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TE3UCHI JOKJIATOB

JEKIAA

YTO BOJIHYET CETOJJHA ACTPO®PU3UKOB?
1O.10. BaJjera

CriernaneHas actpodusuueckas ooceparopus PAH, Hmwkauit Apxei3, Poccus
balega@sao.ru

WHAT DO ASTROPHYSICISTS CARE ABOUT TODAY?
Yu.Yu. Balega
Special Astrophysical Observatory RAS, Nizhny Arkhyz, Russia

W3 orpomMHOro ymucia HalpaBJI€HUH, B KOTOPHIX BEIYT UCCIEIOBAHUS ACTPOHOMBI, BBIJIE-
JICHBI HECKOJIBKO BBI3BIBAIOIINX HAMOONBIINN HHTEpec. K HIM MBI OTHECIH CIIeIyIOIIHE:

e CymIecTBYIOT JIM 36MHOIIOTOOHBIC TIAHETHI BOKPYT IPYTUX 3BE3, OJAMHOKHU JIH MbI?
Hackonpko tunnyna Hama ConHeuHas cucrema?
Korma copmupoBanuce 3Be3/1bl B rajlakKTHKAX ?
Kax o6pa3oBanuch raiakTuku?
Ckonpko Bo BeeneHHol cymnep-MacCUBHBIX YEPHBIX JbIP?
Korna u roe ¢popmupoBaiich 3Be3bl U XUMUYECKUE DIEMEHTHI?
Kaxumu Ob1n iepBbIe 0OBEKTHI?
Kak 3aBepunnachs TeMHas smoxa?

e CKONBKO TUIOB MAaTEPUH CYIIECTBYET, UTO COOOM MPEACTABISIET TEMHAass MaTePUs
U T7ie OHa?

e Yro Takoe TeMHas SHeprusi? DBOIONUOHUPYET U oHa? Kakux Bu0B oHa ObIiBaeT?

Hamu paccMoTpeHbI Takke HanOoliee aMOWIIMO3HBIE TPOCKThl HOBBIX WHCTPYMEHTOB IS
acTpo(pu3nUECKNX HCCIEOBAaHUHN, BKIIOYas co3qanue EBpomeiickoro sKCTpeMallbHO OOJIBIIOTO
teneckona E-ELT, 30-m Teaeckona TMT CIIA, bonwsmioro cunonrudeckoro teineckomna LGST,
6.5-m Teneckona JWST Ha opOute u apyrue. B Ommkaiimme qecaTUISTHsT OHU TIO3BOJISIT PEITUTh
3HAYUTENBHYIO YaCcTh MMOCTABICHHBIX 337124 U CHOPMYIUPOBATH PsIi HOBBIX.

MJIABMEHHAS TYPBYJEHTHOCTbH BEPXHEH HOHOC®EPHI
B IIOJIE MOILIHbBIX KOPOTKHUX PA/IMOBOJIH. ®PUZNYECKHUE OCHOBBI

C.M. I'pau

HanmonansHeiil uccnenoBaTenbCckuil Humkeropoackuili rocyapCTBEHHBIA YHUBEPCUTET
uMm. H.U. JlobaueBckoro, Hixauit Horopon, Poccus
sgrach@rf.unn.ru

PLASMA TURBULENCE OF THE UPPER IONOSPHERE
IN THE FIELD OF POWER SHORT RADIO WAVES. PHYSICAL BACKGROUNDS

S.M. Grach
Lobachevsky University, Nizhny Novgorod, Russia

B nexiuu KpaTko M3jararoTcs OCHOBHBIE CBOMCTBA MCKYCCTBEHHOU MOHOC(hEpHO TypOy-
nentHocTH (MUT) B 001acTu oTpakeHUs] MOIIIHON paJMOBOIHBI OOBIKHOBEHHOMW MOJIIPHU3AIUN
(c 9acToTOM fj) U OMHUCKHIBAIOTCS (PU3MUECKUE TPOIIECCHI, JISKAIIUE B OCHOBE €€ BO30YKICHUSI.
HNUT BkitoyaeT B ceOsl BBICOKOYACTOTHBIE KBAa3UMOTEHI[MAIbHbIE TJIa3MEHHBIE BOJIHBI C YacTO-
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TaMU f~fy ¥ pa3IMYHbIC HU3KOYACTOTHBIC BO3MYIICHHUS: MOHHO-3BYKOBBIC M HW)KHETHOPHIHBIC
BOJIHBI, BBIHYKJICHHbIE MOHHO-3BYKOBBIE KOJIeOaHuUsl, HEOJHOPOIHOCTH KOHIEHTPAIMHU TIa3MBbl,
BBITSIHYTBI€ BJIOJIb T€OMArHUTHOTO TOJIsI, C TIOTICPEYHBIMU MacIiTadaMu OT JECATKOB CAHTUMET-
POB 10 KUJIOMETPOB. BBICOKOUACTOTHBIE TIIa3MEHHBIE BOJIHBI YCKOPSIIOT AJIEKTPOHBI 10 SHEPIHil
10-50 3B, uTo0, B pe3yJbTaTe CTOJIKHOBEHHMH 3THX JIEKTPOHOB C HEHUTPAJbHBIMHU YaCTHIIAMH,
MIPUBOJUT K OTIOJHUTEIFHON MOHHU3AIMN HOHOC(EPHO TIa3Mbl, B TOM YKCJIEe K 00pa30BaHUIO
HMCKYCCTBEHHBIX OTPAXKAIOIIMX CJIOEB M K TEHEpaIMd ONTHYECKOTO CBEUEHUS HOHOC(hEpHI.
HarpeB 311eKTpOHOB 3JEKTPHUUECKUM TOJIEM IJIa3MEHHBIX BOJH MPHUBOIUT K MOJABICHUIO (POHO-
BOT'O CBEUYCHHS 32 CUET YMEHBILICHUSI KOHIIEHTPAIIMU BO30YKICHHBIX HEUTPAIBHBIX YACTHI] U3-3a
yMeHbIlIeHus1 ko3 duimenTa pekoMOMHALIMK ¢ POCTOM TeMIleparypbl. PaccMoTpeHsl cBolicTBa
HCKYCCTBEHHOTO paauousnydeHusi nonochepsl (MPU) u Bo3MOKHOCTH UCCIIEIOBaHUS CBOWCTB
NUT c nomomisto UPU, B ToM urciie 3aBUCUMOCTh OCHOBHBIX cBOMCTB UUT 0T cooTHOMIECHUS f)
Y TapMOHUK JJIEKTPOHHON HUKJIOTPOHHOU 4acTOThI. OOCYKIAI0TCS PEe3yIbTaThl UCCIIECTIOBAHUS
Moau(UKAIH TPOPUIIA INEKTPOHHOW KOHIEHTpPAIlMU B MOHOCHEpe MoJa AEHCTBHEM MOIITHON
PaIrOBOJIHEI.

O PACHPEJEJIEHAU I'PO30BOI AKTUBHOCTH IO 3EMHOMY IIIAPY
1 POJIM MOJIHUH B TJIOBAJIBHOM SJEKTPUYECKOM IENIN

E.A. Mapees

WuctutyT npuknaanoi ¢pusuku PAH, Huwknuit Hosropon, Poccust
mareev(@appl.sci-nnov.ru

ON THE DISTRIBUTION OF THUNDERSTORM ACTIVITY OVER THE GLOBE
AND ROLE OF LIGHTNING IN THE GLOBAL ELECTRIC CIRCUIT

E.A. Mareev
Institute of Applied Physics RAS, Nizhniy Novgorod, Russia

Jlekius mocBsimieHa mpooieMaM (DM3WKU MOJTHUM ¥ ITapaMETPU3AIMHA TPO30BOM aKTHBHO-
CTH U MOHOC(HEPHOTro MOTEHIMANa B MOJIESAX MPOrHO3a MOToAbl U KiuMaTa. JIekius coaepKuT
TPU OCHOBHBIX pazjerna.

1. MeToabpl MOHUTOPUHTA MOJTHHEBOU akTUBHOCTU. O030p COBPEMEHHBIX IPO30JOKAIMOH-
HBIX ceTel, Brimrouas riodaneHbie ceth WWLLN u GLD-360. Pacnipenenenue MOTHHUEBOW aK-
TUBHOCTH 110 36MHOMY IIIapy Ha OCHOBE TNIOOAJIbHBIX CETeH M ONTUYECKUX CITyTHUKOBBIX JaH-
HbIX. OTICIIEHO PacCMAaTPUBAIOTCS CETH MOHUTOPUHTA BHYTPHOOJIAYHOW MOJHUCBOW aKTHUBHO-
ctu B YKB-aunanasone u LMA kak HanOoinee pa3BuTasi U3 HUX.

2. CTaTUCTHYECKHE pacTpe/IeJICHUSI MOJIHUEBBIX BCIIBIIIEK MO MUKOBOMY TOKY. OCHOBHOE
BHUMAaHUE yAeleHO (PU3MUECKUM MpoleccaM U MEXaHHW3MaM, ONPEAEISIONUM CTaTUCTHKY MOJI-
HUN 10 TOKY ¥ SHeprur. OTIAEIBHO PACCMOTPEHBI MEPBHIE U MOCIEAYIOMNE KOMIIOHEHTHI OTPH-
LIATEJIBHBIX BCIIBIIIEK 00IaKO—3eMJIs.

3. Yder aTMOC(EpHBIX ANEKTPUUECKUX SBJICHUN B MOJEIISIX MPOrHO3a MOTObI U KIIMMATH-
YECKUX MOJIENIAX BBICOKOTO paspemieHus. [Ipobnema mapameTpusanuyd MOJTHHUEBBIX BCHBILIIEK U
noHOoc(hepHOro MOTeHIMANA. Bapuanus MOJTHHEBOW aKTHBHOCTH B Tepuoj JDiab-HuHBO. Yuer
OOpaTHBIX CBA3EH MEXOY JIEKTPUYECKUMH SBICHUSMHU, U3MEHEHHSIMH COCTaBa U PaaUAIlMOH-
HbIM OaniancoM. HapaboTka OKHCIIOB a30Ta pa3psiaMyu MOJTHUH B aTMocdepe.

The lecture is devoted to the problems of physics of lightning and parameterization of
lightning activity and ionospheric potential in the models of weather and climate forecast. The
lecture includes three main sections.

1. Methods of monitoring the lightning activity. Overview of modern lightning networks,
including global networks WWLLN and GLD-360. Distribution of lightning activity over the
globe on the basis of global networks and optical satellite data. Separately, monitoring networks
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for intracloud lightning activity in the VHF band and LMA as the most developed of them are
considered.

2. Statistical distributions of lightning flashes over peak current. The main attention is paid
to physical processes and mechanisms that determine the statistics of lightning in terms of cur-
rent and energy. Separately, the first and subsequent components of negative cloud-to-ground
flashes are considered.

3. Accounting for atmospheric electrical phenomena in weather prediction models and
high-resolution climate models. The problem of the parametrization of lightning flashes and the
ionospheric potential. Variation of lightning activity during the EI Nifo. Allowance for feedback
between electrical phenomena, composition changes and the radiation balance. Particular atten-
tion is paid to the problem of the production of nitrogen oxides by lightning discharges in the
atmosphere.

HOHOC®EPHBINA OTKJIHUK _
HA ITPUPOJHBIE U AHTPOIIOI'EHHBIE BO3JIEUCTBUSA

O.A. IloxoTe10B

WNuctutyT dusnku 3eman PAH, Mocksa, Poccus
pokh@ifz.ru

IONOSPHERIC RESPONSE
TO NATURAL AND ANTHROPOGENIC ACTION

0O.A. Pokhotelov
Institute of Earth’s Physics RAS, Moscow, Russia

B nocnennue roapl NpUCTalbHOE BHUMAHUE YIENSIETCSd M3YUYEHHIO T€HEpaluH JJIEKTPO-
MarHUTHBIX BOJMH B BbICOKMX mmmporax B YHY/CHY-gmamazone. OTtu KonebGaHHs OOBIYHO
HaOJII0/1al0TCSl KaK HA3eMHBIMH, TaK U CITyTHUKOBBIMU CPEJICTBAMHU B Pa3HbIE MEPHOABI MECTHOT'O
BpemeHu. Oco0oe BHUMaHHE YyJIENAETCS TeHepallii TaKUX BOJIH B TaK Ha3bIBAEMOM HOHOC(Ep-
HOM anib(BeHOBCKOM pe3oHatope (MAP). C ucrnonb3oBaHuEM peaTUCTUYHBIX MOJeNel HUKHEN
noHOC(hepsl OBLITN MPOAHATU3UPOBAHBI (PU3HUECKHE CBOMCTBA B3auMoeicTBus AP ¢ marauTo-
cepHbIM KOHBEKTHBHBIM NMOTOKOM. [Toka3aHO, 4TO B OTCYTCTBHE TAKOTO IMOTOKAa COOCTBEHHBIE
Moasl AP moaBsepKeHbl CHIIBHOMY 3aTyXaHHIO M3-3a YTEYKH BOJHOBOM HYHEPIHH 4Yepe3 BepX-
HIOIO CTEHKY PE30HaTopa U JKOYJIEBOH JUCCUTIAIIMM B IPOBOALIEH HOHOC(epe. MakcumalbHOe
3aTyXaHHE BO3HUKAET, KOrja HOHOC(epHas MPOBOJIUMOCTh COBIAAAET C BOJHOBOM MPOBOJUMO-
CTBbIO PE30HATOpa, U CTAaHOBUTCS (hopManbHO OeckoHeuHbIM. Hanmuuue jxe X0JIoBCKOM auciep-
cuu, 00yCIIOBIICHHOH 3alleTIeHneM allb()BEHOBCKOW M MarHUTO3BYKOBOM MOJ], CHUMAET ATy CHH-
T'YJSIPHOCTB, M 3aTyXaHHUE CTAHOBUTCSA KOHEYHBIM. Y CHJIEHHE MarHUTOC(hEepHOi KOHBEKIMH MpH-
BOJUT K CYIIECTBEHHOU mepecTpoiike coOCcTBeHHBIX Moa AP u yMeHbIIeHHIO WX 3aTyXaHUS.
JI14 3ajaHHOTO MONEPEYHOI0 BOJHOBOIO YMCIIA MOJIOKEHHNE MAKCUMyMa 3aTyXaHHs CABUTAETCS
B 00J1aCTh MEHbIIIEH noHOChepHOI mpoBoAUMOCTH. Korja BenmuurHa mojisi KOHBEKIIMH JOCTUTAET
OIIPENIEIIEHHOI0 KPUTUYECKOTO 3HAaYECHMSI, PE30HATOP CTAHOBUTCS HEYCTOMUYMBBIM. JTa HEYCTOU-
YHBOCTh MOJYYHJIa HAa3BaHUE HEYCTOWYMBOCTH C TIOJOXHUTEIBHON 00paTHOW CBsi3bl0. DPu3mue-
CKUI MEeXaHHM3M 3TOM HeCTAOMIBHOCTU CXO/IEH C MEXaHM3MOM YEPEHKOBCKOI'O U3JIy4YeHuUs B Oec-
CTOJIKHOBUTENIbHOH I1a3Me. Hanbomnee GnaronpusiTHbe yCI0BUS AJI €€ BOSHUKHOBEHUS peau-
3yI0TCA B IUIa3M€ ¢ HU3KOHM NMPOBOJUMOCTBIO, T. €. B HOUHBIX YCJIOBMsX. Pe3ynpraToM HEycToil-
YHBOCTH MOJKET CTaTh YMEHBIICHHE DJICKTPUYECKOTO TOJISI KOHBEKIIUH, HEOOX0IUMOTO ISt 00-
pa3oBaHusl TypOyJIEHTHOTO alb()BEHOBCKOTO CJIOA U TMOSIBJIEHUS aHOMAJIbHOM NMPOBOAMMOCTH B
obnactu nokanuzauuu WAP. Jlan Taxke 0030p M HMCKYCCTBEHHOH TIe€HEpaluy 3THX BOJH C
nomotbio HarpeBHbIX cTeHnoB tuna EISCAT, HIPAS u HAARP. MoaennpoBanre Ha3¢eMHOTO
OTKJIMKA YCJIOKHSIETCS TEM OOCTOSITEILCTBOM, UYTO Ha PacCMaTpUBAEMbIX YaCTOTaX CKUHOBAs
JUIMHA CONOCTaBMMa C TOJIIMHOW MOHOC(hEpbl U HEOOXOIUMO YUYHUTHIBATh MPOCTPAHCTBEHHYIO
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BEPTUKAIbHYIO CTPYKTYpY HOHOC(hepsl. KpoMe Toro, n3-3a HaJIM4YMs XOJIJIOBCKOM MPOBOJUMOCTH
MarHuTO3BYKOBBIE U aJb()BEHOBCKUE BOJIHBI 3all€TJICHBI APYT C APYroM, oOecreunBas CI0KHbIH
XapakTep UX B3auMoJeHcTBUS. B maHHON Mozenu reHepanus MarHuTHOro 3Byka B F-oOmactu
MOJYJIMpPOBaHHBIM BY-HarpeBoM He 3aBUCHUT OT HAIWYMSI JIEKTPOKETA U MOKET IPOMCXOANUTH
B 00J1aCTSIX, AAJIEKUX OT 00J1aCTU aBPOPAIBHOIO AJIEKTPOIKETA.

IPPEKTbI HOHU3AIIUU B ATMOC®EPE U BOSGMOKHOCTHU
X NCHHOJIB30BAHMUSA B BOITPOCAX NPEAYIPEXIEHUSA TPUPO/HBIX
N TEXHOI'EHHBIX KATACTPO®

C.A. Ilyaunen

HNuctutyt kocmuueckux uccinenopanuit PAH, Mocksa, Poccust
pulse@rssi.ru

IONIZATION EFFECTS IN THE ATMOSPHERE AND POSSIBILITIES
FOR THEIR UZING IN PREVENTION NATURAL
AND TECHNOGENIC DISASTERS

S.A. Pulinets
Space Research Institute RAS, Moscow, Russia

OCHOBHBIMH WCTOYHHKAMHU HOHHU3AIUU aTMOCQEPHI SIBISIOTCS MPHUPOIHAS PATAOAKTHB-
HOCTh 3eMJi (B OCHOBHOM PaJIOH, €ro M30TOMbl U JOUYEPHHUE MPOAYKTHI), TaJaKTUIECKUE U COJI-
HEYHbIE KocMudeckue Ty4dr. COoTHEYHOE IEKTPOMArHUTHOE U3Ty4deHHe (YIbTpadruosieT U PeHT-
T'eH) OKa3bIBAIOT BO3CHCTBIE Ha BEPXHUE CIOU HA BBICOTaX MOHOC(EPHI M B HACTOSIIIEM HCCIIe-
JOBaHUHM HE paccMaTpuBaroTcsa. DOPEKThI OT 000MX HCTOYHHKOB WOHM3AIMH TPAKTHYECKU
WJCHTUYHBI U MOTYT paccMaTpUBaThCSA B pamMKax eauHoro mexanusma. [locrenctBus wiu 3¢-
(heKTHI HOHU3AIUHU YCIIOBHO MOKHO Pa3JIeIUTh Ha TPH TPYTIIBI: TEIIOBBIC, METEOPOJIOTHUCCKUE
1 anekTpoMarHuTHeie. C TOUKHU 3peHUs GU3UKO-XMMHUYECKUX MPOIECCOB, MPUBOISAIINX K 3TUM
a¢dekTam, ciemyer paccMaTpuBaTh GOPMUPOBAHUE JICTKUX HOHOB KaK MEPBYIO CTYIICHb MOHH-
3alMy, KIacTepU3alMIo 3a CUeT TUApaTaluy MepBUYHbIX HOHOB (ion induced nucleation), u3me-
HEHUE XUMHYECKOTO COCTaBa aTMOC(EPHI B pe3yJIbTaTe MIA3MOXHMHUSCKUX PEAKIHA B POCT 00-
Pa30BaBLINXCS YACTHIl O Pa3MEPOB a’3p030Jeil CyYOMHUKPOHHOTO U MUKPOHHOTO Pa3MepoB, BbI-
JICJICHUE CKPBITON TETUIOTHI B PE3yJIbTAaTe MPUCOSAMHCHHS MOJICKYJT BOABI K HOHHBIM KJIacTepaM,
W3MEHEHHE 3JIEKTPHUECKON MPOBOJUMOCTU Tporochepsl U MHAYLHMPOBAHWE HEOIHOPOTHOCTEH
AIEKTPOHHOW KOHIICHTPAITUU B HOHOCHEpE.

B kxadecTBe mpupOIHBIX SBICHHM, HAOMIOAAEMBIX KaK Pe3yJbTaT MOHMU3AINH, OyayT pac-
CMOTPEHBI (POPMUPOBAHKE TEILIOBBIX M MOHOC(HEPHBIX aHOMAIHK HAJl 30HAMHU IMOJITOTOBKU CHITh-
HBIX 3eMIIETpsiceHuil, (GopMupoBaHUEe OOIAKOB IMOJI BO3ACHCTBHEM TalaKTHUYECKHMX KOCMHUYECKHX
JTy4el, ycuieHne u (OpMUpPOBaHHE TPOIIMIECKHX yparaHoB BciencTBUE (opOym-3dhexTa KocMu-
YEeCKUX JIy4eH, posib JOJTOBPEMEHHBIX BapHallii MOTOKOB TalaKTUYECKUX JTydel B INI0OATbHBIX
W3MCHCHHUSX KIMMATA.

BUXPEBBIE OIITUYECKHUE MOJISI B TYPBYJEHTHO ATMOC®EPE
O.B. Tuxomuposa, B.Il. AkceHnos

WuctutyT ontuku armocdepsl uM. B.E. 3yeBa CO PAH, Tomck, Poccus
science@iao.ru

VORTEX OPTICAL FIELDS IN A TURBULENT ATMOSPHERE
0.V. Tikhomirova, V.P. Aksenov
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
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[IpencraBneHsl pe3yabTaThl UCCIEIOBAHUN PACTIPOCTPAHSIONINXCS B TYpOyJICHTHOH cpere
ONTUYECKUX MYYKOB C BUHTOBBIMH OCOOCHHOCTSIMH BOJHOBOTO (poHTa. Obnanaromnue TakuMu
OCOOCHHOCTSIMU CBETOBBIC IOJISI HA3BIBAIOTCS BUXPEBBIMU M SIBJSIOTCS MIPEAMETOM HM3yYCHHS B
CUHTYJIIPHOM onTuke. PaccMOTpeHbl CBOMCTBAa ONTHUYECKUX BUXPEH, YCIOBUS UX BO3HUKHOBE-
HUS ¥ TpaHchopmammu, MPOCTPAHCTBEHHAS TUHAMHUKA MOTOKOB JYHEPTUU B BHUXPEBBIX IOJISX.
[Toxazana BO3MOXKHOCTb 3((EKTUBHOTO HCIIOJIB30BAHUS BUXPEBBIX JIa3€PHBIX IMYYKOB B aTMO-
c(hepHBIX TUHUSAX CBS3H.

Results of study of optical beams with screw peculiarities of the wave front when propa-
gating in a turbulent media are presented. The light fields with such features are called vortex
fields and are subject to study in singular optics. The properties of optical vortices, conditions for
their appearance and transformation, the spatial dynamics of energy flows in vortex fields are
considered. A possibility of effective application of vortex laser beams in atmospheric communi-
cation lines is demonstrated.

ITPOBJIEMA OIIEPATUBHOI'O OBECIIEYEHHA COBPEMEHHBIX CPEACTB
JAJIBHEHN PATMOJIOKAIIMU 'EOPUBUYECKNUMHU JAHHBIMUA

I'.H. TkauéB

OAO «HIIK «Hay4Ho-ucCIIeIoBaTeIbCKUH HHCTUTYT AaIbHEH CBsI3m», MockBa, Poccus
gtkachev@niidar.ru

PROBLEM OF PROMPT PROVISION OF UP-TO-DATE LONG-RANGE
RADIOLOCATION SYSTEMS WITH GEOPHYSICAL DATA

G.N. Tkachev
Joint Stock Company “‘Scientific Research Institute of Long-Distance Radio Communications”, Moscow, Russia

B Coserckom Coroze B 60—70 rr. mponuioro croietus Obljia co3/laHa CUCTEMa Mpexyrnpe-
xaeHus o paketHoM HanajeHuu (CITPH). OcnoBy HazemHoro 3menona CIIPH cocrasnsuin PJIC
MeTpoBoro auanaszoHa tumna «Jnectp». Onna u3 takux PJIC, mocne coorBercTByromieil aopa-
6oTku, ucnosbdyercs B Hactosuiee Bpemst UC3d CO PAH B kauecTBe cpencTBa U3MEPEHUs Ma-
paMeTpoB HOHOC(hEPBl METOI0M HEKOT€PEHTHOIO PACCESTHUSI PaliOBOJIH.

I'ocynapcrennsie ucnsitanus PJIC «/lnectp» npoBoauiucs B 1965 r., u Toraa e paspa-
6otunku PJIC «J/lHecTp» M y4yaCTHHUKM HUCIBITAaHUM BIEpPBBbIE 3aMETUIM CEPhE3HOE HEraTUBHOE
BiusiHUE noHOChepsl Ha padoty gannoit PJIC (31" PJIC). [demo B Tom, uto B PJIC «/IHecTp» uc-
HOJIB3YETCsl Ha M3JIyueHHe M Ha MpUeM aHTeHHa C JMHEHHOU mosspusanueid. B nonocdepe, kak
U3BECTHO, JINHEHHO-OJIIPU30BAaHHBIN CUTHAJ PacILEIUIsIETCs Ha JIBa CUTHAJIa KPyTOBOM MOJspU-
3auuu. B pesynbrate npu npueme HaOIIOJAIMCh 3aMUpPaHUs CUTHAJIA, OTPAYKEHHOTO OT CITyTHHMKA
cheprudeckoil GOpPMEBI, €ro He JODKHO ObUTO OBITh, €CITM CYUTATh MOHOC(hEpY M30TPOIHON. Pa3z-
pabotunku PJIC B nanpHeiiieM ydiau 3TO OOCTOSTENBCTBO, U B coBpeMeHHbIX PJIC mampHero
00OHapyXEHUSI METPOBOTO U ACUMETPOBOIO AUANIA30HOB BOJIH UCTIONB3YIOTCS JABE MOJISPU3AMU —
TOPU30HTAIbHAS U BEPTUKAJIbHAS.

Cospemennblie PJIC nanpHero oOHapy»KeHUsI UMEIOT BBICOKHE TOUHOCTH U3MEPEHHS KOOp-
JMHAT U CKOPOCTH KOCMMYECKUX OOBEKTOB. B CBSI3M ¢ 3TMM Ha NEpBbI IJIaH BbINIUIA JApyras
npoOiema, o0yCIOBIICHHAsI BIUSHUEM HOHOC(hEpBl, — TpobiemMa yCTpaHEHUsI OIMOOK HMOHO-
cepHOro MPOUCXOXKICHHUS, T. €. OLIUOOK, 00YCIOBIEHHBIX pedpakiielt paIloBOIH B HOHOChEpE,
OTJIMYMEM CKOPOCTH PACHPOCTPAHEHMsI paJUOBOIH B HOHOC(EPE OT CKOPOCTU CBETA U TUCIIEPCH-
OHHBIMHU (pa30BBIMHM UCKaXEHHUs1 curHaioB [1]. [l koMIeHcauuu 3TUX OMMOOK HY>KHBI OIepa-
TUBHBIE U JIOCTOBEPHBIE CBEJICHUS O MapaMerpax MOHOc(ephl Ha Tpaccax pajHoJIOKallUH, T. €.
CBEJIEHUS O IapameTpax HoHoc(hepsl B pexXUME «3]1eCh U ceifuacy.

Pa3paborunku PJIC npuHuMaroT Mepsl 0 NOIYYEHUIO HH(OPMALIUK O IapaMeTpax HOHO-
cdepbl B pexXHUMe «3IECh U ceiiuacy, T. €. Ha KOHKPETHBIX Tpaccax pajHoIOKalMi B TEKyLIUH
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MOMEHT BpeMeHu. B wactHocTh, B PJIC nenumerpoBoro nuamna3zoHa [2] ais KOMIEHCalu HOHO-
cepHBIX OMMOOK U3MEPEHHs JaTbHOCTH U yIjla MECTa UCIOJIb3YIOTCS JaHHbIE TEKYILMX H3Me-
pEHUIl MOJIHOrO ANEKTPOHHOIO COAEPIKAHMS 110 CUTHAjIaM HABUTALMOHHBIX CITyTHUKOBBIX CH-
creM ['JIOHACC u GPS. OTu nanHble UCMONB3YIOTCS ISl TEKYLIEH KOPPEKIUU MOJEIN UOHO-
cdepsl, a 3aTeM MPOBOAATCS HEOOXOAUMBIEC OIEHKH BEIMYMHBI HOHOC(EPHBIX OMIMOOK MO J1aiTb-
HOCTH M yIJIy MecTa. AHAJIOTUYHBIM 00pa3oM MPOBOIUTCS y4eT MOHOC(HEPHBIX OIIMOOK B ame-
pukanckoi PJIC nanenero oonapyxenus ALTAIR. [IpumeuaTensHO, 9TO MOJIENb HOHOC(EPHBIX
ook xkoppekrupyercs B PJIC ALTAIR c remnom 10 cexyHna.

Hcnonw3oBanue maHHBIX HaBUTalMOHHBIX cyTHHKOBBIX cucteM ['JIOHACC u GPS mo3Bo-
JIWJIO 3HAYUTENBHO YMEHBIIUTH OIIMOKM M3MEpPEHUs! JaJbHOCTH MOHOC(HEPHOIro MPOUCXOMKICHUSI.
OnHako yTJIOBBIE OMIMOKH MPU 3TOM HE YIAETCSl 3aMETHO YMEHBIIHUTh, TOCKOJIBKY OHU OIpeeNs-
I0TCS TPAJIMEHTaMH 3JIEKTPOHHOM KOHIIEHTpAlUH, a HE TIOJTHBIM 3JIEKTPOHHBIM COJIEP’KaHUEM.

Pa3zpaboruuku 3aropuzonTtHsix PJIC (3I' PJIC) mpocTpaHCTBEHHON BOJIHBI Ha KOPOTKHX
BOJIHAX JJIs MoJTydeHus: uHpopMmaiu o0 noHochepe B peKUMe «34eCh M ceiuacy HUCHOIb3YIOT
JTaHHbIE BO3BPAaTHO-HAKJIOHHOTO 30HaupoBanus (BH3). Ognako npu npaktuueckoil peanuzanuu
9TOM TEXHOJIOTUU UMEIOTCS OIpeIeIEHHbIE OIPaHUUEHHUS.

B nepsoix 31" PJIC npocTtpancTBeHHOM BosiHBI, ocTpoeHHbIX B CCCP, nucnonb3oBanuck
aHTEHHBI C BEPTUKAJIBHBIM pa3MepoM anepTypsl A0 140 M, 4To mMo3BOJIAIO0 CHOPMUPOBATH Y3KUH
[0 Iy MecTa paJuoiayy M ynpaBisTh UM. B 3TOM cilydae ynaBanoch BBIIEIUTH B «TEJNE)» CUT-
Hasna BH3 Mom0By10 CTpYKTYpy M MCHONB30BaTh €€ MpU nHTepnperanuu naHHbix BH3. Ognako
AQHTEHHBI ¢ BBICOTOM 10 140 M — ciumikoM goporoe yoBosibcTBUE. [1oaTOMY B HacTosiiee BpeMs
3a py6exxoM U1 B PD ncnonb3yroTes Ha nepeavy ¥ Ha MPHEM aHTEHHBI ¢ IIMPOKON MO yTIy MecTa
nuarpammoit HampasieHHoctH ([IH). [Ipu mumpokux mo yrimy mecta JIH pesko cyxkaroTcs uH-
(opmanMoHHbIe BO3MOXHOCTH curdaioB BH3. Yetko HabmogaeTcss 3aBUCUMOCTD 3a7€PIKKH T1e-
peanero ¢ponra curHana BH3 oT yacToThl, olleHUTH k€ MOJIOBYIO CTpYKTYpYy curHaina BH3 ne
MIPEJCTABISAETCS BO3MOXKHBIM.

B cBs3u ¢ aTuM uH(popManuio, MOJyYEHHYIO ¢ UCHOiIb30BaHueM curdanoB BH3, tpebyercs
JIOTOJIHATh APYTMMH JJTaHHBIMHU, HallpUMep, JTaHHBIMH HAaKJIOHHOTO U BEPTHKAJIBLHOTO 30HIUPOBA-
Hus. B yactHocTH, B ABcTpanuu g obecniedenust padotsl 31" PJIC mpocTpaHCTBEHHON BOJIHBI
CO3/laHa cHcTeMa KOHTPOJS COCTOSHUS HMOHOC(Ephl B OOJIACTH BEPUIMHBI IEPBOrO CKayKa,
BKJIIOYAOIIasl 9 MOHO30HI0B BEPTUKAJIBHOTO 30HAWPOBAHUS, 6 CTAHLUMN HAKJIOHHOIO 30HAMPO-
BaHUs U 6 NIPHUEMOOTBETYMKOB, Pa3MELICHHBIX Ha OCTPOBAX U B CEBEPHOM YacCTH MOPCKOTO MO-
Oepexxbss ABcTpanuu. Temn OOHOBJICHHUSI «KapThl» MOHOC(EpHON moroasl B 30HE neiictBus 317
PJIC ABcTpanuu cocTaBiasieT IPUMEPHO 5 MUH.

Jna Poccuiickoit @enepanuu 3ajada noyiydeHus MHGopmauu o6 noHochepe B pexkuMe
«3J1ech U celyac» B MHTepecax oOecreueHus CpeJCTB AajbHEeH HaJrOPU30HTHON U 3arOpU30HT-
HOM paJioIOKAlUHY SBJISETCS 3HAUUTEIBHO 00JIe€ CII0KHOM U MHOTOTPaHHOM MO PSiAY IPUYUH.

OpHa U3 NpuYMH — OOIMHKPHOCTh TeppuTopuu P n HemocraToyHast pa3BUTOCTh MH(ppa-
CTPYKTYpbI, 0COOCHHO ayis paitoHoB Cubupu u ApKTHKU. Bropas mpuinHa — M3MEHEHUE JTHHA-
MUKHU BHeIlHel cpeabl. B HacTosmiee Bpemst atMocdepa 1 noHocdepa cTaau 0ojiee U3MEHUYH-
BBIMHU 110 CPAaBHEHHIO C TIEpro10M BpeMeHnu 10—15 jeT Hazaa. DTo cBsA3aHO C OOIIMM U3MEHEHH-
€M KJIUMaTa Ha IJIaHeTe, yMEHbILIEHHEM HaNps>KeHHOCTH MarHUTHOTO 110JIs 3eMJIHM, HauaBIIMMCS
YCKOPEHHBIM JIpeiipoM MarHuTHBIX MOM0coB 3emiu 10 50 kM B rox (BMecto 1-1.5 kM), aHTpO-
MIOTCHHBIM BIIUSHUEM U T. [I.

OTH (aKTOpHI, a TAK)KE HEU3BECTHBIE HAyKe II00abHbIE Te€O(U3NIECKUE N3MEHEHHS TTPH-
BeJIM K 00Jiee 4acTOMY IMOSBIICHUIO CIIOPAAMYECKUX 00pa30BaHUM pa3IMYHBIX MacimTaboB B 00-
nactsax D, E, F2 nonocdepst, nuddysnoctu cinost F2, n3mMeHeHNI0 rpaHUIl OBaIa MOJISPHBIX CHUs-
HUH U T. 1.; B Tponocepe ycunuiaach KOHBEKLUS BO3AyXa, Epenaibl TEMIIEPAaTypbl THEM U HO-
YbI0 CTaJIK OOJIee CYIIECTBEHHBIMHU B JIETHEE BpeMs U T. 1. JlaHHbBIC SBJICHUS BIUSIOT Ha paboOTy
PJIC paznuuHOro Ha3Hau€HWs U AMANA30HOB BOJH M MPUBOJAT K YXY/IIIEHUIO TOYHOCTU H3Me-
pEeHMS KOOPJIMHAT, K CHUKCHUIO BEPOSTHOCTHBIX XapaKTEPUCTUK OOHAPYKEHHS, COKPAICHHIO
30HBI 0030pa u T. II.
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JUist CHIDKEHHsI HeraTUBHBIX TOCIEACTBUIN BIUsAHUS cpeabl Ha padoty PJIC manbHero o6-
Hapy’>KeHUs] HEOOXOIMMO €€ HEINpepbhIBHO KOHTpoiHMpoBaTh. B Poccuiickoit ®enepaunu neii-
CTBYIOT JIB€ CIyXObl reo(pHU3MUecKOro MOHUTOPHUHIA M NHpOrHo3upoBaHus: ['enmoreopusnye-
ckuii neHTp MHcturyTta npuknagaon reodusuku (MIIIN) u LeHTp mporHo30B KOCMUYECKOH TO-
rogel UI3MUPAH. OpHako oTeuecTBEHHBIE CIIyKObl HE ObUIM CHPOEKTHPOBAHBI TaK, YTOOBI
obecrnieunBaTh rejaroreopusndeckre moTpeOHOCTH cpeAcTB aanbHel paguonokaruun CITPH Poc-
CHUH B OIIEPATUBHOM PEKUME, C 3alaHHBIM YPOBHEM Ha/I€KHOCTH.

B cucreme PAH n Pocrugpomera nMeroTcst OpraHu3anuy, KOTOPhIE NIPEJMETHO U yCIIEHIIHO
3aHUMAIOTCSl TMarHOCTUKOIN HoHocdepsl. Ho pemmTs npobiemMy noiaydeHus HOHOC(EPHbIX AaH-
HBIX B PEKHAME «3IECh U CEUYacy», T. €. HA KOHKPETHBIX TPAcCax paavoJIOKalu U B TEKYIIUNA MO-
MEHT BpeMeHH, aaxe npu noixydenuun or HUM PAH u Pocrunpomera reogusuueckoit nuHpopma-
LIUM, HE MOJIyYUTCs 110 OYEHb IPOCTOM NMPUUYMHE: TEMI U3MEPEHUN NapaMeTpOB BHELIHEW CPE.bl
COCTaBJISET, KaK IPaBUiIo, 15 MuH, a pacripesielleHue CpeACTB U3MEPEHU 0 Tepputopun Poccuii-
ckoii Penepanny OCTAaBIIAET JKeyaTh Jyduiero. [loaTomy naHHBIE, BBIJABAEMBIE MHCTUTYTaMU
PAH u Pocruapomera B c€Th HHTEPHETA WIIM TIO 3asBKaM, JJIsl PAJAMOIOKAIIMOHHBIX CPEJCTB Jajlb-
Hero obHapy»xeHus: Poccuiickoii denepaiiui Majao IPUTOAHbI U IPAKTUYECKU HETOCTYIIHBI.

Oco0Oy10 03a004€HHOCTh BBI3BIBAIOT pailoHbl ApkTHKU. CpeacTBa JajJbHETO pajnoyIoKalu-
OHHOTro oOHapyxeHus: Poccuiickoii @enepannu KOHTPOIUPYIOT 3TU PaiOHBI, a JAaHHBIE O reodu-
3U4YeCcKOi OOCTaHOBKE B 3TUX pallOHaX BeChMa OrpaHUYCHBI.

Yro nenars? B KakuxX HaNpaBJICHUSX HY’KHO ABUraThes? 110 MHEHHIO aBTOpa, IPEKIE BCETO
HEOOXOIUMO:

1. @opcupoBarh pa3pabOTKy METOJOB M CPEICTB JUATHOCTHKH IapaMeTpoB MOHOChEpHI,
NPUTOHBIX K pean3aluy Ha anmnapaTtypHsix cpenctBax PJIC nambHero oOHapyxenus. B nmepByio
oyepeib 3TO OTHOCUTCS K METO/1aM, KOTOPBIE UCIIOJB3YIOT (Pa30BbIe U YACTOTHBIC PA3IUYHSI CUT-
HAaJIOB.

2. N3pIcKaTh BOBMOYKHOCTH COBMEIIEHUS MITATHOTO pexuma padotsl PJIC ganpaero ooHa-
pyxeHus (0030p MPOCTPAHCTBA, COMPOBOXKIACHUE KOCMHUYECKHX OOBEKTOB) M PEKMMa HEKOTe-
PEHTHOTO HAKOIUICHHSI CUTHAJIOB, 0OPAaTHO PACCESTHHBIX 3JICKTPOHAMHU HOHOC(hEPHI.

3. Hoocnactuts PJIC nanmpHero oOHapyXeHHsl amlmmapaTHbBIMU CPEJICTBAMHU OINEPATUBHOU
OLIGHKM MOMEHTa Hayaja BHE3alHBIX HMOHOC(EPHBIX BO3MYLICHUH, HAIpUMEpP, U3MEPUTEIIMU
JOTIIIEPOBCKOIO CMEIIEHUS YaCTOThI PENIEPHBIX UICTOYHUKOB U3JIy4EHHUS U T. II.

4. IIponomxuTh pabOThI 110 COBEPIIEHCTBOBAHUIO PEIHOHANIBHBIX, ONIEPATUBHO KOPPEKTUPY-
€MBIX MOJIeJIe HOHOC(EPhl C MUHUMAJIBHBIM KOJIMYECTBOM BHEITHUX BXOJHBIX JAHHBIX M 0€3 UC-
NI0JIb30BaHMS OLICHOYHBIX MHIEKCOB, IOJyYaeMBbIX 10 HHTEPHETY OT 3apyOeKHBIX 00CcepBaTOPHUIA.

5. ®opcupoBath pabOTHl MO pa3pabOTKe METOJO0B HMPOTHO3HPOBAHHUS MAPaMETPOB MOHO-
cdepbl, B TOM YHUCIIe Ha OYEHb KOPOTKHX MHTEpBajlaX BpeMEHHU (OT JAECATKOB CEKyHJA 10 He-
CKOJIbKMX MUHYT).

