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MAGNETIC FIELD DIAGNOSTICS AT THE BASE OF THE SOLAR CORONA
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EnvHCTBEHHBINH AOCTYIHBIA B HACTOAIIEE BPEMsI MPSIMOI CIT0OCOO M3MEPEHUs] MAarHUTHOTO
nosst B kopoHe CoJslHIIa COCTOUT B aHaiM3e HaOMIOAEHWH B paguoauanazoHe. B nokmane pac-
CMOTpPEH METOJI H3MEPEHHsI MAarHUTHOTO TIOJII B OCHOBAaHUHM KOPOHBI 110 HAOIIIOJICHUSM THPOpPE-
30HaHCHOTO pajuou3iaydeHus. OHO GOpMHUpYETCs B CIOAX COTHEUHOU atMocdepsl, Ilie yacToTa
U3JIyYEHUs COBMAJNAET C OJHOM M3 TApMOHMK I'MpPOYacTOThl (00BIYHO 2-i unu 3-if) U, cieaoBa-
TEJIBbHO, HANIPSAMYIO 3aBUCUT OT MOAYJII MarHUTHOro nois. [loatomy nerexkTupoBaHue rupopeso-
HAHCHOI'O M3JTyYEHMs Ha KOHKPETHOM 4acTOTE YKa3bIBAaeT Ha TO, YTO JIyY 3pEHUs MEepeceKaeT 00-
JacTh ¢ COOTBETCTBYIOIIMM MOAYJIEM MarHUTHOTO IIOJIS, U JAa€T HaM OTPAaHWYCHUE CHU3Y Ha M0JIE
B OCHOBaHHMH KOpOHBL. B noknazne npencrasiensl 1ByxypoBHeBbie (B>680 I'c u B>2020 I'c) pa-
JMOMarHUTOrpaMMBbl psifia aKTUBHBIX 00JacTel, MoJy4YeHHble 0 HaOMIOEHUsM Ha JIBYX 4acTo-
tax: 5.7 I'Tu (CCPT) u 17 I'Ty (NoRH). Kpome toro, Ha npumepe CuOupckoro paauoresino-
rpaga (CPI') noka3aHa BO3MOXHOCTb 3HAUUTEJILHOIO MOBBIIIEHUS! TOYHOCTH KapTorpadupoBa-
HUSL MOAYJISl MArHUTHOTO TOJIS 32 CYET MCHOJIb30BAaHUSI MHOTOBOJIHOBBIX HAaOJIOIEHUN pauon3-
aydeHus: CoJHIa, KOTOpbIE CTaHYT JOCTYIIHBI MOCIIE 3aIlyCcKa pajnoreanorpadoB HOBOro MOKO-
nenus (CPT', EOVSA, MUSER).

Nowadays, observations and analysis of the solar radio emission is the only way for the di-
rect measurements of the magnetic field in solar corona. In this talk, we discuss the magnetic
field measurements using the microwave gyroresonant techniques. Microwave gyroresonant
emission of solar active regions is formed in the layers of plasma where the absolute value of the
magnetic field corresponds to one of the gyro-frequency harmonics (typically third or second).
The detection of a gyroresonant emission at a certain frequency means that the line of sight
crosses the layer with the corresponding magnetic field, giving us the lowest possible value of
the field in the transition region. We present 2-level (B>680 G u B>2020 G) radiomagnetograms
for a few active regions obtained from the microwave observations at 2 frequencies: 5.7 GHz
(SSRT), and 17 GHz (NoRH). Also, we discuss the possibility of mapping the absolute value of
the magnetic field at the base of the corona with significantly higher accuracy using the Siberian
Radioheliograph (SRH) and other upcoming radioheliographs such as EOVSA and MUSER.
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NUMERICAL SIMULATION OF THE LARGE-SCALE CORONAL WAVE
INTERACTION WITH CORONAL MAGNETIC STRUCTURES

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

B pabore paccmarpuBaroTcsi KpymHOMacIITabHble KOPOHATIBbHBIE yaapHbie BOMHBI (EIT-BoHBI)
U WX B3aUMOJEHCTBHE C KPyHMHOMACHITAOHBIMH HEOJHOPOJHOCTSIMH MAarHUTHOTO TOJIS M Mapa-
MeTpoB 1ur1azMbl. C momornisio koja Lare2d BeImosiHEHO 2.5-MEpHOE MOJCIHPOBAHUE B3aHMMO-
JEHCTBUSI OJJMHOYHOU OBICTPOH MarHUTO3BYKOBOW yJapHOW BOJIHBI CJIa00H M yMEPEHHOW MHTEH-
CUBHOCTHU C O0JIACTSMHU MOBBIIICHHOW U MOHMKEHHON ab()BEHOBCKOW CKOpOCTH. B pesynbrare
MOJEJIMPOBAHNUS MOJYYEHBI MIPOLIEIIINE, OTPAXKEHHBIE U BTOPUYHBIE BOJIHBI, PETUCTPUPYEMBIE B
HaAOJIOICHUSIX.

We consider large-scale coronal shock waves (EIT waves) and their interaction with large-
scale non-uniformities of the background magnetic field and plasma parameters. Using the
Lare2d code, we perform 2.5D simulations of the interaction of a single-pulse fast-mode MHD
shock wave of weak-to-moderate intensity with regions of enhanced and reduced Alfven speed.
In our simulations we find the transmitted and reflected waves as well as secondary wave fronts,
which are detected in observations.

METOAUKH NOBBIINEHUA 29OPPEKTUBHOCTHU PET'UCTPALIUN
PAIMOU3JTYUYEHMUSA ITAJT HA YCTAHOBKE TUNKA-REX

I1.A. be3ba3bIKOB

WpkyTckuii rocygapcTBeHHbIN YyHUBEpcUTeT, UpkyTck, Poccus
domifa@rambler.ru

TECHNIQUES FOR INCREASING EFFICIENCY
OF DETECTION RADIOEMISSION OF EXTENDED SHOWERS
IN TUNKA-REX EXPERIMENT

P.A. Bez’yazykov
Irkutsk State University, Irkutsk, Russia

Tunka-Rex peructpupyer pagumounsnydenue IIIAJI B nuamazone 30-80 MI'm. [lns Boc-
CTAHOBJICHHUS TIAPAMETPOB JIMBHS 110 JIAHHBIM PaJIMOU3ITYYCHHUS HEOOXO0IMMa BBICOKAs TOYHOCTH
peructpanuu. BoccraHOBIEHHE MapaMeTpPOB OCIOKHEHO IIyMaMH BHEIIHErO M BHYTPEHHETO
MIPOMCXOXKACHUS W 3aBUCUMOCTBIO 3(PGMEKTHBHOCTH PETUCTPAIlMU OT HANpaBJICHHS TPHXOa,
COpTa U SHEPTHH YaCTHIIbI, UHUIIUUPOBABIIEH JTUBEHb, YTO BHOCHT CTATHCTHYECKYIO0 HETOYHOCTh
B OIPE/ICIICHHUE CIIEKTPAa U MaCCOBOT'O COCTaBa KOCMUYECKUX JIydel. [[s MUHUMH3AIIUN BIUSHUS
IIYMOB TIPEJTaraeTcsl METOMKA BOCCTAHOBIICHUSI aMIUIATY bl 3aIlyMJICHHOTO CHTHAJIA C TIOMO-
IIbI0 HEHUPOCETH C UCIOIB30BAaHUEM OHMOIMOTEK MOJEIHHBIX CHTHAJIIOB U CEMILIOB PEaTbHOTO
IIyma, 3alliCaHHOTO Ha ycTraHoBKe Tunka-Rex. JIis MOBBIMICHHS JOCTOBEPHOCTH CTAaTUCTHKH
MpeJIaraeTcss pacyeT U BBOJ OTPAaHUYEHUN HA YTJIbI MPUX0Ja B 3aBUCUMOCTH OT DHEPTUH Tep-
BUYHBIX YaCTHII, I KOTOPBIX JETEKTOP padoTaeT ¢ moiaHoi 3¢ PpekTuBHOCTRIO. 1 pa3paboTku
METOJIOB MCIIOJIB30BaJIOCh MozenupoBanue panuousinydeHus LIIAJI meromom Monrte-Kaprio ¢
npuMeHeHreM nporpammuoro odecneuenust COREAS.
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Tunka-Rex measures radioemission of shower in band 30-80 MHz. Reconstruction of
shower parameters by radio data needs high precision of detection. Parameters reconstruction is
complicated by inner and outer background and dependence of detection efficiency on arrival
direction, type and energy of primery particle initiates a shower. It gives statistical imprecision in
estimation of energy spectrum and mass composition of cosmic rays. To minimize background
influence we offer technique of noisy signal amplitude reconstrucion using neural network with
libraries of modelled signals and background samples, collected by Tunka-Rex. For increasing
precision of statistics we calculated borders of arrival angles depends on energy of primery parti-
cle for full efficiency of detection. For development of this techniques we apply Monte-Carlo
simulations of shower radioemission using CoREAS software.

UCCJEIOBAHUE KPATKOBPEMEHHbBIX BAPUAILIMI BEKTOPHOM
W TEH30PHOM AHU30TPOITMA KOCMHUYECKHUX JIYUEH
HA OCHOBE MO/IEJIM MATHUTHOM IMTPOBKA

IL.1O. I'01010608B, I1.A. KpuBomankuu, I'.®. KpbiMckuii
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INVESTIGATION OF SHORT-TERM VARIATIONS OF VECTOR
AND TENSOR ANISOTROPIES
OF COSMIC RAYS USING MAGNETIC MIRROR MODEL

P.Yu. Gololobov, P.A. Krivoshapkin, G.F. Krymsky
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

UccnenyroTcs Bapualuy MIOTHOCTH, BEKTOPHOM M TEH30PHOW aHU30TPOINHI KOCMUYECKUX
ayueit Bo Bpemst ¢opOyur-nonmxennii. Uudopmanus 06 yrioBom pacnpeaeneHuu KOCMHYECKIX
Jy4el NoJlydeHa Ha OCHOBE JTAHHBIX MHUPOBOM CETH HEMTPOHHBIX MOHUTOPOB C MTOMOIIBI) METO/1a
ro6ansHO cheMKU. OOHapyKeHbl pe3Khe aMIUTUTYAHO-(ha30Bble KoieOaHUs aHU30TPOIUU
KOCMHMYECKHUX JIy4eil, HabmomaemMbie BO BpeMs (pOpOYII-TIOHMKEHU HEU3BECTHOTO MPOUCXOXK-
neHus. g oObsSICHEHUS MOMYYEHHBIX Pe3yJbTaTOB pa3paboTaHa MoJieldb MarHUTHOW MPOOKH,
KOTOpasi OCHOBaHA HA KHHETHYECKOM PAacCMOTPEHUU MpoLecca MOIYJISIIUNA U TTO3BOJISIET YUUTHI-
BaTh MeEpBbIe JBe c(hepruecKkre TapMOHUKHU YTIOBOTO PACHpENeTIeHHUs KOCMUYECKUX IJTydew.
[IpoBeneHo conocTaBieHne MOAEIBbHON QYHKIIUHU paclpeaeseHUus] KOCMUYECKUX JIydel ¢ 3KcIe-
PUMEHTAJIbHBIMU JAHHBIMH.

Variations of density, vector and tensor anisotropies of cosmic rays in the periods of For-
bush decreases are investigated. The information about angular distribution of cosmic rays is ob-
tained on the basis of the data of world-wide network of neutron monitors using the global sur-
vey method. Abrupt amplitude-phase oscillations of cosmic ray anisotropy during Forbush de-
creases of unknown origin are found. In order to explain the obtained results the model of mag-
netic mirror is proposed. The model is based on kinetic consideration of the modulation process
and allows to count the first two spherical harmonics of cosmic ray angular distribution. A com-
parison of the model calculations and the experimental data is carried out.

T'OJOBBIE BAPUAIIUU IIJIOTHOCTH KOCMUYECKHUX JYYEN

IL.IO. I"'0s1010008B, I1.A. KpuBomankus, I'.®. Kpeimckuii

HHctuTyT KocMopu3ndeckux uccienoanuii u asponomun um. FO.I'. Illadepa CO PAH, Axyrck, Poccus
gpeter@ikfia.sbras.ru
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ANNUAL VARIATIONS OF COSMIC RAY DENSITY
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Ha ocHoBe maHHBIX MUPOBOM CETH HEUTPOHHBIX MOHUTOPOB MCCIEAYIOTCS CE30HHBIE Ba-
pHUAaLMKU TIOTHOCTA KOCMHUYECKHUX Jtyuen 3a 1953—2015 rr. u ux cBsi3b ¢ HUKJIOM COJTHEYHOH aK-
TUBHOCTHU. [loka3aHO, YTO MJIOTHOCTh KOCMUYECKHUX JIy4el HCHBITHIBAET T'OJOBBIE BapUalMH C
ammuutyaaMu nopsiika 1-2 %. OOGHapyXeHO CYIEeCTBOBaHHE T'0OJI0BOM Bapualliu IUIOTHOCTH
KOCMUYECKHUX JIydel omnpeneiaeHHONW (a3pl B MEPHOIbl MAKCUMYMOB COJTHEYHOW aKTUBHOCTH.
OO6cyx1ar0Tcsi BO3MOKHbBIE IPUYMHBI BOSHUKHOBEHMSI TOJJOBBIX BapHalfil, CBA3aHHBIX C IeIHO-
IIMPOTHOW aCUMMETpHUEH rennocdepsl.

From the data of world-wide network of neutron monitors the seasonal variations of cos-
mic ray density and their relationship with solar activity cycle during the period 1953-2015 are
investigated. It is shown that cosmic ray density experiences annual variations with the ampli-
tudes around 1-2 %. The existence of annual variations of cosmic ray density of specific phase
in the periods of solar maxima is found. The possible reasons for origin of the annual variations
are discussed.

JANATHOCTHUKA NIONNEPEYHOI'O PACHIPEAEJIEHUSA TEMIIEPATYPbI
B KOPOHAJIBHBIX CTPYKTYPAX, CBA3AHHDBIX C TEHBIO IISATHA,
MO HABJIOAEHUAM 3-MUHYTHBIX KOJIEBAHUI

A.C. [lepec, C.A. AHQUHOTEHTOB
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DIAGNOSTICS OF A TEMPERATURE DISTRIBUTION IN THE CORONAL
STRUCTURES ABOVE SUNSPOT UMBRA BY OBSERVING 3-MIN OSCILLATIONS

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

B paborte paccMOTpeHO HCHob30BaHUE MeMIeHHbIX MI'JI-komebaHuii s JUAarHOCTUKH
MOMEPEYHOr0 paclpeeseHus] TeMIepaTypbl B KOPOHAJIBHBIX CTPYKTypax, BUIUMBIX B
KY®-nuanazone u cBsI3aHHBIX ¢ TeHbIO colHeyHOTo MATHA. [lockonbky KY®-usnyuenue orm-
TUYECKH TOHKOE, M300pakarommue WHCTpyMeHTHl (Hampumep, SDO/AIA) peructpupyor CyM-
MapHOE U3JIy4YEHUE BCEH IMIa3Mbl, HAXOALIEHCS Ha JTyde 3pEHUs], UTO CYLIECTBEHHO OCJIOKHSET
WHTEpHpeTanuio Ha0moaeHuid. st pemenus 3Toi mpoOiaeMbl B paboTe MPUMEHSETCS METOJ
MPSIMOTO MOJEIUPOBaHMsl. UTOOBI OIEHUTH BIHSHUE TIOMEPEYHOTO PACIPEICIICHUS TEMIIEPATyPhI
B KOPOHAJIBbHBIX CTPYKTypax Ha pacrpocTpaHeHue MeuieHHbIX MI'JI-BOJH M MX MpOsIBICHUS B
HaOoIeHUsX, MBI TipoBenu uuciennoe MI'JI-monenupoBanue (kox Lare2d) pacmpocTtpanenus
MM3-BOJIH B TpEX THUMAaX CTPYKTYpP: PABHOMEPHOE MOMEPEYHOE PACIPEIEICHUE TEMIIEPATYPHI, a
TaK)Ke Clydad, KOTJa IeHTpallbHAs 9acTh Topsiuee Win XojoaHee nepudepuitnoil. C momMoursio
MeToa MpsAMoro MozaenupoBanus (ko FoMo) Ha OCHOBE MOJMyYEHHBIX MOJEJEH MOCTPOCHBI
cuHTeTH4YecKue n3obpaxenus B KY®-nuama3one, ¥ mpoBeIeHO UX CPABHEHUE C HAOIIOJCHUSAMU
3-MmuHyTHBIX KoJieOanuii mo gaHHbIM SDO/AIA. BhIsiBIeHB OCHOBHBIE OCOOCHHOCTH, ITO3BOJIS-
IOIIUE OINPEACIUTh THUIl TEMIIEPATYPHOrO paCIpeeiIeHUs] B KOPOHAJIBHBIX CTPYKTypax IO
HaOIIOJICHUSIM pacipocTpaHsomuxcs MeaaeHasx MI'J[-BomH.

