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JEKLAU

JIMJAPHBIE TEXHOJIOTUH JTUCTAHIHUOHHOI'O OIIPEJAEJEHUA
ITAPAMETPOB ATMOC®EPBI HA OCHOBE HCIIOJIb30OBAHUAA
CIIEKTPOCKOIMAYECKHNX Y®PEKTOB B3AUMOJENCTBUA
N3JIYYEHUA C BEHHIECTBOM

C.M. BoOpoBHNKOB

WnctutyT ontuku atmocdepsl uM. B.E. 3yeBa CO PAH, Tomck, Poccust
bsm@iao.ru

LIDAR TECHNOLOGIES OF REMOTE MEASURING THE ATMOSPHERE
PARAMETERS USING SPECTROSCOPIC EFFECTS OF INTERACTION
BETWEEN RADIATION AND MATTER

S.M. Bobrovnikov
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

W3nararoTcst MPUHIMITGI JIA3ePHOTO 30HAMPOBAHUS aTMOC(HEPHI C UCIIOIB30BAaHUEM CIICK-
TPOCKOMUYECKHX IPPEKTOB B3aMMOACHCTBHS M3JIyueHHs ¢ BeuiecTBoM. [loapo6GHO paccmaTpu-
BAIOTCSI METOIbl TUCTAHIIMOHHOTO OTPEACIICHUSI TEMIIEPATyPhl H BIAKHOCTH aTMOC(EpHI ¢ HC-
noyib30BaHueM 3¢ ¢dekTa CrmoHTaHHOTO KoMOuHarmoHHoro paccesHus (CKP) nHa monexymax
aTMoc(epHOro a3oTa, KHCI0pOa U BOASHOTO mmapa. PaccMarpuBaeTcss METO AMCTaHIIMOHHOTO
razoananu3a Ha ocHoBe 3¢ dexra CKP ¢ ncnonbp3zoBanreM BO30YX AAIOLIETO M3IYUYEHHS «COJI-
He4YHO-caenoi» Yd-obmacTu cniekTpa. PaccmarpuBaeTcsi CIEKTPOCKOTTMYECKUN METO]T pas3ziesie-
HUS JTIUAPHBIX OTKJIMKOB a3pPO30JIBHOTO U MOJIEKYJISIPHOTO pacCcesHus sl KOPPEKTHOTO pelle-
HUS JIMIAPHOTO YPaBHEHHS MPH ONPEICIICHHH ONTHYSCKUX XapaKTepUCTHK atMochepsl. M3mara-
eTCs JIMJAPHBIA MEeTO/1 OOHAPY>KEHHsI CBEPXHU3KUX KOHIICHTPALUH a30TOCO/IEPKAIIUX BEIIECTB
B aTMocdepe Ha OCHOBE HCIOIBb30BaHMs A(DPEKTOB JazepHOU GparMeHTalud — Ja3epHO-
MHIYIIUPOBAHHON (DIIyOpPECIICHIIMHU CIIOKHBIX MOJIEKYJI OpraHWYecKux coeauHenuil. [IpuBoasarces
PUMEPBI TEXHUYECKON peaTn3aiiyl JHIAPHBIX METOJIOB U PE3YJIbTaThl MX HCIIOJIb30BAHUS MPU
30HAUPOBAHUH aTMOC(hEpHI M MTPOBEACHNUN KAINOPOBOYHBIX U3MEPEHUI.

HAIIMOHAJIBHBINA IMTPOEKT KPYITHOTI'O COJTHEYHOI'O TEJIECKOIIA:
3ATIAYH U ITEPCIIEKTHUBbI

ALIO. Kos0060B, B.M. I'puropses, M.JI. lemuaos, C.A. Yynpakos,
B.U. Cxomoposcknii, ILI. KoBaamo, B.A. Ilyasies

UnctutyT conneuno-3zemuoi ¢puzuxku CO PAH, Upkytck, Poccus
kolobov@iszf.irk.ru

NATIONAL PROJECT OF THE LARGE SOLAR TELESCOPE:
GOALS END PROSPECTS

D.Yu. Kolobov, V.M. Grigoryev, M.L. Demidov, S.A. Chuprakov,
V.1. Skomorovsky, P.G. Kovadlo, V.A. Pulyaev

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

®usuka CoHIIa — WHTEHCUBHO Pa3BUBAOIIASCS 00JIacCTh 3HAHUH, TJIe MPOTPECC OIpee-
JSETCsl yCIeXaMy B CO3aHUM COBPEMEHHBIX MHCTPYMEHTOB, CIIOCOOHBIX peliaTh KOMILIEKC 3a-
Jlad 110 HAOJIOZICHUIO COJTHEYHOW aTMOChephl. AKTyaIbHBI POOJIEMBI IPUPOIBl MATHUTHBIX TTO-
Jel W IMKJIa COJTHEYHOM aKTUBHOCTH, a TaKKe M3y4eHHE MAarHMUTHON HECTAOWILHOCTH W Mar-
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HUTHOH CHHMPAIBbHOCTH, KOTOPBIE BO MHOI'OM ONPEAEISAIOT (DEHOMEHBI COJIHEYHBIX BCIBIILEK U
KOPOHAJIbHBIX BBIOPOCOB Macc. DKCIEPUMEHTAJIbHAS 3ajjadya COCTOUT B M3MEPEHUU CHIIBHBIX U
CPaBHUTEIBHO cIa0bIX MAarHUTHBIX IOJIEH, a TaKXKe ABMIKEHHH IU1a3Mbl Kak B ¢oTocdepe, Tak U
B BEPXHHX CJIOAX COJIHEUHOM aTMocdepbl — XxpoMochepe n kopone. /[ moHuMaHus Beeit co-
BOKYITHOCTH SIBJIEHUH HEOOXOJMMBbI MHOTOBOJIHOBbIE HAOJIOACHUSA, KOTOpbIe OBl pazperann 1o
BBICOTE COJTHEUHYIO aTMOC(epy 1 MO3BOJIMIN U3ydaTh €€ TPEXMEPHYIO CTPYKTYypy. Heobxonumo
U3MEpPSTh MarHUTHBIE TIOJIS U HAOMIOAATh CBA3aHHbIE (U3NYECKHE MTPOIIECCHl HAa TeX MacluTalax,
Ha KOTOPBIX OHHU MPOUCXOIAT B AeicTBUTENbHOCTH (~70 KM). Pemenue 3Tux 3a1ay BO3MOXKHO €
MIOMOILBIO KPYITHOTO TEJIECKOIA C pa3MepoM anepTypsl 3 M U 0ojiee, CHaO)KEHHOTO aJallTUBHOU
OINTUYECKOM cHCcTeMO, criekTporpadgamu u ¢puiibTporpadgamu st o0ecreyeHns BICOKOTO Mpo-
CTPaHCTBEHHOT'O, BPEMEHHOI'0 U CIIEKTPAJILHOIO Pa3peIleHHMsL.

Solar physics is intensively developing science the progress of which is determined by
success in new instrument making. Relevant problems of the solar physics are origin of the solar
magnetic fields and solar activity cycle, magnetic instability and helicity. To observe complex
phenomena in the solar atmosphere one requires multiwavelength observations which allow us to
achieve height resolution of the solar atmosphere and to study its 3d structure. One of the main
goals is to observe physical processes at the fundamental scale which is about 70 km for the solar
surface. The solution of these experimental tasks is possible with new 3m solar telescope equipped
with adaptive optical system, spectrographs and filtrographs which provide high spatial, temporal
and spectral resolution.

COJIHEYHBIE PAANOTEJIECKOIIbI
C.B. JlecoBoii

HucturyT conueuyno-3emuon ¢pusukun CO PAH, Upkytck, Poccus
svlesovoi@gmail.com

SOLAR RADIO TELESCOPES
S.V. Lesovoi
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B nekuun usnaraercst 00630pHas HHPOPMALIUSA O COJIHEYHOM PaJUOU3IyUYeHUH U pajuoTe-
JIecKomax, 00CyKaaeTcs psiJl akTyaJIbHBIX MPo0JIeM B 3TOi 00acTu Hayku. ByayT paccMoTpeHsl
CJIEAYIOIINE BOIIPOCHL:

1. Papgnousnyuenne CosiHIa: TEIUIOBBIE M HETEIJIOBBIE MEXaHU3MBI PAIUON3ITYUCHHUSL.

2. ConHeuHble PaJOMETPBI U CIIEKTPOIOJIIPUMETPHI:

»  (IyKTyallMOHHasi YyBCTBUTEJIBHOCTh PaJUOMETpa, TWHAMHUYECKUE CIIEKTPHI, OICHKA
ckopocTHu aperda 351eKTpoHOB BO Bpemsi BerieckoB Tuna Il u omeHka ckopocT BEIOpOca KOpo-
HAJIBHOW MacChl 110 TUHAMUYECKHM CIEKTPaMm;

» MOJETMpPOBAaHUE OTKJIMKA paJlOMETpa C y4eTOM AWarpaMMbl HalPaBIEHHOCTH, MOJIO-
CBl PUIIBTPA, aBTOKOPPEIATOPA U HHTEIPATOPA;

» KaTuOpOBKAa PaInOMETPOB.

3. ConHeuHble paJHOUHTEPHEPOMETPHI:

» JIBYX3JICMCHTHBIH KOPPEJSAIMOHHBIN paanouHTepdepoMeTp, Teopema BaH Llurrepra—
IlepHuke, anepTypHbIN CUHTES;

» CBSI3b MOJIOCH TPOMYCKAHUS IPUEMHHKA M OTKJIMKA Ha pa3IMYHbIe TEOMETPHUUECKHUE 3a-
TIEPKKH;

» BIUMsHHE OIIMOOK B ompeaereHuH 0a3bl paauorHTEp(epoMeTpa Ha KOMIICHCAIUIO I'e0-
METPUYECKOH 3a/Iep’KKU 1 Ha OCTAaHOBKY MHTEP()EPEHLINOHHBIX JICTIECTKOB;

» OIMOKN B M3MEPEHUU KPOCCKOPPEISALMH, BbI3BAaHHbIC KBAHTOBAHUEM BBIXOJHBIX CHI-
HaJIOB;
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» TpeOOBaHUS K TOYHOCTH KOMIICHCAIIMM T'€OMETPHUYECKOW 3aJIePXKKH ISl COJHEYHBIX
paauouHTephepoMeTpoB;

» BIMSHUE OIMIMOOK B COIPOBOXKICHUH HA PE3YIIbTaT KPOCCKOPPEISIIHH;

» METOIbl KaTMOPOBOK COJIHEYHBIX PaAMOMHTEPPEPOMETPOB: M3OBITOYHOCTH AHTEHHOM
pemieTK, CaMOKaTnOpOBKa.

JUJIAPHAS TEXHOJIOT'UA 30HAAPOBAHUS CPEJHEN ATMOC®EPHI
N HUWKHEU TEPMOC®EPHI (10-100 km)

I'.I'. MaTBuenko, B.H. MapuueB

UnctutyT ontuku atmocdepsl uM. B.E. 3yeBa CO PAH, Tomck, Poccus
marichev@iao.ru

LIDAR TECHNOLOGY OF SOUNDING THE MIDDLE ATMOSPHERE
AND LOW THERMOSPHERE (10-100 km)

G.G. Matvienko, V.N. Marichev
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

Bormpocy rino6anbHOro MOHHUTOPUHTA aTMOC(EPHI B Pa3HbIX 10 BHICOTHOMY PACIIOJIOKECHHIO
ciosix — Tporocdepa, crparochepa, mezochepa u Tepmochepa — B TocieIHEE BpEMsT YACTSICTCS
Bce OoJblliee BHUMAHHE, MTOCKOJIBKY 3TO CBSA3aHO ¢ MPOOJIeMOil M3MEHEHHs KIMMaTa BCIIEICTBUE
MPUPOIHBIX M aHTPOIOTEHHBIX MpoIieccoB. MccnenoBanus B 1aHHOM HaIpaBJIEHUU MPOBOAATCS
B paMKax IporpaMM MHpOBOro Macmrada, Hanpumep, «U.S. Global Change Program» u ee Bax-
Ho# cocrasisttorieit «Coupling Energetic and Dynamics of Atmospheric Regions».

KiroueBast posib B peanu3anuu 3TUX IPOrpaMM OTBOJMUTCS MPUMEHEHUIO JIUJAPOB KaK CO-
BPEMEHHBIX MTPUOOPOB, MO3BOJISIIOIIMX HA HOBOM KaueCTBEHHOM U KOJMYECTBEHHOM YPOBHE HC-
CJIEZIOBAaTh COCTOSTHHE M COCTaB aTMOC(EphI B IIMPOKOM HHTEPBAJIe BBICOT C BHICOKUM BPEMEH-
HBIM U TIPOCTPAaHCTBEHHBIM pa3peuieHueM. Peanuzanus B nunapax pa3indHbIX METOAOB 30HIM-
pPOBaHMS TIO3BOJISET MOMyYaTh MIUPOKUH HAOOP MPOPUIBHBIX XapaKTEPUCTUK (PU3NIESCKUX BEITH-
YUH U COCTABJISIIOMIMX aTMOC(epbl, TAKMX KakK IUIOTHOCTh, TEMIIEpAaTypa, CKOPOCTh BETPa, a’po-
3071b, KOHIIEHTpalus Ta3oB. KommiekcHas uHbopMalus 00 yKa3aHHBIX BEIHMYMHAX MO3BOJISIET
MOJIy4aTh 3HAHUS O re0(PU3NIECKUX U KOCMO(DU3NUECKUX MPOIECCaX U SIBICHUSIX, MPOTEKAIOLINX
B Tonmie atMocepsl. K HUM OTHOCSTCSI BIMSIHUE COJTHEYHON aKTHBHOCTH, BYJIKAHOTCHHBIE U
ceiicMHUecKHe MpOIeCChl, TPaBUTAIIMOHHBIC U IUIAHETApHbIE BOJIHBI, CTpaTOC(epHble MOTerlIe-
HUSI, TIOJISIPHBIEC U cepeOpHcThie 00IaKa.

Heo0xomuMo OTMETHTh, YTO OCBOEGHHE BBICOKHX CJIOEB aTMOC(Ephl, BKIItOUas Me3ocdepy u
TepMocepy, KOTOpbIE OCTAIOTCS CIa0OM3y4YEHHBIMH, HEBOMOXHO O€3 MPUMEHEHHUS JUAAPOB C
KPYMHOTabapuTHOM ONTHKOM M MOIIHBIMH Ja3epamu. [locienHue KOMIIOHEHTHhl C MaKCHMAabHO-
BO3MOXKHBIMH TTapaMeTpaMH MPEATNOIaraeTcs peaan3oBaTh B Me3ocdepHo-crpaTochepHom (MC)
auaape, KoTopelil Oyner co3gaBarbest MC3®D Ha Tepputopuun Mpkyrckoit odmacti B pamkax Haru-
OHAJILHOTO Tefroreousnyeckoro komriekca (2 sram). [Ipumenenne MC-nmgapa HO3BOJIUT MOTY-
YUTh HOBBIE 3HAHUS O TPYIHOJOCTYIHBIX CIOSX aTMOC(ephbl U UX CBA3U C BBIIIE- U HUXKEPACIIOJO-
YKCHHBIMH CJIOSIMH, & TAK)KE C YITOMUHAEMBIMH BBIIIIE MPOIECCAMHU U SIBJICHUSMH.

[Ipennaraercs O3HAKOMUTH CIIyIIaTelIeHd C IUIAHUPYEMBIMU K HCIOJb30BaHUI0 B MC-
nuaape GU3NYeCKUMHU MPUHITUIIAME 30HAUPOBAHMS aTMOC(hEepsl, ¢ MPeArnoIaraeMoi cXeMoi mo-
CTPOEHUS IUJapa M OTAENbHBIX €r0 Y3JI0B Ha OCHOBE OIbITA CO3/IaHUSI COBPEMEHHBIX MEPEI0BBIX
JUAAPHBIX CUCTEM, a TAK)Ke C BO3MOXKHOCTSIMH U3MEpPEHUI nmapaMeTpoB aTMoc(hephl.

Jlekuus BKJIIOYAET TpU pasjena. B mepBom paccmarpuBaroTcst (PU3NUYECKUE OCHOBBI JHIAP-
HBIX METOJIOB 30HAMPOBAaHUS aTMOc(hephl, TaKUX KakK YIPyroe MOJEKYISIPHOE U a3pO30JIbHOE
paccesinue cBeTa (paccesiuue Panest 1 Mu), MeTo KOMOMHAIIMOHHOTO paccestHus cBeTa (pacces-
Hue Pamana) u Merona pe3oHaHCHOro paccestHusi cBeTa. C MOMOIIBIO 3TUX METOAOB MPOU3BOIATCS
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M3MEpPEHHs a3PO30JIbHOM cTpaTu(uUKaluu atMocdepsl, TPOPHIBHBIX XapaKTEPUCTUK TeMIepaTy-
PBI U CKOPOCTH BETpA.

Bo BTOpOM paznene npencraBieHbl YHUKaIbHbIE JTUAAPHBIE KOMILIEKCHI, HA KOTOPBIX BbI-
MOJIHSICTCSL 30HAUPOBAHKUE CPETHEH M BepXHEW HelTpanbHOU aTMmochepsl. B mepByio ouepens
3T0 JuAapHbIi KomIuieke oocepBaTopun ALOMAR, Ha KOTOpOM BeAyTCS KOMILIEKCHBIC HCCIIE-
JIOBaHUS CpeIHel M HIDKHEeH arMocdepsl rpynmoil yueHslx u3 ['epmanuu, ®@pannum, Bemuko-
Oputrannu U Hoperuu. Komreke Bkiro4aeT aBa mpueMHBIX 3epkaia qnuametpoM 1.8 M ¢ Bo3-
MO>KHOCTBIO JHEBHBIX U3MepeHHil. Takke pacckaspiBaeTcs 0 KpynmHorabapuTHBIX Juaapax M-
JIMHOMCKOI'0 YHUBEPCUTETA C MPUEMHBIMHU 3€pKaJlaMH JTuaMeTpaMu 3 U 4 M, pacloJIOKEHHBIX B
obcepsatopusix Starfire Optical Range u Maui Space Surveillance Site.

B Tpetbem paznene npuBeAeHb! pe3yabTaThl U3BMEPEHHUM a3p030J1s, TEMITEpATyphl, TUIOTHO-
CTH, CKOPOCTH M HalpaBJIeHUs BeTpa B cTpaTochepe, Me3ocdepe U HIKHEH Tepmocdepe, Mmoiy-
YeHHBIC Ha 3apyOekHbIX uaapax u muaape MOA CO PAH.

MATHUTOT'UJIPOJJUHAMUYECKASI CEMCMOJIOTUS
B.M. HakapsikoB

Bopsukckuii yausepcuret, KoBentpu, BenukoOpuTtanus
V.Nakariakov@warwick.ac.uk

MAGNETOHYDRODYNAMIC SEISMOLOGY
V.M. Nakariakov
University of Warwick, Coventry, United Kingdom

CoBpeMeHHbIE HAOIIOIaTEIbHBIE HHCTPYMEHTBI O0ECTICUMBAIOT HAICKHYIO PETUCTPAIIHIO
BOJIHOBBIX U KOJIeOaTeNbHBIX MPOLECCOB B MJIA3MEHHBIX CTPYKTypax kopoHsl CoJiHIIa ¢ mepuo-
JaMU OT JI0JIEW CEKYH[IbI 10 HECKOJBKUX JECSITKOB YacOB U XapaKTEPHBIMH CKOPOCTSIMU OT He-
CKOJIBKUX JIECSITKOB JI0 HECKOJBKUX THICSY KHJIOMETPOB B CEKYHIY. TeopeTrnueckoe MOIeNupo-
BaHHME HTUX MPOLECCOB IMO3BOJISIET MHTEPHPETUPOBATh UX KAK MArHUTOTUAPOIUHAMUYECKUE
(MI'1) BomHBI. B 9acTHOCTH, pa3IMyarOTCsl M3THOHBIC, COCHCOYHBIE M TPOJOJIbHBIC BOJHBI.
CBoiicTBa 3TUX BOJIH OIPEACIIAIOTCS MapaMeTpaMy IUIa3MEHHBIX BOJIHOBOJIOB, B KOTOPBIX OHU
HabOmoatoTes. JlaHHas 3aBUCUMOCTh co37aeT 0a3uc AJis IMarHOCTUKY I1a3Mbl KopoHbl ColHia
¢ nomotbo MI'JI-BonH. [Ipumenenne merona MI /[-celicMonoruu siBisieTCss OTHON U3 OQUIIH-
NMbHBIX HAy4YHBIX IleJel mHCTpyMeHTa Atmospheric Imaging Assembly Ha KocMHYECKOM arima-
pare Solar Dynamics Observatory. MeToa Mo3BOJISIET OLIEHUBATH BETMUYUHY MAarHUTHOTO TIOJIS B
AKTHBHBIX 00JIACTSIX KOPOHBI, KAy BBICOT, TPAHCIIOPTHBIE KO3(PDHUIIMEHTHI, (DYHKIIHIO HarpeBa
KOPOHBI, XapaKTepHbIC MapaMeTpbl MEIKOMACIITa0HOH (MIIaMEHTAIlUU TUTa3Mbl BJIOJIb MarHHT-
HOTO TOJIS U T. M. JlaHHBIe MapaMeTpbl MPUHIUIHAIBHO BaXKHBI JUIs IOHUMaHUS (yHIaMEHTalb-
HBIX (PM3UYECKUX MPOIIECCOB B KOPOHE M HEOOXOIUMBI IS MPEICKa3aHUsI KOCMHUYECKON MOTOIBI,
HO MX BEChbMa CJI0KHO M BO MHOTHX CUTYaIlUsIX HEBO3MOXHO M3MEPUTh TPAAUIIMOHHBIMU METO-
namu. HaGmioneHus: KBa3UIEPHOIUYECKIX MTYJIbCAlM BO BCIBIIIKAX HA JPYTUX 3BE3JaX U HX
uaTepnpetarus kak MI'J[-konebanuii 1 aBTOKOJIeOaHUI OTKPHIBAIOT MHTEPECHBIC TTEPCIIEKTUBBI
JU1sl TpUMeHeHus MeTona MI'/[-celicMOJIOruu K aHaiau3y KOPOH 3BE3/.

Wave and oscillatory processes are confidently detected in various plasma structures of the
corona of the Sun, with modern observational tools. Periods of these waves range from a fraction
of a second to several tens of hours, and the typical speeds are from tens to thousands of km/s.
Advanced theoretical modelling allows us to identify these processes as magnetohydrodynamic
(MHD) waves. In particular, one can distinguish between kink, sausage and longitudinal modes.
Observed properties of these waves are determined by parameters of the plasma waveguides
supporting them, creating the basis for remote, MHD-wave-based diagnostics of coronal plas-
mas. The method of MHD seismology is one of the official aims of the Atmospheric Imaging
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Assembly on the Solar Dynamics Observatory spacecraft. This diagnostic technique allows us to
estimate the magnetic field in coronal active regions, density scale height, transport coefficients,
coronal heating function, sub-resolution spatial scale of field-aligned filamentation, etc. These
parameters are important for understanding basic physical processes operating in the corona, and
are necessary for space weather forecasting, but it is difficult or impossible to estimate them by
traditional methods. Observations of quasi-periodic pulsations in stellar flares, and their associa-
tion with MHD oscillations and self-oscillations opens up an interesting perspectives for MHD
seismology of stellar coronae.



BLIDD-2015. Cexyus A. Acmpodusura u dusura Cornya
KOH®EPEHIMSA MOJIOJAbBIX YUYEHBIX
CEKLIAS A
ACTPO®OU3NKA U PUSUKA COJIHIA

HNEPUOJA OTCEYKHU MEJJVIEHHBIX MATHUTO3BYKOBBIX BOJIH
B KOPOHAJIBHBIX IIVTASMEHHBIX CTPYKTYPAX

A.H. Adanacnen

WucturyT conmaeuno-zemuon ¢puszuku CO PAH, Upkytck, Poccus
afa@iszf.irk.ru

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

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

[TpononbHBIE BOJHOBBIE BO3MYIICHHS IJIOTHOCTH B MAarHMTOIUIA3MEHHBIX CTPYKTYpax
COJIHEYHOM KOPOHBI MHTEPIPETUPYIOTCS KaK MEAJIEHHbIE MarHUTO3BYKOBBIC BOJIHBI. AHau3
TaKUX BOJIH MPEJICTABIISET HHTEPEC ISl AMATHOCTUKY TIA3MBbI, & TAKXKE JIJIsl BBISCHEHUS UX POJIH
B npoOjemMax HarpeBa KOPOHBI M YCKOpPEHHS COJIHEYHOro BeTpa. B paboTe paccmaTpuBaercs
pacmpocTpaHeHUE JJIMHHBIX MEUICHHBIX MarHUTO3BYKOBBIX (TPyOOUYHBIX) BOJIH B U30TEpMUYE-
CKHX KOpPOHaJbHBIX MarHWTOIUIa3MEHHBIX TpyOKkax. Mccnenyercs BIUsSHNE HA pacpOCTpaHEHUE
BO3MYLIEHUI BOJIHOBOJIHBIX CBOMCTB CpP€Jibl, MArHUTHOW NIPUPOJBI BO3MYILEHUM, a TAKXKE CTpa-
TU(UKaAIK Cpeabl BCIEICTBUE IrpaBUTALUU. Vcronb3yercs nmpuOIMKeHne TOHKOW MarHUTHOM
TpyOKH 0e3 ydeTa TUCTIEPCUU M3-3a KOHEYHOTo paauyca TpyOku. [lomydeHo BOTHOBOE ypaBHe-
HUE Ui TpyOOUHBIX BOJH, KOTOpOE MpHUBEACHO K ypaBHeHUIo KieiiHa—I opioHa ¢ nmepeMeHHbIMU
Kod(pPUIHeHTaMH. AHAIM3UPYIOTCS BEPTUKAIbHBIEC MPOQIIIN MEPUOJIa OTCEUKH B KOPOHAIBHBIX
YCIIOBUSIX B CPABHEHUHU C M3BECTHBIMH CIy4asiMH MMOCTOSHHOM anb(BEHOBCKO CKOPOCTH U 3BY-
KOBBIX BOJIH.

The longitudinal compressive waves in field-aligned plasma structures of the solar corona
are interpreted in terms of slow magnetoacoustic waves. The analysis of slow waves is of interest
for plasma diagnostics as well as for understanding their possible contribution to corona heating
and solar wind acceleration. We consider the propagation of the long-wavelength slow magneto-
acoustic waves (also referred to as tube waves) in isothermal coronal magnetic flux tubes. We
investigate the role of obliqueness, magnetic effects and stratification of the medium due to grav-
ity in the propagation of waves. We apply the thin flux tube approximation, neglecting the dis-
persion due to the finite radius of the flux tube. We derive the wave equation for tube waves and
reduce it to the form of the Klein—-Gordon equation with varying coefficients. The vertical pro-
files of the cut-off period are analysed for the coronal conditions and compared with the known
case of the constant Alfven speed as well as with the pure acoustic case.

KOHCTPYKIUS CHUUHTHLUIAIMOHHBIX CTAHIIUIA
YCTAHOBKH TUNKA-GRANDE

'H.M. Bynanes, '0.A. I'pecc, 'p.JI. Monxoes, *JLA. Ky3bmuuen

"HayuHo-uccrneioBaTenbcKuii MHCTUTYT npuKIanHoil dusuku UI'Y, UpkyTck, Poccus
makaay08@rambler.ru
2Haqu0-Hccnez[03aTenbc1<Hﬁ UHCTHUTYT siaepHoit ¢pusvku uM. [1.B. Ckobenbiisina MI'Y, Mocksa, Poccust
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THE CONSTRUCTION OF THE SCINTILLATION STATIONS
FOR THE TUNKA-GRANDE EXPERIMENT

IN.M. Budnev, '0.A. Gress, 'R.D. Monkhoev, L.A. Kuzmichev

!Applied Physics Institute of the Irkutsk State University, Irkutsk, Russia
2Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow, Russia

Jnst coBMecTHOM paboThl ¢ yctaHOBKO#M Tunka-133 Obla pa3BepHyTa ceTh CHUHTHIUIALU-
OHHBIX CTAaHIMK, moyryunBInas Ha3Banue Tunka-Grande. OOmas miomaas HOBOH YCTaHOBKH CO-
crapiser okono 0.8 kM2, YcTaHOBKa COCTOMT U3 380 CUMHTUWIISIMUOHHBIX CYETYUKOB IIJIONIAbIO
0.64 M Kaxaplid. CueTurku pa3menieHbl Ha 19 crannusx. Kaxmas craHuuys UMEeT Ha3eMHYIO U
MOJI36MHYIO 4acTbh, B KOTOPBIX PACIOJIOKEHBI 12 1 8 cCUETUYMKOB COOTBETCTBEHHO. MBI ITpecTaB-
JIsieM KOHCTPYKITHUIO CIIMHTUJUISIIMOHHON CTAaHIIUU U TIEPBBIC PE3YIbTaThl pA0OTHl YCTAHOBKH.

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

YUCJIEHHOE MOJAEJINMPOBAHUE TUHAMUKH
BEPXHUX CJIOEB ATMOC®EP HEUTPOHHBIX 3BE3/]]

ML.A. I'apaces, E.B. /lepuen

WucturyT npuknanuoi Gpusuku PAH, Hwkuuii Horopon, Poccust
garasyov@mail.ru

NUMERICAL SIMULATIONS OF DYNAMICS
OF THE UPPER ATMOSPHERE OF NEUTRON STARS

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

[TpencraBieHsl pe3yabTaThl YUCIEHHOTO MOJICIMPOBAHMS TIEPEHOCA U3ITYYCHUS U THHAMU-
KM TUIA3MBI B TOPSYUX CHIIBHO3aMarHMYEHHBIX aTMocdepax HEUTpOHHBIX 3Be3. Ilpu sTom ne-
TaJbHO YUYTEHO PE30HAHCHOE LIUKIOTPOHHOE paccesHre (POTOHOB, BKIIIOUYAsi U BHI3BAHHOE UM TIie-
pepacrhpe/ielieHre Mo 4acToTaM. B BBIYHCIEHUSX MPEAnoiaraercsi, 4ro atMocdepa COCTOUT U3
MOJTHOCTBIO MOHU3UPOBAHHOM BOJOPOIHOM WIIM T€IMEBOM I1a3Mbl. Pe3ynbTaThl YNCIEHHBIX pac-
YETOB IMOKA3BIBAIOT, YTO JJIS TIOTYYEHUS IETATLHOTO CIEKTPa U3ITyIeHUsT aTMOC(ephbl HEUTPOHHOM
3Be3bl HEOOXOAMMO YUUTHIBATh KaK IepepacipeielieHle 4acToT (POTOHOB IIPU pacCessHUU, TaK
Y CMEHY noJisipu3auuu. Mcnosb3ys NoJydEHHbIE PELICHUSI YPaBHEHUM MIEPEHOCA U3ITyUEHUS, Mbl
HAIlUTM JIMAra30H MapaMeTpoB, MPU KOTOPHIX BO3MOXKHO BO3HMKHOBEHHE MCTEUEHHS IUIa3MBbl 10JT
I[eﬁCTBHGM JaBJICHHA U3JTIy4YCHUS B L[HKJIOTpOHHOﬁ JIMHUMH. HpI/I oMo MOACIMPOBAHUA METOAOM
YacTHII B siUeKax MpoaHaIM3upPOBaHbl pa3InuyHble HEYCTOWYUBOCTH I1JIa3Mbl, KOTOPbIE BOSHUKAIOT B
TakuX arMocepax IMoJ ACHCTBUEM CWIIBI JABIICHHUS W3TydeHHs. B 3aKimroueHre aHaTM3UPYIOTCS
BO3MO>KHBIE HAOIIOJaTeNIbHBIC TPOSIBICHUSI TAKMX UCTEYEHUH.

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

UCCJEJOBAHUE OCOBEHHOCTEN JUHAMMWYECKHUX IMTPOIIECCOB
B COJTHEYHOM BETPE U UX OTPAKEHHUA B TEH30PHOM AHU3O0TPOITUH

ILIO. I'0101000B, I'.®. KpbiMmckuii, [1.A. KpuBomankus,
C.K. I'epacumona, B.I'. I'puropnes

HucTuTyT KOcMOpHU3nIecKuX uccieaoBanuii u asponomun uM. FO.I'. Illadepa CO PAH, fkytck, Poccus
gpeter@ikfia.sbras.ru

STUDY OF FEATURES OF DYNAMIC PROCESSES IN SOLAR WIND
AND THEIR REFLECTIONS IN TENSOR ANISOTROPY

P.Yu. Gololobov, G.F. Krymsky, P.A. Krivoshapkin, S.K. Gerasimova, V.G. Grigoryev

Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

VYrnoBoe pacnpezesieHne UHTEHCUBHOCTH KOCMHYECKHX Jy4ei MOXKET OBbITh OMHCAHO TaK
Ha3bIBAEMOW TEH30pHOW AHU30TPOIMEH, KOTOPAasi TEOMETPUUYECKH B MPOCTPAHCTBE UMEET BUJ
TEH30pHOro umIcouaa. Mcecneayercs u3MeHEHHE apaMeTpOB AJUIAIICONIA B 3aBUCUMOCTH OT
CKOpPOCTH COJHEYHOI'O BETpPa M HAIPSIKEHHOCTH MEXIUIAHETHOTO MAarHUTHOTO IOJIS BO BpeMsl
Pa3IMYHBIX AMHAMUYECKUX MPOLECCOB. TakoW MOAXOJ IMO3BOJISAET MOJYy4aTh JOMOJHUTEIbHBIC
CBEICHUSI O TPUPOJIE TUHAMUYECKUX IMPOILIECCOB B MEXKIUIAHETHOU cpexe. s oObsicHEeHUs To-
JIy4YEHHBIX PE3yJbTAaTOB IPUBJIEKAOTCS PA3IMYHbBIE MEXAHU3MBI.

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

COOTHOHEHUA MEXIY HIAPAMETPAMUA
COJIHEYHBIX 3PYIITUBHBIX COBBITHI
M OKOJIO3EMHBIX TIPOTOHHBIX BO3PACTAHU BBICOKHUX DHEPT Ui

B.B. I'peunes, B.U. Kuceaen, H.C. Memajaxkuna

"MucruryT conreuno-semuoit pusuku CO PAH, Upkyrck, Poccust
valentin_kiselev@iszf.irk.ru

RELATIONS BETWEEN PARAMETERS OF SOLAR ERUPTIVE EVENTS
AND HIGH-ENERGY NEAR-EARTH PROTON ENHANCEMENTS

W.V. Grechnev, V.1. Kiselev, IN.S. Meshalkina
YInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[IpuBoasTCsa pe3ynbTaThl UCCACAOBAHNS COOTHOIICHHUS MEKIY MHUKPOBOJIHOBBIMH BCILIEC-
kamu Ha 4dactore 35 I'T1y u 0KO0JI03€eMHBIMM MPOTOHHBIMH BO3PACTAHUSIMU BBICOKHX DHEPTHH,
JOTIOJHSIONIME pe3yabTaThl padbotsl [Grechnev et al., PASJ, 65, SP1, S4, 2013] u HegaBHue BbI-
BOJBI JIPYTUX aBTOPOB. IIpoaHannM3upoBaHbl pa3udyHble KOMOWHAIIMHM ITHMKOBBIX 3HAYCHHH H
(hITFOCHCOB MapaMeTpPOB COJTHEYHOH aKTHUBHOCTH M MPOTOHHBIX COOBITHI ITO JaHHBIM PaguoIIO-
aapumeTpoB HobOesima Ha yacToTte 35 I'T'1; 3a 1990-2015 rr. Koppensamnus Mmexay paroeHcaMu
0Kazajach BBIIIE, YEM MEXKAY MUKOBBIMU MOTOKAMH, YTO, BEPOATHO, OTPAKAET 3aBUCUMOCTh

10



BLHIDPD-2015. Cexyusn A. Acmpousuxa u guzuxa Connya

Yucia MPOTOHOB OT O0IIEH MPOIOJDKUTEILHOCTH Pa0OThl YCKOPUTEIBHOTO Mpoliecca. Y CTAaHOB-
JieHa mpsiMas 3aBUCHMOCTb BEPOSTHOCTH IMPOTOHHOIO BO3pAaCTaHUs OT IMHMKOBOT'O TOTOKA
Bcruiecka Ha 35 I'T'1 u ero anmuTtenbHOCTH. Pe3ynbTaThl MOKa3bIBAOT, YTO MTPOTOHBI, YCKOPEHHBIEC B
COJTHCUHBIX APYNTHUBHBIX COOBITHSX, COIPOBOKIAFOIIMXCS MOITHBIMA MUKPOBOJIHOBBIMU BCILJICCKA-
Mmu Boiie 1000 c.e.n., UMEIOT B OCHOBHOM BCIIBIILIEYHOE MTPOUCXOXKICHUE, TOTJIa KaK MPOTOHBI B
OoJiee cmadbIX COOBITHIX YCKOPSIOTCS MPEUMYIIIECTBEHHO yIaPHBIMH BOJTHAMH.

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

W CIOJIb30BAHUE HABJIIOJJEHUI TPEXMUHYTHBIX KOJEBAHUAM
A1 UBMEPEHUSA CKOPOCTHU 3BYKA U BBICOT ®OPMUPOBAHUA
N3JIYYEHUA B ATMOC®EPE COJIHEYHBIX ITATEH

A.C. lepec, C.A. An¢punorenton, U.U. MplibsikoB

HucturyT comredno-3eMmuoit puzuku CO PAH, Upkyrck, Poccus
deres@iszf.irk.ru

THE ESTIMATION OF THE SOUND SPEED AND THE EMISSION FORMATION
HEIGHTS ABOVE SUNSPOTS FROM OBSERVATIONS
OF THREE-MINUTE OSCILLATIONS

A.S. Deres, S.A. Anfinogentov, I.1. Myshyakov
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

IIpencrapiaeH ceiicMOIOTHMYECKUM METOJ HM3MEPEHHS BBICOTHOTO PACCTOSHUS M CpeaHEH
CKOPOCTH 3BYKa MEXIY CIOSMH aTMOC(hEepbl TCHH COJIHEYHOTrO IATHA, HAOII0IaeMbIMH Ha pa3-
HBIX JUTMHAX BOJH. [IpemmokeHHass MeTOIUKa ITO3BOJISICT OLICHUTD 3TH IapaMeTphl, He BBOIS J10-
MTOJIHUTEIbHBIX IPEIINOI0KEHUH O CKOPOCTU 3BYyKa MIIM BHICOTaX (DOPMUPOBAHUS H3JTyYCHHS.
MeTo 0OCHOBaH Ha U3MEPCHHUH 3a[CPKEK M IPOCTPAHCTBEHHEBIX CMCIICHUM, BOZHUKAIOIIUX IPU
pacIpoCTPaHEHHH TPEXMUHYTHBIX KOJICOAHHUI OT OJHOI'0 YPOBHS COJHEYHOM aTMochepsl K ApY-
romy. Mcnonb3oBanuch HAOMIOMCHHUS TPEXMHUHYTHBIX KOJICOAaHMI HaJ TCHBIO ISTHA aKTHBHBIX
obnacteit NOAA 11131, 11582, 11711 mo ganaeiM SDO/AIA nHa mnunax BonH 1700, 1600 u
304 A. Cuntanock, 4To TPEXMHHYTHBIE KOJCOAHUS SBIISIFOTCS MEUICHHBIMA MAarHUTO3BYKOBBI-
MM BOJHAMU H PacCIPOCTPAHSIOTCS BAOJL CHIIOBBIX JIMHUM MarHUTHOTO II0JsA. PacmpocrpaHssach
BBEPX, STU BOJIHBI PACIIUPSIIOTCS, a CTCICHb PACXOXKACHUS OIPEACIACTCSI ITeOMETPUCH MarHUTHO-
ro noig. ConocTaBiaeHHEe N'eOMETPUH MATHUTHOTO IIOJIS C PACIIMPEHUEM BOJIHEI IIPU PACIIPOCTpa-
HEHHH OT OJHOTO H3JIYYaromIero CJIos K APYroMY IO3BOJIMIIO OLICHHTHh BBICOTHOE PACCTOSHHUC
MEXIY CIIOSMH, M3 Ty4YalOIMMH Ha Pa3HbBIX JIMHAX BOJIH. [1o m3MepeHusM 3a1ep kK1 pacipocTpa-
HEHHUs KoJieOaHuli Oblaa OIpeAciieHa CPEAHssS CKOPOCTh PACIIPOCTPAHEHHS BOJIHEI, KOTOpasi B UC-
MIOJIb3YyEMOM HaMU IIPUOJIMKEHUH paBHA CPEAHCH CKOPOCTH 3BYKa. MCIIONIb3ys JaHHYI0 METOAUKY,
MBI OLICHUJIM PACCTOSHHUE MEXKAY H3IYYAIOIMIUMHU CIOSIMHU B TemmepaTypHoM MuHUMyME (1700 u
1600 A) u B nepexoznoii 30He (304 A) Hax TEHBIO COTHEYHBIX IISITEH TPEX AKTHBHBIX 0OJIACTEH:
NOAA 11131, 11582, 11711. Takxe mojydeHBl OLICHKM cpedHell cKopocTH 3Byka. CpenHee
pacCTosIHUE MEXKIy TeMIEpaTypHBIM MUHHUMYMOM M IEPEXOJHON 30HON COCTaBHJIO OKOJIO
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500-800 kM, a COOTBETCTBYIOIIAs CPETHSS CKOPOCTh 3ByKa — 30 KM/C, UTO OYEHBb OJIM3KO 3HAYE-
HUIO CPEIHEN CKOPOCTH 3BYKa B COJTHEYHOM aTMocdepe.

We present a seismological method to measure the sound speed and vertical distance be-
tween different layers of the sunspot umbrae atmosphere. Our technique allows us to estimate
both the vertical distance between atmosphere layers and the wave propagation speed without
specifying any extra parameters such sound speed or emission formation heights. Our method
uses spatial shifts, that appear when 3-minute oscillations propagate from one emission layer to
another. We use observations of three minute oscillations detected in 1700 A, 1600 A and 304 A
SDO/AIA channels above sunspots of active regions NOAA 11131, 11582 and 11711. We as-
sume that 3-minute oscillations are slow MHD waves propagating along magnetic field lines.
Therefore, these waves diverge following the magnetic field structure when they propagate up-
wards from the temperature minimum to the corona. This assumption allows us to estimate the
distance between the levels of the solar atmosphere by comparing the magnetic field geometry
with the divergence of the slow wave observed at these levels. Then we used the measured de-
lays to calculate average wave propagation speed, which is equal to the average sound speed be-
tween considered atmospheric levels. Finally we estimated the vertical distance between emis-
sion layers in the temperature minimum (1700 and 1600 A) and the transition region (304 A) as
well as the average sound speed above the sunspot umbrae for 3 active regions: NOAA 11131,
11582, 11711. We found that the distance between the temperature minimum and the transition
region lies in the range of 500800 km for the sunspot umbrae. The estimated wave propagation
speed was found to be about 30 km/s. This value is close to the expected mean sound speed in the
solar atmosphere.

OCOBEHHOCTH BAPUAIIMIA ®OTOCPEPHOI'O MATHUTHOTI'O OIS
B OBJIACTU 'EHEPAIIUU KBM 7 UIOHA 2011 r.

S.U. Eropos, B.I'. ®ajinmreiin, I'.B. Pyaenko, C.A. AHUHOTeHTOB

WuctutyT conmneuno-3emuoit puszuku CO PAH, Upkyrck, Poccus
egorov@iszf.irk.ru

PHOTOSPHERIC MAGNETIC FIELD VARIATIONS IN 2011 JUNE 7 CME SOURCE
Ya.l. Egorov, V.G. Fainstein, G.V. Rudenko, S.A. Anfinogentov
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Jns KBM, Bo3nukmiero 07.07.2011 r. u cBA3aHHOTO C 3pYNIIMEH BOJOKHA U BCIIBIIIKOM,
B obOnacTi Bo3HHUKHOBeHHsS KBM 1Mo BEKTOpPHBIM M3MepeHHIM Mojisi mHcTpymMmenTom SDO/HMI
MIPOBEJICHO JETaIbHOE MCCIeA0BaHNe H3MEHEHUH (HoTOoCHEepHOro MarHUTHOTO TOJISL, COMTPOBOXK-
JaromuXx IMMOsABJICHUC BBIGpOC@. MaccChlI. HSy‘-IGHBI HU3MCHCHUA CO BpCMCHCM MOAYJII MAarHUTHOTO
nosist B, paguanbHOM KOMIIOHEHTHI 10JIs By 1 yria o Mex Ay HanpaBiIEHUEM IOJIS U PaIuaIbHbIM
HampaBiieHueM u3 nentpa ConHia B Mecte u3Mepenus noss. [lokazaHo, 4TO B HECKOJIIBKUX BbI-
JeNIeHHBIX ydacTkax umctouyHnka KBM Havanmy BCHBIIIKKM U 3PYHIUU BOJIOKHA IPEALIECTBYET
yBenudeHue B u |B,|, a Takxe ymeHbIIEHHE 0, a MMOCe Hadajla BCOBIIIKK W PYIIHHA BOJOKHA
XapakTep BPEMEHHBIX BapHalMii 3TUX MapaMeTpPOB TOJS PE3KO H3MEHsSeTcs. B HEeKOTOphIX
ydacTkax oOnactu Bo3HMKHOBeHHS: KBM m3MmeHeHue moss oOyCIOBIECHO BCILIBITHEM HOBOTO
MAarauMTHOI'O IIOTOKAa, B TOM YHCJIC B BUJC IMOPHI.

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

'AJL. UBanoBa, "H.M. byanes, ’H.H. KaambikoB, 2JLA. Ky3bmnues,
’B.II. Cynakos, ’}0.A. ®oMuH

1Haqu0-Hccnen03aTenLCKm71 MHCTUTYT npukiIagHon dmsuku UT'Y, Upkyrck, Poccus
annaiv.86@mail.ru
Hay4Ho-HCCIeI0BATEIBCKII HHCTHTYT sinepHoi dmsuku M. J[.B. CxoGenbipia MI'Y, Mocksa, Poccnst

THE TUNKA-GRANDE SCINTILLATOR ARRAY

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

'Applied Physics Institute of Irkutsk State University, Irkutsk, Russia
2Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow, Russia

IIpuBeeHbI ONKMCAaHKNE U MTEPCIEKTUBEI pabOTHI CLHMHTHIUIAIMOHHOM ycranoBku Tunka-Grande,
BXOJAIIEH B cOCTaB crposmeiics B TyHkuHcKoM moiamHe ramMma-oocepsatopun TAIGA. Ilpexn-
CTaBJICH TIPOTPAaMMHBIN TIAKeT, pa3pabOTaHHBIN TS MOJICIMPOBAHUS PETHCTPAIIMH U 00paOdOTKH
coObITHiT ycranoBku Tunka-Grande.

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

O IMTPOBJIEMAX BpJIHOBOﬁ HEYCTOMYHUBOCTHU
B AHU3OTPOITHOU IIVIABME COJIHEYHOI'O BETPA

P.®. UcmaiibLabl, H.C. [Txanunaos

[Iamaxunckas actpodusndeckas oocepsaropus um. Hacpennuna Tycu, baky, AzepOaiimxan
receb.ismayilli@outlook.com

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

H3BecTHO, YTO B pe3ylbTaTe HarpeBa COIHECUHON KOPOHEI O HECKOJIFKMX MUJIMOHOB I'pa-
JIYCOB IIPOMCXOJIUT HEMPEPhIBHOE MCTeUeHUE I1a3Mbl 0T COJIHIA, YTO CO3/a€T COJIHCYHBIM Be-
Tep. CKOPOCTE 3TOro TeueHus cocTabisieT okoiao 400 xm/c. CaoxHbIe (PU3UUECKHE MPOIECCHI B
COJTHEYHOH KOPOHE, CBS3aHHBIC C MAarHUTHOW aKTHBHOCTHIO, BBI3BIBAIOT BHIOPOCHI KOPOHAIBHOM
Macchl Ha CoutHIle co ckopocThio 0k010 1000 kM/c. B pe3ynbrare B COTHEUHOM BETPE BOSHUKACT
(¢uOpuIbHas CTPYKTypa CO CABUIOM B paJHabHON CKOPOCTH, YTO CO3[AET YCIOBHUS IS BO3-
HHKHOBCHHS HeycTounBocTH KenbBrHa—I enpMroibia. 3amada cocTosia B HCCASIOBAHUH STOU
HEYCTOHYUBOCTH C Y4eTOM 3((PEKTOB aHU30TPOIHUH IJIa3MbI COJIHEYHOTO BeTpa. M3BecTHO, 4To
COJIHEUHBIH BETep CO3MaeT reiauochepy, BHYTPU KOTOPOM HaxoaaTcs Bce IiaHeThl COMHEYHOH
CHCTEMBI, BKIII04Yas 3eminto. Maraurocdepa 3eMit 3aluiiacT IIAHETY OT BO3JCHCTBHS COIHEY-
Horo Berpa. OQHAKO IPH CHIIBHBIX BO3MYILEHHUSAX BETpa €ro BIMSHUE HA 3€MHYIO atMocdepy,
9KO- ¥ TEXHOCHUCTEMEBI 3HAYNTEIFHO YBECINUYMBAcTCA. BO3HHKAIOT T€OMAarHUTHEBIC IITOPMEI, KOTO-
pbIc TIPSMO BIMSIOT Ha 340poBbe Jrojei. [loaTomMy mccienoBanue 3THX IpoOJeM M IIPOTHO3
BO3MYIIIEHHUM COJTHEYHOrO BETpa BaXKHBI U aKTyalbHBL. IDTHUMH BOIPOCAMH 3aHUMAaETCS HOBas
00JIacTh HayKM — HM3Y4YEHHE KOCMHYECKON IMOTroAbl. [l TeopeTHYecKOro HMCCICAOBaHUS II0-
CTaBJICHHBIX 3a/a4 MbI IUIAHUPYEM HCIIOIL30BaTh MAarHUTOTHAPOIHMHAMUYCCKHAE YPaBHECHHS IIepe-
HOCa I ONKMCAHMUS JUHAMHKH IIJIa3Mbl Ha KPYIHBIX MaciuTabax. B oTimume oT cTaHmapTHBIX
MI'/I-ypaBHEHUH, 3T YPABHEHUS YUYUTHIBAIOT AHU30TPOIHOCTh IJIa3Mbl OTHOCUTEIBHO HAIpPaB-
JICHUSI MarHUTHOTO MOJISI M TEIJIOBOI'O TTOTOKA.
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It is known that by heating the solar corona to several million degrees occurs continuous
outflow of the plasma from the Sun, thereby providing the solar wind. The speed of this perma-
nent flow is about 400 km/s. However from time to time as a result of complex physical process-
es in the solar corona associated with the magnetic activity, there occurs coronal mass ejection
from the Sun at a speed of about 1000 km/s. As a result, the solar wind has the observed fibril
structure which has shifts in radial speed. So there arise conditions for the appearance of Kelvin-
Helmholtz instability. Our task is to investigate this instability taking into account of anisotropy
effects of the wind plasma. It is known that the solar wind creates the heliosphere. All the plan-
ets, including Earth are inside of heliosphere. The Earth's magnetosphere protects it from the so-
lar wind influence. However, when start up the strong wind perturbations connected with solar
magnetic activity, its influence on the Earth's atmosphere, its eco-and techno-system is greatly
increased. Geomagnetic storms arise that directly affect to people's health. Therefore, to study
physics of these issues, and their prediction is important and actual. These problems are investi-
gated by a new branch of science - space weather. For theoretical research of the planned tasks
we shall use the magneto hydrodynamic transport equations to describe the dynamics of the
plasma on the large scales. Unlike standard MHD equations, these equations take into account
the anisotropy of the plasma relative to the magnetic field direction and the heat flux.

PE3YJIbTATBI OBPABOTKHN U UHTEPIIPETAIIUU DKCIIEPUMEHTAJIBHBIX
JAHHBIX, IIOJTYYEHHbBIX HA YCTAHOBKE TUNKA-REX

F0.A. Kazapuna_(3a koymtabopammio Tunka-Rex)

WpxyTtckuii rocyiapcTBeHHBIA yHUBEpCHUTET, MpkyTck, Poccus
lutien777@mail.ru

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

HccnenoBanne MCTOYHMKOB M MEXAaHHU3MOB YCKOPEHHSI KOCMHMUYECKHX JIydyed BBICOKHX U
CBEPXBBICOKHX PHEPTUU SABJISETCS PyHIaMEHTAIbHOU mpooiemoii actpodusuku. B TyHkuHCKON
nonmune (Pecnybnuka Bypsitus) pacnonoxena yctaHoBka «TyHka-133», perucrpupyromas ye-
PEHKOBCKOE M3Ty4yeHue MUpokux arMocdepHsix uBHel (ILIAJ) kocmuueckux iy4yeil B aHepre-
Tueckom auanasone 10%%°—10% 5B. B 2012 r. 6bu1a noctpoeHa ycranoBka Tunka-Rex (Tunka
Radio Extension), npeacrasisitommas co00ii KOMIUIEKC U3 44 aHTE€HH, PETHCTPUPYIOMINX PaIHO-
m3myderue [IIAJI B vactorHoMm muamnazone 30-80 MI'. Metoasl HaOMIOICHHS YEPEHKOBCKOTO U
panunonsnyuerus LIAJl gar0T AOCTaTOYHO TOYHYIO MH(OPMAIIUMIO O KOCMHUYECKHUX Jy4dax, Tak
KaK MpHU TeHEpalud YEPEeHKOBCKOTO M PaJMOM3IIyYeHHs aTMOoc(epa UrpaeT pojib TUTAaHTCKOTO
kasiopuMerpa. COBMECTHBIE U3MEPEHUS PAAHMOU3IYICHUSI U YEPEHKOBCKOTO CBETA JAIOT YHUKAJb-
HYI0 BO3MOXKHOCTb ISl KPOCCKaJIMOPOBKHU 3TUX JBYX METOJOB HCCIlie[loBaHM. B cBotO ouepenp,
peructpauus 1IAJI paguomeTonoM, B OTJIMYME OT PETUCTPALUU ONTUYECKUMHU IETEKTOPaMH,
MOYTH HE 3aBUCUT OT MOTOJHBIX YCIOBUH, KPOME TOTO, €IIe OAHUM MPEUMYIIECTBOM SBIISETCS
NPOCTOTa KOHCTPYKIUK aHTeHH. OCHOBHasI Liesib dKcriepuMenTa Tunka-Rex — BBISICHUTH mpe-
JeT TOYHOCTH BOCCTAHOBJIICHHS IapaMeTpoOB aTMOC(HEPHOrO JHUBHS, 3apErUCTPUPOBAHHOTO MO
paauounznyuenuto [TAJIL

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

CBs13b ®OPBYUI-OPPEKTOB C PA3JIMYHBIMU TUITAMH
MEXIIVIAHETHBIX BOSMYIIEHUU

A.N. KiwoeBa

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

CONNECTION OF FORBUSH DECREASES WITH DIFFERENT TYPES
OF INTERPLANETARY DISTURBANCES

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

Ha ocHOBe cTaTHCTHMYECKOro aHaian3a JaHHBIX MUPOBOM CETH CTaHIIUM HEUTPOHHBIX MO-
HUTOPOB 3a 1960-2014 rT. Bcciieq0BaHO BIHMSHUE Pa3IMUYHBIX THUIIOB BO3MYILICHHUH B COITHEYHOM
BETpE Ha MHTCHCHUBHOCTh T'AJIAKTHYCCKHUX KOCMHYCCKHX JIydel Ha opoute 3emiu. B 3aBucumo-
CTH OT MCTOYHHKA MOAYJISIUU BCe (DOpOYII-MOHMKEHUS pa3/ielIeHbl Ha HECKOJIBKO T'PYIIN, IS
KOTOPBIX MPOBEJIEH CPABHUTEIIbHBIN KOPPEIALMOHHBIN aHAIN3 C Pa3IuYHbIMU MHACKCAMU COJI-
HEYHOM U Fr€OMarHMTHON aKTUBHOCTH.

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

BAPOMETPHHECKgIﬁ IDPEKT HEﬁTPOHﬂOﬁ KOMIIOHEHTBI
KOCMMUYECKUX JIYYEN HA AHTAPKTHYECKOU CTAHIIUU «<MUPHBIN»
C YYETOM BETPA

qLr. Ko0eJeB, M.C. IIpeoOpakeHCKHIA, lAA. AOYHHH,
'ML.A. AOyHuHAa, 1I[.B. CvmupHOB, ’AA. JIyKOBHUKOBA

1I/IHCTI/ITyT 36MHOTO MarHeTu3Ma, MOHOC(EPHI U pacnpocTpaneHus paauosonH uMm. H.B. [Tymkosa PAH,
Tpounxk, Mocksa, Poccus
kosmos061986@yandex.ru
’UuctuTyT conHedHo-3eMHoit husnku CO PAH, Vpkyrck, Poccust

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

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

!pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS,
Troitsk, Moscow, Russia
’Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[IpuBoauTcs OleHKAa OapoMeTpU4ecKoro 3P (heKTa HEHMTPOHHOM KOMIIOHEHTHI KOCMHYE-
ckux ayueii (KJI) ¢ yueToMm BeTpa Ha mpuMepe aHTapKTHYECKOH CT. «MupHbIi». C 3TOH LIENbIO
HCIIOJIF30BAJIMCh YaCOBBIC JAaHHBIC HEMPEPHIBHOIO MOHUTOPHHIA HEUTPOHHON KOMITOHEHTHI KJI
U JaHHBIE JOoKaNnbHOM MeTreocTaHuu 3a 2007-2014 rr. CkopocTh BeTpa Ha 00c. «MUPHBIIN» B
TEUYEHHUE ABYX-TPEX MeCSIeB B 3UMHUH nepuon nocturaet 20-40 m/c, 4TO COOTBETCTBYET JIMHA-
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MHYECKOMY JIaBJICHUIO 5—6 MOap, KOTOpoe, B CBOIO OYepeIb, IPUBOANT K 5%-1 ommnOKe JjIs Ba-
puanuii HEUTPOHHOM KOMITOHEHTBHI M3-3a JHHAMHYeCKuX 3¢ (heKToB B atMocdepe. Pe3yabTarhl
MIPEJCTABIISIOT MHTEPEC NIPU PETUCTpaIlii HEMTpoHHOUW KoMitoHeHThl KJI Ha merekTopax, pacro-
JIO’)KEHHBIX B BBICOKOIIUPOTHBIX U BRICOKOTOPHBIX paiioHaX, rae dddexT bepHyu B oTneIbHbIC
MIEPHOIBI MOXKET OBITh 3HAYUTEIIBHBIM.

