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Comparison of auroral and TEC irregularities planetary ovals

S.A. Chernouss', LI Shagimuratovz, LL Eﬁshovz, M.V. Filatov!, N.Y. Tepenitsynaz, G.A. Yakimovaz,
E.M. Koltunenko®, M.V. Shvec!

'Polar Geophysical Institute, Apatity, Murmansk region, Russia
*Kaliningrad Filial of IZMIRAN, Kaliningrad, Russia

Images of spatial distribution of TEC fluctuations (index ROTI) were formed in geographic coordinates based on
daily GPS measurements. These images demonstrate the irregularity oval, similarly to the auroral oval. The
occurrence of the irregularity oval relates with the auroral oval, cusp and polar cap is under discussion. Both TEC
irregularities oval and an auroral oval move equatorward and expands with an increase of the geomagnetic activity.
We study the position of the auroral oval and oval of the irregularities in number events. Position of the auroral oval
was calculated by methods described in (Starkov and Sigernes et al.) papers. Dynamics of the irregularities oval in
dependence on a geomagnetic activity is under consideration too. North and South borders of the auroral oval and
TEC irregularities during selected days are presented. Width of the auroral oval rises during local night time and
TEC irregularities oval follows the auroral oval construction in general.

Comparison of the "expanded” and “polar” substorms behavior during the 23 and 24 solar cycles
LV. Despirakl, A.A. Lubchich', N.G. Kleimenova®

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

We presented the comparative analysis of the different types substorm behavior during the 23 and 24 solar cycles.
The substorms have been studied in: (a) close to the 23 solar cycle maximum (1999- 2000, Wp> 100); (b) close to
the last maximum (2012-2013, Wp~60), (c) during the 23 and 24 solar cycle minima (1995-1996, Wp=3-17 and
2008-2009, Wp=3). As in previous study, we divided the considered substorms into 3 types according to auroral
oval dynamics. The first type — the substorms which are observed only in auroral latitudes (called “usual”
substorms); the second type — the substorms which propagate from auroral latitudes (<70°) to polar geomagnetic
latitudes (>70°) (called “expanded” substorms, according to an expanded oval); and the third type — the substorms
which are observed only at latitudes above ~70° in the absence of simultaneous geomagnetic disturbances below 70°
(called “polar” substorms, according to a contracted oval). Our analysis was based on the 10-s sampled IMAGE
magnetometers data, and the 1-min sampled OMNI solar wind and interplanetary magnetic field (IMF) data. The
following substorm characteristics have been compared: (i) the seasonal variations of the occurrence, (ii) the
latitudinal range (iii) solar wind parameters before the substorm onset, and (iiii) the polar cap PC-index values
before the substorm onset. The new interesting result of our study is the finding the different values of the PC-index
before the different types of substorms. The PC-index was stronger before the "expanded" substorms than before the
"polar" substorms. So the PC-index values before the "expanded" substorm onsets were 1.5+£0.7 (1995-1996,
Wp~13), 1.1+0.8 (2008-2009, Wp~3) 1.6£0.9 (2012-2013, Wp~60), 2.0+£0.8 (1999-2000, Wp ~105), and they were
more than twice lower before the "polar" substorm onsets - 0.7£0.4 (1995-1996), 0.4+0.3 (2008-2009), 0.52+0.5
(2012-2013), 0.840.6 (1999-2000. It is shown also that for the substorms which observed during the solar minima
(1995-1996 and 2008-2009), the PC-index values were 1.3 times less than ones close to the solar maxima (1999-
2000 and 2012-2013).

Transient toroidal waves in an east-west event of transition to substorm onset
L.V. Golovchanskaya, T.G. Kogai, I.A. Kornilov, T.A. Kornilova (Polar Geophysical Institute, Apatity, Russia)

Transient ULF oscillations observed by THEMIS spacecraft during 20-30 min before substorm onset as wave
packets with several cycles duration are tested by the theory of resonant Alfven waves driven by fast compressional
modes on the tail-like and more dipole-like magnetic field lines [4llan and Wright, 1998; Southwood, 1974]. 1t is
shown that this theory can reasonably explain (i) predominantly toroidal polarization of the waves, which is also
supported by the ground magnetic data in the considered event, (ii) conjunction of the waves with nearly E-W
auroral arcs, exhibiting occasional brightening and azimuthal propagation of inhomogeneities inside them, (iii) the
widths of the conjugate arcs of 10-15 km.
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Observations of the MAIN in Apatity during strong geomagnetic storms of solar cycle 24
V. Guineva', I.V. Despirakz, B.V. Kozelov?

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

In this work two events of strong geomagnetic activity during the ascending phase of Solar Cycle 24 were
examined. The first event on 17 March 2015 is the so-called “St. Patrick’s Day 2015 Event”. This is the principal
event covering the interval from 15 to 18 March 2015, in which 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 (Max. Dst was -
228 nT) were reported. This magnetic storm is the largest one observed in the current solar cycle. The second event
is the period on 17-18 March 2013 which is strong geomagnetic storm (the Dst index ~ -140 nT) developed. This
storm was caused by magnetic cloud (15 UT, 17 March — 6 UT, 18 March 2013) in the solar wind. Object of our
study were the substorms observed during these periods. Observations of the Multiscale Aurora Imaging Network
(MAIN) in Apatity have been used. Solar wind and interplanetary magnetic field parameters were taken from OMNI
data base. Substorm onset time and the subsequent development were verified by data of IMAGE magnetometers
network and by data of the all-sky cameras at Apatity. The particularities in the behaviours of substorms connected
with different storms during these two interesting strongly disturbed periods are discussed.

SAR arc observation as the mapping of plasmasphere dusk-bulge during a magnetic storm
I.B. Ievenko, S.G. Parnikov, V.N. Alexeyev
Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy, Yakutsk, Russia.

The stable auroral red (SAR) arcs are the consequence of interaction of the outer plasmasphere (plasmapause) with
energetic ions of the ring current. In this work we analyze the observation of aurorae and SAR arc with the all-sky
imager (ASI) at the Yakutsk meridian (130°E; 200°E, geom.) during the magnetic storm main phase on March 17, 2015.
ASI registers the SAR arc with a maximum of its intensity and the latitude on the westward horizon of station from
the start of observations at ~1116 UT during the decrease of magnetic activity after the onset of magnetic storm at
~09 UT. The measurements of the thermal ion fluxes with ECT HOPE Instrument aboard the Van Allen Probes B
satellite at ~1230 UT testify to a plasmapause location on L ~ 3.5 and at the meridian ~1825 MLT. The inner
boundary of the energetic H+ and O+ ions flux has been registered by the satellite on L ~ 2.8-3.3 at the meridian ~
1800 MLT at 1210-1220 UT. At this time ASI observes SAR arc up to a meridian 1840 MLT on the westward
horizon of station.

Further the dynamics of aurorae in the 557.7, 630.0, 470.9 and 486.1 (Hf) nm emissions owing to sharp changes in
the solar wind and during three substorms is observed. We consider differences in the precipitation dynamics of
energetic protons and electrons during substorms. It is shown that the SAR arc registered with ASI maps the ring
current overlap with the region of plasmasphere dusk-bulge or plume.

The research is supported by RFBR grant No 15-05-02372 a.

Periodic restructuring of auroral arcs near onset region
I.A. Kornilov, I.V. Golovchanskaya, T.A. Kornilova (Polar Geophysical Institute, Apatity, Russia)

We present examples of periodic poleward propagations of multiple arcs from preonset arc during 10-20 minutes
before onset. The latitudinal extent of the poleward excursions is about 1 degree, and the period of repetition is 1-3
minutes. The excursions continue just to the beginning of substorm expansion. We demonstrate this signature by
keograms, all-sky images and animations for several events of transition to substorm onset. Since the characteristics
of periodic restructuring of auroral arcs are consistent with those of field-line resonances, a possible explanation is
given within the framework of field-line resonance theory [e.g., Rankin et al., 1995]. The interest to this theory has
recently been renewed by Rae et al. [2014]. We emphasize it is filtration of the original auroral data that allowed us
to reveal this subtle effect.
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Ground-THEMIS space observations during the development of substorm auroral vortex
structures

T.V. Kozelova, B.V. Kozelov, V.A. Turyanskiy (Polar Geophysical Institute, Apatity, Russia)

We use spacecraft observations from THEMIS during a substorm on 19 December 2014, in conjunction with ground-
based magnetic field and the aurora observations at the stations Apatity and Verhnetulomsk, to examine the dynamics
of a plasma flow vortex in the equatorial plane in space at 7-9 Re during the conjugate ground auroral vortices.

The appearance of auroral large-scale vortex structures (bulges, spirals, etc.) in evening and midnight auroral zone is
associated with substorm intensification. Usually, such vortex-like structures intensify and extend radially, leading
to broadening of the initial arc and then breakup into patchy auroral forms. However, questions remain regarding the
process of these auroral structures generation in the magnetosphere. We show that during the observed auroral
vortex-like structures, the vortex-like structures occur in the magnetosphere near the outer edge of the trapped ion
region. Besides these plasma-flow vortices occur at the same time as other signatures of substorm (ion and electron
injections and dipolarization).

We discuss models which could provide the disturbance leading to intense formation of the plasma-flow vortex
during the substorm intensification.

Daytime polar magnetic disturbances under extremely strong IMF Bz

A.E. Levitin!, N.G. Kleimenova2’3, L.I. Gromova!, L.A. Dremukhina', E.E. Antonova3’4, N.R. Zelinskyz,
S.V. Gromov', L.M. Malysheva®

'Pushkov Institute of Terrestrial Magnetism, Ionosphere, and Radio wave Propagation, Russian Academy of
Sciences (IZMIRRAN), Troitsk, Moscow

*Institute of Physics of the Earth (IFZ RAN), Moscow,

3Space Research Institute, (IKI), Moscow,

*Skobeltsyn Research Institute of Nuclear Physics, Moscow State University, Moscow

Daytime polar-latitude electrojet, usually termed as PE, has been studied very poorly. Here we present the results of
the detailed analysis of two PE events recorded during strong magnetic storms. Our study was based on the ground
high-latitude IMAGE normalyzed magnetogram data. The first PE event was observed during the main phase of the
strong magnetic storm on Nov 24, 2001 (Dst min ~—220 nT). The PE occurred when suddenly the IMF Bz turned to
the North up to extremely high positive values (~ +60 nT) and the IMF By changed from +40 to —40 nT under a
high solar wind dynamic pressure up to 50—70 nPa. In the day side sector of the polar latitudes, the very strong
magnetic bay occurred with the amplitude of about 2000 nT. According to model calculations, a sharp
intensification of the field aligned currents (FAC) of the NBZ system was noted in that region. The wave structure
of this bay was represented by geomagnetic pulsations in the ~ (2-7) mHz band. But such fluctuations were not
observed in the solar wind and IMF.

The second strong PE event has been analyzed during storm recovery phase on May 30, 2003 (Dst min ~ -144 nT)
under the positive IMF Bz (up to +25 nT), and the IMF By changed from -15 nT to +20 nT. The considered event
was preceded by a very strong (up to ~70 nlla) solar wind dynamic pressure enhancement. The intense (~400 nT)
magnetic bay was recorded in the daytime sector of the polar latitudes. The wave structure of this magnetic bay was
represented by the (2—7) mHz geomagnetic pulsations which demonstrated the spectral properties different from
resonant Pc5 waves. The possible source of high-latitude pulsations could be related with fluctuations in the
turbulent magnetosheet. The space distribution of the FAC which can be attributed to NBZ system has been
obtained in the polar latitudes by the low-altitude CHAMP satellite. This result has been compared with the auroral
oval location (model OVATION) and spectra of the ion and electron fluxes measured by the low-altitude DMSP
satellite. We suppose that the daytime polar electrojet under consideration could be mapped inside the closed
magnetosphere at poleward part of the plasma ring surrounding the Earth.

Aurora observations by camera with spectral sensitivity CCD matrix

A.V. Roldugin, V.C. Roldugin (Polar Geophysical Institute, Apatity)

In the autumn 2015 the all-sky camera for aurora observation in Lovozero is supplied by CCD matrix with pixels
with different spectral sensitivity: red, green and blue. Aurora patterns in these spectral regions are compared.

12



Geomagnetic storms and substorms

Events of auroral morphology invariability in morning sector during regular pulsations
V.C. Roldugin, A.V. Roldugin, M.N. Melnik
Polar Geophysical Institute, Apatity

Two events of auroras with compound morphology, which varied unusual slightly in Lovozero, are described.
During more then one hour these auroras kept their complex form although they were accompanied by auroral
pulsations. Pc3, Pc5 and Pc6 geomagnetic pulsations were observed this time in Lovozero, and analogous pulsations
came to pass in THEMIS satellite.

Solar sources of intensive geomagnetic storms during the 23rd solar activity cycle
N.M. Rudneva', L.A. Dremukhina?, P.M. Svidskyl, A.F. Kharchiladze?

'Fedorov Institute of Applied Geophysics, Moscow, Russia
2Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation RAS, Troitsk,
Moscow, Russia

In our study we discuss the solar sources of intensive and very intensive magnetic storms and their localization on
synoptic maps of large-scale solar magnetic field during the 23rd solar activity cycle (1996-2009). As solar sources
of geomagnetic storms there were considered the coronal mass ejections (CME), coronal holes and filaments. In the
selected period there were 16 of very intensive geomagnetic storms with a minimum value Dst <-200 nT and 66
intensive storms with a minimum value of - 200 nT < Dst < -100 nT. To determine the solar sources of geomagnetic
storms and  their solar coordinates, the following observational data were used: the catalog CME
(http://cdaw.gsfc.nasa.gov/CME list/); daily data on solar and geomagnetic activity of Space Weather Prediction
Center in Boulder (SWPC)  (http://www.swpc.noaa.gov/fipmenu/warehouse.html); information about the
disappearances of the filaments and prominences on the site "Edited Solar Events Lists"
(http://www.ngdc.noaa.gov/stp/stp.html); catalog of coronal holes (http: //www/dxlc/com/solar/coronal_holes.html);,
images of coronal holes in the UV and X-ray (http://www.spaceweather.com/) and maps of large-scale solar
magnetic field. It was shown that a very intensive magnetic storms during the 23rd solar activity cycle, as in the past
cycles, occurred near the maximum of solar activity and its decay phase, and were caused by type «halo» CMEs
accompanied by flares and filament’s disappearances. Geoeffective CMEs were located mainly near the Sun’s
central meridian, and their solar wind had a speed more than 700 km / s. Very intense magnetic storms always
associated either with strong or weak flares. Disappearances of filaments, not accompanied by flares, don't cause
developments of intensive magnetic storms in about 90% of events. In the reviewed period also coronal holes led to
the development of intensive magnetic storms only in every seventh case. All flares and the filament’s
disappearances, preceding by a development of intensive or very intensive magnetic storms, occurred on the
boundaries of sub-sectors (OR-regions) or near projection of the heliospheric current sheet.

Manifestation of interplanetary shock in geomagnetic storms and substorms

L.P. Shadrina

Academy of Sciences of Republic of Sakha (Yakutia), Yakutsk, Russia

The influence of interplanetary shocks accompanied o not coronal mass ejections (CME) on geomagnetic storms
and substorms generation was investigated. For this aim we have analyzed the data of solar wind parameters and
geomagnetic activity (Dst and AE indexes) and it was shown that the CME presence after the shock plays a crucial

role for the generation of Dst decreasing, i.e. for the geomagnetic storm. While for the substorm disturbances
(enhance of AE index) it is important the internal state of the magnetosphere after the shock impact.
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Auroral substorms, electron fluxes in the magnetotail and equivalent currents associated with
morning sector geomagnetic Pc5 pulsations

M.V. Uspensky', K. Kauristie', N.G. Kleimenova®, O.V. Kozyreva®, M. M. J. L. Van De Kamp', S.V. Dubyagin'

'Finnish Meteorological Institute, Helsinki, Finland
*Institute of Physics of the Earth, Russian Academy of Sciences, Moscow, Russia

We study four moderate substorm activations in the midnight and morning sectors together with Pc5 pulsations and
electron flux enhancements observed in the magnetotail by the Themis P2-P5 satellite constellation. These events
took place on Jan 18, 2008, at ~05:11 and 05:46 UT (a) and on Feb 19, 2008, at ~05.25 and 05:36 UT (b). Themis
ground-based magnetometers and all-sky imagers (SNKQ, GILL, RANK), Scandinavian IMAGE magnetometers
and Svalbard all-sky camera (NAL) data were used in substorm identifications. Inside ~1 min resolution the
nighttime substorm activations (events (a)) were reasonably seen at the morning poleward side of auroral oval by
NAL camera. Some three to five minutes after the substorm activations, the midnight magnetotail Themis P3-P5
satellites (with mutual separations in GSM X, Y, and Z directions ~ 1 Re) at the same time are dispersionless
energetic (up to ~0.4 MeV) electron fluxes. The Themis P2 satellite (located in both cases (a) in early morning
sector at a distance of ~6 Re from of the cluster of P3-P5 probes) registered energy-dependent delays (dispersion) of
the electron fluxes due to their eastward gradient drift motion. The potential impact of midnight activity on morning
sector Pc5 cannot be excluded in the two cases of event (a), because enhanced fluxes of electrons with high enough
energies (~400 keV), could reach the region of Pc5 within the observed delay. The electron flux bursts were
observed by Themis P2 at longitudes between the midnight and morning sector instrumentation.

Space and time variations of the ionospheric equivalent currents in the regions of morning sector Pc5 pulsations on
the two days are studied with the help of IMAGE magnetometer data (MLT sector 05-07). In these cases abrupt
changes in the Pc5 amplitudes, intensifications and/or weakenings, were recorded some minutes after auroral
activations in the midnight sector. We analyse three examples of Pc5 changes with the goal to resolve whether
substorm activity can have an effect on Pc5 amplitude or not. In two cases (event b) the most likely explanation for
Pc5 amplitude changes comes from the solar wind (changes in the sign of IMF Bz). In one case (event a) equivalent
current patterns in the morning sector show an antisunward propagating vortex which replaced the Pc5-related
smaller vortices and consequently the pulsations weakened. We associate the large vortex with a field aligned
current system due to a sudden, although small drop in solar wind pressure (from 1 to 0.2 nPa).

JleMoHCTpanus OTpaskeHUsl AMHAMHKH apaMeTPOB COJIHEYHOI0 BeTpa B mpouecce (P OPMHPOBAHUS
cy00ypeBoii AKTUBHOCTH € IOMOIIBI0O HHTEIEKTYaIbHOT0 HHCTPYMEHTA

H.A. Bapxaros', B.I'. Bopo6ses®, C.E. Peynos', O.U. Sroxxuxa’, A.B. Bunorpamos'

1 . . .
Huoicecopoockuii cocyoapcmeennulii nedazozuueckuil yHugepcumem um. K. Mununa
2 N N

THonsapuwiil eeogpuzuueckuti uncmumym KHI] PAH

Hauvanom axtuBHOW (a3el cyOOypu SBISIETCS B3PBIBHOM IMEPEX0]l HAKOIUICHHOW MOTCHIMAIBHOW SHEPIHU
HCKAXXCHHOI'0O MAar"HuTHOI'O II0JIA HOﬂﬂpHOﬁ MaFHl/ITOC(l)epI)I B KHHCTUYECKYIO OHCPIUIO 3apsiKCHHBIX YaCTHUIL
3aIOJHSIONINX PaIMallMOHHbBIE T0sica ¥ HOHM3YIOIMX noHocgepy. [Ipomecc HaKomIeHNs NOTEHINAIBHOW SHEPTUU
BO3MOJKEH TOJIBKO IIPH YCJIOBUH HETIPEPHIBHOTO MOCTYIUICHHSI KMHETHYecKol sHeprun yactul (N*V2) connedHoro
BETpa Ha MHTEpBaje MOJATOTOBUTENbHOW (a3sl cyoOypu (rutotHoct N — KOHIEHTpaumusi 4acTull, V - CKOPOCTh
MOTOKA COJIHEYHOTO BeTpa). KirodeBBIM cOOBITHEM Hadala MOATOTOBUTENBHON (a3el cyOOypH, Kak IIpaBHIIO,
sBigercsa nosopor MMII x rory.

Hakonnenne sHeprun B MarHuTocepe B MEPUOJ MOATOTOBUTENHHOHN (a3el cyO0ypu obecrieuuBaeTcsl yCHICHUEM
KPYITHOMAcCIITaOHOTO 3alaHOTO 3JEKTPHUIECKOTO OIS KOHBEKIIMH IMOTepeK XBocTa MarHuTocdepsl. [locrenennoe
HaKOIIJICHWE HEPTHH HEBO3MO)KHO YYECTh Ha OCHOBE MIHOBEHHBIX 3HaueHHH (Bz, N, V). Ins ommcaHus 3TOrO
npoiiecca HEOOXOAMMO BBECTH HMHTETPANIbHBIN MapamMerp, HalpuMep, B BHAE KYMYJSITUBHOW cyMmbl » [N*¥V2].
Hcnonb3oBaHue €ro IUHAMHKM HapaBHE C JpYrUMH Teod((EeKTHBHBIMH IapaMeTpaMH COJHEYHOTO BeTpa
MPUMEHEHO HaMU JJIsl OTIMCAHMUs poliecca (OPMHUPOBAHUS CYOOYpH C MIOMOIIBIO HHTEILICKTYaIbHOIO HHCTPYMEHTA
B BHJIE UCKYCCTBEHHOI HelipoHHoii cetn (MHC).

D¢ deKTHBHOCT MpeIIaraeMoro 1oJjxo/ia IpoAEMOHCTPHPOBAHA HA YHUCICHHBIX HEHPOCETEBBIX KCIIEPUMEHTAX 110
BOCCTAHOBJICHUIO JWHAMUKK AL-mHziekca mo mapamerpam cojiHeuHoro Berpa m MMII B mepmoabl pasBUTHS
cy00ypb. APXHTEKTypa IpUMEHsIeMOl HEHPOCETH MOCTPOEHA N0 NPUHIUITY DJIMaHa U COAEPKUT JOIOIHUTEIbHBIN
CJIOI HEHMPOHOB, 0OECIICYNBAIOINNA «BHYTPEHHIOK TIAMATEY O MPEIBICTOPUI BOCCTAHABIMBAEMOTO JHHAMUYECKOTO
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npouecca. Ha naHHOM sTame MccienoBaHUs! B KauecTBE BXOAHBIX IOCIIEIOBATENLHOCTEH HEWpoceTeBOi MOJemH,
HCTIIOTH30BaHEl 1Ba mapamerpa — kommnoHeHTa MMII Bz u waTerpanpubii mapamerp Y [N*V2], yuuThBaromuit
MIPEIBICTOPHIO TIPOIIECCa HAKAYKH KHHETHYECKOW SHepruy B MarHuTocepy B TedeHune 2-3 gacoB B paMkax 60
MUHYTHBIX OKOH. EJIMHCTBEHHBIH BBIXOJHOW HEHPOH I'€HEPUPOBAN IMOCIENOBATENbHOCTh 3HaueHUM AL-uHaekca.
OOyuJaromye MoCcIeI0BaTeNbHOCTH BKIIOYAIM B ceOs maHHBle mo 70 mepuomam pa3BuTus cyo0yps. C menbio
MUHUMH3aOUN 3¢¢eKTa «3aloMHHAHUS —[ocieqHero olydwaromero ofpasma» 3TH  IOCIEIOBaTebHOCTH
HOPMHUpOBAIUCh H TmonxaBaimch Ha Bxoasl MHC B cmywaitHom mnopsaake. HelipocereBbie 3KCIEPUMEHTHI
BBIMOJIHSUTHCH Ha 1-MuHYTHBIX qaHHbIX AL, Bz, N, V, nonyuennsix ¢ y3na CDAWeb (Attp://cdaweb.gsfc.nasa.gov/).
I/ICCJ’IC}IOB&HI/IH MMPpOBE€ACHbI Ha BPEMCHHBLIX HWHTCPBAJIaX JaHHBIX, Ka)KZlbIﬁ POAOJIKUTCIIBHOCTBIO 8 4Jacos,
BKJIIOYAIOIMX B ceds mepuonsl 70 HM30IMPOBAaHHBIX MarHUTOC(EpHBIX CyOOyph pa3IMYHON WHTEHCHBHOCTH,
3apETUCTPUPOBAHHBIX 110 TIOKa3aHUusIM AL-uH7ekca.

BrinosHeHHOE HCCIieI0BaHUE TTOKa3ajJ0 BO3MOXKHOCTH YCIEHIHOTO BOCCTAHOBJIEHHS AWHAMUKU AL-mHnexca wimu
€ro KpaTKOCPOYHOTO MPOTHO3MPOBAHWS MPHU WCIONH30BAaHUM OHJIAHH MaHHBIX IATPYIFHOTO KOCMHIYECKOTO
anmapara. Co3maHHBI HAMH WHCTPYMEHT INPH y4eTe (U3NUECKUX SBICHHUH, NMPUBOIIMNX K CyOOype, okazancs
BITOJTHE MHTEJUICKTYAIBHBIM H JIEECIIOCOOHBIM. M 3TO MPOM30IIIO TOTOMY, YTO MBI IIPUHSITH BO BHUMAHHE IIPOLIECC
MEJUICHHO# 3arpy3Kd aBpOpaJbHOH MarHuToC(epbl KUHETHYECKOW HSHepruer cosHeuHoro Berpa. JlanpHeliriee
YIIydIIeHHE Pe3yJIbTaTOB BOCCTAHOBJICHHS BO3MOXKHO TIPH HCIIONB30BaHHUU MpensicTopund AL, yBenmuennn gmcia
BXOJHBIX JAHHBIX, IPEIBAPUTEIFHON 00pabOTKN B yCOBEPIICHCTBOBAHNH apxuTekTypsl MHC.

I'eoMarHuTHAasi aAKTUBHOCTH CTPYKTYPhl MATHUTHBIX 00J1aKOB
H.A. EapxaTOBl, E.A. PeByHOBaZ, P.B. Pomanos', A.B. lemorpaz[ma1

1 o o o

Huoicezopoockuii cocyoapcmeennuiii nedazoeuueckuii yHugepcumem um. K. Mununa
2 o o o
Huoicecopodckuii 2ocyoapcmeentbiil apXumekmypHO-CmpoUmenbHbulil YHUsepcumem

MarHuTtHble oO0Jlaka COJIHEYHOTO BETpa COIVIACHO COBPEMEHHBIM MPEACTAaBICHUSAM BBI3BIBAIOT HauOosee
WHTEHCHBHBIE TeOMarHUTHble Oypu. B 3aBucuMocTH OT cKOpocTH 00Jaka OTHOCHTENIFHO COJIHEYHOTrO BEeTpa Ha
nepesiHeM (POHTE €ro Teja MOXET 00pa30BBIBATHCS yAapHasi BOJIHA, 38 KOTOPOH cieayeT TypOyJieHTHast 00JIacTs,
4acTo HasblBacMas 000JIOUKOW obuaka. ccienoBaHus 1MOKa3bIBAIOT, YTO ISt OOJIBIIMHCTBA MarHUTHBIX 00JaKoB
HAyYaJI0 COOTBETCTBYIOIIMX MM I'€OMAarHHUTHBIX BO3MYIICHHH NMPUXOAMTCS HA yAApHYIO BONHY M obomouky [1]. B
CBSI3M C 9THUM IIPU M3yYCHMH re03(P(HEKTHBHOCTH MATHUTHBIX 00JIAKOB HEOOXOAMMO YYUTHIBATh M MOTCHIUAIBHYIO
TeOMarHUTHYIO 3(p(PeKTUBHOCTE (PU3NUECKUX MPOIIECCOB HA IepenHeM (ppoHTe 00IaKoB.

B nmpemraraemoii pabote metogamu ananmza Oypee-criekTpoB GurykTyarmit moaynss MMII 3apeructpupoBaHHbIe Ha
naTpynpHBIX KocMmudeckux ammaparax (IIKA) B mmamazonme uactot (0,001-0,1 T') B 00macTsaX COCTaBISIOMINX
MarHUTHBIE 00JIaKa COJTHEYHOTO BETPA yNANeTCsl HU3KOYACTOTHAs MM BBICOKOYACTOTHASI YaCTH CIIEKTPa M Ha 3TOH
OCHOBE YTOYHSIIOTCSI TPAHUIIBI 000JIOYKH M Tejla 00J1aKa, COOTBETCTBEHHO. Y CTAaHOBIIEHO TaKKe, UYTO IPU MEPEXoe
U3 COJIHEYHOTO BETpa B TypOYJIEHTHYIO 000JI04KY MOLITHOCTh CIIEKTpa YBEJIMYMBAETCS B CpPEIHEM Ha 2 TIOps/Ka, IPU
nepexojie U3 00OJIOUKH B TEJI0O MAarHUTHOTO O0JaKa MOIIHOCTh CHEKTpa HAIPOTHB yMEHbLIAaeTcs Ha 2-4 mopsiika.
310 cornacyercs ¢ [2], e A paccMaTpyuBaeMbIX 00JIaKOB OBUTH OTIpe/eNIeHbl TPaHuUIIbI TeJl 00JIaKOB.

W3zBecTHO, 4TO TeoMarHuTHast 3pPEKTUBHOCTH 00J1aKa MPSIMO 3aBUCUT OT OPUEHTALMK MEKIUIAHETHOTO MarHUTHOTO
monst (MMII) B obmake mopmomredmiero K rpaHuie MarHutocdepsl. bomee Toro, cymiecTByeT BO3MOXKHOCTB
BO3HUKHOBEHHUSI reod(ddextnBHON (Bz<0) BenWYMHBI MAarHWTHOTO IO B O0OJOYKE MAarHUTHOTO oOOlaka
BerencTre 3Boonnn MMII cpenbl COTHEYHOTO BeTpa Ha yIApPHOM pa3phIBe, OMEPeXaromeM 00Iako. YUeT 3TOTo
00CTOATENBCTBA BaKEH MPU CO3JAHUHM MOJIEIH METOAA MPOTHO3a T€OMarHUTHBIX Oypb. B cBsA3M ¢ 3TM coryiacHO
MeTouKe [3] IPOBOIMIOCH OIIpe/iesIeHIe JTOKAaIbHO OpUEHTANH IITIOCKOCTH yaapHoi BomHB! 1 10 o61akoB 1o 5
MUHYTHBIM JaHHBIM O KoMroHeHTax MMII no u mocne ynapHoii Bonsbl. [lomydeHHBIE cBeAeHUS 00 OpHEHTALINN
yIapHOTO (PPOHTA MO3BOJIMIIA HAWTH 3HAUCHHSI HOPMAJIBHBIX M TAHTCHIIMAIBHBIX KOMITIOHEHT MMII, 110 OTHOIIICHHIO
K yJIapHOH BOJIHE M TOJYYUTh BBIPOKEHUE Ul BBIYMCICHHS 3HA4eHHH Teod((eKTHBHON Bz KOMIIOHEHTHI B
00oJI0ouKke 00J1aka B COJIHEYHO-MarHUTOC(EpHON CHUCTEME KOOpIHMHAT. YUHThIBas 3apeructpupoBaHHbie Ha [TKA
rapameTpbl 3aMarHMYEHHOTO COJIHEYHOTO BETpa, MpPEIIISCTBYIOUIME IPUXOAY YAApHOW BOJHBI 00JaKa,
BBITIOJIHSIETCS] pacyeT BCeil oxuaaeMoi nocienoBaTesibHOCTH 3HaueHui Bz komnonentst MMII Ha Tpacce nepenoca
COJIHEYHOTo BeTpa K MarHurocdepe. CorocraBieHne 0XKHIAEMOW ITOCIE0BATEIbHOCTH BBHIYMCICHHBIX 3HAYCHUM
Bz ¢ muramuxor mHmekcoB SYM/H m AL, cOOTBETCTBEHHO, XapaKTEPH3YIOUINX TIO0ANBHYI0 U CyOOypeByrO
TE€OMAarHUTHYIO AKTHBHOCTb, CBHJIETEIBCTBYET 00 OTPaXEHHM 5BOJIIOIMM IapaMEeTPOB HATEKAIOIIEro Ha
MarHuroc(epy COJHEYHOTO BETpa B T€OMAarHUTHON BO3MYIIEHHOCTH. DTO MOXKET OBITH ITOJIOKEHO B OCHOBY
CO3JJaHUS METO/Ia KPATKOCPOYHOT'O MPOTHO3UPOBAHHS T€OMarHUTHON BO3MYIIIEHHOCTH.
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HccienoBanne H30JJUPOBAHHBIX MATHUTOC(EPHBIX CyO0yph: YCI0BHS TeHepauu 1
XapaKkTepUCTUKH Pa3JIHMYHBIX (a3

B.I'. Bopo0ses, O.U. Aronkuna, B.JI. 3Bepes
Honsproui 2eopusuueckuit uncmumym, 2. Anamumot, Mypmarnckas 06a., Poccus

HccnenoBaHbl XapakTEpUCTUKH MAarHUTHBIX CyOOypb C YETKHMM, XOpOIIO BeIpaxkeHHbIM HawajoM (To), kotopomy
Npe/ALIeCTBOBaJ, MO KpaiHeil Mepe, 3-X 4acoBOM MarHMTOCIIOKOWHBIM nepuox. CyOO0ypu oTOHMpanuch cHavana
BU3YyaIbHBIM TIPOCMOTPOM BapHalui |-mMuH 3HaueHuit AL nHzaekca, a 3aTeM C HCIIOJIb30BAaHHEM CIICIHAILHOTO
ANTOpUTMa aBTOMAaTHYECKOW 00paboTKM maHHBIX. s m3ydeHus ObUIH OTOOpaHBI CyOOypH IIMTEIHHOCTHIO HE
bonee 3-x wacoB m amrumtygond 250 HTn<|AL|<1500 uTn. 3a okoHuanwe cyOOypH NPHHUMAIOCH BpeMs
BocctaHoBIeHns1 AL o 3Havenwit paBHbIX 0.1 AL B Makcumyme cy00ypu. Beero 6bumo orodpano 112 cy60yps 3a
nepuon 1995-2012 rr.

Jus anmamms3a xapaktepuctuk MMII m mapamMeTpoB COJTHEYHOTO BETpa B IEPHOABI PETUCTpalud cyo0yph
UCIIONIb30BaHbl JaHHble, B3sitbie Ha OMNI Web (http.//cdaweb.gsfc.nasa.gov/). Tlo xapakrepy mnoBenenusi Bz
komrtoHeHTel MMII B okpectHocTH To cy0OypH ObLIM pa3OoUTHI HAa HECKOJIBKO THUIOB: 1 — cy00ypu npu Bz<0; 2 —
cy060ypu npu Bz>0; 3 - cy00ypu, HHHUIIMHPOBAHHBIC TIOBOPOTOM Bz Ha ceBep; 4 — cyOOypH Ipy 3HAKOIIEPEMEHHOM
Bz. 13 Bcero Habopa JaHHBIX TOJILKO 4 cyOOypH Havaanch W pa3BHUBAIUCH mpu Bz>0, mo3ToMy OCTaHOBUMCS
TOJIBKO Ha CPAaBHUTEJBHBIX XapaKTepUCTHKaX cyoOypb Tuna 1 u 3.

BepositHocTs HabmoneHust cyo0yps npu Bz<0 cocraBmna 54%, B To Bpems kak cyOOypu Tuma 3 HaOomannich
mumb B 18% ciydaeB. OOHapyKeHO 3HAYMTENLHOE YHCIO IPUMEpPOB, Koraa mocie jumTenbHoro (>30 MuH)
nepuona cyuectBoBanus toxkHoro MMII u nocnenyromero pe3koro noBopora Bz KOMIIOHEHTHI Ha ceBep B
aBpOpaIbHOI 30HE HE HAOIIONANOCh KAKUX-IMOO M3MEHEHHH YpOBHS MAarHWTHOW akTHMBHOCTH. Bce 3TH TaHHEIE
CBHJICTENBCTBYIOT O TOM, YTO OBOPOT Bz Ha ceBep He ABISIETCSI HI HEOOXOAUMBIM, HU JOCTATOYHBIM YCIOBUEM IS
regepannu  cy00ypp. OpHako TpH MPOYMX OJArONPHSTHRIX YCIOBUSAX CEBEpHBI MOBOpOT Bz Moxer
CIOCOOCTBOBaTh TeHepauuu CcyOOypb, BIpOYeM, Kak M HM3MEHEHHe Apyrux mnapamerpoB MMII u mia3zmsl
coiHeuHoro Berpa. M3 Becex cy00yph Tumna 1 dersipe cyOOypH HAYaIMCh OJHOBPEMEHHO C POCTOM JAMHAMHYECKOTO
JaBieHus: coiHeyHoro Betpa (PmuH), Tpu — npu mosopotre By MMII ¢ oTpunarenbHbIX 3HA4YeHUH Ha
MIOJIOKUTENbHBIE, JBE - IIpU noBopore By MMII ¢ NONOXKUTENBHBIX 3HAYEHUN HA OTPULIATEIIBHBIE U OJHA — IIPU
pe3KOM yMeHbIIeHUH PruH.

