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Geomagnetic storms and substorms

Statistical study of the properties of proton isotropic boundaries
S.A. Chernyaeva, V.A. Sergeev (Institute of Physics, Saint-Petersburg State University, Saint-Petersburg, Russia)

Pitch-angle scattering of particles crossing the magnetotail current sheet (CS) may be the main mechanism for filling
the loss cone. Particle is expected to be scattered into the loss cone if its gyroradius is comparable with the curvature
radius of the magnetic field line. Boundaries of the scattering region (isotropic boundaries - IB) for the current sheet
scattering occur at different distance from the Earth, depending on their energies: the IB of high energy particles is
closer to the Earth. This is reflected in the regular distribution of the IB latitudes in observations of particle fluxes in
the ionosphere - the more energy of the particle, the less is the IB latitude. Correspondingly, the IB latitudes are
shifted to lower latitude with the increasing particle energy, which we call as the normal energy dispersion.
Calculation of IB latitudes using standard magnetosphere models gives a difference in the latitudes of 30 and 80
Kev protons about 1.5 - 2 degrees.

Therefore, monitoring the IB latitudes on low-altitude satellites can be used for diagnostics of the magnetic field
configuration in the magnetotail.

Based on the analysis of all NOAA - 19 satellite data for September 2009, we analyze the occurrence of different
types of energy dispersion of 30 and 80 keV protons. In fact the estimated difference of latitudes (1,5 - 2 degrees) is
not observed. Therefore, in this paper we consider as the normal dispersion, if the difference between the IBs is >0.5
degrees. These events turned out to be about 20 % (regardless of geomagnetic activity). In other cases there are
either coincidence of the proton IB for different energies, or the precipitation pattern is complicated by presence of
isolated precipitation structures equatorward of the IB. For events with normal dispersion we statistically analyse the
typical ratio between the ratios of precipitated to trapped proton fluxes at different energies as well as the latitude
difference of proton IBs. These data allow us to identify the characteristic features of scattering mechanism acting
on the current layer.

Observations of substorms during storms connected with different source in the solar wind
L.V. Despirak', V. Guineva’, B.V. Kozelov!, L.P. Borovkov'

'Polar Geophysical Institute, Apatity, Russia
“Space Research and Technologies Institute, BAS, Stara Zagora, Bulgaria

All-sky cameras data at Kola Peninsula from the 2012/2013 winter seasons have been used to study the variation of
substorm development in different conditions of interplanetary medium. Solar wind and interplanetary magnetic
field parameters were taken from OMNI data base. Using solar wind data for the examined periods, the different
solar wind streams were revealed: recurrent high-speed streams (RS) and magnetic clouds (MC). It is know that
these solar wind structures are the sources of geomagnetic storms. In our study were compared substorm
development during different storms and during quiet geomagnetic conditions. Substorm onset time and further
development were verified by data of IMAGE magnetometers network and by data of all-sky cameras at Apatity and
Lovozero. The particularities in behaviours of substorms observed by storms connected with solar wind recurrent
streams and by magnetic clouds are discussed.

Substorms at high latitudes and solar wind conditions
L.V. Despirak', A.A. Lubchich', N.G. Kleimenova®

'Polar Geophysical Institute, Akademgorodok 26a, Apatity, 184209, Russia, despirak@gmail.com
2Institute of Physics of the Earth RAS, Moscow, Russia

All substorms observed at high latitudes can be divided into 2 types - "polar" (observed only at > 70 ° latitudes in the
absence of substorms at <70 ° latitudes during the day) and "high-latitude" substorms (propagating from auroral
(<70 °) to polar (> 70 °) geomagnetic latitudes). The aim of this study was to compare solar wind conditions during
these two types of substorms. For this purpose, we used the data of IMAGE magnetometers and OMNI solar wind
data for 1995, 2000, 2006-2011 periods. There were selected 105 "polar" and 55 "high-latitude" substorms. It is
shown that "polar" substorms observed during the late recovery phase of a geomagnetic storm, after passing of the
high speed stream of the solar wind (when the velocity is reduced from high to low values). "High-latitude"
substorms, on the contrary, are observed during passing of the recurrent high-speed stream of the solar wind,
increased values of the southward BZ component of the IMF and EY component of the electric field, increased
temperature and pressure of the solar wind. Also, it is noted that variability of these solar wind parameters for the
“high-latitude” substorms is stronger than for “polar” substorms.
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Fluxes of auroral electrons on data of AE-C satellite
T.V. Gaivoronskaya (IZMIRAN, Troitsk, Moscow, Russia)

The fluxes of auroral electrons registered by satellite AE-C in 1977 and satellite NOAA/POES in 2007 also were
considered during several geomagnetic storms with index Kp=7. After beginning of disturbances the flux of high
energy electrons of range 100-500 eV was marked and then the greater density of electron flux of range 25-30 eV
was observed. On the whole the values of fluxes did not exceed 10’ N /eV cm” s. Determined by AE-C satellite “in
situ” the drift velocity of charged particles increased from a few units to more than 1000 m/s and the estimated
values of electric field changed from 0.1 to 100 mV/m.

Substorm associated plasma injections and field variations at lunar orbit (ARTEMIS data)
I.A. Kornilov, T.A. Kornilova (Polar Geophysical Institute, Apatity, Russia, kornilova@pgia.ru)

Six months of complicated ballistic maneuvers (with the maximum using of Earth, Sun and Moon gravitational
forces, and minimum spacecraft fuel consumption) successfully finished by two Themis satellites placing at the
Moon orbit in summer 2011. Now they have new names — Themis B is Artemis P1, and Themis C — Artemis P2
(ARTEMIS - Acceleration, Reconnection, Turbulence and Electrodynamics of the Moon's Interaction with the Sun),
and move together with Moon around the Earth. Spacecraft give a possibility to study solar wind plasma interaction
with Moon surface, plasma dynamics in the distant tail, effects of Moon shadowing, so on. About once per month
satellites cross the magnetospheric tail at the distance about 60 Re. In this report we present some results of the
distant tail plasma and fields dynamics study after substorm development.

Northern auroral structures before breakup
I.A. Kornilov, T.A. Kornilova (Polar Geophysical Institute, Apatity, Russia. kornilova@pgia.ru)

Rather bright auroral arcs usually appeared at the northern horizon of TV imager field of view 30-40 minutes before
breakup development at the southern arc, and projected to 20-30 Re in the tail (breakup arc projection is at 5-7 Re).
Nothern arc generates plasma fluxes and auroral structures moving eathward (so called BBFs and streamers),
pumping inner magnetosphere by hot plasma, finally yielding a breakup development. Northern arc position (20-30
Re) is very appropriate for magnetic reconnection, but arc development definitely is not an breakup type explosive
and self-sustaining process. We have measured integral arc luminosity variations (about 50 cases total), and
compare them with solar wind parameters (magnetic field vector mostly) registred by ACE and WIND satellites
with appropriate time shift (50-60 minutes). In many cases rather good correlation between arc luminosity and solar
wind parameters were found. We can suppose that if northern auroral structures have magnetic reconnection nature,
this reconnection is complitely initiated and controled by solar wind.

On the identification of propagating from poleward auroral breakup precursors of E-W extension

ILA. Kornilov, T.A. Kornilova, I.V. Golovchanskaya (Polar Geophysical Institute, Apatity, Russia;
kornilova@pgia.ru)

In this study we are trying to identify in THEMIS observations auroral breakup activators manifesting in all-sky
images as propagating from poleward E-W auroral features and classified by Mende et al. [2011] as category 2
events. With this purpose we selected 30-40 min time periods before the onset time T (T, was identified optically),
where the E-W auroral breakup precursors were clearly visible in auroral images (events for 2008, 2009 were
considered), and searched for plasma sheet perturbations in the observations of tail aligned THEMIS spacecraft for
such periods. Our assumptions were that these may be (i) enhanced convective flows; (ii) dipolarization fronts; (iii)
compressional fast mode fronts; (iv) large-amplitude ballooning-wave pulses. We find that in the considered time
intervals THEMIS probes registered perturbations with signatures of the ballooning waves, i.e., anticorrelation of
the magnetic and plasma pressures, pi/2 phase shift between E, and By (E, and By) and earthward component of
propagation velocities which is roughly consistent with that for ballooning waves.
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Substorm intensification from THEMIS satellite observations and IMF B, component changes
T.V. Kozelova, B.V. Kozelov (Polar Geophysical Institute, Apatity)

The substorm-associated changes of the particle, electric field, and magnetic field observations at the Earthward part
of the plasma sheet are examined using data from four THEMIS satellites during the substorm intensification on
January 6, 2008. The THEMIS satellites were located in the different MLT sectors of the magnetosphere. The
growth phase onset of this substorm intensification was associated with the Bz southward turning of the
interplanetary magnetic field. The enhanced convection field leads to the earthward approach of the inner edge of
the plasma sheet. The Alfven convective sheets of the 0.8-10 keV electrons are observed in the evening sector. The
satellite in the morning sector saw the nose-like structure of the ions 8-10 keV. The outer boundaries of energetic
particles became steeper during the substorm growth phase. In our event, before substorm onset, the isotropic
boundary of 29 keV ions was located at radial distance 6.3 Re in the evening sector. In the morning sector the outer
portion of the higher-energy trapped particles was observed at radial distance 8 Re. After northward turning of IMF,
the quick magnetic field line stretching (a plasma sheet thinning) and Energy-Dispersed lon Structures (EDIS) were
observed at this morning sector. Then, ten minutes after this EDIS onset the pseudo-breakup and injection of higher-
energy ions (81-157 keV) occur at evening sector. We discuss a possible association of EDIS with magnetotail
dynamics and auroral physics during the substorm.

Problem of electron disappearance during the magnetic storm main phase: Relation to the down-
dusk asymmetry of energetic electron radiation belt

L.L. Lazutin (Institute of Nuclear Physics, Moscow State University, Vorob evy gory, Moscow, Russia)

Low-altitude satellite SERVIS-1 registered shift of the evening side of electron radiation belt during several
magnetic storm main phases. If one explain evening decreases by the particle losses it is necessary to suppose that
every time when satellite pass through the morning side it registered new acceleration of the energetic electrons. But
cases of the fast accelerations of 1.7 MeV electrons are not so frequent. It is reasonable to suppose that because of
the magnetic field decrease at the evening side caused by partial ring current, particle mirror points here became
shifted to lower latitudes and adiabatic cooling took place as well. Then during the magnetic drift of the electrons to
the morning side particles recovers their position and energy. Described mechanism allow to explain disappearance
of energetic electrons because of the local particle cooling. It does not exclude some possible particle losses, but
indicate on the Dst- effect as an importance part of energetic electron dynamic during magnetic storms.

Radiation belt dynamics during global magnetic storms: Results and problems
L.L. Lazutin (Institute of Nuclear Physics, Moscow State University, Vorob evy gory, Moscow, Russia)

During magnetic storms radiation belts became distorted following distortion of the magnetic field. Several recent
results will be reported, such as relativistic electron disappearance and reappearance, solar cosmic ray penetration
onto the inner magnetosphere, additional temporal radiation belts of electrons and protons, storm-substorm relations.
Remaining problems will be discussed.

Shift of the solar proton penetration boundary by solar wind pressure: Magnetic storm of
January 21, 2005

L.L. Lazutin, A.N. Dmitriev, A.N. Suvorova (Institute of Nuclear Physics, Moscow State University, Vorob evy
gory, Moscow, Russia)

Configuration of the magnetosphere during magnetic storms is usually controlled by Dst-index, it follows, for
example, from good correlation with penetration boundary of solar cosmic ray protons (PB). But just before the
main phase of the last magnetic storm of January 21, 2005, nightside PB measured by low-altitude satellite
CORONAS-F shifted to the low latitudes simultaneously with large increase of solar wind pressure, indicating that
inner magnetosphere magnetic field decreased when Dst was at zero level. Solar wind control of the magnetosphere
distortion gradually subsided during storm recovery phase as can be seen from the PB motion to the higher latitudes.
During the recovery phase solar magnetic field Bz component was positive, but Dst-index indicate absence of the
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ring current recovery for about 10 hours. It can be explained by adiabatic heating of the ring current protons in the
increasing magnetic field, which compensate atmospheric losses.

Catalog of solar proton events for 23-th solar cycle

Yu.l. Logachev, G.A. Bazilevskaya, E.V. Vashenyuk (Institute of Nuclear Physics, Moscow State University,
Vorob’evy gory, Moscow, Russia)

As a continuation of the previous four solar cosmic ray catalogs, new one is at final stage including period from
1997 to 2010. Ground-based balloon and satellite data were used to present solar cosmic ray intensity and energetic
spectra, related solar flares and emissions.

Various magnetotail evolutions preceding the substorm onset
M.A. Shukhtina, N.P. Dmitrieva, V.A. Sergeev (Saint-Petersburg State University, Saint-Petersburg, Russia)

It is usually assumed that the tail magnetic flux F is accumulated during the growth phase and suddenly released
afterwards. However only 33 out of 142 isolated midtail sudden unloading events identified by Geotail in 1995—
1998 demonstrated essential monotonious F increase (type 1 substorms). In 32 cases Balanced Tail Flux (BTF)
period (F ~const) with enhanced dissipation and pseudobreakup activity during 0.5-2 hours before unloading was
registered (type 2, a new substorms class). The rest 77 substorms lie between types 1 and 2. Superposed epoch
analysis revealed that during ~40 min before unloading both groups demonstrate almost identical plasma sheet
thinning and Bz decrease at Geotail. By the sudden unloading time both groups have nearly identical Bz values in
the midtail as well as at 6.6 Re. We conclude that in spite of variable system evolution magnetotail configuration,
rather than specific F value, is crucial for substorm onset.

Auroral precipitation dynamics during magnetic storms
O.1. Yagodkina, V.G. Vorobjev, Yu.V. Katkalov (Polar Geophysical Institute, Apatity, Murmansk region)

Characteristics of auroral precipitation during weak magnetic storms on December 11-12, 2004 and January 11-12,
2005 were examined. Interactive Auroral Precipitating Model (APM) and meridian scanning photometer
observations at Barentsburg and Lovozero were used to show the possibility of APM using for the description of the
auroral luminosity features. Spectral characteristics of aurorae observed from MSP in the pre-noon and after-noon
sectors on Dec. 12, 2004 on the recovery phase of the storm showed that discrete forms were caused by precipitation
of relatively soft electrons. In the after-noon auroral arcs were observed near the poleward edge of the red auroral
band which was narrower than in the pre-noon and observed at latitudes from 73° to 77° CGL. On Jan. 12, 2005
discrete structures with intensity up to 30 kR in 557.7 nm emission were registered inside the red band at latitudes
from 74° to 77° CGL during the main phase of storm. These structures were caused by precipitation of hard
electrons and their intensifications coincided with increase of solar wind velocity and dynamic pressure.

KHaCCH(l)I/IKaIIHOHHLIﬁ moaxo/1 K aHaJIu3y CBA3U MAIrHUTHBIX BOSMyHleHl/lﬁ B aBpOpaJ’ILHOﬁ
00J1aCTH 1 MATrHUTHOT'0 BO3MYIICHHUA HA CPEIHUX U HUZKHUX ITHPOTAX

O.M. Bapxarosa'?, H.A. Bapxaros?, . A. Basuna®

'@IBOY BIIO "Huoice2opodckuii 20CyO0apcmeentblil apxumekmypHo-cmpoumensHuli yuusepcumem'"
‘@Ir’BOY BIIO "Huorcezopodckuii 2ocydapcmeentsiii nedazoeuueckuii yuusepcumem um. K. Mununa"

CooTHolIeHHEe MOHOC(HEPHBIX M MarHUTOC(EpPHBIX TOKOBBIX CHUCTEM W HMX IMHAMHMKa BO BpPEMEHA pa3BHUTHS
TE€OMAarHUTHOW OypH SIBISIOTCS BaKHBIMH OOBEKTAMM HCCIIEIOBAaHMH BBUAY HEOJHO3HAYHOCTH WX HBOJIOLUH B
3aBHCUMOCTH OT YPOBHS F€OMarHUTHOW aKTUBHOCTH. B CBsI3M ¢ 3THM, MCHOJIB30BaHUE HCKYCCTBEHHBIX HEHPOHHBIX
cereii (MHC) B kadecTBe WHCTpYMEHTa HM3y4YCHHS MOJOOHBIX (DU3NYECKUX IPOIECCOB IO3BOJISET BHIBUTH HX
OCHOBHBIC 3aKOHOMEPHOCTH 0€3 MMOCTPOCHUS CIIOXKHBIX (PU3MYECKUX MOJEeH.

B Hammx npeaplaymx neciaea0BaHuAX ObLI BHIIOIHEH ITOUCK HEJTMHEHHOW CBA3U COCTABISIONINX KOJIBLEBOTO TOKA
(cMMMETpPUYHOM M aCHMMETPMYHOW YacTH) C aBPOPAlbHBIMH DJIEKTPOKETaMH Uil Oypb Pa3iuYHOM
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WHTEHCUBHOCTH B paMKax HeifpocereBoro moaxoma. Ilpm stom umcmonp3oBamncs MHC DOnmana ¢ anropurMom
0o0paTHOW CBS3M M CETh C aNTOPUTMOM HEUYETKOH Jyormku Fuzzy. Beumo ycraHoBiIeHO, YTO Ha TIiIaBHOHM (base
MarHUTHON OypH CyIIECTBYIOT YCTOMUYMBBIC CBSI3M MEXIy YKa3aHHBIMH TOKOBBIMH CHCTEMaMH M BO3MOXKHO
preMIIEMOe HEHPOCETEBOE BOCCTAHOBIICHNE MHIEKCOB MHTEHCUBHOCTH aBPOPATBHBIX deKTpokeToB (AU, AL) mo
JTAHHBIM MHJICKCOB MHTCHCUBHOCTH KOJbIBOro Toka (SYM, ASY). Bmecte ¢ TeM, OBUIO OTMEUYECHO, UYTO KaYeCTBO
BOCCTAHOBJICHUsI HE OJJMTHAKOBO JUIS Pa3jIMuHbIX COOBITHH. B 9TOM CcBsI3H, B NpeiaraeMoii pabore U3ydeHa CTerneHb
BJIMSAHUA MHTCHCUBHOCTU U MPOJAOJIKUTCIIbBHOCTHU rJIaBHOM q)a?;bl reoOMarHuTHOM 6ypl/l Ha HaJIM4YUC HUJIN OTCYTCTBUEC
HEJIMHEIHOW CBSI3M MEXIy COOTBETCTBYIOIIMMHM TOKaMH. B KadecTBe HHCTpyMEHTa MCCIEAOBaHUS BHIOpaHa
KiaccuduKkaoHHas HelpoHHas ceTh TuIa ciost KoxoneHa.

Knaccudukanus riaBHbeIx a3 paccMarpuBaeMbix 30 0HOMIATOBBIX T€OMAarHUTHBIX Oypbh IPOBOJIMIIACH CETHIO THIIA
ciost KoxoHeHa 1o mapamerpam, KOTopble ObUTH 00BbenuHeHbl B apsl nHACKCOB: SYM u AU; SYM u AL; ASY u
AU; ASY u AL. B kaxIoM 3KCIIepuMeHTe HEHPOHHOH CETH Ipearajoch pa3faelnTb Bce COOBITHS Ha JBa Kiacca.
st oueHku 3¢ dexTHBHOCTH pabOThI ceTH ObUTU BhIOpaHbI COOBITHS, 2P PEKTHBHOCTH BOCCTAHOBIICHUSI KOTOPBIX B
KaXT0M M3 paccMaTpHUBaeMbIX Iap MHIEKCOB ObUIa Hamboiee W HamMeHee BBICOKOH. IIpenmomaramock, 9To 3TH
COOBITHS TOJDKHBI OKa3aThCSl B PA3HBIX KJIaccaxX. DKCHEPUMEHTHI BHIONHSIINCH KyMYJIITUBHBIM U HPOTYyKTHBHBIM
METOJIaMH JUISL KaXKJI0T0 KJIaCCU(PHUKAI[MOHHOTO IIapaMeTpa.

CornacHo MOJy4YeHHBIM pe3ynbTrataM yia nap uniaekcoB SYM u AU u SYM u AL, Xopolio BocCTaHaBIIMBaeMble
coObITHSI 00beANHSET OOIIMI BUJ TUHAMUKH CUMMETPUYHOTO KOJIBLIEBOI'O TOKA M aBPOPAIBHBIX JJIEKTPOJHKETOB.
[Toutn Bce 3TH COOBITHS COOTBETCTBYIOT «KJIACCHUECKOMY» Da3BUTHIO T€OMAarHUTHOH OypH C HeOOJIbLIIMMHU
aMIUIMTYJIaMU | JUIMTENbHOCTHI0. [Ipn Kiaccnukanuy 1mo ABYM HWHIIEKCaM, OJHUM M3 KOTOPBIX SIBJISIETCSI HHIEKC
ASY, GONbIIMHCTBO U3 COOBITHH, BOCCTaHaBIMBaeMbIX ¢ Hanbombmer (ASY u AU) nnn Hanmensieit (ASY u AL)
3((eKTUBHOCTHIO MOTAAIOT B KJIACC MHTEHCHBHBIX U MPOIODKUTEIBHBIX Oypb. ITO CBHIETENBCTBYET O TOM, UTO
MIPOUCXOIUT TIepepacIpeieIeHue YHEPTUH MKy TOKOBBIMH CHCTEMaMH JIEKTPOHKETOB M aCHMMETPUIHON YacTH
KOJIBLIEBOTO TOKA: €CIHM B TpeleNiaXx OMHOTO coObIThs cBsA3p mHAEKCOB ASY-AU cummbHa, TO cBsizb ASY-AL
MPaKTUYECKA HE3aMEeTHA, U HA000pOT. DTOT (PaKT MOATBEPKAAET MPEIION0KEHHE O CYIIECTBOBAHIH HOHOC(HEPHO-
MarHuToc()epHOl TOKOBOM CHCTEMBI, COCTABHBIMU YaCTSIMU KOTOPOU SIBIISIFOTCS aCHMMETPHYHBIA KOJIBIIEBOH TOK U
00a aBpOpaIbHBIX JEKTPOHKETA.

I'eoMarHuTHasi aKTUBHOCTh HA3eMHOI'0 NIePEMEHHOI0 MATHUTHOIO 110151 3eMJIU B CEBEPHOM H
F05KHOM MOJIYILIAPHSIX

A.E. Jlesutun, JL.U. I'pomoa, C.B. I'pomos, JI.A. [Ipemyxuna (M3MUPAH, Mockea, Tpouyx, 142190, Poccus)

Onupasich Ha YHUKaJIbHOE MAarHUTHO-CIIOKOIHOE COCTOSHHME MEepeMEHHOro MarHuTHoro nois 3emmnu B 2009 rony,
CBSI3aHHO€ C YHUKAJIBHO CIIOKOWHBIM COCTOSHMEM COJIHEYHOW aKTMBHOCTH, MBI HCIIOJIb3yE€M YacOBbIE JaHHBIE
MarHUTHBIX 00CEpPBATOPHUI B 3TOT NEPHOJ KaK yPOBHH OTCUETOB IS BBIICIECHHS YaCOBBIX JIAHHBIX KOTOPHIE MOYKHO
OTHECTH K 4aCOBOW I€OMarHUTHOM aKTHBHOCTH JIOKAJLHOTO Ha3eMHOT'0 NMEPEMEHHOT0 MarHWTHOTO MOJIS IUIAHETHI.
Takue nanHble 00CepBaTOPHI CEBEPHOTO U I0XKHOTO IOJIYIIAPHUI MCIIONB3YIOTCSI HAMH JUISl aHaJIM3a TeOMarHUTHOM
AKTHBHOCTH IE€PEMEHHOTO TE€OMAarHWTHOTO IOJSI B Pa3HbIE CE30HBI Iofia B 3THUX HONymIapusx. Taxoil aHamms
MIO3BOJIMJI OLICHWUTHh HENOCTaTKu MHAEeKca Kp (IuraHeTapHOro MHAEKCAa T€OMAarHUTHON aKTUBHOCTH), KOTOPBIH HE
YUUTBHIBAET Pa3IN4Me CE30HOB Iofia B 3THX Homymapusx. OJHOBPEMEHHO MBI JEMOHCTPHPYEM, YTO 3TOT MHAEKC
JaéT HE COBCEM BEPHOE IPEJCTABICHHE O CE30HHOM XOJ€ HA3eMHOM I'€OMAarHUTHOW aKTHBHOCTH IEPEMEHHOTO
reoMarouTHOro momnsd. OCHOBHAas 4YacTh SHEPTUM HA3eMHOW YacTH IIEPEMEHHOIO TE€OMAarHUTHOTO IIOJIS
COCPENOTOUCHA B 00JACTH BBICOKHX IIUPOT ABYX MOJIYLIAPHUI MJIaHEThl. A HauOoJblIee MOCTYIUICHUE 3TON HEPTUU
B Ha3eMHYIO 4acTh 3€MJIM IPOMCXOAUT B TIEPHOJIBI MArHUTHBIX Oypb. IIpH 3TOM ri1aBHBIE (ha3bl MArHUTHBIX Oypb, B
MEePHO/bl KOTOPBIX T'€HEPUPYIOTCS caMble OOJIbIINE aMIUINTY/bl TeOMarHUTHOW aKTUBHOCTH, COCTABISIIOT B CyMMeE
BCEro Mopsiiaka S5-7 IPOLEHTOB BpeMeHU rojga. Ho MMEHHO 3TH NIPOLEHTHl U ONPEACISAIOT YPOBEHb TIOJOBOMI
TE€OMAarHUTHOW aKTHMBHOCTH, KOTOPYIO NMPUHSATO OLIEHMBAaTh Ha ocHOBe Kp mHzmekca. Ha camom nene ator mMHIEKC,
KOTOPBIN CIIEIMaNIbHO PAaCCUYUTHIBACTCS HAa OCHOBE JAHHBIX 00CEpBaTOpHH, PacIoj0XEHHBIX B Cy0aBpOpaIbHOMN
00JIaCTH CEBEpHOr0 IIOJIyLIapHs, KOHTPOJMPYET CHUTYalMI0 ,KOIZa pa3BUTHE TI'€OMAarHUTHOTO BO3MYILICHUS B
aBPOPATLHON 00IaCTH BBICOKOIIMPOTHOTO NMPOCTPAHCTBA NPUBOAMNT K CMEIIECHHUIO aBPOPAIBHBIX TOKOB B CTOPOHY
9KkBaTopa. MBI ToOnaraeM, 4Yro peanbHass OIIEHKAa CE30HHOTO XOJa HAa3eMHOM aKTHBHOCTH II€PEMEHHOTO
T€OMarHUTHOT'O MOJIA AOJDKHA ITPOBOANUTHCSA HA OCHOBE JAaHHBIX 00CEPBATOPHI IBYX MOIYIIAPUIl C yI€TOM Pa3HOCTH
BpeMEH rojga B HUX. IIpu 3TOoM Hambosiee BaKHO KOHTPOJIMPOBATH JIaHHBIE BBICOKOIIMPOTHBIX 0OCEPBATOPHH,
KOTOpBIE U ONPEEIAIOT TI1aBHBIM 00pPa30M T'€OMarHUTHYI0 aKTUBHOCTb B JaHHOM rofy. B HameMm cooOmieHun Mbl
JIEMOHCTPUPYEM TaKylO0 OLIEHKY I'€OMarHUTHOM aKTHBHOCTH IIEPEMEHHOr0 T€OMarHUTHOIO IOJIsi B Pa3HbIE CE30HbBI
roga. OHa OTJIMYaeTCs OT CYLIECTBYIOLIEH CeroJHs OLEHKU Ha ocHOBe Kp MHOeKca IUIaHeTapHON IeOMarHUTHOMH
AKTHBHOCTH.
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IIpocTpancTBeHHAS IMHAMMKA FT€OMATHUTHOM AKTHBHOCTH N€PEMEHHOI0 MATHUTHOIO MOJIA 3eMJu
B M€PUO/I CWJIBHBIX MATHUTHBIX 0YpPb

A.E. JleButuH, JI.W. I'pomosa, C.B. I'pomos, JI.A. [Ipemyxuna (M3MHUPAH, Mocksa, Tpouyx, 142190, Poccus)

B nokmazme paccMOTpeHBI JaHHBIE MarHUTHBIX M3MEPEHUH B 00CEPBATOPHUSIX ABYX MOIYIIAPHUHA, PACIOIOKECHHBIX B
aBpOpPAIBbHBIX, Cy0aBPOPANBHBIX U 00Jee HU3KUX IIUPOTaX B IMEPHOABI KOHKPETHBIX CHIIBHBIX MarHUTHBIX Oyph H
MPEICTaBIICHBl HAIIM TIPEACTABICHUS O TMpupoAe HAOMIONaBIIMXCS THTAaHTCKUX MArHUTHBIX — OypAx.
KonudecTBeHHBI pacyeT Te€OMarHUTHONW aKTHMBHOCTH JOJDKEH HAYMHATHCS C €€ KOHKPETHOro (HU3MYECKOTO
onpezenenus. OMHOBPEMEHHO JTOJDKEH OBITh MPEIJIOKEH KOHKPETHBIM METOJ pacdeTa KOJTHMUECTBEHHONW BETMYNHBI
STON aKTHUBHOCTH, KOTOpPasi MOXeET OBITh WM paBHA WM MPONOPIMOHATIbHA e€ BennuuHe. CerolHs MOXKHO HaWTH
TOJILKO OJHO TOJ0OHOEC KOHKpPEeTHOE (U3MYECKOe OmpeeiicHHe TI'€OMAarHUTHOW aKTHBHOCTH: T€OMAarHUTHAs
AKTUBHOCTL — OJ3TO BOSMyLLleHI/IH MArduTHOI'O I10JIsA 3eMJ'II/l, CBs3AaHHBIC C HU3MCHCHUAMU MaFHl/ITOC!henHO-
noHocepHoil TOKOBOHM cucTteMbl. OIHAKO, OCTAETCS OTKPBITHIM BONPOC, MOXHO MPOBOJUTH KOJMYECTBEHHBIN
pacueT 3TOTO BO3MYIICHHS. BMecTo pa3pabOTKH COBPEMEHHOIO KOJIHMYECTBEHHOTO pacdeTa TIeOMAarHUTHOW
AKTUBHOCTH, KaK Ha YpPOBHE 3€MHOM IIOBEPXHOCTH, TaK U B OKOJIO3€MHOM MPOCTPAHCTBE, MbI MPOJOJIKAEM
MONTE30BAThCS MHICKCAMH T€OMAaTrHUTHOW AaKTHBHOCTH, JOCTABIIMMHUCS HaM OT 3aMEYaTelIbHBIX YYCHBIX [0
CIIyTHHKOBOH 3moxu. B nmokiame ykas3pIBalOTCS 3HAYUTENBHBIC HEIOCTATKU 3TUX WHAEKCOB, KOTOPHIC CBSI3aHHEIE C
TEM, YTO HX 3aMedaTelbHbIC aBTOPHI HE BIIaIeId HHPOPMAIIHEH, KOTOpas OSBUIACH B TIEPHOJ CITyTHUKOBOH SITOXH.
OnHOBpEMEHHO TpeIaracTcsi METOI KOJMISCTBEHHON OIEHKH JIOKaJIhbHOW HAa3eMHOW T€OMAarHUTHOW aKTHBHOCTH
MIePEMEHHOT0 TEOMAarHUTHOTO TOJISl Ha OCHOBE pacdeTa YaCOBBIX aMIUTUTY F€OMarHUTHOTO TIOJIS, PETHCTPHPYEMBIX
MHPOBOW CEThI0 MAarHUTHBIX oOcepBaTopuii. OH OMUpaeTcs Ha YHUKAIHHOE COCTOSHUE COJHEYHON M T€OMarHUTHOM
akTuBHOCTH B 2009 rony, 4To MO3BOJISIET BBECTH YPOBEHb OTCYETA YACOBBIX aMIUIMTYJ KOMIIOHEHT BEKTOPOB
TCOMArHUTHOTO TMOJIE PETHCTPUPYEMBIX 3TUMH oOcepBaropusiMu. Du3MUECKoe COACpKAHUE MpeaaracMoi
J'IOKaIl]:-HOﬁ Ha3eMHOI>i FeOMaFHHTHOﬂ AKTUBHOCTHU DOTO - 3Hepma MArHuMTHOI'O II10JIA, couepmamaaca B YaCOBBIX
aMIUIMTYAaX KOMIIOHEHT BEKTOpa [EPEMEHHOr0 T'€OMarHUTHOIO TOJsl, PEruCTPUPYEMOro  MarHUTHOM
obcepBatopueid. Takast 3HEPTHs KOJIHMYSCTBEHHO OIPEICNAETCS KaK CyMMa KBAJIPaTOB aMIUIATY]] YaCOBBIX JTaHHBIX
STHX KOMITOHEHT HJIH KaK TOJIEKO ofHOi H kommoHeHThl. TakuM 00pa3oMm, uMes TaHHBIC TeOMArHUTHBIX U3MEPEHUM
MHpPOBOW ceTH 00CepBaTOpPHiA, MBI TMOJIy9YaeM BO3MOXKHOCTh XapaKTepU30BaTh HA3eMHYK) T€OMarHUTHYIO
AKTUBHOCTH ITEPEMEHHOTO TE€OMAarHUTHOTO TIOJIS.

[onsipubie cusiHusA B MU(AX U JIereHgax
C.A. Yepnoyc (llonaprouii ceogpusuneckuii uncmumym KHIL] PAH, Anamumsi, Mypmanckas o61.)

[MomnsipHbIe cHsTHUS — 3aXBaTHIBAIOLIEE 3PEIIHIIE, T09TOMY C HUIMUCBA3aHO MHOXKeCTBO MU (OB 1 noBepuid. OtHaKo
HCTOPHS JOHAYYHBIX TIO3HAHUH U TUTIOTE3, BRIPAXKCHHBIX, B YACTHOCTH, B (hopMe JiereH 1 MudoB, Ha B3TIISA aBTOpa
ocBelIeHa HepocTaTouyHo. OCcOOEHHO ATO KacaeTcs MPEICTABICHUN O MONAPHBIX CHUSHUAX y HaponoB Poccuiickoii
Apxruku. Ecnmu nereHzapl, CBs3aHHBIE C TOJSIPHBIMH CcusHusSMA B CeBepHOW Amepuke, OMyOIMKOBaHBI B
MOHOTrpadusix, MPUYEM TOJBKO MPEACTABICHUH O CHSHUSIX y Pa3iM4YHbIX WHICHCKHMX IUIeMEH MOKazaHo Oosee
JeCSITKa, TO UCTOYHHUKH TIPEICTABICHUA O CHSHHSAX Y CEBEPHBIX HapoJoB Poccmm paccpemoTodeHs! B Pa3IMUHBIX,
HE3aBHCHMBIX 0 TEMaTUKe M3IaHUsIX. B CBA3M C 3TUM aBTOp JieNlaeT B JAOKIIAJE MOMBITKY 0030pa CYILECTBYIOLIHX
10 ATOH TeMe MEXIMCLHUIUTMHAPHBIX JIaHHBIX. B mpocTylo kiaccudukalMoOHHYI0 cXeMy He yIaErcsl YJIOXKUTh BCe
coOpaHHBIE MaTepuaibl, TaK Kak, Hampumep, Haxke Yy nomapeil Koiabckoro mnomyocTpoBa, CyIIECTBYIOT
MIPOTHBOIIOJNIOKHBIE B3Il Ha siBiieHHWe. C OJHOW CTOPOHBI IIOJISIPHBIE CHSIHUSI NPHHOCAT Oedy, W €ro Hajo
OTTOHATH, C JPYrOoi 3TO IPOCTO HeOecHbIe OpaThs pasbirpaiick Ha HeGocBone. OCHOBHBIE HANPaBIICHUS JIETCHI
BEINIAAT cieAylomuM oopasoM: 1. OrHM pa3nuaHON mpupoas! (0TOIECKH KOCTpOB, oTpaxenue CoiHIA U APYrux
HCTOYHUKOB OT TOJSIPHBIX JHI0B). 2.Cpaxkenns HeOecHbIX apmuil 3. JlyXM W TaWHCTBEHHBIC CHUIIBI TPUPOIEI,
noOpeie u 3mbie. 4. JIeWCTBUS co3aaTers BCero KUBOro Ha 3emute. 5. JKuBbIe cyliecTBa, BCTpEYAIOIHecs B IPHPOIE
U B CKa3aHWAX W JereHmax. Ciemyer OTMETHTh, YTO B OTJIMYHE OT €BPOICHIIEB, V CEBEPHBIX HapomoB Poccum
ropaszio MeHee BeIpakeHa 00s3Hb MOAPHBIX CUSHHUH, KaK MPEANIeCTBEHHUKOB Tparmdeckux coOwrtuii. [To mepBomy
IMyHKTY CIIEAYeT 3aMETUTh, YTO HE TOJIBKO PSIOBBIC HAOMIOAATENH, HO U BRIJAIOIIKECs yYUeHble (Hampumep, Jlexapr)
MIPHUIEPKUBAIICH TAKOTO ke HeBepHOro MHeHHsA. CpakeHHsI Ha HebecaxX XOpPOIIO ONMCAHBI B pyKONUCH Axmania-
noH-Qayiana «IlyremectBue B cTpaHy cnaBsH». Ho Tam ke OTMEUEHO, YTO MECTHBIE JKUTEIU CMESUIUCh Haj
HaOJIIOZATeNsIMM C IOra M PacCMaTpUBAIM CHUSHUS, KaK OObIYHOE siBieHHE NpupoJbl. COrjacHO HCCIEeAOBAHUSIM
npeBuux neronucert J[.O. Cesarckum, nobena Anekcanapa HeBckoro Han TeBroHnamu Ha Uynckom ozepe B 1242
rogy cocrosijach Onarojaps TOMY, YTO HaJ PYCCKHMMHU JAPY)KMHAMH IIOSIBUJIOCH HEOECHOE BOMHCTBO. TOT ke
HCTOYHMK coobmiaeT, uto Kupmnio-benosepckuii MOHACTHIph ObIIT OCHOBaH OJstarojapsi 00>KeCTBEHHBIM yKa3aHUSIM,
JanHbix Kupunmy. Uto kacaerca NTULl M 3Beped, TO, HampuMep, o pacckasy crnoasmwxkHuka Ilerpa I Tatumesa
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OITHAXKIBI, BO BPEMS CHSHUS, MHOXKECTBO JIIOACH JHOKA3bIBAJM, YTO OHH OpJIa JieTaromero Buaend. OqHaKo caMm OH
TOXKE CMOTpeJ BBEpPX W HHUYETO0 HEOOBIMHOTO He 3ameTwil. Tema 3Mmes [opplHbUa W 3Meebopria MoApOOHO
MIpOaHAIM3NPOBaHA B 00BEMHOM HcTopHuecKod MoHOTpaduu JInann AnexceeBoi, KoTopast yOeIuTeIpHO IoKa3ana,
yTo 3Mell He YTO MHOE, KaK MOJISPHBIC CHUSHHS, MPUXOASIMNE OObIYHO M3 ApPKTUKH. OTAETHHO PacCMOTPEHBI
JETreHbl O «MEPAYCHUM», KOrJa 4YCJIOBCK IIOJ TMOJAPHBIMU CHUAHHUAMU BIaAacT B 6eCHaMHTCTBO. B JOKJI1aae
YIIOMHMHAIOTCSl TaK)Ke€ COBPEMEHHBbIE TOPOJCKHE JIEreH[Ibl, HalpUMep, BO3JEHCTBHE TaK Ha3bIBa€MbIX «YEPHBIX
CUSHUI HA NICUXUKY. JIereHapl, Kak 1 Hay4Hble TEOPUHU, B CBOEH OCHOBE UMEIOT CTPEMIICHUE K IIO3HAHMIO, TAK KaK
coJiepKaT Hieu Al OOBSICHEHHs Hero3HaHHOTO. K cokajleHnIo, B ITOABIISIIONIEM OOJIBIIMHCTBE CIIy4aeB OHHM HE
MOTYT OBITh ITPOBEPEHBI.
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Modeling the seasonal and diurnal deformations of the equatorial magnetospheric currents
V.A. Andreeva, N.A. Tsyganenko (Institute of Physics, Saint-Petersburg State University, Saint-Petersburg, Russia)

Arridge et al. [2008] reported an evidence for formation of a ‘bowl-shaped’ equatorial current disk in the
magnetosphere of Saturn during epochs with large planetary dipole tilt angle. Based on a large multi-year set of
spacecraft data and using a simple model of the magnetic field reversal surface, we found that a similar kind of the
tilt-related deformation is clearly presented in the Earth’s magnetosphere. Having analyzed the properties of a tilted
vacuum magnetic field configuration, we conclude that the bowl-shaped distortion must be a universal feature of the
equatorial currents in the magnetospheres with a tilted planetary dipole, and its cause is the joint effect of the north-
south asymmetry due to the tilt and day-night asymmetry imposed by the solar wind flow. In this work we derive an
analytical model representing the shape of the deformed current sheet as a function of the geodipole tilt angle, state
of the interplanetary medium, and the ground disturbance level.

