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CUT-OFF PERIOD FOR SLOW MAGNETOACOUSTIC WAVES
IN CORONAL PLASMA STRUCTURES

AN. Afanasyev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[IpononbHBIE BOJHOBBIE BO3MYIIEHMS IUIOTHOCTH B MAarHUTOIIA3MEHHBIX CTPYKTYpax
COJIHEYHOM KOPOHBI MHTEPIIPETUPYIOTCS KaK MEIJICHHbIE MarHUTO3BYKOBBIE BOJIHBI. AHAIIN3
TaKUX BOJIH MPEACTABIISICT UHTEPEC ISl TUArHOCTUKY TIJIa3MBbl, @ TAKXKE VISl BEIICHEHUS UX POJIU
B npoOjemMax HarpeBa KOPOHBI M YCKOPEHHs COJHEYHOro BeTpa. B pabote paccmarpuBaercs
pacpocTpaHEHUE IJIMHHBIX MEIJICHHBIX MarHUTO3BYKOBBIX (TpyOOYHBIX) BOJIH B M30TEpMUYE-
CKUX KOPOHAJIBbHBIX MarHUTOIIA3MEHHBIX TpyOKax. MccrnenyeTcs BIusHuE Ha pacpocTpaHeHHE
BO3MYIIEHUI BOJIHOBOJIHBIX CBOMCTB Cp€Jlbl, MArHUTHOM NPUPOJIbI BOBMYILICHUH, a TAKKE CTpa-
TUdUKAMK Cpebl BCIEACTBUE I'paBUTAlUU. Vcronb3yeTcss NpuOInKEeHHEe TOHKOW MarHUTHOM
TpyOKm Oe3 ydera NHCIEPCHUU HM3-3a KOHEUHOro paaunyca Tpyoku. [lomydeHo BOTHOBOE ypaBHE-
HUE /Ui TPyOOUHBIX BOJIH, KOTOpOE MpUBEIeHO K ypaBHeHUIo KneitHa—I opioHa ¢ nepeMeHHbIMU
KOd(pPHUIHEHTaMH. AHAIM3UPYIOTCS BEPTHKAIBHBIE MPO(HIN IMeproa OTCEUYKH B KOPOHATBHBIX
YCIOBUSIX B CPAaBHEHUHU C U3BECTHBIMH CIIY4asMH MOCTOSHHOW aib()BEHOBCKOW CKOPOCTH U 3BY-
KOBBIX BOJIH.

The longitudinal compressive waves in field-aligned plasma structures of the solar corona
are interpreted in terms of slow magnetoacoustic waves. The analysis of slow waves is of interest
for plasma diagnostics as well as for understanding their possible contribution to corona heating
and solar wind acceleration. We consider the propagation of the long-wavelength slow magneto-
acoustic waves (also referred to as tube waves) in isothermal coronal magnetic flux tubes. We
investigate the role of obliqueness, magnetic effects and stratification of the medium due to grav-
ity in the propagation of waves. We apply the thin flux tube approximation, neglecting the dis-
persion due to the finite radius of the flux tube. We derive the wave equation for tube waves and
reduce it to the form of the Klein—-Gordon equation with varying coefficients. The vertical pro-
files of the cut-off period are analysed for the coronal conditions and compared with the known
case of the constant Alfven speed as well as with the pure acoustic case.
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st coBMecTHOM paboThl ¢ yctaHoBKO#M Tunka-133 Obia pa3BepHyTa ceTh CHUHTUIUISALU-
OHHBIX CTAHIMK, mosyuuBIas Ha3BaHue Tunka-Grande. OOmas miomnaas HOBOH YCTaHOBKH CO-
crasisier 0kono 0.8 kv, VeranoBka cocTout u3 380 CLMHTHILISAIMOHHBIX CYETIMKOB TLIOLIAIBIO
0.64 M Kaxaplid. CueTunku pa3menieHsl Ha 19 crannusax. Kaxmas craHius MMeeT Ha3eMHYI0 U
MOA3EMHYIO YacTh, B KOTOPBIX PACHOJIOKEHBI 12 1 8 CUeTYMKOB COOTBETCTBEHHO. MBI MpecTaB-
JIsieM KOHCTPYKITUIO CIIMHTHJUIAIIMOHHON CTaHIIUHU U TIEPBBIC PE3YJIbTaThl pA0OTHl YCTAHOBKH.

A new scintillator array, named as Tunka-Grande, for joint operation with the Tunka-133
array has been deployed. The total area of the array is near to 0.8 km?. The array consists of 380
scintillator counters with 0.64 m? size each. The scintillator counters are arranged at 19 sta-
tions. Each station has surface and underground parts with 12 and 8 counters respectively.
We present the array construction and first results of the array operation.

YUCJEHHOE MOAEJIUMPOBAHUE IUHAMUKH
BEPXHUX CJJOEB ATMOC®EP HEMTPOHHBIX 3BE3/

ML.A. I'apaces, E.B. /lepumen
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NUMERICAL SIMULATIONS OF DYNAMICS
OF THE UPPER ATMOSPHERE OF NEUTRON STARS

M.A. Garasev, E.V. Derishev
Institute of Applied Physics RAS, Nizhny Novgorod, Russia

IIpencrasiensl pe3yabTaThl YACIEHHOIO MOJCIUPOBAHUS IIEPEHOCA U3IIYYCHUSA U JUHAMMU-
KM TJIa3Mbl B TOPSIYMX CHJIBHO3aMarHMYEHHBIX aTMoc(epax HEUTpOHHBIX 3Be3[. Ilpu sTtom ne-
TaJIbHO YYTE€HO PE30HAHCHOE IIMKJIOTPOHHOE paccesHue (OTOHOB, BKIIIOUAs M BBI3BAHHOE UM IIe-
pepacripesiesieHle Mo yacToTaM. B BbIYMCIEHUSAX Npearoaraercs, 4ro atMmocdepa COCTOUT U3
MIOJIHOCTBIO HOHU3UPOBAHHOM BOJOPOAHON WIIU I'eJIMEBOM IUIa3Mbl. Pe3yapTaThl YMCIEHHBIX pac-
YETOB MOKa3bIBAIOT, YTO JJIS MOJIYYEHUS IETAILHOTO CIEKTpa U3Iy4eHHUs! aTMOC(ephbl HEHTPOHHOM
3Be3/1bl HEOOXOAMMO YUUTBIBATh Kak MepepacipesielieHue 4acToT (JOTOHOB MPU pacCesHUU, TakK
U CMEHY NoJisipu3anuu. Vcronb3ys MoiaydeHHbIE PEIIEHUs] YPABHEHNUN NIEPEHOCA U3TYYEHHUS, MBI
HAIlIM JMAaIa3oH NapaMeTpoB, MPU KOTOPBIX BO3MOXKHO BO3HMKHOBEHUE MCTCUEHMS IUIA3MBbI 0]
JICMCTBUEM JABJICHUS U3JIY4YE€HUs B [IMKJIOTPOHHOM JIMHUK. [Ipn nmomomy MoaenMpoBaHusi METOI0M
YacTUIL] B AYEHKaX IPOAHATIU3UPOBAHbI Pa3IMYHbIE HEYCTONYMBOCTH IUIa3Mbl, KOTOPBIE BO3HUKAIOT B
Takux arMocgepax IMoJ AECHCTBUEM CWIIbI JaBJICHUs W3IydeHHs. B 3akimroueHune aHaau3upYHOTCS
BO3MOYKHbIE HaOJIO1aTeNIbHBIE POSIBIEHHS TAKUX UCTEUESHH.

We present the results of numerical modeling of radiative transfer and plasma dynamics in
hot and magnetized atmospheres of neutron stars. In detail, we invesitgate the role of resonant
cyclotron scattering of photons including effects of partial frequency redistribution. We assume
that the atmosphere constists of fully ionized hydrogen or helium. We demonstrate that it is es-
sential to take into account both frequency redistribution of photons during scattering and mode-
exchange between the two polarizations in order to obtain the detailed cyclotron line profile and
atmospheric structure. Using obtained solutions of radiative transfer equations we specify the
range of parameters for which an outflow of plasma is possible under radiation pressure in the
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cyclotron line. Using PIC-simulations we analyze different plasma instabilities which appear in
such atmospheres under the influence of radiation pressure force. The application of our results
for observable neutron stars are discussed.

UCCJEIOBAHUE OCOBEHHOCTEN JUHAMMNYECKHUX ITPOIIECCOB
B COJTHEYHOM BETPE U UX OTPAKEHHUSA B TEH30PHOM AHA30TPOITUH
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STUDY OF FEATURES OF DYNAMIC PROCESSES IN SOLAR WIND
AND THEIR REFLECTIONS IN TENSOR ANISOTROPY

P.Yu. Gololobov, G.F. Krymsky, P.A. Krivoshapkin, S.K. Gerasimova, V.G. Grigoryev
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VYrnoBoe pacnpezeneHue THTEHCUBHOCTH KOCMHUYECKUX JIydel MOKET ObITh OMHCAaHO TaK
Ha3bIBAEMOW TEH30PHOW AHU30TPOIHUEH, KOTOpasik TEOMETPUYECKH B MPOCTPAHCTBE MUMEET BUJ
TEH30pHOro yumIconaa. Mcecneayercs nu3MeHeHne napaMeTpoB AIUIMIICOMA B 3aBUCUMOCTU OT
CKOpPOCTH COJIHEYHOT'O BETPA M HANPSKEHHOCTH MEXKIIJIAHETHOTO MAarHUTHOIO MOJII BO BpEMs
pPa3IMYHBIX AUHAMUYECKUX IMPOLECCOB. TakoW MOAXO0J IMO3BOJSAET MOJyd4aTh JOMOIHUTEIbHBIE
CBEJICHUS O MPUPOJC TUHAMUUYECKHX MPOIIECCOB B MEXKIUIAHETHOU cpefe. s oObsacHeHus mo-
JIy4YEHHBIX PE3yJbTAaTOB IPUBJIEKAIOTCS PA3TUYHBIE MEXAHU3MBI.

An angular distribution of an intensity of cosmic rays can be described by so-called tensor
anisotropy which in space has the form of tensor ellipsoid. Changes of the ellipsoid parameters
according to the speed and strength of the interplanetary magnetic field during various dynamic
processes are studied. Such approach allows us to get additional information about dynamic pro-
cesses in the interplanetary medium. In order to explain obtained results different mechanisms
are involved.

COOTHOUWEHUA MEXAY NTAPAMETPAMU
COJIHEYHBIX SPYINTUBHBIX COBBITUI
M OKOJIO3EMHBIX TIPOTOHHBIX BO3PACTAHUI BBICOKNUX DHEPT Ui

B.B. I'peunes, B.U. Kuceaes, H.C. Memankuna
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RELATIONS BETWEEN PARAMETERS OF SOLAR ERUPTIVE EVENTS
AND HIGH-ENERGY NEAR-EARTH PROTON ENHANCEMENTS

V.V. Grechnev, *V.1. Kiselev, !N.S. Meshalkina
YInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[TpuBoasTCSA PE3ynbTaThl UCCIAETOBAHUS COOTHOIICHHUS MEXIY MUKPOBOJIHOBBIMU BCILIEC-
kamu Ha 4dactotre 35 I'T1 m OKOJI03eMHBIMH IPOTOHHBIMH BO3PACTAaHUSIMU BBICOKHX DHEPTHH,
JOTIOHSIOIIME pe3yabTaThl padbotsl [Grechnev et al., PASJ, 65, SP1, S4, 2013] u HenaBHue BbI-
BOJIBI APYruXx aBTOpoOB. IIpoaHamn3upoBaHBl pa3IWYHbIC KOMOWHAIMM TMHUKOBBIX 3HAUCHUU M
(hIIOCHCOB MapaMeTPOB COJIHEYHON aKTHBHOCTH M IIPOTOHHBIX COOBITHH 1O JIAHHBIM PaJIUOIIO-
nspumerpoB HobOesma Ha gacToTe 35 I'T 3a 19902015 rr. Koppensmus Mexay GiaroeHcaMu
0Ka3aJIach BbILIE, YEM MEXIY MUKOBBIMU MMOTOKAMH, YTO, BEPOSITHO, OTPAXKAET 3aBUCUMOCTh
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YHUCia MPOTOHOB OT O0IIeH MPOIOJDKUTEILHOCTH Pa0OThl YCKOPUTEIBHOTO MpoIiecca. Y CTAHOB-
JIeHa TMpsiMasli 3aBUCHMOCTh BEPOSTHOCTH MPOTOHHOI'O BO3pPACTaHUsI OT MHKOBOTO TIOTOKA
Bcruiecka Ha 35 ['T'1 1 ero anmurtenbHOCTH. Pe3ynbTaThl MOKa3bIBAIOT, YTO IIPOTOHBI, YCKOPEHHBIC B
COJTHEYHBIX APYNTHUBHBIX COOBITHSX, COMPOBOKIAIOIINXCSI MOIIHBIMH MUKPOBOJIHOBBIMH BCILJICCKa-
Mmu Bbiie 1000 c.e.n., UMEIOT B OCHOBHOM BCIIBIIIEYHOE MTPOUCXOKICHHUE, TOra KaK MPOTOHBI B
OoJiee cmabbIX COOBITHIX YCKOPSIOTCS MPEUMYIIIECTBEHHO YIaPHBIMHA BOJIHAMH.

We study the relations between microwave bursts at 35 GHz and near-Earth high-energy
proton enhancements which supplement our results obtained previously [Grechnev et al. PASJ
2013, 65, SP1, S4] as well as recent conclusions of different authors. Here we analyze various
combinations of the peak fluxes and fluences for the parameters of the eruptive solar activity and
proton events using the data recorded by the Nobeyama Radio Polarimeters in 1990-2015. A
correlation was found to be pronouncedly higher between the microwave and proton fluences
than between their peak fluxes. This fact probably reflects the dependence of the proton fluence
on the total duration of the acceleration process. A direct dependence was found for the probabil-
ity of a proton enhancement on the peak flux of the 35 GHz burst and its duration. Our results
indicate that solar eruptive events accompanied by strong microwave bursts exceeding 1000 sfu
produce mostly flare-accelerated protons, while protons produced in weaker events are mostly
shock-accelerated.