Cpenssss UIMTENBHOCTh CymiecTBoBaHue IokHOoro MMII no To w cpenHss HMHTEHCHMBHOCTH MarHMTHOTO
BO3MYILIEHUSI B MAaKCUMyMe€ ITPUMEPHO OJIMHAKOBHI s cyOo0ypb 1 u 3 TvnoB u cocrapmsu ~80 muH u ~ 650 HT 1,
coOoTBeTCTBeHHO. CpemHsisi [UIMTENBHOCTH (a3 pasBUTHA TakkKe MPUMEpPHO oxuHakoBl (20 m 25 wmuH,
COOTBETCTBEHHO), OJHAKO, (pa3a BoccTaHOBJIEHHUs cyOO0yps mpu Bz<0 HeCKOIBKO 3aTSHYTa OTHOCHTEIHHO CyOOyph
TUNMA 3 HaJIWYMEM HECKOJIBKUX JOMOJHHUTENbHBIX MHTCHCH(UKanuid. BernencTBue 3TOro cpemHss UIMTEIbHOCTH
cy06ypp Tnna 1 mpmmepro Ha 0.5 daca Gosprne, cy0Oypp Tuma 3. Takas pasHuIa MOXeT OBITH 0OyclOBIEHA
JIOTIOJTHUTETBHBIM TIPUTOKOM (BBIJENICHHEM) SHEPTHH COJIHEYHOTO BeTpa B MarHutocdepy (noHochepy) mmst
cy00ypb THma 1 mpu Hamuauu oTpunarensoil Bz MMIL.

Bausinue Ha BepOSITHOCTH CPbIBA CY00Oyph Pe3KHX U3MEHEeHHii CHMMETPHH MarHuTocepHoii
KOH(pUrypauuu

J.M. KyOsmkuna, B.C. CemenoB, M.B. Ky6simkuna (CI161'Y, 2. Cankm-Ilemepoype, Poccus)

BHepBbIe MPEANOJI0KEHNUE O BJIMAHHUU CTCIICHU U30THYTOCTHU TOKOBOT'O CJIOSI B XBOCTC MaFHl/ITOC(i)epI)I Ha mopor
cpbiBa cyOOypu ObUTO BbICKa3aHO B cTathe [Kivelson and Hughes, 1990]. WUnes cOCTOMT B TOM, 4TO IpH
ACHMMETPHUYHON KOHDHUTypalul MaraHuTocepbl, U, COOTBETCTBEHHO, CUIILHO H30THYTOM TOKOBOM CJIO€, TPAJIUCHTHI
U IUIOTHOCTh TOKAa B XBOCTE BO3pACTAIOT, 4YTO JejiaeT YCIOBHs Oojee MOAXOAAIIMMHU Ui BO3HHKHOBCHUS
nepecoeiHeHus. B TakoM ciiydae, Aake Malloro BHELIHEro BO3ACHCTBHS MOXKET OBITh JOCTATOYHO JUIS CPhIBA
cy00ypH, 1, KaK CIIEACTBUE, OKUIAACTCS YBEINICHNE YUCIa (CIa0BIX) COOBITHI MPH H30THYTOM TOKOBOM CIIO€.
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B Hacrosmem wucciieoBaHUM MBI IPOAHAIM3MPOBAIN BO3MOXHOCTH BIIMSHUS aCHMMETPHHM TOKOBOTO CJIOSI Ha
BEPOSATHOCTH CPBIBA CyOOYpH C TOYKH 3pEHHUS TEOPHH W HAOMIOACHUH (CTATUCTHYECKOTO aHaIM3a 4rcia cyooyps).
HanGonee oueBHaHBIe NPUYMHBI HM3rHOAHMSA TOKOBOTO CJOSl — 3TO M3MEHCHHWS yIila HAKIOHA TIEOINUIONS H
HAIpaBJICHUs] PACIPOCTPAHEHUs] CONHEYHOro BeTpa. [IpuM 3TOM BapuanuM yriia HakJIOHa MAWIONS - HPOLEcC
JOCTaTOYHO MEAJICHHBIN, 1 OKUIaeMbIid 3(GEKT 0T TaKUX M3MEHEHHI MaJ, I03TOMY B JaHHOM HCCJICIOBAaHUH MBI
(OKyCHPOBAIHCH, B OCHOBHOM, Ha HCCIIEOBAHUH CKAUYKOB HAIPABJICHHS COJTHEYHOTO BETpA.

Teopernueckass mHTEpnperanus 3pQekra OCHOBaHA HAa HCCIIENOBAHWM KBA3UIMHAMUYECKOW MOJEIH H30THYTOTO
TOKOBOTO cJios. Mbl OOHAapyXWJIM, YTO B MOJEJIbHBIX KOH(PUIYpalMsX TOKOBBIH CIIOM MOXXET YTOHYAaThCs WIIU
pacuMpsThCs MOJ JAEHCTBUEM HWHIYLIHPOBAHHOTO (BHXPEBOIO) AJIEKTPUYECKOTO II0JISi, BO3HHMKAIOIIEIO 3a CYET
OBICTPBIX M3MEHEHUH CUMMETPHH KOH(UTypauuu, U pe3yjbTaT COIIACyeTCsl CO CTaTUCTUYECKUM HCCIIeIOBAaHHEM.
O¢dexr Haubonee 3aMeTeH I NEPHOIOB, KOTJa YroJl HAKJIOHA 3€MHOTO AWNONS OJIM30K K MakCHMalbHOMY,
MO3TOMY MBI II0JIaraéM, YTO OH MOJKET OBITh OTBETCTBEHEH 3a Oouiblllee YHCIO ClabbIX COOBITHH B JaHHBIC
TIEPHOLIBI.

OmnpeaesieHue AIUTEIBLHOCTH NPeIBAPUTEIbHOI (pa3bl MarHuTochepHoii cyo0ypH Mo JaHHbIM
r71002J1bHOT0 MATHUTOTHAPOAMHAMMYECKOr0 MOJEIUPOBAHUS

I'.A. Mauees, E.1. T'opaees, B.A. Ceprees
Canxm-Ilemepbypeckuii 2ocyoapcmeennutii ynugepcumem, 2. Cankm-Ilemepoype, Poccus

I'mobansHoe MarautoruapomuHamudeckoe (I'MITJ]) MonenupoBaHue MO3BOJISIET BOCHPOW3BOIUTH OCHOBHBIE
CTPYKTYPHBIE 3JIEMEHTBI U KPYITHOMACIITaOHbIE IPOLIECCH, TpOUCXopsiue B MarauTocdepe 3emun. [Ipu Hanuauu
HECKOJIbKUX Mozenel, peannsyromux ['MI'J[ npouecc, 10 cux nop akTyaJbHbIM SIBJISIETCS BOIIPOC O COOTBETCTBUU
JlaHHBIX, MOIy4YeHHbIX ¢ nomoupo I'MIJI Mopnened, ¢ peanbHOCTBIO, U O TOM, Kakas W3 MOJECIEH SBIAETCS
HanboIee TOYHOM.

B nanHO# pabore omnpenessuMCch IUIMTEIBHOCTH IpENBapUTENIbHON (a3bl cyOOypH, B Xojae KOTOPOi JHeprus
COJIHEYHOTO BeTpa aKKyMyJIUpyeTcsi B XBocTe MarHutocdepsl, i 4etelpéx I'MIJ] mopeneii: BATSRUS,
OpenGGCM, LFM n GUMICS ([lanHble Monenu mojiepKuBatoTcsi neHTpom mozenupoBanusi NASA CCMC u
MPEeICTaBICHBl Ha caiite  Ahftp://ccme.gsfc.nasa.gov). Jlns  ompeneneHUs MPONOIDKUTEIBHOCTEH  (a3bl
WCIIOJIB30BAHMCH 3HAYECHUS JEKTPUIECKUX MOTCHIMAJIOB MONEPEK XBOCTA M MOMEPEK MOJIIPHBIX IIANOK, a TaKKe
MHIYKOUS MarHATHOTO TIOJISL B IOJISIX XBOCTA. 3aTeM JaHHBIC, TIOJyYEHHBIE C ITOMOIIBI0O MOJIENEH, CPaBHUBAINCH
MeXIy co00il M C SMIMPUYECKUMH JaHHBIMH, B3SATBIMH M3 pabOT APYTHX aBTOPOB U U3 Habopa maHHeIXx OMNI 1o
cy606ypsam 3a nepuoz 2001-2014 rr.

B pesynbraTte paboTsl OBUIH IMOTyYEHBI IPEICTABICHUS 00 0COOEHHOCTSIX, MPUCYIIIX KaXKIT0H MOJENH, a TaKKe UX
CTENIEHU COOTBETCTBUsI JeiicTBUTENbHOCTH. COINIAaCHO TOJIyYEHHBIM JaHHBIM, HauOojiee JOCTOBEPHOW MOJEIbIO
spisiercss LEM.

Perncrpanus reoMHAyKTHPOBAHHBIX TOKOB B PErHOHAJIbHOM JHEpProcucreMe
S CaxapOBl, 10. KaTbKaHOBz, B. CenuBanos’ , A Bunbsinen”

Honapuwiii 2eopuzuueckuii uncmumym, Poccust

2 Uncmumym xocmuveckoii usuxu, Illeeyus

*Konvckuii nayunwiii yenmp, Poccus

*Duncruii memeoponoauueckuii uncmumym, OuHAAHOUS.

B pamkax npoekra EURISGIC (European Risk from Geomagnetically Induced Currents) HaMu OpraHM3OBaHa
HeTIpepbIBHAsE perucTpanusi reouHayKTHoBaHHbIX TokoB (I'MT) Ha maTh nopcraHmusix sHeprocucreMsl Ha CeBepo-
3amage Poccunm. B paborte mpexacraBmeHsr pe3ynbTathl peructpamum [T B 2011-20151T., paccMaTtpuBaroTcs
METO/IBI PETUCTpaniy, cOOpa 1 NpeACTaBICHIs HH(pOpMaLuK, pacrpeeIcHHe MaKCUMaIbHBIX 3HAY€HHH TOKOB OT
IIMPOTHI, YPOBHS MAarHUTHOW aKTHBHOCTH M JIOKaJbHOTO BPEMEHM, a TAaKKe CIydan BO30YXKICHUS TapMOHHUK
NPOMBIIUICHHOI 4YacTOTHI B aBTOTpaHcHOpPMATOpPaX MAaruCTpaJbHOW JIMHMM BO BpeMs MAarHUTOC(HEPHBIX
BO3MYLLECHUM.

Pa6ora BeinosaeHa npu noagepxke EC B pamkax nporpammer FP7/2007-2013, rpant n260330.
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CooTHoIeHNe MeKAY MATHUTHBIM MOTOKOM COJIHEYHBIX IPYyNUMii 1 AP HHAEKCOM
reOMATHUTHBIX Oypb

.M. Yeprok', M.A. AGynuna', A.A. AGyrun', A.B. Benos', B.B. I'peunes’

Unemumym semnozo maznemusma, uonocghepui u pacnpocmpanenus paduosoin um. H.B. ITywkosa (M3MHUPAH),
2. Tpouyx, 2. Mockea
2Unemumym conneuno-3emnoti usuxu CO PAH (UC3®), 2. Hpkymck

ConHedHBIE KOpPOHAIBHBIE BBIOPOCH], HaOmromaeMmple B O€JIOM CBETE MpPHU IOMOIIH KOPOHOTPadoB, SBISAIOTCA
ITIABHBIM MCTOYHHKOM HauOoJiee CHIIbHBIX HEPEKYPPEHTHBIX I'€OMarHUTHHEIX Oypb. B kpaiineMm yipTpaduoneroBom
nquanazoHe CMEs conpoBoskaaroTcs Tak Ha3bIBAEMBIMH JUMMHUHIAaMHU (TPAH3UEHTHBIMH KOPOHAJIBHBIMH JBIPAMH) U
MOCTAPYNTUBHBIMHU apKaJiaMd. AHAIIN3 COOBITHHA 23-eT0 COTHEYHOTO IMKJIA ITOKAa3aJ, YTO CYMMapHBIA MarHUTHBIA
MOTOK AMMMMHIOB U apkaja Ha ypoBHe (oroctepsl @ TECHO CBsi3aH ¢ MHTEHCHBHOCTBIO (Dst-nHIEKCOM), a TaKxe
TPaH3UTHBIMH BpPEMEHaMH T'€OMAarHUTHBIX Oypb. DTO CO37aeT OCHOBY Uil CaMOM paHHEW JIUarHOCTUKU
re0d((HEeKTUBHOCTH COJIHEYHBIX ApYNIMHA. B naHHOH paboTe 1o TeM Ke JaHHBIM YCTAHOBIJIEHO, YTO UMEET MECTO
TaKKe TECHasi KOPPEJSIIUS MEXIy SPYNTUBHBIM MarHUTHBIM NOTOKOM ® M NpyriuM reOMarHUTHBIM HHIEKCOM AD.
Ipu yBemnuenun @ ot necarxkoB 1020 Mkc mo (400—800)x1020 Mkc MHTEHCHBHOCTH I'€OMAarHUTHBIX OYpb,
u3MepsieMasi TPeX4acoBBIM Ap-MHIEKCOM, Bo3pacTaeT B cpeaHeM oT 50 HTn o MakcHManbHO BO3MOXKHOTO
3HaveHus Ap =~ 400 aTm.
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Fields, currents, particles in the magnetosphere

Observation of the intense convection and substorm manifestations in the evening MLT sector
using the all-sky imager

L.B. Ievenko (Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy, Yakutsk, Russia)

It is known that the enhancement of magnetospheric convection owing to the turn of IMF Bz to the south is
manifested more globally than the substorm expansion phase. In this work the observation of the aurora dynamics in
the evening MLT sector at the Yakutsk meridian (130°E; 200°E, geom.) during a sharp strengthening of
magnetospheric convection and two intensive substorms in the midnight sector of MLT in the event on January 7,
2015 using the all-sky imager (ASI) is analyzed.

ASI registers the westward motion of active aurora band with a wavy boundary in the 557.7, 630.0 and 486.1 (Hp)
nm emissions from ~09 UT (1710 MLT) after the beginning of the first substorm at ~0850 UT. The motion occurs
with the angular speed of 1-1.2 degrees/min in the station zenith along the geomagnetic latitude of 58°N. At the
same time the undulation of aurora strip along the meridian with the period of 8-9 minutes are observed.

After the onset of expansion phase of second substorm at ~1047 UT at the Yakutsk meridian (~ 1900 MLT) the
intensification of aurorae in the range of geomagnetic latitudes of 56-61 °N is observed. ASI registers the intense
SAR arc at the geomagnetic latitudes of 49-52 °N from 1112 UT. The measurements with the ECT HOPE
Instrument aboard the Van Allen Probes A satellite show the sharp increase of fluxes of the energetic electrons and
H+ O+ ions at 1105-1108 UT at the L~2.7 and meridian of ~2105 MLT (injection boundary).

It is assumed that the westward motion of active aurora band maps the electric drift of energetic plasma at the
magnetic equator. The measurements of the particle flux aboard Van Allen Probes A and the ASI's observation of
SAR arc testify to the penetration of energetic plasma up to L ~ 2.5-2.7 in evening sector of MLT in this event.

The research is supported by RFBR grant No 15-05-02372 a.

Electromagnetic sounding of the Earth's crust of the Svalbard archipelago

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

The report deals with utilization of electromagnetic geophysical methods to study the geological structure of
inaccessible Arctic islands. Possibility of applying the powerful transmitter of electromagnetic fields of extremely
low frequency (ELF) range, located in the Northern part of Kola Peninsula, for electromagnetic sounding of the
Svalbard archipelago was demonstrated. Results of experimental works have shown the usefulness of applying
remote electromagnetic methods to study the geological structure of inaccessible islands in the Western part of the
Arctic. But the depth of such studies is limited in conditions of the low-resistance, thick sediment cover. The
integrated interpretation of magnetotelluric (MTS) data and electromagnetic sounding with controlled source data
can significantly amplify the information about the geoelectric section of investigated arrays. Results of the
electromagnetic sounding with controlled source are used as reference values for selecting least distorted MTS
curves. The application of MTS data expands the interpretation range in low frequencies, that increases the depth of
geophysical research.

Do Global Magnetospheric MHD Models correctly display the reality?

V.A. Sergeev, E.I. Gordeev, G.A. Macheev (Saint-Petersburg State University, Saint-Petersburg, Russia)

Global magnetohydrodynamic (GMHD) modeling is a powerful tool in space weather research, several advanced
GMHD models are now publicly available for users via Community Coordinated Modeling Center's (CCMC) Run-
on-Request system. Here we report the results of systematic testing of four such models each running over the same
set of 19 artificial events with the north-then-south IMF BZ variation in which basic solar wind input parameters (Pd,
IMF etc) covered their typical range observed in the solar wind. Performance of models has been evaluated
quantitatively by analysing key magnetospheric system parameters, which were compared to predictions of statistical
observation-based empirical relationships for these parameters.

Being tested in approximately similar conditions (similar inputs, comparable grid resolution etc) four models publicly
available at the CCMC predict rather well the global structure, as well as absolute values and variations of those key
parameters (magnetospheric size, magnetic field and pressure in the magnetotail) which are directly related to the
large-scale magnetospheric equilibria in the outer magnetosphere, for which the MHD is supposed to be a valid
approach. At the same time, the models show very different predictions for the global convection rate, total field-
aligned current as well as for the magnetic flux loading into the magnetotail after the north-south IMF turning. In fact,
only one of four tested models (LFM) was able to systematically reproduce the loading-unloading
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substorm sequence resembling empirical loading rate and growth phase duration, whereas other models failed to
compete in that. We discuss the basic feature of loading-unloading substorm behavior observed in GMHD runs and
compare them to those inferred from magnetic 6eld and plasma observations in the magnetotail.

On the relationship between the occurrence rate and intensity of the relativistic electron
precipitation and geomagnetic activity

T.A. Yahnina, A.G. Yahnin, N.V. Semenova (Polar Geophysical Institute, Apatity)

Om the basis of data from NOAA Polar operational Environmental Satellites we show that the occurrence rate of the
relativistic electron precipitation (REP) observations has a tendency to grow with the increase of geomagnetic
activity. This is, evidently, related to the fact that during enhanced geomagnetic activity the intensity of waves
scattering the electrons onto the loss cone increases. At the same time, the intensity of REP fluxes exhibits a wide
spread and does not depend on the activity. We explain this by the relationship between REP and the intensity of the
trapped ITux in the radiation belt, which in turn strongly depends om the pre-history of the radiation belt, Indeed, the
formation of the trapped electron flux includes different mechanisms of the electron acceleration, their duration and
intensity, the preceding losses, etc. However, the REP intensity averaged for a 1ong enough time interval depends on
the average geomagnetic activity. Evidently, the averaging “incorporates” the pre-history.

MarnurocdepHo-uoHochepHoe B3aUMoJeliCTBHE B YCJIOBUSIX ABPOPAJIbHOM M0JI0CTH
M.A. BonkoB

Mypmanckuii 2ocyoapcmeentulii mexnudeckuti ynusepcumem, 2. Mypmanck, Poccus, volkovma@mstu.edu.ru

B pabote paccMmaTpuBaroTCsI MEXaHH3MBI OOpPATHOW CBS3M MEXAY ABIDKYIICHCS IDIa3MOH B MarHutochepe o
noHoc(epe, MNPHUBOISIIME K OOpPa3OBaHUIO aBpPOPAJBHBIX CTPYKTyp. Ilnasma cumraercs XOJOQHOH, HO
KOHLIGHTpalus IJ1a3Mbl MU3MEHSETCS Kak C BBICOTOM, BIOJIb MAarHUTHOW CHJIOBOW JIMHHMH, TaK U C LIMPOTOM.
BricoTHOE M3MEHEHNE KOHIICHTPALNH TUIA3MBI 3a/1a€TCS CTYIIEHYATOH (PYHKIHEeH. DIeKTPpOMarHUTHEIC BO3MYTICHHS
U3 uoHOC(epsl B MarHutochepy Hu OOpaTHO pacmpoCTpaHsioTcs B (OPME KOCHIX aJbBCHOBCKHX BOJIH.
OJeKTpuUecKkoe Iojie B ITOH BOJIHE MMEET MPOAOJIbHYI0 KOMIIOHEHTY, HAIpPaBICHHYIO BIOJb MArHUTHOTO IIOJS
3emmn. B pabore mcciemayroTcs TMepUOAHYSCKUE 10 BPEMEHU BO3MYIICHUS, IUIS KOTOPHIX CTCHKH aBPOPAaIbHOM
MOJIOCTH HEMpo3pavHbl. [ paHuIa npo3padHOCTH IS 3TUX BO3MYIIEHUH OomperdenseTrcs u3 yciuoBus |Zp Z| =1, roe
Yp — woHOCc(hepHas HHTEeTrpaibHas NpoBoAMMOCTH llemepceHa, Z- MarHUTOC(EpHBIH HMIIEHAaHC Ha YpOBHE
HOHOC(]EpHI.

Kunernueckas crpykrypa n1uppy3noHHoi 00,1aCTH MATHUTHOTO NepecoeInHeHUs

A.B. Jusun, B.C. CemenoB (Canxm-Ilemepbypeckuii 2ocyoapcmeennwiii ynusepcumem, Cankm-Ilemepoype)
J.b. KoposuHckuii (Space Research Institute, Graz, Austria)

[Ipomeccsl, MpoucxomsIe MPU COTHEYHBIX BCIBIIIKAX M BO BPEMs MAarHUTHBIX Oypb B 3eMHOH MarHurtocdepe,
XapaKTepU3yITCsl OBICTPBIM IPeoOpa3oBaHWEM MArHUTHOW 3HEPTHM B TEIUIOBYI0 M KHHETHYECKYIO DHEPTHUIO
ia3Mel. Bo Bpemsi 3THX IpoLeccoB MPOUCXOAUT M3MEHEHHE KOH(UIypali MarHUTHBIX CHJIOBBIX IHHHH, T. €.
MPOUCXOUT MX Iepe3aMbIKaHWe. SIIpOM MarHWTHOTO TIEPECOEAMHEHUs sBisieTcs AudQy3noHHas o0nacts, B
KOTOPOW YacTHIbl JBUTAIOTCS 110 HeaguabdaTHYEeCKUM TPAEKTOPHUSIM, U CYLIECTBEHHBIM SBISETCS BKJIAJ HHEPLUH
YacTUI[ U JaBieHus B 3akoHe Oma. UncieHHOEe MOAETMPOBAHME W HAOIIONEHHSI MarHUTHOTO NEPECOCIMHEHUS B
MarHutocepe 3eMiId M CONTHEYHOM BETpE IOKa3bIBaloT, 4To Mu((dy3noHHass 00IacTh B OECCTOIKHOBHTEIHHOMN
a3Me o0NagaeT CIOKHOW BHYTPEHHEH CTpyKTypoi. BOmm3m X-nmuHuM cyIiecTByeT TOKOBBIN CIIOW C TOJIIMHOMN
MOpsiIKa MOHHOTO rupopaanyca (MoxHHas auddysunonHas obmacts, IDR), B KOTOpOM HOHBI YCKOPEHBI IO CKOPOCTH
AnbBena. B IDR BiokeH »iekTpoHHBIN JUKeT (31ekTpoHHas nuddysnonHas odnacts, electron diffusion region,
EDR), B KOTOpOM 4acTHUIIBI YCKOPEHBI JI0 3JI€KTPOHHON CKOpOCTH AnbBeHa. B HacTosmiell padore ocoboe BHUMaHUE
yliensieTcss CTPYKType TeH3opa aiieKTpoHHoro namieHusi Pe B okpecrnoctu EDR. Ilokazano, uro anmuHa EDR
3aBHCUT OT aHM30Tpormmu Pe B obmactu Brekamms EDR. Heruporpomnoe pacmpenenenue 3nekrpoHoB B EDR
BO3HHMKAET BCJIEJACTBHE YCKOPEHHUS YacTHIl 3JIeKTPUUECKHM IoJeM IepecoeauHeHus. IlocTpoeHa Monens
JIEKTPOHHOT'O JaBJIEHMs U1 BHYTpeHHEH U BHewHel yacteil EDR, nmeromas xopolee coracue ¢ pesyiasraTaMu
YHCIICHHOTO MOZIEIMPOBAHHUS B IBYMEPHOM KHHETHYECKOM Ipubmmkernn koxom iPIC3D.
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HccnenoBanue aHAJINTHYECKOTO PellleHUsI 32/1a4H 0 pacnaje pa3pbiBa MoCpeACTBOM 0OJHOMEPHOI0
MI1 monesupoBanusi

W.B. 3aiines, A.B. luBun, B.C. Cemenos (Canxkm-Ilemepbypeckuii I ocyoapcmeennviii Ynugepcumem,
2. Cankm-Ilemep6ype, Poccus)

BeIcBOOOXKICHNE 3HEPTHH, HAKOIUIEHHOW B TOHKHX TOKOBBIX CIJIOSIX, MOXKET HMPOWCXOIUTH B ()OPME MarHUTHOTO
MIEPECOEINHEHHSI, YTO CONPOBOXKAACTCA HW3MEHEHHEM IVIOOANbHON TOMOJOTMM JIMHWH MAarHUTHOTO TIOJI,
YCKOPEHHEM M HarpeBoM Iuta3mbl. llonm BO3meiCTBHEM HMIIyJbca 3JIEKTPUYECKOTO IO MEPECOCTUHEHHS B
Ha4yaJbHOM TOKOBOM cjioe ()OPMHUpYETCs HOpMasbHas KOMIIOHEHTa MAarHWUTHOTO TIOJIS, TMPHBOJSIIAs K pacraay
TOKOBOTO CJIOS Ha TIOCIIEIOBATENFHOCTh Pa3phIBOB U YAApPHBIX BONH. B padorax Cemernosa u Xeiina (1988), a Taxxke
Cacynosa u Cemenosa (2012) npuBogurcss MIJl anroputM BBIYMCICHHUS MAapaMETPOB IUIa3Mbl Ha 00pa3yIOIUXCs
pa3phIBax, YUUTHIBAIOIINI ACHMMETPHIO HA4YaIbHOTO CJIOS, HAJIMYKE BEAYILETO IOJIS U IUpa CKOPOCTEH. AJITOpUTM
OBbLT MCIIOJIB30BAH YISl HHTEPIPETAIMK Pa3phIBOB B CoHEUHOM BeTpe (“Wind”), rie MarHuTHOE nepecoeIMHeHE B
3HAQYUTEJIFHOM CTENEeHNW OJHOPOJIHO W KBa3WCTalMOHapHO. B Hacrosimeld paboTe NPOBOAMTCS HCCIECAOBAHHUC
TOYHOCTH JAHHOTO aJITOPUTMA M CPaBHEHHUE MOITyYaeMbIX PELICHUH C pe3yabTaTaMy YHCICHHOTO MOJICTUPOBAaHUS B
MI'/l u KHHETHYEeCKOM NMPUOIIKEHIH. BBIIO TIOKa3aHO, YTO aHATTUTHYECKUH METO/I JEHCTBUTEIHHO AeT Ha/IC)KHEIC
OILIEHKH MapaMeTpoB Iuia3Mel Ha MIJ] pa3pbeIBax, HO HE MO3BOMSET Pa3peIlnTh TaKue ABICHUS, Kak (et Xomna,
aHMW30TPOIHIO HOHHOTO JIaBJICHNUS, & TAKXKE paclpeielIeHIe YSHEPTHN MEeX Ty >IekTpoHamu 1 noHamu (Ti/Te).

MaremaTudecKkuii OAX0A K aHAJIU3Y AHOMAJIUI U KBA3UIIEPUOAMYECKUX Bapualuii
Ha BPEMEHHbIX psax

H.P. 3emunuckuit (Mncmumym @Qusuxu 3emau um. O.FO. LImuoma PAH)
PIO. Apxumnos (Hayuonanvhulii ucciedogamensckuil yHusepcumem « Bvlcuias wkona 9KOHOMUKU»)

B ananu3e BpeMeHHBIX PSAI0B OCHOBHBIMHM 3aJlayaMM ABJISIIOTCA (@) BBIACICHUE aHOMAJHH, B TOM YHCIIE OTAEIbHBIX
BBIOPOCOB, YYacTKOB PE3KOH CMEHBI CTaTHCTHYECKHUX IMapaMeTpoB, YacTOTHBIX aHOMajaud u ap., (0) BbIOOD
JIOITyCTUMOT'O YPOBHS aHOMAJIBHOCTH, (B) OIpe/esieHHe CTaTUCTHUECKHX MapaMeTpoB IIyMa (HalpuMep, MpoBepKa
Ha TeTepOCKEaCTUYHOCTh), (I') BBIJEJICHUE KPYMHOMACIITAOHBIX SIBJICHUI -- TPEHJOB M KPYIHBIX COOBITHHA. [{i1s
BBISIBJICHHE aHOMAJHH Ha BPEMEHHBIX PAIax MOTYT HCIIOJIb30BAaThCSI HEMPOHHBIE CETH, PEIPECCHOHHBIN aHAIN3,
Metonsl JJuckperHoro Maremarmaeckoro Anammsza (JJMA), HanpuMep, QyHKIHOHAN «O0OOIICHHAS IHCIIEPCHS
COOCTBEHHBIX BEKTOPOB MAaTpPHUIIBI KOBapHalMW» M PAJ JIPYyTrHX METONOB. AIAaNTHBHBIN BEIOOp IapamMeTpoB
AQHOMAJIBHOCTH B PacCMaTpUBAEMOM IIOJXOJE JIOCTHTaeTCsl C MCIOIb30BAaHHEM HWHCTPYMEHTa HEYETKHX TIpaHei.
AXTyabHOH TakoKe SBISIETCs 3a/1a4a KIIACTEpU3aliy ONTM3KOBBIIETICHHBIX aHOMAIMH pa3iMyHBIMU MeTonaMu. Pasnenenne
BPEMEHHOTO psi/ia Ha TPEHJOBYIO M aHOMAJIbHYIO YaCTH MO3BOJISIET M3y4aTh (PM3HUECKH PA3HBIC SIBICHUS OTIEIBHO.
Hampumep, Takoii momxoa MOXKET ObITh NMPUMEHEH K aHAIM3y JaHHBIX HAOMIOAEeHWH JTIOOBIX reo(r3nuecKux sIBJICHHH,
HanpuMep, Bapralliii 1 My IbCAIMi TEOMArHUTHOTO WJIH JIEKTPUIECKOTO MONeH, PHOMETPHUYECKOTO TIOTVIOICHHUS U T.11.

(I)yHKIII/II/I pacnpeac/Ji€cHusl HOHOB U JIEKTPOHOB JIJI1 OAHOIO TUHA CTaHHOHapHOﬁ KOH(l)HpraIIHI/I
TOHKOI'0 TOKOBOI'0 CJIOSI ¢ MOCTOSTHHOM HOpMaJ’[LHOfl KOMIIOHEHTOH MATHUTHOIO MOJIsI

O.B. Mumnranes', 1.B. Munranes', M.H. Mensrux!, X.B. Manosa??, J.M. 3eneHsblii>

Ulonapuwuii 2eopusuueckuti uncmumym KHL] PAH, Anamumul, mingalev_o@pgia.ru
2Uncmumym xocmuveckux uccredoeanuii PAH, Mockea
SHayuno-uccnedosamenvcruii uncmumym soepuoti pusuxu um. J.B. Crobenvyvina MI'Y, Mockea

Pa3zpaboraH HOBBIM METON YHMCIEHHOTO PEIICHHS CTallMOHApHOTO ypaBHEHMs BiacoBa B orpaHM4eHHOI oOnacTH
MPOCTPAHCTBA /IS 33]1a4, B KOTOPBIX INIOTHOCTH TOKa MOIEPIKUBACTCS 32 CUET Ma/IAl0IUX U3BHE MTOTOKOB ILIa3MBl.
TUnuYHBEIMH TIpUMEpaMH TaKUX 3aj1ad SBISIOTCS TOKOBBIE ciou pasmepHoctd 1D3V u 2D3V. Hoseiii meron, B
OTIINYME OT MeToJa KpPYNHBIX YacTHL, ynoOeH Juii 3((GEeKTHBHON OpraHW3alil MAaCCHBHO IapajuIeNIbHBIX
BBIYMCIICHUMH Ha KJIACTEPHBIX CYINEPKOMIIbIOTEpax C BBIOJIHEHHEM OCHOBHOIO o00beMa BBIYMCICHHH Ha
rpaduueckux mporeccopax (GPU), a Takxke mMeeT cTporoe W sICHO€ MareMarmdeckoe o0OCHOBaHWE. B HOBOM
MeTozie 3HaueHHe (PYHKIWU paclpeleeHus B JAaHHOM y3Ji€ aJlalTHBHON CETKU W3 ()a30BOTO MPOCTPAHCTBA OJHOMU
YaCTHUITBl HAXOJUTCS B PE3yJIbTaTe pacueTa BBITYIICHHON M3 3TOTO y3ia B Ipounioe (a3oBoH TPAaCKTOPHUH CHCTEMBI
Herorona-JlopeHnna (xapakTepucTUKH ypaBHeHH BiacoBa) 10 MoMeHTa €€ BbIXoza U3 001acTH MOAEIUPOBAHUS, TO
€CTh 10 TomagaHus (pa3oBON TPACKTOPHH B 00JaCTh ONpE/ISNICHUs 3aJaHHON Ha TpaHuie QyHKIuU Bieta. HoBbli
METOJ TI0 CPAaBHEHHUIO C METOZOM YacTHII, JIaeT CYIIECTBEHHO JIYUILIyIO anpoKCHManuio 3aaadu. [Ipu 3ToM HOBBIH
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METOJI, XOTSI ¥ TPeOyeT Ha HECKOJIBKO IMOPSAKOB OOJbIIero o0beMa BBIYUCICHHH (B 3aBUCHMOCTH OT CHELM(UKU
3ama4un), 3a cdeT A(PQPEKTHBHOTO WCIONB30BaHHUA Tpaduueckux mporeccopoB (GPU) mo3BomseT MONMydnTh
IpUeMIIEMOE BpeMs pacdeToB. B dacTHOCTH, NMPUMEHEHHE HOBOTO METOAA IMO3BOJMIIO YUHUTHIBATH JIEKTPOHBI B
MOJIEJIM TOHKOTO TOKOBOTO CJIOSI, @ TAK)KE MOJYYUTh C IPUEMIIEMBIM pa3pelieHreM (QyHKIUH pacipeiesieHns] HOHOB
U 3JIEKTPOHOB B TOKOBOM cioe. B mokmane mpeactaBiaeHbl (DYHKIMH PacTpeAETICHUsI HOHOB M JJICKTPOHOB ML
OIHOH CTaIMOHAPHOW KOH(PHUTYPAIIMH TOHKOTO TOKOBOTO CIIOS.

OnHoBpeMeHHbIE ONTHYECKHE U CIYTHUKOBbIE HAOIIOAeHUS] CUSIHM B MAHTHH: aHAJTU3
OTAEJILHOI0 COOLITHSA

B.B. Cagapranees, B.H. Mutpodanos, A.B. Ponnyrun, C.B. [unsraes (Iloaapusiil 2eopusuyeckuii uncmumym,
Anamumul, Poccus)

Jannbie kamepsl Bcero HeOa B bapenuoypre (apx. Ilnunoepren) cpaBHUBAIOTCSI ¢ 0COOCHHOCTSIMH AIIEKTPOHHBIX
MOHHBIX BbIChIMaHNK Ha cryTHHKe DMSP F18 Bo Bpems ero mposera B nosne 3peHust kamepsl 15 nekadps 2012 .
[lepen BXo)kIeHWEM B Kacll CO CTOPOHBI MAaHTHH CITyTHUK OOHApy>XHWBAeT JBa BCIDIECKA BBICHITAIONIMXCS YACTHII.
Bcerieck MaHTHIHBIX BBICHIIIAHUH BIIAIK OT Kacla HaOJIOMAeTCs OMHOBPEMEHHO KaK B HOHHOM, TaK M SJICKTPOHHOMN
KOMIIOHEHTaxX. B o0iacTu moHOC(hephl, CONPSHKEHHON CO CIIyTHUKOM, CHSHHH TIPH 3TOM HE OOHApy»KHBAeTCs, YTO
00BsicHsAETCS c1ab0if WHTEHCHBHOCTBHIO TIOTOKA BBICBHIMAIOIINXCS MIIEKTPOHOB M MX HEOONBIIOH 3Hepruei. Bommu
Kacrma Oollee MHTEHCHBHBIN BCIUICCK BBICHIIAHWN 00JIee YHEPTHYHBIX AJIEKTPOHOB COMPOBOKIACTCS MPAKTUICCKHU
MOJIHBIM  «3allUPaHUEeM» HOHOB. OJTOT BCIUICCK MAHTHHWHBIX BBICBIIAHHA COMPSDKEH CO CIabol CBeTsAIICHCS
CTPYKTypO# B HOHOC(epe. 3amiupaHie HOHOB CBHICTEIHCTBYET O HAMYUHU YCKOPSIOMIEH pa3HOCTH MOTEHIIMAJIOB B
CHIIOBOH TpyOKe, ommparomeiicss Ha o0nacTe cBedueHHs. CBeTAIIAscsS CTPYKTypa SBISICTCS SIEMEHTOM TakK
Ha3bIBAEMBIX «APEH(YIOMINX K MOJIOCY aBPOPAIBHBIX (JOPM», CBA3BIBAEMBIX B JINTEPATYpE C NEPECOSTMHEHHEM Ha
JHEBHOM Marnutonayse. Ha BO3MOXHYIO CBsi3b HaOJIIONAEMBIX SIBICHUIH C NEPECOSTMHUBILIUMUCS CHIOBBIMHU
TpyOKaMu, Aper(yromuMI OT Kaclia B AHTHCOJHEYHOM HAMpPaBICHUH, YKA3bIBACT TAaKKe IHCIIEPCHS HOHHBIX
BBICHIIIAHUH - BO3pAaCTaHKE SHEPTUH HOHOB 110 Mepe MPUOIIDKEHHsI CITyTHUKA K KacITy.

