Poccuiickasi akageMusi HayK
HHoasipHbIi reopu3snyecKuii HHCTUTYT

PGI-18-01-137

I'EJIUOTEOOPUSNYECKUE
NCCIEANOBAHUSA B APKTUKE

Bmopasa Bcepoccuiickaa konghepenuyus
24 - 26 cenmaopa 2018, 2. Mypmanck

COopHHUK Te3UCOB

ATaTuThI
2018



Russian Academy of Sciences
Polar Geophysical Institute

PGI-17-01-136

With support from:

PHYSICS OF AURORAL PHENOMENA
415 Annual Seminar

Abstracts

12 — 16 March 2018

Apatity
2018



This publication is supported by RFBR (grant Ne 18-05-20006 I')

The organizing committee:
Andris Lubchich (chair)
Irina Despirak
Nadezhda Semenova
Victor Yurov
Konstantin Orlov

Addresses:
Apatity department Murmansk department
Akademgorodok, 26a
Apatity, 184209 Khalturina str., 15
Murmansk region Murmansk, 183010
Russia Russia
The editor:

N.V. Semenova

http://pgia.ru/seminar

Hay4Hoe n3ganue

TexHuyeckunin pegaktop: B. KO. XXuraHos

MognucaHo k neyatn 01.03.2018. ®opmat Bymarn 60x84 1/8.
Ycn. nev. n. 9,06. 3akas Ne 3. Tupax 70 aks.

PreyYH ®UL| KHLL PAH
184209, r. Anatutel, MypmaHckas obnactb, yn. ®epcmaxa, 14

© Polar Geophysical Institute
Russian Academy of Science, 2018



CONTENTS

SESSION 1. GEOMAGNETIC STORMS AND SUBSTORMS

I.V. Despirak, A.A. Lubchich,
N.G. Kleimenova

N.P. Dmitrieva, M.A. Shukhtina,
A.G. Yahnin

L.A. Dremukhina,
Yu.l. Yermolaev, |.G. Lodkina

M.A. Evdokimova,
A.A. Petrukovich

L.l. Gromova, N.G. Kleimenova,
S.V. Gromov

V. Guineva, I.V. Despirak,
A.A. Lubchich, R. Werner

Desheng Han

T.G. Kogai, O.V. Khabarova

T.A. Kornilova,
I.V. Golovchanskaya

T.V. Kozelova, B.V. Kozelov

V.A. Pilipenko,
V.B. Belakhovsky,
Ya.A. Sakharov, V.N. Selivanov

V.C. Roldugin, A.V. Roldugin

V.C. Roldugin, V.G. Vorobjev,
A.V. Roldugin, O.l. Yagodkina,
S.M. Cherniakov

M.A. Shukhtina, E.I. Gordeev,
V.A. Sergeev

1. Uvarov, O. Nikiforov,
A. Petrukovich, T. Podladchikova

V.G. Vorobjev, O.l. Yagodkina,
E.E. Antonova, V.L. Zverev

N.V. Yagova, N.S. Nosikova,
E.N. Fedorov

Supersubstorms appearance and the solar wind conditions
On the substorm development under different solar wind conditions
Correlation relations between parameters of the Solar wind of different

types and geomagnetic activity indices for the period 1995-2016

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

High-latitude daytime magnetic bays in the September 2017 strong
magnetic storm

Simultaneous observations of a substorm by THEMIS and by MAIN
camera system in Apatity

A review of dayside diffuse aurora and throat aurora

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

Interpretation of auroral arc fading before substorm onset in terms of
Alfven resonance scenario

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

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

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

Nighttime auroral transient event occurred on April 23, 2017 over Kola
Peninsula

Magnetotail magnetic flux evolution during the substorm growth phase

Development of the "Aurora-Arctica" information system with use of the
GEOSMIS cartographic web platform
Solar wind plasma control of isolated substorm intensity

Non-triggered substorms and
magnetosphere

long-period ULF waves in the

13

14

14

14

15

15

16

16

16

17

17

18

18

18

19

19



H.A. Bapxatos, B.I'. Bopo0OneB,
C.E. PeByHnos, O.U. fronkuna,
FO.A. I'maBaukwuii

O.B. Munranes, 11.B. Munrarnes,
X.B. Manosa, M.H. MenbHuK,
I1.B. Cenxo, JI.M. 3enensriit

O.B. Huxudopos,
A.A. IlerpykoBuu, M.A. YBapos

B.A. ITapxomos, H.JI. bopoaxosa,
A.T". SIxuaun, C.}O. XoMyTOB,

b. Hprmaa, A O. TammauH,

T. Paura

SI.A. Caxapos,
B.U. Koconamenko

CyOOypeBasi aKkTHBHOCTh M OpHEHTanus (poHTa yHapHOW BOJHBI
MEXIUIAHETHOTO MarHUTHOTO o0Jaka

CTaHI/IOHapHLIe KOH(l)I/IpraHI/II/I TOHKOI'O TOKOBOI'0 CJIOod C Y4YC€TOM
3aMarin4C€HHbIX 3JICKTPOHOB

l'eonHpopManoHHast cucTeMa MOHHTOPHHTAa U TIPOTHO3UPOBAHUS
COCTOSIHUSI HOHOC(EPHI B apKTHUYECKOW 0071acTH «ABpopa - ApKTHKa

HBa THIIa OTKJIMKa MaFHI/ITOC(l)epH B 'COMAarHUTHLIX ITYJbCAlUAX Psc na
B3aHMOﬂeﬁCTBHe C MCXKIUVIAHCTHBIMU Y/IapHBIMU BOJIHAMU

I'eomaruutHBIC HaOMOICHKS B 00C. JIoBO3EpO

SESSION 2. FIELDS, CURRENTS, PARTICLES IN THE MAGNETOSPHERE

A.Y. Boldar, E.I. Gordeev,
S.V. Apatenkov, V.A. Sergeev

I.B. levenko, S.G. Parnikov,

D.G. Baishev

0.V. Kozyreva, V.A. Pilipenko,
A.A. Soloviev

M.B Krainev, G.A. Bazilevskaya,
B.B. Gvozdevsky

A.S. Lavrukhin, L.I. Alexeev,
E.S. Belenkaya

A.S. Lavrukhin, L.V. Tyutin
V.A. Lubchich, A.E. Sidorenko
A.S. Lukin, I.U. Vasko,

A.V. Artemyev, E.V. Yushkov

A.A. Petrukovich, A.S. Lukin

V.A. Sergeev, E.I. Gordeev,
V.G. Merkin, M.I. Sitnov

P.I. Shustov, A.V. Artemyev,
E.V. Yushkov, A.A. Petrukovich

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

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

Virtual magnetograms — new tool for the study of solar wind-
magnetosphere coupling

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

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

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

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

Two-dimensional self-similar plasma equilibria

Detailed regression model of plasma sheet By

Does local B-minimum appear in the tail current sheet during substorm
growth phase?

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

20

20

21

22

22

23

23

24

24

24

25

25

26

26

26

27



T.A. Yahnina, A.G. Yahnin,
N.V. Semenova

E.V. Yushkov, A.V. Artemyev,
A.A. Petrukovich

E.E. AuronoBa, M.B. CtenaHoBa,
W.I1. Kupnnues,

N.JI. OBUMHHUKOB,

B.B. Bouenko, M.C. Ilynunern,
C.C. 3narkoBa, H.B. CorHukos,
C.K. Murs, I1.C. Ka3zapsax

M.A. Boakos

H.A. 3onorapes, B.B. benrun,
O.10. Heuaes, M.M. Ilanacrox,
B.JI. Ilerpos, 1.B. SAumuH,
A.M. AMeTIOmKNUH

O.B. Munranes, 1.B. Munranes,
X.B. Manosa, JI.M. 3enensrii

O.B. Munranes, 1.B. Munranes,
X.B. Manosa, M.H. MenbHuK,
I1.B. Cenxo, JI.M. 3enensiit

H.B. CemenoBa, T.A. SIxuuna,
A.T". SIxuun, A.I'. JlemexoB

Dependence of relativistic electron precipitation on geomagnetic activity
Current sheet thinning in near and distant magnetotail by Cluster and
THEMIS statistics

Karma pacnpenenenust 1 o0cOOEHHOCTH MarHUTOC(epHON TUHAMUKI

CTpyKTYpBI «KOCBIX» albBEHOBCKHUX BOJIH B HEOJHOPOIHOM JBYMEPHOM
MarHuTOC(EpPHOM PE30HATOPE

Bo3pacraHusi MOTOKOB PESITUBUCTCKUX AJIEKTPOHOB 1-3 cenTsopst 2016
rojia B aBpOpaJIbHBIX 00JIaCTsIX MO JaHHBIM Tpudopa JJOTTPOH

0EeCCTOIKHOBUTEILHOMN
CHJIOBOTO  PaBHOBECHS

CuctemMa KHMHETHYECKMX ypaBHEHUM  UId
KOCMHYECKOH IU1a3Mbl B  HPUOIMKCHUU
3JIEKTPOHOB BJI0JIb MATHUTHOT'O TTOJIS

CuctemMa ypaBHEHHII MOJENH TOHKOTO TOKOBOT'O CJIOSl C ITOCTOSHHOM
HOPMAaJIbHON KOMITOHEHTOH MarHUTHOT'O MOJIS ¢ YYETOM 3aMarHUYEHHBIX
3JIEKTPOHOB

3aBHCHMOCTb BBICBITIAHUH SHEPIUYHBIX IPOTOHOB BHYTPH aHU30TPOIHOM
30HBI OT T€OMarHUTHON aKTUBHOCTH

SESSION 3. WAVES, WAVE-PARTICLE INTERACTION

A. Divin, V. Semenov, |. Zaytsev
E.N. Fedorov, N.G. Mazur,
V.A. Pilipenko, N.V. Yagova

F.Z. Feygin, N.G. Kleimenova,
L.M. Malysheva, Yu.G. Khabazin

A.S. Nikitenko, O.M. Lebed,
Yu.V. Fedorenko

T.A. Yahnina, A.G. Yahnin,
T.A. Popova

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

H.I'. KneiimenoBa

Numerical simulations of asymmetric kinetic magnetic reconnection:
A case of realistic crossing

Excitation of the electromagnetic waves in the atmosphere by an Alfvenic
beam

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

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

Dayside proton aurora equatorward of the proton aurora oval, EMIC
waves, and plasmasphere

Evolution of slow-mode shocks and rotational discontinuities in kinetic
simulations

I'eomarnutHele mynbcanmu U pons B.A. Tpounkoi B co3gaHun
pOCCHUIiCKON MIKOJBI UX UCCIEI0BAHUI

27

28

28

28

29

30

30

31

32

32

32

33

33

34

34



10.A. KoneiTeHko,

B.C. Ucmarunos,

M.C. Ilerpuies,

IT.A. Ceprymmn, A.B. IleTnenko

A.A. JTroOunu

T.A. TlomoBa, A.A. JIro0umy,
A.Tl'. lemexoB

B.B. Cadaprainees,
ILE. Tepemenko

E.E. Turoa, A.I'. JlemexoB,
IO. Mannunen, A.A. JIro0uny,
J.JL Tlacmanuk, A.B. Jlapuenko

IMupoxononocuele  YHY  Bo3mymieHus
nprdpexHoit 30He OXOTCKOro Mopst

QJICKTPUYCCKOIro IoJid B

Heckonbko c€OB 0 B3aMMOAEHCTBUM MAaJbIX BO3MYIIEHUHM € yIapHOI
BOJIHOM B BS3KOM cpefie

[Mutu-yrmoBass ~ mudpy3us  DHEPTUYHBIX  TPOTOHOB  TIPU  HX
B3aumojeiicteun ¢ OMUL] BorHaMu: cpaBHEHUE PE3yIbTATOB PACUETOB C
nanubiME ciytHukoB THEMIS u Van Allen Probes

AHoMaJIbHbIE IyJIbCAIMH TEPIIOBOTO JMana3oHa Ha (ha3e BOCCTaHOBIECHHS
MarHuTHOH Oypu B ceHTs10pe 2017 I.: TUHAMUKA My IbCAli B KOHTEKCTE
W3MEHEHHUS MTapaMeTPOB MEXIUIAHETHON Cpe/ibl

Jlokanu3zanus MCTOYHUKOB KkBasunepuoandeckux OHY wusnydenuit B
MarHutocdepe IO pe3yiabTaTaM OJHOBPEMEHHBIX HAOMIONEHUH Ha
cnytHukax Van Allen Probes u Ha 3emie

SESSION 4. THE SUN, SOLAR WIND, COSMIC RAYS

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

A.V. Borisenko

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

M.B Krainev, G.A. Bazilevskaya,
M.S. Kalinin, N.S. Svirzhevsky,
A.K. Svirzhevskaya

P. Stoeva, A. Stoev, S. Kusin, B.
Marzouk, A. Pertsov,
M. Semeida

A.1L. Podgorny, .M. Podgorny

.M. Podgorny, A.L. Podgorny

L.S. Rakhmanova,
M.O. Riazantseva,
G.N. Zastenker, M.I. Verigin

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

V.A. Shishaev, M.I. Suhovey,
G.F. Remenets

6

Results of solar cosmic rays flux observation on several spacecraft at
different orbits in September 2017

The study of coronal holes and related space weather phenomena in the
CRAO
Peculiarity of long-term changes in the geomagnetic cutoff rigidity of

cosmic rays of inclined directions

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

Structure and dynamics of the solar corona observed during different
phases of the solar cycle

The configuration of the magnetic field in the corona above the active
region in which the energy is accumulated for solar flares

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

Kinetic-scale plasma turbulence in the Earth's magnetosheath affected by
the bow shock and the magnetopause
Fine structure of the interplanetary shocks observed by BMSW

experiment onboard the SPEKTR-R

Diurnal variations of the bottom edge of the ionosphere during the proton
precipitations on and after 29 September 1989

35

35

36

36

37

38

38

38

39

39

40

40

41

41

42



A.A. Vinogradov, 1.Y. Vasko,
A.V. Artemyev, E.V. Yushkov

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

A.A. AGynuH, M.A. AOyHuHa,
A.B. Benos, C.I1. I'atigam,

E.A. Epomenko, E.A. Maypues,
B.A. Onenega,

W.N. llpsamymikuHa, B.I'. SHke

10.B. Banabum,

Bb.b. I'Bo31€eBCKHIA,

A.B. I'epmaHeHKo,

E.A. Maypues, E.A. Muxanko

H.A. bapxatos, E.A. PeByHoBa,
P.B. Pomaunog, B.I". BopoObeB

E.A. Maypues, A.A. AGyHuH,
ILT". KoGenes

E.A. Maypues, 10.B. banabun

E.A. Muxanko, }0.B. banaoun,

E.A. Maypues, A.B. I'epmanenko

Kinetic scale current sheets in solar wind

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

YHukanbHas 0a3a JaHHBIX TPAH3UCHTHBIX SBJICHUN B KOCMUYECKHUX JTydax
Y MEXIUTAaHETHOH cpefie

Co6pitie GLE 10 centsiops 2017

ConHeyHble UCTOYHUKUA U XapaKTCPpUCTUKU MArHUTHBIX 00J1aKOB
COJIHCYUHOI'O BETpa

Junarpamma HaIIPaBJIEHHOCTHU u reoOMEeTPUUECKU I (daxrop
TENECKOMMYECKUX CHUCTEM 3apsDKEHHBIX YacTHI[ C Y4ETOM peajibHBIX
TONIIMH JETeKTOPOB W UX dS((EeKTUBHOCTEH W CpaBHEHHE C
IpUONIHKEHHUEM TeOMETPUUECKONH ONTUKU

Hcnonb3oBanue makera RUSCOSMICS B 3amadax OIGHKH CKOPOCTH
HOHM3AIMH aTMOC(hepsl 3eMIIH IPOTOHAMH KOCMHYECKHX JTydeH

MoOuibpHbIN  ManorabapuTHBIA JETEKTOp BTOPHUYHOM 3JIEKTPOHHO-
MIOOHHOW KOMIIOHEHTBI

SESSION 5. IONOSPHERE AND UPPER ATMOSPHERE

J.0. Adeniyi, B.W. Joshua

E.S. Andreeva,

E.D. Tereshchenko,

M.O. Nazarenko, I.A. Nesterov,
A.M. Padokhin

0.V. Antonenko, A.S. Kirillov,
Yu.N. Kulikov

A.M. Astafiev, G.F. Remenets

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

S.M. Cherniakov,
R.A. Rakhmatulin,
S.V. Nikolashkin

The response of the ionospheric F2 layer peak parameters around the crest
of the EIA to some space weather events

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

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

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

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

Reaction of the geomagnetic field to the flights of the Vilyuisk and
Sayanogorsk meteors

43

43

44

44

45

45

45

46

46

46

47

47

48



S.M. Cherniakov,
V.A. Turyansky, A.D. Gomonov

S. Chernouss, 1. Shagimuratov,
M. Filatov, I. Efishov

Y. Duann, L.C. Chang,
Y.C. Chiu, I.V. Medvedeva,
K. Ratovsky

A.D. Gomonov,
Yu.A. Shapovalova

K. luore, F.N. Okeke

V.A. lvanova, A.V. Podlesnyi,
B.G. Salimov, A.A. Naumenko

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

V.L. Khalipov, A.E. Stepanov,
G.A. Kotova, E.D. Bondar

A.S. Kirillov

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

M.V. Klimenko, V.V. Klimenko,
|.E. Zakharenkova,

K.G. Ratovsky, R.V. Vasiliev,
R.Yu. Lukianova, I.V. Despirak,
B.V. Kozelov, S.M. Cherniakov,
A.V. Dmitriev, A.V. Suvorova,
E.S. Andreeva, A.M. Vesnin,
E.D. Tereshchenko

B.V. Kozelov, V.E. lvanov,
Z.V. Dashkevich

A.V. Larchenko,
Yu.V. Fedorenko, O.M. Lebed,
S.V. Pilgaev

O.M. Lebed, Yu.V. Fedorenko,
N.F. Blagoveshchenskaya,
A.V. Larchenko, S.V. Pilgaev

I.A. Nosikov, M.V. Klimenko,
P.F. Bessarab, G.A. Zhbankov,
E.R. Somina

lonospheric effects of meteor explosion over North Finland on November
2017

Comparison of occurrence of the TEC irregularity oval and the optical
auroral oval model

Photochemical model for atomic oxygen ion retrieval from ground-based
ohservations of airglow

A comparative analysis of the electron concentration from the
observations of the partial reflections facility and the IRl model
Performance of NeQuick-2 model and IRI-Plas 2017 model during solar
maximum year in 2013-2014 over global equatorial and low latitude

regions

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

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

Geophysical verification of mechanizms for the polarization jet formation
Vibrational populations of electronically excited states of molecular
nitrogen in the atmosphere associated with sprites

Intermolecular electron energy transfer processes in upper atmospheres of
Titan, Triton, Pluto

lonospheric response to 2015 St. Patrick geomagnetic storm

Triangulation of auroral rays in Apatity by MAIN system

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

High-latitude lower ionosphere sounding using results of heating
experiment in October 2016

Simulation of oblique sounding ionogram at high latitudes

48

48

49

49

50

50

50

51

51

51

52

53

53

54



A.M. Padokhin, N.A. Tereshin,
G.A. Kurbatov,

A.S. Yasyukevich,

Yu.V. Yasyukevich

S. Priyadarshi, Q.-H. Zhang,
Y. Wang

V.E. Pronin, V.A. Pilipenko,
V.1. Zakharov, D.L. Murr

Yu.V. Romanovskaya,
0.V. Zolotov, M.A. Knyazeva,
E.V. Parkhimovich

A.Yu. Schekotov, N.V. Yagova,
E.N. Fedorov, V.A. Pilipenko,
N.S. Nosikova

I.1. Shagimuratov,
G.A. Yakimova, S.A. Chernouss,
I.1. Efishov, L.M. Koltunenko

J. K. Shi, G. J. Wang, Z. Wang,
X. Wang, G. Zherebtsov,
K. Ratovsky, N. Polekh

A.E. Stepanov, A.Yu. Gololobov,
V.L. Khalipov, I.A. Golikov

0.V. Zolotov

0.V. Zolotov, M.V. Rybakov,
A.A. Namgaladze,

M.A. Knyazeva, B.E. Prokhorov,
M.1. Karpov, S.A. Parfenov

O.U. Axmeros, 11.B. Munraries,
O.B. Munranes, 3.B. CyBoposa,
10.B. ®enopenko

O.M. Bapxarosa,
H.B. Kocomamnoga,
H.A. Bapxatos, B.I'. BopoOseB

JL.b. Bonkomupckas,

O.A. I'yneBny, A.C. KropersH,
A.M. Mépansiii, A.E. Pe3HuKoB,
B.U. Caxrepos, B.B. Tuxonos

K.B. Hamikesuu, B.E. NBanoB

BDS-GEO TEC variability at different time scales

An empirical scintillation model for a mid-latitude station, Weihai, China

The response of the ionospheric TEC on travelling convection vortices

Software detection of ionosphere precursors to earthquakes: problem
statement

IAR pulses and regional thunderstorms

Occurrence of the Main lonospheric Trough in GPS-TEC measurements

Study on the types of ionospheric spread-F at different low latitudes

lon upward flows in subauroral polarisation jet

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

UAM and another models intercomparison for subauroral ionosphere:
Preliminary results

MonenupoBaHie IPOLECCOB PaCIPOCTPaHEH s 3JIEKTPOMATHUTHBIX BOJH
B BOJTHOBOJIE 3eMIII-HOHOC(Epa ¢ yIeTOM aHHU30TPOITHON HOHOC(EPHI

HNoHocdepHast 1 reoMarHUTHasE BO3MYIICHHOCTs Ha (DOHE CYyOOypEeBBIX
TIPOLIECCOB

O CBSA3W TPOCTPAaHCTBEHHOW TIyOWHBI (poHTA
JIEKTPOMArHUTHOIO ~ MMIyJbca B cpeie ¢
3¢ $EKTUBHOCTHIO OOHApPYKEHUSI 00HEKTOB

30HAUPYIOIIETO
JUcHepcuet ¢

OreHKa KOHIIEHTpalMK OKHCH a30Ta B MOJISIPHBIX CHSIHUSX 110 JaHHBIM
Ha3eMHBIX (POTOMETpHUYECKNX HaOIIOAeHUH

54

55

55

55

56

56

57

57

57

58

58

58

59

60



J.C. KoroBa, M.B. Knumenko,
B.B. Kiimmenxo,

J[.B. bnarosemieHckuid,

B.E. 3axapos

B.A. Maptunec-benesxo,
B.A. IMununenko, B.W. 3axapos

N.B. Munranes, 3.B. CyBoposa,
B.C. Munrasnes

N.B. Munranes, 3.B. CyBopoBa,
A.M. Mépansiii, B.B. TuxoHos,
B.B. Huxumos, B.C. Munraies,
O.B. Munraines

1.B. Munranes, O.B. Munranes,
A.H. JIaxos, A.M. Mepanbii,
B.B. Tuxonos, B.B. Tpekus,
B.C. Munranes, M.B. Kinmenko,
B.B. Kinumenko

J.b. PoxnecTBeHCKUH,
B.A. Tenerus,
B.U. PoxxnectBeHCKast

H.}O. Pomanosa, B.A. ITanuenko,
B.A. Tenernn
H.}O. PomanoBa

B.A. Tenernn

B.A. Tenerun, B.I'. BopoObeB,
O.1. SIrogxuna,

B.U. PoxnectBeHcKasl,

E.B. OcunenkoBa

B.A. Tenerun, B.A. I'apbarneBuy,
N.U. UBanos, A.A. Kantror
B.A. Tenerun, A.T. Kapnaues,
H.A. JTstko, C.O. Tankun

B.A. Vuses, JI./0. Poros,

A.B. ®pank-Kameneukuit

B.JI. Xanumnos, N.b. MeBenko,
B.B. be3pykux, A.E. Ctenmanos

10

AHanu3 BBICOKOIIMPOTHBIX HMOHOTPAaMM HAaKJIOHHOI'O 30HIMPOBAHMS B
repuos reoMarautHor Oypu 17 mapra 2015 r.

Bo3Mymennss BepxHed HWOHOCPEpPHl W TEOMArHUTHOTO OIS  HaJ
tafipynom VongFong 2014 r. o nanubIM ciyrHUKOB SWARM

Mopnens pacuera Jy4eBbIX TPAaeKTOPUN KOPOTKHUX PAJMOBOJIH C YUETOM
AHU30TPONHH NOHOCHEPHOH IIIa3MbI U OTKIIOHSIOIIETO MOTJIOMICHUS

[MpukiaaHast MOJIENb pacieTa pacipoCTPaHEHHI KOPOTKHUX PaIUOBOIH

B03MOXHOCTE CO37aHHMA CaMOCOIIACOBAHHOM COBMECTHOH MOJEIH
MarHurocqepsl 1 HOHOChEpHI

BhiienieHrie BBICOKOUYACTOTHBIX COCTABIISIFOUIUMX BapUalMii KPUTHUECKOM
4acTOThl METOJAMHU CIIEKTPAJIbHOTO aHaJIn3a

Koppensius Mex 1y HanpaBieHHeM Jpeiida 1 OpueHTaluei NonepeyHoi
AQHNU30TPOIIMM MEJKOMAacCIITaOHBIX HEOJHOPOAHOCTEH B MOHOC(Epe Hax
Mocksoii

HaGumonenue menkoMaciuTabHbIX HeoqHopoaHocTel 8 centsiops 2017 T.
B [IEPHOJL TEOMArHUTHOTO BO3MYIIICHHUS

JlBa HOBBIX acrekTa npuMeHeHns KB-panuonokanuy B ApKTHKe

AnHanu3 wuoHorpamMm BHemmHero 3oHaupoBanust WK-19 B oGnactu
aBPOPABHOTO OBajla I YCIOBHI paBHOACHCTBUSA

Y4eT ocoOEHHOCTEN AUarpaMM HampaBIEHHOCTH JUIS PETPOCHEKTUBHOT O
aHaJM3a W COOTBETCTBYIOUIEH HHTEPIPETAIMM HOHOTPAMM BHEIIHETO
30HIUPOBAHUA

UccnenoBanne sBienus F-paccesaus mo maHHeM cnyTHrka UK-19 B
TIePUOJT PAaBHOJICHCTBHUS

AnomanpHOe m3Menenue normomerus [T B mepuon qHEBHOH (a3l

s dekTa 1eHb-HOYb BapHaIIH

Wsmepennst KkpacHOM Iyrm u IuiasMocepsl BO BpeMsl pa3BUTHS
NosIpu3anoHHOro pkera 10 suBaps 1997r.