Comparison of quiet time plasma pressure distribution in the ionosphere and in the equatorial
plane of the magnetosphere

E.E. Antonova'?, V.G. Vorobj ev’, LP. Kirpichevz, O.L Yagodkina3

! Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow, 119991, Russia
? Space Research Institute, Russian Academy of Sciences, ul. Profsoyuznaya 84/32, Moscow, 117997, Russia
Polar Geophysical Institute, Apatity, Murmansk Region, 184200, Russia

The distribution of plasma pressure in the magnetospheric equatorial plane is compared with the plasma pressure
and the distribution of the electron precipitations boundaries at ionospheric altitudes under the low level of
geomagnetic activity. Pressure at the equatorial plane was determined by using observations of the international
mission THEMIS, and that at low altitudes from DMSP spacecraft observations. Plasma pressure isotropy and the
validity of the condition of the magnetostatic equilibrium at low level of geomagnetic activity are taken into
account. Plasma pressure in such a case is constant on the magnetic field line and can be considered as the "natural
tracer" of the field line. It is shown that the plasma ring surrounding the Earth at the geocentric distances from about
6 to 10-12 Ry is the main source of the precipitations in the auroral oval.

Magnetopause shape in terminator plane
E. Gordeev, V. Sergeev (Saint-Petersburg State University, St-Petersburg, Russia)

We present an empirical survey of magnetopause location in the narrow magnetospheric region - terminator plane
(X=0). For this purpose we use the dataset of magnetopause crossings by different spacecraft between 1963 and
1998 years collected by different authors which is an open access in
http://fipbrowser.gsfc.nasa.gov/magnetopause.html. About ~1,500 crossings was selected in vicinity of terminator
plane, traced to the X=0 plane and used for developing of empirical model. This specific model intended to precise
the magnetopause location and shape namely in terminator plane that is the one of the principal parameters in semi-
empirical method of magnetotail magnetic flux calculation [Shukhtina et al., 2009]. Besides, our model can be
useful for other purposes, e.g. testing other magnetopause models or validating results of global magnetospheric
numerical simulations.

Sources of electrostatic noise in the upper ionosphere of the auroral zone: The inhomogeneities of
the plasma density and electric field

A. Ilysov', A. Chernyshov', M. Mogilevsky', I. Golovchanskaya®, B. Kozelov’

!Space Research Institute of the Russian Academy of Science, Moscow, Russian Federation
Polar Geophysical Institute of the Russian Academy of Science, Apatity, Russian Federation

We consider the problem of instability excitation due to inhomogeneities of the electric field and density in plasma

of lower magnetosphere and upper ionosphere. External electric field is assumed longitudinal. The problem is
solved numerically for the dispersion relation of Ganguly et al. (1985). Inhomogeneous electric fields can
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destabilize the type of electrostatic ion-cyclotron waves which can be obtained as unstable solutions of the nonlocal
dispersion equation for ion-cyclotron perturbations and their properties differ considerably from the classical ion-
cyclotron waves. Such instabilities lead to heating of ions in the Earth's ionosphere and the subsequent outflow of
the ions into the magnetosphere. Plasma parameters at which the waves are destabilized are found and analyzed.

Interactive web application for visualization of geomagnetically induces currents
Yu. Katkalov!, M. Wik?, A. Viljanen3

'Polar Geophysical Institute, Murmansk, Russia
° NEUROSPACE, Sweden
3Finnish Meteorological Institute, Finland

We have developed a web application for visualization of geomagnetic fields and their time derivatives, modelled
geoelectric fields, and modelled geomagnetically induced currents (GIC) on a geographical map. This interactive
tool was created as a part of the EU/FP7 EURISGIC project to demonstrate the occurrence of GIC in the European
prototype power grid model in 1996-2008. The user-friendly server provides a starting point for a further
development for operational or educational use by power companies, universities, authorities and civil contingency
agencies.

Observation of autooscillation regime of AKR generation
I.L. Moiseenko, M.M. Mogilevsky (Space Research Institute of RAS)

Auroral kilometric radiation (AKR) is a powerful radio emission generated at altitudes between 2000-10000 km
above the auroral region. AKR is generally observed in the frequency range of 100 — 700 kHz, and AKR spectrum
width changes slowly during several dozens of minutes.
We present results of the analysis of wide-band AKR structures obtained by the POLRAD experiment on board the
INTERBALL-2 satellite. These structures represent a quasiperiodic sequence of splashes which were called bursts
by analogy with astrophysical bursts. These splashes are more often observed at the beginning and end of AKR
radiation interval and have the main characteristics:

- characteristic burst repetition period is ~ 6 — 10 min;

- burst intensity is by one or two orders higher than background AKR intensity;

- as arule, the front edge of a burst (0.5-2 min) is more abrupt in comparison with the back edge (up to 10 min);

- there are two regions where splashes are more often observed—the evening and after midnight sectors of the

magnetosphere
The possible generation mechanism of AKR burst formation is proposed.

Some characteristic properties of particle precipitation in Lovozero and Barentsburg during SC on
24 January 2012

V.C. Roldugin, A.V. Roldugin, S.V. Pilgaev (Polar Geophysical Institute, Apatity, Russia)
F. Sigernes (University in Svalbard, Norway)

The sudden commencement on 24 January 2012 at 1503 UT was caused by the shock wave with changes on the
front by pressure from 1 to 10 nPa, by velocity from 400 to 700 km/s and by Bz from +1 to +15 nT. The sky
transparency permitted to make optical observations during the event in Lovozero, Barentsburg and Longyearbyen.
In Lovozero three minutes after SC and two minutes after an electron aurora the hydrogen emission Ha appears. It is
seen during 5 minutes and moves poleward. In Barentsburg the Ha appears eight minutes after SC at one time with
1PGN2 band which due to high energy electrons, and it has been observed during twenty minutes. The meridional
scanning photometer in Longyearbyen disclosed beginning of 5577 emission at 1507 UT along the all meridian, its
maximum occurred at 1512-1515. The Ha appears also at 1507 and it is maximal at 1512 with brightness about of
300 R, is seen mainly in the South.

In Lovozero a particle precipitation starts at 15:03.30 UT, but the perceptible magnetic disturbance by negative
polarity begins at 15:04:20, i.e. 50 sec later. The peak of luminosity lags one and half minute to the positive
magnetic peak.

In Lovozero this SC gives rise to beginning of Pc5 geomagnetic pulsations, but they are absent in Barentsburg.
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GIC recordings at the North West of Russia for EURISGIC project: Data and modeling
Ya. Sakharov', Yu. Katkalov', V. Selivanov®, A. Vilj anen’

'Polar Geophysical Institute, Murmansk, Russia
Centre for Physical and Technological Problems of Energy in Northern Areas, Apatity, Russia
SFinnish Meteorological Institute, Finland

Geomagnetically induced currents in neutrals of the five transformer substations are used to investigate the effects of
space weather on power grid in the framework of EURISGIC Project. Two years of continuous registration was
given ample material to assess the dependence of GIC on the level of geomagnetic activity. Recorded GIC are
compared with the results of model calculations.

Conditions of magnetic barrier formation: THEMIS observations
V.S. Semenov, K.Yu. Slivka and N.P. Dmitrieva (Saint-Petersburg State University, St-Petersburg, Russia)

Magnetic barrier is a region with enhanced magnetic field magnitude and depleted plasma. It is formed into the
inner magnetosheath layer adjacent to the low-latitude dayside magnetopause. According to general point of view a
magnetic barrier can persist only for the northward interplanetary magnetic field (IMF) while it is completely absent
for the southward IMF.

We made a study to check appearance of magnetic barrier for different directions of IMF. We created and analyzed
special data base consisting 74 events of low-latitude dayside magnetopause crossings by the THEMIS satellites.
Furthermore, we used the superposed epoch analysis to study variations of magnetic field and key plasma
parameters near the magnetopause in a systematic way. Although magnetic barrier is the most pronounced for the
northward IMF, we are still able to find signatures of magnetic barrier for the southward IMF. According to theory
magnetic barrier builds up more slowly than it collapses due to reconnection. We found out that magnetic barrier
field was about 80% of the magnetospheric value for the southward IMF cases with minimum magnetopause
reconnection rate. In the other hand, previous statistical studies show that magnetic barrier field is no more than 50%
of the magnetospheric value for the southward IMF. For the southward IMF cases with destroyed magnetic barrier,
we also made a histogram of events distribution by the reconnection rate.

Another diagnostic characteristic of magnetic barrier is the temperature anisotropy. We made a study of temperature
anisotropy in the magnetic barrier and found that it was observed in all cases except with high-speed flows in the
magnetosheath.

Thin current sheets in the Venus magnetotail

LY. Vasko', L.M. Zelenyi', A.V. Artemyev', A.A. Petrukovich', T.L. Zhang®, H.V. Malova', V.Y. Popov',
R. Nakamura®

!Institute of Space Research of Russian Academy of Sciences, Russia, Moscow
“Space Research Institute of Austrian Academy of Sciences, Austria, Graz

We study 13 crossings of the current sheet (CS) in the Venus magnetotail by the Venus Express spacecraft. The
observed current sheets can be classified in two groups. The first group includes 7 CSs, which magnetic field profile
has one characteristic spatial scale. The second group includes 6 CSs, which profile has two spatial scales.

The observed double-scale CS structure can be supported by the multi-specie ion population (solar wind protons and
Venus ionosphere oxygen ions O+). The observed profiles can be explained by thin current sheet (TCS) model,
which assumes that ion population consists of protons and oxygen ions. According to TCS model in single-scale
CSs the current is generally carried by one of the ion populations. In double-scale CSs amplitudes of currents carried
by different ion populations are comparable. The inner scale of double-scale CSs is provided by proton current,
while the outer scale is provided by oxygen ion current. According to TCS model the thickness of the Venus current
sheet is several ion thermal gyroradii.
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Auroral turbulence of the ionospheric convection
M.A. Volkov (Murmansk State Technical University, Murmansk, Russia)

The formation of the two-dimensional auroral structures in the cold ionospheric- magnetospheric 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 ionosphere is assumed by a thin conductive layer, but
the processes of the ionization and recombination of charged particles are considered. The existence of the auroral
cavity is accounted, which is modeled as a step-like function changing of the charged particles density with altitude.

Precipitation of relativistic electrons as seen by NOAA POES
T.A. Yahnina, N.V. Semenova, A.G. Yahnin, B.B. Gvozdevsky (Polar Geophysical Institute, Apatity, Russia)

The MEPED instrument onboard NOAA Polar-orbiting Operational Environmental Satellites (NOAA POES) was
designed to measure precipitating and quasi-trapped protons and electrons in the ranges 30 keV to 200 MeV (for
protons) and 30 keV to 2500 keV (for electrons). In particular, proton telescopes measure protons in six channels:
P1 (30-80 keV), P2 (80-250 keV), P3 (250-800 keV), P4 (800-2500 keV), P5 (2500-6900 keV), and P6 (>6900
keV). Protons appear in the P6 channel very seldom (only during Solar Proton Events). At the same time, this
channel can be contaminated by relativistic (E ~ 1 MeV) electrons. Using P6 data we performed a study of
relativistic electron precipitation (REP) within interval of 25 July — 31 August 2005 characterizing by variable
geomagnetic activity. We found that most often REP events are observed in the night sector in relation to isotropy
boundary of relativistic electrons. It means that these REP events are due to violation of adiabatic motion of
particles in the region of a relatively weak magnetic field in the equatorial plane of magnetosphere. Further, a
substantial part of REP events is observed in association with enhancements of energetic (E>30 keV) electrons
equatorward of the electron isotropy boundary. We interpret the precipitation of electrons in the wide range of
energies as result of scattering the particles into the loss cone by ELF/VLF waves. Finally, relativistic electrons can
be scattered into the loss cone by EMIC waves. This possibility is actively discussed in the literature. At the same
time, it is known that EMIC waves effectively scatter energetic protons and produce proton precipitation bursts
equatorward of the proton isotropic boundary. To investigate the REP/EMIC wave relationship we consider how
such proton precipitation bursts seen in P1-P3 channels correlate with REP. It turned out that proton precipitation
bursts observed in the morning and day sectors do not correlate to REP events, but in the evening sector some of the
proton precipitation bursts do correlate. However, even in such cases, enhancements of the >30 keV electron flux
are also registered with electron detectors, suggesting the presence of ELF/VLF waves. These facts pose a question
if EMIC waves play a significant role in relativistic electron precipitation seen by NOAA POES.

Hcnoan3oBaHne MeTO0B MATEMATHYECKOH MOP(OJIOTHH NIPH AHAJTU3E JAHHBIX HA3eMHBIX
HA0JII0leHN I MOJISIPHBIX CUSIHUM

B.B. Kosenos (/II' KHI] PAH, 2. Anamumot, Poccus, Boris.Kozelov@gmail.com )

[puknagaeie MeToabl MaTeMaTHyecko Mopgosnorun (MM) B mociesHue rofsl aKTHBHO Pa3BUBAINCH B CBS3U C
HEOOXOJMMOCTBIO pEIIeHUs] 3a/1ad aBTOMAaTHYECKOrO pacro3HaBaHHMs o00bekToB Ha TB wn3o0paxkeHun, B
KaprorpaduM W MalmlMHHOM 3peHnHu. HaszemHble onTHuYeckne HAOMIONCHUS TOJNSAPHBIX CHSHHH HMMEIOT DAL
0coOeHHOCTeH (CHIIbHBIC aCTIEKTHBIC MCKAXCHUS, MaJlas KOHTPACTHOCTh, OTCYTCTBHE YETKOH (GOopMbI, 00BEMHOCTH
CBEUYEHHS ), KOTOPBIE HEOOXOIMMO YUUTHIBATH IIPH MCHOIB30BaHNN MM U1 aHann3a IpoCTPaHCTBEHHO-BPEMEHHOM
CTPYKTYPBI aBpOPAJIBHOIO CBEUeHMs. B nokiaze oO0Cyk IaroTcs MpUMEphl HCIOIb30BaHHMA MeTonoB MM mis
MOTY4€HHs NPOCTPAHCTBEHHO-BPEMEHHBIX XapaKTEPHCTHK ITyJIbCHPYIOIINX MOJISIPHBIX CHUSHUN M MYJIBTHIUIETHBIX
aBpPOPAIBHBIX YT, a TAKXKe MpH TpHaHTyJsuu. Vcnonb3oBanuchk gaHHble koMiiekca MAIN u3 5 aBpopanbHBIX
KaM€p C pasjiMdyHbIM IOJIEM 3pPCHHSA, YCTAHOBJICHHBLIX B Anarurax. KoMmiiekc mo3Bosser PETrUCTpUPOBATL KaK
KPYIMHOMAcCIITaOHOE paclpelielieHHe aBpOpabHOIO CBEYEHHs B OKPECTHOCTH ¢ paauycoM ~400 KM, Tak ¥ MelIKue
~100 M nerasu BONM3M MarHUTHOro 3eHWTa. HaOmioneHWst M3 JByX TOYEK BOJM3M MarHUTHOTO 3€HUTA AAIOT
BO3MOXKHOCTH OLIEHUTH BBICOTY 00JIACTH CBEUEHHS.
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PacmienjieHHbIEe Kombnrypaunn TOHKOI'0 TOKOBOI'O CJIOHA C ABYMH CaMOCOTIJIACOBAHHBIMH U
TMOCTOSTHHOM HOpMaJILHOﬁ KOMIIOHCHTAMHU MArHMTHOI'O I10JIHA

O.B. MI/IHFaJ'ICBl, N.B. MI/IHFaJ'IeBl, X.B. MaﬂOBaz'3, M.H. MeJ‘II)HI/IK], JL.M. 3enensiit’

1 o o . .
Honapuwiil eeopusuveckunt uncmumym KHI] PAH, Anamumoi, mingalev_o@pgia.ru

2 .

Hnemumym xocmuueckux uccneooganuii PAH, Mocksa

3 . N

Hayuno-uccnedosamenvcxuii uncmumym adeprou guzuxu um. /1.B. Crobenvyvina MI'Y, Mocksa

IIpu moMoIK YKCACHHON Moaen TOHKOro TokoBoro ¢jios (TTC) B xBocTe MarHuToc(hepbl, OCHOBAHHON Ha METO/IE
KPYIHBIX 4YaCcTHL, BIEPBbIE B YHUCICHHOM MOACIMPOBAHUN IIOJYUYCHA PAaACHICIJICHHAd KBa3uCTallMOHapHas
koH(purypanust TTC. CamocoriacoBaHHBIMU SBIISIOTCS AIBE KOMIIOHEHTHI MArHUTHOTO T10JIs1 (TaHIeHIHanbHas Bx(z)
u casurosas By(z) ) u Toka (jx(z) u jy(z), COOTBETCTBEHHO), a HOPMajibHass KOMIIOHEHTa MarHUTHOrO Mo (Bz)
CUMTAETCS TIOCTOSIHHON. B 3TOM KOH(UIypaunu TOKOBBII CIIOW CyIIECTBEHHO HECUMMETPHUEH, M pa3zieieH Ha JBa
TOKOBBIX CJIOSI C Y3KOW 00JIaCThIO MAJIOTO OTPUIATEIHHOTO TOKA MEXIy HUMH. IIpu 3TOM caBHroBas KOMITIOHEHTA
MarHuTHOro nojist By(z) monoxwurensHa ¥ O aMIUIMTY/Ie TPUMEPHO B 4 pa3za MeHbLIE BeIMYMHb ABX M3MeHeHus
TIPH TIEpPEX0Jie Yepe3 CIOW TaHTeHIHAIbHOW KOMIOHEHTH Bx(z). [TomoOHBIe pacmeruienHble kKoHpurypanuun TTC
BcTpevaroTes B naHHbIX crmyTHIKOB CLUSTER.

Koneb6anusi TOHKOH MarHUTHOM CHJI0BOM TPYOKHU B XBOCTe MaruuTocgepol 3emian
H.B. fxornesa, B.C. Cemenos, U.B. Kyowimikun (Canxkm-Ilemep6ypeckuii I'ocyoapcmeennulii Yuusepcumem)

TokoBeie citon B MarHuTochepe 3eMitd (TOKA Ha MarHUTONay3€ U TOKOBBIH CJIOH XBOCTa) HIPAIOT KIIFOYCBYIO POJIb B
MarautochepHori muHamuke. IIporekaromuye B HUX B3pBIBOOOpa3HbIC MPOIECCH (ITPOLECCHI TEPECOCTUHEHH)
CUHTAIOTCSI OTBETCTBEHHBIMH 32 T€HEPAII0 KPYITHOMACIITAOHBIX TOKOBBIX CHCTEM, YCKOPEHHE YacTHI] M PE3KYIO
MIEPECTPOUKY CTPYKTYPBI MarHUTHOTO TMOJIAL. [103TOMY MOIeNnHpoBaHUE TaKUX IPOLECCOB MPEICTABISACT OOJBIION
HHTEpeC B (U3HNKE MArHUTOCHEPHI.

Hawubosiee npocTbiM cr1oco00M MOICIMPOBAHUSI IEPECOSANHEHUSI B XBOCTE MArHUTOCHEPHI SBISIETCS TPUOITIKEHNE
TOHKOH MarHUTHOW CHIIOBOW TpyOku. IIpoBeneHO dYHCICHHOE MOJETUPOBAHHE TOBEIEHHS MArHUTHOHM CHJIOBOM
TpyOKH B IMOcTaHOBKe, moxoxkeil Ha moaxon Bomeda (R.A. Wolf, C.X. Chen, F.R. Toffoletto, JGR, vol. 117,
A02215,2012).

B mporecce MopaenupoBaHUS pacCMaTPUBACTCS H30JUPOBAHHAS TOHKAs TPyOKa, HAXOMAIIASCA B IOJIOKCHHH
paBHOBeCHs, paccUMTBHIBacTCS e¢ JHTponus. [lamee W3 IepBOHAYAIBHOW TPYOKH yOHpaeTcs YacTh IUIA3MBI,
MOJTyYCHHAs] HOBasi MAarHUTHAsSL CHJIOBAsI JIMHUS, C YMCHBIICHHOW KOHIICHTPAIIUCH, HAYMHACT IBUTaThCA K 3eMIIC IO
neiictBueM cuiiel Amriepa. B mporiecce IBIDKEHHS OHA JOXOIMT JIO TIOJIOKEHUS PaBHOBecHs TPYOKH ¢ Hamboiee
OIM3KOI 110 3HAYCHUIO SHTPOIINEH, TPOCKAKUBAET €r0 M 3aTEM IPOIOIDKAET KOJIeOaThCA y TOTO HOBOTO ITOJIOKEHHS
paBHOBecHs. [TomydeHHBIE Pe3yIbTaThl COOTBETCTBYIOT SHTPOITMIHOMY KPHUTEPHIO, & 9aCcTOTa KoJeOaH TPUMEPHO
COOTBeTCTBYeT popmye Bombda.
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Electron pitch-angle diffusion: Resonant scattering by waves vs. nonadiabatic effects
A.V. Artemyevl, K.G. Orlova®®, D. Mourenas®, O.V. Agapitovs’é, V.V. Krasnoselskikh’

'Space Research Institute, RAS, Moscow, Russia

*Department of Earth and Space Sciences, University of California, Los Angeles, California, USA
3Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow, Russia
*CEA, DAM, DIF, F-91297, Arpajon, France

>Space Sciences Laboratory, University of California, Berkeley, California, USA

SNational Taras Shevchenko University of Kiev, Kiev, Ukraine

TUMR7328, LPC2E/CNRS - University of Orleans, Orleans, France

In this presentation we discuss the electron pitch-angle diffusion coefficients in the night-side inner magnetosphere
around the geostationary orbit L~7 due to magnetic field deformation. We compare the effects of resonant wave-
particle scattering by lower-band chorus waves and the adiabaticity violation of electron motion due to the strong
curvature of field lines in the vicinity of the equator. We show that for a realistic magnetic field configuration, the
nonadiabatic effects are more important than the wave-particle interactions for high energy (>1 MeV) electrons. For
smaller energy, the scattering by waves is more effective than nonadiabatic one. Moreover, the role of nonadiabatic
effects increases with particle energy. Therefore, to model electron scattering and transport in the night-side inner
magnetosphere, it is important to take into account the peculiarities of high-energy electron dynamics.

Poloidal monochromatic pulsations in Pc4-5 range observed by array of satellites in the morning
sector

V.B. Belakhovsky', V.A. Pilipenko”

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

Monochromatic geomagnetic pulsations in the Pc4-5 frequency range for the event 9 September 2007 were studied
using GOES, THEMIS, and ETS spacecrafts. The satellite observations showed that these pulsations are a poloidal-
type fundamental mode of Alfven field line oscillations with the dominant radial and field-aligned magnetic
components. The observed pulsations excited during the low geomagnetic activity and are quite similar to Pg type
pulsations. Contrary to typical Pg, these pulsations practically cannot be seen on the CARISMA magnetometers.
The observed magnetic pulsations were accompanied by the simultaneous pulsations in the fluxes of energetic
electrons and protons, as seen by LANL-1994 satellite. A strong increase of the electron density in the
magnetosphere was found before the onset of the geomagnetic pulsations. We suppose that the injection of energetic
electrons may be responsible for the excitation of the poloidal Pc4-5 pulsations at the morning flank of the
magnetosphere, though specific excitation mechanism is still unknown.

Generation of VLF chorus emissions in the magnetosphere
A.G. Demekhov (Institute of Applied Physics, Nizhny Novgorod, Russia)

We discuss the nature of electromagnetic signals with discrete dynamical spectrum in the magnetosphere. Bright
example of such signals are VLF chorus emissions. It is now widely accepted that they are generated via cyclotron
resonant mechanism in the near-equatorial region, and their frequency-time structure is formed due to nonlinear
wave-particle interactions. For the observed fluxes of energetic electrons in the inner magnetosphere (L= 4-5),
measured high linear growth rates for chorus emissions can be explained only by assuming a steep gradient (step) on
the electron distribution function in parallel velocities. This has given the origin to the backward-wave oscillator
(BWO) model suggested by V.Yu. Trakhtengerts [1995]. The model is based on the absolute instability of whistler-
mode waves which can exist if a step-like feature is formed on the energetic-electron distribution function.

Nonlinear evolution of chorus spectrum, according to this model, occurs due to the sideband instability of an
initially generated quasi-monochromatic wave. This concept allows one to estimate both the characteristic chorus
amplitude and frequency drift rate, and the obtained values are close to the measured ones [Trakhtengerts et al.,
2004]. For sideband instability to develop, the wave amplitude has to be high enough, and, since the amplitude is
related to the linear growth rate, it ensures the presence of the nonlinear threshold value of energetic electron flux
for chorus formation, which is about an order of magnitude higher than the linear threshold for the BWO regime.
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This was shown in simulations [Demekhov, Trakhtengerts, 2008] and has recently been confirmed by Titova et al.,
[2012] who analyzed Cluster data on chorus frequency drift rates.

One of current problems related to VLF chorus concerns conditions under which rising or falling tones are formed.
On the basis of the BWO model, one can assume that the sign of the frequency drift is determined by the mutual
compensation of the mismatch from the cyclotron resonance due to the frequency drift and effective inhomogeneity
of the medium. In particular, falling tones should be formed if the electrons move towards the decreasing magnetic
field in the generation region [Demekhov, 2011]. We demonstrate the validity of this concept by numerical
simulations and compare it with other works devoted to this topic [Nunn and Omura, 2012].
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The role of shears in the parallel drift of ionospheric particles in excitation of electrostatic waves
I.V. Golovchanskaya (Polar Geophysical Institute, Apatity, Russia)

It is known from observations that small-scale nonlinear Alfvenic structures in the auroral ionosphere are commonly
filled with broadband electrostatic turbulence, whose properties are inconsistent with the theory of EIC and IA
waves in an infinite homogeneous plasma [Kindel and Kennel, 1981]. In particular, electrostatic signatures are
observed for subcritical field-aligned currents and large ion/electron temperature ratios, in contradiction with the
predictions of the classical theory. We note that since the background Alfvenic structures contain several types of
inhomogeneities, these should be included in the description of electrostatic wave excitation. In our previous works
[Golovchanskaya et al., 2013; Chernyshov et al., 2014] we demonstrated how the presence of inhomogeneous
electric fields and transverse density gradients in the background configuration changes the properties of the excited
EIC waves. In the present study we investigate the influence of shears in the parallel drift of ionospheric particles on
the electrostatic wave excitation process.

Geomagnetic Pcl pulsations in the solar activity minimum
N.G. Kleimenova, F.Z. Feygin, L.M. Malysheva (Institute of the Physics of the Earth RAS, Moscow, Russia)

We studied the long-lasting (more 2 hours) series of Pcl geomagnetic pulsation occurrence during the minimum of
the solar activity (2006-2010) as compared with its increasing phase (2010-2012), based on the ground-based
induction magnetometer network at Scandinavia. It is well known, that the Pcl occurrence maximum is observed in
the declining phase of the solar activity. Really, in the declining phase of the 23-th cycle of the solar activity (2006),
the number of the hours with long-lasting Pc1 series was ~270. In the minimum between 23-th and 24-th cycle, the
lowest value of the Wolf number (Wp) ~ 3 was observed in 2008 and 2009. However, in 2008 there were two
sequences of recurrent magnetic storms with 13-14 storms in each, i.e. an overall about 30 moderate magnetic
storms, but in 2009 there were only 5 small magnetic storms. Correspondingly, the number of the hours with long-
lasting Pcl series was ~100 in 2008 and it was~20 in 2009. It supports the relationship of long-lasting Pcl
generation with magnetic storms development. Generally, during the solar activity minimum, the shape of the
frequency-temporal Pcl spectra looked like a very monochromatic emission of not more 3-5 hours duration.
However, during the declining (2006) and increasing (2010) phases of the solar activity, the spectral structure of Pcl
became more complicated and the duration of the Pcl series increased up to 10-12 hours. Sometimes it consisted of
several varying frequency bands. The possible physical interpretation is discussed.
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Application of the radioholographic method for searching of ore bodies
V.A. Lubchich (Polar Geophysical Institute, Apatity, Russia)

The radioholographic method is destined for quick visualization of geoelectric heterogeneities in the earth's crust.
The areal measurement of amplitudes and phases of electromagnetic field components is used for the holographic
reconstruction of medium, anomaly areas with high electrical conductivity are localized in the earth's crust by using
the holographic reconstruction. The report deal with the application of the radioholographic method for searching of
ore bodies on the mount Loipishnjun in the Monchegorsk ore region. The result of holographic visualization of
geoelectric heterogeneities are in good agreement with the geological structure of this site, where rich sulfide ore
zones have been discovered by drilling wells.

First preliminary results of the simultaneous observations of VLF emissions at two longitude
spaced stations: Kannuslehto, Finland — Lovozero, Russia

J. Manninen!, Yu. V. Fedorenko?, N. G. Kleimenova>*

'Sodankyla Geophysical Observatory, Finland

*Polar Geophysical Institute RAS, Apatity, Russia
*Institute of Physics of the Earth RAS, Moscow, Russia
*Space Research Institute RAS, Moscow, Russia

Several events obtained as a result of the first simultaneous VLF observations at two closely located points in
Finland and Russia at L~5.3 have discussed. The VLF data were collected from the Finnish Kannuslehto (KAN)
station (O = 64.2°), located at about 35 km to the northwest of Sodankyla observatory, and from the Russian
Lovozero (LOZ) observatory (® = 64.1°), located about 400 km to the east of KAN. For the first time the calibration
of the Finish recording equipment has been done using the method developed at the Polar Geophysical Institute. The
first preliminary results of the comparison of the VLF emissions spectrograms at KAN and LOZ showed that in the
majority of cases, the bursts of VLF emission appeared at both stations, on the whole, synchronously with the
identical wave polarization. Usually at both stations, the VLF chorus, typical for magnetic disturbed periods, was
observed in the same frequency band with a similar spectral structure indicating the significant longitudinal
dimensions of the ionospheric exit region of VLF chorus. Under quiet magnetic conditions (Kp~0-1) following the
disturbed day with Kp=4, a series of QP signals with a strange and very complicated time-frequency signal structure
within ~2-4 kHz frequency band of ~1-2 min duration demonstrated very similar properties at KAN and LOZ.
However, sometimes the VLF intensity and the time dynamics of the signal structures were different at KAN and
LOZ. Moreover, we found some discrete quasi-periodic (QP) emissions with the repetition periods of about 3-4
seconds which were observed only at one of these stations. Future detailed analysis of the longitudinal properties of
VLF emissions, recorded simultaneously at KAN and LOZ, will give new evidence of the wave exit point location
and its relationship with magnetosphere and ionosphere processes.

Pc4 auroral pulsation as a display of plasma processes in perturbed tube
V.C. Roldugin, A.V. Roldugin, S.V. Pilgaev (Polar Geophysical Institute, Apatity)

It is known that the regular geomagnetic pulsations Pc/-5 are accompanied always by similar auroral pulsations.
Sometimes both pulsations vary concurrently as spike-to-spike, with the same period. However, the events occur
when period of the auroral pulsations is equal to doubled period of geomagnetic pulsations, and such cases can not
be explained by different fields of view of magnetometer and photometer. These theses are shown by the examples
of Pc4 pulsations in Lovozero. We interpret the period duplication as diamagnetic effect of plasma in the pulsating
magnetospheric tube.
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Features of ELF waves propagation along the subauroral and midlatitude paths
A.E. Sidorenko', E.D. Tereshchenko', P.E. Tereshchenko? and V.F. Grigoriev'

'Polar Geophysical Institute, Murmansk, Russia
ZIZMIRAN, SPb. Filial, St.-Petersburg, Russia

Two recent experimental works devoted to studying the features of artificial extremely low frequency (ELF) waves
propagation along the subauroral and midlatitude paths are described. The source of the EM field was a ground
horizontal electric dipole located on Kola Peninsula. Theoretical estimates of the magnetic field amplitude, based on
model of ELF waves propagation in the Earth-lonosphere waveguide, are compared with the measurements. The
need to account the ground conductivity frequency dispersion under the source when calculating the far-field is
shown. Waveguide propagation parameters in ELF range for the subauroral and midlatitude paths zone are
determined.

Laboratory study of electron cyclotron instabilities in nonequilibrium mirror-confined plasma for
astrophysical applications

M.E. Viktorov, S.V. Golubev, E.D. Gospodchikov, I.V. Izotov, D.A. Mansfeld, A.G. Shalashov
Institute of Applied Physics RAS, Nizhny Novgorod, Russia

We discuss the use of a mirror-confined plasma of the electron cyclotron resonance discharge for modeling of burst
processes in the inner magnetosphere of the Earth associated with the implementation of the plasma cyclotron
maser. Heating under the electron cyclotron resonance conditions allows to create two component plasma which is
typical for the inner magnetosphere of the Earth. One of the most interesting electron cyclotron resonance
manifestations is the generation of bursts of electromagnetic radiation that are related to the explosive growth of
cyclotron instabilities of the magnetoactive plasma confined in magnetic traps of various kinds and that are
accompanied by particle precipitations from the trap. We investigate several regimes of cyclotron maser which are
realized in dense and rarefied plasma, in the presence and absence of a permanent powerful gyrotron microwave
radiation as a source of nonequilibrium particles in the plasma. Using the new technique for detection of microwave
radiation we studied the dynamical spectrum and the intensity of stimulated electromagnetic radiation from the
plasma in a wide frequency band covering all types of cyclotron instabilities. Also possible applications for
astrophysical plasma are discussed.

Spectral slope of high-latitude Pi3 and guiding parameters in the interplanetary space and in the
magnetosheath

N.V. Yagova
Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences

Spectral parameters of high latitude ULF disturbances in Pc5/Pi3 (1-5 mHz) frequency band recorded by IMAGE
and CARISMA magnetometer chains during two years are analyzed. It is shown that unlike spectral power which is
determined predominantly by parameters of undisturbed solar wind, coherent variations of Pi3 spectral slope cannot
be explained by variations of undisturbed solar wind parameters. It is found, that Pi3 spectral slope depends on
parameters of ULF fluctuations in the magnetosheath demonstrating active response of the magnetosphere-
magnetosheath system to external triggering.

The study is supported by the RFBR grant Ne 13-05-90436.
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Parameters of middle and low latitude night time ULF noises in Pc3 frequency band in the
ionosphere and on the ground

N.V. Yagoval, V.A. Pilipenkom, A.Yu. Schekotov', N.S. Nosikova'”, B. Heilig4, K. Hattori’, and M. Hayakawa6

"Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences, Moscow
“Space Research Institute (IKI), Moscow

3National Nuclear University, MEPHI, Moscow, Russia

“Tihany Geophysical Observatory MFGI, Tihany, Hungary

’Chiba University, Japan

SUEC, Research Station on SeismoElectromagnetics, Chofu Tokyo, Japan

We study spectral parameters of night-time geomagnetic disturbances in Pc3 frequency range recorded on the
ground surface in seismic (Kamchatka, Japan) and non-seismic (Hungary) regions and in the F-layer of the
ionosphere by CHAMP satellite. Global, regional, and local sources probably related to seismic and thunderstorm
activity are discriminated with the help of comparative analysis of ground and ionospheric recordings. Spectral
parameters on background night-time ULF noises in Pc3 frequency range at quiet geomagnetic conditions are
quantified and guiding parameters in the magnetosphere are analyzed. It is found that ULF activity in Pc3 frequency
range even under quiet geomagnetic conditions is characterized by high variability which should be taken into
account in seismoelectromagnetic studies.

The study is supported by RFBR (grant Ne 13-05-12091)

Applying of the discrete mathematical analysis to geomagnetic pulsations study
N.R. Zelinsky', N.G. Kleimenova', S.M. Agayan®

'Smidt Institute of the Physics of the Earth RAS, Moscow, Russia
’Geophysical Center of the RAS, Moscow, Russia

There is a huge of deal of observed geophysical data collected by multi-stations ground-based observations. One of
the actual challenges is to develop different methods of their analysis. Here we try to apply some of methods of the
discrete mathematical analysis (DMA) to study the characteristics of the different types of geomagnetic pulsation.
First at all, the original obtained row magnetic digital data were filtered by applying the sixth order Butterworth
filter. Different frequency band passes were used to extract the different frequency types of pulsations. We analyzed
the properties and the global scale latitude distribution (from polar to equatorial latitudes) of 3 different types of
geomagnetic pulsations: day-time long period Pc5-range pulsations (2-5 mHz), night-time irregular Pi2 pulsations
(f=8-20 mHz), and day-time Pc3 pulsations (f=20-50 mHz).

Then the calculations of the eigenvalues of covariance matrix of the magnetic components in the moving time
window have been performed. To correlate the simultaneous bursts of geomagnetic pulsations at the observatories,
located at the different latitudes, the general dispersion of the covariance matrix eigenvalues was calculated as well
as the ‘length’ and ‘energy’ functionals. In case of Pc3 pulsations the fuzzy borders algorithm was used for
elemental pulsations recognition and then DMA clustering have been done to join them.

Applying of the discrete mathematical analysis to study the global latitudinal structure of Pi2
geomagnetic pulsations: Case study

N.R. Zelinskyl, N.G. Kleimenova', A.L Kotikov?**

' Schmidt Institute of the Physics of the Earth RAS, Moscow, Russia
2St.Petersburg branch of IZMIRAN, St. Petersburg, Russia
3St. Petersburg State University, St. Petersburg, Russia

The methods of DMA (discrete mathematical analysis), namely the calculation of the general dispersion of the two-
dimensional covariance matrix of the wave, have been applied to study the global latitudinal structure of the
irregular Pi2 (f=8-25 mHz) geomagnetic pulsation. The analysis of two events of Pi2 pulsations is presented here:
the high-latitude polarward drifting substorm on Apr. 13, 2010 and the onset of the polar substorm on Dec. 04, 2010.
The 10-s sampled data from IMAGE magnetometer chain and 1-s sampled data from several INTERMAGNET
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stations including the equatorial latitude have been used in this study. The spatial dynamics of the ionosphere
currents (electrojets) location during the considered substorms was investigated by using the numerical model
simulations. For the first time, the analysis of the simultaneous magnetic records has been curried out for the
geomagnetic latitudes from the polar cap to the equator. It was established, that the considered Pi2 pulsation bursts
have a latitude global character, but some Pi2 properties were different at different latitudes confirming their
different generation mechanisms at various places in the magnetosphere.

@®opMHUpoBaHHe KABEPH € MOHUKEHHOM MIOTHOCTHIO U HECTAMOHAPHBIM JIEKTPUYECKHM T0JIEM B
30He aBPOPAJILHBIX MPOJAOJIbHBIX TOKOB

IL.A. Becnianos', B.T'. Musonosa’
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Huoicecopodckuii 2ocyoapemeennviti mexuuueckuti yuusepcumem um. P.E. Anexceesa

Jns  BBICOKOIIMPOTHBIX OONacTell 3eMHOM MarHUTOC(Epbl XapaKTepHO CYNIECTBOBAaHWE KHHETHUECKHX
QIBBEHOBCKHX BOJH. B nose unTeHcHBHBIX KAB MOTryT peann3oBbIBaThCS OJIaronpusTHBIE YCIOBHUS Ul Pa3BUTHUS
TOKOBBIX HeycTOM4MBOCTeH. IIopor HeycTOHYMBOCTEH CYLIECTBEHHO HUXKE B CIydae BOJIH, PACIPOCTPAHSIONINXCS
MOYTH TIOTIEPEK BHEIIHETO0 MArHUTHOTO TOJISl M IIPU HU3KUX IUIOTHOCTSX (poHOBOHM mumasmbl. Ecim ammmuryna
MPOAONBHEIX TOKOB KAB mpeBbImaeT HEKOTOPOe KPUTHIECKOE 3HAUYEHHWE, Ha pa3HBIX MHTepBaiiax mepuona KAB
MOTYT PpEalN30BBIBATHCS PA3IMYHBIE PEXHMbl HeycToMunMBocTed. Ha mHTepBane mnepuopa, Korjga IpEBBILAET
CKOPOCTb MOHHOTO 3BYKa, MOXET pa3BHBAThCSI MOHHO-3ByKOBasi HeycToitumBocTe. Ha mHTepBane mepuoma KAB,
KOTZa HalpaBlIE€HHas CKOPOCTh 3JEKTPOHOB IPEBBIIIAET TEMJIOBYIO CKOPOCTb (KpUTepuil OyHEMaHOBCKOM
HEYCTOWYHMBOCTH), HEYCTOMYHMBBIMH CTAHOBSITCS MEJIKOMACIITAOHBIC 10 CPABHEHHUIO C MpojaosbHOU inHOM KAB
BO3MYILEHHUS TUIa3MEHHOH IIIOTHOCTHU. [IpH 3TOM 11a3ma BbITECHsIETCS U3 001acTell ¢ TOHMKEHHOH TIIOTHOCTHIO, B
pesyibrare 4dero (opMHPYIOTCS KaBepHBI IUIOTHOCTH C CHJIBHBIM HECTAlMOHAPHBIM aHTUCHMMETPUYHBIM
JIEKTpUYECKUM Tos1eM. PopMHpOBaHUE KaBEPH IUIOTHOCTH U TIEPEXOJ IUIa3Mbl B CHIIBHO TYPOYJIEHTHOE COCTOSIHUE
MIPUBOJNUT K 3HAYUTEIBHOMY YBEIMYEHHIO CONPOTHUBIEHUS I1a3Mbl. CyIIeCTBOBaHME CHIILHON TypOyJEeHTHOCTH U
YBEJIMYEHUE IPOBOJAUMOCTH B 30HE pPACIpPOCTPAHEHUS KUHETUYECKUX AaJIbBEHOBCKUX BOJIH IOATBEP)KAAETCS
SKCIIEpUMEHTANBHEIMA HabOmroneHusiMu Ha cirytHukax FAST, Freja, Polar, Viking.

