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Geomagnetic storms and substorms

Longitudinal distribution-of the westward electriojets during supersubstorms
LV. Despirakl, N.G. Kleimenovaz, LI Gromova3, S.V. Gromov3, LM. Malyshevaz, AV. Rolduginl

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

The term supersubstorms (SSS) is used for the extremely strong substorms with intensity higher 1500-2000 nT, i.e.
an order of magnitude more the greatest values of the Dst index. The SSSs are mainly observed during magnetic
storms caused by magnetic clouds (MC) and in the SHEATH plasma compression regions ahead of MCs. Here we
analyzed the appearance of SSSs observed during the strong magnetic storms on 7-8 September 2017, 25-26 August
2018 and 24 November 2011.For this purpose, we used data from magnetometers of the SuperMAG global network,
the Scandinavian IMAGE magnetometers network and the magnetic station in Lovozero, and the maps of the
distribution of ionospheric equivalent electric currents obtained by the MIRACLE system and global maps of the
magnetic field vectors calculated by SuperMAG data. The analyze showed, that SSSs were characterized by the
development of strong geomagnetic disturbances at the auroral latitudes (~2000-3000 nT) and simultaneously the
appearance of small magnetic bays (~400-1000 nT) observed at the polar latitudes. We-supposed that daytime polar
bays observed simultaneously with SSS events may be caused by the westward electrojet expansion to the day side
of the high latitude region. Thus, it was revealed that during SSS, the westward electrojet usually developed on a
global scale, from the evening side to the day side.

The work of A.V. Roldugin was supported by the Russian Foundation for Basic Research (project No. 19-52-
50025 YaF a).

Westward propagation of substorm by THEMIS and ground-based observations
I.V. Despirak, T.V. Kozelova, B.V. Kozelov, A.A. Lubchich, A.V. Roldugin
Polar Geophysical Institute, Apatity, Russia

The spatial-temporal dynamic of the substorm was analyzed by data of large observational complex: magnetometers
data by the IMAGE network and by the longitudinal chain of the Russian auroral stations, the auroras dynamics in
Apatity and data of THEMIS satellites. During the interval under study the THEMIS-E and THEMIS-D satellites
were located in the midnight sector of the magnetosphere at r ~ 8.5-10.3 Rg and then passed over Siberia toward to
Kola Peninsula. We show that the substorm onset in the magnetosphere was in the region between the THE and
THD satellites, and, according ground-based observations, it was projected to near Amderma station. Despite a rare
observational network in Siberia, the substorm intensification was possible to trace from the point of the origin at
the longitude ~50°E to the Scandinavia region at the longitude ~30°E. Our estimations of the propagation velocities
of the westward traveling surge (WTS) and so-called “auroral horn” (the arc ahead WTS) confirmed the values,
obtained in the previous works. The occurrence of several precursors of substorm in auroras (first small, localized
auroral arc; so-called “beads” structure in the auroras and the “auroral horn”) manifestates the propagation of the
disturbances from the onset region to the West. It is shown also, that the fronts of dipolarization (DF) and injection
of energetic electrons in the magnetosphere accompanied by activations.
The work of A.R. was supported by the Russian Foundation for Basic Research (project No.19-52-50025 YaF _a).
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Ionospheric response to intense geomagnetic storms and pre-storms
R.F. Oloruntola', A.K. Ogundele?, A.F. Akinfoyeku', S.M.A. Shittu'

"Physics unit, Science Laboratory Technology Department, Federal College of Animal Health and Production
Technology, Moor Plantation, Ibadan, Oyo State Nigeria

Department of Physics, Faculty of Pure and Applied Science, Southwestern University Nigeria Okunowa, Ogun
State, Nigeria

In this study, the investigation of the ionospheric response to the geomagnetic and interplanetary, pre-storm and
storm phenomena is concerned with variation in foF2 during Oct. 19-23, 2001 covering the three phases of the
storm. The storm was chosen on the criteria of its intensity and also it is a double step storm. Analysis of the
changes in foF2 was conducted using a normalized deviation of critical frequency (d(foF2)) on the ionosphere of 3
low and 6 mid-latitude stations from 3 sectors of the earth ionosphere. Analysis of a vertical error bar on d(foF2)
was also used to investigate the vivid effect of positive and negative storm on the aforementioned parts of the
ionosphere. The upper error bar represents the positive storm while the lower error bar presents the negative storm.
The result of the study showed that the enormity of Bz turning into southward from northward direction and the
variation in F2 layer parameter at the time of geomagnetic storm strongly depends on the intensity of the storm.
There was no significant difference between the ionospheric F2 response of low and middle latitude ionosphere any
newly burst of storm activity is associated with a newly generated disturbance at the ionospheric F2 layer of the
ionosonde stations. The pre-storm period was preceded by intense positive and negative ionospheric storms.
Furthermore, the variations in ionospheric F2 in the pre-storm period suggest the impending large ionospheric
disturbances at the main phase and increase ionospheric variation exceeding the main phase signified the storm
recovery. Also, the record intense ionospheric storm was recorded at the initial phase despite the low geomagnetic
storm activity in the period. Correspondingly, the error bar showed clearly the contribution of both negative and
positive storm to the stations along the same narrow longitude.

Keywords: Ionospheric response, geomagnetic storms, pre-storm, lonospheric F2.

SAR arc at 68° geomagnetic (71° geographic) North for Kp = 0+

S. Oyama"z’3 , A. Aikio?, H. Vanhamiki®, A. Shinbori', M. Rietveld’, Y. OgawaS, M. Kellinsalmi®, T. Raita®,
K. Shiokawa', I. Virtanen?, L. Cai®, A. Workayehu?, M. Pedersen’, K. Kauristie*, B. Kozelov’, A. Demekhov’

'Institute for Space-Earth Environmental Research, Nagoya Univ., Japan
“Space Physics and Astronomy Research Unit, University of Oulu, Finland
3National Institute of Polar Research, Japan

*Finnish Meteorological Institute, Finland

EISCAT, Norway

SKTH Royal Institute of Technology, Sweden

"Polar Geophysical Institute, Apatity, Russia

Stable Auroral Red (SAR) arc has been studied for more than half century since its academic discovery in Southern
France in 1958 as one of the typical optical features occasionally seen at subauroral latitudes. Generation
mechanism of the SAR arc is related to storm-time interactions at the overlapped region between the plasmasphere
and the ring current. Thus most events have been found out of the auroral oval such as ~60 deg in geomagnetic
latitude. In this study, however, we will present a SAR arc event at 68 deg geomagnetic (71 deg geographic) north in
the Scandinavian sector during period of geomagnetically quiet condition of Kp = 0+. The SAR arc, which was
captured with cameras (630 nm) at Abisko and Kirpisjarvi, appeared coinciding with a pseudo substorm onset at 71-
72 deg geomag. N and rapid equatorward expansion of the polar cap potential estimated with the SuperDARN.
However, the SAR arc disappeared in about 7 minutes along with a sudden shrinking of the polar cap potential.
Conjunction measurement with the Swarm A/C suggests that the SAR arc was located at poleward slope of the
ionospheric trough or slightly its outside. These experimental evidences suggest that, in the early stage of this SAR
arc generation, the magnetosphere compressed the ring current region inward, resulting in a contact of the ring
current region to the plasmasphere but expansion of the polar cap potential was too short to coalescent the ring-
current hot ions and plasmaspheric electrons at the plasmapause, which corresponds to the trough minimum in the
ionosphere.
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Analysis of methods for estimating equivalent ionospheric current from meridian magnetometer
chain data

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

This work presents the investigation of methods for estimating equivalent ionospheric current using magnetic field
observations along a meridian chain of ground-based magnetometers. This problem is interesting because the data of
the magnetic field are given in the finite, rather small number of points. An overview of existing linear models was
given in the prior articles (4.L. Kotikov, Yu.O. Latov, O.A. Troshichev, 1987 and V.A. Popov, V.O. Papitashvili, J.F.
Waterman, 2001). First of them describes current as a number of infinitely thin and long current wires evenly
disturbed. In the second model current is presented as a number of evenly disturbed current stripes. Large number of
model parameters provides best result for large number of stations. In case of small number of stations these models
give large errors. The best approach is to use nonlinear model with small number uncorrelated parameters. The
model of one current stripe with three parameters (current and boundaries) was suggested. The analysis is carried
out for several substorms.

Substorm growth phase: the role of azimuthal convection in development of magnetotail current
sheet with local Bz minimum

E.I. Gordeev, S.V. Apatenkov, V.A. Sergeev
Saint-Petersburg State University, evgeny.i.gordeev@spbu.ru

Recent development of the growth phase concept revealed an exceptional role of azimuthal convection in

redistribution of magnetic fluxes in the near and middle magnetotail. It is became obvious that traditional 2D models

based on quasy-adiabatic plasma sheet compression by an open magnetic flux from the tail lobes cannot adequately

describe the evolution of magnetic and plasma configuration in the course of growth phase. In the frame of the new

concept we use the results of global MHD simulation to explore how the interplay between azimuthal convection in

the near tail and earthward convection in the middle tail can lead to formation of CS with the tailward Bz gradient.
The work is supported by RFBR according to the research project 19-05-00257.

Pc5/Pi3 pulsations and geomagnetically induced currents
Ya.A. Sakharov', N.V. Yagova™®, V.A. Pilipenko™’

'Polar Geophysical Institute, Apatity, Russia (PGI)
2Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences, Moscow, Russia (IPE RAS)
3The Geophysical Center of the Russian Academy of Sciences, Moscow, Russia (GC RAS)

Geomagnetically induced currents (GIC) registered at the VKH station are analyzed during the intervals of Pc5/Pi3
activity at IMAGE network during the year 2015, near the maximum of 24-th Solar cycle. It is shown that
geomagnetic pulsations, developing at recovery phase of geomagnetic storms and at non-storm intervals lead to
long-lasting intervals of potentially dangerous GICs. Interdependence of GIC and pulsation parameters are analyzed
under different space weather conditions, including the influence of pulsations’ spectra, polarization, and spatial
distribution.

The study is supported by RSF, grant #16-17-00121.
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Observations of aurorae over the Kola Peninsula
O.1. Yagodkina, V.G. Vorobjev, A.V. Roldugin
Polar Geophysical Institute, Apatity, Russia

Observations of aurorae realized by the Polar Geophysical Institute on the Kola Peninsula, and a brief description of
methods of primary processing of observations, and ways to produce information are presented. Results of the
primary processing of observations in the Lovozero observatory, located in the central part of the Kola Peninsula,
were used to study the diurnal distribution of aurora appearance. It is shown that in the years of solar activity
maximum (2000-2002), aurorae are most likely registered in the interval from 21:30 MLT to 03:30 MLT with a
maximum in 00:30-01:30 MLT. Histograms of the probability of aurorae observations in different parts of the Kola
Peninsula during the years of both maximum (2000-2002) and minimum (2007-2009) solar activity depending on
the local K-index of magnetic activity are constructed. The obtained results can be used to select the time intervals
and the level of magnetic activity of the most favorable for the observation of aurorae in different areas of the Kola
Peninsula.
The work of A.V. Roldugin was done in the frame of a grant RFBR 19-52-50025 S®-a.

Bkian cy00ypeBbIX BO3MylIeHMIl B POCT reOMATHUTHO-MHAYUPOBAHHBIX TOKOB, PerHCTPUPYeEMbIX
B JIMHHUSAX 3JIeKTpoIepeaay

B.B. Benaxosckuii!, B.A. [uumnenko?, S.A. Caxaposl, B.H.Cenusanos®

1 o o
OI'BHY «llonspuvlii ceogusuneckuii uncmumympy, 2. Anamumol
2

Hnucmumym ¢uzuxu 3emnu PAH, 2. Mockea
3 .

L]enmp puzuxo-mexnuuecxuii npooaem suepeemuxu Cesepa KHI] PAH, 2. Anamumui

B nanHoii pa®ore mpou3BeleHa OLIEHKAa BKJIaJa CyOOYpeBbIX I'€OMarHUTHBIX BO3MYIICHHIH B POCT T'€OMarHUTHO-
uHAynupoBaHHbBIX TOkKOB (I'UT), peructpupyembIx B JMHUAX 3JeKTporepenad Ha KoiabCkoM MOmyocTpoBe U B
Kapennn, Bo Bpems wmarHuTHbIX Oypb. Cucrema perucrpaimu [T coznana IlonmsipHBIM reodusnyeckum
uHctutytoMm coBmectHo ¢ LOTIIDOC KHI PAH wu sBnsercs emuncrBenHod B Poccuu. [Inst peructpauuu
TEOMarHuTHBIX BO3MYLICHMH HCHONb30BaHbl JaHHble MarHutomerpoB IMAGE. Ilokasano, uto poct I'UT
OTIpEZIETISIETCSI CYMMAapHbIM BKJIaJOM KaK BHUXPEBBIX TOKOBBIX CHCTEM, TaK M aBPOPAIBHOTO 3JIEKTPOKETa. B
OTAETBHBIX CIIydasXx MOXKET MpeoOianaTh BKIAJ aBPOPAIBHOTO NIEKTPOPKETa, B APYTHX CIydasx — BKIAL
BUXPEBBIX TOKOBBIX cucTeM. Pi3 mymbcanmu Ha (oHe cyOOypr ¢ BUXPEBOH CTPYKTYpOH HOHOC(EPHBIX TOKOBBIX
CHCTEM CIIOCOOHBI MPUBOIUTH K AONOTHHUTENbHOMY pocTy BenmunHbl [ UT. IlosTomy reneparus nuaTeHCHBHBIX [ T
B 3HAYMTENILHOM CTENCHU CBA3aHA HE C INI0OATbHBIMU F€OMATHUTHBIMU BO3MYIIEHUAMH OOJNBIION aMIUIUTYABL, a C
JIOKaJIbHBIMHM OBICTPBIMU BapUalUsAMH CPaBHHUTEIBLHO HEOONBIION aMIUIMTYIbl, HAJIOKCHHBIMH Ha TII00albHbIE
BO3MYUICHHUS.
Pabora f1.A. Caxaposa nojuepxana rpanroM POOU p-a N 17-48-510199.

Pazimunsa B gunamMuke uHaexkca ASY-H B uHTepBajbl MArHMTHBLIX Oypb, MHUIMHPOBAHHBIX
Pa3HbIMHU THIIAMM COJIHEYHOI'0 BeTpa

JLA. Jlpemyxuna’, 10.11. Epmornaes?, M.T. Jloakuna’

'U3MUPAH, 2. Mockea, Tpouyx, Poccus; e-mail: dremukh@izmiran.ru
*HUKH PAH, 2. Mockea, Poccus

B pabote npoBeeH aHANN3 AMHAMUKY uHaekca ASY-H B UHTEpBaJIbl MATHUTHBIX Oypb, MHUIUUPOBAHHBIX PA3HBIMU
MEKIUIAHETHBIMA MCTOYHUKAMHU: OOJACTSIMU CXKATHSI BO B3aMMOCHCTBYIOIIMX Pa3HO-CKOPOCTHBIX motokax CIR;
mexuianetHeiMa CME, BriIrodarommuMu MarautHbeie odgaka MC u «mopmam» Ejecta; obmactsimu cxxatust Sheath
nepen MmexiuiaHeTHbiMu CME. MnenTudukanms MeXIIaHETHOTO MCTOYHMKA MIPOBOAMIACH Ha ocHoBe Karanora
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KpYIMHOMACIITA0HBIX CTPYKTYp CoOJHEe4HOro Berpa (cait ftp://ftp.iki.rssi.ru/pub/omni/). [lias ananm3a ObLIH
0TOOpaHbI 58 MHTEHCHBHBIX MArHUTHBIX OYpb € -270 < Dst,,;, < -90, 3apeructpupoBaHHbIX 3a nepuon 1995-2017 rr.,
C OJHO3HAYHO OTMPEJEICHHbBIM HCTOYHUKOM B COJIHEYHOM BeTpe. VICmonb30BaUCh CpeHEYacOBbIE 3HAYCHHS
unnexkcoB ASY-H u SYM-H, niony4eHHbIe YCPETHEHUEM S5-MUHYTHBIX TAHHBIX, U UHAEKca Ds?, Ipe/CTaBICHHbIC B
6aze manHpix OMNI. K naHHBIM 110 BEIOpaHHBIM OypsM OBLT IPUMEHEH IBOWHOW METOJ| HAJIOKCHHBIX 30X C
OMOPHBIMA MOMEHTAMH B Yachl Hayala pPE3KOro MOHWXKEHUs Dst u JocTikeHust Dst,;,, YTO MO3BOJIMIO
AHATM3UPOBATh CPEIHUC XapaKTEPUCTHKH MATHUTHBIX Oypb C pa3HBIMH JUIMTEIBHOCTSMH TJIAaBHBIX (ha3.
[IpoBeneHHBIN aHAJIN3 TTOKAa3aj, YTO JUISl BCEX TPYII MarHUTHBIX Oyph MaKCUMAaJIbHBIC 3HAUYEHUS HHIEKCOB SYM-H
u Dst HacTynaloT OJHOBPEMEHHO W OJIM3KH 10 aMILTUTyie. 3HaueHU ASY-H NOCTUTAIOT MaKCUMAJIbHBIX 3HAYCHUH,
B cpemHeM, Ha 1-3 waca panbine MoMmeHTta Dst,;, B naTepBaibl Sheath- 1 MC-0ypw, B To Bpems kak mis CIR- u
Ejecta-0ypp 3TH MOMEHTHI COBMAanarT. i1 MarHWTHBIX Oyph, MHHUIMHPOBAHHBIX oOsmacTsimu Sheath, 3HaueHus
nHpaekca ASY-H, B cpegneM, Ha 40% BrIme, 4eM U1 Oypb TPEX OCTAIBHBIX TPYII.
Pabora nonnepsxana Poccuiickum GpoHIOM (QyHIaMEHTAIBHBIX UCCIeI0BaHUH, poekT Ne 19-02-00177a.

MOHMTOPUHT BO3IEHCTBUSL JJIEKTPOMATHHTHBIX CHTHAJIOB NPHPOIHOTO TNPOMCXOKIEHUS HA
3HeprocucteMbl Kobckoro nosyocrpoBa

b.B. E(bI/IMOBl, B.H. Ceﬂl/IBaHOBl, SA. Caxap0132, B.A. Bumn’

'Konwvckuii nayunviii yenmp PAH, Anamumet, Poccus
2 o o . .
@I'BHY «llonapnyiii ceogpusuueckuti uncmumymy, 2. Mypmanck, Poccus,; e-mail: sakharov@pgia.ru

BHeniHue 3MeKTpOMAarHUTHBIC BO3JCHCTBHS HA IPOBOJHBIC KOMMYHHKAIIUM B BBICOKHX IMUPOTAaX CO3MAIOTCS, B
MIEPBYIO OYepeNb, T€OMarHUTHO-MHIYINPOBAHHBIMA TOKAMHU W Pa3psIaMyd MOJHHNA. DTH SBICHUS TPEICTABISIOT
3HAYUTEIBHYIO OIIACHOCTH JJISi BEICOKOBOJIBTHOM CETH M CIIOCOOHBI BRI3BATh HAPYIICHHUS PaOOTHI CUCTEM 3aIlIUTHI U
ABTOMATHKH, a TakkKe MOBPEKICHUS dIIEKTpooOopyHnoBanms. B HacTosmee BpeMs B Poccun HeT eanHONM CHCTEMBI
MOHHTOPHHTA 3JIEKTPOMATrHUTHBIX BO3IEHCTBHI MPUPOJHOTO MPOUCXOXKICHIS Ha BRICOKOBOJIBTHBIEC 3JIEKTPHUECKUE
cetn. EnwHCTBEHHas B CTpaHe CHCTEMa pETUCTPAlliM TEOMHIYLUPOBAHHBIX TOKOB B MAardCTPalbHBIX
AJIEKTPUUYECKUX ceTsx co3aana Ha Konbckom nomyoctpose cunamu [1I'M u UL KHII PAH. B 2019 r. Hamu Takxke
HayaTo Pa3BUTHE PErMOHAIILHOW CETH I'pO3OIEJIEHTallui, OCHOBaHHOM Ha MeXayHapoaHoM mpoekre Blitzortung.
YcTaHOBNIEHBI LIECTh JIETEKTOPOB MOJIHMK Ha TeppuTopur MypMmaHCKo#l oOnactu. BrlnosiHeH aHanu3 rpo3oBoi
aktuBHOCTH Ha Kombckom momyoctpoBe B 2019 1., BhIABUBIIMK Hamboliee YacTO MMOpakaeMble YYaCTKH
SHEProcucTeMbl. B TECHOM B3aUMOJEHCTBUM C BJIEKTPOCETEBBIMU NPEANPUATUSIMU JIOKAIU30BaHbl MeECTa
MTOBPEXKIICHHUST MOJTHUSIMA BO3IYIIHBIX JHHUH, YTO IMO3BOJUIIO 3HAYUTEIBHO CHU3UTHh PACXOJbl HA BOCCTAHOBJIICHUE
anekTpocHaOxkeHuss morpeduteneir. CopMynmupoBaHBI HANpaBICHUS PA3BUTHSA W PACHIMPEHHS  CETH
TPO3OIEICHTali! Ul YBEIMYCHUS TOYHOCTH M I(PQPEKTHBHOCTH OOHAPY)KEHHS yNApOB MOIHHA B Ha3eMHBIC
MIPOBOIHBIC KOMMYHHUKAIINH (BO3IYIIHBIC JTHHUH JIEKTPOIIEPEIauH, CBI3H U KOHTAKTHOH CETH JKEJIE3HBIX JIOPOT).

Pa6ota BrmonHaeHa npu ¢puHaHCOBOI moanepxke PODU u [IpasurensctBa MypmaHckoit o6mactu (mpoext Ne 17-
48-510199 p_cesep_a).

ABTOMATHYECKHIl MeTOJ AMATHOCTMKH TPaHUI] aBPOPAJBLHBIX OBAJIOB B JABYX MOJYLIAPUAX Ha
OCHOBEe TEXHUKH HHBEPCHH MATHUTOTPAMM

10.B. Ilenckux, C.b. JlyHronkua

Hucmumym conneuno-zemuou gusuxu CO PAH, Hpxymck, Poccus,; e-mail: penskikh@jiszf-irk.ru

Pa3paboTaH HOBBI HAa3eMHBI METOJ aBTOMATHUYECKOW JHATHOCTUKU OCHOBHBIX I'PAHUIl aBPOPATBHOIO OBaja IO
BBIXOJIHBIM JIAHHBIM TEXHUKU MHBepcuu Maruurorpamm (TWM) MuUpPOBO# CeTH MarHWUTHBIX 00CepBaTOpUil 000MX
nonymapuit 3eman. Ha ocHOBe KapT pacrpe/ie/ieHuii SKBUBAIEHTHOW TOKOBOM (PYHKIIMU M IIOTHOCTH MPOIOJIBHBIX

TOKOB, PaCCUATAHHBIX Ha repBoM 3tarie TUM B mpuOIrmKkeHHH 0XHOPOTHON MPOBOAMMOCTH TOJISPHON HOHOC(hEPHI,
OTIPEIETISIIOTCS CIEIYyIOMe TapaMeTpsl aBpOpalbHOTO OBajla: TPAaHHWLA IOJSIPHOW IIANKH, TPaHWIA OOpamieHus
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MOHOC(EPHOH KOHBEKIMM, SKBAaTOPHAIbHAs TIPaHMIA OBaja M JIMHUSA MaKCHMYMOB IUIOTHOCTH TOKOB XoJiuia
3araJiHOM U BOCTOYHOU aBpOPaJIbHBIX 3IEKTPOCTPYH.

VYkazaHHBIE TpaHUIIBI aBPOPATIBHOIO OBaJla paHee ONPEeAeSUINCh BU3YyalbHO-PYYHBIM METOJIOM: aHAJIM30M KapT
MMPOJOJBHBIX W 3KBHUBAJCHTHBIX TOKOB Ha 3KpaHEC MOHUTOpPAa M NPOBCACHUEM 3aJlaHHBIX I'paHHUI] B CHeHHaﬂbHOﬁ
IporpamMMe C IMOMOIIBIO MBIIIH — 3TO 3aHMMAJI0O OYeHb MHOTO BpeMeHH (Helenu W mecsipl). CpaBHEHHE TpaHMLL,
MOJYYEHHBIX CTapbIM PYYHBIM M HOBBIM aBTOMAaTHYECKHMM METOJaMH, IMOKa3ajlo, YTO KO3((UIMEHT KOppesunuu
MEXAy ABYMs IPaHHLIAMH cocTaBiisieT B cpexHeM (.77 1o ABYyM IOJIyLIApHsM, a CPEIHEKBAAPATHIHOE OTKJIOHECHHE
HE IIPEBBIIIAET [BYX rpaxycoB Mo mmpore. OOecneunBas AOCTATOUHYIO TOYHOCTH OIPEIEICHUS] TPaHMIL,
ABTOMATHYECKUI METOJI COKpaIIaeT BpeMs 00paboTKi HEOOXOMMBIX 00BEMOB MaHHBIX Ha 2—3 mopsaaka (10 MUHYT
1 49acoB), OCBOOOXKIAs HMCCIEIOBATEN OT TPYAOEMKON BH3YalbHOUW paboThl. HOBEBIN Ha3eMHBI aBTOMaTHUYECKHA
METOJl OJHOBPEMEHHON UAarHOCTHKH OCHOBHBIX TI'DaHHUI] aBPOPAJbHBIX OBAJOB B IMOJSIPHBIX HOHOC(Epax IBYX
MOJTyIIapuil 3eMiIM peaqn30BaH Kak OJUH M3 BaKHEHIINX ONOKOB B MOAEPHU3MPOBAHHOM KOMIUIEKCE MPOTrPaMM
TUM.

HoBblii MeTo]| ycriemHo anpoOupoBaH B 000MX MOJyIIApUsAX 3eMJIM Ha CPEAHECTATHCTHYECKUX KapTaX TOKOBOM
(YHKIMH U TPOIOJIBHBIX TOKOB JUIS Pa3HbIX YPOBHEW r€OMarHUTHOW aKTUBHOCTH, a TAK)KE€ HAa MTHOBEHHBIX KapTax
B XoJe wn30paHHOH wu3oimpoBaHHOI cy00ypu. Ilomydennsle B Merone THM rpaHuIsl aBpopaibHOTO oOBajia
Ka4eCTBEHHO COOTBETCTBYIOT OJJHOBPEMEHHBIM CHUMKAM OBaJjla MOJIAPHBIX cusiHui co cnyTHuka IMAGE, a rpannna
oOpaiieHnss HMOHOC(EPHOH KOHBEKLIMM — KapTaM »JJIEKTPUYECKOr0 MOTEeHIHMada HOHOCc(epbl IO MOJENIn
SuperDARN-RG90.

HccrenoBanme BEIIONHEHO NpH (GUHAHCOBOH moanepkke PODU B pamkax HaygHOro mpoekta Ne 19-35-90046.

Hy:kHbI 11 HOBbIE T€OMATHUTHBIE MHAEKCHI?
B.A. ITununenko'?, A.B. BopoGbes™

1 . . .
Hnemumym ¢usuxu 3emnu PAH, Mockea; e-mail: pilipenko _va@mail.ru
2 &
Teogpusuueckuii [lenmp PAH, Mockea
3 o o o o
Ypumckuii cocyoapcmeennuiii aguayuonnviii mexnuueckuti ynugepcumem, Ygpa

I'eonppeKTHBHOCTE KOCMHYECKOW MOTOMBI, KaK MPaBHIO, XapaKTEepHU3yeTcs reOMarHUTHBIME HHAeKcamMu. OmHaKo
CYIIECTBYIOIINE IUIAHETapHbIE MHICKCH PACCUMUTHIBAIOTCS MO BHIOPAHHOW CETH CTAHIMHA, KOTOPBIE paclpeleieHb
MO0 TIOBEPXHOCTH 3eMJIH KpaitHe HepaBHOMEpHO. [Ipe/ioKeHO BBECTH B HCCICIOBAHUS MO KOCMHUYECKOM MOTroje
HOBBIC PErHMOHAJbHBIC TCOMArHUTHBIC HHIEKCBI, XaPaKTCPU3YIOIIUEC CPEIHCUACOBBIC 3HAUYCHHS BO3MYICHHS
TEOMarHuTHOIO TIOJIE M ero BapuabesbHOCTU (T.e. dB/df) B pOCCHICKOM CEKTOpE Ha aBpOpalIbHBIX IIHPOTaX.
WHOEKCH pacCUUTHIBAIOTCS 10 JaHHBIM POCCHHACKHAX MAarHUTHBIX CTaHIMA. [IpoBeleHO cpaBHEHHE PErHOHANBHBIX
WHJEKCOB CO CTaHJIAPTHBIMM IIaHeTapHbIMU uHAekcamu Dst, AE, PC, ULF BO BpeMsl CUJIbHEHIINX MAarHUTHBIX
Oypp 2015 r. PaccMOTpeHHBIE COOBITHS TOKA3BIBAIOT, YTO HCIIOJF30BAHHUE IUIAHCTAPHBIX WHACKCOB ISl OICHKH
PETHOHANBHBIX BO3MYIIEHHH KOCMHUYECKOH IMOTOMBI MOKET IMPUBECTH K JIOKHBIM BBIBOJaM. B cBOOOMHBIN JOCTYT
BBUTOXKEHA 0a3a JaHHBIX paCCUUTaHHBIX HHACKCOB 3a 2003-2018 rr. anms anpobanuy.

TpuaHTyJIsINHOHHBbIE U3MEPEHHs] BBICOTHI JOKAJIbHBIX HEOJHOPOIHOCTEll B aBPOPaJbHBIX Jyrax
nepe HA4AJIOM cy0oypu

B.B. Cagapranees, B.H. Mutpodanos

Q@I'BHY «llonsapusiii ceopuzuueckuit uncmumymy, 2. Anamumot, Poccus
E-mail: Viadimir.Safargaleev@pgia.ru,; valmetr@yandex.ru

[IpencraBneHbl mnpenBapuUTENbHBIE PE3YJbTaThl MCCIEAOBAaHUS [IUHAMUKUA aBpPOPAIbHBIX JYyr B IEPUOJ,
npeaBapsioluid pa3sutie cyooypu. 1o manHeiM IBYyX Kamep simoHckoro Hanumonanenoro Muctutyta ITomsipHBIX
UccnenoBanuii, ycraHoBieHHbIX B mnyHKkTax Kupyna m Yayuac Ha ceBepe llIBeuuu, oueHuBanach BBICOTa
JIOKAJIbHBIX HEOJHOPOAHOCTEN B Mpollecce WM3MEHEHWsT WHTEHCHUBHOCTM MX CBeueHHs. BricoTa omnpenensiach
METOJIOM TpHUaHTryjsinuu. IIpoaHanu3upoBaHbl [IB€ pa3JIMUHBIX CHUTYaldH: TOSIBJICHHE SIPKOrO IISITHA B
CyIIeCTBYIOIIEH IOyre B mporecce (HOPMHUPOBAHUS CKIAAKH U TOSIBICHHE HOBOM OYT'W B BHIE LEMOYKH MSATCH
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(beading-ctpyktypa). Ilo nuTepaTypHBIM HCTOYHHMKAM, 3TH aBPOPaJbHBIE OCOOCHHOCTH PAacCMAaTPHUBAIOTCA Kak
npeiBeCTHUKN cyOOypu. B xoze uccienoBaHMi 3aMeTHBIX W3MEHEHHMH BBICOTBHI CBEYCHUsSI HE OOHApy>KEHO.
Jlenaercs mpeanojoKeHHe, YTO JIOKaJbHAs WHTEHCU(HKALUs CBEYEHHS B Jyre OOYCIIOBIIEHA BOJHOBOM
AKTHBHOCTBIO B 00JIaCTH T€HEpaLuK U He CONPOBOXKAAETCS YCKOPEHHEM 4acThll. Pe3ysbTar BakeH /sl IOHUMaHUs
MEXaHU3Ma 3aIycKa cyooypu.

Pabora BrImosiHeHa B pamkax rpanta POOU 19-52-50025 SAd-a.

Cpsa3b (OpMHPOBAHMSI BHEIIHEro paJHANMOHHOIO MOsica BO BpeMsl TeOMATHMTHBIX Oyph ¢
aguadaTHyecKMM MeXaHU3MOM IIA/ICHHs] U BO3PACTAHMSA NIOTOKOB PeJISITHBHCTCKUX 3JIeKTPOHOB

H.B. COTHI/IKOBI, E.E. AHTOHOBal’Z, n.JL OB‘II/IHHI/IKOBZ, B.I. Bop06},eB3 s
O.U. dromxuua’, M.C. HmeHeuz, C.C. 3HaTKOBaz, C.K. Murs, TI.C. Kasaps[H4

YHUH sioepnoti pusuxu umenu JI.B. Crobenvyvina MI'Y umenu M.B. Jlomonocosa
2H)Ltcmumym Kocmuueckux ucciedosarnuii PAH

‘OIBHY «llonsipnvlii 2eopuzuuecKull UHCIMUmMym»

*Dusuveckuii paxyromem MI'Y

XapakTepHOi 0COOEHHOCTHIO JMHAMHMKH BHEIIHETO PaJMAllMOHHOTO I0sCa BO BPEMsI MarHUTHBIX OYypb SIBISIETCS
MaJjcHUC Ha MNOPSAAKHA BCIWYUHBI IMOTOKOB PCIATUBUCTCKHUX 3JICKTPOHOB. le/l AHaJIN3€ TAKOI'0 MaacCHUs 06])1'-IHO
paccMaTpHBaroTCsl BHICBHIIIAHUS B KOHYC IIOTEPh B PE3YJIbTaTe B3aMMOIEHCTBHUS BOJIHA-YACTHIIA M YXOJ YaCTHI Yepe3
MarHuTonaysy B pe3yjbTaTe HCKaXEHUs MarHUTHOrO mojst. JlaHHBIH MOAXoX HE IO3BOJISAET OOBSICHHUTH
CYIIECTBOBAaHNE MarHUTHBIX Oypb, IPU KOTOPHIX ITOTOKH PEJIITUBUCTCKUX 3JICKTPOHOB BOCCTAHABIMBAIOTCS IMOCIIE
Oypu 10 IpeadypeBoro YpOBHSI.

Pa3BuTHE KOJNBLEBOrO TOKA IPUBOJMUT K YMEHBIICHUIO MATHUTHOTO TIOJIS B 9KBaTOPUAJIBbHOI IutockocTu. [Toatomy
MaJieHue TOTOKOB YAaCTHI TIIPH COXpaHEHHH anmabatmyecknx UHBapuHaHToB (Dst »ddexr) obycnosieH
anabaTHYeCKUM 3aMeAJIeHHEM 3a CYeT M3MEHEHMs MOJI B HKBATOPUANbHOW IUIOCKOCTH M YXOJOM YacTHI] Ha
OonbIIME TEOLCHTPUUECKNE PACCTOSHUS UL COXPAHEHUs TPETheTrO MHBapHaHTa. IIpH paccMOTpEeHMH IMHAMUKH
BHEIIIHET0 I0sica HEOOXOANMO YUUTHIBATh, Kak 3((eKThl B3aMMOACHCTBUS BOJIHA-4acTUIa, Tak 1 Dst addekr, uro
He ynxaercsi cleiarb B paMKax pa3pa0OTaHHBIX Mojesield (OpPMUPOBAHUS IOSICA, HWCIIOJB3YIOLIMX MOJIENN
MAar"duMTHOIO I110Jis1 C (bHKCHpOBaHHOﬁ FeOMeTpHeﬁ TOKOBBIX CHCTEM. Takue MOJC/IM HC YUYHMTBIBAIOT IMOCJICIHUC
Ppe3yJbTaThl, B COOTBETCTBUH C KOTOPHIMHA OCHOBHAS 4acTh aBPOPAILHOTO OBaJIa MPOELHPYETCs HE Ha IIa3MEHHBIN
CJIOW, a Ha BHEIIHIOIO YacTh KOJIBIIEBOTO TOKa, a IPAaHMIA 3aXBaTa JJIEKTPOHOB BHENIHErO I0sCa JIOKAIN30BaHA
BHYTpPH aBPOPAIBHOTO OBaJIa.

PesynpTaThl aHaaM3a AMHAMHKU BHEIIHETO IOSCa BO BPEMs psijia MATHHTHBIX Oypb C MCIOJIB30BAaHUEM JAHHBIX
HabmoxneHuit oredectBeHHOro npoekta METEOP u muccun RBSP/Van Allen Probes mpuBomsT k CcyriecTBeHHOM
MOAM(UKALIMY CIOXUBIIUXCS NpencraBieHnid. [loka3zaHo, 4To BO BpeMs OypH IOJISpHas TPAaHUIAa aBPOPAIBLHOTO
oBana B psae npoinetoB cmyTHuka METEOP-M Ne 2 coBmagaer ¢ rpaHUIed 3axBaTa HEPTHYHBIX 3JIEKTPOHOB.
AHamm3 W3MEHEHMH HaKIOHOB CIEKTPOB BONM3M MaKCHMyMa IIosica BO BpeMs TIJaBHOHW ¢a3el Oypu
IIPOJEMOHCTPHPOBAl JOMHHUPYIOIIYI0 poinb Dst s¢ddexra B NaJeHUM MOTOKOB PEISTUBHCTCKUX DJIEKTPOHOB.
OO6cyxnaercss HEOOXOIUMOCTh TIEPECMOTpPA TPOLECCOB YCKOPEHHS PEISITUBHCTCKHX OJJIEKTPOHOB C YYETOM
annabatnveckoro 3¢ (exra u aBpOpaIbHOI aKTUBHOCTH B 00J1aCTH BHELITHETO MOSICA BO BPEMsI MATHUTHBIX OYPb.

