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KOH®EPEHIUA MOJIOABIX YYHEHbBIX

CEKLIMS B
®M3UKA OKOJO3EMHOTIO KOCMUYECKOT'O IIPOCTPAHCTBA

UCCJEJOBAHUE JIYUYEBBIX TPAEKTOPUM KB-PAJTMOBOJIH
B ECTECTBEHHO U UICKYCCTBEHHO BO3MYIIIEHHO HOHOC®EPE
HA OCHOBE JAHHBIX PA/IUOTOMOI'PA®UHN

M.A. AHHeHKOB, E.C. AnapeeBa, U.A. Hectepos

MockoBckuii rocygapcTBeHHbll yausepceurer uM. M.B. JlIomoHocoBa, MockBa, Poccust
annenkov(@physics.msu.ru

RESEARCH INTO RAY TRAJECTORIES OF HF RADIOWAVES
IN NATURALLY AND ARTIFICIALLY DISTURBED IONOSPHERE
ON THE BASIS OF RADIOTOMOGRAPHIC DATA

ML.A. Annenkov, E.S. Andreeva, I.A. Nesterov

M.V. Lomonosov Moscow State University, Moscow, Russia

[TpoBeneHo yKcIeHHOE MO/IEIUPOBaHKe JTyueBbIX TpaekTopuil KB-paauoBoiH B moHOChEpe.
B kauectBe Mozenu cpeapl UCIONIB30BaHbl Kak Mozeib IR, Tak u peasbHbIC JaHHBIE, TIOJIYyYEH-
HbIE METOI0M paanoTomMorpaduu noHochepbl. MarHuTHOE 1oJie 33aH0 B COOTBETCTBUU C MO-
nenpto IGRF. Beinonneno cpaBHeHue J1yueBblx Tpaektopuii KB-paanoBosH B yciioBusix ecte-
CTBEHHBIX M UCKYCCTBEHHBIX HOHOC(HEPHBIX BO3MYIIIECHUI.

We present numerical simulation of ray trajectories of HF radiowaves in ionosphere. As a
model of the medium, we use both the IRI model and the real data obtained by the method of
radio tomography of ionosphere. The magnetic field is defined by the IGRF model. We compare
ray trajectories of HF radiowaves under conditions of natural and artificial ionospheric disturb-
ances.

PACYET CPEJHUX 3HAYEHUM BAPUATIU
KOMIIOHEHT TEOMATHMTHOT'O NOJISA
HA MATHUTHOM CTAHIIUU «BAVITA3AH»

A.C. begapesa, A.1IO. I'Boznapes

I'opHo-AnTaiickuii rocy1apcTBEHHBIN yHUBEpCUTET, I 'opHO-AnTaiick, Poccus
bedarewa.anastasia@yandex.ru

CALCULATING THE AVERAGE VALUES
OF THE VARIATIONS OF GEOMAGNETIC FIELD COMPONENTS
AT “BAIGAZAN” MAGNETIC STATION

A.S. Bedareva, A.Yu. Gvozdarev
Gorno-Altaysk State University, Gorno-Altaysk, Russia

[To naHHBIM KBapleBOro BapuOMeTpa MarHUTHoOW ctaHuuu «baiirazan» (dacrora peru-
crparuu 20 ', morpentHocTs — okojio 10 mTi) Ol paccUUTaHbl CEKYHAHBIC CPETHUE 3HAYEC-
Husa D-, H-, Z-Bapuanuii reomarautHoro nois 3a 2014-2016 rr. IIpu 3ToM ObLTH MCKITFOYCHBI
BBIOPOCHI M CKAUYKH B JJAHHBIX, PACCUMTAHBI CEKYHHBIE CPEIHEKBaApaTUIHbIe OTKIIOHEeHNs. [lomro-
TOBKA CEKyHIHBIX CPETHHX HEOOXOIMMa JUIsl MPEOCTABICHUS JAHHBIX B POCCHUHCKO-YKPAWHCKHIA
LIEHTP T€OMAarHUTHBIX JAHHBIX.
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According to the data of the quartz variometer of the magnetic station “Baigazan” (the fre-
quency of recording is 20 Hz, the error is about 10 pT), the second mean values of D, H and Z
variations of the geomagnetic field for 2014-2016 were calculated. At the same time, jumps in
the data were excluded, and standard deviations for every second were calculated. The prepara-
tion of second means is required to provide data to the Russian-Ukrainian Geomagnetic Data
Center.

BO3MYUIEHUS BAPUALIUM MTOJTHOT'O JIEKTPOHHOI'O COJIEP)KAHUA
B YCJIOBUAX METEOPOJIOI'MYECKOI'O HITOPMA 29-30 MAPTA 2015 1.
ITO HABJIIOAEHUAM B KAJIMHUHI'PAJIE

'0.I1. BopueBkuna, " *1.B. Kapnos

'bantmiickuii benepanpublii yansepcuter um. U. Kanra, Kamnanarpan, Pocens
opsuslova@gmail.com
*3anmaguoe otaenenre MHCTUTYTA 3eMHOTO MarHETH3Ma, HOHOC(EPHI ¥ PACTIPOCTPAHCHHUS PATHOBOIIH HM.
H.B. IlymxoBa PAH, Kanununrpan, Poccus

DISTURBANCES IN TOTAL ELECTRON CONTENT VARIATIONS
DURING THE METEOROLOGICAL STORM ON MARCH 29-30, 2015,
ACCORDING TO OBSERVATIONS IN KALININGRAD

10.P. Borchevkina, Ly, Karpov

'Immanuel Kant Baltic Federal University, Kaliningrad, Russia
"2West Department of Pushkov Institute of Terrestrial Magnetism, Ionosphere
and Radio Wave Propagation, Kaliningrad, Russia

MeTteoposoruueckiue BO3MYLICHUS SIBJSIOTCS UCTOYHHUKOM aTMOC(EPHBIX BOJH B LIUPO-
KOM JIMana3oHe 4acToT, B TOM YHMCJE U aKyCTUKO-TpaBUTAllMOHHBIX BOIH (AI'B). AT'B, pacmpo-
CTpaHSIOIIKECs U3 HIDKHEH aTMOoc]ephl, MOTYT JOCTHTaTh BHICOT BEpXHEH arMocdeps! U, BCea-
CTBHUE MPOLIECCOB TUCCHIAIINU, CYIIECTBEHHO BIUATh HA XapaKTEPUCTHKU Bapualuil mapamer-
POB Cpebl.

Habmonenust tuHaMuKy HOHOC(EPHBIX TapaMeTPOB, BBHIIIOJIHEHHBIE B YCIOBUSIX METEOPO-
noruueckux mwropmoB B Kamununrpane (54° N, 20° E), noka3anu, 4To B BapualUsaX MOJIHOTO
aeKTpoHHOro coaepxkanus (mapamerp I13C) oTmeuaeTcss MOHMKEHHE 3HAYEHUN ATOTO Mapa-
MeTpa, nocturaromiee ~50 % 1Mo OTHOIIEHUIO K METEOCTIOKOWHBIM JTHSIM.

Xapakrepuble n3MeHeHus: Bapuarmii [I19C paccMOTpeHbI Ha TpUMEpPe METEOPOTIOTHIECKOrO
mrropma 29-30 maprta 2015 1.

AHanu3 HaOIIOICHU BBISIBUJ CYIICCTBEHHBIC M3MEHEHUs criekTpoB Bapuaruii [19C, ko-
TOPBIE MPOSIBIIAIOTCS B CIEAYIOLIEM:

1. Ycunenne nHQPa3BYKOBBIX COCTABIISIIOIIMX, KOTOPOE HamOojee SPKO MPOSIBISIETCSA B
BO3PACTaHUM AMIUTUTYJ KoJjieOaHU# ¢ mepuogaMu 6—8 MUH B JIEHb METEOPOJIOTHYECKOTO IITOPMA
U COXpaHsIeTCS B MOCIEAYIOIINE CYTKH.

2. B 1eHb METEOpOJIOTMUYECKOTO IITOpMa B criekTpe Bo3MyiueHuid [19C ormeuaercs ycu-
JIEHWE TapMOHUK Bapuauuii ¢ nepuoaamu ot 20-25 MUH, NpOJOJDKAIOIIEECS B TEUEHUE CYTOK
10CJI€ TIPOXO0XKIEHUS IITOPMA.

3. XapakTepHoe BpeMsl penakcaluu Bo3myuieHus Bapuanuii [19C B ananuzupyemMom nua-
na3zoHe Bapuanui (nmepuosl ot 6 10 60 MuH) cocraBiser ~1 cyT.

Hab6mronaembie moHocepHbie BO3MYIIIEHUS Pa3BUBAIOTCS JOCTATOYHO OBICTPO B TCUCHHE
HECKOJIbKUX YacOB IOCJIe BO3MYILEHUN METEOPOJIOTHYECKON 00CTaHOBKU. Takue HOHOC(EpHBIE
BO3MYIIIEHUS OTMEUAIOTCS YCTONYHMBO B EPUOBI METEOPOJIOTUUECKUX IITOPMOB, YTO TO3BOJISIET
paccMaTpuBaTh UX KaK XapaKTepHbIe MPU3HAKU BO3MYILEHUH, HHUIUHUPYEMbIX METEOPOJIOTHYe-
CKHMH TIporieccaMu. Bo3MOXKHON MPUUMHON ATUX MOHOC(PEPHBIX BO3MYIICHHUHA SIBIISIOTCS IPO-
IIECChI, CBA3aHHBIE ¢ (HOPMUPOBAHHEM JIOKAIBHBIX 0o0O1acTeil HarpeBa TepMochepsl BCIEICTBHE

41



BIHIDOD-2017. Cexyus B. Qusuxa oko103eMHO20 KOCMUYECKO20 NPOCMPAHCIEA

miccunanmu AI'B, nmpuxomsimux B BEpXHIOI aTMochepy U3 00JIaCTH METEOPOJIOTHUECKOTO BO3-
MYILEHHS B HIDKHEH atMocdepe.

Pabora BeimonHeHa Tipu (PUHAHCOBOM MOAJIEPIKKE MPOrPaMMBI MOBBIIICHUS! KOHKYPEHTO-
ciocoOHocTH «5-100» BOY um. U. Kanrta u rpanra PODU Ne 15-05-01665.

Meteorological disturbances are a source of atmospheric waves in a wide range of frequen-
cies, including acoustic-gravity waves (AGW). AGWs that propagate from the lower atmosphere
can reach the altitudes of the upper atmosphere and, due to dissipation processes, significantly
affect the characteristics of variations in the parameters of the environment.

Observations of the dynamics of ionospheric parameters performed in meteorological
storms in Kaliningrad (54° N, 20° E) showed that in the variations of the total electron content,
the values of this parameter reaching ~50 % relative to meteorologically calm days.

Typical changes in the TEC variations are considered in the case of a meteorological storm
on March 29-30, 2015.

The analysis of observations revealed significant changes in the spectra of the TEC varia-
tions, which are manifested in the following:

1. The amplification of infrasonic components, which are most clearly manifested in the
increase of amplitudes with periods of 6-8 min on the day of the meteorological storm and per-
sist in the next 24 hours;

2. On the day of the meteorological storm, the amplification of harmonic variations with
periods of 20-25 min is continuing during the day after the passage of the storm.

3. The characteristic relaxation time of the perturbation of the TEC variations in the ana-
lyzed range of variations (periods from 6 to 60 min) is ~1 day.

The observed ionospheric disturbances develop quite rapidly within a few hours after the
perturbations of the meteorological situation. Such ionospheric disturbances are noted steadily
during periods of meteorological storms, which allows us to consider them as characteristic signs
of perturbations initiated by meteorological processes. A possible cause of these ionospheric dis-
turbances are processes associated with the formation of local regions of thermosphere heating
due to dissipation of AGWs that propagate to the upper atmosphere from the area of meteorolog-
ical disturbance in the lower atmosphere.

These investigations were performed with financial support of the RFBR grants No. 15-05-
01665 and the program to improve academic competitiveness 5-100 project IKBFU.

AHAJIN3 BJUAHUSA TPOIIMYECKUX IUKJIOHOB
HA BAPUAIIUU NOHOCP®EPHbBIX ITAPAMETPOB

I.C. BoJsockos, FO.C. MaciaennnkoBa, B.B. boukapes

Kazanckwnii (IlpuBomkckuit) ¢penepanbHblii yHuBepcuTeT, Kasans, Poccus
voloskovdmitry@gmail.com

EFFECT OF TROPICAL CYCLONES
IN IONOSPHERIC PARAMETERS VARIATIONS

D.S. Voloskov, Yu.S. Maslennikova, V.V. Bochkarev

Kazan (Volga region) Federal University, Kazan, Russia

Jlannast paboTa MoOCBsLIEHA aHAJIW3Y BIUSHUS METEOPOJIOTMYECKUX BO3MYILEHUN aTMO-
cdepsl Ha BapHallud MOHOC(HEPHBIX MapaMeTPOB, B KaUECTBE KOTOPHIX aHAIM3HPOBAIUCH TJIO-
OayibHBIE KApThI MOJHOTO 3JIeKTpoHHOTO conepxkanus (I19C), momyyeHHbIE HA OCHOBE MHTEP-
MpeTaluy JaHHBIX CeTH Ha3eMHBIX MpueMHUKOB IGS. Psaa HayuHbIX paboT u myOiauKanuii cBu-
JETENLCTBYET O HAIMYMM 3HAUYUTEIBHOTO BIMSHUS METEOPOJIOIMUECKUX SIBICHUN HA JUHAMUKY
HoHOC(hEPHI.
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OI[HI/IMI/I U3 BaKHEUIINX MCTCOPOJIOTHUCCKUX SIBJICHUU SIBIISTIOTCS TPOIMUYCCKHUEC THUKIIOHBI.
B nmanHO# paboTe MCChaeIyeTcsl BIMSHHE TPOMMYECKUX IMKIOHOB HA BaphallMd MapaMeTpoB
HOHOC(EPHI.