We investigate the possibility of using slow MHD waves for the diagnostics of the trans-
verse temperature profile in coronal structures above sunspots. Since the coronal EUV emission
is optically thin, any EUV imaging instrument (like SDO/AIA) measures the emission integrated
along the line of sight. Therefore, the interpretation of the EUV observations is a challenging
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task. To establish the influence of the transverse temperature profile in a coronal structure on the
observational manifestation of the propagating slow MHD waves, we performed MHD simula-
tions of the slow MHD waves propagating in a coronal fan for three cases: an isothermal fan, a
fan with a hotter core, and a fan with a colder core. Applying the FoMo forward modeling code
to the simulation results, we created synthetic EUV images at different coronal wavelength and
compared them with the SDO/AIA observations of 3-min oscillations. Specific features that al-
low us to distinguish between different temperature distributions are revealed and discussed.

TEHEPAIIMS YJIAPHOM BOJIHBI, CBSI3AHHOM C KBM,
B IIOJIE 3PEHUA KOPOHOI'PA®A LASCO C3

SA.NU. Eropos, B.I'. ®aiiHuTeiiH

HuctutyT comreuno-3emuoit puznkun CO PAH, UpkyTck, Poccus
egorov(@iszf.irk.ru

CME-RELATED SHOCK GENERATION WITHIN
THE LASCO C3 CORONAGRAPH FIELD-OF-VIEW

Ya.l. Egorov, V.G. Fainshtein

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

Vnapusie BosiHbl (YB), cBsizaHHbIe ¢ KOpOHaJIbHBIM BbIOpocoM Macchl (KBM), urpatot
BaXXHYIO pOJIb B JOPMUPOBAHUU KOCMHYECKON MOTOMBI, U MPHU BO3ACHCTBUM HAa MarHutochepy
3eMiIH, ONpeAeisaIOT XapaKTepUCTUKH IeOMarHUTHBIX Bo3MylleHui. CBoiictBa YB Ha opOute
3eMiii BO MHOT'OM 3aBHUCST OT 0cOOeHHOCTeH ux renepanuu Ha Connie. CyliecTBYIOT ABE TOUKH
3penusi, kacatoumecs npupoasl Y B, cBa3anubix ¢ KBM u Habmrogaronuxcst B 1moje 3peHus Ko-
ponorpadoB LASCO C2, C3. CornacHo 0JHOHM TOYKE 3peHHs], Bce Takue YB sBnsitoTCs mopii-
HeBbIMH ¢ TeJioM KBM B kadecTBe MOPIIHS, HO CBEJASHMUS O TOM, I'Jie BO3HHUKIIA Takas Y B, s
OOJIBIIMHCTBA aHATM3UPOBABIINXCS COOBITUI OTCYTCTBYIOT. COTJIaCHO APYTOM TOUKE 3PEHHUSI, 110
KpaiiHe# Mepe 9acTh Takux Y B reHepupyercs B HIDKHEH KOpPOHE OBICTPO YCKOPSIIOITUMCS JIO OT-
HOCHUTEJIBHO OONBIINX CKOPOCTEH APYNTUBHBIM BOJIOKHOM WM MarHUTHBIM kryToM (flux rope),
BO3MYIIAIONIMM OKPY Karonlyto KopoHy. Cpasy mocijie BOSHUKHOBEHHS 3Ta BOJIHA PAaCIPOCTPaHs-
€TCsl KaK B3pbIBHAs W Ha JIOCTATOYHO OOJBIIOM YAANE€HUH OT MECTa BO3SHHUKHOBEHHS MOKET
HayaTh BECTH ceOsl Kak mopiHeBas. HaMm BmepBbie yaanoch MCCIEIOBATh BOSHUKHOBEHUE CBSI-
3anHoi ¢ KBM ynapHoii BonHbl B nosie 3penusi koponorpada LASCO C3, T. e. Ha OTHOCUTENb-
HO Oosbiux paccrosHusiX. Paccmarpuancs KBM, BriepBbie 3aperucTpupoBaHHBIN B MOJE 3pe-
Hust LASCO C2 17 uronsa 2012 r. B 13:48 UT. YaapHas BojHAa BO3HHMKIJIA Ha PACCTOSIHUU OOJIb-
mem 12 pamuycoB ConHia, xorma ckopocTh Tena KBM mpeBbicmiia cCymMMapHYIO CKOPOCTH
VatVsw, T V3 — andBeHOBCKas CKOPOCTb, Vs, — CKOPOCTH COTHEYHOTO BETpa Ha OCH Tela
KBM. CdopmupoBaBmasicst yaapHasi BOJIHA OKa3bIBAETCS OECCTOIKHOBHUTEIBHOM, TaK KakK IIH-
pHuHa ee ()poHTa BO MHOTO Pa3 MEHBIIIE JIMHBI CBOOOIHOTO MpoOera 3apsKeHHBIX YacTHIL KOPO-
HajbHOUM Tu1a3Mbl. OcobeHHOCTsIMHU aHanmzupyemoro KBM sBisitorcs ero gopmupoBaHue Ha
OTHOCHUTENILHO OOJIBIIION BBHICOTE U MEJIEHHOE HapacTaHue ckopoctu Tena KBM c¢ pacctosHuem.
JIJIsl HECKOJIBKMX MOMEHTOB BpeMEHHU ObLIO HalieHO aib(pBEHOBCKOE umcio Maxa, a Takke co-
NIOCTaBJIEHBI Bapuayuu ckopoctu ¥YB u tena KBM — «mopmuHs».

CME-driven shocks play an important role in space weather and in many cases determine
the characteristics of geomagnetic disturbances when the shock wave acts on the Earth’s magne-
tosphere. Properties of shock waves in the Earth's orbit largely depend on the features of their
generation on the Sun. There are two points of view concerning the nature of CME-driven shock
observed in the LASCO coronagraphs field of view. According to another view, at least some of
these shock waves are generated in the lower corona by rapidly accelerating eruptive filament or
flux rope perturbing the surrounding corona. Such shock wave spreads like an explosive one and,
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at a sufficiently large distance from the place of origin, can begin to behave like a piston one. We
first captured the appearance of a CME-driven shock in the LASCO C3 field of view, i.e. at rela-
tively large distances. We study the CME of July 17, 2012. This CME was characterized by for-
mation at a relatively high altitude and a slow acceleration. The shock wave arose at a distance
greater than 12 solar radii when the velocity of the CME body exceeded the total velocity
VatVsw. Where V, is the Alfven speed, Vs is the solar wind velocity. The generated shock wave
seems to be collisionless, because The width of its front is many times smaller than the mean
free path of the charged particles of the coronal plasma. The distribution of the Alfven Mach
number with distance was found.

IOPEKT P2P, EI'O IPUMEHEHHUE
JJIs1 UCCAEJOBAHUSA ABUXKEHUA TPACCEPOB

211, JKusanoruu, 'B.1. Edppemos, *A. Puexokaiinen, 'A.A. Co/10BbEB

'Tnasnas (ITynkoBckas) acTpoHoMudeckas obcepsatopust PAH, Cankt-ITerep6ypr, Poccrst
ivanzhiv@live.com
2CaHKT—HeTep6prCKI/II71 rocynapctBeHHbId yHUBepcuteT, CankT-IleTepOypr, Poccust
O6cepBaropust Tyopna, Kaapuna, @uHISHINS

ARTIFACT P2P AS AN INSTRUMENT FOR THE STUDYING
OF THE MOVEMENTS OF THE TRACCERS

.21, Zhivanovich, 'V.I. Efremov, *A. Riehokainen, 'A.A. Solov’ev

'Central (Pulkovo) Astronomical Observatory RAS, Saint Petersburg, Russia
*Saint Petersburg State University, Saint Petersburg, Russia
Tuorla Observatory, Kaarina, Finland

Jannble, nonydaembsle ¢ uHcTpymMeHTa HMI Ha 60pry kKocmmueckoro ammapata SDO,
HUMEIOT YIVIOBOE paspemeHue 1 yri. cek. binaromaps 3ToMy €CThb BO3MOXKHOCTb HCCICIOBaHUS
Pa3IMYHBIX MEJIKOMACIITa0HBIX CTPYKTYP Ha COJIHEYHOM Jucke. C HCIOJIb30BaHUEM JIByX4aco-
BOTO psima HaOmoaeHnid nHcTpyMeHTa HMI ¢ momomsio addexra p2p Obuia momydeHa KpuBas
muddepennmanbHoro BpamieHuss ColHLa, U MPOBEICHO €€ CPAaBHEHHE C KPUBBIMH, MOJyYSHHbI-
MU paHee, B TOM YHCJIE U 110 Ha3€MHBIM Ha0JII0IEHUSIM.

Data of the SDO/HMI with an angular resolution of 1 arcsecond give us a good opportunity
to explore on small-scale structures the Sun using a specific p2p effect. The curve of the differen-
tial rotation obtained by the HMI data is compared with the curves, obtained earlier from the
ground-based observations.

O NIOCTOAHCTBE ITIOINEPEYHOI'O CEYEHUA
KOPOHAJIBHBIX MAI'HUTHBIX IIETEJIb

B.B. 3aiines, I1.B. Kponmraaros

WuctutyT npuknagnoi ¢pusuku PAH, Huwkauit Hosropon, Poccust
KronshtadtovPavel@ya.ru

CONSTANCY OF A CROSS SECTION OF CORONAL MAGNETIC LOOPS
V.V. Zaitsev, P.V. Kronshtadtov
Institute of Applied Physics RAS, Nizhny Novgorod, Russia

Ha6J'IIOIlCHI/I$I KOpPOHAJIbHBIX MAarHUTHBIX ICTCIIb COJ'IHIIa CBHUACTCIBCTBYIOT O ITOCTOAHCTBC
TIOMIEPCUYHOI0 CCUCHHUA BAOJIb Bcelt JJINHBI. [[aHHBIfI (l)aKT OYCHb UHTCPCCCH, TAK KaK IJIMHA KO-
POHAJIBHBIX MAarHUTHBIX IETCIIb MOXKET JOCTUTI'aTh HECKOJIBKO MacmTaboOB BEICOT HCOAHOPOJHO-
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¢t atMoc(epsl U, CIeI0BATEIbHO, TABICHNE MOXKET Pa3IndyaThCsl Ha TIOPSIIOK Ha pa3HBIX BBICO-
Tax B MarHUTHOM netie. B pabore paccMoTpeH OanaHc CUIl B CTAllMOHAPHONW MarHUTHOM TpyOke
¢ TOKOM. PemieHo ruapocraTiueckoe ypaBHEHHE OalaHCa CHUJI B YCIOBHSX MOCTOSIHCTBA IIPO-
JIOJBHOTO 3JIEKTPUYECKOIO TOKA M COXPAHEHUS MOTOKA MPOJOJIbHONM KOMIIOHEHThl MarHUTHOTO
noJisi. [TomydeHsl 3aBUCHMOCTH pajilyca MarHUTHOM METIU OT BBICOTHI IIPU PA3IMYHBIX 3HAUE-
HUSX IJIa3MEHHOr0 mHapameTrpa B MarHuTHoi mnetiye. Iloka3aHo, 4To eciu Ira30KMHETHYECKOE
JaBJICHUE BHYTPHU TPYOKH Majo MO CPaBHEHHUIO C JAaBJIEHUEM IMPOAOJIBHOIO MarHUTHOTO IOJIS,
TO TOJIIMHA TPYOKH HE MEHSETCsS C BBICOTOM B KOPOHE, YTO XapaKTepHO s OOJbIIMHCTBA
Ha0JII0/JTa€MBIX B KOPOHE MArHUTHBIX METEb.

Coronal magnetic loop observations give evidence that the solar magnetic loop cross sec-
tion is constant along all length. This is interesting, because coronal magnetic loop length can
reach several height scales of the inhomogeneous atmosphere and therefore pressure may vary
over the order of magnitude at different heights in a magnetic loop. A force balance in the sta-
tionary current-carrying magnetic loop is considered. The hydrostatic equation of the force bal-
ance is solved under the conditions of constant longitudinal electric current and the conservation
of the longitudinal magnetic field flux. As a result, dependence of the magnetic loop radius on
height in case of different plasma beta values in the magnetic loop footpoint is obtained. It is
shown, that when gas-kinetic pressure inside the loop is small in comparison with the longitudi-
nal magnetic field pressure, then the thickness of the loop is constant in the corona that is typical
for the majority of the observed coronal magnetic loops.

METOJIMKA HABJIFOJEHUSI YEPEHKOBCKOI'O CBETA
HA IKYTCKOM YCTAHOBKE IIIAJI

A.A. UBanos, JI.B. Tumodeen

WucTuTyT KOcMOHU3ndeckux uccnenoBanuii u asponomun uM. F0.I". [llagepa CO PAH, Sxyrtck, Poccus
timofeevlev@ikfia.ysn.ru

A TECHNIQUE FOR OBSERVING CHERENKOYV LIGHT
AT THE YAKUTSK EAS ARRAY

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

[IpencraBiaeHsl METOAMKA HAOIIOEHHSI YEPEHKOBCKOTO CBETA OT IIMPOKUX aTMOC(EPHBIX
muBHei (ILIAJT), MOpOXIeHHBIX KOCMHUYeCKHMH Jydamu Bbimre 10'® 5B, i mpexpaputebHble pe-
3yJbTaThl HAOMIOACHUN. JIeTeKTOpOM SIBIISIETCS IUPOKOYTOJIbHBINA YEPEHKOBCKUIN TEJIECKOI, pa-
OoTaroIMil Ha COBNAJEHUE C CUMHTH/UISIIMOHHBIMH JETEKTOpaMH, MHTErpaJlbHbIMU U Audde-
PEHLMAIILHBIMU YEPEHKOBCKUMHU JleTekTopaMu SKyTckoi komiuiekcHO# ycraHoBku IITAJL. [le-
TEKTOP PACIOJIOKEH PAIOM (OKOJIO 2 M) C OAHHUM M3 UHTETPAJIbHBIX YEPEHKOBCKUX JETEKTOPOM.

This paper presents a technique for observing Cherenkov light from extensive air showers
(ESA) generated by cosmic rays above 10'° eV, as well as preliminary observations. The detec-
tor is a wide-angle Cherenkov telescope working on coincidence with scintillation detectors, in-
tegral and differential Cherenkov detectors of the Yakutsk EAS array. The detector is located
near (about 2 m) one of the integral Cherenkov detectors.

HABJIIOJEHUE KOCMHUYECKHUX JIYUEN
HMHAPOKOYI'OJIbHBIM YEPEHKOBCKHM TEJIECKOIIOM

A.A. UBanos, JI.B. Tumodeen

HucTtutyT KOcMou3ndeckux ucciaenoBanuii u asponomun uM. F0.I". [llagepa CO PAH, Sxytck, Poccus
timofeevlev@ikfia.ysn.ru
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OBSERVATION OF COSMIC RAYS BY A WIDE-ANGLE CHERENKOV TELESCOPE
A.A. Ivanov, L.V. Timofeev
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

B noknane paccMOTpeHBI MPUHIUI PAOOTHl YEPEHKOBCKOTO HIMPOKOYTOIBHOTO TEIECKONa
U BPEMEHHBIE XapaKTEPUCTUKHU CUTHAJIOB 4epEHKOBCKOro csera ot IIIAJIL, nmomydenHsle ¢ momo-
IIbIO MPOTOTHIIA TeslecKomna. JleTekTop paboTaeT Ha COBNA/IEHUE C CUMHTHIUIALIMOHHBIMU JICTEK-
TOpaMH, HMHTETPAIbHBIMU U JU(PPEepeHINaIbHBIMI YEPEHKOBCKUMHU J€TEKTOpaMu SIKyTCKOH
koMIuiekcHOU yctaHoBKH IITAJL. IlocTpoeH sHepreTudeckuil CrieKkTp, MOITyYEHHBIN C TOMOIIBIO
IIPOTOTHIIA.

In this paper, the principle of operation of the Cherenkov wide-angle telescope and the
temporal characteristics of the signals of Cherenkov light from the EAS, obtained with the help
of a prototype telescope, are considered. The detector works on coincidence with scintillation
detectors, integral and differential cherenkov detectors of the Yakutsk EAS array. The energy
spectrum obtained by the prototype.

O NIPOCTPAHCTBEHHO-BPEMEHHOM PACITOJIOXKEHUHN
MPOTOHHBIX BCIBIIIEK HA COJTHEYHOM MOBEPXHOCTH

'E.C. MicaeBa, 'C.A. SI3es, “B.M. Tomo30B

lACTpOHOMI/IquKaﬂ obceparopust UI'Y, UpkyTtcek, Poccus
ele3471@yandex.ru
*UuctutyT conHedno-3emuoit dpusuxu CO PAH, UpkyTck, Poccus

ON SPACE-TIME LOCATION OF PROTON FLARES
ON THE SOLAR SURFACE

'E.S. Isaeva, IS.A. Yazev, 2V.M. Tomozov

' Astronomical Observatory of ISU, Irkutsk, Russia
’Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[IpoToHHBIE BCBIMIKK CIIEYET OTHOCUTH K pas3psay HauOoiee CHIIbHBIX re03(PEeKTUBHBIX
sBiieHn, ipoucxoasammx Ha CouHie. [Togo0HBIE COOBITHS AKCTPEMATLHON MOITHOCTH HEOIHO-
KpaTHO BBI3BIBAIIU CEPHhE3HBIC MOCIIECTBUS B 3€MHBIX 000J04YKax, BKIto4Yas TexHochepy. Hauu-
Has ¢ 1976 r. Benercs kKatajaor HanboJee CUIIbHBIX COOBITUH, BIUSIONIMX HAa MMPUPOTHYIO CPELy.
Bcempiiky, BKIFOYEHHBIE B YIIOMSHYTBIM KaTalor, 0TOOpaHbl 0 KOJUYECTBY YHEPTHUHBIX (Ooiee
10 M»B) wactun. B moknaze Mbl pacCMOTPUM MX MTPOCTPAHCTBEHHO-BPEMEHHOE PACIIOIOKECHHE
Ha noBepxHocTy CoHIA.