Pabora noxnep:xana rpantoM PODU 18-05-00362.
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Superthin current sheets supported by anisotropic electrons
S.R. Kamaletdinov'?, E.V. Yushkov'?, A.V. Artemyev1’3, A.S. Lukin'*, A.A. Petrukovich'

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

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

3University of California, Los Angeles, California, USA

*Faculty of Physics, National Research University, Higher School of Economics, Moscow, Russia

The field-aligned electron anisotropy is usually observed in the Earth’s magnetotail current sheet. This anisotropy is
carried by subthermal electron population that may contribute significantly to the current density generation around
the equatorial plane where magnetic field lines are very stretched and magnetic curvature radius drops to few
hundreds km. In this presentation we discuss the simple 1D current sheet model that accounts for such field-aligned
electron anisotropy. Using observed (not Maxwellian) electron energy distributions, we calculate electron currents
generated by anisotropic electron population. This population forms quite narrow current layer around equatorial
plane. We also compare theoretical estimates with the MMS observations.

Comparison between the high energy electron precipitations in Murmansk and Moscow regions
according to the regular balloon monitoring of cosmic rays

M.B. Krainev', G.A. Bazilevskaya', B.B. Gvozdevsky?, A.S. Dyussembekova’

"Lebedev Physical Institute, RAS, Moscow, Russia
Polar Geophysical Institute, RAS, Apatity, Russia
3L.N. Gumilev Eurasian National University, Nur-Sultan, Kazakhstan

The regular balloon monitoring (RBM) of cosmic rays in the Earth’s atmosphere provides one of the longest
homogeneous time series not only on the galactic cosmic ray intensity but also, recording of X-ray radiation
generated in the atmosphere by precipitating magnetospheric electrons with energies above ~300 keV, i.e., on the
high energy electron precipitations (HEEPs). Up to now only the HEEPS from the high-latitude boundary of the
Outer Electron Belt recorded in Murmansk region (now in Apatity) have been put in catalogue (see Makhmutov V.S.,
Bazilevskaya G.A., Stozhkov Yu.l et al., J. Atmos. Sol.-Terr. Phys., 2016, V. 149, P. 258) and studied. However,
there are many HEEP-like cases recorded also in Dolgoprudny (Moscow region), which position corresponds to the
gap between the Inner and Outer Belts (L~2.5?).

In the talk we compare characteristic features of the HEEP-like cases recorded in RBM experiment in Murmansk
and Moscow regions in 2015-2019: their season and solar cycle distributions, position in the flight, correspondence
to the geomagnetic disturbances etc.

This work was supported in part by RFBR grant No. 18-02-00582a.

Solar wind Kinetic pressure influence on the plasma pressure in dayside precipitation regions
V.G. Vorobjev', O.1. Yagodkina', E.E. Antonova™’

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

Ion pressure in different dayside precipitation regions was studied for dependence on IMF Bz component and solar
wind dynamic pressure (Psw). For the aim of our investigation DMSP F6 and F7 spacecraft observations during
periods of magnetic quietness (AL>-200 nT) for whole 1986 were used. The average ion pressure in the plasma
mantle was found to be Pp,,,=0.02+0.01 nPa, which doesn’t depend on neither IMF Bz nor Psw. It was discovered
that cusp pressure P, was near to 1.0 nPa and it in common with Py, doesn’t depend on Bz and under northward
IMF on Psw. However, under southward IMF the pronounced enhancement of P, with the increasing in Psw was
observed from about 0.6 nPa during Psw=1.5 nPa up to about 1.7 nPa during Psw=6.0 nPa. The ion pressure in the
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region identified as the LLBL likewise to more high latitude regions mantle and cusp doesn’t depend on
interplanetary Bz, while Psw substantially affected the LLBL pressure. In the noon hours (11:00-13:00 MLT) the
PripL pressure changed from about 0.2 to 0.6 nPa along with Psw increasing from 1.0 to 6.0 nPa. The longitudinal
profile of Ppip; shows the local hump of pressure near magnetic noon. This striking effect becomes most
pronounced under high level of solar wind dynamic pressure: when Psw=6.0 nPa the average LLBL pressure was
about 0.6 nPa near 12:00 MLT whereas only 0.3 nPa in the neighbor 10:00-11:00 MLT and 13:00-14:00 MLT. The
average ion pressure in the region of structured auroral oval precipitation (AOP) was estimated to be 0.2 nPa and
changed from about 0.08 nPa to 0.25 nPa with Psw increasing from 1.0 to 6.0 nPa. The level of Psop slightly
increased from noon toward both 08:00 MLT and 16:00 MLT under high solar wind dynamic pressure. The isobar
of P,4op=0.2 nPa is closed in the ionosphere through the poleward part of nighttime AOP.
The work of E.E. Antonova in this project is supported by the RFBR grant No 18-05-00362.

HccaenoBanue pacnpocrpaHenus 3j1eKTpoMaruiuTHbIX BoJH KHY-1uanazoHa B BbICOKOIIMPOTHBIX
paiionax 3anagHo-ApPKTHYECKOH KOHTHHEHTAJIbHOW OKpPaWHbI MO Pe3yJbTAaTaM 3JKCIEePUMEHTA
FENICS-2019

B.A. JIto6unu, A.B. Pockysik

Dedepanvhoe 2ocyoapcmeentoe 0r0xcemHnoe HayyHoe yupedcoenue «llonapubiil eeousuueckuil uHCmMumymy, .
Anamumul, Poccus

B nmoxmazme paccMOTpPEHBI pE3yNbTaThl AKCIEPUMEHTANBHBIX HM3MEPEHHHA AIEKTPOMAarHUTHOTO TIONSL  OT
KOHTPOJUPYEMOT0 UCTOYHHKA Ha TOIyocTpoBax Prioaumii m CpemHuil, mpoBeneHHBIX B pamkax npoekra FENICS-
2019 1o D2NMEKTPOMATHUTHOMY 30HOMPOBAHMIO 3E€MHOW KOpel banrmiickoro mmra C HCHOJIB30BAHUEM
npombmuieHHbIX JIOII. Paifon momyoctpoBoB Pribaumit m Cpemamit OoTHOCHTCA K 3amagHO-ApPKTHYECKOM
KOHTHHEHTAJIFHON OKpauHE W MPEACTaBIsIeT OO0 30HY MEpexoaa OT KPUCTAJUINIECKOTo apxelickoro banTtuiickoro
mUTa K MOpoJaM OCaJO0YHOro dYexsa FOKHOM okpauHbl bapennesckoil mumTel. MccienoBaHue reosiorn4eckoit
CTPYKTYPBI OCaJJOYHOI'0 4€XJIa IEPEXOIHOM 30HbI BBI3bIBACT MHTEPEC C TOUKHU 3PEHUS BBISBIICHUS 3aKOHOMEPHOCTEM
U3MEHEHHUs TJTyOMHHOTO CTPOEHHS JIUTOC(EPDI, TOCTPOCHHS F'€0IMHAMHYECKUX PEKOHCTPYKIIMH 3BOJIIOIIMN PErMOHA
W MOJEJIHMPOBAHUS TPOLECCOB, OTBETCTBEHHBIX 3a (DOPMHMpOBaHHE YITIEBOAOPOJHOTO U MHHEPAIOTEHUYECKOTO
MOTEHIIMAIa HCCIIEyeMOro cermMeHra Apkruieckoro imenbga. Ilo pe3yiapraTaMm BBIIOJHEHHBIX H3MEpPEHUH
JIEKTPOMArHUTHOTO TMOJsI OT MOIIHOTO KOHTPOJIMPYEMOI'O HCTOYHHMKA OBUIM ITOCTPOEHBI T'e0dJIEKTPHYECKUE
pa3pe3sl U1 BEepXHEH 4acTH 3eMHOM KOPHI OIyocTpoBoB Pribaunii u Cpennwmii. [TomydeHHBIE pe3yIbTaThl XOPOIIO
COTJIACYIOTCS. C HUMEIOIICHCA Te0JIOro-reopU3NIecKOl MHPOPMALIUEH O CTPOCHHU IHUTOCQEpPHl MCCIEITyeMOH
NEPEXOAHOMN 30HBL.

Pabota BbINOJIHEHA MpH 4YacTHYHOM (uHaHcOBO# momuepxke rpanta PODU u IIpaButenbcrBa MypmaHckon
obmactu (mpoext Ne 17-45-510956 p_a).

Cucrema ypaBHennii MakcBesuia Ajs IJIa3Mbl B IPHOJIHKEHUN KBAa3MHEHTPAJLHOCTH
0.B. Munranes', I.B. Munranes', X.B. Manosa®, A.M. Mep3m,1p"13, B.C. Munranes!, O.B. Xa6ap019.a4

'\OIBHY «Ilonapuwiii 2eousuueckuii uncmumymy, Anamumol; e-mail: mingalev_o@pgia.ru

Hayuno-uccredosamenvckuii uncmumym soeproii gusuxu um. J.B. Crobenvysina MI'Y, Mockea

3H)Ltcmumym Kocmuueckux uccredosanuti PAH, Mockea

4I/IHcmumym 3EMHO20 MAZHemu3Md, UOHOCHepbl u pacnpocmparnenus paouogonn um. H.B. ITywxosa PAH, Mockea,
Tpouyx, Poccus

[Momydena momudukanms cucreMbl ypaBHeHMIT MakcBesia Ui IUIa3Mbl B NPUOIMKEHUHM KBa3WHEWTPAIBLHOCTH,
KOTOpasi ONKCHIBACT 3JIEKTPOMAarHUTHOE II0J€ B KpYIHOMAcIITaOHBIX Oe3bI3NTydyaTeNbHBIX —Ipoleccax B
KOCMUYECKOH IIa3Me MOHOC(EpHI, MarHUTOC(HEPsl M COTHEYHOTO BETPA, a TAK)KE CXEMa €€ 3aMbIKaHUsI CUCTEMOM
ypaBHEHHI TIepeHoca IUIa3MbBl. B IMoiydeHHOH cucTeMe ypaBHEHHH IMPOUCXOIUT CIENYIOImas TpaHCOpMaIus
HCXOJHOU CUCTEMBI:
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1) ypaBuenue ['aycca coxpansercs;

2) ypaBHeHue IlyaccoHa 3ameHsieTCS YCJIOBHEM KBa3WHEHTPaJbHOCTH W YCJIOBHEM IPOJIOJBHOTO CHIOBOTO
PaBHOBECHSI JJIEKTPOHOB BJIOJIb JIMHUI MarHUTHOTO I1OJISI;

3) ypaBuenue dapajest COXpaHseTcsi, HO JUIsl pacuyeTa COJICHOMJAIbHOM YacTH 3JIEKTPHYECKOTO IMOJIsl HCIOIb3YeTCs
BBITEKAOIIEE U3 HETO U U3 ypaBHEHHUs AMIiepa ypaBHEHHE JUIS JBOHHOTO POTOpPa 3JIEKTPHUYECKOrO MO, B KOTOPOM
YyacTHasl IPOM3BOJHAs MO0 BPEMEHHU OT IJIOTHOCTH TOKa BBIpaXkaeTcst n3 0000mieHHoro 3akoHa Oma 4epes mods, a
TaK)Ke KOHIEHTPAIMIO, IUIOTHOCTh TOKa, TEH30p [AaBJICHHS M WX IPOCTPAHCTBEHHBIE IPOW3BOJHBIC Ka)IOH
KOMIIOHEHTBI ITa3MBl.

PaccmoTpeHo 3aMbIkaHUe MMOTYYSHHOH CHCTEMBI YpaBHEHHMIT Ul 6-TH HanOoJiee aKTyalbHbIX BAPUAHTOB CHCTEMBI
YpaBHEHWH NepeHoca IUIa3Mbl, M MOJTYyYeHBI COOTBETCTBYIOIIME 3aMKHYTBIE CHCTEMbl YPaBHEHHU, B KaKIOW W3
KOTOPBIX JUIA ONpPEACNCHHS IIOJIeH IodydyaeTcs CUCTeMa YPaBHEHMH HJUIMIITHYECKOTO THUIA, HE COAEpIKaIas
YaCTHBIX MPOU3BOAHBIX MO BPEMEHH U ONPENesIomas Mo 10 TeKyIleMy MIPOCTPAHCTBEHHOMY PacIpe/iesICHUIO
THIPOJMHAMHYECKUX IapaMeTpoOB IUIa3Mbl W TPaHUYHBIM YCJIOBHSM B pPaMKaX MTHOBEHHOTO AalbHOJICHCTBHS.
Takoit moaxon mo3BossieT pa3pabarbiBaTh TIOOATBHBIE MOJHOCTHIO CaMOCOITIACOBAHHBIE YHCIICHHBIE MOJIENN
MOHOC(Epbl U MarHUTOC(Epbl ¢ PU3NYECKH KOPPEKTHHIM OITMCAHHEM 3JIEKTPUYECKOro moiis. Takxke OH Mo3BOISIET
paspabaTbiBaTh MOJENM  KPYIHOMAacIITaOHBIX IIPOLECCOB B  MarHUTOCepe M COJNHEYHOM BETpEe C
MPOCTPAHCTBEHHBIM pa3pellieHHEM Ha YPOBHE THPOPAIMYyCa TEIUIOBBIX HOHOB.

Pa6ora X.B. Manosoii u O.B. Xabaposoii noanepsxana rpantom PODU 19-02-00957.

CuiioBoii 6a;1aHC B TOKOBBIX CJIOSIX B IJIa3Me H3 NMPOTOHOB U 3aMAarHHY€HHBIX 3JICKTPOHOB

0.B. Munranes', I.B. Munranes', X.B. Manosa>?, I1.B. Cenko',
M.H. MGJ'ILHI/IKI, A.B. ApTeMLeB3, O.B. Xa6apOBa4, JL.M. 3enéubiit’

1 o o . . .
®@I'BHY «Ilonsapuutii ceogpusuueckuti uncmumymy, Anamumul, e-mail: mingalev_o@pgia.ru

2 . .

Hayuno-uccrnedosamenvcxuii uncmumym adeprou guzuxu um. /1.B. Crobenvyvina MI'Y, Mocksa

3 .

Unemumym xocmuueckux uccneooganuii PAH, Mocksa

4

HUncmumym 3emno20 mazhemusma, uoHocgepul u pacnpocmparnenus paouogoan um. H.B. Ilyuxosa PAH, Tpouyk,
Mockea, Poccus

Jnst 6ecCTOIKHOBUTENBHOM IUIa3Mbl, COCTOAIICH W3 IPOTOHOB M 3aMarHWYEHHBIX JJIEKTPOHOB MOJIydeHa HOBas
(opMma ypaBHEHUs CHIOBOTO OajaHCa IPOTOHOB, B KOTOPOH 3MEKTPUUIECKOE [10JI€ BHIPAXKEHO Yepe3 MarHUTHOE 110JIe
W IMBEPTeHIIMIO TeH30pa AaBjieHus 1eKTpoHoB. [locnennee ypaBHeHne HEOOXOIUMO /ISl TPABUIILHOM TIOCTaHOBKH
IrpaHUYHBIX yCﬂOBI/lﬁ B MOJCIAX TOKOBBIX CJIOCB M JIA KOHTPOJIA CHUJIOBOIO 6ancha B OTHUX MOJACJIAX. W3 sTux
YpaBHEHMI BIIEpBbIE IMOJy4eHa oOuiass ¢opma ypaBHEHHS CHIOBOrO OajlaHCa B CTAl[MOHAPHOM IPOCTPAHCTBEHHO
OJTHOMEPHOM TOKOBOM CJIO€ C Y4YETOM AaHW3OTPONHH IaBJICHUS JJIEKTPOHOB. DJTO YpaBHEHHE HMEET BasKHOE
3Ha4YeHHe ISl MOJIeJIel CTAallIOHAPHBIX TOKOBBIX clloeB. Takke MpUBEIEHbI pe3ysIbTaThl IPUMEHEHUS TT0JIyYEHHOTO
YpaBHEHUSI B YHCIICHHBIX MOJIEIISIX CTALJMOHAPHBIX TOHKHX TOKOBBIX CJIOCB.
Pa6ora X.B. Manosoii u O.B. Xabaposoit nognepxxana rpantom POOU 19-02-00957.
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Observations of auroras and low-frequency electromagnetic waves at Kola Peninsula and
Scandinavia during Arase/ERG flybys

A.G. Demekhov'?, B.V. Kozelov!, T.A. Popoval, A.G. Yahninl, A.S. Nikitenko',
Yu.V. Fedorenko', A.V. Rolduginl, E.E. Titoval, J. Manninen®

'Polar Geophysical Institute, Apatity, Russia
2Institute of Applied Physics, Russian Academy of Sciences, Nizhnii Novgorod, Russia
3Sodankyli Geophysical Observatory, Sodankyld, Finland

We present results of ground-based observations of electromagnetic low-frequency waves and optical emissions
performed by Polar Geophysical Institute (PGI) at Kola Peninsula and Scandinavia during conjugate flybys of
ERG/Arase spacecraft. Capabilities of the instruments are discussed and example observations are shown. A
catalogue of observations for various types of phenomena is briefly characterized. (1) In particular, we observe
pulsating auroras and try to triangulate them in order to determine their altitude. These results can be compared with
ERG data on energetic electrons. (2) Very-low frequency (VLF) measurements are performed by using wideband
receiver for two horizontal magnetic field components and vertical electric field. We use such data from two
locations, namely, Lovozero at Kola Peninsula and Kannuslehto in FInland that are located about 500 km from each
other. We give examples of chorus and quasi-periodic VLF emissions for which the regions of their exit to the
ground could be identified. (3) The third part of the catalogue contains magnetic pulsations in the Pcl frequency
range that correspond to electromagnetic ion cyclotron (EMIC) waves in the magnetosphere. Their possible source
regions can be identified by studying energetic ion fluxes measured by low-orbiting spacecraft, and compared with
ERG and Van Allen Probe data on energetic ions and EMIC waves at high altitudes.

The work of A.D., T.P.,, A.Ya.,, AN., and A.R. was supported by the Russian Foundation for Basic Research
(project No. 19-52-50025 YaF a).

Frequency dependence of VLF chorus Poynting flux in the source region: THEMIS observations
and a model

A.G. Demekhov'?, U. Taubenschuss’, M. Hanzelka®*, Ondrej Santolik™*

'Polar Geophysical Institute, Apatity, Russia

2Institute of Applied Physics, Russian Academy of Sciences, Nizhnii Novgorod, Russia
3Department of Space Physics, Inst. Atmospher. Phys., Czech Acad. Sci., Prague, Czechia
*Faculty of Mathematics and Physics, Charles University in Prague, Czechia

We discuss results of observations of very-low frequency (VLF) chorus emissions detected by the THEMIS
spacecraft within the source region. Using multicomponent wave data of quasi-parallel propagating chorus elements
measured at some distance from the magnetic field minimum, we have found that the elements propagating
equatorward had systematically higher frequencies and smaller amplitudes compared with simultaneously observed
elements propagating away from the equator. This feature is revealed both in individual events and statistically. The
exponential growth rates of the elements propagating in both directions had close or equal values.

We demonstrate a similar feature in the results of self-consistent simulations performed by using the backward
wave oscillator equations for chorus generation. We propose a qualitative explanation of the observed feature on the
basis of a spatio-temporal nonlinear evolution of the energetic electron distribution function in the course of VLF
wave generation. The parallel velocities of electrons moving from the equator is decreased due to both, the adiabatic
mirror force and nonlinear wave-particle interaction, which causes an increase in the wave frequency of the chorus
elements generated by such electrons and propagating equatorward. The elements propagating away from the
equator, are thus formed by electrons with a higher field aligned velocity component. As a result, such electrons
generate waves with lower frequencies.
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Spatial distribution of multiple temporal variations of pulsating aurora: multi-point high-speed
optical observations in Scandinavia

Y. Kawamural, K. Hosokawa', S. Oyama2’3’5, Y. Miyoshiz, Y. Ogawa3, S. Kurita?, R. Fuji4

"University of Electro-Communications, Japan

’ISEE, Nagoya University, Japan

3National Institute of Polar Research, Japan

*Research Organization of Information and Systems, Japan
>University of Oulu, Finland

Pulsating aurora (PsA) is a kind of diffuse aurora which almost always appears in the morning side during the
recovery phase of auroral substorm. PsA typically has two distinct temporal variations. One is so-called main
pulsation whose period ranges from a few to a few tens of seconds. The other is a few Hz modulation (internal
modulation), which is occasionally seen during the ON phase of the main pulsation. Previous studies have suggested
that the temporal variation of PsA is characterized by wave-particle interaction between whistler-mode chorus
waves and high energy electrons in the magnetosphere. Especially, it has been indicated that there is one to one
correspondence between the amplitude variation of chorus waves and the luminosity modulation of PsA. However,
there have been no studies which analyzed the spatial distribution of multi-scale temporal variations of PsA (i.e. the
main pulsation and internal modulation).

To reveal the spatial characteristics of the multi-scale temporal variation of PsA, we need to perform frequency
analyses on multi-scale temporal variations of PsA by using data from high speed optical cameras capable of
providing a wide spatial coverage.

For this purpose, we make use of highly sensitive EMCCD cameras, which have been in operation in Sodankyla
and Kevo, Finland, Tromsoe, Norway, and Tjautjas, Sweden. All-sky aurora images are taken with the temporal
resolution of 0.01 sec. The temporal resolution of these cameras is sufficient to identify the multi-scale temporal
variation of PsA. Note that in this study, to make the analysis easily, the images have been down-sampling to 25 Hz.

In the frequency analysis, we have employed all-sky images taken on March 14, 15, and 23, 2018. We computed
the average frequency of internal modulation from each pixel of the EMCCD cameras and derived the spatial
distribution of their dominant frequencies. Regardless of the magnetic latitude, the luminosity of pulsating patches
was fluctuating with a similar frequency. We also derived the frequency spectrum of several pulsating patches
existing at different locations in the north-south direction and found that these frequency spectrums of pulsating
patches showed peaks at around 3 Hz. These results indicate that the frequency of internal modulation does not
depend on latitude, and the frequency of internal modulation is highly collimated on 3 Hz.

Following the method mentioned above, we will also compute the average periodicity of the main pulsation and
derive the spatial distribution of main pulsation. In this presentation, we will discuss what factor controls the multi-
scale temporal variation of PsA by taking into account their latitudinal and longitudinal dependences.

Non-understood high-frequency “birds”-type VLF emissions
N.G. Kleimenova', J. Manninen?, T. Turunen?, Yu.V. Fedorenko®, A.S. Nikitenko3, L.I. Gromova®*, O.M. Lebed®

'Schmidt Institute of the Earth Physics of RAS, Moscow, Russia
2Sodankyli Geophysical Observatory, Sodankyld, Finland
*Polar Geophysical Institute, Apatity, Russia

*IZMIRAN, Troitsk, Russia

The whistler-mode VLF emissions play a very important role in the dynamics of the ring current electrons. A vast
amount of VLF data collected at Finish station Kannuslehto (L~ 5.5) during ~50 months of the 2005-2020
registration provides the great opportunities to study many different types of VLF signals. Since 2012, the similar
VLF registration has been carried out in the Russian observatory Lovozero, located at the similar L-shell about 400
km to the East. Here we present some peculiar daytime high-frequency VLF emissions observed under quiet
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geomagnetic conditions. These high-frequency waves cannot be attributed to typical well known VLF chorus and
hiss. They became visible on the spectrograms only after the applying the filtering out sferics originating in
lightning discharges and hiding all natural high-frequency signals. After this procedure, it was found a large
collection of different natural VLF signals usually observed as a sequence of right-polarized short (less than 1-2
minutes) bursts of emissions at frequencies above 5-6 kHz, i.e. at higher frequency than equatorial electron
gyrofrequency at the L-shell of Kannuslehto and Lovozero. These emissions were called “birds” due to their chirped
sounds. It was established that the “birds” are typically occur during the daytime only under quiet space weather
conditions. However, simultaneously small or moderate magnetic substorms were often observed in the night sector
of the Earth. Here we also show the recently observed series of the “bird-mode” emissions with various bizarre
dynamic spectra, sometimes consisting of two (and even more) frequency bands. The simultaneous “birds-type”
VLF emissions observed at Kannuslehto and Lovozero are discussed. It seems that the “birds” emissions can be
generated deep inside the magnetosphere the low L-shells. But the real nature, the generation region and propagation
behaviour of these VLF emissions remain still unknown. Moreover, nobody can explain how the waves could-reach
the ground at the auroral latitudes like Kannuslehto and Lovozero as well as which magnetospheric driver could
generate this very complicated spectral feature of the emissions.

The study by A.S. Nikitenko was partly supported by the Russian Foundation for Basic Research (project No. 19-
52-50025 YaF a).

Electron anisotropy driven by kinetic Alfven waves in the Earth magnetotail
A.S. Lukin'? A.V. Artemyev“, E.V. Panov®, A.A. Petrukovichl, R. Nakamura®

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

Faculty of Physics, National Research University, Higher School of Economics, Moscow, Russia
University of California, Los Angeles, California, USA

“Space Research Institute of Austrian Academy of Sciences, Graz, Austria

Thermal and subthermal electron populations in the Earth’s magnetotail is usually characterized by pronounced
field-aligned anisotropy that contributes to generation of strong electric currents within the magnetotail current
sheet. Formation of this anisotropy requires electron field-aligned acceleration, and thus likely involves field-aligned
electric fields. Such fields can be carried by various electromagnetic waves generated by fast plasma flows
interacting with ambient magnetotail plasma. In this presentation we consider one of the most intense observed
wave emissions, kinetic Alfven waves, that accompany all fast plasma flows in the magnetotail.

Using two tail seasons (2018, 2019) of MMS observations we have collected statistics of 80 fast plasma flows (or
BBF) events with distinctive enhancement of intensity of broadband electromagnetic waves sharing properties of
kinetic Alfven waves. We show that a direct correlation the intensity of electric fields of kinetic Alfven waves and
electron anisotropy distribution: the parallel electron anisotropy significantly increases with magnitude of the wave
parallel electric field. The energy range of this electron anisotropic population is well within the range of resonant
energies for observed kinetic Alfven waves. Our results show that kinetic Alfven waves can significantly contribute
to shaping the magnetotail electron population.
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EMIC waves and proton precipitation related to the westward drift of energetic protons in the
evening sector

T.A. Popoval, A.G. Demekhov'?, A.G. Yahnin, S. Yokota®, S. Kasahara4, K. Keika4, T. Horis,
F. Tsuchiyaé, A. Kumamoto®, Y. Kasahara’, A. Matsuoka®, M. Shojis, Y. Miyoshis, L. Shinohara®, T. Raita’

"Polar Geophysical Institute, Apatity, Russia

2Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod, Russia
3Osaka University, Osaka, Japan

*The University of Tokyo, Tokyo, Japan

*Nagoya University, Nagoya, Japan

STohoku University, Tohoku, Japan

"Kanazawa University, Kanazawa, Japan

8JAXA, T okyo, Japan

’Sodankyli Geophysical Observatory, Sodankyld, Finland

We consider some effects of the westward drift of protons during the interval of 16-17 UT on 1 December 2018 on
the basis of data from the ERG/Arase and Van Allen Probes A and B spacecraft located at L~5-6 and MLT = 19
(ERG), MLT=20 (Van Allen Probe B), and MLT=21.7 (Van Allen Probe A). The Van Allen Probe A detected a
dispersionless injection of energetic protons related to the onset of a substorm in the night sector. The proton
“cloud” was subsequently detected by Van Allen Probe B and ERG as a dispersive enhancement of the energetic
proton flux. We show that the proton “cloud” arrival at every spacecraft location coincides with the detection of the
EMIC waves signal by those spacecraft. Pcl pulsations having frequencies in the range of the EMIC waves
observed in the magnetosphere were detected by ground stations at Kola Peninsula and in Finland during the
passage of the proton cloud across the meridian of those stations. Low-orbiting POES satellites observed localized
precipitation of energetic protons in the region conjugate with the EMIC wave observation region in the
magnetosphere. The precipitating proton energy is in agreement with the estimates based on the cyclotron resonance
condition.
This study was supported by JSPS-RFBR bilateral project (project No. 19-52-50025 YaF _a).

The cases of weak auroras during Pc1-2 pulsations in Lovozero
V.C. Roldugin, A.V. Roldugin
Polar Geophysical Institute, Apatity, Murmansk Region, Russia

In the morning on 6 March 2019 the magnetic field in Lovozero was quietly, between Oh — 6h UT it changed in
limits of 20 nT. The sky was clear, and no aurora was seen in usual all-sky camera. However TV-observations in
5577 emission with big exposition showed an auroral arc 300 km to the south from Lovozero. This strange aurora
was accompanied by Pc1-2 pulsations in Lovozero, Kiruna, Sodankula, and also by VLF emission at 2 kHz.

The work of A.V. Roldugin was supported by the Russian Foundation for Basic Research (project No. 19-52-
50025 YaF _a).

PcS pulsation layout during SC event on 24 January 2012
V.C. Roldugin, A.V. Roldugin
Polar Geophysical Institute, Apatity, Murmansk Region, Russia

On 24 January 2012 during SC time and after it the Pc5 pulsations were observed in Lovozero and Scandinavian
observatories. Using auroral data we make more exact location of magnitospheric shell which generates this
pulsation. Some peculiarities of the Pc5 evolution are connected with geometry of the shock wave in interplanetary
magnetic field.

The work of A.V. Roldugin was supported by the Russian Foundation for Basic Research (project No. 19-52-
50025 YaF _a).
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Electron holes in the Earth's magnetotail current sheet: role of magnetic field gradients and
electron anisotropy

P. Shustov'?, I. Kuzichev’, I. Vasko*!, A. Ar“cemyevs’l, A. Petrukovich!

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

Faculty of Physics, Higher School of Economics, Moscow, Russia

*New Jersey Institute of Technology, Newark, New Jersey

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

>Institute of Geophysics and Planetary Physics, University of California, Los Angeles, USA

Electron holes are nonlinear electrostatic structures that are often observed in the vicinity of the magnetotail energy
release regions, e.g. magnetic reconnection. In this work we develop 1.5D Vlasov code simulations of the electron
hole dynamics in the magnetic field configuration typical of the current sheet of the Earth's magnetotail. We
consider the propagation of electron holes along magnetic field lines in the inhomogeneous magnetic field of the
current sheet with realistically anisotropic electron distribution function. We demonstrate that electron holes
generated near the equatorial plane of the current sheet brake as they propagate toward the boundaries of the current
sheets. This effect is stronger for higher magnetic field gradient and larger electron field-aligned anisotropy. These
simulations demonstrate that slow electron holes observed in the plasma sheet boundary layer may appear due to
that effect of electron hole braking.

Conjugate ground-spacecraft observations of quasiperiodic VLF emissions
E.E. Titova', A.G. Demekhov'?, A.A. Lubchich!, J. Manninen®, D.L. Pasmanik®, A.S. Nikitenko', A.V. Larchenko'

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

We use multiple conjugate observations of quasiperiodic (QP) VLF emissions in space and on the ground to localize
the source region of these emissions. Ground-based observations of VLF signals were carried out at ground-based
stations Kannuslehto (67.74°N, 26.27°E; L = 5.45) and Lovozero (67.98°N, 35.08°E; L = 4.96).

More than twenty conjugate ground-spacecraft QP events were analyzed, and one-to-one correspondence between
the quasiperiodic elements detected on the ground and by Van Allen Probe satellites was found in a wide range of L
shells from 2 to 6. This correlation of QP elements was observed when the field-aligned projections of Van Allen
Probes orbits were at a distance of up to 3000 km from the observatories, both eastward and westward.

Since these VLF waves are believed to be generated by the cyclotron instability, their source should be in the
equatorial region, and the growth rate maximum of whistler waves propagating along the magnetic field. Therefore,
along the satellite trajectories, we identified the areas where: (a) the Poynting vector of QP emissions was directed
away from the equator, (b) the angle between the wave vector and the magnetic field was low (<20°), and (c) the
growth rate band matched the QP emission band. These regions formed a small part of the trajectories where the QP
emissions were observed. They have radial dimensions AL = 0.1 - 0.3 and were located at L = 4-6. We assume that
these small areas may correspond to the satellite passing through the regions of QP emission generation regions.

In some cases, these localized regions of possible sources of QP emissions were associated with localized plasma
density enhancements, which are able to guide the VLF waves in the magnetosphere and to ensure their exit to the
Earth-ionosphere waveguide. The directions of wave propagation determined at the ground-based stations are used
to localize the areas of their sources in the magnetosphere.

This work was partially supported by the Russian Foundation for Basic Research, project no. 19-02-00179.
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Large-amplitude Alfven waves in the solar wind: ion kinetic effects
M.B. Volkov'?, E.V. Yushkov'?, A.V. Artemyev'?, A.S. Lukin'*, P.I. Shustov'*, A.A. Petrukovich'

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

*Physics Department of the Moscow State University, Moscow, Russia

3University of California, Los Angeles, California, USA

*Faculty of Physics, National Research University, Higher School of Economics, Moscow, Russia

Large amplitude Alfven waves contribute significantly to the spectrum of magnetic field fluctuations in the solar
wind. These waves are believed to be responsible for solar wind turbulent heating at large scale. Previous
investigations demonstrated that Alfven wave magnetic field variations (often estimated in an amplitude of Alfven
speed oscillations in the solar wind) well exceed variations of the plasma speed, what indicates on internal instability
of the wave configuration. In this presentation we consider possible sources of the observed difference between
magnetic field and plasma energies (amplitude of fluctuations of Alfven and plasma speeds) of Alfven waves in the
solar wind. We suggest that the effect of a finite ion gyroradius and the corresponding plasma pressure anisotropy
should be taken into account to decrease the Alfven speed variations, what should results in stable Alfven wave
structure.

Spectral parameters of high latitude Pi3 pulsations, ULF index in two hemispheres and space
weather

N.V. Yagova, O.V. Kozyreva, V.A. Pilipenko
Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences (IPE RAS)

Original ULF index was suggested (Kozyreva et al., 2007) for Pc5 frequency range and verified for auriral latitudes
in the Northern hemisphere. Typical for polar caps ULF are broadband and theit frequencies are somewhat lower (1-
4 mHz), than for classical auroral Pc5s. They are denoted as Pi3cap pulsation (Yagova et al., 2004). Their spectral
parameters depend on magnetic local time and latitude and they can demonstrate a precursor behavior before
substorms without evident external trigger (Yagova et al., 2010, 2017). However, Pi3 properties in polar caps under
different space weather conditions are not known in details. The present study is aimed on systematic study of Pi3
polar cap properties in dependence of space weather conditions. For that, the ULF index is modified for the southern
hemisphere. The behavior of the index under different variants of boundaries in magnetic latitudes and MLT is
studied and an optimal choice is found. Spectral slope, quality factor, and higher moments of spectral distribution of
polar cap Pi3s in two hemispheres are analyzed for different space weather conditions.

Kozyreva O., V. Pilipenko, M.J. Engebretson, K. Yumoto, J. Watermann, N. Romanova, In search of a new ULF wave index:
Comparison of Pc5 power with dynamics of geostationary relativistic electrons, Planetary Space Science, 55, N6, 755-769,
2007.

Yagova N., N. Nosikova, L. Baddeley, O. Kozyreva, D.A. Lorentzen, V. Pilipenko, M.G. Johnsen, Non-triggered auroral
substorms and long-period (1-4 mHz) geomagnetic and auroral luminosity pulsations in the polar cap, Ann. Geophys., 35, 365-
376, doi:10.5194/angeo-35-365-2017, 2017.

Yagova N.V., V.A. Pilipenko, L.N. Baransky, M.J. Engebretson, Spatial distribution of spectral parameters of high latitude
geomagnetic disturbances in the Pc5/Pi3 frequency range, Ann. Geophys., 28, 1761-1775, 2010.
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structure of long-period pulsations at polar latitudes in Antarctica, J. Geophys. Res., 109, A03222, do0i:10.1029/2003JA010166,
2004.
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Atmospheric and magnetocphetic control of natural geomagnetic noise in ULF-ELF frequency
range in the ionosphere

N.V. Yagova, V.A. Pilipenko, E.N. Fedorov, N.G. Mazur, N.S. Nosikova

Geomagnetic noise and pulsations at frequencies about several Hz in the ionosphere remain weakly studied.
Research of Schumann and IAR features at the altitudes above the maximum of electron concentration, answer of
Hertz geomagnetic fluctuations in the ionosphere to thunderstorms, are at the initial stage. Almost no results on
magnetospheric control of Hertz magnetic field fluctuations in the ionosphere have been reported. Even
morphological properties of background geomagnetic noise and pulsations are unknown. This makes ambiguous any
interpretation of found events.