HCHOJIb30BAHUE HABJIIOJIEHUI TPEXMUHYTHBIX KOJIEBAHUI
JJIAA UBSMEPEHUSA CKOPOCTHU 3BYKA U BBICOT ®OPMUPOBAHUA
N3JIYYEHUSA B ATMOC®OEPE COJITHEYHBIX ITATEH

A.C. Jlepec, C.A. AudunorentoB, U.U. MbimbsikoB
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THE ESTIMATION OF THE SOUND SPEED AND THE EMISSION FORMATION
HEIGHTS ABOVE SUNSPOTS FROM OBSERVATIONS
OF THREE-MINUTE OSCILLATIONS

A.S. Deres, S.A. Anfinogentov, I.I. Myshyakov
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[IpencraBieH celCMOJIIOTHYSCKUN METOJT U3MEPEHHS BBICOTHOTO PACCTOSHUS M CpeaHEeH
CKOPOCTH 3BYKa MEX]Y CIOSMH aTMOc(epbl TEHH COJIHEUHOTO IATHA, HaOII0JaeéMbIMUA Ha pas-
HBIX JuTMHAaX BoJH. [IpennokeHHass MeToMKa MO3BOJISIET OLEHUTh 3TH MapaMeTphl, HEe BBOJS J10-
MTOJTHUTEIBHBIX TIPEIOIOKEHUH O CKOPOCTH 3BYKa MJIM BBICOTaX (hOPMHUPOBAHUS H3ITYUCHUS.
MeTo1 OCHOBaH Ha U3MEPEHUH 3a/IEP)KEK M IMPOCTPAHCTBEHHBIX CMEIICHUM, BOSHUKAIOIINUX TIPH
pacIpoCcTpaHeHHH TPEXMUHYTHBIX KOJICOAaHUI OT OJHOTO YPOBHSI COTHEYHOM aTMOCHEpHI K Ipy-
romy. Mcnonp3oBanuck HaOMIOIEHUS TPEXMHUHYTHBIX KOJIGOAHWH HaJ TEHBIO MATHA aKTHBHBIX
oomacteit NOAA 11131, 11582, 11711 nmo ganaeim SDO/AIA wva pnuHax BosH 1700, 1600 u
304 A. CunTanock, 4TOo TPEXMHHYTHBIE KOJICOAHHS ABISIOTCS MeIEHHBIMA MAarHUTO3BYKOBHI-
MH BOJIHAMH W PACIPOCTPAHSIIOTCS BJIOJIb CHJIOBBIX JIMHUH MarHUTHOTO ToJisL. PacmpocTpaHssich
BBEPX, OTH BOJIHBI PACHIUPSIOTCS, @ CTEIICHh PACXOXKICHUS OMPEACIISACTCS TeOMETPHEH MarHUTHO-
ro mons. CorocTaBieHne TeOMETPHH MarHUTHOTO TIOJIS ¢ PACIIMPEHUEM BOJIHBI IIPH PacIIpocTpa-
HEHUHU OT OJHOTO H3JIYHarolIero Cjios K APYroMy MO3BOJIJIO OLIEHUTHh BBICOTHOE PACCTOSIHUE
MEXy CIIOSIMU, U3 Ty4aloIUMH Ha Pa3HbIX JJIMHAX BOJIH. [1o m3MepeHusM 3a1ep XK1 pacipocTpa-
HEHHUS KoJjieOaHui OblIa OIpeeieHa CpeaHsss CKOPOCTh PacIIpOCTPAHCHHS BOJIHBI, KOTOpas B MC-
MTOJTb3YyEMOM HaMU TTPUOJIMKEHUH paBHA CpeaHEH CKOPOCTH 3BYKa. MCITonb3ys JaHHYI0 METOAHKY,
MBI OLIEHUJIM PACCTOSHHE MEXKAY H3JIYYaAIOIIMMHU CJIOSIMU B TemmepaTypHoM MuHUMyMeE (1700 n
1600 A) u B mepexoanoii 30He (304 A) Hax TEHBIO COMHEUHBIX MATEH TPEX aKTUBHBIX 00IACTEH:
NOAA 11131, 11582, 11711. Tak:ke mOJIy4eHBI OLICHKH CpeAHEH CKOpocTH 3BykKa. CpeaHee
paccTOsSIHUE MEXAY TeMIEpaTypHbIM MHUHHUMYMOM U NEPEXOJHOM 30HOM COCTAaBHIIO OKOJIO
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500-800 kM, a COOTBETCTBYIOIIAsE CPETHSS CKOPOCTh 3ByKa — 30 KM/C, UTO OYEHb OJIM3KO 3HAYE-
HUIO CPEIHEH CKOPOCTH 3BYKa B COJTHEYHOM aTMocdepe.

We present a seismological method to measure the sound speed and vertical distance be-
tween different layers of the sunspot umbrae atmosphere. Our technique allows us to estimate
both the vertical distance between atmosphere layers and the wave propagation speed without
specifying any extra parameters such sound speed or emission formation heights. Our method
uses spatial shifts, that appear when 3-minute oscillations propagate from one emission layer to
another. We use observations of three minute oscillations detected in 1700 A, 1600 A and 304 A
SDO/AIA channels above sunspots of active regions NOAA 11131, 11582 and 11711. We as-
sume that 3-minute oscillations are slow MHD waves propagating along magnetic field lines.
Therefore, these waves diverge following the magnetic field structure when they propagate up-
wards from the temperature minimum to the corona. This assumption allows us to estimate the
distance between the levels of the solar atmosphere by comparing the magnetic field geometry
with the divergence of the slow wave observed at these levels. Then we used the measured de-
lays to calculate average wave propagation speed, which is equal to the average sound speed be-
tween considered atmospheric levels. Finally we estimated the vertical distance between emis-
sion layers in the temperature minimum (1700 and 1600 A) and the transition region (304 A) as
well as the average sound speed above the sunspot umbrae for 3 active regions: NOAA 11131,
11582, 11711. We found that the distance between the temperature minimum and the transition
region lies in the range of 500-800 km for the sunspot umbrae. The estimated wave propagation
speed was found to be about 30 km/s. This value is close to the expected mean sound speed in the
solar atmosphere.

OCOBEHHOCTH BAPUAIIMIA ®OTOCP®EPHOT'O MATHUTHOTI'O OIS
B OBJIACTU 'EHEPALIUU KBM 7 UIOHS 2011 r.

SA.U. Eropos, B.I'. ®aiinwreiin, I'.B. Pynenko, C.A. AHpuHOreHTOB
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PHOTOSPHERIC MAGNETIC FIELD VARIATIONS IN 2011 JUNE 7 CME SOURCE
Ya.l. Egorov, V.G. Fainstein, G.V. Rudenko, S.A. Anfinogentov
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Jns KBM, Bo3znukiero 07.07.2011 r. u cBsi3aHHOTO C 3pYMNIMEH BOJIOKHA U BCIBILIKOM,
B oOnactu Bo3HUKHOBeHHss KBM mo BekTOpHBIM M3MepeHusiM noss uHcTpymeHTrom SDO/HMI
MPOBEJCHO AETATBHOE UCCIIE0BAaHNE U3MEHEHUH (hOoTOC(HEepPHOr0 MAarHUTHOTO TI0JIS, COPOBOXK-
JArOIINX TOSBIICHHE BBIOpOCa Macchl. VI3yueHbl H3MEHEHUS CO BpEMEHEM MOJYINSI MarHUTHOTO
noJist B, paguansHON KOMIIOHEHTHI ot B, 1 yrita o Mex1y HanpaBiIeHUEM MO U PaldaIbHbIM
HanpasieHueM u3 1eHTpa ConHia B Mecte nu3MepeHus nons. [lokazaHo, 4TO B HECKOJIBKHUX BbI-
JeNICHHbIX ydyacTkax ucToyHMka KBM Hawanmy BCHBIIIKKM W 3PYINIUU BOJOKHA MPEIIIECTBYET
yBenuueHue B u |B,|, a Takke ymeHblIeHue o, a mocjae Hayajla BCHBIIIKK M 3PYNIMH BOJOKHA
XapakTep BPEMEHHBIX BapHallMii 3TUX IapaMeTpoB IOJIsI PE3KO H3MeHsSeTcs. B HeKOTOphIX
ydacTkax obOnacth Bo3HUKHOBeHHss KBM m3meHeHue MOisi 00YCIIOBJIEHO BCILTBITHEM HOBOTO
MarHUTHOTO TIOTOKA, B TOM YHCIIE B BHJIE TTOPHI.

We study with SDO/HMI vector magnetograms the photospheric magnetic flux variations
accompanying a coronal mass ejection (CME) which occurred on 2011 June 7 and was associat-
ed with an flare and filament eruption. We analyze the time profiles of absolute magnetic field B,
field radial component B, and angle a between magnetic field direction and radial direction from
the Sun centre. It was found that the B and B, were increasing (o was decreasing) before flare
onset and after that the parameter variations changed dramatically in several places of CME
source. We also found that in some places of CME source field change have been caused by a
new magnetic flux emergence.
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THE TUNKA-GRANDE SCINTILLATOR ARRAY

'A.L. Ivanova, IN.M. Budnev, ?N.N. Kalmykov, 2 L.A. Kuzmichev,
2\/.P. Sulakov, 2Yu.A. Fomin

'Applied Physics Institute of Irkutsk State University, Irkutsk, Russia
“Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow, Russia

ITpuBeneHb! ONMMCAHKUE U MIEPCIIEKTUBLI pabOThHI CHMHTHIUISAIIMOHHOM yecranoBku Tunka-Grande,
BXOJAIIEH B cocTaB crposiieiica B TyHKHHCKOH moauHe ramma-oocepBatopun | AIGA. Ilpexn-
CTaBJICH MPOTrPaMMHBIN TAKET, Pa3pabOTaHHBIN ISl MOJACIMPOBAHUS PETUCTPAIUA U 00paboTKH
cobObITuii ycranoBku Tunka-Grande.

The Tunka-Grande scintillator array as a part of TAIGA Gamma Ray Observatory now
under construction in Tunkinskaya Valley is described.The software for simulation of recording
and processing events by Tunka-Grande scintillator array is presented.

O ITIPOBJIEMAX BpJIHOBoﬁ HEYCTOUMYUBOCTHU
B AHU3OTPOITHOM IIABME COJTHEYHOI'O BETPA

P.®. Ucmaiibliibl, H.C. JI:xxaaniios

[IlamaxuHCcKas acTpodusnueckas oocepBaropus uM. Hacpennuna Tycu, baky, AzepOaiimkan
receb.ismayilli@outlook.com

WAVE INSTABILITY PROBLEMS IN SOLAR WIND PLASMAS
R.F. Ismaiylly, N.S. Dzhalilov
Nasreddin Tusi Shamakhy Astrophysical Observatory, Baku, Azerbaijan

N3BecTHO, 9TO B pe3yibTaTe HarpeBa COTHEYHON KOPOHBI 10 HECKOJIBKUX MHJUIMOHOB Tpa-
JIyCOB MPOUCXOJUT HEMPEpPbIBHOE HCTeYeHHUE M1a3Mbl OT COJIHIIA, YTO CO3/Ia€T COJIHEUHBIA Be-
tep. CKOpoCTh 3TOTO TeueHus cocTaBiseT okojo 400 km/c. CrokHbIe (GU3HUESCKUE MPOIECCH B
COJIHEUYHOH KOpPOHE, CBSI3aHHBIC C MAarHUTHOW aKTUBHOCTBIO, BBI3BIBAIOT BHIOPOCHI KOPOHAIBHOM
Macchl Ha CoJiHile co ckopocThio 0koyio 1000 xMm/c. B pe3ynbpTare B COJJTHEYHOM BETPE BO3ZHUKAET
(¢bubpunbHas CTPYKTypa CO CABHTOM B PaJHaIbHONH CKOPOCTH, YTO CO3/Ia€T YCIOBHUS IS BO3-
HUKHOBEHUS HeycToMunBOCTH KenbBuHa—I enpMroinpiia. 3amada cocTosiia B HCCIIEI0BAaHUN dTON
HEYCTOMYHBOCTHU C y4eTOM 3(P(HEKTOB aHM30TPOIUH TIa3Mbl COJTHEYHOTO BeTpa. M3BecTHO, 4TO
COJIHEUHBIN BeTep co3/aeT renuochepy, BHYTpH KOTOPOH HaxomaTcs Bce miiaHeTbl COTHEYHOU
CHCTeMBI, BKTIoUas 3emutto. Maraurocdepa 3emMit 3aluinacT MIaHeTy OT BO3JACHCTBHS COTHEY-
Horo Berpa. OgHAKO MPH CHIIBHBIX BO3MYIICHHSAX BETpa €ro BIMSHUE Ha 3eMHYIO atMmocdepy,
9KO- M TEXHOCHUCTEMBI 3HAYUTEIIFHO YBEIMYMBaeTCsa. BO3HUKAIOT TeOMarHUTHBIC IITOPMBI, KOTO-
pbIe MPSMO BIUSIOT Ha 3JI0pOBbe JroAcH. [lo3TOMYy HccenoBaHHe 3THX MPOOJEM M MPOTHO3
BO3MYIIICHUN COJHEYHOI'O0 BETpa BaXKHBI U aKTyaJbHbl. DTUMH BOMPOCAMH 3aHUMAETCS HOBas
00J1aCTh HaYKH — HW3YYCHHUE KOCMHYECKOW IMOroJbl. J[JIs TEOpeTHYeCcKOro HMCCIICIOBAaHUS I10-
CTaBJICHHBIX 3a7a4 MBI IJIAHUPYEM HCIOJIb30BaTh MarHUTOTHIPOIMHAMUYCCKIE YPaBHEHUS TIepe-
HOCa ISl ONUCAHWs JUHAMHUKH IIJ1a3Mbl Ha KPYIHBIX MacmTabax. B oTandme oT cTaHIapTHBIX
MTI'/I-ypaBHEHHI1, 3TH YPABHEHUS YUYUTHIBAIOT aHU30TPOMHOCTD IJIa3Mbl OTHOCUTEJILHO HaIpaB-
JIEHUS] MAarHUTHOTO TIOJISI M TEIIJIOBOT'O MOTOKA.
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It is known that by heating the solar corona to several million degrees occurs continuous
outflow of the plasma from the Sun, thereby providing the solar wind. The speed of this perma-
nent flow is about 400 km/s. However from time to time as a result of complex physical process-
es in the solar corona associated with the magnetic activity, there occurs coronal mass ejection
from the Sun at a speed of about 1000 km/s. As a result, the solar wind has the observed fibril
structure which has shifts in radial speed. So there arise conditions for the appearance of Kelvin-
Helmholtz instability. Our task is to investigate this instability taking into account of anisotropy
effects of the wind plasma. It is known that the solar wind creates the heliosphere. All the plan-
ets, including Earth are inside of heliosphere. The Earth's magnetosphere protects it from the so-
lar wind influence. However, when start up the strong wind perturbations connected with solar
magnetic activity, its influence on the Earth's atmosphere, its eco-and techno-system is greatly
increased. Geomagnetic storms arise that directly affect to people's health. Therefore, to study
physics of these issues, and their prediction is important and actual. These problems are investi-
gated by a new branch of science - space weather. For theoretical research of the planned tasks
we shall use the magneto hydrodynamic transport equations to describe the dynamics of the
plasma on the large scales. Unlike standard MHD equations, these equations take into account
the anisotropy of the plasma relative to the magnetic field direction and the heat flux.

PE3YJIbTATBI OBPABOTKHN U UHTEPIIPETALIUU DKCIIEPUMEHTAJIbBHBIX
JAHHBIX, IIOJTYYEHHBIX HA YCTAHOBKE TUNKA-REX

10.A. Ka3zapuna_(3a koyurabopaiuio Tunka-Rex)

Hpxyrckuii rocynapcTBeHHbli yHUBepeuteT, UpkyTtek, Poccns
lutien777@mail.ru

RESULTS OF TUNKA-REX DATA PROCESSING AND INTERPRETATION
Yu.A. Kazarina (for the Tunka-Rex Collaboration)
Irkutsk State University, Irkutsk, Russia

HccnenoBanue MCTOYHUKOB U MEXAHM3MOB YCKOPEHHS KOCMUYECKUX JIy4E€l BBICOKUX U
CBEPXBBICOKHMX SHEpPIruil sBiseTcs pyHAaMEHTaIbHOM npobnemMoii actpodusuku. B TyHkuHCKON
nomuHe (Pecrrybnmka Bypsitust) pacnomnoskena ycraHoBka «TyHka-133», perucrpupyromias de-
PEHKOBCKOE U3Iy4yeHHe MUpoKuX atMocepHbix nuBHed (LTAJI) kocMuyeckux Jiydeil B 3Hepre-
THaeckoM muamasone 10'°°—10" 5B. B 2012 r. Gbima mocrpoena yeranoBka Tunka-Rex (Tunka
Radio Extension), npencrasistomias co0oil KoMIUIeke u3 44 aHTEHH, PErUCTPUPYIOIIUX PaJUO-
nznydyenue HIAJI B yactotHoM auanazone 30—80 MI'u. Metoab! HaOMI01€HUST YEPEHKOBCKOTO U
paauounsnyyenus 1IIAJl garoT 1ocTaTroyHO TOYHYIO MH(OPMALMIO O KOCMHUYECKHX JIyyaxX, Tak
KaK MpU TeHepalud YepeHKOBCKOIO M paJMOu3IIydyeHus arMocdepa UrpaeT posib TMTaHTCKOTO
kanopumerpa. COBMECTHbIE U3MEPEHUS PAITMOU3ITYUECHHS U YEPEHKOBCKOTO CBETa Jal0T YHUKAIb-
HYIO BO3MOXKHOCTB ISl KPOCCKaJTMOPOBKH 3TUX JIBYX METOJIOB MccieoBaHui. B cBoto ouepenp,
peructpanus IIIAJI pannomeTonoM, B OTIMYME OT PETUCTPALUU ONTHYECKUMHU IETEKTOPaMH,
IIOYTH HE 3aBUCUT OT MOTOJHBIX YCIOBHI, KPOME TOrO, €l1e OAHUM NPEUMYIIECTBOM SIBIISETCS
MIPOCTOTa KOHCTPYKIMK aHTeHH. OCHOBHAs IIeb dKcriepruMenTa Tunka-Rex — BBISCHUTH Tpe-
JieJl TOYHOCTH BOCCTAHOBJIEHHUSI MapaMeTpPoOB aTMOC(HEPHOIO JMBHS, 3apETUCTPUPOBAHHOIO IO
panuounsnyyenuro [ITAJI

The investigation of acceleration sources and mechanisms of high and ultra-high-energy
cosmic rays is a fundamental problem of astrophysics. The Tunka-133 array in the Tunka Valley
(Republic of Buryatia) detects Cherenkov emission of extensive air showers (EAS) initiated by
cosmic rays in the energy range of 10'°°-10™ eV. In 2012, it was extended by Tunka-Rex
(Tunka Radio Extension). Tunka-Rex now consists of 44 antennas registering the radio emission
of EAS in the frequency range of 30-80 MHz. Joint measurements of the radio emission and
Cherenkov light provide a unique opportunity for cross-calibration of these two calorimetric re-
search methods to probe the capabilities of the radio detection technique. Unlike optical detec-
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tors, the radio detectors are almost independent of weather conditions. Another advantage of
Tunka-Rex is the simplicity of antennas design. Currently, the main goal of the Tunka-Rex ex-
periment is to determine the accuracy for reconstruction of the EAS parameters.