Cnucox tumepamypul

1. Bunorpanos A.I'., I'opoyrno M.E., JIyaur A.A., Cuauaypa A.A. CoBpeMEHHOE COCTOSHHE H
MEPCTICKTUBEI Pa3BUTHA padOT 10 KOMITEHcAnu atMoc(hepHbIX ommbok m3meperuit B PJIC mampHero o6-
HapyKeHUs Ha OCHOBE PaJUOIIPOCBEYHBAHMS aTMOC(HEPHI IBYXYaCTOTHBIMY CUTHAIAMUA HABHTAIIMOHHBIX
cucrem // Tpynet PTU um. akaa. A.JI. Munna. M., 2011. Beim. 3 (47). C. 106-117.

2. Scrokeuu 10.B., OBogenko B.b., MeuibaukoB A.A., )KusetbeB U.B., Becaun A.M., Exem-
ckuit .K., Korosa [I.C. Meroa koMIieHCaIlud HOHOC(HEPHOU COCTABISIONICH OMIMOKH paglOTeXHUYIE-
CKHX CHCTEM C IPHUMCHCHHEM JaHHBIX MOJHOTO 3eKkTporHoro conepkanus GPS/TJIOHACC // Bectauk
[ToBOMKCKOTO TOCYIapCTBEHHOTO TeXHOJOTHYecKoro yHuBepcuteTa. Cepust: PagmorexHndyeckue W WH-
(hoxommyHUKaoHHBIe cucTeMbl. 2017. Ne 2 (34). C. 19-31.

CTPATOCOEPA U ME30OCO®EPA 3EMJIN:
OINITUYECKHUE U TEILUIOBBIE CBOMCTBA
O.C. YrojnLHuKOB

HuctutyT KOcMudeckux uccienoanuii PAH, Mocksa, Poccus
ougolnikov@gmail.com
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STRATOSPHERE AND MESOSPHERE OF EARTH:
OPTICAL AND THERMAL PROPERTIES

O.S. Ugolnikov
Space Research Institute RAS, Moscow, Russia

B mepBoii yacTu JIEKIIMK PacCKa3bIBAETCS O BEPTHKAIBHOW CTPYKType atMochepsl 3emin u
OCHOBHBIX (DM3MUYECKUX M ONTHUYECKUX CBOMCTBaX, (OPMHUPYIOMIUX 3Ty CTPYKTYypy. Paccmarpu-
BaIOTCS B3aUMOJICHCTBHE KOPOTKOBOJHOBOI'O COJTHEYHOTO U3IYUYEHUS C BEIIECTBOM aTMoc(hepsl,
(dhopMupoBaHre 030Ha M JABYX clioeB d(hdekTuBHOrO HarpeBa (B cTparocdepe u Tepmochepe).
Bropast yacTe jeKiuu MmocBsIIeHa aHaJu3y ONTUYECKUX IIMPOKOYTOJIBHBIX HAa3eMHBIX H3Mepe-
HUU TeMmmepaTrypHOro mpoduis BepxHed aTMocdephl, a TakKe HM3YYCHHI0 MUKPO(PH3UIECKUX
CBOMCTB YaCTHII CTPATOCHEPHOTO a3p030JIsl U MOIAPHBIX MEe30CPEPHBIX (CEPeOPUCTHIX) 00TaKOB
U UX CBSI3M C TTI00ATHHBIMU KIMMATHYECKUMU U3MEHEHUSIMU Ha 3eMIle B TIOCJICIHNE JeCATUIIC-
tus. Pabota monnepskana Poccuiickum poHmom dyHAaMEHTANBHBIX UCCIIeT0BaHMM, rpaHT No 16-
05-00170a.

The lecture starts from the description of vertical structure of the Earth’s atmosphere and
basic physical and optical properties forming this structure. Interaction of short-wave solar emis-
sion with the atmosphere, forming the ozone and two layers of effective heating (in stratosphere
and thermosphere) is considered. The second part of lecture is devoted to the analysis of optical
wide-field ground-based measurements of mesosphere temperature profile, investigations of mi-
crophysical properties of stratospheric aerosol and polar mesospheric (noctilucent) clouds parti-
cles, and their relation with global climate change on Earth during the recent decades. The work
is supported by Russian Foundation for Basic Research, grant No. 16-05-00170a.
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KOH®EPEHIUA MOJIOAbIX YHEHBIX

CEKIIMA A
ACTPO®U3UKA U ®U3UKA COJTHIIA

JAUATHOCTHUKA MATHUTHOI'O ITOJISI BOCHOBAHHUHU KOPOHBI COJTHIA
METOJIAMUA T'MPOPE3OHAHCHOM MATHUTOI'PA®UU

L2C.A. AHpUHOreHTOB

'MHctutyT conneuno-semuoit pusukn CO PAH, Upkytek, Pocens
*Yuupepcuter Yopuka, Kopenrpu, Bennko6puranus
anfinogentov@iszf.irk.ru

MAGNETIC FIELD DIAGNOSTICS AT THE BASE OF THE SOLAR CORONA
USING THE MICROWAVE GYRORESONANT TECHNIQUES

128, A. Anfinogentov

"nstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
2University of Warwick, Coventry, UK

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

Nowadays, observations and analysis of the solar radio emission is the only way for the di-
rect measurements of the magnetic field in solar corona. In this talk, we discuss the magnetic
field measurements using the microwave gyroresonant techniques. Microwave gyroresonant
emission of solar active regions is formed in the layers of plasma where the absolute value of the
magnetic field corresponds to one of the gyro-frequency harmonics (typically third or second).
The detection of a gyroresonant emission at a certain frequency means that the line of sight
crosses the layer with the corresponding magnetic field, giving us the lowest possible value of
the field in the transition region. We present 2-level (B>680 G u B>2020 G) radiomagnetograms
for a few active regions obtained from the microwave observations at 2 frequencies: 5.7 GHz
(SSRT), and 17 GHz (NoRH). Also, we discuss the possibility of mapping the absolute value of
the magnetic field at the base of the corona with significantly higher accuracy using the Siberian
Radioheliograph (SRH) and other upcoming radioheliographs such as EOVSA and MUSER.
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YUCJEHHOE MOJIEJIMPOBAHUE B3AUMOJIENCTBUA
KPYITHOMACHITABHBIX KOPOHAJIBHbBIX BOJIH
C KOPOHAJIBHBIMUA MAT'HUTHBIMU CTPYKTYPAMHM

A.H. AdpanacreB

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

NUMERICAL SIMULATION OF THE LARGE-SCALE CORONAL WAVE
INTERACTION WITH CORONAL MAGNETIC STRUCTURES

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

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

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

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

I1.A. be3ba3bIKOB

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

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

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

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

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

IL.1O. I'01010608B, I1.A. KpuBomankuu, I'.®. KpbiMckuii

HNuCcTUTYT KOCMOm3nmIecKkuX uccneaoBanmii u aspornomun uM. 10.I'. [lladepa CO PAH, SAxyrck, Poccus
gpeter@ikfia.sbras.ru

INVESTIGATION OF SHORT-TERM VARIATIONS OF VECTOR
AND TENSOR ANISOTROPIES
OF COSMIC RAYS USING MAGNETIC MIRROR MODEL

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

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

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

T'OJOBBIE BAPUAIIUU IIJIOTHOCTH KOCMUYECKHUX JYYEN

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

HHctuTyT KocMopu3ndeckux uccienoanuii u asponomun um. FO.I'. Illadepa CO PAH, Axyrck, Poccus
gpeter@ikfia.sbras.ru
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ANNUAL VARIATIONS OF COSMIC RAY DENSITY
P.Yu. Gololobov, P.A. Krivoshapkin, G.F. Krymsky
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

Ha ocHoBe maHHBIX MUPOBOM CETH HEUTPOHHBIX MOHUTOPOB MCCIEAYIOTCS CE30HHBIE Ba-
pHUAaLMKU TIOTHOCTA KOCMHUYECKHUX Jtyuen 3a 1953—2015 rr. u ux cBsi3b ¢ HUKJIOM COJTHEYHOH aK-
TUBHOCTHU. [loka3aHO, YTO MJIOTHOCTh KOCMUYECKHUX JIy4el HCHBITHIBAET T'OJOBBIE BapUalMH C
ammuutyaaMu nopsiika 1-2 %. OOGHapyXeHO CYIEeCTBOBaHHE T'0OJI0BOM Bapualliu IUIOTHOCTH
KOCMUYECKHUX JIydel omnpeneiaeHHONW (a3pl B MEPHOIbl MAKCUMYMOB COJTHEYHOW aKTUBHOCTH.
OO6cyx1ar0Tcsi BO3MOKHbBIE IPUYMHBI BOSHUKHOBEHMSI TOJJOBBIX BapHalfil, CBA3aHHBIX C IeIHO-
IIMPOTHOW aCUMMETpHUEH rennocdepsl.

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

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

A.C. [lepec, C.A. AHQUHOTEHTOB

HuctutyT conmreuno-3emuont ¢pusznku CO PAH, Mpkytck, Poccus
deres@mail.iszf.irk.ru

DIAGNOSTICS OF A TEMPERATURE DISTRIBUTION IN THE CORONAL
STRUCTURES ABOVE SUNSPOT UMBRA BY OBSERVING 3-MIN OSCILLATIONS

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

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

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

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

SA.NU. Eropos, B.I'. ®aiiHuTeiiH

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

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

Ya.l. Egorov, V.G. Fainshtein

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

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

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

IOPEKT P2P, EI'O IPUMEHEHHUE
JJIs1 UCCAEJOBAHUSA ABUXKEHUA TPACCEPOB

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

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

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

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

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

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

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

O NIOCTOAHCTBE ITIOINEPEYHOI'O CEYEHUA
KOPOHAJIBHBIX MAI'HUTHBIX IIETEJIb

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

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

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

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

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

METOJIMKA HABJIFOJEHUSI YEPEHKOBCKOI'O CBETA
HA IKYTCKOM YCTAHOBKE IIIAJI

A.A. UBanos, JI.B. Tumodeen

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

A TECHNIQUE FOR OBSERVING CHERENKOYV LIGHT
AT THE YAKUTSK EAS ARRAY

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

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

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

HABJIIOJEHUE KOCMHUYECKHUX JIYUEN
HMHAPOKOYI'OJIbHBIM YEPEHKOBCKHM TEJIECKOIIOM

A.A. UBanos, JI.B. Tumodeen

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

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

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

O NIPOCTPAHCTBEHHO-BPEMEHHOM PACITOJIOXKEHUHN
MPOTOHHBIX BCIBIIIEK HA COJTHEYHOM MOBEPXHOCTH

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

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

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

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

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

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

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

BbIXO/Jl YCKOPEHHBIX ITPOTOHOB
B COJTHEYHBIX OPYIITUBHbBIX COBBITUAX

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

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

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

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

OBBEJIMHEHHASA MOJAEJIb IMHAMO U JUOPEPEHIINAJIBHOI'O BPAIIEHUSA

JIJI. Kuuatunos, A.A. HenoMHsAmx

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

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

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

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

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

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

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

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

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

C.I1. Knypenko, U.C. IleTpoB

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

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

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

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

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

B.C. Koo6eu, C.B. JlecoBoii

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

ANALYSIS OF INTERFERENCE AFFECTING THE DATA
OF THE SIBERIAN RADIOHELIOGRAPH

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

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

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

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

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

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

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

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

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

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

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

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

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

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

J.C. Jlenenuos, 5.B. ComoB

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

THERMAL INSTABILITY OF THE RECONNECTING CURRENT LAYER
IN SOLAR FLARES

L.S. Ledentsov, B.V. Somov

Sternberg Astronomical Institute, Moscow State University, Moscow, Russia

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

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

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

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

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

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

A. Knsizes, M. Korue

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

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

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

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

SA. Knyazev, M. Kotze

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

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

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

[To moBeneHMIO KPUBBIX OJIECKA MOKHO BBIJCIUTH JBA CIydas:

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

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

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

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

24



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

So we can present two groups:

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

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

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

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

DEVELOPMENT OF POLARIZATION DEVICES FOR SOLSYT

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

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

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

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

M.C. MaJbliiieB

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

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

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

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

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

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

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

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

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

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

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

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

MOJAEJIMPOBAHME INOJIAPU3ALINUU U3TYUYEHUA
CEH®EPTOBCKHUX 'AJIAKTHUK

A.I'. MuxaiijioB

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

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

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

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

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

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

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

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

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

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

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

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

FLAVOUR AND CHARGE RATIOS
OF HIGH-ENERGY ATMOSPHERIC NEUTRINOS

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

CTATYC OKCIIEPUMEHTA TAIGA-HiSCORE
AL ITaxopykos

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

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

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

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

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

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

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

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

[IpeacraBnena moxaens (GopOyII-MOHMKEHUST B MAarHUTHOM oOJiake. BeImosHeH pacyer
MOMEHTOB (YHKIIUH pacIpeeeHuss KOCMUYECKUX JIydeil B 3aBUCUMOCTH OT BpeMEHHU. Pe3yib-
TaThl pacueTa B OOIIEM COTJIACYIOTCA C WM3MEPEHUSIMH WHTEHCHUBHOCTH KOCMHYECKHUX JIydeu
HA3eMHBIMHM JE€TEKTOpaMH. Y CTAHOBJIEHA OIpEAENoniasl poyib CTPYKTYpPbl MAarHUTHOTO MOJS
(magnetic flux rope) B auHamuke (QopOyII-MOHMKCHHS. BBISIBICHO CYIIECTBEHHOE BIIHSHHC
obnacTei, cCoOeMHSIONMX MarHuTHOe obOnako ¢ ConHileM, Ha pacmpeneiaeHue KOCMUYECKHX
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ay4eil B obmactu Bo3mymieHus. [loydeHo, 94TO MPOJOHKUTEIHLHOCTh BOCCTAHOBICHHUS (HOp-
OYII-TIOHIKEHUS OTPENIeSeTCs OPUEHTAIlMe MarHUTHOTO O0Jaka M yMEHBIIEHUEM MAarHUT-
HOTO TOJIS PU €T0 PACIIUPEHUH.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

MOIUPUIINPOBAHHOE YPABHEHUE JEBUAIIMU 'EOJE3NYECKHUX
B METPUKE HIBAPHIINJIBJA

A.M. PacyioBa

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

GENERALIZED GEODESIC DEVIATION EQUATION
IN THE SCHWARZSCHILD METRIC

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

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

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

HU3KODHEPTETHUYECKHAE HEYIIPYTUE ATOMHBIE CTOJIKHOBEHUS
KAJILIIAS M BOJIOPOJIA

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

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

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

Herzen State Pedagogical University of Russia, Saint Petersburg, Russia

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

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

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

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

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

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

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

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

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

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

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

A.E. Pynean

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

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

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

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

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

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

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

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

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

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

AHAJIN3 KOPPEJISIIUU UMITYJIBCOB YCTAHOBKH HiSCORE
B.C. CamoJjura

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

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

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

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

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

M.H. CopoxoBukoB, C.1. CuHeroBckuii

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

ML.N. Sorokovikov, S.I. Sinegovsky

"rkutsk State University, Irkutsk, Russia

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

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

KOJIEBAHUSA U CTPYKTYPHASA 2BOJIIOLIUSA
MEJKOMACIHITABHBIX MATHUTHBIX OBPA3OBAHHUI HA COJIHIIE

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

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

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

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

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

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

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

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

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

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

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

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

M.C. Toponosa

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

HCIOJb30BAHUE CBEPTOYHBIX HEMPOHHBIX CETEN
JJIA JMATHOCTUKHU YCTAHOBKH TUNKA-REX

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

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

CONVOLUTIONAL NEURAL NETWORKS
TO DIAGNOSE TUNKA-REX FACILITY

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

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

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

CEKLIMS B
®M3UKA OKOJO3EMHOTIO KOCMUYECKOT'O IIPOCTPAHCTBA

UCCJEJOBAHUE JIYUYEBBIX TPAEKTOPUM KB-PAJTMOBOJIH
B ECTECTBEHHO U UICKYCCTBEHHO BO3MYIIIEHHO HOHOC®EPE
HA OCHOBE JAHHBIX PA/IUOTOMOI'PA®UHN

M.A. AHHeHKOB, E.C. AnapeeBa, U.A. Hectepos

MockoBckuii rocygapcTBeHHbll yausepceurer uM. M.B. JlIomoHocoBa, MockBa, Poccust
annenkov(@physics.msu.ru

RESEARCH INTO RAY TRAJECTORIES OF HF RADIOWAVES
IN NATURALLY AND ARTIFICIALLY DISTURBED IONOSPHERE
ON THE BASIS OF RADIOTOMOGRAPHIC DATA

ML.A. Annenkov, E.S. Andreeva, I.A. Nesterov

M.V. Lomonosov Moscow State University, Moscow, Russia

[TpoBeneHo yKcIeHHOE MO/IEIUPOBaHKe JTyueBbIX TpaekTopuil KB-paauoBoiH B moHOChEpe.
B kauectBe Mozenu cpeapl UCIONIB30BaHbl Kak Mozeib IR, Tak u peasbHbIC JaHHBIE, TIOJIYyYEH-
HbIE METOI0M paanoTomMorpaduu noHochepbl. MarHuTHOE 1oJie 33aH0 B COOTBETCTBUU C MO-
nenpto IGRF. Beinonneno cpaBHeHue J1yueBblx Tpaektopuii KB-paanoBosH B yciioBusix ecte-
CTBEHHBIX M UCKYCCTBEHHBIX HOHOC(HEPHBIX BO3MYIIIECHUI.

We present numerical simulation of ray trajectories of HF radiowaves in ionosphere. As a
model of the medium, we use both the IRI model and the real data obtained by the method of
radio tomography of ionosphere. The magnetic field is defined by the IGRF model. We compare
ray trajectories of HF radiowaves under conditions of natural and artificial ionospheric disturb-
ances.

PACYET CPEJHUX 3HAYEHUM BAPUATIU
KOMIIOHEHT TEOMATHMTHOT'O NOJISA
HA MATHUTHOM CTAHIIUU «BAVITA3AH»

A.C. begapesa, A.1IO. I'Boznapes

I'opHo-AnTaiickuii rocy1apcTBEHHBIN yHUBEpCUTET, I 'opHO-AnTaiick, Poccus
bedarewa.anastasia@yandex.ru

CALCULATING THE AVERAGE VALUES
OF THE VARIATIONS OF GEOMAGNETIC FIELD COMPONENTS
AT “BAIGAZAN” MAGNETIC STATION

A.S. Bedareva, A.Yu. Gvozdarev
Gorno-Altaysk State University, Gorno-Altaysk, Russia

[To naHHBIM KBapleBOro BapuOMeTpa MarHUTHoOW ctaHuuu «baiirazan» (dacrora peru-
crparuu 20 ', morpentHocTs — okojio 10 mTi) Ol paccUUTaHbl CEKYHAHBIC CPETHUE 3HAYEC-
Husa D-, H-, Z-Bapuanuii reomarautHoro nois 3a 2014-2016 rr. IIpu 3ToM ObLTH MCKITFOYCHBI
BBIOPOCHI M CKAUYKH B JJAHHBIX, PACCUMTAHBI CEKYHHBIE CPEIHEKBaApaTUIHbIe OTKIIOHEeHNs. [lomro-
TOBKA CEKyHIHBIX CPETHHX HEOOXOIMMa JUIsl MPEOCTABICHUS JAHHBIX B POCCHUHCKO-YKPAWHCKHIA
LIEHTP T€OMAarHUTHBIX JAHHBIX.
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According to the data of the quartz variometer of the magnetic station “Baigazan” (the fre-
quency of recording is 20 Hz, the error is about 10 pT), the second mean values of D, H and Z
variations of the geomagnetic field for 2014-2016 were calculated. At the same time, jumps in
the data were excluded, and standard deviations for every second were calculated. The prepara-
tion of second means is required to provide data to the Russian-Ukrainian Geomagnetic Data
Center.

BO3MYUIEHUS BAPUALIUM MTOJTHOT'O JIEKTPOHHOI'O COJIEP)KAHUA
B YCJIOBUAX METEOPOJIOI'MYECKOI'O HITOPMA 29-30 MAPTA 2015 1.
ITO HABJIIOAEHUAM B KAJIMHUHI'PAJIE

'0.I1. BopueBkuna, " *1.B. Kapnos

'bantmiickuii benepanpublii yansepcuter um. U. Kanra, Kamnanarpan, Pocens
opsuslova@gmail.com
*3anmaguoe otaenenre MHCTUTYTA 3eMHOTO MarHETH3Ma, HOHOC(EPHI ¥ PACTIPOCTPAHCHHUS PATHOBOIIH HM.
H.B. IlymxoBa PAH, Kanununrpan, Poccus

DISTURBANCES IN TOTAL ELECTRON CONTENT VARIATIONS
DURING THE METEOROLOGICAL STORM ON MARCH 29-30, 2015,
ACCORDING TO OBSERVATIONS IN KALININGRAD

10.P. Borchevkina, Ly, Karpov

'Immanuel Kant Baltic Federal University, Kaliningrad, Russia
"2West Department of Pushkov Institute of Terrestrial Magnetism, Ionosphere
and Radio Wave Propagation, Kaliningrad, Russia

MeTteoposoruueckiue BO3MYLICHUS SIBJSIOTCS UCTOYHHUKOM aTMOC(EPHBIX BOJH B LIUPO-
KOM JIMana3oHe 4acToT, B TOM YHMCJE U aKyCTUKO-TpaBUTAllMOHHBIX BOIH (AI'B). AT'B, pacmpo-
CTpaHSIOIIKECs U3 HIDKHEH aTMOoc]ephl, MOTYT JOCTHTaTh BHICOT BEpXHEH arMocdeps! U, BCea-
CTBHUE MPOLIECCOB TUCCHIAIINU, CYIIECTBEHHO BIUATh HA XapaKTEPUCTHKU Bapualuil mapamer-
POB Cpebl.

Habmonenust tuHaMuKy HOHOC(EPHBIX TapaMeTPOB, BBHIIIOJIHEHHBIE B YCIOBUSIX METEOPO-
noruueckux mwropmoB B Kamununrpane (54° N, 20° E), noka3anu, 4To B BapualUsaX MOJIHOTO
aeKTpoHHOro coaepxkanus (mapamerp I13C) oTmeuaeTcss MOHMKEHHE 3HAYEHUN ATOTO Mapa-
MeTpa, nocturaromiee ~50 % 1Mo OTHOIIEHUIO K METEOCTIOKOWHBIM JTHSIM.

Xapakrepuble n3MeHeHus: Bapuarmii [I19C paccMOTpeHbI Ha TpUMEpPe METEOPOTIOTHIECKOrO
mrropma 29-30 maprta 2015 1.

AHanu3 HaOIIOICHU BBISIBUJ CYIICCTBEHHBIC M3MEHEHUs criekTpoB Bapuaruii [19C, ko-
TOPBIE MPOSIBIIAIOTCS B CIEAYIOLIEM:

1. Ycunenne nHQPa3BYKOBBIX COCTABIISIIOIIMX, KOTOPOE HamOojee SPKO MPOSIBISIETCSA B
BO3PACTaHUM AMIUTUTYJ KoJjieOaHU# ¢ mepuogaMu 6—8 MUH B JIEHb METEOPOJIOTHYECKOTO IITOPMA
U COXpaHsIeTCS B MOCIEAYIOIINE CYTKH.

2. B 1eHb METEOpOJIOTMUYECKOTO IITOpMa B criekTpe Bo3MyiueHuid [19C ormeuaercs ycu-
JIEHWE TapMOHUK Bapuauuii ¢ nepuoaamu ot 20-25 MUH, NpOJOJDKAIOIIEECS B TEUEHUE CYTOK
10CJI€ TIPOXO0XKIEHUS IITOPMA.

3. XapakTepHoe BpeMsl penakcaluu Bo3myuieHus Bapuanuii [19C B ananuzupyemMom nua-
na3zoHe Bapuanui (nmepuosl ot 6 10 60 MuH) cocraBiser ~1 cyT.

Hab6mronaembie moHocepHbie BO3MYIIIEHUS Pa3BUBAIOTCS JOCTATOYHO OBICTPO B TCUCHHE
HECKOJIbKUX YacOB IOCJIe BO3MYILEHUN METEOPOJIOTHYECKON 00CTaHOBKU. Takue HOHOC(EpHBIE
BO3MYIIIEHUS OTMEUAIOTCS YCTONYHMBO B EPUOBI METEOPOJIOTUUECKUX IITOPMOB, YTO TO3BOJISIET
paccMaTpuBaTh UX KaK XapaKTepHbIe MPU3HAKU BO3MYILEHUH, HHUIUHUPYEMbIX METEOPOJIOTHYe-
CKHMH TIporieccaMu. Bo3MOXKHON MPUUMHON ATUX MOHOC(PEPHBIX BO3MYIICHHUHA SIBIISIOTCS IPO-
IIECChI, CBA3aHHBIE ¢ (HOPMUPOBAHHEM JIOKAIBHBIX 0o0O1acTeil HarpeBa TepMochepsl BCIEICTBHE
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miccunanmu AI'B, nmpuxomsimux B BEpXHIOI aTMochepy U3 00JIaCTH METEOPOJIOTHUECKOTO BO3-
MYILEHHS B HIDKHEH atMocdepe.

Pabora BeimonHeHa Tipu (PUHAHCOBOM MOAJIEPIKKE MPOrPaMMBI MOBBIIICHUS! KOHKYPEHTO-
ciocoOHocTH «5-100» BOY um. U. Kanrta u rpanra PODU Ne 15-05-01665.

Meteorological disturbances are a source of atmospheric waves in a wide range of frequen-
cies, including acoustic-gravity waves (AGW). AGWs that propagate from the lower atmosphere
can reach the altitudes of the upper atmosphere and, due to dissipation processes, significantly
affect the characteristics of variations in the parameters of the environment.

Observations of the dynamics of ionospheric parameters performed in meteorological
storms in Kaliningrad (54° N, 20° E) showed that in the variations of the total electron content,
the values of this parameter reaching ~50 % relative to meteorologically calm days.

Typical changes in the TEC variations are considered in the case of a meteorological storm
on March 29-30, 2015.

The analysis of observations revealed significant changes in the spectra of the TEC varia-
tions, which are manifested in the following:

1. The amplification of infrasonic components, which are most clearly manifested in the
increase of amplitudes with periods of 6-8 min on the day of the meteorological storm and per-
sist in the next 24 hours;

2. On the day of the meteorological storm, the amplification of harmonic variations with
periods of 20-25 min is continuing during the day after the passage of the storm.

3. The characteristic relaxation time of the perturbation of the TEC variations in the ana-
lyzed range of variations (periods from 6 to 60 min) is ~1 day.

The observed ionospheric disturbances develop quite rapidly within a few hours after the
perturbations of the meteorological situation. Such ionospheric disturbances are noted steadily
during periods of meteorological storms, which allows us to consider them as characteristic signs
of perturbations initiated by meteorological processes. A possible cause of these ionospheric dis-
turbances are processes associated with the formation of local regions of thermosphere heating
due to dissipation of AGWs that propagate to the upper atmosphere from the area of meteorolog-
ical disturbance in the lower atmosphere.

These investigations were performed with financial support of the RFBR grants No. 15-05-
01665 and the program to improve academic competitiveness 5-100 project IKBFU.

AHAJIN3 BJUAHUSA TPOIIMYECKUX IUKJIOHOB
HA BAPUAIIUU NOHOCP®EPHbBIX ITAPAMETPOB

I.C. BoJsockos, FO.C. MaciaennnkoBa, B.B. boukapes

Kazanckwnii (IlpuBomkckuit) ¢penepanbHblii yHuBepcuTeT, Kasans, Poccus
voloskovdmitry@gmail.com

EFFECT OF TROPICAL CYCLONES
IN IONOSPHERIC PARAMETERS VARIATIONS

D.S. Voloskov, Yu.S. Maslennikova, V.V. Bochkarev

Kazan (Volga region) Federal University, Kazan, Russia

Jlannast paboTa MoOCBsLIEHA aHAJIW3Y BIUSHUS METEOPOJIOTMYECKUX BO3MYILEHUN aTMO-
cdepsl Ha BapHallud MOHOC(HEPHBIX MapaMeTPOB, B KaUECTBE KOTOPHIX aHAIM3HPOBAIUCH TJIO-
OayibHBIE KApThI MOJHOTO 3JIeKTpoHHOTO conepxkanus (I19C), momyyeHHbIE HA OCHOBE MHTEP-
MpeTaluy JaHHBIX CeTH Ha3eMHBIX MpueMHUKOB IGS. Psaa HayuHbIX paboT u myOiauKanuii cBu-
JETENLCTBYET O HAIMYMM 3HAUYUTEIBHOTO BIMSHUS METEOPOJIOIMUECKUX SIBICHUN HA JUHAMUKY
HoHOC(hEPHI.
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OI[HI/IMI/I U3 BaKHEUIINX MCTCOPOJIOTHUCCKUX SIBJICHUU SIBIISTIOTCS TPOIMUYCCKHUEC THUKIIOHBI.
B nmanHO# paboTe MCChaeIyeTcsl BIMSHHE TPOMMYECKUX IMKIOHOB HA BaphallMd MapaMeTpoB
HOHOC(EPHI.

Jlns aHanmu3a KOPPEJSIUN MPOCTPAHCTBEHHBIX TMOJIEH METEOPOJOTHYECKUX M HOHOChep-
HBIX IMapaMCTpOB MPCATIONKECH MCTOI, OCHOBAHHLIM Ha COBMECTHOM Pa3JI0KCHUN Ha TJIaBHBIC
KOMITIOHEHTHI. OH MO3BOJISICT MCCIIEI0BATh KaK MPOCTPAHCTBEHHYO, TAK U BPEMEHHYIO CBSI3b HC-
CIIe/TyeMBIX MapaMeTPOB.

The aim of this study is a correlation analysis of meteorological disturbances in variations
of meteorological parameters. We use total electron content (TEC) global maps (GIM) as as-
sessment of ionosphere condition. This maps are based on the GPS measurements obtained by
the network of ground based receivers (IGS).

A number of studies provide evidence of meteorological effects presence in variations of
ionosphere parameters. Of the most important meteorological phenomena are tropical cyclones.
In this study we analyze tropical cyclones influence on TEC variations.

A new method based on conjoint principal component analysis of meteorological and iono-
spheric maps. This method allows us to study space and time correlations between parameters.

O/ITHOBPEMEHHBIE HABJIIOJEHUS HOHOC®EPHBIX MEPIIAHUM
B METPOBOM U JEHUMETPOBOM JJUAIIA3OHAX
B HAITPABJIEHUU MATHUTHOI'O 3EHUTA

M.B. I'n106a, P.B. Bacuabes, 10.B. SicrokeBuu

UnctuTyT conmneuno-zemuoit puzuku CO PAH, Upkytck, Poccus
globa@iszf.irk.ru

SIMULTANEOUS OBSERVATIONS OF METRIC AND DECIMETRIC IONOSPHERIC
SCINTILLATIONS IN THE MAGNETIC ZENITH DIRECTION

M.V. Globa, R.V. Vasilyev, Y.V. Yasyukevich
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B pabore nccienoBan 3¢(heKT MarHUTHOTO 3€HUTA, MPOSIBISIIONIMICS B YCHJICHUU HOHO-
chepHBIX MepLAaHui panOCUrHaIa IPU YMEHBIIEHUH YTIiIa MEXIY JIy4OM 3pEHHs Ha UCTOUYHUK
CHUTHAJIa ¥ BEKTOPOM T€OMAarHUTHOTO TIOJIS, JUISl PA3JIMYHBIX YAaCTOTHBIX JWANa3oHOB. J[aHHBIE
ObUIH ITOSTyYeHbl Ha MHCTpyMeHTax Ob0cepBaTopuul paguodu3nyecKoi AMarHOCTUKH aTMochepsbl
NC3® CO PAH — HpkyrckoMm pagape HekorepeHTHoro paccesHusi (MPHP) u npuemnuke
HaBUranuoHHsIx curHagoB NovAtel GPStation-6. Ilomyuens! pacnpeneneHuss MHTEHCUBHOCTU
MEpLAHUH B 3aBUCUMOCTH OT yTJIa MKy HalpaBJIeHUEM Ha HCTOYHUK U TE€OMAarHUTHBIM TIOJIEM,
KOTOpbIE MOKA3bIBAIOT HAMMUYME 3PPeKTa MAarHUTHOTO 3€HUTA JJIS aMIUINTYIHBIX MEpLaHUi Hc-
tounuka Jlebenpr A, Habmonaembix Ha IPHP, 1 pa3oBbIx Mepriannii HaBUTAaIIHOHHBIX CUTHAJIOB.

We studied the magnetic zenith effect, which manifests itself as increase in intensity of
ionospheric scintillations as the angle between line of sight (LOS) to the source of the signal and
geomagnetic field vector decreases, for different frequency bands. Data were obtained by facili-
ties of ISTP SB RAS observatory of atmospheric radio probing — Irkutsk Incoherent Scatter
Radar (IISR) and NovAtel GPStation-6 receiver. We have obtained scintillation intensity distri-
bution over angles between LOS and geomagnetic field, which demonstrate presence of magnet-
ic zenith effect for amplitude scintillations of Cygnus A signal, observed at IISR, and phase scin-
tillations of navigation signals.
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KOMIUIEKCHBIM IOAXOJ
K OIPEJIEJIEHHIO MOJIHOT O MPO®WJISI DJTJEKTPOHHOM KOHIEHTPALIMA

1I[.B. HBanoB, 'B.A. HBanos, 'H.B. PsaboBa, ML.U. Psao6oBa, TA.A. Kucanupin

'TToBomkCKuMii TOCYIapCTBEHHEIH TeXHOIOTHYECKHil yHuBepcuteT, Momkap-Oina, Poccus
KislitsinA A@volgatech.net
*MocKOBCKHiT rOCYIapCTBEHHBIH TexHIUecKril yHuBepcuter uM. H.D. Baymana, Mocksa, Poccust

COMPLEX APPROACH TO DETERMINATION
OF THE ELECTRONIC CONCENTRATION TOTAL PROFILE

'D.V. Ivanov, 'V.A. Ivanov, 'N.V. Ryabova, M.L. Ryabova, 'A.A. Kislitsin

'Volga State University of Technology, Yoshkar-Ola, Russia
*Bauman Moscow State Technical University, Moscow, Russia

B pabote npexacraBieH MeTol MOCTPOSHUS IPOGUIISL SIEKTPOHHON KOHIIEHTPAlUH HOHO-
cdepbl Ha OCHOBE COBMECTHOTO HCIIONB30BaHMS JAHHBIX HAKIOHHOTO M TPAHCHOHOC(HEPHOTO
30HAMpOBaHUsA. MeTox ompeneneHust Npoduist NMEKTPOHHOW KOHLIEHTPALMH JI0 BBICOTHI IJIO-
0aJbHOTO MaKCMMyMa OCHOBAaH Ha PEKOHCTPYKIMM HOHOTPaMM HAKJIOHHOTO 30HIMPOBAHUS.
Belie MakcuMyma mpUMeEHsIeTCs MOJIEIb 3KCIIOHEHLMAIBHOTO CJI0s, HCXOAHBIMU ITapaMeTpamMu
KOTOPOH SIBISIIOTCSI JJAHHBIE TpaHCHOHOC(hEpHOTO 30HAMpoBaHMs. COBMECTHOE HCIIOIE30BAHHE
000UX METO/0B MPU ONPEACICHHBIX MPEINOJ0KEHUAX O (PYHKUHMOHAIBHON 3aBUCUMOCTH IIPO-
¢wsa BeIe TI00aJTHPHOIO MaKCHMyMa HOHOCQEpHI MO3BOJSET MOMy4yarh AudQepeHInatbHyo
XapaKTePUCTUKY — MOJIHBIA IPOQMIIb 3IEKTPOHHON KOHIIEHTPALHH.

Paper shows a method for plotting the electron concentration profile of the ionosphere on
the basis of a joint approach using oblique and transionospheric sounding data. The method of
determining the profile up to the global maximum height is based on the reconstruction of
oblique sounding ionograms. Above the maximum, an exponential layer model is used, the ini-
tial parameters of which are transionospheric sounding data. The joint use of both methods under
certain assumptions on the functional dependence of the profile above the global maximum of
the ionosphere makes it possible to obtain a differential characteristic — the total profile of the
electron concentration.

JUHAMMUKA NPOTOHHOI'O CUAHUA U SAR-IYI'UM KAK OTOBPA’)KEHUE
PACITPOCTPAHEHMUA Pc1-BOJIH K BOCTOKY BJ10JIb IIJIA3SMOIIAY3bI

N.b. UeBenko, C.I'. [lapuukos, /I.I'. banmes

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

DYNAMICS OF THE PROTON AURORA AND SAR ARCS AS INDICATION
OF EASTWARD Pc1 WAVE PROPAGATION ALONG THE PLASMAPAUSE

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

CpennemnpotHsle KpacHble (SAR) ayrum sBAsIOTCS CIIEACTBUEM B3aWMOJCHCTBUSA
BHEIIHEN miua3mocgepsl (I1a3Monay3bl) ¢ SJHEPIrMYHBIMU HOHAMHU KOJIBLIEBOTO TOKa. I'eomar-
HUTHBIE ITyJbcanuu Pcl peructpupyrorcs Ha 3emile Kak CIEICTBUE M€HEpALUU dJIEKTpOMar-
HUTHBIX HOHHO-IMKJIOTPOHHBIX (DMUL) BOJIH B SKBaTOpHAIBHON MIIOCKOCTH MarHUTOCQEpHI.
OMMUILI-HEeyCTOMYMBOCTD BBI3BIBAET PACCESIHUE IMPOTOHOB KOJIBIIEBOIO TOKA B KOHYC IOTEP.
BeIichinanne SHEPTHYHBIX IIPOTOHOB MOKET HAOIIONAThCs KakK IMPOTOHHOE CUsiHME B JTMHMU Hp
aTOMapHOI0 BOAOPOJA.
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B pabote BbImonHEeH aHanM3 AUHAMHUKA SAR-1yTH, IpOTOHHOTO CUSTHUS M Myibcanuii Pcl
B BeuepHeM cektope MLT Ha mepuaunane SIkyTcka 1o JaHHBIM KaMephbl BCEro HeOa M MHTyKIMOH-
HOI'0 MarHUTOMETPA BO BPEMsI pOCTa U paclIMpeHnss HHTeHCUBHOM cy00ypu 31 nekadps 2015 r.

The stable auroral red (SAR) arcs are the consequence of interaction of the outer plasmas-
phere (plasmapause) with energetic ions of the ring current. The geomagnetic pulsations Pcl are
registered on the Earth as a consequence of the generation of electromagnetic ion cyclotron
(EMIC) waves in the equatorial plane of the magnetosphere. EMIC instability causes the scatter-
ing of ring current protons into the loss cone. Precipitation of energetic protons can be observed
as the proton aurora in line Hp of atomic hydrogen.

In this work the dynamics of the SAR arc, proton aurora and Pc1 magnetic pulsations in the
MLT evening sector at the Yakutsk meridian using the all-sky imager and an induction magnetom-
eter during the growth and expansion of intense substorms on December 31, 2015 are analyzed.

CPABHEHMUME KAPT PACIIPEJAEJIEHUSA ITPOJOJIBHBIX TOKOB B HMOHOC®EPE,
PACCUUTAHHBIX HA OCHOBE METOJA0OB TUM U KRM/AMIE

B.3. Kanycrund, B.M. Mumun, C.b. JlyHiomkun

UnctuTyT conmneuno-zemuoit puzuku CO PAH, Upkytck, Poccus
kapustin@iszf.irk.ru

COMPARISON OF THE DISTRIBUTION MAPS
OF IONOSPHERIC FIELD-ALIGNED CURRENTS CALCULATED ON THE BASIS
OF MIT AND KRM/AMIE TECHNIQUES

V.E. Kapustin, V.M. Mishin, S.B. Lunyushkin
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

BBINONTHEHO CcpaBHEHHME KapT MPOCTPAHCTBEHHBIX PACHPEEICHUN IPOJOJIBHBIX TOKOB B
BBICOKOITUPOTHON MOHOC(hEpe, pacCCUUTAHHBIX HA OCHOBE OPUTMHAILHOW BEPCHHM TEXHHKH HH-
Bepcuu mMarautorpamm (THIM) u xopomro n3sectHoit Bepcun KRM/AMIE. O6a metona ucnosns-
3YIOT B KQU€CTBE BXOJHBIX JAHHBIX COOCTBEHHBIE (Pa3HbIEC B IByX METOJAaX) MOJENIN KOPITYyCKY-
JSIPHOM MTPOBOAMMOCTH U I'€OMArHUTHBIE BapHallMy 110 JaHHBIM MUPOBOW CETH MarHUTOMETPOB.
BreixomHbIME TTapaMeTpaMu 00€MX MOJENEH SBISIOTCS KapThl paclpeAeleHUN IeKTPHIECKOTO
HOTEHIIMAaJa, HOHOC(EPHBIX U MPOAOJIBHBIX TOKOB, JUKOYyJIeBa HarpeBa u T. 1. CpaBHEHHE KapT
IPOJIOJIEHBIX TOKOB, oiy4deHHbIX MeTogamu TUM u KRM/AMIE, nokasano cxoJICcTBO KPYITHO-
MacIITaOHBIX pacHpesiesieHHi B CIIOKOMHOE T€éOMarHUTHOE BpeMs, a TaKKe HaJIW4YMe Me3oMac-
MITaOHBIX SYEEK MPOJOJIBHBIX TOKOB B ITOJYHOYHOUH HOHOC(EpE BO BpeMs CyOOypb.

We carry out comparison of the spatial distribution in the high-latitude ionosphere of field-
aligned currents calculated on the basis of the modified magnetogram inversion technique (MIT)
and well-known KRM/AMIE technique. As input data, both techniques use their own models of
corpuscular conductivity and geomagnetic variations measured on worldwide net of ground-
based magnetometers. At the output, the models present distribution maps in the ionosphere of
electrical potential, equivalent ionospheric and field-aligned currents, Joule heating etc. Compar-
ison of the field-aligned current maps obtained by the MIT and KRM/AMIE techniques indicated
similarity of large-scale distributions during geomagnetic quiet conditions, as well as appearance
of mesoscale cells of the field-aligned currents in the midnight ionosphere during substorms.
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OTKJ/IMK HOHOC®EPbBI HA YMEPEHHYIO MATHUTHYIO BYPIO
21 JEKABPA 2016 r.