The present study is aimed on study of geomagnetic fluctuations in the frequency range 3-15 Hz, recorded by
SWARM satellites, including
1) Morphological properties of background fluctuations
2) Possible association with thunderstorms (observations and model)
3) Possible magnetospheric control, as estimated from synchronous SWARM and THEMIS data

Sources of Pcl pulsations during the September 11, 2017 event
T.A. Yahnina', A.G. Yahnin', T. Raita®, J. Manninen®

'Polar Geophysical Institute, Apatity, Murmansk region, Russia
*Sodankyla Geophysical Observatory, University of Oulu, Sodankyla, Finland

Rather complex structure and dynamics of the pulsation spectrum in the Pc1 range were observed by a network of
Finnish induction magnetometers within the interval 00-07 UT on September 11, 2017. These pulsations were
recorded at a late stage of magnetic storm recovery, which took place on September 7-8, 2017, (minimum Dst = -
142 nT). We compared the characteristics of the pulsation spectrum with the dynamics of localized precipitation of
energetic protons (LPEP). Previously, it was shown that LPEP is an indicator of the EMIC wave source. Proton
precipitation data were revealed from low-orbiting POES satellites (NOAA, MetOp). Considering the LPEP situated
near the ground stations detecting the pulsations, we selected three groups of sources. Two of them were observed at
L ~3 and L ~ 4, respectively. Comparison of the equatorial gyrofrequency of helium ions fy.+, estimated from the
latitude of the source, with the pulsation frequency showed that the two group of sources can be responsible for
strongest Pcl emissions, and these emissions belong to the helium band (f <fy.+). This may indicate that the sources
of these pulsations can relate to the dense plasmaspheric plasma. Indeed, the results of modeling the plasmasphere
for this case, presented on the website http://enarc.space.swri.edu, showed the presence of the plasmapause at L ~ 3,
the residual plasmapause at L~4, and an additional, detached plasma structure between L~ 4 and ~5. Some LPEP
were observed outside the plasmapause (L>5). These sources can produce the emissions in the hydrogen band (fy.+
<f <fy+), and this fact helps in interpretation of some elements in the pulsation spectrum. Our analysis shows the
importance of using information about the location of the emission source revealed from the proton precipitation
data to explain the structure and dynamics of Pcl spectra.

Cold ion energization on separatrices during magnetic reconnection

1.V. Zaitsev, A.V. Divin, V.S. Semenov

Institute of Physics, University of St-Petersburg, St-Petersburg, Russia

Separatrices of magnetic reconnection host intense perpendicular Hall electric field produced by decoupling of ion
and electron components and associated with the in-plane electrostatic potential drop between inflow and outflow
regions. The width of these structures is several local electron inertial lengths, which is small enough to demagnetize

ions as they cross the layer. We investigate temperature dependence of ion acceleration at separatrices by means of
2D Particle-in-Cell (PIC) simulations of magnetic reconnection with only cold or hot ion background population.
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The separatrix Hall electric field is balanced by the inertia term in cold background simulations, the effect indicative
of the quasi-steady local perpendicular acceleration. The electric field introduces a cross-field beam of
unmagnetized particles which makes the temperature strongly non-gyrotropic and susceptible to sub-ion scale
instabilities. This acceleration mechanism nearly vanishes for hot ion background simulations. Particle-in-Cell
simulations are complimented by one-dimensional test particle calculations, which show that the hot ion particles
experience scattering in energies after crossing the acceleration layer, whereas cold ions are uniformly energized up
to the energies comparable to the electrostatic potential drop between the inflow and outflow regions.

PacnpocrpaneHue 3/1eKTPOMATHMTHBIX BOJIH B YCJIOBUSIX MarHutHod cyo0ypu 11.12.2015 na
4acToTax poccuiickoii panmonaBuranuonHoi cucremsl PCAH-20 (Anbda)

O.1. Axmetos, 11.B. Munranes, O.B. Munranes, B.b. benaxosckwuii, 3.B. CyBopoBa
@I'FHY «llonapuyiii ceogpusuueckuti uncmumymy, 2. Anamumot, Poccus,; e-mail: akhmetov@pgia.ru

B pabote npezncraBieHbl pe3yabTaThl MOJEIMPOBAHUS PACIPOCTPAHEHUs AJIEKTPOMAarHUTHOM BOJHBI C 4aCTOTOM,
COOTBETCTBYIOIIEH HECYIIEH, B CETH MEePEeIaTINKOB PaTUOTEXHUIECKOHN crcTeMbl nanpHel HaBuranuu (PCIH-20),
paboratomx Ha Teppuropun CHI' B nmanazone cBepxmanuHHBIX BomH. Cmcrema RSDN-20 coctonT W3 deThIpex
MepeaaTINKOB, KOTOPBIE pacnonokeHsl B HoBocubupcke (55°45'31" c.m. 84°26'45" B.1.), Kpacromape (45°24'12"
ca. 38°09'30” B.x.), Komcomomnscke-Ha-Amype (50°0421" cam. 136°36'34" B.n.) u B MypmaHckoii obmactu B
nmocenke Peema (68°02'13" c.m. 34°40'43" B.n.). DTH mepegaTYWKH TepemaroT 3,6 CeKyHAHbBIE CHUTHAIBHBIC
nmocneaoBareabHOCTH Ha yactotax 11905 T'm, 12649 T'm u 14881 I'l. YuciieHHBIH 3KCIEpUMEHT ObLI TPOBEIEH C
napaMeTpamMu HOHOC(Epbl, COOTBETCTBYIOIIMMHM MarHUTHOH cy00ypu 11.12.2015. Ilpodwmim moHOochepHbIX
napaMeTpoB ObUTH MOJY4YEeHbl Ha OCHOBE JaHHBIX pamapa HekorepeHTHoro paccesHus EISCAT Ha apxumenare
HInunbepreH u AByXMapamMeTpUIECcKOro SKCIOHeHIManbsHoro npodus Belita nist D-o01actu moHOChEpHI.

Onenka Briaga YHY u OHY BoJIHOBBIX BO3MYIIEHHI B POCT MOTOKOB JIEKTPOHOB /10
PeNSTHBUCTCKUX IHEPTrUii

B.b. BenaXOBCKI/II‘/'Il, B.A. HI/IJ‘II/IHGHKOZ, K. IlInokasa® , E. Muoum®

1 . .
@I'BHY «Ilonsapuutii ceogpusuueckuti uncmumymy, 2. Anamumot
2

Hnemumym ¢usuxu 3emnu PAH, 2. Mockea
3

Hncmumym uccnedosanust OKOJI03eMHO20 KOCMUYeCKko20 npocmpancmea, 2. Hazos, Anonust

B pabote uccnenosan Briag YHU u OHY BOMHOBBIX BO3MYILEHHUIT B YCKOPEHHE AJIEKTPOHOB 0 PEISTUBHCTCKUX
SHepruii (Heckosbko M»5B) BO BHENHEM paaualMOHHOM Tosice 3eMiu. Perucrpamus MOTOKOB 3JIEKTPOHOB
OCYILIECTBIISUIaCh M0 JaHHbIM TreocranuoHapHbix crnyTHHKOB GOES, samonckoro cmnythHuka Arase (ERG),
3amyuieHHoro B koHie 2016 roma, cmytHuka RBSP. [lns xapakrepuctuku OHY BOJTHOBOM aKTHBHOCTH B
MarauTocepe MCIOIb30BaHbl MaHHbIC CyTHUKOB Arase, RBSP. AHanu3 mokasan, 4To Ha3eMHAas PErUCTpaIlvs
OHY BosH He MOXET OBITh HAICKHBIM HWHIUKATOpoM yBemudeHus MomrHoct OHY BomH B Marmmrocdepe
BCJIC/ICTBHE UX 3aTyxaHusi B moHochepe. McnonszoBan YHY uHIeke aist XapakTepUCTHKN BOJIHOBOM aKTHBHOCTH
marHuTocgepsl B Pc5 nuanasone. HeoOXonMMbIM yCIIOBHEM YCKOPEHHS 3JIEKTPOHOB JI0 PEISITUBUCTCKUX SHEPIUil
SABIISICTCA JTUTEIbHASI CyOOypeBasi aKTHBHOCTh, COIIPOBOKAAOMIASsICS HHKEKIIUEH “3aTpaBOYHBIX” AIIEKTPOHOB (50-
100 x3B). Koppemnsiuust pocTa MOTOKOB PENATUBHUCTCKUX DJIEKTPOHOB C BBICOKOH CKOPOCTBHIO COJHEYHOTO BETpa
MOJTBEPKIACT BAXKHYIO POJIb Ipei(oBOro pe3oHaHca MarHUTOCQepHBIX 3iekTpoHoB ¢ MI'Jl xonebanmsmu PcS
Jrama3oHa. AHaNW3 IOKa3bIBAET, YTO POCT IMOTOKOB PESITUBUCTCKHUX JIEKTPOHOB Ha 1.5-2 mopsiaka MpoUCXOAWUT
gepe3 1-3 anst mocae pocta YHY unzaekca, a Taxoke monHoctd OHY BonH. To ecTh BKIJIaJ JaHHBIX MEXaHHU3MOB
npeobianaeT Ha HaYaJbHON CTaIHM YCKOPEHHUS 3JIeKTpoHOB. CuHepreTHueckoe BiamsHue Momuoctd YHY n OHY
143nyqeﬂy1171 Ha MOTOKHU PEIATUBUCTCKHUX 3JICKTPOHOB BLIIIE, YEM CyMMa Pa3ACIbHBIX BKJIAJ0B 3TUX (l)aKTOpOB.
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Ha6.ironeHust aBpopaIbHOro Xucca B NPOCTPAHCTBEHHO Pa3HECEHHBIX TOYKAX B BBICOKMX HIHPOTAX
U oleHKa 3¢ PeKTUBHOCTH BO30Y:KAeHHs BOJTHOBOAA 3eMs-HOHOC(epa

A.C. Hugkurenko', O.M. Jle6ens', 10.B. dDe;[opeHKOI, 10O. MaHHI/IHeHz, H.T. Kneiimenosa>*, JLU. FpOMOBaS

'\®OIBHY «llonsipnvlii ceopusuueckuit uncmumymy, 2. Anamumot, Poccus
2Sodankyli Geophysical Observatory, Sodankyld, Finland

SUD3 PAH, 2. Mockea, Poccus

*UKH PAH, 2. Mockea, Poccus

*U3MUPAH, 2. Mockea, Tpouyx, Poccust

E-mail: alex.nikitenko91@gmail.com

[IpoBeneH aHAMU3 BCIUIECKOB aBPOPAIEHOTO XHCCA, 3aPETHCTPHUPOBAHHBIX B TPEX IMPOCTPAHCTBEHHO Pa3HECEHHBIX
toukax — bapeHuOypr (Apxunenar Ilmumoepren, Poccus), Kannycnexto (Ounnsamus) u JloBozepo (Poccus).
[TokazaHo, 9TO B paccMaTpPHBAaEMBIX CIy4asX OOJIACTh BBIXOA JIOKATbHA W BCETIA PACIIONIOKEHa FOXKHEE caMoi
ceBepHOW TOuKHM HabmromeHuii — o6c. bapennOypr. C ucmoap30BaHHEM METOJOB YHCICHHOTO MOJCITHUPOBAHUS
MpoBeeHa OIeHKa 3((HeKTHBHOCTH BO30Y)KICHHS BOJTHOBOA 3eMIIsI-HOHOC(Epa U3TYICHUSIMH THIIA aBPOPATBHBIN
XHCC C TIPEACTaBICHUEM HIDKHEH CTCHKH BOJIHOBOJA B BHJIE OECKOHEYHO MPOBOISIICH MIIOCKOCTH U B BUE CPEIBI C
npoBoauMocteio 10-5 Cwm/Mm, Tunmusoit st dennockanauu. Ilokazano, uTo Haubosee OJAroNnpUsSTHBIE YCIOBUS
JUISL PAcIpOCTPaHEHHs] aBPOPaJbHOTO XHMCCa B BOJHOBOJE 3eMIS-MOHOC(Epa HACTYINAroT B YCJIOBHUSIX HOYHOM
noHochepsl. OTMEYEHO 3HAYMTENILHOE YMEHblIeHHe A(P(PEKTUBHOCTH BO30YXKIEHUS BOJHOBOAA MpU yyeTe
(haxTHIECKOH IPOBOIMMOCTH 3€MHOM ITOBEPXHOCTH.
Pabora yactnuno nmoanepxana rpaarom PODU 19-52-50025 SAD_a (Hukutenko A.C.).

Hao0nronenus ecrectBeHHbIx CHY/OHY n3aydenunii Bo Bpemst dxcneanuun “Tpancapkruka-2019”

C.B. Iuisraes’, A.B. .HapquKol, 10.B. q)ezxopeHKol, A.C. Hukurenko', M.B. ®unaros', O.M. JleGexns ',
U.E. ®ponos?, B.B. Kosernos'

1 . .
®OI'BHY «llonapnyiii ceogusuueckuti uncmumymy, 2. Anamumot, Poccus

2 . - N

Apxkmuueckuil u AHmapkmuueckuil HayuHo-uccieooeamenvckuti uncmumym (AAHUN),
2. Canxm-Ilemepbype, Poccus

E-mail: serg_apes@bk.ru

B ampene 2019 roga Ha Hay4YHO-HCCIIEIOBATEIBCKOM CyIHE “AKageMHuK TpenrHuKoB” B OKPECTHOCTH apxHIesara
3emist ®panma-Hocuda B pamkax skcnenuimu  “Tpancapktmka 2019” ObulM TIPOM3BENEHBI H3MEPEHUS
TOPU30HTAILHOM KOMITIOHEHTHI HampsDKeHHOCTH MarHuTHoro mnoss (Ht) u  BepTuKaidbHONM KOMIIOHEHTHI
HarpsbKeHHOCTH auekTpuueckoro mnoinsi (Ez) ecrectBennbix w3nyuennit B CHU/OHY numanazone. B pabore
OTpakKeHbl HEKOTOPHIE OCOOCHHOCTH IPOBEICHMSI M3MEPEHHH B MOJSIPHBIX YCIOBHMSX M CHEUU(HKa anmaparypsl,
WCIIOJIb3yEeMOH JUISL PETHCTPAIMH 3J€KTPOMAarHUTHBIX 1oJiel. [IpencraBinensl pe3yabTaTsl HAOMI0IEHUH HECKOIBKUX
CllyyaeB PETHCTPAlMM aBPOPaJbHOTO XHMCCAa M HU3KOYACTOTHBIX IMIMNEHWH. [ ucciemoBaHus 0coOEHHOCTEH
TeHepanuu 1 pactpocTpaHenus 3apeructpupoBanasix CHU/OHY m3nmydennit ObUTO IPOBEACHO WX COTIOCTABICHHUE C
OIHOBPEMEHHBIMH HAONIONEHMSIMA Ha CTAI[MOHAPHBIX POCCHUICKUX CTAaHOUSIX [lOJSPHOTO TeOoPH3NIECKOTO
nactuTyTa: BapernOypr (78.07° N, 14.21° E) u Jloozepo (67.97° N, 35.02° E), a takxke (HUHCKOH CTaHIIUH
Kannycnexto (67.74° N, 26.27° E), pacnmonoxenHoit Ha 400 xm 3amagaee o6c. JloBozepo. Ilokaszano, 9to
3apeructpoBanHeii 11 ampens 2019 roma 17:00 — 18:00 UT ma cymHe aBpOpaibHBIA XumcC OBUT Takxke
3aperucTpupoBa u B 06c. bapeHnoypr, pacnonoxenHor Ha ~ 600 kM 3amagaee U ~ 160 KM [O)KHEE IONOKEHUS
cyana. OznHako, Ha Oojiee HU3KUX IMpoTax B 00c. JloBozepo n KaHHycnexTo 9TH U3inyudeHus: He HaOIronaIuCh. B
OTJIMYHE OT aBpOPaJHLHOro XHcca HU3KouyacToTHble mmneHus (< 1.5 kI'm), 3apeructpupoBanneie 25 ampens 2019
roga 06:00 — 07:00 UT, naOmioganuck BO BCeX YETHIPEX TOYKAaxX OJHOBpeMeHHO. [lo-BHIMMOMY, pe3yibTaTbl
HaOJIOEHNI CBUIETENBCTBYIOT O TOM, YTO OOJIACTh BBIXOJd aBPOPAILHOTO XHMCCAa B PacCMaTPUBAEMBIX CIIydasx
JIOKaJIbHa, O/IHAKO B CIIy4ae PEerHCTpalii HU3KOYACTHOTHBIX IIUIIEHUH B MOHOC(hEpe “3acBeYMBacTCsl” JOCTATOUYHO
Oospmast 00JIacTs.
Pabora wactnuno moxnepxana rpaaroMm PODU 19-52-50025 AAD_a (Hukutenko A.C.).
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KBa3zucraTtnueckoe mnpubiamxenne B 3agade Bo30y:kaenuss KHY 3/1eKTPOMArHMTHOIO IO0JIsI
TOPM30HTAJBbHOM 32a3eMJICHHOW AHTEHHOM

I1L.E. Tepemenko (Caunxm-Ilemepbypeckuii punuan U3MUPAH, o. Canxkm-Ilemepoype)

Kgasucratnueckoe mpuOMMKEHNE HCIONB3YyeTCS B 3ajadax JJIEKTPOpa3BeIKH 3eMHOM Kopel. B ero pamkax
TEOPETHYECKH PACCUNTAHHOE OTHOIIEHHE TAHTCHIHAIBHBIX COCTABJLIIOIIUX JJIEKTPOMArHUTHOTO TOJSI Ha
MOBEPXHOCTH 3€MJIM Ha PACCTOSHHMAX OT H3JIy4arolledl aHTEeHHBI, MPEBBIMIAIOIINX CKHH-CIOH, COBHATAeT It
OJIHOPOJHON CpEeAbl ¢ MMIIEJAHCOM IUTIOCKOM 3JIEKTPOMArHUTHON BOJHBI. DTO IMO3BOJISIET CBS3aTh M3MEHEHUS C
9aCcTOTOH MOBEPXHOCTHOTO UMIIEJAHCA, HAOIOJaeMbIC B U3MEPEHUSX, C TNIyOMHHOM MPOBOIUMOCTBIO 3EMIIH.

B Hacrosimeit pabote mpoaHanHM3MpOBaHA 3aBUCHMOCTD IO OT 0€3pa3MEepHOTo BOJHOBOTO 4ucha kyp =1, , TAe

k, - BOIHOBOE YHUCJIO, @ P - PAacCTOSIHUE OT UCTOYHHUKA 0 TOUKM HabmrojeHus. HalineHsl orpaHudeHus Ha
UCTIONIb30BaHNE KBAa3HCTaTU4ECKOro MpuOmmkeHns (k, =0) A 3MeKTpUYecKOH W MAarHUTHOM COCTABIISFOLIMX

JNEKTPOMArHuTHOro mousisi. OleHeHa BO3MOXXHOCTh HPUMEHEHHS KBA3MCTATUYECKOTO MPHUOIKEHHS B
IKCMEPUMEHTaX C aKTUBHBIMH MCTOYHHUKAMH, B YACTHOCTH, JUI M3MEPEHHH, BbIMOIHEHHBIX B 2019 r. BOMM3M C.
Bapayra B pamkax sxcriepumenta FENICS-2019.

PabGota BbimosiHeHa mpu moanepkke Poccuiickoro donna dyHmaMeHTadbHBIX HcchenoBaHuid (mpoekt 19-05-
00823).

Onenka 3¢ ¢eKTHBHOI NPOBOAMMOCTH NOACTHIAIOIIEH NMOBEPXHOCTH BOJHOBOAA 3eMJIs-
HoHocgepa no pesyiabraram 3kcnepumenta FENICS-2019

I1LE. Tepewenko (Canxm-Ilemepbypecxuii punuan U3MHPAH, 2. Canxm-Ilemepbype)

B xone skcnepumenta FENICS-2019 no 3oHaupoBaHHi0 3eMHOI KOPBI MOJEM KOHTPOJIHPYEMOTO HCTOYHHMKA B
KHY muanazone (0.3-94 I'm.) perucTpupoBajoch MATh KOMIIOHEHT 3JIEKTPOMAarHUTHOTO IOJIA B CpelHel 30He
JVHEHHBIX aHTeHH. B naHHON paboTe paccMaTpuBaroTCs IMOJsl CyOIIMPOTHOW aHTEHHBI, KpaiHUE TOYKH KOTOpOH
ObUTH pacroyIoXKeHbl y T. MypMmaHcka U T. 3amojsipHoro. PaccrosiHne mMexmy IEHTPOM aHTEHHBI M IPUEMHHKOM
cocTaBmito 6osee 350 KWIIOMETPOB, YTO MOYTH B J[Ba pa3a OoJiee yIBOCHHON BBICOTHI BOJIHOBOJIA.

ITo w3MepeHHBIM KOMIIOHEHTaM OJJIEKTPHYECKOTO WM MArHUTHOTO IOJsT OBIIM pacCUMTaHbl IPHUBEACHHBIC
MIOBEPXHOCTHBIE MMIIEIAHCHI, HCTIOJIb3yEMbIE B METOAMKAX IEKTPOMAarHUTHOTO 30HAMPOBaHUS JTuTocdepsl. beito
MOKa3aHO, YTO YaCTOTHBIE M3MEHCHHUs HMIIEAaHCA B OCHOBHOM OOBSCHAETCS NPOCTOH ABYXCIOWHOW MOJIEINBIO
3emHON Kopbl. [l OoJjee NETaNbHOTO HCCIEAOBaHHWS 3€MHOM KOpPHI HEOOXOJMMO HWCIIONB30BaTh HE TOJBKO
aMIUIMTYBl TIOJIEH, HO W WX MOJAPU3ALUOHHBIE XaPAKTEPUCTUKHU. [Ipu 3TOM HEOOXOOMMO YYMTHIBATH BKIAJ
MOHOC(EPH! Ha PacIIPOCTPAHEHHUE IO,

PabGora BeimonHena npu nojuepxkke Poccuiickoro donHma ¢yHaameHTaNbHBIX HccieaoBaHui (mpoekTs 19-05-
00823 n 18-05-00528).

32



The Sun, solar wind, cosmic rays

Three-component model of heliospheric magnetic field and modulation of galactic cosmic rays
M.S. Kalinin, M.B. Krainev, A.K. Svirzhevskaya, N.S. Svirzhevsky
P.N. Lebedev physical Institute RAS, Moscow, Russia

The paper proposes a three — component model of heliospheric magnetic field (HMF), based on measurements of
long-range spacecraft. The presence of a third B, component does not require the introduction of the appropriate

components v, in the speed of the solar wind and is caused by spatial gradients of the radial component v, . In the

tasks of solar modulation of galactic cosmic rays (GCR), the presence of components leads to a reduction in latitude
gradients of intensity in the Earth's orbit in accordance with the measurement data. The role 6 — components of
HMF is especially important on a time scale ¢ <7, — the period of solar turnover, and when considering long —

period variations is less significant, due to the small average values of this component for solar turnover. The
patterns of the presented model were studied using the description of stratospheric variations of the adron
component of the GCR from stratospheric measurements.

The work was carried out with partial financial support of the RFBR (grant 18-02-00582 - a).

The long-term variations of the galactic cosmic ray intensity in solar cycles 19-24 according to the
regular balloon and spacecraft monitoring of cosmic rays

M.B. Krainev, G.A. Bazilevskaya, M.S. Kalinin, V.S. Makhmutov, Yu.l. Stozhkov, A.K. Svirzhevskaya,
N.S. Svirzhevsky

Lebedev Physical Institute, RAS, Moscow, Russia

The regular balloon monitoring (RBM) of cosmic rays in the Earth’s atmosphere provides one of the longest
homogeneous time series on the galactic cosmic ray (GCR) intensity (in Murmansk and Moscow regions since
1957). Recently we correlated the count rates of the RBM detectors of the secondary cosmic rays with the primary
GCR characteristics measured near the Earth in PAMELA (in 2006-2016) and AMS-2 (since 2011) space
experiments and reported the first results in Apatity-2019 seminar.

The some refinements of the RMB results were made to make the above correlation better. In the talk we shall
describe these refinements, discuss the long-term (1957-2020) time series of the primary GCR integral intensities
received using the above correlation and then compare the GCR intensity time profiles during 5 sunspot minima
including the last one (2018-2020).

This work was supported in part by RFBR grants No. 18-02-00582a, 19-52-60003 SA-t.

MHD simulation of flare situation above the active region AR 10365 in the real time scale
AL Podgorny', .M. Podgorny?, A.V. Borisenko'

'Lebedev Physical Institute RAS, Moscow, Russia, podgorny@Ilebedev.ru
2Institute of Astronomy RAS, Moscow, Russia, podgorny@inasan.ru

Observations of soft X-ray emission and of highly ionized iron lines, as well as other observational data, indicate the
appearance of a solar flare in the corona at altitudes of 15 000 — 30 000 km. The appearance of flares above active
regions with a strong magnetic field (several thousand Gs) gives an indication of the rapid release of magnetic
energy during solar flares. The slow change in the magnetic field on the solar surface before the flare after the flare
and during the flare means that the flare energy slowly accumulates in a stable configuration in the corona, and then
is fast released when the configuration transfers into an unstable state. Such an accumulation of energy can occur in
the magnetic field of the current sheet that appears in the vicinity of X-type singular line in the corona under the
influence of small disturbances. Further, during quasi-stationary evolution, the current sheet transfers into unstable
state. Since the configuration of the magnetic field in the corona cannot be determined from observations, to study
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the flare situation above the active region, a numerical magnetohydrodynamic (MHD) simulation is carried out in
which the magnetic field observed on the photosphere is used as the boundary condition. Despite specially
developed numerical methods that allow one to increase the time step at which the finite-difference scheme remains
stable, MHD simulation takes a rather long time, and therefore it was previously performed only on a greatly
reduced (10 000 times) time scale. The results were obtained on the study of the solar flare mechanism, but the
magnetic field configuration was distorted, especially near the photospheric boundary, due to the unnaturally rapid
change in the field on the photosphere. For a more accurate study of the flare situation, simulation in the real time
scale was performed above the active region of AO 10365, which was made possible through the use of parallel
calculations on the supercomputer. The simulation confirmed the formation of the current sheet, as well as more
complex structures obtained near the field singularities, in which there is a superposition of the field near X-type
singular line and a diverging magnetic field. In such structures, the plasma motion under the action of magnetic
forces of a diverging field does not contribute to the accumulation of a large amount of magnetic energy. Such
formations can explain the appearance of low power flares and micro-flares. When performing MHD simulation in
the real scale of time, due to a careless specification of the free exit condition on the boundary, instability appeared,
causing to disturbance at the boundary which introduced some distortion into the solution. An analysis of the
obtained results permit to select correctly an approximation of the free exit conditions, which will make it possible
to get rid of numerical instability in further calculations.

Galactic cosmic rays and solar energetic particles reconstructed from lunar Al-26
Stepan Poluianov'?, Gennady Kovaltsov®, Ilya Usoskin'?

'Sodankyli Geophysical Observatory, University of Oulu, Finland
Space Physics and Astronomy Unit, University of Oulu, Finland
*loffe Physical-Technical Institute, St. Petersburg, Russia

In contrast to the Earth, the Moon has no geomagnetic and atmospheric shielding from incident energetic particles.
Therefore, its surface is exposed to galactic cosmic rays (GCR) and solar energetic particles (SEP) including lower
energy (tens of MeV) ones. Those can produce cosmogenic nuclides in rocks and soil. Nuclide depth distribution in
such objects is a useful tool to study cosmic ray energy spectra.

This work is based on measurements of Al-26 (half-life 0.717 Myr) in lunar soil and rock samples brought by the
Apollo missions. We developed a model of cosmogenic production of Al-26 using the Geant4 Monte Carlo toolkit
and experimental cross-section data. As a result of fitting measured and modelled concentrations of Al-26, we
evaluated the mean heliospheric modulation potential representing the GCR spectrum at the Earth’s orbit over the
megayear time scale. Its value (496+40 MV) is in good agreement with the mean modulation over the last 11 000
years (449+70 MV) reconstructed using the terrestrial cosmogenic isotopes.

Earlier works, which reconstructed the SEP flux in the past from lunar data, used prescribed spectral shapes
(exponent, power law or more sophisticated ones) of particles to model the nuclide production. We developed a new
non-parametric method to reconstruct the mean SEP spectrum in the energy range 20-80 MeV without any a priori
assumptions on the spectral shape. The result covering the megayear time scale shows a good consistency with data
for the last several decades (space-borne measurements), though the mean solar activity levels for those periods
differ dramatically.

Proton aurora at Mars: simulations with the kinetic Monte Carlo model for the high-energy proton
and hydrogen atom precipitation into the upper atmosphere

V.I. Shematovich, D.V. Bisikalo
Institute of Astronomy, RAS, Moscow, Russia

Observations with the SPICAM and ASPERA-3 instruments onboard the ESA Mars Express and the IUVS
spectrograph onboard the NASA MAVEN spacecraft have identified three types of aurorae on Mars, two of them
(electron diffuse and proton aurorae) profoundly different from comparable types on Earth and other planets. In
contrast to previous auroral detections, proton aurorae are exclusively observed on the dayside of Mars, and are
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characterized by enhanced hydrogen Lya emission (121.6 nm) confined to altitudes 120-150 km for the limb
observations. The peak emissions are up to 50% brighter than the optically thick dayglow background across the
dayside, and typically last a few hours or less. These events appear strongly correlated with solar-wind activity and
the population of penetrating solar wind protons in the day-time thermosphere previously identified by the Solar
Wind Ion Analyzer (SWIA) onboard MAVEN spacecraft.

In this report we presented the results of model computations of the interaction of precipitating high-energy
protons and hydrogen atoms (H/H+) and gas in the Martian atmosphere. We used a modification of a kinetic Monte
Carlo model developed earlier for the analysis of the data from the ASPERA-3 instrument onboard Mars Express
and from SWIA onboard MAVEN. In this modification of the model, an arbitrary (three-dimensional) structure of
the magnetic field of Mars was taken into account for the first time. When local measurements of all three
components of the induced magnetic field are available, the model can describe not only the flux of protons
penetrating into the atmosphere, but also the degradation of the H/H+ particle fluxes along the spacecraft orbit and
the formation of upward fluxes of protons and hydrogen atoms scattered by the atmosphere. We carried out test
computations, which showed agreement with estimates of the upward fluxes of protons and hydrogen atoms
obtained in the earlier studies. Comparison of the calculations and measurements of proton fluxes at low altitudes
received by the MAVEN/SWIA instrument during the MAVEN deep-dip maneuvers allowed us to conclude about
the efficiency of charge exchange processes between the solar wind protons and the extended hydrogen corona of
Mars. It was also found that induced magnetic field plays an important role in the formation of the upward (scattered
by the atmosphere) proton flux and actually controls its magnitude.

The developed kinetic Monte Carlo model of proton and hydrogen atom precipitation into the atmosphere of Mars
will be used to calculate the brightness and line profiles of the atomic hydrogen emission in the Ly-a line for
comparison with the observations of the recently discovered proton aurora at Mars.

This work was supported by the Russian Science Foundation, project no. 19-12-00370.

Non-adiabatic interaction of ions with solar wind discontinuities
AA. Vinogradovl’z, AV. Artemyev1’3, IYu. Vask01‘4, A.A. Vasiliev!, A.A. Petrukovich'

'Space Research Institute RAS, Space Plasma, Moscow, Russia
2Higher School of Economics, Faculty of Physics, Moscow, Russia
3University of California in Los Angeles, Los Angeles, USA

“Space Sciences Laboratory, University of California, Berkeley, USA

According to Helios, Ulysses, New Horizons measurements at a wide range of distances from the Sun, radial
evolution of solar wind ion temperature significantly deviates from the adiabatic expansion model: additional
heating of the solar wind plasma is required to describe observational data. Solution of the solar wind heating
problem is extremely important both for understanding the structure of the heliosphere and for adequately describing
the atmospheres of distant stars. Solar wind magnetic field is turbulent and this turbulence is dominated by
numerous small-scale high-amplitude coherent structures — such as quasi-1D discontinuities. Modern theoretical
models predict that quasi-1D discontinuities can play important role in solar wind heating. We collected the
statistics of MMS observations of thin quasi-1D discontinuities in the solar wind to reveal their characteristics.
Analyzing observational data, we construct the discontinuity model and use it to consider non-adiabatic interaction
of ions with solar wind discontinuities. We mainly focus on discontinuity roles in solar wind ion scattering and
thermalization. This presentation shows how discontinuity configuration affects the scattering rates.
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AHaJu3 CYyTOYHOIO X0Ja MOTOKAa 3JIEKTPOHOB ¢ 3Heprusimu OoJiee 2 M3B Ha reocranmoHapHoi
opouTte

AA. A6YHI/IH1, M.A. A6YHI/IHal, A.B. benos!, C.I1. Taiinam’,
O.H. Kpsikynosa™, H.®. Hukonaesckuit’, .W. Ipamymikuna'

"YWIBMUPAH, 2. Mockea, Poccus
2HHcmumym uonocgepewl, 2. Armamet, Kazaxcman
3’(DI/[AH, 2.Mocxkea, Poccus

OmHOM W3 OCHOBHBIX 3aJlad COJIHCYHO-3€MHOW ()U3WKH SBISCTCS MPOTHO3HPOBAHUE CYTOYHOIO (hIIFOCHCA
3JIEKTPOHOB ¢ HeprusiMu Oonee 2 Ma3B Ha reocranmonapHoii opoure. Ha qaHHBI MOMEHT CYIECTBYET TOCTATOYHO
MHOT'0 HAYYHBIX pa0OT, KOTOPEIC MTOCBSIICHBI HCCIICOBAHUSAM B STOH O0JIACTH.

Lenp nanHO# pabOTHI 3aKIFOYAETCS B TOM, YTOOBI HCCIIEAOBATh CYTOYHBIA X0 MIOTOKA PaCCMATPHBAEMBIX YACTHII.
Oro mo3BoiHMT Oo0Jiee TOYHO NPOTHOSHPOBATH IIOBEACHUE JTHX PEITUBUCTCKAX YacTUI] MarHUTOC(HEpHOTO
TIPOUCXOKIACHUS.

HccaenoBanue mapaMeTpoB NPOTOHHBIX BO3PACTAHMII HAa OCHOBE AHAJIM3A COOTBETCTBYHOIIMX
COJIHEYHBIX HCTOYHHKOB

A.A. A6ynnn, M.A. AGynunna, A.B. benos, C.I1. I'afigam, U.W. [Tpsamymkuaa, 1.M. YepTox

Hucmumym 3emnoz2o maznemusma, uonocghepsol u pacnpocmpatnerus paouogoat um. H.B. Ilywikosa,
Mockesa, Poccus

V3HavanbHO BO3pACTaHMs COJIHEUHBIX KOCMHUYECKHMX Jydel H3pelka HaOMoJanuch Ha3eMHBIMH JIETEKTOPaMHU.
Jonroe BpeMsl CUMTaNOCh, YTO TEHEpalMs STHUX YaCTHIl MPOUCXOIUT B PE3yIbTaTe€ Pa3IUUHBIX IPOLECCOB,
npoTreKarommx B obnactu Bemblnek Ha ComHue. Ilociie Hayama KOCMHYECKOH 3pbl CITyTHHUKOBBIE HAOJIIOJICHUS
MOKa3alld, YTO COJHEYHBIE YCKOPUTENBHBIC SBJICHHSA IOCTAaTOYHO dYacThl. Kpome TOro, MHEHHE HAYIHOTO
coolmiecTBa Pe3KO0 HM3MEHWIOCh — OOJNBIIMHCTBO YYEHBIX CTajO CBS3BIBATH COJIHEYHBIE KOCMHYECKHE IYy4YH C
YCKOPEHHSMH Ha yIAPHOW BOJIHE, CO3/1aBA€MOI COOTBETCTBYIOIINM KOPOHAIBHBIM BEIOPOCOM MAacCHI.

Lemnpro maHHON pabOTHI SBISETCS HMCCIEJOBAHUE CBSI3M IApaMETPOB NMPOTOHHBIX BO3PACTAHUH C PAa3TUIHBIMU
XapaKTEePUCTHKAMU COOTBETCTBYIOIIETO COTHEYHOTO MICTOYHHKA.