60

61

61

61

62

62

62

63

63

63

64

64

64

65



SESSION 6. LOW ATMOSPHERE, OZONE

K.S. Golubenko, I.A. Mironova

B.V. Kozelov, V.l. Demin

Y.Y. Kulikov, A.F. Andriyanov,
V.1. Demin, A.S. Kirillov,

B.V. Kozelov, S.I. Osipov,
A.V. Poberovsky, V.G. Ryskin,
V.A. Shishaev

P. Stoeva and A. Stoev

R. Werner, B. Petkov, D. Valey,
A. Atanassov, V. Guineva,
A. Kirillov

1O.B. banabun

10.B. banabus,

Bb.b. I'Bo3ieBckui,

A.B. I'epmaneHko,

E.A. Maypues, E.A. Muxanko,
JLA. yp

1O. banabun, A. JIykoBHUKOBA,
A. Toporos, A. I'epmaHeHKo,
b. I'Bo3neBckuit

10.B. bana6un, A.A. Toporos
B.U. Jlemnn, E.A. 3apos

B.A. Jlemun, b.B. Kozenos,
A.II. Cobakun

N.B. Mumnranes, K.I'. Opos,
B.C. Munranes

N.B. Munranes, K.I'. Op:os,
B.C. Munranes, E.A. ®enorosa

E.A. ®enmorosa, K.I'. Opos,
N.B. Munranes

The contribution of bremsstrahlung effect to the ionization of the polar
atmosphere during the relativistic electron precipitation

Microclimatic variations of air temperature in the Spitsbergen archipelago

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

Influence of the solar activity on cave air temperature regimes

Determination of the total ozone column with consideration of the cloud
optical depth

Tumnel npodueit Bo3pactanuii ramMma-QoHa MpU OcajgKax U UX CBS3b C
aTMoc(epHBIMH SBICHUMH

Bospacranus raMma-(oHa IpH 0CaJKax: XapaKTePUCTHKU COOBITUH U UX
CTaTUCTUYECKHE OCOOEHHOCTH

Emie pa3 0 ce30HHBIX BapHALHSAX MSTKOTO raMMa-H3JTyqeHUs! B HIDKHEH
aTMocgepe

CyrouHas BapHalys MATKOro raMMa-I3JIydeHHs B HIDKHEH aTMocdepe

MHEKpOKIMMaTHYECKHE BapHalldd TEeMIIEpaTyphl BO3IyXa B YCIOBHSX
CI1ab0BCXOJIMIICHHOTO penbeda

O poinu TeT10BO# HEPTUH B (POPMHUPOBAHIH OCTPOBA TEIIA B T'. ATIATUTHI

[lpuMeHeHne MaTeMaTHYECKOHM MOHENH IS WCCICHOBAHHUS BIMSHUSI
penbeda 3emin Ha TIIO0ANBHYIO IUPKYILILNIO €€ CpeqHel aTMOC(epsl

lazogmHaMudeckass MoIenb OOmIeH IMPKYISAIUN HIDKHEW W CpemaHeil
aTMocdepsl 3eMIIH ¢ BEICOKHM MTPOCTPAHCTBEHHBIM pa3pelIeHneM

[Tapamerpu3any ONTHYECKUX MapaMeTpoB B jgaibHeM H cpeanem WK
Jana3oHax B HIDKHEH M cpeHel aTMocdepe 3emin

66

66

66

67

67

68

68

69

69

70

70

70

71

71

11



SESSION 7. HELIOBIOSPHERE

E.A. Kasatkina,

O.1. Shumilov,

M. Timonen, A.G. Kanatjev

P.A. Kashulin,

N.V. Kalacheva,

E.Y. Zhurina

O.1. Shumilov, M. Krapiec,

E.A. Kasatkina, J. Chochorowski,
A.G. Kanatjev

N.V. Yagova, E.N. Fedorov

B.®. I'puropses, A.Il. SIkoBneB

Author index

12

Footprints of volcanic activity in polar tree rings

The advanced vascular plant reactions on the large-scale Earth directed
Solar CMEs

Dendrochronological dating of Russian Pomor stations at South
Spitsbergen

Biological effects of natural geomagnetic disturbances. A review of
possible physical mechanisms

KonnuectBennas OILICHKa }lBI/IFaTeHBHOﬁ AKTUBHOCTH CEPBIX TIOJICHEH npu
BOSHeﬁCTBHH Ha HUX HU3KOYACTOTHBIX 3JICKTPOMAIrHUTHBIX N

72

72

73

73

74

75



Geomagnetic storms and substorms

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

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

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

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

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

On the substorm development under different solar wind conditions
N.P. Dmitrieva®, M.A. Shukhtina!, A.G. Yahnin?

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

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

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

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

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

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

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

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

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

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

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

Simultaneous observations of a substorm by THEMIS and by MAIN camera system in Apatity
V. Guineval, 1.V. Despirak?, A.A. Lubchich? R. Werner!

1Space Research and Technology Institute BAS, Stara Zagora Department, Bulgaria
2Polar Geophysical Institute, Apatity, Russia

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

A review of dayside diffuse aurora and throat aurora

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

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

The relevant publications are as follows:
Han, D.-S., et al. (2017), Coordinated observations of two types of diffuse auroras near magnetic local noon by Magnetospheric
Multiscale mission andground all-sky camera, Geophys. Res. Lett., 44, doi:10.1002/2017GL074447.

15



Geomagnetic storms and substorms

Han, D.-S., H. Hietala, X.-C. Chen, Y. Nishimura, L. R. Lyons, J.-J. Liu, H.-Q. Hu, and H.-G. Yang (2017), Observational
properties of dayside throat aurora and implications on the possible generation mechanisms, J. Geophys. Res. Space Physics,
122, doi:10.1002/2016JA023394. (Cover image paper for Issue 2, 2017).

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

Han, D.S., Y. Nishimura, L. R. Lyons, H. Q. Hu, and H. G. Yang (2016), Throat aurora: The ionospheric signature of magnetosheath
particles penetrating into the magnetosphere, Geophys. Res. Lett., 43, 1819-1827, d0i:10.1002/2016g1068181.

Han, D.S., X. Chen, J. Liu, Q. Qiu, K. Keika, Z. Hu, J. Liu, H. Hu, and H. Yang (2015), An extensive survey of dayside diffuse
aurora based on optical observations at Yellow River Station, J. Geophys. Res., 120, 74477465, doi:10.1002/2015JA021699.
(Cover image paper for Issue 9, 2015).

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

T.G. Kogait, O.V. Khabarova?

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

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

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

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

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

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

T.V. Kozelova, B.V. Kozelov

Polar Geophysical Institute, Apatity, Russia

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

starting at 18:05 UT. The data used were observed by the THEMIS-D and THEMIS-E satellites located in the (~23:30-
00:00 MLT) sector of the magnetosphere at 10-11 Re, as well as recording of Pi2 pulsations at Lovozero station and

16



Geomagnetic storms and substorms

ground magnetic data near the conjugated to the satellite ionospheric points. The beginning of the substorm was
associated with the bursty bulk flow (BBF) at a speed greater than 500 km/s, lasting about 5 minutes, recorded by two
THEMIS satellites (D and E).

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

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

Two types of small-scale dipolarizations were identified.

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

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

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

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

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

!Geophysical Center, Moscow

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

“Kola Scientific Center RAS, Apatity

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

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

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

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

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

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

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

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

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

Hsieh, M.-S., and A. Otto (2014), The influence of magnetic flux depletion on the magnetotail and auroral morphology during the
substorm growth phase, J. Geophys. Res. Space Physics, 119, 3430-3443, d0i:10.1002/2013JA019459.

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

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

I. Uvarovt, O. Nikiforov!, A.A. Petrukovich?, T. Podladchikova?

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

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

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

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

The "IKI-Monitoring" center for collective use provides access for the users of the "Aurora-Arctica” system to the
multi-year satellite observations data archive obtained using various remote sensing instruments (MODIS, AVHRR
and others), having total data volume over 1 PB. Earth ionosphere observation data obtained by the DMSP series
satellites are available in framework of the system among with solar wind data from NOAA and NCEP meteorological
data. Forecast of the auroral oval boundaries is being continuously made using the Starkov and Petrukovich models.

The functional capabilities of the GEOSMIS technology include: interactive selection of all kinds of data based on a
number of criteria (temporal, spatial and quantitative), imagery visualization with extra capabilities of RGB synthesis
selection and brightness correction fine tuning, image classification, maintenance of users' custom spatial objects
databases.

Solar wind plasma control of isolated substorm intensity
V.G. Vorobjev!, O.1. Yagodkinal, E.E. Antonova?3, V.L. Zverev:

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

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

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

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

19



Geomagnetic storms and substorms

Cy00ypeBasi aAKTHBHOCTb U OPHEHTANMS (PPOHTA YIAPHOH BOJHBI MEKIVIAHETHOT0 MATHUTHOIO
o01aka

H.A. Bapxatos!, B.I'. Bopo6ses?, C.E. Pesynos?, O.1. SIronxuna?, FO.A. T'napanxuiit

YHuscezopoockuii 2ocydapcmeennviii nedazozuveckuii yuueepcumem um. K. Mununa, 2. Huscnuti Hos2opoo
2[Tonapuwiii 2eopusuveckuti uncmuniym, 2. Anamumo

[psmble m3Mepennst MexIuIaneTHoro MarauTHoro noist (MMII) Ha kocmudeckux amnmaparax (KA) mokasasnu, 4ro
MarautHele obaka (MO) COTHEYHOro BeTpa OTIMYAIOTCSI HAIWYHEM o0acTedl ¢ CHIIbHBIM perymsipHbiM MMIT u
pe3kumu ¢ppontamu [2]. Tlo 3TOi mpuunHEe OHM SBISIOTCS Hanbosee reoMarHnTod(P(EeKTHBHBIMU KOPOHAIBHBIMHU
BbIOpocamMu Macchl. CTaTHCTUYECKHE HCCIEIOBaHUs TOKa3alld, YTO TEJO0 MAarHUTHOTO o0Jlaka XapaKTepH3yeTcs
cIHpanbHeIM BpameHueM ycuieHHoro MMIT u Bo MHOrux ciyyasix mpeapapseTcs yIapHOW BOJHON Ha MepegHeM
¢ponTe obsiaka. B 3TOM ciydae MEXAy YIAapHOU BOJHOW W BEAYIIMM KpaeM MArHUTHOTO OOJaKa PEerucTpUpyeTCs
TypOyseHTHas: 00oo4Ka. Y 1apHasi BOJHA BO3HHKAET NPAKTUYECKH OJTHOBPEMEHHO C KOPOHAJIBHBIM BHIOPOCOM, HO
BCJIE/ICTBHE BBICOKOW CKOPOCTH OHa Ha PacCTOSHUSX Mopsiaka 1 a.e. 3aMeTHO oTpbiBaeTcs oT cobctBeHHO MO.
VYnapHast BoJHa NpH B3aMMOAEHCTBUHM ¢ MarHuToc(epoll 3eMiH BbI3bIBAET BHE3AITHOE HA4Yal0 MarHUTHOW OypH.
[Tockonbky 000n04Ka 00aka XapaKTepU3yeTcsl Pe3KUM M 3HAUYUTEIbHBIM U3MEHEHHUEM KOMITIOHEHT MEXXIIAHETHOTO
MarHUTHOTO IOJIsI, TO OHA OTBETCTBEHHA 3a HAYaJIbHYIO ()a3y MarHUTHOH OypH M MOCIeN0BaTEIbHOCTh CyOOypEeBBIX
nporieccos [1].

[pencraBisieTcs BaYKHBIM HCCIIEOBATh 3aBUCUMOCTh CyOOYpEBOI aKTUBHOCTH OT YPOBHSI TYPOYJICHTHBIX JABHIKECHHIA
B 00osouke oOnaka. M3BecTHO, TypOyJE€HTHBIC SIBICHUS B O0OJIOYKE BO MHOIOM OINPENEISIFOTCS OpHEHTAILUen
IUIOCKOCTH yJapHOM BOJIHBI 110 oTHOomeHU0 kK MMII nornomaeMoMy yaapHOU BOJHOM IPU €€ PaCIPOCTPAHEHUU B
COJTHEYHOM BeTpe. B CBSI3M ¢ 3TUM CyIIECTBYIOT TEpMUHBI KBa3UNapaljeIbHON U KBa3UIIEPICHIUKYIISIPHON yIapHOU
BOJIHBI, HANpsIMylO CBSI3aHHBIE C YPOBHEM TypOYJIEHTHOCTH B 0OOJOUYKE, CIEAyHOIleil 3a yIapHOH BOJHOM.
IIpennaraemelit HAMH OpPUTHMHAJIBHBIN METOJ| IIOMCKA B COJIHEYHOM BETPE YIapHBIX BOJIH B IOTOKE JaHHBIX ¢ KA u
YCTAHOBJICHUSI OPUEHTALMM HMX YNApHBIX IUIOCKOCTeH [3] mo3Bonsger chenaTh BBIBOA O CTENEHH BO3MYLIEHHOCTH
0005104KH. DTU pe3yabTaThl MUCHOIB30BAHBI IS MOMCKA 3aBHCHMOCTH CyOOYpeBOH aKTMBHOCTH OT OPUEHTALMH
(PpOHTOB yIapHBIX BOJH MAarHUTHBIX OOJAKOB CONHEYHOro BeTpa. [loka3aHo, 4To B cilydasx KBasHIlapaUIeIbHBIX
yIapHBIX BOJIH HHTEHCHUBHOCTB CYOOypEBBIX IIPOLIECCOB HAPACTaeT.

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

2.E.KJ. Kilpua, Y. Li, J.G. Luhmann, L.K. Jian, C.T. Russell. On the relationship between magnetic cloud field polarity and
geoeffectiveness // Ann. Geophys. V. 30. P. 1037-1050. doi:10.5194/ange0-30-1037-2012. 2012

3.Bapxaros H.A., Pesynos C.E. HeiipocereBas kiaccudukanusi pa3psiBoB NapaMeTpoB KOCMHYECKO# 1a3Mbl. HaydHoe u3nanue:
Conneuno-3emHast pusuka. Beimyck 14(127). C. 42-51. 2010.

CranmoHapHble KOH(PHIYPAIHH TOHKOI0 TOKOBOIO CJI0SI ¢ Y4€TOM 3aMarHHYeHHBIX YJIeKTPOHOB
O.B. Munranes?, 1.B. Munranes?, X.B. Manosa®®, M.H. Memsaux?, I1.B. Cemnxo?!, J.M. 3encHsrit®

UTonapuwiii 2eogusuveckuti uncmumym, 2. Anamumur, e-mail: mingalev_o@pgia.ru
2Hayuno-uccredosamenvckuii uncmumym adepHoti gpusuxu um. [.B. Cxobenvyvina MI'Y, 2. Mockea
3HHcmumym rocmuyeckux uccneoosanuii PAH, 2. Mockea

Pa3paboTana yucieHHas MOJENb Ha OCHOBE HOBOI BEpPCHH CHCTEMBI ypaBHEHHIT CTAIMOHAPHOTO TOHKOTO TOKOBOT'O
cios (TTC) ¢ mOCTOSHHOW HOPMAaJdbHOW KOMITOHEHTOH MATHHTHOTO TIONS C YYETOM OJIIEKTPOHOB W
anekTpocratuaeckux d¢p¢exToB. [loryaen psa korpurypammii TTC B cCHMMETPHIHO# TOCTaHOBKE.

B Monenn MOHBI ONMUCHIBAIOTCS YpaBHEHHEM BiracoBa, KOTOpoe pemaeTcsi YHCICHHO, a Ul OMHMCAHUs DIICKTPOHOB
TIPUMEHSETCS] aHATUTHYECKAN 1moaxo/. JlJisl ncIeHHoro perreHnst ypaBHeHus BriacoBa BIiepBbIe ITPUMEHEH HOBBIH
pa3paboTaHHBI HAMU METOJI, KOTOPBII paboTaeT HaNpsIMYIo ¢ (PYHKIIMSIMH pacTIpeieIeHIs U COYETaeT JOCTOMHCTBA
KaK METO/Ia YacTHIl, TAK M CETOYHBIX METO/I0B, HO CBOOOJEH OT WX HerocTtaTkoB. HoBbI Meron ymobeH s
nocTpoeHus 3()(HEeKTUBHBIX NAPAJUIENBHBIX aJTOPUTMOB C BBIIIONHEHHEM OCHOBHOW YAacTW BBIYMCICHUH Ha
rpadyecKuX Mpoleccopax, M MO3BOJSET CO37aBaTh YWCIEHHBIE MOJENM KpPYMHOMACIITaOHBIX MpOLECCOB B
0eCCTOIKHOBUTENEHONH KOCMUYECKOH IIIa3Me, 3aBE€A0MO HEJOCTYIIHBIC JUI MOJICTUPOBAHNS METOAOM JacThil. s
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annpoKcuMauy (QYHKUUH pacnpeneseHns] HCIOoNb3yeTcsl (pUKCHPOBAaHHAs peryisipHas CeTKa B KOOPAMHATHOM
TIPOCTPAHCTBE U TOJBIDKHAS PETYISIPHAS CETKA B IIPOCTPAHCTBE CKOPOCTEH ¢ (PUKCHPOBAHHBIM Pa3MEpOM U IIIaroM,
C HEHTPOM B JIOKAJIBHON THAPOANHAMHYECKON CKOPOCTH, M C BO3MOXKHOCTBIO OPHUEHTAIMN €€ OCeH M0 MarHUTHOMY
MOMI0. DTOT TPHEM TO3BOJISET OTCIEKHUBATH HOCHTENb (DYHKIMH paclpelieNieHns] B IPOCTPAHCTBE CKOPOCTEH MpH
TIOMOIIN CETKH MUHHMMAJIBHOTO pasMepa. [1o cpaBHEHHIO C METOJOM YacTHIl HOBBIH METOJX JaeT HaMHOTro Ooee
TOYHYIO allPOKCHUMAIHI0 (YHKIMH PACTIPENETICHUS U TPAHUYHBIX YCIOBHUI.

Ha ocHoBe HOBOro MeTona ObIIM CO3/1aHbI IBa BapUaHTa IIPOrpaMMBbI: B IIEPBOM PAacUeThl BHIIOIHUTICH HA 8 HUTAX
4-snepHoro nporieccopa Intel i7 ¢ mpaktuuecku 100% pacmapamienuBanuem npu nomorniu cucteMbl OpenMP, a Bo
BTOPOM BapHaHTE OCHOBHOW O00BEM BBIUMCIICHHI — pacyeT TPAeKTOPHH, BHIOIHAJICS Ha TpaMIecKoM IMporeccope
(GPU) Titan 1080. Bropoi#i BapuaHT mporpaMMbl MPOAEMOHCTPUPOBai HpuMepHo B 20 pa3 0Oosiee BBICOKOE
OblcTponeiicTBre. Pe3ynbTaThl pacyeToB MO CPaBHEHUIO C PaHEE BBIMOJIHEHHBIMH pacyeTaMH Ha OCHOBE METOJa
YacTHIl TOATBEPJIMIIM CYLIECTBEHHO JIy4IlIME CBOICTBA HOBOTO MeToAa. B 4WacTHOCTH, OH OKazajcs armpuoOpHO
CcBOOOJIEH OT psijia MOZAENBHBIX 3((HEKTOB, MPUCYIUX METOLY YacThll. Takke paBHOBECHas! KOH(Urypanus B HOBOM
METO/I€ JOCTUraeTCsl BCETO 32 HECKOJILKO MTepauunii, B npenenax 10, B To BpeMs Kak B pacuerax 1o METO/AY YacTHI]
TpeOOBaJIOCh HECKOJIBKO JIECATKOB uTepauuid. Takum o00pa3oM, HCHONB30BaHUE HOBOTO METOJA IO3BOJISIET Ha
XOpOIIIeM TIEPCOHANTFHOM KOMIIBIOTEPE C OJJHUM WIIH JBYMsI COBpPEeMEeHHbIMHU rpaduueckumu mpoieccopamu (GPU)
Titan 1080 momenupoBaTh 3agaud, Jisl KOTOPBIX B Ciydae HCIONB30BAHMS METOfla YacThIl TpeboBaics Obl
JIOCTaTOYHO MOILHBIN KIACTEPHBIN CYNEPKOMIIBIOTED.

PaGora BhinoHeHa 1py nojepxkke rpanra POOU 17-01-00100.

I'eoundopmanmoHHas cucTeMa MOHUTOPUHTA U MPOTHO3UPOBAHMS COCTOSIHUSI HOHOC(EPHI B
APKTHYECKOii 00,1acTH «ABpOpa - APKTHKA

O.B. Huxudopos?, A.A. Ilerpykopuud?’, U.A. Yeapos!
UKU PAH, 2. Mockea

enbto npoekra o pazpaborku ['C "ABpopa-Apkruka" siBisercs obecrieueHre UCCIeJOBaHUN B 00IaCTH U3Y4CHUS
HOoHOC(EPHI, B IIEPBYIO OUepelb B apKTUUECKON 30HE, a TaKXKe AT pa3paOOTKH U BHEAPESHHS METOOB pacllo3HaBaHMUS,
KiIaccudukanuy, knacrepuzanyu 1 ux uarerpanuu ¢ 'MC n 6a3amu 1aHHBIX.
Hasnauyenue I'MC:

- npororun 6a3oBoit [ IC UKW PAH;

- peleHNe NPUKIaJHbIX 3a/ay;

- YHUBEPCAJIbHBIA CTEH U1 TECTUPOBAHUS MOZENeil HOHOC(hepHI;

- CONPOBOJKACHUE HAYUHBIX HCCIIEA0BAHNUI;

- UCTIONb30BaHHUE B 00PA30BATENbHON NEATENBHOCTH, a TAKKE IS TOMYIISIPH3aliH HAyKH.
B macrosmee Bpemss [MIC «ABpopa-ApKTHKa» CONEPKUT Ccleayromue (YHKIMOHATBHBIE BO3MOXHOCTH:
Kaprorpauyeckas OCHOBa, BBIOOD IPOEKIMH, CO3IaHHWE JIETCHABI, a TaloKe IOANCPKAaHBl pAA  (OYHKLIHIMA:
npeoOpa3oBaHie TEOMAarHUTHON CHCTEMbI KOOPMHAT B reorpaduueckyro u o0paTHo, orodpaxenue qanHbix B UTC
u CET, MLT, conHeuyHasi OCBEIIEHHOCTh, OAOOD, BU3YaIH3AIUs U SKCIIOPT JAHHBIX IO JIaTe, BPEMEHH, YaCOBOMY
MosICYy M HM3MEpSEMBIM IapamMeTpaM, I00aBI€HHE TOYEYHBIX OOBEKTOB (TPYIII), IIBETOBas KOppeKIwms, padora c
KOOpJMHATAMH.
B nanpreiimem [ MIC «ABpopa-ApkTrkay OyaeT pa3BUBATHCS B HATIPABICHUH YBEITHUCHUS TOCTYITHBIX TEMAaTHIECKUX
0a3 IaHHBIX, B T.4. IOCTYMAIOIINX B PEKUME PEaIbHOI0 BPEMEHH, MHKOPITOPUPOBAHMS MOJIETIEH MIPOTHO3a COCTOSHNUS
noHocdepsl, paclIMPeHHs CIIEKTpa CEPBUCOB JUTsI KOHEYHOTO MOJIb30BaTeNs, a Tarke nononHerne [ MIC «ABpopa-
ADpKTHKa» YHUBEpCATbHBIMH PEIICHUSIMU reorpadnaecKux NHPOPMAIIMOHHBIX CHCTEM, KOTOPBIE TTO3BOMAT yAOOHO 1
(YHKIIMOHAIBEHO ITOJIF30BATENIO PEIIaTh BECH CIIEKTP MCCIIEI0BATENBCKHX 3a/1ad.
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JBa THIIa OTKJIMKA MarHuToc(epbl B reOMarHMTHBIX MyJbcanusx Psc Ha B3aumopelicTBue ¢
MEKIIAHETHBIMHU YAAPHBIMH BOJHAMHU

B.A. IMTapxomos®, H.JI. Bopoaxosa?, A.I". Ixuun®, C.JO. Xomyros*, B. Liprmaz®, A.1O. Tamuuus®, T. Paura’

Batikanvcruii 2ocyoapcmeennviil ynusepcumem, 2. Mpxymck, e-mail: pekines-41@mail.ru

2Hnemumym xocmuveckux uccnedosanuii PAH, 2. Mockea

[Monapuwni 2eopusuveckuti uncmuniym, 2. Anamumo

*Teogpusuueckasn obcepeamopus Iapamynxa, Uncmumym xocmogpusuxu u pacnpocmpanenus paouosonn JJBO PAH,
n. Ilapamynxa, Kamuamcxuii kpaii

SUncmumym acmponomuu u 2eousuxu AH Monzonuu, 2. Yaan-bamop, Monzonus

SUncmumym conneuno-3emmoii gusuxu, CO PAH, 2. Hpxymck

"Teogpusuueckas obcepsamopusa Cooanxions, 2. Cooankions, Quunsnous

[pexncraBneHs! pe3ynbTaThl U3y4EHHUs TEOMArHUTHBIX MyJibcaryii Thna Psc 1-5, reHepupyeMbIx Ipu B3aUMOJEHCTBUT
¢ MarauTocepoil MeXIUIaHeTHBIX yrmapHbeix BoaH (MVYB). Paccmorpeno 30 coObituii HabOmomennit MYB Ha
cinytauke Crektp P 3a mepron 2011 — 2017 r. [l aHanm3a UCIOIB30BAHBI TAKXKE HAOMIONCHHS Ha CIIyTHHKAaX Wind,
THEMIS, RBSP-A, RBSP-B. OGHapyxeHo /1Ba TUIa TeOMarHUTHBIX OTKIMKOB. B 20 ciydasx coObITHSI BHE3AITHOTO
Havaina Oypu (SSC), KoTopble SIBISIOTCS MHIUKATOPOM B3anMoselicTBus MY B ¢ MarauTochepoii, ConpoBoxannch
KJTACCHYCCKUMHU T€OMAarHUTHhIMK mynbcaimsamu Psc 1-5 (0.5 — 600 cexyrm). B 10 cobGpITHsAX, KOTOpBIE OBLIH
uHuimupoBansl MYB, pacnpocrpanstonumucs co ckopoctsiMu Vsh > 500 km/c, Ha ¢ponte SSC HaOmronancs
kopoTkui (3+20 c) Bcrieck (11yr) TeOMarHUTHBIX MyJbcanuii B yacToTHOM jauanasone 0.2-7 ', KOTOpblii MOXHO
paccMaTtpuBaTh Kak NpEIBECTHHK BHE3alHOro Hayana Oypu. JleralibHO wuCCenoBaH OTKIMK HAa TPHU
nocnenoBarenbHbix MYB: 21.06.2015 (SSC 16.44 UT, Vsh =327 km/c), 22.06.2015 (SSC 05.44 UT, Vsh =440 km/c)
1 22.06.2015 (SSC 18.33 UT, Vsh =712 km/c). IBa nepBbix SSC conpoBoxkaanuchk mynscauusimu Psc 1-5. B tpetbem
COOBITHU 3aperuCTPUPOBAH BCIUIECK MyJbcalMidi B yacToTHOM auanazone 0.2 — 6.7 T', koropblit Habmopaics
r1no0albHO Ha CEeTH 00CepBaTOPHI M OJHOBPEMEHHO B PA3IMYHBIX CEKTOpaX MECTHOIO BPEMEHM M HA pa3HbIX
mupoTax. BeickazaHO MpeanoaoKeHHe, YTO Pa3IMyuKs B OTKJIMKE T€OMAarHUTHBIX MyJIbCALMH CBA3aHO C PA3IHMUMAMU
B Ipolieccax B3aUMOJICHCTBHS COTHEUHOTO BETpa M MarHUTOCQephl MU pa3IMyHbIX ckopocTsix MYB.

I'eomarnuTHble HAOMI0AeHNsI B 00¢. JIoBO3epo

S.A. Caxapos. B.I1. Kocomanenko

Tonapnuiii eeopusuyeckuii uncmumym, e. Anamumoi - 2. Mypmauck

[IpencraBineH cocTaB PeTHCTPHUPYIOMIEH ammapaTypsl Uil MarHUTOMETPHUYECKNX HaOmonaeHunit B obc. JloBozepo.

[IpuBenensl mnpuMepbl HCHONIb30BaHMA JaHHBIX MBC mpu wHccnenoBaHMM pa3iIWYHBIX  MarHUTOC()EPHBIX
BO3MYILICHUH.
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Fields, currents, particles in the magnetosphere

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

25



Fields, currents, particles in the magnetosphere

Two-dimensional self-similar plasma equilibria
A.S. Lukin®?, LY. Vasko®, A.V. Artemyev'*, E.V. Yushkov!®

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

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

*Institute of Geophysics and Planetary Physics, University of California, Los Angeles, USA
>Department of Physics, Moscow State University, Moscow, Russia

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

Detailed regression model of plasma sheet By
A.A. Petrukovich?®, A.S. Lukin2

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

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

Does local B-minimum appear in the tail current sheet during substorm growth phase?
V.A. Sergeev?, E.I. Gordeev!, V.G. Merkin?, M.1. Sitnov?