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

MATHUTHASA SHEPTUA U U3JTYYEHHUE B IgPAfIHEM YJABTPA®UOJIETE
B KOMILVIEKCAX COJTHEYHOU AKTUBHOCTH
11O JAHHBIM OBCEPBATOPUHN COJIHEYHOU TMHAMUKMU (SDO)

10.A. KopoabKkoBa, L.2E E. Benepoenckas

'Cankr-Tlerepbyprexuit rocyapcrBeHHsiii yausepenter, Cankr-IlerepOypr, Poccus
korolkovaoa@gmail.com
’I'nasast (ITyakoBcKast) actpoHoMudeckas obcepsaropust PAH, Canxr-Ilerep6ypr, Poccus

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

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

!Saint-Petersburg State University, Saint-Petersburg, Russia
2Pulkovo Astronomical Observatory RAS, Saint-Petersburg, Russia

PaccmaTrpuBaloTcs yCTOMYHBBIE B TCUCHHE 6 U KOMIIICKCHI COJTHCYHOM aKTMBHOCTH 3a IIe-
puox ¢ 2 suBaps 1o 30 gexadps 2013 r. Mcnons3yrorcst HaOI0AeHUS B KpallHEM YIIbTpahHOoIeTe
M HaOJNIOJEHUsS MArHUTHOrO IOJsA, ImodydeHHble ¢ mHCTpyMeHToB AIA/SDO u HMI/SDO. Hc-
CICAYETCS B3aMMOCBSI3b MAarHUTHOW SHEPTHHM M SHEPrUU M3IydeHHsS B YD, a Takke M3ydaeTcs
pacrpeieJieHHe yIiia HakJoHa aKTHBHBIX 00jacTell Ha ypoBHE (poTocdepsl M0 MarHUTHBIM JaH-
HbIM. OOCYXIAarOTCsI CBOMCTBAa KOMIUIEKCOB COJIHEYHOW aKTMBHOCTH HA Pa3HBIX YPOBHSIX aTMO-
cdepst Connna ot poTochepsl 10 KOPOHHI.

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

HUCTOYHHUKU MEJIKOMACHITABHBIX HEOJJTHOPOJTHOCTEN
B COITHEYHOM BETPE U JUHAMNYECKHUE TAPAMETPBI IIOTOKOB
COJIHEYHOT O BETPA BO BHEHIHEU KOPOHE COJIHIJA

A.B. Kyapsisuesa, /[.B. IIpocoBenxuii

WuctutyT conmneuno-3emuoit puszuku CO PAH, Upkyrck, Poccus
kudryavtseva@mail.iszf.irk.ru
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THE SOURCES OF SMALL-SCALE SOLAR WIND INHOMOGENEITIES
AND DYNAMIC PARAMETERS OF SOLAR WIND STREAMS
IN THE OUTER CORONA OF THE SUN

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

B noknage aHanu3upyroTCs IMHAMUYECKUE XapaKTEPUCTUKU HEOJAHOPOIHOCTEN B COJIHEY-
HoM Betpe (CB), nabmomaBmmxcss KA STEREO na paccrosausax ot 3.5 1o 16 comHeyHBIX pa-
nuycoB. Onpenensiuch Takue MapaMmeTpbl HEOAHOPOAHOCTEH, Kak (hopma, pasMephl, BpeMms
(dopmMHpOBaHUs, U3MEHEHHE CKOPOCTU U ycKopeHus. [IpoBeneHo cpaBHEHME IOJTyYEHHBIX 3HA-
YeHUH JJIs1 TOJISIPHBIX M HU3KOIIUPOTHBIX 00JIacTel CONHEYHOI KOpoHbl. HaiieHo, 4To moToKu
CB ucnbITHIBAIOT 3HAUYUTENbHBIC U3MEHEHUSI CKOPOCTH C YCKOPEHHUSAMHU 00OUX 3HAKOB B IOJISIP-
HBIX U HU3KOIIMPOTHBIX OOJIACTSIX KOPOHBI, YTO MOXKET OBITh OOBSCHEHO HAIWYMEM MarHUTO-
TUJIPOAVMHAMUYECKUX CHJI, JeHCTBYrOIMX Ha notoku CB, um ¢opmupoBaHueM TypOyJlIE€HTHOCTH
Ha ()pOHTAX MOTOKOB. BbIIN HMCcIe10BaHbl BO3MOXHbBIE HCTOUHUKU HEOJHOPOAHOCTEN IO JIaH-
HeIM AIA/SDO u EUVI/STEREO. C yuyerom nokanu3anuy UCTOYHUKA U HANpaBIICHUS JIBUXKE-
HUSI HEOAHOPOJHOCTEH ObLIO OMpPEesIeHO HAPaBICHUE CHIIOBBIX JIMHUI MarHUTHOTO mosst. [lo-
JY4YECHHBIE PE3yJIbTaThl CPABHUBAIUCH C PE3YyJIbTaTaMH SKCTPANONALIUN (POTOCHEPHOrO MAarHUT-
HOTO IOJISl B MOTEHIMATIbHOM IPUOIMKEHUH.

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

INONNEPEYHOE PACIHIPEJAEJIEHHUE 3JJEKTPOHOB U MIOOHOB HIAJI
HA BBICOTE 4250 m HAZl YPOBHEM MOPS

'H.B. KypGonos, *A.P. Axaznos, ‘3. Ymap

'TamxuKCKHil HALHOHANBHBIN yHHBepcHTeT, Jlymante, TalKkuKUCTaH
nomvarjon_90@mail.ru
2 Akagemust oGpasoBanust PecrryGmukn Tamkukucran, Jlymran6e, TaKHKHCTaH

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

IN.B. Kurbonov, ?A.R. Ahadov, 'Z. Umar

'Tajik National University, Dushanbe, Tajikistan
2Academy of Education of the Tajikistan Republic, Dushanbe, Tajikistan

[IpuBeneHs! pe3ynbTaThl pacu€TOB IPOCTPAHCTBEHHOI'O PACIIPEAEIICHUS SJIEKTPOHOB U MIO-
OHOB mUpokoro armochepuoro nmuBHA (LIIAJ]) OT pa3nuyHBIX IEPBUYHBIX sifep Ha BbicoTe 4250 M
HaJ ypoBHEM Mops. B pesynberare noctpoena moxaens HIAJI ¢ nomometo nporpaMmmel CORSIKA
U CO3JIaHbI IPOrpaMMbl pacyeTa MPOCTPAHCTBEHHBIX paclpeeIeHUI YacTull.

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

CEBEPO-IOKHAA ACUMMETPUSA IIATHOOBPA30OBAHUA
N AMIUVIMTYJA 11-JIETHET'O HUKJIA

C.B. Jlateiues, C.B. Ogemckoi

HucturyT conueuno-3emuon ¢pusuku CO PAH, Upkytck, Poccus
osv@iszf.irk.ru

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

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

ITo nanabiM RGO/NOAA 0 COMHEUYHBIX MATHAX YCTAHOBJCHA CBsA3b ceBepo-tokHOM (NS)
acCUMMETpUH MsATHOOOpa3oBaHus ¢ aMIunTynoi 11-nerHero nukina. IToka3aHo, 4To yeM BbIIIE
AMIUTUTY/[a COJHEYHOTO IMKJIA, TeM MEHbIe a0COMOTHOEe 3HaueHHe NS-acummerpuu. Boiss-
JICHHasgd 3aKOHOMCPHOCTb HUCCJICJOBAaHA B YUCICHHON MOZACIIN JUHAMO C HCPCTYJISIPHBIMH HU3MC-
HeHUsIMH anbda-3QdekTa.

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

TEILIOBASI HEYCTOMYNUBOCTHh TOKOBOT' O CJIOS
JI.C. JlenennoB, 65.B. ComoB

lNocynapcrBennslit actponomudeckuit mHCTHTYT uM. LK. IlITepabepra MI'Y, Mocksa, Poccus
koob@mail.ru

THERMAL INSTABILITY OF THE CURRENT LAYER

L.S. Ledentsov, B.V. Somov
Sternberg Astronomical Institute MSU, Moscow, Russia

B pamkax MarHUTOrHApOJMHAMHYCSCKOIO IIOJXO0Aa PACCMOTPEHBI IIPOIOJIBHBIC BO3MYIIC-
HUS OJHOPOJTHOTO TOKOBOTO cI0s. IToka3aHo, 4TO yCIIOBUSIMHU HEYCTOMYMBOCTH CIIY>KaT OIpPEc-
JICHHBIC COOTHOIICHHUS MEXKAY XapaKTepHBIMH BpPEMEHAMH TEILIONPOBOAHOCTH M JYUYHCTOTO
OXJIAKJICHMS IIIa3Mbl. B pe3ynbTaTe HEYCTOHYHMBOCTH B TOKOBOM CJIO€ 00pa3yeTcs MocIienoBa-
TEIIBHOCTH XOJOAHBIX U TOPSYHNX BOJIOKOH, PACITOJIOKCHHBIX IMOIEPEK HAIPaBIICHUS DJICKTpHUC-
CKOro TOKa. PaccMOTpEHHBIN MEXaHHM3M MOJKET OBITh OTBETCTBEHEH 3a ITOKUT BCIBIIICYHBIX
IIETEIb B COJTHCYHBIX BCIIBIIIKAX.

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

B.B. Jlenok (ot koyaboparu TAIGA)

HpkyTtckuii rocyaapcTBeHHbIN yHUBepcutet, UpkyTck, Poccust
vladimir.lenok.physics@gmail.com

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

HasemHass raMMa-acTpOHOMUSI BEICOKMX SHEPIrHii — OTHOCHTEIIFHO HOBOE, OBICTPO pa3BHBa-
Ioleecs HanpapicHHe (DyHIaMEHTAIbHBIX MCCIICIOBAHUN B DKCIICPUMEHTAIBHOM acTpodu3uke. 3a
MOCJICTHUE TOJIbI JAHHBIM METOJIOM OBLIO OOHAPYXKEHO M MCCIICOBAHO 3HAYUTEIBHOE KOJMUECTBO
TaJIJaKTUYCCKHUX M BHETAIAKTUYCCKMX MCTOYHUKOB FaMMa-KBaHTOB BBICOKHMX dHEpruid. ITpeasimyrue
ITOKOJICHHUS aTMOC(EPHBIX YEPEHKOBCKUX TeleckornoB (AUT) ObIM ONTUMU3UPOBAHLI IJI UCCIIEI0-
BaHUs NCTOYHHUKOB raMMa-KBaHTOB OTHOCHTEIILHO HU3KOM 3HEeprur. B HacTosIee BpeMs akTyaabHa
3aJ1a4a IMOMCKA U MCCIEIOBAaHUS UCTOYHUKOB T'aMMa-KBAaHTOB BBICOKODHEPICTHUECKOTO CIEKTPAIIb-
HOTO JWamna3oHa. JTa 3ajada sBISICTCS TJIaBHOU I ramma-oocepBaropuu TAIGA. Tlpenmona-
raeTcsl MCIOJb30BaTh TMOPHIHBIA METOJl JCTCKTUPOBAHUS IIMPOKUX aTMOC(EpPHBIX JIMBHEH —
COBMECTHOEC JCTEeKTHpOBaHME JMBHEH ¢ momolpio AUT m onTmdeckmx CTaHIUN SKCIEpUMCEHTA
HiSCORE. Taxkoii Meron OyaeT npuMeHeH BrepBblie. OCHOBHAs HaydHas 3ajada 00CepBaTOPUNA —
MOMCK M MCCIICAOBAaHHE HCTOYHHKOB ramMMa-kKBaHTOB II3B-HOro sHepreTrmdeckoro auarasoHa —
mBatpoHoB (PeVatrons). B moknane npeacrasinensl Gusnyeckuii mpoekt AUT mast odcepBaTopuu
TAIGA, a Tarxxe pe3yabTaTbl MOJCTHUPOBAHUS ONTUYECKHX XapAaKTEPUCTUK U YHEPreTHIECKOro Mo-
pora Teneckorna.

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

DA30OBBIE ITVIACTUHKMUA U3 NOJUMEPHbBIX MATEPI/IAJIOB
JJIA MOJIAPU3AIIUMOHHBIX UBSMEPEHHUUAU
JI.C. JlonTeBa

UnctutyT conneuno-3emuoi ¢puzuxku CO PAH, Upkytck, Poccus
lopteva@iszf.irk.ru

PHASE PLATES MADE OF POLYMERIC MATERIALS
FOR POLARIZATION MEASUREMENTS

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

@da30Bble MIACTUHKU HUCIOJIB3YIOTCS B MOJISPUMETPUM HEOECHBIX OOBEKTOB, U3MEPEHUU
MarHUTHBIX T0JIEH, UCIIPABICHUH WHCTPYMEHTAIBLHOU MOJISIPU3ALUN TEJIECKONOB, HHTEp(epeH-
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IIUOHHO-TIOJISIPU3AMOHHBIX (GmIbTpax. IIMpoko Mcmonb3yroTcst ¢Ga3oBble TUIACTHHKH W3 TIPH-
POIHBIX KPUCTAJUIOB CIIOABI M KBapua. OJHAKO B COBPEMEHHBIX HCCIEIOBAHUSAX TPEOYIOTCS
TUTACTUHKY C MAKCHUMaJIbHBIMH ITapaMeTpaMu — PACHIMPEHHBIMH YTJIOBBIM M paOOYHUM IOJISIMHU.
[TosToMy anmpTepHATHBON NPUPOIHBIM KPUCTAIIAM MOTYT CTaTh MOJIMMEPHbIE MaTepuabl, 00-
JaIaI0NINe UCKYCCTBEHHO BBI3BAaHHOUM aHM30Tpormeid. st momydeHusi KpyrmHOrabapuTHBIX (ha-
30BBIX IJIACTUHOK MBI ITPOBEJIM UCCIIEI0BAaHUE ONTUYECKUX CBOMCTB MOJMKapOOHATa U OIpese-
JUIIM €T0 XapaKTEPUCTHKH: JIBYIPEIOMIICHHE, TPOYHOCTh U BO3MOXKHOCTh ONTHYECKON 00pa-
00TKM U1 Koppekuuu (a3oBoro casura. belmn uccienoBaHbl CBOMCTBA MOMMKapOOHaTa, pa3pa-
0oTaHa TexHOJOTUs 00paboTKU (HUIM(OBKA CBA3aHHBIM a0Pa3sMBOM M XHMHUKO-MEXaHUYECKOE
MOJIUPOBAHKE), ONPEAENICHbl METObl KOHTPOJISL €r0 ONTUYECKUX XapaKTEePUCTHK U IPUBEICHBI
napaMeTphl HOBBIX MOJYBOJIHOBBIX M Y€TBEPTHBOIHOBBIX INTACTUHOK JHaMeTpoM 70 MM.

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

CHUCTEMBI CBOPA TAHHBIX 1 NEPEJAYU HHOOPMAIINN
B PEAJIBHOM BPEMEHU CTAHIIUU KOCMUYECKHUX JIYYEN UC3® CO PAH

A.A. JIyKOBHUKOBA

WuctutyT conmneuno-3emuoit puszuku CO PAH, Upkyrck, Poccus
luk@iszf.irk.ru

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

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

PaccmoTrpensr n3amMenenus B padore cranmuii kocmuueckux syuei (KJI) UC3d CO PAH
(Upxyrck, Upkyrck-2, Upkyrck-3, Hopuibsck) 3a 2012-2014 rr. Onmcansl cucteMsl cOopa JaHHBIX
U nepenayd HHGopManuu B peatbHoM BpeMeHn ctaniuid KJI. [l kakmoit u3 paboTaronmx craH-
it KJI mokasaHbl CymecTBYIOIIHME MPOoOIeMbl U MIPEATIOKEHBI YT WX PEIICHUS JUIS YIyUIICHHS
Ka4yeCTBa MOCTABIIIEMBIX IaHHBIX Ha3eMHBIX U3MepeHuid Bapuanuii KJI.

The paper describes means for improving the operation of cosmic ray (CR) stations of the
Institute of Solar-Terrestrial Physics (ISTP SB RAS) in 2012-2014. Instrumental measures for
improving real time data presentation of the CR stations (Irkutsk, Irkutsk-2, Irkutsk-3 and
Norilsk) are presented. There are some problems for each CR station. We show ways for solving
these problems to provide data without failures and omissions.
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HOBBIE JAHHBIE JJISA AIPKOI'O 'AMMA-BCIVIECKA
GRB 030329 B OIITHYECKOM JIMAITA3OHE

1E.g. Ma3saeBa, 'A.C. ITo3anenko, ’B.B. Pymsinuen

1I/IHCTI/ITyT kocmuueckux ucciienosanni PAH, Mocksa, Poccus
30.v@mail.ru

2 o

Kpeimckas acrpodusnueckast oocepBaropusi, Hayuansrid, Poccus

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

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

1Space Research Institute, Moscow, Russia
“Crimean Astrophysical Observatory, Nauchny, Russia

Hecmortps Ha To, uTo ramma-Berieck GRB 030329 6w 3apeructpupoBan IBEHAIIATH JIET
Ha3aJ, OH JI0 CHX IOp SIBISETCS CaMbIM SPKHUM B ONTHUYECKOM JIHAMAa30HE HA MOMEHT BPEMEHU
1.5 4 mocne ero peructparyii B raMma-igarnazoHe (70 ATOro MOMEHTa HaOJIIOJICHU B ONTHKE HE
nposoauiock). [To GRB 030329 umeercss Haubomnee TIIOTHBIA psii (POTOMETPUUECKUX JTAHHBIX U3
MOJTYYEHHBIX ISl KOTr/Ia-Ti00 HAOMIOABIIMXCSl TIOCIIECBEUCHNUH TaMMa-BCIieckoB. [IpencraBieHs
HOBBIE JaHHbIE, oMy4deHHble B oOcepBaTopusix KpAO, Maiinanak, SPM u nononHsionme yxe us-
BeCTHbIE (hoTomMeTprueckue psizbl. [locTpoeHsl moapoOHBIE MHOTOIIBETHBIE KpHUBBIE OJiecka. Mccme-
JTYFOTCSI MHOTOYHCIICHHBIE HEOTHOPOTHOCTH KPUBOM OJIECKA M X BO3MOYKHAS ITPUPOJIA.

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

MOJEJbHBIA KOMILIEKC JJISI UCCIIEAOBAHUA
KOCMMYECKHUX JIYYEH RUSCOSMIC

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

Honspusrit reopusnuecknii uacTuTyT KHI PAH, Amatutst, Poccus
maurchev@pgia.ru

RUSCOSMIC AS ANEW MODEL COMPLEX FOR
COSMIC RAY INVESTIGATION

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

PaccmaTpuBaercs n3ydeHHe pOXKICHHUS M PA3BUTHS KAaCKaJlOB BTOPUYHBIX KOCMHUYECKHUX
nyueit (KJI) ¢ momomipio yucnennoit mogenu RUSCOSMIC, pazpaborannoit B maboparopuu
KocMuueckux Jiydei (Amatutel). IIepBBIM pPe3y/IbTATOM BBIYMCIIEHHM SIBIISIOTCS THUIIOBBIE TPEKH,
MO3BOJISIFOIINE BU3YaJIbHO OLEHUTh KOJMUYECTBEHHbIE XapaKTEPUCTHKH Pa3BUTHS KACKa/I0B, a TAKKe
YaCTHYHO BepU(DUIIMPOBATH MOJETH HA OCHOBE MMEIOIIUXCS 3HAHHUI. BTOpBIM pe3ynbTaToM BbI-
YHUCIIEHUH SBIIAIOTCS YHEPT€TUYECKUE CIEKTPhl BTOPHUHBIX KOCMUYECKUX JIy4el, BOSHUKAIOLIIX
B pe3yabTaTe npoxoxaeHus rajaktudaeckux KJI. CrnexTpsl MO3BOJSIOT MOMYyYUTh Hanboee fe-
TaJbHYI0 HH(POPMAITHUIO O PA3BUTHH U OCOOEHHOCTSIX KackanoB BTopu4HbIX KJI u 6omee netaibHO
CBEpPHUTH PE3yJbTAThl MOJACTUPOBAHUS C pe3ylbTaTaMH OaNIOHHBIX u3MepeHuid. CBONCTBO aTMoO-
cthepsnl mormomate KJI 66110 0OHapy»KeHO ermie B epBhIX dkciepuMmenTax B. ['ecca. [lomanas B —
3eMHYIO0 aTMocdepy, KOCMUYECKHE YacTUIBI (B OCHOBHOM MPOTOHBI U siipa OOJee TSKEIbIX
3JIEMEHTOB, YEM BOJIOPO]1) UCIIBITHIBAIOT CTOJKHOBEHHS C €€ aTOMaMu U MoJieKyinaMu. B pe3yib-
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TaTe MPOUCXOIUT paclIeIUIeHHE siiep U 00pa30BaHHE MHOTOYHMCIEHHBIX BTOPUYHBIX YaCTHIIL.
[TepBU4HBI TIPOTOH, MPOXOJIs Yepe3 atMochepy, MOKET HEOJHOKPATHO BCTYMATh B MPOIECCHI
B3aMMOJICICTBUS C siApaMu aToMOB. OTCIO/Ia ClIeyeT, YTO Ha MEHBIINX BBICOTAX BOJIU3H 3eMIIH,
WK B TepMUHaxX (u3ukoB, n3ydarommx KJI, «Ha 6onpmux riryonHax», B atMocdepe CymecTByer
npeumyiiecTBeHHO BTopuuHas komnoHeHnTa KJI. [Ins uzydenus KJI ucnons3yroTcs cambie pas-
JIMYHBIC ICTEKTOPbI, YCTAHOBJIICHHBIC HA CIYTHUKAX, 3allyCKaeMble Ha IIapax-30HJaxX U a3pocTa-
Tax, a TaK’K€ Ha3eMHbIE U MOJ3EMHbIE JETEKTUPYIOIME YyCTPOHCTBA. B mocneanee Bpems Hapsaay
C JKCIEPUMEHTAJIbHBIMU MeToaaMu uccienoBanus KJI MCnonb3yroTcsi YHCIEHHBIE METOMAbI
Momnte-Kapio B COBOKYIMHOCTH C peajbHbIMU JAHHBIMUA CEYEHUM B3aWMOJICUCTBHUS YaCTHIL C Be-
mecTBoM. Mojienu, CO3/IaHHbIe TaKUM 00pa3oM, HauboJee peaTrCTHYHO OTPAKAIOT pealbHBIN
skcriepuMeHnT. KoHeuHo, 3T0 yMeHbIIaeT CKOPOCTh MOJEIMPOBAHUS B 11€JI0M, HO TIO3BOJISIET Oojiee
JeTAILHO paccMaTpuBath mpotiece npoxoxkaenus KJI uepes armocdepy 3emnu. B nannoit pabote B
oOmemM BUAE paccMaTpuBaeTcsi co3maHHbli Ha Oaze GEANT4 mnporpamMmHBIA KOMILUIEKC
RUSCOSMIC © nns nmetambHOTO WCCIEAOBAHUS B3aMMOICHCTBUS KOCMUYECKOTO H3ITYYCHUS C
BelIeCTBOM aTMocdepbl 3emid, pa3BUTHs KackanoB BropuuHbix KJI, a Taxke ams uccienoBaHus
3¢ (EKTUBHOCTH OCHOBHBIX JIETEKTOPOB, HCIIOIB3YIOIIUXCS HA CTAaHIIMA HEHTPOHHOTO MOHUTOPA B
Amnarutax. [IpencraBieHbl Takke HEKOTOPBIE THUIIOBBIE PE3YNbTaThl U UX CPABHEHHE C DKCIEpH-
MEHTAJIbHBIMU JIaHHBIMHU.

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

IMPEJABCIVIECKHN KOPOTKHUX 'AMMA-BCIIVIECKOB,
SAPETUCTPUPOBAHHBIX B SKCIIEPUMEHTE SPI-ACS INTEGRAL

I1.FO. Munaesn, A.C. Ilo3zanenko

MuctutyT kocMuueckux uccienosanuii PAH, Mocksa, Poccus
minaevp@mail.ru
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PRECURSORS OF SHORT GAMMA-RAY BURSTS REGISTERED
BY SPI-ACS INTEGRAL

P.Yu. Minaev, A.S. Pozanenko

Space Research Institute, Moscow, Russia

B pabore mpoBeneH aHaim3 KpUBBIX Oiiecka 519 KOPOTKUX raMMa-BCILIECKOB, 3aPETUCTPHU-
poBanHbIX B 3kcniepumenTe SPI-ACS INTEGRAL no mas 2014 r., ¢ nenbo moucka BO3MOXKHON
AKTUBHOCTH MCTOYHHKA raMMa-BCILIecKa (MPEeABCIIECKa) JO0 Havaiaa OCHOBHOro anuzona. [Ipo-
aHAJIM3UPOBAHBI KpUBbIE OJIeCKa WHIUBUIYaTbHBIX COOBITUN W CyMMapHasi KpHBas Ojiecka Bcex
KOPOTKHX BCIUIECKOB. [Ipu cTraThcTHueckoM aHaan3e HE BBIABICHO PETYJISPHOTO MPEIBCIUIECKA, B
TO K€ BpeMsl B CyMMAapHOI KpHBOii Oyiecka MPUCYTCTBYET 3HAYMMOE MPOAJICHHOE U3Ty4YeHHE, KOTO-
poe paHee ObUTO OOHAPYKEHO Ha MEHbIIIEH BEIOOPKE KOPOTKUX BCIIeCKOB dkcmepuMenTa SPI-ACS.
B enuHMYHBIX ciydasix HaliieHbl KaHIUAAThl B MIPEBCIUIECKU. BhluncieHa 3HaUuuMOCTh TaKHX CO-
OBITHI, TIPUBE/ICHBI OIICHKW OTHOIICHUS MHTCHCUBHOCTH BO3MOXKHOT'O TTPE/IBCILIECKA K MHTCHCHB-
HOCTHU OCHOBHOT'O 3THM30/1a.

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

CHEKTPBI U ®JIEMBOPHOE OTHOIIEHUE ATMOC®EPHBIX
HEWUTPHUHO BBICOKUX D)HEPI' UM

'AJI. Mopo3sosa, °T.C. Cunerosckas, 1C.]. Cunerosckuii

1HpKy’l"CI(I/II71 rocyJ1apCTBEHHBIN yHUBepcuTeT, UpkyTck, Poccus
refriz@yandex.ru
*HpKyTcKuii ToCyIapCTBEHHBIN YHHBEPCHTET myTeii cooduenus, UpkyTck, Poccus

THE SPECTRUM AND FLAVOR RATIO OF HIGH-ENERGY
ATMOSPHERIC NEUTRINOS

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

YIrkutsk State University, Irkutsk, Russia
?Irkutsk State Railway University, Irkutsk, Russia

[Mpu 06paboTKe NaHHBIX, MOMy4YeHHbIX B 3Kcriepumente IceCube 3a 988 mneii (2010-2013 1r.),
oOHapyxeHO 37 BBICOKOIHEPTeTUYECKUX HEUTPUHHBIX COOBITHI ¢ 3HeproBoiaeneHuemM ot 30 THB
1o 2 IB. T'unore3a 00 acTpodu3nvecKkoM MPOUCXOXKICHUM 3TUX HEHTPUHO MOATBEP)KIAaeTCs Ha
YPOBHE CTATHCTUUYECKOW JOCTOBEPHOCTH BBINIC MATH CTAaHAAPTHBIX OTKIOHeHWH (5.70). [ns
HAJIe)KHON HUICHTH(PUKAIUN HEUTPUHHBIX COOBITUN HEOOXOAMM THIATENbHBIA pacueT ¢oHa
aTMoc(hepHBIX HEUTpuHO. B paboTe BBINOJIHEH pacyeT CHEKTPOB aTMOC(HEPHBIX HEHTPHUHO B
untepBaie 3Hepruii 100 B — 10 II3B nna psana mozpenel agpoH-s1epHBIX B3aUMOACHCTBUI C
UCTIONIb30BAHUEM HECKOJIBKHUX TapaMeTpHU3aluil CIeKTpa KOCMUYECKUX Jydel, OMMParoLIuXcsl Ha
OKCIICpUMEHTANIbHBIE JTAaHHBIC M YYHUTHIBAIOIIMX M3JOM CHEeKTpa. M3BieueHHOe U3 JaHHBIX
IceCube ¢ueiiBopHOE OTHOIIIEHHE MOTOKOB HEHTPHHO YyKa3bIBa€T HA TO, YTO B H3MEPEHHOM
CHEeKTpe aTMOC(EpHBIX JJIEKTPOHHBIX HEHUTPUHO BUAHO BIHUSAHUE JUPPY3HOTO MOTOKA
acTpodusznueckux HEUTpUHO yxe npu sHeprusx 20-50 ToB.
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The processing of the IceCube experiment data, obtained during 988 days (2010-2013),
revealed 37 high-energy neutrino-induced events with deposited energies 30 TeV — 2 PeV. The
hypothesis of an astrophysical origin of these neutrinos is confirmed at the statistical confidence
level of 5.7c. To identify reliably the neutrino events, a thorough calculation of the atmospheric
neutrino background is required. In this work we calculate the atmospheric neutrino spectra in
the energy range 100 GeV — 10 PeV with usage of several hadronic models and a few para-
metrizations of the cosmic ray spectra, supported by experimental data, which take into account
the knee. The neutrino flavor ratio, extracted from the IceCube data, possibly indicates that the
conventional atmospheric electron neutrino flux obtained in the IceCube experiment contains an
admixture of the astrophysical neutrinos in the range 20-50 TeV.

HUCTOYHUKU ATMOC®EPHBIX JIEKTPOHHBIX HEUTPUHO

'A.JI. Mopo3zosa, 2A.A. Kouanos, *T.C. CuHeronckasi, !C.]. Cuneroscknii

"YpxyTckuii rocyaapcTBenHslit yuuBepcuteT, MpkyTck, Poccus
refriz@yandex.ru
*UucruTyT conHeyno-3eMuoi dusuxun CO PAH, Upkyrck, Poccus
3I/Ip1<yTCKI/1171 TOCYIAapCTBEHHBIA YHUBEPCHUTET ITyTeH coobmenus, pkyTck, Poccus

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

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

['maBHast HOBOCTh B HEUTPUHHON acTpo(U3MKE BHICOKMX DHEPTUA — JACTEKTUPOBAHUE B
skcnepumente IceCube 37 coOwiTuit oT acTpodusnyeckux HeWTpuHO C sHepruei ot 30 THB 1o
2 II>B. ®oHoM s 3THX COOBITUH SBISAIOTCA aTMoc(epHble HEHTPHUHO, IMOITOMY €ro
HEOO0XOAMMO 3HATh C JIOCTATOYHOH TOYHOCTHIO. B paboTe BBIMOMHEH pacdeT BKJIAAA B MOTOKH

aTMOC(hEpHBIX AIEKTPOHHBIX HEUTPUHO (V, +V,) TPEXUACTUUHBIX MOJYJIENTOHHBIX MOJ pacraja

+
e3’

aTmMochepoii. [TokasaHo, 4TO pacmaj KOPOTKOXKHBYILETO HEUTPAIbHOTO KaoHa K¢ maer Goiee

0 KO = = =
K-mezonoB (K35, K[, Kg), reHepupyeMbIX TIpy B3aWMOJACHCTBHM KOCMHYECKUX JIy4ei ¢ 3eMHON

TPETU MOJHOTO TMOTOKA V, +V, Ipu 3Heprusx soime 100 TrB. B paboTe moka3aHo Takxke, 4To

yueT peakiuu poxacaus K-mezonoB muonamu n+A—K+X nmpuBoaut k Bozpactanuto Ha 5—7 %
IIOTOKA V, +V, B IMana3oHe SHEPrun 10°-10*IB.

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

semileptonic decays of charged and neutral K mesons (K3, KL, Kg), produced in the extensive

air showers which induced by cosmic-ray particles. It is shown that decays of shortlived neutral
xaons (KJ) contribute about a third of the total flux v, +V, at the energy above 100 T3B. It is
also shown that account for kaons production in the pion collisions with nuclei, 1+A—K+X adds
to the flux v, +v, up to 7 % in the energy range 10-10*I'B.

PE3YJIbTATbBI PASPABOTKH HOBOI'O COJIHEYHHOI'O CIIEKTPOIIOJIAAPUMETPA
METPOBOI'O IUAIIA30HA (CCMJI)

H.O. MyparoBa, A.A. MypaTtoB

HucturyT conueuyno-3emuon ¢pusukun CO PAH, Upkytck, Poccus
muratova@iszf.irk.ru
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RESULTS OF DEVELOPMENT OF THE NEW SOLAR METER-WAVE
SPECTROPOLARIMETER (SMWS)

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

[IpencraBneHs! pe3yabTaThl, NOTYYEHHBIC HA 3aKIIOUUTEIBHOM 3Tare pa3paboTKU HOBOTO
CHGKTpOHOHHpI/IMGTpa MeTpOBOI‘O Jauaria3oHa. I/IHCprMeHT Hpe;[HasHaqu JJI OC}’H.IGCTB.HGHHH
HaOmofeHui B vacToTHOM pauamnazoHe 50-500 MI'm. OCHOBHBIM TPEHMYIIECTBOM JTaHHOTO
YCTPOMCTBA SIBIIACTCS TOJYYEHHUE IMOJHOTO BekTOpa (CTOKCa, MOJHOCTHIO XapaKTEPHU3YIOUIETO
COCTOsIHHUC nonﬂpmaunn COJIHCYHHOI'O paﬂnomnyquml. 3aJIO)KeHHI>I€ B HpI/IGOp YaCTOTHBIC Xa-
PaKTEpUCTHKH MO3BOJISIOT YBEIMYUTh BEPOATHOCTh HAOMIONECHUS JIMHEHHOMN mosispu3anuu. Mel
TaKXe pacCMOTPUM BO3MOXKHOCTH HaOmoaeHnst Ha CCM/] Tex Wi MHBIX COTHEUHBIX SIBICHUH C
Y4E€TOM XapaKTEePUCTUK MPpHUOopa.

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

NCCIEJOBAHUE CTPYKTYPbl KOPOHAJIBHOI'O MAT'HUTHOI'O ITIOJIA
HA OCHOBE MOJEJUPOBAHUSA COTHEYHBIX TISITEH
N JAHHBIX PAIMOHABJIIOJEHUA

O.B. Heawo0oBa

HucturyT comreuno-3emuoit puzuku CO PAH, Upkyrck, Poccus
ol.nelyubova@gmail.com

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

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

OnHUM U3 IPEeUMYIIECTB MHOTOBOJIHOBBIX PaJMOHAONIONICHUN SABISETCS BO3MOYKHOCTh
HCCIICJOBAHMS COJIHEYHOM KOPOHBI Ha Pa3HbIX BbICOTAaX. CHEKTpalbHO-NOISPU3ALMOHHBIE U
IIPOCTPAHCTBEHHBIC XaPAKTEPUCTUKH PAJUOU3IYyUEHUs TECHO CBSI3aHbl C MArHUTHBIMU IIOJIIMH.
B Hacrosimieit pabote mocTpoeHa MOJIeh COTHEUHOTO ISITHA, TIOTPY)KEHHOTO B CIIOKOWHYIO KO-
POHY, U IPOBEJICHO MOJICIIMPOBAHUE PATHOU3ITYUYeHUs B tuana3one yactor 4-8 I'T'u. Ha ocHoBe
IOJyYEHHBIX CHUHTETUYECKMX JaHHBIX PaJMOHAONIOIEHHH BOCCTAaHOBJIEHA MPOJOJIbHAS KOMIIO-
HEHTa MarHUTHOTO I10JIs1 B KOPOHE U JaHa OL€HKA NOTPEIIHOCTH TaKoro BoccTaHoBieHusA. Co3na-
BaEMbI€ METObI M AJITOPUTMBI TUATHOCTUKM MarHUTHOT'O MOJIS 110 paJuOHAOIIOAEHUSIM Ha MUKPO-
BOJIHAX MOTYT OBITh MCIOJIb30BAHBI ISl aHAJIHM3a JaHHBIX HOBOI'O MHOTOBOJIHOBOTO Tenuorpada,
coznaBaemoro 1o npoekry MC3® CO PAH.

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

OB OJTHOM MOJIEJIM MOJIUD®UIIUPOBAHHOM TEOPUM I'PABUTAIINU
B.B. Hukudoposa

Wncturyt anepusix uccnenosannii PAH, Mocksa, Poccus
nikiforovavas@mail.ru

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

Jlannasg pabora mocBsIeHa MOAU(UKAIMNA OOIIed TEOPUH OTHOCHTEJIBHOCTH IJIS OOJIBIINX
PACCTOSTHUH U MCCIETOBAHUIO KOCMOJIOTHYECKUX CIIEACTBUN Moaubukanuii. OOmenpuuaTas B
HACTOSIIEe BpPEMs CTaHAApPTHAs KOCMOJOTHYECKAas MOJECHIb IPEAnoiaracT Haludue TEMHOMN
SHEPTHH — 0CO00T0 BHA PHEPrUH, 3aIOJIHSIONICH BCIO BeeaeHHYI0 M MPUBOAMIILEH K €€ YCKOPEH-
HOMY pacimpeHnto. TakoW IMOAXOI CTAIKHBAeTCS ¢ IPOOIEMON BEIMYMHBI IUIOTHOCTH TEMHOM
SHEPruu (KOCMOJIOTHYECKOM IMOCTOSIHHOM) — 3Ta BEJIMYMHA MHOTO MEHBIIE, YeM SHEPreTUICCKUS
MacITaObl BCEX M3BECTHBIX (PYHIAMEHTANBHBLIX B3auMoAeHcTBUM. IIbITasch nm30exaTs mpoOIeMBbl
KOCMOJIOTHYECKON ITOCTOSSHHOM, YYEHBIC pacCMaTpUBAIOT IPYTHE BO3MOXKHOCTH OOBSICHCHHS
Ha0JII01aeMOro YCKOpEeHHOro paciupenus Beenennoii. OfHa U3 TaKMX BO3MOXKHOCTEH 3aKIF0YACTCS
B TOM, YTOOBI MOTU(HUIIPOBATH OOILYIO TEOPHIO OTHOCUTEIHHOCTH Ha KOCMOJIOTHYECKHX MacIuTadax
TakK, YTOOBI ATO MPHUBEIIO K OOBICHEHUIO YCKOPEHHOTO PacIIUpeHus 0€3 TEeMHOM SHEPTHH BOOOIIIE.

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

CPABHUTEJIbHBIN AHAJIN3 TEOMETPUYECKHAX XAPAKTEPUCTHK
IPYITHUBHBLIX IIPOTYBEPAHIIEB 110 HABJIIOAEHUAM
B PABJIMYHBIX CIIEKTPAJIBHBIX JIMAITAZOHAX

'A.A. Huxaituuk, “B.I". @aiinmreiin, “S.H. Eropos

"YpxyTckuii rocyaapcTBenHslit yuusepcuteT, MpkyTck, Poccus
sinichkani@mail.ru
*UucrutyT conHeyno-3eMuoi dusuxu CO PAH, Upkyrck, Poccus

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

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

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

C HcHoabp30BaHUEM JaHHBIX TCJIIECKOIIOB HA3€EMHOI'O 1 KOCMHUYCCKOI'O 6aSI/IpOBaHI/I$I 6I>I.HI/I
COTIOCTABIICHBI BBICOTHI M YTJIOBBIE pa3Mephl SPYNTUBHBIX mpoTyoepantieB (D11) mo nabmroaeHusM
B Pa3JIMYHLBIX ITapax CICKTPAJIbHBIX JUAINIA30HOB:
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1) Ha (MLSO (teneckomn PICS) u Kanzelhohe Observatory) u paguoauamna3on (pamno-
reauorpad Nobeyama, nimnna Bonuer A=1.76 cm);

2) kanain c A=195 A (SOHO/EIT) u paanoananasos;

3) xanan 195 A u Ha.

AHanM3 MOJTY4YEHHBIX 3aBHCUMOCTEH MeXy yKa3aHHBIMU F€OMETPHUYECKHMMH XapaKTepH-
CTUKaMU JIJISl PAaCCMOTPEHHBIX TMap CHEKTPATbHBIX IHUANa30HOB MO3BOJIAI CIENAaTh BBIBOJ, YTO
BBICOTHI U yrioBbIe pazmepsl D1, 3aperucTpupoBaHHBIX B OJIM3KHME MOMEHTHI BPEMEHHU B Pa3HbIX
CHEKTPAIbHBIX JAMANA30HAX, Pa3IMYaoTCsd MaJo: B CPEAHEM 13TO paziIMuue OKa3ajloch B Ipefe-
nax 1-4 %. CpaBHenue nzobpaxkenuii D11 B pa3HbIX CHEKTPaIbHBIX AHAla30HAX MO3BOJISET CHe-
JIaTh BBIBOJI, 4TO BHICOTA M YIIOBOM pasmep DIl B paguonuanasose u B kaHane 195 A Gonpme,
yeM B Ha, a B panuoauanazone 0osbie, 4eM B kanaje 195 A.

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

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

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

3) 195 A channel and Ha.

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

OIEHKA SQHEPTETHYECKOTI'O ITIOPOT'A
ONTUYECKOM CTAHIIMU TUNKA-HiISCORE

AJL MMaxopykos (3a kowtadoparuio TAIGA)

Hayuno-uccnenosarensckuii MHCTUTYT npukiiagHoi ¢pusuku UT'Y, UpkyTck, Pocenst
pal.27@yandex.ru

ESTIMATION OF ENERGY THRESHOLD OF OPTICAL STATION
TUNKA-HISCORE

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

JlokJa TIOCBAIICH pa3BopavuBaromieiics B TyHKMHCKOHN JOJIMHE HAa acTPO(OU3HUECKOM TIOJH-
rone MI'Y-UI'Y mupokoyroibpHOl atMochepHoit depeHkoBckoi ycraHoBke Tunka-HiISCORE,
BXojmel B coctaB ramma-oocepBatopun TAIGA. YcranoBka Tunka-HiSCORE nanenena na
pEerucTpalnio raMmma-KBaHToB ¢ sHeprueit 6onee 30 TOB. Ona Oyner npeacTaBisaTh co0oi ceTh (ho-
TONIETEKTOPOB — onTuyeckux ctanuuii (OC), pacmoioKEHHBIX Ha MOBEPXHOCTH 3€MJIM B y3JIaX
KBaJpaTHOM pelieTku. Pa3BepThiBaHNE YCTAHOBKHM MPOUCXOIUT MOITAMHO, U HA TEKYILEM 3Ta-
ne (2015 r.) ona coctout u3 28 OC, paccTossHHE MEXIY KOTOPHIMH COCTABJISET 75N2 M=106 M.
B noxnage onuckiBaroTcss koHCTpykius OC, u3MepeHue ee yrioBod 4yBCTBUTEIBLHOCTH, Bpe-
MEHHas KaJTuOpPOBKa, a TAKXKE OIMpPeelIeHUe SHEPreTUYSCKOT0 Opora YCTAHOBKHU 0 TEMITY CUeTa
onuon OC.

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

AHAJIN3 KOPPEJIALIUHU PAJIMOCHUT'HAJIA HA YACTOTE 32 MI'n
C XAPAKTEPUCTHUKAMMH IIAJI IO JAHHBIM IKYTCKOH YCTAHOBKH

N.C. Iletpos, C.I1. Knypenko

HucTuTyT KOcMOpHU3nIecKuX uccieaoBanuii u asponomun uM. FO.I'. Illadepa CO PAH, fkytck, Poccus
igor.petrov@ikfia.sbras.ru

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

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

B pabote paccMmarpuBaeTCs KOPPEISIUSA PaaIdoCUTHANIA ¢ TTapaMeTpaMH IIUPOKUX aTMO-
cepHBIX TUBHEH. sHepruel nuBHA Eg ¥ riIyOnHON MakcuMyMa Xmax. 11okazaHo, 4To 0 M3Me-
PEHHUSM PaJIUOCUTHATIA MOKHO TOJTYYHTh ITapaMeTphl HHIUBUIYaJIbHOIO JUBHSI M MaCCOBBIN COCTaB
KOCMHYECKHUH JTyderl. BeiBenena 0600menHast hopMysia st pacueTa SHEPTUH JIMBHS.

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

PACYET HHXEKIIMU COJTHEYHbIX DOHEPT'MYHBIX YACTHUI]
B MEKIIJTIAHETHOM ITPOCTPAHCTBE B COBBITHUM 15 AIIPEJIA 2011 r.

A.C. IleryxoBa, C.H. Ileryxos

HucTutyT KOcMOu3ndecknx uccienaoBanuii u asponomun uM. F0.I'. [lladepa CO PAH, fxytck, Poccus
aspetuhova@mail.ru

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

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

PaccuntaHo yckOpeHHME COJIHEYHBIX SHEPIrUYHBIX YAaCTHUI[ YAApHON BOJIHOM, IOPOKICHHOM
BBIOPOCOM KOPOHAJILHOM Macchl BEIIECTBA B COJTHEUHOH arMocdepe. BHelHsas rpanuiia BEIOpoca U
yIapHbIid (PPOHT 3aJaHBI B BUJC CEIMEHTOB C(EPUUCCKUX IMOBEPXHOCTEH Pa3HBIX PAJUyCOB, JIBUIa-
IOIIUXCSI COTJIACOBAaHHO. B pacuere yunThIBalOTCS HECTAIMOHAPHOCTH Tporiecca, chepruueckas Cum-
METpUs M aJradaTHdecKre MOTEpU SHEPTrUM YacTHUIl B pacIimpsiomieiics cpene. [Ipemmonaraercs,
yto BOJMM3K CoHIA CYIIECTBYET Pe3Koe M3MeHEeHHe KoddduimenTa nuddy3uu YacThI] B 00JIacTH
Iepexo/aa OT KOPOHBI K MEKIIAHETHOMY ITPOCTPAHCTBY. JIJ1s1 COMOCTABIICHUS C pe3yJIbTaTaMy pac-
YeTa MCIOJIb30BaIaCh MHXKEKIIMS COJTHEUHBIX SHEPTHYHBIX YACTHII, BOCCTAHOBJICHHAS 110 BEIIMYMHE
Y aHU30TPOIMH MHTEHCHMBHOCTH IIOTOKA YaCTHII, 3aPETHCTPHPOBAHHOTO HA3€MHOW CEThI0 HEUTPOH-
HBIX MOHUTOPOB B coObITHN 15.04.2001 r. M3 conocraBnenus onpeneneHbl Ko3hGuuueHTs! 1udpdy-
3 YaCTHI] TIEpe/T ¥ 32 YAAPHBIM (DPOHTOM U TOJIOKEHHE 00JIACTH Mepexo/a.

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

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

HuctutyT KOcModu3ndeckux uccienoBanuit u aaponomun uM. FO.I'. llladepa CO PAH, fxyrck, Poccus
aspetuhova@mail.ru

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

BeccToNnKHOBUTENBHBIE YIAPHBIC BOJHBI B KOCMHYECKHMX YCIIOBUSX SIBISIOTCS MCTOYHHKOM
SHEPrUYHBIX YacTHUI]. YacCTHUIbI, UMEIOIINE HEOOBIIYI0O CKOPOCTh BAOJIL HOPMAIH K IIOBEPXHOCTH
yaapHoro (hpoHTa, MOI'yT MHOTOKPATHO OTPaXKaThCs OT AJIEKTPHUCCKOrO MOIEPEYHOro MO KBa3u-
NCPICHANKYISIPHONM yIapHOW BOJHBI M YCKOPAThCS cepduHroM. CepdUHI MOXKET 00CCIIEUHUTH
MIPEAYCKOPEHUE YACTHII [T MOCACAYIOIero qudGy3HOHHOIO MeXaHu3Ma yckopenus. Mcciaemosa-
HUe cep(UHra IIpeacTaBIseT HHTEPEC A pacuyeTa MHKEKIUN U SJIEMEHTHOI'O COCTaBa YCKOPEHHBIX
yactuil. B pabote u3noxkeH MeTo pacueTa (yHKIUU PACIIPEACICHUS YaCTHULl, YCKOPEHHBIX cep(UH-
rOM Ha yAapHOM (DpoHTE, B TOM ciydae, KOrja 3aJaHbl TAKUE XapaKTEPUCTUKH, KaK HAIPSHKCHHOCTh
AJIEKTPOCTATHIECKOTO TMOJIs ¥ ToHA (ponTa. [TpeacraBiieHpl pe3ysibTaThl pacyeTa CIIeKTPOB Ya-
CTHII B 00JTaCTH TIepe]T ¥ 332 (PPOHTOM B 3aBUCHIMOCTH OT TTApaMETPOB 33]1auH.

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

JJABOPATOPHOE MOJAEJINPOBAHUE ITPOLIECCOB
I'EHEPAIIVM IIVIASMEHHbBIX BOSMYIIIEHUU B MATTHUTHBIX TPYBKAX
HA ITOBEPXHOCTH COJIHIHA

I1.A. IIpokomnioB, D.JI. bosspunues, I0.I1. 3axapos, A.B. MeJexos,
A.T'. Ilonomapenko, B.I'. Ilocyx, B.H. Tumenko, U.®. llaiixuciamon

UnctutyT nazepuoii dusuxu CO PAH, HoBocubupck, Poccus
paprok312@gmail.com

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

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

Institute of Laser Physics SB RAS, Novosibirsk, Russia

Anb()BEHOBCKHE M MEJJICHHBIC MAarHUTO3BYKOBBIC BOJIHBI, PacCHpOCTPaHSIOIIUECS B Mar-
HUTHBIX pr61<ax Ha MMOBCPXHOCTH COJIHL[a, MOTI'YT ABJIATBCA OAHHUM U3 HUCTOYHHMKOB Harp€Ba KoO-
pownsl. [Iporieccr reHepalu U pacpoCcTpaHEHUs 3TUX BOJIH uccienoBanuchk Ha crenae KNU-1 —
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BBICOKOBAKYYMHOM KaMepe JJINHON 5 M B JuaMeTpoM 1.2 M ¢ BHEIITHUM MarHUTHBIM I1oj1eM B 1o
500 I'c Bmosb ocu kamepsl. JlazepHas mia3ma co3gaBajiachk npu (pokycupoBke CO;-l1a3epHOTO
HMMITYJIbCa Ha TUIOCKOM MOJMATUIICHOBOM MHUIIIEHU M PACIPOCTPaHsIach B ()OHOBOM BOJOPOIHOM
(wm TenueBol) mia3me ot O-nmuHYa. B pe3ynbrare ObLI0 IPOMOJCIMPOBAHO JIBHXKCHHE TIJIa3MBbl
B MarHUTHOU TPyOKe, yCTaHOBIIEHA 3aBUCUMOCTb nuaMmerpa TpyOoku oT noiist B. [lomyueno paau-
aIbHOE pacHpeieICHue KOHIIEHTPAIMHU TIJ1a3Mbl, €€ CKOPOCTH, TOKOB BJI0JIb MAarHUTHOTO TOJIST U
BO3MYIICHUH MarHUTHBIX Tojiei. Haiinensl mpu3Haku pacrpocTpaHeHHst ObICTpOi anb(BEHOB-
CKOM ¥ MEJUICHHOW MarHUTO3BYKOBOW BOJIH.

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

AHAJIN3 TUHAMWKMA IJIA3MbI B COJIHEYHOWM BCHBIIIKE 12.06.2014 r.
11O JAHHBIM HABJIIOAEHUHN KOCMHNYECKHUX AIIITAPATOB IRIS 1 RHESSI

'B.M. Ca/IbIKOB, 'n.H. IIIapeIxkyH, 2ALT. KocoBuues, 'n.B. 3umoselr,
'A.B. CTpyMuHCKuUid, 3C. Baprac Jlomunrec

lI/IHCTI/ITyT kocMmuueckux ucciaenoanuii PAH, Mocksa, Poccus
viacheslav.sadykov@gmail.com
*Uccnenosarensekuii entp NASA Ames, Mobderr, Kamudpopaus, CILIA
*HammoHasbHast acTpoHOMHYecKas oocepBaTopus Harmonameaoro KoayMOniickoro yHUBEpCHUTETA,
borora, Komym6us

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

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

lSpace Research Institute of RAS, Moscow, Russia
NASA Ames Research Center, Moffett Field, California, USA
30bservatorio Astronomico Nacional Universidad Nacional de Colombia, Bogota, Colombia

[IpeacraBneHsl pe3yabTaThl aHanW3a BCHbImKK Kiacca M1.0, mpousomenmeli 12 uroHsS
2014 r. (SOL2014-06-12T21:12), o ganubsIM HabIroaeHuH ¢ Kocmudeckux ammapaTos IRIS (In-
terface Region Imaging Spectrograph) u RHESSI (Reuven Ramaty High-Energy Solar Spectro-
scopic Imager). IRIS monyyan nzobpaxenus 1 Y ®-crneKTphbl BBICOKOIO pa3pelieHus OoUTH IS
BCEH BCHBIIICUHOM 00nacTu. B pesynbrare ananuza HaOmoaeHuid IRIS B pa3IMuHbIX CIIEKTpalib-
HBIX JIMHHSAX OOHAPYKEH XPOMOCHEPHBIN IMOTOK IJIa3MbI C OOJIBIIUM KPAaCHBIM CMEIICHHEM (T10-
psanka 100 kM/c) HemocpeacTBeHHO nepen Benblmkoii. Herermosas smuccus nuauu CII k nepe-
XOIHOM 00J1acTH HAOII01aeTCS BO BPEMs MMITYJIbCHOM (ha3hbl BCIBIIIKH B HECKOJIBKUX ITPOCTPaH-
CTBCHHO-JIOKAJN30BaHHBIX TOYKaX (C XapaKTepHBIM pa3zMepoM 1 yria. cek). Takke HalcHO, 4TO
muams CII k ucnpIThIBaeT MPEeMMYIIECTBEHHO KpPacHOE CMEIICHHE 0, BO BPEeMsS U IOCJIC MM-
nyJbcHOM (ha3bl BeoblmKHU. [k mHTerpanbHoi 3muccuu ropsdeii (10 MK) mia3mel B TMHUK
FeXXI 1354.1 A 3apeructpupoBaH CIycTs MPUMEPHO 5 MHH HOCIIE [HKA HHTETPAILHON IMHC-
cun nuanu CII k. Ycranosaeno, uro auausg FeXXI ucobIThIBaeT ronydboe CMEIIEHNE 10 IIEPHU-
MeTpy 00JIaCTH, YTO COOTBETCTBYET MCHAPCHUIO XPOMOCGHEPHOH IIa3Mbl CO CKOPOCTSIMH T10-
paaka 50 xkm/c. JononuurensHbd ananu3 gaHHeIX RHESSI moarsepikmaeT, uTo AuHaMHKa
BepxHel xpomocdepsl, HaOmonaBmasicst IRIS, Haxoaumach B COOTBETCTBUH C MOJIENBIO MSITKOTO
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xpoMmocdepHoro ucnapeHus (gentle evaporation). O0cykmaroTcst GU3HYSCKHE MEXAHU3MBI, KO-
TOpBIE MOTJIM MPUBECTU K HAOII0aBIIEMYCsI XpOMOC(HEPHOMY HCIIAPEHUIO.

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

MNONCK UICTOYHUKOB KOCMUYECKHNX JIYUEN MYJbTH-T>B YHEPT UM
C IOMOULIBIO YCTAHOBKH TUNKA-HISCORE

B.C. Camoaura

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

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

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

[IpuBoaHMTCS KpaTKOE OMHUCAHME MCTOYHHKOB KOCMHYECKHX JIydeHd M MeXaHu3Mma (Gpopmu-
pOBaHUS IMPOKKUX aTMOC(hEPHBIX JUBHEH B atMocdepe 3emn. Ilokazanbl pasHUIla MEXIYy KOC-
MHYECKHMHM JTydaMH U TaMMa-U3JIydeHHEM OT HCTOYHUKOB U POJIb IMOCICIHUX B IMIOMCKAX MCTOY-
HuKOB. Onmcana ycranoBka Tunka-HiSCORE, u3noxxeHsl 1ienu 1 3a1a4u ee paboThl.

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

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

I1.O. Ceprees, /I.A. ’Knanos, A.C. CapbsiHHHKOB

WucTutyT conreuno-3emHuoi ¢pusukun CO PAH, Upkyrck, Poccust
stalkerpasha23@mail.ru

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

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

AGCOTIOTHBIE U3MEPEHUS UTPAIOT BAKHYIO POJIb B aCTPOHOMHHU. B To ke BpeMs mporierypa
a0COIFOTHON KamuOPOBKH PaJMOTENIECKOINa SBISICTCS HETPUBUAIBHOW (CIOXKHOM) 3amayei.
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Mg1 cTapaemcs pellInTh 3Ty 3amady Jia crnexkrponossipuMmerpa 4—-8 I'T. Xora oH padoTaeT ¢
2010 r., TeM HEe MEHEe 0 HACTOSIIEr0 MOMEHTA IOJIydaeMbIe CIICKTPaJIbHBIC TAHHBIC HE Kajauo-
poBaHbl. MBI B eTalIIX 00CYKIaeM MONyUYEeHHBIC PE3YNbTAThl U MOAXOMAbI, UCIIOIb3YeMbIe IS
a0COMOTHON KamuOpOBKY criekTporosipumeTpa 4—8 I'Tw.

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

PASPABOTKA ITPOTOTUIIA HEPEHKOBCKOI'O TEJIECKOIIA
JJIAA UIBYYEHUA KOCMUYECKUX JIVUEU

JL.B. TumodeeB, A.A. UBanoB

HHcTuTyT KOcMOpHU3NIeCKHX UccieaoBanuil u asponomun uM. FO.I'. lladepa, Sxyrck, Poccust
bananasheaven@yandex.ru

DEVELOPMENT OF A PROTOTYPE OF CHERENKOV TELESCOPE
FOR STUDYING COSMIC RAYS

L.V. Timofeev, A.A. lvanov

Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

[IpencraBiensl MeToaMKa HAOIIOEHHS YEPEHKOBCKOTO CBETA OT IIMPOKUX aTMOC(EpPHBIX
nuBHer (ILTAJI), mopoxnaennsix kocmuueckumu jiydamu (KJI) ¢ sHeprueit Bbiiie 10* 5B, u
Mpe/IBapUTeNIbHbIE pe3ynbTarhl HaOmoAeHui. [lepBbIM mpOTOTUIIOM Teneckomna Jjs MU3y4eHus
KJI sBisieTcst IMpOKOYTONMbHBIN YepEeHKOBCKHIA Teneckon Ha 6aze Hamamatsu R2486 u chepu-
YecKOro 3epkana, paboTaroluii Ha COBMNAJEHHE C CHUHTWUISIHMOHHBIMU JIE€TEKTOpaMH, UHTe-
rpadbHBIMA U JU(PepeHInaTbHBIMU YePECHKOBCKUMHU ACTEKTOpaMH SIKyTCKOW KOMIUIEKCHOM
yctanoBku LITAJI. JlerekTop pacmoyioxeH psaoM (Ha pacCTOSTHUU OKOJIO 2 M) C OJTHUM U3 UHTE-
IpaJIbHBIX YEPEHKOBCKUX JIE€TEKTOPOB. BTOpPOI MpOTOTUI YEPEHKOBCKUX JIETEKTOPOB MPE/ICTAB-
JseT co00¥ MHTETpalibHBIN Teneckomn Ha JuH3ax Openens u @OV ET Enterprises 9266B. B no-
KJIaJie JETAIbHO MPECTaBICHbl TEXHUUECKUE XaPAKTEPUCTUKU TEJIECKOIOB, a TAKXKE PE3yJbTaThl
MEPBBIX IKCIEPUMEHTAIBHBIX HA0IIOICHUH.