MeTtoa Ko0JIbIA CTAHIHIA
M.A. Abynuna, A.A. AGynuH, A.B. benos, E.A. Epomienko, B.I'. Suke

Hucmumym 3emno20 maznemusma, uonocghepsol u pacnpocmpatnerus paouogoat um. H.B. Ilywkosa,
Mockea, Poccus

Metox Konbla CTaHIMH IO3BOJSIET MONy4YaTh CBOICTBAa YITIOBOTO pacHpelefieHHs KOCMHMYECKHX Jydel Oe3
pa3noKeHUs Ha TapMOHUKU M €X€4aCHOE JIOJTOTHOE pacIpelesieHHe MHTEHCHUBHOCTH KOCMUYECKHUX JIydeH, He
npuberass K ero MOJCIMPOBaHMIO. Vcnone30BaHHWEe METOJa KOJbLA CTAHIMH HArJIJHO IMOKAa3bIBaeT IOBEICHHE
Bapuanuii KOCMHYECKHX JIydeld Ha Pa3iIMYHbIX CTAaHIMAX, YTO JAeT BO3MOXKHOCTh MCCIIEA0BAaTh TaKHMe 0COOEHHOCTH
DopOym-3¢h(pexToB Kak NMpeIBECTHUKH, aHU30TPOIHOE HAayajo, HEOOBIYHOE ITOBEJICHHWE BapHalMi KOCMHUYECKHX
Jyyed BHYTPU BO3MYLLIEHUI COJHEYHOrO BETPA U JIp..
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HN3yyeHune BO3MOKHBIX MECT pa3MellieHUsI HOBbIX HEMTPOHHBIX MOHUTOPOB
10.B. bayrabun

Deoepanvhoe cocydapcmeentoe 6100xcemnoe Hayuroe yupescoerue «llonapruiii 2eopuzuueckutl UHCMUmMympy,
2. Anamumei, Poccus, e-mail: Balabin@pgia.ru

Ha Ttepputopun Poccum ummeercs ioKMHa HEUTPOHHBIX MOHHMTOpoB (HM), HO pacmonoxeHbl OHH OYEHb
HepaBHOMepHO. [lo 3ToM mpuYMHE NMPHU pelieHUH OOpaTHOW 3amadd B HEKOTOPHIX coObITHsX GLE BO3HWKaer
Oonpmiast HEBs3Ka, MPHUBOAANIAS K BO3PACTAaHUIO OINMOKH OIpPENEeNICHHS MapaMeTpOB CIIEKTpa COJTHEYHBIX
kocmuyeckux Jiyueit (CKJI). Takoe cimyuaercs, korma norok CKJI npuxoaut Ha 3emiiro U3 ceBepHOi momycdepsl.
CBsI3aHO 3TO C TE€M, YTO UMEETCs MPOTSHKEHHAS Cciiernasi 001acTh (B YIJIOBBIX KOOPJIHHATAX ), HE MEPEKphIBacMast HU
oIHOW mu3 cymectBytomux craHimi. Ilockoneky B III'M co3maH moOpTaTHBHEBIN JETEKTOp HEUTPOHOB (aHAioOr
OeccBUHIOBOM cekiun HM) ¢ 3HEprusiMu OT TEIUIOBBIX 10 enuHuI M3B, KOTOpBIii MOXET OBITH pa3MelieH Ha
000N METEOCTaHIIMK WIIM MHOM TEXHHYECKOM ITYHKTE, TO OBbUI IPOBEACH aHAJN3 BO3MOXKHBIX MECT Pa3MEIICHUS
TaKoro Jetrekropa. beutn BBIOpaHBI Ooliee JecATKa MECT, PACIIONIOKEHHBIX KaK B CPEJIHUX, TaK U B BBICOKHX
mmportax. OcHoBriBasick Ha IGRF-momenmn maramTHOTO mons 3eMiiH, BBIYHCICHBI ACHMIITOTUYECKHE KOHYCHI
npueMa ykazaHHbIX MecT. [Ipy 3TOM KOHYCBI BBIYMCISUIMCH Kak JUIsl Pa3HOTO BPEMEHU CYTOK, TaK M JJIsl Pa3HbIX
ce30HOB. CpaBHEHHE IOJIOKEHHSI KOHYCOB ITpHEeMa HOBBIX CTAHIMH C CYIIECTBYIOIIUMH, a TaK)Ke MX U3MCHEHHUH B
TE4eHHE CYTOK U TOJa MO3BOJIIIIO BEIOpATh Hanboiee BRITOAHOE PACTIONOKEHHE HOBOW TOYKN HAONIOIEHUHA C TOUKH
3peHMsI IEPEKPHITH CIETbIX obnacTel. [IpennoxkeHo HeCKOIFKO MECT BO3MOKHOTO Pa3MEIICHHUS IETEKTOPOB.

00 ocobeHHOCTSAX MOAYJIANMH KOCMUYEeCKHX Jydell B 23-24 nUKJIaX COJTHEYHON aKTHBHOCTH
10.B. Bana6un', A.B. Benos?, P.T. I'ymuna’, B.I'. ke’

1 o .
Dedepanvroe cocyoapemeaennoe 6100xcemuoe HayuHoe yupesicoenue «Ilonsiprolil 2eopusuyeckuil UHCIMumym»y,
2. Anamumui, Poccus

2

U3MUPAH, Tpouyk, Poccus

HabnronaeMsblii 3HAYMTENBHBIA TPEHI MarHUTHOTO 1ojst CoJIHIIA - OCHOBHOTO MCTOYHMKA COJIHEYHOH aKTUBHOCTH
(CA) - Hagano KOTOpPOTro OTMEUAETCsI IIPU MEPEX0Ie OT KOHLA 22-T0 IUKJIA, IPOJOJIKAETCS 0 HACTOSIIET0 BPEMEH!
(xouer 24-ro nukina). OcnabieHne COTHEYHOTO MarHUTHOTO TTOJISl Yepe3 COTHEUHBIN BeTep PacIpoCTpaHIeTCs U Ha
renromMarauTocdepy. OCHOBHBIE XapaKTEPUCTHKH COJHEYHOTO MArHUTHOTO IIOJII M CBA3aHHOTO ¢ HUM MMII,
HMMEIOT OIpeeNnsioniee 3HadeHne A Moay isinnu kocmudeckux Jryueit (KJI). B nonroneprnonusix Bapuammax KJI B
23-24 muximax CA ortobpakaercss 3To ociabieHre COJTHEYHOTO MarHUTHOTO IOJIsA, a CpaBHEHUE BapHAIMid B ATOT
MEPHOJ C BapHALMAMH B MPEIBIAYIINX LUKIax (21-22-oM), MO3BONSET BBIIBUTH HOBBIE, HE HaOIIOAaBIIMECS 10
MOCJICTHUX JIBYX JECATHICTHH, 0COOCHHOCTH Takoi monyssiiuu KJI, oka3zaBiieiicst camoii ciaboit 3a BCE Bpems
paboThl HEHTPOHHBIX MOHUTOPOB. JTOT (aKT INPUBOAUT K HEOOXOIUMOCTH TOAPOOHOTO HCCIENOBAHMS
B3aumocBszu KJI u CA B asror nepuoa. B paspaboraHHOW HamMu MOJEIM MOJIYJISALMHM YYTEHBl BO3IEHCTBHE
nossipHoro MarautHoro nouist Conaua (Hpol), XxapakTepucTHKN KpyrHOMacITaOHbIX rosiei ConHua (Bss), HaKJIOHa
HEeWTpanbHOTrO ciosi (Acst), BIMSIHUE IUIOIIAIM KOPOHAIBHBIX IbIp (A/3) u cnopaandeckod akTnBHOCTH CoJHIA
(uanexc CME). MonenbHble pacyetsl Moayssanuu KJI aist anamm3upyembIX IBYX BpEMEHHBIX MHTepBasioB (21-22 u
23-24 uuknoB CA) mokasaiu: Mpu HEOONBIIOM OTIMYHA TOJTYYEHHBIX PETPECCHOHHBIX XapaKTEPUCTHK (M BpeMeH
3amazaeiBanus Bapuanuid KJI otHOCHTenpHO mHAEKCOB CA) pacmpeneneHre BKIA0B B CO3AaBaEMYI0 MOIYIISIIIIO
KJI or Bo3nelcTBHs BbINICYKa3aHHBIX HHIAEKCOB CA CHIBHO pasziaMdaeTcs B aHAIU3HPYEMble IEPHOBL.
O6cyxaaroTcs BO3MOXKHBIE IPUYNHBI OTJIMYHN ABYX MOCIeTHUX MUKI0B CA OT IpeapIayIInX.
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HoBas cexuuss HM B BocTrounsix Casinax
10.B. Baﬂa6I/IHl, A.A. HyKOBHI/IKOBaZ, b.b. FBo3zLeBc1<I/II‘/'I', A.B. repMaHeHKOI, E.A. MI/Ixamco', 1.B. SIHKOBCKHii®

' Dedepanvroe 2ocydapemeennoe Giodacemnoe nayunoe yupexcoenue «Ilonapuuiii 2eopusuyeckuii uHCMumymy,
2. Anamumul, Poccus

*Unemumym conneuno-3emnoti usuxu, 2. Upkymek, Poccus

3Kabapouno-Bankapckuii 20cyoapcmeentbii yrusepcumem, 2. Hanvuux, KbP, Poccus

Ha CasuckoMm criekTporpadudaeckoM KOMIIEKCe KOCMIYecKuX ayder B 2019 roxy Ha cTaHINK KOCMUYECKHX JIydei
Upkyrck-3 (ropa Xynyraiinia, Bocrounsie Casabr, 3000 M) Obiia 3amyiieHa B paOOTy IOMOJIHUTEIbHAS CEKITHS
He#rponHoro mouutopa (HM). Ee 0COOCHHOCTBIO SIBJISETCS OCHAIICHHOCTh CKOPOCTHOM CHCTEMOW cOopa JaHHBIX,
coznanHoi B [II'M. CkopocTtHast cucteMa GpUKCUPYeT BpeMsl TIOSIBIICHHST KXKA0TO JIEKTPHUECKOTo uMirysibca ot HM
¢ TouHocThio | Mkc. Co3maHHBIE MPOTpPaMMbl OOPabOTKM IO3BOJISIOT HAaXOAWTh B OOIIEM MacCHBE JaHHBIX
pasnuyuHble COOBITHS (KJIAcTephl MMITYJIbCOB). JTO MOTYT OBITH COOBITHS MHOXECTBEHHOCTH ymcioM M = 3-100,
TOSIBJIEHHS aJJpPOHHOTO JIMBHS LIMPOKOTO aTMOC(EpHOro JIMBHS M Jp. JTa cucreMa cOopa yxe paboTaeT Ha psne
HM. Buepssie ckopocTHast cucteMa coopa ycTaHOBJIeHa Ha BEIcOkoropHoM HM. O6HapykeHBI HEKOTOPHIE OTIIIUS
COOBITHIT MHOXKECTBEHHOCTH, KOTOPBIE CBS3aHBI IMEHHO C BHICOKOTOPHBIM pacroioxeHneM HM.
HccrenoBanue BEIIONHEHO TpH GUHAHCOBOH moanepkke PODU B pamkax HaygHoro mpoekta Ne 18-32-00626.

Oco0eHHOCTH MUHHUMYMA COJTHEYHOH aKTHBHOCTH B TEKYIIEM IUKJIE
10.B. Baﬂa6I/IHl, A.B. BeJ‘IOBz, P.T. FyHII/IHaZ, B.I. Sluke’

1 . .
Dedepanvroe cocyoapcmaenHoe 6r00xicemuoe HayyHoe yupedicoerue «llonaprvlil 2eopuzuyeckuil UHCMUmMymy,
2. Anamumul, Poccus

2

H3MUPAH, Tpouyk, Poccus

JBanuare uyerBepThli LUK coiHeuyHoW akTuBHOCTH (CA) okaszaiicss BO MHOroM HeoObluHbIM. K HacTosiemy
BPEMEHH COJIHEUHAasi aKTUBHOCTh MPHOJIMIKAETCSl K 0YepeTHOMY MHHUMYMY, a 24-ii UKJI K 3aBeplueHuto. [1pu aTom
npouutsli MUHUMYM B 2009 r Obul HEOOBIYHO TIIyOOKHM, MOTOK KOCMHYECKHX JIyuei NPEBBICHI MaKCUMYMbI
npeablIymux nukioB. [lo mepe mpuOmwkeHust Kk ouepenHoMy MuHMMYyMy CA Ha MHUPOBOHM ceTH HEHTPOHHBIX
MOHHUTOpPOB OTMeuYeH uHTepecHbIH 3ddekr. Hexoropas wacte cranmmii HM (uerBepTh OT BCEro KOIMYECTBA)
Jocturia U npesbicunaa MakcumyM 2009 T, Torga kak Ha OCTalIbHBIX CTaHLUAX MOKa eme ypoBeHb 2009 r. He
JOCTUTHYT. s cpaBHEHMS TakKe IPOAHAIM3UPOBAHBl BapHallMd KOCMHUYECKHX JIyded MO CTparocepHBIM
m3MeperusaM. [IpenmoskeHa rumoTesa, 00bsICHAONIAS MOTOOHBIH 3D deKT.
Pabora BemonHeHa npu monaepkke rpanra PODU Ne 18-32-00626.

Cratuctnueckoe ucciaeaosanue cssazu KBM ¢ coiHeYHBIMH BCNBIIIKAMH
H.A. BapxaTOBl, B.T. BOpO6LeB2, E.A. PeByHoBa3 , N.C. Yunanona'

1 o . .
Huoicecopoockuii 2ocyoapcmeennbiii nedazocuieckuii ynusepcumem um. K. Mununa
2 o .

@I'BHY «Ilonapuutii 2eopusuveckuti uncmumymy, 2. Anamumoi
3 o N .
Huoicecopoockuii 2ocyoapcmeentbitl apXumeKkmypHo-CIMpoumenbHblil YHUeepcumem

Pabora mocBsmena craTucTHIeckoMy uccienoBannio cBsizn KBM co BembieyHo# conHeyHoi akTnBHOCTRI0. KBM
U 4acTO CONPOBOXKIAIOIINE MX BCHBIIIKH, SBSIOTCA CAaMBIMU BBICOKOOHEPT€THUECKUMH COJIHEYHBIMU SIBJICHHUSIMHU.
CymectByer MHeHHe, uTo KBM Moryt onepexats Benbllky [1]. OnHaKo KOHKpETHBIE CIEHAPUH 3TUX MPOLIECCOB
JI0 KOHIIa He BbIsICHeHBI, X0Ts 10 40% KBM conpoBosxaanuch Benbikamu 1 90% Benbliek 06Ut cBsizanbsl ¢ KBM
[2]. BaxkHOCTH Takoro HcciieIoBaHUsI OOyCJOBJIEHa HEOOXOIMMOCTBIO pa3pabOTKNM HOBBIX IMPOTHOCTHYECKUX
UHCTPYMEHTOB, YUYUTHIBAIOIIMX COJHEUHYI0 BCHBIIEYHYK) AaKTUBHOCTb JUIS IPEACKA3aHUsS TIE€OMarHUTHBIX
Bo3MyIeHnH. [Ipu 3TOoM, 0co0oro BHMMaHHMsS 3acilyXKHMBaeT Takod Buja HamOoiee reosddexruBHpix KBM, kak
MarauTHoe oosako (MO).
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B HacTosmem uccnemoBaHuM ciydad BO3HHKHOBeHHs: KBM mpoBepeHbl Ha MNpeaMeT HX KOPpENsiuu ¢
COJTHEUHBIMH BCIIBIIIKAMH, YTO MOJMKET CTaTh OCHOBOH co37qaHMsA HOBOro Mmeroaa mporHosa KBM. [{ns storo B
pabore UCIIOJIb30BaHbBI JIaHHbIE 00111e/10CTyITHOTO 0OHOBJIIEMOTO KaTajora
http://www.srl.caltech.edu/ACE/ASC/DATA/level3/icmetable2.htm. B Hem mnompoOHO paccMOTpeHBI COOBITHS
KBM BOmm3u ConHia, 3apeructpupoBannbie kopoHorpadgom LASCO (https://www.swpc.noaa.gov/products/lasco-
coronagraph). B aTom ciydyae 3amepikka MeXIy BO3MOXXKHOW BCIIBIIIKONW M TaKUM COOBITHEM PErHMCTPHPOBANach B
gacax. CoOwrtust Tiima MO B karanore npenctasieHbl qanHbiMH ¢ KA ACE (http://www.srl.caltech.edu/ACE/)
BOMM3m 3emim. 3aiepikka MEKIY BO3MOXKHOW BCHBIIIKOH M TaKHUM COOBITHEM pETHCTPHPOBalach B CYyTKax,
MTOCKOJIBKY CYIIECTBEHHO BpeMs mepeHoca coowitist Ha 1AU. Jlns mccienoBaHust OTOOpaHBI CIIy49ad PETHCTPALnU
KBM, TpancdopmupoBaBIHecs B MarHUTHBIE oOnaka 3a mepuon ¢ 1996 mo 2012 r. B accomumposannsie ¢ KBM
BPEMEHHBIE MHTEPBAJIBI (+2 CyT) 0TOOpaHbI JaHHBIE IO COMHEYHBIM BCHbIKaM ciaboit (B, C), ymepennoit (M) u
skctpeManbHOi  (X)  umHTeHcuBHOocTM 1o KaraimoraMm  http://umtof.umd.edu/sem/sem_figs.html  u
http://vso.nso.edu/cgi/catalogui. Bcero obpaborano 116 coObituiit MO, i1 KOTOPBIX yIAJIOCh COMOCTaBUTH 79
BCIIBIILIEK pa3iuuHON nHTeHcHBHOCTH. Cpenu oOpadoTtaHHbX 116 coObituii MO 21 coObiTHe OnpeaeseHo HaMu
paHee ¢ MpUMeHeHHeM anropurMa noucka MO B moTtoke faHHbBIX [3].

ITokazano, uro perucrpauust KBM Moxer HaOmronaTtbesi Kak paHblle, TaK M I103/HEE BCHBIKH. [Ipu 3ToM
CHUTYyaIllH, KOT/Ia BCIIbIIIKa Habmronanack pansine KBM cymecrBenHo npeobianatot. Camble O0JIbIINE 33€PKKU B
10 u Gonee yacoB Mexy BemblmkaMud 1 KBM Bcerzia COOTBETCTBYIOT 3KCTPEMaIbHEIM BCIBIIKaM kiacca X. [Ipu
sToM Habmromaembeie KBM Tpanchopmupyrores B kimaccndeckne MO. 3amMedeHo, 9To SKCTpEeMaIbHBIC BCIBIIIICYHBIE
COOBITHSI OTBETCTBEHHBI 3a IOSBIEHHE BBICOKOCKOPOCTHRIX MO. [lomyuennas cratmctuueckas cBsizsb KBM c
COJIHEYHON BCIBIIICYHON [ESITEJFHOCTBIO JEMOHCTPUPYET (pyHIaMEHTAIbHBIC 3aBUCHMOCTH MEXKAY SBICHHSIMHU
COJIHEYHOMN aKTUBHOCTH, YTO MO3BOJISIET AENATh BEIBO/BI O BEPOATHOCTH comnpoBoxkaeHuss KBM BcnbImkamy.

HccnenoBanue BbInosiHEHO npu (uHaHcoBoi mnoanepxke PODOU, npoexkr Nel8-35-00430 (PeynoBa E.A.,
Yupanosa U.C.).

1. Harrison R.A. The nature of solar flares associated with coronal mass ejection // Astronomy and Astrophysics. 1995. V. 304.
P. 585.

2. Nitta N.V., Hudson H.S. Recurrent flare/CME events from an emerging flux region // Geophysical Research Letters. 2001.
V.28.P.3801.

3. bapxaros H.A., Jleutun A.E., PeBynoBa E.A. IIporuo3 HHTEHCUBHOCTH T'€OMAarHUTHBIX Oypb, BBI3BIBAEMBIX MAarHUTHBIMU
obakamu conHeqHOTro BeTpa // 'eomarneTnsm u asponomusi. 2014. T. 54. Ne 6. C. 718-726.

IIpumeHeHue mapajieJIbHBIX BbIYMCICHHH Ha rpapuuyeckux npoueccopax mia  MIJI
MO/IeJIMPOBAHHS COJTHEYHOH BCNBIIIKHA B peaJlbHOM MacIITa0e BpeMeH!

A.B. Bopucerko', .M. [Moaropusiii, A.W. [TogropHsrii'

'\®OHAH, 2. Mockea, Poccus; e-mail: podgorny@lebedev.ru
HUHACAH, 2. Mockea, Poccus

[IporHo3 COMHEUHBIX BCIBILIEK M ITOSBICHHUS COJNHEYHBIX KocMuueckux Jyrydeid (CKJI) siBisieTcst BakHOW HaydHO-
texHn4yeckor 3anaueit. CKJI reHepupyroTCst BO BpeMsi COJTHEUHBIX BCIIBILIEK B PE3yJIbTAaTe YCKOPEHUS 3apsKEHHBIX
YacTHI] B TOKOBOM CJIO€ B COJNHEYHOW KOpoHe snekTpuieckuM moieMm Jloperma E=VxB/c, oHH mpencTaBisioT
CEphE3HYI0  paJMallMOHHYIO  OMAacHOCTh I JIIOAeH M TEeXHHYECKMX  CHCTEM B KOCMOCE.
MarnautoruapoauHamudeckoe MojaenupoBanue (MIJI) Bcmbleunbix mporeccoB Ha CoJlHIIE MO3BOJISIET HAWTH
MOSIBJICHUE TOKOBBIX CJIOEB B COJIHEUHOH arMocdepe - HICTOYHUKOB MarHUTHOM 3HEpruu Bemsiek. HaiineHusle npu
nomout MI'Jl MonenupoBaHMS 3IEKTPUYECKHE M MAarHUTHBIE MONA BOJIM3M TOKOBOTO CJIOSL TIO3BOJISIOT
mpoMOoACINPOBATE YCKOPEHUE 3apsSKEHHBIX YaCTHILI. HpI/lMeHﬂeMaH paHee IMmocjacaoBareibHas BEPCUA ITPOrpaMMbl
peuwienust cucreMbl MI'Jl ypaBHEHMi 1O3BOJsIa NMONy4yuTh perieHne MI'J] ypaBHeHUN B KOPOHE HaJ| PEalbHOU
aKTHBHOW 00JIaCThIO, OJHAKO TaKOEe pEIICHHEe B pEajlbHOM MaciuiTade BPEMEHU 3aHSUI0 Obl HECKOJIBKO JIET.
Pesynbprater MI'J] MonenupoBaHus B peaJbHOM Maciitabe BpeMEHH, HMOJyYEHHBIE C ITOMOLIBIO IapajielIbHBIX
Beuncinennii Ha GPU - rpadumueckux nponeccopax Nvidia Tesla npu momomm CUDA TexHOJIOTMM TOKa3ald
CYLIECTBEHHOE, Ha HECKOJIBKO MOPSIIKOB, YCKOPEHHE pacdeTa [0 CPAaBHEHUIO CO CTapol MOCNIeA0BaTeNbHON Bepcuen
mporpammbl pemieHust cucteMsl MI'J] ypaBHernii. [lonydennsie nepseie pesynbratel GPU MI'J] MonmenupoBaHus
BCITBIIIKK B peabHOM MacmTabe BpemeHn AO 10365 moka3any mosiBIeHHE 3HAYUTEITHHO MEHBINEr0 KOJIMYIeCTBa
MaKCHMYMOB IUIOTHOCTH TOKAa, MacKHPYIOIIMX peaJbHbIE TOKOBBIE CIIOH, IO CPAaBHEHHUIO C PE3yJbTaTaMU paHee
npoBeaenHoro MI'Jl MoxenrpoBaHus B CHIIBHO COKpaIleHHOM MacmTabe BpemeHu. [losiBiieHre Takux MakKCHMyMOB
IUIOTHOCTH TOKA 3aTPyAHSET ONpe/eIeHNe KOOPANHAT NCTOYHUKA BCIBIIIKH.
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KomnakTHbIe cYeTYNKH HOHU3MPYIOIIero u3aydenus s sepupukanuu RUSCOSMICS
A.B. I'epmanenko, E.A. Maypues, 10.B. banabun
QOI'FHY «llonapuyiii ceoghusuveckuti uncmumymy, 2. Anamumel; e-mail: alex.germanenko@gmail.com

Jnst BepuuKauy BHIYUCICHHI IPOXOKICHUSI KOCMUYECKHUX JTydeld yepe3 aTMocdepy 3eMiId HaMH HCIIOb3YIOTCS
caMble pa3IM4HBIE OSKCIIEPUMEHTAIbHBIE YCTAaHOBKM. OIHAa M3 BeAyIIMX — 3TO OOBIKHOBEHHbBIE CUETYHKH
3apsHKEHHOH KOMIIOHEHTBI KOCMHMYECKHX Jydel. HecMoTpst Ha To, 4To MOOMIBHAs Bepcus, pa3paboTaHHAs HaMHU
paHee, MIMeeT BeCbMa KOMIIAKTHBIE Pa3Mepbl, €e TPaHCIOPTHPOBKA M 3aIUCh MPOoQuiell CONpsHKeHbI ¢ HEKOTOPBIMU
TPYIHOCTSIMH, TAKMMH Kak, K IIpUMepy, 00s3aTesibHoe 0OpMIIEHHE COIIPOBOIUTENBHON JJoKyMeHTauuu. K Tomy ke
3TOT MPHUOOP COCTOUT U3 OTHOCHTEIBHO JOPOTOCTOSIIUX KOMIIOHEHTOB M HE MOXKET OBITh BBIMYIICH cepuiiHO. B
Npe/ICTaBICHHON paboTe paccMaTpUBaeTCss BO3MOXKHOCTh M3TOTOBJICHHSI KOMIIAKTHOTO CUETYMKA WOHU3UPYIOLIETO
W3NIydeHusi, paboTaiomero OT HEOOJBIION aKKyMyJsITOpHOW Oarapem M 00Namalolmni  pacIIMpPEHHBIM
(DYHKIIOHAJIOM, KOTOPBIi MOXHO OBUIO OBl M3rOTOBUTH NapTHEH M NPOU3BECTU PsJi M3MEPEHHH ISl PasHBIX
reorpaMueCcKuX KOOPJIUHAT U IIEPUOJIOB BPEMEHH.
HccrenoBanue BEIIONHEHO TpH (PUHAHCOBOH moanepkke PODU B pamkax HaygHoro npoekta Ne 18-32-00626.

CBs3b BpeMeHHbIX BapHaliii KOPOHAJIBHBIX BHIOPOCOB MAcChl M KPYNHOMACIITAOHBIX COOBITHI B
COJIHEYHOM BeTpe ¢ nosijieHueM SC B 23 1 24 HHKJIaX COJHEYHO aKTHBHOCTH

C.B. FpOMOBl, 1O.C. 3araiinosa’, B.I'. qDaIZHmTeﬁHZ, JLN. FpOMOBa1

'UBMHPAH, 2. Mockea, T ‘pouyk, Poccusi; e-mail: sgromov@izmiran.ru
2HC3® CO PAH, 2. Hpxymck, Poccus

BaxHbIM HampaBleHWEM HCCIIEIOBAHMHA COJHEYHOM AaKTUBHOCTU SIBISIETCS  COINOCTAaBJICHWE HW3MEHEHHH
UKJIMYECKUX BapHalUi pa3NYHbIX XapaKTEPUCTUK MarHUTHOro mousisi CojHLA C YMCIIOM WM ITapaMeTpaMu
TEOMAarHUTHBIX BO3MYIIEHMH. B pamkax Hamero wuccienoBaHusi ObLIO TPOBEAEHO CpaBHEHHE BapUalni
KOpOHaJBHBIX BEIOpocoB Macchl (KBM) n kpymmHOMacmTaOHBIX COOBITHI B COJTHEYHOM BETPE C CYMMAapHBIM YHCIIOM
BHE3aITHBIX MMITYJIECOB B TEOMarHuTHOM moJie SI 1 BHe3ammHBIX Hadan reoMarHuTHRIX Oyph SSC B 23 u 24 muxmax
coHe4HOH akTuBHOCTH. ComocTaBiieHbl Bapuanuy yncen Bonbha W(t) ¢ nuknmyeckumMy BapHalUsiMU TTOSIBIICHUS
KBM 3a xaxuapiii Mmecsn Habmoaennii kopoHorpagoB LASCO B 23 u 24 nukinax COJTHEYHOH aKTHUBHOCTH. Tak ke
OBUTIO HCCIIEZIOBAaHO COOTHOLICHHWE W3MEHEHWH cymMmapHoro uncima KBM pasnmudHOro yrioBoro pasmepa c
CYMMapHbIM YHCJIOM 3aPErHCTPHPOBAHHBIX INPHUXOAOB K 3eMJI€ MEKIUIAHETHBIX YZApPHBIX BOJIH, BbI3BABIIHX
BHE3aIHbIC UMITYJIbChI B TeomarHuTHoM moiie (SI) mim BHe3amHble Havajga reoMarHuTHeIX Oyps (SSC), u ¢
CYMMapHbIM YHCJIOM KpPYITHOMAacIITaOHBIX COOBITHI B cosiHeuyHOM Berpe Takux, kak EJECTA u MC(Magnetic
cloud). Ycranosneno, yto BpeMeHHble Bapranuy uncen Boiabda W(t) n obmero uncia 3apeructpupoanasix KBM
Om3KM Ha (aze pocTa U B MakCUMyMe 23 COJIHEYHOTO IMKJIAa M CYIECTBEHHO Pa3IMYaloTCs C CEpPEeIMHBI craja
COJIHEYHOM akTUBHOCTU. KpoMe TOro, B 3aTsHYBIIEMCSI MUHHUMYyME MEXIy 23 U 24 COJIHEYHBIMU LIMKJIAMU €CTh
nepuon, Korga yucio 3apeructpupoBaHHbX SSC m SI mpeBprimaer gucino rano KBM m KBM Ttuma mosryrano.
BriaBunyTO MIpeamonoxkenne, uro B rerepannto SSC u SI takke moryT BHOcHTh BKian KBM ¢ manbsiM yriioBeIM
pasmepom (<180°). PesympTaThl Hamiero HMCCICIOBAaHWN MOTYT OBITH WCIIOJIG30BaHBI JJIS aHAIKW3a W IIPOTHO32
re03(pPEKTHBHOCTH COTHEYHON aKTHBHOCTH.

Pabora BrmonHeHa npu noanepxke PoccuiickuM GoHIOM (YHIAMEHTAIBHBIX HCCIeAoBaHMM, poekT Ne 20-02-
00151.
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IlepcnekTHBBI MCNOJIB30BAHUS NMAPAJJIEIbHBIX BHIYMCJIEHHIl /I YCKOPEHHsI PacyeTOB CKOPOCTH
HOHM3aINHU aTMoc(pepsl 3eMJIH YaCTUIAMH KOCMHYECKHUX JTy4eid

E.A. Maypues, 10.B. banaoun, A.B. 'epmanerko
OI'FHY «llonspuviii ceopuzuneckutl uncmumymy, 2. Anamumul; e-mail: maurchevl987@gmail.com

OpnHol 13 caMbIX BaXXHBIX U aKTyallbHbIX Ja)K€ HA CEroJHs HaydHbBIX 3a/a4 (PU3MKH KOCMHUYECKHX JIydeH SIBISIETCS
UCClIeJIOBaHNe KAacKaJIOB YacTHIl B atMocdepe 3eMiIi, BO3HUKAIOIIMX T0]] BO3JICHCTBHEM MEPBUYHBIX KOCMUYECKHX
nyueit (KJI). Madopmanus o mapamerpax 3THUX 4YacTHIl (CyMMApHBIH MOTOK, SHEPIreTUYCCKUN CIIEKTP U YIJIOBBIC
XapaKTEePUCTHKH ) MO3BOJISIET U3Y4aTh 0COOCHHOCTH CIEKTPOB nepBUYHBIX KJI BRICOKHX M CBEPXBBICOKHX 3HEPIHUii, a
TaKKe MX BIMSHUE HA HIDKHIOI arMocdepy 3emsn. HemanoBakHyIO pojib B PELIEHHH 3TOH MpoOiIeMbl 3aHUMAaeT
YHCIIEHHOE MOJIEJIMPOBAHKE IPH TIOMOIIM MeTo0B MoHTe-Kapiio, KoTopoe cTano nepcneKTUBHBIM CPaBHUTEIBHO
HEaBHO BCIEJICTBUE CTPEMHTEIBHOTO Pa3BUTHS HMH(POPMAIMOHHBIX TexHOJOTHH. OcHOBHas mpoOiemMa Takoro
noaxoja - OonbIIoe BpeMsl BBIUHMCIEHHHA. B 3To#l pabore mpencraBneHa Kak TEXHHYECKas 4acTh, BKIIOYAIOIIAS B
ce0sl ommcaHWe METOJOJOTHH WHTETpamuu comporeccopa Xeon Phi B MHCTpYMEHTHI BBIYHCICHHH B OOJACTH
(GU3MKH B3aMMOJCHCTBHS YacTHL, TaK W HAay4YHO-NPHUKJIAmHAs, MOKa3bIBAIOIAs HA NPHMeEpe pacuera OCHOBHBIX
XapaKTEePUCTUK ITOTOKOB YAaCTHUI] B KACKa/Ie U CKOPOCTH HOHU3AINH LIEIeCO00Pa3HOCTh UCIIOIb3YEMOT0 METO/IA.

OtnenpHass cekuust pabOTHI IOCBAIIEHA BONPOCY IyOIMKAlMM pe3ysibTaToB uccienoBaHuid. Ha ceromns
CYIIECTBYET MHOXKECTBO PECYpPCOB, IJIe MOXXHO MpPEACTaBUTh CBOIO pabOTy, 3TO MOTYT OBITh INEPUOJUYECKUE
u3ganus, Tpyasl KoHgepeHiwid u T.a0. C pa3BuTHeM HHGOPMALMOHHBIX TEXHOJOTMH Bce 0OJiee MOMyJISAPHBIM
CTaHOBUTCSI METO] 0 OpMIIEHHS TIOJTyYEHHBIX JaHHBIX TpH oMouu MHaTepHeT-pecypcoB. Takoi nmoaxo uMeer psif
HEOCIIOPUMBIX IPEHMYIIECTB, 0OCOOEHHO KOrja pedub uiuer o0 Oosplnx MaccuBax MH(popmanuu. B Takom ciydae
MOYKHO, K IIpUMeEpY, OIyOJMKOBaTh 0030pHYIO CTaThbl0 B TEMAaTHYECKOM HAayYHOM JKypHAJe W CHelaTbh OTCBUIKY K
pecypcy, Ha KOTOPOM MOJKHO IIOJYYHMTh IIOJHBIA JOCTYyNm K psgaM AaHHBIX. B mperncraBineHHod pabote
paccMaTpHBaeTCsl Takoe pEIICHHWE IMyOJMKaluM HCCIEAOBATEIBCKUX PE3YJIbTATOB HA CalTe WWW.rUSCOSMIcCs.ru,
pa3paboTaHHOM W MOIAEPKUBAEMOM CEKTOPOM KOCMHUUECKHX Jryuei T. Anatutsl ([TTN).