1Saint-Petershurg State University, St. Petersburg, Russia
2The Johns Hopkins University Applied Physics Laboratory, Laurel, Maryland USA

Magnetic configurations with dBz/dr>0 in the midtail current sheet are potentially unstable to different instabilities
considered for the explosive substorm onset. Their existence is hard to confirm from observations of magnetospheric
spacecraft. Here we use remote sensing from low-altitude spacecraft which controls the loss-cone filling rate during
electron-rich solar particle event, thereby providing an information about magnetic properties of tail current sheet.
We demonstrate a latitudinally-localized anisotropic 30 keV electron loss-cone region embedded inside an extended
region of isotropic solar electron precipitation. It was persistently observed for more than 0.5 hour during isolated

26



Fields, currents, particles in the magnetosphere

growth phase event by six POES spacecraft, which crossed the premidnight auroral oval. The embedded anisotropic
region was observed ~1° poleward of the outer radiation belt boundary over 4-5 hours wide MLT sector, suggesting a
persistent ridge-type Bz?/j maximum in the equatorial plasma sheet at distances 15-20Re. We discuss infrequent
observation of such events taking into account recent results of global MHD simulations.

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

P.1. Shustov?, A.V. Artemyev'?, E.V. Yushkov'?, A.A. Petrukovich?

1Space Research Institute RAS, Moscow, Russia
2Physical Department, Lomonosov MSU, Moscow, Russia
SUniversity of California Los Angeles, Earth, Planetary, and Space Sciences, Los Angeles, USA

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

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

The data from NOAA POES measurements of ~1 MeV electrons are used to compare characteristics of relativistic
electron precipitation (REP) for two half-year intervals in 2005 and 20009. It is shown that number of REP events is
for one and half order larger in 2005 (declining phase of the solar cycle) than in 2009 (minimum of the solar activity).
Also, the intensity of the REP events is higher in 2005. The probability to observe REP increases with geomagnetic
activity for both intervals. During both intervals three groups of REP events are observed as described in recent papers
by Yahnin et al. (2016, 2017). The different groups of REP events have different morphology and relate, probably, to
different mechanisms of the pitch-angle scattering. As suggested by Yahnin et al. (2016, 2017), the first group of REP
relates to scattering on the magnetotail current sheet, the second one can relate to scattering on the whistler mode hiss
waves, and the third one can relate to scattering on EMIC waves. Percentage of the events of the three groups is,
respectively, 26%, 59%, and 15% for 2005, and it is 7%, 74%, and 19% for 2009. This means that relative contribution
of different mechanisms to the production of the precipitation from the radiation belt varies depending on the solar
cycle epoch and corresponding geomagnetic activity.

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

Yahnin, A.G., T.A. Yahnina, T. Raita, and J. Manninen (2017), Ground pulsation magnetometer observations conjugated with
relativistic electron precipitation, J. Geophys. Res. Space Physics, 122, 9169-9182, doi:10.1002/ 2017JA024249.
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Current sheet thinning in near and distant magnetotail by Cluster and THEMIS statistics
E.V. Yushkov'?, AV. Artemyev®® A A. Petrukovich?

1Space Research Institute, Moscow, Russia
2L.omonosov University, Moscow, Russia
SUniversity of California, Los Angeles, USA

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

Kanna pacnpeaeneHus 1 0cO0eHHOCTH MATHUTOC()ePHOH THHAMHKH

E.E. Antonosal?, M.B. Crenanosa®, W.I1. Kuprinues?, .JI. Osuunnukos?, B.B. Bosuenko?, M.C. Ilynunen?,
C.C. 3narxosal, H.B. Coraukos?*, C.K. Murs?, I1.C. Kazapsu®

YHUU s0eproii puszuxu umenu JI.B. Crobenvyvina MI'Y umenu M.B. Jlomonocosa
2Unemumym Kocmuueckux Hcenedosanuti PAH

3University of Santiago de Chile

*Dusuueckuii paxynomem MI'Y

GOyHKIMY pacnpeieNie s JIEKTPOHOB U HOHOB B MarHuTocepe 3eMin BO MHOTHX CIydasix MOTYT OBITH OIMCAHBI
Kalna-pacrnpejeiacHusiMu. Takue pacrpeneneHus HMEIOT MaKCBEJIOBCKHE siipa M CTENEeHHbIe XBocThl. Kamma
pacnpeneneHus GOPMHUPYIOTCS B XOJ€ pelaKCallii HEPaBHOBECHBIX (DYHKIMI pacrpeiesieHus] K MaKCBEIUIOBCKOMY
pacupeleneHuI0 B YCIOBUAX OECCTOJIKHOBHUTENBHOM MarHuTocepHod 1ia3Mel. [IpuBeneHbl mpUMepHl,
JEMOHCTPHPYIOLIHE  BO3MOXHOCTh  AlIIPOKCHMAalMK  HaOmMomaeMblX  (QYHKIMH  pacrmpeleNneHus  Karmma-
pacnpeeneHusIMHA B MarHATOCIIOKOMHBIX YCIOBHSX M OMKAIlla PaclpefeNeHUsIMU MIPH CMEIIUBAHUN ITa3MEeHHBIX
MOMYJISIUM U3 ABYX UCTOYHHUKOB. PacCMOTpEHBI N3MEHEHHUSI TapaMETPOB Kalllla PaclpeneieHU BAONb TPACKTOPUIA
nonera cnyrHukoB Muccun THEMIS. [lokazaHo, 4YTO anmpoKCHMAIlMM Kalma-paclpeeieHUsIMHU  SIBISFOTCS
3 (EeKTUBHEIM METOIOM HCCIIE0BAHHS MIPOLIECCOB YCKOPEHNUS U HarpeBa 4acTHULl B MarHuTocdepe 3eMiu.
Pa6ora nonnepxana rpantom PODU 18-05-00362.

CTpPYKTYpbI «KOCBIX» aJIbBEHOBCKHX BOJIH B HEOHOPOIHOM /IBYMEPHOM MAarHUTOC()EepHOM
pe3oHaTope

M.A. Boakos

Mypmanckuii 2ocyoapcmeennbiii mexnuueckuti ynusepcumem, 2. Mypmanck, Poccus,
e-mail: volkovma@mstu.edu.ru

B pabore nccrnenoBaHsl COOCTBEHHBIE KOJEOAHHS IBYMEPHOTO, HEOAHOPOTHOTO MArHUTOC(HEPHOrO PE30HATOPA.
Pemenue moxydeHo M ciydasi OJHOPOAHOTO MarHUTHOTO Mouisi 3eMid. MarHUTHBIE CHIIOBBIC JIMHHU CYHTAIOTCS
NPSMBIMU M COSAMHSIOT HOHOC(EPHI FXKHOTO U CEBEPHOIO MOYIIapiid. MarHUTHBIC CUIIOBBIE JIMHHHU TIOIPY)KEHBI B
XOJIONHYIO IDIa3My, T.C. TEIUIOBBIE CKOPOCTH 3JIEKTPOHOB MeHbIe (a30BOM CKOpPOCTH BONHBL HeomHopomHOCTB
MarHuToc(epHOl MIa3Mbl 3a/Ia€TCs KaK IOIMEepeK, TaK U BJIONb MarHUTHBIX CHJIOBBIX JMHUH. [lomepex MarHNTHBIX
CHJIOBBIX JITHUH HEOTHOPOIHOCTH 3a1aeTCs MapaboImueckoi (hyHKIMeH, BJIOIb MAarHUTHBIX CHIIOBBIX JINHHH B hopme
CTYNEHBKH B KOHLEHTPALMH 3JIEKTPOHOB B CEBEPHOM M IOKHOM monymapusx. CTyneHbka B KOHIEHTPALUH
HaXOJMTCSI HA PACCTOSHUM TPEX PaguycoB 3eMin oT HoHochepbl. MoHocdepa paccMaTpuBaeTcst Kak TOHKHH CIION ©
XOJUTOBCKOH 1 MEAEPCEHOBCKOHN MPOoBOANMOCTSIMU. OOCY)IaeTcsl CBA3b ITHX CTPYKTYP C aBPOPATBGHBIMH SBICHHSM.
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Bo3pacTaHusi NOTOKOB PeJITHBHCTCKHUX 3JIeKTPOHOB 1-3 cenTsiOps 2016 roga B appopaibHBIX
o0J1acTaAX o JaHHbIM npuodopa A3TMPOH

N.A. 3onorapes, B.B. benrun, O.10. Heuaes, M.I. INanacioxk, B.JI. [Tetpos, U.B. Smmn, A.M. AMentoukuH
HUUAD MI'Y, 2. Mocksa, Poccus, e-mail: zolotarev@sinp.msu.ru

Hamu mpoBenen orGop Bo3pacTaHWil IOTOKOB 3apsDKEHHBIX YaCTHI[ M MOIIHOCTH J03bI B 00JAaCTH BHEUIHETO
PpaaMaIMoOHHOro mosica B iepuoz ¢ 1 1o 3 centsaops 2016 roma. 01.09 pamuaioHHBIC YCIOBHS CIIOKOWHBIC. BenmunHa
MaKCUMyMa PaJHalMoOHHOro Mosica, HaxoauTcs Ha 3HaueHun L=4 menee 0,001 I'p/u. He HaGmromaercs Maibix 1o
JUTUTEIILHOCTH 0COOCHHOCTEH, KpoMe OfHOro niepeceueHus nosica B 08:33:56 UT. [lanee ¢ 10:12 2 cents6ps no 16:32
3 ceHTAOpst MBI OTME4aeM 12 mepecedeHuid mosica ¢ KpaTKOCPOYHBIMU 0COOeHHOCTSIMUA. OCOOEHHOCTH MPECTaBIISIOT
co0Oll TIOBBINIEHHUS TTOTOKOB YacTHIl M JI03 Ha HMHTepBajax BpeMeHH N0 20 cexyHA. AMIUIMTYAa BO3pacTaHUM
MIPEBBIIIAET TAKOBYIO B MAKCUMYME pPaJMallMOHHOrO Mosica. Takue SKCTpeMaibHble BO3pacTaHus IPOUCXoasT Ha L-
obomnoukax okoio 5. [Ipu aTom 11 Bo3pacTanuit Mbl OOHAPYKUIM Ha HOYHOM cTopoHe Marautochepsl (MLT or 18
70 6) U TOJIBKO OIHO Ha YTPEHHEH CTOPOHE MarHUTOCQEpHI.

AHaNorn4HbIe KPaTKOCPOYHBIE BO3PACTaHUsI HAOIIOJANCh B JAHHBIX JIPYIHX MOISPHBIX CIYTHUKOB [1,2], a Takke B
OaJUIOHHBIX KCIeprUMeHTax [3]. ABTOPBI 3THX PabOT CBS3BIBAIOT 3TH OCOOCHHOCTU C BBICHIIAHMSIMH YHEPTUYHBIX
AJIEKTPOHOB B atMoc(epy, JIMOO ¢ COOBITUIMH PEISITUBUCTCKUX 3JIEKTPOHOB Ha IPaHMIE BHEITHETO PaIMalliOHHOTO
nosica.

boapmiast yacte Hy6J'II/IKyeMI)IX JaHHBIX II0 pazmaunormoﬁ 00CTaHOBKE Ha MOJIAPHBIX CHYTHUKAX HNOABCPIracTcsa
yCpeIHEHHIO Ha BpeMEeHHbIe HHTepBaJbl 0T 5 MUHYT 110 16 cexyHa. I1o 3Toii nprunHe KpaTKOBPEMEHHBIE BO3PACTaHUS
IIOTOKOB YacCTHI] HE IOABEPTalOTCs COEPIKaTeIbHOMY aHalIM3y. TeM He MeHee, Mbl IIoKa3bIBaeM, uTo B faHHbIX POES
¢ 2X CEKyHIHBIM BPEMEHHBIM pa3pellleHneM, MPUCYTCTBYIOT aHAJIOTHYHbIE OCOOEHHOCTH. Jlydiime ycioBus 1uist
HaOJIIOICHUS KPaTKOBPEMEHHBIX COOBITHIl HEPIrHYHBIX 3JIEKTPOHOB OOYCIOBIECHBI OOJBLIMM T€OMETPHUYECKHH
(axropom npubopa JDITPOH no nepomy jerekTopy Gonee 6 cm’*crep, no cpasHenuto ¢ 102 cM?*crep mis
anekTpoHHoro teneckona POES (npu sueprum 1,5 MaB).

Hamu npoBeneH aHanu3 I€OMarHUTHOH OOCTQHOBKHM B OTHOLIEHMH ITOWCKA IPEANIOCHUIOK 0Opa30BaHMS MOTOKOB
9HepruyHbIX vactull. Ilo reomarauTHOoMy mHAekcy SYM/H B Hawanme paccmatpuBaeMoro mepuona HaGIIFOgaeTCst
reOMarHuTHoOE Bo3MylieHue B -75 HT. Bo3pacTaHus NOTOKOB 4aCTUL IPOUCXOAAT BO BTOPOH IIOJIOBUHE BPEMEHHOT'O
nepuoa, uepes 10 gacos mocie Muanmyma DST (SYM/H). Otkinonenns nnaexca SYM/H npu Haminauu Bo3pacTaHuin
y’Ke He CTONIb Benukd, a0 -50 HT.

Tax kak Bo3pacTaHHs HAONMIOAIOTCS B aBPOPANIBHBIX 30HAX, KPUTEPHEM HU3MEHEHHUsI TeOMarHUTHOH 00CTaHOBKU OBLI
BeIOpaH AE wuHzexkc. OmHAKo COMOCTAaBICHHE BPEMEHH OOHAPYKEHHs BO3PACTaHWH IIOTOKOB HE BBIABIIAET
coBIaAeHus BenuuuHbl AE ¢ HalMuMeM M BENMYMHONW BO3pacTaHUH MOTOKOB dYacTHL. BmecTo sToro, BpeMeHa
BO3pacTaHUH XOpOIIO COBMAZAIOT C PE3KMMH M3MEHEeHUsMH BelmduHbl AE B 00e croponsl. Iloxoxum obpazom
COOTHOCATCS BpeMeHa Bo3pacTanuii ¢ m3MeHeHusMu uHaekca ASY/H. Takke MbI HaGIFO1aEM XOPOIIIEe COOTBETCTBUE
BEJIMYMHBI CKOPOCTH IIOTOKA ¥ BPEMEHH HaOJII0JaeMbIX BO3PACTaHHI.

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

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

3.Bazilevskaya G.A., Kalinin M.S., Kvashnin A.N., Krainev M.B., Makhmutov V.S., Svirzhevskaya A.K., Svirzhevsky N.S.,
Stozhkov Y.lI., Balabin Y.V., Gvozdevsky B.B Precipitation of energetic magnetospheric electrons and accompanying solar wind
characteristics. // Geomagnetism and Aeronomy. 2017. T. 57. Ne 2. C. 147-155.
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CucreMa KHHETHYECKHX YPABHEHMIT VIS 0€CCTOJKHOBUTEIbHOH KOCMUYECKOI IM1a3MbI B
NPpUOIMKEHUH CHI0BOI0 PABHOBECHS 3JIEKTPOHOB BJ0JIb MATHUTHOTO MOJISI

O.B. Munranes?, 1.B. Munranes!, X.B. Manosa®®, JI.M. 3enensrii®

Yonapneni 2eousuveckuti uncmumym KHI] PAH, 2. Anamumer, e-mail: mingalev_o@pgia.ru
2Hayyno-uccredoeamenvckuii uncmumym adeproti pusuxu um. J.B. Cxobenvyvina MI'Y, 2. Mockea
SUncmumym xocmuueckux uccnedosanuii PAH, 2. Mockea

[omyuena cucreMa KMHETHYECKUX YpaBHEHHH, KOTOpas OMHUCHIBAET JIOCTATOYHO MEIJICHHBIE KpYyMHOMAacIITaOHbIE
TMIPOLIECChl B OECCTONIKHOBHUTENBHBIX MAarHUTOIIA3MEHHBIX CTPYKTYPax C MPOCTPAHCTBEHHBIM Pa3pelIeHHEM MOpsIKa
XapaKkTepHOrO THpPOpaINyca TEIUIOBBIX NMPOTOHOB M YYUTHIBAET CHIIOBOE PaBHOBECHE JJIEKTPOHOB BJIOJb JIMHHUIMA
MarHuTHoro mnojs. B 3Tol cucTeMe mia3Ma cUMTaeTcss KBa3WHEWTpalbHOW, MarHUTHOE TOJE OIpeessieTcs
ypaBHEHHEM AMIepa, NPOAOIbHAS YacTh JJIEKTPUUECKOrO TOJIS YPAaBHOBEIIMBAETCS IPOAOJILHON YacThiO
JVBEPreHIMM TEH30pa AABJICHHs 3JEKTPOHOB, a OPTOrOHAJIbHAs YAaCTh 3JIEKTPUUECKOTO IOJS OHpPEAENAIOTCS
TEKYIIMMH pAacHpeielIeHUsIMM  KOHIIEHTpAIMM, TUIOTHOCTH TOKa W TEH30pa HampsDKEHHH BceX IUIa3MEHHBIX
KOMITOHEHT B MPUOJIMKEHHNHA MIHOBEHHOT'O JabHOJIEUCTBHS U3 CUCTEM YPaBHEHHH 3JUIMITUYECKOTO THIA, KOTOphIE
HE COACPKAT IMPOU3BOJHBIX 11O BPEMCHHU. le/l BBIBOJIC 9TOM CHCTEMBI HCIIOJIB3YETCA YyCIIOBUC KBa3HHeﬁTpaJ'IBHOCTH,
ypaBaenus: @apajies v ypaBHeHHs: AMIiepa, a TakKe ypaBHEHHE JUIS MTOJHOH IUIOTHOCTH TOKa, KOTOPOE MOJTy4aeTcst
CYMMHPOBAHUEM BBITEKAIOUIMX W3 YpaBHEHHMH BilacoBa rMIpoavMHAMUYECKHUX YPAaBHEHUM IIOTOKA HMMITYJbCa UL
Ka)KJlOﬁ KOMITIOHCHTHI IJIa3MBlI.
HOJ’Iy‘ICH BapuaHT CUCTEMbI y'paBHeHI/II‘/II UL cliy4das 3aMarHM4€HHBIX OJJICKTPOHOB, OIMMCBIBAEMBIX YpPaBHEHUEM
BnacoBa B npeiioBoM npuONIMmKeHnH, KOraa ux MpOCTPAHCTBO CKOPOCTEH SIBIISETCS 2-MEPHBIM, YTO CYIECTBEHHO
OKOHOMMUT BBIMUCIIUTEIIBHBIC PECYPCHI IPU YHUCICHHOM MOJACINPOBAaHUHU.
ITonyueHHsle cucTeMbl ypaBHEHUH MO3BOISAIOT pa3padaThIBaTh Kak MIOOATbHYIO YUCICHHYIO KHHETHUECKYIO MOJETh
3eMHOH MarHuToc(epbl ¢ paspenieHueM Mo MPOCTpaHCcTBY okono 100 KM, Tak M JIOKAJIbHbIE MOAEIH OTHETbHBIX
obuacteil 3eMHOI MarHutocgepsl ¢ eie 00Jee BHICOKUM Pa3pelieHHEM.
JU71s1 HONyYeHHBIX CUCTEM YPaBHEHUH MTPEIOXKEH HOBBII METO/ YUCIEHHOI'0 HHTETPUPOBAHUS, KOTOPBIH y100€H I
NPOBECHU NapaJUleNbHBIX BHIYMCICHNH Ha Tpa)MuEeCKUX MPOLECCOpPax, U COUETaeT JOCTOMHCTBA METO/A KPYITHBIX
YaCTUIl M CETOYHBIX METOOB, HO CBOOOIECH OT MX HENOCTATKOB. Pe3ynbTaThl NMpenCTaBICHHOH padoThI CO3HAIOT
TEOPETUYECKHE U METOANYECKHUE IPEATIOCHUTKH AJIsI A€TaIBHOTO MOJIETTMPOBAHMUS [IMPOKOI0 Kpyra aKkTyalbHbIX 3a/1a4
(u3MKH OECCTOIKHOBUTENFHON MarHUTOC()EPHOM IJIa3Mbl C HCIIONB30BAHUEM TTOYYEHHON CUCTEMBI YpPaBHEHHIA.
Pa6ora BrmonHeHa npu noanepkke rpanta PODGU 17-01-00100.

CucremMa ypaBHeHU Mo/JeJ1H TOHKOT0 TOKOBOI'O CJI0Sl ¢ MOCTOSIHHOM HOPMAJILHOH KOMIIOHEHTOi
MATHUTHOTO MOJISl ¢ Y4€TOM 3aMarHU4eHHBIX )JIeKTPOHOB

O.B. Munranes?, 1.B. Munranes?, X.B. Manosa?®, M.H. Memsaux?, I1.B. Cemnxo?!, J.M. 3encHsrit®

UTonapuwiii 2eogusuneckuti uncmumym, 2. Anamumur, e-mail: mingalev_o@pgia.ru
2Hayuno-uccredosamenvckuii uncmumym adeproti gpusuxu um. [.B. Cxobenvyvina MI'Y, 2. Mockea
3HHcmumym rocmuyeckux uccneoosanuii PAH, 2. Mockea

BeiBenena HOBasi BEpCHs CHCTEMBl YPAaBHEHHH MOZENH CTAIlIOHAPHOI'O IPOCTPAHCTBEHHO |-MEPHOr0 TOHKOTO
tokoBoro cinost (TTC) ¢ mocTosHHON HOpPMAallbHONH KOMIOHEHTOW MAarHUTHOTO TIOJISi, B KOTOPOH IO CPaBHEHHIO C
cymectByromuMu MoaesiMu TTC Goree TOYHO ONICHIBAIOTCS AIIEKTPOHBI M JIEKTPOCTATHIECKHE Y PEKTHI.

B Mozmenu moHBI ONMHUCHIBAaIOTCS ypaBHEHHEM BiacoBa, KOTopoe pemraeTcs YHCICHHO, a Ul ONMCAHUS JIEKTPOHOB
MIPUMEHAETCS] aHATMTUYECKUH MOAXOZ. DJIEKTPOHBI CYMTAIOTCS 3aMarHWYEHHBIMH W ONHMCHIBAIOTCS ypaBHEHHEM
BracoBa B npeiihoBoM mpHOMMKEHHH, T KOTOPOTO TOJMYYE€HO TOYHOE peIIeHne — (DyHKIHA pacrpereneHus
anexTpoHoB Bo BceM TC. M3 sToro pemenus momydena ¢opmysa, Aaiomias B3aMMHO OJHO3HAYHOE BBIPAKEHHE
JIEKTPOHHOM KOHLEHTPALMHM 4Yepe3 MOTEHIMAJ 3JIeKTPUYECKOro Iois W MarHuTHoe noine. [lomcranoBka 3o
¢dopmynsl B ypaBHenue IlyaccoHa 1aeT HeMMHEHOE ypaBHEHNE OTHOCHTENIFHO MOTEHIIMANIA HIIEKTPHIECKOTO MO,
JUIL KOTOPOTO CO3/laHa METOJIMKAa YHCICHHOTro pemieHus. [lo 3TOMy YMCIEHHOMY pPELIeHWIO Ul IOTeHIHaia
paccunTHIBAETCS IEKTPOHHASI KOHIEHTPALUs B TOKOBOM ciioe. Takxke MoiydeHsl (POPMYIbI, KOTOPHIE BHIPAXKArOT
MIPOJOIBHOE W TIOTIEPEYHOE JABJICHHWE 3JIEKTPOHOB UYepe3 WX KOHICHTPAIMI0O M MarHuTHOE Tojie, U (hopmysbl,
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BBIpa’KaroIlye INIOTHOCTh TOKa 3JIEKTPOHOB Yepe3 MX KOHLEHTPAIMIO ¥ MarHuTHOe noie. 13 atux gopmyn cremyer,
4to ecinu nekTpons! BHe TTC usorpomHsl, To oHM OyayT n3orponHeiMu U B TTC, npudem nx temnepartypa Oyner
TIOCTOSIHHOM, a UX TOK Oyzer HyneBbIM. Ecii xe anekrponsl BHe TTC aHU30TPOIHBI, TO OHHU OYIIyT aHU30TPOITHBIMH
u B TTC, npuuem ux rmpoaonbHas TeMneparypa OyaeT IocTOSHHOM, a monepevHas TeMreparypa OyaeT yMeHbIIaThCs
OT Kpas K LeHTpy ciod. IIpu 3TOM TOK 3JEKTPOHOB OTJIMYEH OT HyJNA, U IMOJCTAaHOBKA €r0 BBIPAKEHMS uepe3
MarHUTHOE TION€ M KOHLEHTPAIMIO »D3JEKTPOHOB B YypaBHEHHE AMIepa [aeT CHUCTEMY HEIMHEHHBIX
i hepeHINaTBHBIX YpaBHEHUH 1-TO MOpsiiKa OTHOCUTEIBHO CAMOCOTIIACOBAaHHBIX KOMITOHEHT MarHUTHOTO TIOJIS.
Pabora BrmonHena npu noanepskke rpanta PODOU 17-01-00100.

3aBHCHMOCTH BBICHIIAHUH IHEPTUIHBIX MPOTOHOB BHYTPH aHI/l30Tp0HHOﬁ 30HbI OT FeOMArHUTHOM
AKTHUBHOCTH

H.B. CemenoBa®, T.A. Axuunal, A.T. Axuun?, A.I'. Jlemexop'?