'C.B. Kauko, *JI.®. YepHuorop

'MucturyT nonocdepst HAH 1 MOH Yxpauusl, XapbKkoB, YKpauHa
sophiaharytonova@gmail.com
*XapbKoBCKHil HarMoHanbHBI yHuBepcuTer uM. B.H. Kapasuna, Xapskos, Ykpanna

IONOSPHERE RESPONSE TO THE MODERATE MAGNETIC STORM
ON 21 DECEMBER 2016

'S.V. Katsko, *L.F. Chernogor

nstitute of Ionosphere of NAS and MES of Ukraine, Kharkiv, Ukraina
*V.N. Karazin Kharkiv National University, Kharkiv, Ukraina

[IpuBeneHb! pe3yibTaThl MCCIEAOBaHUS OTKIMKa F-o0mact u BHemIHel MOHOC(eEpsl Ha
yMepeHHY10 MarHuTHyto Oypro 21 nexadps 2016 1. (K max=6, Dst min=—40 uTn). Habmonenus
MPOBOAMJINCH C IOMOIIBIO pajiapa HEKOTepeHTHOTo paccessHus MHctutyTa noHocdeps u mud-
poBoro noHo3o0H1a Pagnodusndeckoii ooceparopun XHY um. B.H. Kapasuna. MarautHas Oy-
psi BBI3BaIa OTpHLIATEIbHOE HOHOC(EpHOE BO3MYyIIEHUE B HOUb ¢ 21 Ha 22 nexkadpsi ¢ yMEHbIIIe-
HUEM KOHIIEHTpAIMH JIEKTPOHOB B MakcuMyMe ciiost F2 B n1Ba pasa. B pesynbrare [mTensHOTO
BO3JICHCTBUS BHICOKOCKOPOCTHOTO TTOTOKA COJIHEYHOTO BETpa HAOIIONAIMCh U3MEHEHUS CyTOY-
HBIX BapHalHi TapaMeTpOB HOHOC(EPHOH TIIa3MBI 710 KOHIIA U3MepeHuit 24 nexalpsi.

The study results of F region and topside ionosphere response to the moderate magnetic
storm on 21 December 2016 are presented (Kp max=6, Dst min= —40 nT). The observations are car-
ried out by the Kharkiv Incoherent Scatter Radar (Institute of Ionosphere) and the digital iono-
sonde (Radiophysical Observatory of Kharkiv National University). The magnetic storm caused
a negative ionosphere disturbance at night time on December 21-22. The F2-layer maximum
electron density decreased by a factor of 2. As a result of durational effect of solar wind flowing
stream at high speed the variations of daily ionosphere plasma parameters were observed to the
end of measurements on December 24.

MO/IEJIb BEPXHEH ATMOC®EPHI KAK HHCTPYMEHT
JJIsA UT3YYEHUA KOCMHUYECKOU ITOTO1bI

L2MB. KianMmeHKo, 'B.B. Knumenko

'3anannoe otnenenne HCTHTYTa 3eMHOTO MarHeTH3Ma, HOHOC(EPHI M PACTIPOCTPAHEHHS PAIHOBOIH
uM. H.B. Ilymikoa PAH, Kanununrpan, Poccus
maksim.klimenko@mail.ru
*BanTuiickuii ¢benepanbHblii yHuBepcuteT uM. MMmmanywuna Kanra, Kanuauarpan, Pocenst

THE UPPER ATMOSPHERE MODEL
AS A TOOL FOR SPACE WEATHER INVESTIGATION

L2pvv. Klimenko, 'V.V. Klimenko

'West Department of Pushkov Institute of Terrestrial Magnetism, Ionosphere
and Radio Wave Propagation, Kaliningrad, Russia
*Immanuel Kant Baltic Federal University, Kaliningrad, Russia

HccrnenoBanue COMHEYHO-3EMHBIX CBSI3€H SIBIISETCS BaKHEHIIEH yacTbio OypHO pa3BUBa-
IOLLEroCsl B HACTOSIIEE BPEMsI HOBOTO HAIIPABJICHMs NMPUKIAAHON HAyKH — HMCCIENOBAHUSA KOC-
MHYECKOU IIOr0JIbl, HAIIPABJICHHOIO HA U3y4YCHUE U MOHUTOPUHI COCTOSIHHUS MEXKIUIAHETHOIO U
OKOJIO3€MHOT'O KOCMHUYECKOT0 ITPOCTPAHCTBA. M3ydeHne BIMsAHMS MPOLECCOB, MPOUCXOIAIINX B
HIDKHEH M cpeqHeil aTMmocdepe, Ha TOBEJICHHE IapaMeTpoB BepxHEH aTmocgepbl, BKIOYAs
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noHOC(Eepy, SABIACTCS HEOTHEMIIEMON YaCThl0 KOCMUYECKOM MOTOJIBI. JIpyruM acieKTOM KOCMH-
YecKoM MOrobl SIBJISETCS BIMsHUE Ha HOHOc(hepy 3eMiu npoueccoB, npoucxoadmux Ha ConHie,
Yyepe3 MarHuTocepHo-noHOchepHoe B3anmoeiicTBre. Hanboee spkuM MpruMepoM Takoro BITH-
SIHUS SIBJIAIOTCS T€OMAarHUTHBIE OYpH, KOTOPbIE, B CBOIO OYepe/ib, CIIOCOOHBI OKa3bIBaTh OOJIIIIOE
(a B OTIENBHBIX CIIyYasx — KaTacTpO(PHUECKOE) BIMSHHUE HA III00ATHHOE paclpeleieHUe dIIeK-
TPOHHOM KOHLIEHTpanuu B HoHOchepe 3emin. IIpocTpaHCTBEHHO-BpEMEHHOE IMOBEJICHHE pa3-
JMYHBIX HOHOC(EPHBIX MTAPAMETPOB OKA3BIBACT CYIIECTBEHHOE BIIHMSHHE:

1) Ha BM)KEHUE U TOPMOXKEHUE CITyTHUKOB;

2) Ha yCJIOBHSI IPOXOKAEHUS PaJUOCUTHAJIOB.

CymecTByroniye B HACTOSAIIEE BPEMsI YMIMPUYECKUE MOJCIIN CPEAHEH M BEPXHEH aTMo-
chepbl, TOCTPOEHHBIE IO JTAHHBIM HAOIOIEHUNA M UCIIOIh3yEeMbIE B Ka4eCTBE MOJEIEH Cpeabl
IIPU PELICHUM DPA3NMYHBIX MPHUKIAJHBIX 3a/]ad, SBIAIOTCA KIMMATHYECKUMU U HEIOCTATOYHO
TOYHO ONUCBIBAIOT MAapaMeTPhbl CPEeIbl B MEPHOBI PA3IMUHBIX T'eIHOC(EPHBIX, aTMOCHEPHBIX,
METEOPOJIOTHYECKUX M MarHUTOC(EPHBIX BO3MYIIIEHUH. DTO OTHOCUTCS U K HauboJee 4yacTo uc-
MOJIB3YEMbIM MEXTyHApOTHBIM CHpaBOUHBIM MonemsiM noHocdepsl IRI, atmocdeprr CIRA u
MSIS, rno6ansHolt Tepmoceproit nupkysiun HWM. B cBs3u ¢ 3TuM co3nanue u Moauduka-
IIUS1 aCCUMIIALIMOHHBIX M B3aMOCBSI3aHHBIX CaMOCOIJIACOBAaHHBIX MOJIEIel BEpXHEHN atMochepsl
SBIIAIOTCSA HanOoJiee aKTyaJbHbIMU M MIPUOPUTETHBIMM NPUKJIAJHBIM U HAyYHBIM HalpaBiIeHH-
amu. B nanHoii paboTe mpencraBieH 0030p CYIIECTBYIOMUX MOENIeH HOHOC(HEPHI U TPUBEICHBI
OCHOBHBIE Pe3yJIbTaThl, IOJIyYeHHbIE B IIOCIIEIHEE JeCITUIeTHE Ha OCHOBE [ 106anbHON camoco-
TJIaCOBAaHHOW Mojein TepMocdepsl, noHochepsl u nmpororocdepsl ('CM THUIT). ObcyxnaroTes
Ompkaiiie IIaHbl pa3BUTUS U MEPCIEKTHBBI B 00JIACTH MOJAENIHUpOBaHUs HOHOChepsl. PaboTa
BBINOJIHEHA NTPU (prHAHCOBOM noaepskke rpanta PH® Ne 17-17-01060.

Investigation of solar-terrestrial relations is an important part of the rapidly developing
new direction of applied science — space weather, aimed at studying and monitoring the state of
the interplanetary and near-Earth space. The study of the influence of processes occurring in the
lower and middle atmosphere on the behavior of the upper atmosphere parameters, including the
ionosphere, is an essential part of space weather. Another aspect of space weather is the impact
on the Earth's ionosphere of processes occurring on the Sun through the magnetospheric-
ionospheric interaction. One of the example of such an effect is geomagnetic storms, which in
turn are capable to exert a large, and in some cases catastrophic, impact on the global distribution
of electron density in the Earth's ionosphere. The spatial-temporal behavior of various ionospheric
parameters has a significant effect:

1) on the satellites motion and braking;

2) on the conditions for the transmission of radio signals.

Presently existing empirical models of the middle and upper atmosphere, constructed on
the basis of observational data and used as environmental models in solving various applied
problems, are climatic and do not accurately describe the medium parameters during the periods
of various heliospheric, atmospheric, meteorological and magnetospheric disturbances. This also
applies to the most frequently used international reference models such as the IRI ionospheric
model, the CIRA and MSIS atmospheric models, and HWM model of the global thermospheric
circulation. In this regard, the creation and modification of assimilation and interconnected self-
consistent models of the upper atmosphere is the most urgent and priority applied scientific di-
rection. This paper presents an overview of the existing ionospheric models and gives the main
results obtained in the last decade on the basis of the Global Self-Consistent Model of the Ther-
mosphere, lonosphere, and Protonosphere (GSM TIP). The nearest plans and perspectives of the
development in the field of the ionosphere modeling are discussed.

This work was supported by the Grant of the RSF No. 17-17-01060.
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ABTOMATHU3UPOBAHHBI METO/ ONPEJAEJEHUS TPAHUI]
ABPOPAJIBHOT'O OBAJIA
HA OCHOBE TEXHUKU UHBEPCHUU MATHUTOI'PAMM

A.b. Konapartbes, FO.B. Ilencknx, C.b. JIlyHIOIIKHH

HuctuTyT comreuno-3emuoit puszukun CO PAH, UpkyTck, Poccust
sky Inet@iszf.irk.ru

AUTOMATED METHOD OF DETERMINING AURORAL OVAL BOUNDARIES
BASED ON THE MAGNETOGRAM INVERSION TECHNIQUE

A.B. Kondratyev, Yu.V. Penskikh, S.B. Lunyushkin
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Pa3zpaboTan opurHHANBHBIM METOJ aBTOMAaTH3UPOBAHHOTO OIPEICIICHUS] TPaHUIl aBPO-
paJIbHOTO OBaja Ha OCHOBE KapT SKBMBAJEHTHOM TOKOBOM ()YHKLIMHU U NMPOJOJIBHBIX TOKOB, pac-
CUMTBHIBAEMBIX B MpOrpaMMHOM Komriuiekce TYM (TeXxHHWKa MHBEPCHM MarHUTOrpamm) B IpH-
OJIMDKEHUHM OJHOPOIHOM MPOBOIUMOCTH MOHOC(hEpPH. B HOBOM MeToze onpenenstorcs rpaHula
oOparieHnss HOHOC(HEPHOM KOHBEKIIMHU, BEICOKOIIUPOTHAS (MOJISIPHAs 1IanKa) U HU3KOLIIUPOTHAS
I'PaHMIIBI AaBPOPAIILHOTO OBaJIa, JIMHUM MAaKCUMYyMa IUIOTHOCTH MPOJOJIbHBIX TOKOB B 30Hax I u II
WNumxumsl n [loteMpsl U rpaHulia MeXIy 3TUMHU 30HAMU (JIMHUS MaKCUMyMa aBPOPAJIbHBIX
AJIEKTPOKETOB). YKa3aHHBIE IMapaMeTphl paHee OMpPEesUINCh BPYUHYI0 — BHU3yaJIbHBIM aHa-
JM30M KapT MPOJOJIbHBIX U SKBUBAJIEHTHBIX TOKOB, YTO 3aHMMAJ0 OUY€Hb MHOI'O BpeMeHU (He[e-
i 1 Mecsnpl). CpaBHEHHE TPaHMII, TIOTYYCHHBIX PYYHBIM W aBTOMAaTH3UPOBAHHBIM METOJIAMH,
M0Ka3aJ10, YTO KOA((UIMEHT KOPPENLUN MEXIY IBYMs TPaHULAMH COCTABISET B CPEIHEM
0.85, a cpenHeKBaApaTUYHOE OTKIOHEHHWE HE MpeBbIIIaeT 2—3 rpaaycos no mupore. Obecneun-
Basi JIOCTaTOYHYIO TOYHOCTH OIpENENIEHUs] TPAHUL], aBTOMAaTHU3UPOBAHHBIM METOJ| COKpallaeT
BpeMst 00paboTKK KapT Ha 2—3 mopsaka (10 MUHYT W 4acoB), OCBOOOKIasl MCCIEeIOBATENs OT
TPYAOEMKON BH3yasjbHOH paboThl. HOBBI MeTON peann3oBaH Kak OJMH M3 BaXKHBIX OJOKOB B
MOJEPHU3UPOBAHHOM KOMIuIeKce nmporpamm THM.

We developed an original method to automatically determine the auroral oval boundaries.
The method is based on the maps for equivalent current function and on the maps for field-
aligned currents. The maps were calculated within the magnetogram inversion technique (MIT)
software in the ionosphere homogeneous conductivity approximation. Through this new method,
we determine: 1) the ionospheric convection reversal boundary, 2) the high-latitude (polar cap)
and low-latitude boundaries of the auroral oval, 3) the field-aligned current density maximum
lines in the lijima—Potemra Regions 1 and 2, and 4) the boundary between these regions (auroral
electrojet maximum line). Earlier, these parameters were determined manually, through visually
analyzing the maps for field-aligned and equivalent currents, which took plenty of time (weeks
and months). Comparing the boundaries obtained manually and automatically showed that the
correlation coefficient between two boundaries is, on average, 0.85, and the root-mean-square
deviation does not exceed 2-3 degrees latitude. By providing an adequate accuracy for the
boundary determination, the automated method reduces the time for map processing by a factor
of 2-3 (to minutes and hours), releasing a researcher from laborious visual work. The new meth-
od is implemented as one of the relevant modules in the updated MIT software.

JIPEU®OBO-KOMITPECCUOHHBIE BOJIHBI, _
PACITPOCTPAHAIOIIUECSH B HAITIPABJIEHUU IPEU®A
HEPI'MYHBIX 3JIEKTPOHOB B MAI'HUTOC®EPE

A.B. Kocrapes, II.H. Marep

HuctuTyT comreuno-3emuoit puznkun CO PAH, UpkyTck, Poccust
kostarev@mail.iszf.irk.ru
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DRIFT-COMPRESSION WAVES PROPAGATING
IN THE DIRECTION OF ENERGETIC ELECTRON DRIFT
IN THE MAGNETOSPHERE

D.V. Kostarev, P.N. Mager
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B pamkax rHpOKHHETHKH MOKa3aHa BO3MOKHOCTh CYIIIECTBOBAaHUS B MarHUTOc(epe Apeii-
(hOBO-KOMITPECCHOHHBIX BOJIH, PAaCHpPOCTPAHSIONUXCA B HaNpaBlIeHUH Jpeida 3HEepPruuHbIX
51eKTpOHOB. [Ipenmonaraercs, 4To mia3Ma COCTOUT B OCHOBHOM M3 XOJIOJHBIX YaCTHUL[ C IIPUMeE-
CBIO TOPSIYMX YaCTHUL], IPOTOHOB C MAKCBEIJIOBCKUM PACIPEIEICHUEM U DJIEKTPOHOB C MHBEPC-
HBIM pacnpeneneHueM. HaliieHs! yCioBUs CyleCTBOBAHUS OTUX BOJIH U UX YCWJICHUS 3a CUET pe-
30HAaHCHOT'O B3aUMOJEHCTBHUS C SHEPIHYHBIMM JIEKTPOHAMH (Ipei(oBasi HEYCTOMYNBOCTh) C UH-
BEPCHBIM PACHpE/ICIIEHHUEM 10 SHEprusiM. Pe3ynbraTsl paboThl MOTYT OBITH TOJE3HBI IPH UHTEP-
npeTalyuy HaOI0JeHUH BOJIHOBBIX SIBICHUM B MarHUTOC(epe ¢ 4acTOTaMH B AMAINla30He reoMar-
HUTHBIX ITyJbcauui PcS u Hmke.

Within the gyrokinetic framework it is shown that in the magnetosphere the drift-
compression waves can propagate in the drift direction of energetic electrons. The plasma is as-
sumed to be composed of core cold particles and a hot admixture of protons with a Maxwell dis-
tribution and electrons with an inverted distribution. The conditions of existence of such waves
and their amplification due to resonance interaction with energetic electrons (drift instability)
have been found. The obtained results can be helpful for interpretation of wave observations in the
magnetosphere with frequencies in the range of geomagnetic pulsations Pc5 and below.

AIIPOBAIIUA METOJA KOPPEKIIMU MOJIEJIN HOHOC®EPDBI
11O JAHHbIM ITPUEMHHKOB
CUT'HAJIOB 'HCC B CUBUPCKOM PEI'HOHE

2]1.C. KotoBa, *B.B. OBogenko, ‘10.B. SIciokesuny, " *M.B. Kiumenko,
‘AA. MbLILHUKOBA, ‘K.I'. PatoBcknii

?3amanHoe otaeneHne MHCTHTYTa 3eMHOTO MarHETH3Ma, HOHOC(EpH! H PacIpOCTPAHEHHS PAIHOBOIH HM.
H.B. IlymkxoBa PAH, Kanununrpanu, Poccus
*Bantuiickuii ¢denepanbublii yHuBepcuteT uM. MiMmmanyuna Kanra, Kanuaunrpan, Poccns
darshu@ya.ru
30A0 «HIIK "HUNJAP"», Mocksa, Poccus
*UucTutyT conneuno-3emuoii gusuxu CO PAH, Upkytck, Poccus

APPROBATION OF THE IONOSPHERE MODEL UPDATING METHOD FROM GNSS
DATA IN SIBERIAN REGION

2p.S. Kotova, *V.B. Ovodenko, *Yu.V. Yasyukevich, ">M.V. Klimenko,
‘A.A. Mylnikova, “*K.G. Ratovsky

'West Department of Pushkov Institute of Terrestrial Magnetism, Ionosphere
and Radio Wave Propagation, Kaliningrad, Russia
*Immanuel Kant Baltic Federal University, Kaliningrad, Russia
*NIIDAR, Moscow, Russia
*Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B nocnennue rojibl 3HAYUTEIBHO BO3POC MHTEPEC K MCCIIETOBAHUIO U JUATHOCTUKE MOHO-
cdepsl. llupokne BO3MOXKHOCTU 30HANPOBAHUS MOHOCGHEPHI MPEIOCTaBUIN TNI00aIbHbIE HABU-
rarronHeie cnyTHUKOBBIE cucteMbl (THCC), takue kak GPS u I'JTIOHACC. O6paboTka curHa-
0B 'HCC mo3BossieT HenpephIBHO BBIUUCIIATH a0COTIOTHOE TIOJIHOE JIEKTPOHHOE COJCp’KaHHE
(IT3C) B HampaBiieHHH Ha KaXIbli CITyTHUK. AOcomoTHOe [IDC MOXKET MCIOIb30BaThCS IS
KOppEeKLHUU HOHOC(hEPHBIX MOJIENe, YTO 1MO3BOJIsIeT 0oJiee TOUHO OMUCATh PACIpeeNieHUE dIIeK-
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TPOHHOMW KOHIIGHTpauuu. B HacTosmel padoTe Mbl OCYIIECTBIsIEM KOppekinio Moaeian NeQuick
Ha OCHOBE JIaHHBIX abcomoTHOro HakinoHHoro II9C. Metoa KOppeKIuH napaMeTpoB MOJEIH
noHocdepsl 1Mo gAaHHbIM HakJoHHOrO [1D9C 3akmrodaercss B moucke 3((HEKTUBHOTO 3HAYCHHS
ynpasisonero napamerpa moaenu. B mongenun NeQuick TakuM nmapameTpoM sIBISETCS YUCIIO
conHeuHbIX maTeH Rz12. [IpoBeneHo cpaBHEHUE MOJIEIBHBIX M AKCIIEPUMEHTAIbHBIX JAHHBIX 110
CYTOYHOMY MOBEACHUIO KPUTHUECKOW 4acToThl F2-cimost Hax cranumsmu B MpkyTtcke n Hopuib-
CKE, KOTOPOE MO3BOJIMIIO OLEHHUTH 3(P(PEeKTUBHOCTE METO/1a KOPPEKIIUH ITapaMeTPOB HOHOC(HEpHOU
MO/JIEIH 0 AaHHBIM HaKIoHHOTo [13C B 3aBUCUMOCTH OT BpEMEHH CYTOK U BBIOOpA C€30HA rojia.

HccrnenoBanue BHIMOIHEHO TpU (UHAHCOBOU moiep:kke PODU B pamkax HaydHOTO MPO-
exta Ne 16-35-00590 mon_a, rpanTta Ilpesunenta PO HII-6831.2016.8 (OBonenko B.B.) u mpo-
IpaMMBbI MOBBIIIEHUSI KOHKYpeHTocnocoOHOCTH «5-100» BDY um. U. Kanra.

In recent years, attention to investigation and diagnostic of ionosphere significantly in-
creases. Nowadays, global navigation satellite system (GNSS) such as GPS and GLONASS,
worldwide ground-based network of satellite signal receivers provide a new possibility of real
time ionospheric monitoring. GNSS signal processing is used for calculating absolute total elec-
tron content (TEC) along radio path between each satellite and ground-based receiver. The abso-
lute TEC can be used for correction of ionospheric models providing more accurate electron
density distribution. In this paper, we perform the correction of the NeQuick model based on the
data of the absolute slant TEC. Thecorrection method of ionospheric model parameters is based
on the control parameters according to the slant TEC. Smoothed sunspot number Rz12 in the
NeQuick is an example of such parameter. We compared the calculation results and the experi-
mental data on the F2 layer critical frequency over the stations in Irkutsk and Norilsk to estimate
the efficiency of the correction method of ionospheric model according to slant TEC data.

The reported study was funded by RFBR according to the research project No. 16-35-
00590 mon_a, Grant of the President of the Russian Federation HIII-6831.2016.8 (Ovodenko V.B.)
and the program of increasing the competitiveness of “5-100” I. Kant BFU.

MOJAEJIHNPOBAHHUE YCKOPEHUA IIPOTOHOB B MA'HUTHOM OCTPOBE
B CKUIAJKE I'EJIMOC®EPHOI'O TOKOBOI'O CJI105

'0.B. MuHraJes, %30.B. Xa0aposa, +3X.B. Mauosa, "n.B. MuHraJes, pA. Kucaos,
"ML.H. MeabHuk, 'ILB. Cenko, *JI.M. 3enéHblIii

'TMonsipubiit reodusndeckuii HHCTUTYT, Anatutsl, Poccus
setsko@pgia.ru
*MHCTHTYT 3eMHOrO MarHeTH3Ma, HoHOC(Epbl U pacrpocTpaneHus paanoBons uM. H.B. ITymkosa PAH,
Mocksa, Tpouiik, Poccus
3I/IHCTI/ITYT KocMuueckux uccaeaosanuii PAH, Mocksa, Poccus
4Hay‘lH0—I/ICCJ‘ICI[OB&TGJ‘ILCKI/Iﬁ HHCTUTYT sinepHoit ¢pusuku uMm. [1.B. Cxobensupsina MI'Y, Poccust

SIMULATION OF PROTON ACCELERATION
IN A OSCILLATING MAGNETIC ISLAND
IN THE FOLDS OF THE HELIOSPHERIC CURRENT SHEET

'0.V. Mingalev, **0.V. Habarova, * *H.V. Malova, 'L.V. Mingalev, *R.A. Kislov,
"ML.N. Melnik, 'P.V. Setsko, *L.M. Zelenyi

'Polar Geophysical Institute, Apatity, Russia
*Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation RAS, Troitsk, Rus-
sia
3 Space Research Institute, Moscow, Russia
“Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow

B pabore mist 00bsiICHEHHs HAOMIOACHUN aHU30TPOMHBIX MYyYKOB BBICOKOIHEPTUYHBIX Ya-
CTHI] BOJM3M MarHUTHBIX OCTPOBOB HCCJIEIOBAHBI MPOLIECCHI JATbHEUIEro YCKOPEHHS Mpemyc-
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KOPEHHBIX MIPOTOHOB JI0 SHEPTUil B COTHU K3B B KoJebroemMcss MarHUTHOM OCTPOBE, KOTOPBI
HaXOJUTCs B COTHEUHOM BeTpe BHYTPHU CKJIaJKu reiarocdepHoro TokoBoro cios (I'TC).

HccnenoBanue BINOIHEHO NpU (pruHaHCOBOM noaaepxkke PODU B pamkax HaydHOTo Ipo-
exta Ne 17-01-00100a.

To explain the observations of anisotropic beams of high-energy particles near magnetic is-
lands, processes of further acceleration up to energies of hundreds keV of preaccelerated protons
in the oscillating magnetic island located in the solar wind inside the fold of the heliospheric cur-
rent sheet are investigated.

The study was carried out with the financial support from RFBR during of the scientific
project No. 17-01-00100a.

BOJIHOBBIE ITPOLIECCHI B HBIJIEBOI?‘IVHJIABME Y HOBEPXHOCTH JIYHbBI
ITPU EE B3BAUMOJEUCTBHUU C IVIABMOU XBOCTA MATHUTOC®DEPHI 3EMJIN

L2t g, Mopo3oBa, L2C H. Monean

1I/IHCTI/ITyT kocMmuueckux uccaenosanuii PAH, Mocksa, Poccust
M®THU (T'Y), Josronpyausiii, Poccns
timoroz@yandex.ru

WAVE PROCESSES IN MOON’S SURFACE DUSTY PLASMA
UNDER ITS INTERACTION WITH THE EARTH’S MAGNETOTAIL PLASMA

L2, Morozova, L2g 1. Popel

lSpace Research Institute RAS, Moscow, Russia
*MIPT (SU), Dolgoprudny, Russia

[IpencraBieHo omucaHWe BOJHOBBIX MPOIIECCOB MPU B3aMMOACHCTBUM XBOCTAa MAarHUTO-
chepnl 3eMild ¢ MBLICBOH I1a3Moii y oBepXHOCTH JIyHbI. [Toka3zaHa BO3MOXKHOCTh BO30OYXe-
HUS BOJIH Y OCBEIIEHHON YacTH MOBEPXHOCTH JIyHBI Jj1s TapaMeTpoB (DOTOIIEKTPOHOB, XapaK-
TEpPHU3yEeMbIX KBAaHTOBBIM BBIXOJIOM JyHHOTO perosmta u3 [Willis, et al. / Photon and Particle
Interactions With Surfaces in Space. 1973. p. 389]. MoHHO-3ByKOBBIE BOJHBI BO30Y>KIAIOTCS B
00J1aCTsIX MarHUTHOTO MEPEXOAHOTO W/HMIM TOTPAHUYHOTO CIIOEB MarHUTOC(EPHl B pE3yiibTare
pa3BUTHS JIMHEHHOW THUIPOJAMHAMUYECKONW HEYCTOMYMBOCTH, TOTJAa KaK T€HEpalusl TbUIECBBIX
3BYKOBBIX BOJIH OOYCJIOBJIEHAa pPa3BUTHEM JHHEHHOW KHMHETHYECKOW HEYCTOWYMBOCTH BO BCEH
00J1acTH B3aUMOJICHCTBHS XBOCTa MarHUTOC(ephl ¢ MbIIeBOM m1a3moii y JIyHel. B o6eux cutya-
[UAX Pa3BUTHE HEYCTOMYMBOCTEH OOYCIOBICHO OTHOCHUTEIBHBIM JIBMYKEHHEM HMOHOB MAarHUTO-
chephl 1 3apsSHKEHHBIX MBIIEBBIX YacTHIl. MccaeaoBaHbl TPOIeCChl pa3BUTHSI HOHHO-3BYKOBOM U
MBUICBOM 3BYKOBOW TypOyJeHTHOCTH. IOHHO-3BYKOBasi TypOyJI€HTHOCTh pacCMaTpUBaETCs C I10-
3UIUH CUIIBHOM TYpOYJEHTHOCTH, TOT/Ia KaK /Il ONTMCAHUS MBIJICBOM 3BYKOBOM TYpOYJIEHTHOCTH
UCIIOJIB3YETCSl TEOpHsl ci1adoil TypOyiaeHTHOCTH. JIJis CilydyaeB MOHHO-3BYKOBOUM M TBUICBOU 3BY-
KOBOW TypOYJICHTHOCTH OIPECIICHBI TUIOTHOCTH SHEPIHH KojieOaHuM, 3P PEeKTHBHBIC YaCTOTHI
CTOJIKHOBEHUH, a TaK)K€ BO3HUKAIOIINE B CUCTEME dJIeKTpuueckue mossi. Oka3pIlBaeTcs, 4To Mpu
Pa3BUTHH HMOHHO-3BYKOBOW TYpOYJEHTHOCTH B IUIa3MEHHO-TIBIIEBON cucTeme y JIyHBI MOTyT
BO30YXKIAaThCS AIEKTPUUECKUE TMOJISI, HECKOJIBKO MEHBIIHNE AIEKTPUUECKUX TOJIEH Y MOBEPXHO-
ctu JIyHbI, BOBHMKAIOUIMX B MPOLIECCE 3aPSAKU €€ MOBEPXHOCTH MPH B3auMOJEeUCTBUU JIyHBI C
COJIHEUHBIM H3JIy4Y€HHEM, HO, TEM HE MEHEE, BIOJHE 3HAYUMBIC JIJIsl YCTAaHOBJICHUS aJCKBAaTHOU
KapTUHBI dJIeKTprudeckux nojed Hax Jlynoi. [TomydenHsie 3((EeKTHBHBIC YaCTOThI CTOJIKHOBEHHIA
CJIeyeT YYUTHIBATh NPU 3aMUCU TUIPOJAUHAMUYECKUX YPABHEHUH Ui MOHOB TBUICBON IJIa3MBI C
YUETOM €€ TypOyJIEeHTHOTO HarpeBa.

Wave processes in the Earth's magnetotail plasma during the interactions with the dust near
the surface of the Moon are considered. It is shown that the excitation of waves is possible near
the illuminated part of the Moon for photoelectron parameters characterized by a quantum yield
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of the lunar regolith from the [Willis, et al. / Photon and Particle Interactions With Surfaces in
Space. 1973. p. 389]. lon-sound waves are excited in the magnetosheath and/or boundary layer
of the magnetosphere as a result of linear hydrodynamic instability, while dust acoustic waves
are generated due to the development of a linear kinetic instability in the entire region of the
magnetotail plasma during the interactions with the lunar dust. In both the situations, the devel-
opment of the instabilities is caused by the relative motion of magnetospheric ions and charged
dust particles. The processes of ion-acoustic and dust acoustic turbulence are described. Ion-
acoustic turbulence is considered from the viewpoint of strong turbulence, whereas to describe
dust acoustic turbulence, we use the weak turbulence theory. The wave energy densities, the ef-
fective collision frequencies, and the electric fields appearing in the system are determined for
the cases of ion-acoustic and dust acoustic turbulences. It is shown that the development of ion-
acoustic turbulence in dusty plasma system near the Moon is accompanied by the excitation of
the electric fields several smaller than the electric fields arising due to the process of charging of
the surface of the Moon during its interaction with the solar radiation. Nevertheless, the electric
fields appearing due to the development of ion-acoustic turbulence are important to establish an
adequate picture of the electric fields on the Moon. The resulting effective collision frequencies
should be considered in the hydrodynamic equations for dusty plasma ions with taking into ac-
count its turbulent heating.

PE3YJbTATHI BOCCTAHOBJIEHUS I''TYBUHBI MAKCUMYMA
PA3BUTHS IIAJ IO OTKJINKAM TPEKOBBIX JETEKTOPOB
SAKYTCKOM YCTAHOBKH IIAJI

B.I1. MoxnaueBckas, }O.A. Eropos, C.I1. Knypenko, U.E. Crenuos, 3.E. Ilerpos

HHcTuTyT KOcMOodm3ndeckux uccienopanmii u asponomun uM. 10.I'. [lladpepa CO PAH, fxyrck, Poccus
valyamokh@yandex.ru

THE RESULTS OF THE RECOVERY OF THE MAXIMUM DEPTH OF THE EAS
ON THE RESPONSES OF TRACK DETECTORS YAKUTSK ARRAY EAS

V.P. Mokhnachevskaya, Yu.A. Egorov, S.P. Knurenko, I.E. Sleptsov, Z.E. Petrov
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

B pabote mpuBOIUTCS OMUCaHNE CUCTEMBI TPEKOBBIX JAETEKTOPOB, paboTaromux Ha SKyT-
ckoit komriekcHOM yctanoBke [ITAJI. Onucana MeTonuka, O3BOJISIONIAS TI0 OTKIIUKY JIETEKTOpa
BBIUMCIIUTh YUCIO (POTOHOB, MPUXOISIINX C PA3HBIX BBICOT aTMOC(Ephl, U TEM CaMbIM BOCCTa-
HOBUTbH MPOJIOTBHOE PA3BUTUE B MHIUBUIYy ATHHBIX JIMBHSX.

[TpencraBieHbl pe3ynbTaThl NPSMBIX HAOTIOACHHUM KacKaJHON KpPUBOM, U OMpeAesieH MakK-
CUMYM Pa3BUTHS JTUBHA X,x 110 HaOMOAeHUSM dyepeHKoBckoro cBera [IIAJL. 13 cpaBHeHUS Xyax
¢ pacueramu 1o monenu QGSJETII-04 nns pa3HbIX NEPBUYHBIX YACTHUI[ MOJYYEH IpeaBapH-
TEJIBHBIN BBIBOJI O MACCOBOM COCTAaBE KOCMHYECKHUX JTydei B 00IaCTH SHEPTHil BBIIIE 10" 5B.

A description is given of a system of tracking detectors operating at the Yakut complex
EAS array. A technique is described that allows one to calculate the number of photons arriving
from different heights of the atmosphere from the detector response and thereby restore longitu-
dinal development in individual showers.

The results of direct observations of the cascade curve are presented and the depth of max-
imum shower development (Xpmax) is determined from the observations of Cherenkov light from
the EAS. From a comparison of X,x with calculations based on the QGSJETII-04 model for dif-
ferent primary particles, a preliminary conclusion was obtained on the mass composition of cos-
mic rays in the energy above 10'® eV.
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HHOJYYEHHUE ABCOJIIOTHOT O ITOJIHOI'O 3JIEKTPOHHOI'O COAEPKAHUA
ITO OJHOYACTOTHbBIM JAHHBIM I''TOBAJIBHBIX
HABUT'AIMOHHBIX CITYTHHUKOBBIX CUCTEM

TALA. MBLIBHMKOBA, 210.B. SIcrokeBHUY, ’B.b. UBaHOB

'MucturyT conneuno-3emuoi pusuxn CO PAH, UpkyTtck, Poccus
manna@jszf.irk.ru
2I/Ip}(yTCKI/H71 rocyJapcTBeHHbIN yHUBEepeuTeT, UpkyTck, Poccns

ESTIMATING THE ABSOLUTE TOTAL ELECTRON CONTENT BASED
ON SINGLE-FREQUENCY GLOBAL NAVIGATION SATELLITE SYSTEM DATA
'A.A. Mylnikova, " *Yu.V. Yasyukevich, >V.B. Ivanov

"nstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
*Irkutsk State University, Irkutsk, Russia

B pabote npeacTaBieH NOAX0I, MO3BOJISIONIHMI IIPOU3BECTU OIICHKY aOCOIIOTHOIO BEp-
THUKAJIBHOTO Y HAKJIOHHOTIO IMOJHOr0 3jeKTpoHHoro coaep:xanusa (I119C) nonocdeprl. OrieHka
OCHOBaHa Ha OJHOYACTOTHBIX COBMECTHBIX M3MEPEHUIX (ha30BOT0 M I'PYIIOBOr0 3ama3biBa-
uug curaaiga GPS/I'JTIOHACC mo maHHBIM OTAENbHBIX U3MEPHUTEILHLIX CTaHIUK. PacueT a0-
COMOTHOTO BepTHKanbHOTO IIDC BBIMOTHSAETCA C HCIOJIB30BAHUEM MOJEIH Pa3JI0KCHHS
nakinonHoro I[I1DC B psax Telnopa mo npocTpaHcTBY B BpeMeHH. COBMECTHO ¢ aOCOIIOTHBIM
BepTuKaJbHLIM I1DC mpou3BOIHTCSA pacyeT NPOCTPaHCTBEHHBIX rpagueHToB I1DC, Ha OcCHOBE
KOTOPBIX MOJKHO IMOJYyuHTh 3HaueHus [19C Ha yjganeHun oT cTaHIUH. YTOOBI OLIEHUTH BO3-
MOJKHYIO OIIHOKY pacuera abComoTHOro BepTHKaabHOTO I19C Mo 0gHOYACTOTHBIM H3MEpe-
HHAM, HaOpaHa CTAaTHCTHKA pasHocTed 3HaudeHuil I[19C, monydaeMBIX O ABYXYAaCTOTHBIM U
OJIHOYACTOTHEIM H3MepeHusaIM. AHanu3 nposeacH i 2009 r. (MUHUMYM COJIHCUHOM aKTHB-
HocTtu) 1 2014 1. (MaKCUMyM COJHEYHON aKTHMBHOCTH) Ha ocHOBe maHHbIX GPS/TJIOHACC-
crauimi IRKJ 1 NRCI1, Haxomsgmuxcs Ha cpegHUX mupoTax. IloaydeHo, 4To KaueCTBEHHO H
KOJIMYeCTBEHHO BepTHKaidbHOe IIDC, paccunTaHHOE IO OJHOYACTOTHBIM H3MEPEHHSIM, CO-
rjlacyeTcs ¢ OllcHKaMH, OCHOBAaHHBIMHM Ha ABYXYAaCTOTHBIX M3MEpPEHUAX. THIIMUHOE 3HAUYCHUE
pa3HocTu BepTuKanbHOro I19C, moaydeHHOro oJHOYACTOTHBIM M ABYXYaCTOTHBIM METOJIOM,
IUIS BEIOpaHHBIX HAMU CTaHIIMH B 0oCHOBHOM He mpeBbimaet ~1.5 TECU ¢ CKO no ~3 TECU.
[Monyuenne abcomoTHBIX 3HaYcHUI [19C M0 0QHOYACTOTHBIM U3MEPCHUSAM IPEACTABIsACTCS,
Ha Halll B3TJIS]], BECbMa IEePCHCKTHUBHBIM IS Pa3BUTUS MOHUTOPHHIA HOHOC(HEPHI, 0COOCHHO
Ha Teppuropunu Poccuiickoit dexepanuu, rae 4MCiIO JBYXYACTOTHBIX IPHEMHHUKOB HE TakK
BEJIINKO, Kak, HanpuMep, B Slnonun uinn CIHIA. Kak noka3an npoBeIeHHBIA aHaIu3, OJHOYA-
CTOTHBIE H3MepeHus BepTukanbHOro I[IDC nuimb HE3HAUYUTEIBHO YCTYMAalOT B KayecTBE
JIByX4aCTOTHBIM U3MEPEHUSIM.

We present a technique for the absolute vertical and slant total electron content (TEC)
estimation. The technique is based on the single-frequency joint phase and pseudorange
GPS/GLONASS measurements at single stations. The vertical TEC estimation is based on
Taylor series expansion in space and time. Together with the absolute vertical TEC, the spa-
tial gradients of the TEC are calculated, which makes it possible to obtain the TEC values at
some distance from the station. To analyze the accuracy of the technique, the differences be-
tween TEC values obtained from two-frequency and single-frequency measurements are cal-
culated and statistics is obtained. The analysis is performed for entire 2009 year (solar activity
minimum) and for entire 2014 year (solar activity maximum), based on single-frequency and
dual-frequency GPS/GLONASS data from IRKJ and NRCI1 stations located at the middle
latitudes. Estimated single-frequency vertical TEC agrees qualitatively and quantitatively
with the dual-frequency vertical TEC. For the stations of interests single-frequency vertical
TEC values and dual-frequency ones are generally differ not much than ~1.5 TECU with
RMS up to ~3 TECU. The technique for estimating absolute values of TEC by single-
frequency measurements seems, in our opinion, very promising for the development of iono-
spheric monitoring, especially in Russian Federation, where the number of two-frequency

53



BIHIDOD-2017. Cexyus B. Qusuxa oko103eMHO20 KOCMUYECKO20 NPOCMPAHCIEA

receivers is not so big compared to Japan or USA. The results show, that single-frequency
measurements of vertical TEC are only slightly less accurate compared to two-frequency
measurements.