Proton flares should be classified as the most powerful geoeffective phenomena occurring
on the Sun. Such events of extreme power repeatedly caused serious consequences in the Earth's
shells, including the technosphere. Since 1976, the catalog of the most powerful events affecting
the natural environment has been maintained. The outbreaks included in the catalog are selected
according to the number of energetic (more than 10 MeV) particles. In the report, we will con-
sider their spatial-temporal location on the surface of the Sun.

BbIXO/Jl YCKOPEHHBIX ITPOTOHOB
B COJTHEYHBIX OPYIITUBHbBIX COBBITUAX

B.HU. Kucenés, B.B. I'peunes, A.A. Kouanos, A.M. YpaJioB

WuctutyT comneuno-3emuoi puszuku CO PAH, Upkytck, Poccus
valentin_kiselev@iszf.irk.ru
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RELEASE OF PROTONS ACCELERATED IN SOLAR ERUPTIVE EVENTS
V.1 Kiselev, V.V. Grechnev, A.A. Kochanov, A.M. Uralov
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

PuMc nmpoaHanusupoBan AUCIIEPCUM CKOPOCTEW MOHOB Pa3HbIX dHEpruil B 13 cONMHEUHBIX
cOOBITHUSIX 23-T0 1MKJIA, BBI3BABLUIMX HA3€MHbIE BO3PACTaHUSI MHTEHCUBHOCTH KOCMUYECKUX JIY-
yeil. Beixoa nonos y CoJiHIIa B MEXIUIAHETHOE MPOCTPAHCTBO OKA3aJICs 3a/1€pKAHHBIM OTHOCH-
TEJIbHO BCIIBIIIEK, YTO CYUTACTCS MOATBEPKIACHHEM YCKOPEHHS YacTUL YAapHOW BOJIHOHM, BO3-
HUKAIOMIEH Mepel KOPOHAIBHBIM BBIOPOCOM, CKOPOCTh KOTOPOTO TPEBBICHIA alb()BEHOBCKYIO.
OpHako, cOriacHO HEAaBHUM pe3yjibTaTaM, yJapHasl BOJHA BO3HUKAET YK€ B UMITYJIbCHOM (haze
BCIBIIIKU. BO3MOXKHO Jpyroe 0OBsICHEHHE 3a/IeP>KKHA BBIXOJ[a SHEPTUYHBIX YacTHIl. YacTh yCKO-
PEHHBIX BO BCIIBIIIKE 3JIEKTPOHOB M MOHOB 33aXBATHIBAECTCS U NMEPEHOCHUTCS BBEPX PaCIIMPSIO-
HIMMCSl MAarHUTHBIM XryToM. [locneayroliee nepecoeuHEeHne KIyTa ¢ OTKPBITHIMU KOPOHAJIb-
HBIMU CTPYKTYpPaMH OTKPBIBAET AOCTYIl B MEKIIJIAHETHOE ITPOCTPAHCTBO BCEM 3aXBAaU€HHBIM Ya-
ctuuaM. Jlns MpoBEpKH 3TOTO CIIEHApHs PacCMOTpPEHBI Jieka/rekTromerposbie (JII'M) Beruecku
IIT Tuna, BhI3BaHHBIE YXOIASIIMMHU B MEKIUIAHETHOE MPOCTPAHCTBO JIEKTpOHAMU. B 3TO ke Bpemst
BO3MOYKEH U BBIXOJI TSDKEIBIX YacTHIl. Mbl CpaBHUIIN OLICHEHHBIE s 13 cOOBITHI BpeMeHa Ux
BbeIxoAa ¢ HadanoMm JII'M-BcruteckoB 11 Tuma. Jlns 11 coObiTuii pa3HuIila He MPEBBICHIIA TIATH
MUHYT. J{71s1 IByX COOBITHI OlICHEHHBIE BPeMEHa BbIXO0/1a YACTHI] OKA3AIHCh CIUIIKOM TO3IHUMU
oTHOcuTeNnbHO Kak JII'M-BcruieckoB III Thma, Tak M Hayajga OKOJO3€MHBIX MPOTOHHBIX BO3pac-
TaHuil. BepoATHO, B 3TUX ClydasX MyTH HOHOB Pa3HbIX SHEPTUM pa3InyaIiCh, YTO MOBJIUSIO HA
pe3ynbTathl PuMmca. PaccMoTpeHHBIN clieHapuii pemaeT mpodiieMy BbIX0J1a YCKOPEHHBIX MPO-
TOHOB U3 00JIACTH BCHBIIIKH, a OJU30CTh BEPOSITHBIX BPEMEH BBIXOJA YHEPTUYHBIX YACTHUII U
AI'M-BcmeckoB III Tuna noaTBepkIaeT yCKOPEHUE YaCTHUIL BCIBIIIEYHBIMU MPOLIECCAMH.

Reames made velocity dispersion analysis of different-energy ions in 13 events of solar
cycle 23 responsible for ground-level enhancements of cosmic-ray intensity. The estimated solar
particle release time is delayed with respect to flares. This result is considered as confirmation of
particle acceleration by a shock wave driven by a coronal mass ejection exceeding the Alfvén
speed. However, recent results show that a shock wave appears during the flare impulsive phase.
Another explanation of a delayed particle escape is possible. Some part of electrons and ions
accelerated in a flare is trapped in an expanding magnetic flux rope. A later reconnection be-
tween the flux rope and an open coronal structure grants all trapped particles the access to the
interplanetary space. To verify this scenario, we consider deca/hectometric (DH) type I1I bursts
produced by escaping electrons. Release of heavy particles is possible at the same time. We
compared their release times estimated for 13 events with onset times of DH type III bursts. The
difference did not exceed five minutes for 11 events. In two events, the estimated particle escape
times were too late relative to both DH type III bursts and the onset of near-Earth proton en-
hancements. Probably, the paths of different-energy ions were not identical in these events that
affected the results of Reames. The scenario considered addresses the challenge of release of ac-
celerated protons from the flare region. The closeness of the probable release times of energetic
particles and DH type III bursts confirms acceleration of particles by flare processes.

OBBEJIMHEHHASA MOJAEJIb IMHAMO U JUOPEPEHIINAJIBHOI'O BPAIIEHUSA

JIJI. Kuuatunos, A.A. HenoMHsAmx

HuctutyT comredno-3emuoit puznkun CO PAH, UpkyTck, Poccust
maiksany@mail.ru

A JOINED MODEL FOR SOLAR DYNAMO AND DIFFERENTIAL ROTATION
L.L. Kitchatinov, A.A. Nepomnyashchikh
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
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PasBuTa MOJ€Ib COJIHEUHOTO JUHAMO, COIJIaCOBaHHAs I10 UCIIOJIB3YEMBIM B HEW KPYIIHO-
MacIITaOHbIM TEYCHHUSM M YHCICHHBIM METOJaM C MOJAEIbI0 JU(QepeHIINaTIbHOIO BpalleHHs.
TypOynentHas auddy3us MarHUTHOTO MOJS BhIpaK€Ha uyepe3 IPaJUeHT SHTPOIUHU, KOTOPBIN
OIIpeACIIAETCS YPAaBHEHUSIMU MOJIEIN. 3HAaY€HHEe MarHUTHOro yucia [Ipanamna u pacnpenenenue
anbda-opdexra Mo mUpoTe OmnpeneseHsl U3 TPeOOBAHUS COOTBETCTBHS PACUYECTHBIX IMEPHOA
LMKJIa aKTUBHOCTU M AKBATOPUAJILHOW CUMMETPUU MArHUTHOIrO nojisi HaOmoaeHusiM. [lpu atom
MOMEHTBI OOpaIeHHUs 3HaKa MOJSPHOTO TOJI U IIUPOTHO-BPEMEHHBIE pacIpeiesIeHUs MOoJeH
TaKXke NMPUXOIAT B COOTBETCTBUE ¢ HabmoaeHusMu. [lonompanbHoe MOE OCTUTAaeT MakKCH-
ManbHOM BenuuuHbl okoso 10 I'c B momsipHbIX oOnacTsax. TopounaabHOE Mojie B HECKOJIBKO
TBHICSIY TayCcC JIOKAJIM30BAHO Y OCHOBAHMSI KOHBEKTUBHOW OOOJIOUKHM M MEPEHOCHUTCS MEPUAHO-
HABHBIM TEUEHHEM K SKBAaTOPY. Mozenb mpeackassiBaeT BenmudnHy okono 10°7 spr s mommHoi
MarHUTHOHM 3HEPrUuM KPyIMHOMACIITAOHBIX MOJIeH B KOHBEKTUBHON 000s04Kke CoHIIa.

A model for solar dynamo concerted in the employed global flow and the numerical meth-
od with the differential rotation model is developed. The magnetic turbulent diffusivity is ex-
pressed in terms of the entropy gradient, which is controlled by the model equations. The mag-
netic Prandtl number and latitudinal profile of the alphaeffect are specified by fitting the com-
puted period of the activity cycle and the equatorial symmetry of magnetic fields to observations.
Then, the times of polar field reversals and time-latitude diagrams of the fields come in agree-
ment with observations as well. The poloidal field has a maximum amplitude of about 10 Gs in
polar regions. The toroidal field of several thousand Gauss is localised near the base of the con-
vection zone and transported towards the equator by the meridional flow. The model predicts
the value of about 107 erg for the total magnetic energy of large-scale fields in the solar con-
vection zone.

PAZTMOU3JTYUYEHME IIIAJI C SHEPTUEM BBIIIE 10 5B
C.II. Knypenko, U.C. IlerpoB

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

AIR SHOWER RADIO EMISSION WITH ENERGY MORE THAN 10 EeV
S.P. Knurenko, LS. Petrov
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

[IpuBonsaTcs pe3yapTaThl, MOJIYUYEHHbIE U3 U3MEPEHUN paguon3ydeHus Ha yactore 30—
35 MTI't OoT 9acTuI] MIUPOKOTO aTMOC(HEPHOTO JMBHS C YHEPTUEH BHIIIE 10" 5B. lauubie OJTy-
yeHbl Ha SIkyTckoi yctanoBke IIIAJI 3a 1986—-1989 u 2009-2014 rr. BniepBrie 6bu10 3aperu-
cTpupoBaHo pamuousydenue ot LIIAJI ¢ sueprueit Boime 10*° 3B, B TOM YHCIIe ¥ paHOM3IyHe-
HHE B JIMBHE C PEKOPIHON [J1s1 SIKYTCKON yCTaHOBKHM SHEpPruen ~2- 10% 5B.

The paper presents the results, obtained from measurements of radio emission at frequency
30-35 MHz of air showers with energy more than 10"’ ¢V. The data obtained at the Yakutsk ar-
ray in 1986—1989 and 2009-2014. For the first time radio emission of the air shower with energy
more than 10%° eV was registered at the Yakutsk array including radio emission of shower with
the energy as high as ~2-10% eV.

OIIPEJAEJIEHUE DOHEPI'MU U I''TYBUHBI MAKCUMYMA PA3BUTHUSA HIAJI
METOAOM PEI'’MCTPALIMU PAJUOU3ITYUYEHUA HA YACTOTE 30-35 MI'n

C.I1. Knypenko, U.C. IleTpoB

WHCTHTYT KOCMOU3NYecKnX uccienoBanuii u asponomuu uM. FO.I'. ladepa CO PAH, fAxytck, Poccus
igor.petrov@ikfia.ysn.ru
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DETERMINATION OF THE ENERGY AND DEPTH OF MAXIMUM OF EAS BY RA-
DIO EMISSION METHOD AT 30-35 MHz FREQUENCY

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

B nanHoit pabote mpuBoauTCs onucanue SKyTCKON pajinoyCTaHOBKU U METOJIbI perucTpa-
uuu paauonsnydeHus IIAJI cBepXBBICOKMX SHEPTHIl. Y CTAaHOBJIEHA CBSI3b aMIUIUTYIbl PaIUOU3-
JYYCHUsI C XapaKTePUCTHKAMH IMUPOKUX aTMOC(hEpHBIX JTuBHEH. [IpuBomsaTcs hopmyna cBs3u
aMIUIMTYAbl PAJUOU3IIYUYEHUS C SHEPIHEN JUBHS U COOTHOILIEHUE aMIUIUTYAbl PaJuOU3ITydyeHuUs
Ha pa3HbIX PACCTOSIHUAX OT OCH JIMBHSA € TTyOnHOM MakcuMyma pa3BUTUs LIIAJT Xiax.

The paper presents the Yakutsk radio array description and methods of radio emission reg-
istration of air showers of ultra-high energies. Correlation of radio emission amplitude with air
shower characteristics are considered. Formulas of energy determination and depth of maximum
by radio emission amplitude are presented.

AHAJIN3 ITOMEX,
BJIMAIOIUX HA JAHHBIE CUBUPCKOI'O PAIMOTI'EJIMOI'PADA

B.C. Koo6eu, C.B. JlecoBoii

WucTutyT conneuno-3emuoit ¢puszukun CO PAH, Upkyrck, Poccus
Veronikakobets@yandex.ru

ANALYSIS OF INTERFERENCE AFFECTING THE DATA
OF THE SIBERIAN RADIOHELIOGRAPH

V.S. Kobets, S.V. Lesovoi
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B Hacrosiiee Bpemst 3amyIieHa rnepBas o4epe b MHOTO9acTOTHOTO panuorenuorpada, co-
crosiias u3 48-anteHHoi T-00pa3HOM PEIICTKYA M IPHEMHOM CUCTEMBbI, 00SCIICUYNBAIOIICH anep-
TypHbIi cuHTe3 [Lesovoi et al., 2012, 2014]. Oaun u3 BUIOB JaHHBIX pagroreanorpada — Kop-
pensuronHble kpuBbie [badary.iszf.irk.ru/srhCorrPlot.php], KoTOpbIe HOJIYy4alOT MyTEM CYMMHU-
POBaHUS KOMIUICKCHBIX KOBapHallUi, BBIYMCISIEMBIX ISl PA3IMYHBIX Map aHTeHH. [10CKOJIBbKY
KOBapHualys CHUTHAJIOB OT Mapbl aHTEHH COOTBETCTBYET OINpPEACIICHHON MPOCTPAHCTBEHHOM rap-
MOHUKE, KOKIYI0 TOYKY KOPPEISIMOHHOW KPHUBOW MOXXHO paccMaTpUBaTh KaK WHTErpajl 1o
MIPOCTPAHCTBEHHOMY CIIEKTpY HaOmrogaeMoro oobekra. [Ipemensl MHTErpUpOBaHHS OIPEACIIs-
10Tcs 3a1adeii. [ momydeHus JTUHAMUKH TOJIBKO KOMITAKTHBIX 0OBEKTOB CYMMHUPYIOTCS 3HAYE-
HUSI TOJIKO BBICOKHX TapMOHHUK MPOCTPAHCTBEHHOTO CHeKTpa. [ mosydeHuss MakCUMaJIbHOM
YyBCTBUTEIBLHOCTH CYMMHPYETCS BeCh criekTp. JlaHHble pamuorenuorpada moaBepKeHbl Py
€CTECTBEHHBIX U TEXHOTEHHBIX TToMeX. B paboTe moka3aHno, Kak y4uThIBaTh Mpu 00paboOTKe TaH-
HbIX Tenuorpada (hoHOBOE M3ITyUEeHHE MOJCTUIIAIONIECH TMOBEPXHOCTH, U3JIYUYEHUE TeOCTaIHO-
HapHBIX CIyTHUKOB U PaIapOB CaMOJIETOB.

The first phase of the Siberian Radioheliograph (SRH) is a 48-antenna array. One type of
radioheliograph data represents correlation plots. In evaluating the covariation of two-level sig-
nals, these plots are sums of complex correlations, obtained for different antenna pairs. Bearing
in mind that correlation of signals from an antenna pair is related to a spatial frequency, we can
say that each value of the plot is an integral over a spatial spectrum. Limits of the integration are
defined by a task. Only high spatial frequencies are integrated to obtain dynamics of compact
sources while the whole spectrum is integrated to reach maximum sensitivity. These data are af-
fected by the some interference: the radio emission of the geostationary satellites for the about 0
declination, the forest emission especially for negative declinations. In this work we show how
to mitigate the influence of these interferences on the correlation plots of the SRH.
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KOPOHAJIBHBIE ITOJISAPHBIE /UKETBI 110 IAHHBIM STEREO
B IEPUO/ C 2009 I1O 2014 1.