YTonapuoni 2eopuszuveckuti uncmumym, 2. Anamumur, e-mail: nadezhda.semenova@gmail.com
2Unemumym npuxnaonoii pusuxu PAH, 2. Husenuti Hoszopoo

HOCTpOCHbI pacnpeaciacHusa BEPOATHOCTU Ha6J'IIOJlCHI/I$l BBICHITIAHUM OHECPIUYHBIX MMPOTOHOB, CBA3AHHBLIX C MOHHO-
muknotponHoit (MI) HeycroiumBocThIO, B 3aBHcUMOCTH 0T AE-MHAekca reoMarHUTHOW aKTUBHOCTH. OTH
BBICBIIIaHUSL PETUCTPUPYIOTCH HI/ISKOOp6I/ITaHbeIMI/I CIIYTHUKaMHU B 30HE, TA€ IIOTOKHM DSHEPrUYHBIX YaCTUI]
aHM30TponHbL. [lokazaHo, YTO MPU POCTE T€OMArHUTHOM akTUBHOCTU OT cnaboit (AE<100 uTxn) mo ymepeHHOU
(100<AE<300 uTi) BeposiTHOCTh HAOJFO/ICHUS BBICHITIAHUIA B THEBHOI 00J1aCTH 3a reocTalMoHapHO opouTol (rie
HaOJIIOJAI0TCSl MAKCUMaJIbHbIE 3HAYCHHsI BEPOSITHOCTH HAOJIOJICHUS) pacTeT, a MpH BbICOKO aktuBHOCTH (AE>300
HT) - ymenbmaercs. BrickazaHo IPENOI0KeHUE, YTO 3TO SBIACTCS CISACTBUEM IBYX KOHKYPHPYIOLIUX (haKTOPOB:
1) pocTa OTOKa HEPTHYHBIX IPOTOHOB B PE3Y/IbTaTe MHYKEKLIUH YaCTHUIl BO BHYTPEHHIOIO MarHuTocdepy Bo BpeMs
BO3MYILCHUH, U 2) yMEHBLIEHUs paUaIbHOI0 IPaIUEHTa TOTOKA YaCTHLI, TAKXKE CBI3aHHOI0 C MHXKEKUMsIMHU. [1epBblIii
¢axTop Bener Kk pocty mHKpemeHta M1 HeycToHYMBOCTH, a BTOPO — K €r0 YMEHBIICHHIO 33 CUET YMEHBIICHHS
MIONEePEYHOI aHU30TPOIIMH B THEBHOM CEKTOpE, KOTOPas BhI3BaHA PacIeIUICHUEeM ApeiH(OBBIX 000I0YEK U TIOITOMY
3aBHUCHT OT PaJUajIbHOrO IPaUeHTa MOTOKA YaCTHII.
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Numerical simulations of asymmetric kinetic magnetic reconnection: A case of realistic crossing
A. Divin, V. Semenov, |. Zaitsev

St. Petersburg State University, St. Petersburg, Russia

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

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

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

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

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

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

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

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

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

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

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

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

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

I'eomarHuTHbIE NyJIbcAMH U PoJib B.A. Tpouukoii B CO30aHUN POCCHICKOM IIKOJIbI
HX HCCIe10BaHH i

H.I'. Knetimenosa
H®3 PAH, 2. Mocksa, Poccus, e-mail: kleimen@ifz.ru

B nponutom roay ucnionaminock 100 JieT co AHS posKACHHS BBLIAIOIIET0Cs yaeHoro-reodusuka Banepun AnekceeBHbI
Tpomukoit (1917-2010), co3gaTtenst POCCHMCKON IIKOABI IO W3YYEHHIO TE€OMArHUTHBIX IIyJAbCallMid Kak
(yHIaMEHTAJIBHOTO €CTeCTBEHHOIO IIpolecca MarHuTocepHOi ImasMmbl. lcciemoBaHHe KOPOTKONEPHOIHBIX
KoJieOaHHWi B MAarHUTHOM T10jIe 3eMJIM HAYaJIoCh ¢ ycTaHoBlieHneM B.A. Tpounkoii [ByX KoleOaTelnbHBIX PEKUMOB:
uenpepsiBHOro (Pc) u wpperymsipuoro (Pi). Jlns w3ydeHust 3TuX KoynebaHuii 1O €€ WHHUIMATHBE BO BpEMS
Mexnynaponuoro ['eopusuueckoro ['oma (1957-1959) B Poccuu 6b11o oprann3zoBano 19 craHumii 3eMHBIX TOKOB,
nse u3 koropelx (bopok u JloBo3epo) 3aTeM mpeBpaTWINCh B 0a30Bble 0OCEpPBATOPHUHM, IZie OBUIM yCTAHOBJICHBI
OCHOBHBIE (hYyHIaMEHTAJIbHBIE 3aKOHOMEPHOCTH PAa3HBIX THIIOB T'€OMAarHUTHBIX Iynbcanuid. IlepBrie pabotsr B.A.
Tpounnxkoit Obimn omyOnukoBaHbl B Hadaie 50-X rojax MPOMIUIOTO CTONETHS, W HA OAMH W3 IONYYEHHBIX €I0
pE3yNIbTaTOB HE IOTEPSUT AKTYaIbHOCTH B HammM JHHA. O GonbIIOM MeXIyHapomHoMm aBTopurere B.A. Tpourkoit
CBUJIETENBCTBYET TOT (akt, 4ro e€ mBaxasl u3dupanu [Ipesumentom MAI'A - KpymHOH MeEXTyHApOTHOMN
Accoraninu o I'eomaraeTm3sMy U A’poHOMUH. 3apyOeKHBIE KOMJIETH HA3BIBATH €€ «KOPOJIEBOM T'€OMAarHUTHBIX
myabcanuin». Tompko Onmaromapst akTHBHBIM JEHCTBUSAM W aBTOopHTeTy B.A. TpouIkod cramo BO3MOXXHBIM
MIPOBEAECHUE CUCTEMATHYECKUX CHHXPOHHBIX MEKAYHAPOIHBIX T€OMarHUTHBIX HAOIIOICHNI B CONPSDKEHHBIX TOUYKAX
Corpa-Keprenen, a taike Ha T€OMarHUTHBIX Tonrocax Boctok-Tyme. Anamm3 3Tux HaONMIOmEHWH TMO3BONWI II0-
HOBOMY TIOJIOWTH K BONpPOCAM TEHEpaluk ¥ PACIpPOCTPAHCHUS] T€OMArHWUTHBIX ITyJIbCAIMd B OKOJO3EMHOM
MIPOCTPAHCTBE. DKCHEPUMEHTAIFHO OBLIO YCTaHOBJICHO, YTO OOMNbINAs YacTh KOPOTKOMEPHOAHBIX I'€OMArHUTHBIX
KoneOaHni BO30YKI1aeTCsl B 3KBATOPHAIBHOM IIIOCKOCTH MAarHUTOC(EPHI U PACTIPOCTPAHAETCS B0 CHIIOBBIX JIMHUH
T€OMarHWTHOTO TI0JIst. B TO e Bpemst OBLITO HalIeHO, BOJIHOBBIE MAKETH TeOMAarHuTHBIX mynbscarmii Pcl (f = 0.2-5
I'), mosTHueckn Ha3BaHHBIE «KEMIYXKHHAMI», B CEBEPHOM H I0)KHOM TOYIIAPHAX PETUCTPUPYIOTCS TTOTIEPEMEHHO,
a He OTHOBPEMEHHO, KaK HabOJromaeMble B TOM JK€ JHMAIla30He 4acToT KonebaHms yoObiBatomiero repuona (KVYII),
3aHeceHHbIe B ['ocymapcrBenHsii peectp oTkpbiTiii CCCP. B.A. Tpownmkoii 1 e€ yaeHHKaMu OBUIO CO3IaHO HOBOE
HampaBlieHHe B Teo(u3nke — IMAarHOCTHKA COCTOSHHMS MarHWTocepbl Ha OCHOBE HA3eMHBIX HAOIIOJICHUH
TEOMArHUTHBIX ITyJabcauid. TakuM oOpaszom, mox pykoBoacTBoM B.A. Tpowumxkoit Obu1 cozmaH (yHmaMeHT s
JaTbHEHIINX KaK SKCIIEPUMEHTABHBIX, TAK M TEOPETHIECKUX HCCIIEJOBAHHUHN, KOTOPHIE TOKA3alIH, YTO TeOMarHUTHBIE
ITyJbCAIMY UTPAOT KIFOUYEBYIO POJIb B THHAMHUKE MarHUTOC(EPHOM MIa3Mbl, YTO TTOATBEPKAEHO MHOTOUYHCIICHHBIMHI
ITyOIMKANMSIMA TIOCTIETHUX JIET.
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Iupoxononocusie YHY Bo3MylIeHNS 3JIEKTPHYECKOT0 MOJIA B IpuOpeskHoii 30He OX0TCKOro
Mops

10.A. Komsitenko, B.C. Ucmarumnos, M.C. [lerpumes, I1.A. Ceprymun, A.B. [letnenko
CII6® U3MUPAH, 2. Canxm-Ilemep6ype, e-mail: office@izmiran.spb.ru

B cenrsope 2017 r. CII6® U3MUPAH mnpoBen skcnepuMeHT Mo wucciienoBaHuro YHY anexkTpoMarHUTHBIX
BO3MyIIeHnH Ha mobepexbe Oxorckoro Mops (o. Caxamun). Perumcrpanust naHHBIX BBINONHSIACH JBYMS
reopuznueckumu cranuusiMu GI-MTS-1, pacnionoxeHHbIME Ha Oepery Bo3jie KpOMKH BOJIBI M B TOUKE yJaJIeHHOW Ha
160 M ot Gepera.

OOHapyXeHO, YTO IPH YCHJICHHUH CKOPOCTH BETpa MPOUCXOAWT YBEIUUCHHE MHTEHCHBHOCTH IIHPOKOIIOIOCHBIX
(F=0.001-0.1 T'ry) YHY Bo3MyIeHHi 3JEKTPUIECKOrO OIS B TIPHOpExHOi 30He. Ha ynaneHHo# ot Gepera CTaHIMA
3TOT 3dekT ocnadieH B 3-5 pa3. [TockoabKy 3eMiist IMEET OTPUIIATEIBHBIN AIEKTPUICCKUMA 3apsi/l, TO HaJI 3EMHOM
TIOBEPXHOCThIO B a3po30iu HaOmogaercs ~20% TNpeBBIIICHNE TOJ0KHUTEIbHBIX 3apsoB HaJ| OTPHLIATEIbHBIMU.
BepositHo, HaOmogaemble YHY Bo3MyIIeHHsS BBI3BIBAIOTCS IEpEMEIIEHHEM HEOTHOPOIHOCTEH 3JIEKTPUYECKHX
3apsA70B B ad3pO30iM HAJ ANEKTPOAAMH TeulypuuecKux JuHuil. C yCHIEHHEM CKOpOCTH BeTpa KOHIEHTpalus
MOPCKOIi a3p030J1 BO3ie OEperoBoil JIMHUM U, CIEI0BATEILHO, KOHLICHTPALHUS TIOJIOKHUTENILHBIX 3aps0B BO3PACTAET
U BO3pacTaeT uHTeHcuBHOCTh Y HY Bo3MyIIeHUIA.

Tarke oOHapyKeHO yBENMYEHHE MHTCHCHBHOCTH MIMPOKOMONIOCHBIX YHUY BO3MYIEHHH AJIEKTPUUECKOro Mols B
MEepUOJbl MMPUIIUBOB. IInorHOCTH MOpCKOﬁ aspo30i1M, MO-BUANUMOMY, CUJIBHO MaJAacT NMpH YAAJICHUN OT KPOMKHU BOJBI.
Bo BpeMsi MpuiiMBOB MOPCKasi BoJia IPHOJIMIKAETCS K AJIEKTPOJaM TeJUTYPHUYECKHX JIMHUH, YCTaHOBJIEHHBIM Ha Oepery,
Y IUIOTHOCTH a3PO30JIH U 3aps0B HaJI AJISKTPOAAMH BO3PACTAET, U HAOJIIOIAETCsl YCUIIEHHE IHPOKONoocHbX Y HY
Bo3MylleHni. Ha ynaneHHoii oT Gepera cTaHIMK KOHLIEHTPALUs adpo3oiieit Mana u 3ddexra BAUsHMS NPUIUBOB HE
HaOmoaercs. B MarHUTHOM 1oJ1e CBSI3b BapHalyil ¢ IPHIMBAMU U CKOPOCTBIO BETpa HE PErUCTPUPYIOTCS Ha 00enx
CTaHIMAX, BEPOSATHO, BCIEACTBUE HEAOCTATOUHON YyBCTBUTEIILHOCTH MarHUTHBIX JATIUKOB.

HeckobK0 €J10B 0 B3aUMO/1eiiCTBUH MaJIbIX BO3MYIIIEHUIl ¢ yIapHO#i BOJIHOW B BA3KOM cpene
A.A. JTro0unu
Honsapnwiii 2eoguzuyeckuti uncmumym, Anamumoi, Poccus

Xopomo m3Bectao (Lubchich and Pudovkin, 2004), uto mpu aHamm3e B3aMMOACHCTBUS MAJbIX BO3MYIICHHH C
yOapHOH BOJHOW B MPUOMMKEHUM WACAILHOM Cpelbl CBOICTBA YIApHOW BOJHBI YpPE3BBIYAWHO CHJIBHO
naeamm3upyoTces. GakTHUECKH MpEeIoNIaraeTcs, YTo MOBEPXHOCTh YIAPHOH BOIHBI He 00/1aaeT HUKAKO HHEepIHen
U €€ MOKHO INPOU3BOJIBHO, HE BCTPEYasi CONPOTUBIICHUS, CMECTUTh U3 IOJOXKECHHs PABHOBECHS WIM NPHUIAThH i
NPOU3BOJIBHYIO CKOPOCTb. JTO IPEATIONOKEHHE, OOBIYHO HESBHOE, NPHBOAUT K CEPHE3HBIM MaTeMaTHYECKHM
TpyaHOCTAM. HanpuMep, npy pereHny 3a1a4y METOIOM Pas3JIoKeHHs 110 COOCTBEHHBIM BOJIHAM KOJIeOaHUs yaapHOH
BOJIHBI pACCMATPHUBAIOTCS KaK JIMHEHHO He3aBHCHMBIe Konebanus. OIHaKo, IPU UCTIONIB3yeMOH HIealn3allii OHU He
SBJIAIOTCS COOCTBEHHBIMH KOJEOAaHHMSAMH CHCTEMBl. Bo3HuKaeT HeycTpaHMMoOe mpoTuBopedre. OHO NPHUBOOHUT K
CTpaHHBIM OCOOSHHOCTSIM B PELICHWH 3aJay: B HEKOTOPOM Y3KOM JAHAIla30HE YIJIOB MaJICHUS BO3MYIIEHHS MOTYT
PE3Ko, MHOT/Ia PE30HAHCHO, YCHIIMBATHCS NPH NMPOXOXKICHHU Yepe3 yIapHYIO BOJHY; O0JACTH TOGPHUPOBOYHON M
pacnaHOi HEyCTOMYMBOCTH YIAPHOU BOJHBI HE COBIAJIAIOT IPYT C APYTOM H T.J. DTH NPOOIIEMBI B PEIICHUSIX JaBHO
M3BECTHBI, a IMYyTH WX OOBSICHEHHWSA B paMKaxX HCIONB3YeMOW HIealm3aIiii ocTaroTcs Hesicabimu. Lubchich and
Pudovkin [2004] mpearmomoXmim, 4To ¢ KOJEOAHWAMH IMOBEPXHOCTH YAAPHON BOJNHBI CBSI3aHBI BO3MYIIEHHUS
JIaBJICHHMS, TEHCTBYIOIIETO HA IIOBEPXHOCTh YapHOW BOIHBI, IPOIOPIMOHAIBEHBIC BO3MYIIEHUIO CKOPOCTH YAAPHOM
BOJIHBIL. To ecTh, BO3MYIICHUS JaBJICHHS SBIISIOTCS aTpuOyTOM KOJIeOaHU TOBEPXHOCTH yAapHOH BOMHEL [Ipu Takom
MOZIX0J1e KOJIeOaHMsI IIOBEPXHOCTH yAAPHOI BOJHBI CTAHOBATCS COOCTBEHHBIMH KOJEOAHHSMH CHCTEMBI, H3BECTHBIC
CTPaHHOCTH B PELICHHSAX MCYE3aI0T, a HOBBIE He MOsABIIOTCA. OnHako, okasanock (Hampumep, Kyopsasyes u
Oscannukos, 2010), 94TO YUCIEHHOE pEUICHHE «B JIOO» BS3KMX YpaBHEHHH cOrNacyercs ¢ HIealn3UpOBAHHBIMHU
PELICHUSAMHE ISl WACATbHON CPEIbl M POTUBOPEYUT CKOPPEKTUPOBAHHBIM pelleHnsM, monydeHHbiM Lubchich and
Pudovkin [2004]. B paGote npemnaratoTcsi BOSMOKHBIE IIYTH YCTPAHEHHUsI BO3HUKIIIETO TIPOTHBOPEYHSL.
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[Muty-yriaosas nud¢ys3us JHePru4HbIX MPOTOHOB NPH MX B3anMoaeiicTeun ¢ IMMUI BostHamu:
CpaBHeHHUe Pe3yJIbTAaTOB pacyeToB ¢ JaHHBIMM cnyTHUKOB THEMIS 1 Van Allen Probes

T.A. TTonoa!, A.A. JTlro6unu?, A.T. Jlemexos'?

YITH, 2. Anamumel, Poccus
2UTI®D PAH, 2. Huscrnuti Hoézopoo, Poccus

o nanuemv criyrankoB THEMIS u Van Allen Probes npoananu3upoBaHo HECKONBKO cirydaeB HaOmoaeHns SMUL]
BOJIH B Pa3IMYHBIX YACTOTHBIX MHTEpBaJlaX (2 MMEHHO, POTOHHOM, I'elIMeBON M KHCIOPOJHOM mojocax). OTMeTHM,
YTO BO BpeMsl pacCMaTPHBaEMbIX COOBITHI HAOIIOJATUCh BBICHIIIAHNS SHEPTUUHBIX POTOHOB HA HU3KOOPOUTAIBHBIX
cnytaukax POES. Ucmomnb3ys dYacTOTHBINH mpoduis wuHTeHCHBHOCTH OMUIL] BONH, NaHHBIE O BEIUYMHE
MarHuToc(hepHOro MarHUTHOT'O ITOJISt W TUIOTHOCTU XOJIOJHOM IUTa3Mbl, OBUTH paccUUTaHbl KO3(POUIMEHTHI HUTY-
yrioBoi muddy3uM SHEPrHYHBIX MPOTOHOB HA pa3HBIX HSHEPrHAX M MNUTY-YINIax. PacueTsl MpoBOAMIKCH B
MIPEONOKEHUH, YTO XO0JIOIHAS MJIa3Ma COAEPKUT JEKTPOHBI, IPOTOHBI, OJHOKPATHO MOHU30BaHHbIE HOHBI TeJIUs U
KHCIOpoAa. Pe3ynbTaThl pacyeToB CONOCTABISAINCH C M3MEPEHHBIMU NMUTY-YIVIOBBIMU paclpesieieHUIMU TTOTOKOB
SHEPTUYHBIX MPOTOHOB. B 11€710M, BUJ U3MEPEHHBIX MUTY-YIJIOBBIX PACIpPEIETICHUN COTIacyeTcs ¢ OXKUIaeMbIM Ha
OCHOBaHMH pacyera Ko3(Q(UIMeHTOB MUTY-yTioBoi nuddy3um.

AHOMAJIbHBIE MYJILCAIMH FePIOBOro AMANA30HA HA (paze BOCCTAHOBJIEHHUS] MATHUTHOM OypH B
cenTssope 2017 r.: AMHAMHKA MyJIbCALUI B KOHTEKCTE H3MEeHEHUsI MAPAMETPOB MeKIJIAHETHO
cpeabl

B.B. Cagapranees?, ILE. Tepemenko?!

onapueni ceousuyeckuii uncmumym, Mypmanck - Anamumot
2CI16® U3MHUPAH

IpencraBnens! npeaBapUTeNbHbIE PE3YIbTATHl UCCIENOBAHUS CTPYKTYPHI M TMHAMHUKN HEOOBIYHOI'O BO3MYILCHUS B
JMana3oHe TeOMarHUTHBIX mynbcaiuii Pcl, nabiromaemoro 10 centsiopst 2017 r. Ha no3aHei ¢a3e BOCCTAHOBICHUs
CHIIbHOM MarHuTHO#W Oypu. I[lynmbcamum ObUIM 3aMKCHPOBaHBl HMHAYKIMOHHBIMH MarHutomerpamu I[II'M B
obcepBaropusix noc. Bepxuerynmomckuii (Kombckuii m-oB) m Ha KpacHom o3epe (JlenoOnacth). 'eomarnutHas
AKTUBHOCTH MMeJIa CIOKHYIO CTPYKTYPY B BUIE IyJIbCAIUI THIIA «KEMUYKUH» (Auana3oH 9acToT 1-1.5 I'n) u cepwmit
Y3KOIIOJIOCHBIX BCIUIECKOB (IMana3oH 4actoT 2-3 ['1) ¢ meproaoM clieZoBaHus, MEHSIIOIUMCS BO BpeMeHHu ¢ 7 1o 15
MmunyT. [locnenuss ¢opma akTHBHOCTH SIBIISIETCS peAKUM coObITHeM. CorocTaBiieHHe TMHAMUKH ITysabcanuid Pcl ¢
mapaMeTpaMu MEXIUTAHETHON Cpellbl MPOMCXOMIIIO C MCIOIb30BaHueM NaHHBIX cmyTHHKOB THEMIS, u3 xoTophIx
JIBa HAXOJWJINCh B COTHEYHOM BETpE, /1Ba — B IIEPEXOIHOM 00JIacTH BOIM3M MOICOIHEYHON TOUYKH Ha MarHUTOIAY3¢e
W OIMH TaKXe BOJM3M IOICONHEYHON TOYKM, HO BHYTpH MarHutocgepsl. IlokazaHo, 4yTO M3MEHEHHE HeCyleH
YaCTOThl ¥ MHTEHCUBHOCTU MYJIBTHIUIETHBIX JKEMUYY)KHH SBHJIOCH OTKJIMKOM Ha CKaueK AWHAMHYECKOTO NaBIICHUS
COJIHEYHOTO BETpa, OOHAPYXKEHHBI 110 JaHHBIM O3KBAaTOPWAIbHBIX MArHWTHBIX craHuui. Cepust Oomee
BBICOKOYACTOTHBIX BCIZIECKOB C IEPHOIOM CIEIOBaHHMSA 7 MHUHYT MOXKET OBITh CBs3aHa C KojeOaHuwsiMu Bz
komnoHeHTsl MMII Grmskoro meproaa. Bemmecku ¢ mepruomoM ciefoBaHus 15 MUHYT MOTYT OBITH Pe30HAHCHBIM
OTKJIMKOM MarHutocgepsl Ha MATHAANATUMHHYTHBIA 3KCKYpC JTHEBHONH MAarHHWTONAY3bI 1O HANPABICHUIO K 3eMIIE.
Kpome 3Toro, TexHmueckne BO3MOKHOCTH CHCTEMBI cOOpa JaHHBIX MO3BOIWIM HaM MPOBECTH CPABHUTEIBHBIN
aHAJIN3 UHTEHCUBHOCTH ITynbcarwii Ha Konsckom 1-Be 1 B JIeHOOTAaCcTH, 9TO TIPH TANbHEHIIIEM HCCIIeOBaHUH OyaeT
CHOCOOCTBOBATH ONPEAEIEHHIO MECTOMOIOKEHHS MX HCTOYHUKA B MarHUTOCQepe.
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Jlokanusanus ncTOYHNKOB KBasunepuoandecknx OHY n3znyyennii B Marnutocgepe
10 pe3yJIbTaTaM OIHOBPeMEeHHbIX HA0/II0/leHnii Ha cnyTHUKaX Van Allen Probes n na 3emue

E.E. Turosal, A.T. lemexos*?, FO. Mannunen®, A.A. Jlro6umd?, JI.JI. [Tacmanuk?, A.B. Jlapuenko!

YITH, 2. Anamumel, Poccus
2UTI®D PAH, 2. Huscrnuti Hoézopoo, Poccus
STeogpuzuueckas obcepsamopus Codankions, PuHAAHOUA

Pe3ynbTaThl omHOBpeMeHHBIX CITyTHUKOBBIX (Van Allen Probes) u HazemHbIx HaOmroaeHuit OHY BOJH HCIIOTB30BaHBI
JUTSL JIOKQJTU3alMi UCTOUYHUKOB KBazunepuoguueckux (QP) m3nmydenuii B maruurocdepe. HazemHble HaOmroneHuit
OHUY wu3ny4yenuii mpoBoamiKch Ha ctannuu Kannycnexto (67.74°N, 26.27°E; L = 5.5) B ceBeproit Oumnisuaunn. J{is
10 nponeroB VAP-A u VAP-B B skBaropuanbHOi 0oOnacTh MarHutocqepbl HaiJEHO B3aWMHO OJHO3HAYHOE
cootBeTcTBrEe Mexay QP snemeHTamu Ha 3emiie M Ha CITyTHHKaxX. 3TO COOTBETCTBHE HAONIONAIOCh B IIUPOKOM
nmuanasone mupoT (~20°) u gonrot (~90°) Ha paccrosHUsIX 10 3000 KM MEXTy TeOMAarHUTHOM MPOSKIUEH CITYTHUKOB
Ha 3eMutto W craHiuel Habmronenus: Kannyciexro. bonbime npocrpancTBeHHbIE MaciiTabbl 001acTH HAOIFOICHUS
KBa3HIIEPHOIUUECKUX M3JIyYCHUH, KOPPEIMPOBABIIMX C CUTHaJlaMM Ha 3emJjie, MOTYyT OBITb CBSI3aHBl C
HEKaHAJIMPOBaHHBIM pactpoctpaneHneM OHY BonH B MarHurocepe ¥ BO3MOXKHOCTBIO HMX MHOTOKPATHOTO
OTpakeHHsI OT HMOHOC(EpPhl HIH OT OOJIACTCH, I/Ie WX YacToTa MPUOIMKAETCS K YacTOTE HIDKHErO0 THOPHIHOIO
pe3oHaHca.

EcrectBeHHO cunTath, 4To QP M31IydeHNs reHepupyIOTCs B pe3ynbTaTe pa3BUTHs IUKIOTPOHHOM HEYCTOMYHNBOCTH B
maraurocdepe [1,2]. Torna obnacte MX TeHepalMK JOJKHA HAXOJUThCS BOJIM3U reOMarHUTHOro skBatopa, OHY
BOJIHBI JOJIKHBI PAcCHpOCTPAHATHCA MPEHUMYIIECTBEHHO BJOJIb T€OMAarHUTHOIO TIOJII M 3aBUCHMOCTh MHKpEMEHTa
CBUCTOBBIX BOJIH OT YacCTOTHI B paliOHEe UCTOYHMKA JOJDKHA OBbITh OJnM3Ka K HaOmogaeMoMy criektpy QP manmyuennit.
IToaTomy, ucronb3ysi MHOTOKOMIIOHEHTHBIE M3MEpeHNs Ha ciiyTHUKax Van Allen Probes, Mbl onpenenunu yqacTku
TPACKTOPUI CITyTHHKOB, Ha KOTOpbIX Bekrop IloiinTmHra QP m3mydenuii ObLT HampaBieH OT SKBATOpa, a YIJIBI
BOJIHOBBIX HOpMaJsied ObuiM Manbl. Taxoke Mo JaHHBIM O (YHKLHMH PACIpefeNIeHUs] SHEPTHYHBIX 3JIEKTPOHOB H
KOHLICHTPALMK XOJIOJHOM IUIa3Mbl, U3MEpeHHbIX ciyrHHkamu Van Allen Probes, ObLIM BBIIOTHEHBI PacyUeThl
HMHKPEMEHTA CBUCTOBBIX BOJIH [UIs IIPOJOJIBHOTO PACHPOCTPAHEHU I, KOTOPbIE OBLIN COMOCTABIICHBI C HAOII0aeMbIMU
cnexkrpamu QP m3nydenuil. B pesynbprate Ui HECKOIBKUX IPOIETOB ObUTH BBISIBICHBI 00IACTH, YAOBICTBOPSIOIIUE
KpuTepusiM uctounuka QP nznyuennii. It 006JaCcTH OKa3aJIMCh JIOKAIM30BaHbl B MHTEpBaje L obonouek L =4 + 5.5,
a uX XapaktepHblie pa3mepbl 0butn AL = 0.1 — 0.2.

1.becnainos I1.A., Tpaxrenrepr B.JO. Anbpenosckue masepsl. ['oppkuit: UTIO AH CCCP, 190 ctp., 1986.

2.Tpaxrenrepr B.1O., Paiikpodt M.Jx. CBHCTOBBIC U ab)BEHOBCKHE LUKIOTPOHHBIC Ma3epsl B kocmoce. M.: dusmarnur, 344
crp., 2011.
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Results of solar cosmic rays flux observation on several spacecraft at different orbits in September
2017

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

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

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

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

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

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

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

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

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

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

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

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

B.B. Gvozdevsky', A.V. Belov?, R.T. Gushchina?, O.A. Danilova?, E.A. Eroshenko?, V.G. Yanke?

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

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

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

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

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

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

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

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

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

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

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

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

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

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

A.l. Podgorny?, 1.M. Podgorny?