JlaB/ieHHEe MOHOB HA MOJISIPHOI H YKBATOPHAJIbHONH KPOMKAX HOYHOT0 ABPOPAJILHOIO 0BAaJIa U UX
NMPoeHHPOBAHKE HA IKBATOPHAIBHYIO INIOCKOCTH MATHUTOC(hEPHI

O.U. Sroaxuna', U.I1. Kupninues?, B.I. Bopo6ses!, E.E. Autonosa>3

onapuei eopusuueckuii uncmumym, Anamumut, Mypmarnckas oon.

2@I'BY nayxu Mncmumym kocmuyeckux uccredosanuii PAH, 2. Mockea

3Hayuno-uccredosamenvckuti uncmumym soepnoii gusuxu umenu J.B. Crobenvyvina Mockoeckozo
eocyoapcmeento2o ynusepcumema umenu M.B. Jlomonocosa, 2. Mockea

OmnpeneneHbl 3HAYCHNS TaBICHUS HOHOB Ha MONAPHON M SKBaTOPHUAIBHOM KPOMKaxX HOYHOTO aBPOPaIbHOTO OBaa.
AmnanuzupoBanuch naHHele cnyTHHKOB DMSP F6 n F7, xotopble paboranyn Ha KpyroBbIX MOJSPHBIX OpOUTax C
BbIcOTO —840 KM. Mcronp30BaHbl MaHHBIC 3JIEKTPOCTATHYSCKUX aHAMH3aTopoB SSJ/4, perucTpupyromue moTOKH
BBICBINAIOLIUXCS SJIEKTPOHOB U MOHOB B auana3oHe 3Heprui ot 32 3B 1o ~30 k3B B 19 sHepreTnueckux kaHayiax
JUISL KaKJOM momynsiuu. 1ooXeHus: TpaHUIl oBaJla ONPEAESIINCh B COOTBETCTBHM C MOJENBIO BBICHIIAHUM,
paspaborannoit B [II'U (http://apm.pgia.ru/). Tlpu omnpenerscHUN TOJIOKEHHS TPAHUI[ aBPOPAIHFHOIO OBajia B
9KBaTOPHAIBHON IUIOCKOCTH MarHUTOC(ephl HCHONB30BaH METOJ MOpP(OJIOrHYeckoro MHpOeUupoBaHus 0Oe3
WCIIONB30BaHUS KaKOW-JIMOO MOJETM MarHUTHOTO ITOJsL. YUTEHBI OJIM30CTH AABJIECHHS MOHOB K M30TPOIHOMY B
aBpOpaJBbHON MarHuToc(epe W MOCTOSHCTBO JABJICHHS IUIa3MbI BIOJIh MarHWTHON CHIIOBOW JMHHUHM B YCIOBHUSX
MarHUTOCTaTHYECKOTO paBHOBecHs. [IpoBesieHO cpaBHEHHE JaBICHUH HOHOB Ha BBICOTAaX HOHOC(HEPHI C TaBIeHUEM
MOHOB B 9KBAaTOPHAIBHOI MJIOCKOCTH, ITOJyYEHHBIM 10 JaHHBIM IATH ciryTHHKOB Muccun THEMIS. TlokazaHo, dto
3apETUCTPUPOBAHHBIE HAa BBICOTaX HOHOC(EPHl 3HAYCHHS IAaBJICHWH HOHOB MPEBBIMIAIOT JAaBICHHUS HOHOB B
COOCTBEHHO IUIa3MEHHOM ClIo€. OJKBaTOpHWajbHas TPaHMIA aBPOPAJbHOTO OBajia B IIOJYHOYHOM CEKTOpE
JIOKaIW30BaHa Ha TEOLIEHTPUUYECKUX paccTosHUAX ~7 RE, 4TO XOpOIIO COOTBETCTBYET MOJIOKEHUIO TI'PaHHIIBI
WHKEKIIMM SHEPrUYHbIX YacTHI] B IKBATOPHUAJILHOHM IUIOCKOCTH BOJM3M TeocTaloHapHOW opOutel. IlomspHas
KpOMKa OBajia JIOKQJIN30BaHA HA TEOLEHTPUUYECKOM paccTossHMU ~qwl0 Re, 4To COOTBETCTBYeT MOIOXKEHUIO
9KBaTOPHAIBGHON TPaHHIBI O0JACTH C BBICOKUM YPOBHEM TYpOYJIEHTHOCTH B IUIa3MEHHOM CJIO€ MarHUTOC(EpH
3eMiu.
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Frequencies and Poynting flux directions of VLF chorus emissions in their source region as
inferred from THEMIS data

A.G. Demekhov!2, U. Taubenschuss?, O. Santolik?

'Polar Geophysical Institute, Apatity, Russia, andrei@appl.sci-nnov.ru
2Institute of Applied Physics, Nizhny Novgorod, Russia
3Institute of Atmospheric Physics, Prague, Czech Republic

We present results of observations of VLF chorus emissions based on several events detected by THEMIS
spacecraft within the source region. Using the THEMIS multicomponent wave data of parallel propagating chorus
elements detected at some distance from the magnetic field minimum, we have found that the elements propagating
equatorward had systematically higher frequencies and smaller amplitudes compared with simultaneously observed
elements propagating away from the equator. The exponential growth of the elements propagating in both directions
had close or equal values.

We propose an explanation of the observed feature on the basis of spatio-temporal evolution of the energetic
electron distribution function in the course of VLF wave generation. The motion of electrons from the equator is
accompanied by a decrease in their parallel velocity, which causes an additional increase in the wave frequency of
the chorus elements generated by such electrons and propagating equatorward. The elements propagating in the
opposite direction, i.e., from the equator, are formed by electrons whose parallel velocities are larger due to the
adiabatic mirror force. Correspondingly, such electrons generate waves with lower frequencies. We present the
results of numerical simulations confirming the proposed mechanism.

Resonant interaction of radiation belt electrons with oblique whistler-mode waves

V.S. Grach' and A.G. Demekhov?!

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

We study the cyclotron and Landau resonant interaction of energetic electrons in the Earth's magnetosphere with
whistler-mode waves having oblique direction of propagation with respect to the geomagnetic field. Acceleration in
the regime of particle trapping by the wave field is considered, and we calculate particle motion for the cases where
both Landau and the fundamental gyroresonance are present for the same particle. We demonstrate that the result of
interaction in the Landau resonance can influence the subsequent interaction in the fundamental resonance, and vice versa.

SC-associated VLF emissions at two closely spaced auroral stations: Case study December 23, 2014

N.G. Kleimenova'?, I.A. Kornilov?, Yu.V. Fedorenko?®, J. Manninen®, L.I. Gromova®

'Schmidt Institute of Physics of the Earth, Moscow, Russia

2Space Research Institute, Moscow, Russia

3Polar Geophysical Institute, Apatity, Russia

4Sodankyli Geophysical Observatory, Finland

SPushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, Moscow, Russia

The SC effects in VLF emissions have been studied based on the simultaneous VLF observations at Finnish station
Kannuslehto (KAN) and Russian station Lovozero (LOZ) located at the same geomagnetic latitude but separated by
~400 km in the longitude. The considered SC has happened on December 23, 2014 at 11.14 UT under northward
IMF direction that caused an absence of a strong patticle input into the magnetosphere. Thus, geomagnetic and VLF
effects in the magnetosphere were caused mainly by the enhancement of dynamic pressure. There was the daytime
SC associated VLF burst (VLFsc) and the strong VLF hiss started ~20 min after SC. The sharp particle flux
enhancement (typical for SC) was observed by THEMIS B (ThB) satellite, located in front of the magnetosphere at
X=~50 Re and Y=~20 Re, about 10 min before the SC observed on the ground. The electron and ion increasing
were observed as well by ThA, ThD, and ThE in the evening geotail (at X=~-7 Re, Y=~10 Re). These satellites
recorded strong pressure depletion between the VLFsc burst and the following VLF hiss onset. The VLFsc burst
represented the composition of a high-frequency (~2-5 kHz) left-hand polarized part and a low-frequency (~0.5-1.5
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kHz) right-hand polarized part. According to the KAN data, the VLF signals arrived from meridional (North-South)
direction. However, the LOZ system of the direction finding allows estimate the signal arriving azimuth. It was found
that the VLF high-frequency part arrived from the South, but the VLF low-frequency part arrived mainly from
overhead. The plasmapause location estimated by RBSP (A and B) satellites showed that KAN and LOZ were
mapped outside of the plasmapause. We suppose that the 2-5 kHz hiss burst was originated inside of the
plasmasphere and the 0.5-1.5 kHz hiss —outside of it. In spite of the general spectrogram and polarization similarity
at KAN and LOZ, the small differences have been found.

Some kinds of MHD oscillations in the Geotail

A.S. Leonovich and D.A. Kozlov
Institute of solar-terrestrial physics of the Siberian Branch of the Russian Academy of Science, Irkutsk, Russia

Coupled modes can be formed by azimuthally small-scale Alfven and slow magnetosonic (SMS) waves at the
geomagnetic field lines crossing the plasma layer. It is shown that the linear transformation of these waves occurs in
the current sheet on geomagnetic field lines stretched into the magnetotail. In most of the field line their structure is
determined by the large-scale Alfven wave structure. Near the ionosphere and in the current sheet, small-scale SMS
wave field starts to dominate. Such modes are neutrally stable on the field lines that do not cross the current sheet,
but switch to the ballooning instability regime on field lines crossing the current sheet. In the direction across
magnetic shells the coupled modes are waves running away from the magnetic shell on which they were generated.
At the field lines crossing the current sheet the structure of the field components of coupled modes has four
singularities at the inflection points of a field line, that look like as resonance peaks.

Characteristics of the ion-cyclotron and whistler mode waves as revealed from the Van Allen Probe data

A.A. Lubchich, A.G. Demekhov, E.E. Titova, A.G. Yahnin
Polar Geophysical Institute, Apatity;e-mail: lubchich@pgia.ru

Using measurements of particle fluxes in a wide energy range, cold plasma density, and magnetic field onboard two
VAP spacecraft during January 25 and 26, 2013, we calculate spatiall and temporal growth rates of the ion-cyclotron
and whistler mode waves. We demonstrate that the time intervals when our calculations suggest the highest values
of the wave spatial growth rate correspond to enhanced wave activity detected by the spacecraft. The frequency
range, which corresponds to the maximum growth rate is also in agreement with the frequency spectra of the
observed electromagnetic waves. We analyze the influence of variations in the cold plasma density, energetic
particle fluxes, and pitch-angle anisotropy on the wave generation. The relationship between the detected waves and
precipitating energetic particles observed onboard low-orbiting NOAA POES spacecraft is discussed.

Daytime peculiar high-frequency VLF emissions at auroral latitudes

J. Manninen!, T. Turunen!, N.G. Kleimenova®3, Yu. Fedorenko*, A. Kozlovsky'

Sodankyla Geophysical Observatory, Sodankyld, Finland
2Schmidt Institute of the Physics of the Earth RAS, Moscow, Russia
3Space Research Institute RAS, Moscow, Russia

4Polar Geophysical Institute RAS, Apatity, Russia

Some puzzling VLF events, hidden behind the strong atmospherics, are discussed. The unusual daytime peculiar
discrete VLF signals in the frequency range of ~4-10 kHz have been discovered after the applying a special filtration
of impulsive sferics. We called them “bird-mode” emissions due to their spectral shape sometimes resembling

flaying birds. In the daily variations, these emissions demonstrate maximum of occurrence rate around the local
magnetic noon. The emissions are typically observed during the winter. In December, they are recorded practically
every day. The filtered VLF data obtained simultaneously at two closely located stations (KAN in Finland and
Lovozero in Russia, L ~ 5.5) show very similar spectrograms. At both station, the “bird-mode” waves are right-hand
polarized thus demonstrating that their ionospheric exit area is located not far from the receivers. Such behaviour is

24



Waves, wave-particle interaction

typical for ducting whistler mode waves. Note, at L ~ 5.5, the equatorial gyrofrequency f.. ~ 65 kHz, and the ducted
whistler-mode is possible only if the wave frequency f < 0.5 f, i.e. f < 2.5 kHz. However, the “bird-mode”
emissions are observed at higher frequencies. The direction finding system at KAN and LOZ indicates that these
emissions are arriving along meridian. The use of the vertical (Ez) antenna in LOZ revealed that some of these VLF
waves arrived from South. The riometer data showed a small increasing of absorption at latitudes both higher and
lower KAN. Thus, the mechanisms of generation and propagation of the “bird-mode” emissions still remain
unknown.

Effect of large-scale artifitial plasma inhomogeneity on the amplitude variations of ELF/VLF waves
during their propagation in the Earth's ionosphere and magnetosphere

D.L. Pasmanik, A.G. Demekhov
Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod, Russia

We study geometric-optical trajectories of ELF/VLF waves in the in the Earth ionosphere and magnetosphere in the
case where large-scale artifitial plasma ducts are formed under the action of HF heating facilities like HAARP, Sura,
or Arecibo. The profile of the plasma density and ion composition is calculated using the SAM12 ionospheric model,
which was modified to take into account the influence of the high-power HF radiation on the ionosphere.

The ionospheric heating can produce a field-aligned region with perturbed plasma density which extends up to
altitudes of several thousands km, or even along the whole field line in the case of heating at rather low latitudes. Its
transverse scale is about 60-100 km at the ionospheric level, which is determined by a size of heating area.

We consider rays starting at an altitude of about 100 km from different points inside and near the magnetic tube at which
the HF heating takes place. The sources of such waves could be due to lightning discharges or modulated HF heating.
We study the amplitude variation of the waves related to their refraction in the inhomogeneous plasma and compafe
the cases of heating facilities located at different latitudes. Our results demonstrate that the wave ducting inside the
artificial plasma duct can lead to a significant (up to 10 times) increase in the amplitude of ELF/VLF signals.

Energetic proton precipitation equatorward of the isotropy boundary: Global distribution and
comparison with EMIC waves

N.V. Semenova, T.A. Popova, T.A. Yahnina, A.G. Yahnin
Polar Geophysical Institute, Apatity; nadezhda.semenova@gmail.com

On the basis of NOAA POES observations we constructed a map of the global occurrence rate of energetic proton
precipitation (EPP) equatorward from the isotropy boundary. One of the observed features is a separate EPP
population on the dayside: This precipitation is observed within 10-17 MLT, and consists of wide (>2° in latitude)
enhancements, which differ from the localized (<1° in latitude) precipitation pattern in other MLTs. In contrast to
localized EPP events, which tend to concentrate around L=5-7, the events on the dayside are spread at L>7. We
compared the global distribution of EEP with observational statistics of EMIC waves revealed from magnetospheric
spacecraft data, and found the remarkable similarity. To confirm the relationship between EPP and EMIC waves we
considered simultaneous observations onboard THEMIS spacecraft and NOAA POES. The detailed consideration of
few tens of conjugated events demonstrates that every EPP at low altitudes has an EMIC wave counterpart in the
equatorial plane. Thus, both the statistical and case studies confirm that EPP events are the result of the ion-
cyclotron instability in the equatorial magnetosphere.

Cold plasma density in the regions of the REP generation

T.A. Yahnina, A.G. Yahnin (Polar Geophysical Institute)

Observations of relativistic (~1 MaB) electron precipitation (REP) with the NOAA POES revealed two types of
events, which are suggested to be related to wave-particle interaction. The first one is related to the energetic (>30
keV) electron precipitation and second one — to precipitation of energetic protons. Using cold plasma measurements

onboard geosynchronous LANL spacecraft we tried to estimate the cold plasma density in the regions of the REP
generation. We mapped REP onto the equatorial plane of the magnetosphere, and selected those events, which were
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originated close to the geostationary orbit. The density has been determined on the basis of measurements of two
LANL spacecraft, one of which crossed the generation region before and another after the REP registration moment.
Interpolation between these two values provides the estimation of the cold plasma density in the source region. We
found ~70% Of REP events related to energetic electrons were observed in connection with tow-density (<10 cm-3)
trough plasma, and some 30% of such events were within denser (10-60 cm-3) plasmaspheric plasma. Almost all
REP events related to energetic protons were found within dense (15-40 cm-3) plasma. All dense plasma events
were registered in the evening-night MLTs. We discuss how the obtained relation to cold, plasma density may help
for determination of the wave modes responsible for scattering relativistic electrons into the loss cone.

YckopeHue 3J1eKTPOHOB 10 PeJISITUBHCTCKUX JHEPruii BO BHEIIHEM PaAHANMOHHOM Mosice 3a cUeT
B3aumopeiicTeusi ¢ MI'/l kosed6anusimu Pc5 nnanaszona

B.b. Benaxosckuii!, B.A. ITunumnesko?

Uonapuwiii 2eopuzuueckuti uncmumym, 2. Anamumot
Uncmumym gusurxu 3emnu PAH, 2. Mockea

C HCIoNBb30BaHUEM JAHHBIX 110 MAarHUTHOMY IOJIO M IOTOKAaM 3apspKeHHBIX yacTtull co cnyTHukoB GOES, THEMIS
JeTaTbHO MCCIICTOBAHO YCKOPEHHE AIIEKTPOHOB BO BHEIIHEM PAaTUMAIMOHHOM MOsICE 3€MIIM C SHEPTHHA OT MOpsAKa
40 x3B 1o snepruit > 2 M»aB. [y XapakTepUCTHKH BOJHOBOM aKTUBHOCTH Maruutocdeps B Pc5 muamasone (1-7
MTI'r) ucnonp3oBad ULF uranexc. Bo3pacranue BenmmauHBI TOTOKOB M3B 351eKTpOHOB IIpoucxonuT 6oiee ueM Ha 1.5
nopsnka yepe3 1-2 nus nocne pocra ULF unnekca u pocta notokoB k3B snexTponoB. IlokasaHo, 4YTO Benu4YnHA
pocTa IMOTOKOB BJIEKTPOHOB HE 3aBHCHT OT WMHTEHCUBHOCTH T'€OMarHHUTHOH OypH W MOXET MPOHMCXOAUTH 0e3
reoMarHuTHO#M Oypu. IIpu 3TOM OOHapykeHa CBs3b BEJNYMHBI IOTOKa M3B 311eKTPOHOB CO CKOPOCTHIO COTHEUHOTO
BETpa, HAIMYMEM CKaYKOB B INIOTHOCTH COJNIHEUHOTO BeTpa. B mepmoxn pocra ULF muaekca mpoucxomut poct AE
uHaekca. Ilo-BuauMoMy, Hajauuue ‘3aTpaBoUHBIX” 3MEKTpoHOB (50-100 k3B), MHXKEKTHPYEeMBIX mpu cyo0ype,
SIBJISIETCST  HEOOXONMMBIM ~ YCIIOBUEM IIOSIBJICHUSI PEJIITUBHCTCKHX 3JIEKTPOHOB. PaccMOTpeHHble COOBITHS
JEMOHCTPHPYIOT KOPPEILIIUI0 MEXKIY HNEpHOAaMH C BBICOKOW CKOPOCTBIO CONHEYHOTO BETpa M POCTOM IMOTOKOB
PEIATUBUCTCKHUX AIIEKTPOHOB, YTO TONTBEPXKIACT HACI0 00 YCKOPEHHH SJIEKTPOHOB 1m0 M»aB sHeprmii 3a cuer
npeiidoBoro pesonanca ¢ MI'J] konedbanusimu PcS nuanasona.

CB3b JIHEeBHBIX reOMAarHUTHBIX PcS mysbcanmii 1 Bapuanmii aBpopajbHOi CBETHMOCTH

B.B. benaxosckuii!, B.A. [Tumnenxo?, O.B. Kossipesa?, C.H. Camconor?, JI. Jlopenmen®*

onapueiti 2eopusuyeckuti uncmumym, 2. Anamumot, belakhov@mail ru
2Uncmumym ¢pusuxu 3emau PAH, 2. Mockea

SUncmumym xocmogusuueckux uccredosanuti u asporomuu CO PAH, 2. Axymck
4Vnusepcumemcruii L{enmp na Ilnuybepzene, Hopeeaus

HccnenoBansl onHoBpeMeHnHble PcS nynbcanuu (f~3-5 MI') B reOMarHuTHOM I10Ji€, MHTEHCHUBHOCTH IOJISPHBIX
CUsHHH (B dMUCCHAX Kuciopona 557.7 M u 630.0 HM, smuccun a3zora 471.0 HM) 1 pHOMETPUIESCKOM MTOTIIOMICHHN
mo manebM craHmid ceteit CARISMA, CANMOS, NORSTAR. o HabnroneHUsSIM Ha T€OCTAITHOHAPHOM CITyTHUKE
GOES-8 st reomarauTHele Pc5 mysnbcanuy BUIHBI KaK HEC)KMMAaeMbIE BOJIHBI C TOPOMIANBHON IMONpH3aLuei.
Yactorsl Pc5 mympcanmii B CHSHUSIX, TEOMarHUTHOM MOJIE€, ¥ PHOMETPUYECKOM IoriomeHnn Omm3ku. Kak s
TEOMarHUTHBIX, TaK M JUI aBpOpajbHBIX PcS mynbcanmii, HaOmromaeTcs pacnpoCTpaHEHHE K IIOJIIOCY, a TaKkKe
YMEHBILIEHUE YacTOThl C YBEJIMYEHHEM IE€OMarHMTHON mMpoThl. Ilpu mosBiaeHuun aBpopasbHblXx Pc5 mynbcanuit
OTHOIIICHWE WHTEHCHBHOCTEHW smuccuid 557.7/630.0 pe3ko yBenMYMBAeTCS, YTO CBHIETEIBCTBYET O TOM, YTO
aBpOpabHbIE MyIbCALUU SIBISIOTCS CIEACTBUEM HE MPOCTO MOAYIMPOBAHHOIO BBICHIIAHHUS YacTUL, a
JIOTIOJTHUTEIBHOTO MEPUOJMYECKOT0 YCKOPEHHUS aBPOPATBbHBIX 3JIEKTPOHOB TIOJIEM aJIbBEHOBCKOW BOJHBI. MexXIy
Pc5 mymbcanusiMu B TONISIPHBIX CHSHUSX M PHOMETPHYECKOM MOTVIOMIEHNHN HE HAOIIONAeTCsl BRICOKOW KOPPEISIIH,
YTO TOBOPUT 00 MX OOIIEM HCTOYHWKE, HO PAa3IMYHBIX MEXaHU3Max reHepauud. [IpearnorokuTensHo, MEeXaHu3M
MOZYJISIIINH aBPOPATbHBIX SMUCCHH CBS3aH C B3aMMOICHCTBHEM PE30HAHCHBIX aJbBEHOBCKHX BOJIH C 00JAcTBIO

MPOIOIBHOTO TAAeHHS IOTCHIMAJa HAJ aBpOpaldbHOW HoHOchepor. ComocTaBieHHE IIUPOTHON CTPYKTYPHI
JTHEBHBIX Pc5 mynpcammii mo JaHHBIM ceTH MarHuToMeTpoB Ha lllmunbepreHe ¢ JaHHBIMH CKaHUPYIOLIETO
¢oromerpa Longyearbyen noka3saiio, 4To IIMPOTHBINH MAaKCUMYM CIIEKTPAJILHOIM MOIITHOCTH IyJIbCAlMi HAXOJUTCST Ha
3° £ 2° rpamyca rOKHEE TPAHUIBI OTKPBITHIX-3aMKHYTBIX CHJIOBBIX JIMHWUH, U MEXaHU3M 3THUX KoJeOaHWUU HeNb3s
CBsI3aTh C KoJIeOaHMSIMH MOCIIEAHEH 3aMKHYTOH CHIIOBOM JIMHUH, KaK 110J1arajlock B paHHUX paboTax.
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Monyasinusi mnapaMeTpoB HOHOC(epsI IN100aTbHBIMH PcS mynbcanusavu, Ha0JI01aeMbIMHA
OoHOBpeMeHHO ¢ nomombio GPS-npuemunkoB u pagapa EISCAT

B.A. IImmnenxo', B.b. Benaxosckuii?, . Mypp?, E.H. ®enopos!, A.E. Koznosckmit'

'Unemumym gusuxu 3emnu PAH, 2. Mockea

[Tonspuvii 2eogusuyeckuii uncmumym, 2. Anamumol

3Konneoaic Ayecbype, Munneanonuc, CLLIA

Teogusuueckasn obcepsamopus Cooankions, 2. Cooankions, Quunsnous

Bormee panHue uccnenoBaHus MOKa3aid, 9YTO TOIHOE 3JIEKTpoHHOE conepxanne nonocdepsr (I13C), onpenensemoe
no naHHeIM GPS mpueMHHKOB, AOCTaTOYHO 4yBCTBUTENbHO K Hamuuuio MIJ[ Bosmymenuid. ITo nanneiM GPS
npueMHUKOB B CKaHIMHABUU OBUIO IOKa3aHO, YTO BO BpPeMsl MOSIBJICHUsI MOILIHBIX T€OMarHUTHBIX Pc5 mynbcarmn
Habmromarotess mynecarm B [I9C ¢ Tol ke wactoroil. B maHHOI pabore mpoaHanmn3upoBaH OTHOBPEMEHHBIN
otk [13C m moHOC(epHBIX MapameTpoB, ompereiseMbix ¢ nomorbio pagapa EISCAT, na miobaneHble PcS
MyJIbCallik Ha BOCCTaHOBUTENbHOW (paze cunbHOM reomarHutHoi Oypu 31 Oxtsa6pst 2003 roma. CpaBrenue Pc5
MyNbCalliii B DJEKTPOHHOW KOHIICHTPAMU UIS Pa3HBIX BBICOT mo mMaHHBEIM pamapa EISCAT moxaszamo, d4rto
ocHOBHOH Bkiaa B Pc5 mymecamuu B [19C obecrieunBaeTcs HUKHEH MOHOC(EpOH, A0 BHICOTH OKoo 150 kM, TO
ectb E-ciioeM n HikHel yacteio F-ciiost. DTOT (akT roBopuT B MoJIb3y MexaHu3Ma nosisnenus PcS nynbcammii B [19C
3a CYET IepeHOca MIa3Mbl BAOJIb T€OMarHUTHOTO MO aIbBEHOBCKOM BOTHON. AHAUTHYECKUE OLICHKH U YHCICHHOE
MOJEIUPOBAHUE MOATBEPKAAIOT 3TY TOUKY 3PEHHS.

HogBas MOJ€/Ib PACIIPOCTPAHEHUH WICKTPOMATHUTHBIX CUTHAJIOB B J'IHTOC(l)epe

3.B. CyBoposa, 11.B. Munranes, O.B. Munranes, O.1. AxmeToB
Honapnuii ceouzuueckuti uncmumym Konvckoeo Hayunozo yeumpa PAH

IIpencraBiaeH HOBBI METOA YHCICHHOTO MOJEIUPOBAHUSA PACIHPOCTPAHEHMS JIIEKTPOMArHUTHBIX CHUTHAJOB B
murocdepe, OCHOBaHHBIM Ha YHCICHHOM HHTETPHUPOBAHUM ypaBHEHHMII MakcBeiula COBMECTHO ¢ 3akOHOM Oma u
MaTepHaIbHBIMHA YPABHCHMSAMH, B KOTOPBIX CKaJIpHBIE IIPOBOIMMOCTE W IPOHHUIIAEMOCTH CPEAbl SIBISIFOTCS
3aJlaHHBIMKM (DYHKIMSMHU KOOpAMHAT. Vcnonb3yercst HOBasi sSIBHAs CXeMa YMCICHHOTO MHTETPUPOBaHMS ypaBHEHH
MakcBesuta, KOTOpas MO3BOJIIJIA HONYYHUTh Ba)KHBIE YIyUIIEHHS 110 CPaBHEHHIO C TPAAULMOHHON cxeMoH (MeTon
KPBO wmu FDTD B 3apyOexHoil mmreparype). IIpoBomurtcs cpaBHEHHE pPE3yAbTATOB PACUYETOB C TOYHBIMU
PpEIIeHUSIMH.

KBazunepuonuueckne OHY uzayyenusi Ha cmyTHuke Van Allen Probes u na 3emuie: HadnoneHus
U MOJIeJTUPOBaHUe

E.E. Turosa', 5.B. Kozenos!, A.I. lemexos'2, JI.JI. [Tacmanuk?, FO. Mannunen®, O. Caaromuk?, K. Knernunr?,
6
JIx. Pusc

\IITU, 2. Anamumwt, Poccus, lena.titova@gmail.com
2UIID PAH, 2. Huxcnuii Hoszopoo, Poccus
3leogpusuueckas obcepeamopus Cooankions, PuuaaHous
‘UDA AH YP, 2. Ilpaza, Yewckasn Pecnybnuxa
SYuusepcumem Atiosvi, CLLA

®Jloc-Anamocckas nayuonanvuas rabopamopus, CLLIA

Kgazunepuonumueckne OHY curnains! (B ananaszone yactot 2-6 kl'1) Habmonamick Bo Bpems cy60ypu 25.01.2013
Ha cyTHHKe Van Allen Probe-A u Ha Ha3eMHO# ctaHIK B ceBepHOo PurngHanu. CroyTHHK peructpuposanr OHY
CUTHaNbI BOJM3M T€OMarHWTHOTO 3KBAaTOpa B HOYHOM cekrope Ha L= 3.0-4.2; mpu 3TOM OH HAaXOIWJICS BHYTpPHU
wiazmocdepsl. [1o Mepe IBIKEHUS CITyTHHKA K Oojiee BHICOKMM MIMPOTaM MHTEPBAJI MEXIY KBa3HIEPHOIUUECKUMHU
SNIEMEHTAaMH YMEHbIIAJNCS OT 6 MHH A0 3 MHH. BBUIO yCTaHOBJIEHO OJHO3HAYHOE COOTBETCTBHE MEXKIY
KBa3HIIEPHOJNYECKUMH IEMEHTAMH, 3aPETHCTPHPOBAHHBIMHU HA 3€MJI€ U Ha CITyTHUKE, YTO JIOKA3BIBACT BPEMEHHON
XapakTep HaONIOaeMbIX U3MEHEHNI MHTEpBasIa MEXIY deMEHTaMH. MHOTOKOMIIOHEHTHbIE M3MEPEHHST BOTHOBBIX
JNIEKTpUYECKUX MW Tmojied Ha Oopty Van Allen Probe mokaszamu, 49TO KBa3UNEPUOMUYECKHE H3ITyUICHUS
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MIPE/ICTABISLIN COOOH MOYTH LUPKYISPHO MOJSIPU30BAHHBIC CBHCTOBBIC BOJIHBI M B OCHOBHOM MMEJIN Majble (MeHee
30°) yruiel pactipocTpaHeHHs (MEKIY BOTHOBBIM BEKTOPOM M TeOMAarHUTHBIM ToneM). Bekrop IloiiTrHTa CBUCTOBBIX
BOJIH OBUI HaIlpaBJieH NMPEUMYIIECTBEHHO OT dKBaropa. B BeposTHOW o0nacTH reHepaluu 3TUX CUTHAJOB (L = 4)
HaOMIOMAMUCh BapHanuu (YHKIUH paclpeieleHuss dIeKTpoHOB ¢ »Heprusmu 10-20 3B, cuHXpOHHBIE C
KBa3UIEPHOAUICCKUMHU 3JIEMEHTaMu. Bo Bpemst may3sl MeEXIy OJJIEMEHTaMH IHUTY-YIIOBOE paclpencicHue
9JIEKTPOHOB HMMEJI0 MakcuMyM okosio 90°, a Bo Bpemst (OPMHPOBaHUS KBAa3WUIIEPHOIMYECKOIO 3JIEMEHTa
pacIpesieneHne CTaHOBHIIOCH Oonee M30TPONHBIM. YacTOTHO-BpEMEHHAsl 3aBHCHMOCTh MHKPEMEHTa CBHCTOBBIX
BOJIH, pacCcuUTaHHas [yl HaOmonaeMblx Ha criyTHUKe Van Allen Probe mapameTpoB XoionHO# U ropsiueil miasMsl,
BKJIIOYasi TIMTY-YIJIOBBIE pPACHpENeNICHUsT DSHEPIUYHBIX OJIEKTPOHOB, XOPOLIO COOTBETCTBYET CIIEKTpam
PETHCTPUPYEMBIX KBa3HUIIEPHOJMUECCKUX CHUTHAJIOB. BBIACHEHO, 4TO B 0OMAcTH MPEANOIaraéMoro HCTOYHHKA
Bapualnyy MarHUTHOTO MOJIS C MEPUOJaMH, COOTBETCTBYIOIIMMHU HEPHOJaM KBa3HIEPHOIUYECKUX H3ITyYeHHH, He
HaOJIIoaiCh, YTO O3HaYaeT, 4ro Habmonaemas Monysiunss OHY u3imyueHunit He cBsi3aHa ¢ BHEIIHEW MOIyJsIMEi
TEOMarHUTHOM  cujoBOW TpyOkm. B  3TOoM cioydae  KBasWNEPHOOMUYECKHE  CUTHANIBI  OOBSCHSIOTCS
aBTOKOJIE0ATETIbHBIMHU PEXXMMaMU UKJIOTPOHHONH HEYCTOWYMBOCTH B MarHuTocepHoM Masepe. B pamkax mozenn
MIPOTOYHOTO IIMKJIOTPOHHOTO Ma3epa ObUIO BBHINOJHEHO YHCIEHHOE MOJCIMPOBAaHUE TAaKUX PEKUMOB IS
IapaMeTpoB IUIa3Mbl, ONM3KMX K HAOMIOMAeMbIM, KOTOPOE IIO3BOJIMJIO IIONYyYHTh HE3aBHCHUMYIO OIEHKY
XapakTepHOTO IIOIEPEYHOT0 pa3Mepa HCTOYHHMKA KBA3HIIEPHOIMYCCKUX H3IYYEHHH, COIIACYIOIIyIocsS C
HaOIIOCHUAMHU.
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On the origin of magnetic field of the Sun viewed as a star

Y.V. Strizhak, D.I. Ponyavin

Saint-Petersburg State University

Magnetic field of the Sun rotates with the Sun and changes during the 11-year cycle. It determines the interplanetary
magnetic field structure of the solar wind and influences the Earth's magnetosphere. Origin of magnetic field
variations on the Sun is still poorly understood. New data of high spatial and temporal resolution became available
recently from space-based observatories. It allows to come close to solving the problem of identifying the sources of
magnetic field variations

In the present work we used SDO data (Helioseismic and Magnetic Imager - instrument from the Solar
Dynamics Observatory launched on February 11, 2010) and the data from the ground-based observatory WSO
(Wilcox Solar Observatory). We analyzed magnetic fields of different scales, and found that the medium scale fields
are significant in determining the global magnetic field of the Sun. In addition, the fields of opposite polarity are
considered and contributions from southern and northern hemispheres are estimated.