MopennpoBanue HYKJIOH-HYKJIOHHBIX B3auMojeiicTBMii B aTtmocdepe 3eMiaMm ISl 4YacTHIL
KOCMHYeCKHUX Jy4ei ¢ Z>2

E.A. Maypues, 10.B. banaoun
OI'BHY «llonapuuiii eeogpusuueckuti uncmumymy, 2. Anamumeot, e-mail: maurchevl987@gmail.com

B cocraB rajgakTHueckux Jyued BXOJST HE TOJBKO MPOTOHBI, HO TAKXe W sApa THKEIBIX 3JIEMEHTOB, MMEIOIINE
3apsI0BO€ YHMCIO Z>2. DTH YaCTHIBI IPU MPOXOXKICHUHM BEpXHUX cioeB arMocdepsl 3emin (oT 30 KM U BbIIIE),
HMMEIOLIUX HU3KYIO TUIOTHOCTHIO BEIECTBA, TEPSIIOT CBOIO 3HEPIHI0 HAa MOHM3aLuio. OIHAKO MpenonaraeTces, 4ro
MIPH TOCTATOYHO BBICOKOW »Hepruu (ot 1 ['9B Ha HyKIIOH) BO3MOXXHO BO3HHKHOBEHHE HEYNPYTHX COYAApCHUH, B
XOZie KOTOPBIX OyIyT pOXKIaThCs KacKaabl BTOPUYHBIX KOCMUYECKHX JIydeil. B npencraBineHHoi paboTe npuBoasTCS
pe3yabTaThl MOJACITNPOBaHMA, IoTy4deHHbIe TpH oMot RUSCOSMICS B cinydae nmpoxXoXKAeHuUS siiep KUCIopoaa U
yriepoga 4epe3 atMmocdepy 3eMiM, NPOU3BOAUTCS OLEHKA MX BKJIaJa B CKOPOCTh OOpa3oBaHMS Iap MOHOB B
Juana3oHe BeicoT oT 0 10 80 kM.
Pa6ota BemonHeHa npu nojaaep:kke rpanta PH® Ne 18-77-10018.
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Mopesnposanue npoxosxaeHust nporonos CKJI ¢ sneprernyeckum cnekTpom st co0brtuii GLE42
u GLE44

E.A. Maypues, 10.B. barna6oun, A.B. 'epmanenko, b.b. 'Bo3neBckuit
@OI'BHY «llonsipnvlii ceopusuueckuii uncmumympy, 2. Anamumol; e-mail: maurchevl 987@gmail.com

Coobitust GLE (Ground level enhancement) mpencTaBiisitoT COOOH BO3pacTaHHs CKOPOCTH CU€Ta HEHTPOHHBIX
MOHHUTOPOB, BBI3BAHHOE YBEIMUCHHWEM YHCJIA MPOTOHOB (B OCHOBHOM c 3Heprueid no 1 — 10 I'sB) B motoke
MEePBUYHBIX KOCMUYECKHX JIydel. DTOMY SIBICHHIO, ECTECTBEHHO, COITyTCTBYET YBEIMYCHUE CKOPOCTH 0Opa3oBaHuUs
noHoB Ha BbicoTax oT 0 mo 80 xm. B III' pa3paborana MeTojuKa, IMO3BOJIIONIAS IMOJYYaTh IHEPTETHUCCKUE
creKTpbl Bo Bpemst coobituit GLE mMeronom pemenust oOpaTHOW 3a/jauyl ¢ UCIIOJIB30BAaHUEM JaHHBIX CETH CTAaHIMH
HEWTPOHHBIX MOHHMTOPOB. IloylydeHHBIE CHIEKTPbl NPUMEHSIOTCS HaMHM KaK BXOJHBIE IIapaMeTpbl MpHU
MoJenupoBaHue mporpaMMHeiM KomruiekcoM RUSCOSMICS mpoxoxaeHus gacTul] depe3 atMocdepy 3emiu, B
X0JIe KOTOPOTO IOTyYaroTcs TOYHBIE OIIEHKH CKOPOCTH O00pa30BaHMA Iap MOHOB, B YACTHOCTH B OOJIACTH BBICOKHX
mmpoT. B 310l paboTe mpeacTaBieHBI Takue pe3yNbTAaThl, MOJMYYCHHBIE U1 ABYX HE3aBUCHUMBIX COOBITHH,
MIPOU3OMLIEIINX B PA3IMIHOE BpeMs (COOTBETCTBEHHO, CIIEKTPHI MMEIOT pa3HbIe mapaMmeTpsl). [IpoBoauTcs aHanms
MOJTyYCHHBIX 3aBHCHMOCTEH, MIPUHUMAsI BO BHUMaHHE 0COOEHHOCTH, OOYCIOBIEHHBIE XapaKTEPUCTHKAMH KaXI0TO
CIeKTpa.
Pabora BbInosiHeHa npu nozepkke rpanta PH® Ne 18-77-10018.

Pacuyer cxkopocTtH MoHHM3anuM BO Bpemsi co0bITHs GLE ¢ mcnoab3oBanueM rJjodajibHO Moaean
atMocdeps! 3eMian

E.A. Maypues, }0.B. banabun, A.B. I'epmanenko, E.A. Muxanko, b.b. 'Bo3neBckwuii
QOI'BHY «llonsapnoiii ceogusuueckuti uncmumymy, 2. Anamumot, e-mail: maurchevl987@gmail.com

B mpencraBnenHoit pabote ucroib3yercs nporpamMHubiii kommieke RUSCOSMICS s pacuera nmpoxoxkaeHus
MPOTOHOB COJIHEYHBIX KOCMHYECKHX JIydel uepe3 armocdepy 3emin. OcoOCHHOCTBIO 3/1eCh SIBIISIETCS peaii3aius
pa3pabOTaHHOTO HaMHM MOXYJs, TIO3BOJIAIONIETO MPUMEHATh HE OOBIYHYI0 BEPTHKAIBHYIO JKECTKOCTh
TEOMAarHUTHOTO O0pe3aHust AN KaKIOH TOYKHM reorpaMuecKux KOOPIAHMHAT, a BBIUHCITH HEMOCPEICTBEHHO
SHEPreTUYECKUH CIIEKTP ¢ y4eToM KOHyca mpueMma. [lJis1 3Toro memois3yercss MeTonuka, pazpaborannas B [IIN u
JaHHBIC CETU CTaHLUM HEWTPOHHBIX MOHMUTOPOB. B KauecTBe pe3ynbTaTa HPUBOAMUTCS CKOPOCTh HOHU3ALNU
atMocdeps! Ha Beicotax ot 0 10 80 kM.
HccnenoBanue BBITIONHEHO MU prHAHCOBOH nojnepxkke PODU B pamkax HayuHoro npoekta Ne 18-32-00626.

MoOuabHBIN JeTeKTOP AJS PerucTPalMi HEHTPOHHOM KOMIIOHEHThI
E.A. Muxanko, }0.B. banaoun, E.A. Maypues, A.B. I'epmanenko, b.b. ['Bo3neBckuit
Q@I'BHY «llonspusiii ceopuzuueckuit uncmumymy, 2. Anamumot, Poccus

[IpencraBnenHast paboTa MOCBAIIEHA OIMMCAHNIO BO3MOXKHOCTEH ManorabapuTHOTO AETEKTOpPa, N3TOTOBJIEHHOTO IS
M3y4YEHUs] BapHallMii MMOTOKa HEHTPOHOB BTOPHYHBIX KocMuueckux Jiyded (BKJI). JlaHHbIi meTekTop BXOAUT B
COCTaB MOOMJIBHOTO KOMIUIEKCa [Uisi HocTostHHOro MoHuTOprHra BKJI B naGoparopun kocmuueckux sydeit [1T'U (r.
Anarutsl). [lopratuBHblii nerekrop HeHTpoHHOH KommoHeHTHl (E < 1 MbB), coOpaH Ha reimeBbIX CUETYMKAX
CHM-18, BBeneH B 3KCIUTyaTalluio ¢ Hayaja NpOLUIOro roja, U paboTaeT mapajuleIbHO C OCHOBHOM ammaparypoi
quist peructpaiu BKJL. B 3aBucHMOCTH OT HOCTaBIIEHHBIX 33ja4, IPHOOP MOXKET paboTaTh MHAUBHAYAIBHO WU C
MOJKIIIOYEHHEM JIDYTUX MOOWJIBHBIX JIETEKTOPOB, TaKMX KaK CHMHTWIISLMOHHBIA CHEKTPOMETP W JETEKTOp
3apsHKEHHOW KOMIIOHEHTHI Ha OCHOBe cueTynkoB [ eiirepa-Mromepa, paspaborannsix B [II'U. Ilpm paspaboTke
MOOMIIbHOTO HeWTpoHHOTO nerekTopa (H/I) mcmonp3oBanmmch coBpeMeHHBIE H OBICTPOACHCTBYIOINE KOMIOHEHTEI,
PETUCTPUPYIOIINE KaXIbIii MMITyJIEC C BBICOKOW TOYHOCTBIO (2 MKC). DTO TO3BOJSIET HAOMIOATH BO3JCHCTBHE
anponHoit komroneHtsl 1IIAJI Bo Bpems npoxoxaeHust KJI uepe3 armocdepy, yBenuuuB 00NaCTh MOITYyYaEMbIX
PE3yJIBTATOB 3a CUET YCTAHOBKU MPHOOPA B TPYAHOJOCTYIIHBIX MECTaXx.
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Biinsinue yrjioBoro pacmnpeneseHdsi NEPBUYHBIX KOCMUYECKHX JIyYell Ha IOJI0KeHHEe MaKCHMyMa
BBICOTHOT0 Npouiisi B aTMochepe 3emin

E.A. Muxainko, E.A. Maypues, }0.B. banabun
OI'FHY «llonspuviii ceopuzuneckuti uncmumymy, 2. Anamumul; e-mail: mikhalko@pgia.ru

B nmpencrasneHHoit pabore paccMaTpuBaeTCsl 3aBUCHMOCTH IIOJIOKEHUS MaKCHMyMa MOTOKAa BTOPHYHBIX
KOCMHUUECKHX JIyueil B Mpoduie cKopocTu cuera Ha BbicoTax oT 0 1o 80 KM, BOHHKAIOLIMX BCIIEACTBHE Pa3BUTHUS
SICPHBIX KackanoB. Panee mis nporpammuoro komrwiekca RUSCOSMICS namu Obut pa3paboTaH cIieiHaabHBIN
JETEeKTHPYIOIIUI MOJyb, IO3BOJLSIIONIMKA cOOMpaTh HMHPOpPMAUMIO 00 YIJIOBBIX pPACHpENENICHUSX BTOPHYHBIX
KOCMHYECKHUX JIyued B armocdepe 3emin (OTHOCHTENIBHO NEPIEHIUKYISIPHOTO HAIpaBJICHUS NaJeHUS YacTHULY),
MO3TOMY 3/IECh TaKkKe IPENCTABIEHBI 3TU PE3yJIbTAThI, ITOJyYEHHBIE TPH YCIOBHH, YTO T'€HEpaTop IEPBHYHBIX
YACTHI KCITYCKACT IPOTOHBI HE MEPIECHIUKYIISIPHO BEPXHEH rpaHHMIle, a U30TPOITHO.
HccrmenoBanwne BHIIONHEHO TpH GHHAHCOBOH monnepkke PODU B pamkax HayuHoro npoekrta Ne 18-32-00626.

HJoaronepuoaHasi BapuanMsi CeBepPO-I0KHOI AHM30TPONUMM KOCMHUYECKHX Jy4dell IO JaHHBIM
HEWTPOHHBLIX MOHUTOPOB

B.A. Onenesa, A.B. benos, B.I". SIuke
H3MUPAH, Tpouyk, Mocxea, Poccus

Beinenenne ceBepo-10KHOM aHM30TPOIIMHM KOCMHUYECKHX JIydel, n3-3a MalnocTH 3p(eKTa, OueHb YyBCTBUTEIBHO K
Ka4yeCTBY JaHHBIX U K OCOOEHHOCTSIM HCIIOJb3YeMO METOAMKU. DTO OJHA M3 NMPHYMH CYIIECTBEHHOTO paszdpoca
Pe3yJIbTaToOB Pa3IMYHBIX aBTOPOB. 3aj1a4a HACTOSLIEH PabOThl - MAKCUMAJIbHO PaCHIMPUTh HCCIIEAYyEMBIH EPHOA U
CpaBHUTDH PE3YyJIbTaTbl HPUMCHCHUS PA3JIMIHBIX METOAUK.

Jlyist BBIZIETIEHUS COCTABIISIIOIIMX BEKTOpa aHW30TPONHHU (CyTOYHOH M CEBEpO-FO’KHOM aCUMMETPHH) IPUMEHSIICS
MeTox r00aIbHOM CHhEMKHM C NpPUBIICUYECHHE JAHHBIX MHPOBOW CETH HEHTPOHHBIX JETEKTOPOB. B moiydeHHBIX
BapHalusAX ceBepo-tkHOM anm3oTpormu 3a 2000-2018 rr. HaOmromaercs SIBHO BEIpaKEHHas TOIOBAas BOJIHA,
MakCHMyM KOTOpOH, Kak NpaBHJIO, NPHUXOAWTCA Ha HIONb-aBIYCT. B cpemHeM pa3HMLIA MHUHHMAQJIBHBIX U
MaKCHMaJIbHBIX CPETHEMECSIYHBIX 3HAYCHUH CEeBEPO-I0KHOI aHM30TpomnH B oy coctasiseT 0.9%. st cpaBHeHUS
MIPOBOAMIIACH TAK)KE OLICHKA CEBEPO-I0KHON aHU30TPONIUHI METOIOM IAPHBIX CTAHIHH.

ITonnskeHHe UHTEHCUBHOCTH KOCMUYecKuX Jy4eii B mae 2019 roga B 240M COJIHEYHOM LUKJIE
JL.A. Tpedmmoga, I1.I". Kobenes, A.B. benos, E.A. Epomenko, A.A. MenkymsiH, B.A. Onenesa, B.I'. Iake

Hucmumym 3emnozo macnemusma, uoHocghepvi u pacnpocmpanenust paouosoan um. H.B. [Tywxosa,
Tpouyxk, Mocksa, Poccus; e-mail: trefilova@izmiran.ru

Ha ¢one muanmyma 24ro nuKiIa COJHEYHOW aKTUBHOCTH, C HEOOJBIIMMHI BapHALUIMH KOCMUYECKHX JIydeH, B Mae
2019 rona Ha HEHTPOHHBIX MOHHMTOPax HaOJIIOAATIOCh NMOHW)KEHHE WHTEHCHBHOCTH KOCMHUYECKHUX Jydeil Ha ~4%,
KOTOPOE JUTUIIOCH OKOJIO OIHOTO Mepuoja BpamieHus ComHua.

JlaHHOE TIOHMKEHUE JOCTATOYHO JI0Jroe U Ioiioroe. B cpaBHeHNMM ¢ 0OBIYHO HAOJIOaEMBIM BOCCTaHOBIICHUEM
nocine @DopOym-3pekToB BpeMs BOCCTAHOBICHMS B HalleM ciydae Oosee IpOJOJDKUTENbHOEe. Taroke
OIpeNeNEHHOE CXOACTBO YJaloCh HaWTH M B Apyrue nepuoabl— ampens 1980, mroms 2000 u umrons 2006 c
ammumutyaamu 6%, 11% u 3,5% cooTtBercTBeHHO. 3a miepron ¢ 28 anpens mo 12 mast 3aIKCHPOBaHO 9 JOCTATOYHO
MOIIHBIX BBIOPOCOB M3 22 HaOmogaBmmxcs B TedeHue 1,5 ser, uro cocrtaBmser Oonee 40%. Bee BBIOpOCH!
WCXOJMIIN U3 IBYX 00J1acTel, KOTOphIE CYIIECTBOBAIN IOCTATOYHO JIOIT0€ BPEMsI B aKTUBHOM COCTOSTHHH.
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MeTto ONOPHBIX CTAHIUIA JJI1 MCKJIOYeHUs1 3¢ dekTa cHera Ha ocHOBe JaHHBIX 3a 2018-2019 roa
JLA. Tpeduosa, I1.T'. Kodenes, A.B. benos, E.A. Epomrenko, B.I'. Sake

Hucmumym 3emno2o macnemusma, uoHocghepvl u pacnpocmparenust paouogonn um. H.B. I[Tywkosa,
Tpouyx, Mockea, Poccusa,; e-mail: trefilova@izmiran.ru

OOBEKTOM HCCIIENOBaHMs padOThl SBIIOTCS JTaHHBIE HEHUTPOHHBIX MOHUTOpPOB 3a 2018-2019 rom. Hekortopsie
CTaHIINM, OCOOEHHO pPAcIOJI0KEHHbIE B TOpax HAa CPEJHMX W HU3KUX LIMPOTAX, MOJBEPKEHBI BIMSHHUIO CHETa,
KOTOpBIN HaKalIWBaeTCs Haj IETEKTOPOM M BOKPYT HEro, YTO MCKakaeT HaOmomaemble Bapuanuu. IlosTomy
JIAaHHBIE MOHUTOPUHIa HEUTPOHHOW KOMIIOHEHTHI TPEOYIOT COOTBETCTBYIOIIEH KOPPEKTUPOBKH.

B pabote npumeHeH meron onopHo# cranuyu. CyTh METO/a 3aKJIIOYAETCsl B CPABHEHWU M30TPOIHBIX BapHaIMi
Ha HCCIIENyEMOW M ONOPHOM CTaHLMM, HA KOTOPOM CHEr 3aBeloMO OTCyTcTBYeT. IIpenmnosaraercs, 4ro pasnuuue
Bapuanuii 00yCIIOBIICHO BIMSHUEM CHEXXHOT'O TIOKPOBA Ha CKOPOCTh CYETA MCCIIEyEMOT0 JIETEKTOPA.

Yo0eranue aToM0B KUCJI0pOAa U3 aTMocdepbl NPH NPOTOHHLIX MOJISPHBIX CUsIHUSX HA Mapce
B.A. llemaroBuu
HUnemumym acmponomuu PAH, Mockea

B noxnazne npencraBiieHbl pe3ysibTaThl MOJICNIBHBIX PAacyeTOB CKOPOCTH MOTEPU aTOMOB KHCJIOPOJa U3 aTMochepsl
Mapca, BbI3BaHHBIE BBICHIIAHAEM MPOTOHOB M aToMoB Bojopoaa (H/H') ¢ BBHICOKMMH SHEprusMH M3 IUIa3MbI
CONHEYHOro BeTpa. [IpOHMKHOBEHME MPOTOHOB M aTtoMoB Bojopoaa (H/H') W3 miasmbl coiHedHOro BeTpa B
BEPXHIOI aTMochepy Mapca conpoBOXXKIaeTcs MEPEHOCOM KOJIMYECTBA ABMKEHHS W HEPIMU B CTOJIKHOBEHHSX C
OCHOBHOH KOMIIOHEHTOH - aTOMapHBIM KHCIIOpoIoM. J[aHHEIA Tporecc paccMaTpuBaeTcs Kak pa3OpbI3TUBAaHUE
aTMOC(epHOro ra3a NpH IPOTOHHBIX IOJSIPHBIX CHSHUSX U CONPOBOXKIAETCS OOpa3oBaHHEM YOErarommx us3
atMocdephbl TMOTOKOB HAATCIUIOBBIX aTOMOB Boaopoma W kuciopoma [1]. B pacuerax ckopoctu oOpazoBaHus
HAJITEIUIOBBIX AaTOMOB KHCJIOPOJa HCIIONb30BaHa MoJuduKanus KuHeTnyeckod wMojaenn Monte-Kapno [2],
pa3paboTaHHOW paHee AJIs aHaIM3a JaHHBIX M3MepeHui nHcTpyMeHToB MEX/ASPERA-3 Ha 60pTy KOCMHUYECKOTO
anmapara (KA) Mars Express 1 MAVEN/SWIA na 6opty KA MAVEN. HccnenoBaHbl Mpouecchl KHHETUKA U
MepeHoca ropsiaux aTOMOB KHCIIOpOJa B IIepexoiHOl obsacty (0T TepMocdeps! K 3k3ochepe) BepxHei armocdepbl
Mapca. Paccunranbl (QyHKIMM pacrpeneseHus] HaJITEIUIOBBIX aTOMOB KHCIIOPOAA IO KHHETHYECKOW SHEPrHH.
[TokazaHo, 4TO IpU IPOTOHHBIX MOJISIPHBIX CHSAHUAX Ha Mapce sk30cdepa HacesieTcst 3HAUNTEIbHBIM KOJIMYECTBOM
HAJTEIUIOBBIX aTOMOB KHCJIOpOJa C KHHETHYECKMMH JSHEpPIusSMHM BIUIOTH A0 SHeprum yberanws 2 3B, T.e.,
(opmupyercsi IONMOTHUTENbHAS K (DOTOXMMHYECKHM HMCTOYHUKAM ropsdas (pakmust KUCIOPOJHOW KOPOHBI, M
o0pasyeTcs TOTOHUTETBHBIN HEeTEIIOBOH MOTOK yOeraHHs aTOMapHOTO KHclopona u3 atMocdepsl Mapca. XoTs
MPOTOHHBIE MOIAPHBIE CUSHUS ABJIIIOTCS CIIOPAJNYECKIMU aBPOPAIbHBIMU COOBITHAMH, OZHAKO MHAYLMPOBAHHBIN
MPOLIECCaMH BBICHINAHKUS MOTOK yOEraHMs TOpSAYMX aTOMOB KHCIOPOAA MOXKET CTAaHOBHUTHCS JOMHHAHTHBIM B
YCIIOBUSIX 3KCTPEMAJIbHBIX COJIHEUHBIX COOBITUII - COJHEYHBIX BCIBIIIEK M KOPOHAJIBHBIX BBIOPOCOB MAaCCHI, - Kak
noka3zanu Henapaue HaOmoneHuss KA NASA MAVEN [3].

PabGora BhimosiHeHa mpu moanepkke Poccuiickoro doHna dyHnaMeHTaIbHBIX HcchenoBaHuid (mpoekt 18-02-
00721a).

1. V. L. Shematovich, M. Ya. Marov, Physics - Uspekhi 61 (3), 217 (2018)
2. V.I. Shematovich, D.V. Bisikalo, J.-C. Gérard, B. Hubert, Astronomy Reports 63, 835 (2019)
3. B. M. Jakosky, D. Brain, M. Chaffin, and 129 more, Icarus 315, 146 (2018)
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Plasma structures detected by radio tomography in high- and midlatitude ionosphere in 23rd and
24th solar cycles

Elena Andreeva, Marina Nazarenko, Artem Padokhin, Nikita Tereshin, Yulia Tumanova
M.V. Lomonosov Moscow State University, Faculty of Physics, Moscow, Russia

We present and discuss a series of radio tomographic images of electron density distributions in the high- and
midlatitude ionosphere during different phases of the 23rd and 24th solar cycles. The images were obtained using
the methods of low orbiting and high orbiting radio tomography which employ the signals from the low-orbiting
navigational satellite systems (Tsikada, Parus, Transit) and high-orbiting global navigation satellite systems
GPS/GLONASS. The capability of the RT methods to reconstruct spatial 2D (altitude—latitude) and 3D distributions
of ionospheric electron density above large spatial regions makes these methods an efficient instrument for studying
irregular structure of the ionospheric plasma. The main focus of the presentation is in analyzing the RT
reconstructions based on the measurements by the Russian transcontinental RT chain Moscow—Karelia—Kola
Peninsula—Svalbard. The observations cover the ionospheric region from the polar cap to midlatitudes. There is a
strong relationship between the high latitude ionosphere and the magnetosphere which are linked through the
electric fields and currents as well as through the fluxes of energetic particles precipitating from the magnetosphere
and the ascending flows of the ionospheric plasma. During the geomagnetic storms, the dynamic regime of the
ionosphere changes drastically, and strong perturbations are observed in the ionospheric parameters. We present the
examples and discuss structural features revealed by RT methods in the ionosphere. The RT reconstructions
demonstrate a variety of ionospheric responses to the variations in the geomagnetic activity, which appear in the
form of the troughs in the ionization, local irregularities, large-scale anomalies on electron density, narrow
structures, multi-extremum patchy distributions, etc. The ionization gradients are steepest and have most
complicated morphology during strong geomagnetic disturbances. The RT results can be used for refining the
existing ionospheric models, for solving a wide range of radio communication, radio navigation, and radar location
problems.
The work was supported by the Russian Foundation for Basic Research (project no. 19-05-00941).

Ionosphere variability in equatorial latitude of India using GPS-TEC during extreme low solar
activity period

Roshni Atulkar
National Institute of Technical Teachers' Training and Research, Bhopal — 462002, MP, India

The most significant ionospheric parameter Total Electron Content (TEC), determined by analyzing dual frequency
signals from the Global Positioning System (GPS) recorded close to the Indian equatorial anomaly locale, Bengaluru
(13.020 N, 77.570 E) situated inside 0-15°N of the equatorial anomaly region. We contemplated diurnal, monthly,
seasonal and annual changeability just as geomagnetic and sun oriented impacts on the Equatorial Ionospheric
Anomaly (EIA) during the solar minimum period from January 2009 to December 2009. The monthly highest
values of TEC are recorded during the March, April and October While the minimum TEC is observed during the
month of June, July, December and January. Additionally, it is discovered that the daily maximum TEC close
equatorial anomaly crest yield their maximum qualities for the time of the Equinox months and their minimum
qualities throughout the summer. Utilizing monthly averaged peak magnitude of TEC, a clear semi-annual variety is
seen with two maxim happening in both spring and autumn. Relative standard deviation for VTEC demonstrates
high an incentive at around morning and before Sunrise. From the comparison of GPS-TEC with various Solar
Indices, for example Sun powered EUV flux (26-34 nm and 0.1-50 nm), F10.7 cm sunlight based radio flux and
Zurich Sunspot Number (SSN), it is concluded that the Solar Index EUV motion is a superior controller of GPS-
TEC, contrasted with F10.7 cm and SSN.

Keywords: Total Electron Contents (TECs); Equatorial Ionization Anomaly (EIA); Global Positioning System
(GPS)
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Modeling of the lower ionospheric response to the C-, M- and X-class solar flares
S.Z. Bekker, I.A. Ryakhovskiy
Sadovsky Institute of Geospheres Dynamics of Russian Academy of Sciences, Moscow, Russia

The paper presents the results of lower ionosphere modeling during the solar X-ray flares of C-, M- and X-class. The
model is based on a 5-component ionization—recombination cycle of the ionospheric D-region. The input parameters
of the plasma-chemical model were determined using the data from the AURA, SDO, GOES satellites under various
heliogeophysical conditions. Verification of the results was carried out on 6 European VLF paths with use of
radiophysical measurements obtained in the GPO Mikhnevo. Comparison of the theoretical and experimental results
of radio wave propagation showed that the standard deviation of the difference between the values does not exceed 1
dB on 5 paths out of 6 during the 7 considered C- and M-class flares. Qualitative and quantitative agreement during
the X-class flares was obtained only for signals with a frequency f< 23 kHz.

Influence of the substorm precipitations and polar cap patches on the GPS signals at polar latitudes
V.B. Belakhovskyl, Y. Jin?, W.J. Miloch?, A.V. Koustov®, A. Reimer*

'Polar Geophysical Institute, Apatity, Russia

Department of Physics, University of Oslo, Oslo, Norway

3Department of Physics and Engineering Physics, University of Saskatchewan, Saskatoon, Canada
*SRI International, Menlo Park, California, USA

This study investigates the influence of substorm-related energetic particle precipitations and polar cap patches
(PCP) on GPS signal scintillations in the high-latitude ionosphere. These ionosphere disturbances are a most
powerful at the high-latitude region. A number of events in 2010-2017 are analyzed when the EISCAT radar data on
Svalbard was available. We use data collected by the GPS scintillation receiver (University of Oslo) at Ny-Alesund.
Substorms are identified through optical observations in Ny-Alesund as well as IMAGE magnetometer data.
Occurrence of polar cap patches is determined by using electron density data from the EISCAT 42m radar (as a
density increase above 200 km) and by considering optical observations at Ny-Alesund station at 630.0 nm emission
line. For some events, we show the onset of PCPs on the dayside and their propagation into the nightside, where the
GPS receiver is located, by considering data from the Resolute Bay (Canada) incoherent scatter radar (RISR) and
the SuperDARN radars. Our analyze shows that GPS amplitude scintillation index (S4) practically have no changes
during considered events. We demonstrate that substorm-associated precipitations can lead to a strong GPS phase
(o) scintillations up to ~2 radians which is much stronger than those usually produced by PCPs. On the other hand,
PCPs can lead to a much faster ROT (rate of total electron content) variations. Our observations suggest that the
substorms and PCPs, being different types of the high-latitude disturbances, lead to the development of different
types and scales of ionospheric irregularities.

Langmuir probe in CubeSat for low Earth orbit ionosphere scientific investigation
Shankar Bhattarai
Space Technology Synthesis Laboratory, Department of Aerospace Engineering, Chosun University, South Korea

CubeSats are revolutionary for space exploration and upper atmospheric characteristics due to its low cost and short
manufacturing period. CubeSat with a Langmuir probe as a scientific payload allows the in-situ observation of lower
atmospheric waves and characteristics. The in-situ measured data are more reliable and can be used as a validation
for the other equatorial measurement methods and broadcasting. In this research, the feasibility testing for possible
implementation of the Cylindrical Langmuir Probe in CubeSat for the upper atmosphere plasma characterization is
analytically studied. The attitude of the CubeSat can be controlled by using different attitude control methods.
Therefore, by sending the command through the ground station, we can get access to the particular atmospheric
environment. Which improved the resolution in the reconstruction of E-region ion layers and densities, moreover
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desire spatial coverage can be provided by CubeSats. Thus, we equipped our newly designed Langmuir probe for
electrons, ion density, and temperature variations. Moreover, the receiver antenna receives the information from the
ground-based radar and after refining, it will send all the information on that atmosphere. The scientific objective of
the proposed Langmuir probe is the in-suit study of low ionosphere-plasma sphere coupling, aurora structures, and
multi-scale behaviour of the plasma turbulence.

Keywords: CubeSat, lonosphere, Langmuir probe, Plasma characteristics

Variations in mesospheric temperature during Polar Mesospheric Summer Echo
S.M. Cherniakov, V.A. Turyansky
Polar Geophysical Institute, Murmansk

The behavior of the amplitude of the ordinary radio wave at the frequency of 2.66 MHz of the partial reflection
radar of the Polar Geophysical Institute (radio physical observatory Tumanny, Murmansk region) is considered.
Mesospheric temperature profiles were calculated for selected times during the appearance of the Polar Mesospheric
Summer Echo (PMSE) on July 19, 2015 and August 15, 2015. Substantial variations in temperature values near the
heights of the mesopause were consistent with dramatic changes in the magnitude of the amplitude of the ordinary
wave. Possible mechanisms causing this phenomenon are proposed.

High-latitude vertical incidence soundings scaling using neural networks: Es and F2 layers
S.A. Dolgacheva
Geophysics Department of Arctic and Antarctic Research Institute (AARI), Saint-Petersburg, Russia

The Geophysics department of Arctic and Antarctic Research Institute (AARI) has created an array of geophysical
observations based on the network of Roshydromet polar stations. This array includes Canadian Advanced Digital
Ionosonde (CADI), which provides real-time monitoring of the auroral ionosphere conditions. The AARI Polar
Geophysical Center accepts CADI vertical incidence soundings (ionograms) in real-time mode, where scalers
executively interpret hourly ionograms. However, high-resolution ionosphere monitoring (with time cadence about
15 minutes) requires automatic algorithms, which nowadays unable correctly identify ionospheric layer
characteristics because of diffusion, multiple reflections, high critical frequencies of sporadic ionization, etc.

The first stage of our current study presents the partial solving of this issue, which consists of Es or F2
identification and estimating their critical frequencies using artificial neural networks. We trained neural network
models using data set of ionospheric parameters obtained by AARI scalers above all geophysical array stations for
different seasons under different geomagnetic conditions. We show that our neural network models are able to
recognize Es / F2 layers and their characteristics with quiet high accuracy.

Finding the energy spectrum of the auroral electrons by the optical data of the MAIN system
V.E. Ivanov, Zh.V. Dashkevich, B.V. Kozelov
Polar Geophysical Institute, Apatity, Russia

The possibility of a study of precipitating electron spectra used optical data obtained by MAIN cameras with
sensitivity in the wide range of 350-650 nm is shown. The energetic spectra of the electron fluxes stimulated rayed
auroral structures have been derived. We found that the electron fluxes have energy spectra with a power-law
dependencies of the flux on the energy F(E)~E™®. The values of parameter o, are calculated for several cases of rayed
aurora.

The work was supported by the Russian Foundation for Basic Research (project No. 19-52-50025 YaF a).
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Formation of the polar tongue of ionization and mid-latitude ionospheric disturbances during the
2015 St. Patrick’s Day storm: Role of thermospheric perturbations

M.V. Klimenko', V.V. Klimenkol, LE. Zakharenkova', K.G. Ratovskyz, R.Yu. Lukianova®,
L.V. Cherniak®, R.V. Vasilyev’, B.G. Shpynev’, M.A. Chernigovskaya’, A.S. Yasyukevich

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

*Institute of Solar-Terrestrial Physics SB RAS, Irkutsk

3Space Research Institute (IKI) RAS, Moscow

*COSMIC Program Office, University Corporation for Atmospheric Research, Boulder, USA

We present the observational and modeling study of the ionospheric effects during the 2015 St. Patrick’s Day
geomagnetic storm. Considering the corresponding ionospheric storm. We are focused on major factors determining
the spatio-temporal structure of the high-latitude ionospheric plasma density enhancement - the tongue of ionization
(TOI), and the mid-latitude longitudinal asymmetry. We applied the Global Self-consistent Model of the
Thermosphere, lonosphere and Protonosphere (GSM TIP) model for interpretation the plasma density distribution,
and the modeling results were compared with the observational data as deduced from the ground-based GPS TEC,
ionosonde and in situ plasma probe measurements at different altitudes. Both the simulation and observation results
show that a large-scale TOI-like structure of enhanced plasma density extends from the dayside mid-latitude region
towards the central polar cap region along the anti-sunward cross-polar convection flow. We reveal an important
role of the clockwise rotation of the convection cells for the modification of TOI structure. According to the model
results during the storm main phase, the neutral thermospheric composition, particularly a “tongue” in n(N),
modifies the spatial structure of TOI in such a way that: (1) the near-pole region of enhanced plasma density is
shifted to the dusk side; (2) at the F region heights, TOI splits up into the dusk and dawn branches. In the dayside
near-pole region, the storm-time poleward thermospheric wind causes a weakening of the storm-time TOI. At night
the storm-time equatarward wind in the vicinity of polar cap boundary leads to a strengthening of TOI. One of the
interesting phenomena was related with the observed positive after-storm ionospheric disturbances which are likely
associated with an increase in the #n(O)/n(N,) ratio. The after-storm positive ionospheric disturbances occur within a
longitudinally limited sector. The revealed model/data differences are explained by competitive electrodynamical
and chemical processes.

The study of storm-time variability of high-latitude ionospheric (F-region, topside ionosphere and protonosphere)
structure was financially supported by the Russian Science Foundation (grant 17-77-20009: Klimenko M.V.,
Zakharenkova I.E.). Model study of neutral composition and thermospheric wind influence on ionospheric storm
was supported by the Russian Foundation for Basic Research (grant 18-05-00594: Ratovsky K.G., Klimenko V.V.,
Vasilyev R.V.). I. Cherniak was supported in part by the NASA LWS grant NNX15AB83G and National Science
Foundation CAS AGS-1033112 grant. The study of ionospheric electric fields was supported by the Russian Science
Foundation (grant 16-17-00121: Lukianova R.Yu.). B.G. Shpynev, M.A. Chernigovskaya were partly supported by
the Russian Foundation for Basic Research (grant 18-05-00681).

Multi-scale ionospheric irregularities at high-latitudes during geomagnetic storm on 27-28 May
2017: morphology, development and interpretation

M.V. Klimenko', V.B. Ovodenko', I.E. Zakharenkova', A.V. Oinats®, K.G. Ratovskyz,
D.S. Kotova!, A.V. Nikolaev’, LV. Tyutin4, D.D. Rogov3 , A.V. Dmitriev™>®,
D.V. Chugunin"’, A.A. Chernyshov"’, V.V. Klimenko', J.C. Coxon®

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

*Institute of Solar-Terrestrial Physics SB RAS, Irkutsk

3drctic and Antarctic Research Institute, Saint-Petersburg, Russia

*JSC Scientific Research Institute for Long Distance Radiocommunication, Moscow, Russia

SLomonosov Moscow State University, Moscow, Russia

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

"Space Research Institute (IKI) RAS, Moscow

8University of Southampton, Southampton, UK
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In this work, we present new results of the multi-instrumental study of ionospheric irregularities of different scales
observed over the Central and East Siberian region of Russia during the geomagnetic storm on 27-28 May 2017.
This storm provided us with a great opportunity to investigate ionospheric irregularities by using a unique set of
instruments that were in the operational mode during that period: the satellite-borne (SWARM, AMPERE and GPS)
and ground-based (ionosondes, riometers, HF and UHF radars) radio physical instruments. We revealed a strong
interconnection between different-scale ionospheric irregularities. Rate of total electron content, HF and UHF
auroral backscatter revealed similar dynamics during geomagnetic storm. The combined analysis showed that an
area of intense irregularities are well connected and located slightly equatorward to Field-Aligned Currents (FACs)
and auroral oval at different stages of the geomagnetic storm. Increase of R1/R2 FACs lead to an appearance of
ionospheric irregularities through enhancement of horizontal electric field in the auroral and sub-auroral regions. At
the storm main phase, the substantial equatorward expansion of the multi-scale irregularities, as observed by the
UHF/HF radars, followed after a similar dynamics of FACs and auroral oval (particle precipitation). During
downward (upward) R1 FACs and upward (downward) R2 FACs, the eastward (westward) drifts of ionospheric
irregularities are occurred. Simultaneous disappearance of UHF/HF auroral backscatter and rate of change of total
electron content (ROT) fluctuations decrease are occurred during a prolonged reversal of R1 and R2 FAC directions
that are accompanied by R1/R2 FAC degradation and disappearance of high-energy auroral precipitation.

The studies of V. Ovodenko, M. Klimenko, I. Zakharenkova, D. Kotova, D. Chugunin, A. Chernyshov with
morphology of different scale ionospheric irregularities and its explanation were supported by the Russian Science
Foundation Grant 17-77-20009. The reported study of auroral particle precipitation performed by A. Nikolaev and
D. Rogov was funded by RFBR project 18-05-80004. Processing of ionosonde and magnetometers observation data
and their interpretation were performed by K.G. Ratovsky, V.V. Klimenko, A.V. Dmitriev with financial support of
Russian Foundation for Basic Research (grant 18-55-52006). The work of A. Oinats was performed with budgetary
funding of Basic Research program II.12. The EKB HF radar observational results were obtained using the
equipment of Center for Common Use «Angara» http://ckp-rf.ru/ckp/3056/.

