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Geomagnetic storms and substorms

Three types of substorms depending on the solar wind and IMF conditions

I.V. Despirakl, A.A. Lubchich!, N.G. Kleimenova®

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

All substorm disturbances observed in auroral and high latitudes can be divided into three types. First type -
substorms which observed only in auroral latitudes (“classical” substorms); second type - substorms which
propagate from auroral latitudes (<70°) to polar geomagnetic latitudes (>70°) (“expanded substorms”); third type is
substorms which observed only at latitudes above ~70° in the absence of simultaneous geomagnetic disturbances
below 70° (“substorms on contracted oval”). The aim of this study is to compare conditions in the IMF and solar
wind, under which these three types of substorms are observed on the basis of data from the meridional chain of
magnetometers IMAGE and OMNI database for 1995, 2000, and 2006-2011. It is shown that “substorms on
contracted oval” are observed at low velocity of the solar wind (V< 500 km/c) and at positive or small negative
values of Bz component of IMF. For the appearance of “expanded substorms” need high values of the solar wind
velocity (V> 500 km/c) and relatively small negative values of the IMF Bz (from ~0 to ~ -4 nT). It was shown also
that, even at the high solar wind speed, but at large negative values of the IMF B “classical” substorms do not
propagate up to very high latitudes (>75°).

Substorms observations during geomagnetic active period at the beginning of March 2012
V. Guineva', L.V. Despirakz, B.V. Kozelov?

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

The period 7-17 March 2012 is one of the most geomagnetic active periods during the ascending phase of Solar
Cycle 24. Magnetic storms occurred on 7, 9, 12, and 15 March, these are called the S1, S2, S3, and S4 events. These
storms were caused by Sheath, MC and HSS, the detailed scenario for all four storms were different. Measurements
of the Multiscale Aurora Imaging Network (MAIN) in Apatity and data of IMAGE magnetometers network have
been used to verify the substorms onset and subsequent development. Substorms during the chain of 4 geomagnetic
storms in the interval 7-20.03.2012 were studied and the characteristics of these substorms were compared to
different interplanetary conditions. It was shown that substorms, originated during strong geomagnetic storms
provoked by interplanetary shocks and magnetic clouds, near the Dst minimum, occurred to the South of Apatity,
and substorm auroras expanded in North direction. For substorms during the late recovery phase, auroras were
observed to the North of the Apatity station, and their motion from North to South was registered.

Substorm injection at THEMIS satellite and near-conjugate auroral luminosity in pre-midnight
sector: The case study

T.V. Kozelova, B.V. Kozelov
Polar Geophysical Institute, Apatity, Murmansk region, Russia

We use THEMIS spacecraft observations during a substorm on 19 December 2014, in conjunction with ground-
based magnetic and optical observations at Kola Peninsula, to examine the spatial structuring and temporal
variability of the localized auroral intensification in pre-midnight sector. In this case study the THEMIS-D (8.5 Re
geocentric distance) was conjugate to the region of auroral brightening and observed the high energetic particle
injection and the sharp density decreases of less energetic particles. We discuss a possible association of particle
dynamics and the magnetic and electric fields during the substorm intensification.
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Isolated auroral substorms and ULF disturbances away from the auroral ovals
N. Nosikova'?, N. Yagoval, V. Pilipenko“, 0. Kozyreval, L. Baddeley3 , D. Lorentzen®

"The Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences (IPE RAS), Moscow, Russia
National Research Nuclear University "MEPhI", Moscow, Russia

IThe University Centre in Svalbard (UNIS), Longyearbyen, Norway

*Space Research Institute (IKI), Moscow, Russia

We study parameters of the polar auroral and geomagnetic pulsations in the frequency range 1-5 mHz (Pc5/Pi3)
during quiet geomagnetic intervals preceding isolated auroral substorms and non-substorm intervals. Superposed
epoch (SPE) analysis is applied to reveal pre-substorm variations (*’substorm precursors’’). Cross-spectral analysis
is used to analyze the time series of the geomagnetic data from IMAGE magnetometer network, and the data on
auroral luminosity measured by Meridian Scanning photometer (Svalbard).

At middle and low latitudes a relation of a rare type of pulsations, night Pc3s, to an auroral substorm is studied.
These two types of geomagnetic pulsations recorded in the two regions distant from auroral ovals are, however, both
related to auroral substorms.

The reported study was supported by RFBR, research project No14-05-31474mom_a

Variations of Na doublet intensity during auroral disturbances

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

Accordingly to nocturnal spectral observations in Lovozero in 2012 winter, the Na doublet 589.3 nm appears every
day effectively during overnight. There is correlation between its intensity and auroral emissions variation, first of
all with IPGN2. Possible mechanism of the connection is discussed.

Situation of auroral zone in May accordingly to optical observations in Lovozero

A.V. Roldugin, O.1. Yagodkina, V.C. Roldugin, V.G. Vorobjev (Polar Geophysical Institute, Apatity)

The auroral observations in Lovozero in spring of 2014 have been carried out by camera with 557.7 nm filter with
transmission band 8 A. This enables to elongate observation time of aurora to end of May, whereas the routine
observations end in middle of April. The exposition time is in interval from 0.01 to 9 sec. We have registered
auroras to the south from Lovozero zenith on 25 and 30 April, and on 3 and 8 May during good weather. For these
days Dst-index was equal to =37, -39, -20 and —30 nT correspondingly, and Al-index was equal to —211, -256, -240
and —224 nT; these are some below in comparison with usual winter values for such auroras.

For the aurora on 3 May 2014 the auroral keogrammas in Lovozero and in Syowa in Antarctic are compared; they
are found out to be very dissimilar.

Large GIC event on June 29, 2013 storm
Ya. Sakharov, Ju. Katkalov, M. Shkarbaluk, V. Selivanov, A. Viljanen

'Polar Geophysical Institute, Russia
*Centre for Physical and Technological Problems of Energy in Northern Areas, Russia
3Finnish Meteorological Institute, Finland

Extremely high value of geomagnetically induced current on the main power line at the North-West of Russia was
recorded in the transformer neutral during a geomagnetic storm on June 29th 2013 in the morning sector of the
auroral zone. GIC disturbance related with enhanced particle precipitations developed near minimum of Dst (-100
nT).

The research leading to these results has received funding from the European Community's Seventh Framework
Program (FP7/2007-2013) under grant agreement no260330.
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CuUHXpOHU3aNMs CKEJEeTOHHBIX KaAPTHH BelBJIeT CHeKTPAJbLHOH 00padOoTKH HHU3KOYACTOTHBIX
BO3MYIIEHUI TeOMATHUTHOIO MoJisi BA0Jb 210 MepuaMaHa KaK AUATHOCTHYECKUH MHCTPYMEHT
COCTOSIHUSA MarHuTocdepsbl

H.A. Bapxatos, C.E. Pesynos, JI.B. llanpykos (Huoicecopoockuii 2ocyoapcmeeHmblll nedazoeuyeckull
yuueepcumem um. K. Mununa)

Pa3paboTan MeTo/| KOpPEeISLHOHHO-CKEIETOHHOH 00paboTKHU JUIMHHOIEPHOIHBIX Bo3MylieHuit MI'J] nuanazona
Pc4-5 KOMIIOHEHT T€OMarHUTHOTO TIOJIS, PETUCTPUPYEMBIX BIOIb 210 Mepranana B MepHOAbl MATHUTHBIX OYpb.
B ocHOBy MeToAa TMOJIOXKEH MOCTIPOLECCHHI MPOCTPAHCTBEHHO-BPEMEHHOIO BEHBIIET-aHAIM3a OTHX
BOSMyHleHHﬁ. Pabora METOoAa NPOAEMOHCTpHUPOBAaHa Ha l-Ml/IHyTH])lX JAaHHBIX KOMIIOHECHT I'€OMAarHuTHOI'O ITIOJISL
3aperucTpupoBaHHbix ooceparopusimu ctaniuii cetn STEL (http://stdb2.stelab.nagoya-u.ac.jp/mm210) 210-ro
TEOMArHUTHOTO MepuauaHa. VccinemoBaHus MpOBEICHBI HA BPEMCHHBIX MHTEPBAJaX JAaHHBIX BKIIFOYABIIUX B
ce0st mepronibl 12 MarHuTochepHbIX Oypb, UMEBIIMX (OPMBI KIACCHUECKUX «OyXT» Pa3IMYHON WHTEHCHBHOCTH
0 MOKAa3aHUsIM FeOMarHuTHOro uHjekca Dst u 3apeructpupoBansbix B 2000-2003 r. B cBs3u ¢ TeM, uro 1
0TOOpaHHBIX MHTEPBAJIOB HE Bce cTaHIHU 210-T0 TeOMarHUTHOTO MEpHANAaHa BEIH 3aIHCh, 00CEpBATOPUU OBLIH
CIPYIIUPOBAHEI 110 MIMPOTHBIM cekTopam ¢ pasmepamu 10-15°. B kaxa0M cektope OTOMpANuCh JAaHHBIE CO
CTaHIINM, paboTaromIell yame APYTuX. 3aTeM BBINMONHSIICS ITOCEKTOPHBIA aHAIW3 TE€OMATHUTHBIX BO3MYIICHUH
BJIIOJIb MEPHIUAHA.

PesymbraTel pacueTa CHEKTPOB MPEACTABISUIUCH B BUAE BEHBIET-CKEIETOHHBIX KapTHH [1]. OcoOGeHHOCTHIO
MeToJia SIBJISETCS MONapHOe COMOCTABICHHE CKEJIETOHHBIX CIIEKTPAIbHBIX KAPTHH C YCPEIHEHHEM Pe3yJIbTaToB
COIOCTaBJICHUs] Ha rpauyecKoll MaHeN u B BHJE TOHOBOH NUKCEIbHOW KOAWPOBKH. YPOBEHb CHHXPOHH3ALUH
T'€OMAarHuTHBIX BOSMyIJ_[eHI/Iﬁ Ha COCCAHUX CTaHIUAX 0603HaqaeTca UHTCHCUBHOCTBIO TOHHUPOBKH.
BrinonHeHHOE comocTaBlieHHe TMaHeJaeld Mexay co0OH M C JUHAMHMKOH paccMaTpuBacMbIX I1apaMeTpoB Ha
Pa3HbIX dTanax 12 reoOMarHUTHBIX Oypb BBISIBHIIO CIEAYIONINE 3aKOHOMEPHOCTHU MPOCTPAHCTBEHHO-BPEMEHHOTO
pacripesielieHusi TeOMarHUTHBIX Bo3MmylueHuit: 1) B mpexnOypeBoM cocrosiHMM Hanbojee OTYETIIMBO BBIpa)KeHa
CHHXPOHHM3ANKS B OONACTAX, TAe aOCOJIOTHBIC BEMMYMHBI KOMIIOHEHT T€OMarHuTHoOro moiisi HeBenmuku (H B
BBICOKHX MHINPOTaX, Z B MPHIKBATOPHAIBHBIX). DTO MOXHO OOBSICHUTh CHHXPOHHU3AIMEH IMOMEPEYHBIX BOJIH,
MIPHUBSI3aHHBIX K CHJIOBBIM JIMHHSM MAarHUTHOTO TOJIA. B 3TOM ciydae TpOSIBIISIOTCS CBOHCTBA BO3MYIICHHA
muamazoHa Pc4, Bo30OykIeHHE KOTOPBIX aJbBEHOBCKMM DPE30HAHCOM CHJIOBBIX JIMHHAH XapakTepHO Ui
MarHUTOCHOKONHBIX ycnoBui [2]. 2) [lepBas wacTe HadanbHOU (ha3pl Oypu CONMPOBOXKAASTCS CHHXPOHHU3AIHEH
konebannit B H m Z KOMIOHEHTaX MO BAOJb BCETO MEPHIMAHA, YTO MOXKHO OOBSCHHUTH IONOHIATBHOCTHIO
BO3MYIIEHUN nuana3zoHa Pc4-5 reHepupyembix HeycTounBOCThiO KenbBuHa-I'enbmronbua [3]. OTMeTuM, 4TO
NPUMEHEHHE IpeJlaraeMoro MeToJa MO3BOJISIET UCIIONb30BaTh HAWIGHHYIO CHHXPOHHM3AIMIO KOJeOaTelnbHBIX
IMpo1EeCCOB BAOJIb I'€OMAarHUTHOI'0 MEpHJUaHa KaK IMPCABECTHUK FJ'IO6aJ'll)HOFO MAardimMTHOr0 BO3MYILICHUS. 3)
[epexon k rnaBHOM (ha3e XxapakTepu3yeTcs Pa3BUTHEM KOJIBLIEBOTO TOKa M aBPOPAJIbHBIX JJIEKTPOJHKETOB, YTO
BEIpakaeTcs MuHaMUKOW mHAekcoB SYM/ASY um AL u compoBoXmaeTcsi CHHXpOHH3AIHMEH KojeOaTeIbHBIX
MIPOLIECCOB B Z-KOMIIOHEHTE TII0JIsi B aBpOpalbHbIX oOnacTsx. 4) Ha rmaBHOW ¢ase cocraBisiomue
TEOMarHUTHBIX BO3MYIICHUH XapaKTEpU3YIOTCS HEYCTOWYHMBEIM pacIpeleIeHHeM CKEIeTOHOB. JDTO O3HAYaeT,
YTO pa3BUTHE KOJBIIEBOTO TOKA, WHTCHCH(QUKAINS aBPOPANBHBIX JJIEKTPOIKETOB M TOKOB XBOCTa
MarHutocepbl HE NPUBOAIT K  YHOPSIOYEHHBIM CHHXPOHHM3AIMSAM  JOJITONEPUOTHBIX  BO3MYILEHUIH
TEOMarHUTHOTO TI0JIS1 BAOJIb MEPUANAHA.

1. N.A. Barkhatov and S.E. Revunov, Spectral Features of Solar Plasma Flows // Geomagnetism and Aeronomy, Vol. 54, No.
6, pp. 688-693,2014

2. bonvwakosa O.B., boposkosa O.K., Tpouyxas B.A., Kneiimenosa H.I'. InTeHcnduKkaiys reoMarHUTHBIX Imynbcaiuii Pcd
B YCJIOBHSIX CIIOKO#HOM MarHutochepst // [eomaraetusm u asponomust, T.35, N 3, C.143-145. 1995.

3. Huwuoa A. I'eomaranTHBIN quarHo3 maraurocgepsl. M.: Mup, 1980, 299 c.

JAunamMarteTusMm miasmMbl 1 00pa3oBaHue JOKAJIbHBIX YMEHbIIEHUIT MATHUTHOIO MOJIS1 BOJIU3H
3KBATOPHAJIBHON MJI0CKOCTH

B.B. BOquHKol, E.E.AuTonoBa”'

'"UKH PAH, 2. Mockea, Poccus, al246@rambler.ru
HUHAD um. JI.B. Crobenvysina MY un. M.B. Jlomonocosa, 2. Mockea, Poccus, antonova@orearm.msk.ru

JlokaJbHOE NOBBIILIEHUE JABICHMS IJIa3Mbl B MATHUTHOM JIOBYIIKHU B YCJIOBUSIX MarHUTOCTATUYECKOTO PAaBHOBECUS
NPUBOJAMT K O0Opa30BaHUIO JIOKAJIBHBIX YMEHBIIEHMH MAarHUTHOrO 1oy (SIM MarHUTHOTO TOJS) 3a CUeT
Juamarferusma IuiasMmbl. lIpuBeneHbl pe3yibTaTbl aHaIM3a PACHpPElNEICHMs] JAABIECHUS B 3KBAaTOPUAIbHOU
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wiockoctn Ha crytHuke AMPTE/CCE. Beineneno OGonee cra coObitust gaHHoro Tuma. OTMe4YeHO, 4YTO
TPaAMIIMOHHOE OOBSICHEHHE (OPMHUPOBAHMSA JIOKAIBHBIX MHHHMYMOB MAarHMTHOTO TIOJsl BOJHM3M IOIyHOUYH
CBSI3BIBACTCSI C HCKKEHWEM MAarHUTOC(EPHOrO MAarHUTHOTO MOJII TOKOM XBOCTa BOJM3M TPH3EMHOTO Kpas
XBOCTOBOTO TOKA. BbIesieHbI pa3nuyus B I€HCTBHH pPacCMaTPHBAEMBIX MEXAHH3MOB, CBSI3aHHBIE C OJJHOBPEMEHHO
HaOmonaeMbIM TpoduiIeM IaBleHHs. B Xome aHanmM3a 3aperucTpUpOBAaHHBIX COOBITHI (OPMHPOBAHUS SM
MarHUTHOTO TOJISI BBIICNICHBI COOBITHS BOJHM3M MOIYHOYH, B KOTOPBIX OJHOBPEMEHHO HAOIIONAINCHh TOpPOBI
JasieHusl. VICmonp30BaHbl JaHHBIE OJHOBPEMEHHBIX OJIM3KUX MPOJETOB aBPOPAIbHBIX CITyTHHKOB AJSI YTOUHEHUS
Buja npoduis aasieHus. Takoe yTOUHEHHE BO3MOXKHO B CBSI3M C HaOJI0JaeMOM HM30TpPOIMEN IaBJICHUS M €ro
MOCTOSIHCTBOM Ha MAarHUTHOW CHJIOBOM JIMHMM B YCIOBHUSX MAarHUTOCTaTHYecKOoro paBHoBecus. IIpoBeneHo
HEJIMHEMHOE MOJEIMPOBAHUE UCKAXKEHNUS MO UMM MOJIyUYEeHHBIMY paclpeeieHus My JaBieHus. [lokasaHo, 4to
JMaMarHUTHBIN 3 QEKT BHOCUT CYIIECTBEHHBIN BKJIa/l B JOPMHPOBAHHUE HAOIIOMAEMbIX SIM MArHUTHOTO TIOJIS.

Ouenka BekoBOro xoaa H-koMnoHeHTHI IJIABHOT0 MATHUTHOIO MOJIs 3eMJIn
C.B. I'pomos, JI.A. Ipemyxuna, A E. Jleeutus, JI.U. ['pomoBa

Hucmumym 3emnoeo macnemusma, uonocghepol u pacnpocmpaterus paouosoat um. H.B.Ilywxosa PAH
(U3MHUPAH), Mocksa, Tpouyx, 142190, Poccus

B pabote aHamm3mpyroTCs BEKOBBIE (OT roja K TOAY) W3MEHEHHs TOpPH30HTANbHONW H-KOMIOHEHTHI TJIaBHOTO
MarHUTHOTO ToJis1 3emud. [ aHamm3a MCIONB3YIOTCS TaHHBIE HA3eMHBIX MarHUTHBIX 00CepBaTOpHiA 32 OOJBIION
nepuoy Bpemern ¢ 1958 mo 2013 roasl. BreiOpansr 102 o6cepBatopun CeBepHoro u 26 obcepBatopuii FOxxHOTO
Moymapuil 3eMir, MaKCHMaJIbHO PaBHOMEPHO PACIOJIOXKEHHBIX II0 MOBEPXHOCTH IUIAHETHI, a TAKXKE MMEIOIINX
HauOoJjee UIMHHBIA psAJ HaIeKHBIX W3MEpPEHW B TedeHHWe BbIOpaHHBIX 46 ner. Exkeromnoe m3menenne H-
COCTARBJISIONICH (BEKOBOW XO/T) ONPEACIACTCS KaK Pa3HOCTh CPEIHECYTOUYHBIX 3HAYCHUH, PACCUMTAHHBIX JJIs CAMbIX
CHOKOWHBIX JHed sHBaped (miast CeepHoro mnomymapusi) u wutoned (s HOxHoro mnomymapusi) IBYX
Iocjaea0BaTCIbHBIX JICT. AHaHI/ISI/IpyIOTCH paCcCYUTAaHHBIC AMIUIMTY/Jbl BEKOBOI'O0 XOJla Ha Ka)KI[Oﬁ O6C€pBaTOpI/II/l,
U3MEHCHHE CKOpPOCTH pocTa (ymeHbIneHus) H-cocraBisromeii B 3aBUCHMOCTH OT BpPEMEHH B TCUCHHE
paccMaTpuBaeMBbIX 46 JIET, a TAKKe pachpeeicHIe N3MEPEHHBIX BapHAIUiA IO TOBEPXHOCTH 3EMIIH.

Ouenka pacnpejaeeHnsi FeOMATHUTHON AKTUBHOCTH BO BpeMsi (0JILIIUX MATHUTHBIX Oypb
C.B. I'pomos, A.E. Jlesutun, JI.W. I'pomoBa, JI.A. [Ipemyxuna

Hucmumym 3emnoeo macnemusma, uonocghepol u pacnpocmpaterus paouosoat um. H.B.Ilywxosa PAH
(U3MHUPAH), Mocksa, Tpouyx, 142190, Poccus

JIJis OTIeHKH TeOMAarHUTHOW aKTUBHOCTH HCIIONB30Balics pazpaboranHeiii B UISMUPAHe wmeron konmmdecTBEHHOM
OIICHKM JIOKAJIbHOH Ha3eMHON aKTUBHOCTH MEPEMEHHOro TeoMarHuTHoro momsia. OH omnmpaeTrcs Ha JaHHEIC
M3MepeHuil oOcepBaTopwii B TEPHUOJ CaMOrO MAarHUTHO-CIIOKOWHOTO TOAa 3a BECh IMEPHOJ TPOBEIACHHS
KauyeCTBEHHBIX 00CepBATOPCKUX U3MepeHui. Hamu poBeIeHBI OIICHKU paclpeaeiieHus] TeOMarHUTHOH aKTUBHOCTH
M0 MIMPOTHBIM TOsICaM, OT KBaTOpa 10 MOJISPHOI mIamku BO BpeMs Oompmmx Oypb. OHHM HAalOT HECKOJBKO WHYIO
KapTUHY pachpeiesieHus NMEPeMEHHOr0 MAarHUTHOTO MOJis 3eMJId, YeM Ta, KOTopas CO3AaéTcs KIACCUYECKUM
WHJEKCOM reoMarHUTHOW akTUBHOCTH Kp. IlomydeHHble pe3ynbTaTbl NEMOHCTPUPYIOTCA Ha MpHUMEpax aHajiu3a
OosplMX  MarHUTHBIX Oypb. OOCyxnaercs HeoOXOIUMOCTh IEPEecMOTpa CYIIECTBYIOLIETO IPEICTaBICHUS O
MEPEMEHHOM F€OMarHUTHOM I0JI€ Ha YPOBHE 36MHOM MMOBEPXHOCTU, KOTOPOE OMUPAETCSI HAa UHAEKCHI, BBEIEHHBIE B
MEepHUOJ] 1OCIYTHUKOBOH SIMOXH.

MogaeanpoBaHue JUHAMUKH IJ1a3Mbl METOAOM ''yacTHLA-B-A4eliKe' ¢ HCIOJIb30BAHUEM
CYyNepPKOMNBIOTEPHBIX BHIYHCIEHU T

A.B. lusun, B.C. CemenoB (Canxm-Ilemepoypeckuii cocyoapcmeennwiii ynusepcumem, Cankm-Ilemepoype)

Bo mHoOrmx 3amagax (U3MKH KOCMHYECKOW IUIa3MBI MOXKHO TpeHeOpedh S (eKTaMH CTOIKHOBEHUH MEXITy
OT/ICJIHBIMH YaCTHLAMH IUIa3MBI, T. K. BpeMs MKy OMHApHBIMH CTOJKHOBEHUSMHU B CHJIBHO Pa3peXeHHOH cpene
CYILECTBEHHO OOJIbLIEC THIHYHBIX BPEMEH IUIa3MEHHBIX MPOLECCOB. DTO NPUBOMUT K TOMY, YTO B KaKIOH TOYKe
COCTOSIHHE IUIa3MBbI ONUCHIBAETCS OMHOYACTUYHOM (PyHKIMEH pacnpeneneHus, a 3BOIIOLHUS CUCTEMBI ONIPEASIAETCS
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ypaBHeHHsiMUA BiracoBa-MakcBemra. XapakTepHOH OCOOCHHOCTBIO TAKHX 3a]1ad SBJISICTCS WX MHOTOMAcCIITaOHOCTH,
TO eCTh TioOambHas (MaKpOCKOITMYECKasi) HBOJIOMMS CHCTEMBI MOXET HMETh JJINTENBHOCTh, CYIIECTBEHHO
OOJBIITYI0 MOHHOTO THPOIEPHOIA, B TO BpeMs KaK Ha AJIEKTPOHHBIX MacmTabaxX MPUCYTCTBYET B3aMMOJCHCTBHE
TUMa "BOJHA-9AaCTHUIA" B COCPEOTOUEHA OECCTONKHOBHUTENBHAS AUCCUITalis. Hanmaume cToimbk OONBIIOro auamasoHa
MacmtaboB ([leGaeBckuil pamuyc - SJIEKTPOHHBIN THPOPAAWYC - HOHHBIM THPOPAANYC - MaKpPOCKOIMHMYECKHHA
MacmTad) HaKJIaJAbIBaeT Cephe3HbIe TPEOOBAaHNS Ha BRIUMCIUTENBHBIE PECYPCHI, HEOOXOAUMBIE ISl MOJICITUPOBAHUSL.
HecmoTrps Ha Haimume pa3sHOOOPA3HBIX METOJOB M JOCTYITHOCTh KHHETHYECKHX KOJOB, HEOOXOTMMBIE IS
TPEXMEPHOTO  MOJCIMPOBAHUSA  PECYPChl  MOSIBIUIUCH  CPAaBHUTEIBHO  HENaBHO. Tak, OOIIEHIOCTYIHbIC
CYMEPKOMIIBIOTEPHI 1al0T BO3MOXKHOCTH MPOBOJUTH pacueThl ¢ ucnosnb3oBanueMm 1000...10000 BeIYUCIHUTENBHBIX
simep (u Gostee), 94TO MO3BOJSIECT MOICIUPOBATh JUHAMUKY IDIa3MbI B JJOCTATOYHO OOJBINUX OOJACTSX, pa3feisas Ipu
9TOM OJICKTPOHHBIC, HOHHbIE W MAaKpOCKONHWYecKHe MaciuTaObl. TpexmepHOEe MOJIETUpOBaHHE MarHUTHOTO
MIEPECOCTUHEHUS B CJI0e Xappuca MO3BOIWIO HACHTU(HUIIPOBATH TAKUE MOJIBI, KaK HEYCTOMYNBOCTh byHeMaHa (Ha
cemaparpucax), HIWKHETHOPHIHYIO Ipei(oBYI0 HEyCTOMYMBOCTH (HAa (PpOHTaX KeTa), BUCTIEpPHI (B 00JacTH
BEITEKaHHWs). B KauecTBe Mpyroro mpHiIOKEHHWS METONa 'JacTHIa-B-sueiike" OyIeT paccMOTPEHO KHHETHYECKOEe
MOJIEMPOBAaHUE B3aUMOICHCTBUS Ca0Oro OWIONSL C IDIa3MOM COJMHEYHOTO BeTpa u  oOpa3oBaHHE
"MuHIMarauroceps!" pa3MepoM B HECKOIBKO HOHHBIX THPOPaIUycoB. Dbyner maHO KpaTkoe ONMcaHue
BBIYHCIUTEIBEHOTO TPEXMEPHOTO open-source konaa iPIC3D.

Biinsinne HakJI0HA (PPOHTA HEOJHOPOAHOCTH COJIHEYHOI0 BETPA HA CBOMCTBA JJIMHHONIEPUOJHBIX
reOMarHMTHBIX MyJbCALMil BO BpeMs HayaJjia MarHutocgepHoii 0ypu

10.10. KJII/I6aHOBal’2, B.B. Mumus', B. I_[3FM3I[1’3, A.B. Moucees*

' Hucmumym conneuno-semnoii pusuxu CO PAH, 2. Hpxymcx

Hpkymexuii 2ocydapemeennviii azpapnwiii ynusepcumem um. A.A. Excesckozo, 2. Upkymcek

Heeneoosamenvciui yenmp acmpornomuu u ceopusuxu AH Mounzonuu, 2. Ynan-bamop, Moneonus

*Unemumym xocmopusuueckux uccredosanuti u asponomuu um. FO.I'. Hlagpepa CO PAH, Axymek, 677980, Poccus

e-mails: viadm@iszf.irk.ru; malozemova81@mail.ru

Uccrnenyrorcss nHEBHBIE ITUHHONCPHUOIHBIE TEOMArHUTHBIE WYJIbCAIlUM, OOYCIOBICHHBIE IPUXOIOM (pOoHTa
HEOTHOPOIHOCTH coHewHOTro BeTpa (CB) Bo Bpems BHe3amHOTO Havaja MarHuTocdepHoi Oypu 14 urons 2012 mo
nmarHbIM BHemarHuTocdepupx cyTHUKOB ACE,WIND u napsr ciiyrankoB THEMIS, a Taxke Ha3eMHBIX CTaHIWH,
PAcCTIONIOKEHHBIX HAa HH3KHX, CPEJHMX W BBICOKMX IMpoTax. IlokasaHo, WTO pacmpocTpaHEHHE ITyIbCalluil
COOTBETCTBYET MEXaHM3My UX BO30YXKICHHUS ylapOM IO MarHutonay3e (pOHTOM, MPUYEM CMEIIEHHUE OT MOJYIHS
CeKTOpa pa30eraHus BOJIH OIpPENeNseTCs a3suMyTaJbHBIM YIJIOM HakioHa ¢poHTa. OOHapy)XeHO H3MEHEHHE
HAaIpaBJIeHUs MOJSIPU3ALUH 110 JI0JToTe U mupoTe. YacToTa HabmonaeMbIx riodaibHo mynbcauuit f = 4.4 mI ' Bo
BpeMs cxatusi Marautocdepsl 10 L=6.7 He cBs3ana ¢ konebanusivu B CB.

HaOaroaeHus nmoJisipHbIX cMAHUI cucTemoii kamep MAIN B AnaTuTax: TeKyliee cOCTOSIHUE U
craTucThKa 32 2011-2014 roasl

B.B. KozenoB (Ilonapusiii ceogpuzuveckuti uncmumym, 2. Anamumal, Poccust)

B nmoxiazie npeactaBicH 0030p HAOIIOICHUI TOSPHBIX cusiHui cuctemoii kamep MAIN 3a 2011-2014 rr. Cucrema
MAIN, yctaHoBieHHast B AllaTUTax, COCTOUT U3 5 aBpOpaJIbHBIX KaMep C Pa3IM4YHBIM I0JIEM 3PEHHs U IO3BOJIIET
perucTprupoBaTh Kak KpylmHOMacIiTaOHOe paclpelelieHne aBpOpaJbHOIO CBEUEHHS B OKPECTHOCTH C PaJlyCcoM
~400 kM, Tak u Meinkue ~100M pmeramu BOJM3M MAarHWTHOTO 3¢HUTA. HaOmoneHWs W3 JABYX TOYEK IAIOT
BO3MOXKHOCTb OLIEHHTH BBICOTY OOJIAaCTM CBEYEHMs BOJIM3M MarHUTHOrO 3eHUTA. [IpoBeneHa craTHCTHYECKas
00paboTKa MaHHBIX HAOIIOACHWI MO YUCIYy MHTEPBAJOB HAONMIOICHUN KaXIOH KaMepol W TPHUAHTYJISIHOHHBIMH
mapaMd Kamep, MO THUIy aBpPOPaJbHBIX COOBITHH, TIIONyYeHBl CTATUCTHYECKHE pACIPENEIeHUsT HWHICKCOB
T€OMarHUTHOW aKTUBHOCTH Dst u AE 1j1si ”HTEpBaJIoB HAOIIOACHHI MOJSIPHBIX CUSHUN KamepaMu cucteMbl MAIN.
IIpuBenensl NpUMeEpbl YKCIEHHOIO aHaliM3a IPOCTPAHCTBEHHO-BPEMEHHOW JMHAMHUKU IOJISIPHBIX CHUSHUH C
WCIIOJIb30BaHUEM (PpaKTaNbHBIX  XapaKTEPUCTHK M METOJO0B MarteMaTudeckoi wmopdororuu. OOCyxaaroTcs
BO3MOXHOCTH aHanu3a JaHHBIX MAIN coBMeCTHO ¢ OJHOBpEMEHHBIMH Ha3zeMHbIMH (JIOBO3epO) M CIIyTHUKOBBIMU
(RBSP, THEMIS) na6monenusasmu KHU-OHY s1ekTpoMarHUTHBIX BOJIH.
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PacnpenesieHue 3JIeKTPHYECKOr0 MOTEHIMAIA B BO3MYIIEHHOI I0J1IpHOI HoHOCdepe: cpaBHeHHe
CTATUCTHYECKUX MOJeseil M JaHHBIX 0TAeJIbHbIX HHTEPBAJIOB cy00ypu

C.b. Jlyraromrkus, A.Jl. bazapxkanos, O.U. beparapar, B.M. Mumun, M.B. Tonouko (MXC3® COPAH, Hpxymck)

BrinostHeHO cpaBHEHME paclpelesieHns] dJIEKTPUYECKOro IOTEHIHajla B BO3MYLIEHHOH Mosipoil nMoHochepe
CEBEPHOr0 TMOJyIIApusi MO JAHHBIM CTAaTHCTHYECKMX MoJeNed W W30paHHBIX WHTEPBAJIOB pAna cyOOyps.
Pacnipenenennst moTeHIMana B OTACNBHBIX CyOOypsX BBIYMCICHBI HAa OCHOBE TEXHWKM MHBEPCHH MAarHUTOTPAMM
(TUM). CrnaxxeHHble TpadUKH BapHalWil IMOTEHIIHANA B XoXe CyOOyph, MONyYCHHBIE B PaMKax IBYX MOJEIEH,
ONMM3KM 1O OCHOBHBIM TPEHIAM, HO pa3IMyaroTcs Ho aMIunTyae. CTaTHCTHYECKHE MOJENH, CPABHHUTENBHO C
kapramMu TUM, TepsioT OTAETbHBIE XapaKTepHBIE AeTaN CyO0yph.