HABJIOJEHUE JIOKAJIM30BAHHBIX ITOBBIIEHUMI ITAC
11O JAHHBIM I'VIOBAJIBHBIX HOHOC®EPHBIX KAPT

'"U.M. Henomusimux, *N.K. Enemckuni

'MpKyTCKnii HALMOHABHBIH HCCIIeI0BATEIbCKHIT TEXHIUECKHH yHIBepcHTeT, UpKyTck, Poccus
ilya@iszf.irk.ru
*UucTuTyT conHeuno-3emMuoi dusuku CO PAH, UpkyTck, Poccus

INVESTIGATION OF LOCALIZED TEC ENHANCEMENTS
BASED ON GLOBAL IONOSPHERIC MAPS
'L1. Nepomnyashchikh, I.K. Edemsky

"rkutsk National Research Technical University, Irkutsk, Russia
*Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B pabote paccmarpuBaercs moaxon K aHaiau3y miodanbHbBIX KapT GIM, mo3Bosnsromimit
BBIJICJISITH JIOKAJIM30BAHHBIC 00JACTH MOBBIMICHUSI TIOTHOTO AIeKTpoHHOTO coaepkanus (I12C).
ITonxoa ocHOBaH Ha ONpENEICHUH 3HAYMMbIX OTKJIIOHEHUH BeanduHbl [[9C oT MeauaHHbIX 3HA-
YEHUW W TI03BOJISIET MPOBOIUTH aHAIN3 3HAYMTEIIBHBIX 00BEMOB JaHHBIX B @aBTOMAaTHYECKOM pe-
xume. B paboTe mpencraBieHa mojydeHHas B MPOIECCEe TAKOTO aHajIn3a CTaTUCTHKA HabOmrofe-
HUM COOBITUN U TMHAMUKA U3MEHEHHUs uX yucina 3a nepuog 2000-2017 rr.

PaGora BemomnHena npu noaaepskke IIpesunenra Poccuiickoit ®eneparmu (rpant Ne MK-1097.
2017.5).

We present a method of global ionospheric maps (GIM) analysis allowing us to find local-
ized areas of total electron content (TEC) enhancement. The method is based on definition of
significant TEC deviations from the median values. The method makes possible to analyze big
amount of data automatically. We present the results of such an analysis for the period 2000—
2017 and show the dynamics of the events during the period.

The work is supported by Russian Federation President (grant No. MK-1097.2017.5).

INPUMEHEHHUE ITPAMOI'O BAPUAIIMOHHOI'O METOJIA
JIJISI IOUMCKA BEPXHUX U1 HUKHUX JIYUEH
B 3AJJAYE PACYETA KB-PAJIMOTPACC B HOHOC®DEPE

"M.A. Hocuxos, " *M.B. Kinvenko, *T1.®. Beccapad

'Banruiickuit henepanbHblii yauBepcuteT um. UMmanynna Kanta, Kamununrpan, Poceus
igor.nosikov@gmail.com
*3anagHoe otaenenue MHCTHTYTa 3¢MHOTO MarHETH3Ma, HOHOC(EPHI ¥ PACIPOCTPAHEHHS PAJHOBOIH
um. H.B. IlymkoBa PAH, Kanunaunrpan, Poccus
3YHI/IBepCI/ITeT Ucnangun, PelikpsaBuk, Mcnanaus

IDENTIFICATION OF LOW AND HIGH RAYS
FOR CALCULATING SHORT-WAVE RADIO PATHS IN THE IONOSPHERE
BY A DIRECT VARIATIONAL METHOD

"L.A. Nosikov, "*M.V. Klimenko, *P.F. Bessarab

'Immanuel Kant Baltic Federal University, Kaliningrad, Russia
*West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere
and Radio Wave Propagation RAS, Kaliningrad, Russia
*University of Iceland, Reykjavik, Iceland
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IIpencrasneHa MeToIMKa MIOUCKA BEPXHUX M HWKHUX JIydel B 3a7ja4e pacuera paguoTpace B
MOJIETIbHOM HOHOC(epe ¢ 3aJaHHBIMU TOJOXKEHUSAMH NepeJaTuuka U npueMHuka. I[IposenenHoe
HCCJIEA0BAHUE BCEX THUIIOB CTAlMOHAPHBIX PELICHUM MO3BOJMIIO J10KA3aTh CYLIECTBOBAHUE MH-
HUMYMOB U CEIJIOBBIX TOYeK (yHKIMOHaNa paauonyda. OnpezneneHue BEpXHHUX Jydel ocy-
IIECTBIISIETCS MPSIMON MUHHMHK3aNUel (yHKIMOHANA ONTHYECKON JIHHBI myTH. HibkHue myuw,
IpeACTaBIAIOIINE COOOM CEeIOBBbIE TOUYKH, ONPEAEISIOTCS C MOMOIIBI0 METOI0B ONTHMHU3ALNH,
MO3BOJIAIONIMX MHBEPTUPOBATH CTALMOHAPHOE PEUICHHE B MUHMMYM ONTHYECKOW JJIMHBI ITyTH.
JlanHass MeToMKa arnpoOUpoBaHa B MOJAENBHON H30TPOITHOM MOHOC]Epe, I/ie 3MEeKTPOHHAs KOH-
neHTpauus 3afasanach o moaenu IRI. MccnenoBanue BhINOMHEHO NpU (PMHAHCOBOW MOJIEPIKKE
P®PU B pamkax rpanra Ne 16-35-00590 mon_a.

Direct optimization of the optical path functional is a promising approach to the point-to-
point ionospheric ray tracing problem. The approach involves a systematic transformation of the
ray trajectory to an optimal configuration satisfying the Fermat’s principle, while the endpoints
are kept fixed according to the boundary conditions. Here, a strategy is proposed for the identifi-
cation of both high and low rays using a direct variational approach. High rays are obtained by
minimizing the optical path of ionospheric radio rays. Low rays which correspond to saddle
points of the optical path are found using the minimum mode following method, where the sad-
dle points are essentially converted to local minima. The method is applied to a point-to-point
ionospheric ray tracing, where the propagation medium is obtained with the International Refer-
ence lonosphere model.

IPPEKTBI PACHHPOCTPAHEHMS PAJUOBOJIH U IVIASMEHHBIE CTPYKTYPbI
B HOHOC®EPE 110 JAHHBIM GNSS-USMEPEHUU
HA TPACCAX CIIYTHUK—CHYTHHUK U CITY THUK—3EMUJIA

A.A. I1aBeaneB

WHCcTUTYT panuoTexXHUKH U 31eKTpoHUKH uM. B.A. Kotensnukosa PAH, ®@psasuno, Poccus
alxndr38@gmail.com

RADIO WAVE PROPAGATION EFFECTS AND PLASMA STRUCTURES
IN THE IONOSPHERE FROM GNSS MEASUREMENTS
AT SATELLITE—SATELLITE AND SATELLITE—EARTH PATHS

A.A. Pavelyev
Kotelnikov Institute of Radio Engineering and Electronics RAS, Fryazino, Russia

KnaccuduuupoBansl 3¢dexTsl noHOCHEpHOTO BO3AEHCTBHUS CIOEB M ClydailHo-
HEOJHOPOJHBIX CTPYKTYpP Ha PacIpOCTPAHEHHUE PAJMOBOJIH HA Tpaccax CIIyTHUK—CIIYTHUK U
CIyTHUK—3€eMJs. PacCMOTpeH CyTOYHBIM, CE30HHBI M IIMPOTHBIM XOJ 3JIEKTPOHHOM KOH-
[EHTPAIMH HA Pa3JIMYHBIX BHICOTAX B HOHOC(EpPE MO JTaHHBIM U3MEPEHUH aMIUIUTYIbI U (a3bl
CUTHAJIOB HaBUTaMOHHBIX cucTteM (GNSS) B o6nacTu MoJsipHOrO OBajia C aHAJIU30M CIy4aeB
Bo3zelicTBus HarpeBHoro cteHaa HAARP 3a nepuon ¢ 2007 o 2015 1.

Ionospheric effects produced by layers and randomly inhomogeneous structures on propa-
gation of radio waves at satellite—satellite and satellite—Earth paths are classified. The diurnal,
seasonal and latitudinal variations of the electron concentration at different heights in the iono-
sphere are analyzed using measurements of the amplitude and phase of navigation system signals
(GNSS) in the polar oval region with the influence of the HAARP during 2007-2015.
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YJIBTPAHU3KOYACTOTHBIE KOMIIPECCHOHHBIE
KOJIEBAHUS B MATHUTOC®EPE.
AHAJIM3 JIAHHBIX CHYTHUKOBOM CUCTEMbI THEMIS

'A.B. Py6uos, *I.H. Marep, *JI.A. Uyiixo, " >JI.LFO. Knumymkus

'MucturyT comreano-semuoit gpusukn CO PAH, UpkyTek, Poccns
*UpkyTcKuii rocy1apcTBeHHBII yHUBepcuTeT, MpkyTck, Poccus
avrubcov@mail.ru

ULTRA-LOW-FREQUENCY COMPRESSIONAL OSCILLATIONS
IN THE MAGNETOSPHERE.
DATA ANALYSIS OF THE SATELLITE SYSTEM THEMIS

'A.V. Rubtsov, *P.N. Mager, *D.A. Chuiko, " *D.Yu. Klimushkin

"nstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
“Irkutsk State University, Irkutsk, Russia

HccnegoBaHa KoMIIpecCHOHHAs MyJibcanust PcS co 3HaAUMTENbHON MOJIOMAANBHOM KOMIIO-
HEHTOH, 0OOHapyKeHHas B JaHHBIX cIyTHUKOBOM cuctembl THEMIS. Beuin moctpoens! n1uHaMu-
YECKHE CHEKTPhl U BBIYMCIIEHBI MapaMeTpbl IyJbCallid, ONpeaeieHbl napameTpsl cpeasl. [lo
HaliIeHHBIM TTapaMeTpaM cpenbl Oblla CMOJETMPOBAaHA YacToTa (QyHIAMEHTAIBHON TapMOHHUKH
cTosiuelt anb(hBEeHOBCKON BOJHBI. BBIJIO MOKa3aHo, YTO HAOI01aeMasi 4acToTa MyJIbCalluy OJIM3Ka
K anb(BEeHOBCKOW yacToTe. TakuM 00pazom, ciesaH BBIBOJ, UYTO HaOIr01aeMasi BOJIHA SBIISETCS
anb(BEHOBCKOM.

Jlannast pabota yactuyHo nojaepxana rpanromM PODU Ne 16-05-00254.

The compressional Pc5 pulsation with a significant poloidal component found in the
THEMIS data was investigated. Dynamic spectra were plotted and the parameters of pulsation as
well as the parameters of the environment were determined. Based on the found parameters of
the environment, the frequency of the fundamental harmonic of the standing Alfven wave was
simulated. It was shown that the observed pulsation frequency is close to the Alfven frequency.
Thus, it was concluded that the observed wave is the Alfven mode.

ABCOJIIOTHBIE UBMEPEHUSA MOIIIHOCTHU
HA UPKYTCKOM PAJJAPE HEKOI'EPEHTHOI'O PACCEAHUA

A.I'. CetoB, B.II. Jlebenen, A.B. Measenes, /I.C. Kymnapesn

HNuctuTyT comreuno-3emuoit pusznkn CO PAH, UpkyTck, Poccust
setov@iszf.irk.ru

ABSOLUTE POWER MEASUREMENTS AT THE IRKUTSK
INCOHERENT SCATTER RADAR

A.G. Setov, V.P. Lebedev, A.V. Medvedev, D.S. Kushnarev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

JInvHHBIE pAlbl JAaHHBIX, TOJyYeHHbIE HA IpKyTCKOM pajape HEKOI€pEeHTHOI'O pacCesHUs,
HCIOJIB3YIOTCS Ul WCCIIEIOBAaHUS MOHOCQEPHI, HAOIIOIEHUS 32 KOCMUYECKUMH OOBEKTaMH U
JUTSL TAaCCUBHBIX pajnoHabmoeHuil. Panee s aHanu3a STUX JaHHBIX MPUMEHSIUCH METO/bI, B
KOTOPBIX He TpeOyeTcsl 3HAHUS TOYHOHM BEIMYMHBI MPUHATOTO CUTHaNa. B paboTte paccMorpena
METOJIMKa KaTMOPOBKU 3apETHCTPUPOBAHHBIX CUTHAJIOB U MPOBEACHO CPAaBHEHUE MOTYYEHHOU
a0COTIOTHON MOIIIHOCTH C MOIITHOCTBIO CUTHAJIa HEKOT€PEHTHOT'O PACCESHUS.

Long rows of data, obtained at the Irkutsk Incoherent Scatter Radar are used for ionospheric
studies, space surveillance and passive radio observations. Methods, that do not require
knowledge about exact value of received signal, were used earlier of analysis of this data. This
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work describes calibration technique for registered signals and comparison between measured
absolute power and incoherent scatter power.

U3MEPEHUE MEPIIAHU HABUT'AIIMOHHOI'O CUTHAJIA
C UCIIOJIB3OBAHUMEM OBOPYJIOBAHUSA NOVATEL GPStation-6
HA CPEJHUX IIUPOTAX

L.2¢ B. CripoBatekuii, U 210.B. ScroxeBny, L.2A M. Becuun

'MHctutyT conreuno-semuoit gpusukn CO PAH, UpkyTek, Pocens
*UpkyTCcKuil rocyIapcTBeHHBII yHUBEepcuTeT, MpKyTck, Poccus
semen_syrovatskii@iszf.irk.ru

RECORDING SCINTILLATIONS OF THE NAVIGATION SIGNAL
BY NOVATEL GPStation-6 EQUIPMENT AT MID-LATTITUDES

2.V, Syrovatskii, " ?Yu.V. Yasyukevich, "2A.M. Vesnin

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

B pabote mpencraBieHbl pe3ysbTaThl U3MEPEeHHM (Da30BBIX U AMIUIMTYIHBIX MEpLAHUMA
HABUTAIIMOHHOTO CUTHaja ¢ ucroyib3oBaHueM mnpueMHuka NoVatel GPStation-6, pacmonoxen-
Horo B IC3® CO PAH (Mpxkytck). B xome paboTel ObLT CO3/MaH MPOTPaMMHBINA MOIYJIb IS BU-
3yalu3aly ¥ MepBUYHON 00pabOTKHU TaHHBIX Mepiianuil. Mi3amepenus npoBogstes s cucreM GPS
(na wacrorax L1, L2, LS) u 'NTTIOHACC (na wactortax L1, L2). Hamm pe3ynsTaThl MoKa3bIBatOT OT-
CYTCTBHE MHTEHCHUBHBIX aMIUTUTYAHBIX MEPIIAHUM HA CPEIHUX IIHUPOTaX Jake BO BPEMs CHIIbHBIX
MarHuTHBIX Oypb. B TO ke Bpemsi 3aperucTpupoBaH psijl CIydaeB MOSBICHUS HHTEHCUBHBIX MepIia-
HUH 110 3HaYeHni S4~1. PaGota BeinonHeHa B pamkax rpanta PO®U Ne 15-05-03946.

This work describes the results of measurements of the phase and amplitude scintillations
of the navigation signal using the NoVatel GPStation-6 receiver located in the ISTP SB RAS (Ir-
kutsk). During this work a software module was created for visualization and primary processing
of data of scintillations. The measurements are carried out for systems of GPS (at the frequencies
L1, L2, L5) and GLONASS (at the frequencies L1, L2). Our results show the absence of intense
amplitude scintillations at mid-latitudes, even during strong magnetic storms. At the same time, a
number of cases of the appearance of intense scintillations to S4~1 are recorded. The work is
supported by the RFBR (grant No. 15-05-03946).

IBOJIOLIUSA OBJIAKA 3APAKEHHBIX HACTUIL
B MAI'HUTHOM IOJIE 3BEMJIN

M.IO. TepHoBoii

HpkyTckuii rocyjapcTBeHHbIN yHUBEpcUuTeT, UpkyTcek, Poccns
mark.ternovoy@yandex.ru

EVOLUTION OF A CLOUD OF CHARGED PARTICLES
IN THE EARTH’S MAGNETIC FIELD

M.Yu. Ternovoi
Irkutsk State University, Irkutsk, Russia

[IpeacraBieHsl pe3ynbTaThl MOJETUPOBAHUS SBOJIONMHM O0JIaKa 3apsKEHHBIX YaCTHI[ B
T€OMarHUTHOM I10JIe, UCIYIIEHHBIX U3 KOCMUYECKOro amnmapara Ha OKoJIo3eMHOM opourte. Hccne-
JOBaHbI (popMa W JUHAMHKA O0JIaka B 3aBHCHMOCTH OT YTJIa MEXIy HAIpaBIICHUEM CTPYH BHI-
XJIONA ¥ CUJIOBBIMU JIMHUSAMHU MarHuTHOTO noist (IGRF-12).
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We present simulated results of the evolution of a cloud of the charged particles injected
by spacecraft in the geomagnetic field. We analyzed the cloud shape and dynamics, depending
on the angle between the exhaust jet direction and the magnetic field (IGRF-12).

N3MEHYUBOCTB TIAPAMETPOB TPAHCUOHOC®EPHOI'O PAJIMOKAHAJIA
CYYETOM TEOOPUZNYECKUX U TEOTPAOUYECKUX ®PAKTOPOB

O.A. TpymikoBa, A.A. Kuciaunbin, A.B. 3yeB

[ToBoKCKHIA TOCYIapCTBEHHBIN TEXHOJIOTHIECKUH YHUBepcuTeT, Momkap-Oma, Poccus
trushkova_ol@mail.ru

VARIABILITY OF TRANSIONOSPHERIC RADIO CHANNEL PARAMETERS
ALLOWING FOR GEOPHYSICAL AND GEOGRAPHICAL FACTORS

O.A. Trushkova, A.A. Kislitsyn, A.V. Zuev
Volga State University of Technology, Yoshkar-Ola, Russia

BaxxHOl XapakTepuUCTHKOH, BIUSIOUICH Ha paclpoCTpaHEHHE CUTHajla yepe3 HoHochepy,
ABJIIETCS TIOJTHOE AJIEKTPOHHOE COJEpKaHue. B cBOIO odepenp, MONHOE 3IEKTPOHHOE COAEpKa-
HUE WCHBITHIBACT 3HAYUTEIbHbIC BAPHALIUU MPH U3MEHEHUU Te0(PHU3MUECKUX U reorpapuueckux
ycioBuid. B paboTe mpezacraBieHa METOJMKA UCCIEA0BaHMS IOJIHOTO 3JIEKTPOHHOIO COJEepIKa-
HUS 110 JaHHBIM TpaHCHOHOC(EPHOro 30HaupoBaHus. IIpeacTaBiensl pe3ynbTaThl ONpeaeIeHHs
CYTOYHBIX BapHalMi IOJHOTO 3JIEKTPOHHOTO COJEP>KAaHUS B PA3JIMYHBIX HIMPOTHO-IOJTOTHBIX
pErnoHax IpH pa3HbIX YPOBHSX COJIHEYHOW aKTHBHOCTH. Ha OCHOBE IOJIyYEHHBIX pE3yJbTaTOB
MIPOBE/ICHA OLIEHKA CTETIEHN MCKAKEHHI CUTHAJIOB IPU TPACHOHOCHEPHOM pacIpOCTPaHEHUH C
IIOMOUIBIO UCCIIEJOBAHMS TAPaMETPOB IUCIIEPCUH PaIMOKaHAaA.

Total electron content is an important characteristic affecting the signal propagation
through the ionosphere. In turn, the total electron content is experiencing significant variations
when you change the geophysical and geographical conditions. The paper presents the method-
ology of the study the total electron content according transionospheric sensing. Presents the re-
sults of diurnal variations in total electron content in different latitudinal-longitudinal regions
under different levels of solar activity. On the basis of the results of the assessment of the degree
of distortion of signals in casinosthere distribution, using the parameters of dispersion of the ra-
dio channel.

HABJIIOIEHMS JJIMHHOMEPUOIHBIX MYJIbCAILMIA
B HOYHOI MATHUTOC®EPE C TIOMOIIBIO
EKATEPUHBYPI'CKOI'O KOTEPEHTHOT'O CPEJHEIIMPOTHOTO PAJIAPA

M.A. Yeanauos, O.B. Marep, II.H. Marep, I.10. Knumymkun, O.U. beparapar

HNuctuTyT comreuno-3emuoit puznkun CO PAH, UpkyTck, Poccust
max_chel@iszf.irk.ru

LONG-PERIOD PULSATIONS OBSERVED
WITH EKATERINBURG COHERENT MIDLATITUDE RADAR
IN THE NIGHTSIDE MAGNETOSPHERE

ML.A. Chelpanov, O.V. Mager, P.N. Mager, D.Yu. Klimushkin, O.I. Berngardt
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Paccmotpenst YHU-nynbcanuu, HaOmMogaBIIMECs B HOUHONM MarHuTocdepe ¢ MOMOIIbIO
ExarepunOyprckoro korepeHTHoOro panaapa. [IpencraBiensl cinyudan HaOmroneHus ApendoBo-
KOMITPECCUOHHBIX BOJIH. JJIs1 aHAIM3a NPUBJICYEHBI CITyTHUKOBBIE JAHHBIE O MATHUTHOM I10JI€ U
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IUIOTHOCTH YacTHIl B MarHUTOcdepe, MOITyYeHHbIe B TIepro] HabmroaeHus: BoiH. CpaBHHUTEINb-
HBII aHANU3 MOKa3all, YTo B OOJBIIMHCTBE CllydyaeB HabOI0aeMble Ha pajape BOJTHBI UMEIOT Ya-
CTOTY HIKE COOCTBEHHOW YacCTOTHI KOJIeOAHUS CHIIOBBIX JIMHUH U, BEPOSTHO, UMEIOT KHHETHYE-
CKYIO IIPUPOLY.

The analysis of ULF pulsations observed with the Ekaterinburg Coherent Radar in the
nightside magnetosphere is implemented. The work presents drift-compressional wave observa-
tion cases. We used data on magnetic field and particle density during radar wave registration.
The analysis shows that the majority of the oscillations feature frequencies that are much lower
than fundamental poloidal Alfvén eigenmode frequency and therefore could have kinetic nature.

OJYKTYALUN YPOBHSI TEOMATHUTHOI'O ITOJIA,
COINPOBOXJABIIME CUJIBHEUIINE 3EMJUIETPACEHUSA

JI.®. Yepnorop, E.O. CMupHoBa

XapbKoBCKUM HallMOHANIBbHBIM yHUBepcuTeT M. B.H. Kapasuna, XaprkoB, Ykpauna
Leonid.F.Chernogor@univer.kharkov.ua

GEOMAGNETIC FIELD FLUCTUATIONS
ASSOCIATED WITH THE GREATEST EARTHQUAKES

L.F. Chernogor, K.O. Smirnova
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

C ucrnonb30BaHUEM JIAHHBIX MarHUTOMETpa-(IIOKCMETpa, pa3MEImeHHOro B MarHuTHON
obcepBaropun XHY um. B.H. Kapa3una, npoaHain3upoBaHbl BapHaIlMH YPOBHS T'OPU30HTAIb-
HBIX KOMIIOHCHT I'€OMAarHuTHOro 1ojsg ¢ nepuogamu 7=1-1000 c, conmpoBoXKIaBIINe CUILHCH-
e 3emieTpsceHus (Marautyna M~7-9). PaccTossHue MEXIy SIUICHTPOM 3EMIICTPSCCHHS U
obcepBaropueii u3amMeHsuioch ot ~3000 10 ~8000 kM. [l oOHapy>KEHHS peaKIuu Ha 3eMJICTpSI-
CEHHMS HCIIOJb30BaJICI CUCTEMHBIM CIEKTPAJIbHBIN aHaIn3, IPEACTABISIONINNA cO00H cOYeTaHHE
OKOHHOTO M aJanTUBHOTO MpeodpazoBanuii dypre, a Takke BEHBIET-IPeOOPa30BaHUs, B3aUMO-
JOTIONHSIOMMX ApyT apyra. CIeKTpallbHOMY aHajau3y MPEAIIeCTBOBAIO TIIATEIHHOE H3YyYCHHE
COCTOSIHHSI KOCMUYECKOM MOT0/Ibl M MCKJIFOYCHHE BapHallii TEOMAarHUTHOTO TOJIsI, 00YCIIOBIICH-
HBIX KOCMUYEeCKHUMH (hakTopamu. OOHapyKeHa PeaKIisl FTCOMarHUTHOIO TOJIS Ha CBEPIIMBILINCCS
3emureTpsiceHns. CKOpocTh BO3MYIIIeHUsT Oblia okoJio 2.6-3.3 km/c u 290430 m/c, nepuos KoJe-
Oanmii ¢ ammumutynoi 1.5-2.5 uTn (ponoBoe 3HaueHue — 0.5—1 uwTi) Obur okoso 1015 MuH,
IPOAOJDKUTENLHOCTE — 60—80 MuH. Bo3MyIieHrne MepeHOCHI0Ch CEHCMUYECKUMU U aKyCTH-
KO-TPaBUTAIIMOHHBIMH BOJIHAMU. MarHuTHbIE TPEABECTHUKU 3EMJIETPACEHUN YBEPEHHO HE
HaOIIOJaINUCh.

The fluxgate magnetometer has acquired measurements in the horizontal components at
the V.N. Karazin Kharkiv National University Magnetic Observatory. The variations of the ge-
omagnetic field, which were associated with greatest earthquakes of Richter magnitude 7-9,
have been analyzed within the approximate period range of 1—1.000 s. The distances between
the earthquakes epicenters and the Magnetic Observatory fall within the range from approxi-
mately 3000 km to 8000 km. To detect the response to the earthquakes, the system analysis was
carried out, which includes the mutually complementary wavelet transform, the short-time Fou-
rier transform, and the adaptive Fourier transform in a sliding window with a width adjusted to
be equal to a fixed number of harmonic periods. The spectral analysis was preceded by a detailed
study of the space weather state and the exclusion of geomagnetic variations caused by space
factors. The response of the geomagnetic field to the earthquakes has been detected. The speed
of its propagation is equal to approximately 2.6—3.3 km/s and 290—430 m/s, the oscillation period
of approximately 10—15 min for the amplitudes of 1.5-2.5 nT (with 0.5—1 nT value in the back-
ground), and the duration of 60—80 min. The disturbances were transported by seismic and
acoustic gravity waves. Magnetic precursors of earthquakes were not observed confidently.

59



BIHIDOD-2017. Cexyus B. Qusuxa oko103eMHO20 KOCMUYECKO20 NPOCMPAHCIEA
I''IOBAJIBHAS CTATUCTHUKA BOJINIOB B ATMOC®EPE 3EMJIN
JL.®. Yepnorop, H.b. IlleBeneB

XapbkoBckuit HallMoOHaNbHBIA yHUBepcuTeT M. B.H. Kapasuna, XapskoB, Ykpauna
Leonid.F.Chernogor@univer.kharkov.ua

GLOBAL STATISTICS OF METER-SIZE METEOROIDS
L.F. Chernogor, N.B. Shevelev
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

[lenp goknaga — M3JI0KEHUE PE3yJIbTATOB aHAIM3a pacHpeAesiCHUN YKciia MaJeHU Me-
TEOPOUJIOB B 3aBUCIMOCTH OT UX YHEPTHH CBEUCHUS, CKOPOCTH, BBICOTHI 007aCTH MaKCHMAaIIbHO-
r0 CBEUYECHUS U reorpauueckoro MecTa pacIoiOKEHHUs, a TAKKE KOPPEISAIMOHHBIX 3aBHCUMO-
CTeH BBICOTA 00JIACTH MAaKCUMAJIHHOTO CBEUEHUS — JIOTapu(M SHEPTHU CBEUCHUSI KOCMUYECKOTO
Tena u Jorapudm KBaapara HaAYAIbHOW CKOPOCTH — JIorapu(M SHEPTUH CBEUCHHSI KOCMHUYECKOTO
Tena. B kauecTBe MCXOAHOM McHojb3oBajach cnyTHUKOBas 0a3a naHHeIXx HACA o cBeueHuu
Topmozsuxcs B atmocdepe 3emun 693 meteoponnos. [ToaTBEpKI€HO, YTO YUCIIO MMAICHUA Me-
TEOPOUJIOB OBICTPO YOBIBACT MPHU YBEIMUYECHUH MX dHEPTUU cBeUeHUS. CpeqHssi CKOPOCTh KOCMHU-
yecKHux Tel ObuIa 0K0JI0 17.9 xM/c. BricoTa MakCHMaIbHOIO CBEYEHHUS dallle BCEr0 COCTaBIIsLIa
30—40 kM. 3aK0H pacnpeaeneHus] YUCIa KOCMUYECKUX TeJ 10 JOJIT0TE U MIUPOTE (MOCIIE UCKITIO-
YEHUsI MIUPOTHOUN 3aBUCUMOCTH), 00YCIIOBIEHHBIN reoMeTprel, O1M30K K paBHOMEpHOMY. Kop-
peNALMOHHAsT 3aBUCHMOCTh BBICOTa 00JaCTH MAaKCHUMAlIbHOTO CBEUYEHHsI — JIOrapu(M SHEpPruu
CBEUCHHUS CBUJIETEIHCTBYET 00 OTCYTCTBUM YCTOMYMBOW CBS3U MEXKAY ITHUMHU MapaMeTPaMH.
Habmronaercst onpeneneHHasi CTaTUCTUYECKasi CBSA3b MEXKIY JorapuMoM KBajapaTa HauadbHOU
CKOPOCTH KOCMHYECKOTO TeJia M JIOTapru(MOM dHEPTUHU CBCUCHUSI.

The goal of this report is to present the analysis of the distribution of the number of mete-
oroid (mini asteroid) falls as a function of their energy, velocity, the altitude of maximum glow,
and geographic coordinates, as well as the correlation diagrams for (1) the altitude of maximum
glow and the logarithm of celestial body glow and (2) the logarithm of square of the initial speed
squared and the logarithm of the celestial body glow. As a source, the NASA satellite database
on the glow of 693 mini asteroids, which were decelerated in the terrestrial atmosphere, has been
used. A rapid decrease in the number of asteroids with increasing energy of their glow is con-
firmed. The average speed of the celestial bodies is equal to approximately 17.9 km/s. The alti-
tude of maximum glow most often equals to 30—40 km. The distribution of the number of mete-
oroid entries into the terrestrial atmosphere in longitude and latitude (after excluding the compo-
nent in the latitudinal dependence due to the geometry) has been shown to be approximately uni-
form. The correlation diagrams for the altitude of maximum glow and the logarithm of celestial
body glow indicate that the relation between these parameters is not stable. Some statistical de-
pendence between the logarithm of the square of the initial speed and the logarithm of the celes-
tial body glow is observed.

O BO3MO’KHBIX ITIOAXOJAX K BBIYMUCJIEHUIO UHAEKCOB
TEOMATHUTHOM AKTUBHOCTH HA BA3E JJAHHBIX MUPOBBIX CETEN
TEOMATHUTHBIX OBCEPBATOPUI
JIJIA HEJEA OTEPATUBHOM TUATHOCTUKHA KOCMUYECKOM IO OJIbI

B.D. Yniukun, B.A. [Iapxomos

baiikanbCckuii rocyapCcTBEHHBIN YHUBepcuteT, MpkyTcek, Poccus
chilikinve@ya.ru
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ABOUT THE POSSIBLE TECHNIQUE CALCULATION INDICES
OF GEOMAGNETIC ACTIVITY BASED ON THE DATA FROM WORLD
NETWORKS OF GEOMAGNETIC OBSERVATORIES
FOR OPERATIONAL DIAGNOSTICS OF SPACE WEATHER

V.E. Chilikin,V.A. Parkhomov
Baikal State University, Irkutsk, Russia

OO0cysxmaeTcss BO3MOXKHOCTh MCTIOJb30BaHUS JAHHBIX MUPOBBIX CETEH MarHUTOMETPOB IS
JUArHOCTHKH KOCMHYECKOH morojbl. IlpeacraBieHo mporpamMmHoe oOeclieueHue, MmpeaHa3Ha-
YEHHOE JIJIS BBIYUCIICHUS YKBUBAJICHTHBIX HOHOC(EepHBIX TOKOB Hav, mocTpoeHus KapT BEKTOPOB
TOKOB W M3YyYEHHUS MPOIIECCOB, MPOUCXOIAIINX B OKOJIO3EMHOM KOCMHYECKOM IPOCTPAHCTBE.
PaccmarpuBaeTcsi BO3SMOKHOCTD MCTIONB30BaHUS CpeHEero 3HaueHus Hav s onepatuBHOM 1H-
ArHOCTUKH KOCMHYECKOMN TOTO/IbI KaK aHAJIOTa OOIIEIPUHSATHIX TEOMAarHUTHBIX HHICKCOB.

Discussion about of using data of the world magnetometer networks for diagnostics of
space weather. The software is designed to calculate equivalent ionospheric currents Hav, con-
structing maps of the current vectors and research of the processes taking place in near-Earth
space. Considered of using the average Hav value for operational diagnostics of space weather as
an analog of the generally accepted geomagnetic indices.

BJIMAHUE AJIbOBEHOBCKOI'O PE3OHAHCA HA OCHOBHYIO MOJY,
TEHEPUPYEMYIO HEYCTOMUYNBOCTHIO HA MATHUTOIIAY3E

J.A. Uyiiko

WucTutyT conneuno-3emuoit ¢puzuku CO PAH, Upkyrck, Poccus
chuiko@iszf.irk.ru

EFFECT OF THE ALFVEN RESONANCE ON THE FUNDAMENTAL MODE
GENERATED BY INSTABILITY AT THE MAGNETOPAUSE

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

HccnenoBana HynieBas (OCHOBHAsI) TApMOHUKA KoJieOaHMI BHEIIHEH MarHuTochepsl 3emMiu
B nipuOmmwkennn uneansHo MI'/l. Tlone xoneGanmii maa3Mpl BHEITHEH MarHUTOC(EPHl B TAKOM
clly4ae MMeeT OCOOEHHOCTh — aibh()BEHOBCKUU PE30HAHC HAa MarHWTomnayse. PemieHa 3amaga o
CTPYKTyp€ MOBEPXHOCTHOI BOJIHBI, KOTOPAasi T€HEPUPYETCS CIBUTOBHIM TEUEHHEM HA MAarHUTO-
nay3e M 4aCTMYHO TOTJIOMIaeTCsl B 001acTu pesoHaHca. OmnpeneseHa MpoCTPaHCTBEHHAS CTPYK-
Typa BOJIHBI NPU HAJMYUM pe30HaHca BOIM3U mepexogHoro ciod. [lomydeHsl aHanuTHYecKue
BBIPAKEHMSI, OMHUCHIBAIOIINE YACTOTY U MHKPEMEHT MOBEPXHOCTHOW BOJIHBI, a TaKXe €€ IMpo-
CTPaHCTBEHHYIO CTpyKTypy. OlleHMBaeTcs HarpeB IUIa3Mbl HEPEXOJHOTO CJIOS MOCPEACTBOM
JUCCHUTAINH aTh(BEHOBCKOTO PEe30HAHCA.

The zero (or primary) oscillation harmonic of the Earth outer magnetosphere is investigat-
ed in the ideal MHD approximation. The outer magnetosphere plasma oscillation field in this
case has a singularity — the Alfven resonance on the Earth magnetopause. The problem of de-
termining the structure of the surface wave that is generated by the shear flow at the magneto-
pause is solved. The wave spatial structure is determined taking into the account the presence of
the Alfven resonance near the boundary layer. The analytic expressions describing the surface
wave frequency, growth rate and also its spatial structure are obtained. The heating of the bound-
ary layer plasma due to the Alfven resonance dissipation is estimated.
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I''TIOBAJIBHOE 29JIEKTPOHHOE COJEPKAHUE B 23 U 24 IUKJIAX
COJIHEYHOM AKTUBHOCTH

1A.C. SclokeBHny, L210.B. SIcroxkeBHY, ‘U.B. ’KupeTbeB
'MucTutyT conmneuno-3emuoii gpusuxun CO PAH, Upkytck, Poccus
annpol@iszf.irk.ru
*UpKyTcKuii rocynapcTBEeHHbIH yHuBepenTet, MpKkyTtck, Pocens
HCTHTYT KOCMO(H3MUECKIX HCCIIEIOBAHHI 1 pacipocTpanenus paauosois JJBO PAH, ITaparyska, Poccus

GLOBAL ELECTRON CONTENT IN THE 23 AND 24 SOLAR CYCLES
'A.S. Yasyukevich, "?Yu.V. Yasyukevich, *L.V. Zhivetiev

"nstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
Irkutsk State University, Irkutsk, Russia
*Institute of Cosmophysical Research and Radio Wave Propagation FEB RAS, Paratunka, Russia

Ha ocHoBaHMM NaHHBIX TJI0OAJTBHBIX KapT MOJHOIO 3j1eKTpoHHOoro coaepxkanus (I19C)
MOHOC(EpHI BBHITIOJIHEH aHAIN3 TOBEACHUS TI00AIbHOTO 3mekTpoHHoro conepxkanus (I'DC) B
TeyeHue 23-ro u 24-ro IUKIOB COTHEYHOW akTUBHOCTU. M3ydensl nuHamuka ['DC, a Takxke ero
rOJIOBBIE, MOJIYyTOAOBbIE U 27-THEBHbIE Bapualuu. BBINOIHEHO cpaBHEHUE MapaMeTpoB BapHa-
mun I'9C u permoHanbHoro 3nekTpoHHoro cogepxanus (POC). Paccmorpensl Bapuauu ['DC
s baiikanbckoro, EBponeiickoro n flnoHckoro pernonos. [lokazano, yto oOuias TuHaAMUKa
POC, I'DC u ux Bapuauuil OTpa)kalOT U3MEHEHMs COJIHEYHOro pamuousiaydenus (F10.7). [pu
3TOM MaKCHMaJlbHasl aMIUIUTYJla YKa3aHHBIX Bapuauuil HaOmoaaercs B Slnonun. BeisiBineHo, 4to
B HCCJIEIyEeMbIX PETHOHAX 3aBUCUMOCTb aMILIUTYAbI cCyTouHbIX Bapuauuidi POC ot F10.7 6nu3ka
K JINHEHHOMW, B OTJINYME OT aHajgoru4Hoi 3asucumoctu aist ['9C. VMccnenoBanue BBIIOIHEHO MPU

nojzepkke rpanra lIpesunenra PO rocynapCTBEHHOM NMOANEPKKU BEAYIIMX HAYyYHBIX LIKOJI PP
(HIII-6894.2016.5) u npoekta PODU Ne 16-35-60018.

Using the Global Ionospheric Maps data of total electron content (TEC) we analyze behav-
ior of the ionospheric global electron content (GEC) during the 23® and 24" solar activity cycles.
We examine GEC dynamics as well as its annual, semiannual and 27-day variations and compare
features of the variations in GEC and regional electron content (REC). REC analyzes is per-
formed for the Baikal, European and Japan regions. General dynamics in REC, GEC and their
variations is shown to repeat the F'10.7 solar radio emission changes. Herewith the maximal am-
plitude of considered variations is observed in Japan. Dependence of diurnal REC variations am-
plitude on the F10.7 index is revealed to be close to linear for all the regions under study, unlike
the analogous GEC dependence. The study is supported by RF President Grant of Public Support
for RF Leading Scientific Schools (NSh-6894.2016.5) and the RFBR project No. 16-35-60018.