Jlns aHanmu3a KOPPEJSIUN MPOCTPAHCTBEHHBIX TMOJIEH METEOPOJOTHYECKUX M HOHOChep-
HBIX IMapaMCTpOB MPCATIONKECH MCTOI, OCHOBAHHLIM Ha COBMECTHOM Pa3JI0KCHUN Ha TJIaBHBIC
KOMITIOHEHTHI. OH MO3BOJISICT MCCIIEI0BATh KaK MPOCTPAHCTBEHHYO, TAK U BPEMEHHYIO CBSI3b HC-
CIIe/TyeMBIX MapaMeTPOB.

The aim of this study is a correlation analysis of meteorological disturbances in variations
of meteorological parameters. We use total electron content (TEC) global maps (GIM) as as-
sessment of ionosphere condition. This maps are based on the GPS measurements obtained by
the network of ground based receivers (IGS).

A number of studies provide evidence of meteorological effects presence in variations of
ionosphere parameters. Of the most important meteorological phenomena are tropical cyclones.
In this study we analyze tropical cyclones influence on TEC variations.

A new method based on conjoint principal component analysis of meteorological and iono-
spheric maps. This method allows us to study space and time correlations between parameters.

O/ITHOBPEMEHHBIE HABJIIOJEHUS HOHOC®EPHBIX MEPIIAHUM
B METPOBOM U JEHUMETPOBOM JJUAIIA3OHAX
B HAITPABJIEHUU MATHUTHOI'O 3EHUTA

M.B. I'n106a, P.B. Bacuabes, 10.B. SicrokeBuu

UnctuTyT conmneuno-zemuoit puzuku CO PAH, Upkytck, Poccus
globa@iszf.irk.ru

SIMULTANEOUS OBSERVATIONS OF METRIC AND DECIMETRIC IONOSPHERIC
SCINTILLATIONS IN THE MAGNETIC ZENITH DIRECTION

M.V. Globa, R.V. Vasilyev, Y.V. Yasyukevich
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B pabore nccienoBan 3¢(heKT MarHUTHOTO 3€HUTA, MPOSIBISIIONIMICS B YCHJICHUU HOHO-
chepHBIX MepLAaHui panOCUrHaIa IPU YMEHBIIEHUH YTIiIa MEXIY JIy4OM 3pEHHs Ha UCTOUYHUK
CHUTHAJIa ¥ BEKTOPOM T€OMAarHUTHOTO TIOJIS, JUISl PA3JIMYHBIX YAaCTOTHBIX JWANa3oHOB. J[aHHBIE
ObUIH ITOSTyYeHbl Ha MHCTpyMeHTax Ob0cepBaTopuul paguodu3nyecKoi AMarHOCTUKH aTMochepsbl
NC3® CO PAH — HpkyrckoMm pagape HekorepeHTHoro paccesHusi (MPHP) u npuemnuke
HaBUranuoHHsIx curHagoB NovAtel GPStation-6. Ilomyuens! pacnpeneneHuss MHTEHCUBHOCTU
MEpLAHUH B 3aBUCUMOCTH OT yTJIa MKy HalpaBJIeHUEM Ha HCTOYHUK U TE€OMAarHUTHBIM TIOJIEM,
KOTOpbIE MOKA3bIBAIOT HAMMUYME 3PPeKTa MAarHUTHOTO 3€HUTA JJIS aMIUINTYIHBIX MEpLaHUi Hc-
tounuka Jlebenpr A, Habmonaembix Ha IPHP, 1 pa3oBbIx Mepriannii HaBUTAaIIHOHHBIX CUTHAJIOB.

We studied the magnetic zenith effect, which manifests itself as increase in intensity of
ionospheric scintillations as the angle between line of sight (LOS) to the source of the signal and
geomagnetic field vector decreases, for different frequency bands. Data were obtained by facili-
ties of ISTP SB RAS observatory of atmospheric radio probing — Irkutsk Incoherent Scatter
Radar (IISR) and NovAtel GPStation-6 receiver. We have obtained scintillation intensity distri-
bution over angles between LOS and geomagnetic field, which demonstrate presence of magnet-
ic zenith effect for amplitude scintillations of Cygnus A signal, observed at IISR, and phase scin-
tillations of navigation signals.
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KOMIUIEKCHBIM IOAXOJ
K OIPEJIEJIEHHIO MOJIHOT O MPO®WJISI DJTJEKTPOHHOM KOHIEHTPALIMA

1I[.B. HBanoB, 'B.A. HBanos, 'H.B. PsaboBa, ML.U. Psao6oBa, TA.A. Kucanupin

'TToBomkCKuMii TOCYIapCTBEHHEIH TeXHOIOTHYECKHil yHuBepcuteT, Momkap-Oina, Poccus
KislitsinA A@volgatech.net
*MocKOBCKHiT rOCYIapCTBEHHBIH TexHIUecKril yHuBepcuter uM. H.D. Baymana, Mocksa, Poccust

COMPLEX APPROACH TO DETERMINATION
OF THE ELECTRONIC CONCENTRATION TOTAL PROFILE

'D.V. Ivanov, 'V.A. Ivanov, 'N.V. Ryabova, M.L. Ryabova, 'A.A. Kislitsin

'Volga State University of Technology, Yoshkar-Ola, Russia
*Bauman Moscow State Technical University, Moscow, Russia

B pabote npexacraBieH MeTol MOCTPOSHUS IPOGUIISL SIEKTPOHHON KOHIIEHTPAlUH HOHO-
cdepbl Ha OCHOBE COBMECTHOTO HCIIONB30BaHMS JAHHBIX HAKIOHHOTO M TPAHCHOHOC(HEPHOTO
30HAMpOBaHUsA. MeTox ompeneneHust Npoduist NMEKTPOHHOW KOHLIEHTPALMH JI0 BBICOTHI IJIO-
0aJbHOTO MaKCMMyMa OCHOBAaH Ha PEKOHCTPYKIMM HOHOTPaMM HAKJIOHHOTO 30HIMPOBAHUS.
Belie MakcuMyma mpUMeEHsIeTCs MOJIEIb 3KCIIOHEHLMAIBHOTO CJI0s, HCXOAHBIMU ITapaMeTpamMu
KOTOPOH SIBISIIOTCSI JJAHHBIE TpaHCHOHOC(hEpHOTO 30HAMpoBaHMs. COBMECTHOE HCIIOIE30BAHHE
000UX METO/0B MPU ONPEACICHHBIX MPEINOJ0KEHUAX O (PYHKUHMOHAIBHON 3aBUCUMOCTH IIPO-
¢wsa BeIe TI00aJTHPHOIO MaKCHMyMa HOHOCQEpHI MO3BOJSET MOMy4yarh AudQepeHInatbHyo
XapaKTePUCTUKY — MOJIHBIA IPOQMIIb 3IEKTPOHHON KOHIIEHTPALHH.

Paper shows a method for plotting the electron concentration profile of the ionosphere on
the basis of a joint approach using oblique and transionospheric sounding data. The method of
determining the profile up to the global maximum height is based on the reconstruction of
oblique sounding ionograms. Above the maximum, an exponential layer model is used, the ini-
tial parameters of which are transionospheric sounding data. The joint use of both methods under
certain assumptions on the functional dependence of the profile above the global maximum of
the ionosphere makes it possible to obtain a differential characteristic — the total profile of the
electron concentration.

JUHAMMUKA NPOTOHHOI'O CUAHUA U SAR-IYI'UM KAK OTOBPA’)KEHUE
PACITPOCTPAHEHMUA Pc1-BOJIH K BOCTOKY BJ10JIb IIJIA3SMOIIAY3bI

N.b. UeBenko, C.I'. [lapuukos, /I.I'. banmes

HucTuTyT KOcMOom3ndeckux uccienopanmii u asponomun uM. F0.I'. [lladpepa CO PAH, fxyrck, Poccus
Parnikov@ikfia.ysn.ru

DYNAMICS OF THE PROTON AURORA AND SAR ARCS AS INDICATION
OF EASTWARD Pc1 WAVE PROPAGATION ALONG THE PLASMAPAUSE

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

CpennemnpotHsle KpacHble (SAR) ayrum sBAsIOTCS CIIEACTBUEM B3aWMOJCHCTBUSA
BHEIIHEN miua3mocgepsl (I1a3Monay3bl) ¢ SJHEPIrMYHBIMU HOHAMHU KOJIBLIEBOTO TOKa. I'eomar-
HUTHBIE ITyJbcanuu Pcl peructpupyrorcs Ha 3emile Kak CIEICTBUE M€HEpALUU dJIEKTpOMar-
HUTHBIX HOHHO-IMKJIOTPOHHBIX (DMUL) BOJIH B SKBaTOpHAIBHON MIIOCKOCTH MarHUTOCQEpHI.
OMMUILI-HEeyCTOMYMBOCTD BBI3BIBAET PACCESIHUE IMPOTOHOB KOJIBIIEBOIO TOKA B KOHYC IOTEP.
BeIichinanne SHEPTHYHBIX IIPOTOHOB MOKET HAOIIONAThCs KakK IMPOTOHHOE CUsiHME B JTMHMU Hp
aTOMapHOI0 BOAOPOJA.
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B pabote BbImonHEeH aHanM3 AUHAMHUKA SAR-1yTH, IpOTOHHOTO CUSTHUS M Myibcanuii Pcl
B BeuepHeM cektope MLT Ha mepuaunane SIkyTcka 1o JaHHBIM KaMephbl BCEro HeOa M MHTyKIMOH-
HOI'0 MarHUTOMETPA BO BPEMsI pOCTa U paclIMpeHnss HHTeHCUBHOM cy00ypu 31 nekadps 2015 r.

The stable auroral red (SAR) arcs are the consequence of interaction of the outer plasmas-
phere (plasmapause) with energetic ions of the ring current. The geomagnetic pulsations Pcl are
registered on the Earth as a consequence of the generation of electromagnetic ion cyclotron
(EMIC) waves in the equatorial plane of the magnetosphere. EMIC instability causes the scatter-
ing of ring current protons into the loss cone. Precipitation of energetic protons can be observed
as the proton aurora in line Hp of atomic hydrogen.

In this work the dynamics of the SAR arc, proton aurora and Pc1 magnetic pulsations in the
MLT evening sector at the Yakutsk meridian using the all-sky imager and an induction magnetom-
eter during the growth and expansion of intense substorms on December 31, 2015 are analyzed.

CPABHEHMUME KAPT PACIIPEJAEJIEHUSA ITPOJOJIBHBIX TOKOB B HMOHOC®EPE,
PACCUUTAHHBIX HA OCHOBE METOJA0OB TUM U KRM/AMIE

B.3. Kanycrund, B.M. Mumun, C.b. JlyHiomkun

UnctuTyT conmneuno-zemuoit puzuku CO PAH, Upkytck, Poccus
kapustin@iszf.irk.ru

COMPARISON OF THE DISTRIBUTION MAPS
OF IONOSPHERIC FIELD-ALIGNED CURRENTS CALCULATED ON THE BASIS
OF MIT AND KRM/AMIE TECHNIQUES

V.E. Kapustin, V.M. Mishin, S.B. Lunyushkin
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

BBINONTHEHO CcpaBHEHHME KapT MPOCTPAHCTBEHHBIX PACHPEEICHUN IPOJOJIBHBIX TOKOB B
BBICOKOITUPOTHON MOHOC(hEpe, pacCCUUTAHHBIX HA OCHOBE OPUTMHAILHOW BEPCHHM TEXHHKH HH-
Bepcuu mMarautorpamm (THIM) u xopomro n3sectHoit Bepcun KRM/AMIE. O6a metona ucnosns-
3YIOT B KQU€CTBE BXOJHBIX JAHHBIX COOCTBEHHBIE (Pa3HbIEC B IByX METOJAaX) MOJENIN KOPITYyCKY-
JSIPHOM MTPOBOAMMOCTH U I'€OMArHUTHBIE BapHallMy 110 JaHHBIM MUPOBOW CETH MarHUTOMETPOB.
BreixomHbIME TTapaMeTpaMu 00€MX MOJENEH SBISIOTCS KapThl paclpeAeleHUN IeKTPHIECKOTO
HOTEHIIMAaJa, HOHOC(EPHBIX U MPOAOJIBHBIX TOKOB, JUKOYyJIeBa HarpeBa u T. 1. CpaBHEHHE KapT
IPOJIOJIEHBIX TOKOB, oiy4deHHbIX MeTogamu TUM u KRM/AMIE, nokasano cxoJICcTBO KPYITHO-
MacIITaOHBIX pacHpesiesieHHi B CIIOKOMHOE T€éOMarHUTHOE BpeMs, a TaKKe HaJIW4YMe Me3oMac-
MITaOHBIX SYEEK MPOJOJIBHBIX TOKOB B ITOJYHOYHOUH HOHOC(EpE BO BpeMs CyOOypb.

We carry out comparison of the spatial distribution in the high-latitude ionosphere of field-
aligned currents calculated on the basis of the modified magnetogram inversion technique (MIT)
and well-known KRM/AMIE technique. As input data, both techniques use their own models of
corpuscular conductivity and geomagnetic variations measured on worldwide net of ground-
based magnetometers. At the output, the models present distribution maps in the ionosphere of
electrical potential, equivalent ionospheric and field-aligned currents, Joule heating etc. Compar-
ison of the field-aligned current maps obtained by the MIT and KRM/AMIE techniques indicated
similarity of large-scale distributions during geomagnetic quiet conditions, as well as appearance
of mesoscale cells of the field-aligned currents in the midnight ionosphere during substorms.
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OTKJ/IMK HOHOC®EPbBI HA YMEPEHHYIO MATHUTHYIO BYPIO
21 JEKABPA 2016 r.