Jns nemMoHCTpanuu npounecca (popMHPOBaHMS KaBEpH HCIOIb30BaHBI YMCICHHBIE pacdeThl. OIEHEHb OCHOBHBIC
rapamMeTpel KaBEpH: XapakTepHoe BpeMs o0Opa3oBaHWS KaBEpHbI, MUHMMalbHAs KOHIEHTPAIMA IUIA3MBl M
9NIEKTPUYECKOE OJIE B KaBepHe, (G (PEeKTHBHAS 4acTOTa COyJapEHHI IEKTPOHOB C IOJIeM KaBepH M 00yCIOBICHHAS
9THMH COYJApCHUSAMHM aHOMAJIbHas MPOBOJMMOCTh IUIa3Mbl HA HAYaIbHOM cTaguum ux ¢opmuposanHus. Ecmu
MIPOJOJDKUTENBHOCTh MHTepBasia nepuoga KAB, xorna BbIMOMHEHO ycnoBue OyHEMaHOBCKOW HEYCTOWYMBOCTH,
OoJibllle XapaKTepHOro BpeMeHH (pOpMHUPOBAHMSI KaBEPHBI, Ul OLIEHKH aHOMAJILHOM MPOBOJMMOCTH HEOOXOIMMO
paccMOTpeHHEe YCTaHOBUBIIETOCS PEXHUMa M HaX0KICHHE INIOTHOCTH 3HEPTHH ITOJI KaBEPH B PEKUMeE HACBILICHHUS.
XapakTepHblii NPOJOIBHBIA MaciiTad KaBepH IUIOTHOCTH PaBeH UIMHE HMOHHO-3BYKOBBIX KOJIEOaHHWi, TO €cTh
MHUHHUMAJIbHBIA pa3Mep KaBepHbI HMMeEET IMOpsJOK JedaeBckoro paamyca. [1o SKCHepHMMEHTAIBHBIM JIaHHBIM,
MIPOJIOJIbHBIE Pa3Mephl HAOII0JAEMBIX MEJIKOMACIITAOHBIX CTPYKTYP C CHIIBHBIM 3JIEKTPUYECKHM I0JIEM COCTABIISIET
necsaTku  nebaeBckux — paguycoB.  OIEHKM  MMHUMAQJIBHOH — KOHIGHTPAUWMH  IIO3BOJSIIOT  OOBSCHHUTH
SKCIICPUMEHTANBHBIC 3HAYCHUSI YMEHBIICHHsI KOHIICHTPAUU Ha TOPSIIOK BenuuuHBI [Genot and Louarn, 1999].
DeKTprudecKoe Moje B KaBepHE 110 MOJYyYECHHBIM B paboTe OLEHKaM MOXKET B HECKOJIBKO JIECATKOB Pa3 MPEBBIIIATh
ammmutyay nons KAB Ha mopore HeycToitunBoCTH.

Bausinue Ha reHepanuio KojedaHuil yObIBaIOIIEro Mepuoaa XapakKTePUCTHK 00J1acTH cy00ypeBoii
HHKEKIUT

A.A. JIvo6uwa (Tlonapuviii I'eoghusuueckuti uncmumym, Anamumso)

UncneHHO MOJAEIHMPYETCsl TeHepalus T'€OMarHUTHBIX KoiebaHuil yoOpBaromero mepuoga (KVYII) mpu koHTakTte
Jpeidyrommx B JONTOTHOM HANpPaBIEHUH YHEPrHYHBIX MPOTOHOB, WHXXEKTHPOBAHHBIX BO BpeMsi cy0OypH, ¢
XOJIOTHOH T1a3mMocdepHoii mia3moii. VicecaenoBana 3aBUCUMOCTh XapaKTEPUCTUK F€OMarHUTHBIX mynbcanuit KVII,
TaKUX KakK JJIUTCIBbHOCTHb, HAKJIOH, YaCTOTHBIN JAuara3oH nynbcaunﬁ, OT CBOMCTB WHXXCKTUPOBAHHBIX YaCTHL, a
UMEHHO OT JIOJNTOTHOW INUPUHBI M JUIMTENILHOCTH CyOOypeBOH WHXKEKIMH, HAadalbHOW OHEPrMHM M CHEKTpa
WH)XEKTHPOBAHHBIX MPOTOHOB. [loka3zaHo, 4YTO MOJENb CHOCOOHAa OOBSCHUTH OCHOBHBIE SKCHEPHUMEHTAIBHBIE
cBoiictBa KVII.
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Co3nanue MeTOAUKY OLIEHKH IIYMOBBIX CBOMCTB PerncTPaTOPOB MATHUTHBIX KOMIIOHEHT MOJS
OHUY u3ny4vennii

A.C. Hukurenko (Iloaspuwiii ceogusuyeckun uncmumym, Anamumeot)

Pa3BepThIBaHNE cHCTEM, PETUCTPUPYIOMUX MarHUTHbIe KoMnoHeHTsl OHY n3nydenuil, BcTpedaeT TPyJHOCTH U3-3a
OoJIBIINX pa3MepOB PAMOYHBIX aHTEHH. Bo3HUKaeT He0OXOMMOCTh KOHCTPYHPOBAHHUS aHTECHH MAarHUTHBIX JaTYNKOB
ONTHMAIBHBIX (DOPMBI M pa3MepoB Ul KOHKPETHBIX YCIOBHH 3KCIUTyaTalnH. VX 4yBCTBHUTENBHOCTH OLICHUBAETCS
CPaBHEHHEM CIIEKTPATBbHON INIOTHOCTU HAIPSHKEHUS IIIYMOB, TIOPOKIAEMOTO JaTYUKOM, ¥ CIIEKTPAIbHOM IIIOTHOCTH
HANpsDKEHHOCTH MAarHWTHOTO TIOJIT ITYMOB BOJIHOBOAA 3emiri-moHocdepa. CpemHecTaTHCTHYECKHE 3HAYCHHS
CHEKTPAIbHON IUIOTHOCTH HANpPSDKEHHOCTH MAarHUTHOTO MOMSA LIYMOB BOJTHOBOAA 3eMJIs-MOHOC(Epa H3BECTHBI.
BoszHukaeT Bonpoc B BEIOOpE METO/Ia pacieTa CHEKTPaIbHON INIOTHOCTH HAIPSKEHHS ITyMOB aHTEHHBIX yCHIIUTENEH
peructpatopoB OHY u3imydenuii.

B Hacrosimeil paboTe mpHBEAEH METOJ pacueTra YyBCTBHTENBHOCTH perucrpatopoB OHY wu3nydeHuit, KOTOpBIH
YUUTBIBAET KaK COOCTBEHHBIE TEIUIOBBIC IIYMbl aHTEHHBI, TAK M IIyMbI, IIOPOXKIAEMbIE B NEPBBIX YCHUINTEIBHBIX
Kackazax. MeToJ| Mo3BOoJIsIeT pacCYUTATh CIEKTPAIbHYIO INIOTHOCTh HAIPSKEHUS IIIyMOB HCIIONIb3YEMBbIX MarHUTHBIX
paMOUYHBIX aHTEHH B 3aBHCUMOCTH OT BbIOpaHHOW (OpMBI AHTEHHBI, KOJIMYECTBA BUTKOB W BBIOPAHHOTO
MAaJIOIIyMSIIIIETO ONEPALMOHHOTO YCWINTENS. AHAJOTMYHO PACCUUTBIBAETCS CIIEKTPaIbHAs IIOTHOCTh HANPSKCHUS
IIYMOB BEPTHUKAJIBHOW 3JEKTPUYECKOM aHTEHHBI. PaccMOTpeHa BO3MOXKHOCTb YMEHBLIEHUS pa3MEpoOB Kak
MarHUTHBIX PAMOYHBIX aHTEHH, TaK ¥ JICKTPHUECKOI aHTECHHBI.

Tpurrepusie 3¢ ¢exTol B reopusuke
B.A. HI/IJ‘II/IHeHKOI, B.B. BenaxoBckuii®

'Unemumym gusuxu 3emau PAH, Mocksa (pilipenk@augsburg. edu)
*Honspuwiii 2eodpusuueckuti uncmumym KHL] PAH, Anamumut (belakhovsky@mail.ru)

HccnenoBanus reou3nUecKHMX IPOILECCOB  IAlOT MHOTOYHCIICHHBIE  HAaOJIIOAATeNbHbIE  CBHUJICTENBCTBA,
YKa3bIBAIONIME HAa BO3MOXKHOCTH MOIIHOTO OTKJIMKa OKOJIO3EMHOM cpenpl Ha ciaboe (Ha MHOTO HOPSIKOB II0
sHeprum) Bo3zeiictBue. [IpumepaMm Takux, yO€OMTENBHO HOATBEPXKICHHBIX, 3((EKTOB CIyXaT: CTHMYJIISLUSL
MarHuTHBIX Oypb 1 cyO0yph BapHaIMsIMH MEKIIAHETHOTO MarHUTHOTO TOJIST; HHAyIMpoBaHHas cBuctoBeiMu OHY
BOJIHAMU MOJU(HUKAIMS HIKHEW MOHOC(epbl; Bo30yxkaeHue riobanbHbix YHY BOJH mpu pe3koM Bo3pacTaHUU
IUIOTHOCTH COJTHEYHOI'O BETPAa HA BOCCTAHOBUTEIBHOM (pa3e CHMIIBHBIX MAarHUTHBIX Oypb; U BO30YKAEHHE MOHHO-
LUKJIOTPOHHBIX BOJIH CKaYKaMH IIOTHOCTH COJIHEYHOTO BeTpa. Takue 3(peKThl MOoKa3bIBaIOT, YTO Npeodiiaatomnye
npejacTaBiaeHus o reHepauuu 3/M YHUY BojH B OKOJNO3eMHOHW IUIa3Me B pe3ysibTare CHOHTaHHOTO HapacTaHUs
TEIJIOBBIX (PIyKTyallMi J0 HEIWHEWHOTO YPOBHS IPU NPEBBIILIEHUN T0pOTra JIMHEHHOW HEYCTOHYMBOCTH TPEeOYIOT
3HAYNTEIHHOM KOPPEKTHPOBKU. Kpome Toro, B psze mybnukanuii coodmanocs 00 yIuBHTENbHBIX 3ddexTax, nmpu
KOTOPBIX IIpeNIoiaraeéMoe TPUITEPHOE BO3JEHCTBHE OBUIO Ha ypOBHE IIYMOB CHCTEMBI: OeperoBoil 3¢dQekr B
CTPYKTYpE IOJSIPHBIX CHSHUM, aKTHBU3ALMs CEHCMHYECKON aKTUBHOCTH MAarHUTHBIMH OypsIMH, CTUMYJIALUS TPO3
KOCMHYECKMMH Jydamu. OpHako yriryOJIeHHOE W3yYeHHE TPUITEPHBIX SIBICHWH YIUPAeTCs B OTCYTCTBUE
aJIeKBaTHBIX TEOPETHYECKUX MOIXOI0B U METONOB AHAIN3A JAHHBIX.

I[Ipu3HaKu HOHHO-UUKJIOTPOHHOT0 B3aUMO/IEHCTBHS HA Cy0aBPOPATbHBIX IIMPOTAX B THEBHOM
ceKTope

T.A. omnosa, T.A. fIxuuna, A.I'. SIxuun (Tlonapusii ceogpuzuneckuti uncmumym KHL] PAH)

W3BecTHO, 4TO BO BPEMSI CKAaTHsl MAarHUTOC(EphI N3-3a PE3KOT0 YBEINYEHHS AMHAMUYECKOTO AABICHHS COJTHEYHOTO
BeTpa Ha JHEBHOM CTOPOHE PpE3KO BO3pacTacT HWHKPEMEHT HOHHO-UMKIOTPOHHON  HEYyCTOMYMBOCTH.
Co0TBETCTBEHHO, HAOIIONAIOTCS BCIUIECKH T'€OMAarHUTHBIX IyJIbCALMK B 1uanazone Pcl u mponcxoaur BeICkIIaHNe
SHEPTrUYHBIX IMPOTOHOB, KOTOPOE BBHI3BIBAIOT BCIIBIIIKY «IPOTOHHBIX CHSIHMID K 3KBAaTOPy OT OBajia CHSIHHUM.
HTEHCHBHOCTB MOTOKA BBICHIMAIONIMXCS IPOTOHOB BO BpeMs Bembimku cocraBisier J >10°-10° (em*crep-c)’. Tlo
JTaHHBIM ciTyTHUKOB NOAA MBI pacCMOTpeNTH JaHHBIE 110 TOTOKaM IPOTOHOB Ha JHEBHOW CTOPOHE Mepe] CKATUIMU
marHutocgepsl. Oka3anoch, YTO JOBOJBHO HYacTO Ha JHEBHOW CTOpOHE, B TOW 0O0NacTu, IIe BIOCIEICTBUU
POM30IET BCIIBIIIKA, YKe CYIECTBYIOT BHICHIIAHHS IPOTOHOB ¢ HHTEHCHBHOCTHIO mopska 10° (cm™crep-c)”. Mbr
rojiaraeM, 4TOo HOHHO-IMKJIOTPOHHOE B3aMMOJICHCTBHE BOJIH MaJlOH aMIUTUTYIbl M HOHOB KOJIBIIEBOIO TOKa
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MIPOMCXO/IUT Ha JTHEBHOW CTOPOHE IOCTOSHHO B pe3yjbTare OOJBIION MONEepeYHOH aHM30TPOIIUH T'OPSYUX HOHOB,
KoTOpast oOycioBieHa 3((eKToM paciieruieHus Apei(oBbIX oOonodek. Bapmanmun ITUHAMHYECKOTO TaBICHUS
COJIHEYHOT'O BETPa MOIYJIUPYIOT MONIEPEYHYIO aHU3OTPOIIHIO M, COOTBETCTBEHHO HMHTCHCUBHOCTD BOJIH U PACCESIHUS
YacCTHUI B KOHYC IIOTEPb.

Bozmymenuss B KHY/OHY curnanax B BepxHeii nonocgepe nag nepexaraunkom HAARP,
peructpupyembie Ha cnyTHuUke DEMETER

E.E. Tutosa', A.T. I[CMCXOBz, A.A. Mouanos', A.B. [Taumn', M.M. MomneBCKI/Iﬁ3, M. Happo4

‘nru KHI] PAH, Anamumsi, Poccus
Uurio PAH, Huosicnuii Hoszopoo, Poccus
SUKU PAH, Mockea, Poccus
*LPCE/CNRS, Opnean, ®panyus

[IpencraBnensl pe3ysbTaThl U3MEPEHUI XapaKTEPUCTHK JIEKTpOMarHUTHBIX Bo3mymueHnid B KHY (<1.25xI'm) u
OHUY (<20 k['m) yacTOTHBIX auana3oHax Haja MOIIHBIM cyOaBpopaisHbiM KB crennom HAARP, BeinosnHeHHBIE Ha
cnytauke DEMETER (Bricota 700 kM) B IHEBHBIE W HOYHBIE 4achl. 1lokazaHo, uro Bo3mymieHuns B KHY/OHY
CUTHaJIaX, BbI3BaHHEBIE mepenataukom HAARP, peructpupoBanmce Tombko it qHeBHBIX (LT=10-12) coObrTHii, B
KOTOPBIX BO3ZEHCTBHE ocymiecTBsuioch BU BomHamu O-nossipu3aiiy Mpu MaKCUMaJIbHON MOIIHOCTH cTeHaa 3,6
MBT Ha uwacrotax 4.5-5 MI'y 6mam3kmx k kputudeckod dactore (foF2) monochepHoro cios F, HO HmKe e€.
[IpomomKUTENbHOCTh HarpeBa 0 mpoJiera crnyTHuka cocTtasisia 10-15 munyr. Bosmymenus B KHUY/OHY
curHanax Haja nepenatdyukoM HAARP nHaGmionmamuch B 3MEKTPUUYECKMX KOMIIOHEHTaX B 30HE C XapaKTEPHBIM
pasmepom ~10? km. AMmuryaa KHYU curHanos yBenmuuBanach Haj o0NacThio HArpeBa B 2-8 pa3s 0 CPABHEHHIO C
¢onoBbiM ypoBHeM KHY mrymoB. [Ipoanann3npoBaHbl aMIUIMTY/ABL, CIIEKTPBI M HOJSIpHU3alus Bo3MymeHHbix KHY
CUTHAJIOB, POBEJICHO UX CpaBHEHUE ¢ XapakTepuctukamu ectecTBeHHbIXx KHY mymoB Haa nepenatunkom HAARP.
OOcyxnaroTcsi BO3MOXKHBIE MeXaHM3MbI (opMupoBaHust Bo3MmymleHHbIXx KHY curnanoB Haj nepenaTdyukom
HAARP.

B OHY nmmamaszone curHaibl, cBsi3aHHBIE ¢ paboTtoi mepemarunka HAARP, peructpupoBanmce Ha gacrorax 8-10
k['11, KOTOpBIe OJIM3KH K YacTOTe HIKHETO THOPUIHOTO pe3oHaHca f yrp B 00JacTH HarpeBa, a Takke B IUAITa30HE
gactotT 15-18 x['m, xotoperie Omm3ku k yacrore 2 fyrp. [Ipu padore mepematanka HAARP B pexnve uMITymscHOM
MOJIYJIALUH C TIEpHoIoM 1.4 ¢ MOIyNsMA CUTHAJIOB C epHoaoM HarpesHoro BU mepenardnka perncTpupoBanach
tonsko B OHY nmanasone, mpu 3ToM B Bo3mymieHHBIX KHY snexTpocTaTHyeckux mIyMax, perucTpUpOBABIINXCS B
30HE HaJ MepeIaTIuKoOM, MOIYJIIIHs He HaOmonanace. Bosmymernns B OHY curnanax Hax nepegatankom HAARP
Ha yacToTax Omm3kux K f grp ¥ 2f yrp reHepUpyIOTCS, MO-BUANMOMY, B 00JIaCTH HarpeBa B pe3yJibTaTe pacraja
BepxHernopuauoii (BI') Bosmnbl Ha apyryio BI' BomHy u HwxHernOpuanyoo (HI') Bonny, ¢ mocnenyroreit
tpaHcdopmanueid HI' BOiHBI B KBa3UAJIEKTPOCTATHYECKYIO (PE30HAHCHYIO) M/WIIM 3JIEKTPOMArHUTHYIO CBUCTOBYIO
BOJIHY.
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Annual variation in cosmic rays and X-rays: Common features
Yu.V. Balabin, A.V. Germanenko (Polar Geophysical Institute of RAS, Apatity, Russia)

Using neutron monitor (NM) data of some years of Barentsburg it was carries out a seasonal variation on it. On the
other stations (like Apatity, Oulu, Thule, South Pole etc.) the same little season variation is present. Due to fast
recording system of Barentsburg monitor it was possible to separate single pulse count and multiplicity events. The
variation is only present on multiplicity and is in antiphase to one on X-ray detector of this station. From other side
the variation is in coincidence of snow cover on the station. Take into account the fact that both shape and phase of
variation are equal from South Pole station (Antarctica) to Barentsburg (Arctic region), we conclude it is globe
effect on NMs. The specific register system of Barentsburg monitor with multiplicity event recording gives new
detail information about the variation.

Large dead time on neutron monitor and multiplicity
Yu.V. Balabin, B.B. Gvozdevsky, A.V. Germanenko (Polar Geophysical Institute of RAS, Apatity, Russia)

Using of our fast recording system of neutron monitor (NM), channels of single particle and integrated multiplicity
was realized via data processing on Barentsburg and Baksan NMs. It would be called extended large dead time
(LDT) algorithm. This processing detects each multiplicity event and cuts off it. In the upshot there are only pulses
of single neutrons. Previous LDT algorithm was on hardware and only on Apatity station. Hardware is stiff and cuts
off multiplicity events averagely. With the new system it is possible to study both pure single particle flux and
multiplicity separately. We found that these two components have different barometric coefficients. Multiplicity
dependence on conditions of the low atmosphere is carried out too. The same variation is on X-ray detector in
Barentsburg. We suggest it is fine muon effect on NM.

Active solar longitudes in solar wind and geomagnetic activity

D.D. Dobrova, D.I. Ponyavin (Department of Earth’s Physics, Faculty of Physics, Saint Petersburg State
University)

The fact that solar activity does not occur randomly at photosphere was first noticed by Carrington as early as in
1843. The longitudes where the solar activity preferentially appears are called active longitudes. We have studied
these phenomena by using data for the last three solar cycles, i.e. sunspot numbers, solar magnetic field viewed as
star, interplanetary magnetic field, solar wind and geomagnetic indices Kp. The results are presented in the
Bartels’carpet form. We have traced organization and evolution of active longitudes along the solar cycle and their
manifestation in the solar wind and geomagnetic activity.

Properties of the solar activity complexes in multi-wavelength from Solar Dynamic Observatory
0. Korolkova, E. Benevolenskaya

Department of Earth’s Physics, Faculty of Physics, Saint-Petersburg State University, Russia
Pulkovo Astronomical Observatory, Saint-Petersburg, Russia
korolkovaoa@gmail.com

The main problem of the solar physics is to understand a nature of the solar magnetic activity. New space missions
and background observations provide us by data describing solar activity with a good space and time resolution.
Space missions data observe the solar activity in multi-wavelength emissions come from photosphere to corona. The
complex of the solar activity has roots in interior and extends to the solar corona. Thus, modern data give an
opportunity to study the activity on the Sun at different levels simultaneously.

Solar Dynamics Observatory (SDO) [1] which launched at the beginning of 2010, looks at Sun in different
wavelengths such as coronal lines 171A & 335A. Also SDO measures photospheric magnetic flux (line-of-sight
component of the magnetic field strength) and gives images in continuum.

We have studied a stable complexes of the solar activity (about 30 complexes) during 6 hours from 10 March 2013
to 14 October 2013 using 720s cadence of HMI (Helioseismic and Magnetic Imager) [2] and AIA (Atmospheric
Imaging Assembly) [3] instruments of SDO.
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We have found a good relationship between the magnetic flux and coronal emissions. Here we discuss properties of
the complexes in the different levels from photosphere to corona.
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Magnetic energy accumulation in the coronal current sheet for a flare
.M. Podgorny', A.I. Podgorny”

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

Recently, a lot of publications appear which offer various mechanisms of the solar flare. The existence of unstable
current systems is assumed that decay providing the plasma explosive heating and acceleration. It is assumed that
the currents are generated in the solar corona. Two scenarios are considered: 1) the current instability causes the
dissipation of magnetic energy stored in the magnetic field of the field aligned currents, or 2) rapid current increase.
In some works the current increase is caused by the MHD instability. In such works, no attempts are made to
explain how the proposed unstable or sometimes even the non-equilibrium current system could be formed above an
active region due to observed dynamics of the photospheric magnetic field, or how MHD instability may cause
magnetic energy concentration. The exception is the solar flare model, based on the formation of a current sheet in
the vicinity of the X-type magnetic singular line due to disturbances coming from the photosphere and the
concentration of magnetic energy in the coronal magnetic field of this current sheet before a flare. After the
transition of a current sheet in an unstable state the explosive energy release takes place. This mechanism is not
assumed, it follows directly from the results of numerical MHD simulations. The formation of the current sheet is
not specified, its formation is demonstrated in the numerical experiments, where the initial and boundary conditions
correspond to a real pre-flare situation. The independent proof of the flare models correctness based on the current
sheet is the behavior of the magnetic field of the active region before and during a flare. It is shown that for flare
appearance it necessary to have the big magnetic field of complex distribution in an active region, when a singular
magnetic field line in the corona can be formed. Analyzing a large array of data from SOHO and SDO devices
shows no change in the magnetic field of active regions during a flare that can be considered as the independent
proof of the flare models based on the explosive energy release that stored in the magnetic field of a current sheet
above the active region in the pre-flare state.

Comparing of the flare position founded by MHD simulation with X-ray observations
A.IL Podgorny', .M. Podgorny®

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

The position of current sheet founded by MHD simulation is compared with the observed position of the thermal X-
ray emission source of the flare. According to the developed solar flare electrodynamical model the thermal X-ray
emission source appears in a current sheet, where plasma is heated due to magnetic field dissipation. Numerical
MHD simulation shows the current sheet creation in the solar corona above the active region by focusing of
disturbances in the vicinity of X-type singular line. The disturbances are caused by slow magnetic field increase on
the photosphere. All initial and boundary conditions for MHD equations are taken from observations. No
assumptions about solar flare mechanism are done at setting of initial and boundary conditions. Such simulation is
performed independently of the assumed flare mechanism. The current sheet model explains observed primordial
energy release of solar flare high in the corona (~ 20000 km). The flare model must explain the X-ray measurements
on the spacecrafts, which show the thermal X-ray source creation above the active region. The MHD simulation is
fulfilled which permit to find the current sheet position and to compare with a thermal X-ray emission source
position obtained by RHESSI spacecraft measurements. The distributions of line-of-sight magnetic field component
on the photosphere measured by SOHO MDI spacecraft are used for setting boundary and initial conditions for
MHD equations. Comparison with X-ray observations fulfilled for the flare May 27, 2003 at 02:53 in the active
region NOAA 10365 show good coincidence of thermal X-ray source position in the picture plane (x= 99 , y=64"
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on the solar disk in Geocentric coordinate system) and the current sheet position obtained by MHD simulation (x=
96” , y=56”). Slight difference can appear due to uncertainty of time moment definition at simulation in reduced
time scale and due to approximation of the numerical method. The obtained results can be considered as a
independent confirmation of the electrodynamical solar flare model.

Critical analysis of a hypothesis of the planetary tidal influence on solar activity
S. Poluianov and 1. Usoskin (University of Oulu, Finland)

The present work is a critical revision of the hypothesis of the planetary tidal influence on solar activity published
by Abreu et al. (Astron. Astrophys. 548, A88, 2012) and provoked wide discussion. The considered work describes
a hypothesis that planets can have an impact on the solar tachocline and therefore on solar activity. We checked the
procedure and results, namely the algorithm of planetary tidal torque calculation and the wavelet coherence between
torque and heliospheric modulation potential. We found that the claimed peaks in long-period range of the torque
spectrum are artefacts caused by the calculation algorithm. Also the statistical significance of the results of the
wavelet coherence is found to be overestimated by an incorrect choice of the background assumption of red noise.
Using a more conservative non-parametric random phase method, we found that the long-period coherence between
planetary torque and heliospheric modulation potential becomes insignificant. Thus we conclude that the considered
hypothesis of planetary tidal influence on solar activity is not based on a solid ground.

New event — the Christmas Eve GLE of 24" solar cycle
E.V. Vashenyuk, Yu.V. Balabin, B.B. Gvozdevsky, A.V. Germanenko
Polar Geophysical Institute of RAS, Apatity, Russia

The recent events of the GLE (Ground Level Enhancement) was occurred on January 6 (the Christmas Eve GLE) at
08:10 UT. This is the second event in the 24™ cycle. GLE was associated with a solar flare behind the limb. There
was no effect in soft X-rays. GLE was very weak and observed only a few polar stations of the worldwide network
of neutron monitors. Two polar stations (Barentsburg and South Pole) recorded quite distinct increasing about 2-3%,
another stations had ones below. Due to it complete analysis of the GLE is not possible. Based on spacecraft data
and calculation of asymptotic cones estimation of solar energetic particle spectrum was carried out.

Apatity neutron monitor after modernization
E.V. Vashenyuk, Yu.V. Balabin, B.B. Gvozdevsky, A.V. Germanenko
Polar Geophysical Institute of RAS, Apatity, Russia

Neutron monitor (NM) in Apatity is a reference station of the worldwide network of NM. It is in operation since
1969. Now its registration system is changed on a fast one which records pulse coming with 1 mcs accuracy. This
system was developed in PGI and has set on four NMs. There are two data formats: conventional and monitor pulse
data (MPD). To continue the long data series of the station first data format is set like previous time. MPD-format
contains information (channel number and coming time with 1 mcs accuracy) of each NM pulse. It is possible to
derive any time resolution even seconds and below. It is available in the last along data. Large dead time algorithm,
before realized via hardware and invariable, now is in software and flexible. Also different multiplicity events in
NM can be detected after MPD-data processing.

Do we live in the Grand minimum of the solar activity?

N.V. Zolotova, D.I. Ponyavin (St-Petersburg State University, St-Petersburg, Russia)

Sunspot and polar faculae have been compared to analyze causal-phase relationships between the low- and high-
latitude solar phenomena. We found that the polar faculae in minima correlate better with preceding sunspot cycle,

than next cycle. Similarities between the Schwabe cycles on the eve of the previous Grand minima and the current
activity indicate the onset of the next Grand minima.
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I'eoMarHuTHAsi aAKTUBHOCTHL MATHUTHBIX 00JIAKOB € Y4€TOM Ce30Ha roaa
H.A. Bapxaros', A.E. Jlesutun’, E.A. Peynona'”, A.b. Busorpanos'

] o o o o
Huoicecopoockuii cocyoapemeennpiil nedazocuueckuii ynueepcumem um. Kozvmor Mununa, Huowcrnuii Hogeopoo
2

HUncmumym 3emuoeo macnemusma, uonocghepol u pacnpocmparerusi paouosoat um. H.B.Ilywkosa, Mocksea

3 o o o .
Huoicecopodckuii cocyoapcmeennbiil apxumexmypHo-cmpoumenvhblil ynusepcumem, Huscnuii Hogeopoo

Pabora mocBsmeHa W3YYEHUIO BIHSHUS OPHEHTAIWH KPYHMHOMACIITAOHBIX IUIA3MEHHBIX CTPYKTYP COJHEYHOTO
BETpa, THUIIAa MATHUTHBIX 0OJIAKOB HAa CE30HHYIO 3aBUCUMOCTh T€OMarHUTHON aKTUBHOCTH. BBIIBHHYTA 1 TIpOBEpeHa
Ha pEeaJbHBIX COOBITUSAX THIIOTE€3a CE30HHOW BapHaIlMM I'€OMAarHUTHOM aKTHBHOCTH, YYUTHIBAIOIIAs HE TOJBKO
B3aMMHYI0 opHeHTarmio COJHIA, CONHEYHOrOo IOTOKAa W JUIONS 3eMJIM, HO 3aTparuBaiolias BHYTPEHHIOIO
CTPYKTYPY MAarHHUTHBIX OOJAaKOB W WX XapakTepucTUKH. COTJacHO NPEIUIOKEHHON THIIOTe3e OpHEHTAlus
MAarHuMTHBIX o6na1<013 B IIPOCTPAHCTBE MOOJDKHA OTPAXATbCA B HUX FeOB(l)(l)eKTI/IBHOCTI/II/I BCJICACTBUC HU3MCHCHUS
3HAUYCHUA MNPOCKIHU OCEBOI0 MAarHUTHOI'O ITOJIA 06J1a1<a Ha 3eMHOU JUIIOJIb B TCUCHUC I'0oJa. ITokazan paSJ'IPI'-lH]:lﬁ
BKJIaJl B I'€COMAarHuTHYIO AKTUBHOCTb MArHUTHBIX O6J13KOB pa3H0171 OpUCHTAllMM B IIEPUOABI PABHOACHCTBUA H
COJIHIIECTOSTHUS.

HccnenoBanue BIUSIHUS OpUEHTANWMM OOJIAKOB B IUIOCKOCTH JKIHMITHKH Ha CE30HHYIO BapHalMI0 T€OMarHUTHOMN
AKTMBHOCTH HPOBOAWJIOCH II0 JaHHBIM O 52 MarHWTHBIX oOJakax, 3apeructpupoBaHHBIX ¢ 1980 mo 2004 rr.
CraTHCTUYECKUI aHANW3 COMOCTABICHMS 3HAUYCHHH yIila HAKIOHA OCH MAarHUTHBIX OOJIAKOB K TIDIOCKOCTH
SKJIUINTUKH ¢ (PaKTOM TeHEpaIllii HMU T€OMAarHUTHBIX Oypb 1Mo Dst-nHAeKCy moKasai, 4To B MEPUO]] COTHIIECTOSHUS
20% MarHuTHBIX OOJAaKOB ¢ HEOOJBLIMMH yIJIaMH HAaKIOHA OCH oOJaka K IUIOCKOCTH SKIUNTHKH ObUIM He
reodGEeKTHBHBIMH, B TO BpeMs Kak B mepuoz paBHoaeHCTBHS Bce (100%) Takue obimaka BBI3BAJIM TeOMarHUTHEIE
BO3MYyIIeHHA. MarauTHele o6jaKka ¢ OOMBIIMMH yriiaMu HakioHa (0T 60 1o 90%) B mepPHOIBI COTHIECTOSHIS OBLTH
Oonee reodpeKTHBHBIMH, YeM B mepuoa paBHOACHCTBUS (85% wu 40%, coorBercTBeHHO). CoOmOCTaBIICHHE
UHTCHCUBHOCTU I'€OMarHuTHbIX 6ypb, BbI3BAHHBIX MarHUTHBIMUH O6ﬂaKaMI/I CO CXOXKeH OpHeHTaHHeﬂ M BEJIMYUHON
Bz KOMIOHEHTBHI MEXIUIAHETHOT'O MarHUTHOTO IOJIA, HO 3apCruCTpUpPOBAHHBIX B pasHBIC CE€30HLI I'oAa, IMMoKasalio,
YTO B NEPUOJBI PABHOJCHCTBHS 00Jaka ¢ HEOOJBLIMMH YIJIaMHd HAKJIOHA BBI3BIBAIOT MAarHUTHbBIE Oyph Oosbeit
HWHTEHCHBHOCTH.

CrenoBarenbHo, o0naka ¢ HEOOJNBIIMMU 3HAYEHHSIMH YIJIa HAKJIOHA OCH K IUIOCKOCTH SKIHUITHUKH B MEPHUOIBI
PAaBHOJCHCTBUS Jal0T 3HAYUTENHFHBIN BKJIAl B TEOMAarHUTHYIO aKTHBHOCTD M OKa3BIBAIOTCS Majo Te03(heKTHBHBIMU
B MIEPUOJIBI COTHIIECTOSHISI. BeiencTBre OONBIIOTo Yiciia PETUCTPUPYEMBIX 00JIAKOB TAKOTO THITA B OKPECTHOCTH
3emJH, B IEPUOIBI PABHOJCHCTBHUS T€OMAarHUTHASI aKTHBHOCTh YBEIIMIHBACTCS.

HNnenTndukanum njia3MeHHbIX IOTOKOB B COJTHEYHOM BeTpe HeillpoceTeBbIM
KJIacCU(PUKATMOHHBIM MOAX0I0M

H.A. Bapxatos, C.E. Pesynos, A.b. Bunorpanos
Huoicezopodckuii I'ocyoapcmeennsiti Iledazocuueckuu Yuusepcumem, Huowcnuii Hoseopoo

I/ICCJ’ICHOBaHI/Ie IIOCBAILLICHO I/LHGHTl/Iq)I/IKaL[I/II/I IJIa3MEHHBIX IMTOTOKOB B COJIHCYHOM BCTPEC, MPEACTABJICHHLIX B (bopMe
BEIBIIET-CKEJICTOHHBIX KapTHH, HEWPOCETEBBIM KiacCH(HUKALMOHHBIM METOJOM. B OCHOBY pa3pabarhiBaeMoro
NOAXOJa IIOJIOKEHa Mapamerpudeckas kimaccuukanus ¢ auddepeHnmanyeil Mo YacTOTHBIM JiMana3oHam
CIIEKTPAIbHBIX OCOOEHHOCTEH COJHEYHBIX IUIa3MEHHBIX MOTOKOB B (popMe MarHUTHBIX oOnakoB (MC), oGmacreit
B3anmozerictBusi notokoB (CIR), ymapusix BoiH (Shocks) M BHICOKOCKOPOCTHBIX IOTOKOB OT KOPOHAJIBHBIX ABIP
(HSS). IlpemBaputenbHasi BeWBIET-CKENETOHHAas 00pabOTKa MJaHHBIX O IlapaMeTpax COJIHEYHOTO BETpa,
perucTpupyeMslx Ha opOHTe 3eMiIM MaTPYIbHBIMH KOCMHYECKMMH AamlapaTaMd, ¥ OPHIMHAJIBHBIN aJrOpUTM
rapamMeTpu3ayy HHPOPMAIMK O TIOTOKaX COJIHEYHOTO BETpa Ul Kiaccu(puKannoHHOH HelipoceTn THiia KoxoHena,
TIO3BOJISIIOT MCTIONB30BATh IPEUIaraeMylo TEXHUKY B PEKHME OHJIAH MOHUTOPUHIA OKOJIO3€MHOT'O KOCMUYECKOTO
mpocTpaHcTBa. Takoil MOAX0J MO3BONIMT HAa pAaHHUX JTalnax B IIOTOKE CONHEYHOTO BETpa OOHApyXHBATh
reo3()(heKTUBHBIE CTPYKTYPBI C LEIIO IPOTHO3UPOBAHUS INTO0ATIBHBIX TEOMArHUTHBIX BO3MYILECHHH.

it ipoBepku paboThl KITACCH(PHUKALIMOHHOW TEXHUKH OTOOpaHOo 24 coObitus B mepuox ¢ 2000 mo 2007 rr. mo
naHHbIM KatanoroB NASA (http://cdaw.gsfc.nasa.gov) u NOAA (http://ngdc.noaa.gov). Kaxnplii aHaTu3upyeMbIit
kiactep (MC, CIR, Shocks, HSS) npencrasnen mecteto codsitusamu: MC (28.07.2000, 29.12.2000, 12.04.2001,
28.05.2001, 09.08.2001, 17.04.2002), CIR (27.07.2003, 05.04.2005, 07.05.2007, 20.09.2007, 27.09.2007,
25.10.2007), Shocks (19.12.2002, 27.02.2003, 14.07.2003, 17.07.2003, 12.04.2004, 22.07.2004), HSS (01.03.2000,
26.07.2003, 20.11.2004, 04.07.2006, 29.07.2007, 17.12.2007). C B36-y3na CDAW (http://cdaweb.gsfc.nasa.gov)
JUISL Ka)XKJOro M3 HHUX OBUTM IIOJIydeHbl MUHYTHBIE JaHHBIC IIapaMeTpoOB COJHEYHOro Berpa: N (IWIoTHOCTH), V
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(cxopocts), T (Temmeparypa), P (nnHamMu4yeckoe maBiieHWE) W NaHHBIE O BEIWYMHE MEXKIUIAHETHOTO MAarHUTHOTO
noins (MMII) |B|, Bx, By, Bz B COJHEYHO-OKIMITHYECKOH CHCTEME KOOpAMHAT, 3aperdCTPUPOBAHHBIC Ha
MaTPYyJIBHBIX KOCMHYECKHX ammaparax.

[IprumMeHeHne anropuTMa MapaMeTpU3alldi BEWBJIET-CKEJIETOHHBIX KAPTHH II03BONIAET paboTaTh C COOBITHUSMH
IIPOU3BOJILHOM MPOJOJKUTEILHOCTH, T.€. HET HE00XO0AUMOCTH MpeaBapUTEILHO BBIOMpATh
paBHOHeHHble/paBHOHpOZ[OJ'DKI/ITeHbeIe (bpaFMeHTI)I JaHHBIX, KOTOPbBIMHU IIPECACTABJICHO OIMMCAHUEC CO6I)ITI/I$I B
kiactepe. [Ipeanaraemas METOAMKa 3HAUUTENBHO YIPOINAET IMPEACTABICHUE KIACCU(BUKALMOHHBIX TaHHBIX IS
HEHPOCETH M WCKII0YAaeT CyObEKTUBHBIC OICHKH. B pe3ynbTate paOOThHI alropuTMa HEHpPOCETh MOIydaeT Habop
YHUCIIOBBIX MapaMETPOB O KaXKIOM OTACIBHO B3STOM COOBITHH, B KOTOPOM CKaTa HH(OpMAaIus O JIWHAMHKE U
CTEIICHU COTJIACOBAHHOCTH KOJIEOATEIbHBIX IMPOIIECCOB B KOHKPETHOM JHANa30HE YacTOT B MapamMerpax IMOTOKa
COJTHEYHOT'O BETpa.

BrmonreHnHas HeipoceTeBas Kiaccupukanms ¢ auddepeHnuaneld mo 4acTOTHBIM JUAIla30HAM CIHEKTPAIbHBIX
0COOEHHOCTEH MOTOKOB JEMOHCTPHUPYET pa3feiieHne CKEJIETOHHBIX KapTHH Bo3MylueHuil mapametpos (N, V, T, P,
[B|, Bx, By, Bz), uto noarBepxaaer oToXIeCTBICHHE BHYTPEHHEH IMHAMUKHU IJIa3MEHHBIX 00pa30BaHUi pa3HbIX
tunoB U Macitabo. [lokazano, uro mnotoku tuma MC u HSS wiaccubuumpyrorcss Kak JONTONEPHOIHBIE
M3MEHeHHs1 B napamerpax cojHeuyHoro Berpa. [loroku tuma CIR u Shocks oroxmecTBisirorcsi HEHPOCETHIO 110
OTHOCHTEIBHO 6bICTpI)IM N3MCHCHUAM B ITapaMeTpax, 4To OCO6eHHO 3aMETHO IIPpU aHAJIN3E BBICOKOYACTOTHOM YacTH
CIeKTpa.

