIMAM 110 BCEM H3MEPEHHUSIM
IIIOTHOCTH KaXJ0ro wWoHa 3a cyTku u amroputm LSQR (Least Squares, QR pasnoxenue). MTepaloHHbIH
YHCIICHHBIH METOJ pacueTa OCHOBaH Ha mporecce OuguaroHanmmzanuu ['ony0Oa-Kaxana ¢ reHepupoBaHHEM
HOCIIE0BATEIBHOCTH IPUOIMKEHHBIX PEIICHUH ¢ MOCTEHEHHBIM YITy4YIICHHEM HIKHEH OMIMaroHaaIbHONH MaTPULbL.
Hcnonp30BaHKe TAaKOTo MOAX0Aa 00YCIOBICHO, B YaCTHOCTH, BEICOKOH YYBCTBUTEIBHOCTBHIO aHATIOIOBO-LU(POBOTO
npeodpa3oBaTelisi Macc-CIeKTPOMETpa.

IIpuBeeHB MpUMEpPhl BOCCTAHOBIEHHBIX KapT I TMOTHOCTH MoHa H' B 30He TepmumaTopa. B ux Mopdonoruu
BBISIBIICHBI CTPYKTYPBI INIAHETAPHOTO U PErHOHAIBHOT0 MaciiTada. [IpociexuBaeTcss MeKCYTOYHAS IBOIOLHS OIS
miotHoctd H+ Han HOxHO-ATiIaHTHYECKOH MAarHMTHOW aHOMalHMel, 30Ha MarHUTHOTO YKBAaTOpa, MOTEHIIUAIbHbIE
30HBI POPMHUPOBAHMS ITA3MEHHBIX My3bIpei («Bubbles») B skBaTopuanbHoil noHoChEpE.

OGcys)maroTes BIUSIHUE rearoreodusndeckux yciaouil [3] Ha MOP(HOIOTHIO BOCCTAHOBICHHBIX KapT. OTMeueHa
CeIUIOBMHA B CPEIHECYTOYHOM II0J€ IUIOTHOCTH HWoHa H+ Tuxum oOKeaHOM, HaJl PErHOHOM C CHIIBHBIM
3emIeTpsiceHreM Ha foro-3amaae Kuras okomo Deepecra (7.01.2025 r. ¢ marauty ot o 7,1).

BoccraHoBiieHHbIE KapThl 1MOJIST TWIOTHOCTH MOHAa H+ y HibkHEH rpaHuibl dK30c(hepbl MOJIE3HbI ISl YTOUHEHHUS
noHoc(hepHoil ommoOkn no3unuonupoBanus no curaanam [HCC, GammmcTuyeckoro 00ecrneueHust U MOJIe3Hbl s
aHAIM3a CHUMKOB CJIA0OTO  yIbTPa(HOJIETOBOrO CBEYCHHS BOJOPOAHOrO Tmosica 3emin (F€OKOpPOHBI) ¢
«O6cepBaTopun Teokoponbl Kappyrepca», 3amymennoir NASA 24.09.2025 r. B Touky L1 ¢ nmBywms
yABTPA(QHOICTOBBIMU TEIFIOBH30PAMH.

OtMmedeHa HeOOXOAUMOCTh Pa3pabdOTKHU MOKa3aTelsield BO3ZMYILECHHOCTH AUAarHOCTUPYEeMOro moJjst noHa H+.

Jlumepamypa:

1. TepreimaukoB  A.B.  Macc-cnekrpomerp kocmuueckuit. Ilatenr Ne 2726186 mno 3asBke No
2019121111/20(041262) B peectpe PUIIC ot 05.07.2019.

2. Tertyshnikov A.V. The Beginning of the 25th Cycle of Solar Activity in Variations of the Oxygen lon

Density in the Orbit of the Meteor Spacecraft/Cosmic Res. 63, 276-283 (2025).
https://doi.org/10.1134/S0010952525601380.

3. TepremmmankoB A.B. Croco0 ompeneneHus Havajda [UKIa COJHEYHOH aKTWBHOCTH. [laTeHT. 3asBKa:
2023135791, 27.12.2023. Nata peructpammu: 23.07.2024. Brom. Ne 21.

Hoasipuzauuonnblii 1axet 1 TEC Bapnauuu Bo Bpemsi Bo3myuenus /-8 anpens 2017 r.
.. HlamMypaTOBl, n.n. E(bmuOBl, H.IO. TeHeHI/II_II)IHal, T'.A. HKI/IMOBal, M.B. ®unaros?
1KaﬂuHuH2padc1<u11 Gunuan UBMHUPAH, 2. Kanununepao, Poccus,

ZHOJlﬂprlﬁ eeogpuzuueckuti uncmumym, e. Anamumst, Poccus
e-mail: shagimuratov@mail.ru

Dddexte  monspuzammonsoro mxera (1) B TEC Moryr BiMATh Ha pPacmpoCTpaHEHHE PpaTvOBOJH,
(YHKIIMOHMPOBaHNE HAaBUTAIMOHHBIX CHCTEM M COOTBETCTBEHHO IPHBOIUTH K OMIMOKaM ITO3MLIMOHHPOBAHHS. DTO
00ycIoBIMBaeT BaXKHOCTh HccienoBanus I1J] 1y MHOTHX mpakTHYecKux mpunokeHuil. g gerextuposanus I1]]
UCIIONIb30BAINCh M3MepeHusi ciyTHukoB DMSP. Jlannble 6a3pl Majpuran HCIONB30BaINUCh Uil (OPMHUPOBAHUS
kapt TEC. [ns BbISBICHUS MOHOC(EPHBIX HEOJHOPOAHOCTEH, aCCOLMHMPOBAHHBIX C JIKETOM, HCIIOJIB30BAJIHUCh
Ha0mronenust GPS crannuii, pacmnoiokeHHbIX B oonactu [1]1.