This report presents an observation method of Cherenkov light from extensive air showers
(EAS) generated by cosmic rays (CRs) above 10 eV and preliminary observations. The interest
in Cherenkov light differential detectors of EAS is caused by the possibility to measure the depth
of cascade maximum, Xmax, and/or the shower age via angular and temporal distributions of the
Cherenkov signal. In particular, it was shown using EAS model simulations that the pulse width
measured at the periphery of the shower, r>300 m, at sea level is pronouncedly connected with
Xmax- Cherenkov detector is a wide-angle telescope working in coincidence with scintillation de-
tectors, integral and differential Cherenkov detectors Yakutsk complex EAS. This provides the
data on lateral distribution of photon intensity and total flux of Cherenkov light in EAS. The de-
tector is located near (about 2 m) with one of the integral Cherenkov detector. This detector’s
signal was calibrated using plastic optical radiator. So, we have a possibility to normalize an in-
tegral signal from telescope to that of the Cherenkov detector. We have completed the field test-
ing of the prototype wide FOV telescope. A number of EAS events are detected in coincidence
with the surface detectors of the Yakutsk array. A detection efficiency of the telescope is meas-
ured as well as the effective radius of the telescope detecting area. The report details the tech-
nical specifications of the telescope, as well as the results of the first experimental observations.
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SJEKTPOONTHYECKHUI MOAYJIATOP MOJIIPU3OBAHHOI'O U3JIYYEHUSI
A.T'. IlarokoBa

UnctutyT conneuno-3zemuoi ¢puzuxku CO PAH, Upkytck, Poccus
tsayukova@iszf.irk.ru

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

B nHacTosiiiee Bpemsi MbI CTJIKUBaeMcs C TPOOJIEMOl CO3/1aHusI HAJS)KHBIX YCTPOUCTB MO-
TyJSIAY TTOJSIPU30BAHHOTO M3ITYUEHUS, SIBIISIOIIUXCS YaCThIO acTpO(U3NUecKux mpuOOpoOB IJist
MOHUTOPUHIAa MarHUTHBIX noJield Ha CounHie. [[elicTBue TakuX yCTPOWCTB OCHOBAHO HA MCIOJb-
30BaHUU MPOIOIBHOTO 3 dekra [lokkenbca B macTuHe Z-cpe3a MEKTPOONTHIECKOTO KPUCTa-
na DKDP. YpoBeHb HaaeKHOCTH MOIYJIATOPA 00YCIOBIMBACTCS CBOMCTBAMHU M KauyeCTBOM OTI-
TUYECKOM OOpaOOTKH AIIEKTPOONTHUYECKOTO KPHUCTalIa, KOHCTPYKIMEH Mmpubopa B IEIOM U
YCIOBUSIMU €T0 dKCIUTyaTaluu. MOAYISIIKs B YCTPOHCTBE OCYIIECTBIIACTCS IMyTEM MPHUIIOKEHUS
YIPABJISIIOLIETO HAMPSHKEHUS K TPAHSIM 3JIEKTPOONTHYECKOTO KPUCTAJUIa Yyepe3 Mpo3pavHoe To-
KOIPOBO/sIIIEe MOKPHITHE, HAITBUIEHHOE HEMOCPEACTBEHHO Ha KPUCTAIUIL. DTO HE TOJIBKO MO3BO-
JSET pacHIUPUTh padOuYuil MHUana3oH 4acTOT U MOBBICUTH TOYHOCTh U3MEPEHHI, HO M MPEAbSB-
JsieT ocoOble TpeOOBaHUS K KaYECTBY MOBEPXHOCTH JIEKTPOOIITUYECKOTO KpUCTAIIA.

Jlokiian COAEp>KUT OMHMCAaHWE METOJOB MPEHU3MOHHOW O0OpabOTKH IUIACTHH KpHCTasia
DKDP 1 HOBBIX TEXHOJOTHMYECKHUX PEUICHHN B KOHCTPYKLHMHU ycTpoucTBa. IIpoBeneHo cpaBHe-
HUE XapaKTEePUCTUK COOPAHHOTO JEKTPOONTHUECKOTO (ha30BOTO MOIYIATOPA C XapaKTEPUCTH-
KaM{d MOJYJISITOPOB PaHHUX KOHCTPYKUUH. [IpoBeaeHbl Takke UCHBITAaHUS MOAYJISTOpPa HOBOTO
o0pa3siia C eI PaCIIUPEHHSI YTIOBOTO MOJIS.

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

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

AAHAMMKA 3JIEKTPUYECKHX TOKOB
N POTOCPEPHbBIX TEYEHUH I1VIA3MbI, HABJIIOJJAEMAS
B IIPOIIECCE PA3BUTHUA HESPYIITUBHOM COJTHEUHOM BCIBIIIKA

'"M.H. llapsbikun, 'B.M. Canpbikos, ’C. Baprac /lomunrec, *A.I'. KocoBruen

1I/IHCTI/ITyT kocmuueckux ucciienosanni PAH, Mocksa, Poccus
ivan.sharykin@phystech.edu
’HanroHalbHast acTpoHommuueckas odcepBaropus Harmonanpaoro KomymMOnuiickoro yHUBEpCUTETA,
borota, KomymoOus
*Uccnenopatensckuii nentp NASA Ames, Moddert, Kamudoprus, CLLIA
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DYNAMICS OF ELECTRIC CURRENTS AND PHOTOSPHERIC PLASMA FLOWS
OBSERVED DURING A NON-ERUPTIVE SOLAR FLARE

'I.N. Sharykin, V.M. Sadykov, *S. Vargas Dominguez, *A.G. Kosovichev

'Space Research Institute RAS, Moscow, Russia
2Observatorio Astronomico Nacional Universidad Nacional de Colombia, Bogota, Colombia
*NIASA Ames Research Center, Moffett Field, California, USA

Conneunas Bembimika knacca M1.0, npousomenmas 12 utons 2014 r. B 21:01 UT, na6unro-
nanach HOBBIM ontuyeckuM TeieckornoM NST B cocraBe o6cepBatopun BBSO ¢ momomipio
¢unbrpa TiO u mpudopa VIS (muuus Ha). Bo Bpemst 1aHHOTO COOBITHS HE HAOJIOIANIOCH dPYII-
MM MarHUTHOTO BOJIOKHA, YTO TOBOPUT O HEMIPUMEHHMOCTH CTaHAAPTHOW MOJENH SPYNTUBHON
COJTHEYHOU BCHBIIIKU K JaHHOMY coObITHI0. Hanmmune HabmronatenbHbXx qaHHbIX NST ¢ Bbico-
KHM MPOCTPAHCTBEHHBIM pazpenieHreM (BioTh 10 0.09 yri. cex) u HeapynTHBHAs IPUPOJIA CO-
OBITHS SBISIOTCS TJIABHBIMH KPUTEPUSIMU BBIOOpA JTAaHHOW CONHEYHON BCIBIIKH. L[enbpio paboThl
SBIIETCSL MCCIEAOBaHNE POJIM (PU3MUECKUX IPOLIECCOB B HUXKHEH aTMocdepe B MHULIMALUU U
Pa3BUTHUU BCTBIIIIEUHOTO MPOIlecca B BRIOPAHHOH comHeYHOU Bemblmike. [IpoananusupoBana Jau-
HaMHKa DJIEKTPHUYCCKUX TOKOB IO BEKTOPHBIM Marautorpammam HMI/SDO, a takke quHamMuka
TeueHul mia3Mel B potocepe mo pomaeporpammam HMI/SDO. YcraHoBIICHO, UTO € CONHEYHOM
BCIIBIILIKOW CBSI3aHBI NepecTpoiika (GoTochepHbIX TEUEHUN U yMEHbIICHUE BEIUYUHBI 3JIEKTPU-
YECKUX TOKOB, CKOHIIEHTPUPOBAHHBIX OKOJIO JIMHUU WHBEPCHH TMOJSPHOCTH MArHUTHOTO MOJIS.
[To manapiM HaOmoneHuid NST moka3zaHo paclIMpeHHuE MarHUTHOTO JKTyTa, PACIOJIOKEHHOTO B
obnactu Qorochepubix TeueHuid. [IpeacraBiaecHHBIC HAOIIOAATEIBHBIC TaHHBIC CBUJICTEIb-
CTBYIOT O TOM, YTO MHHUIMALUS BBHIOPAHHOIN COJIHEYHOW BCIBIIMIKH CBSi3aHA C (U3MYECKUMU
MpolieccaMy B INTIOTHON YaCTU COJTHEUHOUM aTMOC(EpHI.

We present the case-study of the solar flare of 12 June, 2014 which was observed by the
New Solar Telescope (NST) in Big Bear Solar Observatory using the TiO and H-alpha filters.
During this event we did not observe eruption of the magnetic flux rope. This fact excludes the
scenario of the standard model of an eruptive solar flare. We selected this solar flare due to its
non-eruptive nature and availability of the high spatial resolution (up to 0.09 arcsec.) NST ob-
servations for this flare. The main scope of the work is to investigate a role of the physical pro-
cesses in the lower solar atmosphere for the selected solar flare. We analyze dynamics of the
electric currents and flows using vector magnetic field and Doppler velocity measurements made
by HMI/SDO. We show that flare energy release is connected with redistribution of the photo-
spheric flows and decreasing electric currents, concentrated near the magnetic field polarity in-
version line. According to the NST observation we found magnetic flux rope expansion in the
region of the intensified photospheric flows. Presented observational data argue for connection
between physical process in the lower solar atmosphere and initiation of the selected solar flare.
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KOH®EPEHLIUS MOJIOABIX YYEHBIX
CEKIIMA B
®M3NKA OKOJO3EMHOTO KOCMUYECKOTO ITIPOCTPAHCTBA

BO3JEVICTBUE MATHUTHBIX OBJIAKOB
HA INIOTHOCTh KOCMHWYECKHUX JIYUEN

A.A. AOyHuH, A.B. BesioB, M.A. AOynnHna, E.A. Epomienko, B.A. OneneBa, B.I'. SInke

WHCTUTYT 3eMHOTO MaraeTusma, noHoc(heps! U pacnpoctpaHerus paanoBoiad uM. H.B. ITymkosa PAH,
Tpowunk, Mocksa, Poccust
abunin@izmiran.ru

THE IMPACT OF MAGNETIC CLOUDS ON COSMIC RAY DENSITY
A.A. Abunin, A.V. Belov, M.A. Abunina, E.A. Eroshenko, V.A. Oleneva, V.G. Yanke

Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS,
Troitsk, Moscow, Russia

To, 4To MarHUTHBIE OOJIaKka NEWCTBYIOT HA TaTaKTUYECKUE KOCMUYECKHUE JIyYH, U3BECTHO YiKE
okoJ10 20 sret. OHM COCOOHBI U3MEHATH TIOTHOCTh KOCMHUYECKUX JIydel, co3/aBasi ABYXCTyIeHYA-
TYIO CTPYKTYPY GopOyII-3¢PeKToB, U CYIIECTBEHHO YBEINYHUBATH BTOPYIO TAPMOHUKY aHU30TPO-
nuu KJI. B manHOl paboTe mccnemyroTcsi 0COOEHHOCTH TMOBEICHUS TATAKTUYECKUX KOCMHUYECKUX
Jy4el B COOBITHSX, CBS3aHHBIX C MPUCYTCTBUEM MArHUTHBIX OOJIAKOB B MEKIUIAHETHBIX BO3MYIIIE-
HIsIX y 3emuin. PaccmoTpena Mozienb, criocoOHasi onucaTh pacipeiesieHne MIOTHOCTH KOCMUYECKUX
Jy4el BHYTPH MarHUTHOTO 00J1aka, ¥ TIOKa3aHo, YTO B OOJBIIMHCTBE CTy4aeB (HO HE BO BCEX) MOBE-
JICHUE TJIOTHOCTH KOCMUYECKUX JTy4el B MarHUTHOM oO0Jiake y 3eMJIM MOXKHO OIUCATh MPOCTOMN Ma-
paboIUeCcKOl 3aBUCUMOCTBIO OT PAacCTOSHHUSI 70 IIEHTpa 001aka, U3MEPEHHOTO B TUPOpanycax.

It is known more than 20 years that magnetic clouds affect the galactic cosmic rays. They are
able to change the density of cosmic rays, creating a two-step structure of the Forbush-decreases, and
significantly increase the second harmonic anisotropy of cosmic rays. In this paper we investigate the
behavior of galactic cosmic rays in the events related to the presence of magnetic clouds in the inter-
planetary disturbances near the Earth. A model capable of describing the distribution of the cosmic-
ray density in the magnetic clouds, and it was shown that in most cases (but not all) the behavior of
the density of cosmic rays in the Earth magnetic cloud can be described by a simple parabolic
dependence on the distance to the center of the cloud measured in gyroradius.

MEPBASI TAPMOHUKA AHU30TPOIIMA KOCMUYECKHUX JIYUEH
B HAYAJIbHOM ®A3E ®OPBYIII-3®PEKTOB

M.A. AOyHuHa, A.A. AOyHuH, A.B. besioB, E.A. Epomienko, B.A. OneneBa, B.I'. finke

WHCTUTYT 3eMHOTO MaraeTusma, noHoc(heps! U pacnpoctpaHerus paanoBoiad uM. H.B. ITymkosa PAH,
Tpowunk, Mocksa, Poccust
abunina@izmiran.ru

THE FIRST HARMONIC OF COSMIC RAY ANISOTROPY DURING
THE INITIAL PHASE OF FORBUSH EFFECTS

M.A. Abunina, A.A. Abunin, A.V. Belov, E.A. Eroshenko, V.A. Oleneva, V.G. Yanke

Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS,
Troitsk, Moscow, Russia

N3ygaercst Gpa3oBoe pacnpeeneHne U aMIIUTyJHO-(a30Basi 3aBUCHMOCTh IIEPBO TapMo-
HUKHU aHU30TPONHMH KOCMHUECKUX JIydel B HauaiabHOH (aze popOym-3dpdexra. CTaTucTHIECKUN
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aHanu3 Bcex (popOymi-3¢g(hekToB ¢ BHE3amHbIM HadaioM 3a 1957-2012 rr. mokaszaj, 4To TJIaBHbIC
0CcOOCHHOCTH (Ha30BBIX paclpeieNieH i TIEPBOM TApMOHUKH aHU30TPONUU KOCMHYECKHUX JTy4eHl co-
XPpaHSIOTCS B TeUeHUE Beel rimaBHOM (asbl hopOym-3¢dhdekToB, HaunHasl ¢ yaca 70 YAapHOH BOJIHBI
Y BIUIOTb JI0 Y4COB C MAaKCUMAJIbHOM aMIUIMTYI0M aHU30TPONHUU. AMIUIUTY/Aa BEKTOPHON aHU30TpPO-
MU yXKE Nepe]] IPUXO0A0M YIapHO! BOJIHBI BBIIIE, YEM B CIIOKOMHBIE MTEPUOABI, U TIOCTETIEHHO BO3-
pacraet mpu yriryOJIeHHH B MeXKILTIAHETHOE BO3MYIIIEHHUE, co3/1atoiiee GopOyI-MoHMKEHHE.

Phase distribution and amplitude-phase dependence of the first harmonic of the cosmic ray
anisotropy during the initial phase of Forbush effects are studied. Statistical analysis of all For-
bush effects with sudden onset during 1957-2012 showed that the main features of phase distri-
bution of the first harmonic of the cosmic ray anisotropy persist throughout the main phase of the
Forbush effects, starting from the hour before the shock wave until the hour with the maximal
amplitude of anisotropy. Amplitude of vector anisotropy is higher already before the arrival of
the shock wave than in quiet periods, and it gradually increases as Earth enters deeper the inter-
planetary disturbance which creates the Forbush decrease.

OIIEHKA BAPUAIINI XAPAKTEPUCTHK MO3UIIMOHUPOBAHUS
1O CUTHAJIAM I'HCC GPS HA CTEHJE CYPA

A.B. AnekceeBa, A.B. TepThIIIHNKOB

WnctutyT npuknagnoit reopusuku um. E.K. ®enoposa, Mocksa, Poccus
alert@mail.ru

EVALUATION OF VARIATIONS OF POSITIONING CHARACTERISTICS
FROM GNSS/GPS SIGNALS AT SURA STAND

A.V. Alekseeva, A.V. Tertyshnikov

Fedorov Institute of Applied Geophysics, Moscow, Russia

C 19 mo 29 mapra 2014 r. mpou3BOAMINCH SKCIIEPUMEHTHI 110 Tipremy curHaioB KA GPS B
YCJIOBHAX BO3ACUCTBUS Ha HOHOC(HEPY MOITHBIM KOPOTKOBOJIHOBBIM M3NyuyeHreM crenna CYPA
(®I'bBHY «HUP®U», H. HoBropox). B skcnepuMeHTe UCMONB30BaICS T€0AC3HUCCKUIT HaBUTa-
MOHHBINA pueMHHK Trimble-5700 ¢ aHTeHHOH, YCTaHOBIIEHHOW Ha KPbIIIE aIMUHUCTPATUBHOTO
3maHus nmoiaurona. PaccmarpuBanock cpennekBaaparudnoe otkiaoHeHne (CKO) xapakTepucTuk
NICEBIONIO3UIIMOHMPOBAaHUS (MTHOBEHHAs OIEHKa MO3UI[MOHMPOBAHUSA) MO MEpBOM paboueit
yactore 'HCC GPS.

CpaBHEHHE XapaKTEPUCTHK IICEBIONO3UIIMOHUPOBAHUSA A0 3KCIEPUMEHTOB U IIOCIE IO
KpUTEpUSIM HeTapaMeTpUUYeCKOM CTATUCTUKU IOKa3aJl0 HECIy4alHOCTh YBEJTUYEHUS OLIEHOK
CKO npu neprognuecKux BKIIOUYEHUSX U BBHIKIIOUEHHUIX ¢ BeposiTHocThio 94.1 %. IIpu mocro-
STHHOM HarpeBe paziu4uii He OOHAPYKEHO.

The experiments were carried out on reception of GPS satellite signals under the effect of
powerful shortwave radiation from SURA facility on the ionosphere from 19.03.2014 till
29.03.2014 (“NIRFI”, N. Novgorod). A geodesic navigation receiver Trimble-5700 with an an-
tenna on the roof of administrative building was used in the experiment. The main focus was on
the standard deviation (SD) of characteristics of pseudo positioning (instantaneous evaluation of
positioning) by the first operating frequency of GNSS GPS.

Comparison of characteristics of pseudo positioning before and after the experiments ac-
cording to the criterion of nonparametric statistics showed non-randomness of increasing SD as-
sessments of periodic on and off states with a probability of 94.1 %. At constant heating differences
were not found.
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CYTOYHO-CE3OHHBIE BAPUALIUHN JEKTPOHHOUN KOHIIEHTPAIIMA
BO BHEIIIHEHN NOHOC®EPE 110 JAHHBIM UPKYTCKOI'O PATAPA
HEKOI'EPEHTHOI'O PACCEAHUA

C.C. Ancarkul, A.B. Measenesn, K.I'. PartoBckuii

WnctutyT conneuno-3zemuoi ¢puzuxku CO PAH, Upkytck, Poccus
alss@iszf.irk.ru

DAILY-SEASONAL VARIATIONS OF ELECTRONIC CONCENTRATION
IN THE EXTERNAL IONOSPHERE ON THE BASE
OF IRKUTSK INCOHERENT SCATTER RADAR DATA

S.S. Alsatkin, A.V. Medvedev, K.G. Ratovsky
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B cratee mpuBOIATCSA pE3yNIBTAaThl MCCIENOBAHUSA CYTOYHO-CE30HHBIX BapHallMM DIIEK-
TPOHHOM KOHIICHTPALMU BO BHEIIHEH noHOCc(]epe Ha OCHOBE NaHHBIX MpKyTckoro pamapa HEKo-
reperTHoro paccessuus (MPHP) myist ueTbipex ce30HOB M IBYX YPOBHEHW COTHEYHOW aKTMBHOCTH
(HU3KOH U YMEPECHHOI).

We present the research results for daily-seasonal variations of electronic concentration in
the external ionosphere on the base of Irkutsk Incoherent Scatter Radar (I1IRS) data, for four sea-
sons and two levels of solar activity (low and moderate).

AAATHOCTHUKA JINTOC®EPHO-HOHOC®EPHBIX CBA3EHA
1O HABJIIOAEHUAM BAPUALIUU AMIIJIMTY bl 'PO30BBIX CUT'HAJIOB

B.B. Aprynos, B.A. MyasnasipoB

UnctutyT KocModusndeckux nccnepoBanuii u asponomuu uM. F0.I'. ladepa CO PAH, Skyrck, Poccust
argunovVv@mail.ru

DIAGNOSTICS OF LITHOSPHERE-IONOSPHERE RELATIONS
FROM OBSERVATIONS OF THUNDERSTORM SIGNALS

V.V. Argunov, V.A. Mullayarov
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

JIJisT TUCTAaHIIMOHHOTO MOHHUTOPWHTA BO3MYIICHHH B HIDKHEW HMOHOc(hepe, B 4aCTHOCTH,
JUISl MCCIIeIOBAaHUSI HOHOC(HEPHBIX OTKIMKOB, 00YCIOBIEHHBIX CEHCMHYECKONH aKTHBHOCTBIO,
YacTO HCMOJIb3YIOT CUTHAJbl HU3KOYACTOTHBIX paguocTaHuii. B kaduecTBe BapumaHTa JaHHOIO
MeToJa NIl OOHAapy)KEeHUsS CEeHCMHYECKHX BO3MYIIEHUH B HOHOC(Epe MOXKHO HCIOJIb30BATh
€CTECTBEHHBIE PAJIMOCUTHAIIBI — JIEKTPOMArHUTHOE M3TYyYCHHE TPO30BBIX pa3psaoB (aTMocde-
pukn). [To pe3ynpraram npeaBapuTeIbHbIX HaOMI0AeHN aTMOCchepuKkoB B SkyTrcke (9=62.1° N,
A=129.7° E) 3emnerpsiceHusi, MarHUTyAa KOTOPBIX Ooiblie 5, a TIyOnHa He mpeBbimaer 50 kM,
MPOSIBIISIIOTCA B BUJIE YCUJICHHSI CPETHEYACOBOM aMIUIUTY Ibl aTMOC(HEPUKOB B IEHb COOBITHS WIIH
B MHTEpBAJIC TpeX NHEH mocie Hero. Bapuamu aMIudTypl B MPEIIIECTBYIONINE 3€MIIETPSICEHUIO
JTHU, BBIpQ)KEHHBIE B BUJIE POCTa aMILUIUTY/Ibl, PACCMATPUBAIOTCS B KAUECTBE MPEIBECTHUKOB.

For distant monitoring of disturbances in the lower ionosphere signals of low-frequency
radio stations are often used. In particular, the method is used for investigation of ionospheric
responses caused by seismic activity. As a variant of this method for the detection of seismic dis-
turbances in the ionosphere one can use natural radio signals - an electromagnetic radiation of
thunderstorm discharges (atmospherics). By results of previous observations of atmospherics at
Yakutsk (¢=62.1° N, A=129.7° E) the earthquakes whose magnitude is more than 5 and the
depth does not exceed 50 km, are manifested in the form of amplification of hourly average am-
plitude of atmospherics on the day of event or in the range of 3 days after it. The amplitude vari-
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ations during days preceding an earthquake expressed in the form of amplitude growth are con-
sidered as precursor.

HMOHO30H0OBBIE HABJIIOJIEHUS Y®PEKTOB COJTHEYHOI'O 3ATMEHU A
20 MAPTA 2015 r. HAJIl EBPOIIOH

'B.B. Bapa6auu, >J1.®. Yepuorop

"YucruryT nonochepst HAH 1 MOH Vkpannsr, XapskoB, YkpanHa
iion@kpi.kharkov.ua
2XapbKOBCKI/Iﬁ HalMoHaNIbHBIM yHUBepcuTeT M. B.H. Kapasuna, XaprkoB, YkpauHa
Leonid.F.Chernogor@univer.kharkov.ua

IONOSONDE OBSERVATIONS OF EFFECTS OF MARCH 20, 2015
SOLAR ECLIPSE OVER EUROPE

v.V. Barabash, ?L.F. Chernogor

YInstitute of lonosphere of NAS and MES of Ukraine, Kharkiv, Ukraine
2\/.N. Karazin Kharkiv National University, Kharkiv, Ukraine

[IpoaHanu3upoBaHbl HOHOIPAaMMBI  psJla €BPONEHCKUX HOHO30HAOB («XapbKOBY,
«MockBay, «IIpyxonurny, «Tpomce» u ap.), momyderasie 20 mapta 2015 r. 1 B KOHTPOJIbHBIC
nar. OcoOEHHOCTBIO TAHHOTO 3aTMEHUS OBUIO TO, YTO OHO MPOTEKano Ha ¢oHe (a3bl BOCCTAHOB-
JICHUS] OYEeHb CWJIbHOM MarHWUTHOW Oypu, HayaBmieics 17 mapta 2015 1. OddexTsl comHeuHoro
3aTMEHUS B 3HAUYUTEIBHOM CTENIEHH MaCKUPOBAUCH Y dekTamu noHochepHoii Oypu.

The ionograms from a number of European ionosondes (“Kharkiv”’, “Moscow”,
“Pruhonice”, “Tromsg” et al.) were analyzed. That ionograms were obtained during the eclipse
on March 20, 2015 and the reference days. This eclipse took place against the background of the
recovery phase of very strong magnetic storm, which was started on March 17, 2015. The effects
of the solar eclipse are largely masked by the effects of the ionospheric storm.

3®®EKTHI BO3IENCTBUA MOIIIHBIM PATUOU3TYUYEHUEM
HA HOHOC®EPY HA ®OHE YMEPEHHBIX TEOKOCMHYECKHUX BYPb:
PE3YJIBTATBI MOHO30HOBbIX HABJIIOJEHNUU

'B.B. Bapa6a, 2J1.®. YepHorop

1I/IHCTI/ITYT nonochepsl HAH 1 MOH VYkpaunsl, XapskoB, YkpanHa
iion@kpi.kharkov.ua
X apbKOBCKHil HAIHOHANBHBIN yHHBepcuTeT nM. B.H. Kapasuna, Xapbkos, Ykpansa
Leonid.F.Chernogor@univer.kharkov.ua

EFFECTS OF POWERFUL RADIO WAVE ACTION ON THE IONOSPHERE DURING
MODERATE GEOSPACE STORMS: IONOSOND OBSERVATION RESULTS

v.V. Barabash, ?L.F. Chernogor

YInstitute of lonosphere of NAS and MES of Ukraine, Kharkiv, Ukraine
2\/.N. Karazin Kharkiv National University, Kharkiv, Ukraine

[IpuBeneHs! pe3ynbTaThl HAOMIOACHU HAa TPEX Pa3HECEHHBIX MO MIKUPOTE U JOJITOTE HOHO-
30HJIaX 33 BapHAlMsIMU KpUTHYecKor 4acToThl foF2, compoBokaaBmmmMu Bo3aeiCTBHE HA MOHO-
chepy MOmHBIM paauousznydeHueM HarpeBHoro creHga CYPA. MoHO30HIBI HaXOAWJINCHh Ha
paccrostHusIX oT cteHaa 560, 960, u 2200 kM. [locie BkiIIOYeHUI CTEHIa C BPEMEHEM 3amas3/ibl-
Banus 10-15 mun Bo3HuKamu anepuoauyeckue Bemiecku foF2 ot 0.07 mo 0.41 MI'u. Uix mpomon-
KUTEJIBHOCTh paBHsIack 10-15 MMH, OTHOCUTENIBHOE YBEINYEHUE KOHIIEHTPALMU AJIEKTPOHOB CO-
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crapisuio ot 2 10 13 %. HaGmonaemble BCIIIECKH, CKOpPEE BCETO, 00YCIIOBIICHBI BBICHIITAHUEM BBICO-
KOSHEPTHYHBIX 3JIEKTPOHOB M3 MarHuTocepbl B atMocdepy U ee JOMOTHUTEIbHON MOHHM3AIHEH.
BenmunHa moToka 37eKTpOHOB MOTJIa OBITh TIOPSIIKA 10°-10" m2c™ nipu ux sHeprun 1-10 kaB.

The observation results of the variations of the critical frequency f,F2 for three spaced in
latitude and longitude ionosondes were presented. Variations were caused by action of powerful
radio waves from the SURA heater. Distance from ionosondes to heater was 560, 960, and
2.200 km. Aperiodic bursts in f,F2 having values from 0.07 to 0.41 MHz are occurred during
heater-on periods with time delay of 10-15 min. Their duration is 10-15 min, the relative in-
crease in the electron concentration ranged from 2 to 13 %. Observed bursts were most likely
caused by the precipitation of high energy electrons from the magnetosphere into the atmosphere
and by the additional ionization of atmosphere. The flux of electrons could be of 10°-10* m?s™,
its energy was of 1-10 keV.

W CCJIETOBAHUE BAPUAIIUI TAPAMETPOB ATMOC®EPHI U HOHOC®EPHI
C IIEPUOJAMU AKYCTHUKO-TPABUTAIIMOHHBIX BOJIH B KAJIMHUHI'PA/IE

'0.11. BopueBkuna, - “I.B. Kapnos, ‘AN Kapnos, 'p.3. Hanames, ’A.B. PagueBcknii

YBanruitckuit dbenepanbubrit yauepcuteT uM. M. Kanra, Kanmuanarpan, Poccus
3amagmoe otaenenue MHCTHTYTA 3eMHOTO MarHETH3MAa, HOHOC(EPH! ¥ PACIIPOCTPAHCHHUS PaIHOBOITH
uM. H.B. ITymkoBa PAH, Kanuaunrpan, Poccus
opsuslova@gmail.com

RESEARCH THE INTO VARIATIONS OF PARAMETERS OF THE ATMOSPHERE
AND IONOSPHERE WITH AN ACOUSTIC-GRAVITY WAVE PERIODS
IN KALININGRAD

'0.P. Borchevkina, *21.V. Karpov, *A.l. Karpov, 'R.Z. Dadashev, ?A.V. Radievsky

!|. Kant Baltic Federal University, Kaliningrad, Russia
*West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere
and Radio Wave Propagation, Kaliningrad, Russia

B pabote mpuBeneHb! pe3ylbTaThl aHATN3a HAOIIOICHUI Bapuallyii mapaMeTpoB aTMochepsl
u nonochepsl Han Kanmuauarpagom (52° N, 22° E). Habmonenus: mapaMeTpoB HOHOC(EPHI BbI-
MOJIHEHBI HAa OCHOBE TpHEMa CUTHAJIOB HABHTAIMOHHBIX CITYTHUKOB, BapHaIlMil MapaMeTpoB
HIKHEH aTMocdepsl METOI0M JTHIapHOTro 30HAUpoBanus. HabmoaeHus npoBoguinch B mepuo-
JIbI IPOXOXKAEHUs comHeuHoro TepmuHaropa (CT) u B yCIOBUSX JTOKAIbHBIX METEOBO3MYIIICHHIA.
[Ipn ananuse HaOmOMEeHWUN OBUTM BBIEJICHBI XapaKTEPUCTUKH Bapuaiuii mapametrpoB AI'B u
BI'B ¢ nepuonamu 2-20 muH. B HIbKHEH aTMocdepe OTUETIIMBO pa3AemstoTcs HH(Pa3BYKOBBIC
cocTapiistomue Bapuanuii 1 BI'B, uto mposiBiisieTcss B yMEHbIIEHUHM aMIUIUTY/ BapualHil ¢ me-
puogamu 3—5 muH. Takue 0COOCHHOCTHU CIIEKTPOB BapHaIlfil mapaMeTpoB aTMOC(ephl CBSI3aHBI C
pasnuuueM 4acToThl Bsiicsuis—bpeHTa u 4acToThl akycTHdeckoro oope3anus. B nonochepHsix
HAOIIOIEHUSAX BapHAIUN MOTHOTO 3JeKTpoHHOTOo coaepxkanus (II3C) Takxke BBIABISIOTCS Bapu-
aruu noHocdepsl ¢ nepuogamu AI'B u BI'B. Bapuanuu nonocdeproro mapamerpa [19C ¢ me-
puonamu AI'B (4-10 MuH) oTueTnuBO mposiBisitoTcs npu npoxoxkaennu CT u mpo1oipKaioTes B
TeueHue 1-2 4 B oCBelIeHHOH 00s1acTi HOHOC(hEpHl. Y CHIICHHE BapHaliuii HOHOCHEPHI C TAKUMH
nepuoaaMu MoxeT ObITh 00ycioBneHo AI'B, pactpocTtpanstomumucs u3 odnactu CT B HUKHEN
atMocdepe. Takke paccMaTpuBaIUCh BapHallid MapaMeTpoB MOHOC(EPHI B MEPUObI CHUIIbHBIX
JIOKQJIbHBIX METEOPOJIOTrHYeCKUX BO3MYIeHUH B KamuHUHTpaCcKkoM peruoHe U BBISBIECHBI MOp-
donornyeckrue 0COOCHHOCTH Peakiuyi HOHOCHEPHl Ha TAKKE BO3MYIIICHHSI.

We present the results of the analysis of observations of ionosphere and atmosphere pa-
rameters variations in Kaliningrad (52° N, 22° E). Observations of ionospheric parameters are
based on the reception of signals from navigation satellites, variations in the parameters of the

39


mailto:opsuslova@gmail.com

BHIDD-2015. Cexyus B. Qusuxa okon03emMH020 KOCMUYECKO20 NPOCPAHCMEa

lower atmosphere — by lidar. The observations were made during the passage of the solar ter-
minator (ST) and in terms of local meteorological disturbances. In the analysis of observations
were identified characteristics of parameter variations AGWSs and IGWs with periods 2—20 min.
In the lower atmosphere distinctly separated infrasonic components of variation and IGWs, that
is a decrease in the amplitude variations with periods of 3-5 min. These features of the variation
spectra of atmospheric parameters associated with the difference between Brunt-Vaisala fre-
quency and the frequency of the acoustic cutoff. In observations of ionospheric variations of the
total electron content (TEC) in the ionosphere also reveal variations with periods of AGWs and
IGWs. lonospheric parameter variations TEC with periods of AGWSs (4-10 min.) are clearly seen
during the passage of ST and continue for 1-2 hours in the illuminated region of the ionosphere.
Gain variations of the ionosphere with such periods may be due to AGWs propagating from ST
in the lower atmosphere. Also considered variations of ionospheric parameters during periods of
strong local meteorological disturbances in the Kaliningrad region and revealed morphological
features of ionospheric response to such disturbances.

MOJIYJbHAS IIJIAT®OPMA NI PXI — HEHTPAJIBHBINA JIEMEHT CUCTEMBI
CbOPA 1 ObPABOTKH JAHHBIX CUT'HAJIOB CITYTHUKOB
C IEJbIO U3YYEHUSA HEOJHOPOJHOCTEUN CTPYKTYPbI HOHOC®EPBI

Bbyii Cyan Tren, A.I'. Yenckunii

HpkyTckuii HAITMOHAIBHBIN HCCIIeI0BaTENBCKUN TEXHUUECKUM yHUBEpcUTeT, UpKyTCck, Poccus
bxuantien@gmail.com

MODULE PLATFORM NI PXI AS A CENTRAL ELEMENT OF THE SYSTEM
OF PROCESSING SATELLITE SIGNAL DATA
TO RESEARCH INTO IONOSPHERE STRUCTURE INHOMOGENEITIES

Bui Xuan Tien, A.G. Chensky
Irkutsk National Research Technical University, Irkutsk, Russia

[Tporpamma mpenHa3Ha4deHa 11 0OpaOOTKH CHTHAJIOB CIYTHHKOB IS M3YUCHUSI CTPYKTYPBI
MOHOC(EPbI U MOKET MPUMEHSATHCS TIPU UCCIIEIOBAaHUN BO3MYIICHHUN B HOHOC(EpE, a TAKKe IS
o0ydeHus Mo AucHUIUIMHE «MeTobl U CpeACTBa U3MEPEHUH B TEICKOMMYHHKAIIMOHHBIX CHUCTE-
Max». C MOMOIIBIO POrpaMMBbI TIOJIH30BATENb BeleT 00padoTKy OMHAPHBIX (ailyioB, B KOTOPHIX
COXPaHSIOTCS 3alMCH CUTHAJIOB CITyTHUKOB. B pe3ynbraTte orieHnBaeTcss H3MEHEHHE TapaMeTpOB
(aMIUTUTYBI, YACTOTHI) CUTHAJIOB B 3aBUCHMOCTH OT BPEMEHH B IIEpHO/] T0JIeTa cryTHUKa. [Ipo-
rpaMMHBIA MOIYJIh 00pabOTKH CUTHAJTIOB co3/laH B cpene LabView u o0nagaeT BICOKMM OBICT-
pozeiicTBueM, 0OJIBIION TOYHOCTHIO, BHICOKOH YyBCTBUTENIBHOCTHIO M YI0OCTBOM B DKCILTyaTa-
UM TIPY M3YYE€HHH HEOJHOPOIHOCTEH CTPYKTYphl MOHOCGEpHl. Pe3ynpTaTel n3Mepennii coxpa-
HEHBI B IM(POBOM BHJIE U YIOOHBI B UCIIOIb30BAHUH.

The program is designed for processing satellite signals for observation of the ionospheric
structural irregularities and can be used in a study of perturbations in the ionosphere, as well as
for teaching programming on the subject “Methods and tools to measurement in telecommunica-
tion systems”. With this program, the user can process the binary files that are recording satellite
signals. The result is the signal parameters (amplitude, frequency) versus time during the flight
of the satellite. Software signal processing module is created in the LabVIEW environment and
has high speed, high accuracy, high sensitivity and ease of use, in the study of irregularities of
the ionospheric structure. The measurement results are stored in digital form, so it’s convenient
to use in the study of irregularities.
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OCOBEHHOCTH KPYITHOMACHITABHBIX BO3MYIIIEHUI B UIOHOC®EPE
B IEPUO/J YMEPEHHBIX MAT'HUTHbBIX BYPb,
COIPOBOXKJIABIIINX BO3JEMCTBUE MOIIIHBIM PAITMONU3JTYUEHUEM
HA OKOJIO3BEMHYIO IIVIAZMY

A.H. Bogk, JI.®. YepHorop

XapbKOBCKUH HallMOHAIbHBIM yHUBepcuTeT M. B.H. Kapasuna, XaprkoB, YkpauHa
andreynvovk@mail.ru

FEATURES OF LARGE IONOSPHERE DISTURBANCES IN A PERIOD
OF MODERATE MAGNETIC STORMS ACCOMPANIED BY THE ACTION
OF HIGH POWER RADIATION AT THE NEAR-EARTH PLASMA

A.N. Vovk, L.F. Chernogor
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

[IpuBeneHs! pe3ynbTaThl SKCIEPUMEHTAIBHBIX MCCIEN0BAHUN allepuoOJNYECKUX U KBa3H-
NepPUOANYECKUX BO3MYILEHUN B HOHOc(]epe, MOCcieI0BaBIIMX 32 BO3ACHCTBUEM MOIIHBIM pa-
muonsiydyeHneM creHna CYPA Ha reokocMHYECKYIO IUIa3My B CIIOKOMHBIX U MarHUTOBO3MY-
HICHHBIX YCNOBUSX. JlJIi AMArHOCTUKHM HCIIOJIB30BAJICS JIOIUIEPOBCKUN pajap BEPTHKAIBHOIO
30HIUPOBAHUS, PACIIOIIOKEHHBIN Ha PacCTOSIHUM OKOJIO 960 KM OT HarpeBHOro creHja. Anepuo-
JIMYECKUEe BO3MYILECHUS, UMEBIINE BpeMs 3anasabiBaHusa 10—-20 MuH, ckopee BCero, CBSI3aHbI C
B3aMMO/ICIICTBUEM IOJICUCTEM B cucTeMe 3emisi—armochepa—noHochepa—marautocdepa. Kpa-
3UNIEPUOANYECKHE BO3MYILIECHHS C MEpHOoaOM 12—15 MUH B OAHUX Clly4yasix UMENU MEepUoJl, paB-
HBII NIEpUOly LIMKJIA HArPEeBa, a B APYTUX CIydasx — MepUo COOCTBEHHBIX KOJIeOaHHUN B aTMO-
chepe. CKOpOCTh KBa3UIEpUOAUIECKUX Bo3MyIeHu# coctarisuia 300-400 m/c. OOcyxmaroTcs
3 EeKTh UCKYCCTBEHHOU reHepanuu cios Es, cioeB moHu3amuu, a Takxke 3QQGeKTsl MpH BO3-
JEHCTBUHM Ha MOHOC(Epy paguoBOJIHBI C YaCTOTOW, PaBHOM yUE€TBEPEHHOW TMPOYACTOTE SJIEK-
TpoHOB. OTMeuaeTcsi MOArOTOBUTENBHAS POJIb MAarHUTHBIX BO3MYILEHUN B CUCTEME 3eMIIsI—
atMocdepa—nonochepa—maraurochepa.

We present the results of the experimental investigations of aperiodic and quasiperiodic
disturbances in the ionosphere followed by the action of high power radiation from the SURA
heater on geospace plasma in the quiet and magnetic disturbed conditions. Vertical-sounding
Doppler radar was used for diagnosis. The distance from the heater to the Doppler radar is about
960 km. Aperiodic disturbances had delay time 10-20 minutes, most likely associated with sub-
systems in the Earth—atmosphere—ionosphere—magnetosphere system interaction. Quasiperiodic
disturbances with a period of 12—15 minutes in some cases has a period equal to the period of the
heating cycle in other cases it was equal to their own oscillations period in the atmosphere. Qua-
siperiodic disturbances velocity was about 300—-400 m/s. We are discussing the effects of artifi-
cial generation of E layer, ionization layers, and the radio wave action on the ionosphere with a
frequency equal to f=4fg (fg is the electron gyrofrequency).We are showing the preparatory role of
the magnetic disturbances in the Earth—atmosphere—ionosphere-magnetosphere system.

INPUMEHEHHE METOAOB CTATUCTHYECKOI'O AHAJIU3A
JJIA ONPEJAEJEHUSA ®AKTOB BO3JAEUCTBUA IOMEX
ITPU PABOTE PAJAPA HEKOT'EPEHTHOT' O PACCESHUA

A.B. JIMmutpueBckast

Pannorexandecknii HHCTUTYT WM. akan. A.JI. Munma, Mocksa, Poccus
admitrievskaya@rti-mints.ru
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APPLICATION OF OF STATISTICAL ANALYSIS METHODS FOR DETECTION
OF RADIO DISTURBANCE INFLUENCE FACTS DURING
INCOHERENT SCATTER RADAR WORK

A.V. Dmitrievskaya
Academician A.L. Mints Radiotechnical Institute, Moscow, Russia

B nanno#i paGote mpuBeneH pa3pabOTaHHBIM METOJl CTATHMCTUYECKOTO aHain3a (hakToB
BO3/ICHCTBUS IIOMEX JII0O0TO posia Ha pagapbl HEKOTEPEHTHOTO PACCESHUS, C TIOMOIIBIO KOTOPBIX
MPOM3BOANTCS M3ydeHHE MOHOC(epsl. MeTo MO3BONUT OLEHHUTH MPABIONOA0OHOCTh JaHHBIX,
MOJTyYSHHBIX MIPU MOMOILU PaJapoB HEKOT'EPEHTHOTO paccesHusl. B HaCcTOSIINIT MOMEHT JaHHBIH
METOJ arpoOMPOBAaH W 3aIUTAHUPOBAH K BHEAPCHHMIO HA CYHIECTBYIOIIMX PaIMOIOKAIIMOHHBIX
CTaHLUSAX.

In this article argued worked out method of statistical analysis of all radio disturbance influ-
ence facts on incoherent scatter radars. It help to research the ionosphere. This method will allow ap-
preciate the probability of data recieved with the help of incoherent scatter radars. In this moment
this method is being approved and planned to introduction at present radiolocation stations.

SKYLINE — IPOEKT BUAEOHABJIIOJEHUSA METEOPOB.
ITIEPBBIE PE3YJIBTATbBI

K.U. UBanos, E.C. KomapoBa

AcTtpoHoMuueckas oocepBaropusi MIpKyTCKOTo rocyIapCcTBEHHOTO YHUBepcuTeTa, UpkyTck, Poccust
eskomarik@gmail.com

SKYLINE AS A PROJECT FOR METEOR VIDEO MONITORING.
FIRST RESULTS

K.I. lvanov, E.S. Komarova

Astronomical Observatory of Irkutsk State University, Irkutsk, Russia

Ha ¢one Bo3pociieii 3a moclieIHUE ToAbl aKTYaIbHOCTH METCOPHOR acCTPOHOMMH BO3HMKJIA
HGO6XO,Z[I/IMOCTB IPOBCACHHNA Ka4CCTBCHHBIX Ha6JIIO,Z[€HHI>'I, CHOCOGHBIX naTh MaKCUMaAJIbHOEC KO-
JINYECTBO MH(OpMaALMH Kak 00 OTIEJIBHEIX METEOPHBIX YacTUIAX, TAK M O IMOTOKAaX, B KOTOPEIE
onu BxodaT. B 2014 r. aBTopamu ObBLT pa3paboTaH M 3amyiieH npoekT Skyline, mo3BoISIONIUNA
BECTH HENpPEPBLIBHBIE OJHOCTOPOHHHE U 0a3HCHBIE BHIACOHAONIONECHUS U MOJy4aTh MCUYEPIIbIBaA-
IOIIYI0 MH(GOPMALIKIO O MMOBEACHUH METCOPHBIX YaCcTHII B aTMocdepe U KocMoce. B Hacrosieit pa-
00Te IpenCTaBIIEHBI CBEAEHUI O TEXHUYECKOM YCTPOMCTBE HAOIIOAATENILHOIO KOMILIEKCA, OIMCa-
HUE HaOmoIeHNst MeTeopHOoTro notoka [lepcenbr 2014 1. v aHAMW3 MOTYYEHHBIX JIAHHBIX.

Therefore the relevance of meteoric astronomy which increased in recent years there was a
need of carrying out the high-quality supervision capable to give the maximum quantity of in-
formation, both about separate meteoric particles and about streams which they enter. In 2014
authors developed and started the project SkyLine, allowing a message continuous unilateral and
basic video surveillances and to receive exhaustive data on behavior of meteoric particles in the
atmosphere and space. In the real work data on the technical device of an observation complex
are submitted, supervision of a meteor shower of Perseids of 2014 are also described and the ob-
tained data are analyzed.

CPABHUTEJIbHBIN AHAJIN3 BOSMYIIEHUI
OCHOBHBIX TAPAMETPOB HOHOC®EPBI
BO BPEMSI TEOMATHUTHBIX BYPH PA3JIMUHON MHTEHCUBHOCTH

C.B. Kauko, JI1.®. YepHuorop

WuctutyT nonochepst HAH 1 MOH Ykpaunsl, XapbkoB, YKpanHa
sophiaharytonova@gmail.com
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COMPARISON OF DISTURBANCES OF THE IONOSPHERE MAIN
PARAMETERS DURING GEOMAGNETIC STORMS OF DIFFERENT INTENSITY

S.V. Katsko, L.F. Chernogor
Institute of lonosphere of NAS and MES of Ukraine, Kharkiv, Ukraine

3a MOJIHBIA LMK COJHEYHOW akTUBHOCTH ¢ 1998 mo 2012 r. mpoBeneH CpaBHUTEIbHBIN
aHaAJIU3 MEPBUYHBIX MAPaMETPOB MOHOC(HEPHOH IIa3Mbl, BO BpeMs T€OMarHUTHBIX Oypb HaOII0-
naBmuxcsi B oocepBaropun MHcTHTYTa MOHOChephl (XappkoB, YkpauHa). M3mepenus: Obutn
MIPOBEJICHBI C MOMOIIBI0 pajapa HEKOTepEHTHOTO paccesHus U noHo30HIa «ba3ucy. AHamu3u-
pOBaMCh OypH pa3IMYHON MHTECHCHUBHOCTH C HAIMYHUEM OJHOU (ha3bl HOHOC(EPHOTO BO3MYIIIe-
HUS U CO 3HaKomepeMeHHbIMH (azamu. CpaBHEHHE MPOBOJUIIOCH MO M3MEHEHHIO CIIETYIOIIIX
apaMeTpoB: KPUTHUECKON 4acTOThI, KOHIIEHTPALIUU 3JIEKTPOHOB B MakcuMyMe cinosi F2, BEICOTHI
MakcumymMma ciost F2, remmepaTyp 37€KTpOHOB U MOHOB. Pe3ynbTaThl aHANMM3a MOKA3ald HETPO-
MOPLUUOHANIEHOE M3MEHEHHE MapaMeTpoB MOHOCGHEPHOM IUIa3Mbl MPU MU3MEHEHHH MapaMEeTpOB
MarHUTHBIX OYpb, UTO 3aTPYIHSIET IPOTHO3UPOBAHNE HOHOC(HEPHBIX BO3MYIIICHUH.

Comparison analyze in primary parameters of ionosphere plasma during geomagnetic
storms of total cycle solar activity from 1998 to 2012, which were observed in the observatory of
Institute of lonosphere (Kharkiv, Ukraine), is presented. The observations are carried out by the
incoherent scatter radar and ionosonde “Bazi”». Storms of different intensity with single iono-
sphere disturbance phase and sign-variable phases are analyzed. The comparison was carried out
by variations of next parameters: the critical frequency, the electron density at an F2 layer max-
imum, height of the ionospheric F2 layer peak, electron and ion temperature. The analysis results
have shown a disproportionate change of ionosphere plasma parameters when magnetic storms
parameters are changing, that makes difficulties for ionospheric disturbances forecast.

CPABHUTEJIbHBIA AHAJIN3 IAPAMETPOB IJUHAMMWYECKHX ITPOIIECCOB,
COIIYTCTBOBABIHINX 'TEOMATI'HUTHBIM BYPSAM B 1998-2012 rr.

C.B. Kanko, JI.®.YepHorop

WucturyT nonochepst HAH u MOH Ykpaunnsi, XapbkoB, YkpanHa
sophiaharytonova@gmail.com

COMPARISON OF PARAMETERS OF DYNAMIC PROCESSES
ACCOMPANIED BY GEOMAGNETIC STORMS DURING 1998-2012

S.V. Katsko, L.F. Chernogor
Institute of lonosphere of NAS and MES of Ukraine, Kharkiv, Ukraine

[IpoBeneH cpaBHUTENBHBIN aHATN3 BTOPUYHBIX MapaMeTPOB HOHOC(HEPHOH IMIa3Mbl, KOTO-
pble HEMOCPEICTBEHHO HE M3MEPSIIOTCSA, BO BpeMsi noHochepHbIXx Oypp B 1998-2012 rr. C nc-
MOJIb30BAHUEM YHUCJIIEHHOTO MOJEIUPOBAHMS, SKCIEPUMEHTAIBHBIX JAHHBIX pajiapa HEKOoTre-
PEHTHOTO pacCesiHHsl, PACIOJIOKEHHOTOo B obOcepBaropuu HMHcTHTyTa MOHOChEpHl (XapbKOB,
VYkpauna), u smnupuueckoid mojieau NRLMSISE-00 u3yuensl cyTouHble BapHalliy apaMeTpoB
JUHAMHAYECKUX U TEIJIOBBIX MpoueccoB. K Takum mapamerpam OTHOCSTCS TeMIeparypa HeWTpa-
JIOB, SHEPTHUsl, MOCTYMAaMIasi K 3JIEKTPOHAM, IUIOTHOCTh MOTOKA IUIa3Mbl, MJIOTHOCTh MOTOKA
Temia. Pe3ynpTarsl aHaM3a MoKas3aiau, 4YTO HE OTMEYAETCs MPOCTOM MPOMOPIHOHAIIBHON 3aBU-
CUMOCTU MEXKJy M3MEHEHHUSMH MEPBUYHBIX M BTOPUYHBIX MapaMETPOB HOHOCHEPHOU TIa3MBbI,
YTO 3aTPYIHSIET MOJCIUPOBAHNE HOHOC(HEPHBIX OYpb.

Comparison analyze in secondary parameters of ionosphere plasma, which are not meas-
ured direct, during ionospheric storms in 1998-2012, is carried out. Daily variations in parame-
ters dynamic and heat processes are studied with using of numerical simulation, experimental
data of the incoherent scatter radar located in the observatory of Institute of lonosphere (Kharkiv,

43


mailto:sophiaharytonova@gmail.com

BHIDD-2015. Cexyus B. Qusuxa okon03emMH020 KOCMUYECKO20 NPOCPAHCMEa

Ukraine), and empirical model NRLMSISE-00. Such parameters are the neutral gas temperature,
the energy input to electron gas, the plasma flow density and the heating flow density. The anal-
ysis results have shown that a simple proportionate dependence between variations in primary
and secondary parameters of ionospheric plasma is not shown. It makes difficulties for iono-
sphere storms simulation.

BTOPAS ITPOU3BOJHASA ®A3bI I1IO BPEMEHU KAK HHINKATOP
TOHKOM CTPYKTYPbI HOHOC®EPHI

'T.B. Kamknna, 'B.B. JdeMbsiHOB, ’}O.B. SIclokeBuy

lI/IpKyTCKI/Iﬁ TOCY/IapCTBEHHBIN YHUBEPCUTET ImyTel coobmenus, Upkyrck, Poccus,
*UucruTyT conHeyno-3eMuoi dusuxn CO PAH, Upkyrck, Poccus
tanchik72007 @yandex.ru

THE SECOND TIME DERIVATIVE OF PHASE
AS AN INDICATOR OF THE IONOSPHERE FINE STRUCTURE

T.V. Kashkina, *V.V. Demyanov, *Yu.V. Yasyukevich

YIrkutsk State Railway Transport Engineering University, Irkutsk, Russia
?Institute of Solar-Terrestrial Physics, SB RAS, Irkutsk, Russia

[TocTpoenne BBICOKOI(PGHEKTHUBHON CHCTEMBl MOHUTOPHHTA 3E€MJICTPSICEHUH, IYHAMHU H
TEXHOTEHHBIX SIBICHUH MO MOHOCHEPHOMY OTKIHMKY TPEOYET MOBBIMICHUS YyBCTBHUTEIHLHOCTH
METOJI0B MOHOC(HEPHOro paguo30HaAupoBaHus. OJHUM U3 BO3MOXKHBIX MOAXOJ0B MOXKET CTaTh
aHaJIM3 TOHKOH CTPYKTYPBI PACIPOCTPAHSIONIMXCS Yepe3 HOHOC(hepy CHUTHAJIOB CITyTHHUKOB
GNSS. I1o HameMy MHEHHIO, YyBCTBUTEIBLHBIM WHIEKCOM COCTOSIHUSI TOHKOM CTPYKTYpPhI HOHO-
cdepbl MOKET OBITh BTOpasi MPOU3BOHAS (a3bl HECYIEH MO BpeMeHH. B Xoje KaMIlaHWUU IO
m3meperuto curHaigoB GNSS B 2013 1. B yclnoBuUsAX MOJSIPHOH HMOHOC(EPHI MBI OOHAPYKHIIH
MHOTOYHCIICHHBIE CIIy4aW PE3KOro KPAaTKOBPEMEHHOTO BO3pPACTaHUS BTOPOUM MPOM3BOJHOHN IO
BpeMeHn ¢a3bl Hecyiei curHanoB GPS u I'TIOHACC Ha Benmuunny ot 30—40 mo 100-150 %
OTHOCHUTENIbHO ()OHOBOTO YpOBHSI JaHHOro mapameTpa. OOCYyX Aar0Tcsi OCHOBHBIE PEe3YyJbTaThl
00pabOTKM JaHHBIX ATOW KAMITAHUH.

In order to realize high effective alerts of earth quake hazards, tsunami and technogenic
events we need to improve sensitivity of the ionospheric response analysis methods. We suppose
that an exact analysis of the transionospheric SV signals can be one of the effective methods
hereafter. In our opinion the SV signal phase alteration can be considered as a sensitive index of
the fine structure of the ionosphere. In order to prove this idea we conduct the GNSS signal mon-
itoring campaign under the polar ionosphere condition (in Taimyr cape, Russia) in 2013. We ob-
served sufficiently numerous cases of the rapid and sharp phase acceleration variations. The ab-
solute value of these variations were as much as 30-40 up to 100-150 % times higher in compar-
ison the background level for both GPS and GLONASS signals. This report is devoted to discus-
sion of the main results of the campaign data treatment.