0060co0/1eHHbIE KJIACTEPBI YaCTHUILL C SJHEPTUsIMHU OT AecATKOB I'3B B moToke kocMu4yecKux Jiyuyel 1o
AAHHBIM HEHTPOHHBIX MOHUTOPOB

10.B. banaoun

Honspuwuii ceopusuueckuit uncmumym, Anamumut, Poccus

Heiirpornsie MmoruTOpH bakcan, MockBa, Anatutsl, bapeHIOypr ocHAIIEHB CKOPOCTHOM cucTeMoit coopa. AHaM3
JAHHBIX, MOJly4YEHHBIX HA 9TUX HEHTPOHHBIX MOHHMTOpAX, MOKA3bIBAET, YTO B MOTOKE YAaCTHUL] KOCMHYECKUX JTydel
BBICOKHX 3Hepruii (ot aecsaTkoB [9B) mpucyTcTBYIOT 000COONCHHBIE CIYCTKHM YacTUI] — TPaH3MEHTHL. J[pyrumu
CJIOBaMH, HEUTPOHHBIE MOHUTOPBI (PUKCUPYIOT KPAaTKOBPEMEHHbIE YBEIHMYCHUS IUIOTHOCTH MTOTOKA YaCTHI BBICOKUX
sHepruil. JnuTenbHOCTh Takux yBenndeHui coctapisieT 20-40 cex. ITOTHOCTh BHYTpHU TPAaH3UEHTOB B JBa pasa
BhIlIe cpenHeld. O00COOICHHOCTh TPAH3UEHTOB BHIPAXKEHA B TOM, UTO MEPEJ U MOCIe HUX HaOmonaeTcs "poBai’ —
KpPaTKOBPEMEHHOE MOHMKEHHE TUIOTHOCTH MOTOKA. MEXIIaHETHOE NMPOCTPAHCTBO 3aMOJHEHO MAarHUTHBIM IOJIEM
CIIOXHOM CTPYKTypsl. B HeM TOMHMO PperymspHOH 4YacTH IPHUCYTCTBYIOT MAarHHTHble oOONaka, BOJIHBI.
[Ipeamnonaraercs, TpaH3MEHTHl BO3HHUKAIOT B Ipolecce (POKyCHpPOBKU-IE(POKYCHPOBKH YAaCTHI HA MarHUTHBIX
HEOAHOPOJHOCTSIX B MEXKIUIAHETHOM IIpOCTpaHCTBe. PaHee TpaH3MEHTHl HE OBUIO BO3MOXKHOCTH HAOIIONATh,
MTOCKOJIbKY MUHMMAIbHOE pa3pelleHne Ha HEUTPOHHBIX MOHUTOPAX COCTaBIAET 1 MUH.

HoBas iodanbHast ceTh HEMTPOHHBIX MOHUTOPOB

10.B. bana6un, b.b. I'Bo3aesckuii, A.B. I'epmanenko, JI.U. Hlyp
Honsipuwiii eeogpusuueckuii uncmumym, Anamumol, Poccus

Heiitponnsie Mouutopsl bakcan, Mocksa, Amnarutbl, BapeHIOypr OCHAIICHBI CKOPOCTHOM CHCTEMO# cOopa,
(UKCHpYIOIIEeH MPHUXON Ka)XIOTO0 HMIyIbCa C TOYHOCTBIO 1 MKc. OCOOCHHOCTBIO STOH CHCTEMBI SIBISECTCS
BO3MOXKHOCTh IPUBSI3KU CUCTEMBI K €IMHOMY BPEMEHHU C TOH e TOUYHOCThI0 MKC. Ha Tpex cranuusix (AmatuTsl,
Mocksa, bakcaH) sTa IpuBsI3Ka BEIIOJIHEHA C HCIIOIB30BAaHMEM CIICIIHATN3NPOBAHHOTO ITpHeMHIKa curaaioB GPS.
Takum o0pa3oM, Ha TpeX MOHHUTOpPaX PETHUCTpAlds KaKIOro HMITyNbca (HEHTpPOHA) MPOHMCXOJUT HE TONBKO B
OTHOCHTEJILHOM BPEMEHH (II0 YacaM KOMITBIOTEpa), HO U B €IUHOM MHPOBOM BpeMeHH. [0 HACTOSIIEro BpeMEHH
06’I)CIII/IHGHI/IG HECKOJIBKUX PA3HECCHHBIX JICTCKTOPOB KOCMHUYECKUX nyqeﬁ C TaKOM TOYHOCTBIO HE IIPOBOANIIOCE.
HpezmonaraeTc;I, HOBasi CCTb HGI\/’ITPOHHBIX MOHHTOPOB TMO3BOJIUT IIPOBOAUTH HaGJ'IIO)IeHI/Iﬂ Ppa3InYHbIX
KpaTKOBPEMEHHBIX SIBIIEHUH B KOCMUYECKUX JTyyax.
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IloBenenne NJIOTHOCTH KOCMUYECKHUX JyUell B Hauase @opOym-3¢gdexTon

A.B. Benos, E.A. Epomienko, M.A. AOynuna, A.A. AOynuH, B.A. Onenesa, B.I. Sluke

HUnemumym 3emuoz2o maznemusma, uoHocghepuvl u pacnpocmpanenus paouosonn um. H.B. ITywxosa Poccutickoii
Axademuu Hayk

Hccnenyercss moBegeHNE IUIOTHOCTH KOCMHYECKHX Jiyded B Hadane PopOynr-sddekToB, B MepBbIE Yachl HOCIE
MPUXO0/Ia MEXIIAHETHOH yAapHOi BonHBL. Vcnonb30Banbl AaHHbIe 0 Bapuanusax miaotHocT KJI ¢ xéctkoctrio 10 I'B,
MOJy4YCHHBIE TI0 HAOIMIONCHHUSIM MHPOBOW CETH HEUTPOHHBIX MOHHTOPOB B 1957-2013 rr. MeromoMm mmoOanbpHOM
CheMKH. BrIsiBIeHO Oomnbmioe pazHooOpa3ue MOBEACHHS INIOTHOCTH KOCMHUYECKUX JIydeil mocie mpuxoza yaapHOH
BOJIHBL B 11e10M, HaOmonaeTcst Koppelsiiys HadanbHo# Bapuanuu mioTHoctd KJI ¢ monHol BennunHoi ©opOymr-
a¢dekra U MOIIHOCTHIO COITYTCTBYIOLIErO I'€OMarHUTHOTO BO3MYILEHHS, YTO MOXKET OBITH HCIIOJIB30BAHO IS
MIPOTHO3MPOBAHNUS re0(hU3NIECKOI 0OCTAHOBKH y 3EMITH.

“CBepxMelJIeHHbIH” COJITHEYHbII BeTep

N.A. Bacunbena, [I.U. Tonsiun (Canxkm-Ilemepbypeckuil 2ocydapcmeennnlil yrusepcumem, Poccus)

SBreHne “cBEpXMEIUICHHOTO COJHEYHOTO BETpa IMPEIACTABIET OONBIION WHTEpEC, TaK KaKk Ha JaHHBI MOMEHT
CYIIECTBYET MPEAIIONOKEHHE O HACTYIUICHWH TpaHn MUHHMyMa. OIHHUM W3 CBHICTEIBCTB KOTOPOTO, BO3MOXKHO
SBJISIOTCS y4alarouuecs: COOBITHA “KOCMHYECKoro WIThIIs”. BeposiTHee Bcero, 3To CBsi3aHO ¢ aKTUBHOCTHI0 CoJHIA
Ha ompeneneHHON (asze comHewHoro mukia. OmHA W3 TUIOTE3, TpeOyroas IPOBEpKH, ITACHT, YTO B pe3yibTaTe
nepecTpoiiku moist Ha CONHIIE MONHOCTBIO MITH YaCTUYHO OJOKHUPYETCs 00JacTh, U3 KOTOPOH O ATOTO BHITEKAJ
COJHEUHBIH Betep. Takum 00pa3oMm, MO3aad paHee BBHIOPOIICHHOTO BeTpa (CTAapTOBABIIErO MOKa 00JacTh ObLIa
OTKPBITOM) U 00pa3yeTcs CUIbHOE pa3peiKeHNUE.

ITo nanubM u3BecTHOM 6a3p1 OMNI ObLT IpOBENEH aHAM3 CKOPOCTH COJTHEYHOro BeTpa 3a nepuon 1963 — 2015 rr,
C MEeJBI0 yCTAaHOBJICHHS NPHUPONBI «CBEPXMEIJICHHOTO» CONHEYHOro Berpa (ckopoctu <300 Mm/c). Beum Takke
WCCJIEJIOBAHBI CIEAYIONIUE TapaMeTphl: TeMIepaTypa, INIOTHOCTh U MEXIIJIAHETHOE MarHUTHOE TI0JIe.

YcTaHOBNICHBI 3aKOHOMEPHOCTH TOSIBIICHHS “‘CBEPXMEIUICHHOTO” COJHEYHOTO BeTpa B [HKJIC COJHEYHOM
aKTHBHOCTH.

IIpuxnagHoe ucnosb3oBanue nporpammuoro kommiexkca RUSCOSMIC B 3agauax pacuera
HOHM3aIUH aTMOC(epbl 3eMJIH MPOTOHAMH NMEPBHYHBIX KOCMHUYECKHUX JIyYel

E.A. Maypues, }0.B. Banabun (Ilonspuoiii ceogpuzuueckuti uncmumym, Anamumot)

B Hammx Oonee paHHuMX paboTax MO HCCIEJOBAHMIO IPOXOXJIEHHS IPOTOHOB KOCMHYECKHX Jyded uepes
armMocepy 3eMiM ¢ TOMOIIBIO YWCICHHBIX MeTonoB MoHrte-Kapino Obul ommcaH NpOrpaMMHBIA KOMIUIEKC
RUSCOSMIC u mpencraBieHbl TONYYECHHBIE C MOMOIIBI0 HETO pe3ynbTarhl. Llenpro maHHOW paboTHI SIBISETCS
HarIsIIHAsE WLUTFOCTPAMs BO3MOXKHOCTH MPUMEHEHHS dTHX JaHHBIX JJIsl pacdera CKOPOCTH MOHU3AlMH BellecTBa
arMocepbl MpU TPOXOXKICHUH Yepe3 HEero IMPOTOHOB C JHEPreTHYECKHMMH CIEKTPaMH, COOTBETCTBYIOIIMMHU
pasNMuYHBIM TepHojaM (rajJakTHueckue Oe3 BO3MYIIEHHH M B IIepHOA Bo3MymleHHiH). Takxke paccmarpuBaercs
pacuMpeHre MOAETH 10 CIIOCOOHOCTH pacyeTa Ha pa3iuvHbIX reorpa@uueckux KoOpauHarax (3aJaHue «CETKH»),
YTO SIBJISIETCS IPEIIOCHUIKOM K CO3JJaHUI0 TaK Ha3bIBaeMoil near real-time Monenu.

Monyin cpaBHeHust pe3yibTaToB pacdera RUSCOSMIC ¢ 3xkcnepuMeHTAJbLHBIMHE JAHHBIMH

E.A. Maypues, }0.B. banabun (Tlorapuwiii ceopuzuueckuii uncmumym, Anamumaot)

ITomumo BBIYHCIEHUS OMHUOKU camoro Metoga MoHTe-Kapiio, mpuMeHsieMoro B HallleM MporpaMMHOM KOMIDICKCE,
HEOOXOTMMO TaKXKe MPOBOAUTH IMOCTOSIHHYIO MPOBEPKY MOJIYYCHHBIX PACUCTHBIX JaHHBIX C YK€ CYIIECTBYIOIUMH
OKCIIEPUMECHTAJIbHBIMH. DTO I03BOJISAET OoTJIIaAuTh MOICIHU B3aPIMO)IeI>'ICTBH}I, IIPUMEHACMBIE B IIPOIPaMMHOM
KOMIUIEKCe, Uil Ooyiee CIOKHBIX 3a7ad M n30exaTh psna ommOok. OCHOBHBIMHU 3/1€Ch SIBIISIOTCS 0a3za JaHHBIX
3aIlycKa I[IapoB-30HIOB (BBICOTHBIE Tpoduiu). B ommmume oT mpensiaymmx padoT, 31eCh NPEACTaBICH pPsij
CpaBHEHHI.
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O JTMHHUAX MATHATHOTO moJisl, CBA3BIBAIOIIIUX TOKOBBIN CJIOM ¢ HCTOYHHKAMH KeCTKOI0
PEHTIeHOBCKOI0 u3Jay4eHusi Ha poTochepe

A .. ToaropHsrit
Quszuueckuti uncmumym PAH um. I1. H. Jlebedesa, 2. Mockea, podgorny@lebedev.ru

MexaHu3M COTHEYHOH BCIBIIIKH OOBSICHICT MEPBUYHBIN B3PBIBHON MPOIIECC B COIHEYHOW KOPOHE OCBOOOKICHIEM
SHEPTUM, HAKOIUICHHOH B MAarHWTHOM IIOJI€ TOKOBOTO CJIOS, OOpa30BaBIIETOCS HaJ AaKTHBHOW 0O0JNacThio B
OKPECTHOCTH 0CO0OH JIMHWM MarHUTHOTO TOJIsi X-THIA. DJIEKTPOAWHAMHUYECKAs MOJENb CONHEYHOW BCIIBIIIKH
OOBSICHAET WCTOYHHK TEIUIOBOTO MSTKOTO PEHTTCHOBCKOTO H3JIyYCHHS HAarpeBOM IUIa3Mbl, BBI3BAHHBIM
JUCCHNAIMEd MAarHUTHOTO MOJI. VICTOYHHMKH JKECTKOTO PEHTIEHOBCKOTO H3JIyYEHHs MOABISIOTCA BCIEACTBHE
TOPMOYKEHHS B HW)KHUX IUIOTHBIX CJIOSIX COJHEYHOH arMoc(epbl MyYKOB 3JIEKTPOHOB, YCKOPEHHBIX B MPOAOJIBHBIX
TOKaX, BBI3BaHHBIX 3JIEKTPUYECKUM TI0JieM X0Jula B TOKOBOM citoe. [1ockoiIbKy KoH(UTypannio MarHuTHOTO IOJIs B
KOpPOHE HaJ aKTHBHOW OOJIACTHIO HEBO3MOXKHO OMNPEAETHTh W3 HaONIONCHWH, MpOBOAMIOCH uncieHHoe MIJ]
MOJIENIUPOBaHKe, IIPHU KOTOPOM BCE YCIIOBHS 3a7aBaiuch U3 HaOmoneHuil. He cMoTpsi Ha mpuMeHeHHe crenuanbHO
pa3paboTaHHBIX METOJOB, KoTopble peanu3oBanbl B nporpamme [IEPECBET, pacuer ynanock IpoBECTH TOJNBKO B
COKpalIeHHOM MacIiTabe BpEeMEHH IIpH KOTOPOM MarHuTHoe monie y QorocdepHoi TpaHUIBl BEMHCIAIOCH
HeTouHO. [lockonbKy KOH(Wrypamms Mojis Hajl aKTHBHOH OONAacThi0 MOXKET OBITh HACTONBKO 3allyTaHHOH, YTO
TOKOBBIW CIIOW HEBO3MO)KHO HAaWTH MPOCTBIM CIOCOOOM, pa3paboTaHa rpaduueckas CUCTEMa MOUCKA WCTOYHUKOB
PEHTIEHOBCKOIO H3IIydeHHs MO pesynsTaram uuciaeHHoro MIJI moxpenuposanus. Ilonck TokoBoro ciosi, B
KOTOPOM, COITIACHO JJIEKTPOAUHAMUYECKOM MOAEIH COIHEYHOH BCHBINIKH, PACHOIAracTcd HCTOYHHK MATKOTO
PEHTI€HOBCKOTO M3JIy4eHHs, OCHOBaH Ha CBOICTBE TOKOBOIO CJIOS, COIVIACHO KOTOPOMY, JIOKAJbHBIH MaKCUMyM
a0COIOTHOH BEIWYMHBI TUIOTHOCTH TOKa pacIiojaraeTcs B LEHTpE TOKOBOTrO cios. I'paduueckas cucreMa MOMCKa
MO3BOJISIET BBHIOPATh B PACUETHONW 00IACTH JFOOYIO IIIOCKOCTh, KaK YTOAHO OPHEHTHPOBAHHYIO B IIPOCTPAHCTBE, U
HaHOCUT Ha He¢ MPOEKIMH MOIOKEeHUH MaKCHUMYMOB IUIOTHOCTH TOKa. Ha MIOCKOCTh HaHOCATCS Tak ke JTMHUHU
paBHOW IJIOTHOCTH TOKa W IUIOCKHE MaKCHUMYMBI IJIOTHOCTH TOKa, KOTOPBIE MOJDKHBI OBITh OKPY)KEHBI ITUMH
muHuAMu.  CucTemMa TO3BONAET HAWTH MOJOKEHHE KaKAOIO MaKCHMMyMa IUIOTHOCTH TOKa, a 3aTeM
MpOaHATM3UPOBaTh KOH(PUIYpaAIMI0O MarHUTHOTO IOJSL B €0 OKPECTHOCTH, YTOOBI BBISICHHTH Pacriojiaractcs Jiu
3/1€Ch TOKOBBIH CIOH, T. €. HCTOYHUK TEIJIOBOTO PEHTTCHOBCKOTo m3nydeHus. AHanu3 MIJ] pacuera Haj akTUBHOM
obmacteio NOAA 10365 mokazan xopormree (¢ TOYHOCTBIO JO 8”) COBMAJCHHUE IIONIOKEHUS TOKOBOTO CJOS C
HaOJIIOJaeMBIM TOJIOKEHHEM HMCTOYHHMKA MSTKOTO PEHTTEHOBCKOTO M3JIyUSHHMS IUISl BCHBIIIKH, Ipou3omeamei 27
Mast 2003 r B 02:53. MICTOYHHKH IYYKOBOTO JKECTKOTO PEHTTCHOBCKOTO H3IYYEHHS IOJDKHBI PAcIOaratbCsl B
MeCTax MePeCceueHNsl C COIHEUHON MOBEPXHOCTBIO CHUIIOBBIX JIMHUH, BBIXOAAMIMX U3 TOKOBOIO cios. JIs uX moucka
Ha JIF000H MIIOCKOCTH ¢ HAHECEHHBIMHU Ha He€ MaKCHMyMaMH IUIOTHOCTH TOKA M JIMHHUSIMHU PaBHOM IUIOTHOCTH TOKa
MPEAYCMOTPEHa BO3MOXHOCTh IOCTPOUTH MPOEKIMIO JTI000H CHIIOBOW JTMHUHM U HAHECTH TOYKHU €€ IepeceueHus ¢
COJIHEYHOH TMOBEPXHOCThIO. B paccuMTaHHOM MarHUTHOM II0Jie, KOTOpoe BOJM3M (oTocdepHOol rpaHHIBl MOXKET
OTJINYAThCSl OT PEATBHOIO BCIEJICTBHE BOZHHKAIOWIEH y IPaHUILBI HEYCTONYMBOCTH, CHUIIOBBIE JIMHHUHU, IIPOXOSIUE
Ha paccrosHun — 3000 KM OT LEHTpa TOKOBOTO CJIOf, IepeceKkaloT (OToChepHyo TIpaHHIy B TOYKax,
PacToIoKEHHBIX BOJIM3M CaMOT0 MOIIHOTO MCTOYHMKA >KECTKOTO PEHTI'€HOBCKOTO HM3iIyueHHs ¢ 3Hepruei 50 - 100
K3B.

Monesib COJTHEYHOMH BCNBINIKH U HAOTHIaeMble HCTOYHUKH PEHTT€HOBCKOTO W3JTyYeHUsI
AW. loxropusrit!, .M. IToaropusrii?

YDusuueckuii uncmumym PAH um. I1. H. Jlebedesa, 2. Mockea, podgorny@lebedev.ru
2Uncmumym acmponomuu PAH, 2. Mockea

ConHednasi BCIIBIIIKA MPEICTABISIET COOOI B3PHIBHOW MPOILECC, NMPH KOTOPOM B TEUEHHE HECKOJBKHX JECSTKOB
MHHYT OCBOOOXXHAeTCS SHEprus 102 3pr. BemblIKM NPOMCXOAAT HajA AaKTUBHBIMH OOJNAcTAMH, B KOTOPBIX
MarauTHOoe mone gocturaet 3000 I'c. Bo BpeMsl BCHBIIIKKA OCBOOOXIAeTCS MarHWUTHas >HEPrus. PeHTreHOBCKHE
HaOmonieHnst Ha kocMuueckoMm anmapare RHESSI B msrkom nuanasone 1-20 k3B MOKa3bIBaIOT, YTO HMEPBHYHOE
9HEpProBhIIENCHAE BCIBIIIKKA TPOUCXOAUT B KopoHe Ha Bbicotax 15000 — 30000 xm. CommacHo pesynbTaTam
gyrcaerHoro MI'Jl MopennpoBaHus BCTIBIIIKA MPOMCXOIUT M3-3a HAKOIUIGHHEM MAarHWTHOW SHEPTHH B MAarHUTHOM
TI0JIE TOKOBOTO CJIOS, KOTOPBI BO3HUKAET B OKPECTHOCTH 0C000# TMHUM X-THIIa B MAaTHUTHOM TT0JIe€ HaJT aKTHBHOM
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o05acThi0 MOJ BO3/ICHCTBHEM BO3MYIUIEHHMH, PACIPOCTPAHSAIOIIMXCS OT COJHEYHOH mnoBepxHOCTH. [IpemnoxeHa
JNEKTPOANHAMUYECKAsT MOJCTbh COTHEYHON BCIBIIIKH, OOBACHSIONIAs €€ OCHOBHBIC HAOMIONAacMbIE IPOSBICHHUS.
CornacHo 3TOH MOAENH, IEPBUIHOE OCBOOOXKICHHE SHEPTHU IPOUCXOIUT B TOKOBOM CJIO€ COJTHEYHON KOPOHBI, I7E
MOSBJISIETCSA MCTOYHUK TEIJIOBOIO MATKOTO PEHTT€HOBCKOTO M3JIyUEHMs BCJIEACTBUE HArpeBa IIa3Mbl, BEI3BAHHOTO
JUCCHNAIMEl MArHUTHOTO NONA. VICTOYHHMKH JKECTKOTO PEHTTEHOBCKOTO H3JIyYEHHUS MOSBIAIOTCS BCIEICTBHE
TOPMOXXEHHS B HIDKHHX IUIOTHBIX CJIOSIX COJHEYHOH aTrMoc¢epsl MydKOB 3JIEKTPOHOB B IIPOJOJIBHBIX TOKaX,
BBI3BaHHBIX JMICKTPUYECKUM IojieM Xojula B TOKOBOM cnoe. OCHOBHOM KpuUTepuUi. NMPaBUIBHOCTH MOAEIH
COJIHEYHOH BCITBIIIKA COCTOUT B OOBSICHEHWH BO3HUKHOBEHHWSI COOTBETCTBYIOLIEH KOH(QUIYPAIllMH IOJS B KOPOHE
TIPY peaNbHOW MEIIEHHON SBOJIOIMH OIS Ha COHEYHOW MOBEPXHOCTH. I10CKONMBKY KOHQHUTYpanio MaTHUTHOTO
TOJISL B KOPOHE HaJl aKTHBHOM 00JIaCThIO HEBO3MOXKHO OINIPEEIUTh M3 HAOIIONEHHUH, TPOBOAMIOCH YncieHHoe MIJ]
MOJIENIMPOBaHKe, IPU KOTOPOM BCE YCJIOBHS 337aBalIUCh U3 HaOroAeHUH. He cMOTpst Ha MpUMeHeHNe CIenHaIbHO
pa3paboTaHHBIX METOJOB, KOTOphle peanm3oBaHsl B mporpamme [IEPECBET, pacder ymanock mpOBECTH TONBKO B
COKpAIIeHHOM MacIuTabe BpEMEHH, NPH KOTOPOM MAarHUTHOE moie y (oTtochepHON TpaHUIBl BBIYHCIISIOCH
HetouHO. Ananu3 MI'J] pacuera Haj aktuBHOM obmacTeio NOAA 10365 moka3zan Xopolee COBIaICHUE TONIOKCHHUS
TOKOBOTO ciyiosi ¢ HaOmomaemeiM Ha ammapate RHESSI monoxeHneMm HCTOYHHKAa MSTKOTO PEHTT€HOBCKOTO
W3TY9eHUs ISl BCIBINIKH, mpomsomenmeii 27 mas 2003 r B 02:53. Mcnonp3yemas pacdeTHast CeTKa W CHIIBHO
COKpalIeHHbI MaciTad BPEMEHHU JJIsl YCKOPEHHMsl pacueTa MO3BOJIMIIHM CIeNaTh NpeIBapUTEIbHOE 3aKIIOUEHHE O
PacnoIoKCHUU UCTOYHUKOB KECTKOTO PEHTTCHOBCKOT'O M3JIYUCHHSA B MECTaX NEPECCUCHUSA (I)OTOC(I)epI)I JIMHUAMHA
HOJIsI, BBIXOIAIIMMYU H3 TOKOBOTO cnos. IlomydeHHbIe pe3ynbTaTsl AalOT HE3aBHCUMOE MOATBEPKACHUE MEXaHU3Ma
COJIHEYHOH BCIIBILIKH, OCHOBAaHHOI Ha OBICTPOM OCBOOOXKIEHMH MarHUTHOW SHEPTHH TOKOBOTO CJIOSl B COJHEYHOI
kopoHe. OnHako, /i Gojiee TOUHOTO MCCIIEAOBaHMA MpOOJIEeMBl, NODKEH OBITh MPOBEIEH pacdyeT B peaJbHOM
Macirabe BpeMeHH Ha CyIEepPKOMITBIOTEpE, ISl YeTO HEOOXOMMO PACIIapalIeIINTh BHIYUCICHHS.

CoJuiHeuHAas1 BCOBIIIKA — YCKOpHUTEJIb IPOTOHOB

W.M. Hoxropasii', A.W. IloaropHsrii>

Y Unemumym acmponomuu PAH, 2. Mockea
2@usuueckuii uncmumym PAH um. I1. H. Jleb6edesa, 2. Mockea

100 neTHHE WICCNENOBAHUS YACTHI] BEICOKOW YHEPTHUH, MPUXOMANINX U3 JajJeKuX oOnacTtel KocMoca, He TIPUBENH K
MOHMMAaHMIO (DU3MKK YCKOPEHHs perHCTpupyeMbIXx dacTun. HamGosee momynspHblE MEXaHH3MBl yCKOPEHUS
CBSI3BIBAIOTCS C yJapHbIMU BoMHaMH. OJHAKO BO3MOMKHBIE MEXaHH3MBbl YCKOPEHUS MPOTOHOB B yJNAapHBIX BOJHAX
OCTAaIOTCSl TOJBKO T'HIoTe3aMu. ECTecTBEHHO, YTO OOHapy>KeHHe MCTOYHHUKOB IPOTOHOB ¢ 3Heprueit mo 20 1B,
reHepupyeMbix Ha ComHIle, BCENsieT HaJeKAy Ha BO3MOXKHOCTb BBIAICHEHHS MEXaHHM3Ma IeHepalul KOCMHUYECKUX
aydeil. OcHOBHast MH(GOPMAIMA O COMHEYHBIX KOCMHUYECKHX JIydaxX B HACTOAIIEE BPEMsI MOJTydaeTcsi U3 MHUPOBOM
CeTH HEHTPOHHBIX MOHHTOPOB. AHAJNM3 AAaHHBIX MHPoOBOH cerw, mposereHHsld B [II'M KHI[ PAH, moka3zan
BO3MOXKHOCTb B HEKOTOPBIX CIIydasX pPa3[AelIbHO OMpPENENsATh CHEKTPhl YCKOPEHHBIX B HCTOYHUKE MPOTOHOB H
TpaHC(OPMHUPOBAHHBIE CHEKTPHI IIPU MEPEHOCE YCKOPEHHBIX MOHOB 3aMarHMYCHHBIM COJMHEYHBIM BeTpoM. IlyTu
pacnpocTpaHeHHUs IPOTOHOB, YCKOPeHHBIX Ha CoIHIIE, MOTYT OBITH NMOHSTHI M3 CPAaBHEHMS TAHHBIX HEUTPOHHBIX
MOHHTOPOB ¢ pe3ylbTaraMu u3Mepennit Ha annaparax GOES. /lanHble mpeaBapuTENLHOTO aHAIM3a U3MEPEHHU Ha
anmaparax GOES nmoknanbiBamichk aBTopaMu Ha AmatuTckoMm cemMuHape B 2015 1. [ GONBIIMHCTBA MPOTOHHBIX
COOBITHII CBSI3b C KOHKPETHOM BCTIBIIIKON W KOHKPETHOW aKTHBHOW 00JAaCThIO COMHEHHH HE BBI3BIBaeT. M3mepenus
Ha ammaparax GOES yka3wiBaioT Ha pacmpoCTpaHEHHE SHEPTHYHBIX MPOTOHOB OT BCIBIIIEK Ha 3aMaJHOW YacTH
qucka ConHia 6e3 CTOJIKHOBEHHMH BIOJb CIIUPAIBHON JIMHUM MarHUTHOro mois. K maraurocdepe 3emin Moryt
MOIOWTH TIPOTOHBI OT BCHBIIIEK HA oOpaTHOW cTtopone ConmHua. C 3ama3piBaHHEM Ha HECKOJIBKO YacOB MPUXOIUT
(hpOHT MOTOKA MPOTOHOB OT BOCTOYHBIX BCIIBIINIEK. Jlpyrast 9acTh MPOTOHOB IMPUXOANT K MarHutochepe 3emin co
CKOPOCTBIO COJIHEUHOTO BETpA - JUIMTEIBHOCTh PETUCTPUPYEMOTO MPOTOHHOIO UMITYJIbCA COCTABISET OKOJNO TpeX
cytok. HaOmonarorcst cepuy NpOTOHHBIX COOBITHH MPOJOIKUTENBHOCTBIO 2 — 3 HEAENN U3 HECKOIBKUX OOJbIINX
MIPOTOHHBIX cOOBITHI. Takue cepun HaOMoAAOTCS He Yaie yeM 2 — 3 pa3a B 11 leTHeM ke akTuBHOCTH. [Ipupona
TPHUITEpa CEPUH MPOTOHHBIX COOBITHII HE SICHA.

32



The Sun, solar wind, cosmic rays

IBoaonusa ObICTPBIX (IYKTyanuii MapaMeTpoB IJIa3Mbl IPH NepecevYeHn MATHUTOCJIOS
MarauTocheps! 3eMin

JI.C. Paxmanosa!, M.O. Pssannesa?, I'H. 3actenkep!

" Unemumym Kocmuueckux Hcenedosanuti PAH, Mockea, Poccust
2Hayuno-uccredosamenvckuii Mncmumym Soepnol @usuxu umenu [.B. Crobenvyvina Mockoeckozo
Tocyoapcmeennozo Yuusepcumema umenu M.B. Jlomonocosa, Mockea, Poccus, e-mail: rakhlud@gmail.com

MarnuTocnoid — TypOyJaeHTHass o0JacTh Iepej MarHUTONay30d — SIBISETCS MHTEP(PEHCOM MEXIYy CONHEYHBIM
BETpPOM M MarHUTOoChepoit 3emnn. TypOyIeHTHOCTH IIa3MBbl BEIpakaeTcs B (IYKTyalldl BCeX ITapaMeTpOB IIa3MbI
¥ MarHUTHOTO I10JI B MarHUTOCIIOE B IIMPOKOM AHara3oHe 4acToT. Ha JaHHEIH MOMEHT B 00NacTH BEICOKMX YacTOT
(> 1 I'm) wm3ydeHsl TOJBbKO (UIYKTyallud MarHUTHOTO MOJS B MarHUTOCIOE M3-32 OTCYTCTBHS CITyTHHUKOBBIX
M3MEPeHUII IMapaMeTpoB IUIa3MBl C JOCTAaTOYHO BBICOKMM BPEMEHHBIM paspellieHHeM. B manHOH pabore
WCIIONIB30BaHbl JaHHble Tpnbopa BMCB Ha Oopry cmytHukKa CriekTp-P, KOTOpBIH H3MepsieT XapaKTepHUCTHKH
TUIa3Mbl ¢ BpEMEHHBIM paspenieHueM 1o 31 mc. PaccmarpuBaroTCsi HECKOJIBKO MPUMEPOB MEPECEUSHHUS CITy THUKOM
MAarHUTOCIOS M MCCIEAYeTCs TMHAMUKA TypOyJIeHTHBIX CBOMCTB IUIa3MBl NIPU yNAJICHUH OT TPAHUL MarHUTOCION —
MAarHuTONay3bl W OKOJIO3EMHOW ynapHOW BONHBL B pa0oTe MPOBOIUTCS CTATHCTHYECKOE HCCIIEAOBAHUE YPOBHS
BBICOKOYACTOTHBIX (I)J'IyKTyaL[I/Iﬁ napaMeTpoB IUIa3Mbl MArHUTOCIOA W XapaKTCPUCTHUK YaCTOTHBIX CIEKTPOB
¢urykTyanui.

H3yveHue (pPOHTOB MEKIIAHETHBIX YIAPHBIX BOJIH, 3aperucTpupoBaHHbIx npudoporm BMCB B
COJIHEYHOM BeTpe

O.B. Canysnosa, H.JI. boponkosa, I"H. 3actenkep
HKU PAH, 2. Mockea, Poccus, sapunova_olga@mail.ru

Bruta mccrnemoBana ToHKas cTpykTypa (ppoHTOB MexiutaHeTHRIX YmapHeix Boma (MYB), 3apeructpupoBaHHBIX
ycraHoBieHHbIM Ha crnyTHuke CIIEKTP-P mnasmennsiM cnekrpomerpoMm BMCB, mno3BossitomieM mnoiyyarb
napaMeTpsl IUIa3Mbl COTHEYHOTO BETpa C BBHICOKMM BpeMeHHbBIM pazpemieHneM — 0.031 c¢. OTo nano BO3MOXHOCTh
noapoOHO uccienoBath GpoHTH MYB. 3HaueHuss MarHuTHOTO oSl ObUTH B3ATH co cryTHHKOB WIND, THEMIS-
B/-C, CLUSTER C1-4.

ITokazano, uto TommuHa hpoHra MY B nexur B npenenax ot 40 km 10 600 kM. B HEKOTOPBIX COOBITHSAX CPaBHEHUE
TOJNIIMHBI (PPOHTA IO MJIa3Me M 10 MATHUTHOMY TIOJIFO JaJI0 Pa3HHILy I10 MOPSIKY BENWYnHbI. BO MHOTHX COOBITHSX
HaOmonanuce koiebanus, onepexaronme (GpoHr MYB (kak mo mapamerpam IUIa3Mbl, TaK M 110 3HAYCHHSIM
MarHuTHOTO 1oJs1). X mmmHa cocraBmia ot 70 1o 400 kM. CpaBHEHHE JITHH KOJICOAaHUIA, OTIpeIeIeHHBIX 10 TUIa3Me
1 MarHUTHOMY TIOJIFO TTOKa3aJI0 XOPOIllee COOTBETCTBHE — OTIIMYME COCTaBMIO He bornee 35%.
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A technique for improvement of multi-pulse HF radar sounding capabilities when simultaneously
observing ionospheric processes with different temporal scales

O.1. Berngardt, K.V. Grkovich and R.R. Fedorov

ISTP SB RAS, Irkutsk, Russia

Multi-pulse radar sequences are known to be the most common approach to monostatic sounding of ionosphere in
HF range. To increase efficiency the pulse separation within a sequence is based on a concept of Golomb rulers.
However, this kind of sounding signals require balancing the accumulation time and life times of the observed
ionospheric processes. Doubling a sequence by its inversion is shown to improve some sounding qualities. The
present work describes a way of pulse sequencing and data processing technique that are going to allow varying
temporal parameters and better corresponding to the scattering dynamics.

The study was supported by project #46.4.2 of Presidium of the Russian Academy of Science.

D-region ionosphere effective recombination coefficients from solar eclipse observations

S.M. Cherniakov
Polar Geophysical Institute, Murmansk, Russia

The photochemistry of processes in the lower ionosphere is rather difficult and up to the end is not developed: it is
necessary to specify photochemical schemes, exists big uncertainty in coefficients of separate reactions and
concentration of small neutral components. Therefore, introduction of the effective coefficients determining the total
speed of several reactions was widely adopted when modeling the lower ionosphere, especially the D-region.
Experimental opportunities of obtaining of effective recombination coefficients are rather limited. By one of the
methods allowing to define effective recombination coefficients it is based on the phenomenon of an solar eclipse
and the changes of electron concentration in the ionosphere connected with it. During a solar eclipse there is a short-
term and controlled change of intensity of solar ionizing radiation that allows to research photochemical processes at
known input parameters. The temporary delay between the eclipse maximum (the sunlight minimum) and the
electron concentration minimum at the chosen height during the "short night" is defined as the “sluggishness”
(Appleton E.V., Ratcliff J.A.) and “relaxation time” (Alpert Ya. L., Mitra A.). Knowing the temporary delay at the
considered ionosphere height at the known electron concentration value, it is possible to calculate an effective
recombination coefficient for this height.

During solar eclipses on I August 2008, on I June 2011 and on 20 March 2015 at the partial reflection facility of the
observatory “Tumanny” (69° N, 35.7 E) observations of the lower ionosphere behavior were made. On the basis of
the obtained data profiles of electron concentration at heights of the lower ionosphere were received. Calculation of
relaxation times allowed to define effective recombination coefficients at some heights of D region of the ionosphere.