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

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

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

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

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

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

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

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

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

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

The behavior of the spectral lines of high-ionized iron atoms 193A FeXXI1V, 94A FeXVIII, 131A FeXXIIl and others
during solar flares and in the pre-flare state are analyzed. The data of the USA SDO spacecraft are used. The
appearance of the pre-flare structure in the solar corona above an active region is shown. The structure with a
temperature of about 6MK is observed, while the numerical MHD simulation shows the current sheet formation above
an active region, and the energy accumulation in its magnetic field for a flare takes place. Such structures can be used
to predict the flare appearance and generation of solar cosmic rays. During the flare, the local heating of the plasma
cloud occurs to the temperature of at least 20MK at the place where the pre-flare structure has been observed before
the flare. Pre-flare structures occur usually a day before a flare. A rare and complex event was appeared on September
4 -10, 2017. The event occurred during the minimum of solar activity. It was accompanied by solar cosmic ray fluxes.
The flare X8.2 was occurred on September 10 above the active region that completely located on the back side of the
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solar disk behind the western limb. The proton flux at the Earth could be detected only, if the proton flux of this flare
is propagating along the magnetic field lines of the Archimedes spiral. The front of the flux of solar cosmic rays is
registered by the GOES apparatus with the delay not exceeding the proton transit time and has a very steep increasing.
The arrival of solar cosmic rays from western flares with the delay equal to the transit time and the coincidence of the
measured spectrum of the fast (prompt) component of solar cosmic rays with the calculated spectrum of protons
accelerated in a flare current sheet are the direct proof of the proton acceleration in a flare.

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

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

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

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

Interplanetary (IP) shocks are one of the main factors influencing on the space weather. The fine structure of the front
of collisionless shock has been investigated for planetary shocks from magnetic field measurements whereas IP shocks
are less often studied. BMSW plasma spectrometer onboard the Spektr-R satellite, launched in 2011, measures the ion
moments with high-time resolution — 0.031 s and it allowed us to study ramp region of the IP shocks using ion
moments, which were completed by magnetic field measurements from ACE, WIND, THEMIS and CLUSTER
spacecraft.

All registered IP shocks were studied and their main characteristics were calculated: B (the ratio of the solar wind
thermal to the magnetic pressure), 0gn (the angle between the upstream magnetic field and shock normal direction),
Mms (Magnetosonic Mach number — the ratio of the IP velocity to the propagation speed of magnetosonic waves), IP
shock velocity. The study shows that the ramp thickness defined from plasma measurements roughly corresponds to
the ramp thickness derived from the magnetic field measurements and lies within interval from 40 to 600 km. In some
cases the precursor waves were observed in the front of subcritical shocks both in plasma and magnetic measurements.
It was found that their wavelengths varied from 70 to 400 km.

Research was supported by the Russian Foundation for Basic Research, grant 16-02-00669 A and grant 16-02-00125 A.

41



The Sun, solar wind, cosmic rays

Diurnal variations of the bottom edge of the ionosphere during the proton precipitations on and

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

!Polar Geophysical Institute, Apatity, Russia

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

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

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

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

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

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

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

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

'L omonosov Moscow State University, Faculty of Physics, Moscow, Russia

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

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

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

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

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

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

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

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

YHukanbHas 6a3a JaHHBIX TPAH3MEHTHBIX SIBJIEHUI B KOCMUYECKHUX JIy4aX U MeKIIAHETHOH cpeje

A.A. A6ynun®, M.A. A6ynuna’, A.B. Benos?, C.IL. Taiinam’, E.A. Epomenko?!, E.A. Maypues?, B.A. Onenepal,
W.W. Hpamymkuna®, B.T. Suke!

YU3MUPAH, 2. Mockea, Poccus
2[ITH, 2. Anamumpwi, Poccus
STAIIOY BHK, 2. Byaypycaan, Poccus

st BcectropoHHero u3ydeHust PopOynr-3pexToB U X CBA3M C COMHEYHBIMHU, MEKIUTAHETHBIMH U T€OMarHUTHBIMH
Bo3MmymieHusIME cotpyaankamu U3MWPAH 6pita co3mana (M HEPEpHIBHO MOMOTHACTCS) YHUKANbHA 0a3a JaHHBIX
TPaH3UEHTHBIX ABJICHUI B KOCMHYECKUX JIydaX W MEKIUIAHETHOU cpezie. B Hell Bapualuy mIoTHOCTH B aHU30TPOITUH
KOCMHYECKHX JTy4eil 00beIMHEHBI C COTHEUHBIMH, MEXXIUIAHETHRIMH U T€OMAarHUTHBIMU TapameTpamu. KocMudeckue
Jy9H TPEJCTABICHBI Pe3yIbTaTaMH TJI00aTbHON CHEMKHU MO JAHHBIM BCEH MHUPOBOM CETH HEUTPOHHBIX MOHHUTOPOB
(GSM) mns xécrxkoctn 10 I'B, a wmHbOpMamust Mo CONHEYHOMY BeTpy B3sATa u3 0a3pl maHHBIX OMNI
(http://omniweb.gsfc.nasa.gov). baza naHHBIX BKIIIOYaeT B ce0st OONBIIOE KOIHMIECTBO PA3INYHBIX XaPAKTEPHCTHK IO
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~7150 ®opOym-3¢dexram, OXBaTHIBAIOMIMX OoJiee YeM MONYyBEKOBOM mepnoj Hadmronennit (1957-2017 rr.). B
TIPE/ICTaBICHHON paboTe MpOIeMOHCTPUPOBAHBI HEKOTOPBIE M3 BO3MOXKHOCTEH JTAHHOTO HHCTPYMEHTA.

CoobiTue GLE 10 cenTaops 2017
10.B. bana6un, b.b. I'Boznesckuii, A.B. I'epmanenko, E.A. Maypues, E.A. Muxanko
Honapuwiii eeouzuueckuit uncmumym, e. Anamumol, Poccus

B 2017 rony neiitporHsiMu MouuTopamu (HM) Obuto 3apeructpupoBaHo HoBoe coObiTHe (GLE) B comHewunbix
KOCMHYECKHX JIydax. JTo ImepBoe nogodHoe codbitne ¢ 2012 roma M Bcero BTopoe B 24-M IMKIE COJHEYHOH
aktuBHOCTH. COOBITHE MPOM3ONLIO OT akTHBHOW obmact A2673 tuma " Beta-Gamma-Delta", mapmieit cepuro
CHJIBHBIX BCITBIIICK B ceHTA0pe 2017. PeHTreHOBCKas! BCITBIIIKA, OT KOTOpOU npou3onuio coositie GLE, nmena kmace
X8.2 (xoopaunatel Benbiikn SO8WS83) nawanacs B 15:35 UT, makcumym pocturHyt B 16:06 UT. Ammuryna
Bo3pacranuss Ha HM He npeBbicuna 6% MO MATUMUHYTHBIM JaHHBIM, OHAKO, €r0 YBEPEHHO HAOIIONAN JIECATKH
cranimii mupoBoi cetn HM. CoOwitiie GLE ObI10 mpoaHann3upoBaHo; HECMOTPSI HA MaJyl0 aMIUTUTYAY, JaHHbIE
MHUPOBOH CETH OBLTH 00pa0OTaHBI O CIICIUATLHON METOTUKE, CO3/IaHHOM B TabopaTtopun kKocMudeckux ydei 1IN,
Ocobennoctbio naHHoro GLE sBnsiercss cuibHas aHW30TpONMsi Ha HAYabHOM (a3e COOBITHS: HIMPHHA TOTOKA
COJTHEYHBIX KOCMHYECKMX Jydel BHayaje cocraBisuia 30-40 rpagycoB. DTO XOpOIIO BUAHO YK€ U3 CpaBHEHHA
npoduiieit Bo3pacTaHus Ha Pa3HBIX CTAHIIMASAX.

beutn monyuensl nuddepeHIuanbHble CIEKTPhl COMHEYHBIX KOCMUYECKHX JIydeid B pa3Hble MOMEHTBI COOBITHSL.
CrnexTpbl UMEIOT NIEPEMEHHBIN HAKJIOH CO CPEJHUM IOKa3aTeneM, OM3KHM K Y =~ -4, 4TO COOTBETCTBYET JIOBOJIHLHO
KECTKOMY CIEKTPY JUIsl COTHEYHBIX KOCMUYECKHUX Jiydeid. [lonmydeHHbIe CIIeKTPBI yIOBIETBOPUTEIBLHO COTNIACYIOTCS
C JaHHBIMHU O MOTOKAaX SHEPTUYHBIX IMIPOTOHOB, IMOTYYEHHBIX HAa KOCMUYCCKUX ammnapatax.

CoJsiHeYHbIe HCTOYHHKH H XaPAKTEPHCTHKH MATHUTHBIX 00J1aKO0B COJTHEYHOI0 BeTpa
H.A. Bapxatos!, E.A. Pesynosa?, P.B. Pomanos?, B.I". Bopo6nes®

Huoice2opoockuii 2ocydapemesennwiii nedazozuyeckuti ynusepcumem um. K. Mununa, 2. Huscnuii Hoe2opoo
2Huoice2o0podckuti 20Cy0apcmeenbvlii apXumeKmypHo-cmpoumensusiii ynusepcumem, 2. Huoscnuii Hos2opoo
Monapuwni eopusuveckuti uncmunym, 2. Anamumoy

Koponaneaeie BbIOpochl Macchl (KBM) wu, ocobeHHo, wmarHutHbie oOnaka (MO) SBISIOTCS —caMbIMU
BBICOKOIHEPTeTHUECKUMHU CONHEeYHbIMH  siBJieHusMu [1, 2]. TlporHo3 reomarautHO# d¢dexkruBHocTn KBM
HY)XJAeTCsl B JaHHBIX 00 MX COJHEYHBIX MCTOYHHMKAX M MX CTapTOBBIX (M3MYECKHX XapakKTepucTHkax. Jis storo
pa3paboTaHa METOAMKA YCTAHOBJICHUS JIOKAIM3AUUH M KOH(QHI'YpaLlH COMHEYHOro McroyHnka MO 1o JaHHBIM
kopoHorpadoB u ¢ororpadusm EIT MDI SOHO dotocdepsr [3]. Ha 3Toif 0OCHOBE BBHINOIHEHO CTATHCTHYECKOE
HCCIIeIOBAaHIE 3aBUCHIMOCTEH MPOCTPAHCTBEHHBIX XapakTepucTuk ncTouHnkoB KBM tuma MO ot pacmonoxxeHus Ha
COJIHEYHOM JIMCKE, KOHKPETHO, 3aBUCHMOCTH PACIPEIETICHNS COTHEYHBIX HCTOYHUKOB PA3IIMUHON MPOTSHKEHHOCTH U
MX YIJI0BOW OpPUEHTAIMU BUAMMON YaCTH COTHEYHOTO HCTOYHMKA OT €r0 KOOPIMHAT.

BeimonHeHO conocTaBieHne apaMeTPOB COIHEYHBIX HCTOYHUKOB C XapakTepucTukaMu MO 3aperncTpupoBaHHBIMHU
Ha KA. Tlomydensr 3aBucuMocts ckopocth MO OT MUHHMANbHON IIUPOTHI M, COOTBETCTBYIOMIEH €H IONTOTHI,
HCTOYHHKA; 3aBUCHMOCTh MaKCHMAJIBHON HANPsHKEHHOCTH MarHuTHOro noist (MIT) MO or MUHIMAaNBHOM MIMPOTHI
U, COOTBETCTBYIOLIEH €f OJMTOThl UCTOYHUKA; 3aBUCUMOCTh BZ-KOMIIOHEHTHI MakCUMalbHON HamnpsibkeHHocTH MIT
MO or MHHHMAIbHOW IIMPOTHI W, COOTBETCTBYIOIICH €M MONTOTH HMCTOYHWKA, 3aBUCHMOCTh IIHPOTHOTO H
JIONToTHOTO yritoB BekTopa MIT MO OT MEHUMAITEHOHN IIUPOTH U, COOTBETCTBYIOMICH € TONTOTH HCTOYHHKA.
OOpamieHo BHHUMaHHE Ha CYIIECTBOBAHHE 3aBHCHMOCTH AJIEMEHTOB T'€OMAarHHUTHON aKTHBHOCTH OT INAapaMeTpOB
COJTHEYHBIX WCTOYHHKOB CTPYKTYP COJHEYHOro BeTpa. HaiimeHsl cBS3M KOOpPAMHAT COJHEYHOTO HMCTOYHHKA C
TE€OMAarHUTHOW aKTHBHOCTHIO 000m0ukn MO M KOOPIMHAT COTHEYHOIO MCTOYHHWKA C T€OMAarHUTHON aKTHBHOCTBIO
tena MO.

1. bapxaroB H.A., Jleutun A.E., PepynoBa E.A. Kiaccudukanus KOMIIIEKCOB KOCMAYECKOU TIOTO/IBI C YIE€TOM THIIA COTHEYHOTO
HUCTOYHHKA, XAPAKTCPUCTUK IIJIA3MEHHOT'O IOTOKa M CO34aBa€MOro MM T'€OMarHUTHOIO BO3MYIICHUA // TeoMarHeTusMm u
asponomust. T. 54. Ne 2. C. 185-191. 2014.

2. E.KJ. Kilpua, Y. Li, J.G. Luhmann, L.K. Jian, C.T. Russell. On the relationship between magnetic cloud field polarity and
geoeffectiveness // Ann. Geophys. V. 30. P. 1037-1050. doi:10.5194/ange0-30-1037-2012. 2012.

3. https://sohowww.nascom.nasa.gov
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JAuarpaMma HanpaBJIEeHHOCTH U FreOMeTPUYeCKUH (GaKTOp TeJeCKONMNYeCKHX CHCTeM 3apsiKeHHbIX
YACTHUI] C YI€TOM PeAJIbHBIX TOJIINH JeTeKTOPOB M X 3(p(peKTUBHOCTEH H CPABHEHHE
¢ NpuOJH/KeHHneM reOMeTPHYeCKOoi ONTHKH

E.A. Maypues?, A.A. A6ynun?, ILT". KoGenes?

Yonapuoni 2eopusuueckuti uncmumym, 2. Anamumot, Poccus, e-mail: maurchev1987@gmail.com
2H3MUPAH, 2. Mockea, Poccus, e-mail: abunin@izmiran.ru, kosmos061986@yandex.ru

HOJ'Iy‘IeHI)I AHAJIMTUYCCKUC BBIPAKCHUA U1 JUAarpaMMbl HAIIPABJICHHOCTH U T€OMETPHUICCKOIO (baKTopa MCTOJIO0M
«TEHEBBIX 00JIacTei» JJIs1 HanboJee PpacnpoCTpaHCHHBIX TCJICCKOIMNMYCCKHUX CUCTEM B l'[pI/I6J'II/I)KeHI/II/I FeOMeTpH'-ICCKOﬁ
OIITHKH. I[J'IH BaXXHOI'o cCiy4das TEJIECKOIMMUECKOM CUCTEMbBI, B KOTOPOM pAaCCTOAHHUE MCKAY ACTCKTOpaMH
(C‘ICT‘II/IKaMI/I, CHI/IHTI/IJ'IJ'IHTOpaMI/I) CpaBHUMO C UX TOJIIHWHAMU, MPOBEACHO MOJACINPOBAHUC C YUCTOM KOHKPETHOﬁ
T€OMETPUN CUCTEMBI. KpOMe TOTrO, IMpHU MOACIUPOBAHNN YUTCHA 3(1)(1)6KTI/IBHOCTI) n

Hcnoab3oBanue nakera RUSCOSMICS B 3a1ayax OLeHKH CKOPOCTH HOHM3alH aTMOoc(epbl
3emMiu NPOTOHAMH KOCMUYECKHX JIydeid

E.A. Maypues, 10.B. banadoun
THonsapuwiii 2eopuzuneckuti uncmumym, 2. Anamumei, Poccus, e-mail: maurchev1987@gmail.com

B sT0ii paboTte paccMOTpeHO MOACIUPOBAHUE TPOXOKICHHS IPOTOHOB KOCMUYECKUX Ty4dei yepes atMochepy 3eMiu
W MX BKIJIQJ B Mpoliecc HoHM3anuu Ha Bbicotax oT 0 10 80 kM Bo Bpems nByx coObituit GLE Ne65 u GLE Ne 67.
Pacuersl npoBoauuck npu nomoinu komiuiekca RUSCOSMICS, pa3zpabdorannoro Ha 6aze GEANT 4 B naboparopuu
KOCMHUYECKHX Jydeii I. Anatuthl. [lapamMerpusanust CToI00B BO3IYIIIHONW MacChl AJIs 3aJaHHBIX 3HAYCHUI )KECTKOCTH
TeOMarHUTHOr0 0Ope3aHust onyueHa ¢ ucnoib3oBanueM moaean NRLMSISE. Kiacc ToueuHOro MCTouHMKa 4acTui]
HacnenoBan oT General Particle Source m nmeer crekTpalbHble XapaKTEPUCTUKH, COOTBETCTBYIOIIME MOMEHTaM
Bpemenn 28.10.2003 u 02.11.2003. Ha wuHTepecylolMX BbICOTaX PACIHOJIOKEHbI YyBCTBUTEIBHBIE OOBEMBI,
obnanaromue kak Meronamu kinacca G4SensetiveDetector, Tak B onpeJielIeHHBIME HAMH, U TIO3BOJIIOLINE COOUPATh
uHpopmanuio 00 SJHEPrur, OCTABICHHONW B3aUMOJICHCTBYIOIIEH YacTHIIEH, a TaK)Ke TIePEeCUUTHIBATH €€ B KOJINIECTBO
HOHOB, oOpasyromuxca B 1 cekyHay. B xome MonenupoBaHHs IOJXY4eHBl BBICOTHBIE NPOQWIN CKOPOCTH
HMOHOOOPA30BaHUS AT Pa3IMYHBIX 3HAUCHHUH IIMPOTHI M JONTOTHL. TaxoKe MpoBeieHa BepuduKanus MOIEeIH METOOM
CpaBHEHUSI YUCICHHBIX PE3YJIbTATOB U 3KCIIEPUMEHTANIBHBIX JaHHBIX, IOIYYEHHBIX BO BpeMsI 3aIlycKa I1apOB-30H0B
C YCTaHOBJICHHBIMU Ha HUX cueTunkaMy [ eiirepa. IIpoBesieH aHaIM3 1 MOKa3aHO XOPOILIee COOTBETCTBHE.

MoonabHBIH MATOra0aApUTHBII 1eTeKTOP BTOPHYHOI 3JIEKTPOHHO-MIOOHHOH KOMIOHEHTHI
E.A. Muxainko, }0.B. barabun, E.A. Maypues, A.B. I'epmanenko
Honsapnwiii 2eoguzuyeckuti uncmumym, 2. Anamumul, Poccust

B na6opatopun kocmudeckux mydeit [II'U (r. AnaTtuTsl) BeAeTCs OCTOSHHAS PErUCTPAI TAKUX YaCTHIL Pa3TNIHBIX
THUIIOB, NTPH TTIOMOIIA KOMIUIEKCHOW CHCTEMBI MOHUTOPHHTA. sl yaydineHns HH()OPMATUBHOCTH MPOU3BOANMOrO
MOHHUTOPHHTA B JONOJIHEHNE K CHUHTWISIIHOHHOMY CIIEKTPOMETPY, PETHCTPHPYIOIIEMY KaK 3apsDKCHHBIC JaCTHITH,
TaK ¥ raMMa-KBaHTHI, ObUT pa3paboTaH W BBEACH B JKCIUIyaTallMIO JACTEKTOp 3apspkeHHOW kommoHeHTH (/I3K) Ha
ocHoBe cueTynkoB I eiirepa-Miomnepa. OCOOEHHOCTBIO ATOIO JETEKTOPA SBISIETCS TO, YTO OH ITO3BOJISIET BBIICIHUTD
13 BCe 37IEKTPOHHO-()OTOHHOI KOMIIOHEHTHI BTOPHIHOT0 KOCMHYIECKOT0 N3TyIEHHs PETHCTPUPYEMON HaMH, TOITBKO
3apsDKEHHYIO, @ MMEHHO: MIOOHBI, 3JIEKTPOHBI, MO3UTPOHBI. IIperMyIecTBOM AAaHHOTO IETEKTOpa SIBJISETCS €ro
MOOWMJIBHOCTD, MOJIyYeHHas Oyiaroyapsi MCHONb30BaHMIO KOMMAKTHBIX cueTdnkoB (CTC-6). Beuto mpouseneHo
YCOBEPIICHCTBOBaHNE 31eKTprieckor cxembl JI3K mpu momommy ycTaHOBKM B NPHOOpP CTAOMIIBHOTO MCTOYHHUKA
BBICOKOT'O HAIIPSDKEHUsI ISt 0OecTieueHns: paboThl CUSTIMKOB. Taxoke pa3paboTaHa cxeMa HU3KOBOJIBTHOTO TINTAHUS,
obecrieunBaroniast BEICOKYI0 Heprod(pekTHBHOCTh 1, COOTBETCTBEHHO, aBTOHOMHOCTB BCET0 JIETEKTOPA B IIEJIOM.
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The response of the ionospheric F2 layer peak parameters around the crest of the EIA to some
space weather events

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

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

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

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

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

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

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

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

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

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

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

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

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

!Physics Department of St. Petersburg State University, St. Petersburg, Russia
2|EE-RAS, St. Petersburg, Russia

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

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

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

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

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

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

5. Beloglazov M. 1., Remenets G. F., 2005. Investigation of powerful VLF disturbances // Intern. J. Geomagn. Aeronomy, vol. 5,
no. 3, April issue, GI3004. doi:10.1029/2005G1000101.

The influence of different ionospheric disturbances on the GPS scintillations at high latitudes
V.B. Belakhovsky?, Y. Jin?, W.J. Miloch?

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

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

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

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

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

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

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

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

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

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

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

L2Graduate Institute of Space Science, Nationl Central University, Taiwan,

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

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

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

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

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

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

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

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

K. lluore!, F.N. Okeke?

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

The spectra of sprites are composed primarily of N first positive group (1PG) (B*I1,~A%%,*) and second positive
group (2PG) (C®1,~B%Ig). We pay special attention to the simulation of electronic kinetics of the B3I, and C3I1,
states at the altitudes of middle atmosphere. The simulation includes the consideration of removal processes in
inelastic molecular collisions. We compare the N2(B) and N2(C) calculated vibrational distributions in sprites with
those available in scientific literature. It is shown that intermolecular and intramolecular electron energy transfer
processes influence on the vibrational populations of N2(B) and N»(C) with the increase of atmospheric density.

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

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

The simulation of N2(A3%,*) and CO(a%) vibrational populations at the altitudes of upper atmospheres of Titan,
Triton, Pluto is made. The simulation includes the consideration of the electronic excitation of N2 and CO triplet states
by photoelectrons and the quenching processes in spontaneous radiation and in inelastic molecular collisions. Upper
atmospheres of the planets are considered as mixtures of molecular nitrogen N2, methane CHa, carbon monoxide CO.
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The influence of metastable molecular nitrogen N2(A%Z,*) on the electronic excitation of CO molecules in inelastic
collisions is studied. The role of molecular inelastic collisions in intermolecular electron energy transfer processes is
investigated. It is shown that the increase in the density of upper atmospheres of the planets leads to more significant
excitation of lowest vibrational levels of CO(a%l) by intermolecular electron energy transfers from N (A3Z.*) in
comparison with direct excitation of the a°II state by photoelectrons.

lonospheric response to 2015 St. Patrick geomagnetic storm

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

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

2], Kant Baltic Federal University, Kaliningrad

3Institute of Solar-Terrestrial Physics SB RAS, Irkutsk

“Geophysical Center RAS, Moscow

SSpace Research Institute (IKI) RAS, Moscow

®Polar Geophysical Institute, Apatity

"Lomonosov Moscow State University, Moscow, Russia

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

In current work the simulation results of oblique ionograms are presented using the International Reference lonosphere
Model (IRl — 2007) and the numerical model of HF radio wave point-to-point ray tracing. The several examples of
ionogram synthesis for high-latitude ionosphere are shown and compared with experimental data. The special feature
of our work is an application of the direct variational method for point-to-point ionospheric ray tracing based on the
Fermat’s principle. There are several advantages of the direct variational method over traditional methods for the
ionogram simulation: (1) position of receiver and transmitter are kept fixed during optimization procedure; (2) global
automatic optimization for both high and low rays; (3) robust simulation in case of the minimum and maximum usable
frequencies.
This work was supported by the Russian Science Foundation (project Nel17-77-20009).

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

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

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

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

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

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

The response of the ionospheric TEC on travelling convection vortices
V.E. Pronint, V.A. Pilipenko?, V.I. Zakharov!, and D.L. Murr3

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

3Augsburg College, Minneapolis, USA

e-mail:tolgamrab@yandex.ru

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

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

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

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

Studies of the lithosphere-ionosphere coupling last more than four decades and still have no a widely accepted
solution. Many researchers analyze the ionosphere total electron content (TEC) maps to reveal possible ionosphere
responses to the impacts of seismic origin. We expect the wide use is due to the availability of a huge amount of TEC
data in open access with good spatial and temporal resolution. However, “manual” analysis of those data is a very
man-power consuming procedure. Therefore, many researchers consider TEC variation just at a point or a few points
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(which is not hard to automate). The points in consideration are usually the near-epicenter and / or magnetically
conjugated one. Full 2D TEC maps are not usually analyzed but taking into account the whole map is an essential
factor to derive the spatial features and to reveal the statistical significance of possibly related to seismic events
disturbances. In this paper we formulate the base principles that must be followed to create a software system for an
automated detection of the ionosphere TEC precursors to earthquakes. We describe the developed prototype of such
software system and discuss the first test results.

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

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

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

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

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

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

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

This investigation was supported by RFBR Grants No. 16-05-01077 and 17-45-510341, partly Program Ne7 of the
Presidium of RAS.

56



lonosphere and upper atmosphere
Study on the types of ionospheric spread-F at different low latitudes
J.K. Shil, G.J. Wang?, Z. Wang?, X. Wang?, G. Zherebtsov?, K. Ratovsky?, N. Polekh?

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

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

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

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

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

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

O.V. Zolotov

Murmansk Arctic State University, Murmansk, Russia

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

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

0.V. Zolotov?, M.V. Rybakov?, A.A. Namgaladze?, M.A. Knyazeva®, B.E. Prokhorov?, M.I. Karpov*#,
S.A. Parfenov!

Murmansk Arctic State University, Murmansk, Russia

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

3Helmholtz Center Potsdam, GFZ German Research Center for Geosciences, Potsdam, Germany

“Immanuel Kant Baltic Federal University, Kaliningrad, Russia

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

MozaenupoBaHue NPoLecCOB PACIPOCTPAHEHHUS 3JIeKTPOMATHHTHBIX BOJIH B BOJHOBO/E 3eMJIs -
HoHocdepa ¢ y4eToM aHU30TPOIHOM HOHOC(hepBhI

O.1. AxmeroB, 1.B. Munranes, O.B. Munranes, 3.B. CyBoposa, 10.B. ®enopenko
'Y PAH, 2. Anamumoi, Mypmanckas o6n., Poccus, e-mail: akhmetov@pgia.ru

B noxnaze paccMarpuBaroTcst pe3yabTaThl YUCIEHHOTO MOAEIMPOBAHUS PACIPOCTPaHEHHS 3JIEKTPOMATHUTHBIX BOJH
¢ yactoramu ot 20 10 2000 I’ oT ecTecTBEHHBIX M MCKYCCTBEHHBIX UCTOYHHKOB B BOJHOBOJE 3eMJisi-MOHOC(hepa.
OOGcyxmaroTcs 0COOCHHOCTH MPEMIOKECHHOH aBTOpaMH SIBHOH KOHCEPBATUBHOW CXEMBI DPACLICIUICHUS UL
UHTETPUPOBAHUA ypaBHEHHH MakcBemia ¢ y4eroM aHW30TPONHHU cpenbl. BBIABICHBI OCOOCHHOCTH BIIUSHHSA
rapaMeTpoB HOHOC(EpHOI! IIa3Mbl Ha pacrpocTpanenue paauosons OHY nuana3zoHa B 3aBUCUMOCTH OT Pa3IMuHbIX
renuoreopu3n4eckux yciaoBui. IlokazaHO COOTBETCTBHE MOIEIBHBIX PE3YJbTATOB DPEAbHBIM HAaOMIONCHUAM
BapHalyii 3JIEKTPOMArHUTHOT'O TI0JIs, PETHCTPUPYeMbIM B o0cepBaTopusix [1T'N.
Pabora BrImonHeHa npu ¢prHaHCOBOI noanepkke PODU, npoext 17-01-00100.