BJIMAHUE TEPMOC®EPDHI U IIJTASMOC®EPDBI
HA ®OPMUPOBAHUE NOHOC®EPHBIX BO3MYIIEHUI
HA PA3J/IMYHBIX ®AZAX TEOMAI'HUTHbBIX BYPb

'MLB. Kaumenko, 'B.B. Kiumenxo, 'H.E. 3axapeHKoBa, ’K.T. PaToBcknii

'3ananuoe otaenenue MHCTUTYTa 3eMHOTO MATHETH3MA, HOHOCHEPHI
u pacrnpocTtpanenus paanoBonad uM. H.B. Ilymkosa PAH, Kanununrpan, Poccus
maksim.klimenko@mail.ru
*UucrutyT conHeyno-3eMuoi dusuxu CO PAH, Upkyrck, Poccus
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THERMOSPHERE AND PLASMASPHERE INFLUENCE
ON THE FORMATION OF IONOSPHERIC DISTURBANCES
AT DIFFERENT GEOMAGNETIC STORM PHASES

'M.V. Klimenko, 'V.V. Klimenko, !1.E. Zaharenkova, ’K.G. Ratovsky

"West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere
and Radio Wave Propagation, Kaliningrad, Russia
’Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Honocdepnsie Oypu cBsi3aHbl ¢ MpolieccaMu, npoucxoaaummu Ha CoJHIIE U B OKOJIO3EM-
HOM KOCMHYECKOM MPOCTPAHCTBE OT MAarHUTOCGHEPHI 0 HIKHEH TpaHUIlbl BEpXHEH aTMochepsl.
[To 3HaKy BO3MYIIEHHI 3JEKTPOHHOUW KOHIIEHTparuu B F-o0mactu moHocdepsl BBIACISIIOT TO-
JIOKUTENBHYIO U OTPHUIATETbHYI0 (a3sl HOHOCHEPHBIX Oypb. 3HAK MOHOCHEPHBIX BO3MYIIICHUN
3aBHCHUT OT MHOTHX ()aKTOPOB, TAKMX KakK IIHWPOTA, OJIr0Ta, BpeMs Hayana u ¢aza reOMarHuT-
HOU Oypu. Tak, B BBICOKOIIMPOTHOH HOHOC(Epe MPaKTHUECKH Bceraa (GpopMmupyercs oTpuiia-
TenbHas (aza noHOCHEPHOU OYpH, TOT/Ia KaK Ha CPEIHUX M HU3KUX IUPOTaX BO3PACTAET BEPO-
STHOCTbH TIOSIBIICHUS TIOJIOKUTENBHOH (ha3wl mOHOChEepHOH OypH. B uccrnemoBanuu npencTaBieHbI
pe3yabTaThl PacueTOB, BBHIMOJIHEHHBIX C MCIOJIb30BaHUEM INI00aIbHOM CaMOCOIIacOBaHHOW MO-
nenmu tepmocdepsl, nonocdepsl u nporoHochepsr (CM THUII) u maHHBIX CIOYTHUKOBBIX U
Ha3eMHBIX HAOJIFOJICHUI OCHOBHBIX MapaMeTpOB CHUCTEMbI MOHOC(hepa—TuiazMocdepa BO Bpems
reoMarHUTHBIX Oypb. Mogens 'CM TUII mo3Bonwiia BBISIBUTH, KaKOE BIIHMSHHE MPOIECCH B
TepMmocdepe u miuazMocdepe OKa3blBaIOT Ha JWHAMUKY IOJIHOTO 3JEKTPOHHOTO COJEp>KaHUs
(IT3C) u 3neKTPOHHON KOHIICHTPALUU B MakcuMyMme F2-ciiosi BO BpeMsi T€OMarHUTHBIX Oypb.
[IpoBeneHo cpaBHEHWE MOJEIBLHONW M HAOIIOJABIICHCS JWHAMUKH BO3MYIIEHHUN IIHMPOTHBIX
npoduieit f,F2 u [19C Bo BpeMmsi reOMarHuTHBIX Oyph B IBYX JOJTOTHBIX CEKTOpax (aMepHKaH-
CKOM M BOCTOYHO-CHOMpPCKOM). OOCYXIarOTCsl pe3yJabTaThl JNETAIHHOTO HCCIEAOBAHUS MeXa-
HU3MOB (DOPMHUPOBAHHS ITUX BO3MYIICHHI HAa Pa3jMYHBIX dTarax pPa3BUTUS T€OMarHUTHBIX
O0ypn. Ocoboe BHUMaHKE oOparaeTcss Ha HOHOC(EepHbIe BO3MYIIEHUs, (hopMHUpYIOIHecs Ha ¢aze
BOCCTAaHOBJICHHS TEOMarHUTHBIX Oyph. PaboTa BhINoHEHA pu (UHAHCOBOU MOAEPIKKE TPaH-

ToB [Ipesunenta PO Noe MK-4866.2014.5 u PODI Ne 14-05-00578.

lonospheric storms are associated with the processes occurring on the Sun through solar-
terrestrial relationships that exist in near-Earth space from the magnetosphere to the lower
boundary of the upper atmosphere. The sign of the ionospheric F region electron density disturb-
ances determine the positive and negative phases of ionospheric storms. The sign of ionospheric
disturbances depends on many factors such as latitude, longitude, onset time and phase of geo-
magnetic storm. The negative phase of ionospheric storms is almost always formed in the high-
latitude ionosphere, whereas the probability of the positive ionospheric storm increases in the
middle and low latitudes. This study presents the results of simulation performed using the Global
Self-consistent Model of the Thermosphere, lonosphere and Protonosphere (GSM TIP), and the
satellite and ground-based observation data of the main parameters of the ionosphere-
plasmasphere system during geomagnetic storms. The GSM TIP model allowed to reveal the
main processes in the thermosphere and plasmasphere exert on the dynamics of the total electron
content and electron density in the F2 layer maximum during geomagnetic storms. We compared
the model and the observed dynamics of the f,F2 and TEC perturbation during geomagnetic
storms in two longitudinal sectors (American and East-Siberian). The detailed study results of
the formation mechanisms of these disturbances at different phases of geomagnetic storm are
discussed. The particular attention is given to the ionospheric disturbances during the recov-
ery storm phase. This work was financially supported by the Grants from the RF President
No. MK-4866.2014.5 and RFBR No. 14-05-00578.
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NCCIEJOBAHUE BO3MOXHOCTH NOBBIINEHU A PA3PEHIUAIOH_IEI‘/JI
CIIOCOBHOCTHU CPEACTB JIMATHOCTHUKHA HEOJHOPOJHOMU I1JIA3MbI
HA OCHOBE KBA3UOIITUMAJIBHOM OBPABOTKH ITOJIA

C.M. Knn:xxua, M.B. Tunun

WpxyTtckuii rocyiapcTBeHHBIM yHUBEpCHUTET, MpkyTck, Poccus
sergeiknizhin@mail.ru

POSSIBILITY FOR INCREASING THE RESOLUTION
OF DIAGNOSTICS FACILITIES INHOMOGENEOUS PLASMA BASED
ON THE QUASI-OPTIMAL FIELD PROCESSING

S.1. Knizhin, M.V. Tinin
Irkutsk State University, Irkutsk, Russia

Pazpemaroniyto cnocoOHOCTh CPEICTB TUArHOCTUKHA HEOTHOPOIHOM TIIa3Mbl MOXKHO YyBE-
JUYUTH C TIOMOIIBIO JOTMOJIHUTEIBHON MPOCTPAHCTBEHHON 00paboTku mosst. [Ipu sToM HYX)HO
YYUTHIBATh, YTO MPHU PEIICHUN 0OpaTHBIX 3a7a4 BOSHUKAIOT ITPOOJIEMBI, CBSI3aHHBIC C AU paKIueit
1 MHOTOJIYYE€BOCTBIO, 3aTPYIHSIOIINE MOUCK (PU3HUSCKUX XapaKTEPUCTHUK HEOJTHOPOIHBIX CPE.
[IpemyioxenHas panee MPOCTPaHCTBEHHAss 00pabOTKa MOJIsi HA OCHOBE JBOWHOTO B3BEIICHHOTO
(bypbe-npeodpazoanus (JIBPIT) no3sonseT monydars (ha30BbIe IPOSKIIUU C YCTPAaHEHUEM BIIH-
STHUS TUPPAKITUOHHBIX ¥ MHOTOJIYYEBBIX 2((HEKTOB Ha pe3ynbTaThl U3MepeHnii. OCHOBHBIM He-
JOCTaTKOM JIAaHHOT'O aJrOpUTMa SIBJISCTCS HEOOXOJMMOCTH OOpaOOTKH MOJIS IO JIBYM ILIOCKO-
CTSIM — TpUeMa M U3JIydeHHs. B CBsI31 ¢ ATUM OBbUI MPEJIOKEH CIIOCO0 MPOCTPAHCTBEHHOM 00-
pabOTKH IOJISI TOJILKO IO IUIOCKOCTH MpUeMa Ha ocHOBe Moaupukanuu meroga JIBDIT mis yna-
JIEHHON HEOoJHOPOJHOCTH. OOCYX)Ial0TCS BO3MOXHOCTH TaKOW OOpaOOTKH MOJIs MPHU JAUArHO-
CTUKE HEOJHOPOIAHOM IJIa3MBbl.

The resolution of diagnostic tools inhomogeneous plasma can be increased by an addition-
al spatial processing field. Previously proposed spatial processing field based on double
weighted Fourier transform (DWFT) allows the projection of phase with the elimination of the
effect of diffraction and multipath effects on the measurement results. The main disadvantage of
this algorithm is the need for processing the field on two planes - the reception and emission. In
this regard, the spatial processing was proposed only on a plane field for reception by modifying
the DWFT method for remote inhomogeneity. In this paper, we discuss the possibility of such
processing field in the diagnosis of an inhomogeneous plasma.

W3MEPEHUSA BAPUAIIMI ITIOJTHOT'O DJEKTPOHHOI'O COJIEPKAHUSA
B/10JIb TEOMATHUTHOM IIUPOTHI BO BPEMS PABOTHI HATPEBHOI'O
CTEHJA CYPA. DKIIEPUMEHTAJIBHBIE PE3YJIBTATBI 3A 2014 1.

'1LA. Kororun, 'MLA. Hacsipos, ’C.M. I'pau, ’A.B. llunaun, 'P.B. 3arperauHos

'Kazancknii (IIpuBomkckuit) denepanbubii yausepcutet, Kasams, Poccus
2HH>1<eropozxc1<m71 rocynapctBeHnbIi yauBepeuteT uM. H.U. Jlo6auesckoro, Hmwkuuit HoBropom, Poccust
denis.kogogin@gmail.com

MEASUREMENTS OF TEC VARIATION ALONG THE GEOMAGNETIC LATITUDE
DURING SURA FACILITY RUNS. THE EXPERIMENTAL RESULTS FOR 2014

D.A. Kogogin, 'I.A. Nasyrov, S.M. Grach, *A.V. Shindin, 'R.V. Zagretdinov

'Kazan (Volga region) Federal University, Kazan, Russia
'Lobachevsky State University of Nizhni Novgorod, Nizhni Novgorod, Russia

[IpencraBieHsl pe3yiabTaThl U3MEPEHUs] TOJTHOTO 3JeKTpoHHOTro coxaepxkanus (I19C)
F2-cnost nonocepsl 3eMiau BAOIb FTeOMarHUTHON MIUPOTHI C TOMOIIBIO CUTHAJIOB, U3Ty4aeMBbIX
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¢ 60pTa HaBUTAIIMOHHBIX CITYTHUKOB cucTteMbl GPS, mpu BO31eCTBUU HA HEE MOIIHOTO KOPOT-
KOBOJIHOBOTO panuousnydenus crenaga CYPA. Peructpauusi CUTHaIOB OCYIIECTBISIACh B TPEX
MPOCTPAaHCTBEHHO-PA3HECEHHBIX MyHKTaXx — 3eseH0a0bcK, Kazanb, BacuibCcypck, pacmoso-
KEHHBIX Ha reoMarHUTHON mupoTe cTeHna CYPA. Oco0eHHOCTBIO TIOCTAHOBKU JKCIIEPUMEHTA
ABJISIETCA TO, YTO paauoTpacca BacmiabCypck—CIyTHHK Mepecekajia BO3MYILEHHYIO 001acThb
HOHOC(EPHI, a pagruoTPacchl 3eJICHOA0IbCK—CITYTHUK U Ka3zaHp—ciyTHUK — HeT. OJIHaKO B JKC-
NEpPUMEHTE BO BCEX TPEX MYHKTAaX HAOIIOAIOTCS BapHallMK, KOTOPbIE KOPPEIUPYIOT C BpEMEHEM
HarpeBa MoHOC(Epbl MOIIHOW paguoBOIHON. OTHOCUTENBHBIN pa3max Bapuanuii [13C mocturaer
0.4 TECU. Pabora BemosHeHa npu GpuHarncoBoit noaaepxkke PODU (mpoektsr Ne 13-02-00957-a,
15-32-50539 mon_up, 14-02-31459 mon_a) u PH® (Ne 14-12-00706).

Results of measurement of total electron content (TEC) variations along the geomagnetic
latitude in the F2 region of the ionosphere caused by powerful radio emission of SURA facility
are presented in the report. Parameters of TEC variations were obtained by dual-frequency global
navigation satellite systems (GNSS) diagnostics. Registration of signal parameters from GNSS—
transmitters were performed at spatially separated sites along the geomagnetic latitude: Va-
silsursk, Zelenodolsk and Kazan. In the experiments radio path from GNSS satellite to Va-
silsursk passed over the disturbed region of ionosphere, but radio paths to Zelenodolsk and to
Kazan did not. However correlated with pumping of ionosphere by SURA facility TEC variations
were detected for all of three ground measurements sites. Magnitudes of TEC variations reached
0.4 TECU.

OILIEHKA U3MEHEHUA D®®EKTUBHON BLICOTHI HUYKHEH HOHOC®EPHI
ITO BAPUALIUAM PA3bI OHY-PAITMOCHUIT'HAJIOB, 3BAPEIT'UCTPUPOBAHHBIX
B AKYTCKE B IEPUO/I COJTHEYHOI'O 3ATMEHMUA 20.03.2015

A.A. Kopcakos, B.U. Koznos, P.P. Kapumos, B.B. Aprynos

HuctutyT KOocModusndeckux uccienoBanuii u aponomun uM. FO.I'. [lladepa CO PAH, fxkyrck, Poccus
korsakov84@yandex.ru

LOW IONOSPHERE EFFECTIVE HEIGHT CHANGES ESTIMATED
BY PHASE VARIATIONS OF VLF RADIO SIGNALS REGISTRATED
IN YAKUTSK DURING SOLAR ECLIPSE 20.03.2015

A.A. Korsakov, V.I. Kozlov, R.R. Karimov, V.V. Argunov
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

B nepuon 19-25 mapra 2015 r. B SkyTrcke mpoBOIMIIACh PETHCTpAIUs PATUOCUTHAIIOB
HABUTAIIMOHHBIX CTAHIMI Auama3oHa oueHb HU3kux 9actoT (OHY, 3-30 kI'). DddexT comueu-
Horo 3arMmenus 20.03.2015 r. nposiBriics B Bapuanusax (asbl curHana paguoctanimu «KpacHo-
nap» (14.88 xI'u) B 9:36-11:15 UT. MakcumyM oTkjioHeHHs (a3bl (oTHOcUTeNbHO 21 Mapra
2015 r., 10:45 UT) cocraBun 0.39 paauan. DddekruBHas Bbicota h BomHOBOma 3eMisi—noHochepa
(YPOBEHB IOCTOSTHHOM KOHIIEHTPAIMH 3JIEKTPOHOB HOHOC(HEPHI BIOJIb TPACCHI pacIipOCTPaHEHHMs)

Ah=HIn(1(®)/1(0)),
rae |(®) — moToK CONHEYHOTO U3NMYyUYeHHUs1, 3aBUCILINN OT JuHEiHO# (a3bl 3atmMenus O, 1(0) —
MOJIHBIA TIOTOK B JTHEBHOE Bpemsi, H — HOopMupoBOoUHBI ko3 duruent. [loctpoeno pacmpee-
nenue auHenHou daszer @ no paguorpacce Kpacnomap—Skyrck. Ilo Bapuanusam ¢asbl paauocur-
Hana orneHeH kod3dduuuent H=6.74+0.54. MI3MeHeHue BBICOTHI BOJHOBOJA NMPH MAaKCUMAJIbHOM
3areHeHnu Tpacchl Kpacnomap—Skyrcek (10:42 UT) cocrasisier 4 km (62° N, 71° E, ®=59.4 %).

Pabora monmepxana POOU, mpoekr Ne 14-05-31056 mon a, u rpantom Hayuno-

obOpasoBarenbHOro (PoHIA TOAIEPKKH MOJIOABIX yueHbIX PecnyOnmuku Caxa (Sxytus) Ne 2014-
01-0015.
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Very low frequency (VLF: 3-30 kHz) radio signals of navigation stations registrated in
Yakutsk during March 19-25, 2015. The effect of solar eclipse 20.03.2015 manifested in phase
variations of the radio signal Krasnodar (14.88 kHz) 9:36-11:15 UT. Maximum phase deviation
(relative to March 21, 2015, 10:45 UT) is 0.39 radians. The effective height of Earth—ionosphere
waveguide h (constant level of the ionosphere electron density along the path):

Ah=HIn(1(®)/1(0)),
where 1(®) — solar radiation flux, depending on the linear phase of the eclipse @, 1(0) — the
daytime solar flux, H — normalization factor. The distribution of the linear phase @ on the path
Krasnodar-Yakutsk (200 km intervals, 3 min. resolution) built. The factor H=6.74+0.54 estimat-
ed by phase deviations radio signal Krasnodar. The waveguide height changing at maximum
shading path is 4 km (62° N, 71° E, ®=0.594).

The study supported by RFBR No. 14-05-31056 mon_a, by “Scientific and Educational
Foundation for Young Scientists of Republic of Sakha (Yakutia)” No. 2014-01-0015.

MATEMATHYECKOE MOJAEJINPOBAHUE PACITPOCTPAHEHUSA
KB-PAJHOBOJIH B HEPHO/] BHE3AITHOTI'O CTPATOC®EPHOI'O HIOTEIVIEHUS
B AHBAPE 2009 r. U TEOMAT'HUTHOU BYPH 26 CEHTABPS 2011 r.

L 22!.C. Kortosa, ' “M.B. Kanmenko, ’B.B. Kiaunmenko, B.E. 3axapos,
’}0.H. Kopenbkos, L2g.C. Beccapad

"Banruitckuii (dhenepanbubiil yaupepcuteT uM. M. Kanrta, Kanununrpan, Poccust
2Zamagmoe otaeseHne MHCTHTYTA 3eMHOTO MarHeTH3Ma, HOHOC(EPH! ¥ PACTIPOCTPAHCHHUS PAIHOBOIH
nM. H.B. IlymkoBa PAH, Kanununrpan, Poccus
darshu@yandex.ru

MATHEMATICAL MODELING OF HF RADIO WAVE PROPAGATION DURING
SUDDEN STRATOSPHERIC WARMING IN JANUARY 2009
AND GEOMAGNETIC STORM ON 26 SEPTEMBER 2011

12D s, Kotova, ¥ 2M.V. Klimenko, 2V.V. Klimenko, V.E. Zakharov,
2yu.N. Koren’kov, ¥ ?F.S. Bessarab

!|. Kant Baltic Federal University, Kaliningrad, Russia
West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave
Propagation, Kaliningrad, Russia

st wccnenoBanus ObUTM BBIOpAaHBI CHJIBHOE BHE3AIMHOE CTpaTocepHOe MOTEIUICHUE
(BCII), nabmronapmieecs: 23—27 saBapst 2009 1., u reomarautHas O0ypst 26—29 centsiops 2011 r.
OTH MepUOABl XapaKTEPU30BATUCH HU3KOM comHeYHOM akTUBHOCTRIO (F10.7~70-100). I[Tux BCII
npuxoauics Ha 23-24 sHBaps. PaccmarpuBaroTcs pe3yibTaThl HCCIENOBaHUS TepMochepHo-
nonocgeproro otkiauka Ha BCII u reomarautHyio Oypro, MOIydeHHBIE ¢ UCIIOJIb30BaHUEM TJI0-
0anmpHOI camocormacoBaHHOW Mopenu Tepmochepsl, noHochepsl u mporoHochepsr (I'CM
TUII). DTa MOAENh UCTIOIB3YETCS B KAUECTBE CPEJIbl JUIsI M3YUYCHHST PACIPOCTPAHEHHUST KOPOT-
KUX PaJAMOBOJIH B MIEPUOABI 3THX COOBITHHA. JIJIsi MOAETUPOBAHUS PACIPOCTPAHEHUS PaJHO-
BOJIH MCIOJIb3YETCSI MOJIEb, TOCTPOCHHAsI B MPHUOJIMKEHUU reoMeTpuyeckoil ontuku. Pac-
CMAaTpPUBAETCS TPEXMEPHOE PACIPOCTPAHEHUE B DKBATOPHAIBHOM, CPETHEIIUPOTHON U BBICO-
KOIIMPOTHOM o0nacTsax moHochepsl. Mccnenyercs moBeneHne WHTErpaabHOro u auddepeH-
[MAIbHOTO 3aTyXaHWH BIIOJb Jy4eBBIX TpaekTopuil. Pabora BeImonHeHa mpu (GUHAHCOBOMH
noanepxkke Coseta mo rpantam [Ipesunenta PO (mpoext MK-4866.2014.5), PODU (mpoekt
Ne 14-05-00578), a Takxke B pamkax mpoekTa «Dusndeckne MexaHu3Mbl OPMUPOBAHUS PEaK-
UK BepXHEH aTMocdepsl 1 HOHOC]EPHI Ha MPOIIECCHl B HUKHEH aTMocdepe U Ha MMOBEPXHOCTH
3emumy (3aganue Ne 3.1127.2014/K).
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The cases of a strong sudden stratospheric warming (SSW), which took place on January
23-27, 2009 and geomagnetic storms on 26 September has been selected for study. These peri-
ods were characterized by low solar (F10.7~70-100) activity. Peak warming accounted for on
January 23-24. We present our investigation results of thermosphere-ionosphere response to the
SSW obtained using Global Self-Consistent Model of the Thermosphere, lonosphere and Pro-
tonosphere (GSM TIP). In this paper, this model is a medium for studying HF radio wave propa-
gation during SSW and storm events. We used the model of HF radio wave propagation, based
on geometric optics approximation. We consider the three-dimensional propagation in the equa-
torial, mid- and high-latitude regions of the ionosphere. We study integral and differential atten-
uation along the ray paths. Investigations were carried out with the financial support of Russian
President MK-4866.2014.5, RFBR Grant Ne 14-05-00578.This work was partially carried out
within the project “Physical mechanisms of the reaction of the upper atmosphere and ionosphere
on the processes in the lower atmosphere and on the Earth surface” (State task Education and Sci-
ence Ministry of the Russian Federation, the competitive part of the task No. 3.1127.2014/K).

HA3ZEMHOE BO3PACTAHUE HHTEHCUBHOCTH
KOCMMYECKHUX JIYYEHN 6 HOABPSA 1997 r.

M.B. Kpasunosa, B.E. CnooHoB

WuctutyT conmneuno-3emuoit ¢pusuku CO PAH, Poccus, Upkytck
rina@iszf.irk.ru

GROUND-LEVEL ENHANCEMENTS OF COSMIC RAYS ON NOVEMBER 6, 1997
M.V. Kravtsova, V.E. Sdobnov

Institute of Solar-Terrestrial Physics, Russia, Irkutsk

[To maHHBIM Ha3eMHBIX M CITYTHUKOBBIX HAOIIOEHII HHTEHCUBHOCTH KOCMUYECKUX JTyueit
(KJI) ma MupoBO#l ceTH CTaHIIMH METOJOM CHEKTporpaduuecKol TI00ATbHOW ChEMKHU
WCCIICIOBAHbl BapUaIlMU >KECTKOCTHOTO crekTpa u aHuzoTponus KJI B mepuon Ha3zeMHOTO
Bo3pacranus nuaHTeHcuBHOCTH KJI (GLE) 6 HOos16pst 1997 T.

[IpencraBieHpl )KeCTKOCTHBIE CIIEKTPHI, ClIeKTphI Bapuanuii KJI u oTHOCUTENIbHBIE M3MEHEHUS
nHTeHcuBHOCTH KJI ¢ xectkocThio 4 ['B B COMHEUHO-3KIIMNITUYECKON T€OIEHTPUYECKON CUCTEME
KOOpAMHAT B OTAEIbHBIC TEPUOABI HccaeayemMoro coobitus. IlokaszaHo, 4YTo BO Bpems
paccMarpuBaeMoro CoOBITHS HAOMIONAIOCh YCKOpeHWe TnpoToHOoB 10 R~7 I'B, omnako
nuddepeHmaIbHbIe KecTKocTHBIE crekTphl KJI B ananazone xkectkocreil ot ~0.3 1o ~7 I'B He
OIMCHIBAIOTCA HU CTENEHHOM, HU SKCHOHEHIUATbHON (YHKUIUSIMH JKECTKOCTU 4acTHll. B MomeHT
GLE 3emiist Haxoquiach B ETJICOOPAa3HON CTPYKTYpE MEXKIUIAHETHOI'O MarHUTHOTO TIOJISL.

We have investigated the variations of rigidity spectrum and anisotropy of cosmic rays (CRS)
during GLE of November 6, 1997, using ground-based and satellite observations of the CR intensity
on the worldwide network of stations. The spectrographic global survey has been used.

This paper presents the rigidity spectrum, CR variation spectra and relative variations of
the CR intensity with a rigidity of 4 GV in the solar-ecliptic geocentric coordinate system at
certain periods of the event. The acceleration of protons during this GLE is shown to happen
up to R~7 GV. The differential rigidity spectra of CRs in the range of rigidities from ~0.3 to ~7
GV during the event under consideration are not described by a power or exponential function of
particle rigidity. During GLE, the Earth was in the loop-like structure of the interplanetary magnetic
field.
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CPABHUTEJIbHBIN AHAJIN3 ITYMOB
B OHEHKAX ITOJIHOT'O 2JIEKTPOHHOI'O COAEP KAHUSA NOHOCDEPHI
11O JAHHBIM ITPUEMA CUTI'HAJIOB I'EOCTAIIMOHAPHbBIX
HABUT'AIIMOHHBIX CITYTHUKOB

L2B E. KyHuupbin, rA. KypoaToBs, L2A.M. IMagoxun, 2J0.B. SIciokeBuy

"MockoBckuit rocynapcTBeHHbIN yHUBepcuTeT uM. M.B. JloMmoHocoBa, MockBa, Poccus
yasukevich@iszf.irk.ru
*MucTutyT conneuHo-3eMHoit pusukn CO PAH, Mpkytck, Pocenst

COMPARISON OF NOISE PATTERNS
IN IONOSPHERIC TOTAL ELECTRON CONTENT ESTIMATIONS FROM
SIGNALS OF GEOSTATIONARY NAVIGATIONAL SATELLITES

L2y E. Kunitsyn, 'G.A. Kurbatov, ' >A.M. Padokhin, ?Yu.V. Yasyukevich

LLomonosov Moscow State University, Moscow, Russia
?Institute of Solar-Terrestrial Physics, Russia, Irkutsk

C pa3BuTHeM MPUEMHOHN anmnapaTyphl U MOSBIECHUEM B OpOUTANIBHBIX MPYIIHUPOBKAX HABU-
TaIlMOHHBIX CHCTEM TeOCTAIIMOHAPHBIX CIYTHUKOB, MEPENAIONINX CHUTHAIBI HA JBYX KOTEPEHT-
HBIX YacToTax L-auamna3oHa, MOSBUIACH BO3MOXHOCTh MCIOIb30BaTh 3TU CITYTHUKH ISl HCCIe-
JOBaHUSI TOJTHOTO 3ekTpoHHOro coaepxanus (II9C) monocdepsr. Ilpu sTomM uHTEpec mpen-
CTaBJIIET KayeCTBO MOJYy4YaeMbIX JaHHBIX, B MEPBYIO OuYepellb, YPOBEHb IIyMa B OI[€HKaX
[125C. B paboTte npuBOASTCS Pe3ynbTaThl CPABHUTEIHLHOTO aHAIN3a YPOBHS IIyMa B OLIEHKAX
[15C 1o gaHHBIM IpUEMa CUTHAJIOB T'€0CTallMOHAPHBIX CITYTHUKOB cucTeM AuQdepeHnnaibHon
koppekunu: uaauiickoit GAGAN, espomneiickoit EGNOS, amepukanckoit WAAS, a Takxke Ku-
taiickoii HaBurarmonuou cucremsl COMPASS/Beidou. Hcnonp30BaHbl JaHHBIE JBYX IPHEM-
HBIX MYHKTOB (B eBponeickoi yactu Poccun u B CIIIA), ocHalIeHHBIX I€01€3NYECKUMU TIPUEM-
nukamu JAVAD Delta3. [Tokazano, uro npu orieake [19C mo gaHHBIM reOCTallMOHAPHBIX CITYT-
HUKOB HaBuranunoHHou cucteMbl COMPASS/Beidou ypoBeHb Iryma B pas3bl MEHbILE, YeM TPU
ouenke TEC mo nmanHbIM cuctem nud¢depeHIaabHOol KOPPEKIMHU, U COOTBETCTBYET YPOBHIO
myma B nanabix GPS/TTJTIOHACC.

With the development of receiving equipment and GNSS constellation the dual fre-
quency L band transmissions are now available from a number of geostationary satellites.
These signals can be used for ionospheric total electron content (TEC) estimations. In this
connection, the quality of these data, first of all the level of noise in such TEC estimations is
of great interest and importance. In this work we present the results of the comparison of the
noise patterns in TEC estimations using signals of geostationary satellites of augumentation
systems such as indian GAGAN, european EGNOAS and american WAAS, as well as the
signals of chinees COMPASS/Beidou navigational system. We used data from two receiving
sites (in european part of Russia and in USA) equiped with JAVAD Delta3 receivers. We
show that noise level in TEC estimations based on geostationary satellites of COM-
PASS/Beidou system is times smaller than for SBAS and corresponds to those of
GPS/GLONASS.

O ITPU3HAKAX NIEPEMEIIAIOINXCA HOHOC®EPHBIX BO3MYIIIEHUAM
HA HOHOT'PAMMAX

0.A. Jlapwonun, B.A. Kypkun

HucturyT conueuyno-3emuon ¢pusukun CO PAH, Upkytck, Poccus
laroleg@inbox.ru
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ON THE TRAVELING IONOSPHERIC DISTURBANCES SIGNATURES
ON THE IONOGRAMS

O.A. Laryunin, V.I. Kurkin
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

MHorosnyueBoCTh Ha MOHOTPaMMax MOKET OBITh CBsI3aHA C IMEPEMELIAIOIUMUCS HOHO-
cepHBIMU BO3MYILEHHSMH M TPOSBIATHCS B BUJE TAaK Ha3bIBAEMBIX CEpIOB. B cBs3M ¢ 3TUM
MPEJICTaBIsIET UHTEPEC CPAaBHEHUE MPU3HAKOB MEPEMEIAIONINXCS HOHOCPEPHBIX BO3MYIICHUMH,
XapaKTEPHBIX JUIsl BEPTUKAIBLHOTO, CTA00HAKIIOHHOTO U HAKJIOHHOT'O 30HIMPOBAHUS.

B xauecTBe Mozenu BO3MYILIEHHS] MOXKET ObITh UCITOJIb30BAH «HAKJIOHHBIN CII0i» — MoO-
Jienb, B KOTOPOH cIajJ 3JE€KTPOHHOM KOHILEHTpaluy B HaIlpaBJIEHUH, NEPHEHIUKYISIPHOM
¢ponty, onuckiBaercs 3akoHOM ['aycca. LlenecooOpa3sHo Takke paccMOTpPEHHE BO3MYLICHUS
BOJIHOOOPA3HOTO THIA, OTPAHHYEHHOT'O 110 BBICOTE TayCCHAHOM.

PacyeTbl moka3pIBaIOT, YTO B 3aBUCHMOCTH OT TUIIA U MapaMeTPOB BO3MYILEHUS HA CHHTE-
3UPOBAaHHOW HMOHOTPAMME BEPTUKAJIBHOIO 30HAMPOBAHMS MHOIOJIYYEBOCTH OTCYTCTBYET WIIN
BbIpa)keHa c1abo, Torjga Kak Ha MOHOTPAMME HAaKJIOHHOTO 30HAMPOBAHMS OHA MOXKET UMETh
MECTO B IIMPOKOM JMAINA30HE YaCTOT.

Multipath propagation can be associated with traveling ionospheric disturbances (TIDs)
and appear as cusps. Therefore it is expedient to compare TID features typical for vertical, quasi-
vertical and oblique sounding.

To simulate a disturbances we can use a model of “tilted layer” which implies Gaussian
electron density decrease in a direction normal to the wavefront. A model of undulating disturb-
ance localized heightwise can be used as well.

The simulation demonstrates that cusps display multipath propagation for oblique sounding
whereas vertical and quasi-vertical ionogram cusps practically does not display multipath
propagation.

OCOBEHHOCTH ®OPBYUI-DPPEKTOB, CO3JABAEMbIX
BBICOKOCKOPOCTHBIMH IIOTOKAMMU U3 KOPOHAJIBHBIX /IbIP,
B MUHUMYME U HA ®A3E POCTA 24 IIUKJIA COJTHEYHOM AKTUBHOCTHA

'A.M. Maanmé6aes, *0.H. Kpsikynosa, ’A.B. BesoB, *A.A. AOyHUH, ’M.A. AOyHuHa,
’E.A. Epomenko, 'n.J. Ilenakuna, . HIapunoBa

! louepHee TOBAPHILECTBO C OrPAHHUECHHOI OTBETCTBEHHOCTHIO «THCTHTYT HOHOCHEPED»,
Anmatel, Ka3zaxcran
nanozavr@mail.ru
’MHCTUTYT 3€MHOTO MAaTHETH3Ma, HOHOCHEPHI M PACIIPOCTPaHeH s paauoBo uM. H.B. [Tymkosa PAH,
Tpowunk, Mocksa, Poccust

FEATURES OF FORBUSH EFFECTS CREATED BY HIGH-SPEED STREAMS
FROM CORONAL HOLES IN THE MINIMUM AND GROWTH PHASE
OF THE SOLAR CYCLE 24

'A.M. Malimbayev, 'O.N. Kryakunova, *A.V. Belov, A.A. Abunin, °M.A. Abunina,
°E.A. Eroshenko, 'I.L. Tsepakina, '‘G. Sharipova

YInstitute of lonosphere, Almaty, Kazakhstan
*pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation RAS,
Troitsk, Moscow, Russia

HccnenoBansl GopOym-3¢h¢eKTsl B KOCMUYECKHX JTydaX, BBI3BAaHHBIEC BIMSHHUEM BBICOKOCKO-
POCTHBIX MOTOKOB IUIa3Mbl U3 KOPOHAIBHBIX JBIP, B MUHUMYME U Ha (a3e pocTa 24-ro 1uKia col-
HEYHOU aKTUBHOCTU. PaccMOTpeHsl Hanboiee HHTEpECHbIE COOBITHUS 32 YKa3aHHBIM TIEPHO BpeMe-
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HU. B uccnenoBannu OblTa MCIONb30BaHa 0a3a MaHHBIX 1O (HopOym-3ddexram, coznannas B 13-
MUPAHe, coneprxaiiasi 3Ha4eHUS] UHTEHCUBHOCTU U BEKTOPOB aHU30TPONMH KOCMHUYECKHX JIy4ei,
MOJTYy4YE€HHBIE METOJIOM TIIOOAIILHON CHEMKHU IO JaHHBIM MHPOBOM CETHM HEMTPOHHBIX MOHUTOPOB.
Omnucanbl ocodeHHOCTH (HopOYII-3(h(HEeKTOB, CO3MaBAEMBIX BBICOKOCKOPOCTHBIMU IOTOKAMH COJI-
HEYHOT'O BETPa U3 HU3KOIIHUPOTHBIX KOPOHAIBHBIX JIBIP.

The Forbush effects in cosmic rays under the influence of high-speed stream from coronal
holes in the minimum and growth phase of the solar cycle 24 have been investigated. The most re-
markable events for this period have been reviewed. The database on Forbush effects created at 1Z-
MIRAN, with cosmic ray density and anisotropy calculated by the Global Survey Method (GSM) on
the basis of Neutron Monitor network data has been used. The features of the Forbush effects pro-
duced by high-speed solar wind streams from low-latitude coronal holes have been described.

OCOBEHHOCTH OIIPEAEJIEHUA ABCOJIIOTHOTI'O IIDC
B PA3JIMYHBIX TOYKAX 3EMHOI'O LITAPA

ALA. MLLILHHKOBA, 1.210.B. SIcioxeBnu

"MuctutyT conueuno-3emuoii husuku CO PAH, Upkytck, Poccus
manna@iszf.irk.ru
*HpxyTcKuii rocyIapcTBeHHbIN yHIBepcHTeT, MpKyTck, Poccus

PECULIARITIES OF ESTIMATING ABSOLUTE TEC
IN DIFFERENT REGIONS

'A.A. Mylnikova, *?Yu.V. Yasyukevich

YInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
?Irkutsk State University, Irkutsk, Russia

[Ipu BoccTaHOBNIEHUU a0COMIOTHOTO BEPTUKAIBLHOTO MOJHOTO 3JIEKTPOHHOTO COAEPHKAHUS
(IT2C) ¢ ucnonszoBanneM GPS/GLONASS Gonbiioe BiausiHUE Ha TOYHOCTh OKa3bIBaeT (yHK-
st peoOpasoBanus HakiaoHHOro [19C B BepTukansHoe (Mapping function). [poananu3upoBaHbt
¢byHkuM npeoOpa3oBaHus IJIs psAa TOYEK 3eMHOrO Iapa, BKJIouyas pernoH Mpkyrcka. Ananus
npoBefieH ¢ ucnoib3oBanueM ctaHiuii GPS/GLONASS, Bxoasmux B MEXIYHapOAHYIO CETh
IGS, a Takxe Ha OCHOBE JAHHBIX, CMOJECTUPOBAHHBIX C MOMOIIBIO MEXIYHAPOIHON CIPABOYHOMN
mogenu IRI-2012. TTonpaBka, KOTOPYIO HEOOXOAUMO BBOJUTH JUIs IPEOOPa30BaHMsI HAKIIOHHOTO
I12C B BepTHKabHOE, cocTaBisieT mpuMepHo 0.97 nns Mpkyrcka u 0.94 11 apKTUYECKHUX IIHPOT.

When we evaluate absolute vertical total electron content (TEC), a mapping function influ-
ence a lot on the accuracy. We have analyzed the mapping functions for a number of points of
the globe, including Irkutsk region. The analysis was performed using the GPS/GLONASS sta-
tions, included in the international 1GS network, as well as based on simulating with internation-
al reference model IRI-2012. The correction a, which must be entered to convert slant TEC to
vertical TEC, is ~0.97 for the Irkutsk, 0.94 — for the Arctic region.

NPUMEHEHUE METOJIA TOJATAJIKUBAHUSA YIIPYTOW HUTH
JJIAA PACYETA PAJJMOTPACC B HEOJJHOPOJHbBIX CPEJAX

'".A. Hocukos, “TI1.®. Beccapad, L3M.B. Kaunmenko, °B.B. Kaunmenko, L3p.C. Beccapad,
L 3,Z[.C. Korosa, 'B.E. 3axapos

"Banruitckuii (dhenepanbubliil yaupepcuteT uM. M. Kanrta, Kanuununrpan, Poccus
igor.nosikov@gmail.com
ZKOpOJ'IeBCKI/Iﬁ TEXHOJIOTUYeCKUl UHCTUTYT, CToKronbMm, [lIBerus
$3amaHoe oTeseHHe MHCTUTYTa 3eMHOTO MarHeTH3Ma, HOHOC(Ephl i PaCPOCTPAHEH S PaHOBOIH
M. H.B. [lymkosa PAH, Kanuaunarpax, Poccus
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APPLICATION OF THE NUDGED ELASTIC BAND METHOD FOR
THE IONOSHERIC RAY TRACING IN HETEROGENEOUS MEDIA

I .A. Nosikov, ?P.F. Bessarab, »*M.V. Klimenko, 3V.V. Klimenko,
13F s, Bessarab ' °D.S. Kotova 'V.E. Zakharov

1|, Kant Baltic Federal University, Kaliningrad, Russia
“Royal Institute of Technology, Stockholm, Sweden
West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation,
Kaliningrad, Russia

[IpuBeneHB OCHOBHBIC MOJOXEHHUS METOJa MOATAIIKHBAHUS YIIPYTrOod HUTU U €ro MpHMe-
HEHMeE IS pacuera paaguorpacc BoiaH KB-nuanazona. B ocHOBe npeaiaraeMoro noaxo/ia JIeKUT
BapHAIMOHHBIA MPUHIUT U GYHKIIMOHATA ONTUYECKON JITUHBI paguonyda (mpunnun depma).
B mpennaraeMom meTojie ynopsIou€HHbIM Ha0Op TOYEK, SBISIOUIUIICS NUCKPETHBIM MPEACTaB-
JICHUEM DPaJuoIlyda, IMOCIeI0BaTeIbHBIME MOTIEPEYHBIMU TPaHCHOPMAIUSIMHU MPeodpa3yercs K
ONTUMAJIFHOU KOH(UTypauu. JJis HaX0XIeHUs ONTHUMAIBHOTO MOJIOKEHHUS TOUEK HCIOIb3YyeTCs
rpaaueHT (pyHKIMOHATA OT TEKYIIEro MOJO0KEHUSI TOYeK. BaKHBIME OCOOCHHOCTSIMU METOJa SIB-
JSIOTCS TMKBUJIAIUS KOMIIOHEHTHI TpaJiieHTa (PYyHKIIMOHANA, HAallPaBJIEHHON BJOJIb TPACKTOPHH,
U BBEJCHUE YIPYrOW CHIJIBI MEXAY TOYKAMH, YTO TIO3BOJISIET KOHTPOJIUPOBATH paCIpeeliCHHe
TOYEK BOJIb Tpacchl. KoappuimeHt ynpyroctu paccunThiBaeTcs B 3aBUCUMOCTH OT KPHUBU3HBI
TpaeKTOpUH. J{aHHBI METO]I TTO3BOJIIET HAXOJAUTh MHOKECTBO PELICHUI M PACCUUTHIBATH MHO-
TOCKauKOBBbIE Tpacchl. MeTol MOATaNIKUBaHUsI YIPYrod HUTH ObUT PUMEHEH JJIsl pacyera paauo-
Tpacc B TPEXMEPHOM CIIydae B Cpejie ¢ MOKa3aTeNieM MPEeOMIICHUS], PACCYUTAHHBIM T10 TII00aTEHON
CaMOCOTJIACOBAaHHOM MozenH TepMmochepbl, noHocheps! 1 mpotoHochepsl (I'CM THUIT). Pabora BbI-
nojHeHa Tpu ¢uHaHCOBOW momnepkke rpanta [Ipesugenta PO Ne MK-4866.2014.5 u rpanra
PODOU No 15-35-20364 Mon_a Bem W MPOBOJMIIACH B paMKax MpoekTa «DPU3nIecKkue MeXaHU3MbI
dbopMUpOBaHUS PeaAKINK BepXHEH aTMOcdepbl U HOHOC(EPHI HA MPOIIECCH B HIKHEH aTMoche-
pe ¥ Ha ToBepXHOCTH 3emin» (rocyaapcTBeHHOe 3a1aHie MUHHCTEpCTBA 00pa30BaHMsI U HAYKH
P®, xonkypcHas dacth, 3aganue Ne 3.1127.2014/K).

The nudged elastic band method (NEB) for calculating the HF radio paths is proposed and
realized. The method is based on direct utilization of the variational principle for the optical path
(Fermat's principle). The idea is to transform an arbitrary trajectory to an optimal one, while the
endpoints of the trajectory are kept fixed according to the boundary conditions. We propose a
version of such a direct variational method, where only transverse displacements of the radio
wave ray are used in the optimization algorithm. In our method, a chain of points which gives a
discrete representation of the ray is adjusted iteratively to an optimal configuration. Early the
method has been applied to various test problems in 2D approach. Results show a good agree-
ment with known analytical solutions. Point's distribution along the path controlled by spring
forces between them. The elastic coefficient is depended on the curvature of the trajectory. This
method can find the set of solutions and obtain multi-hop ray paths. The method has been ap-
plied to study 3D point-to-point ionospheric ray tracing where the properties of the propagation
media have been derived using the Global Self-consistent Model of the Thermosphere, lono-
sphere and Protonosphere (GSM TIP). This study was financially supported by Grants from the
RF President MK-4866.2014.5 and RFBR No. 15-35-20364.
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IIYJbCAIIUU TEOMATHUTHOI'O ITIOJIAA U ABPOPAJIBHOI'O CBEYEHUA
B IUAITIA3OHE 1-4 mI'u B IIOJIAPHOU IIIATIKE
U BBJIN3U MMOJIIPHON I'PAHUIIBI ABPOPAJIBHOI'O OBAJIA.
«BECTPUITEPHBIE» CYBBYPU U IPEJABECTHUKHU CYBBYPb

H.c. HocukosBa, H.B. Srosa, L2 A. IInnunenko, '0.B. Ko3sbipesa,
3I[. JlopeHen, 1. Banneneii

"Mucturyr gusnku 3emmu um. O.10. IlImuara PAH, Mocksa, Poccus
natanosik@yandex.ru
ZI/IHCTI/ITYT KocMuueckux ucciemopannii PAH, Mocksa, Poccus
*Yuuepcurerckuii Lientp va Cans6apse, Jlowritup, [nuubepren, Hopserns

1-4 mHz GEOMAGNETIC AND AURORAL LUMINOSITY PULSATIONS
IN POLAR CAP AND NEAR THE POLAR BOUNDARY
OF THE AURORAL OVAL. “TRIGGERLESS” SUBSTORS
AND SUBSTORM PREDICTORS

IN.S. Nosikova, *N.V. Yagova, »2V.A. Pilipenko, '0.V. Kozyreva,
3D. Lorenen, °L. Baddeley

'Schmidt Institute of Physics of the Earth RAS, Moscow, Russia
’Space Research Institute RAS, Moscow, Russia
University Centre in Svalbard, Longyearbyen, Svalbard, Norway

W3yuensl mapaMeTpsl T€OMarHUTHBIX ITYJIBCAIMHA M MYJIbCAIMHA aBpOPAITLHON CBETHUMOCTH
B yacToTHOM auanasone 1-4 mI'1iy (PC5/Pi3) B mepuoasl HU3KOM BO3MYIIEHHOCTH, IPEIIIECTBY-
IOIIUE M30JIMPOBAHHBIM CYOOYpsIM, 1 B MAarHUTOCIIOKOMHBIE AHU. COMOCTaBICHBI CIICKTPAIbHbIC
IapaMeTpbl NyJIbCAlUi aBpOPaIbHONM CBETMMOCTH M I'€OMArHUTHOTO IMOJIS B IOJISIPHOM IIANKE U
Ha MOJIAPHOM T'PaHMIEC aBpOpaIbHOro oBaja. [ CpaBHUTEILHOIO aHajau3a JAaHHBIX CETH Mar-
uutoMeTpoB IMAGE u mepuauonanbHOro ckanmpyiomero doromerpa (o. Llmumbepren) Obu1
HCIIOJIB30BAaH KPOCC-CIEKTPalIbHbINA aHAIN3, a JUIs BBIACIACHUS CICHM(MUUESCKUX BapHalluid, CBS-
3aHHBIX C MMOJATOTOBKOU cyOOypu (TpeaBecTHUKa cyOOypH), — MeToa HallokeHHBIX 310X (SPE,
SuperPosed Epoch).

We study parameters of the polar auroral and geomagnetic pulsations in the frequency
range 1-4 mHz (Pc5/Pi3) during quiet geomagnetic intervals preceding isolated auroral sub-
storms and non-substorm background variations. The spectral parameters of pulsations of auroral
luminosity in the polar cap and near the polar boundary of the auroral oval are studied and com-
pared with those for the geomagnetic pulsations in the same frequency range. Cross-spectral
analysis is used to analyze the time series of the geomagnetic data from IMAGE magnetometer
network, and the data on auroral luminosity measured by Meridian Scanning photometer (Sval-
bard) and superposed epoch (SPE) analysis is applied to reveal pre-substorm variations (sub-
storm precursors).

MMPOABJIEHUSI IEPEKPBITHUS KOJIBLIEBOT'O TOKA C BHEIIIHEA _
IVIABMOC®EPOU B IMHAMMKE SAR-AYI'U U ITYJbCHUPYIOIIUX CUAHHUU

C.I'. Ilapuuxkos, 1.b. UeBenxo, B.H. Anexceen

HucTuTyT KOcMOpHU3nIecKuX uccieaoBanuii u asponomun uM. FO.I'. Illadepa CO PAH, fkytck, Poccus
Parnikov@ikfia.sbras.ru

MANIFESTATIONS OF THE RING CURRENT OVERLAP WITH THE OUTER
PLASMASPHERE IN THE SAR ARC AND PULSING AURORAE DYNAMICS

S.G. Parnikov, I.B. levenko, V.N. Alexeyev
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

doromerpuueckue HaoOmoaeHus Ha Mepuauane Jdxkyrcka (CGMC: 55-60° N, 200° E) mo-
Ka3aju, 4TO BO BpeMs (a3bl BOCCTAHOBICHMs cy0OypH Ha mmpoTax SAR-ayru oObraHO HabIIIO-
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IAroTCsl BCIUIECKH NYJIBCALIMNA CBEYEHMS B dMHUCCHM 427.8 HM. DTH NyJbCallMd OTOOPaXKaroT
MyJIbCUPYIOIINE BBICHIIIAHKMS SHEPIrUYHBIX YACTHUI[ KOJIBILIEBOTO TOKA B 00JIACTH BHEIIHCH ILIa3-
Mochepsl. B aT0# padore MBI IpemiaraeM BO3MOKHBIH MEXaHU3M BO30VKIECHHUSA HaOJII0IaeMBIX
MyJIbCalMi cBeueHUs. PacCMOTpPEHBI HECKOJIBKO IIPUMEPOB HAOIIOICHHH ITyJIhCALIMI CBEUCHUS C
yacrotamMu (0.05—1 I'y Ha mmporax auddysuoro cusaus u SAR-gyru. Bo Bcex ciydasx HaOIro-
JlaeMbI€ YaCTOTHI MOIYJISIIIUHA BBICHIIIAHUN MOTYT OBITh OOBSICHEHBI IMKJIOTPOHHBIM PE30HAHCOM
3JICKTPOMArHUTHBIX BOJH C TSOKENbIMA MoHaMH O+, KOTOpBIE YacTO JIOMUHHUPYIOT B COCTaBe
KOJIBIIEBOT'O TOKAa, BO BpeMs CyOOypb.

Photometric observations at the Yakutsk meridian (CGMC: 55-60° N, 200° E) have shown
that dur-ing the substorm recovery phase at latitudes of SAR arc the luminosity pulsation splashes
in the 427.8 nm emission are usually observed. These pulsations map the pulsating precipitations
of the ring current energetic particles in the outer plasmasphere. In this report we consider possi-
ble mechanisms for the observed luminosity pulsations. Few events of the luminosity pulsation
observation with frequencies of 0.05-1 Hz at the latitudes of diffuse aurora and SAR arc are con-
sidered. In all cases the observed modulation frequencies of precipitations can be explained only
by the cyclotron resonance of electromagnetic wave with heavy O+ ions which can dominate in
the ring current during magnetic storms.

MOAEJHUPOBAHUE JOIVIEPOBCKOI'O CMEINEHUA YACTOTbDI
B HECTAIUOHAPHOM OJJHOPOJIHOM PA/IMOKAHAJIE
HA OCHOBE METOJA HOPMAJIBHBIX BOJIH

M.C. Ilen3un, H.B. Uabun

UnctutyT conneuno-3zemuoi ¢puzuxku CO PAH, Upkytck, Poccus
penzin.maksim@gmail.com, ilyin@iszf.irk.ru

MODELING OF DOPPLER FREQUENCY SHIFT IN NONSTATIONARY RADIO
CHANNEL BASED ON THE METHOD OF NORMAL WAVES

M.S. Penzin, N.V. llyin
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B pabote mpencraBieHsl pe3ybTaThl MOJACIUPOBAHMS PACIPOCTPAHEHHS] KOTEPEHTHOMH 1M0-
CJIEIOBATENIbHOCTH UMITYJIBCOB B paJiioKaHajie 3eMisi—MoHOCc(epa, BHIMOIHEHHOTO B paMKax Me-
TO/Ia HOPMAJIbHBIX BOJIH. VCnosb30BaHnEe KOTEPEHTHOM MOCIEA0BATENbHOCTH UMITYJIBCOB I103-
BOJIWJIO Pa3/IeIUTh CUTHAJI B TOUKE IIpHeMa Ha OTAeNbHbIC JIyud. Ha 0CHOBE JaHHBIX MOAEIUPO-
BaHMs ObLIA MOJY4YEHA 3aBUCUMOCTD JIOTUIEPOBCKOTO CMEILIECHHS YaCTOThI OT BPEMEHH IS KaX-
JIOTO JIyya B OTAEIBHOCTH MPU HATMYUU NIEPEMENIAIOIeT0Ccsl HOHOC(PEPHOTO BO3MYILIEHUS BJIOJIb
Tpacchl.

The report presents the results of modeling of the propagation of the coherence pulse se-
guence through the Earth-ionosphere radio channel by the method of normal waves. Using the
coherence pulse sequence allow us to separate signal into rays. Dependencies of the Doppler fre-
quency shift of the time for each ray in the presence of the traveling ionospheric disturbance are
obtained basing on the result of modeling.

MOJEJIb PACIIPOCTPAHEHUA PA/IMOBOJIH 1A JUATIA3OHA YACTOT
2-10 MI'y HA OCHOBE METOJA HOPMAJIBHBIX BOJIH

M.C. Ilen3un, C.H. Ilonomapuyk, H.B. Uinbun

UnctutyT conneuno-3zemuoi ¢puzuxku CO PAH, Upkytck, Poccus
spon@iszf.irk.ru, ilyin@iszf.irk.ru, penzin.maksim@gmail.com
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MODEL OF RADIO WAVE PROPAGATION IN 2-10 MHz FREQUENCY BAND
ON THE BASE OF NORMAL WAVE METHOD

M.S. Penzin, S.N. Ponomarchuk, N.V. llyin
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[IpeacrarneH MeTo ONMUCAHKS PACTIPOCTPAHEHUS PAJAMOBOIH B MOHOC(EPHOM BOJIHOBOJIE
B paMKax METO0J/Ia HOpMaJbHBIX BOJIH JJIs 1uara3ona yactoT 2—10 MI'n. Jlana monudumposan-
Has CXeMa pelIeHus paJualibHOM 3aJja4i U MOCTPOCHHUSI CIIEKTpa paJHalibHOr0 Omeparopa, rmnos3-
BOJISIFOIIIAsA HpOBOI[I/ITb BBIYUCICHUA, KOT'Aa 4aCTOTa CHUI'Hajla MOXKCET 6I>ITI> MCHbBIIIC MHWHHUMAJIb-
HOM KPUTUYECKOUN YaCTOTHI HOHOC(HEPHOTO CII0sI BIIOJIb TPACCHI PACIIPOCTPAHECHHUSI, IPH YCIOBHH,
YTO CYIIECTBYET PETYyJSPHBIA BOJHOBOJ 3eMisi-MOHOC(Epa U YnCiI0 HOPMAIBHBIX BOJIH JIOCTa-
TOYHO BEJIHKO.

In this report we propose the description technique for radio wave propagation in Earth-
ionosphere waveguide in framework of waveguide approach in band from 2 MHz to 10 MHz.
The presented numerical algorithm of solving the radial problem allows us to calculate field for
low-frequency part of decameter range where working frequencies can be lesser than minimal
critical frequency for given path under condition that there exists regular Earth—ionosphere
waveguide and the number of normal waves is sufficiently large.

NCCIEJOBAHUE ITPOCTPAHCTBEHHOI'O PACHHPEAEJIEHUSA
INOJTHOI'O 3JEKTPOHHOTI'O COAEPKAHMSA
B BBICOKOIIMPOTHOU NOHOC®EPE C IIOMOLIBIO CITYTHHUKOB GPS

'H.IL IlepeBaJsioBa, 'E.B. Pomanosa, » ?JI.JI. Karamesuesa, = 20.B. Tumogeena

1I/IHCTI/ITyT conaeuno-3emMHon pusuku CO PAH, Upkytck, Poccus
*WpxyTckuii rocyaapcTBeHHbII yHHBepcuTeT, MpKyTck, Poccus
dasyadk@gmail.com

STUDY OF SPATIAL DISTRIBUTION OF TOTAL ELECTRON CONTENT
IN THE HIGH-LATITUDE IONOSPHERE BY GPS SATELLITES

IN.P. Perevalova, 'E.B. Romanova, »?D.D. Katashevtseva, »'?0.V. Timofeeva

YInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
?Irkutsk State University, Irkutsk, Russia

B paboTe mpoBeneHO HcclIenoBaHUE MPOCTPAHCTBEHHOTO PACIpPEICIICHHUs TTOJIHOTO dJIeK-
tpoHHOro coaepxkanus (II9C) B BeICOKOIIMPOTHOM HMOHOC(Epe ¢ moMoinbio cnyTHHKOB GPS.
JIJ1s aHA/IM3a UCTIOIb30BAINCH JJAHHBIC JIBYXYaCTOTHBIX (Pa30BbIX U3MEPECHHU, MOTYICHHBIC 4—6 Mast
2013 r. Ha Tpex BrIcoKOMUPOTHBIX cTaHmusax GPS: NRIL (Hopuibck), LOVJ (Mypmanck), TIXI
(Tukcu). Ha HEKOTOpBIX JIydaX NPUEMHHUK—CITYTHHK, IPOXOIAIINX K CEBEPY OT CTaHIUi (B 00-
jacty mupot 72-84° N), oGHapyKeHOo pe3koe yMeHblenre i ysennuerne [19C. D1o o3Havaer,
YTO Ha JAHHBIX IIUPOTaX B HOHOC(HEPE CYIIECTBYET OrpaHUYCHHAS 00JIACTh ¢ TTOHMKESHHOU JJICK-
TPOHHOH KOHIIEHTpauuen (mpoBaj noHu3zanuu). IlomyyeHHbIe pe3ynbTaThl COTIACYIOTCS C JAaH-
HBIMH YHCJICHHOTO MojenupoBanus. PaboTa BbImomHeHa Npu MOAJEpKKe rpaHta Poccuiickoro
HayuHoro ¢onza (mpoekt Ne 14-37-00027).

In this work, we have studied spatial distribution of the total electron content (TEC) in the
high-latitude ionosphere by GPS satellites. For the analysis, we have used data of two-frequency
phase measurements obtained on May 4-6, 2013 at three high-latitudional GPS stations, namely,
NRIL (Norilsk), LOVJ (Murmansk), TIXI (Tiksi). We have detected a sharp decrease or increase
of TEC on some receiver—satellite lines of sight passing northward the stations (in the latitude
range 72-84° N). This means that a local region with low electron density («ionization trough»)
exists in the ionosphere at these latitudes. The obtained results are consistent with the data of
numerical simulation. This work was supported by the Grant of the Russian Scientific Founda-
tion (Project No. 14-37-00027).
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NCCIEJOBAHHME YPOBHA BOSMYIIEHHOCTH ITIOJIHOI'O
SJIEKTPOHHOI'O COAEP)KXAHMUSA B CPEJHEIHIMPOTHOM
N APKTUYECKOM PETMTOHAX 110 JAHHBIM GPS

Ha IlepeBaJioBa, 'nK. Enemckui, 120.B. Tumodeena,
L ZI[.I[. KarameBuena, 'A.C. Moasikosa

lI/IHCTI/ITyT conHeuHo-3eMHOM pusnku CO PAH, Upkytck, Poccust
ZI/IpKyTCKI/Iﬁ rocyaapcTBeHHbIN yHUBepcuteT, UpkyTck, Poccus
olga.timofeeva.1994@yandex.ru

STUDY OF THE LEVEL OF TOTAL ELECTRON CONTENT DISTURBANCE
IN MIDDLE-LATITUDE AND ARCTIC REGIONS FROM GPS DATA

IN.P. Perevalova, *1.K. Edemsky, *'?0.V. Timofeeva,
12D D. Katashevtseva, 'A.S. Polyakova

YInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
?Irkutsk State University, Irkutsk, Russia

B pabote npoBeneHO cpaBHEHHE YPOBHS BO3MYIICHHOCTH ITOJHOTO 3JIEKTPOHHOTO COZACpIKa-
Hus (IT9C) B cpeHEIMPOTHBIX U BLICOKOIIMPOTHRIX 001acTax noHocdepsl B 2013 1. ¢ moBeaeHneM
reoMarHuTHBIX UHAEKCOB AE, Dy, K,. [l xapaktepuctuku ypoBHs Bo3mylieHHOCTH [19C ncmnosns-
3oBanca crenuanbHeld mHACKC WTEC, paccumranneii mo ganHbM craHmuii ORDA (Ycomibe-
Cubupckoe), MOND (c. Mongsl), NRIL (Hopuibck). BEISIBICHO, UTO B BBICOKUX IIIMPOTAX MOBEJIE-
nrne WTEC xopomo koppenupyeT ¢ BapuanusMu AE B xyxe — ¢ noBegeHueM unaekca Dg. B
cpeqaux mmporax nosenenne WTEC xopomo cormacyercsa ¢ Bapuanusamu Dg. MUHHMMAaNIBHBIA
ypoBeHb Bo3MyIneHHOCTH II9C He 3aBHCHT OT ce30Ha B APKTHYECKOM peruoHe. B cpegnux mmpo-
Tax 3HAYCHHE MHHMMAJILHOT'O YPOBHS BO3MYIIICHHOCTH JICTOM BBIIIC, UeM 3UMOii. PaboTa BhImOIHE-
Ha Ipy noAepKKe rpanta Poccuiickoro HayuHoro ¢ponaa (mpoekt Ne 14-37-00027).