Ionospheric effects during the 20 March 2015 total solar eclipse at high latitudes

S.M. Cherniakov, V.A. Tereshchenko, O.F. Ogloblina, E.B. Vasiliev, A.D. Gomonov
Polar Geophysical Institute, Murmansk, Russia

The medium-wave facility of partial reflections of the Polar Geophysical Institute (obs. “Tumanny”, 69 N, 35.7 E)
has observed behavior of the lower high-latitude ionosphere during the 20 March 2015 total solar eclipse. There
were several effects during the eclipse. On the height 60—80 km the ionosphere has shown the effect of a “short
night”, but at the higher altitudes local enhanced electron concentration regions were revealed and the behavior of
the electron concentration had the wave-like form. It can be explained by influence of acoustic-gravity waves which
originated after cooling of the atmosphere by the lunar shadow during its supersonic movement along the earth
surface. The periods and behavior of waves during the eclipse were also calculated using data of the riometer at the
obs. “Tumanny” and the magnetometer at the obs. “Loparskaya” (68.63 N, 33.38 E). The “short night” effect has
given the opportunity to calculate effective recombination coefficients for the heights of the D region.
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The latitudinal and longitudinal variability of the ionospheric electron density at sub-auroral and
high latitudes during solstice conditions

A.T. Karpachev!, V.V. Klimenko?, M.V. Klimenko?*, N.V. Chirik®, P.A. Vasiliev?, L.E. Zakharenkova*,
AM. Vesnin®, K.G. Ratovsky>, I.A. Galkin®

Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, RAS, Moscow, Russia
2West Department of Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation, RAS,
Kaliningrad, Russia, e-mail: maksim.klimenko@mail.ru

3SImmanuel Kant Baltic Federal University, Kaliningrad, Russia

4Institut de Physique du Globe de Paris, Paris, France

SInstitute of Solar-Terrestrial Physics, SB RAS, Irkutsk, Russia

SUML Center for Atmospheric Research, University of Massachusetts Lowell, Lowell, MA, USA

The main objective of our study is to check the possibility of the first principles Global Self-consistent Model of the
Thermosphere, lonosphere and Protonosphere (GSM TIP), International Reference Ionosphere (IRI), NeQuick and
Main Ionospheric Trough (MIT) empirical models, and IRI Real-Time Assimilative Mapping (IRTAM) for
reproduction the main morphological features of the latitudinal and longitudinal variations in the electron density of
the ionosphere-plasmasphere system during quiet solstice conditions. For this purpose, we compared the GSM TIP,
IRI, NeQuick, MIT, and IRTAM model results with ground-based ionosonde, topside sounding and radio
occultation satellite data. We identified the main morphological features of the latitudinal and longitudinal variations
in the F peak electron density, plasmospheric and total electron content during winter and summer solstice from
mid- to high- latitudes. The Weddell Sea and Yakutsk anomalies and longitudinal structure of the main ionospheric
trough (the light ion trough) in the total, ionospheric and plasmospheric electron content are considered. We
discussed the formation mechanisms of these main morphological features of the sub-auroral and high-latitudinal
ionosphere on the basis of detailed analysis GSM TIP model results.

This study was financially supported by RFBR Grants No. 15-35-20364 (M. V. Klimenko, V.V. Klimenko, LE.
Zakharenkova), 14-05-00788 (A.T. Karpachev, K.G. Ratovsky, N. V. Chirik) and 16-35-50047 (A.M. Vesnin).

Acoustic-gravity waves in the observations of tropospheric and ionospheric parameters in the
Kaliningrad region

L.V. Karpov'?, O.P. Borchevkina', A.I. Karpov!, A. V. Ilminskaya', E.S. Smirnova'

Ummanuel Kant Baltic Federal University, Kaliningrad, Russia
2KF IZMIRAN, Kaliningrad, Russia

Hypotheses about the impact of the processes in the lower atmosphere on the state of the ionosphere and upper
atmosphere are based on the concept of generation of acoustic-gravity (AGWs) and internal gravity (GWs) waves in
the lower atmosphere, and their propagation in the upper atmosphere. Simultaneous observations of variations of the
parameters of the lower atmosphere and ionosphere in terms of perturbations is interest to confirm the validity of
such representations. Regular source of perturbations of all layers of the atmosphere is the solar terminator (ST). We
present the results of the analysis of observations of variations of tropospheric and ionospheric parameters during
periods of passing solar terminator. Observations of variations in the parameters of the lower atmosphere performed
by lidar. Variations of the ionospheric parameters TEC (Total Electron Content) were determined by observation of
signals from navigation satellites. The observations were made in Kaliningrad (54°N, 20°E) in the 2012-2015.
Analysis of the observations revealed a number of features in the dynamics of the AGWs during periods of passage
ST. In the troposphere, the passage ST is accompanied by increased harmonic amplitudes with periods of 4 - 10 min.
The lidar observations clearly separated wave components corresponding acoustic and internal gravity waves. The
ionospheric observations also noted an increase in the amplitudes of the harmonics TEC variations with periods of
AGWs (8-14 min.) Continued for 1-2 hours in the illuminated region of the ionosphere. It is assumed that the gain
variations in the ionosphere with such periods may be due to AGWs propagating from the field terminator in the
lower atmosphere.
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The perturbations of ionospheric parameters during severe meteorological storms

L.V. Karpov'?, O.P. Borchevkina', R.Z. Dadashev', A.V. Ilminskaya'

Immanuel Kant Baltic Federal University, Kaliningrad, Russia
2KF IZMIRAN, Kaliningrad, Russia

Observations of variations in the parameters of the ionosphere during periods of cyclone activity detected gain
variation of the ionosphere with periods of 2-20 min. Excitation of these components of ionospheric variations
associated with local meteorological disturbances in the lower atmosphere. To analyze the state of the ionosphere
during periods of weather disturbances have been selected for the most violent storms in the Kaliningrad region in
the last five years that are not accompanied by geomagnetic disturbances. To characterize the meteorological
conditions we used atmospheric pressure data. The characteristics of the ionosphere above the Kaliningrad region
determined according vertical sounding of the total electron content (ionospheric parameters TEC). Results of the
analysis of ionospheric observations have shown that during periods of meteorological disturbances decrease in the
amplitude of the diurnal variations TEC, reaching about 50% in relation to meteorological calm days. The variations
in the critical frequency of the F-region of the ionosphere observed decrease in the amplitude of the diurnal
variations in the ~ 15%, and the emergence periods manifestations F - scattering. Analysis ionospheric data suggests
that the disturbance identified by ionospheric conditions determined by the local meteorological conditions.

Development of the polarization jet during giant magnetic storms and during recurrent magnetic
disturbances

V.L. Khalipov!, A.E. Stepanov>?, G.A. Kotova', S.E. Kobyakova?, V.V. Bogdanov*, A.V. Kaisin*

ISpace Research Institute of RAS, Moscow, Russia, khalipov@iki.rssi.ru

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

3Technological Institute of the Northern-Eastern Federal University, Yakutsk, Russia

4Institute of Cosmophysical Research and Radio Wave Propagation FEB of RAS, Kamchatka region, Russia

The data of the DMSP satellites and Doppler measurements on ionospheric stations DPS-4 in Yakutsk (L=3) and
Zhigansk (L=4) were used to study vertical and horizontal drifts of plasma in the F2 region of the ionosphere during
the development of polarization jet (PJ) in the course of giant world magnetic storms.

The ground-based data suggests that in the time periods of PJ observation, in the F region on the latitudes of the
main ionospheric trough, vertical drift velocity increases up to 50 - 150 m/s while the horizontal westward drift
velocity increases up to 300 — 700 m/s. The corresponding velocities measured by the DMSP satellites are 1 - 2 km/s
and 2 - 3 km/s, respectively. The plasma upflowing is registered for many hours.

During the recurrent magnetic disturbances the early PJ appearance in the post noon sector is observed at 15 — 16 MLT.
Besides, the magnetic data of the ground-based stations in Irkutsk, Khabarovsk, Yakutsk, Magadan, and
Petropavlovsk-Kamchatsky are also analyzed.

The work is partially supported by the Program of RAS P7.

GSM TIP simulation of the ionosphere at high, middle and low latitudes using LC06 empirical
model of field-aligned currents

V.V. Klimenko!, R.Yu. Lukianova >3, M.V. Klimenko * N.V. Chirik*

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

2Geophysical Center RAS, Moscow, Russia

3Space Research Institute RAS, Moscow

“Kant Baltic Federal University, Kaliningrad

Recently we presented the results of comparative analysis of the electric field distribution in the ionosphere during
the geomagnetic storm on May 2-3, 2010. Two models utilizing the different approaches were used: the Global
Self-consistent Model of the Thermosphere, Ionosphere, and Protonosphere (GSM TIP) and the two-hemisphere
model of ionospheric electrodynamics (LC06). The main advantage of the LC06 model is that it uses as the input
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parameters the realistic distribution of field-aligned currents predicted by the statistical model based on the
measurements of magnetic field variations onboard the Magsat, Orsted, and CHAMP low-orbit satellites. These
measurements were carried out in both hemispheres for the different seasons and levels of solar and geomagnetic
activity and combinations of the IMF BZ and BY components. In the present study we model the ionosphere under
the quiet geomagnetic conditions. The LC06 model is used to establish the input parameters for the GSM TIP. The
calculated global distributions of the ionospheric electric field and electron density at the F region height are
examined in order to answer the question to what degree the utilization of LC06 is capable to improve the results of
GSM TIP. For this purpose we perform several different runs of the GSM TIP model and then compare the
modeling results with the results of statistical analysis of the radio occultation data obtained from the CHAMP,
GRACE and Formosat-3/COSMIC satellites.

This work was supported by RFBR Grants Ne15-35-20364 and 14-05-00788.

Propagation properties of daytime tweek atmospherics

I. Kolmasova'2, O. Santolik?R. Lan', L. Uhlir!

Unstitute of Atmospheric Physics AS CR, Prague, Czech Republic
2Faculty of Mathematics and Physics, Charles University, Prague, Czech Republic

We present results of recent measurements of daytime tweek atmospherics, which we have recorded in a favorable
electromagnetic environment on the summit of La Grande Montagne (1028 m, 43.9410N, 5.4836E), Plateau
d'Albion, France in 2015. Waveforms of the vertical electric field and two horizontal components of the magnetic
field have been measured by a VLF/ELF analyzer with a sampling interval of 20 us which we are preparing for the
Luna-resource and Resonance spacecraft missions. A ground-based version of the analyzer is coupled with a 10-cm
spherical electric antenna located 2 m above the ground and two 12-turn magnetic loop antennas with an affective
area of 4 m? (E-W and S-N components).

The observed daytime tweek atmospherics have a clear frequency dispersion which we are able to analyze above the
first ionospheric cutoff. We estimate model parameters of the characteristic frequency dispersion as a function of
time. Using the obtained parameters we are able to evaluate the reflection heights, attenuation factors, and propagation
distances from the source lightning discharges which generate these unusual daytime tweek atmospherics.

Numerical simulation of the behavior of super-small-scale irregularities in the ionospheric F layer
illuminated by powerful high-frequency radio waves

0.V. Mingalev, M.N. Melnik, V.S. Mingalev

Polar Geophysical Institute, Apatity, Russia

The behavior of the magnetic field aligned super-small-scale irregularities in the concentration of charged particles,
existing naturally in the near-Earth rarefied plasma, is studied with the help of the numerical simulation. The two-
dimensional mathematical model, developed earlier in the Polar Geophysical Institute, is applied to study a time
evolution of initially created irregularities. The mathematical model is based on numerical solution of the Vlasov-
Poisson system of equations, with the Vlasov equations describing the distribution functions of charged particles and
the Poisson equation governing the self-consistent electric field. The Vlasov equations are numerically solved
applying a macroparticle method. The Poisson equation is solved using a finite-difference method. In the applied
version of the mathematical model, a motion of the positive ions is taken into account.

The time evolution of the super-small-scale irregularities existent in the F-layer ionospheric plasma is studied with
the help of the mathematical model not only under natural conditions but also under action of high-power high-
frequency radio waves, pumped into the ionosphere by ground-based ionospheric heaters during the period of an
active experiment. Calculations were made using the input parameters of the model typical for the nocturnal F2-
layer ionospheric plasma. The dynamics of the irregularity is studied whose cross section is much less than the mean
free path of particles between successive collisions and commensurable with a Debye length. The results of
simulation indicate that, in the course of time, the irregularity vanishes and recovers periodically, with its parameters
fluctuating. A presence of external electric field which represents a high-power high-frequency radio wave, pumped
into the ionosphere, ought to influence significantly on the bulk flow velocities of electrons and positive ions, with
the vectors of the mentioned velocities rotating.
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Parametric (riometric) model for calculating the intensity of the PCA absorption
D.D. Rogov, V.A. Uliev, A.V. Frank-Kamenetsky
Arctic and Antarctic Research Institute (AARI, St. Petersburg), e-mails: rogovdenis@mail.ru, vauliev@yandex.ru

After the powerful solar flares a significant increase in the absorption of short radio. waves, called polar cap
absorption type or PCA phenomenon, is recorded by riometers at high latitudes. The PCA absorption is
heterogeneously distributed at high latitudes. Number of high-latitude stations of riometer observations is relatively
few. Therefore, to determine the PCA absorption at any point at high latitudes model calculations are performed.
There are two basic types of models for the calculation of the PCA absorption: numerical and empirical. For these
models, the input data are the values of the intensity of the fluxes of solar protons. [n this paper, we propose a new
model of calculating the intensity of the PCA absorption called parametric (riometric) model. The starting point in
this model are the experimental values of the PCA absorption at one station in the center of the polar cap. These
values are recalculated into data of absorption at any point at high latitudes. For recalculation the two parametric
coefficients of Kmdr and Kdnv are used, which are the relative absorption during the PCA effects of the midday
recovery (MDR) and of day-night variations (DNV). The PCA absorption values, obtained using the parametric
model, agree well with the experimental data. The parametric model has a simple algorithm, and allows you to
quickly calculate the absorption at any point at the high latitudes, construct a map of the PCA absorption at high
latitudes and separate the two kinds of absorption: PCA and AA (auroral absorption).

Simultaneous observations of gravity waves in auroras and by partial reflection radar

V.C. Roldugin, S.M. Chernyakov, A. V. Roldugin (Polar Geophysical Institute, Apatity)

Some events of wave-like pattern of night sky intensity are revealed on data of all-sky camera in Lovozero. Its
wave-length is about of several tens kilometers, their period is about 15 — 30 minutes, and we identify them as
acoustic-gravity waves. Two cases are compared with data of partial reflection radar in Tumanny observatory. Peaks
of reflection intensity at 80 — 90 km took places in these cases, and the intensity on this altitude oscillated with
periodicity similar luminous one.

Dynamics of plasma-wave channels in the resonant frequency range in the Earth's ionosphere

E.A. Shirokov, Yu.V. Chugunov (Institute of Applied Physics, Nizhny Novgorod, Russia)

The report deals with an analytical model of dynamics of plasma-wave channels in the resonant frequency range in
the Earth's ionosphere. A plasma-wave channel is a plasma density duct that is elongated along the geomagnetic
field. It is formed due to ionization of a background plasma in the region of antenna's strong field. (We assume this
antenna to be placed on a rocket.) The growth of channel is supported by the waves that are radiated by the antenna
and propagated inside the channel. Therefore, the plasma-wave channel is a self-consistent discharge structure. The
waves that support the channel are quasi-electrostatic ones under the resonant conditions. The proposed analytical
model is based on the obtained self-consistent soliton-like electric field and plasma density distributions.

F-spread characteristics and their relation to the middle latitude magnetic activity level

V.A. Telegin'#, G.A. Zhbankov?, V.A. Panchenko', V.G. Vorobjev?, O.1. Yagodkina?

'Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation of the RAS, Moscow
2Institute of physics, southern Federal University, Rostov-on-Don

3Polar geophysical Institute, Apatity

4OAO"NPK"NIIDAR "Moscow

We used the 15-minute ionogramms of DPS-4 (Moscow, IZMIRAN) obtained during 2013-2014. The intensity of
F-spread in MHz (parameterr dFs) and points (0, 1, 2, and 3) were determined according to [ Gershman et al., 1984].
We used the authors developed automated algorithm for estimating the force of F-spread. After verification of the
algorithm by comparing with the results of manual processing, it was concluded that the algorithm is suitable for
mass data processing DPS-4 ionograms.
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Diurnal variation in the probability of observing F-scattering of various types was examined. It is shown that the
strong scattering (3 points) is most likely to be observed in midnight time, while the weak scattering of a point 0 is
observed with a maximum probability in the daytime. The diurnal distribution of F-scattering of points 1 and 2
during winter season indicates the presence of additional peaks in intervals 14-17 UT and 03-06 UT, the appearance
of which may be associated with a terminator.

The behavior of dFs in the winter season 2012-2013 was investigated. The main characteristic feature of diurnal
values dFs is a well-pronounced nocturnal maximum. Additional features are a slight increase around local noon,
and two additional peaks in prenoon and afternoon hours. The appearance of morning peak coincides with the
beginning of the growth in the F2 layer electron concentration. The afternoon maximum is formed at a late stage of
the electron concentration reducing that allows us to consider the appearance of such highs as the effect of the
terminator associated. In the night sector the scattering layers were at altitudes of 300-380 km, and in the noon
sector at altitudes 260-300 km. There is a clear trend towards an increased effect of F-spread (measured in MHz
value dFs) with the increasing of the scattering height.

The processed data, despite the large amount of statistics and qualitative similarity between the curves for 2013 and
2014, do not allow to draw unambiguous conclusions about the dependence of the probability of occurrence F-
spread on Kp index, or Dst, or AL. The practical absence of correlation between F-spread and these indexes does not
mean that magnetic activity does not influence on the F-spread occurrence. So, the first detailed research shows that
at the beginning of the storm March 17, 2015 positive phase in foF2 took place, and then March 18-20 — negative
phase. The values of the frequency interval the scattering dFs both in night and daytime hours has increased
dramatically, but not immediately after the beginning of the storm, and in the period of recovery (20-22 March).

Gershman B.N., Kazimirovsky E.S., Kokourov V.D., Chernobrovkina N.A. F-spread phenomenon in the ionosphere. Moscow.
Nauka. 1984. 140 p.

Automatic data processing of spread-F
V.A. Telegin', V.A. Panchenko'!, G.A. Zhbankov?, V.I. Rozhdestvenskaya'

YJZMIRAN, Moscow, Russia
2Institute of Physics, N-Novgorod, Russia

The algorithm was developed to identify and assess types of spread-F. The main attention is paid to the choice of a
high-rise interval and the measurement of the intensity of spread-F. The results of the automated processing of spread-
F were compared with those obtained manually for both summer and winter ionogram's 2012-2014. First results
showed that application of algorithm of automatic detection, allow to obtain the characteristics of spread-F with an
accuracy of 11-20% depending on the complexity of the observed spread-F.

Clouds and aerosol particles investigations in middle and upper atmosphere using all-sky
polarization cameras during the twilight

0.S. Ugolnikov, I.A. Maslov (Space Research Institute, Russian Academy of Sciences, Moscow, Russia)
B. V. Kozelov, V.I. Kirillov (Polar Geophysical Institute, Apatity, Russia)

Polarization scattering properties of different types of particles in the atmosphere strongly depend on their size,
shape, and optical characteristics. The dependence of polarization on the scattered angle can be measured by all-sky
polarization cameras. The geometry of radiation transfer during the twilight allows to fix the definite layer of the
atmosphere with the altitude increasing as the Sun depresses deeper below the horizon.

The work is based on the intensity and polarization measurements of the large number of twilight sky points by the
cameras installed in Chepelevo (Moscow region, since 2011) and Apatity (since 2015) working in close spectral
bands (effective wavelengths 540 and 530 nm, respectively). The most interesting layer for such analysis is the
mesosphere where the highest clouds in the atmosphere (noctilucent clouds, NLC) appear during the summer cold
season above 80 km. Polarization of light scattered by NLC was measured during three nights of bright NLC display
in 2014 and 2015. Basing on the results, the size of ice particles (0.06 mkm and below) was estimated. It is in good
agreement with lidar, rocketborne and satellite data.

Another atmosphere layer with high occasional level of aerosol is lower stratosphere. Sulfate aerosol particles

appear in Junge layer (around 20 km) after the strong volcanic eruptions and expand over large territories above the

Earth. The polarization of light scattering by these particles were measured by older camera in Crimea in late 2006,

after the Tavurvur (Rabaul) volcano, that also gave the possibility to estimate their size. In polar regions, the polar
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stratospheric (or nacreous) clouds appear during the winter. They have complicated angular dependencies of
intensity and polarization of scattered light, that can be measured in by all-sky camera in Apatity in the case of
clouds appearance in future.

The analysis of Rayleigh single scattering can be also used for temperature measurements in upper atmosphere
conducted during all observation sessions.

The work is supported by Russian Foundation for Basic Research, grant Ne16-05-00170-a.

IIpoueccsl pesakcanuu 3J1eKTPOHHOIO BO30Yy KAeHUS] KHCJIOPOAHBIX COCTABJSIIOIINX B aTMoc(epax
IUIAHET 3€MHOIl rpynnbl

O.B. Antonenxo, A.C. Kupmmos, F0.H. Kymkos
Honsapruui ceogpuzuueckuti uncmumym (IITH), 2. Anamumei, Poccus, antonenko@pgia.ru

PaccmorpeHs! mponecchl BO30Y)KAECHUS M TalllCHHS 3JICKTPOHHO-BO30YXKICHHBIX COCTOSHHI MOJCKYIISIPHOTO
KUCIIopozla B aTMocdepax IUIaHeT 3€MHOW TPYNNbl Ha BBICOTAX CBEUEHMs1 HO4HOro Heba. OOcyxparorcs
NPUHLUIHANBHBIE  Pa3JIMuusi KUHETUKH AJISKTPOHHO-BO30YXKIEHHOTO KHCJIopoAa B armocdepax 3emid
(momuHUpoBaHue ra3a N2) u Bereps! u Mapca (momunupoBanue raza CO2). PaccMoTpeHs! mporieccsl B30y KACHUS
¥ TAIlIEHHs aTOMapHOTO KUCI0poaa B coctosiHus 'D, 'S mpu BTopKeHMH BHICOKOOHEPTHYHBIX YacTHI[ B atMocdepy
3eMiu.

Y4eT reOMarHuTHOTO 1MOJIsl IPH PACHPOCTPAHEHNU I'PABUTALMOHHBIX BOJIH B CPeIHEIIMPOTHOMI
uoHocgepe

O.M. Bapxartosa ', H.B. Koconanosa %, H.A. Bapxaros 2, }O.A. I'maBanxuii

'@I'BOY BIIO "Huoice2opodckuii 20Cy0apcmeentblii apxumeKkntypHo-CmpoumensHoli ynusepcumem"
2@PIr'BOY BIIO "Huoicezopodckuii 2ocyoapcmeeniblii nedazoauyeckuii yuueepcumem um. K. Mununa"

Wzyyenne wnoHOC(EPHO-MarHUTOCHEPHBIX INMEKTPOMATHUTHBIX U IUIA3MEHHBIX BO3MYIICHHUH, OOYCIOBIEHHBIX
remoreopru3n4eckoil aKTHBHOCTBIO, SIBJSIETCS] BAYKHBIM DJIEMEHTOM JIMarHOCTHKU OKOJIO3EMHOTO IIPOCTpaHcTBa. B
psine paboT AEMOHCTPHPYETCSl HAJIW4ME CBSI3M MEXAY KoJeOaHMSMH KOHIEHTPALUH HOHOC(EPHBIX CIOCB H
BapHalMsIMA T€OMAarHUTHOTO TOJSA B MEPHOIBI BHICOKOIHEPTHUHBIX reodusnueckux coObTHi. B mccnenoBannn
[Vorontsova et al., 2016] obnapyxena moaysius [19C cnos F2 nonochepsl reoMarHUTHBIME TyJibcanusaMu Pc 5
BO BpeMs (a3bl BOCCTAHOBICHHS CHJIBHON reoMarHuTHOW Oypu. Pesymerarel [hapxamosa u Koconanosa, 2015]
TaK)Ke CBHIETENLCTBYIOT O HAJIWYMU OJHOBPEMEHHBIX MOHOC(EPHBIX M '€OMarHUTHHIX BO3MYIICHUH B MEPHOJIBI
pa3BUTHUsI CHIIbHBIX 3E€MIICTPSICCHUIl. 3HAYMTENIbHAs YacTh BOJIHOBBIX BO3MYILEHHMH HOHOC(EpHl 00yCIOBIIEHA
rpaBUTAlMOHHBIMU BoidHaMH (I'B), BBI3BIBAIONIMMH WM3MEHEHMS JJIEKTPOHHOW KOHIICHTpPAlUM €€ CJO0EB U
PETUCTPHUPYIOTCS Kak mepeMentarontiecs: noHochepusie Bosmymenus ([IMB) [Hocke et al., 1996]. OtmeueHHas
TECHas CBSI3b HOHOC(HEPHBIX M TeOMArHUTHBIX BOJTHOBBIX BO3MYIIEHHUH TpeOyeT y4eTa MarHUTHOTO ITOJIS IPH MX aHAJIH3e.
B HacTosmeidt paboTe yTOYHEHBI MUCTIEPCHOHHBIE COOTHOWIEHMA g ['B 1uig yciloBHH NpHIKBAaTOpHATIBHOMN
MOHOC(Eephl C KOHEYHOH MPOBOJMMOCTBIO TIPH yYETE COBMECTHOTO BIMSHHS MarHMTHOTO TIOJISI M CHJIBI TSDKECTH.
Anamu3  coorBercTBytommx MIJ] ypaBHeHMII TO3BONMMI TOMYYHTh JUCHEPCHOHHBIE BBIPAXKEHHA IS
BbIcokouacTotHOH (BY) -u HuskouacrorHo# (HY) pacnpocrpanstomuxcs I'B. B nnrepsane s BonH (A > 230 km)
BY Mona MOXeT pacipoCTpaHsThCS BO BCEX HANpaBICHWSX 0€3 3aMETHOTO 3aTyXaHMs B YACTOTHOM jauarazone 2.1 -
3.2 MI'm, a HY mopma cymecTtByer mpu 4actorax MeHbmuX 1.8 MI'm, HO BmONb TpaBHTAI[MOHHOTO MOJS HE
pacnpoctpansiercsi. O6e Mozabl ['B mMeroT BO3MOXKHOCTb paclpOCTpaHEHHUs! BIOJIb MarHUTHOIO IOJIsL, KOTOpOE B
paccmarpuBaeMoi o0nmacTé MoHOc(Epbl NEPIEHANKYISIPHO TPABUTALIMOHHOMY IIOJIO0. XapaKTepHbIE CKOPOCTH
pacnpoctpanenus ans BU mozsr nexar B uaTepBane 4700 - 550 m/c, a nng HY moxgst — 470 - 130 m/c. CkopocTtu
00erxX MOJ yMEHBINAIOTCS TPH MPHOIMHKEHIH HAIpaBJICHUS] PacTipOCTPAHEHHSI K TOPU30HTAIHHOMY, T.€. BIOJb
TeOMAarHUTHOTO nojs. Ui Bcex HampaBlIeHUI pacpOCTPaHEHUS! CKOPOCTH CHMXKAIOTCS C YMEHBIIEHHEM JINHBI
BOJTHBI. AHanuTH4YecKas oleHka [Hocke et al., 1996] ckopocreiil pactipocTpaHeHHsI KPYITHOMACIITaOHBIX aKyCTHKO-
TPaBUTAIIMOHHBIX BOJH faeT 3HadeHus oT 400 mo 1000 m/c. Takum 0O6pa3oM, y4eT MarHUTHOTO TIOJISI TIPH aHAJIH3e
pacnpoctpanenusi I'B B nonocdepe naer 3uaueHus ckopocreit BU Moxpl, 3aMETHO NpeBBIIAIOIINE CKOPOCTH
aKyCTUKO-TPABUTAI[MOHHBIX BOJH. Takue pe3ynbTaTbl HAXOAAT CBOE MOATBEPXKACHHE B IKCIEPHUMEHTAIbHBIX
nmaHHBIX. B pabore [Liu et al., 2011] otmeuens! [11B, cBsi3aHHbBIE ¢ CHIBHBIM 3eMIIeTpsiceHHeM MarauTyaon 9.0. Mx
3apernCTpUpPOBaHHBIE CKOPOCTH cocTaBisin 2.3-3.3 km/c. [lo Bcell BEpOSTHOCTH, TaKOH OCOOEHHOCTBIO TaKXkKe
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00J1a1at0T CpeTHEIMPOTHBIE HOHOC(EPHBIE BO3MYIIEHHS, 00y CIIOBICHHBIE MOISIPHOI CyOO0ypeBOii aKTHBHOCTBIO.

Bapxaroa O.M. KocomarmoBa H.B. OGHapykeHHe MarHUTOrPaBHTAIIMOHHBIX BOJH B HMHTEPBAIBl CHJIBHBIX ITOI3EMHBIX
3emuerpsicenuii / Bectauk HHI'Y. Pagnogusuka. Ne3. C. 11-17. 2014.

Hocke, K., Schlegel, K. A review of atmospheric gravity waves and travelling ionospheric disturbances: 1982-1995 // Ann.
Cicophysicae 14, p.917-940, 1996.

Liu J.Y., Chen C.H.., Lin C.H., Tsai H.F. Ionospheric disturbances triggered by the March 2011 M9.0 Tohoku earthquake //
Journal of Geophysical Research, V. 116, A06319, 2011.

Vorontsova E., Pilipenko V., Fedorov E., Sinha A K., Vichare G. Modulation of total electron content by global Pc5 waves at
low latitudes // Advances in Space Research, 57, 309-319, 2016.

O BAMSHUM KOHUEHTPALUMU OKUCH 230TAa HA HHTEHCUBHOCTb dMHcCHU 557.7 HM
K.B. Namkesud, B.E. Banos (Iloasapubii ceogusuueckuii uncmumym, Anamumut, Poccus)

UncIeHHBIMA METOJaMH HCCIICIOBAHO BIUSHUE KOHIEHTparmu NO Ha MHTEHCHBHOCTH CBEUCHUS sMuccud 557.7
HM. B DJICKTPOHHBIX MOJISIPHBIX CHAHUAX. [loka3aHO, YTO OCHOBHBIM KaHAJIOM ITOJIABICHUS HHTCHCUBHOCTH SMUCCHU
5577 um. sBusercs peaknus O+NO, koTopas yMeHbIIAeT BKJIaA JUCCOLMATHBHOW uWoHM3aimu O, B
(dopmupoBanue 'S cocToSHUA MONEKYIAPHOro Kuciopona. Ipemnoxen meron oueHkr [NO] B HONSAPHBIX CHAHUSIX
10 JTaHHBIM (HOTOMETPUIECKUX M3MepeHnit smuccuii 391.4 M., 557.7 am. u 630.0 HM.

OcobeHHOCTH CYyTOYHOI TMHAMUKH ciieKTpoB YHY mymoBoro ¢poHa Ha HM3KHMX HIHPOTAX

E.H. Epmaxosa!, T. Bosunrep?, A.B. Psa6os!

'Hayuno-uccnedosamensckuii paduogusuueckuti uncmumym, H. Hoezopod, Poccus
2Vuueepcumem Oyny, Qunianous

HccnenoBana fnHaMUKa CHEKTPOB aMIUIUTYABI M HOJIIPHU3AIIMOHHOTO Mapamerpa (epsilon) marautHoro YHUY nryma
10 JTaHHBIM 6-JIETHETO MOHHTOPHHIA FOPHU30HTAJIBHBIX MArHATHBIX KOMIIOHEHT Ha HU3KOIIMPOTHOHM CTAaHIMU Ha O.
Kpur (35.15 N, 25.20 E). BouiBneHsl 0cOOCHHOCTH B CYTOYHOM JMHAMHKe Mapamerpa epsilon, cBs3aHHbIE C
BIIMSTHUEM HIKHETo noHocepHoro pezoHaropa cyo-MAP: a) nosiBieHne B HEKOTOPBIX CiTydasx 0oJiee CIIOXKHOM,
YeM Ha CpEeJHUX INHUPOTaX, CTPYKTYPhl CIEKTpa epsilon, CBSI3aHHOH ¢ HaJIMYMEM ABYX Pa3IMUHBIX 3HAYEHWH
IpaHUYHOU YacTOThl f2; 0) HaOmomaemoe B 70% cCilydacB MNOHW)KEHHE fep BONMM3HM JIOKAJbHON TMONYyHOYH,
COXpaHCHHE B HEKOTOPBIX CIIydasx 3HAKOIIEPEMEHHOW 3aBUCHMOCTH B CIIEKTpE NOJISPH3AI[OHHOTO NapaMeTpa
Iocjie BOCXOZAa CONHIA B 3MMHHMH CE30H. AHAIN3 3KCHEPHMEHTAIBHBIX CIEKTPOB M PE3YyJIbTAaTOB YHMCIECHHBIX
pacyeToB MO3BOJMI CBs3aTh YKa3aHHbIE OCOOEGHHOCTH CIHEKTpa MOJSIPU3AIMM C YacTBIM  IOSBICHHUEM
cropagn4eckux cioeB Es i MpoMeKyTOUHBIX CII0EB, pacnoiokeHHbIX Mexay E u F-cnosmu. Taxoke uccienoBanacs
CyTo4Hass AuHAMHKa TOHKOH cTpykTyphl crekrpa (TCC), oOHapykeHHOH Ha 3TOW cTaHOWH. BBUIM BBIABICHEI
ocoberHoct TCC Ha HU3KOMIMPOTHOM cTaHIKU 0. KpHUT: BhICOKasi BEPOSTHOCTH TIOSIBICHUS B 3UMHHUE MECSIIBI (J10
50%), wmanble 4yactoTHble MacmraObl 0.15-0.18 ', Oousbllloe YHCIO PE30HAHCHBIX JHMHUM B CYTOYHOM
cniekrporpamme (1o 16-18). TCC nabmonanace OONBIIYIO YacTh TEMHOTO BpeMeHH cyTOK. CpaBHUTEIHHBIN aHAIH3
cnekrpaibHbIX ocoberHocted TCC Ha cpelHEeNMPOTHRIX W HU3KOIIUPOTHOM CTAHIMAX MO3BOJMI MPEAIIONIOXKHTH,
410 (hOPMUPOBAHKE ITON CTPYKTYPhI HA CPEJHUX U HU3KUX IIHUPOTAX UMEET PA3IMUHYIO IIPUPOJY.

HccneqoBanue nponeccoB pejiakCaliiyi JHEPTHA METACTAOMIBHOI0 MOJIEKYJISAPHOTO a30TA B
aTrMoc(epax ImIaHeT COJJHEYHOH CHCTeMbI

AC. Kupuuios (Tlonapuviii ceopusuneckuti uncmumym, 2. Anamumol, kirillov@pgia.ru)

MonexyssIpHBIi a30T SBISETCS OCHOBHOM cocTtaBisitomiedt atmocdep 3emmm, Tutana, Tpurona. Kpome Toro, B
OONBIIMX KOJIMYECTBAX OH NMPUCYTCTBYeT B arMochepax Berepbr m Mapca. Ilpu B3auMONEHCTBUU COJTHEYHBIX
(hOTOHOB, BBICOKOIPHEPTHYHBIX JJICKTPOHOB H MPOTOHOB, (DOTOZICKTPOHOB ¢ aTMOc(hepaMu YKa3aHHBIX IUIAHET
3HAYUTENbHAS JIOJIT BHOCUMOW SHEPTUHN TPAaHCHOPMUPYETCS B SHEPTHUIO IJIEKTPOHHOTO BO30OYKIEHHUS MOJEKYI No.
B nmanpHeimeM SHEPTHs AIEKTPOHHOTO BO30OYKICHUS TPAHC(HOPMHUPYETCS B IHEPTUIO BO30YKICHUS TPHUILICTHOTO
MeTacTaOmiIbHOTO a3ota N>(A) NpH HM3IMy4aTeNbHBIX W CTOJKHOBUTEIBHBIX Ipolleccax. B pamkax KBaHTOBO-
XUMHUYECKUX MPUOIMIKEHUH TIPOBEJCH pacueT CKOPOCTEH TramieHus JIeKTPOHHO-BO30yXIeHHOTO a30Ta Na(A) mpu
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Heynpyrux B3auMoaelcTBusix ¢ Moiekynamu N, CO, O M T.J., BXOIMIIMMH B COCTaB arMmocgep IUIaHeT
ConreuHo#t cucteMbl. [Ipu pacderax IMONTydeHBI KBAaHTOBBIE BBIXOIBI IIPOAYKTOB HEYIPYIOrO B3aMMOICHCTBHAL.
HccnenoBaHbl MpoLecchl AMEKTPOHHO-IEKTPOHHOTO M KONEOaTeIbHO-KOIEOaTeIbHOTO OOMEHA SHEpPruei mpu
CTOJIKHOBEHHAX BO30YKJIEHHBIX Mojekya N2 ¢ pa3nuuHeIMU ra3zaMu. IlokazaHa BajkHast pojib MEKMOJNEKYISIPHBIX
MPOLIECCOB TEPEHOCA HIEKTPOHHOTO BO30Y)KAECHHS IPH CTOJKHOBEHMSAX MOJEKYT B BO3MYIUEHHBIX aTrMmocgepax
wiaHeT CoHEYHOW cucTeMbl. PaccunTaHHBIE KOHCTAHTHI HCIIONB3YIOTCS NPH MOACIMPOBAHUM HACEIEHHOCTEH
KosiebaTenbHbIX ypoBHEH Na(A) B cMECH MOJIEKYJSIPHOTO a30Ta C IPYyTHMU ra3aMu.