Bo Bpewms cymecrBoBanus [1]] Ha kaprax TEC HaOnronancst y3kuid 1Mo IUPOTE, BHITSHYTHIN 10 JA0JITOTE TIyOOKUi
nposai. [IpoBai peructpupoBaics Ha cyO0aBpopalbHBIX HIMPOTAaX dKBaTOpUalibHee obyacTu Beichimanuil. [IpoBan
pacmonaraics Ha reorpaduieckux mupotax 45°-52°N okono 57°-62° MarauTHOM mumpoTsl. B mepuon 7-8 ampens
2017r. IIA peructpupoBancst npu pazaudabix MLT. DTo mo3BoMIO BBIIBUTE OCOOCGHHOCTH MPOSIBICHUS
nossipuzannonHoro mkera B TEC Bapnanumsx B 3aBucumoct or MLT.
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SddexTn iuBapckoii 6ypu 2026 roga B Bapuanusax 1TEC

WM. llarumyparos, I'.A. Skumosa, .. Epumor, H.YO. Tenenutsina (Karununepaockuii puruar U3MUPAH, e-
mail: shagimuratov@mail.ru)

B pabore mpencraBieHbl IpenBapUTENbHBIE pe3ynabTaThl N0 3ddekram mMarautHoi Oypm 19-21 suBapst B TEC
Bapuanusax u puykryamuax GPS curnanos B eBporneiickom perrone. [lokasana muportHas kaptuHa nosegenns TEC
B aBpOpAJIbHOM, Cy0aBpOpaJIbHONW M CpenHEemMpOTHOH noHocdepe. Byps xapakrepm3oBanach Kak MHTCHCHUBHAS,
BesimunHa DSt mpessimana -2000 NnT. OxHo#t n3 ocobeHHOCTel Oypu SBHIIOCH aHOMAIBHO BBICOKast BennunHa SSC
(+68 nT), koTopas nposieuiack 19 sBapst oxoso 20 UT.

B Beuepnee Bpems 19 suBapst okosio 22 UT peructpupoBajcs UCKIHOUUTENLHO 00sbmion Bemieck TEC, KoTopbIit
NPEBBIIIAN JJHEBHYIO BEJIMUUHY Ha aBPOPaJIbHBIX, CyOaBpOPAIBbHBIX U CPEIHHUX IUPOTaX. IHTEHCMBHOCTH BCILIECKA
najana ¢ IUpOTOM, OJHAKO ObLIa 3aMETHOM Ha mupoTtax okoiuo 40°N.

[MosnoxuTenpHOE BO3MYIIEHHE HaOoAa10ch B iHeBHOM noHochepe 20 ssaBaps. DdekT sipko BbIpaKeH Ha CPeTHUX
LIMPOTax, TJe MpeBbILIeHHEe ObUIO OoJiee 4eM 2 pa3a OTHOCHTENIBHO CIIOKOHHOTo 1IHs 18 sHBaps. OTpuuaTenbHas
(aza Oypu nposBuaack 21 sHBaps, KoTopas 6oliee BRIpakeHa Ha mupoTax Beimre 60°N.

DKCTpeMaJbHO BBICOKHI BCIUIECK aBpopanbHOW akTuBHOCTH (AE Gonee 2000 nT) peructpupoBaics 19 sHBaps B
20-21 UT. Ha 5ToM HHTepBane 5KBaTOpUalbHas Tpanuia Gpuykryanuii GPS curranos omyckanacsk xo mmpoT 36°N
(30°MLAT), uro sBuseTcs SKCTPAOPAHHAPHEIM COOBITHEM. OOIIEM3BECTHO, YTO (IYKTyalMd HABHTAIIHOHHBIX
CUTHAJIOB SIBJISIIOTCSL TJIaBHBIM (DAKTOPOM, OINPEAEIAIONINM OMMOKM MO3UIHMOHMpoBaHus. HambGonee cuibHBIE O
MHTEHCUBHOCTH (DJIyKTyalMu HaOJIOAAIOTCS Ha aBPOPAIBHBIX MIMPOTaX. AHaau3 OypH CBHAETENLCTBYIOT, YTO BO
BpPEMSI IKCTPEMAIBHBIX COOBITHI MOKHO OKHIAThL yBEINYEHHE OMMO0K Ha mupoTtax Hmwke 40°N.

Mpoext STARVISOR: Pa3BuTHe ceTH ONTHYECKHX HAOJIIOJEHMIi M aBTOMATH3amMs 00pPadoOTKH
JAHHBIX ¢ IPMMEHEHHEM TeXHOJIOTHH KOMIbIOTEPHOI0 3peHust

N.C. Suxosckwuii, M.B. Kimmenxko, U.A. Hocukos, A.B. Tumuenko (Kaiununepaockuil ¢puruan U3MHUPAH)

Lenpto naHHOW pabOTHl SBISIETCSl TPEICTaBICHHE pE3yJbTaTOB COTPYIHUYECTBA TPaKAAHCKOM HayKu U
aKaJIeMMYEeCKUX OpraHu3aluii B OOJIACTHM ONTHUYECKOr0O MOHHUTOPHHIA SIBIICHHH BEpxXHEH aTMocdepbl B pamKax
npoekta STARVISOR. B noknane paccMaTpHBaloTCs 3Tarbl pa3BEPTHIBAHUSI COOCTBEHHOM CETH KaMmep Bcero Heba
K® U3MUPAH u ux unterpauus B undpactpykrypy npoekrta STARVISOR, a Takxke npencTaBieHbl JaHHBIE,
MTOJyYCHHBIC CETHIO B XO/I€ KIIFOUEBBIX T€OMarHUTHBIX coOBbITHH B repron ¢ 2024 mo 2026 rofpsr.

Ocoboe BHMMaHME B paboTe yaeneHo MpolieMe aBTOMATH3aIMH OOpaOOTKH OOJBIIMX MAacCCHBOB ONTHYECKHX
JMaHHbIX. OTNHCHIBAaEeTCS METOMOJIOTHS NPUMEHEHHS KOMIBIOTEPHOTO 3pEHMs, a Takke Ipolecc OoOydeHHs |
BHeapeHust cBEPTOUHBIX HeiponHbix cereit (CNN) na 6a3ze oTkpeiTOl mporpamMHoil Oubauoreku ot Google
TensorFlow i aBTOMaTHYeCcKOro paclo3HaBaHKs U KJIacCU(pHKAIMK CHUMKOB ¢ Kamep Bcero Heba. O6cyxaaercs
3G PEKTUBHOCTh TPEUIOKECHHBIX AJITOPUTMOB MAIIMHHOTO OOy4YeHHMS Ul 3a7ad OIEPAaTHBHOTO MOHHTOpPWHTA
KOCMHYECKOH MOT0/ibl M pa3paboTKH CUCTEM ONEPATHBHOTO OIOBELICHHSI O MPOXOMKACHUN PA3IHMYHBIX ONTHYECKUX
SIBJICHU B BepXHel aTMocdepe.
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Distortion of the atmospheric electric field by the measuring system
V.V. Denisenko®, S.E. Smirnov?

! Institute of Computational Modelling SB RAS, Krasnoyarsk, Russia
2 Institute of Cosmophysical Research and Radio Wave Propagation FEB RAS, Paratunka, Russia

Measuring of the atmospheric electric field is a problem because it is distorted by the measuring system and other objects
located near the sensor. Therefore, after calibration in the laboratory, the sensors need additional calibration to compensate for
such distortions. We study this effect for the measuring system of the geophysical observatory in Paratunka. The tower on
which the sensor is installed, the forest nearby and the snow cover are considered. We anayze only quasi-stationary
measurements. Therefore, the distribution of electric fields and currents in the atmosphere can be found by solving problems
for the equation of electrical conductivity.