We have compared the level of disturbance of the total electron content (TEC) in the iono-
spheric middle-latitude and high-latitude regions in 2013 with the behavior of AE, Dy, K, geo-
magnetic indexes. The level of TEC disturbance has been characterized by a special index
WTEC calculated, using data of three GPS stations, namely, ORDA (Usolye-Sibirskoye),
MOND (Mondy), NRIL (Norilsk). We have revealed that at high latitudes the WTEC behavior
correlates well with the AE variations. Correlation between WTEC and Dg behavior is much
less. At the middle latitudes, the behavior of WTEC agrees well with the Dg variations. The min-
imum level of TEC disturbance doesn’t depend on the season in the Arctic region. At the middle
latitudes, the minimum level value is higher in summer than in winter. This work was supported
by the Grant of the Russian Scientific Foundation (Project No. 14-37-00027).

CHHEKTPO®OTOMETPHUSA CPEJHEHINPOTHBIX CUSAHUM, HABJIIOJIABIIIUXCS
B PETMOHE BOCTOYHOU CUBUPU BO BPEMSA MAT'HUTHbBIX BYPb
27 ®EBPAJIA 2014 r. U 17 MAPTA 2015 .

C.B. Honyaecusnlii, A.B. MuxaJje

HucturyT comredno-3emuoit ¢puzuku CO PAH, Upkyrck, Poccus
step8907@mail.ru

SPECTROPHOTOMETRIC OBSERVATIONS OF MID-LATITUDE AURORAS
IN EASTERN SIBERIA DURING THE FEBRUARY 27, 2014
AND MARCH 17, 2015 MAGNETIC STORMS

S.V. Podlesny, A.V. Mikhalev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B paGorte uccrenyrorcst (GOTOMETPUYECKHE U CIIEKTPAIbHBIE XapaKTEPHUCTHKH CPEIHEIINPOT-
HBIX CUSTHHM, HaOII0JaBIIMXCs B pernone Bocrounoii Cubupu Bo BpeMst MarHUTHBIX Oyph 27 deB-
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panst 2014 r. u 17 mapta 2015 r. Mcnonb3yroTcss ONTHUYECKUE U CIIEKTpabHbIE JTAaHHBIE, MOJTY-
yeHHble B [eodusmuueckoir obcepBatopun MC3® CO PAH mpu moMomu MIUPOKOYTOJIEHOM
uBeTHo ¢orokamepsl PUJIMH-111 u narpynsnoro crnekrpomerpa CATU-1M. Bo Bpems yka-
3aHHBIX CPEIHEUIMPOTHBIX CUSIHUM 110 AaHHBIM BEeTHON kamepsl @UJIMH-111 B ceBepHO# yacTu
He0OCBO/Ia 3aPETUCTPUPOBAHO YBEIIMUCHHUE SIPKOCTH HOUHOM atMocdepsl. Jns Oypu 27 despans
2014 r. ycwmncs curnai B R-kanane kamepsl B 3.5 pasa, a ais Oypu 17 mapra 20151. —B 101
B 3.5 paza B R- u G-kanamax kamepbl COOTBETCTBEHHO I10 CPaBHEHHIO C HEBO3MYIICHHBIMU
YCIOBUSIMU. AHaIN3 JaHHBIX, NTOJYYEHHBIX C moMolblo cnekrpomerpa CATU-1M, nos3sosser
MPEIIOI0KHUTh, YTO YCHIIeHHe curHaioB B R- u G-kananax nBerHoit kamepst ®UJIMH-11] B oc-
HOBHOM OOYCJIOBJIEHO POCTOM MHTEHCHBHOCTEN aBPOPAIbHBIX YMHCCUI aTOMapHOT0 KHUCIOPOAa
[O1] 557.7 u [Ol] 630 um. O6cyKaaroTCs MPOCTPAaHCTBEHHO-BPEMEHHAs JMHAMUKA aHAIU3HUpPYe-
MBIX CPEIHEUIMPOTHBIX CHSIHUHA M HEKOTOpPbIE BOIIPOCHI, KAaCAIOIIMECs MEXaHU3MOB MX (HOpMu-
pOBaHMsL.

Pabora BrimonHena B pamkax rpanta Ne HIII-2942.2014.5 TIpesunenta P® rocynapcrsen-
HOUW MOJJEPKKH BEAYIINX HAYYHBIX K0T PD.

The paper addresses photometric and spectral characteristics of the mid-latitude auroras
observed in Eastern Siberia during the February 27, 2014 and March 17, 2015 magnetic storms.
We have used optic and spectral data received in the ISTP SB RAS Geophysical Observatory by
the FILIN-1C wide-angle color camera and SATI-1M patrol spectrometer. Increased brightness
of nocturnal atmosphere was recorded in the northern part of the sky during the mentioned mid-
latitude auroras by the FILIN-1C wide-angle color camera data. A signal in the R channel of the
camera increased threefold for the February 27, 2014 storm; in the R and G channels of the cam-
era, tenfold for the March 17, 2015 storm, respectively, as compared to undisturbed conditions.
An analysis of spectral observations received by the SATI-1M spectrometer allows us to assume
that the increased signals in the R and G channels of the color camera are mainly conditioned by
increased [Ol] 557.7 nm and [OI] 630 nm atomic oxygen auroral emission intensities. We dis-
cuss spatio-temporal dynamics of the mid-latitude auroras analyzed and some issues of mecha-
nisms of their formation.

The study was supported by the RF President Grant of Public Support for RF Leading Sci-
entific Schools (No. 2942.2014.5).

BO3MYIIEHUS ITIOJTHOI'O JEKTPOHHOI'O COAEP)KAHUS
B 30HE JEVICTBUSI TAU®YHOB B HOUHOE BPEMSI

A.C. IloasikoBa, 10.B. ScrokeBnyu

HucturyT conueuyno-3emuon ¢pusukun CO PAH, Upkytck, Poccus
annpol@iszf.irk.ru

TOTAL ELECTRON CONTENT DISTURBANCES
IN TYPHOON REGIONS AT NIGHTTIME

A.S. Polyakova, Yu.V. Yasukevich
The Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

C ucronp30BaHUEM JIAaHHBIX MOJHOTO 3JIeKTpoHHOTO coaepkanus (I19C) mo u3mepeHusm
GPS/TJIOHACC 6putt ipoaHaIu3upOBaHBl HOHOC(EPHBIE BO3MYIICHUS B 30HE JCHCTBUS MOIII-
HbIX TaiidyHoB Neuguri (2—13 uromns 2014 r.) u Halong (28 uronst — 9 aBrycra 2014 1.) B peruose
SAnonun. [Tokazano, 4ro HHTEHCUBHOCTH Bo3MyIieHui [19C ¢ nepuonom 2—20 MUH, TeHEPUPYEMBIX
IIPYU TPOXOKICHUN BEUEPHETO COJIHEYHOIO TEPMUHATOPA, 3HAYUTEIBHO YBEJIIMYMBAETCS B IHU MAaK-
CUMAaJIbHOTO Pa3BUTHUS LIMKIJIOHOB, a TaKKe B MEPHOAbl UX HAXOXKJEHUS HaJ Cylled. AMIUITUTYa
Bapuanuii [193C cocrabnser 0.5-1.5 TECU, uto B 3—10 pa3 npeBbimmaeT aHAIOTUYHBIC 3HAUYCHUS B
cniokoiiHoe Bpems. [Ipu 3TOM XxapakTep BO3MYLIECHUH (IIEpUO, HAMPABICHUE PACIPOCTPAHECHUS,
BpeMsl TIOSBJICHHSI) HE M3MEHSIETCS U COOTBETCTBYET XapaKTepy BapHaluid, HaOIIOJaeMbIX 10 U
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nociie TaiipynoB. Pabora BeimosiHeHa B pamkax rpanTa Ne HIII-2942.2014.5 Ilpesunenta P®
roCyJapCTBEHHOMN MOAACPKKU BEAYIIUX HAy4HBIX KO PO.

Using GPS/GLONASS total electron content (TEC) measurements, ionospheric disturb-
ances in the regions of powerful typhoons Neuguri (03-12 August 2014) and Halong (2014) in
Japan were analyzed. It is shown that the intensity of TEC variations with a period of 2-20 min,
generated by passing the evening solar terminator, increases significantly during the cyclone de-
velopment stage and in the periods of their being over land. The amplitude of TEC variations
is from 0.5 to 1.5 TECU, which is up to 3-10 times higher than the same values at a quiet time.
The pattern of the disturbances (period, propagation direction, time of occurrence) is not
changed and corresponds to the character of the variations observed before and after typhoons.
The study was done under RF President Grant of Public Support for RF Leading Scientific
Schools No. NSh-2942.2014.5.

NCCIEJOBAHUE JTUHAMUKHU NHOHOC®EPbHI
B IEPHUO/Ibl BHE3AITHBIX CTPATOC®EPHBIX IOTEILIEHUMI
B APKTHYECKOM PEI'MOHE POCCHUHA

A.C. IHoasskoBa, A.A. MEIUILHUKOBA

HucturyT comredno-3eMmuoit ¢puzuku CO PAH, Upkyrck, Poccus
annpol@iszf.irk.ru

STUDYING THE IONOSPHERIC DYNAMICS DURING SUDDEN
STRATOSPHERIC WARMINGS IN ARCTIC REGION OF RUSSIA

A.S. Polyakova, A.A. Mylnikova
The Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[IpoBeneHo uccnenoBanue moBeaeHUsT HOHOChEpHl B ApKTHYECKOM perrnoHe Poccuu B me-
puoasl BHe3amHbIX cTpaTocdepubix notemieHuit (BCII) ¢ ucnons3oBaHEM JaHHBIX BEPTHKAb-
HOTO 30HJIUPOBAHUS U MOJHOTO 31eKTpoHHOTro coaepxkanus (I19C), monydeHHbIX 0 U3MEPEHUSIM
GPS/TJIOHACC. [Ins BbIsIBIEHUS BO3MOKHOU peakiiuu noHocdepsl Ha coobitus BCII BeImon-
HEH aHaJIu3 OTKJIOHCHHUH 3JIEKTPOHHOMN KoHIleHTparuu F2-cimos nonocdepsr u I19C ot hpoHOBOTO
ypoBHs. MccnenoBaHa NpoCTpaHCTBEHHAs! CTPYKTYpa U3MEHEHHUM aMIUTUTY 1Bl CYTOYHBIX BapHa-
uuii [I19C B peruone. IlokazaHo, 4YTO B CIIOKOMHBIX T€OMAarHUTHBIX YCJIOBHSX JTUHAMHKA BBICO-
KomupoTHOH noHocdepsl B mepuo bl BCII cymecTBeHHO OoTardaeTcst OT peryisipHoi. BrisBieHo,
YTO MOTEIJICHHUSI, TPOU3OLIEAIINE B CEPEIUHE 3UMBI, COMIPOBOXKIAIOTCS YMEHBIICHUEM aMILIH-
Tyabl cyTouHbIX Bapuanuii [I19C B neproapl MX UHTEHCUBHOTO Pa3BUTHSI U POCTOM aMILIATY/IbI
nocne makcumyMa BCIL. Otu usmenenust Habmogarorces 10 ~75° N. PaboTa BeINOTHEHa B paM-
kax rpanta Ne HI11-2942.2014.5 IIpe3uaenta P® rocynapcTBeHHON MOIIECPKKH BEIYIIUX HAYY-
HbIX K0J P® u rpanta PODOU Ne 15-05-05227_a.

The ionospheric behavior during sudden stratospheric warmings was investigated in the Rus-
sia’s Arctic region using vertical sounding and GPS/GLONASS total electron content (TEC) data.
For identifying a possible response of the high-latitude ionosphere on SSW events the analysis of
deviations of F2-layer electron density and TEC from background levels was done. Spatial pattern of
the amplitude of diurnal variations of TEC were also studied. It is shown that in quite geomagnetic
conditions the dynamics of the high-latitude ionosphere differs significantly from regular during
SSWs. It is also identified that SSW events, occurring in middle winter, are usually accompanied by
a decrease of the amplitude of diurnal variations of TEC during its development stage and by an in-
crease of the amplitude after the SSW peak. These changes are observed up to ~75° N latitude. The
work is performed under support of the RF President Grant of Public Support for RF Leading Scien-
tific Schools (No. NSh-2942.2014.5) and the RFBR grant No. 15-05-05227_a.
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MOJIEJINPOBAHME BJIUSHUSA MOTJIOMEHUSA MMOJISAAPHOM IIATIKHA
HA PACITIPOCTPAHEHHME KB-PAJJUOBOJIH
B APKTHYECKOM PEI'’HOHE POCCHUHA

L 22!.2!. Poros, °H.IO. 3aaJos, ’E.B. MockaJjeBa, ‘B.A. Yanes

L ApKTHuecknii 1 AHTAPKTHUECKMI HAYYHO-HCCIIEN0BATeNbCKuiT nECTHTYT, CankT-TletepOypr, Poccus
rogovdenis@mail.ru
?Canxt-TleTep6yprekuii rocyrapeTennbii yuusepeurer, Cankr-Ilerep6ypr, Poccus

MODELING OF THE POLAR CAP ABSORPTION INFLUENCE ON
HF RADIO WAVE PROPAGATION IN ARCTIC REGION OF RUSSIA

12D .D. Rogov, °N.Y. Zaalov, °E.V. Moskaleva, V.A. Uljev

'Arctic and Antarctic Research Institute, Saint-Petersburg, Russia
2Saint-Petersburg State University, Saint-Petersburg, Russia

3HAYUTEIIbHOE YBEJIMUEHUE JIEKTPOHHON KOHIIEHTPAIlMU B HIDKHEH MOHOC(hepe MosIpHOM
[IanKu 3eMiid, 00YCIOBIEHHOE COTHEUYHBIMH TPOTOHHBIMU BCIIBIIIKAMHY, TIPUBOAHUT K CHILHOMY
ocnabJIeHUI0 CUTHAJIOB paanoTexHuueckux cucreM KB-numamazona, paGoTaromux B 3TUX pe-
ruoHax. [lpennmoxkeH MeToJ yuyera MOTJOHIEHUS HA Tpaccax paclpoOCTpaHEHHs PaauOBOJIH
KB-nunana3zona, ocCHOBaHHBIM HAa MPUMEHEHUH U3BECTHBIX YMIIMPUUECKUX MOJEIEH MOTIIoIIe-
Hus. [IpoBenen mpumep pacdyera MOHOIPAMM BEPTHUKAIBHOIO M HAKJIOHHOTO 30HAMPOBAHUSA
noHocdepsl ¢ yaetoM 3(PEKTOB MOTIIONICHUS ¢ TTOMOIIBI0 MOJAU(PUITMPOBAHHON JIy4€BOU IMPO-
rpamMMbl MOJICTTMPOBAHUS PACIIPOCTPAHEHUS PATUOBOJIH B TPEXMEPHO-HEOHOPOIHOM HOHOChEpE.
[lokazaHo yAOBIIETBOPUTEIBHOE COOTBETCTBUE PE3YyJIbTAaTOB MOJECIMPOBAHMS SKCIEPUMEHTAIb-
HBIM JIaHHBIM, IOJYYEHHBIM Ha POCCHICKON apKTHYECKOW ceTH HOHOC(HEpHBIX HaOII0IEHHMA
(proMeTphl, HOHO30H Ibl BEPTUKAIBHOIO U HAKJIOHHOTO 30HAMPOBAHMS) B MEPHO]] MPOSBICHUS
3¢ (HeKTOB MOTIOUIEHHS MOJSIPHON MATKH.

Significant increase of the electron density in D-layer of polar cap ionosphere occurs due
to the powerful proton solar fluxes, producing a strong attenuation of HF radio systems signal,
which operate in these regions. The method of absorption calculation based on the well-known
empirical models at the HF radio wave propagation paths was proposed. The absorption effects
induced by the proton precipitations were calculated in according to the well-known empirical
polar cap absorption models. Vertical and oblique sounding ionograms with absorption effects
were calculated using a modified ray-tracing method of radio wave propagation in the Earth ion-
osphere with three-dimensional irregularities. A good agreement of the simulation results with
the experimental data provided by the Arctic network of ionospheric observation (riometers, ver-
tical and oblique sounding ionosondes) during the polar cap absorption events was observed.

UCCJEIOBAHHUE BO3MOXHOCTE AHTEHHOM CUCTEMBI HOBOT'O PAJIAPA
HP-MCT IIPU PA3JIMYHbBIX PEXKUMAX PABOTbBI

A.I'. CetoB, A.B. Measenes, /I.C. Kymnapes, P.B. Bacuibes, B.I1. Jle6enen

WuctutyT conmneuno-3emuoit pusuku CO PAH, Upkyrck, Poccus
setov@iszf.irk.ru

INVESTIGATION OF NEW IS-MST RADAR ANTENNA SYSTEM CAPABILITIES
FOR DIFFERENT OPERATION MODES

A.G. Setov, A.V. Medvedev, D.S. Kushnarev, R.V. Vasilyev, V.P. Lebedev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
B O6mmxkatimme ronsl B Upkyrckom peruone 0yaer noctpoeH pagap HP-MCT, coueraroruii

B cebe BO3MOXKHOCTH pajapa HekorepeHTHoro paccesHus (HP) u meszocdepno-cTpatocdepno-
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tporntocheproro (MCT) pagapa. B maHHON cTaThe ONMMCHIBAETCS KOH(PUIYpaLMs, XapaKTSPHUCTUKI
U PSKUMBI pabOThI aHTEHHOM CHCTEMBI OYIyIIEro paaapa, IPUBOJATCS JUarpaMma HanpaBlIeHHO-
CTU U JIOCTYIIHBIA CEKTOp 0030pa npocTpaHcTBa. OLIEHHBAIOTCS BO3MOXKHOCTH aHTEHHON CHCTEMBI
pamapa B 3ajJa4axX HCCIIEOBaHUS MOHOC(EPHl U HEUTPATHHON aTMOCQEpHI, a TakKe MPHU PaJIUo-
ACTPOHOMHYECKUX HAOJFOICHUSAX.

Over the next years IS-MST radar fitted for operation in incoherent scatter (IS) and meso-
sphere-stratosphere-troposphere (MST) modes will be built in Irkutsk region. In this paper future
radar antenna system configuration, characteristics and operation modes are described; radiation
pattern and available field of view are given. Radar antenna system capabilities are estimated for
research problems of studying ionosphere and neutral atmosphere as well as for radio astronomy
observations.

PETPECCUOHHBII METO/I OITPEJEJEHUSA TEMIIEPATYP
11O JAHHBIM UPKYTCKOI'O PAJAPA HEKOT'EPEHTHOI'O PACCESIHUA

128 11. TanbIKoB, 'p.B. Bacuianbes, 'A.B. Mengenes, TALA. Hlepb6akos

lI/IHCTI/ITyT comueuHo-3eMHOM ¢pusuku CO PAH, Upkytck, Poccust
tashlycov.victor@gmail.com
2I/IpKch1<m71 HallMOHAJIBHBIN HCCIIeI0BaTENbCKUN TEXHUUECKUM YHUBEpcUTeT, UpKkyTck, Poccust

REGRESSION METHOD FOR DETERMINING
TEMPERATURES FROM IRKUTSK ISR DATA

L2y p. Tashlykov, 'R.V. Vasilyev, *A.V. Medvedev, *A.A. Shcherbakov

Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
?Irkutsk National Research Technical University, Irkutsk, Russia

3agada KOPPEKTHOTO OMPEACICHHS IESKTPOHHBIX M MOHHBIX TEMIIepaTyp mo AaHHbIM Mp-
KYTCKOTO pazapa HekorepeHTHoro paccesnusa (MMIPHP) octaercs axTyalbHOM Ha IPOTSKEHUU
IBYX JECATKOB JeT paboThl pagapa. MHorooopasue Gpu3NUECKUX IIPOIECCOB, MPOUCXOMAIINX B
nonocepe u uckaxaromux curaaa HP, o0ycimoBIuBaeT ClI0XKHOCTb 3TOM 3aJadud. AJITOPUTMEI
00pabotku curHajaoB HP moapa3zymeBaroT OLICHKY MX aBTOKOPPEIAIUOHHBIX (yHKIUNH (AKD),
KOTOPBIC UMEIOT MPOCTOM KPUTEPUU BHIOOpA XapaKTEPHBIX TOUEK Oe3 MOTEpH paspelicHus (110
CPaBHEHHIO CO CIIEKTPaIbHBIMM JaHHBIMH). CoriacHo Teopeme Bunepa—XununHa, AK® cBs3ana
CO CIEKTpPOM MOIIHOCTH CHTHaja 4epe3 mpeobOpazoBanme Pypre. B mepBom mnpubImkeHHH
crnekTp curdajga HP MoxHO mpeacTaBUTh B BHJIE CBEPTKH CIEKTpa 30HAMPYIONIETO CHUTHANIA U
CIICKTPa PacCESHMS U3IIYUYCHHUS Ha Ia3Me, IS KOTOPOro CYIIECTBYIOT aHAIMTUYCCKHUE BhIpaKe-
Hust. TakuM 00pa3oM, MOKHO COCTaBUTh OJHO3HAYHOE COOTBETCTBHE Iap 3HAUCHUM TEMIIEPATYP
M TIap 3HAYCHHMH XapaKTEepPHBIX TOYEK (BpPEMEHH IIEPBOrO HYJIS W IEPBOro MHHUMYMA). JIiIst
OIIPEACIICHUS TEMIICPATyp 10 MOJYICHHBIM TaOJIMYHBIM 3HAYCHHSAM IIOCTPOCHA HEJIMHEHHAS pe-
rpeccus, MakCHUMaJlbHasg TeopeTudecKkas oIHMOKa KoTopoil He mpeswlmacT 7 %. IlpuBogutcs
CpaBHEHUE TEMIIEPATYP, MOJYUYEHHBIX ¢ MOMOIBIO perpeccuu, ¢ fanubiMu UPHP, pagapa Mui-
croyH-Xuut u monenu IR1-2012.

A problem of correct determination of electron and ion temperatures according to the Ir-
kutsk ISR data has been been vital during two decades of the radar operation. Variety of physics,
taking place in the ionosphere and distorting the ISR signal, makes the problem rather hard. Sig-
nal processing algorithm for the ISR data demands the estimation of autocorrelation functions
(ACFs) which have a simple selection criterion for its characteristic points with better resolution
than for that of spectral data. According to the Weiner—Khinchin theorem, ACF of the signal re-
lates to its spectrum by the Fourier transformation. As a first approximation, the ISR spectrum
may be presented as the convolution of the probing signal spectrum and the spectrum of plasma
scattering that has analytical relations. Hence, the unique correspondence between the pairs of
temperatures and the ACF characteristic points (the first null and the first minimum time) was
made. To estimate temperatures, nonlinear regression was carried out using the table values.
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Maximum regression error was ~7 %. We compared the temperatures obtained by the regression
and data of Irkutsk ISR, Millstone Hill Radar and the IR1-2012 model.

HCCJIEJOBAHHME U OHEHKA HEKOTOPBIX KJIIOYEBBIX IIAPAMETPOB
POTOMETPA JJI1 COBMECTHOHU PABOTbBI C UPHP

HN.J1. Txaues, P.B. Bacunbes, B.E. 3apynnes

WuctutyT conmneuno-3emuoit puzuku CO PAH, Upkyrck, Poccus
tkachev_ivan_67@mail.ru

RESEARCH AND ASSESSMENT OF SOME KEY PARAMETERS
OF THE PHOTOMETER TO WORK WITH IRIS

I.D. Tkachev, R.V. Vasilyev, V.E. Zarudnev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Ha HpkyrckoM pagape HEKOTEpEeHTHOI'O PACCESHUSI MPOBOAWICS P SKCIEPUMEHTOB IIO
JBYXYacCTOTHOM Monudukanuu ruoHocdepbl. Pe3ynbTaTel 3KCIEPUMEHTOB HEOJHO3HAYHBI, MO-
3TOMY MpPEINPUHUMAETCS TOMBITKA CO3/JaHUS (OTOMETpa i JACTEKTUPOBAHMS H3ITyYCHHS
HarpeTo MoHOCHEpPHOM IUIa3Mbl B ONTHYECKOM nauama3zoHe. C momompio Takoro goromerpa
MOKHO OyJIeT He TOJIbKO Ha0JII01aTh HeMMHEeHHbIe 3 (PEKThI, HO U IETEKTHPOBATH KOCMUYECKHUE
O00BEKTHI, UCKYCCTBEHHBIE CITYTHUKH, METEOPUTHI U T. 1. cuHXpoHHO ¢ MPHP. B pabote nposo-
JIUTCSI OLIEHKAa HEKOTOPBIX KIIIOUEBBIX MapaMmeTpoB (HOTOMETpa: TWHAMUYECKOr'O JUara3oHa
M3MEPUTEIbHON CHUCTEMbI, YYBCTBUTEIBHOCTH, BPEMEHU BbIXOJa (HOTOYMHOXKHUTEIS Ha
YCTOWYUBBIN peXUM pabOThl MOCIE BKIIOYEHHS, IIOpora Kommaparopa ¥ (OpMBbI OJIHOIJIEK-
TPOHHOT'O UMITYJIbCA.

A series of experiments on 2-frequency ionospheric modification was carried out on the Ir-
kutsk Radar of Incoherent Scatter. Recent results of experiments are ambiguous, therefore an at-
tempt to create a photometer for detecting radiation of heated ionospheric plasma in the optical
range. Also with the help of the photometer we can observe not only nonlinear effects, but also
to detect space objects, artificial satellites, meteorites and others synchronously with IRIS. In this
paper we evaluated some key parameters of photometer: the dynamic range of the measurement
system, time of stabilization of the photomultiplier after its inclusion, sensitivity, threshold of the
comparator and the shape of the single-electron pulse.

CPABHUMTEJIBHOE TECTUPOBAHME MOJIEJIA ITIOJIHOT'O 3JIEKTPOHHOI'O
COJAEPKAHUA GEMTEC

A.A. Xoamoropos

WpxyTtckuii rocyiapcTBeHHBIA yHUBEpCHUTET, MpkyTck, Poccus
varagon007@yandex.ru

COMPARATIVE TESTING OF THE MODEL GEMTEC
OF TOTAL ELECTRON CONTENT

A.A. Kholmogorov
Irkutsk State University, Irkutsk, Russia

IIpoBeneH CpaBHUTENbHBIN aHAIM3 MOJEJIEH IMOJHOrO 3JIEKTPOHHOIO COJEpPKaHUS MOHO-
cdepsl, a umenHo, mojeneit NTCM-GL, GEMTEC u KnoOyuapa. [lana ux kpaTkas XapakTepH-
ctuka. CpaBHMBACTCSl KAYECTBO BOCIIPOM3BEICHUS IKCIICPUMCHTAIILHBIX JJAHHBIX ITYyTEM TECTHPO-
BaHUS MOJIEJICH MO OCTAaTOYHOM OIITHMOKE MO3UIIMOHUPOBAaHUS Ha JaHHBIX ceTh cranuuid |GS. Ilo-
kazaHo, yto Mozaenu GEMTEC u NTCM-GL npator 6oiiee BBICOKYIO TOYHOCTh MO3UIIMOHUPOBA-
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HUsg, yeM Mmojnenb KnoOydapa. Hawmnmydmme pe3ynbTaTbl KOppeKIMH HOHOC(EpHON OMMOKH
obecnieunBaet monens GEMTEC.

The article is devoted to the comparative analysis models of the total electron content of the
ionosphere. Three models such as Klobuchar, GEMTEC and NTCM-GL are compared. Testing
shows that the models GEMTEC and NTCM-GL are of a higher positioning accuracy than the
model Klobuchar. Model GEMTEC provides the best results ionosphere error correction.

CE30HHBIE BAPHAIIUA CKOPOCTH HEUTPAJILHOI'O
MEPUINOHAJIBHOI'O BETPA HA HOHOC®EPHBIX BBICOTAX
B CPEJHUX HNIUPOTAX CUBUPCKOI'O PETUOHA

A.A. lllep6akoB, A.B. Measenes, /I.C. Kymnapes

WucTutyT conreuno-3emHuoi ¢puzukun CO PAH, Upkyrck, Poccust
scherbakov@iszf.irk.ru

SEASON VARIATIONS IN THE MERIDIONAL NEUTRAL WIND AT IONOSPHERIC
HEIGHTS IN MIDDLE LATITUDES OF THE SIBERIAN REGION

A.A. Shcherbakov, A.V. Medvedev, D.S. Kushnarev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B pabote mpencraBiieHO HMCClIEA0BaHNE BETPOBOM NUMHAMHKHU Ha BBLICOTax F2-cios moHO-
cdepnl ¢ momoniso MpkyTrckoro pagapa HekorepentHoro paccesuus (MPHP) B mepuon pocra
comaeyHoi aktuBHOCTH 2011-2014 rr. KpaTtko paccMoTpeHa METOAWKA ITOJYUYCHHUS CKOPOCTEH
tepmochepHbix BerpoB Ha MIPHP, a Ttakke npeacraBicHa 3KCIepuMeEHTalbHas IIPoBepKa pado-
TOCIIOCOOHOCTH OITMCAHHOW METOJHMKH Ha OCHOBE OIPEACIICHHS CKOPOCTH HU3KOOPOHMTAJIbHBIX
CITyTHUKOB. [IpoaHanu3upoBaHbl JJIMHHBIC PSIAbl JAHHBIX U MTOKa3aHbl OCHOBHBIC XapaKTEPUCTUKH
CPEIOHEIIMPOTHOIO MEPHINOHAILHOIO HEMTpaAIbHOIO BeTpa Hax BocTounoi CuOupsio i pasiny-
HBIX CE30HOB roja. Kpome Toro, ObUT0 MPOBEICHO CpaBHEHHUE MOYIEHHBIX TTApaMETPOB BETpa C pe-
3yJbTaTaMHi MOJIETIUPOBAHUS U TTapaMeTpaMu, MOTyYEHHBIMU Ha Ipyrux yctaHoBkax HP.

This work describes the study of the meridional neutral wind dynamics at the ionosphere
F2 layer heights with Irkutsk Incoherent Scatter Radar (IRNR) during the growth of solar activi-
ty period in 2011-2014. It briefly discusses the technique of obtaining thermospheric wind ve-
locity with IRNR. Also it shown the experimental verification of the described technique based
on the determination of the low-orbit satellites” velocities. We analyzed the long rows of data
and show the main characteristics of midlatitude meridional neutral winds over Eastern Siberia
for different seasons of the year. In addition, we compared our results with model predictions
and winds obtained on other IS facilities.

OCHOBHBIE I'A30BbIE COCTABJIAIOIIUE TEPMOC®EPBI [O]/[N2] | [02]/[O]
B T1OJAbl MUHUMYMA COJTHEYHOU AKTUBHOCTMU (2007-2009 rr.)
HA CTAHIIUU «<HOPUJIbCK»

O.E. fAxosaesa, I'.Il. Kymnapenko, I'.M. Ky3nenoBa

WHCcTHTYT conHeuHO-3eMHOM (m3ukn, UpkyTck, Poccus
yakovleva@iszf.irk.ru

THE MAIN GAS COMPONENTS OF THE THERMOSPHERE [O]/[N2] AND [O,])/[O]
IN THE YEARS OF MINIMUM SOLAR ACTIVITY (2007-2009)
AT THE STATION NORILSK

O.E. Yakovleva, G.P. Kushnarenko, G.M. Kuznetsova
Institute of Solar-Terrestrial Physics, Irkutsk, Russia

[Toay4eHbI OTHOIICHHS OCHOBHBIX Ta30BbIX cocraBisiomux tepmochepsl [O]/[N2] u
[O2]/[O] na BeicoTax HIKE 200 KM Ha HOHOChepHbIX cTaHiusx «Hopubek» (69° N, 88° E) u «Mp-
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kytck» (52° N, 104° E) Bo BpeMst OCIIEIHETO0 MUHUMYMa COJTHEUHOM akTuBHOCTH (2007-2009 1T.).
OI.[CHKI/I BBIIIOJIHCHBI 110 MCTOJHUKEC aBTOPOB C HUCIIOJb30BaHUEM JAHHBIX IIO BHCKTpOHHOﬁ KOH-
[EHTPAINH, MTOJYYCHHBIX U3 U3MEPEHHH METOIOM BEPTHKAIBHOTO 30HIUPOBAHHS HOHOC(HEPHI.
HCCHCHOB&J’IHCB CC30HHBIC M3MCHCHUSA YKa3aHHBIX OTHOIIIEHUU B CIOKOUHBIX U BO3MYIICHHBIX
TC€OMAarHUTHBIX YCIOBUSX.

The main gas components ratios [O]/[N2] and [O,]/[O] of the thermosphere in the heights
lower 200 km at two ionospheric stations Norilsk (69° N, 88° E) and Irkutsk (52° N, 104° E)
during the last solar activity minimum years (2007-2009) were received. The estimates per-
formed by means of method of the authors with using of the electron density data derived from
the vertical soundings measurements of the ionosphere. The seasons variations of the main ratios
were studied in the quiet and disturbed geomagnetic conditions.

NCHOJb30BAHUE TEXHOJIOI'NHA I'PA®OB
JJIA HOHOC®EPHbBIX UCCJIIEJOBAHUH

'10.B. SclokeBHY, ’I.B. JKuBeTbeB

1I/IHCTI/ITyT conaeuno-3eMHon pusuku CO PAH, Upkytck, Poccus
ZI/IHCTI/ITYT KOCMO(M3HIECKHUX UCCIISIOBAHUI 1 pacnpocTpaneHus paanoBoiH [IBO PAH, IMaparynka, Poccus
i.zhivetiev@gmail.com

USING NETWORK TECHNOLOGY FOR STUDYING THE IONOSPHERE
Yu.V. Yasyukevich, 2L.V. Zhivetiev

YInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
?|nstitute of Cosmophysical Research and Radio Wave Propagation FEB RAS, Paratunka, Russia

Opna u3 pobiieM pu3nku noHOC(hepshl — B3aUMOCBSI3b PA3TUYHBIX PETHOHOB MOHOC(EPHI
apyr ¢ npyroMm. B paboTe paccMOTpeHO MCIOIb30BAHKE TEXHOJIOTHH IpadoB AJIs U3yUEHHs] HOHO-
chepHOll AUHAMHUKHU. B KauecTBe 3KCIEPUMEHTAIbHBIX HCIOJIh30BAIUCH JAaHHBIC TIIOOATBHBIX
nonochepasix kapT GIM mabopatopum CODE 2005-2010 rr. PacnpeneneHue mMakCUMyMOB
GYHKIIUH KOppeNsiiiii U3MEHEHHs TIOJTHOTOo 3JeKkTpoHHOro coaepxanus (II9C) B monochepe
MMEET CJIOKHBIN XapaKTep U MO3BOJISET BBACIUTH ABa YPOBHS B3aUMOCBSI3H MEX]y PErHOHAMU:
cuibHas cBs3b (r>0.91), cnabas cBsa3p (r>0.76). CusbHas CBs3b XapakTepHa Ui HOHOCHEpHI
Apkrrueckoro peruona Bbeimie 50° MLat. lms HOxkHoro momymapusi 3To 00JacTh Topaszio
6omnpmre. Crnabas CBs3b XapakTepHa s Beero FOxkuoro momymrapusi. Ha tore CeBepHoit Amepu-
KM UMeeTCsl 001acTh, B KoTopoit nuHamuka [19C koppenupoBaHa B pa3jIMYHbBIX y3/1ax U MPAKTH-
YEeCKH HE KOPPEIUPOBaHa C TUHAMUKON OCTAIBHON HOHOC(EPHI.

One of the key problems of the ionosphere physics is a problem of coupling the ionosphere
of different regions. We suggest networks technology for studying the coupling of changing ion-
osphere dynamics in different regions. We used data of global ionosphere maps GIM produced
by CODE for 2005-2010. Distribution of total electron content (TEC) changing cross-correlation
function maximum value is not simple. This distribution allow two level of ionosphere coupling
to be reveal: «strong» (r>0.91) and «weak» (r>0.76). lonsphere of Arctic region upper 50° MLat
characterizes by «strong» coupling. For Southern hemisphere similar region is bigger. “Weak”
coupling is typical for all southern hemisphere. In the North America region there is an area
where TEC dynamics is «strong» correlated inside and is not correlated with other regions of
ionosphere.
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KOH®EPEHLUA MOJIOABIX YYEHBIX
CEKIIMSI C

JAUATHOCTUKA ECTECTBEHHBIX HEOJJHOPO/JHBIX CPE/|
N MATEMATHYECKOE MOJAEJINPOBAHHUE

HEJMHEHHAS ®UIbTPALIMS BPEMEHHBIX PSIJIOB
I'EO- U TEJIMOPU3NYECKHUX ITAPAMETPOB

H.A. Bearamosa, B.B. boukapes

Kazanckuii (IlpuBospkckuii) GpenepanbHblii yHHBepcuTeT, Kazans, Poccus
inkin91-91@mail.ru

NONLINEAR FILTERING OF TIME SERIES
OF GEO- AND HELIOPHYSICAL PARAMETERS

I.A. Belashova, V.V. Bochkarev
Kazan (Volga region) Federal University, Kazan, Russia

B nHacrosiiiee BpeMsi IUPOKOH MOMYJSIPHOCTBIO MOJIb3YETCs TaKOW MeToJ 00pabOTKH CHT-
HaJIOB, KaK Moporopasi BenBieT-GpuabTparus. OCHOBHON €€ MPUHIIUIT 3aKII0YCH B CICTYIOIIEM:
npu GUIBTPAIMH OCTABISAIOTCS KOADOUIIMEHTHI, cofepKamue HanOoIbuii 00beM HHpOpMa-
uu 0 UIBTPYEMOM CUTHAJIE, UTO B Clydyae UCIOJb30BaHUS KPUTEPUS MUHHMYyMa KBaJpaTH4-
HOT'O OTKJIOHEHHUSI SKBUBAJIEHTHO BBIOOPY caMbIX OOJBIIMX 1O MOAYIO ko3¢ duimentos. [Ipu-
MEHEHHUE JJAaHHOM CTpaTeruy MOXeT ObIThb HEKOPPEKTHO, KOTJIa Peub 3aXOJUT O psax ¢ pacipe-
neneHueM (IyKTyalui, CyIeCTBeHHO OTINYAIOUIMMCS OT HOPMAJILHOTO.

B Takom cimydae MokeT ObITh NMPEANOYTUTENbHBIM MPUMEHEHUE IPYTUX KPUTEpUEB Kaue-
CTBa, HAIlpUMEP KPUTEPUS MAKCUMAJIBLHOTO npaBaonoaoous. [lockonbky BuJ naHHON (QyHKINUN
MOJKET CJIOKHBIM 00pa3oM 3aBHCETh OT MapaMeTpoB, IJI1 HAXOXKJEHUSI €€ MUHMUMYMa Ipeajara-
€TCsl UCTI0JIb30BaTh METO/Ibl ONITUMU3ALNN (TEHETUYECKUE AITOPUTMBI, METO/I UMUTALIMH OTXKUIa,
METO/IbI IETEPMUHUPOBAHHOTO NIOKCKa). B maHHO# paboTe paccMaTpuBaeTcss BO3MOXKHOCTD TPH-
MeHEeHUS (QUIbTPALUU MO0 KPUTEPUI0 MAKCHUMAJIbHOTO MPaBIONOA00MS K aHAJIU3y PAIOB YMcCIa
COJIHEYHBIX IATEH, a TAKXKE PAJI0B HOHOCHEPHBIX MTaPaMETPOB.

Today threshold wavelet filtering is a widely popular method of signal processing. It's
basic principle is concluded as follows: filtering coefficients are left, containing the largest
amount of information about the filtered signal that the use of the criterion of minimum deviation
is equivalent to choosing the largest module coefficient. Using of this strategy may be incorrect,
when we talk about the ranks of the distribution of fluctuations, which are materially different
from normal.

In this case, it may be preferable to use other quality criterions, such as maximum likeli-
hood criterion. Since the form oh this function may depends in a complicated way on the op-
tions, for finding a minimum it is suggested to use optimization techniques (genetic algorithms,
simulated annealing method, deterministic methods of searching). In this paper we consider the
possibility of filtering by maximum likelihood criterion analysis to the sunspot number series as
well as series of ionospheric parameters.

BBICOKO2®®EKTUBHASA BU3YAJIU3ALIUA
IMPON3BOJIbHO OPUEHTUPOBAHHBIX OTUHOYHBIX MOJIEKY.I
BBJIN3U METAJIVIMYECKOU ITOBEPXHOCTHU

C.B. boiiuenko

Wpkytckuii unuan Mucrturyra nasepuoit ¢puszukun CO PAH, Hpkytck, Poccus
ste89@yandex.ru

65


mailto:inkin91-91@mail.ru

BHI®®-2015. Cexyus C. Juacrocmuka ecmecmeeHHbIX HEOOHOPOOHBIX CPed U MAMEMAMUYECKOe MOOCTUPOSAHUe

HIGH-EFFICIENT VISUALIZATION OF ARBITRARILY ORIENTED
SINGLE MOLECULES NEAR THE METAL SURFACE

S.V. Boichenko
Irkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia

@nroopeclieHTHas BU3YyalIu3als MPOU3BOJIBHO OPHUEHTUPOBAHHBIX OJMHOYHBIX MOJIEKYI
(OM) UCKITIOUUTENIFHO Ba)KHA JIJISI HEKOTOPBIX NMPUIIOKEHUH, HO OHA HE MOXET OBITh peaTn30BaHa
C TMOMOMUIbI0 OOBIYHON (IIFOOPECIIEHTHON MUKpocKonuu. OJHAKO OHA MOXET OBITh BBIIIOJHEHA C
MIPUMEHEHHEM JIUTUINTUYCCKU-TIONSIPU30BAHHBIX HWIHHIPUICCKUX BEKTOPHBIX ITyYKOB B JTa3epHOM
KoH(poKampHOM craHupytomei dmoopectienTHO Mukpockornuu (JIKCOM). Mbe1 monenupyem
pacyeTHBIM MyTEM BU3YAIHM3AIMIO MMPOHU3BOJILHO OpueHTUpoBaHHBIX OM pomammua 6G, Haxo-
JSAIIMXCS B IUICHKE IMOJIMMETUIIMETaKpuiaTa IMoJ IJIOCKHM CJOeM cepelpa, peaau3yemyro ¢
MPUMEHEHHEM JaHHOW MeToauku. UTOOBI OmucaTh KOJMYECTBEHHO 3aBHCHMOCTh MaKCHMyMa
naTteHcuBHOCTU JIKCOM m3o6pakenuss OM ot opueHTanuu aanHoii OM, Mbl UCTIONB3YEM Tapa-
MeTp 3D PEKTUBHOCTH BU3yaTU3alUH, KOTOPBII MOXKET MPUHUMATh 3HadeHus Mexay 0 u 1. Uem
0oJbllle 3HAYEHHE JAHHOTO MapamMeTpa, TeM KauecTBeHHee Bu3yanmu3anus. [lokazaHo, uyTo 10-
CTHKUMO 3HaueHue mapamerpa sddextuBHOCTH >90 % TpH PacCTOSHUSX MEKAY MOJEKYION
OM wu metammueckum cioeM >150 HM.

For some applications the fluorescence visualization of arbitrarily oriented single mole-
cules (SMs) is of high importance, but it cannot be performed by means of conventional fluores-
cence microscopy. However, it can be performed by using elliptically polarized cylindrical vec-
tor beams in laser-scanning confocal fluorescence microscopy (LSCFM). We theoretically simu-
late the visualization of arbitrarily oriented Rhodamine 6G SMs situated in a poly (methyl meth-
acrylate) film under a plane silver surface, performed by means of this technique. To quantify the
dependence of the intensity maximum of the LSCFM image of a SM on the molecule orienta-
tion, we used the visualization efficiency parameter, which can amount between 0 and 1. The
larger this parameter is, the better the visualization is. We have shown that the efficiency param-
eter of >90 % is reachable when the distance between the metal layer and a SM is >150 nm.

HCCJEIOBAHUE CBOMCTB PAJIJUALIMOHHBIX U IPUMECHBIX
HAHOAE®EKTOB B 3ABUCUMOCTH OT YCJIOBUU POCTA
NOHHOI'O KPUCTAJIJIA

n. bprokBuHa, ’A.B. Jleonosa, 1M.,Z[. 3umuH, H.B. JleonoBa

Ypkyrckuit dumman Nacturyra naseproit dusuxin CO PAH, Upkyrek, Poccus
baikal@ilph.irk.ru
Cubupckuii henepansubiii yansepeuret, Kpacuospek, Poccus
ann3leo@gmail.com
3I/IpKyTCKI/1ﬁ HAIlMOHAJIBHBIN UCCIEIOBATEIbCKUN TEXHUUECKUM yHUBepcuTeT, UpkyTck, Poccus
anleonova@mail.ru

INVESTIGATION OF PROPERTIES OF RADIATION
AND IMPURITY NANODEFECTS
DEPENDING ON CONDITIONS OF IONIC CRYSTAL GROWTH

L.1. Bryukvina, *A.V. Leonova, *M.D. Zimin, ®N.V. Leonova

YIrkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia
2Sibirian Federal University, Krasnoyarsk, Russia
3Irkutsk National Research Technical University, Irkutsk, Russia

JIMarHOCTHKa pachpeAesieHus paJualOHHBIX M TNPHUMECHBIX HaHOAE(DEKTOB H (GopMm
BXOX/IEHUS UX B KPUCTAJIJI UMEIOT OOJIbIIOE 3HAYEHUE, TaK KaK MOHHBIE KPUCTAJUIBI, TAKHE KaK
LiF u NaF, mupoko npuMeHsIOTCS B Ka4yeCTBE JO3UMETPOB PaIHAallMOHHOTO U JIa3€PHOTO M3IIY-
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YEHUH, a B MOCIEAHEE BPEMsI — B KaU€CTBE MUKPO- U HAaHOYCTPOMCTB, 3alMCBHIBAEMBIX B KPH-
cTajuie PeMTOCEKYHIHBIMHU JIa3ePHBIMH UMITYyJIbcaMu. OCOOCHHOCTH BBIPALIMBAHUS KPUCTAIJIOB
BIIMSIOT Ha CBOMCTBA JIFOMUHECUMPYIOIIMX LIEHTPOB OKPACKH, HABOJAMMBIX PaJUallMOHHBIM H3-
Jy4EHHUEM, U ONPEAEIIAIOT UX UCIOIb30BaHUE.

Hamu u3ydeHbl 3aBUCUMOCTH pacripeiefieHUs] TOYEUHbIX Je(EeKTOB B KPUCTAIUIE OT 3aKO-
HOB M30MOP(HOT0 3aMeIIeHus 1 GOPM BXOXKICHUS KATHOHHBIX M AaHUOHHBIX IIPUMeEced OT ycIo-
BU HACBIIIEHMsI pacilyiaBa IPUMECSIMU U OT 00pa30BaHMs TBEPABIX PACTBOPOB 3aMEILLECHUS HIIN
BHE/PEHUS.

[TonGop HEOOXOAMMBIX IMAapaMETPOB M AaHAIU3 YCIOBHIl pocCTa KpUCTAJlIa IO3BOJSET
yIpPaBIsATh OJHOPOIAHOCTBIO PACHPENEICHUS PAaJUALMOHHBIX U MPUMECHBIX HAHOCTPYKTYp B
KpHCTaJLIIE.

Diagnostics of distribution of radiation and impurity nanodefects and forms of defects
imbedding in a crystal are of great importance since ionic crystals, such as LiF, NaF, have
broad application as radiations dosimeters, laser media, and recently as micro and nano-
devices which are written down in a crystal by femtosecond laser pulses. Features of a crystal
growth influence on properties of the luminescent color centers induced by radiation and define
their using.

We studied dependences of distribution of point defects in a crystal from laws of isomor-
phic replacement and kinds of cation and anion complexes, from conditions of melt saturation by
impurities and from creation of solid solutions of replacement or introduction.

Selection of necessary parameters and the analysis of conditions of a crystal growth allow
operating homogeneous distribution of nanostructures induced by radiation and impurity in a
crystal.

PACYET TEKYIINX 3HAYEHUHI MTOJTHOI'O DJEKTPOHHOI'O COJEPKAHUA
HOHOC®EPHI HA OCHOBE KOPPEKTUPYEMOWM CPEJHEMECSYHOMU MOJIEJIA

'E.M. BioBuH, lc.n. Knu:ku, ZALA. MBLILHUKOBA, 'B.1. Camun

! HpkyTtckuii rocynapcTBeHHbIN yHUBepcuTeT, UpkyTck, Poccust
sazhin@physdep.isu.ru
? UucTutyT conHeuno-3emHoi pusuxu CO PAH, Upkytck, Poccus

COLCULATION OF CURRENT VALUES OF THE IONOSPHERE TOTAL
ELECTRON CONTENT FROM CORRECTED MONTHLY AVERAGE MODEL

1E.M. Vdovin, 'S.I. Knizhin, 2A.A. Mylnikova, *V.I. Sazhin

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

[IpoBonuTcst oueHka 3((GEKTUBHOCTH OINpPENEICHUs TEKYUIMX 3HAYEHWU IOJIHOTO 3JICeK-
tpoHHOTO conepxkanus (II3C) nonochepsl Ha OCHOBE KOPPEKIIUU CPEIHEMECSIHON HOHOChED-
HOW MOJIEJIH, NAIOUIeH BHICOTHBIN MPO(UIIh 3JeKTPOHHOM KoHIeHTpamu. [t mynkTa UpkyTcka
MCIIOJIb30BaHbl JaHHbBIE 110 KPUTUYECKOM YacToTe, MOJyuYeHHbIE IPU BEPTUKAIBHOM 30HIMPOBA-
Hun (B3) nonocdepsl, mpoBoaumom B UC3® CO PAH, u nanHble, B3AThIe U3 U3BECTHOM 0a3bl
nauHbix SPIDR. DddexkTnBHOCT, KOPPEKIMK OlleHUBaIach cpaBHeHHWeM BenuuuH [19C, paccun-
TaHHBIX IO CKOPPEKTUPOBAHHON MoJienH, ¥ JaHHbIX 10 [1DC rmobansHbIX noHOChepHbIX KapT GIM
nabopatopuu CODE, pa3memaembix B IHTepHET, a TakyKe JaHHBIX U3MEPEHHUHN Ha IBYXYaCTOTHOM
npuemauke B cucreme GPS/TJIOHACC. JlanHble 00paboTaHbl IO METOJMKE, pa3pabOTaHHOW B
NC3® CO PAH. Kpome TOro, orieHMBAEeTCsl BO3MOXKHOCTh HCIIOJb30BaHUSI BMECTO JaHHBIX B3
3HaueHul [19C, HaliIeHHBIX U3 U3MEPEHUH, AJIs OIEPATUBHON KOPPEKLIUU CPEIHEMECSIYHON MO-
JIeT HOHOC(hEpHI.
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The effectiveness of evaluation of the current value of the total electron content (TEC) of
the ionosphere has been assessed on the basis of corrected monthly average model providing the
altitude profile of the electron density. Data on the critical frequency for Irkutsk are received by
means of vertical probing, carrying at Institute of Solar-Terrestrial Physics (ISTP), and also tak-
en from known database SPIDR. The correction effectiveness is evaluated by means of compari-
son of TEC values calculated by corrected model and TEC data lab CODE’s global ionospheric
maps GIM, which are set in the Internet. Also for this purpose the TEC values calculated by cor-
rected model were collated with data, received by measurements of double-frequency receiver
GPS/GLONASS. All data were processed according to the procedure, developed by ISTP. As
well possibility to use measured TEC values for actual correction of monthly average model of
ionosphere instead of the vertical probing data is estimated.

WHTEP®EPOMETPUUYECKUE HABJIOJEHUSA MEPIIAHUI
JAUCKPETHOI'O PAIMONUCTOYHUKA HA HPKYTCKOM PAJIAPE
HEKOI'EPEHTHOI'O PACCEAHUA

M.B. I'106a, P.B. Bacuases, /I.C. Kymnapes, A.B. Mensenen

HucturyT conueuyno-3emuon ¢puszuku CO PAH, Upkytck, Poccus
globa@iszf.irk.ru

INTERFEROMETRIC OBSERVATIONS OF DISCRETE RADIO SOURCE
SCINTILLATIONS AT IRKUTSK INCOHERENT SCATTER RADAR

M.V. Globa, R.V. Vasilyev, D.S. Kushnarev, A.V. Medvedev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[IpuBenensl pe3ynbTaThl HAOMIOJCHUNW HOHOCHEPHBIX MEPIAHUN paTuOUCTOYHUKA
Jlebennp-A na UpkyrckoMm pamape HP ¢ 2012 mo 2014 r. [{yia ananu3a Meprianuii ObLTH TIOCTPOCHBI
M300paKeHUs PaIMOMCTOYHUKA C TIEPHOAOM 18 ¢ U ISt KaKAO0T0 M300payKeHUs OTIPEICTICHbI OCHOB-
HbIE CTaTUCTUYECKHE NapaMETpPhbl, OTPAKAIOLIUE MOJOKEHUE U YITIOBOU pa3Mep paJIuOMCTOYHHKA.
[TokazaHo, 4TO U3MEHEHHE ITUX CTATUCTHUECKUX XaPaKTEPUCTUK HE KOPPEIUPYET C U3MEHEHUSIMU
MOIITHOCTH (MEpLAHUSIMHU) PaIUOUCTOYHHKA, BO3ZHUKAIOIIUMHU BCIIEJCTBUE MPOXOKICHUS Paino-
CUTHaJIa 4yepe3 HOHOC(EpHBIE HEOTHOPOIHOCTH.

Results of observations of radiosource Cygnus-A ionosperic scintillations at Irkutsk Incoherent
scatter Radar during the period of 2012-2014 are presented. For scintillations analysis the images of
radiosource with period of 18 seconds were constructed and basic statistical parameters representing
position and angular size of the radiosource are calculated for each image. It is shown that changes of
these statistical characteristics do not correlate with fluctuations in power (scintillations) of the signal
caused by radio wave propagation through ionospheric irregularities.

OIIEHKA BBICOTBI OTPAKEHHUS MOIITHOM PAJTMOBO.JIHBI
N IT'PAHUILL OBJIACTHU IIVIASMEHHBIX PE3OHAHCOB HOHOC®EPDBI
METOJAMU MATEMATHUYECKOI'O MOJAEJINPOBAHUA
JJIs1 HAT'PEBHBIX DKCIIEPUMEHTOB HA CTEH/JIE CYPA B ABI'YCTE 2014 1.

'B.0. Jlementnes, 'M.A. Hacbipos, °A.B. Bexeuxnii, *C.M. I'pau

"Kazancknii (IIpuBosmkckuit) henepanbHbil yHuBepcutet, Kasans, Poccst
vdemen@yandex.ru
*UucTuTyT conHeuno-3emMuoi dusuku CO PAH, pkytck, Poccus
SHmxeropockuii rocyaapcTBeHHslil yuusepeuter uM. H.U. JloGauesckoro, Husxuuit Hosropos, Poccus
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THE ESTIMATION OF THE POWERFUL RADIO WAVE REFLECTION HEIGHT
AND THE BOUNDARIES OF A PLASMA RESONANCE REGION
OF THE IONOSPHERE BY MATHEMATICAL MODELING METHODS FOR
THE HEATING EXPERIMENTS AT SURA FACILITY IN AUGUST 2014

'v.0. Dementyev, I.A. Nasyrov, A.B. Beletsky, *S.M. Grach

'Kazan (Volga region) Federal University, Kazan, Russia
’Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
3Lobachevsky State University of Nizhni Novgorod, Nizhni Novgorod, Russia

B pabGote Ha ocHOBe MeXAyHapoIHOW crpaBouHoil moaenu moHocheps! IRI-2012 pac-
CMaTPUBAIOTCSI YUCIICHHbIE SKCIIEPUMEHTHI MO HAXOKICHUIO BBICOTHI OTPAKEHUSI JTyYEBBIX Tpa-
EKTOpUN PAaJMOBOIH M TPAHUIl BHICOT OOJACTU IUTA3MEHHBIX PE30HAHCOB HOHOChEpH IS
HarpeBHBIX 3kcniepuMeHToB Ha cteHne CYPA (56°8'37.28" N, 46°5'56.57" E) B aBrycre 2014 r.
B pesynbrare ananuza mnoka3aHo, 4TO CJIOM IJIa3MEHHBIX PE30HAHCOB PACIIOJIOKEH HA BBICOTAX
oT 240 o 310 kM. ['paHHIIBI BBICOT IJIA3MEHHBIX PE30HAHCOB U BBICOTHI OTPAKEHUSI TPACKTOPHI
YMEHBIIAIOTCS ¢ YMEHBIIIEHUEM YacTOThI niepenaruynka. C yMEHbIIEHHEM KPUTUYECKOU YaCTOThI
noHocheps! foF2 rpaHuIlbl BRICOT MIa3MEHHBIX PE30HAHCOB M BBICOTHI OTPAKCHUS TPACKTOPHIA
PaAMOBOJIH YBEIMUMBAIOTCS. TOJIIMHA CII0S IJIa3MEHHBIX PE30HAHCOB COCTABIISET B CPEHEM OT
7 1o 9 kM. BeicoTa OoTpakeHHsI TPACKTOPUN HAXOJIUTCS BBIIIE TPUMEPHO HA 1-2 KM OT BepXHEH
TpaHUIlBl JICHTMIOPOBCKOTO pe3oHaHca. lloydeHHbIE pe3ysbTaThl COIIIACYIOTCS C JTAHHBIMU
MPOBEJICHHBIX B HECKOJIBKUX MPUEMHBIX MMYHKTaX ONTHYECKUX U3MEPEHUN OJHOBPEMEHHO, B XO-
Jie KOTOPBIX OBIJIO 3aMEUEHO UCKYCCTBEHHOE ONTHYECKOE CBEUEHUE HOHOC(EPHI.

In this work, based on the International Reference lonosphere Model IRI-2012 conducted
numerical experiments for finding the reflection height of ray paths of radio waves and the
height boundaries of the ionosphere plasma resonances for heating experiments at SURA facility
(56°8'37.28" N, 46°5'56.57" E) in August 2014. The analysis shows that the plasma resonances
layer located at altitudes from 240 to 310 km. Boundary heights of plasma resonances and reflec-
tion heights of trajectories decrease with decreasing transmitter frequency. With a decrease in the
ionosphere critical frequency f,F2 a boundary heights of plasma resonances and a height of re-
flection radio waves paths increases. The layer thickness of a plasma resonance is an average
from 7 to 9 km. The reflection height of the trajectories is higher by about 1-2 km from the up-
per boundary of the Langmuir resonance. These results are consistent with the data of optical
measurements carried out simultaneously in several receiving points. During measuments artifi-
cial optical emission of the ionosphere was observed.