HeycroitunBocts KenbBuna-I'enibmrossua u Pajies-Teilsiopa B cojilHeUHOM BeTpe M HA TPaHULLe
MarHurocdepsl. JIuHeHHAasd TeopuUs.

B.B. Muwmn (MC3® COPAH, Hpkymcr)

Jan 0030p pe3yabTaroB JnHEiHOH Teopun MI'J] HEyCTOWYMBOCTH CIBUTOBBIX TEUYCHHH B OKOJIO3EMHON ILIa3Me.
IToka3aHo, 94TO OOBIYHO HCHOIB3yEeMOE MPUOIMIKEHUE HECIKUMACMOM Cpe/Ibl, MPIMEHUMO TOJNBKO IS JO3BYKOBBIX
TaHTCHIMAJIBHBIX Pa3pPBIBOB, HEYCTOMYMBOCTh KOTOPHIX MPHUBOAUT K OOPA30BAHUIO BUXpPEH Ha TPaHHMIIC pa3jiena, HO
B OECCTOJIKHOBUTENBHON IUTa3Me He ngaeT oOpa3oBaHus Au((y3MOHHBIX TOTPaHUYHBIX CIIOCB. B ciydae
CBEPX3BYKOBBIX CABHTOBBIX TCUEHUH OOBIYHO pacCMaTPHUBAEMBIC IIPOIOIBHBIE OTHOCUTEIHHO TCUCHHUS BO3MYIICHHS
OKa3BIBAIOTCSl YCTOWYHMBEIMH, a TIOTOMY HE MPHUTOTHBIMHU JUTSI OOBSICHEHUST HAONIOIaeMBIX Ha TaKUX 0Opa30BaHUSIX
BoH. CBEpX3BYKOBash BETKA HEYCTOMYMBOCTH 3(()EKTUBHO pa3BHBACTCS Ha OOBIYHO HE YUHUTHIBAEMBIX KOCBHIX
(HaKJIIOHHBIX K BEKTOPY CKOPOCTH) BO3MYIICHHSIX CO Clab0 chafamomedl B MPOCTPAHCTBE AMIUIMTYIOW, HTO
NPUBOJUT K 00pa3oBaHuio MU(D(Y3HMOHHBIX MOTPAHHYHBIX CJIOCB B COJIHEYHOM BETPE M Ha TIpaHUIE XBOCTA
MarHuTochepsl.

OO0cyxaaeTcsi YaCTOTHBIN JUANIa30H HEYCTOWYMBOCTH U €€ CBSI3b C HA0JIF0JaCMBIMH BOJIHAMH B COJIHEYHOM BETpPE, B
JTHCBHOHM M HOYHOH MaraHurocdepe.

JuHaMuKa NPoaoJIbHBIX TOKOB B IleN0oYKe cy00ypb Bo Bpemsi cynepoypu 06.04.2000

B.B. Mummun, M.A. Kypukanosa, B.M. Mumun (XC3® COPAH, Hpkymck)

Ha ocHoBe TUM BBIUMCIIEHBI pacipefeeHUs INIOTHOCTH MpoaoabHEIX TokoB (I1T) menouku cy00yph B MOISIPHOI
noHOc(epe ceBepHOro NOdymapus, HaOmomaemoii B xoxe cymnepOypu 06.04.2000 (ce30H paBHOICHCTBUSA).
OmnmcaHbl JETHUH, 3UMHUH 1 TpeTuil ocoObIi el n3MeHennit [1T B xozne “expansion onsets” pa3TUIHBIX CyOOypB.
PesynbraThl MOAJEPKMUBAIOT NpEUIaracMyi0 aBTOpaMH MOJENb 3JIEKTPUUYECKOW LenHu MobanbHOM cyOOypu u
creHapuii “expansion onset” cy00ypu, B KOTOPOM KIIIOYEBYIO POJIb MIPAaeT HEYCTOWYMBOCTH MAarHUTOC(HEpHO-
MOHOC(EPHOI CBSI3M B ME30MacIITaOHbIX siueiikax BeiTekaromiero B noHochepy I1T 3onbl 1 Mumxumsr u [Torempsl
u Brekaromiero [1T monspHoit noHOChEpHI.

JuHaMuKa NpoI0JabHBIX TOKOB B X0/1e ABYX Cy00ypb JIeTHEr0 ¥ 3MMHeEr0 ce30Ha U Mojeb
JIEKTPUYECKOi ey MArHUTOCHEePHO-HOHOCHEPHOI CHCTeMbl IBYX MOJIyIIAPUii

B.B. Mumn, M.A. Kypukanosa, FO.A. Kapasaes, B.M. Mumun, O.U. Bepurapat (MC3® COPAH, Hpkymck)

Ha ocnoBe texauku maBepcun mMaraurorpamm (THM), mo nanaeiM cy60yps 27.08.2001 u 26.02.2008 BBIYHCICHBI
pacmpezeneHus IUIOTHOCTH M HMHTEHCHBHOCTH MponoibHbIX TokoB (IIT) B mosspHON noHOC(hEpe ceBepHOTro
noiymapus. Ilo 3TUM HaHHBIM, OXBaTHIBAIOLIMM CYLIECTBEHHO pa3HbIE YCJIOBHS OCBELIEHHOCTH IOJSIPHOM
uoHOCchepsl, NoNydeHbl Tpaduku u3MeHeHHH uHTeHcuBHOcTH IIT B cucreMe Me30MacIITaOHBIX —sT4eeK,
3anonsstomux Tpu 3oHbl Wmmkumbl u [lotempbl. Pazpaboranel mMonmenu snektpudeckoir nenu M-M cucrem
CEBEPHOro MoJiylmiapus M riobambHOi M-U cucTembl Ui MHTEpBaJIOB “‘expansion onset” Kaxmoil cyOOypwu.
O00cHOBaH BBIBOJI, UTO KIIIOUEBYIO POJIb B Pa3BUTHH “‘expansion onset” obenx cyo0yps urparot [1T BbITEekaromero
u3 nonocdeps I[1T Beueprero cekropa R1 u Brekaromero IIT RO. B kauecTBe He0OX0AUMOTO TpHUITEpa “‘expansion
onsets” 0benx cy00yph OTMEUYEHBI HEYCTOHUMBOCTH 00paTHOM cBs3M MarHuTochepa-noHocdepa B reriae oopaTHOH
CBSI3H, OXBATBIBAIOIIECH 00JIACTh IBYX HA3BaHHBIX SUCEK.
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The painting by M.I. Beloglazov






Fields, currents, particles in the magnetosphere

Ballooning modes in the magnetospheric plasma sheet and their auroral manifestations: A review
L.V. Golovchanskaya, I.A. Kornilov, T.A. Kornilova (Polar Geophysical Institute, Apatity, Russia)

Basic theoretical solutions for ballooning modes in the magnetospheric plasma sheet are surveyed. These include
MHD ballooning waves and instabilities [ Golovchanskaya and Maltsev, 2005, Liu, 1997; Erkaev et al., 2007], drift
ballooning waves [Saito et al., 2008; Uritsky et al., 2009], kinetic ballooning/interchange instability [Pritchett and
Coroniti, 2010, 2011] and others. Since compressibility and field-aligned currents are inherent features of the
ballooning perturbations, they are expected to produce variations in the auroral intensity. We illustrate auroral
manifestations of the ballooning perturbations in different geomagnetic conditions by PGI and THEMIS ground-
based optical observations and discuss the relevance of the existing theories for their interpretation.

Observation of the aurorae and SAR arc dynamics during the substorm injection events
I.B. Ievenko, S.G. Parnikov (Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy, Yakutsk, Russia)

The stable auroral red (SAR) arcs are the consequence of interaction of the outer plasmasphere (plasmapause) with
energetic ions of the ring current. The diffuse aurora (DA) is caused by the low-energy electron precipitation from
the plasma sheet. Our studies indicate that the SAR arc appears and/or brightens during the substorm expansion
phase. The SAR arc formation begins in the equatorward boundary region of DA (Ievenko, 1999; Ievenko et al,
2008). In this work we analyze the observations of dynamics of DA and SAR arc in the 557.7 and 630.0 nm
emissions with an all-sky imager (ASI) at the Yakutsk meridian (CGM: 58°N, 200°E) during the isolated substorm
injection events detected by the ECT HOPE Instrument aboard the Van Allen Probes satellite. Changes in the
spectrum of energetic ions and electrons on L = 5.4 - 6.3 during the sharp increase of magnetospheric convection
and substorm injection are shown.

The ground-based ASI observed in three events the manifestation of substorm injection in the midnight-dawn MLT
sector. First the equatorward and eastward extension of DA has taken place. Further the formation of SAR arc and
its movement up to zenith of station has occurred. It is assumed that the dynamics of DA and SAR arc maps the
penetration of hot plasma into the outer plasmasphere as the result of electric drift from the substorm.

Polarization of ballooning perturbations in the plasma sheet conjugate to preonset East-West
auroras

T.G. Kogai, I.V. Golovchanskaya, I.A. Kornilov (Polar Geophysical Institute, Apatity, Russia)

The phase relations between perpendicular electric and magnetic components in the ballooning perturbations
conjugate to preonset E-W auroras are studied by 3 s THEMIS probe measurements. The analysis is performed for
signal filtering in different passbands, which are set in accordance with the wavelet spectra of the perturbations
(their ballooning nature is verified for each passband). While, in general, the analyzed phase shift is unsteady, with
both in-phase and pi/2-shifted oscillations present, we show that sometimes it is possible to discriminate between
perturbations associated with the E-W auroras and those connected with azimuthally propagating auroral
intensifications inside them.

Solar wind and tail substorm activity
I.A. Kornilov, T.A. Kornilova (Polar Geophysical Institute, Apatity, Russia, kornilova@pgia.ru)

Last year (Apatity seminar 2014) it was demonstrated that horizontal components of solar wind magnetic field are
well correlating with the brightness of northern auroral structures. Nowadays presented report continues this study
on the base of much more representative data list. Satellite and auroral measurements for 2011-2014 years were
investigated. Magnetic field and particle fluxes were detected by ACE, WIND and ARTEMIS (two THEMIS
spacecraft at Lunar orbit). OMNI database were analyzed as well for preliminary data selection (sharp increasing of
solar wind temperature, pressure or speed). Data allow approximate reconstruction of geometry and irregularities of
solar wind magnetic cloud structure. Plentiful information about auroral activity included data from Canadian
stations, PGI all-sky black and white and emissions imagers, Svalbard KHO color all-sky cameras. Previous results
were well confirmed, and some new facts were revealed.
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Solar wind interaction with internal magnetosphere
I.A. Kornilov, T.A. Kornilova
Polar Geophysical Institute, Apatity, Russia. kornilova@pgia.ru

In summer 2011 two THEMIS satellites (Themis B and Themis C) were placed at the Moon orbit, where they are
located till nowadays. Three apparatus (Themic A, D and E) during all that period of time were mostly inside
magnetosphere in different positions along almost identical elliptical orbits. Orbit perigee is about 1 Re, apogee -10
Re, and apogee point rotates around the planet with period about two weeks. Data from these three satellites together
with information from ACE, WIND and Lunar orbiting THEMIS probes provide excellent opportunities for study
the process of solar wind fields and particles penetration inside magnetosphere and interaction with magnetospheric
plasma. Initial and preliminary results of this study are presented.

The deep electromagnetic sounding in the northern part of the West Siberian platform by using
industrial power transmission lines

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

The report deals with electromagnetic sounding of the Earth by using industrial power transmission lines as a dipole
antenna. This technique provides deep investigation of thick sedimentary rock cover of the West Siberian platform.
Fold basement has an influence on results of electromagnetic field measurements when sounding at frequencies of
0.01 — 0.1 Hz. Results of the sounding at frequencies of 0.1 — 10 Hz are determined by geological structure of
sedimentary cover. It was shown for the example of experimental work in the northern part of the West Siberian
platform, that integrated interpretation of magnetotelluric data and electromagnetic sounding with controlled source
data is useful. This method allows to select layers with high resistance, which is promising for discovery of oil and
gas fields. Frozen rock has an influence on results of electromagnetic sounding when the electromagnetic field
frequency is above 10 Hz.

The formation of two-dimensional structures of the electric field in the cold ionosphere
magnetosphere plasma

M.A. Volkov
Murmansk State Technical University, Murmansk, volkovma@mstu.edu.ru

The formation of the two-dimensional electric field structures in the cold ionosphere magnetosphere plasma under
convection is considered. The convection inhomogeneity leads to the currents across and along the magnetic field
lines. The field-aligned currents flowing from the ionosphere into the magnetosphere are creating positive feedback
between magnetospheric and ionospheric perturbations. The electrons have been accelerated into the ionosphere by
the electric field of the inertial Alfven wave. The ionosphere is assumed by a thin conductive layer, but the
processes of the ionization and recombination of charged particles are considered. The ionospheric processes were
considered as non-linear. In the magnetosphere the linear approximation was used. The linear equation for the
inertial Alfven waves propagating oblique to the magnetic field from the ionosphere to the magnetosphere was
solved with the realistic change of the velocity along the magnetic field lines taking into account the change wave
velocity transversely of the magnetic field.
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O npupoae nNpoaoJbHOI Pa3HOCTH MOTEHIMAJIOB B aBPOpPabHO# 30He ["anumena
A.C. JlaBpyxun'

1 . . .
DQusuueckui paxynomem MI'Y, 2. Mockea, Poccus, lavrukhin@physics.msu.ru,
2 e .

Hayuno-uccredosamenvcxuii uncmumym sodeprou guzuxu um. /1.B. Crobenvyvina MI'Y, 2. Mockea, Poccus

[lonspHble cBedyeHUs Ha [aHMMene SABIAIOTCS PE3yIbTaTOM B3aUMOJECHCTBUS BBICHIMAIOMINXCA 3JIEKTPOHOB C
MOJIEKyJIaMH KHCJIOPOJIa B Pa3pexeHHoi armochepe anumena (cTonbuosas miotHocts (1-10)x10' Monexyn/cm?).
MakcuMyM cedeHHs B3auMOJCHCTBHS 3JIEKTPOHOB C MOJIEKYJISIDHBIM KHCJIOPOZIOM JUIsl HAOJIOAAIOIIMXCS JIMHUI
1304 A u 1356 A npuxonurcs na sHepruio s1ekTpoHoB B 100 5B. Mexy TeM 31€KTpOHbI MarHUTOC(hepHOit
wra3Mel FOmmTepa mo W3MepeHWsAM KOCMHYECKOro ammapara Bosmkep B paiioHe 'anmmena xapakTepu3yroTcs
TemmepaTypoii B 20 3B, n;=5-20 cM”. BbUIO paccumTaHo, uTO s HAONIOAAEMOr0 MAKCHMyMa MHTEHCHBHOCTH
cBeuennst B 300 Pameil HeoOGXOAMMA IIOTHOCTh SIEKTPOHOB y TOBEpXHOCTH I'ammmena B n=300 cm”, a
TeMIIepaTypa 3JIeKTPOHOB HoDkHA ObITh B amama3zoHe 100-200 3B. Heobxommmoe ycKOpeHHE 3JIEKTPOHBI MOTYT
MOTY4UTh B PE3yJbTaTe MPOXOXKICHUS MPOAOJIBLHON Pa3sHOCTH MOTEHLIMANOB HA MyYKe OTKPBITHIX CHUIIOBBIX JIMHHUH
MarauToceps! I'aHnumena. Ota NpoxoIbHas Pa3HOCTh IOTEHIMATIOB BO3HUKAET IOCKOJBbKY IFIOTHOCTH TEIUIOBBIX
9JIEKTPOHOB HEJOCTATOYHA YISl CO3/1aHHsl TPeOYEeMOro IMOJHOr0 TOKa B AJIbBEHOBCKUX «KPBUIBSX», 00pa30BaHHBIX
JOBYMsI (CEBEPHBIM M IOXHBIM) IyYKaMH OTKDPBITBIX CHJIOBBIX JIMHWMH. ODTH TOKHM BO30YXKIArOTCS B PE3yJibTare
JBIDKEHUS MarHuUToc()epHOW IUIa3Mbl OTHOCHTENBHO [‘aHMMeZna, yBJIEKaeMOW B COBMECTHOE BpallleHUE C
IOnurepom. Ilpunoxennas k moHocdepe I'anmmena OJIC  paBna mpubmmsurensHo 220 xB. EE Bennumna
oIIpeziessieTCsl ONEePEeYHbIMU pa3MepaMy MarHuTocgeps! ['aHuMena, MarHUTHBIM 1osieM Maraurocdepsl FOmmrepa
(cymma nunossHOTrO 1oiist FOmuTepa v mosist 5KBaTOpHaIbHOTO TOKOBOT'O JIMCKa Ha opOouTe ["aHnMena) M CKOpoCThIO
m1a3mMbl oTHocuTenbHO [aHmmena. Ilpeamonaras, uto ANB(GBEHOBCKHN pPagMyC, KOTOPHIA OTPAHHYHUBAET 30HY
KOBpAIleHUsI TUIa3MBI BMECTE C IUIAHETO# OoJbplne pa3mMepoB opOuThl ['aHmMesna, momydmMm st ckopoctd 139
KM/cek. MloHoc(hepHBIi TOK MOXHO paccYMTaTh, KaKk MPOW3BEACHHE Pa3sHOCTH IOTEHIHMANOB Ha [lexepceHOBCKyIO
npoBoauMOCTh HoHOchepbl ['anmmena (oxonmo 2 Cumenc). Ecnu paccuMrtaTh CHIIy TOKa 3JIEKTPOHOB, Kak
MIPOM3BEJCHUE UX IJIOTHOCTH N HA € U CKOPOCTh 3JIEKTPOHOB V, M YUECTh TO, YTO HE BCE 3IEKTPOHBI, HAXOSIIHECS
«Ha OECKOHEYHOCTH», MOTYT JIocTHYb ['aHMMena, To oHa Oyzer paBHa 148 xA. [lockoyibKy MakCUMaJbHBIA TOK Ha
TEIJIOBBIX 3JeKTpoHax (148 KkA), okasplBaeTcsi NMPUMEPHO B 3 pasa HIKe TpeOyeMoro Toka B I, 4YacTh
MONEPEYHOro MOTEHIMajda IepepachpenesieTcss B CKadoK MPOJOIBHOTO IOTEHIHAaNa 3JIEKTPUYECKOro IO,
YCKOPSIIOIIETr0 AJIEKTPOHBI. POCT IJIOTHOCTH 3JIEKTPOHOB CBs3aH C (DOKYCHPOBKOW M3-32 YMEHBIICHUS CEUCHUS
TOKOHECYyIIel cuitoBod TpyOku (mpumepHo B cemb pa3 100 HT/700 HT). O6a 3¢ dexTa u NPUBOAIT K MOSBICHHIO
aBPOPAJILHBIX CUSTHUH M 3aMBIKaHUIO B HOHOC(EpE TOKOB AJIBBEHOBCKUX KPBIIbEB.

3aBHCHMOCTD CTAIMOHAPHBIX KOHPUTYpaii TOHKOT0 TOKOBOTO CJI0SI C MOCTOAHHOM HOPMAJILHOI
KOMIIOHEHTOH MArHUTHOIO MOJIs OT BHEIIHUX MAapaMeTPOB

O.B. MI/IHFaﬂeBl, n.B. MI/IHFaJ'leBl, X.B. Man03a2’3, M.H. MeanuKl, JL.M. 3enensiit’

1 o o . .
Honapnoiii eeopusuveckuit uncmumym KHI] PAH, Anamumei, mingalev_o@pgia.ru

2 o

Hnucmumym xocmuueckux uccieoosarnuii PAH, Mocksa

3 . .

Hayuno-uccredosamenvckuti uncmumym soeprot ¢uzuxu um. /I.B. Crxobenvyvina MI'Y, Mockea

[Tpu nomorn uncnenHoi Mopenu ToHKoro TokoBoro ciost (TTC) B xBocTe MarHuToc(epsl, OCHOBAHHON Ha METOJIE
KpPYIHBIX YacTHI, MCCICIYeTCs] 3aBHCUMOCThH IMOJYYCHHBIX paHee KBa3UcCTaluoHapHBIX KoHOurypammid TTC ot
3HaYCHWH [BYX BXOMHBIX IApaMETPOB MOIENH: OTHOWICHHS B, /A B, 3amaHHON TOCTOSHHOW HOPMAaJbHOM
KOMIIOHEHTH MAarHWTHOTO MOJII B, K W3MEHEHHWIO B CJIO€ TAHTCHIWAIbHOW KOMIIOHEHTHI B,(z), a Takke OT
otHotueHus Vp / Vy TMAPOAMHAMUYECKOHW CKOPOCTH Vp 0Opasylollero cjoi majaroliero MmoToka IUia3bl K ero
TEIUIOBOM CKOpOCTH V.
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Id¢exT Hachimenns noroka IoiinTHHra B Maruutocgepy Bo Bpems cynepoypu 20 - 21 Hosops
2003: cpaBuenue pesyabratoB TUM u mogenu PPMLR

B.B. Mumrus, F0.A. Kapasaes (MC3® COPAH)
J.P. Han, C. Wang (CSSSAR CAS, Beijing, China)

CpaBHEHHE TIOTOKA HJICKTPOMAarHUTHOM 3HEPTHU U3 COJIHEYHOI'0 BETpa B MarHuTocgepy 3eMiH, pacCUUTaHHOTO I10
MI' [ mogenn marauTochepsl PPMLR u texankoit naBepcuu maraurorpamMm (MIT) o manasM cynepOypu 20 — 21
HOs10ps 2003 mokazano:

Ha moaroroBurensHo#t daze Oypu, B pexkumax cy6dypu m SMC, korga 3HaYCHHS JHHAMHYECKOTO IABICHUS U
10xHON KommoHeHTsl MMII 6bumn HeBenuku (Pd < 4 ulla, Bz< -5 HT), 3HaueHNs BXOAHOW MOIIHOCTH MOJTYYCHHON
000MMH METOJIaMH TTOYTH COBIAJIAIIH.

[Tpu yBennuenun Pd n roxxnoro MMII npoucxoaut poct notoka [lointrara. 3ot poct npu Pd ~(5-8) u Bz~ -10
HT HaumnHaet 3amemsaTbes U npu Pd > 10 ulla u Bz<-15 HT npakruuecku npekpamiaercs. [Ipu stoM BennunHa
nepeHocuMmoro notoka Iloiituara yepe3 marantonay3y (nanasie PPMLR MHD) oka3siBatoTcst 60siblie TaKOBOTO
yepe3 noysipHyto manky (maHuele THIM) B 1.5-2 pasa. BelaBuHyTO mnpearoiokeHue, 4to 3QQeKT HaChIIICHUS
notoka [TofTUHra cBsA3aH C 3aMeJICHHEM CoKaTHsl MAarHUTONAY3bl IPU 3HAYUTEIBHOM YCHJIEHUH COJTHEYHOIO BETpa.

3aBucumMocTh mapaMeTpoB HEHTPAJBHOI'O IJIA3MECHHOI'0 CJI0HA OT MapaMeTpPoOB COJTHEYHOI0 BETPpa
H.A. Crenanos', B.A. Ceprees’, JI.A. Copmaxos', B.Amxkenomnyioc’

"AAHWUU, Canxm - Ilemepbype, Poccus
2CII6ry, Canxm - ITemepbype, Poccus
3 Vuusepcumem Kanugopruu, Jloc-Andxcenec, CILIA

[MapameTpbl IIa3Mbl IUIA3MEHHOTO CJIOSI CYIIECTBEHHO BIMSAIOT Ha BBICHIIAHWE YacTHI[ U IIPOBOJMMOCTH
noHocgepsl. B pabore u3ywaercs BIMSHHE COJHEYHOTO BETpa M MAarHUTHOW AaKTUBHOCTH Ha I1apaMeTphbl
TUIA3MEHHOTO ¢J1051 (KOHLCHTPALNH, JaBJICHUS, TEMIICPATyphl).

HUcnonr3oBansl ganusie cimyTHUKOB THEMIS 3a 2007 — 2013 1T. mody4YeHHBIE B LIEHTPAILHOM TIa3MEHHOM CIIO€
(B > 1) na paccrosamax 8 — 12 Re B HouHOI MarHuUTOC(epe. [IpuBeneHB! pe3ynbTaThl UCCICIOBAHNS MAPHBIX H
MHOXKECTBEHHBIX Koppernsuuidi. Hambonee nHTepecHbI pe3ysibTaT 3aKioyaeTcs B Pa3sHOM IIOBEICHHU JaBJICHUS
noHOB U 271eKkTpoHoB B LIIC. JlaBieHne NOHOB MOKAa3bIBA€T CHIIBHYIO 3aBUCHMOCTb OT JUHAMHUYECKOTO JABIICHUS
COJIHEYHOTO BETPa, B TO BPEMs Kak JaBJICHHWE 3JIEKTPOHOB IUIa3MEHHOTO CJIOSl OOIbILIE 3aBUCUT OT MAarHUTHOMN
AKTUBHOCTU U MEKIUIAHECTHOT'O BJICKTPUYCCKOI'O MOJIA. DTO MOXKET O6'bHCHSITbCSI CUJIbHBIM BJIMAHHUEM Ha 3JICKTPOHBI
MarHUTOC(HEPHBIX CYyOOypPb.

Kaxk ¢ororpadupoBath nosisipubie CHSIHUSA
C.A. Yeproyc', B.IO. XKuramos®

1 . .
Tonapuwiil eeoghuzuueckuti uHcmumym
2 N .

Konvcxuii nayunuviii yenmp

B noknane moiineT peds o mpencTaBleHHH CHUSHAHN, KaK SBJICHUS, C TOUKH 3peHHs HCKyccTBa ¢ortorpada. Tem He
MEHee, 0JTHOTO HaBbIKa (OTOrpaupoBaHus Ui ChEMKH MOJISAPHBIX CHSHUN HeocTaTouHo. HeoOxonuMo 3HaTh, riue
M KOT'JIa OHO MOSIBUTCS, a 3TO yXe 3amada i reodusukos. B nokmazne naercs 0030p COBpEMEHHBIX MTPEACTaBICHUI
0 JOJITOCPOYHOM HIPOTHO3E IIOJSIPHBIX CHSHMM M HMHQpOpManMs O CIPAaBOYHBIX CaWTax Ha 3Ty TeMy.
PaccmarpuBaeTcst KpaTKOCPOUYHBIN MPOTHO3 HA OCHOBE COBMECTHOUW MOZETH HOPBEKCKUX U POCCUUCKUX (PU3UKOB,
koTopas npumenser panHele [.B.CtapxoBa (III'M) mo crarucThueckod 3aBUCHUMOCTH IOJOXEHHUS aBPOPAIbHOTO
oBana ot Kp mHzekca u ucnons3yer 15-muHyTHbIe aHanoru Kp mHIeKkca, molydyaeMble Ha OCHOBE M3MEpEeHHUil Ha
cnytauke ACE.

BropeiM mnapamerpoM ycmexa SIBIS€TCS XOpOIIEe 3HAHUE TEXHUYECKHUX IapaMeTpoB, XapaKTePUCTUK U
BO3MOXKHOCTEH IpHMeHseMoil (oToTexHHKH. B kadecTBe mpumepa 0OCYXKIArOTCS PE3yJbTaThl CIEKTPAILHON
KannOpoBKU TourynpodeccroHanbHbix kamep Nikon m Canon, nonydenHsle B pamkax Hopseskcko-Poccuiickoro
npoekta NORUSKA. TIlogobHyro wuHpOpMAIMI0O HEBO3MOXXHO HAWUTH B ONMyOJMKOBAHHBIX HWHCTPYKIHUSIX
OpraHM3ali-npon3BoauTesieil. Hamu, Ha OCHOBE JMYHOTO OMBITA, OOCYXKHAIOTCA TEXHHYECKHE MOAPOOHOCTH
ChEMKH TIOJSIPHBIX CHUSHUM Ha KOJIBCKOM IONyOCTpOBE W TMPHBOIATCA TNpHMEpH (oTorpaduii, craliA-moy u
(hUIIBEMOB, LIENBIO KOTOPBIX, SBJISETCS Xy J0KECTBEHHOE IIPEACTABICHNUE ITOTO SBICHHS MPUPOIBI.
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Butterfly pitch-angle distribution of relativistic electrons in the outer radiation belt: Evidence of
nonadiabatic scattering

A.V. Artemyev', O.V. Agapitov’, F.S. Mozer’

'Space Research Institute, RAS, Moscow, Russia.
Space Science Laboratory, University of California at Berkeley, Berkeley, USA

We investigate the scattering of relativistic electrons in the night-side outer radiation belt (around the geostationary
orbit). We consider the particular case of low geomagnetic activity (|Dst|<20 nT), quiet conditions in the solar wind,
and absence of whistler wave emissions. For such conditions we find several events of Van-Allen probe
observations of butterfly pitch-angle distributions of relativistic electrons (energies about 1-3 MeV). Many previous
publications have described such pitch-angle distributions over a wide energy range as due to the combined effect of
outward radial diffusion and magnetopause shadowing. In this paper we discuss another mechanism that produces
butterfly distributions over a limited range of electron energies. We suggest that such distributions can be shaped
due to relativistic electron scattering in the equatorial plane of magnetic field lines that are locally deformed by
currents of hot ions injected into the inner magnetosphere. Analytical estimates, test particle simulations and
observations of the AE index support this scenario. We conclude that even in the rather quiet magnetosphere, small
scale (MLT-localized) injection of hot ions from the magnetotail can influence the relativistic electron scattering.
Thus, observations of butterfly pitch-angle distributions can serve as an indicator of magnetic field deformations in
the night-side inner magnetosphere. We briefly discuss possible theoretical approaches and problems for modeling
such nonadiabatic electron scattering.

The irregular geomagnetic Pi3 pulsations and its connection with fluxes of energetic particles
V.B. Belakhovsky', V.A. Pilipenko®

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

In this study we investigate irregular Pi3 type geomagnetic pulsations excited during both isolated substorms and
sawtooth events using satellite (GOES, THEMIS) and ground-based observations (CARISMA, THEMIS, and
NORSTAR arrays). These pulsations can develop during entire substorm period, but not during substorm growth
phase only as typical Pi2 pulsations. The maximum intensity of these pulsations lies in the auroral zone (~66°
CGM). These pulsations are better seen in X-component of the ground geomagnetic field and azimuthal magnetic
component on the geostationary GOES spacecraft and on the THEMIS satellites which were located in the
magnetotail at the distance about 10 Re. A strong increase of the energetic particle fluxes is observed on GOES and
THEMIS spacecraft during the substorm onset. This increase was accompanied by the cosmic noise absorption and
auroral intensity enhancement as registered by the NORSTAR riometers and THEMIS all-sky imagers. The
considered irregular Pi3 pulsations strongly modulate the electron fluxes at GOES, THEMIS spacecraft, cosmic
noise absorption, and aurora intensity. We suppose that Pi3 pulsation mechanism is different from that of dayside
Pc5 pulsations in the same frequency range. It is possibly related to magnetotail oscillations during substorm
development.

Simulation of VLF chorus emissions in the magnetosphere and comparison with THEMIS
spacecraft data

A.G. Demekhov', U. Taubenschuss?, O. Santolik®

'Institute of Applied Physics, Nizhny Novgorod, Russia, andrei@appl.sci-nnov.ru
2Swedish Institute of Space Physics, Uppsala, Sweden
*Institute of Atmospheric Physics, Prague, Czech Republic

We present the results of numerical simulations of VLF chorus emissions based on the backward oscillator (BWO)
model and compare them with data from THEMIS spacecraft.

Specific attention is paid to the choice of simulation parameters on the basis of experimental data and on the
dependence of the chorus spectra on the observer position inside the chorus source region.

We show that based on the chorus amplitude, the geomagnetic field profile along the magnetic field, the plasma
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electron density, and the initial wave frequency one can unambiguously choose the parameters of the energetic
electron distribution function which yield correct representation of individual chorus elements in the simulation. In
particular, the measured growth rate, frequency drift rate, and the characteristic interval between the elements are
sufficiently well reproduced.

We demonstrate that simulated chorus spectra depend significantly on the coordinate along the geomagnetic field
line, higher frequencies being observed downstream of the equator with respect to the electron motion and,
correspondingly, upstream with respect to the whistler mode waves. This dependence is explained within the
framework of the BWO model by the variation of energetic electron distribution function in the course of wave
generation. The nonsymmetry of the frequency spectra allows one to expect a difference between the spectra of
oppositely propagating waves measured away from the magnetic equator. THEMIS data, indeed, show a difference
between the frequencies of oppositely propagating waves which can be attributed to the considered mechanism.