The main result is to find the calibration coefficient K, by which the sensor readings should be multiplied in order to obtain the
vertical component of the electric field strength in the air, which is not distorted by the surrounding forest and tower. The
calculations of the electric field were carried out with high accuracy, but the initial data describing the upper boundaries of the
forest and shrub were determined with low accuracy. A value K close to unity was obtained. Thisis not a trivia result, since
individually the tower gives K~0.5, and the clearing separately gives K~3. When processing winter measurements, it is
advisable to take into account the correction of up to 20% due to snow cover in the clearing.

The result of the turbulent electrode effect using a simplified model of effective air conduction is an approximate doubling of
the model field strength while maintaining its spatial distribution on the scale of the clearing and the tower. It is not possible to
construct a quantitative model of this effect for specific conditions of electric field measurement.

A moded of thedlectric fields and currents generated by an eectrified cloud
V.V. Denisenko (Institute of Computational Modelling SB RAS, Krasnoyarsk, Russia)

A mathematical model of an electrified cloud is constructed. A stationary model of electric current continuity is used in a
domain that includes the cloud, ambient air, and the ionosphere. An external current is set as the electric generator. It exists due
to the gravitational settling of charged water droplets or ice floes. The components of the conductivity tensor above 90 km are
calculated using empirical models of ionospheric parameters IRI-2016, MSIS 1990 E and IGRF. They give ionospheric
Pedersen and Hall conductances both about 0.2 S. The adjoint ionosphere is assumed to be identical to the main one. The
conductivity of air below 50 km is set in accordance with an empirical model, which is some kind of averaging of known
models [1]. In the 50-90 km layer, the conductivity is obtained using smooth interpolation. Inside the cloud, the conductivity is
set to be an order of magnitude lower than in the ambient air at the same altitude.

A cloud having the shape of an ellipsoid of rotation with a vertical axis of 10 km and horizontal axes of 20 km, centered at an
atitude of 10 km, is considered under conditions characteristic of the Gulf of Mexico at 6 o'clock UT in June. According to the
Carnegie diagram [1], an electric field with strength of 100 V/m is set at sea level. With the conductivity model used in this
simulation, the conductivity is 3.4-10** S/m near the sea surface and the fair-weather current density is 3.4 pA/m?. Theresult is
a sea-ionosphere voltage of 195 kV, an atmospheric column conductance of 1.7-10%" S/m? and the homogeneous atmospheric
conductor thickness of 2 km. A vertical external current with density of 2600 pA/m? is set inside the cloud in purpose to obtain
40 MV voltage between the lower and upper boundaries of the cloud. We solve the electrical current continuity equation
numerically using the multigrid finite element method.

As aresult, spatia distributions of electric fields and currents are designed, and charge density is also found. A current of 0.2
A goes from the cloud to the ionosphere, and the same current comes to the cloud from the sea surface. In addition to the
charges which always present in the fair-weather air due to the increase in conductivity with altitude, charges of +14 C and -24
C are formed at the upper and lower boundaries of the cloud, as well as additional charges in the air and on the sea surface
under the cloud. The electric field with strength up to 2.7 mcV/m is obtained in the ionosphere.

1. Denisenko V.V., Rozanov E.V. Influence of clouds on spatial distribution of conductivity in the atmosphere. Sol.-Terr.
Phys. 2025, vol. 11, iss. 4, pp. 72-82. DOI: 10.12737/stp-114202508
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Features of wave processesin different modes of the stratospher e polar vortex
K.A. Didenko', A.V. Koval? T.S. Ermakova®>*, E.A. Maurchev'

! Pushkov Institute of Terrestrial Magnetism, lonosphere, and Radio Wave Propagation (IZMIRAN), Russian Academy of
Sciences, Troitsk, Moscow, Russia

2 saint Petersburg Sate University, S. Petersburg, Russia

® Russian State Hydrometeorological University, S. Petersburg, Russia

* The Federal State Budgetary Institution “ Voeikov Main Geophysical Observatory” (FGBI “ MGO”), . Petersburg, Russia

The stratosphere polar vortex plays a key role in the distribution of ozone at high latitudes during the borea winter. Its
structure, stability and strength influence not only the degree of isolation of the polar air allowing the processes of ozone loss
to proceed without interference, but aso the conditions of polar stratosphere polar clouds formation contributing to the
destruction of ozone. There is significant interannual and intraseasonal variability in the state of the stratosphere polar vortex
associated with the propagation and influence of planetary scale atmospheric waves (PW).

The aim of the work is to analyze wave processes under different regimes of the stratosphere polar vortex (extreme and strong
vortex, periods of sudden stratospheric warming). Using the MERRAZ2 reanalysis data for winters from 1980 to 2025, years
with typical polar vortex states were selected. For the selected periods wave activity variations of individual PWs, nonlinear
wave-wave interaction processes, and exchanges of momentum and energy between the wave and the mean flow were
calculated and analyzed. The results showed that during the period of extreme intensification of the polar vortex, there are
increases in the positive values of the terms responsible for the interaction of PW1 and PW2 with the mean flow. Such a
coupled effect of PW can lead to an acceleration of the polar vortex. At the same time, the impact of individual PW on the
mean flow may not be so significant if the wave energy is spent on the generation of secondary PW as well.

The study of thekinetics of electronically excited N2 in atmospheres of planets of Solar system
A.S. Kirillov}, R. Werner?, V. Guineva®

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

Molecular nitrogen N, is the main molecular gas in the atmospheres of the Earth, Titan (a moon of Saturn), Triton (a moon of
Neptune) and Pluto. In the atmosphere of the Earth, the second gas in total concentration is molecular oxygen O, in the
atmospheres of the other planetsit is methane CH,.

The kinetics of triplet states A®S,", B3Iy, WA, B®Z,", C%I1, of molecular nitrogen in the atmospheres of Titan, Triton, and
Pluto was studied during interaction with photoelectrons and during precipitation of cosmic rays into the atmosphere. The
calculations took into account intramolecular and intermolecular electron energy transfer during inelastic collisions of
electronically excited molecular nitrogen with N,, CH,4, and CO molecules. The interaction constants of electronically excited
molecular N,(A3S,") with N, and CO molecules were calculated using quantum-chemical approximations and showed good
agreement with the available experimental data. The processes of electron excitation transfer from metastable molecular
nitrogen to CO molecules in the upper atmospheres of Titan, Triton, and Pluto were considered. The interaction of
electronically excited N, molecules with methane CH,, acetylene C,H,, ethylene C,H,4, and ethane C,Hg molecules in the
middle atmosphere of Titan at altitudes of 50-250 km was &l so studied. The dominance of reactions with metastable molecular
nitrogen N,(A3S,") in the formation of radicals at these altitudes was shown for the first time.