HccnenoBanne ocod0eHHOCTeH pa3BUTHA KACKaA0B BTOPUYHBIX YACTHUL MPH MPOXO0KIEHUN
rajJJakTHYeCKHX KOCMHYECKHUX Jy4eil yepe3 atmocdepy 3emun B orcyrcTBue GLE

E.A. Maypues, 10.B. Bana6bun, 2.B. Bamentok (IToaspusiil ceodpuszuueckuni uncmumym, Poccus, Anamumut)

OCHOBHBIMH HMHCTPYMEHTaMH HCCJIEJOBaHMS BTOPHUUYHBIX Kocmudeckux siydeid (KJI) B armMoctepe, BOSHUKIINX B
pe3yibTate NpOXOXKAEHHs TranakTudeckux kocmuueckux Jydeir (I'KJI) uepe3 armocdepy 3emum sBistoTcs
9KCIIEPUMEHTHI C 0aJUIOHAMH M JaHHBIE, IOJIyYeHHBbIE C ITOMOIIBI0 HEHTPOHHOTO MOHHUTOpA. DTH METOABI AAIOT
nH(popmMannio 00 HHTEHCHBHOCTH NMOTOKa BTOpHUYHBIX KJI Ha pa3HBIX BBICOTaX, HO HE PacKpHIBAIOT B TIOJIHON Mepe
uH(pOpManK 0 coCcTaBe M CHEKTPAX YACTHILI.

B nanHOi paboTe TpencTaBI€H NpPHMEP WCIOIb30BAaHUA MPOTPAMMHOTO KOMIUIEKCA, pPa3pabOTaHHOTO B
71a00opaTOPUU KOCMHYECKHUX JIydel I'. ATIaTHTBI, O3BOJISIOIIETO PaccUnThIBaTh Npoxokaenue KJI gepes atmocdepy
3eMiln U TOJTy4YaTh CaMylO Pa3IMuHy MH(GOPMAIHMIO O TOTOKE YAaCTHIl HA 3aJaHHBIX BBICOTaX. Takke MPUBEIEHbI
NpaKTHYECKUE TPUMEPHI BepU(PUKAIIMU PE3YIIbTATOB BHIYMCICHHH.

HoBblii nporpaMMHBbIH KOMIJIEKC I MCCJIeJOBAHMS MPOXO0KAEHUST KOCMUYECKHUX Jy4eil yepe3
atmocdepy 3emun

E.A. Maypues, 10.B. bana6un, 9.B. Bamentok (I1osprulii ceogpusuueckuti uncmumym, Anamumol, Poccus)

Hns uccnenoanust kocmuueckux nyded (KJI) B armocdepe 3emim CylIecTByeT MHOMKECTBO METOJIOB, Kak
9KCIIEPUMEHTAIIBHBIX, TaK M YUCJICHHBIX. B KadecTBe npuMepa nepBbIX MOKHO MPUBECTH U3MEPEHUs, TPOBOAUMBIE
C TIOMOIIBIO IIAPOB-30H/I0B, HCCJICAOBAHUS C IOMOLIbIO HEHTPOHHOTO MOHUTOPA, MIOOHHBIX TEJIECKONOB U T.1. Bee
9TH yCTpOMCTBa aroT nHpopManuio o norokax yactun KJI B 3amanHoi 00nacTy npocTpaHcTBa U, KOHEYHO, UMEIOT
psin orpanndenuid. Hanpumep, ¢ MOMOIIBIO pa3IMuHbIX Ta30pa3psAHBIX CYETYNKOB MOXKHO OLIEHUTH HHTEHCUBHOCTh
KJI, HO B HEKOTOPBIX 3a1a4ax HEOOXOIMMO 3HATh CIIEKTPAJIbHbIC HIIM YIJIOBBIE XapaKTePHUCTHKH YaCTUL] Pa3InIHOTO
COpTa B 3aBUCUMOCTH OT BBICOTBL. DTy 3aJa4y MOYKHO PELINTH C IIOMOLIBIO YHCICHHBIX METOJOB, CO3/1aBasi MOJCIIH
NPOXO’KICHUSI KOCMUYECKUX Jydei yepes arMocepy 3emun. Ha ceroqHsAIIHMI IeHb yKe CyLIeCTBYeT MHOXKECTBO
BapHalMil MoJeNeil At U3y4eHUH TeX WM UHBIX XapakTepucTik KJI, kaxkaas U3 KOTOPBIX MIMEET CBOU JOCTOMHCTBA
W HemocTaTku. B nmaHHOW paboTe paccMmarpuBaeTcsi MPOTPaMMHBIA KOMIUIEKC, CO3JaHHBIA B JlabopaTOpUH
KOCMHYECKHX JIy4eH I'. ANaTUTHI, IPOBOAUTCS €ro CpaBHEHHUE C 110100HBIMH IPOTPAaMMaMH U IIPUBOISTCS IPUMEPHI
UCIIOJIb30BaHMSI.

HemanoBaXHBIM MOMEHTOM 37€Ch SBJSIETCS Bepu(HKaluWs IMOJYyYEHHBIX pe3yibTaToB. Kak yke yrnoMuHauoch
BBIIIE, 3KCIIEPHMEHTAIbHBIE M YHCJIEHHBIE METOJbl B JIAHHOM CiIyyae WCKIIIOYHUTEIHHO NOMOJHSIOT IPYyT JApyra.
Hanpumep, 1 IpoBepKH pe3ysbTaToB BBIYMCICHUS MPOXOXICHUS TaJaKTHUECKMX KOCMHUYECKHX JIyded depe3
aTMoc(epy 3eMIIM HCIIOJNIB3YIOTCS JaHHbIE, MTOJyUYEeHHbIE B X0J€ SKCIIEpUMEHTOB ¢ OayutoHamu. Eme omHuM mytem
CpaBHEHUS SBIISICTCS HCIIOJB30BaHUE NAHHBIX HEWTPOHHBIX MOHUTOPOB. B ImaHHOW paboTe paccMarpuBaercs 3Ta
BO3MOXKHOCTB, U IIPUBOJSATCS PE3yIbTATEHL
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Study of ionospheric irregularities induced by HF heating by incoherent scatter and
transionospheric radio measurements

L. Cherniak', L. Shagimuratov', L. Zakharenkova', R. Sieradski’, M. Rietveld®, A. Krankowski?, J. Kapcia2

"West Department of IZMIRAN 41, av. Pobedy, Kaliningrad, 236010, Russia
’Geodynamics Research Laboratory, University of Warmia and Mazury, Olsztyn, Poland
SEISCAT Scientific Association, Tromso, Norvay

The structure of the high-latitude ionosphere is very complicated and varied. A radio wave, propagating through
ionospheric electron density irregularities, may be suffered phase and amplitude fluctuations. The fluctuations of
GPS/GLONASS signals are caused by the ionospheric irregularities with dimensions more than 10 km. The raw
signals (under scintillating conditions) can be processed using the high samples rate GPS/GLONASS receiver in
order to derive the scintillation parameters.

The EISCAT IS radar and HF heating facility provides the unique opportunity to study the ionospheric
irregularities’ parameters associated with TEC fluctuations and GPS/GLONASS signals scintillations. To estimate
the ionosphere irregularities induced by HF heating we used the IS radar measurements and simultaneously
registered on EISCAT site amplitude and phase fluctuations in GPS/GLONASS signals by use of the TRIUMPH-
Javad GNSS receiver with high samples rate (100 Hz) and special scintillation GPS receiver (Septentrio PolaRxS)
that provides S4 scintillation index measurements. The low frequency fluctuations were estimated using ROT and
ROTT indices along the radio ray path between a GPS/GLONASS satellite and a ground station on EISCAT site.
The measurements were carried out on 7-12 June 2012, the active experiment with UHF IS radar and heating facility
was on 7-8 June, other time was devoted to estimation of GNSS signal parameters day-to day variability. The total
durations of radar measurements was 8,5. The heating facility was operated during 30 min on 7 June and 8 June
during 1 hour 30. The UHF radar measurements provide information about height-temporal distribution of main
ionosphere parameters — electron density, electron and ion temperatures and plasma drift velocity. By analysis of
amplitude and S4 index variation from GNSS receivers it was registered amplifications of fluctuations activity
during period’s corresponded to the heating facility runs. It worth to note, that taking into account very quite space
weather during experiment time (Dst index varied within limits of 10 nT), observed effects can be explained by
increasing of ionosphere irregularities level caused by HF heating.

The practical aspect of this investigation is a detailed study of nature and impact level of the ionospheric
irregularities that can influence on the GPS/GLONASS performance especially at high latitudes and during
disturbances and to obtain new knowledge that may improve the reliability of the global navigation systems in
Arctic and Antarctic regions.

The authors are grateful to the EISCAT Scientific Association for operating time on the EISCAT facilities within
the framework of Peer-reviewed Program.
This work was supported by the RAS Presidium Program N 22

Case study of TEC fluctuation during auroral disturbances
S. Chernouss', 1. Shagimuratovz, I. Ephishovz, N. Tepenitsynaz, M. Shvec!, M. Filatov!

"Polar Geophysical Institute, Murmansk-Apatity
’West Branch of IZMIRAN, Kaliningrad

The scintillations of trans-ionospheric radio signals are very well known indicator of 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. Strong TEC fluctuations can complicate phase
ambiguity resolution; increase the number of undetected and uncorrected cycle slips and loss of signal lock in GPS
navigation and deteriorate GPS positioning.

In this report there are presented occurrence of TEC fluctuations over Europe during moderate geomagnetic storm 2
October 2013. We analyzed TEC fluctuations, which were observed in middle, sub-auroral and auroral ionosphere.
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*16 electron/m2) at 1 min. interval was used.
The under consideration storm was rather moderate (Dst reaches 67nT). During the storm intensity TEC fluctuations
were essentially increase at all discussed latitudes. The features of the storm was strong TEC fluctuations which
were registered during initial stage of the storm. Maximal effect was observed in 04:30-06:00UT. Very strong
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fluctuations were even at the middle latitude station Kaliningrad. The parameter ROT was reached 2-3TECU for
PRN14 and PRN24 in short interval 04:30-05:20:30UT over 54.4°N and 8-16°E. The values of TEC fluctuations
were higher at high latitude stations. The effect was occurred at time, when auroral disturbances were observed. In
report the relation between occurrence of TEC fluctuation activity and aurora is discussed.

Investigation of the Earth's auroral region by nonlinear dynamics methods
A.A. Chernyshov', M.M. Mogilevsky', B.V. Kozelov’

! Space Research Institute of the Russian Academy of Science, Moscow, Russian Federation
’Polar Geophysical Institute of the Russian Academy of Science, Apatity, Russian Federation

Fractal geometry is used to describe the spatial structure of the ionospheric conductivity. Topological values of
fractal dimension and connectivity index, characterizing the structure of the Pedersen and Hall conductivities on the
night side of the auroral zone, are analytically obtained and the results are compared to observed statistical
properties of ionospheric electric field fluctuations and auroral activations. It is assumed that the nontrivial fractal
properties lie in the transversal ionospheric spatial scales and that they are a reflection of the distribution of
precipitating particles. A criticality condition for the percolation threshold of the Pedersen and Hall currents is
invoked to place bounds on the fractal dimensions and connectivity indices of the Pedersen and Hall conductivities.
These bounds are satisfied by the observed properties of the fluctuating electric field and the auroral glow. It is
shown that the Pedersen conductivity is characterized by a path-connected set while the Hall conductivity can be
characterized as an asymptotically path-connected set, which is related to the structures of multiple auroral arcs.
Correspondence of theoretical estimates and experimental results indicates validity of the nonlinear dynamics
approach to describe processes in the auroral region. The influence of nonlinear processes in the ionospheric plasma
to generation of the auroral kilometric radiation is studied. Since the auroral kilometric radiation is generated near
the local electron gyrofrequency, the comparative analysis of the evolution of the spectra at different frequencies
allows to trace the penetration of ionospheric properties at different altitudes.

Spatial distribution of the electromagnetic field in the IAR frequency range from a lightning
discharge

E.N. Fedorov', V.A. Pilipenko'?, E.N. Ermakova®

Schmidt Institute of Physics of the Earth of the Russian Academy of Sciences, Moscow
Space Research Institute (IKI), Moscow
IScientific Radiophysical Institute (NIRFI), Nizhny Novgorod

The excitation of the Earth-low ionosphere waveguide by a lightning discharge in the IAR frequency range is
studied theoretically. We give of spectral estimating for pulse-like signals and waveforms. The numerical methods
of calculations of Fourier-Bessel transform with the account taken of the quasi-TM, normal wave when the routine
Fast Hankel transform is invalid. The examples of calculated interference diagrams are given.

Ionosphere-plasmasphere system behavior in quiet geomagnetic conditions and during geomagnetic
storms

M.V. Klimenko', V.V. Klimenko', I.A. Nosikov"?, L.E. Zakharenkova', I.V. Cherniak', K.G. Ratovsky3 ,
Yu.V. Yasukevich®, A.A. Shcherbakov®

"West Department of Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation, RAS,
Kaliningrad, Russia, e-mail: maksim.klimenko@mail.ru

’I. Kant Baltic Federal University, Kaliningrad, Russia

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

This report presents the results of studies the ionosphere-plasmasphere behavior in solar activity minimum (2009)
and on the growth phase of solar activity (2011-2012). A comparison of the calculation results obtained using the
GSM TIP model, with observational data of the mid- and high-latitude ionospheric sounding stations, as well as
estimation of the plasmaspheric reservoir contribution into the total electron content obtained from GPS TEC
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measurements, COSMIC radio-occultation experiment and incoherent scatter radars. The particular attention is
given to the global distribution and longitudinal variations of the O"/H" transition height and protonospheric electron
content in the different heliogeophysical conditions, and also to the similarity and differences in foF?2, ionospheric
and total electron content variability.

This work was supported by Grant of Russian President NoMK-4866.2014.5, RFBR Grants Ne14-05-00788, Nel4-
05-00578, and Program 22 RAS.

Formation of Weddell Sea and Yakutsk longitudinal anomalies in foF2 diurnal variations and their
manifestation in the protonosphere

M.V. Klimenko', V.V. Klimenko', A.T. Karpachevz, K.G. Ratovsky3, LE. Zakharenkova', LV. Cherniak’,
A.E. Stepanov*

"West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, RAS,
Kaliningrad, Russia, email: maksim.klimenko@mail.ru

Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation, RAS, Moscow, Russia
3Institute of Solar-Terrestrial Physics, SB RAS, Irkutsk, Russia

*Institute for Cosmophysical Research and Aeronomy, SB RAS, Yakutsk, Russia

In 1958 according to the observations of mid-latitude ionospheric stations Halley Bay and Argentine Island located
in the Southern Hemisphere the anomalous foF?2 diurnal variation was found in the December-February, when the
nighttime foF?2 values exceed daytime foF?2 values. Such anomalous ionospheric feature was named as the Weddell
Sea Anomaly (WSA). In 1971 Mamrukov firstly described the anomalous diurnal variations in foF2 at Yakutsk
ionospheric station. This unusual effect in the Northern Hemisphere was named as Yakutsk Anomaly (YA). The
main objective of our studies is to describe the main formation mechanisms of Weddell Sea Anomaly (WSA) and
Yakutsk Anomaly (YA) using the Global Self-consistent Model of the Thermosphere, lonosphere and
Protonosphere (GSM TIP). Firstly we checked the GSM TIP model possibility to reproduce the spatial structure of
these anomalies. For this purpose, we compared the GSM TIP model results with ground-based and satellite
observation data (Intercosmos-19 and COSMIC satellites, DPS-4 ionosondes) as well as empirical model results.
The GSM TIP simulations qualitatively reproduce the main morphological characteristics of the WSA and YA. This
fact allowed using the GSM TIP model to explain the formation mechanisms of these anomalies. In addition we
estimate the manifestation of these anomalies in the ionospheric, protonospheric and total electron content using
GSM TIP model, COSMIC radio-occultation experiment and GPS TEC observations.

This work was supported by Grant of Russian President MK-4866.2014.5 and RFBR Grant Ne14-05-00788.

Atmospheric’s propagation by two-scale-height ionosphere by model and experiment
O.M. Lebed, Yu.V. Fedorenko, M.V. Kuznetsova
Polar Geophysical Institute, Apatity, Russia

It is a well-known fact that the propagation velocity of electromagnetic disturbances in the Earth-ionosphere
waveguide varies with time which causes changes of the Schumann resonance frequencies. The propagation velocity
of atmospherics measured along the Great Circle connecting Lovozero and Barentsburg varied with time too, but
these variations differed from those estimated from the first Schumann resonance. The propagation velocity is
controlled by the lower ionosphere parameters therefore it is of great interest to associate the velocity measured at
the short distance Lovozero-Barentsburg with ionosphere profile. In the present work, we used so-called two-scale-
height conductivity model to model phase velocity of the waves in the Earth-ionosphere waveguide under quiet
geomagnetic conditions. A comparison of this velocity and the velocity measured at a short path that was Lovozero-
Barentsburg showed that the model gives the values slightly higher measured ones, while the variations of the
modeled and measured velocities are similar.

51



lonosphere and upper atmosphere

Simulation study of the disturbance of the spatial structure of the daytime high-latitude ionosphere
by powerful HF radio waves

G.I. Mingaleva, V.S. Mingalev (Polar Geophysical Institute, Apatity, Russia)

The large-scale spatial structure of the daytime high-latitude F-region ionosphere, disturbed by powerful high-
frequency radio waves, is studied with the help of the numerical simulation. It is known that high-power HF radio
waves, pumped into the ionosphere, can cause the disturbance of the spatial structure of the F-region ionosphere. In
this study, the mathematical model of the high-latitude ionosphere, which can be affected by powerful high-
frequency radio waves, developed earlier in the Polar Geophysical Institute, is utilized to study the dimension of the
area covered by the disturbance in the horizontal plane.

The utilized mathematical model takes into account the drift of the ionospheric plasma, strong magnetization of the
plasma at F-layer altitudes, and geomagnetic field declination. The model is based on numerical solution of the
system of transport equations, which consists of the continuity equation, equation of motion for ion gas, and heat
conduction equations for ion and electron gases. The equations provide for the direct and resonantly scattered EUV
solar radiation, energy-dependent chemical reactions, frictional force between ions and neutrals, accelerational and
viscous forces of ion gas, thermal conductions of electron and ion gases, heating due to ion-neutral friction, Joule
heating, heating due to solar EUV photons, heating caused by the action of the powerful HF radio waves, and
electron energy losses due to elastic and inelastic collisions.

The calculations were made for two cases. Firstly, we simulated the distributions of the ionospheric parameters
under natural conditions without a powerful high-frequency wave effect. Secondly, the distributions of the
ionospheric parameters were calculated on condition that an ionospheric heater, situated at the point with geographic
coordinates of the HF heating facility near Tromso, Scandinavia, has been operated, with the ionospheric heater
being located on the day side of the Earth on the magnetic meridian of 15.00 MLT. The results of the numerical
simulation indicate that artificial heating of the ionosphere by powerful high-frequency waves ought to influence
noticeably on the spatial structure of the daytime high-latitude F-region ionosphere in the vicinity of the ionospheric
heater.

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

On the nature of the seismogenic electric current
A.A. Namgaladze, M.1. Karpov (Murmansk State Technical University, Murmansk, Russia)

According to the numerical simulations using the Upper Atmosphere Model (UAM) the external electric current
with the density of about 10® A/m” switched on at the height of 80 km is required to generate the electric fields with
the intensity of several mV/m and the horizontal scale of several hundred of kilometers which are observed over
seismic active regions by the DEMETER and Intercosmos-Bulgaria-1300 satellites. Numerical calculations also
show that the electromagnetic plasma drift in the crossing electric and magnetic fields produces vertical transport of
the plasma which results in the typical total electron content disturbances that are registered before the strong
earthquakes near the epicenter and magnetically conjugated point.

In the present work the nature of the external current generated during earthquake preparation and its role in the
global electric circuit (GEC) are discussed. The proposed concept is based not on the air electric conductivity
changes over tectonic faults, but on the action of the non-electric forces. Cosmic rays as well as radon emanating
from the fault act as an air ionization sources. The negatively charged particles play role of the nucleus of the water
vapor condensation and become heavy negatively charged water drops as a result of coagulation. These drops move
downwards charging the Earth negatively. More light positive charged particles continue to move upwards with
rising warm air fluxes. The newly formed charged particles recombine with each other much slower than the
primary electrons and positive ions. The charge separation occurs due to the gravitational sedimentation of heavy
negatively charged water drops and other aerosols and convectional transport of the light positively charged
particles by rising air fluxes as a result of increased air temperature. The greater the warm air humidity, and
aerosols’ concentration over the fault, the more effective this physical mechanism is, and, thus, the electric current is
more intensive.

This process is almost the same as the mechanism of thunderstorm positive charging of the ionosphere relative to
the negatively charged Earth. The difference is in that the areas of individual thunderstorms are smaller than the
areas of tectonic faults, and thunderstorm lifetime is much shorter than earthquake preparation duration, but
effectiveness of thunderstorms is explained by their quantity. We suppose that the seismogenic electric current is not
less important part of the GEC than the thunderstorm electric current.
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Auroral Ionospheric Model: E-layer
V.D. Nikolaeva'?, E.I. Gordeev'?, A.V. Shirochkov', L.N. Makarova' and A.L. Kotikov**

!Aretic and Antarctic Research Institute, St. Petersburg, Russia

“Saint Petersburg State University, St. Petersburg, Russia

3 Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation of the Russian Academy of
Science St. Petersburg Branch, St. Petersburg, Russia

E-layer Auroral Ionospheric Model (E-AIM) is developed to provide temporal and spatial density distribution of the
main ionosphere neutral species and ions in the altitude range from 90 to 150 km. NRLMSISE-00 model [Picone et
al., JGR 2003] is used for neutral atmosphere content and temperature determination, that is the input for the E-AIM
model. The E-AIM model based on chemical equilibrium state in E-layer that reaches in chemical reactions between
ionospheric species considering solar radiation ionization source, superposed with sporadic precipitation of
magnetospheric electrons. The chemical equilibrium state in each location under specific solar and geomagnetic
activity conditions reaches during numerical solution of the continuity equations for the neutrals and ions using the
high-performance Gear method [Gear, 1971] for ordinary differential equation (ODE) systems. Applying the Gear
method for solving stiff ODE system strongly reduce the computation time and machine resources comparing to
widely used methods and provide an opportunity to calculate the global spatial E-layer ion content distribution.
Comparison of E-AIM results with direct ionospheric observations (ionosonde, incoherent scatter radar) show good
agreement of electron concentration vertical distribution values.

Mirror symmetry of ions and electron temperature variations within the dusty dynamo layer of the
auroral ionosphere

E.E. Timofeev,' S.L. Shalimov*?, O.G. Chkhetiani,” M.K. Vallinkoski* , J. Kangas®

! ddmiral Makarov State University of Maritime and Inland Shipping, Saint-Petersburg, Russia.
*Institute of Physics of the Earth, Russian Academy of Sciences, Moscow, Russia

*Space Research Institute, Russian Academy of Sciences, Moscow, Russia

“Space Physics Department of the University of Oulu, Oulu, Finland

Quasi-periodic (consisting of a dozen electro-thermal structures, ETS) variations of ionospheric parameters during
April, 10 and March, 23 1988 substorms were investigated using the data of the EISCAT radars related to magnetic
zenith of the Tromso auroral observatory.

These variations were measured at the lower edge of dynamo-layer (~105 kM) and include the ion and electron
temperature, electron density and ionospheric electric field; all data were smoothed out using moving average with
optimal lag window.

It was shown that: 1) ETS clusters are observed when value of the electric field is < 10 mV/m and average electron
density is about (5-10)*¥10* /sm’; 2) For each ETS the envelop demonstrate the so called mirror symmetry, that is
antiphased variations of the ion temperature increase and electron temperature decrease; 3) The symmetry breaks
when the electric field is larger than FB instability threshold (~15 mV/m); 4) The spectrum of these variations is in
the range of ~ (3-10) min, 5) The self-similarity of the scales is observed: smaller scales are included into the larger
scales; 6) Temperature variations were accompanied by the electric field variations with amplitude of ~ (4-7) mV/m;
7) Large scale structures (and sometimes dyads formed by two subsequent structures) were accompanied by the
electric field rotation up to the whole circle.

Specific ETS and plasma parameters variations can be interpreted as a result of Ekman-type instability in the dusty
plasma of the dynamo layer. The mirror symmetry of plasma temperature variations is an evidence of a partial
blocking of energy transfer between the ions and electrons at low values of the external electric field (below FB
instability threshold) because the main energy in such a kind of plasma is attributed with dusty macro-particles
(Fortov et al., 2010). At that conditions the time scale of the dust particle energy variations are considerably larger
than the corresponding scales of the temperature variations.

According to our previous studies (Timofeev et al, 2010-2013) coherent growth of smoothed value of the external
electric field and the correlation coefficient (CC) plasma temporal variations in temperature means that the CC can
be used as an measure of ETS “rigidity” and hence as an measure of energy and charge macro-particles. We used
this coherence to estimate the time scale of the macro-particles energy growth (during preliminary phase of March
23, 1988 substorm) and get values ~ (12-20) min. In the present study we used the same event to estimate the time
scale of the plasma temperatures mirror variations and obtained that they are at least 2-3 times shorter. This
difference in time scales, in fact, is equivalent to the above citation of the literature "partial blockage of the
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transmission of energy between the ions and electrons at low values of the external electric field (FB instability
threshold below)" that , as a result, determines the formation of ETS as a natural feature of dusted plasma structures.
Finally, at larger values of the external electric field (after FB instability excitation) the electrons can quickly
exchange their energy with FB-plasmons, so that the mirror symmetry in temperature variations breaks down.

Intercosmos-19 role in the construction of modern reference ionosphere model
V.A. Telegin, A.T. Karpachev (IZMIRAN, Moscow, Russia)

The prospects of global empirical ionospheric model construction are discussed. Over half a century the
International Reference lonosphere model, IRI, is the basic model, which is used to solve a lot of scientific and
practical problems. However, IRI was built according to a very limited network of ground based sounding stations.
In recent years the large amount of satellite data has been accumulated which allow to improve significantly the IRI.
This primarily refers to radio occultation observations in the experiment COSMIC for low solar activity and topside
sounding data obtained onboard the Intercosmos-19 satellite for high solar activity. These data provide a three-
dimensional distribution of electron density, including the parameters of F2-layer maximum - NmF2 and hmF2.
They also allow to explore the global distribution of large-scale inhomogeneities and small-scale irregularities
responsible for the F-spread. Thus, it is about creating an adequate 3D empirical model of ionosphere, which
includes the distribution of background parameters of surrounding space as well as its irregular structure. This
model will allow to solve more precisely the problems of radio wave propagation, communication and navigation.

Opportunities of ionosonde DPS-4 for research of the phenomenon of F-scattering

V.A. Telegin, V.A. Panchenko, V.I. Rozhdestvenskaya (IZMIRAN, Moscow, Russia; e-mail: telvika@gmail.com)

Basic characteristics of ionosonde DPS-4 with hardware selection of polarization and the measurement of the angles
of arrival of radio waves and some results of regular observations of the ionosphere carried out in IZMIRAN from
2008 to 2013 are presented. New measurements confirmed the previously acquired by means ionosondes SP-3 and
AIS regularities in the behavior of the ionosphere, including the laws of occurrence F-scattering. Diurnal probability
F - scattering in the different seasons, comparison with data obtained in the maximum of solar activity 1979-1980
and 2012-2013 are presented. Probability of occurrence F-scattering acquired by means DPS-4 is significantly
higher than one that have been obtained earlier with AIS. Possible reasons for this difference are discussed. It is
noted that the possibility of the DPS-4 to measure the angles of arriving the of the scattered radio waves
distinguishes it from most ionosonde in the study of phenomena F-scattering, allowing to localize in the space of
scattering region and estimate the drift velocity of ionosphere irregularities.

Magnetic activity dependent global ion precipitation model based on DMSP spacecraft
observations

V.G. Vorobjev, O.1. Yagodkina, Yu.V. Katkalov (Polar Geophysical Institute, Apatity, Murmansk region)

Precipitating particles with energies from about 0.3 to 30 keV observed from DMSP F6 and F7 spacecraft are used
to examine characteristics of precipitation in different MLT sectors under different magnetic activity levels. It is
shown that electron precipitation are dominating in all MLT sectors excepting the evening sector from 1500 to 2100
MLT. Here in the region of diffuse precipitation the ion energy fluxes are significant. The ratio of ion to electron
energy fluxes increases from ~0.7 to ~3.0 with AL magnetic activity index changing from -100 nT to -1000 nT. The
magnetic activity depending global ion precipitation model is developed on the base of statistical treatment of
spacecraft observations. This model (APMI, auroral precipitation model, ions) at a specified level of magnetic
activity (AL and Dst indices) has allowed one to receive a global distribution of both average ion energy and ion
energy flux in coordinates of corrected geomagnetic latitude - MLT. Comparison of APMI with the model of
electron precipitation (APME) show that one hemisphere power of ion precipitation makes only about 14% as
compared to the electron power during the magnetic silence and decreases up to ~4% when |AL|>1000 aTx.
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TecTupoBaHue YUCIEHHOI MO/IeJIM PACIPOCTPAHEHNUs PA/IMOBOJIH HA AHAJINTHYECKOM pellleHnH B
c1y4ae rapMOHMYECKOro 3JIeKTPUYECKOro JUIO0JIs B U30TPOIHOI cpene

O.1. Axmetos, O.B. Munranes, U.B. Munranes, 10.B. ®enopenko (I{onspusiii eoghuzuneckuti Mnemumym KHI]
PAH, Anamumul, e-mail: akhmetov@pgia.ru)

KomexkTiBOM aBTOPOB pa3paboTaH Psii YHUCICHHBIX CXEM JUIS pacueTa pacipOCTPAHCHUS dJICKTPOMATHUTHBIX BOJH
B Pa3IMYHBIX cpeaax (MPOBOASAIIMX, HEMPOBOJSIIMX, W30TPOIHBIX W AHU30TPOIHBIX) B paMKaX YpaBHEHUH
MakcBema. [lonydeHHbIE CXEMBI MOTYT OBbITh TPHUMEHEHBI ISl PEIICHUS PA3IUYHBIX AaKTYalbHBIX 3a1a4
reo(pu3KKU, CBA3aHHBIX C PACTIPOCTPAHEHUEM AIICKTPOMATHUTHBIX BOJIH.

B pabore npejcraBieHbl pe3yJbTaThl TECTUPOBAHKS Pa3pabOTaHHBIX CXeM Ha 3-MEpHBIX aHAINTHYECKUX PELICHHSIX
JUIsl ClTy4aeB TOYEYHOTO MCTOYHHUKA B BHJE TAPMOHHYECKOTO 3JIEKTPUYECKOro WMo ['eplia B IUANEKTpUKE U B
MPOBOJIHKUKE. BBUIM MPOTECTHPOBAaHBI CXeMa i TMOJIeH BTOPOrO MOPSAKA TOYHOCTH IO BPEMCHH U YETBEPTOrO
MOpPsiIKa TOYHOCTH 10 IPOCTPAHCTRY, a TAKKE CXeMa JijIsl MOTCHI[UAIOB YETBEPTOrO MOPSIKa TOYHOCTH [0 BPEMEHH
U MO MPOCTpaHCTBY. s MMUTAlMKM HEOTPAHWYEHHOI'O MPOCTPAHCTBA HA TPAHHIE OOJIACTH MOJCITUPOBAHUS
UCTIOJIB30BAHCH Pa3INYHbIe BapuaHThl morioratomniero ciios (UPML - uniaxial perfectly matched layer).

B pesynbraTe pacueToB BBISABICHO XOPOIIEE COOTBETCTBHE MEXAY YHCICHHBIM M AHAIUTHYCCKUM PEHICHHUSIMU.
[omyueHnpie pe3yabTaThl OOOCHOBBIBAIOT IMPHUMEHUMOCTH pa3pa0OTaHHBIX AaBTOPAMH YHUCICHHBIX CXEM IS
peLICHUs Pa3INyYHbIX 3a/1a4 PACIIPOCTPAHEHHUS PAJHOBOIH B Teodu3uKe.

Pabora BrrmoaeHa pu nmoanepxkke rpanta PODU Ne 13-01-000-63.

OTKJIMK HOYHBIX MOJIAPHBIX CHSIHMH Ha P€3K0€ YMEHbIICHUE TUHAMUYECKOI0 JaBJICHUSA
COJIHCYHOI'0 B€Tpa

B.b. Benaxosckwuii (Tlonspuwiii ceogpuzuneckuti uncmumym KHL] PAH, 2. Anamumul)

B nanHO# paboTe Ha OCHOBE JAaHHBIX CETH KaHaJACKUX MEPHIHOHAIBHBIX CKAaHUPYIOUIMX (JOTOMETPOB paccMOTpEH
OTKJIMK HOYHBIX TIOJSIPHBIX CHSIHMM Ha pPE3KOe YMEHBIICHHE IUHAMHYECKOTO [aBJICHUS COJIHEYHOTO BETpA.
HeranpHOo paccMotpero psip coOwitiii 2007-2009 romos. IlokasaHo, 4ro mpu oTpumaTenbHOM SI uMITyibce
HaOJroaeTCs pe3koe yMEHBIIEHNEe HHTEHCUBHOCTH CHSHUH B amuccusax 557.7, 630.0 am. Bo Bpems SI nmmyssca o
JaHHBIM TeoctaruoHapHeix crmyTHUKOB GOES, cnyrtamkoB THEMIS HabmromaeTcss yBemHMUEHHE MOIYJIISL
T€OMAarHUTHOTO MOJIA, YMEHBIICHHEM [TOTOKOB SHEPTUUHBIX YaCTHUI] B MarHuTocdepe.

JuHamMuka noJsipHbIx cussHuii mo 1anabiMm THEMIS GBO
T.B. Bormapesa', A.JI. Korukos'

Unemumym usuxu CIT6I'Y, 2. Cankm-ITemepbype
*CII6® U3MUPAH, 2. Canxm-Ilemep6ype

I[aHHaH pa60Ta ABJIACTCA HadaJlbHBIM 3TAllOM B U3YUCHUU MOp(l)OJ'IOFl/II/I U JUHAMUKU JHCBHBIX MOJIAPHBIX CUSTHUH.
OCHOBHOM OCIbO pa60TbI SABJIACTCA CONOCTABJICHUEC JUHAMUKU OTACJIBHBIX AYI' JHEBHBIX IMOJAPHBIX CUSHUHI C
(opMamMH TOJSIPHBIX CHSHUHM PETMCTPUPYEMBIX B HOYHOM cekrope. st cormocTaBieHns! ¢ HOYHBIMU CHSHHSIMH
MCIIOJIb30BANINCH 3aIMcH KaMep Bcero Heba B obcepBaTopun Conankrona u Heto Anesyna. [Ipu o0paboTke 1HEBHBIX
cusHuid o paneiM ctaHuuit THEMIS GBO kpome cTaHmapTHOro makeTa HCIONB30BalCS KOMIUIEKC MPOrpamMM
pa3paboransbix Ha Kadenpe Pusumkn 3emum CIIOIY, 9To MO3BONMIIO ONMPEAETUTH CKOPOCTH W HAMpPaBICHUS
JBIDKEHUS KaK CaMHX JyT, TaK U OTJENIBHBIX HEOJHOPOIHOCTEH BlIOb Ayru. Kpome Toro, i BBIOpaHHBIX COOBITHI
(06.01.2008) ycraHOBJIICHO, UYTO HAa JHEBHOW CTOPOHE CHUSHHS 00Jiee MHTEHCHUBHBI, YeM HAa HOYHOM.
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MogaeanpoBaHue XapakTepUCTHK PAAUOI0KAIMOHHBIX OTPA:KeHHUIl 0T aBpPOPAJIbHBIX
HEOHOPOJHOCTEN

A.IL. Bonnapenko, B.b. OBogenxo, C.H. Ilymait, B.B. Tpexkun (OAO HIIK «Hayyno-uccredogamensckuii
uHcmumym oanvHell paouocseazuy, Mockea, Poccus)

PaccessHre paaroBOMH HA HEOMHOPOJHOCTSIX AaBPOPAIEHOW HOHOC(EPHI SIBISICTCS ECTECTBEHHOH IMACCHBHOM
moMeXoi (aBpopaibHOM OMeX0i) s (QYHKIIMOHUPOBAHUS PAAMOIOKAIIMOHHBIX CTAHIWN NAIBHETO OOHApPYKEHUS
(PJIC OO). Ansa 4YHCICHHOW OIEHKH [JaHHOW ITOMEXHM WCIIONB30BAJICS YICNbHBI MOMEPEYHHK pPACCESTHUS
aBpOpPaIbHOIN MOHU3AIMHY, YTO TO3BOIMIO MUHIMH3HPOBATh YHCIIO MPHUBIIEKAEMBIX IMapaMeTpoB ucciemxyemoit PJIC
JO. Omenka momMexu HPOBOIIIACH C YIETOM PAaKypPCHOM UYBCTBHUTENBHOCTH UISI Pa3IMYHBIX HAOOPOB a3UMYT-
JABHOCTh, XapaKTePUCTHK AuarpaMmbl HampaBieHHocTH PJIC m mapaMmeTpoB m3mydaeMoro curHama. B pacuérax
TaKKe YUUTHIBAICS (DAKTOP HAJIMYKS aBPOPAIIBHBIX BBICHIIIAHUN B 30HE ONTUMAIBHBIX PaKypCHBIX yrioB. [TokaszaHo,
4YTO B pAA€ CIydacB BO3HUKAIOT CUTYyallMU, 3aTPYAHAIOIINC 06Hapy)1<eHMe ueneﬁ B CBA3U C MPUCYTCTBUEM B 30HC
neiicteuss  PJIC  JIO OGompmimx ob0iacTeld MPOCTPAHCTBA, 3aHATHIX — aBPOPAIbHBIMH MoMexamu. JlaHHOE
00CTOSATENLCTBO MPEAOTPENSIICT HeOOXOAUMOCTh JNETAFHOTO Y4éTa BCEro KOMIUIEKCA SIBIICHHM, CBS3aHHBIX C
paaroaBpopol IS TMPOTHO3a €€ XapaKTEepPUCTHK W BBEIOOpa HambOoliee IenecOo00pa3HBIX TEXHWYCCKHX PEIICHUN
3amuTel PJIC 1O oT naHHOrO BUAa MOMEX.

Bo30y:kaenne CHHIVIETHBIX 3JIEKTPOHHBIX YPOBHEH MOJIEKYJ/ISIPHOTO 230TA B MOJSIPHBIX CHUSTHUSIX
JK.B. Jamkesuy, b.B. Kozenos, B.E. UBanoB (Ilospruiii ceousuueckuii uncmumym KHI] PAH, Anamumsoi)

B noispHBIX CHSHHSAX CpeIy CBEUSHHH B yIbTpadHOIETOBOH 00JacTH HAOIIOAAETCS M3ITy4EeHHE MOJIOC CHCTEMBI
Jlaiimana-bepmxa-Xomnduiama MOJIEKYIIPHOTO a30Ta. DTO PE3yJIbTaT CIOHTAHHOTO MEPEX0/ia ¢ CHHIJICTHOTO TepMa
aIHg Ha ocHOBHO# Tepm X', B MOJIEKYJISIPHOM a30Te. biamkallluMu 3HEPreTUYECKUMU «COCEASIMM» TEpMa all'lg
SIBJIIFOTCSI CUHIJIETHBIE YPOBHU a''s,, w'A,. B paGote paccMOTpeH MeXaHH3M BO30YKIICHHSI CHHIJIETHBIX YPOBHEH
MOJIEKYJIIPHOTO a30Ta B IOJIAPHBIX CUSHUSAX Ha BblcoTax Bbime 90 kM. Paspabortan anroputm pacueta
3aCEJICHHOCTEH KOJeOaTeNbHBIX YPOBHEH CHHIJIETHBIX TEepMOB. [lojiydeHHBIC pe3ysbTaThl MO 3aCeICHHOCTSIM
KoyieOaTeNnbHBIX YpPOBHEH CpaBHUBAIOTCS C M3BECTHBIMH B HAy4yHOM JMTEpaType TEOPETHYECKUMU U
SKCIIEPUMEHTAILHBIMU JAHHBIMU.