Latitude behavior of Pcl geomagnetic pulsations in the declining and minimum of the 24-th solar
activity cycle

F.Z. Feygin, N.G. Kleimenova, Yu.G. Khabazin, L.M. Malysheva

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

The Pcl geomagnetic pulsations known as “pearls” have been the subject of intensive study since many years ago. It
is well established that the Pcl waves are generated via the cyclotron instability of radiation belt protons and
propagate toward the Earth surface along the magnetic field lines. The plasmapause region could be the plausible
area of Pcl Alfven wave generation. These oscillations are left-hand polarized waves. So, the ground stations,
located in vicinity of the footprint of the plasmapause, should record mostly the left-handed polarized Pcl waves.
The Pcl pulsations, long travelling in the ionospheric waveguide, change the sign of polarization and become right-
hand polarized ones. Thus, the analysis of Pcl polarization, obtained from multi-station observations, can provide
some experimental information for a Pcl source location.

The latitude features of structured Pcl geomagnetic pulsations have been studied on the base of the Scandinavian
induction magnetometer chain data in 2003 and 2008-2009. These intervals correspond to the declining (Wp ~70)
and minimum (Wp ~3) phases the 24-th solar activity cycle. We compared the total, right-handed and left-handed
polarized Pcl intensity obtained first at all from two latitude considered spaced stations: SOD (®=63.8°, L~5.3) and
NUR (9=56.6°, L~3.5). We found that in 2003, the great number of the Pc1 pulsations was stronger at NUR and
showed there generally left-hand polarization. However, in 2008-2009, the strong Pcl events were more often
recorded at SOD with left-hand polarization as well. There were a lot of magnetic disturbances in 2003, and the Pcl
events were observed mostly at the end of magnetic disturbances and the previous Kp value was ~3-4. In 2008-
2009, the Pcl pulsations were observed usually after long lasting magnetically quiet time intervals with Kp ~0-1,
beyond slight increasing magnetic activity. The roughly estimated plasmapause location (Lpp=5.5-4.6 Kp max)
showed that in the first situation, the plasmapause was located closer to NUR, and during the second one it was
located closer to SOD. That supports the idea that the area of Pc1 wave generation could be related to the vicinity of
the plasmapause.

Pulsating auroras at the SAR arc latitudes as a result of the EMIC waves generation

I.B. Ievenko, S.G. Parnikov, V.N. Alexeyev (Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy,
Yakutsk, Russia)

Photometric observations at the Yakutsk meridian (CGMC: 55-60°N, 200°E) have shown that during the substorm
recovery phase at latitudes of SAR arc the luminosity pulsation splashes in the 427.8 nm emission are usually
observed. These pulsations map the pulsating precipitations of the ring current energetic particles in the outer
plasmasphere (Ievenko, 1995; Ievenko et al, 2008). In this report we consider possible mechanisms for the observed
luminosity pulsations. It is known that the pulsating precipitations can be caused by electromagnetic ion-cyclotron
(EMIC) waves due to the modulation of the pitch-angle diffusion and, consequently, particle flux in the loss cone
with the wave frequency (Coroniti and Kennel, 1970). We have performed the analysis of dependence of EMIC
wave frequency on L-shells for various energy of the O" and H' ring current ions and also cold plasma density. Few
events of the luminosity pulsation observation at the latitudes of diffuse aurora and SAR arc have considered. In all
cases the observed modulation frequencies of precipitations can be explained only by the cyclotron resonance of
electromagnetic wave with heavy O + ions which can dominate in the ring current during magnetic storms.
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Wave-like auroral activities preceding substorm onset
I.A. Kornilov, T.A. Kornilova, I.V. Golovchanskaya
Polar Geophysical Institute, Apatity, Murmansk region, Russia

Several types of wave-like auroral activities are observed at near-midnight MLT sector during substorm growth
phase. They include (a) series of swirls-like intensifications propagating azimuthally along the distinct east-west (E-
W) arc on the poleward boundary of the auroral zone; (b) multiple E-W arcs which split off the poleward auroral
boundary and drift equatorward; (c) multiple equatorward (or poleward) propagating E-W arcs splitting off the
activated prebreakup arc; (d) azimuthally propagating bead-like intensifications inside the prebreakup arc
immediately prior to substorm onset; (¢) auroral pulses inside the prebreakup arc before onset. Using ground-based
optical data of Polar Geophysical Institute and Themis imager array, we study spatio-temporal characteristics of
above mentioned wave activities and invoke to various theories to clarify their nature.

Strange VLF events at auroral latitudes
J. Manninen', N.G. Kleimenova?®, T. Turunen'

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

Very strange VLF events were found during several Finnish VLF winter campaigns at KAN located ~40 km from
Sodankyla Geophysical Observatory. Some expressive VLF emissions are presented here: (1) a few hours lasting
quasi-periodic emissions in the frequency range of 1-5 kHz with the multi-scale time periodicity of the structure as a
mixture of the different frequency band signals, which seem to have independent origins; (2) a series of short
separated bursts of the VLF left-hand polarized emissions in the frequency range of 2-3 kHz with a very
complicated do not repeated spectral structure; (3) the unusual daytime peculiar discrete right-hand polarized VLF
signals in the frequency range of ~6-10 kHz which were discovered after the special filtration of impulsive sferics;
(4) the morning unstructured VLF left-hand polarized hiss at ~4-11 kHz and some others VLF emissions. The most
part of the discussed VLF events were observed under very quiet geomagnetic conditions and only in the winter
season. Some of quasi-periodic VLF emissions may be attributed to the auto-oscillations of the Earth radiation belts
cyclotron instability which developed in the V.Yu. Trakhtengerts and P.A. Bespalov works. However, a possible
theoretical interpretation of the rest unusual signals remains unknown.

Conjugated observations of NOAA POES and spacecraft in the near-equatorial magnetosphere
during EMIC wave events

T.A. Popova, T.A. Yahnina, A.G. Yahnin
Polar Geophysical Institute, Apatity, Russia

NOAA POES observations of energetic proton fluxes equatorward from the proton isotropic boundary are found to
be conjugated with EMIC wave events registered by THEMIS, Cluster and Van Allen Probes near the equatorial
plane of the magnetosphere. This fact provides direct evidence that such proton precipitation appears as a result of
the ion-cyclotron instability. Also, on the basis of THEMIS observations we discuss the cold plasma and magnetic
field conditions in the source region during the wave generation. Independently on the conditions and wave
characteristic in the magnetosphere, the proton precipitation is always observed at the low altitude. Thus, the
observations of the proton precipitation by low-orbiting satellites can be used to monitor the EMIC wave source
region in the near-Earth magnetosphere.
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Dayside sub-oval precipitation of energetic protons: A statistical study and comparison with EMIC
wave observations in the magnetosphere

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

The precipitation of energetic protons is often observed equatorward from the isotropy boundary and, presumably,
indicates the process of the ion-cyclotron interaction. Besides previously studied localized precipitation of energetic
protons (LPEP), a precipitation pattern with dimensions of several degrees in latitude and several hours of MLT can
be observed as well. On the basis of the NOAA POES observations we constructed a map of the occurrence of this
wide precipitation. It is found mainly on the dayside with the maximal occurrence in the afternoon hours. The
precipitation area maps onto the equatorial plane well outside the plasmapause. The comparison of the distribution
of the precipitation occurrence with that of EMIC waves in the magnetosphere demonstrates a good similarity. This
comparison as well as some case studies confirms that, indeed, the wide proton precipitation on the dayside is the
result of the ion-cyclotron interaction.

Whistler-mode wave propagation and resonant interaction with energetic particles in the
magnetosphere: A review

D.R. Shklyar
Space Research Institute of RAS, Profsoyuznaya str. 84/32, 117997, Moscow, Russia

Basic concepts related to the subject of the report are presented. The notions discussed in relation to whistler-mode
wave propagation include: the index of refraction, the dispersion relation, and the wave polarization; the surface of
refraction index, the wave group velocity, Gendrin angle and Storey’s theorem. Wave transition to quasi-resonant
regime of propagation, the lower-hybrid-resonance reflection and their role in formation of magnetospherically
reflected whistlers receive due consideration. Examples of whistler-mode ray trajectories obtained with the help of
numerical solution of the equations of geometrical optics illustrate the presentation.

The analysis of resonant interaction between whistler-mode waves and resonant particles starts with the basic
concept that assumes that the interaction involves the wave and non-resonant particles, described by Hermitian part
of the dielectric tensor, as one component of the interaction system; and resonant particles, which determine the
wave growth or damping, as another one. Further consideration of resonant interaction includes the derivation of
resonance conditions for parallel and oblique wave propagation, the equation for the wave field, and the equations of
motion for resonant particles that constitute the characteristic set of the corresponding kinetic equation. The notion
of phase trapped and phase untrapped particles is recalled. The role of plasma and the ambient magnetic field
inhomogeneity in resonant wave-particle interaction, especially in particle energization, is discussed in particular.

Simultaneous observations of quasiperiodic VLF emissions by the RBSP satellites and on the
ground

E.E. Titova', B.V. Kozelov', A.G. Demekhov?, J. Manninen®

'Polar Geophysical Institute, Kola Science Center, Russian Academy of Sciences, Apatity, Russia
*Institute of Applied Physics, Russian Academy of Sciences, Nizhnii Novgorod, Russia
3Sodankyla Geophysical Observatory, Finland

Many of the properties of quasiperiodic (QP) VLF emissions were explored in earlier ground-based experiments. In
recent years, the characteristics of QP emissions were extensively studied by low-orbiting satellites and at large
distances from the Earth. We present a case study of a QP event observed simultaneously by the RBSP-A satellite in
the equatorial region and on a ground station in northern Finland (L = 5.3).

Quasiperiodic VLF emissions were observed by the RBSP-A satellite on 25 January 2013 after 23 UT for an hour in
the L shells L = 3 - 4.5 in the night sector (22-23 MLT). The satellite was near the equator (MLAT = 5°-7°) and
moved toward higher latitudes. The upper frequency of QP emissions increased from 4.5 kHz to 6.5 kHz and the
time interval between the QP elements decreased from 5 min to 2.5 min. Simultaneous observations of VLF
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emissions at the Kannuslehto station in Northern Finland showed a one-to-one correspondence between the QP
elements detected by RBSP-A and on the ground. This means that an increase in the frequency and decrease periods
of QP emissions were not associated with the position of the satellite in space, they were purely temporary. They
could be related with the development of an intense substorm (AE = 400 nT) in the night sector. A satellite RBSP
showed the increase of the flux and anisotropy of electrons with energies of 3-30 keV, which may be responsible for
generating the observed QP emissions. The possible position of source and generation mechanism of quasiperiodic
regime are discussed on the basis of the observed properties of QP emissions and their relation with the
characteristics of energetic electrons.

This work was partially supported by the Program 9 of the Presidium of the Russian Academy of Sciences The
authors thank the developers of the RBSP project for the opportunity of using its data.

Electron interaction with TDS in the outer radiation belt
LY. Vasko', A.V. Artemyev', O.V. Agapitov’, F. Mozer’

'Space Research Institute of Russian Academy of Science, Moscow
Space Science Laboratory, University of California, Berkeley

TDSs (time domain structures) represent localized electrostatic spikes observed by Van Allen Probes in the outer
radiation belt. TDSs are usually observed in series including up to thousand of spikes. We consider the interaction of
electrons with TDSs and determine the evolution of the electron distribution function resulting from this interaction.
We show that this evolution is determined by electron reflections from TDSs in vicinities of electron mirror points.
The modeling results are compared with observation of Van Allen Probes.

Laboratory studies of kinetic instabilities under double plasma resonance condition in a mirror-
confined non-equilibrium plasma

M.E. Viktorov, S.V. Golubev, D.A. Mansfeld, V.V. Zaitsev
Institute of Applied Physics RAS, Nizhny Novgorod, Russia

Study of kinetic instabilities of non-equilibrium plasma produced in an open magnetic trap by powerful microwave
radiation under electron cyclotron resonance (ECR) conditions is of fundamental interest including prospects to
simulate physical processes in the solar corona, in the magnetospheres of Earth and other planets. For example,
plasma instabilities in magnetic traps on the Sun are the sources of powerful broadband radio emission (the so-called
type IV bursts) which is interpreted as the excitation of plasma waves by fast electrons in the upper hybrid
resonance frequency followed by transformation in electromagnetic waves, for example, as a result of scattering by
thermal ions. In the case of double plasma resonance condition when frequency of the upper hybrid resonance
coincides with one of the electron gyrofrequency harmonics the instability growth rate of plasma waves is greatly
increased. This leads to the appearance of bright narrow-band radio emission near the harmonics of the electron
gyrofrequency — the so-called zebra patterns. It should be noted that the possible manifestations of double plasma
resonance effect are not rare in astrophysical plasmas. The phenomenon of zebra pattern is observed not only on the
Sun, but in the decametric radiation of Jupiter, VLF radiation of the Earth’s magnetosphere and even in the radio
emissions of pulsars. In connection with the above, verification of the effect of double plasma resonance in a
laboratory plasma experiments is a very relevant task.

With the use of non-equilibrium mirror-confined plasma produced by the ECR discharge we provide the possibility
to study plasma instabilities under double plasma resonance condition in the laboratory. In the experiment such
conditions are fulfilled just after ECR heating switch-off, i.e. in the very beginning of a dense plasma decay phase.
The observed instability is accompanied by a pulse-periodic generation of a powerful electromagnetic radiation at a
frequency close to the upper hybrid resonance frequency and a second harmonic of the electron gyrofrequency, and
synchronous precipitations of fast electrons from the trap ends. It is shown that the observed instability is due to the
excitation of plasma waves at a double plasma resonance in decaying plasma of the ECR discharge. Also a pulse-
periodic regime of the observed instability is discussed.

The work has been supported by RFBR (grant No. 14-02-31521) and the Presidential Council for Young Russian
Scientist Support.
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Relativistic electron precipitation: Dependence on geomagnetic activity
T.A. Yahnina, N.V. Semenova, A.G. Yahnin (Polar Geophysical Institute, Apatity, Russia)

Using the data from NOAA POES constellation we considered relativistic electron precipitation (REP) observed
during three 38-day intervals. The intervals occurred in 2005, 2009, and 2011 and were characterized by different
level of geomagnetic activity. The average AE index was equal to 239 nT, 73 nT, and 155 nT, respectively. Three
types of REP events were revealed during each interval: 1) REP at the outer limit of trapped population forming the
isotropic boundary; 2) REP associated with energetic electron precipitation; 3) REP associated with both energetic
electron and proton precipitation. Morphological features and the relation to the cold plasma density in the
magnetosphere suggest that the REP events belonging to different groups have different generation mechanisms.
The total amount of the REP events as well as the relative occurrence of the events in each group was found to be
minimal in 2009, and maximal in 2005. An upward trend during the increase of geomagnetic activity was found
within each interval for each of the REP group. Also, the intensity of the REP flux tends to increase when
geomagnetic activity increases. At the same time, the precipitation of relativistic electrons disappeared during the
main phase of a strong geomagnetic storm.

Chirplet transform as the useful tool for study the time-frequency structure of geomagnetic
pulsations

N.R. Zelinsky, N.G. Kleimenova
Schmidt Institute of the Physics of the Earth RAS, Moscow, Russia

The term chirplet transform was coined in beginning of 90-th by Mann and Haykin [1991] to describe a windowed
portion of a chirp function which represents an extension of the well-known wavelet transform. A chirplet may be
regarded as a "piece of a chirp" (windowed swept-frequency wave) in the same manner as a wavelet could be
regarded as a "piece of a wave" (windowed tone). Chirplet transform can be useful for an analysis of a non-
stationary signal with a time-varying frequency and slowly varying amplitude [Mann and Haykin, 1995]. Chirplet
transform has been applied in time-frequency studies of rotary machine, power system, speech, wind turbine, and
others including the whistler analysis [Mihovilovic and Bracewell, 1992]. Chirplet gives an improved resolution,
through more accurate instantaneous frequency (IF) estimation [Yang et all., 2012], in contrast with the short-time
Fourier transform, and clearly displays the details that are hidden in the traditional time-frequency diagram, so
called dynamic spectrogram.

Here we present a result of the first applying of the generalized Warblet transform, i.e. chirplet transform
specifically designed to analyze the frequency-modulated signal with periodic IF law [Peng et all., 2011; Yang et
all., 2012], to study the time-frequency structure of the multi-station geomagnetic pulsation in the frequency ranges
of Pi2 (8-20 mHz) and Pc5 (2-7 mHz). The pulsations were collected from 10-seconds sampled Scandinavian
IMAGE profile and 1-second sampled INTERMAGNET network. It was revealed some local latitudinal and
longitudinal difference of geomagnetic Pi2 pulsations, observed during two early morning substorms (08.12.2013).
The strong distinctions were also found in the thin structure of the latitudinal spaced Pc5 waves during the recovery
phase of the strong magnetic storm (01.04.201).
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OCo0eHHOCTH YaCTOTHOM 3aBUCUMOCTH MOJIAPU3AIUN MHOTOIMOJIOCHBIX NyJbcanuii Pcl
E.H. EpMaKOBal, AT, SIxuur?, T.A. Sxuuna®, A.T. Jlemexos®, 1.C. Kotux'
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HccrnenoBana OWHAMUKAa W CTPYKTypa CHEKTPOB TMOJSPHU3ALMU UL PA3IHIHBIX COOBITHH JJIONTOXHUBYIIHX
MHOT'OIIOJIOCHBIX M3Iy4eHUM B auana3zoHe Pcl. AHanum3upoBalCh CIEKTPHl MOJSPU3ALUOHHOIO NapaMmerpa u
a3UMYTAIBHOTO YTIIa, OTMPEACISIONIET0 MPOCTPAHCTBEHHYIO OPHEHTAIMIO JIUIMIICA MOJIPU3alnu Imynscanuid Pcl.
JUis mccnenoBaHW TPHUBIEKATNCh HU3KOYACTOTHBIE NaHHBIE CPEIHEUIMPOTHBIX CTaHIWH, BBICOKOIIMPOTHOM
ctaniun JIoBo3epo, maHHbIE (PUHCKOW IIETIOYKH MarHUTOMETPOB U JaHHBIE HU3KOOPOHWTANBHBIX CITyTHUKOB NOAA
o perucrpanyu JIOKJIM30BAHHBIX BBICBIITAHUI SHEPru4HbIX IIPOTOHOB (JIB2ID).
OOHapyXeHO:

- B nepuoa peructparuu oauHouHsix JIBOII oTcyTcTBOBaIa 4acTOTHAs 3aBUCUMOCTD IapaMeTpa MoJIipu3aluu u
a3UMYTAIBHOTO yIJIa BHYTPH YaCTOTHBIX IOJOC M3iydeHus Pcl, kak Ha 4acToTax BBIIIE, TAK M HWXKE THPOYACTOTHI
HOHOB TeNNs B 9KBATOPUAIILHOM 30HE MarHUTOC(EpHI.

- B mepuon perucrpanmn MHOkecTBeHHBIX JIBOII 00Hapy)keHO HEOIHOPOIHOE paclpe/eiieHrue NOoIIpH3aliy Ha
gacrotax Pcl, Hambosee spko BBIpaKeHHOE B Oo0Jiee HU3KOYACTOTHOU IMOJOce (Ha 9acTOTaX HIDKE THPOYACTOTHI
WOHOB renus). B 3Tu ke mepronbl OOHApY>KEHBI pe3KHe BPEMEHHBIC BapHallMH IapaMmeTpa MNOJIPU3AINH U
a3UMYTAIBHOTO yTIIa, HanOoJee SIPKO MPOSIBUBIINECS HA BRICOKOIIUPOTHBIX CTAHITUIX.

- B Gonee BricokowacToTHON monoce Pcl (BbIme rupodacToTsl HOHOB renus) oOHapykeHO Ooyiee OJHOPOIHOE
pacripesielieHie BEIWYHHBI TMOJSIPU3AIOHHOTO MapaMeTpa U a3uMyTaJbHOTO yIa, YTO, MO-BUAMMOMY CBSI3aHO C
TeM, HE BO BCeX 00JacTSIX MWOHHO-IIMKJIOTPOHHOM TeHepallii, KOTOphIe CBSA3aHbI C 3aperucTpupoBaHHbIMU JIBOII,
CYIIECTBOBaJIa BBICOKAss aHM30TPOIHs MUTY-YIJIIOBOIO paclpeieieHss SHEPTUYHBIX MPOTOHOB, W BKIIAJ TaKHX
obactei B hOpMUpPOBAHKE BBICOKOYACTOTHBIX MOJIOC OBLIT HECYIIIECTBEHEH.

Taxkum 06pa30M, JaCcTOTHAasA 3aBUCHUMOCTH MOJISIpU3aluX JOJITOKUBYHIUX MHOTI'OINOJIOCHBIX Pcl u ee cuibHbIE
BpPEMEHHBIE BapHallii TPH HA3€MHOW PErucTpalii MOTYT OBITh MHIMKATOPOM HAINYUSI MHOXKECTBEHHBIX oOyacTeit
HEYCTOHNYMBOCTH, UMEIOLIUX PAa3HbIE T€OMarHUTHBIE KOOPIMHATEHI.
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Method flare current sheet search in the magnetic field obtained by MHD simulation above the
active region

A.L Podgorny', I.M. Podgorny®

!Lebedev Physical Institute RAS, Moscow, Russia, podgorny@lebedev.ru
*Institute for Astronomy RAS, Moscow, Russia

Numerical magnetohydrodynamical (MHD) simulation above the real active region shows creation of a current
sheet in the corona. The flare energy is stored in the magnetic field of this current sheet. Decay of current sheet
causes the explosive energy release in the corona. According to the solar flare electrodynamical model a source of
thermal X-ray emission with energy release ~ 10°' erg situates in the current sheet. Plasma heating in the sheet
occurs due to energy dissipation of the sheet magnetic field. The RHESSI spacecraft data show fast heating of the
plasma with concentration ~ 10" ¢m™ to the temperature of more than thirty million degrees. In the numerical
simulation of current sheet creation no assumptions about the flare mechanism have been done, all conditions were
taken from observations. For setting of boundary conditions on the photosphere the charts of the magnetic field
obtained by MDI device of RHESSI spacecraft are used. Calculations starts several days before the flare, when
strong disturbances in corona are absent, so for setting initial conditions it is possible to use the potential magnetic
field calculated in the corona. Due to complexity of the magnetic field above an active region, which does not
permit to find the current sheet by more easy way, it is necessary to develop the special method of current sheet
search in the magnetic field which is found by numerical method in the corona. The method of search is based on
the property of the current sheet, according to which the local maximum of the current density absolute value is
located in the current sheet center. In any selected plane, which can be placed arbitrarily in the space in the
computational domain, the lines of absolute values of current density are constructed. Furthermore, in this plane all
positions of local maxima of the current density in the plane and projections of all positions of the local maxima of
the current density in the space on the plane are marked. Marked points are located at the intersection of current
sheets with the plane, or they are corresponded centers of current sheets. In order to be able to present the current
density distribution in the space, the selected plane can be easily moved in the perpendicular to the plane direction
with automatic rearrangement of lines of levels and positions of the current density maxima. The program can easily
define information about any marked point of the maximum. It can be outputted the coordinate value of that point in
any chosen coordinate system and the calculated values of all the variables in this point. In order to determine
whether a given point of the current density maximum that corresponds the current sheet center or simply
corresponds to an increase of the current density as a result of some disturbance, the program offers the possibility to
build the configuration of the magnetic field in the vicinity of the selected point of the current density maximum at
any arbitrarily rotated coordinate system. Typically, in first turn it is expected to build a configuration of the
magnetic field in a plane containing the selected point of the current density maximum which is situated
perpendicular to the magnetic field in this point. The current sheet should be the most clearly presented in such a
plane. The developed variant of the search system of is used now for study of the solar flares physics.

Solar cosmic ray acceleration and propagation
.M. Podgorny', A.I. Podgorny?

!Lebedev Physical Institute RAS, Moscow, Russia
’Institute for Astronomy RAS, Moscow, Russia, podgorny@inasan.ru

Previously executed jointly with E.V. Vashenyuk and Yu. Balabin studies of relativistic protons, arriving to the
Earth after a flare, have showed that proton acceleration accompanying solar flare occurs in the flare current sheet
along a singular line of the magnetic field. The protons accelerated in the current sheet have an exponential
spectrum. From the analysis of the spacecraft long-term GOES measurements of protons with energy of 10 - 100
M5B it follows that the characteristics of accelerated protons reaching the Earth's orbit depend on the flare position
on the solar disk. The so-called fast proton component comes to Earth with a sharp (~5 min) front. This fast
component is arrived from flares that occurred on the Western part of the solar disk with a delay determined by the
time of flight of particles without collisions. The proton Larmor radius in the interplanetary space is much less than
the distance from the Earth to the Sun. This means that the particles of the fast components come to Earth along
magnetic field lines. For western flares such lines are lines of an Archimedean spiral. Protons, which are not
captured on the magnetic lines that go to the Earth, are transferred across the field lines with the solar wind velocity
and diffuse due to scattering on inhomogeneities of the magnetic field. Traveling of the protons stream lasts 2 - 3
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days, which corresponds to the average velocity of transfer of ~5 10° cm/s. The front of proton flux from flares
appeared on the Eastern part of the disk is gently sloping. Its duration is more than 10 hours. The protons of such
flares begin to register with the delay more than three hours. The fast component, which comes from the Western
flares with a steep front, is arrived with a delay less than 20 minutes. The fast component is not recorded by the
GOES spacecraft from flares that occurred in the Eastern part of the solar disk. Particles from flares that occurred in
the Eastern part of the solar disk can't get on the magnetic field line connecting the flare and the Earth. These
particles reach the Earth moving across the interplanetary magnetic field. The particles captured by the magnetic
field are carried by the solar wind because the interplanetary magnetic field is frozen in the plasma and due to
particle diffusion across the field. In the very rare cases the fast component from the Western flares is not recorded
by the device GOES. This happened when the powerful flares and coronal mass emissions appeared before a proton
event. The magnetic field configuration becomes disturbed, and the flux of protons propagating along the field lines
could not reach the Earth's magnetosphere. There is no need to explain the fast and delayed component generation
by two different mechanisms of proton acceleration (acceleration in the flare and acceleration in the shock wave),
because a part of fast protons comes to the Earth along the lines of the magnetic field and forms a fast component,
and the other part of protons is propagating across the field,. The observed facts are explained by a single
mechanism of proton acceleration in the current sheet.

White light solar corona during the MiniMax24 at the November 14, 2012 total solar eclipse
P. Stoeval, A. Stoevl, S. Kuzinz, B. Benev', A. Pertsov’

!Space Research and Technology Institute, Bulgarian Academy of Sciences, Stara Zagora Department
’Lebedev Physical Institute, RAS, Moscow, Russia

White-light solar corona is observed half a year before the MiniMax24, during the November 14, 2012 total solar
eclipse in Australia WL images show the continuum K-corona that result from scattering of photospheric light by
electrons in the corona.

Photos were made with different exposures in order to obtain high-resolution composite image of the white light
corona, which allows us to reveal its small- and large-scale structures. The eclipse observations were compared with
near-simultaneous SOHO EUV and SOHO LASCO visible-light coronagraphic images.

Analysis of the Ludendorf flattening index (0.024) and phase of the solar cycle (+0.87) shows that white light
corona is solar maximum type — the shape is spherical with many streamers located at all azimuths around the
occulted disk.

Observations of the November 14, 2012 total solar eclipse give us the possibility to investigate solar corona
structure during this unique minimal maximum of the solar activity cycle and compare it with previous eclipse
observations during maximum.

CpaBHHMTEJbHBIN aHAIH3 0APMYECKOI0 OTKJINKA HUAKHell aTMocdepbl CeBEPHOr0 U H0:KHOI0
nogymapuii Ha popoym-nonmxenns I'KJI

W.B. Apramonosa', H.I'. Makapenko®

'asnas ceodusuyeckas obcepsamopus um. A.M. Boeiixosa, C.-Ilemep6ype, Poccus
*Iasnas acmponomuueckas obcepeamopus. PAH, C.-ITemep6ype, Poccust

B pabote paccMOTpeHBI H3MEHEHHUS TaBICHUS Ha OCHOBHBIX H300apHYECKUX YPOBHSIX Tporocdeps! B xoae ¢popOym-
MTOHIKEHNH TanakThdeckux kocmuueckux ayderd (I'KJI). Bapuammm maBneHHWsS HCCIIEZOBaHBI C HCHOJIB30BAHUEM
naHHbIX «peaHanu3a» NCEP/NCAR, ¢opOym-oHmxkennuss OoToOpaHbl Ha OCHOBAaHMU JaHHBIX HEWTPOHHOTO
MOHUTOpa CTaHuu AmnatuTel. [IpoBen€H CpaBHUTEIbHBIN aHATU3 OapUYeCKOro OTKIWKA Tpomocdepbl Ha
BO3MYyIIaomIee BiusHue GopOymi-noHmwkernid ['KJI B Teruiblil 1 X0JOMHBINA CE30HBI T0JIa I CEBEPHOTO M KOXKHOTO
noymapuii. [Tokasano, 4To MakcHMalIbHbIE M3MEHEHUS AaBieHus HaOmoxatoTes B npusemHoM cioe (1000 rlla) B
TeueHrne HanboJiee XOJI0AHOTO IEPHO/Ia rofa IS COOTBETCTBYIOIIETO MOJIyIIapusl.
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Co0biTust GLE: HekoTOpBIE 00111Me 3aKOHOMEPHOCTH

10.B. bana6un, b.b. I'Bo3nesckuii, A.B. I'epmanenko, D.B. Bamentok ([{onsapHuiii 2eogusuneckuti uncmumym,
Anamumut)

Ha ocHOBe uMerorierocsi MaccuBa JaHHBIX O COOBITHSIX coyiHeuHbIXx KocMmuueckux Jsyuedt (CKJI wim GLE) 3a
nepron 1956-2012 rr npoBeaeHO UccIeI0BaHKUE PaclpeIeIIeHUI SHepreTHYecKnx xapakrepuctuk coosituii CKJI. B
pacIipeielIeHUsIX UMEETCs SIBHO BBIPa)KEHHBII MaKCHMYM, COOTBETCTBYIOIINH THITMYHBIM 3HaueHusM. Kpome Toro,
npu nepexosie oT IUQdepeHINAIBFHBIX JHEPreTHYECKUX CIIEKTPOB K IOJHOMY MOTOKY 3HEPIMH, NMEpeHOCHMOMN
COJIHEYHBIMH KOCMUYECKHMH JIydaMH, paclpeieieHus CyXKaloTcs. ITO 03HAYaeT, YTo HECMOTpsl Ha pasHooOpasue
¢dopm u ammutyx B cobsrtusix CKJL, momuas sueprus, nepeHocumas CKJL, mpuMepHO ocTaeTcs OCTOSHHOM.

MarsuTtHble 00JIaKa COJTHEYHOr0 BeTPpa KaK NPHYMHA BHICOKOIIUPOTHOI reOMArHMTHOM
AKTUBHOCTH

H.A. Bapxaros', A.E. Jlesutun’, E.A. PeBynosa’, A.5. Bunorpasos'

' Huorcecopodckuii 2ocydapemeennwiii nedazozuyeckuil ynugepcumem um. K. Mununa

2Uncmumym 3emno2o macnemusma, uonocgepvi u pacnpocmpanenus paouosonn um. H.B. ITywxosa, Tpouyk-
Mockea

3 Husicezopodckuii 20CY0apCmeenHblll apXumeKmypHO-CIMpOUmenbHblll YHU8epcumem

B naHHOW paboTe yCTaHABIMBACTCS CBSA3b IJIO0AJBHOW M BBICOKOUIMPOTHOW TI'€OMAarHUTHOW AaKTHBHOCTH C
MarHUTHBIMH 00JIaKaMHU COJIHEYHOT'O BETPa, C YYETOM CYLIECTBOBAHHMS Y OOJIAKOB yJapHbBIX BOJIH U TYPOYJIEHTHBIX
o6osouek. CoOCTBEHHBIE MCCIEJOBAaHUS Te03(PEKTUBHOCTH MAarHUTHBIX 00JakoB [1] M aHaOrM4HbIE pe3yIbTaThl
Jpyrux aBTOpoB [2] mokasanw, 4To o00jaka ¢ yJapHBIMA BOJHaMH M 000JIOYKaMH o00JanaroT Oosbiieit
BO3MOXKHOCTBIO  BBI3BbIBaTh TI'€OMAarHUTHbIC Bo3MymieHHs. CienoBaTenbHO, INIPH  IIPOTHO3E€ HHTEHCHUBHOCTH
TEOMarHUTHBIX BO3MYIICHHH CJEeIyeT YYHTHIBATE OTO OOCTOSTENHCTBO. BBICOKAas CKOPOCTh TPOTEKAHUS
(u3MYeCKUX TPOIECCOB B YHOAPHBIX BONHAX M O0OJOYKAX OOJAKOB M COOTBETCTBYIOIIMX MM T'€OMAarHHUTHBIX
BO3MYIIECHUH, BKIFOYast CyOOypeBBIC SIBICHHS, OOYCIIaBIMBAaeT HEOOXOAWMOCTH HWCIOJB30BAHUSA |-MHUHYTHBIX
JAHHBIX. BBITOTHEHHOE MCCIIeJOBaHNE OCHOBAHO HA COMIOCTABJICHNH AWHAMUKH ITapaMeTPOB MEXKIIAHETHON Cpeabl
Ha yJapHOW BOJIHE, B OOOJOYKE W TEJIe MAarHWTHBIX OOJIAKOB ¢ OTUHAMHUKOH aBpopampHOro AL-mumekca m Dst-
WHJEKCa TJIO00aJbHON T'e€OMarHUTHOW akTHBHOCTH. B pabore paccMoTpeHo 16 BEIOPOCOB, ONpPENEICHHBIX B
JIUTEpaType M Katajlorax Kak MarHuTHele obiaka. OTO0p 001aKOB MPOBOAMICS IIPH YCIOBUH CYIIECTBOBAHMS Y HUX
TypOyJICHTHO# 000JI0YKH ¢ yaapHOil BoiHOM. [Ipu comocraBieHnN aHAIM3UPYEMBIX AMHAMUK YYUTHIBAJIOCH BPEMs
MEpeHOoCa IMOTOKa OT CIIYTHUKA 0 T'paHUIIbI MaFHl/ITOC(l)epI)I. OHO BBIYHCIAIIOCH WHAWBUAYAJIbHO JISI KaXJI0I'0
COOBITHS, KaK CpejiHee 3HAYCHHE BPEMEHH 3a MHTEpPBal, COIEPIKAaIlMi yAapHYIO BOJHY W O0OJIOYKY MarHUTHOT'O
obuaka.