62



BHI®D-2017. Cexyus C. Juacnocmuka ecmecmeeHHblX HeOOHOPOOHBIX Cped U MAMeMamuyecKkoe MOOeiIuposanue

KOH®EPEHLUS MOJIOAbIX YUEHBIX
CEKIIMS C

JAUATHOCTUKA ECTECTBEHHbBIX HEOJHOPOJIHbBIX CPE/]
N MATEMATHYECKOE MOJAEJIMPOBAHUE

INPUMEHEHME POBACTHOI'O KPUTEPUSA KAYECTBA
JJI ®UJIBbTPALIUUN PAJTOB KPUTUYECKUX YACTOT CJIOA F2

H.A. beaamoBa, B.B. boukapes

Kazanckuit penepanshelii yausepcutet, Kazanb, Poccus
inkin91-91@mail.ru

APPLICATION OF A ROBUST CRITERION
FOR FILTERING SERIES OF CRITICAL FREQUENCIES

1.A. Belashova, V.V. Bochkarev

Kazan Federal University, Kazan, Russia

OmHUM W3 METO/IOB MCCIICAOBAHUS HOHOC(EPHI SIBISETCS METO/ BEPTUKAIBHOTO 30HIUPO-
BaHUsI, MO3BOJISIOMINN MOTYYUTh 3HAYEHUS KPUTUUYECKUX YAaCTOT MOHOC(HEPHBIX CIOEB. AHAIU3
HMOHOTPAMM IT03BOJISICT TIOJTYYHTh 3TH BPEeMEHHBIE PsiIbl, Ipexe Beero foF2. MccnenoBanue xo-
nebanwuii f,F2 naet nndopmaruio o BOJHOBBIX Ipolieccax B HOHOchepe. Briaenenue kBazunepuo-
JMUYECKUX BapHallil OCIOXKHSAETCS XapaKTepOM MX BEPOSTHOCTHOIO pacrpejeneHus. B Hacrosiee
BpeMsl (QUIBTpALUsl SBIISETCS IIMPOKO MCIOJIB3YEMBIM METOJ0M 00paboTKM JaHHbIX. YacToTHas
¢unbTpanys u3ydeHa JJ0BOJbHO XOPOIIO, U CYIIECTBYET MHOXKECTBO aJITOPUTMOB U METO/IOB Ta-
KoM punbTpanuu (CreKTpaibHbIi aHanu3). CTaHOBUTCS MOIYJIIPHOI Takke OCHOBaHHAs Ha CTa-
TUCTHYECKON 3HAYUMOCTH (PHIIBTPAIIHSI, IPOCTEHIIINM TPUMEPOM KOTOPOH SIBIISIETCSI TOPOTOBAS
BeHBIET-QUIBTpALUs, TJAe KPUTEPHEM KauecTBa SBISIETCS MHUHUMYM CpeIHEKBaJpaTHYHOU
omnOKku. Takoi KpuTepuil 1aeT OTIIMYHBIE PE3ybTAThl Ul JAHHBIX, pACIpPEIEICHUE BEPOSTHO-
CTEMl KOTOPBIX ONHCHIBAETCS I'ayCCOBCKUM 3aKOHOM. K coxkalleHuIo, /Ul NaHHBIX C MHBIM pac-
MpeICICHUEM TaKOM MOJIX0I MOXKET OBITh HEKOPPEKTHBIM. TakuM o0pa3oM, pazpaboTka YHUBEP-
CaJILHOTO YCTOHYMBOIO KPUTEpHUs CTAHOBUTCS aKTyalbHOM mpobiemoil. OgHuM u3 Haumbonee
U3BECTHBIX YHUBEPCAJIBHBIX KPUTEPUEB SIBJISIETCA METOJ MAKCUMAJIbHOTO IPaBI0N000us, KOTO-
pBIi, OZIHAKO, TpeOyeT 3HaHMs BHUJIA PACIIPENCIICHH s 3alIMCH KpUTEepUs KadecTBa. 3/1eCh BO3-
HUKAIOT JIBE€ KJIIOYEBBIE CIIO)KHOCTH: 1) pacrpeneneHe He Bceria ObIBaeT U3BECTHO; 2) AOBOJIb-
HO CJIO’KHO 3amMcaTh (QyHKIMIO KadecTBa JUIsl HEKOTOPBIX BUOB pacrnpeaenaeHus. Takyro ClIox-
HOCTb MOKHO OOOWTH, MCIOJb3Ysl B KAU€CTBE KPUTEPUsl KauecTBa KPUTEPH, HE 3aBUCALIUI OT
BUJa pacnpenencHus. ONHUM U3 TaKUX KPUTEPHUEB SBISAETCS KPUTEPUN CEPUM — B JaHHOM CIIy-
yae MCIoyb30Baicsa Kputepuid Pamauannpana—Panranarana. @uibTpanus B 3TOM ciayyae Oyaer
OCHOBaHa Ha KpUTEPUU MUHUMYyMa TaKOW CyMMBbI KBaJpaToOB JAJINH CEPUM, YMHOKEHHBIX Ha YHC-
JI0 TaKUX CEpUH, B MPEAMOIOKEHUH, YTO CIydailHbIe COOBITHS HE OPTaHU3YIOT JJIMHHBIE CEpHUH,
TEM CaMbIM I103BOJISIS OTJEIUTh 3HAUUMbIE CUTHAJIBI OT Cy4YalHbIX. J[1s1 MUHUMH3aIMK OIIUOKH
IpeiaraeTcsl UCIoJIb30BaTh T€HETUYECKUE AJITOPUTMbl — OJMH U3 CTOXaCTHMYECKHUX METO/I0B
ontumu3zanuu. s cpaBHEHHUs] METOI0B (QHIIBTPALIUN MOAEIUPOBAIUCH PAIBI C PA3IUUHBIM pac-
IpeJieJIeHUEM IIyMOBOW cocTaBJsitollei. Pe3ynbraTel GuibTpanuu pa3HbIMM METOJAMU [TOKa3a-
JIM TIPEUMYILECTBO CEPUATIBLHOTO KPUTEPHS HaJ KPUTEPUEM MUHUMAJIBHON CpEeJHEKBAPATUYHON
omnOku. C MOMOIIBIO JAHHBIX alTOPUTMOB (QHIBTPAMU 00pabaThIBAIHNCh TAKKE KPUTHIECCKUE
YacTOTHI C LENbI0 BBIIEICHUS KBAa3UIIEPUOJNYECKUX BapUalvil, CBUIETEIBCTBYIOIUX O BOJHO-
BBIX Tporieccax B MoHochepe. brumm ncnonbs3oBanbl ganHble HOHO30HAA «L{uKion», padoTaro-
IIETO B PEKHUME C MOBBIIIEHHBIM BPEMEHEM pa3pellieHus. Pe3yabTaTsl NOATBEPANIN IPEUMYILIE-
CTBO CEPHAJIBHOTO KPUTEPUSI.
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The vertical sounding method is one of the ionosphere methods, which make it possible to
obtain the values of critical frequencies of ionospheric layers. lonograms analysis gives time se-
ries of critical frequencies of ionospheric layers, first of all, foF2 layer. Fluctuations research of
foF2 layer allows to obtain information on wave processes in the ionosphere. Allocation of qua-
siperiodic variations is complicated by the nature of their probabilistic distribution. Nowadays
filtering is widely used as a method of data processing. Frequency filtering has been studied
quite well, and there are many algorithms and methods of such filtering (spectral analysis).
However, at the present time, filtering, based on statistical significance is becoming popular, the
simplest example of which is wavelet filtration, where the criterion of quality is the minimum
root-mean-square error. Such a criterion gives excellent results for data whose probability distri-
bution is described by a Gaussian law. Unfortunately, for data with a different distribution, this
approach may not be correct. So, the development of a universal sustainable criterion becomes
an urgent problem. One of the most famous universal criterion is the maximum likelihood meth-
od, which, however, requires knowledge of the type of distribution for recording the quality cri-
terion. Here there are two key difficulties: 1) distribution is not always known; 2) it is rather dif-
ficult to record the quality function for some types of distribution. Such complexity can be cir-
cumvented, using as a criterion of quality a criterion that does not depend on the type of distribu-
tion. The series criterion is one of them —in this case the Ramachandran—Ranganatan. The filter-
ing in this case will be based on the minimum amount of squared series length multiplied by the
number of such series, assuming, that random events do not organize long series, thereby allow-
ing to separate meaningful signals from random ones. To minimize the error, it is suggested to
use genetic algorithms — one of the stochastic optimization methods. To compare the filtration
methods, the series were modeled, with different distribution of the noise component. The results
of filtering by different methods showed the advantage of the serial criterion over the criterion of
the minimum mean square error. Also, these algorithms were used for filtration of critical fre-
quencies of vertical sounding to separate quasiperiodic variations demonstrating wave processes
in an ionosphere. Data of the ionozond “Cyclone” working in the mode with raised resolving
time were used. Results of such research also showed advantage of serial criteria.

MOJEJIM HAHOKJIACTEPOB, CO3JIAHHBIX HOHU3UPYIOIIUM U3 ITYYEHUEM,
COCTOAIIUX U3 MOJIEKYJISAPHBIX JIE®EKTOB
N OEHTPOB OKPACKHU BO ®TOPHUE JINTUA

'B.A. Basixanos, 2A.C. MbICOBCKHUH, L. bprokBuHa, 'H.A. UBanos

'MIpKyTCKuit HALOHATBHBIN HCCIEI0BATENbCKHIT TEXHUUCCKUH YHIBepenTeT, UpKyTck, Poccs
zaiahanov(@gmail.com
*Uucruryt reoxumun um. A.I1. Bunorpagosa CO PAH, Upkyrck, Poccnst
*Upkytckuit bumman MucruTyTa maseproit dusuxu CO PAH, Upkytck, Poccst

MODELS OF NANOCLUSTERS FORMED BY IONIZING RADIATION
AND CONSISTING OF MOLECULAR DEFECTS AND COLOR CENTERS
IN LITHIUM FLUORIDE

'V.A. Zayakhanov, *A.S. Mysovsky, *L.I. Bryukvina, 'N.A. Ivanov,

"rkutsk National Research Technical University, Irkutsk, Russia
A.P. Vinogradov Institute of Geochemistry SB RAS, Irkutsk, Russia
*Irkutsk Branch of the Institute of Laser Physics SB RAS, Irkutsk, Russia

N3BectHO, uTO KpHcTamwibl LiF ¢ moMHHECIHUPYIOMKMMEU [ICHTPAMH OKPACKHU IITUPOKO IIPH-
MEHSIOTCS B JJO3UMETPHH, JIa3€pHOI (PU3HKE, a TAK)KE B CO3JIaHMH MHUKPO- M HAHOYCTPOMCTB, I10-
JYYEHHBIX C IMOMOIIBI0 (DeMTOCEKYHIHBIX JIA3€PHBIX MMIYJILCOB. CBOMCTBA LIEHTPOB OKPACKH
OMPENIEIAI0TCS IPUMECIMH, HAMEPEHHO BBOJIMMBIMU B KpUCTaJI. B Hacrosiee Bpems npupoja
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HAaHOKJIACTEPOB M3 IEHTPOB OKPACKH M MPOAYKTOB PaJHOJIM3a MPUMECEH 0CTaeTCsl JUCKYCCHOH-
HOM. MojenupoBaHue, IpoBeAcHHOe HaMu ¢ nomolbio mporpamMmel PC GAMESS, no3onuio
OIPEACIIUTh COCTAB PAAHAIIMOHHO-CO3JaHHOIO HAaHOKJIACTEPa M PACIIONIOKEHUE B KPUCTAJUTMUIECKOM
pelIeTKE CTPYKTYPHBIX eauHHMIL Ki1actepa — mouekynbsl HF, Fi°, F-nentpa u nona OH™. HMccnenosa-
Ha cTabWIIbHOCTH KOH(Uryparmu komiiekca ¢ H-csizpio OH™.... Fi® B pemmerke LiF.

It is known that LiF crystals with luminescent color centers are widely used in dosimetry,
laser physics, as well as in the creation of micro- and nanodevices obtained by means of femto-
second laser pulses. The properties of the color centers are determined by impurities that are
purposely introduced into the crystal. At present, the nature of nanoclusters of color centers and
radiolysis products of impurities remains controversial. The simulation we carried out with the
PC GAMESS program allowed us to determine the composition of the radiation-generated
nanoclusters and the arrangement in the crystal lattice of cluster structural units — HF molecule,
Fi° ion, F center and OH™ ion. It is investigated of the stability of the configuration of the H-bond
complex OH™... Fi’, in the LiF lattice.

PE3OHAHCHBI JATUYMK ]I U3SMEPEHUSI KOHLIEHTPALIUH
MOHOC®EPHOI1 IIJIA3ZMBI U EE ®JIYKTY AL
HA MUKPO- 1 HAHOCITYTHUKAX

A.I'. I'aaka, /I.B. SIunn, A.B. KoctpoB

WnctutyT npuknaanoii ¢dusuku PAH, Huwxauit Hosropon, Poccust
galasnn@appl.sci-nnov.ru

THE RESONANT PROBE FOR MEASURING IONOSPHERIC PLASMA DENSITY
AND ITS FLUCTUATIONS ON MICRO- AND NANOSATELLITES

A.G. Galka, D.V. Yanin, A.V. Kostrov
The Institute of Applied Physics RAS, Nizhny Novgorod, Russia

Pa3paboraH pe30HAHCHBIN JATYHK JJI1 H3MEPEHUS KOHIIEHTPALUA HOHOC(EPHON TIa3MEI U
ee (OIIYKTyalnMii Ha MUKPO- ¥ HAHOCIYTHHKAaX. /IMarHocTHKka OCHOBaHA HAa M3MEPEHHU ITHUAJICK-
TPUYECKON MPOHHUIIAEMOCTH IIIa3Mbl C IIOMOILIBIO PE30HATOPA Ha 0a3e Y4eTBEPTHBOJIHOBOIO OT-
pe3ka IBYXIPOBOAHON JMHUH. IIpoBeneHa 3KcIepUMEHTANIbHAs anpoOamus JaTydKa Ha Iias3-
meHHoM cteHae «KPOT» B macmrabe 1:1. [lokasaHo, 4To IuanazoH W3MEpsSEMbIX KOHIIEHTpAIUi
cocrapmser 10°—10° cM’, uto XapakTepHo s HOHOC(hEPHOI M1a3MbI Ha BhICOTaX 400—500 KM.

The resonant probe for measuring ionospheric plasma density and its fluctuations on mi-
cro- and nanosatellites has been developed. The method is based on measuring of plasma dielec-
tric permeability by means of the quarter wave resonator on a two-wire line section. Experi-
mental approbation of the sensor was performed on KROT plasma device in 1:1 scale. It was
shown that the range of the measuring density is 10°~10° cm’ that is typical for ionospheric plas-
ma at the altitudes of 400500 km.

JAUHAMMUKA DJIEKTPOHA B IIOJIE TEM-BOJIHbI
IO.H. I'puropses, A.1O. 3eauncknii, B.O. Illnaruna

HanmonanpHBINA HAyYIHBIN TEHTP «XapbKOBCKUAN (DU3UKO-TEXHUICCKUN HHCTUTYT», XapbKoB, YKpanHa
valiashpagina@mail.ru

DYNAMICS OF ELECTRON IN TEM WAVE FIELD
Yu.N. Grigoryev, A.Yu. Zelinsky, V.O. Shpagina
National Science Center “Kharkov Institute of Physics and Technology”, Kharkov, Ukraine

Pemenuto nuddepeHunanbHbIX ypaBHEHUH JBUXKEHUS 3JIEKTPOHA B 3JIEKTPOMATHUTHOM
[0JIe METOJIaMH KJIaCCHYECKON 3JIEKTPOAMHAMHUKH TMOCBALICHO OOJIBLIOE YHMCIIO HUCCIIEIOBAHUI.
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[Ipennaraemas pabota OTIMYAETCS TE€M, YTO MPH MOJYyUYEHUM PELICHHUsS YpaBHEHUs JABHKCHMS
anekTpoHa B nosie TEM-BouiHBI B 1a00paTOpHOi crcTeMe KOOpAWHAT UCIIOJIb3YyeTCs TEOpus Io-
YTH NEPUOANYECKUX (QYHKIMHA. ITO TaeT BO3MOXKHOCTD MOJIy4YUTh TOYHbIE (POPMYIIBI KOOPIUHAT
U CKOPOCTH 3JIEKTPOHA B BHJIE SBHBIX (PyHKIMI BpeMeHH. [TomydeHHble (opMyIIbl IPUTOHBI IS
UCCTIeIOBAaHUs JMHAMHMKH JICKTPOHA B TI0JIC BOJIHBI KaK MaJOi, Tak ¥ OOJIBIION MHTEHCUBHOCTH.
[IpuBenens! GopMysbl TPOEKIUIT CKOPOCTH AJIEKTPOHA HA OCH KoopAuHAT B noje TEM-BoiHBI,
SBJISTFOIMECS (PYHKIUSIMUA 0000IIEHHOW (ha3bl BOJIHBL, TIOyYEHHBIEC B PE3yIbTaTe HHTEIPHUPOBAHUS
TP PepeHINaIbHOr0 YpaBHEHUS IBUKEHUS JJIEKTPOHA.

A great number of studies deals with solution of differential equations associated with
electron motion in electromagnetic field using methods of classical electrodynamics. The pro-
posed work differs in that, when getting the solution of equation of electron motion in TEM
wave in laboratory coordinate system, the theory of almost periodic functions is used. This gives
us an opportunity to get precise formulas of electron coordinates and rate in a form of explicit
functions of time. The received formulas are suitable for analyses of electron dynamics in the
fields of both low and high field intensity. The formulas are given for electron rate projections on
coordinate axes in TEM wave field, which are the functions of the wave generalized phase, and
were received as a result of integration of dynamics differential equation.

YHUBEPCAJIBHBII HOHO30H] HA OCHOBE SDR-TEXHOJIOT A
A1 HAKJIOHHOI'O 1 BEPTUKAJIBHOTI'O OJHOIIO3UITUOHHOI'O
3O0HAUPOBAHUA NOHOC®EPBHI C DSSS-, FMCW- 1 FMICW-CUT'HAJIAMUA

J.B. HBanoB, B.A. UBanoB, A.A. EjicykoB, B.B. OBUHHHUKOB

[ToBomkckHit rocy 1apCTBEHHBINH TEXHOJIOTHUECKUH YHUBepcUTeT, Momkap-Ona, Poccus
ElsukovA A@volgatech.net

SDR BASED FLEXIBLE IONOSONDE FOR OBLIQUE
AND VERTICAL SINGLE-POSITION IONOSPHERE SOUNDING USING DSSS,
FMCW AND FMICW SIGNALS

D.V. Ivanov, V.A. Ivanov, A.A. Elsukov, V.V. Ovchinnikov
Volga State University of Technology, Yoshkar-Ola, Russia

HNono3ona siBNsieTCS OJHUM M3 OCHOBHBIX MHCTPYMEHTOB, UCIOJIB3YEMBIX ISl OTpeiese-
HUS COCTOSTHUS HOHOc(ephl. B 3aBuCMMOCTH OT peknMa paboThl (HAKIIOHHOTO WJIM BEPTHKAIb-
HOTO) C IEJbI0 00eCIeYCHHs] MAKCUMAIBHON YHEPreTHYECKON 3(PPEKTUBHOCTH MPUMEHSIOTCS
pa3n4HbIe CIOXKHBIE curHalibl, Takue kak DSSS, FMCW u FMICW. Kaxplii U3 3TUX CUTHAJIOB
o0JyasaeT CBOMMH MPEUMYIIECTBAMU M HelocTaTkamu. B maHHO# pabore pemianach 3ajada co-
3/1aHMS] YHHUBEPCAJbHOTO MOHO30HJIa C MPUMEHEHHEM CHUTHAJIOB JAHHBIX THUIIOB. PaccMOTpeHsI
YaCTOTHBIC U BPEMEHHBIE XapaKTEPUCTUKHU CUTHAJIa U HAaKJIaJblBa€Mble Ha HUX OTPAaHUYCHUS B
3a/1a4e MOJTY4YEHUs MAKCUMAJIbHOM SHEPIrUH 30HAMPYIOLIEro CUrHajga Py MUHUMAJIbHON MOIII-
HOCTH Tiepenayu. Pa3paboTaHHbI HOHO30H] peann3oBaH 1mo TexHonorun SDR Ha yHHBepcaib-
Hol mpuemonepenatomeit mathopme USRP N210 u ucronb3yeT olHy aHTECHHY JJIs TIepeaadu U
MpUeMa CUTHaJIa B BEPTUKAIBLHOM PEXKUME.

Ionosonde is one of the main instrument used to determine the state of the ionosphere. De-
pending on the mode of operation (oblique or vertical), various complicated signals such as
DSSS, FMCW and FMICW are used to provide maximum energy efficiency. Each of these sig-
nals has its advantages and disadvantages. In this paper, the problem of creating a universal ion-
osonde with the application of signals of these types was solved. The frequency and time charac-
teristics of the signal and the confines imposed on them in the problem of obtaining the maxi-
mum energy of the probe signal with a minimum transmission power are considered. The devel-
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oped ionosonde is implemented using SDR technology on the USRP N210 universal transceiver
platform and uses one antenna to transmit and receive the signal in vertical mode.

AJIT'OPUTMBI OBHAPYXXEHMUS IIOJIE3HOI'O CUI'HAJIA
HA ®OHE ITOMEX U UX BEPU®PUKALIUA
JJIs1 YHUBEPCAJIBHOI'O IU®POBOI'O HOHO30H/JA,
CO3JJAHHOI'O 11O SDR-TEXHOJIOI'MHA

1I[.B. HBanos, 'B.A. HBanoB, 'H.B. PsadoBa, M.M. PsiooBa, 'B.B. OBunHHNKOB

'TToBOmKCKHIT TOCY IapCTBEHHBIN TEXHONOTHIECK il yHIBepeuTeT, Momkap-Omna, Poccus
v.0.1910@mail.ru
*MOCKOBCKHI FOCYIapCTBEHHBII TexHUUeckuii yanpepenter um. H.D. Baymana, Mocksa, Poccus

THE USEFUL SIGNAL DETECTION ALGORITHMS
ON THE INTERFERENCE BACKGROUND
AND THEIR VERIFICATION FOR SDR BASED DIGITAL IONOSONDE

'D.V. Ivanov, 'V.A. Ivanov, 'N.V. Ryabova, M.I. Ryabova, 'V.V. Ovchinnikov

'Volga State University of Technology, Yoshkar-Ola, Russia
* Bauman Moscow State Technical University, Moscow, Russia

HccnenoBanre HOHOCGEPHI CTABUT Tepen co0oi psii BaXHEWIINX 3ajad, perIeHne KOTO-
PBIX HEBO3MOXKHO 0€3 OpraHu3aluy aBTOMaTH3UPOBaHHOM 00paboTku nHpopmari. OCHOBHBIM
UCTOYHUKOM MH(POPMALIMU O COCTOSSHUHM HOHOC(EPHI SBISIETCS HOHOTpaMMa. 3HaYMMbIM 3TarioM
B OCYIIECTBJICHUHM TUArHOCTUKU HoHOc(hepHoro BU-paanokaHana sIBJISETCS MpelBapUTEIbHAS
(mepBuuHast) 06paboTka noHOrpaMm. [1ockobKy B 0011IeM Ciydae Ha BX0J€ MPUEMHHKA HaOJI0-
JIaeTCsl CMECh TMOJIE3HOTO CHTHAJIa, HEKOTOPOTo IIyMa W TOMEX Pa3HOM MPHUPOJIBI, TO JJISl aBTO-
MaTHYECKOTO CUMTHIBAHUS C MOHOTPAMMBI PAJIMOTEXHHUYECKUX MapaMeTPOB PaIHOIMHUN HEOO-
XOJIIMa €€ OYHMCTKA OT IIYMOBBIX COCTaBIAIOMMX. TakuM 00pa3oM, BOSHHUKAET MpobdiemMa OInTH-
MaJILHOTO TPUEMa CHUTHAJIOB, MOJ KOTOPHIM IMOHMMAETCSI 00CCIIEYCHUE MAaKCUMAIIbHO BO3MOXK-
HOTO TIOJIABJICHHSI TTOMEX Pa3IMYHOMN MPHUPOJBI U MIyMOB. JIJisi ee perieHus HeoOX0MMO pa3pa-
00TaTh ANTOPUTMBI OIITUMAIBHOTO OOHAPY KEHUS M BBIICIICHUS TI0JIE3HOTO CUT'HAJIA.

The study of the ionosphere faces series of important tasks, the solution of which is impossi-
ble without automated data processing. lonogram is the primary data source about the state of the
ionosphere. Preliminary (primary) processing of ionograms plays an important role in the diagnos-
tics of the ionospheric HF radio channel. In general case a mixture of a useful signal, some noise
and various interferences of a different nature are supplied to a receiver input. It is necessary to
clean noise and interference components from ionogram for obtaining radio link parameters. Thus,
there is a problem of signal optimal receiving, which means providing the maximum possible sup-
pression of interference of various nature and noise. Thus, it is necessary to develop algorithms for
signal optimal detection and extraction.

UCCJEIOBAHUE TOHKOM CTPYKTYPbl CUTHAJIOB
OBPATHOTI'O PACCESAHMUS 110 JAHHBIM PAJTAPA EKB UC3® CO PAH

N.A. JlaBbiruH, B.I1. Jle6enes, K.B. I'pkoBuy, O.U. bepurapar

WucTuryT conneuno-3emuoit ¢puszuku CO PAH, Upkyrck, Poccus
lavygin@mail.iszf.irk.ru

ANALYSIS OF THE FINE STRUCTURE OF BACKSCATTERED SIGNALS
OBTAINED AT EKB ISTP SB RAS RADAR

L.A. Lavygin, V.P. Lebedev, K.V. Grkovich, O.I. Berngardt
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
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B pabore mpencraBiieHbl pe3yNbTaThl HCCIENOBAaHUS (OPMBI PacCESHHOTO CHTHAla II0
JTaHHBIM KOTepeHTHOTro AekameTpoBoro pagapa EKB UC3® CO PAH. Usyyena dazoBas cTpyk-
Typa M MMapamMeTpbl CUTHAJIOB, PACCESIHHBIX KaK OT 3€MHOW MOBEPXHOCTH, TAK H OT MOHOC(HEPHI.
[IpoBeneH aHanM3 TMHAMUKUA XapaKTEPUCTUK PACCESHHOTO CUTHANIA — aMIUIUTYIHO-(Da30BBIX U
KOPPEJISIIMOHHBIX. AHAJIN3 MPOBOJUJICS C HCIIOJIH30BAHUEM METOJIOB KOTE€PEHTHOTO HAaKOILIE-
HUS. AHAJIM3UPOBAIUCH TAPAMETPhI OIMHOYHBIX Pean3aluid U UX KOPOTKUX CEpHUil.

We present results of an investigation of the scattered signals shape based on the coherent
decameter ISTP SB RAS EKB radar data. We studied the phase structure and parameters of scat-
tered signals both from the Earth surface and from the ionosphere. We analyzed the dynamics of
the scattered signal characteristics, both phase-amplitude and correlational ones. We used coher-
ent accumulation methods for the analysis. We analyze the parameters both for single sounding
and for short series of soundings.

PA3PABOTKA METOJAUKHA OIIPEAEJIEHUA
JUCIIEPCHBIX ITAPAMETPOB A3PO30JIbHbBIX CPE/]
C UCTIOJIb3OBAHUEM TYPBUJIUMETPUYECKOI'O METOJA

J.A. Mewaep, C.C. Tutos, A.A. [1aBjieHko

HNHCcTuTyT MpobieM XxuMuKo-3HepreTndeckux Texaonoruii CO PAH, buiick, Poccus
mezlered@mail.ru

THE DEVELOPMENT OF METHODOLOGY OF DETERMINING
DISPERSE PARAMETERS OF AEROSOL MEDIA
BY TURBIDIMETRIC METHOD

E.A. Metsler, S.S. Titov, A.A. Pavlenko
Institute for Problems of Chemical and Energetic Technologies SB RAS, Biysk, Russia

Pabora HanpaBiieHa Ha pa3BUTHE U MOAUDHUKAIMIO TYPOUTUMETPUICCKOTO METOIa TTyTEM
Mepexo/ia OT MCIOIb30BAHMS HEMPEPHIBHOTO CIIEKTPa K HA0OPY JUCKPETHBIX AJTUH BOJH 30HIM-
pyromiero u3nydeHus. K OCHOBHBIM MPEHMYIIECTBAM TaKOH MOJH(HKAIIMN METOJIa OTHOCSTCS
BO3MOYKHOCTb UCCIIEJOBAaHUSI ONTUYECKH ITJIOTHBIX CPEJ U BO3MOXKHOCTh JIMATHOCTUKH AUCIIEPC-
HBIX CPEJ C YBEJIMYEHHOW JJIMHOM onTHyeckoro nytu. [Ipu nmepexone Ha OorpaHUYEHHOE YUCIIO
JUIMH BOJIH 30HAMPYIOLIErO M3IY4YEHUs BO3HUKAET HEOIPEIEICHHOCTh MPU BOCCTAHOBIECHUU
(GYHKIMU pacrpeaesieHus] YacTHIl 110 pa3MepaM, CBsI3aHHAs C MIPHUBJICYCHHUEM MCHBIIIETO KOJTUYe-
CTBa U3MEPUTENBHBIX TAHHBIX 10 UCCIEAyeMou cpene. [ yMeHblIeHus 3TOW HeonpeaeIeHHO-
CTU BBOJMTCS IPOMEKYTOUHBIA ATall, KOTOPBIM 3aKIIOYAETCA B ONPEAECICHUH OCPEIHEHHOIO
pasMepa uccieayeMoil cpensl. B pabore mpencTaBieHa METOAMKA BOCCTAHOBICHHS (DYHKIIMH
pacripeiefieHdsi HaHO- M CyOMHKPOHHBIX YacTHI[ 1O pa3Mepam aByx(das3Hbix cpen. [IpuBeneHbl
pe3yNnbTaThl MCCIEAOBAHUN IO OMPEACNICHUI0 TUHAMUKUA CPEAHETO0 O0BEMHO-TIOBEPXHOCTHOTO
JMaMeTpa 4acTULl BOJHOTO a3po30Js, PYHKIMHU pacHpeesIeHns] YacTULl [0 pa3MepaM U Macco-
BOM KOHUEHTpAIUU YaCTHII.

Pabora BeImoHEHA TIpH (hrHAHCOBOW Toep)Ke Poccuiickoro HayuyHOro (hoHAA (TIPOCKT
Ne 17-79-20193).

The work is directed at the development and modification of the turbidimetric method by
going to the continuous spectrum to the discrete set of wavelengths of the probing radiation. The
main advantages of this modification method are the possibility of studying optically dense me-
dia and the possibility of diagnostics of disperse media with increased optical path length. In
passing from to the limited number of wavelengths of the probing radiation, the uncertainty in
the reconstruction of the size distribution functions associated with the involvement of a smaller
number of measurement data on the studied environment. To reduce this uncertainty, the usual
intermediate stage which consists in determining the average size of the investigated medium.
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The paper presents methods of recovery of distribution function of nano and submicron particle
size of two-phase media. The results of research to determine the dynamics of the Sauter mean
diameter of a water aerosol, the size distribution functions and mass concentration of particles.

The work is executed at financial support of Russian Science Foundation (project No. 17-
79-20193).

HOJAPU3YEMOCTbDb U30JIMPOBAHHBIX ®YJIJIEPEHOB

E.JO. IlankpaTtbes, P.B. XaTeiMoB

WHCcTUTYT QU3HKH MOJIEKYN U KpUCTaToB Y pumMckoro HayyHoro uenrpa PAH, Ya, Poccust
evgeniy@pankratyev.com

POLARIZABILITY OF ISOLATED FULLERENES
E.Yu. Pankratyev, R.V. Khatymov
Institute of Molecule and Crystal Physics of Ufa Research Center RAS, Ufa, Russia

B kBantoBo-xumuueckom npudmmkenuu PBE/3( (ITPUPOJJA 16) uszydeHsl TepMoanHa-
MUYECKH HanboJiee CTaOMIbHBIC WM MPUOIIDKAIOIIHECT K HUM u3oMepsl GymiepeHoB Cp0—Crao
B CHHIJICTHOM 3JICKTPOHHOM cOCTOsSTHUU. OOIIni HaOOp JTaHHBIX XOPOIIO OIMKMCHIBACTCS KBajpa-
THYHOU 3aBUCUMOCTHIO. OTHAKO M3 HEE BBINMAIAOT TpU TOUKH, oTBeuarorue Coeo, C3no, Csoo, OC-
HOBHOE COCTOSIHME ISl KOTOPBIX SIBIISETCS TPUIUIETHBIM. Takke BBIIEISIETCS OTpaHUYEHHBIN
y4acTok Cpp—Cj29, KOTOPBIN MOKHO 0XapaKTepU30BaTh JIMHEMHON (DYHKITHEH.

The most tthermodynamically stable or related fullerene isomers Cy—C7;0 in the singlet
electronic state were studied within quantum chemistry approach PBE/3( (PRIRODA 16). The
general data set is well described by a quadratic relationship. However, three points, correspond-
ing to Cye0, C320, and Csg, whose ground state is triplet, are outside from this relationship. There
is a limited section for Cy—C2o characterized by a linear function.

ITEHTAKBAPKH CO CKPBITBIM OYAPOBAHHUEM B MOJAEJIN CKUPMA

'10.10. IlanTeseeBa, "H.A. IlepeBaJioBa, ’M.B. Ioasikos

"MpkyTckuii rocymaperBenHbit yauBepcutet, UpkyTek, Pocens
panteleevajuliy@mail.ru
2HeTep6yprc1<I/H7I uHCTUTYT saepHoi ¢usuku uM. b.I1. Koncrantunosa, Cankt-IlerepOypr, Poccus

PENTAQUARKS WITH HIDDEN CHARM IN THE SKYRME MODEL
J.Yu. Panteleeva, I.A. Perevalova, M.V. Polyakov

"rkutsk State University, Irkutsk, Russia
*B.P. Konstantinov Saint Petersburg Nuclear Physics Institute, Saint Petersburg, Russia

13 urons 2015 1. komnabopanus LHCb coobumna 00 OTKPBITHH HEOOBIYHBIX CBS3aHHBIX
COCTOSIHMH, COCTOSAIIMX W3 IISATH KBApKOB. PaHee TakWe COCTOSHUS HSKCICPUMEHTAJIbHO HE
HaOJIIOaJINCh, B CBS3M C YE€M B HACTOAIIEE BpeMs HE CYLIECTBYET HMX OOIIETPUHSATOTO
TEOPETUYECKOTO OINMUCaHWi. B gaHHOW paboTe MBI MpeiaraeM OJHY U3 BO3MOXHBIX
TEOPETHYECKUX MOJEICH, OOBSICHAIONIMX CYIIECTBOBAaHHE TIEHTaKBapKa.

B Hamem mozmxone NMEHTAKBapK pacCMAaTPUBACTCS KaK CBS3aHHOE COCTOSHUE YapMOHMUS
y(2S) u Hekoroporo 6apuoHa (B ciayyae oOHapyxeHHoro Ha LHCb meHTakBapka — NpoOTOHA).
Msl mpemaraeM TEOPETHYECKOE OIMMCAaHME MEXaHW3Ma WX CBS3bIBAHUS B TEPMHHAX
XPOMOAJICKTPUYECKON TMOSIPU3YEMOCTH YapMOHHUSI M TEH30pa SHEPIUU—UMITyJbca OapHOHa,
BbIUUCIIEHHOTO B Moaenu Ckupma. Takum 00pa3oM, MBI MOXKEM HE TOJBKO OIUCATh YXKe
OOHApY)KCHHBII B OJKCIEPUMEHTE IEHTAaKBapK, HO M IPEACKa3bIBaTh JPYTHE BO3MOXKHBIC
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CBSI3aHHBIC COCTOSHUS IIATH KBapkoB. B Hactosmied pabore MBI JelaeM MpeIcKa3aHue
CYIIIECTBOBAHHMSI CBSI3aHHOTO COCTOSTHUS YaPMOHHUS C OKTETOM U JIEKYIIJIETOM 0apHOHOB.

On 13 July 2015, the LHCb collaboration reported about detection of some extraordinary
binding states, which consisted of five quarks. Before such states were not observed experimen-
tally, so, there was not their generally accepted theoretical description now. In this report we
have proposed the one of the possible theoretical models that describes pentaquarks.

In our approach the pentaquark is considered as the bound state of charmonium y(2S) and
some baryon (in the case of detected pentaquarks the baryon is proton). We propose the theoreti-
cal description of their binding mechanism in terms of the chromoelectric polarizability of char-
monium and baryon energy momentum tensor calculated in the Skyrme model.

In this way we can not only describe detected pentaquark but also predict other possible
bound states of five quarks. In this report we make a prediction of possible bound states of char-
monium with the octet and the decuplet of baryons.

I'PYIIIIMPOBKA BOJBIINX OB BEMOB HH®OPMAIIUU
ITO BBIYUCJIAEMBIM ITPU3HAKAM
C IIOMOUBIO PEJIAIIMOHHBIX BA3 TIAHHBIX

1O.B. Ilenckux

HuctutyT comneuHo-3emuoi puzuku CO PAH, Upkytck, Poccus
penskikh@jszf.irk.ru

GROUPING OF LARGE INFORMATION VOLUMES
BY CALCULATED CRITERIA USING RELATIONAL DATA BASES

Yu.V. Penskikh
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[Ipu pabote c OonpmiuMu oObeMaMu HH(OPMALMKM YAacCTO BO3HHMKAET HEOOXOAMMOCTH
CTPYIIIUPOBATh JAaHHBIE MO KAKMM-TMOO IMpPHU3HAKAM, OIPENENUTh KOJUYECTBO 3JIEMEHTOB B
TpyIIe, uX CyMMy, CpeHee 3HaueHue U T. 1. B TaHHOM ucclieoBaHuH 3a/1a4a KI1acCu(pUKAIIH
pelanach ¢ MOMOLIbIO PENSUOHHON 0a3bl AaHHBIX. [Ipu 3TOM rpynnupoBka B 0a3e JaHHBIX HE
[0 CKaJSIPHBIM, a TI0 BBIYMCIIIEMBIM TOJSM 3aTpyIHuTENbHA. 11 00X0Aa 3TOro orpaHUyYeHus
ObUT IPEJUIOKEH CIIOCO0 MpeBapUTEIBHOTO pacueTa KJIaCCU(PULUUPYIOIIHUX PU3HAKOB, OUCAHBI
MperMyLIeCTBa UCIOJIb30BaHUs JAHHOTO NoaxoAa. JlaHHas MeToauKka anpoOupoBaHa i Ipym-
nupoBKU 250 CyTOK MUHYTHBIX JJAHHBIX Ha36MHOM CE€THM MarHUTOMETPOB IO y3J71aM CETKH B CH-
CTEME KOOPJMHAT IIHNPOTAa — MECTHOE T'€OMAarHuTHOE BpeMs C OJJHOBPEMEHHOM IpyNIUpOBKOMN
10 YPOBHSIM aKTUBHOCTHU AE-UHJEKCa.

When operating large information volumes, one often has to classify data into groups by
some criteria, to determine the number of elements in the group, their sum, mean value, etc. In
this study, I solve the classification problem through a relational data base. In doing so, it is dif-
ficult to group not by scalar, but by calculated fields within a data base. To bypass this re-
striction, I propose a method to preliminary calculate the classifying criteria, and describe the
advantages of using this approach. This technique is tested for a group involving 250 days of 1-
minute data from the ground-based network of magnetometers by hubs in the latitude-local geo-
magnetic time coordinate system with a simultaneous grouping by the 4E-index activity levels.
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JJUM-ITPUEMHHUK C UCITIOJIb3OBAHUEM
IMPOI'PAMMHO-OIIPEJAEJISAEMBIX CUCTEM

A.B. Ilopecusrii

UnctuTyT conneuno-zemuoit puzuku CO PAH, Upkytck, Poccus
pav@iszf.irk.ru

WITH THE USE OF SOFTWARE DEFINED RADIO CHIRP RECEIVER
A.V. Podlesnyi
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

IIpuBoasTCA ONMMCaHUE U OCHOBHBIE XapaKTEPUCTUKU IpueMHuka JIUYM-curnanos ¢ wuc-
MOJIb30BAaHUEM TIPOTPAMMHO-OIIPEACIIIEMBIX cucTteM, pazpadborannoro B MC3d CO PAH. O6-

Cy’KJIaeTCs OIBIT JKCIUIyaTallud AAHHBIX IPUEMHUKOB B cocrtaBe cetu JIYM-3oHaupoBaHus
NC3® CO PAH.

Described the main characteristics chirp signals SDR receiver developed in ISTP. The ex-
perience of operating these receivers as part of the chirp sounding network of the ISTP SB RAS
of the SB RAS is discussed.

CTATUCTHUKA UBMEHEHUS ABUMYTAJIBHOI'O PACIPEJIEJEHUS
BBICOKOYACTOTHOM T’rEOAKYCTHYECKOMU DMUCCHUA
B CBSI3HU C 3EMJIETPSICEHUSIMUA HA KAMYATKE

A.A. Conomuyk

HuerutyT KOcMO(U3MUECKUX UCCieioBaHuit U pactipocTpanenus pamriosond [IBO PAH, [Maparynka, Poccust
aleksandra@ikir.ru

STATISTICS OF CHANGES IN AZIMUTHAL DISTRIBUTION
OF HIGH-FREQUENCY GEOACOUSTIC EMISSION
ASSOCIATED WITH KAMCHATKA EARTHQUAKES

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

Jls olleHKM M3MEHEHUS HAIPaBICHHOCTH T'€0aKyCTHUYECKOro m3iaydeHus Ha KamdaTke y
JIHA 03. MUKMXKa yCTaHOBJICHA MPUEMHAs aKyCTHYeCKas CHCTeMa Ha 0a3e KOMOMHHPOBAHHOTO
BEKTOPHOTO ImpHeMHHKA. Ha ocHOBE MOJIydeHHBIX JAaHHBIX 3a nepuoj ¢ aBrycra 2008 r. mo ne-
ka0Opp 2016 T. nccaeaoBaHbl U3MCHEHUS HAIIPABICHHOCTH I'€0AKyCTHUYECKOM SMUCCHH BO BPEMS
3eMJICTPACEHUI. Y CTaHOBICHO HAJIMYHKE IIPe- U MOCTCEHCMUYSCKUX aHOMAJIMI B a3UMYTaJIbHOM
pacrpeieleHuu BBICOKOYaCTOTHOM Ie0aKycTu4eckoil amuccuu 6onee ueMm B 70 % ciryuaes.

To estimate the changes of geoacoustic emission directivity at Kamchatka, a receiving
acoustic system based on a combined vector detector was installed by the bottom of Mikizha
lake. Based on the data received from August 2008 to December 2016, the changes of geoacous-
tic emission directivity during earthquakes were investigated. Pre- and post-seismic anomalies in
the azimuthal distribution of high-frequency geoacoustic emission were detected in more than
70 % of the cases.

NCCIEJOBAHME ITPOLHECCOB OCAKAEHUA
MEJIKOIUCIIEPCHOT'O A3PO30JI5 B AKYCTHYECKOM I10JIE

M.IO. CtenkuHa, A.A. AHTOHHHKOBA

WHctuTyT npobnem xuMuko-sHeprerrnueckux texnonoruit CO PAH, buiick, Poccus
antonnikova.a@mail.ru
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RESEARCH INTO PRECIPITATION OF A FINE AEROSOL
IN ACOUSTIC FIELD

M.Yu. Stepkina, A.A. Antonnikova
Institute for Problems of Chemical and Energetic Technologies SB RAS, Biysk Russia

BaxxHOl HayYHO-TEXHHUYECKOH MPOOJIEMOM B pa3HBIX OTPACISAX MPOMBIIUICHHOCTH SIBISICTCS
OCaXJIEHUE MEJKOMCIIEPCHBIX adpPO30JIeH ¢ pa3MepoM YacTHIl mopsaaka 1—15 MM (Kak KHUIKO-
KaneJNbHBIX, TaK U TBEPA0(Da3HbIX). OOBICHICTCS 3TO TEM, YTO OIPOMHBIE 10 Macce BBIOPOCHI U
a’p030JIbHEIE 00PA30BAHMSI TIPECTABIISIOT HETIOCPEICTBEHHYIO YTPO3Y JUIsl 3JI0pPOBbS YeTIOBEKA U
o6uocdeps! B 11e10M. [lepcneKTUBHBIM HallpaBlIeHUEM pEIIeHUs] YKa3aHHOW MpoOJeMbl SBIISETCS
CO3TaHUC CUCTCM KOAryJidiuu U OCAKACHUA NUCICPCHBIX YaCTUL] YJIbTPAa3BYKOBbBIMU KOJIC6aHI/I-
SIMU BBICOKOW MHTEHCUBHOCTH.