'C.B. Kauko, *JI.®. YepHuorop

'MucturyT nonocdepst HAH 1 MOH Yxpauusl, XapbKkoB, YKpauHa
sophiaharytonova@gmail.com
*XapbKoBCKHil HarMoHanbHBI yHuBepcuTer uM. B.H. Kapasuna, Xapskos, Ykpanna

IONOSPHERE RESPONSE TO THE MODERATE MAGNETIC STORM
ON 21 DECEMBER 2016

'S.V. Katsko, *L.F. Chernogor

nstitute of Ionosphere of NAS and MES of Ukraine, Kharkiv, Ukraina
*V.N. Karazin Kharkiv National University, Kharkiv, Ukraina

[IpuBeneHb! pe3yibTaThl MCCIEAOBaHUS OTKIMKa F-o0mact u BHemIHel MOHOC(eEpsl Ha
yMepeHHY10 MarHuTHyto Oypro 21 nexadps 2016 1. (K max=6, Dst min=—40 uTn). Habmonenus
MPOBOAMJINCH C IOMOIIBIO pajiapa HEKOTepeHTHOTo paccessHus MHctutyTa noHocdeps u mud-
poBoro noHo3o0H1a Pagnodusndeckoii ooceparopun XHY um. B.H. Kapasuna. MarautHas Oy-
psi BBI3BaIa OTpHLIATEIbHOE HOHOC(EpHOE BO3MYyIIEHUE B HOUb ¢ 21 Ha 22 nexkadpsi ¢ yMEHbIIIe-
HUEM KOHIIEHTpAIMH JIEKTPOHOB B MakcuMyMe ciiost F2 B n1Ba pasa. B pesynbrare [mTensHOTO
BO3JICHCTBUS BHICOKOCKOPOCTHOTO TTOTOKA COJIHEYHOTO BETpa HAOIIONAIMCh U3MEHEHUS CyTOY-
HBIX BapHalHi TapaMeTpOB HOHOC(EPHOH TIIa3MBI 710 KOHIIA U3MepeHuit 24 nexalpsi.

The study results of F region and topside ionosphere response to the moderate magnetic
storm on 21 December 2016 are presented (Kp max=6, Dst min= —40 nT). The observations are car-
ried out by the Kharkiv Incoherent Scatter Radar (Institute of Ionosphere) and the digital iono-
sonde (Radiophysical Observatory of Kharkiv National University). The magnetic storm caused
a negative ionosphere disturbance at night time on December 21-22. The F2-layer maximum
electron density decreased by a factor of 2. As a result of durational effect of solar wind flowing
stream at high speed the variations of daily ionosphere plasma parameters were observed to the
end of measurements on December 24.

MO/IEJIb BEPXHEH ATMOC®EPHI KAK HHCTPYMEHT
JJIsA UT3YYEHUA KOCMHUYECKOU ITOTO1bI

L2MB. KianMmeHKo, 'B.B. Knumenko

'3anannoe otnenenne HCTHTYTa 3eMHOTO MarHeTH3Ma, HOHOC(EPHI M PACTIPOCTPAHEHHS PAIHOBOIH
uM. H.B. Ilymikoa PAH, Kanununrpan, Poccus
maksim.klimenko@mail.ru
*BanTuiickuii ¢benepanbHblii yHuBepcuteT uM. MMmmanywuna Kanra, Kanuauarpan, Pocenst

THE UPPER ATMOSPHERE MODEL
AS A TOOL FOR SPACE WEATHER INVESTIGATION

L2pvv. Klimenko, 'V.V. Klimenko

'West Department of Pushkov Institute of Terrestrial Magnetism, Ionosphere
and Radio Wave Propagation, Kaliningrad, Russia
*Immanuel Kant Baltic Federal University, Kaliningrad, Russia

HccrnenoBanue COMHEYHO-3EMHBIX CBSI3€H SIBIISETCS BaKHEHIIEH yacTbio OypHO pa3BUBa-
IOLLEroCsl B HACTOSIIEE BPEMsI HOBOTO HAIIPABJICHMs NMPUKIAAHON HAyKH — HMCCIENOBAHUSA KOC-
MHYECKOU IIOr0JIbl, HAIIPABJICHHOIO HA U3y4YCHUE U MOHUTOPUHI COCTOSIHHUS MEXKIUIAHETHOIO U
OKOJIO3€MHOT'O KOCMHUYECKOT0 ITPOCTPAHCTBA. M3ydeHne BIMsAHMS MPOLECCOB, MPOUCXOIAIINX B
HIDKHEH M cpeqHeil aTMmocdepe, Ha TOBEJICHHE IapaMeTpoB BepxHEH aTmocgepbl, BKIOYAs
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noHOC(Eepy, SABIACTCS HEOTHEMIIEMON YaCThl0 KOCMUYECKOM MOTOJIBI. JIpyruM acieKTOM KOCMH-
YecKoM MOrobl SIBJISETCS BIMsHUE Ha HOHOc(hepy 3eMiu npoueccoB, npoucxoadmux Ha ConHie,
Yyepe3 MarHuTocepHo-noHOchepHoe B3anmoeiicTBre. Hanboee spkuM MpruMepoM Takoro BITH-
SIHUS SIBJIAIOTCS T€OMAarHUTHBIE OYpH, KOTOPbIE, B CBOIO OYepe/ib, CIIOCOOHBI OKa3bIBaTh OOJIIIIOE
(a B OTIENBHBIX CIIyYasx — KaTacTpO(PHUECKOE) BIMSHHUE HA III00ATHHOE paclpeleieHUe dIIeK-
TPOHHOM KOHLIEHTpanuu B HoHOchepe 3emin. IIpocTpaHCTBEHHO-BpEMEHHOE IMOBEJICHHE pa3-
JMYHBIX HOHOC(EPHBIX MTAPAMETPOB OKA3BIBACT CYIIECTBEHHOE BIIHMSHHE:

1) Ha BM)KEHUE U TOPMOXKEHUE CITyTHUKOB;

2) Ha yCJIOBHSI IPOXOKAEHUS PaJUOCUTHAJIOB.

CymecTByroniye B HACTOSAIIEE BPEMsI YMIMPUYECKUE MOJCIIN CPEAHEH M BEPXHEH aTMo-
chepbl, TOCTPOEHHBIE IO JTAHHBIM HAOIOIEHUNA M UCIIOIh3yEeMbIE B Ka4eCTBE MOJEIEH Cpeabl
IIPU PELICHUM DPA3NMYHBIX MPHUKIAJHBIX 3a/]ad, SBIAIOTCA KIMMATHYECKUMU U HEIOCTATOYHO
TOYHO ONUCBIBAIOT MAapaMeTPhbl CPEeIbl B MEPHOBI PA3IMUHBIX T'eIHOC(EPHBIX, aTMOCHEPHBIX,
METEOPOJIOTHYECKUX M MarHUTOC(EPHBIX BO3MYIIIEHUH. DTO OTHOCUTCS U K HauboJee 4yacTo uc-
MOJIB3YEMbIM MEXTyHApOTHBIM CHpaBOUHBIM MonemsiM noHocdepsl IRI, atmocdeprr CIRA u
MSIS, rno6ansHolt Tepmoceproit nupkysiun HWM. B cBs3u ¢ 3TuM co3nanue u Moauduka-
IIUS1 aCCUMIIALIMOHHBIX M B3aMOCBSI3aHHBIX CaMOCOIJIACOBAaHHBIX MOJIEIel BEpXHEHN atMochepsl
SBIIAIOTCSA HanOoJiee aKTyaJbHbIMU M MIPUOPUTETHBIMM NPUKJIAJHBIM U HAyYHBIM HalpaBiIeHH-
amu. B nanHoii paboTe mpencraBieH 0030p CYIIECTBYIOMUX MOENIeH HOHOC(HEPHI U TPUBEICHBI
OCHOBHBIE Pe3yJIbTaThl, IOJIyYeHHbIE B IIOCIIEIHEE JeCITUIeTHE Ha OCHOBE [ 106anbHON camoco-
TJIaCOBAaHHOW Mojein TepMocdepsl, noHochepsl u nmpororocdepsl ('CM THUIT). ObcyxnaroTes
Ompkaiiie IIaHbl pa3BUTUS U MEPCIEKTHBBI B 00JIACTH MOJAENIHUpOBaHUs HOHOChepsl. PaboTa
BBINOJIHEHA NTPU (prHAHCOBOM noaepskke rpanta PH® Ne 17-17-01060.

Investigation of solar-terrestrial relations is an important part of the rapidly developing
new direction of applied science — space weather, aimed at studying and monitoring the state of
the interplanetary and near-Earth space. The study of the influence of processes occurring in the
lower and middle atmosphere on the behavior of the upper atmosphere parameters, including the
ionosphere, is an essential part of space weather. Another aspect of space weather is the impact
on the Earth's ionosphere of processes occurring on the Sun through the magnetospheric-
ionospheric interaction. One of the example of such an effect is geomagnetic storms, which in
turn are capable to exert a large, and in some cases catastrophic, impact on the global distribution
of electron density in the Earth's ionosphere. The spatial-temporal behavior of various ionospheric
parameters has a significant effect:

1) on the satellites motion and braking;

2) on the conditions for the transmission of radio signals.

Presently existing empirical models of the middle and upper atmosphere, constructed on
the basis of observational data and used as environmental models in solving various applied
problems, are climatic and do not accurately describe the medium parameters during the periods
of various heliospheric, atmospheric, meteorological and magnetospheric disturbances. This also
applies to the most frequently used international reference models such as the IRI ionospheric
model, the CIRA and MSIS atmospheric models, and HWM model of the global thermospheric
circulation. In this regard, the creation and modification of assimilation and interconnected self-
consistent models of the upper atmosphere is the most urgent and priority applied scientific di-
rection. This paper presents an overview of the existing ionospheric models and gives the main
results obtained in the last decade on the basis of the Global Self-Consistent Model of the Ther-
mosphere, lonosphere, and Protonosphere (GSM TIP). The nearest plans and perspectives of the
development in the field of the ionosphere modeling are discussed.

This work was supported by the Grant of the RSF No. 17-17-01060.
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ABTOMATHU3UPOBAHHBI METO/ ONPEJAEJEHUS TPAHUI]
ABPOPAJIBHOT'O OBAJIA
HA OCHOBE TEXHUKU UHBEPCHUU MATHUTOI'PAMM

A.b. Konapartbes, FO.B. Ilencknx, C.b. JIlyHIOIIKHH

HuctuTyT comreuno-3emuoit puszukun CO PAH, UpkyTck, Poccust
sky Inet@iszf.irk.ru

AUTOMATED METHOD OF DETERMINING AURORAL OVAL BOUNDARIES
BASED ON THE MAGNETOGRAM INVERSION TECHNIQUE

A.B. Kondratyev, Yu.V. Penskikh, S.B. Lunyushkin
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Pa3zpaboTan opurHHANBHBIM METOJ aBTOMAaTH3UPOBAHHOTO OIPEICIICHUS] TPaHUIl aBPO-
paJIbHOTO OBaja Ha OCHOBE KapT SKBMBAJEHTHOM TOKOBOM ()YHKLIMHU U NMPOJOJIBHBIX TOKOB, pac-
CUMTBHIBAEMBIX B MpOrpaMMHOM Komriuiekce TYM (TeXxHHWKa MHBEPCHM MarHUTOrpamm) B IpH-
OJIMDKEHUHM OJHOPOIHOM MPOBOIUMOCTH MOHOC(hEpPH. B HOBOM MeToze onpenenstorcs rpaHula
oOparieHnss HOHOC(HEPHOM KOHBEKIIMHU, BEICOKOIIUPOTHAS (MOJISIPHAs 1IanKa) U HU3KOLIIUPOTHAS
I'PaHMIIBI AaBPOPAIILHOTO OBaJIa, JIMHUM MAaKCUMYyMa IUIOTHOCTH MPOJOJIbHBIX TOKOB B 30Hax I u II
WNumxumsl n [loteMpsl U rpaHulia MeXIy 3TUMHU 30HAMU (JIMHUS MaKCUMyMa aBPOPAJIbHBIX
AJIEKTPOKETOB). YKa3aHHBIE IMapaMeTphl paHee OMpPEesUINCh BPYUHYI0 — BHU3yaJIbHBIM aHa-
JM30M KapT MPOJOJIbHBIX U SKBUBAJIEHTHBIX TOKOB, YTO 3aHMMAJ0 OUY€Hb MHOI'O BpeMeHU (He[e-
i 1 Mecsnpl). CpaBHEHHE TPaHMII, TIOTYYCHHBIX PYYHBIM W aBTOMAaTH3UPOBAHHBIM METOJIAMH,
M0Ka3aJ10, YTO KOA((UIMEHT KOPPENLUN MEXIY IBYMs TPaHULAMH COCTABISET B CPEIHEM
0.85, a cpenHeKBaApaTUYHOE OTKIOHEHHWE HE MpeBbIIIaeT 2—3 rpaaycos no mupore. Obecneun-
Basi JIOCTaTOYHYIO TOYHOCTH OIpENENIEHUs] TPAHUL], aBTOMAaTHU3UPOBAHHBIM METOJ| COKpallaeT
BpeMst 00paboTKK KapT Ha 2—3 mopsaka (10 MUHYT W 4acoB), OCBOOOKIasl MCCIEeIOBATENs OT
TPYAOEMKON BH3yasjbHOH paboThl. HOBBI MeTON peann3oBaH Kak OJMH M3 BaXKHBIX OJOKOB B
MOJEPHU3UPOBAHHOM KOMIuIeKce nmporpamm THM.