YacrorHble ciekTpsl OHY-aTrmMocheprkoB Bo BpeMsi COJTHEYHOT0 3aTMEHHA 110 JAHHBIM
o6cepBaropuii JloBozepo u bapenudypr

B.1. Kupunnos, B.B. ITuenkun, A.A. I'anaxos
Honapuuwiii ceogpuzuueckuti uncmumym, Anamumsi, Poccus, kirillov_v@pgia.ru

J1-cnoit nonocdeps! (BEICOTH MeHee 90 KM) XapaKTepu3yeTcsl KaK HEMOCTOSHCTBOM CaMOT'0 CYIIIECTBOBAHUS, TaK U
CHJIbHOW W3MEHYHBOCTBIO CBOWCTB B 3aBUCHMOCTH OT MHOTMX (DaKTOPOB, MpPEXJE BCEro, OT MHTEHCHUBHOCTH
PEHTTCHOBCKOTO U ynbTpaduoneroBoro ninydeHnit Connmna. CoHEUHOE 3aTMEHUE — SIPKUAH NpUMEp MacITabHOTo
ABJICHHS, HApyIIAIOIIETO pPETY/SIPHYI0 CYTOYHYIO BapHAlMI0 II0TOKA HOHM3HMPYIOIIETO W3JIydYCHHS, W,
COOTBETCTBEHHO, PE3KO MEHSIOIEro mnapaMeTpbl uoHocdepbl. He NHIIEHHBIM OCHOBaHHWH MpEACTABISETCS
MPENNOIOKEHUE O TOM, YTO 3aTMEHUS, NPUBOSIINE K CYIIECTBEHHBIM M3MCHEHHSM YCIOBHH OCBEUICHHOCTH HA
Tpaccax, HIYIMIHX OT MHPOBBIX IIEHTPOB TPO3 K BBICOKOIIMPOTHBIM ITyHKTaM pAcCIIOJOKEHHS TNPUEMHUKOB
M3JTyYeHUI, MOTYT CIIO)KHBIM 00pa30M MEHSTh U PETUCTPUPYEMBIE CIIEKTPBI aTMOC(HEPHKOB.

B naHHO#l pabore OBIIO BBIINOJHEHO SKCIIEPHMEHTANBLHOE HCCIIEA0BAHNE BapUalWil CIEKTPAIBHBIX KPHBBIX
atMoc(eprukoB BO BpeMs coiHedHoro 3armeHus 20 maprta 2015 roma mo AaHHBIM JBYX BBICOKOIIMPOTHBIX
obcepaatopuit JIoBozepo u bapeHnOypr.

3aBUCHMOCTDB OT COJIHEYHOH M reOMATHUTHON AKTHBHOCTH IHEBHbIX 3HaYeHuil N,F2 B siHBape
20122015 rogos Ha cpeqHUX U cy0aBpPOPaJIbHBIX HIUPOTAX

M.B. Kimmmenxo!2, A.B. Mapxkos?, A.P. A6nymiaes?, K.I'. Patosckmit’, H.A. Kopenrskosa', B.C. Jlemenko',
B.A. Ilanyenko*

'K M3MHPAH, Kanununepao, e-mail: maksim.klimenko@mail.ril
26DY um. U. Kanma, Kanununzpao

SUC3® CO PAH, Hpxymck

‘U3BMHUPAH, Mockea

[IpencraBneHbl pe3ynbTaThl HUCCIEAOBAHUI 3aBUCUMOCTH OT COJIHEYHOW W T'€OMarHUTHOM aKTUBHOCTHU JHEBHOU
JIIEKTPOHHOH KOHIICHTpAalMU B MakcuMyMme F2 ciost moHocdeps! B saBape 2012-2015 romos. beuto nmponsseneHo
27-n1HEBHOE yCpelHEHUE MHAEKCOB Flo7 U Ap 3a paccMaTpuUBaeMbIl EPUOA BPEMEHU M MOJMY4YeHBbl U <Fio7>27 U
<Ap>>7 COOTBETCTBEHHO. 110 TaHHBIM AEBATH CPEIHEUIMPOTHBIX M CyOaBPOPAIbHBIX HOHO30HAOB U3 MHUPOBOIl CETH
CTaHLIMH MOy4YeHbl 27-1HEBHBIE MeAUaHHbIe (C cepequHoi 19 sHBaps) cyrounsle Bapuaru N, F2 ausa 2012-2015
ronoB. Ha ocHOBaHMHM 3THX JAHHBIX OBUI MOJy4YeH CIEAyIOINH mapanokc: B sHBape 2014 roxma, Korna 3Ha4YeHUs
WHJIEKCA COJTHEYHOW aKTHBHOCTU Fio7 ObLIM Oonbiie, uem B 2015 romy, nAHeBHbIE 3HaYeHUS N,,F2 ObLIN MEHbIIE.
IIpu ycpennenunn 3a deTsipe yaca JHeBHOTO MecTHOTO BpeMmeHH (10:00—14:00LT) anst xaxmoi BRIOpaHHON CTaHINK
ObUTH ITOJyYeHB! CpEJHEJHEBHBIE SHBAapCKUe 3HaueHMs1 <N,F2> i kaxporo roxa. IlocTpoeHHble JMHEHHbIE
perpeccun <N,F2> ot <Fio7>27 no naHubM 3a 2012, 2013 u 2015 roasl 1 3a Bechb paccMaTpUBaeMblil MEPUOJ
BPEMEHM TMOKA3bIBAIOT, YTO y4eT JaHHbiX 3a 2014 rom mpuBOAMT K HAWOOJBIINM HW3MEHEHUSM JIMHEHHOW
3aBUCUMOCTH <N,,F'2> OT ypOBHs COJHEYHOH aKkTHUBHOCTHU. Iyl pemieHust AaHHOTO mapaJiokca ObUIa IOCTpOEHa
JIBOMHas nMHeHHas perpeccus <N,F2> or <Fio7>27 U <Ap>37, HA OCHOBAHUU KOTOPOH cJeNaH BBIBOJ O
MOJIOKUTEIIFHOM BKJIaJ[e TEOMarHUTHOW aKTHBHOCTH B JTHEBHBIC STHBAPCKUE 3HAYCHUS <N, 2>,

PaGota BrmonHeHa npu huHaHCOBOU Tonnep:kke rpanToB PODU Ne14-05-00578, n 15-35-20364.
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IloBenenne cy0aBpopa bHOl M BRICOKOIIMPOTHOM F 00acTn noHochepsl Ha dase
BOCCTAHOBJICHUSI T€OMATHUTHBIX Oypb

M.B. Kmumenko 2, B.B. Knumenko!, K.I'. Parosckuit®, U.E. 3axapenxosa', A.E. Crenanos*, H.A. Kopenskosa',
A.B. TlomecHbIi

'K® U3MHUPAH, Kanununzpad, e-mail: maksim.klimenko@mail.ru
2E®Y um. U. Kanma, Kanununepao

SUC3® CO PAH, Hpxymck

SUKDHA, Sxymek

B uccnenoBanum oTKIMKA HOHOC(EPH HA TeOMarHUTHBIE OypH OJJHUM M3 HaMEHee M3YUEHHBIX SBJSIETCS BOIIPOC O
HOHOC(EPHBIX BO3MYIICHUH Ha (pa3e BOCCTAHOBICHNUS TE€OMarHUTHBIX Oyph B 0 MeXaHW3Max ux (opmuposanus. B
HOCIIeqHee BPeMs 3TOT BOIPOC aKTUBHO OOCY)KIAeTcs KaK C HCIIOIb30BAaHHEM TEOPETHYECKUX MOIENeH, Tak u
JKCIIEPUMEHTANILHBIX JaHHBIX. B jaHHO# pabore mnpuBoAMTCS MHTEepHperanus HoHOchepHbIX 3(h(heKToB
reoMarHUTHEIX Oypb 26—30 centsops 2011 roma m 17-23 mapra 2015 roma, HaOMIOmaBIIMXCS HAa CPEIHUX U
BBICOKMX MIMPOTaX, BBIONHEHHAs C¢ mcroib3oBaHueM Monenu I'CM TUIL TlpoBeneHo cpaBHEHHE pPe3yabTAaTOB
MOJICIBHBIX PAacyeToOB C JIAaHHBIMU HaOIIOACHUH HMOHOC(EPHBIX IapaMeTpoB, IOJYYEHHBIMU C HCIIOJIb30BAHUEM
pa3NUYHbIX paguopHU3MYecKuX MeToloB. B BoccraHoBuTENbHYIO (azy Oypb pe3ysbTarThbl MOJIEIBHBIX PacueToB
MOKA3bIBAIOT YCHJIMBAIOMIMICA AeHb 0TO AHSA pocT orHomeHus 7(0)/n(N2) m ymensmenne n(Nz) Ha CpemHUX U
cy0aBpOpaJIbHBIX NIMPOTaX, YTO JOJKHO OBbLIO ObI MPUBOIMTH K MOJOKHUTENIBHBIM 3 deKkTaM B foF2 Kak JHEM, Tak
1 Houbto. OZIHAKO B BOCCTAHOBHTEINIbHYIO (ha3y OypH Ha CPEIHHMX M Cy0aBpOPaJbHBIX IIMPOTAX MOJIOKUTEIbHbIE
BO3MYILCHHUS B SJIEKTPOHHOMN KOHIIGHTPALMK Ha BEICOTAaX F o0nacTH HOHOC(hEpHl (GOPMUPYIOTCS TOIBKO B THEBHOE
BpeMs M TOJBKO Ha OIpENENCHHBIX IONroTax. [Ipm 3TOM B HOYHOE BpeMsl B OTH K€ JHH (OPMHPYIOTCS
3HAUUTENbHBIE OTpHULATENbHbIE BO3MYIUEHHs foF2. DT OTpULATE]bHbIE BO3MYIICHHS CBSI3aHBI Kak C
OIYCTOLICHHEM IUIa3MOC(EpHOro pesepByapa B INABHYH ()a3y TI€OMArHHTHBIX Oypb 3a CYET pPACIUIMPEHHs K
9KBaTOpy OONacTH oOMEHa IIa3MOM MEXAY 3aMKHYTBIMH M PAa3OMKHYTBIMH IUIa3MEHHBIMH TPYOKaMH, Tak U ¢
M3MEHEHUSIMH HEeHWTpajbHOro cocrtaBa TepMocdepbl. OmycTouieHHe IUIa3MEHHBIX TpPYyOOK MpOSBISETCS B
BOCCTaHOBHTEIBHYI0 (hasy OypH B HOYHOE BpeMs, KOTJa COJNHECYHBI HCTOYHUK HOHHM3AaLMH OTCYTCTBYET, H
I y3HOHHBIE TOTOKM IUIa3Mbl M3 Ia3Moc(epsl SIBIAIOTCA OCHOBHBIM HMCTOYHHKOM IMOAIEPKAaHHS HOYHOU F
obnactu noHocdepsl.

Pabora BbinonHeHa npu GprHaHCOBOI nonaepikke rpantoB POOU No14-05-00578, 14-05-788 n Nel15-35-20364.

HccienoBanue BJMSIHUSI MATHUTHOTO N0JIs1 HA BbICOKOIIMPOTHBIX KB Tpaccax Bo Bpemst
reOMarHuTHOM Oypu

J.C. Koropa'?, M.B. Knumenxo'?, B.B. Knumenko?, B.E. 3axapos!

| Banmuiickuii pedepanvhviii ynueepcumem umenu Ummanyuna Kanma, Karununepao, Poccus
2Kanununepadckuii punuan Mncmumyma 3eMHO20 MazHemuama, UoOHOCHepsl 1 pacnpocmpanetus paouosoit um.
H.B. Ihwxosa, Kanununepao, Poccus

Panee Obl1 mpencTaBieH KOMIUIEKC NPHUKIAJHBIX MPOTPaMM, BKIIFOYAIOUIMH YHCIICHHBIH aJTOPUTM IPOBEICHUS
BBIUHCITUTENBHBIX OSKCIEPUMEHTOB 10 MOAETISIM Cpelsl M pPaclpoCTpaHeHHA paauoBONH. [l ommcaHus
pacnpocTpaHeHHs] KOPOTKHX BOJH B MOHOC(Epe IIMPOKO NPHUMEHSETCS NPUOIMKECHHE Te€OMETPUYECKOH ONTHKH.
[Ipr MonenMpoBaHWH JIy4EBHIX TPACKTOPHUH M TMOIVIONMICHUS KOPOTKMX BOJH B TPEXMEPHO HEOXHOPOJHOM
AQHM30TPOIHOW HMOHOC(EPHOH IJIa3Me HCIIOIb30BAJICSI YUCICHHBINH alTOPUTM, pPEalM30BaHHBIH B KOMILIEKCE
NPUKJIAJHBIX TporpamM, paspaboranusiii B 2006 r. (B®Y um. M. Kanra). Cpena pacnpocTpaHeHus: 3amaercs
I'moGambraoit CamocornacoBanHoit Mogensto Tepmocdeps:, Monocdepst n Ilporonocdepsr (I'CM TUII, KD
MN3MUPAH). HcnonszoBanne auHammueckod mozenun I'CM THUII mo3Bommio ydecTs M3MEHEHHE Cpeasl IMpH
Mepexo/ie OT CIIOKOMHBIX YCIOBHH K BOSMYIIIEHHBIM BO BpeMs T€OMarHUTHOH OypHu.

IIpoBeneHo uccnenoBaHUE BIMSHUS MarHUTHOTO MO HAa PAaCHPOCTPAHEHUE PAaJUOBONIH B BBICOKHX IIHPOTaX.
Pe3ynbTaTsl NpOBEAEHHBIX HCCIEAOBAHUN OTPa)ar0T aHAIU3 MOBEACHUS yIlla MEXAYy BEKTOpaMH HMIIyJIbCa U
WHAYKIMA TEOMarHUTHOTO MOJSI B 3aBHCHMOCTH OT BBIOOpa YacCTOTHI, TOJIOKCHHS MEepeaTdnka, HaIpaBIICHU
M3ITy4eHUs ¥ reopu3ndeckux yciaoBui. [lokazaHo, 4To HanOobIIast CKOPOCTH Ma/ICHHs 3HAYEHUH YIJIa JOCTHIaeTCst
B OKPECTHOCTH TOYKH ITOBOPOTA TPAEKTOPHH.

HccnenoBanue BBIMTOTHEHO MPHU GUHAHCOBOH nomnepkke PODU B pamkax HaydHOTO TpoekTa Ne 16-35-00590 mon_a,
rpanta PO®OU Nel4-05-00578. Pabora mpoBoamiack B paMKax mpoekra "®u3sndeckrne MexaHu3MBbl (hOpMUPOBAHUSA

peakimu BepxHeEH aTMocdepbl M MOHOC(EpHl Ha MPOLECCH B HIDKHEW aTMocdepe W Ha TOBEpXHOCTH 3eMin"
(FocymapctBenHoe 3a1annie MuHUCTEpCTBa 00pazoBaHust U Hayku PO, koHKypcHas gacTh, 3aganue Ne 3.1127.2014/K).
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¢ dekThl pacnpocTpaHeHUsI JIEKTPOMATHUTHBIX BO3MYIIIEHH A OT MOJIHUEBBIX Pa3psi/ioB 0
AaHHBIM Ha3eMHbIX HaOaonennii B CHY nuana3one

A.B. Jlapuenxko, O.M. Jle6ens, C.B. ITumsraes, }0.B. @enopenko

Honapuwii ceopuzuueckuti uncmumym, 2. Anamumul, Poccus
alexey.larchenko@gmail.com

Hwxasas noHocdepa BIMSET Ha YCIOBUS PAacIpOCTPaHEHHS €CTECTBEHHBIX IEKTPOMArHUTHEIX BosMymiernii CHY
JMana3oHa, MOpOKAaeMbIX MOJHHEBBIMH paspsiiaMu, B BoJIHOBozae 3emisi-noHocdepa. [puxomsmue or ConHia
MOTOKH BBICOKOHEPTHMUYHBIX IIPOTOHOB BO BpPEMsI COJIHEYHBIX BCIBIMIEK H3MEHSAIOT NPO(MIb 3IEeKTPOHHOMN
KOHIICHTPAaIlN HIDKHEH HOHOC(hEpHl, 0COOCHHO B aBpPOpalbHON 00MacTH. DKCHEePHMMEHTANbHOE HCCIEHOBAHHE
CKOPOCTH PacIpOCTPaHEHUS 3NIEKTPOMArHUTHBIX Bo3MylieHuil B CHU nuama3oHe gaeT BO3MOXKHOCTB MCCIIEN0BAaTh
BIIMSTHUE COJIHEYHBIX INPOTOHHBIX COOBITHH Ha XapaKTEPUCTUKU BBICOKOIIMPOTHOM HWXHeH noHocdepsr. s
MPHKIIAJHBIX 33734 BaKHO, YTO TAKHE M3MEPEHHMS BEIYTCS HA 9aCTOTaX, MPAKTUYECKH COBNAJAIOMIMX C YaCTOTAMH
JNIEKTPOMArHUTHOTO 30HIUPOBaHMs JHUTOC(EPbl M YacTOTaMH, HWCIOJIb3YEMBIMH ISl OPraHM3allMU CBSI3U C
IIOABOJHBIMH JIOJKAMH.

MeTtogamMy MaTEeMaTHUYCCKOTO MOJICIHUPOBAHUS IMPOBEACH aHAIW3 OTIMYMNA TPYNImoOBOW H (ha30BOil CKopocTeit
pacmpoCTpaHEeHUs, PACCUMTAHHBIX I TNpoQuiIed NPOBOAUMOCTH HOHOC(EPH, W3MEPEHHBIX B PAKETHBIX
OKCIIEPUMCHTAX, u AlMMPOKCUMHUPYIOLICTO ux OKCIIOHCHIUAJIBHOI'O HpO(l)I/IJ'IH. PaCCMOTpeHO BJIMAHUC
TOPU30HTAJIbHBIX HEOJHOPOAHOCTEH IPOBOAMMOCTU HAa CTPYKTYpPY 3JCKTPOMArHUTHOIO IO Ha 3E€MHOHI
noBepxHocTU. IIpHBeneHBI pe3ynbTaTbl HM3MEPEHUI TIPYNNOBOH CKOPOCTH PACHPOCTPAHEHHS M BOIHOBOTO
uMIieiaHca aTMOC(EepUKOB OT TAIBHUX Pa3ps0B MOJIHHMN Ha BRICOKOLIMPOTHOMU Tpacce «JloBozepo-bapeHnoypr» B
CHUY puana3zone Bo BpeMs Benblmek Ha ConHIe.

Bausinne cosiHeunoro 3armenus 20 mapra 2015 r. Ha pacnpocTpaHeHHe CUTHAJIOB NEPeIATYNKOB
PC/IH-20 no nanubIM 00c¢. JIoBo3zepo n bapenudypr

A.B. Jlapuenko, A.C. Hukurenko, C.B. [Tunsraes, O.M. Jlebens, 10.B. denopenko

Honapuuuii ceoghuzuueckuti uncmumym, 2. Anamumot, Poccus
alexey.larchenko@gmail.com

ConHeuHOE 3aTMEHHE MpEACTaBiIsieT co0OH YHHMKAIbHOE SBICHHE, IO3BOJIONIEE M3YyYUTh BIUSHUE OBICTPOTO
M3MEHEHHUSI HHTCHCUBHOCTH COJIHEUHOTO M3JyueHHs Ha HoHoChepy 3emin. Hanbonee 4yBCTBUTEIBHOM K 3 dexTam
COJTHEYHBIX 3aTMEHHI XapaKTEPUCTUKOH siBisieTcs (ha3a CHUrHajia. DTO CBA3aHO C TeM, YTO H3MEHEHHE dPPEKTUBHOM
BeIcoThl oTpaskeHns: OHY paguoBonH mpu 3armennn CoNHIA TPHUBOAMT K HM3MEHEHHIO (ha30BOTO ITYyTH BOJH
JAHHOTO JMara3oHa IpH IEpPEecedeHHH 00JacTh 3aTMEHHUS. Pe3ynbTaTsl KCIIEpUMEHTANBHBIX HCCIEHOBaHHUH
CBSI3aHHBIX C COJIHEYHBIMU 3aTMEHUSIMU 3(PEKTOB MOTYT CIY)KUTh UCTOYHUKOM JIOTIOJHUTEIbHONW MH(POPMAIUHU O
BimsiHuy COJTHIIA Ha TTapaMeTphl BOIHOBOAA 3eMIIsI-MOHOC(epa 1 MOoBEAEHNE HOHOC(HEPHI.

JanHas paboTa MocBsIIEHa NCCIEJOBAaHMIO BIMSHUS IOJHOTO COJHEYHOTO 3aTMEHUs, mpousomesmero 20 Mapra
2015r., Ha pacnpoctpanenue OHY curnanos nepeaarunkoB («KpacHomapy», «HoBocubupcky», «KomMcomonbck-Ha-
Awmype»), 3apeructpupoBaHHbix B obcepsatopusax III'M «JloBozepo» m «bapenudypr». IlpoBeneHo cpaBHeHHE
SKCHEPUMEHTANBHBIX PE3yJbTATOB HM3MEpeHni (a3 curHamoB mepemarankoB cucteMbl PCIHH-20 («Anbda») u
Pe3yIABTaTOB MOJETMPOBAHHSI.

MeTon nogasJjieHus IIyMa BOJTHOBoAA 3emusi-uoHocdepa B curnaasax CHY/OHY perncrparopos
A.C. Hukurenxko (Tloaspnuiii eeogpusunecxuti uncmumym 2. Anamumul, Poccus; alex.nikitenko91@gmail.com)

B nHacrosimee Bpemst o6padorka CHU/OHY curnanos, 3aperncTpupoBaHHBIX Ha MMOBEPXHOCTH 3€MJIH, OCJIOXKHEHA
HaJIMYMEM B BOJHOBOZC IIYMOB €CTECTBEHHOTO W HCKYCCTBEHHOTO MPOMCXOXKACHWSA. OTHON M3 COCTaBISIONINX
IIyMOB SIBJIAETCS IIOMEXa OT BBICOKOBOJBTHBIX JIMHHMH a3nektporiepenad (JIOII), HaBogumas Ha MarHUTHBIE |
anekTpryeckre aHTeHHbI OHY npuemMHMKOB. 3HaYMTENBHBIM BKJIQJ B OOLIMH YpOBEHb IIyMa BOJHOBOJA BHOCST
€CTECTBEHHBIE IIyMBI, OCHOBHBIM HCTOYHHKOM KOTOPBIX SIBIISIOTCS TPO30OBBIE pPa3psAdbl. MONIHOCTh ITymMa
BOJTHOBOAAa 3emiisfi-moHOc(epa 3adacTyio mpeBbimaer MomHOcTs OHY  BeruteckoB, NpHIIEANIMX K TOYKE
pErucTparnuy.
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B nanHOi paboTe mpeAcCTaBICH METOJ| MOJABICHHS “MOACTHIIAIONICTO” IIyMa BOJNHOBOIA 3emini-moHOcdepa B
CUTHAJIe, 3aperHCTPUPOBAHHOM Ha CTAHIOUHM Teou3nUecKnx HaOmoneHmit B o0c. JloBo3epo, u mpuMepsl,
MOATBEPKAAONINE pPaboTy MeToa.

OueHka NPUMEHUMOCTH METOa MOATAIKUBAHUS YIPYroii HUTH JUIA pacyeTa paguorpacc B
BbLICOKOIIUPOTHOI HOHOC(]eEpPe ¢ yUeTOM MepeMelIalIuXcs HOHOC(hePHbIX BO3MYIIEHU

WU.A. Hocuxos!, I1.®. Beccapa6?, M.B. Kimumenko!3, T'A. JK6ankos 4, O.C. Py6uos!

Banmuiickuii hedepanvotii yuusepcumem umenu Ummanyura Kanma, 2. Kamnunepao, Poccus

e-mail: igor.nosikov@gmail.com

zKopOﬂeecrcuﬁ mexnonozuyeckuti uncmumym, 2. Cmokeonom, Lllseyus,

3SKanununzpadckuii punuan Hncmumyma 3eMHo20 MazHemusma, UoHoChepsl u pacnpocmpanens paouosonH M.
H.B. IIywrosa PAH, e. Kanununepad, Poccus

Oxcnbrii hedepanviviii ynusepcumem, Pocmos-na-ony, Poccus

B pabote mpexacraBieHo NajbHEWIIee pa3BUTHE MO pacdyeTa paauoTpacc OCHOBAaHHOW Ha mpuHuuIe depma.
MCTOH IoATaJIKMBaHUA pryFOﬁ HUTH, HBHﬂmMHﬁCH PAa3SHOBUIHOCTBIO MCTOHAOB OINTUMHU3AIMU W HIUPOKO
UCIIONIB3YEMBIIl B Pa3IMYHBIX OONACTSAX HAyKH, NPHMEHEH B JAHHBIX HCCIICHOBAHUAX Ul PELICHHS I'PaHHYHON
3a1adyl O pacyeTe paauorpacc BomH KB-anamaszoHa B TPHONMKEHHH TEOMETPHYECKOH ONnTHKU. I[loka3aHbI
BO3MOXXHOCTH ITOCTPOSHHUS PaINOTPACC C UCIIONb30BAaHHEM JJAHHOTO METO/a JJIsl MOAEIBHOW HOHOC(EPHI, 3a1aHHOM
o MexIyHaponHol crnpaBouHod moxenu IRI. TIpoBepka HOMy4eHHBIX pe3yJbTaTOB OCYLIECTBISIACH Ha OCHOBE
CpaBHEHUs C PaJUOTPaccCaMy, MOJNYYCHHBIMH CTaHIAPTHBIM METOAOM TPAaCCHPOBKH Jydel. PaccMOTpeHBI ciydau
BBICOKOIIIMPOTHOTO pachpocTpaHeHus KB-paguoBomH, B TOM 4yHciae B Cpefde C  Yy4eTOM MOJENBHBIX
nepeMeIlaloIuxcs HOHOC(HEpHBIX BO3MYILIEHWH. [loka3aHo, 4YTO pe3ynbTarhl PacyeToOB PagHoOTPacc METOIOM
NOATAJKUBAHUS YIPYrodl HUTH XOPOLIO COIVIACYIOTCSI C M3BECTHBIMH PELICHHSAMHM, B TOM YHCJE NPU HaJIHYUH
MOHOC(hEPHBIX BO3MYIICHUI.

HccnenoBanue BhIMoAHEHO NpH (uHaHcoBoW momuepxkke PODU B pamkax HayuHoro mpoekra Ne 16-35-00590
Moa_a, rpanta POD®U Ne 15-35-20364 mon_a Ben. Pabora mpoBommiack B pamkax mnpoekra "®dusmueckue
MEXaHNU3Mbl (OPMHUPOBAHUS PEAKIMU BEpXHEH aTMOchepsl 1 HOHOC(EPHI Ha MPOLECCH B HIKHEH arMocdepe U Ha
nosepxHocTu 3emun" (I'ocynapcTBeHHOe 3amaHne MuHHCTepcTBa 00pa3oBaHusa M Hayku P®, KOHKypcHas 4acTs,
3aganue Ne 3.1127.2014/K).

MeToanka u3MepeHus a0COJIOTHOM 3a1ePKKH aHATI0r0-IM(PoBoro npeodpa3oBaHus B CHCTEMAX
PerucTpauuu 3IeKTPOMATHUTHBIX IMUCCUTA

C.B. llunsraes, M.B. ®unaros, AB. Jlapuenko, }0.B. ®enopenko

Honapnwiii eeousuueckuit uncmumym, . Anamumut, Poccus
pilgaev@pgia.ru

B IMonsipHoM reo(hu3nueckoM MHCTUTYTE BEAETCS HENpPEephIBHAS PErHCTpPAls BapHaluii aieKTpoMarauTHoro (OM)
nosist B KHY-OHY nnana3zoHe cMHXpOHU3UPOBAHHBIMU C MUPOBBIM BPEMEHEM HIAECHTUYHBIMU NpUEMHUKaMU. J{7st
WCCIIEZIOBAHUS MapaMeTpOB paclpocTpaHeHus: DM CHrHajoB, TaKMX Kak (a3oBas W TpyNIoBas CKOPOCTH, MO
JAHHBIM CETH CTaHLMH HEOOXOIUMO 3HATh aOCOMIOTHOE BpeMs 3aJepKKU aHaJoro-nu(poBOro Npeodpa3oBaHUA
KQXI0ro nprbopa. DTO CBSI3aHO C TEM, YTO HEBO3MOXKHO CO3/aTh a0COJIIOTHO OMHAKOBBHIE NPHEMHbBIE CTAaHIIMU
BBUJIy HECOBEPIIEHHOCTH 3JIEKTPOHHBIX KOMIIOHEHTOB. BpemeHHas 3ajepikka, BHOCHMash aHAJOrO-IM(pPOBBIM
npeoOpa3oBaHUEM, HE MOKET OBITh CMOJICTMPOBaHA U PACCYMTAaHA C TOYHOCTHIO BhIIIE 1 MKC.

Js  pemenust npoOmembl paszpaboTaHa MeToguKa aOCOMIOTHON (ha30BOM KaIMOPOBKM W STAJOHHOE
CHEUAIM3UPOBAHHOE TPOrPaMMHO-AIapaTHOE YCTPOMCTBO sl NMPOBEACHUS TaKOW KaJIMOPOBKH. YCTPOWCTBO
CIOCOOHO TeHEpUpPOBaTh FapMOHMYECKHH CHIHAJN 3aJaHHOW YacTOThl, NPHUYEM HayalbHast (aza reHepupyeMoro
CHTHaJa W3BECTHA M COBMAJaeT ¢ CeKyHIHBIM ummynscoM GPS mpuemumka. CurHam ¢ BBIXOJAa YCTpOMCTBa
MO/IaeTCsl Ha aHAJIOTOBBIE BXO/BI KaHAJOB CHHXPOHM3UPOBAHHOTO C MHPOBBIM BPEMEHEM aHAJIOro-IH(POBOIO
npeoOpasoBareinsi peructparopa Bapuauii OM nosnst. [Tockonbky HauanbHas (aza BXOJHOTO aHAJIOTOBOTO CHTHAJIA
M3BECTHA, MOXHO OIPEICIUTh CIABHUT (a3sl OIM(YPOBAHHOTO CHT'HAJIA OTHOCUTENFHO BXOAHOTO. B HacTosmiee Bpems
MPOBOASTCS WCIBITAaHUS JaHHOW MeToaukd. [lmaHumpyercs paccyurTaTh 3afep)KKH BHOCHMBIE IIPOIECCOM
npeoOpa3oBaHUs KaXI0T0 pErucTpaTopa CeTH CTaHIINK.
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Comnocrap/ieHre OPHEHTAIUM MOTIEPEYHOI AHM30TPONNH MeJIKOMACIITAOHBIX HEOMHOPOAHOCTEH B
F-o01acTu cpeqnemupoTHoii HoHochepbl ¢ MOAEIbI0 TOPU30HTAIbHOTO BeTpa HWM07

H.}O. PomanoBa
Honapnwui ceogpuzuueckuti uncmumym KHI] PAH, Mypmanck

IIpoBeneHO cCOMOCTaBIEHHE JAHHBIX CIIyTHHKOBOTO pPaJUONpPOCBEUMBAHMSA OO0 OpHUEHTALUU IONEpedHoil
aan3zoTrpornu ‘WA MenkomacmTaOHBIX (C pasMepaMH COTHH METPOB) HEOAHOPOAHOCTEH 3MEKTPOHHOHN IUIOTHOCTH B
F-obnactu cpenHemmpoTHOH HOHOC(EPH M HaNpaBi€HUs T'OPH30HTAJIBHOTO BETpPa, PACCUUTAHHOTO Ha OCHOBE
3NeKTpoHHOro Bapuanta mozpenu HWMO7. UucneHHoe cONMOCTaBlI€HUE IIOKa3ajo, YTO THUIOTE3a O CBA3H
BBITSSHYTOCTU HEOJHOPOAHOCTEH IIONEepeK MAarHUTHOTO TIOJIs C HAaIlpaBI€HHEM BeTpa B CpeAHemHpoTHOH F-
obmacty HempoTuBopeurBa. [loka3aHo, 4TO B OOJBIIMHCTBE CIy4acB MEJIKOMACIUTaOHbIE HEOAHOPOIHOCTH B
MEPIEHANKYIIPHOH K MArHUTHOMY TOJIO IIOCKOCTH BBITATHBAIOTCS BAOJb HANPABICHHUS TOPU30HTAIBFHOTO BETPA.
Mogpenrs HWMO07 Taroke mo3BONMMIA OOBSCHUTH CYIIECTBEHHBIE (IECSTKH TPamxycoB) pasnuuus 3HadeHUH Wa,
HEepEeAKO IMOJydaeMble Ha COCEHHUX CTAHIMAX, PACCTOSHUE MEXIYy KOTOPBIMH OTHOCHTEIBHO HeBenwko (3-3,5° mo
mmpote). B takux ciydasx, comtacHo mogenu HWMO7, HampapieHue BeTpa CyIIECTBEHHO MEHSIOCH C BBICOTOH.
Takum 00pa3zoMm, MeEIKOMacIITa0HbIE HEOJHOPOAHOCTH C Pa3lNYHBIMH ITApaMETPaMH, BEPOSTHEE BCETO, TAaKKe
OBLTH pacnoNIoXKEHB! Ha pa3HBIX BeICOTax B F-cioe.

I/I3yqune ABJICHUSA F-paccesmml o JaHHBIM HK-19 B nepuoa paBHOACHCTBUSA

B.A. Tenerun ', A.T. Kapnaues ', 1.B. Cyposuesa 3, B.O. Ckpunaues *

'Uncmumym 3emnozo maznemuszma u pacnpocmpanenus paouosonn um. H.B. Iywkosa PAH,

(U3MHPAH), 2. Mocksa, Poccus, telvika@gmail.com

2040 «HIIK «HUII[AP», 2. Mockea, Poccus

SHTI] «Kocmonumy OAO «Poccuiickue xocmuueckue cucmemsly, 2. Mockea, Poccus, irinavsur@yandex.ru

SBnenne F-paccessHMs Ha MOHOTpaMMax Ha3eMHOTO 30HIMPOBAHUS M3Y4aJOCh paHee KaK 3KCHEPHMEHTAIbHBIMH
CpeIcTBaMH, Tak M TeopeTuuecku. Ha moHOrpammax BHeUIHero 3oHaupoBaHus F-paccessHue HaOmromaercs ere
Jamie, 4eM Ha Ha3eMHbIX. [lo3TOMy wHCclieoBaHHME 3TOTO SIBICHHMS BO BHEIIHEH HOHOC(hEpe B INOOAIBHBIX
Macmrabax MpeacTaBIseTcsl BOKHBIM, Kak ¢ (PU3NYECKOH, Tak U ¢ METOJMIECKON TOUKHM 3peHus. B nmepBoM ciydae
Hanbojiee HMHTEPECHO JeTalbHOE HCCIEeIOBAaHHE XapaKTepPHCTHK pasHbIX THUIOB F-paccesHUss M THOHHUMaHHE
MEXaHM3MOB, OTBEYAIOIIMX 3a 0Opa3oBaHHE TOTO, WJIM MHOTO THMA paccesHus. Bo BTOpOM - BaXXHO HAy4YHTHCS
MPaBIJILHO HHTEPIIPETHPOBATH CIOXKHBIE, TU((y3HbIE HOHOTPAMMBI.

[lo moHOrpamMmam BHENIHEro 30HAMPOBAaHMS HOHOC(EpH Ha ciyTHHKe MHTepkocMmoc-19 aBropamMu M3ydeHBl U
Ki1accuuUMpOBaHbl pa3Hble TUIbl F-paccesHus. BoisBieHbl OTIMYUS JUIS JIETHUX U 3UMHHUX TIEPUOIOB TI0 Pa3HBIM
THUIIAM 3TOTO SBJICHUS.