B pesynbraTte ycTaHOBIIEHO, YTO HanOOIee YaCTO HCTOYHUKOM TIIOOANBHBIX BO3MYIICHUH CTAHOBUTCS KOMOHMHAITHS
000JIOYKH W TelNa, BRI3BIBAs KIIACCHYECKHE WHTCHCUBHBIE MM MHOTOMmAroBsle Oypu. O00I04YKa caMa MOXKET OBITH
MPUYNHON, KaK TPaBWIIO, CIAOBIX WM yMEPEHHBIX TeOMarHUTHBEIX Oypb. Bmecte ¢ TeM oOHa sBiseTcs
MIepBOHAYAIBHBIM HCTOYHHKOM cyOO0ypeBoil akTuBHOCTH. Cy00ypeBasi aKTHBHOCTB, BBI3BaHHAsI HEMIOCPEICTBEHHO
yAapHOIl BOTHON, OTMEYEHA HAaMH TOJBKO ISl TPeX O0JIAKOB ¢ OCOOCHHO BBICOKOW CKOPOCTBIO. 3aTeM €€ pa3BHTHE
MPOJIOJKAET 00ecIeunBaThCS W IapameTrpamMu Tena obmaka. B paboTe oOpaiieHO BHMMaHWE HAa BO3MOXKHOCTH
BKJIaJa nonepedyHoil Bp komnonenTsl MMII 10TOKa COJIHEYHOIO BETpaA, U3MEHEHHOMU IIPU IIPOHUKAHUU 33 yIapHYIO
BOJIHY, B reod()(exkTuBHY0O Bz KOMIOHEHTY MAarHMTHOTO TMOJIA TYypOYJIeHTHOH 000/0ukd. B OOJBIIMHCTBE
PacCMOTPEHHBIX CIIy4aeB 3a CYET CYIIECTBOBaHUS B IOTOKE cojiHeyHOoro BeTpa Bz u By xomnonent MMII
OTMEYeHO yBeJandeHue Bp Ha yapHO# BoJIHE B CpeTHEM B 5 pa3, 4TO CTUMYJIMPYET T€OMarHUTHbIE BO3MYILCHHMSI.
Takum 006pa3oM, pe3ysbTaTshl NPOBEAESHHOTO MCCIEA0BAHMUS OKA3bIBAIOT, YTO OCHOBHYIO POJIb B BEICOKOIIMPOTHOM
AaKTMBHOCTH WIPalOT M3MEHEHHs IlapaMeTpOB OKOJIO3EMHOM cpelbl 3a yOapHOM BOJHOH, T.e. B 000JIOUYKe
MarHuTHOTO oOyiaka. FIMEHHO OHA CTaHOBHTCS MCTOYHHKOM CyOOypeBOW aKTHBHOCTH W JTAeT CTapT IIIOOaIbHOM
MarHuTHOH Oype, pa3BUTHE KOTOPOil oOecrieduBaeTcs mapaMeTpaMy Tella MarHUTHOTO O0JIaka.

1. bapxamos H.A., Jlesumun A.E., Pesynosa E.A. Knaccudpukanuss KOMIUICKCOB KOCMHYECKOH MOTOABI C y4YETOM THIIA
COJIHEYHOTO HMCTOYHHMKA, XapaKTEePHCTHK I[UIA3MEHHOTO II0TOKa M CO3JaBaeMOro MM TI'€OMarHUTHOTO BO3MYILUCHUS //
I'eomarnerusm u asponomus. T. 54. Ne 2. C. 185-191. 2014.

2. Kueiimenosa H.I'., Koszvigesa O.B., [llomm K. JK. BonHOBOW T€OMarHUTHBIA OTKIMK MarHUTOC(epsl Ha MOAXOI K 3emie
MEXKIUTaHETHOTO MarHuTHOro obmaka (14-15 urons 2000 r., “BASTILLE DAY EVENT”) // 'eomarnetnsm u aspoHomust. T. 43.
Ne3. C. 321-331. 2003.
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HccnenoBanme 3(peKTHBHOCTH B3aUMOAeiicTBHSI HOHM3UPYIOLIEro u3jaydeHuss BTopuuHbix KJI ¢
BelecTBoM aTtMocdepsl 3eMin

E.A. Maypues, 10.B. banaoun, B.b. ['BozneBckuit (Ilorapusiti ceodpuszuyeckutl uncmumym, Anamumaot)

B nmanHo# paboTe HA OCHOBE MPEIbIAYIIUX BbIYMCICHHH HHTEHCUBHOCTH MOTOKOB BTOPUYHBIX KOCMHYECKUX Jy4ei
¢ nmomompbio GEANT4 mccnenyroTcss BKIAABI Pa3IMYHBIX YacTHIl (IPOTOHBI, MIOOHBI, AJIEKTPOHBI, TO3UTPOHEI) B
Ipoliecc MOHM3aIMK BeriecTBa atMocdepbl 3emin. PaccMaTpuBaroTCsi BBICOTHBIE MPOQUIM JAaHHOTO Ipoliecca, a
TaKK€ IMPOBOJUTCA pacyeT HOFHOLHGHHOﬁ J03bl U3JIyYCHUS. HonyquHme JIaHHBIE€ CPAaBHUBANOTCA C pE3yJibTaTaMU
JIpYTUX aBTOPOB.

HN3MeHeHHE KOCMHYECKOIr0 KJIHMAaTa
H.N. TlonsiBur

Canxm-Ilemepoypeckuii I'ocyoapcmeennviii Yuusepcumem, Cankm-Ilemep6ype, Poccus
dponyavin@mail.ru

[To anayoruu ¢ OOBIYHOI MOTOJOW M KIMMAaTOM, KOCMHYECKas MOrojia XapaKTepU3yeTcs «MTHOBEHHBIM» CPE30M
cocTosiHUSL re0dPPEKTUBHBIX BHEATMOC(HEPHBIX ITapaMETPOB, & KOCMUYECKUI KIMMAT OINPEAEseTCcs UX CPeIHUMU
3HAaYEHUSMHU 3a JOCTOYHO JUIMTENBHBIN mepuoj BpeMeHH. CoyiHeuHas akTHMBHOCTb, BO MHOTOM YIPaBISIOLIAs
KOCMHUYECKOW TNOrofiodl M KIMMAaTOM, TECHO CBSI3aHa C COJHEUHBIMU MATHAaMH. | €OMarHuTHas aKkTUBHOCTb
KOHTPOJIUPYETCS COJTHEUHBIM BETPOM U MEXKIIJIAHETHBIM MAarHUTHBIM MoJeM. B CBOIO ouepenb CONHEYHBIH BETep
(dopMupyercsi B KOPOHAQJIBHBIX JbIpaxX, OOJIACTAX OTKPHITOH KoH(urypaumu marmutHoro mnons Ha CorHue.
KBasucranuoHapHyio CTPYKTypy COJIHEUHOTO BETpa BO3MYIIAIOT BBICOKOCKOPOCTHBIE IIOTOKH, BBI3BIBAEMBIC
KOPOH&IBHBIMH BBIOPOCAMH MacC, YTO NPHUBOAWUT MPH OINPENCICHHBIX YCIOBHSAX K T'€OMAarHUTHBIM OypsiM.
MarunutHoe mone ConHIA SBOJIONMOHUPYET B COJIHEYHOM IIHKJIE, AEMOHCTPHUpPYS CBOIO 3aBHCHMOCTH OT
ISITHOOOPa30BaTeIbHOM NeATeNbHOCTH. B Toknane aHaIn3upyeTcs CONHEYHO-3eMHBIE CBSI3H B HACTOSIIIEe BPeMs U B
MIPOILIUIOM C IIEJbI0 OOHApPYKEHUs! JOJNTOBPEMEHHBIX TPEHAOB M3MEHEHHMS KOCMHMYECKOro kimmara. Mcciemyrorcs
CXO0’KH€ CLIIEHAPHUH TTOBEJICHNS 1 BO3MOKHOCTb IIPOTHO3a COTHEYHON ¥ T€OMarHUTHON aKTUBHOCTH.

ComnocraBjieHUe OTHOBPEMEHHBIX mMepeHnﬁ IJ1a3sMbl U MArHUTHOI'O ITI0JIA B COJTHCYHOM BETPE U B
MAarHuToc/j10€ Ha pa3/IMYHbIX PACCTOAHUAX OT MArHUTOIIAY3bI

JI.C. PaXMaHOBal, M.O. Pﬂ3aHueBa1’2, T H. EIaCTeHKep1

1 . L
Hnemumym Kocmuueckux Hccnedosanuti Poccuiickoti Akademuu Hayx (MKW PAH), Mockea, Poccus

2 N -

Hayuno-uccnedosamenvcxkui. - Mucmumym — HAoepuoti  @usuxu  umenu J[.B. Ckobenvyvina Mockosckoeo
Tocyoapcmeennozo Yuueepcumema umenu M.B. Jlomonocosa, Mockea, Poccus

CTpyKTypHl IUIa3MBI U MAarHHTHOTO TOJS COJHEYHOTO BETpa OKAa3hIBAIOT CHIIBHOE BIHMSHHAE Ha MarHutocdepy
3emMiM, OJHAKO HEOOXOOMMO YYHTHIBATh WX W3MEHEHHs (IOpOH CYIIECTBEHHBIE) B IEPEXOAHON obiactu —
MarauTocioe. B manHO#W paboTe A OLIEHKH CTENEHH M3MEHEHHS STHX CTPYKTYP B MarHHTOCIOE HCIIOJIB3YIOTCS
K03 DUIMEHThl KOppEeLUy MapaMeTPOB IUIA3Mbl, PACCUMTAHHBIE 1O OJHOBPEMEHHBIM JAHHBIM JBYX OJHM3KO
PACTIOIOKEHHBIX CIYTHHKOB, MPEOBIBAIONIMX B COJHEYHOM BETPE M B MarHuTocioe. AHanu3upyrorcs 6osiee 300
JacoB OJHOBPEMEHHBIX H3MepeHHH nByx chmyTHuUKOB mnpoekra THEMIS, nepBblii M3 KOTOPBIX HaXoAWUTCS B
COJIHEYHOM BETpEe, a BTOPOM — B MAarHMUTOCIIOC. YCTaHOBJIEHO, 4YTO HauOoyiee CYNIECTBEHHBIMH (haKTOpamu,
BIMSAIONIMMH Ha KOPPEIALUIO, SBISIOTCS IUIOTHOCTH IUIa3Mbl COJHEYHOTO BETPa M MOAYJb MEXKIUIAHETHOTO
MarHUTHOTO MOJISA, Yroj MEeXIy HOPMajbio K OKOJIO3€MHOW yJIapHOH BOJHE W HalpaBJICHHEM MEXIUIAHETHOT'O
MarHuTHOTO NOJIA - Opy - M aMIUIMTYABI CTPYKTYp IIa3Mbl M MarHuTHoOro mnojs. B manHOW pabore mpoBeneH
JeTaIbHBIN aHAIN3 3aBHCUMOCTEH KOA((UIMEHTa KOPPEIAINN OT YKa3aHHBIX (DaKTOPOB IS PA3IUYHBIX CIydacB
PACTIONOKEHUS CITyTHHKA B MarHUTOCIIOE IO OTHOIICHWIO K MAarHUTONAy3e M OKOJO03eMHOH ymapHOW BoiHe. Ilpu
STOM HOJYYEHO, YTO 3aBUCHMOCTH K03(PPHITEHTA KOPPEISIHH OT INIOTHOCTH TUIa3MBI COTHEYHOTO BETPa U MOIYJIS
MEXIIJIAHETHOT'O MAaTHUTHOTO TTOJISI OKA3bIBAIOTCS CXOAHBIMU Ha PA3IMYHBIX PACCTOSHHUAX OT MAarHUTOIIAY3HI.
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The response of the nighttime aurora to the negative SI impulse
V.B. Belakhovsky, V.G. Vorobjev (Polar Geophysical Institute, Apatity, Russia )

In this study we consider in detail the response of the nighttime aurora to the sudden decrease of the solar wind
dynamic pressure for the event 28 September 2009 using NORSTAR meridian-scanning photometers (MSP),
THEMIS all-sky imagers (ASI). Practically simultaneously with the development of the negative SI impulse
determined by SYM-H index variations was seen the appearance of the aurora arc on some ASI stations (SKNQ,
KUUJ). The poleward propagation of this aurora arc was observed. Approximately 10 min later after negative SI an
abrupt decrease of the diffuse aurora intensity was observed on GILL MSP at 557.7, 630.0 nm emissions. There is
no distinct response in CNA to the negative SI impulse on the NORSTAR riometers was observed. So we suppose
that the aurora response to the negative SI impulse have complicated character. Namely the negative SI impulse may
be the trigger for the generation of the aurora arcs due to development of the FLR. At the same time it may cause
the sudden decrease of the diffuse aurora intensity due to non-adiabatic expansion of the magnetosphere.

Nonstationary acceleration of GPS/GLONASS phase in the polar ionosphere
V.V. Demyanovl, T.V. Kashkina', Yu.V. Yasyukevich2

Irkutsk State Railway Transport Engineering University, Irkutsk, Russia
*Institute of Solar-Terrestrial Physics, Siberian Branch of Russian Academy of Sciences, Irkutsk, Russia
e-mail: sword197l(@yandex.ru

Currently polar ionosphere is of great interest. This is connected with creation of global model of ionospheric storms
and providing stable navigation in polar region. Currently dual- and multi-frequency GNSS phase measurements
have been utilized widely and these measurements combination yields us current TEC-values along all SV’s line-of-
sights in view. One of the main parameters is stability of phase measurements and their noise level.

We carry out the GNSS signal monitoring campaign under the polar ionosphere condition (in Taimyr cape, Russia)
in 2013. JAVAD Delta-G3T receiver was used. We observed amount of the rapid and sharp phase acceleration
variations. The absolute value of these variations were as much as 30-40% up to 2-2.5 times higher in comparison
the background level for both GPS and GLONASS signals. In some cases we found a strong positive correlation
between the phase acceleration variations and TEC variations in the variation frequency band of 0.08-1 Hz. It is well
known that this frequency band relates to the 1-st Fresnel zone sized ionospheric irregularities. On the other hand we
found some cases when there was no an obvious correlation between the 0.08-1 Hz TEC- variations and the phase
acceleration variations. In these cases the phase acceleration variations could be inspired by the SV’s reference
oscillator frequency drift.

This study was supported by the Grant of the Russian Scientific Foundation (Project No. 14-37-00027).

Main ionospheric trough for different levels of solar activity
A.T. Karpachevl, V.V. Klimenko?, M.V. Klimenko®®, L.V. Pustovalova'

YPushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, RAS, Moscow, Russia, e-
mail: karp@izmiran.ru

*West Department of Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation, RAS,
Kaliningrad, Russia, e-mail: vk _48@mail.ru

3 Immanuel Kant Baltic Federal University, Kaliningrad, Russia

The results based on the Global Self-consistent Model of the Thermosphere, lonosphere, Protonosphere (GSM TIP)
and empirical median model of the shape and position of the Main Ionospheric Trough (MIT) in the Northern and
Southern Hemispheres are presented. The empirical model is based on the topside sounding data of the Intercosmos-
19 satellite (about 2000 passes in both hemispheres) and in situ electron density N, measurements onboard the low-
orbiting CHAMP satellite (more then 20 000 passes) for high and low solar activity, accordingly. The model is
applicable to the quiet geomagnetic conditions (K,=2), the night-time (18:00 — 06:00 LT), the winter season
(November—February in the Northern Hemisphere and May—August in the Southern Hemisphere), and different
levels of solar activity (F97,=70-250). Model describes the dependence of trough minimum position on the local
time (LT) and longitude. The resulting analytical dependence on local time and longitude for the night MIT
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minimum position describes its more precisely in comparison with other models. The online version of the MIT
model is presented at the IZMIRAN website. Another objective of our study is to check the possibility of the first
principles GSM TIP model for reproduction the main morphological features of the MIT. The manifestation of the
main ionospheric trough (the light ion trough) in the total, ionospheric and protonospheric electron content is
considered. Despite the fact that the MIT in the F2 layer peak electron density, light ion trough and their
manifestation in the total electron content are in general qualitatively similar each other, there are also some
significant differences between them. We discussed the reasons of these differences on the basis of analysis in detail
the GSM TIP model results.

This study was financially supported by RFBR Grant No. 14-05-00788.

Inhomogeneous structure of the upper ionosphere according to the Intercosmos-19

A.T. Karpachev, V.A. Telegin, G.A. Zhbankov (Institute of Terrestrial Magnetism, lonosphere and Radio Wave
Propagation of RAS, Moscow, Troitsk)

Inhomogeneous structure of the upper ionosphere according to Intercosmos-19 topside sounding data is discussed.
On the topside sounding ionograms of Intercosmos-19 the ionospheric plasma inhomogeneities appear as unusual,
additional traces of HF radio signal reflections. The interpretation of such complicated ionograms was performed
using the ray tracing calculations by the method of the characteristics. The ray tracing allows to determine that the
unusual traces of the radio signal reflections are associated with the inhomogeneties of different scales.
Inhomogeneities of the ionospheric plasma can be classified as large-scale (the main ionospheric trough, equatorial
anomaly, the Yakutsk and Weddell Sea anomalies), medium-scale (including mid-latitude peaks and holes of the
electron density and the waveguides in the equatorial ionosphere), and small-scale inhomogeneities, responsible for
the F-spread. The reasons of the formation of the ionospheric plasma inhomogeneities are discussed.

The similarities and differences between longitudinal variations of the ionospheric plasma density
in the middle, auroral, and high latitudes

V.V. Klimenko', M.V. Klimenko'?, K.G. Ratovsky’, A.T. Karpachev*, I.E. Zakharenkova’, A.M. Vesnin®,
LA. Galkin®, Yu.V. Yasyukevich3 , AA. Mylnikova3, D.S. Kotova®

" West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, RAS,
Kaliningrad, Russia, e-mail: vk _48@mail.ru

? Immanuel Kant Baltic Federal University, Kaliningrad, Russia

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

* Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation, RAS, Moscow, Russia
SInstitut de Physique du Globe de Paris, Paris, France

® UML Center for Atmospheric Research, University of Massachusetts Lowell, Lowell, MA, USA

One of the most important properties of the ionosphere-plasmasphere system is its longitudinal variability. As it is
well known the longitudinal variations in the ionospheric electron density at mid- and high-latitudes have a number
of similarities and differences. We discuss and present the brief review of the recent advances and outstanding
problems in this important scientific issue. Another objective of our study is to check the possibility of the first
principles Global Self-consistent Model of the Thermosphere, Ionosphere and Protonosphere (GSM TIP), empirical
International Reference lonosphere (IRI) model, and IRI Real-Time Assimilative Mapping (IRTAM) for
reproduction the main morphological features of the longitudinal variations of the electron density in the
ionosphere-plasmasphere system. For this purpose, we compared the GSM TIP, IRI and IRTAM model results with
different satellite and ground-based observations. The GSM TIP model takes into account such feature as the
mismatch between geographic and geomagnetic axes, as well as dynamical processes in the ionosphere-
plasmasphere system: (1) plasma transport along geomagnetic field lines produced by thermospheric winds through
neutral-ion collisions, (2) the zonal and meridional electromagnetic plasma drift, and (3) plasma diffusion along
geomagnetic field lines. It should be noted that mentioned above feature and dynamical processes must be always
taken into account in first principles models for adequate description of the longitudinal variations in ionospheric
and protonospheric electron density in the middle, auroral, and high latitudes. We tried to identify the main
morphological features of the longitudinal variations in the F layer peak electron density, ionospheric,
protonospheric and total electron content during 2009 winter solstice from middle to high latitudes. The
manifestation of the Weddell Sea anomaly and longitudinal structure of the main ionospheric trough (the light ion
trough) and tongue of ionization in the total, ionospheric and protonospheric electron content are considered. In
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addition, we compared the longitudinal dependence of seasonal variations in the F2 layer peak electron density and
total electron content at a number of mid-latitude stations in the Northern and Southern hemispheres for the year
2009, according to the GSM TIP model results and observational data of the ground network GPS receivers and
ionosondes. Despite the fact that in general the longitudinal variations in the F2 layer peak electron density and total
electron content are qualitatively similar each other, between them there are also some significant differences. We
discuss the reasons of these differences on the basis of analysis of GSM TIP model results in detail. The electron
density variability in the ionosphere-plasmasphere system is closely related to the variation in solar and geomagnetic
activity. We also discussed this issue.

This study was financially supported by Grants from the President of the Russian Federation MK-4866.2014.5
(M.V. Klimenko, I.E. Zakharenkova, D.S. Kotova) and RFBR No. 14-05-00788 (V.V. Klimenko, A.T. Karpachev)
and No. 14-05-00578 (K.G. Ratovsky, Yu.V. Yasyukevich).

Numerical modeling of the influence of geomagnetic activity on the global circulation of the Earth’s
atmosphere for July conditions

[.V. Mingalev, V.S. Mingalev (Polar Geophysical Institute, Apatity, Russia)

To investigate how geomagnetic activity affects the formation of the large-scale global circulation of the Earth’s
atmosphere for July conditions, the non-hydrostatic model of the global wind system of the atmosphere, developed
earlier in the Polar Geophysical Institute, is utilized. The model produces three-dimensional global distributions of
the zonal, meridional, and vertical components of the neutral wind and neutral gas density in the troposphere,
stratosphere, mesosphere, and lower thermosphere. The peculiarity of the utilized model consists in that the internal
energy equation for the neutral gas is not solved in the model calculations. Instead, the global temperature field is
assumed to be a given distribution, i.e. the input parameter of the model, and obtained from the NRLMSISE-00
empirical model. Moreover, the model is non-hydrostatic, that is, not only the horizontal components but also the
vertical component of the neutral wind velocity is obtained by means of a numerical solution of a generalized
Navier-Stokes equation for compressible gas.

Simulations are performed for the summer period in the northern hemisphere (16 July) and for three distinct values
of geomagnetic activity (Kp=1, 4 and 7). The simulation results indicate that geomagnetic activity ought to
influence considerably on the formation of global neutral wind system in the stratosphere, mesosphere, and lower
thermosphere. The influence on the lower and middle atmosphere is conditioned by the vertical transport of air from
the lower thermosphere to the mesosphere and stratosphere and vice versa. This transport may be rather distinct
under different geomagnetic activity conditions.

This work was partly supported by the RFBR grant 13-01-00063.

Numerical modeling of the time evolution of super-small-scale irregularities in the F-layer
ionospheric plasma

0O.V. Mingalev, M.N. Melnik, V.S. Mingalev (Polar Geophysical Institute , Apatity, Russia)

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

The dynamics of the magnetic field aligned irregularity, having circular cross section, is studied, with the initial
cross-section diameter being equal to twelve Debye lengths of the plasma. Inside the irregularity, the electron
concentration is equal to the positive ion concentration at the initial moment, with the concentrations of charged
particles being disturbed. Nevertheless, the process started from the completely electrically neutral state in all
simulation region. Calculations were made using the input parameters of the model typical for the nocturnal
ionospheric plasma at the altitude of 300 km. The results of simulation indicate that the mobility of the positive ions
ought to influence essentially on the time evolution of the super-small-scale irregularities in the concentration of
charged particles, existing in the F-layer ionospheric plasma.

This work was supported by the RFBR grant 13-01-00063.
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Occurrence of GPS signals phase fluctuations during auroral activity

LI Shagimuratovl, S.A. Chernouss’, LI. Efishov', M.V. Filatov’, N.Y. Tepenitsynal, G.A. Yakimova',
E.M. Koltunenko', M.V. Shvec?

"West Department of IZMIRAN, RAS, Kaliningrad, Russia
Polar Geophysical Institute of KSC RAS, Apatity, Russia

The scintillations and fluctuations of trans-ionospheric radio signals is very well known indicator space weather
condition. The electron density irregularities presented in high latitude ionosphere may experience phase and
amplitude fluctuations of GPS signals. The low frequency GPS phase fluctuations may be directly due to electron
density changes along the radio ray path, or the total electron content (TEC) changes.

In this report we analyzed space whether conditions during 2 October 2013 geomagnetic storm. Dual-frequency
GPS measurements for individual satellite passes served as raw data. As a measure of fluctuation activity the rate of
TEC (ROT, in the unit of TECU/min, 1 TECU=10"® electron/m2) at 1 min. interval was used (Aarons 1997). The
data of GPS stations spaced in latitudinal range 67-54°N over longitude of 20°E were involved in this investigation.
The magnetograms of the IMAGE network and geomagnetic pulsations at Lovozero (68°02'N, 35°00'W) and
Sodankyla (67°22°N, 26°38' W) observatories were used as indicator of auroral activity. During 2 October 2013 the
strong geomagnetic field variations took place near 0SUT at auroral IMAGE network. It is found that good
similarities between temporary development substorm and fluctuations GPS signals. The bay-like geomagnetic
variations were followed by intensive phase fluctuations at auroral and subauororal stations. The strong short-term
phase fluctuations were also found out at middle latitude Kaliningrad stations near 0SUT which was occurred to
maximal intensive geomagnetic bay variations. It bring in evidence that in the time the auroral oval displacement to
equator. The fluctuations were registered on latitudes near 58-59°N. The GPS stations with geomagnetic coordinates
higher than 55°N and different longitudes were used for spatial temporal development fluctuations image to
construct. Similarly to the auroral oval the spatial distribution of the fluctuations demonstrate the irregularity oval
images. During disturbed day of 2 October 2013 the geomagnetic storm the irregularity oval have been essentially
expanded against quiet day of 1 October and is lowered to 60°N. The analysis is shown that the irregularity oval is
very sensitive to change of auroral activity and can use as indicator space weather conditions.

We thank the Institutes who maintain the IMAGE Magnetometer Array, Grant of RFBR 14-05-98820 r-sever-a and
grant of RFBR 14-07-00512

Investigation of F-spread in the topside ionosphere from the Intercosmos-19 data for winter season

V.A. Telegin, A.T. Karpachev (Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation of RAS,
Moscow, Troitsk)

We study the F-spread phenomenon in the topside ionosphere according to the Intercosmos-19 topside sounding
data for the winter season. The region of the scattered signal observation from the satellite altitude up to the F2-layer
maximum conventionally divided into three parts: the observation at the satellite height (type 1), at the F2-layer
maximum height (type 3) and in the intermediate zone (type 2). The global distributions of the occurrence
probability of the third type F-spread for all hours of local time are constructed. The dependences on local time,
latitude and longitude for this type of F-spread are revealed. The third type is also observed at ground-based vertical
sounding stations that allows to compare of the satellite and ground-based sounding data. This is important for an
understanding the mechanism of F-spread generation. The behavior of the 1st and 2nd types of F-spread is first
studied. It was found that the type 2 F-spread is most often observed in the latitudes interval of 2-5 MHz practically
at all latitudes that apparently distinguishes it in a special phenomenon.

Ionospheric effects of the Kola meteor burst on 18 April 2014 during solar proton event

V.D. Tereshchenko, V.A. Tereshchenko, O.F. Ogloblina, S.M. Cherniakov (Polar Geophysical Institute KSC RAS,
Murmansk, Russia)

In the night on 18 April 2014 there was a big natural event over the Kola Peninsula, Russia. At 22:14 UT a big
meteor has blown over the Verkhnetulomsky reservoir. The whole Kola Peninsula and the nearest part of
Scandinavia were illuminated by the light of the meteor. At that time there was a weak solar proton event from
13:40 UT. Partial reflection data, received by the PGI KSC RAS radar during the continued solar proton event, show
variations of reflection amplitude and electron concentration in the lower ionosphere which are typical for acoustic
gravity waves. Velocities of traveling disturbances obtained from the data have good agreement with velocities of
infrasound stations.
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Determination the anisotropy parameters of small-scale irregularities in the middle-latitude
ionospheric F-region from the amplitude scintillations of satellite signals at a single receiver

E.D. Tereshchenko, N.Yu. Romanova
Polar Geophysical Institute of Russian Academy of Sciences, 15 Khalturina, 183010 Murmansk, Russia

In this study we further investigated the amplitude scintillations of the satellite signals. Data has been received on
the ground stations Ostrogozhsk-Rostov-Sochi (the middle-latitude ionosphere). By radiotomography method of
satellite signals analysis has been determined important characteristics of the ionospheric irregularities. It is shown
that the small-scale irregularities at middle latitudes are anisotropic. They are strongly stretched along the
geomagnetic field (o) and often have a preferential direction in a plane perpendicular to the geomagnetic field (8). In
this study, the direction of this elongation will be called the orientation of the cross-field anisotropy (W,). It is
shown that parameters o and  of small-scale irregularities at middle latitudes have similar with the corresponding
parameters of small-scale irregularities at high latitudes. Also in many events, the orientation of the cross-field
anisotropy ¥, of small-scale ionospheric irregularities has been determined.

Wave-like oscillations of regular riometer absorption with periods of 2 - 30 days
V.A. Uliev, A.V. Frank-Kamenetsky
Arctic and Antarctic research institute , S-Petersburg, Russia

The long-period variations of the daily maximum of the undisturbed riometer signal level at several high-latitude
stations in the Arctic and Antarctic (Tiksi, Vostok, Mirny, Progress and Novolazarevskaya) in 2012 - 2014 years are
investigated jointly with average daily temperature at these stations.

The presence of wave-like oscillations in the undisturbed level:with periods of 20 days (main period), and with a
period of about 2,5 and 10 days was observed.

The amplitude and the frequency of occurrence of such oscillations in local winter period more compared to local
summer.

The presence of such oscillations explained by the appearance of tropospheric planetary waves that propagate
vertically upward and cause a periodic change in the temperature and density of mesosphere that eventually leads to
wave-like oscillations in the undisturbed riometer level, as well as riometer absorption.

Large amplitude undulations of evening site diffuse aurorae. Optical characteristics and conditions
of generation

V.G. Vorobjev, V.C. Roldugin, and O.1. Yagodkina

Polar Geophysical Institute, Apatity Division, Kola Scientific Center, Russian Academy of Sciences,
Fersmana st. 14, Apatity, Murmansk region, 184209 Russia, e_mail: vorobjev@pgia.ru

Optical characteristics of large amplitude undulations (LAU) of diffuse aurorae observed by all-sky cameras at Kola
Peninsula on December 28, 2010 were examined. Both interplanetary medium conditions and characteristics of
magnetic activity before and during LAU were analyzed. It was shown that the development of undulations could be
activated by sharp short-living of ~20 minutes solar wind dynamic pressure impulse and existence of the undulations
during about two hours was supported by electric field of stationary magnetospheric convection originated from
large smoothly changed southward IMF Bz component of about —12nT. The altitude of undulation luminosity
determined by triangulation method was 120 = 10 km. The undulations amplitude changed from about 100 to 300
km and the average wavelength was ~250 km. The undulations were observed moving westward with the average
phase velocity of ~0.7 km/s. The pass of DMSP F16 spacecraft just along “the tongue” of undulations showed that
the wave of luminosity was located in the region of the predominantly ion (proton) precipitation with the average
energy of particles of ~18 keV. Rayed auroral structures were observed continuously in the region of diffuse aurorae
during time interval of LAU existence. These structures were observed moving westward with the velocity of about
2 km/s that corresponds to the northward electric field of ~100 mV/m.
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GPS- Slips during magnetic storms at high latitudes
V.1. Zakharov'?, Yu.V. Yasukevich?, M.A. Titova'?