Bo30y:kaeHne TPUILIETHBIX 3JIEKTPOHHBIX YPOBHEI MOJIEKYJISIPHOIO a30TA B MOJISPHBIX CUSIHUSIX
JK.B. Jamkesudy, b.B. Ko3enos, B.E. UBanoB (Ilospruiii eecopusuneckuii uncmumym KHI] PAH, Anamumsi)

B ycioBusx HMOISPHBIX CHSTHAN BO30YXIEHHBIE MOJICKYJIBI a30Ta aKTUBHO YYaCTBYIOT B MPOMCXOIAIINX B BEPXHEH
atMoc(epe (PU3UKO-XUMHUYECKUX PEAKLUs YYaCTBYIO B (DPU3UKO-XMMHYECKHUX PEaKLMsIX U JAal0T CYLIeCTBEHHbBII
BKIan B (opMHpOBaHME CIEKTpa MOJSIPHBIX CHsHUM. [109TOMYy Ha NPOTSHKEHMH HOJITOr0 BpEMEHH OOJbIoe
BHUMAHHC YICISJIOCh TEOPCTUYCCKOMY M OSKCIICPUMEHTAJIBHOMY HCCIICAOBAHHIO BO3OYXKICHUS W H3ITyYCHHU
K0JIe0aTeIbHO-BO30YKICHHOT'O MOJICKYJISIPHOTO a30Ta. TPHUILIETHBIC 3JICKTPOHHBIC YPOBHHU SIBISIOTCS HCTOYHUKAMU
TaKuX OCHOBHBIX 3MHcculM 3muccuii kak [lepas u BTopasd monoxurenbHble CUCTEMBI IOJIOC, CUCTEMA I10JIOC
Berapna-Karmmana, cucrema monoc By-Benema. B pabore cucTeMaTH3HMpOBaHBI MEXaHH3MBI BO30YXKICHUS
OCHOBHBIX TPHUIUIETHBIX TEPMOB MOJIEKYJSIPHOTO a30Ta B YCJOBHSIX MOJSIPHBIX CUSIHMM Ha BbICOTax Bhile 90 KM.
Pazpaboran anroputM pacdera 3aceliCHHOCTEH KoJieOaTeNbHBIX YpPOBHEH TPHUILICTHBIX TepMoB. [IpoBeneHo
CpPaBHEHHME [OJYYEHHBIX BEJIMYMH C SKICPUMEHTAIbHBIMU JAHHBIMH M TEOPETHUECKUMH pPE3yJIbTaTaMH,
OITyOJIMKOBaHHBIMU paHee B HAYYHOH JHTEpaType.
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HccnenoBanne ocod0eHHOCTEH CTIEKTPa MOJSIPU3aIHOHHOr0 mapamMeTpa MmarautHoro Y HY myma na
CpeIHUX MIMPOTAX B MEPHOIbI NOBBIICHHOH I€OMATHUTHOI aKTUBHOCTH

E.H. Epmaxkoga, J.C. Kotuk, A.B. [Tepmun
Hayuno-uccreoosamenvckuii paouogusuueckuii uncmumym, H. Hoszopod, Poccus.

HccnenoBaHo BiustHUE CTPYKTYpbI cyO-IAP Ha criekTpsl moJsipp3annoHHOM MapaMeTpe & ()OHOBOTO IIyMa HpH
pa3HOM ypOBHE I€OMarHUTHOH aKTUBHOCTH C HMCIOJIb30BAHUEM 0a3bl JaHHBIX, ITOJYYEHHBIX HAa CPEAHEIIUPOTHOM
Hu3KkodacToTHOM myHKTe «HoBas JKm3up» (56 cam. 46 B.m., Hmxeroponckas oGmacts, Poccus). B mepuonsr
HavyallbHOM U II1aBHOM (a3bl MarHUTHOM OypH ObUTO OOHAPYKEHO YMEHBIIIEHHE T0OPOTHOCTH pe3oHaTopa cyo-1AP,
KOTOPOE€ BbLIPpaXKaJIOCh B YMCHBLUICHUH FJ'Iy6l/IHbI OCIJ,I/IJ'IHHLII/Iﬁ B CHCKTpE €, a TaKKEC HU3MCHCHUEC BCIIMYUHBI
IPaHUYHON YacTOTHI (fep), OTHEINSIOIIEH MOJOKUTEIbHbIE 3HAYCHUS MapaMeTpa € OT OTPHLATEIbHBIX 3HAUYCHHH.
Beuto oOHapyXeHO, YTO TpH IOBBILIEHHOM YpPOBHE T'€OMAarHUTHOW aKTHBHOCTH HE IPOMCXOJAWIIO IIOJIHOTO
MCUYE3HOBEHUS! YAaCTOTHOW 3aBHCHMOCTH B MOJSPH3ALHMOHHOM IIapaMeTpe MAarHUTHOTO LIyMa, XapaKTepHOW s
CylIecTBOBaHus pe3oHaropa cyo-HAP.

OnHOBPEMEHHO aHAIM3MPOBAINCH H3MEHEHMs B IapaMeTpax pe30HaHCHOH cTpykTypsl crnekrtpa PCC, ugro
MO3BOJISUIO CAENATh BBIBOABI 00 M3MEHEHHSX MOHOC(EPHBIX MapaMeTpoB Ha CPEIHHX IIHPOTaX, KOTOPBIE
MPONCXOIUIIH, KaK Ha BBICOTaX MakcuMyMa F-ciios, Tak Ha BbICOTax HIDKHErO pe3oHaTopa. beito oOHapyskeHo, 4To
pe3koe ymeHblieHne nooporHoctd MAP u ymeHbpIieHHe 4rciaa pe3oHaHCHBIX monoc o0braHoi PCC B HavanbHOM
(aze MarHUTHOW Oypu CONPOBOKAATOCH KPATKOBPEMEHHBIM YMEHBIICHHEM TPAaHUYHOW YaCTOTBI B CIIEKTPE
HOJIAPU3ALMOHHOTO TIapaMeTpa, YTo, BEPOATHO, OBIIO CBSI3aHO C YBEJIMYEHHEM IUIOTHOCTH HOHOC(EPHBIX CJIOEB Ha
BbIcoTax cy0-AP u yBennueHueM ONTHYECKOM IMJIOTHOCTH pe3oHaTopa. B mepuoabl MOJHOTO HCYE3HOBEHMSA
PE30HAHCHOH CTPYKTYpHBI clIeKTpa (13-32 PE3KOr0 YMEHBIIEHHsT KOHLIEHTPAaLUK B MakcuMyMe F-ciios1) oOHapyxkeHo,
HaNpoOTHB, YBEJIMYEHHE 3HAUCHUH fep BhIlIe 4acTOThl nepBoro lllymaHOBCKOTO pe3oHaHCa, YTO TOBOPHIO 00
YMEHBIICHUH ONTHYECKOW IUIOTHOCTH MOHOC(EPHBIX CIIOEB HIKHErO pPEe30HATopa, CBSI3aHHOI'O C YMEHBIICHHEM
NpOTsHKEHHOCTH JonuHblL. B mepnonst cuibHbIX (Dst<-100 nT) u anuTenbHBIX (HECKOJIBKO JHEH) reOMarHUTHBIX
BO3MYILEHHH B CIIEKTpax € B IEPUO/] TIOCIIE 3aX0/a COJHIA OTCYTCTBOBAIM HU3KHE 3HAYCHHUS TPAHUYHBIX YacTOT 2-
4 T'u, xapakTepHble AJISI CIIOKOWHBIX T€OMArHUTHBIX ycioBUH. [losBIEHME TaknMX CIEKTPOB € B INepHOA (a3l
BOCCTaHOBJICHUSI KOPPETHPOBAJIO C MOSBIEHHEM BbIcOKo00poTHO# PCC.

Pa6ora BemmonHena npu guHaHCcOBOM moanepxke PODU (rpartsr NeNe 13-02-97086 p_mosomkse_a, 13-05-12091-

odpu_m).

Oco0eHHOCTH MOBEAEeHHS MEJTKOMACIITAOHBIX HCKYCCTBEHHBIX HEOTHOPOIHOCTEH B BHICOKHX
HIMPOTaX

N.M. Uanosa, H.®. brarosemenckast, T./l. bopucosa (A4AHUH, Cankm-IlemepoOype, P®),
T. Uoman (Leicester University, UK),
M. Putsenn (EISCAT, Tromse Division, Norway)

3agaya 00 HCCIENOBAaHMM OCOOEHHOCTEH IIOBEICHMS MEJIKOMACIITaOHBIX HMCKYCCTBEHHBIX HEOJHOPOIHOCTEH
(MHHMH) B BbicOKOmuMpoTHOH F-005mactu noHocdeps! BhinonHsu1ach B MapTe U HosiOpe 2010 roma Ha HarpeBHOM
komiutekce EISCAT B6musu r. Tpomcé, Hopserus (reorpaduueckue koopauHarsl: 69.6° N, 19.2° E; yron HakioHa
MarHMTHOTO 10J1s1:/=78°) B JTHEBHBIE Yachl, B CIIOKOMHBIX MarHUTHBIX YCJIOBUSX. B 3THX skcniepuMeHTax M3iydeHne
MouHoi KB panuoBonssl O-nonsipusanuu MpoU3BOAMIOCH Ha dacToTax HarpeBa 4544, 4912.8 wmu 5423 xI'n B
HaTpaBJICHUN MarHUTHOTO 3eHuTa (O = 78° ) mmkimamu 5 MuH Harpes/S MuH may3a (Mapt 2010) 10 muH Harpes/S
MuH nay3a (Hos0ps 2010). OTHOIIEHHE YacTOTHI HArpeBa K KPUTHYECKOH dacTtore cios F2 MeHsuiock B mpenenax
fa/foF2 = 0.8 — 1.2. DddexrrBHAST MOITHOCTH H3My4YeHHs cocTaBisuia ~180 MBT. [y BEIOHEHHS TaHHOM 3a1a4n
ucnonbs3oBanach AP Ne 2, mupuHa muarpaMMbl HaIIPaBICHHOCTH KOTOPO# cocTaBisieT ~ 14°.

B HarpeBHBIX 3KcrmepuMeHTax Obumn 3ajeiicTBoBaHbl KorepeHTHble KB pamaper CUTLASS (Super DARN)
Xankacanmu (Ounnsnaus) u PeiikpsBuke (Vcnanaus), reoMeTpusi paclosioKeHHsT KOTOPBIX OTHOcuTenbHO KB
HarpeBHOro KoMIuiekca B Tpomce MO3BOJISIET OLCHWUTHh FOpH3OHTaNbHBIE pasMepbl MIBO kak B ceBepo-HOKHOM
Hanpasnenun (pagap CUTLASS B ®unnsnauu), Tak 1 B BocTouyHo-3anagHoM (pagap CUTLASS B Ucnangun).
Panapsl paboTany ¢ BBICOKUM ITPOCTPAHCTBEHHBIM paspenieHreM 15 kM (BMecTo OOBIYHO HCIIONIB3YyEeMOro 45 Km).
Bwmecro 16 mydeii Obl1 3anetictBoBan oauH (iyd Ne 5 B Xankacanmu, 1 1yd Ne 15 B PelikpsBuke).

JlaHHBIE TONyYeHHBIE B HAIIMX JKCIIEPUMEHTaX IOKA3bIBAIOT, YTO VISl BBICOKHMX INHUPOT 3((PEKTUBHBIM SBISETCS
HarpeB BOJM3M KpUTHYECKOW 4acToThl cios F2. Hambomee cuimpHBIE BO3pacTaHWs MPOCTPAHCTBEHHOTO pa3Mepa
MUUH u Temmiepatyps snektpoHos (Te) HaOmoqaroTes B IUKIIaX Harpesa, rae cooTHomenune fa/foF2 6mmsko x 1.
B mmknax marpesa, rme fa/foF2 = 0.8, Temmeparypsl mpeBbimaioT ¢GoHoBBIe B cpemHeM Ha 1000 K. B muxmax
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HarpeBa, rre fu/foF2 ~ 1, temmeparyps! npeBbimaroT GoroBsie Ha 1500-1700 K.

Anamm3 maHHbBIX pagapoB cucteMbl CUTLASS u MOHHBIX JHMHUH, NMOMy4YeHHBIX W3 crnekrpoB HP panmapa B T.
Tpomcé, mokas3pIBaeT, YTO MapaMmeTpudeckas pacmagHas HeyctoitumBocTh (PDI) m TtermoBas (pe3oHaHCHAs)
HeycroiunBocTh (TPI) cocymiecTByIOT Ha MPOTSHKEHUH BCETO IUKIIA Harpena.

Iy + N
Kunernka cunriernoro kuciaopoaa Oy(b'X,") Ha BeicoTax aBpOpabHON HOHOChEPHI
A.C. Kupwnos (Tlonsiproiii eeousuueckuit uncmumym PAH, 2. Anamumeoi; kirillov@pgia.ru)

IIpoBeneH pacyeT OTHOCUTEIBHBIX KOHCTAHT CKOPOCTEH 00Opa3oBaHuUs 02(b12g+,v=1—4) IIpU  HEYIPYroM
B3aMMOJIEHCTBIH JIIEKTPOHHO-BO30Y K IeHHBIX atoMoB N(*D) ¢ MONeKyIaMu KHCI0poaa 02(X32g’,v=0). [Tokazano,
YTO yBEJIMYCHHUE PABHOBECHBIX PACCTOSHHN MEXIy aroMaMH KHCIOpoAa B oOpasyeMoi IpH B3auMOAEHCTBUHU
kBazumonekysie NO, cyliecTBeHHBIM 00pa3oM CKa3bIBa€TCs Ha POCTE PACCUMTHIBAEMBIX OTHOCHTENILHBIX CKOPOCTEH
00pa3oBaHUs 02(b12g+,v>1). [TonyyeHHble KOI(PQUIMEHTH HCIOIB3YEeTCA IMPU PACUETe OTHOCHTEIBHBIX
HACEJICHHOCTEH 02(b12g+,v=1—4) Ha BeicoTax 110 kM (7=250 K) u 150 xm (7=500 K) nosmsipHO#t noHOCGEPHI.
IIpoBeneHO CpaBHEHHE PpACCUUTAHHBIX HACEIEHHOCTEH C pe3ylabTaTaMH CIEKTPOMETPUYECKHX H3MEpEeHUil
WHTEHCHBHOCTEH IoJIoc ATMOC(EpHOH cucTeMbl Ha pakeTHOM Komriuiekce Popr-Uepumns B Kanage u Ha
apxwurenare [lInmumdepred u MOTYYEHO YAOBICTBOPUTEIHHOE COTIACHE ISl HIDKHUX BBICOT HOHOC(EPHI.

Kuneruka cocrostnmii ¢'Z,”, A”A,, A’Z," MosekyasipHoro kucjiopoaa B armocepax miaHer
3eMHOIi rpynnsl u B cMecu razos CO,, CO, N,, O,

A.C. Kupwnos (Tlonsiproiii eeousuueckuit uncmumym PAH, 2. Anamumeoi; kirillov@pgia.ru)

CoriacHo aHAIMTHYECKUM BbIpAXKCHHUAM, OCHOBAHHBIM Ha KBAHTOBO-XHMHWYCCKUX HpI/l6J'II/I)KeHl/II/I Po3eHa-3I/IHepa,
MpOBEJeH pacueT KO3()(UIMEHTOB CKOPOCTEH rameHus cocTtosHui ['eprudepra MOJEKYJSPHOIO KHCIOpOJa
Oz(chu’,v=0—l6), OZ(A’3 Ay,v=0-11), 02(A3 %o ,v=0—10) B CTOJKHOBEHHUSX C HEBO3OYKAeHHBIMU MoneKyaamMu CO,,
CO, N, O, PaccunranHsle KOHCTAaHTbl ramenus cocrosHumii c'Y,, A"A,, A’S,” wucnomas3oBanbl npu
MO/JIEITMPOBAHNUH KoJIe0aTesIbHBIX HaceJIeHHOCTeH cocTosiHui [epridepra B mabopaTtopHoii cMecu Monekyn CO,, CO,
N, O, 1 Ha BbICOTaX HOYHOTO CBEYEHHUS B BEpXHHUX arMocdepax 3emin, Benepst 1 Mapca. [IpoBoaurcst cpaBHeHHe
Pe3yJIbTaToOB PAacueToOB CO CHEKTPaIbHBIMHU HaOmoaeHUAMH Ha 3emie nonoc ['epudepra I u Uembeprnena cornacHo,
a TaKke ¢ NaHHBIMH cBeueHHs monoc ['epubepra II m UembepreHa, MONydYeHHBIME C JIETATEIBHBIX allapaToB
Bernepa-9, Benepa-10, Venus Express u B mabopaTOpHBIX dKcIiepuMeHTax. Mccnenyercs AnHaMuKa HacelIeHHOCTEH
KoseOaTenpHBIX ypoBHEH coctostaui [epridepra O, mpu pasTHYHBIX COOTHOMICHHUAX KOHIIEHTPAIMA MONEKYNI Ny,
0,, CO, CO,. [Tokazana BaxkHasi POJb IEKTPOHHO-KOJebaTenpbHBIX mporeccoB (EV-processes) mepeHoca sHEpruu
BO30YXIE€HUS B KHHETHKE cocTostHUN 1 'epudepra B cmecu razoB CO,, CO, N, O,.

PaziinyHble MoaX0aAbl K MOJI€JIbHOMY ONUCAHUIO HOHOC(hepHBIX 3(pPeKTOB cTpaTochepHbIX
NMoTenJIeHui

10.H. Kopenxkos, B.B. Kimmenko, ®.C. beccapad, M.B. Knumenko, N.B. Kapnio (3anaonoe omoenenue
H3MUPAH, Kanununepao)

BuesanHoe ctparocepHoe norerienne (Sudden Stratospheric Warming — SSW) — oo U3 sipuaiiiiimx mpUpoaHbIX
SIBJICHUH B BBICOKOUIMPOTHOW HOHOC(Epe, WUIIOCTPUPYIOLIEE CBSI3b MEXAY Pa3IHMYHBIMU CIOSMH aTMOC(epBI.
Ilepuon 3aTsHyBLIETOCS MUHUMYyMa COTHEUHOM ¥ reoMarHuTHOM aktuBHOCTH 2007-2009 IT CTUMYNIHpPOBaI HHTEPEC
K MccieoBaHuio noHochepHbIx 3¢ ¢dexToB cTparocdepHbix noteruieHni. CIyTHUKOBBIE U Ha3eMHble HaOIIOJCHUS
MOKa3aJIx, 4To HoHOC(hepHBbIe d3PPekThl SSW HMEIOT III00aTbHBIN XapaKkTep, a BEJIMYNHBI N3MEHEHHH HOHOC(EPHBIX
IapamMeTpoB, BBI3BAHHBIE CTPATOC(EPHBIMH MOTEIIICHUSIMHA, MOTYyT mpeBblmaTth 50% oOT (HOHOBBIX 3HAYEHHH.
TeopeTndeckue McciaeqOBaHMS, BBITOJHEHHBIE C TIOMOIIBIO PA3JIMYHBIX TTI00ATBHBIX MOJENCH HIDKHEH M BEpXHEH
aTMoc(epsl, IMOKa3alH, 9TO COBPEMEHHBIC KPYHMHOMACIITAaOHBIE MOJEIH HEIUIOXO BOCIPOM3BOMAAT KadECTBEHHBIC
OCOOCHHOCTH TMOBEIEHUs HMOHOC(EPHBIX HapaMeTpOB BO BpeMs psla cTpaTocepHBIX IMOTEIUICHHH, OJHAKO
aMIUIUTYZbl COOTBETCTBYIOIIMX W3MEHEHMH B pa3bl MeEHbIIe HaOmomaembiX. s Toro, 4ToObl HOOHTBHCS
KOJINYECTBEHHOT'O COTJIACHSl PpEe3yJbTAaTOB pAacueTOB C JAAaHHBIMU HAOMIOAEGHHH HEKOTOpPBIE HCCIIEA0BATENIN
UCTIONB3YIOT aCCUMMJISINIO TaHHBIX HAOMIONEHUH Ha Pa3IHYHBIX CTAIUSIX MOJAEIMPOBAHUS MTapaMETPOB CpedHel U
BepxHeil armocdepsl. OHAKO, TaKoW MOJX0] HE pelaeT 3ajauy BBISIBICHHS OCHOBHBIX IPOLECCOB B3aMMOCBSI3U
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Mexay armoctepoit u moHochepoit Bo Bpems SSW. B mpencraBneHHOH paboTe pacCMaTpPHBAIOTCS Pa3IMIHEIC
NnoAXoJbl K MozenupoBanuto d¢ddekroB SSW B cucreme tepmochepa-nonocepa, KOTOPble MOTYT OOBSICHHUTH
3HAYUTEJbHbIE BapHall HOHOC(EPHBIX TMapaMeTpoB. UHWCIEHHBIE HSKCIEPUMEHTHI BBIMOIHEHbI C OMOIIBIO
I'mobanbroit CamocorinacoBanHoii Moaenu Temocdepa, Monochepsr u IIporonocdepsr (I'CM TUII). BuesanHoe
cTpaTochepHOe MOTEIUICHUE MOJICIUPOBAIOCh 3ajaHieM Ha HrpkHer rpanurie moaean I'CM THUII Ha BeicoTe 80 kM
(1) ra00anbHOrO CTAMOHAPHOTO BO3MYLICHUs S = | HEHTpaJbHOW TemIepaTypbl M IUIOTHOCTH; (2) 3HaueHWi
napaMeTpoB HeWTpanbHOH armocdepsl, paccuntaHHbiXx B Mozeiasix TIME-GCM (Thermosphere-lonosphere-
Mesosphere-Electrodynamics General Circulation Model), KASIMA (Karlsruhe Simulation Model of the Middle
Atmosphere) 1 CCM SOCOL (Chemistry-Climate Model SOlar Climate Ozone Links) mist ycnoBuii BHE3aItHOro
ctpatocgeproro morterreHus 2009 roma; (3) MemKOMAcIITaOHBIX BHYTPCHHUX TPAaBUTALMOHHBIX BOJH B
BBICOKOIITUPOTHOH 007aCTH, KOTOPBIE TI0 CYIIECTBYIOIIEH THIIOTE3¢ MOTYT IMIEPEHOCHTH MOIYJISIIIUAIO CTPATOC(HEPHOM
TemnepaTypel B Me3ocdepy; (4) BO3MYIICHHH DSIEKTPUYCCKUX IoJiel HaOmromaeMbix BO BpeMs SSW mis
BOCTIPOM3BEJCHNSI 3HAYUTENBHBIX BO3MYIICHHH B TMIOJHOM OJJIEKTPOHHOM COACP)KaHHM B HHU3KOIIMPOTHOM
nonocgepe.

Pabora BeInoIHEHA TPH (PUHAHCOBOM moaaepkke rpaHToB PODU Ne14-05-00578 u Ne12-05-31217.

OueHka cocTOsIHMS aBpOpaJIbHOM noHocdepbl NpH reopu3ndecKoM MOHMTOPUHTE POCCUIICKOTO
CeKTOpa APKTHKH

JLLH. Makaposa, A.B. llupoukos, B./l. HukonaeBa (Apxkmuueckuii u Aumapxmuueckuii Hayuno-
uccnedosamenvckuil uncmumym (AAHUH, CI16), e-mail: lumak@ aari.nw.ru)

Oco0OeHHOCTBIO  aBpOpaIbHOW HOHOC(Epbl SBJISIETCS €€ TeCHash CBA3b CO CTPYKTYpPOH U Ipoleccamu,
npoucxolsiiuMu B Maruutocdepe. Ha aBpopanbHyto MOHOC(Epy, KpOME COJHEYHOI'O BO3JEHCTBHS, OKa3bIBAIOT
BO3JICHCTBUE DJIEKTPUYECKUE MO M TOKH MarHUTOC(EPHOrO NMPOMCXOXKICHUS, a TaKKe JOKAJIbHBIE BBICHIIAHUS
YacTHIl U3 MarHuTocdepsl. [100anbHble MAarHUTHBIE HHIEKCH HE MOTYT OIIMCATh COCTOSIHHE OBICTPO MEHSOLIEHCS
MOoHOC(Epsl B aBpOpaIbHOM OBajie. MI3MEHYMBOCTH MapaMeTpoB aBPOpPaIbHOM HMOHOC(EpHl BO BpeMs MarHUTHBIX
BO3MYILCHNH B MacIITade COTEH KMIOMETPOB BBICOKAst M COCTABISAET HECKONbKO MUHYT. [loaToMy mpu n3ydeHnun
JUHAMHKH aBpOPaIbHOW MOHOC(EPH! OY€Hb BAXKHBIM CTAHOBUTCS OMCK 3 (QEKTUBHBIX YIPABJISIOMINX apaMeTpPOB.
AHanu3 SKCIEPUMEHTAIBHBIX JAHHBIX HAa CETH MOHOC(QEPHBIX CTAHIMI MOKa3al, YTO TaKUM YIIPABIIAIOIIAM
MapaMeTpoM MOXKET ObITb MarHMTHBIH HHAEKC PC, ¢ BEeIMYMHONW M H3MEHYMBOCTHIO KOTOPOTO KOHIIEHTPALUS
YacTHIl B criopazndeckoM E ciioe Ha HOUHOH cTOpOHE. Y CTaHOBICHHBIE 3aKOHOMEPHOCTH MOTYT OBITh OOBSICHEHBI B
paMKax OOILENPHHATHIX IPEJICTABICHUHA O B3aMMOCBS3U IPOLECCOB, IMPOUCXOAALIMX B MarHutocdepe u
aBpOpaNIbHOM MOHOC]Epe. AKTUBHOCTh MPOLIECCOB B MarHutocepe odecreunBaeTcsi SJHEPriuel COJTHEYHOTO BETPa,
KOTOpasl nepenaercsi B Maruurocepy depes anextpuueckoe noie. Munekc PC xapakrepusyer nepenaBaemoe B
MarHuToc(epy dIeKTPHYECKOE M0JIe COTHEYHOTO BETpa.

BeccToNKHOBUTENbHAS IBOJIIOLHS CBEPXMEIKOMACIITAOHBIX HeoAHOPoaHOCcTel B F-ci10e
noHocepsbl

O.B. Munranes, M.H. Menbauk, B.C. Munranes, 11.B. Munranes (Ilonapuoiii ceogpusuueckuti uncmumym KHI]
PAH, Anamumei, mingalev_o@pgia.ru)

B pabGotre wusywaercs oBomONHs Ha OCECCTONKHOBHTENFHOM MacmTabe BpemMeHH B F-cmoe woHOC(heEpH
CBEPXMEIKOMACIITA0HBIX HEOJHOPOTHOCTEH, BBITSHYTBIX BIOJIh T€OMAarHUTHOTO IIOJS, KOTOPBIE HMEIOT
XapaKTePHBIM TOMEPEYHbI MPOCTPAHCTBEHHBIM MAacmTab OT HECKOJBKHX O JECATKOB Je0aeBCKMX PacCTOSHUN
3JIEKTPOHOB, YTO COCTAaBJISIET OT HECKOJBKMX CAHTUMETPOB /0 HECKOJIBKUX METPOB. VICronp3yercss JUCICHHOE
MO/JICJIUPOBAaHNE B paMKax MOJENH, OCHOBAaHHOI Ha METOAe KPYIHBIX YacTHIl A cucTeMmbl Bnacosa—Ilyaccona c
3aJJaHHBIM CHJIBHBIM BHEUTHMM MarHUTHBIM I10JIEM B TIOCTaHOBKE C pa3MepHOCThIO 2D2V, B KOTOpOH y4UHUTHIBaETCS
JABMKCHUE KaK OJJICKTPOHOB, TaK W HWOHOB B OpTOFOHaJ'IbHOfI réOMarHuTHOMY IMOJIIO TIJIOCKOCTH. Pacuertn!
MPOBOAMINCH Ul THIIMYHBIX ITapaMeTpoB HOYHOW MOHOCheps! Ha BhicoTe 300 KM, Ha BpeMsi, MEHbIIEE CPEJHETO
BpPEMEHH CBOOOJHOTO Mpodera 3JIeKTPOHOB, KOTOPOE cocTaBisieT npuMepHO 1047 mX paBHOBECHBIX IIIa3MEHHBIX

nepuooB 0, ~ 3.52:10 " ¢. Ha 57T0it BBICOTE MOHHBIH COCTAB npejcTaBiIeH noHamu kuciaopoaa O'. Pasmep obmactu
MOJIETIMPOBaHUs ObUT paBeH 128 paBHOBECHBIM 3JIEKTPOHHBIM J1€0aEBCKHM PACCTOSHUAM Ap, <~ 7.6 MM (0koi0 1 M).
HauanpHas kpyriias HEOAHOPOAHOCTh B KOHIEHTPALMK MMena quaMeTp 12Ap,, U COCTOsUIa U3 IPUMEPHO KPYIJIOro
ISITHA JIMAMETPOM OAp, C TTOHM)KEHHOW OJMHAKOBOM KOHIIEHTpAalWEH 3JIEKTPOHOB M HOHOB, KOTOPOE OKpY)KaeT
KOJBIO C TIOBBIIIEHHOH OJMHAKOBOM KOHLEHTpalUued OJJIEKTpOHOB M HOHOB. [lonmHoe wucino wvactun B
HEOJHOPOJHOCTH [UIS JICKTPOHOB W MOHOB COBIANANIO C MPOCTPAHCTBEHHO OTHOPOIHBIM CIydaeM, U HadajabHas
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IDIOTHOCTB 3apsiia B TOYHOCTH paBHA HYIIIO.

[IpoBeneHHBIE CPAaBHUTEIIBHBIE pacueThl MOKa3al, 9TO BOSHUKAIOT KBA3UIIEPHUOIIMUECKUE 3aTyXafomue KonebaHus,
B KOTOPBIX MPOSBIAETCS KakK IUIa3MEHHAs, TaK M IIUKIOTPOHHAS YacTOTHI ANIEKTPOHOB. [Ipm stom B oOmactu
HavaJbHON HEOTHOPOJHOCTH, T/le HadaJbHAas KOHIEHTpAIWs IMOHIDKEHA O CPABHEHUIO C OJHOPOAHOW (POHOBOW,
JOCTaTOYHO JUTMTENbHOE BpeMs (IIPUMEPHO 45 PaBHOBECHBIX MIA3MEHHBIX TepHoI0B 0,.) cymecTByeT "nplmarmee"”
ISTHO OTPULATENIFHOTO 3apsiia, a B 00NacTH, riAe HavajbHas KOHIIEHTpALUs BBIIIE OJHOPOJHONH (OHOBOH,
CYILIeCTBYyeT aHaJOrMyHoe 'fplmiamniee” MATHO IOJOXKHUTENBHOTO 3apsijia. 3aTeM, Iocie MEepexXOJHOro 3Tama
npuMepHO B 10 PaBHOBECHBIX IIIA3MEHHBIX MEPUOMOB 0., CUTyallss MEHsSETCS Ha MPOTHBOMOJNIOKHYIO: B LIEHTPE
obpasyercs "nmplmamiee” MSATHO IOJIOKHUTENIBHOTO 3apsiia, a B o0JlacTH, Iie HayaJlbHas KOHLEHTPALMs BBIILIE
OTHOPOJHON (DOHOBOW, CyIIECTBYeT aHAIOTWYHOE "mblmainee” ISTHO OTPHUIATENIHFHOTO 3apsiia. JTa KapTHHA
CyLIeCTBYET NpuMepHO 150 paBHOBECHBIX MJIa3MEHHBIX NEPUOIOB 0, . BpeMs 3aTyxaHus onpenenseTcs TEMIOBbIM
IBIDKEHHEM WOHOB, M 3aBHCHT OT HAYaJbHOTO pa3Mepa HEOTHOPOAHOCTH. CpaBHUTENBHBIE PACUETHI TaKKe
MOKa3aJM, YTO 10 CPaBHEHHIO C HEOJHOPOTHOCTHIO, OOPa30BaHHOM HAYaJIbHBIM BO3MYIICHHEM TOJBKO
JJIEKTPOHHON KOHLEHTPALMU, OIKCAHHAsl BBINIE HEOJHOPOJHOCTh CYyIIECTBEHHO J((eKTUBHEE BO30YKIAET
IUTa3MEHHBIE KOJIeOaHusl.

Ha ocHOBaHMM TIpOBEAEHHBIX pPacdyeTOB MOXHO CJejaTh BBIBOJ, YTO MEJIKOMAcIITa0HbIE H3HAYAIBHO
AJIEKTPOHEHTpaIbHbIE HEOJHOPOJHOCTH B KOHLEHTPALMSIX HOHOB M DJIEKTPOHOB, 00Opa30BaBLIMECS B PE3yJbTaTe
BBICBIIIAHUI, CO3/IAIOT JIOCTATOYHO JUIMTENIFHO CYIIECTBYIOIIME (HOpsAKa BpeMEHH CBOOOIHOro mpobdera
9JIEKTPOHOB) 00JI1aCTH, B KOTOPBIX HApyLIaeTCs AJIEKTPOHEUTPAILHOCTb.

Pabota BrmosHeHa npu nojyepkke rpanta POOU, npoext Ne 13-01-00063.

I[Ipumep ncnoIb30BaHUSI XaPAKTEPUCTHK ABPOPATBHBIX MOMEX IS NPeABAPUTEIbHOI OLEeHKH
TEeKYLIero ypoBHsl FeOMATHUTHOW BO3MYILIEHHOCTH

B.B. OBonenxo, B.B. Tpexun (OAO HIIK «Hayuno-uccredosamenbckuii UHCmMumym OdaibHell paouoceasuy,
Mockesa, Poccust)

PagnoaBpopa — KoOMIUIEKC TeOo(DU3UUECKHX SBICHHH, BO3HUKAIOIIUX BCIEACTBHE BO3ACHCTBUS Ha HOHOChEpy
KopryckyssipHoro usnyuenus Conunna. Crenduka 3THX SIBISHHN 0O0YyCJOBIEHa HAMYHMEM MArHUTHOTO IOJIS
3emiu. MHOTOUYNCIIEHHBIE HCCIIEOBAaHUS, IOCBAIMICHHBIE IPOCTPAHCTBEHHO-BPEMEHHBIM —XapaKTEPHUCTHKAM
pagnoaBpoOphbl, MOKAa3bIBAOT, YTO OHU AOCTATOYHO SABHO 3aBUCAT OT YPOBHA reOMarHuTHOM BO3MYIICHHOCTHU. Ha
OCHOBE COBMECTHOI'O aHaJM3a PErMCTPUPYEMBIX Ha PaJUOJOKAIIMOHHOW CTaHIWHU nanbHero obHapyxenus (PJIC
J10) xapakTepuCTHK aBpopalibHO# moMex: nansHocTu (D), azumyTa () 1 BpeMenu (t) nmosiBjieHust (CyIIeCTBOBaHUS),
a TaKKE€ TCKYIIEro YpOBHIA reOMarHuTHOMN BO3MYIICHHOCTH, 6])[.]'11/[ IMOJIYYCHbl HX B3aMMHBIC CTATUCTUYCCKUC
3aBucuMoctH. [locnenyroniyie KOHTPOJIbHBIE pacyeThl YPOBHSI T€OMarHUTHONH BO3MYILEHHOCTH C HCIIOJIb30BaHHEM
MOJYYEHHbIX 3aBHCHUMOCTEHl IIOKa3ajM JOCTATOYHO BBICOKYIO A(P(EKTHBHOCTh TPEIUVIOKEHHOI'O METoJa
OIIEpAaTHBHON OIIEHKM T'€OMarHUTHOW BO3MYyIIEHHOCTH. IIpm 3TOM MOXHO OLEHHMBaTh M NPOTHO3UPOBATH
MUHUMAaJIbHBI YpPOBEHb TEOMATHUTHOW BO3MYIIEHHOCTH, BBHIIIE KOTOPOTO MOXKHO OXHIATh IIOSBICHUE
aBpopaibHbIX ToMeXx B 30He PJIC JIO. HemoctaTkoM JaHHOTO MOIXO0/a SBISIETCS TO, YTO HMOJTYYeHHBIE 3aBUCHMOCTH
MIPUMEHUMBI ToNbKO 171 nagaoro tumna PJIC 1O u eé€ paitona gucnokarmu. [Tpu passepteiBannu PJIC 1O B npyrom
paifoHe [OWCIOKalMM WIM W3MEHEHHH €€ XapaKTepUCTHK HeoOxommMm Habop  COOTBETCTBYIOIIETO
SKCIEPUMEHTAIBHOTO MaTepualia M pacueT Ha 0a3e MPeIIOKEHHOTO TOIX0Ja HOBBIX CTATHCTUYECKHUX
3aBUCUMOCTEH.

BoJaHoBble BO3MYyIleHUsI B HUKHell mosisipHoii noHocdepe Bo Bpemsi majaeHusi YedapKyjabcKOro
MeTeopuTa

B.JI. Tepemenko, E.b. Bacunbes, B.A. Tepemenko, O.®. Ornobauna, C.M. UepusikoB (Tlonspusiil ceopuszuueckuii
uncmumym KHL] PAH, Mypmanck ,e -mail: viadter@pgi.ru)

Ilo nmaHHBIM MeTOJa YACTUYHOTO OTpaxeHus Ha paccrossHuu cBbime 2000 kM OT »3MMIEHTpa B3pbIBa
YebapKyNbCKOTO METEOpUTa B CIOKOMHBIX TeIHOreo(H3HMYECKUX YCIOBHAX OOHApYKEHbl CHIIbHBIE HW3MEHEHHS
CTPYKTYpel ¥ JuHamMuku obmactei D wu E monspHoit wonocdepsl. MoHocdepHble BO3MyIIeHHS,
3aperucTpupoBaHHble B D-00s1acT BO BpeMs 3TOro COOBITHS BO MHOT'OM aHAJIOTMYHBI BO3MYILEHUSM HOHOC(HEPHI
BO Bpems CHibHBIX Bemblmek ConHma kimacca M. BepTukanbHo-cioucteie oOpa3oBaHus, OOHapy>KeHHbIE B E-
00acTé MOJAPHOW HOHOC(EPHI, MOJOOHBI BO3MYIICHHUSIM, HAOIIOTaeMBIM BO BpPEMs 3aITyCKOB W ITOJIETOB JIETKHUX
pakeT Ha3eMHOTO 0a3UpOBAHMSL.

Ompenenensl Gopma, aMIUIMTYAa, MEPUOA M KaXyIIasics CKOPOCTh IEPEMEIICHUS MOHOC(HEPHBIX BO3MYLICHHH,
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KOTOPBIE OTOXKAECTBISIOTCSA C PACIPOCTPaHEHHEM aTMOC(EPHBIX BOJH, TeHEPUPYEMBIX BO BpeMs MOJETa U B3pHIBA
MeTeopuTa.

Ha ocHOBe aHasM3a 9KCHEpUMEHTANBHBIX JAHHBIX U reo(pu3n4ecKkoll 00CTAHOBKU BBIIBUHYTA THIIOTE3a O TOM, YTO
BO3/IeiicTBUE B3pbIBa Ha MOHOC(HEPY MOXKET MepelaBaThCsl U3 CPEJHUX LIMPOT B MOJIPHYIO O0JNACTH C HOMOIIBIO
PaZMOBOJIH CPEIHEBOJHOBOIO JAMAana3oHa CTOPOHHMX pPaJUOCTaHLUM, CO3JAIOIMX IIOMEXHM B TOUKe MNpHEMa
CUTHAJA.

CTpyKTypa HH:KHEH MoJIsIpHOi HoHOC(epbI BO BpeMs CHIbHBIX 3emJyeTpsicenuii B 2011 u 2012 rr.

B.[. Tepemenko, B.A. Tepemenko, O.®. Ornobnuna, E.b. Bacunses, C.M. Uepusikos (Tloaspubitl 2eopusuyeckuii
uncmumym KHL] PAH, Mypmanck ,e -mail: vladter@pgi.ru)

C noMoIIbI0 METOJIa YACTUYHBIX OTPKEHUI HMCCIIeI0BaHa CTPYKTYpa MOJSIPHOM HIDKHEH MOHOC(hEPHl U BOJIHOBbIC
BO3MYLICHHUA B HEH BO BpEMs OTACIIbHBIX CHUJIbHBIX 3eMﬂeTpﬁC6HHﬁ. IIJ'IH aHaJIn3a 6I)IJ'II/I BI)I6paHI)I 3EMJICTPACCHUA,
kotopsle npousouutd B 2011 u 2012 rr. B Snonun, Typumum u Hopeexxckom Mmope. Bo BpeMmsi 3Tux coObITHIA
PETHCTPUPOBAINCH BO3MYIIECHUS HOHOC(Epbl B BHJE N-BOJHBI (CKaTWe C IIOCHENYIOIIMM pa3pekeHHEM) C
nepuonom 5-10 muH. [Ipy 3TOM aMImmUTyna BO3MYIICHHH IMOJIHOTO 3JCKTPOHHOTO CoJepaHus B obmactu D
noHocgepsl MpeBblIana ypoBeHb (OHOBBIX (uykryanuid B 2-4 paza. da3zoBas CKOPOCTh KBa3HIIEPHOAMYECKUX
Bosmymernit (300-400 m/c) Omm3ka K CKOpOCTH 3ByKa Ha BbIcoTax D-o6mactu moHoctepbl. B obmactn E
noHocepsr 3a 10 wacoB nmo 3emuerpsceHns B HopBexkCKOM Mope W TOCiE€ HEro HaOIronanich
KBa3HCHHYCOHAIbHBIE KOJIEOAHUSI aMIUIUTYAbl OTpakeHui ¢ nepuogamu 25-50 MUH (BO3MOXKHO — MPEABECTHUKU
3EeMIICTPSICEHHH ).

Anamm3 ammutyasl asiaenauii [T, 3aperucTpupoBaHHbIX B PABHOJAEHCTBEHHbIE U JIETHHE
ce30Ha roaa

B.A. Vises', B. Hukonaesa!, O.1. [ymuios 2

7 o o o
Apxmuueckui u Anmapkmuueckuii Hayuno-uccrneoosamenvckuu uncmumym (AAHUU, CI16);
e-mail: vauliev@yandex.ru

2 . . .