Similar kinetic calculations involving triplet electronically excited molecular nitrogen were performed for the middle
atmosphere of the Earth at 30-80 km during the precipitation of high-energy relativistic electrons into the atmosphere. The
constants of interaction of metastable molecular nitrogen N»(A3S,") with oxygen molecules O, were calculated and compared
with the available experimental data. The intensities of the bands of the first and second positive systems of N, during the
precipitation of high-energy electrons were calculated. It is shown that there is a significant decrease in the intensity of the
glow of the bands of the first positive system with decreasing altitude due to the influence of collisional processes on the
populations of the vibrational levels of the Nz(le‘Ig) molecule.
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Results of seven year millimeter measurements of the middle atmosphere ozone in polar latitudes above
Apatity (67N, 33E)

Y.Y. Kulikov', V.I. Demin? V.M. Demkin®, A.S. Kirillov?, V.G. Ryskin®

!Ingtitute of Applied Physics, Nizhny Novgorod, Russia
’Polar Geophysical Institute, Apatity, Russia
*High School of Economy, Nizhny Novgorod, Russia

To the memory of V.Yu. Trakhtengerts

We perform continuous ozone measurements above Apatity, Kola Peninsula with ground-based a mobile ozonemeter
(observation frequency 110.8 GHz) in the polar middle atmosphere covering from 2017 to 2025. The instrument 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 compared to satellite data MLS/Aura. This work is
directed on understanding the possible action of highly altered dynamics of sudden stratospheric warming and polar vortex on
ozone variations in the Arctic middle atmosphere. Seasonal (autumn — summer) changes of polar mesospheric ozone
concentration (60 km) and its content in a middle atmosphere within seven years are registered. Influence of a planetary
geomagnetic storm in March, 2023 and proton events in February — March, 2024 on polar mesospheric ozone is considered.
Besides are cited the data of millimeter observations of the mesospheric ozone (50 km) variations during proton events
October 28, 2003 at station Ny Alesund (79N, 12E).

The present study improves our representation of influence of solar activity on ozone and, hence, on a climate of the Earth.

The work was carried out within the framework of the state assignment of the Institute of Applied Physics of the Russian
Academy of Science (project FFUF-2024-0034).

Bo03M0:XHOCTHh OIEHKH TOJIIUHBI CHEKHOIO IOKpOBa MO CE€30HHBIM BapHalusaM MITIKHX KOMIIOHCHTOB
BTOPUIHBIX KOCMUY1€CKHX nyqeﬁ

10.B. Banabun, A.B. I'epmanenko (@edepanvhoe ecocyoapcmeernoe 0Orwdcemuoe Hayunoe yupesxcoerue “llonaprulil
2eogpusuyeckuil uncmumym' Poccuiickotl akademuu Hayk, Anamumut, Poccust.)
germanenko@pgia.ru

B Anarurax n bapeHuOypre Ha IPOTSHKCHHUH TIOJyTOPA JECATKOB JIET BEJIETCS MOHUTOPHHT MSATKHX KOMIIOHEHTOB BTOPHUYHBIX
KOCMHYECKHX Tydeit. K HUM OTHOCSITCSI HEHTPOHBI TEIUIOBBIX U yMepeHHBIX (10 1 MaB) sHepruii, a Takke PEeHTTEHOBCKOE
m3nyuenne 20-400 x3B. HaOmromaroTcsi Ce30HHBIC BapHalMyd B 3TUX KOMIOHEHTax. OJHAa W3 HUX Bapualdii CBs3aHa C
0o0pa3oBaHMEM M HAKOIUICHHMEM CHEKHOI'O IIOKPOBa, OJHAKO, OHa MAacCKHpyeTcs IPYTMMH BapualisiIMH, B TOM 4YHCIE
KOCMHMYECKOTO TPOUCXOXKIeHHA. PazpaboTaHa MeTOAWKAa HOPMHUPOBAHUSA WM BBIIEJICHHUS BapHALlMM, CBA3aHHOW CO CHEKHBIM
MOKpOBOM. ba3oBbIM IpuOOpPOM BBICTYIIAeT HEHTPOHHBIH MOHHTOpP, KOHCTPYKIIMSI KOTOPOT'O BBIIIOJHEHA TaK, YTOOBI
MUHUMU3HUPOBATH BapUallMy JOKAJIBHOIO NPOUCX0xkaeHus. Ilociie BHECEHUS COOTBETCTBYIOLIEH KOPPEKIUY BapUALIMUA MITKHX
KOMIIOHEHTOB IOKa3bIBAIOT CHUJIBHYI0 M YCTOWYHMBYIO 3aBUCHMOCTb OT TOJIIMHBI CHEKHOro mokposa. IIpu 3ToM mone
U3IY4YEHUS MATKAX KOMIIOHEHTOB OIpPEJENeTCs YCIOBHAMU HE B OJHOW TOYKE, & MHTErPAJbHO HA IUIOMIAJU HECKONBKHX
TeKTapOB, COOTBETCTBEHHO, TONIIMHA CHEXKHOIO MOKPOBA TAKKE€ MMEET 3HAYEHHE HMHTErpajbHOI BENMYMHBI IO TaKOH K€
momany. Takod MeTon He SIBISETCS METOJOM M3MEpPEHHUSM TOJIIHMHBI CHEXKHOro mokpoBa ad hoc, oH TpebyeT mpoBeneHus
Npe/IBapUTEIbHBIX HAOMIONCHNI B OECCHE)XXHBIH INEpUOJ] W HANWYMS JAaHHBIX HEHTPOHHBIX MOHHTOPOB, OH MOXET OBITh
TIOJIE3€H VISl KOPPEKTUPOBKH WIIN OLIEHKH 3aracoB BOABI B (hOpMeE CHera.
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W33HTponnYeckuii aHaiaM3 Tpomoc(epHBIX BOJH X0J10Ja B INEPHOAbI PpacllelieHusl cTpaTocdepHoro
NOJIAPHOTO BUXPH

danees A. C.,1 Epwmaxosa T.C., 2 Koganp A. B.,3 buxbynaros B.A!