We developed an original method to automatically determine the auroral oval boundaries.
The method is based on the maps for equivalent current function and on the maps for field-
aligned currents. The maps were calculated within the magnetogram inversion technique (MIT)
software in the ionosphere homogeneous conductivity approximation. Through this new method,
we determine: 1) the ionospheric convection reversal boundary, 2) the high-latitude (polar cap)
and low-latitude boundaries of the auroral oval, 3) the field-aligned current density maximum
lines in the lijima—Potemra Regions 1 and 2, and 4) the boundary between these regions (auroral
electrojet maximum line). Earlier, these parameters were determined manually, through visually
analyzing the maps for field-aligned and equivalent currents, which took plenty of time (weeks
and months). Comparing the boundaries obtained manually and automatically showed that the
correlation coefficient between two boundaries is, on average, 0.85, and the root-mean-square
deviation does not exceed 2-3 degrees latitude. By providing an adequate accuracy for the
boundary determination, the automated method reduces the time for map processing by a factor
of 2-3 (to minutes and hours), releasing a researcher from laborious visual work. The new meth-
od is implemented as one of the relevant modules in the updated MIT software.

JIPEU®OBO-KOMITPECCUOHHBIE BOJIHBI, _
PACITPOCTPAHAIOIIUECSH B HAITIPABJIEHUU IPEU®A
HEPI'MYHBIX 3JIEKTPOHOB B MAI'HUTOC®EPE

A.B. Kocrapes, II.H. Marep

HuctuTyT comreuno-3emuoit puznkun CO PAH, UpkyTck, Poccust
kostarev@mail.iszf.irk.ru
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DRIFT-COMPRESSION WAVES PROPAGATING
IN THE DIRECTION OF ENERGETIC ELECTRON DRIFT
IN THE MAGNETOSPHERE

D.V. Kostarev, P.N. Mager
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B pamkax rHpOKHHETHKH MOKa3aHa BO3MOKHOCTh CYIIIECTBOBAaHUS B MarHUTOc(epe Apeii-
(hOBO-KOMITPECCHOHHBIX BOJIH, PAaCHpPOCTPAHSIONUXCA B HaNpaBlIeHUH Jpeida 3HEepPruuHbIX
51eKTpOHOB. [Ipenmonaraercs, 4To mia3Ma COCTOUT B OCHOBHOM M3 XOJIOJHBIX YaCTHUL[ C IIPUMeE-
CBIO TOPSIYMX YaCTHUL], IPOTOHOB C MAKCBEIJIOBCKUM PACIPEIEICHUEM U DJIEKTPOHOB C MHBEPC-
HBIM pacnpeneneHueM. HaliieHs! yCioBUs CyleCTBOBAHUS OTUX BOJIH U UX YCWJICHUS 3a CUET pe-
30HAaHCHOT'O B3aUMOJEHCTBHUS C SHEPIHYHBIMM JIEKTPOHAMH (Ipei(oBasi HEYCTOMYNBOCTh) C UH-
BEPCHBIM PACHpE/ICIIEHHUEM 10 SHEprusiM. Pe3ynbraTsl paboThl MOTYT OBITH TOJE3HBI IPH UHTEP-
npeTalyuy HaOI0JeHUH BOJIHOBBIX SIBICHUM B MarHUTOC(epe ¢ 4acTOTaMH B AMAINla30He reoMar-
HUTHBIX ITyJbcauui PcS u Hmke.

Within the gyrokinetic framework it is shown that in the magnetosphere the drift-
compression waves can propagate in the drift direction of energetic electrons. The plasma is as-
sumed to be composed of core cold particles and a hot admixture of protons with a Maxwell dis-
tribution and electrons with an inverted distribution. The conditions of existence of such waves
and their amplification due to resonance interaction with energetic electrons (drift instability)
have been found. The obtained results can be helpful for interpretation of wave observations in the
magnetosphere with frequencies in the range of geomagnetic pulsations Pc5 and below.

AIIPOBAIIUA METOJA KOPPEKIIMU MOJIEJIN HOHOC®EPDBI
11O JAHHbIM ITPUEMHHKOB
CUT'HAJIOB 'HCC B CUBUPCKOM PEI'HOHE

2]1.C. KotoBa, *B.B. OBogenko, ‘10.B. SIciokesuny, " *M.B. Kiumenko,
‘AA. MbLILHUKOBA, ‘K.I'. PatoBcknii

?3amanHoe otaeneHne MHCTHTYTa 3eMHOTO MarHETH3Ma, HOHOC(EpH! H PacIpOCTPAHEHHS PAIHOBOIH HM.
H.B. IlymkxoBa PAH, Kanununrpanu, Poccus
*Bantuiickuii ¢denepanbublii yHuBepcuteT uM. MiMmmanyuna Kanra, Kanuaunrpan, Poccns
darshu@ya.ru
30A0 «HIIK "HUNJAP"», Mocksa, Poccus
*UucTutyT conneuno-3emuoii gusuxu CO PAH, Upkytck, Poccus

APPROBATION OF THE IONOSPHERE MODEL UPDATING METHOD FROM GNSS
DATA IN SIBERIAN REGION

2p.S. Kotova, *V.B. Ovodenko, *Yu.V. Yasyukevich, ">M.V. Klimenko,
‘A.A. Mylnikova, “*K.G. Ratovsky

'West Department of Pushkov Institute of Terrestrial Magnetism, Ionosphere
and Radio Wave Propagation, Kaliningrad, Russia
*Immanuel Kant Baltic Federal University, Kaliningrad, Russia
*NIIDAR, Moscow, Russia
*Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B nocnennue rojibl 3HAYUTEIBHO BO3POC MHTEPEC K MCCIIETOBAHUIO U JUATHOCTUKE MOHO-
cdepsl. llupokne BO3MOXKHOCTU 30HANPOBAHUS MOHOCGHEPHI MPEIOCTaBUIN TNI00aIbHbIE HABU-
rarronHeie cnyTHUKOBBIE cucteMbl (THCC), takue kak GPS u I'JTIOHACC. O6paboTka curHa-
0B 'HCC mo3BossieT HenpephIBHO BBIUUCIIATH a0COTIOTHOE TIOJIHOE JIEKTPOHHOE COJCp’KaHHE
(IT3C) B HampaBiieHHH Ha KaXIbli CITyTHUK. AOcomoTHOe [IDC MOXKET MCIOIb30BaThCS IS
KOppEeKLHUU HOHOC(hEPHBIX MOJIENe, YTO 1MO3BOJIsIeT 0oJiee TOUHO OMUCATh PACIpeeNieHUE dIIeK-
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TPOHHOMW KOHIIGHTpauuu. B HacTosmel padoTe Mbl OCYIIECTBIsIEM KOppekinio Moaeian NeQuick
Ha OCHOBE JIaHHBIX abcomoTHOro HakinoHHoro II9C. Metoa KOppeKIuH napaMeTpoB MOJEIH
noHocdepsl 1Mo gAaHHbIM HakJoHHOrO [1D9C 3akmrodaercss B moucke 3((HEKTUBHOTO 3HAYCHHS
ynpasisonero napamerpa moaenu. B mongenun NeQuick TakuM nmapameTpoM sIBISETCS YUCIIO
conHeuHbIX maTeH Rz12. [IpoBeneHo cpaBHEHUE MOJIEIBHBIX M AKCIIEPUMEHTAIbHBIX JAHHBIX 110
CYTOYHOMY MOBEACHUIO KPUTHUECKOW 4acToThl F2-cimost Hax cranumsmu B MpkyTtcke n Hopuib-
CKE, KOTOPOE MO3BOJIMIIO OLEHHUTH 3(P(PEeKTUBHOCTE METO/1a KOPPEKIIUH ITapaMeTPOB HOHOC(HEpHOU
MO/JIEIH 0 AaHHBIM HaKIoHHOTo [13C B 3aBUCUMOCTH OT BpEMEHH CYTOK U BBIOOpA C€30HA rojia.

HccrnenoBanue BHIMOIHEHO TpU (UHAHCOBOU moiep:kke PODU B pamkax HaydHOTO MPO-
exta Ne 16-35-00590 mon_a, rpanTta Ilpesunenta PO HII-6831.2016.8 (OBonenko B.B.) u mpo-
IpaMMBbI MOBBIIIEHUSI KOHKYpeHTocnocoOHOCTH «5-100» BDY um. U. Kanra.

In recent years, attention to investigation and diagnostic of ionosphere significantly in-
creases. Nowadays, global navigation satellite system (GNSS) such as GPS and GLONASS,
worldwide ground-based network of satellite signal receivers provide a new possibility of real
time ionospheric monitoring. GNSS signal processing is used for calculating absolute total elec-
tron content (TEC) along radio path between each satellite and ground-based receiver. The abso-
lute TEC can be used for correction of ionospheric models providing more accurate electron
density distribution. In this paper, we perform the correction of the NeQuick model based on the
data of the absolute slant TEC. Thecorrection method of ionospheric model parameters is based
on the control parameters according to the slant TEC. Smoothed sunspot number Rz12 in the
NeQuick is an example of such parameter. We compared the calculation results and the experi-
mental data on the F2 layer critical frequency over the stations in Irkutsk and Norilsk to estimate
the efficiency of the correction method of ionospheric model according to slant TEC data.

The reported study was funded by RFBR according to the research project No. 16-35-
00590 mon_a, Grant of the President of the Russian Federation HIII-6831.2016.8 (Ovodenko V.B.)
and the program of increasing the competitiveness of “5-100” I. Kant BFU.

MOJAEJIHNPOBAHHUE YCKOPEHUA IIPOTOHOB B MA'HUTHOM OCTPOBE
B CKUIAJKE I'EJIMOC®EPHOI'O TOKOBOI'O CJI105

'0.B. MuHraJes, %30.B. Xa0aposa, +3X.B. Mauosa, "n.B. MuHraJes, pA. Kucaos,
"M.H. MeabHuk, 'II.B. Cenko, *JI.M. 3enéHblIii

'TMonsipubiit reodusndeckuii HHCTUTYT, Anatutsl, Poccus
setsko@pgia.ru
*MHCTHTYT 3eMHOrO MarHeTH3Ma, HoHOC(Epbl U pacrpocTpaneHus paanoBons uM. H.B. ITymkosa PAH,
Mocksa, Tpouiik, Poccus
3I/IHCTI/ITYT KocMuueckux uccaeaosanuii PAH, Mocksa, Poccus
4Hay‘lH0—I/ICCJ‘ICI[OB&TGJ‘ILCKI/Iﬁ HHCTUTYT sinepHoit ¢pusuku uMm. [1.B. Cxobensupsina MI'Y, Poccust

SIMULATION OF PROTON ACCELERATION
IN A OSCILLATING MAGNETIC ISLAND
IN THE FOLDS OF THE HELIOSPHERIC CURRENT SHEET

'0.V. Mingalev, **0.V. Habarova, * *H.V. Malova, 'L.V. Mingalev, *R.A. Kislov,
"ML.N. Melnik, 'P.V. Setsko, *L.M. Zelenyi

'Polar Geophysical Institute, Apatity, Russia
*Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation RAS, Troitsk, Rus-
sia
3 Space Research Institute, Moscow, Russia
“Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow

B pabore mist 00bsiICHEHHs HAOMIOACHUN aHU30TPOMHBIX MYyYKOB BBICOKOIHEPTUYHBIX Ya-
CTHI] BOJM3M MarHUTHBIX OCTPOBOB HCCJIEIOBAHBI MPOLIECCHI JATbHEUIEro YCKOPEHHS Mpemyc-
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KOPEHHBIX MIPOTOHOB JI0 SHEPTUil B COTHU K3B B KoJebroemMcss MarHUTHOM OCTPOBE, KOTOPBI
HaXOJUTCs B COTHEUHOM BeTpe BHYTPHU CKJIaJKu reiarocdepHoro TokoBoro cios (I'TC).

HccnenoBanue BINOIHEHO NpU (pruHaHCOBOM noaaepxkke PODU B pamkax HaydHOTo Ipo-
exta Ne 17-01-00100a.

To explain the observations of anisotropic beams of high-energy particles near magnetic is-
lands, processes of further acceleration up to energies of hundreds keV of preaccelerated protons
in the oscillating magnetic island located in the solar wind inside the fold of the heliospheric cur-
rent sheet are investigated.

The study was carried out with the financial support from RFBR during of the scientific
project No. 17-01-00100a.