HoHnocdepHass 1 reoMarHUTHASsI BO3MYIIEHHOCTHh HA (poHe cy00ypeBbIX NPOLIECCOB

O.M. Bapxarosa'?, H.B. Koconanosa?, H.A. Bapxaros?, B.I'. Bopo6bes®

Y®dIBEOY BIIO "Huoice20podckuii 20Cy0apcmeentblii apXumeKmypHo-Cmpoumenvulil ynusepcumem"
2PIr’BEOY BIIO "Hudicezopodckuii 2ocydapcmsennbiii nedazoeuveckuti ynusepcumem um. K. Mununa”
Monapuwni 2eopusuveckuti uncmunym, 2. Anamumoy

YcranosneHo, uto MI'Jl BO3MYIIEHHOCTb, XapakTepu3yemass HOHOC(QEPHBIMH W TEOMAarHUTHBIMH BOIHOBBEIMH
TIpoIecCaMH, PETUCTPUPYETCSI B TIEPUOIBI BO3JICHCTBUS Ha MarHUTOC(hepy MPOSBICHUA COMTHEYHOH aKTHBHOCTH. B
9TH K€ TIEPHUOIBI UMEIOT MECTO IMOCIIEA0BATEIFHOCTH CyO0yph, @ NHOTAA BO3HMKAET U INI00AIbHAS T€OMarHUTHAS
6yps [Jlazymun, 2012].

BaxxHoit 3aaueil 3/1ech SBIISETCS MCCIEOBaHIE TIPHYMH MPOUCXOXKIICHNS caMoi cyOOypH 1 CYIIECTBOBAHUS B €€
MHTEpBaJIe HU3KOYACTOTHBIX BHYTPUMarHuTOoC(epHbIX BO3MYIIEHHH. B murepaType onmcaHo MHOKECTBO COOBITHIH
pa3BuTHs CyOOypeBOi aKTHBHOCTH, BBI3BAHHOH M3MEHEHMSIMH MTapaMETPOB COTHEYHBIX TUIA3MEHHBIX MTOTOKOB. 11pn
9TOM H3BECTHO, YTO MarHuTHele obsaka (MO) comHedHOro BeTpa SBISIOTCS HanOolee reo3(HeKTUBHBIMY U3 HUX. B
CBSI3M C OTHM, aKTyaJlbHO YCTAaHOBJICHHWE BHEMarHMTOC()EPHOTO areHTa HECTAOMIBHOCTH aBpPOPATIBHBIX
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JJIEKTPOKETOB, KOTOpas B CBOIO O4YEpEAb IPOSBISETCS BO BHyTpUMarHuTocdepHeix MIJ[ BO3MyIIEHHSX.
[IpeacTaBnsrOT TaK)KE HHTEPEC YCIOBUSI 3TOTO SBICHHS.

B nannoit pabore BhimonHeH aHainn3 MI'J] BO3MyIIeHNH, perucTpupyeMbIx B HOHOCc(epe n MarHuTocdepe 3eMin B
WHTEpBANbI, OTBEYaroUIHe CyOOypsiM, CIEOYIOIIMM 3a ynapHeIMH BomHaMu MO. DTu uHTEpBaibl NPaKTHYECKH
OTBEUAIM JTally TMPOXOKAEHUS MarHuTocepsl dYepe3 TypOyneHTHy0o ob6nactb MO. HHTeHCHBHOCTB
paccMaTpuBaeMBIX CyOOyph OIlCHHMBAaIach Ha OCHOBE 3HaUeHUH nHAekca AL u nexana B iuanazone ot -500 mo -1300
HTn. U3yuenne MI'[] BO3MYyIIICHAI BBIMTOTHSIACH HA OCHOBE OJTHOBPEMEHHBIX HaOJr0IeHMi 3a Bapuarsivu [19C, H
n D KOMIOHEHT TeOMarHUTHOrO MOJSA. AHAIW3UPOBAINCH CIIy4aW COBMAJCHHS OCOOCHHOCTEH BEWBIIET-CIIEKTPOB
HMOHOC(EPHBIX U TeOMarHUTHBIX Bo3mymeHnit MI'/] tuna. VMccnenoBanue mokasasio, 4To B AHANa30HE MEPHOIOB OT
20 no 40 MUHYT B MECTHOE HOYHOE BpeMsi Ha CyOOypeBOM HMHTepBalle OTMEYAeTCsi CHHXpPOHHAs MoHoc(hepHas U
TeOMarHuTHasi BO3MYILIEHHOCTh PErUCTpUpYyeMasi Ha 00CepBaTOPHsIX, PACTIONIOKEHHBIX B HHTEpBaie muport ot 20° 10
70° c..

[Nockonbky orMeueHHas cuaxponHasi MI'J] nonocepHas u reomarHuTHas BO3SMYILEHHOCTh HaOII01A€TCsl B IIEPUOJIBI
cy00ypb, TO OHa MOXKET OBITh T€HEPUPOBAHA HECTAOMIILHOCTHIO 3amaaHoro aekrpomkera (AL) [Fapxamosa u op.,
2017]. BoamoxxHOCTh TipoHuKHOBeHUsI MI'J] Bo3MyleHnit Ha riio0alibHBIE PacCTOSHUS 00eCTieunBaeTCs y4acTHEM
HOYHOW MOHOC(eEpsl B cyOOypeBOM Tpoliecce B KadyecTBE AJIEeMEHTa KPYITHOMACIUTa0HOW TPEXMEpHOH TOKOBOIA
CHCTEMBI — TOKOBOTO KitHa cy00ypu (SCW). B cBoto ouepes HecTaOMITBHOCTB JIEKTPODKETA IO BCEH BEPOSITHOCTH
SIBJISIETCSL CJIEAICTBHEM BOJIHOBBIX SIBJICHHH MPOMCXOMSINUX B TypOyITH30BaHHOW 00JIaCTH Clielylonied 3a yJaapHoit
BosHON MO.

Bapxamosa O.M., Koconranosa H.B., bapxamoe H.A., Pesynos C.E. CoOblTHE CHHXPOHHBIX BO3MYIICHHH B HOHOC(epe U
reoMarHuTHOM nolie Hax craHimei Kasans // Comneuno-3emuas ¢usnka, 2017, T.3, Ne 4, c. 24-36
Jlazymun JI.JI. MupoBble 1 nonsipHble MarHuTHbIe Oypu. Mzn. MI'Y. 214 crp. 2012.

O cBfI34 NPOCTPAHCTBEHHOI TJIyOUHBI (POHTA 30HIUPYIOLIEr0 YJTeKTPOMATHUTHOTO HMITYJILCA B
cpene ¢ qucnepcueii ¢ 3¢pPeKTUBHOCTHIO 00HAPY:KEHUSI 00HEKTOB

JL.b. Bonkomupckas, O.A. I'yneBuy, A.C. Kiopersa, A.M. Mép3unsiii, A.E. Pesauko, B.1. Caxtepos,
B.B. TuxoHnos

HU3BMUPAH, 2. Tpouyxk, Poccus, e-mail: alex_reznikov@inbox.ru

PaccmatpuBaercst cBs3b KPYyTH3HBI (DPOHTA 30HAMPYIOIIETO MMITYIbCa ¢ OOHApY)KEHHEM MalbIX 110 CPaBHEHHUIO C
JUIMHOW HecyIled BOJIHBI HEOAHOPOTHOCTEH B cpemax ¢ aucrmepcueid. COBMECTHBIM aHANU3 IKCIIEPUMEHTaIbHBIX
JaHHBIX 3((EKTUBHOM ITOJI0CHI IPOITYCKAHUS IIPH OHOCKaYKOBOM PacpOCTpaHEHHH AeKaMeTPOBBIX BOJIH Ha Tpacce
MockBa-ExaTepuHOypr #u pe3yiabTaTOB CBEPXIIMPOKOIIOJIOCHOIO I'€OpaJNOIOKAllMOHHOIO 30HIMPOBAHUS Ha
JECITKaX M COTHSX Merarepl NpHUpOAHBIX CPEXl ¢ CIJIBHOW AWCIEpCHEN CcO3MaéT NMPEOIOChUIKH ISl MIPOBENCHUS
HATYpPHBIX AKCIIEPUMEHTOB IO BO3BPAaTHO-HAKIOHHOMY 30HAMPOBaHMIO HoHOcdepsl. llpemmaraercs cosmanue
KOHCTPYKTHUBHO IIPOCTBIX ONTO3JIEKTPOHHBIX KOMMYTAaTOPOB [1], cHOCOOHBIX (hOPMHUPOBATH UMITYITHCH HATIPSKEHUS
OT €IMHUII 10 IECATKOB KUIIOBOJIBT ¢ (PPOHTOM OT JAECATKOB JJO COTEH MHKOCEKYH] Ha 50-OMHOM aKTHBHOM Harpyske.
Jiist IpoTsHKEHHOM (ha3MpOBAHHOW aHTEHHBI MOXKHO C()OPMHUPOBATH (PPOHT 30HIUPYIOIIET0 UMITYIILCA, HE MEHEE YeM
m3 100 »;meMeHTOB ¢ Maloi MPOCTPaHCTBEHHOH TiIyOmMHON (MeHee Merpa). s »dQexTuBHOrO ympaBIeHUS
KOMMYTaTopoM M (POHTOM 30HIMPYIOIIEr0 CHTHANAa MOXKHO HCIIONIb30BaTh MMITYJIBCHI CBETA C JUIMTEIBHOCTBHIO
TIOPSI/IKa IECATKOB MMKOCEKYH U dHeprue, mpumepHo B 1000 pa3 MeHbIe, deM:

a) M3Iy9aeTcss MHOTUMH COBpeMeHHbIMH MUKOCeKYHIHBIMH Nd:YAG mazepamu ¢ amuHO#M BOMHBI 1.064 MKM,
TIOAXOAAIIEH UT KPEMHHUEBBIX (DOTOANOIOB U

0) HeoOxommMa IS PabOTBI KOMMYTAaTOPOB Ha OCHOBE (DOTOCONPOTHBIICHWI HCIIONB30BAHHBIX TPH CO3JaHHUN
CBEPXIINPOKOIIOIIOCHOTO paaapa [2], B CBY nuamazowne.

1. A.C. Kropersn [lukocekyHaHOE MEPEKIIOUYEHNE BBICOKOBOJIBTHBIX OOPAaTHOCMEIIEHHBIX P+—n—n+-CTPYKTYyp B IPOBOJSIIEE
COCTOSIHHE TIPH UMITYJIHCHOM OcBellieHrH. Du3nKa U TeXHHUKa MOITypoBOgHUKOB, 2014, Tom 48, Bbim. 12 ctp. 1686-1692.
2. M. Lalande, J.C. Diot, S. Vauchamp, J. Andrieu. Progr. In Electromagnetics Res. B, 11, 205 (2009).
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lonosphere and upper atmosphere

OneHka KOHIEHTPAUMH OKHCH 230TA B MOJISIPHBIX CUSIHUSX N0 JAHHBIM Ha3eMHBIX
(oTomeTrpuyeckux HaAGIOIeHUI

K.B. Namikesuu, B.E. lBaHoB
@I'BHY onspnulii 2eopuzuveckuit uncmumym, 2. Anamumvl, Poccus, e-mail: zhanna@pgia.ru

[pennoxen meron onenkn koHueHTpauun NO B MOJSPHBIX CHUSHUSX MO JaHHBIM (POTOMETPUYECKUX W3MEpeHU
smuccnit 391.4 um, 557.7 um 1 630.0 HM. B 00ocHOBaHNM MeTo/a TIEKHT (haKT 3aBUCUMOCTH HHTEHCHBHOCTH SMUCCHH

+
557.7 HM OT KOHLIEHTPALMK OKHCH a30Ta Yepe3 TUCCOLMaTHBHYI0 pekombunammio nona O u ero rauenne okucobio

azora.
[Nonyuens! oneHku conepkanus okuck azora NO B NONSIPHBIX CUSIHUH, C/IelaHHBIE HA OCHOBE aHAIIN3a PE3yJIbTaTOB
Ha3eMHBIX (POTOMETPUYECKHX H3MEpEeHWi MHTeHCUBHOcTeH amuccuit 427.8, 557.7 n 630.0 um. Ilokazano, uTO
KOHLIEHTPALMs OKHCH a30Ta B MAKCUMYyME €€ BBICOTHOTO MpoQuiist jexuT B uuTepBajie ot 1-108 mo 3.3 108 cm®,
3aMeueHo, YTO TIONyYEHHBIE OLEHKH CBHJETENBCTBYIOT 00 OTCYTCTBUM NPSMOH KOPPEIALUH MEXKAY
WHTEHCUBHOCTBIO CBEUEHHSI SMUCCUU 427.8 HM M BETMIMHON KOHIIEHTPAIIUM OKUCH a30Ta.

AHaIN3 BHICOKOUITHPOTHBIX HOHOTPAMM HAKJIOHHOTO 30HIHPOBAHUS B EPUO/I T€OMATHUTHON OypH
17 mapra 2015 r.

J1.C. Korosa?2, M.B. Knumenko'?, B.B. Kiumenxko?, JI.B. Bnarosemenckuii®, B.E. 3axapos?

Kanununzpadckuii punuan Hncmumyma 3eMH020 MAZHEMUSMA, UOHOCHEPb! U pACRPOCMPAateHus. padUOSOIH UM.
H. B. Ilywikoea PAH, e. Kanununepao, e-mail: darshu@yandex.ru, maksim.klimenko@mail.ru, vwk_48@mail.ru
2Banmuiickuii pedepanviviii yuueepcumem um. M. Kanma, 2. Kanununzpao, e-mail: vezakharov@kantiana.ru
3Canxm-Ilemepbypackuii 20cyOapcmeenbiii YHUGEpCUmen aspokocmuueckozo npubopocmpoenus, 2. Cankm-
Ilemep6ype, e-mail: donatbl@mail.ru

TpexmepHas YUcIeHHas IporpaMMa pacipoCTPaHeH s KOPOTKHX PaauoBOJIH B HOHOCc(hepe OblIa JONOIHEeHa OI0KOM
MIPUCTPENKH I HaxoxkaeHus KB paguorpacc Mexay mnepefaTivkoM M NpueMHHKOM. HoBpli G50k mo3Bomun
MOJNTy4aTh MOJEIbHBIE HOHOIPAaMMbl HAKIOHHOTO 3O0HIMPOBaHMA. bBBIJIO IPOBENEHO HCCIEAOBAHUE BIIHSIHUS
CHJIbHEHIIIeHl B 3TOM COJHEYHOM IKIIe TeomarHuTHOW Oypm 17-18 maprta 2015 roma Ha pacmpoctpanenue KB
panuoBoiH. IIpoBeneHO cpaBHEHHE pe3ylIbTATOB MOJCIHMPOBAaHMS C JaHHBIMH HaOmoneHuil. B kauectBe cpembl
pacmpocTpaHeHHsI PaaIruoBOIH B paboTe Hcmoib3oBaiachk [ modansHas CamocoriacoBanHas Mopens Tepmocdepsr,
Honocdepst u [Iporonochepst ('CM THUIT), T.x. mogens 'CM THUIT kauecTBEHHO M KOIMYECTBEHHO OIMTHCATa OTKIHK
HoHOC(epsl Ha BBIOPAaHHOE TI'€OMAarHUTHOE CcoOObITHE. [lodMydeHHBIE pe3ynbTaThl MOIEIHPOBAHHUA XOPOIIO
COTJIACYIOTCS C SKCIEPUMEHTAIBHBIMUA HOHOTpaMMaMH. B mepros reoMarHuTHON Oypu HaOmogancs yeuneHHbIi E-
CJIONH, KOTOpPBIM BOCHPOM3BOOUTCS B MOJENBHBIX HOHOTPAMMAaX, a 3HAYUT U ONMUCHIBAETCS MOENbBIO CPEBI
pactipoctpaHenus. [lokazaHo, 4YTO pe3ynbTaThl, IONYYEHHBIC ITIPH COBMECTHOM HCIIOIb30BAaHUM MOAENEH
pacupoctpanernus paguoBoid u I'CM THUII, axexBatHO onuceiBatoT KB-paamnorpaccsr B HoHOChepe 3eMin B IEPHOT
CHJIBHBIX T€OMarHUTHBIX Oypb, a MPEACTABICHHBIM KOMIUICKC MPUKJIAAHBIX IPOrpaMM MOXET OBITh HCIIONB30BaH B
MIPAaKTHYECKNX IETISIX.

HccnenoBanue BRIIONHEHO 3a cdeT rpaHTa Poccuiickoro HayaHoro ¢ouaa (mpoekt Nel7-77-20009) u mporpaMmel
TIOBHIIIIEHUS] KOHKYpeHTOocImocoOHOCTH «5-100» BAOY um. U. Kanra, padora brnarosemenckoro /. B. BemmonHsiacs
npu nojyiepxkke rpanta POOU Ne 18-05-00343.
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Bo3myuienusi BepxHeii nonocgepbl 1 reOMarHITHOTroO nmoJist Hajg Taiigynom VongFong 2014 r. mo
AaHHBIM cnyTHUKOB SWARM

B.A. Maprunec-benenko?, B.A. ITununenko?, B.W. 3axapos®

YUnemumym ¢usuxu 3emnu PAH, 2. Mockea, e-mail: lera_m0@mail.ru
2Uncmumym xocmuueckux uccredosanuii PAH, 2. Mockea, e-mail: pilipenko_va@mail.ru
SMTY um. Jlomonocosa, 2. Mockea, e-mail: zvi_555@list.ru

CuItbHBIE METEOpPOJIOTUYECKHE BO3MYIIEHHSI B aTMOC(Epe, COIPOBOXKAAIOIINECS TeHEpaiell aKyCTHIEeCKUX BOJH U
TypOyJEHTHOCTH, MOT'YT OKa3bIBaTh BIMSHHE M Ha HMOHOcdepy. B mocnennue ronpl MposBIEHUs aTMOC(EPHBIX
BO3MYIIIEHUH B MOHOC(hepe ynaercst oOHapyKHBaTh M IO AaHHBIX HU3KOOPOWTAJBHBIX CITyTHUKOB. J{isl n3ydeHus
MEXaHU3MOB BO3JICHCTBHSI METEOPOJIOTHYECKHX IPOLIECCOB Ha HWOHOC(Epy MbI IPOAHAIM3UPOBAIN JaHHBIE
9JIEKTPOMArHUTHBIX W IUIa3MEHHBIX H3MepeHuMd Ha cnytHukax SWARM Bo Bpewmsi mponeroB Haj Tal(pyHOM
VongFong 2014 r. Bo Bpems wuHTeHCHBHOW (a3l TaiipyHa (co ckopocTsiMu BeTpa Oomee 100 y3moB)
3aperiuCcTpUPOBAHO HATMYUE B BepxHel noHocdepe "MaruutHow psion" - ¢puykryanmii Mmanoii amrumntyst (0,1-5 HTom)
¢ npeo0JIaJaroIM MEPUOIOM OKOJIO HECKOJIBKHX JECSITKOB CEKYH/I, BBI3BAHHOW MEIKOMACIITAOHBIMH ITPOIONTBEHBIMH
TOKaMd. MarHuTHbIE BCIUIECKH CONPOBOXKIAFOTCS OJHOBPEMEHHBIMH YCHUJICHHSIMH WHTEHCUBHOCTH (IIYKTyauui
AJIEKTPOHHO# IUIOTHOCTH C OTHOCUTEIBHOW BETMYMHOMN /10 HECKOJIBKUX JIECITKOB %.

Mogesib pacyeTa Jy4eBbIX TPAEKTOPHIA KOPOTKUX PATMOBOJIH C y4€TOM aHU30TPONUH
HOHOC(hepHOil MIa3Mbl U OTKJIOHSIIOLLEr0 MOTJIOIIeHM I

W.B. Munraznes, 3.B. CyBoposa, B.C. Musnraies
IIT'Y PAH, 2. Anamumoi, Mypmanckas o6n., Poccus, e-mail: mingalev_i@pgia.ru

B pabore u3m0XKEHO KpaTKoe ONMCAHHE MOAENHM IS pacdera JIy4eBBbIX TPACKTOPHH KOPOTKUX paAHOBOJIH H
TIOTJIOIIEHHS 3THX BOJH HAa TPAEKTOPHAX. DTH pacdeThl MPOBOIATCSA B NMPUOIMKECHUM T€OMETPUYIECKON ONTHKU C
y4eTOM aHU30TPOIMU HOHOC(EPHOI! I1a3Mbl U OTKJIOHSIOIIETO IOTJIOIEHHS 32 CUeT CTOIKHOBEHUH HJIEKTPOHOB 0e3
Kakux-JIu0o ympoiueHuid. J{Jsi pacyera KOHIEHTPALUH AJIEKTPOHOB M YaCTOThI UX CTOJKHOBEHHWI B MOHOC(EpHOIt
IUIa3Me UCIMOoJb3yeTcs: Amnupudeckas mMozaenb uonochepsr IRl 2016. [NpencraBienHas Mozens pacdeTra JIydeBbIX
TpaeKTOpuil NpefHa3Ha4yeHa Ul ONpPEJCNICHUS BO3MOXKHOCTH PAJMOCBSI3M HA KOPOTKHX BOJMHAX MEXIY IOBYMS
TOYKAMH Ha MOBEPXHOCTH 3eMJIM U OMPEAEIEHHS ONTHMAIbHBIX YacTOT A 3TOH CBSA3M IO COOTHOIIEHUIO
CUTHAJI/IIYM B IIPUEMHUKE.
Pa6ora BrimonHeHa npu ¢prHaHCOBOI noanepkke PODU, npoext 17-01-00100.

IIpukaagnas Moaeab pacueTa pacnpoCcTPAHEHUs] KOPOTKUX PAJIMOBOJIH
W.B. Munranes, 3.B. CyBopoBa, A.M. Mépansiii, B.B. Tuxonos, B.B. Hukumog, B.C. Munranes, O.B. Murraies

B nokmaze mpencraBiIeHO ONMWCAHWE NPHUKIAJHOW MOJIENH, NMpEeJHA3HAYCHHOW IS ONpPEHeIeHHs BO3MOXKHOCTH
PaIMoCBsI3H Ha KOPOTKHX BOJHAX MEXIY IBYMs TOYKAMH Ha MOBEPXHOCTH 3EMJIM M ONpENeTeHHs ONTHMAalbHBIX
YacToT Ul pabovYMX KaHAJOB TOH CBS3H. B MoIenH oCylIecTBIISIOTCS pacyeThl JTYYEBBIX TPACKTOPHH KOPOTKHX
PaIvoBOJH M IOTJIOMICHUS 3THX BOJH Ha TPACKTOPWSX. DTH pacueTsl MPOBOIATCS OOJBLIOr0 Habopa 4acToT W3
mranaszoda 3-30 MI' B mpuOMIMKEHNH TeOMETPHUIECKON ONTHKU C YIETOM aHW3OTPOIHUN MOHOC(HEPHOH Ia3Mbl 1
OTKJIOHSFOLIIErO ITOTJIOMICHUSI 32 CYET CTOJIKHOBEHHH SIIEKTPOHOB 0e3 Kakux-mubo ympomeHuid. Jims pacuera
KOHIIEGHTPALIMU JJIEKTPOHOB M YaCTOTHl MX CTOJKHOBCHHH B MOHOC(EPHOW IUTa3Me UCHONB3YeTCs AMITHPHYECKast
Mmozes noHocheps! IRl 2016. Taxke B MOJeIHn pacCUUTHIBACTCS aMIUIMTY/IA PAJMOCUTHANIA B TPHEMHON aHTEHHE U
OIIpEeIeIISIETCS COOTHOLIEHNE CUTHAN/IITyM. Ha OCHOBaHMM MOCIIEJHETO COOTHOIIEHHUS ONPEAEISIOTCS ONTHMANbHBIE
YaCTOTHI JUIS1 PaINOCBSI3H.
Pabora BrmonHeHa npu ¢puHaHCOBO moanepkke PODU, npoexr 17-01-00100.
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lonosphere and upper atmosphere
Bo03M0OKHOCTB CO31aHHMA CAMOCOTIACOBAHHON COBMECTHOI MO/1eJIM MarHUToc(epsbl 1 HOHOC(EphI

N.B. Munranes, O.B. Munranes, A.H. Jlsaxos, A.M. Mep3isiii, B.B. Tuxonos, B.B. Tpekun, B.C. Munranes,
M.B. Kimmmenko, B.B. Kinumenko

B nmoknanme paccMmarpuBaercsi NepedeHb IPHKIATHBIX BOMPOCOB, JUIS KOTOPHIX BaXXEH IIPOTHO3 COCTOSHUS
Maraurocepsl ¥ uoHochepsl. OOCykmaloTcs INaBHble  (PU3MYECKHE  MPOLECCh, 00ecHeYHBaroImne
CaMOCOTJIACOBAaHHOCTh CHCTEMBI "MarauToc(epa-noHochepa-BepxHsist u cpeansist armocdepa”. TIpoBoautes 0630p
CYIIECTBYIOIUX THUIIOB MoJieNieli MarHutocdepsl W HOHOC(Epbl W TEOPETHYECKUX MOAXOAOB K OIMMCAHHIO
MIPOTEKAIONINX B MarauTocepe u noHochepe PU3MIECKHX MPOIECCOB, HAa KOTOPHIX OCHOBAHBI CYIIECTBYIONNE THUIIHI
Moxeneil. Taxke mpoBOAUTCS 0030p CYIIECTBYIOIIUX MOJENeH BepxHed W cpemHed atMocdepsl. OOCyKmaaroTcs
HEOOXOMUMOCTh ¥ TEPCIIEKTUBBI CO3JIaHUS CaMOCOIIACOBAHHOW MOJIENH CHCTEMBI "MarHurochepa-uoHochepa-
BEPXHsIS U cpeHssl aTMocdepa’, a TakKe TEOPETUIECKHH MTOIXO0/] K OIMCAHUIO B ATOW CUCTEME JIBIKEHUS] HOHOB U
9JIEKTPOHOB, HBOJIOLUH CAMOCOIIACOBAHHBIX MarHUTHOTO M AJIEKTPHYECKOTO Mojed. PaccMarpuBaloTcs cucTeMbl
ypaBHEHHH, OITMCHIBAIONIME JMHAMHMKY OTAENBHBIX YacTel 3TOW CHUCTEMBI, a TaKKe YpaBHEHUS JUIs
CaMOCOTJIaCOBAaHHBIX MarHUTHOT'O M 3JIEKTPUYECKOr0 TIOJIeH B ATOW CHUCTEME.
Pabora BrmonHeHa npu ¢prHaHCOBOI noanepxke POOU, npoext 17-01-00100.