HpeI[CTaBJ'ICHBI SKCIICPUMCHTAJIbHBIC JAHHBIC M0 OCAXKIACHUIO MOJCIIBHBIX a3P030JIbHBIX CPCI
C pa3HbIMHU (PU3UKO-XUMUYECKUMU CBOMCTBAMH BELIECTBA MPH U3MEHEHWH BHEUIHUX YCIIOBUH (TEM-
MepaTyphl U BIAKHOCTH OKPYKAFOIIEH Cpe/Ibl) MO ACUCTBUEM aKyCTHYSCKUX HCTOYHUKOB C JHaria-
30HOM 4acToT kojiebanuit ot 2 1o 30 kI’ u ¢ uaTeHCUBHOCTHIO 120—-150 1b. Tlpu sTOM HCcCcnenoBa-
JIaCh JUHAMHUKA PACIIPCACIICHUA IO pasMCpaM U KOHLCHTPAIWKU YaCTHILI. HCCHGHOB&HHG BBITTOJIHEHO
npu noiiep ke rpanTa Poccutickoro Hayunoro donza (mpoekt Ne 17-79-10209).

Important scientific and technical problem in different industries is a deposition of fine
aerosols with particle size about 1-15 microns (both liquid-phase and solid-phase). It can be ex-
plained by the fact that emissions and aerosols, huge on weight, pose an instant threat for health
of the person and the biosphere in general. The perspective direction of the solution of the speci-
fied problem is creation of systems of coagulation and a deposition of disperse particles by the
ultrasonic vibrations of high intensity.

We have presented the experimental data on a deposition of model aerosol medium with
different physical and chemical properties of substance at change of external conditions (temper-
atures and humidities of a surrounding environment) under acoustic sources with a frequency
range of 2-30 kHz and intensity 120—150 dB. At the same time the dynamics of distribution by
the sizes and particle concentration was investigated. This study was funded by grant from the
Russian Science Foundation (Project No. 17-79-10209).

KOMILJITEKCHOE BO3JEHCTBUE IJAEKTPUYECKOTI'O NOJIA 1151 Y CKOPEHHSA
OCAXJIEHUA BPEJHBIX ADPO30JIEU U3 BO3AYIIHOU CPEbI

M.IO. Crenkuna, O.b. Kyapsimosa

HucTuTyT mpobiieM XuMuKo-3HepreTndeckux Texuonoruiit CO PAH, buiick, Poccus
mabric@mail.ru

COMPLEX IMPACT OF ELECTRIC FIELD FOR ACCELERATION
OF SEDIMENTATION OF HARMFUL AEROSOLS FROM THE AIR ENVIRONMENT

M.Yu. Stepkina, O.B. Kudryashova
Institute for Problems of Chemical and Energetic Technologies SB RAS, Biysk, Russia

Bo3zgeiicTBue 351€KTpUUECKOTO MOJS Ha MEJIKOJUCIIEPCHBIE YaCTUIbI B BO3AYILIHOM MPO-
CTpaHCTBE NMPUBOJUT K YCKOPEHUIO MPOIlecca UX OCa)XIEHHUs, HO He BO Bcex ciyyasx. C apyroi
CTOPOHBI, 7151 cOOpa BPEeIHBIX a’3p0o30Jiel U3 BO3AYLIHON Cpeibl MPUMEHSIOT CIEIHaIbHO pac-
MbJIEHHBIE B BO3/yXe MOPOLIKK copOeHTa. B maHHO# paboTe nccienyeTcs KOMIUIEKCHBIN MoA-
XOJI K 3a/1a4€ OCAKICHUS BPEIHBIX adPO30JbHBIX BRIOPOCOB, 3aKITIOYAIOIINUIACS B AJIEKTPOCTaTHYE-
CKOM pPacIbUIEHUH YacTHUI] COPOCHTA C MOCIEAYIONIMM OCaXIEHUEM YaCcTHUIL SJIEKTPOPHIBLTPOM.

WccnenoBanue BO3AEHCTBUS AJIEKTPUYECKOTO IOJI HA IPOLECC OCAXKIEHUS BPEIHBIX
a’pO30JIbHBIX O0pa3oBaHM B 3aMKHYTOM IPOCTPAaHCTBE MpeaycMaTpuBaeT (U3UKO-
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MaTeMaTHIECKOEe MOCITUPOBAHHUE JJIEKTPOCTATHUECKONW KOAryJsiud. B TEOpeTHYecKoM M JKC-
NEPUMEHTAJIBHOM HCCIICIOBAHUAX (PUKCHPOBAIMCh U3MEHEHHS KOHIICHTPALMU M JUCIIEPCHOCTH
YaCTHUI[ a9PO30JIsi B U3MEPUTEIILHOM 00BEME.

PabGota BeimonHeHa npu GpuHAHCOBO# moepxkke Poccuiickoro gponaa GpyHmaMeHTaIbHBIX
uccienaoBanuii (rpantT Moa_a 16-38-00581).

Impact of the electric field on the fine particles in airspace leads to acceleration of process
of their sedimentation, but not in all cases. On the other hand, they apply the sorbent powders
which are specially sprayed in air to collecting harmful aerosols from the air environment. In this
work we investigate the integrated approach to a problem of sedimentation of harmful aerosol
emissions consisting in electrostatic dispersion of particles of a sorbent with the subsequent sed-
imentation of the particles by the electric precipitator.

The research of impact of electric field on process of sedimentation of harmful aerosol
emissions in the closed space provides physical and mathematical modeling of electrostatic co-
agulation. In theoretical and experimental study we fixed change of concentration and dispersion
of particles of an aerosol in measuring camera.

This work was supported by the Russian Foundation for Basic Research (grant mol a 16-
38-00581).

KOPPEJJIAIIMOHHAA METOAUKA OIIPEJIEJIEHUA
SJIEKTPOHHbBIX U HOHHBIX TEMIIEPATYP
JJIsA HPKYTCKOI'O PAJAPA HEKOT'EPEHTHOTI'O PACCESAHUSA

B.I1. TamabikoB, A.B. MeaBenen

UnctuTyT conmneuno-zemuoit puzuku CO PAH, Upkytck, Poccus
vtashlykov@iszf.irk.ru

CORRELATION TECHNIQUE TO DETERMINE ELECTRON AND ION
TEMPERATURES FOR IRKUTSK INCOHERENT SCATTER RADAR

V.P. Tashlykov, A.V. Medvedev
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B pabore npensnioxkeH Moaxo/l K peleH!o 00paTHON 3a/1a4yil BOCCTAHOBJIEHUSI TEMIIEPATYP
HMOHOC(EPHOH IIa3Mbl 10 KOPPEISALHMOHHBIM XapaKTepUCTUKAM CUTHalIa 0OpaTHOTO pacCesiHUs
st UpkyTtcekoro panapa HekorepeHTHoro paccestHust (MIPHP). Onucanbl aTansl pemieHust gaH-
HOM 3a/1auy: IOCTPOEHUE TEOPETUUECKON PErPECCUN Ui ONPEIEIICHUS TEMIIEPATYDP, TOCTPOCHUE
NpsSIMOM 3aJaul pacCesiHUsI CHTHajla B MOHOC(epe, a TakKe MPOBEICHHE MOJCITUPOBAHHS IS
BaIMJAllMM PELIeHUs oOpaTHOM 3a1auyM, MOUCKA U YCTPAaHEHHs] CHUCTEMAaTUYECKUX MOIPEIIHO-
creil. [IpuBeieHBI pe3yIbTaThl 00paOOTKH dKCTIEpUMEHTATBHBIX JaHHBIX NPHP.

In this study, we considered the inverse problem approach to determine ionosperic plasma
temperatures over correlation characteristics of backscatter signal for Irkustk Incoherent Scatter
Radar (IISR). The described stages of the problem solution are: theoretical regression for tem-
peratures determination, and direct problem construction for backscatter signal in the ionosphere,
and simulation for inverse problem validation, as well as for searching and suppression of sys-
tematical errors. The results of the IISR experimental data processing are presented.

MOJIEJIJMPOBAHUE BAPUAIINI IICEBIOJAJBHOCTH B THCC
B.C. Camoanra, B.A. Caxun, A.C. Tumodeen

Hpkyrckuii rocyjapcTBeHHbIN yHUBEpCUTeT, UpkyTek, Poccns
wernayk@yandex.ru
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MODELING VARIATIONS OF THE PSEUDO RANGE IN THE GNSS
V.S. Samoliga, V.I. Sazhin, A.S. Timofeev
Irkutsk State University, Irkutsk, Russia

[IpoBeneno MonenupoBaHUE BapHAlMii TCEBIOAATBLHOCTU, U3MEPSEMON B TIIOOATBHBIX
HaBUTAIIMOHHBIX CIyTHUKOBBIX cucTemMax (I'HCC), B 3aBUCMMOCTH OT M3MEHEHUN OCHOBHBIX
napaMeTpoB (POpMBI BBICOTHOTO MPOQMIIA 3JIEKTPOHHON KOHIEHTpauuu N(z) noHocgepsl. HMc-
MOJTB3YETCSl COCTaBHAs MOJIEh MOHOC(EPHI, BKIIIOYaroIias rayccoBy (opmy npoduis N(z) Ha
ydacTkax BbICOT OT () 10 BBICOTBI HEKOTOPOM TOYKH, JieXkallel Bellle Makcumyma N. B nannoi
Touke rayccoBa ¢opma mpoduist N(z) compsiraeTcsi ¢ SKCIOHCHIIMAIBHOW 3aBUCHMOCTBIO N(2),
UAYIIeH BIUIOTH O BBICOTHI OKOHYAHUS MOHOC(hEpPHl. Y 3TOH 3aBHCHMOCTH MMEETCS Iapamerp,
OTIpEeCISAIONINI CKOPOCTh yObIBaHUS N C POCTOM BBICOTHI, BBIYMCIIIEMBII UCXO/S U3 OMOPHOTO
3alaBaeMoro 3HaueHusi Z.. [lpu momenupoBaHuu 3aJar0TCS U3MEHEHUS Nmax, Zmax 1 (QOPMBI
npoduss Beille MaKCUMyMa uepe3 u3MeHeHue Z.. OneHnBaeTcsl CTeNeHb BIUSHUS OJIMHAKOBBIX
OTHOCUTEJIbHBIX U3MEHEHUN 3TUX MapaMeTPOB Ha BapUalluU MICEBIOAAIBHOCTH.

The simulation of variations of the pseudo range measured in global navigation satellite
systems (GNSS), depending on changes to basic parameters and shapes of high-rise profile of the
electron density N(z) of the ionosphere. Uses a composite model of the ionosphere, including the
Gaussian form of the profile N(z) plots of heights from 0 to the height of some point lying above
the high of the N. At this point the Gaussian shape of the profile N(z) is mated with the exponen-
tial dependence of N(z), going up to the height of the end of the ionosphere. This based on a pa-
rameter that determines the rate of decrease of N with height that is calculated based on the ref-
erence value specified Z.. In the simulation set changes Nmax, Zmax and shapes of profile above
the maximum changes Z.. Estimated degree of influence of the same relative changes of these
parameters on the variation of the pseudo range.

MATEMATHYECKOE MOJAEJIUPOBAHUE SQHEPTETHYECKOI'O CIIEKTPA
BBICTPBIX HEUTPOHOB

P.M. Tumuenko, T.B. Maabixuna, B.O. llInaruna

XappKOBCKUI HallMOHaNbHBIN yHUBepcuTeT uM. B.H. Kapa3suna, Xapekos, YkpanHa
timchenkoruslan97@gmail.com

MATHEMATICAL MODELING THE ENERGY SPECTRUM OF FAST NEUTRONS
R.M. Timchenko, T.V. Malykhina, V.O. Shpagina
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

B cBsi3u ¢ pazBUTHEM SIIEPHBIX TEXHOJIOTHN CYIIECTBYET HEOOXOIMMOCTh SKOJIOTHYECKOTO
MOHHUTOpPHHTa. BaskHbIM 3Tanom pa3zpaboTKu MpUOOPOB AJIsi KOHTPOJIS 0OBEKTOB pagualliOHHON
OIACHOCTH SIBIISIETCS MOJAENUpoBaHue. B paboTe mpoBeneHO MaTeMaTHYeCKOe MOCIMPOBAHUE
SHEPTETUUYECKOTO CIEKTpa OBICTPBIX HEUTPOHOB OT McTouHMKa PuBe-239 u comocrtaBienue pe-
3yJBTaTOB C JaHHBIMU JTaOOPATOPHBIX UCIIBITAaHUN. [10ITy4eHHbIE CMOIETUPOBAHHBIE XapaKTEePH-
CTUKU MCTOYHHKA HEUTPOHOB UCHOJB3YIOTCS AJI Pa3paOOTKH U HUCCIIETOBAHUS TSDKEJIBIX CIIMH-
TUJIATOPOB.

The need for environmental monitoring is due to the development of nuclear technologies.
Modeling is an important stage in the development of instruments for monitoring radiation haz-
ard facilities. Mathematical modeling the energy spectrum of fast neutrons was carried out in the
work, as well as a comparison of results with the data of laboratory tests. The simulated charac-
teristics of the neutron source, obtained as a result, are used to develop and investigation heavy
scintillators.
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METEOPHBIE HABJIFOJAEHUSA HA PAJJAPE EKB UC3® CO PAH
P.P. ®enopos, O.U. bepurapar

HuctutyT comreuno-3emuoit puzukun CO PAH, UpkyTck, Poccust
fedrr@iszf.irk.ru

METEOR OBSERVATION AT EKB RADAR OF ISTP SB RAS
R.R. Fedorov, O.I. Berngardt
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B pabore ommcaHo pacmmpeHHe BO3MOKHOCTEH KOTEPEHTHOI'O pajiapa JIeKaMeTpOBOIO
nuana3zona EKB MC3® CO PAH no guarHoctuke HedTpaiabHOM atMochepsl BeICOT 80—100 kM
3a CYeT MOHUTOPHUHTa METECOPHOI'O pacCesHUs B peajabHOM MaciuTtabe BpeMeHH. JlaHHBIA pajap
(56.5° N, 58.5° E) obnamaeT cekTopoM 0030pa okoyio 52°, addexTuBHON AaabHOCTHIO 3000—
4500 xM u padounmu yactoramu 8—20 MI'1. CekTop 0030pa noaeiied Ha 16 HanmpaBieHu# (Iy-
Yyel) mupuHON Topsaka 3—6°, paspemeHue mo JaTbHOCTH 15—45 kM, BpeMsi HaKOTUICHUS CUTHA-
Ja Ha OJHOM JIyue 4—8 ¢, MOJIHOEe CKaHMPOBaHUE CEKTOpa 0030pa 3aHuMaeT 1-2 MuH. OCHOBHOM
pPeXKUM pabOThl — CKaHUPOBAHHE MHOTOMMITYJIbCHBIMH TI0CIICIOBATEILHOCTSIMHU C HaKOIICHUEM
KOPPEISLMOHHON (DYHKIMM CUTHAA Ha KaXXI0H paJaHOJOKAIIMOHHON TAIbHOCTH M MO KaXXIOMY
ay4dy B OTACHbHOCTH. OCHOBHBIM Ha3HAYCHHEM JIaHHOTO pajapa SBISCTCS MOHUTOPUHI JIMHA-
MHKH HOHOC(EPHI B MOJISPHBIX IMHPOTAX, OJHAKO OH MOXKET OBITh MCIOJIB30BaH JIJII PErHCTpa-
[IUY TTApaMETPOB METCOPHOTO 3Xa (pacCesHUsI HA METECOPHBIX CIIeJIaX) Ha MaJIBIX JTUCTAHITUAX
(mo 600 xm) Ha BbicOTax cropanus MmereopoB (80—100 km).

HccenenoBanue METECOPHOTO dXa SBISICTCS PEKUMOM OTHOCHTEIBHO PEryJISIPHOH PaOOThI
aHAJIOTMYHBIX pamapoB ceth SuperDARN. B orianume oT cTaHIApTHBIX METOJOB JUATHOCTHKH
METEOPHOI'0 7Xa I10 CPEeIHECTaTUCTHUCCKUM XapaKTepUCTHKAM CHUTHAJIa ¢ BPEMEHHBIM pa3pellie-
HHEM TIOpsAKa HECKOJIbKHX CEKyHJ HaMH peajli30BaH aJIrOPUTM ITOMCKa METCOPHBIX 3Xa II0
KBaJpaTypHbIM KOMIIOHCHTaM PAaCCESIHHOTO CUTHAJIa 10 CTATUCTHUYECKOTO YCPEIHEHHS C Bpe-
MCHHBIM pa3zpemiearueM 5—10 Mc. AJITOpUTM OCHOBAH Ha IIOMCKE IIaphl apaMEeTpOB MOJESIH (Xa-
PAKTECPHOTO BPEMCHU JKHM3HHU ClIela U JOIUIEPOBCKOM CKOPOCTH 3Xa) M3 YCIOBHS HAHMMCHBIIETO
CPEIHEKBAIPATUYHOIO0 OTKIIOHCHHS HAOJI0JaeMOr0 pacCesTHHOI0 CHUTHaja OT MozenbHOoro. Ilo-
HCK MPOU3BOIUTCS METOJIOM IIpsIMOro Iepebopa. B pe3ynbTaTe onpenensroTcs XapaKTepPUCTUKH
METEOPHOI'0 ClIe/Ia: JalbHOCTh, BPEMS KU3HU U CKOPOCTh BIIOJb JIyda 3pEHUS pajapa. ITH Xa-
PaKTEPUCTUKH MTO3BOJISAIOT CYJAWTh O JUHAMHKE HEHTPAIbHBIX BETPOB HA BHICOTAX CTOPAHHS Me-
TEOPOB. AJTOPUTM pabOTaeT ¢ JAaHHBIMH pajapa B pealbHOM MacliTaOe BPEeMEHH, 3aIlyIlcH Ha
panape EKB B nekabpe 2016 r. u B HacTosiiiee Bpemsl SBISETCS BHIOM PETYISIpHON 00paboTKu
JIAHHBIX pajapa, a Tak)Ke HCIOJIb3YEeTCs I PETPOCIIEKTUBHOTO aHaIn3a JaHHBIX.

[IpuBeaeH CTAaTUCTHYECKHM aHAIHM3 XapaKTepHCTHK METCOPHOIO 3Xa B IEpHOJ C Hadala
2016 r. o HacTosIIEe BpeMsl, UCCIIEI0BaHbI €r0 CYTOYHBIE, CE30HHBIE U PAKYPCHBIE 3aBUCUMOCTH.

NCITIOJIb30OBAHUE OTHOYACTOTHBIX TIPUEMHHUKOB
JJISA PETUCTPALIMU HEPET'YJISAPHBIX COBBITUN B UOHOC®EPE

A.A. Xoamoropos, B.b. UBanos

HpkyTckuii rocynapcTBeHHbIN yHUBepcuTeT, UpkyTck, Poccus
vararagon007@yandex.ru

USING A SINGLE-FREQUENCY RECEIVERS FOR THE REGISTRATION
OF IRREGULAR EVENTS IN THE IONOSPHERE

A.A. Kholmogorov, V.B. Ivanov

Irkutsk State University, Irkutsk, Russia

[lenbio qaHHOM pabOTHI ABISETCS UCCIIEAOBAaHUE BOSMOKHOCTH OJTHOYACTOTHBIX TPUEMHHU-
koB 'HCC nmnst nuarnoctuku nonocdepsl. VccnenoBanue npoBoAWIOCs Ha MPUMEPE HECKOIb-
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KHX KPYIIHOMACIITAOHBIX COOBITHH, TAKMX KaK COJIHEYHOE 3aTMEHHUE, MOIIHEIC 3e€MJICTPSICCHHS,
B3pbIB YensgOnHckoro mereoponaa. [lokazaHo, 4To 0JHOYACTOTHBIC IPUECMHHMKHU MTO3BOJISIOT pPe-
TUCTPUPOBATH HEPETYJISAPHBIE COOBITUSI B HOHOC(EPE, XOTh U C MEHbIIIEH TOUHOCTHIO, YEM JIBYX-
YaCTOTHBIE TPUEMHUKH.

The aim of this study is to investigate the possibility of single-frequency GNSS receivers
for diagnostics of ionosphere. The study was carried out on the example of several large-scale
events, such as a solar eclipse, powerful earthquakes, and the explosion of the Chelyabinsk me-
teoroid. It was shown that single-frequency receivers allow recording of irregular events in the
ionosphere, though with less accuracy compared to two-frequency receivers.

PA3PABOTKA ITPOT'PAMHO-AIIIIAPATHON YACTHU
KO2PIHUTUBHOI'O CIIEKTPOMETPA

M.M. Yynun, P.P. Jlatsinos, I.K. Hypraiaues

Kazanckwuit penepanpubiii yausepcutet, Kasanp, Poccus
grey2paul@gmail.com

DEVELOPMENT OF SOFTWARE
AND HARDWARE FOR COERCITIVE SPECTROMETER

M.M. Chupin, R.R. Latypov, D.K. Nurgaliev

Kazan Federal University, Kazan, Russia

enpto maHHOTO TMpPOEKTa SIBISAETCS OOHOBIICHME CHUCTEMBI yIIpaBJeHUsI M Oioka cOopa
JTAHHBIX KOAPIUTHBHOTO CIEKTPOMETpPA C WCIOJIB30BAHUEM COBPEMECHHOM JJIEMEHTHOW Oas3bl.
YCOBepHIeHCTBOBaHI/IC CHUCTCMBbI YIIPAaBJICHUS IMO3BOJUT YJIYYIIHUTH Ka4CCTBO 06HaPY)KeHI/IH I10-
JIE3HOTO CHTHAJIA, TIOBBICUTh COOTHOIIEHHE CUTHAJI/IIIYM, YIIPOCTUTD TPY ONepaTopa CUCTEMBI U
MPAaKTUYCCKH MMOJTHOCTBIO aBTOMATU3HUPOBATH CUCTEMY IOJTYUYCHUSA U 06pa6OTKI/I KOHCYHBIX pPC-
3yJIBTATOB CIICKTPOMETA.

The aim of this project is modernization of control system and data gathering block of co-
ercive spectrometer based on modern analog and digital elements. Control system upgrade leads
to improvement of signal detection quality and increase of signal-to-noise ratio. Therefore, sys-
tem operator’s job would be simplified and complex of receiving and processing final data
would be completely automatic.
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KOH®EPEHIHMS MOJIOABIX YUYEHBIX
CEKLIHAS D
OU3UKA ATMOCO®EPBI

BEPTUKAJIbHBIV TEMIIEPATYPHBIN I'PAJTMEHT
B TPOIIOC®EPE CEBEPHOI'O IIOJYIIAPUA
M ET'O CBsI3b C MIPUIIOBEPXHOCTHOM TEMIIEPATYPOMI
11O JAHHBIM PEAHAJIN3A

M.I'. AknepoB, M.A. [lemounkas, U.A. MoxoB

WucturyT Qusuku armochepst um. A.M. O6yxoBa PAH, Mockga, Poccust
aseid@ifaran.ru

LAPSE-RATE IN THE TROPOSPHERE OF THE NORTHERN HEMISPHERE
AND ITS CORRELATION WITH SURFACE TEMPERATURE
FROM REANALYSIS DATA

M.G. Akperov, M.A. Dembitskaya, I.I. Mokhov
A .M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

Beprukanpnsiii rpaaueHT temneparypsl (BI'T) v sBaseTcss BaKHON XapaKTEPUCTHKOM aT-
Moc(epbl U 3eMHON KIMMAaTUYECKOW CHUCTEMBI, XapaKTePU3YIOIIEH CTaTUCTHYECKYIO YCTONYH-
BocTh. Jlmst pacuera BI'T ucnonb3oBanuch cpeaHeMecsuHble naHHble peaHanm3a ERA-Interim
(1979-2014 rr.) ¢ MHUPOTHO-TOJTOTHEIM paspemieHreM 0.75%0.75° nns CeBepHOro morymapus
(CID). Iomyuensr onenku BI'T y B Tpomocdepe u ero cBsi3u ¢ MPUIIOBEPXHOCTHON TeMIeparTy-
poii T B T0JI0BOM X0Jie ¥ MekroaoBoi n3meHunBocTH s CII. Benmnuuna y B Tponiocdepe CIT B
nesom okoiio 6.3 K/km. ITpu atom vy ymenbmaercs ot 6.7 K/km B Hu3kux mupotax g0 5.0 K/km
B pHnossipHbIX. [Tomyuens! 3uaueHns dy/dT; okono 3.3-107% 1/kM 10 JaHHBIM B TOJOBOM XOJ€ U
okono 4.5-107% 1/km 1o JTAaHHBIM B MEXToJ10BoM n3meHunBoctH s CII B nienom. IlomyyeHHbie
nonioxkutenbHble oueHku dy/dTs nns CII B 1mienom cBUAETENbCTBYIOT 00 OOIeM yMEHBIIICHUN
CTaTHYECKON YCTOWYMBOCTU Tponochepsl Npu ri100aIbHOM MOTEIUIEHUH U O MPOSBICHUU TOJI0-
KUTEIBHOUN KIIMMaTH4YecKoi oopaTHOU cBsi3u uepe3 BI'T.

PaboTa BeimonHeHa pu noaaepkke rpanta Munoopuayku PO Ne 14.616.21.0078.

Sensitivity of global climate to external forcing depends on climate feedbacks (FB). One of
significant feedbacks is related with the rate of temperature decrease with height in the troposphere
(lapse rate — LR). It is a characteristic of atmospheric static stability. Cyclonic (anticyclonic) and
convective activity in the atmosphere depend on LR. The contribution of LR variations is important
for the Arctic amplification. We use here ERA-Interim reanalysis data for the period 1979-2014 with
0.75%0.75 horizontal resolution for assessment of LR FB characteristics. We analyze, in particular,
the relationship between the tropospheric LR y and the surface air temperature (SAT). The relation-
ship parameter dy/dT is estimated from the corresponding linear regression of y on 7. The LR values
for various latitudes were normalized on the LR value for the Norten Hemisphere (NH) as a whole
ynu=6.3 K/km. According to the results obtained from reanalysis data for the period 1979-2014 the
relative LR interannual changes in the troposphere of the Arctic latitudes are up to 4 times larger than
for the NH as a whole and much larger than for tropical latitudes. The positive correlation of LR and
SAT is a characteristic of positive climate FB.

This work was supported by the grant of Russian Ministry of Education and Science
Ne 14.616.21.0078.
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CONIOCTABJIEHUE TEMIIEPATYPBI CYBABPOPAJIbBHOM ME3OITAY3bI
C JAHHBIMHA PAIMOMETPA SABER BEPCHUMU v2.0

A.M. AmmocoBa, I'.A. I'aspuibesa, I[L.II. Ammocos, U.U. KoaroBckoi

UnctutyT KocModusnveckux uccnenosanuii u asponomun um. F0.I'. Illadepa CO PAH, Axytck, Poccus
ammosovaam@mail.ru

COMPARISON OF SUBAURORAL MESOPAUSE TEMPERATURE
WITH THE MEASUREMENTS FROM SABER v.2.0 RADIOMETER

A.M. Ammosova, G.A. Gavrilyeva, P.P. Ammosov, L.I. Koltovskoi

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

[IpencraBieHo cpaBHEHHE TeMIepaTyphbl 00JAaCTH Me30Iay3bl Ha OCHOBE BpalllaTeIbHOMN
temnepatrypbl OH(6-2), namepenHoii nHppakpacHsIM IUPPOBBIM crieKTporpadgom Ha cT. Maii-
Mmara (63° N, 129.5° E) Ha cybaBpopaibHBIX MIHPOTaX, ¢ JaHHBIMU 10-kaHaIBHOTO MH(]paKpac-
Horo paguomerpa SABER Bepcun v.2.0. bpuin npoaHain3upoBaHbl JaHHBIE, COBIAJAIOLINE BO
BpemeHu U npocTtpancTie, ¢ 2002 no 2015 r. BpemeHHOI HHTEpBal HCCIEA0BaHUS OXBATHIBACT
MUHUMYM U MakCUMyM | 1-1€THero nukia COJIHEUYHON aKTUBHOCTH. /[aHHBIE, IT0JIyYEHHBIE C I10-
Moo paguomerpa SABER Bepcun v.2.0, XOpoIIo corinacyroTcs ¢ JaHHbBIMU, U3MEPEHHBIMU Ha
CT. Maiimara B epuoj; MaKCUMyMa COJIHEYHOM aKTHUBHOCTH.

The mesopause region temperature on the basis of OH(6-2) rotational temperature meas-
ured with a digital infrared spectrograph installed at Maimaga station (63° N, 129.5° E) on the
subauroral latitude with the data measured with 10-channel infrared radiometer SABER v2.0 are
compared. The data of the observations measurements coincident in time and space from 2002 to
2015 have been analyzed. Time series includes the years of maximum and minimum 11-year cycle
of solar activity. SABER v2.0 data in good agreement with the temperature measured at
Maimaga station for maximum solar activity periods.

CPABHEHUE TEMIIEPATYPBI CYBABPOPAJIBHOM ME3OITAY3bI
C PACHETAMMU MO/JEJIX NRLMSISE-00

A.M. Ammocosa, I'.A. I'agpuasesa, I1.II. Ammocos, U.H. KoaroBckoi

HucTuTyT KOcMOom3ndeckux uccienopanmii u asponomun uM. F0.I'. [lladpepa CO PAH, fAxyrck, Poccus
ammosovaam@mail.ru

COMPARISON OF THE SUBAURORAL MESOPAUSE TEMPERATURE
WITH THE NRLMSISE-00 MODEL

A.M. Ammosova, G.A. Gavrilyeva, P.P. Ammosov, L.I. Koltovskoi

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

[IpencraBieHo cpaBHeHHE BpamiaTenbHOR TemmepaTypbl OH(6-2), u3aMepeHHOW Ha CT.
Maiimara (63° N, 129.5° E), c Temmeparypoid Me30may3bl, PacCUMTAHHOW MO MOIEIH
NRLMSISE-00, ¢ 1999 o 2015 r. Omuccus ruapokcuia moiaocsl (6-2) Bo30yxkmaaercs B o0na-
cTH Me3omnay3bl (~87 KM), U HHTEHCUBHOCTh MOJICKYJIIPHOW dMHUCCHU U3MeEpsieTcss UHppaKpac-
HbIM 1IUpoBbIM criekTporpadom. Moaens NRLMSISE-00 onuckiBaeT U3MEHEHUs TEMIIEPATyPhI
Ha BBICOTE OO0JIACTH ME30Iay3bl ¢ OKTSAOpS MO ampelib B Ipeenax (UIyKTyalllid dKCIIepUMeH-
TaJbHBIX 3HAYEHUH MIPU CE30HHOM Bapuauuu temneparypsl ~35 K, OTKIIOHEHUs1 OT SKCIepUMEH-
TaJBHBIX 3HAYCHUH COCTABISIOT He Oosee 7+4 K. BbuT poBeieH KOPPEISIIMOHHBIN aHAIH3 W3-
MEpeHHON BpamiarenbHoil TemmepaTypbl OH(6-2) u 3HadeHui, MOMyYEHHBIX MO MOJENU
NRLMSISE-00. ITpu konnyectBe HaOmonaeHuit Ha ct. Maiimara Oosnbiie 180 nuel (mpumepHO
nonroaa) koddduimert koppensuuu R>0.7. 910 o3navaer, ytro Mmoaens NRLMSISE-00 nocra-
TOYHO TOYHO OMHCHIBACT U3MEHEHUS TEMIIEPATYPhI CyOaBpOPATHLHOM ME30Tay3bl.
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The rotational temperature OH(6-2) obtained at Maimaga station (63° N, 129.5° E) located
on the subauroral latitude with the calculations of the NRLMSISE-00 model from 1999 to 2015
are compared. The emission of the hydroxyl band (6-2) is excited at the mesopause region (~87 km),
and the intensity of molecular emission is measured by an infrared digital spectrograph. The
NRLMSISE-00 model describes temperature changes at the mesopause region height within the
experimental values fluctuations from October to April for a seasonal temperature variation of
~35 K, deviations from the experimental values are no more than 7+4 K. A correlation analysis
was performed to compare the rotational temperature OH(6-2) and the NRLMSISE-00 model
calculations. When the number of observations at Maimaga station is more than 180 days (ap-
proximately half a year) the correlation coefficient R>0.7. The NRLMSISE-00 model precize
describes the changes of the subauroral mesopause temperature.

YTOYHEHUE BAPBUPYEMBIX IAPAMETPOB
JAETEPMMHHUPOBAHHO-BEPOATHOCTHOHU MOJAEJIN D-OBJIACTHU
NOHOC®EPBI HA OCHOBAHUU DOKCIHHEPUMEHTAJIBHBIX TAHHBIX

C.3. bekkep, A.H. JIsxos

WucTutyT nunamuku reocep PAH, Mocksa, Poccus
susanna.bekker@gmail.com

PRECISING VARIABLE PARAMETERS USED
IN DETERMINISTIC-PROBABILISTIC MODEL
OF D-REGION OF IONOSPHERE

S.Z. Bekker, A.N. Lyakhov
Institute of Geosphere Dynamics RAS, Moscow, Russia

Honocepa kak HEMOCTOSHHAs, HENPEPHIBHO HM3MEHSIIOMIASICS Cpela KOPPEKTHO MOKET
OBITH ONMKCAHA UCKIIOUUTENIEHO BEPOSTHOCTHBIMH MOJIENISIMHU, KOTOPBIE ceiivac MpaKkTHUECKU HE
paspabatbiBatorcsi. Hanbonee nepcrnekTuBHOM U3 00CykK1aeMbIX MOJeIeH SBIsSeTCS AeTePMUHU-
POBaHHO-BEPOATHOCTHASA MOJIENb, B KOTOPOW BapbUPYIOTCS TapaMeTpPhl, BXOJSALINE B yPABHEHUS
HMOHM3AIIMOHHO-PEKOMOMHALIMOHHOTO [IUKJIA.

[lenbio HacTosIIeH pabOTHI ABISAETCS YTOUHEHHE 3TUX MAapaMeTPOB MO SKCIEPUMEHTAIb-
HBIM JIaHHBIM, TMOJYYEHHBIM U3 PA3JIUYHBIX UCTOYHUKOB, U Bepu(UKaLU pe3yIbTaTOB OOHOB-
JICHHOM MOJIENH 10 PAgUO(U3NIECKUM JaHHBIM.

There is no doubt that the ionosphere is very irregular and continuously changing environment.
Therefore it is important to describe the ionosphere with probabilistic models, which are almost not
developed. The most perspective model of them is a deterministic-probabilistic one, that is based on
theoretical investigations with the varying of ionization-recombination cycle parameters.

With regard to this work, it is concentrated on precising of variable parameters based on
experimental data from different sources and verifying model results by radiophysical data.

CPABHUTEJIbHBIA AHAJIU3 CIIOCOBOB PEIHIEHUS PACUETHBIX 3AJIAY
OIIPEJEJIEHUA XAPAKTEPUCTHUK PACCEMBAIOIIENA CIIOCOBHOCTH
3EMHOM NOBEPXHOCTH B KOPOTKOBOJIHOBOM JIMATIA30HE PAJIMOBOJIH

C.IO. Beaos

MockoBckuil TocyapcTBeHHbIH yHUBepcuTeT M. M.B. JlomoHocoBa, MockBa, Poccust
Belov_Sergej@mail.ru
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COMPARATIVE ANALYSIS OF WAYS TO SOLVE
COMPUTATIONAL PROBLEMS WHEN DETERMINING
THE SCATTERING ABILITY OF THE EARTH'S SURFACE
IN THE SHORT-WAVE RANGE OF RADIO WAVES

S.Yu. Belov
M.V. Lomonosov Moscow State University, Moscow, Russia

B pabote paccmaTpuBaeTcs 3amaya AUCTAHIIMOHHOW IHMATHOCTHUKH «IIEPOXOBATOM» 3€M-
HOM NOBEPXHOCTH M JUAJIEKTPUYECKHUX MOANOBEPXHOCTHBIX CTPYKTyp B KB-nuanazone. Ilpen-
JIO’)KEH HOBBIM HEKOTEPEHTHBIM METOJ OIIEHKH TMapameTpa curHai/myM. J[aHHbIA Auana3zoH mo3-
BOJISIET AMArHOCTHPOBATH U MOJMOBEPXHOCTHBIN CJIOH, TOCKOJIBKY MapaMeTp paccesHus: GopMu-
pyeTcs U HEOTHOPOJHOCTSIMH IUIIEKTPUYECKOM MPOHUIIAEMOCTH ITOATIOBEPXHOCTHBIX CTPYKTYP.
Wnes meTona onpeaeneHus 3TOro napamerpa 3akjIfoyaeTcsl B TOM, YTO, pacroiaras CHHXpOHHON
nH(popManuen o BoJIHE, OTPAXKEHHON OT HOHOC(]EPHI, M 0 BOJIHE, OTPAXKECHHOW OT 3€MJIM U HOHO-
cdepsl (uau npouened HoHochepy ABAKIBI IPU 30HAMPOBAHUU CO CITyTHHUKA), BO3MOXKHO U3-
BJIEKaTh MH(POPMALIUIO O MapaMeTpe paccesiHUs. BBINOIHEH CpaBHUTENBbHBIA aHAU3, U MOKa3a-
HO, YTO 10 aHAJIMTUYECKON (OTHOCUTEIBHOW) TOUHOCTU ONPENEIICHUS 3TOrO MapaMeTpa HOBBIN
METOJl Ha MOPSAJOK IPEBOCXOAUT IIUPOKO HCIOJIB3YEMBIM CTaHIAPTHBIM. AHAIU3 aHAJIATHYC-
CKOH OLICHKH IOTPEIIHOCTEN 3TOro Iapamerpa M03BOJIUI PEKOMEHI0BAaTh HOBBIM METOJ BMECTO
CTaHapTHOTO.

The problem of remote diagnostics of the “rough” earth surface and dielectric subsurface
structures the short-wave band is considered. A new incoherent method for estimating the sig-
nal/noise ratio parameter is proposed. This band range allows one to diagnose subsurface aspects
of the earth, as the scattering parameter is affected by irregularities in the dielectric permittivity
of subsurface structures. The idea of the method for determining this parameter is that, by having
synchronous information about a wave reflected from the ionosphere and about a wave reflected
from the Earth and the ionosphere (or passed through the ionosphere twice when probing from a
satellite), it is possible to extract information about the scattering parameter. A comparative
analysis and shows that the analytical (relative) accuracy of the determination of this parameter
new method on the order exceeds the widely-used standard method. Analysis of admissible rela-
tive analytical error of estimation of this parameter allowed to recommend new method instead
of standard method.

CKP-JIMJAP 1JI51 ObHAPYKEHUS TOHKOM CTPYKTYPBI
TEMIIEPATYPHOU CTPATUDPUKALIMU B CTPATOC®EPE

-2C.M. Bo6poBuukos, " *E.B. Top.io, 'B.H. Kapkos, '.A. Tpudonos

'MuctutyT ontuku armocdepsr um. B.E. 3yea CO PAH, Tomck, Poccust
bsm@iao.ru, gorlov_e@mail.ru, zharkov@iao.ru, trifonov@iao.ru
zHa]_[I/IOHaJ'ILHHﬁ rccieqoBaTenbCkuil TOMCKUI TOCyJapCTBEHHbIM YHUBEPCUTET, ToMcK, Poccus

RAMAN LIDAR TO DETECT FINE STRUCTURE
OF TEMPERATURE STRATIFICATION IN THE STRATOSPHERE

1.2§ M. Bobrovnikov, "2E.V. Gorlov, 'V.I. Zharkov, 'D.A. Trifonov

'V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
*National Research Tomsk State University, Tomsk, Russia

Jlist oOHapy’KeHUS TOHKOW CTPYKTYpPBI TEMIIEpAaTypHOH cTpaTU(UKAIIMK B cTpaTocdepe
B MOA CO PAH pa3pabarsiBaetcas CKP-nmuaap Ha OCHOBE YMCTO BpPAIIATEIbHOTO CIIEKTpa KOM-
OuHanMoHHOTO paccesHus. Vcnonb3oBanue yHukanbHoi Cubupckoit tuaapHoi cranuuu B MOA
CO PAH c 6onpimumM 3epkanoM AuamMeTpoM 2.2 M MO3BOJIUT BECTH HAOINIO/IEHUS 32 CTallMOHAp-
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HBIMU CTPYHHBIMH TEUEHUSMH B cTpaTtocdepe ¢ IMOMOUIbIO JUCTAHIIMOHHBIX U3MEPEHUH TeMIIe-
patypbl atMoc(hepbl C BHICOKUM MPOCTPAHCTBEHHBIM Pa3pEIICHUEM.

B nmokiase 000CHOBBIBACTCSI BO3MOXKHOCTh PEaM3allii METOIa JJIsi OJTHOBPEMEHHOTO M3-
MEpEHHUSI BEPTUKATIBHOTO pACIpEACICHHUS TEMIECpPATypbl W a’pO30JILHOTO HAIMOJHEHUS aTMO-
chepbl Ha OCHOBE 3epkania quameTpoM 2.2 M. [IpuBOIUTCS pacueT HEOOXOIUMBIX MapaMETPOB
CKP-nuaapa 11 HaJeKHOTO OOHApY)KEHUS] TOHKON CTPYKTYpbl TEMIIEpaTypHO#l cTpaTuduka-
iy B ctpaTocdepe.

Raman lidar based on pure rotational Raman spectrum to detection of fine structure of
temperature stratification in the stratosphere at the IAO SB RAS is developed. The big mirror 2.2 m
in diameter at Siberian Lidar Station in IOA SB RAS will allow to observe stationary jet streams
in the stratosphere using remote measurements of atmospheric temperature with high spatial
resolution.

The report demonstrated the possibility of implementing the method for simultaneously
measurement of vertical distribution of temperature and aerosol layers of the atmosphere based
on the mirror of 2.2 m in diameter. The necessary parameters of the Raman lidar for reliably de-
tection of fine structure of temperature stratification in the stratosphere are calculation.