Honapuwitl eeopuzuueckun uncmumym KHI] PAH, e. Anamumevi; e-mail: oleg@aprec.ru

B pabore anammupyrotcs ammuuty sl siaenuit [T, 3apernctpupoBaHHbIX 32 neproA ¢ Hayaia 70-X 1Mo Ha4yajo
90-x TOJOB IIpU PUOMETPHUYECKUX HAOJIONEHMSAX HA JABYX BBICOKOIIMPOTHBIX CTAaHIMSX, PACIOJIOKEHHBIX BHYTPH
NOJISIpHOM manku (craHuuu o. Xeiica u Boctok). PaccmarpuBanucs siBenus ITI1I, npoucxonusmne B MecTHOE
JIETHee TMONyromue, Korga MakcumanbHoe moriomenue [T Habmomamock TPH MOTHOCTHIO OCBEIIEHHOM
noHocdepe. YCTaHOBICHO, YTO YCPEOHEHHBIC 3a MECAIl OTHOCUTEIbHBIC (HOpMHpOBaHHBIE) amruaTynsl [ITTIII
CYIIIECTBEHHO HE MEHSIOTCS B TEUYEHHE JIETHEr0 nosryroans. Gusndeckuii aHanm3 U pacu€Thl IO3BOISIIOT OOBSICHUTH
3T0 crneayromue obpa3oM. B JeTHHe Mecsmbl MO CPAaBHEHHUIO C PaBHOAEHCTBEHHBIMH METEOPOJIOTHUECKHE
nmapameTpsl Me3ocdepsl (TeMIeparypa, INIOTHOCTh HEHTpaTbHON aTMOC(Ephl) BRI3BIBAIOT MOBBIIICHUE TOTTIONCHHS
[I1I1, Torna xak noHoc(hepHbIe MapamMmeTphl (CKOPOCTh PEKOMOUHAIMHN ) — TOHW)KEHHE.

CucreMa 3JIeKTPOMarHUTHbIX Ha0J0AeHuii Ha apxuneare Hlnunéepren
M.B. ®unaros, A.B. Jlapuenko, A.B. Pongyrun, C.B. [Tunsraes, F0.B. ®enopenko, A.A. 'anaxos

Honsproii ceogusuueckuii uncmumym KHL] PAH, Anamumsi)

Jlerom 2013 roma ©Ha wHaydHoOW craHIH «bapeHnOypr» mpousBeneHbl paboThl MO COBEPIICHCTBOBAHHIO
M3MepHuTeNel 3JeKTpoMarHUTHOTO Tojsa. Cucrema cbopa anmekTpoMarHUTHBIX HaHHBIX B CHU-KHY nnamazone
4acTOT, COAEPXKallas TPU KOMIIOHEHTHl MarHUTHOTO MOJS M JBE TOPU30HTAJIbHBIE KOMIOHEHTHI 3JIEKTPUYECKOTO
noJist, OblIa IOTIOJIHEHa KOMIIOHEHTOH BEPTUKAILHOTO 3JIeKTpuieckoro noss. IIpoBeaeHsl paboThl 0 paclIipeHHIo
MOJIOCHl NMIPUHUMAEMBIX YacTOT AJIEKTpoMarHUTHOro Tpakta BBepx ¢ 250 I'm mo 7 xI'm mytém ycranosku OHY
cHCTeMbI cOOpa JIaHHBIX OT MArHUTHBIX PaMOYHbBIX aHTEHH U BEPTHKAJIBHOW DJIEKTPUYECKON aHTEeHHBI. Pazpaborana
U NIPYMEHEHa METOAUKA OLECHKH NEePeAaTOYHbIX XapaKTePUCTUK PaMOYHBIX aHTeHH. [lonydeHHbIe XapaKTepUCTUKH
XOpOIIO COTJIacylOTCsl ¢ pe3yibTaTaMu pacueToB. Takum o0pa3oMm, B HACTOSIIMHA MOMEHT BPEMEHH, CTaHIUS
COJIEP’KUT KOMILIEKC CHCTEM cOOpa AaHHBIX pa3[eleHHBIX IO 1TOJI0CaM, HOKPHIBAIONIMM YacCTOTHBIA AMAIa30H OT
0.01 I'g mo 7 I,
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MoOnabHBIN KOMILIEKC JJIsl perucTpamuu djaekrpoMarautaoro moasi B KH4Y-OHY nnana3zonax
M.B. ®unaros, C.B. I[Tunsraes, A.B. Jlapuenko, F0.B. ®enopenko
Honsapuwitl ceopuzuyeckunt uncmumym KHI] PAH, e. Anamumei

J1s 3KCIIepUMEHTAIBHOTO UCCIIE0BaHUS OIS HOHOC(HEPHOTO HCTOYHUKA Ha PACCTOSIHUM B HECKOJIBKO JUTMH BOJIH,
MIPOBOAMMOIO C IIENBI0 aHaKM3a IPOIECCOB BO30YXKAEHHWS BOJIHOBOJA 3eMis-MOHOC(Epa M paclpoCTpaHEHHUS
JIEKTPOMAarHUTHBIX MOJ], Hy’KHa BBICOKOUYBCTBHUTENIbHAS PETHCTPUPYIOIIAs ammaparypa, MO3BOJISIOMAs U3MEPATh

KaK MUHUMYM TpPU I''TaBHBIC KOMIIOHECHTBI 3JICKTPOMAriuTHOT'O IOJIA — ABC TOPU30OHTAJIbHBIX MAarHUTHBIX Bx , By u

BEpTUKAbHYIO 3JsekTpuueckyto F_. Tak kak Ha wactorax Bbime 1.8 — 2.0 k[l B BOJHOBOJE MOTYT
z

PpactpoCTpaHsATHCS HECKOIBKO BOJHOBOIHBIX MO/, 00Iaal0MKX Pa3HBIMHU TPYIIIOBEIMU U (Da30BBEIMH CKOPOCTSIMH U
pa3HbIM 3aTyXaHHeM, JUIS OLIEHKH MOJIOBOTO COCTaBa HEOOXOJMMO H3MEpSATh (Pa30Bble COOTHOILICHUS MEXKAY
CUTHaJlaMH B TOYKax, pasHeceHHbIXx Ha pacctosHue 100-200 kM. VYuwmrtbiBas, 4YTo Qa3oBas CKOPOCTbH
pacrpoCTpaHeHHsI BOJHOBOJHBIX MOJ BOJHM3M KPHUTUYECKHX YaCTOT BOJHOBOAA 3eMII-HOHOCc(epa MOXKET B
HECKOJIBKO Pa3 MpeBBIIATh CKOPOCTh CBETA, TaKas 3aja4ya TpeOyeT 00eceynTh BEICOKYIO TOUHOCTh CHHXPOHHU3ALUH
BPEMEHHU PETUCTPATOPOB C JIOMYCTUMOM OLIMOKOH He 00Jiee HECKOIBKMX MUKPOCEKYHI.

B nanHoit pabore npenctasieH paspadortanssiii B [II'M KHI] PAH MOOWIBHBIA KOMIUIEKC Ui PETUCTPAIUH TPEX
KOMIOHEHT AtekTpoMarHuTHOro oyt B KHY-OHY nuamasoHax yqoBISTBOPSIONIUE TPEOOBAHUSM IIEPSUUCICHHBIM
BeIIe. PerumcrpaTtop mpencTaBiseT COOOH  MPOrpaMMHO-almapaTHBIA  KOMIDICKC, COCTOSAIIMA W3  OBYX
MIEPIICHAUKYJIIPHO OPUCHTUPOBAHHBIX PAMOYHBIX aHTEHH, BEPTHKAJIBLHON JJIEKTPUICCKON aHTCHHBI, MaJIOUTYMSIIIHX
AHTEHHBIX YCIJIUTENeH W OJOKa, COCTOAIIET0 W3 a.Il.IL., yIpaBiitomero Mukpokontpoiwiepa, GPS/TJIOHACC
npuéMHuKa. [lutanne permcrparopa OCyMIECTBISETCS OT aKKyMyJsITopHOW Oatapem 12B. DnemeHTHas 0aza Bcex
O7IOKOB perucTpaTopa obecreunBaeT paboTy B MHIYCTpHUAIBHOM auamna3oHe temmeparyp oT -40 mo +70 C. B
ABTOHOMHOM DEXHMeE 3amuch NaHHBIX npomsBogutcs Ha FLASH mamsates. B perucrparope npenycmorpen Ethernet
nHTepdeiic, Mpu MOMOIIM KOTOPOrO CHUCTeMa cOOpa MaHHBIX MOJMKET OCYIIECTBIATH INepenady MaHHBIX dYepe3
KOMMYyTatop, Mapuipytuzarop win Wi-Fi cetb. B pexxume aBTOHOMHOI pabOTHI IIPH UCTIONB30BAHUU aKKyMYJISATOpa
E€MKOCTBIO 55 A/4 MPOJOIDKUTEILHOCTh CEAHCa 3allUCH COCTABIISET MOPSIKa 7 CYTOK.
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Diurnal and seasonal variations of mixed layer depth and surface ozone over the central regions of
the Kola Peninsula

V.1. Demin (Polar Geophysical Institute, Apatity)

Diurnal and seasonal variations of mixed layer depth over the central regions of the Kola Peninsula are calculated
with different techniques. Results of calculation were compared with the diurnal variation of the surface ozone
concentration which depends on turbulent mixing. It has been found that diurnal course of the surface ozone under
stable atmosphere boundary layer (cold season or nighttime) can be described by the numeral wind-based models.
The vertical temperature distribution is most important parameter under conditions of unstable stratification
(daytime in warm season).

Estimation of climatic changes in the Kola Peninsula during the last 263 years
V.I. Demin (Polar Geophysical Institute, Apatity)

Records of air temperature in the Kola Peninsula region have been available since the 1878. However data from the
various weather stations in the Kola Peninsula and North Scandinavian can be combined to the long temperature
series using information from time periods with overlapping observations. Unfortunately, centure-scale
meteorological time series contain variations due to non-climatic factors, such as site relocations, changes in
instrumentation or changes in observing practices. These inhomogeneities can distort or even hide the true climatic
signal. For this reason all used data were previously verified with homogeneity tests. Inhomogeneous time series
were corrected with the standardized homogenization procedures or eliminated from consideration. Resulting
homogeneous records were used to reconstruct mean annual and seasonal temperatures in the different places of the
Kola Peninsula.

The reconstructed temperature values are reliable back to 1803. Before this temperatures are less reliable, but seem
to be realistic, at least on decadal time scales.

The analysis show that the annual and seasonal mean temperatures has not changed significantly during the 1750-
2013. The modern warming in the region appears significant for the last centuries only. Between 1750 and 2013 the
annual temperature has been a warming linear trend at an average rate of 0.08°C/decade. Mean rates of increase of
spring and autumn temperatures are 0.04 °C/decade. The summer temperature over studied periods varies but
slightly.

Tree-ring proxies of atmospheric explosions of fireballs
E.A. Kasatkina', O.1. Shumilov', M. Timonen® and A.G. Kanatjev1

"Polar Geophysical Institute, Kola Science Center RAS, 184209 Apatity, Russia
’Finnish Forest Research Institute, Rovaniemi Research Unit, Rovaniemi, Finland

Using the results of the dendrochronological analysis (68 Siberian tree-ring chronologies) it has been shown earlier
that the increase in the tree-growth after the 1908 Tunguska event is observed at a large distance (more than 1500
km) from the explosion site (61N, 102E) and covers a huge area of about 2x10°%km* (60-75N, 80-110E). The
anomalous growth of trees was previously reported only for a direct destruction area (about 2000 km?). A similar,
but smaller, result has been obtained when analyzing changes in the annual tree-ring growth after the Chulym bolide
explosion (57.7N, 85.1E) in 1984. Here we present as well results of our analysis of Kola (northwestern Russia) and
Scandinavian tree-ring records that also demonstrate the influence of 1873 Kola bolide impact on tree growth (up to
40% compared to the previous year). In AD 536 an event occurred which caused significant climatic change (a
global temperature decrease of up to 3°C). It seems to be caused by the collision with large cosmic body (larger than
500 m). Tree growth stress after the AD 536 event was analysed in detail using the ~7500 supra-long chronology
from Finnish Lapland. A possible interpretation of the observed phenomena is given. The increase observed in tree
growth seemed to be caused by the precipitation of nitrogen and/or some other bio-active chemical compounds,
which served as fertilizers, on the ground. Another possible explanation of the accelerated growth of trees can be an
increase in the UV radiation flux due to the increase of NO production and destruction of the ozone layer as a result
of the flight of the bolide in the Earth’s atmosphere. One of the possible mechanisms of the detected tree growth
may be the fact that the growth of aerosol content in the stratosphere occurred after bolide impacts leads to an
increase in the fraction of diffuse radiation in the total influx of the photosynthetically active radiation to the earth’s
surface. Diffuse radiation can penetrate more deeply into the crown of woody vegetation than direct sunlight,

65



Low atmosphere, 0zone

intensifying the photosynthesis of shady leaves, which can lead to an increase of tree growth. In any case, our results
indicate that the dendrochronological analysis can be applied to study the consequences of collisions with much
smaller cosmic bodies with sizes ranging from several to hundred meters. The observation of these cosmic objects
by using optical methods is most difficult as it was demonstrated in the case of the 2013 Chelyabinsk bolide. The
results open new opportunities for using the dendrochronological method to solve the problems of the asteroid-
comet danger (cataloguing of events, estimate of the trajectory and action region, etc.).

The influence of geomagnetic perturbation on changes of ULF-VLF atmospherics, registered on
Kola Peninsula

V.1 Kirillov, MLI. Beloglazov, V.V. Pchelkin (Polar Geophysical Institute KSC RAS, Apatity, Russia)

Diurnal variations of atmospherics intensity in the ULF-VLF-range (on frequencies of 600 Hz and 6 kHz) by data of
geophysical station “Lovozero” on an extent since June, 2012 till May, 2013 are investigated. It is shown that the
diurnal variation of atmospherics are defined both by parameters of waveguide "Earth-ionosphere" and by activity
of thunderstorm centers. Found that the transition from quiet to disturbed conditions does not lead to a significant
change of the diurnal variations of hourly average traffic atmospherics N,,. as well as hourly average amplitudes
atmospherics 4., in both components at both frequencies and in all seasons. Diurnal variations A4, are substantially
different from the diurnal variations N,,. and largely reflect changes of the lighting conditions on the paths of
propagation of atmospherics especially at a frequency of 6 kHz. Furthermore, we found that the mean values N, in
the north-south component in a few times of more than in the east-west component, regardless of the season and the
level of disturbance, herewith A4,,. in the north-south component of about 2-3 times less than in the West east
component. This is due to the receipt in obs. "Lovozero" of intensive traffic of pulse signals of small amplitude in
direction 'north-south', the cause of which may be the presence on the north-south direction of several large
settlements at a distance of more than 90-100km (Murmansk, Severomorsk, Apatity, Kandalaksha and etc.).

Numerical modeling of the initial stage of the origin of cyclonic vortices in the vicinity of the
intertropical convergence zone

LV. Mingalevl, N.M. Astaﬁevaz, K.G. Orlovl, V.S. Mingalevl, O.V. Mingalevl, V.M. Chechetkin®

! Polar Geophysical Institute, Apatity, Russia
2 Space Reseach Institute, Moscow, Russia
7 Keldysh Institute of Applied Mathematics, Moscow, Russia

A number of earlier studies have shown that the origin of convexities in the form of the intertropical convergence
zone, having distinct configurations, can lead to the formation of different large-scale vortices, in particular, a
cyclonic vortex, pair of cyclonic-anticyclonic vortices, and pair of cyclonic vortices, during the period not longer
than three days. The purpose of the present work is to continue these studies and to investigate numerically,
applying the regional mathematical model of the wind system of the lower atmosphere developed in the PGI, the
initial stage of the origin of large-scale vortexes in the vicinity of the intertropical convergence zone.

The applied model produces distributions of the lower atmosphere parameters in the limited three-dimensional
simulation domain in the height range from 0 to 15 km. The mathematical model is based on the numerical solution
of the system of transport equations containing the equations of continuity for air and for the total water content in
all phase states, momentum equations for the zonal, meridional, and vertical components of the air velocity, and
energy equation. Simulations are performed for the case when this region is intersected by the intertropical
convergence zone. It was supposed that, at the initial moment, the intertropical convergence zone contains two
convexities in the north direction. Time-dependent modeling was performed during the period of about four days.
Simulation results indicated that, in a moment of 30 hours after the beginning of calculations, two tropical cyclones
were formed in the vicinity of the initial intertropical convergence zone. Besides, in a moment of 60 hours after the
beginning of calculations, third tropical cyclone arose in the vicinity of the initial intertropical convergence zone.
The radii of these three cyclones are about 800 km. The horizontal wind velocity in the cyclones can achieve values
of 15-20 m/s in the course of time.

This work was partly supported by the RFBR grant 13-01-00063.
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MopennpoBanue 0011eil TUPKYJIANNH aTMOC(epsl 3eMJIH ¢ y4eToM pesbeda NOBEPXHOCTH B
paMKax MoJIHOM CMCTeMbl YPaBHEHUIl ra30BOM JTMHAMUKHA

n.B. MI/IHFaJ'ICBl, KT. OpJ'IOBl, B.C. MI/IHl“aJ'IeBl, O.B. MI/IHF&J‘ICBI, B.M. Yeuerkun®

1 . .
Honapusiil eeopusuyeckun uncmumym Koavckoeo nayunoeo yeumpa PAH
2 N

Hnemumym npuxnaouoti mamemamuxu um. M.B.Kenoviuwa PAH

BypHoe pa3BuTHE BBIYUCIUTEIBHON TEXHUKH MTO3BOJISET CO3JaTh MOJIEIb O0LIEH IUPKYIJIAIUU atMochepsl 3eMiIn Ha
OCHOBE YMCJICHHOT'O PELIEHUS MIOJHOM CUCTEMbI YpPaBHEHUI I'a30BOM JUHAMUKMU HA TPEXMEPHON IPOCTPAHCTBEHHOM
CeTKe C BBICOKMM paspelieHrneM. ABTOpaMU JaHHON paOoThl pa3paboTaHa M OTIaXeHa Takas Mojeib. B aToi
MOJCJIN YYUTBIBAOTCS HeC(l)epI/lllHOCT]) IOJI TATOTEHHUS 3eMJId U penbe(b €€ IMMOBEPXHOCTHU. B ﬂaHHbIﬂ MOMCECHT B
MOJIETIM HCIIOJIb3YETCsl YIPOIICHHBIH Croco0 pacyera CKOPOCTH HarpeBa-OXJaKAeHHs arMocdepbl 3a CcuHeT
MOTJIOIIEHUS-UCITYCKaHHs 3JIEKTPOMAarHUTHOTO M3JIy4eHHs (TaKk Ha3bIBaEMOE pellaKCallMOHHOE INpuoOmKeHue). B
JTAaHHOH paboTe M3JIararoTcsi KpaTkoe ONMHMCaHNWe MOJAEIH U Pe3yNbTaThl MOACIMPOBAHUS IS Pa3IMYHBIX BApHAHTOB
MOJIeTbHOTO HarpeBa. OOCyKAal0TCs MMOydYeHHbIE TPH MOJIEIIMPOBAHUN OOIIME 3aKOHOMEPHOCTH BEPTHKAIBHOTO U
TOPHU30HTAJILHOTO MEPEHOCA B 36MHOM aTMoc(epe U UX COOTBETCTBHE C JAHHBIMH HaOJIIOICHHUH.

Pabora BrmosHeHa pu puHAHCOBOM moauepskke rpanta PODU Ne 13-01-00063.

BapuaHT MeT0a THCKPETHBIX OPAMHAT, ONTHMHU3UPOBAHHBIN /I pacyera cCOOCTBEHHOT 0
U3JIyYeHHsl B TOPU30HTAJIBLHO OJIHOPOAHOI aTMoc(epe

n.B. MI/IHFaJIeBl, E.A. (I)C,HOTOBal, A.B. PO,III/IHZ’3, H.U. Urnateep™?

1 . .
Honapusiil eeopusuyeckun uncmumym Koavckoeo nayunoeo yeumpa PAH

2 . . .

Mockosckuil huzuxo-mexHudeckutl UHCMUmym (20cyO0apcmeeHHulll yHueepcument)
3 .

Hnemumym xocmuueckux uccneoosanuii PAH

Pabora nocesieHa M3JI0KEHHIO HOBOW MOJM(UKAIMK METOJA AMCKPETHBIX OpAMHAT Ul pacyéra COOCTBEHHOTO
M3NIyueHus: atMocdepbl IUIAaHET B Y3KOM HMHTEpBaJe CIIEKTpa B NPHOJIMIKEHUH TOPU3OHTAIBHON OJZHOPOIAHOCTH
atMocepbl. OCOOEHHOCTh MPEIUIOKEHHOW MOIU(PUKALNY 3aKJII0YAETCS B TOM, YTO JJISI PELICHHUs BO3HUKAIOLIEH B
METOJIe JMCKPETHBIX OpJAMHAT CHUCTEMBI JIMHEHHBIX ajreOpanvyecKux YpaBHEHUIH WCIOJIB3YeTCsl TOYHBIA METO[
pemeHnst (METOA MaTPUYHOM HPOTOHKH), B TO BPEMs KaK B CYIIECTBYIOUIMX KOJax JJIsI PEIICHHS 3TOH CHCTEMBI
MIPUMEHSITNCh UTEPAIMOHHBIE METOMBI (KaK MpaBWiIo, Meton 3eiinens). B cmydyae mHammuaus B atmMocdepe cloéB c
CHIIBHBIM paccessHUeM U CJIa0bIM TOTIIONIeHHEM (HarpuMep, ciion o0yiakoB Ha BeHepe n Ha 3emiie) UTepanoHHEIC
METOJIBI CXOZSTCSI MEAJIEHHO M TPEOYIOT BBIIIOJIIHEHNUS OOJBIIOro YKciIa uTepayii. B aToM ciryyae npeyuiosKeHHBIH B
JaHHOH paboTe METOJ HMEeT INPEUMYIIECTBO B TOYHOCTH M CKOPOCTH pacdera. B pabore mnpencraBiieHbI
pe3ynbTaTel pacu€ToB Al HeCKOIbKHUX mosoc B MK-auanasone B atmocdepe BeHepsl, KOTOpble CpaBHHBAIOTCA C
pacdéraMu 1o CTaHAAPTHBIM IIPOTPaMMaM, pa3pabOTaHHBIM JUIA PacuéTa IepeHoca U3IydeHHS.

PabGora BbimonHeHa npu (GUHAHCOBOW TOAJEPXKKE MpOorpaMmbl (QyHIaMeHTAIbHBIX HccienoBanuil [Ipesunuyma
PAH Ne 22, a takxxe rpanta POOU Ne 13-01-00063 u rpanta Munoopuayku Ne 11.G34.31.0074.

BricokommpoTHbie djiekTpoMaruuTHbie KHY - n3amepenns kak cpeicTBO MOHUTOPHHIA
rJ100aJIbHOI TOKOBO AKTUBHOCTH I'PO3.

B.B. IMuenkun (Tloasiproiii eeopusuneckuit uncmumym, Anamumol, Poccus)

B wuccnenoBannu paccMaTpHBalOTCS BO3MOXKHOCTH HAOJIOJICHUI €CTECTBEHHBIX DJIEKTPOMArHUTHBIX SMHCCHHA B
JIMara3oHe YacTOT HEPBOTo IIYMaHOBCKOTO PE30HAHCa KaK CPeJICTBAa BRICOKOIIMPOTHOTO MOHUTOPHHTA TII00AIEHOMN
TOKOBOH aKTHBHOCTH rIpo3. OOcyxnmaercsi BO3MOXHAs CBSI3b HM3MEPSIEMBIX XapaKTEPUCTUK LIYMOBOTO
9JIEKTPOMATrHUTHOTO TI0JIS € ITapaMeTpaMHt III00aJIbHON IPO30BOH eI TEIBHOCTH.

Onmcana »5¢dexktuBHAs cucTemMa (GUIBTPAIKMU 3amHceil  BBHICOKOIIMPOTHBIX MArHUTHBIX HW3MEpPEHHHA 10
JOMHHHPYIOLIAM UCTOYHHKAM HUMITYJIbCOB. [loka3aHa CBS3b SKCIEPUMEHTAIBHO MOJYYEHHOW CE30HHOW ITHMHAMHUKH
aMIUTUTYJHO-YTJIOBBIX XapaKTEePUCTHK IOJSA C CE30HHBIMH M3MEHEHHSMHM JIOKAIN3alUM U aKTHBHOCTH MHUPOBBIX
LIEHTPOB I'PO3, YCTAHOBIEHHBIMH B X0/I¢ HA3eMHBIX METEOHAOIIONEHUH U CITy THUKOBBIX M3MEPEHUH.

CrenaH BBIBOA O BOSMOXKHOCTH OLIEHOK OTHOCHUTENBHBIX BapHallMii TOKOBOW aKTHBHOCTH I'DO3OBBIX MCTOYHHKOB
CYTOYHOI'O U CE30HHOI'O MaCIJlTa6OB 10 MHOT'OITYHKTOBBIM U3MEPCHUAM FOpI/ISOHTaHbHOﬁ MAarHuTHON KOMITOHEHTBI
IyMOB B JaHHOM JuUara3oHe 4aCToT.
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Particularities of manifestation of space-and-time conditions in variations of biochemical
indices registered in the Antarctic

V.V. Ivanov', [E.S. Gorshkov|, V.V. Sokolovski'

'St. Petersburg Branch Of IZMIRAN, Saint Petersburg;e- mail: sl_iva@mail.ru
The Institute for Analytical Instrumentation (IAI RAS), Saint Petersburg

Objective existence of personal time of each individual, alongside with time of outer social and physical worlds,
is one of the main reasons for developing new concepts of time and space. This being said not only about space
and time as a general factor influencing human mentality and biochemical and physiological functions but
also about functioning of mind and biochemical and physiological activities in time and space, which is
especially important for humans in extreme environmental conditions. It is known that gravity deprivation
during space missions is associated with changes in perception of time and space. This can lead to
misestimation of distance from launch vehicle to spaceship at docking and, at early stage of zero gravity
impact, to specific feeling of time standing still.

The major task of our research was to discover possibility of correlation between perceived time and
space (duration of individual minute, DIM) and physiological biochemical indices, registered in one person
in the extreme conditions of the Antarctic in 2001-2002 as thiols and urochromes concentration ratio in urine
(Csu/Cur) and cardiac and respiratory rate ratio (CR/RR). The test characterizing DIM as the time of reciting
the consequence of numbers from 1 to 121-180 relates to the group of methods of studying perception of time
duration by reciting, which are more accurate compared to other methods. Invariability of Cs#/Cur and CR/RR
ratios allows suggesting a general space-and-time factor STF determining their changes. The first component
of the factor, DIM, is a characteristic of human ability to perceive physical time. For the second component we
took the distance (in kilometers) that the Earth covers in 1 physical second with absolute velocity (Vav): Vaxls.
For weekly average values of DIM and Vav for the period of 2001-2002 we calculated average values of
perceived absolute velocity of the Earth, kilometers per individual second (is), - Vavp. The example of
calculation of STF (Vavp) for each pair of DIM and Vav is as following: DIM =72 s, Vav =360 km/s, 1 is = 72
s/60 = 1.2 s. Substituting the physical second with the individual second in Vav we get: Vavp = 1.2 x 360 km/is
= 432 km/is. In this case the exceedance of Vavp over Vav can be associated with a feeling of time running
faster. Note that with Vavp < Vav the effect will be inverse. In extreme conditions, when Vavp << Vav, there
can be a feeling of time standing still. It turned out that Vavp well correlates with fluctuations of weekly
average Csn/Cur and CR/RR for the same period of time — the correlation indices are 0.5 and 0.57, respectively.
This fact allows us considering, so far in the first approximation, STF(Vavp) as the carrier of space-and-time
features in changes of Csu/Cur and CR/RR, characterizing individual perception of absolute velocity of the
Earth in kilometers per individual second.

Therefore, we obtained first encouraging results confirming the possibility of association between perceived
space and time (as duration of individual minute) and physiological biochemical indices (Csn/Cur and CR/RR
ratios). It appears that there is a real possibility of taking individual perception of space and time into account
when experimenting with bioobjects, both on Earth and in space (with spacemen during space missions), thus
increasing accuracy and providing objective results.

On correlation between atmospheric redox reactions and ozone content in stratosphere

V.V. Ivanov', [E.S. Gorshkov|, V.V. Sokolovski'*?

ISt. Petersburg Branch Of IZMIRAN, Saint Petersburg; e-mail: sl_iva@mail.ru
’The Institute for Analytical Instrumentation (IAI RAS), Saint Petersburg

In our previous studies of many years we discovered oscillatory pattern of changes of reaction rate for unithiol
oxidation with nitrite ion in the surface layer of the atmosphere and their correspondence with variations in the
cosmophysical factors — solar activity and gravitational field.

The model redox reaction between dithiol and nitrite:

/SH S
R +2NaN02—>R/| +2 NaOH +2 NO

SH S
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can apparently be used for estimating both thiol substrate oxidation rate and nitrogen oxide formation rate,
which is relevant to processes of ozone molecule breakdown. In connection with this, we performed research
series in 2000 simultaneously measuring unithiol oxidation rate in the surface atmosphere and ozone level at 20
km above the ground. The study was conducted during the 45th Russian Antarctic Expedition onboard
Akademik Fyodorov research ship while it was passing round East Antarctica (polar stations Mirny, Progress,
Druzhnaya, Novolazarevskaya) in March-April, 2000, then sailing northward and crossing the equator, and
sailing from Murmansk to Bennett Island in the Arctic in August-September of the same year. The parameters
were measured daily at 10 a.m. Moscow time. Test reaction rate was estimated with unithiol oxidation half-time
(UOHT, unithiol test) by the method developed by professor V.V. Sokolovski. Total ozone level (TOL) was
registered in compliance with Methodological Guidelines for Total Ozone Layer Observation and Processing of
Observation Results, designed by Voeykov Main Geophysical Observatory. Joint analysis of UOHT
fluctuations and TOL variations obtained in the three series of experiments revealed common features in their
patterns. The moment of crossing the equator (high sun) corresponds with simultaneous explosive increase of
values: UOHT, most evidently, grows by 1.9 times and TOL grows by 45%. Corresponding patterns of two
indices describing the dynamic changes in daily UOHT and ozone levels are indicators of direct correlation
between the indices. This seemingly surprising correlation is, in fact, full of meaning and significance. For
instance, what should we think of the synchronous peak values of UOHT and ozone level? Increased UOHT,
indicating inhibition of oxidation, also tells us that NO, reduction and NO formation are inhibited, which must
be followed by lower rate of ozone depletion and increasing ozone level in the atmosphere. In other words,
growing UOHT in the surface layer of the atmosphere can apparently be taken as a sign of inhibited ozone
depletion in the stratosphere.

Therefore, a new application of unithiol test can be possible, which expands its informational functionality.
Also, E.L. Aleksandrov et al. [1992] noticed that the significant and fast decrease of TOL which was registered
in the Antarctic in September, 1987 “can hardly be explained with an impact from photochemical processes”.
Apparently, modern concepts of possible ways and features of ozone transformations in the Earth’s atmosphere
cannot be considered complete.

Space weather and injury rates among people living and working behind the Polar Circle
O.L Shumilov', T.B. Novikova?, E.A. Kasatkina', A.V. Karelin® and A.V. Chramov*

'Polar Geophysical Institute, Kola Science Center RAS, Apatity, Russia
’Main Hospital, Kola Science Center RAS, Apatity, Russia
ISt.-Petersburg Pavlov State Medical University, St.-Petersburg, Russia
*Baltic State Technical University, St.-Petersburg, Russia

In the work we considered the traumatism level of employers working at the joint stock company Apatit, the largest
mining and concentrating enterprise in Europe and Russia, for the period 2000 2010 years. The enterprise is located
in twin towns Kirovsk and Apatity (67.58 N; 33.31 E) right at auroral zone of geomagnetic activity. It was shown
that the injury rate resembles that of suicides for peoples living in Kirovsk (not only miners). In a seasonal
distribution one can select several clear occurrence maxima: in March-April, June-Jule, September-October and
December-January. The first three maxima coincide with ones in the seasonal distribution of the most intensive
geomagnetic (Ap>150 nT) storms for the period considered. The forth winter maximum coincides to the maximum
in the seasonal distribution of cardiovascular diseases in Kirovsk and seems not to be connected to geophysical
distribution and takes place during the hardiest life period of people living far in the North (dark and cold Polar
Nights). Analysis of some concrete geomagnetic storms and trauma appearance behind the polar circle supports
above mentioned connection between geomagnetic disturbances and extreme situation events. The conclusion may
be used in preventive measures of traumatism taking into account the world wide tendency of spreading economic
activity to the Arctic (and possibly Antarctic) region of the Earth.
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PoJsib cOJIHEYUHOI AKTUBHOCTH B MOAYJISIIUM METUKO-0M0T0TH4EeCKUX NMOCAEACTBUAX UCTIBITAHUS
SI/IEPHOTO OPYKHUS B CEBEPHOM MOJIYLIAPUHU

H.K. BenutieBa (@I'FVH Konvckuii nayunsiil yeump PAH, 2. Anamumot)

31 urons 1954 r. va Hosoit 3emie Obu1 coznan CeBepHBINA HCIIBITATENBHBIN MTOTUTOH, KOTOPBIA TOJKEH OBLI CTaTh
3BEHOM B Iporpamme ckopeiimier nukBuaamun orcraBanuss CCCP ot CIIA B obmactu sinepHOTO opyKusi. Beero Ha
Hogotit 3emie Opwio mpousBeneHo 135 spepHBIX MCHBITaHUN B aTMocdepe, mox Bomoi u mox 3emieit. C 1955 mo
1962 r.r. Ha HoBoii 3emiie ObU10 npou3BeneHo 87 siiepHBIX B3PHIBOB B aTMoc(epe, KOTOPbIE BHECIH CYIIECTBEHHBIN
BKJIQJ B CTPYKTYpy 3a00JE€BaeMOCTH M CMEPTHOCTH HaceleHHs APKTHUECKOro perrnoHa. B pesymbraTe saepHBIX
B3pPBIBOB B CEBEPHOM MOJIyIIapUH, B TOM 4ucie Ha HoBoil 3emiie, 3arps3HeHUs PaJHOHYKIMAAMH aTMOC(EpHI
NPUHSJIO TUIAaHEeTapHbI xapaktep. CpeqHeronoBas KOHLEHTpauus Le3us-137 B NMpHU3EMHOM cJoe BO3JyXa Ha
tepputopun CCCP B 1963 rony nocturna yposus 1986 rona mocne UepHoObuibekoid aBapun. Pacrnpoctpanenue
PalMOHYKIMIOB NpPH SAEPHBIX B3pPhIBaX TPYAHO OBUIO TpeayrajgaTh M, B COOTBETCTBUH C LUKIOHWYECKOU
AKTHBHOCTBIO, YaCTh PaJIMOHYKJIMIOB Bhinaia Ha KosbckoM mosyoctpose, B CkaHIMHABCKUX CTpaHax U B EBpore.
B nmanHOM cooOmieHnn OynyT IpeicTaBieHBl pPE3yJbTaThl MO BBIIBICHUIO CBSA3M MEXAY CpPEAHETOJOBBIMHU
3¢ dexTuBHBIME 103aMU (USV) OT PagHOHYKIHIOB, 00pa30BaBIIMXCS B aTMocdepe MpH SACPHBIX HCIBITAHISIX B
CEBEPHOM IONYIIAPUH TIPH BHEITHEM OOYYEHHH, MOCTYIUIEHHH PAAHOHYKIHIOB B JKEITyIOYHO-KUIICYHBIA TPAKT,
MOJTHOM OOJIyd9eHHH OpraHm3Ma W 3a0ojeBaeMocThIo xwutenelr bapennOypra (apx. nuubepren) ¢ 1980 mo 1999
roabl. Kpome Toro, 3a 3TOT ke Mmepuo/| BhISBJICHA CBSA3b MEXK/Y OTACIbHBIMH (popMamMu 3a00JeBaEMOCTH JKUTENEH
bapenubypra c¢ conneunoi aktuBHocThio (CA). IlokazaHo, uto Oone3nu nepudeprUuecKoil CHCTEMbl HMEIOT
3HAYMMBbIe KOPPEILUN C J03aMH IpPU BHEUIHEM, BHYTPEHHHUM W HOJHBIM obmyuermeMm (r=0,63, r=0,66, r=0,64,
p<0,05, COOTBETCTBEHHO), a TaKXe C HANPSHKEHHOCTHIO MEXIUIaHeTHOro MarHuTHOro mnojs (MMII) u uHnekcom
reomarautHo# aktuBHOCTH ('MA) PC(N) (r=0,53 1 r=0,49, p<0,05, cooTBeTcTBeHHO). BOsIe3HM MOYEK 1 MOYECBBIX
MyTel 3HAYMMO CBSI3aHBI TOJIBKO C J103aMH OOJIyueHHs OpraHn3Ma; OCJIOKHEHHs OEPEMEHHOCTH U NOCIEPOIA0BOTO
neprosa — ¢ go3aMu oOiydeHust paxuoHykiauaamMu u ¢ CA (koppemsiuus ¢ yuciaamu Bombda r=0,51, p<0,05).
WHpexkunn KoXH M MOJKOXKHOW KIETYaTKH 3HAUYMMO CBS3aHBI C J103aMH OOJy4eHHs, HampspkeHHocTbro MMII,
BapuabensHocTEi0 MMIT 1 PC(N)-uanekcoMm. bone3Hn KOCTHO-MBIIIEYHONW CHCTEMBI M COEIMHUTEIBHONW TKaHU
KOPPEIUPYIOT TOIBKO ¢ BapuaberpbHOCThI0 MMII, TpaBMBI OTpaBiIeHHS B CBSI3U C MPOU3BOICTBOM UMEIOT 3HAYNMEIC
KO3 PHUINEHTHI KOPPETAIHNU C J03aMU OOIydeHUs U BceMH nokazarensimMu CA, a cyMMapHO Bce OOJE3HH — TOIBKO
C gJo3aMu OONydYeHHs paAuoHyKIHIamMu. 3a mnepuopn wucciemoanus (1980-1999 r.r.) cpemHme TroJOBEIC
3¢ exTUBHBIE O3Bl MPHU BHEHIHEM M BHyTpeHHeM oOirydeHmn coctaBwin 8.14+0.41 uSv ¢ MUHUMAaIbHBIMH
MaKCUMaJIbHbIMU 3HaueHussMH 5.87- 12.4 uSv (United Nations. Sources and Effects of Radiation. . Vol. I: Sources;
Vo. II: United Nations Scientific Committee on of Atomic Radiation, 2000). To ecTh, B COOTBETCTBHH C 3TUMHU
JAHHBIMH, CPEIHErOJIOBbIE JI03bl, IPAKTUYECKH, HA TPHU MOps/Ka HIKe (DOHOBBIX 3HAUYEHHH HOHU3MPYIOLIEH
panuaruu (3,32 mSv /roa) B MypmaHckoii 00:1.).

HccnenoBanne >¢pQeKkToB BO3ACHCTBUS SAEPHBIX HCIBITAHUA B arMocdepe Ha xureneid MypmaHCKOH oOiacti
MOKa3ao 0OpaTHYIO KapTHHY: CHIDKEHHE CpeJHEH ToJl0Boi 3(QEeKTUBHOI 1036l acCOIMUPOBAHO C BO3pACTAaHHEM
3a00sIeBaeMOCTH HacesIeHus. B To jxe Bpemsi, 00J1e3HM S3HIOKPUHHOM CHCTEMBI, O0JIE3HH CHCTEMBI KPOBOOOpAIECHUS
Y B3pOCIBIX, OOJIE3HN KPOBU M KPOBETBOPHBIX TKaHEW, OOJIE3HU HEPBHON CHCTEMBI, OOJIE3HH OPTaHOB IBIXaHUS U
OpraHOB THIIEBapeHHst y nered B MypmaHckod obmactu 3a mepuox ¢ 1991 mo 1999 r. mMeroT 3HAYMMEIE
koppemsun ¢ CA.