BolaeseHue BLICOKOYACTOTHBIX COCTABJISIIOIINX Bapnaunﬁ KpI/ITI/l'{eCKOﬁ YacTOoThl METOAAMHU
CIICKTPAJIBbHOI'0 aHAJIN3Aa

J.b. PoxxnectBenckuii, B.A. Tenerun, B.I. PoxxnecTBeHcKas

Hncmumym 3emno2o maznemusma, uoHocgepuvl u pacnpocmpanenus paouoeonn um. H.B. ITywxosa PAH,
2. Mocxea, 2. Tpouyx, Poccus

Bripenenune cekTpalbHBIX 001acTel MPOrHO3UPOBAHUS OCYIIECTBILIETCS ¢ IIOMOIIBIO HU(PPOBBIX HU3KOYACTOTHBIX
¢bunbTpoB. s nepBUYHOM 00paOOTKH AaHHBIX HOHOC(HEPHOTO 30HANPOBAHUS, TIOJTYIEHHBIX C TIOMOII[bIO HOHO30H/a
DPS-4 kputuueckux vactot ciost F2, nucronb3oBanuck Gunbtpel Yeobinesa. [1iis peanbHOro nporecca KpUTHIECKUX
YacTOT BbIJEIEHbI 00JIaCTH IPOrHO3UPOBAHUS OTIEIBHBIX CIIEKTPAIbHBIX COCTaBIIAIONIMX. [IpoBeneH aHanu3 BKiIaga
OTHENBHBIX COCTAaBILIOIMX B (OPMUPOBAHHME KPUTHUECKOH dYacToThl ciosi F2. Pasmenenue cyrodHOd W
BBICOKOYACTOTHOM COCTaBISIONMIEH, MONY4eHO C MOMOIUBIO IMKJIA IPOrpaMM, CO3JAHHBIX Ha OCHOBE aHaIIU3a
CIIO)KHOTO CHTHaJIa. AMIDIATYAa BBICOKOYACTOTHOM COCTaBIIAIONIEH IS CpeIHEIIMPOTHON HOHOC(hEpHI KaK IPaBUIIO
He mpesbimaer 0.5 MIn B neTHuit mepuon BpeMeHH. B BBICOKOYACTOTHOH COCTABIIAIOUICH IMPHCYTCTBYIOT
cocrapistronye ¢ nepuogamu oT 30 MuH (dacrora HaiikBucra) 1o 3-x yacoB. PacdeTs! moka3pIBaoT, YTO IpHeMIIEMbIe
3HaYeHUS IPOTHO3a BBICOKOYACTOTHOI COCTABIIIOICH KPUTHUECKOH YaCTOTHI MOTYT OBITH IIOJy4EHBI B HHTEpBAJe
ot 0,5 10 5 yacos.

Koppeasinus Mesxkay HanpasjeHneM apeiida u opueHTanuei nonepevyHoil aHU30TPONIUHU
MeJIKOMAacIITA0HBIX HeOAHOpPoaAHO cTell B HoHOocdepe Hax MockBoii

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

UTonapuwiii 2eogpusuveckui uncmumym, 2. Mypmanck, Poccust
2Degepanvroe 2ocydapcmeentoe brodicemroe yupesicoenue Hayku HHCmumym 3eMHo20 Ma2Hemuzma, UoHoChepbl
u pacnpocmpaterusi paouosoat um. H.B. Ilywikoea PAH, . Mockea, Poccus

[IpoBeneHo YHCIEHHOE CpaBHEHHWE SKCIIEPUMEHTAIBHBIX MAaHHBIX, MOMy4eHHbIX B F-obOmactm moHOcheps! Hax
MocKOBCKUM perroHOM. VICTIons30BaHbI JaHHBIC, TOTydeHHBIE B stHBape 2015 roga. CpaBHEHHE IPOBOIMIOCH MEXKITY
HarnpaslieHneM jpeida snekTponoB (nono30H1 DPS-4, ycranosnennsiit B USMHWPAH), u opuenTaiueii nmomnepeuHoi
AQHM30TPONMM  MEJIKOMACIITA0HBIX (HECKONBKO COT METPOB) HEOAHOPOAHOCTEH 3JEKTPOHHOW IUIOTHOCTH
(pammoTomorpadudecKuii MpUeMHHK, CO3/1aHHBIN B [TomsipHOM reo3nueckoM HHCTUTYTE, YCTaHOBICHHBIN B MI'Y).
[omyueno xoporee coriacue Mexay SKCIEpHMEHTAIFHBIMH JaHHBIMH. B psize ciydaeB pas3indHble 3HAYECHUS
OPHMEHTALNH TIONEPEYHON aHU30TPOIMH COOTBETCTBOBAIN N3MEHEHHIO B HAIIPABJICHUH Apeida.
Pabora BemonHena npu noazgepkke rpanta POOU Ne 16-05-01024 A.
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Hab6nronenue MeaskomMaciiTaOHBIX HeOJHOpPoAHOCTeH 8 ceHTAOps 2017 r. B HeproJ reOMArHMTHOTO
BO3MYIIEHHU S

H.}O. PomanoBa
THonsapuoiii 2eopusuveckuti uncmumym, 2. Mypmanck, Poccus, e-mail: romanova@pgi.ru

B nepnoj reomarauTHOr0 Bo3MyIieHust B ceHTsi0pe 2017 1., korna MuHIManibHoe 3HaueHne DSt jocTuriio BenmuuuHb!
Dstmin = -142 uTn 8 centsiops 2017 r. (mo ganueM http://wdc.kugi.kyoto-u.ac.jp/dst_realtime/201709/index.html),
pazuoToMorpauuecKuMu CTaHIMAME B 1. Bepxuerymomckuii u 1. Kemp ObuiM 3a(MKCHPOBaHBI MHTEHCHUBHBIE
aAMILUTUTY/IHbIE CUUHTWUIAIUM CITyTHUKOBOTO CHT'Haja B repuop ceanca 15:25 + 15:45 UT. CryTHHUKOBBIH CHTHaI
MIPOIIIEN Yepe3 HOHOCHEPy OT HU3KOOPOUTAIBHOro cryTHHKA (~ 1000 kM) 1 OBUT IPUHST HA3EMHBIMU IPUEMHUKAMHU.
AMIIIUTYIHBIE CUMHTWUISAIMKA CBUAETEIHCTBYIOT O NMPUCYTCTBUHM B F-oOmactu moHocdepsl MenkoMmaciiTaOHBIX
HEOJJHOPOAHOCTEH 3MEeKTPOHHOM MIOTHOCTH. MHTEHCHBHOCTh CUMHTHWIUIALMI MO3BONMIA ONPENSTUTh MapaMeTpsl
9THX HEONHOPOAHOCTEeH. Ba)kHO, YTO B aHANOrMYHBIH NEpPHON BPEMEHH MPEABIIYIINX CYTOK (0 Hayaia
T€OMarHUTHOT'O BO3MYIIEHHUS) HE HAOIIOAAINCh aMIUIUTYIHbIE CHUHTWIUISIIMK 1TOTO0OHO MHTEHCHBHOCTH. Taroke
Ba)KHO, YTO B JTHEBHOE BPEMS B CIIOKOHHBIX T'€OMAarHUTHBIX YCJIOBUSIX MHTEHCHBHOCTh CUMHTHJULSIMNA YacTo He
JIOCTaTOYHA TS OIpEe/ICHHsI TapaMeTpoB HeoaHopoaHocTel. Takum o6pa3om, HabmrogaeMbie 8 centsiopst 2017 r. B
15:25 + 15:45 UT CUMHTHUISILIMK €CTh CIIE/ICTBHE T€OMarHUTHOTO BO3MYIIIEHHSI.
PaGota BbinosHeHa npu nojyiepxkke rpanta POOU Ne 16-05-01024 A.

JBa HoBBIX acniekTa npuMenenust KB-pannosiokanuu B ApKTHKE
B.A. Tenerun*?

Uncmumym semnozo maznemusma, uornocghepvl u pacnpocmpanenus paduoeoin um. H.B. Ihwxosa PAH,
2. Mocxkea, 2. Tpouyx, Poccus
2HHcmumym oxeanonozuu um. I1L11. [lupwosa PAH, e. Mockea, Poccus

AXTyaJIbHOCTh pacCMaTpHBaeMOro Matepualia 00yclioBjIeHa HE00X0AUMOCTbI0 Y dexTrBHOro ocBoeHuss CeBepHOro
MOPCKOTO ITyTH.

[epBBIii acleKT OTHOCUTCS K PELICHHIO 3ajad OnepaTuBHOM okeaHorpaduu nis mopeir CeBepHoro JlemoBuroro
OKE€aHa Ha OCHOBE MCIIOJIb30BAaHII METOJ0B U cpencTB npudpexHoit KB-pannonokarum. OtpaboTKa 3TOro moaxona
BEJIETCS B HACTOSIIEE BpEMsI Ha YepHOMOPCKOM HonuroHe. B manpHelem npennoiaraercs, 4To JaHHAS TEXHOIOT U
Oyner aganTupoBaHa K ycioBusM Mopeit CeBepHoro JIeqoBUTOr0 okeaHa.

Bropoii aciekT OTHOCUTCSI K BO3MOKHOCTSM IPUMEHEHMS B BBICOKHX IIMPOTax, cozlaBaeMoil B Poccun cuctemsl
BHEIITHEr0 30HAMPOBaHus noHochepsl 3emin. Hanudue B aBpopaiibHOM HOHOC(hEpe HEOMHOPOIHOCTEH, BBITHYTBIX
BIIOJTb MATHUTHOT'O TOJSA, OKAa3bIBa€T 3HAUMTEIHHOE BIUSHIE HAa pacmpocTpaHeHHe paanoBoidH KB-amamazona u
JOJDKHO YYUTHIBATHCS IPU HHTEPIIPETAIIE HOHOTPAMM BHEIITHET0 30HIUpOBaHMA. B KauecTBe mpumepa MOTyT OBITH
HCIIONIb30BaHbI laHHble cryTHuka MK-19.

AHauu3 noHorpaMMm BHewHero 30oHauposanusi UK-19 B o6;1acTtu aBpopajibHOro oBaJia Jjst
YCJI0BUIH PABHOJEHCTBUS

B.A. Tenerun®, B.I'. Bopo6bes?, O.1. droaxuna?, B.W. Poxnecrsenckas®, E.B. Ocunenkopa®

YUncmumym semmnozo maznemusma, uonocghepvl u pacnpocmpanenus paouoonn um. H.B. Ilywxosa PAH,
2. Mocxea, 2. Tpouyx, Poccus

2[Tonsapuwiii 2eousuveckuti uncmumym, 2. Anamumoi, Poccus

SMocxosckuii mexnonoauueckuii ynueepcumem (MHUPDA), 2. Mocksa, Poccus

Ananu3 noHorpamMMm BHenHero 3oHaupoBaHus MK-19 orpanmdmBancs paccMOTpeHHEM ciTydaeB, KOTZa CITyTHHK
HaXOJWJICS B BBICOKUX IUPOTAX CEBEPHOTO MOTymapus. TakuM 00pa3oM, HCCIeI0BaIMCh HOHOTPAMMBI B 00IaCTAX:
1 (y3HBIX BEICBIIAHNH SKBaTOpHAJIbHEE 0Bajla, OBasla JUCKPETHBIX (GopM CHAHMI, MITKOTro U y3HOTO CBEUECHUS
MOJIOCHEE OBaJIa M MOJSIPHOM manku. PaccMoTpeHre NpoBOMIOCH ISl PA3JIMYHBIX YCIOBHI MATHUTHON aKTHUBHOCTH.
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Yd4ert oco0eHHOCTEH AUATPAMM HANPABJIEHHOCTH /ISl PeTPOCIIEKTHBHOI0 AaHAJIM3a U
COOTBETCTBYIOLI el HHTEPNpPeTAIIMA HOHOTPAaMM BHEIIHEr 0 30HIMPOBAHHSA

B.A. Tenerun®, B.A. Tap6anesuu®, N.1. MBanos?, A.A. Kantior!

YUnemumym semnozo maznemusma, uonocgepul u pacnpocmpanenus paduoeonn um. H.B. ITywxosa PAH,
2. Mocxkaa, 2. Tpouyx, Poccus
2FOsicnuiii pedepanvruiii yuugepcumem, FODY, 2. Pocmos, Poccus

Ha mpumepe cnytauka MK-19 paccMoTpeHbl M OOBSCHEHBI ACIEKTHl CKa4KOOOpa3sHOrO M3MEHEHHs XapakTepa
HMOHOTPaMM BHEIIHEr0 30HIMPOBAHUSA NPH MEePeXo/ie OT OJHOI0 JUarna3oHa 4acTOT PaJHO30HIUPOBAHUA K APYTOMY
B paMKaX OJJHOI'O M TOTO K€ CeaHca paJMO30HANPOBAHUsA. Y CTAHOBJICHA ONPENENAIONIas POJIb T€OMETPHU AUATPAMM
HaIpaBJICHHOCTH HE3aBHCHMO (PYHKIMOHUPYIOMNX (pparMeHToB aHTeHH. [IoHMMaHue NaHHOTO BOIPOCA SIBISIETCS
HEOOXOANMBIM Ul MHTEPIIPETAllM MOHOTPaMM BHEIIHErO 30HJMPOBAaHMS B BBICOKHMX LIMPOTaX, OTIMYAFOIIMXCS
HaJIM4MeM OOJIBILIOTO YKCIIa HEOTHOPOAHOCTEH, BHITSHYTHIX BIOJIb MArHUTHOTO TTOJISL.

HccaenoBanue siBjaenns F-paccesnus mo qanubiM cnythiuka UK-19 B mepuoa paBHOAEHCTBUS
B.A. Tenerun!, A.T. Kapnaues!, H.A. [{atxo!, C.O. I'ankun®

Uncmumym semnozo maznemusma, uonocghepvl u pacnpocmpanenus paduoeoin um. H.B. Ihwxosa PAH,
2. Mockea, 2. Tpouyx, Poccus
2Mockosckuii mexnonozuueckuti ynusepcumem (MHUPDA), 2. Mockea, Poccus

Ilpn BHemHEeM 30HIMPOBAHMHM HOHOC(HEPHl MOXKHO BBIACIUTH TPH XapaKTEPHBIX THNA PACcCESHUS CUTHalIa Ha
HEOJIHOPOAHOCTIX, HAOMI0IaeMbIX Ha BbICOTE ciiyTHHKA (Thll F1), B 1IEHTpe MOHOrpaMMBbI BHEIITHETO 30HAMPOBAHUS
(tun F2) u B Mmakcumyme cnost F2 (tun F3). B Hacrosiuei pabotre aHaau3upyercs pacupelelieHie pa3jIindHbIX THUIIOB
paccesHus 10 JIOKAJIbHOMY BPEMEHH, HHBAPUAHTHOM LIMPOTE U reorpaduueckoil JonroTe B NepHoJ] paBHOACHCTBUSL.
AwHanu3 BbINONHEH HA ocHOBe Oonee yeM 50 000 moHOrpamMM BHEIIHETO 30HIUPOBaHHS, MOTYUYEHHBIX Ha CITyTHHUKE
HK-19.

AHomanbHoe u3MmeHenue noriaomenus IITII B nepuon nHeBHOH (a3bl 3PPekTa NeHb-HOYb
Bapualuuu

B.A. Vases, [I./1. Poros, A.B. ®pank-Kamenerkuit

Apxmuueckuil u Aumapkmuueckuu Hayuno-uccnedosamenvcxuil uncmumym (AAHHUU, CI16), omden ceogu3suxu
AAHUM, e-mail: vauliev@yandex.ru

Paccmotpenst 3 sBuenms I B centsiope 2017r., 3aperucTpupoBaHHBIE PUOMETpPaMH Ha TPEX CTaHIMSAX,
PpAacloNOKEHHBIX B LEHTPE aHTAPKTUYECKOW mossipHoi wanku: Boctok, Mupnsiii u Ilporpecc. Ha Bcex cranuumsix
nposiBisiercst dGQekt aeHb-Houb Bapuarmu (J{HB): pe3koe MOBBIIICHHE MOTIIOMICHUS] B YTPEHHE-IHEBHBIC YaChl
(mueBHast pasza JIHB) u pe3koe yMeHbIIIeHHE MOTIIOICHHS — B BeuepHe-HOuHbIe Yachl (HouHas (a3za JIHB). B nueBHbIe
Yachl Bapualys IOTJIONICHUS aHAJOTMYHAa M3MEHEHHWI0 WHTEHCHUBHOCTH MOTOKOB mpoToHOB (I1I1), BRI3BIBarommx
sinenus [T

Ot TeHAeHIWH (PE3KOro MOBHIIICHNS MOTIOMCHNS Ha AHeBHOU ¢a3e JJHB, u cooTBeTCcTBHE Bapualy JHEBHOTO
mornomenus [T m3menenuro naTeHCHBHOCTH 111 B 3TOT K€ MepHO) COXPAaHSFIOTCS IMOYTH Ha BCEX CTaHIIMSIX
mouts Bo Bee muu [T OmHako oTMEYeHH! ABa CiTydasi, KOT/1a Ha OHOU cTaHImy B oguH u3 nuei [1I111 Ha mHeBHOI
¢aze IHB morxiomenne Bo3pacTaeT OYCHb MEUICHHO W BapHalys MOTJIOMICHHS HE COOTBETCTBYET M3MEHEHUIO
naTeHcuBHocTH I111 B 3TOT Ieproa. DTu ciydan Ha3BaHbI yTpeHHE-AHeBHOM anomanueit (Y A). Ilpu atom Ha npyrux
cranimsx aaeBHas anHoMmanus (YIA) orcyrerByer. D et VA oOHapyxeH BIiepBBHIE.

[Ipennomaraercs, urto mosiBieHHe YJ[A 0O0YCIIOBIIEHO BBICOKOH JIOKaTbHOH AaKTUBHOCTHIO BHYTPECHHHX
TpaBUTAIIMOHHBIX BOJH B PACCMATPUBACMBIH TTEPHO]T.
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H3mepenust kpacHoii 1yru u miaasmocdepbl BO BpeMsi pa3BUTHS MOJIAPU3ALHOHHOTO Jkera 10
ssuBaps 1997 r.

B.JI. Xanunos?, U.B. Uesenko?, B.B. bespykux?, A.E. Crenanos?

YUncmumym xocmuueckux uccnedosanuti, 2. Mockea, Poccust
2Hnemumym xocmogpuzuueckux uccredosanuii u aspornomuu um. FO.I. Illagepa, 2. Axymck, Poccus

PaccMoTpeHs! faHHbIe KOMIDIEKCHBIX CHHXPOHHBIX M3MepeHHH Bo BpeMs coObITHs 10 stHBapst 1997roxa, korna npu
rokHoM MMII ¢ Bz = -10.38Tn mpowu3omien cKkavyok IIOTHOCTU COMHEeYHoro Berpa. IlmorHocTh NSW Bo3pocia ot 6
10 16 cm® B 10.50 UT. TMonoxenue miasmonayssl 1o usmepenusm npuoopa ALPHA-3 - na cniyrnuke INTERBALL
— AURORAL PROBE wm3wmenunock ¢ L= 4.2 1o L = 2.4 B panHeM BeuepHeM cektope. Hazemubie noHOChEpHBIE
usmepenus c1. SAkyrek (L = 3.0, A = 130° E) cBUIETeNbCTBYIOT O pa3sBUTHH TONAPM3ALMOHHOrO JkeTa. M3MepeHus
Ha crnytHuke DMSP F-13, oOHapyxuBaroT monocy 3amagHoro apeiida co ckopocthio 2000 M/cek. Ha 3THX ke L
obosnoukax. Ilo crnekTpodoroMeTpudeckuM aaHHbIM cT. Maiivara (L=3.2, A=130° E) perucrpupyercs
MynbTaILieTHass SAR nyra, sKkBaTOpHalibHasi IpaHHIa KOTOPOH NMPUMBIKAET K IU1a3MoIay3e ¢ BHEIIHEW CTOPOHEL. B
TIOCJIE/IYOIIME Yachl IIPOMCXOIUIIO Bo3pacTtaHue L— 000s10uky mia3Monay3sl, IpH TOM HIXPOTHOE nojokeHne SAR
—JIyTH HE M3MEHsUIOCh. BBUIM paccMOTpeHBI TpU Ciiydasi CHHXPOHHBIX u3MepeHuid SAR-ayr Ha cr. Maiimara u
panuanbHbIX npoduiaeld MOHHOW KoHIeHTpauuu o mamepenusiM Ha crnyrHuke VAN ALLEN PROBE. Bo Bcex
cnydasx SAR — arc passuBajiack Ha L 000510ukax pe3koro pajauaibHOTO IpaJueHTa KOHIICHTPAIMK HOHOB BOJOPOIa
U MIPUMBIKANA K IJ1a3MOIIay3e ¢ BHEIIHEH CTOPOHBI.
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The contribution of bremsstrahlung effect to the ionization of the polar atmosphere during the
relativistic electron precipitation

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

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

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

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

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

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

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

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

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

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

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

Space Research and Technology Institute - BAS, Stara Zagora Department, Stara Zagora, Bulgaria,
e-mail: penm@abv.bg, stoevb2@abv.bg

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

We discuss cave air temperature response to climate and solar and geomagnetic activity for four show caves in
Bulgaria (latitude ¢=42.50°, longitude 2=25.30°) for a period of 46 years (1968 — 2013). Everyday noon measurements
in Ledenika, Saeva dupka, Snezhanka and Uhlovitsa cave have been used.

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

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

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

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

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

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

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

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

Tunel npodguieii Bo3pacTaHni raMmMa-(poHa NPHU 0CAAKAX U UX CBA3b ¢ aTMOC(EpHBIMU
SIBJICHUSAIMH

10.B. banabun
Honapuwiii ceouszuueckuit uncmumym, e. Anamumol, Poccus

MonuTtopuHr GpoHoBoro poHoBoro ramma-uaydenus (20-400 k3B) B npuzemHol ciioe aTMocepsl, TPOBOANMBII Ha
CTaHIHAX AnaTuTtel 1 BapeHu6ypr, IoKasaJl HaJIn4ue SABJICHUA: BO3pACTaHUs IMOTOKAa raMMa-u3JIyd€HHS BO BpEMs
ocaZkoB. Bo3pacTanus npoucxonaT Kpyrielid rofl Ipu ocajkax U JOCTUraroT aMILIUTYAsl 60 %, XOTsS B cpeqHeM
Bo3pacranue cocraniseT 20-30 %. B nanHo# paboTe UCHoNIb30BaHbI PE3YJIbTAThI 3TOI'0 MHOTOJIETHETO MOHUTOPUHT2,
JOITIOJIHEHHBIC NAaHHBIMHU O COCTOSAHUH aTMOC¢)epr 1 METCOIapaMeTpoOB, MOJYICHHBIX Ha METCOCTaHIUAX. Ananuz
npo¢uiieit Bo3pactanuii ramma-(oHa npH ocaakax ObUT MPOBEAEH C yIETOM COCTOSIHUS aTMOC(EPhI M IPOHCXOISIINX
B HEll METEOsBIICHUI: TEMIIEpaTyphl, OCaJKOB, BETpa, 00JAYHOCTH, TyMaHa u jp. [Ipoduiau Bo3pacraHuii Tarxe
pasaensuch 1o Qopme; ObUTH BBIJEICHBI HECKOJIBKO THUIMYHBIX Npoduied (¢ KpyTbIM (POHTOM M MEIJICHHBIM
CHajzioM, CUMMETpPUYHBIE (TPEyrojbpHbIe), ¢ MIaTo). IIoCKONMBKY CTaHAAapTHBIE METEOHAONIONCHUS MPOBOIATCS C
MIEPUOIUYHOCTRIO 6 9acoB, TO I KOPOTKUX Bo3pacTaHuil (2-5 gaca) 3T JaHHBIC HEIOCTATOYHBI. B TO e Bpems s
BO3pacTaHUN JUINTENBHOCTBIO OT JECSTH YacOB OHU BIIOJHE TOJIXOISAT U MO3BOJSIIOT BBIBUTH HEKOTOPHIE CBSI3H
MeXIy HUMH. Taxke Npou3BeeH KPUTUYECKUI aHAJIN3 BBISBICHHBIX CBSI3EH.

Bo3pacranus ramma-()oHa NpU 0cagKaX: XapaKTePHUCTHKHN COOBITHI U UX CTATUCTHYECKHE
0COOEHHOCTH

10.B. bana6un, b.b. I'Boznesckuii, A.B. I'epmanenko, E.A. Maypues, E.A. Muxanko, JL.U. llyp
Honsapnwiii 2eoguzuyeckuti uncmumym, 2. Anamumul, Poccust

B pe3ynpraTe MHOTOJIETHETO MOHUTOPHHTA HA MOJISIPHBIX CTAHIMAX ANAaTUTHI M bapeHnOypr coOpana yHUKanbHas U
obmmpHast 6a3a maHHBIX 00 ypoBHE (oHOBOro ramMmmMa-m3nyueHns (20-400 k3B) B mpu3emHO# ciioe atMocgepsl 3a
mepuon 2009-2017 r. OHa [mOMONHEHA W3MEPEHUSMH, IPOBEACHHBIMU Ha pslie CPENHCIIMPOTHBIX CTAaHIUN B
nocjaeHue rofasl. Bee m3aMepeHus BBINONHEHB! HA OJHOTHIIHBIX JeTekropax, m3roroBiaeHHbIX B III'M. Ha Bcex
CTaHIMAX M Ha MPOTSDKEHWH MHOTHUX JIET HaOJIOAaeTcs SIBJICHUE, BIEPBbIE OOHAPYKEHHOE aBTOPAMHU: BO3pPACTAHHUE
ramMma-(oHna rpu ocagkax. [Ipudem, Kak yCTaHOBJICHO OBLIO JOTIOJIHUTEIEHBIMY SKCIIEPUMEHTAMH, STH BO3PACTAHUS
HE CBSI3aHBI HU C PAANOHYKIHAAMHU B 0Ca/IKaX, HU C YBEJIMICHNEM KOHIIEHTPAUH PaJoHa B IPU3EMHOM CIIO€ BO3IyXa.
Onn HabIIOAAIOTCS TOJBKO B 3JIEKTPOMArHUTHON KOMITOHEHTE, BOSHUKAOIIEH B aTMOc(hepe OT KOCMHUYECKHX JTydei.
KommnekcHast o0paboTka 3THX [aHHBIX TIOKa3aia, 4YTO XapaKTePUCTUKH COOBITHH (TakMe Kak aMIDIATY/A,
JUTUTEIIEHOCTD, CKOPOCTh HapacTaHMs M CIIa/ia, MOMHAS SHEPTHs) UMEIOT YETKHE Pa3Iudus 10 Ce30HY Ha KaKIoi
CcTaHIMU. B TO ke BpeMsl HEKOTOpBIE XapaKTEPHCTHKH OKAa3aJIMCh MaJIO 3aBHUCSIIMMHU OT PACIIOIOXKEHUS CTAHIIUH
(TonsipHBIE WM cpemHemupoTHEie). [locieree TOBOPUT O TOM, UTO 3TO sABICHHE (BO3pacTaHWe TraMMa-(oHa Ipu
ocajkax) OOYCIIOBICHO €AMHBIM IIPOIIECCOM B aTMOcdepe.
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Eue pa3 o ce30HHBIX BapHAIKSX MATKOI0 raMMa-u3Jy4eHusi B HH:KHell aTMocdepe
TO. Bana6un!, A. Jlykosrukosa?, A. Toponos®, A. I'epmanenko!, B. ['Bo3eBckuiit

Yonapuoni 2eopusuveckuti uncmumym, Anamumst, Poccus
2Hncmumym conneurno-3emmoii gusuxu, Hpxymex, Poccus
SUncmumym xocmogpusuueckux uccredosanuii u aspornomuu, xymek, Poccus

Haniume 10BONBHO JUTMHHOTO psifia HAOMIONEHNH Ha IBYX CTAHIMSIX KOCMHUYECKUX Jyder (Anmatutel 1 bapeHnoypr),
a TaxoKe IMOSBJICHUE HOBBIX TOYEK HAOIONEHWH B Ipyrux kiauMartudeckux 3oHax (Tukcw, Skyrck, Casubl, PocToB)
BMECTE C HOBBIM IOJIXOZ0OM K CPAaBHEHHIO JAHHBIX OT Pa3HBIX CTAHIIMI MTO3BOIMIN MOJYYUTh HOBYIO HH(OPMAIIHIO.
Vi3amMepeHus BBIMONHSIIOTCS OJHOTHITHBIMHU JeTekTopamu, u3rorosieHnsivu B [1I'M, Ha ocHoBe kpuctamta Nal(Tl).
Onun nMmeroT 3pQexTuBHbIH auana3oH perucrpanuu 20-400 k3B 1 mocTaBiIeHbl B Pe)KUM MOHUTOPHHTA (DOHOBOTO
raMMa-M3JIy4eHus], IPUXOISIIEro U3 BepXHel nomycdepsl 13 atMocdepbl. Yike U3BECTHO, YTO CE30HHAs Bapyalus
CBSI3aHAa C HAIMYMEM CHEXHOIO MOKpPOBa Ha 3eMHOW MOBEpXHOCTH. [IpencraBinenue npoduieil B aOCOMIOTHBIX
eIMHHIAxX (CKOPOCTh CUeTa B MMI/MHH) [TOKA3aJI0, YTO MAKCUMYM TOTOKA, MPUXOISIIUICS Ha TETUIbIH OECCHEXHBIN
NepUoJl, U3 roja B roji Ha CTaHIMM JEP)KUTCS Ha MOCTOSHHOM YPOBHE, TOTr/a KaKk MUHMMYM, Ha KaXKIOM CTaHLIMU
HACTYTAOUINHA BECHOU Nepe]] TasTHHEM CHera, 3aBHUCHUT OT TOJIIIMHBI HAKOMMBILErocs 3a 3uMy cHera. @asa pocra ot
MUHMMYyMa K MakCHMyMY OY€Hb KOPOTKas M COBIIaJaeT C MEPHUOJOM CXO/a CHEXHOro mnokpona. Kpome Toro, B
MHUHUMYME M Ha (a3e pocTa OTMEuaeTcsi 3HAYUTEIbHOE yMEHBIIEHHE COOBITHI BO3pAcTaHHs TaMMa-H3JIydeHUs,
CBSI3aHHBIX C OCAJKaMH, XOTs BECHOH MOrojia HEyCTOMYMBas M ¢ OOWIBHBIMH ocaikaMu. Ce30HHasi Bapualus Ha
ctaHuuu B PoctoBe-Ha-J[0Hy OTCYTCTBYET, KaK M IOCTOSSHHBINA CHEXHBII MOKpoB. Kpome Toro, B 3uMHMI NIepro Ha
BCEX CTAHIMAX HAOJIOJAIOTCS JUIMTENbHBIE (MHOTHE JHU, 10 Henenw) Bapuanuu (1o 10 %) ¢ oyeHb pacTSHYTHIMU
(pOoHTaMH, KOTOpPBIE HU C KAKUMH aTMOC(HEPHBIMU SIBIICHUSIMU HE YIA€TCsl CBA3ATh.