JIOMUHECHEHTHBIE CBOMCTBA JUSJEKTPHUECKUX KPUCTAJLJIOB
C UMIVTAHTUPOBAHHBIMA NOHAMMU CEPEBPA

'B.IL JApecBsiHCKMiA, 'E.@. MapTbiHOBHY, 0.]. Illunnaosa, °A.A. YepHbIx

"Wpkyrekuit dumman Nucturyra naseproit pusuxku CO PAH, Vpkytck, Poccus
WpxkyTtckuii rocynapcTBeHHbIN yHUBepeuTeT, UpkyTck, Poccns
4medyou@bk.ru

THE LUMINESCENT PROPERTIES OF DIELECTRIC CRYSTALS
WITH IMPLANTED SILVER IONS

V.P. Dresvyansky, ‘E.F. Martynovich, ?O.1. Shipilova, ?A.A. Chernyh

rkutsk Division of Institute of Laser Physics SB RAS, Irkutsk, Russia
?Irkutsk State University, Irkutsk, Russia

[IpencraBneHsl pe3ynbTaThl UCCICIOBAHUNA JTIOMHHECHUPYIOMUX Oe(PEKTOB, WHIYLHPO-
BaHHBIX IIPU OOJTYYEHHH IUAJIICKTPHUECKUX KPHCTAJUIOB MOHAMHU cepebpa. B kadecTBe uccneny-
eMBIX 00pa3I0B OBUIM MCIIOJIB30BAaHbI IIEIOYHO-TAIONIHBIE KPUCTAILUIBI propuaa auTus u ¢ro-
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puna xameiusa. Mccnmemyemple 00pasipl ObUTM OOJIYYeHBI MOHAMH B CIEAYIOIIEM PEKHUME:
(hroeHC mopsaaKa 105 I/IOH/CMZ, sHeprus 150 k3B, mociie yero ObUTH MPOBEACHBI UCCIICIOBAHMS
JIOMUHECHEHIIMN LEHTPOB, HAaBEIACHHBIX paauanueil. DKCIepUMEHTAIbHO HCCIIEI0BAIOCh MO-
TJIONIEHHE 00pa3IoB, CIEKTPHI M KHHETUKA WX JIIOMUHECIIEHITUHU TIOCTIE BO3ACHCTBHSI paHalliy C
MOMOIIBIO0 KOH(POKAILHOTO CKaHUPYIoIero Mukpockora MicroTime 200, 10yKOMILICKTOBAaHHOTO
criekrpomerpom Ocean Optics 65000.

HccnenoBanus mokasaiy, 4TO B CIIEKTpax MOTJIOUICHUS] KPUCTAJIIOB (PTOPUAA JIUTHUS, MTOJI-
BEP)KCHHBIX OOJYYCHHUIO MOHAMH cepedpa, HaOJIF01aeTCsl HECKOIBKO MOJIOC ¢ MAaKCUMyMaMH T10-
riomenuss Ha 250, 441 u 410 um. IlepBble ABE MOJOCHI XapaKTEpHBI ISl paaHalliOHHO-
OKpAIIeHHBIX KPHCTAILIOB (hTOpUIA TUTHS M OTBevaroT 3a nornomenue F- u Fo- (F3')-nenrpos
OKpPACKH COOTBETCTBEHHO. TpeThs — Tak Ha3bIBacMasl IUIa3MOHHAas 110J10ca, 00YCIOBIEHHAS UM-
IUTAHTUPOBAHHBIMU HOHAMU cepebpa. B criekrpax cBedeHust 00Ty4eHHBIX KPUCTAIOB (PTOpHUIA
JUTHUS TIPH BO30YKICHUH JTIOMHUHECIICHITUH JIa3epOM C JUTMHOW BOJHBI 375 HM, Hapsay ¢ Xapak-
TepHBIME U F3"- 11 F,-1IeHTpOB OKpacku moaocaMy ¢ MakcuMyMaMu Ha 530 u 680 HM cooTBeT-
CTBEHHO, OOHapy’KeHa T0JIoca CBEYCHHS ¢ MaKCUMyMOM Ha 420 HM. AHaJIOTHYHAs 1OJI0ca CBE-
YeHHsI HaOMIOAeTCsl U B CIIEKTPaxX JIIOMHUHECICHIIUYA KPUCTALIOB (hTOpUaa KaubIus, 00IydeH-
HBIX HOHaMHU cepelpa. OmnpeneneHa KUHETHKA TaHHOM JTIOMUHECHEHITUH.

ABTOpBI OJIAraloT, YTO HaOIIOAaeMas B KpUcTauiax (pTopuaa IuTus u Gropuia Kaablus
JFOMHHECIICHIMSI ¢ MaKCUMyMOM cBedeHusl Ha 420 HM o0yclioBlieHa cepeOpoM, UMITIAaHTHPOBAH-
HBIM B JIAJIEKTPHUECKYIO MaTpHIly B BUJIE HOHOB Ag MM MONeKyIapHEIX HoHoB (Ag,™" ). Pabota
BhITIONTHEHA 110 [Iporpamme pyHmamenTanbHbIx uccnenosannii CO PAH (mpoekt Ne 11.8.1.6).

The paper presents the results of studies of luminescent defects induced by irradiation of
dielectric crystals with silver ions. The alkali-halide crystals of lithium fluoride and calcium flu-
oride as the test samples have been used The samples were irradiated with ions in the following
way: fluence of the order of 10" ions / cm?, the energy of 150 keV — and then the luminescence
centers induced by radiation were studied. Absorption of the samples, the spectra and the kinet-
ics of their luminescence after exposure were investigated experimentally using a confocal scan-
ning microscope MicroTime 200 equipped of Ocean Optics 65000.

The studies have shown that in absorption spectra of lithium fluoride crystals exposed to ir-
radiation by ions of silver there are several bands with absorption maxima at 250 nm, 441 nm
and 410 nm. First two bands are characteristic of radiation-colored crystals of lithium fluoride
and are responsible for the absorption of F and F, (F3") are the color centers respectively. The
third one is the so-called plasmon band due to the implanted silver ions. The emission spectra of
the irradiated crystals of lithium fluoride under the luminescence excitation of laser irradiation of
375 nm wavelength along with characteristic F3* color centers and F, bands with peaks at 530
and 680 nm, respectively, detected luminescence band with a maximum at 420 nm. Similar lu-
minescence band is observed in the luminescence spectra of crystals of calcium fluoride, irradiated
by ions of silver. The kinetics of the luminescence is determined.

The authors suggest that luminescence with a peak emission at 420 nm observed in crystals
of lithium fluoride and calcium fluoride are due to the silver implanted into the dielectric matrix
in the form of Ag + ions or molecular ions (Ag,™). This work is supported with the Program for
Basic Research of SB RAS (the project 11.8.1.6).

AITPOBAIIUA METOJA OIIPEJAEJEHUA CKOPOCTHU ITIEPEHOCA
TYPBYJEHTHBIX HEOJHOPOJHOCTEN ATMOC®EPBI
11O BUAEOPAAY HEKOI'EPEHTHBIX U30bPAKEHUU

B.B. lynopos, A.C. Epemuna

WnctutyT ontuku atmocdeps! uM. B.E. 3yeBa CO PAH, Tomck, Poccus
magnet@sibmail.com

70


mailto:magnet@sibmail.com

BHI®®D-2015. Cexyus C. Juacnocmuka ecmecmeeHHbIX HEOOHOPOOHBIX CPed U MAMEMAMUYECKOe MOOCTUPOSAHUe

APPROBATION OF METHOD OF DETERMINING TRANSPORT VELOCITY OF
ATMOSPHERIC TURBULENT INHOMOGENEITIES FROM VIDEO PORTION OF
INCOHERENT IMAGES

V.V. Dudorov, A.S. Eremina
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

UucaeHHO uccieayeTcs BIUsSHUE TypOyJIeHTHBIX HEOIHOPOAHOCTEN aTMocdephl Ha HCKa-
KeHne n3o0pakeHus arMmocdepHoro oodwekrta. [Ipennaraercs cnocod MacCUBHOIO M3MEPEHUs
MOTIEPEYHON COCTABIIAIONIEH CKOpocTH BeTpa. VIcKkakeHusi M300pakeHus, BbI3BaHHbBIE TYypOy-
JIEHTHBIMU HEOJIHOPOJHOCTSIMH, paclojlaralollliMHCs Ha Pa3HBIX PACCTOSIHUAX OT MPUEMHOTO Te-
JIECKOIIa, Pa3InYHbl. AHAIM3UPYETCS BIMSHUE BHIOOpPA ONTUMAIIBHOTO Siipa CrIaKUBAaHUS U Y-
JIOBOTO pa3Mepa M300pakeHHs] HaOII0JaeMOTO OOBEKTa Ha TOYHOCTH OINPEICICHHS CKOPOCTH
nepeHoca TypOyJIeHTHBIX HEOJHOPOIHOCTEH aTMOCc(hephl.

An effect of atmosphericturbulent inhomogeneities, on distortions of atmospheric object
images is analyzed on the basis of numerical simulation. The technique for passive measure-
ments of the transverse wind-speed component is suggested. The object image distortions due to
turbulent inhomogeneities at different distances from receiving telescope are different. The effect
of optimal smoothing kernel and angular size of an object on accuracy of the atmospheric inho-
mogeneity wind drift is analized.

B3AMMO/IEHCTBHUE JIASEPHOI'O U3JIYUEHUS C KPUCTAJJIAMHA AJIMA3A
TP ME2K30HHOM U BHYTPULEHTPOBOM BO3BYKJIEHUHU

A.C. EMeibLsaHOBA

Wpkytckuii unuan Mucrturyra nasepHoit ¢puszukun CO PAH, Upkytck, Poccus
nastasia705@mail.ru

INTERACTION OF LASER RADIATION WITH DIAMOND CRYSTALS UNDER
BAND-TO-BAND AND INTRACENTER EXCITATIONS

A.S. Emelyanova
Irkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia

Anmasel cogepxar OosblIo HaOOp LEHTPOB CBEUYEHHMSI, PETHMCTPUPYEMBIX MPU BHYTPHU-
[IEHTPOBOM BO30YX/I€HNUU. BONBIIMHCTBO U3 ATUX MPUMECHBIX ¥ COOCTBEHHBIX IICHTPOB XOPOIIIO
U3YYEHBI, U BbISICHEHa MX mpupoga. OAHaKo Mpu MeX30HHOM BO30YXKIEHUU NMPAKTUYECKU BCE
aNMasbl JAr0T OJHOOOpA3HYI0 KapTHHY CBEYCHHS, HA3BIBAEMYIO A-TIOJIOCOW JTIOMUHECIICHIIUH.
PekoMOMHAIIMOHHBI MeXaHU3M BO30YXACHHS IJS PAa3IUYHBIX JIIOMHUHO(MOPOB SBISETCS YHU-
BepCAIbHBIM, TTOCKOJBKY MOXKET PEaM30BBIBATHCS MIPHU PA3HBIX COc00ax BO30OYKIEHUS CBEYe-
HUs: (OTO-, raMMa-, peHTreHOBCKOM. OTHaKo JUIs aJIMa30B 3TO He Tak. B pabore ucnonb3yercs
ONTHYECKOE MEK30HHOE BO30YXKICHHE, YTO, KaK MPEArnoaractcs, JacT HOBYI HHPOPMAIUIO O
npupoie A-TIOJI0CHI IIOMUHECLIEHIIUH.

Diamonds contain a large set of luminescence centers observed under intracenter popula-
tion excitation. Most of these impurity centers and intrinsic centers are well studied and their na-
ture is ascertained. However an unvaried luminescence pattern called A-band luminescence is
observed in almost all of the diamonds under band-to-band excitation. Recombination mecha-
nism for different phosphors is universal since it works under different luminescence excitation
methods: photo-, gamma-, X-ray. This isn’t true for diamonds, however. In this study we use op-
tical band-to-band excitation, which is expected to give us new information about the nature of
the A-band luminescence.
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KOPPEKIIMA HOHOC®EPHBIX OIIMBOK BTOPOI'O ITOPAJAKA
B IBYXYACTOTHBIX UBMEPEHUAX 'HCC

'E.B. Konenkas, L 2M.B. Tunun

1I/Ip1<yTCKI/1171 rocynapcTBeHHbIN yHUBepcuteT, UpkyTck, Poccust
cpb7.12.2010@gmail.com
*UucrutyT conHeyno-3eMuoi dusuxu CO PAH, Upkyrck, Poccus

CORRECTION OF SECOND-ORDER IONOSPHERIC ERRORS
IN DUAL-FREQUENCY GNSS MEASUREMENTS

'E V. Konetskaya, ¥ ?M.V. Tinin

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

AHanM3UpyIOTCS BO3MOXKHOCTH YCTPAaHEHUsS HOHOC(EpHOW OMMOKU BTOPOTO MOPSIKA,
CBSI3aHHOM ¢ 3(eKTaMu MarHUTHOTO TOJIS 3eMIIH, B IBYXYACTOTHBIX U3MEPEHUSAX III00ATBHBIX
HaBUraMOHHbIX cyTHUKOBBIX cucteMax ('HCC). IlpencraBiena MeToauKa MOBBIIIEHUS TOY-
HOCTH MecToornpeaeneHus. OnUChIBalOTCA TPAHULIBI IPUMEHUMOCTH MpesiaraeMoil METOIUKH, a
TaK)Ke MPOAHATU3UPOBAHBI OCOOEHHOCTH MPOCTPAHCTBEHHOTO paclpeaesieHus: HoHochepHOi
OLIMOKN BTOPOTO MOPSIKA U MOMPABOK K KOOPAWHATAM MPUEMHUKOB C y4eTOM 3(PEeKTOB Ireo-
MarHUTHOTO TOJIS.

The paper is devoted to analysis of the possibilities of elimination of the second-order ion-
ospheric errors at dual-frequency measurements of the global navigational satellite systems
(GNSS), which are associated with the effects of Earth's magnetic field. The technique to im-
prove location accuracy is presented. In the study we describe the limits of applicability of the
technique and analyze the features of the spatial distribution of second-order ionospheric error
and corrections to the receiver position, taking into account the effects of the geomagnetic field.

HNCCIEJOBAHHUE OIITUYECKOI'O ITOTJIOIIEHUA CHJIMKATHBIX KPOH
A.C. Ky3akoB, M./l. 3umun

Wpkyrtckuii punuman MuctutyTa nazepHoi ¢pusuku CO PAH, Upkytck, Poccust
rangaid@mail.ru

STUDYING THE OPTICAL ABSORPTION OF SILICATE CROWNS
A.S. Kuzakov, M.D. Zimin
Irkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia

Ceroans kpaiiHe aKTyaJdbHBI HUCCIIEIOBaHUS aMOpP(HBIX MaTepuaioB. B mepByto ouepensp,
3TO CBSI3aHO C UX YHUKAIIBHBIM CTpOCHHEM. B paboTe OCyIecTBIIEH CHHTE3 KBapIIEBBIX KPOH CO-
craBa SiO,/Na,O, nerupoBaHHBIX Kejae30M (+2/+3), HCCIEIOBaHO ONTHYECKOE IMOTJIONICHUE
HATPUEBOW CHJIMKATHOW KPOHBI C MPUMEHEHHEM CTOXAaCTUYECKOro MojenupoBaHus. CTOXacTH-
yeckasi MOJIeNIb CUIIMKATHOM KPOHBI aJIeKBaTHO OMHMCHIBAET ONTHUYECKOE IMOTJIOIIEHUE 3TOTO Ma-
Tepuana, o0yciaoBiaecHHOe HamuuueM |-mienTpoB. CoriiacHo MOJEIMPOBaHUIO, |-IIeHTpBI 00pa3y-
I0TCA 32 CUET CTaOMIIM3AIUU «XBOCTOBBIX» KHUCIOPOJIOB KaTHOHAMU IIIEJIOYHBIX METAJUIOB U Ka-
THOHaMHU xene3a (+3). O6pazoBanue |-1IeHTPOB BO3MOXKHO TaKXke 3a CUET pacrajia MepOKCUTHBIX
rpynn B KBaplle, OJJHAKO TaKOW MeXaHU3M He siBsieTcs nmpeodnanaromumM. OOpa3oBaHHbIE pa3-
JUYHBIMA MEXaHM3MaMHU |-IIEHTPbl UMEIOT pa3HblC JHUHHUU TOTJIOMIEHHS 33 CUET CTPYKTYPHBIX
Bapuanuii B aMop(hHOH CUCTEME.

Today amorphous materials are highly topical subject of research. This is primarily due to
their unique structure. In this paper the synthesis of quartz crowns of SiO,/Na,O, doped with
iron (+2/+3) carried out and the optical absorption of sodium silicate crown using a stochastic
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model is investigated. Stohastic model of the silicate crown adequately describes the optical ab-
sorption of the material due to the presence of I-centers. According to the simulation I-centers are
formed through stabilization of the “tail” oxygens by alkali metal cations and iron cations (3).
Formation of 1-centers may also be due to the decay of peroxide groups in quartz but the mecha-
nism is not dominant. I-centers formed by different mechanisms have different absorption lines
due to the structural variations in the amorphous system.

BJIUAHUE HAHOYTJIEPOJAHBIX MATEPHUAJIOB HA CTPYKTYPY,
MEXAHHUYECKHUE M TEILIOBBIE CBOMCTBA MOJIMAMMUIA-6

'H.B. Kyp6onos, “I.b. KypGonos

"TaKUKCKHiT HAIMOHATBHBIIA yHuBepcuTteT, [yman6e, Tamkukucran
?XymKaHacKuii rocyaapcTBeHHbli yaupepeuter uM. b.I. Tadyposa, Xymkans, TaKuKHCTaH
nomvarjon_90@mail.ru

EFFECT OF NANOCARBON MATERIALS ON STRUCTURE,
MECHANICAL AND THERMAL PROPERTIES OF POLYAMIDE-6

IN.B. Kurbonov, °G.B. Kurbonov

'Tajik National University, Dushanbe, Tajikistan
Khujand State University, Khujand, Tajikistan

W3yuyeHo BiIUsHHE HAHOYIJIEPOAHBIX MarepuanioB ((pysuiepeHoBas caxa, ¢ymieper Ceo,
dynaepeHoBas YepHb U HaHOAIMAa3bl) Ha CTPYKTYPY, TEIUIOBbIE M MEXaHHUYECKHE CBOMCTBA TO-
nrnaMuza-6. [TokazaHo, 4TO BHEIPEHHE MANIBIX KOJIMYECTB HAHOYTJICPOIHBIX MaTepPHAIOB OKa3bl-
BaeT creuu(uuHOe BIMSHNE HA CTPYKTYPY U GU3HYECKUE CBOMCTBA MOJIMAMU/IA.

We studied the effect of nanocarbon materials (fullerene soot, fullerene Cg, fullerene
black and nanodiamonds) on structure, thermal and mechanical properties of polyamide-6. It is
shown that the introduction of small amounts of nanocarbon materials has a specific effect on the
structure and physical properties of polyamide.

YYET BJIMAHUA AHTEHHBI UPKYTCKOI'O PATAPA HEKOI'EPEHTHOI'O
PACCESAHUMSA HA ®OPMY U TAPAMETPBI HIMPOKOITOJIOCHOT' O CUT'HAJIA

H.A. JlaBBITMH, ’B.IN. JleOenen

1I/IpKYTCI(I/II71 rocy1apCcTBeHHBIN yHUBepcuTeT, UpkyTck, Poccus
ivan_1422@inbox.ru
*WucTuTyT conuedno-3eMuoil pusuku CO PAH, Upkytck, Poccus

TAKING INTO ACCOUNT OF IRIS ANTENNA INFLUENCE ON THE SHAPE
AND PARAMETERS OF WIDEBAND SIGNAL

'LLA. Lavygin, *V.P. Lebedev

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

PaccmaTpuBaroTcsi 1OCTOMHCTBA MCHONB30BAHMS IMPOKONONocHOro JIYM-curnana B paauo-
nokanuu. [lomydeHsl MOIENM U3JIYYEHHOTO CHUTHajlda M MPUHSITOTO MUpoKomnosocHoro JIUM-
CUTHaJIa C YYeTOM aMIUTUTYAHOM u (a30Boil nuarpamm HampasieHHOCTH aHTeHHBI IPHP. Pe-
3yJIbTaThl MOJIETUPOBAHUS UCIOJIB30BATUCH TPpU 00paboTke PJI-maHHBIX, TOTYy4YEHHBIX B KOCMHU-
yeckoM skcnepuMente «Panap—IIporpece».

The report describes advantages of wideband chirp usage in radiolocation. Transmitted and
received wideband chirp models are constructed taking into account the influence of antenna
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phase and amplitude radiation patterns. Modelling results were used in processing Radar—Progress
space experiment data.

PATUAITMOHHO-CO3JAHHBIE KBAHTOBBIE CHCTEMbI
KAK JIIOMUHECHEHTHBIHN 30H 1JI1 KOHTPOJISA COCTABA MATEPHUAJIA

H.JI. JIazapeBa

Wpkytckuii punuran MuctutyTa nazepHoi ¢pusuku CO PAH, Upkytck, Poccust
alberet94@mail.ru

A QUANTUM SYSTEMS CREATED BY RADIATION AS LUMINESCENT PROBE
FOR MONITORING THE COMPOSITION OF MATERIALS

N.L. Lazareva
Irkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia

dTopua AUTHS ABISETCS NEPCIEKTUBHBIM MaTepUaioM U MPUMEHSETCS B PAa3IUYHBIX 00-
JacTsAX Hayku M TexHHKH. LleHTpwl okpacku LiF sBisrorcs paboyrMu LEHTpaMu B JIa3€pPHBIX
cpelax U HacChIIAIOIIUXCS 3aTBOpaX, JETEKTOpax pajuallii, CO3aHHbIX Ha OCHOBE JaHHOTO Ma-
tepuana. Co3manbl 00BEMHBIE U MHOTOCIIOWHBIE (DIYyOpPECIEHTHBIE HOCUTEIH JUIS 3allUCH WH-
dhopmaruu B npoBbIX popMaTax WK B BUAC H300paKEHUH.

B npennoxenHoil pabore uccinenoBaHa MUKPOCTPYKTYpa IJICHOK (ropuaa JTUTHs, HaHe-
CEeHHBIX Ha CTEKJISIHHYIO MOJJIOKKY METOJIOM TE€PMOBAaKYyMHOro HamblieHHs. M3BecTHO, 4TO
kpuctayuibl LIF BeIpammBaroTcst Ha BO3ayxe. DTO MOCITYXWIO MPUYHHOW TOTO, YTO JIONOJHH-
TEJIbHBIN OTXKUT 00pa3lioB ObUT MPOM3BEAECH HAMH TaKKe Ha BO3/AyXe, a He B BakyyMme. Mccnenosa-
HUSl TIOTYYEHHBIX IIJIEHOK, IPOBEIEHHBIE C TIOMOIIBIO ONTHYECKOTO M aTOMHO-CHJIOBOT'O 30HIJOBOTO
MHUKpPOCKOIa, OKa3aJii, YTO MPH MOBBIILIEHUH TEMIIEpaTyphl OTKUTA MIPOUCXOUT Mpeodpa3oBaHue
MIOBEPXHOCTH IUIEHOK, M3MEHEHHME CPEIHEro pasMepa 3€peH, COCTaBILIOIMX IUIeHKYy. CrenaHo
MIPEATOJIOKEHUE, YTO IPOUCXOAUT MPeoOpa30BaHKE BELIECTBA, COCTABIISIONIETO TUICHKY.

Jnist IpOBepKU JAHHOTO MPEAIOJIOKEHHS] HAMU ObUT MCTIOJIB30BaH cieyronuii meroa. O0-
pasibl ObUTM OOTY4YEeHbl PEHTIC€HOBCKHM M3JIyY€HHEM JJIs CO3JaHUS B HUX LIEHTPOB OKPACKH,
JIFOMUHECLIEHTHBIE CBOMCTBA KOTOPBIX MOTYT OTPa)KaTh COCTAB BEIIECTBA U €r0 U3MEHEHUS B XO/I€
KaKUX-JIHO0O0 TIPEeBPAIICHUM.

VY CTaHOBIIEHO, YTO C YBEJIMYEHHUEM TEMIIEpPaTypbl OTXKHra Mo Mepe yBEIHMUEHHUsS pa3Mepa
3epeH MPOUCXOIUT UCUE3HOBEHHUE XapaKTEPHBIX MOJI0C (POTOTIOMUHECHEHIIUN IEHTPOB OKPACKU
¢dbTOopHIa IUTHS U BOSHUKHOBEHHE HOBBIX, HE XapaKTEPHBIX I HETO CIIEKTPAJIbHBIX MOJIOC JII0-
MUHECIHEHIIMH. PeHTreHOCTpYKTYypHbIE HCCIIEOBaHMS IOKa3ajiHh, YTO B XOJE OTXKHUIa Cyllle-
CTBEHHO CHMKAETCSI HHTEHCUBHOCTh JTU(PPAKLIMOHHOTO CUTHANA OT (PTOpUAA JIUTHUS M BOZHUKAIOT
CUTHaJIbI OT GTOpUAA KalbLUs U JPYTUX COSAUMHEHUH, GOPMUPYEMBIX B pe3ysbTaTe MPOTEeKalo-
UX peakuui. MukpouyacTuil Gpropuaa JTUTHS XUMHUECKH B3aUMOJICHCTBYIOT C BEILECTBOM
MOJJIOKKH B OCHOBHOM BO BpeMs TEIUIOBOI 00paOOTKH IJIEHOK, MTOMEIIEHHBIX Ha CTEKJISIHHYIO
MOJUTIOKKY. B pe3ynbrare 3TOro M3MeHseTcsi XUMHUECKH COCTaB MUKPOYACTHUI] U YBEIUIUBACTCS
UX pazmMep.

Pabora nmonaepxkana B pamkax mpoekta 11.10.1.6 IIporpaMmsl ¢yHIaMEHTANIbHBIX Hayd-
HBIX UCCJIEOBAHUIN TOCYJapCTBEHHBIX akajgeMuil Hayk Poccuiickoit dexneparumu.

Lithium fluoride is a perspective material used in various fields of science and technology.
LiF color centers were work centers in laser media and in passive saturable media, radiation de-
tectors based on this material. Volumetric and multilayer fluorescent carriers have been created
for writing information in digital or visual formats.

In this study, we studied the microstructure of the lithium fluoride film deposited on a glass
substrate by thermal vacuum deposition method. It is known that the LiF crystals grown in air.
They are stable to air at a heating. This was the reason that the additional annealing of the sam-
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ples was made also in the air, but not in a vacuum. Obtained films were examined using an opti-
cal microscope and an atomic force microscope. They showed that the surface of the film is
transformed when the annealing temperature rises. The average grain size in the film increased
significantly. It is suggested that there is a transformation of matter forming the film.

To test this hypothesis, we used the following method. Samples were irradiated with X-rays to
create color centers in them. Fluorescent properties of these color centers can show the composition
of matter and its changes during any transformations.

It was found that the photoluminescence characteristic bands of color centers of lithium
fluoride disappear with increasing annealing temperature when the grain size increases. New
spectral luminescence bands are arise that are not typical for lithium fluoride. X-ray diffraction
study has shown that during annealing the intensity of diffraction signal of a lithium fluoride is
significantly reduced. New signals are appear from calcium fluoride and other compounds
formed as the result of the occurring reactions. Microparticles of lithium fluoride substance react
chemically with the substrate mainly during the thermal treatment of the films deposited on the
glass substrate. This process causes a change in the chemical composition of the microparticles,
their size increases.

This work was supported by the project 11.10.1.6 of the Program of Fundamental Research
of the State Academies of Sciences of the Russian Federation.

OBPA3OBAHHME HEHTPOB JIIOMUHECHEHIUN B KEPAMUKAX ®TOPHIA
JIMTHUSA IO AEUCTBUEM ®EMTOCEKYH/IHBIX JIASEPHBIX UMITYJIBCOB

M.A. Mouceesa, B.II. /Ipecesinckuii, E.®. MapTpiHOBHY

Upkyrckuii punnan Mucruryra nazepnoit puzuku CO PAH, Upkytck, Poccus
sasha.moiseeva@mail.ru

FORMATION OF LUMINESCENCE CENTERS IN LIF CERAMICS
UNDER FEMTOSECOND LASER PULSES

M.A. Moiseeva, V.P. Dresvyansky, E.F. Martynovich

Irkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia
sasha.moiseeva@mail.ru

3amaveil JaHHON pabOTHI SBISUIOCH IKCIIEPUMEHTAILHOE HCCIIEIOBAaHUE B3aMMOJICHCTBUS
ONTUYECKUX KepaMHMK (propuaa JUTHS ¢ PEMTOCEKYHAHBIM JIa3€pHBIM HM3JIyYEHHEM B pEXHUME
¢mnamenranun. M3yyanocs o6pa3oBaHie IIEHTPOB JTIOMUHECLIEHIINH B KepaMHKax (ropuja Ju-
tus nop aeictuem cepu (10—-100) ©MIySIbCOB JTa3€PHOTO U3ITYYCHHS.

[TokazaHo, 4TO MOA JeWcTBUEM (PEMTOCEKYHIHOTO JIa3€PHOTO M3IIyYeHHs ONMKHEW WH-
(dpakpacHOll 00JIaCTH CIEKTpa B ONTUYECKUX KEPAMUKAX HAa OCHOBE IIMPOKO30HHBIX KPHCTa-
JMYECKUX coeluHeHuH (propuaa mutus 3h(HEeKTUBHO CO3a0TCS LIEHTPhI OKPACKH, XapaKTEepPHbIE
JUIs  painalliOHHO-OKPAIIEHHBIX MOHOKPUCTAJUIOB. MeXaHM3M CO3/1aHusl LIEHTPOB OKPacKH
BKJIIOYAET BBICOKOHEIMHEHHYIO F€HEPAIIO 3JIEKTPOHHO-IBIPOYHBIX Map B 00JacTH MPOXOXKIe-
HUS (QUJIAMEHTOB WM B 00JACTH MPUHYIUTEIbHON BHEIIHEH (OKYCHPOBKH M3IIy4eHMs], UX pe-
KOMOMHAIMIO C 00pa3oBaHMEM AaHMOHHBIX 3KCHTOHOB, pacmaj SKCUTOHOB Ha (PEHKEIEBCKHE
neeKThl, UX Nepe3apsaaKy, MUTPALUIO U arperanuio.

The objective of this paper was the experimental study of the interaction of lithium fluoride
based optical ceramics with femtosecond laser emission in filamentation mode. We studied the for-
mation of luminescence centers in LiF ceramics under a number (10-100) of laser emission pulses.

It is shown that the colour centers typical of the radiation-coloured monocrystals are creat-
ed effectively in optical ceramics based on wide-gap crystalline compounds of LiF under the ac-
tion of near infrared femtosecond laser radiation.

The mechanism of color centers creation includes the high-nonlinear generation of elec-
tron-hole pairs in the field of filaments passage or in the field of forced external focusing of radi-
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ation, their recombination with the formation of anionic exciton, the decay of excitons into Fren-
kel defects, their recharge, migration and aggregation.

PE3YJIbTATHI U3MEPEHUS TEPEJATOUYHON ® YHKIIUA
YETBIPEXITOJIIOCHUKA C ITOMOUbIO TYM-CUT'HAJIA

124 A, Havymenko, 'A.B. IToanecHsbIrit

"YMucruryT conreuno-semuoit dusuku CO PAH, Upkyrck, Poccust
nayml3@mail.ru
2I/Ip1<yTCKI/1171 HallMOHAJIbHBIN HCCIIeI0OBATENbCKUN TEXHUUECKUN YHUBEpCcUTET, MpkyTck, Poccus

RESULTS OF MEASURING QUADRUPOLE TRANSFER FUNCTION
WITH THE HELP OF LFM-SIGNAL

L2A.A. Naumenko, A.V. Podlesny

YInstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
?Irkutsk National Research Technical University, Irkutsk, Russia

N3mepenus nepenaToyHoil PyHKIIMHA MPOBOJUINCH Ha MaKeTe MOCIEeI0BATEILHOTO KOJIe-
0aTenbHOr0 KOHTYpa C 3apaHee paccunTaHHbIMA AUX 1 ®UX. XapakTepucTUKH MakeTa ObLIH
MIPOKOHTPOJIUPOBAHBI € MOMOIIBI0O TAPMOHUYECKOTO CUTHAJIA COIJIACHO OINpPEACNICHUIO Mepeaa-
ToyHoi pynkiuu. M3mepenusie ¢ momompio JIUM-curnana AUX nu @YX makeTa X0OpoImio co-
NI1aCyroTCAaA ¢ pe3yibTaTaMiu, IMMOJIYYCHHBIMU C IMOMOIIBIO TAPpMOHHUYCCKOI'0 CUTHAJIa, U C pC3YyJib-
TaTaMH YHCICHHOT'O MOJIEIHPOBAHUSI.

To perform simulation, we manufactured the model that was series oscillatory circuit with
pre-calculated characteristics. Characteristics of manufactured model were measured by harmon-
ic signal according to the definition of the transfer function. Amplitude-frequency characteristics
and phase-frequency characteristics, obtained using method of LFM sounding, agree well with
the mathematical model and results obtained with the use of harmonic signal.

SHEPTETUYECKHA CIIEKTP ®OTOHOB, U3J1YYEHHBLIX CBOBOJJHBIMHA
HECTABWJIBHBIMU AIPAMHU B TEPMOCTATE

10.10. IlanTeneeBa, A.H. Baaa

WpxyTtckuii rocyiapcTBeHHBIM yHUBEpCHUTET, MpkyTck, Poccus
panteleevajuliya@mail.ru

ENERGY SPECTRUM OF PHOTONS RADIATED BY FREE UNSTABLE
NUCLEI IN A THERMOSTAT

J.Yu. Panteleeva, A.N. Vall
Irkutsk State University, Irkutsk, Russia

Pabota nocasiieHa HaXOKACHUIO M aHATN3Y YHEPTETUYECKOTO CHEKTpa MOTIIOMCHNS U 13-
JaydeHus B mpoueccax M+y—M* (mporuecc MOTJIOMEHUS Y-KBaHTa CTAOMIIBHBIM SIPOM MacChl
M) u M*—y+M (mporecc U3TydeHUs1 Y-KBaHTa HECTAOMIIBHBIM SIAPOM Macchl M™). Dtu mpo-
1ecchl JexaT B ocHOBe 3¢ dexkra MeccOayrpa. HOBBIM sIBiIIeTCS MOJlydye€HHE aHAIUTHUYECKOTO
BBIPAKCHUS ISl SHEPTETHYECKOTO CIIEKTPA, TO3BOJIAIONIETO BEIYHCINTG B TI000H MOMEHT Cpen-

h h\ _ [Eh
Hee 3HaueHUe <Ev > no pacnpenenenuto ¢(E,), T. e. BeJmthy<Ey > = j E,/'o(E,)dE, . Hackonbko
HaM W3BECTHO, SIBHBII BHI (yHKIMHU pactpenencenus ¢p(E£,) Hurae He npusoxurcs. [Ipu ero mo-
JYYCHUU MBI HCIIOJIb3YEM 3aKOH COXPAHCHHS SHEPTHH—UMITYJIbCA Il ACHMIITOTHUECKH CBOOO/I-

HBIX COCTOSTHUM YKa3aHHBIX BBILIE MPOIECCOB U pacipeaeraeHrue MakcBemia Mo CKOPOCTSAM CH-
CTeMbI CBOOOJIHBIX siiep B TepMocTaTe. [locie BerancieHuit moryueHo OKOHYATEbHO:
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2 2
O(EF) = Bexp{—A(E;ad ~(E,-R)) } O(EP*) = B’exp{—A'(Ej‘bs ~(Ey+R)) }

rae A, B, A', B, Eo u R — u3BecTHble KOHCTAHTBI, 3aBUCAIIUE OT Macc siep, TeMIepaTypsl T u
BPEMEHU KU3HU HECTAOMIIBHBIX sI/IEP.

The article is devoted to finding and analyzing of absorption and radiation energy spectrum
in M+y—M* process (the process of absorption of y-quantum by stable nucleus of mass M) and
M*—y+M process (the process of radiation of y-quantum by unstable nucleus of mass A*).
These processes are the basis of the Mossbauer Effect. Our original result is an analytical expres-

sion of energy spectrum that allows to calculate an average value <Eyh> of the distribution ¢(£,),
I. e. the integral <Eyh>:jEYh(p(Ey)dEy. As we know, the explicit form of distribution function

¢(E,) is not given in the literature. We use conservation law of energy-momentum for asymptot-
ically free states of the above processes and Maxwell distribution for the velocities of free nuclei
in a thermostat. As a result of calculations we have obtained finally:

2 2
O(E™) = Bexp{—A(Eyrad —(E, —R)) } O(ES) = B’exp{—A'(Ejbs —(E, +R)) }
where 4, B, A', B', Eo u R and R are known constants dependent on masses of nuclei, temperature

T and lifetime of unstable nuclei.

PETUCTPAIIASA BAPUALIMIA AMILIUTY bl
N ®A3bI CUTHAJIOB HABUT'AIIMOHHBIX CAB-IIEPEJATYUKOB

A.C. IToneraeB, A.I'. Yencknii, [.A. TokmaueB

HpkyTckuil HalMOHAIBHBIN UCCIEA0BATENLCKUI TEXHUYECKU YyHUBepcuTeT, UpkyTck, Poccus
sardaukar9@yandex.ru

REGISTRATION OF AMPLITUDE AND PHASE VARIATIONS OF SIGNALS
OF NAVIGATIONAL VLF TRANSMITTERS

A.S. Poletaev, A.G. Chensky, D.A. Tokmachev
Irkutsk National Research Technical University, Irkutsk, Russia

CrepxamuHHbIe  pannoBosHbl (C/IB) Hanwm mmpokoe mpuMeHEeHHEe B paiOHABUTAIIMOH-
HBIX CHUCTEMax, a TAKXKE B CHUCTEMax IepeJaydl CUTHAJIOB €IUHOTO BPEMEHHU U HTAJIOHHBIX Ya-
croT. Curnanbl C/IB-niepegaT4nKkoB pacpOCTPAHSIIOTCS Ha THICSYM KUJIOMETPOB, OTPAXKASICh OT
36eMHOM TOBEPXHOCTH U HIDKHUX clIoeB MOHOC(hepsl. HempepriBHAS perucTpalivs BapHalui am-
muTyasl U gasel CJIB-curHamoB mo3BoJisieT MpOBOAUTE JOJTOBPEMEHHBIM MOHUTOPHUHT MOHO-
cheppl. OgHAKO CUTHAJBI MPAKTUYECKU BceX coBpeMeHHbIX CJIB-mepenaTdynkoB MaHUITYIIAPO-
BaHbI 110 yactore MmerogoM MSK (minimal shift keying), u mpu $a30BbIX H3MEPEHHUSIX BO3HHKACT
3a/a4a pasneneHus Gpa3zoBoro Japeida B BOIHOBOAE 3eMiss—MoHOCheEpa U u3MeHEeHH (a3bl, 00y-
CJIOBJICHHBIX MOJyJisAlMei. B cratbe paccmaTpuBaroTcs crmocod orneHkH (a3bl MeHTPaTbHON He-
Cyllled YacTOThl MW alMapaTHO-NMPOrpPaMMHBIA KOMIUIEKC peructpanuu napamerpo C/IB-
pamuocurHanoB. IIpuBeneHsl pe3yapTaThl MOAECIMPOBAHUS, a TAKXKE IMPEACTABICHBI SKCIEPH-
MEHTaJIbHbIC IaHHbIE.

Very low frequency (VLF) radio waves are commonly used in radio navigational systems
and the systems transmitting signals of universal time and reference frequencies. VLF transmitter
signals propagate over thousands of kilometers via reflecting between the Earth surface and the
bottom layers of the ionosphere. Continuous registration of VLF signal amplitude and phase var-
iations enables to organize long-term monitoring of the ionosphere. However, the majority of the
VLF transmitters use minimum shift keying (MSK) method, thus phase measurements involve
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separating the phase drift in the Earth—lonosphere waveguide from the phase changes caused by
the modulation. The article describes a VLF receiver structure and demonstrates a method of
evaluating the central frequency carrier phase. Results of modeling and experimental data are
also presented.

PABPABOTKA BBICOKOYYBCTBUTEJIbBHOI'O EMKOCTHOI'O JATUUKA
ML.A. Ilonos, P.P. JlaTbinoB

Kazanckuii (IlpuBomkckuit) dpenepanbHblii yHuBepcuTeT, Kasans, Poccus
ministermaxxx@gmail.com

DEVELOPMENT OF HIGH-SENSITIVITY SENSITIVE CAPACITIVE SENSOR

M.A. Popov, R.R. Latypov
Kazan (Volga Region) Federal University, Kazan, Russia

CoOpanHoe yCTpOMCTBO MpeJHa3HAYeHO JIsI YIpaBJICHUS MapaMmMeTpamMu pas3InuHbIX
CUCTEM NYTEM U3MEHEHUsI EMKOCTH YaCTOTO33a4at0IIe! LIENU B TEHEPATOPE.

B cocTaB gatumka BXOJAT JBa reHepaTOopa CUTHAJIOB MPSIMOYTOJIbHOM (OPMBI: YaCTOTa OJI-
HOT'O M3 HUX YNpPaBJISETCS MOTEHIIMOMETPOM, YacTOTa BTOPOIO ONPEAEIAETCS MOJOKEHUEM aH-
TEHHbl OTHOCHUTENIbHO MPOBOISAMIMX MaTepuanioB. CUTHaJbI C JBYX F€HEpPaTopoB MOJAIOTCA Ha
CMECHUTEITb, Ha BBIX0JIE KOTOPOTo 00pa3yeTcsi CUTHAJ pa3HOCTHON YaCTOTHI.

The developed device is designed to control parameters of different systems by variation
the capacitance of frequency control circuit in the generator.

The probe includes two square waveform generators: the frequency of the first one is
changed by potentiometer, and the frequency of the second one is determined by the position of
the antenna relative to conductive materials. Signals from two oscillators are fed to a mixer,
where the signal of difference frequency is formed.

®EHOMEHOJIOTMYECKHUM MOJIXO0 K ®YHKIUAM ®PATMEHTAIIAA
B ’/KECTKUX ITPOIECCAX

'0.B. Camoiijios, L2A.K. CokonbHMKOBA

!TaGopatopust sxepHbIx mpo6iem um. B.I1. [xenemnosa,
OOBbenMHEHHBI MHCTUTYT SAEPHBIX HccaenoBanuii, [lyoHa, Poccus
ZI/IpKyTCKI/Iﬁ rocynapcTBeHHbIN yHUBepcuTeT, UpkyTck, Poccust
AEdemsk@gmail.com

PHENOMENOLOGICAL APPROACH FOR FRAGMENTATION FUNCTIONS
IN HARD PROCESSES

'0.B. Samoilov, »?A.K. Sokolnikova

'Dzhelepov Laboratory of Nuclear Problems, Joint Institute for Nuclear Research, Dubna, Russia
%Irkutsk State University, Irkutsk, Russia

PaccmoTpenbl peakiuu ¢ pokICHHEM KBapKOB: aHHUTHIISALMS €+e— M TIIYOOKO HEeYIpyroe
paccesiHie 3apsHKEHHBIX JISITOHOB M (QHTH-)HEMTPUHO C HYKJIOHAMH B TepMHHAX (YHKIMHU (par-
MeHTanuu. [IpoBeneHo MozenvpoBanue mo Merony MoHTte-Kapno ¢ uenbro MmojiydeHuss OTHOCH-
TENBHBIX CEUCHUH pOoXKAeHUs (ToJHbIe (YHKIMHU (hparMeHTalMH) 3apsDKCHHBIX MHOHOB, a TaKkKe
pa3zieneHuss MapTOHHBIX BKJIAZIOB B 3aBUCHMOCTH OT B3aMMOJICHCTBYIOIETro kBapka. IlocTtpoeHa
CXeMa M3BJICYEHHS MAPTOHHBIX M (PAKTYpHBIX (QYHKIMH (parMeHTaIlMy U3 TOJTYYEHHBIX MOJIEIH-
POBaHHBIX cCOOBITHIA. [IpoBeIeHa ynCIeHHAs OIIeHKA BKJIA/IOB B MOJHYIO (PYHKIIHIO (hparMeHTaITUH.
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We discuss quark productions such as e+e— annihilation and deep inelastic scattering of
charged leptons and (anti-) neutrinos with nucleons in terms of fragmentation functions. We per-
formed Monte Carlo simulations in order to obtain relative cross sections (complete fragmentation
function) of charged pions and to divide parton contributions depending on sroked quarks. We de-
veloped a scheme of extracting parton and fracture fragmentation functions from simulated events.
There was held the numerical evaluation of contributions to the total fragmentation function.

MOJEJUPOBAHUE JUAT'PAMM HATIPABJIEHHOCTH
MUHHUATIOPHOUW AHTEHHOUW CUCTEMBbBI

A.A. CBetoBH0B, P.P. JlaTEIOB

Kazanckuii (IlpuBomkckuit) henepanbHblil yHuBepeuTeT, Kasanb, Poccus
andreysvetovidov@mail.ru

MODELING OF RADIATION PATTERNS OF MINIATURE ANTENNA SYSTEM
A.A. Svetovidov, R.R. Latypov

Kazan (Volga Region) Federal University, Kazan, Russia

[TocTpoenue nquarpaMM HampaBICHHOCTU AHTEHH SIBISIETCS KJIACCUYECKOM 3a/aueid u3yde-
HUS paclpOCTPAHEHUS HIIEKTPOMAarHUTHBIX BOJIH. B 1anHO# paboTe BHUMaHHE YIEICHO aHATIHU3Y
U3ITy4eHUs HE TOJIbKO aHTEHHBI, HO U CBSI3aHHBIX C HEH JIEKTPUUECKUX IIeTICH.

C sTolt 1enpio ObLIM CMOJEIMPOBAHBI JUArpaMMBbl HAIIPABICHHOCTH MHUKPOIIOJIOCKOBOM
AQHTEHHBI U LIeTIed MOABOJAKU MUTaHUA. Takyke ObLJIO YUTEHO BIUSHUE TaKuX (AKTOPOB, KaK KOp-
IIyCUPOBAaHHE MEYATHOM IJIATHI.

The construction of the antenna radiation pattern is a classic problem of studying the elec-
tromagnetic wave propagation. In this project, attention is paid to radiation not only of the antenna
but also of the associated electrical circuits.

For this purpose, the microstrip antenna and supply circuits radiation patterns were simulat-
ed. Also, factors such as printed circuit board packaging were taken into account.

KOMILIEKCHASI TUATHOCTHUKA JE®OPMAIIAN MIPUIIOBEPXHOCTHBIX
IHOPOJA B CEUCMOAKTHUBHOM PEI'MOHE HA ITOJTYOCTPOBE KAMYATKA

A.A. Coaoguyk

HHCcTuTyT KOCMO(DU3NYECKUX UCCIENOBaHUH U pacnpocTpanenus paguoBoin IBO PAH,
[Taparynka, Poccus
aleksandra@ikir.ru

COMPLEX DIAGNOSTICS OF NEAR-SURFACE ROCK DEFORMATIONS
IN A SEISMICALLY ACTIVE REGION OF KAMCHATKA PENINSULA

A.A. Solodchuk
Institute of Cosmophysical Research and Radio Wave Propagation FEB RAS, Paratunka, Russia

B ceiicMoakTHBHOM permoHe Ha mojyocTpoBe Kamuarka B JBYX MyHKTax HaOJIOJICHHIMA
MIPOBOAMTCS KOMIUIEKCHBIM MOHUTOPHUHT JAedopMaluii MPUIOBEpXHOCTHBIX MopoA. OH BKIIIOYAeT
COBMECTHBIE T'€0aKyCTHUECKHE U JIehopMalliOHHbIE U3MepeHus. [ perucTpanny reoakycTuie-
ckoil aMuccun B nuanaszo”e ot 0.1 I'm go 11 k'l HCHOAB3YIOTCS pa3INyHbIE AKYCTUYECKUE CH-
CTEMBI, YCTAHOBJIEHHBIE B €CTECTBEHHBIX M MCKYCCTBEHHBIX BOJOEMAaX: COBMEIIEHHbIE pPa3HOHA-
IpaBJeHHbIE THIPO(MOHBI, MPOCTPAHCTBEHHO-Pa3HECEHHbIE TUAPOPOHBI U KOMOMHHPOBAHHBIC
BEKTOpHbIE MpueMHUKHU. Jlepopmannn 3eMHON TOBEPXHOCTU M3MEPSIOTCS JIa3epHBIM JedopMo-
rpadom-uHTEpHEPOMETPOM U OLIEHHUBAIOTCA Ha OCHOBE JaHHBIX HakJIOHOMepa. Pe3ynbTarhl coB-
MECTHBIX MCCIIEJOBAaHUHN dMHUCCUU U AedopMaIiii HOATBEPANIN HAIWYHE CBSI3U MEX/y aKTUBH-
3anuen 1eOpMaIMOHHBIX MPOLIECCOB B MPHUIIOBEPXHOCTHBIX OCAJTOYHBIX TOPOJAX U AaHOMATUSMH
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B T€0aKYCTHYECKHUX CHTHAJAaX B JMANa3oHE YacTOT OT €IWHUII J0 MepBbiX AeciaTkoB kI 1. Haunbo-
Jiee SIPKO OHA MPOSBIISETCS Ha 3aKIIOYUTETLHON CTaANH MOATOTOBKH 3€MIIETPSICEHUIA.

Complex monitoring of near-surface rock deformations is carried out at two observation
sites in a seismically active region of Kamchatka peninsula. It includes joint geoacoustic and de-
formation observations. Different acoustic systems installed at natural and artificial reservoirs
are used to register geoacoustic emission in the range from 0.1 Hz to 11 kHz, they are: joint mul-
tidirectional hydrophones, spaced hydrophones and combined vector receivers. The earth surface
deformations are measured by a laser strainmeter-interferometer and are evaluated on the basis
of data registered by an tiltmeter. The results of joint investigations of the emission and defor-
mations confirmed the relation between intensification of deformation processes in the near-
surface sedimentary rocks and anomalies of geoacoustic emission in the frequency range from
units to the first tens of kilohertz. The most vividly this relation appears at the final stage of
earthquake preparation.

KWHETHUKA B3AUMOJIENCTBHUA JAZEPHOI'O U3JIYYEHUSA
C KPUCTAJIJIAMU AJIMA30B

®.A. CtenanoB

Upkyrcknii punuan Mucturyra nmasepuoit dusuxku CO PAH, Upkyrck, Poccus
Hayuno-uccnenoBareasckuil HHCTUTYT npukiaagHon dmsuku UT'Y, Upkyrck, Poccust

fil.step@yandex.ru

KINETICS OF THE INTERACTION OF LASER RADIATION
WITH DIAMOND CRYSTALS

F.A. Stepanov

Irkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia
Applied Physics Institute of the Irkutsk State University, Irkutsk, Russia

MetonoMm KOH(DOKATBHONW CKaHUPYIOMIEH JTIOMHHECIIEHTHOM MUKPOCKOIUU MCCIICIOBAHBI
BPEMEHHBIE XAPAKTEPUCTHKU JIOMHUHECLCHIIMM aIMa30B M3 pocchllield npoBuHUMK JKynHa B
KpacHOI 00JIacTH CIeKTpa MpH BO30YKIEHUU MUKOCEKYHIHBIM JIa3€PHBIM H3JIYYCHUEM C JIJTH-
Hamu BoiH 375, 405, 470, 532 um. B cnekTpax JIOMHHECUEHIIMM H3YyYE€HHBIX KPHUCTAJIIOB
HaOIIto1aeTCs MIMpPOKas mojoca ¢ MakcumymoM ~700 HM. Bpems 3aTyxaHusi cBeueHHUS B ITOU
nosoce coctaisieT 32 He npu 80 K, 23 He npu 300 K u 3 "He pu 480 K. D10 cymiecTBeHHO
PacXOJIUTCSl C U3BECTHBIMHU U3 JINTEPATYphl 3HAUECHHUSIMH BPEMEHH 3aTyXaHUs JTIOMUHECIEH-
nuun NV-nentpoB. Bpems 3aryxanus mromuHecueHind NVO-1ieHTpoB B 0eC(hOHOHHOW JTMHHUH
575 HM U ee IEKTPOHHO-KOJIeOaTeTbHOM KpPbLIe UMEET HEOXKUAaHHO OOJbINIOe 3HAUYeHUE 83 HC U
(hakTHUeCKH He 3aBHCUT OT Temriepatypsl B auanazone 80—480 K. Ilo Bceit BUIMMOCTH, OTMEUYCH-
HBbIE OCOOCHHOCTH WCCIICJOBAHHBIX OOpAa3IloB aiMa3oB OO0YCIOBJIEHBI MX acCTEHOC(HEPHBIM MPOUC-
XOXJICHUEM.

We investigated the luminescence temporal characteristics of diamonds from the province
Juina placers in red area of spectrum under excitation by picosecond laser radiation with wave-
lengths of 375, 405, 470, 532 nm. A broad band with maximum at ~700 nm is observed in the
luminescence spectra of the studied crystals. The luminescence decay time of this band is 32 ns
at 80 K, 23 ns at 300 K, and 3 ns at 480 K; these are significantly different to those values of
NV-centers luminescence decay time known from the literature. The NVO centers lumines-
cence decay time in the zero-phonon line at 575 nm and phonon sideband has an unexpectedly
large value of 83 ns and, in fact, does not depend on temperature in the range of 80-480 K.
Apparently the aforementioned peculiarities of the studied diamond samples are caused by
their astenospheric origin.
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BO3MOKHOCTH IIPUMEHEHMUAA IPDA-JIMJAPA C TETEPOJAUHHBIM
IMPUEMHUKOM JJIsA OIIPEJAEJIEHUSA ITPUTTIOBEPXHOCTHOU
KOHIEHTPAIIMU YI'JIEKUCJIOI'O I'A3A ITPU 30OHANPOBAHHUU U3 KOCMOCA

Al Cyxanos, I'.I'. MaTBuenko, C.B. baduenko

UncturyT ontuku atmocdepst uM. B.E. 3yeBa CO PAH, Tomck, Poccus
say@iao.ru

POSIBILITIES OF USING IPDA-LIDAR WITH HETERODYNE RECEIVER
FOR MEASURING SURFACE CARBON CONCENTRATION
WHEN SOUNDING FROM SPACE

A.Ya. Sukhanov, G.G. Matvienko, S.V. Babchenko
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

Panee B mammx paborax u paborax 3apyoexusix asropos (Matvienko G., Krekov G., Su-
khanov A., Ehret G., et al.) Obu1a Moka3ana IPUHIMITHAILHAS BO3MOKHOCTE H3MEPEHHI KOHIIEH-
Tpalui HEKOTOPBIX MAPHUKOBBIX Ta30B (METaH, YIJIICKUCIIBIA a3, 3aKUCh a30Ta) ¢ opOUTHI 450 KM
Ipu IpUMEHEHUH TexHojoruu IPDA-3onaupoBanus (MHTErpaibHOe IH((dEpeHIIHaIbHOE I10-
TJIoIIeHUe 0 Tpacce). JlaHHas TEeXHOJIOrWs OCHOBaHA Ha MPUEME OTPAKEHHOTO OT Tororpaduye-
CKOM MHUIIIEHU CUTHAJIA U OLIEHKE MTPUIOBEPXHOCTHOM KOHIICHTPAIIMH T'a3a C UCIOJb30BAHUEM BECO-
BbIX (pyHKIIMH. B KadyecTBe MPUEMHUKOB PacCMaTPUBAIOTCS IPUEMHUKH TIPSIMOTO JCTEKTUPOBAHMSL.
C nmpuMeHEHHEM YCHJICHHS B MH(MPAKpAaCHOM JHAIla30He OHM UMCIOT BBICOKHH YPOBCHB IITYMOB.
OnTudeckoe CMEIIEHHUE CUTHAIOB W T€TEPOIMH-TIPUEM SIBIISIIOTCS TIEPCIIEKTUBHBIMU MEXaHU3MaMH
JUTSL TIOHVDKEHUS BIIMSIHUS IIIYMOB, YTO MOKET TTOHU3HUTh TPEOOBAHMS K MOIITHOCTH W3JTyJaTesl CHr-
Hajla U pazMepy NPHUEMHOIO TEJIECKOIa MO CPAaBHEHUIO CO CXEMOM MpsSMOro JAEeTeKTHupoBaHUs. B
JTAHHOM paboTe OLIEHMBACTCS TIOTPEITHOCTh U3MEPEHUH KOHIICHTPAIIMKA TTAPHUKOBBIX T'a30B TPH Te-
TepoauH-ipueme. [IpuBoasTCS nmapamerpsl JUAAPHON CUCTEMBI, IPU KOTOPBIX CIIydaiHas MOrpeL-
HOCTb BOCCTaHOBJICHHUSI IPUIIOBEPXHOCTHOM OTHOCUTENBbHOM KOHLeHTpauuu CO; Huxe 0.2 %.

It has been shown (Matvienko G., Krekov G., Sukhanov A., Ehret G., et al.) principle pos-
sibility to measure the concentrations of greenhouse gases (methane, carbon dioxide, nitrous ox-
ide) from an orbit of 450 km in the application of technology IPDA sensing (integral path differ-
ential absorption). This technology is based on return signal accumulation from the target and
topographical evaluation subsurface gas concentration using weighting functions. As we have
examined the receiver for direct detection receivers, these receivers using infrared amplification
have a high noise level. Optical mixing of signals and heterodyne receiving are mechanisms for
reducing the prospective effect of noise, that can reduce power of laser and receiving telescope
aperture compared with direct detection scheme. In this paper, the measurement error of concen-
trations of greenhouse gases is estimated in heterodyne detection. Parameters lidar system in
which random error recovery subsurface relative CO, concentration below 0.2 % are presented.

PAZPABOTKA HHAYKIHHOHHOI'O MATHUTOMETPA
HA OCHOBE JATYUKA UHT-1 U PE3YJIbTATBI MOHUTOPUHI'A
HA MATHUTHOU CTAHIIUU BAUT'A3AH

E.O. Yuaiikun, /I.B. Kynun, A.1O. I'Bo3napes

T'opHo-AnTaiickuii rocyIapCTBeHHBIA YHUBEpCHTET, [ opHO-AnTaiick, Poccus
evgeniy_uch@mail.ru

DESIGN OF INDUCTION COIL MAGNETOMETER BASED ON INT-1 SENSOR
AND RESULTS OF MONITORING AT MAGNETIC STATION BAYGAZAN

E.O. Uchaikin, D.V. Kudin, A.Yu. Gvozdarev
Gorno-Altai State University, Gorno-Altaisk, Russia

Pa3paboTran MHIYKIMOHHBI MarHUTOMETp Ha ocHoBe maTumka MHT-1, ocyiecTBisronmit
peructparuio D-, H-KOMITIOHEHT TeOMarHuTHOTO T0JIs ¢ yacToTol auckperu3armu 100 ['m. Maram-
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TOMETP ITO3BOJISICT PETUCTPHPOBATh KaK T€OMAarHUTHRIC BapHalliy ¢ nepruoaom kopode 200 ¢, Tak u
Pe30HAHCHI HOHOC(HEPHOTO BOTHOBO/IA HA "acToTax 8, 14, 20 ' (1mymMaHOBCKYE pe30HAHCHI).

We developed the induction magnetometer based on INT-1 sensor, responsible for the regis-
tration D-, H-components of geomagnetic field with a sampling rate of 100 Hz. The magnetome-
ter allows us to register both geomagnetic variations with periods shorter than 200 s, and the iono-
spheric resonances of the waveguide at frequencies of 8, 14, 20 Hz (Schumann resonance).