BOJIHOBBIE ITPOLIECCHI B HBIJIEBOI?‘IVHJIABME Y HOBEPXHOCTH JIYHbBI
ITPU EE B3BAUMOJEUCTBHUU C IVIABMOU XBOCTA MATHUTOC®DEPHI 3EMJIN

L2t g, Mopo3oBa, L2C H. Monean

1I/IHCTI/ITyT kocMmuueckux uccaenosanuii PAH, Mocksa, Poccust
M®THU (T'Y), Josronpyausiii, Poccns
timoroz@yandex.ru

WAVE PROCESSES IN MOON’S SURFACE DUSTY PLASMA
UNDER ITS INTERACTION WITH THE EARTH’S MAGNETOTAIL PLASMA

L2, Morozova, L2g 1. Popel

lSpace Research Institute RAS, Moscow, Russia
*MIPT (SU), Dolgoprudny, Russia

[IpencraBieHo omucaHWe BOJHOBBIX MPOIIECCOB MPU B3aMMOACHCTBUM XBOCTAa MAarHUTO-
chepnl 3eMild ¢ MBLICBOH I1a3Moii y oBepXHOCTH JIyHbI. [Toka3zaHa BO3MOXKHOCTh BO30OYXe-
HUS BOJIH Y OCBEIIEHHON YacTH MOBEPXHOCTH JIyHBI Jj1s TapaMeTpoB (DOTOIIEKTPOHOB, XapaK-
TEpPHU3yEeMbIX KBAaHTOBBIM BBIXOJIOM JyHHOTO perosmta u3 [Willis, et al. / Photon and Particle
Interactions With Surfaces in Space. 1973. p. 389]. MoHHO-3ByKOBBIE BOJHBI BO30Y>KIAIOTCS B
00J1aCTsIX MarHUTHOTO MEPEXOAHOTO W/HMIM TOTPAHUYHOTO CIIOEB MarHUTOC(EPHl B pE3yiibTare
pa3BUTHS JIMHEHHOW THUIPOJAMHAMUYECKONW HEYCTOMYMBOCTH, TOTJAa KaK T€HEpalusl TbUIECBBIX
3BYKOBBIX BOJIH OOYCJIOBJIEHAa pPa3BUTHEM JHHEHHOW KHMHETHYECKOW HEYCTOWYMBOCTH BO BCEH
00J1acTH B3aUMOJICHCTBHS XBOCTa MarHUTOC(ephl ¢ MbIIeBOM m1a3moii y JIyHel. B o6eux cutya-
[UAX Pa3BUTHE HEYCTOMYMBOCTEH OOYCIOBICHO OTHOCHUTEIBHBIM JIBMYKEHHEM HMOHOB MAarHUTO-
chephl 1 3apsSHKEHHBIX MBIIEBBIX YacTHIl. MccaeaoBaHbl TPOIeCChl pa3BUTHSI HOHHO-3BYKOBOM U
MBUICBOM 3BYKOBOW TypOyJeHTHOCTH. IOHHO-3BYKOBasi TypOyJI€HTHOCTh pacCMaTpUBaETCs C I10-
3UIUH CUIIBHOM TYpOYJEHTHOCTH, TOT/Ia KaK /Il ONTMCAHUS MBIJICBOM 3BYKOBOM TYpOYJIEHTHOCTH
UCIIOJIB3YETCSl TEOpHsl ci1adoil TypOyiaeHTHOCTH. JIJis CilydyaeB MOHHO-3BYKOBOUM M TBUICBOU 3BY-
KOBOW TypOYJICHTHOCTH OIPECIICHBI TUIOTHOCTH SHEPIHH KojieOaHuM, 3P PEeKTHBHBIC YaCTOTHI
CTOJIKHOBEHUH, a TaK)K€ BO3HUKAIOIINE B CUCTEME dJIeKTpuueckue mossi. Oka3pIlBaeTcs, 4To Mpu
Pa3BUTHH HMOHHO-3BYKOBOW TYpOYJEHTHOCTH B IUIa3MEHHO-TIBIIEBON cucTeme y JIyHBI MOTyT
BO30YXKIAaThCS AIEKTPUUECKUE TMOJISI, HECKOJIBKO MEHBIIHNE AIEKTPUUECKUX TOJIEH Y MOBEPXHO-
ctu JIyHbI, BOBHMKAIOUIMX B MPOLIECCE 3aPSAKU €€ MOBEPXHOCTH MPH B3auMOJEeUCTBUU JIyHBI C
COJIHEUHBIM H3JIy4Y€HHEM, HO, TEM HE MEHEE, BIOJHE 3HAYUMBIC JIJIsl YCTAaHOBJICHUS aJCKBAaTHOU
KapTUHBI dJIeKTprudeckux nojed Hax Jlynoi. [TomydenHsie 3((EeKTHBHBIC YaCTOThI CTOJIKHOBEHHIA
CJIeyeT YYUTHIBATh NPU 3aMUCU TUIPOJAUHAMUYECKUX YPABHEHUH Ui MOHOB TBUICBON IJIa3MBI C
YUETOM €€ TypOyJIEeHTHOTO HarpeBa.

Wave processes in the Earth's magnetotail plasma during the interactions with the dust near
the surface of the Moon are considered. It is shown that the excitation of waves is possible near
the illuminated part of the Moon for photoelectron parameters characterized by a quantum yield
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of the lunar regolith from the [Willis, et al. / Photon and Particle Interactions With Surfaces in
Space. 1973. p. 389]. lon-sound waves are excited in the magnetosheath and/or boundary layer
of the magnetosphere as a result of linear hydrodynamic instability, while dust acoustic waves
are generated due to the development of a linear kinetic instability in the entire region of the
magnetotail plasma during the interactions with the lunar dust. In both the situations, the devel-
opment of the instabilities is caused by the relative motion of magnetospheric ions and charged
dust particles. The processes of ion-acoustic and dust acoustic turbulence are described. Ion-
acoustic turbulence is considered from the viewpoint of strong turbulence, whereas to describe
dust acoustic turbulence, we use the weak turbulence theory. The wave energy densities, the ef-
fective collision frequencies, and the electric fields appearing in the system are determined for
the cases of ion-acoustic and dust acoustic turbulences. It is shown that the development of ion-
acoustic turbulence in dusty plasma system near the Moon is accompanied by the excitation of
the electric fields several smaller than the electric fields arising due to the process of charging of
the surface of the Moon during its interaction with the solar radiation. Nevertheless, the electric
fields appearing due to the development of ion-acoustic turbulence are important to establish an
adequate picture of the electric fields on the Moon. The resulting effective collision frequencies
should be considered in the hydrodynamic equations for dusty plasma ions with taking into ac-
count its turbulent heating.

PE3YJbTATHI BOCCTAHOBJIEHUS I''TYBUHBI MAKCUMYMA
PA3BUTHS IIAJ IO OTKJINKAM TPEKOBBIX JETEKTOPOB
SAKYTCKOM YCTAHOBKH IIAJI

B.I1. MoxnaueBckas, }O.A. Eropos, C.I1. Knypenko, U.E. Crenuos, 3.E. Ilerpos

HHcTuTyT KOcMOodm3ndeckux uccienopanmii u asponomun uM. 10.I'. [lladpepa CO PAH, fxyrck, Poccus
valyamokh@yandex.ru

THE RESULTS OF THE RECOVERY OF THE MAXIMUM DEPTH OF THE EAS
ON THE RESPONSES OF TRACK DETECTORS YAKUTSK ARRAY EAS

V.P. Mokhnachevskaya, Yu.A. Egorov, S.P. Knurenko, I.E. Sleptsov, Z.E. Petrov
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

B pabote mpuBOIUTCS OMUCaHNE CUCTEMBI TPEKOBBIX JAETEKTOPOB, paboTaromux Ha SKyT-
ckoit komriekcHOM yctanoBke [ITAJI. Onucana MeTonuka, O3BOJISIONIAS TI0 OTKIIUKY JIETEKTOpa
BBIUMCIIUTh YUCIO (POTOHOB, MPUXOISIINX C PA3HBIX BBICOT aTMOC(Ephl, U TEM CaMbIM BOCCTa-
HOBUTbH MPOJIOTBHOE PA3BUTUE B MHIUBUIYy ATHHBIX JIMBHSX.

[TpencraBieHbl pe3ynbTaThl NPSMBIX HAOTIOACHHUM KacKaJHON KpPUBOM, U OMpeAesieH MakK-
CUMYM Pa3BUTHS JTUBHA X,x 110 HaOMOAeHUSM dyepeHKoBckoro cBera [IIAJL. 13 cpaBHeHUS Xyax
¢ pacueramu 1o monenu QGSJETII-04 nns pa3HbIX NEPBUYHBIX YACTHUI[ MOJYYEH IpeaBapH-
TEJIBHBIN BBIBOJI O MACCOBOM COCTAaBE KOCMHYECKHUX JTydei B 00IaCTH SHEPTHil BBIIIE 10" 5B.

A description is given of a system of tracking detectors operating at the Yakut complex
EAS array. A technique is described that allows one to calculate the number of photons arriving
from different heights of the atmosphere from the detector response and thereby restore longitu-
dinal development in individual showers.

The results of direct observations of the cascade curve are presented and the depth of max-
imum shower development (Xpmax) is determined from the observations of Cherenkov light from
the EAS. From a comparison of X,x with calculations based on the QGSJETII-04 model for dif-
ferent primary particles, a preliminary conclusion was obtained on the mass composition of cos-
mic rays in the energy above 10'® eV.

52



BIHI®D-2017. Cexyus B. Qusuxa oko103eMHO20 KOCMUYECKO20 NPOCMPAHCINGA

HHOJYYEHHUE ABCOJIIOTHOT O ITOJIHOI'O 3JIEKTPOHHOI'O COAEPKAHUA
ITO OJHOYACTOTHbBIM JAHHBIM I''TOBAJIBHBIX
HABUT'AIMOHHBIX CITYTHHUKOBBIX CUCTEM

TALA. MBLIBHMKOBA, 210.B. SIcrokeBHUY, ’B.b. UBaHOB

'MucturyT conneuno-3emuoi pusuxn CO PAH, UpkyTtck, Poccus
manna@jszf.irk.ru
2I/Ip}(yTCKI/H71 rocyJapcTBeHHbIN yHUBEepeuTeT, UpkyTck, Poccns

ESTIMATING THE ABSOLUTE TOTAL ELECTRON CONTENT BASED
ON SINGLE-FREQUENCY GLOBAL NAVIGATION SATELLITE SYSTEM DATA
'A.A. Mylnikova, " *Yu.V. Yasyukevich, >V.B. Ivanov

"nstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
*Irkutsk State University, Irkutsk, Russia

B pabote npeacTaBieH NOAX0I, MO3BOJISIONIHMI IIPOU3BECTU OIICHKY aOCOIIOTHOIO BEp-
THUKAJIBHOTO Y HAKJIOHHOTIO IMOJHOr0 3jeKTpoHHoro coaep:xanusa (I119C) nonocdeprl. OrieHka
OCHOBaHa Ha OJHOYACTOTHBIX COBMECTHBIX M3MEPEHUIX (ha30BOT0 M I'PYIIOBOr0 3ama3biBa-
uug curaaiga GPS/I'JTIOHACC mo maHHBIM OTAENbHBIX U3MEPHUTEILHLIX CTaHIUK. PacueT a0-
COMOTHOTO BepTHKanbHOTO IIDC BBIMOTHSAETCA C HCIOJIB30BAHUEM MOJEIH Pa3JI0KCHHS
nakinonHoro I[I1DC B psax Telnopa mo npocTpaHcTBY B BpeMeHH. COBMECTHO ¢ aOCOIIOTHBIM
BepTuKaJbHLIM I1DC mpou3BOIHTCSA pacyeT NPOCTPaHCTBEHHBIX rpagueHToB I1DC, Ha OcCHOBE
KOTOPBIX MOJKHO IMOJYyuHTh 3HaueHus [19C Ha yjganeHun oT cTaHIUH. YTOOBI OLIEHUTH BO3-
MOJKHYIO OIIHOKY pacuera abComoTHOro BepTHKaabHOTO I19C Mo 0gHOYACTOTHBIM H3MEpe-
HHAM, HaOpaHa CTAaTHCTHKA pasHocTed 3HaudeHuil I[19C, monydaeMBIX O ABYXYAaCTOTHBIM U
OJIHOYACTOTHEIM H3MepeHusaIM. AHanu3 nposeacH i 2009 r. (MUHUMYM COJIHCUHOM aKTHB-
HocTtu) 1 2014 1. (MaKCUMyM COJHEYHON aKTHMBHOCTH) Ha ocHOBe maHHbIX GPS/TJIOHACC-
crauimi IRKJ 1 NRCI1, Haxomsgmuxcs Ha cpegHUX mupoTax. IloaydeHo, 4To KaueCTBEHHO H
KOJIMYeCTBEHHO BepTHKaidbHOe IIDC, paccunTaHHOE IO OJHOYACTOTHBIM H3MEPEHHSIM, CO-
rjlacyeTcs ¢ OllcHKaMH, OCHOBAaHHBIMHM Ha ABYXYAaCTOTHBIX M3MEpPEHUAX. THIIMUHOE 3HAUYCHUE
pa3HocTu BepTuKanbHOro I19C, moaydeHHOro oJHOYACTOTHBIM M ABYXYaCTOTHBIM METOJIOM,
IUIS BEIOpaHHBIX HAMU CTaHIIMH B 0oCHOBHOM He mpeBbimaet ~1.5 TECU ¢ CKO no ~3 TECU.
[Monyuenne abcomoTHBIX 3HaYcHUI [19C M0 0QHOYACTOTHBIM U3MEPCHUSAM IPEACTABIsACTCS,
Ha Halll B3TJIS]], BECbMa IEePCHCKTHUBHBIM IS Pa3BUTUS MOHUTOPHHIA HOHOC(HEPHI, 0COOCHHO
Ha Teppuropunu Poccuiickoit dexepanuu, rae 4MCiIO JBYXYACTOTHBIX IPHEMHHUKOB HE TakK
BEJIINKO, Kak, HanpuMep, B Slnonun uinn CIHIA. Kak noka3an npoBeIeHHBIA aHaIu3, OJHOYA-
CTOTHBIE H3MepeHus BepTukanbHOro I[IDC nuimb HE3HAUYUTEIBHO YCTYMAalOT B KayecTBE
JIByX4aCTOTHBIM U3MEPEHUSIM.