CBsI3b ®OPBYHI-OPP®EKTOB C PA3JIMYHBIMU TUITAMU
MEXIIVIAHETHBIX BOSMYIIEHUU

A.N. Ki1roeBa

I'maBHas actponomudeckas oocepBatopust HAHY, Kues, Ykpanna
a.klyuyeva@gmail.com

CONNECTION OF FORBUSH DECREASES WITH DIFFERENT TYPES
OF INTERPLANETARY DISTURBANCES

A.l. Klyuyeva
Main Astronomical Observatory NASU, Kiev, Ukraine

Ha ocHOBe cTaTHCTHYECKOro aHaian3a JAaHHBIX MHPOBOM CETH CTAaHIIUM HEUTPOHHBIX MO-
HUTOPOB 3a 1960-2014 rr. BcciiefoBaHO BIHMSHUE Pa3IMYHBLIX THIIOB BO3MYIIICHUH B COJIHSYHOM
BETPE Ha MHTCHCUBHOCTh T'AJIAKTUYECKUX KOCMHYECKHX JIydeii Ha opOuTe 3emiu. B 3aBucumo-
CTH OT MCTOYHHKA MOAYJSIHUU BCe (HOPOYII-MOHMKCHUS Pa3/ieJeHbl Ha HECKOJIBKO T'PYIII, IS
KOTOPBIX MPOBEJIEH CPABHUTEIBHBIN KOPPEISLUOHHBIN aHAIN3 C PA3IMYHBIMUA WHJIEKCAMH COJI-
HCYHOM ¥ T€OMarHMTHON aKTUBHOCTH.

The influence of various types of disturbances in the solar wind on the intensity of galactic
cosmic rays near the Earth’s orbit was studied based on statistical analysis of data from the neu-
tron monitors worldwide network for 1960-2014. All Forbush decreases were divided into sev-
eral groups depending on the modulation source. The dependence of many characteristics of
Forbush effects on various parameters of the interplanetary disturbances, indices of solar and ge-
omagnetic activity was studied for the selected groups.

BAPOMETPUYECKHWA 3®®EKT HEUTPOHHOM KOMIIOHEHTBI
KOCMHUYECKHX JIYYEl HA AHTAPKTUYECKO# CTAHIIUU «MUPHBIi1»
C YYETOM BETPA

qLr. Koo0eueB, M.C. IIpeoOpaskeHckmii, lAA. AOyHMHH,
'MLA. AOyHuHa, U1.B. CmupHoB, 2A.A. JIykoBHHKOBA

lI/IHCTI/ITyT 3€MHOI'0 MarHeTu3Ma, MOHOC(hEphl U pacnpocTpanenus paauososn uMm. H.B. [Tymkosa PAH,
Tpowuuk, Mocksa, Poccus
kosmos061986@yandex.ru
*UucTuTyT conHeuno-3emuoi dusnku CO PAH, Upkytck, Poccus

BAROMETRIC EFFECT OF COSMIC RAY NEUTRON COMPONENT
AT ANTARCTIC STATION “MIRNY” IN CONSIDERATION OF WIND

'p.G. Kobelev, *M.S. Preobrazhenskiy, *A.A. Abunin, *M.A. Abunina,
ID.V. Smirnov, 2A.A. Lukovnikova

'Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS,
Troitsk, Moscow, Russia
?|nstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[IpuBomuTcst omeHka OapoMerpuueckoro 3ddekTa HEHTPOHHOH KOMIIOHEHTHI KOCMHUYE-
ckux snydeit (KJI) ¢ yueTom BeTpa Ha mpuMepe aHTapKTUUYECKOH CT. «MupHbIii». C 3TOH 1ENbI0
HCIIOJIb30BAJIMCh YaCOBbIC JIaHHBIE HEMPEPHIBHOTO MOHUTOPHUHTAa HEUTPOHHON KoMmoHeHThI KJI
U JaHHbIC JoKaabHOU MeTeocTaHuuu 3a 2007-2014 rr. CkopocTh BeTpa Ha 00c. «MUpPHEIIY B
TE€YEHHE JIBYX-TpeX MecsIeB B 3uMHUM nepuoj gocturaetr 20—40 m/c, 4To COOTBETCTBYET AMHA-
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MHYECKOMY JIaBJIICHHIO 5—6 MOap, KOTOpOe, B CBOIO O4epeib, IPUBOIUT K 5%-i ommOKe 11 Ba-
puanuii HEHTPOHHOM KOMITOHEHTBHI M3-3a JHHAMHYEeCKuX 3¢ (heKToB B atMocdepe. Pe3yabTarhl
MPECTABISIOT UHTEPEC MPU PEerucTpanuu HerTpoHHoi kommnoHeHThl KJI Ha nerekTopax, pacmo-
JIO’)KEHHBIX B BBICOKOIIMPOTHBIX U BRICOKOTOPHBIX paiioHaX, rae d3ddext bepHyu B oTnenpHbIC
TIEPUOJIBI MOXKET OBITh 3HAYUTEIIHHBIM.

Estimation of barometric coefficient for neutron component of cosmic rays was performed
for Antarctic station Mirny taking into account the effect of dynamic pressure caused by wind in
the atmosphere. Hourly data of continue monitoring of neutron component and data of the local
meteo station have been used for the period of 2007-2014. Wind velocity at the observatory
Mirny reaches 20—-40 m/s in winter that corresponds to dynamic pressure of 5-6 mb and leads to
the error of 5 % in variations of neutron component because of dynamic effect in the atmosphere.
The results are interesting for high latitude and high mountain detectors, where affect Bernulli
may be significant.

MAT'HUTHASA DOHEPT'UA U U3JTYYEHUE B ISPAI‘/‘IHEM YJIbTPA®HUOJIETE
B KOMILVIEKCAX COJTHEYHOU AKTUBHOCTH
IO JAHHBIM OBCEPBATOPUH COJIHEYHOU TUHAMMUKMU (SDO)

1 1,2
0O.A. KopoabkoBa, ~ “E.E. BeneBoJieHcKkasl

'Cankr-TlerepOyprekuii rocyaapcrsennblii yausepenrer, Cankt-IlerepOypr, Poccust
korolkovaoa@gmail.com
I'nasuas (ITyIKoBcKas) acTpoHOMHdeckas obcepsatopust PAH, Cankr-IlerepGypr, Poccus

MAGNETIC ENERGY AND EXTREME ULTRAVIOLET EMISSION
IN COMPEXES OF SOLAR ACTIVITY FROM SOLAR DYNAMIC
OBSERVATORY (SDO)

'0.A. Korolkova, * ?E.E. Benevolenskaya

'Saint-Petershurg State University, Saint-Petersburg, Russia
2pylkovo Astronomical Observatory RAS, Saint-Petersburg, Russia

PaccmarpuBaroTcsi ycTOWUYMBBIE B T€UCHHE 6 4 KOMILJIEKCHI COTHEYHON aKTHUBHOCTH 3a TIe-
puox ¢ 2 suBapsa no 30 nexadbps 2013 r. Mcnons3yroTcs HAOMIOACHNUS B KpaliHEM YIbTpadHOJIETe
1 HaOJIOICHUSI MarHUTHOTO TI0JIs, ToMydeHHbIe ¢ nHCTpyMeHToB AIA/SDO u HMI/SDO. Hc-
CeAyeTCsl B3aUMOCBSA3b MarHUTHON SHEPTUU M SHEPTHH W3nydeHus B YD, a Takke u3ydaercs
pacmpeielieHde yria HaKJIOHa aKTUBHBIX 00iacTeil Ha ypoBHE (GoTochepbl M0 MarHUTHBIM JaH-
HbIM. OOCYXIal0TCA CBOMCTBA KOMIUIEKCOB COJIHEUYHOM aKTUBHOCTU Ha Pa3HBIX YPOBHSX aTMO-
ctepsl ConHia ot poTochepsl 10 KOPOHBHI.

We have studied stable during 6 hours complexes of solar activity from 02 January to 30
December 2013 using 720s cadence of HMI (Helioseismic and Magnetic Imager) and AIA (At-
mospheric Imaging Assembly) instruments of SDO. We have studied a relationship between the
magnetic flux and coronal emissions and active-region tilt angles at the solar surface. Here, we also
discuss properties of the complexes at different levels from photosphere to corona.

HUCTOYHUKHU MEJKOMACHITABHBIX HEOJJHOPOJHOCTEM
B COJIHEYHOM BETPE 1 JUHAMHWYECKHE ITAPAMETPbI IOTOKOB
COJIHEYHOI'O BETPA BO BHEHITHEN KOPOHE COJIHIA

A.B. KynpsiBuesa, /I.B. IIpocoBenxuii

WuctutyT comneuno-zemuoit pusuku CO PAH, Upkyrck, Poccus
kudryavtseva@mail.iszf.irk.ru
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THE SOURCES OF SMALL-SCALE SOLAR WIND INHOMOGENEITIES
AND DYNAMIC PARAMETERS OF SOLAR WIND STREAMS
IN THE OUTER CORONA OF THE SUN

A.V. Kudryavtseva, D.V. Prosovetsky
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B nokiane aHanu3upyroTCcs TMHAMUYECKUE XapaKTEPUCTUKU HEOJHOPOAHOCTEN B COIHEY-
HoMm Betpe (CB), nabmomaBmmxcs KA STEREO na paccrosausax ot 3.5 1o 16 comHeYHBIX pa-
auycoB. Onpenensuiiuch Takue MapaMeTpbl HEOJAHOPOAHOCTEH, Kak ¢opma, pa3sMepsl, BpeMs
(dopmupoBaHus, U3MEHEHHE CKOPOCTU U ycKopeHus. [IpoBeneHo cpaBHEHHE MOTYYEHHBIX 3HA-
YeHUH Ui TOJSPHBIX U HU3KOIIMPOTHBIX 00acTell colnHeuyHOM KopoHbl. HaiineHo, 4To noToku
CB ucnbITHIBAIOT 3HAUYUTEIbHBIC U3MEHEHHUSI CKOPOCTH C YCKOPEHUSIMU 00OMX 3HAKOB B MOJISP-
HBIX U HU3KOIIMPOTHBIX OOJIACTSIX KOPOHBI, YTO MOXKET OBbITh OOBSCHEHO HAJIWYMEM MarHUTO-
TUIPOAMHAMUYECKUX CHJI, IEHCTBYIOIIMX Ha notoku CB, u ¢opmupoBaHueM TypOyJIEHTHOCTH
Ha (pOHTaxX MOTOKOB. BbIIM Mccae10BaHbl BO3MOXKHbBIE HCTOUHMKH HEOAHOPOIHOCTEH IO JaH-
HeIM AIA/SDO u EUVI/STEREO. C y4yerom nokanu3anuy UCTOYHHKA U HAIPABJICHUS JIBUXKE-
HUSL HEOJTHOPOAHOCTEHN ObUIO ONpEesIEHO HalpaBIEeHUE CHIIOBBIX JUHUM MarHuTHOro nodis. Ilo-
JY4YECHHBIE PE3YNbTaThl CPABHUBAINCH C PE3YIbTaTaMH SKCTPAONSAIIH (HOTOCHEpHOTrO0 MarHuT-
HOTO IOJIs B TOTEHIMAILHOM MPUOIKEHUH.

Dynamical characteristics of inhomogeneities in the solar wind were analyzed from STE-
REO coronagraph data at distances from 3.5 to 16 solar radii. The parameters of the inhomoge-
neities such as shape, size, formation time, variation of velocity and acceleration were deter-
mined. Comparison of solar wind parameters was carried out between polar and low-latitude re-
gions. It was found that solar wind streams in polar and low-latitude coronal regions have signif-
icant variations of velocities with acceleration of both signs. In our opinion, this fact may be ex-
plained by existence of magnetohydrodynamic forces influencing solar wind stream and by for-
mation of turbulence on stream's fronts. The possible sources of inhomogeneities were investi-
gated from AIA/SDO and EUVI/STEREO data. It was determined the direction of the magnetic
field lines in consideration of localization of sources and motion direction of inhomogeneties.
The obtained results are compared with extrapolation of the PFSS.

INONNEPEYHOE PACHPEJAEJEHHUE 3JIEKTPOHOB 1 MIOOHOB HIAJI
HA BBICOTE 4250 m HAZl YPOBHEM MOP$

'H.B. Kypo6onos, A.P. Axanos, 13, Ymap

'TaKHKCKHiT HAITHOHATBHBIN yHuBepcurtet, Jlymanbe, TakukucTan
nomvarjon_90@mail.ru
ZAKa,ZleMI/IH obpazoBanus Pecnyonuku Tamxukucran, ynran6e, Tamkukuctan

LATERAL DISTRIBUTION OF ELECTRONS AND MUONS
OF EAS AT THE HEIGHT OF 4250 m ABOVE SEA LEVEL

IN.B. Kurbonov, 2A.R. Ahadov, 1Z. Umar

'Tajik National University, Dushanbe, Tajikistan
?Academy of Education of the Tajikistan Republic, Dushanbe, Tajikistan

[TpuBeneHsb! pe3yapTaThl pacueTOB MPOCTPAHCTBEHHOIO PACHpPEeNICHHsI AIEKTPOHOB U MIO-
OHOB 1IMpokoro arMocdeproro auBHA (ILIAJI) OT pa3nu4HbBIX MEPBUYHBIX sijiep Ha BbicoTe 4250 M
HaJ ypoBHeM Mops. B pesynbprare nocrpoena moaens HIAJI ¢ momomkto nporpammsl CORSIKA
Y CO3J]aHbl IPOIPaMMBbI pacyeTa IPOCTPAHCTBEHHBIX PacIpeIeIEHUI YaCTHLL.

The results of calculation of lateral distribution of electrons and mounts in extensive air
shower (EAS) from different nucleus at the height 4250 m above sea level are given. EAS was
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simulated by program CORSIKA and other programs were created to calculate the lateral distri-
bution of particles.

CEBEPO-IO’KHAA ACUMMETPUA IIATHOOBPA30OBAHUA
N AMIUVIMTYJA 11-JIETHET'O HUKJIA

C.B. Jatbsimes, C.B. Onemckoii

WucturyT conneuno-zemuoit ¢puznku CO PAH, Upkytck, Poccus
osv@iszf.irk.ru

NORTH-SOUTH ASYMMETRY IN SUNSPOT FORMATION
AND AMPLITUDE OF THE 11-YEAR CYCLE

S.V. Latyshev, S.V. Olemskoy
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

ITo nanabiM RGO/NOAA 0 coHEUYHBIX MATHAX YCTAHOBJCHA CBA3b ceBepo-rokHOM (NS)
ACUMMETPHUU MATHOOOpa3oBaHMs ¢ aMIuHTya0u 11-netHero mukia. [loka3zaHo, 9TO 4eM BBIIIE
aMIUIUTYy/la COJHEYHOTO IMKJIA, TeM MEHbIIe abComoTHOEe 3HaueHue NS-acumMmeTpuu. BbIsB-
JICHHAs] 3aKOHOMEPHOCTh HMCCJICIOBAaHA B YHCICHHOW MOJICH TUHAMO C HEPETYISIPHBIMUA HU3Me-
HEeHUSIMH alibda-3¢dekra.