HCIIOJIb30BAHUE CAMMETPUYHBIX 30HAUPYIOLIHUX
MNOCJIEAOBATEJIBHOCTEU HA PAJJAPE EKB SUPERDARN

P.P. ®enopos, K.B. I'pkoBuy, O.U. bepurapar

WuctutyT conmneuno-3emuoit pusuku CO PAH, Upkyrck, Poccus
fedrr@iszf.irk.ru

USE OF SYMMETRICAL SOUNDING SEQUENCES AT EKB SUPERDARN RADAR
R.R. Fedorov, K.V. Grkovich, O.l. Berngardt
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Korepentnsie pagapsl cetu SuperDARN 1mo3BossiIOT NPOBOAUTE HENMPEPHIBHBIA MOHUTO-
PHUHT BBICOKOITMPOTHOM MOHOC(EPHI U ee AMHAMUKHU. B cpeaHemmpoTHoii noHocdepe merona 00-
paTHOro paccesHusl paJAHOBOJIH HA BBITAHYTHIX MOHOC(EPHBIX HEOTHOPOIHOCTSX, SIBIISIOLINICS
0a30BBIM JUTSI TOI0OHBIX PagapoB, UCTIONB3YETCs peke. ITO CBA3AHO C HETOCTATKOM JIOCTATOYHO
CHJIBHBIX 3JIEKTPUYECKHUX MOJeil B moHOChepe, HEOOXOAUMBIX JUIsl CO3aHUS HEOJHOPOIHOCTEH,
OpPUEHTUPOBAHHBIX BJOJIb MAarHUTHOIO MOJIA 3eMiM. Takue JIEKTPUUYECKUE TOJISI MOSBISIOTCS
OOBIYHO JIMIIb BO BpeMs CYIIECTBEHHBIX BO3MYILEHUH KOCMHUYECKOW MOronabl. Takum oOpazom,
cpennemnpotHbie pagapbl SuperDARN 3agacTyro NpUHMMAIOT TOJIBKO CUTHAJIBI, MPEIOMIIEH-
HbIe noHOChepor u oTpaxeHHbIe oT 3emun (ground backscatter). OCOOEHHOCTh TaKMX CUTHAJIOB
COCTOUT B MaJIOM JOIUIEPOBCKOM CMEUICHHU U Y3KoM crekTpe. [loaromy TpeOyroTcst 30HIUpY-
IOLIME TTOCIIEI0BATENIbHOCTH, O0Jiee CII0KHbBIE, YeM Te, YTO ObUIM CO3JaHbI JUIsl UCCIEIOBAHUM B
BBICOKOITUPOTHBIX 00JIACTSIX.

3anagamu paboTHI SBISAIOTCA TEOPETUUYECKUI aHAINU3 U alpodalysi CAMMETPUYHBIX 30HIU-
pyronmx nocienosarenbHocTeil. OHM OCHOBAaHBI HA KBAa3WONTUMAIBHBIX TOJJIOMOOBCKHX IOCIIE-
JI0OBaTEIILHOCTSAX, MOJYYCHHBIX aBTOpaMu panee [Berngardt et al. // Radio Sci. 2015 (in press)], u
Ha [pPHUHLUIE [OCTPOCHHUS CHUMMETPHYHBIX IIOCJIEAOBATEIbHOCTEH, NPEUIOKEHHOM B
[Greenwald et al. // GRL. 2008. 35 (3), L03111].

B pabore mpoananu3upoBaHbl CUMMETPHUYHBIE TOCIEOBATEIBHOCTH, MPOBEICHBI JKCIIe-
PUMEHTHI IO 30HAMPOBAHUIO HOBBIMHU IIOCJIEN0BATEIBHOCTSMH U BBIIIOJHEHO CPaBHEHHWE MOHO-
cepHBIX MapaMeTpoB, MOJYUYEHHBIX C MOMOIIBIO CTAHJAPTHOW M HOBOW 30HAMpYIOIIEH Hocie-
noBaTenbHOCTeN. 1lomydeHsl nepBbie pe3yabTaThl M0 JE€TaTbHOMY CIIEKTPAIbHOMY AHAJIN3Y CHUT-
HaJIOB BO3BPAaTHO-HAKJIOHHOI'O 30HAMPOBaHMsL, IToJ1ydeHHbIX Ha pagape EKB SuperDARN.

SuperDARN coherent radars provide continuous monitoring of high latitude ionosphere
and it's dynamic. Backscatter of radiosignals from the field-aligned ionospheric irregularities
(basic technique for such radars) is used rarely at mid-latitudes. This is due to there are no pow-
erful enough electric fields necessary for creating field-aligned irregularities. The electric field
usually appear during significant disturbances of space weather. So the most frequently mid-
latitude SuperDARN radars receive only signals refracted by the ionosphere and scattered from
the ground (ground backscatter). Significant features of the signals are low Doppler shift and
narrow spectrum. Therefore more complicated sounding sequences are required instead of stand-
ard sequences developed for high-latitude investigations.

The aims of the paper are the theoretical search and experimental testing of symmetrical
sounding sequences. They are based on quasi-optimal Golomb sequences, which have been found
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earlier [Berngardt et al. // Radio Sci. 2015. (in press)], and on the technique of symmetrical se-
guences, suggested in [Greenwald et al. // GRL. 2008. 35 (3), L03111].

In the paper, we made the analysis of symmetrical sequences, presented the experiments
with new sequences and made a comparison of ionospheric parameters obtained by standard and
new sequences. The first results are presented of detailed spectral analysis of groundbackscatter
obtained at EKB SuperDARN radar.

HNHTEI'PAIIMA METOJA BUXAPAKTEPUCTUK U FDTD-METOJA
NP YUCJIEHHOM MOJIEJUPOBAHUUN
PACITPOCTPAHEHMUSA DJIEKTPOMATI'HUTHBIX BOJIH

.M. Yepnsk, JA.C. JJykun

MocKoBCKuii PU3MKO-TEXHUUECKUI HHCTUTYT (TOCYAapCTBEHHBIN yHIBEpcHTeT), Jonromnpyansiid, Poccust
jackch@mail.ru

INTEGRATION OF BICHARACTERISTIC METHOD WITH FDTD-METHOD
FOR NUMERICAL CALCULATION OF ELECTROMAGNETIC
WAVE PROPAGATION

Ya.M. Chernyak, D.S. Lukin
Moscow Institute of Physics and Technology (State University), Dolgoprudny, Russia

IIpy 9ncIIeHHOM pacdeTe pacIpoCTPaHCHUS 3JICKTPOMATrHUTHBIX BOJIH METOJIOM OMXapak-
TEPUCTHK B HEOJHOPOIHOM Cpelie BCTpeuyaeTcs mpodiieMa pacueTa paciupeaeacHus Mo B (OKy-
CHPOBKax. OI[HI/IM n3 CHOCO6OB PCIICHUA 3TOU 3aa4u ABJIACTCA HUCIIOJIB30BAHMEC METOJA KAaHO-
HHYECKOro oreparopa MacioBa. IlpenioskeH anbTepHATHBHBIA CIOCOO pacyeTra IOoJig Ha Kay-
CTHKAaX C IMOMOIILI0 METOIa KOHEUHBIX pa3HocTel Bo BpeMeHHoM obnactu (FDTD-meron). Pac-
CMOTPEHBI TPEUMYIIECTBA M HEAOCTATKH METO/1a, €r0 BO3MOKHOCTH, a TAK)KE MOKa3aHbI TPAHUIIbI
€ro NpuMCHUMOCTH.

There is a problem of the field distribution calculation on caustics for the numerical calcu-
lation of electromagnetic wave propagation in inhomogeneous media with the method of bi-
characteristics. One way to solve this problem is to use the Maslov canonical operator. There is
an alternative method for field calculation on caustics that uses finite difference time domain
method (FDTD-method). The advantages and disadvantages of this method, its capabilities, as
well as the limits of its applicability are shown.

CUCTEMA AHAJIU3A ITOJOXKEHUSA UBSMEPUTEJIBHOI'O 30HIA
M.M. Yynuu, P.P. Jlarsinos

Kazanckuii (IlpuBomxkckuit) dpenepaibHblil yHUBepcuTeT, Kasans, Poccus
grey2paul@gmail.com

ANALYZING SYSTEM OF MEASURING PROBE POSITION

M.M. Chupin, R.R. Latypov
Kazan (Volga Region) Federal University, Kazan, Russia

B nannoii paboTe mpeacTaBieHa pazpaboTka W3MEPUTEITBLHOTO 30HAa. B OCHOBE yCTpoii-
CTBa BXOJUT MOANPYKUHEHHBIN KPIOK, N3MEHEHUE TOJI0KEHUSI KOTOPOTO PErUCTPUPYETCs Mapon
CBETOAMOMOB U Mapoi (OTOIMOI0B. AHAIOTOBBIM CUTHAT Mpeodpasyercss B U(PpoBOi 1 0Opa-
0aThIBaeTCsI MUKPOKOHTPOJIJIEPOM, KOTOPBIi, B CBOIO ouepeib, nepeaaet napopmaruio Ha [1K.

The project represents the development of measuring probe. The basis of the device is a
spring-loaded hook, whose position changes are detected by a pair of LEDs and photodiodes
pair. The analog signal is digitized and processed by the microcontroller which in turn transmits
the information to the PC.
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KOH®EPEHIMSA MOJIOJAbBIX YUYEHBIX
CEKLIUS D
OU3UKA ATMOC®EPBI

W3MEHEHMUE JIABJIEHUS C BRICOTOM B ATUABATHYECKH
IHOJHUMAIOINEMCHA BO3AYXE U OKPYKAIOIIEN ATMOC®EPE

K.C. ABanecsin, P.I'. 3akunsan

CeBepo-KaBkasckuii deaepaibHblii yauBepcutet, CtaBponois, Poccust
awan.kristina@yandex.ru

THE VARIATION OF PRESSURE WITH HEIGHT
IN ADIABATICALLY RISING AIR AND THE AMBIENT ATMOSPHERE

K.S. Avanesyan, R.G. Zakinyan

North-Caucasus Federal University, Stavropol, Russia

I/ICCJIG,Z[yGTCSI BOIIPOC O BOBHUKHOBCHHWHU KOHBCKTHBHOI'O ABHMXKCHHS B aTMoccbepe. HOKaBaHO,
YTO B COCTOSIHHMM CTAaTHKH aTMOC(bepI)I TOPU3O0OHTAJIBHBIC I'PAAUCHTLI TEMIICPATYPhl U IINIOTHOCTH
PaBHbI HYIIIO. YCTaHOBJIeHO, YTO HAJIMYHC 3TUX TPAJUCHTOB BCCrAad 6yI[€T BBI3BIBATh KOHBCKTHB-
HOE€ IBHUXXCHHUC.

The question of the origin of the convective motion in the atmosphere is under study. It is
shown that in a static atmosphere, the horizontal temperature and density gradients are equal to
zero. It is shown that the presence of these gradients always result in convective motion.

BJIMAHHUE COKPAIIEHUA JIEJOBOI'O IIOKPOBA B APKTHUKE HA UBMEHEHHE
HUKJIOHAYECKOU U AHTUITUKJIOHUYECKOU AKTUBHOCTH
HAJI CEBEPHOHU EBPASUEN HA OCHOBE MOJEJIBHBIX PACYETOB

'ML.I'. Aknepos, *'°B.A. CeMeHOB, 'U.M. Moxos

"YucruryT dusuku armocdepst um. A.M. O6yxosa PAH, Mocksa, Poccust
2Haquo-I/Iccnez[013aTeJ11,CKI/H71 LICHTP MOPCKHUX reorpadudeckux uccienopannii ' EOMAP, Kuis, I'epmanus
aseid@ifaran.ru

INFLUENCE OF ICE COVER REDUCTION IN ARCTIC ON VARIATION
OF CYCLONIC AND ANTICYCLONIC ACTIVITIES OVER NORTH EURASIA FROM
MODELING CALCULATIONS

M.G. Akperov, ¥ 2V.A. Semenov, *I1.1. Mokhov

1A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia
2GEOMAR Helmholtz Centre for Ocean Research Kiel, Germany

[IpoBeneH aHanu3 U3MEHYMBOCTH BUXPEBON aKTUBHOCTH (XapaKTEPUCTUK IIUKJIOHOB U aH-
TUIMKJIOHOB) Haj TeppuTopueit CeBepHoit EBpaszum ¢ MCMOIb30BaHHEM pacyeTOB IO MOJEITH
obmieit nupkynsauuu atmMochepst ECHAMS ¢ 3aiaHHBIME pa3TUYHBIME PEXHUMAMH KOHIICHTpPA-
LM MOPCKHUX JIbJOB B APKTHKE B XOJIOJHBIN MEPHUOJ 3a MOCIEAHNUE MAThAECAT JieT. MoJenbHbie
pacyeThl BBINOJIHEHBI IS IEPUOJIOB, COOTBETCTBYIOIMINX BhICOKOU (1966—19609 rT.), H1skoit (1990—
1995 rr.) u ouenb Hu3koM (2005-2012 TT.) KOHIICHTPALUSIM JIbJIA, & TAKXKE JIJIST CPETHEKINMATH-
yeckoro pexxkuma 1971-2000 rr. JIjist pe)KUMOB ¢ BBICOKOM M OY€Hb HU3KOW KOHIICHTPAIUSIMH
JpJa B 3UMHMI niepuos (¢ Haubosee CHIIbHBIMU aHOMalusiMu B perrone bapennesa u Kapckoro
MOpEi) OTMEUEHO CTaTUCTUYECKHU 3HAYMMOE YBEIMUYCHHE KOJIMYECTBA JOJTOKUBYIIUX aHTUIIMK-
JIOHOB (BpeMs ku3HM Ooiiee msiTh AHer) Han CeBepHoit EBpazueit. J{nst 1OATOKUBYIIMX ITUKIIO-
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HOB OTMEYEHO YMEHBLIECHUE UX KonuudecTBa. [Ipm 3TOM MoJenpHbIE pacueThl MOKa3bIBAIOT CTa-
TUCTUYECKH 3HAYMMOE YBEIMYEHHE MHTEHCUBHBIX JOJTOXKUBYIIMX aHTUIUMKIOHOB. J{Jis onro-
JKUBYIIUX LUKIIOHOB IMPOSIBISIOTCS PA3JIMYHbIE TEHICHIIMM U3MEHEHHUS UX KOJWYECTBA B 3aBU-
CUMOCTH OT MHTEHCHUBHOCTU. TakKe clieJlaH aHaju3 MPOCTPAHCTBEHHON M3MEHUYMBOCTH BUXPE-
BoW akTUBHOCTH Haj CeBepHoil EBpasueil. OTMEUEHO yBEIMYEHHUE MOBTOPSIEMOCTH IUKIOHOB
HaJ| LIEHTPaJbHOM yacThio eBpomneiickoi Tepputopun Poccuu (ETP) m aHTHLMKIOHOB Haj ce-
BepHO yacThto ETP s pexumMa ¢ BBICOKOM KOHIIEHTpaluenld MOPCKUX JibI0B B ApkTuke. s
pekuMa ¢ OYeHb HU3KOW KOHILIEHTpalueld MOPCKUX JIbJJOB OTMEUEH CIBUT MOBTOPSIEMOCTH LIHK-
JIOHOB U aHTHULHUKIOHOB B CTOPOHY LeHTpajabHOU yacTu Poccun. PaboTa Oblia yacTUYHO MOA-
nepxana rpantamu POOU (npoextst Ne 14-05-00518, 14-05-31078 u 15-35-21061).

The main goal of this research is to explore the connection between the declining Arctic
sea ice (most strongly expressed in the Barents-Kara Seas region) in the cold season and the
change of cyclonic and anti-cyclonic activity over Northern Eurasia using simulations with at-
mospheric general circulation model (AGCM). The simulations were performed with the
ECHAMS AGCM using identical sea surface temperature climatology but different sea ice con-
centrations (SIC) for the periods corresponding to the high (1966-1969), low (1990-1995) and
very low (2005-2012) SIC regimes in the Arctic as well as for the mean climatological SIC for
1971-2000. The duration of each simulation was 50 years. For the regimes with high and very
low SIC, a statistically significant increase in the number of long-living anticyclones (with life-
time of more than 5 days) over Northern Eurasia was found. Long-living cyclones exhibited dif-
ferent changes in their number depending on their intensity. The analysis of the spatial patterns
of cyclonic and anti-cyclonic activity over Eurasia was performed. We found an increase of the
frequency of cyclones over the central region of the European part of Russia (EPR) and anticy-
clones over the northern region of the EPR for the regimes with a high sea ice concentration in
the Arctic. For the regime with very low SIC the shift of the frequency of cyclones and anticy-
clones towards the central part of Russia was found. The work was partially supported by RFBR
Grants nos. 14-05-00518, 14-05-31078 and 15-35-21061.

CE30HHOE IOBEJIEHHUE BOJJHOBBIX BOSMYIIEHU B ME3OC®EPE .
11O JAHHBIM HABEMHBIX OIITUYECKHUX U CITYTHUKOBBIX HABJIIOAEHUH

A.B. AupeeB

WuctutyT nonocdepsl, Anmarel, Kazaxcran
umzara-zum@rambler.ru

SEASONAL BEHAVIOR OF WAVE DISTURBANCES
IN THE MESOSPHERE FROM
GROUND-BASED OPTICAL AND SATELLITE OBSERVATIONS

A.B. Andreyev
Institute of lonosphere, Almaty, Kazakhstan

[IpencraBneHsl pe3yabTaThl SKCIEPUMEHTAIBHBIX HCCIEAOBAHUM CE30HHOTO IMOBEICHUS
aKyCTUKO-TpaBUTAIMOHHBIX BoJIH (AI'B) Ha BeicoTax me3ochepnl. Habmoneruss AI'B BbmosnHs-
much nipu nomomu cnektpomerpa SATI (Spectral Airglow Temperature Imager) B JITOO «Mu-
ctutyT noHochepsbr» (AnmMarsl). Pe3ysbTaTsl ONTHYECKMX HA3EMHBIX HAOJIOICHUI COMOCTABIISIOTCS
C JIaHHBIMH CITYTHHKOBBIX HaOmoneHuil skcnepumenta MLS (Microwave Limb Sounder). IIpoze-
MOHCTPUPOBAHO, YTO B IaHHBIX Ha3€MHBIX U CIIyTHUKOBBIX U3MEPEHUI PEerucTpUpyIOTCs OIHU U
T€ K€ KOPOTKOIEPHUOAHBIC BOITHOBBIC Mporiecchl MacmTada AI'B.

Presents the results of experimental studies of the seasonal behavior of acoustic-gravity
waves (AGW) at altitudes of mesosphere. The observations were made using the AGW spec-
trometer SATI (Spectral Airglow Temperature Imager) in the Institute of lonosphere (Almaty). Re-
sults of the ground-based optical observations were compared with data of satellite observations of
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the experiment MLS (Microwave Limb Sounder). It is demonstrated that in the ground-based and
satellite measurements recorded the same short-period wave processes having AGN scale.

W3MEHEHUE TPOCTPAHCTBEHHOM CTPYKTYPbl U UHTEHCUBHOCTH
JIETHEI'O BOCTOYHOA3HUATCKOI'O MYCCOHA
B IEPHUOJIbI ATMOC®EPHOI'O BJIOKUPOBAHWS HAJl ASUEN

'0.10. Autoxuna, ‘TI.H. AHTOXHH, ’E.B. JleBsiTOBA, ’B.1. MopaBuHOB

"YMucruryT omruku armocdepst um. B.E. 3yesa CO PAH, Tomck, Poccust
*UucTuTyT conHeuno-3emMuoi dusuku CO PAH, pkytck, Poccus
olgayumarchenko@mail.com

CHANGE OF EAST ASIAN SUMMER MONSOON SPATIAL STRUCTURE
AND INTENSITY DURING THE ATMOSPHERIC BLOCKING PERIODS OVER ASIA

'0.Yu. Antokhina, *P.N. Antokhin, E.V. Devyatova, 2V.l. Mordvinov

W E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
’Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Ha ocnoBe nannbix peanannza NCEP/NCAR (1948-2014 rr.) u ECMWEF (1958-2014 rr.)
UCCIIEIOBAHO BIMsIHUE aTMoc(epHOoro GI0KUpOBaHUs HaJ A3Mel Ha XapaKTePUCTHKU LUPKYIIS-
MU JIETHETO BOCTOYHOA3MAaTCKOTO MYCCOHA B MEPHOJ] €r0 MAaKCUMAIBHOTO Pa3BUTHS (UIOJb).
st unenTudukanuu OJOKHUPOBAHUS ObUT MCTOJB30BaH KPUTEPHUH, IPEIJIOKESHHBIN Tubanbam
u Montenu (Tibaldi, Molteni) B 1991 r. u ocHOBaHHBIN Ha aHAJIKM3E BHICOTHI H300APUUECKOM TTO-
BepxHocTH 500 rlla. B xauecTBe MOMOHUTEIBHOTO KPUTEPHS aHAIU3a COOBITUI OJIOKMPOBAHUS
MBI UCTIOJIF30BaJIM BETUYHUHY MTOTCHIIMATLHOW TEMIIepaTyphl B pailoHe JUHAMHYECKOM Tporona-
y3b1 (PV-0). UccnenoBanne mpocTpaHCTBEHHOTO pacnpenencHuss PV-0 mo3BosiseT onpeaensirsb
MIPOUCXOXKACHUE M HCCIIEeN0BATh TPaHC(OPMAIMIO BO3MYIIHBIX MacCc B pailoHEe OIIOKMPOBAHUS.
Ha ocHoBe ananm3a, BBITIOJHEHHOTO JJI OOJBIIIOTO KOJWYECTBA COOBITHI OJOKUPOBaHUS, ObUIH
BBHISIBJICHBl OCHOBHBIC MEXaHU3MbI BIUSHUS OJIOKWHTA Ha MYCCOHHBINA MOTOK, a TaKXKE M3yYEHBI
CBOMCTBA IMKJIOHOB, (DOPMUPYIOIIUXCS B PE3yNbTaTe B3aUMOJICHCTBUS BO3AYIIHBIX MacC yMe-
PEHHBIX HIMPOT U TPOIUKOB. OKa3anock, YTo aTMOCchepHOe OIOKUPOBAHHE UTPAET OCHOBOIOA-
TaroNIyI0 poJib B (OPMUPOBAHUU MEpeHOCca Biard BocTouHOA3MAaTCKUM MYCCOHOM M Tiepepac-
npesieJIeHuH aHoMaluil aTMochepHbIX ocaakoB. Hannune uimm oTcyTcTBHE OJIOKHPYIOLIETO MPO-
1[ecca OmpeeliseT CTeIIeHb PAaclpOCTPAHECHUS BiIard Briayob Asuu. [Ipu orcyTcTBHM OIOKWHTOB
Hajg Asuelt Biara BocTouHoa3maTckoro MyccoHa HE paclpOCTpaHseTCsl Ha ceBep, a IpU Hallu-
YU OJOKWHTa ero MPOCTPAHCTBEHHAs JIOKATU3aIUs MOJHOCTHIO OMpeneisieT KOH(PHUTypaIuio
aHOMAJIMA OCaJTKOB B ceBepHOW yacth BocTounoit Asum. Takxke Obuto OOHApPYKEHO, YTO
ocnabieHue MYCCOHHOW ITUPKYJISIUN B BOCTOUHON A3uu CBS3aHO C YMEHBIIIEHUEM TOBTOpsIe-
MOCTH COOBITHIT aTMOC(epHOTo OJOKHMPOBAHUS B JOJTOTHOM CEKTOpE MUPHUHOHN okoio 30° ¢
[EHTPOM MPUOIUZUTENHHO Haf 03. baiikan.

In our work we investigate the influence of atmospheric blocking over Asia on the East
Asian summer monsoon circulation in the period its maximum (July) based on the re-analysis
data archives NCEP/NCAR 1948-2014 and ECMWF 1958-2014. To identify the blockings we
used criterion proposed by Tibaldi and Molteni in 1991, based on an analysis of the geopotential
height 500 hPa. As an additional criterion for the blocking events analysis we used the value of
potential temperature in the vicinity of the dynamic tropopause (the PV-0). Study of the PV-0
spatial distribution allows us to examine the origin and transformation of air masses in the block-
ing area. Based on the analysis of large number of blocking events we identified the main mech-
anisms of blocking influence on the monsoon and studied the properties of cyclones formed by
the interaction of air masses from mid latitude and tropics. It turned out that the atmospheric
blockings play a fundamental role in the formation of the East Asia monsoon moisture transport
and in the precipitation anomalies redistribution. The presence or absence of blocking processes
determines the extent of moisture into Asia. In the absence of blockings over Asia East Asian
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monsoon moisture does not extend to the north, and in the presence of blockings their spatial
configuration and localization completely determines the precipitation anomalies configuration
in the northern part of East Asia. We also found that the weakening monsoon circulation in East
Asia is associated with decrease in the frequency of atmospheric blocking events in the longitu-
dinal sector width of about 30° with the center of the lake Baikal.

JAUATHOCTHKA JINTOC®EPHO-HOHOC®EPHBIX CBA3EM
11O HABJIIOAEHUAM BAPUALIUU AMIIJIMTY Ibl 'PO30BBIX CUT'HAJIOB

B.B. ApryHos, B.A. MysuiasipoB

HuctutyT KocModusndeckux uccienoBanuii u aaponomun uM. FO.I'. Illadepa CO PAH, fxyrck, Poccus
argunovVv@mail.ru

DIAGNOSTICS OF LITHOSPHERE-IONOSPHERE RELATIONS
FROM OBSERVATIONS OF THUNDERSTORM SIGNAL AMPLITUDE VARIATIONS

V.V. Argunov, V.A. Mullayarov
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

Jlnst AMCTaHITMOHHOTO MOHHUTOPWHTA BO3MYIIICHUH B HIDKHEW HMOHOC(epe, B 4aCTHOCTH,
ISl MCCIIeIOBaHMSI HOHOC(HEPHBIX OTKIMKOB, 00YCIOBICHHBIX CEHCMHYECKONH aKTHBHOCTBIO,
YacTO MCHOJIb3YIOT CUTHAJIbl HU3KOYACTOTHBIX paJMOCTaHIMi. B kadecTBe BapumaHTa JAaHHOTO
MeTOoJa NIl OOHApYKEHUS CEHCMHUYECKHX BO3MYIIEHUN B HOHOC(Epe MOMKHO HCIIOJIb30BaTh
€CTECTBEHHbIE PAJIMOCUTHAJIBI — AJIEKTPOMArHUTHOE M3Iy4eHHE TPO30BBIX pa3psaoB (aTMocde-
pukn). ITo pe3ynbpTaram mpeaBapuTENbHBIX HaOmoneHui aTMocheprkoB B Skyrcke (¢=62.1° N,
A=129.7° E) 3emneTpsceHus, MarHuTya KOTOPBIX OobIe 5, a riryOnHa He mpeBbIimaet 50 KM,
MPOSIBIISIIOTCS B BUJIE YCUJICHHSI CPETHEYACOBOM aMILIUTY IbI aTMOC(HEPUKOB B JIEHb COOBITUS WIIH
B TeUEHHUE TpeX AHEH mocie Hero. Bapuanuy aMImuTy bl B IPEALIECTBYIONINE 3eMIIETPSICEHUIO THH,
BBIPKEHHBIC B BUJIE POCTA AMILTUTY/IbI, PACCMATPUBAIOTCS B KAUECTBE MPEIBECTHUKOB.

For distant monitoring of disturbances in the lower ionosphere signals of low-frequency
radio stations are often used. In particular, the method is used for investigation of ionospheric
responses caused by seismic activity. As a variant of this method, for the detection of seismic
disturbances in the ionosphere one can use natural radio signals - an electromagnetic radiation of
thunderstorm discharges (atmospherics). By results of previous observations of atmospherics at
Yakutsk (¢=62.1° N, A=129.7° E) the earthquakes whose magnitude is more than 5 and the
depth does not exceed 50 km, are manifested in the form of amplification of hourly average am-
plitude of atmospherics on the day of event or in the range of 3 days after it. The amplitude vari-
ations during days preceding an earthquake expressed in the form of amplitude growth are con-
sidered as precursor.

JOJI'OBPEMEHHBIE UBMEHEHUSA TEIVIOCOAEP KAHUSA OKEAHA
N BETPOBOE HAIIPA’KEHUE

E.I1. besaoycoBa

WucTutyT conneuno-3emHuoi ¢pusukun CO PAH, Upkyrck, Poccust
elenapbel @iszf.irk.ru

LONG-TERM CHANGES IN OCEAN HEAT CONTENT AND WIND STRESS
E.P. Belousova
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[IpoBeneHo wucclieoBaHUE JOJITOBPEMEHHBIX W3MEHEHHI TEeIIOCOAepKaHusl OKeaHa.
[Toxazana 3aBucuMOCTb TemiepaTypsl noBepxHoctu okeana (TI1O) ot 30HanbHON KOMITOHEH-
Thl BETPOBOT'O HANPSKEHUSI B paCCMaTPUBAEMOM pervoHe. BhIABIIEHO, YTO B OTKJIIOHEHHSIX TeM-
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JIOCOZICPIKAHUSL CPEHEIIUPOTHOM 30HBI THXOr0o OKeaHa MPOCIIEKUBACTCS TPU MEepUoaa. Y cuie-
HHE 30HAJIbHOM KOMIIOHEHTEI BCTPOBOI'0 HAIPAKCHHA IMOBCCMCCTHO IMPHUBOAUT K IMOHHMXKCHHIO
TEMIIEpaTypbl MOBEPXHOCTH OKeaHa. V3MeHeHue HMpKyIsIuuu atMoc@epbl HEMOCPEICTBEHHO
OKa3bIBACT BJIIMAHUC HA TCMIICPATYPY IMOBCPXHOCTHU OKCAHA.

We studied long-term changes in ocean heat content. It was shown a dependence of the sea
surface temperature (SST) from the zonal component wind stress in the region. Revealed that the
deviations of the heat content of the medium-Pacific zone is traced three periods. Intensification
of the zonal component wind stress lead to towards lowering sea surface temperature (SST).
Changing atmospheric circulation directly affects the temperature of the ocean surface.

OIEHKHU CITUPAJIBHOCTHU B ATMOC®EPHOM IIOI'PAHUYHOM CJIOE
1O JAHHBIM AKYCTHYECKOI'O 30HANPOBAHUA

H.B. Ba3zaeBa, B.®. Kpamap, P./l. Ky3nenos, B.C. JIwawkun, O.I'. Uxetuann

WnctutyT Puszuku atmocdepst um. A.M. ObyxoBa PAH, Mocksa, Poccus
ifanataly@gmail.com

HELICITY ESTIMATIONS IN THE ATMOSPHERIC BOUNDARY LAYER
FROM ACOUSTIC SOUNDING DATA

N.V. Vazaeva, V.F. Kramar, R.D. Kuznetsov, V.S. Lyulyukin, O.G. Chkhetiani
A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

3amaueil HACTOAIIETO MCCIEIOBaHMS SBISUTUCH ONpPENEICHUE CIUPAIHHOCTH Ha OCHOBE
AKCIIEPUMEHTAIBHBIM JaHHBIX M MPOBEPKa BO3MOXKHOCTH OLEHKH CIHPaIbHOCTU B aTMocdep-
HOM norpanuyHoM cioe (AIIC) ¢ moMOUIpI0 KOMIOHEHT CKOPOCTH T'€0CTPOPUIECKOTO BETPa
B cBOOOHOM aTMocdepe.

Hcnonb3yroTest JaHHBIE SKCIIEPUMEHTOB 10 aKycTU4eckomy 3oHanpoBanuio AlIC, Beimon-
HeHHbix B Kanmeikuu (2007 r.), PoctoBckoii obmactu (2012 r.) u va Hnumodeprene (2009 r.).

JUtst IJIOTHOCTH CHUPATBHOCTU KPYITHOMACHITA0OHBIX JABMKEHUH MOTy4eHbl 3HaueHus 0.3—
0.6 m/c’. CrnupagbHOCTH TTOBBIMIACTCS MTPU HAOIIOACHUSX HOYHBIX CTPYWHBIX TCUCHUM.

Cpenusisi 0 CIIOI0 CIUPABHOCTh B aTMoc(epHOM morpaHudHoM cioe cocrasisier 0.02-
0.12 m/c’.

B ycnoBusAX OTCYTCTBHS CHJIBHOM KOHBEKUMH Oblia OOHapy)KeHa XOpoIlash KOppEessIus
MHTErpalbHON CIMPATbHOCTH U KBaJpaTa CKOPOCTU BETpa Ha BEPXHUX YPOBHSX 30HIUPOBAHUS
(400-800 m).

[Tpunocum 6marogaprocts M.B. Kypranckomy 3a KOHCTPYKTUBHBIC 3aMEUaHUs M HHTEPEC
K padote. MccnenoBanus BeinonHeHsbl npu nojuepxke PHO (mpoext Ne 14-27-00134).

The goal of the present investigation is to determine the helicity in terms of experimental
data and to check the possibility of the Atmospheric Boundary Layer (ABL) helicity estimation
with the help of the geostrophic wind velocity component.

The ABL acoustic sounding experiment data obtained in Kalmykia (2007), in the Rostov
region (2012) and on the Svalbard (2009) are used.

The mean value for the large-scale motions helicity density were obtained (0.3-0.6 m/s®). Note
that there are significantly higher values of helicity during the nocturnal low-level jet events.

The layer average helicity in the ABL is closed to theoretical and empirical estimates of
turbulent helicity (0.02-0.12 m/s?).

There is a good correlation between the integral helicity with the square of the wind velocity
on the higher sounding levels (400-800 m) in slightly unstable or neutral stratification conditions.
The authors are grateful to M.V. Kurgansky for his constructive comments and interest in this
work. This study was supported by the Russian Science Foundation (project No. 14-27-00134).
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IIPUPOJIA BAPUALIMI TAMMA-U3JIYYEHHUS BO BPEMSI OCAJIKOB

A.B. I'epmanenko, 10.B. banaoun, b.b. I'Bo3aeBckuii

[onspueiii reopusnueckuii uacTutyT KHI PAH, Amatutsl, Poccus
germanenko@pgia.ru

THE NATURE OF GAMMA RADIATION VARIATIONS DURING PRECIPITATIONS
A.V. Germanenko, Ju.V. Balabin, B.B. Gvozdevsky
Polar Geophysical Institute KSC RAS, Apatity, Russia

B IMonsproM reopu3nueckoM MHCTUTYTE CO37aHa KOMIUICKCHAs YCTAHOBKA M BEJICTCS He-
MPEPBIBHBIE MOHUTOPUHT PA3JIMYHBIX KOMIIOHCHTOB BTOPHYHBIX KOCMHYECKHUX Jydel. K HacTo-
SIIeMy BPEMEHH ITIOMHUMO CTaHJIaPTHOTO HEUTPOHHOTO MOHUTOPA pabOTalOT CIIMHTHILISITHOHHBIC
JIETEKTOPBI TaMMa-KBaHTOB, O€CCBUHIIOBAS CEKIUSI HEHTPOHHOIO MOHHMTOPA U JIETEKTOPHI 3apsi-
JKEHHOM KOMITOHEHTHI. CHMHTHUJUISIIUOHHBIC IETEKTOPHI PErUCTPUPYIOT KBAHTHI C DHEPTHUSAMH OT
20 x3B 1o 5 M»sB. C noMolpio aMIUIMTYTHOTO aHAJIU3aToOpa HEMPEPHIBHO BEAYTCS M3MEPEHUS
IudGepeHIMAIBHOTO CIICEKTpa TaMMa-H31ydeHrs. AHAJIN3 JaHHBIX MTOKa3aJl HAJIMYUE BO BpeMs
0CaJIKOB BO3PACTaHHMI raMMa-u3JIy4eHHs, cocTaBsomux 10 50 % ot dhoHa U IAIMUXCS 10 He-
CKOJIBKUX YacoB. Beero 0wu10 3aperucrpupoBano 0osnee 400 takux coOwiTuii. IIpakTHUecku Bce
BO3paCTaHUs COMPOBOXKIAINCH OOMIIBHBIMHU OCaAKaMH U ITPOUCXOAMIIH IIPU HU3KOKW 00JIa4HOCTH.
brina mpoBenmeHa cepus SKCIEPUMEHTOB, IMOKA3aBIINX, YTO 3arps3HCHUE 0CAJKOB KaKUMH-THO0
PaIMOHYKIINIaMH €CTECTBEHHOIO MU MCKYCCTBEHHOT'O ITPOMCXOXKICHHS OTCYTCTBYET, a JIOMOJI-
HUTETbHOE M3IyUYeHUEe UMEET TOPMO3HYIO mpupoay. [Ipemioxken MexaHu3M, yIOBIETBOPUTEIHHO
ONHUCHIBAIOIINN JJAHHOE SIBJICHHUE.

The complex installation for continuous monitoring various components of the secondary
cosmic rays has been created in the Polar Geophysical Institute. At the present moment in addi-
tion to standard neutron monitor, scintillation gamma-ray detectors, a lead-free section of the
neutron monitor and detectors of charged components has been added. Scintillation detectors de-
tect photons with energies from 20 keV to 5 MeV. With help of height analyzer we continuously
carry out measurements of gamma radiation differential spectrum. Data analysis showed the
presence of increases in gamma-radiation during precipitation, with amplitude up to 50 % of the
background radiation and with duration up to several hours. In total we recorded more than
400 such events. Almost all of these increases were accompanied by heavy precipitations ac-
companied by dense and low clouds. A series of experiments showed that any radionuclide’s
contaminated is absent, and the additional radiation is bremsstrahlung. Mechanism that satisfac-
torily describes this phenomenon has been proposed.

BJIMSIHUE APKTUYECKOI'O KOJIEBAHUSI HA TEMIIEPATYPHBIN PEXXKHUM
BOCTOYHOMN YACTHU PETMOHA BAJITUMCKOI'O MOPSI

. I'euaiite, A.W. [loropensues

Poccuiickuii rocyaapcTBeHHBIN ruapomMeTeopoiorudeckuii yausepcuret, Cankr-IlerepOypr, Poccus
gecaite.indre@gmail.com

INFLUENCE OF ARCTIC OSCILLATION ON THE THERMAL REGIME
IN THE EASTERN PART OF BALTIC SEA REGION

I. Gechaite, A.l. Pogoreltsev
Russian State Hydrometeorological University, Saint Petersburg, Russia

[IpencraBieHbl CTaTUCTUYECKUE OLIEHKH BIMSHUA APKTHYECKOro KojeOaHMs Ha TeMIepa-
TYpPHBIH PEXUM BOCTOYHON yacTu peruoHa banruiickoro mops. HezaBucumo ot o61iero norer-
JeHUs KJIuMaTa BCe ellle HaOII0JalTcsl aHOMalbHO HU3KUE TeMIepaTypsl 3uMoil. B nocuen-
HUE TOJIbl YUeHbIE Bce OO0JIblIle BHUMAHUS YACISAIOT Mpolieccam, MPOUCXOISIINM B peTHOHE ApK-
TUKHU HE TOJIBKO Ha MIOBEPXHOCTU 3eMJIU, HO U B Tpornocdepe u cTpatochepe. ApKTUIECKOE KoJie-
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O0anue (AK) siBisieTcss oqHOM U3 rI100adbHBIX CTPYKTYP aTMOC(EpHON MUPKYISIUHA, UMEIOEH
TECHBIE CBSI3U C U3MEHUYMUBOCTBIO norojsl B CeBepHoii EBpone. K coxanenuro, Ha JaHHOM JTare
WCCIEI0BAaHUIM YUEHBIM HE yIaeTcs CIenaTh JTOCTOBEPHBIA MPOTrHO3 Oymaymero 3Haka (a3er AK,
TaK KaK IIPOUCCChI, CBA3aHHBIC C AK, ABJIIIOTCA XaOTHUYHBIMHA U TPYAHONIPCACKA3yCMbIMU. B H0-
KJIaZie TPECTaBIIEH aHalN3 aHOMAaJlMi X0Jo0ja, HaOJII0JaeMbIX B BOCTOYHOM YacTH PETrHOHA
Bbantuiickoro Mops, 1 paccCMOTpPeHbl 0COOEHHOCTH LUPKYISAILNHN aTMOc(]epsl, CBI3aHHBIE C U3Me-
HeHueM 3Haka (a3bl AK. Ananusupyembiii BpeMeHHOM nHTepBail oxBaThiBaeT 1951-2014 rr.

This paper presents statistical estimations of Arctic oscillation influence on the air tem-
perature regime in the eastern part of the Baltic Sea region. Despite the global warming occurred,
the extreme cold winter anomalies still take place. In recent years the researchers pay more atten-
tion to Arctic region processes not only at surface level, but in troposphere and stratosphere as
well. Arctic Oscillation (AO) is a large scale global mode of climate variability that substantially
influences the weather in Northern Europe, especially in winter season. Unfortunately, there is
no reliable prognostic model to predict the AO phase. This paper presents the analysis of ex-
treme cold anomalies and features of atmosphere circulation in the Eastern part of Baltic Sea
region during different AO phase. The time interval considered is 1951-2014.

3APSIIKA ITPOBOISIIIUX YACTHIL
B CJIABOI/IOHI/BOBAHHUOFI CTOJIKHOBHUTEJILHOM I1JIA3ME,
XAPAKTEPHOM JJISI ATMOC®EPHI 3EMJIN

B.C.I'pau

WnctutyT npuknagnoit ¢uszuku PAH, Huwxuanit HoBropon, Poccus
vsgrach@appl.sci-nnov.ru

CHARGING OF CONDUCTIVE PARTICLES IN A WEAKLY IONIZED
COLLISIONAL PLASMA TYPICAL FOR THE EARTH'S ATMOSPHERE

V.S. Grach
Institute of Applied Physics RAS, Nizhny Novgorod, Russia

PaccmoTpeno B3amMopeicTBHE NBYX MPOBOASIIMX cdep CO CTOIKHOBUTEIBHOH Ca-
OOMOHM30BaHHOM MIa3Moii BO BHemHeM nodne. [Ipeanomnaraercs, 4To mia3Ma COCTOUT U3 JIBYX
COPTOB MOHOB, BIMSHHEM 3JIEKTPOHOB MOKHO IIpeHeOpeub. [Ipu aHann3e yuyuThIBalOTCs 3apsiaka
cdepsl BCIEACTBUE OCEAAHUs HA HEM MOHOB IJIa3MBbl, MOJIE 3apsaa Ha chepe U MPOCTPAHCTBEH-
HOTO 3apsja, Ipolecchl peKoMOMHauu U MoJiekysipHas nuddy3us. Hectanmonapuas 3amada
0 B3auMOEHCTBUU chep ¢ OKpyX)arolel MIa3Moil pemaercs YUCIeHHBIMU MeToaaMu. [Ipo-
aHaJIM3MpOBaHA BPEMEHHAas IWHAMUKa 3apsa/0B Ha cdepax M BO3MYILEHUNH B OKpYKarolei
I1a3Me, a TaKKE CBOMCTBA CTALIMOHAPHOIO cocTOsAHUS. [1omydeHpl 3aBUCMOCTY BPEMEHN YCTAHOB-
JICHUS CTAllMOHAPHOTO PEXHMMa, CTAllHOHAPHBIX 3aps/I0B Ha chepax M MPOCTPAHCTBEHHBIX XapaKTe-
PHUCTHK BO3MYILIECHHBIX 00IacTeil B I1a3Me OT MapaMeTpoB IUIa3Mbl, paauyca chep U pacCTOSHUS
Mex Iy HUMU. [IpuBeeHbl KoMMyecTBEHHbIE OLEHKH JJIs1 pa3IMuHbIX o0nacTel atmocepbl 3eMiu.

We study the interaction of two conductive spheres with a weakly ionized collisional
plasma under external electric field. Plasma is assumed to consist of positive and negative ions,
electrons can be neglected. Charging of the spheres due to ion absorption, space charge influence
and also molecular diffusion and ionization-recombination processes are taken into account. Re-
sulting non-stationary problem is solved by numerically. Temporal dynamics of particle charge
and ion densities in surrounding plasma is studied as well as the properties of the steady state.
Sphere's stationary charges and temporal and space parameters of the plasma perturbation are
obtained under different conditions. Quantitative estimates for different regions of the Earth's
atmosphere are made.
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IOJ0BOM Y CYTOUYHBIN XOJ KOHLUEHTPALIUU 5
MEJKOJUCIIEPCHOI'O ABPO30JI51 BATMOC®EPE IO KHOHN
U BOCTOYHOM YACTEM NYCTHIHU T'OBU

AL JlementbeBa, I'.C. KamcyeBa, A.C. 3asixanoB

WuctutyT Pusnyeckoro marepuanosenenus CO PAH, Ynan-Y 3, Poccus
ayunadem@gmail.com

ANNUAL AND DIURNAL VARIATIONS OF FINE AEROSOL CONCENTRATIONS
IN THE ATMOSPHERE OF SOUTH AND EAST PARTS OF GOBI DESERT

A.L. Dementyeva, G.S. Zhamsueva, A.S. Zayakhanov
Institute of Physical Material Science SB RAS, Ulan-Ude, Russia

[IpencraBneH ro10BOM W CYTOUHBINA X0JT MACCOBOM KOHIIEHTpAIMK adp0o30Jist (hpakimii PM g
PM; 5 B armocdepe roxHo# (cT. Jlamanszaaran) u Bocrounoit (cr. CaitHimana, 3amMbiH-Yy) dacTei
nycTeiHu ['06w.

B BecenHee BpeMsi 3a CUET BKJIA/IA MBUIHHBIX OYph aMILTUTY/Ia CYTOYHBIX Bapyaruii HaI/I60JIB-
11asi, P TOM HAOJIIOAaeTCs TIOBBINIEHNE CPEAHEUACOBBIX KOHIIEHTpanuii PM g o 145 MKT/M°
B TOCJICTIONYJCHHOE M Be4YepHEee BpeMs. MakcuMalibHasi aMILTUTYAa CpeI[HeCYTO‘IHBIX KoJIeOaHui
KOHIIeHTpauu PM o Ha cr. Jlamanzaarag orMedaercst B 3umuee Bpemst (221 Mkr/m ) TOrJa KaK Ha
CT. CaI/IHI_HaHI[ U 3aMbIH-YyJ — B BECEHHEE BPEMs B MEPHOJ MBUILHBIX Oyph (23 MKT/M® 1
87 MKr/M® COOTBETCTBEHHO).

Pabora BeimonneHa npu ¢puHancoBoi noanepxke I[Iporpammer [Ipesunnyma PAH Ne 4.12
n oobenuHeHHoro npoekta Ne 14, Bemonusemoro CO PAH coBmecTHO ¢ Akaaemueil Hayk
MoHTromu.

The annual and diurnal variation of aerosol mass concentration fraction of PM;o and PM; 5
in atmosphere of the south (st. Dalanzadgad) and eastern (st. Sainshand, Zamyn Uud) parts of
Gobi Desert are presented.

Increasing of average hourly PM1q concentrations up to 145 pg/m?® in the afternoon and
evening are observed in spring due to the contribution of dust storms. The maximum ampli-
tude of oscillation of daily average PM 1, concentrations found at st. Dalanzadgad in the win-
ter and is 221 pg/m?®, while the stations Salnshand and Zamyn Uud is noted in the spring dur-
ing dust storms and is 23 pg/m*and 87 pg/m?, respectively.

This work was supported by the Presidium Program of RAS No. 4.12 and Integrated
Project No. 14.

N3MEHYHUBOCTDH COAEPKAHUSA O30HA,
OBYCJIOBJIEHHAS KPYITHOMACIITABHBIMA JTUHAMNYECKUMH
IMPOHECCAMMH B 3UMHEU CTPATOC®EPE

E.A. Jlpob6ameBckasi, A.U. [Toropeasues, C.II. CmbinisieB

Poccuiickuii rocyaapcTBeHHBIH rupomMeTeopoiorudeckuii yausepcuret, Cankt-IlerepOypr, Poccus
drobashevskaya@gmail.ru

VARIABILITY OF THE OZONE CONTENT DUE TO THE LARGE-SCALE
DYNAMICAL PROCESSES IN THE WINTER STRATOSPHERE

E.A. Drobashvskaya, A.l. Pogoreltsev, S.P. Smyshlyaev

Russian State Hydrometeorological University, Saint-Petersburg, Russia

PaccmaTpuBaercs BiMsiHME AMHAMHYECKHUX (DAKTOPOB Ha COAEp:KaHHME O30HA B 3UMHEN
cTparocdepe, a IMEHHO BIUSHUE TUIAHETAPHBIX BOJH HA YCTOWYHUBOCTh IIUPKYMITOJISIPHOTO BUXPS,
TeMIIepaTypy MOJISIPHOI cTpaTocdepbl U COACp)KaHUE 030HA U APYTHUX ra30BBIX MpUMecei. AHa-
JIM3 IPOBOAHJICA HAa OCHOBC CIIYTHHUKOBBIX JaHHBIX. HOHy‘ICHHBIG PE3YyJIbTaThbl CPABHUBAJIMCH
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¢ manabpiMu peanamuza (MERRA). Kpatko o0cyxaar0Tcsi BO3MOXKHBIE MEXaHU3MBI, OTBET-
CTBCHHBbIC 3a B3aHMO,Z[eI>'ICTBI/IC XUMHUYCCKUX U JUHAMUYCCKUX IMPOHCCCOB, KOTOPBIC MOT'YT IIpU-
BOJIUTH K TIOHI)KEHUIO COIEPIKaHUs 030HA.

Influence of dynamical factors on the ozone content in the winter stratosphere is investigated,
exactly, the influence of planetary waves on the stability of circumpolar vortex, stratosphere tempera-
ture, and content of ozone and other trace. Firstly we analyzed satellite data. The results obtained are
compared with the reanalysis data (MERRA). The possible mechanisms responsible for the interac-
tion of chemical and dynamical processes are shortly discussed.

JIMIAP JJIAA UBMEPEHUSA BEPTUKAJIBHOI'O PACITPEJAEJEHUA
METEOITAPAMETPOB ATMOC®EPBI

B.U. Kapkos, E.B. I'opsaos, C.M. boOpoBHNKOB

WnctutyT ontuku atmocdeps! uM. B.E. 3yeBa CO PAH, Tomck, Poccus
zharkov@iao.ru

LIDAR FOR MEASURING VERTICAL DISTRIBUTION
OF ATMOSPHERIC METEOROLOGICAL PARAMETERS

V.I. Zharkov, E.V. Gorlov, S.M. Bobrovnikov
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

Pa3pabarpiBaeMblii Tunap A1 U3MEPEHUS] BEPTUKAIBHOTO PACIpEIeIICHUsT MeTeoapaMeT-
poB arMocdepsl MPenCTaBIsSeT OrPOMHBIA UHTEPEC ¢ TOUKH 3PEHHS] IPOTHO3UPOBAHUS COCTOSI-
HUs aTMochepbl ¥ W3YYCHHS TEHACHUMN pa3BUTHs MPOTEKAIOIIMX B HEll mpoieccoB. Bo Bcex
3TUX U MHOTHX JPYTHX 3aJa4ax MoJ00HOro MijiaHa BEpTUKAJIbHbIE paclpe/leeHUs TeMIIepaTyphbl
U BIXHOCTH atMochepbl (M MX U3MEHEHUE BO BPEMEHH) SIBIISIOTCS BaXKHBIMH BXOJHBIMH T1apa-
MeTpamu. OOOCHOBBIBAE€TCS BO3MOXKHOCTh peaM3alliy Juaapa JUisi OAHOBPEMEHHOI'O H3Mepe-
HUSI BEPTUKAIBHBIX paclpeAesieHuil BIAKHOCTH U TEMIIEpaTypbl aTMochepsl IpU HCIOIh30Ba-
HHUH OJHOTO MCTOYHHUKA JIA3€pHOT0 u3iydeHus. [IpuBoauTces pacyer U KOMIBIOTEPHOE MOJIEIH-
pOBaHUE y3J0B U KOMIIOHEHTOB JIM/1apa.

Application of the lidar for the prompt determining the vertical distribution of meteorolog-
ical parameters of the atmosphere allows to realize a fundamentally new approach in solving the
problem of prediction of the atmospheric state, as well as in research of mechanisms of atmos-
pheric and physical processes. In all these and many other problems of physics and optics of at-
mosphere, the vertical distribution of temperature and humidity of the atmosphere is the most
important characteristic that determines the initial and boundary conditions of desired solutions.
The report presents a project of the lidar based on the use of the effect of Raman scattering for
the simultaneous measurements of vertical distribution of the atmospheric temperature and hu-
midity. In the construction of the lidar, a matrix of mirrors in combination with the extensive ap-
plication of the fiber transmission technology of optical signals is used. This approach allows to
provide the minimal overall weight and dimensions characteristics of the lidar at high reliability.
The calculation and computer simulation of units and components of the lidar are presented.

JUHAMMKA IIbIJIA B IIBIJIEBBIX BUXPSX
10.H. U3BekoBa, C.U. Ilonmean

HucturyT kocmuueckux uccnegosanuiit PAH, Mocksa, Poccus
besedina_yn@mail.ru
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DUST DYNAMICS IN DUST DEVILS
YUu.N. Izvekova, S.I. Popel

Space Research Institute RAS, Moscow, Russia

MonenupyeTcst TMHaMUKa MBUIEBBIX YaCTHII B MBUIEBBIX BUXPsX (dust devils), koTopsle ga-
CTO BO3HHMKAIOT B YCJIOBUSIX 3eMHOU arMocdepbl. PaccmarpuBaeMble MblIeBble BUXPH — 3TO XO-
potro chOpMUPOBAHHBIE U OTHOCUTEIHHO JIOJITOKUBYIIHUE CTPYKTYPHI, BOSHUKAIONINE MPH XO-
pOIIeH COTHEYHOU TMOTOJIE, MX pa3Mephbl BapbUPYIOT OT mojymeTpa 10 6onee yem 100 M B 1mm-
pUHY U OT HECKOJBKHX METPOB JI0 KMJIOMETpa B BBICOTY. BuxpeBas cTpyKkTypa TakoBa, 4TO MO-
HUKEHHOE JIaBJIEHUE B LIEHTPE CIIOCOOCTBYET MOJIHATHUIO MEJIKUX MbUIEBBIX YAaCTHIl C IOBEPXHO-
ctu. B3aumoaeicTBysl IpyT ¢ APYroM, MbIIEBBIE YACTUIIBI 3aPSHKAIOTCS M CO3AI0T DIEKTPUUSCKUE
OIS, JOCTUTAOIINE 10* B/m. B JaHHOUW paboTe paccMaTpUBAETCS ABMKCHUE MBUIEBBIX Ya-
CTHI, 00CYXJIal0TCS YCIIOBUS UX OTPBIBA OT MOBEPXHOCTU U 3 (HEKTHI 3apsIIKH.

PabGota BeimonHeHa npu noyiepkke rpanrta [Ipesuaenra PO (mpoexkt Ne MK-6935.2015.2) u
PODU (nmpoext Ne 14-05-31410 mon_a)

Dust particle dynamics is modeled in the so-called dust devils (DDs), which are a wide-
spread event in the Earth’s atmosphere. DD is a well-formed, and relatively long-lived whirl-
wind, emerging in sunny weather, ranging from small (half a meter wide and a few meters tall)
to large (more than 100 meters wide and more than 1000 meters tall) in the Earth’s atmosphere.
The whirling structure with low pressure in the core picks up small dust particles from the sur-
face. Interacting with each other dust particles become electrically charged and produce electric
fields greater than 10* V/m. In this work we study dust particles motion, discuss the conditions
of isolation from the surface and the effects of charging.

This work was supported by the Russian Federation Presidential Program for State Support
of Young Scientists (project no. MK-6935.2015.2), the Russian Foundation for Basic Research
(project No. 14-05-31410 mon_a).

BJIUAHUE JUHAMMUYECKUX IMTPOLHECCOB B TPOIIMKAX HA CTPATOC®EPY

K.K. KauaueBa, O.I'. AHucKuHA

Poccuiickuii rocymapcTBEHHBIN THAPOMETEOpOTIOTHISCKI yHUBepcuTeT, CankT-IleTepOypr, Poccus
Otra_va@mail.ru

INFLUENCE OF DYNAMICAL PROCESSES IN THE TROPICS
ON THE STRATOSPHERE

K.K. Kandieva, O.G. Aniskina

Russian State Hydrometeorological University, Saint-Petersburg, Russia

Konebanne Mannena—/[)xynmnana — 3TO M3MEHEHHE KPYIMHOMACIITAOHOW IKBATOPHAITh-
HOU HUPKYJIOHUHA, KOTOPAaA BIMACT HA aKTUBHOCTb TPOIIMYCCKHUX IMUKIIOHOB. B namem HUCCICOO-
BaHUU Mbl IPEIIPHUHSIIN MOMBITKY OLIEHUTb €r0 U PAaCCMOTPETh €r0 CBA3b C BETPOM, a TAKXKE C
T'COMOTCHIMAJIOM B IIOJIAPHBIX IIHUPOTAaXx. I[JIH aHaJIn3a MbI UCIIOJIB30BaJIM 3HAYCHHUS 30HAJIBHOT'O
Berpa Ha 850 u 150 rlla, momydennsie ¢ momombio JaHHBEIX NCEP/NCAR.

The Madden-Julian oscillation is the large scale equatorial circulation and it has been
shown to impact tropical cyclone activity. In our research we have made an attempt to evaluate
this oscillation and we have also reviewed relationships between: Madden-Julian oscillation and
wind, and Madden-Julian oscillation and geopotential in polar latitudes. To analyze the oscilla-
tion we have used zonal winds components on 850 and 150 mb heights, data has been taken from
Modern—Era Retrospective Analysis, National Centers for Environmental Prediction and the
National Center for Atmospheric Research reanalyses.
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N3MEHEHUE BEPTUKAJIBHOI'O ITPO®UJIAA TEMIIEPATYPbI
BHETPOIIMYECKHUX IIUKJIOHOB B CIIOKOMHBIX
N BOSMYIEHHBIX TEOMATI'HUTHBIX YCJIOBUAX

A.A. Kapaxansan, C.A. Mogoabix

WucturyT conmreuno-3emuon ¢puszuku CO PAH, Upkytck, Poccus
asha@iszf.irk.ru

VARIATION OF VERTICAL PROFILE
OF EXTRATROPICAL CYCLONE TEMPERATURES UNDER QUIET
AND DISTURBED GEOMAGNETIC CONDITIONS

A.A. Karakhanyan, S.1. Molodykh
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[IpoBeneHo uccneaoBaHue Bapualuidi BEPTUKAIBLHOTO IPOGUIs TEMIEPaTyphl B LIEHTPab-
HBIX YaCTAX TEIJIOTO U XOJIOAHOTO CEKTOPOB B MPOIIECCE BOBHUKHOBEHUS M PA3BUTHSI ITUKIIOHOB,
nepeMenaonxcs B arMocepe BHETPOIIMYECKUX IIHUPOT, BO BpeMs (a3bl MUHUMYMa COJIHEY-
HOU akTuBHOCTH. [IpoaHanu3upoBaHa AMHAMHUKA BEPTUKAIBHOTO MPOQHIIS TEMIEpaTyphl B Te-
YEHUE HUKIJIOTeHE3a HAJl CYIIEH U OKEaHOM B CIIOKOMHBIX U BO3MYILIEHHBIX T€OMArHUTHBIX YCIIO-
BUsIX. B CIOKOMHBIX T€OMArHUTHBIX YCIOBUSAX MIPOUCXOAUT KIACCHUECKOE 3aMOJIHEHHUE ITUKIIOHA,
[P KOTOPOM MOHM>KEHHE TEMITEPATYphl B TEIUIOM CEKTOPE LUKJIOHA COITPOBOKIAETCS €€ MOBBI-
HIEHUEM B XOJIOAHOM cekTope Ha BeicoTax 10 300 rlla. B Bo3MyIlleHHBIX T€OMarHUTHBIX YCIIO-
BUSX HaOJIOJaeTCs 3aMe/IJICHUE MOBBIIIEHUS TEMIEPAaTyphl B XOJIOAHOM cekTope. s Temsoro
CEKTOpa XapaKTEePHB HE3HAUUTEIHLHOE MOBBIIICHUE U CTAOMIN3AINS TEMIEPATyPhl, YTO MPHBO-
JUT K 3aMEJICHUIO 3all0JIHEHUS U YBEJIMYEHUIO NPOAOKUTENBHOCTH KU3HU [IUKIIOHA.