We present a technique for the absolute vertical and slant total electron content (TEC)
estimation. The technique is based on the single-frequency joint phase and pseudorange
GPS/GLONASS measurements at single stations. The vertical TEC estimation is based on
Taylor series expansion in space and time. Together with the absolute vertical TEC, the spa-
tial gradients of the TEC are calculated, which makes it possible to obtain the TEC values at
some distance from the station. To analyze the accuracy of the technique, the differences be-
tween TEC values obtained from two-frequency and single-frequency measurements are cal-
culated and statistics is obtained. The analysis is performed for entire 2009 year (solar activity
minimum) and for entire 2014 year (solar activity maximum), based on single-frequency and
dual-frequency GPS/GLONASS data from IRKJ and NRCI1 stations located at the middle
latitudes. Estimated single-frequency vertical TEC agrees qualitatively and quantitatively
with the dual-frequency vertical TEC. For the stations of interests single-frequency vertical
TEC values and dual-frequency ones are generally differ not much than ~1.5 TECU with
RMS up to ~3 TECU. The technique for estimating absolute values of TEC by single-
frequency measurements seems, in our opinion, very promising for the development of iono-
spheric monitoring, especially in Russian Federation, where the number of two-frequency
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receivers is not so big compared to Japan or USA. The results show, that single-frequency
measurements of vertical TEC are only slightly less accurate compared to two-frequency
measurements.

HABJIOJEHUE JIOKAJIM30BAHHBIX ITOBBIIEHUMI ITAC
11O JAHHBIM I'VIOBAJIBHBIX HOHOC®EPHBIX KAPT

'"U.M. Henomusimux, *N.K. Enemckuni

'MpKyTCKnii HALMOHABHBIH HCCIIeI0BATEIbCKHIT TEXHIUECKHH yHIBepcHTeT, UpKyTck, Poccus
ilya@iszf.irk.ru
*UucTuTyT conHeuno-3emMuoi dusuku CO PAH, UpkyTck, Poccus

INVESTIGATION OF LOCALIZED TEC ENHANCEMENTS
BASED ON GLOBAL IONOSPHERIC MAPS
'L1. Nepomnyashchikh, I.K. Edemsky

"rkutsk National Research Technical University, Irkutsk, Russia
*Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B pabote paccmarpuBaercs moaxon K aHaiau3y miodanbHbBIX KapT GIM, mo3Bosnsromimit
BBIJICJISITH JIOKAJIM30BAHHBIC 00JACTH MOBBIMICHUSI TIOTHOTO AIeKTpoHHOTO coaepkanus (I12C).
ITonxoa ocHOBaH Ha ONpENEICHUH 3HAYMMbIX OTKJIIOHEHUH BeanduHbl [[9C oT MeauaHHbIX 3HA-
YEHUW W TI03BOJISIET MPOBOIUTH aHAIN3 3HAYMTEIIBHBIX 00BEMOB JaHHBIX B @aBTOMAaTHYECKOM pe-
xume. B paboTe mpencraBieHa mojydeHHas B MPOIECCEe TAKOTO aHajIn3a CTaTUCTHKA HabOmrofe-
HUM COOBITUN U TMHAMUKA U3MEHEHHUs uX yucina 3a nepuog 2000-2017 rr.

PaGora BemomnHena npu noaaepskke IIpesunenra Poccuiickoit ®eneparmu (rpant Ne MK-1097.
2017.5).

We present a method of global ionospheric maps (GIM) analysis allowing us to find local-
ized areas of total electron content (TEC) enhancement. The method is based on definition of
significant TEC deviations from the median values. The method makes possible to analyze big
amount of data automatically. We present the results of such an analysis for the period 2000—
2017 and show the dynamics of the events during the period.

The work is supported by Russian Federation President (grant No. MK-1097.2017.5).

INPUMEHEHHUE ITPAMOI'O BAPUAIIMOHHOI'O METOJIA
JIJISI IOUMCKA BEPXHUX U1 HUKHUX JIYUEH
B 3AJJAYE PACYETA KB-PAJIMOTPACC B HOHOC®DEPE

"M.A. Hocuxos, " *M.B. Kinvenko, *T1.®. Beccapad

'Banruiickuit henepanbHblii yauBepcuteT um. UMmanynna Kanta, Kamununrpan, Poceus
igor.nosikov@gmail.com
*3anagHoe otaenenue MHCTHTYTa 3¢MHOTO MarHETH3Ma, HOHOC(EPHI ¥ PACIPOCTPAHEHHS PAJHOBOIH
um. H.B. IlymkoBa PAH, Kanunaunrpan, Poccus
3YHI/IBepCI/ITeT Ucnangun, PelikpsaBuk, Mcnanaus

IDENTIFICATION OF LOW AND HIGH RAYS
FOR CALCULATING SHORT-WAVE RADIO PATHS IN THE IONOSPHERE
BY A DIRECT VARIATIONAL METHOD

"L.A. Nosikov, "*M.V. Klimenko, *P.F. Bessarab

'Immanuel Kant Baltic Federal University, Kaliningrad, Russia
*West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere
and Radio Wave Propagation RAS, Kaliningrad, Russia
*University of Iceland, Reykjavik, Iceland
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IIpencrasneHa MeToIMKa MIOUCKA BEPXHUX M HWKHUX JIydel B 3a7ja4e pacuera paguoTpace B
MOJIETIbHOM HOHOC(epe ¢ 3aJaHHBIMU TOJOXKEHUSAMH NepeJaTuuka U npueMHuka. I[IposenenHoe
HCCJIEA0BAHUE BCEX THUIIOB CTAlMOHAPHBIX PELICHUM MO3BOJMIIO J10KA3aTh CYLIECTBOBAHUE MH-
HUMYMOB U CEIJIOBBIX TOYeK (yHKIMOHaNa paauonyda. OnpezneneHue BEpXHHUX Jydel ocy-
IIECTBIISIETCS MPSIMON MUHHMHK3aNUel (yHKIMOHANA ONTHYECKON JIHHBI myTH. HibkHue myuw,
IpeACTaBIAIOIINE COOOM CEeIOBBbIE TOUYKH, ONPEAEISIOTCS C MOMOIIBI0 METOI0B ONTHMHU3ALNH,
MO3BOJIAIONIMX MHBEPTUPOBATH CTALMOHAPHOE PEUICHHE B MUHMMYM ONTHYECKOW JJIMHBI ITyTH.
JlanHass MeToMKa arnpoOUpoBaHa B MOJAENBHON H30TPOITHOM MOHOC]Epe, I/ie 3MEeKTPOHHAs KOH-
neHTpauus 3afasanach o moaenu IRI. MccnenoBanue BhINOMHEHO NpU (PMHAHCOBOW MOJIEPIKKE
P®PU B pamkax rpanra Ne 16-35-00590 mon_a.

Direct optimization of the optical path functional is a promising approach to the point-to-
point ionospheric ray tracing problem. The approach involves a systematic transformation of the
ray trajectory to an optimal configuration satisfying the Fermat’s principle, while the endpoints
are kept fixed according to the boundary conditions. Here, a strategy is proposed for the identifi-
cation of both high and low rays using a direct variational approach. High rays are obtained by
minimizing the optical path of ionospheric radio rays. Low rays which correspond to saddle
points of the optical path are found using the minimum mode following method, where the sad-
dle points are essentially converted to local minima. The method is applied to a point-to-point
ionospheric ray tracing, where the propagation medium is obtained with the International Refer-
ence lonosphere model.

IPPEKTBI PACHHPOCTPAHEHMS PAJUOBOJIH U IVIASMEHHBIE CTPYKTYPbI
B HOHOC®EPE 110 JAHHBIM GNSS-USMEPEHUU
HA TPACCAX CIIYTHUK—CHYTHHUK U CITY THUK—3EMUJIA

A.A. I1aBeaneB

WHCcTUTYT panuoTexXHUKH U 31eKTpoHUKH uM. B.A. Kotensnukosa PAH, ®@psasuno, Poccus
alxndr38@gmail.com

RADIO WAVE PROPAGATION EFFECTS AND PLASMA STRUCTURES
IN THE IONOSPHERE FROM GNSS MEASUREMENTS
AT SATELLITE—SATELLITE AND SATELLITE—EARTH PATHS

A.A. Pavelyev
Kotelnikov Institute of Radio Engineering and Electronics RAS, Fryazino, Russia

KnaccuduuupoBansl 3¢dexTsl noHOCHEpHOTO BO3AEHCTBHUS CIOEB M ClydailHo-
HEOJHOPOJHBIX CTPYKTYpP Ha PacIpOCTPAHEHHUE PAJMOBOJIH HA Tpaccax CIIyTHUK—CIIYTHUK U
CIyTHUK—3€eMJs. PacCMOTpeH CyTOYHBIM, CE30HHBI M IIMPOTHBIM XOJ 3JIEKTPOHHOM KOH-
[EHTPAIMH HA Pa3JIMYHBIX BHICOTAX B HOHOC(EpPE MO JTaHHBIM U3MEPEHUH aMIUIUTYIbI U (a3bl
CUTHAJIOB HaBUTaMOHHBIX cucTteM (GNSS) B o6nacTu MoJsipHOrO OBajia C aHAJIU30M CIy4aeB
Bo3zelicTBus HarpeBHoro cteHaa HAARP 3a nepuon ¢ 2007 o 2015 1.

Ionospheric effects produced by layers and randomly inhomogeneous structures on propa-
gation of radio waves at satellite—satellite and satellite—Earth paths are classified. The diurnal,
seasonal and latitudinal variations of the electron concentration at different heights in the iono-
sphere are analyzed using measurements of the amplitude and phase of navigation system signals
(GNSS) in the polar oval region with the influence of the HAARP during 2007-2015.
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YJIBTPAHU3KOYACTOTHBIE KOMIIPECCHOHHBIE
KOJIEBAHUS B MATHUTOC®EPE.
AHAJIM3 JIAHHBIX CHYTHUKOBOM CUCTEMbI THEMIS

'A.B. Py6uos, *I.H. Marep, *JI.A. Uyiixo, " >JI.LFO. Knumymkus

'MucturyT comreano-semuoit gpusukn CO PAH, UpkyTek, Poccns
*UpkyTcKuii rocy1apcTBeHHBII yHUBepcuTeT, MpkyTck, Poccus
avrubcov@mail.ru

ULTRA-LOW-FREQUENCY COMPRESSIONAL OSCILLATIONS
IN THE MAGNETOSPHERE.
DATA ANALYSIS OF THE SATELLITE SYSTEM THEMIS

'A.V. Rubtsov, *P.N. Mager, *D.A. Chuiko, " *D.Yu. Klimushkin

"nstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
“Irkutsk State University, Irkutsk, Russia

HccnegoBaHa KoMIIpecCHOHHAs MyJibcanust PcS co 3HaAUMTENbHON MOJIOMAANBHOM KOMIIO-
HEHTOH, 0OOHapyKeHHas B JaHHBIX cIyTHUKOBOM cuctembl THEMIS. Beuin moctpoens! n1uHaMu-
YECKHE CHEKTPhl U BBIYMCIIEHBI MapaMeTpbl IyJbCallid, ONpeaeieHbl napameTpsl cpeasl. [lo
HaliIeHHBIM TTapaMeTpaM cpenbl Oblla CMOJETMPOBAaHA YacToTa (QyHIAMEHTAIBHON TapMOHHUKH
cTosiuelt anb(hBEeHOBCKON BOJHBI. BBIJIO MOKa3aHo, YTO HAOI01aeMasi 4acToTa MyJIbCalluy OJIM3Ka
K anb(BEeHOBCKOW yacToTe. TakuM 00pazom, ciesaH BBIBOJ, UYTO HaOIr01aeMasi BOJIHA SBIISETCS
anb(BEHOBCKOM.

Jlannast pabota yactuyHo nojaepxana rpanromM PODU Ne 16-05-00254.

The compressional Pc5 pulsation with a significant poloidal component found in the
THEMIS data was investigated. Dynamic spectra were plotted and the parameters of pulsation as
well as the parameters of the environment were determined. Based on the found parameters of
the environment, the frequency of the fundamental harmonic of the standing Alfven wave was
simulated. It was shown that the observed pulsation frequency is close to the Alfven frequency.
Thus, it was concluded that the observed wave is the Alfven mode.

ABCOJIIOTHBIE UBMEPEHUSA MOIIIHOCTHU
HA UPKYTCKOM PAJJAPE HEKOI'EPEHTHOI'O PACCEAHUA

A.I'. CetoB, B.II. Jlebenen, A.B. Measenes, /I.C. Kymnapesn

HNuctuTyT comreuno-3emuoit pusznkn CO PAH, UpkyTck, Poccust
setov@iszf.irk.ru

ABSOLUTE POWER MEASUREMENTS AT THE IRKUTSK
INCOHERENT SCATTER RADAR

A.G. Setov, V.P. Lebedev, A.V. Medvedev, D.S. Kushnarev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

JInvHHBIE pAlbl JAaHHBIX, TOJyYeHHbIE HA IpKyTCKOM pajape HEKOI€pEeHTHOI'O pacCesHUs,
HCIOJIB3YIOTCS Ul WCCIIEIOBAaHUS MOHOCQEPHI, HAOIIOIEHUS 32 KOCMUYECKUMH OOBEKTaMH U
JUTSL TAaCCUBHBIX pajnoHabmoeHuil. Panee s aHanu3a STUX JaHHBIX MPUMEHSIUCH METO/bI, B
KOTOPBIX He TpeOyeTcsl 3HAHUS TOYHOHM BEIMYMHBI MPUHATOTO CUTHaNa. B paboTte paccMorpena
METOJIMKa KaTMOPOBKU 3apETHCTPUPOBAHHBIX CUTHAJIOB U MPOBEACHO CPAaBHEHUE MOTYYEHHOU
a0COTIOTHON MOIIIHOCTH C MOIITHOCTBIO CUTHAJIa HEKOT€PEHTHOT'O PACCESHUS.