Using sunspot data RGO/NOAA established the connection of north-south asymmetry of
sunspot with the amplitude of 11-year cycle was found. It is shown that the higher is the ampli-
tude of solar cycle, the smaller is the absolute value of the NS-asymmetry. Identification of pat-
terns was investigated in a dynamo numerical model with alpha-effect irregular changes.

TEIJIOBASI HEYCTOMYHUBOCTb TOKOBOI'O CJIOS
JI.C. Jlenennon, b.B. ComoB

I'ocynapcrBennslii actponomudeckuid HHCTUTYT UM. [1.K. HTepabepra MI'Y, Mocksa, Poccus
koob@mail.ru

THERMAL INSTABILITY OF THE CURRENT LAYER
L.S. Ledentsov, B.V. Somov
Sternberg Astronomical Institute MSU, Moscow, Russia

B paMKax MAarHUuTOrHApOJMHAMHUYCCKOTO ITOJAX0Ada paCCMOTPCHBI ITPOAJOJIbHBIC BO3MYIIC-
HUS OJHOPOAHOT'O TOKOBOI'O CJIOA. HOKa3aHO, YTO YCIIOBHUAMU HGYCTOﬁqHBOCTH CJIy’KaT omnpeac-
JICHHBIC COOTHOHIICHHA MCXKIAY XapaKTCPHBIMHM BpPEMCHAMHU TCIJIOIIPOBOAHOCTH M JIYYUCTOI'O
OXJIaXXJEHMS IIa3Mbl. B PE3YIbTATC HCYCTOI\/’I‘{I/IBOCTI/I B TOKOBOM CJIOC o6pa3yeTc;1 nocCjacaoBa-
TCIIBHOCTDb XOJOJHBIX U I'OPpAYHUX BOJIOKOH, PACIOJIOKCHHBIX ITOINCPCK HAIIPAaBJICHHUA 3JICKTpHUYC-
CKOT'O TOKa. PaCCMOTpeHHI)IfI MEXaHU3M MOXKET OBITh OTBETCTBEHCH 3a IOAKHUI" BCIIBIIIICYHBIX
NETCIb B COJTHCYHBIX BCITBIIIIKAX.

Longitudinal perturbations of the homogeneous current layer are considered in the frame-
work of the MHD approach. It is shown that the instability conditions depend on relations be-
tween characteristic times of thermal conductivity and radiative cooling of the plasma. Sequence
of hot and cold fibers are formed in the current layer transversely to the direction of the electric
current as a result of instability. Considered mechanism may be responsible for the ignition of
flare loops in solar flares.
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ITPOEKT ATMOC®EPHOT'O YEPEHKOBCKOI'O TEJIECKOITA
JJISA TAMMA-OBCEPBATOPUU TAIGA

B.B. Jlenok (ot xomtadopanuu TAIGA)

WpkyTckuii rocynapcTBeHHbIN yHUBEpcHUTET, pKyTCK, Poccus
vladimir.lenok.physics@gmail.com

PROJECT OF THE IACT FOR THE TAIGA GAMMA-OBSERVATORY
V.V. Lenok (for the TAIGA collaboration)
Irkutsk State University, Irkutsk, Russia

HasemHass raMMa-acTpOHOMUSI BEICOKMX SHEPIrUii — OTHOCHTEIIEHO HOBOE, OBICTPO pa3BHBa-
IoIlIeeCs HanpaBcHHE (DyHIaMEHTAIbHBIX MCCIICOBAHUN B AKCIICPUMCHTAIBHON acTpodu3uke. 3a
MOCJICTHUE TOJIbI JAHHBIM METOJIOM OBLIO OOHAPYXKEHO M MCCIICOBAHO 3HAYMTEIBHOE KOJIMUSCTBO
TJIAKTHYECKUX Y BHETATAKTUYECKUX MCTOYHHKOB raMMa-KBaHTOB BBICOKUX dHepruid. [Ipeapiaymme
ITOKOJICHUST aTMOC(EPHBIX YePEHKOBCKUX TelleckonoB (AUT) ObUM ONTUMHU3UPOBAHBI IS HCCICIO-
BaHUs HCTOYHHUKOB raMMa-KBaHTOB OTHOCHTEIILHO HU3KOM SHEpruM. B HacTosIee BpeMs aKkTyaabHa
3aJa4a IMOMCKA U UCCIIEIOBAaHUS UCTOYHUKOB I'aMMAa-KBAaHTOB BBICOKORHEPI€THUYCCKOIO CICKTPAJIb-
HOI'O JUana3oHa. JTa 3ajada sSBJIgeTcd IaBHOHN Jyia ramMa-obcepBaropuu TAIGA. Ilpenmnoina-
raeTcsl MCIOJb30BaTh TMOPHIHBIA METOJ JCTCKTHPOBAHUS IIMPOKUX aTMOC(EPHBIX JIMBHEH —
COBMECTHOE JICTEKTUPOBaHKE JIMBHEH ¢ momombio AUT M onTHYecKMX CTaHIUH SKCIIEpUMEHTA
HiSCORE. Takoit Mmeron OyaeT nmpuMeHeH BrepBble. OCHOBHAsS HaydHas 3ajada 00cepBaTOPHUU —
MMOMCK M MCCIICAOBAaHHE HCTOYHMKOB ramMMa-KBaHTOB IIsB-HOro sHepreTmdeckoro amara3oHa —
mBarponoB (PeVatrons). B mokmane npeacrasinensl Gusuyeckuii mpoekt AUT must ob6cepBaTopuu
TAIGA, a Tarxoke pe3yabTaTbl MOJCTHPOBAHUS ONTHYECKUX XapaKTEPUCTUK U SHEPreTHYECKOTrO MO~
pora Teneckorna.

Ground based very high energy astronomy is relatively new and fast developing field of
fundamental research in experimental astrophysics. Significant number of galactic and extraga-
lactic sources of high energy gamma-quanta have been discovered with this technique in recently
years. Previous generations of Imaging Atmospheric Cherenkov Telescopes (IACT) have been
optimized for research of gamma-quanta sources of relatively low energies. Now the problem
of search and study of high-energy range gamma-quanta sources is very important. This prob-
lem is central for TAIGA gamma-observatory. The hybrid approach of extensive air shower
detection, coincidence detection of showers with IACT and HiSCORE optical stations, is sup-
posed for usage in the observatory. Such method will be applied for the first time. The main
scientific problem of the observatory is search and studying of PeV-energy range gamma-
guanta sources (PeVatrons). Physical project of IACT for TAIGA observatory is presented in
the report. Results of calculations of the telescope optical characteristics and the telescope energy
threshold are also shown.

P®A30BBIE IINTACTUHKH U3 ITOJIMMEPHBIX MATEPHAJIOB
JJI HOJAPU3ALIMOHHBIX U3SMEPEHUU

JI.C. JlonTeBa

WucturyT conneuno-zemHol ¢uzuku CO PAH, Upkyrck, Poccus
lopteva@iszf.irk.ru

PHASE PLATES MADE OF POLYMERIC MATERIALS
FOR POLARIZATION MEASUREMENTS

L.S. Lopteva
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

®Da30BbIC MIACTUHKHU HCIOIB3YIOTCS B MOJSPUMETPUU HEOECHBIX OOBEKTOB, M3MEPEHHU
MarHUTHBIX TOJIEH, UCTIPABICHUN WHCTPYMEHTAILHON TMOJSPHU3AIMN TEJIECKOIOB, HHTEep(hEepeH-
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IIMOHHO-TIOJIAPU3AMOHHBIX (uabTpax. [1Iupoko UCHOaB3yrOTCS (ha30BbIe TUIACTUHKU W3 TIPH-
POIHBIX KPUCTAUIOB CIIOABI W KBapia. OJHAKO B COBPEMEHHBIX HCCIICOBAHMSIX TPEOYIOTCS
IUTACTUHKHM ¢ MAKCUMAJIBHBIMU TTapaMeTPaMH — PACIIUPEHHBIMH YIJIOBBIM U PaOOYHM ITOJISIMH.
[ToaTomMy anbTEepHATHBON MPHUPOJHBIM KPUCTAJUIAM MOTYT CTaTh MOJWMEPHBIE MaTepuaibl, 00-
JIQ/TAFOINNE UCKYCCTBCHHO BBI3BAHHOM aHM3o0Tponuei. [ mojaydeHus: KpynmHorabapuTHbeIX (a-
30BBIX TJIACTUHOK MBI MIPOBEH HCCIIEIOBAHUE ONTUYECKUX CBOMCTB MOJMKapOOHATa U Ompee-
JWIA €r0 XapaKTePUCTHKH: JBYIPEIOMIICHHE, MPOYHOCTh M BO3MOXKHOCTh ONTHYECKOH 00pa-
00TkH A Koppekiuu (asoBoro cnpura. beuin uccienoBaHbl CBOWCTBA MOTUKapOoOHaTa, pa3pa-
0oTaHa TeXHOJOTUs 00pabOTKM (HUTM(OBKA CBA3aHHBIM aOpa3MBOM M XHMHUKO-MEXaHUYECKOE
MOJINPOBAHKE), OMPEACICHBI METOABl KOHTPOJS €ro ONTHYECKUX XapaKTEPUCTUK U TPUBEICHBI
IapaMeTpbl HOBBIX MOJYBOJHOBBIX U Y€TBEPTHBOJIHOBBIX TIACTHHOK JuaMeTpoM 70 Mm.

Phase plates are used in polarimetry of celestial objects, measurement of magnetic fields,
correction of instrumental polarization of telescopes, and in the birefringence filters. Phase plates
of natural mica and quartz crystals are extensively used. However, modern studies require plates
with maximum parameters such as extended angular and working fields. Therefore, polymeric
materials with artificially induced anisotropy are alternative to natural crystals. For large-scale
phase plates we carried out a study of the optical properties of polycarbonate and defined its
characteristics such as birefringence, durability and optical processing to adjust the phase shift.
In the present study the properties of polycarbonate were investigated, the technology of pro-
cessing (grinding bonded abrasives and chemical-mechanical polishing) was worked out, meth-
ods to control its optical characteristics were identified and parameters of new half-wave and
quarter-wave plates 70 mm in diameter were adduced.

CHUCTEMBI CBOPA TAHHBIX U NEPEJAYU NTHOOPMAIINA
B PEAJIBHOM BPEMEHU CTAHIIMU KOCMUYECKHUX JIYYEU UC3® CO PAH

A.A. JIykoBHUKOBA

WuctutyT comneuno-zemuoit puzuku CO PAH, Upkyrck, Poccus
luk@iszf.irk.ru

SYSTEMS OF DATA COLLECTION AND TRANSMISSION OF INFORMATION
IN REAL TIME OF COSMIC RAY STATIONS OF ISTP SB RAS

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

PaccmoTpens! nu3MeHenus B pabote cranuuii kocmuueckux jaydeit (KJI) UC3®d CO PAH
(Upkyrck, Upkyrck-2, Upkytek-3, Hopuibek) 3a 2012—2014 rr. Onmcansl cucteMbl cOopa JaHHBIX
U nepeau MH(GOpMaIMu B peanbHOM BpeMenu ctanuuid KJI. J{ns kaxnoit u3 paboraromux craH-
it KJI mokasansl cyiecTByomue npo0daeMbl U MPEATI0KEHbI YT UX PEILICHUs JUIs YIyUIlIeHHs
Ka4yecTBa IIOCTABIISIEMBIX IaHHBIX Ha3eMHbIX n3Mepennii Bapuanuii KJI.

The paper describes means for improving the operation of cosmic ray (CR) stations of the
Institute of Solar-Terrestrial Physics (ISTP SB RAS) in 2012-2014. Instrumental measures for
improving real time data presentation of the CR stations (Irkutsk, Irkutsk-2, Irkutsk-3 and
Norilsk) are presented. There are some problems for each CR station. We show ways for solving
these problems to provide data without failures and omissions.
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HOBBIE JAHHBIE JJIAA APKOI'O 'TAMMA -BCIVIECKA
GRB 030329 B OIITUYECKOM JHUAITA30HE

1E.I[. Ma3saega, 'A.C. ITo3anenko, ’B.B. Pymsinuen

1I/IHCTI/ITyT kocMmuueckux uccienosanni PAH, Mocksa, Poccus
30.v@mail.ru

2 .

Kpbmckas actpodmsnueckas odcepBaropusi, Hayansrnii, Poccus

NEW DATA FOR BRIGHT GAMMA-RAY BURST GRB 030329
IN THE OPTICAL RANGE

'E.D. Mazaeva, *A.S. Pozanenko, 2V.V. Rumyantsev

'Space Research Institute, Moscow, Russia
“Crimean Astrophysical Observatory, Nauchny, Russia

Hecmotps Ha To, uTo ramma-Bemieck GRB 030329 6bi1 3aperucTpupoBaH ABEHAIIATH JIET
Ha3ajl, OH JI0 CUX IOp SIBJISETCS CaMbIM SPKUM B ONTHYECKOM JMala30He HAa MOMEHT BPEMEHHU
1.5 4 nocne ero perucTpanuy B raMMa-auana3oHe (IO 3TOro MOMEHTa HaOJIIOJCHUM B ONTHKE HE
nposoiiock). [To GRB 030329 umeercst HanOomnee TUIOTHBIA psifi (POTOMETPUYECKUX JTAHHBIX U3
MOJYYSHHBIX ISl KOT/Ia-TH00 HaOJFOIABIIMXCS TOCJIECBEYEHUI raMMa-BCIIeCKOB. [IpencraBneHs
HOBBIE JIaHHbIE, MT0y4eHHble B o0cepBaropusix KpAO, Maiinanak, SPM u gononHsionye yxe us-
BecTHbIe (poromerpuueckue psibl. IlocTpoensl moapoOHbIe MHOTOLBETHBIE KpHBbIe Oiiecka. Mccie-
JYHOTCSl MHOTOUHCIIEHHbIE HEOJHOPOJHOCTH KPHUBOH Osiecka M MX BO3MOXKHAsI IPUPOJA.

Although GRB 030329 was registered more than twelve years ago, it is still the brightest
burst in optical energy range at the moment of 1.5 hours after burst trigger. GRB 030329 has the
most sampled optical afterglow light curve among all known bursts. We present new unreleased
optical data obtained by CrAO, Maidanak, SPM observatories supplementing known datasets.
Detailed multicolor optical light curves are constructed. Numerous light curve variations and
their nature are investigated.