AHann3 MOHOTPaMM ITOKa3bIBAET, YTO TH JAHHbIE MO3BOJSAIOT MPOBOJUTH MI00ANbHOE HCCIeJOBaHNe sBiIeHUsS F-
paccesiHus, a TaKKe JIeTaIbHO N3YyYUTh OCOOCHHOCTH XapaKTEePUCTHK 3TOTO SBJICHUS Ha BCEX JIOJITOTaX U IIUPOTaXx,
T.€. B Pa3HBIX 007acTSIX HOHOC(EPH, B TOM YHCIC U B OONACTH HU3KUX IIMPOT, U HAJ OKCaHAMH, TI€ CTAHIUI
Ha3eMHOTO 30HINPOBaHUS OYCHb MaJIO.

Takum o06pa3oM, B pesyibTare paboThl BIEpPBBIC IOCTPOEHBI KapThl MIOOAIBHOTO PACHpEENICHNs] BEPOSTHOCTH
HaOmonenust F-paccesnust Ha ocHoBe anHammza 70.000 monorpamm MK-19 nnst paBHOINEHCTBHSI NPH BBICOKOW
COJTHEYHOW aKTUBHOCTH B mepuon 1979-1981 rr. IlocTpoeHBI HIIMPOTHO-AONTOTHRIE BapHalk Tpex TUmoB F-
paccesHHs B BepxHeW HMOHOc]epe B 3aBUCHMOCTH OT BPEMEHHM MJIs 3TOro Iepuoia (MapT, ampeib, CEeHTIOpb,
okTs10pp). HalineHs! 1 mpoaHan3upoBaHbl OTIINYMS JUISl CEBEPHOTO H I0’KHOTO IOy IIApHH.

IToka3aHa 3aBUCUMOCTb Pa3IUYHBIX TUIOB F-paccesHus oT MHBapHaHTHOM MUPOTHI criyTHUKA ILAT 11 HOUHOrO 1
JTHEBHOTO BPEMEHH CYTOK.

JampHeilimass paboTra HameJleHa Ha aHaIW3 pPE3YJBTaTOB HCCeNoBaHWI F-paccesHus 1O JaHHBIM BHENIHETO
30HIUPOBAHUS JJI1 COBOKYIMHOCTU 3UMHHMX, JIETHUX U PAaBHOJCHCTBEHHBIX YCIOBUN NpPU BBICOKOM COTHEYHON
akTHBHOCTH. OTrpOoMHBIIl MaccuB JaHHBIX ciyTHHKa MK-19 n paspaboraHHBIH IporpaMMHBINA ammapar H03BOJISIOT
CeTaTh 3TO MAKCHMAJIbHO BO3MOYKHBIM.
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AHaJIN3 IKCNePUMEHTAJbHBIX JaHHBIX 10 Ha0mMoaeHuI0 paguoaspopsl Ha PJIC meTpoBoro
Auana3oHa Bo Bpems reomaruuTHoi oypu 30 mas 2005 roxa

N.B. Trworun, B.b. OBogenxo, C.A. Ilymaii (OAO "HIIK "HUHWJ[AP", Mockea, Poccus)

B pabore mpuBeneH aHanmM3 paJapHBIX OTMETOK, 3apeructpupoBaHHBIX Ha PJIC /1O meTpoBoro mmama3oHa.
CunbHas reomarHutHass Oypst 30 Mas 2005 roma BbI3BaNa CyIIECTBEHHOE YyBEJIMYEHHE OONACTH aKTHUBHBIX
NOJNSIPHBIX cusiHUW. Pagmap B 210 Bpemsi ¢ukcupoBan paxkypcHoe paccesHue paauoBosH (PPP) na Bcex
a3UMyTaJbHBIX HAIPABICHUSAX B CEKTOpe 0030pa. AHANIM3 pacHpenesiCHHs MOMEXOBBIX M IIEIEBBIX OTMETOK IO
JATBHOCTH W a3UMYTY MO3BOJIAET JETATBHO paccMOTpeTh 3Bomoimio obmactu PPP B 30He neiictBus pamapa u
MPOaHAM3MPOBATh €€ CBSA3b C MHIEKCOM aBpopaiibHOM akTBHOCTH AE.

Bapuauuu aMnjMTyIHOro (pakTopa HO JaHHBIM HOHO30H/1a BEPTHKAJIbLHOTO 30HIMPOBAHNUS
"Hapyc_A"

M.IO. Oununmos (Mrcmumym npukiadnou eogusuxu umenu axaoemuxa E.K. @edoposa, Mockea)

Honorpamma BepTHKaIBHOTO 30HAMPOBAHMS CETEBOro MOHO30HAA «Ilapyc-A» paccMaTpuBaeTcsa KaK aMIIIHTYIHO-
BBICOTHO-YAaCTOTHAasI 3aBHUCUMOCTh. Ha e€ ocHOBe, B YAaCTOTHOM JAMama3oHE OMHOTO HOHOC(HEPHOIO CIOos,
paccuuThIBacTCs MapaMeTp «aMIUIMTYIHbIH (akrtop» (AD), KOTOphIil Xapakrepu3yeT HOHOC(hEpHOE IMOIIOIICHHE
paauoBonH. [TokazaH BO3MOXKHBIM alrOpUTM IIEPEXoAa K pe3yssraraM TpaJunuoHHOTO (Al) MeTonma ompenencHus
nornoieHus. Mccnenyercs maccuB noHorpamm 2011-2015 ronos, npuBOIUTCS CpaBHEHHE BapUaldil pPa3iIMYHOIO
BPEMEHHOI'0 MaclITada OCHOBHBIX Treou3nueckux uHaekcoB ¢ AD, paccuntanubM st cioeB E u F2. Uccnenyercs
peakuus AP Ha mepHOIUUYECKHE M HeNepHoAMYecKHe HM3MeHeHHs u3nydeHus ConHLa, a Takke OCOOCHHOCTH
HPOSIBICHHS XapaKTePHOH 3UMHEN aHOMaJHH.

HaOnroneHusi 1HEBHOIO MOJISIPHOTO KACIIAa HA aBPOPaJIbHBIX cTaHuusAX 0. Tukcu u Hopuibek

B.J1. Xanumos!, A.E. Crenanos>, | O.M. [Tupor?, B.A. Tenerun>®, B.A. INanueHko’

UKW PAH, 2. Mockesa, Poccusi, khalipov@iki.rssi.ru

2UKDHUA CO PAH, 2. Axymck, Poccus

3Texnonoauueckuti UHCMUmMym ceeepo-60Cmouno20 edepanvho2o ynusepcumema, 2. Axymex, Poccus
4UC3®D CO PAH, 2. Hpxymck, Poccus

SU3BMHPAH, 2. Tpouyx, Poccus

SHUMJIAP, 2. Mockea, Poccus

B nHeBHOM cekTOope MONSPHONH MOHOC(EPH HAKIOHHBIE paanoorpaxeHus B KB-mmamasone mMoryTr BO3HMKaTh B
HECKOJIBKMX Pa3IMYHBIX OOJIaCTSX: BONM3M PE3KOH SKBAaTOPHATIBHOM T'paHHIBI THEBHOTO MOJSPHOTO Kacma, OT
JVMCKPETHBIX YT TIOJSPHBIX CHSHMH B JHEBHOM KieTe M Ha 3KBAaTOPHAJIbHOW TpaHHWIE AHEBHOH anddy3HOi
aBPOPAJILHOM 30HBI.

HaOmonennst ¢ MOMOIIBI0 TEXHUKH BO3BPATHO-HAKJIOHHOTO 30HIMPOBAHMS OCYIIECTBISIOTCS B THKCH B TeUeHHE
JUINTEJIFHOTO TIEpHOAA, YTO ITO3BOJISIET HA OCHOBAaHMHM OOJBIION CTAaTUCTHKH HM3MEPEHHH YCTaHOBUTH 00JacTh
JIOKaJM3allii JHEBHBIX paagnooTpakeHH. CpaBHEHHE C aHAJIOTUYHBIMH CIIyTHUKOBBIMH JAHHBIMH O ITOJIOKEHHUSIX
JTHEBHOTO ITOJISIPHOTO Kacra M JHEBHOH 1u(Qy3HOH aBpOpasIbHOI 30HbBI TOKA3bIBAET, YTO J[BA BU/Ia N3MEPEHUH 3THX
CTPYKTYP JAIOT XOPOIIO COIIACYIOIIUECS MEX/Ty COO0H pe3ysbTaThl.

IIpoBeneH aHaiM3 CHHXPOHHBIX H3MEPEHHMH ITOJIOKEHHUS IHEBHOTO TOJSPHOTO Kacla CTAHIUSAMH HAaKIOHHOTO
3ouanpoBanus Oyxta Tukcu n Hopunbck. Habmromaercs xoporiee cornacre B HOJIOKESHUH 3KBaTOPHATBHBIX TPaHHUI
Kacma IpH PEerucTpaLuu ¢ AByX CTaHLUI

VYcraHOBKa Ha aBpOpajibHOW CTaHIMM THKCH COBpeMEHHOro nudpoBoro uoHo3zoHaa DPS-4, ocnameHnHOro
JIOTIONTHUTEIEHOM TOPH30HTAIBHOW POMOMYECKON aHTEHHOW, IMO3BOJIUT OCYIIECTBIISATH HENPEpHIBHBIN (on-line)
MOHHUTOPHHT TOJIOKEHUH THEBHOTO MOJSIPHOTO Kacma M Kie(Ta B TeUYCHHE 5-6 9acoB B OKOJIOMONIYIEHHOM CEKTOpe
U U3y4aTh UX JUHAMUKY B 3aBUCHMOCTH OT NapaMeTPOB MEXKIIJTAHETHOI'O MAarHUTHOI'O OIS,

JeransHO 00CyXIaroTcs Ipyrie BO3MOXKHOCTH noHo30H1a DPS-4 npu pabote Ha aBpopanbHON CTaHIIUH.

Pa6ota BemmonHeHa mpu 9actraHOU oanepxke [Iporpammer PAH I17.
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About one possibility of weather and climate change by active experiments
S.V. Avakyan'>3, A.V. Troitsky*, S.A. Chernouss’

VAll-Russian Scientific Center "S.1. Vavilov State Optical Institute”,
2St. Petersburg State Politechnical University,

3Central (at Pulkovo) Astronomical Observatory RAS,
*Radiophysical Research Institute, N. Novgorod, Russia

SPolar Geophysical Institute, Apatity Branch

The report based on the results of experiments of NIRFI on sporadic appearance of the microwave radiation of
ionospheric nature during periods of solar flares and geomagnetic storms, and also during work of the "Sura"
ionospheric heating facility. Leningrad State University measurements in 1990-1991 at altitude about 2100 m
proved the impact of microwave radiation from solar radiobursts on the amount of water vapor in the upper
troposphere column. 25 - 40% of the vapour are involved into the formation of clusters decreased an atmospheric
transparency. Papers of State Optical Institute (2008) proposed to account the electron-stimulated precipitation from
the radiation belts over powerful radio transmitters (registered on the spacecraft DEMETER) as an additional source
of microwave radiation of the ionosphere. This source can participate in the condensation-cluster mechanism
changes of atmospheric transparency by the same way as natural geomagnetic storm. (Grach et al) also recorded
stream microwave ionospheric disturbance stimulated by HF heating in an experiment at the "Sura" even earlier
(2002) . This led to the appearance of Rydberg states exited by the accelerated electrons impact.

(Troitsky et al.) found that at the threshold of sensitivity of radiometric measurements in 0.006 g/cm? observed a
decrease in the water vapor content in the troposphere at 0.05 g/cm? at a total natural content 1.8 -2.1 g/cm?in a
special experiment on the basis of "Sura" facility to study the cluster-condensation mechanism. These reductions
were observed almost simultaneously with the work of facility and time delay was about I minute. It should be
noted that the heating power was 20 times less than the maximal reached power in such facilities. The extending of
the experimental possibilities on the clustering in the troposphere by ionospheric microwave radiation (SPbSU)
supposedly can give us the same result as an active impact on the ionosphere by heating facilities and power transmitters.
We believe that manifestation of the described effects give a contribution to change of climatic characteristics: cloud
formation, cyclogenesis, temperature anomalies and precipitation. This follows from the results of the analysis of
correlation between cloud cover, temperature and precipitation and solar-geomagnetic activity over secular and
annual (2 - 5 years) scales. Authors propose to use an optical method for detecting emissions of atomic oxygen in
those electronic transitions between Rydberg states, which wavelengths are located in the atmospheric spectral
windows in the visible and IR ranges. It will be the test for contribution of the Rydberg excitation processes in the
formation of the flux of microwave active effects of the ionosphere.

Corresponding lines for the visible region of the spectrum in low-lying Rydberg levels (with principal quantum
number n of about 10) are in the blue region of the spectrum: 448.4 nm (the electronic transition is 11d - 3p), 452,3
nm (10d - 3p), and 457.7 nm (9d - 3p). Observation of these effects demand high resolution optical spectral
equipment with wide spectral range simultaneously. This device, named SISAM was made in the Leningrad State
Univesity by Kozlov and Lopatin and tested in the Polar Geophysical Institute (Petrunkin L., Petrunkin M. and
Chernouss) and showed acceptable characteristics in spectral range, resolution and sensitivity.

Application of the optical recording channel in active experiments (i.e., at a fixed space-time artificial ionospheric
disturbances) allow to confirm experimentally the Rydberg channel of generating microwave fluxes from the
ionosphere at its perturbations; to offer remote monitoring as international control of sources of artificial influence
on weather and climatic characteristics.

Instabilities of aerosol flows in thunderclouds
V.S. Grach (Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod, Russia)

The fine structure of electrical field and space charge in thunderclouds is studied. It is assumed that the structure is
generated by instabilities of aerosol flows. The relative motion of charged heavy and light components (large drops
and hail and ice crystals and small drops, respectively) is caused by simultaneous influence of gravity and
convective air updraft.

The linear stage of a dissipative instability, developing in such system, is studied with the allowance for size
distribution of large aerosol particles. The quantitative estimates are made for the aerosol threshold charge,
necessary for instability to develop, as well as for time and space scales.
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The spectral composition of the atmospheric electric field variations at Vostok station in Antarctica

A.V. Frank-Kamenetsky (Arctic and Antarctic research institute, S. Petersburg, Russia)

The observations of the atmospheric electric field at. Vostok st. in Antarctica are carried out almost continuously
since 1998. These data sets provide an opportunity to examine the spectral composition of the variation of the
electric field.

We prove the existence of high-frequency oscillations (T<2 min) in the summer with a typical power spectrum
(Kolmogorov spectrum). In addition, in atmospheric electric field variations are observed oscillations with periods
typical for acoustic-gravity and planetary waves.

Volcanic impacts on atmosphere and climate of Kola Peninsula and Finnish Lapland

E.A. Kasatkina!, O.1. Shumilov', M. Timonen? and A.G. Kanatjev'

1Polar Geophysical Institute, Apatity, Russia
’Natural Resources Institute Finland (LUKE), Rovaniemi, Finland

It is known that, throughout the Holocene, global climate changes have occurred under the influence of powerful
natural factors (solar activity and volcanic eruptions). Which of these factors plays a dominant role is currently
under discussion. However, it should be noted that according to the materials of the Kyoto Protocol the most
substantial contribution to climate changes in recent decades is due to man-made impacts. In connection with this,
there has been a growing interest in recent years in a controlled climate impact through emissions of sulfate aerosols
into the stratosphere (geoengineering or climate intervention). Volcanic eruptions can be considered a natural analog
of this impact. The emission of huge amounts of volcanic dust, sulfur dioxide, and water vapor into the stratosphere
during volcanic eruptions reduces atmospheric transparency and prevents the penetration of solar radiation to the
earth's surface. As well known the atmospheric and climatic impacts of volcanic activity' vary regionally, and major
volcanic eruptions do not always result in regional cooling. To identify volcanic impacts we analyzed two pine
(Pinus sylvestris L.) polar tree-ring records collected nearby the northern timberline: the 561-year Kola Peninsula
tree-ring chronology and the ~7500 supra-long chronology from Finnish Lapland. The data were processed using
modern techniques adopted in dendrochronology (cross dating and standardization). A superposed epoch analysis of
18 powerful events (Volcanic Explosivity Index, VEI>5) revealed a significant (P<0.05) suppression of tree growth
at both sites for up to 8 years following volcanic eruptions. High-latitude Icelandic volcanoes have no significant
impact on the climate of the Kola Peninsula and Finnish Lapland. Our results showed that polar tree-ring
chronologies can be used for classifying past strong volcanic eruptions and assessing the efficiency of the controlled
climate impact through emissions of sulfate aerosols into the stratosphere.

Prospects of microwave monitoring of the middle atmosphere ozone in polar latitudes
Y.Y. Kulikov (Institute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod, Russia)

We represent some results of the last years for discussion which were executed in ground-based microwave
observations of polar ozone at frequencies of about 110836.04 MHz. The basic purpose of microwave those
observation was an estimation of influence geomagnetic active period on behavior of ozone in the upper stratosphere
and the mesosphere.

Prospects of the future microwave observations in the polar latitudes are the following. These observations should
be based on realization of simultaneous microwave measurements of the ozone content in the middle atmosphere at
the St. Petersburg station (60N, 30E) and at the Apatity station (67N, 33E). The choice is based on the fact that these
stations are located in the zones in which the influence of charged components on the upper atmosphere is different.
The organization of a network of measuring points became possible because of the development of the new mobile
ozonemeter [1]. It is very important that the devices will be equipped with identical techniques of observation and
algorithms for an estimation of vertical ozone profiles in the middle atmosphere. Either ozonemeters consists of an
uncooled millimeter-wave receiver and multichannel spectrometer. System noise temperature (single band) — about
2000K. The spectrometer represents a bank of filters (31 channels) with spectral bandwidth 240 MHz and the
variable frequency resolution: 1.0 — 10 MHz. Parameters of the instrument allow to receiving the information (for
15-20 minutes — time resolution) on vertical distribution of ozone at altitudes from 22 to 60 km. The measurements
of spectra of atmospheric emission were carried out by the method of its calibration on hot and cold reference loads.
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Solar signatures in polar tree ring records

0.1 Shumilov!, E.A. Kasatkina!, M. Timonen? and A.G. Kanatjev'

'Polar Geophysical Institute, Apatity, Russia
’Natural Resources Institute Finland (LUKE), Rovaniemi, Finland

A role of solar activity in climate change is still a subject of scientific discussion. Polar tree-ring chronologies
represent the major interest for assessment of climate change, since, as is known, trees, growing nearby northern
timber line, possess the increased sensitivity to external impacts. Here we present an analysis of tree ring
chronologies collected from living trees at the northern timberline of Kola Peninsula (67.77-68.63N; 33.25-36.52E):
a 561-year (1445-2005 AD) pine (Pinus sylvestris L.) and a 676-year (1328-2004 AD) juniper (Juniperus Sibirica
Burgst.) tree-ring records. Tree rings measured with a precision of 0.01 mm by using an image analysis system
(scanner and relevant software). The samples were cross-dated using standard dendrochronological practices and the
COFECHA program. A negative exponential curve was used to remove the age trend from individual annual ring
series prior to construction of the chronology using the ARSTAN modeling. We have observed that the polar tree-
ring records are correlated with the surface air temperature in Europe over a long time scale. The coldest conditions
over the last 700 years in Europe, as well as in polar region, were in the XVII century during the “Little Ice Age”
period. It was shown that the past climatic variations at Kola Peninsula were fairly strongly connected to solar
variability. For example, all solar minima: Wolf (up to 1350 AD), Sporer (1416-1534 AD), Maunder (1645-1715
AD) and Dalton (1801-1816 AD) were accompanied by temperature and tree growth decreases. Some recent
decreases in solar activity, even in XX century (around 1900 and 1960) seemed to be linked to the period of reduced
tree growth. Results of MTM spectrum and wavelet analysis of polar tree-ring records allowed us to select the main
periods of solar activity (11-year, 22-year and 80-90-year cycles). We have also noticed that the 22-year solar cycle
is stronger and more pronounced in tree-rings than the 11-year signal is. It should be noted that the Kola tree-ring
chronologies did not show any great warming at the end of XX century. The results obtained give us information on
regional climate change in the very important area influenced by Gulf Stream and Arctic Ocean and located in the
vicinity of the Northern Sea Route.

Meteoposaornyeckue 3p@PexTsbl B IPU3eMHOM raMMAa-U3J1y4eHH U

A.B. T'epmanenko, H0.B. banabun, b.b. I'Bo3nesckuii (Tlonsipusii eeopusuneckuii uncmumym, Anamumeot, Poccust)

MOHHTOPHHT NIPU3EMHOTO TaMMa-M3JIydeHHUs], IPUXOASAIIEro n3 arMocgepsl, HeckonbKko et Bexercs B I[II'M nHa
JIByX CTaHIUAX: B Anarutax u bapeHnOypre. DHepreTHUeCKHid AMaNa30H, pETUCTPUPYEMOTO Ha 00ENX CTaHIMIX,
rammMa-m3nydeHus cocrtasisier 20—400 x3B. IIpencraBieHsl pe3ynbTaTsl aHATN3a Bapualuii TaMMa-u3JIydeHHs, He
CBSI3aHHBIX C BBISIBIICHHBIMHU paHee d(dQeKkramu Bapuanuii U3aydyeHHs BO BpeMsi 0CaJKoB. B mepByro ouepenpb 310
Bapuanuy, CBA3aHHBIE C aTMOC(EpHBIM JaBlIeHHEM M TemIiieparypoil armocdepsl. [TockonabKy ramMma-usiydeHue
BO3HHUKAET B aTMOC(epe OT KOCMUYECKHX JIydel, Taxke MPOBEACH aHAIN3 CBS3U BapHallMil KOCMUYECKHUX JIy4eH C
BapHaIMsIMH B TaMMa-H3Iy4ICHNN.

Bansiaue 00;1a4HOCTH HA BePTHKAJIbBHOE pacnpe/iejieHle 030Ha B HM:KHel Tponocdepe

B.U. lemun (Tloaspnuiii ceousuueckuit uncmumym, 2. Anamumut)

Jis m3ydeHns BO3ACHCTBHSA OONAYHOTO BOXHOTO a’po30Jisi Ha BEPTHKAIBHOE pACHpeAeiCHHE MapIHaIbHOTO
otHomeHuss cmecu o3oHa ([TOCO) mpenyoKeHO HCIOJIb30BaTh JNaHHBIE BEPTHKAIBLHOTO O30HO30HIVPOBAHWIS,
KOTOPOE COIIPOBOXKIAETCS OTHOBPEMEHHON perucTpanueil 030Ha, TeMIeparypsl U BIaKHOCTH BO31yXa, Beinenenue
TpaHUI] 0OTaYHBIX CIIOEB B 3TOM CIIydae MOXHO IPOBOIUTH [0 METOAWKE, IPHHATON B aBUAIIHOHHON METEOPOJIOTHI
10 XapaKTepy BEPTHKAIBHOTO MPOGMIISL TEMIIEPATyphl U Ae(PHUIINTA TOUKH POCHI.

Boutn npoananusuposansl qanHble 200 030H030HAMpoBaHKuH Ha apX. [lImuudepren (Heto-Onecynn), mpoBeneHHBIX
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B JIeTHUH mepuon (MioHb-aBryct). OOHapy)Xe€HO, 4TO BXOXKACHHE O30HO30HIA B OOJNauHBIN CIIOW He Bcernaa
conpoBokaercst ymenpinenneM [IOCO 3a cyer B3aMMOIEHCTBHS 030HAa ¢ BOXHBIM a’posoneM. [opaszno dame
I[NOCO mpu 3TOM HEe MEHseTCs WIHM JaXe yBelnmduBaeTcs. Hepenko M3MEHEHHs passIMYHBI IO 3HAKY B Pa3HBIX
(BepTUKaJIbHBIX) YacTAX OAHOTO M TOTO ke oOjauHoro Maccusa. Peskuii ckadok [TOCO mpu BbIXOzmE M3 0obiaka
HaOIFOmaeTcs Py HAIMYHN MPUTIOTHATON (HamoOmauHoi) maEBepcrr. OMHAKO aHATOTWYHBIN CKa90K UMEET MECTO U
IPH IIepeceYeHNH 030HO30HI0M HHBEPCHU IIPU OTCYTCTBHHU 00JIa4HOTO CIIOSL.

CpaBHeHHe CKOPOCTeil COBPEeMEHHOI0 NMOTeIVIeH!sI Ha BepiInHAX XHOHH, HA OKpY:Kalomei
NMPeIropHoi paBHUHE H B CBO0OAHOI aTMoc(epe

B.U. lemun', A.B. Bonkos?

onspuwii 2eogpusuueckuii uncmumym, 2. Anamunol
2Vnpaenenue no I10 u OT OAO «Anamumy, 2. Kuposck

V3MeHeHns: ce30HHBIX TeMIepaTyp Ha I. JIOBYOpp COMOCTaBICHBI ¢ MU3MEHEHHAMHU TeMIIepaTyphl Ha ONMKaHImImux
PaBHUHHBIX THIpPOMETEOposIorHyeckux cTaHiuiax (Morderopck, JloBosepo, Kawpmamakma). Hecmorps Ha
HECOBIAJICHUS YUCICHHBIX 3HAYCHUH, HM B OJHOM M3 CE30HOB HE OOHAPYXHMBAECTCA CTATHCTHUYECKH 3HAYMMOTO
paznuuusg B YyINaX HAKJIOHA JIMHEWHBIN pEerpeccuii, ONUCBIBAIOLIUX JOJTOBPEMEHHBIM TPEHJ TEMIEpaTypbl B
BBIOpaHHBIX ITyHKTaX. HeT Takke 3HaUMMOTO Pas3iIndus MKy M3MEHEHUSIMHU TeMIIepaTypbl Bo3ayxa Ha T. JloBuopp
U B CBOOOIHOM aTMoc(epe Ha Ommkalmux n300apuueckux moBepxHocTax 925 u 850 I'Tla. DTo mo3BoIsIeT CYUTATH,
910 B IIeHTpe Konbckoro m-oBa coBpeMeHHOE MOTEIJICHHE B IPU3EMHOM CJIo€ M Ha BhICOTax (0 KpalHeil Mepe, B
npezenax HIDKHETo 1.5 KM c¢iosl) uIeT ¢ MPUMEPHO OAMHAKOBOW CKOPOCTBIO U BBI3BIBACTCSA, OYEBMIHO, €AMHBIMU
MeXaHU3MaMHU.

I'eomopdosnornueckue pakropbl pOPMUPOBAHUS «OCTPOBA TEIUIA» B I. AIATUTHI
B.U. Jemun', 5.B. Kozenos!, H.U. Enuzaposa?, A.B. Bonxos?

lonapuwuii 2eopusuueckuti uncmumym, 2. Anamumol
2AMCT "Anamumor” C3 ®I'BY "Asuamemmenexom PIM", 2. Anamumoi
3Vnpasnenue no IO u OT OAO «Anamumy, 2. Kupoeck

Ha ocHOBe mapamienbHBIX METEOPOJIOTHYECKMX HaOMoneHNH B TI. Amnatuthl (AKaaeMroposiok), a’poIopry
«XubuHbB U ruApoMeTeoposornueckoi ctannuu B Tuk-I'y6e, mpoBenennsix B 2014-2016 rr., ycTaHOBIIEHO, YTO B
3UMHUI Nepro IIeHTpalbHasl 9acTh ropoja ATIaTUTHI OKa3bIBaeTCA TEIUIee MPUroposia, IpUieM IpH SICHOM Hebe U
ciaboM BeTpe Pa3HOCTh MOXKET JOCTHI'aTh HECKOIBKHX rpamycoB. OgHako HeT yOequTeNbHBIX OCHOBAHWH JUIS
3aKJTIOYEHHs, 9TO OOHApyXEHHOE SIBJIEHHUE SIBJISICTCS HPOSBICHUEM aHTPOIIOTEHHOTO TOPOACKOTO «OCTPOBA TEILIa»
TaK KakK IIEHTP TOpojia OKa3bIBAeTCs MPUMOAHATEIM Ha 50-80M OTHOCUTENBHO OKpecTHOCTel. PasHOCTH TeMmepaTyp
HE TIPEBOCXOIUT [0 BEJIMYMHE AMAINA30H €CTECTBEHHOM WM3MEHYMBOCTH 3MMHEH TeMIepaTypsl B YCIOBHSX
c1a00BCXOIMIIEHHOTO penibeda. biaus3kue 1mo BenMYMHE Pa3sHOCTH TEMIIEpaTyp MEXIy BEpIIMHAMH XOJIMOB H €r0
MOIHOXXHUSIMH B 3UMHHIA TIepHO]] 00HAPYKUBAIOTCS U BHE TOPOJICKON YepPTHI.

CHUHXPOHM3UPOBAHHBII ¢ MUPOBBIM BpeMeHeM KHIKOCTHbII MUKpodaporpad

C.B. llunsraes, M.B. ®unaros, A.B. Jlapuenxo, C.I1. Hockos
Honapnwiil eeoguzuueckuii uncmumym, 2. Anamumut, Poccus,; e-mail: pilgaev@pgia.ru

[l HenpephIBHOM pervcTpaly BapHaluidi arMoc(epHOro JaBJieHUsl ¢ XapaKTepHbIMH BpeMeHamu oT 0.5 ¢ 1o
HECKOJBbKHX yacoB B IloysipHOM reou3nueckoM MHCTUTYTE ObUT pa3padOTaH, CO3/1aH M BBEIEH B OKCILTyaTALUIO
CHHXPOHHM3MPOBAHHBI C MHPOBBIM BPEMEHEM >KHUAKOCTHBIM MuKpoOaporpad. OTIHMYUTETHHONH O0COOEHHOCTHIO
JAHHOTO TpHOOpa SBISETCS BO3MOXHOCTh YIPABICHMS, HACTPOHKH mapaMeTpoB pabOTel W OOHOBJIECHHUS
MUKporporpamMmbel nipubopa uyepe3 WEB wunrepdeiic. Jlatunkom Bapuanuii arMoc(epHOTo JaBICHUS CITYXHT
Gapoxamepa, 3amosHeHHas TpaHchopmaropHBIM MacioMm. Konebanus XKUAKOCTH B KaMepe MPUBOIAT K M3MEHEHHUIO
AIIEKTPUIECKON EMKOCTH, KOTOpas OIu(POBBIBACTCS U 3alMUCHIBAETCs B dHeprone3aBucumyo FLASH nmamsTs.
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OnucanHplii  MuKpoOaporpad oOnamaer CieAyIONMMH XapaKTEPUCTHKAMM: pPa3pelieHUuE PEerHCTPUPYEMbIX
Bapuanmii armocheproro masienus He xyxe 0.02 Ila; nnHamMudeckmit nuamazoH 96 nb; gactora onnuppoBKHU OT 4.6
I'm mo 45.5 T'y; amana3oH pabdounx Temmeparyp -40..+85 °C; TOUHOCTH MPUBSA3KH JaHHBIX K MUPOBOMY BPEMEHH HE
xyxe 1 Mkc; mutanue 5 B, 200 MA.

Hexotopbie MeToguuecKue BONPOCHI B IpodiieMe 0 BHICOKOLIMPOTHBIX OTOKAX yJIbTpa-
JHEePruYHbIX PeJSATHBHCTCKHUX 3J1eKTpoHOB (100 M»3B)

I.®. Pemenen, A.M. Acradbes

Kagpeopa paouoghusuku gusuuecrkozo gpaxynemema Canxkm-Ilemep6ypeckoeo eocyoapcmeennozo yHugepcumen,
Cankm-Ilemep6ype, Poccus,; e-mail: g.remenets@spbu.ru

YTBepxnenne o ToM, urto aHoMmaneHble CJIB- Bo3mymenms (10-16 «I'm), permcrpupoBaBmmecs M.U.
Bbenornazoeeim B III'M KHI[ PAH Ha nemmkoM BBICOKOIIMPOTHOHM paauoTpacce (Ha3eMHBIE M3MEpPEeHHs) ObLIH
TIOPOXK/ICHBI KPYITHOMACIITaOHBIMH BBICHIITIAHUSAMH (HECKOJIBKO THICSY KB. KM) YJIBTPA-9HEPTUUHBIX PENISTHBUCTCKUX
amekTpoHOB (YPD), oOcCHOBBIBaeTCs B ONIpeAeisIIoOmeil crermeHH Ha pemeHnn oOpatHoit C/IB-3amaun
camocoriacoBaHHBIM MetozoM [1, 2]. Ilo mnpuumHe ee HENIMHEHHOCTM M IO TPHYUHE CYLIECTBEHHOTO
YXYILIAIOIEroCcs] OTHOLICHUsI CUTHAI / IIyM BO BpeMs BO3MYIUEHHsI CUTHaJIOB (0T 10 K HECKOJIBKUM €IMHHIAM B
MHTEP(HEPEHINOHHBIX MHHUMYMAaX) METOLY NPHCYIIA BBYHCIUTENbHAs HEYCTOMIMBOCTh. OHA MPEOoIeBaeTCs C
MOMOIIBIO JIOCTaTOYHO OOJBIIOr0 YHCIIAa U3MEPSEMBIX BEJMUUH 110 CPABHEHUIO C YUCIOM HCKOMBIX MapameTpoB
(kak (yHKUMH BpEMEHH), KOTOpBIE XapaKTEepU3YIOT JJIEKTPUUECKHE CBOMCTBA HMOHWU30BaHHOW arMocdepsl
cnopaguueckoro Ds-ciost [1]. Hamr yncneHHsIN aHanu3 MoKasal, 4TO B yCIOBHAX YKa3aHHOTO DKCIIEPHMEHTA 3TO
NpeBBIILICHHE JIOJDKHO OBITh HE MEHee, YeM B 3 pasa.

Crnenyronmii MeTOIWYeCKAH BOMPOC CBSI3aH C BIMSHHEM BBICHIMAOMUXCS YPD Ha comepkaHue 030Ha B
aBpopanbHOiil 30He [3]. DTy paboTy HEOOXOIUMO MPOMODKUTE B CICIyIONIeM HampasieHud. [locie ee myOmuKkanuu
NPUIUIO TIOHMMAHHE TOTO, YTO B CIy4asX oOOCYXKOaeMbIX BO3MYIICHHI dYacTh aTrMoc(epsl, pacloIOKeHHAas
CYIIECTBEHHO HIKE peryisipHoro D-ciiosi moHochepbl, HOHM3HPYETCS TOPMO3HBIM PEHTICHOM OT moToka YPD.
[TosTOMy, nOTONHSSL yKa3aHHYIO paboTy, HEOOXOIUMO HCCIENOBaTh M3MEHEHHs] 030HA HE TOJIBKO 4epe3 3 CYTOK,
KaK 3TO CJEJIaHO B CTaTbe, HO U BO BCE MPEABIAYIINE CYyTKH, HAYMHAS C MAKCUMYMOB BO3MYILEHHH.

HemaBHO OBlTa ompenereHa rOXKHAs TpaHWIA BHICHINAHWS YPD — He skBatopuaibHee 61 rpamgyca MarHUTHOMH
IIMPOTHI (He 10kKHee 64 rpaayca ceBepHOIl MIMPOTHI B palioHE CKaHAWHABCKUX M KOJMBCKUX A0JaroT) [2]. ITostomy
MIPY IJTAHUPOBAaHUM HOBOHM perucTpanuu reopusndeckoro sapiaeHns YPOB i HCTOYHMK, U IPHEMHUK TOJDKHBI OBITH
OrrKe K TOJTIIoCy Ha HECKOJIBKO IpajlycoB, YeM yKa3aHHas IUPOTa.

1. Remenets G.F., and M. L. Beloglazov, 2013. Ultrarelativistic electrons in the near cosmos and X-ray aurora in the middle polar
atmosphere // JGR — space Physics. V. 118. Issue 11. PP. 6829-6838. DOI: 10.1002/2013JA018822.

2. Remenets G. F., and A. M. Astafiev, 2015. Southern boundaries of ultraenergetic relativistic electron precipitations in several
cases from 1985 — 1986 years // J. Geophys. Res. - Space Physics, 120(5), 3318-3327. DOI: 10.1002/2014JA020591

3. Roldugin V. C., M. 1. Beloglazov, G. F. Remenets, 2000. Total ozone decrease in the Arctic after REP events // Annales
Ceophysicae, Vol. 18. Ne3. PP. 332-336.