'Physics Department of Lomonosov’s Moscow State University, Moscow, Russia zvi_555@list.ru
2Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
*[ZMIRAN, Moscow, Russia

Satellite navigation and communication systems are an integral part of the modern society infrastructure. Therefore,
the requirements for the efficiency and reliability of the recent are increase. This is especially true for the developing
new or remote areas with poor for a number of reasons infrastructure. Analysis applied aspects of navigation and
communication systems shows that the current reliability of their operation is determined not only and not so much
instrumental failures, but increasingly the influence of various geological and heliophysical factors - space weather,
that is more pronounced at high latitudes.

As the slips (failures) are discussed "instrumental" phenomena - the phase losses and pseudorange faults. In
addition, we study an important ionospheric parameter TEC, and its variations, the values of which can not bear the
physical sense and explains the known process in the ionosphere and magnetosphere.

The paper discusses the influence of various strong geomagnetic disturbances (magnetic storms with amplitude
1500-2500 nT) during 2010-2014 on the working of 100 GPS- stations located north of 55S0N. We have analyzed the
dynamics of manifestation of GPS signal slips in a significant (above 1 month) time period around the date of the
geomagnetic disturbance. Especially consider the chain of stations, orientation predominantly in the latitudinal
direction and located in Alaska, Canada, northern Europe. So it is possible to study the dynamics of the impact of
high-latitude ionosphere to the received satellite signal.

The obtained data for the occurrence of failures compared not only with the behavior of the high-latitude
geomagnetic indices AE and AL, but also with the direct detection of the magnetic field and measurements of the
absorption. Thus, the probability of failure for the L2 phase, even in quiet conditions receiving several times greater
than for the phase L1. The presence of geomagnetic disturbance leads to an increase of this magnitude in the 5-20
times for the considered magnetic storms. Failure rate in determining the TEC significantly - 100 times - more than
a purely instrumental and also grow during the solar magnetic geophysical disturbances of different nature. The
analysis shows that a possible solution to reduce the impact of failures on the navigation GPS system is to increase
the mask on the elevation angle of the satellite up to 15-20 deg.

Development of techniques for analyzing and conducting a series of processing events 2013-2014 performed with
the financial support of the Russian Science Foundation grant (RNF project Ne14-37-00027).

MarHuTorpaBuTAIIHOHHbIE BOJHBI B CPeJHEIINPOTHOI HOHOCdepe KaK MpeIBeCTHUKH CHIbHBIX
3eMJIeTpsiCeHUil

Oo.M. BapxaTOBa'"z, H.A. BapxaTOBz, H.B. Koconarmosa®

'®@IBOY BIIO "Huacecopodckuii 20¢y0apcmeentbiii apXumeKkmypHo-cmpoumesiblii yhueepcumen”
*@I'BOY BIIO "Huocezopodckuii 2ocydapemeennbiii nedazozuueckuii yuusepcumem um. K. Mununa"

CoBpeMeHHBIE  HCCIEOBaHUS  CBHACTENBCTBYIOT O BO3MOXKHOCTH TEHEpallii BOJNH B  atMocdepe
BBICOKOPHEPTUYHBIMU T€O(PH3NUECKUME COOBITUAMH (3EMIIETPSICEHUSIMH, BYJIKaHAMH, I[yHaMH, U Jp.) Ha dTale Ux
Pa3BUTHA U BO BpEeMs IOATOTOBHUTEIBHOM cTamuu. Hampumep, BOSHUKHOBEHHE aKyCTHKO-TPABHTAI[IOHHBIX BOJIH B
aTMocdepe OTMEYEHO B MEPHO/BI MOATOTOBKH 3emiteTpsicernid [Xu et al., 2010]. Oagnako, cornacHo [COpOKHH H
®enoposuy, 1982] BBICOKOHEPIHYHBIE COOBITHS MOTYT INPOSIBISATHCS M B BUJIE F€OMAarHUTHBIX BO3MYyLIEHH. B
pabotax [bapxaros u np., 2012; Bapxatosa u Kocomnamnora, 2014] npoaeMOHCTpHUPOBaHA BO3MOKHOCTH COBMECTHOIO
IepeHoca BO3MYIICHUH HMOHOC(QEPHOH cpensl W 3JICKTPOMArHUTHOIO IOl C y4YacTHEM TpaBHUTAINH, T.C.
MATrHUTOTPABUTAIIMOHHOW TPHUPOJBI, KOTOPBIE TECHEPUPYIOTCS aBPOPAIBHBIMU JJICKTPOKETAMH B  TCPHOIBI
TEOMAarHUTHOW CyOOYpH M CHITEHBIMU CPETHEIIHMPOTHBIME 3eMiteTpsiceHusIMU (M> 6.5).

B mpencrapnsiemoit pabote oOHapy>KeHHE MarHUTOTPABUTAIIMOHHBIX Bo3MyIeHwi (MI'B) B mHTEpBasbl TOATOTOBKU
7 pa3BUTUS YeThIpeX CHIBHBIX (M > 6.5) 3emieTpsiceHuid, MPOU30MIeIINX B O0JIACTH CPETHUX M HHU3KUX IIHPOT,
BEHITIONTHSUIOCH TIPH  TOficYeTe (PaKTOB CHHXPOHHM3AIHMK JUHAMHYSCKUX CHEKTPOB CHHXPOHHBIX BO3MYIICHUI
KPUTHYECKUX 4YacTOT HMOHOc(hepHbIX cnoeB Es, E, F2 u X, Y, Z KOMIOHEHT T€OMarHUTHOTO TOJII HA BPEMEHHOM
WHTEpBaJle, BKIIOYAIONeM ¢ ce0st 3 JHS 0 KaXAO0ro COOBITHSI, IeHb COObITHS W 3 AHS mocie Hero. OTMEYeHo
ycwieHue MI'B axkTuBHOCTM yxe 3a JABa JHSA A0 Hadajga 3€MIIETPSICEHMM, YTO TOBOPUT O BO3MOXHOCTH
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ucnionb3oBanuss MI'B  kak mnpenBecTHukoB 3emuerpscenuil. Tunm wmonet MI'B  pacnpocTtpanstomuxcs u3
SMMLEHTPAIBHBIX O0JlacTell ObLI ONpezesieH 3a JBa JHs J0 Havyaina 3emierpsiceHud. Jisi 3TOro ComocTaBsuINCh
UHTEHCHUBHOCTH MAaKCHMyMOB JMHAMHYECKHX CIIEKTPOB MArHUTHBIX BO3MYIIEHHH Ha MATH CTaHIMAX B
OKpECTHOCTAX 3MHIEHTPOB. [1pu 3TOM ObLIN 3apeructprupoBansl 00e Mol MI'B — ObicTpas BeicokodacToTHas (BY)
n MmemieHHas HuskodactoTHas (HY) moma. Ananmm3 momsipusaunmii peructpupyembix MI'B mokaszan, uto npu
npoxoxaeHuy BY Monpl Bo3MyIIal0TCs B OCHOBHOM TOPHU3OHTAJIBHBIE KOMIIOHEHThI T'€OMArHUTHOTO MOJIS, B TO
BpeMsl, KaK BepTHKaJbHas KOMIIOHEHTa Bo3Mylnaerca npu npoxoxaeHun HY wmogsl. IIpocTpaHcTBeHHOE
pacopenenenne MI'B  ycTaHaBiumBanoch H3y4eHHEM BO3MOJKHBIX HallpaBieHUN pacnpocTpaHeHuss MIB ¢
HauMEHbIIMM 3aTyxaHueM. OHO TOKazalo A O00enxX MOJ IIPEMMYIIECTBEHHO CEBEPHBIC HAalpaBIICHUS
pacnpocTpaHEeHHs OT SHHULEHTPaIbHBIX oOmacTelf. I3BecTHO, 4YTO B O00JTACTH CPEAHMX W HHU3KHX IMIHPOT
TEOMAarHUTHOE I0JIE MMEET MPEUMYILIECTBEHHO CEBEPHOE HANPABICHHE M MMEHHO B TOM HAINPABICHHUU JIOJDKHO
ObITh OOecriedueHo HaumMeHblnee 3atyxanue MI'B. MI'B copepxar Bo3MmylueHHS cpenbl M IO3TOMY B HX
pacIpocTpaHeHUH JOJDKEH NPUHUMATh y4acTHe NepeHoC B BUJe MOHOC(EpHBIX BeTpoB. B cBsi3u ¢ atum, aiust HY
Mozl MI'B mpoaHanu3upoBaHO BIIMSHHE HAIMPaBICHUNA HOHOC(EpHBIX BeTpoB. OOHAPYKEHO, YTO B OOJIACTH
CPEIHMX M HHU3KUX MIMPOT HU3KO4YacTOTHble MI'B HMEIOT TEHOEHLUIO PacHpOCTPAHATHCS MPOTUB 30HAIBHOIO
BETpA.

bapxamoe H.A., Bapxamosa O.M., Ipucopves I M. MarHNTOTpaBUTAIMOHHBIE BOJIHBI B MOHOC(EPE B YCIOBHUIX
KoHeuHo# npoBogumocTt // 13B. BY3oB. Pagnodmsuka. T.55. Ne 6. C. 421-430. 2012.

Bapxamosa O. u Kocoranosa H. OOHapyxeHIEe MATHUTOTPAaBUTAIIMOHHBIX BOJH B HHTEPBAIBI CHIBHBIX TTO3EMHBIX
semierpsicenuii / Bectuuk HHI'Y. Pamnodusuka. Ne3. C. 11-17. 2014.

Copokun B.M. u @eooposuu I'.B. Dusznka memieHHbx MITI-BosH B HOHOC(hEpHOH 1a3me. DHepronsaar. M.: 1982. 136 ¢.
XuT, Hu Y., Wu J., Wu Z., Suo Y., Feng J. Giant disturbance in the ionospheric F2 region prior to the M8.0
Wenchuan earthquake on 12 May 2008 // Ann. Geophys. V. 28. N 8.P.1533-1538. 2010.

CuHTeTHYEeCKHE CIEKTPHI H3TyYeHUs] HEKOTOPBIX CUCTEM M0JIOC B CHHe-3eJ1eHOi 00,1acTH cieKTpa
K.B. Jlamkesuy, b.B. Kozenos
Honapusiil eeopuszuyeckuil uncmumym, 2. Anamumut, Poccus

IIpencraBnena wucneHHass MOJENb, IO3BOJAIONIAs IOIy4aThb CHHTETHUYECKHE CHEKTpbl u3iydeHus Ilepsoit
OTPHULIATELHON CHCTEMBI II0JIOC HMOHA MOJEKYJSIPHOTO a3zoTa N, ( BZZ$—X 22§ ) 1 BTOpO#N NONOXKHUTENBHON

CUCTEMBI  II0OJIOC MOJICKYJIIDHOTO ~ a30Ta  N,( C3]‘[M—B3Hg ). BXomHelMM napaMerpamMM IpH  pacyeTe

CHHTETHYECKOTO CIIEKTpa B IOJSIPHBIX CHSHHAX SIBISIFOTCS HadalbHBIE I1apaMeTphl ITOTOKOB aBPOPATIBHBIX
JIEKTPOHOB M MOJETb HEHTpanbHOW aTMocdepbl. Mopens mnpenHasHadeHa Ul HCIIOJIB30BAHUS TPH OLEHKax
MIapaMeTPOB BBICHIMAIOLINXCS IIEKTPOHOB 110 TPUAHTYJISIIUOHHBIM U3MEPEHUSIM MIMPOKOMOJIOCHBIMU KaMEPaMH.

Ymnc/ieHHasi MOJieJIb BO3MYILLIEHHOM MOJISIPHOM HOHOC(epbI
K.B. Jlamkesuy, B.E. MBanos, b.B. Kozenos
Honapuwiil eeogpuzuveckuti uncmumym, 2. Anamumul, Poccus

IpencraBnena 4uciaeHHas (GU3UKO-XUMHUYECKAsh MOJETb BO30Y)KACHHOW IOJSIPHOM HOHOC(EpHI, MO3BOISIOMIA
PACCUMTBIBATH KOHIIGHTPALHH CJICAYIONMX HEHTPATbHBIX M HOHH3MPOBAaHHEIX KoMroHeHT: O, N,©, O7(*S), 0*(°D),
O'(*P), O('D), O('S), N(*S), N(*D), N(*P), NO, NO", N*, N»(A) 1 KOHIICHTPALIHIO SIEKTPOHOB. MO/Ie/b COCTABICHA
Ha OCHOBE HMCIOLINXCS JINTEPATYPHBIX MAHHBIX M BKIOYaeT B cels 54 (QU3HKO-XMMHYECKHX peaKLuH,
OKa3bIBAIOLINX B IMOJSIPHOH HOHOC(Epe BIMSHHE Ha KOHICHTPALUH NEPEYHCICHHBIX KOMIIOHEHT. BXOAHBIME
napaMeTpaMHd MOJENH SBISIOTCS JHEPreTHYCCKUH CIEKTP 3JIeKTPOHOB Ha BEpXHEH TrpaHUIle HOHOCHEpHl H
KOHIICHTPAIIMH  HEHTPANbHBIX  COCTABIAIOIIKX. Momaenb HOHOChEpsl ampoOUpoBaHA HA  pe3ysibTaTax
KOOPJIMHUPOBAHHOTO PAKETHO-CIIy THUKOTO 3KcIiepuMeHTa [Rees et al.,1977].
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MeToa peruoHabHOM aganTanuu Moaeau uoHocPepsl IRI ¢ ucnosb30BaHNEeM JAHHBIX €O CTAHUMMA
BO3BPATHO-HAKJIOHHOTO 30HAMPOBAHUS

B.A. Eropos, K.A. Terepun
OAO HIIK HUUJJAP, 2. Mocksa, Poccus

IIpu KB paauocBsi3u Ha JajibHUE PACCTOSHHS M B 3a/a4ax 3arOPH30HTHOIO OOHApPYKEHHsI IEJICH UCIONB3YIOTCS
SMIMPUYCCKUE MOCTH HOHOC(EPhI, KOTOPhIE HEOOXOAUMO aJaNTUPOBATh K TEKYIIEMY COCTOSHUIO HOHOC(HEPHI HAT
3aJJaHHBIM PETUOHOM JUTS UCIIOJIE30BAHUSI B OTIEPATUBHON padoTe.

Tekymiee cocTostHEE HOHOC(EPHI MOXKET ONPEACISITHECS CTAHIUSME BEPTHKAILHOTO 30HaAupoBanus (B3), KoTOphIX B
HACTOsSIIIEE BpPEMs HEJOCTAaTOYHO, YTOOBI IPOU3BOMUTH ANanTallMi0 SMIHUPUYCCKON MOIend HOHOChHEpH
ITOBCEMECTHO.

IIpennoxen meron agantauuu sMmnupuueckod mozenu IRl mo naHHBIM BO3BpaTHO-HAKJIOHHOTO 30HIMPOBAHUS,
3aKITFOYAIOIIUIICS B ONTUMU3AINN 3HAYCHUH TIIOOAIBHOTO MOHOC(HEPHOTO HMHICKCA M YHCIIA COJNHEYHBIX IISTEH,
HCIIOJIb3yEeMbIX B MOJIEIIU TIPH PACUETe KOHIICHTPAIIMH JIEKTPOHOB B HOHOChEpe.

IlpuBonuTCs OllEHKA BIUSHMS MPEUIOKEHHOro Meroaa ajgantauuud mojaenu IRI Ha morpemHocTs onpeneneHus
JAIBHOCTH JI0 BO3AYIIHOTO OOBEKTA.

MoaenupoBanue Bapuanuii B cnekTpax nojsapusanuu MariutiHoro YHY myma Ha cpeaqHux
HIMPOTAX B Pa3HbIX reo(pu3nyecKux ycaoBUsX

E.H. Epmaxoga, /[.C. Kotuk, A.B. Ilepmmn
Hayuno-uccreoosamenvckuti paouogusuueckuti uncmumym, H. Hoeeopoo, Poccus

HccnenoBana janHaMuKa CHEKTPOB IOJsipH3alMOHHOTO mnapamerpa (epsilon) wmarmutHoro YHY  miyma,
paccunTaHHBIX Ha ocHoBe Mozenu IRI-2012 B mepuon cuiibHO# MarHuTHOM Oypu B Hosi0pe 2004 r. ITokazaHo, 4To
MOJIETIbHbIE pacdyeTsl HE OTPaXaloT aJIeKBaTHO HaOII0aéMOe H3MEHEHHE CIEeKTPOB, a, CJeOBaTelbHO,
HOHOC(EepHBIE TPOQIIN Ha BBICOTAX CTPYKTYpHl cy0-MIAP HyXnarmoTcs B CYIIECTBEHHOW KOPPEKTHPOBKE.
MopneneHpie  mpodWiIH  3JIEKTPOHHOW KOHIeHTpamnud 1o Mogenun [RI-2012  (yduThIBaeT MOBBIIICHHYIO
TE€OMAarHUTHYIO aKTHBHOCTB) OTPaXKAIOT aJCKBATHO IaficHHE KOHILEHTPAIMN 3JIEKTPOHOB B MakcuMyme F-cios, HO
HE OTpaXKal0T M3MEHEHUe MpoQuiel 3JIeKTpOHHOU KoHIeHTpauuu Ha BbicoTax 80-300 kM. [ToaTomMy B pacueTHBIX
CIEKTpax MOJSPU3AIMU OTCYTCTBYIOT PE3KHE W3MEHEHHs XapakTepHoW 4acToTel fep ot 1-2 I'm no 10-12 TI'h,
KOTOpBIE HAOIIOAACTCS B OKCIIEPUMEHTE B IIEPHO/IbI CUIIBHBIX MAarHUTHBIX Oypb.

BrinonseHst pacyeThl MapaMeTpa IMoJApUu3alun Jjid JIETHCTO I€puoaa BPEMEHH, KOorjla Ha CpEAHUX HIMPOTax
Haubosiee 4acTo HaOJIONAIOTCS CHJIbHBIE BapHalliM B CYTOYHOM JMHAMHMKe TNapamerpa epsilon. BeimonneHa
KOPPEKTHPOBKA MPOQUIICH 3JIEKTPOHHON KOHIIGHTpaluu Ha BbicoTax 80-300 KM myTeM CpaBHEHHsS PaCUCTHBIX
CIIEKTPOB C IKCIIEPUMEHTAIBHBIMHU U C JAHHBIMH HOHO30H/1a, PACIIOJIOKEHHOTO Ha YIAaJIeHUH B 29 KM OT IIPHEMHOTO
MyHKTa. B pe3ynprare ObUIM MONydYeHBI pacyETHBIE CIIEKTPHI, Onn3kue K HaOmogaeMbIM. Takxke ObUIM BBISIBIICHBI
JVMHAMHYECKHE IPOLECCHl MEPECTPOHKH HOHOC(HEpPHOro mpo¢uis KOHLUEHTPALMH 3JIEKTPOHOB, INPHUBOJISIIUE K
CTOPaINYECKIM BapHanusM NOISIpU3aLUH (POHOBOTO IITyMa.

Kunetnka 3/1eKTPOHHO-B0O30YKI€HHBIX MOJIEKYJI KUCJI0POAa B aTMocdepax mjiaHeT 3eMHOM
rpynnbl ¥ akTuBHbIX cpeaax XKHNJI

A.C. Kupunnos
Honapusiil eeopusuyeckust uncmumym PAH, 2. Anamumeot; kirillov@pgia.ru

TIpoBeaIeHO MOJIETMPOBAHNE KOIeOaTeIbHbIX HaceeHHOCTel cocTosHmit [epubepra ¢'X,, AA,, A’E," Monekysbl
O," Ha BBICOTAX HOYHOrO CBEYCHHS B BEpXHHX arMocdepax 3emumn, Bemepsl m Mapca. CpaBHeHHe pe3y/ibTaToB
pacdera co CHeKTpalbHbIMH HabOmoAeHWsiMu Ha 3emiie mosioc I'eprdepra I m UembepiieHa MO3BOJSET OLIGHWUTH
dysKkImE obpasoBanns O, B TPOHHBIX CTOIKHOBEHHSX. AHATH3 JAHHBIX 110 HHTEHCHBHOCTAM CBEUEHHS MOJIOC
Iepubepra II n UembepineHa, moiay4eHHBIX C JeTaTeNbHbIX annapaToB Benepa-9, Benepa-10, Venus Express, a
TaKKe B TA0OPATOPHBIX HKCIIEPUMEHTAX, TO3BOJIHII BHIICTHTH OCHOBHBIE MEXaHH3MbI 00pasoBanns O,(c'S, ,v=0) u
0,(A"A,,v=0) B cMecu razos CO,, CO, N, O,.
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PaccunTanpl OTHOCHTEIHHBIE HACEIEHHOCTH 02(b12g+,v) Ha BeicoTax 110 xm (7=250 K) u 150 km (7=500 K)
NOJISIPHOM MOHOC(epsl 3emiM, a Takke Ha BbicoTax cBeueHusi 80-110 km HowHoro Heba 3emun. [IpoBeneno
CpaBHEHHE PacCUMTAHHBIX HACEIEHHOCTEH C pe3ylbTaTaMH CHEKTPOMETPUYECKHX H3MEPEHHH WHTEHCHUBHOCTEH
nosioc ATMocdepHoii cucteMbl Ha pakeTHOM komiuiekce @opr-Uepuwmuis B Kanane u Ha apxunenare [lnuudepren
U TIOJIy4EHO YJOBJIETBOPHUTEIBHOE COTJIache IJISl HIDKHHUX BBICOT HOJIIpHOW MOHOC(hepbl. UnCcneHHO MoKa3aHo, 4To
OuMoOJabHOE TIOBEICHHE M3MEpEHHBIX ¢ mnomolnbsio Tteneckona Keck | wmHTeHCHBHOCTEH CBEYEHHS I10JIOC
Atmoc(epHOi cucTeMbl B HOYHOM HeOe 3emiid OOBSICHSETCS OCOOCHHOCTSIMH TalllCHHsI MOJICKYII Oz(blzg,v)
HEBO30YKICHHBIMHI MOJIEKYJIaMH KHCIIOPOJIa.

IlpoBeneH pacyeT KOHCTAHT B3aWMOJEHCTBHS OZ(X3Zg’,v20), Oz(aIAg,VEO), Oz(blzg,sz) JII. aKTUBHBIX Cpel
XMMHYECKHX KHCIOPOJHO-MOJHBIX JiazepoB. Iloka3zaHo, 4YTO TpH B3aMMOJCHCTBHM MOJIEKYJ KHCIOpOJa
3¢ (eKTUBHBI IPOIIECCH IIEPEHOCA AIEKTPOHHOTO BO30YKICHUS.

HccnenoBanne ¢popMupoBaHus Jy4eBbIX TPACKTOPHUIA U MOTJIOIIEHUSI KOPOTKUX PAJHOBOJH B
uoHocepe BO BpeMsi TeOMATHUTHBIX Oypb

I.C. Korosa'?, M.B. Kiumenko', B.B. Kiumenko?, B.E. 321xap0131

1 N .
Banmuiickuti ¢hedepanvrviii ynueepcumem umenu Ummanyuna Kanma, Kanununepao, Poccus

2

3anaonoe omoenenue Hncmumyma 3eMH020 MacHemu3Ma, UOHOCHepvl u pacnpocmpanetus paouogonn um. H.B.
Ihwxosa, Kanununepao, Poccus

[IpencraBneHo pa3BUTHE MOJENH PACIPOCTPAHEHUS KOPOTKHUX PaJMOBOJIH B MOHOChepe, paspaboraHHOi B DY
M. M. KanTa, TOCTpOCHHOW B MPHOMMKEHUH TEOMETPUYECKOH ONTHKH W YYUTHIBAIOIIEH TpPEXMEPHYIO
HEOJIHOPOJHOCTh W AHU3OTPOIUI0 HOHOC(PEpHOH Iu1asMbl. OMHHUM M3 OCHOBHBIX HAIPABICHUN BBIMOJHECHHBIX
HCCHC}IOBaHI/Iﬁ ABJIACTCA MPOBEACHUE aJalTaliud MOACIN PAaCIpOCTPAHCHUA PAAMOBOJIH H YHUCJICHHON MOJCIIN
cpenbl (I'moGanbhoii CamocornacoBanHoi Moaenn Tepmocdeps, Monocdepsr u IIpoToHochepsr). PesynbraTs
MOJIETIbHBIX PAacyeTOB JIYYEBBIX TPACKTOPUH M MX IOMVIOUNICHUS B HMOHOC(EpEe CPaBHUBAIOTCS C pe3yJbTaTaMH
pacyeToB, OJyYeHHBIMH Ul HEBO3MYILEHHBIX ycIoBUil. Ha ocHOBe CO371aHHOTO KOMILIEKca IpOrpaMM IPOBEIEHBI
WCCIICIOBAHMS BIMSHUASA HMOHOC(QEpHBIX J((EeKTOB TEOMAarHWUTHBIX Oyph HA OCHOBHBIC XapaKTEPHUCTHKHU
pacIpocTpaHeHus] KOPOTKHMX BOJH. I[loimydeHHBIE pe3ysbTaThl pPacyeToOB IO3BOJIIIOT ONWCATh OTPAKEHUE U
MIPEIOMIICHUE PAJMOBOIIH OT HEOAHOPOAHOCTEH AIIEKTPOHHOM KOHIIEHTPAIIMH B BBICOTHOM, IIMPOTHOM U JIOJITOTHOM
HanpasneHusx. [IpencraBieHo pa3BUTHE MOAENM PACIPOCTPAHCHUS PAJUOBOIH AJSI WCCICIOBAHMS Pa3BUTUA
JVCIEPCUOHHBIX HMCKQXXEHUH TPH PACIPOCTPAHEHUH CIOXKHBIX CHTHAJIOB B TPEXMEPHO HEOIHOPOIHOMH
aHM30TPOIIHOM HOHOC(Eepe Ha OCHOBE JUHAMHYECKOTO IPEACTABICHHS TAaKUX CHUTHAJIOB (B  BHUIE
MIOCJIE/IOBATENILHOCTH BOJIHOBBIX IakeToB). [loka3zaHo, 4TO W3-3a JAMCIEPCHH HOHOC(HEPHOW IIa3Mbl BOJHOBBIE
MMakKeTbl € PasHbIMM HECYIIMMH YaCTOTaMU HE TOJBKO HWMCIKOT Pa3jiMdHbIC TIPYNIOBbBIE CKOPOCTH, HO H
pacIpoOCTPaHAIOTCS BAOJAb PAa3JIMYHBIX JIyY4EBBIX TpPAcKTOpui. POCT IUCIEPCHOHHBIX MCKAaXXCHUHM IaKeTa
MPOSIBIISIETCS. B €r0 CHWJIBHOM pacIUIbIBaHUM. TakyKe JUIsd BEIIECTBEHHBIX JIyYeBBIX TPACKTOPHUH MOJEIb
pacIpocTpaHeHus] KOPOTKMX BOJH ObLta MoauduIMpoBaHa ISl Cilydas KOMILIEKCHOH I€OMETPHUYECKON ONTHKU C
LIEJIBI0 MCCJIEJIOBAaHMSI CaMOCOTJIACOBAaHHOTO (DOPMHUPOBAHMS HEOJHOPOJHOM CTPYKTYphI BOJIH M 0oOJiee TOYHOTO
pacdera ux momonieHus: B noHocgepe. IlokazaHo, 9TO MO0 Mepe NMPOHHKHOBEHUS BOJHBI B MOTJIOMIAIOMINI CIION
YCHUIIMBAETCs] HEOJHOPOXHOCTh 3TOM BOJHBL. B TOYKE OTpa’keHMs! JAOCTHTacTCsl IOJIHOE BHYTPCHHEE OTpa’KeHHE
najaromeit BonHsl. O0cyskaaeTcs AanbHEeHIIee pa3BUTHE MOAETH PACIPOCTPAaHEHHS PaJHOBOJIH U €€ IPUMEHEHHE B
3aJjayax IIPOTHO3a BHIOOpA ONTHMAIBHOTO YAaCTOTHOTO AWANa3OHa PaJHOCBSI3H AN Pa3IMYHBIX I'€OMAarHUTHBIX
YCIIOBUH.

PabGota BeImoOnHEHa Npu (PUHAHCOBOH mopmepkke rpaHToB PODU Nel4-05-00578, Ilpesmmenta Poccuiickoit
denepaunn MK-4866.2014.5. Pabora npoBoauiack B pamkax npoekra "®duzndyeckue MexaHu3Mbl (HOPMUPOBAHUS
peakuuu BepxHei armocdepsl U HMOHOChEphl Ha MPOLECChl B HIKHEH arMocdepe W Ha MOBEPXHOCTH 3emin"
(Tocynapcreennoe 3amanue MunncrepctBa oOpazoBaHust W Haykn P®d, KoOHKypcHas dacTh, 3amanue Ne
3.1127.2014/K).
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Pe3ynbTaThl HA0MI0AEHU HCKYCCTBEHHOT0 U3JIy4YeHnst HoOHOchephbl B BHICOKHUX IIHPOTAX NMPH
MoaudpuKanun HOHOChEPHI MOIIHBIM AMILTUTYIHO-MOAYIUpoBaHHBIM KB n3znydyenuem

A.B. Jlapuenko, }O.B. ®enopenko, C.B. [Tuneraes (Honsapusitl I'eopusuuecku Uncmumym, e. Anamumai, Poccus,
alexey.larchenko@gmail.com)

B pabGoTe mpuBOASTCSA PE3yJbTAaThl HA3EMHBIX HAOJIOJACHUI KOMITOHEHT 3JICKTPOMATHUTHOTO IOJS H3JIy4CHHUS
I/IOHOC(bepHOFO HUCTOYHHKaA B TPEX IMPOCTPAHCTBEHHO PA3HECCHHBLIX TOYKaxX B MNEPHUOJ MPOBEACHUSA HArpe€BHOI'O
9KCIIepUMEHTa. DKCIepUMEHT npoBowics ¢ 17 mo 26 oktsa0pst 2014 r. MckyccTBeHHBIH HOHOC(EPHBIH NCTOYHHK
Obu1 00pa3oBaH B pe3yjbTaTe MOMAYJSIMH HPOBOAMMOCTH HWDKHEW HOHOC(Epbl BCIEICTBHE BO3/ACHCTBUS Ha
HOHOC(Epy  MOIIHBIM  aMIUTUTYAHO-MomynupoBanHbIM KB  m3mydenmem crerma  “EISCAT/Heating”,
pacnonoxxenHoro BOmm3u r. Tpomce (69° 35° 00” N, 19° 12° 42” E). KB u3iydeHne npoBOIMIOCE B HANIPAaBICHUN
MarHATHOTO 3€HHUTa C YaCTOTaMH MOAyJsanuu mopsaaka: 1017 I'm, 2017 T'mw 3017 T'm.

Jis pemenus 3amad, TpeOyrOIIMX MPOBENEHHS HA3eMHBIX HAOMIONEHUH JBYX TOPU3OHTAJIBHBIX KOMITIOHEHT
MAarHUTHOTO M BEPTHKAJIBHON KOMITOHEHTHI 3jaekTpuueckoro moseii B CHU/OHY auanasonax yacrot, B III'M ObLx
paszpabotan u usrotoBieH TpexkomnoHeHTHed CHY/OHY mpuwemumk. JlaHHBI mpuOOp mpeacTaBiseT coOoi
HpOFpaMMHO-aHHapaTHbIﬁ KOMILJICKC, COCTOSIIJlI/lﬁ M3 JIBYX OPTOTOHAJIbHO OPHUCHTHPOBAHHBLIX PAMOYHBIX aHTCHH,
BEPTHKAJIbHOW JJIEKTPUYECKON aHTEHHBI, MAJOIIYMSIIUX aHTEHHBIX YCHWJIUTENEH M OJIOKa, COCTOSIIEro M3 a.ILIl.,
ynpasistoniero  Mukpokontposuiepa 1 GPS/TJIOHACC moayinsi. OcoOEHHOCTBIO 3TOTO HPUEMHHKA SIBIISIETCS
MPENM3UOHHAs (C MaKCHUMAaIbHON OmmOKod He Oojee | MKC) MpHUBS3Ka KaXKIOTo OTCYeTa IM(POBBIX JAHHBIX K
MHpPOBOMY BpeMeHH. Tak e ObUl pa3paboTaH MOOWIBHBIA BapHaHT IPUEMHHKA C aBTOHOMHBIM ITHTAaHHEM U
3anmuchio gaHHbBIX HAa FLASH maMsaTe, MO3BONSIONIMK TPOBOAWTH HAONIOICHUS B IOJCBBIX YCIOBHAX B TCYCHUC
HECKOJIBKUX CYTOK.

Bo Bpemsi mpoBeneHHs HArpeBHOTO SKCIEPUMEHTA PETUCTPAIVsl TCHEPHPYEMOTOo HOHOC(EPHBIM HCTOYHUKOM
CHUTHAJIa TIPOWM3BOIIIACH TpeMs NpPOCTpaHCTBEHHO pasHeceHHRIMH CHY/OHY mnpueMHuKaMHu:  IBYyMS
CTal[HIOHAPHBIMU M OJHUM MOOWIbHBIM. CTallMOHAPHBIE PUEMHHMKH ObUTH yCTaHOBJIEHBI Ha obcepBatopusix [T
Jlososepo (67° 58° 317 N, 35° 4’ 52” E) u Bepxuerynomckuii (68° 35” 32” N, 31° 44’ 58” E), MOOUIIbHBIN Ha BpeMs]
MIPOBEACHHUS SKCIIEPUMEHTa OBUT Pa3BEpHYT B paiioHe T. ANIaTHTHI B Touke ¢ koopamHaTamu 67° 30° 387 N, 33° 29’
36”E.