Long rows of data, obtained at the Irkutsk Incoherent Scatter Radar are used for ionospheric
studies, space surveillance and passive radio observations. Methods, that do not require
knowledge about exact value of received signal, were used earlier of analysis of this data. This
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work describes calibration technique for registered signals and comparison between measured
absolute power and incoherent scatter power.

U3MEPEHUE MEPIIAHU HABUT'AIIMOHHOI'O CUTHAJIA
C UCIIOJIB3OBAHUMEM OBOPYJIOBAHUSA NOVATEL GPStation-6
HA CPEJHUX IIUPOTAX

L.2¢ B. CripoBatekuii, U 210.B. ScroxeBny, L.2A M. Becuun

'MHctutyT conreuno-semuoit gpusukn CO PAH, UpkyTek, Pocens
*UpkyTCcKuil rocyIapcTBeHHBII yHUBEepcuTeT, MpKyTck, Poccus
semen_syrovatskii@iszf.irk.ru

RECORDING SCINTILLATIONS OF THE NAVIGATION SIGNAL
BY NOVATEL GPStation-6 EQUIPMENT AT MID-LATTITUDES

2.V, Syrovatskii, " ?Yu.V. Yasyukevich, "2A.M. Vesnin

'Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
Irkutsk State University, Irkutsk, Russia

B pabote mpencraBieHbl pe3ysbTaThl U3MEPEeHHM (Da30BBIX U AMIUIMTYIHBIX MEpLAHUMA
HABUTAIIMOHHOTO CUTHaja ¢ ucroyib3oBaHueM mnpueMHuka NoVatel GPStation-6, pacmonoxen-
Horo B IC3® CO PAH (Mpxkytck). B xome paboTel ObLT CO3/MaH MPOTPaMMHBINA MOIYJIb IS BU-
3yalu3aly ¥ MepBUYHON 00pabOTKHU TaHHBIX Mepiianuil. Mi3amepenus npoBogstes s cucreM GPS
(na wacrorax L1, L2, LS) u 'NTTIOHACC (na wactortax L1, L2). Hamm pe3ynsTaThl MoKa3bIBatOT OT-
CYTCTBHE MHTEHCHUBHBIX aMIUTUTYAHBIX MEPIIAHUM HA CPEIHUX IIHUPOTaX Jake BO BPEMs CHIIbHBIX
MarHuTHBIX Oypb. B TO ke Bpemsi 3aperucTpupoBaH psijl CIydaeB MOSBICHUS HHTEHCUBHBIX MepIia-
HUH 110 3HaYeHni S4~1. PaGota BeinonHeHa B pamkax rpanta PO®U Ne 15-05-03946.

This work describes the results of measurements of the phase and amplitude scintillations
of the navigation signal using the NoVatel GPStation-6 receiver located in the ISTP SB RAS (Ir-
kutsk). During this work a software module was created for visualization and primary processing
of data of scintillations. The measurements are carried out for systems of GPS (at the frequencies
L1, L2, L5) and GLONASS (at the frequencies L1, L2). Our results show the absence of intense
amplitude scintillations at mid-latitudes, even during strong magnetic storms. At the same time, a
number of cases of the appearance of intense scintillations to S4~1 are recorded. The work is
supported by the RFBR (grant No. 15-05-03946).

IBOJIOLIUSA OBJIAKA 3APAKEHHBIX HACTUIL
B MAI'HUTHOM IOJIE 3BEMJIN

M.IO. TepHoBoii

HpkyTckuii rocyjapcTBeHHbIN yHUBEpcUuTeT, UpkyTcek, Poccns
mark.ternovoy@yandex.ru

EVOLUTION OF A CLOUD OF CHARGED PARTICLES
IN THE EARTH’S MAGNETIC FIELD

M.Yu. Ternovoi
Irkutsk State University, Irkutsk, Russia

[IpeacraBieHsl pe3ynbTaThl MOJETUPOBAHUS SBOJIONMHM O0JIaKa 3apsKEHHBIX YaCTHI[ B
T€OMarHUTHOM I10JIe, UCIYIIEHHBIX U3 KOCMUYECKOro amnmapara Ha OKoJIo3eMHOM opourte. Hccne-
JOBaHbI (popMa W JUHAMHKA O0JIaka B 3aBHCHMOCTH OT YTJIa MEXIy HAIpaBIICHUEM CTPYH BHI-
XJIONA ¥ CUJIOBBIMU JIMHUSAMHU MarHuTHOTO noist (IGRF-12).
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We present simulated results of the evolution of a cloud of the charged particles injected
by spacecraft in the geomagnetic field. We analyzed the cloud shape and dynamics, depending
on the angle between the exhaust jet direction and the magnetic field (IGRF-12).

N3MEHYUBOCTB TIAPAMETPOB TPAHCUOHOC®EPHOI'O PAJIMOKAHAJIA
CYYETOM TEOOPUZNYECKUX U TEOTPAOUYECKUX ®PAKTOPOB

O.A. TpymikoBa, A.A. Kuciaunbin, A.B. 3yeB

[ToBoKCKHIA TOCYIapCTBEHHBIN TEXHOJIOTHIECKUH YHUBepcuTeT, Momkap-Oma, Poccus
trushkova_ol@mail.ru

VARIABILITY OF TRANSIONOSPHERIC RADIO CHANNEL PARAMETERS
ALLOWING FOR GEOPHYSICAL AND GEOGRAPHICAL FACTORS

O.A. Trushkova, A.A. Kislitsyn, A.V. Zuev
Volga State University of Technology, Yoshkar-Ola, Russia

BaxxHOl XapakTepuUCTHKOH, BIUSIOUICH Ha paclpoCTpaHEHHE CUTHajla yepe3 HoHochepy,
ABJIIETCS TIOJTHOE AJIEKTPOHHOE COJEpKaHue. B cBOIO odepenp, MONHOE 3IEKTPOHHOE COAEpKa-
HUE WCHBITHIBACT 3HAYUTEIbHbIC BAPHALIUU MPH U3MEHEHUU Te0(PHU3MUECKUX U reorpapuueckux
ycioBuid. B paboTe mpezacraBieHa METOJMKA UCCIEA0BaHMS IOJIHOTO 3JIEKTPOHHOIO COJEepIKa-
HUS 110 JaHHBIM TpaHCHOHOC(EPHOro 30HaupoBaHus. IIpeacTaBiensl pe3ynbTaThl ONpeaeIeHHs
CYTOYHBIX BapHalMi IOJHOTO 3JIEKTPOHHOTO COJEP>KAaHUS B PA3JIMYHBIX HIMPOTHO-IOJTOTHBIX
pErnoHax IpH pa3HbIX YPOBHSX COJIHEYHOW aKTHBHOCTH. Ha OCHOBE IOJIyYEHHBIX pE3yJbTaTOB
MIPOBE/ICHA OLIEHKA CTETIEHN MCKAKEHHI CUTHAJIOB IPU TPACHOHOCHEPHOM pacIpOCTPaHEHUH C
IIOMOUIBIO UCCIIEJOBAHMS TAPaMETPOB IUCIIEPCUH PaIMOKaHAaA.

Total electron content is an important characteristic affecting the signal propagation
through the ionosphere. In turn, the total electron content is experiencing significant variations
when you change the geophysical and geographical conditions. The paper presents the method-
ology of the study the total electron content according transionospheric sensing. Presents the re-
sults of diurnal variations in total electron content in different latitudinal-longitudinal regions
under different levels of solar activity. On the basis of the results of the assessment of the degree
of distortion of signals in casinosthere distribution, using the parameters of dispersion of the ra-
dio channel.

HABJIIOIEHMS JJIMHHOMEPUOIHBIX MYJIbCAILMIA
B HOYHOI MATHUTOC®EPE C TIOMOIIBIO
EKATEPUHBYPI'CKOI'O KOTEPEHTHOT'O CPEJHEIIMPOTHOTO PAJIAPA

M.A. Yeanauos, O.B. Marep, II.H. Marep, I.10. Knumymkun, O.U. beparapar

HNuctuTyT comreuno-3emuoit puznkun CO PAH, UpkyTck, Poccust
max_chel@iszf.irk.ru

LONG-PERIOD PULSATIONS OBSERVED
WITH EKATERINBURG COHERENT MIDLATITUDE RADAR
IN THE NIGHTSIDE MAGNETOSPHERE

ML.A. Chelpanov, O.V. Mager, P.N. Mager, D.Yu. Klimushkin, O.I. Berngardt
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Paccmotpenst YHU-nynbcanuu, HaOmMogaBIIMECs B HOUHONM MarHuTocdepe ¢ MOMOIIbIO
ExarepunOyprckoro korepeHTHoOro panaapa. [IpencraBiensl cinyudan HaOmroneHus ApendoBo-
KOMITPECCUOHHBIX BOJIH. JJIs1 aHAIM3a NPUBJICYEHBI CITyTHUKOBBIE JAHHBIE O MATHUTHOM I10JI€ U
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IUIOTHOCTH YacTHIl B MarHUTOcdepe, MOITyYeHHbIe B TIepro] HabmroaeHus: BoiH. CpaBHHUTEINb-
HBII aHANU3 MOKa3all, YTo B OOJBIIMHCTBE CllydyaeB HabOI0aeMble Ha pajape BOJTHBI UMEIOT Ya-
CTOTY HIKE COOCTBEHHOW YacCTOTHI KOJIeOAHUS CHIIOBBIX JIMHUH U, BEPOSTHO, UMEIOT KHHETHYE-
CKYIO IIPUPOLY.

The analysis of ULF pulsations observed with the Ekaterinburg Coherent Radar in the
nightside magnetosphere is implemented. The work presents drift-compressional wave observa-
tion cases. We used data on magnetic field and particle density during radar wave registration.
The analysis shows that the majority of the oscillations feature frequencies that are much lower
than fundamental poloidal Alfvén eigenmode frequency and therefore could have kinetic nature.

OJYKTYALUN YPOBHSI TEOMATHUTHOI'O ITOJIA,
COINPOBOXJABIIME CUJIBHEUIINE 3EMJUIETPACEHUSA

JI.®. Yepnorop, E.O. CMupHoBa

XapbKoBCKUM HallMOHANIBbHBIM yHUBepcuTeT M. B.H. Kapasuna, XaprkoB, Ykpauna
Leonid.F.Chernogor@univer.kharkov.ua

GEOMAGNETIC FIELD FLUCTUATIONS
ASSOCIATED WITH THE GREATEST EARTHQUAKES

L.F. Chernogor, K.O. Smirnova
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

C ucrnonb30BaHUEM JIAHHBIX MarHUTOMETpa-(IIOKCMETpa, pa3MEImeHHOro B MarHuTHON
obcepBaropun XHY um. B.H. Kapa3una, npoaHain3upoBaHbl BapHaIlMH YPOBHS T'OPU30HTAIb-
HBIX KOMIIOHCHT I'€OMAarHuTHOro 1ojsg ¢ nepuogamu 7=1-1000 c, conmpoBoXKIaBIINe CUILHCH-
e 3emieTpsceHus (Marautyna M~7-9). PaccTossHue MEXIy SIUICHTPOM 3EMIICTPSCCHHS U
obcepBaropueii u3amMeHsuioch ot ~3000 10 ~8000 kM. [l oOHapy>KEHHS peaKIuu Ha 3eMJICTpSI-
CEHHMS HCIIOJb30BaJICI CUCTEMHBIM CIEKTPAJIbHBIN aHaIn3, IPEACTABISIONINNA cO00H cOYeTaHHE
OKOHHOTO M aJanTUBHOTO MpeodpazoBanuii dypre, a Takke BEHBIET-IPeOOPa30BaHUs, B3aUMO-
JOTIONHSIOMMX ApyT apyra. CIeKTpallbHOMY aHajau3y MPEAIIeCTBOBAIO TIIATEIHHOE H3YyYCHHE
COCTOSIHHSI KOCMUYECKOM MOT0/Ibl M MCKJIFOYCHHE BapHallii TEOMAarHUTHOTO TOJIsI, 00YCIIOBIICH-
HBIX KOCMUYEeCKHUMH (hakTopamu. OOHapyKeHa PeaKIisl FTCOMarHUTHOIO TOJIS Ha CBEPIIMBILINCCS
3emureTpsiceHns. CKOpocTh BO3MYIIIeHUsT Oblia okoJio 2.6-3.3 km/c u 290430 m/c, nepuos KoJe-
Oanmii ¢ ammumutynoi 1.5-2.5 uTn (ponoBoe 3HaueHue — 0.5—1 uwTi) Obur okoso 1015 MuH,
IPOAOJDKUTENLHOCTE — 60—80 MuH. Bo3MyIieHrne MepeHOCHI0Ch CEHCMUYECKUMU U aKyCTH-
KO-TPaBUTAIIMOHHBIMH BOJIHAMU. MarHuTHbIE TPEABECTHUKU 3EMJIETPACEHUN YBEPEHHO HE
HaOIIOJaINUCh.