Bausinue atMocgepHOro a3p0o30Jis Ha NOTOKU COOCTBEHHOI0 U3J1y4eHHs1 aTMoc(epbl
E.A. ®enorosa, 11.B. Munranes, K.I'. Opnos

Honsapnouii ceoguszuueckuti uncmumym PAH

IIpencraBneHsl pe3ysnbTaThl 3TAJOHHBIX PACYETOB IOTOKOB COOCTBEHHOTO W3IIyYeHHs aTMocdepbl 3emin B
nanbHeM, cpeHem n ommkneM MK nuanazonax ¢ paspemenureM 1o yactore usnydenns 0.001 cm™! mpu pasnnunbix
pacnpenesnieHHsIX a’posoned B armocdepe. Ilpum pacuerax HCHONB30BAIOCH NPUONMIKEHHE TOPU30HTAIBLHON
OIHOPOZIHOHN aTMOC(EpPBHI U YUUTHIBATIOCh MOJEKYIAPHOE U a3pO30JbHOE paccesHue. s YUCIeHHOro pemeHus -
MEpHOTO MO MPOCTPAHCTBY YPAaBHEHHS IEpPEHOCA W3IIyYeHHs HCIOIb30BalICd OIWH W3 BAapHAHTOB METO/A
JUCKpPETHBIX OpAMHAT. B pacuerax ucnonb3oBanuch paBHOMEpHas ceTka 1o Beicore ¢ maroM 200 MeTpoB H
paBHOMEpHast CeTKa II0 3€HHTHBIM yIiaM C ImaroM MeHee 9 rpamycoB. Ko3h¢uimeHTsl MOJEKyIsIpHOTO
MOTVIOMIEHHUS PACCYUTHIBAIIUCH C MCIIOIB30BaHNEM CIIeKTpocKommueckoi 6a3pr nanabix HITRAN 2012.
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Comparison of geomagnetic storm manifestations in cardiogram of Yakutsk and Tiksi inhabitants
L.P. Shadrina, S.N. Samsonov, V.I Manykina

Academy of Sciences of Republic of Sakha (Yakutia), Yakutsk, Russia
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy of SB RAS, Yakutsk, Russia

The analysis of changes in parameters characterizing a state of human cardiovascular system — a symmetry
coefficient of a T-wave of the electrocardiogram (parameter T) — for the inhabitants of Tixie and Yakutsk during
geomagnetic storms was fulfilled. It is shown that the growth of parameter T for Arctic zone inhabitants often
observed two days before the beginning of a storm, but maximum values of the parameter achieved the second or
third day after the beginning of a storm — at the recovery phase. For the mid-latitude city inhabitants (Yakutsk) the
increase of parameter T two days before the beginning of the storm is shown not always, but more clearly appears
maximum in the storm first day, i.e. during main phase of a storm.

The cyclic dynamics of northern trees photosynthetic capacity
P.A. Kashulin, N.V. Kalacheva, V.K. Zhirov (Polar-Alpine Botanical Garden-Institute, Apatity, Russia)

The contemporary approaches to registration means of the local biological responses on global biosphere changes
simultaneously with possible cosmic fine effects on terrestrial biota life suggest the wide use of remote-sensing and
noninvasive, but sensitive methods. Such state-of-the-art technique provides an investigator by current data with
minimal disturbance of the living objects.

Long-term monitoring for photosynthetic capacity of indicator flora species was carried out in terms of noninvasive
optical method which have been included chlorophyll fluorescence measurements in situ emitted up the surface of
native foliage. The pulse amplitude modulated PAM-2100 portable chlorophyll fluorometer from Heinz Walz
Effetrich (Germany) was used. The parallel daily PAR, UV, temperature and humidity measurements for the plant
vegetation local points were carried out also. The ran current data were as follows: Fo and Fm — minimal dark and
maximal chlorophyll fluorescence, respectively; derivative parameter Fv/Fm which is a measure of the maximal
quantum yield of photosystem II and some other indices.

The midday and evening chlorophyll fluorescence measurements of Salix caprea L., Populus tremula L., Betula
pendula Roth, Lonicera edulis Turcz. Ex Freyn., Lonicera tatarica L., Syringa josikaea Jacq. fil arboreal deciduous
plants were carried out daily, starting of June to October/ Both 2014 yr and 2015 yr seasons are considered.

The photosynthesis capacities of the plants throughout whole vegetation season were compared between different
biological species and with UV, PAR, temperature. A number of cycles in Fo, Fm and Fv/Fm seasonal dynamics
were revealed in terms of spectral analysis for the rows obtained. The most robust periods registered were as
follows: circaseptan (about 7-day) and circasemiceptan (about 3,5-day), the cycles about 14-day, a number of larger
period cycles were found also. The relation of the plant photosynthesis capacity with climatic, geophysical indices
and plausible cosmic provenance of the cycles found are discussed.

DOYyHKIHOHAJBbHBIE NIePecTPOiiKN neprdepudeckoil KPOBH B BLICOKHX IIMPOTAX NIPU BapHALUSIX
reou3NYecKNX areHToB

H.K. benumesa, T.C. 3aBanckast, [I.A. [lerpamona, P.E. Muxaiinos
@I'BYH Konvckuil nayunwiii yeump PAH, o. Anamumeoi, natalybelisheva@mail.ru

[IpoBeneHo wWccienoBaHHE 10  BBUBICHWIO  (DYHKIMOHAJIBHBIX — IEPECTPOEK  NepH(epUuecKoil  KpoBH,
ACCOITMMPOBAHHBIX C I(P(HEKTUBHOCTHIO JEWKOIUTAPHBIX MEXaHW3MOB BOCHAJICHHS W HMMMYHHBIX PEaKkIWid, B
pasnuunble Toabl W (aszel conHeyHoi akTUBHOCTH (CA), XapaKTepU3YIOIIMXCS OIpPEAEIEHHBIM YPOBHEM
UHTEHCUBHOCTU HOHU3UPYIOIIEH KOMIIOHEHThl BTOPHUYHBIX KOCMUYECKHX JIydell U I€OMarHuTHON aKTHBHOCTBIO
('MA). UccrnenoBanne OBIJIO BBIOTHEHO Ha mpemapartax mepudepmueckoit kposu (1335 o6pasmoB kposm),
MOJTYYEHHBIX OT 564 4enmoBeK pa3sHOTo Mojia W BO3pacTa MpH pa3HONW MHTEHCHUBHOCTH HEWTPOHHON KOMITOHEHTHI
BTOPUYHBIX KOCMHYECKHX Jy4ed M pa3HOM ypoBHE reoMarHMTHOH akrtuBHoctH (1991 r, 2007, 2008 r., 2010 r,
2011 r, 2012 r, 2013 r, 2014 1.). IlokazaHo, 4T0 (PyHKIHOHAJBHBIE MEPECTPOUKH MHepUpepUIecKOi KPOBH
ONPEACISAIOTCA «IO30BBIM» COOTHOILIEHHUEM BO3IEMCTBUSI KOCMMUYECKHMX Jy4Y€il M TI'€OMAarHUTHOW aKTUBHOCTHU
(Belisheva at el, 2007). OGHapy>KeHO, YTO YPOBEHb HHTEHCUBHOCTH HEMTPOHOB (MJIM HOHU3UPYIOIIEH KOMITOHEHTHI
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MIPUPOIHOTO POUCXOXKICHHSI) ONPEIeIISieT COOTHOIICHHE KIIETOYHOTO COCTaBa Nnepudepuyeckoil KpoBH U XapakTep
(3HaK CBS3M) MEXIy KJICTKaMHU KPOBH. BriepBble yCTaHOBIIEHO, YTO MEKAY JEHKOIIMTAMH KPOBH CYIIECTBYIOT Kak
YCTOWYMBBIE CBSI3U, COXPAHSIIONIIE CBOM 3HAK HE3aBUCHMO OT 11071, BO3PACTa UCTIBITYEMbIX, YPOBHS HHTCHCUBHOCTH
HEITPOHOB UM TEOMAarHUTHON aKTUBHOCTH, TaK M JaOWIbHBIC CBA3M, 3HAK KOTOPBIX ONpPENEeNseTcsl TeKYLIUM
COCTOSIHHEM OpTaHM3Ma W BHEIIHUM Bo3neiicTBueM. OtpumarensHble CBs3n Mexny muMmdoruramu (JIp) u
cermeHTamu (Cer), u JI® u moHomuramu (MH) (Ipu BBICOKOH HWHTEHCHBHOCTH HEUTPOHOB) y 3HOPOBBIX
UCTIBITYEMBIX OTHOCSTCS K YCTOMUMBBIM. 3HAKU APYTUX CBsI3€d MOTYT MEHATHCS B 3aBHCUMOCTU OT YpoBHS CA,
reoMarHuTHBIX Bo3mylueHuit (I'MB) u naTeHcuBHOCTH KJI. Onenka ¢arountapnoii akrusnoctn 1 HCT (Hutpo
Cunnit Terpasonuii) -TecTa BBISBHIIA, YTO (aronuTapHBIN HHICKC BO3pacTaeT ¢ Bo3pacTanneM nHTeHcHBHOCTH KJI,
B TO BpeMs Kak 3aBepuieHHbI (aronmto3 (HCT-tect) Oonee sddexruBen nmpu Bo3pactanuu ['MA. Brepsbie
00OHapYKEHO, YTO MOKa3arellb SHTPOIHHU JICHKOINTAPHOH (HOPMYIbI MOAYIMPYETCS] NOHU3UPYIOIIEH KOMIIOHEHTOMH
KJI u TMA u otpaxaer 3pPeKTHBHOCTh HECTICITUPIISCKOH UMMYHOPE3UCTEHTHOCTH OpTaHU3Ma. DTO O3HAYaeT,
910 3G QPEKTUBHOCTD HMMYHHBIX pEaKOWH MOKHO NPOTHO3MPOBATh: NPH BO3PACTAHWM HWHTEHCHBHOCTH
noHmsupyomeil komnoneHTbl KJI, a3pekTHBHOCTh MMMYHHBIX pEaKIMii CTAaHOBUTCS HIJKE, a BOCHAJIHMTEIbHbIC
IpoLEecChl MOTYT HUMETh XPOHMYECKHMH, BAJO TEKyluH Xxapakrep. I[IpoBeneHHBIM CTATUCTUYECKUN aHaIU3
(benuwesa, 2014) monTBepIUsl BBHIBOABI, MONYYCHHBIC B JKCIIEPHMEHTAIBHBIX HCCICHOBAHUAX. TaKWe KIIACCHI
Oone3Hell Kak: HOBOOOpa3oBaHMs, OOJIE3HHM KpPOBH, KPOBETBOPHBIX OPraHOB U OTIENIbHBIC HapyILEeHHUS,
BOBJICKAIOIINE IMMYHHBIH MEXaHU3M, OOJIE3HH CHCTEMBI KPOBOOOPAIIEHHS, O0JIE3HN KOXKH, ITOAKOKHON KIIETYATKH,
00Ne3HN KOCTHO-MBIIIEYHOW CHCTEMBI W COCAMHHUTENHHON TKAaHHW, BPOXKICHHBIC aHOMAIWU (TIOPOKH Pa3BHUTHS),
nedopmay 1 XpOMOCOMHBIE HAapyIICHHUs, TPABMbI, OTPABJICHUSI © HEKOTOPbIE JPYTUe MOCIEACTBHS BO3JACUCTBHS
BHEIIHUX NPUYUH, OCJIOKHEHHs OCpPEeMEHHOCTH, pOJOB M IOCICPOAOBOTO IEPHUOAA 3HAYUMO CBSI3aHBI C
WHTEHCHBHOCTBIO KOCMHYECKHX JIydel y TIOBEpXHOCTH 3eMJH. PacnpocTpaHEeHHOCTh Jk€ HEKOTOPBIX
WH(EKIMOHHBIX U TMapa3uTapHbIX Oone3Hel Bo3pacraeT B ronasl Bbicokod CA M TeOMarHMTHOH aKTUBHOCTH.
W3BecTHO, YTO JEHKOUMTHI, K KOTOPBIM OTHOcATcs Hedrpoduibl (Ht), Brimouas nanoukosimepusie (IIsH) u
cermenTosnepusie (CsH) meritpodwnst, mumdponnts! (JId), Mmoronuts! (MH), 303uHOGMITE (J03) 1 6azodmis (bas),
SIBJISTFOTCSI OCHOBHBIMH KJIETOYHBIMH KOMITOHEHTaMH BOCTIAJICHHS 1 UMMYHHOH! peakuny. Bapuanuu reoduznaeckux
areHTOB B BBICOKHMX HIMPOTaX, (aKTHYECKH, MOLYJIUPYIOT (QYHKIMOHAIBHOE COCTOSHHE TepH(epruuecKoil KpoBH
MOCPEACTBOM HM3MEHEHHMS XapakTepa CBA3€H MEXAy JIeHKOIMTaMH M HX coaepkaHumeM. B cBoro ouepens,
(YHKIMOHAIBHBIE TIEPECTPOUKN KPOBH OTPaXkaroT 3(p(heKTHBHOCTH MMMYHHBIX PEAKIHA, ONPEIEISIOINX TOMEOCTa3.
WccnenoBanusi mokaszaju, YTO TOMEOCTa3 M ONTHMANbHBI ypOBeHb 3(P(EKTUBHOCTH HMMMYHHBIX pEaKLHUii
MIOAJICP)KUBACTCSI HA OCHOBE WHAMBHIYalbHOH CTPaTernyd W3MEHCHMS XapakTepa CBA3M MEXIY KICTOYHBIMHU
AIIEMEHTaMH KPOBH B COOTBETCTBHUH C «J030» BO3MYIIAIOIIETO Bo3aeicTBus (beruwesa, Koupaoos, 2005).

Biausinue Bapuanuii KocMo(u3M4eCKUX AT€HTOB HA POCT MUKPO(IOpPbI B OPraHu3Me sKeHIIH,
npoxuBaux B EBpo-ApkTinyeckom peruone

T.C. 3aBanckas', E.H. YeGorapena®, P.E.Muxaiinos', H.K. benumesa!

'®AHO ®I'BY KHI] PAH 2. Anamumui, Poccus
’I'OBY3 AKITK 2. Kuposck, Poccus
Green.myrtal@mail.ru

HccrnenoBanue OBLIO HAmpaBlIeHO Ha OINpeeNicHHe Ka9eCTBEHHOTO COCTaBa MHKPOOHOTHI KEHCKOTO OpraHW3Ma B
pa3HbIX BO3pAcTHBIX TPYIIax ¥ BBIBICHHE XapakTepa 3aBUCUMOCTH OOWIMs MHUKpoQuiopsl Ma3ka U3
HCPBUKAJIBHOIO KaHaJla B OpPraHu3Me IKCHOIWH, MPOXHBAKOIIMUX B BBICOKUX INHUPOTax, OT Bapnaunﬁ
KOCMO(HU3NUECKAX arcHTOB. [IpoBeleH aHanM3 XapakTepa CBS3M MEXIy BHIOBBIM pa3sHOOOpasmeM, OOWIneM
MHUKpPOOHMOTBI M CE30HaMU T'0Aa, TOHWCK BHAOBBIX OCOOCHHOCTEH CBSI3M MEXIy MHUKpO(IOpoH M BapHalMsIMHU
KOCMO(HU3NUECUKX areHTOB.

B wuccnenoBaHMM HMCTIONB30BANUCH JAaHHBIE PE3YIbTATOB AHAJHM30B IIEPBUKAJBHONW JKUIKOCTH IKCHIIHH,
npoxuBarommx B Amnaruto-KupoBckom paiioHe MypmaHCKoi 001, ¥, NpOXOAMBIIMX 0OcClieoBaHHE B
Mukpobuonorndeckoit maboparopuu [OBY3 AKII'B r. Kuposcka.

B pesynbrare aHanmza 3amuceil  MUKPOOMOJOTHYECKUX HCCISNOBAHHWM, OBLTH OmpeneNieHbl KadeCTBEHHBIE
OCOOCHHOCTH COCTaBa MHKPOOWOTHI ¥ BBIBICHB Hamboiee BcTpedaemble OakTepuu. bwin  mpoBeneH
CPaBHHTEJbHBIH aHAIN3 Ka94eCTBEHHOTO COCTaBa MHUKPOOMOTHI Y JKEHIIMH Pa3sHOTO BO3pAcTa, OBLIO IOKAa3aHO, YTO
TCOKOCMHUYECKHUE arcHTbl MOIYJIHPYIOT BHHOBOﬁ W YUCJIEHHBIA COCTaB MPIKpOCI)J'[OpBI HepBI/IKaHBHOﬁ KHUOKOCTHU
KEHILUH, IPOXUBAOIUX B EBpPO-ApKTHMUECKOM pEruoHe, NpPENoINpeneisss TEM CaMblM paclIpOCTPaHEHHOCThb
OTpeNeNICHHBIX WH(EKIMA. 3HAHWE XapaKTepa CBSI3M MEXIy WH(DEKIMOHHBIMH BO30OYIUTEISIMH W BapHALUSIMU
KOCMOG(H3MUECKHUX areHTOB ITO3BOJSIET Ha ocHOBE MporHo30B CA m 'MA mnpuHMMAaTh NPEBEHTHBHBIE MEPHI U
CHIDKCHHS PUCKa MHPHUIMPOBAHHOCTH U 3a00JI€BA€MOCTH KECHIIIHH.
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Bo3MoxHBIH BRI BHICOKOIIUPOTHBIX BAPUALIUI F€OMATHUTHOIO MOJIsl B 0COOEHHOCTH BOJIHOBOM
CTPYKTYPBI CepAeYHOr0 PUTMA Yy sKuTejieil 3anoasipbs

A.A. Maptsiaosa, C.B. IIpsanannkos, P.E. Muxaiinos, H.K. benmmesa (@I'5YVH Konvckuii nayuneiti Llenmp PAH, Anamumet,
martynovaalla@yandex.ru)

B pabote nmpoBeneHO cpaBHEHNE 0COOEHHOCTEH BOTHOBOM CTPYKTYPBI CEPACIHOTO PUTMA Y JIHII, IPOKUBAIOIINX HA
Cesepo-3amane (Mypmanckas u Jleannrpazackas o61m.) Poccun u B pecrryonuke Komu (r. CeikteiBKap). BomHOBas
CTPYKTYpa CEpICYHOTO pUTMa OLIEHMBAJIACh Ha OCHOBE CIIEKTPAJLHOTO aHajIM3a BapHaOENbHOCTH CEpAEYHOrO
purma (BCP). CmekrpanbHble KOMIIOHEHTHI CEpACYHOTO pPHTMAa OBUIM TIPEICTABICHBI BBHICOKOYACTOTHBIMH
(merxarenbabie BOMHEL 0,15-0.4 T'; 2,5 — 6,5 cex- HF ms?), HU3K09aCTOHHBIMHE (MEUIEHHBIE BOIHEI 1-TO MOpsKa,
0,04-0,15 I';;- 6,5 — 25 cek - LF ms?), o4eHb HU3KOYAaCTOTHEIMH (MEIJICHHBIE BOIHBI 2-T0 nopsaka, 0,003—0,04 Ii;
25 - 333 cex - VLF ms?) koneGanusmu. IIpy criekTpaibHOM aHanm3e s KaXkJI0ro W3 KOMIIOHEHTOB BBIYHCIISIIA
aOCOMIOTHYI0 CyMMapHYI0 MOIIMHOCTh B JHAaIa3oHE, U OTHOCHUTEIBHOE 3HAYCHHE B MPOLEHTaX OT CyMMAapHOMH
MoOIIHOCTH BO Beex auanasonax (Total Power - TP ms?). Ilpu 5Tom TP 06GBIMHO ONpEENSETCS KakK CyMMa
MomHocteil B auanazonHax HF, LF u VLF. Kpome Toro, BelYHMCIsUIM 3HAaU€HHE HHJCKCAa BaroCHUMIAaTH4eCKOTO
B3aumopeiicteus (LF/HF). Ilpu cpaBHUTENHHOM aHajHW3€ BONHOBOH CTPYKTYpPHl B TpYyINIaX CpaBHEHUS ObLIH
HCTIONB30BaHbI JJaHHbIE COOCTBEHHBIX HccienoBaHuil (382 denoBeka, NPOXKUBAOMUX B MypMaHCKO# 001, U3 HUX
273 myxuunsl U 109 xenmuH), nanasie no Cankr-IletepOypry: 393 yenoBeka, B ToM uncne 275 myxuuH u 118
»eHmwH (boiiyos u dp., 2002), nannsie 1o T. CeKTEIBKapY, 60 Myx4auH (Jloeurosa, 2006). beuto mokasano, 4To s
i, npoxuBaronmx B CeBepo-3amagHom permone (Mypmanckas u JIeHMHTpajckas o0J.) XapakTepHbl HHU3KHE
MoKa3areJii CyMMapHON MOIIMHOCTH YacToTHOro cmekrpa (TP), mpuuem y sxkurenmeit MypmaHCkoil 00:1.,
PACIONIOKEHHOH B aBpOpAlbHOM 30HE, OTMEYAIOTCSA CaMble HU3KHE IMOKA3aTENIM CHEKTPAIBHBIX COCTaBIISIOLIUX
BCP. Ananu3 3KCepUMEHTANIBHBIX JAHHBIX, MOJYy4YeHHbIX Npu MoHuTopuHre BCP y BomontepoB B mnepuon,
XapaKTepHU3YIOIIMHACS BBICOKOM reomarHuTHOM axkTuBHOCTBIO (I'MA), 24 centsabps-18 oxrsabps 2012 r. BeIABUN
cBA3b Mexay uHAekcamMu ['MA M BOJNHOBOI CTPYKTypoH cepiedHoro putma. bpulo moka3aHo, YTO MOITHOCTh
cnekrpanbHbelx cocTapmonmx (HF, LF) xoMnoHeHT, a Takke cyMMapHas MOIIHOCTh BO BCEX CIEKTPalbHBIX
nuanazonax 4actoT (TP) ymenbmarorcss mpu Bo3pactanuu ['MA. Tak Obun mokazansl 3HauuMmble (p<O .05)
oOparHbie Koppessiuu Mexay adcomrorHoit momiHocThio HF, LF —kommnonent, TP u unnexcamu ..AE, ap, PC,
nokanpHbIME uHAekcamu [MA (K u Ax, nmamseie obcepBaropun Comankyis). Ilpu stom, Bo3pactanme 'MA
comnpoBokaanock cHkeHueM Bkiaga HF- xomnonents! (HF,%) u Bo3pactanuem Bxiana LF-kommnonenTs! (LF,%) B
CYMMapHYIO0 CIEKTPaJbHYyI0 MOIIHOCTh. llomydeHHBIE pe3yabTaThl MO3BONAIOT IMPEANOIOKHUTH, YTO YaCTBIE U
WHTEHCHBHBIE T'€OMAarHUTHbIE BO3MYILIEHHS MOTYT OBITH OJHOH W3 BO3MOMKHBIX IIPUYHMH CHIKEHHS MOIIHOCTH
CHEKTPANBHBIX COCTABIIIIONINX BOIHOBOM CTPYKTYPBI CEPACYHOIO PUTMA Y skuTenel 3anonsapbs. CHUKEHUE BKIIaAa
HF- xommnoHeHThl U Bo3pacTaHue BKJIajga LF-KOMIOHEHThI B CyMMAapHYIO CHEKTpajbHYI0 MOILHOCTh BO BpeMs
TEOMAarHUTHBIX BO3MYILIEHHI CBUAETENLCTBYET O HANPSHKEHUU MEXAHU3MOB PETyISIMU CEPAECYHOTO PUTMA, KOrna
aJlanTanysl JOCTHraeTcsl MyTeM aKTHBHM3aLlUU HYHEPro3aTpaTHBIX MEXaHW3MOB, CBA3aHHBIX C BO3pacTaHHE BKIaja
LEHTPAIbHOTO 3BeHA (CHMIIATHYECKON HEpBHOW CHCTEMBI) B PETYJIIMIO CEPIEYHOr0 pUTMa. Takas CBSI3b MOXKET
CBUIETENIBCTBOBATH TAKKE O HAPACTAHUH C BO3PACTOM «YCTAJIOCTH» CEPAEYHO-COCYIUCTOI CHCTEMBI, B PE3yJIbTaTe
BO3JICHCTBHS BBHICOKOIIMPOTHBIX Bapuanuii reomarautHoro nostst (I'MIT). [IposiBnennem BKi1asa BEICOKOIIMPOTHBIX
Bapuaruii ' MII B 0cOO€HHOCTH BOJIHOBOH CTPYKTYPBI CEPACYHOTO PUTMA MOXKET OBITh CHMXKEHHE MOITHOCTH BCEX
CHEKTPATbHBIX COCTABISIONINX BOJTHOBON CTPYKTYPBI CEPACIHOTO PUTMA.

Ouenka 6M03(ppeKTHBHOCTH BHICOKOIHEPreTHYeCKUX HEHTPOHOB BTOPUYHBIX KOCMUYECKHX JIydei
Y NOBEPXHOCTH 3eMJIH

J.A. erpamosa', H.K. Benumresa', 0.B. Bana6un?, E.A. Maypues®

\@I'BYH Konvcxuii nayunwiii yenmp Poccutickoti akademuu Hayk
2@I'BYH Ionspuwuii 2eogpusuveckuti uncmumym KHI] PAH, petrashova@admbksc.apatity.ru

Nzyuenne O0no3¢h(heKTHUBHOCTH HEWTPOHHONH KOMIOHEHTHI BTOPHYHBIX kocMmmueckux nyder (KJI) y moBepxHOCTH
3eMin B NIMPOKOM SHEPTETHYECKOM JAMala3oHe MOXKET BHECTH BKJIAJ B IIOHMMaHHWE OCOOCHHOCTEH BO3ICHCTBUS
HEUTPOHOB HA OPraHU3M YEJIOBEKa B YCIOBHMAX KOCMHUYECKOro monerta. [l BBIABIEHHSA BKIaJa HEUTPOHHOU
KOMIIOHEHTHI C BBICOKUMH JHEPTHAMH, (CIIOCOOHBIX BCTYNaTh B SAJACpHBIC B3aMMOICHCTBHUS C BEIIECTBOM) B
WHIYKIMIO TeHETHYECKUX HApYIIEHUH y Pa3IuIHbIX ONOJIOrHYecKuX 00beKTOB IpH (OoHOBBIX BapHarmsax KJI, Hamu
OblTa MCIIOJIB30BaHA CIENHANIbHAS YCTAHOBKA, «OTCEKAIOUIash IHEPreTHYECKUH CHEKTp HEHTPOHOB C 3HEPTHAMH
<50 MD>3B. YcraHoBKka mpejcTaBisieT co6oi mapaduHOBBINA OKTA3Ip C BHYTPEHHEH «OOPUPOBAHHOWY KaMepoil s
MHKyOanuu OWONIOTHYECKUX OOBEKTOB. TONIIMHA CTEHOK JKpaHUPOBaHWS OblIa pacCcUMTaHa C MPUMEHEHHEM
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MOJZICIMPOBAHUS YCIOBHH INPOXOXKAEHHS HEHTPOHOB uepe3 BELIECTBO C HcIonb3oBaHHeM Mertona Monte Karlo
PLANETOCOSMICS (Monte-Carlo N-particle transport code), Ha ocHoBe maketa GEANT4 (Maurchev et al,
2013). CpaBHEeHHE 9acTOTH M XapakTepa HMUTOTCHETHICCKIX HAPYIICHUI B UCCIEIyeMBIX O0BEKTax MpH (HOHOBOM
BozneiictBur KJI y moBepxHOCTHM 3eMiIM M B YCJIOBHSX OSKPaHUPOBAHMS MO3BOJHUT MOHATH ponb KJI mis
(YHKIMOHUPOBaHUS OHOCHCTEM B BO3MOKHBIE 3 dexrsr KJI B mepron KocMIUecKUX MHUCCHIA.

B xauectBe oOBekTa HcciemoBaHus ObuT BBIOpaH JIyk pemuatsiit (Allium cepa L.), KOTOpBI pPEKOMEHIOBAH
skcriepraMn BO3, Kak cTaHOapT B IUTOT€HETHYECKOM MOHHMTOPHHIE OKpYXaromed cpensl. LluroreHermueckue
HapylIeHHs B KIETKaX 3TOro OO0beKTa, MPU TECTHPOBAHWU CTEIIEHH T€HOTOKCHYHOCTH BO3JICHCTBHH, XOPOILIO
KOPPETHUPYIOT, IIPU CXOTHBIX BO3ICHCTBHAX, C HUTOTCHETHIECKUMH HAPYLICHUSIMU B KIETKaX MIICKOIIMTAIOUINX H
yenoeka (Fiskesjo, 1985, Barbetrio et al., 2011).

OKCIEPUMEHT BKIIIOYAJI TPH dTala UCCIeIOBaHMHA: 1. AHAIN3 TMHAMUAKH BO3MOXKHBIX HapyIICHUI MUTO3a U ACPHON
CTPYKTYPBI B KJIETKaX MepUcTeMBI; 2. OmpeienieHie BCX0XKECTH CEMSH X HHTCHCHBHOCTH POCTa IPOPOCTKOB; 3. OrieHKa
YPOBHS BO3MOYKHBIX HapyIIEHUH MUTO3a U SIEPHOM CTPYKTYpPBI B KJIETKaX MEPUCTEMBI MOCIIEe HeleJIbHOM SKCTIO3UIINH B
napauHOBOM Kamepe. MeToauka SKCIIepUMEHTa IoIpOOHO onmcaHa B crarbe ([lempauwosa u benuwesa, 2015).
VYcraHOBNICHO, YTO TPHW HMHKYyOAalMM B TapagUHOBOW KaMmepe MpPOPOCTKOB A. cepa B YCIOBHSAX BO3ICHCTBHA
BBICOKO9HEPTeTH4YeCKOi HelTpoHHOH KommoHeHThl KJI ¢ aHeprusimu >50 Mb»B, HaOmronaeTcss CHUKEHHE CKOPOCTH
neneHus (mponudepanun) KIETOK, BO3PAacTaeT 4acToTa Pa3HOOOpAa3HBIX HAPYLIEHHH TEHETHYECKOro MarepHaia
(BcTpeuaeMoCTh MOCTOB B aHadase W Tenodase W MHKPOsIIEp B KIETKE), BO3HHKAIOT Takue 3(PQPEKTH Kak
aIrTJIIIOTUHAIIUA (CHI/IHaHI/Ie) XpOMOCOM U TIIOABJICHUC OBYAJACPHBIX KJIICTOK. Takue neraabHBIC JJIA  KICTKH
HapyIICHHS, KaK arrIlOTHHAIMS XPOMOCOM, Hapsay C 3ama3/blBaHHEM JCJICHUSA KJICTOK (IUTOKHUHE3a) MOTYT OBITh
cnenu(pUIecKUMH TTOKa3aTesIMA 0M03(h(EKTUBHOCTH BBICOKORHEpreTHYeCKOH HeWTpoHHON KommoHeHTsl KJI. B
paboTe TMpEeACTaBICHBI MPEABAPUTEIBHBIC PE3YIbTaThl, CBUICTCIBCTBYIONINEC O MPOSBICHUH (DCHOMECHOB,
ACCOIIMMPOBAHHBIX C BO3/IEHCTBHEM BBICOKO IHEPTeTHMUECKUX HEUTPOHOB B cocTaBe BTopuuHbIX KJI. IIpuBneuenue
JOTIOJTHUTENIFHBIX PACTUTEIBHBIX TECT-00BEKTOB, HAIPHMED, UCIIOIB30BaBIINXCS B APYIHX Hammx padorax (Vigna
radiata), TIO3BOJIMT OLIEHWTh CTENEHb YHWBEPCAIBHOCTH HAapyIICHHH T'€HETHYECKOTO MaTepHana, BO3HUKAIOUIUX
BCJICACTBHUC B3aHMOI[eI71CTBHH HeﬁTpOHOB C KJICTOYHBIM BCIHICCTBOM.

Mukposiapa B 1umdonurax nepudepudeckoil KPoBM y :KuTeIeil BBICOKHX HIUPOT

B.B. loxapckas (@I'bYH Konvckuil Hayunviii yenmp PAH, e. Anamumei, vika_pozharskaja@mail.ru)

IpoBeneHHbIe paHee UcCIIeOBaHUS TIOKa3ay, 4To HacesneHne CeBepa o psity ToKasaresiel omdaeTcs 0osee BEICOKOH
3a00JIeBaeMOCThIO, YeM B cpemHeM 1o Poccum (beruwesa, Ilempos, 2013). Ilpu 3TOM OmpeIeNeHHBIH BKIaa B
3a00JIEBaEMOCTh JKUTEJCH apKTHIECKOTO PErHOHa BHOCAT BBICOKOITMPOTHBIE KOCMO- M TEIHO(PU3NUECKUEC areHTHI,
aCCOIIMMPOBAHHBIE C CONHEUHON aKTUBHOCTBIO (Benuwesa, Menvnux, Tanvikosa, 2011). TlpoxxuBanue Ha CeBepe
TIOBBIIIACT YYBCTBUTEIFHOCTH K BO3ICHCTBHIO BEICOKOIIMPOTHEIX ()aKTOPOB CPEBI M CyXKaeT aJalTAIIMOHHEIH THaa3oH.
OmHpM W3 HamOoiee IIMPOKO HCIONB3YIOMUXCS B TPAKTHKE OICHKH TCHOTOKCHYCCKUX CBOWCTB (PaKTOPOB
OKpYIKAroOIEH Cpeapl SIBISCTCS MHUKPOSACPHBIH TecT Ha juMonuTax mnepudepudeckod KpoBHu. JlaHHBIN
[UTOXHETHYESCKUI METOJ SIBIIICTCS OTHAM M3 METOJIOB OIIEHKH 0COOCHHOCTEH a/IarTaliy 4eoBeka K apKTHIecKOH cpejie.
MarepuanoM HCCIICIOBaHUS TTOCTYKIIN PE3YNIBTaThl ONMPEACICHHS CIIOHTAHHON YacTOTHl 00pa30BaHUs MUKPOSICD
B OuHykieapHbsix Jumdornurax nepudepudeckoil KpoBu xkurenel Mypmanckoit ob6mactu (250 denosek),
MHKYyOUPOBAHHON TMOCIE CTUMYIsuK puroreMarmmroTuuHOM B CO,-uHKyGatope B Tedenne 72 yacos mpu 37°C,
UTOKUHE3 KOTOPHIX OBLT OIIOKUPOBAH MUTOXANa3WHOM b.

CpemHee 4mCIIO IBYSICPHBIX KIETOK O€3 WACHTH(GHIMPOBAHHBIX HApyIIeHWH, cocraBisuto 988,2+2)5 Ha 1000
IBYSIEPHBIX KIETOK (96-99%). CpemHee 4mcio TUMQOIUTOB ¢ MUKpoOsapaMu mocturano 15,9+6,8 xretok (0,5-
3,5%), 4TO COOTBETCTBYET 3HAUEHUSIM JIJIsl JKUTENEeW POCCHUCKUX TropoaoB — oT 8,6 mo 17,7 (Menvnos, 2000;
Cepebpsannviti u op., 2011; Axmaoyruna, Axnees, 2013). Ilpu cpaBHEHHH TPYMIBI 00CIEIOBAHHBIX TOPHIKOB, B
Bo3pacte oT 20 o 30 ser (crax 1-7 jer) ¢ OIHOBO3pPACTHOM IpymNIION XHUTeJeH ropoaa ANaTUThl HE 3aHATHIX B
TOPHOPYIHOM TIPOM3BOJICTBE YCTAHOBJIEHO, YTO Y MOABEP)KEHHBIX XPOHHYECKOMY OOIyUeHHIO JHUIl HaOmromaercs
OostpIIIee 9nCIIo KIICTOK ¢ MUKposapoM (13,6+2,5 mporus 8,9+1,3 B KOHTPOIBHOI rpymie).

Muxkposiipa B TUMQOIUTAX SBISIFOTCS MapKepOM pPa3lIMYHBIX THIIOB XPOMOCOMHBIX Hapymenuid (Kirsch-Volders,
Fenech, 2001), MOCKOIBKY M3BECTHO, YTO MHKPOSIpPA SIBIAIOTCS HEOONBIINMHU CTPYKTypaMu, 0Opa3yromnuMucs B
pe3yabTare OTCTaBaHM XPOMOCOM H UX ()parMeHTOB B Mpolecce MUToTudeckoro aenenus (Lindberg et al., 2007).
[Tpoananu3upoBaHHbIe Tpernaparbl JA00POBOJIBIIEB ITOKAa3bIBAIOT, YTO Y JIIOJAEH ITOJBEP)KCHHBIX XPOHHYECKOMY
BO3/ICHCTBHIO TOBBIIICHHON KOHIIEHTPAIlMM paZoHa CTENEHb IOBPEXIAEHHOCTH TE€HOMAa BBINIE OTHOCHUTEIHHO
OTHOBO3PACTHOM T'PYIIIHI JINII, HE MMEIOIINX B aHAMHE3€ (haKTOPOB PAJAMAIIMOHHBIX BO3AEHCTBHHA. B KOHTpONBHOM
IpyHIle OTMEYEHO MEHBIIIEe YUCIIO MONUSAEPHBIX KIETOK, YTO CBUJIETEIBCTBYET O OONBIIEH MPONOIKUTEIEHOCTH
KJIETOYHOTO IIMKJIAa OTHOCHTENBHO TPYHIBI JOOPOBONBIEB MOIBEPKEHHBIX XPOHHUUYECKOMY OONY4YEeHHIO0. OTO
MTOATBEP)KIAeTC MHASKCOM Mpoinepanuy.
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