*Poccuiickuii Tocydapemeennviii 'udpomemeoponoeuueckuii Ynusepcumem, 2. Cankm-Ilemep6ype
’I'nasnas I eouzuueckas Obcepsamopus um. A.1. Boeiixosa, 2. Cankm-Ilemepoype
3Cam<m-]7@mep6ypzcmui Tocydapcmeennwviti Ynusepcumem, 2. Cankm-Ilemepbype

Email: Fadeew2002@gmail.com

Bouabl X002 B CeBEpHOM TMOJYIIAPUH SBIISIIOTCSI 3HAUMMBIMH 3KCTPEMaJIbHBIMHU TTOTOJHBIMU SIBIICHUSIMH, OKa3bIBAIOIUMHU
CYIIECTBEHHOE BIMSHUE Ha IPUPOIHBIE W COLMAIBHO-3KOHOMHYECKHE CHUCTeMbl. B mociexnue roxel ocoboe BHHMaHHE
YIENSAeTCS PONI CTPAaTOCHEepHO-TPOIOCc(EpHOro B3aUMOAEHCTBUS B (OPMHUPOBAHMHM XOJOAHBIX AHOMAINHM, B YacTHOCTH
BIIMSTHUIO BHE3AITHBIX CTPAaTOC(EpHBIX MOTEIUICHUH, CONPOBOXIAIONIMXCS pPAaCIIEIUICHHeM MOJspHOTo Buxps. OnHako
MEXaHHM3MBI IEPEHOCA XOJIOIHBIX BO3IYIIHBIX Macc B TPOIOC(EPE OCTAIOTCSI HEIOCTATOYHO M3YUYCHHBIMHU.

Lenpto naHHON pabOTHI sBJsIETCS HccienAoBaHUuEe (OPMHUPOBAHUS W IBOJIOLMHU TPOMOC(HEPHBIX BOJH XOJOJAa B TEPHOJBI
paclieieHns: CTpaToCEepHOro MOISIPHOTO BUXPS C UCIIOJIB30BAHMEM H39HTPOIMHYECKOTO MOAX0A.

Jnsi AMarHOCTHKM XOJIOAHBIX BO3AYIIHBIX MAacc NMPUMEHSIOTCS M33HTPOIUYECKHE XapaKTEPUCTHKU XOJIOMHON BO3IYIIHOW
maccel (Cold Air Mass, CAM) u otpurmatensroro temtooro comepkanus (Negative Heat Content, NHC), a taxxe moToku
atux BenmuuH [1,2]. Buxpb DpTenst, HHTEPIONIMPOBAHHBIH HA U3IHTPONNYECKUE TIOBEPXHOCTH, HCIOIB3YETCS KaK HHAUKATOP
BTOP)KEHHUH CTpaToc(epHOro Bo3myxa. JlaHHBIC XapaKTEPCTHKH pPAaCCUMTHIBAIOTCS IO JAaHHBIM peananmnza MERRA2
[TomydeHHbIE XapaKTEPUCTUKH COMOCTABIISIIOTCS CO CTAHIIMOHHBIMH HaOJIIOJCHUSIMH IPU3EMHON TEMITEpaTyphbl BO3/1yXa.
[lokazaHo, 4TO B NEPHOABI PACLICIUICHHUS IIOJIIPHOTO BHUXPS (OPMHUPYIOTCS WHTCHCHUBHBIE H33HTPONHMYECKHE MOTOKU
XOJOZHOTO BO3/AyXa, HANpaBICHHBIE W3 TONAPHBEIX obOmacted B cpemnue mmpotel. Makcumymsr CAM u NHC
MIPOCTPAHCTBEHHO COTJACYIOTCSI C 30HAMHM HauOoJiee CHIIBHBIX OTPHLATEIBHBIX TEMIEPaTypHBIX aHOMAJIHH y HOBEPXHOCTH.
AHanu3 NOTCHIMANbHOM 3aBUXPEHHOCTH BBISBISICT IIPOHMKHOBEHHME CTPATOC(HEPHOTO BO3/AyXa B BEPXHIOW Tporochepy,
COMPOBOXKIAIOIIEE PA3BUTUE XOJIOTHBIX BTOPIKEHHH.

[osydeHHBbIe pe3yNbTaThl JEMOHCTPHPYIOT BBICOKYIO MH(OPMATHBHOCTh HM3IHTPONMYECKUX XAPAKTEPUCTUK ISl OMHCAHMS
JMHAMHKH BOJIH XOJIOJIa M MX CBsI3U co cTparochepHbiMu npoueccamu. [lokazatenn CAM u NHC no3Bossitor GoJsiee moJiHO
YUUTBHIBATh MPOLECCHl MEPEHOCA XOJOAHBIX BO3IYIIHBIX MacC MO CPaBHEHUIO C TPAJAWIMOHHBIM aHAJIM30M MPH3EMHOU
TeMIIEpaTyphl.

CnucoK JuTepaTypbl

1. Iwasaki T. et al. Isentropic analysis of polar cold airmass streams in the Northern Hemispheric winter //Journal of the
Atmospheric Sciences. —2014. — T. 71. — Ne. 6. — C. 2230-2243.

2. Liu J. et al. The distinct roles of the Stratospheric Polar Vortex during the initiation and intensification stages of the 2016
East Asian Cold Air Outbreak //Atmospheric Research. —2024. — T. 311. — C. 107713.

3. Gelaro R. et al. The modern-era retrospective analysis for research and applications, version 2 (MERRA-2) //Journal of
climate. —2017. — T. 30. — Ne. 14. — C. 5419-5454.
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HccnenoBanue KMHETHKH 3JI€KTPOHHO-BO30Y:KIEHHOT0 MOJIEKYJISIPHOTO a30Ta B CHpaiiTax M pa3psiiHOii
Kamepe

A.C. Kupumios', B.®. TapaceHKol'Z, B.A. 3onorenxos™?, B.A. Kupumnos®

1 o« o«
Honsproui 2eopusuneckuit uncmumym, 2. Anamumet, Poccus
2 .
HUnemumym cunvrnomounou snekmponuxu CO PAH, 2. Tomck, Poccus