The fluxgate magnetometer has acquired measurements in the horizontal components at
the V.N. Karazin Kharkiv National University Magnetic Observatory. The variations of the ge-
omagnetic field, which were associated with greatest earthquakes of Richter magnitude 7-9,
have been analyzed within the approximate period range of 1—1.000 s. The distances between
the earthquakes epicenters and the Magnetic Observatory fall within the range from approxi-
mately 3000 km to 8000 km. To detect the response to the earthquakes, the system analysis was
carried out, which includes the mutually complementary wavelet transform, the short-time Fou-
rier transform, and the adaptive Fourier transform in a sliding window with a width adjusted to
be equal to a fixed number of harmonic periods. The spectral analysis was preceded by a detailed
study of the space weather state and the exclusion of geomagnetic variations caused by space
factors. The response of the geomagnetic field to the earthquakes has been detected. The speed
of its propagation is equal to approximately 2.6—3.3 km/s and 290—430 m/s, the oscillation period
of approximately 10—15 min for the amplitudes of 1.5-2.5 nT (with 0.5—1 nT value in the back-
ground), and the duration of 60—80 min. The disturbances were transported by seismic and
acoustic gravity waves. Magnetic precursors of earthquakes were not observed confidently.
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I''IOBAJIBHAS CTATUCTHUKA BOJINIOB B ATMOC®EPE 3EMJIN
JL.®. Yepnorop, H.b. IlleBeneB

XapbkoBckuit HallMoOHaNbHBIA yHUBepcuTeT M. B.H. Kapasuna, XapskoB, Ykpauna
Leonid.F.Chernogor@univer.kharkov.ua

GLOBAL STATISTICS OF METER-SIZE METEOROIDS
L.F. Chernogor, N.B. Shevelev
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

[lenp goknaga — M3JI0KEHUE PE3yJIbTATOB aHAIM3a pacHpeAesiCHUN YKciia MaJeHU Me-
TEOPOUJIOB B 3aBUCIMOCTH OT UX YHEPTHH CBEUCHUS, CKOPOCTH, BBICOTHI 007aCTH MaKCHMAaIIbHO-
r0 CBEUYECHUS U reorpauueckoro MecTa pacIoiOKEHHUs, a TAKKE KOPPEISAIMOHHBIX 3aBHCUMO-
CTeH BBICOTA 00JIACTH MAaKCUMAJIHHOTO CBEUEHUS — JIOTapu(M SHEPTHU CBEUCHUSI KOCMUYECKOTO
Tena u Jorapudm KBaapara HaAYAIbHOW CKOPOCTH — JIorapu(M SHEPTUH CBEUCHHSI KOCMHUYECKOTO
Tena. B kauecTBe MCXOAHOM McHojb3oBajach cnyTHUKOBas 0a3a naHHeIXx HACA o cBeueHuu
Topmozsuxcs B atmocdepe 3emun 693 meteoponnos. [ToaTBEpKI€HO, YTO YUCIIO MMAICHUA Me-
TEOPOUJIOB OBICTPO YOBIBACT MPHU YBEIMUYECHUH MX dHEPTUU cBeUeHUS. CpeqHssi CKOPOCTh KOCMHU-
yecKHux Tel ObuIa 0K0JI0 17.9 xM/c. BricoTa MakCHMaIbHOIO CBEYEHHUS dallle BCEr0 COCTaBIIsLIa
30—40 kM. 3aK0H pacnpeaeneHus] YUCIa KOCMUYECKUX TeJ 10 JOJIT0TE U MIUPOTE (MOCIIE UCKITIO-
YEHUsI MIUPOTHOUN 3aBUCUMOCTH), 00YCIIOBIEHHBIN reoMeTprel, O1M30K K paBHOMEpHOMY. Kop-
peNALMOHHAsT 3aBUCHMOCTh BBICOTa 00JaCTH MAaKCHUMAlIbHOTO CBEUYEHHsI — JIOrapu(M SHEpPruu
CBEUCHHUS CBUJIETEIHCTBYET 00 OTCYTCTBUM YCTOMYMBOW CBS3U MEXKAY ITHUMHU MapaMeTPaMH.
Habmronaercst onpeneneHHasi CTaTUCTUYECKasi CBSA3b MEXKIY JorapuMoM KBajapaTa HauadbHOU
CKOPOCTH KOCMHYECKOTO TeJia M JIOTapru(MOM dHEPTUHU CBCUCHUSI.

The goal of this report is to present the analysis of the distribution of the number of mete-
oroid (mini asteroid) falls as a function of their energy, velocity, the altitude of maximum glow,
and geographic coordinates, as well as the correlation diagrams for (1) the altitude of maximum
glow and the logarithm of celestial body glow and (2) the logarithm of square of the initial speed
squared and the logarithm of the celestial body glow. As a source, the NASA satellite database
on the glow of 693 mini asteroids, which were decelerated in the terrestrial atmosphere, has been
used. A rapid decrease in the number of asteroids with increasing energy of their glow is con-
firmed. The average speed of the celestial bodies is equal to approximately 17.9 km/s. The alti-
tude of maximum glow most often equals to 30—40 km. The distribution of the number of mete-
oroid entries into the terrestrial atmosphere in longitude and latitude (after excluding the compo-
nent in the latitudinal dependence due to the geometry) has been shown to be approximately uni-
form. The correlation diagrams for the altitude of maximum glow and the logarithm of celestial
body glow indicate that the relation between these parameters is not stable. Some statistical de-
pendence between the logarithm of the square of the initial speed and the logarithm of the celes-
tial body glow is observed.

O BO3MO’KHBIX ITIOAXOJAX K BBIYMUCJIEHUIO UHAEKCOB
TEOMATHUTHOM AKTUBHOCTH HA BA3E JJAHHBIX MUPOBBIX CETEN
TEOMATHUTHBIX OBCEPBATOPUI
JIJIA HEJEA OTEPATUBHOM TUATHOCTUKHA KOCMUYECKOM IO OJIbI

B.D. Yniukun, B.A. [Iapxomos

baiikanbCckuii rocyapCcTBEHHBIN YHUBepcuteT, MpkyTcek, Poccus
chilikinve@ya.ru
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ABOUT THE POSSIBLE TECHNIQUE CALCULATION INDICES
OF GEOMAGNETIC ACTIVITY BASED ON THE DATA FROM WORLD
NETWORKS OF GEOMAGNETIC OBSERVATORIES
FOR OPERATIONAL DIAGNOSTICS OF SPACE WEATHER

V.E. Chilikin,V.A. Parkhomov
Baikal State University, Irkutsk, Russia

OO0cysxmaeTcss BO3MOXKHOCTh MCTIOJb30BaHUS JAHHBIX MUPOBBIX CETEH MarHUTOMETPOB IS
JUArHOCTHKH KOCMHYECKOH morojbl. IlpeacraBieHo mporpamMmHoe oOeclieueHue, MmpeaHa3Ha-
YEHHOE JIJIS BBIYUCIICHUS YKBUBAJICHTHBIX HOHOC(EepHBIX TOKOB Hav, mocTpoeHus KapT BEKTOPOB
TOKOB W M3YyYEHHUS MPOIIECCOB, MPOUCXOIAIINX B OKOJIO3EMHOM KOCMHYECKOM IPOCTPAHCTBE.
PaccmarpuBaeTcsi BO3SMOKHOCTD MCTIONB30BaHUS CpeHEero 3HaueHus Hav s onepatuBHOM 1H-
ArHOCTUKH KOCMHYECKOMN TOTO/IbI KaK aHAJIOTa OOIIEIPUHSATHIX TEOMAarHUTHBIX HHICKCOB.

Discussion about of using data of the world magnetometer networks for diagnostics of
space weather. The software is designed to calculate equivalent ionospheric currents Hav, con-
structing maps of the current vectors and research of the processes taking place in near-Earth
space. Considered of using the average Hav value for operational diagnostics of space weather as
an analog of the generally accepted geomagnetic indices.

BJIMAHUE AJIbOBEHOBCKOI'O PE3OHAHCA HA OCHOBHYIO MOJY,
TEHEPUPYEMYIO HEYCTOMUYNBOCTHIO HA MATHUTOIIAY3E

J.A. Uyiiko

WucTutyT conneuno-3emuoit ¢puzuku CO PAH, Upkyrck, Poccus
chuiko@iszf.irk.ru

EFFECT OF THE ALFVEN RESONANCE ON THE FUNDAMENTAL MODE
GENERATED BY INSTABILITY AT THE MAGNETOPAUSE

D.A. Chuiko
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

HccnenoBana HynieBas (OCHOBHAsI) TApMOHUKA KoJieOaHMI BHEIIHEH MarHuTochepsl 3emMiu
B nipuOmmwkennn uneansHo MI'/l. Tlone xoneGanmii maa3Mpl BHEITHEH MarHUTOC(EPHl B TAKOM
clly4ae MMeeT OCOOEHHOCTh — aibh()BEHOBCKUU PE30HAHC HAa MarHWTomnayse. PemieHa 3amaga o
CTPYKTyp€ MOBEPXHOCTHOI BOJIHBI, KOTOPAasi T€HEPUPYETCS CIBUTOBHIM TEUEHHEM HA MAarHUTO-
nay3e M 4aCTMYHO TOTJIOMIaeTCsl B 001acTu pesoHaHca. OmnpeneseHa MpoCTPaHCTBEHHAS CTPYK-
Typa BOJIHBI NPU HAJMYUM pe30HaHca BOIM3U mepexogHoro ciod. [lomydeHsl aHanuTHYecKue
BBIPAKEHMSI, OMHUCHIBAIOIINE YACTOTY U MHKPEMEHT MOBEPXHOCTHOW BOJIHBI, a TaKXe €€ IMpo-
CTPaHCTBEHHYIO CTpyKTypy. OlleHMBaeTcs HarpeB IUIa3Mbl HEPEXOJHOTO CJIOS MOCPEACTBOM
JUCCHUTAINH aTh(BEHOBCKOTO PEe30HAHCA.

The zero (or primary) oscillation harmonic of the Earth outer magnetosphere is investigat-
ed in the ideal MHD approximation. The outer magnetosphere plasma oscillation field in this
case has a singularity — the Alfven resonance on the Earth magnetopause. The problem of de-
termining the structure of the surface wave that is generated by the shear flow at the magneto-
pause is solved. The wave spatial structure is determined taking into the account the presence of
the Alfven resonance near the boundary layer. The analytic expressions describing the surface
wave frequency, growth rate and also its spatial structure are obtained. The heating of the bound-
ary layer plasma due to the Alfven resonance dissipation is estimated.
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I''TIOBAJIBHOE 29JIEKTPOHHOE COJEPKAHUE B 23 U 24 IUKJIAX
COJIHEYHOM AKTUBHOCTH

1A.C. SclokeBHny, L210.B. SIcroxkeBHY, ‘U.B. ’KupeTbeB
'MucTutyT conmneuno-3emuoii gpusuxun CO PAH, Upkytck, Poccus
annpol@iszf.irk.ru
*UpKyTcKuii rocynapcTBEeHHbIH yHuBepenTet, MpKkyTtck, Pocens
HCTHTYT KOCMO(H3MUECKIX HCCIIEIOBAHHI 1 pacipocTpanenus paauosois JJBO PAH, ITaparyska, Poccus

GLOBAL ELECTRON CONTENT IN THE 23 AND 24 SOLAR CYCLES
'A.S. Yasyukevich, "?Yu.V. Yasyukevich, *L.V. Zhivetiev

"nstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
Irkutsk State University, Irkutsk, Russia
*Institute of Cosmophysical Research and Radio Wave Propagation FEB RAS, Paratunka, Russia

Ha ocHoBaHMM NaHHBIX TJI0OAJTBHBIX KapT MOJHOIO 3j1eKTpoHHOoro coaepxkanus (I19C)
MOHOC(EpHI BBHITIOJIHEH aHAIN3 TOBEACHUS TI00AIbHOTO 3mekTpoHHoro conepxkanus (I'DC) B
TeyeHue 23-ro u 24-ro IUKIOB COTHEYHOW akTUBHOCTU. M3ydensl nuHamuka ['DC, a Takxke ero
rOJIOBBIE, MOJIYyTOAOBbIE U 27-THEBHbIE Bapualuu. BBINOIHEHO cpaBHEHUE MapaMeTpoB BapHa-
mun I'9C u permoHanbHoro 3nekTpoHHoro cogepxanus (POC). Paccmorpensl Bapuauu ['DC
s baiikanbckoro, EBponeiickoro n flnoHckoro pernonos. [lokazano, yto oOuias TuHaAMUKa
POC, I'DC u ux Bapuauuil OTpa)kalOT U3MEHEHMs COJIHEYHOro pamuousiaydenus (F10.7). [pu
3TOM MaKCHMaJlbHasl aMIUIUTYJla YKa3aHHBIX Bapuauuil HaOmoaaercs B Slnonun. BeisiBineHo, 4to
B HCCJIEIyEeMbIX PETHOHAX 3aBUCUMOCTb aMILIUTYAbI cCyTouHbIX Bapuauuidi POC ot F10.7 6nu3ka
K JINHEHHOMW, B OTJINYME OT aHajgoru4Hoi 3asucumoctu aist ['9C. VMccnenoBanue BBIIOIHEHO MPU

nojzepkke rpanra lIpesunenra PO rocynapCTBEHHOM NMOANEPKKU BEAYIIMX HAYyYHBIX LIKOJI PP
(HIII-6894.2016.5) u npoekta PODU Ne 16-35-60018.

Using the Global Ionospheric Maps data of total electron content (TEC) we analyze behav-
ior of the ionospheric global electron content (GEC) during the 23® and 24" solar activity cycles.
We examine GEC dynamics as well as its annual, semiannual and 27-day variations and compare
features of the variations in GEC and regional electron content (REC). REC analyzes is per-
formed for the Baikal, European and Japan regions. General dynamics in REC, GEC and their
variations is shown to repeat the F'10.7 solar radio emission changes. Herewith the maximal am-
plitude of considered variations is observed in Japan. Dependence of diurnal REC variations am-
plitude on the F10.7 index is revealed to be close to linear for all the regions under study, unlike
the analogous GEC dependence. The study is supported by RF President Grant of Public Support
for RF Leading Scientific Schools (NSh-6894.2016.5) and the RFBR project No. 16-35-60018.
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