A.B. Kyapsisuesa, /I.B. IIpocoBenkuii

HNuctuTyT comreuno-3emuoit duszukun CO PAH, UpkyTck, Poccust
kudryavtseva@mail.iszf.irk.ru

CORONAL POLAR JETS OBSERVED WITH STEREO DURING 2009-2014
A.V. Kudryavtseva, D.V. Prosovetsky

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

Ha n300pakeHUsIX COTHEYHONW KOPOHBI MOXKHO HAOMIOAATh JPKETHI — CTPYH BEIIECTBA B
MIOTOKaX COJIHEYHOTO BeTpa, ABIXKYyLIMecs paavaibHo oT CoiHua. Mbl NpoaHaIM3UPOBAIH
n3o0pakeHus1, nmosydeHusie koponorpadamu STEREO B 6enmom cete ¢ 2009 mo 2014 1., u
OTIpENIeIUIN XapaKTEePUCTUKH PKETOB B MOJSIPHBIX 007acTaX KopoHbl CosHIA. YUUTBIBAIUCH
TOJIBKO T€ JIKEThI, KOTOpPblE HE OBLIM MOCIEACTBUSIMH KOPOHAIBHBIX BbIOpocoB Macchl (KBM),
4TO IpoBepsiiochk No kartanoraM KBM. beuin onpenesneHsl pa3Mepsl JKETOB U paJualbHble CKO-
pOCTH, U3MEHEHHE UX KOJIMYECTBA C TEUCHHEM BpPEMEHHM. bblla M3yueHa TakKe KOppemsius ¢
HaJIMYMEM IOJISIPHBIX KOPOHAJBHBIX JIbIp B yJIbTpaduoseTe, U MPOBEACHO CpaBHEHHUE XapaKTe-
PHUCTHK JP)KETOB B CEBEPHOM U I0’KHOM Morycdepax.

On the solar corona images inside solar wind streams observed jets — flows of matter driv-
en radially outward the Sun. We analyzed white-light images producing by coronagraphs
COR2/STEREOQO during 2009-2014 years and determined jet characteristics in polar regions of
solar corona. Jets that connecting with coronal mass ejection (CME) were exclude from our in-
vestigation by CME catalogues. There were determined sizes and radial velocities, jet number
variation during researched period. Also were calculated correlation between jets and visibility
of coronal holes in UV on solar poles. Comparison between all jet characteristics in northern and
south solar hemispheres was done.

OLHEHKA AJIB®A-DOOPEKTA TEOPUU ITUHAMO 110 JTAHHBIM HAB.JIIOI[EHI/IFI
C.B. JIaTbllneB

WuctuTyT comneuHo-3emuoi puzuku CO PAH, Upkytck, Poccus
osv@iszf.irk.ru

ESTIMATION OF DYNAMO THEORY ALPHA-EFFECT FROM OBSERVATION DATA
S.V. Latyshev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[To manHBIM HAOMIOACHUI MPOU3BE/ICHA OIICHKA BKJIa/Ia HEJIOKAIBHOTO anb(ha-3¢d¢deKTa B IIIo-
OanpHOE ToIouAaTbHOE MarHuTHOE 1osie CorHita. Pe3ynbTaThl COmocTaBieHbl ¢ MOISPHBIM Mar-
HUTHBIM TIOJIEM 3a MOCJEJIHHE YEThIpe IUKJIA COJIHEYHON aKTUBHOCTHU. PacyeTsl mMOATBEPKIAIOT
nericteue mexanusma ba0koka—Jleiitona Ha ConHile. BrisBieHHBIE 3aKOHOMEPHOCTH HUCCIIEI0-
BaHbI B YUUCJIICHHON MOJIEIH JUHAMO C HeperyJIIpHBIMU H3MEHEHUAMU anbha-dddekra.

The contribution of nonlocal alpha-effect to the Sun’s global poloidal magnetic field is es-
timated from observation data. The results are compared with the polar magnetic field for the last
four cycles of solar activity. Calculations confirm the action of the Babcock—Leighton mecha-
nism on the Sun. The revealed regularities have been investigated in the numerical dynamo mod-
el with irregular changes in the alpha effect.
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TEIUIOBASI HEYCTOMYUBOCTH INEPECOEJUHSIOIMIEIO TOKOBOI'O CJIOS
B COJIHEYHbBIX BCIIBIIIKAX

J.C. Jlenenuos, 5.B. ComoB

l'ocynapctBennsrii actporomudeckuid HHCTHTYT uM. [L.K. Illtepabepra MI'Y um. M.B. JlomoHoCcOBa,
MockBa, Poccus
koob@mail.ru

THERMAL INSTABILITY OF THE RECONNECTING CURRENT LAYER
IN SOLAR FLARES

L.S. Ledentsov, B.V. Somov

Sternberg Astronomical Institute, Moscow State University, Moscow, Russia

C menpi0 MHTEPHPETAIMA COBPEMEHHBIX CITYTHHKOBBIX HAOIIOJICHUH ITOCIIEA0BATEIIEHOTO
YBEIMUCHHS IPKOCTH OTJICJIbHBIX KOPOHATIBHBIX TIETENIb B COTHEUHBIX BCIBIIIKAX MBI PEIIHIIH 3a]1a-
4y 00 YCTOHYMBOCTH MaJIbIX MPOIOJILHBIX BO3MYIICHHI OHOPOIHOIO MEPECOCTUHSIONIETO TOKOBO-
ro cioss B MI'JI-npuOimmKeHHH. Y CIIOBUEM HEYCTOHYHMBOCTH CIYXKHUT 3(PPEKTHBHOE IOJABICHUC
TEIUIONPOBOAHOCTH TIa3Mbl BO3MYIIICHHEM MarHUTHOTO T0JIs1 BHYTpH cliosl. HeycToiHunBOCTh B JIU-
HCHMHOM (ha3e HapacTeT 3a XapaKTEePHOE BPEMsl JIYUHCTOrO OXJIAXK/ICHHMS Iia3Mbl. B pesynbTare He-
YCTOWYMBOCTH B TOKOBOM CJIO€ 00pa3yeTcsl MepHOINIECKasi CTPYKTYPa XOJIOIHBIX U TOPSYUX BOJIO-
KOH, PACIIOJIOKEHHBIX TIONEPEK HAIpaBJICHUS JJIEKTPUIECKOro Toka. [IpemmaraeMblii MEXaHH3M
TETUIOBOW HEYCTOHYMBOCTH IEPECOSAUHSIONIETO TOKOBOTO CJIOSi MOXKET OBITh TOJIC3CH ISl OOBsIC-
HEHUS TTOCIIEIOBATEIILHOTO YBEITUUEHHS IPKOCTH, «ITOJIKHUTa», BCIBIIICYHBIX MTETEh BO BCIIBIIIKAX.

With the purpose of interpreting modern satellite observations of successively increasing
the brightness of individual coronal loops in solar flares, we solved the problem of the stability
of small longitudinal perturbations of a homogeneous reconnecting current layer in the MHD
approximation. The suppression of the plasma thermal conductivity by the magnetic field inside
the current layer provides an instability. The instability increases in a radiative cooling time scale
of the plasma in the linear phase. A periodic structure of hot and cold fibers arranged transversely
to the direction of the electric current are formed as a result of the instability. The proposed
mechanism of the thermal instability can be useful for an explanation of the consistent increase
in the brightness of individual coronal loops in solar flares.

PAHHUE ONTUYECKHUE HABJIOJAEHUS IVIOBAJIBHOM CEThIO
TEJECKOIIOB-POBOTOB MACTEP 10 T'AMMA-BCIIVIECKOB B CPABHEHHUH
C UX TAMMA-PEHTTEHOBCKUMHU XAPAKTEPUCTUKAMMU

'B.M. JIMnyHoB, 'E.C. I'oposckoii, 'B. KOIpHI/IJIOB, ll[. K;’BIHI/IHOB, "I, Tropuna,

. Bananyna, 'A. Kysuenos, 'B.B. Yazos, '/I. Baacenko, ‘K. HBanos, *0.A. I'pecc,
H.M. Bynnes, 2C.A. S3es, 20. YyBaiaes, ’B.A. Hoaemyk, 20.A. EpmioBa, 3A. TaaTos,
3B. CeHuk, SA.B. IMapxomenko, 3)]. JlopMHUIOHTOB, ‘B. IOpkoB, "A. I'aboBu4,

10. Cepruenko, °P. Iloaecra, °K. Jlomec, O. Iloxecra, 5X. JleBaro, K. Cadde, P. Pebo.to,
"M. Ceppa, 'H. Jloasio, T. I/Is}?aenﬂﬂ, "JI. Cyapec-Anapec, *JI. Bakin, °C. Ilottep,

A. Knsizes, M. Korue

T OCyAapCTBeHHBIH acTpoHOMUYeckuit HHCTUTYT uM. [1.K. IlIten6epra, MI'Y um. M.B. JlomoHOCOBa,
MockBa, Poccust
*UpkyTcKuii rocy1apcTBeHHBII yHUBEpcHTeT, MpKyTck, Poccus
oliteya@gmail.com
*KucnoBockas ropHas acTpoHoMuueckas cranmms I AO PAH, Kucnosozck, Poccus
. * AMypcKuii Tocy 1apCTBEHHbIH yHUBepcHTeT, biarosemenck, Poccus
O6cepBatopust uM. Genmkca Arunapa (OAFA), Can-XyaH, ApreaTnHa
6I/IHCTI/ITyT acTpoHOMHU4YecKHX Hayk, 3emin U kocmoca (ICATE), Can-XyaHn, ApreHTHHA
"Kamapckuii uactutyT actpodusuxu, Canrta-Kpyc-ne-Tenepude, Mcnanus
*IOxHOahpuKanHCKas acTpoHOMHUEcKas obceparopus, Keitnrayn, FOAP
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EARLY OPTICAL OBSERVATIONS WITH GLOBAL ROBOTIC TELESCOPE NET
MASTER OF 10 GAMMA-RAY BURSTS COMPARED WITH GAMMA-X-RAY DATA

lv.M. Lipunov, E.S. Gorovskoi, v. Kornilov, p. Kuvshinov, N. Tyurina,

'p. Balanutsa, 'A. Kuznetsov, 'v.v. Chazov, D. Vlasenko, ’K. Ivanov, 0. A. Gres’,
’N.M. Budneyv, 2S.A. Yazev, 20. Chuvalaeyv, 2V.A. Poleshchuk, 20. Ershova, 3A. Tlatov,
*V. Senik, *A.V. Parkhomenko, °D. Dormidontov, *V. Yurkov, ‘A. Gabovich, *Yu. Sergienko,
°R. Podesta, >C. Lopez, °F. Podesta, Sp1. Levato, SC. Saffe, R. Rebolo, ™. Serra,

'N. Lodieu, 'G. Israelyan, L. Suarez-Andres, °D. Buckley, 3S. Potter,

SA. Knyazev, M. Kotze

'Lomonosov Moscow State University, Sternberg Astronomical Institute of MSU, Moscow, Russia
Irkutsk State University, Irkutsk, Russia
*Kislovodsk Solar Station of the Pulkovo Observatory, Kislovodsk, Russia
*Amur State University, Blagoveshchensk, Russia
°Félix Aguilar Observatory (OAFA), San Juan, Argentina
SInstitute of Astronomy, Earth and Space Sciences (ICATE), San Juan, Argentina
"The Institute of Astrophysics of the Canary Islands (IAC), Santa Crus de Tenerife, Spain
¥South African Astronomical Observatory (SAAO), Cape Town, Republic of South Africa

B pab6ore mpencrasnens ganabie s 10 ramma-BeieckoB GRB (Gamma-Ray Bursts):
130907A, 140311B, 140129B, 120106A, 120404A, 110801A, 141225A, 151027B, 151021A,
120811C, momyuennsie ¢ nomomibio ['modanbroit cetu MACTEP (MobOwibHas acTpoHOMUYE-
CKasi cucTteMa TeJecKonoB-poboToB). IlonHas aBromaru3anus HAOMIOIECHUH MMO3BOJMIA TOJY-
YUTh YHUKAJbHBIC JIaHHBIE [0 paHHEMY ONTHYECKOMY H3lydeHuto. IIpoBeneHo cpaBHeHHE MMO-
JTYYCHHBIX Pe3yJbTaTOB C PEHTTeHOBCKMM (ucmoib3oBaHbl ganHble SWIFT X-ray Telescope
(XRT)) u ramma- (ucrionp3oBanbl 1anabie SWIFT Burst Alert Telescope (BAT)) uznydenusmu.

Pe3ynpTaToM McclieloBaHUS CTalo BBIJEICHUE JIBYX TPYII T'aMMa-BCIUIECKOB MO KPU-
TEepUsAM KOppessiiuu KpuBbiX Onecka. [lepBas rpynma xapakTepus3yeTcsi aHTHKOpPpesiueit
KpUBBIX ONlecka B raMMa- M ONTHYECKOM JHama3oHaX M, CIEeIOBATEIbHO, UMEET Pa3IU4HYIO
MIpUPOY T€HEpaluu U3llydyeHus. Bo BTopyro rpymniy BOLUIM KOpPPETUPYIOLIHME KpHUBbIE OjiecKa,
YTO MO3BOJISIET OMPENEIUTH OOIIYI0 PUPOTY BOZHUKHOBEHHUS ONITHYECKOTO M TaMMa-HU3TyYeHUS —
CTOJIKHOBEHHUSI.

[To moBeneHMIO KPUBBIX OJIECKA MOKHO BBIJCIUTH JBA CIydas:

KpuBas Onecka B raMMa-iuana3oHe HE KOPPEIUPYET ¢ ONTUYECKOW KpUBOW OJiecka, 4To
MIpeIoiaraeT pa3Hyto IpUPOy BOSHUKHOBEHHS FraMMa- U OMTUYECKOTO U3IydeHus. Tak, B 3TOM
Clly4ae ONTHUYECKOE M3JIyYEHHE MOXKET ObITh CT€HEPHUPOBAHO OOPATHOM yNapHOW BOJHOM, BO3-
HUKAIOIIEH, B CBOIO OYepelib, B Pe3yJbTaTe B3aUMOJICHCTBUS BHIOpOCA C OKPYIKAIOIIEH Cpeoii.
Hcnosb3yeMblii MEXaHU3M — CHUHXPOTPOHHOE U3Ty4YCHHE.

Kpusbie 6mecka koppenupyioT. COOTBETCTBEHHO, OIpeAensieTcsl OO MeXaHU3M HX
BO3HUKHOBEHHUS. ONTUYECKOE M3TYyUYEHHE B 3TOM CIIydae CIYXKUT MHAUKATOPOM JKeTa, U30JIUpO-
BAaHHOTO OT MEK3BE3/IHOM cpe/ibl. M3mydueHne BOSHUKAET B pe3yIbTaTe CTOIKHOBEHUS BHYTPEHHHUX
yIapHBIX BOJH. Mcrionp3yeMblie MEXaHU3Mbl — CHHXPOTPOHHBIN, 00OpaTHBI KOMITOH-3((EKT.

In the present study is considered the results for 10 gamma-ray bursts 130907A, 1403118,
140129B, 120106A, 120404A, 110801A, 141225A, 151027B, 151021A, 120811C that is ob-
tained with Global Robotic Telescopes Net MASTER. Full automated observations allowed to
get unique data for early optical emission. The obtained results is compared with x-ray emission
(with the use of SWIFT orbital observatory’s data) and gamma-emission (with the use of SWIFT
Burst Alert Telescope’s data).

In this work we divide a representative group in two classes by the correlation criteria. Al-
so a spectral index was obtained for each grb and the interval of indices for each group. The first
group show anticorrelation of the light curves in gamma-optical band, so it can argue to different
origins of emission. In the second group the correlated light curves were added that can be a rea-
son fot a general nature of optical and gamma-emission.
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So we can present two groups:

A gamma light curve is anticorrelate with an optical light curve that argue to the different
origin for gamma and optical emission. In this way, an optical emission can be generated by a
reverse shock wave, that starts from an interaction between an ejecta and circumstellar medium.
It is used the synchrotronous emission effect.

Light curves are correlate. So, it can be a reason for their general origin. In this case, the
optical emission indicates a jet, that is close from interstellar medium. It uses both synchrotron
and reverse Compton effects.

PA3PABOTKA MOJIAPU3AIIMOHHBIX YCTPOUCTB JJISI COJICUT
JI.C. JlonteBa, I''U. Kymrans, B.A. IIpomnn, B.U. CkomopoBckuii

HuctutyT comreuno-3emuoit puznkun CO PAH, UpkyTck, Poccust
lopteva@mail.iszf.irk.ru

DEVELOPMENT OF POLARIZATION DEVICES FOR SOLSYT

L.S. Lopteva, G.I. Kushtal, V.A. Proshin, V.I. Skomorovsky
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

COJICUT (comHe4Hblid CUHONITUYECKUM TEJECKOI) MpeaHa3HaYaeTCs I UCCIeIOBaHUS
MarHuTHBIX nosei Ha ColHIe ¢ BBICOKUM MPOCTPAHCTBEHHBIM pa3pemieHrueM. C MoMOoIIbIo aHa-
JU3aTopa MoJIIpu3anuu OyIyT OJHOBPEMEHHO M3MEPSATHCS BCe deThipe mapamerpa Crokca. M3-3a
00JIBIIOrO pazMepa U300pPaKEHUsT COIHEYHOTO JUCKA JUAMETP MOJSIPU3AMOHHON ONTUKH JI0JI-
KeH ObITh He MeHee 70 MM. D10 TpeOyeT pa3pabOTKH METOAUKH OTOOpa ONTHYCCKH OTHOPOJ-
HBIX KPHUCTAJIOB, TEXHOJIOTHUH WX 00pabOTKU M KOHTpois. Pabora conepKuT omucaHue U3ro-
TOBJICHUS DJIEKTPOONTHYECKUX MOy IITopoB (DOM) Ha ocHoBe kpuctaiimoB DKDP u ¢a3zoBbix
IUTACTUHOK M3 KBaplia HyJEBOro Mopsiika ruameTpom 70 M.