MOJIEJIbHBIN KOMILJIEKC JJIS1 UCCJIEJOBAHUS
KOCMHUYECKHUX JYUYEN RUSCOSMIC

E.A. Mavpues, 10.B. banaoun, b.b. I'Bo3neBcknii

[onspusiii reopusnueckuii uHcTUTYT KHI] PAH, Anatutsl, Poccus
maurchev@pgia.ru

RUSCOSMIC AS A NEW MODEL COMPLEX FOR
COSMIC RAY INVESTIGATION

E.A. Maurchev, Yu.V. Balabin, B.B. Gvozdevsky
Polar Geophysical Institute KSC RAS, Apatity, Russia

PaccmarpuBaercss u3ydeHue pOXKIACHUS U Pa3BUTHUSL KaCKaJOB BTOPUYHBIX KOCMHYECKHUX
nyuerr (KJI) ¢ momomipio uncnennoit moaenu RUSCOSMIC, paspabGotanHoil B jabopaTopuu
KOCMHUYeCKuX Jydedl (Amartutei). [TepBbIM pe3ynbTaTOM BBIUKMCIICHHUI SIBJISIOTCS THUIIOBBIE TPEKH,
MIO3BOJISIIOINE BU3YaJIbHO OLEHUTh KOJMUYECTBEHHBIE XapaKTEPUCTUKHN Pa3BUTHA KACKAI0B, a TAKXKe
YaCTHUYHO BepU(UIIMPOBATh MOJIETh Ha OCHOBE UMEIOIUXCS 3HAHUW. BTOpBIM pe3yibTaToM BbI-
YUCJIEHUN SBIAIOTCSA DHEPreTUYECKUE CIEKTPHI BTOPUYHBIX KOCMUYECKHX JTydel, BOZHUKAIOIINX
B pe3yibTaTe npoxoxaeHus ragaktudeckux KJI. CnekTpsl MO3BOJISAIOT MOMYyYUTh Haubouee je-
TaJIbHYIO HH(OPMAIIHIO O Pa3BUTUU U OCOOCHHOCTSX KackaaoB BTopuuHbIX KJI u Gonee aeranbHO
CBEpPHUTDH PE3yJbTaThl MOJICTUPOBAHUS C pe3yJbTaTaMH OaNIOHHBIX U3MepeHui. CBOICTBO aTMoO-
cdepsl nornomats KJI 66110 06HapyxeHo ele B nepBbIx skcnepuMenTax B. I'ecca. [Tomagas B —
3eMHYI0 atMochepy, KOCMUYECKHE YacTHIbl (B OCHOBHOM IPOTOHBI W siipa 0o0Jiee TSIKEITBIX
AJIEMEHTOB, YEM BOAOPO/I) UCIBITHIBAIOT CTOJIKHOBEHMS C €€ aTOMaMH M MoJIeKyJlaMu. B pe3yib-
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TaTe MPOUCXOIUT paclleIUIeHHE siiep M 0O0pa3oBaHHWE MHOTOYMCIECHHBIX BTOPUYHBIX YACTHIL.
[TepBU4HBII IPOTOH, MPOXOs Yepe3 aTMocdepy, MOKET HEOJHOKPATHO BCTYIATh B MPOIECCHI
B3aMMOJICICTBUS C siipaMu aToMOB. OTCIO/Ia ClIeyeT, YTO Ha MEHBIIMX BBICOTaX BOJIM3U 3eMIIH,
WK B TepMUHaAX Gu3nkoB, n3ydarommx KJI, «Ha 00apIuX ri1yOnHax», B aTMOchepe CyIecTByeT
npeumyiecTBeHHo BTopuuHas komrnoHeHnTa KJI. [l uzydenus KJI ucnonb3yroTcst cambie pas-
JIUYHBIC JIETEKTOPHI, YCTAHOBJICHHBIC HA CITYTHHUKAX, 3allyCKaeMble Ha IIapax-30HAaxX U a’pocTa-
Tax, a Tak’Ke Ha3eMHBIE U MO/I3eMHbIE JETEKTUPYIOIINE yCTpoiicTBa. B mocnennee BpeMs Hapsaay
C JKCIEPUMEHTAJIbHBIMU MeTonamu wuccienoBanus KJI HMCHONB3ylOTCS YHUCIEHHBIE METO]IbI
Mounte-Kapio B COBOKYITHOCTH C peaJbHBIMU JaHHBIMHM CEUEHUN B3aUMOJICHCTBUS YaCTHI] C Be-
uecTBOM. Mogenu, co3aHHble TakuM 00pa3oM, Hanbosee PealuCTUYHO OTPAKAIOT pealbHBIM
sKcriepuMeHnT. KoHeuHO, 3T0 yMeHbIIaeT CKOPOCTh MOJEIMPOBAHHUS B 11€JI0M, HO TIO3BOJISIET Oojiee
JETaIbHO paccMaTpHBath nporecce npoxoxaeHus KJI uepes armochepy 3emnn. B nanHoli padore B
oOmemM BUAE paccMaTpuBaeTcsl co3maHHbli Ha O0aze GEANT4 mnporpamMmHBIA  KOMILIEKC
RUSCOSMIC © nmns netambHOTO UCCIEIOBAHHS B3aMMOJCHUCTBUS KOCMHUYECKOTO HM3IIYUCHUS C
BelIeCTBOM aTMmocdepbl 3emiid, pa3BuTHs KackanoB BropudHbix KJI, a Takke ams vccienoBaHus
3¢ (HEKTUBHOCTH OCHOBHBIX JIETEKTOPOB, UCIOIB3YIOIINXCS HA CTAHIIMKA HEUTPOHHOTO MOHHUTOPA B
Amnarurax. [IpencraBiensl Takke HEKOTOpbIE TUIIOBBIE PE3YNIBTAThl M MX CPaBHEHHE C SKCIEPH-
MEHTAILHBIMHU JJAHHBIMHU.

One of the research directions of cosmic rays (CR) is a simulation of their transport
through the Earth's atmosphere by a variety of techniques. This paper deals with the study of the
birth and development stages using a numerical model RUSCOSMIC, developed in the Apatity
CR laboratory. The first result of the calculations are typical tracks that allow us to visually as-
sess the quantitative characteristics of the development stages, and partly to verify the model on
the basis of existing knowledge. The second result which is the energy spectra of secondary CRs
resulting from the passage of galactic CRs that gave the most detailed information on the devel-
opment and characteristics of secoudary CR cascades in more detail to verify the simulation re-
sults with the results of balloon measurements. Property of the atmosphere to absorb CRs was
discovered in the first experiments carried out by Hess. Getting into the Earth's atmosphere,
cosmic particles (they are mostly protons and nuclei of heavier elements than hydrogen) collide
with its atoms and molecules. As a result of the splitting of nuclei and formation of numerous
secondary particles. Primary proton passeng through the atmosphere can be repeatedly engage in
processes of interaction with the nuclei of air. It follows that at lower altitudes near the Earth, or
in terms of physicists studying cosmic rays — on “deep” in the atmosphere, there is mostly a
secondary CR component. For studing CR a variety of detectors mounted on satellites, launched
on balloons and balloons, as well as surface and underground detection device are used. Recently,
along with experimental methods of investigation numerical Monte Carlo methods in conjunction
with real data sections of the interaction of particles with matter can be used. Thus, models cre-
ated in this way, are the most realistic compared to the real experiment. Of course, it reduces the
simulation speed in general, but allows for a more detailed discussion of the process of CR pass-
ing through the Earth's atmosphere. In this paper, we generally considered on the basis of
GEANT4 the software package RUSCOSMIC ©, used for detailed studies of the interaction
of CR with matter of Earth's atmosphere, and effectiveness of the main detectors used for
neutron monitor stations in Apatity. Also, some typical results and their comparison with ex-
perimental data.

HNPEABCIIVIECKA KOPOTKHUX 'AMMA-BCIIVIECKOB,
3APETUCTPUPOBAHHBIX B OKCIIEPUMEHTE SPI-ACS INTEGRAL

I1.FO. Munaes, A.C. [1ozanenko

Hucturyt kocmuueckux uccnegosanuiit PAH, Mocksa, Poccus
minaevp@mail.ru
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PRECURSORS OF SHORT GAMMA-RAY BURSTS REGISTERED
BY SPI-ACS INTEGRAL

P.Yu. Minaev, A.S. Pozanenko

Space Research Institute, Moscow, Russia

B pabote npoBeneH aHain3 KpuBbIX OJecka 519 KOpOTKHX raMMa-BCIIECKOB, 3apETUCTPU-
poBanHbIX B 3kcriepuMmenTe SPI-ACS INTEGRAL no mas 2014 1., ¢ 1ebio morcka BO3MOKHOM
AKTUBHOCTH MCTOYHMKA raMMa-BCIUIecKa (MPEeBCIIECKa) JO Havaiaa OCHOBHOro snuzona. [Ipo-
aAHAJIM3UPOBAHBI KpUBbIE OJIeCKa MHAMBUAYAIBHBIX COOBITUN M CyMMapHasi KpuBas OJecka BCex
KOPOTKHX BCIUIECKOB. [Ipu cratncTuueckoM aHaian3e HE BBIBICHO PErYJISPHOTO MPEIBCILIECKA, B
TO K€ BpeMsl B CyMMAapHOI KpHBOii OJiecka MPUCYTCTBYET 3HAYMMOE MPOAJICHHOE U3Ty4eHHEe, KOTO-
poe panee ObUT0 0OHAPYKEHO HAa MEHBIIICH BRIOOPKE KOPOTKHX BCIIECKOB 3kcriepumenta SPI-ACS.
B enuHMYHBIX cilydasix HaiiieHbl KaHIUIAThl B MPEIBCIUIECKU. BbIuncieHa 3HauuMOCTh TaKHX CO-
OBITHI, TIPUBE/ICHBI OIICHKM OTHOIICHUSI MHTCHCUBHOCTH BO3MOXKHOTO IMTPE/IBCILIECKA K MHTCHCHB-
HOCTHU OCHOBHOT'O 31HM30/1a.

We analyzed light curves of 519 short gamma-ray bursts (GRB) registered by SPI-ACS
INTEGRAL in 2002-2014. A search of possible activity of short GRBs before main emission
episode was performed both in individual light curves and in averaged light curve of all events.
We found no regular precursor in averaged time profile of all short GRBs and therefore estimat-
ed upper limits of its intensity. At the same time the extended emission component was detected
in averaged light curve of all events. It confirmed our previous work, which was based on smaller
sample of short bursts registered by SPI-ACS experiment. In individual light curves of 3 short
GRBs statistically significant candidates to precursors were found.

CIHEKTPBI U ®JIEMBOPHOE OTHOIIEHUE ATMOC®EPHBIX
HEWUTPUHO BBICOKNX YHEPI' MU

1A.I[. Mopo30Ba, T.C. Cunerosckas, 'C.. Cuneroscknii

"Wpkyrckuit rocyapetBeHHblil yausepentet, Mpkytek, Poccust
refriz@yandex.ru
2I/IpKyTCKHI‘/'1 roCyIapCTBEHHBIN YHUBEPCUTET IyTel coolmenus, Mpkyrck, Poccus

THE SPECTRUM AND FLAVOR RATIO OF HIGH-ENERGY
ATMOSPHERIC NEUTRINOS

'A.D. Morozova, °T.S. Sinegovskaya, 'S.1. Sinegovsky

YIrkutsk State University, Irkutsk, Russia
“Irkutsk State Railway University, Irkutsk, Russia

[pu 006paboTKe AaHHBIX, MONYYeHHBIX B dkcrepumente IceCube 3a 988 mueit (20102013 rr.),
00Hapy»eHO 37 BBICOKO3HEPTeTUUECKHX HEHTPHUHHBIX COOBITHI ¢ 3HeproBelaeneHruem ot 30 ToB
1o 2 I3B. T'unore3za 00 acTpou3n4ecKoM MPOUCXOXKAEHUH 3THUX HEMTPUHO MOATBEPIKIAETCS Ha
YPOBHE CTaTUCTUYECKON TOCTOBEPHOCTH BBIIIE MATH CTaHAAPTHBIX OTKJIOHEHUH (5.70). [ns
HaJIe)KHON HUACHTU(PUKAIIMU HEUTPUHHBIX COOBITHHA HEOOXOJMM TIIATEIbHBIM pacyeT ¢oHa
aTMOC(epHBIX HEHUTpHHO. B pabore BBINOIHEH pacueT CHEKTPOB aTMOC(HEpHBIX HEUTPUHO B
untepBasie suepruid 100 ['B — 10 [I3B mia psima moneneit aapoH-siIEpHBIX B3aUMOJICHCTBUN C
UCIIOJIb30BAHUEM HECKOJIBKHUX IapaMETPHU3aLUil CIEKTpa KOCMUYECKUX JIy4eH, ONMMUPAIOLIMXCS Ha
AKCIIEPUMEHTAIbHBIE JaHHbIE M YYUTHIBAIOLIUMX U3JIOM CHEKTpa. VI3BiIeueHHOe M3 JTaHHBIX
IceCube ¢ueiiBopHOE OTHOIIEHHE MOTOKOB HEHTPUHO YKa3blBaeT Ha TO, YTO B HM3MEPEHHOM
CHEKTpEe AaTMOC(EpPHBIX JJIEKTPOHHBIX HEUTpMHO BUAHO BiMsAHHE [udPy3HOrOo MOTOKA
acTpou3nuecKux HEMTpHHO yxe npu sHeprusix 20-50 T>B.
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The processing of the IceCube experiment data, obtained during 988 days (2010-2013),
revealed 37 high-energy neutrino-induced events with deposited energies 30 TeV — 2 PeV. The
hypothesis of an astrophysical origin of these neutrinos is confirmed at the statistical confidence
level of 5.7c. To identify reliably the neutrino events, a thorough calculation of the atmospheric
neutrino background is required. In this work we calculate the atmospheric neutrino spectra in
the energy range 100 GeV — 10 PeV with usage of several hadronic models and a few para-
metrizations of the cosmic ray spectra, supported by experimental data, which take into account
the knee. The neutrino flavor ratio, extracted from the IceCube data, possibly indicates that the
conventional atmospheric electron neutrino flux obtained in the IceCube experiment contains an
admixture of the astrophysical neutrinos in the range 20-50 TeV.

HUCTOYHUKU ATMOC®EPHBIX JIEKTPOHHBIX HEUTPUHO

AJL Mopo3oBa, A.A. Kouanos, *T.C. Cunerosckas, 1C.M. Cunerosckuii

lI/IpKyTCKI/H71 rocyJapcTBeHHbId yHuBepcurer, Upkyrck, Poccus
refriz@yandex.ru
2I/IHCTHTyT comHeuHo-3eMHOM Pusuku CO PAH, Upkytck, Poccus
3I/IpKyTCKHI71 TOCY/IapCTBEHHBIN YHUBEPCUTET IyTel coobmenus, Upkyrck, Poccus

SOURCES OF ATMOSPHERIC ELECTRON NEUTRINOS
'A.D. Morozova, A.A. Kochanov, *T.S. Sinegovskaya, *S.1. Sinegovsky

YIrkutsk State University, Irkutsk, Russia
The Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
3Irkutsk State Railway University, Irkutsk, Russia

I'maBHas HOBOCTh B HEHUTPUHHON acTpO(U3UKE BBICOKUX SHEPTUil — JETEKTUPOBAHHUE B
skcriepumente IceCube 37 coObITrii 0T acTpodu3ndecKux HeHTpuHO C sHeprueit ot 30 THB 10
2 IIb>B. ®oHOM i 3THX COOBITHH SBISIOTCA aTrMoc(epHble HEWTPHHO, MOITOMY €ro
HE00X0MMO 3HATh C JOCTATOYHOH TOYHOCTHIO. B paboTe BBHINOJIHEH pacueT BKJIajga B MOTOKU

aTMOC(hEpHBIX AIEKTPOHHBIX HEUTPUHO (V, +V,) TPEXUYaCTUUYHBIX MOTYIENTOHHBIX MOJ] pacmaja

+
e3’

atmochepoit. [Toka3aHo, 4TO pacraj KOPOTKOXKHBYILIETO HEHTpaabHOro KaoHa K maer Goiee

K-me3oH0B (K KE, Kg), TEHEPUPYEMBIX IIPU B3aUMOJEHCTBUM KOCMUUYECKUX JIy4el C 3€MHOMI

TPETH TMOJHOTO MOTOKa V, +V, npu 3Heprusx Boime 100 TaB. B pabore mokazaHo Takxke, 4yTo

yueT peakuuu poxxaeHus K-me30HoB nuoHaMu n+A—K+X npuBoauT K Bo3pacTaHuio Ha 5—7 %
IIOTOKA V, +V, B IMana3oHe SHEeprun 10%-10°TB.

The main news in the neutrino astrophysics is the observation in the IceCube experiment of
37 astrophysical neutrino-induced events with deposited energies 30 TeV — 2 PeV. The atmos-
pheric neutrinos are unavoidable background for the events from astrophysical neutrinos which
should be studied with a sufficient accuracy. In this work, the contributions of three-particle

semileptonic decays of charged and neutral K mesons (K%, K2, K2), produced in the extensive

air showers which induced by cosmic-ray particles. It is shown that decays of shortlived neutral
kaons (KJ) contribute about a third of the total flux v, +V, at the energy above 100 TsB. It is
also shown that account for kaons production in the pion collisions with nuclei, t+A—K+X adds
to the flux v, +v, up to 7 % in the energy range 10°-10*I'3B.