UV radiation measurements in the polar regions by the TUS telescope onboard the Lomonosov
satellite

P.A. Klimov, K.F. Sigaeva
Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University

The TUS detector was launched in April 2016 aboard the Lomonosov satellite. The device is designed to register the
fluorescent signal of extensive air showers (EAS) from ultra-high-energy cosmic rays in the wavelength range of
300-400 nm. EAS fluorescence is a weak and rapidly moving signal in the field of view of the detector; therefore,
the TUS detector is a highly sensitive mirror telescope with an entrance pupil area of 2 m* and high temporal
resolution (0.8 us). The field of view of the device is 6400 km? the angular resolution is 10 mrad, which
corresponds to a 5x5 km square on the Earth's surface.

The Lomonosov satellite has a polar solar-synchronous orbit with an inclination of 97.6°, which allows
measurements up to the highest latitudes on the night side of the orbit. The detector electronics implements several
operating modes that differ in time resolution (from 0.8 ps to 6.6 ms) and allows recording optical phenomena of
different time scales.

In this work, we analyze the UV glow in the polar regions of the northern hemisphere (60°-80° N), carried out in a
mode with a temporal resolution of 6.6 ms and a waveform duration of 1.7 s. About 1200 observations were
analyzed in a wide range of longitudes. A selection was made of events in which the spatio-temporal dynamics of
the signal is observed, while events related to anthropogenic glow (cities) and oscillograms in which the signal
represents statistical fluctuations of stationary noise are discarded. An analysis is made of the location of the
selected events relative to the auroral oval, the observed spatiotemporal structures depending on the geomagnetic
situation, and the characteristic spatial and temporal scales of the regions of increased UV glow are determined.
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Comparison of two approaches for a point-to-point radio wave ray tracing in anisotropic medium
D.S. Kotova'?, LA. Nosikov', M.V. Klimenko', P.F. Bessarab’

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

Department of Physics, University of Oslo, Oslo, Norway

3University of Iceland, Reykjavik, Iceland

In this study we presented comparison of the method of characteristics and the variational method using anisotropic
medium. This both approaches were performed for a HF ionospheric ray tracing. The method of characteristics is
used to solve the eikonal equation. The variational method based on optimization of the optical path length with
given boundary condition. We have analyzed the features interactions of this both methods used to obtain the full
number of solutions in inhomogeneous anisotropic medium. This technique made it possible to find optimally a set
of solutions (ray paths) and calculate the parameters of the radio wave at the desired endpoint (signal attenuation) in
the anisotropic ionosphere.

This work was supported by the grant of the President of the Russian Federation for young scientists (MK-
2584.2019.5).

Extracting information about ionosphere-magnetosphere plasma from auroral observations
B.V. Kozelov, A.V. Roldugin

Polar Geophysical Institute, Murmansk-Apatity, Russia
E-mail: boris.kozelov@gmail.com, roldugin_a@pgia.ru

The report discusses the image processing methods aimed to extract information about ionosphere-magnetosphere
plasma from routine auroral observations. Main attention devoted to the triangulation technique by data of MAIN
(Multiscale Auroral Imaging Network) located in Apatity and camera system installed in Barentsburg observatory
(Spitsbergen). The triangulation technique gives experimental information about altitudes of observed auroral
structures that gives us possibility to deduce average energy (energy spectrum for some structures) in precipitated
electron flux. Additional image processing method such as mathematical morphology and Sobel filtering are also
applied to these data to improve the image contrast. The characteristics of precipitated electron are needed to
understand dynamics the disturbed high-latitude ionosphere and ionosphere-magnetosphere interaction. Additionally
we discuss the application of the methods characterizing the spatial-temporal dynamics of ionosphere-
magnetosphere plasma instabilities by auroral data, such as avalanche spatial-temporal analysis and proper
orthogonal decomposition.
The work of A.V. Roldugin was done in the frame of a grant RFBR 19-52-50025 S1®-a.

Peculiarities of the generation and propagation ELF/VLF waves emitted by EISCAT/heating
facility

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

We present the results of multi-station ground-based observations of low-frequency electromagnetic fields from the
ionospheric source initiated by powerful high frequency (HF) radio-waves emitted by EISCAT/heating facility in
the heating experiment carried out by AARI in October 2016. The components of the ELF/VLF electromagnetic
field have been recorded by high-latitude stations, namely “Lovozero”, “Verkhnetulomsky” and “Lotta” at the Kola
peninsula and also at the “Barentsburg” station located in Svalbard, Norway. It is shown that at the frequencies close
to the first transverse resonance frequency of the Earth - ionosphere waveguide under same geomagnetic conditions
the amplitude of the horizontal magnetic field at the Barentsburg station (946 km to the North from the
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EISCAT/heating facility) often exceeds the amplitude of the magnetic field at the Lotta station (395 km to the East).
But, with all conditions being similar, at the frequencies, higher and less than the first transverse resonance
frequency was no such effect. To explain the observed effect the numerical model of the electromagnetic ELF/VLF
wave generation and propagation in the Earth-ionosphere waveguide was developed. Using this model, the
conditions that may induce an enhancement of the ELF/VLF field at the Barentsburg station relative to the Lotta
station are considered.

Methods of quality control of GNSS data for TEC estimation
E.E. Leonenko'?, Yu.A. Shmelev'?, A.S. Kalishin'

'Arctic and Antarctic Research Institute (AARI), St. Petersburg, Russia
*Saint-Petersburg State University of Aerospace Instrumentation (SUAI), St. Petersburg, Russia

E-mail: ge-leonenko97@yandex.ru

GNSS receivers gained wide distribution lately, in this regard, it became popular to evaluate some parameters of the
ionosphere (TEC, foF2, etc) using GNSS data. However, the question arises about the quality of GNSS data for
performing these estimations. This work presents a universal method for testing the suitability of GNSS data for
estimating ionospheric parameters. The method was developed by estimating the calculated TEC values by GNSS
data obtained from GNSS receivers installed at the Geophysical research station Gorkovskaya and in the village of
Svetloe, Leningrad Region, in comparison with TEC data from the same coordinates, but obtained using the IRI-
Plas model. The comparison was carried out for certain selected time intervals from October 1, 2019 to December
31, 2019. The results of the comparison showed that for high-quality GNSS data, the TEC calculations will almost
coincide with the TEC model values according to IRI-Plas. That allows using this method to select only high-quality
GNSS data for calculating ionospheric parameters.
This work was supported by grant Ne18-05-00343 from Russian Foundation for Basic Research.

Development of the "Aurora Arctic" GIS
0.V. Nikiforov, A.A. Petrukovich, I.A. Uvarov
Space Research Institute, Moscow

The "Aurora Arctic" project is aimed at providing researches in the field of the ionosphere studies with online tools
for geospatial data access, processing and analysis.

The information system is based on data archives of the DMSP satellite series, solar wind and magnetic fields
observations obtained by the DSCOVR satellite, NCEP weather data and Earth remote sensing data from a number
of satellites.

Recent development of the system was focused at the analysis of the user’s experience, improvement of the
interface. Besides that, new thematic data have been added. An experimental version of software for handling
coherent radars data provided by the Decameter Band Coherent Radars Russian Segment project
(http://sdrus.iszf.irk.ru/). Also, visualization of DMSP data is now available both in raster and isoline forms.

Another direction of the system’s development is connected with the implementation of the ionospheric conditions
forecasting models. The first implemented model is aimed at forecasting of the auroral oval borders based on the
algorithm (Starkov, 1994) and assessment of the AL index with use of the model (Petrukovich, 2006) taking the
hourly solar wind and interplanetary magnetic field data measured by the DSCOVR as the input. The 2 hour forecast
is being updated hourly. The second one is the OVATION Prime model (Newell, 2009) which provides estimates
for separate components of the auroral phenomena, including discrete and diffuse intensity fields.

The ongoing development of the system considers improvement of the user interface aimed at better flexibility and
customization of the data visualization and analysis tools.

The development has been supported by the “Cosmos-D” theme, registration no. 0024-2019-0014 (Ministry of
Education and Science).

51



lonosphere and upper atmosphere
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Antenna coupling factor for topside ionosphere sounding by chirp signals
A.V. Podlesnyi, A.A. Naumenko, M.V. Cedrik
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia; e-mail: pavi986@rambler.ru

The article presents the results of the use of receiving and transmitting dipole antennas for sounding the ionosphere
by a chirp signal, which have a common center. Conclusions are drawn about the possibility of using such facilities
for sounding the topside ionosphere with hardware separation of polarizations. During tests conducted on a specially
designed antenna stand, we have found that the coupling factor of transmitting and receiving antennas at mutual
angles of 45° is no more than —10 dB, and the difference between coupling factors of transmitting and receiving
antennas with mutual angles of 45° and 90° is ~15 dB.

The work was supported by RFBR grant No. 18-35-00510-mol_a.

The characteristic of the ULF radiation received in the geophysical observatory “Mikhnevo”
during the “FENICS-2019” experiment

Yu.V. Poklad, B.G. Gavrilov, V.M. Ermak, V.A. Rybakov, [.A. Ryakhovskiy
Institute of Geospheres Dynamics, Moscow, Russian Federation
The “FENICS-2019” experiment was conducted in September 2019. ULF signals were generated in the Kola

Peninsula in the frequency range of 0.4-200 Hz. The paper presents the values of the amplitude and phase of the
signals recorded at the “Mikhnevo” geophysical observatory during this experiment.

A riometric empirical model of the HF radiowave absorption during the solar X-ray flares
D.D. Rogov
Arctic and Antarctic Research Institute, Saint-Petersburg, Russia

During solar X-ray flares, a sharp increase in the ion formation rate at the ionospheric D-region and the E-region lower
part altitudes is observed. This effect has a significant impact on radio wave propagation at the illuminated ionosphere,
causing attenuation. A simple empirical model for calculating this absorption was proposed. The proposed
dependencies were derived from the statistical processing of recalculated experimental data obtained using the
Canadian riometer chain in the period from 1989 to 2019. More than 3,800 high-intensity solar X-ray flares (M- and X-
classes) were recorded during this time interval, which allowed to identify this effect peculiarities in different
ionospheric conditions. A good correspondence of modeling results with experimental data is shown.
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HF radio conditions operational monitoring in the Russian Federation Arctic region
D.D. Rogov
Arctic and Antarctic Research Institute, Saint-Petersburg, Russia

An algorithm for operational determination of HF radio wave propagation parameters and HF communication
conditions by using the ionospheric oblique sounding network in the Russian Arctic region was developed. For the
selected radio paths and frequency bands the presence of reflection signals and multi-beam conditions are assessed.
Changes in the frequency bands at a number of high latitude HF radio paths in different heliogeophysical conditions
have been analyzed. A significant role of reflections from ionospheric sporadic Es layers was shown, especially in
night conditions and under geomagnetic disturbance conditions.

The work was supported by the Russian Foundation for Basic Research (project No.18-05-80004).

Approximate estimation of foF2 from TEC values received using GNSS measurements
Yu.A. Shmelev'?, E.E. Leonenko'?, A.S. Kalishin'

"Aretic and Antarctic Research Institute (AARI), St. Petersburg, Russia
*Saint-Petersburg State University of Aerospace Instrumentation (SUAI), St. Petersburg, Russia

E-mail: shmelev.juri@yandex.ru

Critical frequency (foF2) usually determined by vertical sounding ionosonde data. In connection with the
proliferation of GNSS receivers, it becomes possible to determine the value of foF2 using the TEC estimated from
the receiver data. In this paper, the results of determination of foF2 by TEC are presented. For this, the
proportionality coefficient z, which is the equivalent thickness of the ionosphere (TEC = NmF2*7), is used. NmF2 is
proportional to the square of foF2; therefore, to determine foF2, it is necessary to have z. The value of 7 is taken
from the IRI-Plas model. Dividing the experimental value of TEC (obs) by 7 (IRI-Plas), we obtain the foF2 value
corresponding to TEC (obs). When comparing the foF2 estimated with this method with foF2 (IRI-Plas) and foF?2
(ionosonde), we get a slight error, which indicates the prospects of this method for estimating foF2.
This work was supported by grant Nel18-05-00343 from Russian Foundation for Basic Research.

Reconstruction of long-lived meteor track spatial characteristics on all-sky cameras
T.E. Syrenova, A.B. Beletsky, R.V. Vasilyev, A.V. Mikhalev
Institute of solar-terrestrial physics SB RAS, Irkutsk, Russia

The paper describes an algorithm for determining the spatial characteristics of a long-lived meteor track (LMT). It
was observed Novmeber 18, 2017 during ~ 35-40 minutes, using two wide-angle cameras with overlapping fields of
view and located at a distance of 150 km apart from each other. KEO Sentinel optical system is located in the
Geophysical Observatory of the Institute of solar-terrestrial physics SB RAS (ISTP SB RAS) near the Tory,
Tunkinsky district, Buryatiya republic. This camera is designed to record the spatial picture of the 630 nm emission
intensity. The second wide-angle color camera is located in the Sayan Solar Observatory of the ISTP SB RAS, near
Mondy.

Calibration by bright stars was made for each of the all-sky cameras, taking into account spherical distortions. For
each pixel of the image, the azimuth and elevation are obtained geographical coordinates. LMT was distributed
mainly horizontally in a southward with an average speed of about 60 m/s, in a westward ~ 11 m /s, in an eastward
~ 17 m/ s. The height of the observed track was ~ 72-73 km. The characteristics based on optical data are compared
with radiophysical ones.

This work was supported by a grant from the Russian Foundation for Basic Research N19-35-90093.

53



lonosphere and upper atmosphere

Using the GEOSMIS technology for ionospheric data representation and analysis
I.A. Uvarov, O.V. Nikiforov, A.A. Petrukovich
Space Research institute of RAS

Space Research institute of RAS has a long experience in development of Earth remote sensing information
systems, which are aimed at solution of scientific and applied problems and provide users with on-line access to
various types of data, particularly, satellite imagery, and data analysis tools. It resulted in implementation of the
unified GEOSMIS technology, designed to handle extra large distributed multidimensional archives of satellite data
and derived data products.

The development of the "Aurora Arctic" information system is based on using the GEOSMIS technology which
runs the on-line cartographic interface capable of representation of a wide spectrum of geospatial data. The data
include the multi-year satellite observations archive obtained using dozens of remote sensing instruments, having
total data volume over 2 PB. Earth ionosphere observation data obtained by the DMSP series satellites are available
in framework of the system among with solar wind data from NOAA and NCEP meteorological data.

The “Aurora Arctic” information system integrates a number of specialized software solutions for visualization
and analysis of ionospheric data, including forecast of the auroral oval boundaries, all-sky cameras, coherent radar
measurements, radial currents etc.

The users of the system are enabled to interactively select of all kinds of data based on a number of criteria
(temporal, spatial and quantitative), imagery visualization with extra capabilities of RGB synthesis selection and
brightness correction fine tuning, image classification, maintenance of users' custom spatial objects databases.

The development has been supported by the “Cosmos-D” theme, registration no. 0024-2019-0014 (Ministry of
Education and Science).

A machine learning model for estimating energy entering the magnetosphere in the auroral
zone based on GPS/GLONASS data

A.V. Zhukov, Y.V. Yasykevich, S.A. Serebrennikova, A.M. Vesnin, A.V. Kiselev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Evaluation of the energy entering the magnetosphere is an urgent task. This paper proposes a new approach to
solving this problem. The evaluation of the distribution of incoming energy in the magnetosphere is formed using of
machine learning Random Forest based on data from global navigation satellite systems (GNSS), adjusted for the
existing model of distribution of the energy density of the auroral zone Ovation Prime. The model is based on a
large number of normalized data: a calm day, a magnetic storm, and a strong magnetic storm relative to the Kp
index. The model also takes into account several other important parameters, such as seasonality and the solar radio
flux F10.7.

MozaenupoBaHue CIeKTpPa CBeYeHHs] HOYHOro Heda 3emMuin JJIsl CHCTeM I0JIOC, M3JIyYaeMbIX NPH
CIIOHTAHHBIX Iepexofax MeMKAY PAa3JIMYHbIMH COCTOSIHMSIMH  MOJIEKYJbl 3JeKTPOHHO —
BO30YK/IEHHOT0 KHCJIOpPOaa

O.B. Anronenxko, A.C. Kupumnos, 10.H. Kynukos

Dedepanvroe 2ocyoapcmeennoe 0100dicemuoe HayuHoe yupeoicoerue «lloaspHulii 2eousudeckuil UHCMumym»y,
2. Anamumsi, Poccus

O6CY)K,H3€TCSI pas3anine pacCUMTAHHBIX 3HAYCHHM HHTCI‘paJ’IBHOfI CBECTUMOCTU  MOJICKYJ  3JICKTPOHHO-

BO30YX/IEHHOTO KHCJIOPOAA IUISl PA3IMYHBIX KOJIEOATENbHBIX YPOBHEH AJIsI COCTOSHMH BO30YXKIEHHBIX MOJIEKYJ
A’Z," u A”A,. TIoka3aHO BIMSHME CE30HHBIX BAPHALMII ATOMAPHOrO KHCIOPOJA HA 3HAUCHHS HHTEHCHBHOCTH
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cBeueHus cucteMm mnonoc I'epmbepra 1 m Uembepnena. Habmogaercss xopoiee corimacue pe3yilbTaToB pacdyéToB
MHTEHCUBHOCTH U3JIy4eHus cucteM mosoc ['epridepra 1 u UembOepiieHa ¢ pe3ysibTaTaMi HA3eMHBIX HAOJIIOICHUN.

Hounasi monochepnas YHY Bo3MylIeHHOCTB, O0YyCJIOBJICHHAs TYpPOYJeHTHBIMH 000J109YKaMHU
MATHUTHBIX 00JIAKOB COJTHEYHOI'0 BeTpa

O.M. BapxaTOBa', B.T. BOpO6LeB2, C.E. PeByHOB3, J1.C. Jlonroaa’, H.B. Koconanosa®

1 . . .
Huoicecopoockuii 2ocyoapcmeentbiil apXumekmypHO-CIMpoumenbHbulil YHUeepcumem
2 o .

@I'BHY «llonapuyiii ceogpusuueckuti uncmumymy, 2. Anamumoi
3 . N .

Huoicecopoockuii cocyoapcmeennbiil nedazoeudeckuii ynusepcumem um. K. Mununa

B wuHTEpBasNBl 3HAUMTENBEHOW CyOOypeBOW aKTHBHOCTH BBINONHEH aHamm3 YHY Bo3MymieHWH, BO3HHKAIOIINX
OJJHOBPEMEHHO B HOHOc()epe M reoMarHUTHOM Iiosie. CBs3b MEXIy pa3sBHTHEM MarHUTOc(epHbIX cyOOypb M
9JIEMEHTaMHU CTPYKTYpbl MarHUTHBIX OOJAKOB: yJapHOW BOJIHOW, O0OOJOYKOIl M TenoM oOJjlaka OTMEYaeTcsi BO
MHOrHX pabotax (cm., Hampumep, [bapxaroB u mp., 2019]). Hamu paccMOTpeHO CeMb COOBITHIA, COAEPIKAIIUX
MIOCJIE/IOBATENILHOCTH MHTEHCHBHBIX CyO0Oypb, KOTOPBIE BBI3BIBAJIMCH TypOYJEHTHBIMH OOOJIOYKAMHM MarHUTHBIX
obsakoB (MO) cosHeYyHOTO BeTpa, CIEAYIOIMIMMH 3a MX yAapHBIMH BosHaMmHd. [ oOHapyxeHHs HOHOC(hEpHO-
T€OMAarHUTHBIX BO3MyILIeHUi Oblmm mcnonb3oBanbl JanHble [19C (TEC) ¢ cetm GPS crannmii n 3nauenus H-
KOMITOHEHTHI T€OMarHUTHOTO T10JIS1 HA MAarHUTHBIX 00CEPBATOPHSIX, PACIONOKEHHBIX B HHTEpBaite mupot 30 - 60°
c.., B HoyHOM cektope LT, oTBeuatomemy 3amagHomy (AL) snexTpomkery. XapaKTepHbIE IEPHOABI M BpeMeHa
nosiBJIeHUsT BHyTpuMarHutochepubix MI'Jl Bo3MyIieHHWH yCTaHaBIMBAIHCh HA OCHOBE HCIIOJIB30BAHHUS METONA
CHEKTPAILHOTO BEWBIET aHANM3a C HWCHOJb30BaHHMeM 0OazoBod ¢yakmmun [obemm 4 mopsaka ¥ €ro
MIOCTIPOLIECCUHIOBON 00Pa0OTKH C TOJydEHUEM CKEJIETOHOB U MX MOCJIEAYIOIIEM COIIOCTABIECHHEM.

Jlnist Bcex paccMaTpuBaeMBbIX COOBITHI OOHapy>KeHa CHHXPOHHAsi HOHOC(EpHasi M TeOMarHUTHasi BO3MYIICHHOCTb
B HOYHOE MECTHOE BpeMsl C meproaamMu oT 7-35 muHyT Ha mmpoTax 30° - 60° c.m1. B HHTEpBaje, COOTBETCTBYIONMIEM
NPOXO0XJIEHUIO MarHuToc(epsl uepe3 000104k MO. CHHXPOHHOCTb T€OMarHUTHBIX M HOHOC(EPHBIX BO3MYILEHUI
cBHUIETeNbCTBYeT 00 ux obwmeit MI'J] mpupome. HaumOonbiee 4umciio cOOBITHII ¢ CHHXPOHHBIM XapaKTepoM
NOHOC(HEPHBIX U T€OMAarHUTHBIX HOUHBIX BO3MYIIEHHH oTMeueHO /i nepuooB 10.5, 21 n 31.5 munyTsl. BaxkHbiM
SIBIISIETCSL TO OOCTOSITETICTBO, YTO B MECTHOE JHEBHOE BpEMsl CHHXPOHHAash HOHOC(EpHass M TIeoMarHWTHas
BO3MYILEHHOCTh TIPM 3TOM IIPaKTHUECKH OTCYTCTBYeT. B ciyuae ee BO3HMKHOBEHHs, HauOoiee 4YacTo
peTUCTpHUPYEMBIM NEpHOAOM sBIseTcs 3HaueHne 14 wmmHyT. OHO HE coBHagaeT C Hamboiee 4YacTo
PETUCTPUPYEMBIMH «HOYHBIMI» II€PHOJAMH. JTO TOBOPHT O TOM, YTO PETUCTPUPYEMbIE B JHEBHOE M HOYHOE
MECTHOE BpeMsI CHHXPOHHBIE BO3MYILEHHSI B CHCTeMe MarHurocdepa-moHocdepa MMEIOT pasHble UCTOYHHKH U
HouyHass YHY BO3MyILIEHHOCTh B MarHUTOC(EepHO-HOHOC(HEPHON CcUCTEME Bpsl JIM CBs3aHA C PE30HAHCHBIM
B3aMMOJICHCTBUEM MAarHUTOC(EpPHI C COIHEYHBIM BeTpoM, onucaHHbiM B [Kepko et al., 2002; Alimaganbetov et al.,
2018].

B reomarnurtocrokoiubiil (1o 3HaueHusM AL) dacoBoit uHTepBan nepexn npuxoaom YB MO k marautocdepe,
CHHXPOHHOCTh MEXAY IUIa3MEHHBIMH M MAarHUTHBIMH BO3MYIICHMAMH Ha pPacCMaTPUBAEMBIX CTaHLUAX
OTCYTCTBYET.

OTMeueHHbIE pe3yJIbTaThl CBHIECTEIBCTBYIOT O CYIIECTBOBAHMU NPHYMHHO-CIEICTBEHHOW CBS3H TypOyJIEHTHBIX
BO3MyILEHHH B 000s0uKke 1 YB MO ¢ BO3HUKHOBEHHEM CHHXPOHHBIX BHyTpuUMaraurochepusix MI'J] BoaMymieHui,
BO3HMKAIOIINX Ha ()OHE pa3BUTHsI HHTEHCHBHOTO cy0OypeBoro npomecca.

UccrnenoBanme BeIMONHEHO Tpu (uHaHCcOBoW momaepkke PDODU, mpoexr Nel8-35-00430 (bapxaroBa O.M.,
Homrosa J1.C.).

Bapxaros H.A., Jlonrosa [I.C., PesynoBa E.A. ['eoMarHuTHass akTHBHOCTb CTPYKTYPbI MarHUTHBIX 001aKoB // ['eoMarHeTusm u
asponomus. T. 59. Ne 1. C. 19-29. 2019

Kepko L., Spence H.E., Singer H.J. ULF waves in the solar wind as direct drivers of magnetospheric pulsations // Geophys. Res.
Lett. 2002, vol. 29, pp. 1197. DOI: 10.1029/2001GL014405.

Alimaganbetov M. and Streltsov A.V. ULF waves observed during substorms in the solar wind and on the ground // J. Atmos.
Sol. Ter. Phys. V.181. P.10-18. 2018

55



lonosphere and upper atmosphere

Bkian cy00ypeBbIX BbICHIIAHMI B NOJHOE 3JIEKTPOHHOE COiepKaHue HOHOC(epbl
B.b. benaxoBckuit
QOI'FHY «llonapuwiii ceoghuzuueckuti uncmumymy, 2. Anamumoi

B pabote mpowmsBeneHa oleHKa BKJIaJa HOHOC(HEPHBIX CIOCB B M3MEHEHHE IOIHOTO 3JIEKTPOHHOTO COAEPIKaHUS
(IT2C) wmonochepsl, ompenensemMoro mo naHHeiM GPS mnpueMHHKOB, BO Bpems cyOOypeBBIX BBICHITIAaHUI
3apsDKEHHBIX YaCTUIl. 3HAYCHHUs] KOHUEHTpPAIlMM HOHOCGhEpHOH IUa3Mbl, ONpeNeNsieMoil 10 IaHHBIM pajaapa
HekorepenTHoro paccessausi UHF EISCAT B Tpomce, nHTErprpOoBanch 1o BbicoTe (mpumepHo oT 100 1o 500 kM) u
nepecunteiBaMCh B eaunuibl n3mepenus [19C (TECU). Ucnonb3oBansl GPS npuemuuku Ha cranuusx TRO, SKI,
KIR pacnonoxennsie BOnu3u pagapa EISCAT. [lns maeHTH(UKAIMM TE€OMarHUTHBIX CyOOYypb HCIIOJIb30BaHbBI
naHHble MarautometpoB cetn IMAGE, a Taxke ontuueckue HAOJMIOACHUS MOJSPHBIX CHSHUN B sMmuccusix 557.7,
630.0 M Ha crannuu LOZ. AHanu3 mokasbIBacT, 9TO BO BpeMs CyOOYpEeBBIX BBICHIIAHMIA OCHOBHOM Bkiax B [19C
(okoo 90%) oOecnieumBaeTcs KOHIICHTpAlUMer mmiasmMbl Ha BbicoTax mpumepHo 100-400 kM. ITosToMy BKITan
wrazmocdepsl B [IDC nonocheps! 10CTaTOYHO Majl BO BpeMsi CyOOypEBBIX BBICHITIAHUHN B BHICOKHX ITHPOTAX.

O Bo3MoxkHOocTH ucnoJib3oBaHust [I3C maTpuin ¢ IMPOKUM CHEKTPAJbHBIM [HANMA30HOM B
HCCJIEIOBAHUM MOJISIPHBIX CUSTHU

B.E. lBanos, X.B. [lamkeBuu
Q@I'BHY «llonsapusiii ceopuzuueckusi uncmumymy, Anamumol, Poccus

Iloxa3aHna BO3MOXHOCTH HcToOJb30BaHMA Kamepam c¢ [I3C marpumamu, MMEOLMMM IIHPOKUN CHEKTpalbHbIH
HUHTEpBaJI, M1 HUCCICAOBAHUA OSHEPICTUYCCKUX XapaKTCPUCTHUK BBICHINAIOMINXCA BO BpPEMs MOJIAPHBIX CUSTHUH
MOTOKOB DHEPIHYHBIX YacTHl. MccienoBana B3anMOCBSI3b MEXK/1y HOJHOW BBIJICTUBILIEHCS B aTMOC(epe SHEPTUU U
UHTEHCUBHOCTBIO CBEUCHHS B MOJSIPHBIX CUSHUSAX C YUETOM CHEKTPAlbHOW UyBCTBUTEIBHOCTH PETHCTPUPYIOLIETO
MPUEMHHKA.

oanepxka rpanta POOU 19-52-50025 AD_a.

Bausinue mnorJiomeHusi Ha ompenejeHHe cKopocT odbemHol »muccuu OI 135.6am B 3amaue
CIIYTHUKOBOMH Y ®-ToMorpadguu uoHochepsl

C.A. Kamamraukosa, A.M. ITagoxuH, E.C. AHgpeesa
MT'Y umenu M.B. Jlomonocosa, ¢uszuueckuii gpaxynomem, Mockea, Poccus

B pabote npezcTaBieHbl pe3yabTaThl MOICIUPOBAHUS MPSIMON M 0OpaTHOM 3a/1a4 HU3KOOPOUTAILHON CITy THHKOBO
Y®-tomorpaduu ckopocti oobemHor amuccun Ol 135.6HM B noHOC(epe ¢ y4yeToM MOTIIONIEHUS! COOCTBEHHOTO
Y®-uznydyeHuss BepxHei arMocdepbl MOJEKYJSIPHBIM KHUCIOPOJOM. B Xonme MonenupoBaHMsI HCIOJIb30BAIHCH
reomerpusi opobutsl crytHUKOB DMSP, Hecynmx Y®-cniektpomerpsl SSUSI n SSULI, peanbHble mapameTpsl
paboTel 3TMX NPHOOPOB (CKOPOCTH M MHTEPBAI YIJIOB CKAaHUPOBaHMS), a TakkKe Ha0Op peaMCTHYHBIX
pacripenenenuii ckopoctd o0beMHOM smuccun Ol 135.6HM, W KO3 QHUIMEHTa IOTJIONICHUS MOJIEKYISPHBIM
KHCJIOPOJIOM B BepXHe# aTMocdepe, morydeHHbIX Ha ocHoBe Moaeneir NeQuick2 u NRLMSISE-00.

[ToxazaHo, 94TO pe3yIabTaTHI BOCCTAHOBICHHS CKOpocTh 00heMHoM smuccuu Ol 135.6HM BecbMa 4yBCTBHUTENBHEI K
TOYHOCTH 33JaHHs BBICOTHOrO mpodmis koddunuenta mornomieHus. Tak, HEydeT MOTJIOIIEHMS Ui IIydei
CKaHMPOBAHUS C TOYKOHN mepures Ha BblcoTax ~100 KM M HMXKE NMPUBOJUT K HEBO3MOXHOCTH BOCCTaHOBIICHHUS
MOJIETIBHOTO PACIpeeNIeHUs] CKOPOCTH 00BbEMHOI dMHUCCHU. DTO MPOUCXOJUT 3@ CYET TOTO, YTO I TAKHUX Jydei
Ha0JojaeMoe CIIeKTPOMETPOM COOCTBEHHOE CBedeHHE BepxHeil arMocdepbl 3((EeKTHBHO MOIYyYaeTCsl TOJIBKO C
NepBOH MOJOBMHBI JUIMHBI Jiyda (OT BBICOTHI CIIyTHHMKa JO BBICOTBHI mepurest Jiyda). Heyuer mnornomeHus
MOJIEKYJISIPHBIM KHCJIOPOJIOM BO3MOXKEH JIMIIb JJIsl Jy4ed C BbICOTOW mepures Bbime 150 KM, YTO NPHBOAUT K
JIOTIOJTHUTEJIBHBIM OIIMOKaM BOCCTAaHOBIICHHUS paclipeAeeH st CKOPOCTH 00beMHON aMuccun He 6onee 10-15%.

Pabora BemosiHeHa npu nopgepxke POOU (mpoext Ne 19-05-00941).
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Cpasnenune meTon0B D1-Geo m SADM-Geo B 3aga4e onpenenenus napamerpos IIMB Ha ocHoBe
IKCNePUMEHTAIBHBIX JaHHBIX NMpHemMa curianoB COMPASS/BeiDou

E.A. Kosnosmesa, C.A. Kanamnankosa, H.A. Tepemmn, }0.C. TymanoBa
MTY umenu M.B. Jlomonocosa, usuueckuii paxyiomem, Mockea, Poccus

B nanHO#M paboTe 00cykmaeTcsi CpaBHEHHE JBYX aJalTUPOBAHHBIX IJIsI AAHHBIX I'€OCTAllMOHAPHBIX CIYTHHKOB
T'HCC metonos omnpenencaus [11B, paspadoranubix Ha ocHoBe MeToi0B D1/SADM [Adpaumosny, [lepesanona].
OnucaHbl OCHOBHBIE TI0/IXO/IbI, UCIIOJIB3YIOIIMECS AU peau3alii JaHHBIX METO/IOB, a TaKkKe cliennpuka paboTsl ¢
reoctannoHapasivu cniytHukamu THCC.

Jlyist cCpaBHUTENBHOTO aHayIM3a paboThl IBYX pa3padOTaHHBIX METOJOB HCIIOJIB3YETCSl MOJENb PACHpPOCTPaHEHHS
[IMB Ha ocHOBe Monenu Ti00anbHOW dnekTpoHHOW KoHumeHTpaumu IRI um  momemn NRLMSISE-00.
OKkcnepuMeHTaIbHas TPOBEPKa OCYIIECTBISIETCSI Ha OCHOBE IUIMHHBIX PSAAOB JaHHBIX mpuema criyTHHkoB ['HCC
COMPASS/BeiDou B ABctpamun u Okeanun 3a 2015-2019 rr. B pabore moka3aHbl Ce30HHBIE U BHYTPUCYTOYHEIC
CTAaTHCTHKH a3MMYTaJlbHO-CKOPOCTHOTO pacmpeneneHnss HaOmonaembix [IMB, momydeHHbIE ¢ HCIIONB30BAaHHEM
JBYX aJalTHPOBAaHHBIX MeTon0B. OOCYKHAalOTCSI OCOOCHHOCTH TMONYYaeMbIX pAclpEAEICHUH, BbI3BaHHBIC
crenr(puKoil pabOThl TOr0 HIM HHOTO METOAA, B YaCTHOCTH, HH3KOM TOYHOCTBIO ompenesieHus: ckopoctu [1MB
meronoM SADM.

Pa6ora BeimonHeHa npu nogaepxke PODU (mpoekt Ne 18-35-00663).

Opranuzanus paguorpacc TBepb-JloBo3epo u JloBo3epo-3emist ®panna-Hocuda

AM. Mep3nbn711’2, A.B. Tananaes’ ,JLT. yCTI/IMeHKO4, B.B. Tuxonos",
A.T. Sluaxos', S.A. CaxapOB(’, W.B. Munranes®, 3.B. CyBopOBa6

'\®IrBHY Hnemumym xocmuueckux uccnedosanuti PAH, 2. Mockea, Poccus

2Cosem no xocmocy PAH, 2. Mockea, Poccus,; e-mail: pinegal42@yandex.ru

A0 «PTH», 2. Mockea, Poccus

* Unemumym npuknadnoii eeogpusuxu, Pocl'uopoMem, Mocksa

4O «PTHC BKOw, 2. Teepw, Poccus

S@IBHY «onapnviii ceogpusuyeckuti uncmumymy, 2. Anamumol, Poccus; e-mail: mingalev_i@pgia.ru

B noknane npencrasieH aHanu3 HH(GOPMaUK O COCTOSIHUM HOHOC(EPHI, KOTOPYIO MOXKET JaTh paboTa paguoTpacc
Teepp-JloBozepo u JloBozepo-3emins @Dpanma-HMocuda, a Takke paguoTpacc MEXAY Pa3IUYHBIMH TOYKAMH B
ApKTHKE M Ha CPEIHHX LIMPOTAaX IPH YCIOBHH, YTO KPOME BPEMEHH IPOXOXKICHUS CUTHana OyIoyT M3MEpSThCS
yIJIBl IPUXOJa CHTHAJa B NPHEMHYIO aHTEHHY M MOIIHOCTh IPUHATOrO curHanga. IlpencTaBieHsl pe3yibTaThl
pacdeToB 30H Ha MOBEPXHOCTH 3€MIIH, B KOTOPBIE MOIAIAI0T OAHOCKAYKOBBIC JIyueBbIe TpaeKTOpuH paanososH KB
Jrana3oHa, BBIXOISIIME M3 OJHOro nepenarynka. Ha ocHOBe pacueToB JUIs pa3HbIX MOJIOKEHHM NepeaaTduka U
pa3HbIX reoU3NUecKux YCIIOBHH JENAlOTCs BBIBOJBI O PACIOJIOKEHHH HabdoOpa paguoTpacc, KOTOpbIE IO3BOJIT
OIIPEIETIATh TEKYIIee TOJIOKEHUE TTIaBHOTO HOHOC(EPHOTO NpoBaa.