SOLSYT (the SOLAR Synoptic Telescope) is designed to research magnetic fields on the
Sun with high spatial resolution. All four Stokes parameters will be measured simultaneously
with the help of the polarization analyzer. The diameter of the polarization optics should be at least
70 mm because the image of the solar disk has the large size. This requires the development of a
methodology for selecting optically homogeneous crystals, the technology of their processing
and control. This article contains a description of the fabrication of electro-optical phase modulators
(EOM) based on DKDP crystals and phase plates of quartz of zero order of diameters of 70 mm.

POJIb DJIEKTPHYECKOI'O I10JIs1 U PEKOMBUHAIIU
B ®OPMUPOBAHUU NU30BPAKEHU COJTHEYHBIX BCHBIIIEK

M.C. MaJbliiieB

HanmonanbHbIil uccnenoBaTenbckuil Huxeropoackuil rocyjapcTBEHHbIN YHUBEPCUTET
uM. H.W. Jlo6aueBckoro, Hwxkuuit Hosropon, Poccust
mix.malyschev@yandex.ru

THE ROLE OF ELECTRIC FIELD AND RECOMBINATION
IN FORMATION OF SOLAR FLARES IMAGES

M.S. Malyshev
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia

Paccmotpena mopenb, B KOTOpoi ¢GopMHpOBaHHE H300paKEHUN COJIHEUHBIX BCIIBIIIECK
CBA3aHO C peKOM6I/IHaLII/IOHHI>IM CBCYCHUCM HMOHOB, HOHU30BAHHBIX BHYTPH COJIHI_[a. B paMKax
JAHHOW MOJIEH MOCTPOEHBI TPAEKTOPUU ABM)KEHUS MOHOB HAJ aKTHUBHBIMU OOJACTSAMHU B DJIEK-
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TPUYECKOM U TPAaBUTALMOHHOM TOJISX. [lomydeHHbIe n300paskeHus BCIBIIICK MPEICTABISIOT CO-
0011 KOpOHAJIbHBIE CTPYKTYPBI TUIIA TyTH, NIETJIN, apKU U T. 1.

We considered a model in which the formation of solar flare images is associated with re-
combination luminescence of ions ionized inside the Sun. In the framework of this model, trajec-
tories of ion motion over active regions in electric and gravitational fields are constructed. The
resulting images of flares are coronal structures such as arcs, loops, arches, etc.

NCCIEJOBAHUE 3ABUCUMOCTHU ®OPMbI PAIMOCHUT'HAJTA ITAJI
OT 3EHUTHOI'O YIVIA U PACCTOSAHMUSA 10 OCHU JIMBHSA

T.H. Mapmaakuna (ot ko/u1adopauun Tunka-Rex)

HpkyTckuii rocyjapcTBeHHbIN yHUBepeuTeT, UpkyTtek, Poccus
marshalkintatjana@rambler.ru

INVESTIGATION OF THE DEPENDENCE OF EAS RADIO SIGNAL SHAPE
ON THE ZENITH ANGLE AND THE DISTANCE TO THE SHOWER AXIS

T.N. Marshalkina (for the Tunka-Rex Collaboration)
Irkutsk State University, Irkutsk, Russia

B nmanHo# pabote mpencTaBieHBl pe3yJbTaThl MCCIENIOBaHUA (POPMBI PaJHOCUTHANA OT
HIIMPOKUX aTMOC(HEPHBIX TUBHEH B 3aBUCHMOCTH OT 3€HUTHOTO YIJIa U PACCTOSHUS 0 OCH JTUBHS
Ha OCHOBE MojepoBanus ¢ moMotnbio nporpammbl COREAS. Co3nana 6ubnroTreka mabioHOB
paZvOCUTHAJIOB, KOTOpas BKJIIOYEHa B mporpammuyto miardopmy Offline mns ocymiectBieHus
COTJIACOBAHHOW (PHIIBTPAIIH CHTHAJIOB OT ITMPOKUX aTMOC()EPHBIX JIUBHEH, PETUCTPUPYEMBIX B
skcriepumente Tunka-Rex.

In this paper, the results of a study of the pulse shape from extensive air showers, depend-
ing on the zenith angle and the distance to the shower axis, are presented. A library of tempales of
radio pulses was created and included in the Offline software platform with aim to implement
matched filtering to radio pulses from extensive air showers registered in the Tunka-Rex experiment.

MOJAEJIMPOBAHME INOJIAPU3ALINUU U3TYUYEHUA
CEH®EPTOBCKHUX 'AJIAKTHUK

A.I'. MuxaiijioB

I'manas (ITynkoBckas) actponomuueckas ooceparopus PAH, Cankt-IletepOypr, Poccus
magl0629@yandex.ru

MODELING THE POLARIZATION OF RADIATION OF SEYFERT GALAXIES
A.G. Mikhailov
Central (Pulkovo) Astronomical Observatory RAS, Saint Petersburg, Russia

[IpencraBneHsl pe3ynbTaThl MOJACIUPOBAHMS TOJSPU3AINH HU3ITYUCHHS CEH(PEPTOBCKUX Ta-
JakTuK ¢ ucnosb3oBaHueM koga STOKES. UccnenoBano BausHUE pa3MepOB MBUIEBOTO TOpa U
OGJIB.CTI/I IIUPOKHUX OMHCCHOHHBIX HHHHﬁ, yrjia paCKpbITUA KOHHYCCKHX OTTOKOB, CKOPOCTH H
IUIOTHOCTU AJIEKTPOHOB B OTTOKAaxX Ha TMOJISIPU3ALIMOHHBIE XapaKTepUCTUKH u3iydeHud. [lomy-
YCHHBIC PE3YJIbTAThl UCIOJB3YIOTCA JISI MHTCPHIPCTALIUN H3MepeHHﬁ nojrsipu3anuu, npeacraB-
JICHHBIX B JIUTEpaType.

We present the results of modeling the polarization of the emission of Seyfert galaxies us-
ing the STOKES code. The effect of the sizes of a dust torus and the region of broad emission
lines, the angle of opening of conical outflows, the velocity and density of electrons in outflows
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on the polarization characteristics of radiation are investigated. The results obtained are used to
interpret the polarization measurements presented in the literature.

NOCJUEIHUE PE3YJIbBTATBI PABOTBHI DKCIIEPUMEHTA TUNKA-GRANDE
P.JI. Monxoes (ot xo/s1adopauuu Tunka)

Hay4no-uccnenoBaTenbCKuil MHCTUTYT MPUKIATHON (QDHU3HKH,
HpkyTckuii rocyjapcTBeHHbIN yHUBEpcUTeT, UpkyTek, Poccns
makaayO8@rambler.ru

LATEST RESUITS OF THE TUNKA-GRANDE EXPERIMENT
R.D. Monkhoev (for the Tunka Collaboration)
Applied Physics Institute, Irkutsk State University, Irkutsk, Russia

CuuaTmmisiiuonHas ycraHoBka Tunka-Grande BXOAWT B COCTaB €AMHOTO JKCIIEPUMEH-
TaJBLHOTO KOMIUIEKCA, pacronokeHHoro B TyHkuHckon monuHe (PecmyGmuka Bypsitus, Poccust)
B 50 kM ot 03. baiikan. JlaHHBIN KOMILJIEKC Takke BKIIOYaeT B ceOsi yctaHOBKy TyHka-133 u
yctanoBKy Tunka-Rex. 3agadeit coBMecTHOIN paOOThl yCTAaHOBOK SIBIISIETCSI M3yYCHHE dHEPIETH-
YECKOI'0 CIIEKTPa U MAacCOBOT'O COCTaBa MEPBUYHBIX KOCMUYECKUX JIy4ed B JUANa30HE SHEPTUid
10-1000 mB, a taxxke nouck auddy3HOro ramma-u3iydeHus B nquanasone sHeprui S0-500 mB.
[IpuBomUTCS OMUCaHUE YKCIIEPUMEHTATHHOTO KOMILIEKCA U MPECTABISIOTCS PE3YIbTAThI paOOTHI
ycranoBkd Tunka-Grande. Takxke yka3bIBalOTCSI MEPCHEKTUBBI UCCIIEIOBAHUS KOCMHUYECKUX JTy-
Yel Py OJHOBPEMEHHOM PErMCTpalMi YEPEHKOBCKOW U 3apSKEHHOM KOMIIOHEHT U PAJUOU3ITY-
yenus LIIAJIL. B 3akmodenne o0CykaaeTcs moaxo K u3ydeHuto qudpy3Horo raMmma-u3mydeHusl.

The Tunka-Grande scintillator array is a part of the single experimental complex located in
the Tunka Valley (Republic of Buryatia, Russia) about 50 km from Lake Baikal. This complex
also includes the Tunka-133 array and Tunka-Rex array. The purpose of this complex is the
study of the primary cosmic rays energy spectrum and mass composition in the energy range
from 10 peV to 1000 peV and search for the diffuse gamma-rays in the energy range from 50
peV to 500 peV. We describe the design of the experimental complex and present the results of
the Tunka-Grande operation. The prospects of studying the primary cosmic rays during simulta-
neous registration of the radio emission, Cherenkov and charged particle components of exten-
sive air showers are provided. Finally we discuss an approach for diffuse gamma-rays study.

®JENBOPHBIE U 3APSIIOBBIE OTHOIIIEHUA
ATMOC®EPHBIX HEUTPHUHO BBICOKHUX DHEPT U

AL Mopo3oBa, ZAA. Kouanos, 3T.C. CuneroBckasi, 4C.A. Cunerosckmii

'MockoBckuii Tocy1apcTBeHHEIH yHuBepcuTeT uM. M.B. JTomoHocoBa, Mockaa, Poccust
refriz@yandex.ru
*UuctutyT conneyno-3emuoit husuku CO PAH, Mpkytck, Poccust
*UpKyTCKuil rOCYIapCTBEHHBIH YHUBEPCHTET MmyTeil coobmenus, UpkyTtck, Poccus
HpkyTckuii rocyaapcTBeHHbIN YHUBEpcUTeT, UpkyTck, Poccns

FLAVOUR AND CHARGE RATIOS
OF HIGH-ENERGY ATMOSPHERIC NEUTRINOS

'A.D. Morozova, A.A. Kochanov,*T.S. Sinegovskaya, ‘S.IL Sinegovsky

'"M.V. Lomonosov Moscow State University, Moscow, Russia
’Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
*Irkutsk State Transport University, Irkutsk, Russia
*Irkutsk State University, Irkutsk, Russia
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OTHoleHNs: HEUTPUHO/aHTUHEUTPHHO (Ve/Ve, vy /Vy) B (preiiBOpHBIE OTHOWIEHUA V, /V,,

Vo / Ve, (v +V, )/ (v, +V,) OTYETIMBO TMOKA3bIBAIOT PA3INYUE MPEACKA3aHUN MOJENCH aIpOHHBIX

B3aUMOJACUCTBUI s CIICKTPOB POXICHUA Tt- U K-ME30HOB — OCHOBHBLIX HCTOYHHKOB aTMO-

chephbix HelitpuHo 1pu E,<500 TsB. Benuuntsl v, /V,,v, /v, YyBCTBUTEIbHBI K OTHOLICHUSIM

nt/n, K'/K u /K, KoTOpble ONpEIeNsioTcs CeUCHHsIMH HHKITIO3UBHBIX MPOIECCOB POYKICHHS
ME30HOB B /A-COyJapeHHsIX; 3JEMEHTHBIH COCTaB KOCMHUYECKHX JIydeil depe3 p/n-OTHOILCHHE
TaKXe BJIMSET Ha pa3BuTue aapoHHOro kackaaa IIAJI m HeilTpuHHbIE oTHOMIEHUs. Ha ocHOBe
pacuera MOTOKOB HEUTPHUHO B MHTEpPBAJE SHEPTUU 10*-10° T>B moxasaso pasiuuue v/v u
(1eBOPHBIX OTHOILEHUM A psAa aJpoHHBIX Mojenell. CpaBHUTENIbHBIN aHATU3 XapaKTepH-
CTHK TIOTOKa aTMOC(EpPHBIX HEUTPHUHO, PACCUUTAHHBIX B PAMKaX JBYX Pa3HBIX IMOJX0J0B — Me-
tona Z(E, h)-pyHKIMii 1 MeTo1a MaTpUUHBIX KackaaHbix ypaBHeHuit (MCEq), mokasan xopouiee
MX COIJacHe MO aOCONIOTHOM BENIMYMHE W (OpME SHEPreTUYECKMX CIEKTPOB (v, +V,) H

(v, +V,). IlapiuuanpHble BKJIAbl 3JEKTPOHHBIX HEHTPUHO Takke ONM3KH B 3TUX ABYX CXeMax

pacyera, OTHAKO MapIHaIbHbIC BKJIAJIbI OT pacraaa K&ﬁ 3aMETHO PA3IHYaAIOTCS.
The neutrino to antineutrino ratios, (v,/v,,v,/V,), and neutrino flavor ones, v,/v,,
VIV, (v, +V,)/ (v, +V,) clearly display a discrepancy between predictions of different hadronic

models for @ u K yield which are major atmospheric neutrino sources up to £,<500 TeV. Ratios

v, /V,,v, /v, are sensitive to n'/n", K'/K and m/K-ratios, depending on meson production

cross-sections in B #A-collisions. The cosmic-ray composition due to p/n ratio also affects the
hadronic cascade evolution and neutrino ratios. Basing on calculations of the atmospheric neutri-
no spectra in the energy range 10°~10° GeV we display differences of v/v and the flavor ratio
for the set of hadronic models. Comparative analysis of atmospheric neutrino fluxes, calculated
in framework of the two methods — Z(E, /) functions approach and the Matrix Cascade Equa-
tions method (MCEq), demonstrates the close agreement of both calculations.

PE3VJIBTATHI IIEPBBIX HABJIIOIEHAT
HOBOI'O COJTHEYHOI'O CHEKTPOIMOJISIPUMETPA
METPOBOI'O TUATIA30HA (CCM/I)

2H,0. MypaToBa, 'A.A. Myparos, VLK. Kamanosa

'MHcTuTyT conneuno-3emuoii pmsuku CO PAH, Upkytck, Pocens,
*AcTpoHoMuUecKuit HHCTUTYT, AKanemus Hayk Yemckoit Pecrry6mukn, Ipara, Uernckas PecryGiuka
muratova@mail.iszf.irk.ru

THE FIRST OBSERVATION RESULTS
OF THE NEW SOLAR METER-WAVE SPECTROPOLARIMETER (SSMD)

LN 0. Muratova, TALA. Muratov, LK. Kashapova

'The Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
?Astronomical Institute, Academy of Sciences of the Czech Republic, Prague, Czech Republic

B anpene 2016 r. HOBBII COTHEUHBIN ClIEKTpONOISIpUMETp MeTpoBoro auanazona (CCMJI)
Hayaj HaOJIoeHUsl B TECTOBOM pexume B Paanoactpodusndeckoit odcepsatopun MC3P CO
PAH (yp. bagapsr). OcHoBHOI TexHu4eckoi 3amadel npu npoektupoBanuu CCMJ] Obuio co-
3JaHME paauocIeKTporpada MeTpoOBOro IMana3oHa, OCHAIIEHHOTO HU(POBBIM MPUEMHHUKOM,
MMEIOIIET0 YIIyUYIICHHbIE XapaKTePUCTHUKH B CPABHEHUH C IOKA €IIe IMIMPOKO PacIpOCTpaHEH-
HBIMHU aHAJIOTOBBIMH YCTPOMCTBAMH, a TAK)KE 3aIIMCHIBAIOIIET0 NOIHBIN Habop mapameTpoB CTokca.
B noxnazne OyayT mpeacTaBiICHBI XapaKTEPUCTUKA U OCOOCHHOCTH HOBOTO MHCTPYMEHTA M PE3yiib-
TaThI MEPBBIX HAOIIOICHU.
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The new Solar Meter-wave Spectropolarimeter (SSMD) started the test observations in the
Radioastrophysical Observatory (Badary) ISTP SB RAS in April of 2016. Main technical tasks
of SSMD design and realization were to create the meter range radiospectrograph equipped by
the digital receiver having advanced characteristics in comparison with still widespread analog de-
vices and also recording the full set of Stokes parameters. In this contribution we will summarize the
parameters and features of the new instrument and present results of the first observations.