PE3VJIbTATBI PA3PABOTKH HOBOI'O COJTHEYHOIO CHEKTPONOJISIPUMETPA
METPOBOI'O JUAMA30HA (CCM/I)

H.O. MyparoBa, A.A. MyparoB

WnctutyT conneuno-zemuoit puzuku CO PAH, Upkyrck, Poccus
muratova@iszf.irk.ru
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RESULTS OF DEVELOPMENT OF THE NEW SOLAR METER-WAVE
SPECTROPOLARIMETER (SMWS)

N.O. Muratova, A.A. Muratov
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[TpencraBieHbl pe3ybTaThl, MOJYYCHHBIC HA 3aKIIOYUTEILHOM dTare pa3paboTKu HOBOTO
CIIEKTPONOJIIPUMETPA METPOBOTO JuanazoHa. MHCTpyMEHT mpeaHa3zHayeH JUisl OCYIIECTBICHUS
HaOmogeHui B vactoTHOM pauanazoHe 50-500 MI'n. OCHOBHBIM MPEUMYIIECTBOM JTaHHOTO
YCTPOMCTBA SIBIIACTCS TMOJYYCHHE IMOTHOrO BekTopa CTOKCa, MOJHOCTHIO XapaKTEePHU3YIOLIEro
COCTOSTHUE TOJISPU3AIMHA COIHEYHOTO PAIMON3ITYYCHHs. 3aJI0)KCHHBIE B MPUOOP YaCTOTHBIC Xa-
PaKTEPUCTUKH MO3BOJISIIOT YBEITUYUTh BEPOSITHOCTh HAOMIOCHUS JTHHEWHON momspu3anuu. Mbl
TaK)Ke PaCCMOTPUM BO3MOXKHOCTh HaOmoaeHus Ha CCM/] TeX WM UHBIX COJIHEYHBIX SBJICHHI C
Y4E€TOM XapaKTEPUCTUK MPUOOpa.

We present results, obtained on final stage of development of the new solar meter-wave
spectropolarimeter. The frequency range of the instrument is 50-500 MHz. The main advantage
of this instrument is obtaining of the full Stockes vector that completely characterizes the state of
solar radio emission polarization. The frequency characteristics of this device are designed with
assumption to increase probability of linear polarization detection. Based on estimated character-
istics, we consider the possibilities of observation of different solar phenomena with the help of
our new instrument.

WCCJIEAOBAHUE CTPYKTYPBI KOPOHAJILHOI'O MATHUTHOI'O MOJIS
HA OCHOBE MOJIEJIMPOBAHUSI COJIHEYHBIX IISITEH
U JAHHBIX PAJIMOHABJIIOIEHMIT

O.B. Hearo00Ba

Wuctutyt comneuno-3emuoi ¢pusnku CO PAH, Mpkytck, Poccust
ol.nelyubova@gmail.com

STUDY OF THE STRUCTURE OF CORONAL MAGNETIC FIELD
FROM MODELING SUNSPOTS AND RADIO OBSERVATION DATA

O.V. Nelyubova
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

OnHUM U3 NPEUMYIIECTB MHOTOBOJIHOBBIX PaJMOHAOIOICHUN SBISETCS BO3MOXHOCTD
WCCJIEIOBAHMSI COJIHEUHOM KOPOHBI Ha pa3HbIX BbICOTAaX. CIEKTpalbHO-NOJISAPU3ALMOHHBIE U
MPOCTPAHCTBCHHBIC XAPAKTCPUCTUKH PAAUOU3ITYUCHUSA TCCHO CBA3aHbI C MArHUTHBIMU I1OJISIMU.
B Hacrosiiieit pabote mocTpoeHa MoJIeNb COJIHEYHOTO MATHA, MOIPYKEHHOTO B CIIOKOMHYIO KO-
POHY, U TIPOBEJICHO MOJICIIMPOBAaHUE PAAHOU3ITyIeHuUs B quama3oHe yactoT 4-8 I'Tu. Ha ocHoBe
MOJYYEHHBIX CHHTETUYECKUX JaHHBIX paJMOHA0IIOJICHUH BOCCTAHOBJIEHA NMPOJOJIbHAST KOMIIO-
HEHTa MarHUTHOTO T10JIs1 B KOPOHE U J1aHa OLIEHKA MOrPEIHOCTH TaKoro BoccTaHoBieHus. Co3a-
BaeMbl€ METObI M AJITOPUTMBI TUATHOCTUKM MarHUTHOTO TOJIS 110 paIMOHA0IIOACHUSIM Ha MUKPO-
BOJIHAX MOTYT OBITh MCTOJB30BaHbI JIJIsl aHAJIM3a JAaHHBIX HOBOI'O MHOTOBOJIHOBOTO renuorpada,
coznaBaeMoro no npoekty MC3® CO PAH.

One of the advantages of radio observation is an opportunity to study solar corona at
different heights. Spectrally polarized and spatial characteristics of radio emission are asso-
ciated with magnetic fields. In the present work the model of a sunspot immersed in the Quiet
sun was constructed, and radio emission was modelled within the frequency range 4-8 GHz.
Based on the obtained synthetic radio observation data the coronal magnetic field’s longitu-
dinal component was extracted, and the estimation of such extraction error was given. Created
methods and algorithms of magnetic fields diagnostics by radio observation at the microwaves
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can be used to analyze data of the new multiwavelength heliograph that is being created by the
ISTP SB RAS project.

OB OJJHOM MOJIEJIM MOJU®UIIUNPOBAHHOM TEOPUU I'PABUTAIINU
B.B. Hukudopona

WncturyTt snepusix uccnenosanuit PAH, Mocksa, Poccust
nikiforovavas@mail.ru

ON THE ONE MODEL OF MODIFIED GRAVITY
V.V. Nikiforova
Institute for Nuclear Research RAS, Moscow, Russia

JlanHas paboTa MmocBsieHa MOAU(GUKALNNA OOIICH TCOPUU OTHOCHTEIBLHOCTH ISl OOJIBIINX
PaCCTOSTHHI M MCCASIOBAHUIO KOCMOJIOTHYCCKUX ClIeACTBHI Moaudukanuii. OOmenpuHsTas B
HACTOSAIIee BpeMs CTaHJAPTHAs KOCMOJIOTMYECKAas MOJICNIb IPEAIIOIaracT Haaudue TEMHOM
SHEPTHH — 0CO0O0T0 BHA PHEPrUH, 3aIOJIHSIONIEH BCIO BeeaeHHY0 ¥ MPUBOASIILEH K €€ YCKOPEH-
HOMY paciIupeHuro. Takol IOAXO0H CTAJIKHUBAETCA C IIPOOJIEMOH BEIWYMHBLI IUIOTHOCTH TEMHOM
SHEPruu (KOCMOJOTHYECKOM IMOCTOSIHHOM) — 3Ta BEJIMYMHA MHOT'O MEHBIIE, YeM SHEPreTHUYCCKUE
MacmTaObl BCEX M3BECTHBIX (hyHJIaMEHTAIbHBIX B3aumojeicTBuii. [IpITasch M30ekaTh MpoOIeMbI
KOCMOJIOTHYECKON ITOCTOSSHHOM, YYEHBIC pacCMaTpUBAIOT IPYTHME BO3MOXKHOCTU OOBSICHCHHS
Ha0JII01aeEMOr0 YCKOpEeHHOro paciiuupenus Beenennoit. OqHa U3 TaKMX BO3MOXKHOCTEN 3aKIF0YAETCS
B TOM, 4TOOBI MOIU(DUIIUPOBATH OOIIYIO TEOPHIO OTHOCUTEILHOCTH Ha KOCMOJIOTHYECKUX MaciTadax
TaK, YTOOBI ATO MPUBEIIO K OOBSICHEHUIO YCKOPEHHOTO PaCIIMpeHHsi 63 TEMHOM SHEeprHy BOOOIIIE.

The paper considers modifications of the general relativity and their cosmological conse-
guences. Now the generally accepted cosmological model is the Lambda-CDM model, which
assumes our Universe to be the Big Bang universe containing the dark energy, dark matter and
standard baryonic matter. The dark energy is a special kind of energy which permeates all of
space and response to the observable accelerated expansion of the Universe. This model also as-
sumes the General Relativity to be right at the cosmological distances. This model meets the
problem which is called “cosmological constant problem”. The energy scale for dark energy is
much smaller than the energy scales for all know fundamental interactions. So, we cannot ex-
plain the value of dark energy density. One of the possible attempts to solve the cosmological
constant problem is to modify the General Relativity at the long distances in such a manner that
could lead to the observable accelerated expansion without dark energy at all.

CPABHUTEJbHBIA AHAJIN3 TEOMETPUUYECKUX XAPAKTEPUCTHUK
IPYITUBHBIX TIPOTYBEPAHIIEB 110 HABJIIOJAEHUAM
B PA3JIMYHBIX CIIEKTPAJIBHBIX TUAITA3ZOHAX

'A.A. Huxaitunk, °B.I". ®aiinmrreiin, *S.H. Eropos

lI/IpKYTCKI/Iﬁ rocyAapcTBeHHbIN yHUBepeuteT, UpkyTtcek, Poccns
sinichkani@mail.ru
*UucTuTyT conHeuno-3emuol dusnku CO PAH, Vpkytck, Poccus

COMPARATIVE ANALYSIS OF GEOMETRIC CHARACTERISTICS
OF ERUPTIVE PROMINENCES
FROM OBSERVATIONS IN DIFFERENT SPECTRAL RANGES

'A.A. Nikhaichik, 2V.G. Fainshtein, 2Ya.l. Egorov

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

C HCTIONB30BaHMEM JTAHHBIX TEJIECKOIOB Ha3€MHOTO M KOCMHUYECKOTO 0a3upoBaHUs ObLIN
COIIOCTABJICHBI BBICOTHI U YTJIOBHIE pa3Mephl SPYINTUBHEIX nmpoTydepaniies (JI1) mo HabmoneHusIM
B Pa3JIMYHBIX TMapaxX CHEKTPAIbHBIX TUANIa30HOB:
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1) Ha (MLSO (teneckon PICS) u Kanzelhohe Observatory) u paguoauana3on (paano-
renuorpad Nobeyama, niuna Bonubel A=1.76 cm);

2) xanan c A=195 A (SOHO/EIT) u paguoananasos;

3) xaman 195 A u Ho.

AHanu3 MOJYYEHHBIX 3aBUCHMOCTEH MEXIy yKa3aHHBIMH I'€OMETPHUUYECKUMU XapaKTepH-
CTUKAMH JIJIi paCCMOTPEHHBIX Map CHEKTPAIbHBIX JAHANA30HOB MO3BOJIAJ CJIeJaTh BBIBOJI, UYTO
BBICOTHI U yrioBbIe pazmepsl D1, 3apeructpupoBaHHBIX B OJU3KHE MOMEHTHI BPEMEHHU B Pa3HBIX
CIEKTPAJIBHBIX JIMANa30HAX, PA3IMYalOTCA MaJIO: B CPEJHEM 3TO pa3jiMuMe OKa3ajoch B Ipee-
nax 1-4 %. CpaBnHenue nzobpaxxenuii JI1 B pa3HbIX CIIEKTpaIbHBIX JAMANa30HAX MO3BOJISET Clie-
JaTh BHIBOJI, YTO BBICOTA U YII0BOi pasmep DIl B paguoauanasoHe u B kaHane 195 A Gonbiue,
yeM B Ha, a B paauouanasone 0ospliie, 4eM B kanaie 195 A.

To compare heights and angular sizes of eruptive prominences (EPs), we have used
ground- and space-based telescopic data obtained in different pairs of spectral ranges:

1) Ha (MLSO (the PICS telescope) and Kanzelhche Observatory) and the radio frequen-
cy band (Nobeyama Radioheliograph, wavelength A=1.76 cm);

2) =195 A channel (SOHO/EIT) and radio frequency band,;

3) 195 A channel and Ho.

Analysis of obtained dependences of the mentioned geometric characteristics for the exam-
ined pairs of spectral ranges has allowed us to conclude that the heights and angular sizes of EPs
recorded at close instants in different spectral bands were slightly distinguished: on average this
difference proved to be within 1-4 %. Comparison of the images of EPs in different spectral
ranges provides a conclusion that the height and angular size of EPs in the radio frequency range
and on A=195 A channel are larger than those at Ha and larger in the radio frequency range than
those on the A=195 A channel.

OLIEHKA DHEPTETUYECKOI'O IIOPOT A
OIITUYECKOHN CTAHIIMHU TUNKA-HiSCORE

AJL. Iaxopykos (3a komutabopanuio TAIGA)

Hayuno-uccnenoBarenbckuit HHCTUTYT Npukiaaoi ¢pusuku UI'Y, Upkytck, Poccust
pal.27@yandex.ru

ESTIMATION OF ENERGY THRESHOLD OF OPTICAL STATION
TUNKA-HISCORE

A.L. Pakhorukov (for the TAIGA Collaboration)
Applied Physics Institute of Irkutsk State University, Irkutsk, Russia

Jlokman mocBsiiieH pa3BopaduBaromienicss B TyHKUHCKON JOMHUHE Ha acTPOPU3UUECKOM TOJTH-
roue MI'V-UI'Y mmpokoyroipHO# atMocdepHoil 4yepeHkoBckoi ycranoBke Tunka-HiISCORE,
BXojsiiel B coctaB ramma-oocepBatopuu TAIGA. YcranoBka Tunka-HiSCORE nanenena na
perucrpaluio raMmma-kBaHToB ¢ 3Heprueit 6onee 30 TOB. Ona Oyner npeacrasisaTh codoi ceThb (o-
TOJETEKTOPOB — onTuyeckux craniuit (OC), pacmoiioKeHHBIX Ha MMOBEPXHOCTH 3eMIIH B y3J1ax
KBaIpaTHOM penieTku. Pa3BepThiBaHNWE YCTAHOBKU MPOUCXOAUT MO3TANHO, U HA TEKYIIEM 3Ta-
me (2015 1.) oHa cocromT u3 28 OC, paccTOSHUE MEXK/Ty KOTOPBIMU cocTaBIsieT 75V2 M~106 M.
B noknane onuceiBaroTcs kKoHCTpYKOus OC, uamMepeHue ee yriloBOM 4yBCTBUTEIBHOCTH, Bpe-
MEHHas KaJuOpOBKa, a TAKXKe OIpeesIEHUe SJHEPreTUYECKOro Iopora YCTAaHOBKHU 0 TEMITY cUeTa
oxHoi OC.

The report focuses on the wide angle atmospheric Cherenkov telescope array Tunka-
HiSCORE, unfolding in Tunka valley at astrophysical polygon MSU-ISU, part of the gamma
observatory TAIGA. Tunka-HiSCORE array aimed at registration of gamma rays with energies
above 30 TeV. It will be a grid of photodetectors — optical stations (hereinafterr abbreviated as
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0S), located on the Earth surface in the sites of a square lattice. At this stage (2015) array con-
sists of 28 OS, the distance between which is 75V2 m ~ 106 m. OS design, measurement of its
angular sensitivity and time calibration will be described in the report. Also definition of a power
threshold of array on the count rate of one OS will be given.

AHAJIN3 KOPPEJIAIIUU PAJIMOCHUT'HAJIA HA YACTOTE 32 MI'n
C XAPAKTEPUCTHUKAMM IIIAJI IIO JAHHBIM SIKYTCKOM YCTAHOBKH

N.C. Iletpos, C.I1. Knypenko

HNucTutyT KocModusndecknx uccnenoBanuii u asponomun uM. FO.I'. [lladepa CO PAH, Sxytck, Poccus
igor.petrov@ikfia.sbras.ru

ANALYSIS OF CORRELATION OF RADIO EMISSION AT 32 MHz FREQUENCY
WITH EAS CHARACTERISTICS FROM YAKUTSK ARRAY DATA

I.S. Petrov, S.P. Knurenko
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

B pabote paccmarpuBaceTCs KOPpENsaIus pagdoCUTHajIa ¢ MapaMeTpaMu ITUPOKHUX aTMO-
c(hepHBIX TUBHEH: 3HEPTrUel IuBHA Eg 1 rimyOnHO# MakcuMyMa Xmax. [1oka3aHo, 9To 1o usmepe-
HHUSM PaJAOCHIHATIa MOYKHO IOJYYUTh IapaMeTphl WHAMBUAYAIBHOIO JIUBHS M MAacCOBBIA COCTaB
KocMUYeckuit mydeit. BoiBenena o0o01enHas popMyia Asis pacyeTa SHEPIUu JTUBHSL

The paper present correlation of radio signal with air shower parameters: shower energy Eg
and depth of maximum Xmax. It is shown that from radio emission measurements of air showers
one can obtain individual showers parameters and mass composition of cosmic rays. We also
derived generalized formula for calculating energy of the air showers.