AHaJIU3 30H 3aCBETKH OJHOCKAYKOBBIMHU JIy4eBbIMH TPAEKTOPHSIMH /UIsi mepenatunkoB B KB-
Anana3oHe H odecrieyeHNe PATNOCBI3H B APKTHYECKOM pernoHe

n.B. MI/IHFaJ'IeBl, 3.B. CYBopOBal, AM. Mep3m)11712’3, A.b. TanaﬂaeB4,
B.B. TI/IXOHOBS, A.T. HHaKOBZ, B.C. Munrases'

'\OIBHY «Ilonapuwiii 2eousuueckuii uncmumymy, 2. Anamumel, Poccus; e-mail: mingalev_i@pgia.ru
®r5H Y Uncmumym xocmuueckux uccreoosanuii PAH, 2. Mockea, Poccus

3Cosem no kocmocy PAH, e. Mockea, Poccus

440 «PT. Uy, 2. Mockea, Poccus

540 «PTHUC BKO», 2. T 6epb, Poccus
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OOcy>xnatoTcst pe3yabTaThl YUCIEHHOTO MOAGIUPOBAHUS 00JIACTH Ha MOBEPXHOCTH 3€MJIH, B KOTOPYIO IONaAaloT
BBIXOJISIIME U3 OJHOTO IepefaTuhKa OJHOCKAUYKOBbIE JIydeBble TpaeKkTopuu panuoBoiaH KB nuamasona, u kotopas
CYLIECTBEHHO MEHseTcd B TEYEHHE CYTOK. lMccnemayroTcss W3MEHEHHS OTOH 30HBI [ IepelaT4HKOB,
PACION0XKEHHOIO B HECKOJBKUX TOYKaX HAa CPEAHUX HIMPOTaxX B TEUEHUE CYTOK JUIS Pa3HbIX JAT U IS Pa3sHBIX
yactor KB numama3zona, ONM3KMX K MakcHMajbHOW mHpuMeHuMoi dwactore (MITY) nns nmaHHBIX yCIIOBHIL.
IIpoBonuTcst aHanu3 pe3yabTaTOB MOJEIUPOBAHMA U JENAETCS BBIBOJ O BO3MOXHOCTH OAHOCKaukoBoi KB
paarocBsI3u Mexky paiioHoM bapeniieBa Mopst 1 paiioHaMH, pacrio0KEHHBIMU Ha CPETHUX LIMPOTAX.

Cranuonapnasi mogeb E-ciios appopanbnoii uonocgepnst Auroral Ionospheric Model (E-AIM)
B.. HI/IKOJ‘IaeBa], E.N. FopaeeBz, A.B. Hukonaes'

1 - . .
Apxmuueckutl u aHMapKMu4eckull Hay4Ho-Uccae008amenbCKull UHCIumym
2 o o

Canxm-Ilemepoypeckuii I ocyoapcmeennulii ynusepcumem

Mopnens aBpopansHOit moHOc(epbl (E-AIM) mpenHasHadeHa Ui pacyeToB OOECIIEYEHHS BPEMEHHOTO U
MIPOCTPAHCTBEHHOTO pacHpeesIeHHsT TUIOTHOCTH OCHOBHBIX HeHTpanmbHBIX noHochepHbix yactuim (NO, N (4S), N
(2D)) u nonos (N,", NO",0,", O") B anama3zone BricoT oT 90 10 150 kM. I pacyeToB mapaMeTpoB TepMOChepH]
(cocraBa HeWTpabHOI aTMOC(heEphbl M BEPTHKAIBHOIO pacIpeAeIeH s TEMIIEpaTyphl) UCIIOIb3YETCs SMIIMPUYECKas
Mozenb MSIS (Mass-Spectrometer-Incoherent-Scatter), mocnenneit Bepcueir kotopoit sBisercs NRLMSISE-00
[Picone, JGR, 2003]. OcHoBoii mozaenu E-AIM sBisiercst pelieHne CUCTeMbl YpaBHEHHUIT HEpa3pbIBHOCTH ISl HOHOB
W MaJbIX HEWTPaJbHBIX KOMIIOHEHT C Y4YeTOM JBYX OCHOBHBIX HMCTOYHHKOB HOHHW3AaLWH: YJIbTPa(dHOIETOBOIO
COJIHEYHOT'O M3JIyYCHHUS! M CIIOpaJUueCcKOi MOHM3AIMK JIEKTPOHAMH MarHUToc(epHOro npoucxoxiaeHus. Ilotoka
MarHUTOC(EpHBIX YacTUIl SBISETCS HauOojee BaKHHIM HCTOYHHKOM HOHM3AIMM ¥ OCHOBHOM ITPUYMHOMN
BO3MYIIEHUN 3JIEKTPOHHOTO cJ0osl. Bo BpeMsi TeOMarHUTHBIX BO3MYILUEHUH, SIEKTPOHBI C HAYaJIbHOM sHEprueil 1—
30 k3B Hambojee CymIecTBEHHO BIHAIOT HAa JJIEKTPOHHYIO KOHIIEHTpaiio E-ciost aBpopampHON moHOC(hepsl. B
Mozenu E-AIM ckopocTh MOHM3ALMU 3a CUET KOPIYCKYJISIPHOM MOHU3ALMU MOXKET 3a/1aBaThCs IBYMS Pa3IMUHBIMU
ciocodamu: 1. ¢ HCIONIB30BAHMEM CIIyTHHKOBBIX IaHHBIX IIOTOKa OJJEKTPOHOB; 2. ¢ IH(depeHnHnaIbHbIM
SHEPTreTUYECKUM CIIEKTPOM, BOCCTAHOBJICHHBIM 110 CPETHUM 3HaueHusM smmupuieckord monenu OVATION-Prime
[Newell, JGR 2009], uTo 103BOJISCT OLIEHUBATH COACPIKAHKE HOHOB B HOHOC(hEpE B J11000€ BpeMs U B JIIOOOM MECTe
aBpopam)Hoixi 30HBbI, HE3aBUCUMO OT HaJIUYUsA MPAMBIX 1/13MepeH1/1171.
Pabora BeinonHeHa npu punancoBoit noaepxke PODU (mpoekt Ne 18-05-80004).

BapuanuonHblii MeTOA pacueTra paanoJjy4eii B aHM30TPONHOK nHoHocdepe
HN.A. Hocukos', M.B. Kinumerxko', J.C. Korosa!, T1.®. Eeccapa62

1 o«

Kanununepaockuii ¢punuan Uncmumyma 3emnoco maznemusma, uoHocgepvl u pacnpocmpanerust paduosoiH UM.
H.B. Ihwxosa PAH, 2. Kanununepad, Poccus

2 .

Yuusepcumem Hcnanouu, Peiikosisuk, Hcranous

B pabote npencraBiieHa GopMyITUpOBKa BAPHANIMOHHOTO METOAA PEIICHUS TPAHUYHON 3aJ]audl O PacyeTe JIY4eBhIX
TPaeKTOpUH KOPOTKUX BOJH B HEOJAHOPONHOW aHM30TPOIHOW HoHOchepe. [IpeanoxeHHBI METOH HAMIYYIIUM
00pa3oM MOAXOMAAT ISl PelICHHs 3a/ad, rlie HAaYallbHOEe HAIPaBJICHHE PACIPOCTPAHCHUS BOJHBI HEH3BECTHO, HO
BMECTO 3TOrO 33[aHO MOJIOKEHUE IYHKTA PErHCTpalud BOJHBI. [IpMMEHEHHWEe MeToJa B HEOJHOPOJHOH cpeje
JIEMOHCTPUPYET €ro CIOCOOHOCTh pa3peliaTh CIIOXKHbIE KOH(UIypanuu Jydeid, BKJIIOYas TpeXMepHOe
pacnpocTpaHeHHe U MHOTOJIy4eBOE PaCpOCTPaHEeHHEe, KOT/ia JIy4Yrd UMEIOT OJIM3KHE HapaMeTphl H3ITyYEeHUsL.

Pabora BeImonHeHa Tpu ¢UHAHCOBOM moxanepxkke rpanrta llpesmgenta PO mis momomsix yueHbix (MK Ne-
2584.2019.5).
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Pe3yabTaTthl MoenupoBaHus o0weil nupkyJasiuuu atMmochepsl 3eMun AJisl YCJIOBUIl SIHBapsi ¢
AeTaJdbHbIM y4eTOM PagualMOHHOI0 HATPeBa

K.I'. Opnos, 11.B. Munranes, E.A. ®enorosa, B.C. Munraznes
OI'FHY «llonspuviii ceopusuneckutl uncmumympy, 2. Anamumul, e-mail: orlov@pgia.ru, mingalev_i@pgia.ru

B noxnane obcyxmarorcs pe3yabTaThl YHCICHHOTO MOICTHPOBAHMS OOWIEH HMUPKYISAUN aTMOChepsl 3eMiH st
YCIOBUH SHBaps, MOJIYYECHHBIE C IIOMOIIbIO Ta30AMHAMUYECKON MOJEIH C MOJHOLEHHBIM Y4eTOM PaJuallMOHHOTO
HarpeBa-BbIXOJN@XKMBAHUSL BO3/yXa. AHAIM3MPYIOTCS OCOOEHHOCTH LHUPKYJSIMU B cTparocdepe W HIKHEH
Me3ocdepe, B YaCTHOCTH I'PaHUIbI IUPKYMIOJISAPHBIX BUXPEH U cTpaTocepHbIe INKIOHBI.

Pa6ora U.B. Munranesa, K.I'. OpsioBa n B.C. Munranesa BbinonHeHa npu ¢uHaHcoBoH noznepxxke PODU B
pamkax Hay4qHoro npoekra Ne 18-29-03022 mxk.

BiausiHue ropuU3OHTAJBLHOIO HelTpaabHOro Berpa F-o0imacTm uoHocdepbl Ha OpHEHTALMIO
nonepevyHoO aHU30TPONMHU MEJKOMACIITAOHBIX HeoXHOpPoAHOcTel (mo manabiM 2008 — 2012 rr.,
Mockga)

H.IO. Pomanosa
QOI'FHY «llonspuviii ceopuzuneckuti uncmumymy, Mypmanck,; e-mail: romanova@pgi.ru

C oxTs16pst 2008 1. mo mapt 2012 r. HaJi MOCKOBCKMM PETHOHOM METOJIOM PaJHO30HANPOBAHUS, pa3pabOTaHHbIM B
I[II', 6put0 moaydyeHo ~250 ciydaeB, KOTJa MOXKHO OBUIO YHCJICHHO OIPEACIHTh OPUEHTAIIUIO IMOMEPEYHOMN
AQHM30TPOIIMH MEJIKOMACIITAOHBIX HEOJHOPOJHOCTEH 3JIeKTpOHHOH IoTHOCTH B F-oOmactn moHocdeps. Cpenu
~250 ciyyaeB mpucyTCTBYIOT 33 city4asi, Korja B HeOOJbIIONH NPOCTpaHCTBEHHOH obnactu (1-2°) opueHTaums
TIOTIEPEeYHON aHW30TPOIMU M3MEHSUIaCh Ha HECKOJIBKO JECSTKOB IpanycoB. Takue ciydan OBUTH COTIOCTaBIIEHBI C
pacyeTHBIM HalpaBlICHHEM TOPHU30HTAIBHOTO HelfTpanbpHoro Berpa (Moaens HWMO7). Beuto ycraHOBiIE€HO, 9TO
OpHUEHTAIMsl MONEPEYHON AHMU30TPONUU HEOJHOPOJHOCTEH COOTBETCTBYET HAIPABICHUIO BETPA, MEHSIOIIEMYCS
700 ¢ BBICOTOM, JTMOO B TIPOCTPAHCTBE HA OHOM BBICOTE.
Pabota BrmonHeHa npu onaepkke rpanta PODU Ne 19-05-00941.

CpaBHeHHe pe3yJabTATOB PACUYéTa JOKAJBHBIX Bapuanuii a6coaioTHoro 3Hauenns [19C ¢ 1aHHBIMHA
MHPOBBIX reo(pu3nYecKUx ceTei

W.A. Paxosckuit, b.I'. I'aBpuios, F0.B. IToknan, C.3. bexkep
Hucmumym ounamuxu ceocpep um. M. A. Cadosckoeo PAH

I'mobGanbHble HaBuTanMOHHBIE cryTHHKOBBIE cucTeMbl (THCC) akTHBHO MCIIONB3YIOTCS AJISl M3YUEHHsI TIPOLIECCOB,
npoucxoammx B uoHocgepe. Mcnosnp3oBanre (a3oBbIX M KOJIOBBIX W3MEPEHHMH JBYXYaCTOTHBIX MPHEMHHKOB
I'HCC mno3Bossier nmomydaTh BapHalliK MOJIHOTO 3IeKTpoHHOro coaepxanus (I19C) Ha nyde CIyTHUK — MPUEMHUK.
Onnako, Bapuauu [13C natoT B OCHOBHOM KaueCTBEHHOE Ipe/IcTaBIeHre 00 n3MeHeHHsIX B noHocgepe. [lostomy,
JUISL TIEpEX0/1a K KOJIMUECTBEHHBIM OLICHKaM, HEOOXOIMMO PEIIHTh 33/1a4y BOCCTAHOBIICHUSI a0COIIOTHOTO 3HAYCHUS
[I3C. Pemenue s1oii 3a1aun TpeOyeT KOPPEKLUH MOTYUYEHHBIX TaHHBIX ITyTeM ydeTa Tu(QepeHIranbHbIX KOIOBBIX
3amepxkek (AK3) B mpueMo-miepenaromux TpaKTaX CIYTHHKOB M TIpHEMHHUKA. Pa3paboTaHHBIN HaMH alTOpPUTM
MMO3BONIMII TTONy4YaTh abcomoTHOoe 3HaueHme I1OC, ckoppekrmpoBaHHOe He Toibko mo JIK3, HO u c yderom
MOTy4aeMbIX HE3aBUCHMBIM IIyTEM AAHHBIX IO BBICOTE MAaKCHMyMa 3JIEKTPOHHOW KOHLEHTpauuu B F2-o0mactu
HOHOC(EPHI.

IIpencranennsie B pabore pe3ynbraTsl pacuéra abcomotHoro 3xHaueHus [I9C u JIK3 mag 'O «MuxaeBo»
(54.95° c.u1., 37.77 © B.1.) XOPOILIO COTJIACYIOTCS C JAHHBIMU MHUPOBBIX ceTeld, Takux kak Madrigal u MGEX.
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Cy0aBpopaJjibHbIe TOTOKH HOHOB M3 HOHOC(EPbI B 00/1aCTH Pa3BUTHUSA NMOJISPH3AHOHHOIO
JaxKeTa

A.E. Crenanos', B.JI. Xanmunos®, A.FO. Tonono6os®, . A. Tomnkos', C.E. Ko6sixosa', E.JI. EOHIlapbl

'Unemumym koemogusuueckux uccnedosanuii u asporomuu, Axymek. Poccus; e-mail: a_e_stepanov@ikfia.ysn.ru
2 . . . . .

Unemumym xocmuueckux uccnedoganuti, Mockea, Poccus; e-mail: khalipov@iki.rssi.ru

3Cesepo-eocmounviii hedepanvuviii ynusepcumem, Axymck, Poccus; e-mail: golart87@gmail.com

Wzyuensl n KiaaccH(UIMPOBAHBI OBICTPONPOTEKAIONINE JUHAMHYECKHE IPOIECCH, BO3HHUKAIOUINE B CHCTEME
HeHTpampHOH atMoc(ephl W ee MOHM30BAaHHOW KOMITOHEHTHI B BepxHel oOmactu F2 mpwm BO3meiicTBuu Ha cpemy
MOIIHOTO 3JIeKTpHYecKkoro mnons ¢ ammutynoid 50- 100 MB/m, nHorma no 150 mMB/m. Chenan cratucruyeckuit
aQHAJIN3 Pa3BUTHA BOCXOSIIMX MOTOKOB IUIa3MBlI U3 MOHOC(EpPH B Iu1a3Mochepy A PasindHbIX Te0(PH3HIECKHUX
YCIIOBHUH.

[lo naHHBIM JOIUIEPOBCKUX HW3MEpEHHMH Ha CyOaBpopasibHOM HOHOC(hEpHOW cTaHIMM SIKYTCK BIiepBbIe
06Hapy>1<eH1>1 HOBBIC, paHEC HCU3BECTHLIC, TMHAMUNYCCKUE SABJICHUSA BO BPEMA PA3BUTHA MOJIAPHU3ALIMOHHOI'O IKETA.
[TpoBeneHHOe Hccie0BaHNE TOPHU30OHTAIBHBIX U BEPTUKAIBHBIX CKOpOCTell apeii(oB noHochepsl BBISBUIIO, YTO B
MIepHO/Ibl HAOJIOICHNS OISIPU3ALHUOHHOTO JDKETa MUK BEPTUKAILHOM KOMIIOHEHTHI CKOPOCTH HE BCEr/Ja COBITAaeT
C NIMKOM TOPU3OHTAIBHON cocTaBistoniell. CKOpOCTH FOPU30HTAIBLHOTO Apeiida miasMbpl COCTaBISIOT, B CPETHEM,
~300-600 m/c (ectb coObITHs co ckopocTsiMu 900—-1000 m/c). CkopocTH BEpTHKAIBHOW COCTaBISIONMIEH Ipeiida,
Takxke B cpegHeM, cocTaBisiioT 30-50 m/c (ects coObrTrs co ckopocTsimu 100—150 m/c). ITo pesymnpraTtam aHamm3a
Ha3eMHBIX MOHOC(EPHBIX JAHHBIX YCTAHOBJIEHO, YTO BCE COOBITHS C Pa3BUTHEM MOJSPU3ANMOHHOTO JDKETa Hal
SIKyTCKOM ToJpa3AeieHbl paBHOMEPHO Ha 4 TPyIIIbl, IZie MepBasi IPyIa — 3TO KOTJa 3HAUYEHHs BEPTHUKAIBHBIX
CKOpOCTEH B II0JIOCE MOISIPH3ALUOHHOTO JXKETa IOCTUTAId MAaKCHMyMa OJHOBPEMEHHO C TOPU3OHTAIbHBIMHU
CKOpOCTAMH. B 1ByX Ipyrux rpymmax BpeMeHa MHUKOB BEPTHKAIBHBIX CKOPOCTEH CIOBHHYTHI B 00€ CTOPOHBI OT
penepHOro BpeMeH! Ha £1 4, a B MOCJIEAHEM CIIydae BEPTHKAIbHBIE CKOPOCTH MMEIOT PaBHO3HAYHBIE MMUKHU MO 00€
CTOPOHBI OT MMKOBBIX 3HAUYEHUH F'OPU30HTAIBHBIX CKOPOCTEl.
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(I'eomarunetusm u Asponomus, 2019, T.5, C. 578-581. DOI: 10134/ 50016794019050134).
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Hcnoabn3oBanue rJj0o0AJLHOH ONTHMH3aIlHHM Ha OCHOBEe CHMILIMIHAJLHOW TOMOJIOTHH [JIfl
TPACCHPOBKM Jy4eil B HoHocdepe MeTOI0M NMPUCTPEIKH

H.A. Tepemmn, E.A. Ko3nosnesa, C.A. Kanamrankosa, FO.C. TymaHosa
MT'Y umenu M.B. Jlomonocosa, usuueckuii paxynomem, Mockea, Poccus

B sr10if pabote obcyxmaercs MpUMEHEHHE TTOOATBHOW ONTHMHU3AIlMM HAa OCHOBE CHMILIMIIMAIGHOW TOMOJIOTHH
(SHGO) B mpouenype tpaccupoBku KB-nmyueil B 3agauax pacnpoCTpaHEHHUsl «TOYKa-Touka». OmucaHbl OCHOBHBIE
NPUHLIMIBL PabOThl MCIOJIB3YEMOI'0 METOAa IJI00AIbHOM ONTHMHU3AIMM B KOHTEKCTE JAHHOW 3aJlaud, a TaKKe
paccMOTpEHBI €ro JOCTOMHCTBA M HEINOCTATKH B CPaBHEHUM C Apyrumu meronamu. Ha ocHoBe Mozmenu cpensl,
nocTpoeHHo ¢ wucnonb3oBanueM Moxened NeQuick2, IGRF12 u NRLMSISE-00, mnokazaHsl mnpumepsl
HCIOIb30BAHUS JAHHOTO METOJa A 3aad TPACCUPOBKH JIydeH B 3alaHHOM MoJenbHOU cpene. [IpencraBieHHble B
paboTe mpUMeEpHl JEMOHCTPHPYIOT CIIOCOOHOCTH MpPEUIaraéMoro METo[a pa3peliaTh pa3IHdHbIe KOH(PHUTYparuu
Jy4eld, KOTOpble BO3HUKAIOT B TPEXMEPHOW HEOTHOPOMHOW aHM3OTPOIHOW MOHOc(depe, BKIIOYAas MHOTOIYYEBOE
pacupoctpanerne BOnmm3u MITU E-cios, a Takke pemeHust ¢ OOIBITNM KOJTHMYECTBOM Jrydeii BOmu3n MIIY cioes
F1/F2. Taxke Ha mnpuMepe CHMYJIMPOBaHHOW Tpacchl pactpocrpaHenusi KB-onn —JloBozepo-/lukcoH
MIPOAEMOHCTPUPOBAaHA CIIOCOOHOCTh JAaHHOTO METOJa TONy4aTh CMOIEIMPOBAaHHBIE HAKIOHHBIE HOHOTPAaMMEI,
XOpOIIIO COTJIACYIOMIMECS C SKCIIEPUMEHTAJIBHBIMH METOJaMH HcCieAoBaHs. CHMyTHUpyeMble HOHOTPaMMBI
PacCYUTHIBAOTCSI B aBTOHOMHOM PEXKUME, HE Tpe6y>1 PYUYHOI'0O U3MCHECHHUA NapaMETpOB METOJa OINTUMU3ALMU B
npoliecce IMOCTPOSHUSI HOHOTPaMMBI.
Pa6ora BemmonHeHa npu nojaepxke PODU (mpoekt Ne 18-35-00663).

Ce3oHHasi 3aBHCUMOCTDb NPOsBJIeHHs IP(PexTa yTpeHHero NOHUKeHUs MOIJIOIEHHUsI B SIBJEHUSX
T

B.A. Yses, [I.1. Poros, A.B. ®pank-Kamenenkunit
Aprxmuyeckuii u Aumapxmuyeckuti Hayuno-ucciedosamenvcrui uncmumym (AAHUU, CI16), omoen 2eogpuszuru
E-mail: vauliev@yandex.ru

B psne senennit [T, Ob110 3aperucTpUpPOBaHO MOHMKCHUE MOTJIONICHUS B yTpeHHHE Yackl (3pdekr yrpenHero
noHmxeHus - YII) Ha psife BHICOKOIIUPOTHBIX CTAHIMH, PACIIONOKEHHBIX B IIEHTPAIbHON YacTH MOJSPHON IIANKH:
Ha POCCUICKUX aHTapKTH4ecKuX cTaHuusx Boctok u [Iporpecc u Ha kaHajackux apkTuueckux craHuusax TALO u
RANR.

AHanmM3 SKCIEPUMEHTANBHBIX JTaHHBIX IMOKa3all, YTO OONBIIMHCTBO 3PQekToB YII OBUIO 3aperucTpupoBaHO BO
Bpemst [T, nporcXoquBIINX B PaBHOACHCTBEHHBIE CE30HBI TOABL. DTO OOBACHICTCSA TEM, UTO IOCIE CHIIBHBIX
COJTHEYHBIX BCHBIIICK IPOHWCXOISIT BBIOPOCH KOPOHATBHOH MACCHI COCTOSIIEH W3 KOPOHANBHOW TIA3MBI M
BMOPOKEHHOTO MarHUTHOTO MoJisl (MarHuTHOE 00sako — MO). OcoGeHHOCTH CTPYKTYpHI U B3auMoaeicTeus MO c
MarHUTHBIM IOJIEM XBOCTa MarHuTocepbl 00yCIaBIUBAIOT CE30HHYIO Bapualuio nposiBienus 3ddexra VII.

PesyabTaTel HA0MI0IeHN YaCTHOTO coJiHe4YHOro 3atmenusa 11 aBrycra 2018 roga Ha cetm Tpacc
HAKJIOHHOI0 30HMpOoBaHus HoHOCchepsl B EBpoazuaTckom peruone

B.II. Vpsnos', B.U. Kypkun®, ®.H1. Beibopros'~, A.B. Iepmmn', O.A. Ileiinep’

'HUP®U HHT'Y un. H.H. Jlobauesckozo, 2. Huxenuii Hoszopod, Poccus
2UC3® CO PAH, . Hpkymck, Poccus
3Br VBT, 2. Huosichuu Hoeeopoo, Poccus

[IpencraBneHsl pe3ynbTaThl HaOMIOAEHUI YacTHOrO cojHEeYHoro 3armeHust 11 asrycra 2018r. Ha Tpaccax
HakyioHHOro JIYM-3onaupoBanus: JloBosepo — Bacmibcypek, Hopunbck — Bacunbcypek, Upkyrck — Hipknuit
Hosropon u Xa6aposck — Bacunecypck mpu creneHn HOKphITHs JIyHOH comHedHoro aucka B mpeaenax 12+53% B
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3aBUCHMOCTH OT OPHEHTALMH U MPOTSHKEHHOCTH Tpacchl. [okazaHo, 4TO Ha Bcex Tpaccax B MHTEpBAJC 3aTMEHUS
HaOmonancs 3¢ dexr ymenpiennss MHYF na 8-10% u yBennuenne MHUY Es Ha Tpacce JloBozepo — Bacuibcypek
Ha 15%. Bo Bpems conHewyHoro 3aTMeHus Ha Tpaccax JloBosepo — Bacmibcypck u Hopunbck — Bacuimbscypcek
HaOmonanucy kBasunepuogaudeckue Bapuaun MHY Es mu MHY 1F ¢ nepuomamu ~ 30 u 50 wmuHyT,
COOTBETCTBEHHO.

Pabora @.11. BribopHoBa u A.B. Ilepimnna BeinosiHeHa npu ¢puHAHCOBOH noanepxkke PODU, npoexr Ne 19-02-
00343.

Ipossaenuss GPS-TEC daykryanuii u omudook GPS mno3umuonmpoBaHusi, 00ycCJI0BIE€HHBbIE
NOJIIPHBIMH CHSTHHSIMH BO BpeMs aBpOPaJbHOro Bo3Myienus 27 centaops 2019 roga

n.n. I_UamMypaTOBl, M.B. q)I/IHaTOBz, N.E. 3axapeHKOBa1, .. E(bI/IH.IOBl, H.IO. Tenenuuunua’

'Kanununepaockuii punuan ®TEHY U3MHPAH, 2. Kanununepao; e-mail: shagimuratov@mail.ru
*@I'BHY «lonapnuiii 2eogusuyeckuti uncmumymy, 2. Anamumet

Jns anamuza TEC ¢urykryanuit npusnexanuck ¢azoBbie u3mepenust esporneiickux GPS cranumii, pacrionokeHHbIX
B aBpOpaJIbHOI U cybaBpopaibHOH noHOC(hepe. DiyKTyanmoHHas akTUBHOCTH olleHnBayiach nHaekcoM ROT ( Rate
of TEC). [TIlomspapie cusHMA (QuKcHpoBannch Ha CcTaHOUM KupyHa Kamepoil momHOTO  Heba
(http://www2.irf.se/allsky/dasc/). [Ins pacuéra ommubok ucmons3zoBaics: anroputM PPP (Precise Point Positioning).
Juis atux neneit nucnonp3oBaiack nporpamma GIPSY NASA Jet Propulsion Laboratory (http://apps.gdgps.net). Msr
ompenesnu g kaxaod cranmum 3D ommOkm (Psg), Kak JeTpeHIUpOBAaHHBIE KOOPAMHATHI OT CPEIHUX
3HageHnii(x0, y0, z0) Ha Kaxayio »moXy. ABpopaibHas aKTHBHOCTH, KOTopas orneHmBaiack mo AE wuHzaexcy,
pa3BHBaNacCh B MOCIEHOIYACHHOE BpeMs. B cooTBeTcTBHM ¢ 3THM pa3BUBaiach W (DIyKTyalMOHHAs aKTHBHOCTB.
MakcumanbHas uHTeHcuBHOCTh TEC duykryanuii perucrpupoBaiack Ha cranusx Tpomcé (69.4N, 18.6E) u
Kupyna (67.5N, 21.0E). HureHcuBHOCTh (uyKTyanuidi crajaita K 3KBaTOpy M HauOoyiee I0)KHasi CTaHLUS, Ha
KOTOpOW Habmonanuch cnadbie ¢uykryaumun Obuta cranuust TRDS (63.2, N, 10.3 E). IlposiBnenue u pazButne
(iyKTyanmii acconMMpOBAIOCH C aBPOPAILHBIM OBAJIOM. AHalM3 OMMOOK IO3WIMOHWPOBAHUS IOKa3al, 4YTO
OIMOKM B LEJIOM YBEIMYMBAJIMCH BO BPEMsl BO3MYIICHHWS, M HMX BEJIWYMHA JOCTHraja HECKOJIBKHUX METPOB.
Heo0ObIuaiiHo Gonblne OMMOKH MO3UIMOHUPOBAHHS, IPEBbINIABIINE AECATKH METPOB, OBLIN 3apErCTPUPOBAHBI HA
craanusax Tpomcé m Kupyna. Ilo HaOmromeHusM Kamep moiHOTO Heba ctaHimu KupyHa BEISBICHO BPEMEHHOE
COOTBETCTBHE NOJSPHBIX CHSHUM W OIIMOOK MO3HMIIMOHMPOBAaHUS. Takike BBISABICHBI BCIUIECKH IOBBIIICHHON
unreHcuBHOocTH TEC ¢urykTyanunii Bo BpeMsi yCHJICHNS TOJSAPHBIX CHSHHUH, YTO CBHUJICTENBCTBYET O IEPECCUCHNH
CHTHAJIOB CITyTHUKOB 30HBI IOJISIPHBIX CHSHHUM.
Pabota BemmonHeHa npu noiepxke rpanta POOU 19-05-00570.

O poJIu COTHEYHBIX KOPOHAIBHBIX BHIOPOCOB MACChI M BHICOKOCKOPOCTHBIX MOTOKOB COJTHEYHOTO
BeTpa B IHHAMHKeE XapaKTePHUCTHK HOHOC(hEPHI

O.A. llleitnep', ®.1. BriGopos'”

'HUP®U HATY um. H.H. Jlo6auesckoeo, 2. Huocnuii Hozopoo, Poccust
2Br VBT, 2. Huoicnuii Hoszopoo, Poccus

[IpencraBneHpl pe3ynbTaThl UCCICIOBAHWN BIMSAHUS COJMHEYHBIX SBICHHH, TaKMX KaK KOPOHAJIBHBIE BHIOPOCHI
(CME) u BBICOKOCKOPOCTHBIE IOTOKH COJIHEYHOTO BETpa, Ha XapaKTePUCTHKH HOHOC(hepbl. Paccmorpen Habop
apaMeTpoB KOCMHUYECKOH IMOTOABI (THII M CKOPOCTH KOPOHAIBHBIX BEIOPOCOB MACCHI, TOTOK PEHTTEHOBCKUX JIyUei,
CKOpPOCTh BBICOKOCKOPOCTHOI'O COJIHEYHOI'O BETpa), KOTOPBIHA IMO3BOJWI BBISBUTH OMHUHHUpYIOIINE (pU3HUYCCKHE
CBSI3M MEXIY IMHAMHUKOW MOHOC(EPHI U ITUMH JIBYMS COJHCUYHBIMH SIBICHUSIMU. B UCCICIOBAHUN HCIIOJIB3YIOTCS
JTAaHHBIC BEPTHUKAJILHOTO U HAKIIOHHOT'O 30HIUPOBAHUS HOHOC(EPHI, OJYICHHBIC BO BPEMsl HECKOJIBKUX COTHEUHBIX
coObITHH, mpousomenmux B 24 comHeyHoMm nwukie. [lokazaHo, CME # BBICOKOCKOPOCTHEIC COJTHEYHBIC MOTOKH
SIBIISTFOTCST TII00ABHBIMU COOBITHSIMA COJTHCYHOW aKTUBHOCTH, BIIMSIONIMMH HAa TapaMeTphl, UCIOJB3YEMbIC IS
XapaKTECPUCTHKH HOHOC]EPHI.
Pabota BrmonHeHa npu (prHAHCOBOM MOIep)Kke MUHNUCTEPCTBAa HAYKH U BBICIIIETO 0Opa30BaHUS.
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Mesospheric ozone in artificial modification of lower ionosphere
N.V. Bakhmeti'eva', Y.Y. Kulikov?, V.L. Frolov'

'Radiophysical Research Institute Lobachevsky State University, Nizhny Novgorod, Russia
*Institute of Applied Physics, Nizhny Novgorod, Russia

We presents some results of microwave observations of the middle atmosphere ozone under perturbation of the
ionosphere by a powerful HF radio emission by the mid-latitude SURA heating facility (56,°N, 46,1°E). New
experiments were a continuation of studies to clarify the physical nature of the new phenomenon a decrease of the
intensity of the microwave emission of the mesosphere in the ozone line when artificially impact on the lower
ionosphere [1,2].

Experiments were carried out on September 28, 2018 and on September 1012, 2019. A microwave ozonemeter
allows to measure of the ozone emission spectrum for time about 15 min a precision of ~ 2%. On the measured
spectra were appreciated of ozone vertical profiles in the height region of 22—60 km. The ionosphere was disturbed
by radiation of a powerful extraordinary radio wave to the Zenith at the frequency of 4.7 MHz with an effective
radiation power of 100 MW in the mode of 30 minutes — the heating on and 30 minutes — the heating off of the
SURA facility. During the pauses between the heating sessions under unperturbed conditions, the ionospheric
plasma and neutral atmosphere were diagnosed at altitudes of 50—-130 km by the method of the resonant scattering of
radio waves by artificial periodic irregularities of the ionospheric plasma (API technique). According to the
characteristics of the scattered signal, a number of the most important parameters of the ionospheric plasma and the
neutral atmosphere are determined. There are the electron density, velocities of regular and turbulent vertical
motions, the temperature and the density of the neutral atmosphere.

In experiments on the diagnosis of the lower ionosphere by the API technique the correlation of the development
of perturbations in the lower ionosphere when disturbed to powerful HF radio emission and a decrease of the
intensity of the emission spectrum of the middle atmosphere in the ozone line proved.

Possible mechanisms of the influence of internal gravity waves and a precipitation of energetic electrons on
variation of the spectrum of microwave emission of the mesospheric ozone are considered.

The work were supported the RFBR grants 18-45-520009 (microwave ozone spectra measurements) and 18-05-
00293 (API diagnostics of the ionosphere).

1. Yu.Yu. Kulikov, V.L. Frolov. Influence of artificially perturbed ionosphere on mesospheric ozone. Chemical physics. V. 32,
Ne 11, P. 26-30, 2013.

2. AF. Andrianov, N.V. Bakhmet'eva, V.D. Vyakhirev et al. A study of the density variations of mesospheric ozone in the case
of ionospheric perturbation by the «SURA» facility radiation with simultaneous diagnostics of ionospheric plasma.
Radiophysics and quantum electronics, V. 62, No. 5, P. 328-341, 2019.

The representation of ionospheric potential in the global chemistry-climate model SOCOL
A.V. Karagodinl, E.V. Rozanov??, E.A. Mareev*’, I.A. Mironova', E.M. Volodin®, K.S. Golubenko'

'Institute of Physics, University of St-Petersburg, St-Petersburg, Russia

2Physikalisch-Meteorologisches Observatorium World Radiation Center, Davos, IAC ETH, Zurich, Switzerland

*West Department of Institute of Terrestrial Magnetism, lonosphere, and Radio Wave Propagation, Russian
Academy of Sciences, Kaliningrad, Russia

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

*Department of Radiophysics, Lobachevsky State University of Nizhny Novgorod-National Research University,
Nizhny Novgorod, Russia

SInstitute of Numerical Mathematics, Russian Academy of Sciences, Moscow, Russia

Here, we present the first results of calculations of the ionospheric potential (IP) using the Chemistry-Climate Model
(CCM) SOCOL (Solar Climate Ozone Links). For this research, we use the parameterization of potential difference
between the Earth's surface and the lower boundary of the ionosphere basing on the function of lightning and
electrical cloud properties. The model demonstrates rather good agreement with the IP obtained by balloon
soundings. The simulated UT variation of IP shows a maximum of 20 UT and a minimum of about 2 UT, which is
consistent with the UT lightning cycle. The obtained results made it possible to understand the nature of IP
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variability on a daily, seasonal, and annual time scales. We also compare our results with IP simulated with the
INMCM4 climate model using the same IP parameterization. The comparison shows a good agreement between UT
cycles, especially up to 12UT. The simulated IP annual cycle peaks in late spring in both models. However, the
comparison also reveals some differences in the amplitudes of IP variability at different time scales. Large
deviations occur after 12 UT for all seasons except summer, where the maximum of both results occurs up to 12 UT.
The IP UT cycle simulated by CCM SOCOL is better consistent with observations after 12 UT in terms of phase
with similar timing of maximum values. Calculating IP using climate models can help fill in gaps when the observed
IP is not available. Interactive calculation IP is also a step forward in combining atmospheric and ionospheric
processes.