CTATYC OKCIIEPUMEHTA TAIGA-HiSCORE
AL ITaxopykos

Hayuno-nccnenoBaTenbcKuit HHCTHTYT MPUKIIATHON QU3UKH,
HpkyTckuii rocynapcTBeHHblil yHuBepeuTeT, MpkyTck, Poccus
pal.27@yandex.ru

STATUS OF THE TAIGA-HiSCORE EXPERIMENT
A.L. Pakhorukov

Scientific Research Institute of Applied Physics,
Irkutsk State University, Irkutsk, Russia

B TynkuHckol nonuHe HauuHas ¢ 2012 r. co3maercs IHMPOKOYTOJbHAs YEPEHKOBCKAs
ycraHoBka TAIGA-HiSCORE, npennaznauenHas I perucTpaluu raMMa-KBaHTOB U KOCMHU-
yeckux Jyuedl mocpeactBoM mmpokux arMmocdepnbsix auBHell. TAIGA-HiSCORE Bxoaut B
coctaB ramma-obcepBaropur TAIGA, HaleICHHONW Ha MPOBEJCHUE WCCIICIOBAHUA B 00J1aCTH
ramMma-acTpOHOMHHM yJIbTpaBblCOKUX 3Hepruil (Boime 30 ToB) u ¢puszuku kocMuyeckux gydei.
YcTraHoBKa COCTOUT U3 MIMPOKOYTOJBHBIX ONTUYECKUX CTaHIUU (¢ ameptypoi 0.6 cp), pacmo-
JIOKEHHBIX Ha paccTosiHMM npumepHo 106 M apyr ot apyra. B craTbe mpuBOIATCS ONMCaHUE
KOHCTPYKLIMU ONTUYECKON CTAaHIIMHU U CTAaTyC YCTAHOBKM Ha TEKYILIEM ATare pa3BepThIBAHU.

Wide-Angle Cherenkov Array TAIGA-HiSCORE is under construction in the Tunka val-
ley since 2012. It purposed to register gamma-quanta and cosmic rays by means of extensive air
showers. TAIGA-HiSCORE is one part of Gamma-Observatory TAIGA aiming at carrying out
the research in the field of gamma astronomy of ultra high energy (higher than 30 TeV) and
cosmic ray physics. The array consist of wide-angle optical stations (0.6 sr) placed at distances
of 106 m. The article gives a description of optical station construction and status of the array at
current stage of development.

TEOPUSA ®OPBYHI-TIOHNXKEHUS B MATTHUTHOM OBJIAKE
A.C. ITeryxoBa, U.C. Ileryxos, C.H. IleryxoB

HNHCcTHUTYT KOCMOdm3nMIecKkuX uccneaoBanmii u adponomun um. 10.I". lladhepa CO PAH, Sxytck, Poccust
aspetuhova@mail.ru

THEORY OF FORBUSH DECREASE IN A MAGNETIC CLOUD
A.S. Petukhova, I.S. Petukhov, S.I. Petukhov
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

[IpeacraBnena moxaens (GopOyII-MOHMKEHUST B MAarHUTHOM oOJiake. BeImosHeH pacyer
MOMEHTOB (YHKIIUH pacIpeeeHuss KOCMUYECKUX JIydeil B 3aBUCUMOCTH OT BpeMEHHU. Pe3yib-
TaThl pacueTa B OOIIEM COTJIACYIOTCA C WM3MEPEHUSIMH WHTEHCHUBHOCTH KOCMHYECKHUX JIydeu
HA3eMHBIMHM JE€TEKTOpaMH. Y CTAHOBJIEHA OIpEAENoniasl poyib CTPYKTYpPbl MAarHUTHOTO MOJS
(magnetic flux rope) B auHamuke (QopOyII-MOHMKCHHS. BBISIBICHO CYIIECTBEHHOE BIIHSHHC
obnacTei, cCoOeMHSIONMX MarHuTHOe obOnako ¢ ConHileM, Ha pacmpeneiaeHue KOCMUYECKHX

29



BHI®D-2017. Cexyus A. Acmpogpuzuxa u ¢pusuxa Connya

ay4eil B obmactu Bo3mymieHus. [loydeHo, 94TO MPOJOHKUTEIHLHOCTh BOCCTAHOBICHHUS (HOp-
OYII-TIOHIKEHUS OTPENIeSeTCs OPUEHTAIlMe MarHUTHOTO O0Jaka M yMEHBIIEHUEM MAarHUT-
HOTO TOJIS PU €T0 PACIIUPEHUH.

A model of Forbush decrease in a magnetic cloud is presented. We calculate moments of
the particle distribution function depending on time. The calculated results of cosmic ray intensi-
ty generally agree with the observed ones in events registered by ground based detectors. It is
found that the magnetic flux rope is of great importance in dynamics of Forbush decrease. The
regions connecting a magnetic cloud with the Sun (the loop legs) significantly influence the par-
ticle distribution inside the disturbance. The duration of Forbush decrease recovery time is de-
termined by the magnetic cloud orientation and the magnetic field decrease during its expansion.

TOPOUJIAJIBHBIE MOJIEJIN BECCUJIOBOI'O MATHUTHOT' O ITOJISA
A.C. IleryxoBa, U.C. Iletyxos, C.U. IleTyxoB

HucTuTyT KOcMOodm3ndeckux uccienopanmii u asponomun um. F0.I'. [lladpepa CO PAH, fAxyrck, Poccus
aspetuhova@mail.ru

TOROIDAL MODELS OF THE FORCE-FREE MAGNETIC FIELD
A.S. Petukhova, L.S. Petukhov, S.1. Petukhov
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

BhImoaHeHbI pacyeThl MOMEHTOB (DYHKIIUH PacHpeIeCHUs KOCMHUCCKUX JydeH I pas-
HBIX MOJIeeii MarHuTHOro mojisi (magnetic flux rope) B marauTHOM obOnake. IIpoBeneHo como-
CTaBJICHUE PE3yJIbTATOB pacyeTa ¢ M3MEPSHHSIMHU WHTCHCUBHOCTH KOCMHUYECKHX JIydel HazeM-
HBIMH JI€TeKTOpaMH. Pe3ynbTaThl MOTYT OBITH HCIIONB30BAHBI MPH OMPEACICHUU CBONCTB Mar-
HUTHBIX 00JIaKOB.

We calculate moments of the particle distribution function for different models of the
magnetic flux rope in a magnetic cloud. The calculated results of cosmic ray intensity are com-
pared with the observed ones in events registered by ground based detectors. These results can
be used to determine properties of magnetic clouds.

MOVCK UICTOYHUKOB HEMTPUHO CBEPXBbICOKHX DHEPT UM
B OITUYECKOM JIMATIA3OHE I'JIOBAJIBHOM CEThIO MACTEP

'}0.B. PaGunouy, '0.A. I'pecc, > *B.M. Jlunynos

'MpkyTcKuit rocy 1apcTBeHHSBIH yHEBepenTeT, MpKyTck, Poccs
sunny.rabinovich@mail.ru
*T'ocymapcTBeHHbII acTpoHoMudeckuit nacTHTyT M. LK. IITepu6epra MI'Y, Mocksa, Poccus
*MockoBcKHit rocynapcTBeHHbIH yrEBepenteT uM. M.B. JlomonocoBa, Mocksa, Poccust

SEARCHING OF SOURCES OF ULTRAHIGH ENERGIES NEUTRINO
IN THE OPTICAL RANGE BY GLOBAL MASTER NETWORK

'Yu.V. Rabinovich, '0.A. Gress, >*V.M. Lipunov

"rkutsk State University, Irkutsk, Russia
2Sternberg Astronomical Institute, Moscow State University, Moscow, Russia
*Lomonosov Moscow State University, Moscow, Russia

Pabora nocsIeHa HaOIIOAEHUIO B ONITUYECKOM Auanasone reiaeckonamu ceti MACTEP
KBaJpaToB OIIMOOK HaOaomeHuil HedTpuHHOM oOcepBatopun IceCube. IIpoBeneH mouck BoO3-
MOKHBIX UCTOYHUKOB HEUTPHUHO CBEPXBBICOKMX 3HEpruil. B kauecTBe UCTOYHUKOB TpeamnoJiara-
JUCHh M3BECTHBIE B ONTHYECKOM JMala3oHE KBa3apbl, TaMMa-BCIIJIECKH, B3PBHIBbI CBEPXHOBBIX.
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COOTBETCTBYIOIIKX SBJICHUM He 0OHapykeHo. COCTaBJICH CIIMCOK KBa3apoB, JICKAIIUX B KBapa-
Tax OIIMOOK B CITOKOMHOM COCTOSIHUHU. B KBajpaTax ommOOK M BOJM3M HUX OBUIH OOHAPYKCHBI
BCHBIIIKA KaTaKJIM3MHYECKUX TepeMeHHbBIX. I1ocime OTKpBITHS IIEPBOrO paauomy/ibcapa Ha OeoM
KapJIMKe SICHO, YTO TaKHUEe CUCTEMBI MOT'YT OBITh HCTOYHUKAMH PEISITUBUCTCKUX YAaCTHII. A 3HAYUT, B
YHUCJIC TIOTCHIMATIBHBIX HCTOYHHKOB HEHTPUHO MOTYT OBITh TaJJaKTHUYCCKHUE 3BE3IHBIC CUCTEMBI. [1o-
Ka3aHO, YTO IOTOK PEJIATHBHCTCKHMX YacTHI] OT Oejoro kapinuka B oOiactu 100 mapcek cooTBeT-
CTBYET MMOTOKY YaCTHII OT KBa3apa. PazpaboTaHa MeTOI0NOTHs TIOMCKA TTyJIHCApOB HA OEJIBIX Kapiu-
KaX KaK HICTOYHUKOB HEHTPHHO.

We were observing error-boxes of Neutrino Observatory IceCube in optical range, search-
ing for known types of possible sources of ultrahigh energies neutrino. The expected phenomena
were not revealed. We found a number of quasars in a quiet state in error-boxes. We found flash-
es of cataclysmic variables into and near to error-boxes. After exploration of the first radio pulsar
on the white dwarf it has become clear that such systems can be sources of relativistic particles.
Therefore, there can be galactic star systems among potential sources of a neutrino. We carried out
calculation of relativistic particles stream from the white dwarf in the area of 100 parsec. It corre-
sponds to a particle stream from a quasar. By the known pulsar observations we made up methodol-
ogy of white dwarf’s pulsars neutrino sources searching by the MASTER telescopes.

MOIUPUIINPOBAHHOE YPABHEHUE JEBUAIIMU 'EOJE3NYECKHUX
B METPUKE HIBAPHIINJIBJA

A.M. PacyioBa

WucturyT ozepoBenenuns PAH, Cankr-IletepOypr, Poccus
ARasulova@gmail.com

GENERALIZED GEODESIC DEVIATION EQUATION
IN THE SCHWARZSCHILD METRIC

A.M. Rasulova
Institute of Limnology RAS, Saint Petersburg, Russia

[IpoBenen ananu3 MOAU(MDHUITUPOBAHHOTO YPaBHEHHS ACBHAIIUN I'eOAC3HUYECCKUX B chepHue-
CKU-CUMMeTpu4HON MeTpuke IlIBapiimibaa. B otiaudamre oT 00BIMHOTO YpaBHEHUS JCBHAITUN T'€0-
JIC3UYCCKHUX, KOTOPOE OMMCHIBACT OTKJIOHEHHE ABYX OCCKOHEYHO OJIM3KHMX I'€OJIC3UUYCCKUX, C TIOMO-
b0 MOI[I/Id)I/ILII/IDOBaHHOFO YpaBHCHUA ACBHAIIUKU I'COAC3UYCCKUX MOXHO OIIMCATbhb .]HOGBIG ABE
reoAC3HUYECKHE C TPOM3BOJIBHBIMHU KacaTeIbHBIMUA BEKTOPAMH, HE 00513aTCIbHO TapajuIeIbHbIMU.
[Ipoananu3upoBaHbl 3HAKK BTOPOM IPOM3BOJHONM KOMIIOHEHT BEKTOpa JECBHAIMU, KOTOPBIE OT-
BEYAIOT 3 PAaCXOXKAEHHE (IIOJ0KUTENbHBIN) WU COMMKEHNE (OTPULIATEIbHBIN) Ie01€3UUECKUX.

Generalized geodesics deviation equation in the Schwarzschild spherically symmetric met-
ric is analyzed. In contrast to a usual geodesics deviation equation describing the deflection of
two infinitely near geodesics, the generalized equation deviation equation may help to describe
any two geodesics, with arbitrary tangent vectors, not necessarily parallel. The sign of the second
derivative of the components deviation vector is analyzed that is responsible for the geodesics
divergence (positive) or the geodesics converge (negative).

HU3KODHEPTETHUYECKHAE HEYIIPYTUE ATOMHBIE CTOJIKHOBEHUS
KAJILIIAS M BOJIOPOJIA

A.C. Poauonos, /I.B. Baacos, 51.B. Boponos, C.A. fIkosiesa, A.K. beJsieB

Poccuiickuii rocyqapcTBeHHBIN TieAarornueckuii yausepcuteT uMm. A.U. ['epriena,
Cankr-IletepOypr, Poccus
dsrodionov@herzen.spb.ru
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LOW-ENERGY INELASTIC ATOMIC COLLISIONS
OF CALCIUM AND HYDROGEN

D.S. Rodionov, D.V. Vlasov, Ya.V. Voronov, S.A. Yakovleva, A.K. Belyaev

Herzen State Pedagogical University of Russia, Saint Petersburg, Russia

Kanpiuii sBasercs anb(ha-3IeMeHTOM, IPOM3BOIUMBIM CBEPXHOBBIMH, M HPEACTaBIISCT
HHTEPEC MPH W3YyYCHUHU 3BE3IHBIX aTMOC(hEp B YCIOBUAX OTKIOHEHHUS OT JIOKAJIHLHOT'O TEPMOIH-
HaMH4YeCKoro paBHoBecHs. IIponecchl B3auMHOI HEHTpalIU3aluy pasjddHbIX 3JIEMEHTOB MPE-
CTaBJISIIOT UHTEPEC C TOYKH 3PEHUS KaKk PyHIAMEHTAILHON HAYKHU, TaK W MPUKIATHBIX UCCIIEI0-
BaHUM, HAIIPUMeED, IIPU MoaelIupoBaHuu ¢orochepbl ConHIlAa U ra30BLIX Ja3epoB. [Ipoananusu-
POBAHbI JOCTYIIHbIE KBAHTOBO-XMMHUUecKkue nanuble 11 cucteMsl Ca+H u Ca'+H . J{ist BbIION-
HEHHUS JUHAMHUYCCKHX PAcUeTOB IIPOBEJCHA IMpolleaypa AuadaTH3allii KBAaHTOBO-XHMMHUYECKUX
JAHHBIX 1 CKOHCTPYUPOBAHbI aTOMHBIC JaHHBIC B THOPHUIHOM NpeacTaBieHnH. Ha koH(pepeHInn
OyIlyT MpeACTaBICHBI PE3yIbTaThl PACUETOB BEPOSITHOCTEM HEYNPYTHX IMEPEXO0J0B, CEUCHUN U
KOHCTaHT CKOPOCTEeH, HEOOXOUMBIX ITPH MOAEIMPOBAHUN aTMoc(hep 3Be3 .

Calcium is an alpha element produced by supernovae and is of interest for non-local ther-
modynamic equilibrium modeling of stellar atmospheres. In addition to astrophysical interest,
the processes of mutual neutralization for various elements are of interest from both the funda-
mental and practical points of view, for example, for modeling the solar photosphere and gas la-
sers. The available quantum-chemical data for the system Ca+H and Ca" + H are analyzed. For
nuclear dynamical calculation, the diabatization procedure was performed and atomic data were
constructed in a hybrid representation. The calculated inelastic transition probabilities, cross sec-
tions and rate coefficients will be represented at the conference, the data required for modeling
of stars’s atmospheres.