HHTETI'PAJIBHBIE XAPAKTEPUCTUKH NOJIAPHBIX ME3OIIMKJIOHOB
H.B. BazaeBa, O.I'. Uxernanu, JI.O. MakcumenkoB, M.B. Kypranckui

WuctutyT Puzuku armocdepst um. A.M. Obyxosa PAH, Mocksa, Poccust
ifanataly@gmail.com

INTEGRAL CHARACTERISTICS OF POLAR LOWS

N.V. Vazaeva, O.G. Chkhetiani, L.O. Maksimenkov, M.V. Kurgansky
A .M. Obukhov Institute of Atmospheric Physics RAS, Moscow, Russia

[TpoBOASTCS BBIUMCICHHE HWHTETPANBHBIX XapaKTEPUCTHK TMOJSPHBIX ME30LHUKIOHOB, B
YAaCTHOCTH PHEPTUU U CHUPAILHOCTH, C UCTOJIb30BaHueM AaHHBIX peaHann3a (ECMWF) u pe-
3yJIbTaTOB YHCIEHHOTO MOJETUPOBaHUs B Me3omaciutadHoi atmochepHoii monenun WRF (Bep-
cus 3.6.1) u cpaBHEHHE UX C DKCHEPHUMEHTAIbHBIMU JaHHBIMU. Mccnenyercs BO3MOKHOCTh HC-
MOJIb30BaHUsl CHHUPATHHOCTH KaK JAMArHOCTUYECKOTo (pakTopa M B KaueCTBE MPOTHOCTHYECKOMN
XapaKTEPUCTUKHU JJIS1 MOJSPHBIX ME30IMKIOHOB Ha MPUMEPE MHTEHCHBHOI'O MOJSPHOIO ME30-
LMKJIOHA HaJ noBepxHOCcThI0 HopBexckoro u bapenuesa mopeii ¢ 29 no 31 mapra 2013 r.

Uccnenoanus BeimonHensl npu nojaepkke PHO® (mpoext Ne 14-17-00806).

The calculating of integral characteristics of Polar Lows such as energy and helicity ac-
cording to re-analysis data (ECMWF), WRF numerical model findings (version 3.6.1), and ex-
perimental data have been carried out. The helicity applicability as a diagnostic factor and as a
prognostic factor for Polar Lows has been investigated for the case of intense Mesocyclonic for-
mations, that can be observed over Norwegian Sea and Barents Sea surfaces in the period be-
tween 27 and 31 March, 2013.

This study was supported by the Russian Science Foundation (project No. 14-17-00806).

HUHTEI'PAJIBHOE BJIAT'OCOJAEP KAHUE ATMOC®EPHI
11O JAHHBIM COJIHEYHbIX ®OTOMETPOB U ERA-INTERIM
HAJI CEBEPO-BOCTOKOM EBPA3UU 3A 1979-2015 rr.

M.C. Bacuiabes

UnctutyT KocModusnveckux uccnenosanuii u asponomun um. F0.I'. Illadepa CO PAH, Axytck, Poccus
m.s.vasiliev@ikfia.ysn.ru
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THE INTEGRAL MOISTURE CONTENT OF THE ATMOSPHERE
FROM DATA OF SUN-SKY PHOTOMETERS AND ERA-INTERIM
OVER THE NORTH-EAST OF EURASIA FOR 1979-2015

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

[IpoBenen aHanu3 CBSI3M MIMPOTHON TUHAMHUKHU Biarocoaep:xkanusi atmocdepbl W ¢ coi-
HEYHOM aKTMBHOCTHIO M KBa3uAByxJeTHUMHU KojeOanusmMu (KJIK) 3oHambpHOTO BeTpa B SKBaTO-
puanbHO# crpaTocdepe Hax ceBepo-BocTokoM EBpasum 3a 1979-2015 rr.

beutn ucnonb3oBaHbl JaHHBIE CcONHEYHBIX (GoTomerpoB ceth AERONET (ctanmuun
«Skytcky», «Tomcky, «pkyTck» u «Jlamanzaaran») u peananmsa ERA-Interim, KOTOpbIit OCHO-
BaH Ha PETYJSIPHBIX METEOPOJIOTMYECKUX HAOJIIOACHUSAX, adPOJIOTMYECKON M CIyTHHUKOBOM WH-
(dopmarum.

OO6Hapy’keHa [OCTOBEPHO 3HAUYMMAasi KOPPENSIHOHHAS CBSI3b MEXKIY CPEIHETOJO0BBIMHU
3HaueHUAMU W u BoctouHoi (azoit KJK. B Bapuanusx W B 3aBUCHMOCTH OT reorpaduuecKou
IIMPOTHl HAONIOAAETCsA TMPOSIBICHHE (PYHIAMEHTANbHBIX LHKIOB COJIHEYHOW AaKTHUBHOCTHU
(I1IBabe, Xeiina u bprokHepa).

In the work, an analysis of relation of latitudinal dynamic of the atmospheric moisture con-
tent ¥ to quasi-biennial oscillations (QBO) of zonal wind in the equatorial stratosphere and solar
activity over the north-east of Eurasia during 1979-2015 was held.

The data of sun-sky photometers of the AERONET (st. Yakutsk, st. Tomsk, st. Irkutsk and
st. Dalanzadgad) and ERA-Interim reanalysis which, is based on the regular meteorological ob-
servations, aerological and satellite information, were used.

It is found the reliably significant correlation between mean annual values of /" and QBO
during its eastern phase. At the same time, variations of W depending on geographical latitude
reveal the fundamental cycles of solar activity (Schwabe, Hale and Bruckner).

BJIUAHUE TEOMATHUTHBIX BO3MYIIEHUI
HA TEMIIEPATYPY BO31YXA B TPOITIOC®EPE

JI.LA. BacuaneBa

HuctutyT comneuno-3emuoit guszuku CO PAH, Upkyrck, Poceunst
larisa_v(@iszf.irk.ru

INFLUENCE OF GEOMAGNETIC DISTURBANCES
ON AIR TEMPERATURE IN THE TROPOSPHERE

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

HccnenoBanocs BIMSHAE BO3MYILECHUN T€OMarHUTHOIO MHIEKCA aa Ha TEMIIEpaTypy BO3-
nyxa B Tpornocdepe. bpuin paccMOTpeHbI KapThl U3MEHEHUH TeMIIEpaTyphl BO3/AyXa MOCIE pe3-
KOrO yBEJMYEHUS MHAEKCA. BbIoeseHbl pallOHbl MaKCUMaJIbHOIO BO3JIEHCTBUS I'€OMarHUTHBIX
BO3MYILEHHUN. PaccMOTpEHO TakKe U3MEHEHHE TEMIIEPATyPbl BO3lyXa HAa Pa3JIMYHBIX BBICOTAX.

Influence of indignations of a geomagnetic aa-index on air temperature in the troposphere
was investigated. Maps of changes of air temperature after sharp increase in aa-index were con-
sidered. Areas of the maximal influence of geomagnetic disturbances are allocated. Change of air
temperature at various heights is also considered.
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HABJIIOJEHUS CHEKTPAJIBHBIX PE3OHAHCHBIX CTPYKTYP
B ITOJIOCE YACTOT HOHOC®EPHOI'O AJIb®BEHOBCKOI'O PE3BOHATOPA
HA MATHUTHOM CTAHIIUU «BAUT A3AH»

'AL1O. I'Bo3napes, 'E.0. YuaiikuH, ZALA. Koamakos, !C.B. Kexoes

'TopHo-AnTaiickuii rocy 1apcTBeHHBIH yHIBepcuTeT, [ opHO-AnTaiick, Poccrst
kelyuev@yandex.ru
*Tomckuit rocyJapCcTBeHHbIN yHUBEPCUTET, ToMck, Poccus

OBSERVATION OF SPECTRAL RESONANCE STRUCTURES
IN THE FREQUENCY BAND OF THE ALFVEN IONOSPERIC RESONATOR
AT THE MAGNETIC STATION “BAYGAZAN”

'A.Yu. Gvozdarev, 'E.O. Uchaikin, ’A.A. Kolmakov, 'S.V. Kelyuev

'Gorno-Altaysk State University, Gorno-Altaysk, Russia
*Tomsk State University, Tomsk, Russia

B Hos10pe 2014 r. Ha MmarHuTHOM cTaHIuu «baiirasan» I'opHO-AnTalCKOro TOCYAapCTBEH-
HOTO YHHBEpPCUTETA OBIJT YCTAHOBJICH WHAYKIIMOHHBIM MarHutomMetp paspadbotku ['AI'Y Ha Gaze
natunka MHT-1 (mpenocraBnen MuctutyTom comHeuHno-3emHoi ¢usuku CO PAH) u mauat mo-
HUTOPUHT T€OMArHUTHBIX Bapuanuil. Hu3kuili ypoBeHb MarHUTHBIX IIIYMOB Ha CTAHIIMH, PACIIO-
JIO’KEHHOW Ha KOpAOHE AJNTalCKOro 3al0BEAHNKA, U OTHOCUTEIBHO BBICOKAs 4YyBCTBUTEIBHOCTD
amnmapaTypbl MO3BOJISIOT YBEPEHHO PETUCTPUPOBATH CHEKTPaJbHBIE PE30HAHCHBIE CTPYKTYPHI
(CPC) B monoce 4acTOT HOHOC(EPHOTO alb()HBEHOBCKOTO PE30HATOPA U TPU MEPBHIX ITYMaHOB-
ckux pe3oHanca (8, 14, 20 I'm). beut npoBecH npeaBapUTEIbHBIN aHAIU3 YaCTOThI HAOII0ICHUI
CPC Hna crannuu 3a 2015-2016 rr. Jlnsg 3TOoro mo JaHHBIM HWHIYKIIMOHHOTO MarHUTOMETpa
CTPOUJIUCh JTUHAMUYECKHUE CIEKTPHI U 1o xapakTepHbiM 171t CPC kapTHHaM CIEKTPOB BBISBIIS-
muchk aHU ux Habmonenuit. CPC HaGmiomanuck B HOYHOE Bpemsl. BbIsiBieHa rojoBas BOJHA C
MUHUMYMOM B JIeTHHE Mecsipl. CHIKEHNE KOJIMYeCTBa JHEW HAOMIOACHUN B JIETHUW TIEPHOJT
CBSI3aHO C BBIHYXJCHHBIMH ME€PEpPhIBAMU B PETHCTPALMK B IPO30BOU MEPUOJ HU3-32 MOJHHUEBBIX
HNOBPEXACHUN sHEprocucTeMbl craHiuu. Cpennuil nponeHt queil ¢ CPC Ha cTaHIMK cOCTaBIsET
35 %.

In November 2014, an induction magnetometer developed by the Gorno-Altaysk State
University (GASU) based on the INT-1 sensor (provided by the Institute of Solar-Terrestrial
Physics SB RAS) was installed at the magnetic station “Baigazan” of the GASU and monitoring
of geomagnetic variations was started. The low level of magnetic noise at the station, which is
located on the cordon of the Altay Reserve, and the relatively high sensitivity of the equipment
allows us to confidently register the spectral resonance structures (SRS) in the frequency band of
the ionospheric Alfven resonator and three Schumann resonances (8, 14, 20 Hz). A preliminary
analysis of the frequency of observations of the SRS at the station for 2015-2016 was conducted.
The dynamic spectra for induction magnetometer data were calculated, and according to the
characteristic patterns of the SRS the days of their observation were revealed. SRS were ob-
served at night. The one-year period wave for number of SRS observation per month with a min-
imum in the summer months (1-5 obs/month) and maximum in the November (20 obs/month)
have been identified. The average percentage of SRS observation days at the station is 35 %.

METO/]I PATUOMETPUYECKOM KAJTUEPOBKHA
JUHEWHBIX 13C KOCMHAYECKOI'O BASUPOBAHMUSI

A.H.Topoben

000 «Jlec-Undopm» Bonrorpan, Poccust
Liolik work@mail.ru
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THE METHOD OF RADIOMETRIC CALIBRATION OF LINEAR SPACE-BORNE CCDs
A.N. Gorobets
«Les-Inform» Limited Liability Company, Volgograd, Russia

[TomHOLIEHHOE HCTIONIB30BAaHUE MOTEHIIMATBHBIX BO3MOXKHOCTEH H300pa)KeHHUH, MOiTydae-
MBIX ¢ TTomMombio JuHEeHHBIX [13C KocMudeckoro 6a3upoBaHusi, HEBO3MOKHO 0€3 Pa3BUTHSI Me-
TOJIOB KaJTMOPOBKH, crienn(puuHbIX a7 cencopos ¢ 113C.

B npennaraemoil MeToMKEe pagMOMETPUUYECKON KATHMOPOBKHM MCIOJIB3YIOTCS TOJIS IIBETA,
COOTBETCTBYIOIIKE KaHanaM ceHcopa KA, u mupaHoMeTpsl ¢ GUIBTpaMHU, COOTBETCTBYIOIIUMU
(dbunpTpam, ycTaHOBIEHHBIM Ha 60pTy KA.

[To nupaHoMEeTpUYECKUM H3MEPEHUSIM MAJAONIET0 U OTPAXKEHHOTO MOJISIMU LIBETa U3IY-
YEHHs] PACCUUTHIBACTCS TIIOTHOCTh MOIIHOCTH, IPUXOJIAIICH Ha 3padoK ceHcopa, YTO U obecre-
YUBAET €T0 PAAHOMETPUUYECKYIO KaTHOPOBKY.

[TomuMo kamuOpoBKU ceHcopoB c nuHEHHBIME [13C, MeTOa MaeT MOMOJHUTEIBHBIE BO3-
MOKHOCTH B UCCIICJIOBAHHSIX O PU3KUKE aTMOC(hephl, TOCKOIBKY B XO/I€ PACYCTOB OIPEIEIISIOTCS
napaMeTphl TEKYIIeH nepenaTouHon (GYHKITUH aTMOC(EPHI.

Full using of the potential capabilities of images obtained by linear spaceborne CCDs is
impossible without the development of calibration methods specific for CCD sensors.

The proposed method of radiometric calibration uses the color fields according to space-
craft sensor channels and the pyranometers with filters which correspond to spacecraft ones.

By pyranometer measurements of the incident and reflected radiation, the power density
arriving at the sensor aperture is calculated, which ensures its radiometric calibration.

In addition to CCD-sensors calibration, the method provides additional capabilities in the
atmospheric physics research, since during the calculations the atmosphere transfer function pa-
rameters are also defined.

HEJIMHEHHOE B3AHM9£[EFICTBPI]§ BOJIHOBBIX ITPOLHECCOB
B CPEJHEU U BEPXHEHU ATMOC®EPE

KA. JInjaeHko, AWM. IHoropeabuen

'Cankr-IleTepGyprekuii TocynapcTBeHHEIH yauBepcuTet, CankT-IleTep6ypr, Poccus
didenko.xeniya@yandex.ru
*PoccuiicKuii TOCY JapCTBEHHbIH THAPOMETeoposornuecknii yuusepentet, Cankt-Ilerepbypr, Poccus

NONLINEAR INTERACTIONS OF WAVE PROCESSES
IN THE MIDDLE AND UPPER ATMOSPHERE

KA. Didenko, AL Pogoreltsev

'Saint Petersburg State University, Saint Petersburg, Russia
*Russian State Hydrometeorological University, Saint Petersburg, Russia

Urobbl paccMoTpeTh A(h(HEKThl HEMWHEHHBIX B3aWMOJICUCTBHI BOJHA—BOJHA M BOJHA —
CpeIHuI MOTOK, ObUTH M3y4YeHbI WICHbI, KOTOpbIE JAlOT BKJAJ B OallaHC BUXPEBOM 3HCTpOduu.
C ucnonp3zoBaHueM oOmiei popMbl ee ypaBHEHHUS OblJIa pacCUUTaHa YBOJIONNS IIAHETAPHBIX
BOJIH C 30HaJIbHBIMU BOJIHOBBIMU uuciaaMu m=1, 2, 3. Takxe uccie10BaiIcs BKIAJ pa3InYHbIX
YJICHOB B3aMMOJICHCTBUS B M3MEHEHHE BUXPEBOi »HCTpoduu. [lomyueHHBIe pe3ynbTaThl MOKa-
3BIBAIOT, YTO KBa3UTreocTpoduueckoe NpubOIMKEHUE HE MOATBEPKIACTCS B BEPXHEH cTpaTtocdepe,
0 KpaliHel Mepe, BO BpeMsi BHE3AIMHBIX CTPAaTOC(EPHBIX MOTEIIIICHHIH.

To consider the effects of nonlinear wave—wave and wave — mean flow interactions, the
terms contributing to the eddy enstrophy balance have been studied. Using the general form of
the eddy enstrophy balance equation, its evolution for planetary waves with zonal wave numbers
m=1, 2, 3 has been calculated. The contribution of different interaction terms to the change the
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eddy enstrophy has been discussed. The results obtained show that quasi-geostrophic approach is not
approved in the upper stratosphere at least during the sudden stratospheric warmings.

MOJAEPHU3ALIUSA UH®PA3BYKOBOM CTAHIIUU UC3D
HA OCHOBE MUKPOKOHTPOJIJIEPA STM32

L2g A. JIoOpBIHHMH, AT Copoxun

'MipKyTcKumii HAIMOHANBHBII HCCIEI0BaTeNbCKHT TEXHHUECK i yHIBepcHTeT, UpKyTck, Poccus
dobrynin-vasiliy95@mail.ru
*UuctutyT conHedHo-3emuoi husuxu CO PAH, Upkytck, Poccus

DEVELOPMENT OF AN INFRASOUND STATION BASED
ON THE STM32 MICROCONTROLLER

L2y _A. Dobrynin, 2A.G. Sorokin

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

B pabote pa3BuBaIOTCS MOJIOKEHUS PEKOHCTPYKIIUU CTPYKTYPbl HH(PPA3BYKOBON CTAHIIUU
Ha ocHOBe KoHTposutepa STM32. O6cyxknaroTcsi mpoOIeMbl MOBBIIICHNS TOMEX03aIHIIICHHOCTH
OT TPO30BOTO AJIEKTPUYECTBA M PACHIMPEHUS YACTOTHOTO JUANa30Ha KOTEPEHTHBIX CHUTHAJIOB C
npumMeHeHrneM koHtposuiepa STM32. PaccmaTtpuBaroTcs MepCrieKTUBBI U3YYEHHUS HOBBIX MOP-
domornyeckux TUMOB HH(PPA3BYKOBBIX CUTHAIIOB.

The paper discusses the concept of reconstructing the structure of an infrasonic station
based on the STM32 controller. The problems of increasing noise immunity from lightning elec-
tricity and expanding the frequency range of coherent signals using the STM32 controller are
discussed. The prospects of discovering new morphological types of infrasonic signals are being
studied.

N3YYEHUE JUHAMHWYECKHNX IPOIIECCOB B CTPATOC®EPE
BO BPEMSI BHE3AITHBIX CTPATOC®EPHBIX HOTEIJIEHUHA
C UCMOJIb30BAHUEM HEJITMHEMHOMW BAPOTPOITHOMN
JUBEPTEHTHOM MOJIEJIU IIUPKYJISIIUN

0.C. 3opkaabuena, B.U. MopaBuHoB

HuctutyT comreuno-3emuoit puzuku CO PAH, UpkyTck, Poccust
olgak@szf.irk.ru

STUDY OF DYNAMIC PROCESSES IN THE STRATOSPHERE DURING SUDDEN
STRATOSPHERIC WARMINGS USING NONLINEAR BAROTROPIC
DIVERGENT CIRCULATION MODEL

0.S. Zorkaltseva, V.I. Mordvinov
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Bueszannbie crpatocdepnsie noremienus (BCII) sBastoTCs 3HAUUTENBHBIMU COOBITUSIMU B
3UMHEH cTpaTtocdepe, OKa3bIBAIOLUIMMU BIUSHHUE KaK Ha MOTOAHbBIE YCIOBH B Tporocdepe, Tak u
Ha Tporiecchl B noHochepe. HakoreHo 6ombioe kommyecTBo nHpopmamnmu o quHamuke BCIT u
UX TPOSIBJICHUSIX HA Pa3HBIX YPOBHSAX aTMOC(hEphl, B TOM YHCIIE C UCIOJIB30BAHUEM HHCTPYMEH-
tanpHO# 6a3el MC3®. [TocTpoensl smmupuueckue moaeiu pazsutus BCII, nunamuky BCII ynaa-
JIOCh BOCIIPOM3BECTH B MOJEINAX 00mIel nupkynsauuu atMochepsl. OHAKO Ha sl BOPOCOB 10
CHX TIOp HE yAAJIOCh MOJYYHUTh OKOHYATEIBHBIX OTBETOB. HesicHo, Hampumep, Kakol U3 mexa-
HU3MOB Hauana pa3sutusi BCII mpeobnagaeT — BHYTpPEHHSSI HEYCTOMYMBOCTH CTPATOCHEPHOTO
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MOJIIPHOTO BHUXPS WIJIM BHEIIHEE BO30YKICHUE TUIAHETAPHBIMK BOJHAMU/BuUXpsamu. [lo Hamemy
MHEHUIO, Ha HEKOTOPBIE BOMIPOCH OTBET MOKET OBITh MOJIYYEH B paMKaX MPOCTON 0apOoTpOomHOH
JUBEPreHTHOW MOJAENN LUPKyJsuuu, pasBuBaeMoil B UC3®. Mozenb yuuThIBacT HEIUMHEIHbIE
niporiecchl, B-3dhdexT u quddy3uo0 B TOHKOM CI0€ KUAKOCTH, BHEIIHEE BO30YKICHHUE 3a/1aeTCs
C MTOMOIIBIO PACIIPECIICHHBIX UCTOYHUKOB 3aBUXPEHHOCTH. B paMKax TeCTHpOBaHUS MOJAEIH C
HU3KUM TPOCTPAHCTBEHHBIM pa3pellieHueM paccMOTpeHbl 3(PeKThl B3aUMOACUCTBUS CTPATO-
cepHOTO MOJIIPHOTO BUXPSI C KBAa3UCTAIMOHAPHBIM aHTHIIMKIOHOM HaJl CEBEPO-BOCTOKOM A3HHU
Y CEeBEPHOM YacThi0 TUXOro okeaHa U JOKAIbHBIMH HUKIOHHYECKUMH BO3MYIICHUSMHU.

Sudden stratospheric warming (SSW) is a significant event in the winter hemisphere. SSA
affects the weather conditions in the troposphere and processes in the ionosphere. A lot of infor-
mation about SSW dynamics and their manifestations at different levels of the atmosphere has
been accumulated, including with the use of the instrumental base of ISTP. SSW empirical mod-
els were developed, the dynamics of the SSW were reproduced in the models of general atmos-
pheric circulation. However, there are still no answers to some of the questions. For example,
which of the mechanisms for the beginning SSW prevails — the internal instability of the strato-
spheric polar vortex or external excitation by planetary waves/vortices. In our opinion, for some
questions the answers could be obtained from the barotropic divergent circulation model devel-
oped in the ISTP. The model takes into account the nonlinear processes processes, B-effect and
2D diffusion, external excitation is given by distributed sources of vorticity. We have considered
the effects of interaction of a stratospheric polar vortex with a quasi-stationary anticyclone over
northeast Asia and the northern part of the Pacific Ocean and local cyclonic disturbances in the
process of model validation with a low spatial resolution.

BOCCTAHOBJIEHUE BbICOTBI YPOBHS BOJJHON NOBEPXHOCTHU
1O JAHHBIM GNSS-PE®JIEKTOMETPUN

A.B. KapabieBa, A.M. I1anoxun

MockoBckuii rocygapcTBeHHbli yausepceurer uM. M.B. JlIomoHocoBa, MockBa, Poccust
karlyshevaAnzhela@gmail.com

ESTIMATION OF SEA LEVEL HEIGHT BASED
ON GNSS-REFLECTOMETRY DATA

A.V. Karlysheva, A.M. Padokhin

M.V. Lomonosov Moscow State University, Moscow, Russia

B pab6ore uccnenyrorcs metoasl GNSS-pedieKToOMeTpUr IS OTIPEACIICHUST YPOBHS BOJI-
HOW TIOBEPXHOCTH, OCHOBAHHBIC Ha UCIIOJIb30BaHUM (P (eKTa MHOTOIYUYEBOCTH, BOZHUKAIOIIECTO
MIPY OTPAKCHUH HABUTAIMOHHBIX CHUTHAJIOB OT BOJHOW MOBEPXHOCTH. DTOT IPPEKT MPUBOJUT K
MOSIBJIICHUIO MHTep(hepeHInH B JaHHbIX curHan/myMm (SNR), mpu sTom mapameTpsl uHTEphEepeH-
AU TIOJTHOCTBIO OIPEIEIISIOTCS UTMHON BOJHBI HABUTAIIMOHHOTO CHTHAIA U BBICOTOH (pa3oBoro
LIEHTpa aHTEHHBI HAJl OTpaXarollei MOBepXHOCThIO. B paboTe ucnonpzoBanuch nanueie SNR S1
u S2 nns nByx pabouux yactor cucteM GPS u ['NIOHACC. Ha nmpumepe psina cranmuii 1GS
mpoBenieHO cpaBHeHHE AaHHBIX GNSS-peduiekToMeTpun U TPaAULMOHHBIX MPUIUBHBIX U3MeEpe-
HUH, TOKa3aBIllee XOPOIIIee COTIache MOyIeHHBIX Pe3yIbTAaTOB.

In this work we study GNSS reflectometry methods in connection with the estimation of
sea level height. They are based on the effect of multipath propagation of GNSS signals reflected
from the water surface. It results in the interference pattern in the signal-to-noise ratio of GNSS
signals, which parameters are defined by the frequency of navigational signal and the height of
the antennas phase center above reflecting water surface. In this work, we used SNR S1 and S2
data for both working frequencies of GPS and GLONASS systems. We provide the comparison
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of GNSS-R sea level estimations with traditional tidal gauge measurements for several IGS sites
showing good agreement of both methods.

BOCCTAHOBJIEHUE XAPAKTEPUCTUK BHYTPEHHUX BOJIH
B CTPATOC®EPE 3EMJIN IO TAHHBIM AHAJIM3A
PAINO30HAOBBIX UBMEPEHUU

HU.A. Kupnyiosny, B.H. I'y6enko

WHCcTUTYT paanoTeXHUKH U 31eKTpoHUKH uM. B.A. Kotensnukosa PAH, ®@psasuno, Poccus
sabersecretmail@gmail.com

RESTORING THE INTERNAL WAVE CHARACTERISTICS IN THE EARTH’S
STRATOSPHERE BY USING AN ANALYSIS OF RADIOSONDE MEASUREMENTS

I.A. Kirillovich, V.N. Gubenko

Kotel’nikov Institute of Radioengineering and Electronics RAS, Fryazino, Russia

BuyTtpennue rpaButarnonasie BoHbI (BI'B) 3ameTHO BIUSAIOT Ha CTPYKTYpY W IUPKYJIS-
o arMocdepsl 3emau 6maronaps 3h(HEeKTHBHOMY MEPEHOCY SHEPIHMU U UMITYJIbCa C HIDKHUX
aTMOoc(epHbIX ypoBHEll Ha BepxHHe. [IocKonbKy BHYTpEHHHE BOJHBI SBISIOTCA XapaKTEpHOU
0COOEHHOCTBIO YCTOMUYMBO CTPaTU(UIIMPOBAHHON aTMoc(epsl, aHATOTHYHbIE 3()(HEKTH MOKHO
oxuiate B atMocdepax Benepsl u Mapca. [IpencraBieHsl pe3yabTaThl ONPEACICHUS XapaKTe-
puctuk uiaeHtuupoBanHbix BI'B, momayyeHHble Ha OCHOBE aHaIN3a BBICOKOTOYHBIX PaaHo-
30H70BBIX w3MepeHnii SPARC ckopoctw Betpa W Temmeparypbl B atmocdepe 3emun
[http://www.sparc.sunysb.edu]. OOcyxknaeTcsi MOJIE3HOCTh 30HAOBBIX HCCIIEIO0BAaHUNA BHYTpEH-
HUX BOJIH JUIS 3a7a4 paano3zatMeHHoro MoHutopuHra BI'B B atMocdepax mianer. Pabota BbI-
NOJIHEHA MpU YacTU4HOM moanepxke IlporpamMmel pyHnameHTanbHbIX uccienoBanuil 1.7 Ipe-
suanyma PAH.

Internal gravity waves (IGWs) significantly affect the structure and circulation of the
Earth’s atmosphere by an effective transporting the energy and momentum from the lower at-
mospheric levels upward. Since the internal waves are the characteristic feature of a stably strati-
fied atmosphere, similar effects can be expected in the Venusian and Martian atmospheres. The
results of determining the characteristics for identified IGWs in the Earth’s atmosphere found
from an analysis of the high-resolution radiosonde horizontal wind and temperature measure-
ments SPARC [http://www.sparc.sunysb.edu] are presented. The usefulness of radiosonde stud-
ies in conjunction with tasks of a radio occultation monitoring the IGWs in planetary atmos-
pheres is discussed. The work was carried out under partial support of the Fundamental Research
Program 1.7 of the RAS Presidium.

N3MEHEHUA 'NIPOMETEOPOJIOI'TYECKHUX XAPAKTEPUCTHUK
B TUXOOKEAHCKOM PEI'MOHE
B IEPUOJ KIINMMATHYECKOI'O CABUT' A 1976-1977

K.E. Kupnuenko, E.Il. besnoycosa, B.A. KoBanenko, C.U. MoJioabix

HuctutyT comredno-3emuoit puznkun CO PAH, UpkyTck, Poccust
kirichenko@iszf.irk.ru

CHANGES IN HYDROMETEOROLOGICAL CHARACTERISTICS
IN THE PACIFIC REGION DURING THE CLIMATIC SHIFT 1976-1977

K.Ye. Kirichenko, Ye.P. Belousova, V.A. Kovalenko, S.I. Molodykh
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[TpencraBneHs! 1 00CYXIAIOTCSI U3MEHEHUS XapaKTePUCTUK aTMOC(hepbl U OKeaHa (IOTOKH
TEeIUla Ha IpaHMIe pa3fesia OKeaH—aTMoc(epa, BETPOBOE HAIPsKEHHE, TeMIepaTypa MOBEpX-
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HOCTH OK€aHa W BO3/yXa HaJl HUM, Teriocoepxkanue okeana B cimoe 0-700 m) mist Tuxookean-
ckoro pernoHa CeBepHoro noiymapus B nepuoj knumatuueckoro casura (KC) 1976-1977 rr.
Ycranosneno, yto nocie KC Temnoconepkanue U Temreparypa BO3pOCiIM B BOCTOUHON 4acTu
Tuxoro okeaHa v yMEHBIIMINCH B 3aMagHOM. J[J1s1 TOTOKOB CKPBITOTO Terja U KOPOTKOBOJIHOBO-
ro n3nyudenus nocie KC Habnarogaercs ymMeHbII€HNE, B TO BpeMs Kak JJIsl IOTOKOB SIBHOTO TeIlIa
U JJIMHHOBOJIHOBOTO M3JIy4eHusi — Bo3pacTaHue. Iloka3aHo, yTo HauOOJbIINE U3MEHEHUS T10-
TOKOB TEIUIa HAOJIOJAIOTCS Ha HU3KUX IMUPOTax. PaccMaTpuBaloTCs MPUYMHHO-CIICICTBECHHBIC
CBSI3U M3MEHEHHMH MOTOKOB TEIUIa W BapHalMi TEMIEpaTypHbIX XapaKTEPUCTHK HCCIEAyeMOro
pernona. O0cyxnaeTcsi BO3MOXKHBIN CLEHApUN BIUSHUSA aTMOC(EPHBIX MPOLIECCOB HA BapHalllH
TEMIIEpaTyPHBIX XapaKTEPUCTUK Yepe3 BETPOBOE HANPSIKEHUE U UX B3aUMOCBS3b.

Changes in the characteristics of the atmosphere and the ocean (heat fluxes at the ocean-
atmosphere interface, wind stress, ocean surface and air temperature, ocean heat content in the
0-700 m layer) for the Pacific region of the Northern Hemisphere during the climatic shift (CS)
1976—1977 are presented and discussed. It was found that after the CS, the heat content and tem-
perature increased in the eastern part of the Pacific Ocean and decreased in the western part. The
flows of sensible heat and short-wave radiation after the CS decreased, while for the flows of
latent heat and long-wave radiation increased. It is shown that the greatest changes in heat fluxes
are observed at low latitudes. The cause-effect relationships of changes in heat fluxes and varia-
tions in the temperature characteristics of the investigation region are considered. A possible
scenario of the influence of atmospheric processes on the variation of temperature characteristics
through wind stress and their interrelation is discussed.

CO3JIAHUE MEPUJUOHAJIBHOM CETU HH®PAKPACHBIX CIIEKTPOTPA®OB

HU.N. Koarosckoii, II.II. AMmocos, I'.A. I'aBpuibeBa, A.M. AMmocoBa, B.U. CuBuena

UnctuTtyT KocModusnveckux uccnenosanuii u asponomun um. F0.I'. Illadepa CO PAH, Axyrck, Poccus
koltigor@mail.ru

SETTING UP A MERIDIONAL NETWORK OF INFRARED SPECTROGRAPHS
LI. Koltovskoi, P.P. Ammosov, G.A. Gavrilyeva, A.M. Ammosova, V.I. Sivtseva

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

C 2013 r. na ontuueckoii cranuun Maiimara (63° N, 129.5° E) Benercst mocTosiHHAs peru-
ctpanus nosioc ruapokcmwia OH(3.1) cnexrporpadom B manekoit mHPpakpacHOW 00JacTH
(oxomo 1.5 mxm). B cenTsabpe 2015 r. anHamoruuHbeiéi cnekrporpad ycraHoBieH B IlomsipHoit
reokocMmogusnueckoit oocepsatopun (I1I'0O) B moc. Tuxcu (71.6° N, 128.7° E). B nannoii pabo-
T€ TMPEJCTABICHO CPABHEHHE CE30HHOTO XOJa TeMIIepaTypbl Me30May3bl, U3MEPEHHOTO Ha JBYX
pa3HECEeHHBIX MO mupoTe cTaHuuAxX. ClrenaHbl TakKe NpeaBapUTEIbHbIE CPABHEHUS IO OTIENb-
HBIM HOuYaM (HO4YHOTO x0ja). [lo pe3ynpTatam cpaBHEHUs HAOIIOJAeTCsl OUEHB XOpOIlas Koppe-
JSIIAS MEXTY ABYMs cTaHIusAME (ko3 duument koppemnsiun 0.83).

Permanent registration of hydroxyl OH (3.1) bands is conducted in the optical station
Maimaga (63° N, 129.5° E) in the far infrared (1.5 micron) since 2013. In September 2015 a
similar spectrograph was installed at the station Polar Geocosmophysical Observatory (PGO) in
Tiksi (71.6° N, 128.7° E). This paper presents the comparison of seasonal variations of meso-
pause temperature measured at two spaced by latitude stations. Also preliminary comparisons are
made for some nights. According to the results of comparison, there is a very good correlation
between the temperatures measured in Maimaga and Tiksi (correlation coefficient 0.83).
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CE30HHBIE UBMEHEHM BHE3AIIHBIX ®A30BbIX AHOMAJIUH
OHY-CUTI'HAJIOB PAIMOCTAHIIMU ITPU PETHCTPALIUU B AKYTCKE

A.A. Kopcaxkos, B.!. Ko3zios, C.E. KoosixoBa

HHctuTyT KocMopu3ndeckux uccienoanuii u asponomun um. F0.I'. Illagepa CO PAH, Axytck, Poccus
korsakov84(@yandex.ru

SEASONAL CHANGES IN SUDDEN PHASE ANOMALIES
OF VLF RADIO STATION SIGNALS REGISTRATED IN YAKUTSK

A.A. Korsakov, V.I. Kozlov, S.E. Kobyakova
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

Bueszannas ¢azoBas anomanusi (BOA) B yCclmoBUSX OJHOMOIOBOTO PACIPOCTPAHEHUS pa-
muocurHaia OHY (3-30 k[') Xoporo onuckiBaeTcsl TUHEHHON (yHKIMEH OT norapudma mpo-
W3BEACHUSI WHTEHCUBHOCTU TMOTOKA pPeHTreHoBckoro uanydenus (0.1-0.8 HM) Ha KocHHYyC 3e-
HUTHOTO yria CoJsHIa, yCpeIHEHHOTO Ha OCBEUICHHOM YacTu paaunoTpacchl. Ha ocHOBe Herpe-
pBIBHO# peructpamnuu B T. SkyTtcke (62° N, 129.7° E) curnanoB HaBUTanimoOHHBIX cTaHuid Ho-
Bocubupck, Kpacuomap (14.9 xI'm) u Xabaposck (11.9 k') 3a 2009—2016 rr. orobpaHbl COOBI-
st BOA. C nmoMoIpo perpecCHOHHOTO aHAJIM3a OINPEIeNICHbl MapaMeTphbl JUHEUHOW MOAECITN
OTJENBHO JUIs JIETHUX U 3UMHHX yciaoBuil. CurHain ct. HoBocuObupck: HaKJIOH JTMHEHHOUW MOJIeNn
paBed 10 u 9.4, nayanbHOE cmerieHre paBHO 61.5 u 55.5 nmis 3uMBl U J€Ta COOTBETCTBEHHO.
Curnan ct. XabapoBck: HaKkJIOH paBeH 14.5 (3uma) u 8.9 (;iero), cmemienne paBHo 90.3 (3uma) u
55.1 (;mero). Curnan ct. KpacHomap (o6mamaer 6onbmmMu GiayKTyanusMu ¢Gasbl): HAKIOH paBeH
7 (3uma) u 7.5 (nero), cmemienue paBHo 44.1 (3uma) u 44.9 (neto). 3umoii HUXHSS HOHOC]epa
0oJsiee YyBCTBUTENbHA K BO3JCHCTBUIO COJTHEUHBIX BCIIBIIIEK.

Sudden phase anomalies (SPA) of the VLF radio signal (3—30 kHz) in single-mode propa-
gation is well described by a linear function of the logarithm of multiplication the X-ray flux in-
tensity (0.1-0.8 nm) and the cosine of the zenith angle of the Sun averaged over the illuminated
part of the propagation path. During 2009—2016 the SPA events are selected based on continuous
registration in Yakutsk (62° N, 129.7° E) signals of navigation stations Novosibirsk, Krasnodar
(14.9 kHz) and Khabarovsk (11.9 kHz). Based on the regression analysis, the parameters of the
linear model are determined for summer and winter. The signal Novosibirsk: the linear model
slope is 10 and 9.4, the initial offset is 61.5 and 55.5 for winter and summer respectively. Khaba-
rovsk signal: the slope is 14.5 (winter) and 8.9 (summer), the offset is 90.3 (winter) and 55.1
(summer). The signal Krasnodar (large phase fluctuations): the slope is 7 (winter) and 7.5 (sum-
mer), the offset is 44.1 (winter) and 44.9 (summer). In winter the lower ionosphere is more sensi-
tive to effects of solar flares.

BAHK TAPAMETPOB CIIEKTPAJIbHBIX JINHUM IBYOKHCH A30TA
JJIA MOHUTOPHHI'A 9TOI'O I'A3A B ATMOC®EPE
N B BBICOKOTEMIIEPATYPHBIX CPEJAX

A.A. JlykameBckas, H.H. JlappentbeBa, A.C. [lynapenok, B.U. [lepeBasioB

WuctutyT ontrku armocdepst uM. B.E. 3yea CO PAH, Tomck, Poccus
lukashevskaya@iao.ru

DATABASE OF PARAMETERS OF NITROGEN DIOXIDE SPECTRAL LINES
FOR MONITORING THIS GAS
IN THE ATMOSPHERE AND IN THE HIGH-TEMPERATURE ENVIRONMENTS

A.A. Lukashevskaya, N.N. Lavrentieva, A.C. Dudaryonok, V.I. Perevalov
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia
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B pabote mpencrasnen cnucok juHHA NO, Ha OCHOBE TJI00ATBHOTO MOJEITUPOBAHMS
CIIEKTPOB BBICOKOT'O Pa3peIIeHus] 3TOW MOJIEKYJbl B paMKax MeTosa 3()(EeKTUBHBIX ONEepaTopoB
C MCIIOJIb30BaHUEM TOJIHATHON MoAenH 3()(HEeKTHBHOTO TaMUIbTOHHAHA.

bank nansbix pa3meniex Ha caiite MOA CO PAH [ftp://ftp.iao.ru/pub/NDDB] u conepxut
CIIEAYIOUINE CIEKTPaJbHBIC IMapaMeTphl: MOJOXKECHUE JTHHUU, MHTEHCHUBHOCTD JIMHHUU, DHEPTHUS
HIDKHETO COCTOsIHUSA, Ko3(duumenTsl camoymmpenus. bank npenHazHadeH A BBICOKOTEMIIe-
paTypHBIX MPUIOKEHUH BILIOTH 10 Temreparypbl 7=900 K. Co3nanHblii OaHK TaHHBIX BKJIIOYA-
eT B ce0s1 6onee | MUIUIMOHA KosleOaTeabHO-BPAIIATEIbHBIX IEPEX0/10B, KOTOPBIE PACTIONOKEHbBI
B CIICKTPAIBHOM JuarnasoHe 466-3374 cM . OTceuka 110 BeIMYHHE HHTCHCHBHOCTH JIMHHI ObLIa
BbIOpaHa paBHOI 107 cMm/Monekyna npu temmnepatype 7=1000 K.

The high temperature line list of NO,, which is based on global modeling of high resolu-
tion spectra of this molecule performed within the framework of the effective operators method
using polyad model of effective Hamiltonian is presented.

Presented data bank is allocated on the web site of V.E. Zuev Institute of Atmospheric Op-
tics SB RAS on the address [ftp://ftp.iao.ru/pub/NDDB]. The line list contains the following line
parameters: line position, line intensity, energy of lower state and self-broadening coefficient.
The data bank is designed for temperature up to 900 K. This database includes more than 1 vi-
bration-rotation transitions, which is located in the 466-3374 cm ' spectral rang. It is generated
using intensity cut off 10> cm/molecule at 1000 K.