HccnenoBanue CBOMCTB KpacHBIX CIIPAWTOB, BKIIOYAs MX CHEKTPHI M3JYYEHUs], 3aTPYJHEHO H3-32 OOJIBIIONW BBICOTBHI 3THUX
pa3psnoB HaJl ypPOBHEM MOps, CIIOXKHOCTH CIEKTPaIbHBIX HM3MEPEHHH, a TakKe IPOCTPAaHCTBCHHOW M BpPEMEHHOM
HEONpeNeNEHHOCTH X TMosABICHUs. Ilpeuaraercsi mojydaTh HpeABAapUTEOIbHYI0 HHQOPMAIMIO O CHEKTPaxX H3JIydeHUs
KpacHBIX CIPalTOB NpPU BBICOKOM pa3pelIeHWH B pPa3lIMYHBIX [HAaNa3oHax, WCIONb3ysd WX JTa0OpaTOpHBIE AaHAIOTH —
mnasMennble auddysasie ctpyn ([IJC). s o00CHOBaHMS NPOTHO30B O CIEKTPaX H3IYYCHUS KpPACHBIX CIIPAKTOB,
SKCIIEPUMEHTAIbHO W3MEpEeHHBIE W3iydaTenbHble xapakrepuctuku I1JIC cpaBHUBamuch ¢ naHHBIMH pacuéroB. Ilpm s3ToM
HCIIONIb30BAJIaCh MOJIEJIb, OMMCHIBAIOIAS KHMHETHYECKHE IIPOLECCHl C YYacTHEM 3JICKTPOHHO-BO30Y>KACHHBIX TPHILUICTHBIX
coCTOsIHMH MoneKynspHoro azota N, u xybrneTHoro coctosHuA noHa N,* B cMecu raszos N, u O,. ITpoBoauTtcs cpaBHEHHE
TEOPETHYECKU PACCUUTAHHBIX M SKCIEPUMEHTAILHO U3MEPEHHBIX OTHOUICHHH CHEKTPAJIbHBIX IJIOTHOCTEH n3nydeHus W cemu
MOJIOC KPaCHOTO JMANa30Ha M MIECTH MOJIOC WH(PAKPACHOTO JMana3oHa CHEeKTpa CBEUCHHS MOJIEKYISIPHOTO a30Ta (mepBast
nosoXuTeNbHas cucremMa 1PG) K MUIOTHOCTSM M3JIydeHus yubTpadmonetoBsix moiaoc Ny (BTOpas MOMOXKUTENbHAS CHCTeMa
2PG) u nosocel Ny* (nepsas otpunatensas cuctema ING) npu gaienusx cpenst 0.25-1.5 Torr. ITokazaHo yMeHbIIEHHE
OTHOIIIEHHS CIICKTPATBHBIX MIOTHOCTEH dHePTHH Wipe/Wapg € pOCTOM JaBIEHHS, YTO OOBACHACTCSI POCTOM CKOPOCTH TaIlICHHSI
TPHUIUICTHOTO COCTOSIHUS BS'Hg C YBEITMUCHHUEM TUIOTHOCTH CPEJIBL.

JlaHHOE HCCliefoBaHKE BBIMTOIHEHO MPH moaepkke Poccutickoro HaydHOro oHaa 3a cuet rpanTa Ne 25-22-00158.

IIposiByieHHe LMKJIOB COJHEYHOH AKTHBHOCTHM B BapHanuMsx Temmeparypbl Bo3ayxa B IlerepOypre m
Crokroabme

A.A. JTroouny (ITonspuwiil 2eopuzuveckuii uncmumym, Anamumot)

B cratee 1989 roma (M.U. IlymoBkuu u A.A. Jlro6und, ['eomarHerusm u Asponomusi, Ne3, ¢.359-363) paccmatpuBaics
muKImIeckuid xox temmnepatyp B [lerepOypre ¢ 1775 mo 1982 romsl. Beiio mokaszano, 9To B X0/€ STHX TEMIIEPaTyp OTYCTINBO
HaOmromaroTces «conHewHbie» mukiabl. C 1982 roma mpormio yxe noutu 44 roxa, deTbipe 11-TeTHUX CONHEYHBIX MUKIA. A
MOro/ia, Kak M3BECTHO, OHA Kampu3Has. 3a Heil T71a3 ja ria3 HyxeH. [[03ToMy Ha OCHOBE pacUIMPEHHOTO psija JAaHHbBIX ObUIN
MPOBEPEHBI NOTyYSHHbIC paHee 3aKOHOMEPHOCTH. J{JIs1 KOHTPOJISL Pe3yJIbTaTOB JAOTOJHUTENBLHO UCTIONB30BAIICS Pl apXHUBHBIX
temnepatyp B Crokromeme (¢ 1756 mo 2017 ronm), pacmoioXKeHHOM MPHUMEPHO Ha TOW ke Teorpadudeckoil mmpore. B
YaCTHOCTH, ISl 3UMHUX MecsiueB U Juisi [lerepOypra, u aist CTokroibpMa ObLIO MOATBEPIKACHO CYIIECTBOBAHUE YETKOrO 22-
JICTHETO IUKJIA, ObLI YBepEHHO BbiAeacH npuMepHO 90-meTHuit ruki. s 22-1eTHEro 1uKiIa OMmKaiuil MUHUMYM 3UMHHX
TemrepaTyp MokHO oxuaath okoso 2030 rona, a MakcumyM — okoiio 2040 rosa, B MAKCUMYyMe, 110 CPAaBHEHUIO C MUHUMYMOM,
3uMbI OYJyT, B CPEIHEM, HA OJIMH IPaIyC TEIUIEe.
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Ananu3 AJUHHBIX PSAI0B Bapnaum‘/’l PEHTIT€HOBCKOI'0O U3JIYy4€HUA B Anarurax u Bapeﬂuﬁypre

E.A. Muxanko, [0.B. bamabun, A.B. T'epmanenxo (llonspuwiti ceogusuueckuii uncmumym, 2. Anamumoei, Poccusi,
mikhalko@pgia.ru)

H3MepeHnss TOTOKOB PEHTTEHOBCKOTO HM3ITyYCHHsI, MPUXOMISIIET0 U3 aTMOc(ephl, poBoasiTca B Amnarutax u bapeHnoypre
(Imurbepren) Ha MPOTSHKCHUH MONYTOPa AECATKOB JieT. OHM OXBaTHIBAIOT MOJHOCTHIO TMpOIIequnid 24-i u Tekymuid 25-it
LUKJIBI COJTHEYHOM aKTUBHOCTH. OTMEUAKOTCS KaK MEPUOIMYECKHE BapHaliK (CyTOYHbIE M CE30HHBIE), TAK U CIIOPAJUYECKHE.
K mocrmeiHMM OTHOCATCS BO3PACTaHUS PEHTICHOBCKOI'O H3JIYYCHHS, CBS3aHHBIC C OCaKaMH. OJTH BO3pPaCTaHUSA
PETUCTPUPYIOTCS IeCATKaMu B rofl, ammuintyaa gqocturaet ~100 % B Anarurax u ~40% B Bapennoypre. Ce30HHas Bapuanus,
HarpoTuBs, 6oJjbuie B bapenoypre: ~50 % npotus ~25 % B AnaTturax.