[psmast koppensiiys ObUTa HaliileHa MEXAY CPeJAHUMHU TOAO0BbIMH 3((GEKTHBHBIMH J103aMH OT PaJHOHYKIHIOB U
nmokasareins M mimageHdeckor  (1=0.68, p<0.05), mnepunarampHON (1=0.94, p<0.05) cMmepTHOCTH WU
MepTBopoxkaeHHOoCThIO (1=0.98, p<0.05) 3a mepuoa ¢ 1991 mo 1999 r.r., a TakkKe ¢ YaCTOTOH CITydaeB BPOXKIECHHBIX
aHoManuii opraHoB muineBapenus (Q38-Q45), (r=0.44, p<0.05) m Cc cymMMapHOH €XEroJHOW IUIOTHOCTHIO
Bhimazenns St (1=0.39, p<0.05) 3a nepuox 1973-1999 r.r.. ITH pe3ynbTaThl MOAYEPKHBAET (GAKT OTHOCHTEIHHOTO
YBEJIMYCHUS] PUCKa NpH OOJIyYeHWU C YMEHBIIEHHEM BO3pacTa Ha MOMEHT oOiydeHus. He uckiroueHo, 4yto poct
3a00JICBaEMOCTH, U, B Y4CTHOCTH, OHKOJIOTHH, CBSI3aH C TE€M, YTO B IIEPUOJ] NIHKA sSACPHBIX ucnbiTanui (1956-1965)
4yacTh HacelieHHWsi Obula oOJlydeHa BHYTPUYTpPOOHO, B CHJIy 4ero mnpuoOpena NOTEHIHMAIGHO OOJBLIYIO
YyBCTBUTEILHOCTh K MHAYKIIMHU OIyX0JIei. MOKHO MPEIoIokKHUTh, YTO XPOHHUYECKOe 00IyueHrne pauoHyKIHAaMI
B MAaJIBIX J103aX TIOBBIIIAET TyBCTBUTEIBHOCTh OPTaHM3Ma K COIYTCTBYIOIIMM BO3ICHCTBUSAM, W, B YaCTHOCTH, K
renuoreo(pu3NIecKkuM areHtaM, accoruupoBaHHeIM ¢ CA. Ilostomy, CA Momymupyer CTeleHb BBIPa)KEHHOCTH
MEIUKO-OUOJIOTUYECKUX MOCIEJACTBUN UCIBITAaHUS SICPHOTO OPYXKHUsSI B CEBEPHOM MOJYIIAPUU: NPU BO3PACTAHUU
CA Bo3pacTaer 4HacToTa CiydaeB OoJie3HEH HHIOKPMHHON CHCTEMBI W CHCTEMBI KPOBOOOpAamIeHHs, a INpH ee
CHIYKEHHH — BO3PACTaeT paclpoCTPaHEHHOCTh OHK03a00JIeBaHI 1 MH(EKIIMOHHBIX OOJIe3HEH.
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IIposiBjIeHNe COJTHEYHO-3eMHBIX CBf3eH B 3200/1¢eBaeMOCTH HAPKOJIOTHYeCKUMH PaccTpoicTBaM#u
JKuTesIell ceBepo-3anaaa Poccuu

H.K. Benmmesa, A.A. BaTJII/IHz, P.E. Muxaitsios!

'®IBYH Konvcxuii nayunwii yenmp PAH 2. Anamume,
2[opoockas 6onvruya n. Pesda, Mypmarnckas o6i.

AJKOTONBHASA W HApKOTHYECKas CUTyalus B Poccum 3a mocienHue rofsl cTaja yrpokaromei. 3aboseBaeMoCTh
QJIKOTOJIBHBIMU IICMX03aMHU yBennumwiach B P® B 6,3 pa3a, uyuciao OOJNBHBIX TOKCHMKOMaHUSIMH - B 5,8 pasa
(Muxaiinos, Kazarxosyes, Yypxun, 2002). TloTpebacHUs YMCTOrO AJKOTOJS HA JYIIY HACCJICHHS B IOJ] COCTABISACT
14-15 mutpoB, TOr/Ia Kak reHETUYECKU OIMacHbIM il Harmy BO3 npusHaet moTpeOieHue akoroiis B KOJIUIECTBE 8
mutpoB (Onuwenko, Ezopos, Cudopos, 2002). Cpenn monoxexu u3 100 moapocTkoB B Bo3pacte mo 12 et
WHTCHCHUBHO YIIOTPEOJISIOT aKoroiib 24 mManbunka U 19,6 1eBouek, a BO3pacT MEPBOTo MPHOOMICHHS K aTKOTOJII0
cocraBisieT 5-6 net (Cxeopyosa, 1997).

CunraeTcs, 9TO B OCHOBE aJIKOTOJM3AIMH HACETICHUS JISKHUT UHINBUAYATBHBIN IICHXOIOTHIECKUN KPHU3HC, KaK OJTHO
W3 TIPOSIBIICHUH COIMATHHO-TICHXOJIOTHIECKOH N1e3aJanTaluy JIMYHOCTH B CUTYallldd YTPATHI THOO yTPO3bl YTPATHI
3HAYNMON LIEHHOCTH WM OOBEKTa, YTO NPHBOIAUT K COCTOSIHUIO IETPECCHH Pa3HOW CTENEHH BBIPAXKEHHOCTH.
Bwmecte ¢ Tem, HamM KCCIIEAOBAHMS TOKA3alH, COCTOSIHHE NETPECCHH MOXKET BO3HHMKATH BCIEICTBHE MOIYIIIIUN
(YHKIIMOHAIBHOTO COCTOSIHUS TOJIOBHOT'O MO3ra BapHalMsMHU reoMarHuTHoro nous (beruwesa u dp., 1995; Copoxo
u op., 2013), a Taxke APYrUMH reOKOCMHYeCKuMMHU areHTamu (beruuwesa, Kauanosa, 2002; Ilempawosa u op.,
2012). MoxHO TmojaraTh, 4TO KOJCOaHHs ONMPEICICHHBIX MapaMeTPOB TeO(PHU3MUYECKON Cpelbl CIIOCOOCTBYIOT
JM3aJanTalui U OTYACTH YCHIIMBAIOT JCTIPECCUBHBIC COCTOSHHMS, KOTOPBIE PEAU3YIOTCS B IIOTPEOJICHUN aJIKOTOJIs
U B TPOSBICHUM HApPKOJOTMYECKMX PACCTPOWCTB. B  Hacrosimem coOOINEHWH IPHUBEICHBI JaHHBIC,
CBUJICTCIILCTBYIONINE O TMPOSBICHAU COJNHEYHO-3¢MHBIX CBS3eii B 3a00JICBaGMOCTH  HAPKOJIOTHYCCKIMH
paccrpoiicTBamu xureneit CeBepo-3anana Poccun na npumepe Cankr-IlerepOypra u MypmaHckoi 06acTH.
MartepuanoM aiisi MCCIEIOBAHUS CIYXKWIIN CTaTUCTHYeCKue HaHHBIE ([Joknad Iocyoapcmeennozo Komumema no
oxpane okpyscaroujell cpedvl Mypmarnckou obnacmu, 1999; Mamepuaner «O canHumapHo-3nudemMuosocudeckou
obcmanoske 6 Mypmarckoti oonacmu ¢ 2012 200y Ynpasnenus Pocnompebnaozopa no Mypmanckoi obracmu,
Ananumuyeckuil 0630p no OanHbiM cmamucmudeckoli omuemnocmu «Cocmosnue 300p08bi HACENeHUs U
OdesamenvHocmb yupexcoenuti 30pasooxpanenus Cankm-Ilemepbypea 6 1990-e co0wi, CII6, 2000). Tloka3zaTensmu
3a00JIEBaEMOCTH HApPKOJOIMYECKUMU pAcCTPOWCTBaMU 1O MypMaHCKOH o00nacTh OBbLIM: YHUCIO CIydaeB
QJIKOTOJIBHBIX TICHX030B, XPOHMYECKOTO aJIKOI0JIM3Ma, HAPKOMAaHUH, TOKCHKOMAaHHH, 3I0yNOTPeOIeHHH aJIKoroyiem
Ha 100000 nacenenus. [To Caukr-IlerepOypry mokasaTesld BKJIIOYATH XPOHHYCCKHNA AJKOTOJIM3M, AJKOTOJIBHBIC
TICUXO03BI u HAapKOMAaHHIO. CoutHeYHBIC JTAHHEIC ObLTH TIOJTyYCHBI Ha caiire:
fip://nssdcfip.gsfc.nasa.gov/spacecraft_data; nanupie mo BapuarusaMm kocmudeckmx nyderd (KJI) - Ha craHmum
HeditponHoro monutopa III'M KHI[ PAH. Cratuctuyeckuil aHajliv3 JaHHBIX OPOBOAMIM C MPUMEHEHUEM
porpaMMHOTO obecnieueHus Statistica 6.0

CpaBHHTENBHBINA aHATTN3 TIOKA3aJl, YTO PACIPOCTPAHEHHOCTh XPOHHYECKOTO alIKOTOJIN3Ma B MypMaHCKOH 00JIacTH B
23,8 paza mpeBbimaet TakoByio B Cankt-IlerepOypre (1152,2 n 48,8, COOTBETCTBEHHO), a alKOTOJIFHBIE TICHXO3BI B
2,8 paza (104,3 u 36,4, cooTBEeTCTBEHHO). YPOBEHb HAPKOMaHUU B MypMaHCKOH OOIAaCTH OKa3aJCsl CONOCTABHMBIM
¢ ypoaeM B Iletepbypre: 12,1 u 11,9, coorBercTBeHHO. BrIsSBIEHO, uTO B MypMaHCKO# 00IacTH aJKOTOJIBHBIC
TICUXO03Bl ACCOIMMPOBAHBI C XpOHWYECKHM ankoroum3MoMm (r=0.96, p<0,05) m umeroT o0paTHyIO CBS3b C
TokcukoManuer (r= - 0.92, p<0,05). XpoHHYECKHIA aJKOTOJIM3M HMEET OOpaTHBIN 3HAK CBA3M C HapKOMaHHEH,
TOKCHKOMaHHel u 3j10ymnoTrpedienuemM ankorons (r= - 0.88, r= - 0.99, r= - 0.92, p<0,05, COOTBETCTBEHHO);
TOKCHKOMaHHsI MMEET MPSMYIO CBs3b C HapKOMaHWeH U 3joynorpednenuem ankorois (r= 91, r= 0.94, p<0,05,
COOTBETCTBCHHO). [IpmyeM, Oka3ajaoch, YTO HApKOMAaHHUs Bo3pacTtaeT mnpu Bo3pactaHud CA ¥ CHWKaeTCS MpH
Bospactannu KJI (= 0.99, r= - 0.95, p<0,05), Taxke Kak TOKCHKOMAaHHUS M 3JOYIOTPEOJICHHE AalIKOTOJIEM.
XPOHUYECKUIT aTKOTOJIM3M U AJIKOTOJIbHBIC TICHX03b], HAIIPOTHB, CBSI3aHBI CO CHIYKEHUEM COJTHCUHOU aKTHBHOCTH.
Hannpie mo Cavkt-IletepOypry 1990-1999 mokaspIBaroT, 9TO XPOHHYECKHI aJKOTOJM3M HMEET OOpaTHBIA 3HAK
cBs3u ¢ HapkoMaHue (r=-0.81, p<0,05), ogHako, B oTiim4re 0T MypMaHCKOH 00JacTH, XPOHUIECKUH aIKOTOIA3M
Bo3pacraeT npu Bo3pacTaHuu I MA: xoaddurmmentsr xoppemsimuu ¢ Kp, ap, PC(N) nngexkcamu [MA r= 0.76, r=
0.73, = 0.69, p<0,05 , COOTBETCTBEHHO) W CHIIKAETCs TpH Bo3pacTaHuu HHTeHCUBHOCTH KIJI. AnKoronbHbIe
TICUXO03BI M HAPKOMAaHUS, HAIIPOTHB, Bo3pacTaroT npu cHmkeHnd CA u Bo3pactanuu nHTeHcHBHOCTH KJI. MoxxkHO
IIPEAIOJIOKHUTE, YTO DPA3JIMYHBIA XAPAaKTEP CBA3M MEXAY HapKOJOTMYECKUMH paccTpoiicTBamMu B MypMmaHCKOM
obmactu u B Cankr-IlerepOypre 0OyCIIOBICHBI IIUPOTHBIMH OCOOCHHOCTSMU PErMOHOB, a TaKXKE Pa3InYHBIMH
(hazamMyu COJTHEYHOW aKTHBHOCTH, KOTOPBIM COOTBETCTBOBAIM CTaTUCTUUECKHE NaHHble B MypMaHCKO# 00JacTy U B
r. Cankr-IletepOypre. OOImmas 3aKOHOMEPHOCT COCTOUT B TOM, YTO XPOHHYECKUI alTKOTOJIM3M Kak B MypMaHCKOI
obmactu, Tak U B Cankr-IletepOypre mmeer OOpaTHYIO CBs3b C HAapKOMaHWEH, W 4YTO, TPAKTHYECKH BCE
HAPKOJOTMYECKHE PACCTPOUCTBA HMMEIOT 3HAYHMMBIC CBS3U C COJIHCYHBIMH JaHHBIMH, a TaKXXe C HA3eMHBIMHU
BapHaNHsIMU T€OKOCMHYECKUX areHTOB.
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XapakTtep cBsi3U Mexk1y (PYHKIHOHAJBHBIMH MOKA3ATEJISIMHU COCTOSIHUSI OPraHU3MAa B pa3jiMUHbIe
¢a3bl co/IHEeYHOH AKTUBHOCTH

T.C. 3aBanckas, H.K. Beaumiesa

@I'FVH Konvckuii nayunsiti yenmp PAH 2. Anamumut

B mammx pabortax ObUTO MOKA3aHO, YTO B 3aBUCHMOCTH OT (a3bl comHedHOH akTHBHOCTH (CA) CBS3b mMoKazaTeneit
(hyHKIIMOHATHFHOTO COCTOSIHUSI OpPTaHW3Ma C WHIEKCAMH TeOMarHuTHON akTUBHOCTH ('MA) M MHTEHCHBHOCTBHIO
kocmmueckux Jyuerd (KJI) MoxkeT MEHATBCS Ha MPOTUBOMONOKHYIO (Beruwesa, 2010; [lempawosa u op., 2012).
[TpuueM, comepkanne (HOPMEHHBIX JIEMEHTOB B IepU(epuuecKoid KpOBH B ToJIbl MHHHMyMa M MakcuMyma CA
CYIIECTBEHHO OTIHMYAIOTCS IpYyT OT npyra ([lempawiosa u op., 2012). ViccnenoBanue, BEIIIOIHEHHOE B TOJ ¢ HU3KOH
CA mnokazaio, 4to (h)yHKIMOHAJIBHOE COCTOSIHME NMEepU(epryecKoil KpOBH 4YEIOBEKa B 3aroiisipbe MOIYJIHUPYETCS
BapuanusaMu rennoreotl)mnqecm/lx arcHToOB, ajalTanusa K [leﬁCTBl/IIO KOTOPBIX NPHUBOAUT K CABHUI'aM IoMe€OCTasa,
CONPSDKEHHBIX C BO3PACTAHUEM PHCKA CEPIEYHOCOCYAMCTHIX OCIOXKHEHUH Y 37I0POBBIX JIIOJIEH B MOJIOJIOM BO3pacTe
(Basaockas, Beauwesa, Kanawnuxosa, 2012). B naHHOM HCCIIEIOBaHMM IIPOBEJCH CPAaBHHUTEIBHBIA aHAIN3
XapakTepa CBS3M MeXIy (YHKIMOHAIbHBIMHM IOKa3aTeJSIMA COCTOSHUS OpraHu3Ma B pasinuunble ¢assl CA u
BBISIBJIEHBI OCOOEHHOCTH CBSI3M ATUX TOKa3aTeNeil ¢ BapHalusiMA T€OKOCMHUUECKHUX areHTOB.

HUccnenosanne nposoamnock B 2010 rogy u B 2012 roay Ha OZHOHM M TOU Ke TPYIIIIE 3M0POBBIX HCIHITYeMbIX (7 U
12 gemnoBek, coorBercTBeHHO) ¢ 20 1m0 30 mexadps 2010 rona u ¢ 24 centsOps no 18 oxtsiOps 2012 r. B kadectBe
nokasaTeneld ()yHKIMOHAJIBHOTO COCTOSHHS OLCHHBAJIOCh KIIETOYHOE COJEp)KaHWE B IEpU(EpPHIECKOH KpOBH,
yYpOBeHb aganTanuu (A), ICHX03IMOLHOHANBHOE cocTossHue (D), MHTerpanbHBIi MOKa3aTelb COCTOSIHAS OpTaHU3Ma
(UTICO), cpennmii uaTepBan kapauoputma (R-R), nHAEKkc HanpspkeHUs] B CHCTEME PETYILIIHUN CEpACYHOrO pUTMa
(MH), xoTtopple ObUIM MONydYeHBl ¢ HpUMEeHEeHHeM amnmapartHoro komiwiekca OMEIA-M. Jlns oumeHKH CBA3H
(l)yHKLII/IOHaﬂ])HI)IX rnokazarejieii COCTOSIHUS opranmdMa € TI'€OKOCMHUYCCKHMH arcHTaMu 6]:1.]'11/1 UCIIOJIb30BAaHbI
conHeuHble aaHHble (fip.//nssdcfip.gsfc.nasa.gov/spacecraft data), CKOpPOCTb cyYeTa HEHTPOHHOI'O MOHHTOPA
(ctranmus HertponHoro moruropa III'M KHIT PAH, AnaTtutsr), a Takke JaHHBIE 10 CBETUMOCTH JIYHHOTO JAUCKA U
paccrostaust ot Jlynsl mo 3emim (astrolab.ru). CTaTUCTUUECKMH aHAIN3 JAHHBIX NPOBOJMIM C NPHUMEHEHHEM
nporpamMMHoro obecrniedenus Statistica 6.0.

CA B 2010 r. B mepuoj HIpoBEeAEHUs UCCIEIOBaHUN XapakTepusoBajlach HU3KUM yuciaoM msateH 10,00+4,66 c
MUHUMaJTbHBIMHA 1 MakcuManbHbIMU 3HadeHusME 0,00-13,00. B 2012 r. CA 3HauuTEeTHHO BO3POCIA: YHCIIO TSTEH B
uccreayeMblii mepuoy coctaBmwio 82,00+25,60 mpu MHHHMANBHBIX W MaKCHMaJBHBIX 3HadeHusx 37,00-121,00.
AHanu3 CTENEeHN CONPSDKEHHOCTH KOJMYECTBEHHOTO cOcTaBa (DOPMEHHBIX 3JIEMEHTOB IepHdepnieckoid KpoBU B
2010 r. BBISIBWIJI 3HAYMMYIO CBSI3b MEXKAY cerMeHTosiepHbIMU HerTpodmiamu (CH) u nimponuramu (JID) (r=-0,89,
p<0,05), mexxny CH u nanoukosinepusiMu Helitpodunamu (ITSIH) (r=-0,75, p<0,05), a takxe mexay 6azoduiaamu
(B®) un so03unopmiamu (OP)(r=-0,89, p<0,05). CBs3p MexIy Copep)KaHUEM KIIETOK B KPOBH U WHTEIPaJbHBIMHU
MoKa3aTesIMH COCTOSIHUSL OpraHu3Ma ObUla HalJeHa TOJbKo MexAy mapamerpoM A u JI® (r=-0,69, p<0,05).
AHanu3 cBA3M MEX]y NMOKa3aTelsIMH COCTOSIHMA opraHu3mMa B 2012 r. oOGHapyxuin 3Hauumble cBsizu Mexay CH u
JID (r=-0,55, p<0,05), I[TIH u 2P (r=-0,55, p<0,05),.b® u 3D (r=-0,57, p<0,05),. B® u monornmramu (MH) (r=-
0,41, p<0,05),. JI® u MH (r=-0,67, p<0,05), JI® u b® (r=-0,48, p<0,05). Kpome Toro, oOHapyKeHa CBsI3b MEXKIY
JI®, B® u A (r=0,42, r=-0,41, p<0,05, coorBercTBenno); IIAH u D (r=-0,56, p<0,05), IISIH u UIICO (r=-0,49,
p<0,05); mexny 2@, UIICO, R-R, u UH (r=-0,47, r=-0,43, r=0,41, p<0,05, coorBercTBerHo0).T.c. B 2012 1. C
Bo3pactanneM CA CBsI3M MEXAY KJICTOUYHBIM COCTABOM KPOBH M MHTETPATBHBIM COCTOSIHHEM OpTraHW3Ma CTaHOBSTCS
Gostee KECTKIMH, YTO CBUIETEIBCTBYET O HANIPSDKEHUH PETYJIATOPHBIX CHCTEM OpPTaHU3Ma.

B 2010 r. cogepxkanue MH 0Ob110 otpumarenshoi cBszano ¢ CA (uucina Bonsga), r=-0,78, p<0,05, a uncio bd
BO3PACTaJIO ¢ yBeIHMUeHHeM cBeTuMocTy aucka JIynsl (r=0,69, p<0,05). UTICO ymensmaics ¢ ysenmueauneM [ MA :
cBs3b ¢ uaAgekcom PC(N) r=-0,74, p<0,05, a . UH Bo3pactan ¢ Bo3pactanuem I'MA : cBsa3b ¢ Kp, ap u PC(N) —
unaexcamu 1=0,75, r=0,70, r=0,80, p<0,05, coorBerctBenHo. T.e. B 2010 r. Bozpacranue 'MA compoBoxaaioch
CHW)KEHHMEM ajantauuu opranm3ma. B 2012 r. CymecTBEHHO BO3pOCIO HYHCIO CBS3EM MEXAy COJepKaHHEeM
(l)OpMeHH])IX QJICMCHTOB B KpPOBHU, HHTETrPAJIbHBIMU IIOKA3aTCIIAMU COCTOSAHUA OpraHudMa W IOKas3aTCIsIMU
COJIHEUHOM M F€OMarHuTHOM akTHBHOCTHIO. IIpuyem, Bo3pacranue I'MA conpoBoxxjanocs nossiueHueMm 0@, bO
(xapakTepHbIM Ul BOCHAINTEIBHBIX M QJUIEPIEHHBIX pEakIMi), a TakKe CHIKEHHEM IOKasaTeseH,
XapaKTepU3yIOIINX peaknuio azantanun — cHwkeHneM A, MIICO, ykopoueHmMeM KapIHOMHTEpBaJa, W,
CJIEZIOBATENFHO, YYAIlleHHeM MyJbca. TakuM o0pa3oM, Kak IpW HU3KOH, Tak U BbICOKOH CA, Bo3zpactanme I MA
npuBoauT K cHkeHno UIICO, omHako mpu BeicOkoi CA meTepMHHAINS BHYTPHUCHCTEMHBIX CBS3€H NOBBIMIACT
YSI3BUMOCTb OPTaHU3Ma, YTO MOKET NPUBECTH K CPBIBY aJaNTaLIH.
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CpaBHHUTEJBHBIH aHATN3 BAPpHA0EJHLHOCTH CEPAeYHOr0 PUTMA Y JieTeil, MPOKMBAIOIINX B BBICOKHMX
U CPEeJHUX WIHMPOTAX

A.A. MaprtsiHoBa, C.B. IIpsanunukos, B.B. [loxapckas (@' bYVH Konvckuii nayunsiii Llenmp PAH, Anamumaot)

Hammm mccnenoBanmst mokaszanu, 4to 3abosieBacMOCTh HacesieHHs Ha CeBepe Mo psAy IOKaszaTenel 3HAYMTEIBHO
BHIIIIE, YeM B cpenHeM no Poccun (Bemumiesa, [etpos, 2013). [Ipu 3ToM ompeneneHHBII BKIaa B 3a00I€BaEMOCTh
KHUTENEH APKTHUECKOTO PETHOHA BHOCST BEICOKOIIMPOTHBIE KOCMO- M TeO(M3UIECKUE areHThI, ACCOINUPOBAHHBIE C
comHeyHor akTuBHOCTHIO (benumeBa, Menpank, TamsikoBa, 2011). IIpokuBanne Ha CeBepe TOBBIIIACT
YyBCTBUTEIBHOCTD K BO3JIEHCTBUIO BHICOKOIIMPOTHBIX (haKTOPOB CPEIbl U CyXKaeT aJallTallMOHHbBIH AUaIa3oH, YyTo
HanOosiee BBIPAXKEHO INPH OLEHKE (PYHKIMOHAIBLHOTO COCTOSIHUSI JIETCKOTO OpraHu3Ma. bbUIo IoKa3aHo, 4TO
nepemelieHue aeteil B 6oee KOM(POPTHBIC YCIOBHS CPSIHHUX IIUPOT HE MPUBOAUT K MOBBIIICHUIO aIalTAIlHOHHOTO
pe3epBa U JAEMOHCTPUPYET JKECTKYIO CLEIUICHHOCTh YpPOBHS aJanTalul ¢ BapHalUsIMU Teo(U3UUECKHX areHTOB
(MaptsiHOBa 1 11p., 2013).

Jn1s1 BBISIBIICHUS! IPUYMHBI BEICOKOH YSI3BUMOCTH JJETCKOT'O OpraHn3Ma K BO3/ICHCTBUIO BHICOKOIIMPOTHBIX (DaKTOPOB
Cpenbl, B JaHHOM HCCIEIOBaHMM OBII MPOBEJECH CPaBHUTEIBHBIH MEXIPYINIOBOW aHAIN3 BapHaOEIbHOCTH
cepaeunoro putMa (BCP) y mereit, mposkuBaronux B 3amoisipbe U B 00Jlee HU3KOIMIUPOTHBIX paiioHax Poccun.
HccnenoBanue OBIIIO BBIOJHEHO HA 2-X TPyMIax AeTed: neTel 3amoiisipbsi, MPHEXaBIIMX HA OTABIX B CPEIHUE
mwpothl B 2011-2013 rr. (6a3a o3gopoButensHOro Komrmiekca «xoBut» KHI[ PAH c. Anekcanapoka-/loHcKas,
Boponexckoit obnmactr) B Bospacte 10-17 ner m 15-TM NE€THUX IIKOJBHUKOB T. ATIATHTHI, TPOXOIUBIIHX
TECTHPOBaHUE B TEUeHHE 2-OH MoJOBHHBEI yueOHOTro roma (2013 r.). OyHKIMOHATBHBIE MOKA3aTEIH COCTOSHHA
opraHu3Ma OIEHMBaIM Ha OCHOBe mokaszareneii BCP ¢ mpumenenmem ammapatHoro kxomruiekca Owmera-M.
Perucrpanuio mapamerpoB BapuabenpHoctd BCP mpoBogmiu execyTouno Ha npotsokenud 10-20 mueit B 2011-
2013 rr. y orapixaronmx Ha 6ase «9koBut» u ¢ 24.09.2013 r no 23.12.2013 r. y mikojdpHUKOB B Anartutax. J{is
MEXIPYNIIOBOTO cpaBHeHUs nokasateneid BCP y nereif, nmpoxuBarommx B pa3HBIX MIMPOTaxX, ObLIM pacCYMTAHBI
CpEe/IHECTAaTHCTUYECKUE 3HAUCHHS CpeTHEH NPOAOIDKUTENLHOCTH KapauonuaTepBana (R-R), kBaxpaTHbIH KOpEeHb U3
CYMMBI KBaJIpaTOB Pa3HOCTH BEJIWYMH IMOCIEAOBATENFHBIX nap uHTepBaioB (RMSSD), crannaprHoe OTKIIOHEHHE
NN unntepBanos (SDNN). ITo pe3ynbraram CEeKTpalbHOIO aHAIKM3a TAKXKE PACCUUTHIBAIN MOJHYIO CIIEKTPAIBHYIO
MOIIHOCTh 4acToT cepaedyHoro putMa (TP), aOCOmMOTHYI0O M OTHOCHTENBHYIO CHEKTPAIbHYIO MOIIHOCTh
BeicokodacToTHRIX (HF), Hm3kowactorHeiXx (LF) m odenr HU3K0UacTOTHBIX (VLF) KOMIOHEHT CHEKTpaIbHOTO
muamazoHa BCP. [ockonpky HOpmatuBel mapamerpoB BCP it nereif, MpoXHMBAOIIUX B BBICOKHX IMHPOTAX,
MIPAaKTHYECKH OTCYTCTBYIOT, 3a HOPMY OBUIN IPHHATHI 3HAYECHUS, yCTAHOBIICHHBIE JUTS MIKOJIEHUKOB, ITPOKUBAIOLINX
B CPEIHHX IIUPOTAX, B Bo3pacTe 6-16 et nmeBmmx 1-2 rpynmy 310poBss (I anees, Heuwesa, Kazun, 2002).
AHann3 BpeMeHHBIX Nokaszarened BCP BB, 4TO y feTell 3amonspbs 3HAUUTEIBHO CHIDKEHBI BCE MOKa3aTelH
OTHOCUTEJIILHO HOPMBI.

Pe3yanaTb1 IMPOBEACHHBIX HCCHC}IOBaHI/lﬁ IIOKa3bIBAKOT, 4YTO (l)yHKLIl/IOHaIll:H])Ie BO3MOXHOCTH cepala Yy
TECTUPYEMBIX JIeTeli MWCHBITHIBAIOT OINpEJeNIeHHOE HanpspkeHue. VHIuBHIyanbHbIE 3HAYeHUS CyMMapHOM
MOIIIHOCTH CIIEKTPaJIbHBIX HapaMeTpoB cepaeyHoro purma (TP) y nmereli 3amonspbs pas3iMdHOrO BoO3pacra
CYIIECTBEHHO HIDKE, YeM HOpPMATHBBI. TakKe CHIDKCHBl 3HAYEHHS BCEX CIIEKTPAJIbHBIX COCTABISIOLINX
OTHOCHTEJIBHO CXOJHOH BO3PACTHOM Ipymmsl B cpeanux mmpotax: VLF 1025, LF- 1191, HF -429 mcek’, npoTus
2305, 1472 u 704 Mcex’, cooTBeTcTBeHHO. IT0NyUeHHbIE PE3yIbTaThl CBHACTENBCTBYIOT, UTO Y AeTeil 3amonspbst
peo0IIaialoT CUMIIATUYECKUE BIMSHUS HA CEPACYHBIH PUTM, T.€. PETYIALMS CEPACYHOTO PUTMA OCYIIECTBIISIETCS
OoJiee HHEPro3aTPaTHBIM ITyTEM, UEM Y JIeTeH, MPOKUBAIOIINX B CPETHUX MINPOTAX.

BeisiBiieHa BBICOKasi 3aBUCHMOCTD COCTOSTHHSI OpraHU3Ma JeTel 3anossipbst OT KoeOaHHi KOCMO- U re0(hU3NUECKUX
aréHToB, YTO CBUACTCILCTBYCT O MOBBIIIIEHHON YA3BUMOCTH ACTCKOI'O OpraHu3sMa B YCIIOBHAX BI)ICOKOU.[I/IPOTHOﬁ
aApKTUYECKOH Cpebl.

O B03MOKHOM OMOJIOTMYECKOM BJIUSIHUM 3JI€KTPOMATHUTHBIX K0JIeOaHUIi B MOJIOCTH I100aJ1LHOT0
pe3oHaTopa 3emJisi-uoHochepa

B.B. Muenkusn (Iloaapuwiil ceopusuueckuit uncmumym, Anamumul, Poccus)

B pabote, Ha OCHOBE pe3yJabTATOB aHAIM3a IPAMBIX HU3MEPEHUH IIYMOBBIX 3JIEKTPOMATHUTHBIX HMMILYJIECOB B
JMana3oHe YacTOT IIYMaHOBCKHX PE30HAHCOB, IOABEPIHYTAa KPUTHUKE THIOTE3a O BO3MOXKHOM OHOJIOTHYECKOM
BIUSHUN KoJjeOaHW B TIoOanpHOW mojocTH 3eMia-uoHocdepa. Meromamu TEOpwuH pacro3HaBaHUS 00pa3oB
BEITIOTHEH MOP(OJIOTHUSCKUH aHaIH3 OCHMJIIOTPaMM €CTECTBEHHBIX ITYMOBBIX AJIEKTPOMAarHUTHBIX smuccnit KHY
Jyana3oHa M CHENaHbl OLEHKW BEPOATHOCTU IIOSBICHHS HENPEPHIBHBIX KBA3UIEPHOIUUYECKUX (PparMeHTOB
Pa3IUYHON ATUTEIBLHOCTH. DTH OLEHKH ITOKa3bIBAIOT, YTO JOCTATOYHO MPOJOIDKUTENbHBIE (parMeHTs! (CBbIIIe 5-6
KBa3HUIIEPHOIOB) SBJISIOTCA YPE3BBIYAMHON PEIKOCTHIO B SKCIIEPUMEHTAIBHBIX psAnax, cocTanisis, meHee 0,1%, T.e.
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KoJIeOaHMsI HOCSIT ITyMOBOH XapakTep. B kauecTBe MpHumH, IPUBOAAIINX K OTCYTCTBHIO B PE30HATOPE PETYISIPHBIX
KoNeOaHNH, yKa3bIBAIOTCS CIIydalHBI XapaKTep MHOMKECTBCHHBIX PAacCOIVIACOBAHHBIX HMCTOYHHKOB HMITYJIBCOB
(MOJIHMM) U CHJIBHOE 3aTyXaHUE PACHPOCTPAHAIONUINXCS B HEM BOJH.

HpeHBapI/ITeJILH])Ie PeE3yabTaThbl IO OLICHKE BJIMAHUA IKPAHUPOBAHUA NI'€COMATrHUTHOI'O IMOJIAA HA
MUTOTHIECCKYI0O aAKTUBHOCTDb B PACTUTC/IBHBIX KJIE€TKaX

JI.A. Terpamosa', H.K. Benmmesa', b.®. Illerosnes’

'®I'BYH Konvckuii nayunviii yenmp PAH, 2. Anamumei, petrashova@admksc.apatity.ru
‘@IBYH Huemumym gusuonozuu um. U.I1. Iasnosa PAH, 2. Cankm-Ilemep6ype.

B Hacrosiniee BpeMsi HE BBI3BIBAET COMHEHHS TOT (aKT, 4yTO BapHanuu reomarHutHoro moist (I'MII) obmanator
BBICOKOW OMO3((GeKTUBHOCTRIO (/[y6pos, 1974; Bradumupckui u Op., 2000). OmHaKo, B €CTECTBEHHBIX YCIOBHUSIX
BiustHAe Bapuanuit [MII Ha OmMoNOrHYecKHe CHCTEMBI aCCONMHUPOBAHO C COITyTCTBYIOIIUMH BO3ACHCTBUSIMH
pa3IUIHON TPUPOABI, B TOM YHCIE C €CTECTBEHHBHIM ()OHOM HOHU3UPYIOMIEH pagualnud, METeOpPOJIOTHUECKUMHU
areHTaM” M JPYyruMH (hakTopaMH XHMHYECKOTO M (PU3MUYECKOTO NMPOWCXOXKICHHSA, HEe M3Y4eHHI. l30mmpoBaHHBIE
a¢dexrsl BozneiicTBus Bapuauumii [MII Ha (yHKUMOHAIBHOE COCTOSHHE OHMOCHCTEM BBISIBIISIIOTCS B YCJIOBHSIX
SKCIIEPUMEHTa, B KOTOPBIX KaK MOJENHUPYIOT XapaKTePUCTHKHU MEPEMEHHBIX IEKTPOMAarHUTHBIX monel (benosa,
Jleones, 2001), Tak 1 SKpaHUPYIOT OT UX BO3AeUCTBUs ([yopos, 1974; Kypanosa u op., 2010). B yacTHOCTH, TIOCTIE
9KCIO3UIIMN B SKPaHUPOBAHHBIX F€OMAarHUTHBIX YCIOBUAX B KieTtkax jauHud HelLa n VH-10, kynbTuBHpyeMbIX in
vitro, nosiisieTcst 6eok P-53, sBistronuiicsi TpaHCKPUIIIMOHHBIM U PEryJIHPYIONIMM KJIETOUYHBIN UK (akTopoMm, a
TaKXKe paclajgaeTcsl YJHepreTHYecKas KICTOYHAs CeTh (MUTOXOHApHaIbHAs ceTh) (Kypanosa u op., 2010). OxHako
TaKOTO POJIa MCCIEIOBAHUS HOCAT €IMHIYHBIN XapaKTep M, TO3TOMY, MHOTHE BOIIPOCH! O MEXaHU3MaX BO3IACUCTBUS
Bapuanuii [ MII Ha OuoJOrHYecKre CHUCTEMBI OCTAroTCs 0e3 oTBeTa. B JaHHOM HCCIETOBaHWU CleNaHa TOIbITKA
OIICHUTHh BJIHMSHHWE THIIOMATHUTHBIX VCIOBHA HAa MHTOTHYECKYI0 AaKTHBHOCTh B PACTUTENBHBIX KIIETKAX.
MmuroTHuecKkas aKTUBHOCTh OTPaKaeT CKOPOCTh JIENICHHsI KIIETOK M SIBJISieTCsl 0a30BOW XapaKTEPHCTHKOM MKHMBBIX
CHCTEM, OT KOTOPOW 3aBUCHUT HMX BBDKHMBaHME U TuOenb. B paboTe ObUIO OIIEHEHO BIIMSHUE JKPaHUPOBAHUS
TE€OMAarHUTHOTO IOJISl ¥ OTYACTH MOHM3UPYoLIero (oHa (ero HeWTPOHHOH KOMIIOHEHTHI) HA CKOPOCTh IPOpacTaHus
CeMsIH, HHTEHCHBHOCTH POCTa ITPOPOCTKOB U Ha YaCTOTY [IUTOI€HETHYECKHX ITaTOIOTHH.

B kavecTBe TeCcT-CHCTEM HCIOJB30BAIACH CeMeHa JYKoB (Allium cepa n A. fistulosum), mama (Vigna radiata) n
orypna oObIkHOBeHHOTO (Cucumis sativis). Jlnsa sxparupoBanus ['MII ucmonb3oBanace 3KpaHHpYOMas KaMmepa,
W3TOTOBJICHHAsT Ha OCHOBE CIUIaBa M3 aMop¢HOro MarHuToMsrkoro marepuara AMATI-172. Kamepa cmocobHa
ocnabisate MmarauTHOE 1oiie 3emitu (48 MxTJI) mo 0,192 MxTn. Moxgymsanus (ocnadiaeHre) HEHTPOHHOW KOMITOHEHTHI
€CTECTBEHHOTO HOHM3HPYIOHIETo (OHA OCYIIECTBISIACE C HpHMEeHeHHeM rpaduTtoBoro mumuHapa (d=20cw,
TOJIIIMHA CTeHKH | cM). B kKauecTBe KOHTPOIIS MCIIONB30BANICA WIHHAP U3 Oymaru mioTHOcTh0 200 r/M*. CemeHa
YeThIpeX KyJbTYp ObLIM MOMelIeHbl B Yaliku [lerpu ¢ BiaxHoW (uibTpoBaibHON OyMaroii mo 50 mT. B KaxIyro.
Yamwku [erpu nmomemanuch B nmimHApbl 110 12 mr. (3 mrT. Ui KaxaoW KyibTypbl). L{MIMHIpEl HaXonwimuch B
OAWHAKOBBIX YCJIIOBUAX TEMIICPATYPbI U BJIAXKHOCTU HPU OTCYTCTBUU OCBCIICHUS. E)KCZLHCBHO B Ka)KZ[Oﬁ Yalike
HeTpI/l MPOU3BOANIIMCE IMOJACYET MPOPOCIIUX CEMAH JIA OMPCACIICHUA CKOPOCTHU IMPOpaCTaHUsA W 3aMEPbl NJIMHBI
KOPEIIKOB JJIsl ONpEeZeIeHNs] NHTEHCHBHOCTH pocTa MpopocTKoB. Kopemkn jgykoB m Mama (GpUKCHpOBAINCH IS
JATBbHEHIINX [IMTOI€HETHIECKUX HCCIIEI0OBAHHM.

B xoze skcnieprMeHTa BBISIBIICHA TEHICHIIHS 110 YBEIMUCHUIO BCXOXKECTH CEMSH B YCIOBUSX dKpaHupoBanus [ MII.
Y 6000BBIX CKOPOCTH POCTa OBLIA BHIIIE B KOHTPOJBHBIX ycioBusX (V. radiata), 4eM B THIIOMarHuTOM Tojie. A y
orypia, Ha00OpOT, BBIIIE B THIIOMATHUTHOM TIOJIE, YTO COTNIACYIOTCs ¢ JaHHBIMU A.M. Dycus u A.J. Shultz (1964) o
TOM, YTO CHIDKeHHE HanpspbkeHHOCTH [ MII B COTHH U THICSYHM pa3 BBI3BIBAET YCKOPEHUE POCTa y OTypla U peanca u
TOPMOXKEHHE POCTA y KYKypy3bl U TIMEHS.