CPABHEHUE PE3YJIbTATOB
JTUCTAHIUOHHBIX CHEKTPO®OTOMETPUYECKHNX N3MEPEHMUII O3, NO,
U ADPO30.J1bHOI ONNTUYECKOI TOJIIM C JAHHBIMHA CIIY THUKOBBIX
U PAJUO30HOBBIX UBMEPEHUIA

A.Il. MakeeB, O.E. ba:xxenos, B.J1. BypnaROBT, M.B. FpnmaeBT,

FO.B. I'puaues, C.U. Joaruii, A.B. HeB3opos

HucturyT ontukm atMmocdeps! uM. B.E. 3yesa CO PAH, Tomck, Poccus
map@iao.ru

COMPARISON OF REMOTE SPECTROPHOTOMETRIC MEASUREMENTS
OF 03, NO; AND STRATOSPHERIC AEROSOL WITH DATA OF SATELLITE
AND RADIOSONDE MEASUREMENTS

A.P. Makeev, O.E. Bazhenov, V.D. BurlakovT, M.V. Grishaev*,
Yu.V. Gridnev, S.I. Dolgii, A.V. Nevzorov

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

B noknazne npuBOaATCS pe3yNbTaThl JUCTAHIIMOHHBIX CIIEKTPOPOTOMETPHUECKUX U3MEpe-
HUN OOIIEro cojaepaHus O30HAa W JABYOKHCH a30Ta, MoyiydeHHble Ha CHOMPCKON JHaapHOM
cranuuu Uucturyra ontuku atmocgepsl uMm. B.E. 3yea CO PAH, B cpaBHeHUU ¢ pe3ysbTaTa-
MU aHaJOTMYHBIX CITyTHUKOBBIX U3MEPEHUH.

HazemHble m3aMepeHusi o0IIero colaepkKaHHs O30HA MPOBOAMIMCH 030HOMEeTpoM M-124,
nu3MepeHus cozaepkanusi NO, BBINOJIHSAINCH aBTOMaTU3HMPOBAHHBIM CIIEKTPO(OTOMETPOM. DTH
U3MEpPEHUs CPABHUBAIOTCS C JAHHBIMU PAJIMO30HIOBBIX U CIIyTHUKOBBIX U3MepeHuil. CryTHUKO-
BbI€ U3MEPEHUS OCYIIECTBIsAOTCS annapatypoid TOMS u [ASI.

The report contains results of remote spectrophotometric measurements of the total ozone and
nitrogen dioxide contents, obtained at the Siberian Lidar Station of V.E. Zuev Institute of Atmos-
pheric Optics, SB RAS in comparison with the results of analogous satellite measurements.

The ground-based measurements of the total ozone were conducted with M-124 ozonome-
ter; and the measurements of the NO, content are carried out with automatic spectrophotometer.
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These measurements are compared with data of radiosonde and satellite measurements. The sat-
ellite measurements are performed by the TOMS and IASI instrumentation.

MOAEPHM3AIUA HEPEJAIOINETI'O U TIPUEMHOI'O OBOPYJTOBAHUA
CETHU JIUYM-30HANPOBAHMUSA

A.A. Haymenko, A.B. IloajecHbIi

UnctuTyT conneuno-zemuoit puzuku CO PAH, Upkytck, Poccus
naym@iszf.irk.ru

MODERNIZATION OF TRANSMITTING AND RECEIVING FACILITIES
OF THE CHIRP SOUNDING NETWORK

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

B nanHoili pabore paccmoTpeH mpouecc MoaepHuzauuu cetu JIYM-noHO30HI0B, IpoBe-
neHHbld B 20152017 rr. ['maBHO# 1enpi0 MOAEPHU3AUU ObLIO MOBBIINICHUE HAIEKHOCTH 000-
pyZnoBaHus Ajs o0ecneuyeHrs HENPEPBhIBHBIX U3MEPEHUHN Ha TpaccaxX HaKJIOHHOTO M BEPTHKaJb-
Horo JIYM-3zonnupoBanus. PaccMOTpeHBl KOHCTPYKLMM MEPENAOIMX M MPUEMHBIX KOM-
IUIEKCOB. Ba)KHOM 4acThI0 MOACPHHU3ALMHU CTAJO MPOECKTUPOBAHHUE U CO3JAaHUE HOBOI'O I'E€HEpa-
topa JIYM-curnana, o npuuMHe CHATHUS C IPOU3BOJCTBA UCIIOJIB3YEMBIX paHee IUIaT. XapakTe-
PUCTHKH MOJYYEHHOT'O I'eHepaTopa TaKKe IMpeJcTaBiIeHbl B padoTe. B mpouecce MmoaepHu3anuu
BO BCeX NMpHEeMHBIX U nepenatomux nyHkrax (Topel, Yconse, Hopunbsck, Maragan, Xa6apoBck)
OBUTH YCTaHOBJICHBI HOBBIE KOMITJIEKTHI 000PYAOBaHMUSL.

In this paper, the process of upgrading the network of chirp ionosondes, conducted in
2015-2017, is considered. The main purpose of the modernization was to increase the reliability
of equipment, to provide continuous measurements on the beams of oblique and vertical chirp
sounding. The designs of transmitting and receiving complexes are considered. An important
part of the modernization was the design and creation of a new LFM signal generator, due to the
phasing out of the previously used boards. The characteristics of the generator obtained are also
presented in the paper. In the process of modernization, new complexes of equipment were in-
stalled in all receiving and transmitting points (Tory, Usolye, Norilsk, Magadan, Khabarovsk).

OCOBEHHOCTH COCTOSIHHA O30HOBOTI'O CJ105A
B APKTHUKE 3UMOH 1 BECHOMU 2016-2017 rr.

ML.II. Huxkudgoposa

Kpeimckuii henepanbublil yauBepcutet uM. B.M. Bepaanckoro, CeBactonois, Poccus
nikiforovamp@yandex.ru

SPECIFICITY OF THE OZONE LAYER STATE OVER ARCTIC
DURING WINTER AND SPRING OF 2016-2017

M.P. Nikiforova
V.I. Vernadsky Crimean Federal University, Sevastopol, Russia

B pabGorte paccMOTpeHBI OCHOBHBIE OCOOCHHOCTH HM3MEHUYHMBOCTH OOIIETO COACpP)KAHUS
o30Ha (OCO) B Apkruke 3uMoii—BecHol 20162017 rr. [Ipoananu3upoBan X041 METEOPOIOruye-
CKHX 3JIEMEHTOB U XapaKTEPUCTUK CTpaTOC(epHOro BUXPs, MOKA3aHbl UX B3aUMOCBSI3U C COCTO-
STHUEM O030HOBOTO ciios. [IpoBeneHo cpaBHEHUE ¢ MPEABIAYIIMMU TO1aMH, B YACTHOCTH C CE30HOM
20152016 rr., moKa3aBIIMM TPETHH 3a BCIO MCTOPUIO HAONIOACHUN pE3yibTaT XUMHUYECKOTO
pa3pyuieHus 030Ha. Ocoboe BHUMaHUE yaeneHo ocobeHHoCTsIM n3menennit OCO Haj Tepputo-
pueit Poccun.
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The report discusses the main features of the variability of the total ozone content (TOC)
over Arctic during winter-spring 2016—2017. Dynamics of meteorological elements and strato-
spheric vortex are analyzed, showing their relationship with the state of the ozone layer. The
ozone layer features of previous years are compared particularly with the season 2015-2016,
which showed the third result of ozone chemical destruction since ozone monitoring era. Special
attention is paid to the specificity of TOC changes over the Russian territory.

HOJIAAPU3AITNOHHBIE XAPAKTEPUCTUKH KHY/CHY-BOJIH,
HABJIOJAEMBIX BO BHEIIITHEHA HOHOC®EPE
ITPHU BO3JEUCTBUU MOIIIHBIM HA3EMHBIM KB-PA/IMOU3JTYYEHUEM

A.O. Ps0oB

Huxeroponckuit rocynapctBenHsiit yausepeuteT uM. H.W. Jlo6aueBckoro, Huwxuuit HoBropoa, Poccus
sanches-best@yandex.ru

POLARIZATION CHARACTERISTICS OF ELF/VLF WAVES OBSERVED
IN THE OUTER IONOSPHERE UNDER THE INFLUENCE
OF POWERFUL GROUND-BASED SHORTWAVE RADIATION

A.O. Ryabov
Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia

Jnst uccnenoBaHUs  TMOJSIPU3AIMOHHBIX XapaKTEPUCTUK U (DU3WYECKOM MPUPOJIBI
KHY/CHY-BonH, HabmarogaeMbix B HOHOc(hepe MpH HArpeBe OKOJIO3EMHOM IIa3Mbl MOIIHBIM
KB-panunownsinydyeHreM, UCHOIb30BaH METOJl CHHIYJSIPHOTO pasiiokeHus. lIpeacraBiieHHbie B
paboTe pe3ynbTaThl SKCIIEPUMEHTOB MOIY4YEHBI Ha CPEIHEIIUPOTHOM HarpeBHOM cTeHnae «Cypay.
Hcnonp3oBanbl JaHHBIC, 3a(UKCUPOBAHHBIC OOPTOBOM ammapaTypoil HCKYCCTBEHHOTO CITyTHUKA
3emnu DEMETER. Ha ocHOBe clieKTpalIbHBIX XapakTepUCTUK HAOMIOAAeMbIX M3ITY4YEHHH pea-
JM30BaH METOJ OLIEHKM MOHHOT'O COCTaBa OKOJIO3EMHOH IIa3Mbl. MeTon BepuHUIMPOBAaH MO
pe3ylibTaTaM HaTyPHBIX U3MEPEHUN Ha BHICOTAX BHEIIHEH HOHOC(HEPHI 3eMITH.

For studying the polarization characteristics and the physical nature of the ELF/VLF waves
observed in the ionosphere during heating the near-earth plasma powerful HF radio emission we
used the method of singular value decomposition. The experimental results obtained in mid-
latitude heating the stand “Sura”. Used data recorded by onboard equipment of artificial Earth
satellite DEMETER. Based on the spectral characteristics of the observed radiation is imple-
mented a method of assessing the ionic composition of the near-Earth plasma. The method has
been verified against field measurements at altitudes of the topside ionosphere.

HCCJIEJOBAHUE TIPOCTPAHCTBEHHO-BPEMEHHBIX XAPAKTEPUCTHK
NOHOC®EPHbLIX HEOJHOPOJHOCTEH
IIPU IOMOIIA TPEXBA3HOM CETH IPUEMHUKOB THCC

N.A. PaxoBckuii, b.I'. I'aspuiios, 10.U. 3enep, A.H. JIaxos, 10.B. Ilokaan, C.3. bekkep

WuctutyT nuaamuku reocep PAH, Mocksa, Poccus
Ryakhovskiy88@yandex.ru

SPACE-TIME CHARACTERISTICS OF IONOSPHERIC IRREGULARITIES
USING TRIPLE-BASE GNSS RECEIVERS

L.A. Ryakhovsky, B.G. Gavrilov, Yu.l. Zetzer, A.N. Lyakhov, Y.V. Poklad, S.Z. Bekker
Institute of Geosphere Dynamics RAS, Moscow, Russia

[To coBpeMeHHBIM IpeCTaBIeHUsIM Ha TOUHOCTh no3unionuposanus ' HCC naubonbiiee
BJIMSTHUE OKa3bIBAIOT MOHOC(HEPHBIC HEOHOPOIHOCTH C XapaKTepHBIMU pazmepamu oT 100 m
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70 HECKOJBbKHMX KUJIOMETpOB. Pa3zpaboTaHHas HaMM METOJMKA, HUCIOJIB3YIOLIAas MPOCTPaH-
cTBeHHO-pa3HeceHHble pueMHukn 'HCC Ha Tpex 6a3zax ot 250 M 10 80 kKM, mO3BOJISIET HC-
CJIEI0BATh NPOCTPAHCTBEHHO-BPEMEHHOE PACIpeesICHHE JIOKAJIbHBIX HOHOC(EPHBIX HEOHO-
pPOIHOCTEN B cpeAHempoTHOW noHocdepe. [IpencTaBneHs! pe3yabTarsl 11 Oypu B HOHOC(hepe
17 mapra 2015 1.

Up to date the ionospheric irregularities scaled from 100 m to several kilometers provide
the major impact on GNSS precision. Our technique use spatially distributed GNSS receivers on
bases varying from 250 m to 80 km and it allows us to study the spatiotemporal features of tran-
sient ionospheric irregularities in the midlatitude ionosphere. The results under ionospheric
storm 17 March 2015 are presented.

HCCJEIOBAHUE CBSI3U BAPUAIIMI KOHIIEHTPAIIUM O30HA
N IMOBTOPAEMOCTU ATMOC®EPHOI'O BJIOKUPOBAHUA
B IIPU3EMHOM CJIOE TPOIIOC®EPHI 3AITATHON CUBUPH

JLLE. CaBkuH, O.FO. Auroxuna, b.Jl. beaan, I'.H. Toimauén

HuctutyT ontuku atMocdepsl uM. B.E. 3yea CO PAH, Tomck, Poccust
densavkin88@rambler.ru

INVESTIGATION OF THE RELATION BETWEEN OZONE CONCENTRATION
VARIATIONS AND THE FREQUENCY OF ATMOSPHERIC BLOCKING
IN THE SURFACE LAYER OF THE TROPOSPHERE OF WESTERN SIBERIA

D.E. Savkin, O.Yu. Antokhina, B.D. Belan, G.N. Tolmachev
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

B nanHo#t paboTe MCIONB30BaHbl JaHHBIE U3MEPEHUI KOHLIEHTPAI[MK 030HAa U TeMIlepaTy-
pel B ipu3eMHOM ciioe Tpornocdepsl Ha TOR-cranium 3a 1993-2016 rr., a Takke naHHbIE pea-
Hanmuza ERA-Interim o BbicoTe reonotennuanbHoi nmoBepxHoctu 500 rlla. B kauectBe 00BeK-
TUBHOTO KpHUTEpHs OJIOKUpOBaHHSA B paboTe HMCIONb30BaH Kputepuil Tubampam u MonbTeHH.
PaccunTansl ko3 dunmenTsl koppensuuu Bapuanuii o3oHa (Os), MpU3eMHOI TemmepaTypsl U
uHaekca Onokuposanus (BI). B 3aBucumoctu oT moBTOp€MOCTH OJIOKMPOBAHUS Ui UCCIELye-
Moro paiioHa ko3¢ ¢urment koppensauuu Bl u Os; Bappupyercst B 04eHb IUPOKUX MpeJienax.

In this work, data of measurements of ozone concentration and temperature in the surface
layer of the troposphere carried out on the TOR station for 1993-2016, as well as ERA-Interim
reanalysis data on the height of the geopotential surface 500 hPa are used. As an objective crite-
rion for blocking, the Tibaldi and Molteni criterion was used. Correlation coefficients for varia-
tions in ozone (Os3), surface temperature and the blocking index (BI) were calculated. Depending
on the repeatability of the blocking for the area under investigation, the correlation coefficient BI
and Oj varies within very wide limits.

BJIMSTHUE BUHBETUPOBAHUS BXOJHOM AITEPTYPBI TEJTECKOIIA
HA OLIUBKY BOCCTAHOBJIEHHS BOJTHOBOI'O ®POHTA
B AJAIITUBHOU OITUYECKON CUCTEME
BOJIBIIIOT'O COJTHEYHOI'O BAKYMHOI'O TEJIECKOITA

E.JI. Coun, E.A. KonbL10B

WuctutyT ontuku atmocdeps! uM. B.E. 3yea CO PAH, Tomck, Poccust
Egorsh@vtomske.ru
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THE INFLUENCE OF THE VIGNETTING OF THE ENTRANCE APERTURE
ON THE ERROR IN WAVE FRONT RECONSTRUCTION
IN ADAPTIVE OPTICAL SYSTEM OF LARGE SOLAR VACUUM TELESCOPE

E.L. Soin, E.A. Kopylov
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

Ha panee nmomy4eHHBIX 3KCIIEPUMEHTAIBHBIX TAHHBIX B BUJIE TOCJIEOBATEIBHOCTH KaIpOB
C Kamepbl JaTtyuka BosiHOBoro ¢ponrta lllska—IapTMana mpoBeneHO HCCIEeIOBaHHE MCKYC-
CTBEHHOTO BHHBETHUPOBAHMS MAaTpUIBl cyOamepTyp JAaTdyMka BosiHOBOrO (poHTa Illska—
laptmana pasmepHocThIO 8X8 M 12X12 Ha TOYHOCTH BOCCTAHOBJIEHHS BOJHOBOTO ()POHTA BO
Bpemst paOoThl nartumka. [lokazaHo, 4yTO NpU BUHBETUPOBAHHM 3padka Teneckoma ao 70 %
omuOKa BOCCTAHOBJICHHsI BOJIHOBOTO (DpoHTA HE MpeBhImIaeT Beauuuny A/4 (A=535 um). OmHako
3aMEYEHO, YTO BEJIMYMHA OMIMOKU CHJIBHO 3aBUCUT OT KOH(Uryparuu objactu nepekpoitui. B
paboTe mpuBeIeHbI IPUMEPhl BPEMEHHOM pa3BepTKU MEPBbIX ceMU MOIMHOMOB LlepHuke (mocie
HakiIo0HOB) U npeacraBieHbl CKO BoaHOBOro (poHTa B pa3iMyHBIX YCIOBUSAX YHUCIEHHOTO JKC-
MEepUMEHTA.

On previously obtained experimental data, in the form of a sequence of frames from the
camera of the wavefront sensor a Shack—Hartmann, the study of artificial vignetting matrix
subaperture wavefront sensor the Shack—Hartmann dimension of 8x8 and 12x12, the accuracy
of the restored wave front during operation of the sensor. It is shown that vignetting of the pupil
of the telescope up to 70 % error in the wave front reconstruction does not exceed the value A/4
(A=535 nm.). However, it is noticed that the magnitude of the error strongly affects the configu-
ration of region of parkrite. The paper presents examples of time-base the first seven Zernike
polynomials (after bending) under various conditions of the numerical experiment and presents
the results of RMS of the wave front in different conditions of the numerical experiment.

OCOBEHHOCTHU PACHIPEJAEJIEHUSA PASMEPOB ADPO30JIbHBIX YACTHI]
B ATMOC®EPE YJIAH-Y /9

WL.I1. CynrpanoBa, A.C. 3asaxanos, I'.C. ’KamcyeBa, B.B. LIpi1b1m0B

WnucturyT Qusudeckoro marepuanosenenuss CO PAH, Ynan-Y mp, Poccust
kopal41192@mail.ru

FEATURES OF AEROSOL NUMBER SIZE DISTRIBUTION IN ULAN-UDE
L.P. Sungrapova, A.S. Zayakhanov, G.S. Zhamsueva, V.V. Tsydypov
Institute of Physical Material Science SB RAS, Ulan-Ude, Russia

B pabore mpencrtaBiieHbl pe3yNbTaThl SKCIEPUMEHTAIBHBIX HCCIEIOBAHUA MEIKOANC-
MepcHOM (ppakuuu a’dpo30J1s Uil pa3InYHBIX MO0 XapaKTEPHBIM 3HAUEHUSIM KOHLIEHTPALUNA peru-
OHOB: B LIEHTPE MPOMBIIUICHHOTO T. YIIaH-Y 3 U NpUOpexHOoi Tepputopuu 03. baiikan. Briss-
JIEHO, YTO XapakTep CyTOYHOI'O XO0Ja a’pO30JIbHBIX YACTHIl B FOPOJAE COBIAJAET C CYTOYHBIMU
M3MEHEHHUSIMHU OOILEro COAEPKaHUs a’dpo30Jis B MPU3EMHOM CJI0€ BOKpYT 03. baiikain, yBenuue-
HUE€ CUETHOW KOHIEHTPALMU YaCTHUL IPOUCXOJUT B JTHEBHBIC U BEUEPHHUE Yachl. B MUKOBBIN Ie-
puon moxapoB (2015-2016 rr.) B Balikanbckom pernoHe HaOII01a7I0Ch TOBBIIIICHHOE COIEepKa-
HHUE YaCTHUI] CyOMUKPOHHOH (hpaKIIuH.

The paper presents the experimental results of ultrafine acrosols for different regions of the
characteristic values of the concentrations: in Ulan-Ude and the region of Lake Baikal. It was
revealed that the nature of the diurnal variation of aerosol particles in urban air coincides with
daily changes of total number concentration aerosol of Lake Baikal. The elevated concentrations
of ultrafine particle aerosols in daily course of the total number concentration are observed in the
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daytime and evening hours. The elevated content of submicron particle fraction in Baikal region
are observed during the peak period of fires (2015-2016).

BAPUALIUHN U3JTYHEHHS BBICOKO- U CPEﬂHEMHPOTﬁOﬁ BEPXHEM
ATMOC®EPHBI B IEPUO/AbI BBICOKOU TEOMAT'HUTHOUN AKTUBHOCTHU

T.E. CuipenoBa, A.b. beaenxmnii, M.A. Tammaunn, A.B. Muxanés, C.B. IlogjaecHbIi

UnctuTyT conmneuno-zemuoit ¢puzuku CO PAH, Upkytck, Poccus
angata@mail.iszf.irk.ru

VARIATIONS IN THE RADIATION OF THE HIGH AND MID-LATITUDE UPPER
ATMOSPHERE DURING PERIODS OF HIGH GEOMAGNETIC ACTIVITY

T.E. Syrenova, A.B. Beletsky, M.A. Tashchilin, A.V. Mikhalev, S.V. Podlesny
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

Baxnoil 3amadeil sBISETCS M3YyUYEHHE MPOIIECCOB I€HEpAlMM U PAcHpOCTpPaHEHUs] MOHO-
cepHBIX BO3MYIICHUH pa3auuHbIX MacmTaboB. KoHdurypamms onTudeckux HMHCTPYMEHTOB
NC3® CO PAH no3BossieT HaOmoAaTh MPOoIecchl POPMHUPOBAHUS BO3MYIIICHUSI B aBPOPATIbHON
oOmactu aTMoc(epbl a3UaTCKOTO JOJITOTHOTO CeKTopa (CT. «VICTOK») U ero pacripocTpaHeHUs B
cpennue mupotel (I'@O, c. Topel). B pabore mpuBeneHbl Bapualluu HU3JIy4EHHS BBICOKO- U
CPeIHENIMPOTHOM BepxHEll aTMOocdhephl B IEPUOIbI BBICOKOM r€OMarHUTHOW aKTUBHOCTH.

An important task is to study the processes of generation and propagation of ionospheric
disturbances of various scales. The configuration of the optical instruments of the ISTP SB RAS
makes it possible to observe the process of the perturbation formation in the auroral area of the
atmosphere of the Asian longitude sector (Istok Station), its distribution to medium latitudes
(GFO, Tori settlement). The work presents variations in the radiation of the high and mid-
latitude upper atmosphere during periods of high geomagnetic activity.

MNPEJABAPUTEJBHBIE PE3YJbTATHI PETUCTPAIIMA DMUCCHUI
ABPOPAJIBHON ATMOC®EPBI HINPOKOYTI'OJIbHBIMUA KAMEPAMM
BCEI'O HEBA HA CTAHIIUH «MCTOK»

M.A. Tamuaun, A.B. Beaenkuii

HuctutyT comredno-3emuoit puzukun CO PAH, UpkyTck, Poccust
miketash@iszf.irk.ru

PRELIMINARY RESULTS OF THE AURORAL ATMOSPHERE REGISTRATION
BY WIDE-ANGLE ALL-SKY-CAMERAS AT ISTOK STATION

ML.A. Tashchilin, A.B. Beletsky
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B 2013 r. 6bu1M BO30OHOBIIEHBI HCCIEAOBaHMS, B TOM YHCIE ONTHUYECKUMH METOJaMH,
BepxHeil aTMocdepbl 1 noHocheps! 3eMin Ha BBICOKOMMPOTHOH cranimu «Mcrox» NC3® CO
PAH (70° N, 88° E). B pabote naetcst onricanne KOMILUIEKCa ONTUYECKUX UHCTPYMEHTOB, yCTa-
HOBJICHHBIX Ha CT. «McTok», mo coctostHuio Ha amnpens 2017 1. [IpuBoasTcs npeaBapUTeIIbHBIC
pEe3yJIbTaThl UCCIIEAOBAHUS BapualMii N3Ty4eHUs: aTMOC(EPBI B SMUCCHUAX MOJIEKYJISIPHOTO a30Ta
(427.8 HM) u atromapsHoro kuciopona (557.7 u 630 HM), MoMydeHHbIE C MOMOILBIO IIUPOKO-
YTOJNBHBIX Kamep Bcero Heba 3a mepuon 2013-2017 rr. [IpuBoasrcs Mopdoiaorudeckue xapak-
TEPUCTUKH MOJISIPHBIX CUSHUI, MOTyUYEHHBIE 3a 3TOT Mepro. PaboTa BbIOIHEHA IPU MOAEPK-
ke rpanta PO®DU Ne 17-05-00492.
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There were renewed research of the upper atmosphere, ionosphere and magnetosphere of
the Earth at the Istok ISTP High-Latitude Station (70° N, 88° E) in 2013. The paper describes the
complex of optical instruments installed at the Istok station as of April 2017. The preliminary
results of a study of atmospheric emission variations in molecular nitrogen (427.8 nm) and atom-
ic oxygen (557.7 and 630 nm) are given. The results obtained with the help of wide-angle cam-
eras of the entire sky for the period 2013-2017. The morphological characteristics of aurorae are
obtained for the period 2013-2017. This study was supported by the Grant of the Russian Scien-
tific Foundation Project No. 17-05-00492.

JINJAPHBIE UCCJIEJOBAHUS CPEJHEN ATMOC®EPHI B IKYTUH
C.B. Tutos, C.B. HukojgamkuH

HHcTuTyT KOcMOom3ndeckux uccienopanmii u asponomun uM. 10.I'. [lladpepa CO PAH, fxyrck, Poccus
stitov@ikfia.ysn.ru

LIDAR RESEARCH INTO THE MIDDLE ATMOSPHERE IN YAKUTIA

S.V. Titov, S.V. Nikolashkin
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

B craree npencrtaBieHbl OCHOBHBIE XapaKTEPUCTHKU M ONUCaHUE SIKyTCKOro Juaapa, a
TaKXXe MOJTy4YEeHHbIE Ha HEM JaHHbIE 10 KOA(PPHUIHUEHTY a3p0O30JIbHOTO paccesiHus R U Temmepa-
Type atmocdepHoro cios (25-60 km) ¢ 2005 o 2016 1. Mccnenyercst moBeeHne TeMIepaTyphbl
cTpaTocdepbl BO BpeMs BHe3alHbIX cTpaTtocdepHbix notemienuit (BCII), HabmogaBmmxcs B siH-
Bape—Qenpaine Hag SkyrckoM. [l aHamm3a ObUTM TIPUBIICYCHBI JaHHBIE CO ciryTHUKAa MLS Aura.
PaccmarpuBarotes ocoOeHHOCTH opmupoBanus U pacnana BCIL. B pesynbrate anamusza kod3d-
(UIIMEHTOB a3pP030JLHOTO paccesHus B HOUb ¢ 20 Ha 21 deBpans 2013 r. Ob11 0OHAPYKEH adpO-
30JIbHBIN CJIOM HA BBICOTE MPUMEPHO 39.5 KM, KOTOPBINA HaOMIoAaNCs npuMepHo 1.5 4, TonmuHa
a’p0o30JIbHOTO c104 coctaBmia 500 M. AHanu3 KapT TPAEKTOPHUM BO3AYILIHBIX Macc i Aat ¢ 15
o 28 ¢eBpais, BeIMOTHEHHBIN B KpacHosipckoM yHuBepcutere Ans ypoBHedt oT 30 g0 42 kM ¢
marom 0.25 KM 1o BbICOTE, MOKa3aJ, YTO PETUCTPUPYEMBIN a3pO30JbHBIM €O OBbLIT BbI3BaH
IPOXOXKIeHHEM Oonna B aTMocdepe B paiione YensOnHCKa.

The main characteristics and description of the Yakut lidar, as well as the data on the aero-
sol scattering coefficient R and the atmospheric layer temperature (25-60 km) from 2005 to
2016 are presented in this article. The behavior of the temperature of the stratosphere, during the
sudden stratospheric warming (SSW), observed in January—February over the Yakutsk, is in-
vestigated. Data were analyzed using MLS Aura satellite for analysis. The features of the for-
mation and decay of the SSW are considered. As a result of the analysis of aerosol scattering co-
efficients on the night of 20 to 21 February 2013, an aerosol layer at an altitude of about 39.5 km
was invastigate which was observed for approximately 1.5 hours, the thickness of the aerosol
layer was 500 m. Analysis of air mass trajectory maps for dates from February 15 to 28, per-
formed at the Krasnoyarsk University for levels from 30 to 42 km, in 0.25 km increments in
height, showed that the detected aerosol layer was caused by the passage of a fireball in the at-
mosphere in the Chelyabinsk region.

PEI'ICTPALIIMA OIITUYECKHUX BCIIBIIHEK B ATMOC®EPE 3EMJIN
B CPEJHUX HIMPOTAX C IOMOLbBIO IT3C-®POTOMETPA

N.J. Tkaués, P.B. BacuabeB, A.B. Muxanés, C.B. Iloanecnbiii, A.I'. CeToB

WuctutyT comneuHo-3emuoi puszuku CO PAH, Upkytck, Poccus
tid007@mail.iszf.irk.ru
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REGISTRATION OF OPTICAL FLASHES IN THE EARTH’S ATMOSPHERE
AT MIDDLE LATITUDES BY CCD PHOTOMETER

L.D. Tkachev, R.V. Vasilyev, A.V. Mikhalev, S.V. Podlesny, A.G. Setov
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

B pabote mpencraBieHsl pe3ynbpTaThl HaOMIOACHUA HOYHOTO HeOa mo maHHbIM [13C-doTo-
MeTpa 3a epuos ¢ nexkadps 2016 r. mo mait 2017 r. OcHOBHOI 3a7auell HCCIETOBAHUS SBIISCTCS
orpezieNieHue BO3MOXKHOCTEH Kamepbl Mo (UKCAIUU OBICTPHIX ONTHYECKHX BCIIBIIMIEK, HCKYC-
cTBeHHBIX cmyTHUKOB 3emiu (MC3) u meTeopHbIx 60mm10B. OnricaH aBTOMaTHYECKUN aTOPUTM
BbIJIETICHUS KaJpa co BCIBILKON. [Ipennoskenpl aBTOMAaTUYECKUE ajJrOpPUTMbI BbIICIEHUS Kaj-
poB, coxepxamux MC3 u meteopHbie 60muabl. Ha ocHOBe mepBUYHOI 0a3bl JAHHBIX BCIIBIIIEK
IPOBEJEH CTAaTUCTHUECKUN aHalu3 pe3yJsbTaToB. [lomyueHsl pacrpeneneHusl BCHBIIIEK M0 aM-
IUTUTY1aM, TI0 BPEMEHU CYTOK.

The paper presents the results of night sky observations based on the CCD photometer data
for the period from December 2016 to February 2017. The main objective of the study is to de-
termine the camera's capabilities for fixing fast optical flashes, artificial Earth satellites and me-
teor bolides. An automatic algorithm for selecting a frame with a flash is described. Automated
algorithms for extracting frames containing satellites and meteor bolides are proposed. Based on
the primary flash database, a statistical analysis of the results was carried out. Flashes distribu-
tions by amplitudes, by the time of day are obtained.

CE30HHBIE BAPHAIIUA ATMOC®EPHBIX ADPO30JIEN
U YTAPHOI'O I'A3A B I'OJIbI C PA3JIMYHBIM YPOBHEM JIECOIOKAPHOM
AKTABHOCTH B MEP3JIOTHOM PETMOHE BOCTOUYHOM CUBUPH

O.A. Tommnn, B.C. Co10BLEB

HucTtutyT KOcMou3ndeckux uccienoBanuii u asponomun uM. F0.I". [llagepa CO PAH, Sxytck, Poccus
tomshinoa@gmail.com

SEASONAL VARIATIONS OF ATMOSPHERIC AEROSOLS
AND CO DURING YEARS OF DIFFERENT LEVELS
OF WILDFIRE ACTIVITY IN EASTERN SIBERIA

O.A. Tomshin, V.S. Solovyev
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

[IpencraBieHbl pe3yabTaThl UCCIIECTOBAHUS JUHAMUKH JIECHBIX TI0KApOB B OOpEaTbHBIX Jie-
cax Sxytuu (Bocrounas Cubups) 3a 2001-2016 rr. IIpoBeneHo uccienoBanue Bapuaiuii adpo-
30J1bHON omTHYecKoi TommuHbl atMocdepbl (AOT, 550 HM), aspozonpHOro mHAekca (AW) u
o011ero cofep;kaHusi yrapHOro rasza B epuoJi Maii—CeHTsIOpb B TOJIbI C PA3IUYHBIM YPOBHEM Jie-
comnoskapHoil aktuBHocTH. [lokazano, uro cezonnbiii xoq AOT, A1 u CO B Haubosee moxapo-
OMacHbI€ IO/l CYIIECTBEHHO OTJIMYAETCS OT CE30HHOTO XOJla B TOJBI CO CPEIHUM U HU3ZKUM
YPOBHEM JIECOIOKAPHOW AKTUBHOCTH. JIeCHBIE mOXkapbel B SIKyTMM OKa3bIBalOT 3HAYUTEIHHOE
BO3JICUCTBUE HA CE30HHBIN XOJ a3P030JIbHOM KOMIIOHEHTHI aTMocdepsbl, GOPMHUPYS CYIIECTBEH-
Hbli pocT AOT/AU B nrone—asrycre. B oTnenbHbie MecsIbl ¢ HanboIee BHICOKUM YPOBHEM TTH-
POTEHHOW aKTUBHOCTU cpenHeMecsanbie 3HaueHuss AOT mo mccnegyemoMy ydacTtky (SAKyTus)
3HAUUTENBbHO npeBbimany (GoHoBbie (~0.18), nocruras 3Hauenuit 0.48. Ilpu 3TOM 3HAUCHUS
AOT B oTnenbHBIX suerikax (1x1°) cpegHeMecsYHOM KapThl pacrpenesieHus gocturanu 1.73.
B roaml ¢ BBICOKMM W CPEIHUM YPOBHEM JI€COIMOKAPHOW aKTUBHOCTH HAOIIOMANNUCH MOBBI-
LICHHBIE 3HAYEHUs TEMIIEPATYpPhl BO3yXa B MEPUOJ] MalW—HIOJIb OTHOCUTEIIBHO CPEIHEMHOTO-
JeTHUX. 3HAUYEHUS! OTHOCUTEIBHON BIIQYKHOCTH B MEPHUOJI Mali—CEHTSIOPh B TOJABI C BHICOKUM U
cpennuM komuuectBoM JIIT Gonee HU3KME, B TO BpeMsl Kak B HaMEHEEe IMOKapOOMNacHbIe TObl
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3HAYCHUS BIAXKHOCTU OJIMXKE K CPCOAHCMHOTI'OJICTHHUM. Ce30HHEBIN X0 0CaJKOB BO BCC MCPUOIbL
IpUMEPHO OANHAKOB.

The results of studies of the dynamics of forest fires in the boreal forests of Yakutia (East-
ern Siberia) for 2001-2016 are presented. Variations of aerosol optical thickness of the atmos-
phere (AOT, 550 nm), aerosol index (AI) and total carbon monoxide content during the period
May—September in years with different levels of forest fire activity were studied. It is shown that
the seasonal cycle of AOT, Al and CO in the most fire-dangerous years differs significantly from
the seasonal cycle in the years with medium and low level of forest fire activity. Forest fires in
Yakutia have a significant impact on the seasonal cycle of the aerosol component of the atmos-
phere, forming a significant growth of AOT/AI in July—August. In individual months with the
highest level of pyrogenic activity, the average monthly AOT values for the study site (Yakutia)
were significantly higher than the background ones (~0.18), reaching values of 0.48. At the same
time, the AOT values in individual cells (1x1 degrees) of the average monthly distribution map
reached 1.73. In the years with high and medium level of forest fire activity, air temperatures in
the period May—July relative to the average annual were observed. The values of relative humidity
in the period May—September in years with high and average number of wildfires are lower,
while in the least fire-dangerous years the moisture values are closer to the average annual. The
seasonal cycle of precipitation is approximately the same in all periods.

O JMHAMMKE Y®PEKTUBHON CKOPOCTH
ATMOC®EPHBIX TYPBYJIEHTHBIX TEUEHUM
B I'OPHBIX PAMOHAX IOI'A BOCTOYHOUW CUBUPH

TAL1O. IHInxoB1EB, TLr. Kosano, ’B.IL JIykuH, 'A.B. Kucenés

'MucturyT comreano-semuoit pusukn CO PAH, UpkyTek, Poccns
artempochta2009@rambler.ru
*UuctutyT ontuku atMocdeps! uM. B.E. 3yesa CO PAH, Tomck, Poccuu

THE DYNAMICS OF THE EFFECTIVE ATMOSPHERIC TURBULENCE VELOCITY
IN THE MOUNTAIN REGIONS OF EASTERN SIBERIA

'A.Yu. Shikhovtsev, 'P.G. Kovadlo, >V.P. Lukin, 'A.V. Kiselev

"nstitute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
*V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk, Russia

B pabote o0cyxmaeTcs AMHAMUKA OTAETBHBIX XapaKTEPUCTUK ONTHYECKON aTMOoc(hepHOi
TYpOYJIEHTHOCTH B MPHIJIOKEHUHU K KPYIHBIM aCTPOHOMHYECKUM TeJIECKONaM Ha3eMHOro 0a3u-
poBanus. PaccMaTpuBaeTcss M3MEHEHHE OJIHOTO M3 Ba)KHEHWIIMX TYpOYJEHTHBIX MapameTpoB,
OTIpeNIeNAIONUX JUHAMUYECKUH TUana3oH padoThl aJallTUBHBIX ONTHYECKUX cucTeM, — 3 dek-
TUBHOH CKOpOCTH TypOysieHTHOCTH Ve B cioe atmocdeps! oT 0 10 20 kM. [To naHHBIM peaHanmza
[I0Ka3aHo, YTO B MECTE PACIIONIOKEHHsI BOibIIOro COTHEUHOr0 BaKyyMHOT'O TEJIECKOIa 3HAUYCHHS
Ve, OlLleHMBaeMble 1O M3MEHEHUSIM CpEeIHEW CKOPOCTH CTPYWHOIrO TE€YEHHUs Ha BbICOTax ~12 K,
yMmeHbIuch ~0.8 m/c 3a nepuon ¢ 1948 mo 2016 r. [IpuBeaens! oneHkH 3P PEKTUBHOMN BBICOTHI
atMochepHoil TypOyneHTHOCTH B 3uMHUH (3470 M) u netHuid (4170 M) mepuoabl. YBeandeHHe
3¢ (GEeKTUBHON BBICOTHI TypOYJIEHTHOCTH B JIETHUH MEPUOJ CBA3aHO HE TOJBKO C MOHMKEHUEM
WHTCHCUBHOCTH TPU3EMHON TYpOyJIEHTHOCTH, HO U C €€ MOHKEHHEM BO BCEM paccMaTpUBae-
MOM cJioe 10 20 kM.

PaGora BemmonHeHa npu nogaep:xke rpanra PH® Ne 15-19-20013.

We discuss the dynamics of a few characteristics of optical atmospheric turbulence for
large ground based astronomical telescopes. Variations of the effective turbulence rate V. in the
atmosphere layer from 0 to 20 km as an important turbulent parameter that determines the dy-
namic range of adaptive optical systems are considered. From the reanalysis data 0.8 m/s V. de-
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creasing at the Large Solar Vacuum Telescope site for the period from 1948 to 2016. V. decreas-

ing has been estimated from the jet stream mean velocity fluctuations at altitudes of ~12 km.

Also, estimates of the effective atmospheric turbulence height in winter (3470 m) and summer

(4170 m) are given. The effective turbulence height increasing in the summer is due not only to

the intensity of surface turbulence decresing, but also to its decreasing in the entire layer up to 20 km.
The work is supported by Russian Science Foundation grant No. 15-19-20013.

SJIEKTPOHHASA KOHIEHTPAIIUA HA BBICOTAX CJIOA F1 B MUHUMYME
COJHEYHOM AKTUBHOCTHU HAJL HOPHJIbCKOM

O.E. fikoBieBa, I'.Il. Kymnapenko, I'.M. Ky3neunosa

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

ELECTRON DENSITY AT IONOSPHERIC F1 LAYER HEIGHTS AT
SOLAR ACTIVITY MINIMUM ABOVE NORILSK

0O.E. Yakovleva, G.P. Kushnarenko, G.M. Kuznetsova
Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

[TpoBeneno 06001IeHNEe MAacCHBA JAaHHBIX HKCIEPUMEHTAIBHBIX U3MEPEHUH 3JIEKTPOHHOM
KOHIIEHTpaIuu Ha BbicoTax 120-200 kM ¢ momoikto noaysmmnupudeckoit moaenu (II9M), panee
pa3paboTaHHOIl aBTOpamu. JlaHHBIE MOJyY€Hbl C MOMOILBIO IIM(PPOBOrO0 MOHO30HMAA, PACIOJIO-
xenHoro B Hopunbcke (69.4° N; 88.1° E), B nepuos MUHHUMyMa COJTHEYHON akTUBHOCTH (2007—
2009 rr.). AHanu3 pe3yapTaToB Mokasai, yTo [IOM yaoBi1eTBOPUTENBEHO ONUCHIBAET 3HAUEHUS N
B roioBoM xoJe. [lomyueHHble pe3yiabTaTbl CBUJAETENBCTBYIOT O TOM, YTO BIIOJIHE MPUEMIIEMO
UCIONIb30BaTh ypaBHeHus [I1OM i 3amau no 000O0IIEHUIO SKCIIEPUMEHTAILHOTO MaTepuaa B
Pa3IMYHBIX TeITHO- ¥ Te0(U3NIECKUX YCIOBUSIX.

We made generalization of the measurement set of electron concentration N at the heights
120-200 km using the semi-empirical model (SEM), earlier developed by the authors. The N da-
ta were obtained by digital ionosonde in Norilsk (69.4° N; 88.1° E) during solar activity mini-
mum (2007-2009). Examination of the N approximation results showed quite a satisfactory level
of describing N values in the years of solar activity minimum. The obtained results testify a good
acceptability degree of used model equation for problems on generalization of the experimental
data in different helio-geophysical conditions.
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