PACYET UHXKXEKIIUU COJTHEYHbBIX DQHEPI'MYHbBIX YACTHULL
B MEKIIJIAHETHOM ITPOCTPAHCTBE B COBBITUM 15 AITPEJIA 2011 r.

A.C. IleryxoBa, C.H. IleryxoB

HucTuTyT KOcMOdu3nUeckux uccieaoBanuii u asponomun uM. FO.I'. [lladepa CO PAH, fAxytck, Poccus
aspetuhova@mail.ru

CALCULATION OF INJECTION OF SOLAR ENERGETIC PARTICLES IN SPACE,
IN APRIL 15, 2011 EVENT

A.S. Petukhova, S.I. Petukhov
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

PaccunTano yckopeHHe COJTHEUHBIX SHEPTUYHBIX YaCTHI] YJIApPHOW BOJHOM, IMOPOKICHHOMN
BBIOPOCOM KOPOHAJIBHON Macchl BEIIECTBA B COTHEUHOM atMochepe. BHemHss rpaHmiia BHIOpoca |
yaapHbIi (DPOHT 3aJaHbl B BUAEC CETMEHTOB C(HEPHUCCKUX MOBEPXHOCTSH Pa3HBIX PaJMyCOB, JBUTA-
OIMXCSI COTJIACOBAHHO. B pacuere yuuTHIBAIOTCS HECTAIIMOHAPHOCTH TpoIiecca, cheprueckasi CUuM-
MeTpus U aguadaTHYecKue IOTEpU SHEPTHH YacTHIl B pacIupsronieiics cpene. Ilpenmnonaraercs,
yro BOMM3M COJHIIA CYIIECTBYET pe3Koe M3MeHeHue KoddduipenTa muddy3un 4acThll B 00JIaCTH
nepexojia 0T KOPOHBI K MEXKIUIAHETHOMY MPOCTPAHCTBY. J{JIsl COMOCTaBICHHSI C pe3yabTaTaMu pac-
YeTa MCIIOJIb30BaIach MHXKEKIIUS COJTHEYHBIX PHEPTHYHBIX YaCTHUI], BOCCTAHOBJICHHAS IO BEJIMUNHE
W aHW30TPONMU WHTCHCHBHOCTH MOTOKA YaCTHII, 3aPETUCTPHPOBAHHOTO HA3EMHOM CEThIO HEHTPOH-
HBIX MOHUTOPOB B coObITun 15.04.2001 1. 13 conocraBienus onpenaeneHsl ko3dduipenTts! auddy-
3 YaCTHI] TIepeJT ¥ 32 YAAPHBIM (DPOHTOM U TTOJIOKEHHE 00JIaCTH ITepexo/ia.

Acceleration of solar energetic particles by the shock generated by the coronal mass ejec-
tion is calculated. The external boundary of coronal mass ejection and the shock front are speci-
fied as the segments of spherical surfaces with the different radii moving in coordination. Non-
stationarity of process, spherical symmetry and adiabatic losses of particle energy in the extend-
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ing environment are considered in the calculation. It is supposed that near the Sun there is the
abrupt change region of the particle diffusion coefficient from coronal to the interplanetary. The
calculation results are compared with the SEP injection of the Easter 2001 Solar Particle Event
(April 15). From the comparison the particle diffusion coefficients before and behind the shock
front and location of the abrupt change region are determined.

YCKOPEHUE UOHOB CEP®OTPOHHBIM MEXAHU3MOM YCKOPEHUS
A.C. IleryxoBa, C.WU. IletyxoB

WHuCcTHTYT KOCMOdm3ndecknx uccieaoBanuii u asponomuu uM. FO.I'. adepa CO PAH, fAxytck, Poccust
aspetuhova@mail.ru

ION ACCELERATION BY SHOCK SURFING
A.S. Petukhova, S.1. Petukhov
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

beccTonKHOBUTEIBHBIC YIApHEIC BOJIHBI B KOCMHUYCCKHX YCIOBHSIX SBIISIFOTCS HMCTOYHHKOM
SHEPIHYHEBIX YacTHll. YacTHIBI, UMEIONIHE HEOONBIIYIO CKOPOCTh BJOJIb HOPMAJIM K IIOBEPXHOCTH
yaapHOro (hpoHTa, MOI'YT MHOTOKPATHO OTPaXXaThCs OT 3JICKTPHUYECKOIO IMOIEPSUHOIO OIS KBa3U-
MEPIEHIUKYISAPHON yIapHOH BOJHBI M YCKOPATBbCS cepduHroM. CepdHHr MOXET 00eCIeuuTh
IIPEIYCKOPEHNE YaCTHII JIIS Hocieayromero aud@y3noHHOro Mexanu3Ma yckopenus. Mcciemnoa-
HHE cep(uHTa NpeICcTaBIsIeT HHTEPEC I pacueTa MHXKEKIMH 1 SJIEMESHTHOI'O COCTaBa YCKOPSHHBIX
yactuil. B pabore uznoxkeH MeTo1 pacuera (yHKIUU PACIIPEAEICHHUS YaCTUIl, YCKOPEHHBIX cephHH-
rOM Ha yaapHOM (pPOHTE, B TOM CiIydae, KOrja 3aJaHbl TaKUe XapaKTePUCTHKH, KaK HAIIPSHKEHHOCTh
AIIEKTPOCTATUYECKOTO T0JIs U ToyuHa GponTa. [IpeacraBieHpl pe3yabTaThl pacyeTa CIeKTPOB Ya-
CTHII B O0JIACTH TIEpE]] U 32 GPOHTOM B 3aBHCUMOCTH OT ITAPaMETPOB 3aauu.

Collisionless shocks in space conditions are a source of energetic particles. The particles
having low velocity along the normal to the surface of the shock front can be multiply reflected
from the electric cross potential of a quasiperpendicular shock and be accelerated by shock
surfing. Shock surfing can provide pre-acceleration of particles for subsequent diffusive shock
acceleration. The research of shock surfing is of interest for calculation of injection and ele-
ment composition of the accelerated particles. The calculation method of distribution function
of the accelerated particles by shock surfing in that case, when the characteristics of the shock
front (the electrostatic field strength and the width of the shock front) are specified. The results
of calculation of particle spectra before and behind the shock front depending on taken pa-
rameters are shown.

JJABOPATOPHOE MOJEJIMPOBAHHUE ITPOIECCOB
IF'EHEPAIIVU IIVTASMEHHbBIX BOSMYIIIEHUU B MATHUTHBIX TPYBKAX
HA ITOBEPXHOCTH COJIHINA

II.A. IIpokonos, J.JI. bosspunues, FO.I1. 3axapos, A.B. Mejexos,
A.I'. llonomapenko, B.I'. ITocyx, B.H. Tumenko, U.®. [laiixuciamon

WuctutyT nazepuoit pusukun CO PAH, HoBocnbupck, Poccust
paprok312@gmail.com

LABORATORY SIMULATION OF GENERATION OF PLASMA PERTURBATIONS
IN MAGNETIC TUBES ON THE SUN’S SURFACE

P.A. Prokopov, E.L. Boyarintsev, Yu.P. Zakharov, A.V. Melekhov,
A.G. Ponomarenko, V.G. Posukh, V.N. Tishchenko, I.F. Shaikhislamov

Institute of Laser Physics SB RAS, Novosibirsk, Russia

AJ'II)d)BeHOBCKI/Ie n MCIJICHHBIC MAarHMTO3BYKOBBIC BOJIHBI, PaCIpOCTPaHAOIIMUCCSA B Mar-
HHUTHBIX pr61<ax Ha IOBEPXHOCTH CO.]'IHIIa, MOT'YT ABJIATBCA OAHHUM M3 HCTOYHHUKOB Harpe€Ba Ko-
POHBI. HpOHCCCLI reHepanun 1 pacrpoCTpaHCHUA 3TUX BOJIH UCCICAOBAIIMCh HA CTCHAC KH-1 —
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BBICOKOBAKYYMHOM KaMepe IJINHON 5 M B guaMeTpoM 1.2 M ¢ BHEIITHUM MarHUTHBIM I1ojeM B 1o
500 I'c Bmosnb ocu kamepsl. JlazepHas mia3ma cosnaBasiack npu (GokycupoBke COr-1a3epHOTo
HMMITYJIbCa Ha TUIOCKOM IOJIMATUICHOBOM MHUIIIEHU M PACIIPOCTPAHSIIACh B (POHOBOM BOAOPOIHOM
(nnum renueBoil) mwiasme oT 0-mH4a. B pe3yibprare OBLIO IPOMOAEINPOBAHO IBIDKEHUE IIA3MBI
B MarHUTHOW TPyOKe, yCTaHOBJIEHA 3aBUCUMOCTh uamerpa TpyOoku ot mojs B. [lomyueno paau-
aJIbHOE PACHpPEICIICHUE KOHLIEHTPAIMHU TJ1a3Mbl, €€ CKOPOCTH, TOKOB B0JIb MArHUTHOTO TOJIS U
BO3MYUICHUH MarHUTHBIX Tojel. Haliensl mpu3Haku pacrpocTpaHeHHst ObICTpOi anb(BEHOB-
CKOM M MEJUICHHOW MAarHUTO3BYKOBOW BOJIH.

Alfven and slow magnetosonic waves propagating in magnetic tubes on the surface of the Sun
can be one of the causes of solar corona heating. Generation and propagation of these waves were
studied at experimental Facility KI-1: high-vacuum chamber 5m in length and 1.2 m in diameter with
applied external magnetic field B of up to 500 Gs. Laser plasma generated by focusing CO, laser
pulse on flat polyethylene target propagated in the background plasma of hydrogen or helium gener-
ated by 6-pinch. As a result, propagation of plasma in the magnetic tube was simulated, the depend-
ence of the diameter of the magnetic tube on the field B was found. Radial distribution of plasma
density, speed, currents along the magnetic field and magnetic field perturbations were obtained. Ev-
idence of propagation of fast Alfven wave and slow magnetosonic wave was found.

AHAJIN3 TUHAMUWKMA IVIA3MBI B COJIHEYHOWM BCHBIIIKE 12.06.2014 .
IO JAHHBIM HABJIIOAEHUUN KOCMUYECKHUX AIIITAPATOB IRIS U RHESSI

B.M. CaJbIKOB, 'n.H. HIapbikuH, AT KocoBuues, 'n.B. 3umoBser,
'A.B. CTpymMuHCKHIA, *C. Baprac Jlomunrec

lI/IHCTI/ITYT kocMuueckux uccienopannii PAH, Mocksa, Poccus
viacheslav.sadykov@gmail.com
“Uccnenosarensekuii entp NASA Ames, Modderr, Kanudopaus, CLLIA
*HarmonansHast acTpoHoMH4eckas obceparopus Hanmonansaoro KomymoOuiickoro yauBepcurera,
Bborota, Komym6us

ANALYSIS OF PLASMA DYNAMICS
IN 12.06.2014 SOLAR FLARE FROM IRIS AND RHESSI OBSERVATIONS

v .M. Sadykov, 1I.N. Sharykin, 2A.G. Kosovichev, *1.V. Zimovets,
'A.B. Struminsky, 3S. Vargas Dominguez

Space Research Institute of RAS, Moscow, Russia
’NASA Ames Research Center, Moffett Field, California, USA
%Observatorio Astronomico Nacional Universidad Nacional de Colombia, Bogota, Colombia

[IpencraBnensl pe3yabTaThl aHanu3a BCNbIKU Kiaacca M1.0, mpousomenmiein 12 wuroHs
2014 r. (SOL2014-06-12T21:12), no maHHBEIM HaOIIOACHHUH ¢ KocMuyeckux ammapaTtos IRIS (In-
terface Region Imaging Spectrograph) u RHESSI (Reuven Ramaty High-Energy Solar Spectro-
scopic Imager). IRIS nonyuan nzobpaxkenust 1 Y D-CIeKTphl BEICOKOTO Pa3pelieHus MOYTH JIs
BCell BemblmeuHou obactu. B pesynbrare ananuza Habmoaeruit IRIS B pa3andHbIX ciekTpaib-
HBIX JTUHHUSIX 00HAPYKEH XpPOMOCHEPHBIIN MOTOK TIa3Mbl C OOJIBIITMM KPaCHBIM CMEIIeHHEM (T10-
psanka 100 kM/c) HermocpeacTBeHHO nepea Benbimkoi. Herermosast smuccus muaun CII k mepe-
XOJIHOM 00J1acTH HAOII0JaeTCsl BO BPeMsI UMITYJIBCHOM (ha3bl BCIIBIIIIKKA B HECKOJIBKHUX MPOCTPaH-
CTBEHHO-JIOKAJIM30BaHHBIX TOYKAX (C XapaKTepHBIM pazMepoM 1 yril. cek). Takke HaijaeHo, YyTo
auaus CII k uchbIThIBaeT MpEeMMYIIECTBEHHO KPacHOE CMEIIEHUE JI0, BO BPEMs M IOCJIE UM-
mynbcHOM (ha3bl Bemblku. [Iuk wmHTerpansHoi smuccuu ropsaei (10 MK) mma3smer B muHAM
FeXXI 1354.1 A 3aperucTpupoBaH CITyCTS MIPHMEPHO 5 MUH TIOCIIE TIMKA MHTETPATbHON IMHUC-
cum uanM CII k. YcraHoBneHo, uto auaua FeXXI ucneIThiBaeT ronydboe cMelleHne 1o Iepu-
MeTpy 00JIaCTH, YTO COOTBETCTBYET MCHAPECHHIO XPOMOCHEPHON MIa3Mbl CO CKOPOCTSIMHM I10-
panka 50 xm/c. HomomHutenbHbl aHann3 maHHbIx RHESSI moarsBepkmaeT, 4To AUHAMUKA
BepxHel xpomocdepsl, HaOmonaBmasicss IRIS, Haxoannach B COOTBETCTBUHM C MOJIENBIO MSITKOTO
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xpomocdepHoro ucnapeHus (gentle evaporation). O0cykaaroTcs (U3HMYECKUEe MEXaHU3MBI, KO-
TOpBIE MOTJIM MPUBECTU K HAOII0AaBIIEMYCsI XpOMOC(HEPHOMY HCTIAPEHUIO.

We present results of analysis of a moderate M1.0 class flare of 12 June, 2014 (SOL2014-
06-12T21:12) observed by NASA's Interface Region Imaging Spectrograph (IRIS) and by the
Reuven Ramaty High-Energy Solar Spectroscopic Imager (RHESSI). Our analysis of the IRIS
data in different spectral lines reveals strong redshifted jet-like flow with the speed of ~100 km/s
of the chromospheric material before the flare. Strong nonthermal emission of the CII k 1334.5 A
line, formed in the chromosphere-corona transition region, is observed at the beginning of the im-
pulsive phase in several small (with a size of ~1 arcsec) points. It is also found that the CII k line
is redshifted across the flaring region before, during and after the impulsive phase. A peak of in-
tegrated emission of the hot (1.1 MK) plasma in the FeXXI 1354.1 A line is detected approxi-
mately 5 minutes after the integrated emission peak of the lower temperature Cll k. A strong
blueshift of the FeXXI line across the flaring region corresponds to evaporation flows of the hot
chromospheric plasma with a speed of 50 km/s. Additional analysis of the RHESSI data supports
the idea that the upper chromospheric dynamics observed by IRIS has features of “gentle” evap-
oration driven by heating of the solar chromosphere by accelerated electrons and by a heat flux
from the flare energy release site. The possible mechanisms which led to the observed chromo-
spheric evaporation are discussed.