Ilo nmaHHBIM WM3MEPEHUH B KaXIOW TOYKE OBUIM PACCUMTAHBI IUIOTHOCTH SHEPIHMHM CUTHAJIA OT HOHOC(HEPHOTO
WCTOYHHKA W JIOKAIBHBIC IMapaMeTphl TOJsI: HampaBiieHHs Bekropa [loWtuHra w monspusanus. Hamparienue
pacIpocTpaHEeHus PHEPIHU CUTHajIa Ha BCEX YaCTOTAaX COBMAIO C OXHMIAEMbIM (OTKJIOHEHHE He 0ojee 5 TpaaycoB).
IMonsipuzanuus ropu3OHTAILHOTO MarHuTHOro mosst Ha yactote 1017 T'm okazanach MOJHOCTBIO JIMHEHHOHM, Ha
yactore 2017 'y mperMyI1ecTBEHHO JIIMITUYECKOH J1eBOH, a Ha yactoTe 3017 ['u Tak ke, kak 1 Ha yactote 1017
I'm, Obta Gnm3ka K nWHEHHON. MBI mpenmoriaraeM, 9To pacmpocTpaHeHue uckycctBeHHoro OHY m3myueHust Ha
gacrorax 1017 m 3017 I'm, mamekux OT dYaCTOTHI TOMEPEYHOTO pPE30HAHCAa BOJHOBOIA 3eMilsi-HoHOchepa,
nporcxoauT npeumyiectBenHo Ha TEM/TM mopnax, a na vacrore 2017 'y, Onu3Koi K 4acToTe MOMEPEYHOrO
pe30HaHca, MPUCYTCTBYET JICBOMOJSIPHU30BaHHAS MO/IA, XOPOIIIO OTPAXKAFOMIASCS Ha 3TOM YaCTOTE OT aHU30TPOIHOM
BEpXHEW CTEHKH BOJIHOBO/IA.

HccaenoBanue BiaussHus reJuoQuanuecKux BO3MYIIEeHUIT HA cOCTOsIHME HUKHel noHocdepbl B
BBICOKHUX IIMPOTAX

O.M. Jlebenp, A.B. Jlapuenko, C.B. TTunbraes, 10.B. ®enopenko ([lorsprulii ceogpusuneckuil uncmumym,
2. Anamumui, Poccust)

[Ipobnema monuTopuHra D-ciost moHOC(EPH! B BBICOKMX MIMPOTax SBISIETCS akTyanbHOW. M3BecTHO, yro B OHY
JMana3oHe HMMEET MECTO CBsI3b CKOPOCTH PacHpOCTPAaHEHHs 3JIEKTPOMArHUTHBIX HMITYJIbCOB, BO30YXKIaeMbIX
MOJIHHEBBIMH pa3psiiaMH, ¢ NpoduiieM IPOBOJMMOCTH HIKHEH noHocdepbl. OpHako riyOMHa NMPOHMKHOBEHUS
JIEKTPOMArHUTHOTO MOJIS 3TOTO JIMana3oHa YacToT B MOHOC(EpY HEBEIMKa, YTO MPUBOJIUT K OTCYTCTBHIO BIMSIHUS
BepxHeil yactu D-citost Ha mosie B BOJTHOBOIE 3eMirsi-HoHOC(hepa.

B pabore paccMOTpeHBI pe3ysIbTaThl H3MEPEHHH CKOPOCTH PACHPOCTPAHEHHsI aTMOC(HEPHKOB OT JATbHUX Pa3psiIoB
MOJIHUH Ha BBICOKOIIMUPOTHOH Tpacce «JloBoszepo-bapennOypr» B CHY mmamazone. M3mepeHHss BENWCh Kak B
CIIOKOWHBIX Telnno(U3NIecKrX YCIOBUSX, TaK U BO Bpems Bembiiek Ha ConHue B 2011-2012 rr. J{ist BbIBICHUS
CBSI3M PE3yJbTaTOB M3MEPEHUH CKOPOCTH ¢ COCTOSHHEM HIKHEH HOHOC(EpHl B OKPECTHOCTH TPACCHl IPUMEHSIACH
MOJENb PAcIpOCTPAHEHUS C IBOMHBIM SKCIOHEHIHMAIBHBIM MPO(MIEM NPOBOJUMOCTH HOHOC(Ephl. AHamN3
HaOJIIOZIGHUH TOoKa3all, 4TO B CIOKOWHOE BpeMs NpPU W3MEHEHHH OCBELIEHHOCTH HWKHEW MOHOCc(ephl B TeueHHE
CYTOK CKOPOCTb PactnpoCTpaHEeHUsI aTMOC(EPUKOB UCIIBITHIBAET PETYJISPHBIA CYTOUYHBIH X0, HEKOPPEINPOBaHHbIH
C TJI00ANbHBIMH H3MEHEHHMSMH CKOPOCTH, OLIGHEHHBIMHM II0 4YacTOTE IEPBOT0 LIYMaHOBCKOro pe3oHaHca. [lo-
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BUJIMMOMY, 9TO CBSI3aHO C U3MEHEHHEM COCTOSHHSI HHXKHEH MOHOC(hEpBl B OKPECTHOCTH Tpacchl. B BO3MyILIEHHBIX
rearou3nyeckux ycioBusix B Mapre 2012 r., koraa HaOJIr0aIOCh BTOP)KEHHWE BBICOKOIHEPIMYHBIX NPOTOHOB B
HoHOochepy 3emill, XapakTep CyTOYHBIX BapHallUii CKOPOCTH pacrpocTpaHeHus: arMocdepukoB u3meHwics. C 5
Mmapra 2012 r. 3HaYeHUSI CKOPOCTH YMEHBIIMINCH NprMepHo Ha 20 Thic. KM/c. [Tocne Bembimku X-kiacca 7 Mapra
2012 r. oTMedasioch HapyllIeHHE CYTOYHOI'O XoJia CKOpocTH. Ecim B CriokoiHOe BpeMsi CKOPOCTb HOYbIO Oblia
OoJiblle, YeM JIHEM, TO ITOCJIE BCIBIIIKKA 7 MapTa CYTOUYHBIH X0/ CKOPOCTH M3MEHMJICS Ha OOpaTHBIA. AHAIOTHYHOE
MOBENICHIE OTMEYaNoCh BO BpeMs BCHBIIKHA 26 aekadbps 2011 r. YMeHbIIeHHEe CKOPOCTH pPacHpOCTpPaHEHUS
aTMoc(eprKoB BO BpeMs Bemblniek Ha ConHie HaOmoaanoch He Beeraa. Tak, BO BpeMsl BCIIBIIIKH, TPOU30IIE e
23 oxTtsi0pst 2011 T., 3HAUEHUS] CKOPOCTH YBEIUYWIHCh IMpuMepHO Ha 20 THIC. KM/C OTHOCHUTENBHO CIOKOHHOTO
BpPEMEHH.

Ilo pe3ympTataM H3MEpPEHUIl CKOPOCTH pPACHPOCTPAaHEHHsS aTMOC(EPUKOB BIONb BBICOKOIIMPOTHOH Tpacchl
HPOJIEMOHCTPUPOBAaHA BO3MOXKHOCTh OLIEHKH JHEBHBIX MPOQHIEH MPOBOJAUMOCTH B CIIOKOHHBIX U B BO3MYILEHHBIX
ycnoBusix. [TokazaHo xopoliee COOTBETCTBHE OLIEHEHHBIX Npoduiieil ¢ NpoguiIsIMU MPOBOAUMOCTH, MOJTYYEHHBIMU
U3 PAKETHBIX SKCIIEPUMEHTOB B pa3HOE BpeMsl.

le/lMeHeHHe MOJ€JIM pacueTa paauoTpace B 3ajavax KB PaaAuOCBA3HU B BLICOKHX U aBPOPAJbHbIX
HpoTax

HN.A. HOCI/IKOBI, I1.D. Eeccapa62’3, M.B. KJII/IMCHKOl’4, B.B. KHI/lMeHK04, J.C. KOTOBal, B.E. 3axap0131

' Banmuiickuii pedepanviviii ynusepcumem umenu Mmmanyuna Kanma, Kanununepao, Poccus

?Koponesckuii mexnonoeuueckuii uncmumym, Cmokeonom, Llleeyus

* Canxm-Ilemep6ypeckuii 2ocyoapcmeennwiil ynusepcumem, Cankm-ITemep6ype, Poccus

*3anaonoe omoenenue Hucmumyma 3eMHo20 Maznemusma, uonocgepul u pacnpocmparenus paouogonn um. H.B.
Ihwxosa PAH (30 H3MHWUPAH), Karununepao, Poccus

[IpencraBneHsl pe3yabTaThl PACYETOB PAIHOTPACC B BHICOKOIIMPOTHON W aBpOpaIbHONW HOHOChEpE, MOTyUCHHBIE C
MTOMOIIIBI0 METO/1a TTOATAIKMBAHUS YIPYTOM HUTH B cpelie, mapaMeTpsl KOTOPOil ObUIH paccuuTaHbl B 1 106anpHOM
CamocoriacoBannoit Moaemu Tepmocdepa HMonochepa u Ilpotonochepa (I'CM THUII). Metox ocHoBaH Ha
npuHnune depma, COrNacHO KOTOPOMY (YHKIMOHANI ONTHUYECKOH JUIMHBI IIyTH PaJdOBOJHBI ITIPHHUMAET
MUHHMMaJIbHOC 3HAYCHHE B MpPOIECCe ONTUMU3AIMK. B mmpemiaraeMoM MeETOJe YIOPSAOYCHHBIH HabOp TOYEK,
SIBJISIFOILMICS. MCKPETHBIM TIPEJICTABICHUEM Paoilyda, IOCIe0BaTeIbHBIME TIOTIEPEYHBIMU TpaHCHOpMALUSIMU
npeodpa3syercs K ONTUMalIbHOM KoHGUTrypanun. st HaX0KA€HUS ONTUMAIBHOTO MOJ0KEHHS TOYEK HCIOJIb3YeTCs
TpajueHT (QYHKIMOHAIA OT TEKYIIEro IIOJIOKEHUSI To4yeK. BaXHBIMH OCOOEHHOCTSIMM METOJa SIBISIFOTCS
JUKBUAINS KOMIIOHEHTHI TpaueHTa (QyHKIIMOHANA, HAPABIIEHHOH BIOJb TPACKTOPHH, H BBEICHHUE YIPYTOW CHIIBI
MEXIy TOYKAMH, YTO TO3BOJIIET KOHTPOIHMPOBATH MX pacIpelesieHHe BIOJb TPACCHl W 3HAYHTENBHO TOBBICUTH
pobacTHOCTE MeToaa. Anpobanus pacdera paguoTpacc B TPEXMEPHOM clTydae OCHOBaHA Ha CPAaBHEHUH Pe3ylIbTaTOB
pacyeToB, MOMYYEHHBIX METOJOM TOATAIKMBAHWS YIPYTOM HUTH C YHCICHHBIM pEIICHHEM ypaBHEHHS 3HKOHaja
(momenp 3axapoBa, bBOY mMm. M. Kanta, peanu3oBanHas B NMPUOIMKEHUM T€OMETPUYECKOW OMNTHKH) B Cpefe C
ToKa3zaTeleM IMpeJioMIIeHns, paccunTaHHbiM B Mmonenn I'CM TUIL. IlapameTpbl cpembl pacCUMTHIBAIMCH IS
CIIOKOWHBIX YCIIOBHH M BO BpeMsl reoMarHuTHoM Oypu 1-3 mas 2010 .

Pabota BeimonHeHa npu ¢uHAHCOBOI noanepkke rpantoB [Ipesunenta PO MK-4866.2014.5 u POOU Nel4-05-
00578. Pabora mpoBoauiack B paMkax Ipoekra "®duzndeckue MeXaHW3Mbl (POPMUPOBAHUS PEAKLHH BEpXHEil
aTMoc(epsl 1 MOHOC(Ephl Ha NpoLecchl B HIKHEH arMocdepe m Ha moepxHocTH 3emun” (I'ocymapcTBeHHOE
3ajanue MuHuCTepcTBa 00pa3zoBanus U Hayku P®, konkypcHas gacts, 3aganue Ne 3.1127.2014/K). I1. ®. Beccapad
BbIpaskaeT OnaronapHocTh honny ['opana I'ycradecona 3a moaaepxky.

OnbIT HA0JII0/IEHUS] CIIEKTPOB ATMOC(EePUKOB B YCI0BUSIX BHICOKMX HIUPOT
B.B. IMuenkun, A.A. 'anaxos, B.1. Kupuios (Ilonspusiii ceoguszuueckutt uncmumym, Anamumot, Poccust)

B pabote npuBeneHs! pe3yinbTaThl SKCIIEPUMEHTAIBHOTO ONPEIEIICHHS] aMIUTUTYIHBIX CIIEKTPOB aTMOC(HEPUKOB 110
JaHHBIM PErHCTpalny, BBITOIIHEHHON Ha KoibckoM 1-Be B TeueHue nepuoaa ¢ centsiops 2014r mo saBaps 2015r.
BbInonHeHO CpaBHEHHE CO CIEKTpaMHM, MOJIyYEHHBIMH B YCIOBUSAX CPeJHHX MHUPOT. OTMEUYEHO CMelleHue
BBICOKOYAaCTOTHOTO MaKCHMyMa B CTOPOHY Oojiee BBICOKMX YacCTOT M YBEIMUYCHHE IIMPUHBI IPOBala MEXIY
MakcuMyMaMH. Iloka3aHO OTHOCHTEIBHOE YBEIMYEHHE HHU3KOYAaCTOTHOTO MakcuMmyma. IIpoaHamusupoBaHbI
CYTOYHBIE M CE30HHbBIC U3MEHEHUS CIIEKTPOB, 3a(MKCHPOBAaHHbIEC B TEUEHHE BPEMEHH SKCIIEPUMEHTA.
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Peryasipnasi u croxacTuyeckasi JUHAMHUKA CPeHEIIMPOTHONH MOHOChepbI
A.B. PaZ[HeBCKHfIl’Z, @.C. Beccapa6'"2, n.B. KapHOBl"z, H.A. KOpeHLKOBa], B.C. Jlemesnko'

'3anaonoe omoenenue H3IMHPAH, 2. Kanununepad, office@wdizmiran.ru
2BDY um. U. Kanma, e. Kanununepao.

B macrosmeil paboTe NpeaCTaBICHBI PE3yNbTAaTHl CTATUCTHYECKOH OOPabOTKM ASKCHEPUMEHTAIBHBIX JTaHHBIX
KPUTHYECKON 4acToThl foF2 woHocdeproii cranuuu 1. Kamununrpan (54N,20E) 3a 2008-2009 rr. OcobeHHOCTH
UCCJIEJIOBaHUSI COCTOMT B TOM, YTO HOHOC(Epa paccMaTpuBaeTCsl KaK JUHAMHYECKash CUCTeMa, MPUHAIeKaInas K
KJIaCCy HEAaBTOHOMHBLIX, PACHPCACICHHBIX, NUCCUIIAaTUBHBIX, HEJIMHEHWHBIX JUHAMHUYCCKHUX CUCTEM. B YaCTHOCTH,
IMOCTpOCHA O0/JHAa U3 BaXKHEHIIINX KaueCTBEHHBIX XapaKTCpUCTUK nccneﬂyeMoﬁ ZlHHaMPl‘leCKOﬁ CHUCTEMBI - TOIIOJIOI'HUs
¢dazoBoro moprpera B koopaumHatax (foF2, dfoF2/dt). Amnanu3 ¢aszoBoro mnoprpera HamISAHO MOKa3bIBAET
crieduIecKue peryssipHble CyTOYHbIE W CE30HHBIE MEPECTPOWKM B MOBEAECHHHM HMOHOCQEPHI, YTO M ITO3BOJISET
€CTECTBEHHBIM 00pa3oM pa3JelIUTh pPETYISPHYI0 M CTOXaCTHYECKYI0 4YacTh B BapHalUsIX HOHOC(EPHBIX
apaMeTpoB.

Kpome TOTO, B padoTe MONYyYeHBI CTaHAAPTHBIC CTATUCTHYCCKHE XapaKTePHCTUKU: (QYHKIUS U IDIOTHOCTh
BEPOSATHOCTH PaCHpeAeNICHUsT KPUTHIECKOW YacTOTHI foF2, koppensiuoHHas QyHKIusS u ap. OOcykmaercs CBs3b
CTATHUCTUYECKUX XapPAKTEPUCTUK foF2 W DIIGKTPOHHOW KOHIEHTparuu Ne. [l TUIOTHOCTH pacIpeaeieHus
SIEKTPOHHON KOHIEHTpAauu Ne W KPUTHYECKOH UYaCTOTHI foF2 TONXydeHBl MOJCNBHBIC pPACIpeNeNeHus B
AAAUTUBHOM U MYJIBTUIUIMKATUBHOM IIpECiax.

MeToanuyeckue 0CHOBBI IUGPOBOii 00padOTKH pPe3yIbTATOB HOHOCHEPHBIX HAOIIOIEHHIA.
I. IIporno3upoBanue

J.b. PoxxnecTBenckuii, B.A. Tenerun

Hucmumym 3emnoeo macnemusma u pacnpocmpanenust paouogonn um. H.B. [Tywkoea PAH, (M3MUPAH) Mocxkea,
Poccusa

[Ipennoxen MeTo TPOrHO3UPOBAHMS JaHHBIX HAOMIONCHUS Te0(U3NUECKHUX TIPOIIECCOB, UMEIOIINX OTPaHMYESHHBIN
CIIEKTpP M 3aJaHHBIX HA KOHEYHOM BPEMEHHOM HHTepBajie. MeToa MpOrHO3UpOBaHUs (3KCTPATIOJISILMN) ITOJY4YEH B
pe3yibTaTe peIleHHs 3aJadyd anmpoKCHMAallM{ pa3pbIBHBIX (YHKOMH C HWCIIOJNB30BAHHEM  aMIUINTYAHON
JEMOJYJISIIUKM TapMOHHYIECKOro CHrHana. Metox onpoOoBaH Ul IMPOTHO3MPOBAHMS COCTOSIHHSI HOHOC(EpHI IO
JAaHHBIM HOHO30H/IOB.

Metoanuyeckue 0cHOBbI HUGPOBOii 00padOTKH pPe3ybTATOB HOHOC(HEPHBIX HAOIIOIEHUI.
II. In¢pporas puabTpanus

J.b. PoxxnectBenckuii, B.A. Tenerun, B.W. PoxxnecTBeHckas

Hucmumym 3emnoeo macnemusma u pacnpocmpanenust paouogonn um. H.B. [Tywkoea PAH, (M3MUPAH) Mockea,
Poccusa

PaccMoTrpeHsl Bompochl mocTpoeHus! HU(POBBIX (UIBTPOB, NMpPEAHA3HAYCHHBIX IS PEIICHHs 3a/1ad 4YacTOTHOM
cenekuny. Takue QUIABTPHI TPeOYIOTCS AL MOTydeHHs QYHKIHMH C OrpaHHMYEHHBIM CIIEKTPOM, HEOOXOAMMBIX IS
(hOpMHPOBaHUS AITOPUTMOB SKCTparoysiuu. HHU3KO4acTOTHBIE COCTABISIIONIME IPOLECCa CIIY)KAaT OCHOBOW IS
MTOTyYeHHS JJOITOBPEMEHHOTO MPOTHO3a. DTH OTBETCTBEHHBIC 3a7aull TPeOYIOT pa3paOoTKu MU(POBEIX GHUIBTPOB C
MTOBBIIIICHHBIMU TPEOOBAaHMSAMH K WX XapaKTepucTHKaMm. TpeOyemble U(pOBBIE (QHUIBTPHI JOIDKHBI 007aIaTh
BBICOKOH CTEIEHBIO MOJAABJICHHS B IIOJIOCE CPE3a W HU3KHM ypOBHEM OOKOBBIX JIENIECTKOB. B craTthe paccmoTpeH
THIOTeTHYECKUH (UIBTP — McHpaBieHHoe HenpepbiBHOe ocpenHeHue (MHO), yacToTHas XxapakTepHCTHKa TaKoro
¢unpTpa NpeacTaBiIseT co0OH codeTaHHWe OBYX IOCJIENOBATEIbHO BKIIOYEHHBIX (HIBTPOB — HENPEPHIBHOTO
OCpEZHEHHs M MIeaNbHOro (QUIbTPa HU3KHMX 4acTOT. YacTOoTHasi XapaKTepPHCTHKA TAKOr0 HACAILHOrO (HIbTpa B
10JIOCE TIPONYCKaHUs MACHTUYHA XapaKTePUCTUKE HHTErpaTopa, a B IOJOCE Cpe3a MapasUTHBIE I10JOCH
MpOImMyCKaHus OTCYTCTBYIOT.

B nambonbmeit crenenn MHO otBewaer 1mmdpoBoit (uibTp, NOCTPOCHHBIH Ha OCHOBE ANNPOKCHMAIMH €ro
YaCTOTHOM XapakTepUCTHKH monuHoMamMu YeOwimeBa. C moMomiplo 4eOBIIEBCKOro (uibTpa ¢ BEIWYUHON
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nojaByieHus B mosioce cpesa 10 300-400 nb crpouTcst BhACISIOMIAS (YHKIUS aaropuTMa dKCTpanossiiud. Jis
npeBapUTEIbHON 00pabOTKU Pe3ybTaTOB HAONIOEHMS, MOMHMO ITU(PPOBOrO YEOBIIICBCKOrO (DHUIbTpa HHU3KUX
4acToT, pa3paboTaH IMQPPOBOH (GHILTP, YACTOTHASI XaPAKTEPUCTHKA KOTOPOIO CTPOMTCS B OOJACTH YACTOT C
MPEBAPUTEILHBIM B3BEIIMBAHUEM PE3YJHTATOB HAONIONCHHWS BO BPEMEHHON OOJIACTH, YTO CYIIECCTBEHHO
YMCHBIIIAET BEINYMHY Mapa3UTHBIX MOJIOC MPOITYCKAHHS B TIOJIOCE cpe3a.

CucreMaTHKa NPOCTPAHCTBEHHO BPEMEHHBIX XaPAKTEPHCTHK 3JIEKTPO-TEPMAJIBHBIX CTPYKTYP
3anbLIEHHOT0 IMHAMO CJIOSI HOYHOH aBpPOpaJbHOI HOHOC(hepHI

E.E. THMoq)eeBl, C.JL Ilanumos™? ,OT. Uxernanu™ ,M.K. BaJ‘IJ‘II/IHKOCKI/IS, 1. Kanrac®

! Focyoapemeennwiii ynusepcumem mopckozo u peunozo groma um. aom. C.0. Maxaposa, CIT6
2 Hnemumym usuxu semnu um. O.1O. HImuoma, PAH, Mockea

3HHcmumym rocmuyeckux uccieooeanuit, PAH, Mockea

! Hnemumym usuxu ammoceepvt um. A.M. O6yxosa, PAH, Mockea

’ Omoen kocmopusuxu ynusepcumema 2. Oyny, Punisnous

Cucremarika OCHOBBIBa€TCS Ha MaTepuane OaHka naHHbIX 20-Tm cyOOypws mepuona skcnepumenta ERRRIS. B
npesmectByrommx padorax (Tumodeer u np. 2013, 2014) ocobeHHOCTH 3MEKTPO-TepMaibHbIX CTPYKTYp (DTC)
aBpopaiibHoro auHamo ciost (JJC) u3yyanuch TOJbKO CTAaTUCTUYECKH. A MMEHHO, Ha aHAJIM3e CPEIHUX BEIWYMH, U
CTaH/IapTHBIX OTKJIOHEHHH TeMmImeparyp IuiazMeHHbIX komroHeHT (Tu m T»), Bekropa snexrpuueckoro noiust (E-
T0JIs) M JIEKTPOHHOM mioTHOCTH (Ne), mpucymum BeIOOpKaM u3 cepuid He MeHee (16-25)-Tu mocienoBaTebHbIX
(30, 45 u 90 cexkyHIOHBIX) MMITYJIbCOB PafapHBIX n3MepeHuil. B nmaHHol paborte ananmm3 xapakrtepuctik OTC
BBITOJTHEH HA BPeMEHHBIX MacmTabax 1-ro ummymsca EUCKAT panapa, T.e. (45, 90 u 180 C). Ilpu 5ToM auanason
BBICOT aHallM3a pacIIupeH a0 Tpéx yposHeit 105, 110 u 115 xm.

[Mokazano, uro: 1) OTC wacTo cocTosT M3 AWa] C MPOTHBOIOJIOXKHON OWHAMUKOW TemmepaTyp uoHoB (Tm) u
anekTpoHoB (T3), peructpupyeMoil B TeueHUH 2-X MOCITIEIOBATEIbHBIX HMITyJIBCOB pagapa. A UMEHHO, HaIpuMep,
poct Ts u ciag Tu, cmensiercs poctom Tu u ymensienueM T3. 2) B cBoro odepenp quaasl 00bEIUHSIOTCS B CEPUH.
[pu srom amuuHBIE (0T 3-€x mo 10-12-tm OTC) cepum HabmOAAIOTCS B YCIOBHSAX Mayblx (Hike nopora ®b-
HeycroitunBoct) E-noneit. [Ipn aToM ypoBeHb a1eKTpoHHO# ioTHOCTH (Ne) 1o/bkeH ObITh He BBIIE IPUMEPHO 4-
TH, 8-MH U 12-tu*10* /em® , Ha BbIcoTax 105, 110 u 115 kM, COOTBETCTBEHHO, a XapaKTEPHbIE YaCTOTHl CTOPOHHUX
Bapuanuii ypoBHs (Ne) n Bekropa E-monst B mporecce cy00ypr NOMDKHBEI OBITH 3aMETHO HIDKe pabodel 4acTOThI
panapa. 3) Bapuanuu Ne B pa3HbIX YacTsAX IUa]bl CHCTEMaTHYECKH MEHSETCS MPONOPLHUOHATILHO BeMMuuHe T3. A
nMeHHO, Ne Hipke (BbIlIe) B TOH €€ 4acTW, IJe HWKe (BbIIIE) TeMieparypa 3j1eKTpoHoB. [Ipu aTom pasHOCTBH
ypogreii (dNe) coctapmsier mpumepro (1%10* )u (1,5-2)*10* /em® Ha BeicoTax 105 n 110 kM. Ha MaTepuane anammsa
2-X TONy4acoBBIX HHTEpBAIOB (~ 35 mmmynbcoB mo 90 C) B coberrmm (10.04.1988, 17-19 UT) BenmumHa
koadpdunmenTa koppensamuu apuanuit dT> u dNe Ha BeicoTe 105 kM cocraBuna (+ 0,91). 4) OtHOmEeHHNE cpenHei
BennurHbl Bapuauuud dNe K cpeqHeMy YpPOBHIO IUIOTHOCTH HMOHM3anuu Ha aaHHoil Bbicote (Ne), T.e.(dNe/Ne)
MMPaKTHYECKH OanHaKoBO Ha BbicoTax 105 u 110 kM. Tem cambiM 3G (EeKT aHOMATBLHOTO OXJIAXKICHHUS JJIEKTPOHOB
MPOSBJISIETCS Ha MacmTabax 1-ro MMITynIbCca pagapa U B TUama3oHe BRICOT He MeHee 10 KM B mpeaenax oJHON U TOH
ke cuiaoBoit Tpyoku I'MIIL. 5) VYcroiumBbie (He MeHee 3-EX MUal) CEPHH COMPOBOXKIAIOTCS OCOOBIM THIIOM
Bapuanuii a3umyTa Bekropa E-1oss, moJoOHbIM KOJIeOaHUSIM KPYTHIIBHOTO MasTHHKA. A MMEHHO, CHHXPOHHO C 1-
Ol nuanoi BEeKTOp E-moiid mpoxXoauT IPUMEPHO IOJIKpYra IO 4acOBOM CTpEIKE, a B TECYEHHE BTOPOM Iualbl
BO3BpAIAeTCcsi 00paTHO, T.€. IIPOTHB YaCOBOW CTPEJIKH.

B vacTtu mHTEpHpeTauny ONMCAHHBIX BBIIIE PE3YJIBTAaTOB OTMETHM, 4TO: 1) JlocTaroyHo Maible BennunHbl E-mosns
HEOOXOJMMBI, 4YTOOBI HE JaTh IUIA3MEHHOH TYpOYJIEHTHOCTH pa3pyLIMTh PEryJIPHYIO IPOCTPAHCTBEHHYIO
CTPYKTYpPY IUIa3MEHHO-IIBUIEBBIX CTPYKTyp THia OTC. 2) Jlnsg oxnakaeHus: 3JeKTPOHOB IUIOTHOCTH MBUIN JIOJDKHA
OBITH BBICOKA, YTO COOTBETCTBYET OTPHIATEIbHBIM BapHALMSIM IUIOTHOCTH 3JIeKTpoHOB. 3) Iloka3zaHHoe BbIIIe
nogobue xapakrepuctuk ITC Ha nporsokeHuu~10-Tr kM (0T 105 mo 115 kM) 03HAUaeT, 9YTO TaKOW XapaKTEePHBIH
BBICOTHBIH MacmTad O0BEMOB 3apsHKEHHOW MMBUIM — JOCTATOYEH, YTOOBI TOJSpHU3alMOHHBIE E-MONis BBI3BAIH
Bo3MymieHHuss F-cnos monoctepsl. UnapiMu cnoBamu DTC sABISIOTCS OOHUM M3 BHAOB BEPTUKAIBHBIX CTPYKTYD,
00€eCIeuNBAIOLIMX INIEKTPOJMHAMHYECKYIO CBS3b JAWHAMO-CIION C BepxHed noHocdepoii. 4) Bapuanun asumyra E-
nois (MasTHUKOBOTO THIIA) B YAaCTHOCTH, MOTYT OOBSCHATBCS TeM, 4TO (Auanbl) OOBEIMHSIOTCS Mapamu C
NPOTHBOIOJIOXKHBIM HanpasieHuem E-mons. B F-oOnactu BimsHHE Takoil mapbl 0OECHEUYHT MMapy BHXpEH ¢
MIPOTHBOIIOJIOKHBIM ~ HallpaBJIeHHEeM BpamieHus IuiasMbl.  5) IlomspusanuonHbsle mosst  o0OpasyroTcst B
KBa3UIEPHOANYECKIX CTPYKTYPaxX — FOPU30HTAIBHBIX POJUIAX, KOTOPBIE SIBIISIOTCS CJEICTBUEM HEYCTOHYMBOCTEH
9KMaHOBCKOT'O THIIA M C KOTOPBIMH oTOKAecTBIsIoTCst DTC.
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Moaeanb curLajia, 0TPaKeHHOT0 0T ABPOPAJIbHBIX HEOJHOPoAHOCTel cios E, 1451 HaAropu3oHTHOM
PJIC nanbHero oonapyxenuss YKB quana3zona

W.B. Trortun, B.b. OBogenxo, C.A. Ilymait
OAO HIIK HUUJIAP, 2. Mocksa, Poccus, tyutin@physics.msu.ru

B crarbe nmpezacTaBieHo oncaHue MOJENH OTPAKEHHOTO CUTHAJIa OT aBPOPaJIbHOM HEOJHOPOJHOCTH B IIPUEMHHUKE
PJIC HAO. Ha ocuoe mapamerpoB PJIC ¥ pacCUMTBHIBAEMBIX paKypCHBIX YIJOB IPOWU3BOAUTCS OLEHKA
SHEPreTUIeCKUX XapaKTepHCTHK moMexw: oTHomeHus nomexa-mym (OIII) u s¢ddextuBHAsT TOBEPXHOCTH
paccesaus (DI1P). OcoOeHHOCTRIO MOJIENH SIBIIICTCS YUET MPOCTPAHCTBEHHOTO pacIlpeesieH!s] HEOJHOPOAHOCTEH,
OOKOBBIX JIENIECTKOB AMArpaMMbl HANpPaBICHHOCTH AHTEHHBI HA W3JIyYCHWE U INIPUEM U OOKOBBIX JICIIECTKOB
(GYHKIMH HEOIpeeNIeHHOCTH CHI'Halla. Pe3ynbTaThl MOJIEIMPOBAHHS ITOKA3alld, YTO MPU ONPEAENICHHBIX YCIOBHAX
6okoBsIe JieniecTku JIH BHOCSAT 3aMeTHBIN BKJIAJ (10 HECKOJIBKUX JB) B CyMMapHBIN OTPa)KCHHBIA CUTHAIL.