We studied variations of the vertical temperature profile in the central parts of the warm
and cold sectors during the emergence and evolution of extratropical cyclones in the Northern
Hemisphere at solar minimum. The dynamics of vertical temperature profile during cyclogenesis
over the land and the ocean under quiet and disturbed geomagnetic conditions is analyzed. The
classic cyclolysis occurs under quiet geomagnetic conditions; the temperature decreases in the
warm sector and increases in the cold one at heights of up to 300 hPa. Under disturbed geomag-
netic conditions, the temperature in the cold sector increases more slowly. The warm sector of
the cyclone is characterized by an insignificant increase and stabilization of the temperature.
This possibly results in slower cyclolysis and an increased lifetime of the cyclone.

N3MEHYUBOCTDb TEMIIEPATYPbI IOBEPXHOCTH OKEAHA
HA PA3JIMYHBIX BPEMEHHBIX MACIHITABAX

K.E. Kupnuenko

HucturyT conueuyno-3emuon ¢pusukun CO PAH, Upkytck, Poccus
kirichenko@iszf.irk.ru

SEA SURFACE TEMPERATURE VARIABILITY
ON DIFFERENT TIME SCALES

K.E. Kirichenko
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

PaccmaTpuBaercs u aHanmu3upyercs M3MEHYMBOCTH TEMIIEpaTypbl MOBEPXHOCTH OKeaHa
(TTIO) Ha MEXTOIOBBIX W ACCATHICTHHX BPEMEHHBIX MacmiTabax. Mcrmonb3yloTcs BpeMEHHbBIE
panbl cpeaaux Mecsunbix gaHHbIX ICOADS (International Comprehensive Ocean-Atmosphere
Data Set) 3a 1854-2014 rr. OGHapyxeHo, uro u3MeHunBocTh TIIO xapakTepusyercs 3HAYM-
TEIbHOU MPOCTPAHCTBEHHONW HEOJAHOPOJHOCTHIO M 3aBHCHUT OT pacCMaTpUBAEMOro Iepuojaa Bpe-
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MeHU. BrisiBieHbI 005acT B ATIIaHTHYECKOM M THXOM OKeaHaX, B KOTOPBIX HAOJI01aeTCs MaK-
CUMAJIbHOE IMPOSBJICHUE KBA3UIIIECTUACCATHUIICTHETO KOJCOAHUS, aMILTUTYAa KOTOPOro JOCTHIacT
0.8 °C. K HaOmromaemMoil 3HAYUTEIBHON MeEXTronoBoi udMeHYnBocTH TIIO oTHOCHUTCS ABJIEHHE
Onp-Huabo — FOkHOE Konebanue, Hanbolee SPKO BRIPAKEHHOE B BOCTOYHOUM TPOMMYECKOH va-
ctu Tuxoro okeana. OOCyXaaeTcsi BKJIaJ U3MEHEHUH BETPOBOTO HAIPSKEHUSI U BEPTUKAILHOTO
nepeMenInBaHus B okeane B HaOmonaembie Bapuaruu TIIO.

The variability of sea surface temperature (SST) at interannual and decadal time scales is
reviewed and analyzed. Time series of monthly mean data ICOADS (International Comprehen-
sive Ocean-Atmosphere Data Set) for the period 1854-2014 are used. It is found that the varia-
bility of SST is characterized by considerable spatial heterogeneity and depends on the period in
question. We have distinguished areas in the Atlantic and Pacific oceans, where the manifesta-
tion of quasi-sixty oscillations is maximal and their amplitude reaches 0.8 °C. The significant
interannual SST variability includes ElI Nifio — Southern Oscillation (ENSO), ENSO has its
largest expression in the eastern tropical Pacific. We also discuss the contribution of changes in
wind stress and vertical mixing in the ocean to observed variations of SST.

Ob ACTPOKJIMMATHYECKHUX YCJIIOBUAX
B TOPHBIX PETHOHAX IOT'A BOCTOYHOM CUBUPH

IL.T. KoBaamio, A.JO. lllnxoBuen

HucturyT comredno-3emuoit ¢puzuku CO PAH, Upkyrck, Poccus
kovadlo2006@rambler.ru, artempochta2009@rambler.ru

ON THE ASTROCLIMATIC CONDITIONS IN MOUNTAIN REGIONS
OF THE SOUTH OF EASTERN SIBERIA

P.G. Kovadlo, A.Yu. Shikhovtsev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

W3BecTHO, 4TO pa3pernaromias ClloCOOHOCTh TEJIECKOMOB HA3eMHOT0 0a3UpOBaHUs OTPaHU-
YyeHa BIUSHUEM aTMoc(epHOil TypOyneHTHOCTH. [IoBbIIIEHNE pa3pelieHHs COHEYHbIX U 3BE3/I-
HBIX TEJIECKOIOB, a TaKke MUHUMM3aNUs 3(p(HEeKToB aTMOChepHON TypOYIEHTHOCTH SIBISIIOTCS
BaXHBIMHU TTpoOJIeMaMu COBPEMEHHOM HaOJt0MaTeIbHON acTpoHOMUU. B paboTre mpeacTaBieHbl
pe3yabTaThl UCCIIEJOBAHNI aCTPOKIMMATUYECKHUX YCIOBUH B paitoHax CasHCKON COTHEYHOU 00-
cepBatopuu (CCO) u baiikansckoit actpodusndeckoit oocepBatopun (BAO). [1o nanHBIM apxu-
Ba NCEP/NCAR Reanalysis nonyueHsl BepTHKaJIbHBIC pacHpeieIeHus MyIbCalliil TeMIIepaTy-
PBI, @ TaK)Ke BBIABICHBI HanOoJiee BBIPAKEHHbBIE aTMOC(EPHBIE CIIOU ¢ BBICOKOM TypOynu3anuei.
Ha ocHoBe opMBI 3HEPreTHYECKOro CreKTpa aTMoc(hepHoil TypOyIeHTHOCTH B IMIMPOKOM JTHa-
nazone macmtaboB gt CCO u BAO orieHeHbl BBICOTHBIE MPOGUIN METKOMACIITAOHBIX TTYJIb-
calMii TeMIlepaTypbl M IyJbCallMii MoKa3aTessl mpeloMieHus Bo3ayxa. HWMHdopmanus o mpo-
CTPAaHCTBEHHOM pacIpe/leIeHuH, TUHAMUKE aTMOC(HEPHBIX CIIOEB pa3HON TypOyIU3aLuy, a TAKKE
0 (poHOBBIX MapaMeTpax MEIKOMACIITaOHOW TypOYJIEHTHOCTH BaKHA JUIS OLIEHKH TEXHHMYECKUX Xa-
PaKTEpUCTHUK aJalTHUBHBIX ONTHYECKUX CHCTEM C IIEJIbIO MOBBILICHUS pa3pelIeHUs U KauyecTBa
U300paKCHHIA.

It is known that resolving power of ground-based telescopes is limited by the influence of
atmospheric turbulence. Increasing the resolving power of solar and stellar telescopes, as well as
minimizing the effects of atmospheric turbulence are important problems of modern observational
astronomy. The research results of astroclimatic conditions at the Sayan Solar Observatory (SSO)
site and at the Baikal Astrophysical Observatory (BAO) site are shown in the paper. Using
NCEP/NCAR Reanalysis archive data the vertical distribution of temperature fluctuations is ob-
tained, as well as atmospheric layers of high turbulization are identified. On the base on the atmos-
pheric turbulence energy spectrum shape in a wide range of scales the altitude profiles of small-scale

95


mailto:kovadlo2006@rambler.ru
mailto:artempochta2009@rambler.ru

BHI®®D-2015. Cexyus D. @uzuxa ammocgepul

temperature pulsations and the air refractive index ones are estimated for the SSO and BAO. Infor-
mation on the spatial distribution and dynamics of different atmospheric turbulent layers, as well as
the average parameters of small-scale turbulence is important to estimate the performance of adap-
tive optical systems, the task of which is to improve the image quality and resolution.

CPABHEHMUE PA3JIMYHBIX METOJ0B ®U3NYECKOM ONITUKH
ITPU PEHHIEHUUA 3AJJAYU PACCESIHUSA CBETA
HA KPUCTAJUVIMUECKUX YACTUHAX IEPUCTBIX OBJIAKOB

1.2A.B. Konomonkuu, “H.B. KycroBa, L2AT. Boposoii, L.2c B. Haconos, 1.2B A. Ocunos

"HanmoHansHsIi HecnenoBaTenbekuii TOMCKHT rocyIapCTBEHHBIN yHUBepcUTeT, ToMck, Poccus
*Uncruryt ontuku armocdeps! uM. B.E. 3yesa CO PAH, Tomck, Poccus
sasha_tvo@iao.ru

COMPARISON OF DIFFERENT METHODS
OF PHYSICAL OPTICS WHEN SOLVING THE PROBLEM
OF LIGHT SCATTERING ON CRYSTAL PARTICLES OF CIRRUS CLOUDS

L 2A.V. Konoshonkin, 2N.V. Kustova, * 2A.G. Borovoi, *?S.V. Nasonov, *>V.A. Osipov

'National Research Tomsk State University, Tomsk, Russia
2\/.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

[IpencraBneHsl HOBBIC PE3yJIbTAaThl CPABHEHUS pa3pabOTaHHOTO B MIHCTUTYTE ONTHKH aTMO-
cdepnl um. B.E. 3yeBa CO PAH nox pykoBoactBom A.I'. BopoBoro merona GU3NIecKOi ONTHKHU C
pa3paboranasiM B Kyushu University (Amonus) mox pykoBojacTBoM gokropa K. Masuda meromom
¢dusnueckoit ontukun GOM?2. TIpoBeneHO comocTaBleHHE TEOPETHUECKUX OCHOB MeToJoB. [Ipemo-
CTaBJICHBI PE3yJbTaThl YMCIEHHOTO pacueTa Ha MpUMEpe TECTOBOM 3amaud. JIjs cpaBHEHHUS NBYX
MeTo10B GOM?2 pemanach 3a/1a4a paccesiHusl CBeTa Ha TeKCaroHaJLHOM JISTHOW IJIAaCTHUHKE JHa-
MerpoM 50 MKM, BbICOTa KOTOpOil BapbupoBasia oT 4 no 7 Mkwm. [lokaszarens mnpenoMieHus
n=1.3117, quua BonHe! Hagaromero ceera 0.532 MM, YacTuiia HEMOABMIKHA, CBET MAJA€ET CO CTO-
POHBI IeCTUYTOIbHOM rpanu. [lokazaHo xopolee coriaacue Mexay MoJy4YeHHBIMU Pa3HBIMU METO-
JTAMH 3aBHCUMOCTSIMA WHTCHCHBHOCTH CBETA, PACCETHHOTO B HANPABJICHUH CTPOTO Ha3al. Xopoliee
COBIMAJICHHUE TIOATBEPKIAET BO3MOXKHOCTh UCIONB30BaHUs METoa (PU3NIECKOM ONTHKH ISl pellie-
HUS 3aJ1a49K PACCESTHUSI CBETAa HA YACTHIIAX C XapaKTEPHBIM pazMepoM Ootbiie 30 MKM.

The report presents new results of the comparison of physical optics method developed at
the V.E. Zuev Institute of Atmospheric Optics SB RAS by Dr. A.G. Borovoi with GOM2 meth-
od developed at Kyushu University (Japan) by Dr. K. Masuda. A comparison of the theoretical
foundations of method is presented. The results of numerical calculations of the test problem are
provided. For comparing two methods the problem of light scattering by hexagonal ice plate with
a diameter of 50 microns, the height of which ranged from 4 to 7 microns had been solved. The
refractive index is n=1.3117, the wavelength of the incident light is 0.532 microns. The particle
is fixed, and the light falls on the hexagonal face. The intensities in the exactly backscattered di-
rection obtained by different methods showed good agreement. The results of the comparison
confirm the possibility of using the physical optics method to solve the problem of light scatter-
ing by particles with a characteristic size greater than 30 microns.

HCCJEJOBAHUE UBMEHUUBOCTHU ATMOC®EPHOM TYPBYJEHTHOCTH
B PAMOHE O3EPA BAUKAJI

'E.A. KonblioB, 'B.IN. JIykmuH, 21LT. KosapJo, 2AL1O. InxoBueB

"YMucruryT omruku armocdepst um. B.E. 3yesa CO PAH, Tomck, Poccust
*UucruTyT conHeyno-3eMuoi dusuxun CO PAH, Upkyrck, Poccus
evgen704@iao.ru
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THE STUDY OF ATMOSPERIC TURBULENCE VARIABLILITY
IN THE REGION OF LAKE BAYKAL

'E.A. Kopylov, V.P. Lukin, ?P.G. Kovadlo, ?A.Yu. Shikhovtsev

\V.E. Zuev Institute of Atmospheric Optics, Tomsk, Russia
’Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[IpuBeeHbI OICHKM KUHETHYECKOW SHEPrHUU TYpOYJEHTHOCTH B Pa3JIMUHBIC CE30HBI 110
JAHHBIM MHUKPOMETEOPOJIOTUUECKUX H3MEPEHUN B MPHU3EMHOM cjioe aTMocdepsl B pailloHe TI.
JluctBsinka. MccnegoBaHbl CHEKTPbl HEOAHOPOAHOCTENW CKOPOCTHM BETpa M TeMIEpaTypbl MpPHU
U3MEPEHHSIX paJnyca KorepeHTHoCcTH aTtMmochepnl. PaccMoTpeHo, Kakasl OISl KHHETUYECKOU
SHEPTHUH MpeoOpazyercs B TYpOYJICHTHYIO U KaK MEHSETCS JAHHOE COOTHOIIICHUE B TCUCHHUE TO/Ia.
[Tpoananu3upoBaHa CBsA3b MHTETPAIBHBIX TYpPOYJICHTHBIX XapaKTEPUCTHK ¢ (OPMOH CIIEKTPOB
atMochepHbIX HeogHOpoaHOCTel. [IpoBeneHO cpaBHEHUE YCIOBUI aCTPOHOMHYECKOTO BUICHUS
B 3UMHEE U JIETHEE BPEMSI.

Estimates of the kinetic energy of turbulence in different seasons according to the micro-
meteorological measurements in the atmospheric surface layer in the region of Lake Baikal
(Listvyanka). We investigated the spectra of inhomogeneities in wind speed and temperature
measurements of the coherence radius of the atmosphere. We considered what part of the kinetic
energy transforms into turbulent and how the ratio changes over the year. The correlation of the
integral turbulence characteristics with the shape of the spectra of atmospheric inhomogeneities
is analyzed. Comparison of astronomical visions in winter and in summer are compared.

BJMUSIHUE BO3MYIIEHU B HU3KOIIUPOTHOM TPOIIOC®EPE
HA IMHAMUWYECKHAE IMTPOIECCHI BO BHETPOITMYECKOM CTPATOC®EPE

'0.C. Kouerkosa, °A.1. IHoropeabues, 'B.IL MopaBuHOB

YucruryT conneano-3emuoit pusuku CO PAH, Vpkyrck, Poccust
*Poccuiickuii rOoCyIapCTBEHHBIN THAPOMETeopoornueckuii yauBepcurtet, Cankr-IlerepOypr, Poccus
meteorologist-ka@yandex.ru

INFLUENCE OF LOW LATITUDE TROPOSHERE DISTURBANCES
ON DYNAMICAL PROCESSES IN THE EXTRATROPICAL STRATOSPHERE

'0.S. Kochetkova, ?A.1. Pogoreltsev, *V.1. Mordvinov

Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
’Russian State Hydrometeorological University, Saint-Petersburg, Russia

Jns uccnenoBaHus pacpOCTPaHEHUsT HU3KOYACTOTHBIX BO3MYLIEHUN B HUJKHEN U Cpel-
Hel atMocdepe BO BpeMsi BHe3anmHbIX cTpartochepubix noteruiennit (BCIT) ucnmonp3oBana mo-
nenb cpeaneit u Bepxuei armocdepsl (MCBA). Pe3ynbpTaTel pacueToB moKa3aiu, YTO MPOIECCH
B DKBAaTOpHAIBHOW Tpomochepe u crpaTocdepe (KBa3HIBYXJICTHHE KOeOaHMs, KOHBEKTHBHBIC
WCTOYHHKH TEIUIA) CYIIECTBEHHO BIUSIOT HA IUPKYJISIIMIO 3UMHEH BHETPOIIMYECKOUW CTpaTtochepsl,
Bkmoyast BCII, npuueM XapakTep BIMSHUS 3aBUCUT OT aMIUIATY/bl U PACHOJIOXKEHHS NCTOYHUKOB
Tera B Tporocdepe. B 3aBUCHMOCTH OT pacroNIOKEHHs JOMOIHUTEIbHBIE HCTOYHUKH TEIlIa MO-
TYT YCWJIMBATh WU OCHAOIATh HUPKYISIUOHHBIE (PaKTOPhI, OTBETCTBEHHBIE 3a (HOPMUPOBAHUE
Oapuyeckux aHOMaldWii B 00JacTu cTpaTochepHOro MOJSIPHOTO BUXPS U CTPATOCHEPHOTO
cTpyitHoro teuenus. HauOonee cuibHOE BIUSHUE OKa3bIBAIOT JOIMOJHUTEIbHBIE HMCTOYHUKU
Temja B BOCTOYHON 4dacTu MHauCKoro okeana. BoJIHOBOW NMEpPEHOC SHEPrUM U3 3TOr0 palioHa
ycuiMBaeT OapHyecKre aHOMallud BO BHETPOIMYECKOW cTparocdepe Haja CeBEepO-BOCTOYHOMN
Azueit 1 ceBepHOIt yacThio THXOro okeaHna, 4to cnoco0cTByeT pazButuio coobiTuii BCII.

We used the model of the middle and upper atmosphere (MUAM) to investigate the propa-
gation of low-frequency disturbances in the lower and middle atmosphere during sudden strato-
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spheric warming (SSW) events. The results of simulation indicate that the processes in the equa-
torial stratosphere and troposphere (Quasibiennial oscillation, convective heat sources) signifi-
cantly affect the winter stratospheric circulation, including the nature of the SSW. Moreover, in-
fluence depends on the amplitude and position of a heat source. Depending on the position of the
additional heat sources can strengthen or weaken the circulating factors responsible for the for-
mation of pressure anomalies in the stratospheric polar vortex and the stratospheric jet stream.
The most heavily influenced by additional heat sources in the Eastern Indian Ocean. Advective
or Wave energy transfer from the area increases the baric anomalies in the extratropical strato-
sphere over North-Eastern Asia and the North Pacific Ocean which contributes to the develop-
ment of the SSW events.

BAPHUAIIMN CE30HHOI ASPO30JIbHON ONITUYECKOM TOJIIHA ATMOC®EPBI
B JIYIIAHBE ITIO JIAHHBIM AERONET

'H.B. Kyp6onos, °C.®. AOpynnaes, ’B.A. Maci0B

"Tamxukckuit HaMOHANBHEIN yHEBepcuTeT, Jymante, TaKUKHCTaH
2(DUBHKO-TEXHIUCCKHI uHctuTyT uM. C.Y. Ymaposa AH PT, Jlyman6e, Tamxkukuctan
nomvarjon_90@mail.ru

VARIATIONS OF SEASONAL AEROSOL OPTICAL THICKNESS
OF THE ATMOSPHERE IN DUSHANBE ACCORDING TO AERONET DATA

N.B. Kurbonov, ?S.F. Abdullayev, 2V.A. Maslov

'Tajik National University, Dushanbe, Tajikistan
2S.U. Umarov Physical and Technical Institute, Dushanbe, Tajikistan

B pabote obcyxmaioTcs MpeaBapUTENbHbIE Pe3yabTaThl MCCIECIOBAHUN ONTHYECKUX H
MUKpO(PHU3NIECKUX XapakTepucTuk armocdepsl B JlymanOe. MccnemoBanus MpOBOIUIUCH C
utosist 2010 mo mapt 2011 r. ¢ ucnonszoBanuem conaHeuynoro (oromerpa CE-318 mo mpo-
rpamme AERONET. [Toka3zano, 4to a3po30JibHasi ONTHYECKAst TOJIIA MOHOTOHHO YMEHBIIIAETCS C
YBCIIMUCHUCM JIMHBI BOJIHBI. HpOBe,Z[eH aHaJIn3 CE30HHBIX U3MEHEHUU 3al1blIJICHHOCTH, CBA3aH-
HBIX C BTOPKCHUEM OBUIEBOU MIJIBL.

The paper discusses the preliminary results of optical and microphysical properties of the
atmosphere in Dushanbe, conducted between July 2010 till March 2011 using the sun photome-
ter CE-318 on framework of AERONET program. Aerosol optical thickness decreases monoton-
ically with increasing wavelength. The analysis of seasonal changes in dust associated with the
intrusion of dust haze.

BJIMSTHUE KBA3HIBYXJIETHUX KOJEBAHUM
HA YCJIOBUSA PACHHPOCTPAHEHHU S CTAHMOHAPHBIX INIAHETAPHBIX BOJITH
N UX BBAUMOJAEUCTBHE CO CPEJHUM IOTOKOM

O.U. Jleiite, A.HU. IToropenbues

Poccutiickuii rocymapcTBeHHBIA THAPOMETeoposiornueckuii yauBepcutet, Cankr-IlerepOypr, Poccus
olghaleite@gmail.com

QBO INFLUENCE OF ON PROPAGATION CONDITIONS
OF STATIONARY PLANETARY WAVES
AND THEIR INTERACTION WITH MEAN FLUX

O.l. Leite, A.l. Pogoreltsev
Russian State Hydrometeorological University, Saint-Petersburg, Russia

Hccnenyercs BiusHue KBasuaByxieTHux kojedanui (KJ/IK) Ha pacmpocTpaHeHue cTalu-
oHapHbIX Tu1aHeTapHbIX BoJH (CIIB) u3 Tpomocdepst B crpaTocdepy u maeTcs OleHKa pa3Indus
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yCKOpeHH# cpennero moroka o BiussaueM CIIB mpu pazmuunbix dazax KIK.

s pacuera pacnpoctpanenus: CIIB ¢ BomHoBbeIMEU yriciamu M=1 u m=2 (CIIB1 u CIIB2)
UCIIONb3yeTcs MuHelHas Moaens cTpykTypbl CIIB. Knumatndeckue (ocpemnennsie 3a 2002—
2012 rr.) 3Hauenus ammuutyn u Ga3z CIIB1 u CIIB2 B ssHBape HCIONB3YIOTCS B KQUeCTBE HIXK-
HUX TpaHWuHbIX ycioBuil. [lpu momenupoBanuu ctpyktypbl CIIB ncmons3oBamvch (pOHOBBIC
3HAUEHUs CPEIHETr0 30HAILHOTO BETpa Ui BOCTOouHOU U 3amanHoi (a3 KK, paccunranHbie ¢
nomoinbio smnupudeckux Mozeneir UK Met Office u HWMO7. [TonyueHnHble pe3yIbTaThl MOKa-
3BIBAIOT, YTO UMeeTcs cymiectBeHHoe BiausHue KJIK Ha ycimoBusi pacnpoctpanenus CIIB u3
Tporocdepsl B crparochepy. YCKOpeHHe CpeAHEero MOTOKa B BBICOKUX LIMPOTaxX CHIIbHEE MOJ
neiicrBueM BocTouHOM (a3l KJK.

The influence of the quasi-biennial oscillations (QBO) on propagation conditions of sta-
tionary planetary waves (SPW) from the troposphere into the stratosphere is investigated. Differ-
ence in accelerations of the zonal mean flow by SPW under different phases of the QBO is esti-
mated. The linearized model of the SPW structure is used to calculate the propagation of the
SPW with zonal wave numbers m=1 and m=2 (SPW1 and SPW2). The climatic (averaged over
2002-2012 years) SPW1 and SPW2 amplitudes and phases in January are used as lower bounda-
ry conditions. To simulate the SPW structure the background zonal mean wind for easterly QBO
and westerly QBO phases we used outputs the UK Met Office and HWMO7 empirical models.
The results obtained show that there is a substantial influence of the QBO on propagation condi-
tions of SPWs from the troposphere into the stratosphere. It is shown that accelerations of the
mean flow at higher-middle latitudes are stronger under easterly QBO phase.

PE3YJIbTATHI MOHUTOPUHI' A HEUTPOHOB HA PA3JIMYHBIX CTAJIUAX
I'PO30BO AKTUBHOCTH B ATMOC®EPE

B.10. Jlynenko, B.I1. AuToHoBa

I[oqepHee TOBAPHUILICCTBO C OFpaHH‘leHHOfI OTBETCTBECHHOCTBHIO «I/IHCTI/ITYT I/IOHOC(l)CpI:I»,
Anmartsl, Kazaxcran
unclegoering@gmail.com

RESULTS OF MONITORING NEUTRONS AT DIFFERENT STAGES
OF THUNDERSTORM ACTIVITY IN THE ATMOSPHERE

V.Y. Lutsenko, V.P. Antonova

Institute of lonosphere, Almaty, Kazakhstan

IIpencrasieHsl pe3ysbTaTbl MOHUTOPUHIA TEIUIOBBIX HEUTPOHOB TsHb-IIIaHbCKOTO 3KCIIe-
PUMEHTAIBHOTO KOMILJIEKCA Ha Pa3IMYHBIX CTAAMSIX T'P030BOM akTUBHOCTU. OOHaApYXKEeHO, YTO
CTaH/IapTHOE OTKJIOHEHWE MUHYTHBIX 3HAUEHUH AHHBIX CTAaHAAPTHOIO HEUTPOHHOIO MOHUTOPA
BO BpeMsi I'po3bl Bcerja 0oJiblie, 4YeM B YCIOBHIX XOpOIIeH morosl. Mbl 0ToOpanu coObITHS BO
BpeMsI IIPOXOXKAECHUS TPO30BBIX 00IaKOB HaJl BBICOKOTOPHOM CTaHLMEH, HO 6€3 MOJHUEBBIX pa3-
PAIOB WK C HEOOJBIITUM UX KOJIMYECTBOM (TIpeaBapuTenbHas ¢aza rpo3sl). HaiineHno, uro atmo-
cepHOe DIIEKTPHUUECKOE TMOJIE TOJOKUTEIBHOW MOJSPHOCTH YMEHBIIAET CKOPOCTh CYeTa
HEHUTPOHHOTO MOHHUTOpA, a OTPULATEILHON — yBenu4uBaeT. YyBCTBUTEIBHOCTh JETEKTHpYE-
MBIX YacCTHUI] K U3MEHEHMIO 3JIEKTPUUECKOTO IOJISI YMEHBIIAETCS C YBEJIMUEHUEM UX SHEPIHUU.
Bepxuuii sHepretudeckuii mopor cocrasiseT nmopsaka 10 ['9B. B atux coOpITHAX BO3MOXKHA Te-
Hepalusi HeMTPOHOB, 0OyCIIOBICHHAs MOJIHUEBBIMU paspsagamu. ClenaHo 3aKIlo4eHue, YTo Ha
Pa3HbIX CTaUSAX IPO30BOM aKTUBHOCTH PETUCTPUPYEMOE M3MEHEHHE HEMTPOHHOIO MOTOKa 00Y-
CJIOBJICHO Pa3HBIMU MEXaHU3MaMHU. DTH MEXaHU3MbI 00CYX/1al0TCs B paboTe.

Results of the study of monitoring thermal neutrons on Tien-Shan experimental complex at
different stages of thunderstorm activity are presented. We found that the standard deviation of
minute values of the neutron monitor data during thunderstorms always exceeds values under
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fair weather conditions. We selected events during the passage of thunderstorm clouds over the
high altitude station without lightning discharges or with a small number of them (the prelimi-
nary stage of a thunderstorm). It was found that atmospheric electric field of positive polarity
decreases the count rate of the neutron monitor, and negative polarity increases. The sensitivity
of the detected particles to change of the electric field decreases with increasing their energy.
The upper energy threshold is ~10 GeV. The generation of neutrons caused by lightning is pos-
sible in these events. It is concluded that change of neutron flux at different stages of thunder-
storm activity are caused by different mechanisms. These mechanisms are discussed.

INPUMEHEHMUE JIMJJAPOB B PEHIEHHUUA 3AJTAY
JAUCTAHIHMOHHOI'O 30HANPOBAHUSA TAPAMETPOB ATMOC®EPHI

A.Il. Makees, B./I. bBypaakos, C.W. [loaruii, A.B. HeB3opoB

HuctutyT ontuku atMocdeps! uM. B.E. 3yea CO PAH, Tomck, Poccust
map@iao.ru

USING LIDARS IN SOLVING PROBLEMS
OF REMOTE SENSING OF ATMOSPHERIC PARAMETERS

A.P. Makeev, V.D. Burlakov, S.1. Dolgii, A.V. Nevzorov
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

OnuchIBalOTCSl TEXHUYECKHE XAPAKTEPUCTHKU MOJECPHU3UPOBAHHOIO JIMJAPHOTO KOM-
wiekca Cubupckoit nunapHoi craniuu. [IpencraBieHsl BO3SMOXKHBIE METOIBI TUCTAHIIMOHHBIX
M3MEpEeHUl paaualiiOHHO-3HAYMMBIX MTapaMeTPOB aTMOCHEPDI, TAKMX KaK CTpaTOCepHBbIil aspo-
3001 U 030H. OOpaboTaHHBIC NaHHBIC JIA3EPHOTO 30HAMPOBAHUS MOKA3aHbI B BHJIE BOCCTAHOB-
JICHHBIX BEPTUKAJIBHBIX MpOoduiIei a3po30si, 030Ha U TEMIIEPATYPHI.

The report describes the technical characteristics of modernized lidar complex of Siberian
Lidar Station. The possible methods of remote measurements of radiatively significant parameters
of the atmosphere, such as stratospheric aerosol and ozone, are presented. The processed laser
sensing data are given in the form of retrieved vertical profiles of aerosol, ozone, and temperature.

CBA3b BUXPEBOM AKTUBHOCTH C W3MEHYNBOCTBIO MAJIBIX I'A30BbIX
COCTABJAIOIIUX ATMOC®EPBI HAJl TEPPUTOPUEUN CEBEPHOU EBPA3UU

H.B. IlankpatoBa, M.I'. AkneposB

WnctutyT Puszuku atmocdepst um. A.M. ObyxoBa PAH, Mocksa, Poccus
n_pankratova@list.ru

CORRELATION BETWEEN VORTEX ACTIVITY AND VARIABILITY
OF SMALL GASE COMPONENTS
OF THE ATMOSPHERE OVER NORTHERN EURASIA

N.V. Pankratova, M.G. Akperov
A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

B paboTe mpoBeaeH aHaaW3 MPOCTPAHCTBEHHOM M BPEMEHHOH W3MEHYHBOCTH T'a30BBIX
MpUMECEH Ha pa3IMYHBIX MacIiTabax 0 JaHHBIM u3Mepenuii Ha ctannusax MDA PAH, a takxke
nmanabIx skcneauiii TROICA (TRanscontinental Observations Into the Chemistry of the
Atmosphere). JloaroBpeMeHHbIE PSALI HAOIIOICHHI TO3BOISIOT IIPOBECTH CTATUCTHUECKUM aHa-
JIN3 BPEMEHHOM M3MEHYHMBOCTH T'a30BBIX COCTABISIONINX, KOPPEKTHO OLICHUTH JIUHEHHBIC TPCH/IBL.
Jns yaera BnHSHUS (HOTOXMMHUYECKUX M JTUHAMHYCCKHUX aTMOC(EpPHBIX IMPOIECCOB HAa XHMHYC-
CKHH COCTaB MPU3EMHOTO BO3/yXa HCIIOJIb30BaHA CHHOINTHYECKas MH(popMaIus u 0a3a ITaHHBIX
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COBPEMEHHOTO peaHanm3a. sl uccieIoBaHusS U CHCTEMAaTH3aIlid CHHONTHYCCKUX YCIOBHH OBLI
pa3pa60TaH aBTOMaTI/BI/IpOBaHHBIﬁ METOI I/I,Z[GHTI/Id)I/IKaL[I/II/I BHCTPOIIMYCCKHUX ITMKIIOHOB M aHTH-
IIUKJIOHOB. I/ICCJIG,Z[OBaHBI PECXKHUMBI BHCTPOIMMYCCKUX HMWKIOHOB M aHTHIMKIIOHOB, B TOM YHUCIIC
KOJIMYECTBO, pa3Mephl U MHTEHCUBHOCTD, IIPOBEACH aHAJIN3 CBSI3M XapaKTEPUCTHK BHUXPEBOM aK-
THBHOCTH M COCTaBa Npu3eMHoOro Bo3ayxa B LlenTtpambnoii Poccnu (ctannmu M®PA) u B Ilen-
TpanbHOM Cubupu (30THHO), OIEHEH BKJIAJ PA3IUYHBIX CHHONTHYECKUX IPOIECCOB B YCIIOBHS
HaKOIUJICHHUA U PaCCCUBAaHUA HpHMGCGfI. 3TO IIO3BOJIUT B ,Z[ﬂﬂbHGfILHGM YTOUYHHUTH MCTOABI ITPOTrHO3a

OTIACHBIX JKOJIOTHYECKHX CUTyaluidi. PaboTa BeIMONIHEHA MpU MOAACPKKEe MpoekToB PODOU
Ne 15-55-04097, 15-35-21061, 14-05-31078; PH® Ne 14-47-00049.

The analysis of spatial and temporal variability of gas impurities at different scales from
measurements at stations IAP RAS, as well as data of TROICA expeditions (TRanscontinental
Observations Into the Chemistry of the Atmosphere) was made. Long-term series of observations
allow us to make statistical analysis of temporal variability of the gas components and correctly
assess linear trends. Synoptic information and a database of modern reanalysis were used to ac-
count the effect of photochemical and dynamic atmospheric processes on the chemical composi-
tion of the surface air. The automated method of identification of extratropical cyclones and anti-
cyclones was developed for researching and systematizing synoptic conditions. Modes of extra-
tropical cyclones and anticyclones, including their number, size and intensity were investigated.
The analysis of connection of characteristics of storm-track activity and composition of the surface
air in Central Russia (IAP RAS stations) and in Central Siberia (Zotin) was made. The contribution
of various synoptic processes to accumulation and dispersion admixtures was studied. This allows
us to clarify the methods of forecasting of extrem ecological situations. The work has been funded
by RFBR No. 15-55-04097, 15-35-21061, 14-05-31078; RSCF No. 14-47-00049.

BAPHAIINU TPU3EMHOTI'O JIEKTPUYECKOTI'O I10JI51
TP KYYEBO-TOKJIEBOU OBJIAYHOCTH

K.H. IlycTroBajos, I1.M. Haropckuii

MHCTUTYT MOHUTOpHHTa KTUMaTH4ecKuX U akosornueckux cucreM CO PAH, Tomck, Poccus
const.pv@yandex.ru

VARIATIONS OF THE SURFACE ELECTRIC FIELD UNDER
CUMULONIMBUS CLOUDINESS

K.N. Pustovalov, P.M. Nagorsky

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia

HccnemoBadsl Bapualuy HAMPSOKEHHOCTH AJICKTPUYECKOTO MMojis E, cBsA3aHHBIE ¢ KydeBo-
JIO’KJIeBOM 00avyHOCThIO. Mcronb3oBanbl gaHHble (ToMck) o HampspkeHHOCTH E, mHpopManus
00 00J1aYHOCTH U aTMOCHEPHBIX SBICHUAX (METeOCTaHIUs «TOMCK») M JJaHHBIE CIICKTPOPAINO-
Merpa MODIS. HaGmogenus BKIIIOYAIOT mepuoibl Mar—ceHTsaopsr 2006-2013 rr. OtoOpaHbl
JaHHBIE CO CICAYIOIIMMH 0coOeHHOCTIMU: a) Hannuue Cb; 0) Hanuuue JIMBHEBOrO JOXKAM, Ipaga
WJIN TPo3bl; B) oTcyTcTBUE NS, AS M St; I') OTCYTCTBHE OOJIOIKHBIX M MOPOCSIIHUX OCaJAKOB; 1) OT-
CYTCTBHE TyMaHa, JBIMKH M JbIMa JIECHBIX moxkapoB. Jlonyckanock Hamuuue Cu, Sc, Ac, Cc, Ci
u Cs. OnpeeleHpl CTaTUCTUYECKUE XapaKTepUCTUKH Bapuanuii £ npu npoxoxacHuu B Cb B
JUBHEBOM W TPO30BOM CTaJUAX, HE CBSA3AHHBIX C MOJIHMCBBIMH pa3psaaMu, U UX IapaMEeTpPOB:
001IIel IMTEILHOCTA BapHauuid Ty, aMIUIUTYIbl BapHalui A,, 4ucia, JIUTEILHOCTH U CPEIHUX
3HaYEeHMH MoNoKUTeIbHBIX (Nd+, Dd+, Vd+) u orpunarensieix (Nd—, Dd—, Vd—) Bo3myiieHumii.
BrisiBiiens1 oco6eHHOCTH Bapuaryii E st atmochepHbIX (pOHTOB M BHYTPUMACCOBOW KOHBEKITUH.

We investigated the variation of the electric field E, associated with cumulonimbus clouds.
We used the data (Tomsk) on the strength E, the information about clouds and atmospheric phe-
nomenons (weather station Tomsk) and data of spectroradiometer MODIS. The observation pe-
riod was May-September 2006-2013. We selected data with the following features: a) the pres-
ence of Cb; b) the presence of shower, hail or thunderstorm; c) absence of Ns, As and St; d) lack
landregen and drizzle; e) lack of fog, haze and smoke. The presence of Cu, Sc, Ac, Cc, Ci and Cs
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was allowed. We determined statistical characteristics of the variations of E during the passage
Cb in the shower and thunderstorm stages, non-associated with lightning, and their parameters
such as the total duration of variations T, the amplitude of variations A, the number, duration,
and average values of positive (Nd+, Dd+, Vd+) and negative (Nd—, Dd—, Vd—) disturbances.
Features of variations E during atmospheric fronts and convective regions were identified.

BJIUAHUE KJIK U COJTHEYHOM AKTHUBHOCTH .
HA MEXKTOIO0BYIO UBMEHYUBOCTD JAT BECEHHEU ITIEPECTPOUKHA
CTPATOC®EPHOU IUPKYJIALIUN

E.B. Pakymuna, A.FO. Kanyxuna, E.H. CaBenkoBa, A.U. Iloropesbuen

Poccuiickuii rocy1apcTBeHHBIN THIpOMETeopoorudeckuil yausepcuret, Cankr-IletepOypr, Poccus
zhenya_rakushina@mail.ru

INFLUENCE OF QOBO AND SOLAR ACTIVITY
ON INTERANNUAL VARIABILITY OF DATES OF SPRING-TIME TRANSITION
OF STRATOSPHEREIC CIRCULATION

E.V. Rakushina, A.Yu. Kanukhina, E.N. Savenkova, A.l. Pogoreltsev
Russian State Hydrometeorological University, Saint-Petersburg, Russia

B nmanHoiT paboTe ucciemyeTcsl BIUSHAE COJIHEUHON aKTHBHOCTH HAa U3MCHYHBOCTH CPOKOB
BECEHHEH NepecTpOrKH cTpaTochepHor MUPKYIAIUH. [ oOHApyKEHUS BIUSHUS JaHHBIE O CPO-
KaX U COJHCYHOW aKTMBHOCTH OBLIN CTPYIIIUPOBAHBI COrIacHO (ha3aM KBa3WIBYXJIETHHX KOyeOa-
auii (KJIK). B pe3ynsTare Obliia BRISIBJIEHA 3aBUCHMOCTD JIaT BECEHHEH MepecTpoiiKu cTpaTtocdep-
HOM IMPKYJIAIUNA OT COJHEUYHOHN akTHMBHOCTH. [Ipm paszmelleHMn CpOKOB HAa PaHHIO M ITO3IHIOIO
MEPECTPOMKY HauOoJbIIee BO3ACHCTBHE COJIHEYHOI'O CHUTHAJIA OOHApY)KEHO IIPH ITO3IHEH mepe-
CTpOMKe. OBIJIO MOKa3aHO TAK)Ke, YTO MPU BBICOKOW COJIHEYHOW aKTUBHOCTH CBSI3b MEXAY JaTaMu
BECCHHEW MIepECTPOUKH U COJTHEYHON aKTUBHOCTHIO OOJIBIIIE, YEM MTPHU HU3KOM.

The study is devoted to investigation of the solar activity influence on variability of the
springtime transition dates of stratospheric circulation. Only grouping the data of the springtime
transition and solar activity, according to the phases of the quasi-biennial oscillation (QBO), the
Sun influence was detected. It was obtained that there is a dependence of spring transition dates
on solar activity. And in case of the Sun influence on early and later spring transition, the more
influence of solar signal is revealed at late spring transition. It was also shown that under high
solar activity conditions, the relation between spring transition dates and solar activity is stronger,
than at low one. The spring time transition is one the most prominent feature of the stratospheric
circulation over the winter pole, it determines the beginning of spring season, and has impacts on
the hydrological cycle, vegetative growing season and many other special things, and therefore is
important for studying nowadays.

CBSI3b ITPOILIECCOB B SKBATOPHUAJIbHON TPOIIOC®EPE
C TUHAMMKOM CTPATOC®EPHI

ML.A. PynueBa, B.1. Mopasunos, E.B. [leBsiTtoBa

HucturyT conueuyno-3emuon ¢pusukun CO PAH, Upkytck, Poccus
rudneva@mail.iszf.irk.ru

CONNECTION BETWEEN PROCESSES IN EQUATORIAL TROPOSPHERE
AND STRATOSPHERIC DYNAMICS

M.A. Rudneva, V.l. Mordvinov, E.V. Devyatova
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

HccnenoBana cBs3b konebanns Mamiena—/Ixyamana (Madden-Julian Oscillation, MJO) ¢
JIMHAMUYECKUMH TIpoIleccaMu B cTpaTocdepe: KBa3UABYXJIETHUMH KOJICOAHUSMHU 30HAIBHOTO
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BETpa B SKBAaTOPUANBHON cTpartocepe M BHE3AMHBIMU CTPATOC(HEPHBIMU MOTETUICHUSIMU —
SPKAUMH COOBITUSIMHU, XapaKTePHBIMHU ISl TUHAMHUKU 3UMHEN BBICOKOITUPOTHOW CTpaTochepsi.
MJO — neproauyecKku yCHUIMBAIOIIASCSI KpyMHOMACIITaOHAass KOHBEKIUS B TPOIMUYECKOU TPO-
nocdepe ¢ nepuogom 30-60 cyr. Xapakrep MJO meHsieTcs OT ToJ1a K TOAY, YTO MPOSBIISCTCS B
M3MEHYUBOCTH KBa3HABYXJIETHEH HUKIMYHOCTH SKBATOPUAIHLHOTO 30HAILHOTO BETPaA, a XOPOIIO
BbIpaxXeHHBIM COOBbITHSIM MJO GOmbIION aMIUIUTYIIBI COOTBETCTBYIOT HanOoliee MaciITaOHbBIE
coOBITHSI BHE3aNMHBIX CcTpaTocepHbIX moreruieHnid. PaboTa BbimoiHeHa B pamkax rpanta No
HIII-2942.2014.5 TIpe3unenta PO rocynapcTBEHHON MOAAEPKKH BEAYIUX HAYUYHbIX HIKOJ PO.

We study the connection between the Madden-Julian oscillation (MJO) and dynamic pro-
cesses in the stratosphere such as the quasi-biennial oscillations of zonal wind in the equatorial
stratosphere and stratospheric sudden warmings. They are spectacular events typical for the dy-
namics of the extra-tropical winter stratosphere. MJO is a periodically increasing large-scale
convection in the tropical troposphere with a period of 30-60 days. MJO character changes from
year to year that is manifests in the variability of the quasi-biennial oscillation of equatorial
zonal wind. Well-expressed large amplitude MJO events correspond to the most significant
events of stratospheric sudden warmings. The study was supported by grant No. 2942.2014.5
of the President of RF of government support of RF leading scientific schools.

K BOITPOCY BUXPEBOTI'O IBUKEHUSA ATMOC®DEPBI

[O.A. CemenoBa, P.I'. 3akunsan

CeBepo-KaBka3zckuii Gpenepanbubiii yHuepcureT, CTaBponoib, Poccus
brilliance_wave@mail.ru

ON THE PROBLEM OF VORTEX MOTION OF THE ATMOSPHERE
Yu.A. Semenova, R.G. Zakinyan

North-Caucasian Federal University, Stavropol, Russia

OOBIYHO B KaU€CTBE OCHOBHBIX COCTOSIHHM aTMOC(EpPHI paCCMaTPUBAIOT COCTOSIHUE CTATUKU
¥ BO3MYIIEHUE OTHOCHUTEIHHO HEr0 B BUJE IeOCTPOPUIECKOr0 M IKMAHOBCKOTO COCTOSIHUH.
B atux Mojaensx BepTUKaIbHON COCTaBISAIONICH CKOPOCTH BeTpa mpeHeOperaroT. B HacTosmei
paboTe MCCIeOBAaHO TPEXMEPHOE COCTOSIHHE aTMOC(EPHI C YI4ETOM BEPTHKATHHONW CKOPOCTH H
MOKA3aHO, YTO OHO SIBJISIETCS] BUXPEBBIM.

3anuceiBaeM YpaBHCHHS, OIHCBIBAIOIINC CTAHOHAPHOC COCTOAHUC aTMocq)epbl, B

6espasmeprom  Buze: d=H/L, Re=UL/v (umcno Peiinombaca), Ri=H&N?/U® (ancno

Puuapncona), N — wuacrora Bpenra-Bsiicans, N?2=agAy, Pr=v/x (uucno Ilpanarns),
=Y
205, H '

ONMCHIBAIOLIYIO MOJIe CKOpocTel. Ee aHanu3 Mmoka3blBaeT, YTO JABUYKEHHE BO3AYLIHOW YACTHIBI
MMEET TPEXMEPHYIO CIIUPATIBHYIO CTPYKTYPY.

Typically, the ground states of the atmosphere is considered as a state of static and outrage
about him in the form of the geostrophic and Ekman states. In these models, the vertical wind
velocity component is neglected. In this paper we investigate the three-dimensional state of the
atmosphere with the vertical velocity and show that it is a vortex.

Equations describing the steady state of the atmosphere, in dimensionless form arethe fol-

lowing: §=H/L, Re=UL/v (Reynolds number), Ri=H«N?/U? (Richardson number), N —of
Brunt-Vaisala frequency, N?=oagAy, Pr=v/«x (Prandtl number), Ro, =U /20, (Rosshy
Y
ZOJOyH

lysis shows that the motion of air particles has a three-dimensional spiral structure.

Ro, =U/2w,, (umcno Poccou), Ro [Tomygaem cucremy YypaBHEHHH,

number), Ro, = . We obtain a system of equations describing the velocity field. Its ana-
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HABJIIOJJEHUE YETOYHOM MOJIHAU B IKYTCKE
A.A. Toponog, P.P. Kapumos, B.A. Mysuiasipos, B.!. Ko3nos, C.A. Ctapoayouen

HucTuTyT KOcMOpu3nUecknx uccienaoBanuii u asponomun uM. F0.I'. [lladepa CO PAH, fxytck, Poccus
Anatol2010@mail.ru

OBSERVATION OF THE BEAD LIGHTNING IN YAKUTSK

A.A. Toropov, R.R. Karimov, V.A. Mullayarov, V.I. Kozlov, S.A. Starodubtzev
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

YeTouHast MOJIHHS IIPEACTABIIICT COOOM OUYEHBb PEAKYIO (hOPMY BICKTPHUECKOI0 I'PO30BOr0
paspsiga Ipu I'po3e B BHJE LCNOYKHA CBETAIIUXCS TOYEK, MM OYCHH. DTOT TUII MOJHHUN 00s3aH
CBOEMY IIPOUCXOKIECHHUIO pa3psaay OOBIYHON JMHEHHOM MOIHHH. PopMa KaKIOro CBETAIIErOCS
3JIEeMEHTa 4EeTOYHOM MojHuu Onu3ka chepuueckoi. CocemHre 3JIEMEHTHI pa3felieHbl TEMHBIMHU
HECBETAIIMMUCS IPOMEXKYyTKaMu. IIpencraBiieHsl pe3yabTaThl HAOMIOACHUN YETOYHON MOJHHUH
BO BpeMs Ipo3sl 6 uroisd 2014 1. B SAkyrcke. Habaromanucs Tpyu 4eTOUHBIE MOJIHUHM ITOCIIE YIAPOB
JIMHEHHON MOJIHMH B TEJICBHU3MOHHYIO BBINIKY B IIEHTpE ropoda. Bo Bpems Ipo3sl NpOU3BOAM-
JIaCh 3aITMCh AJIEKTPOMArHUTHBIX CHTHAJIOB OT MOJHHH, U3MEPSIIach HAIPSHKECHHOCTD DJICKTpHYe-
CKOTO TIOJISI, pETUCTPUPOBAIIMCH Bapyali HEUTPOHOB B aTMoc(hepe U IMPOU3BOIMIACE BHACO3a-
MCh ¢ BEICOKUM paszpemeHueM (1920x1080, 25 kaapoB B CEKYHIY) YETHIPbMS KaMepaMH, yCTa-
HOBJICHHBIMU Ha BBICOKOM 3maHMH B fkyrcke. IIpoBedeH aHalmn3 MOJyYeHHBIX BHUICO3AIIMCE U
3alMcel DIEKTPOMArHUTHBIX CHTHAJIOB. Y CHIIEHHS IIOTOKA HEHUTPOHOB B aTMocdepe BO BpeMs
YETOYHBIX MOJHHUI He oOHapyxeHo. [IpoBeseHa olleHKa JTMHEHHBIX Pa3MEPOB CBETAIINXCS 00-
JacTedl U pacCTOSAHUS MEXKAY 00JIACTIMU YETOUHOW MOJTHHH.

Beaded lightning is a very rare form of electrical discharge during a thunderstorm, as a
chain of luminous points or beads. This type of lightning discharge owes its origin usual linear
lightning. The shape of each element of the luminous beaded lightning nearly spherical and is
separated from adjacent elements, non-luminous dark gap. This paper presents the results of ob-
servations beaded lightning during a thunderstorm July 6, 2014 in Yakutsk. There were three
beaded lightning strikes after a lightning to the television tower. During a thunderstorm, has been
recorded electromagnetic signals from lightning, measured electric field intensity variations,
detected neutrons in the atmosphere, and recorded video in high resolution (1920x1080, 25
fps) with four cameras mounted on the tallest building in Yakutsk. Video and electromagnetic
signalswere analyzed. Strengthening the neutron flux in the atmosphere during beaded lightning is
detected. The estimation of the linear dimensions of the luminous area and the distance between the
regions beaded lightning was made. The study was supported by the grant No. HIII-2942.2014.5 of
the President of RF (the government support of leading scientific schools of RF).

MOJIEJUPOBAHUE TPAEKTOPUM AKYCTHUKO-TPABUTAIIMOHHBIX BOJIH
B ATMOC®EPE

H.O. llleBuyk, A.WU. [Toropesnbues

Cankr-IletepOyprckuii rocyaapcTBeHHbIN yHUBepeuTeT, CankT-Iletepoypr, Poccus
n.o.shevchuk@mail.ru

MODELLING ACOUSTIC-GRAVITY WAVE TRAJECTORIES
IN THE ATMOSPHERE

N.O. Shevchuk, A.l. Pogoreltsev
Saint-Petersburg State University, Saint-Petersburg, Russia

HaGmtonenus 3a mosiem cepeOpHUCTHIX 00JaKOB MO3BOJIAIOT OMPENCTUTh T€OMETPHUECKHUE
XapaKTepUCTHKH  (IJIMHY BOJHBI, BBICOTY HAONIOAEHUS, a3UMYT  pacIpOCTPAHEHUS)
IPaBUTALIMOHHBIX BOJIH, JOIICAIIUX 10 Me30cdephl. Vcroap30BaHNne ITUX JaHHBIX B YHCICHHOM
MOJICTTMIPOBAaHNH BEPTHKAJIBHON CTPYKTYphl TPABUTAlMOHHBIX BOJH ITO3BOJISIET IPOBECTH
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0o0paTHYI0 TpPacCHUpOBKY BOJH B 00JacTh Tpomocepbl U OMPEISIHTh MECTOIOJIOKECHUE
MCTOYHUKA BOJIHBI HA BBICOTAX MOpsiAKa 5 KM. JlJis BEIUMCICHUS MTOJIOXKEHUSI ICTOYHUKA BOJIHBI B
Tponocepe UCIONB3YeTCsl METOJMKA pa3feieHHs BOJH Ha TMPSIMYyI0 H OTPaKEHHYIO OT
JMICCUTIATHBHON oOnactu, ocHoBanHas Ha WKBJ-npubmmxkennu. CymiecTByrOINE TEOPETUICSCKU
MOJy4eHHBIE (OPMYINBI JAal0T BO3MOXKHOCTH OIICHKH MOIIHOCTH HMCTOYHHKA TPABUTAIMOHHBIX
BOJIH MO W3MEHYMBOCTH (oHOBOoro BeTpa. [IpoBedeHHBI aHanmM3 TOKa3bIBAaeT, 4YTO B
OTIPE/ICTICHHOW IyTeM OOpaTHOW TPAacCCHUPOBKH BOJIHBI OOJACTH JEUCTBUTEIIBHO CYIIECTBYET
3aMETHBIA HCTOYHUK IPABUTALMOHHON BOJIHBI.

Observations of noctilucent clouds allow us to determine characteristics of gravity wave,
monitored in mesosphere (wave length, wave observation height, propagation azimuth). Using
these parameters in numerical simulation of vertical structure of gravity wave makes possible
wave backward tracing into the troposphere (to the heights of 5 km). We also apply technique
based on WKBJ-approximation to separate numerical solution as direct and refracted waves.
Theoretical formula give the opportunity to estimate the characteristics of gravity wave source
by space variability of background wind. The results obtained show a good agreement between
inverse ray tracing data and evaluation of source characteristics.

CE30OHHBIE BAPUALIUHN HPI/I?.EMHOI?'IUKOHHEHTPAHI/II/I CO 1 O30HA
B HEHTPAJIbBHOU CUBUPU:
HABJIIOJAEHUA 1 YNCJIEHHOE MOJAEJIMPOBAHUE

10.A. IllITaokun, K.b. Mouceenko

WuctutyT Qusuku atmochepsl uMm. A.M. Odyxosa PAH, Mocksa, Poccus
yuryshtabkin@gmail.com

SEASONAL VARIATIONS OF CO AND OZONE SURFACE CONCENTRATIONS
IN CENTRAL SIBERIA: OBSERVATIONS AND NUMERICAL SIMULATION

Yu.A. Shtabkin, K.B. Moiseenko
A.M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

B mocnennee BpeMs M3MEHEHHS COCTaBa IPU3EMHOIO BO3JyXa OTMEYAIOTCS HE TOJBKO
BOJIM3HM IPOMBIIUIEHHBIX IIEHTPOB, HO H B YIAJIEHHBIX OT KPYIIHBIX FOPOJOB paiioHax. MoHHTO-
PHHT IPU3EMHOI aTMOC(HEPHI OCYILIECTBIISIETCS MUPOBLEIMH CETIMU HAOII0OAATEIbHEIX CTAHIUH, K
COXKAJIEHHIO HE OXBaThIBAIOIUMU TeppuTopuio Poccun. YacTruHo pertaet Ty mpodiemy (poHo-
Bas HaoOmogarenpHas crannust ZOTTO (ZOtino Tall Tower Observatory, 60.26° N, 89.24° E,
Kpacuospckuii kpait). CoctaBHoi dactbio HaOmoaeHuil B ZOTTO sgBiasitoTcst U3MEPEHUS TIPU-
3eMHOH KOHIIEHTpauuu o30Ha, Beaymuecs ¢ 2007 r. LleHHocTs moa00HBIX HAOIIOAECHUN OIIpEae-
JIIETCS POJIBIO 3TOTO COSAUHEHUS B aTMOCHEPHOM XMMMU: BapHalll¥M COACPIKAHUSA O30HA SIBJIS-
FOTCS OJHHM M3 OCHOBHBIX (DaKTOPOB, BIHSIOIIMX HAa OKHCIMTEIbHEIEC CBOMicTBAa atMocdeprl. B
HACTOSIIEH paboTe MPUBEIECHEI Pe3yIbTAaThl aHAIM3A TaHHBIX HAOMIONCHUH MPU3eMHONM KOHIIECH-
tpauuu o30Ha Ha craHiuu ZOTTO B nepuox 2007-2012 rr. Ha ocHOBe YHMCIEHHOI'O MOJEIIHPO-
BaHM C IMOMOINBIO XUMHKO-TpaHcnopTHoil Momean GEOS-Chem mpoBeneHa OIleHKa BIHUSHHUS
aHTPOIOT€HHBIX BEIOPOCOB M OMOT€HHBIX dMUCCUN B 3amaguHoi EBpore U OTOEIBHBIX PErHMOHAX
Poccuu Ha (hoHOBBIN cocTaB mpu3eMHOro Bo3ayxa B LlenTpansHoii CuOupu. PaboTa BhImoIHEHA
npu GuHAHCOBOU moaaepxkke mo rpantaMm PODU Ne 14-05-31071 u 15-35-21061, a Takxe mo
npoekty PH® No 14-47-00049.

Over the recent decades, changes in air composition have been observed not only near in-
dustrial centres, but also in background regions. Air quality monitoring is carried by global ob-
servation stations system, but it doesn't work in most of Russian territory. Observational station
ZOTTO (Zotino Tall Tower Observatory, 60.26° N., 89.24° E, central Siberia) partly improves
this situation. Surface ozone concentration measurements are part of ZOTTO observations car-
ried out since 2007. The importance of these observations is determined by the role of this gas in
the atmospheric chemistry: ozone variation is one of the main factors affecting atmospheric oxi-
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dative properties. This paper presents the results of analysis of O3 near-surface concentration
observations on ZOTTO station in 2007-2012. We use chemical-transport model GEOS-Chem
to estimate the impact of anthropogenic and biogenic emissions in Europe and some regions of
Russia in background near-surface air composition in Central Siberia. This work is supported by
RFBR grants No. 14-05-31071 and 15-35-21061 and also RSCF project No. 14-47-00049.
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