CyTouHasi BapHaIMs MATKOT0 raMMa-u3JIy4eHusi B HUKHeil atmocdepe
10.B. bana6un®, A.A. Toponos?

Yonapnwni 2eogpusuyeckuii uncmumym, 2. Anamumet, Poccus
2Uncmumym xocmogusuueckux uccredosanutl u asponomuu, 2. Skymex, Poccus

[o naHHBIM MHOTOJIETHUX HAOJIOJICHUI Ha psize cTaniumii ot [lInunbeprena 1o PocroBa B moToke MsATKOro poHOBOro
ramma-m3inydenus (20-400 kaB), npuxojsiiiero u3 armocdepbl, HabIOIAeTCS CYyTOYHAsI BapHalys. B criokoliHble THU
OHa HAOJIOJAETCsl OTYETIIMBO. METOIOM HAJOXKEHHS IO0X OHa ObLIa MONy4eHa Kak cpeiHee MO COTHH JHEBHBIX
npoduiell. AMIUIUTYa CyTOYHON BapHaIli COCTABISeT 2-4 %, pa3ian4asch OT CTaHIMHU K cTaHIuK. PoHOBOE raMma-
U3ITy4eHHE BO3ZHHMKAeT B aTMocdepe KaKk BTOPHYHOE NPH B3aUMOACHCTBHM KOCMHYECKHX JIydeil ¢ aTMochepoil.
OcHOBHOI BKJaJ BHOCAT CJIEAYIOIIME IIPOIECCH: pPAaCMaf KOPOTKOXMBYIIMX YacTHI] (Pa3IMdHBIX ME30HOB),
AHHUTWIIAIMS TIO3UTPOHOB, TOpMO3HBIE Iponeccel 1 KomnTon-3¢dekr. B pesynprare 3T0ro B moroke GpoHoBOro
raMMa-u3JIydeHus] MOTYT MpPUCYTCTBOBaTh BapHAIWM, OOYCIOBJICHHBIE KaK W3MEHCHHEM IIEPBHYHOTO IIOTOKA
KOCMUYECKHX JIydeH, TaK U JIOKaJIbHBIMH IpoIieccaMu B aTMocdepe. MI3BeCTHO, ITO MOTOK KOCMHYIECKHX JTydel UMeeT
HEOOJIBIIYI0 CYTOUHYIO BapHalvio (110 JaHHBIH HEUTPOHHBIX MOHUTOPOB (HM) ~1 %), ogHaKo, KOppemsinus MEKAY
cyrouHol Bapuauueil Ha HM u Ha neTekTope raMmma-u3iy4eHHs OTCYTCTBYET: B IHU C XOPOILIEH CYTOYHOM Baprauueit
Ha HM B raMMa-u3ny4eHuH CyTOUYHOM Bapuauuu HeT. Kpome Toro, He cOBIaaroT SKCTPEMYMBI CYTOYHBIX BapHALIUM.
CrenaH BBIBOJ, YTO MaJble BapHalii KOCMUYECKHX JIydel THIA CYTOYHOI HE OKa3bIBAIOT CYIIECTBEHHOIO BIMSHUS
Ha MATKoe (OHOBOE raMMa-m3NIydeHWs. B Toxe Bpems deTkas CyTOYHasl Bapualys MOTOKAa TaMMa-N3JTydeHUs
O3HaYaeT, 4To B aTMoc(epe MMEIOTCSI MPOLECCH, BIUSIONINE HAa TEHEPAIlMI0 TaMMa-u3iaydeHus. PaccMoTpeHsl
HECKOJIBKO MPEIITOIOKEHHI O BO3MOXHBIX MPUIMHAX 3THUX BapHAIHH.

69



Low atmosphere, ozone

MukpokJauMaTHYeCKHe BAPHALMY TeMIIepaTyphbl BO3AyXa B YCJOBHUSAX CJIA00BCX0JIMJICHHOT0
peibeda

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

Yonapuoni eopusuueckuii uncmumym, 2. Anamumol
2F0z0pcruii 2ocydapemeennsiii yuusepcumem, 2. Xanmoi-Mancuiick, Poccus

HccnenoBanbl MUKPOKIMMAaTHYECKUE BapHallMd TEMIIEpaTyphl BO3llyXa Ha TEPPUTOPHU TIOJIEBOM y4eOHO-
SKCIIEpUMEHTaNbHOM cTanimu «MyxpuHo» (FOropckuit yanBepcuret, Xantsl-MaHcuiickuiit AO). OOHapyxeHO, 4T
B YCJIOBHSX Jja’K€ OUYEHb BBIPOBHEHHOI' 0 Y4aCTKa C OTHOCUTENbHBIMY IPEBBIICHUSIMHE 10 2 METPOB B IPU3EMHOM CJI0€
BO3HHKAIOT XOJIO/IHBIE U TEILIble 00JIaCTH C Pa3HOCTBIO TEMITEPATYp MEKAY HUMH, JOCTUTAIOIIMMU B 3UMHEE BpeMs
2-2.5°C.

O poJiu Ten10Bo# HePruu B (POPMHPOBAHNHE OCTPOBA TEMJIA B I'. AIIATHTHI
B.U. Jlemun', 5.B. Kozenos!, A.Il. Cobakun?

YTonapuwui 2eopuszuveckuti uncmumym, 2. Anamumol
2Anamumcxasn TOL ¢punuana "Koavexuii" IIAO "TITK-1", 2. Anamumu:

VccnenoBaHo BIMSHHE SHEPTUH, 3aTPAaueHHON Ha 0o0OrpeB I. ANATHUTHI, Ha TEIJIOBOM PEXUM NMPU3EMHOTO CIOs
Bo3ayxa. [loka3aHo, YTO BO3HMKHOBEHHE IOJIOKUTENBHOM aHOMAJIMHM TEMIIEpaTypbl BO3AyXa BHYTPH TI'OPOACKON
3aCTPOMKH IO CpPaBHEHUIO C MPUTOpoAaMu, AocTuramomieil 3umoit 16°C, ompenenseTcs MeTeopOIOrHYECKUMHU
IPOLIECCaMH U HE 3aBUCHUT OT 00beMa NMOTPEOICHHOH TOPOIOM TEIIOBOM SHEPTHUH.

IIpumeHeHHe MaTeMaTHUYeCKOil MO/IeJIM /151 HCC/IeI0OBaHUs BJIUsIHUA peabeda 3emian Ha
rJ100aIbHYI0 HUPKYJISIHUIO ee cpeaHell aTMochephl

N.B. Munranes, K.I'. Op:o, B.C. Munranes
Honsapnwii 2eogusuyeckuil uncmumym, 2. Anamumul, Poccust

Paspaborannas panee B IloispHOM TeoU3NUECKOM HHCTUTYTE MaTeMaTHYecKas MOJAENIb TPEXMEPHOH CHCTEMBI
HEUTpaJBbHOTrO BeTpa B HWDKHEH WM cpenHeil atMocdepe 3emin Obula YCOBEpIICHCTBOBAaHA 3a CUET ydeTa pernbeda
TIOBEPXHOCTH IUIaHETH! W OblIa NMPHUMEHEHA ISl MCCICIOBAaHHSA BIWSHMS penbeda miaHeTsl Ha (opMHpOBaHHE
r700aIbHOW IMPKYIALMK 3eMHOH aTtMocdepsl. DTa MoOmeNb OCHOBaHA Ha YHCICHHOM pEIICHHH CHCTEMBI
HECTallMOHAPHBIX TPEXMEPHBIX YPAaBHEHMH NepeHoca, BKIrodaromed B cebs ypaBHeHust Hasbe-Crokca mist
C)KMMAEMOT'0 BSI3KOT'O r'a3a, a TAKKEe YpaBHEHNH HEPa3pBIBHOCTH M TETUIONIPOBOAHOCTH ISl HET0. MOJenb MO3BOMISET
paccunThIBaTh TPEXMEPHBIE INT00ATIBHBIE pacIpe/ieNIeHNs 30HAIBHOM, MEPHIMOHAIBHON 1 BEPTUKAILHON KOMIIOHEHT
CKOpPOCTH HEHTPaJIbHOI'O BETPa, TEMIIEPAaTyphl M IUIOTHOCTH BO3/AyXa Ha YPOBHAX Tporocgepsl, crpaTochepsl,
Me3ocdepsl 1 HIKHEH TepMmocdepsl 3emmnn. B Mozmenn BepTHKasibHAsE CKOPOCTh Ta3a HAXOAWTCS HE M3 YCIOBHS
THIPOCTATHYECKOTO PAaBHOBECHS, & ITyTEM YMCIEHHOTO PEIICHNS OJIHOTO yPaBHEHUS ABM)KEHHS JJISI BEPTUKAIBHOMN
COCTaBIISIFOIIEH CKOPOCTH 0e3 NMpeHeOpeKeHNsT KaKUMHU-THO00 dieHaMH. [Ipu 3TOM Bce TpH KOMITOHEHTBI CKOPOCTH
PacCUNTHIBAIOTCS] TIPH TIOMOIIM YHCIICHHOT'O PELICHUS ITOTHBIX YPaBHEHHH IBIDKCHUS BI3KOIO CXKMMAeMOro rasa, u
YpaBHEHHE THUAPOCTATHKA HE TNPHMEHSETCS, TakuM o00pa3oM, MaTeMaTHdecKass MOIENb  SIBIAETCS
HETHJIPOCTaTUIECKOH.

Brutn BRITIOTHEHBI pacyeThl INTAaHETAPHOW CHCTEMBI HEUTPaIhbHOTO BETPa B 36MHOU aTMOC(epe B STHBAPCKHIX YCIOBHUIX
TIPY TTOMOIIM IBYX BapHAHTOB 3TOW MOJIENH, B TIEPBOM M3 KOTOPBIX ITOBEPXHOCTH 3€MJIM CUMTACTCS TIIAJKOH, a BO
BTOPOM YCOBEpIICHCTBOBAHHOM BapHaHTE MOJENH YUYHUTHIBaeTCS peibed 3eMHOH MOBEpXHOCTH. Pe3ymbraThl
MOJICTIMPOBAHMS TIOKa3alu, 4YTO penbed IUTaHeThl [OJDKEH OKa3blBaTh 3aMETHOE BIHMAHHE Ha TJIOOAaTbHbIE
pacripesieneHlss CKOpOCTH TOPH30HTAJIFHOTO BETpa B arMocdepe 3eMili He TONBKO B INpHIIETraromieil K 3eMHOM
TIOBEPXHOCTH Tporochepe, HO ¥ Ha BBIISNISKAIINX YPOBHAX cTpaTochepsl M Me30C(hepsl.

Pabora BbImOTHEHA MTpH YacTHYHOHN mojiepxke rpanta POOU Ne 17-01-00100.
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I'azogunaMnyeckas MoJeab 001Iell NMPKYJISIMA HUKHEH 1 cpeaHeil aTMocdepsl 3eMun ¢
BBICOKHM NPOCTPAHCTBEHHBIM pa3penieHueM

N.B. Munranes, K.I'. Opnos, B.C. Munranes, E.A. ®denorosa
IIT'U PAH, 2. Anamumot, Mypmanckas ooa., Poccus, e-mail: mingalev_i@pgia.ru

B naHHO# paboTe U3710KEHO KPaTKOE OMMCAHUE MOJICITH OOIISH IMPKYIIAIIUH HIDKHEH U cpeHeit aTMochepbl 3eMITH,
TIpeIHa3HAYeHHON ISl M3yYeHHsI JIMHAMUKH atMocdepbl B IIUPOKOM JWara3oHe MPOCTPaHCTBEHHO-BPEMEHHBIX
MacmTaboB. Mozenb OCHOBaHA Ha YHCICHHOM MHTETPHUPOBAHUH TMOIHOW CHCTEMbI YpaBHEHHH JAWHAMUKH BS3KOTO
aTMoc(epHOro ra3a Ha IPOCTPAHCTBEHHOI CETKE C BBICOKUM pa3pelieHreM. B Mojenu yuuTeiBaroTcs penibed 3eMHOM
TIOBEPXHOCTH M HAJIMUUE B aTMoc(epe adpo3osiell B BUIIE MUKPOKAIIENb BOABI M JISIHBIX MHKPOYACTHII, a TaKKe
(ha3oBbIE MEpex oIl BOJISHOT0 Napa B ad3p0o30JIbHBIE YaCTUIIBI M 00paTHO. B Mozenu npeaycMoTpeHa BcTaBka 001acTu
CO CBEPXBBICOKHM pa3pelIieHHeM, B KOTOPOIl IIar CeTKH 10 TOPHU30HTaJIbHBIM HampaBieHus M B 4, B 8 win B 16 pa3
MEHBbIIIe, YeM B OCTAJILHOM 00JIacTH MoJiennpoBaHus. BakHast 0COOEHHOCTh Hallled MOJIENN COCTOMT B TOM, YTO ee
JMHAMHYECKOE SIIPO MOJTHOCThIO paboTaeT Ha rpadMueckux Mpoleccopax M MCHOJb3YeT MACCHBHO MapajulelibHbIe
BBIYHMCIIEHHS. DTO MTO3BOJISIET IPOBOJIUTH PAacUeThl HA COBPEMEHHOM IEPCOHATLHOM KOMITBIOTEpE C ABYMS HIIH OoJiee
rpaUYecKMMHU YCKOPUTEISIMU TIOCIIETHETO TIOKOICHUSL.
PaGora BeinosiHeHa npu puHancoBoi nopaepxkke PODU, mpoekr 17-01-00100.

IMapaMeTpu3anuu onTHYECKUX MapaMeTPOB B AajibHeM H cpeaneM UK nuana3zoHax B HUxKHeill U
cpenHeii armocdepe 3emin

E.A. ®enorosa, K.I'. Opnos, 11.B. Munranes
Honsapnwiii 2eoguzuyeckuii uncmumym PAH, 2. Anamumoi

B nanHoli paGore mpencTaBiIeHO HOBOE CEMEHCTBO MapaMeTpH3allvii MOJISKYJISIPHOTO TIOIJIONIEHUsT B aTMochepe
3emiu B yacToTHOM auanasoHe 10-2000 cm B uHTepBasie BhICOT OT moBepxHocTH 3emiu 0 75 kM. IposeneHo
CpaBHEHHE PE3YJbTATOB PACUETOB IIOJS COOCTBEHHOrO HM3Iy4eHHS aTtMoc(epbl 3eMiH, ¢ HCIOJIb30BAHHEM 3THX
mapaMeTpu3aliii ¢ pe3ynbTaTaMi 3TATOHHBIX pacueroB (Line-by-Line). Paccmorpensl kak ciydaii 6e3001auHOM
aTMoc(epsl, Tak U CIlydau HaJIM4IKs 00JaYHBIX CIIOEB HIDKHETO, CPEIHET0 M BEPXHETro pycoB, 00J1aJatomuX OoIbIIon
ONTHYECKOM TOIIMHON. DTaJOHHbIE PACYETHI BHIIOJIHEHB ¢ pa3pelieHueM 1o yactore uznydenus 0.001 cm. ITpu
pacuerax MCIOIb30BaJIOCh NPUOIMKEHNE TOPU30HTAIBHOW OXHOPOIHON aTMOC(HEpBl H YIUTHIBAIOCH MOJICKYIIIPHOE
paccesiHue. /711 YUCIEHHOT O pelIeH s 1 -MepHOro 110 IPOCTPAHCTBY YpaBHEHHUS IIePEeHOCa U3ITydE€HUS HCTIOIB30BAJICS
HOBBIH BapHaHT METOA JUCKPETHBIX OpAMHAT. B pacyerax ncnonp30Baaich paBHOMEpHAs CETKa I10 BBICOTE € LIIaroM
200 MeTpoB ¥ paBHOMEpPHAs CETKa 10 3¢HUTHBIM YTJIaM ¢ 1maroM Menee 9 rpaayco. KoaddurmeHTsr MonexyisipHoro
TIOTJIOIIEHHS PACCUYUTHIBAIMCH C UCTIONB30BAaHIEM CIieKTpockomuaeckoit 6a3sl qanHeix HITRAN 2012. O6cyxmaercs
TOYHOCTB IIPEACTABICHHBIX TApaMeTPU3aLIi, a TAKKe BIHAHUE O0JaYHBIX CIIOEB Ha MOJIE COOCTBEHHOIO M3TYYCHUS
B HIDKHEH 1 cpeHeii atMocdepe. Pe3ynbTaTsl pacyeToB HOKa3alM, 4TO B CIEKTpaabHoM uHTepsajie 10-2000 cm? B
auarasoHe BbIcoT oT 0 10 70 KM ¢ OMOIIBIO apaMeTpH3aliiy, COIepIKallleil HECKOIBKO COTEH MOJIENBHBIX KaHaJIOB,
MOJKHO TOOUTBHCS TOYHOCTH B pacdeTax CKOpOCTEei HarpeBa-BhIXolakKuBaHMI atMochepHoro rasa my4rie 0.5 K/cyTku.
Hns moctwkenus touHoctd Jsrydnie 0.2 K/cyrkm BbICOTa, Ha KOTOPOH IPOM3BOINHUTCS OOBEIMHEHHE Y3KUX
CIIEKTPaJIbHBIX KaHAJIOB B LIMPOKUE MOJETbHBIE KaHAJbI, JOJDKHA HaxXoAuTbes B mpemenax 40-45 xm. Tawoke
pe3yabTaThl PAacUeTOB IIOKA3alH, 4YTO YBEIWYEHHE YHCIIa MOJCIBHBIX KaHAJOB HE BCEr/la CONPOBOXKAACTCS
TIOBBIIICHUEM TOYHOCTH.
Pabora BbInonHeHa npu GprHAHCOBO# noanepkke POOU, npoext 17-01-00100.
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Heliobiosphere
Footprints of volcanic activity in polar tree rings
E.A. Kasatkina!, O.l. Shumilov?, M. Timonen? and A.G. Kanatjev*

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

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

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

To detect the fine plausible responses of terrestrial biota on either global climatic changes or on the space physical
events the long-term monitoring of terrestrial biota at various latitudes is of actual significance scientific task. We
carry out the regular observations upon vascular plants physiological activity since 2014 yr in terms of Pulse
Amplitude Modulated (PAM) chlorophyll fluorescence measurements. The non invasive optical methods allow one
to control daily state of the plants organisms in situ and their current reactions on the environment. In July of 2016 yr
the abrupt fall of Betula and Salix indicators trees foliage variable fluorescence was detected after large CMEs and
three days before the follow Earth’s Magnetosphere disturbance. In 2017 yr a number of explicit plant responses on
splashes of solar activity were detected which were preceded the solar events in terms of W numbers and visible
Sunspot Area and F1o7 cm wave emission. The advanced plant reactions with two temporal gap classes: shot-term (2-
3 days) and long-term (6-8 days) were registered. The reactions appeared as sharp sudden changes in chlorophyll
fluorescence daily run and were detected among both indoor decorative and wild outdoor species. Those responses
seem as an early physiological prediction on follow consequence of the solar and geophysical events and plausibly
may be treated as a Velkhover — Chizhevsky effect in relation to vascular flora objects. The effect was discovered in
20-30-s of 20" century among some corynebacteria strains and widely known since 1967.
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Heliobiosphere
Dendrochronological dating of Russian Pomor stations at South Spitsbergen
O.1. Shumilov!, M. Krapiec?, E.A. Kasatkina?, J. Chochorowski® and A.G. Kanatjev!

!Polar Geophysical Institute, Apatity, Russia

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

3Institute of Archaeology, Jagiellonian University, Krakow, Poland

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

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

The main problem in the total problem of biological effects of natural geomagnetic disturbances is a deficit which
riches 5-7 orders of magnitude between modelled current and fields in biological media by slow and weak fields
caused by geomagnetic disturbances, including the most severe storms, and reported correlations between biological
objects and geomagnetic disturbances. Several mechanisms, such as super-paramagnetic properties of specific
proteins, can partly compensate this deficit. This allows to discriminate between studies, based on false correlations,
and the effects, which may be related to geomagnetic disturbances. In the present review, we give a summary of
biological phenomena related to magnetic field variations of “geophysical” amplitudes and frequencies. We attempt
to classify reported biological studies in accordance with possible physical mechanisms.
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KosnnyecTBeHHasi OLlEHKA IBUTraTeJIbHOW AKTUBHOCTH CEPLIX TIJIeHEH NP BO3/1eiiCTBMU HA HUX
HHU3KO0YACTOTHBIX 3JIEKTPOMATHUTHBIX MOJIei

B.®. I'puropses, A.Il. SIxoBneB

YTonapuoni 2eopusuueckuti uncmumym PAH, 2. Mypmanck
2Mypmanckuii mopckoii buono2uyeckuii uncmumym, 2. Mypmanck

B Hacrosimee Bpemsi MMeeTcs JOCTATOYHO CBEINECHUH O TOM, YTO crnabble KOMOWHHMpOBAaHHBIE (IIEpEMEHHBIE U
TIOCTOSIHHBIE) MarHWTHBIE TOJISI C aMIUIMTYHOH, ONW3KOW K MarHUTHOMY TMONIO 3eMJIM, CIOCOOHBI BBI3BIBATH
W3MEHEHHs1 B MeTa0O0JIM3Me CaMbIX Pa3UYHBIX JKUBBIX OPraHW3MOB — OT 4YeJIOBEKa J0 MHKPOOpraHu3MoB. B
COBPEMEHHOM MHpE, H300WIYIOIEM OBITOBBIMU JIIEKTPHYECKUMH TPHOOpaMH, SBISIONIMMUCS HCTOYHHKAMHU
3EKTPOMArHUTHOTO TOJNs, AKTYaJbHOCTb HCCIEIOBAHUS MEXaHM3MOB JEWUCTBHA TaKUX I[OJeH HE BBI3bIBAET
COMHEHHUS.

COBOKYITHOCTh COBPEMEHHBIX JTAHHBIX MAarHUTOOHOJIOTHH TTO3BOJISIET TOBOPUTH O TOM, YTO OMOJIOTHUECKOe JIEHCTBHE
BeChbMa CI1a0bIX IEPEMEHHBIX MATHUTHBIX T10JIEH, CB3aHHBIX C TEOMarHUTHON aKTHBHOCTBIO, SIBJISIETCS PEAJIbHOCTBIO.
'eomarHuTHBIE BO3MYILEHMS MOTYT BBI3bIBATh B OpPraHM3MeE >XMBOTHBIX HECTEUM(HUYECKYIO PEAKIHI0 10 THITY
00Ilero ajanTalMoOHHOrO CHHAPOMAa, BO3HHKAIOIIEr0 IO/ JEeWCTBHEM JIIOOBIX BHEIIHMX (DaKTOpOB cTpecca.
B03MOXHO pa3BUTHE U CHIEHU(PUYECKAX PEAKIHH.

ABTOpamu OBLIO TIOKa3aHO, YTO IKCIIO3UIIMS CEPBIX TIOJICHEH B AJIeKTpoMarHuTHOM nosne ¢ yactoramu ot 0,01 ' mo
36 'l HAa TPOTSDKEHMH DPa3IMYHBIX MPOMEXKYTKOB BpeMeHH (0T 20 MHHYT J0 8 4acoB) BBI3BIBACT W3MEHEHHMS
AKTHBHOCTH JKUBOTHBIX KaK B CTOPOHY YTHETEHHs, TaK U B CTOpPOHY B030yxaeHus1. JJaHHbIe 3(h(eKThI 3aBHCAT OT
BpEMEHH 3Kcro3unuu u 4actotel OMII [1,2]. B maHHO# paboTe MBI TOKa3aaH, KaK U3MEHSETCS, TaK Ha3bIBaCMbIN
«MHAEKC aKTUBHOCTI» KMBOTHBIX — MaTeMaTHYEeCKOe OTHOIIEHHE MPOSBICHUS aKTUBHOCTHU K YHCIY PETHCTpallu
OTCYTCTBHUSI IBUTATEIIbHOM aKTUBHOCTH, IIPU BO3JICICTBUM Ha CEPBIX TIOJIEHEH 3JIEKTPOMArHUTHOIO I10JIsI C YaCTOTOM
8 I'11, mpu SKCIIepUMEHTaX ¢ KMHUMBIM BO3JEHCTBHEM» H IIPU (POHOBBIX HAOIIOICHHSX.

1. SxoBneB A.Il, Muxaimok A.JL., I'puropre B.®. Onenka H3MeHEHUH MMapaMeTpOB MOBEAEHHUsS CEPOro TIOJNEHS MpHU
BO3JICHCTBMYU Ha HETO AJICKTPOMArHUTHBIX MOJIEH IKCTpeManbHO HU3KUX dactoT B auanazone 0,01-36 I'u / Bectauk MI'TVY.
2016. T. 19. Ne 1/2. C. 345-352.

2. SIxoBneB A.IL., I'puropses B.®. M3meHeHne qBUraTebHON aKTUBHOCTH CEpOro TIOJEHS IPU BO3/AEHCTBUU HA HETO MArHUTHOTO
nonst yactotoit 2, 18 u 36 I'n B Teuenue 1-4 yacos // BecTHruk MypMaHCKOro rocyIapCTBEHHOIO TEXHHYECKOTO YHHBEPCHUTETA.
2017. T. 20. Ne 2. C. 503-510.
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