Kunernueckas monens Monrte-Kapiio npoguieii JMHUA BOA0OPOAa AJIsl IPOTOHHBIX MOJSIPHBIX
CUSIHUI

B.J. lllemaroBu4
Huemumym acmponomuu PAH, Mockea, Poccusi; e-mail: shematov@inasan.ru

V3mepeHHble KOCMUYECKUMU WJIM Ha3eMHBIMH HWHCTPYMEHTaMH NpoQuin JHHUI BOJOPOJIA HECYT IOJIC3HYIO
MHPOPMANHNIO KaK I U3y4eHHs (PU3NYECKHX MPOLECCOB, MPOUCXO/SIINX B IPOTOHHBIX MOJISIPHBIX CHSHUSX, TaK U
JUISL OLIGHKM XapaKTepHCTHK IOTOKA BBICHINAIONIMXCS B aTMocepy NpoToHOB. Pacuersl mpodwunei muHuit
BOJOPOJHBIX OMHCCHH B TIONAPHOH BepxHed arMocdepe 3eMiIM BBITOTHEHBI NPH IOMOIIHM pa3padOTaHHOM
KMHETHYeCKOW Mozaenu Monte-Kapimo ans uccnenoBaHHs MPOLIECCOB BBICHIIAHMSA MPOTOHOB HAa MOJIEKYJISIPHOM
ypoBHe. BriepBble ynanoch y4ecTb CTOXACTUYECKYHO HMPUPOAY PACCEsHHWsS HA Majble YINIBI IPOTOHOB M aTOMOB
BOJOPOJa C BHICOKMMH HEPTUSAMH, YTO MO3BOIMIIO KOPPEKTHO PAacCUUTaTh (POPMUPOBAHUE KPHUIHEB M CABUTA ITHKA
B BOJOPOJHBIX OMHCCHOHHBIX JMHMAX. JlaHHBIE NpEJCKa3saHWs MOJENHM HAIlIM CBOE IOATBEPKACHUE B
HaOroneHusix  ceeuenus H-B Bomopona Ha mossipHoit cranium [lokep ®aar Ha Amsicke. B dacTHOCTH, U3
MPOBEICHHOTO CPaBHEHUS BHJHA AHTUKOPPENSALUS MEXIy CpeAHed sSHeprueil NPOTOHOB U CABUIOM ITHKA.
CrenoBarenbHO, MOXHO 3aKJIIOYHTh, YTO BEJIMYUHBI OTHOCHUTENBHBIX YHIMPEHUH roiy0oro M KpacHOTO KPBUIbEB
SMHUCCHUOHHBIX JIMHHMI SIBJISIOTCS JTYYIIUMH WHAMKATOPAMH 3HEPTUM BBICHIMAIOLIMXCS IPOTOHOB MO CPAaBHEHUIO C
paHee UCMONb3yEMbIM 3HAUCHUEM C/IBUTA MTUKA JIMHUH.

Pabota BeImonHena npu nojuepxke Poccuiickoro ¢ponna GpyHIaMeHTaIbHBIX nccaenoBannii (mpoektsl 14-02-00838
u 13-02-00642) u ITporpammer Ne09 ITpesuamyma PAH.

Ouenka nuHaMuKH 1u(depeHIHaAIbLHBIX KOAOBbIX 3afep:kek B kaHaaax [JIOHACC u GPS
10.B. ﬂcheByml’z, A.A. MbIHbHHKOBal, B.E. KyHnuthl’s, AM. IMagoxuu'?

1 .
Unemumym conneuno-3emnou ¢usuku CO PAH, Hpkymck, Poccus

2 . .

Hprymckuii 2ocyoapcmeennvlii ynugepcumem, Upkymck, Poccus

3 . :

Mockosckuii 2ocyoapcmeennulii yHugepcumem um. M.B.Jlomonocosa, Mockea, Poccus

I'mobaneusie Hapurammonnsie CrytHukoBeie Cucremsl ('HCC) mmpoko HCHONB3YIOTCS BO BCEM MHUpE IS
JMCTaHI[MOHHOTO 30HAMpOBaHUs HOHOChepbl. I[lpu ompenerseHur aOCONIOTHOrO MOJHOTO  3JIEKTPOHHOIO
coaepxanus (IT9C) B noHocdhepe ¢ UCIOIB30BAHHEM OJHOBPEMEHHO KOJOBBIX M (Pa30BbIX M3MEPCHUM MO JaHHBIM
I'HCC Bo3HmKaeT cucrteMarndecKas OIIMOKa, 3aBHCANIas OT NMPHUEMHUKA W CIIyTHHKAa — A depeHInaIbHbIe
kojoBbie 3aaepxkku ([1K3), B uHOCTpanHoi mureparype - Differential code biases (DCB). IK3 B 1 HC npuBOIAT K
oumbOke onpenenenus [19C ~2.9 TECU.

Hamu Obiia mpoananmusupoBaHa nuHamuka JIK3 B KaHamax CIyTHHKOB M NPHEMHHMKOB W morpemHocts [19C,
ceszanHast ¢ JIK3 3a 2000-2014, mo qarHeM yOsmkyembiM nabopatopueit CODE [ftp:/ftp.unibe.ch/aiub/CODE/].
Cucremarundeckoe m3menenue morpemuoctu [19C, ceszannoit ¢ JK3 cocraBmsier ~1 TECU/rom mis GPS
cnytaukoB u ~3 TECU/ron mns crnytHukoB ['JIOHACC. CymiecTBYIOT TakXKe 3HAauMTEIbHBIE Bapualud B
morpenrHocT [19C u3-3a IK3 misa cmytaukos ['JIOHACC Benmmuanuoi 1o 5 TECU B cpaBHEHHH ¢ BapHalUsSMHU
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norpemHoctu [19C nist GPS cmyTHHUKOB.

Haobmronaemble Bapuanuu B auHamuke JIK3 B kananax npuemuukoB ['JIOHACC u GPS 3HauutensHO 3aBUCAT OT
crannuu. Habmronarorcs ce3onnbie Bapuaiuu norpernoctu [19C, ceszannoit ¢ JIK3, npesimatomnie 20 TECU B
yacToTHbIX KaHanax npueMHukoB [JIOHACC u GPS. Takue cunbHble Bapuanuu MOTYT OBITh CBSI3aHBI C
M3MEHEHHEM OKPY’KaloIeH cpeibl BO3JIe NPUEMHHKA, B OCOOEHHOCTH ¢ I3MEHEHNEM TeMIIepaTyphl U BIaKHOCTH.
Hamm Ttaxxe Obin paspaboran merox st ompexpeneHus JIK3, ocHOBaHHBIH Ha JaHHBIX OJHOH CTaHIHMH.
[omyueHnsle pe3ynbTaThl cpaBHHBaNINCH ¢ maHHbIMEH JK3, mybmmukyempimu naboparopueit CODE. O6napyxeHO
pacxoxaenne 3Hadenndt JIK3 mrs T'JIOHACC, momydenHsix Hamu, u pedynbratoB CODE. DT0 pacxoxkaeHue
3HAYMTEIBHO BIMSET Ha omnpeaenenue adcomorHoro [I13C u MOXeT MPUBOIUTE K OTPHULATEIBHBIM HE(PU3HIECKUM
3HaueHusm [19C.

Pabota noxnepkana ['pantom Poccuiickoro Hayunoro ®@onna (ITpoext Ne 14-37-00027).
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Ground-based microwave monitoring of 0zone in a middle atmosphere above St. Petersburg and
Tomsk during stratospheric warming in winter 2013-2014

Y.Y. Kulikov', D.A. Bochkovskii’, V.N. Marichev?, A.V. Poberovskiy3, V.G. Ryskinl, Yu.M. Timofeev®

'Institute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod, Russia
2Institute of Atmospheric Optics, Siberian Branch, Russian Academy of Sciences, Tomsk, Russia
3Institute of Physics, University of St. Petersburg, St. Petersburg, Russia

We present some results of ground-based microwave measurements at frequencies of about 110836.04 MHz, which
are related to the ozone emission line generated in the middle atmosphere. Experiments were carried out on
December-February 2013-2014 in Tomsk (56N, 85E) and on November-March 2013-2014 in St. Petersburg (60N,
30E). In discussed experiments two identical mobile ozonometer were used [1, 2]. Either ozonometers consists of an
uncooled millimeter-wave receiver and multichannel spectrometer. System noise temperature (single sideband) —
about 2000 K. The multichannel spectrometer represents a bank of filters (32 channels) with spectral bandwidth 240
MHz and the variable frequency resolution: 1.0 — 10 MHz. Parameters of the instrument allow to receiving the
information (for 15-20 minutes — time resolution) on vertical distribution of ozone at heights from 22 up to 60 km.
The measurements of spectra of atmospheric emission were carried out by the method of its calibration on hot and
cold reference loads. During stratospheric warming in winter 2013-2014 essential distinction in variations of vertical
structures of ozone in a middle atmosphere above Tomsk and St. Petersburg is registered. The results are compared
with the MLS/AURA satellite data and with the data of the last microwave measurements of stratospheric ozone in
polar and middle latitudes during sudden stratospheric warmings.

The work was supported by the grants 13-05-01036 and 13-05-97052 of Russian Foundation for Basic Research.

A.A. Krasilnikov, Y.Y. Kulikov, V.G. Ryskin, A.M. Shchitov. Microwave instruments for diagnostic of the minor constituents of
the Earth’s atmosphere. Bulletin of the Russian Academy of Sciences: Physics, vol. 67, P. 1788-1792, 2003.
Y.Y. Kulikov, A.A. Krasilnikov, A.M. Shchitov. New mobile ground-based instrument for research of stratospheric ozone (some
results of observation). The Sixth International Kharkov Simposium on Physics and Engineering of Microwaves, Millimeter and
Submillimeter Waves (MSMW’07) Proceedings, Kharkov, Ukraine, June 25-30, 2007. V.1, P. 62-66, 2007.

Self-consistent numerical modeling of the global wind system and heat regime of the lower and
middle atmosphere

L.V. Mingalev', K.G. Orlov', V.M. Chechetkin®, V.S. Mingalev', 0.V. Mingalev'

'Polar Geophysical Institute, Apatity, Russia
*Keldysh Institute of Applied Mathematics, Moscow, Russia

The regional non-hydrostatic mathematical model of the wind system of the Earth’s lower atmosphere, developed
earlier in the Polar Geophysical Institute, is improved by enlarging the simulation domain. In the previous version of
the mathematical model, the three-dimensional simulation domain was a part of a spherical layer stretching from
land and ocean surface up to the altitude of 15 km over a limited region of the Earth's surface. In the new version of
the mathematical model, the simulation domain is a layer surrounding the Earth globally. The lower boundary of
this layer is the Earth’s surface, whereas, the upper boundary of this layer is the sphere lain at the altitude of 75 km.
Furthermore, in the new version of the mathematical model, the internal energy equation for the atmospheric gas is
written by using a relaxation approach, in which a heating / cooling rate of the atmospheric gas in various chemical-
radiational processes is supposed to be straightly proportional to the difference between the real temperature of the
atmospheric gas and an equilibrium temperature of the atmospheric gas. The latter equilibrium temperature may be
given by utilizing the global temperature field, obtained from one of the existing empirical models. Incidentally, the
relaxation approach may be applied for self-consistent numerical modeling of the global wind system and heat
regime in the lower and middle atmosphere not only of the Earth but also of other planetary bodies, in particular, of
Venus and Titan.

Thus, the new version of the mathematical model produces three-dimensional time-dependent global distributions of
the gas dynamic parameters of the lower and middle atmosphere. The characteristic feature of the model is that it is
non-hydrostatic, that is the model does not include the pressure coordinate equations of atmospheric dynamic
meteorology, in particular, the hydrostatic equation. Instead, the vertical component of the atmospheric gas velocity
is obtained by means of a numerical solution of the appropriate momentum equation, with whatever simplifications
of this equation being absent. The finite-difference method is applied for solving the system of governing equations.
This work was partly supported by the Presidium of the RAS through the Program No. 9 and by the RFBR grant 13-
01-00063.
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The improvement of the numerical model of the global wind system of the atmosphere by taking
into account the relief of a planet

V. Mingalevl, K.G. Orlov!, V.S. Mingalevl, V.M. Chechetkin?, O.V. Mingalev1

'Polar Geophysical Institute, Apatity, Russia
Keldysh Institute of Applied Mathematics, Moscow, Russia

The non-hydrostatic mathematical model of the global wind system of the atmosphere, developed recently in the
Polar Geophysical Institute, is improved by taking into account the relief of a planet. In the previous version of the
mathematical model, the planetary surface was assumed to be a smooth spheroid. In the new version of the
mathematical model, a planetary surface can contain mountains and depressions. A planetary surface is
approximated by using one of the existing digital maps of the surface relief of a planet.

The characteristic feature of the new version of the mathematical model is that the internal energy equation for the
atmospheric gas is written by using a relaxation approach. Moreover, the model does not include the pressure
coordinate equations of atmospheric dynamic meteorology, in particular, the hydrostatic equation. Instead, the
vertical component of the air velocity is obtained by means of a numerical solution of the appropriate momentum
equation, with whatever simplifications of this equation being absent. Thus, three components of the air velocity are
obtained by means of a numerical solution of the generalized Navier-Stokes equation, so the model is non-
hydrostatic. The new version of the mathematical model is based on the numerical solution of the system of gas
dynamic equations and produces three-dimensional time-dependent global distributions of the gas dynamic
parameters of the lower and middle atmosphere. For solving the system of governing equations, the finite-difference
method is applied. The new version of the mathematical model may be applied for numerical modeling of the global
distributions of the gas dynamic parameters in the lower and middle atmosphere not only of the Earth but also of
other planetary bodies, in particular of Venus and Titan, utilizing digital maps of the surface relief of these planetary
bodies.

In the version of the mathematical model, intended for simulations of the Earth’s atmosphere, the calculated
parameters are determined on a uniform grid. The latitude and longitude steps are equal to 0.47°, and height step is
equal to 200 m. The system of gas dynamic equations is numerically solved in a layer surrounding the Earth
globally. The lower boundary of this layer coincides with the Earth’s surface which is approximated by an oblate
spheroid, with the relief being taken into account. The upper boundary of this layer is the sphere lying at the altitude
of 75 km over the equator sea level.

This work was partly supported by the Presidium of the RAS through the Program No. 9 and by the RFBR grant 13-
01-00063.

Polar temperature changes
R. Werner!, D. Valev!, D. Danov?, V. Guineva' and A. Kirillov®

'Space Research and Technology Institute, Stara Zagora Department, BAS, Bulgaria
2Space Research and Technology Institute, Sofia, BAS, Bulgaria
? Polar Geophysical Institute (PGI), Apatity, Russia

By application of regression models strong temperature modulations in the Arctic connected to the Atlantic
multidecadal oscillations (AMO) are observed. After removing the AMO influence, the slope of the Arctic
temperature (64°N-90°N) becomes approximately 1°C from 1920 up to now corresponding to 0.11°C per decade
and does not differ from the one in the Antarctic (64°S-90°S).

No AMO climate impact is found in the Antarctic (64°S-90°S). In the Arctic a tropopause inversion layer (TIL) of
different size is observed during the whole year. In difference in the Antarctic a TIL is observed only during the
austral autumn. The arctic troposphere is strongly isolated from the stratosphere by TIL while in the Antarctic
climate warming processes are restricted by cold air masses descend in the polar vortex.
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Ce30oHHbIE BapUAIUM B MATKOIi KOMIIOHEHTe BTOPUYHBIX KOCMHUYECKUX JTy4deii
A.B. T'epmanenko, }0.B. bana6un, b.b. I'Bo3nesckuii (Ilonaproiii I'eoghusuueckuii uncmumym, Anamumot, Poccus)

Bozpacranms ramMma-u3IydeHHS TPH OCAJKax HAONIOMAIOTCS KPYIIIBIA TOJ C MOMEHTa IyCKa KOMIDICKCHOM
YCTaHOBKM MOHUTOPHHTA BTOPUYHBIX KOCMHUUYECKUX JTydei. AMIUIATYJa BO3pacTaHUl HaXOOUTCS B mpenenax ot 10
10 50 %. 3uMoii mpu TBEPIBIX OCalKax OHA B cpegHeM MeHblne. OJHAKO AT IOCTPOSHUS MOJICTH TeHEPALUN TaKUX
BO3pacTaHui TPEOYIOTCS TOYHBIE ONpeNeIeHUs] Ce30HHBIX pa3innyuii. Ha ocHOBE HAKOIUIEHHOW MHOTOJIETHEH 0a3bl
JAHHBIX IO COOBITHSAM BO3pacTaHWW OBIIO HAWIACHO pacIpelesieHHe 4Yncia cOOBITHH B Tomy. Bo-mepBeix, B
XOJIOJHBIM CE30H BO3paCTaHUs MPOUCXOISIT PeXe, a MX aMIUIMTyJa MeHblne. Bo-BTOpBIX, yCpEIHEHHBbIE 3a
HECKOJIBKO JICT pacrpeesieHus mokasanu, uro ¢ 2009 r., koraa Hayaauck HaOmoaeHus, o 2014 r. 4ucio coObITHIA
ynano. Pasnmuuust B pacmpeneneHud coObITHE B TedeHue roxa B mepuon 2009-2011 rr. m B 2012-2014 rr.
CYIICCTBEHHBI U MPHUXOJATCS Ha TCIUIBIA CE30H Troja (C ocaJKaMH B BHJE JOXJSA), TOTJa KaK B XOJIOIHBIA CE30H
pasziuuusi MUHUMaJbHBL. [10CKOJIBKY MBI CBA3BIBAEM IMPOLIECC T'€HEpALMH JOMOJHUTEILHOIO raMma-u3JIydeHus: B
HIWKHEH aTtMocdepe ¢ DIIEKTpUYECKHMH TpoleccaMu B o0Olakax u aTtMocdepe, a OHH TOJBEPKCHBI BIUSHHIO
COJTHEYHOH aKTUBHOCTH, MOXKHO TIPEAIONIaraTh, YTO 3TO pa3iHyde B PACHPEICICHHUAX CBA3aHO C COJHEYHOU
aktuBHOCTHIO. [Teprox 2009-2011 rr. mpuxozsTcs Ha a3y pocTa CONHEYHOW aKTUBHOCTH OT MHUHHMYyMa, TOT/Ia Kak
2012-2014 rr. — 3TO TWepHOA MaKCHMyMa aKTHBHOCTH. [loka WMeromierocss psjga MaHHBIX HEJOCTAaTOYHO IS
OKOHYATENIbHOTO BBIBOJA, HEOOXOOMMO NPOBECTH HAOMIOACHUS XOTS OBl OAWH IONHBIA IIMKJI COJHEYHOW
AKTUBHOCTH.

OnpenesieHue BepxHeii rPaHULbI CJI0SI TepeMelIUBAHUSA 110 BePTUKAJIbHOMY PO UII0 030HA
B.N. Hemun (Ilonsproiii ceogusuveckuii uncmumym, 2. Anamumot)

Crnost mepeMemIMBaHUS OIPEAETSIECTCS Kak CIIOW BO3AyXa, B KOTOPOM MPOHCXOIUT pAacCeHBAaHHE OCHOBHBIX
3arpsI3HUTENEH OT MPU3EMHBIX MCTOYHMKOB. OJHAKO HA MPAKTHKE €ro TOJIIMHA OLIEHHBAETCS 10 JUHAMHYECKUM
MOZENSAM, YUYUTHIBAIOIEe TePMOANHAMHYECKOE CTOSIHUE aTMOC(Ephl, HO He pealbHBIl MPO(UIL 3arpsi3HAIONIMX
BemiecTB. O30H aKTHBHO B3aMMOJIEHCTBYET C OOJBLUIMHCTBOM 3arpsi3HUTeNneil. [lo aTol mpuunMHe TOJIOKEeHHE
BEPXHEH rpaHMIbl CII0S IEPEMEIIUBAHUS IOJDKHO KAaKMM-TO 00pa3oM OTPa3HUThCs Ha BEPTUKAIBHOM ITpoduiie 030Ha
B HIDKHEH Tporocdepe.

[lo maHHBIM M3MeEpeHUil BEPTHKAIBLHOTO paclpesiesieHnsl 030Ha B XMOMHAX MPOBENECHO CPaBHEHHH TEOPETHYECKH
PACCUUTAHHBIX 3HAYEHUI CJI0S MEpPEMENIMBAHUS U CJIOS MEPEMEUIMBAHUS, PACCUUTAHHOIO IO BEPTUKAIBHOMY
npoduiaro o30Ha. [Ipu HEOONBIIMX CKOPOCTSX BETpa B INPH3EMHOM CJIO€ IIOJIyYEHBI BIIOJIHE COIIOCTaBHMBIC
pe3ynbTaThl. PacxokaeHne MOKET OBITh HCIIOIB30BAHO AJISI KOPPEKIMH pacdeTHBIX 3HAUCHMH, MOJY4YEHHBIX II0
MOJIENSIM TIOTpaHUYHOro ciosi. IIpm ckopocTsx Berpa Ooinee 5 M/C OOHAPYKUTH BEPXHIOIO TPAHMILYy CIOS
NIepeMEINBaHNs B IPOQHIIEe 030HA HE yIaeTCs.

AHaJu3 10JITrOBpeMEeHHBIX H3MEHEHUH TeMIepaTypbl Bo3ayxa B MypMaHcKe ISl BbIABJICHUS
3¢ G eKTOB ropoACKOro «0CTpoBa Temia

B.J. Jlemun', O.11. MokpoTtoaposa’, A.P. Anmmdeposa’

1 . .
Honapnoiii 2eousuueckuil uncmumym, 2. Anamumet

2 o

Mypmanckoe ynpagnerue no 2u0pomMemeoposo2uul U MOHUMOPUHEY OKpyxcaroueli cpedst, Mypmanck

Bo3ayx B ropojckoii 3acTpoiike 00BIYHO TeIiee, YeM B OKpYIKarollel CelbcKoi ((POHOBOI) MECTHOCTH («OCTPOB
Tenna»). WHTEeHCHUBHOCTE U pasMEpPLI TAHHOT'O ABJICHUA U3MCHAIOTCA BO BPEMCHU U IMPOCTPAHCTBE MO BJIMAHHUEM
METEOPOJIOTHUECKUX YCIIOBUHM, MECTHBIX OCOOEHHOCTEH M XapakTepucTHK ropojaa. «OcTpoB Terua» Oosee
OTYETJIMBO OOHApY)KMBAeTCs TNpH ci1aboM Berpe W Oe3zobsmauHoM HeOe. OMHAKO TOYHO TaKHE XK€ YCIOBHUS
CIIOCOOCTBYIOT M MPOSIBICHUIO MHUKPOKIMMAaTHYECKHX  OCOOEHHOCTEH, OOYyCIOBJIEHHBIX HEOIHOPOIHOCTHIO
NnoAcTUJIaoIed NoBepXHOCTH. [lo 3TOH mNpuUMHE KOPPEKTHO OTHENUTh «OCTPOB TeIUla» B MypMaHCKe OT
3¢ eKTOB, BEI3BAaHHBIX CIOKHBIM pelbeoM ropoa U 01m30cThio KoIbCcKOTO 3amBa, MyTeM CpaBHEHUS TIOKa3aHUi
OMKaHIINX METEOPOJIOTHYECKAX CTAaHIWH Ha KOPOTKHX pslaX W3MEpeHHUH, MpeACTaBISIeTCS KpaiHe CIO0XKHOW
3amayeil. AHTPOIIOr€HHOE BO3AEIHCTBHE Ha IIOJIC TEMIIEPATyphl B 3TOM ClIydae MOXKHO OOHApYKHTh TOJBKO IIO
yBEIMYMBAIOIIEHCA 10 Mepe pocTa ropoja pPa3HOCTH TEMIIEpPAaTyp B TOpOJE M B CENbCKOW MECTHOCTH (Tak
HA3bIBAEMBIH «IIOJI3YYUH TPEH).
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CpaBuenne nokazanuii Ha ['MC «Mypmanck» u Ha ¢onoBoit 'MC «IlonsipHOE», PacHONOKEHHOW B CXOMXKHX
KJIMMaTH4eckux ycioBusx B 30 kM oT r. MypMmaHCK, yKa3plBaeT Ha HE3HAUMTENbHOE YBEIMYEHHE B TEIUIOE
MOoJIyroauc pa3HoCTu MUHUMAJIBHBIX TEMIIEPATYP MEXKAY HUMU IIPU OTCYTCTBUU TPE€HAA B Pa3HOCTHU MaKCHUMaJIbHBIX
TemriepaTyp. HecMoTpst Ha TO, YTO 3TH W3MEHEHMs KaueCTBEHHO COOTBETCTBYET OOIIeH KapTHHE T'OpPOJCKOTO
«OCTpOBa TEIlIa», YBEIMYEHHUE PA3sHOCTH IUIOXO COTJacyercs ¢ IMHAMUKON HaceneHus. B mone cpenHece30HHBIX
Temneparyp «ocTpoB Temna» Ha 'MC «MypMmaHCK» He HpOSIBISETCS: CTATUCTUYECKU 3HAYMMOTI0 pa3iauyus B yriiax
HAaKJIOHAa TPEHAOB Ce30HHBIX TeMmnepaTyp Ha TMC «Mypmanck» u «IlomspHoe» He 00HapyKEeHO. DTO MOXKET OBITh
BBI3BaHO Kak ocoOeHHOCTAMHU monoxeHns [MC «MypmaHCK», c1aboii WHTECHCHBHOCTH TOPOJICKOTO «OCTPOBA
TeIJIa» WM HEOONBIION IOBTOPSIEMOCTH COYETAHUS METEOPOJIOTMYECKHX YCIOBHH, CHOCOOCTBYIOIINMX €ro
nposiiieHnto B paiione 'MC (o6mauyHOCTh, HH3Kas IMOBTOPSEMOCTH INTHIICH, MOCTATOYHO CHJIBHBIH BETPOBOM
PEKMM, YMEHBIIAOMMHA Pa3HOCTh MEXKY pailOHAMK TOPOAA M MPUTOPOJAMH).

HN3yyenune BO3MOKHOIO BJINsAHUSA PopOyHI-TOHUKEHUIT HA XaPaKTEPUCTUKU MOTOKA
aTMoc(epuKOB, PErHCTPUPYEMbIX B BHICOKUX IIMPOTAX

B.A. Kupumos, A.A. I'anaxos, B.B. ITuenkun
Honsproui eeopusuneckuit uncmumym, Anamumot, Poccus

B pabore wuccnenyercs BiausHue QDOpOYHI-MOHMKEHUH Ha XapaKTEPUCTHKH MOTOKAa aTMOC(HEpUKOB,
PETUCTPHUPYEMBIX B YCIIOBHS BBICOKMX MHPOT (00c. “JIoBO3epo™) B ABYX 4acTOTHHIX auarasoHax (600I'n n 6xI'm).
®opOymI-moHmKeHUs ObUTH 0TOOPaHEI 3a epuo i ¢ uroHs 2012r. mo saBaph 2015T. 1Mo MOKa3aHUAM JECATH CTAHITHA
HEHTPOHHBIX MOHHTOPOB MHPOBOI1 ceTH. [ToMCK BO3MOXHBIX KOPPENSIHOHHBIX CBsI3ei OBLI BBINOJHEH METOIOM
HaJIOKEHUS] JMoX. Pesynprar anHamm3a mnokaszan, 49ro  @opOym-3¢eKT CHWKAET KOIMWYECTBO IMPUHATHIX
aTMoc(eprKOB; 0OHAPYKEHHOE BIHSIHUE 0oJiee BEIpakKeHO Ha gacTtoTe 6 K 1.

MogaeanpoBaHue Ce30HHbIX U3MeHEeHUI o0mel nupKy.asiuuu armocpeps! Turana
n.B. MI/IHFaJ'IeBl, A.B. Pogus™? , KI. OpJIOB1

1 o o
Honapuwui ceopusuueckuit uncmumym Konvckoeo nayunoeo yenmpa PAH

2 o . .

‘Mockogckuii pusuxo-mexHudecKuti UHCIMumym (20Cy0apcmeeHHblll yHusepcumem,)
3 .

Hncmumym xocmuueckux uccneoosarnuti PAH

Bynyt npencraBieHbl pe3ysbTaThl YHCICHHOTO MOJENMPOBaHUs 0OLIed uupkymsinuu atMmocdepbl Turana mmst
MEXCE30HHOTO TIIepexo/la OT MOMEHTa pPaBHOJEHCTBHA 0 CEpeAWHBI JieTa B CEBEPHOM HOdymapud. [l
MOJICITUPOBAHUS MCIIOJIB3YETCS HOBAsi BEPCUS MOJETH OOIIEH IUPKYJALUN, OCHOBaHHAS HA YHCICHHOM DEIICHUU
IIOJIHOM CUCTEMBI YPaBHEHUI ra30BOM JMHAMUKHU HA PEryJISIPHON IIPOCTPAHCTBEHHOM CETKE C IOPU30HTAIBHBIM
paspemenueM 15/16 rpagyca. B Mmogenu yuren penbed moBepxnoctu Turana. [jis pacyera HarpeBa/oXJIaKICHUS
aTMoc(epbl 3a CYET NOIJIOMICHHUS/UCITYyCKaHUsI DJIEKTPOMArHUTHOTO M3JIYyYCHHS B MOJEIH HCHOJIB3YeTCs
penaxkcanoHHoe npuOmmkeHue. [Ipy MopenupoBaHUM yOajloCh IMOJIYYHUTh W3MEHEHHE THUIIA TOPHU30HTAIBHOU
mupkysinnu atMocdepsl Tutana Ha BeicoTax Oosee 400 KM OT 30HANBHOM CyNeppoTalMy K LUPKYJSILUN C
IIEPEHOCOM aTMOC(EPHOTO Tra3a OT MOICOTHEYHOH 001acTH Ha THEBHOW CTOPOHE K MPOTHUBOCOIHEYHONW 00JIacTh Ha
HOYHOU CTOpOHE. TakkKe MOyYMINCh CYIIECTBEHHBIE Pa3IHIusI MEXKAY HUPKYIIIIUCH IS YCIIOBHHA PAaBHOACHCTBHUS
Y OUPKYJSIHUEH U1 YCIOBHHA, KOTZa ITOJCONHEYHas TOYKa CMEMIeHa B CEBEPHOE MOJyIIapHe Ha 5 TpagycoB
IIHPOTH WK OoJiee Toro. MoaennpoBaHue OKa3ajlo, YTO BEPTUKAIBHBINA MIEPEHOC UTPAET BAXKHYIO POJIb B 00IIei
uupkyjsinad - arMocepsl  Turana. Pabora BbimosmHeHa npu  (UHAHCOBOM — HOAJEPIKKE  MPOTPaMMBbI
¢dbynnamentanbubix uccienoBanuit [Ipesuguyma PAH Ne 9, a taxke rpanta POOU Ne 13-01-00063 u rpanta
Muno6pHayku Ne 11.G34.31.0074.
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The painting by M.I. Beloglazov
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The link between suicide rate in Alaska, solar and geophysical agents and the mental health of
patients in mental boarding at the Kola Peninsula

N.K. Belisheva, R.E. Mihaylov, R.G. Novoseltsev, S.D. Cherney
Kola Science Centre, Apatity, Russia

Alaska is positioned by the Arctic Circle, where health impact of the solar and geophysical agents manifests by
extreme manner. Solar and geophysical dependence of human health in Arctic were found in our research (67.57° N,
33.39° E, Kola peninsula). In this research we have analyzed the suicide rate data in Alaska, when the rate of
suicide is consistently twice that of the United States, sometimes it occur in clusters, the occurrence close together in
time and location of multiple suicides, which is greater than the number of suicides than one would predict
statistically. On this reason we decide to analyze the link between the rate of suicide in Alaska and the solar and
geophysical agents. In addition, the suicide rate in Alaska was compared with the cases of mental disorders and the
death in the mental boarding in Kola peninsular in the same span. The data of the suicide rate in Alaska (from 1992-
2009) were selected in the website of Suicide Prevention Council. 29 solar and geophysical indices were used for
joint analysis with statistical data. We found the suicide rate of Natives and non-Natives correlate with different
indices and different disorders of mental health. The suicide rate of Natives increases with increasing of solar
activity (SA) (r=0.65, p<0.05) similar the incidence of confusion and death (r=0.74, p<0.05 and r=0.48, p<0.05,
correspondingly) in mental boarding. The suicide rate of non-Natives decreases under increase of SA (r = -0.63,
p<0.05). The opposite correlations of the suicide rate of Natives and non-Natives were found between incidences of
the psychomotor excitation of patients in mental boarding. We assume that Natives are more sensitive to
environmental exposure, including solar and geophysical effects, than non-Natives. The resolution of this issue
requires the further investigation.

About quasi-two-year cycle in unitiol oxidation half-time and solar activity
V.V. Ivanov', V.V. Sokolovskiy"

ISt Petersburg branch of The RAS Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation,
199034 St Petersburg, Mendeleevskaya str. 1. sl_iva@mail.ru.
? RAS Institute of Analytical Machinery, 198103 Saint Petersburg, Rizhskiy pr. 26

In the period of 1975-1984, unitiol oxidation with nitrite ions was registered in vitro (St Petersburg, Russia) daily
and then monthly average data was studied. Spectral analysis of monthly average fluctuations of unitiol oxidation
half-time (UOHT) revealed cyclic variations with the period of 25.6 months.

The periodicity has been well-known to meteorologists for about a century as a so-called quasi-two-year cycle,
which barely manifests itself in the spectrum of solar activity (SA). Its manifestation in terrestrial processes is
believed to be related to situation in interplanetary space.