TEHEPAIIMS YJIAPHBIX MI'JI-BOJIH B BEPXHUX CJIOSIX COJTHEYHOM
XPOMOC®EPBI MAI'HUTHBIMH ITOJISIMU,
BCIIVIBIBAIOIIIUMHA C ITIOAPOTOCPEPHOI'O YPOBHA

K B. PomaHoB, 1I[.B. Pomamnos, ’M.B. EcesieBnu

'KpacHostpckuii rocy1apcTBeHHBI menarornyeckuii yausepenter nm. B.IT. Actadpbera, Kpacrosipek, Pocers
k-v-romanov(@ya.ru
*UucTutyT conHeuyno-3eMuoit dusnku CO PAH, Upkyrck, Poccus

GENERATION OF MHD SHOCK WAVES IN UPPER CHROMOSPHERE
OF THE SUN BY MAGNETIC FIELDS EMERGING FROM
SUBPHOTOSPHERIC LEVEL

K.v. Romanov, p.v. Romanoyv, 2M.V. Eselevich

'V.P. Astafyev Krasnoyarsk State Pedagogical University, Krasnoyarsk, Russia
’Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

I/Iccne):[yeTcsI BOJIHOBas mpupoaa aHOMaJIbHOTO MPOrp€Ba HUKHUX CIIOCB COJIHEYHOH aT-
Mochepsl. Panee ObLI0 MOTy4YeHO, YTO B COJHEUHOW Xpomocdepe peHOMEH aHOMAJILHOTO IPO-
rpeBa OOYCIIOBJICH AMCCUMALMEH SHEPruH ra30JUHAMUYECKHX YIapHBIX BOJIH, T€HEPUPYEMBIX
KOJIeOaHUSIMU KPYTMTHOMACIITA0OHBIX MarHUTHBIX Tosied Huxke (orochepHoro yposHs. [Iporpes
ra3o0IMHaMUYECKUMU yIapHBIMU BOJTHAMH 00€CTIEYUBACT MOABEM TEMIEPATypPhI ra3a 10 10°K
B BEPXHUX CJIOAX XpoMochepsbl, re 3HaueHHsI IUIOTHOCTU ra3a OTHOCUTEIbHO Malibl. [losTomy
NP HAJTMYUU Jake cIabbIX MarHUTHBIX IMOJICH pa3orpeB HWKHHUX ciaoeB KopoHbl ConHIla obec-
neunBaercs auccunanued yaapasix MI'J[-BonH. Mccnenyercs HenuHelHas (a3a pa3BUTHS He-
ycroiunBocty [Tapkepa B KOpPOTKOBOJHOBOM YacTH criekTpa (m > 20 ) ¢ y4eToM TOKOBOTO TPO-
rpeBa MarHUTHOW TPyOKH BJOJIb CUJIOBBIX MarHUTHBIX JUHUH. [Ipu mogbeme MarHUTHOTO MO
70 BBICOT BepxHEH Xpomocdepbl MAarHUTHBIE TOJ HAYWHAIOT TOPMO3UTHCS, W TEHepalus
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yaapHabix MI'JI-BoJIH BbIII€ 3TOTO ypOBHS MpPEKpAIlaeTcs, YTO OOBSCHAET HAJIUYUE JIBYXCTY-
[IEHYaTOr0 MOJbEeMa TEeMIEepaTypbl B HWKHUX cioax atMmocgepsl ConHua no 3¢ dexty aHo-
MaJIbHOTO IIPOrpeBa.

We analyze wave nature of anomalous heating of the lower solar atmosphere. Hydrody-
namical shock wave heating is able to increase temperature up to 10° K in the upper chromo-
sphere. Density of plasma in the upper chromosphere is negligible compared to the photosphere,
and at that height a presence of even weak magnetic field can support heating of lower corona of
the Sun due to dissipation of weak MHD shock waves. Goal of the paper is to study physical
mechanism of generation of steady flux of MHD shock waves in upper chromosphere. Nonlinear
stage of development of Parker instability is investigated for shortwave part of spectrum
(m>20). Modeling takes into account heat transport along magnetic field. It is shown that
emerging magnetic field starts to slow down in upper chromosphere and generation of MHD
shock waves stops at that heights. It may explain the step rise of temperature in the lower at-
mosphere.

XAPAKTEPUCTHUKH SBOJIIOIINHA )KECTKOI'O PEHTTEHOBCKOI'O
U MUKPOBOJIHOBOI'O N3JIYUEHUS COJTHEYHBIX BCIBILIEK,
MPON3OIIEIININX B AKTUBHBIX OBJIACTSAX
C PA3JIMYHOM MATHUTHOM TONNOJIOTMEN

A.E. Pynean

HpkyTckuii rocyrapcTBeHHbIN yHUBepcuTeT, UpkyTck, Poccus
wayaaway@gmail.com

CHARACTERISTICS OF EVOLUTION OF THE HARD X-RAY
AND MICROWAYVE EMISSION OF SOLAR FLARES OCCURRED
IN ACTIVE REGIONS OF DIFFERENT MAGNETIC TOPOLOGY

A.E. Rudel
Irkutsk State University, Irkutsk, Russia

Llenpto maHHOW PabOTHI ABIISIETCS U3YUCHUE KOPPEISALUHA MEX]TY IBOJIOIMEN BCIIBIIICYHOM
AKTUBHOCTH U Pa3BUTHEM aKTUBHBIX oOnacTeil. B HacTosmieil paboTe ObLITH M3y4YeHBI TaKUE TMa-
paMeTphl, KaK 3aJepKKH MEXIY >XECTKMM PEHTTCHOBCKMM M MHKPOBOJHOBBIM H3JTyUYCHUEM,
HaJIM4KMe WIM OTCYTCTBHE criopaaudeckux paawocoobituii II m III Tumos, a Taxke mo3uIuu
BCTIBIIICK B aKTUBHBIX 0071acTX (AQ) 110 OTHOIIEHWIO K MATHUTHOM CTPYKTYpe aKTUBHOM 00JIa-
ctu. Jl1ia mpoBeaeHUsT UCCIIeI0OBaHUs ObLTH MCIIOIb30BaHbl JaHHBIE, TIOJTy4YEeHHbIE B MPOIECCe MPo-
xoxaenus mo qucky Comuna AO 8806 (18—29 nexabps 1999 r.), 10375 (1-13 utonst 2003 r.) u
10652 (19-27 urons 2004 r.). /laHHBIE 1O KECTKOMY PEHTTEHOBCKOMY M3IyUYCHHUIO OBLIH ITOJTY-
yeHbl U3 HaoOmogeHuil «Konyc-Bunm». g aHanm3a MHUKPOBOJIHOBOTO HM3Iy4YeHHs OBLIM HC-
MOJIb30BaHbl JJAHHBIE CeTH CONHEUHbIX paauoreneckonoB (RSTN). IlonydyeHHble pe3ynbTaThl
00CYXKIAI0TCs ¢ TOUYKHU 3PEHUS IBOJTIOIMYA MarHUTHOM TOIOJIOTUU aKTUBHOM 00JIaCTH.

The target of this research is to study correlation between flare characteristics evolution
and evolution of active region (AR). We have studied such parameters as hard X-ray (HXR)
spectral index, delays between HXR and microwave emission, the presence or absence of spo-
radic radio events like type II and type III as well as the flare positions in AR relative to magnet-
ic topology. We analyzed AR 8806 (December 18-29, 1999), AR 10375 (June 1-13, 2003) and
AR 10652 (July 19-27, 2004). The HXR characteristics were obtained from the Konus-Wind
observations. The microwave characteristics were analyzed based on data of Radio Solar Tele-
scope Net (RSTN). Results are discussed from the point of view of evolution of the magnetic
topology of the active region.
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MOJAEPHU3ALNA COJTHEYHBIX TEJIECKOIIOB
JJISA UCITIOJIB3OBAHUA CUCTEM AJJAIITUBHOU OIITUKHU

H.B. Pycckux, A.1O. IllInxosues, C.A. Yynpaxkos, B.A. Ily1seB

WnctutyT comneuno-3emuoit pusuku CO PAH, Upkytck, Poccus
vanekrus@iszf.irk.ru

SOLAR TELESCOPES DEVELOPMENT TO USE ADAPTIVE OPTICS SYSTEM
L.V. Russkikh, A.Yu. Shikhovtsev, S.A. Chuprakov, V.A. Pulyaev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

PaccmaTpuBaroTcs BOIIPOCHI, CBSA3aHHBIE C Pa3BUTUEM MHOIO3EPKaJIbHOW aJallTUBHOU OII-
tuku (AQO), obecreunBaroIIeii BEICOKOE pa3pemieHne (UIbTPOBBIX CUCTEM KPYIHBIX COJTHEUHBIX
teneckonoB. Co3aBaeMble ONTHUYECKUE MHCTPYMEHTHI MO3BOJIAT MPOJBUHYTHCS B MOHUMAHUU
MEXaHU3MOB [EPEeHOCa SHEPTUU B COJTHEUHOM aTMocdepe U MOCTPOCHUU COTJIACOBAHHBIX MOJIe-
neit porochepa—xpomochepa—ropoHa. B pabore o0cykIaroTcsi MOAXOABI K CO3/IaHUIO CXEM
AO 11 ONTUMAJIBbHOTO KCIOJB30BAaHMS CBETOBOIO MOTOKA, BKiIOYass AO ¢ IBYyMSl TaTYMKaMH
BOJIHOBOTO ()pOHTA.

Issues related to development of the multi-mirror adaptive optics (AO) providing high re-
solving power for large solar telescopes’ filter systems are considered. Designed optical instru-
ments allow to improve the understanding the mechanisms of energy transport in the solar at-
mosphere and the construction of advanced models of the photosphere—chromosphere—corona.
Approaches to design AO for optimal light using including an AO with two wavefront sensors
are discussed.

AHAJIN3 KOPPEJISIIUU UMITYJIBCOB YCTAHOBKH HiSCORE
B.C. CamoJjura

HpkyTtckuii rocynapcTBeHHbIN yHUBepcuTeT, UpkyTck, Poccus
vovaliga@mail.ru

ANALYSIS OF CORRELATION OF HiSCORE PULSES
V.S. Samoliga
Irkutsk State University, Irkutsk, Russia

VYceranoBka HISCORE — ceTh MMPOKOYTOMBHBIX JETEKTOPOB YEPEHKOBCKOTO U3ITyYCHHS
HIUPOKUX aTMOC(EPHBIX JUBHEH. B KauecTBe OTKIMKA Ha JMBHU B JCTEKTOPaX (OPMHUPYIOTCS
ANEKTpUYECKUE UMIYJIbCHL. B TO BpeMs Kak cTaHIapTHbIE METO/Ibl aHANIN3a JIUBHEH UCIIOIb3YIOT
TOJIBKO ITapaMC€Tpbl UMITYJIbCOB, B HaCTOSIIJ_ICfI pa60Te HCIIOJIB3YIOTCA IIOJHBIC OCHUJIJIOIPAaMMBI
HUMITYJIbCOB M UCCIEIyeTCS CTENEeHb UX CXOXECTH Ui JAETEKTOPOB, PACIOJIOKEHHBIX CUMMET-
PUYIHO OTHOCUTCIIBHO OCH JIMBHA.

The HiSCORE is an array of wide-angle detectors of Cherenkov light generated in exten-
sive air showers. As a response to showers the detectors give electric pulses. Whereas standard
shower analysis methods use only parameters of the pulses, in this work full pulse oscillograms are
used and their similarity is studied for the detectors placed symmetrically about the shower axis.

MPAMBIE ATMOC®EPHBIE HEUTPHHO
B MOJIEJIM KBAPK-T'JIIOOHHBIX CTPYH

M.H. CopoxoBukoB, C.1. CuHeroBckuii

'MpkyTckuii rocymapeTBeHHbIi yHuBepenTet, UpkyTek, Poccns
waleralincoln@mail.ru
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PROMPT ATMOSPHERIC NEUTRINO
IN THE QUARK-GLUON STRING MODEL

ML.N. Sorokovikov, S.I. Sinegovsky

"rkutsk State University, Irkutsk, Russia

BrimonHeH pacuer moToka MPSAMBIX aTMOC(HEPHBIX HEHTPUHO B HHTEpBAJC DHEPTUU
1-10° T3B, reHepupyeMbiX B pacrajgaXx O4apOBAHHBIX dacTuil, CedeHHs POXKICHHS 04apOBaH-
HBIX D-Me30HOB U A,-0apuOHOB B pA- U TA-COyAapeHHUAX PACCUUTAHBI B (PEHOMEHOIOTHYECKON
Mozaenu KBapK-ImiooHHBIX CTpyH (MKI'C), 3HaueHUs CBOOOMHBIX MapaMeTpoOB KOTOPOW ObLIH
YTOUHEHbI Ha OCHOBE JIJAHHBIX M3MEPEHUI B 3KCIIEpUMEHTax Ha boibiom anpoHHOM Kojaiiaepe.
PaccuntaHHbIi TOTOK MPSAMBIX aTMOCHEPHBIX HEUTPUHO HE MPOTUBOPEUHUT OFPAHUUYCHHIO, YCTa-
HOBIIEHHOMY B 3KkcrniepumenTe IceCube. [IpuBeneHo Takxke cpaBHEHHE C pe3ysIbTaTaMU PacyeToB
aBTOPOB, UCTIONIB3YIOIIUX IPYTUE MOJEIN POXKACHUS YapMa.

We calculate the prompt atmospheric neutrino flux in the energy range of 1-10° TeV aris-
ing from decays of the charmed particles. Cross sections of D-mesons and A -baryons produc-
tion in pA4- and nA4-collisions are calculated with the phenomenological quark-gluon string model
(QGSM), free parameters of which were improved using measurement data of the LHC experi-
ments. Predicted prompt neutrino flux is compatible with the constraint obtained in IceCube ex-
periment. Also we compare our calculation with other predictions obtained for different charm
production models.

KOJIEBAHUSA U CTPYKTYPHASA 2BOJIIOLIUSA
MEJKOMACIHITABHBIX MATHUTHBIX OBPA3OBAHHUI HA COJIHIIE

'IL.B. Crpexaiosa, *A. PuexokaiiHeH, 2B B. CMupHoBa,
TALA. CoJs0BBEB, T0.A. HaroBunbiH

'TnaBHas (ITynkoBckas) actpoHomuueckast oocepBatopust PAH, Cankr-IlerepOypr, Poccus
auriga-lynx@yandex.ru
*Yuupepcuter Typky, Typky, ®uHIAHIHS

OSCILLATIONS AND STRUCTURAL EVOLUTION
OF SMALL-SCALE MAGNETIC FORMATIONS ON THE SUN

'P.V. Strekalova, 2A. Riehokainen, Ly, Smirnova, TAA. Solov’ev, 'Yu.A. Nagovitsin

'Central (Pulkovo) Astronomical Observatory RAS, Saint Petersburg, Russia
*University of Turku, Turku, Finland

brutn mpoananu3upoBaHbl JUIMHHBIE KBa3UNIEPUOANYECKUE KOJIeOaHNsd METKOMACIITa0OHBIX
MarHUTHBIX CTPYKTYp, HaOJII0JJaeMbIX Ha COJTHEUHOH (oTocdepe, a TakKe B TPEX CHEKTPATbHBIX
Y®-nuausax (1600, 1700 u 304 A). [IpoBeneHo uccieq0BaHNE B3aUMOCBSA3U MEXAY 3HAUCHUSIMU
MarHUTHOTO TOJIsl, BPEMEHEM KU3HHU Y MIEPUOJaMU TITMHHOBOJIHOBBIX KBA3UINEPHOIUIECKUX KO-
nebaHui METKOMACIITaOHBIX MAarHUTHBIX CTPYKTYpP. OCHOBHOM 11€JIbI0 paOOThI OBLIT OAPOOHBIN
aHaJU3 CTPYKTYPHON M BPEMEHHON SBOJIOIMH MEIKOMACIITA0OHBIX MAarHUTHBIX CTPYKTYD,
HAOI0JaeMBIX B COMTHEUHON atMocdepe. CTpyKTypHas 3BOJIOIUS 00BbEKTOB MPOCIIEKUBATACH B
TEUEHHUE UX KU3HU. Bpemsi )KM3HU Kax0i CTPYKTYphI ObLIO pa3neneHo Ha Tpu ¢asbl: (asza po-
CTa, KBa3ucTabmibHasa (a3a u (asa pazpymenus. Kpasuneproanueckue kojaeOaHus ¢ eprHOAaMu
B nuamna3one 18—-200 mMuH Obutn OOHApPYKEHBI B KBa3UCTAOMIBHON (aze ®Ku3Hu CTPyKTyp. [lomy-
YEHBI 3aBHCUMOCTH MEX]Ty BpeMEHEM >KU3HU U MaKCUMAaJbHBIM 3HaYeHHEM MarHUTHOTO MOJIS UC-
ClIelyeMbIX OOBEKTOB, a TAK)KE€ MEX1y BPEMEHEM KM3HU U NeproaaMu KosiebaHuil. OOHapyKeHbI
CBSI3U MEXKAY MarHUTHBIMU 00pazoBaHUsIMU B oTochepe U ApKUMH CTPyKTypamu B Y O-THHHIX
1600, 1700 u 304 A. Te e neprossl KoneGaHuil HHTEHCUBHOCTH OBUIM OIIPEIe/ICHbI IPH aHATH3E
BPEMEHHBIX PSAIOB STUX JTMHHM.
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Long quasi-periodic oscillations of small-scale magnetic structures observed on solar pho-
tosphere as well as at three UV spectral lines (1600, 1700, and 304 A) are analyzed. The study of
the relations between the values of the magnetic field, the lifetime, and the period of long quasi-
periodic oscillations of small-scale magnetic structures was done. The detailed analysis of the
structural and the temporal evolution of small-scale magnetic structures observed in solar atmos-
phere was the main goal of this work. Structural evolution of small-scale magnetic formations
was traced during the life-time. The lifetime of each structure was divided into three phases: the
growth phase, the quasi-stable phase, and the destruction phase. Long quasi-periodic oscillations
with periods in range of 18-200 minutes were found during the quasi-stable phase of the lifetime
of structures. The dependencies between the lifetime and the maximum value of the magnetic
field of small-scale magnetic structures, as well as, between the lifetime and the periods of oscil-
lations were obtained. The relations between the magnetic formations at the photosphere and the
bright structures at 1600, 1700, and 304 A UV lines were found. The same periods of oscillations
were defined in time-series analysis of these lines.