MOMCK UICTOYHUKOB KOCMUYECKHNX JIYUEN MYJIbTHU-T>B SHEPT UM
C NOMOUbIO YCTAHOBKH TUNKA-HISCORE

B.C. Camoiura

Hpkyrckuii rocyaapcTBeHHbIN YHUBEpcUTET, UpkyTek, Poccns
vovaliga@mail.ru

SEARCHING FOR SOURCES OF MULTI-TeV COSMIC RAYS
WITH SYSTEM TUNKA-HISCORE

V.S. Samoliga
Irkutsk State University, Irkutsk, Russia

[TpuBOoAMTCS KpaTKoe ONMCaHHE MCTOYHMKOB KOCMHUYECKHX JIyded W MexaHuzma (popmu-
pPOBaHUS HMIMPOKHUX aTMOC(EpHBIX JUBHEN B atMochepe 3emin. [TokazaHbl pazHUIa MEXAY KOC-
MUYECKUMHU JIy4aMH U TaMMa-U3J1y4E€HUEM OT UCTOYHHUKOB M POJIb MOCIEIHUX B IOMCKaX UCTOY-
HuKoB. Onmcana ycranoBka Tunka-HiSCORE, uznosxeHs! nenu u 3aauu ee paboThl.

The description of sources of cosmic rays and the mechanism of development of extensive
air showers are breafly given. The report shows the difference between cosmic rays and gamma
rays and the role of gamma rays in searching for sources. The Tunka-HiSCORE system and its
purposes and tasks are described.

ABCOJIIOTHASA KAJIMBPOBKA COJTHEYHOI'O PAINOITIOTOKA
HA CIIEKTPOIIOJIAPUMETPE 4-8 I'T'y

I1.O. Ceprees, /I.A. Knanos, A.C. CagpbIHHUKOB

WHuctutyT conneuno-3emuoi ¢pusuku CO PAH, Upkyrck, Poccust
stalkerpasha23@mail.ru

ABSOLUTE CALIBRATION OF SOLAR RADIO FLUX WITH 4-8 GHz
SPECTROPOLARIMETER

P.O. Sergeev, D.A. Zhdanov, A.S. Safyannikov
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

AOGCONIOTHBIE U3MEPEHNUS UTPAIOT BXKHYIO POJIb B aCTPOHOMUHM. B TO ke BpeMms mporuenypa
a0CONIIOTHON KaJTuOpPOBKM pajMOTENIecCKONa SBISETCS HETPUBHAIbHOM (CI0KHOW) 3a/ayeh.
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Mg1 cTapaemcs pellIMTh 3Ty 3amady Jia crnekrponoyspuMerpa 4—8 I'Ti. XoTa oH paboTaeT ¢
2010 r., TeM HEe MEHEe 0 HACTOSIIEr0o MOMEHTA MOJydyaeMble CIICKTPaJIbHBIC JJAHHBIC HE KaIuo-
poBaHbl. MBI B JeTaJIIX 00CYKJAaeM TONyYEHHBIC PE3YJIbTAThI U MOAXOIbI, HCIIOIh3YyEeMbIC IS
abcoFOTHON KamnOpoBKYU criekTponosipumerpa 4—8 ['T.

Absolute measurements play a major role in the astronomy. At the same time, a procedure
of an absolute calibration of a radio telescope is a nontrivial task. We try to resolve this task for
the 4-8 GHz spectropolarimeter. It is operating from 2010; nevertheless obtained spectral data
are not calibrated yet. We discuss both results and approaches used for the 4-8 GHz spectropo-
larimeter calibration procedure in detail.

PASPABOTKA ITPOTOTUIIA HEPEHKOBCKOI'O TEJIECKOIIA
JJIAA U3YUYEHUSA KOCMUYECKUX JIYVUEU

JL.B. TumodeeB, A.A. UBanoB

HucTutyT KocModuzndecknx uccinenoBanuii u asponomuu M. FO.I'. Hladepa, Axyrck, Poccus
bananasheaven@yandex.ru

DEVELOPMENT OF A PROTOTYPE OF CHERENKOV TELESCOPE
FOR STUDYING COSMIC RAYS

L.V. Timofeev, A.A. Ivanov
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

[IpencraBiensl MeToaMKa HAOTIOACHHS YEPEHKOBCKOTO CBETA OT MIMPOKHUX aTMOCHEPHBIX
nuBHer (ILIAJI), mopoxaeHHbsix kocmudeckumu Jiydamu (KJI) ¢ sHeprueit Beiiie 10*° 5B, u
Mpe/IBapUTENIbHbIE pe3yNbTaThl HaOMoAeHUN. [IepBbIM MPOTOTUIIOM TeNlecKkona s U3ydeHUus
KJI sBsieTcst ImpoOKOYTOJbHBIA YePEHKOBCKHN Telleckon Ha 6a3e Hamamatsu R2486 u cdepu-
YecKOro 3epkana, paboTaromuii Ha COBMAJCHHE C CUUHTUUIALMOHHBIMU JETEKTOPaMH, UHTE-
rpadbHBIMA U JUDPEpEeHIIUATBHBIMU YEPCHKOBCKUMHU JICTEKTOpPAaMH SIKyTCKOW KOMITJICKCHOU
ycranoBku HIAJIL. JleTekTop pacnoioskeH psaoM (Ha pacCTOSHUU OKOJIO 2 M) C OJJHUM U3 MHTe-
TPaJbHBIX YEPEHKOBCKUX JIETEKTOPOB. BTOpPOI MPOTOTUI YEPEHKOBCKUX JIETEKTOPOB MPEICTAB-
nsieT co0o0il mHTerpanbHbIil Teneckon Ha nuH3ax Openens u @OV ET Enterprises 9266B. B no-
KJIaJie JETAIBHO MPEJCTABICHBI TEXHUUECKHE XapPAKTEPUCTHUKU TEJIECKOIOB, a TAKKE PE3YJIbTaThI
MEPBBIX IKCIEPUMEHTANBHBIX HAOIIOICHUH.

This report presents an observation method of Cherenkov light from extensive air showers
(EAS) generated by cosmic rays (CRs) above 10° eV and preliminary observations. The interest
in Cherenkov light differential detectors of EAS is caused by the possibility to measure the depth
of cascade maximum, Xmax, and/or the shower age via angular and temporal distributions of the
Cherenkov signal. In particular, it was shown using EAS model simulations that the pulse width
measured at the periphery of the shower, r>300 m, at sea level is pronouncedly connected with
Xmax- Cherenkov detector is a wide-angle telescope working in coincidence with scintillation de-
tectors, integral and differential Cherenkov detectors Yakutsk complex EAS. This provides the
data on lateral distribution of photon intensity and total flux of Cherenkov light in EAS. The de-
tector is located near (about 2 m) with one of the integral Cherenkov detector. This detector’s
signal was calibrated using plastic optical radiator. So, we have a possibility to normalize an in-
tegral signal from telescope to that of the Cherenkov detector. We have completed the field test-
ing of the prototype wide FOV telescope. A number of EAS events are detected in coincidence
with the surface detectors of the Yakutsk array. A detection efficiency of the telescope is meas-
ured as well as the effective radius of the telescope detecting area. The report details the tech-
nical specifications of the telescope, as well as the results of the first experimental observations.
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SJEKTPOONTHYECKHUI MOAYJIATOP MMOJIIPU3OBAHHOI'O U3JTYYEHUS
A.T'. IlarokoBa
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tsayukova@iszf.irk.ru

THE ELECTRO-OPTICAL MODULATOR OF POLARIZED RADIATION
A.G. Tsayukova
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B nacrosimiee BpeMs Mbl CTaJIKUBAaeMCs ¢ MPOOIEMOi CO3/1aHus HaJIeKHBIX YCTPOUCTB MO-
TyJSIUAY TIOJISIPU30BAHHOTO U3ITyYEHUS, SBIISIOMINXCS YacThiO acTPOMU3UUECKUX MPUOOPOB IS
MOHUTOPHUHIa MarHuTHHIX nosield Ha ConHie. JleiicTBue TakuxX yCTPOMCTB OCHOBAHO HA MCHOJIb-
30BaHUM MPOo10JbHOTO dekTa [Tokkenbca B miacTuHe Z-cpe3a 3JIEKTPOONTHYECKOTO KPUCTAl-
na DKDP. YpoBeHb HaJeKHOCTH MOIYJIATOPA OOYCIOBIMBAETCS CBOMCTBAMHU M KauyeCTBOM OII-
TUYECKOH O00pabOTKM AIIEKTPOONTHYECKOTO0 KPUCTAIIa, KOHCTPYKUIMEH mpubopa B IeOM U
YCIIOBHUSIMU €T0 3KCIUTyaTauuu. Moaymsiuus B yCTPOMCTBE OCYIIECTBISAECTCS yTEM MPUIIOKEHHUS
YIPABJISIIOLIETO HAMPSHKEHUS K TPAHSIM DJIEKTPOONTHYECKOTO KPUCTaIa Yepe3 Mpo3padyHoe To-
KOIIPOBO/ISIIIEE TOKPBITHE, HANIBJIEHHOE HEMOCPEACTBEHHO HA KPUCTAUL. JTO HE TOJIBKO MO3BO-
JSIeT PacIIUPUTh pabOUYuil AUAna3oH YacTOT U MOBBICUTh TOYHOCTh U3MEPEHUN, HO U MPEIbsB-
asieT ocoOble TpeOOBaHUS K KaYeCTBY MOBEPXHOCTHU AJIEKTPOONTHIECKOTO KpUCTAILIA.

Jlokiian coaepKUT ONMCaHWE METOJOB NPELU3HOHHOW 00pabOTKM IJIACTUH KpHCTaa
DKDP u HOBBIX TEXHOJOTMYECKUX PEIICHH B KOHCTPYKU UM ycTpoicTBa. [IpoBeneno cpaBHe-
HUE XapaKTEPUCTUK COOPAHHOTIO 3JIEKTPOONTHUYECKOTO (ha30BOr0 MOIYJSATOpPA C XapaKTEepPUCTH-
KaMH MOJYJISITOPOB PaHHUX KOHCTPYKUMU. [IpoBeneHbl Takxke UCHBbITaHUS MOAYJISATOPa HOBOTO
o0pa3la C LIeIbI0 PacIuPEeHUsl YTII0BOIO MOJIS.

At the moment we are faced with the difficulties of manufacture of reliable modulation de-
vices of polarized radiation that are part of astrophysical instruments for the measurements of
solar magnetic fields. The effect of such devices based on the use of the longitudinal Pockels ef-
fect in Z-cut plate of electro-optical crystal DKDP (deuterated potassium dihydrogen phosphate).
Reliability probability of the modulator depends on crystals properties and its optical processing,
construction of the device and its operating conditions. Modulation in the device is executed by
application of a control voltage to the faces of the electro-optical crystal by the use of a transpar-
ent conductive vacuum-deposited coating. This not only allows to extend the operating frequency
range and to improve measurement accuracy, but also places special demands on surface’s quality
of the electro-optical crystal.

The report contains a description of the methods of precision processing of DKDP crystal
plates and new technological solutions in the design of the modulator. The characteristics of the
assembled electro-optical phase modulator are compared with the characteristics of early de-
signed modulators. The testing in order to increase of the angular field of new designed modula-
tors was also carried out.

JANHAMMUKA SJIEKTPUYECKHUX TOKOB
U ®OTOCPEPHBIX TEUEHUI IIJTA3MbI, HABJIIOTAEMASL
B NPOLECCE PA3BUTHUSA HEDPYIITUBHOU COJTHEYHOMU BCIIBIIIIKH

"M.H. Ilapeixun, 'B.M. Caxsikos, °C. Baprac [lomunrec, SA.T. KocoBuuen

lI/IHCTI/ITyT KocMuyeckux ucciienopannii PAH, Mocksa, Poccust
ivan.sharykin@phystech.edu
’HanmoHasbHas acTpoHOMUYecKas oocepsaTopust Harmonanbsaoro Komym6uiickoro yHHBepenTera,
Borora, Konymous
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DYNAMICS OF ELECTRIC CURRENTS AND PHOTOSPHERIC PLASMA FLOWS
OBSERVED DURING A NON-ERUPTIVE SOLAR FLARE

'.N. Sharykin, V.M. Sadykov, °S. Vargas Dominguez, 3A.G. Kosovichev

'Space Research Institute RAS, Moscow, Russia
*Observatorio Astronomico Nacional Universidad Nacional de Colombia, Bogota, Colombia
3NIASA Ames Research Center, Moffett Field, California, USA

Conneunas Bembimka knacca M1.0, npousomenmas 12 utons 2014 r. 8 21:01 UT, wa6mro-
nanach HOBBIM onTudeckuM Terneckonom NST B cocraBe oOcepBatopuu BBSO ¢ momoripio
¢unsTpa TiO u npubopa VIS (muaus Ho). Bo Bpemst JaHHOrO COOBITHS HE HAOIIOIAIOCH DPYII-
MM MAarHUTHOTO BOJIOKHA, YTO TOBOPUT O HEMPUMEHUMOCTH CTaHJIAPTHOW MOJCIIU dPYITUBHOM
COJIHCYHOM BCIIBIIIKK K JJaHHOMY coObITHIO. Hanuume HaOmonarenbHbix qaHHbIX NST ¢ BEICO-
KHM IIPOCTPAHCTBEHHBIM paspemnieHrueM (BIioTh 10 0.09 yrii. cex) u HedpyITHBHAS TPUPOA CO-
OBITHS SIBJISIOTCS IJIaBHBIMU KPUTEPHUSAMHU BHIOOpPA IAHHOM COJIHEUHOM BCIBIIKU. 1[eabi0 paboThl
SIBJISICTCSL MICCIICIOBAHNUE POJU (PU3MYECKUX IPOIIECCOB B HWKHEH aTMocdepe B MHHUIHAIUUA U
Pa3BUTHUU BCHBILIEYHOTO Ipoliecca B BEIOpaHHOM coiHeuHOU Bemblike. [IpoananusupoBana au-
HaMMKa DIIEKTPHYCCKUX TOKOB 110 BEKTOPHBIM Maruutorpammam HMI/SDO, a takke quHamuka
TeueHu# mia3Mel B potocdepe mo goreporpammam HMI/SDO. YcraHoBiI€HO, YTO ¢ COHEUHOM
BCIIBIIIIKOM CBSI3aHBI MepecTporika (OTOCHEPHBIX TEUYCHUH W YMEHBIIEHUE BEIIMYMHBI AJICKTPH-
YCCKHUX TOKOB, CKOHIICHTPHPOBAHHBIX OKOJIO JIMHUA WHBEPCHH IOJISIPHOCTH MAarHUTHOIO ITOJIS.
[To nannbpiM HaOmoMeHnl NST moka3zaHo pacmIMpeHHe MarHUTHOTO JKT'yTa, PacIlOIOKEHHOTO B
obnactu (orochepubix TeueHuid. IIpeacraBiecHHbIC HAOMIOAATEIbHBIC TAHHBIC CBHJICTEIIb-
CTBYIOT O TOM, YTO HMHHIIMAIUS BBHIOPAHHOW COJTHEYHOW BCIBIIIKH CBs3aHA C (M3MYECCKUMU
IpoIeccaMy B IIOTHOW YaCTH COTHEYHOU aTMOCQEpHI.

We present the case-study of the solar flare of 12 June, 2014 which was observed by the
New Solar Telescope (NST) in Big Bear Solar Observatory using the TiO and H-alpha filters.
During this event we did not observe eruption of the magnetic flux rope. This fact excludes the
scenario of the standard model of an eruptive solar flare. We selected this solar flare due to its
non-eruptive nature and availability of the high spatial resolution (up to 0.09 arcsec.) NST ob-
servations for this flare. The main scope of the work is to investigate a role of the physical pro-
cesses in the lower solar atmosphere for the selected solar flare. We analyze dynamics of the
electric currents and flows using vector magnetic field and Doppler velocity measurements made
by HMI/SDO. We show that flare energy release is connected with redistribution of the photo-
spheric flows and decreasing electric currents, concentrated near the magnetic field polarity in-
version line. According to the NST observation we found magnetic flux rope expansion in the
region of the intensified photospheric flows. Presented observational data argue for connection
between physical process in the lower solar atmosphere and initiation of the selected solar flare.
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