Previous studies of influence on observed UOHT fluctuations of cyclic disturbances in interplanetary medium
caused by tandem conjunctions of planets in the Solar system showed that the cycle in question corresponds with
Earth-Mars conjunctions. In the spectrum of conjunction and counterposition intensity there were major harmonics
detected with periods of 25.6 (main) and 12.8 months. Within the studied period of time, Earth-Mars conjunctions
occurred in November 1975, December 1977, February 1980, March 1982 and May 1984.

Juxtaposition of averaged cycle for five intervals of UOHT fluctuation of 25.6 months with moments of Earth-Mars
conjunctions and counterpositions showed presence of two local fluctuation peaks preceding counterpositions and
conjunctions by 1.5-2 months and a notable "dip" of the index between them. Both local peaks significantly differ
from minimal values (c.1.95%).

Analysis of correlations between SA and total ozone content (TOC) and the 1st component of ET for each year
interval of the studied period of time revealed cyclic changes with the period of about two years, and the higher
correlation levels (compared to the preceding and following) fell on the years of Earth-Mars conjunctions. These
changes of correlations between SA and studied cosmophysical factors (CFF) definitely tell about variation in some
SA-related physical processes with the period of about two years.

Similarly to UOHT study, we analyzed averaged cycle for five intervals of SA fluctuations that lasted 25.6 months
and time of Earth-Mars conjunctions and counterpositions. The analysis revealed two local fluctuation peaks
preceding (by 1.5-2 months) counterpositions and conjunctions of the planets and a notable "dip" of the index
between them. Both local peaks significantly differ from minimal values (c.i.95%).
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The matching peaks and dips in the dynamics of UOHT and SA means nothing else but manifestation of a new and
more powerful (compared to SA) gravitational CFF — Earth-Mars conjunctions and counterpositions - which
unidirectionally affects the studied indices.

The data obtained do not disconfirm "normal" (reverse) influence of SA onto UOHT. The reason is that SA
influence is smoothened by the concurred more powerful factor. In this regard, it is appropriate to remind of the
concept by B.M. Vladimirskiy and N.A. Temuryantz about several independent sources of influence onto terrestrial
processes, each of which manifests itself most effectively on its own "optimal" time scale.

The study of unitiol oxidation by nitrite ions completed in extreme conditions of Antarctica in the period of July
1996 - May 1997, when the influence of major seasonal factor, polar night, was practically eliminated, showed that
variations of monthly average UOHT are clearly linked with Earth-Mars conjunctions and conform with the
averaged cycle of 25.6 months, previously obtained for the period of 1975-1984.

Daily average UOHT fluctuations, registered in extreme conditions of Antarctica and in vitro (St Petersburg, Russia)
in the period of Aug 15, 1979 - Jun 27, 1980, were compared at matching time marks of Earth-Mars conjunctions.
High level of correlation was revealed, at r= 0.52. With the first process, the peak preceding the planets conjunction
was more apparent as a result of appr. 1 month leftward phase deviation of minimal levels of TOC and the 1st
component of ET.

Therefore, these studies allow to elaborate the concept of SA influence onto biosphere and gave an opportunity of
objective and quantitative analysis of impact of cosmophysical factors on unitiol oxidation by nitrite ions.

IIpome:kyToUHbIE Pe3yJbTAThl MOHUTOPUHIA NICUXO0(HU3HOJIOTMYECKOr0 COCTOSIHUS MOAPOCTKOB 14-
15 jeT B TeyeHue y4eOGHOro roaa

A.A. MaprtsiHoBa, C.B. IIpsHuuHNKOB
®@I'BYH Konvckuii Hayuneiii Llenmp PAH, Anamumei, martynovaalla@yandex.ru

IIpencraBneHbl MPOMEXYTOUHBIE PE3YJIbTAThl MOHHTOPHHIA (DH3HOJIOTHYECKOTO U IICHXOIMOIMOHAIBHOTO
COCTOSIHUSI TIOAPOCTKOB 14-15 €T B 3aBHCHMOCTH OT IIKOJBHOW HArpy3KH M METEOpPOJIOTHYECKHX (HaKTOpOB, B
Teuenue ydeOHoro roga (2013-2014 rr). B Monutopunre y4yactBoBano 11 yueHnkoB 9 kiacca, My»XCKOTO MOJa.
Bce mnoapoctkn Obut OoTHOCHTENBHO 310poBbl M uMenu I-II rpynmy 3m0poBbs. Ha MoMmeHT mnpoBeneHne
UCCJIEJIOBaHUN OHM HE NMPUHHMMAIM HUKAKHUX JIEKAPCTBEHHBIX CPEJCTB M ObuIM 310poBbL. [lo THMHy BereraTnBHOMN
PeryJIsiiuy BCe MOPOCTHI ObIIN pa3zeeHbl Ha TPH IPYIIIBLI: BATOTOHWKH, HOPMOTOHUKH M CHMIIATOTOHUKH.

Bbu1o oTMedeHo, UTO y MOAPOCTKOB € MpeoliIajaHueM LEHTPAIBHOM perysiuell (CHMIIATOTOHUKHN) CYIIECTBEHHO
CHIKEHBl (DyHKIMOHAJIBHBIE M aJalTUBHbIE BO3MOXHOCTH OpraHM3Ma W 0Ooyiee BBIPaXKEHBI JIE3pPeryJIsITOpHbIE
niposiBiieHns. [TMKK Takoro MposiBICHMS IPUXOAATCS Ha SHBaph (BBIXOA U3 MOJISIPHON HOUYM) U anpeis Mecsn. K maro
MECSIly Y HHUX 3HAUUTENbHO CHIDKAIOTCS CIIEKTPAJIbHBIE M BPEMEHHBIC ITOKa3aTeN BapHaOeIbHOCTH CEpIICYHOTO
pHUTMa, TOBBIMIACTCS HANPSDKEHWE PETyJSTOPHBIX cucTeM. Hamboree MeTeouyBCTBHTENBHOM TIPYIION OKa3alKch
CHMIIATOTOHUKH - BO3MYILIECHHE MAarHUTHOTO IOJs, Pe3KHe KojeOaHMs TeMIepaTypbl aTMOc()epHOro BO3IyXa,
BBI3BIBAIOT AKTHBALMIO CHMIIATHYECKOIO 3BEHA BETETATHBHOW PETryJSUM CEpALA, O YEM CBUACTEIBCTBYIOT
CTaTHCTHUYECKH 3HAYMMOE YBEIMUYCHUE YACTOTHI CEPICUHBIX COKPAIEHUH M MHIECKCA HAMPSKECHUSI PETYIATOPHBIX
cucreM. Ho roBopuTh Kak 0 3aKOHOMEPHOCTH HENb3s,, TaK KaK YEIOBEYECKHH OpraHW3M WHAWBUIYaJleH, W Ui
KaXJ0ro 4YeJoBeKa METE03aBUCHUMOCTh HAA0 paccMaTpuBaTh HHIUBUAyaTbHO. MOXHO TOBOPHUTH O
YYBCTBUTCJIIBHOCTU K MU3MCHCHUAM MeTeOyCJ’IOBl/Iﬁ Yy Jiyuig ¢ CUMIIATOTOHUYECKHUM THUIIOM BEreTaTUBHOM peryisgun.
Y HOpPMAaTOHMKOB W BaroTOHMKOB IIMK CHIDKEHHS BCeX (PYHKIMOHAJIBHBIX U aJaNTallIOHHBIX BO3MO>KHOCTEH
OpraHM3Ma NPUXOJUTCS Ha JekaOpb Mecs (HONSAPHYIO HOYB). 3aBUCHMOCTb OT METEOYCIOBHH HOCHUT
WHIMBHUIYAIBHBIX XapaKTep U IPOSBISIETCS HE y BCEX B IPYIIIIE.

PesynbraTel TecTOB Ha TpeBoKHOCTH o Crimbeprepy-Xanu (cutyatuBHas u muaHocTHas) 1 CAH (camouyBcTBHE,
aKTMBHOCTb, HACTPOCHUE) IOKA3aJH, YTO Y BCEX TECTUPYEMBIX PE3yJbTaThl HE BBIXOJMIM 3a IPENesIbl HOPMBI
(TpeBoxHOCTB: 31-44 Gamra — ymepenHas TpeBoxHOCTh, CAH — ©Oosee 4 OaysioB GraronpusiTHOE COCTOSHHE,
ontuMyM — 5.0-5.5 6aymnoB). OgHAKO MEXIY TPyNIIaMU O TPEBOKHOCTH 3aMETHBI pa3IWYMsl, Hauboyiee BHICOKHE
MIOKa3aTeN TPEBOKHOCTU HAONIOAAIOTCS Y TOAPOCTKOB C MpeoOiagaHueM aBTOHOMHOIO KOHTypa PpeTyJIIIuU
(BaroTOHMKOB), HaWMEHbIlIee 3HAYEHUE y CHUMIIATOTOHMKOB. OJTO MOXET OBITh CBSI3aHO C NpeoOiajaHueM y
BarOTOHUKOB «o4eHp» HH3Ko4dacTOTHBIX BoinH (VLF), Ttak kak ammiuryna VLF TtecHo cBs3aHa c
NICUXO3MOLIMOHAIILHBIM HAINlPSHKEHUEM UM OTpaXKaeT OSHeproleuUUTHbIE cocTosHMA. Bwicokuit ypoBne VLF
HaOMroaeTcst B TUIEPAZaNTHBHOM COCTOSHHE, YTO XapaKTepHO IS JIMI ¢ IpeodiajaHneM MapacuMIaTHYecKOH
HepBHOH perymsiiueld. Tak jke ObUIO OTMEYEHO CHM)KEHHE aKTHBHOCTH OT BaroTOHUKOB K CHUMITaTOTOHHMKaM. Ho
TOBOPHUTH O JOCTOBEPHOCTH pa3lIMuMil MEXIy TpyIIIaMH Hellb3s, TaK Kak B3ATa OYeHb MaJleHbKas BhIOOpKa. B
TEUeHHE M3YIaeMOro Iepuojia Haubosee cTaOMIbHBIE ITOKAa3aTeNN TPEBOXKHOCTH HAOMIOJANCh Y HOPMOTOHHUKOB!
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curyatuBHas (cr.) - 39,3429 m nwmunoctHas (n1tr.) - 39,942,1. BaroToHUKM ¥ CHUMIIATOTOHMKH HMMeNU Oosee
HIMPOKKH pa3dpoc mo mecsuam ct. - 42,5+3,8 u 36,0+4,2 u nt. - 43,9+3,2 u 33,743,7 coorBercTBeHHO. OMHAKO
HaJI0 YYMUTBIBAaTh, YTO 3TO YCPEIHEHHBIE JAHHBIE IO TPYINaM U WHAMBUIYaJlbHBIE MTOKAa3aTeIH OTAEIbHO B3ATOTO
YeJIOBEKa MOTYT HE COBIA/IATh C MOJYyYEHHBIMH PE3yIbTaTaMHU.

Bansaue k1uMaTHdecKHX (PAKTOPOB HA YPOBEHb 3200/1¢BaeMOCTH HaceJeHHsl MPOKMBAIOIIero Ha
mupore 3anosasipaoro Kpyra B cpaBHeHuH ¢ :KUTeIsIMU cpeAHeill nmoiockl Poccun

B.H. ITerpos, H.K. benumiea (@I'FVH Konwvckuil nayunvii yenmp PAH, . Anamumar)

B pabore nmpuBoasATCsSl CpaBHUTEIbHBIE ITOKAa3aTeNM KauecTBa COCTOSHMS NMEpUPEpPHIECKO KPOBH y TOAPOCTKOB
(15-17 met) m mompusbiBHON Momoxexu (18-20 met) mpoxwuBaromux 3anoispasiM Kpyr 68 rpamycoB CeepHoi
mHpoTH (T. AaTuThl MypMaHCKOH 0071.), C TIOKa3aTeJsIMU MOJIOJICKU IPOXKUBAIOMIe! B cpenHeil monoce Poccu 56
rpagycoB CeBepHO# mmpoThL, B T. CepmyxoB MOCKOBCKOIT 001., Te HE IEHCTBYIOT BBIpaXCHHBIC KIIMMAaTHUECKUE
(baxTophl XapakTepHbIe AJIsl 3aOJIIPHOTO PErHOHA, a BBHICOTA PACIOIOKEHUSI TOPOJIOB Ha/l YPOBHEM MOPS MOYTH
onuHakoBas r.Amatutsl 140-170 M., r. CepmyxoB 140-156 m. Ilo mamaeiM Meteoinfo.by B 3uMHuMil nepuon roga
(nexabps, siHBapb, (eBpaiib) Mecsibl 2013 roaa, B cpeiHeM pa3HuUIa B aTMOC()EPHOM JIaBICHUN MEX/Yy T'. ANATUThHI
u r. CepnyxoBe coctasiseT 10 MM.pT. CT.

OTMe‘laeTCﬂ, 4YTO COACPpIKaAHUA KOJINYECTBA SPUTPOLIUTOB U FeMOFﬂO6I/IHa Y MYXYHMH U KCHIUH, [IPOXUBAIOIIUX B T
AmnatuTel BBIIE YeM Y CBEPCTHUKOB, MPOXKMUBAWOIIUX B cpeaHeil monoce Poccum r. CepmyxoB. YpoBeHb
SPUTPOLIUTOB y KHUTENEH I'. ATATUTHI HAXOIUTCS Ha BBICOKOW TpaHUIIE HOPMBI.

UYucio peructpayii aHeMHUil BO BCEX BO3PACTHBIX IpyHIax r. Anarutsl U r. CepIyxoBa 0IMHAKOBOE, B Ipezeax 8
cinydaeB Ha 1000 HaceneHus.

Hemaercss BBIBOI, HEOONBINAas CTENEHb THUIIOKCHH B aTMOc(epe BBI3BIBACT BKIFOYCHHE KOMIICHCATOPHBIX
MEXaHU3MOB, HO TIIOCIICIHHE OKAa3bIBAIOTCS HENOCTAaTOYHO 3()()EKTUBHBIMU IS TOINEPKAHHUA KHCIOPOTHOTO
CHa0XEHUS, 9TO MPUBOIUT K CHIDKEHHIO ITApPIIHaTbHOTO TABICHUS B TKAHAX OPraHU3Ma.

B pabore mnokazaHo, 4TO pa3iuuus B KIMMAaTHYECKUX YCIOBHUSIX SIBJSIIOTCS (DaKTOpaMM TOBBILICHUS YPOBHS
3aboneBaemMoctu xuteneil 3amomsapHoro Kpyra mo cpaBaenuto ¢ oxuremsmu LleHTpamsHOil Poccmm: Tak
3aboseBaeMOCTh B I. Anatuthbl Ha 20-30% Bbiiie, yem B 1. CepriyxoBe MOCKOBCKOM 00JI.

Muxkposiapa B auMdonuTax nepudepnyeckoii Kpopu y padoTaoiuX B FTOPHOPYIHOM
npou3BoAcTBe MypMaHcKoii 001acTH

B.B. Iloxapckas, [I.A. ITerpamoa, H.K. benumesa, A.A. MapTsiHOBa
®@I'BYH Konvckuil nayunstii yeump PAH, 2. Anamumpot, vika_pozharskaja@mail.ru

[IpoBeneHHble paHee HcCieOBaHUS IOKa3aid, 4yTo HaceieHue CeBepa MO psay NoKazaTeneld oTiauuaercst Oosee
BBICOKOH 3a0oJeBaeMOCTEIO, YeM B cpenHeM 1o Poccum (beruwesa, Ilempog, 2013). Tlpu 3TOM OIpeneieHHBII
BKJIaJl B 3a00JI€BAEMOCTh JKUTEJIEH apKTHYECKOI'0 PErHOHa BHOCST BBHICOKOIIMPOTHBIE KOCMO- U TelIMO(pU3HMUECKHE
areHTHI, aCCOIIMUPOBAHHBIC C COMHEYHOH aKTHBHOCTBIO (Benuwesa, Menvnuk, Tanvixosa, 2011). [IpoxxuBanue Ha
CeBepe TOBBIIAET YYBCTBUTEIBHOCTh K BO3JCHCTBHIO BBICOKOIIMPOTHBIX (DAaKTOPOB CpeOsl H  CyKaer
aIanTAllMOHHBIA JHaMa30H.

MartepuanoM UCCIeTOBaHHSA TOCTYXKIIH PEe3yIbTaThl ONPEAETICHNS CIOHTAHHON YacTOTHI 00pa30BaHUsI MUKPOSAED
B  OuHykneapHeix  JguMpouuTax  nepudepuyeckoil  KpOBH,  WHKYOMPOBAHHOW  IOCHE  CTHUMYJISILIUA
¢uroremarriitoTuHuHOM B CO,-HHKYOaTOpe B TeueHHe 72 4acoB MpH 37°C, uMTOKMHE3 KOTOPBIX OBLI GIOKHPOBAH
LIUTOXaJIa3uHOM b.

CpenHee 4mciIO JBYSAEPHBIX KIETOK 0e3 WAESHTU(HLIMPOBAHHBIX HapylleHHH, cocTtaBisuio 984,1+6,8 na 1000
JBYSIAEPHBIX KIeToK (96-99%). Cpennee uucno nuM¢pouuroB ¢ Mukposapamu (MS) mocrurano 15,9+6,8 kierok
(0,5-3,5%), 9TO COOTBETCTBYET 3HAYCHUSAM ISl JKUTENCH POCCUICKUX TOponoB — oT 8,6 mo 17,7 (Menvuos, 2000;
Cepebpsanuviii u 0p., 2011; Axmadyriuna, Axaees, 2013). Ilpu cpaBHEHMH TpyIIBI 00CIEIOBAaHHBIX TOPHSIKOB, B
Bozpacte ot 20 mo 30 met (craxk 1-7 jeT) ¢ 0OJHOBO3PACTHOHM TPYIMION KHUTEIEeH ropoga AIAaTUTH HE 3aHATHIX B
TOPHOPYAHOM TIPOHM3BOJCTBE YCTAHOBIICHO, YTO Y IOABEPIKEHHBIX XPOHHIECKOMY OOIYUCHHUIO JIUI HAOIIOmaeTcs
OospIee 9rcio KIeTok ¢ MUKposiapoM (13,6+8,2 npotus 10,6+3,6 B KOHTPOIBHOI rpymIie).

Mukposizipa B 1UMGOLUTAX SBISIFOTCS MapKepoM pa3lIMuHbIX THUIIOB XPOMOCOMHBIX Hapyuienuit (Kirsch-Volders,
Fenech, 2001), moCcKoNbKy M3BECTHO, YTO MHUKPOSIpa SBISIFOTCS HEOOJBLUIMMHU CTPYKTYPaMH, 0Opa3yOIIUMUCS B
pe3yabpTaTe OTCTaBaHHUA XPOMOCOM M X ()parMeHTOB B IpoIecce MUTOTHUECKOTO aeneHus (Lindberg et al., 2007).
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[Ipoanamu3upoBaHHbIC TpenapaThl JOOPOBOJIBIEB MMOKA3BIBAKOT, YTO Y JIFOJACH IOJBEPKEHHBIX XPOHHUECKOMY
BO3/ICMCTBUIO MOBBIIIEHHON KOHUEHTPALMU PaJioHA CTENEHb MOBPEXKACHHOCTH I'€HOMA BBIIIE, YEM Yy KOHTPOJIBHOM

TPYIUIBL.

MeToabl KOPpPEeKIUH MCUX0(PU3NO0JIOTHYECKOT0 COCTOSIHAS OPraHU3Ma YeJI0BeKa B BHICOKHX
LIHPOTAX

H.JI. Conosnerckas, C.B. [Ipssaununukos, C.B. Koznosa
Konvckuii nayunvii yenmp PAH, 2. Anamumot

[IpoxuBaHWE B YCIOBUSAX BBICOKHX IIHPOT C PE3KUMHU KOJIEOAHHSIMH METEOPOJIOTUYECKHX W Teo(hU3NIECKUX
areHTOB TIPEIBSIBIISICT TOBBIIICHHBIE TPEOOBAaHUS K OpraHU3MY, KOTOPBHIA IODKEH aJeKBAaTHO pearupoBaTh Ha
BBI30BBI BHEIIHEH cpenpl. C BO3pacToM M yBEIHUYCHHEM CTaka mpoxxuBaHus Ha CeBepe, peakIy Ha H3MEHEHUS
YCIOBHHA CpeOsl HOCAT Bce 0ojee HampsKEHHBIM XapakTep, YTO MPOSBISETCS B ICHXOIMOIHMOHAIBHOMN
HEYCTOWYMBOCTH M HAIIPSDKEHUH PETYIATOPHBIX CUCTEM OpraHu3Ma. MeToabl KOPPEeKIHUH MCHX0IMOIMOHATBHOTO U
(DU3HOIOTHUECKOTO COCTOSIHUS OpraHU3Ma MOTYT IOMOYb MpOLECCY aNanTalid K BapbUPYIOUIMM BHEUIHUM
YCJIOBUAM U NOAACPIKATH OpPraHui3M B HaI/l60ﬂee KPUTUYECKUEC MECpUOJbl IoJa, CBA3AHHBIC C }le(l)l/lLlI/lTOM CBCTa,
[BETA, a TAKKE C PE3KMMH IIeperiaziaM TeMIepaTypbl W AaBieHus. /{18 KOppeKuuH NCHx0(U3H0IOTHYECKOTO
COCTOSIHUS OpraHn3Ma, CHUKCHHUA TICUXOIMOUHNOHAJIBHOI'O HAIIPAXKCHHS, MOBLIIICHUA yCTOﬁ‘lMBOCTH Oopranmusma
MIpeasIaraeTcsi NCIoiIb30BaTh HAO0Op METOJOB M CPENCTB, CPEAM KOTOPHIX METOZ OMOJIOTMYECKON 0OpaTHON CBSI3U
(BOC) moka3ai BBICOKYIO MO3UTHBHYIO pe3yiabTaTuBHOCTh. BOC — MeTo[ JIeueHus U peadIuTalui, OCHOBAHHBIH
Ha Pa3BUTHH y MAMCHTA HABBIKOB CAMOKOHTPOJIS U CAMOPETYJISIIAN TICHXO()H3HOIOTHICCKAX (PYHKIUI OopraHu3Ma
UIA yaydmeHus oOmero coctosHus. [lox «oOpaTHOW CBsI3pI0» MOHMMAIOT CHOCOO PErylMpoBaHHA Ha OCHOBE
HENPEPHIBHOTO TOCTYIDICHWST HOBOM wH(popMammu o (GYHKIMOHHPOBAHWH CUCTeMBl. OOpaTHBIE CBS3U
(TOMOXXHUTENNPHBIE W OTPUIATEIBbHBIC) OMPEHCNSIOT YCTOMYMBOCTH OpPraHW3Ma K BHEIIHHUM BO3ACHCTBHSIM
MOCTOSTHCTBO U CTa0WIBbHOCTh (yHKUMIT ero opraHu3mMoB u cucreM. OcHoBHOW MomeHT BOC TexHoIOruu
3aKJIF0YAETCS B BO3BPAIICHHH KOPE TOJOBHOTO MO3Ta BBICOKOM aKTHBHOCTH, NMPH OOYYEHUH YEIOBEKa HABBIKAM
penakcaruu. JIpyroi mMeton, 3¢ ¢GeKTHBHOCTh KOTOPOTO ObLIa MCCICIOBaHA B AHTAPKTHUECKUX IKCHCIUIMIX MPU
KOPPEKIMH IICHX0IMOIIMOHAIILHOTO HAIIPSHKEHUs! Y MOJSIPHUKOB, CBSI3aH C METOJIaMU aHaju3a rnpedepeHInalbHOTo
BoCHpusITUs IBeTHOCTEH (Maosp u Op., 2014). B cBsi3u ¢ Tem, 4TO ajanTainus K dKCTPEMAJIbHBIM YCIOBHSIM
SIBIIICTCSI CHUCTEMHBIM OTBETOM OpraHM3Ma K BHEUNIHHM YCJIOBHSM, MPOIECC aNalTalldil COMPOBOXKIACTCS
W3MCHEHHEM KOaryJISIMOHHBIX CBOWCTB KpPOBH, KOTOPBIC, IIPH, BO3PACTAHHM T'€OMArHUTHOW aKTUBHOCTH,
MIPOSIBJISIFOTCS. B TIOBBIIICHHOW CBEPTHIBAEMOCTH, arperaiu TPOMOOIIMTOB U 3PUTPOIUTOB. Hanboee aneKkBaTHRIM
METOJIOM, CHIDKAIOIIUM PHUCK TPOMOO30B W OCIOXKHEHHWH TPU CEPACYHO-COCYIHCTHIX 3a00JIEBaHUSX, SBISACTCS
METOJ] THpyAOTepanuu. B MaHHOM COOOIIEHUH TpenrojaracTcs oOCYyIUTh Ma3JIMYHBIC ACMEKTHl HCIOIb30BaHUSL
METOJIOB KOPPEKIINU TICUXO0()HU3NOIOTHYECKOTO COCTOSHUS opranm3Ma xureneir Ceepa.

OTpaxeHune NPOCTPAHCTBEHHBIX BpEMEHHbIX BO3/1eiicTBUI reJiuore0o(pu3n4ecKux areHToB B
CEHCOPHBIX CBOMCTBAX BOJBI

B.B. Letoun

@I'BYH I'ocyoapcmeennbiil HayuHblil yenmp P® — Hncmumym meduko-6uonozuueckux npoonem PAH, Mocksa,
Poccusa

Hamm cooreuectBennuku akaaemuk B.U. Bepuanckuii, A.JI. UmxeBckuit u B.B. KoBanbckuii oOHapyxuiu, 4to B
npoleccax, MPoTeKaInX Kak B Onocdepe 3emiM, Tak W B JKU3HHM YEJIOBEKa, a TAKKe B I€OXMMHYECKOH cpele
TUTAaHETHl BEAYLIYIO POJIb WMIPAIOT NPUPOJHBIE LHUKJIBI W PUTMBL, CBSI3aHHBIE C LUKJIMYHOCTHIO TITIOOAJBHBIX
KOCMUYECKHX TporeccoB. OOHApPY)KEHHYIO YJUBHUTEIBHO BBICOKYIO UyBCTBHUTEIBHOCTH XMBBIX OPIaHH3MOB K
HU3KHMM, MOPOM HUYTOXKHO MajblM H3MEHEHUSIM HMHTEHCUBHOCTU IOTOKOB COJIHEYHOrO u3MydeHus UikeBcKuil
CBSI3BIBAI C AKTHBALMEH BOIBI COJHEYHBIM SJIEKTPOMATHUTHBIM u3imydeHnem (OMMU), compoBokaarommm
mosiBIIeHHE Ha ToBepxHOCTH COHIIA TISITEH, MPOTyOepaHIleB, BCIBIIEK u T.I1. OIHAKO, OOJBIIeH KOHKPETH3aHUH 00
WCTOYHMKAX M BUJIAX U3IyUCHHUS M O IPUPOJIE ABJICHUH, BOSHUKAIONINX B BOJIC MJIM B BOJHOM Cpeae OPraHn3MoOB, OH
W JpPYTHE HCCIENOBATEIH CONHEYHO- 3EMHBIX CBS3€H HE BBICKAa3bIBaM. B Hameld MHOTONETHEH paboTre 1o
HCCIIEIOBAaHUAM CTEIICHU OUOMpONnHocmy BO3IEHCTBUS Teo-reIno(u3n4eckux (akTopoB OKpysKamomeil cpembl
HCIIONIB3YIOTCSI METOJl, IPUMEHSIEMBIH B JJICKTPOXMMHYECKOH ammepomerpuu. IlpakTuueckn HenpepbIBHBIC
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Heliobiosphere

KpPYIJIOCYyTOYHBIE WM3MEPEHHS DIIEKTPUYECKUMX  TOKOB B 3JIEKTPOXMMMYECKUX sA4YEHKAaX, 3allOJIHEHHBIX BOJIOH
BBICOKOI OYMCTKH (MCXO/HAas yAenbHas npoBoguMocTh Hike 0,3 MkCM/cM), a Takyke MOHUTOPUHT OKHCIUTEIBHBIX
CBOMCTB TakoW BOJBI C HCIIOJb30BaHHWEM JIaDOPATOPHBIX MOHOMEPOB IOKA3aIM CIEAYyIOIee. YCTaHOBICHO, YTO
IEKTPUYECKHE TOKH B BOJIHBIX 3JEKTPOXUMHYECKUX SUEHKaX, OKUCIUTEIHbHO-BOCCTAHOBUTEJIBLHBIN MOTSHIMAT U
pH o0O0yciioBiIeHBI MPEUMYILECTBEHHO IPOTEKAHHEM  JIEKTPOXMMHUYECKHX OKHCIHMTEIILHO-BOCCTAHOBHTEIILHBIX
peakumii  Ha DBJEKTPOAAaX M IOABEP)KEHBI PETYJSPHBIM BapHalUsAM Pa3IMYHOW TepUOaUYHOCTH. [lepunons
oOHapyxeHHBIX KoneOanmit 8; 20; 68 u 136 cex;~ 8,3; ~ 18; ~54-68; 84 MuH U Ip., KOTOPBIE MPAKTUICCKH
COBIIATAIOT C MEPHUOJAaMH BHPHAIBHBIX KOJIEOaHWH 000JOYEeK 3eMIIM, B YaCTHOCTH, CHEpOHTAIBHBIX KOJeOaHA
3eMHOM KOPHI WIH 3¢MHOH atMocdepsl. HabmonaroTes Takke XapakTepHbIe CyTOYHBIE, 27-MU THEBHBIE U CE30HHBIE
n3MeHeHus. OTMEUYeHO, YTO BO3MYILICHHS B I€O- M TelIMO- OOCTaHOBKE, BBI3BIBAEMBIC, HAIPHMEpP, COMHEYHBIM
3armenueM 29 mapta 2006r., MarHuTochepHbIMU OYpSIMU, U3BEPI)KEHUSIMH BYJIKAaHOB ¢ OoJiee 6,5 Oajia MarHuTy 0l
MOTYT BBI3BIBATh HM3MEHEHHUS OKHCIMTEIBHOrO cTaTyca BoAbl, 4acTo apocturarommue 10%. AHnamu3 cocTtaBa
MPOAYKTOB XUMHYECKUX PEAKLUH, BEI3BAHHBIX 3JIEKTPOMArHUTHOM aKTHBAIlMeH BOJBI IIOKA3bIBAET, UTO IO CBOEH
NPUPOJIE INIEKTPUUECKHE TOKU B sS4YElKe 3a/laloTCsi CKOPOCTHIO OKHCIHMTENbHO-BOCCTAHOBHUTENILHBIX pEaKIMH,
MPOTEKAIOIINX KaK Ha METAJUIMYECKUX OJJIEKTPOJax, TaKk M B oObeMe suelkH. BakHeWIIMMH  OKCHIAHTaMH,
00pa3yomMUMUCs NPH aKTUBALMK MOJIEKYJI BOJBI HU3KO MHTCHCHBHBIM 3JIEKTPOMArHUTHBIM H3JIyYEHHEM, SIBIISIETCS
cynepokcun kucnopoaa O, nepokcun Bogopona H,O, ,runpokcna- von pagukan OHe u apyrue mHTEpMequaThl,
OTIpEeNIeIIAONINE OKCHIAHTHEIM (OMOTPOIHBIN) cTaryc BOAHOW cpensl. [lo HameMy MHEHHIO, OTKPBIBIIASICS
9KCIIEPUMEHTAIbHAs BO3MOXKHOCTh HAOMIOJICHUS BIMSHHSA T'€O- W Tenno-QU3MUYECKHX SIBICHHI B reocdepax
0co0eHHO B buocgepe 3emMin Ha OKUCIUTENFHO-BOCCTAHOBHUTEIILHBIE ITPOLIECCHI B BOJHOH Cpezie MOXKET IO3BOJIHUTh
MPUONHM3UTECS K OOBSCHEHHIO MexaHm3MoB Bo3neiictBus Comama, 3emunu, JIyHBI W B IEJIOM MapaMeTpoOB
OKPYXKaIOIIEro MPOCTPAHCTBA HA 3EMHYIO Ouomy. Bonpocskl MPOMCXOXKICHNS BapHaLlMid CEHCOPHBIX CBOMCTB BOJBI
aKTyalbHBI B CBA3U C HEOOXOIUMOCTHIO pa3pabOTKH METONOB KOHTPOJIS U IPOrHO3a paJHallMOHHBIX BO3ICHCTBUIMA
Ha KOCMOHAaBTOB M JIETYMKOB M BBIPAOOTKE NPOPHIAKTUYECKUX Mep Oe30MacHOCTH DKHIAXEeH CcaMoleTOB U
KOCMHUYECCKHUX aImnaparosB. BrisaBiaenue SaKOHOMepHOCTeﬂ pCaKkiur BOAbI U XUBBIX OPTraHU3MOB Ha HeﬂCTBMe Cﬂa6bIX
(haxTOpOB OKpyXKaroLIel cpeapl MPHOOPETaeT B CBSI3U C 3THM 0c000€ 3HAYEHHE.
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