NCCIEJOBAHUE MAKETA INOJIAPUMETPA COJICUT
B.E. Tomun, A.B. Kuceaés, U.B. Pycckux

HNuctuTyT comreuno-3emuoit puszukun CO PAH, UpkyTck, Poccust
tomin@iszf.irk.ru

STUDY OF SOLSYT POLARIMETER MOCKUP
V.E. Tomin, A.V. Kiselev, L.V. Russkikh
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Cozfanue CreKTpOINONISIpUMETPOB ISl U3MEPEHUSI MATHUTHBIX IOJIEH SIBISETCS aKTyallb-
HOM 3amayeil mpubopocTpoenus. V3mepenue nonHoro Bekropa CTOKCa MPEIbSBISET KECTKHE
TpeOOBaHUS K NOJSIPUMETPY M3-3a HU3KOIO YPOBHS CUTHAJIa TMHEWHON nossipusauuu. [IpoBeneHo
Matemarudeckoe moaenuposanue nossgspumerpa COJICUT. Iloka3ana onTuManbHOCTE MOAYJIS-
LAOHHBIX CXEM M3 IIECTH COCTOSTHUN MOYJIALIMH, B TOM YHCJIE YIPOLIEHHOTO BapUaHTa ONTHYE-
CKOH cxeMmbl nojspuMerpa. MccienoBana BO3MOKHOCTh UCIIOJIB30BAHUS MaKeTa Il MHOTOBOJI-
HOBBIX HaOJIOJEHUI C MOACTPOIKON Tosbko HampstkeHud DOII-monynstopos. [IpoBenena ka-
AOpoBKa MakeTa CeKTpomnoysipuMerpa B nadoparopun u Ha teneckone ACT CCO aist pa3HbIX
JUIMH BOJIH, YTO ITO3BOJIMJIO YYE€CTh OIIMOKHM FOCTMPOBKU W MOJYYWUTh CUTHAJIBI MOJISIPU3ALIAN U
MarHMTHOT'O TOJIS.

Design of polarimeter for measurement of magnetic fields is actual task of astrophisical in-
strument creation. Measurement of full Stokes vector imposes tight requirements for polarimeter
because of weak linear polarization level. Mathematical modeling of SOLSYT polarimeter was
conducted. Optimality of 6-states modulation schemes presented, including simplified polarime-
ter optical scheme. Possibility to use of this mockup for multiwavelength obesrvation with only
tuning of electrooptical modulators drive voltage is studied. Mockup spectropolarimeter was cal-
ibrated in laboratory and on site on AST SSO telescope for different wavelength. It allows to ac-
count alignment errors and obtain signals of polarization and magnetic field.

AHAJIN3 CIIEKTPA MUKPOBOJIHOBOI'O U3JIYYEHUA
3AJIMMBOBOM BCHBIIMIKH 1 CEHTABPA 2014 r.

M.C. Toponosa

HpxyTckuii rocygapcTBeHHbll yHUBepeuteT, Upkytcek, Poccns
locle@mail.ru
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ANALYSIS OF THE SPECTRUM OF MICROWAVE RADIATION
OF THE BEHIND-THE-LIMB SOLAR FLARE ON SEPTEMBER 1, 2014

M.S. Toropova
Irkutsk State University, Irkutsk, Russia

ConHevHbIe BCHBIIMIKH, TPOU3OIIEANTNE Ha 00paTHOUW cTopoHe COJHIIA U COMPOBOXKIAI0-
mecss O4eHb OBICTPHIMH KOPOHAITBHBIMH BBIOPOCAMH M MOIIHBIMUA COOBITHSIMH COJTHEUHBIX
KOCMHUYECKHUX JIy4ell, MpeacTaBsloT MHTEepec Kak JUisl uccienoBaTenei (DU3MKU COJTHEUHBIX
SPYNTHUBHBIA COOBITHI, TaK M IS TE€X, KTO 3aHUMAETCS SIBICHUSIMU KOCMUYECKOH 1morosl. [1pu-
MEpPOM TaKOTO COOBITHS sIBIIAETCS Bemblmka 1 ceHtsiOps 2014 r., mpousomieaias B aKkTUBHON
obnactu ¢ koopauHatamu N14E126 [Pesce-Rollins et al., 2016]. B nanHOM coObiTun ObLT 3ape-
TUCTPUPOBAH YPE3BBIYAHO BBICOKHUN YPOBEHb MUKPOBOJIHOBOIO HM3Jy4YEHHs HAa 4acTOTax N0
16 I'T, 9yTo HEOOBIUHO 17151 cOOBITUI Takoro Tumna. ABTOphI [Pesce-Rollins et al., 2016] BbI-
JBUHYJIA TUIIOTE3Y O TOM, YTO YACTHUIIbl ObUIM YCKOPEHBI Ha YyAApHBIX BOJHAX KOPOHAIBHOIO
BBIOpOCA M BBIHECEHBI ITUMH BOJHAMH Ha BUAUMYIO moBepxHOcTh Comuna. Eoin, Vilmer [2016]
CHENAIA NPEBAPUTEIbHbBIE OLUEHKH MarHUTHOTO IOJs, Mpeanosaras, 4T0 MUKPOBOJIHOBOE M3-
Jy4eHUEe UMEET TUPOCUHXPOTPOHHYIO TIPUPOTY, IPUHAJICKUT KOPOHAIILHOMY BEIOpoOCy H (hop-
MupyeTcs B HIkHel kopoHe ComHia. 3agadeil JaHHOW paOOThI SBISETCA OIIEHKA MAarHUTHOTO
MOJIsI HA OCHOBE MOJICIMPOBAHMSI CIIEKTPAa MUKPOBOIHOBOTO MU3YyUYEHHUSI C TOMOIIBIO MPOTPaMMBbl
GX_Simulator [Nita et al., 2005]. B kauecTBe mapaMeTpoB TEIJIOBOW BCTIBIIIEYHOM TIJIa3Mbl HC-
MOJIB3YIOTCS CTaHAAPTHBIC 3HAUEHUs (TeMIlepaTypa, MIOTHOCTH). [lapameTpbl yCKOpEHHBIX 4Ya-
CTHI] (CIIEKTPaJIbHBIN MHJIEKC, MIIOTHOCTh MOTOKA YCKOPEHHBIX AJIEKTPOHOB) OBLIM OLEHEHBI Ha
OCHOBE Pe3yJIbTaTOB, MOTy4YeHHBIX B padote [Pesce-Rollins et al., 2016]. [{is pacueToB ObL1O HC-
MOJTL30BAaHO MAarHUTHOE T0JIe, MosTydyeHHoe u3 MarauTtorpaMM HMI/SDO. Pesynbratel Mmoaenupo-
BaHUs CPABHHUBAIOTCS C HAOIIOAABIIMMCS MUKPOBOJIHOBBIM CIIEKTPOM U OOCYKIAIOTCS C TOYKU
3pEHHUs Pa3INYHBIX TUIOTE3 €r0 BOZHUKHOBEHUS.

The behind-the-limb solar flares that accompanied by very rapid coronal emissions and
powerful events of solar cosmic rays are of interest both for researchers in the physics of solar
eruptive events and for those involved in space weather phenomena. An example of such an
event is a flare on September 1, 2014, which occurred in the active area with coordinates
N14E126 [Pesce-Rollins et al., 2016]. In this event, an unusually high level of microwave radia-
tion at frequencies up to 16 GHz was recorded, which is unusual for this type of event. The au-
thors [Pesce-Rollins et al., 2016] hypothesized that the particles were accelerated on shock
waves of coronal ejection and carried by these waves to the visible surface of the Sun. Eoin,
Vilmer [2016] made preliminary estimates of the magnetic field, suggesting that microwave ra-
diation has a gyrosynchrotron nature, belongs to a coronal discharge and is formed in the low
corona of the Sun. The task of this paper is to estimate the magnetic field on the basis of model-
ing the spectrum of microwave radiation using the GX_ Simulator program [Nita et al., 2005].
The standard values (temperature, density) are used as parameters of a thermal flare plasma. The
parameters of the accelerated particles (spectral index, flux density of accelerated electrons) were
estimated on the basis of the results obtained in the paper [Pesce-Rollins et al., 2016]. For calcu-
lations, a magnetic field obtained from the magnetograms HMI/SDO was used. The simulation
results are compared with the observed microwave spectrum and are discussed from the point of
view of various hypotheses of its occurrence.

PA3BBUTHUE YCTAHOBKU TUNKA-REX
0O.JI. ®éxopos

HpkyTckuii rocynapcTBeHHbIN yHUBEpcuTeT, UpkyTck, Poccus
offedoroff@yandex.ru
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DEVELOPMENT OF TUNKA-REX FACILITY
O.L. Fedorov
Irkutsk State University, Irkutsk, Russia

VYcranoBka Tunka-Rex co3nana Ha 6a3e ycranoBku Tunka-133 B 2012 r. U3HagansHO Mac-
CHB HACUYMTHIBAT 18 aHTEHHBIX CTAHIIUH, MMOJKIIOYEHHBIX K CHCTEME cOOpa JaHHBIX YCTaHOBKU
Tunka-133. B Takoif konpurypamuu ngerekrop Tunka-Rex paboTanm TONBKO B T€YEHHE TEMHBIX
0e3myHHBIX Houel. B 2015 1. KomM4uecTBO aHTEHHBIX CTaHIUK OBUTO yBenu4eHo 1o 44, B 2016 T.
10 63. B Hacrosmieil paboTe nmpeacTaBiIeHbl MOCIEIHUE PE3yIbTAThI, TOJyUYEeHHBIC HA YCTAaHOBKE
Tunka-Rex, a Taxke 3aTparuBarOTCs aCIIEKThI KCILTyaTalluy Y CTaHOBKH.

The Tunka-Rex facility is based on Tunka-133 in 2012. Initially, the array consisted of 18
antenna stations connected to the Tunka-133 data acquisition system. In this configuration, the
Tunka-Rex detector worked only during dark moonless nights. In 2015 the number of antenna
stations was increased to 44, and in 2016 to 63. In this work, the latest results of the Tunka-Rex
facility are presented, and the aspects of its operation, also, are shown.

IHEPBBIE HABJIIOAEHUSA OPYIITUBHOI'O ITPOTYBEPAHIIA,
SAPEI'MICTPUPOBAHHOI'O CUBUPCKUM PAIUOT' EJIMOT'PA®OM,
B TUAITA3OHE YACTOT 4-8 I'T'y

1A.JO. ®enoroBa, 'A.T. AJITBIHIIEB, 'C.B. JlecoBoii, L2A A. Kouanos

WuctutyT conmneuno-zemuoit ¢puzuku CO PAH, Upkyrck, Poccust
fedotovanastya@mail.iszf.irk.ru

FIRST OBSERVATION OF AN ERUPTIVE FILAMENT
IN RANGE 4-8 GHZ RECORDED
THE SIBERIAN RADIOHELIOGRAPH

'A.Yu. Fedotova, 'A.T. Altyntsev, S.v. Lesovoli, 125 A. Kochanov
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Perynsipusie Habmonenus CoiHIa ¢ MOMOIIBIO MHOTOBOJIHOBOrO CHOMpPCKOTrO paauore-
muorpada (CPI') B nmanazone vactot 4—8 I'T'y Obutn Hauater B 2016 . CPI™ mpencrasnsier co-
6011 48-3nemenTHbIN T-00pa3ubiil pannountepdepometp. M3o0paxkenust ComHia GopMupyroTCs
MoCpencTBOM anepTypHoro (ypre-cuntesa. 25 utoHs 2016 r. CPI' 3apeructpupoBan B nuarna-
30He yacToT 4-8 I'T'm spynTuBHBIN npoTyOepaHel, KOTOpbIii HaOI0AaICcst B BOCTOYHOM YacTH
comaeynoro jumoba ¢ 01:47 UT mo 03:15 UT. [lo ganHBIM OpOMTaNIBHONW 0OCEpBaTOPUU
SDO/AIA, 3aumM060BBIi TpoTyOepaHel Jydile Bcero Habmogancs B kananax 171, 304, 131, 335
1 094 A. TIpoBoaumick Taxxke cpaBHeHUs n3oopaxenuii ¢ LASCO.

Regular observations of the Sun with multiwave Siberian Radioheliograph (SRH-48) in the
frequency range of 4—8 GHz were started at 2016. SRH-48 is 48-element T-shaped radiointerfer-
ometer. The images of the Sun are created via Fourier aperture synthesis. At 25 June 2016 the
SRH-48 registered eruptive filament in the range of 4-8 GHz, which was observed in the eastern
part of solar limb from 01:47 UT to 03:15 UT. According to orbital observatory SDO/AIA the
filament was best of all observed in the channels 171, 304, 131, 335 u 094 A. Also we compared
the images with LASCO.
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MOJAEJIUPOBAHHUE U BOCCTAHOBJIEHHUE ITAPAMETPOB IIAJI
ITO JAHHBIM YCTAHOBKH TUNKA-GRANDE

J.0. Yepnsbix (ot ko/u1adopanuu Tunka)

Hay4Ho-nccnenoBatrenbcKuil HHCTUTYT OPUKIagHON Gr3uKH,
Hpkyrckuii rocygapcTBeHHbIN yHUBEepeuTeT, UpkyTtek, Poccns
chernykh.dash@gmail.com

SIMULATION AND RECONSTRUCTION OF THE EAS PARAMETERS
FROM TUNKA-GRANDE DATA

D.O. Chernykh (for the Tunka Collaboration)
Applied Physics Institute, Irkutsk State University, Irkutsk, Russia

CuunTuisuuoHHas ycraHoBka Tunka-Grande m ycranoBka Tunka-Rex, perucrpupyio-
mue paguousnydenue 1IAJI, Bxoaar B cocraB oocepBatopun TAIGA (Tunka Advanced Instru-
ment for Cosmic Ray Physics and Gamma Astronomy), pacroioxeHHol B TYHKHHCKOW TOJIMHE
(PecniyOuka Bypsatust) B8 50 kM ot 03. baiikain. 3agaueii cOBMeCTHOM paOOThl YCTAHOBOK SIBJISICT-
Cs HMCCIICJIOBAHUE SHEPIeTHYECCKOrO CIIEKTpa M MAcCOBOTO COCTaBa IEPBHYHBIX KOCMHYECKHX
nydeit B quanasone suepruit 10'°-10' 5B. B noknane npeactasieHbl pe3ysbTaThl MOACTHPOBA-
HUS W OMKMCAaHUE METOJIUKH BoccTaHoBIeHUs napameTpoB IIIAJI mo manabpiM ycTtaHoBok Tunka-
Grande u Tunka-Rex.

The Tunka-Grande scintillator array and the Tunka Radio Extension (Tunka-Rex) array are
part of the TAIGA (Tunka Advanced Instrument for Cosmic Ray and Gamma Astronomy) ex-
perimental complex located in the Tunka valley (Republic of Buryatia, Russia), 50 km from
Lake Baikal. The purpose of the joint operation of the arrays is the study of energy spectrum and
mass composition of primary cosmic rays in the energy range 10"°-10" eV. The result of
simulation and the description of methods of reconstruction EAS parameters by data of the
Tunka-Grande and the Tunka-Rex arrays are presented.

HCIOJb30BAHUE CBEPTOYHBIX HEMPOHHBIX CETEN
JJIA JMATHOCTUKHU YCTAHOBKH TUNKA-REX

J.A. Iunuios (ot kotadopanun Tunka-Rex)

HpkyTckuii rocynapcTBeHHbIN yHUBepcuTeT, UpkyTck, Poccus
justforprince@gmail.com

CONVOLUTIONAL NEURAL NETWORKS
TO DIAGNOSE TUNKA-REX FACILITY

D.A. Shipilov (for the Tunka-Rex Collaboration)
Irkutsk State University, Irkutsk, Russia

VcranoBka Tunka-Rex mpeacTaBisieT CUCTEMY JICTEKTOPOB, KOTOpas Ha JaHHBIA MOMEHT
COCTOMT M3 63 aHTEHH. AHTEHHBI TPOU3BOAAT perucrpaiuio paguonsinydenus ot [IIAJL. B pa6o-
T€ MPEJCTABJICHBI PE3yJIbTaThl MPUMEHEHUSI CBEPTOYHBIX HEUPOHHBIX CETEW Il AUArHOCTUKH
CIIEKTPOB, MOJYYEHHLIX B X0/€e cOopa naHHbIX ycTaHOBKHM Tunka-Rex. Co3mana HelipoHHas CETh
Ha Oa3e OuOnmorek Keras, Tensorflow, BHeIpeHHas B MPOIECC MOHUTOPHHIAa COCTOSIHUS yCTa-
HOBKU. [Imanupyercs Takke MPUMEHUTh JaHHYIO TEXHOJOTHUIO AJisi 00paboTKH pauOCUTHAIIOB.

The Tunka-Rex facility installation represents a system of detectors, which at the moment
consists of 63 antennas. The antennas record the radio emission from the EAS. The results of
application of convolutional neural networks for diagnostics of the spectra obtained during the
data acquisition of the Tunka-Rex system are presented. A neural network was created on the
basis of the Keras libraries, Tensorflow, implemented in the process of monitoring the status of
the facility. It is also planned to apply this technology for the processing of radio signals.
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