[IpeaBapurenbHble pe3ysIbTaThl HOKA3bIBAIOT, YTO A(PPEKThI BO3ACHCTBUSI TMIIOMArHUTHOTO MOJIsl HA PACTUTENbHbIE
CHCTEMbI UMEEeT BUAOCIeNN(UUECKUN XapaKTep, KOTOPBIA MOXKET MPOSIBISTHECS KaK B TOPMOXKEHHH POCTA, TaK U B
€ro CTUMYJAIMU B 3aBUCUMOCTH OT BHI[OBOﬁ MPUHAAJIC)KHOCTHU O6’beKTa. HpeuBapMTeanble pe3ysibTaThbl 110
BBIIBJIICHHUIO 3(1)(1)CKTOB BO3ﬂeﬂCTBHH T'€OMAardHuTHOIO I10J14 Ha 6I/IOHOFl/IquKl/Ie CHUCTEMbI MOTYT UMETH OIIPCACIICHHOC
3Ha4YeHHe IS IOHUMAaHUS TIOCIIeJICTBUI MHBEPCHH T'€OMarHUTHBIX ITOJIFOCOB JIs BOJIIOINU OMOCHCTEM, TIOCKOJIBKY
HWHBEpCHs CONPOBOKAaeTcsi cHkeHneM HanpspkenHoctr I MIT (Glassmeier K.H., Vogt J., 2010).
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CpaBHHMTEJbHBbIH aHAIH3 3200J1eBA€MOCTH HAaCeJIeHUS] B BLICOKMX M CPeHUX IIHPOTAX HA MpuUMepe
skuTesieil T. AnaTuTsl U r. CepnyxoBa

B.H. IletpoB (@I'FVH Konvckuii nayunviii yeump PAH, e. Anamumer)

B cooOmennu OyayT IpeAcTaBiIeHBl pe3yNIbTaThl CPABHUTEIHFHOTO aHAIIN3a 3a00JIeBAEMOCTH HACEIICHHS B BRICOKHAX
mmporax (T. Amatutsl, MypMmaHCKo#t 0011.) U B cpenaux mmporax (T. CepmyxoB, MockoBckoi 00i.). PesympraTst
aHalM3a IMoKa3allk, 9TO 3a00JeBaeMOCTh HacelleHUs B r. Amarturtax B 1,3 pasa Bemme, ueM B T. Cepmyxose(1743
nocemenus U 1334 mocemenus coorBeTcTBeHHO Ha 1000 Hacenenus). B mienom, gactora 00paraeMocTy HaceIeHHs
3a MEIUIIMHCKON MOMOINBI0 COTMOcTaBMMa Mexnay TI. Amatutel u T. CepmyxoBeiM. 3a mocnemnue 10 mer
00JIE3HEHHOCTh JIETCKOI0 HacesieHHus B I'. AmatuThl Beipocia B 1,1, a B3pocioro B 1,3 pasa. B r. Cepmyxose 3a
nocsiesinue 9 jer 00Je3HEHHOCTh IETCKOr0 HaceJIeHHsl BO3pociia B 2 pasa, a B3pocioro - B 1,1 paza. Bmecre ¢ Tem, B
CTPYKTYpE 3a60ﬂeBaeMOCTI/I HaCCJICHUA B BBICOKUX M CPCIHHUX MIMPOTaAX HUMEIOTCA CYIIECTBECHHBLIC pa3Invus.
Haubonee BolpakeHs! pasnuuus B 3ad0oseBaeMoctH Jerei (0-141er) Gone3HsIMH KOCTHO-MBIIIEYHOW CHCTEMBI U
COC/IMHUTENIPHON TKAaHW, DSHJIOKPHHHOW CHCTEMBI, MCHXMYECKUMH pacCTpONHCTBaMH, OOJE3HSIMH KpOBH,
KPOBETBOPHBIX OPraHOB, HOBOOOOa30BaHMSMH y 1eTei B T. Amatutax u r. CeplyxoBe, paclpOoCTpaHEHHOCTh
KOTOPBIX B I'. ATaTHTaX NpeBHIIIaeT TakoByo B r. Cepmyxose B 6.7, 8.7, 74.3, 2.3, 2.7 pa3za. Y moapoctkos (15-
17ner) B 1. AmaTutax Taxke 3a00JI€BaeMOCTh ONPENCICHHBIMUA (opMaMu OOJIE3HEeH CYIIECTBEHHO BBIIIE, YeM B
CepmyxoBe. B wactHOCTH, 9acToTa ciydaeB OoOJie3HEH Iila3a M €ro NPUAATOYHOTO ammapara, 0oJie3Hed KOCTHO-
MBIIIEYHOM CHCTEMBI I COSMHUTEILHOM TKaHH, KOXKHU W TTOJKOKHOW KJIETYATKH, O0Ie3HEH SHIOKPUHHON CUCTEMBI,
MICUXMYECKUX PACCTPOICTB, MHMEKIIMOHHBIX W Mapa3UTapHbIX OOJie3Hel B I'. AaTHTax 3HAYUTENbHO BBIIIE, YeM B
CepmyxoBe (B 3.4, 8.2, 8.0, 9.4.5, 3.3, 3.2 pa3spl, cooTBeTCTBEHHO). B rpymme B3pocioro HacemeHus (18mer m
crapiie)B T. AmaTurtax pasnuuusi B 3a0ojeBaeMocTd ¢ T. CepryXoBbIM yXK€ HE CTOJb BBIPOKEHBI, OJJHAKO B T.
Anarutax 3a0oineBaeMoCTb, 10 cpaBHeHHIO C CepryxoBbIM, OOJIE3HSIMH KOCTHO-MBIILICUHOH CHUCTEMBI U
COC[[I/IHI/ITCJ'I])HOﬁ TKaHH, MOYEI0JIOBOM CHCTCMbI, KOXH H HOHKO)KHOﬂ KJICTYATKH, l/IH(l)eKIlI/lOHHI)IMl/I u
rapa3uTapHbIMHU 00JIe3HSIMH, OOJIE3HAMHU KPOBH, KDOBETBOPHBIX OPraHOB OCTaeTcsi Oosiee BHICOKOW. B meHcnoHHOM
BO3pacTe (KeHIIMHBI cTapiie 55 JeT, a MyX4YuHbI ctapiue 60 JeT) pa3auyus B paclpOCTPaHEHHOCTH OIPEICIICHHBIX
3a00JIeBaHNH 3HAYMTENBHO MEHSIOTCS B I. Amarurax u B I. CepmyxoBe. B uwacTHocTH, pacnpocTpaHEHHOCTh
Ooe3Hel SHIOKPUHHOW CHUCTEMBI, O0JIe3HEH HepBHOW CHCTEMBI HOBOOOpa3oBaHHWH mpeobiamaer B T. Cepiryxose.
MoXHO AymaTbh, YTO TPWYMHBI BO3PACTaHHUSA ITHX KIIACCOB Oone3Hedl B r. CepryxoBe KpPOIOTCS B COCTOSHUHU
OKpYy’Karomien cpeasl B MOCKOBCKO# obmacTu.

Takum o06pa3oM, IpUBENEHHBIE NAaHHBIE CBHICTEIHCTBYIOT O TOM, YTO B BBICOKHX IIHPOTax, 3a00JEBaEMOCTH
HaceleHWs BO BCEX BO3PACTHBIX TpPyNIax BHIIE, YeM B CpegHHX MmmpoTax. llpudyeM, HanOOIBIIYIO
YyBCTBUTEIBHOCTH K MPOBOLMPYIOIIUM 00JIE3HH BO3JICHCTBHUSAM TPOSBIISIET JETCKOE HACEIICHUE.

AHanu3 cBs3M 3a00JIEBACMOCTH HAcEJCHUS B APKTHYECKOM pErHoHe M, B 4aCTHOCTH, B MypMaHCKOH oOnacTH,
BapuausaMu renuoreodusndyeckux areHToB (Peruwesa, Tanvikosa, Menvnuk, 2012; benuwesa, Tanvikosa, 2012;
benuwesa, Ilempos, 2013) moka3ai, 4YTo oOIpelelieHHble (GOpMBI 3a00JICBACMOCTH CBSI3aHBI C BO3ACHCTBHEM
BBICOKOIIMPOTHBIX TeHOre0(hU3NUECKUX areHTOB Ha OpraHuM3M 4enoBeka. Kpome Toro, ObIJIO NOKa3aHO, YTO
JIETCKUI OpraHu3M HPOSIBIIET 00Jiee BEICOKYIO UYBCTBUTEILHOCTD K BO3JIEHCTBHIO (DAKTOPOB CPEIb, YEM B3POCIIBII
(Penuwesa, 2013). OTcioga MO>KHO TIPEAIIONOKUTH, YTO OOJIee BEICOKas 3a00JIeBa€MOCTh HACEIICHHS B T. ATIaTHTaX
10 cpaBHEHUIO C T. CepIryXxoBBIM, O0YCIIOBIIEHA BO3ICHCTBHEM BHICOKOIIMPOTHBIX (DaKTOPOB CPEIbl, CPEIN KOTOPBIX
BapHaliU TeIHOreO(U3NICCKAX areHTOB, B COYECTAHUH C APYTUMH areHTaM{, BHOCST CYIICCTBCHHBIH BKJIAJ B
3200J1eBaEMOCTh HaceleHUs B APKTHUECKOM PETHOHE.

Posib cToxacTu4ecKHX pe30HAHCOB B MeXaHM3Me COJIHEYHO-3eMHBIX CBsI3eil
n.B. HOHOBI, M.B. Bunanuenko®

' Dusuro-Texnuueckuii Mucmumym umn. A.@. Hopepe, Canxm-ITemepbype, Poccusi,; e-mail: igor-
popov39@yandex.ru
2 Qusuueckuii @axynomem CII6I'Y, Canxm-Ilemepbype, Poccus; e-mail: mvinni@mail.ru/

B nocnennee aecarunerre Bc€ OoJbliee YUCIO pabOT MOCBSAIIAETCS MPOoOIeMe MEXaHU3Ma BO3ACUCTBUN Pa3IMUHBIX
noneit (maruutHoro (MII), snexkrpuyeckoro (3II), rpaBuraumonHoro (I'TI)) Ha COCTOSHUS KOHIEHCHPOBAHHBIX
(U3MYECKUX, XUMHYECKUX W OWOJOTMYECKMX CHUCTEM, IPU KOTOPOM DSHEPIUU Ha IOPSAKH MEHBIINE SHEpruii
termioBoro JBwkeHus. «kT», Moryr npuBoauTh K «Katactpoduueckum» u3MeHeHusM. Hacrosmias pabora
pa3BUBaeT KOHIENIMIO [1], B COOTBETCTBHM C KOTOPOW Majioe (TpPHUITEpHOE) BHEIIHEE BO3JEHCTBHE YIpaBiseT
CTOXaCTHYECKMMH JIMHAMHYECKHMH IapameTpamu  KoHzaeHcupoBanHbIX cpex (KC):  BpamatenbHbIMHU,
KMHETHYECKHMH, MarHUTHBIMH MoMeHTamH. Baytpum mo6oii KC cymecTByeT croxacTHuecKoe TEIIoBOE
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anekrpuueckoe 109 + 1011 B/m (TIID) u TemmmoBoe marautHoe ~ 107 A/m (TMII) (mpu KOMHATHOM TeMmepaType).
OT0 mone BO3HUKAeT BceneacTBHe Bo3aelcTBus Ha KC BHEIIHMX areHToB, KOTOPbIE NMPHUBOIAT K IBHXCHUIO U
B3aMMOJICHCTBHIO 4YacTHI] cpenbl. «Bxmodenne» moctosaHoro MIT B0 Bbe3biBaeT, depe3 BpeMs pellakcaluu T,
MOJISPU3ALUI0 MAarHUTHBIX MOMEHTOB, HANpaBICHHBIX BAONb WM NpoTuB B0 B 3aBHCHMOCTH OT 3HaKa 3apsja
JacTUlbl CPECIbI. B pe3yJIbTaTC BO3HUKAIOT CPEAHUE CTOXACTUYCCKHUE 3HAYCHHUA MOMEHTOB, OTJIMYHBLIC OT HYJIA.
Takum o0pa3om, mnocrossHHoe MII, mocpenctBom cuibl JlopeHua, ynpaBiseT IBHXKCHHEM YacTHUL[ CPEIbl,
NPaKTHYECKHU, HE COBepIas paboThl: SHEPrHs Ha NOJIApU3aLUI0 «uepnaercs» u3 TOIL.

«Ionkmoyenue» k nocrosHaomy MIT B0 manoro nepemenHoro xojummHeapHoro MII (35eKTpOMarHUTHBIA 1IyM,
renepupyemblii ConHuem u 3eMi€l), yepe3 BpeMs pellakCalliM T, YBEJIMYMBAET Ha IOPSAKA 3TH MOMEHTHI Ha
LUKJIOTPOHHON YacToTe (2¢ 1715t CBOOOJHBIX YACTHUI] IPH IUKIOTPOHHOM PE30HAHCE, €CIIU BBIIIOJIHEHO YCIIOBHE 2CT
>> 1. K takomy xe 3dexry mpuBoauT neiictBre nepeMeHHbIX anekrpudecknx (OI1) w/nmm rpaButannonsbix (1)
moneit, oproroHabHEIX MIT, mpu 0000IIEHHOM IIMKIOTPOHHOM PE30HAHCE.

Bo3HUKHOBEHHE OOJIBIIOrO CPeaHEro KMHEeTHUeCKoro momenTa 3a cuét TOIl u TMII (Ha mopsaku OoJibllie CirHa
JJIEKTPOHA, S7Apa) IPUBOAUT K BBIPBIBAHMIO CBsi3aHHbIX dvactun KC wu3 ceTku cBsizel 3a cuér cun
“MEXMOJIEKYIIIpHOTO” TpeHus, B cuenctBue dero B KC Bo3HuKaeT snemenTapusiid Buxpb. Tak kak KC ConHna u
3emiu JHUaMarHuTHa, TO KHHETUYECKUH MOMCHT, B CBOIO O4Y€PEAb, YEPE3 N'MPOMAriHMTHOC OTHOIICHHUE, BBIZbIBACT
3HAYMMBIN CpeJHUH MarHUTHBI MOMEHT, KOTOPBIN yBEIWYMBAeTCs 3a CUET BOBJIEUCHHMS B BUXPH BBIPBAHHBIX
vyacTul. Bo3Hukaer BuxpeBoe jnokanbHoe MIT (JIMII) BuXpsi, CyMMapHbIi MarHUTHBIA MOMEHT KOTOPOTO
HarpasjeH nporuBononokHo BO (reimmoMII, reoMII), u Ha nopsiaku Goxblie ero. Teopus MoOKas3bIBaeT, YTO 4eM
BBILIIE TEMIIEPaTypa, TEM MEHbIIE IMOTEpU Ha oOpa3oBaHME BUXpS, TeM 0Oojiee BEpOsITHO ero BO3HHMKHOBeHHe. Ha
IUIAaHETaX, KOTOpbIe He MIMEIOT COOCTBEHHOTO TocTOsTHHOTO MII, BUXpH HE BO3HUKAIOT.

W3BecTHO, YTO KOCMHUECKas MOroja (COCTOSHHE MEXIUIAHETHOH Cpenbl) HEe TOJNBKO BIMSIET Ha BCE OOOJIIOUKH
3emin, BKITIOUast TexHOC(hepy, Onocdepy, a Ho TakKe HaXOIUT OTPaKEHHUE B PU3UKO-XMMUIECKHX Tporeccax. [1,2].
CornacHo pabote [1], OCHOBHOW MPUYUHON BCEX MPOLIECCOB W SBICHHUN, MPOTCKAOIINX HA IMOBEPXHOCTH 3eMIIH,
SBIISICTCS BHYIIUTEIBHOE BHYTPEHHEE CTOXACTHYECKOe TeIuIoBoe »iekTpomarHutHoe moine (TOMII) 3emmm. A
HUCTOYHUKOM MOIYJISIIMKA 3TOTO Moyl — coiHeuHass akTUBHOCTH (CA), kotopas orpaxaercs B TOMII Comnna.
Mexmnanetnas cpena (MIIC) onmocpenyer Bo3neiictBue CA Ha 3emitio, MOAYIHPYS COCTOSHHE 000JI0YEK 3eMITH.
MoXHO 0XHIaTh, 4TO Haubojee 3PPEeKTUBHAS MOAYJIALUSA OyIeT B TOM Ciydae, KOrja MPOIODKHUTEIHHOCTH (t)
BO3JIEHCTBUSL «CHMTHAJIa» Ha 3emiuo (t > T) MO3BOJIUT BO3HMKHYTH Obl OJHOMY M3 BHJOB CTOXaCTHYECKHX
PE30HAHCOB.

MakpomacmtabHble SIBICHHST TIpupoabl, orpaxeHHble B CA mu cocrosuuu MIIC, a Taxke B mpoueccax,
MPOTEKAIONINX B 36MHBIX 000JI09KaX (MarHUTHBIA IIyM C U3BEP)KEHHSMH BYJIKAHOB U 3€MJICTPSICEHHUSIMU (IlyHaMH),
00pa3oBaHNE IMKIOHOB, CMEPUYEH-TOPHAZO W [p.) SBIAIOTCA pE3yJIbTaTOM pPadOTHl OTPOMHBIX BHUXpEH € HX
orpomubvu JIMII. Jloka3zaHo, 9TO Bce BUXPH B FO’KHOM HOJNyIIApHH (CEBEPHBII MarHUTHBIN TOTIOC) BPAIIAOTCS IO
YacOBOW CTpeEJKe, a B CEBEPHOM (I0KHBIF MarHUTHBIH IIOJIIOC) — IIPOTHUB YaCOBOHM CTPEIKH HE3aBHCHUMO OT 3apsa
yacTull. [[MKIOHBI 1 cMEepUN-TOPHANO HE 3apoXIaroTcsa Ha nomocax 3emun (Huskoe kT), u 3apoknarorcst Tam, riue
sto kT mocratouno Beiawko. Takke, OHM HE 3apOXKIAIOTCS Ha DKBAaTOpPE 3eMJIM, IIAC HET BEPTHUKAIBHOMN
cocrapisronieir 'MIT moBepxHocTH 3emin. B OCHOBe BO3HHMKHOBEHHs BuXpei B marme 3emun u Qortochepe
CourHua, cKkopee BCEero, Jie)KaT CXOIHbIE MEXaHH3MbI, Pa3IMYaloLIMecst TOJIBKO TPOCTPAHCTBEHHBIMU MaciiTabamMu 1
BEPOSITHOCTSMH 00pa3oBaHusl. 11 koHeuHble pe3ysbraThl B3auMoaecTBus CA ¢ 00onoukamu 3eMin ONpeessiFoTcs
CTOXaCTUYCCKUMU PE30HAHCAMU, BOSHUKAIOINMHA BCJIICACTBUC BSaHMOﬂeﬁCTBHﬂ BUXPEBBIX IPOLECCCOB.

1. [Tonos U.B. Ipuauuns! ¢pusnuku cnadbix Bo3aelcTBuil Ha KoHAeHCHpoBaHHEBIe cpenpl. 2011. C-116.: U3-Bo IlomuTexH.
yHHBepcuTeTa. — 288 c.

2. Bnagumupcxkuit 5.M., Bpync A.B. Kocmudeckas norona, ¢pusnko-xuMmdeckue CHCTeMBI 1 TexHocdepa. ['eopmsnueckue
nponeccsl u 6uochepa, 2010. T. 9, Ne 1, ¢.34-62.
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2HHcmumym @usuku 3emnu PAH um. O.FO. [lImuoma PAH, 2. Mocksa

3 Unemumym xocmuyeckux ucenedosanuii PAH, 2. Mocksa

Meouyunckuii uncmumym CBOY um M.K. Ammocosa HAxymck, Poccus

e-mail: s_samsonov@ikfia.ysn.ru

HccnenoBanach CBsI3b YMCiia BHI30BOB CKOPOI MEIMIIMHCKOW IOMOIIM 110 TOBoAY mHpapkroB muokapaa (IM) B

cy0aBpopanbHbIX IUpoTax (T. SIKyTCK) ¢ TeOMarHMTHBIMH BO3MYIIEHHSAMH BOmM3M Makcumyma (1992 r.) mu
muHIMyMa (1998 1.) comrednoit akTuBHOCTU. [ToKa3aHo, UTO B OTIMYKE OT CpeAHUX M HU3KUX mupot (Bbonrapus),
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r7ie MaKCUMyM HH(apKTOB OTMEYaJcs 3UMOi, B Cy0aBpOpalbHEIX MHUPOTax (T. SIKyTCK) HaOMIOTAIOCh HECKOIBKO
MaKCHMYMOB, COBIAJAIOIIMX CO 3HAYUTENbHBIMH BO3PACTAHUSIMU YPOBHS T'C€OMAarHUTHOM AaKTUBHOCTH, YTO
MIO3BOJIMIIO IIPEAIIONIOXHUTE, YTO B CyOaBPOPAIBHBIX MIMPOTaX OOJBLIYIO POib B 00OCTpeHHH HH(APKTOB MOXKET
UTpaTh yBEIMUYCHUE JIOKAIBbHON T'€OMarHUTHON BO3MYIIEHHOCTH, @ UMEHHO, MOSIBIIEHHE HOYHBIX MAarHUTOC(EPHBIX
cy00ypb, KOTOpbIE BO BpeMsl 3HAUUTENbHBIX MarHUTHBIX Oypb HaOJIIOAAIOTCS U B CyOaBpOpalIbHBIX MIMPOTAX.
AHanu3 dKCIIEPUMEHTAJIbHBIX JAaHHBIX MOKa3al, 4yTo HeraruBHble dddexTsl Ha OonbHBIX IM B cybaBpopaiIbHBIX
(BeposiTHO, U B aBPOPAIBHBIX) MIMPOTaX MOTYT OKa3blBaTh TOJBKO T€ OOJNBIIME IUIaHETapHBIE T'€OMarHUTHbBIE
BO3MYILEHHSI, pPa3BUTHE KOTOPHIX OTMEYAETCsS B MECTHOE HOYHOE BPEMsl, TUIIMYHOE ISl MarHUTOC(EpHBIX cyOOypb.
OTO 3HAYMT, YTO IPU IPOBENCHUHM KOPPEIILIMOHHBIX MCCIIEAOBAHUI MCIIOJIb30BAaHNE WHJIEKCOB IUIAHETapHOMH
TreOMarHNTHOM aKTHBHOCTH HE Bcerzia OyJIeT KOPPEKTHBIM.

Ecny B HU3KUX M CPEAHUX MIMPOTAX ACHCTBYIOUIMM OMOTPOIHBIM areHTOM MOTYT OBITh T€OMAarHUTHBIC ITYyJIbCAIIU
Pcl, TunmuHBle 17 BOCCTAaHOBUTENBbHOW (pa3l MarHMTHOW OypH, T.e. TOCJIE OKOHYaHMS T'€OMAarHHUTHBIX
BO3MYILEHHH, TO B Cy0aBpOpaJIbHBIX IINPOTaX (BEPOSITHO, 1 B aBPOPAIIHBIX) TAKYO )K€ POJIb MOTYT MIPaTh HOYHBIE
reoMarHuTHbIE myibcaru Pil B ToM ke quama3zone neproxoB (0,5-3,0 '), compoBoxaaronne KaxIayo cyooypro,
THUINWYHYIO IS TaBHON (pa3bl MarHUTHBIX Oypb. YacTOTHBIN Auana3oH 3TUX O0OMX THIIOB MyJIbCAlMi MOMANacT B
JIMANa3oH CepJCUHBIX COKpAIICHUI YeloBeka. MIHTEHCHMBHOCTh T€OMArHUTHBIX MyJbcanuii PilObicTpo yObIBacT c
HMIMPOTOM, 3TH KoJeOaHWs XapaKTEpPHbI JIMIIbL Uil 00JNacTH MX TeHepauuu (aBpopalibHble U CyOaBpOpalbHbIE
HIMPOTBHI), TOITOMY BO3MOHasi OMOTPOITHOCTb 3TUX KOJeOaHUi Oy/eT 0TMeUaThCsl JIMIIb B ATUX IUPOTaX.

O OHOTPONMHOM BO3/1€iiCTBMH PATMALMOHHBIX YCJO0BHUIi B OpOUTATBHONH KOCMUYECKOH CTAHIMY HA
JKHBBI€ CHCTEMBI U UX BOJHYIO Cpeny

B.B. Lletnun', E.W. Jlomapaackas®, T.C. I'ypeesa', M.A. Jlepunckux',C.C. Moiica'

I . . .
Hucmumym meouxo-6uonocuveckux npoonem PAH, Mockea, Poccus, e-mail: v_tsetlin@mail.ru
2

Uncemumym 6uonoeuu passumus um H.K.Korvyosa

Ha opbure nunotupyemMsix OpONUTaIbHBIX CTAHLUH SKUITAXH MOABEPTarOTCs XPOHUIECKOMY OOIyUCHUIO HU3KMMH
JI03aMH KOCMHYECKOro n3iydeHus. M3ydenue pammoOnonorndeckux 3PQeKToB B Pa3NUYHBIX JKUBBIX CHCTEMAax
MIPOBEJCHO B OOPTOBBIX M MOJEIBHBIX HA3eMHBIX 3KcnepuMeHTax. Iloka3aHo, 9TO B YCIOBHSIX BO3/ACHCTBUS
MOHU3UPYIOIINM HU3Ty4€HHEM BO BPEMsI KOCMHUYECKOTO I0JIeTa Ha OOpTy OpOUTANBHBIX KOCMUYECKHUX KOMILIEKCOB
OK «Mup» nu MKC, a Ttakke B Ha3eMHBIX MOJEIBHBIX YCIOBHAX OOJIYYCHHS HEUTPOHHBIM H3IYYCHHEM C
MOIIHOCTBIO 10361 200 MKI'p/cyT, ¥ NIPU TIOTHOCTH TOTOKa HEHTPOHOB 30 yacTuil/cM2C OKa3bIBaeT BO3JEHCTBHIE HA
SMOPHOHAILHOE PAa3BUTHE SMOHCKOrO Ieperesia, BhI3biBas Mopdosornueckue Hapymenus y 12% 3MOpHOHOB.
MmHorosnetrnuii ontroreHe3 (6osnee 15 mer xu3Hu Ha OK MUP )MUKpPOOHOro cOOOIIECTBA BBI3BAI CMEHY
JOMHHHUPYIOIIMX BHIOB MHUKPOMHIIETOB M OakTepuil m Bo3pactanue Ha uerbipe nopsiaka KOE. B maboparopun
HU3KHE 103l TaMMa-M3JIydeHHUs] BBI3BIBAIN yBEJIMYEHHE OHMOMAacchl MOJETHBIX IITAaMMOB Aspergillus niger, 4To
COOTBETCTBYET paJUallMOHHOMY TOPME3HCY, a TakKe IMOBBIIIEHHE PaJrodyBCTBUTENBHOCTH. IloMuMoO 3TOTO, Ha
(¢oHE TaMMa-HEHTPOHHOTO H3IyYEHHS OTMEUYAINCh OTKIOHEHHS B MOP(OJIOTMH ONOPHOW KIETKH |
MHOTOYHCIICHHBIE OIaIbl TOJIOBOK Aspergillus niger. O0rydeHne MAIBIMHU J103aMH MPOCTEHIINX PHUBOIMIO K TOMY,
YTO CIIOHTAaHHAs JBUTaTeNbHAsi aKTUBHOCTH CIUpOCTOM (Spirostomum ambiguum Ehrbg.), TIOMEIICHHBIX B
OOJly4EeHHYI0 CMEIIAaHHBIM TraMMa- HEWTPOHHBIM H3JIyY€HHEM BOXy, YMEHbIIAJach B [Ba pasza, 4YTO
CBHJIETEIECTBOBAJIO O TOM, YTO OMPECISIOMIM (aKTOPOM AEHCTBUS raMMa- HEMTPOHHOTO M3Iy4EHHs SIBISIETCS
WN3MEHEHHE COCTOSHHS BOIHOW Cpelbl. Y CTAHOBIIEHO, YTO y CYXHX CEMSIH BBICIIMX PAacTEHHH, 3aMOYEHHBIX B BOJE,
Npe/iBapUTeIbHO OOJyYEeHHOW MalbIMU JI03aMH 0- W y-u3inydeHuid <10 cl'p (mpeBblaOmMX HTPUPOIHBI
panuanmonsbiii Gon B 100-500 pa3) u moMelieHHbIX B TMIIOMarHUTHYIO Kamepy (MHIYKLUS MAarHATHOTO IIOJISI B
200-300 pa3 HMXKE TeOMarHMTHOTO), BCXOXKECTb CEMSIH Oblila MOYTH BJBOE BBILIE MPH OOJYYSHUH Y-4aCTHLAMH.
Maible 103bl Y-M3IYYEHHs CHIDKAIIM, a O-M3JyYSHUs YCHIMBAIM OTPHULATEIbHOE BO3JECHCTBHE HOHIMKEHHOTO
MarHUTHOTO IIOJISI HAa BCXOXKECTh CEMSH M Ppa3BUTHE MPOPOCTKOB pacTeHHWH. YcTaHOBIEH (EeHOMEH
CTUMYJIMPYIOILETO JIEHCTBUS HU3KUX [103 HENPEepPBIBHOTO Y-oOmydeHus: (uMctouHuk oOmyuenust Co60, Bpems
obmyuenus 10 cyt, cpemHecyTo4Hass MOIIHOCTH H03bI 1,5-2,0 mI'p, cymmapHast no3za 15 mI'p) Ha Me3eHXHMHBIC
CTBOJIOBBIE KJIETKM KOCTHOTO MO3ra MBIIIEH — paJdallMOHHBIH TOpPME3UC, KOTOPBIH NPOSBISUICS B YCHICHUH
nponudepaTHBHOW aKTHBHOCTH W yBenwdeHnun B 1,5-4,5 pasa umcnennoctu KOE-® B koctHOM Mo3re.
CyImecTBeHHO yBENHMYMBAIACh (B 2 pa3a) M pereHepaTropHas CHOCOOHOCTh CTPOMBI KOCTHOTO Mo3sra. Ilpm
HEHUTPOHOM OOJIYYCHHWH paAMAllMOHHBIA TopMe3nc HaOmogancs Tombko mpu po3e 48x10-3cI'p. KposerBopHBIE
pOJOHaYa bHbIE KJIETKH OKa3aJHCh HEYYBCTBUTEIBHBIMH K H3y4aeMbIM J103aM pajuauuy. AKTHBAIMs KJIETOK,
CIIOCOOHBIX K MHUTPalM W O0JIAIAIOIINX TMCTOTCHETHYECKOH IUIACTUYHOCTHIO MOXKET MPEACTABISTH CEPhE3HYIO
MeIUKO- Ouosiornyeckio npobuiemy. [Ipu u3ydeHun coctosHusl TMM(GOLUTOB B KPOBH JIETYHKOB (BBICOTA TPaChl
nosiera 7-17 kM, H3MepeHHasi MOIIHOCTH 703kl 5-10 Mpazn/cyT) 1 KocMOHaBTOB (BbicoTa opOuTHI 350-450 KM, 25 -30
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Mpaj/CyT) 0OHAPYKEHBI MOJEKYIISPHO-OMOJIOTHYECKHE U [IUTOTCHETUYEeCKUE HapyiieHus: nospexaeHHocts JJHK,
XpOMOCOMHBIe abeppaiuu. [IoMUMO TOro, BBISIBJIEHA MMOBBILICHHAS PaJHMOYyBCTBUTEILHOCT K JOIOJHUTEILHON
panuanoHHON Harpyske (obmyudenne B mose | I'p). DTtu Onomormdueckne MapKepbl ONPEAEISIOT HapyIICHHS,
KOTOpBIE MOTYT OBbITh PaHHHMH MOKAa3aTeIsMH PHCKa BO3HHMKHOBEHHS PAa3IMYHbIX 3a00JI€BaHHN, B TOM 4HCIIE
3JIOKaYC€CTBCHHBIX onyxonei&. Taxkum 06pa30M, B YCJIOBUAX MCKIIJIAHCTHOI'0O KOCMHUYECKOI'0O IMOJICTa U JJIMTCIIBHOTO
npeObIBaHKs Ha OpOUTE B 00JIaCTH MarHUTOC(epsl UCCIeyeMbIe BU/Ibl N3TyUSHUH BIIMSUIIM, B IEPBYIO OYepeb, Ha
BOJIHYIO Cpely OpraHHu3Ma B PE3yJIbTaTe Yero H3MEHSIUCh ero MOp(Hho-QyHKIIMOHAIBHBIE CTPYKTYPBI.

Bona — nerexkTop Bapuanmii re1uoreopu3Xu4ecKux areHToB U (PyHKIMOHATbHBIX NMOKa3aTeeil
cocTosiHus opranusma. [lpeasapure/ibHbie pe3yJIbTAThI

B.B. ueTJ'II/IHI, I'.C. q)aﬁHMTeﬁHZ, H.K. Bennme3a3, AA. MaprIHOB33 , C.B. HpﬂHMqHMKOB3

'THI] P®-Huncmumym meduxo-6uonoeuyeckux npoérem PAH, Mockea
HIT Iapramenmckuii Lenmp «Komnnexcnas Besonacnocms Omevecmeay, Mockea
SOIBYH Konvckuii nayunviii yenmp PAH, 2. Anamumui, Mypmanckas o6.

HUccnenoBanms, HampaBlieHHbIE HA W3YYCHUE COIPSDKEHHOCTH JIIEKTPOPH3NUECKUX CBOWUCTB BOJABI C BapHALUSIMHU
reoKocMHUYecKuX (haKTOpOB, MOKa3aJd, YTO STH CBOWCTBA BOJBI OTPAXKAIOT KOJEOAHMS IJIOTHOCTH IOTOKOB
KocMuyecknx Jyued (Bunamuenko, bemmmesa, 2009), a Taxxe Bapuamuud APYTUX T€OKOCMHYECKHX areHTOB,
OTPAXAIOMINXCS B M3MEHEHHH DJIEKTPUYECKUX TOKOB, MPOTEKAIOMUX B AIEKTPOXHMHYECKUX SUEHKaX C BOOM,
MOMEIIICHHBIX B CBETO3AIUTHBIC AUIIEKTpHUYecKre u Metaummyeckue dkpanbl (Iletnun, 2010). B nanuoit padote
MpEACTAaBJICHBI PE3YJIbTAaThl MUJIOTHBIX HCCﬂeﬂOBaHHﬁ, MMPpOBEACHHLIX B Amaturax ¢ ICJIBKO BBIABJICHUS CTCIICHU
CONPSDKEHHOCTH MEX/1y IT0Ka3aTeNs MU JIETEKTUPYIOLIeH CHCTeMBI (BoJa), Bapualuii reinoreopru3niecKiux areHToB
Y (pyHKIMOHAIIBHBIX ITOKa3aTeleil COCTOSHHS OpraHu3Ma.

B kauecTBe HETEKTHUPYIOLIETO yCTPOIicTBa OblIa MCIIOIb30BaHA SKCIIEPUMEHTANIbHASI YCTAHOBKA, COCTOSIIA U3 aphl
WIGHTUYHBIX 10 KOHCTPYKLMH JBYXDJEKTPOAHBIX CTEKISHHBIX 3JIEKTPOXUMUYECKUX SYEEK, MOMEIICHHBIX B
MeTaumaecknuii cBero3amuTHe kopiryc (Lermua, 2010). DnexTpoasl OBLIH H3TOTOBJICHH B BUAE MPSIMOYTOIBHBIX
TUTACTHH W3 MHUIIEBOW HEPXKABEIOIIEH cTamy (MPaKTUYECKH HE PACTBOPHUMBIX B BOAE). Sueiika 3amonHsIIach BOIOH
BBICOKOW OUYHCTKH (yaenbHas mpoBomumocTh ¢ = 0,1-0,2 MxCwm). Ha smekTpomsl mojaBaioch MOCTOSHHOE
CTa0WIN3MPOBAaHHOE HANpSDKCHHE, 3afaHoe B auamnazoHe 2-2.5 B. HampspkeHHOCTh TONS B 3a30pe MEXIY
anekTpogamu He mpeBbimana ~1 B/cm. braokom mmranms cimyxwmn ucrounuk Instek GPS 4303 ¢ BenmumnOi
perynupyemoro HampspkeHus: +15 B. CraOWiapHOCTP HAampsDKEHHS TOAJIEPKHBAIACh C IOTPEIIHOCTHIO, HE
npesbrmaromeit 0,5 %. s n3MepeHus Toka, MPOTEKAIOIIEro Yepe3 BOAHBIN IPOMEKYTOK, H3MEPSUICS 10 BETHINHE
najfieHust HamnpspbkeHuss Ha pesucrope~100 Om, BKIIOYEHHOM MIOCIEIOBATENbHO C MPOMEXKYTKOM, KOTOpPOE
nozaasanock Ha [IK uepe3 npeodpazosarens I-U u ALl tuna E-140 ¢upmer L-card. 3anuck u o6paboTka curuaioB
npousBoamiack Ha sxectkuit auck IIK ¢ ucnosnp3oBanuem nporpammel Power Graph. JlaHHble mo Bapuanusim
KOCMHYECKHX JIyuel ObUIM MoJIy4eHsl Ha craHuuy kocmudeckux Jyrydeid [II'M KHI PAH (r. Anatutsl), faHHbIE 110
BapHuanusaM 31eMeHToB reomarHutHoro monst (IMII) - Ha caiite http://www.sgo.fi/ (Sodankyld Geophysical
Observatory). Jlunamuka (QyHKIMOHATBHBIX IIOKa3aTeNeii COCTOSHISI OpraHi3Ma Oblla MMoJIydeHa Ha OCHOBE OLIEHKH
mapaMeTpoB BapHaOeIbHOCTH CEpACYHOTO PUTMa B TPYIINE UCHBITYEMBIX MIKOJHHUKOB MY)KCKOTO IT0JIa B BO3PACTE
15 met (11 genoBek), KOTOPHIE MIPOXOAMIH TeCTUpOBaHuE ¢ 25 mo 29 HosOps 2013 roga B r. AaTuTHI.

Peaxiust Bozipl B siueiikax Ha BO3JeiicTBHE (aKTOPOB BHEUIHEH OKpYXAIOLIeH cpelbl Onpeessiiach Ha OCHOBAaHUU
3amucH B 2-X KaHajlaX C BPEMEHHBIM pasperreHueM B 1 c. [[mg comocTraBiieHHs Mmokas3aTeied COCTOSHHS BOJBI C
BapHaIUIMH KOCMO- U Te0(U3NIECKUX areHTOB OBUIM PacCUMTaHBI CPEeIHEUACOBEIC 3HAUEHHS I0Ka3aTesiell TOKOB B
BoJie. B CBOI odvepenb Iyl CONOCTaBJIEHHs IOKa3aTeleldl COCTOSHUS BOJBI C IOKaszaTeasiMH BapHaOeIbHOCTH
cepaeunoro purma (BCP), mis mocnenHux ObLIM MOTYyYeHBI CPEIHECYTOYHbBIC IO BhIOOpKE 3HaueHuss BCP, nanubie
II0 BOAEC TaKXKeE 6])[.]'11/[ YCPEAHCHBI IO CYTKaM. breuto BBIABJICHO, YTO CpCAHEYACOBLIC 3HAYCHHUS TOKOB B 06OI/IX
KaHaJIOB MMEIOT 3HaYMMble KOPPEJSIUK ¢ KOPPEKTUPOBAHHBIM Ha aTMOC(EPHOE JaBJICHHE CUYETOM HEUTPOHHOTO
MOHHTOpa, (PAKTHUECKH OTPa’KAIOIIET0 MHTEHCHBHOCTh NEPBHYHBIX KocMuueckux jydeil (KJI), Broprarommxcs B
aTMoc(epy Ha HIMPOTE HMPOBOIUMBIX HcciienoBaHui. KoaduIreHTsl Koppesinuy MeXay MoKa3aTelsiMi TOKOB U
BapHallUsIMH CKOPOCTH CUYeTa HEWTPOHHOTO MOHHUTOpPA, CKOPPEKTHPOBAHHOTO Ha aTMoc(hepHOe IaBICHHS,
cocraBmaror 1=0.63 u r=0.46, p<0.05, coorBercTBeHHO. KO3QUUMEHTH KOppemsnuu 3HAYCHHH TOKOB C
aTMOC(EepHBIM JaBJICHUEM COCTABISIOT IS 1-ro u 2-ro kaHama 1=0.67 u r=0.58, p<0.05, cooTBeTcTBeHHO. Hapsmy ¢
STHUM OBUIH OOHAPYXXEHBI 3HAYMMBIE KOPPEISINH MEXIy 3HAYEHUSIMH TOKOB B HMCCIIENyeMOH sueiike ¢ BOXOW U
JIOKAJIbHBIMU BapHarusaMu Z-koMroHeHTsl [ MI1. 3Hadernss Ko3QGUITMEHTOB KOPPENArU Tl 1-ro u 2-T0 KaHaJIOB
cocraBmwn 1=0.55 u r=0.62, p<0.05, cooTBeTcTBEeHHO. BEIsIBIIEHA CONPSHKEHHOCTh MEXKIY MOKA3aTeIIMU 3HAUCHHNA
TOKa B BOZiEe, BapuauusiaMu Z-koMIOHEHTh! ' MII u criekTpallbHBIMU COCTABIIIIOLIMMU BapUaluil CEpAEYHOrO0 PUTMa
(BCP). B wuactHOcTH, TOKa3aHO, 4yTO Takod mokazatens BCP kak orHomenue HuskoudactoTHoil (LF) K
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BeicokodacToTHOM (HF) xommonentam BCP (LF/HF) 3HaumMo cBs3aH ¢ Bapumamusmu Z-komrnoHeHTH [MIT u
3HA4YEHHUSIMHU TOKOB B siueiike ¢ Bojoi. Koadduiments! koppessuun Mexay 3Hauenusimu LF/HF u tokamu r=0.99,
LF/HF u Z-xommnonenToi r=0.94, p<0.05.

[Mony4eHHble pe3ysibTaThl CBHICTENBCTBYIOT O IUIOAOTBOPHOCTH HAuaThIX HCCIEAOBAHUM, W, XOTS OHH HOCST
HpeﬂBapHTeﬂbeIﬁ XapakTep, OJHAaKO [Jal0T OCHOBAHUEC IS BBIABJICHUA CTCIHCHU COIPSKCHHOCTU MCEKIAY
peakIsIMM OTKJIMKA IEJIOCTHOTO OpraHu3Ma ¥ BOJbL. lIpeamoyiaraercsi, YTO HA OCHOBAHUHW JaJIbHEHIIHMX
HCCHC}IOBaHHﬁ, MOKHO 6y}1€T NpeAJIOKUTL BOJHBIC STYEHKH B KayeCTBE OCHOBBI YYBCTBUTCJIBHOI'O 3JICMCHTA
OMO(U3NIECKOT0 CEHCOpa, AaJEKBATHO OTPAKAIOMICTO BO3MOXHBIC pPEaKIMA OpraHu3Ma Ha BO3ICHCTBHE
TCOKOCMHYECKHX arcHTOB Ha Pa3HBIX IUPOTAX.
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