[penpinymue wcciieOBaHUS TOKA3alH, YTO KOPPEISAIHS OTCYTCTBYET MEXIY BapHAIMIMH PEHTTCHOBCKOTO W3IYYCHHSA U
TAKAMHU CIJIBHBIMH TPOSBICHUSMH COJNHCYHOW aKTHBHOCTH, KaK BCIBIIIKH, KOPOHAIBHBIC BBIOPOCH Macchl, DopOymi-
3¢ ¢dextel. B nanHOW paboTe MpencTaBiICH pe3yibTaT OLECHKU BIHMSHUS HAa MOTOK PEHTTCHOBCKOTO M3Iy4YeHus ll-meTHero
[UKJIa COJTHEYHOH aKTHBHOCTH. Vcronmp30BaHBI HAaKOIUICHHBIC naHHBIC 3a mHTepBan 2010-2025 r. B kadecTBe moxa3aTemns
COJTHEYHOH aKTHBHOCTH HCIOJB30BAaHBI JIBA TapamMeTpa: MHTCHCHBHOCTh KOCMHYECKHX JIydeH M YUCIIO CONHCYHBIX IISTCH.
AHanmu3 HE BBIABIJI YETKOH CBSI3M MEXKIy COJNHCYHOW aKTHBHOCTHIO M BO3PACTAHUSMH PEHTTCHOBCKOTO H3IyYCHHS MpU
ocajKax.

MOJIeJ'alOBaHI/Ie B3anMoAeicTBUS aTMOC(l)epLI C Pa3/iMYHbIMU THIIAMH IMOBCPXHOCTH 3emuin NP HAJUYIHH
CHEKHOI'O ITOKpPOBa

N.B. Munranes, E.A. ®enorosa, A.M. Munranes, K.I'. Opnos, B.C. Munranes

Honsproui eeousuneckuit uncmumym PAH, 184209, Mypmanckas 061., 2. Anamumot, yi. Akademeopoodok, 26a,
e-mail: mingalev_i@pgia.ru; orlov@pagia.ru; godograf87@mail.ru; mingalev@pgia.ru

B noxsage o6cykmat0TCs YUCIEHHBIE MOJIETTH B3aUMOICHCTBHUS MEXAY aTMoc(epoii U IPUIIOBEPXHOCTHBIM CJIO0EM OKeaHa H, a
TaK)Ke PacIOJIOKEHHBIX Ha CyIIe BOJOEMOB - pPEK, 03ep, OO0JOT, MPU HAIMYHU JEASHOTO CJIOsl, HOKPHITOTO CJIOEM CHEra.
[IpencraBneHsl Mozenu, B KOTOPBIX YYMTHIBAETCS IEPEHOC TeIIa M BIArd B CIIOE€ CHETa, a TaKXe IIEPEHOC SHEPTHH
U3JTydeHHEeM. B 3THX MOJENsIX MCHONB3YIOTCS pacdETHHIE CETKH, B KOTOPHIX CO BPEMEHEM HM3MEHSIOTCS YHCJIO Y3JIOB WIIN
JUIMHA Iara, B 3aBUCHMOCTH OT TasHHS WJIM HAKOIUIGHHs CHEXHoro cios. OOCyXmaloTcs CHCTEeMbl YpaBHEHHH,
OTIMCHIBAIOIINE TIEPEHOC TEIlIa U BJIArd B CJIOE CHETA, a TAKXKE Pe3yJbTaThl TECTOBBIX PAaCUETOB.

KnroueBble ciioBa: IepeHOC TeIUIa U BIATU B CJI0€ CHEra, B3aUMOJICHCTBHE aTMOC(Ephl U IOBEPXHOCTH 3eMIIN
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Peaknuu pacTeHuii Ha BLICOKYIO COJTHEUHYI0O AKTUBHOCTH B JIA00PATOPHBIX U MOJIEBBIX YCJIOBHUSAX
II. A. Kamrynun, H.B. Kanauésa (I1ospro-Anvnutickuti 6omanuueckuti cad-uncmumym, PAH, Anamumul, Poccust)

B rom Tekymero MakcMMyMma COJHEYHOM aKTHBHOCTH IIPOBEJCHBI MHOTOIHEBHBIE KpPYIJIOTOJMYHBIE HAOIIONCHHS
(U3HOTIOrHYEeCKON aKTHBHOCTH METEOUYYBCTBHUTEIbHBIX JabopaTopHbIX pacteHuit Marantha leoconeura u ckopoctu pocra
ayka penyaroro Allium cepa B utone-ceHTsaope. [ HCKITIOUCHUS! BIMAHUS HA3eMHBIX 3KOJOTHYECKUX BIUSHHUN MapaJlIeIbHO
C XMBBIMH PACTEHHSMHU aHAJIM3UPOBAIH HEXHBBIE MEXaHUYECKUE U INEKTPOHHBIE CUCTeMbl. OCHOBHOE BHUMAHUE YAECIAIU
peakLysiM PaCTeHH Ha T€OKOCMHYECKUE COOBITHS, COBMAJAIONINE C AaHOMAJIBHO BBHICOKMMHU (IYKTYalMsIMU CTATUCTUYECKUX
IOKa3aTesled HEeKUBBIX cucTeM. HeycToluuBbIE CHUCTEMBl UyBCTBUTEJIBHBI K BHEIIHUM BIIMSHUSAM, B KPUTHYECKUE MOMEHTHI
Ooudypranuu TpaeKTOPUU MOCIEAYIOUIYI0 TUHAMUKY MOTYT OIPEAETIUTh camble cilabble BO3ICUCTBUS. Y PacTeHUH MapaHTHI
JIBAXJIbI B CYTKM U3MEPSUIM CYTOUYHBIM PUTM HACTHUUECKUX IBUKEHUU JIUCTOBBIX IUIACTMHOK. Y KOHTPOJIbHOW W OMNBITHOM
MONyJALIMM pacTeHUil JyKa U3MepsUld CKOPOCTHM pocTa Ha3eMHOW wyacTu. JInsg ycuieHHsT BO3MOXKHBIX BIMSHUMN
MarHUTOC(EPHBIX BO3MYIICHUH ONBITHBIE PACTCHUS OBIIM OKPYXKEHBI TOIMOJIOTHYECKH 3aMKHYTOH MEIHON TOpOMAaIbHOI
anTeHHOH. [lapamnensHO (UKCHpOBaNM pe3ynbTaThl TEHEPAMH CIyYalHBIX 4Yncel Ha 0a3e KaJbKYJIATOPOB, CTaTUCTHUKH
pacripesielieHust MCX0/10B OpOCaHusl MOHET M UTPAJBHBIX KOCTEH, paccMaTpuBas UX KaK CIIydaiHbIE BEIWYMHBI C JBOUYHBIM U
IIECTU3HAYHBIM BBIOOPOM, COOTBETCTBEHHO. AHAIN3 JUHAMHUKH CTATHCTHYECKHX M MapaMeTpOB HEXHBBIX CHCTEM U
(PU3HOJIOTHYECKUX WHAEKCOB PACTCHHHM YKa3blBacT Ha IPHUCYTCTBHE (OHOBOW MONYHEIETbHOW W OKOJIO HEIeJHbHOH
mukangHocTH. OOHapy)KeHBl peakIud OOBEKTOB Ha 3HauMTeNbHbIe ycwieHHs CA, CONPOBOXKAABIIMXCS 00Opa3oBaHHEM
KOPOHAIBHBIX JbIp, BeIOpocamu macc (CME), Bembimkamu kiaccoB M u X, OPHEHTHPOBAHHBIX B CTOPOHY 3eMId, B BHIC
YCUJICHHH aMIUTUTYZ aHaJM3HPYEeMBIX IapaMeTpoB, MX OTKIOHEHHH OT CTaTHCTHYECKH OKUJAEMBIX 3HAYCHHH U cOos
CYTOYHBIX PHUTMOB PAcCTeHHUH. Y pACTEHHH OTKPBITOTO TPYHTa, OKPY)KEHHBIX TOPOHMJAIBHONW aHTEHHOH, OOHApYyX EHO
HeOoJIbIIIoe, HO YCTOHUMBOE 3aMeUICHHE POCTa Ha3eMHOM YacTH Ha MPOTSHKEHHH BCeX HAOIONCHHWN NMPH CHIDKCHUM OO0IIeit
JICTIEpCHU BBIOOPKH. 3a(h)MKCHPOBAHbI [Ba CHHXPOHHBIX cKauka SD pocTa ONBITHBIX PACTEHHI U JiBa CHHXKECHUSI KOHTPOJIBHBIX
BO BpeMst (IIyKTyallii COTHEYHOM akTUBHOCTU 25 mions u 8 aBrycra, mociie IoclieHer0 HaOIJalIU «IIPOBAJIbI» MPUPOCTOB
000uX NONyIALUHA 1 nocneayroniee cHkeHrue SD onbITHBIX. Pe3ynbTaTsl yKa3pIBaoT Ha EHOMEH CHHXPOHHU3AINH OIBITHBIX
pacTeHuil Mmox BIHMSHUEM HHAYLMPOBAHHOTO BHEIIHUMH MOJMSAMH H3Iy4eHHs TOpouAa. OTO COrjacyeTcsi C paHee
OOHapyKEHHBIM HaMH 3 (eKTaMil: CHI)KSHHEM TUCIIEPCUH NOMYJLILUIA IPOPOCTOB pacTeHuit Avena sativa u CHHXpOHU3auei
JMHAMUKH JBH)KCHUS JIUCTHEB PACTCHMI MapaHThl MOJ BIUSHUEM H3TydeHUs (IPEANOI0KUTEIBHO BEKTOPHOTO MOTCHIMANA
MarHUTHOT'O TOJISl) TOPOUJATIBHOTO COJICHOMA, HATPY)KEHHOTO TIOCTOSHHBIM TOKOM.
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Opo6uranbuas 6uonadoparopust BUOJ 2 na cnyranke CKOPITUOH. IepBbie pe3yabTaThl.