This work has been done in scope of the grant RFBR N° 17-55-10014. Karagodin A. expresses an acknowledge
for supporting this work by the grant RFBR N° 19-35-90134.

The simulation of vibrational populations of electronically excited N, and O, in the middle
atmosphere of the Earth during precipitations of high-energetic particles

A.S. Kirillov', R. Werner?, V. Guineva’

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

We study the electronic kinetics of molecular nitrogen and molecular oxygen in the middle atmosphere of the Earth
during precipitations of high-energetic protons and electrons. The role of molecular inelastic collisions in
intermolecular electron energy transfer processes is investigated. It is shown that inelastic molecular collisions
influence on vibrational populations of electronically excited molecular nitrogen. It is pointed out on very important
role of the collisions of N,(A*%,") with O, molecules on the electronic excitation of O, at the altitudes of the middle
atmosphere. It is shown that the increase in the density of the atmosphere leads to more significant excitation of
electronically excited O, by intermolecular electron energy transfers from N,(A*Z,").

Results of microwave monitoring of the middle atmosphere ozone in polar latitudes for two winter
seasons 2017-2018 and 2018-2019

Y.Y. Kulikov', AF. Andriyanov', V.L Demin?, V.M. Demkin®, A.S. Kirillov?, V.G. Ryskinl, V_A. Shishaev’

'Institute of Applied Physics, Nizhny Novgorod, Russia
*Polar Geophysical Institute, Apatity, Russia
3High School of Economy, Nizhny Novgorod, Russia

We present data continuous series of microwave observation of the middle atmosphere ozone in winters 2017-2018
and 2018-2019. Measurements were carried out with the help of mobile ozonemeter (observation frequency 110.8
GHz), which was established at Polar Geophysical Institute in Apatity (67N, 33E). This device allows to measure of
the ozone emission spectrum for time about 15 min a precision of ~ 2%. On the measured spectra were appreciated
of ozone vertical profiles in the layer of 22 — 60 km which were compared to satellite data MLS/Aura and with the
data of ozonesonde at station Sodankyla (67N, 27E).

Primary goal of microwave experiment is the estimation of influence a polar perturbations on the middle
atmosphere ozone. Geomagnetic indignations have the best activity in auroral region in which Apatity are located. It
is known, that the middle atmosphere ozone responds as on penetration of vigorous particles, for example, solar
proton events and the auroral phenomena, and to dynamic processes, for example, a sudden stratospheric warming
(SSW). Therefore winter seasons represent special interest for solar-terrestrial communications, owing to practically
simultaneous increase of solar illumination and formation SSW.

Winter microwave observations were carried out during sudden stratospheric warming. The winter 2017-2018
there was SSW in the middle of February, 2018. The warming lasted about a week. The maximum temperature rose
to 240 K on February, 16, which is higher on 50 K of the mid-temperature the January. In the winter 2018-2019
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SSW began December, 27 both has terminated February, 1 and there were duration almost 40 days. The analysis of
the microwave data on behavior of the middle atmosphere ozone in winter seasons shows, that SSW can render
significant and long influence on a diurnal change of mesospheric ozone (60 km) which basically is determined by
photochemical processes. Thus is important, that microwave observations were carried out during a deep minimum
of a solar cycle. The important fact is established, that of the ozone content in mesosphere can differ considerably
from winter to winter. Apparently, dynamic processes through SSW differently influence carry of ozone from low
latitudes.
The work was supported the RFBR grant 18-45-520009.

High altitude polar stratospheric clouds at Lovozero in 2020
V.C. Roldugin, A.V. Roldugin
Polar Geophysical Institute, Apatity, Murmansk Region, Russia

In January 2020 at Lovozero observatory polar stratispheric clouds are occurred. The most interesting case took
place at 27 January when the cloud altitude was unusually high.

Neutral water clusters in the Earth’s atmosphere: The effect of orientational isomerism on their
concentrations and thermodynamic parameters

E.A. Shirokova'!, A.G. Razuvaev', A.V. Mayorovz, B. Aradi’, T. Frauenheim’, S.K. Ignatov1

'Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia
*National Institute of Standards and Technologies, Gaithersburg, USA
3University of Bremen, BCCMS, Bremen, Germany

E-mail: ekashirokova@gmail.com

Water clusters take part in such atmospheric processes as the electromagnetic radiation propagation and chemical
reactions. As a result, multimolecular complexes of water, being contained everywhere in the Earth’s atmosphere,
play an important role in climate formation and change.

However, the estimates of the thermodynamic characteristics and equilibrium concentrations of water clusters in
the gas phase vary significantly. In particular, the influence of the clusters’ structural diversity on their
thermodynamic characteristics remains unclear.

In order to estimate the effect of orientational isomerism on the thermodynamic parameters and concentrations of
water clusters in the gas phase, 133 isomeric structures of water hexamer (H,O)¢ have been studied using the DFT
(B3LYP/6-311++G(2d,2p)), G4, W1BD, DFTB, and MB-pol calculations.

It was found that taking into account of the orientational isomerism leads to the values of water cluster gas-phase
concentrations different by 1-2 orders of magnitude from the results obtained when only single or several most
energetically favorable structures are considered. The absolute Boltzmann-averaged estimates of the hexamer
binding enthalpy per monomer equal 5.50 kcal/mol (G4 results) and 5.77 kcal/mol (DFT results). The concentrations
of all the considered hexamer structures in the saturated water vapor at 298.15 K are estimated as 1.61 - 10° cm™
(G4) and 8.17 - 10° cm ™ (DFT).

This work was supported by the Russian Foundation for Basic Research and the government of Nizhny Novgorod
region of the Russian Federation (project 18-43-520012). NIST Raritan Cluster was used to perform Gaussianl6
calculations. E.A. Shirokova is grateful to the Deutsche Forschungsgemeinschaft for the financial support during her
internship at BCCMS (project DFG-RTG 2247).
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Influence of powerful solar proton events on intensity of the stratospheric polar vortex
S.V. Veretenenko
loffe Institute, St. Petersburg, Russia

The stratospheric polar vortex is an important link between the lower atmosphere circulation at extratropical
latitudes and solar activity which is due to its favorable location for precipitation of energetic charged particles
(solar and galactic cosmic rays, auroral electrons and electrons from the radiation belts). In this work variations of
the polar vortex intensity in the course of powerful solar proton events are studied, with the NCEP/NCAR reanalysis
data being used. A pronounced strengthening of western winds in the polar stratosphere associated with solar proton
events in January, 2005 and October-November, 2003 was found. It was shown that auroral activity may also
contribute to the vortex intensification. The obtained results allow suggesting that the strength of the polar vortex
may be influenced by ionization changes associated with solar cosmic ray and auroral electron precipitations.

UVI forecast over Bulgaria — First results
R. Werner!, B. Petkov?, D. Valev', V. Guineva', A. Atanassov', D. Danov', A. Kirillov®

'Space Research and Technology Institute (SRTI), BAS, Stara Zagora Department, Stara Zagora, Bulgaria
*Institute of Atmospheric Sciences and Climate (ISAC), CNR, Bologna Branch, Bologna, Italy
3Polar Geophysical Institute (PGI), Kola Science Centre, Murmansk, Apatity Division, Apatity, Russia

The UV-index (UVI) is a measure of the erythemally effective solar radiation reaching the Earth surface. It was
introduced to alert people about the need of sun protection and to help for elaborating recommendations about safety
exposure to solar UV radiation. Therefore, the UVI has to be determined with adequate accuracy and its forecast
appears to be an essential task. To minimize the risk of too high sunburn levels, the UVI previsions are usually made
for clear sky conditions (cloud and aerosol free atmosphere). For the UVI forecast for the Bulgarian region are used
GOME-2 satellite forecast data with a resolution of 0.25 by 0.25 degrees. Higher resolution maps to about 1/200
degree (corresponding to about 1km) are produced by downscaling taking into account the topography, based on
satellite data of the Shuttle Radar Topography Mission. More over the UVI index was corrected for the underlying
surface albedo: First a correction was performed the albedo of snow, which the most important correction in the UV
spectral region, and second for the beach sand albedo. Snow maps for Bulgaria were constructed by help of daily
Northern Hemisphere Snow and Ice data of the Snow and Ice Mapping System (IMS) with a resolution of 1 km.
This type of maps allow the determination of the coastline.

A sequence of UVI maps, for sea level, for the mean elevation of 1 by 1 km area, and of snow and coast-line
corrected maps are presented for winter 2020.

BoccTranoBiieHue JJMHHBIX PSIIOB TeMIIEPaTyphl Bo3ayxa Ha apxumneiare llnuundepren
B.1N. I[eMI/IHl, B.B. UBanos™**

'\DIBHY «Ilonspuviii 2eousuueckuii uncmumymy, Anamumsl, Poccus

*Tocyoapcmeennwiii  nayunwii  yenmp P®  «Apkmuueckuil u  anmapKmuueckuii HAyYHO-UCCI008aMETbCKUil
uncmumymy, CI16, Poccus

3CaHKm—Hemep6yp201<m7 2ocyoapcmeentblil yHusepcumem, Poccus

4HHcmumym Duzuxu Ammocghepvr PAH, Mocksa, Poccus

[To maHHBIM OJVDKAMIIMX METEOPOJOTMYECKUX CTAHLIMH M peaHaau3a NPU3EMHOW TeMIeparypbl BOCCTaHOBJICHBI
orcyrcTByome B 1941-1947 rr. 3Ha4YeHHs CpeIHEMECSYHOH Temrmeparypbl Bo3ayxa B bapeHuOypre.
CraTUCTHYECKMMHU TeCTaMU MOKa3aHo, YTO J00aBJIEHHE K NCXOIHOMY PSy PaCCUMTAHHBIX 3HAYCHUI HE MPUBEIO K
MOSIBJICHUIO METOJUUYECKON HEOAHOPOIHOCTH. Psanpl, HaunHaromuecs ¢ 1932 r., skcTpanonauposansl 10 1911 r. Ha
OCHOBE M3MEPEHHH, BBIIIOJIHEHHBIX Ha METeOpoJornueckoi cranumu «I puH-XapOop», KoTopas Haxoawnach B 1.5
KM OT COBPEMEHHOU METEOpPOJIOTHUECKON TuTomaaku B bapeHnoypre.
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Co3naHHbIE KOMIIO3UTHBIE DAl CPEAHEMECSYHBIX TEMIIEpaTyp Bo3Ayxa B bapeHnOypre Moryt ObITh
UCIIONB30BaHb! JUI U3y4YeHHUs JTOJTOBPEMEHHbBIX U3MEHEHUH KiuMaTa B peruose. Ilpu atom ams nepuona ¢ 1911 r.
no 2018 r. mons OpUrMHANIBHBIX (M3MEPEHHBIX) 3HAYCHUH TeMIlepaTyphl BO3AyXa B HHMX MpeBblmaer 75%, dro
SBJISIETCSI MAaKCUMaJIbHO BO3MOXKHBIM YHCJIOM JIIsl JIIOOOH JpYyrodl peKOHCTPYKIMH MOJOOHBIX pSANOB Ha
Imubeprene.

®énoseie 3 ekt B Bapennoypre (Inundepren)
B.A. demun, b.B. Kozenos
OI'BHY «Ilonspuulii eeogusuneckuii uncmumymy, 2. Anamumut, Poccus

OOHapy»XeHbl CHHXPOHHbIE U NMPOTHBO(]A3HbIE U3MEHEHHUSI TEMIIEPATYPbl U OTHOCHTEIILHOM BIa)KHOCTH BO3IyXa B
BapennOypre. CHMXeHHE OTHOCHTENBHOM BIIQXXHOCTH 110 60% MeHee XapaKTepHO Ul HalpaBlICHWH BeTpa U3
CEKTOPOB, C KOTOpHIX bapeHnOypr mpukpeiT ropamu ¢ otMerkamu oT 200 mo 500 m. Bapmanmm cosmaroTcs
NepeBaIMBaHAEM BO3[yXa 4epe3 oporpaduieckuii 6appep ¢ ero MOCISAyIOUIMM OIYCKaHWEM Ha IIOJIBETPEHHOMN
cTopoHe (hEHamn).

HccaenoBanue mnpoueccoB 00pa3oBaHUsl 3JIEKTPOHHO-BO30YxJAeHHBbIX MoJiekyad N, u O, B
atMocdepe 3eMiIu BO BpeMs BHICHIIAHNS BHICOKOIHEPTHYHBIX 3JIEKTPOHOB

A.C. Kupunnos, B.b. benaxoBckuit
@I'BHY «Ilonapuulii 2eogpusuneckuti uncmumymy, 2. Anamumut, Poccus

[pu BbIchImanuu B atMocdepy 3eMii BHICOKOIHEPTUUHBIX YaCTHUI] HEYNPYTHe CTOJIKHOBEHHUS C MOJIeKyJIaMu N, U
O, NpUBOAAT K MpoleccaM HOHHM3aLUH, AUCCOLMAIMH, BO30YKACHHIO PAa3IMYHBIX 3JIEKTPOHHO-BO30YIKIESHHBIX
TPHUIUICTHBIX M CHHIJIETHBIX COCTOSTHUI JaHHBIX MOJIEKYJISIPHBIX cocTaBistonux. [IpoBeneH pacueT konebaTebHbIX
HaCeJIEHHOCTEH BIIEKTPOHHO-BO30YKAEHHBIX TPUIUICTHBIX W CHHIJIETHBIX COCTOSIHUM MOJIEKYJSIDHOTO a30Ta M
KHCIJIOPOJIa B ClIy4yae BBICBHIIAHUS B aTMOC(epy BBICOKOIHEPIMYHBIX JJIEKTPOHOB C 3HeprusMu ot 10 k3B mo 10
MbsB. Ilpu pacdere konmeOaTenbHBIX HACENICHHOCTEH 3JEKTPOHHO-BO30YXKICHHBIX TPHUIUICTHBIX WM CHHIJIETHBIX
COCTOSIHMH MOJIEKYJSIPHOTO a30Ta W KHCJIOpOAa ObUIM YYTCHBI CIIOHTaHHBIC W3JIy4aTelbHbIC IEPEeXO/bl,
BHYTPUMOJIEKYJISIPHBIE M MEXMOJICKYJSIDHBIE TIPOIIECCHl IE€PEeHOCa JHEPruu BO30YXKICHHS IIPH HEYHPYTHX
MOJIEKYJIIPHBIX CTOJKHOBEHHMSAX. Pacderpl IOKa3ald, 4YTO C POCTOM 3HEPriM BTOPraloIuxcsi B aTMochepy
JIEKTPOHOB M YMEHBIIEHHEM BBICOTHI SHEPrOBBIJEICHUS BBICHINAIOIINXCS YaCTHIl BO3pPAcTacT BKJIAJ IPOLIECCOB
TalleHUs] Pa3IMYHBIX COCTOSIHMI a30Ta M KHCIOPOJAa IPU MOJEKYJSIPHBIX CTOJKHOBEHMSAX. OJTO INPHUBOIUT K
U3MEHEHUIO COOTHOIIEHUS HHTETPAIBHBIX HHTEHCUBHOCTEH pA3IMYHBIX CHCTEM IIOJOC C POCTOM 3HEPrHH
BBICBINIAIOLIUXCS B aTMOC(Epy AJIEKTPOHOB, UTO CIIYXKHUT IPUYMHON NepepaciipeeeHisi HHTeHCUBHOCTEW CBEYECHUS
N, 1 O, B pa3nMyHbIX Uana3oHax CIEKTpa ¢ OHWKEHHUEM BBICOTHI B aTMoc(hepe 3eMIIH.

HccnenoBanne BBINOMHEHO 3a cyeT rpaHrta Poccuiickoro Hayynoro ¢onzaa (mpoekt Ne 18-77-10018) «Ilorokn
BBICOKOHEPTUUYHBIX 3apsKEHHBIX YacTUI[ B OKOJO3EMHOM KOCMHMYECKOM IIPOCTPAHCTBE, U UX BO3ACHCTBUE Ha
aTMocdepy APKTHKI».

BiausiHue MUKPOKJIMMATA Ha TEMIIEPATYPY HCKYCCTBEHHBIX IOBEPXHOCTEH
b.B. Kozenos, B.1. Jlemun
DI'FHY «Ilonapuviii ceogusuneckusi uncmumympy, 2. Anamumul, Poccus

[Ipn oTpunarensHOM pasgnannoHHOM OanaHce TeMIepaTypa HCKyCCTBEHHBIX TOBEPXHOCTEH (aBTOIOPOTH, KPBILIH U
CTEHBl 3/1aHWH), HE3aBUCHMO OT MaTe€pHala M HAJIWYHA TEXHOTCHHBIX HCTOYHMKOB TEIUIA, NMPHOIIKAEeTCS K
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TeMIepaType OKpy)Karomero Bo3ayxa. [lo m3MepeHHsSM B XOJIMHCTOM penbede Ha Tepputopun MypMmMaHCKON
00J1acTH, MUKPOKJIMMAaTH4eCKHE BapHallMd TEMIIEpaTypbl BO3JyXa M HCKYCCTBEHHBIX IOBEPXHOCTEH OJM3KH I10
BeJIMUYMHE. OTO BBI3BAHO TEM, 4YTO HCKYCCTBEHHBIE IIOBEPXHOCTH TEpSIOT TEIUIO 3a CYET TypOyJEHTHOTrO
TEII000MEHa C BO3AYXOM M DaJMAllMOHHOTO M3JIyY€HHs, XapakTep U WHTEHCUBHOCTh KOTOPBIX 3aBHCUT OT
OKpPYKaloLIero MUKPOKIIUMATA.

Oco0enHoctu crpartocdepHoii nupky/asiuuu 3umoii 2019/20 r. B moje TeMmepatrypbl BO3AyXa H
030HA

A.B. Jloces, B.U. lemun, b.B. Kozenos, A.B. Ponnyrun, A.A. T'ankux
QI'BHY «llonapuyiii ceoghusuueckuti uncmumymy, 2. Anamumet, Poccus

3umoit 2019/20 r. B cTpartocdepe CeBEpHOTO MONMYIIAPUS YCTAHOBHJICS PEKUM LUPKYIALNNU, TMPHUBEIIIUN K
(hOpMHPOBAHUIO TIPONOIDKUTEIBHBIX OTPUIATENBHBIX AHOMAIMH OOIIEro colepkaHus 030Ha Hajg MypMaHCKOM
o0nacTpiO: €e 3Ha4YeHWs B OTHENbHBIE IHH II0 CIYTHHUKOBBIM H3MepeHusM pocturanud 30-35%. Hwuskue
TEMIIEpaTypbl BO3AyXa MPUBEIM K YacTOMy MOSBICHHIO IIOJISIPHBIX CTPAaTOC(EPHBIX OOJIAKOB, KOTOpBIE
PETUCTPUPOBATIUCH BU3YAIBHO U 10 JuAapHbIM JaHHBIM Muccuu CALIPSO (CASSIOPE).

Yder HapylIeHHs JOKAJIbHOTO TePMOJAMHAMHYECKOI0 paBHOBecHs B BepxHeil aTMoc(epe 3emun B
KoJebaTeabHbIX nogocax CO,; B paainanioHHOM 0JI0Ke MoJeau o0mell NUPKYJSANNH aTMOoc(epbl
3emuiu

N.B. Munranes, K.I'. Opnos, E.A. ®enorosa
@I'FHY «llonapuyiii ceogpusuueckuti uncmumymy, 2. Anamumot, Poccus; e—mail: mingalev_i@pgia.ru

B nmokmazme m3nokeHa METOJMKA pacyueTa IOJsl COJHEYHOTO M3NY4YeHHs B aTMocdepe 3eMil ¢ y4eToM HapyIICHUS
JIOKJIBHOTO TEPMOJIMHAMUYECKOTO PaBHOBECHS B KoJiebarenbHbIX mojocax CO, ¢ amuHON BONHBI OKoio 2,7 u 4,3
MKM Ha BbIcOTax Oosee 70 kM. DTa MeTOOMKa MO3BOJSIET MPOBOIUTH «ITAJOHHBICY» PACUETHl C BBICOKHM
cnekTpanbHeIM pasperrenueM (Line by Line), a Takke cTpOUTh MapaMeTpU3aINK ONTUIECKUX TTapaMEeTPOB BEPXHEH
atMoc(epbl  3emiM, TpelHAa3HAYE€HHbIE JUIi pPAacuyeTOB TMOJsS COJHEYHOro u3iydeHus. llpencraBieHa
napaMeTpu3alus, OCTPOSHHas AJIsl paJlallMOHHOTo OJioka Mojenu o0reil nupkysiun arMocgeps! 3emin. Taxoke
MpEACTAaBJICHBI PE3YJIbTAaThl PACUCTOB C BBICOKHMM CIICKTPAJbHBIM PaspClICHUEM MW PE3YJIbTaTbl PacucToOB C
UCIIOJIB30BaHUEM ITOCTPOCHHONM mMapamMeTpu3anuu. [IpOBOAMTCS CpaBHEHHWE C pPe3yiIbTaTaMH PAaCYCTOB IPYTUX
aBTOPOB.

Pabora 1.B. Munranesa u K.I'. OprioBa BeimmonHeHa npu GuHAHCOBOH nomnepxke PODU B pamkax HaydHOTO
npoekTa Ne 18-29-03022 mk.
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Phenomenology and analysis of the possible causes of the association of the population incidence
dynamics with variations of geocosmic agents

N.K. Belisheva
RCHAA KSC RAS, Apatity, Russia

The phenomenology of the links between the dynamics of the incidence of socially significant diseases and
variations of geocosmic agents in different years on the territories of the Russian Federation, in various Federal
Districts (FD), in the Far North and equated areas, in different area of the Murmansk Region is presented. The
association between the dynamics of mortality rates in the Russian Federation and in various FD and variations of
geophysical agents was revealed: for the period from 1990 to 2016, mortality in age groups 0-14, > 70 years old is
associated with variability of proton density in the solar wind (SW), in age groups 15 -29, 30-44, 45-59, 60-74 years
old - with variability of SW speed. For the period 2002-2016 infant and child mortality in the Russian Federation, in
the Central, Northwest, Southern, Volga, Ural, Siberian, Far Eastern Federal Districts were associated with solar
activity (SA, Wolf numbers) and variability of SW. Synchronous fluctuations in the reproductive health of women
living at different latitudes, as well as stillbirths in the FD, associated with global geomagnetic activity (GMA) were
revealed. The correlation between the incidence rate of active tuberculosis and the SW speed in the Republics of
Karelia and Komi, in the Arkhangelsk, Murmansk regions, and in the Khanty-Mansi AO is shown. The association
between the incidence of viral hepatitis, syphilis and variations of geophysical agents in the territories of the Far
North and equivalent areas has been found. The correlation between the dynamics of the population’s incidence of
alcoholism, alcoholic psychoses, mental disorders, behavioral disorders and the variability of geophysical agents in
the Far North is shown. An association of the dynamics of the incidence of malignant neoplasms in the Russian
Federation, in the territories of the Far North, including the Murmansk region, with variations of geocosmic agents,
is shown. Clusters of territories with diametrically opposite modulation by geocosmic agents of the level of
morbidity of the child population (0-14 years) with socially significant diseases (neoplasms, diseases of the
endocrine system, diseases of the nervous system, including epilepsy, cerebral palsy) were identified in the
Murmansk region. It has been shown that the incidence of blood diseases, as well as anemias, in almost all territories
of the Murmansk region increase with a decrease in geomagnetic activity and with an increase in neutron intensity at
the Earth's surface. It was found that the incidence in the territory of the Murmansk region is modulated by a two-
factor mechanism of global origin with an alternative effects - cosmic ray fluxes and the solar wind. In some
territories, the predominant effect of one of two factors of such a mechanism was revealed. Thus, variations of
geocosmic agents play a significant role in the dynamics of the incidence of socially significant diseases, regardless
of climatic and geographical conditions, local environmental pollution and social conditions. An additional
contribution to the result of such modulation can be made by meteorological agents, which weaken or enhance the
effect of the combined action of heliogeophysical agents and local contamination. The nature of territorial
contamination determines the sensitivity of the organism to associated effects, including variations of geocosmic
agents. Possible mechanisms of direct and indirect effects of geocosmic agents on the human body are discussed.
The work was performed on the topic 0226-2016-0007, No. of state. Registration AAAA-A17-117020110070-6.

Physiological responses in plants followed the background EMF vector potential change
P.A. Kashulin, N.V. Kalacheva, E.Y. Zhurina
Polar-Alpine Botanical Garden-Institute, RAS, Apatity, Russia

Since Aharonov and Bohm [1959] publication, the possible role of EMF vector potential (VP) as a physical reality
capable to be competent itself in physical world but not to be treated as mathematical abstraction only were widely
discussed. Their cosmic role as a physical agent responsible for the solar-terrestrial links, “Velkhover effect” etc.
was considered also. A number of experiments which would reveal the biophysical role of VP were proposed. A
priory suggested physiological reactions of vascular plants on the local disturbances of the background VP have
been investigated as it were offered by Trukhanov [1984]. To find out the plausible effects of VP of magnetic field
its generator was constructed according to Trukhanov recommendations. The so called “doughnut coil” i.e. toroidal
solenoid formed by about 1000 copper wire turns under amperage loads varied within 0,7 - 0,9 amp was used. To
detect the bio effects of VP generation the four physiological processes among various flora taxa objects were
implemented as follows: (1) the leaf blades movement with change of the angle between petiole (leaf stalk) and stem
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of nyctinastic species Mimosa pudica, Maranta leuconeura, Ctenanthe setosa, Calathea rose-picta. All of them
capable to exhibit heliotropism and folia movement under environmental change; (2) the photosynthetic apparatus
(PSA) work in the indoor cultivars Ficus benjamina, Pereskia aculeate which was monitored in terms of the leaf
chlorophyll red fluorescence with PAM-2100, “WALZ, Effetrich” technique; (3) Taraxacum officinale seeds
germination, and (4) Avena sativa coleoptile test. The function of PSA is based on the coordinated work of two
connected photo systems (PS) intermitted by electrons current chain and other membrane-protein complexes which
as whole suggests its susceptibility to external either EMF or potentials. The fluorescent parameters observed were
as follows: Fo and Fm — minimal dark and maximal chlorophyll emissions, respectively; Fv/Fm were treated as
maximal PS II photochemical quantum yield. 4-5 h exposure of the plants at nearby vicinity to generator followed in
Mimosa pudica leaf petiole — stem angle deviation retarded at 2-3 h gap the current switching. Alike reactions were
detected by shot plants exposure under EM emission by nearby mobile phone also. The temporal pattern change in
foliage angle dynamics for Maranta and Ctenanthe ssp. were revealed. The acceleration of T. officinale seeds
germination and 4. sativa coleoptiles stimulation were found, as well as 5-7% Fo and 15-20% Fm control values
changes in plant foliage provided their location within 5 - 20 cm around generator center. The emission day values
were followed by 15-25% Fm rise next day. The results point out at the external stimulation in plant morphogenesis
and effectiveness of PS II primary acceptors reduction the mechanisms of which unclear and are yet expected to be
elucidated.

Environment and long-term dynamics of northern flora photosynthetic competence for the current
solar cycle since maximal to low activity years

P.A. Kashulin', N.V. Kalacheva', E.Y. Zhurina', O.1. Shumilov?*?, E.A. Kasatkina>*, V.K. Zhirov'

'Polar Alpine Botanical Garden-Institute, Apatity, Russia
*Polar Geophysical Institute, Apatity, Russia
3 Institute of Industrial Ecology Problems of the North, Apatity, Russia

The long-term monitoring of environmental factors: PAR, UV radiation, temperature, atmospheric pressure and
humidity, was conducted simultaneously with northern arboreal wild and cultivated trees photosynthetic competence
observation since 2014™ to 2019™ vegetation seasons. The indicator plants photosynthetic parameters were
registered in terms of foliage red chlorophyll fluorescence non-invasive measurements iz situ. To obtain round the
year biological data, a number of indoor cultivars were observed also in non-vegetation months. The fluorescent
parameters obtained with PAM-2100, « WALZ, Effetrich» technique were as follows: Fo and Fm — minimal dark
and maximal light induced chlorophyll emissions, and Fv/Fm which may be treated as PS II photochemical quantum
yield as a first approximation under definite conditions. The chlorophyll fluorescence measurements for the species:
Salix caprea L., Populus tremula L., Betula pendula Roth, Lonicera edulis Turcz. Ex Freyn., Lonicera tatarica L.,
Syringa josikaea Jacq. fil were carried out daily from onset of June to October every year season. Under indoor lab
conditions the decorative forms of Ficus benjamina “Danielli” and vine Pereskia aculeate were used. Decline in
solar activity in 2014-2019 yrs was not followed by respective monotonous monthly mean temperatures, PAR and
UV fall, the difference in mean temperatures dynamics for summer and autumn months was found also. The
discrepancy can be caused by anthropogenic effects or any other factors associated with so called global climatic
change. No matter the temperature trends changing factors are, those markedly influence the plant photosynthetic
activity. The most essential deviations in plant typical phenological phases and in respective photosynthetic
competence were registered for May — early June and for September — October periods. The warm autumn
temperatures are favorable for introduced cultivars, essentially widening their photosynthetic season, but oppress the
wild trees species due to boost of phytopathogenic fungi. The strong explicit influence of PAR and UV fluctuations
in 2017™ September and 2019 season on photosynthetic dynamics of wild species were marked also. The various
temporal patterns of fluorescent data protocols were revealed for various years and months. Dynamics was plant
species and foliar blade crone position dependent. The chaotic patterns were prevailed in 2014-2015 yrs meanwhile
robust recurrent dynamics - in 2017-2018 yrs, respectively. The cycles registered were as follows: circaseptan and
circasemiceptan, the cycles about two weeks long, as well as a number of more prolonged periods were found also.
The robust about month gap recurrent cycles were registered in indoor plants since summer of 2017™ up now. The
advanced plant reactions with two temporal gap classes: shot-term (2-3 days) and long-term (6-8 days) ones on the
eve of the large-scale solar mass injections were registered. The plausible casual-effect links between the plant
photosynthesis performance and climatic, geophysical indices as well as plausible cosmic provenance of the found
cycles are considered.
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Diatom shift in Lake Rabbvatn (Northern Norway): Response to climate and solar variability?
O.L Shumilov'? E.A. Kasatkina'?, D.B. Denisov*

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

Diatoms respond quickly to any changes in the natural environment factors. After the blooming and death of
diatoms, their skeletons settle to the bottom of the lakes and become part of the sediments. Therefore, records of
subfossil diatoms from Arctic lake sediments have a considerable potential for paleoclimatic reconstructions.
Diatom assemblages from the sediments of Lake Rabbvatn (69.7N, 30,5E; Northern Norway) were analyzed. Using
a combination of paleoclimatic (dendrochronological), paleolimnological, meteorological, and heliogeophysical
datasets, as well as local pollution information, the diatom shift found in the Lake is investigated in context of the
modern global warming and probable approaching new Grand Solar Minimum.

Possible role of cosmophysical factors in rockbursts and earthquake occurrence
O.L. Shumilov'?, E.A. Kasatkina'?, D.V. Makarov’

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

Rockburst is a minor man-made earthquake occurred under mining excavations. Natural and man-made earthquakes
have similarities in many aspects. However compared with natural earthquake, rockburst is not at high magnitude.
But because it has a focus very close to the surface, its intensity is much greater than that of the natural earthquake
with the same magnitude. It usually involves violent failures and injection of large amounts of rock (up to thousands
of cubic meters). Rockburst phenomenon is a serious hazard in mining industries; it can damage underground
openings and mining equipment and lead to injuries and even fatalities. Therefore, the prediction of rockburst
occurrence remains a serious worldwide problem in mining industry. The database of more than 700 events at
northern Russian mines was analyzed over the period from 1947 to 2004 in context of a possible role of
cosmophysical factors in rockburst occurrence. The analysis showed a similarity in the seasonal distributions of
rockbursts and geomagnetic disturbances. It was revealed a 22-year periodicity in rockburst and earthquake
occurrence that seems to have got extraterrestrial origin. These relations seem to be understood in terms of
geomagnetic effects on bedrock magnetostriction.

Prospects for the use of Gas-Discharge Visualization (GDV method) for assessing the impact of
Geocosmic Agents on the human body

N.L. Solovievskaya, N.K. Belisheva
RCHAA KSC RAS, Apatity, Russia

The capabilities of the GDV method for assessing the effects of geocosmic agents (GCA) on the human body are
demonstrated in the research. GDV registration was carried out using a GDV-compact pulse analyser
(Biotechprogress LLC). The basis of the analysis is a “snapshot” of the glow that occurs near the surface of the
fingers (GDV-gram). GDV-grams were processed using the “GDV  Energy Field” program
(http://www ktispb.ru/en/gdvsoft.htm), which converts the “images” of the glow into characteristics of the area (S),
of the shape (Kf), of the entropy (E) and the symmetry (C). GCAs were characterized by daily average values of
indicators of solar activity (SA), the state of the interplanetary medium, solar wind plasma (SW), geomagnetic
activity indices (GMA), etc. (https://nssdcftp.gsfc.nasa.gov/). Data on the neutron count rate near the Earth surface
and the calculated flux densities of cosmic rays (CR) in near-Earth space were obtained at the cosmic ray laboratory
at the Polar Geophysical Institute of the RAS (Apatity, Murmansk Region). Correlation analysis was performed
using the STATISTICA 10.0 software package, correlation coefficients were considered significant at p <0.05.
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Prospects and advantages of the GDV method for assessing the effects of GCA on the human body were
demonstrated in studies conducted in Apatity (2016 year) in the settlement of Barentsburg (2017, 2018 years).
Significant (p <0.05) correlates between the values of GDV-grams and physiological indicators of the state of the
body were found. For the first time, the relationship between pulse oximetry (the degree of blood oxygen
saturation), a galvanic skin response (GSR), heart rate (HR), systolic wave amplitude, peripheral temperature of the
hand and GDV-grams was revealed. Significant relationships between mood, activity and S indicators, between
anxiety state, heart rate variability (HRV) and Kf were demonstrated. It is shown that the dynamics of GDV indices
is associated with variations of GCA during all periods of the study. Significant negative relationships between the S
indices and the proton flux density with energies > 10 MeV , correlations between the Kf values and the SW
characteristics during the periods of research in Barentsburg were found. Studies have shown that, based on the
nature of the relationship between GDV, GCA and physiological correlates, it is possible to predict the bioefficiency
of GCA in certain periods of SA cycles.

Features of preservation at the viability of microfungi during vacuum UV exposure in the polar
regions

G.N. Zvereva'?, L.Yu. Kirtsideli®

'State University of Civil Aviation, St. Petersburg, Russia
28.1. Vavilov State Optical Institute, St. Petersburg, Russia
’Komarov Botanical Institute RAS, St. Petersburg, Russia

The effect of vacuum UV radiation (VUV: 10-200 nm) on microfungi propagules (or seeds) was studied. In the
course of the work, dependencies of the survival probability of propagules, which were at the exponential and
stationary phases of development, on radiation doses were obtained. IR spectroscopy and atomic force microscopy
of irradiated propagules indicate a change in their cell wall. Electrophoresis of DNA molecules of irradiated
propagules proves DNA breakdown. Experiments with the use of an different antioxidants show that the death of
propagules during VUV irradiation occurs as a result of the direct and indirect effects of VUV radiation. The
contribution of the indirect mechanism to the inactivation of microorganisms by long wavelength VUV radiation
was investigated in this work. To determine the contribution of indirect action to the microfungi inactivation, the
survival probabilities of the samples grown on a nutrient medium containing antioxidant and without it were carried
out. The results have shown, that the survival probabilities of the spores containing antioxidant increases by no less
than 20-25% compared to control ones. The increase value depends on VUV irradiation dose and microorganism
type. It should be emphasized, that due to the masking of microfungi survival by 12 bactericidal action, the obtained
survival probability increase values should be considered as a lower estimate. Electrophoresis of microfungi DNA
have shown, that VUV irradiation of spores containing antioxidants leads to less DNA destruction and heaver DNA
fragments appearance. The latter may indicate a decrease of reactive oxygen species effect on DNA in the presence
of antioxidants. Atomic force microscopy and IR spectroscopy haven’t shown influence of antioxidant on cell wall
destruction. This can indicate, that in contrast to wet spores, in the case of VUV irradiation of dry ones, the indirect
mechanism of cell wall destruction is absent or weakly expressed. The results obtained allow us to conclude that the
inactivation of propagules during irradiation with VUV radiation of the long-wave region of the VUV range is the
result of both direct and indirect effects with the destruction of both the cell wall and DNA. Results may be used in
multidisciplinary studies in the fields of cosmonautics, heliobiology and astroecology.
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