I.A. Zolotarev, G.K. Garipov, D.I. Tkachenko, G.I. Antonyuk, A.V. Sazonova, M.O. Lebedev, A.N. Efimkin, S.I. Svertilov,
V.V. Bogomolov, A.A. Gross, E.V. Silina, L.S. Zolotareva, V.. Osedlo

Dedepanvhoe eocyoapcmeenHoe Or00dcemHoe 00pazosamenvHoe yupedcoeHue evicuieeo o06pazoganus «Mockosckutl
eocyoapcmeennvitl yHueepcumem umenu M.B.Jlomonocosa», Hayuno-uccredosamensbckuii uHCMumym s0epHotl (pu3uKu umeHu
J1.B.Crobenvyvina (cokpawennoe nassanue. HUHAD MT'Y).

Dedepanvhoe 2ocyoapcmeennoe 0I00dcemnoe 006pazosamenvHoe yupedjicoeHue @vicuieco o0bpazosanus «Mockosckuil
2ocyoapcmeennbill ynusepcumem umeru M.B.Jlomonocosa», gpaxynivmem KOCMUYECKUX UCCTE008AHUL

Iepewiii Mockoeckuii 2ocyoapecmeennviil meouyunckuti ynugepcumem umenu M.M. Ceuenosa (Ceuenosckuii Ynusepcumem)
zolotarev@sinp.msu.ru

DKCIepHUMEHT HAMpaBjicH HAa W3y4YeHHWE BIHMSHHE YCIOBHH KocMoca Ha MEKpoopranm3mbl (diyopeciienims E. coli B 8
KoHTeiHepax). YuactHuku: HUUSA® MI'Y, crynentst MAU (koHetpykuus), @KU MI'Y (mporpamma), mkonpHUKH 13 20+
MOCKOBCKHX ILIKOJI.

KocMmudeckas morona BIHsAET Ha JKMBBIE CHCTeMbl Ha 3emiie W B nonére [1]. OrpaHnueHus] Ha3eMHBIX KCICPHUMEHTOB IS
NPOBEPKH Pa3BUTUS OHOJIOIMYECKUX OOBEKTOB B KOCMOCE — 3TO HEBO3MOXKHOCTH MOJNHOTO BOCIPOHM3BEACHHS YCIOBH.
TpebyeT HOBBIX MOJXOAOB: B KOCMOCE OAKTEpPHH MOABEPraroTCs MHUKPOTPABHTALMH, PAAHALMH U KOJCOAHHSIM MarHUTHOTO
nosisi. OrpaHudeHre KOCMHYECKOTO 3KCIEPUMEHTAa — 9TO KOPOTKUHM JKH3HEHHBIH NHKI OOBEKTOB B MaioM obbeme.
[pencraBieHO MIAHUPOBAaHHE HA3EMHOTO MAPaIENFHOTO SKCIIEPUMEHTA M WHTEPIPETAIHS TEPBBIX KOCMHUYCCKUX IaHHBIX.
V3mepeHHBIe BO BpeMsi KOCMHYECKOTO TI0JIeTa HHTEHCHBHOCTH CBEYCHHMSI HA TPETh MCHBINE TAKOBBIX CPasy MOCHE 3arpy3Ku
MHKPOOPTaHH3MOB.

Cnytauk «Cropruon» («<HUUAD-MI'Y-80») ¢ BUOJI-2 (poTomomunectenTHbie mTammbl E. coli) - 3amymen 28 nexabpst
2025 1., B stuBape 2026 r. npoBeieHo 3 BKIIFOUSHHUS TPUOOPA BO BPEMsl JIETHBIX MCIBITAHHI CITyTHUKA.

Sykilinda N. N., Lukyanova .A.A., Lavrikova V.V., Kutnik 1.V., Panin N.V., Staritsyn N.A.., Miroshnikov K.A. Applied
Biochemestry and Micrabiology. 2024, Vol.60, No.5, 908-914. pp. 908-914
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